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--------__________________________ __________________ �FOREWO R D 

The Complete Ra inbow Guide To OS-9 is j ust that, the most 
comprehensive tutoria l  and reference g uide yet pub l i shed for the 
mult ifaceted OS-9 operat i n g  system. 

The book restates Falsoft's com m itment to a ser ies of books 
des igned to broaden the base of k nowledge about the Color 
Computer and ,  in  the process, to h el p  us to rea l ize the vast 
potent ia l  of th is  i ncred i b le  too l .  

T h e  cred i t  f o r  th is  extraord inary g uide  goes t o  Dale Puckett 
and Peter D i bb le. who.  as two of the foremost authori t ies on  OS-9. 
have taken g reat pa ins to ensure that the book is  of i m med iate 
val ue to the average CoCo user. I t h i n k  you w i l l  appreciate thei r  
writ i ng  sty l e  and w i l l  agree that th is  book i s  a m i l esto n e  i n  the 
evol ut ion and ut i l i ty of the  OS-9 system. I a lso shoul d  thank Ken 
Kaplan .  p resident of the  M ic roware Systems Corporat ion ,  for h i s  
encouragement a n d  assistance i n  the  preparation  of the  book ,  a s  
wel l a s  for adapt ing  OS-9 for use with the Color Computer. 

You w i l l  espec ia l ly enjoy the  many sample programs that the 
authors have i nc luded to ease the learn ing  process for you. These 
programs, you' l l  be g lad to know. are ava i lab le  on The Rai n bow 
Guide To OS-9 D isks i f  you want to save yourself hours of t ime 
typ ing i n  the l isti ngs  (see the not ice elsewhere i n  th is  book ) .  

I hope you enjoy The Complete Ra inbow G uide T o  OS-9 a s  
much a s  we d el igh t  i n  m a k i n g  it possi b le. 

x i  

Lawrence C. Falk 
Publisher 





P R EFACE 

why we wrote th is  book 

F:E_9 __ 1 
Si nce its release on the Rad i o  Shack Color Computer i n  

October 1 983, M ic roware's OS-9 Operat i n g  System has created a 
sti r. Power-packed and eff ic ient ,  OS-9 broug ht a U N I X- l i ke  
envi ronment to  an i nexpensive m ic rocomputer fo r  the f i rst t i me .  

Oldt imers and hackers revel led i n  i ts power. Many beg i n ners 
however, found i t  i nto lerable.  

After answeri ng  hundreds of q u est ions in "K I SSable OS-9,"  a 
monthly col u m n  pub l ished i n  THE RAINBOW, we d iscovered a 
pattern. People with no  com puter t ra i n ing  or experience were 
rush i ng to the i r  local Rad io Shack and buying OS-9. Then,  they 
rushed home, proud ly i nserted the i r new operat ing system and 
went to work. 

With l it t le fanfare and without too m uch diff icu lty, these 
converts learned to bu i ld  f i les and l ist them to the i r  CoCo's screen. 
Some even learned how to c l imb  around on OS-9's d i rectory t ree. 
But eventua l ly the  honeymoon ended ,  and a lot of new OS-9 users 
d iscovered that they d id n 't have the s l i gh test idea about what to do 
with the i r  new operat ing  system. 

Exper ienced users who had lea rned how to prog ram us i  ng the 
Color Computer's M icrosoft BASI C  knew what they wanted to do.  
But OS-9 proved an  a l i en env i ron ment to many. They found 
themselves lost i n  a reference manua l  that gave experienced 
mai nframe prog ram mers everyth i ng t h ey n eeded,  bu t  left 
beg in ners wonderi ng where to start. 

Enter "The Complete Ra inbow G u ide To OS-9" from THE 

RAINBOW. Here, we' l l  t ry to lay down a fou ndat ion that w i l l  let you 
bu i ld  a staple of OS-9 prog ramming  sk i l l s  with ease. 

x i i i  



USING THIS BOOK ______________________ _ 

We've d iv ided "Th e  Complete Ra inbow G u ide To OS-9" i nto 
s ix parts .  

Part I presents an  overv iew of OS-9. I t  g ives you "The Big 
P ictu re. " We encou rag e you to leave you r  computer off as you 
study t h is section .  

I n  Part I I  we hope you  w i l l  t u rn your computer on ,  use our  
examples and  exper iment .  Th is  i s  where you get you r  "Hands On"  
OS-9. 

Part I I I  takes you on a seven c hapter tou r  of the complete OS-
9 Ut i li ty Command Set .  Each c hapter i nt rod uces you to a num ber 
of commands that perform log ica l ly  related funct ions.  

I n  Part I V  we i ntroduce you to the major  prog ra m m i ng 
languages that ru n on OS-9 computers. You' l l  a lso be i n t roduced 
to assem bly languag e p rog ramming and the "too l k i t" concept 
h ere. 

Part V moves you "Toward the End of The Ra inbow." Here 
you ' l l  be ab le to look  i ns ide OS-9 and explore i ts i n n er work ings. 
You ' l l  be in hacker h eaven . 

And f i nal ly,  i n  Part V I  we' l l  show you the "Pot of Go ld"  that l i es 
at the end of the ra i n bow. Here we d i g  i nto the i n terna l  work ings of 
OS-9 and l ist a n ew d ev ice d river that's worth  i ts weight  in go ld .  
The add it iona l  sample mod u l es are a bonus .  

CHAPTER DESCR I PTIONS ____________________ _ 

I n  Chapter 1 ,  we' l l  look at OS-9's h i story.  We' l l  a lso t ry to 
answer a few of you r  more obvious q u estions. What is  an operat i ng  
system? Why do I n eed one? What i s  U N IX? Who desig n ed i t ?  
What i s  OS-9? What wi l l  i t  do  fo r  me? 

C hapter 2 takes a look at OS-9 Hardware. I t  d escr i bes the 
m i n i m um req ui rem ents fo r OS-9 based systems and looks  at  two 
important system parts - Device Descri ptors and Device Dr ivers. 
These two softwa re modu les and the  n ew hardware are a l l  that you 
n eed to expand an OS-9 system . 

I n  Chapter 3 we show you how OS-9 uses m emory. You ' l l  
l ea rn that the system is d iv ided i nto prog ram mod u l es and  data 
mod u l es .  We also show you how OS-9 manag es your computer's 
m emory. 

Chapter 4 descri bes OS-9 Software. You ' l l  l earn that OS-9 has 
fou r  major  parts. The "Kerna l"  manages your computer's memory 
and you r  m icroprocessor's t i me. I t  g ives OS-9 the ab i l i ty to do 
more than one t h i ng at a t i m e  and l et 's you use more than one 
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term i na l  at the  same t i me. Sur ro u n d i n g  the Kerna l  i s  OS-9's 
"Shel l ." I t  t rans lates you r  commands i nto a form you r  com puter 
can u nderstand and passes them to the Kernal for act ion .  J ust 
outside the She l l ,  OS-9's "Ut i l i ty Command Set" g ives you the  
tools you  need to do many rout i ne  j obs. And f i na l ly ,  "App l i cat ion  
Prog rams" are tools you  use each day a t  work or  a t  play. 

We desc r i be OS-9's f i l e  system in Chapter 5 .  Here you' l l  l earn 
about execut ion  d i rector ies ,  data d i rector ies and anonymous 
d i rector ies. We' l l  show you how to l i st t hese d i rector ies and how to 
delete them.  "F i les" l i ve i n  d i rector ies and in th i s  chapter we' l l  
show you how t o  f i nd  them,  use them,  p rotect them and share 
them. We' l l  even conv i nce you that a device l i ke you r  pr i nter is a lso 
a f i le .  

C hapter 6 shows you how OS-9 com m u n icates wi th the out
side wor ld .  You ' l l  learn a bout standard i n put ,  standard output  and 
f ind  out  that you can red i rect OS-9's i n put  and output to f i l es and  
other hardware devices. We' l l  a lso i nt roduce you  to "p ipes" and 
the concept of f i l ters .  You ' l l  d iscover that you can run  several smal l 
programs at the same t i me to do one b ig  job .  

In  Chapter 7 we i ntroduce you to the OS-9 System D isk as  we 
i nt roduce you t o  The OS9Boot F i le ,  the SYS, CMOS and  D E FS 
d i rector ies and  show you how to use OS-9's "start u p" f i le .  After 
these i nt roduct ions ,  we' l l  show you h ow to " boot" you r  system,  
format new d isks ,  make a n  exact bac k u p  of you r  or ig i na l  system 
d isk and how to copy everyt h i ng on it to another d i sk  wi th a 
different format.  

Chapter 8 i nt rodu ces you to severa l  spec ia l  keys that w i l l  let 
you stream l i ne you r  OS-9 o perat ions  and m i n i m i ze you r  key
strokes. We' l l  a lso show you w h i ch keys to st r i ke on you r  Co lor  
Computer keyboard when you n eed to  generate spec ia l  charac
ters l i ke the l eft and r i ght brackets requ i red by many of the 
advanced prog ramming  l anguages that run  u nder OS-9. 

I n  Chapter 9 you ' l l  be i nt roduced to a few bas ic  operat i ng  
system fu nct ions .  You ' l l learn how to BUI L D  f i l es ,  L IST f i l es ,  and 
how to use them . We'l l even show you how to R ENAM E and 
DELete them. 

Chapter 10 demonst rates commands that g i ve you i nforma
tion. In Chapter 1 1  you ' l l  learn about  com mands that do th i ngs to 
f i les. We i nt roduce commands t hat work wi th d i rector ies in Chap
ter 1 2, and show you the com mands you need when you want to  
create and  copy your  system in  Chapter 1 3 . C hapter 14  deals  with 
commands t h at act o n  the system , and Chapter 13 ta lks about  a 
group of speci a l  com mands that a re a lways i n  memory wa i t i ng  for  
you to use them.  

In  Chapter 1 6  we t ry to br i n g  everyt h i n g  together as  we i nt ro
duce you to proced u re f i les.  We' l l  show you p rocedu res t hat w i l l  l et 
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you change the boot f i l e  on your system d isk and change the 
steppi ng rate of your d isk dr ives. We' l l  even doc u ment a few 
k nown bugs i n  CoCo OS-9, and where possi b le ,  g ive you the f ixes. 
F ina l ly ,  we' l l  show you how to make changes i n  memory from your 
"startup" f i le. 

I n  Chapter 1 7  we' l l  i ntroduce you to the concept of us ing  smal l  
programm i ng "too ls . "  You ' l l  learn about several of the "too lk i ts" 
that are ava i lab le  com merc ia l ly ,  and we' l l  show you what they can 
do for you and how they d i ffer. 

Chapter 1 8  in trod uces you to assemb ler language and shows 
you h ow to get started with the OS-9 assem bler, ASM .  

"H igh  Level Lang uages" come to center stage i n  Chapter 1 9  as 
we present a brief overview of BAS I C09, C, and Pasca l .  We'l l show 
you the d i fferen ce between i nteractive languages l i ke BASI C09 
and batch oriented languages such as C.  There won't be a lot of 
d iscussion here - each language is a book i n  itse l f  - but we 
w i l l  present a few programs that show OS-9 programming 
languages i n  action .  

Chapter 20 shows you how to manage your  memory. You'l l 
learn how to conserve th is  prec ious resource and how to deal w ith 
fragmentation .  A long the way, you ' l l  learn what makes OS-9 
modu les reentrant. 

Chapter 21 is to d isk  space what Chapter 20 is to memory. 
We'l l teach you to avoid p itfa l l s  l i ke smal l f i les and frag mented 
f i les. Then ,  we' l l  show you how to recover f i les if you delete them 
by m istake or damage your d isk .  

Chapter 22 is about dev ice descri ptors . You' l l learn severa l 
ways to create new device descri ptors to modify the characteris
tics of devices you have or accommodate new hardware you may 
get. 

Chapter 23 expla i ns the ro le of device drivers i n  the OS-9 
system.  You ' l l  learn where they fit i n  and what's i nvolved i n  writ i n g  
your o w n .  Y o u ' l l  c o m e  away with a l i st of reasons for tack l i ng the 
job. The deta i ls of d river writi n g  are left for you to learn from 
examples i n  the Workshop sect ion .  

Chapter 2 4  j u mps s ideways i nto the area of  processes. Pro
cesses are the muscles of an OS-9 system . We' l l  teach you several 
ways to use processes and h ow to control them . Look for i n forma
t ion about tu n i ng your system for max i m u m  performance and 
us ing  s ignals .  This chapter i n c l udes a sample program that is  p ure 
m isch ief .  

Chapter 25 moves back i nto the 1/0 path . You' l l  d iscover how 
1/0 managers f it  i nto the scheme of th i ngs .  Each of the three ma in  
f i l e  managers i s  d iscussed, and we specu late about a n u m ber o f  
fi le managers that aren't ava i lab le  yet. 
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Chapter 26 moves u p  the I/O ladder to the execut ive pos i t ion .  
We' l l  show you why l OMan deserves the memory it  uses . 

Chapter  27 is an  overview of the OS-9 d isk  format.  F i rst , you ' l l  
learn why a d isk  needs t o  be formatted . You ' l l  a lso f ind out about 
the low-level struct u re of an OS-9 d isk .  We don 't go as low as the 
physical  struct u re of the d isk ,  but  i f  you can read someth i ng on  a 
disk from a p rogram,  you ' l l  learn about i t  i n  th is  chapter .  

Chapter 28 covers i nterrupts, the heartbeat of every'OS-9 
system.  We' l l  teach you what i n terrupts a re, why they ' re i m portant 
and what OS-9 does about them.  

Chapter  29 goes very deep ly i nto modu les.  Some of the mate
rial in th is  chapter has been covered ear l i e r  i n  the book,  but th is  
chapter takes i t  fu rther  than any but  the true hacker  wi l l  want  to go. 

Chapter 30 covers memory the way Chapter 29 covers 
mod u les . It starts wi th an  overview of the theory beh i nd memory 
management,  i nc l ud i ng a carefu l explanat ion of fragmentat ion .  
You ' l l  learn about  the way OS-9 hand les memory i nte rna l ly .  At  the 
end of  the chapter, you' l l  f ind a d iscussion of each system service 
req uest that re lates to memory management u nder OS-9 Leve l 
One. 

Chapter 31 cont i n ues the subject of memory management .  
This chapter homes i n  on  memory management u nder OS-9 Level 
Two. 

Chapter 32 wi l l  teach Leve l Two programmers how to use the 
DAT. We' l l  teach you about each system serv ice req uest that is 
involved with Leve l Two memory management.  

--------------------------------------_________ THE WORKSHOP 

The workshop is a select ion  of p rograms. Most of these pro
grams should p rove usefu l ,  but mai n ly they are examples .  By 
referri ng to the workshop,  you can f ind out how to use shared 
memory modu les,  how to send and receive s igna ls ,  how to fork a 
process, how to wr i te a device d river  and lots of other  th i ngs.  

Some of the p rograms are: a Daemon,  fou r  d i ffe rent device 
drivers (two d i rect ly  f rom M ic roware) , a program that controls 
output to your term i na l ,  and a p rogram that runs other p rograms at 
special  pr ior it ies. 

--------------------------------------------_______ MEMORY MAP 

These memory maps are p ictu res that show the way OS-9 
cont ro l  blocks a re hooked together .  I f  you need to fi nd the va lue of 
some system var iab le , you ' l l  f i nd  these maps usef u l .  There are two 
maps; one for Leve l O ne, the other for Leve l Two. 
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A warn i n g: these maps a re for  OS-9 vers ion 1 .2 .  They may not 
work for any other  vers ion .  

H OW THIS BOOK WAS CR EATE D  

ABOUT THE AUTH ORS 

The man uscri pt  of t h i s  book was p repared by the  authors 
us ing  the  DynaStar  word p rocess i n g  p rogram . S pe l l i n g  accu racy 
was chec ked wi th  the DynaSpe l l  s pe l l i n g  checker .  P rocedu res 
l i sted t h ro u ghout the book were run  o n  a 6809-based G I M I X  
m icroco m puter  ru n n i n g  t h e  OS-9 Leve l Two operat i n g  system, 
and  a Rad io Shack Color Compute r  ru n n i n g  OS-9 Level One.  They 
were then copied d i rectly i nto the manuscr ipt .  

The authors s h i p ped the manuscri pt to the pub l isher  on  a 
standard OS-9 d isk .  

Da le  L .  Puckett i s  a f reelance wr i ter  and  programmer who f i rst 
learned about  b i ts, bytes and  BASIC when he b u i l t  h i s  f i rst "televi 
s ion typewriter" a SWTPC CT - 1  024 � i n  1 975 .  When the key
board d id n 't a rr ive w i th  h i s  k i t ,  he wi red a set of n i ne s l i de switches 
together and put h is f i rst message on the screen one byte at a t ime.  

A month later,  h e  bu i l t  a SWTPC 6800 m ic roprocessor wi th  
1 2K of memory and has been program m i n g  every s ince. A cassette 
storage u n i t  wasn 't ava i lab le  then ,  so he often left h i s  com puter  o n  
for weeks a t  a t ime after f i n i sh i ng  a l o ng program.  

H i s  p rograms - so ld  by the F ra n k  Hogg Laboratory i nc l ude 
DynaS pel i .  Esther ,  He lp ,  Lk and Readtest . He a lso desi gned and is 
co-author  of ' 'The S pe l l e r , "  wh ich  runs  on  the I BM PC and App le  
computers .  

Da le  is p resently a contr i but ing editor to THE RAINBOW and 
author  o f  the "K I SSable OS-9" co l u m n  i n  that magaz ine .  He a lso 
serves as the Pres ident of the  OS-9 Users G roup ,  an  I owa Corpora
t ion  w i th  members wor ldwide.  He has served on the I nfoWor ld 
review board and has w ritten for Hot CoCo,  '68 M ic ro Journa l  and 
M ic ro .  

An amateu r rad i o  o pe rator, KOHYD ,  s in ce 1 956, he has he ld  a 
f i rst c lass rad iote lephone operators l i cense s i nce 1 962.  He has 
worked at several rad io  and te lev is ion  stat ions  in Kansas and New 
Jersey. 

Dale i s  a ch ief war rant officer in the U n ited States Coast 
G ua rd and p resent ly  serves wi th t he Po l l ut ion  Response Branch at 
Coast G ua rd Head q uarters i n  Was h i n gton .  He l ives i n  Da le  C i ty, 
VA with h is wife Esther  and daughter M i che le .  

Puckett received a Bachelor of Science degree f rom the Wi l 
l i am A l len Whi te Schoo l of Journa l i sm at the U n iversity of Kansas 
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i n  1 966. He a lso earned a Master of A rts i n  Management from 
Webster Co l lege at St .  Louis ,  Mo.  

Peter  D i bb le ,  born in  Waterbu ry, Con nect icut ,  received the 
degree of Bache lor  of Sc ience i n  chemist ry f rom the U n iversity of 
Con nect icut .  S u bseq uent  to graduat ion ,  he has he ld jobs as a n  
appl icat ion  p rogram mer, a systems p rogrammer a n d  t h e  ass istant 
d i rector  in charge of the U n iversity of Rochester Com put ing Cen
ter's user servi ces department .  He is now a grad uate student in the 
Un ivers ity of Rochester computer science department .  He has 
been wr i t i n g  a month ly  col u m n  cal led "OS-9 User Notes" for '68' 
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PART I:  THE BIG PICTURE 

C H A PTER 1 

the h istori cal con n ection 

"I will liken him unto a wise man, which built his house upon a 
rock: and the rain descended, and the floods came, and the winds 
blew, and beat upon that house; and it fell not: for it was founded 
upon a rock." ( M atthew 7 :24-27)  

____________________ COMMON SENSE PREVAILS 

Tem ptat i o n  t h reatened.  We wanted to let you put  you r f i n ge rs 
on the keyboard and work with OS-9 i m med iately. I n  fact, we 
cou ld hard ly  wait  to show off o u r  favorite operat ing system .  

Common sense p revai led ,  h owever, a n d  w e  dec ided t o  p res
ent an expanded i n t roduct ion f i rst .  Th is  approach w i l l  give you a 
strong fou ndat ion  u p o n  w h i c h  you can b u i ld a stap le  of OS-9 
programm i n g  sk i l l s .  

An  i nt roduct ion to OS-9 i s  an  i nt roduct ion to one of  the most 
versati l e  operat i n g  systems ava i lab le  on a mic rocomputer today. 
But before we i nt roduce you to OS-9, we n eed to ta l k br ief ly  about 
operat i ng  systems. 

In th i s  chapter you ' l l  be i nt roduced to:  

O pe rat i ng  Systems 
U N I X  H istory 
OS-9 H istory 

____________ OPERATING SYSTEMS TALK TO YOU R  HAR DWARE 

Let's jum p  r i ght in w i th  t he s ixty-four  d o l l a r  quest ion .  What is 
an operat i n g  system? 

F i rst, we' l l  give a formal  answer. An  operat i ng  system contro ls 
the low- level p rocesses w i th i n  you r  com p uter .  I t  gives you r app l i -
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cat ion  p rograms a way to com m u n icate wi th the h a rdware. I t  a lso 
manages you r  system resources. 

P rocesses a re short software rout ines i n  act ion .  They get 
characters from a keyboard. T hey put  characters i n  a d isk fi l e  o r  
send them to a pr i nter .  Somet imes,  t hey even make you th ink  t hey 
are doi ng  several  t h i n gs at the same t i me. 

Externa l ly ,  system resou rces i n ctude term i nals ,  p ri nters ,  p lot
ters and  d isk dr ives, etc. I nterna l ly ,  t hey i n c l u de your  computer's 
memory and your m ic roprocessor's t ime .  

Enough fo rma l i ty. An  operat i ng  system d i rects the flow of  
your  data. L i ke  a t raffic cop o n  a b usy corner ,  i t  i nsu res that the  
r igh t  data gets to the r ight p lace - at  the r ight  t ime. 

PEOPLE WERE THE FIRST OPERATI NG SYSTEMS -------------

I n  the  ear ly days, when computers wi th far less power than 
your lap computer fi l led large a i r-cond i t ioned rooms,  men and 
women stood watch .  They th rew h un d reds of  switches to enter  a 
short p rogram .  They received reports on  s low teletype pr inters .  
They even watched the vac u u m  t ubes and replaced them when 
they burned out .  They were the operat in g  systems. 

Today, as system software deve lopers struggle to keep pace 
wi th  the ever i nc reas i n g  demand for m i c rocomputer  power on 
A m e r i ca n  d e s k s ,  o p e ra t i n g  systems a re beco m i n g  to ta l  
env i ron ments. 

Keyboards, video d isp lays, floppy d isk  d rives and pr i nters a re 
ch i l d 's p lay to today's o pe rat i n g  systems. App l i cat ion p rograms 
n ow demand graph ics, li ght pens ,  touch screens and w indows. 
Users demand m i ce d rawin g  tab lets and other " fr iendly" tools.  

N ow t hat you k now what operat i ng  systems a re supposed to 
do ,  you can compare them to a p iece of  software you a re a l ready 
fami l i a r  with - M i croSoft 's Extended Color  BAS I C. 

Co lor  D isk  Extended BASI C  is  a p rogra m m i n g  language. I t  i s  
cal led " Disk" Extended BASI C  because i t  contains  a few s imple  
rout i nes that  le t  you  save p rograms and data o n  a floppy d isk  and 
l oad them back i n  later. 

By cont rast, OS-9 is an  operat i ng  system - an env i ronment .  I t  
connects y o u r  p rogram t o  t h e  keyboard y o u  type o n .  I t  wri tes 
letters and  n u m be rs o n  your  v ideo screen .  It sends l ist i n gs to you r 
pr inter .  I t  saves your  programs o n  f loppy d i sks .  I t  even lets you run 
two or  m o re p rograms at  the  same t i me. 

OS-9 is ,  i n  fact ,  an  extremely effi cient i m p lementation of the  
U N I X  o peratin g  system p h i losophy.  I t  was designed by M ic roware 
Systems Corporat io n  i n  Des Mo i nes, I owa. And because it was 
coded i n  6809 assembly  l angu age, it i s  sma l l  and fast . 
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_____________________ OS-9 HAS R OOTS I N  UNIX 

Long ago,  abo u t  1 969, and far,  far away - i n  a sma l l ,  n o rthern 
New Jersey ham let - AT&T desi gners were forced to dea l  wi th 
rea l ity. Software development was too expensive. 

Managers v is i ted . They saw expensive computers t ied up w i th  
on ly  one  person do ing  o n e  job .  I t  d i d n ' t  make sen se to them.  They 
wanted to make more money. They wanted eff ic iency.  U N I X  was 
born . 

I n  those d ays, p rogram me rs had to use batch-or iented operat
i ng systems.  To g et p rog rams or data i n to a computer, they typed i t  
onto coded punch  cards.  Several m i nutes - and many t imes, 
hours - l ater ,  t hey received a pr i ntout w i th  the i r resu lts.  The 
system was too s low. They needed a n  i n teract ive system.  

For a shor t  w h i le i n  1 969 they used a n  operat i n g  system ca l led 
"Mu lt ics ."  Th i s  new p rog ram l et severa l  p rogram mers work at the  
same t i me .  I t  even l e t  them use more than  o n e  p rogram a t  the same 
t ime.  

M u l t ics  a l so was i n te ract ive. T h i s  meant that when p ro
grammers typed a command ,  the  com p uter responded a l most 
i mmedi ately.  I t  was a b ig  i mp rovemen t  over the punch cards. 

But M u lt ics wasn't enoug h .  P rog ram mers needed an operat
i ng system that wou l d  su pport coord i n ated teams work i n g  on the 
same product .  T hey needed to be able to access each others data .  
In  fact, the name U N I X  came from a reference to th is u n i f ied ,  team 
programm i ng envi ron ment .  

The f i rst U N I X  system was deve loped by a Bel l  Laborator ies 
sc ient ist n amed Ken Thompson .  He wrote i t  i n  assemb ly  l anguag e  
and ran i t  o n  a P D P-7 m i n i co m puter.  

______________________ UNIX IS W RITTEN I N  C 

There was o n e  ser ious problem wi th  Thompson's approach .  
S ince h i s  o perat i n g  system was wr i tten i n  assem b ly language,  i t  
was mach i ne dependent. I t  cou l d  on ly  be r u n  on o n e  model o r  type 
of com puter .  If you needed to r u n  it on another computer ,  you had 
to code i t  over aga i n  i n  the  assemb ly  lang uage recogn i zed by the 
new computer .  Agai n  th is  was too expensive. 

To sol ve th i s  prob lem,  Thompson wrote a language that cou l d  
b e  transported to other  compute rs .  He n amed i t  B .  Later ,  another 
Bel l  p rog ram mer,  Denn i s  R i tch ie ,  modi f ied Thompson's B and 
cal led the n ew languag e  C .  C i s  st i l l  used today by p rogrammers 
wri t i ng  system u t i l i t ies and app l icat ion  prog rams for a l most every 
compute r on the market. 

After deve lo p i ng C, R i tch i e  rewrote U N I X  i n  C. S ince C cou ld 
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be moved to v i rtua l ly  any com puter, p rogrammers at Bel l  Labs 
cou ld  pu t  U N I X  on  j u st about  any mac h i ne they wanted . I n  fact, by 
1 978 they had i nsta l led more than 600 U N I X  systems at un iversi
t ies ,  government fac i l i t ies and th rou ghout the Be l l  System.  These 
mach i nes contro l led l aboratory exper iments ,  d es ign ed mach ines, 
supe rvised telephone n etworks and managed bus iness offices . 

I n  1 979, Bel l  Laborator ies i n t rodu ced a new vers ion of U N I X  
a n d  decreased i ts s i n gle-user l i cense fee. Computer manu fact u r
ers cou ld  then afford to d eve lop  U N I X  software for the i r  systems,  
and  sma l l  bus inesses cou l d  l icense U N I X  for the i r persona l  com
puters. System I I I  U N I X  was released in 1 98 1 . N ow,  System V is  on 
the market. 

The U N IX operat i n g  system conta ins  th ree maj o r  parts: a 
kerna l  that sch ed u l es tasks and  manages data storage,  a she l l  that 
i nterprets the com mands typed by the user, and an  extremely 
large set of u t i l i ty p rograms t hat perform h u n d reds of rout ine  tasks 
and system mai n tenance.  

S i nce i t  was des igned by p rogrammers for p rogrammers ,  i t  
conta i ns a wea l th  of p rogram deve lopment too ls .  With U N I X, you 
can do many jobs wi thout  a p rogrammi n g  lan guage. You s imp ly  
p lace a sequence of system commands in  a she l lscr ipt .  

OS-9 BRINGS UNIX POWER TO THE 6809 _______________ _ 

U N I X  was the answer to a programmers prayer. B ut ,  s i nce i t  
was w ri tten i n  C ,  i t  was t o o  b ig  to f i t  comfortably on most m ic ro
com puters. Yet ,  many compan ies saw the need for U N IX power on 
these smal l mac h ines. 

Why did they perce ive a need? Stop for a moment and th i nk  
about t he  work you do w i th  you r  computer .  

How many t imes have you wanted to use one p rogram wh i le  
you were r u n n i n g  another? How many t i mes have you wished that 
you r spouse cou ld use the computer to  keep you r househo ld 
records strai gh t  wh i l e  you were p rogram m i n g  i t  from a second 
term i na l ?  Have you ever wished you cou ld  pr i nt  a l ong  report and 
compose another at the  same t ime? 

Both M ic roware Systems C orporat ion  and M otorola saw the 
n eed c lear ly .  They jo ined forces to mak e  i t  happen for the  6809 
m ic rop rocessor. 

M otorola l ayed down some tough cr i ter ia .  They wanted an 
operat i n g  system that wou l d  exercise every ounce of capab i l i ty i n  
t h e  6809. Several 1 6-b i t  regi sters a n d  a lmost every memory 
address i n g  m od e  ava i lab le  o n  a m i n icomputer mad e  the job 
easier .  

The company's u lt imate goa l  was to sel l  mass-produ ced 
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"software-on-si lcon . "  Motorola wanted to d istr ibute the i r  software 
prod ucts i n  R O M  (Read O n l y  Memory) c h i ps .  Th is  meant that they 
had to be ab le to write software i n  sma l l  modu les that cou l d  be 
p lugged i n  anywhere i n  memory. 

The use of an assemb ler  to reassemb le  the sou rce code, o r  a 
l i nk i ng  loader to l i n k  modu les together at " run  t i me," was out  of the 
quest ion .  These tec h n i q ues c reate too much  of a hass le for the 
u lt imate consumer.  To M icroware, a l l  of th is  meant the new operat
i ng system had to be wr i tten us i ng  "pos i t ion  i ndependent" 
modu les. 

The new o perat i n g  system also had to meet several add i t iona l  
req u i rements.  A l l  modu les had to be reent rant because m o re than 
one user wou ld be r u n n i n g  them at  the same t i me .  Program mers 
had to be able to i n te r rupt a rout ine wh i le i t  was r u n n i ng, let 
another user execute that same rout i ne,  and then have i t  retu rn to 
the or igi nal  user w i th  a l l  o r igina l  data i ntact. I t  a lso meant that 
programs i n  the modu les cou ld not mod i fy themselves wh i le they 
were ru n n i ng. 

Because of the tough cr i ter ia and effect ive des ign ,  software 
developers have been ab le to transport j ust about every major 
language and a l l  types of system software to OS-9 compute rs .  I n  
fact, most of these programs r u n  much  faster o n  the 6809. And ,  
they ' re much shorter .  The app l i cat ions software you need to run 
your  busi ness is ava i lab le ,  too. 

-_______ ________ YOU'RE IN  GOOD COM PANY WITH 05-9 

OS-9 has put  the U N I X  ph i losophy to work on  Rad io Shack 's 
Color Com puter and near ly 1 00 other m ic rocom puters that use 
the 6809 m icroprocessor.  I n  fact, severa l majo r  American com pan
ies use OS-9 dai ly .  

For exam ple ,  the Western E lect r ic  d iv is ion  of Amer ican Tele
phone and Telegraph - the same AT&T that hopes to make U N I X  
a househo ld  word - uses a program wr itten i n  BAS I C09, ru n n i n g  
under the OS-9 operat i n g  system on  a G i m i x  m i c rocomputer,  i n  
the f i na l  manufactu r i ng  stage of every te lephone that leaves i ts 
factory i n  West V i rgi n ia .  

OS-9 even he lps keep the Space S h u tt le  f ly i ng. NASA uses 
fou r  G i m i x  systems r u n n i n g  OS-9 at Cape Canavera l ,  and one of 
them performs the pre-fl ight fue l  tan k  tests before every launch .  

The Ford Motor Company uses m icrocomputers ru n n i n g  OS-9 
at the i r test t rack i n  M ic h i gan .  And ,  Eastman Kodak uses a 
BAS I C09 p rogram d u r i n g  the f i na l  assemb ly  of each Kodak d isk  
camera. They use another  OS-9 p rogram to ensure the q u a l i ty of 
the fi l m  man ufactu red for those cameras. 
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OS-9 FUTURE IS PROM ISING --------------------

The demonst rated popu la rity of 08-9 gives you a good reason 
to learn th i s  operat i n g  system and become p rofic ient in its opera
t ion .  If you lea rn to operate and p rogram in the 08-9 envi ron ment ,  
you could have a b r ight fu ture. Add i t iona l ly ,  the fact that AT&T 
hopes to make U N I X  the standard operat i n g  system and the fact 
that learn i n g  08-9 is an i nexpensive way to learn U N I X  pr i nc ip les 
give you other good i ncent ives. 

08-9 is a lso a too l you can use to keep you r  app l icat ions 
p rograms compat i b le w i th  new 6809 hardware. I f  you write a l l  of  
you r  p rograms us i ng  re locatable code,  and use o n ly standard 
08-9 o perat i n g  system ca l ls ,  you w i l l  a l most gua rantee that your  
software wi l l  run on  new 6809 compute rs .  Th is  is  especia l ly i m po r
tant i f  you are wr i t i ng  software for  mac h i nes l i ke Tandy's Color  
Computer .  

Tandy cont i n ues to i m p rove and u pdate i ts hardware. Yet, 
company off ic ia ls  k n ow that i t  is i n  thei r best i nterest to ens u re that 
the o ld  software wi l l  run on  the new hardware. Because of th is ,  
they recent ly recom mended that deve lopers use 08-9. I f  you are 
deve lop ing  software,  even for  you r own use, i t  is a lso i n  you r  best 
i nterest to use 08-9 . 

SUMMARY __________________________________________________ __ 

I n  th is  chapter we have reviewed 08-9's h istor ica l  con nect ion .  
You have been i n t rod uced to operat i n g  systems in  general  and 
Be l l  Laboratories U N I X  operat i ng  system in  part icu la r. You have 
a lso learned how 08-9 was born .  

In  Chapter Two we' l l  look at  "The Hardware Connect ion"  and 
i n t roduce you to a few 08-9 system req u i rements. 
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CHAPTER 2 

the hardware con nection 

I n  the beg i n n i ng there was a Central Process ing  U n i t .  Or. d id  
algorithms come fi rst? Without leav ing  t ime  to  open that  debate,  
we move on to take a look at ha rdware and the  part i t  p lays in 
computing .  

Then, we ta lk  about hardware req u i rements for 08-9 based 
microcom puters and i n t roduce you to device descr i ptors and 
device d rivers two 08-9 software modu les that make i t  easy to 
expand you r  system. 

I n  th is c hapter you ' l l  l earn a bout :  

Centra l  Processing U n its 
Memory 

Data 8torage 
I n put  and Output devices 

08-9 Hardware R eq u i rements 
0 8-9 Dev ice D rivers 

08-9 Device Descri ptors 

___________________ CENTRAL PROCESSING U NITS 

A Central P rocessi n g  U n it i n  a com puter is l i ke t he bra in  in the  
human body. I t  i n terprets and  executes each i nstruct ion i n  a com
puter p rog ram .  

I n  the early d ays, eng ineers bu i lt CPUs with vacu u m  t u bes. 
They were b u l ky, hot and  s low. But .  t h ey got the job done. Later, 
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t rans istors replaced vacuum tu bes and the newer models became 
smal ler ,  cooler and faster. 

The f i rst m icroprocessor was i n t rod uced in 1 972 .  By the end 
of that decade sma l l  m ic rocomputers had i nvaded America.  Bus i 
ness execut ives fou nd comput ing power on thei r desks that 
r ivaled that of the large mai nframe computers of the s ixt ies .  

The 6809 m icroprocessor from M otorola is the CPU that runs 
OS-9.  This s i ngle  i ntegrated c i rcu i t  - or  c h i p  as i t  is cal led - can 
i nterpret and execute m i l l ions of i nstruct ions each second .  

MEMORY ____________________________________________________ ___ 

The 6809 m icroprocessor has t remendous power. Yet, it can 
on ly  deal with a f in ite amount  of data at any given t ime. A com puter 
must be ab le  to remember - or  store - the long data seq uences 
that make up p rograms i f  it is  to do any usefu l  work .  Sma l l  i n te
grated c i rcu its hand le  th is  chore. 

Logica l ly  enough ,  engi neers cal l  the i ntegrated c i rcu its that 
ho ld  th i s  data memory .  These c h i ps store i n format ion  by remem
beri n g  whether an e lectro n i c  pu lse was on or  off. I f  a pos i t ive 
voltage can be measu red at a part i cu l ar po in t  - or  add ress - that 
data "b i t" is said to be on .  A pOi nt  that measu res zero volts is off. 

Genera l l y  spea k i n g, e ight of these bits make up one byte of 
data. E ight bits of data can ho ld  256 d i ffe rent patterns .  The pattern 
determ i nes the va lue of the byte . A l as ,  each byte of data can have 
one of 256 d i ffe rent val ues. 

M a i n  memory i ns ide a com puter takes one of two forms. 
Random Access Memory (RAM)  can be read from and wr itten to. I t  
is  used to hold data that changes d u r i n g  the execut ion  of a pro
gram .  Read O n ly Memory ( R O M ) ,  can only be read . Engi neers use 
i t  to ho ld  programs or  data that never change.  

S i nce OS-9 is a m U l t i -user system, memory is shared by sev
era l  users. I n  fact , memory management is one of the ma in  tasks 
performed by OS-9. 

DATA STORAGE ______________ __ __ __ __ __ __ __ __ __ __ __ __ ________ __ 

A m icroprocessor can on ly  add ress a f in i te amount of memory 
at a given t i me. Because of th is ,  m icrocom puters need a p lace to 
store i nformat ion that is not bei ng used at the t i me. 

Smal ler  m ic rocom puters use f loppy d isks to store i nformat ion 
on a f lat magnet ic  s u rface. They save th is  data by sen d i n g  mag
net ic  p u lses to the su rface of the d isk .  Later they read the i nforma
t ion  back us i ng  a magnet i c  read/wr i te head much l i ke those fou nd  
on  home tape recorders .  M i c rocomputers use a d isk contro l ler  to  
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move th is  head to d i fferent pos i t ions on the d isk ,  a l low ing  access 
to i nformation stored anywhere on i ts su rface. 

Hard d isks a re a lso used to store data. Because they use a 
rig id a l u m i n u m  p late coated wi th  a magnet i c  emu ls ion ,  they can 
hold more data and operate much faster .  The i r  i nc reased capaci ty 
and speed is needed for most bus i ness app l i cat ions .  

Both f loppy and hard d isks come i n  var ious shapes and s izes. 
Drives used on m icroprocessors range from the 0lder 8- inch mod
els to the newer 3Y2- inch  com pacts. The standard 5 y4-i nch d ri ves, 
both fu l l  and ha l f  s ize,  a re p robably the most common .  You can 
f ind them al l  on OS-9 based m ic rocomputers. 

___________________ INPUT AND OUTPUT DEVICES 

Before a CPU can process any i nformat ion ,  it must be entered 
into the computer .  Keyboards wi th  a standard typewriter layout 
are the most common i n put  device today, but engi neers have 
pushed tech nology so hard du r i ng  the past several yea rs that 
mice, touch sens i t ive screens and voi ce recogn i t ion hardware are 
rapid ly becom i n g  the state of the art .  

Most peop le  use a term i na l  to com m u n i cate with the i r compu
ter. A term ina l  has a keyboard that lets them send data to the 
computer, a v ideo d isp lay screen that lets them see the data i t  
sends back ,  and some type of  com m u n icat ions port tha t  connects 
the two. Some term i na ls  even d isp lay graph ic  i mages. 

When you run  OS-9 on the Rad i o  Shack Color Com puter,  the 
Co lor Computer acts as both you r  com puter and you r term i na l .  
You can a lso h o o k  a fu l l-s ized term i na l  u p  t o  t h e  RS-232 jack o n  
the rear o f  t h e  C o l o r  Comp uter. 

____________________ OS-9 HARDWARE REQUIREM ENTS 

Some OS-9 computers o n ly use one 4K ROM and 2 K  of RAM . 
In fact, most engi neers don't  even ca l l  these smal l  mach i nes com
puters. They ca l l  them contro l lers .  

On the other end of the  spect rum ,  others use OS-9 computers 
that need a m i l l ion  bytes of memory and a large hard d isk .  But ,  
these giant  mac h i nes pay for themselves. For examp le, many 
schools connect one la rge OS-9 based com puter to a dozen ter
minals and let 1 2  students a l l  work at the same t i me. 

If you plan to write al l of you r  p rograms in assembly lan guage, 
you can get by with as l i tt le  as 24K of RAM . I f  you use a h i gher level 
language l i ke BAS I C09 or C ,  you ' l l  need at least 40K of memory .  
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LEVELl SYSTEMS ____________________________________________ ___ 

LEVEL I I  SYSTEMS 

DEVICE DR IVERS 

Because memory space i s  l im i ted, OS-9 Level l i s  usual ly  on ly  
used o n  compute rs des ig ned for one person .  Most o f  these 
mach i nes use 4K of ROM and up to 60K of RAM . The ROM is  
usua l ly  add ressed at $ F800 and norma l ly runs t h roug h $ FFFF. The 
6809 m icroprocessor  automat ica l ly  looks for sta rt up vectors at 
the top of memory. The ROM ho lds these vectors .  

Radio Shack emu lates the ROM found in other computers by 
load i n g  the u pper  32K page of RAM in a 64K Co lor  Com puter with 
OS-9 start up code stored on t rack 34 of a standard Extended 
BASIC d isk .  O n ce the code is i n  p lace, the Co lor  Com pute r's SAM 
ch i p  t u rns off the  BASIC R O M  memory and t u rns the RAM o n .  The 
6809 then uses the code sto red at $ F800 to $ FFFF to " boot" the rest 
of the system f rom a standard Rad i o  Shack OS-9 d isk .  

M ost Level I systems use a term ina l  that  ta lks wi th  OS-9 
th rough  a ser ia l  o r  para l le l  port .  However, some computer manu
factu rers use a memory mapped v ideo d isp lay. The Co lor  Com pu
ter uses th i s  approach.  

Level l OS-9 can send data to your p ri nter i f  you own one.  And 
i f  your computer has a rea l -t ime  c lock ch ip  i nsta l led ,  i t  w i l l  use i t .  
P r i nters may be either ser ia l  or para l l e l .  The Color Computer uses 
a ser ia l  p r i nter, but i t  does not have a hardware c lock ch ip .  

OS-9 Level I I  systems use  memory management hardware -a 
c h i p  ca l led a OAT. The letters OAT stand for dynam i c  address 
t ranslator .  The OAT c h i p  makes it poss i ble  for the 6809 m ic ropro
cessor to use more than 64K of memory. N o rmal ly,  the  6809 can
not add ress more than 64K of memory .  However, the OAT c h i p  
moves memory i n  a n d  o u t  o f  a f i xed 64K b lock that t h e  6809 
add resses. 

An OS-9 Level I I  com puter needs 64K of RAM for  the  operat
i n g  system, p lus  32K of RAM fo r each user. It a lso n eeds a ma in  
term i nal  and a term i nal  for  eac h  person who i s  go ing  to use  i t .  
OS-9 Level I I  computers store thei r data and p rog rams on  both 
f loppy and hard d isks. 

E n g i neers use computers r u n n i ng OS-9 to control al l  types of 
hardware. They p refer OS-9 because they can connect new hard
ware tools to the i r  com puter wi thout  rewr it i ng or  patch i ng the 
operat i n g  system .  

OS-9 l ets y o u  add n ew hardware t o  you r  com puter b y  add i n g  
two n ew software modu les - a device d river  a n d  a device descr ip-
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tor. After the new hardware is  connected to you r  computer ,  you 
load you r  two n ew mod u l es i nto memory. O nce these mod u les a re 
in place, you can receive data from the new device o r  send data to 
it  by red i rect i n g  you r standard i n put  and output  paths to the new 
hardware. 

For example ,  you could b u i ld a voice synthesizer and p lu g  it 
i nto one of the  expansion s lots i n  the Rad io Shack M u lt i-Pak 
I nterface. To run i t ,  you wou ld w rite a device d river you could 
cal l  i t  voice - and a device descr i ptor  named ' V '. To make you r  
voice synthes izer  read your  d i rectory you would type th i s  com
mand l i ne :  

OS9: dir  >/V <ENTER> 

Device d ri ve rs a re short p ieces of 6809 code that a re smart 
enough to know how to ta l k  to a part i cu la r  p iece of hardware. M ost 
08-9 computer syste ms come wi th  device d rivers that k now how 
to ta l k  to the Asynchronous Com m u n i cat ion I nterface Adapters or  
ACIAs that con n ect them to ser ial  term i na ls and pr i nters as well as 
to the Per iphera l  I nterface Adapters or P I As that let them commun
icate w i th  para l l e l  keyboards and p ri nters. They a lso come wi th  
special d rive rs that  k now how to commun icate w i th  the part icu la r  
d isk control le r  used by  each man ufacturer .  

When OS-9 p rogram mers write a device d river ,  they use reen
trant code. Because t he d river is  reentrant ,  o n ly one copy needs to 
be in memory - even though several p ieces of hardware may be 
using it  at the same t i me. 

For example ,  ACIA - the standard OS-9 dev ice d river  - often 
appears to be talk i n g  to you r termina l  and send i n g  a l ist i n g  to your  
seria l  pr i nter at the  same t i me .  Chapter 24 expla ins  device d rivers 
in  great deta i l and shows you h ow to write one .  

_____________________ DEVICE DESCRIPTORS 

An OS-9 device d river  uses a device descr i ptor when i t  ta l ks to 
a p iece of hardware .  The d river i tself is  gener ic .  Th is means i t  can 
tal k  to any piece of hardware that uses the same ch ip .  For  examp le, 
ACIA, the device d river we ment ioned earl ier, can talk to any 
device that uses an  ACIA .  I t  can send to and recei ve characters 
from a termi nal. I t  can send i nformat ion  i nto a modem connected 
to a telephone wh ich  lets you com m u n i cate with a remote compu-

. ter. And,  i t  l ets you send list i n gs to you r p ri nter. 

To talk to the term i na l, OS-9 uses a device desc r iptor  named 
ITER M .  When you a re work i n g  wi th OS-9 i t  no rmal ly  gets the 
characters you type on  your  keyboard f rom th is  device descr i ptor .  
L ikewise, the characters you see on  you r  screen come t h rough i t .  

To feed the modem, you wou ld red i rect you r standard output 
path to a device descri ptor named 1M.  To l i st a f i le  to the pr i nter, 
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you would red i rect you r  output to a dev ice named IP. The two 
com mand l i nes used to feed you r  modem or pr inter would look l i ke 
th is .  

OS9: list Chapter_One >/M <ENTER> 
OS9: list Chapter_Two >/P <ENTER> 

T hese dev ice descriptors do what the i r name i m p l ies. They 
desc r ibe the  actua l  phys ica l  character ist i cs of the hardware for the 
dev i ce d ri ver.  Without  them, the dev ice d ri ver  wo u l d  be lost .  The 
dev ice d river needs to know the name of the device i t  i s  supposed 
to send d ata to, i ts locati o n  - or add ress - i n  memory, and the  
name of  the f i le manager t hat w i l l  be  send i ng the the data. I t  gets a l l  
o f  t h is i nformat ion  fro m the device descri ptor. 

A device desc r i pt o r  is noth ing  more than a sma l l  table t hat 
ho lds  i nformat ion that d escr i bes each p iece of hard ware. I t  a lso 
ho lds  the name of the f i l e  manager t hat w i l l  be sen d i ng data to the 
dev i ce ,  the n am e  of the  d river  t hat w i l l  use i t ,  t he abso lute phys ica l  
address of  the  d evice in  you r  com puter's memory map and an 
i n i t ia l i zation  table .  

The i n it i a l izat ion  table contains i nformation that descri bes the 
i n it ia l  character ist i cs of a p iece of hardware. For example ,  i t  may 
tel l OS-9 to sen d  an ASC I I  backspace character ,  8 dec imal ,  when i t  
wants t o  back t h e  c u rsor u p  one space. 

Nearly two dozen character ist ics cal l ed parameters - are 
stored i n  a typ ica l  OS-9 i n it ia l izat ion table.  T hey can be read or 
changed wi th  the X M O D E  ut i l i ty command.  I n  Chapter 23 we 
descr i be device descr iptors l i n e  by l i ne  and show you how you can 
b u i l d  them.  

SUMMARY ________________________________________ __ __ __ __  __ 

I n  t h is chapter  you h ave learned about computer hardware i n  
general and m i n i m u m  hardware requ i rements for the OS-9 operat
i n g  system.  You have been i nt rod uced to d ev ice d rivers and d ev ice 
descr i ptors, two software modu les that make i t  easy for you to 
i nstal l new hardware on you r  computer .  

I n  Chapter 3 we i nt roduce you to the concept of mod u lari ty. 
You ' l l  l ea rn  the advantages of break ing  you r  prog rams - or· 
p rojects for that matter - i nto smal l  manageable p ieces. 
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C HAPTER 3 

the memory connection 

Random Access Memory can hold i nformat ion that looks l i ke 
a prog ram to a m i c roprocesso r such as the 6809. O r, i t  can hold 
informat ion that i s  man ipu lated by a p rogram.  These two types of 
informat ion  rare ly  g et confused on  a computer ru n n i ng 08-9 
because they res ide i n  d i fferent parts of memory. 

I f  you run the 08-9 M D I R  ut i l i ty command and take a c lose look 
at the program memory a rea in  your  OS-9 based com puter, you ' l l  
see a b u n c h  o f  names .  These names ident i fy a n u m ber  o f  sma l l  
programs.  A l l  of these p rograms l i ve i n  modu les.  I n  th is  chapter we 
tal k about memory modu les and other memory re lated matters ,  
inc lud i ng :  

Modu larity 
OS-9 Memory Use 

OS-9 M od u le D i rectories 
OS-9 Modu les 

OS-9 Mod u le Headers 
Memory Management 

________________________________________________ �MODULARITY 

Here's a rea l  world ana logy that may h e l p  exp lai n the concept 
of modu lar i ty. C lose you r eyes fo r a moment and i mag ine  how you 
would react i f  so meone told you that you had to bu i ld  a condo
m in ium .  

Don't pan ic .  R ather, l ook  for a log ica l  so lu t ion  to  the p rob lem . 
Vis i t  a local  construct ion  s ite and study the act iv ity .  You ' l l  p roba
bly see large c ranes l i ft i n g  g iant p ieces, the  size of a l i v i ng  room ,  
into p lace. 
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The rooms, or modu les, h ave been b u i l t somewhere e lse and 
carr ied to the constructi on s i te on  large trucks.  One modu le  m ight 
come from a co m pany that spec ia l i zes i n  l iv i ng rooms,  another 
from a f irm that bu i lds stai rcases. 

O nce the i nd iv idua l  p ieces arr ive on si te, they are put together 
i n  the  proper o rder.  The cont ractor combines the modu les he 
needs to b u i ld the apartment  that the customer ordered. The res u l t 
i s  an  apartment wi th the best l iv i ng room and the best stai rcase 
that can be bu i l t - at least, the most cost effective. 

The authors of OS-9 used a s i m i la r  approach when they wrote 
th i s  powerfu l  operat i ng system.  T hey u sed a tec h n i q u e  cal l ed 
structu red prog ra m m i ng .  

F i rst, they d efi ned each p roblem they were t ry ing  to solve i n  
terms of a n u m be r  o f  sma l le r  prob lems .  Then ,  they broke the 
sma l le r  p roblems down i nto sti l l  sma l ler  problems.  Eventual ly, 
they reac hed the po in t  where they cou ld translate each of the 
smal le r  problems d i rect ly i nto a p iece of code their computer 
could u n derstand . 

Then ,  they rea l i zed that many of the sma l le r  p rob lems they 
h ad been so lv i ng were s i m i l a r. They started to save the i r  so lut ions 
and use them over and over aga in .  They saved the i r so lu t ions in  
p rogram modu les.  Before long,  they h ad saved enoug h modu les 
to construct OS-9. 

OS-9 is a powerfu l  operat i ng  system . Yet, it i s  n ot one  g iant 
p rog ra m .  Rather, it is a n u m ber of smal l  p rogram modu les work ing 
together in  a synergi st ic  man ner .  That's mod u lari ty. 

HOW MEMORY IS USED __________________________________________ _ 

I f  you peek i n to the memory of an  OS-9 co mputer  wh i le i t  i s  
r u n n i n g  you w i l l  see the names of a l l  the m od u l es that have been 
loaded at the top of memory .  Yo u'l l see data at the bottom.  The 
memory i n  between is free memory that you ca n use to run add i
t ional  programs. 

There are a coup l e  of req u i rements that you r com puter m ust 
meet if you p lan to ru n OS-9 . Fi rst, the  address of t h e  f i rst byte of 
random access memory must be zero - $0000. Second ,  yo ur  
memory m ust  be con t i n uous - i t  m u st sta rt at $0000 and ru n 
through to the top  of you r  memory. 

There can be no gaps in you r  memory.  I n  other words, you 
cou l d  n ot i nsta l l  a 1 6K memory board add ressed f rom $0000 to 
$3FFF and  another  add ressed from $5000 to $8FFF.  You wou ld  
need to start the  second b lock  a t  $4000 so  that every byte i n  you r 
memory m a p  wou ld  be acco u nted for- from $0000 to  your top of 
memory - $7FFF.  
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I f  you have a Co lor  Computer,  the des ign engi neers at Tandy 
met th is req u i rement for you .  The memory on your Color Compu
ter starts at  $0000 and runs cont i nuous ly to $FEFF when you are 
runn ing  OS-9. 

Each t ime  you b r i ng  OS-9 to l i fe, i t  runs a spec ia l  rout ine that 
looks for the end of you r memory .  Th i s  operat ion is automat ic and 
you need not worry about i t .  However, OS-9 needs the i nformat ion 
gathered by th is  rou t i ne  so that i t  can reserve a few b locks of  
memory for i ts  own use. 

Actua l ly ,  OS-9 sets aside two areas of memory .  F i rst, it 
reserves about 1 ,000 bytes at the bottom of memory .  The Kernal  
uses th is a rea as a workspace to ho ld temporary i nformat ion .  

OS-9 sets as ide  another  b lock  of memory a t  the top  of  you r 
computers memory map .  I t  needs th i s  space for  the buffers it uses 
to read and wr i te i nformat ion to the d isk  d r ives , pr inters and other 
devi ces connected to your computer. 

_____________________________________________ TOP DOWN LOAD ING 

The a bove head i n g  has noth i n g  to do w i th  the "top down 
program m i n g" techn iq ues you may have stud ied in a book or 
magaz ine .  Rather, i t  te l ls  you how OS-9 10ads you r  programs when 
you need to run  them.  

I f  yo u type a command on you r  keyboard that names a p ro
gram that is not res i dent  i n  memory, OS-9 t r ies to load it f rom you r  
current execut ion  d i rectory. I f  i t  "f i nds the program i n  th is  d i rec
tory, OS-9 wr i tes you r  new p rogram mod u le i nto the very top of the 
free memory space in  you r  computer .  

I f  you are r u n n i n g  you r  fi rst p rogram,  OS-9 wi l l  l oad i t  j ust 
below the b uffer a rea that it reserved for i tself when you f i rst 
started i t .  Later i f  you load or run  another program,  i t  w i l l  be written 
into memory d i rect ly  below the f i rst program you loaded . 

We ment ioned ear l i e r  that the var iab le i nformat ion  used by an 
OS-9 program is  kept separate f rom the p rogram i tself .  S i nce th i s  
data memory area begi ns a t  approx imate l y  $0400 hexadeci ma l ,  
you r  very f i rst program wi l l  most l i ke ly  have i t s  data stored begi n 
n ing at $0400. 

Later ,  if you start another  p rogram ru n n i n g, that program's 
data memory a rea shou ld  start j ust above the end of the memory 
area used by you r  f i rst p rogram.  You shou ld be aware of one 
add i t iona l  poi nt ,  h owever .  A l l  data memory areas - and a l l  pro
gram modu les for  t hat matter - start on an even page boundary. 

Let's use an  example to exp la i n .  S u ppose that the f i rst p ro-
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gram you l oad uses j ust u nder  one page of  memory - 249 deci mal  
o r  $EF bytes h exadec ima l .  F u rther, l et's assume that the data 
memory a rea used by your  p rogram starts at $0400. That means its 
data a rea wou l d  end at $04EF .  

Where do you t h i n k  the data memory a rea wou l d  start for  the  
next program you  r u n ,  $04FO? Wrong! I t  wou l d  start a t  the next 
even page boundary or $0500. T h i s  happens because OS-9 gives 
you r p rogram memory one page, or 256 bytes, at a t ime. 

EVERY MODULE HAS A NAM E --------------------

J ust as every person h as a name, every OS-9 p rogram has a 
name.  When your  boss n eeds to tel l you what to  do,  he addresses 
you by name.  If you expect OS-9 to r u n  a program for you, i t  m ust 
be able to  ca l l  that p rogram by name. 

The te lephone company gives you a d i rectory so that when 
you n eed to  ca l l someone,  you can f i n d  the i r n u m ber .  0$-9 has a 
d i rectory too - a d i rectory that conta i ns  the name of  each p ro
gram res ident  i n  your  computer's memory. 0$-9 may h ave l oaded 
these p rograms automat ica l ly  when you b ro u ght  i t  to l i fe,  o r  you 
m ay h ave l oaded them .  0$-9 cal l s  th is d i rectory a module 
d i rectory. 

Each t i m e  you run the OS-9 M D I R  u t i l i ty command,  you w i l l  
see t h e  n am es o f  t h e  programs stored i n  your  memory .  You can 
l ea rn a l ot m o re about the p rograms i n  the mod u l e  di rectory if you 
type an  . e '  - for extended - on you r  M D I R  command l i ne .  For  
examp l e, th is  extended report can te l l  you the actua l  memory 
address where each m od u le is stored and how many p rocesses are 
us i n g  a modu le. 

T h is use count  a lso ter ls  0$-9 when a modu le  i s  not bei ng  
used . T h i s  i s  i m po rtant because when  a modu le  i s  n ot bei ng used i t  
can b e  d iscarded a n d  i ts memory released for other p rograms.  

Here's h ow i t  works.  When a p rogram needs to use the code or 
data in a modu le ,  i t  l i n ks to i t .  When i t  does t h is ,  OS-9 automat i
cal ly i ncreases the modu le's l i n k  count by one.  When the p ro gram 
is  f i n ished with the m od u le it  u n l i nks  from i t  and OS-9 decreases 
t he l i n k  coun t  by one.  When th i s  l i n k  count reaches zero, OS-9 
k n ows t h at the  m od u le is not  bei n g  used and removes i t  from the 
m od u le d i rectory, re leasin g  the  memory so that i t  can be used by 
other p rograms.  

OS-9 manages you r memory for you automat ica l ly  you 
don 't need to do a t h i n g. S i nce t h is memory management i s  tota l l y  
t ransparent to y o u ,  y o u  w i l l  never see anyth i ng happen e i ther. 

OS-9 ca l l s  the  memory located between the  top of the data 
memory area used by the last p rogram you ran and  t h e  bottom of 
t he l ast p rogram modu le i tself ,  f ree memory .  I t  u ses t h i s  f ree 
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memory when it i s  needed.  When does OS-9 need memory? Let's 
try to make a comp l icated answer s im ple .  

F i rs t ,  OS-9 wi l l  n eed to use some of you r  f ree memory when 
you load a new p rogram mod u le .  Then later when you run t h i s  
program.  OS-9 w i l l  need to give the process y o u  h ave started some 
memory to use for i ts d ata memory a rea.  

Somet i mes a program itself  may requ est more memory .  OS-9 
wi l l  give a p rogram more memory i f  i t  i s  ava i lab le .  And f i na l ly ,  OS-9 
often needs add i t iona l  memo ry to use for a buffer when i t  opens a n  
input/output path t o  a n e w  device o r  f i le f o r  you . 

The process i s  reversed and OS-9 puts memo ry back i nto the 
free memory area when a p rogram stops ru n n i n g  o r  when you 
u n l i n k  - o r  u n load - a p rogram module .  

Th is  magical give and take i s  made possi ble  by i nformat ion  
contai ned w it h i n  each OS-9 mod u le .  You cannot load anyt h i n g  
into the memory o f  a n  OS-9 computer u n less i t  i s  i n  a mod u le .  
Further ,  a l l  modu les fo l low a precise format s o  t h at OS-9 w i l l  know 
where to  f i nd  speci f ic  i nformat ion  w it h i n  a mod u le.  

For exam ple .  i f  OS-9 n eeds to k n ow the s ize of a mod u le ,  i t  w i l l  
always l o o k  a t  the  t h i rd a n d  fou rt h  bytes o f  t h e  modu le's header. 

_________________ WHAT DOES A MODULE LOOK LIKE 

Let's p l ay a guess i n g  game.  I f  you were a n  OS-9 modu le ,  what 
do you th i n k  you wou l d  look l i ke? F i rst, you wou ld  have th ree parts  
- a header, a body and a CRC. 

The h eader i s  l i ke the preface in  a book or  the  lead sentence i n  
a newspaper story. By l oo k i n g  a t  i t  you - o r  OS-9 can f i nd  out  
everyth i n g  you ever wanted to know about  a modu le .  For example ,  
you can f ind out  how many bytes are stored i n  a mod u le. how 
much memory a mod u le needs for data  storage, and  a modu le's 
exact locat ion  i n  memory by loo k i n g  at the modu le header. 

Add i t iona l ly ,  the modu le header can even tel l you what type of 
data i s  stored in a modu le .  S peci f ica l ly ,  the type byte tel ls OS-9 i f  
the modu le conta i n s  a p rogra m ,  a subrout i ne ,  a device descr iptor, 
a device d ri ver ,  a f i l e  manager  o r  j ust p la in  data.  A l l  of t h i s  i nforma
t ion  i s  stored i n  the  most s ign i f i cant  fou r  b i ts  of the type byte i n  the  
modu le header. 

The l east s i gn if icant  fou r  b its of t h i s  same byte te l ls OS-9 
wh ich  langu age u ses the mod u le .  A mod u le cou ld  conta i n  BAS IC09 

i ntermed i ate-code, COBO L i ntermed iate-code, FORTRAN i nterme
diate-code,  6809 object code or  PASCA L pseudo-code. Each h i gher  
level language that runs  u nder OS-9 checks the type byte before it  
tr ies to run the code i n  any mod u le .  Why? J ust i magi ne what would 
happen i f  BASIC09 tr ied to ru n PASCA L p-code. The res u l ts wou ld  
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most l i ke ly be less than opt ima l .  

A nother  byte i n  the  mod u le header te l ls OS-9 i f  more than  one  
person can  r u n  the code stored i n  a mod u le  a t  the  same t i me .  A 
mod u le of t h i s  type i s  ca l led sharable .  Tec h n i ca l ly,  a sharable 
mod u le conta i ns  " reen t rant" code. 

Come to t h i n k  of i t ,  why wou l d  OS-9 want to let m o re than one 
person r u n  the code in a modu le  at the same t i me? T h i n k  about i t  
for  a m i n ute and  you' l l  see h ow sharab le  modules can  save a l ot of 
memory.  

On o l de r  operati n g  systems two copies of a BASIC i nterpreter 
needed to be i n  memory if two users wanted to run  a BASIC pro
gram .  Effect i ve ly, t h is meant  that two users cou l d  not  run  a p ro
gram at the same t i me on  sma l l 64K m icrocom puters .  Not so with 
OS-9. BAS I C09, which i s  near ly 2 2  thousand bytes long, can be 
used by severa l  users at the  same t ime because i t  i s  reentrant and 
eac h  user i s  ass igned to a separate data memory area. 

REVISI ON NUMBER IS VERY I MPORTANT _______________ _ 

T he least s ign if icant four b its of the "sharab le" byte i n  a 
mod u le header ho lds t he rev is ion n u m ber of the modu le.  The 
l owest poss ib le  modu le  rev ision  n u m ber i s  zero.  The h igh est is  1 5 . 

The rev is ion n u m be r  of a module i s  very i m po rtant because i t  
determ i nes wh ich  mod u le stays i n  memory when you  t ry to load 
two mod u l es of the  same type t h at happen to have the same name. 
H ere's the ru le. 

OS-9 on ly  keeps the mod u l e  w i th  the h i gh est rev is ion n u m ber i n  
i ts mod u l e  d i rectory. You ' l l  f i n d  th i s  handy when you need to 
rep l ace code sto red in a R O M .  To ru n a later vers ion  of the code i n  
R O M ,  you n eed o n l y  l oad a mod u l e  with the same name,  but  a 
h i gher  rev is ion n u m ber, i nto RAM memo ry.  

HOW OS-9 F INDS A M ODULE'S NAME -_______________ _ 

OS-9 f i nds the  name of a modu le  by l oo k i n g  at the  f i fth  and  
s ixt h  bytes i n  the  modu le  h eader .  These bytes contai n  a value  
wh ich  te l ls  OS-9 the d istance between the begi n n i n g  of the  
mod u le and  i ts name str i ng. 

T he f i rst n i n e  bytes of a l l  modu le  headers a lways conta i n  the  
same i n format i o n  in  exact ly the same p lace. M ost modu le  h eaders 
sto re m o re i nformat i o n  i n  the  bytes that fo l low. T h e  n u m be r  of  
add it io na l  bytes and the i r speci f ic  l ocat ion is determ ined by the 
modu le type. 

The chart below shows a typical mod u le header. Headers 
generated by ASM,  the OS-9 assembler  and BAS I C09 both look 
l i ke t h is .  Our table shows you the precise locat i o n  of the 
i nformat ion .  

1 8  



__________________ A TYPICAL OS-9 MODULE HEADER 

DISTANCE P U R POSE OF O F F I C IA L  NAME 
FROM I N FORMATION 
START O F  
MODULE 

o marks the beg i n n i ng of the Sync Bytes 
module 

2 g ives length of Modu le S ize 
modu le  

4 po i nts to l ocat ion of Name Offset 
modu le's name 

6 reports type of modu l e  and Type/Lang uage 
lang uage that uses it 

7 contai ns  attr i butes and Attr ib utes/ 
rev is ion  n u m ber of mod u le Rev is ion 

8 Conta ins the cyc l ic  Header  Par ity 
redu ndancy check (CRC) of Check 
the modu l e  header 

9 g ives d i stance between Execut ion Offset 
modu le beg i n n i n g  and 

1 1  

actua l  program code 

te l l s  how much data m emory Storage S ize 
area the  prog ram needs 

You can use Ident ,  an OS-9 ut i l i ty com mand ,  to read the 
i nformat ion stored in a m od u le header .  Here's a look at an  " ident" 
of the modu le ,  "ds" the  sc reen ed i tor we are us ing as we wr i te 
th is  book.  

Header fo r: DS 
Modu le  size: $38F3 
M od u le CRC:  $A3C080 
H d r  pari ty:  $ F D  
Exec. off: $OOOD 
Data S ize: $7FFF 
Ed i t ion :  $ 1  E 
Ty/La At/Rv: $ 1 1 
P rog mod,  6809 obj ,  re-en ,  R/O 

#1 4579 
(Good) 

#1 3 
#32767 
#30 
$81 

_________________ HOW DOES OS-9 F IND ITS MODULES 

OS-9 uses the sync bytes i n  the f i rst two bytes of t he mod u l e  
header t o  f i n d  a l l  va l i d  modu les when i t  sta rts up .  The two bytes, 
$87 and $CD,  hexadeci mal a re both u n used 6809 opcod es. 

When OS-9 f inds these two bytes together it  suspects that it 
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has found the start of  a bona-f ide modu le .  To f i nd o ut for s u re ,  i t  
chec ks the CRC of t he modu le  h eader .  I f  the m od u le header 
passes the test,  OS-9 reads the mod u le s ize from the header and  
runs a Cyc l i c  Redunda ncy C heck on t he ent i re module .  I f  i t  
passes, the modu le  i s  placed i n  the modu le  d i rectory .  

The body of  a mod u le fo l lows the header. I t  usua l ly ho lds p u re 
code t hat i s  actua l ly  r u n  by OS-9. Somet i mes however, i t  conta i ns 
o n ly d ata that can be read by other programs. 

Fo l low i n g  the last byte of  the p rogram sect i o n  of  an  OS-9 
modu le  you wi l l  a lways f i nd  th ree add i t iona l  bytes. They contain 
the  res u lt of a Cyc l i c  Redu n dancy C heck .  Hence ,  they are named 
CRC.  

OS-9 uses th i s  CRC va lue when i t  loads a mod u le i nto 
memory .  The valu e  read from the last t h ree bytes of  the d isk f i l e  
m ust equa l  the  val u e  computed f rom the code that was loaded i nto 
memory .  I f  they do not  agree, then there h as been a load e rror and 
OS-9 wi l l  not use the code in  the modu le .  

ADDITIONAL R U LES ______________________________________________________________________________ __ 

Two add i t iona l  ru les govern OS-9 memory mod u les .  F i rst ,  the 
code conta i n ed in  a modu le  m u st be posi t ion  i ndependent .  T h i s  i s  
requ i red because OS-9 always wr i tes a modu le  i nto the next avai l 
a b l e  free memory a rea w h e n  i t  i s  loaded f rom a d i s k  f i le .  You never 
k n ow where a p rogram is  goi ng to be loaded ahead of t i me. And 
second ,  the  program in  the  modu le  cannot  mod i fy itself. A l l  chang
i n g  data m ust be stored i n  another a rea of  memory. 

STANDARD MODULES FO UND IN COLOR COM PUTER OS-9 _________ _ 

M ajor  modu les i n  you r Color Computer's OS-9 operat i n g  sys
tem i nc l ude: 

OS9 

OS9p2: The kernal  w h i ch forms the heart of the operat i ng  
system. 

CLOCK:  D iv ides the 6809's t i me between several d i fferent 
jobs or p rocesses by m anagi ng i nterrupts from 
the 60 cyc le  power l i ne.  Th is  makes the p rocesses 
appear to be run n i n g  at the  same t ime.  It also 
keeps the t i me of  day. 

l OMan :  Manages a l l  requ ests for I n put/Output from a l l  
devices. 

R BF: Manages a l l  random f i l es stored on f loppy d isks 
and  other b lock or ien ted dev ices. I t  a lso handles 
a l l  d i rectories and other f i le i nformat ion .  
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8CF: Manages a l l  com m u n icat ion  with your key board, 
you r Color Computer  screen and other devices 
that read or write one character at a t ime.  

P IPEMAN:  Manages a l l  co m m un ication  between processes 
us ing an 08-9 p i pe l i ne .  I t  uses a dev ice dr i ve r  
named P I PER.  

CCOI8K:  A dev ice d ri ve r  that sends and rece ives data to 
you r  d isk d ri ves. I t  works with the RBF f i l e  man
ager and the 100, /01  and 102 d ev ice descr iptors .  

CCIO: A dev ice d river that com m u n i cates with the hard
ware i ns ide  CoCo. I t  services both the  keyboard , 
and the screen.  It works with the 8CF f i l e  mana
ger. 

R8232: A dev ice d r iver for the R8-232 port .  You u se i t  
when you  t i meshare you r  CoCo wi th  an external 
termi n a l .  I t  a lso works with the 8CF f i le manager. 

PR I NTER: A d ev ice d river for the pr inter port on the rear of 
your CoCo. You can on ly output data with th i s  
d ri ver. 

TERM:  

T1 : 

P: 

00: 

A device descr i ptor that conta i ns data used to tel l 
you r  programs what you r term i nal looks l i ke .  I t  
works w i th  the CCIO device d ri ver .  

Anot her dev ice d escri ptor that te l l s  you r pro
grams what they can expect f rom your external 
term i na l .  It u ses the R8232 dev ice d ri ver .  

A dev ice desc ri ptor that descri bes your pr i nter.  
I t  works with the device d river named PR I NTER.  

A dev ice descr iptor that conta i n s  the s ize  and 
format of  the  d isk d rive nu mbe r  zero. I t  is used by 
the d r i ver, CCOI8K .  You can read and write to 
add i t ion al d rives with device descri ptors named 
101 , 102, and 103. 

Most standard 08-9 systems conta in  the fo l l owi ng modu les i n  
add it ion t o  those l i sted above. 

ACIA: 

P IA:  

A device d river that co m m u n i cates with the 
standard Asynchronous Com m u n i cat ions I nter
face Adapters used i n  the serial  ports  of most 
computers. 

A d ev ice d ri ve r  that commu n i cates with the Paral
lei I nte rface Adapters used in most paral le l  ports .  

You can te l l  wh ich  modu les a re i n  memory i m med iate ly after 
you start your 08-9 system by ru n n i ng the M O I R  ut i l ity. 
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SUMMARY ____________________________________________________ __ 

I n  t h i s  chapter you have learned how OS-9 uses modu les to 
manage the memory i n  your  computer .  We've a lso exp lored the 
i n format ion you can f ind in an OS-9 mod u le  header. 

In Chapter 4 we' l l  look at the OS-9 Software Con nect ion and 
i ntrod uce you to both the Kernal and the Shel l .  
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C H A PTER 4 

t he software con nection 

An OS-9 com puter has fou r  major  software com ponents - a 
Kerna l ,  a She l l ,  a set of u t i l i ty p rograms and a set of  app l i cat ion  
programs. I n  th is  chapter we' l l  show you how they a l l  work 
together as we i ntrodu ce you to: 

The OS-9 Kernal 
OS-9 Processes 

OS-9 System Ca l ls  
The OS-9 She l l  

The OS-9 U t i l i ty Command Set 
OS-9 App l i cat ion Programs 

__________________________ AN OVERVIEW 

The Kerna l  i s  the  heart of you r  OS-9 computer.  Yet. i t's a lot  
l i ke a servant .  The other  parts of OS-9 ca l i on  the Kernal  to perform 
a var iety of  services. On the Color Com puter the  OS-9 Kernal  
comes in two parts, OS9 and OS9p2. 

The S h e l l  i s  the command i nterpreter for the OS-9 system.  I t  
accepts you r  commands a n d  makes s u re that t hey a re carr ied out .  
I n  th is  manner ,  i t  i s  a l ot l i ke a sergeant in  the  A rm y  o r  a ch ief petty 
off ice r  i n  the N avy. 

When you type an OS-9 command l i ne.  you p lay the part of an 
off icer giv i n g  an  order to  the C h i ef .  The C h ief - the OS-9 She l l  
-translates you r  command i nto a language tha t  the t roops the 
OS-9 Kernal - can u nderstand .  As a resu l t, the job gets done. 

Near ly 50 u t i l i ty p rograms or com mands - are supp l ied 
with the Co lor  Com puter vers ion of OS-9. These commands do 
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many t h ings .  For  example ,  they copy f i l es ,  ed i t  text and  l ist d i rec
to ri es .  We take you  on a tou r  of the  com plet e  0 8-9 Ut i l ity  Com
mand 8et start i n g  in Chapter 1 0. 

You can develop  your  own app l icatio n  p rograms us ing  tools 
such as A8M ,  the 6809 assembler  in the 08-9 Ut i l ity  Com mand 
8et ,  a n d  h igh leve l  l anguages l i ke 8A81 C09 and C t h at run  on  
08-9. 

THE KER NAL __________________________________________________ __ 

Wh i le the  Kerna l  works l i ke a servant i n  som e  ways, i t  acts l i ke 
the  boss i n  others. A l though i t  perfo rms every task req uested by 
the other parts of 08-9, i t  also supervises the  operat ion of you r  
computer a n d  manages its resou rces. 

O n  the Co lor  Computer,  you w i l l  f i nd  t he Kernal  sto red i n  the 
top 4,000 bytes of memory .  I t  starts at $ FOOO and ends j ust below 
the i n put/output  hardware at $ F FOO. On m ost other computers the 
Kernal is  stored on two 2K R O M 8  w h i ch l oad somew here near the 
top of  memory .  

The Kernal  has many jobs.  F i rst ,  i t  gets 08-9 ready to run 
when you boot you r  system .  I n  programmer par lance ,  i t  i n it ia l izes 
you r system.  Then , once 0 8-9 is  on  the  a i r, i t  d oes the  many j obs 
t he other 08-9 parts ask i t  to do .  

Add i t iona l ly ,  the Kernal  manages you r  m emory ,  manages 
your  C P U  t i me and processes i n terrupts. About the  on ly  th i ng  i t  
doesn' t  do  is  w indows and i n pu t  and output .  When the  Kernal 
receives a requ est for i n put  or output  services, i t  passes the job on 
to another 08-9 modu l e  n amed l O MA N .  l OMAN stands for i nput/ 
output manager. 

IN ITIALIZATION _______________________ _ 

Each t i m e  you start u p  o r  "boot" you r  08-9 com puter, the 
Kerna l  gets i t  ready to  go .  F i rst ,  i t  searches t h rough  every byte of  
memory in  you r computer to see i f  i t  can f ind any val i d  08-9 
mod u l es.  O n  m any 08-9 computers, i t  w i l l  f i nd  several modu les 
stored i n  R O M .  8 i nce the i nformat ion  stored i n  ROM memory does 
not  go away when the  power is t u rned off , t hese modu les are 
always t here ,  ready to use when the computer is  tu rned o n .  I f  the  
Kernal  f inds any modu les, i t  puts them i n  the module d i rectory .  
T h e n ,  i t  r u n s  a q u i c k  check to  see how much R A M  memory i s  
ava i l ab le  and reserves some space f o r  its o w n  use. 

Next,  the Kernal looks for the rest of the modu les that 08-9 
needs and l oads them f ro m  a d isk  f i l e  named 089800t.  After th i s  
f i l e  is  loaded, t h e  Kernal  puts t h e  names of  a l l  the  modu les i t  found 
i n  089800t in  the  mod u le d i rectory .  O n ce they a re l oaded , t he 
Kernal  t reats t h ese modu les as R O M .  Th is  means that you cannot 
remove them from memory by u n l i n k i ng them.  After the mod u le 
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directory h as been b ro u ght  u p  to date, the  Kerna l  completes the 
in i t ia l izat ion  p rocess by ru n n i n g  a program named SYSGO .  
SYSG O  starts OS-9 ru n n i n g  o n  your  com puter. 

________________________________________ A PROCESS IS A PROGRAM 

OS-9 can do more than  one  t h i n g  at a t i me.  T h i s  i s  poss ib le  
because the  Kernal  uses a tec h n ique  cal led m u lt i p rogra m m i n g  or  
multi task i n g. 

The bas ic  u n i t  of  m u lt i task i ng is  the  process. A p rocess is  
s imp ly a p rogram doi n g  work. When you run an OS-9 program,  the 
program you are run n i n g  becomes a p rocess. 

Genera l l y  s peak i n g, a p rocess does t h i n gs .  For example ,  
whi l e  you a re ru n n i n g  the OS-9 l i st command,  you cou ld  say "th i s  
process i s  l i st i n g  the  contents o f  my f i l e  on  the term i na l . "  You 
cannot get any work done on an  OS-9 system without creat i n g  a 
process to  do the job .  

S ince you r  OS-9 computer on ly  has one CPU , a 6809 m icro p
rocessor, i t  actua l ly  can o n ly work o n  one p rocess at a t ime.  
However, i t  creates the i l l us ion t hat is  do ing a lot of t h i ngs at  t he 
same t i me by switch i n g  the 6809 from one process to another 
many t i mes each second .  S i nce the 6809 can execute several 
m i l l ion  i nstruct i o ns each secon d ,  it appears to make q u i te a bit of 
progress on each j o b  - even i n  a second .  

OS-9 u ses a t ec h n iq u e  k nown as t i mes l i c i ng  to  share the 6809 
microprocessor's ti me wi th  each program - or p rocess - run n i n g  
o n  you r  computer .  I t  works l i ke t h is .  

A hardware rea l  t i m e  c lock i nterrupts the  6809 60 t i mes each 
second .  Each one of these i nterru pts is  cal led a t ick .  The t ime 
betwee n  t icks  is k n ow n  as a t i me s l ice. On you r  Color  Com puter 
the i nterrupts come at the power l i ne frequency or 60 t i mes each 
second.  S ince there are are 60 t icks each second,  a t ime  s l ice on 
you r  Color Com puter i s  1 /60 th of a second.  

_____________ PROCESSES CAN BE I N  ONE OF THREE STATES 

You w i  I I  a lways f i  nd  a p rocess i n  one of  t h  ree states. I t  may be 
act i ve - it  is  act u a l ly d o i n g  someth i n g. O r, i t  may be waiti n g  or 
sleepi n g. 

OS-9 lets an active p rocess h ave its share of you r  6809's t i me.  
I t  does not  give any t i me t o  processes t hat are wa it i n g  or s leep i n g. 

Processes i n  a wa i t i n g  status  a re on  ho ld .  They j ust s i t  i n  
memory u nt i l  another p rocess is  f i n ished . For example ,  when you 
run a u t i l i ty  command program sequent ia l ly ,  t he  She l l runs i t  
i mmed i ate ly and then wai ts for  i t  to  f i n is h .  Wh i l e  you r  u t i l i ty com
mand p rogram i s  run n i n g, the She l l i s  in  the  wait  state. W h i le i t  i s  i n  
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th is  wait state, i t  doesn 't do anyt h i n g. 

A p rocess t hat is  s leep i n g  has checked out .  I t  has p laced i tself  
on hold for a s pec if ied length  of t ime. A p rocess comes out  of th is  
se l f- i mposed s leep and goes back to  work - becomes act ive -
when the proper  l engt h  of t ime  has passed or  when i t  receives a 
s igna l  te l l i ng i t  to go back to work.  

P rocesses a re a l ot l i ke peo ple .  T hey n eed to ta l k to each 
other.  They ta lk to each other us ing s ignals .  

ALL ABOUT SI GNALS __________________________________________ __ 

J ust as t h e  s i gna ls  you see a long a rai l road t rack keep the  
t ra i ns from ru n n i n g  i nto each other ,  the  s ignals i n  an  OS-9 com
puter  keep p rocesses from r u n n i n g  i nto each other. 

Here's another  use for  a s i gna l .  A p rocess t h at is send i n g  d ata 
to  a pr i n ter  often p uts itsel f  to s leep w h i l e  it i s  wait i n g  for a s igna l  
t hat tel ls i t  the pr i nter is ready for another  character. The s igna l  i n  
th i s  case comes f rom the pr i nter  h a rdware .  I t  i s  re l ayed to the 
Kernal  by the dev ice d river mod u le. 

S igna ls  give OS-9 a way to  ta l k  to eac h other .  Stated another 
way, they coord i nate com m u n icat i on between p rocesses. S i gna ls  
work  a lot l i ke software i nterrupts they suspend a p rocess, 
execute a rout ine  and  then ret u rn to the suspended p rocess. A 
p rocess sends a s i gna l  to another p rocess by send ing  a service 
req uest to the Kernal . 

When a p rocess sends a s i gn al to another p rocess, the s ignal  
carr ies status  i n format ion  in a one byte code. U p  to 256 d ist i nct 
codes can be sent to a process. A l l  of them except fou r  a re def i ned 
by the programmer.  

The fou r  predef i n ed s ign a l  codes k i l l  a process, wakeup a 
s leep i n g  process, s i gnal that a n  operator has aborted the p rocess 
from the keyboard or ,  s igna l  t hat the keyboard operator has i nter
rupted the process. The tab le below shows the va l ue of these 
codes and the correspond i n g  resu l t .  

VALU E 
a 
1 
2 
3 

R ES U LT 
K i l l  o r  A bort the p rocess rece iv ing the s ignal  
Wakeu p a s leepi ng process 
Abort the  process u po n  requ est of the  Keyboard O perator 
I nterrupt the p rocess u pon request of the keyboard operator 

You can d ef i n e  a l l  other va lues between 4 and 255 and use 
them to send s pec ia l  s i gna ls  to  your  own p rocesses. And ,  you can 
set a spec ia l  s i gna l  t rap t h at i n s u res that an o pe rator can not k i l l  
o n e  o f  you r p rocesses. 

A s ignal  t rap sends you r  p rogram to a rout i ne t hat contains 
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instruct ions t hat t e l l  it what to do when i t  receives a s igna l .  You set 
a signal t rap wit h i n  you r  assembly langu age p rograms by execut
ing an i ntercept serv i ce req uest. 

It is very im portant  t h at you add a s ignal  t rap to your  programs 
because if an ope rato r sends a signa l  a keyboard abort for 
example  - to a p rogram that does n ot conta i n  a s igna l  t rap,  OS-9 
wi l l  abort you r p rogram whether you want it to o r  not .  

_________ -""SERVICE REQUESTS TELL THE KER NAL WHAT YOU WANT 

When you go to  a service statio n ,  you ask the attendant to  f i l l  
your  tan k .  Essentia l ly ,  you have requested t hat he perform a ser
vice for you .  

L i kewi se. you m u st i ssue a req uest for service to the  Kernal  
when you want OS-9 to  do a job for  you . OS-9 p rogrammers ca l l  
these serv ice requ ests "system cal l s . "  

There are  two types of system ca l l .  The f i rst deals with 
requests for i n put  or output.  For example .  when you request a 
character f rom your  keyboard ,  you are us ing a system ca l l  named 
I$Read . Other  in put/o utput  service req uests a re used to attach 
dev ices, open and c lose paths ,  delete f i l es ,  make d i rectories , etc.  

The second type of system ca l l  is  k nown as a User Mode 
Serv ice Request . You use th is type of system ca l l  when you want 
the Kerna l  to do  something  for  you that has noth i n g  to do wit h  
input  or  output .  F o r  exam p le, when you need to load a modu le  
from a f i le  o n  one of  you r d isk  d rives , you issue the F$Load serv ice 
request.  

You can tel l  t hat a req uest is an  input/output serv ice req uest 
by l oo kin g  at i ts name.  The mnemon ic  of a l l  in put/output service 
requests begi ns wit h  1 $ .  For exam ple ,  you use I $C lose to c lose a 
path to a device o r  f i le .  

L ikewise, t he  n ames of a l l  user  mod e  system req uests begins 
with a n  F$ .  For  exam ple,  if you need to l in k  to a memory modu le,  
you issue a service requ est named F$Lin k .  Al l  OS-9 service 
requests are defi ned in the  OS9Defs file in the  D EFS d irectory. The 
OS9Defs f i le  makes i t  easy to wr i te OS-9 assembly code. 

For examp le, if you want to read a byte from t h e  keyboard or a 
d isk  file, you need on ly  l oad a few of the registers in the 6809 wit h  
the p ro per  codes a n d  then issue an  I$R ead service request. Specif
ica l ly ,  you need to l oad the A-register  wit h  the  path n u m ber ,  load 
the X-register  with the address where you want to store your data 
and l oad the Y - register  with the n u m ber of bytes you want to  read . 

A fter you have l oaded t he registers, you make the  actual  
serv ice req uest by usin g the s pecia l  OS-9 assembler  operator .  
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OS9. Here's what the code wou ld l i ke i n  an assembler  sou rce code 
f i le .  

LOA PathNum 
LEAX Buffer,U 
LOY #1 
OS9 1$Read 
BCS Error 

If OS-9 was ab le to read the byte you req uested it w i l l  retu rn 
f rom t he I $Read service req uest with t he carry b i t  i n  the 6809 c lear. 
If there h as been a prob lem,  i t  w i l l  set the carry bit and p lace an 
appropr iate error code in the B-register. For t h i s  reason,  you w i l l  
genera l ly  see a 6809 branch i f  carry set ( BCS) m nemon ic  fo l lowi ng  
each serv ice req uest i n  an OS-9 p rogram.  The  BCS i nstruct ion  
sends you r  program to a specia l  e rror hand l i n g  rout i ne.  

Al l  OS-9 serv ice req uests are docu mented in you r OS-9 Sys
tem Programmer's Manua l .  

PROCESSES ARE EASY TO CR EATE ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

You ' l l  f i nd that i t  i s  very easy to start a new process when you 
wri te an OS-9 program .  I n fact, the Kernal does most of the job for 
you automat ica l ly.  

To c reate a new p rocess, you req uest an F$Fork system cal l .  
When you make t h is req uest you m ust a lso te l l  the Kernal the name 
of the p rogram you want to start by giv i n g  i t  the name of the 
mod u le that contai ns the program as a parameter. You may a lso 
give i t  f i l e  names or other i nformat ion  for the new process to use 
when you i ssue the F$Fork serv ice request. 

The Kernal f i rst t ries to f i nd  a mod u le with the name you gave 
i t  i n  the  modu le  d i rectory. Remember,  t h i s  d i rectory contai ns the 
name of a l l  modu les t hat are present in  memory .  I f  i t  f inds the name 
of you r  program in the mod u le d i rectory ,  the Kernal  w i l i l i n k  to the 
mod u le and ru n i t  for you .  

I f  t h e  Kernal  cannot f i n d  t h e  name o f  you r program i n  the 
module d i rectory, i t  looks for a f i le  by the same name in  you r  
c u rrent execut ion d i rectory - usual ly ,  IdO/CM OS .  I f  i t  f i nds the 
f i le ,  i t  wi l l  l oad i t  i nto memory, l i n k  to i t  and run you r  program.  

When t he Kernal  l i n ks to you r  mod u le ,  i t  c reates a p rocess 
descri ptor that ho lds  a lot of i nformat ion about you r  program.  
OS-9 uses th i s  p rocess descri ptor to keep t rack of the  state of  you r  
process, i ts pr io rity, the memory i t  i s  us i ng, etc. 

The Kernal  then sets aside an a rea of memory that you r  p ro
gram can u se for data storage. It f i nds  out how much memory you r  
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prog ram n eeds by read i n g  the storage size va lue from the mod u le 
header .  

W h e n  the Kernal  starts a new process, i t  ass igns  i t  a u n iq u e  1 0  
number.  These 1 0  n u mbers can range from one t o  255. 

If t h e  Kernal  can not comp lete any one of the steps a bove, i t  
aborts and  does not create your process. Yet ,  i t  won' t  leave you 
hang ing .  I t  l et's you know what happened by pr in t ing  a message 
that conta i ns a specia l  erro r  n u m be r  that te l ls  you what went 
wrong.  

_______ PROCESSES - LIKE PEOPLE - HAVE MANY CHARACTERISTICS 

Processes are a l ot l i ke peop le .  I n  fact i f  you t h i n k  of 08-9 as a 
fam i ly of processes, you w i l l  f i nd  i t  m uch eas ie r  to u nd erstand .  
Let's look  a t  the  genealogy of  a fam i ly of  08-9 processes. 

When a p rocess creates another p rocess, i t  becomes a parent. 
The new process i s  cal l ed a c h i l d .  F u rther ,  if t h e  c h i l d  creates 
another  process, it a l so becom es a parent.  A process can c reate 
any number of c h i l d ren .  

Th is  who le  d i scuss ion  may seem absu rd .  Yet. the fam i l y  con
cept makes 08-9 m uch eas ier  to understand . I f  you apply it when 
you look at  the  output  of the  08-9 PROe8 u t i l i ty ,  you can a l most 
visua l ize a fam i ly t ree. 

_______ CHILD PROCESSES I NHERIT PROPERTIES FROM THEIR PARENTS 

J ust as human c h i l d ren i nher i t  character ist ics - b rown hai r ,  
blue eyes, etc. from the i r  parents, 0 8-9 ch i l d  p rocesses i n her i t  a 
numbe r  of propert i es from the i r  parent process. 

For examp le ,  each person us ing  a com puter runn i ng 08-9 h as 
been assi g ned a User N u mber .  I f  a person starts  a process, that 
process be longs to h i m  - it carr ies h is user nu m ber .  If t h at p ro
cess then starts another p rocess, the ch i l d  p rocess i nher its h i s  
user n u m be r  and belongs to  h im  a lso.  

Other propert ies t h at are i n herited by a c h i ld process i nc lude 
the stand ard i n put  and output  paths, t h e  process pri or i ty, and the  
cu rrent execut ion and  d ata d i rector ies .  

For exa m p l e ,  i f  t h e  standard i nput  and  output path used by a 
parent  p rocess i s  sen d i ng d ata  to the  mai n termi na l  device,  
ITERM,  any c h i l d ren created by the process w i l l  a lso send thei r 
data to ITERM.  

Li kewise,  i f  you start a process with a low pr ior ity. any ch i ld ren  
created by t h at p rocess w i l l  a l so  have a l ow pr ior i ty .  Th is  i s  i m por
tant because t h e  process pr io rity te l l s  t h e  6809 how i m portant a 
job i s  to you .  I f  you g ive a process a low pri o rity. the 6809 w i l l  g i ve it 
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very l it t le t i me. 

YOU TALK TO OS-9 TH ROUGH THE SHELL ______________ _ 

As you begi n to u se OS-9, you wi l l  f i nd  you rse l f  carry i n g  out  a 
d ia logue wi th  the S h e l l .  After a l i t t le  pract i ce, it shou ld  become 
mean i n gf u l .  

W h e n  you type a command o n  you r  keyboard . y o u  a re ta l k i n g  
to t h e  S h e l l .  T h e  S h e l l  i s  a command i nterpreter that t rans lates the 
words you type i nto a l anguage the Kernal  can u n derstand.  The 
Kernal  t ranslates the command f rom the Shel l i nto an act ion i ns ide 
you r  computer .  

You wi l l  k now when you are tal k i ng to the S h e l l  because you 
w i l l  see th is p ro m pt on you r  screen .  

OS9: 

When you see t h i s  p ro mpt.  you ' l l  k now that the She l l  is wai t i ng  
for you to  enter a command .  To  answer the p rompt,  you  s imply 
type a command l i ne fo l l owed by a carr iage return .  You can use 
l owercase letters ,  u ppercase letters or a combi nat ion  of the two 
when you type a command t he S he l l  doesn't care .  

T he S h e l l  i tself d oes n o t  carry o ut t h e  commands y o u  give i t .  
R ather ,  i t  looks  a t  you r  command l i ne and  starts a process us ing  
the name of the  O S-9 app l i cat ion or  u t i l i ty  you  typed i n  you r 
com mand l i ne. The u t i l i ty com mand does the actual work. 

I t  i s  easy for the S h e l l  to f i nd  the r ight  u t i l i ty com mand 
becau se the name of the  com mand you type i s  usua l ly  the same as 
the name of the mod u le in memory that conta i ns  the com mand.  

But ,  when the modu le  i s  not a l ready in  memory ,  the name of 
t he com mand is a l most a lways the same as the name of the f i le that 
ho lds the mod u l e  i n  your  cu rrent execut ion d i rectory. More than 
50 u t i l i ty com mands come with the OS-9 o perat i n g  system. 

You ' l l  f i n d  that  the  form of  the commands you type rare l y  
changes. O n l y  the command names w i l l  change. Y o u r  command 
l i ne w i l l  u sua l l y  conta i n  the  name of  a command ,  var ious opt ions 
that g ive i t  speci a l  i nformat i o n  and  an  argu ment that te l l s  i t  where 
to f i nd  i ts d ata. That argu ment i s  most often a f i lename .  

EXAMINING THE OS-9 COM MAND LlNE _______________ _ 

When you take a c loser look at an OS-9 command l i ne you w i l l  
not ice that t he f i rst  t h i n g  fo l low i n g  t h e  pro m pt i s  t he name o f  a 
p rogram - ei ther  one of the OS-9 ut i l i ty com mands o r  an  app l i ca
t ion  p rogram of you r  own.  I t  can be the n ame of a p rogram located 
i n  a mod u le i n  memory or the name of a f i le that h o lds the p rogram 
on a f loppy d isk .  
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The modu le can contai n  6809 mac h i ne code that executes 
. d i rect ly ,  comp i led i ntermed iate code f ro m  a h i gher  level language 

l ike BASI C09 o r  PASCAL o r  a p rocedu re f i l e .  The type of code i t  
contains  determ ines exactly what w i l l  happen when y o u  type 
<ENTER>' H ere's what h appens when you type a command l i ne .  

I f  the  S h el l  f i nds a module i n  memory wi th  the name you have 
typed , it w i l l  r u n  the  p rogram.  If it doesn't  f i nd  the p rogram i n  
memory , i t  looks for a d isk f i l e  w i t h  that name i n  your  c u rrent  
execut ion d i recto ry .  I f  i t  f i nds the  f i le ,  i t  l oads i t  i nto memory and 
runs i t .  

I f  the name you typed is not t he name of a mod u le i n  memory 
or the name of a f i l e  stored i n  your  cu r rent  execut ion d i rectory, you 
sti l l  have one more chance - it may be the name of a proced u re 
fi le. The She l l  k nows th is ,  and searches you r c ur rent  data d i rec
tory for a f i le  with the same name.  

I f  the  She l l  f i nds  a f i le in  you r c u r rent  data d i recto ry ,  i t  t reats i t  
as a p rocedu re fi le .  A p rocedu re f i l e  i s  si m i la r  to a She l lscr ipt used 
on a U N I X-based com puter.  

I nstead of  ho ld i ng  6809 o bject code that ru ns in your  compu
ter, o r  I -code t h at i s  ru n by a h i gh l evel l anguage i nterpreter ,  a 
procedu re f i l e  conta ins  a text f i l e  that l oo ks m uc h  l i ke a series of 
command l i nes that you would type from the keyboard .  

When the S H EL L  runs a p roced u re f i le ,  i t  reads the text one 
l i ne at  a t i me - j ust as  i f  i t  were read i n g  a com mand l i ne f rom your  
keyboard . Then ,  i t  runs t h at com mand .  After i t  ru ns  the f i rst com
mand l i ne in the text f i le ,  i t  runs the second ,  etc. I t  repeats the 
process u nt i l i t  reaches the end of your  p roced u re f i le .  

--------________ PASS THE WORD - USE A PARAMETER 

The command name the She l l  reads f rom e i ther  your  key
board or a p rocedu re f i l e  is  usual ly fol l owed by add it iona l  names. 
We cal l these add i t i ona l  names parameters. Let's take t i me now to 
def ine  th is word. 

I f  you want to succeed in bus iness, you m ust pass the word to 
you r  emp loyees. L i kewise i f  you want a n  OS-9 p rogram to ru n 
p roper ly ,  you m ust pass the proper parameters. 

A parameter can be a s i ngle  character o r  a str i n g  of characters 
typed beh i nd the com mand name i n  an OS-9 command l i ne .  

A s  you c a n  see, a parameter gives d i rect ions t o  a p rogram.  I t  i s  
separated f rom the p rogram name by one or  more spaces. For  
examp le ,  i f  you want to l i st a f i le  n amed "Rai n bow" to you r term i 
na l ,  you must type: 

OS9:list Rainbow <ENTER> 
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I f  yo u want a "hardcopy" of the same f i le you can type: 

OS9:list Rainbow >/p <ENTER> 

O r, you can even send the l ist i ng  to another f i l e: 

OS9:list Rainbow >SonOfRainbow <ENTER> 

OS-9 is i n deed a very versat i le  operat i ng  system .  

Somet i mes t h e  parameters i n  you r  command l i ne a re opt ions ,  
o r  mod i f i e rs .  For  exa mple when you want  to l ist the names of the 
f i l es in  you r  cu r rent  data d i rectory to your Col o r  Computer screen , 
you type: 

O S9:dir <ENTER> 

To get more i nformat ion  about you r  f i les, You can type: 

OS9:dir e <ENTER> 

T h i S  com mand gives you a l l  the ava i lab le  facts about each f i le  
in  you r cu rrent data d i rectory .  

The ' e '  i s  an opt io n .  I t  m eans l ist t he "ent i re"  d i rectory record . 
S peak i ng of d i rector ies and  o pt ions ,  i f  you wou l d  rather  see the 
names of the f i les stored in you r  cu rrent execut ion d i rectory ,  type 
th i s  com mand l i ne: 

OS9:dir x <ENTER> 

If you want to see a l l  ava i lab le i nformat ion about the f i les 
stored i n  you r  c urrent execut ion  d i rectory, type: 

OS9:dir x e <ENTER> 

You can r u n  OS-9 p rograms several ways. You can r u n  them 
seq uent ia l ly  - one after the  other ;  you can ru n them concu rrent ly  
- a l l  at the  same t i me;  or ,  you can p i pe them.  When you do th is ,  the 
output  of  one feeds the i n put  of another. 

T h e re are two ways to run p rograms sequent ia l ly .  The  m ost 
o bv ious  way it  to type one command l i ne fo l lowed by a carr iage 
retu r n ,  wa i t  fo r the  p rogram to f i n i s h  and  then type t he next com
mand l i ne. 

O r, yo u may type more than  o ne command on  a l i ne .  To do 
t h is, you use a sem ico lon to separate the commands. Here's an 
exa m p le: 

OS9: copy hisfile herfile ; dir >/p <ENTER> 

T h i s  command cop ies the f i l e  named "h isf i l e" from the c u rrent 
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data d i rectory to a f i l e  named " h erfi le"  i n  the  same d i rectory. When 
that job i s  f in i shed,  i t  w i l l  i m med i ately send a l isti ng of the fi l es i n  
you r current d ata d i recto ry t o  your p ri nter. 

I f  you want to  run more than one p rogram at the same t ime you 
may ask 08-9 to ru n your p rog rams a t  the same t i m e  -
concurrently - by typ ing an  a mpersand, ' & ' .  

Wit h i n  reason ,  you can run any n u m be r  of p rograms at the  
same t i me.  The amount  of  memory i n  you r com puter i s  t h e  m ajor  
l imit ing factor. 

Pretend for a moment  t h at you h ave  j ust f in ished an ass ign
ment i n  school .  You need to p ri nt i t  so you may turn  it in  to your  
instructor, but  at  t h e  same t ime you need to  be work ing  on  another 
term paper. To d o  both jobs at t he same t i me, t ry t h i s! 

OS9:list Engl ishl l .Assignment >/p& 
&004 
OS9:edit Term.PaperJilstory 

The pr inter  w i l l  sta rt immed i ate ly after you h it the  <ENTER> 
key. Yet , t h e  fam i l i a r  08-9 prompt wi l l  appear  on you r  screen 
almost i nstant ly .  When it does , you can type the second co mmand 
l ine and start wr i t i n g .  The pr inter w i l l  ru n as long as i t  t akes to p ri n t  
the Engl ish  ass ignment .  On most com puters i t  won't s low down 
you r ed i t ing at a l l .  

' 0  

___________ YOU CAN TELL OS-9 HOW MUCH MEMORY YOU NEED 

80me 08-9 p rog rams need very l i t t le memory to ru n .  Othe rs 
requ i re thousands of bytes. Th is  is not  rea l ly  a problem because 
each p rogram modu le  header tel ls 08-9 the m i n i m u m  amount of 
memory n eeded to run t h e  p rogram. However, when you need 
more m e m o ry ,  it is an easy m atter to req uest more with t h e  08-9 
memory size modife r. There a re two ways you can do th is .  

OS9:copy #8 myfile yourfile 

Th is  com m and l i ne te l ls the 08-9 copy ut i l ity to use e ight ,  
256-byte pages of  memory - a tota l  of  2048 bytes. Let's t ry 
another. 

OS9:copy #2K hisfile herfile 

Bel i eve i t  o r  not, t h i s  command l i ne a lso g ives t h e  copy com
mand 2048 bytes of memory. The d ifference? It  requests two ' K '  
or two thousand bytes of memory. 

_______________ LOGGING ON A TIMESHARING TERMINAL 

With 08-9 you can do more than  j u st pr in t  one f i l e  wh i l e  you 
a re ed i t i ng  another .  I n  fact. one of the most i m portant  t h i ng s  you 
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can do on  a computer that can run  more than one prog ram at the 
same t i me i s  let  two o r  more ter m i n al s  share the com puter.  On 
many OS-9 computers, severa l d i fferent  users can work on  d i ffer
ent te rm inals  at the same t i me. 

For examp le ,  you can u se you r  ed i tor  and Color  Computer 
screen to wri te a news release about a new p roduct wh i le you r  
spouse r u n s  a BASI C09 prog ram to balance t h e  c heckbook on 
another term i na l .  J ust p l ug a te rm i n a l  i nto the RS-232 jack and 
type the fo l lowing :  

O N  THE COLOR COM PUTER:  

OS9:tsmon /tl & 
&005 
OS9: 

YOU'LL SEE TH IS  ON THE OTH ER T E R M I NAL 

OS-9 Level l Version 1 .0 Timesharing System 9/1 /84 1 2:30:45 

User name?: esther 
Password: 

Process #5 logged 9/1/84 1 2:31 :05 

Shell 

OS9: 

You r  Color  Computer p rom pted you to g o  back to work 
i m med i ate ly .  But  w h i l e  one of  you is  wr i t i n g  that news re lease, the 
other can be work i ng  on  the checkbook .  

When you f i rst r u n  the t imeshar ing mon itor p rogram, TSMON,  
not h i ng happens. The  remote termi na l  remains  i d le .  TSMON 
s imp ly  s i ts and waits fo r  someone to h i t  i t s  retu rn key. 

A lso ,  when you want to  work from an  add i t iona l  term ina l  you 
m ust log o n .  To do t h i s  you s i mp ly  type you r  name and the proper 
password . You w i l l  need to  g ive everyone in t he fam i l y  a password 
before t hey t ry to l og on ,  because i f  they d o  not  type the proper 
password,  OS-9 w i l l  not let them compute. 

When you h ave f i n i shed you r  work on  a remote term ina l ,  you 
w i l l  want to  l og off. To do th i s, s imp ly  hit the ESCAPE key w h i le the 
S he l l is wait i n g  for a command .  When you h i t t he <ESCAP E> key, 
an end-of-fi l e  s igna l  is  sent to TSM O N .  The termina l  screen w i l l  go 
b lan k and TSM O N  w i l l  aga i n  s i t  and wait  for  someone e lse to come 
a long and h it the <ENTER> key. 

A term i na l  used for t i meshari n g  on your Color Com puter is  
l i m ited to 300 Baud by the hardware. A "b it banger" port  that uses 
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software to s i m u l ate a ser ia l  port ,  and  a keyboard wi thout  an  
encoder that requ i res the  6809 to constant ly scan the keys, b u rns  
up a t remendous amount  of  the  6809's t ime .  T h i s  p rocess i n g  load,  
comb ined wi th an i n terrupt rate based on  the power l i ne fre
quency, does n ot leave enough t ime for you to t i meshare at a faster 
Baud rate. 

______________________________________________________ SUMMARy 

I n  th i s  chapter you have been i nt roduced to th ree maj o r  OS-9 
software components the  Kerna l ,  the  She l l  and the ut i l i ty com
mand set . You've learned that p rocesses are p rograms doi ng  work .  
And,  you h ave been i n t roduced to si gna ls  and OS-9 System Ca l l s .  

Take a qu ick  b reather  now, then  jo i n  us i n  Chapter 5 as  we 
take a c lose l ook  at the  OS-9 F i l e  System .  
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CHAPT ER 5 

the fi le  con nection 

___________________ OS-9 F I LES HOLD YOUR DATA 

The OS-9 f i le system is so advanced t h at you w i l l  soon f ind  it i s  
very easy to manage com plex i nformat i o n .  I n  th is  ch apter we ta l k  
about the  h i erarc h i ca l  f i l e  structu re that makes i t  happen  and tel l 
you about the secu rity system t hat p rotects you r  data. 

We' l l  ta lk  about t h e  " u n if ied i nput/output system" t h at M ic ro
ware d eveloped for OS-9. The i  r approach makes any p iece of 
hardware you connect to you r  com pute r  look the same to you r  
programs. And ,  we' l l  t a l k  about you r cu rrent d ata a n d  execut ion 
d i recto r ies.  

_____________ DIRECTOR I ES HELP YOU ORGANIZE YOUR FILES 

F i l es make OS-9 d ata sto rage poss i b le .  They ho ld  bus i ness 
data such as payrol ls and spreadsheets. They hold word process
ing documents l i ke letters and reports .  I n  fact, t h ey even ho ld  the  
programs yo u use to man i pu late the i nformat ion  stored i n  you r  
data and  word p rocess ing fi les. 

OS-9 f i les are a lot l i ke f i l e  fo lders i n  a f i le cab i n et - they w i l l  
ho ld  anyth i n g  you pu t  i n  them .  And j ust as every f i le  folder has a 
label ,  every OS-9 f i le  has a name so that you can f ind  i t  later. 

An OS-9 d i recto ry is a specia l  f i l e  t hat conta ins  a l i st of f i l e  
names rather  than d ata. I t  wo rks a lo t  l i ke a te lephone d i rectory. 
When you tel l OS-9 you need to use a f i l e , it looks i n  a d i rectory to 
find its locat i o n  on your d isk d rive. 
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OS-9 d i rector ies give you a way to o rgan i ze you r  f i l es .  T h i n k  
o f  t hem as the  d rawers i n  a f i l e  cab i net .  J ust l i ke the i r paper 
counterparts ,  OS-9 d i rector ies give you a way to gather  related 
f i les i n  a common p lace so you can f i nd them eas i ly .  

I f  you take a c lose look at the  OS-9 f i l e  struct u re ,  you wi l l  see 
how it can he lp  you organ ize you r  off ice.  

How is  you r  off ice set up? I n most organ izat ions ,  each person 
has a desk and an  i n d i vi dua l  f i l e  cab i n et .  That cab i n et is d i vided 
i nto d rawers wh ich  conta in  i nformat ion  re l evant  to  a spec i f ic  part 
of that person 's job .  

H ow can we automate t h at offi ce? Why n ot start wi th a m ic ro
com puter  t h at uses an  operat i n g  system that lets several peop le 
work  o n  d i fferent term i na l s  at t h e  same t i m e? OS-9 can do the  job .  

I f  we were to u se one  of the  o lder  operat i  n g  systems,  C P  1M o r  
FLEX for  examp le ,  everyon e's f i l es wou ld be  i n  t h e  same d i rectory 
- i n  t h e  same f i l e  cab inet so to speak. When a secretary n eeded to 
f i nd  a f i l e  for h e r  boss, she wou l d  have to look th rough a l i st of 
every f i l e  on t h e  h ard d isk .  I t  wou ld  be l i k e  look i n g  at every folder i n  
every d rawer of  a l arge f i l e  cab inet .  I t  wou ld take a l o n g  t i me. The 
boss wou l d  get angry. 

So m uc h  for the  o l de r  o perat i n g  systems. Now lets see h ow 
OS-9, wi th i ts m u lt i p le  d i rectories, can he lp  so lve the problem.  
We' l l  go back to  the  same off i ce ,  w i th  the same h ard d isk .  But ,  t h i s  
t ime we' l l  pretend t hat OS-9 has been i nsta l led . 

When we look at the  com p uter on  o u r  second vis i t  we w i l l  
not ice t h at t h e  h a rd d r i ve n o w  h a s  a n a m e  - probab ly  somet h i ng 
l i ke IHO.  When the  secretary asks for  a l is t i n g  of f i l es o n  the d ri ve 
-a D I R  - i t  w i l l  look somet h i n g  l i ke th is .  

OS9: dir IhO <ENTER> 
D IR ECTORY OF IHO 1 2:22:41 

OS9Boot CMOS SYS DEFS 
Startup Read.Thls BOSS SECRETARY 
SAM JOE SALLY JANE 

I f  we ask her  to see more d eta i ls about  t h ose f i les, she can add 
the ' e ' opt ion to  the command l i ne.  When she does th is ,  we w i l l  
not ice t h at each o f  the  f i lenames that is  pr i nted i n  a l l  capita l  letters 
h as a . d '  p r i nted in a co lu m n  u nder  the  word Att r ibutes. Th is  
means i t  i s  a d i rectory. You d o  not  need to  u se a l l  capita l  l etters 
when you name a d i recto ry, but i t  certa i n l y  can make l ife easier  
down the  road. 

Remem ber,  when you c reate a new OS-9 d i rectory wi th  the 
M A K DI R  u t i l i ty command ,  a lways type the  d i rectory name w i th  a l l  
cap i ta l  le tters.  T h e n  l ater ,  w h en y o u  scan a d i recto ry l ist i n g  you 
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can i mmediate ly separate the  d i rector ies f ro m  the regu lar  f i les. I t  
should save a l ot o f  head scratc h ing .  

Let's take a c loser look at the  OS-9 d i rectory system .  I mag i ne 
that the boss needs to see a letter that Sa l l y  mai led to h is ad 
agency. I f  t he  off ice computer is set up properly i t  sho u l d  be easy 
for the office manager to f i nd  the letter. I n  fact, she wou ld n eed 
only to sit down at the term ina l  and type: 

OS9: chd . .  /SALL Y 
OS9: dir 

At th i s  poi nt ,  she m igh t  see someth i ng l i ke this: 

DIRECTORY OF . 1 2:22:45 

ADVERTISIN G  N EWSLETTER PAYRO LL 
SCHEDULES ACCOU NTS.PAYABLE 

S i nce she k nows that each of the  f i l enames l isted are d i rec
tories, because they are pr i nted wi th  a l l  capita l  letters ,  she would 
then type: 

OS9: dir advertising 

She wi l l  see somet h i ng l i ke th is :  

DIRECTORY OF advertising 1 2:23:41 

COpy 
Instructions 

IDEAS Agency.Letter 

I ' l l  bet the  f i l e  "Agency.  Letter" contai ns the letter the boss 
needs.  The o ff i ce manager can n ow type the fo l lowi n g  command 
to pri nt  a new copy for the  boss. 

OS9: l ist advertising/Agency. Leiter >/p 

The examp le  above shows how easy it i s  to f i nd  a f i l e  when i t  
has been stored i n  a l og i ca l  p lace. The off ice manager knew that 
Sal ly w rote the l etter ,  so she looked i n  Sa l ly's d i rectory. Further ,  
s i nce she k n ew the letter was sent to an advert is ing  agency ,  she 
looked in Sa l ly's advert is i  ng d i rectory. S he had the bosses answer 
i n  seconds.  

I f  our off ice manager had been work i ng on  a computer run
n i ng one of the  o lder  operat i n g  systems she wou ld have needed to 
look t h ro u g h  h u nd reds of f i lenames o n  a S i n g l e  h ard d isk d i rec
tory .  I t  wou l d  be l i ke searc h i n g  t h rough an  overstuffed f i l e  d rawer 
and wou ld  have taken a lot of t i me. She wou ld have been i n  a l ot of 
trou ble with the boss. The l og i ca l ,  structu red approach of  OS-9 
f i les saved her day. 
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The OS-9 1'i le  struct u re is h ie rarc h ica l .  I t  l ets you grou p  s im i lar  
f i l es in  a s i n gle d i rectory. And ,  i t  lets you grou p  l i ke d i rector ies i n  
other d i rector ies. T h i s  l ets you o rgan ize you r i nformat ion .  

I f  you t u rn your  i magi nation  l oose, you can p ictu re the OS-9 
f i l e  system as an ups ide-down t ree. I n  you r p ict u re you wou l d  see 
the roots of the t ree at the  top.  L i kewi se,  on an OS-9 d isk  you w i l l  
a lways f i n d  t h e  " root" d i rectory a t  t h e  t o p  o f  t h e  f i l e  struct u re.  

In fact ,  each d is k  d ri ve in you r OS-9 based com p uter has a 
master d i rectory wh ich  is  ca l led the " root" d i rectory. That root 
d i rectory is at the  top of the  f i l e  st ructure on each d rive. It conta ins  
the names of  each f i l e  o r  sub-di rectory stored on  the d isk  mounted 
i n  the  dr ive .  A root d i rectory is c reated automat ica l ly  when a d isk  is 
i n i t i a l ized with the OS-9 FORMAT com mand. 

PATH L ISTS HELP OS-9 FI N D  YOUR FI LES _______________ _ 

For  every OS-9 f i l e  there i s  a path l i st .  When the o perat i ng  
system needs to  f i nd  a f i le ,  i t  fo l l ows t hat pat h l ist  f rom the root 
d i recto ry to the f i l e .  For  exa m p le, here is the com p lete path l i st to 
the l etter the  office mange r  pr inted for her boss. 

IHO/SALL Y I ADVERTISI NGI Agency.Letter 

We seem to have a paradox. The  f i l e  st ructure has made it very 
easy to  o rgan i ze and ret r ieve data. B ut ,  i t  cou ld  be hard on  the 
f i ngers. Typin g  a pat h l i st l i ke that cou ld get o ld  real qu ick .  Espe
c ia l ly  if you h u nt and peck .  

B u t  wait !  The off ice manager d idn 't type a l l  o f  that. Rather,  she  
typed: 

l ist advertising/Agency.Letter >/p 

Why d idn 't she need to type IHO/SALL Y? That's a good q u es
t i o n .  A n d ,  it gives us a chance to i n t roduce you to the  concept of  
c urrent data and  execut ion d i rectories. Do you remember when 
the office manager typed: 

chd . . /SALLY 

When she d id  th is ,  she to ld  OS-9 to make the d i rectory named 
SALL Y ,  wh i ch was l ocated in the root d i rectory of a device named 
IHO, the  c u r rent  data d i recto ry .  

Then ,  w h e n  she typed the L IST command,  she u sed an  abbre
v iated path l ist .  S ince she d idn ' t  n eed to type a device o r  root 
d i rectory name, the  l ist command k new t hat the  f i l e  was l ocated i n  
h e r  c u rrent data d i rectory - /HO/SAL L  Y.  
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______________________________________________ ABOUT THAT SLASH 

How d id  the system k n ow that she d i d n't type the name of a 
device or root d i rectory? Here's the p lot .  

When you type a s lash , ' I ' as the f i rst character of a path l i st ,  
OS-9 100ks for the name fol l ow ing  the s lash in its device d i rectory .  
This means that if  you start a pat h l ist wi th a s lash ,  the name 
fol lowi ng  that s lash m ust be a device. 

When the f i rst character of a path l ist is  NOT a s lash ,  ' I ' , OS-9 
looks for a f i le i n  the cu rrent data d i rectory. 

I n  ou r examp le  above, OS-9 l ooked i n  the cu rrent data d i rec
tory - IHO/SALL Y - and fou nd the f i le  ADVERTI S I N G .  When it 
looked c loser, i t  learned that ADVERTI S I N G  was another d i rec
tory. It then searched the d i rectory ADVERT I S I N G  and found the 
fi le "Agency. Letter" . 

Remem ber,  i f  you start a path l ist with a s lash ,  you m ust com
plete that path l i st. I n  other  words ,  you m ust type each name 
requ i red to t race the path l i st from the device d i rectory th rough 
each su b-d i rectory un t i l  you arrive at the f i le you need . 

You can save a l l  of th i s  typi n g  by us i ng  you r cu rrent work i n g  
d i rector ies.  When you d o  t h i s ,  you a lso speed u p  you r com puter. 
OS-9 w i l l  f i nd  your f i les faster because it  won't need to search 
every d i rectory a long  the road - er, path .  

______________ WHy ARE THERE TWO WORKING DIRECTORIES 

OS-9 d i ffe rs from UN I X  here. UN I X  has one c u rrent d i rectory. 
OS-9 has two - a cu rrent data d i rectory and a cu rrent  execut ion 
d i rectory. 

T h is separat i on l ets you store fi l es that conta in  programs i n  
one d i rectory a n d  fi les that conta i n  data i n  another .  OS-9 can te l l  
where t o  l ook b y  studyi ng  you r com mand l i ne. Here are the ru les. 

OS-9 100ks in the cu rrent execut ion d i rectory when i t  needs to 
f ind a f i le  that h olds a program that i t  needs to ru n .  I t  assumes that 
a f i le holds the program you want to run if you typed its name fi rst 
on a com mand l i n e  or if you used it i n  a command l i ne after the 
word " load . "  OS-9 uses the cu rrent data d i rectory at  a l l  other 
t imes. 

When you start you r com puter, OS-9 sets the cu rrent execu
t ion d i rectory to IDO/CM DS and the cu rrent data d i rectory to IDa. 

______________ ANONyMOUS DIRECTOR I ES SAVE KEYSTROKES 

Someti mes you need to refer to  the cu rrent data d i rectory, or 
the next h i gher- leve l d i rectory that contai ns i t ,  but  you do not 
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know the  name of e i ther .  Of  course, you cou ld f i nd  out by us ing the 
PWD or PXD u t i l i ty co mmands,  but  i t's eas ier to use OS-9's anony
mous d i rector ies .  Reme mber these shorthand sy mbols .  

A s i n gle per iod refers to the c u r rent  d ata d i rectory . Two 
periods refer to the d i rectory t hat contai ns the name of the  c u r rent 
data d i rectory .  

You can use th is  shorthand i n  p lace of a path l ist o r  as the f i rst 
name i n  a pat h l ist .  For  exam ple, the fo l lowi ng  com mand l i nes w i l l  
a l l  wor k .  

OS9: di r . 

Th is  co mmand l i n e  te l ls  OS-9 to l i st t he  names of al l f i l es i n  
you r c u rrent d ata d i rectory. 

OS9: dir . .  

Th is  command l ists the  na mes of  a l l  f i l es i n  the  d i rectory that 
conta i ns the name of you r c urrent data d i rectory .  

OS9: del . .Itemp 

And f i na l ly .  t h i s  command l i ne tel ls OS-9 to de lete a f i l e  named 
"temp" that is stored i n  the sa me d i rectory that conta ins the name 
of you r  c urrent data d i rectory. 

If you use these shorthand sy mbo ls as part of the f i rst name i n  
a co mmand l i ne ,  OS-9 w i l l  l ook for the f i l e  you name i n  you r  
c u rrent execut ion d i rectory .  L i kewise, i f  you use these shorthand 
symbols in a pat h l i st fo l lowi n g  the l oad co mmand,  OS-9 wi l l  look 
for  the  f i l e  you n a me in you r  c u r rent  execut ion  d i rectory rather 
than your  c ur rent  data d i rectory. 

For example. l et's assu me that you h ave stored a grou p  of 
BAS I C09 packed modu l es in a sub-d i rectory named I CO D E  i n  
you r  C M DS d i rectory i .e . , /DO/CM DS/I C O D E  - a n d  i t  is  you r  
c u rrent execut ion d i rectory .  Then ,  when you n eed t o  de lete a f i l e  
n a med te mp in  your  c urrent data d i rectory you  cou ld  use the DEL  
u t i l i ty co mmand stored i n  your  /DO/CMDS d i rectory by  typi n g: 

OS9: . .ldel temp 

Effective ly,  you  cou ld  have done the same th ing by  typ i ng: 

OS9: /OO/CMOS/OEL temp 

Which  wou ld you rather type? 

MORE ABOUT PATHLISTS ______________________________________ __ 

B ut ,  what do you do when you n eed to read a fi Ie  that is  not 
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stored on  the same d isk  d rive as you r cu rrent data d i rectory? 

No prob lem,  j u st enter a com plete pat h l ist .  A pat h l ist i s  
noth i n g  more than a complete descr ipt ion of  the route your data 
must take before it reaches i ts f ina l  dest inat ion .  08-9 path l ists may 
conta in  t h e  name of a mass storage device,  a d i recto ry ,  a f i l e  or  an 
Input/Output Dev ice. 

For exa mp le ,  many path l ists - l i ke the one used by the off ice 
manage r  above - conta in  a device name and one  or more d i rec
tory names ,  as we l l  as the name of a data f i le .  You shou ld note that 
each name i n  the path l is t  i s  separated by a s lash ' / ' . 

Here a re some add i t iona l  ru les you shou ld  be fam i l i a r  wi th i f  
you p lan t o  type a l ot o f  path l ists. Each name m ust start w i th e i ther  
an uppercase o r  l owercase letter and may be u p  to 29 characters 
long. But ,  a name i sn't req u i red to be that long .  You could g ive a 
file a name that was on ly  one character long if you wanted to. The 
trade-off is  between typ ing  t ime now and readabi l i ty later.  

You may a lso use the n umerical  characters 0 - 9, the per iod 
and the under l i ne symbol in you r  f i lenames. 

If you're wonder i ng how 08-9 can tel l the d i fference between 
a f i lename and a d evice name,  here's t h e  secret .  

The name of a device always starts with a slash . If  that device 
can hold mu l t ip le  f i les a d i sk  d rive for example  another  s lash 
fol lowed by a d i rectory name or  f i lename fol lows t he d ev ice name.  

When a d ev ice can not handle m u lt i p l e  f i l es - a term i nal or  
pri nter for  examp le  - noth i ng fo l lows the dev ice name.  

_______________ OS-9 FI LE SECUR ITY PROTECTS YOUR DATA 

I f  you are us i ng 08-9 on a t i meshar i ng com puter ,  you won't 
need to worry about someone e lse wr i t i ng i n  you r data f i les.  08-9 
protects you with i ts f i Ie secu rity system . 

Eac h d i recto ry and f i l e  has several att r i butes t h at tel l 08-9 
who owns t h e  f i l e  and  who may use i t .  Dependi ng on whether 
these att r i butes are set or not: 

w O n ly the owner may wr i te to the  f i l e  
r O n ly the owner may read t h e  f i l e  
e O n ly t h e  owner may run  the program stored i n  t h e  f i l e  
pw Anyone m ay wr i te t o  t h e  f i l e  
pr Anyone m ay read the f i l e  
pe Anyone m ay run  the program stored in  the f i l e  
s O n ly one person may run th i s  code at a t ime  
d You know that the f i l e  conta ins a d i rectory 
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I f  a f i l e  att r i bute i s  set, pe rmiss ion  i s  granted for that att r ibute. 
If an att r ibute is clear,  perm iss ion is  not granted. 

For exam ple ,  cons ider  a f i l e  with a l l  att r ibutes c leared except 
owner read .  I n  th i s  case, on ly  the person who c reated the f i l e  can 
read i t .  No one e lse can read the f i l e .  Fu rther ,  abso l ute ly no one 
-not even the owner - can write to the f i le .  

Can you see how you can use f i l e  att r i butes to p rotect you r 
i n fo rmat ion?  Study the sect ion that descr i bes the ATTR com mand 
in Chapter 1 1 .  Try the sa mple  commands there and you ' l l  u nder
stand the OS-9's f i le  secu r i ty system i n  no t ime .  

The d i recto ry attr i bu te tel l s  OS-9 that a f i l e  i s  a d i rectory f i le .  A 
d i rectory f i l e  i s  spec ia l  because i t  cannot be changed by the user. 
To change a d i rectory or  de lete i t  d u r i n g  an operat ion  wou ld 
c reate total havoc w i th  the f i l e  system. I n  fact, there wou ld no 
longer  be a system.  

The other f i l e  secu rity att r ibutes a l most explai n themselves. 
They work because OS-9 automat ica l ly stores the user n u m ber of 
the owner of any p rocess that wr i tes a f i le .  I f  you are the owner of a 
p rocess, you w i l l  own any f i les that it creates. 

If you CREATE a f i l e  w i th  none of the pub l i c  att ri butes set, you 
w i l l  be the on ly person - except for the su per user - who can 
read , wr i te or execute that f i l e .  The concept of the "superuser" is 
deta i led i n  Chapter 1 1 .  

SUMMARY ____________________________________________________ _ 

I n  th i s  chapter we have i n t rod uced you to the OS-9 f i l e  system. 
You 've learned about d irector ies and f i l es. And ,  we've shown you 
how OS-9 f i l e  attr i butes can p rotect you r data secure. 

Exper i ment with  the D I R ectory l ist u t i l i ty now. When you get 
bored,  j o i n  u s  i n  Chapter 6 where we i nt roduce you to OS-9 
i n put/output .  
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C H A PTER 6 

the outsi de con nectio n  

______________ ---.. ______ I NPUT/OUTPUT WITH OS-9 

I f  you have grown t i red of long chapters, rejo ice. Th is  chapter 
is short. Yet ,  its fru i t  is sweet. 

We' l l  i nt roduce you to 08-9's standard i n put ,  output  and error 
paths and show you how to red i rect these standard paths to other 
devices or  f i l es .  By the end of the chapter, you'l l need a p i pe
wrench as we tal k about pi pes and show you how to b u i ld 
pipe l ines. 

__________ FOR OS-9 L IFE IS BUT A LONG STREAM OF CHARACTERS 

08-9 w i l l  ta l k  to anybody. O r  shou ld  we say , 08-9 wi l l  ta l k to 
anyth i n g? 8 i nce 08-9 t reats a l l  hardware devices the same, you 
can l ist a f i le  to a modem, a pr i nter, your term i nal  o r  another f i l e .  
08-9 cou l d  care less. 

A l l  devices i nstal led in an 08-9 system have a n ame. And ,  as 
we ment ioned in Chapter 5 ,  all of these names begi n with a s lash ,  
'I' . 

For examp le, when you start you r 08-9 computer you are 
usua l ly s i tt i ng  i n  front of a term i na l .  And i n  a lmost a l l  cases, when 
08-9 comes to l i fe i t  sets itself up to tal k to a device named ITER M .  
Th is means t hat 08-9's standard i n put  path i s  set u p  t o  get charac
ters from the keyboard on you r term i nal - or IT E R M .  Its standard 
output path is set u p  to send each character to the screen on you r 
term i na l - a lso ITE R M .  And ,  a t h i rd pat h  cal led the standard error 
path , is  also set up to send i nformat ion  to the screen on  your  
term ina l .  
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D u r i n g  your  sess ion  w i th  OS-9 you may need to sen d  a mes
sage to someone work i n g  o n  another term ina l .  One  of the most 
com mon names for a second term i na l  o n  an OS-9 computer is  IT1 . 

I n  fact , most devices have standard n ames. For example. 
when  you need to sen d  somet h i n g  to you r  para l l e l  pr i n ter ,  you 
usua l ly  red i rect your  output  to a device n amed IP .  When you need 
to send somet h i n g  to you r  ser ia l  pr in ter. you usua l l y  red i rect your 
output  to a device n am ed IP1 . L i kewise, m ost people who i nsta l l  a 
hard d ri ve o n  the i r OS-9 com puter name i t  IHO. 

Agai n ,  the common th read among t hese names is the fact that 
t hey a l l  beg i n  with a s lash.  ' I ' .  

When OS-9 sends a character to the sc reen on you r  term inal ,  
i t  does the same t h i ng it  wou ld do i f  i t  were send ing  t hat character 
to a fi l e  on one  of you r d isks.  Th is  means that if you write a 
prog ram t hat works wi th a f i le ,  it wi l l  work wi th any device. Conver
se ly ,  i f  you write a p rogram to work with any device, i t  w i l l  a lso 
work wi th any f i l e. 

A p rogram t hat works l i ke th i s  i s  f i l e  and device i ndependent .  
M ic roware cal ls th is approach a " u n if ied i n p ut/output system."  

M ic roware's a pproach to i n put  and  output  wi th OS-9 has 
many benefits.  For  exa m p le ,  you can copy a f i l e  to another  f i le  if 
you n eed to make a bac k u p  copy.  O r, you can copy t h at same f i le  
to you r  screen i f  you n eed to take a q u i c k  look at i t .  I f  you want a 
m o re permanent paper copy, you can copy the same f i l e  to your 
pr i nter. 

And  j f  the poss i b i l i t i es a bove don' t  i mpress you,  consider th is: 
You can a lso copy a device to a f i le ,  o r  to you r  term ina l ,  o r  to you r 
p r i n ter ,  ad i nf i n i t u m .  For exam p l e, you r te rm ina l  is a device that 
you may want  to copy ofte n .  

P lay around  w i t h  these command l i nes. When you want to 
stop, type <ESCAPE> - <CLEAR><BR EAK> on the Color 
Com puter. This wi l l  send an EOF s igna l  to COpy and retu rn you to 
the OS-9 S he l l .  

OS9: copy ITERM file.from.term <ENTER> 

Th is  command l i ne l iteral l y  copi es every character you type 
on your keyboard to a f i l e  named " f i le . from .term."  I n cidenta l l y, 
s ince you d id  n ot type a comp l ete pat h l i st ,  t hat f i le  was stored i n  
you r  c urrent data d i rectory. 

OS9: copy ITERM ITERM <ENTER> 

Th is  command l i ne d oesn ' t  do  much .  I t  copi es every character 
you type on you r  keyboard to the  screen on your  term i na l .  I f  you 
h ave you r  term i na l  set u p  to echo each character f rom the key-
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board to the screen automat ica l ly ,  you may f ind  yourself star ing at 
two cop ies of each character you type. 

OS9: copy ITERM IP <ENTER> 

After you type th i s  command l i ne ,  every character you type 
w i l l  be echoed to you r pr i nter.  It a l most works l i ke a typewri ter .  But  
not qu ite .  D id  you not ice that the OS-9 copy u t i l i ty does not add 
l i nefeed characters when i t  sends a carr iage ret u rn .  For th i s  rea
son,  you w i l l  want to use the OS-9 L I ST u t i l ity command when you 
try to copy a text f i l e  - or  your term i nal  - to your p ri nter or 
another term i na l .  You r command l i ne shou ld  look l i ke t h is .  

OS9: l ist ITERM >/P <ENTER> 

Th is  command l i ne lets you use the keyboard on your term ina l  
and your  p ri nter to emu l ate a typewriter .  Here's another experi
ment for you .  

OS9: l ist fi le.from.term >/P <ENTER> 

Use th i s  command l i n e  when you want to pr in t  a hardcopy of a 
fi le you have stored on  a d isk .  Note, a lso,  that th i s  command l i ne 
wi l l  not work i f  a f i l e  named "f i le . f rom.term" i s  not present i n  you r 
current data d i rectory. 

Every character that i s  sent - or  i n put  - to OS-9 comes to it 
through a pat h .  L i kewise, every character that i t  sends out  to a d isk  
drive, p ri nter or  term ina l  i s  sent through a pat h .  

P ipe l i nes c a n  carry a l l  types o f  mater ia l  - nat u ra l  gas, o i l  o r  
water. L i kewise, OS-9 i n put  and  output  paths can  carry any  type of 
data. They do not care what it l ooks l i ke or what it w i l l  do when i t  
f inal ly reaches the  device a t  the  end of  the  l i ne .  

OS-9 paths can carry the b inary code conta i ned i n  a mod u le 
saved i n  a f i l e  on  a d isk  to another f i l e  on  another d isk  dr ive. And,  
they can carry i nformat ion  you have saved i n  a word process ing  
fi le to  you r  pr i nter .  Aga i n ,  OS-9 paths don 't care what they carry 
-they j ust keep the data movi ng .  It is up to the prog ram that uses 
the i nformat ion from a path to determ i ne what i t  means. 

? 
. 

________________ STANDARD INPUT AND OUTPUT PATHS 

Because of the way OS-9 is des ig ned , most programmers 
write short p rog rams desig ned to do one s i mple task .  F u rther ,  they 
make sure that the i r prog rams get a l l  of thei r i nformat ion from the 
standard i n put  pat h .  And ,  when the i r  p rog ram sends data to the 
outs ide word , they make sure i t  a lways uses the standard output  
path .  

The OS-9 She l l  i tself  is  a perfect examp le .  I t  uses OS-9's th ree 
standard paths.  It reads characters from the standard i n put  path .  I t  
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sends characters to the standard o ut put path .  And ,  i t  sends error 
messages to the standard erro r  pat h .  

When y o u  type a c o m m a n d  on  you r  keyboard, the She l l  starts 
a p rocess usi n g  the p rogram that you named i n  you r  command 
l i ne .  The p rogram t hat you are run n i ng uses the same standard 
i npu t  and output  path as the Shel l s i nce i t  i nher i ts t hose paths from 
the She l l .  

The She l l  norma l ly  has its standard i n put path con nected to 
the keyboard on  you r  term i n a l .  I ts standard output and standard 
error paths norma l l y  send i nformation to the screen on  your  
term i na l .  

When  you start to wr ite assem bly  language or  BASI C09 pro
g rams for you r computer you w i l l  l earn that t hese standa rd i nput! 
output  paths can a lso be ident i f i ed by n u m ber .  The c hart below 
equates the path n um be r  to its funct ion .  

PATH N UM BE R  

o 
1 
2 

F U N CT I O N  

Standard I n put  
Standard O utput 
Standard Error O utput 

STANDARD I NPUT AND OUTPUT PATHS CAN BE REDIRECTED --------

The real power of OS-9 l ies i n  the  fact that its standard i n put 
and  output paths can be red i rected . To u nderstand why,  we need 
to look at a typica l  job performed by a computer. 

I mag i ne that you have been keep ing a data f i l e  contai n i ng 
i nformat ion  about each c heck you wr i te d u ri n g  a year. Among 
other t h i ngs  you inc lude  the check n um ber,  t he name and address 
of the  person receiv ing  the check ,  the amount  of the check, your 
bank  ba lance after the  check has c leared and ,  f i na l l y, t he  expense 
category for your  i n come tax records. 

I mag i ne f u rther  that you have wr i tten a p rog ram that lets you 
l ist th i s  i n format ion  on your  term ina l .  You have ca l led it "Who_to" 
for want of a better name.  

"Who_to" works l i ke t h is .  You type the check n u m ber;  the 
p rog ram pr ints the name of the person rece iv ing the check and the 
amount. 

I f  you on ly  n eed to check one o r  two checks each month ,  you r  
p rog ra m  meets y o u r  need. B u t  what happens when you r  busi ness 
g rows and you need a report about 1 00 checks. Typ i n g  i n  1 00 
check  n u m be rs and  wait i n g  for  a report on  each one cou l d  get o ld  
real fast . 
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Ent er O S-9 w i th  i ts ab i l i ty to  red i rect the  standard i nput  pat h .  
Let's see h ow we can u s e  i t .  

W h y  not put  a l ist  of check  num bers i n  a f i l e  b y  t hemselves .  
That f i l e  w i l l  conta in one check  num ber on each l i ne. Make s u re 
you g ive t h e  f i l e  a usefu l  nam e  - "Ch eck .Numbers" w i l l  do  nicely. 

O nce you h ave c reated "Check . N u m bers" you can put OS-9 
and i ts abi l i ty to  red i rect the  standard i nput  path to  work wi th  
"Who_to".  Try a command l ine l ike  t h is:  

089: Who_To <Check.Numbers 

Th is  command l i ne w i l l  p roduce a report about each check  
number in  t h e  l ist you entered in  t h e  f i l e, "Ch eck .Numbers" .  L i k e
wise, you cou ld  have "Who_To" pr int t h ese reports by red i recti ng 
OS-9's standard output path to  your  pr int er.  The command wou l d  
look l i ke th i s: 

089: Who_To <Check.Numbers >/P 

O r, you cou ld save your reports i n  a f i le. 

089: Who_To <Check.Numbers >January.Checks 

Th e two m ag i c  c haracters i n  the  command l i nes above are t h e  
less than s ign, ' ' , and t h e  g reater t han s ign, ' >  ' .  The f i rst red i 
rects the  standard i nput  pat h .  The latter redi rects t h e  standard 
output pat h .  

Rem em ber t h i sl 

I f  you want to  red i rect the i nput t o  a prog ram from another f i l e  
o r  dev ice, u s e  the  l ess than symbol ,  • < ' .  

I f  you want to  red i rect the  outpu t  of a prog ram to  another f i l e  
o r  dev ice, use  the g reater than symbol ,  . > ', 

I f  you want to  red i rect the error m essages from a program, use 
two g reater than symbols together, "» " .  

Or ,  i n  table form: 

TH IS  CHARACTER 
< 
> 
» 

D O ES THIS 
redi rects t h e  standard i nput  path 
red i rects t h e  standard output path 
red i rects the  standard error path 

There are many ways t o  red i rect the i nput of you r programs. 
You may tel l  your program to  g et i ts input  from a remote term i nal  
in  you r  workshop,  O r, you may tel l i t  to  g et i ts input  from a modem 
that uses a t el ephone l i ne to receive data from a d istant key board. 
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Don 't fo rget the output from you r  program.  You may te l l  your  
p rog ram to send a repo rt to yo u r  p r i nter. O r, you may te l l  i t  to  save 
the report i n  a d isk  f i l e  so you can pr in t  it l ater .  You are l i m i ted on ly 
by you r  i mag i nat ion .  

B UILD PIPEL INES TO H ELP FILTER YOUR DATA ____________ _ 

O n e  of the most i m po rtant t h i ngs you can learn f rom th is 
chapter is to des ign and write a l l  you r  p rog rams so that they can be 
red i rected . 

I n  p la i n  Eng l ish , you r  prog rams shou ld  read data from the 
OS-9 standard i n put  pat h ,  process i t  and then write the i r output to 
the OS-9 standard output  pat h .  P rog rams that work l i ke th i s  a re 
cal led f i l ters .  

Why are we r u n n i ng th is point  in the g round? Because, we 
want you to wr ite you r  p rog rams th is  way so that you can use them 
in a p i pe l i ne  as you ga i n exper ience with OS-9 . 

"What's a p i pe l i ne?" you ask. 

Most f i l ters are wr i tten to do one s im ple job extremely wel l .  
The i r  power however, l i es i n  the i r ab i l i ty t o  b e  combined with other 
f i lters in p i pel i nes des igned to accompl ish a comp lex task .  

P i pe l i nes are bu i l t  out  o f  p i pes. P i pes pass the  standard output 
of one u t i l i ty  command d i rect ly to the standard i n put of another 
u t i l i ty  command .  This makes them espec ia l l y  usef u l  on an OS-9 
based computer because you can ru n more than one process at 
the same t i me. 

The OS-9 She l l  sets up a p i pe each t ime i t  sees an exclamation 
poi nt ,  . ! " in a co mmand l i ne .  When an exc lamat ion poi nt  appears, 
the  standard output  from the command on the left s ide of the ' ! ' is 
red i rected via a p i pe to the standard i n p ut of the command on the 
r ight  side of the ' ! ' .  

To i l l ustrate how p i pes work ,  we w i l l  add a few bel ls and 
wh ist les to our prog ram "Who_To".  

Earl ie r  we caused Who_To to pr int  a report w i th  i nformat ion 
about a n u m ber of checks by red i rect i ng  the standard i n put to 
"Who_To" from a f i le cal led Check . N u m bers. Now let 's show you 
how you cou ld  make i t  p r i n t  a sorted report on you r p ri nter and 
save a f i le for fut u re reference at the same t ime .  

F i rst, we' l l  use a "sort" u t i l i ty command to put  the l ist of chec ks 
i n  the  f i l e  Check . N u m bers i n  o rder. I f  we were to run the u t i l i ty 
a lone,  the command l i ne wou ld  look l i ke th is :  

089: sort <Check. Numbers 
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Th is  com mand l i n e  would send a l ist of check n u mbers to the  
standard output path usua l ly the screen o n  you r term i na l .  
Stand ing alone, th i s  doesn't do much  fo r  you . But ,  t ry th i s. 

OS9: l ist Check. Numbers ! sort ! Who_To 

I f  a l l  goes as p lan ned, you should see a report about each 
check i n  t he f i l e  Check . N u m bers l i sted on you r term i na l  in n u mer
ical order .  

"Bu t  on  a term i na l  everyt h i ng goes by so fast that I can't  read 
it," you say. OK ,  t ry th is !  

OS9: list Check.Numbers I sort ! Who_To I Tee IP Feb 
ruary_Checks 

Your  report shou ld  appea r on you r term i naJ screen agai n .  But 
th is  t ime you r pr i nter w i l l  pr int  the same report .  OS-9 wi l l  a lso wr i te 
a copy of the  report to  a f i le  named "February_Checks".  I f  you 
need to refe r to i t  i n  the  fu tu re ,  you w i l l  f ind th is f i le  i n  your cu rrent  
data d i rectory. The extra copies of  the report were made poss ib le  
by the  OS-9 "Tee" ut i l i ty command.  

When OS-9 executes the above command l i ne i t  w i l l  be run
n i ng four processes at  the same t i me.  Essent ia l ly, fou r  s i m pl e  
prog rams, w h i c h  were not speci f ica l ly written to work toget her,  
have been combi ned to do a complex task.  Yet ,  you were able to do 
a new job  wi thout wr i t ing a new progra m .  

T h e  OS-9 S h e l l  lets you con nect any n u m ber o f  commands 
with p ipes. The new command l i ne is  cal l ed a p ipe l i ne .  

_______________________________________________________ SUM MARY 

I n  th i s  chapter  you have l earned how OS-9 programs com
mun icate wi th  eac h oth er and the outs ide wor ld .  We've also i nt ro
duced you to standard i n put  and standard output paths and have 
shown you how they can be red i rected .  P ipes and p i pe l i nes gave 
us a f i tt i ng c lose. 

In Chapter 7 we' l l  i nt rod uce you to the OS-9 System Disk and 
show you how to  i nsta l l  OS-9 on your  computer. Get a good rest 
ton ight !  I t 's  a lmost t i me to get you r  "Hands On" OS-9. 
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PART I I :  HAN OS ON 

CHAPTER 7 

the rai n bow os-9 tour g u i de 

Congratu lat ions! You made i t  t h rough the f i rst s ix  chapters .  
Aren't you g lad you res isted the tem ptat ion  to t u rn you r  com puter 
on before you were ready? 

Go ahead, t u rn i t  on  now. You deserve i t .  You have b u i l t a 
strong fou ndat ion  that w i l l  he lp  you u nderstand the reason certa i n  
OS-9 com mands work t h e  way they d o .  Before long you w i l l  have 
deve loped a com plete reperto i re of OS-9 s k i l ls .  

In  t h is chapter  we' l l  take a q u ick  tou r of the OS-9 system d isk 
and exp la i n  the var ious f i les and d i rector ies you ' l l  f i nd  on it .  Then ,  
we' l l  b r i ng  you r com pute r to l i fe as  we show you how to "Boot" the 
OS-9 system .  

Before we're t h rough ,  y o u  w i l l  b e  able t o  format a new d isk and 
back up you r  p recious system disk .  I n  fact, you wi l l  have made an 
insu rance copy which you can use i n  an emergency. 

_____________________ I NSTALLING YOUR SYSTEM 

I t 's t i me to go to work .  T u rn on you r  computer ,  g rab you r  
Rad io  Shack OS-9 d isks and ho ld  on .  

The f i rst t h i n g  you need to do i s  " boot" o r  load OS-9 i nto you r  
system. Rad i o  Shack has g iven you two ways t o  d o  t h is .  You m ust 
use the f i rst way if you have D isk  Extended BAS I C  Vers ion 1 .0 .  I t  
req u i res two d isks .  I f  you  have D isk  Extended BAS I C  Vers ion 1 . 1 ,  
or h ig he r, you on ly  need one d isk .  
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USING ROM VERSION 1 .0 _____________________ _ 

I f  you have D isk  Extended BAS I C  Vers ion 1 .0 fo l l ow these 
steps. 

1 .  T u rn on your Co lor  Com puter 
2 .  Put  the disk named OS-9 BOOT in d r ive O.  
3 .  Type: RUN " * "  <ENTER> 
4. You shou ld  see th i s  prompt :  

b BOOT OS9 
t TEST D I S K  DRIVE 

5.  Type the lette r "B" to Boot OS-9. 
6. You shou ld  see this prompt :  

I NS ERT OS9 D IS KETTE 
I NTO DR IVE 0 AND PRESS A KEY 

7 .  Take out the d isk  marked OS-9 BOOT. 
8 .  Put  the d isk named OS-9 System M aster in d r ive O .  
9.  Str i ke any key. 

1 0 . OS-9 shou ld  come al ive and ask you for the t i me. 

USING ROM VERSION 1 .1 _____________________ _ 

I f  you have D isk  Extended BAS I C  Vers ion 1 . 1 o r  h i g her,  take 
the fo l lowi ng steps. 

1 .  Put the d isk  named OS-9 System M aster in D rive O. 
2. Type: DOS <ENTER> 

OS-9 shou ld  come to l i fe .  

EN·rERING ·rHE DATE AND TIME ___________________ _ 

When OS-9 comes al ive, it i m med iately runs the p roced u re f i le  
named,  startup .  Th is  f i le ,  as  sh i pped by Rad i o  S hack ,  merely runs 
the S ET I M E  u t i l i ty command wh ich  starts your system c lock and 
sets the t i me of day .  

You shou ld  see a prompt that looks l i ke th is : 

YY/MM/DD HH :MM :SS 
T I M E ? 

Answer th i s  p ro m pt by ty p ing  the date and t i me.  You m ust 
enter the date and t i me in one of the the formats shown here: 

YY/MM/DD H H : M M :SS 
T I M E ? 84/08/29 1 4:34:20 

YY IMM/DD HH :MM :SS 
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T I M E ? 84 08 29 1 4 35 1 0  

500n after you type the date and t ime you w i l l  see the  05-9 
prompt: 

059: 

Congrat u l at ions!  You are un derway. 

CAU T I O N :  When you get ready to t u rn off your computer for 
the day, make s u re that you f i rst take al l of the d isks out of the 
dri ves . 

___________________ A LOOK AT THE SYSTEM DISK 

Almost a l l  05-9 d i sk-based com puters use a system d isk .  Th is  
spec ia l  d i sk  ho lds  several d i rectories and f i les that you  w i l l  need 
each t i me you start 05-9 on your Color  Computer .  Add i t i onal ly ,  
many people use t h e i r  system disk to hold many of the f i les they 
use each day. 

You wi l l  want to leave yo u r  system d isk loaded at a l l  t i mes. 
And ,  s i nce 05-9 usua l ly  boots i tself from d r ive n u m ber zero, you 
shoul d  leave th is  d isk mounted in  d rive IDO. 

Let's start ou r  tour  of you r  system d isk  by look ing  at a l ist i n g  of 
the root d i rectory of the  Rad io  5hack 05-9 system d isk .  

directory of Irs2 11 :23:50 

OS9800t 
startup 

CMOS SYS DEFS 

Look ing  at th i s  d i rectory, you ' l l  not ice two f i l es and th ree 
d i rector ies. We' l l  d iscuss the f i l es fi rst. 

If you t ry to start 05-9 w i th  a d i sk  that d oes not conta in a f i l e  
named, 059800t,  i t  w i l l  not work.  059800t i s  a special  f i l e  
because i t  h as been l inked .  Th i s  means that the  05-9 bootstrap 
program k nows how to f i nd it on you r d i sk .  To make you r  own 
059800t f i l e  you m u st use one  of two ut i l i t ies that come with 
05-9. 

A command named "cobb ler" w i l l  put  an exact copy of the 
059800t f i l e  you u sed when you l ast booted your computer on 
yo u r  system d i sk .  Another ,  named 059Gen,  lets you p ick and 
choose the modu les you store in  th is  f i le .  80th of these u t i l i t i es 
i nsure t hat your  new 059800t f i l e  i s  l i nked.  They store it i n  the root 
d i rectory of your system d isk .  

059800t conta i ns  a l l  of  the mod u l es needed to run  05-9 on a 
standard 64K Rad io  5 h ack Color Com puter.  We' l l  show you how 
to persona l ize your 059800t in C hapter 1 6 .  For now, we w i l l  work 
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with p la i n van i l la Rad io  Shack OS-9. 

I n  order to show you wh ich  modu les a re stored in the f i le, 
OS9800t, we ran the short form of the OS-9 ident ut i l i ty com mand.  
You can look at  i t  on  you r own Co lor  Com puter screen by typ ing :  

OS9: ident -s  /dO/os9boot <ENTER> 

2 $E1 $524CEB . CCDisk 
82 $F1 $EDF046 . DO 
82 $F1 $69933D . D1 
82 $F1 $6536D3 . D2 
82 $F1 $E1 55A8 . D3 

3 $E1 $OA6AOA . CCIO 
83 $F1 $3EDF55 . TERM 

4 $C1 $BD0579 . lOMan 
6 $D1  $C06CB6 . RBF 
7 $D1 $04D9E6 . SCF 
5 $C1 $23FB76 . SysGo 
2 $C1 $7255DB . Clock 

20 $1 1  $59ECC8 .  Shel l 
2 $E1 $8D1 0C1 . RS232 

83 $F1 $7BF6CE . T1 
1 $E1 $31 6E57 . PRINTER 

83 $F1 $8080DF . P 
3 $D1  $5F721 D . PipeMan 
2 $E1 $5B2B56 . Piper 

80 $F1 06AF . Pipe 

We descr ibed m ost of these m od u l es for you i n  Chapter 3 .  I n  
the table ,  the f i rst co l u m n  g ives you the ed i t ion  n u m ber;  the 
second lets you look at  the type/lang uage byte; the th i rd conta ins  
the C R C  of  the modu le;  the per iod te l ls you that the CRC is correct; 
and f i na l ly,  the last col u m n  te l ls you the name of the modu le.  I f  you 
see a q u est ion mark i n  the co l u m n  where the per iods appear, the 
CRC of th is  mod u le named in  that l i ne is bad and OS-9 w i l l  not  load 
i t .  

THE OS-9 STARTUP FILE _____________________ _ 

The other f i l e  i n  the d i rectory l i st i ng above is named "startup . "  
Th is  f i l e  i s  not abso l ute ly essent ia l ,  but  i t s  an idea l  tool that can 
save you many keyst rokes. 

"Startup"  i s  a p roced u re f i l e  o r  "She l l  Scr i pt" that te l l s  OS-9 
what you want it to do when you b ri ng it to l i fe. If you p lan  to use a 
sta rt u p  f i le ,  you m ust make sure that you store i t  i n  the root 
d i rectory of you r system d isk .  Th is  means that the OS-9 pat h l ist 
that descri bes i t  wi l l  a lmost always be /dO/startup .  

Let's use the  L IST u t i l i ty command and look  at  the  startu p  f i le  
on your  Rad io  Shack System d isk .  
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OS9: LIST IDO/STARTUP <ENTER> 
SETIME <lTERM 

The Radio Shack startup f i le  conta ins  on ly one l i ne .  I t  te l l s  
OS-9 to ru n the u t i l ity com mand SETI M E .  Th is  command starts 
you r  Color  Compute r' s  c lock and sets the  t i me .  S i nce the  Color 
Computer does not contai n real  t ime c lock hardware, SET I M E  
starts a software program i n  t h e  modu le named CLO CK that s i mu
lates a real c lock.  

Yo u should note here t hat the authors of t h i s  startup  f i le  have 
red i rected the i np u t  of S ET I M E  to t h e  dev ice IT ER M which is the 
keyboard on  your  Co lor  Computer .  I f  they hadn ' t  redi rected the 
i nput ,  OS-9 wou l d  h ave t ried to read the t i me f rom the start u p  f i le .  
S i nce t ime never stops, th i s  o bviously wou ld n't work.  

___________________________________________ THE CMOS OIRECTORV 

The most i m portant d i rectory on you r  OS-9 system d isk  is 
named C M OS .  I n  fact, OS-9 makes it  the cu rrent execut ion d i rec
tory when you boot you r system.  

Here's a n  add i t iona l  po in t  you shou ld  k now about .  People 
run n i n g  OS-9 Level I usua l ly  store t h e  She l l command ut i l i ty i n  
the i r  OS9Boot f i le .  However, some don 't .  I f  you fa l l  i n  t h i s  latter 
category ,  you m ust make s u re that there is a copy of the She l l  
stored i n  you r  CMOS d i rectory. 

Most people use t h e  CMOS d i rectory to ho ld  a l l  of the OS-9 
Ut i l i ty commands as wel l  as most of the app l ication programs t hey 
use o n  the i r co m puter .  When you start OS-9 a specia l  prog ram 
named SYSGO te l ls OS-9 that you r  cu rrent execut ion d i rectory is 
named IdO/C M OS.  

Later,  when  other users s ign  on to u se you r  com puter from 
another term i na l ,  the OS-9 LOG I N  u t i l i ty command ass igns 
IdO/CM OS as the i r  cu rrent execut ion d i rectory a lso .  In  fact, 
IdO/CM OS i s  a lmost a lways shared by a l l  users on a computer. 

To see the  f i les that are stored in the CMOS d i rectory on you r  
OS-9 System Oisk from Radio Shack, type the  fo l lowing command:  

asm 
build 
date 
deldir 
dump 
format 
l ist 

OS9: dlr IdO/cmds <ENTER> 

directory of IdO/cmds 1 1 :24:13  

atlr 
cmp 
dcheck 
dlr 
echo 
free 
load 

backup 
cobbler 
debug 
display 
edit 
ident 
login 
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binex 
copy 
del 
dsave 
exbln 
link 
makdir 



mdir  
printerr 
rename 
sleep 
unlink 

merge 
procs 
save 
tee 
verify 

mfree 
pwd 
setime 
tmode 
xmode 

os9gen 
pxd 
shell 
tsmon 

TH E SYS D IRECTORY __________________________________________ ___ 

T h ree i mportant f i l es l ive i n  the SYS d i rectory on your  system 
d isk .  Let's take a look.  Type: 

OS9: dir IdO/sys 

directory of IdOlsys 1 1 :24:42 

errmsg password motd 

The f i les stored i n  IDO/SYS are n ot needed to boot OS-9. 
However, they are used by the LOG I N ,  TSMON and P R I NTERR 
u t i l i ty commands.  Th is  means you w i l l  need them i f  you p lan to use 
a second term i na l  attached to the R S-232 port on  you r  Co lor  
Computer.  

The f i le  named password is used by the LOG I N  command . 
The f i l e  "motd" ho lds a message of the  d ay that i s  sent each t i me a 
new user s igns on to your  system .  The message is d isp layed by the 
LOG I N  command.  

The f i le  named "errmsg" conta ins  a l i st of Eng l ish  l ang uage 
error messages that cor respond to the OS-9 error n u m bers. They 
are u sed by the P R I NT E R R  u t i l i ty com mand .  I f  th i s  f i l e  is not stored 
i n  a d i rectory named SYS, on a d isk  mou nted o n  the d i sk  d ri ve 
named Ida. P R I NT E R R  w i l l  not work .  

THE DEFS D IRECTORY __________________________________________ __ 

The last d i rectory on  you r system d isk  i s  named D EFS. You ' l l  
need i t  i f  y o u  p l a n  t o  do  a n y  assemb ly  language p rogram m i ng .  
Let's take a l ook .  

OS9: dir IdOldefs <ENTER> 

directory of Irs2/defs 1 1 :25:02 

OS9Defs R BFDefs SCFDefs SysType 

The fou r  f i les i n  th i s  d i rectory conta in  assembly language 
sou rce code that ass i g ns E n g l ish- l i ke names - m nemon ics to 
the memory l ocat ions and rou t i nes you use m ost often .  When you 
wri te your own assembly lang uage p rog rams, you can a lso use 
t hese names.  To do th is ,  you i nc lude the OS-9 assembler  "USE" 
d i rective in  your  source code. For  exa m pl e: 
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* N ow we' l l  read the SCFDefs f i l e  
U S E  IdO/defs/SC FDefs 

* Names (symbols) i n  SCFDefs can now be u sed 

OS9DefE i s  the  m a i n  system-wide def i n i t ion f i l e .  R BF Defs 
conta i ns def i n i t ions u nique to the R B F f i l e  manager, wh i l e SCFDEfs 
contai ns  code u n i q u e  to the SCF f i l e  manager .  The SysType f i l e  
ho lds defi n it io ns u n i q ue to the hardware you  are us i ng .  

Let's take  a look a t  the  f i l e  named IDO/D EFS/SysType on  you r 
Co lor  Com p uter:  

OS9: l ist IdO/defs/SysType <ENTER> 

Color equ $OA 

CPUType set Color 
ClocType set 0 

D Port set $FF40 

_____________________ FORMATTING A N EW D ISK 

Before you d ive i n  to any n ew com puter software you shou ld  
always take  the t i me to make  a bac k u p  copy of  your  o r i g i na l  d isk .  
Strange t h i ngs seem to happen to com p uters and the d isks that 
r u n  i n  them.  

Before you can bac k u p  you r  o ri g i na l  Rad io S hack system 
d isk ,  you m ust format a new OS-9 d iskette. Fol low these steps: 

1 .  Boot OS-9 
2 .  Type: format 100 <ENTER> 
3 .  You sho u l d  see th i s  message:  

COLOR COMPUTER D ISK FOR MATTER 1 .2 
FORMATT I N G  D R I VE 100 
Y (YES) O R  N (NO)  
R EA DY 

4. Take ou t  the  or ig ina l  R ad i o  S hack System M aster d isk  
5 .  Put  an  empty d isk  i n  d rive 0 
6 .  Type Y 
7. You wi l l  be asked to name your  new d isk  
8 .  Type: anyname <ENTER> 
9 .  You w i l l  see each t rack and sector n u m ber wh i le 

Format ver i f ies your  n ew d isk  
1 0. When you see the "OS9: " your  d isk  is  ready 

You shou ld  note two t h i ngs at t h i s  po int .  F i rst , if the  0 8-9 
FORMAT u t i l i ty f i nds  a bad sector  w h i l e  it is ver ify i ng  you r new 
d isk ,  i t  w i l l  report i t  and  remove i t  f rom the  a l locat ion  map on  the 
d isk .  I f  a sector  i s  n ot in  the a l l ocat i on map ,  OS-9 wi l l  not  u se i t .  
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You m ay g o  ahead and use a d i sk  w i th  bad sectors for m ost 
jobs.  H owever, the O S-9 BAC K U P  command wi l l  not work wi th a 
bad d isk .  T h i s  means that you m ust a lways use a b lank  d isk that 
conta in s  on ly  good sectors when you p lan  to  use i t  w i th  BACKUP.  

And second.  i f  you h ave two d isk d ri ves you can  leave your  
system d i sk  i n  d ri ve 100 and p lace you r  new b lank d isk  i n  d ri ve 
101 . To format the new b lank  d isk ,  type: 

OS9: format ID1 <ENTER> 

BACKI NG UP YOUR SYSTEM DISK _________________ _ 

Beg i nn i ng here we a re g o i n g  to make a very i mportant 
ass u m pt ion .  S i n ce i t  i s  i m p ract ica l  to attem pt to d o  any real work 
with OS-9 when you only have one d isk  dr i ve, we are going to 
assume that you h ave two d r i ves in you r  system 100 and 101 . 

I f  you a re j u st gett i n g  started and o n l y  h ave one d ri ve, you w i l l  
f i n d  the s i n g l e  d ri ve syntax o f  the O S-9 commands that can be run 
o n  one  d r i ve i n  the Rad i o  Shack reference manua l  named OS-9 
Commands. 

Now that you h ave formatted a n ew d isk ,  you may back up 
you r  Rad i o  Shack System M aste r  d isk by fo l lowing these steps: 

1 .  Put the d isk  you j ust formatted i n  101 
2. Put  the System M aster d isk in 100 
3 .  Type: Backup  #20K <ENTER> 
4.  You w i l l  see the fo l l ow i ng p rompt :  

R EADY TO BACKUP FOR M  100 TO 101  
? :  

5 .  Type: Y 
6 .  OS-9 w i l l  d i sp lay th i s  message:  

anyname 
IS B E I NG SCRATCHED 
O K  ? :  

7 .  TYPE:  Y 
8 .  Wait p at ient ly wh i le  Backup does its job 

When the Backu p  o pe rat ion  i s  complete, you w i l l  see a mes
sage on you r  screen that te l ls  you how many sectors were cop ied 
and h ow many were ver i f ied . The two n u m be rs shou ld  match . 

You shou ld  n ow take you r  o ri g ina l  Rad io  Shack System M as
ter  d i sk  and  store it i n  a safe p l ace. F ro m  th i s  po in t  o n .  use on ly  the 
new system d isk  you have j ust made when you work wi th OS-9. 
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______________________________________________________ SlI MMARY 

You ' re on you r  way. I n  t h i s  chapter you have been i nt rod uced 
to the 08-9 system d isk  and the contents of its d i rector ies and 
fi les. You 've a lso learned how to br ing 08-9 to l i fe on your Color 
Co m puter - and,  how to format new d isks and make backup  
copies o f  you r  system software. 

Take some t ime to enjoy you r new operat i ng  system . Now that 
you're worki ng wi th  a backu p  of your  or ig i na l  d isk ,  feel free to p lay 
around with 08-9. When you're ready to get serious aga in ,  jo in  us 
in Chapter 8 where we' l l  i nt roduce you to a n u m ber of the spec ia l  
keys on  your  Co lor  Com puter keyboard . 
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CHAPTER 8 

special  keys 

Tricks are f o r  k ids !  That m ay be an  o l d  say i ng ,  but i t  i s  q u i te 
appropr iate here. In  t h is chapter we hope to show you a few tr icks 
that w i l l  save you r f i ngers a lot of wear and tear. 

We' l l  be i ntrod uc ing you to two sets of very specia l  k eys on the 
Co lor  Computer  keyboard. You ' l l  f i nd you rself  us ing the f i rst set to 
save a lot of typ i n g .  T h e n ,  we' l l  show you h ow to generate a few of 
the  characters that aren't ava i l ab le  on  the Col o r  Compute r  k ey
board . You ' l l  need these characters when you start to prog ram 
wi th  OS-9. u 
____________________ KEYS THAT MAKE LIFE EASY 

There are several s pecia l  key com b i n at ions on the  Colo r  
Computer keyboard t h at w i l l  make you r a l i fe a b reeze. These keys 
can he lp  you correct you r m i stakes or l et you run a comm and l i ne 
over and over aga i n  with o n ly two keystrokes. T hey can even stop 
runaway p rograms.  

We're a l l  h u man  and make "m isteaks . "  But ,  the f i rst t i m e  you 
type LOST in an OS-9 com man d  l i ne when you rea l ly  m ean L I ST, 
you ' l l  d i scover that OS-9 makes i t  very easy for you to cor rect you r  
m i stakes. Here's one way to correct a n  e rror. 

H i t  the backspace key several t imes .  Each t ime  you h i t  the key, 
you ' l l  not ice the cursor  backs up one space. Repeat th is  act ion  
unt i l  you reach t h e  bad  character. Once the  cursor i s  i n  p lace, you 
can retype the character .  

O n  the  Color Com puter, use the back ar row key to back u p  
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one cnaracter posit i o n .  I f  you a re us ing  a term i na l  that does not 
have a backspace key - or a back arrow key - hold  down the 
<CO NTROL> key w h i l e  you type an  'H' .  That comb i nat ion  should 
do the job n icely. 

The second way to correct your m istake i s  to hit the " l i ne 
de lete" key. When you st r i ke  th i s  key you r  com puter w i l l  erase the 
ent i re l i ne and you can start over aga in .  Name your poison .  

What  d id  you j ust m u m b le? You r keyboard doesn't have a key 
marked " L I N E  DELETE."  

Don 't worry !  The Color  Com puter has an a l ternat ive. J ust ho ld  
down the key marked "CLEAR" and type the l etter 'X ' .  The com
mand l i ne you were typ ing  shou ld  d i sappear. O n  most term ina ls  
you can  perfo rm the same mag i c  by  h o l d i ng down the key marked 
<CO NTROL> or  <CTR L> wh i l e  typi ng the letter 'X ' .  

I f  you can not seem to make the con nect ion between <CL EAR 
X> and de let i ng  a l i ne ,  the Color Com puter keyboard has another 
com b i nat ion  that may be easier for you to remember .  

You can a lso de lete an  ent i re l i ne wi th  one keyst roke by 
ho ld i ng  down the sh ift  key and str i k i n g  the back arrow key. The 
<SH I FT><BACK AR ROW> comb i nat ion to de lete an ent i re l i ne. 
Got it !  

Here i s  another t i p  you j ust may want to remem ber. When you 
are us ing  OS-9, the CLEAR key on  the Color Computer keyboard 
a lways acts l i ke the CONTROL key on other com p uter term i na ls .  

Other spec ia l  keys g ive you a way to repeat your prev ious 
i n put  l i ne, i nterrupt a prog ram ,  red isp lay the present i n put l i ne, 
exit a program or  s i m p ly wait .  

The "wait" key does j ust what i ts name i mp l ies. I t  stops the text 
from scro l l i n g  on you r  Color  Computer screen u nt i l  you te l l  it to 
start aga i n  by str i k i n g  any key. Th i s  g i ves you a way to stop and 
study several sentences in the m idd le  of a long text f i l e  w h i le you 
are l i st i ng i t  to you r  screen .  

THE REPEAT KEY ______________________________________________ _ 

The repeat key w i l l  i nc rease you r  prod uct iv ity and save your 
f i nger t i ps. You ' l l  l ove i t .  G ive i t  a t ry !  Ho ld  down the "CLEAR" key 
and type the letter 'A' .  

Yo u ' l l  f i nd  the repeat key i s  rea l ly  handy when you need to run  
the same com mand l i ne severa l t i mes. J ust type <CLEAR A> and 
you r  last com mand l i ne w i l l  mag ica l ly reappear.  Then ,  type 
<ENTER> to run  the com mand agai n .  

Here i s  so met h i n g  you c a n  t ry t h e  next t i m e  yo u are work i ng 
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with your Color Com puter. Type: d i r  <ENTER>. 

You shou ld  see a l ist i n g  of the contents of your cu rrent data 
d i rectory. 

Then type: <CLEAR A><ENTER>' You r trusty Color compu
ter shou ld  l ist the d i rectory aga i n .  I f  you t h i n k  the repeat key i s  neat 
now, wait t i l l  you use i t  with a path l ist 72 characters long .  

You ' l l  f ind that us ing  the <CL EAR A> com bi nat ion  s u re beats 
typi ng .  Use it every t ime you get the chance. 

_______________ PUSHING A TASK INTO THE BACKGROUND 

I f  you ever need to i nterru pt a p rogram w h i le i t  i s  ru n n i n g ,  you 
can use the OS-9 1 nterrupt Key. On you r Color  Computer j ust hold 
down the <SH I FT> key and str ike the <BREAK> key. 

When you type the <SH I FT><BR EAK> com bi nat ion ,  the 
Color  Computer keyboard sends out  a <CONTRO L  C>' Th is  
means  that you cou ld  get the  same res u lt by h old i ng down the 
<CLEAR> key wh i le you type the letter ·C' .  

Here's what happens when you send an  i nterru pt s ig na l  to a 
program. As soon as you type the <SH I FT><BREAK> o r <CL EAR 
C> comb i n at ion ,  the OS-9 prompt wi l l  appear on  you r Colo r  
Com puter screen .  B ut ,  that's on ly  h a l f  t h e  m ag i c . G i ve i t  a try. 
Type: 

089:1 15t filename >/p 

As soon as the pr i nter starts ru n n i ng ,  type the <SH I FT> 
<BREAK> com bi nat ion .  Watch what h appens. 

D i d  the "OS9: " p rompt reappear on  the screen ?  I sn ' t  some
t h i ng st range go ing  o n ?  Why i s  you r pr i nter st i l l  pr i n t i ng?  What's 
go ing  on?  

Would  you  bel i eve that when you  typed <SH I FT><BR EAK>, 
you told OS-9 to ru n the pr in t i ng  j ob as a backg round task .  That's 
what h appened. 

To p rove i t  type the l ist command aga in .  Th i s  t ime leave off the 
">/p".  Your  Co lor  Com puter screen shou ld  f i l l  with the same 
l ist i n g  that i s  bei n g  pr i n ted . The pr i nter shou ld  con t i n ue to pr i nt  
un t i l  i t  f i n ishes the job.  

________________________________________ THE I QUIT KEy 

When you get t i red of a p rogram and want to abort the 
process, never fret. OS-9 g ives you a way to do i t .  J ust type 
<BR EAK>' 
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You can a lso stop a prog ram by ho ld i ng down t he <CL EAR> 
key wh i le  you type an 'E ' .  I g uess 'E' stands for "End i t !"  

Here's an  h istor ic  s ide l igh t .  O n  ear ly OS-9 com puter systems 
you typed <CONTROL a>. 'a'  for q u it .  Got i t? 

That comb i nat ion was easy to remember.  Then prog ress got 
in the way. When OS-9 Leve l I I  was re leased i t  supported the X -
ON / X - O F F  p rotoco l .  S i nce the ASCI I X - ON code i s  a 
<CONTROL Q> there was a natu ral conf l ict .  So m uch for easy 
m nemon i cs .  

Here's another handy key.  Somet i m es you need to red isplay 
the com mand l i ne you are typ i n g .  To do th i s  type <CLEAR D>. ' D' 
for d isp lay ,  maybe? 

THE G REAT ESCAPE ____________________________________________ ___ 

OS-9 has one more specia l  key. I t  lets you ESCAPE.  The 
<CL EAR><BR EAK> com b i n at ion  sends an end-of-f i l e  s ignal  to 
OS-9 . T h i s  g i ves yo u a way to send an end of f i l e  s ignal  to any 
process that receives i ts data f rom the keyboard . 

How do you send i t? I bet you can't g uess. Wou ld  you bel ieve 
that you ho ld  down the <CLEAR> key and st r i ke the <BR EAK> 
key. 

There's o n ly one catch to the g reat <ESCAP E>' When you 
send the ESCAPE code to OS-9, you m ust type i t  as the f i rst 
character on the l i ne. 

THE <CLEAR><NOTHI NG> KEY __________________________________ _ 

Oops!  I a lmost forgot somet h i ng - I mean <CLEAR> 
<NOT H I N G>. The <CLEAR><O> key com bi nat ion  lets you tog
g l e  the sh ift lock on  the keyboard . If you r  keyboard is  on ly  send i ng 
out  u ppercase letters, you can get i t  to send lowercase letters by 
hold i ng down the <CLEAR> key and typ ing  a '0 ' .  

To change back  you  s im ply type t he same combi nat ion  agai n .  
That 's  w h y  w e  ca l l  i t  a tog g le .  B y  t h e  way, when the  keyboard i s  
sen d i n g  o u t  lowercase letters, you can demand an  u ppercase 
letter by hold i ng the <SH I FT> key. 

Here's an i nterest i n g  problem to ponder .  It is poss ib le  to type 
lowercase letters on the keyboard but on ly  see u ppercase letters 
on  the screen .  Why? 

T h i s  happens when you set the T M O D E  u p percase lock mode 
to U PC.  To see the lowercase letters agai n ,  use t h is command l i ne: 

OS9: tmode -upc <ENTER> 

66 



Remem ber, the sh i ft lock fu nct ion - the <CL EAR><O> key 
comb inat ion - o n ly works when you have used the T M O D E  u t i l i ty 
command to te l l  the ITE R M  device descr iptor  to recog n ize both 
u pper and lowercase characters. 

________________________ OTHER OS-9 MAGIC 

A re you i mpat ient?  Do you hate to  s i t  and wait  for  the com pu
ter to f i n ish one  job so you can com mand i t  to do  another? Wait  no 
more !  OS-9 lets you "type ahead."  

W h i le O S-9 i s  run n i n g  one program,  you can type another 
command l i ne ,  o r  answer the next  p ro m pt i f  you k n ow what i t  is  
go i n g  to be. Somet i m es you may be ab le  to  stay severa l  command 
l i nes ahead of  you r  Co lor  Compute r. 

Unfort unately, there are two "gotchas" with type ahead on  the 
Color Computer. F i rst, you wi l l  be typi ng b l i nd .  This i s  o n ly a m i no r  
slow down a n d  is m uch better than s i tt i ng  around twidd l i ng you r  
thumbs.  Secondly, you w i l l  f ind  that you cannot type ahead rel iably 
on  the Color Computer keyboard wh i le the d isk  d ri ves a re bei ng 
used. 

_______________ G EN ERA1"IN G  ADDITIO NAL CHARACTERS 

S i n ce there a re on ly  50 keys on  the Color  Computer keyboard ,  
Rad i o  S hack had to  come u p  w i th  a way t o  generate a n u m ber of 
characters n eeded by the h igh  level languages that ru n under 
OS-9.  The keys that generate these characters are a standard i tem 
on most com puter term i n als. 

The tab le below shows the character generated , i ts name, the 
key comb i nat ion  req u i red to generate it and a descr i pt ion  of i ts 
appearance. 

KEY NAM E  K EY COMB I NATION APPEARANCE 

U nder l i ne <CL EAR><-> Back Arrow 
{ Left B race <CLEAR><

'
> Left Bracket ( R EVERSE V I DEO)  

} R i gh t  Brace <CLEAR><'> R ig ht B racket ( R EV ERSE V I DEO)  
T i lde  <CL EAR><#> Hyphen ( R EV ERSE V I D EO) 

\ Backs lash <CLEAR><I> S lash ( R EVERSE V I DEO) 
I Vert ical  Bar <CL EAR>< 1 >  Exclamat ion ( R EVERSE V I DEO) 

1\ U p  A rrow <CLEAR><7> U p  Ar row 
Left B racket <CLEAR><8> Left B racket 
R i g ht B racket <CLEAR><9> R ig ht B racket 

S pec ia l  keys make O S-9 easy to use. I n  th i s  chapter, you've 
been i nt roduced to  keys that save typ i n g  and keys that generate 
characters u nava i lab le on the Color Computer keyboard. 
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I n  C hapter 9 we l et you get a feel for the  OS-9 Shel l as we 
i nt roduce a handfu l  of com mands .  It w i l l  g ive you a chance to get 
ready fo r o u r  s ix chapter tour  of the complete OS-9 u t i l i ty com
mand set. 
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C H APTER 9 

a l ittle practice 

Th is  chapter i s  a warm u p  exerc ise des igned to g i ve you a 
chance to shake you r  stage f r ight .  You can't  tal k about  com put i ng  
forever. You  need to  start com put i ng .  The  short tou r  i n  th is  chapter 
shou ld  make you feel conf ident.  Before we f i n ish you ' l l  be able to: 

Make a d i rectory 
B u i l d  a f i l e  
L ist a f i l e  
Use a f i l e  

Change a f i l e  

Before a baby c a n  wal k ,  i t  m ust learn t o  c raw l .  Before a foot
ba l l  team can w i n  a game, each p layer m ust learn to b lock and 
tack le .  

You a re a programmer. OS-9 is a p rog ram m i n g  too l .  Together, 
you are a team.  B ut ,  as with any team,  you m ust l earn the bas ics 
and p ract ice them before you can t u rn p ro. 

Each u t i l i ty com mand i n  you r  OS-9 C M DS d i rectory i s  a too l .  
M ost o f  these too ls work  on f i l es .  But let's take f i rst th i ngs f i rst. 

Before you can work  on a f i le ,  that f i l e  m ust exist .  You m ust 
create i t .  BU I L D  is a handy u t i l i ty com mand that makes i t  easy for 
you to c reate smal l  f i les on a d isk  so you can use them later. 

These f i les may conta i n  s i m p l e  messages that OS-9 can l ist to 
you r screen late r when you need a rem i nder .  O r, they m ay conta in  
a l i st of com m ands to  put  you r  Co lo r  Com puter th rough  i ts paces 
automat ica l ly .  A f i l e  that does the latter is ca l led a procedu re f i le .  

69 



Essent ia l ly ,  a p rocedu re f i l e  i s  not h i n g  more than  a sequence 
of  s h o rt OS-9 command l i nes t hat do  a big job when t hey a re run  
together .  An  OS-9 p rocedu re f i l e  i s  s i m i l a r  to a she l l  scr ipt on  a 
U N I X  computer .  

For l a rger  f i l es you w i l l  n eed to use an ed it o r to  enter  you r text 
or p rocedu res.  ED IT ,  wh ich  comes on you r  OS-9 system d isk ,  i s  an 
exce l lent  l i ne edi tor .  If you p refer a screen o riented ed itor ,  we 
suggest OynaStar. 

CREATING A DIRECTORY ____________________ _ 

I n  Chapter 5 we i nt roduced you to h ie rarc h i a l  d i rector ies and 
showed how they can he lp  you o rgan ize you r  i nformat ion .  In  a 
way, t hese d i rector ies a re l i ke the f i les we ta l ked a bout above. 
Before you can use them,  you m u st c reate them.  I n  fact, that is o u r  
f i rst ass i g n ment .  

S i nce we p l an t o  keep a l l  o u r  f i l es short d u ri ng th is  chapter,  
you can go ahead and u se the bac k u p  of  the R ad i o  Shack system 
m aster d is k  you c reated i n  C h apter 7 .  There shou ld  be p lenty of 
room on i t  for a few short f i  les. 

After you boot OS-9 ,  you r cu rrent d ata  d i recto ry i s  usua l l y  the  
root d i rect o ry of device 100. T he execut ion  d i rectory is usua l ly  
100/CM OS .  

Let's start b y  c reat i n g  a d i recto ry you can use to sto re you r  
f i l es .  T ry th i s  com mand l i ne :  

OS9: makdir TEST -DIRECTORY 

Not ice t h at we typed the name of the  d i recto ry i n  a l l  cap i ta l  
letters. U pper  case l etters make d i rector ies easy to spot i n  a d i rec
tory l ist i ng .  

Also n ot ice that w e  d i dn't need to type: 

OS9: makdir IDOITEST -DI R ECTO RY 

S i nce o u r  cu r rent  d ata  d i recto ry was 100, OS-9 was smart 
enou g h  to put  o u r  new d i rectory i n  the root d i rectory of dev ice 100. 

N ow t h at we h ave a d i rectory for you to use, let's move you 
i nto i t .  Type: 

OS9: chd tesLdirectory 

Not ice t h at you d i d n' t  need to type the d i rectory name i n  
cap i ta l  l etters when you ca l led for i t .  The  same g oes for  f i l enames. 
OS-9 w i l l  match e i ther  u p pe r- or lowercase l etters. 
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________________________ B U I LDING A FILE 

Let's create a f i le .  Type: 

OS9: build my_flrsLfl le <ENTER> 

OS-9 w i l l  pr i n t  a q u est i o n  mark o n  the screen a n d  wait for you 
to type a l i ne.  

OS9: build my_flrsUl le <E NTER> 
? This Is my first file. <ENTER> 
? I think I 'l l  add a second l ine to It. <ENTER> 
? <ENTER> 

After you type the ENTER following the third q uestion mark, 
OS-9 wi l l  save your f i le on the d isk in d rive 100. It wi l l  be stored i n  
the d irectory named TEST_DIRECTORY. 

P utt i ng a message i n  a f i l e  can be as s i m p l e  as the example 
above. Next, we' l l  attempt to prove that  you d id ,  i nd eed , create a 
f i le  and i t  was saved o n  the disk .  Type: 

OS9: dlr <ENTER> 

OS-9 should  reply: 

DI RECTO RY OF . 1 2:35:45 

my_flrsLffle 

Congratu lations!  You have n ow c reated a d i rectory and a fi le. 
Do you remember what's in it? 

_________________________ L lSTI N G  A F ILE 

You can read the d ata stored i n  any text f i l e  by l ist i n g  it to you r  
term i na l .  You d o  t h i s  with t h e  OS-9 1 i st u t i l i ty command.  G o  ahead 
and try it. Type: 

OS9: list myJirsUlle 

OS-9 shou l d  o b l i ge: 

This is my first f ile. 
I think I'l l  add a second line to It. 

"My_fi rsLfi l e" is an example of a message t hat can be printed 
on you r  term i n a l .  You can c reate other f i les t h at do t h i n gs. We cal l  
them proced u re f i l es. Let's make one. Type: 

OS9: build greetings 
? echo Good morning Dale L. Puckett 
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? echo It's about time you showed up 
? echo The correct t ime is: 
? date t 
? echo I've checked your files 
? echo Here's a l ist of your directory 
? dir 
? echo Good Bye 
? <ENTER> 

What do you th i n k  w i l l  happen when you ru n th is  p rocedu re 
f i le? Let's g ive i t  a t ry .  

USING A FILE---______________________ _ 

P roced u re f i les are usua l ly  stored i n  the  cur rent  d ata d i rec
t o ry. Let's see how 08-9 hand les the p roced u re f i l e  you j u st 
c reated . Type: 

OS9: greetings <ENTER> 

When you type th i s  com mand l i ne ,  08-9 looks fo r a mod u le 
named g reet i ngs i n  i ts mod u l e  d i rectory. Most l ike ly , i t  w i l l  n ot f i nd 
it .  

Then ,  i t  looks for a f i l e  named g reet i ngs i n  the cu rrent execu
t ion  d i rectory.  The odds a re very good t hat i t  won 't f i nd  it there ,  
e i ther. 

F i na l ly ,  08-9 looks for a p roced u re f i l e  i n  the cu rrent data 
d i rectory .  8 i nce  you j ust saved "g reetings" i n  th i s  d i rectory, 08-9 
shou ld  f i nd  i t  there and execute each comm and l i ne i n  i t .  You 
shou ld  see somet h i ng l i ke th is  on your screen .  

OS9: greetings <ENTER> 
Good Morning Dale L. Puckett 
It's about time you showed up 
The correct time is: 
August 29, 1 984 23:33:55 
I 've checked your f iles 
Here is a listing of your di rectory 

D I RECTORY OF • 23:34:05 
my_flrsLfile 
Good Byel 
OS9: 

If you wou ld l i ke a g reet i n g  l i ke th is  each t i m e  you sta rt 08-9 
on yo u r  Co lor  Com puter ,  B U I L D  a f i l e  named g reeti ngs in the  root 
d i recto ry of yo u r  system d isk  IdO and pu t  the  word "greet i ngs" i n  
the  f i l e  IdO/startup .  Your new "startup"  fi le wou ld  look l i ke th is :  

SETI ME <lTERM 
greetings 

72 



At other t i m es you can use the  B U I LD u t i l i ty command to save 
i nformat ion .  For examp le, a short l ist of names and add resses is a 
very hel pfu l t h i n g  to have handy on  your  com puter. I t  s u re beats 
search ing th rough several h u n d red bus iness cards. 

Here's how you m ight b u i l d  a l i st of na mes and n u m bers .  
Type: 

OS9: bu ild address..Jist 
? Rainbow, Prospect, KY 40059 
? Puckett, Dale L.; Dale City, VA 221 93 
? P ollution Response B ranch, U SCG Headquarters 20593 
? <E NTER> 

As l o n g  as you r  l i st of names and add resses i s  short, you can 
use the 05-9 l ist u t i l i ty command to f ind a name. Later, when the 
l i st g rows you can use one of the  more powerfu l  08-9 pattern 
match i ng u t i l i ty com mands - G R E P  from M icroware's 05-9 
Tool ki t ,  for examp le  - to f ind  a s i ng le  entry i n  you r  f i le .  

_______________________ CHANGING A fiLE 

What happens when someone i n  you r  name and address f i le 
moves? You ' l l  need to f i n d  a way to change the  address. You can 
do th is wi th the 05-9 EDIT u t i l i ty command.  

Ed i t  i s  a n  extremely powerf u l  text ed i tor t h at you can use to 
prepare and ed i t  text f i les.  You can use i ts macro capa bi l i ty to 
automate many tasks. Here ,  we' / I  on ly  show you a few of the basics 
so you can use i t  to enter and ed i t  a f i le .  

Here's h ow you can ed i t  the ad dress f i le you created with the 
b u i l d  u t i l i ty command a bove. Type: 

OS9: edit address..Jist 

The 08-9 Ed i t  U t i l i ty Command w i l l  load, and  i n  a few seconds 
you r screen should look l i ke t h is .  

OS9: edit address..Jist 

E :  

The HE:"  i s  a prompt that te l l s  you that Ed i t  i s  wai t i n g  for you to 
g ive i t  a command. Let's start by mak ing  sure we have the r ight f i le.  
To l ist the ent; re fi le ,  type: 

E: , .. <ENTER> 
Rain bow, Prospect, KY 40059 
P uckett, Dale L.; Dale City, VA 221 93 
Pollution Response Branch, USCG Headquarters 20593 

Now let's i nsert a new name at the  beg i n n i ng of the fi le. Type: 



E: <SPACEBAR> Dundon, Dick; Kent, WA 98042 <ENTER> 

Let's see i f  i t  i s  i n  p l ace. Type: 

E: ·* 1 * <ENTER> 

You shou ld  see: 

E: -* 1* <ENTER> 
D u ndon,  D ick; Kent, WA 98042 
R ainbow, Prospect, KY 40059 
Puckett, Dale L . ;  Dale City, VA 221 93 
Pollution Response Branch, USCG Headquarters 20593 

Good!  Now,  let 's p u t  a n ew name and add ress at the  bottom 
of the f i l e .  Type: 

E: 1 <ENTER> 
E: <SPAC EBAR> Hogg, Frank; Syracuse, NY 1 3202 
<ENTER> 

N ow let 's see i f  i t  i s  i n  the  r i g h t  p l ace. Type: 

E: -* 1* <ENTER> 

You shou l d  see: 

E: -* 1* <ENTER> 
D u ndo n, Dick; Kent, WA 98042 
Rainbow, P rospect, KY 40059 
Puckett, D ale L.; D ale City, VA 221 93 
P ollution Response Branch, U SCG Headquarters 20593 
H ogg, Frank; Syracuse, NY 1 3202 <E NTE R> 

Now let 's  i mag i ne t hat D i ck D u ndon m oves t o  the  S i l i con  
V a l l ey .  We' l l  need to change h is address. Type: 

E: ·* <ENTER> 
E : C/Kent, WA 98042/Sunnyvale, CA 940871 <ENTER> 

N ow check you r  f i l e .  

E: -* 1* <ENTER> 
Dundon,  Dick; Sunnyvale ,  CA 94087 
Rainbow, P rospect, KY 40059 
Puckett, Dale L. ;  Dale City, VA 221 93 
Pol lution Response B ranch, USCG H eadquarters 20593 
H ogg, F rank; Syracuse, NY 1 3202 <ENTER> 

The sam pl e  ed i t i ng sess ion  above shou ld  g ive you a fee l for  
t h e  O S-9 Ed i t  u t i l i ty command .  Here is  a tab le  t h at g ives you a 
handfu l  of  ed i t i n g  commands t o  h e l p  you g et started . After  you 
m aster t h ese, study  t h e  t h e  samp l e  sess ions  i n  the  Rad io  S hack  
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"OS-9 Prog ram Deve lopment" manua l .  You ' l l  have the ed i t  
command aced i n  n o  t i me .  

CO M M A N D  ACT I O N  

<SPACEBAR> I nserts text fo l l ow i n g  t h e  <S PAC E BAR>at the  
pos i t i on  of  the  ed i t  poi nter  

<ENTER> 
+ 

M oves ed i t  po in ter  forward one l i ne 
M oves e d i t  po i nter  forward one l i ne 
M oves ed i t  p o i n te r  fo rward s ix  l i n es 
M oves ed i t  po i n ter  to  bottom of  f i l e  
M oves ed i t  po in ter  to bottom of  f i le 
M oves ed i t  po i nter  back one l i ne 
M oves ed i t  po i nter  back four  l i n es 
M oves ed i t  po i nter  to  top of f i l e  

+6  
+ *  
/ 

-4 
* 

C/ol d  s t r i ng/new str i ng/  
C h a n ges f i rst occu rrence of  "o ld  st r i ng"  to " new str i ng"  

C3/0 1d  /new / 
C h an ges next t h ree occ u r rences of "o ld"  to " new" 

C* /bad word/good word/ 
Changes a l l  occu r rences of "bad word" to " good word "  

Ed i t  h as many other  com m ands that can make you r  ed i t i n g  
s i m p l e .  After y o u  m aster these, d i g  i n .  

T here's one t h i ng you s h o u ld rem e m ber .  When you g ive one  
of the  com mands a bove to  Ed i t, you m ust start typ i n g  i t  a t  the f i rst 
character pos i t i o n  i n  the  l i ne .  I f  you add any <SPACES>, Ed i t  
w i l l  i nsert a l i n e  f o r  you .  

And f i n a l l y, when you are sat i sf ied w i th  your  data f i le and  a re 
ready to stop ed i t i n g ,  d o n 't fo rget to type: 

E: a <ENTER> 

T h i s  w i l l  cause Ed i t  t o  save you r f i l e  i n  you r c u r rent  d ata  
d i rectory and  ret u rn you to  the  She l l .  

_____________________________________________________ SU M MARy 

We've eased you i nto  O S-9 gent ly  i n  t h is chapter .  As you can 
see ,  i f  you fol lowed us a long o n  you r  com puter ,  OS-9 can be a lo t  
of  fu n .  St ick  w i th  u s  thoug h .  We a l l  h ave a lo t  to l ea r n .  I n  t he next 
chapter we start  a s ix chapter t o u r  of  the complete OS-9 u t i l i ty 
com m a n d  set . We beg i n  by  s h ow i n g  you commands t h at g i ve 
you i nformat io n .  
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PART I I I :  TOURING T H E  OS-9 COMMAN D SET 

CHAPTER 1 0  

com mands that g ive 
you i nformat ion 

Man i nvented the comp uter to he lp  h i m  manage i nformat ion .  
Once h e  had a computer,  he  learned to store data in  f i l es that 
contai n ed e i ther text or n u m bers .  He then wrote appl icat ion  pro
grams to man ipu late t h i s  data and d isplay it for h i m .  

I n  fact, you p ro bably use more app l icat ion prog rams o n  your 
com puter than anyt h i ng e lse .  H owever, when you get bored j u st 
us ing  your computer and want to start prog ramm i ng ,  you ' l l  f i nd  
t hat you' l l  need a l ot o f  add i t i ona l  i nformat ion  about your  operat
i n g  system.  You' l l  want to know what it is d o i n g .  The com mands i n  
th i s  chapter d isp lay reports t hat g ive you t h i s  i nformat ion .  

I n  th i s  chapter you ' l l  be  i n t roduced to the fo l lowi ng OS-9 
ut i l i ty commands.  

date 
display 

echo 
free 

Ident 
mdi r  

mfree 
prlnterr 
procs 

We' l l  start wi th  a s i m pl e  command - d ate. 
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DATE 

There's rea l ly  not a whole l ot you can say about the  OS-9 Date 
ut i l i ty com mand . I t  does j ust what i ts name i m p l ies .  I t  d i sp lays the 
month ,  day and year on  you r Co lor  Computer screen . 

You may a lso ask DATE for th e  t i m e  by i n c l u d i n g  the  l etter '  t ' 
on you r com mand l i ne .  Let's t ry it both ways. F i rst, type: 

OS9: date <ENTER> 

Si nce the  date ut i l ity wr ites its output to the standard output 
path ,  you shou ld  see somet h i ng l i ke t h is on you r screen .  

OS9: date <ENTER> 
September 23, 1 984 
OS9: 

You can a lso send DATE's output to any hardware dev ice 
attached to you r Color  Com puter or  to a d i sk  f i l e .  For exam ple,  t ry: 

OS9: date t >/p <ENTER> 

I n  a few seconds,  you r pr i nter shou ld  come al ive and pr in t  a 
l i ne that looks l i ke t h i s: 

September 23, 1 984 20:38:05 

The OS-9 date u t i l i ty ,  u n l i ke its U N I X  eq u iva lent ,  does not l et 
you set the  date .  To set the  t i me on  your  Co lor  Computer,  you 
m ust use the OS-9 Set ime  u t i l i ty command descri bed later .  

DISPLAY __________________________________________________ ___ 

When you want to look at stra ight  Eng l i sh language text f i les, 
you can d isp lay them on  you r Color  Computer screen or  another 
term i nal  with the OS-9 L ist u t i l i ty command. You can also send 
Eng l i sh  lang uage messages to you r screen or  any device attached 
to you r computer w i th  the OS-9 Echo ut i l i ty com mand .  

However, l i fe is not a lways that s i mple .  Somet i mes you need 
to send a character to you r screen that is  n ot i n  the  Eng l ish  
a lpha bet . An  exam ple  of such a character is  the  so cal led contro l  
code t hat you use to c lear  the  screen on  your Color Com puter 
scree n .  A lso ,  you often need to send a control  code or  two to you r 
pr i nter to  make i t  do  somet h i ng specia l ,  l i ke issue a form feed or  
u nder l i ne a word. 

You ' l l  f i nd  a comp lete l ist of specia l  contro l  codes in Append ix  
B of the  Rad i o  Shac k  OS-9 Com mands manua l  that w i l l  make you r 
Co lor  Com puter dance.  Th is  appendix also g ives you codes you 
can use to d isp lay g raph ics from an  OS-9 comm and l i ne .  
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To send these spec ia l  characters - o r  contro l  codes - to 
you r  Co lo r  Com puter screen or  p ri nter ,  use the OS-9 D I S PLAY 
ut i l i ty command .  

To use D I SPLAY, j ust type the word "d isp lay" fo l lowed by one 
or  more h exadeci ma l  n u m bers .  The  D I S PLAY u t i l i ty converts the 
hexadec ima l  n u m ber you type to an ASC I I  character and wr i tes i t  
to the standard output path .  

Let's t ry i t !  

089: display C <ENTER> 

Th is  command l i ne wi l l  home the c u rsor and c lear the screen 
on you r  Co lor  Com puter. The 'C'  in th is  command l i ne is the  
hexadec i mal  eq u i va lent of  the dec i mal  n u m ber 1 2 1 i sted i n  Appen
d i x  B of the Rad i o  Shack  OS-9 Com mands manua l .  Remember,  
you m ust a lways type hexadec i mal  n u mbers when you use 
d isplay.  

Here's another examp le: 

089: display F >/p <ENTER> 

T h i s  com mand w i l l  cause an Epson MX-80 pr i nter to sta rt 
p r in t i ng  com pressed text. 

And f i na l ly :  

089: display 31 32 33 34 35 36 37 38 39 30 <ENTER> 
1 234567890 

T h is D I S PLAY shows you another - albe i t  harder - way to 
count to 1 0 . 

_________________________________________________________ ECH O 

Q u ite often you need to rem i nd yourself to push the r igh t  
button .  You can do th i s  by  us ing  the Echo u t i l i ty command i n  you r 
S he l l  p rocedu re f i les. 

Actua l ly ,  you can use the OS-9 ECHO ut i l ity com mand to pr in t  
any message w ri tten in  E n g l ish lang uage text on  you r  Co lor  Com
puter  screen at  any t i me. You can a lso red i rect ECH O's output to 
another term i na l  o r  you r  pr i nter .  T h i s  means you cou ld use ECHO 
to send a message to someone work i n g  on a second term i na l  i n  
another room. 

When us ing  ECHO, you should make sure that you don't  type 
any of the specia l  characters recogn ized by the She l l .  The resu lts 
may not am use you .  

Let us ECHO.  

79 



OS9: echo >/t1 I'm starved, let's h ave dinner.<E NTER> 

T h i s  c o m m a n d  l i n e  w i l l  d i s p lay the m essage,  ' ' I ' m  starved,  l et's 
have d i n n e r." on the term i n al device named It1 . 

H ere's a n ot h er! 

echo >/term * *  ATTENTION '" Formatting Disk! 

Y o u  c o u l d  p u t  t h i s  c o m m a n d  l i ne i n  a p roced u re fi l e  a n d  have 
OS-9 re m i n d  y o u  w h e n  it  is g ett i n g  ready to format a d is k .  We often 
need t h at o n e  l ast chance to c h a n g e  o u r  m i nd s .  

S i n c e  t h e  OS-9 S h e l l  d oes n ot process meta-c haracters,  t h e  
E C H O  u t i l i ty i s  not as power f u l as  i ts  U N I X  e q u iva lent .  T h e  U N I X  
ECHO l ets y o u  s u bst i tute c o m m ands,  var i a b l e s  a n d  a l l m eta
c haracters reco g n ized by the S h e l l .  

A m eta- c h a racter i s  a n y  c h a racter t h at has a p a rt i c u l a r  specia l  
use o t h e r  t h a n  i ts normal  use w i t h i n  the a l p h a bet. For exam ple ,  the 
OS-9 S h e l l  rec o g n i ze s  t h e  exc l a m at i on poi nt as a s i g n a l  t o  set  up a 
p i pe.  T h e  exclamat ion p oi nt i s  a meta-character.  

FREE ________________________________________________________ ___ 

S o m et i mes y o u  need t o  k n ow h ow m uc h  s pace y o u  have l eft 
o n  a d is k .  T h e  OS-9 F ree ut i l i ty c o m m a n d  d oes t h i s  j o b  n ice ly .  T o  
f i n d  o u t  how many sectors of f ree s pace are left o n  a d is k ,  j u st type 
the word F R E E  fo l l owed by the name of a d i sk d ri ve .  You can even 
te l l  h ow many n e w  f i l e s  can b e  sto red o n  a d i sk by stu d y i n g  the 
i nf o r m at i o n  p rovi d e d  by the FREE u t i l i ty .  

As a bonus,  you wi l l  a lso l ea r n  when t h e  d i s k  was c reated and 
t h e  s ize of i ts  c l u sters.  T h e  n u m ber of secto rs in  a c l u ster is  
i m p o rtant becau s e  it  h as a n  effect o n  t h e  n u m be r  of f i l es t h at y o u  
m a y  sto re o n  a d is k .  

I mag i ne t h at y o u  a r e  u s i ng d i s k  d rives t h at h ave 1 6  secto rs i n  a 
c l u ster  a n d  F R E E  te l l s  y o u  t h at 48 sectors a re ava i l a b l e. Y o u  w i l l  
k no w  t h at y o u  c a n  o n l y  c reate t h ree n e w  f i l e s .  T h i s  l i m i t  e x i sts 
because OS-9 can o n l y  read or wr ite an ent i re c l u ster on a d is k  at a 
t i m e .  

Let's g ive i t  a try! Type:  

O S9: free /d2 <ENTER> 
DynaSpelLDocumentation created on: 84/06/26 
Capacity: 1 ,274 sectors (1 -sector clusters) 
1 ,070 free sectors, largest block 940 sectors 

T h i s  c o m m a n d  l i ne caused free to r ep o rt that a d i s k  named 
" D yn aS p eI LDoc u m entat i o n "  was m o u nted in  d evice /d2 . F u rt h e r  
i t  re p o rted t h at t h e  d is k  w a s  c reated on J u n e  26, 1 984 a n d  t h at i t  
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has a capacity of 1 ,274 sectors. Of those 1 ,274 sectors. 1 .070 
rema in  free and may be used to store you r  data. 

_______________________________________________________ IDENT 

OS-9 i s  a modu lar  operat ing system .  Th is  means that i t  is not  
one long prog ram .  Rather, it contai ns  a n u m ber of sma l l  modu les 
that work together.  

You can f i n d  the names of modu les p resent  in memory with 
the M D I R  ut i l ity com mand . Somet i mes,  however, you need to 
k now more about a modu l e .  That 's where the I DENT u t i l ity  comes 
i n .  

W h e n  y o u  r u n  I D ENT,  it read s  the header of the m od u le 
named in  yo u r  command l i ne and d isp l ays i nformat ion  from it on 
you r  Color  Com puter  screen.  For exam ple ,  i t  te l l s  you the  s ize of 
the  modu le  and pri nts the val ue of i ts CRC. I t  also te l ls  you if the 
CRC is g ood or  bad.  

I f  a m od u le conta ins  o bject code that wi l l  execute,  I DENT tel ls  
you where the actual  program code starts by d isp lay ing the offset 
from the  beg i n n i ng of the modu le .  It a lso tel l s  you how much 
memory the program needs in order to ru n .  

The  I dent ut i l i ty  te l l s  you  what type of data is  contai ned i n  a 
modu le  and the  language that uses i t .  F u rt he r, i t  d isp lays the 
rev is ion  n um ber of a modu le  and i ts attr ibutes. When you run 
I D ENT o n  a d isk f i l e, i t  d i s p lays a report about each mod u le  stored 
in the f i le .  

You  can use fou r com mand l i ne opt ions with I DENT:  -m ,  -S , -v 
and -x. 

The  -m opt ion tel ls I DENT to look for the modu le  in memory .  

The  -s opt ion causes I DENT to pri nt a short report .  

I f  y o u  type a - v  i n  y o u r  com mand l i ne ,  I DENT w i l 1  not verify the 
CRC of the modu l e  you are check ing .  

And f inal ly, i f  you  type a -x ,  I DENT assumes that the f i l e  
named i s  stored i n  your current execut ion d i rectory .  

Here's a t r ia l  ru n !  

OS9: ident -m spell 

Header fo� SPELL 
M odule size: $25EE #971 0 
Module CRC: $AE36FF (Good) 
Hdr parity: $E3 
Exec. off: $ODCF #3535 
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Data Size: $4BOC #1 9420 
Edition: $2F #47 
Ty/La At/Ry: $1 1  $81 
Prog mod, 6809 obi, re-en, RIO 

I n  t h i s  examp le ,  I DENT read the header of a modu le  named 
spe l l .  S i n ce we typed the -m opt ion ,  i t  looked for the modu le  i n  
memory rather  than  a f i le .  Not ice that i t  ver i f ied the  modu les C R C  
and reported t hat i t  was good.  C a n  y o u  te l l  the  d i fference between 
t h i s  report and  the next. 

OS9: ident -my spell 

Header for: SPELL 
Module size: $25EE #971 0 
Module CRC: $AE36FF 
Hdr parity: $E3 
Exec. off: $OOCF 
Data Size: $4BOC 
Edition: $2F 
Ty/La At/Ry: $1 1  $81 

#3535 
#1 9420 
#47 

Prog mod, 6809 obj, re-en, RIO 

Not ice that the  " (Good)"  i s  m iss i ng f ro m  the report. I D ENT d i d  
n o t  ver i fy t h e  C R C  of  the mod u l e  spe l l  because w e  used t he -v 
o pt i o n .  Now,  let's ask fo r a short report of a f i l e  stored in the  
cu r rent  execut ion  d i rectory. 

OS9: ident -xs ds 

30 $1 1 $A3C080 . OS 
3 $21 $749097 . PINTERP 

Not ice t hat when you r u n  the short form of the  I DENT ut i l i ty 
com mand,  a period shows you that a modu le's CRC is correct. I f  
t h e  C R C  is  bad ,  t h e  short for m  o f  I D ENT w i l 1  p r i nt a q uest i on mark 
in  the  same co l u m n .  

S i nce OS-9 conta i ns  a n u m be r  o f  modu les, i t  i s  often handy to 
k now wh ich  modu les a re in memory .  You can get a l ist i n g  of t he 
names of each m od u l e  i n  memory by ru n n i n g  the M D I R  u t i l i ty 
command .  

I f  you need more i nformat ion ,  you can  use  the extended form 
of  the M D I R  command .  To do th i s ,  add the letter 'e' to your com
mand l i ne .  The extended modu le  g ives you the n ames of a l l  
modu l es i n  memory and shows y o u  where each modu le  is l oaded, 
how many bytes i t  conta i ns,  the type of code it  conta i ns ,  i ts revi 
s ion n um be r  and the  n u m be r  of p rocesses p resent ly us ing  i t .  

When you r u n  M D I R  on a Level I I  system ,  you wi l l  a lso l earn 
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the extended physical  add ress of a modu le .  Let's ru n M D I R  now 
and see what happens. 

059: mdir <ENTER> 

M od u l e  D i rectory at 1 6 :40:23 

Boot OS9p1 OS9p2 I n i t  SysGo 
l OMan RBF SCF ACIA P IA 
Pi peMan Pi per P ipe C lock  TERM 
T1  T2 P P1 dO 
d 1  d 2  d3 M 1  ESTERM 
DS P I NTERP SPELL Lk DF 

That was pretty cut and d r ied .  !'Jow, lets see what k i nd of  
i nformat ion  we can f i nd  by us ing  the extended form of  the M D I R  
com mand .  

059: mdir e <ENTER> 

Modu le  D i rectory at 1 6 :47:39 

B lock Offset Size Typ Rev Attr Use Mod u le Name 

FF 0 2BO C 1  2 r . . .  1 Boot 
FF 2BO D26 CO 8 r . . .  0 OS9p1 

1 0 C64 CO 2 r . . .  1 OS9p2 
1 C64 2E CO 1 r . . .  1 I n i t  
1 C92 75 1 1  1 1 SysGo 
1 D07 929 C1 1 r . . .  1 lOMan 
1 1 630 1 0D5 D1  1 r . . .  4 RBF 
1 2705 4C2 D1 1 r . . .  5 SCF 
1 2BC7 2A1 E1 1 r . . .  2 ACIA 

When you run  a powerfu l  operat i ng system l i ke OS-9 on  a 
smal l m ic rocomputer l i ke the Color  Computer, you soon learn that 
you have l i m i ted resou rces. I n  fact , on  any OS-9 Level I system ,  
memory i s  probably the most p recious resou rce. 

To manage your  memory wisely you need to know how m uch 
you have avai l ab le .  The MFREE system u t i l i ty command answers 
some of your memory q uest ions. 

When you run M FR EE, i t  p ri nts a l ist of the memory areas i n  
you r  computer that a re not bei ng used . I f  they are not bei ng used , 
they are avai lab le  for you to use. 

Add i t iona l ly ,  M FR EE g i ves you the add ress where each f ree 
b lock starts and reports i ts size. On a Level l system l i ke the Color 
Computer,  M FREE te l ls  you how many 256-byte pages are 
ava i l able. 
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M FREE also shows the b lock n u m ber, phys ica l  beg i n n i n g  and 
end ing  add resses , and the s ize of each memory area on Level I I  
systems. The Level I I  s ize i s  reported as both the n u m ber  of blocks 
and the n u m ber of free ( K) i lobytes ava i lab le .  

Here's how you run M FR EE. 

059: mfree <ENTER> 

Add ress pages 

800- 8 F F  1 
BOO-AEFF 1 64 

B 1 00-B 1 F F  1 

Total pages free = 1 66 

The command l i ne above was typed i nto Color  Com puter 
OS-9. You should see a s i m i lar  report on any Level l OS-9 system .  

059: mfree <ENTER> 

B l k  Beg i n  End B l ks S ize 

70 70000 77F F F  8 32k 
80 80000 87F F F  8 32k 
90 90000 97F F F  8 32k 

Tota l :  1 8  96k 

When you type mfree on a Leve l I I  OS-9 system ,  you ' l l  see a 
wider  l i st i ng .  I f  you study the report above, you w i l l  not i ce that 
M FR E E  te l l s  you wh ich  b lock of memory i s  f ree and where t he free 
mem ory starts with i n  the b lock .  

Remem ber, the  memory areas and amou nts d isp layed by the 
M FREE ut i l i ty command are not i n  use. Th is  means they are ava i l 
able for you to use. Of course, s i nce OS-9 programs are a l l  posi
t ion  i ndependent ,  you w i l l  be concerned ma in ly  with the amount of 
memory avai lable .  M FR E E  can he lp  you t rack down the source of a 
memory fragmentat ion  problem, however. 

PRINTERR --________________________________________________ __ 

Some computers have a very bad habi t .  When you make a 
m istake, they are u nforg i v i ng .  They tel l you that you b lew i t ,  but 
t hey don 't tel l  you h ow. I f  you 're l ucky ,  they th row an error n u m ber 
at you. Some he lp! 

OS-9 has a ut i l i ty command that he lps solve t h is problem . 
O nce you run  i t ,  t he  system w i l l  report you r  errors i n  Eng l ish .  
Bel i eve me,  i t  he lps a lot .  
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Pr i nte rr  d isp lays Eng l i sh  l ang uage e rror messages f rom a f i l e  
named IdO/SYS/errmsg . O nce you run PR I NTERR ,  i t  rep laces the  
standard OS-9 error report i ng rout i ne that on ly pr i nts erro r  code 
n u m bers. 

P r i nterr  i nsta l l s  i tse l f  permanent ly the f i rst t ime  you run i t .  
T here's one t h i n g  you shou ld  know,  though .  O n ce you run  P R I N 
TERR ,  you a re stuck  w i th  i t  f o r  t he  rest o f  you r  OS-9 sess ion .  I t  
l itera l ly attach es i tse l f  t o  you r  comp uter. I f  you need t o  know h ow 
to change the  exi st i ng error message f i l e  o r  i nsta l l  your  own ,  
consu l t  t h e  Rad i o  Shac k  OS-9 Users Manua l .  

T h e  Pr i nterr  command syntax cou ld  not be any s i m pler .  J ust 
type: 

059: printerr <ENTER> 

Let's make a m istake on  purpose and compare the reports 
recei ved both before and after  t h is rout i ne is i nsta l led . 

BEFORE P R I NTERR 

059: datte <ENTER> 
ERROR #21 6 

AFT E R  I NSTALL ING PR I NTERR 

059: PrintErr <ENTER> 
059: datte <ENTER> 
E R RO R #216  
- PATH NAME N OT FOUND 

Remem ber, once you  h ave i nstal led Pr int Err  you  cannot 
rem ove it .  DO N OT t ry to u n l i nk P ri n tErr .  You w i l l  c rash the sys
tem . T h e  o n l y  way to rem ove P ri n tEr r  once i t  h as been r u n  is to  
reboot t he  system.  

________________________________________________________ PROC5 

Somet i mes you m ay not ice that your  term i na l  seems to be 
s l ugg i sh .  Or ,  a sort m ay take longer  than  usua l . T h i s  h appens 
w h en you r  system is  l oaded down with too many processes . 

A lso ,  i f  you ' re snoopy, i ts n i ce to know who i s  dO ing w h at o n  
the  system .  OS-9 h as a u t i l i ty command that can g ive you a l l  o f  t h i s  
i nformat ion .  I t 's ca l led PROeS.  

When you run  PROeS,  it  g i ves you a l ist of  processes t hat are 
run n i ng o n  you r  com p uter.  N ormal ly ,  i t  o n ly l ists the processes 
you own .  However, you may ask to see a l l  p rocesses. To do th i s ,  
you j ust add the 'e' opt ion i n  your  command l i ne 

P Roes reports t he  u ser  n u m be r  of t h e  owner of each p rocess 
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and d isp lays each p rocess I D n u m ber.  The state of the p rocess, i ts 
pr ior i ty ,  and the amount  of mem ory it is us ing a re a lso g iven. The 
pr imary p rog ram mod u le and the standard i n p ut path for each 
p rocess are also d isp layed. 

The Level I I  vers ion  of  PROeS g i ves you the p rocess I D 
n u m be r  for each p rocess ru n n i ng i n  your  computer. I t  a lso reports 
the I D  n u m be r  of the parent  p rocess, the pr iori ty of a p rocess, the 
amount  of memory bei ng used by the p rocess and the cu rrent 
add ress of the stack po i nter.  

Agai n ,  the command syntax is s i m ple.  

059: procs <ENTER> 

Here's the resu l t  on  an OS-9 Level I I  system .  

Parnt User Mem Stack 
I D  I D  N u m b r  Pty Age Sts S i g n l  S iz  P t r  Pr imary Mod u le 

2 1 0 1 28 1 29 $80 0 1 $97E2 SysGo 
3 2 0 1 28 1 29 $80 0 3 $95E2 Shel l 
4 3 0 1 28 1 29 $80 0 1 28 $93E2 DS 
5 0 0 1 28 1 29 $80 0 2 $90E2 Tsmon 
8 4 0 1 28 1 28 $80 0 3 $82E2 Shel l 
9 8 0 1 28 1 28 $80 0 6 $05F3 Procs 

The report above d isp lays on ly  those p rocesses that a re 
owned by user n u m ber O .  To see a l ist i ng of a l l  the p rocesses be ing  
run  on you r computer you  m ust add the 'e' opt ion to  you r com
mand l i ne .  Try t h is :  

059: procs e <ENTER» 

Parnt User Mem Stack 
I D  I D  N u m b r  Pty Age Sts S i g n l  S i z  Ptr  P ri ma ry M od u le 

2 1 0 1 28 1 29 $80 0 1 $97E2 SysGo 
3 2 0 1 28 1 29 $80 0 3 $95E2 She l l 
4 3 0 1 28 1 29 $80 0 1 28 $93E2 DS 
5 0 0 1 28 1 29 $80 0 2 $90E2 Tsmon 
6 5 2 1 28 1 28 $80 0 3 $8BE2 Shel l 
7 6 2 1 28 1 28 $80 0 1 25 $88AE Sty lo  
8 4 0 1 28 1 28 $80 0 3 $82E2 She l l 
9 8 0 1 28 1 28 $80 0 6 $05 F1 Procs 

N ot i ce that there a re two extra p rocesses v is ib le  i n  th i s  l i st i ng .  
We can  see that a p rocess named Stylo is runn i ng .  I t  was started by 
a She l l  that was started by Tsmon .  Both the She l l  and Stylo a re 
owned by User N u m be r  Two. That's why they d i d  not show u p  i n  
the f i rst PROeS report .  
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_____________________________________________________ SUMMARY 

I n  t h i s  cha pter we have i nt rod uced you to n i ne programs from 
t h e  08-9 u t i l i ty command set. Each of t h ese commands te l l s  you 
someth i ng about you r  system .  I n  Chapter 1 1 ,  we look at the 08-9 
com mands needed to work with f i les. 
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C HAPTER 1 1  

com mands that wo rk o n  fi les 

OS-9 is a d is k  based operat i ng system. That means that i t  
stores most of i t s  own i nformat ion i n  d i sk  f i les. L i kewi se ,  w h e n  you 
run an app l icat i o n  p rogram you w i l l  be stor in g  a lot of i n format ion  
i n  d isk  f i les. 

I n  th i s  chapte r  we' l l  concent rate on  the OS-9 u t i l ity com
mands that help you work with f i les .  You' l l  be i n t rod uced to: 

attr d u m p  
b inex ex b in  
b u i l d  l ist 
cmp merge  
copy rename 
del  tee 

Each OS-9 d isk  f i le  has a set of q u al it ies that d ef i ne  certa in 
character ist i cs about i t .  M icroware and  Radio Shack both cal l  
these q ua l it i es attr ibutes.  

For exam ple ,  some f i les contai n 6809 o bj ect code that you 
load i nto your  com puter and run .  S i nce these f i l es can be run or 
executed - OS-9 assign s  an executable attri bute to them.  

Other  f i les often contai n Eng l i sh  language text t hat can  be 
sent to you r  screen o r  pr inter .  B ut somet i m es,  t h e  words in these 
f i les  m ay be a secret . For example ,  i f  the w rong person reads a f i l e  
conta i n i ng p ropr iety i nformat i o n  that cou l d  he lp  a com pet i to r  and 
then sel l s  it , your com pany stands to l ose money.  
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Because computers a re often used to store th i s  type of i nfor
mation ,  08-9 lets you g ive a f i l e  a "readable" qua l i ty o r  att r ibute. 
W i th  th i s  att r i bute you can mark  a f i l e  so that it can be read by 
everyone r u n n i n g  your  comp uter. Or ,  you can mark it so that you 
are the only one who can read i t .  

The name of  the  att r i bute t h at te l l s  0 8-9 t h at a f i l e  can be read 
by everyone on the  system is " pr ." The letters " p r" stand for  p u b l i c  
read . To m a r k  a f i l e  s o  that y o u  a re t h e  o n l y  o n e  w h o  can read i t ,  
you u se the ' r '  o r  " read perm i t  to owner" attr ib ute. 

Now, ponder th i s .  For every " p r" att r ibute there i s  an  equa l  and 
o p posite "-pr" att r i b ute. A f i le  t hat i s  marked w i th  a - p r  can not be 
read by anyone  except the owner .  The  same story i s  t rue for the  ' r '  
att r i bute.  I f  you don't  want anyone to  be ab le  to read a f i le ,  i nc lud
i n g  yourself ,  you m ay tel l 08-9 to g i ve the f i l e  the  "-r" qua l i ty o r  
att ri b ute .  

As you can see,  att r i butes can be used to protect you r f i les 
from u nauthor ized operators - or yourse l f .  B ut how do you mark 
these f i l es ,  or ,  in the language of the  hacker, how do you set the i r 
att r ibutes? 

08-9 has a speci a l  ut i l ity com mand t h at lets you look  at the  
att r i b utes o f  a f i le .  Fortunate ly ,  i t  w i l l  a lso l et you  change them. The 
name of t h is u t i l i ty command i s  ATTR .  

To use  ATT R ,  you  shou ld  be  fam i l i ar w i th  a l l  o f  the qua l i t ies o r  
attr i butes ava i lab le  to  a f i le .  They are r ,  w, e, p r, pw, pe, d ,  s .  What 
do you t h i n k  they mean? 

I ' l l  bet you don't  have to stretch your i mag i nat ion  too far? 
However, i n  the i nterests of bein g  comp lete, let's rev iew. 

I n  genera l ,  the s i ng le  letter att ri b utes, r, w and e apply to the 
owner on ly .  A f i le  that has the ' r' attr i bute set  can be read by the 
owner.  I f  the ' r' attr i bute i s  forced negative, or  set  to -r ,  even the 
owner  w i l l  not be able to read the f i le .  

The 'e '  and 'w' attr i butes work the same way. A f i l e  t h at has the 
'e'  att r i bu te set can only be executed by the owner.  I f  the  'e' is set to 
a "-e,"  even the owner w i l l  not  be able to exec ute the f i le .  P u rsu i n g  
t h e  same log i c  pat h ,  i f  a f i l e  h as t h e  'w' attr i bute set, t h e  owner can 
wr i te to  i t .  I f  the  f i le has a "-w" att ri b ute,  not even the owner can 
wr i te o n  i t .  

The two letter commands deal  w i th  pub l i c  access. I f  a f i le  has 
the  " p r" att r i b ute set ,  anyone o n  t he system can read it .  I f  the " p r" 
att ri bute i s  forced neg at ive or  set to "_pr", and the ' r' attr ibute i s  set, 
o n ly the owner  of the f i l e  w i l l  be ab le  to read i t .  

The  " pw" stands for " p u b l i c  wri te. The " pe" stands for p u b l i c  
execute.  Both work j ust l i ke t h e  "pr" att r ibute above except t h at 
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t hey affect the  pub l i c's ab i l i ty to  wri te o r  execute a f i l e  rather than 
t he ab i l i ty to read a f i le .  

The rest of t he f i le  att r ibutes ava i lab le on  an  OS-9 system a re 
easy to  expla i n .  For  exa m p le ,  a f i l e  t hat has the 'd '  attr ibute set , 
contai ns  a d i rectory.  

The 's' att r i bute stands for  "sharab le , "  When i t  i s  set, the  f i l e  
may o n l y  be u sed by one person at a t i me.  I t  becomes a "s i ng le 
user f i le" for want of  a better name.  For  exa mple ,  i f  you w rite a 
p rogra m  that  uses non-reentrant code you wou l d  need to  set the 's' 
att r i bute on the f i l e  t hat ho lds i t .  

I n  add i t ion  to  the f i le  attr i butes descri bed above, you may use 
one opt io n ,  "-a" o n  an  ATTR command l i ne .  Th i s  opt ion  te l l s  OS-9 
not to  pr i nt  the  f i le's att r ibutes after they are changed.  

Let's take a look at ATTR in operat ion .  Type: 

OS9: attr K ISSable_OS9 -pr -pw r w <ENTER> 
---wr---

O u r  com mand l i ne c leared the pub l i c  read and pub l i c  wri te 
attr ibutes of a f i l e  named,  K ISSableOS9. At the same t i me,  i t  set the 
' r' and 'w' att r ib utes o n  that f i le .  Th is  means that o n ly the owner 
-the person who created the f i le  - can read and write to i t .  

Actua l ly ,  that's not q u i te true.  I f  you are respo nsi b le for the 
sec ur ity of  your computer  system ,  you shou ld  know that user 
n u m be r  0 on an OS-9 based computer  i s  cal led t he "superuser ."  
The superuser can read and w ri te to any f i le on  the system.  

After ATTR changed the  attr i butes of our  f i le ,  i t  reported i ts 
act ion  i n  the  next l i ne .  Here's what t hat myster ious look i ng l i ne 
means. 

If  there is a dash or a negati ve s ign  in a pos i t ion ,  that att r ibute 
i s  negat ive.  A req uest for an  act ion  that req u i res t hat att r ibute to be 
set w i l l  be den ied .  I f  a letter a ppears in a pos it ion ,  that attr i bute i s  
set and the correspond i ng act ion  wou ld  be  a l l owed . � 

An ATTR report w i th  a l l  att r ibu tes set would look l i ke t h is:  

dsewrewr 

I f  a l l  att r ibu tes were c lear, o r  negat ive, an ATTR report wou l d  
d isplay t h e  fo l low ing l i ne .  

The att r ibutes f lags in the  two report l i nes above appear in the 
fo l lowi n g  o rder: 
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O r: 

d, 5, pe, pw, pr, e, w, r 

d irectory 
sharable 
public can execute 
public can write 
public can read 
only owner can execute 
only owner can write 
only owner can read 

Here's another exam ple: 

OS9: aUr ImportanLdata -w -pw -e -pe -a <ENTER> 

T h i s  command l i n es shows how you can w ri te p rotect a f i le .  
When both the pub l i c ,  " pw,"  and p ri vate, 'w, '  wr i te att r i butes a re 
c lear, n o  one can write to that f i le - n ot even the system .  

S i nce i t  i s  i m poss i ble t o  wr i te t o  the f i le ,  i t  i s  a lso i m poss i b le  to 
de lete or rename i t .  Not ice that  s i nce you used the "-a" opt ion ;  
ATTR d i d  not  echo a report after i t  made you r changes .  

After you c lear the write and  pub l i c  write attr i butes of  a f i l e  you 
own, you a re the o n l y  one who can de lete the f i le.  I n  fact. i t  w i l l  
even be a hassle for you t o  delete the f i l e. 

To get the  job done you w i l l  need to use the ATTR u t i l i ty 
command to reset the write attr i bute. After you do th i s  you a re f ree 
to de lete the f i le .  But  s i n ce you own the f i le, you a re the on ly  
person who can  use  the ATTR u t i l i ty com mand on  the f i le .  

O h ,  by the way! I f  you ' re t h i n k i n g  about p lay ing  g ames wi th  
another person's f i le attri butes, don 't bother. You can not change 
the att r ibutes of a f i le you don 't own. 

Here's a n other  i nterest i n g  fact . You can change a d i rectory to 
a f i l e  if there a re no f i les i n  it . I n  fact , that's how the del d i r  u t i l i ty 
works. 

BINEX AN D  EXBIN _______________________ _ 

After you develop an  exce l lent  p iece of  software, you usua l ly  
want  to share the wealth - o r  at least t ry to f i nd  i t .  Th is  often 
means t h at you m ust t ransfer b ina ry object code f ro m  one com
pute r to another .  You do t h is by port i ng - o r send i ng - the o bject 
code t h ro u g h  an  R S-232 port d i rectly. You can a lso t ransmi t  you r  
code over a telephone l i n e  con nected to you r  computer with a 
modem. 
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One of the most common ways to port b i nary code i s  to send i t  
in  the Motoro la  S-record format.  The M otorola scheme converts 
the b i nary obj ect code i nto a series of hexadeci mal  characters that 
you can transmi t  i n  ASC I I .  It also provides a CRC check to ensure 
that each reco rd i s  received correctly .  

B I N EX reads a f i le  stored in OS-9's format,  converts i t  i nto the 
Motorola format,  and stores i t  i n  anothe r f i le .  The n ew f i le can then 
be t ra nsm itted to  another  com puter. 

EX B I N  does just t h e  opposite. I t  reads a f i l e  that has been 
wri tten in t h e  Motoro la  format, converts it ,  and then wri tes i t  to a 
f i le  i n  the OS-9 bi nary format. 

Here's how you cal l B I N EX from the OS-9 Shel l :  

OS9: blnex /dO/emds/dl r  dlr.Motorola <ENTER> 
Enter starting address for file: 0 <ENTER> 
Enter name for header record: dlr <ENTER> 

Not i ce t hat OS-9 pro m pted you for  the load ing add ress of the 
bi nary code and asked you for  a name to put  i n  the Motoro la  f i le's 
header record.  I t  does t h i s  because the Motoro la  S1 format 
requ i res th is  i nformat ion .  

A start i ng  add ress i s  mean ing l ess to  OS-9 becau se a l l  OS-9 
modu les m ust be pos i t ion  i n dependent .  I n  fact, al l OS-9 assembl e r  
code i s  wr i tten  s o  that i ts start i ng  address i s  zero. 

After  ru n n i ng the co mmand l i ne above, yo u w i l l  f i nd  a f i l e  
named "d i r . M otoro la" i n  your  cu rrent data d i rectory . You  can send 
this new f i l e to another com puter con nected to term i na l  device /T1 
l i ke th is :  

OS9: l ist dir.Motorola >/T1 <ENTER> 

The person you a re send i ng t h i s  f i l e  to wi l l  need to store i t  
temporar i ly  i n  a f i le .  After d o i n g  t h i s  he can r u n  t h e  EXB I N  com
mand to  convert i t  back so that he  can run i t  on his own OS-9 based 
computer. Here's the command l i ne: 

OS9: exbin neweat.Motorola /OO/CMOS/newest 

___________________________________________________________ BUILO 

S i nce we let you exerc ise the B U I LD u t i l i ty com mand q u i te a 
bit i n  Chapter 9, we' l l  t ry to keep our  d ia logue short here. 

B U I L D  i s  an OS-9 ut i l i ty co mmand that you can use to write 
short text f i l es .  G enera l ly ,  you ty pe Eng l ish lang uage messages on 
you r keyboard and O S-9 stores them in  a f i le .  Addi t i ona l ly ,  you 
can type OS-9 p rocedu re f i l es - o r  She l l  scri pts - and have 
B U I L D  store t he m  i n  a f i le . 
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S i nce B U I L D  reads i ts i n put  from the standard i n put  path ,  you 
may send it i n p ut from a f i le  as wel l  as your keyboard . Remember, 
on  m ost OS-9 based com puters ,  the standard i nput  path is usua l ly  
connected to the keyboard on  your term ina l .  BU I LD sends its 
output to  the f i le  that you name on your command l i ne. 

When you run BU I LD ,  i t  opens a path to the f i le  or  device t hat 
you name.  Then ,  it sends you a pro m pt .  

The q uest ion  mark that BU I LD d isp lays on your screen means 
t hat i t  i s  wait i n g  for you to type a l i ne .  After you type an  em pty l i n e  
b y  h i tt i n g  you r <ENTER> key two t imes i n  a row, B U I L D  saves the 
f i le and ret u rns you to OS-9. 

Let's g ive i t  a t ry, j ust for rev iew. Type: 

089: build greetings <ENTER> 
? Good Morning <ENTER> 
? Welcome to 08-9 Dale! <ENTER> 
? <ENTER> 

The seq uence above wi l l  cause your computer to create a f i l e  
named "g reet i ngs" in  your  cu rrent data d i rectory. I t  w i l l  conta i n  
two l i nes. T o  see what is  stored i n  that f i l e  y o u  c a n  use t he L I ST 
ut i l i ty command .  T ry i t !  

089: l ist greetings <ENTER> 
Good Morning 
Welcome to 08-9 Dale! 
089: 

CM P------------------------------------------------------------

Every once i n  a w h i l e  t h i ngs g o  wrong wh i le you a re wri t i ng  a 
f i l e .  Somet i mes it 's t he com puters fau l t .  O n  other occasions,  you 
may make a m istake. When you do,  i t  su re i s  n ice to be able to 
com pare two f i l es. A good compare ut i l i ty can pOi nt  you to a 
problem rather  q u ick ly .  And ,  wi th the OS-9 C M P  ut i l i ty command 
you can com pare any two OS-9 f i les. 

C M P  compares each byte in a f i l e to the correspond i ng byte i n  
another f i l e .  I f  i t  f i nds any d i fferences, i t  g ives you t h e i r  locat ion .  I t  
a lso d isp lays t h e  val ue o f  t he byte stored a t  t h e  d isputed locat ion i n  
both f i les.  

Let's de l i berate ly c reate two f i l es that are d i fferent:  

089: build key <ENTER> 
? This is a key. <ENTER> 
? <ENTER> 

089: build knot <ENTER» 
? This is a knot. <ENTER> 
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? <ENTER> 

089: l ist key <ENTER> 
This is  a key. 

089: list file2 <ENTER> 
This is a knot. 

Now let's see if the computer can u ncover o u r  p lot .  

089: cmp key knot <ENTER> 

Di fferences 

byte #1 #2 

OOOOOOOB 65 6E 
OOOOOOOC 79 6F 
00000000 2E 74 
OOOOOOOE 00 2E 

Bytes com pared: OOOOOOOF 
Bytes d i fferent :  00000004 

fi le2 is longer 

----____________________________________________________ COpy 

Comp uters wi l l  p lay.  Someti mes, they even c ras h .  And when 
they do,  i t  s u re i s  n ice to h ave a backup  copy of your i m portant  
f i les .  OS-9 has a u t i l ity command to  d o  th is  i m portant job .  

The OS-9 COPY u t i l i ty reads the  i nformat ion stored i n  one  f i le  
and writes an  exact copy i nto another f i le .  

When you run  the  COpy u t i l i ty com mand,  the f i rs t  f i lename 
you type on you r com mand l i ne  m ust exist. COpy creates a f i le  
w i th  the seco nd name you type. Then ,  it writes a l l  of  the i nforma
t ion sto red i n  the  f i rst f i l e  i nto the new f i le .  COpy k nows when i t  
has read a l l  of the i nformation in the f i rst f i le  because i t  receives an 
end of fi l e  s igna l  from OS-9. 

Because COpy reads and wri tes large b locks of data, it does 
not do any l i n e  ed i t i n g .  You can te l l COpy how many bytes you 
want i t  to read and wr ite on  each pass by us ing  the t h e  OS-9 
memory modif ier character, #, on your command l i ne. 

For example ,  if you want COpy to read 20,000 bytes from the 
f i rst f i le and w rite them al l  to you r new f i l e  d u r i ng each pass, you 
cou ld use t h e  fol lowing command l i ne .  

089: copy #20K 8pell Clone_of-Spel l <ENTER> 

95 



You' l l  save a lot of wear and tear on  you r  d isk dr ives, not to 
ment ion a lot  of t i me, i f  you req uest a lot of memory when you run 
t he C O py u t i l i ty .  I f  you are do ing a lot of s i ng le  d ri ve copies, you 
w i l l  t hank  you r  l ucky stars that 08-9 lets you use the memory 
mod i fer .  

Lets g i ve i t  a t ry. Type: 

OS9: copy KISS_1 2 KISS_1 2.-BackUp #15K <ENTER> 

T h i s  com mand l i n e  cop ies a f i l e  named K 1 88_1 2 in you r  c u r
rent  data d i recto ry to a f i le  named K I88_1 2_Back U p  i n  the  same 
d i rectory.  When COpy f i n i shes its work, you w i l l  see both f i l es if 
you l ist you r  c u rrent data d i rectory .  

OS9: copy /dO/cmds/dir /d1 /cmds/dir <ENTER> 

Th is  com mand l i ne shows how you can COpy a f i le  from one 
d i rectory to another .  It a l so shows you that COPY can recog n ize a 
complete 08-9 path l ist as wel l  as a f i lename.  

To te l l  COPY that you need to do a s i ng le d ri ve copy,  you m ust 
type the "-s" opt ion in you r  command l i ne .  When you choose th i s  
opt ion ,  COpy d i sp lays a message each t ime you  need to change 
d isks. 

Here is an  abbrev iated sess ion us i ng CO PY's s i ng le d ri ve 
copy o pt ion .  

OS9: copy chpt1 chpt1...backup -s  #20K <ENTER> 
Ready DESTINATION,  hit C to continue: c 
Ready SOURCE, hit C to continue: c 
Ready DES1" INATION,  hit C to continue: c 
Ready SOURCE, hit C to continue: c 
Ready DESTINATION,  hit C to continue: c 

DEL ____________________________________________________________ __ 

M any offi ce workers have a ser ious prob lem . They are afra id  
to t h row anyt h i ng away. As  a resu l t  they  f i l l  u p  d rawer after d rawer, 
f i le  cabi net after f i le  cabi net. O n l y  when the room is f u l l  do they get 
around to p u rg i ng the i r  f i les. 

If you a re us ing an 0 8-9 based com puter ,  you don't have any 
excuse for leav ing  extra fi les on you r d isks. Us ing  the DEL ut i l i ty 
command,  you can eas i ly  delete any u nwanted f i les. 

There's o n ly one catch .  Before you can delete a f i le ,  you m ust 
have perm iss ion to write to that f i l e . Th i s  means that you m ust 
e i ther  be the owner or the superuser. 

The D E L  u t i l i ty lets you use one opt ion ,  -x.  If you type a -x i n  
your com mand l i ne ,  08-9 w i l l  l ook  for t h e  f i l e  you named i n  yo u r  
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cu rrent execut ion  d i rectory. N orma l ly, it looks for the f i l e  i n  you r  
cu rrent  data d i rectory. 

There is one  other t h i ng you can't do wi th  DEL .  You cannot 
de lete a d i rectory f i le .  To get r id of a d i rectory you m ust use the 
OS-9 DEL D I R  ut i l i ty command.  

H ere we go agai n !  That statement is  not  1 00 percent true.  You 
can delete a d i rectory us ing DEL i f  you have a l ot of  pat ience. 

To do it , you m ust fi rst de lete al l of the fi les  in the d i rectory. 
Then, you m ust  ru n the ATTR u t i l i ty command to change the 'd , '  or 
d i rectory att r i bute,  to a "-d."  When you set the "-d" attr ibute ,  you 
tel l OS-9 that the f i l e  i s  not a d i rectory. S i nce i t  i s  now o n ly a f i l e, 
you can go ahead and d elete i t .  Fortu nately, M ic roware wrote 
DEL D I R  to do a l l  of t h i s  fo r us .  

Here's a command l i ne that uses the  DEL ut i l ity: 

OS9: del chapter_1 chapter..2 chapter....3 <ENTER> 

As you can see, D E L  lets you delete more than one f i l e  at a 
t ime. I t  can also recog n ize a compl ete OS-9 path l i st as wel l  as 
f i lenames i n  your current data d i rectory. G ive i t  a t ry! 

OS9: del /d1 /chapter_1 1 <ENTER> 

You ' re probably skept ica l ,  so we' l l  attempt to p rove that DEL 
does i t s  job .  F i rst, l i st a d i rectory. For example: 

OS9: dir /d1 <ENTER» 

Directory of /d1 1 5:46:57 
Chapter_1 Chapter..2 Chapter....3 

Now, run  the DEL ut i l ity: 

OS9: del Chapter_1 <ENTER> 

Now, l i st the  d i rectory aga in :  

OS9: d i r  /d1 <ENTER» 

Directory of /d1 1 5:47:55 
Chapter..2 Chapter....3 

___________________________________________________________ DUMP 

I f  you want  to get d i zzy, t ry th i s .  Use the  L IST ut i l i ty co mmand 
on one of  the b i na ry o bject code f i les in  your /DO/C M DS d i rectory. 
For examp le:  

OS9: list /dO/cmds/dir <ENTER> 
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N i n e  t i mes o ut of 1 0  your  screen w i l l  g o  bonkers. Th is  
happens because the L IST command d i sp lays not on ly ASC I I  
characters, but  a lso non-pr i n t i ng  contro l  characters. When you r 
Color  Com puter screen o r  term i nal  rece ives these contro l  codes, 
its hard to te l l  what w i l l  happen .  

Yet, there are go ing  to be  t i mes when you  n eed to know 
exact ly  wh ich  characters a re stored in a f i le .  That's why M ic roware 
and Rad i o  S hack g ave us the D U M P  ut i l i ty command.  

You can use D U M P  to d isp lay i n fo rm at ion  read from the 
stan dard i nput  path in  hexadeci ma l  n otat ion .  S ince a l l  hexade
c ima l  n otat ion  is formed from ASCI I  characters, your screen can 
d isplay them.  

When you run D U M P, you wi l l  see e ight  bytes of data l i sted 
s i de by s ide  on each l i ne of your  Col o r  Com puter screen.  On m ost 
of the larger OS-9 computers, D U M P  d isp lays 1 6  bytes on  each 
l i ne. 

In add i t ion  to pr in t ing  the hexadec ima l  va lue  of each byte read 
from t he standard i nput  pat h ,  D U M P  a lso d isp lays the ASCI I  va lue 
on  the same l i ne .  I f  a byte is non-pri n table - a cont rol character 
for exa m ple - D U M P  pr i nts a per iod i n  t he p lace where i ts ASC I I 
va lue wou ld  appear. 

D U M P  a lso shows you how far a byte is sto red f rom the 
beg i n n i ng of a f i le .  Th is  means that i f  you D U M P  an executable f i l e  
from you r  IDOICM DS d i rectory, you  wi l l  be  ab le  to  te l l  t he  exact 
offset of each byte i n  the f i l e  after it is  loaded i nto memory. 
Remember,  al l  OS-9 modu les a re stored in a f i le in exact ly the 
same form that they appear in memory. 

S ince D U M P  reads characters f rom the standard i n put path 
you can even "dum p" characters from the keyboard. G ive it  a try. 
Type: 

OS9: dump <ENTER> 
Now is the time. <ESCAPE> or <CLEAR><BREAK> 

Addr 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 0 2 4 6 8 A C E  
-- - -- -- -- -- - -- -- -------

0000 4E6F 7 720 6973 2074 6865 2074 696D 652E Now is  the t i me. 

I sn 't that cute? Now let's t ry a real f i le .  

OS9: dump /dO/cmds/load <ENTER> 

Addr 0 1 2 3 4 5 6 7 8 9 A B C D E F 0 2 4 6 8 A C E  
-- -- -- -- -- -- -- -- -- -------

0000 87C D 0024 0000 1 1 8 1 OCOO 1 201 C24C 6F61 . M . $  . . . . . . . . BLoa 
001 0 E404 1 03 F  01 25 07A6 8481 OD26 F55 F  1 03F d . .  ? %. &  . . .  &u .?  
0020 0626 7381 . &s. 
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H e re's an i nterest i ng twist to the D U M P  u t i l i ty command.  
There a re some u nadvert ised opt ions bu ried i n  the DUMP u t i l i ty 
supp l ied by Rad io  Shack .  Try these command l i nes , too. You ' l l  be 
p leasant ly su rprised . 

OS9: chd /dO/cmds 
OS9: dump dir >/p 
OS9: dump -h list >/p 
OS9: dump -I mdir >/p 
OS9: dump -I -h dump >/p 

The -h opt ion  l ets you d isp lay a d u m p  of a f i l e  w i thout  a 
header. Th is  means i ts output  wou ld  work wel l  as i n put  p i ped i nto 
an i n te l l i gent  f i l ter .  

The - I  opt ion  pr i nts the d u m p  16 bytes across. The norma l  
Colo r  Co m puter format p uts e ight  bytes across the 32 co l u m n  
screen .  

Not ice a lso that s i  nce  t he DU M P ut i  I i ty wr i tes i ts o utput to t he 
standard o utput  path that you can red i rect i t  to anot her  f i l e  o r  
dev ice.  I n  t h e  com mand l i nes above, we sen d  several  D U M Ps t o  
the pri nter. 

_______________________________________________________________ LIST 

F i les wou l dn ' t  be much  g ood i f  you cou ldn 't l oo k  at t hem . 
That's why M ic roware g ave us the L I ST ut i l i ty command.  

U N I X  h as i ts CAT u t i l i ty ,  OS-9 has L IST.  The two a re very 
s imi la r. 

S i nce L I ST sends i ts output t 0 the standard output  pat h ,  you 
can use i t  to read the E n g l ish  l an gu age text in any f i le you name on 
your  command l i ne .  And because you can g i ve i t  more than one 
f i lename i n  a command l i ne,  you can read severa l f i l es at a t i me. 
LIST ru ns unt i  I i t  reaches the end of t he last f i le  you name. When i t  
recei ves a n  end of f i le  s i g na l  f rom t h is f i l e, i t  ret u rns  you to OS-9. 

Go ahead, t ry i t !  F i rst, with a s i ng le  f i le and a complete path l i st: 

OS9: list /dO/startup <ENTER> 
echo 
t 

-t 
selime 84 ; * start clock 

************************* 
** Dale L. Puckett ** 
** DaleSoft ** 
************************* 

date,t ; * print date and time 
load load 
load utlls1 ; * load most-used utilities 
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load utils2 
tsmon lesterm& 
load spell Ik  
printerr 
unl ink load 
l ink shell 

Because t h e  L I ST u t i l i ty sends i ts output  to the standard 
output  path ,  you ca n redi rect i t  to any f i le or dev ice .  Here's the 
command l i ne I used to get the res u l ts of the f i rst com mand l i ne 
above i nto a f i le so that I cou l d  pr i nt  i t  here .  

OS9: l ist IdO/startup >kl 

After L IST c reated the f i l e named "k l , "  I copied it i n to th i s  
doc ument  us i ng Dynastar. 

I cou ld  j ust as eas i ly  have sent  the f i l e  to the  pr i nter  by typ ing :  

OS9: list IdO/startup >/p 

I n  fact, I cou ld emu late a typewriter by typ i ng:  

OS9: l ist  Iterm >/p ; * an on-line typewriter 

F i n a l ly ,  let's g i ve L I ST a n u m be r of f i les to work o n .  T ry some
t h i ng l i ke t h is .  

OS9: list chpt1 chpt2 chpt3 <ENTER> 

Of cou rse,  the  f i l es you name on you r command l i ne m ust 
real ly ex ist .  J ust for fun ,  type one that doesn't and see what 
happens.  

Remem ber. you cannot effect ively l i st a f i le that conta i ns 
non-pr i ntable ch aracters . I f  you L I ST a f i l e  that contains  control  
codes,  look out .  You ' l l  see a lot of garbage on your screen and as 
ofte n as not you' l l  crash your  term i na l .  

MERGE--------------------------------------------------------

Q u ite often you need to  comb i n e  a n u m be r  of s m a l l  f i l es i nto 
one la rge f i le .  You can a l most do the j o b  wi th the L IST u t i l i ty 
command d iscussed above. But i f  you do,  you ' l l  run i nto  p roblems.  

When you use L I ST, the automat ic  l i ne ed i t i ng featu re fou n d  
i n  a l l  OS-9 dev ice d rivers can change you r  fi l e .  For  example ,  i n  
many cases these d rivers wi l l  add a l i nefeed character fo l lowing 
each carr iage return .  

I f  th i s  l i ne ed i t i ng  takes place wh i le you are t ry ing  to combine 
two f i les contai n i ng b i nary object code, the  l i ne ed i t i ng  w i l l  change 
the prog ram .  The progra m  won't  run .  Out of need,  the M ERGE 
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ut i l i ty command was born.  

You must use M ER G E  when you need to comb ine  a number of 
smal l  f i l es. Th i s  u t i l i ty command reads each f i le you name in your 
com mand l i ne and wr i tes the i n format ion from i t  to the standard 
output path .  

Th i s  means that i f  you red i rect the standard output  path to  
another f i l e  you can combine several smal ler  f i les i nto one large 
f i le .  And ,  s i nce M E R G E  does not ed i t  the i nformat ion  it sends to 
the standard output  path ,  you can use i t  to copy f i  les that ho ld  
prog ram modu les. 

Here's how you can merge two f i  l es .  Try i t  with your own f i  les.  

OS9: merge /dO/cmds/ds /dO/cmds/pinterp >New-Dynastar <ENTER> 

Th is  command l i ne wi l l  m erge a copy of Dynastar wh ich  i s  
stored i n  a f i l e  named "ds"  wi th  the PASCAL p-code i nterpreter, 
pi nterp. It saves them i n  a f i l e  named New_Dynastar, wh ich  wou ld  
be stored i n  the cu rrent data d i rectory. 

You sho u l d  be aware of one problem wi th  the M ER G E  u t i l i ty .  
When you use i t  to comb ine two or  more f i l es that conta in execu
table object code modu les i t  changes the attr ibutes of the new f i le  
and makes i t  non-executable .  Th is  means you can not load the f i le  
and run i t .  

To f ix the prob lem you m ust use the ATTR ut i l i ty command on  
the  new f i l e  and set the 'e' or "pe" opt ions .  

_________________________________________________________ RENAME 

Each f i l e  in an OS-9 d i rectory m ust have a u n ique  name. You 
rea l ly can't arg ue with that statement ,  but what happens i f  you g ive 
one of your f i l es the wrong name. Then later, you run  a program 
that can on ly use that name. 

O u r  worst case scenar io is def i n i te ly exaggerated , but i t  cou ld  
happen.  Besi des, we' re a l l  h u ma n .  Aren 't we? And we do make 
mistakes. Don't we? Besides, when we do make a m i stake naming  
a f i le, the OS-9 R ENAME u t i l i ty command g i ves us a way to correct 
it .  

You can use the R ENAME ut i l i ty com mand to change the 
name of any f i l e .  However, you can n ot R ENAME a f i le u n l ess you 
have perm iss ion to wri te to i t .  

Before you get any w i l d  ideas, i t  i s  not poss ib le  to R ENAME a 
dev ice or a d i rectory .  Don't even t ry .  

Do t ry a command l i ke th is . 
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OS9: rename outstanding for...sure <ENTER> 

When you ru n th is  command l i ne ,  OS-9 wi l l  l ook for a f i le  
named outstand i n g  in  your  cu rrent data d i rectory. I f  i t  f i nds i t ,  i t  
w i l l  change the name of  the f i l e  to for_sure .  

You can a lso  g ive R ENAME a complete pat h l ist  to the f i l e  you 
want to rename. L ike th is : 

OS9: rename Id1 /speech soapbox <ENTER> 

N ot ice that you d i d  not need to g ive the comp lete path l i st to 
the  new name when you typed you r  comm and l i ne. 

Rename is  s i m i l a r  to the U N I X  MV ut i l i ty com mand.  

TEE __________________________________________________________ _ 

Every o nce i n  a w h i le you are go ing  to want to look at the d u m p  
of a b i nary o bj ect code f i l e ,  pr in t  a copy on  yo u r  pr i nter ,  t ransmi t  a 
copy to a f r iend who has s igned  on to you r com puter th rough a 
te lephone l i n e  and mode m ,  and  make an i nsurance copy i n  a d isk  
f i l e  a t  the  same t ime .  Demand i ng ,  a ren't you ?  Sound i m poss ib le? 
I t's not w i th  the TEE u t i l i ty com mand.  

You  can use the TEE u t i l i ty  command to copy anyt h i n g  on the 
standard output  path to any n u m ber of f i l es o r  devices. TEE also 
automat ica l ly  sen ds the i nformat ion  it receives from the standard 
i n put  path to the stan dard output path .  

Becau se the TEE u t i l i ty is  a f i l ter ,  a command that receives a l l  
of  i ts  i nformat ion f rom the  standard i n put  path and wr ites a l l  of  i ts  
o utput  to the  standard output  path ,  i t  may be used in  a p i pe l i ne to 
send a l i s t i ng  to you r term i na l ,  pr i nter and a d isk  f i l e  - o r  any 
n u mber of  dest i nat ions - al l  at  the same t i me .  

Here's how you d o  i t .  

OS9: l ist IdO/startup I tee Ip Id1/BOOK/scratch <ENTER> 

Th is  command l i ne uses the  l i st com mand ut i l i ty to read a f i l e  
named start u p  on  device IdO. The exc lamat ion poi nt p i pes the  
output  o f  the  l i st command i n to the i n put o f  the  TEE command 
ut i l i ty .  

TEE then wr i tes a copy of the  start u p  f i le  to you r  pr inter and a 
f i l e  named "scratch" i n  a d i rectory named "BOOK" on a d i sk  
mounted i n  d ev ice 101 . I t  also writes a copy to  the standard output  
path which is  most  l i ke ly  you r  Color Com puter screen or  a 
term i na l .  

TEE can  a l so  be  u sed to  g et a message to  people work i ng at 
other term i na ls  o n  you r  computer.  For example :  
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059: echo It's time for the meeting ! tee /t1 /t2 /t3 <ENTER> 

The OS-9 Tee d i ffers f rom the U N I X  Tee in that it does not use 
the append opt ion .  The U N IX Tee wi l l  c reate a f i l e  and write to it i f  i t  
does not ex ist ,  wr i te over i t  i f  i t  does exist ,  or  append to i t  i f  you use 
the "-a" opt ion .  The OS-9 Tee w i l l  report an error  i f  you attempt to 
Tee to a f i l e  that a l ready ex ists.  

______________________________________________________ 5UMMARY 

OS-9 lets you do a lot w i th  f i l es .  I n  th i s  chapter a lone you have 
been i n t roduced to a dozen d i fferent commands used to bu i ld ,  
copy and d elete them.  In  Chapter 1 2  we look at commands 
desig ned to work with OS-9 d i rectories. 
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C H A PTER 1 2  

com ma n ds that work 
with d i rectories 

Much of the  p ower of the OS-9 operat i ng system can be t raced 
to the fact that i t  uses a h ierarch ica l  f i le system . I n  Eng l i sh ,  th is  
means that you can organ ize you r f i les accord ing  to context. You 
can store oranges with oranges and apples wi th app les . 

I t 's q u ite  a job  to organ ize your d isk f i l es .  F u rther, it takes a l ot 
of  p lan n i n g .  I f  you h ave a hard d isk  wi th a see m i n g ly end less 
amount of storage you may be tempted to do it  the easy way. Don't !  

I f  you start th rowi ng f i les onto a hard d isk in a random fash ion ,  
you wi l l  have a mess on you r  h ands w it h i n  two o r  th ree m onths. I t  
w i l l  take forever to stra ighten out  the  mess. 

H ere a re some r u l es that shou ld  h e l p  you get you r d isks 
o rgan ized r ight  from the start. 

1 .  T h e  "root" d i rectory on a device shou ld  on ly  conta i n  
other  d i rectories. A l l  f i les shou ld  b e  stored i n  d i rectories. 

2 .  D i rector ies of  a l i ke type shou ld  be g rouped i n  a m as
ter d i rectory. For  exampl e, a "USERS" d i rectory shou ld 
ho ld  a g ro u p  of d irectories, one for each user. 

3. M aster d i rector ies are l i ke " root" d i rectories.  They 
shou ld  conta i n  on ly  d i rector ies. F i l es m ust g o  on ly  i n  
subd i rectories. 

4 .  F i les of a l i ke type shou ld  be g ro uped together i n  a 
d i rectory.  
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5 .  When you f i nd that a d i rectory l ist i ng contai ns more 
f i les than your  screen can d isp lay ,  break that d i rectory 
u p  i nto several sma l le r  d i rector ies .  

You are g o i n g  to need a p retty hefty set of too ls  to do a l l  t h i s  
work .  Fo r  starters, OS-9 g ives you  e igh t  u t i l ity commands that you 
can use to m a n i p u l ate d i rector ies .  In th is chapter you' l l  be i nt ro
duced to: 

chd 
chx 
deld i r  
d i r  

dsave 
makd i r  
pwd 
pxd 

CHO------------------------------------------------------------

There's no  q uest ion about the usefu l ness of the cu rrent data 
d i recto ry concept .  Wh ich  one of these command l i nes wou ld you 
rather type? 

OS9: /dO/CMOS/l ist /0 1 /0ALESOFT / ACCOLI NTS/PAYABLE/January 
OS9: l ist January 

The f i rst command l i ne i s  very readable and very organ ized . 
U nfortunately ,  i t  i s  a lso prone to typos. The second i s  a p iece of 
cake to use. T h rough  the mag i c  of the OS-9 CHD ut i l i ty command ,  
you can use the second form most of  the t i me. 

M i c roware w rote the C H D  command to g ive you a way to 
change your  wor k i ng data d i rectory. S i nce i t  i s  part of the OS-9 
SH ELL ,  you do not need to keep a copy stored in your /DO/CMDS 
d i rectory. 

M ost OS-9 u t i l ity commands and app l i cat ion  p rog rams auto
mat ical ly  look in you r cu rrent data d i rectory when they need to 
f ind text f i les, prog rams and other data. They also usua l ly  store 
data that they create in your  cu rrent data d i rectory. 

CHX is to you r  wor k i ng execut ion  d i rectory as C H D  is to you r  
wo rk i ng data d i rector ies .  I n  other words, i t  g ives you a way to 
change you r work i ng execut ion  d i rectory. I t  a lso is b u i l t i nto the 
OS-9 She l l .  

When OS-9 i s  loo k i ng for  a command that you  h ave typed i n  a 
She l l  command l i ne, it looks f i rst at i ts mod u le d i rectory i n  
memory. I f  i t  f inds a mod u le with the r ight  name, i t  l i n ks to i t  and 
executes you r  command i m med iately .  

But ,  what h appens when there i s  not a mod u le in memory that 
h as the correct name? You guessed i t !  OS-9 100ks i n  your  cu rrent 
execut ion d i rectory. OS-9 knows that a l l  f i les i t  f inds there w i l l  
conta i n  code that i t  can l oad a n d  ru n .  I t  is  u p  t o  you t o  make s u re 
that d i rectory l ives u p  to its expectat ions .  
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D rive C H D  and CHX for yourse l f !  Here's the format. 

chd Id1 /SAMPLE-PROGRAMS <ENTER> 

This command l i ne makes a d i rectory named SAM P L E_PR O
GRAMS wh ich  i s  stored i n  the  root d i rectory of a d i sk  mounted i n  
device I D 1  the cu rrent d ata d i rectory. 

Let's t ry another one .  

chd . .  <ENTER> 

I f you ru n th i s  command l i ne i mmed i ately after you ru n the 
first, the root d i rectory of the  d isk  mou nted in  the d rive named ID1  
w i l l  become you r  cu rrent data d i rectory. Why? Because "/D 1 "  i s  
the  parent  d i rectory of  the  d i rectory SAM PLE_PR OGRAMS.  And ,  
.. . . " means " the parent  of the present d i rectory." 

Let's do  two more .  

chx . .JCM DS <ENTER> 
chx Id1 /BASIC <ENTER> 

Get the idea? When you use the CH D and C H X  u t i l i ty com
mands with OS-9's anonymous d i rector ies,  ' . ' and ' . .  ' you w i l l  f i nd  
it i s  very easy to crawl up  and down your d i rectory t rees. 

Here's one more seq uence for the  road . 

OS9: chd Id 1 /TOU R_G U I DE <ENTE R> 
OS9: d ir  <ENTER> 

D i rectory of  . 1 4:57:55 

d ict 
C hpt4 

C h pt 1  
C hpt5 

Chpt2 
Chpt6 

C h pt3 
Pr inLBook 

___________________________________________________________ DIR 

Let you r  f i ngers d o  the wal k i n g ! Wi thout  the yel l ow pages we 
wou ld a l l  be  l ost. The same g oes for the OS-9 D IR u t i l i ty command.  
If we d id n't h ave th is  s i m pl e  prog ram, we wou ld n 't be ab le  to f i n d  
the d ata f i l es w e  stored i n  o u r  d i rector ies last week .  

And j ust t h i n k ,  i f  we cou ldn ' t  l i st the  contents of  o u r  c urrent  
executi o n  d i recto ry ,  we wou l d  never be ab le  to dec ide wh ich  
program to run .  

You can use t h e  D I R  ut i l i ty command t o  d isp lay a l ist i ng o f  t h e  
names o f  a l l f i les that are stored i n  a n y  o f  you r  d i rectories. D I R  
sends these names to the standard output  path wh ich  means  that 
they wi l l  appear on you r  term i na l  u n less you red i rect them to 
another device. 
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D I R  does have two opt ions .  I f  you type an  'x' on  the command 
l i ne ,  D I R  w i l l  d isp lay a l ist i ng of you r  cu rrent execut ion  d i rectory. 

You may a lso type an 'e' on  the command l i ne. If you do th i s ,  
you w i l l  receive a comp lete descr i pt ion  of  a l l  f i l es i n  you r d i rectory. 
Th is  extended d i rectory a lso tel l s  you the s ize of a f i l e  and i ts 
add ress on  your  d isk .  And i f  you look c l osely ,  you can tel l  who 
owns each f i l e  and what type of  secu r ity has been set u p  for  the f i le .  
I f  you real ly  need to keep tabs on  you r emp loyees, you can f ind out 
the date and t i me when each f i le  was last modif ied .  

H ow a b o u t  a test d ri ve? F i rst, here's the command i n  i t s  s i m p
lest fo rm . 

059: dir  <ENTE R> 

d i rectory of . 20:34:08 
pr inLBook c h pt6 c h pt8 chpt4 C h pt 1 8 
C h pt 1 9 adtoc h 1 7  adtoch 1 9  

T h i s  c o m mand l i ne l i sts the name of each f i l e  stored i n  you r 
cu rrent data d i rectory. Now l et's look at the cu rrent execut ion  
d i rectory. 

059: dir x <ENTER> 

d i rectory of . 20:31  :28 
bac kup b i nex c m p  
del d i r  sort dsave 

dcheck 
exb i n  

N o w  let's take a look a t  an  extended l ist i ng  o f  t h e  same 
d i rectory. 

059: dir x e <ENTER> 

d i rectory of . 20:25 :20 
Owner Last mod if ied attr i butes sector 

o 83/09/01 1 1 06 -e-rewr 56 
o 83/09/01 1 1 06 -e-rewr 5C 
o 83/09/01 1 1 06 -e-rewr 60 
o 83/09/01 1 1 06 -e-rewr 72 

etc . . .  

bytecount 
4C2 
278 

1 01 9  
27C6 

name---
backup  
b i nex 
cmp 
dcheck 

In add i t ion to the name, th is  format tel l s  you who owns each 
f i le ,  when i t  was last mod i f ied and wh ich  att r ibutes i t  carr ies .  I t  also 
tel l s  you h ow many bytes are in each f i le  and the sector where each 
f i l e  is  sto red.  

O u r  l ast two exa m p les show you that you can a lso ask 08-9 
for a d i rectory l ist i n g  by g iv i ng  i t  a com plete path l ist. 

059: dir Id1 /BA5I C..PROGRAM5 <ENTER> 
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OS9: dir Id1 /BASIC-LISTINGS e <ENTER> 

DSAVE ________________________________________________________ _ 

I f  yo u h ad to type i n  the  many command l i nes needed to copy 
each f i l e  in one d i rectory to another d i rectory every day, you 
wou ld soon look for  a way to reti re ear ly .  The job is espec ia l l y  
comp l icated by  the fact that you  can  on ly  have one  cu rrent data 
d i rectory .  Th is  means you m ust type the complete path l i st fo r one 
of the com mand l i ne parameters .  I f  there a re more than a half
dozen f i l es in a d i rectory, the job cou l d  take forever .  

Never fear ,  OS-9 h as a solut ion for you .  The answer is DSAVE, 
a uti l i ty command that c reates a p rocedu re f i le that automat ica l l y  
copies a l l  of the f i l es i n  one d i rectory i nto another d i rectory. 

When you run DSAVE, i t  generates command l i nes that copy 
fi les f rom you r  cu rrent  data d i rectory to a d i rectory you name.  I t  
sends these command l i nes to  the standard output path .  Th is  
means that you can send i ts  output  to a p rocedu re f i le  i n  you r  
current data d i rectory, o r  p i pe i t  i nto a She l l  and copy the d i rectory 
on-l i ne. 

I f  you save DSAVE's output  in a p roced u re f i le ,  you can ed i t  
t he  f i le .  Th is  cou ld  come i n  handy when you  on ly  want  to  save part 
of a d i recto ry . O n  the other hand ,  it is handy to be ab le to save a 
d i rectory on- l i ne us ing  the second method . And ,  i t 's fun  to watch .  
Name your  pOiso n .  

Here's another n ice th i ng about DSAV E. I f  i t  f i nds a d i rectory 
name, it automat ica l ly  generates a MAKDI  R command and changes 
the work i ng  data d i rectory fo r you .  Because i t  has th i s  featu re, 
D5AVE can also be used to copy a l l  the f i l es stored on a d i sk  
mounted i n  one device to  a d isk mounted i n  another device. 

You can use six opt ions in a DSAVE command l i ne. They a re: 
-b, -b=<fi lename>, -i , -L, -m, and -so 

"-b" lets you make a new system d isk .  To do th i s, i t  cop ies you r  
059Boot f i l e  from t h e  or ig i na l  d i s k  t o  t h e  new d isk .  I t  a lso l i n ks to 
it. 

"-b=<path>" also lets you create a new system d isk .  But, i t  
reads you r  new OS9 Boot f i l e  f rom the f i l e  you  name rather than  
from the OS9Boot f i le  on  you r  o ld  d isk .  

"-i " g ives you a way to i ndent DSAVE's output at  each d i rec
tory leve l .  You can also use it to d isp lay a h ie ra rch ica l  l ist i ng of a l l  
d irectories on  a d isk .  

"-L" g ives you a way to on ly  copy the f i l es stored at you r 
current d i rectory level . 
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"-m" keeps DSAVE from a utomatica l ly  i nc l ud ing MAK D I R  
co mmands i n  y o u r  p roced u re f i le .  Y o u  w i l l  need t o  use th i s  opt ion  
when  you  t ry to copy a set  of  d i  rector ies f rom a d i sk  to another d i sk  
that a l ready has those d i rectories. 

And f ina l ly ,  "-s<i nteger>" g ives you a way to tel l  OS-9 how 
much me mory you want i t  to use when i t  copies you r fi les. Note 
here that t h e  i n teger value  you type next to the 's' shou ld  be the 
n u m be r  of  k i l o bytes of  memory you need rather than  the nu mber 
of pages. 

Let's take a test d rive through a typ ical  DSAVE. F i rst we' l l  need 
to tel l OS-9 wh ich d i rectory we want to copy. We do th i s  by nam ing 
i t  as  t h e  cu rrent data d i rectory .  Remember ,  we d o  th is wi th  the 
CHD ut i l i ty co mman d .  

OS9: chd 100/SYS <ENTER> 

Then ,  we m ust ru n DSAVE to create a procedure f i le .  

OS9: dsave -520 100 >Copyl t  <ENTER> 

Now, we need to g i ve OS-9 the name of a d i rectory it can use 
to store o u r  f i les .  We use the CHD ut i l ity command to do th is  also. 

OS9: chd 101 /SYS <ENTER> 

F ina l ly ,  we can run the p rocedu re f i l e  that DSAV E created for 
us .  Remem ber, we stored i t  in a f i le cal led Copy l t .  That f i l e  is  stored 
in the d i rectory named IDO/SYS. 

OS9: 100/SYS/Copyit <ENTER> 

Here's a l isti ng of the  proced u re f i l e  Copy l t  w h ich DSAVE 
created for us .  

t 
tmode . 1 -pause 
load copy 
Copy #20K IdO/SYS/password password 
Copy #20K IdO/SYS/motd motd 
Copy #20K IdO/SYS/mkcpy mkcpy 
unl ink copy 
tmode .1 pause 

As you can see, i f  you are t ry ing to  copy a d i recto ry w ith 20 or  
30 f i l es - o r  an ent i re d i sk  - DSAVE can save you a l ot of  work. 

You can also use DSAVE i nteract ively if  you pipe i ts  output 
d i rect ly i nto a S he l l .  Here are two alternate forms you can use. 
G i ve them a t ry when you have some t ime. 

OS9: dsave Id1 IdO ! Shell <ENTER> 
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This  command l i ne w i l l  copy a l l  of t h e  f i l es sto red on  a d isk 
mou nted in d ev ice Id 1 to a d isk mounted i n  dev ice IdO. I t  wi l l  
automat ical ly  create any d i rector ies i t  needs. 

OS9: chd Id1 /SPELL 
OS9: dsave Id1 ! (-x chd Id1 /NEW-SPELL) 

This seq uence w i l l  let you copy al l  of the fi les in a d i recto ry 
named Id 1 /SPELL  to another d i rectory named N EW_SPELL on 
the same dev ice. 

--------------------------___________________________ MAKDIR 

When you get ready to organ ize your d isks ,  you' l l  f ind that you 
need a way to create new d i rector ies .  OS-9 g i ves you a u t i l i ty 
command to do the job .  

To create a n ew d i rectory on an OS-9 d isk ,  you need on ly ru n 
the MAK D I R  ut i l i ty com mand.  R u n n i ng MAK D I R  is  as s i m p le  as 
g iv ing OS-9 the name of the d i rectory you want i t  to make.  

MAKD I R  does suffer from one "gotcha."  You cannot create a 
d i rectory i n  a d i rectory or  on a device u n less you have perm iss ion  
to wr i te i n  the parent d i recto ry. Do you see now why i t  took  u s  so  
long to  cover the ATTR u t i l ity command? 

Here's another t ip .  I t 's a good idea to capita l ize al l the lette rs i n  
a d i rectory name.  Th is  makes i t  stand out from ot her f i lenames. 

I t's t ime  to go to work. Try t h is :  

OS9: makdir Id1 /TOUR_GU IDEI <ENTER> 

Th is com mand l i n e creates a d i rectory named TOU R_G U I D E  
i n  t h e  root d i rectory of d ev ice ID1 . That was fun ! Let's make 
another. 

OS9: makdir HOMEWORK <ENTER> 

This  command creates a d i rectory named HO M EWORK i n  
you r  current data d i rectory. What's that? You don't  know which 
d irectory you ' re in .  Stay tu ned for  PWD. You' l l soon learn that i t 's  a 
good i dea to f i n d  o ut where you are befo re you start mak ing  new 
d i rectories. 

Here's a MAKD I R  co mmand l i ne that uses an anonymous 
parent d i rectory. 

OS9: makdir . .lMUSIC-LI BRARV <ENTER> 

Th is com mand l i ne  uses OS-9's anonymous d i rector ies to 
create the d i rectory M U S I C_L I B RARY i n  the parent d i rectory of 
the current  data d i  rectory. I ' l l  bet you d i d n ' t  rea l ize that you wou ld 
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be study ing genealogy when you bought  OS-9. 

Here's some t r iv ia  that j ust may come i n  handy when you 
g raduate i nto the OS-9 h acker  ran ks. When OS-9 creates a new 
d i recto ry f i l e  it conta ins  o n ly the n ames of the  two anonymous 
d i rector ies ,  ' . '  and " . . " . 

Here's another  i m portant po i nt .  When MAK D I R  c reates a 
d i rectory i t  t u rns on  a l l  of  the  d i rectory f i l e's attr ibu tes. Th is  means 
everyone r u n n i n g  you r  computer  has perm iss ion to use the new 
d i rectory. 

MAK D I R  is very s i m i la r  to the U N I X  M k d i r  ut i l i ty command.  

PWD ______________________________________________________ ___ 

I t 's very easy to get l ost when you f i rst start to work on a 
computer  that uses h i e ra rc h i a l  d i rector ies .  Because of  t h is ,  OS-9 
g i ves you two u t i l i ty  commands t hat can s h ow you your l ocat ion i n  
t h e  d i rectory t ree. 

Let's revi ew for a moment .  Remember,  the c urrent data d i rec
tory is where you a re c u r rent ly  sto r i ng  your data f i les. You can 
read any f i le  in  th is  d i rectory by g i v i ng  OS-9 its f i lename. H owever. 
when you want to read a f i l e  stored i n  any other  d i rectory, you 
need to g i ve OS-9 a complete pat h l i st .  

T h e  c urrent execut ion d i rectory is s i m i la r. You should a lways 
store the f i l es that  ho ld  the o bj ect code of the p rog rams that run on  
you r  com puter i n  th i s  d i rectory. 

The PWD ut i l i ty command g i ves you a way to d isp lay the 
com plete pat h l i st to you r c urrent data d i rectory .  What does a l l  th i s  
mean?  Stated s i m p ly ,  i t  means  that OS-9 can  te l l  you  where you 
a re when you get l ost in i ts f i l e  system . 

The path / i st d isp layed by the PWD u t i l i ty w i l l  take you a l l  t he  
way back to  the " root" d i rectory of the  d isk  mounted i n  the dev ice 
- d isk d rive - that ho lds you r  c urrent data d i rectory .  

PXD does essent ia l l y  the  same t h i ng for  you r current execu
t ion  d i rect o ry .  It d i sp lays the com plete path l ist for you r c urrent 
execut ion d i rectory - a l l  the way back to the root d i rectory of  the 
d isk  m o unted i n  the  dev ice that  ho lds you r c ur rent execut ion 
d i recto ry.  

A few examples should make t h i ngs c lea rer .  

F i rst, let's make s u re we know whe re we a re.  

OS9: chd ID1/TOUR_G U IDE/CAPTIONS 

Now, let's ask OS-9 where we are. 
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OS9: pwd 
I01/TOUR_GUI OE/CAPTIONS 

How about  that !  Now let 's  p lay aro u n d  some more with those 
tricky anonymous d i rectories. 

OS9: chd .. 

That command l i n e  shou ld  h ave put us in a d i rectory nam ed 
TOUR_G U I D E  stored i n  the root d i rectory of the  d isk  mounted i n  
drive Id1 .  Let's check i t  out .  

OS9: pwd 
I01/TOUR_G U I OE 

08-9 two! H umans  two! We' re on a ro l l .  Let's see if PXD can d o  
its job.  

OS9: pxd 
IOO/CMOS 

M iss ion  acco m p l ished !  

____________________________________________________ SUMMARy 

In th i s  chapter you have been in t roduced to the tools you ' l l  
need to effecti vely manage your 08-9 d isk  f i l es.  Have some fun  
now! Create a few d i rector ies on a d isk .  Then ,  crawl up  ancj down 
your  new d i rectory t ree for a whi le .  

Jo in  us in  Chapter 13  when you get t i red .  We' l l  be tak ing a look 
at  the ut i !  i ty commands you ' l l  need when you get  ready to create a 
new system d i sk or  copy an o l d  one.  
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C H A PT ER 1 3  

com mands u sed to create 
or  copy os-9 d isks 

After you learn how to manage OS-9 f i les and make your 
Co lor  Computer dance to you r drum, you ' l l  st i l l want more. That 's  
h uman nature. 

I f  you ' re a computer hacker ,  don 't worry. You ' re j ust l i ke  eve
ryone e lse i n  the  wor ld .  A l l  you want to do is customize your  
computer so t h at i t  w i l l  h ave your own persona l  s ignatu re .  

After  you  learn t h e  commands i nt roduced in  t h i s  chapter, you  
shou ld  be ab le  to custom i ze forever. I n  C hapter 1 6  we p u rsue t h is 
avenue i n  g reat d eta i l .  For  now, we h o pe you w i l l  enjoy your  tour  
of: 

backup  
cobbler 
dcheck 
format 

l oad 
os9ge n  
save 
verify 

__
____________________________________________________ BACKU P 

I n  Chapter  1 1  we showed you how you can make a bac k u p  
copy of a d i s k  f i l e  u s i n g  t h e  O S-9 C O py u t i l i ty command .  C O p y  i s  
a very u sefu l  too l ,  bu t  i t  wou l d  take y o u  an etern i ty to  i nd iv idua l ly  
copy each and every f i l e  on  a 5-inch  d i sk  d r i ve le t  a lone an 
8-i nch d rive or hard d i sk system .  

W e  part i a l ly solved the  p rob lem i n  C hapter 1 2  when we 
showed you how to use the OS-9 DSAVE u t i l i ty command to 
automat ica l ly  COpy al l  the f i les in a d i rectory or  o n  a d i sk .  You' l l  
need to  use DSAVE when you want to  copy a d i recto ry f rom one 
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type of d isk  to another - say from s i n g l e-s ided to doub le-s ided , o r  
from 5- inch t o  8- inch ,  for example .  

However ,  when you o n ly need to copy the f i les on one d isk  to 
another  d isk  of  the same s i ze and  type ,  08-9 g i ves you a handy 
uti l i ty command that lets you do the job fast . 

You shou ld  use the BAC K U P  ut i l i ty com mand whenever you 
need to copy a l l  of  the i nformat ion on  one d is k  to another  d i sk of  
the same format. 

BAC K U P  copies each sector on one d is k  onto the same sector  
o n  the  other  d is k  wi thout  sto p p i n g  to see what was in  the sector .  I t  
pays a bsolutely no  attent ion to the f i le  struct u re of  you r  d isk .  I t  
doesn ' t  care what i s  stored o n  you r  d isk .  That's why i t  i s  so fast. 

Because BAC K U P  doesn't  check,  it is u p  to you to make s u re 
that  you r  sou rce and dest inat ion d isks a re the same size and that 
t hey have the same format.  T h i s  means they m ust both h ave the 
same n u m be r  of t racks and the same n u mber  of  s ides. A lso,  i f  the  
source d i sk  has been formatted to be s ing le  density ,  the dest ina
t ion d isk m ust a lso be s ing le  density .  

When you run BAC K U P, you usual ly g ive i t  two dev ice names. 
I t  w i l l  then  copy everyt h i n g  from the f i rst dev i ce to t he second .  
However, you can  use a shorthand form of  the  com mand and sk ip  
typ i n g  the device names. When  you do th i s ,  BAC K U P  asks you i f  
you want  to BACK U P  device /00 to device /01 . I f  you neg lect to 
type the  second dev ice name,  BACKU P asks you i f  you want to do 
a s ing le d isk  BACKUP.  

When you  are do ing  a s i ng le  d i sk BAC K U P, 08-9 wi l l  tel l you 
when to change you r  d i sks. I t  works j ust l i ke the s i ng le d i sk  copy 
we descr ibed i n  Chapter 1 1 . 

You can use fou r  opt ions o n  you r  command l i ne when you run  
BACKUP .  They a re: e, s ,  -c and #nK.  

'e '  g ives you a way to stop the BAC K U P  i f  there is a read error 

's' i nstructs 08-9 to tel l  you when to change your d isks wh i le 
you are do ing  a s i ng le  d ri ve BACKUP .  

"-v" tel ls 08-9 not  to ver ify the new d isk after  i t  copi es a l l  the  
sectors f rom the ori g i na l  d isk .  

"#n K" te l l s  08-9 to use 'n '  thousand bytes of memory each 
t i me it reads a b lock of  data f rom the  f i rst d isk  and  wri tes it to the 
second.  In  general ,  the more memory you g ive BACKUP, the faster  
i t  wi l l  r un .  

Let's take a spi n .  
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backup Id1 Id3 <ENTER> 

T h i s  command l i n e  l ets you make an exact copy of the  con
tents of the d isk mou nted i n  device 101  o n  a d isk mou nted in 
device 103. 

Let's t ry a s ing le  d isk  BACKUP next. 

backup IdO #20K <ENTER> 

Ready to BACKUP from 100 to 100 ?: Y 
Ready DESTINATION, hit a key: 
DISKNAME 

is being scratched 
OK ?: Y 
Ready SOURCE, hit a key: 
Ready D ESTINATION, hit a key: 
Ready SOURCE, hit a key: 

etc . . .  until f inally 

Ready DESTINATION, hit a key: 
Number of sectors copied: $0276 
Verify pass 
Number of sectors verified: $0276 

The command l i n e  above let  you make a s ing le  d r ive backup  
o f  the d isk  mou nted i n  device 100. OS-9 to ld  you  when  to  change 
you r  d i sks. Chang i ng d isks l i ke that gets o ld fast .  But ,  i t  works 
when you on ly  have one dr ive or you r second d rive is out bei ng  
repai red .  

Notice a l so that OS-9 used 20K of  memory each t ime i t  copied 
part of the d isk .  I t  d id th is because you used the OS-9 memory 
mod ifier i n  your command l i ne .  

Here's another  form of the BACKUP com mand.  

OS9: backup -v <ENTER> 

This com mand l i ne makes an exact copy of t h e  d isk mou nted 
i n  device 100 o n  a d i s k  mou nted i n  d evice 101 . However when you 
use the "-v" opt ion ,  OS-9 does not ver ify the data that i s  wr i tten on 
the n ew d isk .  

The "-v" opt ion wi l l  speed u p  you r  BACKU Ps, however you 
wi l l  have more peace of mind if you let OS-9 verify yo ur  data as i t  i s  
copied. T h e  choice is  you rs. 

Here's one more for the road:  

OS9: backup <ENTER> 
Ready to BACKUP from IdO to Id1 ?: y 
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M YO ISK is being scratched 
OK ?: y 
Number of sectors copied: $04FA 
Verify pass 
Number of sectors verified: $04F A 
OS9: 

COBBLER-----------------------------------------------------

I f  you a re g o i n g  to use a d is k  to start u p  you r  system ,  i t  m ust 
conta i n  a specia l  f i l e  named 089Boot. If you want  the 089Boot f i l e  
o n  your  new " boot" d i sk  to  be the same as the one you have been 
us ing ,  you can use a shorthand command supp l ied wi th the 08-9 
ut i l i ty com mand set . Th i s  command is cal l ed COBBLER.  

What  do cobb lers do? O r, shou ld  I ask  what d i d  cobblers do? 
You got  i t ,  they make new "boots . "  The authors of UNIX and 08-9 
were a l l  punsters . 

Gett i ng  ser ious  aga i n ,  the 089Boot f i l e  cannot be segmented. 
This means that when you c reate th i s  d isk ,  there m ust be a block of 
f ree space on the d isk big enough to ho ld  your  ent i re 089Boot f i le .  
For  th is reason ,  m ost peop le  l i ke to run  COBBLER o n  a fres h ly 
FORMATTED d isk.  

When you run the COBBLER u t i l ity com mand,  i t  wr i tes a new 
0 89Boot f i l e  on  the d i sk you name in your command l i ne.  Th is  
n ew f i l e  wi l l  conta i n  a l l  of the modu les that were loaded i nto 
memory the l ast t ime  you started 08-9. 

COBBLER has a ser ious "gotcha"  too. You can on ly  use i t  on 
an  0 8-9 Level I system.  I f  you t ry to r u n  COBBLER on  a Level I I  
system ,  i t  w i l l  n ot work.  

I f  you own an 08-9 Level I I  based computer ,  don 't wor ry .  You 
can use the 089Gen command to do the same job. 

Let's g i ve it  a t ry .  

OS9: cobbler 101 <ENTER> 

Th is  command l i n e  wi l l  wr i te a copy of  your  last 089Boot f i l e  
o n  the d isk  you h ave mounted in  device 101 . I t's as s i m ple  as  that .  

Here a re a few n otes about the Color Compute r  vers ion of 
COBBLER.  I t  wr i tes the 08-9 Kernal on  the f i rst 1 5  sectors of t rack 
34 .  After i t  does th is ,  i t  removes these sectors f rom the d isk's 
a l locat ion map.  I f  a f i l e  has a l ready been stored on th is t rack ,  
COBBLER w i l l  sen d  you an  error message. The 008 com mand i n  
the D isk  Extended BA8 1 C  R O M  l oads t rack 34 i nto memory when 
you start 08-9. 
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________________________________________________________ -u°CHECK 

Som eti mes ,  i t  i s  possi b le to confuse OS-9. For exam ple ,  you 
cou ld  acc ide nta l ly remove a d isk from a dr ive wh i le  a f i le is  sti l l  
open .  

Then l ater ,  afte r you have put anoth er d isk i n  the same d rive, 
you c lose the f i l e .  Unfortu nately,  OS-9 doesn't h ave any way to 
know that you switched d isks .  I t  w i l l  write the f i le i n  t h e  same 
locat i o n  on  the new d isk ,  t h i n k i ng that it is sti l l  wri t i n g  on the f i rst 
disk.  

I f  you' re confused , how d o  you t h i n k  OS-9 w i l l  feel  when it 
tries to read the disk structure on  that second d isk .  

Besi des,  i f  you're a nervous Norvus, you probably a lways 
need to be to ld that the data you have stored on your d isks is OK.  
OS-9 has a u t i l i ty command that can do th is for  you .  

So met i mes you w i l l  f ind t h at you can not read a f i le .  Yet, 
everyth i ng appears to be OK. You've checked to see if the f i l e  is a 
d i rectory f i l e ;  it isn't .  You've checked to see if i t  i s  an  executable 
f i le; it isn ' t .  What next? 

One th i ng  you can do is check t h e  f i l e  structu re of you r d isk .  If 
you r  on ly  exper ience up to now has been with Color Computer 
Disk Extended BAS I C ,  you're in for  a t reat . OS-9 g ives you a 
command that you can on ly  wish you had with your D isk Extended 
BASI C !  Enter  DCH ECK. 

DCH ECK l ets you verify the f i le  structu re of  any d isk mounted 
in any drive on your system .  Don't  be confused by the $0005AO 
sector count .  That's 1 440 i n  deci ma l .  I use  40 Track ,  doub le-s ided,  
dou ble-density drives. 

I f  you are us ing a system with two d ri ves, t ry ente ring :  

DCHECK Id1 

You shou ld  see a l i st i ng s im i la r  to th is: 

Volume - 'Rainbow-Articles' on device /d1 
$00B4 bytes in  allocation map 
1 sector per cluster 
$0005AO total sectors on media 
Sector $000002 is  start of root directory FD 
$OOOA sectors used for Id, allocation map and root di rectory 
Building allocation map work file .. . 
Checking allocation map fi le ... 

'Rainbow-Articles' file structure is intact 
4 directories 
7 files 
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I f  you own the d isk i n  device ID1  you can breathe a s igh of 
rel ief. Let's consider some other uses for DSAVE.  

Perhaps you've j ust developed a ser ious software package 
des ig ned to count  the n u m ber of ha i rs on  a bal d i ng head . The d isk 
that conta ins  you r  p rog ram and i t 's necessary modu l es and data 
f i les i nc l udes a n u mber of f i les that are stored i n  several subd i rec
tor ies. S ince you r prog ram is ded i cated to count ing ,  you want to 
te l l  potent ia l  c ustomers exactly how many f i les and d i rectories are 
on  the d isk .  

You need a q u i c k  count  of  every f i l e  on  the ent i re d isk ,  but  you 
are afra id  i t  wou l d  take days to t race al l  the d i rector ies. No p rob
lem;  i ts t ime  to let DCHECK go to work .  DCHECK h as an opt ion 
that can g i ve you the exact i nformat ion you need . 

I f  you r d i sk  has as many subd i rector ies as the Tandy OS-9 
System D isk ,  you w i l l  f i nd  an  u n k nown n u m be r  of f i les stored i n  an 
u n k nown n u m be r  of d i rectories. Use the DCHEC K  command with 
the -s opt ion and you should see somet h i ng l i ke th is :  

DCHECK - 5  /d1 

4 directories 
59 files 

Other D C H ECK opt ions that you may want to exper iment with 
i nc lude: -b ,  -p,  -w=<f i lename or  path l ist>, -m and -0. 

"-b" lets you check the st ruct u re of a d isk  wi thout l ist i ng the 
u nused c l usters. 

"-p" p ri nts the comp lete path l i st to each c l uster that may have 
a p rob lem.  

"-w=<fi lename>" te l ls  OS-9 to store DSAVE's work f i les i n  a 
f i l e  named f i lename.  You can also g ive DSAVE a com plete OS-9 
path l ist wi th the -w opt ion .  For example, -w=/dO/SYS/scratch .  

"-m "  te l ls  OS-9 to keep t h e  a l locat ion map work fi les that 
DSA VE writes. 

"-0" te l l s  OS-9 to p r i nt a l l  val id  D C H EC K  opt ions. For al l 
p ract ical  p u rposes i t  i s  a H ELP command for DCHECK.  

You shou ld  note that DCHECK can not process a d iskette with 
d i rector ies m ore than 39 levels deep.  Who cares? How many t i mes 
are you g o i n g  to w ind  u p  at level 39 wi th  s i ng le-s ided, 35 t rack 
dr i ves. If  you ever f ind you rself  that far out  on a l imb ,  you 've 
p robably overorgan ized you r  d i rectories. 
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_________________________________________________________ FORMAT 

Before you can sto re any prog rams or data on an 08-9 d isk 
you m u st i n i t i a l ize it .  When 08-9 i n i t i a l izes a d isk ,  i t  wr i tes a 
spec ia l  sector format to every sector on  the d isk .  Then,  i t  ver i f ies 
each sector to make s u re that the d isk su rface is OK .  After i t  has 
done a l l  th is ,  i t  wr i tes an a l l ocat ion  map, root d i rectory and ident i
ficat ion sector o n  t rack zero. 

Th is  p rocess sou nds com p l i cated . But, breathe a s igh  of re l ief, 
it is  tota l ly t ransparent to you because 08-9 g i ves you a handy 
ut i l i ty command to do the job.  Al l  you need to remem ber is the fact 
that you m ust FOR MAT a d isk before you t ry to use i t  i n  your  08-9 
based com puter .  

When you run FOR MAT, 08-9 can te l l  what type of d isk d ri ves 
you own by read i n g  a tab le of va l ues i n  your  device descr i ptor. 
When you are in the mood to  do somet h i ng d i fferent however, you 
can a lso tel l  08-9 how to FOR MAT your d isk by g iv i ng  i t  i nforma
tion i n  your  command l i ne.  

The FOR MAT u t i l i ty command can recog n i ze seven com
mand l i ne opt ions .  They are: s ,  d ,  1 ,  2 ,  ' n u mber' ,  : n u mber : , and 
"name".  

I f  you type an 's '  in  you r command l i ne you are tel l i n g  08-9 
that you want the d isk bei ng formatted to be s i ng le density .  I f  you 
type a 'd , ' FORMAT w i l l  know that you want you r  new d isk to be a 
double-density d isk .  

When you type a ' 1 ' FOR MAT takes i t  to mean that you want  to  
format on ly  one s ide of  the d isk .  L i kew ise i f  you type a '2 , '  FORMAT 
w i l l  i n i t ia l ize both s ides of a d isk mou nted in a doub le-s ided d ri ve .  

You can a lso te l l  FOR MAT how many t racks you want on  the 
d isk ,  the sector  i nter leave val ue and the name of you r new d isk .  To 
do this,  you type the dec ima l  n u m ber of t racks you want between 
s ingle q u otes, the sector  i nter leave val ue you want between col
ons and the name of the d isk between dou ble q u otes . 

Here's how you do i t .  

OS9: format IdO 2 0 "RAI NBOW" '77' <ENTER> 

This command l i ne te l l s  FORMAT to i n i t i al ize the d isk mou nted 
in device 100. F u rther, i t  te l l s  FO RMAT that you want i t  to i n i t ia l ize 
both s ides of the d isk and that you want the new d isk to have a 
doub le-density format. 

You have a lso told FORMAT in your command l i ne that you 
want to name you r  new d isk " RA I N BOW" and that you  want to 
in i t ia l i ze 77 t racks. Th is  means that device 100 must be an e i ght
inch dr ive. 
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P lay it agai n ,  Sam!  

OS9: format /d1  S 1 <ENTER> 

Th is  command l i ne tel ls FOR MAT that you want to end up with 
a s ing le-sided d isk  that has a s ing le-density format. 

Let's run FOR MAT once more .  Th is t ime we won't te l l it what 
we want i n  o u r  command l i ne .  We' l l  let it read o u r  device descri p
tor. You wi l l  be ab le  to see the report FOR MAT g i ves before it goes 
to work.  

OS9: format /dO <ENTER> 

FOR MAT 1 . 1 

TABLE O F  FORMAT VAR IABLES 

Recdrd ing  Format: 
Track density in T P I :  
N u m ber o f  Cyl i nders:  
Sector I nterleave Offset: 

M FM 
48 
77 

3 

Disk type: 8 
Sectors/Track on  TRK 0, Side 0: 1 6  
Sectors/Track :  28 

Formatt i ng  on d rive /dO 
Y (yes) ,  n ( no ) ,  or q (qu i t )  y 
Ready: y 
Disk Name: RA I N BOW BOOK 

You need to type 'y '  - for  yes - twice. Then,  FORMAT wi l l  go 
to work.  I t  w i l l  i n i t ia l ize the d isk  mou nted in  drive /dO and then stop 
and ask you for the name you want to g ive you r  new d isk .  

After you type the name of you r  new d isk ,  you wi l l  see FOR
MAT d i sp lay each t rack n u m ber .  I t  pr i nts a new n u m ber each t ime  
i t  verif ies a track .  

F ina l ly ,  FORMAT te l ls  you how many sectors i t  has formatted 
by d isp laying  a good sector count .  

GOOD SECTOR COUNT = $860 

I f  you are us ing  OS-9 on  the Color Computer, you w i l l  f i nd that 
FORMAT w i l l  o n ly i n i t ia l ize s i ng le-sided, doub le-density disks .  
You ' l l  a lso soon learn that th is d isk  wi l l  have a non-standard format 
that holds 1 8  sectors on each track .  Th is  means you can store 
more i nformat ion on  a Color  Computer OS-9 d isk .  A standard 
double-density OS-9 d isk  on ly  stores 1 6  sectors i n  each track .  

The Color Computer FOR MAT Command does l et you format 
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a d isk  wi th  40 t racks if you own 40 track d ri ves and h ave mod i fi ed 
the dev ice d escr iptor that poi nts to the dr ive you a re us ing .  We 
show you how to d o  t h i s  i n  Chapter 1 6. 

__________________________________________________________ LOAD 

When you type t h e  name of an OS-9 program i n  a She l l 
com m and l i ne ,  OS-9 looks for a mod u le with that name i n  its 
mod u le d i rectory. I f  i t  f inds it ,  i t  l i n ks to the m od u le and ru n s  the 
prog ram . 

I f  OS-9 cannot f i n d  the name of you r program i n  i ts  mod u le 
d i rectory, i t  looks for a f i l e  w i th  t h e  same name i n  yo u r  cu rrent 
execut ion d i rect o ry .  I f  i t  f i nds it there, i t  loads that f i l e  i nto 
memory ,  l i nks to the modu le and ru ns you r  prog ram . 

T h i s  means that i f  a mod u le i s  al ready i n  memory, OS-9 can 
run you r  p rog ram sooner .  You won't need to  wa it  for i t  to load from 
a d isk .  To get  a mod u l e  that is sto red in  a d i sk f i l e  i nto memory you 
m ust use the OS-9 LOAD ut i l ity  command.  

When you run the LOAD u t i l i ty com mand ,  i t  reads each and 
every modu le  t h at is stored i n  the f i le  you named in  you r command 
l ine and wr i tes i t  i nto memory. After  i t  has done t h is ,  i t  p l aces the 
name of  each of those mod u les i n  the OS-9 mod u le  d i rectory .  

I can hear yo u r  q uest ion  now. What happens i f  I t ry  to LOAD a 
prog ram that i s  al ready i n  memory. 

I f  you t ry to d o  t h i s, LOAD w i l l  use the modu le  that h as the 
h i gh est rev is ion  n u m ber .  This means that i f  you have an  o ld  ver
s ion of a p rog ram i n  you r OS9800t f i le  or  i n  read on ly memory, you 
can rep l ace i t  by LOA D i ng another modu le  with the same name, 
but a h ig her rev is ion  n u m ber .  

Here's the syntax for  a Shel l  command l i ne that uses LOA D.  

OS9: load DynaSpell <ENTER> 

You m u st make severa l  t radeoffs when you dec ide wh ich  
modu l es you  want to LOAD in  memory. 

The a l ternat ive to us ing  LOAD is to not l oad you r  ut i l i ty com
mand modu l es .  Rather, you can j u st cal l  each u t i l i ty from the She l l  
com mand l i ne and let OS-9 load them each t ime.  

Let's looks at the two d i fferent approaches. F i rst: 

OS9: load l ist 
OS9: l ist file.one 
OS9: l ist file. two 
OS9: l ist file. three 
OS9: unl ink list 
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And second :  

059: l ist fi le.one 
059: l ist file.two 
059: list file.three 

What are the t radeoffs? If you use the f i rst app roach you m ust 
remember to use the U N L I N K  u t i l i ty com mand after you are f in
ished wi th  the L IST ut i l i ty .  Once you LOAD a modu le ,  i t  w i l l  remai n 
i n  memory un t i l you U N L I N K  i t .  I f  you forget to U N L I N K  a modu le ,  
i t  may cause memory fragmentat ion .  

I f  you  use the second l i st of commands, OS-9 wi l l  need to go 
out  to you r cu rrent  execut ion d i rectory and LOAD the f i l e  named 
" L I ST" each t i me you ask it to L I ST a f i l e .  You wi l l  hear the d ri ves 
LOA D "L IST"  th ree t i mes. 

With a short u t i l i ty f i le  l i ke "L IST" i t  probably doesn 't make 
m uch d i ffe rence. But what i f  the f i l e  is  long ,  l i ke ASM or  BAS I C09? 
You ' l l  have to make you r own dec is ion .  

OS9GEN ______________________________________________________ __ 

Each d isk  that you p lan  to use when you start u p  you r  OS-9 
com puter must conta i n  a f i l e  named OS9Boot. On a Leve l l system 
you can use the COBBLER ut i l i ty command to make a new "boot" 
d isk .  

But ,  here's the catch .  You can not use the OS-9 COBBLER 
com mand to make a new system d isk i f  you change you r OS9Boot 
f i le .  To change you r OS9Boot f i le ,  you must use a specia l  OS-9 
u t i l i ty command named OS9Gen .  You m ust a lso a lways use 
OS9Gen i nstead of COBBLER on a l l  OS-9 Leve l I I  computers .  

The OS9Gen u t i l i ty command creates a new "OS9Boot" f i le  
each t ime  you run  i t  - even thoug h you can use i t  to make an exact 
copy of you r  present boot f i l e .  

OS9Gen 's ma in  use however, is  to c reate a new OS9Boot f i l e  
that conta i ns new or  add i t iona l  modu les.  I t  can a lso be used to  
make an OS9Boot f i le  that has had modu les taken out of  i t .  

When you run OS9Gen ,  you must g ive i t  the the name of the 
dev ice that ho lds the d isk  you want to i nsta l l  the new OS9Boot f i l e  
on .  You  do th i s  by  i nc l ud i ng the  device name i n  you r  command 
l i ne. 

You m ust a lso te l l  OS9Gen where i t  can f i nd  the f i l es that ho ld  
the mod u les you hope to i nsta l l  in  you r new OS9Boot f i l e .  Oh we l l ,  
they say a p ictu re is worth a thousand words. Let's test t h e  theory .  

059: os9gen Id1  <ENTER> 
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IdO/os9boot <ENTER> 
<ESCAPE> or <CLEARXBREAK> 

These l i nes te l l OS9Gen to i nsta l l  the  f i l e  OS9Boot that  i s  
stored on  the d i sk  mou nted in  device 100 on  the d isk  mou nted in  
device 101 . I t  effect ive ly does the same t h i ng as  the COBBLER 
ut i l i ty command.  H owever, i t  gets the modu les from the f i l e  
10010S9Boot rather  than  from memory. 

Here's another  OS9Gen command seq uence. 

OS9: os9gen Id1 <ENTER> 
IdO/os9boot <ENTER> 
Id1/new_video-drivers <ENTER> 
Id1/new....modem-drivers <EN"rER> 
<ESCAPE> 

T h i s  seq uence of commands makes a new d isk wi th  an  
OS9Boot f i l e  t h at conta i ns a l l  of the  modu l es stored i n  the f i l e  
OS9Boot on  device 100, p l us  two  new modu les. I t  gets the new 
modu les from f i les named new_v ideo_dr ivers and new_modem_ 
dri vers on  dev ice 101 . 

S i n ce OS9Gen reads i ts i n put  from the  standard i n put  pat h ,  
you c a n  red i rect i ts i n put  to  a f i l e  t h at conta i ns a l ist o f  names. T h i s  
w i l l  he lp  e l i m i nate problems from typos. I n  fact , you' l l  want to run  
OS9Gen t h is way when you  need to  put  a long  l i st of new f i les i n  
you r new OS9Boot f i le .  Several sample p roced u res i n  Chapter 1 6  
use th i s  approach .  

__
_____________________________________________________________ SAVE 

Eve ry once i n  a w h i l e  you w i l l  need to use the OS-9 Debug 
com mand to  change a mod u le  w h i l e  i t  i s  in memory .  After  you do 
th is a few t i m es,  you ' l l  p robably want to  keep a copy of the new 
vers ion  i n  a d isk  f i l e .  I t  beats typ i n g  Debug commands.  The OS-9 
SAVE ut i l i ty com mand i s  the tool you need to do the job. 

The SAV E u t i l i ty command g i ves you a way to save a copy of 
the data in a memory m od u le in a d isk f i le .  Before you run SAVE 
you m ust make sure that the  name of the module you are t ry ing  to  
save i s  i n  the OS-9 m od u le d i rectory .  

I f  you g ive SAVE a f i lename i t  w i l l  store you r  m od u le in  a f i le  
w i th  that name in  your  cu rrent data d i rectory .  I f  you want ,  you may 
also g ive SAV E  a com plete OS-9 pat h l ist .  SAVE always stores the 
mod u le in  a f i l e  w i th  the  f i rst n ame that fo l lows i t  i n  your  command 
l i ne. 

You may save one or  more modu les in each f i le .  You ask the 
SAVE u t i l i ty  to  pu t  m o re than  one m od u l e  in  a f i le  by g iv ing  i t  a l i st 
of names i n  your  command l i ne .  
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G o  ahead , g i ve i t  a t ry .  

OS9: save /dO/CMOS/NewStrip NewSTrip <ENTER> 

T h i s  command l i ne SAVEs a copy of a mod u le named New
Str i p i n  a f i l e  named NewStri p i n  the /OG/CMOS d i rectory. N ote 
that the  f i rst name after the  word SAVE i n  the command l i ne i s  
a lways u sed a s  t h e  path l i st t o  t h e  f i l e  you a re sav i ng .  

Here's another SAVE command l i ne.  

OS9: save /dO/CMOS/directions North East South West <ENTER> 

Th is  t ime  o u r  u t i l i ty shou ld  SAVE fou r  modu les - N o rt h ,  East, 
South and West. It shou l d  store them in a f i l e  nam ed d i rect ions  i n  
the /OG/CM OS d i rectory. A s  we said earl i er ,  SAVE can store one 
mod u le ,  or any n u m ber of modu les in  one f i l e .  

VERI Fy ________________________________________________________ __ 

Some ut i l i ty commands act l i ke g ood i nsurance po l ic ies. The 
OS-9 VER I FY u t i l i ty fa l ls i nto th is  category. I t  l ets you know that  
t he data wi th i n a modu le  stored i n  a d isk f i l e  is  st i l l  va l id .  

B ut ,  V ER I FY a/so has  another fu nct ion .  I t  g ives you  a way to 
correct the CRC of a modu l e  that you have mod i fi ed .  

When you mod ify a mod u le i n  memory a n d  then SAVE i t ,  the  
f i l e  you c reate wi l l  conta i n  a modu le  wi th  a bad CRC.  Th is  happens 
because the CRC bytes that were generated for the mod u l e  i n  i ts 
ori g in a l  form w i l l  n ot agree wi th  the CRC of the modif ied mod u le. 

Yet, the or ig i na l  CRC bytes w i l l  be wr i tten to the d isk f i l e  when 
you save the mod i f ied mod u le. The consequence comes later 
when you t ry to LOAD the f i l e  conta i n i n g  the mod if ied mod u le. 
A lways remem ber t h i s. When a modu le  has a bad CRC,  OS-9 w i l l  
refuse t o  l oad i t  i nto memory .  

You can use the  OS-9 VERI  FY u t i l i ty command to i nsu re that  
the  m od u le h eader and  CRC of a l l  mod u l es in  a f i l e  are a l r i gh t .  
V ER I FY reads data from the standard i nput  path and  sends i ts 
output  to the standard output  pat h .  Th is  means that you must 
usua l ly  redi rect i ts i nput  so that it comes f rom the f i l e  you need to 
V E R I FY. If there are any pro blems,  V ER I FY tel l s  you by wri t i ng  a 
message on  the standard erro r  pat h .  

Y o u  c a n  use the u pdate 'u '  opt ion w h e n  y o u  want  V ER I FY to 
send a new mod u le w i th  a corrected CRC to the standard output  
pat h .  H owever, V E R I FY w i l l  on ly u pdate a f i le  l i ke th is  i f  you ask i t  
to .  When you  do u pdate a C R C  w i th  V E R I FY you w i l l  need to  
redi rect the  output  of the  VER I FY u t i l ity as wel l as  the  i nput .  

Let's g ive i t  a t ry. 
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OS9: verify <Speller <ENTER> 
Mod u l e's header parity is  correct . 
Ca lcu lated CRC matches modu le's. 

Th is  command has VER I FY check a f i l e  named Spel ler, wh ich  
i s  stored i n  your  cu rrent  data d i rectory. Not ice t h at you must 
red i rect the i n put of VER I FY to t he f i l e  conta i n i ng the mod u le  you 
need to VER I FY. 

Here's how you u pdate a mod u les CRC.  

OS9: verify <Bad_file >Good_file u <ENTER> 

Th is  t i me we asked VER I FY to u pdate the C R C  of t he modu les 
in  a f i le  named Bad_f i le .  I t  saves t he modu les wi th a corrected CRC 
in  a f i l e  cal led Good_f i le .  I t  i s  t he 'u '  opt ion  i n  the  command l i ne 
that tel l s  VER I FY to update the CRC bytes . Not ice that we can 
red i rect both the i n put  and output  with VER I FY si nce i t  reads from 
the standard i n put path and wr i tes to the standard output path .  

When we typed th is  command l i ne ,  we assumed that both f i les 
were stored in the cu rrent  data d i rectory .  Did you not ice that we 
did not type a comp lete pat h l ist .  Here's a rem i nder - a com plete 
path l i st a lways beg ins  wi th a s lash .  

Here's another t r ick .  Study th is  command l i ne: 

OS9: merge /dO/cmds/dir I verify 

Try it  and see what happens.  Do you know why it works? 

______________________________________________________ SUMMARy 

I n  t h is chapter you have been in t roduced to a set of com
mands that you wi I I  need when you start creati ng new system 
disks. I f  we h ave awakened you r appetite, stand by. I n  Chapter 1 6  
we show you a n u m ber  of p rocedu re f i l es where you can use these 
uti l i ty commands. 

Pract ice aw h i le .  Then , j o i n  us in Chapter 14 fo r a look at a few 
uti l i ty commands that w i l l  let you change a few of parts of OS-9 i n  
memory. 
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C H A PTER 1 4  

com man ds that change 
the system 

Ofte n ,  when you co mp la i n  t o  other peop le  that you "don't  l i ke 
th is ,"  they j ust look at you and te l l  you to do someth i n g  about i t .  
They make a good po int .  

How many t i mes have you com pla i ned about  you r  com puter 
because i t 's a lways do ing  somet h i n g  you don 't l i ke. Maybe it 
beeps at you every t i me you make a m istake. Or, maybe i t  scro l l s  
you r  carefu l ly  wr i tten prose off t h e  screen w h i l e  you ' re st i l l  t ry i n g  
to rev iew it .  

Those are j ust two of the  prob lems you cou ld  f ix i f  you k new 
how to change you r  operat i ng  system .  Here's a p h i l osophy to 
pursue.  If you can't  beat the system - at least use it to you r  
advantage. 

Th is  chapter i s  about us ing  you r  operat i n g  system to you r  
advantage. Before we're through you ' l l  meet e ight  more 08-9 
uti l i t i es - com mands that let you change the way you r  system 
responds to you r beck and cal l .  You ' l l  learn about:  

l i n k  
log i n  
set ime 
s leep 

tmode 
tsmon 
u n l i n k  
xmode 

____________________________________________________________ LINK 

Do you remember when we tal ked about 08-9 memory man
agement back in Chapter 3. You had a skept ica l  look in you r  eye 
when we to ld you that 0 8-9 a lways knows when you ' re f i n ished 
with a module? 
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The mag i c  comes f rom a s i n g le byte i n  the  OS-9 mod u le 
d i rectory that ho lds a l i n k  count .  That byte te l l s  OS-9 how many 
prog rams a re us ing  a mod u l e  at any g iven t i me.  I t  works l i ke th is. 

Before a p rocess - remember, we ca l l  a p rog ram that is 
ru n n i ng a p rocess - can use a mod u le ,  i t  m ust l i n k  to it .  When th is  
l i n k  is  made, OS-9 i n creases the va lue  of the l i nk  count by one. 
When a p rog ram no longer needs the code i n  a mod u le ,  OS-9 
decreases the l i n k  cou nt by one.  

I f  you keep decreas i ng a cou nter, i ts value  wi l l  eventual ly  
become zero. When a l ink  count  reaches zero, OS-9 knows that 
you r  p rocess is f i n ished wi th the mod u l e  and releases i t .  OS-9 a lso 
removes the modu le's name from i ts mod u le  d i rectory and 
releases any memory the mod u le  had been us i ng .  As soon as th is  
memory has been released , another  program can use i t .  

I f  you type the name of a command that is  not  i n  the modu le 
d i rectory, OS-9 10ads i t  and l i n ks to i t  - one t i me.  The l i n k  count is 
set to one at th i s  t i me. 

When you r  prog ram f in ishes its work, i t  releases the module 
and the l i n k  count  becomes zero. OS-9 takes i t  from there and the 
mod u le  d isappears from the module d i rectory. 

Now lets look at an example where you have LOADed a 
modu le  i n to memory i n  ant i c i pat ion  of us i ng i t .  We' l l  assume that 
no one else is us i n g  th i s  mod u le, so after you LOAD it the l i n k  
count  shou ld  b e  set t o  one.  OS-9 a lways L I N Ks t o  a mod u le  when 
you LOAD i t .  Effect ively,  i t  has i ncremented the l i nk count  to one 
so that the module can stay in memory un t i l  i t  is  needed . 

What do you t h i n k  happens when you ru n a program that uses 
t h is modu le? Fo l low th is  c losely .  F i rst, the  p rog ram that is us ing  
the mod u le l i n ks to i t .  Th is  means the l i nk  cou nt is i ncreased by 
one.  I t  shou ld  now have a value of two. 

If everyth i ng proceeds properly you r p rog ram wi l l  eventua l l y  
f i n ish w i th  the  mod u le .  When  i t  releases the mod u le, the l i nk  cou nt 
w i l l  be decreased by one.  I t  shou ld  be equal  to one.  S i nce i t  has not 
reached zero ,  OS-9 leaves it i n  memory.  

This a l l  means that i f  a p rogram is us ing a module and i t  knows 
that it is  go ing  to need i t  aga i n soon ,  i t  can L I N K  to it. Th is i nsures 
that the l i n k  count  never reaches zero and the mod u l e  w i l l  stay i n  
memory un t i l  i ts needed the next t ime.  

To recap,  L I N K  locks a mod u l e  i nto memory .  I t  a lso i nc reases 
the l i n k  count  of the mod u le  by one.  When you use L I N K  on an 
OS-9 Level I I  system,  it moves (actua l ly ,  the proper term i no logy is  
"maps") the mod u l e  you a re L i N Ki n g  i nto the memory a rea of the 
p rocess that cal led i t .  
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Here's how you wou l d  L I N K  to a mod u le named " Is ."  

089: l ink Is <ENTER> 

There a re several t h i ngs  you shou ld  know when you use the 
OS-9 L I N K  u t i l i ty command .  F i rst, you must  a lways be su re t h at 
you U N L I N K  a p rogram mod u le after  you use i t .  I f  you don 't ,  you 
run the r isk of  fragment ing  you r  memory .  To see why,  t ry the 
fol lowi ng  com mand sequ ence: 

089: load asm 
089: load dir  
059: di r  
089: asm testfile 
089: unl ink asm 
089: mdir e 

Look c lose ly  at t he memo ry map pr i nted by the modu le  d i rec
tory ut i l i ty .  You ' l l  not ice that you h ave two rather  large c h u n k s  of 
memory free wi th  a sma l l  modu le  conta i n i ng a few h u ndred bytes 
sitt i ng  i n  the  m i dd l e. You may have 1 20 pages of memory free, bu t  
i t  is sp l i t  i nto two pieces o n ly 50 pages long .  

The BAS I C09 mod u le contains  a bout 23,000 bytes of 6809 
object code - t h at's more t han 90 pages of memory.  S i n ce OS-9 
Level l req u i res t h at a l l  program modu l es be l oaded i nto cont igu
ous memory, th i s  means you cou ldn 't load BASI C09 i nto memory 
if you r  m.emory was fragmented l i ke th i s .  To get r id of t h i s  f rag
mentat ion  you must U N L I N K  the D I R  u t i l i ty .  

What 's the answer? J ust be carefu l  and make s u re you 
UNLI N K  a modu le when you are f i n ished with i t .  For example:  

059: load list 
089: l ist file.one 
089: l ist file. two 
089: l ist fl le.three 
059: unl ink l ist 

_______________________________________________________ LOG I N  

We' l l  start t h i s  sect ion  b y  assum i ng t hat you a re a bona-f ide 
user on you r  off ice compu ter. You even have a new password from 
the boss. 

You r  LOG I N  name is the  n ame OS-9 uses to ident i fy you when 
you s ign on.  A password e nsu res that no  one e lse can use you r  
name t o  tamper wi th your f i les. 

Review the short tutor ia l  near the end of Chapter 4 to l earn 
more about  th is  s i g n  o n  procedu re.  OS-9 uses a ut i l i ty command 
named LOG I N  when you s ign  on .  
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I f  you a re respons ib le  for the  secu ri ty of  data stored o n  the 
com puter system in you r  offi ce or shop, you w i l l  love L OG I N .  Th is  
OS-9 u t i l i ty co m mand g ives you a way to ensure that emp loyees 
can on ly  work wi th  the i r own f i l es .  

Yo u can run LOG I N f rom you r  term ina l .  I n  fact, we' l l  show you 
how in th i s  sect ion .  However, t h i s  command is  usua l ly  run auto
mat ica l ly  by another OS-9 u t i l i ty command,  TSMON.  TSM ON, 
OS-9 shorthand for t i meshari ng mon i tor ,  makes m u l t i -user o pera
t ion  possi b le  on OS-9 computers .  

W h e n  y o u  - o r  T S M O N  - fi rst run LOG I N ,  i t  req uests a user 
name and a password . You a nswer its q u est ions f i rst .  Then ,  it 
checks your answers aga inst the i nformat ion stored i n  a password 
f i l e  stored i n  the  SYS d i rectory on  device IdO. You have t h ree 
chances to a nswer each q u est i o n  correct ly .  If you don 't ,  LOG I N  
aborts and sends you back t o  the OS-9 She l l .  

Us i n g  i n format io n  f rom you r password f i le ,  LOG I N  sets u p  
you r  user n u m ber ,  work i ng execut ion d i rectory a n d  work ing  data 
d i rectory. It then  runs  a p rogram you have n am ed i n  the  password 
f i le .  

Here's some more sho rthand .  I f  you answer LOG I N 's pro m pt 
fo r a user name wi th  <ENTER> you w i l l  be logged on  as user  
n u m ber zero. Th is  means you ' l l  be  the  "superuser." Do th i s  un t i l  
you  b u i ld you r  own secret fi le .  

Go ahead , g ive LOG I N  a t ry !  

OS9: login <ENTER> 

OS-9 Level 1 Timesharing System Version 1 .2 84/09/01 21 :25:28 
User Name? michele <ENTER> 
Password? tiffy <ENTER» 

Process #04 logged 84/1 0/07 21 :26:05 
Hello Michele! Welcome to OS-9 

SETIME ______________________________________________________ __ 

T h e  Co lor  Computer appears to keep t ime  when you run 
OS-9.  U n fortu nate ly ,  i t  does not  conta i n  a rea l  c lock and m u st be 
set each t ime you start OS-9. You m ust set  the  t ime wi th  t he OS-9 
SET I M E  ut i l i ty com mand .  

SETI M E  does m ore than set the  date and t i me however. I t  a lso 
starts the O S-9 c lock modu le .  I f  the OS-9 "Clock" i s  not ru n n i ng 
you can not run more than one prog ram at a t i me .  

I f  you h ave a h ardware c lock  c h i p  w i th battery bac k u p  i n  you r  
comp uter ,  y o u  need o n l y  g ive t h e  year when y o u  r u n  S ET I M E. 
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SET I M E  w i l l  g et t h e  rest of t h e  i nfo rmat ion  i t  needs from the clock 
chip.  

You may type the d ate  and t i m e  on you r  command l i ne when 
you run SET I M E. O r, you may wa i t  for  i t  to ask  you fo r th e  date  and 
t ime .  

Here's one co mm and l i ne that w i l l  work. 

OS9: setlme 84,1 0,09,21 43 <ENTER> 

Not ice that we typed com m as between t h e  year, month,  day 
and t ime .  You could just as eas i ly  have typed spaces. 

OS9: setime 84 1 0 09 2151 

O r, you could h ave run the d ate  and t i m e  val u es together  l i ke 
th is .  

OS9:  setime 841 01 1 21 4535 <ENTER> 

If you use th i s  com mand l i ne ,  make s u re that you put t h e  
space between the d a y  a n d  the  t ime .  H ere's the l i ne to use i f  you 
have a h a rdware clock . 

OS9: setime 85 <ENTER> 

If you a re skept ical and  don 't bel i eve t hat the S ETI ME ut i l i ty 
command works, run the OS-9 DATE ut i l i ty to check. 

--------------_________________________________________ SLEEP 

Com pute rs need sleep, tool No, that's not the real reason 
OS-9 has a S LEEP com mand ,  but  maybe we woke yo u u p  wi th that 
one. You need to be awak e  to fo l low th is !  

SLEEP i s  another  OS-9 u t i l i ty com mand t h at does a lmost 
exact ly what i ts name i m pl ies .  I t  puts a process to SLEEP. How 
does O S-9 know how long to s leep? You te l l  i t ,  by typi ng  the  
number of  t icks  you want i t  to sleep. 

You ' l l  n ee d  to test t h e  SLEEP ut i l i ty on you r  computer to f i nd  
out  how many t icks  i t  takes to  add u p  to  a seco n d .  O n  most OS-9 
Level  One  com puters ,  a t i ck  is  a bout  1 00 m i l l i seconds long .  Most 
OS-9 Level Two com puters use a 1 0  m i l l isecond t i ck. One t ick is 
1 6.66 m i l l iseconds long on the Color Com puter. 

So what do  you do wi th  S LEEP? F i rst ,  i ts  a good way to stal l  
and c a n  cause qu ite a t i m e  delay. O r ,  you may want to use it  t o  
make the  com puter  share the CPU w h e n  i t  i s  run n i n g  several tasks 
that are t ime i ntensive. 

Here's the SLEEP command l i ne. 
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059: sleep 1 0 <ENTER> 

I f  you type th i s  command o n  a Co lor  Com pute r  run n i n g  OS-9, 
t he  S h e l l  w i l l  go to s l ee p  for 1 66 .6  m i l l iseconds - or . 1 66 seconds. 

You can a l so get i nto  t ro u b l e  with the SLEEP command if you 
aren 't carefu l .  If  you run the SLEEP command and type a count  of 
zero, you w i l l  put  you r  computer  to SLEEP i ndef i n i te ly .  U n l ess 
there is an error ,  you w i l l  need to re-boot OS-9 to use your  
computer .  

TMODE-------------------------------------------------------

We p ro m i sed ear l i e r  that  you cou ld  c hange the system i f  you 
d i d n 't l i k e  i t .  O u r  n ext u t i l i ty command w i l l  do j ust that .  I t  l ets you 
change 1 5  of you r  term i na l 's characterist ics. 

M i c roware wrote the TMODE command to g ive you a way to 
change the way you r term ina l  responds. I t  reads  the character is
t ics you type i n  a command l i ne and i nsta l l s  them i n  the device 
d river of the path you a re changi n g .  

T M O DE makes its c hanges on  t h e  dev ice that i s  connected to  
t he standard i n put  path  when i t  is  ru n .  I t  is used m ost often with 
you r  term i na l .  On t he Color  Computer the standard i n put path is 
usua l ly connected to the keyboard. 

You can make T M O D E  work on  any path by typ i n g  a per iod.  
fo l lowed by a path n u m ber on the command l i ne .  And,  you can 
change many th ings  with TMODE.  For examp le :  

TO MAKE YOU R TER M I NA L  

Pr int  o n l y  U PPER case l etters 
Pr in t  both Upper and  l owercase letters 

TYPE TH IS 

u pc 
-upc 

E rase a c haracter wi th the Backspace key bsb 
Backu p  but not e rase a character -bsb 

Backspace over a l i ne when you delete i t  bsl  
Send a l i ne feed when you delete a l i ne -bsl 

Echo a l l  characters i nput  to screen echo 
Do n ot echo characters -ech o  

Send a l i n efeed wi th  each <RETUR N> I f  
Send a <RET U R N> ,  but  n o  l i n efeed - I f  

Stop l ist i ng when screen is f u l l  pause 
Scro l l  conti nuous ly  -pause 

Send <dec ima l  n u m ber> n u l ls at the  
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end of each l i ne 

Set v ideo page length to  " n u m ber" l i nes 

Defi ne backspace character 
Define backspace echo character 
Defin e  character that deletes a l i ne 
Def ine  the bel l  character 
Def ine the end-of-f i l e  character 
Defin e  end-of-reco rd character 

I n it ia l ize AC IA  status  byte ( Note: S i nce 
the Color  Computer  does not use an  AC IA ,  
i t  does n ot use th is  T M O D E  parameter) 

Def ine  character that rep ri nts a l i n e  
Def ine  character that retu rns  last l i ne 
Def i ne character used to pause scro l l  
Def ine OS-9 abort character 
Defi ne character used to stop p rogram 
Def ine X-ON character 
Defi ne X-O FF character 

n u l l =<dec ima l  n u m ber> 

pag=<decimal  n u mber> 

bsp <hexadeci mal n u m be r> 
bse <hexadeci ma l  n u m ber> 
de l  <hexadec i mal  n u m ber> 
be l l  =<hexadecimal  n u m be r> 
eof <hexadecima l  n u m be r> 
eor <hexadecima l  n u m ber> 

type =<hexadec ima l  n u m ber> 

reprin t=<hexadeci ma l  n u m ber> 
d u p= <hexadec ima l  n u mber> 
psc= <hexadeci mal  n u m ber> 
abort= <hexadecimal  n u mber> 
q u i t= <hexadeci mal  n u m ber> 
xon= <hexadec i ma l  n u m ber> 
xoff= <hexadecimal  n u mber> 

Remember, i f  you are us ing a Co lor  Computer,  you cann ot set 
the TYP E  parameter wi th T M O D E. 

I t 's t ime to go to work!  

059: tmode -upc -If  nul l=O pause <ENTER> 

Th is  command l i ne te l ls  OS-9 that you want your termina l  to 
pr int  both u pper- and l owercase letters but you don't want i t  to 
echo a l i nefeed after each carr iage retu rn .  Add it iona l ly ,  i t  lets OS-9 
know n ot to send any n u l ls at the  end of a l i n e  and that i t  m ust 
pause after it f i l ls each screen page. 

059: tmode page=1 2 pause bsl bsp=8 <ENTE R> 

Th is  comm and l i ne te l l s  OS-9 that the term i n al screen is o n ly 
1 2  l i nes d eep,  t h at i t  shou ld  stop after each page i s  f i l l ed ,  that i t  
shou l d  d elete a l i ne b y  backspac ing  over i t  a n d  that the  backspace 
character on  the  term i n al h as a valu e  of  8 - the standard ASC I I  
backspace. 

If you p lan  to use T M O D E  to change the way you r  term ina l  
operates when you start OS-9, read the next paragraph caref u l ly !  

When you use TMODE wi th i n  a p rocedu re f i l e  you m ust te l l  i t  
wh ich path you want to change .  S i nce you are wri t i ng  to the the 
standard output  when you start OS-9, you n eed to  change the 
device descr iptor connected to path #1 . To do t h is you m ust use 
the fo l lowing command l i ne .  
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OS9: tmode . 1  -upc 

Note that you m ust use the n u meral o ne, not a lowercase letter 
' I ' fo l lowi n g  the period i n  you r command l i ne .  

I f  you ru n T M O D E, but  do  not tel l i t  w hat you want to do,  i t  w i l l  
tel l you h o w  the  device attached to you r  standard i npu t  path i s  
confi g u red. 

TSMON ____________________________________________________ ___ 

We've a l ready shown you h ow to s i g n  o n  to  a n  OS-9 system 
f rom a remote term i na l ,  so t here's not much  more we can say 
a bout the  TSMON u t i l i ty command.  But ,  let 's rev iew.  

TSM O N  m ust be one of  the  m ost pat ient p rograms in  the  OS-9 
system .  Why? Because it doesn 't do  anyth i n g  but wait .  

What d oes TSM O N  wait  for? For  you - o r  someone else 
s i g n i n g  on a term i na l  connected to  you r com puter  - to type a 
carr iage ret u rn .  When TSM O N  receives a carr iage retu rn  i t  ce le
b rates by b ri ng i ng OS-9 to  l i fe on  t hat term i na l .  Then i t  runs  
LOG I N ,  t h e  OS-9 u t i l i ty command we descr i bed ear l i e r  i n  th is  
chapter. 

If you a re an author ized use r  and you h aven't  d ro pped a b i t  
f rom your password, TSM O N  rewards you by ass ign i n g  an  OS-9 
She l l  to you for you r  own use .  

When you h ave f i n i shed comput i ng ,  you may l og off  your 
term i na l  by sen d i n g  an end-of-f i l e  character as the f i rst character 
of a command l i ne .  On m ost OS-9 based computers ,  you do th i s  by 
typ i n g  the < ESCAPE> key. 

To log off f rom a remote term ina l  con nected to a Color  Com
pute r, you type the <CLEAR>« B REAK> combinat ion .  

Here's what you r command l i ne wi l l  look l i ke .  

OS9: tamon In & <ENTE R> 

Th is  command l i n e  starts you r t i meshari n g  mon i tor  on device 
IT1 . S i n ce you used the ampe rsand ( &) at the  end of the l i ne ,  OS-9 
w i l l  push  TSMON i nto the back g round and retu rn you to the  She l l .  
A s  soon a s  y o u  see t h e  "OS9:" p rompt y o u  may cont i n ue to oper
ate your  term ina l .  

UNLINK ______________________________________________________ __ 

Remember when we to ld  you t h at you m u st never forg et to 
U N L I N K  a modu le  after  you complete a j o b? In t h i s  secti o n  we 
present a command you can use to  do the job.  
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U N L I N K  g i ves you a way to manua l ly te l l OS-9 that  you a re 
thro u g h  w i th  a modu le .  When you type U N L I N K  fo l lowed by a 
modu l e  name o n  a Shel l com mand l i ne ,  OS-9 decreases the L I N K  
count  o f  t h e  modu le  b y  one .  I f  t h e  count  becomes zero, OS-9 w i l l  
rem ove t h e  m o d u l e  f ro m  memory. Th is  w i l l  make i t  ava i lab le  for 
other users on  your computer .  

I f  someone e lse i s  us i ng t he modu le  when you type the 
U N L I N K  command ,  OS-9 wi l l  st i l l  decrease the L I N K  count of the 
mod u le by one when you U N L I N K  i t .  I f  you h ave prev ious ly  
LOADed the modu le ,  or  i f  you h ave L I N Ked to i t ,  everyt h i n g  wi l l  
work as p lanned .  T h e  L I N K  cou nt  w i l l  not become zero,  OS-9 w i l l  
leave the  mod u l e  i n  memo ry and t h e  other person's p rogram w i l l  
cont i n ue to run .  

But ,  b e  carefu l !  What d o  you t h i n k  wou ld  happen i f  you to ld  
OS-9 to U N L I NK a modu le  t h at you have not LOADed i t  j ust 
happens to be i n  memory beca use a fr iend is us ing  i t .  You g u essed 
i t ,  the L I N K  count  wou ld  go to zero,  OS-9 wou l d  take the m od u le 
from i ts d i rectory and re lease the memory i t  had been us ing .  You r  
friend 's prog ram wou ld  c ras h .  Fr iends l i ke t hat a re n o t  i n  g reat 
demand .  

Here's somet h i n g  e lse  you need to watch o ut for .  When you 
f ind  you rself i n  the  m idd le  of  a software development sess ion 
where you keep test i ng new vers ions of the  same prog ram ,  make 
sure that you actua l ly  U N L I N K  the mod u le after you test i t  
before you  LOA D  a n ew vers ion .  

Why? Because somet i mes when you  run  a ser ies of tests on a 
prog ram ,  you w i n d  u p  L I N K i n g  to a mod u l e  severa l t imes .  S i nce 
U N L I N K  on ly  decreases the l i n k  count  by o ne each t i me you run  i t ,  
you m u st manua l ly repeat the U N L I N K  command several  t i mes 
unt i l  you a re s u re you have removed the m odu le  from memory.  

One way to  do t h is i s  to  U N L I N K  a m od u l e  over and  over aga i n  
unt i l OS-9 reports t h at i t  cann ot f i n d  t h e  modu ie .  I t  m ay n ot b e  an  
e legant method ,  but  i t  works.  Bes ides i f  you use  the mag i c  <CON
TROL><A> key , i t 's easy. Remember, the <CONTRO LXA> key 
lets you repeat you r l ast com mand l i ne wi th  two keyst rokes. The 
other a lternat ive i s  to buy one of the  OS-9 u t i l i ty packages that 
conta i n s  an U N LOAD command .  Severa l t h i rd party software 
houses sel l  t hem .  

Go ahead and g ive i t  a try! 

OS9: unlink Spell Look <ENTER> 

T h i s  com mand l i ne w i l l  decrease the L I NK count of m od u l es 
named Spel l and  Look by one .  I f  e i ther  of the  L I N K  cou nts 
becomes zero,  OS-9 w i l l  remove i t  from the modu le  d i rectory and 
release the memory i t  had been us i n g .  
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XMODE ________________________________________________________ __ 

Earl i e r  i n  th i s  chapter we showed you how to change the 
character ist i cs of you r term i na l  by us ing  the TMODE command.  
I ' l l  bet  you ' re wonder i n g  why there i s  anot her OS-9 ut i l i ty com
mand that does the same t h i ng .  

Actua l ly ,  T M O D E  a n d  X M O D E  are d i fferent .  Changes made 
by T M O D E  a re tem porary, w h i l e  changes made by XMODE are 
permanent .  When you change a term i na l 's character ist i cs with 
TMODE you r changes last only as long as the process that was 
ru n n i n g  when they were made.  TMODE is usua l ly  cal l ed from a 
She l l .  When t h e  Shel l t hat was a l i ve when you ran TMODE d ies,  
you r  term i nal  character ist i cs w i l l  retu rn to the way they were. 

Here's an examp le .  S u ppose you are wr i t i ng  a letter us ing the 
DynaStar text ed i tor .  When you are  about  ha l fway th rough ,  you 
decide that you need to change one of the TMODE parameters. 

To do t h i s  you go back to DynaStar's ma in  menu and type 'S' 
for She l l .  You enter you r  TMODE command and then go back to 
you r  letter .  Everyt h i ng is work ing f i ne. 

Later, after you have f i n i shed with you r  letter and ex i ted 
DynaStar,  you L I ST a f i l e  to your term i na l .  Somet h i ng 's wro n g !  
The term i na l  i sn 't do ing  what you told i t  to do  w i t h  the  T M O D E  
com mand.  

What happened? When you exited DynaStar, you k i l led the 
process named DS - the  process that was a l i ve when you 
changed you r term ina l  parameters. TMODE had made you r 
changes i n  a path descr iptor ,  not i n  the  device descri ptor .  Th is  
means t hat when the  p rocess d ied ,  the path descr ipto rs d ied.  So 
d id  you r  changes. 

X M O D E  makes more permanent changes by wri t i ng new 
i nformat ion  i nto the device descr i ptor you are chang ing .  After you 
make a change w i th  XMODE, any process that uses that device 
descr i ptor wi l l  be affected by you r  changes.  

On the Color Computer a lot of p rog rammers use XMODE to 
make a permanent change to the i r  Baud rate. 

Try i t  once!  

089: xmode IT1 <ENTER> 

Si nce you d i d n 't g i ve XMODE any parameters in th is  com
mand l i ne, it shou ld  l i st the present characterist ics of a term ina l  
named IT1 .  

O u r  next command l i ne te l l s  OS-9 to let the  screen on  a 
term i nal  named IT2 scro l l  cont in uous ly .  
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OS9: xmode IT2 -pause <ENTER> 

You shou ld  be aware that when we say XMODE makes a 
permanent  change ,  that change is on ly  i n  effect u n t i l  you tu rn off 
you r  com puter. To make it tota l ly permanent you need to save the 
mod if ied dev ice descri ptor and run  the OS9Gen command to 
create a n ew OS9800t f i le after you run  XMODE.  Use OS9Gen to 
save the OS9Gen device descr i ptors with the new character ist i cs 
in  a n ew OS9800t f i l e .  After you do th is ,  your changes w i l l  be i n  
place every t i m e  you start your OS-9 computer. 

__
____________________________________________________ SLlMMARy 

I n  th is  chapter we've i n t rod uced you to a n u m ber of com
mands that l et you change many of the operat ing  character ist ics 
of you r computer. We complete our  tour  of the OS-9 ut i l i ty com
mand set i n  the next chapter with a look at a few Shel l commands 
that are res ident in memory.  J o i n  us there. 
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C H A PT E R  1 5  

shel l co m man ds that are 
resi dent i n  mem ory 

OS-9 keeps a handfu l  of She l l commands resident i n  memory 
at a l l  t i mes. Stop for a moment and consider why you would need 
these commands i n  memory, ready for use at a moment's not ice. 

S u ppose t h at you change the d isks you h ave mou nted in you r 
drives. I f  the command you need to change the cu rrent execut ion 
d i rectory was not a l ready i n  memory wai t i ng for you to run  i t ,  how 
wou l d  you change your  c u rrent execut ion d i rectory? Wel l ,  t h at's 
why M icroware leaves the C H D  and CHX commands in memory. 

In th i s  chapter we' l l  show you e ight  commands that OS-9 
leaves i n  memory a l l  the t i me. You can type these com m ands at the 
beg i n n i n g  of a l i ne or  after any of the punctuat ion  characters you 
use to separate OS-9 com mands on  a s ing le l i ne. 

These characters i nc l ude the sem icolon w h i ch lets you run 
two u t i l it i es seq uent ia l ly ,  the  ampersand ,  which lets you run two 
com mands at the same t ime  and the exclamat ion  po in t ,  wh ich  lets 
you b u i l d  a "p ipe l i ne ."  You' l l  meet: 

ex 
k i l l  
p ,  -p 
setpr 

t ,  -t 
w 
x ,  -x 
* 

________________________________________________________________ EX 

Usual ly when you run a prog ram,  an OS-9 She l l  starts you r  
prog ram a s  a new process. The new process has the name you 
typed on your command l i ne. When you start a process, the She l l  
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keeps some memory and g ives some to the p rocess. Th is  happens 
because the She l l  starts your p rogram as a p rocess and then waits 
a round  for i t  to d ie .  I f  you run  too many p rocesses, you wi l l  run  out  
of memory. 

EX can help you solve th is  prob lem.  It starts a p rocess without 
a She l l .  In  the language of the  OS-9 h ac ke r, i t  "cha ins" rather  than 
"forks" to t he n ew p rocess. When OS-9 chains to a p rocess, the 
process that started that p rocess d isappears. This saves memory. 
P lus, EX is  a lways in memory ,  ready to run .  

There's someth i n g  e lse you shou ld k now about EX. I f  y o u  use 
i t  in a command l i n e  with more than one OS-9 command,  i t  m ust 
be the l ast command on the l i ne .  Any commands that fo l l ow it on 
the l i ne w i l l  never be ru n .  G ive EX a try! 

OS9: ex tsmon It1 <RETUR N> 

KILL __________________________________________________________ __ 

You can on ly  use the <CONTROL><E> key - the <BREA K> 
key o n  the  Co lor  Computer  - to stop a p rocess that i s  r u n n i n g  i n  
t h e  foregrou nd .  Occas iona l ly ,  h owever, you w i l l  n eed to  stop a 
process t h at is r u n n i n g  i n  the  backg round .  The OS-9 S h e l l  keeps 
t he K I L L  command hang i n g  a rou nd in memory so you can get the  
job  done .  

When you type K I LL fo l lowed by a process n u m ber  on  an  
O S-9 command l i ne ,  you  effect i ve ly  send an  abort s igna l  to the 
p rocess wi th that p rocess 10 n u m ber. Before you can do th i s  
though ,  you m ust own that  p rocess. I f  you  t ry to K I LL a p rocess 
that be longs to someone else - OS-9 can te l l  because it h as a 
d i fferent  u ser  n u m be r  you w i l l  fai / .  

Here's h ow you use K I LL .  

OS9: kil l  5 <R ETU RN> 

Oon't forget , you need to k n ow the n u m be r of a p rocess before 
you can K I LL i t .  I f  you forget a p ro cess n u m ber ,  you can see a l ist 
of a l l  p rocesses that a re ru n n i n g  on you r  computer  by r u n n i n g  the 
OS-9 PROCS u t i l i ty command.  

SETPR---------------------------------------------------------

I f  you h ave an i m portant  p rog ram to run ,  you can speed i t  u p  
by g i v i ng  i t  a h ig her  p ri or i ty than other p rograms ru n n i ng on  your 
comp uter .  When you i nc rease the  pr ior i ty of a p rog ram , you g ive i t  
more C P U  t ime.  

You use the S ET P R  u t i l i ty command to set the  pr io ri ty of a 
p rocess a pr io ri ty t h at may be as low as one o r  as h i g h  as 255. 

1 42 



Here's h ow you use i t .  

OS9:setpr 4 200 <RETUR N> 

The sam p le  command l i n e  g ives p rocess n u m ber  fou r a h i g h  
prio r ity. 

_____________________________ p, -p, t, -t, W, x, -x 

We' l l  p resent the  rest of the OS-9 res ident She l l  com m ands i n  
a table .  

IF YOU WANT THE SHELL  TO: TYPE T H I S  COMMAND 

Wait  un t i l  a p rocess d ies 

Abort process after an error 
Ignore a l l  errors 

Send "OS9:" p ro m pt 
Not send p ro m pt 

Copy a l l  i nput  l i nes to output  
Not copy i nput  to output 

w 

x ( 08-9 does t h i s  by defau lt )  
-x 

p 
-p 

t 
-t (OS-9 comes th i s  way) 

H ere's a t r ick  you can t ry w i th  t he res ident She l l  command 
named T .  One OS-9 vendor uses i t  to p ri n t  a banner f rom h is  
startup f i le .  

OS9: echo 
t 

-t 
setime 84 ; * start clock 
date,t 
load load 

************************* 
** Dale L. Puckett ** 
** OaleSoft * *  
**Dale City, VA 221 93** 
************************* 

load utils1 ; * load most-used util ities 

______________________________________________________ SUM MARy 

I n  th i s  chapter ,  we have i nt rod uced you to a few OS-9 com
mands that l ive in memory.  I t  a lso completes our tou r  of the ent i re 
ut i l ity command set . 

But ,  don 't q u i t  now.  J o i n  us i n  C hapter 1 6  for a look at several 
p roced u re f i l es that use a n u m ber  of  the commands you have 
learned i n  the  l ast s i x  chapters. It w i l l  save you a l ot of work . 
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C HAPTER 1 6  

put  os-9 to wo rk 
wi th p roced u re f i les 

I n  the last s i x  chapters you have toured the ent i re OS-9 Ut i l i ty 
Com mand Set. Now, we'l l  show you h ow you can com b ine  these 
ut i l i ty com mands  i n  p roced ure f i l es wh ich w i l l  rea l l y  put OS-9 to 
wo rk. You ' l l  learn how you can use procedure f i l es to: 

Manage memory 
Manage d isk  space 

Manage system performance 

Let's tack le  the  memory prob lem f i rst. S ince lett i ng you r com
puter do al l  the work for you is the name of the game, we' l l  write a 
procedure f i le  to do the job .  We' l l  ca l l  ou r  procedure  tr i m boot. 

I n  order to show you what happens when you run  a proced u re 
l i ke t r im  boot, we w i l l  make snapshots of severa l d i rector ies and 
f i les a long the way. 

F i rst, let's set our  goals and d escr ibe the job i n  Eng l i sh .  

__________________ WHY CHANGE YOUR SYSTEM DISK 

When you f i rst use OS-9 you wi l l  most l i ke ly  on ly  take advan
tage of a very sma l l  part of its potent ia l . For examp le ,  we can 
probably assume that: 

1 .  You o n ly own two d isk  d rives 
2 .  You don 't own an  external  term i na l  
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3 .  You don't own a pr inter 
4. You don 't u n derstand f i l ters, so you won't use p i pes 

Now l et 's look at the  mod u le d i rectory of a Co lor  Com puter  
booted from a Rad io Shack OS-9 system master d isk .  

Modu le  D i recto ry at  1 1  :55 :04 
OS9 OS9p2 I n it 
Boot CCDisk DO 
D 1  D2 D3 
CC IO TER M l O Man 
R B F  SCF SysGo 
Clock RS232 T 1  
P R INTER P P i peMan 
P i pe r  P ipe  S h el l  
M d i r  

S ince memory space i n  a Level I OS-9 system i s  l i m i ted , i t  
doesn' t  make sense to  have modu les i n  memory that  w e  won't be 
us i n g .  I f  we make the ass u m pt ions above, we should be able to 
remove the fo l lowi n g  m od u les from o u r  OS9Boot fi le .  

D2 D3 
PR I NTER P 
P ipe 

RS232 
P i peMan 

T1 
P i per 

The procedu re f i le  l isted shou ld  do the job .  Us ing  com mands 
in the OS-9 U t i l i ty Command Set, i t  i nstructs OS-9 to perform the 
fo l l owing steps. 

PROCEDU RE FILE TRI M...BOOT __________________ _ 

t 
tmode .1 -pause 
makdir Id1/MODULES 
chd Id1/modules 
load save 
save CCIO CCIO 
save CCDlsk CCDisk 
save lOMa n  lO Man 
save SCF SCF 
save RBF R BF 
save SysGo SysGo 
save Shel l Shell 
save Clock Clock 
save TERM TERM 
save DO DO 
save 01 01 
u nl ink save 
OS9gen Id1 <ld1/bootlist 
deldir ID1/moduies 
d 
del ID 1/bootlist 
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chd IdO 
dsave -s20 IdO >/d1 /makecopy 
chd Id1 
Id1/makecopy 
del 101 /makecopy 
tmode .1 pause 
-t 

Before you use tr i m_boot you m ust do the fo l lowi ng :  

1 .  Make a BACKUP of  your Rad io Shack system master 
d isk by fo l lowing the i nstruct ions we presented i n  
Chapter Seven . 

2 .  FORMAT a new d isk and mount it i n  d rive /01 . 

3 .  U se the BU I LD ut i l i ty com mand to create a f i l e  
named " boot l i st"  on  the d isk  mou nted i n  d ri ve /01 . 

4 .  Use the BU I LD ut i l i ty command to create a f i l e  named 
"t ri m_boot" on  the d isk in d rive /01 . Tr i m_boot 
w i l l  conta in  the  proced u re f i l e  l i sted above. 

(NOTE:  If you prefer, you may use the OS-9 ED IT  
ut i l i ty command o r  a screen editor l i ke DynaStar to 
b u i l d  the f i l es boot l i st and tr i m_boot . )  

The f i le ,  bootl i st ,  shou ld  look  l i ke th i s: 

CCIO 
CCOisk 
lOMAN 
SCF 
RBF 
SysGo 
Shell 
Clock 
TERM 
00 
01 

I f  you study the l i st of f i l enames above, and the l i st of m od u les 
that the  proced u re tr i m_boot saves i n  the d i rectory Id 1 /MO
OULES, you' l l  not ice that they are ident ica l .  

The f i l es you name in  you r boot l i st f i l e  must always be avai l 
ab le on  a mou nted d isk,  or  the proced u re t r i m_boot w i l l  fa i l .  
F u rther ,  OS-9 must b e  ab le t o  f i nd  them wi th  t h e  pat h l i st you use 
when you create your boot l i st f i le .  

I f  you study the descr i pt ion  of OS9Gen in  the  R ad i o  Shack  
OS-9 Com mands manua l ,  you  w i l l  l earn that i t  c reates, and l i nks  
to ,  a new OS9Boot f i l e .  OS9Gen const ru cts the new OS9Boot f i le 
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from modu l es stored i n  a l i st of f i l es i t  receives from the standard 
i n put  pat h .  You may even type that l ist on you r keyboard. How
ever, i t  i s  much safer to l et OS9Gen read the l i st f rom a p reviously 
ed ited f i le .  

After you have formatted your d i sk and i n sta l l ed the f i l es 
boot l ist and tr i m_boot, you can let your  com puter do the rest of the 
work. To get i t  sta rted , type: 

059: /01 /trimboot 

HOW TRIM-BOOT WORKS ____________________ _ 

We' l l  fo l low the act ion p lay by p lay, so you w i l l  understand 
how proced u re f i les work. 

The procedu re f i le tr i m_boot fi rst uses the ' t '  She l l  command 
to ask OS-9 to echo a l l  i n put  l i nes to the standard output  path .  
Then ,  i t  uses TMODE to  te l l  the  system not to  pause when the 
screen is  fu l l .  Note here that you m ust a lways use the " . 1 "  -
n u mera l  one,  not lowercase ' L '  - with the T M O D E  command 
when you use i t  with i n  a proced u re f i l e. 

Next, tr i m_boot te l l s  OS-9 to c reate a d i rectory named 
MODU LES on the d isk  in device 101 . Then,  i t  changes the cu rrent 
data d i rectory to that d i rectory. At th is point ,  that d i rectory is 
empty . 

Next, tr i m_boot loads the OS-9 SAVE ut i l i ty command and 
uses i t  to SAVE each module that you i ntend to p lace in your new 
OS9800T f i le .  For example :  

SAVE CCIO CCIO 

Th is  l i ne tel ls  OS-9 to save a modu le  named C C I O  i n  a f i l e  
named C C I O  i n  the c u rrent  data d i rectory. I n  the  l i ne before, 
tr i m_boot had i nstructed OS-9 to set the cu rrent data d i rectory to 
ID 1 /M O D U LES,  so the fu l l  pat h l ist to the new f i l e  is actua l ly  
ID 1 /MODU LES/C C I 0 .  

Remember ,  w h e n  y o u  run  t h e  SAVE command,  t h e  fi rst 
parameter ( n ame) is a path l i st to the f i le  where you want to store 
the modu le (s) named on  the remai nder of the l i ne .  The modu les 
that you are sav ing  are a l l  in memory.  They were loaded from the 
ori g i nal  OS9800t f i le when you booted OS-9. 

After OS-9 has saved each of the modu les you w i l l  need i n  
you r n e w  OS9800t f i l e, t r i m_boot U N L I N Ks t h e  SAVE ut i l ity com
mand and runs the OS9Gen ut i l ity command,  red i rect ing  its i n put 
from the f i le ,  ID1 /boot l ist. 

After OS9Gen creates the new OS9800t f i l e  on the d isk  i n  
device 101  and l i nks t o  i t ,  tr i m_boot te l l s  OS-9 t o  de lete everyt h i ng 
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i n  the d i rectory 101  IMOOU LES and the f i l e  101 Iboot l ist. They are 
no longer needed. 

Let's look at a l ist i ng of the d i rectory 101 /MOOU LES before it 
was used by tr i m_boot. 

d i rectory of 101 /mod u ies 1 2 :34:24 
CCIO CCOisk  l O M AN SCF 
R B F  SysGo Shel l C loc k  
T E R M  00 01  

Not ice  t h at a l l  o f  those SAVE command l i nes i n  the  procedu re 
f i l e  t r i m_boot rea l ly worked . Before we cont i nue  let's look at a 
d i rectory l ist i n g  of the d isk  mou nted i n  dev ice 101 after  the l i ne 
that O ELetes the f i le named 101  Iboot l i st .  

d i rectory of/01  1 2 :34:06 
OS9Boot tr i m_boot 

A f i l e  named OS9Boot has been stored on the d isk  i n  device 
/01 , and OS-9 has l i n ked to i t .  OS9Boot conta ins the modu les that 
were stored i n  each f i l e  l i sted i n  the  f i le  "boot l ist ."  I f  you need to 
prove i t  to you rself ,  run the OS-9 1 0ENT ut i l i ty com mand .  Type: 

OS9: Ident-s Id1/0S9Boot 

After de let i n g  the f i l es i n  the  d i rectory 101 /MO OU LE,  the  
d i rectory itself and the f i l e  "boot l i st , "  t r i m_boot te l l s  OS-9 to  
change the current data d i rectory to 100 .  Th i s  d rive shou ld conta i n  
a backup o f  t h e  or ig i nal  Rad io  Shack OS-9 system master d isk .  

_______________________ HOW OSAVE WORKS 

Next, tr i m_boot te l l s  OS-9 to run the OSAVE u t i l i ty command 
and save the resu lts in  a f i l e  cal l ed "makecopy" on  the d isk  
mou nted i n  device 101 . I t  uses the -s20 opt ion  to te l l  OS-9 to take 
20K of memory when i t  makes each copy. Let's l i st part of the  
procedu re f i l e  "makecopy" so we can see how OSAVE works. 

t 
tmode .1 -pause 
load copy 
Makdir CM OS 
Chd CM OS 
Copy #20K IdO/CM OS/asm asm 
Copy #20K IdO/CM OS/backup backup 

etc . . .  

Copy #20K IdO/CM OS/verify verify 
Copy #20K IdO/CM OS/xmode xmode 
Chd .. 
Makdir SYS 
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Chd SYS 
Copy #20K IdO/SYS/errmsg errmsg 
Copy #20K IdO/SYS/password password 
Copy #20K IdO/SYS/motd motd 
Chd .. 
Makdir OEFS 
Chd DEFS 
Copy #20K IdO/OEFS/OS9Defs OS90efs 
Copy #20K IdO/OEFS/RBFOefs R BFOefs 
Copy #20K IdO/OEFS/SCFDefs SCFDefs 
Copy #20K IdO/OEFS/SysType SysType 
Chd . .  
Copy #20K IdO/startup startup 
unlink  copy 
tmode .1 pause 
-t 

After the OSAVE u t i l i ty command c reates the proced u re f i l e  
makecopy, t r im boot te l ls OS-9 to change the cu rrent data d i rec
tory to 101 . It then te l l s  OS-9 to ru n makecopy. 

I nspect ion  of makecopy shows that i t  conta i ns every com
mand needed to make a new copy of the system d isk in d ri ve 100 
on a fresh ly-formatted d isk mou nted in device 101 . 

A l l  you need to do now is s i t  and watc h .  OS-9 wi l l  make a l l  the 
d i rectories i t  needs, and copy al l  the f i les OSAVE has told i t  to.  

After OS-9 f i n ishes ru n n i ng the proced u re f i le makecopy, 
tr i m_boot te l ls  i t  to delete makecopy. It then uses TMOOE to 
restore the cu rrent standard output  path to i ts ori g i na l  cond i t ion ,  
tU r "nS o f f  the echo of l i nes i n put  to the SHELL and exits g racefu l l y. 
You now have a brand new d isk conta i n i n g  a new OS9800t f i le  that 
you des ig ned . 

Use these l i st i ngs as examples when you des ign  you r  own 
proced u re f i les .  They work, and work wel l .  Once you type the 
name of a p roced u re f i le ,  OS-9 takes over and runs your  com puter 
for you .  

A TRICK THAT SAVES TIM E ____________________ _ 

Now, we' l l  look at a proced u re f i l e  that takes a d i fferent 
approach . 

Memory is not the on ly  t h i ng that is l i m i ted on  the Co lor  
Computer. S i nce the Rad i o  Shack d isk dri ves are l i m i ted to 35 
tracks on  a s i ng le  s ide  of the d isk ,  mass storage is a lso at a 
p rem i u m .  And s i nce these dr ives on ly  step at 30 m i l l iseconds per 
track ,  operat ion  is s low.  

You can i m prove performance some i f  you put  a few of the 
u t i l i ty commands that  you use often in  the OS9800t f i le .  Th is  
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means that OS9 won't  need to load them from your  IDO/CMDS 
d i rectory before i t  runs  them .  I t  a lso means that you won't  need to 
store a copy of  them i n  th i s  d i recto ry .  

I n  th i s  exam ple ,  we w i l l  assume that  you want  to use  you r 
or ig i na l  OS9Boot f i le  o r  the one  you j ust made fo l lowi ng the 
exam ple a bove - p l us f ive new modu les. We wi l l  add :  D I R ,  D IS
PLAY, L IST, M D I R  and MFREE .  

Beg i n  by  us ing  you r  p resent system d isk to  boot OS-9 . Then , 
use the BU I L D  ut i l i ty command,  or  you r favorite editor ,  to enter the  
fol lowing procedu re i n  a f i le  named I DO/make_new_sys. 

A lso,  enter a l i st of the m od u les you want in your  new 
OS9Boot f i l e  i nto a secon d  f i l e  named IDO/new_booLl ist .  

After B U I LD i ng make_new_sys and n ew_booLl ist , run the 
procedu re make_new_sys by typ i n g :  

OS9: 100/make.J1ew...sys 

____________________________________ THE PROCEDUR E  MAKE-N EW-BYS 

t 
tmode .1 -pause 
format Id1 <lterm 
makdir Id1/M OOU LES 
chd Id1 /modules 
load save 
save CCIO CCIO 
save CCOISK CCOISK 
save lO MAN lOMAN 
save SCF SCF 
save R BF RBF 
save SysGo SysGo 
save Shell Shell 
save Clock Clock 
save TERM TERM 
save DO DO 
save 01 01 
unlink save 
os9gen 101 <lOO/new.J)ooLlist 
deldir Id1 /modules 
d 
del IdO/new.J)ooUist 
chd IdO 
dsave -s20 100 >/01/make-copy 
chd Id1 
Id1 /make_copy 
del /d1 /make-copy 
tmode .1 pause 
-t 
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THE FILE NEW-BOOTJ.IST ____________________ _ 

Here is  a snapshot of the  f i l e  new_booLi ist .  Not ice that s ince 
the m od u les, D I R ,  D I S P LAY, L IST, M D I R  and M FR EE are a l ready 
i n  f i les ,  stored i n  the d i rectory IDO/C M DS, you won't  need to save 
them i n  / D 1 /M O D UL ES .  OS9Gen can l oad them f rom the  d i rec
tory IDO/C M DS.  H owever, you m u st g i ve OS9Gen the complete 
path l ist to t hese f i l es s ince your c urrent d ata  d i rectory is set to 
ID1 /M O D U L ES when you run  O S9Gen .  

ccio 
ccdlsk 
ioman 
scI 
rbf 
sysgo 
shell 
clock 
term 
dO 
d1 
IdO/cmds/dir 
I dOl cmdsl display 
/dO/cmds/list 
IdO/cmds/mdir 
IdO/cmds/mfree 

Remember,  each and every modu le  t hat you want i n  your f i na l  
OS9Boot f i l e  m ust be  i n  a f i l e  that is  named in  the l ist of f i les named 
i n  n ew_booLl ist .  Conversely ,  a l l  modu les that you do not want i n  
you r  OS9Boot f i l e  m ust be exc luded from t h e  l ist. 

The procedu re f i le  make_new_sys w i l l  p lace a n ew OS9Boot 
f i l e  on the d i sk  moun ted i n  d r i ve /d 1 . Each m od u l e  stored i n  a f i l e  
l i sted in  the  f i l e  /dO/new_booLl ist w i l l  be in  the new OS9Boot. 
OS9Gen gets the l ist of names f rom this f i l e  i nstead of the term ina l  
because i t s  i nput  has been red i rected f rom th is  f i le .  

The cost of us i ng th is  a pp roach i s  b i l l ed in  memory. The 
payoff i s  in  speed .  Name you r  po ison .  B u t  remember ,  o n ce these 
commands h ave been i nsta l led i n  the boot f i l e, they a re as good as 
i n  R O M  ( Read O n ly Memory) . You ' l l  never n eed them i n  you r  
work i ng execut ion  d i recto ry aga i n .  

SOMETHI NG TO THI NK ABOUT __________________ _ 

I n  fact, i t  m i g ht be  a good i dea to c reate several d i fferent O S-9 
system d i sks. O n e  cou l d  b r i n g  the  system a l i ve w i th  BASI C09 i n  
memory and many packed BASI C09 i ntermed iate code m od u les 
i n  the execut ion  d i rectory.  

A nother system d i s k  cou l d  come a l i ve with a word p rocessor 
l i ke DynaStar i n  memory and a n u m ber of word cou nt i n g  and  f i l e  
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h a nd l i n g  ut i l i t ies i n  the  execut ion  d i rectory. Go to i t .  A n  OS-9 
system can be set up j ust about any way you want it . Your  imag i na
t ion is  a lmost the on ly l i m i t .  

______________ OTHER WAYS TO G ET MORE ROOM ON A DISK 

As you have probably d iscovered by n ow,  i t  doesn't take long  
to  f i l l  u p  the  620 sectors ava i lab le  o n  a d isk  used wi th  a Rad io 
Shac k  s ing le-s ided,  doub le-densi ty d rive .  Let's look  at  another 
way to tack le  t he prob lem.  

Bac k  when you cou l d  on ly  buy s i ng le-s ided,  s ing l e-dens i ty 
dr ives, you h ad to force yourself to  get o rgan i zed . 

I used two d rives. T h e  f i rst d rive was a lways the  system d rive.  
The second was a lways the work d r ive. I used the f i  rst d r ive to ho ld  
a l l  command f i les .  I u sed the  second to  ho ld  a l l  text f i les o r  o ther  
data. 

I u sed one  system d i s k  when I was p ro gramm i n g .  It conta i ned 
an editor ,  an assem b le r, a debugge r, a BAS I C  i nterprete r  and 
several sma l l  u t i l it i es t h at I needed a l l  t he t i me .  P rograms l i ke D I R  
and L I ST fal l  i n  t h i s  category. 

I used another system d isk  for word p rocessing .  I t  held an 
editor and a text formatter, p l u s  several handy word p rocess ing  
ut i l i t i es .  T h e  most-used commands ,  l i ke D I R  and L IST, were 
stored o n  t h i s  d i sk  a long w i th  severa l smal l p rograms that cou nted 
words, c hecked readabi l i ty ,  etc. 

On the work d rive,  I used d ifferent d isks for d i fferent jobs.  O ne 
d i s k  he ld  o n ly BAS I C  prog rams, another ,  mag az i ne a rt i c les, and 
yet  another he ld  co l lege homework .  I t  took a lot  of d isks ,  bu t  I 
a lmost a lways had enough room on  t he d isk  to g et the  job done.  

Now, let 's see how our p h i losophy can be app l ied to OS-9 on  
the Color  Com puter. Here's one way to i m p lement th i s  st rategy. 

F i rst , write protect you r or ig i na l  system d isk  and use BACK U P  
t o  copy i t  to a f resh ly  formatted d i s k .  T h e n ,  we' l l  change you r p la i n 
van i l la  OS-9 system d isk  to a BAS IC09 system d isk .  

Start by pr in t ing a l ist i n g  of the  p rograms i n  the  C M DS d i rec
tory. Then ,  cons ider how often you wou l d  use each of them w h i l e  
run n i ng BAS I C09.  

When run n i n g  BASI C09 , i t  i s  h i g h ly u n l i ke ly  t hat you w i l l  ever 
need to use a ut i l ity command l i ke EXB I N . Study t he d i rectory 
l isti n g  and  see h ow many of the ut i l i ty commands you can g et 
a long without .  

The l ist w i l l  most l i ke ly  i n c l ud e  asm ,  back u p, c m p, cobbler ,  
dcheck ,  debug,  deld ir ,  dsave, d u m p ,  edi t ,  exb i n ,  format ,  ident ,  
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os9gen,  she l l  and q u i te a few more of you r  own choos ing .  Here's a 
samp le  p roced u re f i le  that w i l l  do the job .  You ' l l  have to make the 
decis ion about wh ich f i les to delete yourself. 

t 
tmode .1 -pause 
chx IdO/cmds 
chd IdO/cmds 
load del 
del asm backup cmp cobbler dcheck 
del debug dsave dump edit format ident 
del login pwd pxd os9gen shell tsmon 
del save sleep setime verify xmode 
unl ink del 
tmode .1  pause 
-t 

Remem ber, you m ay need copy, date, de l ,  de l d i r, d i r, d i splay, 
echo,  f ree, l i n k , l i st ,  load,  md i r, mfree, rename,  tmode and u n l i n k , 
so leave them on the d isk .  

S i nce you are c reat i n g  a BAS I C09 system d isk  and won' t  be 
us ing it for any assem bly lang uage p rog ram m i n g ,  you can also 
delete the ent i re O EFS d i rectory. T h i s  d i rectory conta i ns assem bly 
lang uage code that defi nes a l l  OS-9 system eq uates. 

To delete th is  d i rectory, type: 

OS9: deldir DEFS 

Answer the prompt that appears with a '  d ' fo r delete, and i n  a 
few m i n utes you w i l l  have a lot  of f ree space on  your  BAS I C09 
system d isk .  

OTHER PROCEDURES THAT IMPROVE THE SYSTEM ______________________ __ 

I f  you own a 40-t rack d ri ve, you can mod i fy the device descr ip
tor  so that OS-9 w i l l  use the ent i re d isk .  Remem ber, as sh i pped , 
Rad i o  Shack OS-9 on ly  works with 35-track d ri ves. 

Here's a way to mod i fy the device descri ptor mod u le 100 so 
that you can use the last f ive tracks of a 40-t rack d rive. I f  you have 
two 40-t rac k d ri ves i nsta l led,  don 't forget to change both d rive 
descr iptors. The keyboard seq uence looks l i ke th is .  

OS9: debug <ENTER> 
DB: I dO 

C1 0B 87 
DB: . <SPACE> .+1 8 

C1 23 23 
DB: =28 

C1 24 01 
DB: q 
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After you change th is  byte i n  device descr i ptor 100, OS9 w i l l  
k now that you have 40 t racks ava i lab le  on  that device. The f i ve new 
t racks wi l l  be ava i lab le  on any d isks you format after mak ing  th is  
change.  

I f  you don't want to make these changes with the DEBUG 
ut i l ity command by hand , you can use th i s  p rocedu re f i le. Put i t  i n  a 
f i le  named IDO/To_40_ Track .  

I dO 
. <SPACEBAR> .+1 8 
=28 
q 

Use the BU I LD ut i l i ty command to create the f i l e .  Then run 
your new procedu re f i le  by typ ing :  

OS9: debug <lDO/To_40_Track <ENTER> 

Th is  command l i ne is fasc i nat i ng  to the OS-9 novice because 
i t  sh ows how a p rog ram as comp l i cated as DEBUG can be run 
from a f i le  of p re-ed i ted i nstruct ions .  I t 's amaz ing  to watch .  

O nce you h ave changed t h e  device descr i ptor,  you may use 
the OS9G EN command to create a d i sk t h at w i l l  come on l i ne w i th  
40 t rac k d r i ves fo r IdO and Id 1 .  Remember ,  you must save the  
mod i f ied dev ice desc ri ptor i n  a tempora ry f i l e  - you co u l d  ca l l  i t  
DO.new - and run  the  VER I FY ut i l i ty co mmand wi th  the u pdate 
opt ion tu rned on before you can put the new mod u l e  i n  yo u r  
OS9Boot f i le .  

This command l i ne seq uence wi l l  so lve the problem and 
u pdate the CRC for you.  

OS9: save dO.  new dO 
OS9: verify <dO. new >dO u 
OS9: OS9Gen 101 <fi lelist 

A l l  mod u l es you want to i nc l ude i n  yo u r  new OS9Boot f i le ,  
i n c l ud i ng the newly ver if ied f i le  dO,  m ust be i nc l uded i n  the f i l e l ist 
f i le .  

________________ USI NG D R IVES WITH FASTER STEP RATES 

Here's a way to let OS-9 take advantage of d isk  d ri ves that can 
step from t rac k to t rac k at a faster rate.  I t  modi f ies CCDisk  each 
t i me you boot you r system . 

Start by putt i ng th is  l i ne  i nto yo u r  f i le  IdOlstartup  f i le .  

debug <ldO/changedisks 

Th is  command l i ne wi l l  load the debugger f rom yo u r  system 
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d i rectory and execute i t .  I nstead of gett i ng i ts i nstruct ions f rom 
you on  the keyboard , however, debug wi l l  get them from a f i le 
named "changed isks" on device IdO. 

Before c reat i ng the proced u re f i l e  IdOlchanged isks, study th is  
table.  

TABLE OF CHANGES TO MODULE CCDISK 
TO C R EATE FASTER STEP P I N G  RATE 

O FFSET I NTO M O D U L E  O L D  VA L U E  F O R  6 MS F O R  1 2  MS FOR 20 MS 

01 FE 

0204-0205 

02 0 0  

02E9 

1 3  

2225 

43 

03 

1 0  

0888 

40 

00 

1 1  

0888 

4 1  

0 1  

1 2  

0888 

42 

02 

CHAN G ES TO MODULE CCDISK THAT MAKE SECOND S I DE 
O F  D IS K  MOUNTED I N  A DOUBLE S I DED D R I V E  I N  100 

APPEAR TO BE D EV I C E  102 

O F FS E T  I NTO M O D U L E  

02 1 0  

02 1 1  

O L D  VA L U E  N EW VA L U E  

04 4 1  

40 42 

I n  the  procedu re changedisks,  we used a value that w i l l  c reate 
a 20 m i l l i second stepp i ng rate s i nce most Rad i o  Shack dr ives w i l l  
step at that speed . I f  you have faster d ri ves, you can use t h e  val ues 
f rom the tab le above. The tab les show you the val ue fo r stepp ing  
rates of  both 12  and s ix  m i l l iseconds. 

THE PROCEDUR E CHANG EDISKS 

$Ioad echo 
$echo Changing step rate in CCDISK 
$echo to 20 mil liseconds. 
I ccdisk 
· <SPACE> .+1 fe 
=1 2 
I ccdisk 
· <SPACE> .+204 
=08 
=88 
I ccdisk 
· <SPACE> .+2dd 
=42 
I ccdisk 
· <SPACE> .+2e9 
=02 
$echo Stepping rate has been changed 
$unl ink echo 
q 

You cou l d  go one step farther  and let the  debugger  te l l  
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CCDisk that y o u r  d rives can use 40 t racks i nstead of 35. To do that 
you would j u st add t h e  code we gave you ear l ier  in t h i s  chapter to 
the bottom of t h e  f i l e. 

I t  would a lso a lso be poss i b le to use separate debug com
mand f i les to change t h e  step rate and change the n u m ber of 
t racks. Perhaps you could cal l them changestep and changetrac ks. 

Then ,  you co u ld ru n them both by putt i ng  the fol lowing 
sequence in your startup fi le.  

load debug 
debug <ldO/changestep 
debug <ldO/changetracks 
unlink debug 

I f  you o n ly need to m ake the changes part of the t i me, you can 
save the sequence above in a separate procedu re f i l e  and then run  
i t  f rom the OS-9 command l i n e  when you need to make the 
changes. 

Stretch ing  t h e  i mag i nat ion  a b i t  farther ,  you could use the 
proced u re above to  make these changes permanent - i f  you run  i t  
and then i nsta l l  your  changes i n  a new OS9800t f i l e .  

A procedu re f i l e  l i ke th i s  wou ld work. 

chx IdO/cmds 
load debug 
debug <ldO/changestep 
debug <ldO/changetracks 
unlink debug 
format Id1 <lterm 
cobbler Id1 
verify <ld1 /os9boot >/d1 /booUemp u 
del Id1 /os9boot 
copy Id1 /boot.temp Id1/os9boot 
echo Disk in drive Id1 now has 
echo a new CCDISK module that 
echo will step at 20 mill iseconds. 
unl ink echo 

You w i l l  need to put a backup of you r or ig i nal Rad io  Shack 
OS-9 system master  d isk i n  d rive IdO before you run t h i s  p roce
d u re .  A lso,  t h e  f i l e  IdO/changed isks m ust be present on the d i sk  
mounted i n  d ri ve IdO. 

Do you remem ber how to add another l i ne or two to th i s  
proced u re fi l e  so  that i t  w i l l  tel l OS-9 to  copy  a l l  t he  f i l es on t h e  d i sk 
i n  d r i ve IdO to the d i s k  in Id 1 after  i t  changes t h e  OS9800t f i l e? I f  
not ,  you shou ld  rev iew the f i rst part  of th is chapter for the answer. 
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SUMMARY ____________________________________________________ ___ 

I n  t h i s  chapter you l earned h ow to  pu t  OS-9 to  work with 
procedu re f i l es .  I f  you turn your i mag i n at ion  loose, you wi l l  p roba
b ly  d ream u p  h u nd reds of rou t i ne  jobs t h at you can do with proce
d u re f i les. 

I n  C hapter 1 7  we i nt roduce you to fi l te rs. As soon as you 
comb ine  f i l ters wi th p ipes, you wi l l  begi n  to rea l ize the rea l  power 
of m u l t i task ing .  
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PART IV: PROGRAM MING LANGUAGES 

C H A PT E R  1 7  

j ust p lain tools 
the tool box philosophy 

S ince OS-9 is mode led after the U N I X  operat i ng  system , i t  
seems l i ke we wou ld  be  way ahead i n  the game i f  we learned to  
work l i ke UN IX  programmers. 

I n th i s  chapter we' l l  i nt roduce you to f ive "too l k i ts ."  A l most a l l  
o f  t h e  ut i l i ty commands i n  these packages work a s  f i l ters i n  OS-9 
p i pe l i nes. Before we're th rough ,  you ' l l  meet: 

M i croware's OS-9 F i le Hand ler  Tool box 
D. P .  Joh nson's Hackers K i t  
Com p uterware's Textools 

FH L's Ut i l i x  and U n iCharger 

To tune i nto the too l box ph i l osophy, we need to l earn to t h i n k  
o f  i nd iv id ual  p rograms a n d  ut i l i t ies a s  tools.  OS-9 lets u s  ru n more 
than one process at a t ime .  That's ha l f  the batt le .  Now a l l  we need 
to do is learn how to use severa l sma l l  too ls together to do a b ig  
job.  

Let's beg i n  wi th  a few examp les. When I f i rst ran OS-9,  I d i d  
everyt h i ng t h e  hard way . I typed out  every path l i st .  I j ust d i d n' t  
trust the mac h i ne .  I was as non-prod uct ive as one could be. One of 
my typical  command l i nes might have looked l i ke th is : 

OS9:1 dOl cmdsl copy #1 6K I dO/cmdsl greatbigprogram I d1 I cmds/greatbigprogram 

Then ,  I learned about the defau l t  d i rector ies.  L i fe was much 
s im pler :  

OS9: chd IdO/cmds 
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089: copy #16K program Id1 /cmds/program 

That was much better.  But then ,  every once in awh i l e  I n eeded 
to copy a d i rectory that  conta ined 30 o r  40 f i les.  I used the magic 
key a lot .  Th is  saved about ha l f  t he  typi ng ,  but  i t  was sti l l  a hass le .  

S ix  months later ,  the OS-9 DSAVE ut i l i ty command was 
re leased . I t  he lped a lot when you n eeded to copy an ent i re d i rec
tory - o r  even an ent i re d isk .  The commands went someth ing  
l i ke th is :  

089: chd Id1 /directorytocopy 
089: dsave Id1 >/dO/copy-procedure_file 
089: chd IdO 
089: IdO/copy-procedure_fi le 

When I ran th is sequence,  the mach i ne did m ost of  the  typ i n g .  
DSAVE generated a f i l e  w i t h  a ser ies of  l i n es t h at looked s i m i l a r  t o  
the f i rst examp le  a bove. At that t i m e ,  I red i rected them i nto a f i l e  
and  t h e n  r a n  i t  a s  a p rocedu re f i l e .  I t  was rea l l y  s l i c k  to  watch t h e  
computer do  a l l  the  work b y  itse l f. 

Then ,  the process became another o rder of magn itude easier  
when OS-9 p i pes were released about a year l ater.  How wou ld  you 
l i ke to t rade the fou r  l i nes of typ i ng a bove for  two command l i nes 
- and the f i rst l i ne rea l ly doesn't  count .  W ri te these She l l  Com
mand l i nes on  a labe l  and st ick them on  you r  keyboard. I t  wi l l  save 
you hours .  

08-9: Chd Id1 /directorytocopy 
08-9: dsave Id1 I (-x chd IdO/directory_to-copy_to) 

When you run  th i s  command l i ne ,  you ' l l  be us ing  your  f i rst 
OS-9 " p i pe ."  The mag i c  is i n  the  exc lamat ion po int - the She l l  
command l i ne sym bo l  for a n  OS-9 p i pe .  Here's what happens 
when you run the command l i nes a bove. 

T h e  f i rs t  l i n e s e t s  y o u r  c u r re n t  d a t a  d i re c t o ry t o  
Id1 /d i recto rytocopy. DSAVE a lways saves the c u rrent data d i rec
tory .  I n  the  second l i ne ,  i n stead of red i rect i ng  DSAVE's output ,  we 
used a p i pe, . ! ' .  

OS-9's S hel l  sends the output  o f  DSAV E to the standard out
put devi ce, norm a l ly you r  term i na l .  But ,  s i nce you typed the p ipe 
symbol after the DSAVE command,  the She l l p ipe l i ned the data 
stra ight  i nto the command fo l lowi ng the exc lamat ion poi nt ,  • ! ' .  

I n  the second part o f  the  command l i ne ,  we te l l  the  She l l not  to 
abort o n  an error and to change the c u rrent data d i rectory to 
IdO/d i rectory_to_copy_to.  After we do th i s, the  S he l l accepts each 
l i ne from DSAVE j ust as if it were comi n g  from the keyboard . 

Each t i me the She l l f i nds a carr iage retu rn,  it executes the 
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commands on that l i ne.  When each of t h e  l i nes generated by 
DSAVE has been execu ted , yo ur  new d i rectory w i l l  be ready to 
use. 

_______________ MICROWARE'S FILE HANDLER TOOL BOX 

M icroware des ig ned the i r too l box so th at m ost of the u t i l i t ies 
could be used as f i l te rs .  They read data from the standard i n put 
path ,  mod i fy i t  i n  some man ner, and then send it to the standard 
output device. Addi t iona l ly ,  seve ral of the programs i n  the package 
can take a l i st of f i l enames from yo u r  keyboard and execute the 
same command with each of them. 

The i deas for  t h i s  package came from the  book "Software 
Too ls" by Br ian  W. Kern ighan and P. L. P lauger .  A l l  of the tools i n  
t h e  package are po pu lar  w i th  U N I X program mers.  T h e  M icroware 
Tool Box conta ins :  

NAME 
Code 
Count 
Compress 
D 
Expand 
G rep 
Pr 
Qsort 
Space 
Sp l i t  
Tr  
Xmode 

FU NCTION 
D isp lays the  hexadec i mal eq u ivalent o f  a key 
Cou nts characters, words, and l i nes 
Compresses a text f i l e  
Pr i nts d i rectory l ist i ng 
Expands a com pressed f i l e  
G loba l ly  F i nds  R egu la r  Expressions and Pr ints them 
Pr i nts a f i l e  wi th formatt i n g  
Performs Q u ick i n-mem ory sort 
Spaces and/or i ndents a f i le  
S p l i ts a f i le  i nto several f i l es 
T rans l  i terates a f i le's contents 
Exam i nes or changes a device descr iptor 

Let's take a c loser look at t h i s  ut i l i ty pac kage and show yo u 
how you can use several of these sma l l  tools on the same 
command l i ne to d o  a big job. 

When you r  d i rector ies get long they rea l ly sh o u l d n't  w i th 
OS-9's h ierarch ica l  d i rectory system i t  can be a rea l h assle to 
look t h ro u g h  a l i st of f i lenames i n  random o rder .  L ife wou ld be 
m u ch eas ier  i f  you cou ld  look at a sorted l i st .  Try t h i s  command 
l i ne: 

OS9: d ! qsort ! pr  >/p 

N ow,  imag i ne that  you wou l d  l i ke to k now how many ' C ' 
sou rce f i les you have i n  a d i rectory. Let's set u p  a p i pe to count  
them: 

OS9: d "' .c ! count - I  

T h i s  co m mand l i ne should do the job if you r ' C ' source f i l es 
are i n  you r  cu rrent d ata d i recto ry . 
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I mag i ne that you a re a n  author  and  that you have just f i n ished 
wr i t i n g  a n other chapter i n  the  g reat Amer ican n ove l .  You have fu l l  
conf idence in  you r a b i l i t ies as a wr i te r, but  you real ize you have a 
bad hab i t  - you keep us ing  tacky words. 

I nstead of wri t i n g  "use , "  you wr ite "u t i l ize" - a l most every 
t ime .  I f  you want  to make a qu ick  check to make su re you don 't s l ip  
u p  agai n ,  set u p  a p ipe l i ke th is .  

089: grep uti lize G reat.American.NoveI.Chapt4 , count -I 

I n  a few seconds you ' l l  know how many t i mes you used the 
word u t i l ize. With a fu l l  too l box you can f i n d  out  j ust about any
th i ng  you would ever want to know.  I n  fact, you cou ld even use 
another tool from th i s  k i t  to change every occu rrence of "ut i l ize" to 
"use. " 

NOW WHAT, CONTINUED------------------------------------------

Here's another  examp le  of what you can do when you u nder
stand f i l te rs ,  p i pes and app ly a l it t le i m ag i n at ion .  Th is f i l ter does a 
rea l  j o b. 

H ow many t imes have you wanted a s imp le  data base manager 
that wou ld let you look up a phone n u m ber  fast. Try th is : 

089: BU ILD phone 
? d ick herring, 51 5-555-1 21 2, des moines, ia 
? lonnie falk, 502-228-4492, prospect, ky 
? jim reed, 502-228-4492, prospect, ky 
? <ENTER> 

Th is  sequence uses the B U I L D  u t i l i ty to p lace th ree names 
wi th  the p roper te lephone n u m ber ,  c i ty and  state, i n  a n  0 8-9 text 
f i le .  

N ow, i mag i ne that  you answer the phone and  someone asks 
you for Lonn ie's n u m ber.  The stack of l it t le  yel low telephone s l ips 
o n  you r desk is more than  a foot h i g h  and  someone has taken h is  
card from you r  card f i l e. What can you do? 

I f  you have a Co lor  Com p uter run n i n g  08-9 sitt i n g  o n  you r  
desk and  y o u  have i nsta l led one  of the  U N IX l i ke toolboxes, you 
can type: 

089: grep Lonnie phone 

I n  a second or two th i s  l i ne w i l l  appear on you r screen :  

lonnie falk, 502-228-4492, prospect, ky 

Let's t ry another  exa m p le .  What can you do i f  you remem ber a 
long l ost fr iend i n  Kentucky from you r ham rad io days, but you 
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can't recal l  h is name.  Try th is: 

OS9: grep ky phone 

Seconds later you ' l l  see th is  message on your screen .  

lonnie falk, 502-228-4492, prospect, ky 
j im reed, 502-228-4492, prospect, ky 

How's that for an easy and cheap e lectron ic  phone book? 

_____________ M ICROWAR E'S TOOL KIT HAS SEVERAL PLUSES 

Three of the  too ls  i n  t h e  M icroware F i l e  Hand ler  Tool Box 
deserve spec ia l  ment ion .  

F i rst, I a l m ost a lways use the ' D ' ut i l ity i n stead of  the  standard 
OS-9 D I R  command now. Th is  tool is powerfu l because of i ts 
wi ldcards .  

b*  matches BCD,  badfi le, b ,  bird.c or b.tempfile 
*c* matches file.c, BCD, or account.bak 

*f matches fi le.f, testf, temp.f or photograf 
*.src matches spel l .src, lookup.src, L lST.SRC or any.src 

Study the  matches i n  the table above and you ' l l  see the power 
of th i s  u t i l i ty .  Of cou rse, s i nce i t  outputs one fi lename on each l i ne ,  
i t  i s  very easy to use i n  a p ipe l i ne. 

Two tools  from the F i l e Hand lers Tool Box that rea l ly  sh i ne are 
G R EP and TR. They are powerfu l  because they recogn ize a set of 
regu la r  exp ressi ons .  I n c l uded in the set are operators that match 
any ASC I I  character, c losure, a character c lass, an EOL character 
and a spec ia l  escape symbo l .  A l l  the stand ard escape symbols  are 
recog n ized , i nc l ud i ng :  

\ t tab character 
\n = n ew l i ne character 
\b = backspace ch aracter 
\f = form feed character 

G R EP and TR wi l l  both recogn ize any ASC I I  n u meric value  
between 1 and 1 27 tha t  i m mediate ly fo l l ows a backs lash .  For 
exam ple,  \32 w i l l  cause G R EP and TR to recogn ize an ASC I I  
space. 

TR is an espec ia l ly  usefu l  tool because it g i ves you a way to go 
t h rough a f i l e  and convert any st r ing of characters to any other 
str i ng . To get a feel for i ts power and shorthand ,  study th i s  com
mand l i ne .  

1 63 



059: TR [a-z] [A-Z] myfile 
059: TR [A-Z] [a-z] myfile 

If you ru n these two com mand l i nes you w i l l  see that they a re 
eq u iva lent to the U N I X  commands U PPER and LOWER.  I n  the  f i rst 
command l i n e  TR converts any character between ' a '  and I z '  to 
the correspond i ng capita l  letter. 

The secon d  command d oes j ust the  opposite .  S i nce TR rec
ogn izes the  reg u lar express ions we ment ioned ear l i er ,  it can be 
used to change j ust about anyt h i ng to j ust about anyth i ng else. 

FIL TER5, FIL TER5 AND MORE FIL TER5 _______________ _ 

Seve ral other Th i rd Party Software deve lopers have fol lowed 
in M i croware's steps and released U n ix-l i ke  fi l ter k i ts .  We'l l  look at 
D. P. Joh nson's tool k i ts next . 

N A M E  
L S  
B U F  
C P  
D L  
FL iST 
I NFO 
MV 
PAG 
R EM OVE 
SELL 
S ETAT 
SORT 

D I S I N P  
F I LTER 
M E M L IST 
M EM LOA D 
R EW R I TE 
SPLIT 

FILTER KIT #1 

FUNCT I ON 
l i sts f i lenames, one per l i ne 
buffers i n put u n t i l  eof, then outputs  it  
copies f i les from work ing d i rectory 
de letes a l i st of f i les from cu rrent di rectory 
l ists fi les to standard output 
displays owner,  c reation d ate, att ri butes of a f i le 
moves f i les from d i recto ry to di rectory without copying 
formats data i nto pages 
rem oves a f i le from data di rectory without delet ing 
changes owner n u m be r  of  named f i les 
resets f i le att r i butes of l i st of f i l es 
sorts l i st of u p  to 300 nam es 

HACKER KIT #1 

disassem bles code from standard i n put 
str ips al l  occu rrences of a character from standard i n put 
l i sts memory in unformatted b inary 
loads f i les into memory at absolute add ress 
writes standard i n put i nto a f i le  at spec i f ic  offset 
spl its data from i n put f i l e  in to  one or more output f i les 

Joh nson's u t i l i t i es use on ly  the standard i npu t  and standard 
output  paths. Th i s  means the i r i n put  and output  can be red i rected 
to var ious devices or fi les,  or p i ped to other processes . Ut i l i t i es l i ke 
these are meant to be u sed together .  

For examp le ,  LS outputs a l i st conta i n i ng the names of fi les 
stored in the cu rrent data d i rectory, one on a l i ne. Th i s  lets other 
commands in the tool kit pe rform an operat ion  on a l i st of f i les. 

DL, d eletes al l  fi l es named.  PAG pag i nates a l ist i ng of the data 
contai ned in the f i l es named .  SORT sorts any data it rece ives from 
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the  f i les named o n  the standard i nput  path .  These command l i nes 
shou l d  make t h i ngs c lear:  

089: Is 
089: Is ! dl 
089: Is ! pag 
089: Is ! sort ! pag 

The f i rst command l i ne l i sts the  names of  f i les stored i n  you r  
c ur rent  data d i rectory ,  one name per l i ne.  The  second deletes a l l  
f i l es i n  you r  c urrent data d i rectory .  The t h i rd ,  p ri nts a pag i nated 
l ist i ng of f i l enames f rom your  c ur rent  data d i recto ry .  And ,  the last 
command I i ne pri nts a sorted and pagi nated l ist i  ng of the names i n  
that d i rectory .  

N o rma l ly ,  you wou ldn 't want  to de lete a l l  the  f i l es i n  a d i rec
tory. But ,  i mag i ne for a m i n ute that you need to de lete a l l  f i l es t h at 
beg i n  w i th  the letter 'a ' .  To do th i s ,  you cou ld  use the fo l lowing 
command:  

089: Is  a* ! dl 

If you o n ly want to de lete f i l es that beg i n  with the letter I a ' and 
have f i l enames three characters long ,  you cou l d  type: 

089: Is a?? ! dl 

Or,  perhaps you need a l i st of the n ames of a l l  d i rectory f i les i n  
a d i rectory .  T h i s  command l i ne shou ld  d o  t h e  job :  

089: Is -A.d. 

Here ,  LS checks to see that tt'e d i rectory attr i bute is on befo re 
i t  l i sts the  f i l ename.  L S  a lso lets you check for att r ibutes that are 
off, the  owners n u m ber, and the date. There is even an opt ion  that 
l ets you l ist t he  n am es of f i l es that were created before a certa in  
date. 

Joh nson's C P  u t i l i ty lets you copy f i les wi th  the f i lenames 
l i sted on the standard i nput  path from the c u rrent data d i rectory to 
a f i l e  w i th  the same name on the dest i nat ion path.  

089: chd Id1/80URCE 
089: I s  -nby83m7 ! cp IdO/80URCE.BAK 

T h ese c o m m a n d  l i nes  w i l l  c o py f i l es  i n  t h e  d i rec to ry 
Id1 /S0URCE i nto the d i rectory IdO/S O U RC E . BAK i f  they were 
not modi f ied before J u ly of 1 983. 

Here a re a few more exa m pl es of D .  P. Johnson's u t i l i t i es i n  
act ion .  U s i n g  I N FO i s  s i m i la r  t o  ru n n i n g  the standard OS-9 ut i l i ty 
com mand  D I R  w i th  an  I e '  opt io n .  I t  d i sp lays t he owner n u m ber, 
the c reat i o n  d ate, mod i f i cat io n  date and  t i me ,  att r ibu tes, byte-
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count and the name of a f i le .  Here are two forms of its use: 

OS9: info Is cp dl 
OS9: Is -e ! info 

MV is a handy u t i l i ty because it l ets you move a f i l e  from one 
d i rectory to  another without actua l ly  copy ing  the f i le .  Need less to 
say, t h i s  is  much  faster .  The two d i rector ies m ust be on the same 
physical device however. 

S u p pose you have a l l  the commands you want in a d i rectory, 
but they are in random o rder .  You wou ld  rather have them f i led i n  
sorted o rder. T ry t h i s  seq uence o f  commands: 

OS9: makdir /dO/CMDS.SORTED 
OS9: chd /dO/cmds 
OS9: Is ! sort ! mv -I /dO/cmds.sorted 

D .  P. Joh nson's HACK ER's K IT  #1 does not contai n f i l ters. 
However, i t  g i ves you a set of tools that a re very usefu l  to anyone 
work ing  wi th  assembly  lang uage program m i ng o r  customiz ing 
the i r  operat i n g  system.  

The d isassemb ler  that comes i n  the  pac kage does not receive 
its i nput from a f i l e  as do most d isassemblers. Rather,  it reads its 
i n put  d i rect l y  f rom OS-9's standard i n put  path .  Th is  opens u p  
m a n y  poss i b i l i t i es ,  a n d  y o u  can use i t  t o  d isassemble  code that is 
stored in memory or  d isk f i les. 

Joh nson's F i lTER K I T  #2, wh ich  was released j ust as th is  
book went  to press, contai ns another 10  OS-9 ut i l i t i es .  The most 
notable is MACGEN - short for Macro Generator.  It bu i lds a 
mod u le  out  of a l i st of She l l  com mands that can be run  wi th  one 
command.  The funct ion i t  performs is s i m i lar  to that of  a She l l  
proced u re f i le .  However, i t  i s  faster, and a l lows you to use parame
ter subst i tut ion in you r  command l i ne .  

U t i l i t i es in  t h i s  re l ease i n c l u d e :  A p pe n d ,  C o n f i r m ,  FF ,  
ForcError ,  M acGen ,  N u l Device, Rep ,  S i ze, Touch  and U n load. 
The Rep command lets you repeat prog rams desig ned for use with 
a s ing le parameter by feed ing  i t  a l i st of names on  the standard 
i nput  path .  

UTILIX - UNIX-LIKE TOOLS FROM FHL----------------

U T I L I X  br i ngs U N IX- l i ke ut i l i t ies to OS-9. I t  is a set of tools 
from the Frank Hogg laboratory in Syracuse, NY.  

CAT 
CODE 
CRYPT 

UTILIX 

concatenates text fi les and l i sts to standard output 
pri nts decimal  and hex val ues of character typed 
encrypts fi les 
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D I FF 
D ISPLAY 
G R E P  
LOWER/U PPER 
PACK/U N PACK 
PR 
SORT 
TAI L  
T I M E  
WC 

com pares two fi les l i n e  by l i n e  and reports d ifferences 
d isp l ays the asc i i ,  dec i mal ,  hex or octal  value typed 
searches f i le  for exp ress ion 
converts a l l  characters to lowercase or u ppercase 
compresses and decompresses text f i les 
l ists and formats fi les to standard output 
sorts a f i le with u p  to 10 keys 
pri nts the l ast part of a f i le 
t i mes the execut ion of a command 
counts characters, l ines and words 

M ost  of t he tools i n  th is  k i t  use standard U N IX com mand 
names and  thei r command l i ne syntax is  for the most part ident ica l  
to the correspond ing UN IX  command.  

CAT for exam ple,  l i sts text f i les to the standard output pat h .  
Th i s  doesn't  sou nd l i ke  m u c h ,  bu t  let 's see what happens when we 
apply a l it t le  creativ ity.  

The most obv ious use for CAT i s  to  merge a n u m be r  of f i les 
i nto one.  

OS9: cat file1 f i le2 fi le3 >blgfile 

The red i rection operator at the left end of the command l i ne 
d irects the  standard output  path i nto a f i l e  n amed b igfi l e  located i n  
your cu rrent data di rectory. 

Now, l et 's s h ow you a t r ick w i th  CAT. What do you t h i n k  t h i s  
command l i n e  w i l l  do? 

OS9: cat >workfile 

Bel ieve i t  or  n ot, i t  e m u l ates the standard 08-9 B U I LD ut i l i ty .  

The CODE ut i l i ty p ri n ts both the decimal and hexadeci mal  
val u e  of  the character you type. I f  you l i ke to keep secrets, you' l l  
f i n d  CRYPT a n  i n terest i n g  too l .  You su pply t h e  secret code word 
and i t  c iphers the  f i le .  

OS9: crypt mycode <myfile >secretfi le 
OS9: crypt mycode <secretfl le 

The f i rst com mand l i ne  c iphers the text in a f i le named 
"myfi le" located i n  the current data d i rectory, us ing the code word , 
"mycode ."  The second,  deci phers that f i le  and  l i sts the or ig i na l  
Eng l i sh  language text on you r  termi na l .  

D I FF is  one of the  s l i ckest programs i n  the  UT I L I X  package .  I t  
com pares two f i les on a l i ne by l i ne bas is .  I f  l i nes are m iss i ng fro m  
a f i le ,  i t  t e l l s  y o u  which l i n es are m iss ing and where they s h o u l d  be 
l ocated.  If a f i l e  has extra l i nes, it f inds  them for you .  If the two f i les 
have d ifferent l i n es in them , D I FF w i l l  te l l you wh ich l i nes to 
replace to e l i m i nate the differences. 
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The  D I SPLAY ut i l i ty i s  s i m i la r  to the  standard OS-9 D isp lay 
ut i l i ty, except i t  i s  m ore versat i le .  The or ig ina l  D I SPLAY w i l l  on ly 
d i sp lay hex values to the standard output path .  Th i s  D I SPLAY w i l l  
take asc i i  text, as wel l  as  dec ima l ,  hexadec ima l  and  octal i n put ,  
and d isp lay the resu l t  on  you r screen or pr i nter. 

The UT I L IX  SORT u t i l i ty is  not l i m ited to data i n  memory ,  so i t  
can s o rt fai r ly la rge f i les. Y o u  are l i mi ted on ly b y  the amount  of d isk  
space you  have ava i lab le for  work f i les. 

TA I L  is very handy and also versat i le .  I t  lets you look at the l ast 
few bytes, characters or l i nes of a fi le .  You te l l  i t  how many charac
ters or l i nes you want to see. For exam ple :  

059: ta i l  -101  myfile 
059: tail -10c myfile 

The f i rst com m and l i n e  w i l l  let you see the last 1 0  l i nes of 
"myf i le . "  The second w i l l  on ly l et you see the l ast 1 0 characters. 

T I M E  is a useful  p rogra m  when you a re benchmark ing a 
p roced u re .  Want to  know how long i t  takes to l ist a f i l e? Ask you r 
trusty Color Computer.  

059: t ime list testfi le 

And fi na l ly ,  WC is  a u t i l i ty that lets you cou nt the n u m ber of 
characters, l i nes o r  words i n  a f i l e .  I f  you don't  tel l WC what you 
want to count ,  i t  w i l l  count  a l l  th ree. 

UNIX LOOK OUT! ________________________ _ 

One prog rammer  came u p  w i th a creative st rategy recent ly 
that should help everyone usi ng OS-9. B rian Lantz exam ined each 
OS-9 too lk i t .  Then ,  he stud ied the standa rd U N I X  ut i l i t i es .  

Lantz d i d n't want to  waste h i s  t ime re i nventi ng the  wheel ,  so 
he struck out  to b reak new g round .  H i s  goal  was to f i l l  t he  gap 
between OS-9 and U N I X .  

H i s  f i rst package conta i ns 1 7  U N I X- l i ke ut i l i ti es  and is  bei ng  
marketed by  Computerware i n  Enci n i tas, CA. 

CAT 
FG R E P  
LOWER 
LS 
PACK 
PR 
QSORT 
R PL 

COMPUTERWARE'S TEXTOOLS 

concatenates standard in put to standard output 
a fast, G R EP-l i ke pattern matc h i n g  ut i l i ty 
converts a l l  u ppercase letters to lowercase 
displ ays l i st of f i l e  n ames in a di rectory 
compresses m u lt ip le  spaces i n  a f i l e  
formats output to standard output path 
sorts data in memory and sends to sta ndard output 
replaces "key 1 "  from sta ndard i n put to "key2" 
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SPLIT 
TA I L  
T I M E  
TR 
U N I Q  
U N PACK
UPPER 
U PS 
WC 

spl its source f i le i nto separate f i les 
d ispl ays last 1 0  l i nes of f i les 
tel ls how long it takes to execute a command 
trans lates characters for stan dard i n put 
removes d u pl i cate l i nes from standard i n put 
opposite of PAC K  
converts a l l  lowercase letters to uppercase 
repeats command us ing f i lenames from standard i n put 
cou nts characters, words, and l i nes in  standard i nput 

The Computerware package is  p robably the best investment 
for Color Com puter users. The reason? Each ut i l ity i n  the Textools 
set is  written ent i re ly in 6809 assem bly language.  Th is  means the 
code is short and runs fast. 

The Textools set is a lmost ident ica l  in funct ion to the F H L  
UTI L I X  package. H owever, the tools i n  UT I L I X  were written i n  C 
and a re f i ve to 1 0  t i mes lon ger.  I n  an 08-9 Level l system where 
memory is at a prem i u m ,  Textools  appear to be the best cho ice. 

Wherever possi b le ,  t he  Textoo ls  obey al l U N I X  convent ions.  
Th is  means they use the same command l i ne and work j ust l i ke 
the i r  U N  I X  cou nterpart. L i ke the M icroware G R E P  and TR u t i l i t ies, 
most of the Textools recogn ize meta characters and reg u la r  
expressions .  

In  fact , Lantz has added a ut i l ity cal led M ETA that p re
p rocesses m eta characters for commands that don 't recog n ize 
them.  Fo r example ,  study these com mand l i nes: 

OS9: meta del test* <ENTER> 
OS9: meta list /dO/LiSTINGS/e* <ENTER> 

______________ UNICHARGER MAKES OS-9 BEHAVE LIKE UNIX 

I n  add i t ion  to the  Textoo ls u t i l ity set , Lantz has written a 
package cal led the "08-9 U n i C harger" for Frank Hogg Laboratory.  
Th is  package,  desi g ned to make 08-9 behave more l i ke U N IX ,  is 
d ivided i nto two sect ions. 

U niCharger SYSTEM COM MANDS 

AT set up a proced ure f i le  AT a future date and t ime 
ATR U N  r u n  a proced ure f i l e  set up  b y  AT 
CHECKMA I L  te l ls  you when you have mai l  
CON FERENCE std i n  goes to  selected users on l ine 
CRON run tasks period ical ly  
F I N G ER f ind informat ion about users on l i ne 
LOG I N  s im i lar t o  M icroware's, checks for mai l  
MAI L Send and receive mai l  from user to user 
MAN O n l i ne system manual  
PASSWD change and encrypt log i n  password 
SU Switch Users without LOG I N  
WALL write f i le  to al l  users on system 

1 69 



WHO 
W R I T E  
PRO F I L E  

CAL 
CHMOD 
CHOWN 
COMM 
CRYPT 
DU 
ERROR 
EXPAN D 
H EA D  
M ETA 
M V  
TEE 
TTY 
U DATE 
VIS 

tel ls  w h o  i s  o n  system and where they are logged o n  
w rite message to a specif ic  user 
an i nformat ion  f i le  used by many of these programs 

U niCharger UTILITY COMMANDS 

pri n t  a calendar of any year 
changes attr ibutes of f i le  or  d i rectory 
changes ownersh i p  of a f i le  
compares two f i les 
encry pt standard i n put  to standard output 
check usage of disk space 
l ist error message 
add i n p u t  from std i n  to a " path name" 
prin t  f i rst few l i nes of f i le  
expands meta characters f rom comand l ine  
movesf i le  
U N I X  eq u ivalent ,  overw rites exist ing  f i l e  
D isplay name of standard i nput device 
d isp lay cu rrent date and t i me,  U N I X  format 
d isplay non pri n t ing  characters as \ n n n  

The "System" ut i l i t ies a bove must be  i nsta l led o n  your  system. 
They change a few of  the 0 8-9 system f i l es and  add featu res that 
make OS-9 look very m uch l i ke U N I X .  

For  exa m p le ,  t he  struct u re of  the  OS-9 password f i l e  i s  
changed so t h at a PA88WD u t i l ity command c a n  be used to let 
i nd iv idua l  users change the i r  passwords. O n  standard 08-9 sys
tems, on ly  the superuser can change the password f i l e. The  new 
LOG I N  command checks for M A I L .  

The  U n iC ha rger u t i l i ty com mands stand a lone .  They are a l l  
patterned after  the i r  U N I X  cou nterparts and were wr itten to b ri ng 
more U N I X- l i ke funct ions to OS-9 prog ram mers. 

H IRES G IVES YOU A 51 COLUM N SCREEN ______________ ----:-

I n  add it i on to the f i l ter k its we have h i g h l i g hted so far,  we need 
to ment ion several other  software packages t h at g reat ly enhance 
OS-9 operat ion  on  the Color Com puter .  The f i rst deals with the 
problem of the 32 col u m n  screen .  

H i Res lets you wr ite h i gh-reso lu t ion  text o n  an  08-9 g raph i cs 
scree n .  Th is  means your  p rograms can u se t he 24 by 51  screen of 
u p percase or l owercase characters, with d escenders ,  and d raw 
g raph ic  e lements on the  same screen at the  same t i me .  

OS-9, as sh ip ped by  Tandy,  uses a device d river ca l l ed CCIO .  
I t  g ives you g raph ics capa bi l it i es and lets you  reserve memory for 
a g raph ics screen - l i ke the P M O D E  3 or  PMODE 4 statements in 
Extended Color  BAS I C  - and g ives you a way to  set o r  erase 
pOi nts ,  or d raw l i nes and c i rcles o n  the screen .  
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When you run  H i Res, both the text and g raph ics are output 
th rough /TERM - OS-9's standard output device. H i R es d raws the 
text characters us ing  i nformat ion  from a separate "Character Set" 
mod u le wh ich can be modi f ied by the user. 

The i nformat ion  in the character set mod u l e  i nc l udes the 
shape and s ize  of each character, the  spac i n g  of  each row and 
co l u m n ,  and the defau l t  g raph ics  mode and co lor  set used to d raw 
the characters. The standard character set draws each character 
in  a seven-dot by fou r-dot matr ix  wi th one-dot descenders. The 
descenders make the d isp lay easy to read . Characters appear 
black on  a buff background .  

A l l  o f  the  capab i l i t i es i n  the  orig i na l  OS-9 d isp lay modu le  st i l l  
exist w h i l e  you are r u n n i n g  H i R es .  T h is i s  poss ib le  because H i R es 
passes the g raph ics com mands on to C C I O .  Other commands let 
you return to the 32 by 1 6  a lpha  d isp lay and de-a l locate the g ra
ph ics memory used by H i Res.  You may want to do th i s  when you 
are runn ing  long programs that req u i re a lot of memory. The Radio 
Shack C compi ler is  one program where you m ust do th is .  

H i Res uses a l l  of the C C I O  com mands that control  the text 
cursor, i nc l ud i ng  d i rect cursor address ing ,  c lear screen, erase l i ne 
and so on .  

H i Res g ives you  add i t iona l  featu res that en hance the  text 
disp lay .  A good example of th is  is the "Erase from cursor posit ion 
to end of l i ne" fu nct ion ,  which is  an i m portant factor i n  the eff ic ient 
operat ion  of many programs l i ke the DynaStar h ig h-speed screen 
ed itor .  Other p luses i nc l ude the mu l t ip le  d isp lay w indows and 
smooth scro l l i n g .  

The character d rawing su brout i nes seem to b e  as fast a s  those 
in any of the  popu lar  imp le mentat ions of F lex for the Color  Com
puter , desp i te  t h e  pena l t ies assoc i ated w i th  a l l ow i n g  user
adj ustab le  character sets. The  speed of H i Res is  eq u iva lent to that 
of a standard termi nal  ru n n i ng at approxi mately 3200 Baud.  

H i Res is  very easy to ru n .  You either load the character set and 
the mod u le "H i R es,"  or  i nsu re that they are i n  your cu rrent execu
tion d i rectory . Then ,  you type " H i Res", and when the "OS9:" 
prompt appears next,  i t  w i l l  be on  your h i g h-reso l ut ion screen . 

H i Res is  avai lab le  f rom Frank  Hogg Laboratory, 770 J ames 
St reet ,  Syracuse, NY 1 3203 . 

_________ WORD-PAK: A HARDWARE ALTERNATIVE TO H IRES SCREENS 

There are seve ral p roblems assoc iated with the software 
approach to h i g h  reso l ut ion screens .  The f i rst concerns memory.  
I t  takes about 6,000 bytes of screen memory a lone to generate a 
h i g h  reso lu t ion  screen .  After you add another two or th ree thou-
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sand bytes to store the h igh  reso lut ion program ,  you ' l l  f i nd you 
have consu med q u ite a b i t  of memory .  I n  fact, you ' l l  h ave a lot less 
memory l eft for you r  own p rograms. I nd eed , memory is  a very 
p recious commodi ty on  an OS-9 Level I com p uter. 

Speed is another co ns ide rat ion . The software approach uses 
a lot of you r 6809's t i m e  t ime  that co u ld  be bette r used to run  
you r  own programs.  

The h a rdware approach to h igh reso lu t ion screens is  the 
answer. When you p lug a cartr idge conta i n i n g a v ideo generator 
c h i p  and i ts own software i nto the Color Computer's expans ion 
po rt you acco m p l ish  two t h i ngs .  You f ree up a lot of  memory and 
you s peed u p  you r  comp uter. You w i l l  a lso f ind  that you a re ab le  to 
work wi th  i nd ustry standard software des igned to work on screen s  
that sport 2 4  o r  25 rows contai n i ng 80 col u m ns .  

Word-Pak, a v ideo cart ri dge that p l u g s  i n to you r  expans ion 
port, g i ves you the complete ASC I I  character set, a programmable 
screen and a p rog rammable cursor. The OS-9 dev ice descr i ptor  
and dev ice d river t hat works with i t  let you home the cursor, erase 
to the  end of the  l i n e  and e rase to the end of the screen. They also 
let you pos i t ion the cursor anywhere on the screen by send i n g  a 
pa i r  of X-Y coord inates. 

Another  model ,  the Word-Pak I I , adds more advanced fea
tu res.  Wi th  t h is cartr idge you get an i m p roved ch aracter set that i s  
very easy to read, smooth scro l l ing a n d  a software v ideo sw itch 
that lets you switch you r  mon i tor  between the Color Computer's 
v ideo o utput and i ts ow n .  Th is  means yo u r  prog rams can switch 
back and forth between g raph ics and text. Word-Pak and Word 
P a k  I I  were desig ned a n d  bu i lt b y  PBJ , I n c. 

SDISK - A GOOD ALTERNATIVE TO CCDisk ---------------

O S-9 i s  a perfect exam p l e  of the effect iveness of modu lar  
prog ra m m i ng .  You  can add n ew hardware ad d i t iona l  d i sk 
d rives, g raph i cs d i splay board s or  mechan ical p lotters , for exam p le  
- wi th  ease. A package n amed S D I S K  f rom D .  P .  Joh nson br ings  
th is  ab i l i ty to the Co lor  Computer .  

Su ppose that you own 35-track, s i n g le-s ided ,  s i ng l e-densi ty 
d isk dr ives, and are strug g l i ng a long doing the best you can .  Then,  
you r day comes and you win the Readers D igest Sweepstakes. Or , 
maybe you h i t  the da i ly  dou ble at the  t rack.  I n  any case, you ' l l  
p robably want t o  move u p  to dou ble-s ided,  dou ble-density d rives 
r ight away . 

On a standard OS-9 system,  you need on ly  p lug  i n  the new 
dri ve and  change one or  two bytes i n  an OS-9 dev i ce descr iptor. 
The change is  so s im ple that you can make it q u ick ly  wi th  the OS-9 
debug ut i l i ty. 
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Not so , on  the Co lor  Com puter vers ion  of OS-9. Radio Shack 
hard-coded the descr ipt ion  of their  standard 35-t rack, s i ng le
s ided ,  dou ble-dens i ty dr ive i nto the device d ri ver, CCD ISK , 
i nstead of havi n g  the d ri ver read the descr i pt ion from the device 
descri ptor. 

S D IS K  is a d i rect rep lacement for CCDisk .  O nce you have 
i nsta l led i t ,  you can read and wri te 35 , 40 or 80 t rack d ri ves. Better 
yet, those dr ives can be s i ng le or  doub le  densi ty, as we l l  as s i ng le 
or  dou b le s ided.  

S D I S K  also lets you program the d isk d ri ve step rate. And,  i t  
g ives you  a way to read a d isk wr i tten by  a standard OS-9 system 
l i ke the G I M I X .  I t  a lso lets you wr i te a d isk that can be read by the 
larger systems.  

_____________ ADDITIONAL UTI LITIES FROM COMPUTERWARE 

In add i t ion  to the Textoo ls  f i l ter package d iscussed earl i e r  i n  
th is  chapter, Com puterware o f  Enc i n i tas, Ca l i f . ,  markets another 
ut i l i ty package that g ives you s ix prog rams desig ned to make OS-9 
eas ier  to ru n .  I t  a l so i nc ludes a new dev ice dr iver, named CCDisk ,  
wh ich  rep laces the or ig ina l  CCDISK mod u le .  

DirCopy i s  a very versat i l e  back u p  prog ram that lets you copy 
one d isk to another ,  even i f  the formats are d i fferent .  I t  lets you 
conf i rm the copy ing  of each f i le ,  lets you copy sub-d i rectories, 
p re-sorts the d i recto ry you a re copy i ng i nto a l phabet i cal o rder 
and u pdates the f i le owner's n u m ber.  

Patch lets you i nspect and mod i fy any f i le on a d i sk .  I t  comes 
i n  handy when you need to change the va lue  i n  a device descr i ptor 
in  you r OS9Boot f i le ,  but  don ' t  want to rebu i l d  i t .  You can a lso use 
i t  to change the defau l t data area req uested by a prog ram.  I t  has a 
specia l  Va l idate feat u re that lets you restore the header checksum 
and mod u le CRC when you change a f i le .  T h i s  is  essent ia l  because 
i f  a modu les C R C  is i n co rrect ,  OS-9 refuses to load and execute i t .  

FileLook d isp lays the s i ze, type,  rev is ion  n u mber  and name of  
a l l  modu les in  a d i sk  f i le .  I t 's  output  looks a lot  l i ke an M D I R  E,  and 
the i nformat ion i t  repo rts i s  very c lose to that p rovided by the 
Radio Shack I dent u t i l i ty .  

Compare lets you com pare a modu le  in memory to a mod u l e  
stored i n  a d i s k  f i l e .  When there are d i fferences, i t  w i l l  report the 
add ress of the d i fferences. 

Dmode lets you mod i fy the devi ce descri ptors used to ident i fy 
you r  d isk d ri ves. T h i s  makes i t  easy to access the add i t iona l  fea
tu res avai lab le  on many dr ives. You can set the descri pto rs u p  for 
one- or  two-sided dr ives,  6 , 1 2 , 20 o r  30 m i l l i second stepp i n g  rates , 
u p  to 40 tracks per s ide .  You must be us i n g  Computerware's new 
CCDisk to take advantages of these changes, however. 
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NewFmt i s  a replacement for the  or ig i nal  Co lor  Computer 
OS-9 format com mand that lets you c reate new s ing le- or doub le
s i ded d isks contai n i n g one to 40 t racks.  Th is  u t i l i ty is i nteract ive, 
and  w i l l  let you determ ine  the format of the d i s k  before you exe
c ute the com mand.  

CCDisk comes with a f i l e  th at conta i ns a scr ipt of Shel l  com
mands that automat ica l ly generate a new system disk for you. Th is  
new d isk  system d is k  wi l l  i n c lude Co mputerware's CCDisk  in  the 
OS9Boot f i l e .  S i nce Computerware g i ves you t h e  co mmand f i le ,  
i nstal lat ion  i s  a snap.  

ANOTH ER FILTER TIP ______________________ _ 

Every once i n  a wh i l e , I found  myself gett i ng beh i n d  i n  my 
wr i t i n g .  Wh i l e  I was prepari ng th is  book ,  I a lso fou n d  myse lf speak
ing at several RA I N BOWfests aroun d  the country. Each t ime  I 
got be h i n d  sched u le ,  I wou l d  p lay catch u p  by wr i t i ng  on my 
Rad io Shack Model  1 00 w h i le r id ing  i n  the carpool .  What a too l !  

However, when I up loaded the f i l e  f rom the  Model  1 00, I found 
that i t  l eft  t h e  TAB character, 9 dec ima l ,  i n  the f i l e .  At  other t i mes, 
I 've needed to remove the l i ne feeds.  For example, I often d u pl icate 
the out put of a D I R  command in t h i s  book by red i rect ing  the 
output  of t he command to a f i  Ie. Later, I merge the f i l e  i nto the text. 
Unfort unately ,  the D I R  command sends out a l i ne feed,  1 0  dec ima l  
or $OA hexadec im a l ,  after the header. 

These extra characters d ri ve the cursor contro l  l og i C  i n  my 
screen ed i tor  bon kers .  In fact , they may do the same to you r  
screen ed itor .  The so lut ion is  t o  use a TR o r  t rans l i terate u t i l i ty.  
One is  ava i lab le  from the Users G roup  Software Comm ittee, 
another is  in the OS-9 F i le Hand lers Tool box from M icrciware 
descr i bed ear l ier  in th i s  chapter .  Here's the  com mand l i n e  I u sed .  

OS9: list KISS.temp ! t r  \9  ! I r  \ 10 >KI SS.December 

EMULATING A TVPEWRITER --------------_____ _ 

Here's another c reat i ve app l icat ion for OS-9 th at may save 
you some t i me. On my desk at work, I use a Wang PC.  I d i dn 't buy 
it .  F rank ly ,  I wou ld  rather  use Dy naStar or Sty lo  on OS-9 than the 
arc ha ic ,  memory h u n g ry ,  men u-d riven-monster word processi n g  
software i n  the  P C .  However, t h e  P C  has one funct ion  I l i ke a lot 
it can emu late a typewri ter. 

Need less to say, you m ust select your  way th rough two or 
th ree menus before you can use it, but the  ty pewriter emu lat ion on 
the PC rea l ly  comes in  handy for short n otes and memos.  There 
are many t i m es when you j u st don 't want to bother to go t h rough  
th ree menus to create a new word processi n g  document .  I decided 
I would e m u l ate t h i s  funct ion on my G I M I X  and Co lor  Computer .  
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I f  you a re r u n n i n g  OS-9, you a l most don't  need to create i t .  
The  capab i l i ty is b u i l t  in .  However, I want  to take you th rough  an 
exper iment that wi l l  br i n g  you g reater u nderstand i ng of  a few 
OS-9 commands and a BASI C09 proced u re that shows how you 
can use more than o ne tech n i q ue to get a job done.  

F i rst ,  l et 's t ry to b u i l d  a typewr i ter emu lat ion wi th  the copy 
command .  I t  shou ld  work ,  shou ldn ' t  i t?  T ry the command l i ne 
be low.  Type the ESCAP E  character - C L EA R  B R EA K  on  Color  
Computer  OS-9 when you get  ready to q u it .  

059: copy /term /p 

What h appened? I ' l l  bet it worked g reat on the f i rst l i ne you 
typed . You were probably even weari ng a broad s m i l e  un t i l  you 
typed the second l i ne .  I t  was pr in ted r ight  o n  top of the  f i rst l i ne ,  
wasn't i t?  

Th is h ap pens because the copy co mmand does not use the 
b u i lt- i n OS-9 l i ne ed i t i ng  fu nct ions .  I t  uses character i nput  and 
output rout i nes rather  than l i ne i n put  and output .  As any hacker 
w i l l  te l l  you,  t he O S-9 Copy u t i l i ty uses the I $Read and I $Write 
system cal ls  rather  than t he I $ Read L n  and I $Wr i t ln  ca l ls .  

Let's t ry somet h i ng e lse .  Type: 

059: l ist /term >/p 

I t  worked,  d id n't  i t?  Congratu lat i ons !  You now own a new 
pseudo typewriter - a typewriter that w i l l  l et you edit or correct 
each l i ne before you pr int i t .  Exper iment a l i tt l e  and you w i l l  f i nd  
t hat the  CLEAR A ,  C L EA R  X and other  OS-9 specia l  l i ne ed i t  keys 
a l l  work w h i le you are us ing  t h is command l i ne. 

I was d isappointed .  I wanted to write a BASI C09 program to 
do the  job .  Actua l ly ,  I wrote i t  anyway. It may just show you how 
certai n h i g h  level l anguage fu nct ions relate to fun ct ions at the  
O perat i ng System leve l .  Meet tw o  

PROCEDUR E  tw 

(* Emulate a typewriter *) 

D IM printer:INTEG E R  
D IM in:5TRI NG[80] 

OPEN #printer,"/p":WRITE 

LOOP 
O N  ERROR G OTO 1 0  
IN PUT "Enter: ", in 
W RITE #printer,in 

ENDLOOP 
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1 0  CLOSE #printer 
E N D  

W h e n  you test "tw" you ' l l  see that i t  works j ust l i ke t h e  second 
OS-9 command l i ne above. But ,  s i nce you n ow have you r typewri
ter emu lat ion w ri tten in a h ig h  level  lang uage you can add some 
fancy featu res of you r own.  Here's a H I NT.  Study the p rocedu re 
CONVERT o n  Page 75 of The Off ic ia l  BAS I C09 Tou r  G u ide from 
M i croware. Have fun !  

OS-9 SOFTWAR E  VENDa RS ______________________________________ ___ 

Here i s  where you can o rder  the tool s  d i scussed i n  th i s  
c hapter. 

OS-9 TEXTOOLS AN D  OTHER UTIL ITIES 

Computerware 
Box 668 
Enc i n itas, CA 92024 
Phone:  6 1 9-436-351 2  

WORK-PAK 

PBJ , I nc .  
P . O .  Box 8 1 3  
North Bergen ,  N J  07047 
Phone:  201 -330-1 898 

UTIL IX 

F ra n k  Hogg Laboratory 
The Regency Tower, S u i te 2 1 5  
770 James Street 
Syracuse, NY 1 3203 
Phone:  3 1 5-474-7856 

FILTER KIT AN D  HACKERS KITS 

D. P. Johnson 
7655 S .W .  Ceda rcrest Street 
Port land ,  OR 97223 
Phone:  503-244-81 52 

FILE HANDLER TOOL BOX 

M i croware Systems Corporat ion  
5835 G rand Avenue 
Des Mo i nes, IA 503 1 2 
Phone: 5 1 5-244-1 929 
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_____________________________________________________ SU MMARY 

I n  t h i s  chapter you have been i nt roduced to the concept of 
combi n i ng short p rog rams - tools ,  so to speak - i n  OS-9 p ipe
l i nes to do b ig  j o bs.  A long  the way, we've g iven you a desc ri pt ion  
of  most of  the OS-9 too l k its avai lab le when th is  book went to press. 

I n C hapter 1 8  you ' l l  meet the OS-9 assem bler ,  ASM.  And ,  we' l l  
th row i n  a few prog rams for good measu re. 
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C H A PTER 1 8  

usi n g  the os-9 assem bler  

A com p lete tutor ia l  on  assemb ly  l anguage pro g ra m m i ng 
would take an ent i re book.  I n th i s  chapter, we' l l  i n t roduce you to 
ASM ,  the OS-9 assemb ler. In  Part V I ,  we' l l  l ist several usefu l  
assembly  languag e  programs, i nc l ud ing  a com p l ete device 
d river. 

Here ,  we' l l  concent rate on a few of the  p rog ram m i ng tech
n i q ues you ' l l  need i n  a l l  of  you r assem bly langu age programs. By 
the end of  th is  c hapter you wi l l  learn how to:  

Use the AS M command l i ne 
Create a n  OS-9 Modu le  
Defin e  character equ at es 
Defi n e  str i ngs  
Pr in t  t h ose str ings 
Get characters f rom the keyboard �::s==== __ -===-....l O ut p ut a c ha racter �-== 
O utput  a Carr iage R et u r n  and L i nefeed 
O utput  a deci ma l  n u m ber  
Use the  OS-9 G et Status  and Put  Status ca l ls  
R u n  another OS-9 p rocess from you r  p rogram 
C heck for an  End of F i le cond i t ion  
Open a f i l e  for wr it i ng 
Read a the decis ion t ree from a menu 

______________________ ASM - AN OVERVIEW 

ASM is  a 6809 assem bler  designed to  work w i th  OS-9.  I t  lets 
you use specia l  m nemon ics to make OS-9 system cal ls .  It automat
i cal ly  c reates OS-9 mod u l e  headers .  And,  i t  encou rages you to 
deve lop  pos i t ion i ndependent ,  reentrant code. 
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Th is  table shows you what you need to do to deve lop an  
assembly language prog ram . 

1 .  C reate a sou rce code f i le  us ing  ED IT o r  you r  own editor .  
2 .  Run ASM to t rans late the sou rce code to 6809 object code. 
3. I f  ASM reports errors ,  correct the sou rce code wi th  ED IT.  
4. Use DEBUG to test the p rog ram .  
5 .  I f  you f i nd bugs,  correct the sou rce code with EDIT. 
6. Doc ument you r  work, so you r  p rog ram w i l l  be easy to use. 

THE ASM COMMAND LlNE ____________________ _ 

ASM,  l i ke other OS-9 commands,  i s  ru n from the She l l .  Here is 
the syntax of the ASM com ma nd l i ne .  

OS9: asm my_firsLprogram [options] [#memsize] [>listing] 

Everyt h i ng i n  enc losed i n  b rackets is  o pt iona l .  An actua l  
command l i ne looks l i ke t h is .  

OS9: asm my_firsLprogram I s #16K >/p 

Th is  l i ne w i l l  assem ble the source code contai ned i n  a fi le  
named my_f i rsLprog ram in  you r c u rrent  data d i rectory. I t  w i l l  
c reate a l i st i n g  and  sym bo l  tab le and  send t h e m  to your  p ri nter.  
S i nce you h ave used the OS-9 memory m od if ier  o pt ion ,  ASM w i l l  
use 1 6K o f  data memory .  

Because of t he length of the  OS9Defs f i l e  t hat you m ust use i n  
m ost o f  you r  assem bly  lang uage p rog rams,  you w i l l  f i nd  t hat you 
need at least 1 2K to 1 6K to asse m ble a p rog ram .  I f  you do not use 
the OS-9 memory mod i f ier  on  the com mand l i ne ,  ASM w i l l  usua l ly  
report an  error .  

S i nce the  OS-9 assembler  i s  contro l l ed by command l i ne 
opt ions,  let's look at a few more.  

OS9: asm #20K myflle 0 I >/p 

The ' I ' opt ion on  the com mand l i ne causes the assembler  to 
l ist the combi ned sou rce and generate object code.  The red i rec
t ion  operator, . > '  causes the output  to go to the pri nter. The ' 0 '  
opt io n  causes t he assembler  to send its output to a f i le named 
"myf i le" i n  you r  c u rrent execut ion  d i rectory .  Th i s  is usua l ly  
/dO/CMDS.  The pr i n t i ng  can be tu rned on  and off  wi th i n  the 
source code by us i ng the opt statement ,  "opt  I" o r  "opt - I " .  

You can red i rect the  obj ect f i le  by us ing the  format shown i n  
the com mand l i ne below. 

OS9: asm #20K myfile I o=/d1 /mydirectory/myfile.obJ 

ASM w i l l  l ist t he  comb i ned sou rce and object code wi th  the 
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proper tabb i n g ,  automat ica l ly .  You m u st ,  h owever, make su re t hat 
Aach l i n e  t h at is  supposed to  start w i th  a labe l  sta rts in col u m n  one,  
and  each l i ne that sta rts w i th  an  o perator starts in col u m n  two. I f  
you want  t o  make t h e  ent i re l i n e  a remark ,  you m ay type a n  
aster isk,  ' * " i n  col u m n  1 .  Here's a usef u l  6809 sub rout i ne shown 
before and after asse m b ly.  

SU BROUTINE SOURCE CODE BEFORE ASSEM BLY 

* A rout i n e  to c lassify a character 
* ret u rns  wi th carry set if character 
* is  n ot a lphan u m er ic .  

class cmpa #'z char is in  a-reg 
bhi nolasc 
cmpa #'a 
bhs ascii 
cmpa #'Z 
bhl notasc 
cmpa #'A 
bhs ascII 
cmpa #'9 
bhi nolasc 
cmpa #'0 
bhs asci i 

notasc orcc #1 set carry 
rts 

ascii andcc #$FE clear carry 
rts 

A LISTING O F THE SAME SU BRO UTINE AFTER ASSEMBLY 

M i c r o wa r e  O S - 9  A s s emb l e r  2 . 1  

0 0 0 0 1  * A r ou t i n e  t o  c l a s s i fy a c h a r a c t e r  
0 0 0 0 2  * r e t u r n s  w i t h  c a r r y  s e t  i f  c h a r a c t e r  
0 0 0 0 3  * i s  n o t  a l ph a n u me r i c .  
0 0 0 0 4  0 0 0 0  8 1 7 A  c l a s s  cmpa I ' z  
0 0 0 0 5  0 0 0 2  2 2 1 4  b h i n o t a s c  
0 0 0 0 6  0 0 0 4  8 1 6 1  cmpa i ' a 
0 0 0 0 7  0 0 0 6  2 4 1 3  b h s  a s c i i  
0 0 0 0 8 0 0 0 8  8 1 5 A cmpa l i Z  
0 0 0 0 9  O O O A 2 2 0 C  b h i n o t a s c  
0 0 0 1 0  O O O C 8 1 4 1  cmpa I I A 
0 0 0 1 1  O O O E  2 4 0 B  b h s  a s c i i 
0 0 0 1 2  0 0 1 0  8 1 3 9  cmpa 1 1 9 
0 0 0 1 3  0 0 1 2  2 2 0 4  b h i  n o t a s c  
0 0 0 1 4  0 0 1 4  8 1 3 0  c mpa i ' O 
0 0 0 1 5  0 0 1 6  2 4 0 3  b h s  a s c i i  

c h a r i s  i n  

0 0 0 1 6  0 0 1 8  l A O l  n o t a s c  o r c c  i l  s e t  c a r r y  
0 0 0 1 7  0 0 1 A  3 9  r t s  
0 0 0 1 8  0 0 1 B  l C F E  a s c i i  a n d c c  # $ F E  c l e a r  c a r r y  
0 0 0 1 9  0 0 1 D  3 9  r t s  
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0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  wa r n i n g ( s )  
$ O O I E  0 0 0 3 0  p r o g r am b y t e s  g e n e r a t e d  
$ 0 0 0 0  0 0 0 0 0  d a t a  b yt e s  a l l oc a t e d  
$ 0 0 6 1  0 0 0 9 7  b y t e s  u s e d  f o r  symbo l s  

.ASSEMBLY LANGUAGE TI PS ___________________ _ 

I n  the fo l low ing tutor ia l  we' l l  l ook  at sma l l  p ieces of code taken 
from a work i n g  prog ram.  We beg i n  with the assu mpt ion that you 
have l ooked over the R ad i o  Shack manua ls  and k now a l it t le  about 
assem b l y  l ang uage progra m m i n g .  We' l l  start at the beg i n n i ng of a 
p rogram.  

CREATI NG A M ODULE ______________________ _ 

NAM SPELL 
IFPl  
US E  /DO/DEFS/os9defs 
USE /DO/DE FS/Ii.equates 
E N  DC 

TTL An O S-9 U t i l i ty to f i nd  m isspel led words 

prog MOD SPLEND,SPLNAM,PRG RM+OBJCT,REENT +1 ,SPELL,SPLMEM 

USE DPEQUA TES 

prvbuf rmb 32 
Ikbuf rmb 32 

rmb 255 room for stack 
SPLM E M  equ . 

SPLNAM FCS /SPELL/ 
COMFl FCS '/dO/spel i/common.dat' 

mywfl fes '/dO/spel i/MYWO R DS.DAT' 
D ICTFl FCS '/DO/spell/DICTIO NARY .DAT' 
shlstr fcs 'shell' 

dirstr fcc /dir/ 
feb $OD 

USE SPELL.STRI NGS 
EM OD 

SPLE N D  EQ U  * 

The f i rst l i ne of code te l l s  ASM the name of the  p rog ram.  
Severa l l i nes later, the pseudo operator, TTL,  g ives i t  some more 
i n format ion to pr in t  i n  the header of you r  l ist i ng .  

Make spec i a l  note of the  l i nes that  say, I FP 1  . . . ENDC.  The 
I FP 1  cond i t iona l  te l l s  ASM to  use the l i n es between i t  and  ENDC i f  
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the assem bler  i s  on  i ts f i rst pass . That's why you never see the 
"USE 100/0 E FS/OS90 EFS" l i ne i n  l i st i ngs that are output  from 
ASM .  The program l i st i ng is generated d u ri ng ASM's second pass . 

The label PROG is  used to te l l ASM how to set u p  the mod u le 
header i n  your  program.  I f  you read a lot of OS-9 programs, you' l l  
not ice that t he M O D  l i ne i n  a l l  p rograms i s  a lmost t h e  same. 
Usua l ly ,  only the name of the program you are read ing  has been 
changed . 

SPLENO causes ASM to form a doub le  byte equal  to t he 
length of the prog ram .  I t  w i l l  conta in the  offset from the beg i n n i ng 
of the module to the label SPLENO .  Remem ber, a l l  OS-9 progra m  
modu les must start a t  zero . 

SPLNAM forms two bytes that ho ld  t he offset from the start of 
the modu le to the labe l ,  SPLNAM . The s ing le  bytes that fo l low te l l  
OS-9 what type of program you are assem b l i ng .  

A t  t h e  e n d  o f  t h e  M O D  l i ne you ' l l  see t h e  labels S P E L L  and 
S P L M E M .  SPELL  causes ASM to  form a double byte that conta i ns 
the offset from the beg i n n i ng of the  mod u le to t he start of the 
executable code in  the  modu le ,  and SPLMEM te l l s OS-9 how 
m uch data memory area the program needs. 

N ot i ce that with OS-9 you a lways use two memory areas when 
you run a progra m .  One area conta ins  t he program ,  the other 
conta ins  the data used by the prog ram .  Not h i ng i n  the prog ram 
area can change d u r ing  execut i o n .  That is why a l l  var iab les must 
be def i ned and stored i n  the  data area. The l i ne ,  "SPLM EM EQU ."  
te l l s  ASM that th i s  i s  the end of  t he data area. 

L i nes contai n i ng t he USE pseudo operator te l l  ASM to i nsert 
t he code contai ned i n  the f i l e  named. USE fol lows a l l  standard 
OS-9 ru les. I f  you g i ve a f i l ename on ly ,  ASM assu mes it is stored i n  
your  cur rent data  d i rectory. I f  you g ive a f u l l  path l i st ,  ASM w i l l  use 
that pat h l ist to f ind  the f i le .  

S i n ce t he O E FS f i les are stored i n  the OEFS d i rectory on 
device 100, you usua l ly need to use a f u l l  path l i st to  reach them .  
The  other USE l i nes i n  t he code above are fi lenames on ly ;  there
fore, they are read from t he cu rrent data d i rectory. The source 
code t h i s  sam p le  was taken from conta ins  more than a dozen USE 
f i les. 

Notice the l i ne conta i n i ng the E M O O  operator .  I t  te l ls  OS-9 
that th i s  is t he end of the  program and automat ical ly generates the 
modu les CRC and inserts i t  a t  th i s  poi nt i n  the object code. 

__________________ DEFINING CHARACTER EQUATES 

* 
* CHARACTER EQUATES 
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* 
BELL EaU 7 
LF EaU $A 
CR EaU $0 
SPACE EaU $20 
NULL EaU 0 

The code above i s  stored i n  a USE f i l e  ca l led OPEQUATES. I t  
ho lds the names and l ocat ions of  a l l  constants and var iables used 
by the p rog ra m .  Th is  means that you can ed i t  a s i n g le constant 
once in th is f i le ,  instead of chan g i ng i t  t h roug hout the program .  

After  i t  reads the l i nes above, ASM su bst i tutes the  dec i ma l  
n u m ber  seven each t ime  i t  sees the word BELL .  L i kewise, i t  w i l l  pu t  
the  va lue 10  dec ima l  or  A hexadeci ma l  i n  the object code every 
t i me i t  sees the word L F. 

DEFINING STR INGS ______________________ _ 

R DICST FOB R DI LEN 
FCB CR,LF,LF 
FCC IDynaSpell is looking for your words in  its dictionary.! 

R DILEN EaU *-RDICST-2 

Th is  code seg ment shows you how to defi ne a st ri ng usi ng 
ASM .  The label  R O I CST marks the beg i n n i n g  of  a st r ing  defi n i t ion .  

When t h i s  str i n g  i s  p ri nted you w i l l  see the words between the 
s lashes on  your term i na l .  The prog ra m m i ng t rick  occ u rs at  the  
labe l  R O I LEN .  ASM computes the length of  you r  st r ing by sub
tract i ng  the locat ion of the  beg i n n i n g  of the str ing  and two add i
t iona l  bytes from i ts p resent locat ion .  I t  then stores th i s  length at 
the  label  R O I CST wi th  the FOB pseudo operator. 

PRINTING THOSE STRINGS ---------__________ _ 

How do we pri nt  these st r ings? Fo l low th is  code: 

pstr pshs a,y 
Idy ,x++ 
Ida opath 
os9 1$writ 
Ibcs error 
puis a,y,pc 

Th is  subrout ine  does the job .  We ca l l  it w i th  the 6809's x
reg ister po i n t ing  to the locat ion  of the  length of the st r ing ,  R O I CST 
i n  t h i s  case. Before we beg i n ,  we push the  va lue of the  A-reg ister 
and V-reg ister on to the stack .  We' re go ing  to need them later. 

Then ,  we l oad the V-reg i ster w i th  the length of the str i ng .  We 
do t h i s  by load i ng it w i th  the va lue stored at an offset of zero from 
the X-reg ister .  Remem ber, we entered th i s  rout i ne with the X-
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reg i ster poi nt i n g  to - or contai n in g  t h e  l ocat ion o f  R D I C5T, t he 
str ing  lengt h .  

Not ice that when w e  l oaded the  length o f  t h e  str i ng  i n  t h e  
V-regi ster w e  also i nc remented t h e  X-regi ster twi ce .  T h i s  m eans 
t hat i t  i s  now poi nt i n g  to t he f i rst character in our str i n g .  In o u r  
sam ple str i n g ,  that c haracter i s  a carr iage ret u rn .  

F in a l l y ,  w e  l oad t h e  0 5-9 path n u m ber i nto t h e  A-reg i ster a n d  
use an  05-9 system cal l ,  "059 I $WR IT .  I f  t here i s  a n  error, 0 5-9 
w i l l  retu rn  w i th  the  carry set and we b ranch to a rout ine  cal l ed error 
t hat takes care of the p rob lem.  Otherwise, we ret u rn by p u l l i ng the 
two reg i sters saved ear l i er ,  and the p rog ram cou nter,  off t he  stack .  
W e  j ust sent the  str i n g  to t h e  output path n u m ber  conta i n ed i n  
o path .  

__________ G ETTIN G  CHARACTERS FR OM STAN DARD INPUT PATH 

How d o  you g et a s i ng le  c haracter from the standard i n put 
path - keyboard? How do you pr i nt  a s i ng le character, a carr iage 
ret u rn and l i n e feed , o r even a dec ima l  n u m ber? 5tud y the rout i nes 
that fol l ow. 

keyln pshs x,y,b,u 
bsr getehr 
pshs a 
puis x,y,b,a,u,pe 

getehr pshs x,y 
leax ehrbuf,u  
Ida #0 standard input only 
Idy #1 
os9 1$read 
Ibes error 
Ida ehrbuf 
puis x,y,pe 

To get a character, we cal l  the rou t i ne  key i n .  It saves the 6809 
reg isters o n  the stack ,  gets a character from the rout i ne getchr,  
puts that character on  the stack and ret u rns  by p u l l i n g  al l  reg i sters 
and  the p rogra m  counter .  O u r  character i s  i n  the  6809's A-reg ister  
when we ret u rn f rom k ey i n .  

Getch r  shows how t o  set u p  a rout i ne to g et a S i n g le character 
from the standard i nput  path .  Remember ,  m ost of the t ime you can 
eq uate stan dard i n put path with keyboard. When you use t he 059 
I $ R EAD cal l ,  t he X-reg ister must po int  to a buffer in memory where 
you are g o i n g  to store the  character. The  A-reg ister m ust contai n  
the  path n u m ber. 

Remember, t he standard i nput  path is a lways zero. Not ice, 
a lso,  that I $ R EAD l eaves t he character i t  returns stored at ch rbuf .  
Th is  means we m ust l oad i t  i nto the A-reg i ster before we retu rn .  
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Check the descr i pt ion  of the I $ R EAD cal l i n  the b lue Rad io  
Shack  OS-9 Techn ica l  I nformat ion Man ual . You ' l l  see that you can 
read any n u m be r  of characters at a t i me.  The nu mber is put in the 
Y-reg ister befo re the cal l .  Getchr  is  a specia l  case that only reads 
one character. 

You can speed up you r  p ro g rams by read i n g  or  wri t i ng more 
than one character at a t i me. 

SENDING CHARACTERS TO STAN DARD OUTPUT ____________ _ 

Now, let's take a look at a rout i n e  that puts out  a s i n g le 
character. 

* rout ine to output just one 
* character to the standard output path 

putchr pshs a,x,Y 
leax chrbuf,u 
sta chrbuf 
Ida opath 
Idy #1 
os9 i$writ 
Ibcs error 
puis a,x,y,pc 

pcrlf Ida #cr 
Ibsr putchr 
Ida #If  
Ibra putchr hidden rts 

These output  rout ines are a l m ost the d i rect opposite of the 
getch r ro ut ine .  The o n ly d i fference is that they use the OS9 
I$WR IT ca l l  i nstead of I $R EAD.  

Pcr l f  g ives you an easy way to  output a carr iage return and 
l i nefeed to the standard output path .  The names of these rout ines 
shou ld  be fam i l i ar  to m ost FLEX program mers. They are OS-9 
rout i nes that emu late equ ivalent FLEX su brout ine ca l ls .  

PRINTING A DECI MAL NUMBER ___________________ _ 

* Rout ine to output a dec ima l  
* n u m ber from the d-reg ister 

outdec pshs a,b,x 
leax dectab,pcr 
clr ,-s 
clr ,-s 

dec3 clr ,s 
dec2 inc ,s 

subd ,x 
bhs dec2 
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addd ,x++ 
pshs a,b 
Ida 2,s 
deca 
tfr a,b 
orb 3,s 
stb 3,s 
beq dec4 
adda #'0 
bsr putchr 

dec4 puis a,b 
tst 1 ,x 
bne dec3 
leas 2,s 
puis a,b,x,pc 

dectab fdb 1 0000,1 000,1 00,1 0,1 ,0 

_____________ CHANGING A DEVICE DESCRIPTOR ON THE FLY 

Here is a way to change the status of a dev ice descr iptor from 
wit h i n  you r assemb ly  lang uage p rog ram . For example ,  i f  you need 
to t u rn off the  pause featu re. Here's one way to do i t .  

• get status packet 
• and set -pause and -If 

clra 
clrb 
lea x stapak,u 
os9 i$gstt 
Ibcs error 
Ida 7,x get pause condition 
sta pausav 
clr 7,x set no pause 
Ida S,x get If condition 
sta Ifsav 
clr S,x set no auto l ine feeds 
clra path number 
clrb write status packet 
os9 I$sstt setstat cal l  
Ibcs error 

T h is rout i ne uses the  OS-9 get status ca l l  to ret r ieve the path 
descr iptor  t h at ho lds  a l l  device desc ri ptor data fo r the  cu rrent  
process . You m ust te l l  i t  where to save the i nformat ion .  We put  i t  in  
a buffer named stapak ,u .  O nce you have the i n format ion stored i n  
a buffer you can modify i t .  

F i rst, we retr ieved the pause condi t ion and saved i t  so that we 
cou ld  resto re everyt h i n g  to the  same cond i t ion  when we leave our  
prog ram . We k now from the OS-9 Tec h n i ca l  I n format ion  that the  
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pause att r ibute is stored at an offset of seven from the beg i n n i n g  of 
the path descriptor. 

Then ,  we set the pause locat ion to -pause, or  zero, with the "c l r  
7 ,x" i nstruct ion ,  and d i d  the same with the " I f" location .  After 
stori n g  the cond i t ion we wanted in o u r  table,  we cop ied that table 
back i nto the Path Descri ptor table with the I$sstt , or set status 
ca l l .  

That takes care o f  t h e  i n it ia l  tab le change. However, when we 
l eave o u r  p rogra m  we m ust put everyth i ng  back the way i t  was. The 
rout ine be low shows how we d i d  i t  d u ri n g  a normal  exit from the 
p rog ram .  We used a s im i l a r  rout ine i n  our error exit .  

done Ibsr clrscn clear screen before leaving 
leax stapak,u return pause 
Ida I fsav and If to prior 
sta S,x condition before exiting 
Ida pausav 
sta 7,x 
clra 
clrb 
os9 i$sstt do it! 
Ibcs error 
clrb report no errors 
os9 f$exit 

Have you ever wondered how to start another OS-9 p rocess 
from wit h i n  one  of you r  own assembly  l an guage p ro g rams? Study 
th is  rout ine .  

ITARTING A NEW PROCESS ----------------___ _ 

* now do dir  
leax shlstr,pcr "shell" 

Idy #4 size 
leau dirstr ,pcr "dir" 

Ida #1 object code 
clrb 
os9 f$fork 
Ibcs error 
os9 f$wall 

The code a bove sets u p  a cal l  to a She l l  that runs the OS-9 D I R  
u t i l i ty .  D I R  m ust b e  e i ther  i n  memory o r  i n  your c urrent  execut ion 
d i rectory when the code runs .  

The  i nstruct ions that load the registers show how you tel l  the  
O S-9 F$ FORK system ca l l  w hat p rocess you want to start. Leax 
sh lstr.pcr  points to a stri ng  in memory that holds the characters s
h-e- I- I .  The e ighth b i t  is set on the last ' I ' .  This te l ls  OS-9 that it is at 
the end of a f i lename. 
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We pO in t  the  U-reg ister to the l ocat i o n  of o u r  parameter  str i n g  
- t h e  name o f  t h e  p rogra m  w e  want o u r  new She l l  to  execute.  The 
str i ng  conta i ns the  l etters, d- i-r ,  fol lowed by a carr iage retu rn .  You 
can see the actua l  str i n gs in  the  f i rst  l ist i ng of t h i s  tutor ia l .  

After  we u se the  OS-9 F$F O R K  system cal l ,  we pu t  our  p ro
cess to  s leep and wai t  for the  n ew S h e l l  to  d ie .  To do th i s ,  we use 
the OS-9 F$WAI T  system cal l .  

Here's h ow i t  works.  When t h e  D I R  com mand is f i n i shed,  the  
S hel l that ran  i t  w i l l  d i e  and send a s igna l  to OS-9 to wake u p  the 
process that ca l led i t .  

_______________ APPENDING DATA TO TH E  END OF A FILE 

H ere's a progra m m i ng techn ique  that lets you append data to 
the end of an  exist i n g  f i le .  The secret to i ts success i s  the  OS-9 Get 
Status  ca l l  descri bed o n  Page 99 of the  Rad io  Shack OS-9 Techn i
cal  I nformat ion  manua l .  

* F i rst, l oad the 6809's A-reg ister w i th  path n u m be r  
* a n d  l oad B-reg ister w i th  SS.S IZ  funct ion  code 
* Then ,  use the OS-9 Get Status system cal l  

Ida path 
Idb $02 
os9 I$getstt 
bcs error 

• I f  there was no error ,  the  m ost s ign i f icant 1 6  
* b i ts of the  c urrent f i l e  s i ze w i l l  be i n  the  
* X-reg ister  and the least s ign i f icant 1 6  b i ts 
• w i l l  be i n  the  U-reg ister. 

To w rap up o u r  assemb ly  langu age tutor ia l  we' l l  g ive you 
th ree more rou t i nes to study. You ' l l  l earn how to  check for, and 
handle ,  an  e nd-of-f i l e  cond i t ion ,  o pen a f i le ,  and make s imp le  
menu select i ons.  

_________________ CHECKI N G  FOR THE END OF A F ILE 

eofchk cmpb #e$eof end of file? 
Ibne error no, go 
Ida ipath yes. close read file 
os9 1$clos 
Ibcs error 
Ida opath Itandard output? 
cmpa #1 
beq eofc1 yes, go 
019 I$clos no,  close I t  
IbcI error 
Ida #1 and set up for 
sta opath standard output 
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eofc1 deca and standard input 
sta ipath 
orcc #1 set carry to indicate 
puis x,pc exit needed 

OPENING A FILE FOR WRITE ____________________ _ 

* O pen a f i l e  for wri te 

writon clr reflag 
leax fIInam,u open file 
Ida #read. 
os9 i$open 
sta ipath 

wrlt1 leax temstr,pcr now open "temp" 

Idd #wrlte. *256+updat. +pread. +pwrit. 
os9 1$crea 
bcs wtemchk 
sta opath 

R EADING DECISIONS FROM A MENU TREE ______________ _ 

* A sma l l  seg ment from a menu select ion 
* decis ion t ree 

chkff cmpa #'f want formatted read? 
bne chku no, is character a "u" 

Ibsr reasty yes, do formatted read 
Ibra query and go back to main menu 

chku cmpa #'u want to use another dictionary? 
bne chko no, see If want to quit 
Ibsr use yes, go to it 
Ibra query and return to main menu 

chko cmpa #'0 want to go back to operating system? 
bne chkfb no, want to save accepted words? 
Ibra done back to OS-9 yes, go back 

chkfb cmpa #'b build new dictionary list 
bne chkfw 
Ibsr savwrd 
Ibra query and the beat goes on 

SAMPLE PROGRAMS _______________________ __ 

We conc lude t h is chapter wi th several sample programs wri t
ten i n  6809 assembly lang uage. They were contr ibuted by T i m  
H arr is ,  a computer sc ience student a t  the  U n i vers i ty o f  I owa at 
Ames. 

Harr is  does a l l  of h is deve lopment on  a Color Com puter run
n i ng u nder Rad io Shack OS-9. These prog rams are wr i tten to be 
used l i ke the f i l ters descri bed in C hapter 1 7 . Study them!  Then ,  
type them in and run them.  Exper i ment w i th  them, and i f  you are 
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brave, mod i fy them.  I n  no t ime at a l l  you' l l  be ab le to wri te you r own 
OS-9 tools .  

CRYPT ____________________________________________________ ___ 
M ic r owa r e  O S - 9  A s s e m b l e r  2 . 1  
c ryp t - O S - 9  S ys t e m  s ym bo l D e f i n i t i o n s  

0 0 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 4  
O U 0 0 5  
0 0 0 0 6  
0 0 0 0 7  
0 0 U 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
O U U l 5  
U O O l 6  
0 0 4 0 2  
0 0 4 0 3  
0 0 4 0 4  
0 0 4 0 5  
0 0 4 0 6  
0 0 4 0 7  
0 0 4 0 8  
0 0 4 0 9  
0 0 4 1 0  
O U 4 1 1 
0 0 4 1 2  
OU 4 1 3  
U 0 4 1 4  
0 0 4 1 5  
0 0 4 1 6  
0 0 4 1 7  
0 0 4 1 8  
0 0 4 1 9  
O U 4 2 0  
O U 4 2 1  
0 0 4 2 2  
U 0 4 2 3  
0 0 4 2 4  
0 0 4 2 5 
0 0 4 2 6  
0 0 4 2 7  
0 0 4 2 8  
0 0 4 2 9  
0 0 4 3 0 
0 0 4 3 1  
0 0 4 3 2  
0 0 4 3 3 
0 0 4 3 4  
0 0 4 3 5  
0 0 4 3 6  
0 0 4 3 7  
0 0 4 3 8  
0 0 4 3 9  
0 0 4 4 0  

0 0 D 3 
O O O F  

D 0 0 0 0  
D 0 0 0 0  
D 0 0 0 1  
D 0 0 0 2  
D 0 0 0 3  
D 0 0 1 2  
D O O D A 

0 0 0 0  
O O O D 
0 0 1 2  
0 0 1 3  
0 0 1 5  
0 0 1 7  
0 0 1 9  
0 0 1 B  
O O l D  
O O l F  
0 0 2 1  
0 0 2 2 
0 0 2 4  
0 0 2 6  
0 0 2 8  
0 0 2 A  
0 0 2 C  
0 0 2 D  
0 0 3 1  
0 0 3 3  
0 0 3 6  
0 0 3 8  
0 0 3A 
0 0 3 C 
0 0 3 E  

* c ry p t  ut i l i ty : c r ypt s f i l e s  f o r  u s e r  p r o t e c t i o n  
* 6 8 0 9  As s em bl y La n g u a g e  
* f o r  C o l o r  Compu t e r  06- 9 v .  0 1 . 0 0 . 0 0 
* Co n t r i bu t e d  t o  t h e  O S - 9  To u r  Gu i de by : 
* T i m  H a r r i s  ( c )  1 9 8 4  
* 
* U s e s  s t d . i np u t  a n d  o u t p u t  s o  i t  a c t s  a s  a f i l te r  
* Samp l e c a l l s :  
* c r yp t  k eywor d  < i n f i 1 e > co d e d f i l e  
* c r yp t  k eywo r d  < c o de f i 1 e  p r i n t s  f i le t o  s c r e e n  
* l i s t i n fi l e  I c r yp t  k e ywo r d  > ou t f i 1 e 
* c r ypt k eywo r d  < i nf i 1 e  I c r yp t  k eywo r d  w i l l  p r i n t  o u t  f i le 
* 
* 

nam c r ypt 
u s e / d O / D E F S /O S 9 D e f s  
o p t  1 

* 
* D at a  Are a 

EOF equ 
I1 AXK E Y  eq u 

o r g  
OUTCHAR r m b  
K E Y L E N  r m b  
CHAR r m b  
K E Y B U F  r m b  

r rn b  
C R P M E I1 equ 

* pr o g r a m  Ar e a  
8 7 C D 0 0 6 1  mod 

f c s  
c 1 r b  
l e ay 
I d a  
cmp a 
beq 
cmpa 
beq 
s t a  
i nc b  
b r a  
s t b  
I d b 
l e a y  
p s h s  
c 1 r a 
I d y  
l e a x  
o s 9  
b c s  
pu I s  
I d a  
e a r a 
s t a  

6 3 7 2 7 9 7 0  CRP NAM 
5 F  C R PE NT 
3 1 4 3  
M 8 0  CR P I O  
8 1 0 D  
2 7 0 9  
8 1 2 0  
2 7 0 5  
A 7 A O  
5 C  
2 0 F 1  
D 7 0 1  CRP 1 5  
D 6 0 1  CRP 2 0  
3 1 4 3  
3 4 2 4  CHP 2 5  
4 F  
1 0 8 E O O O l  
3 0 4 2 
1 0 3 F 8 B 
2 5 1 E  
3 5 2 4  
9 6 0 2  
A 8 A O  
9 7 0 2  

2 1 1  
1 5  
o 
1 
1 
1 
HAX K EY 
2 0 0  s ta c k  a r e a  

CRP E N D , C R P N A M , P RG R M+ OBJCT , R E E NT+ l , CRP ENT , 
" c r yp t "  

KEY BU F , U  
, x + 
# $ O D  
CRP 1 5  
# $ 2 0  
CR P l 5  
, y+ 

CRP 1 0  
K E Y L E N  
K EY LE N  
K E Y B U F , u  
y , b 

# $ 1  
CHAR , u  
I $ Re a d l n  
CRP 3 0  
b , y  
CHAR 
, y+ 
CHAR 
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c l e a r  t h e  co u n t e r  
ge t t h e  k e y  v a l u e  

a r e  yo u d o n e ? 
yes , g o  o n  w i t h  p r o g r a m  
m a ybe , che c k  ag a i n ?  
yes , g o  o n  
n o ,  s t o r e t h e  cha r 
i nc r i me n t  t h e  c o u n t e r  
g o  b a c k  fo r mo r e  
s a v e  t h e  k e y  l en g t h  
g e t  k e y  l e ngt h 
po i n t  t o  s t a r t  o f  k ey 

ge t t h e  c h a r  
c ryp t i t  
s t o r e  i t  f o r  o u t p u t  



0 0 4 4 1  0 0 4 0  3 4 2 4  
0 0 4 4 2  0 0 4 2  8 6 0 1  
0 0 4 4 3  0 0 4 4  1 0 8 EO O O l  
0 0 4 4 4  0 0 4 8  3 0 4 2  
0 0 4 4 5  0 0 4 A  l U 3 F 8 C  
0 0 4 4 6  0 0 4 D  2 5 0 7  
0 0 4 4 7  0 0 4 F  3 5 2 4  
0 0 4 4 8  0 0 5 1  5 A  
U 0 4 4 9  0 0 5 2  2 6 06 
0 0 4 5 0  0 0 5 4  2 0 D O 
0 0 4 5 1  0 0 5 6  C I DJ C RP 3 0  
0 0 4 5 2  0 0 5 8  2 6 0 1  
0 0 4 5 3  0 0 5A S F  
0 0 4 5 4  0 0 5 8  1 0 3 F 0 6  C RP 3 5  
0 0 4 5 5  D O S E  9C C 0 2 A  
0 0 4 5 6 0 0 6 1  C R P E N D  
0 0 4 5 7  

p sh s  
I d a  
I d y  
l e a x  
o s 9  
bCG 
p u I s  
d e c b  
b n e  
b r a  
c mp b  
b n e  
c l r b  
o s 9  
e mod 
egu 
END 

y , b 
# $ 1 
# $ 1  
CHAR , U  
I $Wr i t l n  
C RP 3 0  
b , y 

CRP2 5 
CRP 2 0  
# EO F  
C RP J 5  

E x i t  

* 

a r e  y o u  d o n e ?  
n o , c ryp t m o r e 
y e s , g e t  mo r e  o f  t h e  f i l e 
i s  i t a t EOP ?  
n o , e x i t  w i t h  e r r o r  
y e s ,  c le a r e r r o r  s ta tu s  
e x i t  t h e  p r o g r a m  

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0 wa r n i ng ( s )  
$ 0 0 6 1  0 0 0 9 7  p r o g r am b y t e s  ge n e r a t e d  
$ 0 1 [3 3  0 0 4 3 5 d a t a  byte s a l l o c a t e d 
$ 1 0 2 4  0 4 1 3 2  b y t e s  u se d  f o r  symbo l s  

DL 

r H c r owa r e  O S - 9  As semb l e r  2 . 1 
d l  - O S - 9  S y s t e m  S ymbo l D e f i n i t i o n s  

0 0 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 4 
0 0 0 0 5  
0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
0 0 0 1 5  
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 4 0 4  
0 0 4 0 5  
0 0 4 0 6  
0 0 4 0 7  
0 0 4 0 8  
0 0 4 0 9  
0 0 4 1 0  D 
0 0 4 1 1  D 
0 0 4 1 2  0 
0 0 4 1 3 D 
0 0 4 1 4  D 
0 0 4 1 5  
0 0 4 1 6  
0 0 4 1 7  
0 0 4 1 8  

0 0 D 3  
0 0 3 C 
0 0 0 0  
O O U O  
0 0 3 C  
0 1 0 4  
O l CC 

* d l  u t i l i t y :  e n h a n c e d  d e l e t e  u t i l i ty 
* mod e l e d  a f t e r O S - 9/6 8 K  d e l e t e  u t i l i ty 
* CoCo O S - 9  v e r .  R S O l . O O . O O  
* co n t r i bu t e d  t o  t h e  O S - 9  To u r  Gu i d e by : 
* ( c )  1 9 8 4  T i m  H a r r i s 
* 6 5 1 Pamm e l  c o u r t 
* A me s , I ow a  5 0 0 1 0  
* 
* O p t i o n s : 
* 
* 
* C a l l s : 
* 
* w i t h 
* 
* d - w  
* 

* D a t a  A r e a  

- z  t a k e s  l i s t  o f  pa t h n a m e s  f r o m  s t d i n  
- 1  g e ne r a t e s  h el p  mes s ag e  

d l  f na me d e l e t e s  f i l e  n a m e d  " f na me "  
d l  - ?  g i v e s  h el p  m e s s a g e  

u se o f  e n h a n c e d  d ( d i r )  u t i l i t y  y o u  c a n : 
d I d l  - z  d e l e t e  a l l  e nt r ie s  i n  t h e  d i r 

* . c  I d l  - z  d e l e t e s  a l l  e n t r i e s  e n d i n g  i n  " . c " 

EOF 
N LE N  

F NMI E 

DLtl E M  

u s e  / d O/ D E F S/OS 9 D e f s  
o p t  1 

n a m  d l  

e g u  
eq u 
o r g  
r m b  
r m b  
r m b  
egu 

2 1 1  
6 0  
o 
N L EN 
2 0 0  
2 0 0  

s t a c k  s i z e  
p a r a m  s i ze 

* tlod u l e  Ma c r o  
0 0 0 0  8 7C D O O F 6  mod 

f c s  
s e t  

D L E N D ,  DLNM1 , DLTYP , DLREV , DLENT , DLf! E I1 
" d l "  O O O D  6 4 E C  D L N A M  

0 0 1 1  DLTYP P RGRIHOBJCT 
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0 0 4 1 9  
0 0 4 2 0  
0 0 4 2 1  
0 0 4 2 2  
0 0 4 2 3  
0 0 4 2 4  
0 0 4 2 5  
0 0 4 2 6  
0 0 4 2 7  
0 0 4 2 8  
0 0 4 2 9  
0 0 4 3 0  
0 0 4 3 1  
0 0 4 3 2  
0 0 4 3 3  
0 0 4 3 4  
0 0 4 3 5  
0 0 0 6  
0 0 4 3 7  
0 0 4 3 8  
0 0 4 3 9  
0 0 4 4 0  
0 0 4 4 1  
0 0 4 4 2  
0 0 4 4 3  
0 0 4 4 4  
0 0 4 4 5  
0 0 4 4 6  
0 0 4 4 7  
0 0 4 4 8  
0 0 4 4 9  
0 0 4 5 0  
0 0 4 5 1  
0 0 4 5 2  
0 0 4 5 3  
0 0 4 5 4  
0 0 4 5 5  
0 0 4 5 6  
0 0 4 5 7  
0 04 5 8  
0 0 4 5 9  
0 0 4 6 0  
0 0 4 6 1  
0 0 4 6 2  
0 0 4 6 3  
0 0 4 6 4 
0 0 4 6 5  
0 0 4 6 6  
0 0 4 6 7  
0 0 4 6 8  
0 0 4 6 9  
0 0 4 7 0  
0 0 4 7 1  
0 0 4 7 2  
0 0 4 7 3  
0 0 4 7 4 
0 0 4 7 5  
0 0 4 7 6  
0 0 4 7 7  
0 0 4 7 8  

0 08 1  O L R EV 
* P r o g r am A r e a  

O O O F  A 6 8 4  O L E NT 
0 0 1 1  8 1 0 0 
0 0 1 3  2 6 0 2  
0 0 1 5  8 02 3  
0 0 1 7  8 1 2 0  O L 0 5  
0 0 1 9  2 6 1 0  
O U l 13 A 6 0 1  
O U I 0  8 l 7 A  
0 0 1 F  2 6 0 2  
O U  2 1  8 0 2 9 
0 0 2 3  8 1 5 A  O L I O  
0 0 2 5  2 6 0 2 
0 0 2 7  8 D 2 3  
0 0 2 9  8 0 0 F  OL 1 5  
0 0 2 8  1 0 3 F 8 7  O L 2 0  
0 0 2 E  2 5 0 7  
0 0 3 0  A 6 8 4  
0 0 3 2 8 1 0 0  
0 0 3 4 2 6 F 5  
0 0 3 6  5 F  
0 0 3 7  1 0 3 F 0 6  O L 2 5  

* s u b r o u t i ne s  
0 0 3A 8 6 0 1  h e l p  
0 0 3 C 3 0 8 D 0 0 2 8  
0 0 4 0  1 0 8 E 0 0 8 B  
0 0 4 4  1 0 3 F 8 A  
0 0 4 7  2 5 0 1  
0 0 4 9  5 F  
0 0 4 A  2 0 E B  h0 5 

0 0 4 C  
0 0 4 0  
0 0 4 F  
0 0 5 3 
0 0 5 6  
0 0 5 8  
O O S A  
0 0 5 0  
0 0 5 F  
0 0 6 1  
0 0 6 3  
0 06 5  
0 0 6 6  

0 0 6 8  
0 0 6 A  
0 0 7 F  
0 0 8 1  
O OA A  
O O AC 
O OC S  
0 0 C 7  
O O F I  
0 0 8 8  
0 0 F 3  
0 0 F6 

* 
4 F  
3 0C 4  
1 0 8 E 0 0 3C 
1 0 3 F 8 B  
2 5 0 9  
3 0 C 4  
1 0 3 F 8 7  
2 5 08 
2 0 EB 
C l o 3  
2 6 0 1  
5 F  
2 0 CF 
* 

z op t i o n  

z O S 

z 1 0  

* H e l p  m e s s a g e  
O OO A  H l 1 SG 
2 0 6 4 6 C 3 A  
O O O A  
2 0 6 F 7 0 7 4  
O O O A  
2 U 2 U 2 0 2 0 
OOU A 
2 0 4 3 G 1 6 C  
O O O A  

lH1 L E N  
1 7 3 0C E  

O L E N O  

0 0 0 0 0  e r r o r ( s )  

se t 

I d a  
c mp a  
bne 
bs r 
cmpa 
bn e  
I d a  
cmpa 
bne 
bs r 
cmpa 
b n e  
bs r 
b s r 
o s 9  
bc s 
I d a  
cmpa 
bne 
c l r b  
o s 9  

I d a  
l e a x  
I d y  
o s 9  
bc s 
c l r b  
b r a  

c l r a  
l e a x  
I d y  
o s 9  
b c s  
l e a x  
o s 9  
b e s  
b r a  
cmpb 
bne 
c l r b  
b r a  

f e b  
f c c  
f c b  
f c c  
f c b  
f c c  
f c b  
f cc 
f c b 
e q u  
emod 
equ 
E N O  

RE E N'N 1 

O , x  
# $ 0 0  
O L 0 5  
h e l p  
# ' -
O L 2 0 
1 , x  
# ' z  
O L I O 
zopt i o n  
# t z 
OL 1 5  
z op t i on 
h e l p  
I $ Oe l e t e  
D L 2 5 
O , x  
# $ O D  
D L 2 0  

F $ E x i t  

# $ 1  
H rl S G , pc r 
# HH LE N  
I $H r  H e  
h 0 5 

O L 2 5 

F NM1 E , u  
# NL E N  
I $ Re ad l n  
z 0 5  
F NA M E , u 
I $ oe l e t e  
O L 2 S 
z o p t i o n  
# EO F  
z l O  

$ O d , $ O a  

g e t  f i r s t  pa r a m  c ha r a c t e r  
i s  i t  c . r . ?  
no , b r a n c h  a r ou n d  
y e s , s e n d  h e l p  m e s s a ge , i m p r o p  
i s  i t  a m i n u s  s i g n ?  
n o ,  us e r e g u l a r pa r a m  d e l e t e  r 
yes , g e t  n e x t  c h a r  
i s  i t  a ' z ' ?  
no , c h e c k  f o r  o t h e r  op t i on 
ye s ,  u s e  z r o ut i n e  
i s  i t  a ' Z ' ?  
n o , che c k  f o r  o t he r  opt i o n  
ye s ,  u s e  z r o u t i ne 
g o  t o  h el p  i f  ? o r  i l l e ga l op t 
d e l e t e  t he f i l e  
b r a n c h  o n  e r  [ 0  [ 

i s  i t  e n d  o f  p a r a m  l i s t ?  
n o , d e l e t e  mo r e  f i l e s  
c lea r e r r o r  s ta t u s  
e n d  p ro g r a m  

s e t  s t d . o u t  
ge t m e s s a g e  
g e t  l en g t h  
w r i te i t  o u t  
b r a n c h  o n  e r r o r  
c l e a r  e r r o r s t a t u s  
e x i t p r o g r a m  

s e t  s t d . i n p u t 
po i n t  t o  b u f fe r 
g e t  ma x l en g t h  
r e a d  i t  i n  
b r a n c h  o n  e r r o r  
po i n t  t o  n am e  aga i n 
d e l e t e  t h e  f i l e 
e x i t o n  e r r o r  
g e t  mo r e  i f  no e r r o r  
i s  i t  EO F ?  
no , e r r o r  o u t  
ye s ,  c l e a r s t a t u s  
e x i t  p r o g r a m  

/ d l : d e l e t i o n  u t i l i t y/ 
$ O d , $ O a  
/ opt i on s : - z  g e t  pa t h s  f r om l i s t  o n  s t d i  
$ O d , $ O a 
/ - ?  h e l p  m e s s a g e /  
$ O d , $ O a 
/ C a l l :  d l  < op t i o n s >  I I < f name > . • .  < f nam 
$ O d , $ O a  
* - H H SG 

* 
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0 0 0 0 0  wa r n i ng ( s )  
$ 0 0 F 6  0 0 2 4 6  p r o g r a m  b y t e s  g e n e r a t e d  
$ 0 2 A S 0 0 6 7 7 d a t a  byte s  a l l oc a t ed 
$ l 0 6 F  0 4 2 0 7  by t e s  u s e d  f o r  symbo l s  

SU M MARy __________________________________________________ __ 

I n  th i s  chapter you have been i nt roduced to ASM, the OS-9 
assemb ler. We h ave also presented a few assembly language 
techn iques t h at you can use every day. 

Study these techn iques for awh i le.  Then ,  j o i n  us i n  Chapter 1 9  
for a look at BAS IC09, C and Pascal .  
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C H A PTER 1 9  

hi gh level lang uage 

From the beg i n n i n g ,  we have t ri ed to i m press u pon you that 
OS-9 is an env i ron ment ,  a home for prog ra m m i ng too ls of a l l  
k i nds. OS-9 tools range fro m  t h e  f i l ters w e  i nt roduced i n  Chapter 
17 to the assembler  we met in the last chapter. They extend to the 
h igh level lang uages we study here. 

OS-9 is also a home for the many app l icat ion  programs we use 
in our busi nesses and homes da i ly .  These app l i cat i ons range from 
database managers to spread sheets to word processors , with a 
random sam p l i n g  of g ames and other d ivers ions th rown i n  for 
variety. 

These app l i cat ions a l l  have one th i ng i n  com mo n .  They were 
developed us i ng  the assemb ler, or  one of the h i g h  level lang uages 
i ntroduced i n  th i s  chapter. Once you beg i n  to understand these 
languages and how they l ive wit h i n  OS-9, you wi l l  be ab le to wr i te 
you r own app l icat ions.  When you f i n i sh  th is  chapter you wi l l  have 
met three h i g h- level lang uages and studied several prog rams i n  
each .  You ' l l  meet: 

BAS I C09 C Pascal 

& 

_________________ BASIC09 - TH E REASON BEH I N D  OS-9 

Yes, OS-9 was developed for a reason .  Motoro la  and M i cro
ware needed a soph ist i cated operat i ng system to provide a su ita
ble environment for a state of the art language - BASI C09. 

Why has BASI C09 been heral ded as a state of the art lan
guage? F i rst, i t  g i ves you a tool  to wr i te st ructu red , readab le 
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programs i n  a fr iend ly  env i ron ment .  And second ,  because i t  con
tains a b u i l t- i n editor and debug g i n g  a ids,  i t  is a lso h i g h ly 
i n te racti ve .  

The structure of  a BAS IC09 program is  made poss ib le  by the 
contro l  statements .  A l l  the com mon loop constructs are  avai lab le :  
I F/TH EN/ELSE ,  WH I L E/ E N DWH I LE ,  R EP EAT/UNTI L ,  L O O P/ 
E N DLOOP,  A N D  EX I T I F/ E N D EX IT.  Wi th  contro l  statements l i ke 
these, you can t h row away those confus i n g  l i ne n u m bers forever. 
Yet, if you rea l ly need them,  you can use them.  

And ,  j ust as O S-9 uses smal l  m od u les of code to b u i l d  a 
comp lete operat i ng system,  BASI C09 l ets you write sma l l  p ieces 
of code that you can use over and over aga i n  i n  many d i fferent 
prog rams.  BASIC09 cal ls these smal l p ieces p rocedu res. 

BAS/ C09 /ets you def ine  your  own data types by comb i n i n g  i ts 
pr im i t i ve data types. Th is  encou rages you to d iv ide your  p rograms 
i nto sma l l p roced u res because i t  makes it very easy to pass 
parameters between p roced u res. 

CHECK OUT THIS BENCHMARK 
__________________ _ 

And,  BAS IC09 i s  fast. To f ind out how fast ,  I t r i ed one of the o ld  
BASIC benchmark p rograms with BASI C09. 

I p i cked the i n famous Bench mark Program N u m ber Seven ,  
wr i tten by Tom Rugg and Ph i l  Fe ldman and fi rst pub l i shed i n  
K i lobaud back i n  J u ne of 1 977 . Th is  i s  the  p rog ram that took 204.5 
seconds to execute on  Southwest Techn ical  P roducts 8K BAS I C .  
T h e  fastest BAS I C ,  run n i ng a t  two megahertz on  a n  OS I  Cha l
lenger ,  executed th is  benchmark in  2 1 .6  seconds.  

Here's the BAS I C09 proced u re. 

PROCE DUR E  
0000 
OOOF 
001 B 
0024 
002E 
0035 1 0 
0043 
0057 
005B 
006B 
0077 
0082 
0092 
009C 
009E 20 

Benchmark 
DIM a, l ,k:INTEGER 
DIM m(5): INTEGER 
PRI NT "start" 
SHELL "date,t" 

k=O 
k=k+1 
a=k/2*3+4-5 
G OSU B  20 
FO R  1=1 TO 5 

m(I)=a 
N EXT I 
I F k<1 000 THEN 1 0 
SH ELL "date,t" 
END 
R ETURN 

BAS /C09. run n i ng at two m egahe rtz o n  a G I M I X  m ic rocompu-
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ter, f in i shed the p rogram i n  fou r seconds.  It o n ly took e ight  
seconds us ing BASI C09 on the Color  Computer .  By comparison 
XBAS I C, from TSC, long b i l led as the fastest BAS IC i nterpreter 
on an e ig ht-bit m ic roprocessor, executed the be nchmark in 24 
second s  on the G I M I X.  

S i nce I def ined a l l  the va r iables in the BAS I C09 prog ram as 
INTEG ERs,  I decided to p lay fa i r  and rewrote the XBASI C  prog ram 
to use i n tegers .  After I d i d  t h i s ,  i t  took 1 2  seconds  to r u n .  BAS I C09 
sti l l  ran three t i mes faster. 

I decided to make one more comparison and rew rote the 
BASI C09 program with R EAL var iables.  I t  executed i n  n i ne 
seconds; s ti l l  more than twice as fast as i n  XBAS I C  us ing  real 
variables as loop cou nters. 

__________________ --IOI'BASIC and BASIC09 - COMPARED 

I f  you have ever taken a writ i ng cou rse, you ' l l  remember the 
i nstru ctor te l l i n g  you to "show" and not "tel l . "  For th i s  reason ,  
we' re f in ish ing our  tour of  BAS I C09 wi th  1 0  short featu re programs. 

Actua l ly ,  you ' l l  f i nd 20 program l i st i ngs beca use we h ave 
taken 1 0  relat i vely s i mp le  BAS I C  programs and wri tten them i n  
two d i fferent ways. The f i rst l i st i ng  uses standard BAS I C  - the 
second,  BAS I C09. 

The structu red ,  h i g h ly readable ,  self-document ing  styl e  of 
BASI C09 programs shoul d  speak for i tself .  I n  th i s  Chapter you' l l  
f ind t h e  l i st i ngs named be low. The BASI C09 l i st i ngs use the same 
name with an "09" appended .  The last th ree programs show you 
how you can write fi l ter p rograms i n  BASI C09. N ewStri p ,  Sp l i t
Words and New_Hex_D u mp can a l l  t h ree be used i n  an OS-9 
p ipe l i ne,  l i ke the  other fi lters demonstrated i n  Chapter 1 7 . 

N u m berGuess Coi nF l i p  
Dec i m alToB inary Acey_Deucy 
Regu lar_Deposi ts ES P 
New_Hex_Du m p  

PowersOfTwo Pri meNumbers 
Qu iz  Tem perature 
NewStr ip  Sp l i tWords 

These programs w i l l  g ive you a ch ance to ga in  some exper i
ence wi th  BAS I C09. They were pr i n ted d i rectly  from a BASI C09 
l i sti ng ,  so you shou ld n 't have any problems run n i ng them.  

We kept our  sa mp les short so they would be easy for  you to 
type in and  ru n .  They are a l l  s i m p le p rograms that on ly  beg i n  to 
use t h e  power of th i s  program m i ng lang uage. Before you try to 
write lengthy prog rams of your own i n  BAS I C09. t ry customiz i ng  
the  p rograms l i sted here. I t  wi l l  g i ve you a good feel fo r  the  lan
guage. But  m ost of  a l l  - Enjoy! 
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NumberGuess 

This p rogram uses the computer to generate random n u m bers. 
Your  j o b  is  to g u ess the n u m ber .  After you have made the correct 
g uess , t he computer wi l l  te l l  you h ow many attem pts you needed 
to arr ive at the answer. 

__________________________________________________________ N umberGuess 

PROC E D U R E  
0 0 0 0  1 0 0  
O O l A  1 1 0  
0 0 3 8  1 2 0  
0 0 5 8  1 3 0  
0 0 7 4  1 4 0  
0 0 9 0  1 5 0  
0 0 9 B  1 6 0  
O O B O  1 7 0  
0 0 8 5  1 8 0  
O O C E  1 9 0  
0 0 D 6  2 0 0  
0 0 E 5  2 1 0  
O O EA 2 2 0  
O O F D  2 3 0  
0 1 1 0  2 4 0  
0 1 2 C 2 5 0  
0 1 3 3  2 6 0  
0 1 4 F  2 7 0  
0 1 5 6  2 8 0  
0 1 7 9  2 9 0  
0 1 8 C  3 0 0  
0 1 9 D  3 1 0  
0 1 A 2  3 2 0  
0 1 A 7  3 3 0 
O lA E  3 4 0  

n umbe r g u e s s  
R E M  N umbe r G u es s i ng Game 
REM T o  s t op t y p e  � C o n t r o l  C ·  
P R I NT · 1  w i l l  t h i nk o f  a n umbe r � 
P R I NT W be t w e e n  1 a n d  1 0 0  __ W 
P R I N T  w Yo u  t ry t o  g ue s s  i t l  • 
n = O  
x = I NT ( R ND ( 0 ) * 9 9 + 1 ) 
P R I NT 
P R I NT · W ha t ' s  y o u r  g u e s s W ; 
I N P U T  g 
n = n + l  
P R I NT 
II" g = x  TIl 8N  2 8 0  
I F  g > x  TH E N  2 6 0  
P R I NT w Too s ma l l ,  t r y a g a i n W � 
G O'!'O 1 9 0  
P R I N T  w To o  l a r g e , t r y  a ga i n � � 
GOTO 1 9 0  
P R I NT " YOU g o t  i t  i n  " � n �  W t r i e s . � 
I F  n > 6  TH E N  3 1 0  
P R I N T  W V e r y  g o od l W 
P IU NT 
P IU N T  
GOTO 1 2 0  
E N D  

---------------_________________________________________ NumberGuess09 

P ROCE D U R E  
0 0 0 0  
0 0 0 1  
0 0 1 8  
0 0 1 9  
0 0 2 8  
0 0 2 9  
0 0 2B 
0 0 5A 
0 0 8 4  
0 0 8 5  
0 0 8 C  
0 0 9 F  
O OA O  
0 0 A 2  
0 0 A 3  
0 08 0  
0 0B 2  
0 08 6  
0 0 B 7  
0 0 C 2  
0 0 C 3  
0 0 C 5  
0 0 C 6  
O O E I  
0 0 E 2  
O OE F  

n um b e r g u e s s 0 9  

R E M  N u mb e r G u e s s i n g  G a m e  

D I M  n umbe r of g u e s se s , r a ndomn u m be r , yo u r g u e s s : I NTEGER 

P R I NT 
P R I NT " I  w i l l  t h i n k  o f  a n umbe r b e t w e e n  1 a nd 1 0 0 . "  
P R I NT " Le t ' s  s e e  i f  y o u  c a n  g ue s s  w h a t  i t  i s . " 

n um b e r of g u e s s e s : = O 
r a n d ornn urnbe r : = I NT ( RN D ( 1 ) * 9 9 + 1 ) 

LOOP 

E X I T I F  r a n d orn n u m b e r =y o u r g u e s s  T H E N  
P R I NT 

E N D EX I T  

n u rnbe r of g u e s s e s : = n urnb e r o f g u e s s e s + l  

P R I NT 

I NP U T  " W h a t ' s  y o u r  g u es s ?  W , y o u r g ue s s  

I F  y o u r g ue s s > r a n d orn n u rnb e r  T H E N  
P R I NT " To o  h i g h !  T r y  A g a i n l -
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0 1 0 8  E L S E  
O l O C  P R I NT " To o  l o w l T r y  Ag a i n l "  
0 1 2 4  E N D I F  
0 1 2 6  E N D LOOP 
0 1 2 A  
0 1 2 B  P R I NT 
0 1 2 D  
0 1 2 E  I F  n u m b e r o f g u e s s e s < 6  T H E N  
0 1 3A P R I N T " Ve r y  G o o d ' "  
0 1 4 8  EN D I F  
0 1 4 A  
0 1 4 B P R I N T 
0 1 4 D  P R I N T " Yo u  g o t  i t  i n  " :  n u m be r o f g u e s s e s : • t r i e s . "  
0 1 6 D  P R I NT " Th a n k  yo u f o r  p l a y i ng l "  
0 1 8 7  P R I NT 
01 8 9  
0 1 8 A  E N D  

CoinFlip ______________________________ _ 

Here's another program that uses the computers ab i l i ty  to 
generate random n u m bers. We l et it f l i p  a co i n  50 t i m es so that we 
may study  the long-term average. You' l l  f i nd that you w ind u p  wi th  
heads about  50 percent of  the t ime .  N ow there's an even bet. 

PROC E D U R E  
0 0 0 0  1 0 0  
O O l F  1 1 0 
0 0 4 3  1 2 0  
0 0 4 E  1 3 0  
0 0 5 9  1 4 0  
0 0 6 4 1 5 0  
0 0 7 5  1 6 0  
0 0 8 8  1 7 0  
0 0 9 1  1 8 0  
0 0 9 8  1 9 0  
0 0 A 7  2 0 0  
O O B O  2 1 0  
O O B F  2 2 0  
0 0 D 2  2 3 0  
0 0 D7 2 4 0  
0 0 F 9  2 5 0  
O O F E  2 6 0  
0 1 0 3  2 7 0  
0 1 1 2  2 8 0  
0 1 2 5  2 9 0  

C o i n f  l i p  
R E M  D e t e r m i n e n u m b e r  o f  h e a d s  
R E r! o r  t a i l s  i n  5 0  f l i p s  o f  a c o i n  
y = l  
c =: O  
x = l 
f = I N T ( R ND ( 0 } * 2 }  
I F  f = l TH E N  1 9 0 
P R I N T " T " ; 
GOTO 2 1 0  
c = c+ l 
P R I N'f " H " ; 
x = x+ l 
I F  x < 5 1  TH E N  1 5 0  
P R I NT 
P R I NT c ;  • H e a d s  o u t  of 5 0  f l i p s . " 
P R I NT 
P R I N 'f 
y=y+ l 
I F  y < l 1  T H E N  1 3 0  
E N D  

CoinFllp09 ___________________________ _ 

PROC E D U R E  
0 0 0 0  
0 0 0 1  
0 0 2 6  
0 0 4 5  
0 0 4 6  
0 0 5 9  
0 0 5A 
0 0 6 1  
0 0 6 2  
0 0 6 E  
0 0 6 F  

c o i n E  l i p 0 9  

( *  C o u n t  n u m b e r  o f  h e a d s  a n d  t a i l s  * )  
( * d u r i n g 5 0  f l i p s  o f  a c o i n * ) 

D I M  f l i p , h e a d s , co i n s , g r o u p s : I N T E G E R  

g r o u p s : = l  

W HI L E  g r o u p s < 1 1  DO 

h e ad s : 0 
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0 0 7 6  c o i ns : � l  
0 0 7 D  
0 0 7 E  W H I L E  c o i ns < 5 1  DO 
0 0 8 A  
0 0 8 8  f l i p : = I NT ( RN D ( 0 ) * 2 )  
0 0 9 A 
0 0 9 B  I F  f l i p� l  T H E N  
0 0 A 7  P R I N T " H " :  
O O A D  h e a d s : = h e a d s + l  
0 0 B 8  E L S E  
O O BC P R I NT " T " ; 
0 0 C 2  E N D I F  
0 0 C 4  

0 0 C 5  c o i n s : =co i n s + l  
D O D O  
O O D I  ENDWH I L E  
0 0 D 5  
0 0 D 6 P R I NT 
O O D 8  P R I NT h e a d s ; " H e a d s  o u r  o f  5 0  f l i ps , " 
O O F 7  P R I NT 
O O F 9  
O O F A  g r o u ps : = g r o u p s + l  
0 1 0 5  
0 1 0 6  E N D WH I L E  
a I D A 

________________________________________________________ ESP 

This is another variati on on a num ber-guess ing program.  
You're try ing  to guess whether the  computer w i l l  ge t  a "head" or a 
"ta i l "  when it fl i ps a coi n .  As you p lay, the computer keeps a tab on  
your  answers - both r igh t  and wrong.  

P ROCE D U H E  
0 0 0 0  1 0 0  
0 0 1 0  1 1 0  
0 0 2 4  1 2 0  
0 0 2 F  1 3 0  
o 0 3A 1 4 0  
0 0 4 5  1 5 0  
0 0 5 0  1 6 0  
0 0 5 B  1 7 0  
0 0 6 C  1 8 0  
0 0 8 5  1 9 0  
0 0 9 E  2 0 0  
O o Ae 2 1 0  
0 0 8 4 2 2 0  
0 0 8 9  2 3 0  
o o ee 2 4 0  
O O D F  2 5 0  
O O EE 2 6 0  
O O FB 2 7 0  
0 1 0 2  2 8 0  
0 1 1 1  2 9 0  
0 1 1 E  3 0 0  
0 1 3 5  3 1 0  
O UA 3 2 0  
0 1 4 1  3 3 0  
0 1 4 B  3 4 0  

e s p  
R Et1 e s p  t e s t e r  
R E t1  Type E t o  s t o p  
h = l  
w"' O 
t = O  
c = o  
e = l o 
f = I NT ( RN D ( O ) * 2 )  
I F  f = O  T H E N  a $ = " H "  \ E N D I F  
I F  f= l T H E N  a $ = " T "  \ E N D I F  
P R I N'r " H  o r  T " : 
IN PUT x $  
P R I NT 
I F  x $ = a $  T H E N  2 8 0  
I F  x $ = " E "  T H E N  3 3 0  
w=w+ l 
P R I NT " W r on g l "  
GOTO 3 0 0  
c � c + l 
P R I N '£ .. R ig h  t l  .. 
P R I NT " W. " ;  w ;  " R = " ;  C 
P R I NT 
GOTO 1 7 0  
P R I NT " By e "  
E N D  
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ESP09 ______________________________________________________ ___ 

PROC E DU R E  e s p 0 9  
0 0 0 0  
0 0 0 1  
O O l C  
0 0 1 0  
0 0 2 C 
0 0 3 C  
0 0 3 0  
0 0 4 4  
0 0 4 8  
0 0 4 C  
0 0 4 E  
0 0 4 F  
O O S E  
O O S F  
0 0 6 8  
0 0 7 3  
0 0 7 7  
0 0 7 F  
0 0 8 1  
0 0 8 2  
O O AC 
O O A D  
0 08 A  
O O C S  
O OC F  
0 00 0  
0 0 E7 
0 0 E 9  
O O EA 
O O E C  
0 1 0 3  
0 1 1 A  
0 1 1 C  
0 1 1 0  
0 1 3 1  
0 1 3 2  
0 1 3 0  
0 1 3 F  
0 1 4 0  
0 1 4 2  

( *  O u t g u e s s  t he c omp u t e r  * )  

D I M  c o r r e c t , w r o n g , f l i p : I NT E G E R  
D I M  c ompu t e r , g u e s s : STR I NG [ l ]  

c o r r e c t : = O 
w r o ng : = O 

R E P EAT 

f l i p : = I NT ( R ND ( 0 ) * 2 )  

I F  f l i p= O  T H E N  
c omp u te r : = w H w 

E L S E  
c omp u t e r : " " T 

E N O I F  

I NP U T  w Yo u r  g u e s s  - - ( H ) ea d s  o r  ( T ) a i l s ?  " , g u e s s  

I F  c om pu t e r = g u e s s  T H E N  
c o r r e c t : = co r r ec t+ l  
PR I NT W R i g h t l "  

E L S E  w r o ng : = w r o ng + l  
P R I N T  W W r on g l W  

E NO I F  

P R I NT 
P R I NT " N umbe r w r on g  
P R I N T  " N um b e i  r i g h t  
P R I NT 

P R I NT " Goodbye " 
P R I NT 

E N D  

" ;  w r on g  
w ;  c o r r ec t  

PoweBOfTwo ________________________________________________________ _ 

Here's a p ro g ram that generates powers of two un t i l  i t  reaches 
the mat hemat i cal  l i m it of BASI C09. It s hows h ow BASIC09 auto
mat i ca l ly pr ints n u m bers i n  sc1ent i f ic  notat ion  when t hey becom e  
longer than s ix  d i g its .  

PROCE D U R E  
0 0 0 0  1 0 0  
0 0 1 9  1 1 0  
O O l E  1 2 0 
0 0 3 2 1 3 0  
0 0 3 7  1 4 0  
0 0 4 9  1 5 0  
0 0 5 4  1 6 0  
0 0 5F 1 7 0  
0 0 6 8  1 8 0  
0 0 7 A  1 9 0  
0 0 8 9  2 0 0  
0 0 9c 2 1 0  
0 0 A 3  2 2 0  

powe r so f tw o  
R EM P r i n t  powe r s  o f  two 
P R I NT 
P R I NT · Powe r s  o f  t w o W  
P R I NT 
P R I NT " Powe r v a l u e w  
x = O 
y= l 
P R I N T  x , y  
y=y * 2  
x = x + l  
I F  x = 1 2 5  T H E N  2 2 0  
GOTO 1 7 0  
E N D  
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P ROCE D U R E  
0 0 0 0  
0 0 0 1  
O O l D  
0 0 4 9  
0 0 4 A 
0 0 5 1  
0 0 5 8  
0 0 5 9  
0 0 5 8  
0 0 6 C  
0 0 6 E  
0 0 6 F  
0 0 7 6  
0 0 7 E  
0 0 7 F  
0 0 8 8  
0 0 8 C  
0 0 9 5  
O O A I  
O O AC 
O OA D  
0 0 13 1  
0 0 8 2  

powe r s o f tw o 0 9 

( *  G e ne r a t e powe r s  o f  t w o  * )  
( *  t i l l  t h e  c omp u t e r t h r ow s  i n  

D I M  n um b e r : I NT E G E R  
D I M  powe r sg ua r e d : R EAL 

P R I NT 
P R I NT · Powe r s  o f  t w o R  
P R I N 'f 

n u m b e r : � O 
p ow e r s q u a r e d : == l  

W H I L E  n umbe r < 1 2 5  D O  

P R I NT n umbe r , pow e r s g u a r ed 
powe r sq ua r e d : � powe r sq ua r ed * 2  
n u mb e r : == n umbe r + l  

E NDHH I L E 

E N D  

t h e  t ow e l l * )  

_____________________________ DecimaIToBinary 

Now you can generate b i nary n u m be rs - ones and zeros 
-with  you r com puter.  Th is  program takes a dec i mal  n u mbe r  and 
p ri nts i t  as a b i n a ry n u m ber .  If you exper i ment ,  i t  w i l l  he lp  you 
u nderstand what's go ing on i ns ide you r  computer. 

P ROC E D U R E  
0 0 0 0  1 0 0  
0 0 2 1  1 1 0  
0 0 2 6  1 2 0  
0 0 4 8  1 3 0  
0 0 4 D  1 4 0  
0 0 5 2  1 5 0  
0 0 5 7  1 6 0  
0 0 5 F  1 7 0  
0 0 7 2  1 8 0  
0 0 8 6  1 9 0  
0 0 8 13  2 0 0  
0 0 9 5  2 1 0  
O OA I  2 2 0  
0 0 13 1  2 3 0  
0 0 C 4  2 4 0  
O O CD 2 5 0  
O O DC 2 6 0  
0 0 E 3  2 7 0  
O O EC 2 8 0  
0 0 F 8  2 9 0  
O l O F 3 0 0  
0 1 1 6  3 1 0  
0 1 1 D  3 2 0  

d e c i ma l t o b i na r y  
R EM Dec i ma l  t o  b i n a r y  c o n v e r te r  
P R I NT 
P R I NT " De c i ma l  t o  b i na r y  c o n v e r t e r R 
P R I NT 
P R I N T  
P R I NT 
I NPUT x 
I F  x < O  TH E N  3 2 0  
I F  x > 3 2 7 6 7  T H E N  3 2 0  
P R I N 'f 
P R I NT " X == " ; 
y= 1 6 3 8 4  
a = I NT ( x / y ) 
I F  a == O  T H E N  2 7 0  
P R I NT " l R ; 
X = X - y  
GOTO 2 8 0  
P R I NT " 0 " ;  
y = y/ 2 
I F  I NT ( y ) == O T H E N  3 1 0  
G OTO 2 2 0  
GOTO 1 4 0  
E N D  
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Decimal To Binary09 _______________________ _ 

PROC E D U R E  
0 0 0 0  
0 0 0 1  
0 0 2 8  
0 0 2 9  
0 0 3 8  
0 0 3 9  
0 0 3 8  
O O SA 
O O S C  
0 0 5 0  
O O S F  
0 0 6 1  
0 0 9 0  
0 0 9 1  
O OAS 
0 0C 6  
O OCA 
O OCB 
O OC D  
0 0 08 
0 0 E 3  
O D E S  
0 0 F 3  
D O F F  
0 1 0 5  
0 1 1 1  
0 1 1 5  
0 1 1 S  
0 1 1 0  
0 1 2 8  
0 1 3 5  
0 1 3 9  

d e c i ma l t ob i na r y 0 9  

( *  C o nv e r t  d e c i m a l  n u mb e r s  t o  b i n a r y  * )  

D I M  n u mb e r , t e mp , h a l f numbe r : I NT E G E R  

P R I NT 
P R I NT - De c i ma l  t o  B i na r y  C o n v e r t e r 
P R I NT 

LOOP 
P R I NT 
I NP U T  - Wh a t  n um b e r  w o u l d  y o u  l i k e  t o  c o n ve r t ?  - , n um b e r  

EX I T I F  n um be r < O  O R  n um be r > 3 2 7 6 7  T H E N  
P R I N T  - Nega t i v e  n um be r s n o t  a l l ow ed . 

ENDEX I T  

P R I NT 
P R I N T  - N umbe r = - :  
h a l f n u mbe r : = 1 6 3 8 4  
R EP EA T  

temp : = I NT ( n um b e r /h a l f nu mb e r ) 
I F  t emp< > O  TH E N  

P R I NT - 1 - ; 
n um be r : = n umbe r - h a l fn umbe r 

E L S E  
P R I NT - 0 · ; 

END I F  
h a l f n u mb e r : = h a l f n umbe r / 2  

U N T I L  I NT ( ha l fn um be r ) = O 
E N D LOOP 

PrimeNumbers _____________________________ _ 

This program generates pr ime n u m bers u nt i l  you te l l  i t  to stop.  

PROCEDURE 
0 0 0 0  1 0 0 
O O l C  1 1 0  
0 0 3 9  1 2 0  
0 0 4 4  1 3 0  
0 0 4F 1 4 0  
0 0 5 6  1 5 0  
0 0 6 1  1 6 0  
0 0 7 0  1 7 0  
0 0 8 0  1 8 0  
0 0 9 8  1 9 0  
O O AF 2 0 0  
0 0 8 6  2 1 0  
0 0C 2  2 2 0  
0 0 0 1  2 3 0  
O D E D  2 4 0  
0 0 E 7  2 5 0  

p r i me n u mbe r s  
R E M  p r ime N umbe r g e ne r a to r  
PR I NT · p r i me N u m b e r  G e ne r a t o r 
y= 2 
a = 1  
GOTO 2 1 0  
x = 1  
x = x+ 1  
Z = I NT ( y/ X ) 
I F  I NT ( Z * X ) =y T H E N  2 3 0  
I F  x * x > y  T H E N  2 1 0  
GOTO 1 6 0  
P R I NT CI. , y  
a = a + 1  
y = y+ l  
GOTO 1 5 0  
E N D  

PrlmeNumbers09 ___________________________ _ 

PROCEDURE p r i me n u mbe r s 0 9  
0 0 0 0  
0 0 0 1  ( *  Gene r a t e  a n d  p r i me n um be r s  * )  
0 0 2 1  
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0 0 2 2  
0 0 3 5  
0 0 3 6  
0 0 3 0  
0 0 4 4  
0 0 4 5  
0 0 4 E  
0 0 4 F  
0 0 5A 
0 0 6 5  
0 0 6 6  
0 0 6 8  
0 0 6 9  
0 0 7 0  1 0 0  
0 0 7 E  
0 0 8 C  
0 0 8 0  
O O A O  
0 0 A 4  
O OA S  
0 0B 6  
O O S F  
O O CA 
O O C E  
0 0 0 2  
0 0 D 4  
O D D S  
0 0 D 7  
0 0 08 
o O E 3  
0 0 E 4 
0 0 E 8  
0 0 E 9  

D I M  c o u n t , p r i me , t e mp , h o 1 d e r : I NTEG E R  

c o u n t : = 1  
p r i m e : = 2 

P R I NT c o u n t , p r i me 

c o u n t : = c o u n t + 1  
p r i m e : = p r i m e+ l 

L OOP 

t e m p : = l 
t e m p : = t emp+ 1 
h o 1 d e r : = I NT ( p r i me / t emp ) 

I F  I NT ( h o 1 de r * temp ) = p r i m e  T H E N  
ELS E 

I F  t emp* t e m p > p r i m e  T H E N  
P R I NT c o u n t , p r i m e  
c o u n t : = c ou n t + 1  

E L S E 
GOTO 1 0 0  

E N D I F  

E N D I F  

p r  i m e : =pr i me +  1 

E N DLOOP 

E N D  

___________________________________________________________ Acey_Oeucy 

Games a re a g ood d ivers ion ,  and th is  one shou ld  be fu n to 
play. I t 's a l i t t le  longer  than  the others, so make su re you save i t  on 
d isk before you m ove on. Typ i n g  is no  fun .  

PROC E D U R E  
0 0 0 0  1 0 0 
0 0 1 8  1 1 0  
0 0 2 9  1 2 0  
0 0 4 6  1 3 0  
0 0 4 8  1 4 0  
0 0 6 8  I S O  
0 0 8 1  1 6 0  
0 0 8 6 1 7 0  
0 0 9 1 1 8 0  
0 0 9 6  1 9 0  
0 0A 1  2 0 0  
0 0B 6  2 1 0  
O OC B  2 2 0  
O O D E  2 3 0  
0 0 F 3  2 4 0  
0 1 0 6  2 5 0  
0 1 1 F  2 6 0  
0 1 2 A  2 7 0  
0 1 3 1  2 8 0  
0 1 3 C  2 9 0  
0 1 4 3  3 0 0 

A c e y  D e u c y  
R E M-G a m e  o f  A c e y - D e u c y  
P R I NT · Ac ey - D e u c y · 
P R I NT · Yo u  w i l l  g e t  2 5  ha n d s , · 
P R I NT 
P R I NT · Wi 1 1  t h e  c a r d  y o u  d r aw ·  
P R I NT · be be twee n my two ? ·  
PR I NT 
h= l 
P R I NT 
t =  1 0 0  
P R I NT · Yo u  h a v e  $ . :  t 
x = I NT ( 7 * R ND ( 0 ) + 6 )  
I F  x > 1 2  T H E N  2 1 0  
y= I NT ( x * R ND ( O ) + l )  
I F  y > = x T H E N  2 3 0  
I F  y= l TH E N  y = 2  \ E N D I F  
a = x  
G O S U B  6 0 0  
a = y  
G O S U S  6 0 0  
P R I NT 
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0 1 4 8  3 1 0  P R I NT " Yo u r  b e t " ; 
0 1 5 8  3 2 0  I NP U T  b 
0 1 6 0  3 3 0 I F  b <  t TH EN 3 6 0  
0 1 7 3  3 4 0  P R I NT " Yo u  d o n ' t  h a v e  t h a t  m u c h l " 
019 3 3 5 0  GO'fO 3 1 0  
019A 3 6 0  Z = I NT ( 1 3 * RND ( 0 ) + 2 ) 
O lAF 3 7 0  I F  z > 1 4  T H E N  3 6 0  
01C2 3 8 0  a = z  
OICO 3 9 0  GO S U B  6 0 0  
0 1 0 4  4 0 0  P R I N1' 
0 1 0 9  4 1 0  I F  z TH E N  4 8 0  
OIEC 4 2 0  I F  z >  x T H E N  4 8 0  
O I F F  4 3 0  P R I NT " Yo u  w i n l "  
0 2 0 £  4 4 0  P R I NT 
0 2 1 3  4 5 0  P R I NT 
0 2 1 8  4 6 0  t = b + t  
0 2 2 7  4 7 0  GOTO 5 3 0  
0 2 2 £  4 8 0  P R I NT " Y ou l o s e l "  
0 2 3 E  4 9 0  P R I NT 
0 2 4 3  5 0 0  P R I NT 
0 2 4 8  5 1 0 t = t - b  
0 2 5 7  5 2 U  I F  t < = O  'I'H E N  5 6 0  
0 2 6 A  5 3 0  h= h + l  
0 2 7 9  5 4 U  I F  h > 2 5  T H E N  5 8 0  
0 2 8C 5 5 0  GO'fO 2 0 0  
0 2 9 3  5 6 0  P R I NT " Yo u r o ut l "  
0 2 A 3  5 7 0 STOP 
0 2A8 5 8 0  P R I NT " Th a t ' s  2 5  h an d s l "  
0 2B F  5 9 0  STOP 
0 2 C 4  6 0 0  I F  a < 1 1 T H E N  6 3 0  
0 2 0 7  6 1 0  I F  a > 1 4  T H E N  P R I NT " ER RO R "  \ S TOP \ E ND I F  
0 2 1." 3  6 2 0  O N  a - l 0  GOTO 6 5 0 , 6 7 0 , 6 9 0 , 7 1 0  
0 3 1 2  6 3 0  P R I NT a ;  " " ; 
0 3 1 1." 6 4 0  R ETU R N  
0 3 2 4  6 5 0 P R I NT " J a c k  .. ; 
0 3 3 1  6 6 0  R E'fU R N  
0 3 3 6  6 7 0  P R I NT " Q u e e n  " ;  
0 3 4 4 6 8 0  R ETU R N  
0 3 4 9  6 9 0  P R I NT " K i ng If ;  
0 3 5 6  7 0 0  R E TU R N  
0 3 5 B  7 1 0  P R I N'f " Ac e  " ; 
0 3 6 7  7 2 0  R E T U R N  
0 3 6 C  7 3 0  E N D  

AceyDeucy09 ______________________________________________________ __ 

PROCE D U R E  
O O O U  
0 0 0 1  
0 0 1 1."  
0 0 2 U  
0 0 2 1."  
0 0 4 2  
0 0 4 3  
0 0 5 3  
0 0 6 0  
0 0 6 1."  
0 0 0 9  
0 0 9 1."  
O OA I  
0 0A 2  
0 0A 9  
O O B O  
O O B I  
O O B D  

AceyDe u c y 0 9  

( *  T h e  Game o f  A c e y  - D e u cy * ) 

D I M  [ i r s t c a r d , s e c o n d ca r d , d e a l : I NT E G E R  
D I M  b e t , ha nd , an t e , yo u r d r aw : I NT E G E R  

P R I NT " Ac e y  - De u c y ·  
P R I NT " Yo u  w i l l  g e t  2 5  h a n ds . " 
P R I NT 
P R I NT · W i l l  t h e  c a r d  y o u  d r a w " 
P R I NT " b e  b e t we e n  m y  two ? "  
P R I NT 

h a n d : = l 
a n t e : = 1 0 0  

W H I L E  h a nd < = 2 5  DO 
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0 0 8 8  
O O D O  
O O D I  
0 0 D 3  
0 0 8 6 
O O F I  
0 0 F 2  
0 0 F 4  
0 1 0 8 
0 1 1 4  
0 1 1 5  
0 1 2 1  
0 1 2 8  
0 1 2 A  
0 1 2 8  
0 1 3 3  
0 1 3 7  
0 1 3 8 
0 1 4 0  
0 1 4 4  
0 14 5  1 0 0  
O l 4 A  
0 1 5 C 
0 1 5 D 
0 1 6 A  
0 1 8 7  
0 1 8 8  
0 1 8 D  
O l 8 E  
0 1 9 0  
0 1 A 3  
O l A E  
O l A F 
0 1 B 7  
0 1 8 8 
0 1 8 C  
0 1 8 E  
0 1 0 3 
O l E O  
0 1 E 4  
O l F O  
0 1 F 4  
0 2 0 0  
0 2 0 4  
0 2 1 0  
0 2 1 2  
0 2 1 3  
0 2 1 F  
0 2 2 E  
0 2 3 0  
0 2 3 2  
0 2 3 3  
0 2 3 E  
0 2 3 F  
0 2 4 3  
0 2 4 4  
0 2 5 8  
0 2 5 A  
0 2 5 8  2 0 0  
0 2 6 A  
0 2 7 6  
0 2 7 8  
0 2 7 A  
0 2 7 B  

P R I N T · Yo u  h a v e  $ " ;  a n t e  

R E P E AT 
f i r s t c a r d : I NT ( 7 * RN D ( 0 ) + 6 )  

U N T I L  f i r s t c a r d < 1 3  

R E P EAT 
s e c o n d ca r d : = I N T ( f i r s t ca r d * R N D ( O ) + l )  

U N T I L  s e co n d c a r d < f i r s t c a r d  

I F  s e c o nd c a r d = l  THEN 
s ec o n d c a r d :  2 

E N D H' 

d e a l : = f i r s t c a r d  
GO S U B  2 0 0  

de a l : = s e c o n d c a r d  
GOSUB 2 0 0  

P R I N T  
I N P U T  " Y o u r  b e t ?  R , b e t  

I F  be t > a n t e T H E N  
P R I NT · Yo u  d o n ' t  h a v e  t h a t mu ch l "  
GOTO 1 0 0  

8 N D H '  

R E P E A T  
yo u r d r aw : = I NT ( 1 3 * R ND ( 0 ) + 2 ) 

U N T I L  y o u r d r a w < 1 5  

d e a l : = yo u r d r aw 
GO SUB 2 0 0  

P R I NT 
I F  y o u r d r a w < = s e c o n d c a r d  OR you r d r a w > = f i r s t c a r d  THEN 

P R I NT · Yo u  l o s e l "  
P R I NT \ P R I NT 
a n t e : = a n t e - b e t 

E L S E  
P R I N T " Yo u  W i n ! R  
P R I NT \ P R I NT 
a n t e : = a n t e + b e t  

END I F  

I F  a n t e < = O  T H E N  
P R I NT · Y ou ' r e o u t l "  
END 

END I F  

h a n d : = h a n d + l  

E N D WH I L E  

P R I N T - Th a t ' s  2 5  h a n d s l "  
E N D  

I F  d e a l < l 1  T H E N  
P R I NT d ea l ;  - " ; 
R E T U R N  

E N D I F  

I F  d e a l > 1 4  T H E N  
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0 2 8 7  P R I NT " E r r o r "  
0 2 9 0  E N D  
0 2 9 2  E N O H '  
0 2 9 4  
0 2 9 5  ON d e a l - I O  GOTO 3 0 0 , 4 U O , 5 0 0 , 6 0 0  
02AF 
0 2BO 3 0 0 P R I NT " Ja c k  " . 

, 

02BD RETU R N  
02BF  
02CO  4 0 0  P R I N T  " Qu e e n  " . 

, 

02CE RETURN 
02DO 
0201 5 0 0  P R I NT " K i n g  " . 

I 

0 2DE R ET U R N  
0 2 E O  
0 2 E l  6 0 0  P R I N T  " Ac e  " . 

, 

0 2 E O  R ETU R N  
0 2 E F  
0 2 F O  E N D  

Qulz ____________________________________________________________ _ 

Here's a p rogram you can u se to teach you r  youngsters the 
mu l t ip l i cation  tab les .  I t  shows h ow com puters can be used as  
teaching  a ids .  

PROC E D U R E  
0 0 0 0  1 0 0  
0 0 1 9  1 1 0 
0 0 3 3  1 2 0  
0 0 3 E  1 3 0  
0 0 4 9  1 4 0  
0 0 5 4  1 5 0  
0 0 6 9 1 6 0  
O O H :  1 7 0  
0 0 8 0  1 8 0  
0 0 9 2  1 9 0  
O O AO 2 0 0  
0 0 B 5  2 1 0  
O O BA 2 2 0  
O OC D  2 3 0  
O O OB 2 4 0  
0 0 F 4  2 5 0  
0 1 0 3  2 6 0  
O I O A 2 7 0  
O l l F  2 8 0  
0 1 2 E  2 9 0  
0 1 4 4  3 0 0  
0 1 5 A  3 1 0  
0 1 6 9 3 2 0  
0 1 7 C  3 3 0  
0 1 8 F  3 4 0  
O I A B  3 5 0  
0 1 C 2  3 6 0  
0 1 C9 3 7 0  
O I DC 3 8 0  
O H F  3 9 0  
0 1 F 6  4 0 0  
0 2 0 6  4 1 0  
0 2 1 7  4 2 0  
0 2 l F  4 3 0  
0 2 3 2  4 4 0  
0 2 4 5  4 5 0  

q u i z  
REM Mu l t i p l i c a t i o n  Q u i z  
P R I N T  " M u l t i p l i ca t io n  Q u i z "  
n=== O 
c = O  
i = O  
x = I NT ( RN D ( 0 ) * 1 3 t l ) 
y � I NT ( R NO ( 0 ) * 1 3+ l ) 
z = x * y  
P R I N T  
P R I NT x :  " t im e s  " :  y :  " = " : 
I NPUT w 
P R I NT 
I F  w= z T H E N  2 7 0  
P R I NT " vlhoops l "  
P R I N T  " Th e  a n swe r i s  " i Z 
i = i + l  
G OTO 2 9 0  
P R I NT " Yo u  a r e  r i g h t l " 
c = c + l  
P R I NT c :  " a r e  r i g h t ! "  
P R I NT i :  " a r e  w r o n g l "  
n = n + l  
I F  n < = 9  TH E N  1 5 0  
I F  c > === 6 T H E N  3 7 0  
P R I NT " Yo u  f l u n k ed t h e  q u i z . " 
P R I NT " B e t t e r  p r a c t i ce l "  
GOTO 1 2 0  
I F  c > = 9  T H E N  4 0 0  
P R I NT " Yo u  d i d  O . K . " 
GOTO 4 1 0  
P R I N T  " Ni ce Job l "  
P R I NT " T r y  a g a i n ? "  
I N P UT T $  
I F  T $ = " Y "  T H E N  1 2 0  
I F  T $ = " Y ·  T H E N  1 2 0  
E N D  
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----------------------______ quiz09 
PROC E D U R E  

0 0 0 0  
0 0 0 1  
0 0 1 C  
0 0 1 D  
0 0 3 0  
0 0 3 F  
D 0 4 B 
0 0 4 C 
0 0 5 3  
O O S A 
0 0 6 1  
0 0 6 2  
0 0 6 E  
D 0 6 F  
0 0 8 2  
0 0 9 5  
O O A I  
0 0 A 2  
O O M 
0 0 8 E  
0 0 C 3  
D OC S  
0 0 C 6  
0 0 0 3  
O D E S 
O O F O  
O O F 4  
D O F F 
0 1 1 0  
0 1 2 8  
0 1 2 A  
0 1 2 B 
0 1 2 0  
0 1 4 0  
0 1 5 3 
0 1 5 5  
0 1 5 6  
0 1 6 1  
0 1 6 2  
0 1 6 6  
0 1 6 7  
0 1 7 3  
0 1 8 0  
0 1 8 4  
0 1 9 0  
O I A l  
0 1 A 5  
0 1 B E  
0 1 0 2  
0 1 0 4 
0 1 D 6 
0 1 D 7 
0 1 0 9  
0 1 E C 
O l E O 
0 2 0 2  
0 2 0 6  
0 2 0 8  
0 2 0 9  

q u i z 0 9  

( * A r lu l t i p l i c a t o n  D r i l l  * )  

D I M  c o u n t e r , co r r e c t , w r o n g , g u e s s : I NT E G E R  
D I M  f i r s t n um be r , s e c o n dn umb e r , c ompu t e r s a n s we r : I NT E G E R  
D I M  q u e r y : S T R I NG [ l ]  

c o u n t e r : = O 
c o r r e c t : � O 
w r o n g : "' O 

WH I LE c o u n t e r ( - 9  DO 

f i r s t n u m be r : I NT ( R N D ( 0 ) * 1 3 + 1 ) 
s e c o n d n u m be r : = I NT ( RND ( 0 ) * 1 3 + 1 ) 
compu t e r s a n s w e r : = f i r s t n umbe r * s e c o n d n umbe r 

P R I N T  
P R I NT f i r s t n um b e r ; " t i mes " ;  s e c o n d n umbe r ;  • • " ;  
I U P lJ T  g u e s s  
P R I N T 

I F  g u e s s = compu t e r s a n s w e r T H E N  
P R I NT " Y o u  a r e  r i g h t ! "  
c o r r e c t : = c o r r e c t + l  

ELS E 
P R I N T  " Whoops ! "  
P R I NT " T h e  c o r r e c t  a n s w e r i s  " ;  c o m p u t e r s a n swe r 
w r o ng : = w r o n g + l  

E N D I F  

P R I NT 
P R I N T  c o r r e c t ; " a r e  r i g h t . " 
P R I NT w r o ng ; " a r e w r o ng . " 
P R I NT 

c o u n t e r : = c o u n t e r + l  

E N mlH I L E  

I F  co r r e c t > = 9 T H E N  
P R I N T  " N i c e  Jo b l " 

E L S E  
I F  c o r r e c t > = 6  T H E N  

P R I NT " Yo u  d i d  O .  K . " 
ELSE 

P R I NT ·You f l u n k e d  t h e  qu i z . " 
P R I NT " B e t t e r P r a c t i c e l "  

E ND I F  
ENO I F  

P R I N T 
I NP U T  " T r y  Aga i n ?  " , q u e r y  

I F  q u e r y· " Y " O R  q u e r y = " y "  T H E N  
R U N  q u i z 0 9  

E N D I F  

E N D  
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Temperature ____________________________________________________________ __ 

Now you can have BAS I C09 he lp  you .  I f  you know the temper-
ature i n  Fah renhei t ,  you can com p ute i t  i n  Cent ig rade. The reverse 
is also true.  I t 's much  faster than the ban k  thermometer.  

PROC E D U R E  t e mp e r a t u r e  
0 0 0 0  1 0 0  R E M  C o n v e r t  t e mpe r a t u r e s  
0 0 1 A  1 1 0  P R I NT " T h i s  p r og r am c o n v e r t s t e m pe r a t u r e s - - " 
0 0 4 7  1 2 0  P R I NT " Fa h r e n he i t  t o  Ce n t i g r a d e  a nd V i c e -Ve r s a "  
0 0 7 5  1 3 0  P R I NT 
0 0 7A 1 4 0  P R I NT " Ty p e  t h e  t empe r a t u r e  y o u  w a n t  t o  c o n v e r t "  
0 0 A 9  1 5 0  P R I NT " f o l l ow e d  b y  c omma a n d a "  
0 0C 7  1 6 0  P R I NT 
OOCC 1 7 0  P R I NT " 0 t o  g e t  F a h r e n h e i t "  
0 0 E7  1 8 0  P R I NT " 1 t o  ge t C e n t i g r a d e " 
0 1 0 2  1 9 0  P R I NT 
0 1 0 7  2 0 0  P R I NT " Ty p e  a ' C o n t r o l  Q '  t o  q u i t . "  
0 1 2 9  2 1 0  P R I NT 
0 1 2 E  2 2 0  c = O  
0 1 3 9  2 3 0  f= l 
0 1 4 4  2 4 0  I NP UT x , y  
0 1 5 0  2 5 0  I F  y > l TH E N  2 4 0  
0 1 6 3  2 6 0  I F  y= l T H E N  3 1 0  
0 1 7 6  2 7 0  a = 9 * x / 5 + 3 2 
0 1 8 0  2 8 0  P R I NT " = " : 
0 1A A  2 9 0  P R I NT 
O lAF 3 0 0  GOTO 2 4 0  
0 1 B 6  3 1 0  a= 5 * ( x - 3 2 ) / 9 

a :  " F a h r e n h e i t "  

0 1 CD 3 2 0  P R I NT " = " : a :  " C e n t i g r a d e "  
O l E A  3 3 0  P R I NT 
0 1 EF 3 4 0  GOTO 2 4 0  
0 1 F 6  3 5 0  E N D  

Temperature09 __________________________________________________________ __ 

P RUCE D U R E  t empe r a t u r e 0 9  
0 0 0 0  
0 0 0 1  
0 0 2 9  
0 0 2A 
0 0 3 1  
0 0 3 D  
0 0 3 E  
0 0 6 8  
0 0 9 4  
0 0 9 6  
0 0 9 7  
0 0 9 9  
0 0 9 B  
O O BA 

0 0 F 5  1 0  
0 1 2 1  
0 1 2 2  
0 1 2 4  
0 1 2 5  
0 1 3A 
0 1 4 E  
0 1 6 9  
0 1 6 D  
0 1 8 2  
0 1 9 6  
0 1 B 1  
0 1 B 5  

( *  Th i s  p r o g r a m  c o n v e r t s t empe r a t u r e s * )  

D I ll t empe r a tu r e :  R EAL 
D I M  p r e f e r r e d : S T R I NG [ l ]  

P R I NT " T h i s  p r og r am c o n v e r t s t empe r a t u r e s - - " 
P R I N T  " Fa h r e n h e i t  t o  C e n t i g r a d e  a n d  V i c e -Ve r s a . "  
P R I NT 

LOOP 
P R I NT 
P R I N T  " Type a ' Co n t r o l  Q '  t o  q u i t . " 
I N P UT " Wh a t  i s  t h e  t e mpe r a t u r e  y o u  wo u l d l i k e  t o  c o n v e r t ?  " 
, t e m pe r a t u r e  
I NPUT " To ( F ) a h r en he i t  o r  ( C ) e n t i g r ad e ?  " , pr e f e r r ed 

P R I NT 

I F  p r e fe r r e d = " C "  OR p r e f e r r ed = " c "  T H E N  
t e mpe r a t u r e : = 5 * ( t empe r a t u r e - 3 2 ) / 9 
P R I NT " = " : t empe r a t u r e :  " C e n t i g r ad e . "  

E L S E  
I F  p r e f e r r e d= " F "  OR p r e f e r r ed = " f "  T H E N  

t empe r a t u r e : = 9 * t e mpe r a t u r e / 5 + 3 2  
P R I NT " = " : t e mpe r a t u r e :  " F a h r e n h e i t . " 

E L S E  
G O  T O  1 0  
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0 1 B 9  E NO I F  
0 1 B 8  E N O I F  
O l B O E N O LOOP 
O l C l  E N D  
0 1 C 3  

____________________________ Regular_Deposits 

P R OC E DU R E  
0 0 0 0  1 0 0  
0 0 2 7  1 1 0  
0 0 5C 1 2 0  
0 0 6 1  1 3 0  
0 0 8 9  1 4 0  
0 0 9 1  1 5 0  
0 0 B 9  1 6 0  
O OC I  1 7 0  
O OC C  1 8 0  
0 0 F 8  1 9 0  
0 1 0 0  2 0 0  
0 1 1 3  2 1 0  
0 1 3 6  2 2 0  
0 1 7 0  2 3 0  
0 1 7 5  2 4 0  
0 1 8 0  2 5 0  
0 1 9 5  2 6 0  
0 1 A 8  2 7 0  
O l B B 2 8 0  

I f  you l i ke t o  daydream about  bei n g  r ich ,  here's a p rogram to 
get you started . Tel l  t he  com puter how much  money you wou ld 
l i ke to deposit ,  g ive i t  the  p resent i nte rest rate and  te l l  i t  how l o ng 
you wou ld l i ke to save. I t  w i l l  tel l  you what you r  accou nt w i l l  be 
worth .  

r e g u l a r  d e po s i t s  
� E M  C o�p u t e  v a l ue o f  r e g u l a r  d e p o s i t s  
P R I NT " Th i s  p r og r am d e m on s t r a t e s  t h e  v a l u e  o f  s a v i n g ' "  
P R I N 'f 
P R I NT " Ho w  m u c h  c a n  y o u  s a v e  e a c h  m o n t h " :  
I NP U T  r 
P R I NT " Wh a t  i s  t h e  p r e s e n t  i n t e r s t  r a t e " ; 
I N PUT i 
n = 1 2  
P R I NT " Ho w  m a n y  y e a r s  a r e  y o u  g o i ng t o  s a ve " ; 
I N P U T  y 
i = i / n / l O O  
t r * (  ( l + i l * * ( n* y l - l ) / i 
P R I NT " Yo u  w i l l  h a v e  $ " ; I NT ( t * 1 0 0+ . 5 1 / 1 0 0 ;  " i n  t h e  b a n k ' ·  
P R I NT 
P R I NT " An o t h e r  S c e na r i o " ; 
I N P UT a $  
I f  a $ = " y "  TH E N  1 2 0 
I F  a $ = " Y "  T H E N  1 2 0  
E N D  

__________________________ Regular_Deposits09 

P R OC ED U R E  
0 0 0 0  
0 0 0 1  
0 0 3 9  
O O J A  
0 0 4 D  
0 0 5 4  
0 0 6 0  
0 0 6 1  1 0  
0 0 6 6  
O O A O  
0 0 A 2  
O OC C  
0 0 F 7  
0 1 2 3  
0 1 2 4 
0 1 2 C  
O l 3C 

0 1 5 D  
0 1 5 E  
0 1 6 0  
0 1 9 7  
0 1 9 9  
0 1 9 A  
0 1 84 

r eg u l a r_de p o s i t s 0 9  

( *  T h i s  p r oc ed u r e  c o mp u t e s  t h e  v a l u e  o f  r e g u l a r  d e p o s i t s 

D I M  t o t a l sa v e d , d e p o s i t , i n t e r e s t , t i me s p e r y e a r : R EAL 
D I M  yea r s :  I NT E G E R  
D I M  a n s we r : STR I NG [ l ]  

P R I NT 
P R I NT " Th i s p r og r am d e mo ns t r a t e s  t he v a l u e  o f  r e g u l a r  s a v i ng , "  
P R I NT 
I N P UT " HoW m u c h  c a n  y o u  s a ve e a c h  m o n t h ?  " , d e po s i t  
I N PUT " Wh a t i s  t h e  p r e s e n t  i n t e r es t  r a t e ?  · , i n t e re s t  
I NPUT " H ow m a n y  y e a r s  d o  y o u  h op e  t o  s a v e ?  " , y e a r s  

t i me s pe r ye a r : =1 2  
i n t e r es t : = i n t e r es t / t i m e s pe r ye a r / l O O  
t o t a l sa v e d : i t * ( ( l+ i n t e r e s t l * * ( t im esp e r y e a r * y ea r s l -l ) /  

P R I NT 
P R I NT " ¥o u  w i l l  h a v e  $ " ;  I NT ( t o t a l s a v ed * 1 0 0 + . 5 ) / l O O ; " i n  t h e  b a n k l "  
P R I NT 

I NPUT " An o t h e r S c e na r i o ?  " , a n swe r 

2 1 0  
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0 1 B 5  I F  a n sw e r = w y w  O R  a n s we r = w y .  T H E N  
OlCA RUN r eg u l a r_depos i t s 0 9  
0 1C E  
O l C F  E ND I F  
0 1 0 1  E N D  

______________ A BASIC09 PROCE DU RE BORN OF N ECESSITY 

Here is another BAS I C09 p rocedu re t hat may come i n  handy 
for you some day. One n i g ht ,  after a long , hard even i n g  fi l l ed with 
writers b lock and a general  l ac k  of c reat iv i ty,  I saved my efforts and 
went to bed . The next eve n i ng I tr ied to f ind out  how many words I 
had wr itten by ru n n i ng the wc - word count  - u t i l i ty.  The u t i l i ty 
reported zero words in the f i le .  

When I t ried to l ist my art ic le ,  OS-9 retu rned a C R C  error. 
When I t r ied to copy it to another f i le ,  I got the  same resu l t .  I kept 
try ing .  N ot h i ng worked . 

I d i d n' t  have the energy to  rewrite 3 ,000 words.  F u rther ,  my 
dead l i ne h ad arr ived and I d id n't have the t i me.  I h ad to f ind a way 
to recover my work .  I used a d isk  ed i t  u t i l i ty I own to d u m p  the 
sectors in  the  bad f i le d i rect ly  from the d isk .  

As i t  tu rned out ,  t he  f i rst  sector of the  f i le  contai ned garbage 
and OS-9 refused to  read it .  S i nce everyt h i ng e l se in the f i le 
seemed to be a l l  r ight ,  the  answer was to s k i p  the  f i rst sector. The 
BASI C09 p rocedu re below d id  the job.  

PROCEDU RE recover 
(* A way to skip a bad sector *) 

01 M char ,path,newpath:BYTE 

OPEN #path,"KI SS.temp":R EAD 
C REATE #newpath,"KISS.recovered":WRITE 

SEEK #path,257 

WHILE NOT(EOF(#path» DO 
G ET #path,char 
PUT #newpath,char 
PUT #1 ,char 

EN DWHI LE 

EN D  

You can a lso use the PROCE D U R E  Recover i f  the  bad sector 
is located somewhere i n  the  m i d d l e  of the f i le .  To do th is ,  you need 
to L I ST the  or ig i na l  f i l e  to another  f i l e .  The L I ST command shou ld  
work up  to  the poi nt where you h i t  the bad sector. 
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At th i s  po in t  you can count  the number of bytes you have 
l i sted i nto the recovery f i le .  Add 256 to th is  nu mber and change the 
SEEK statement i n  the PROCE D U R E  Recover to take you past the 
bad sector. After you make th is  change, ru n the PROCEDURE 
Recover. 

Then ,  merge the f i l e  c reated wi th  " recover" w i th  the f i le  you 
L ISTed ear l ier  i nto a new f i le. After you comp lete these steps, you 
w i l l  on ly  need to rewr i te the copy that was stored i n  the bad sector.  
Rewri t i ng  256 characters i s  a whole lot better than rewri t i ng  3,000 
words. 

THREE BASIC09 FILTERS _____________________ _ 

We have i nc l u ded the sou rce code for th ree BAS I C09 p roce
d u res that can be ru n as f i l te rs. They get the i r  i n put from the 
standard i n put  path - path n u m ber zero. They write the i r output  
to the standard output  path - path n u m ber one.  

Each of  the  p roced u res below can be PAC Ked i nto you r  c u r
rent execut ion  d i rectory, usual l y  IdOICM DS,  and ru n as com
mands.  OS-9 w i l l  automat ica l ly l oad R u n B  and execute i t  when 
you ask for these procedu res by name.  R u n B  m ust be in memory 
or  stored in you r c u rrent execut ion  d i rectory when you run these 
com mands, however. 

PROCEDURE NEWSTRIP ____________________________________ _ 

NewStr ip wi l l  remove a l l  contro l  characters f rom a f i le  except 
for carr iage retu rns and l i ne feeds.  It somet i m es comes i n  handy 
when you need to ed it  a f i le  you have down loaded from a bu l let i n  
board with your screen editor .  Use the fo l lowing  com mand l i ne :  

OS9: l ist anyfile ! newstrip >anyfileminuscontrols 

P ROCEDURE NewS t r i p 
( *  A p r o g r am t o  s t r i p o f f  a l l  co n t r o l  c h a r a c t e r s  i n  a f i l e * )  
( * e x c e p t CR ' S ,  L F ' s  a n d  D E L ' s  * )  

( *  mo d i f i e d  b y  Da l e  L .  P u c k e t t  t o  g e t i t s  i n p u t  a n d  o u t p u t  * )  
( *  f r o m s t a n da r d  i npu t a n d  s t a n da r d  o u t p u t  * )  

D I M  cou n t , C on t r o l : R E A L  
D I M  CIIAR : B Y'l'E 
D I M  I n P a t h , O u t P a t h , E r r o r P a t h : B Y T E  

I n Pa t h : = O 
Ou t P a t h : = l 
Er r o r P a t h : = 2 

Con t r o l = O  \ co u n t = O  

ON E R RO R  GOTO 1 0  

WH I L E  EOF ( # I n P a t h ) = FAL S E  DO 
G ET , l n P a t h , CHAR 
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cou n t = c o u n t + l  
I F  CHAR< $ 2 0  O R  CHAR= $ 7 F  T H E N  
I F  C H AR = $ O D  O R  C H A R= $ O A  T H E N  
P U T  , o u t Pa t h , C H A R  
ELS E 
Con t r o l = Co n t r o l + l  
END I F  
ELS E 
P U T  ' O u t P a t h , C H A R  
END I F  
E NDI-'lH I L E 

1 0  P R I N T I E r r o r P a t h  
P R I NT # E r r o r P a t h , " To t a l  n u mb e r  o f  c h a r a c t e r s  = " ;  c o u n t  
P R I NT # E r r o r P a t h , Co n t r o l : " c o n t r o l  c h a r a c t e r s w e r e  s t r i pp e d  f r om f i l e , " 
P R I NT f E r r o r P a t h  
END 

THE PROCE DUR E N EWHEX DU MP ________________________________ ___ 

NewHex D u m p  takes i ts i n put  from the standard i n put  pat h .  I t  
sends i ts output  to t h e  standard output  path .  A l l  characters a re 
written i n  hexadec ima l .  Th is  lets you see control  characters that 
may be i mbedded i n  the  f i le .  The p rog ram a lso counts the  n u m be r  
o f  contro l  characters i n  the  f i l e  and the n u m be r  o f  carr iage retu rns 
and l i ne feeds. Use this command l i ne :  

OS9: l ist /dO/cmds/dir ! newhexdump <ENTER> 

PROC E D U R E  N e w  H e x  D ump 
( *  P r og r a m p rTn t s-a s t r u c t u r e d h e x a d e c i m a l d ump o f  a l l  * )  
( *  c o n t r o l  a n d  a s c i i c ha r a c t e r s i n  a f i l e * )  

D I M  c ou n t , Co n t r o l , c r I f  c o u n t : R EA L  
cou n t = O  \Co n t r o l = O  \cr_If_c o u n t = O  

D I M  c h a r b l o c k s  p e r  l i n e : I NT EG E R  
cha r_block s_pe r=l i ne= O 

D I M  I n P a t h , Ou t Pa t h , E r r o r P a t h : BY T E  
I nPa t h : = O \ O u t Pa t h : = 1  \Er r o r Pa t h : = 2 

D I M  CHAR : B Y T E  

D I M  B l a n k : S TR I NG [ I ]  
B l a n k = "  • 

ON E R R O R  GOTO 1 0  

P R I NT f o u t Pa t h  

WH I L E  E O P ( I I n P a t h J = F ALS E  D O  
G ET # I n P a t h , C H A R  
c h a r  b l oc k s  p e r  l i n e = c h a r  b l o c k s  per l i ne + l  
c o u nt= co u n t+l - - - -

I F  C H AR < $ 2 0 O R  C H A R = $ 7 F  T H E N  
I F  C H A R= $ O D  O R  C H A R = $ O A  T H E N  
c r  I f  c o u n t = c r  I f  c o u n t + l  - - -- -

END I F 
P R I N 'f I Ou t P a t h  U S I NG • I [ r , H 2 ,  r ] r , S l " , C H A R ,  B l a n k : 
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C o n t r o l -C on t r o l + l  
E L S E  
P R I N T ' Ou t P a t h  U S I NG " ' [ ' , H 2 , ' ] ' , S I " , CH A R , B l a n k , 
END I F  

I F  c h a r  b l o c k s  p e r  l i ne > - 1 6  T H E N  
P R I NT It'Ou t Pa t h- -
c h a r b l o c k s  pe r l i n e = O  
E N D IF - -

ENDVlll I L E 

1 0  P R I NT ' E r r o r P a t h , B l a n k  
P R I NT ' E r r o r P a t h  
P R I NT ' E r r o r P a t h , " To t a l  n um b e r  o f  c h a r a c t e r s  = " :  c o u n t 
P R I NT ' Er r o r Pa t h , " Fo u nd " ;  C o n t r o l : • co n t r o l  c ha r ac t e r s  i n  f i l e , " 
P R I N T  # E r r o r Pa t h , " O f  w h i c h  " ;  f_c o u n t ; " we r e  <CR> o r  < L F >  " 

END 

__________________ 
THE PROCEDURE SPLITWO R DS 

The PROCED U R E  S p l i twords reads a text f i l e  from the stand
ard i nput  path . I t  pr i nts a l i st of  words in the f i le ,  one to a l i ne, on the 
standard output  path .  S in ce i t  is a f i l te r  you can p i pe i ts  i nput  from 
the output  of  the O S-9 L I ST ut i l i ty. I t  i s  a lso poss ib le  to p i pe its 
output  to the i npu t  of another tool l i ke a SORT ut i l i ty. These 
com mand l i nes w i l l  work :  

OS9: list yourstory ! spl itwords ! sort <ENTER> 
OS9: l ist ashortstory , splitwords <ENTER> 

P R OC E D U R E  s p l i two r d s  

D Il-l c ha r : BYTE 
D I M  g o t on e : BOOL EAN 
D I M  i n p a t h , o u t pa t h , e r r pa t h : I NT EG E R  
O N  ERROR GOTO 1 0 0  

i n pa t h : -= O 
o u t p a t h : = l  
e r r pa t h : = 2 
g o t o n e : = F AL S E  

LOOP 
G ET ' i n pa t h , c h a r 
I F  g o t o n e  T H EN 
IF c h a r = 3 2  O R  c h r = 9  O R  c h r = I 3  T H EN 
g o t o n e : = FA L S E  
WR I 'l' E  , o u t pa t h  
E L S E  
P R I NT ' o u t pa t h , CH R $ ( c h a r ) ;  
END I F  
ELSE 
IF  ch r = 3 2  OR c h r m 9 O R  c h r = I 3  T H E N  
ELS E 
g o t o n e : = T R U E  
P R I N T  ' ou t pa t h , C H R $ ( c h a r ) ;  
E NO I F  
E N D I F  
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ENDLOOP 
B Y E  
1 0 0  ( *  We ma y h a v e  r e a c h e d  t h e  e n d  o f  f i l e * )  
DIM e r r n um : I N T E G E R  
e r r n u m= E R R  
I F  e r r n u m= 2 1 1  T H E N  
B Y E  
ELSE 
ON ERROR 
PRI NT # e r r p a t h , " E r r o r  n u mbe r : " ;  e r r n u m  
B Y E  
END I F  

__________________________ C COMPILER 

As soon as I received my copy of Rad io  Shac k's new C Com
pi ler from M icroware, I went to work and comp i led my f i rst 
program .  

mainO 
{ 

int sum, x, y; 

x = 20; 
Y = 30; 
sum = x + y; 

printf("This is my first 'c' program. \n"); 
printf("The sum of %d and %d = %d",x,y,sum); 

} 
G ranted, the prog ram doesn't do too much .  But  i t  comp i led 

perfectl y  and ran the f i rst t i me. It was q u ite a s ight  to watch .  To 
comp i le the prog ram, I typed the l i ne: 

OS9:cc CTest.c 

Step by step ,  my Color  Com puter went t h rough the mot ions 
needed to com p i l e  a C program.  In several m i nutes i t  ran these 
programs. 

c .prep (a m acro pre-processor) 
c .pass1 (OS-9 Leve l I systems) 
c .pass2 ( requ i re two passes) 
c .opt (the assembly  code is opt i m i zed) 
c .asm (an assemb led by a re locat i ng assembler) 
cc. l i n k  (an f i na l l y  l i n ked by a l i n kage editor) 

C i s  n ot i nteract ive l i ke BAS I C09, but  i t  su re i s  an effect ive 
package. Written by James McCosh ,  author of several 6809 C 
comp i lers ,  and f ine  tu ned to OS-9 by the program mers at M ic ro
ware, t h i s lang uage is i m plemented al m ost exact ly  as descri bed i n  
"The C Prog ram m i n g  Language" by Kern ighan and R itche. 
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Bit  f i e lds a re the  o n ly th i ng m Issing .  Other d ifferences 
between the C descr i pt ion  i n  K & R and the Co lor  Computer C can 
be counted with the f i n gers on  one hand. And. they al l  reflect parts 
of C that a re obsolete, or constra in ts i m posed by memo ry l i mita
t io ns of the Color Com puter.  

C is not one of the m ost e legant langu ages around ,  but  i t  g i ves 
you a so lu t ion  to a lot  of d i ffe rent  p rob lems.  It is sort of a h ig h- level  
assemb l y  lang uage. 

O ne of the  t h i ngs C does have g o i n g  for i t  is  the fact that i ts 
code is h ig h ly transportab le .  You can write a program o n  the Color  
Computer and carry i t  over  to a n  I BM PC for. example .  The power 
of  the C l an gu age can be attri bu ted to the fact t h at most C p ro
g rammers use l i b rar ies, wri tten i n  C, wh ich  can be adapted to any 
env i ron m ent .  

One real p l us for the Radio Shack C from M i croware i s  the  fact 
that  it s u p po rts a l m ost a l l  system cal l s  for both OS-9 a nd U N I X .  
Th i s  means y o u  c a n  wr i te a C program o n  t h e  C o l o r  Computer,  
port the sou rce code to  a 68000 comp uter run n i ng U N IX ,  comp i le  
i t  there and  r u n  i t . M i c roware made t h i s  poss i b le  by us ing  U N I X  
names for system funct ions ,  even though the same OS-9 f unct ion 
m i g ht have a d i fferent name. 

Somet imes ,  there are U N  I X  funct i ons t hat d o  n ot have an 
exact OS-9 equ i va lent .  Because of th is ,  M ic roware g ave you a 
l i b ra ry funct ion  to s i m u l ate the U N I X  funct ion .  F i na l ly ,  when there 
i s  a n  OS-9 funct ion  that d oes not have a U N I X  equ iva lent ,  OS-9 
names a re used. 

Th i s  C a lso h as an  opt iona l  p rof i ler  wh ich  can be used to 
dete rm i ne h ow many t i mes a fu nct i on i s  executed when a program 
is r u n .  Th is  means you can i dent i fy the m ost frequent ly  used 
funct ions  and study them i n  an attempt to f i nd  a more effic ient  
a lgori t hm .  

SAM PLE PR OGRAMS __________________________________________ ___ 

As we d id w i th  BASI C09, we w i l l  show you several C p ro
g ra ms .  Study them and see how they work. You ' l l  be up to speed i n  
n o  t i me .  

The f i rst several  p rograms were wr itten by T i m  Harr is ,  a com
puter sc ience student  at the U n ivers i ty of  I owa in Ames. S i nce they 
a l l  funct ion as f i l ters, they are a va luable add i t ion to you r OS-9 tool 
k it .  

' D' i s  a spec ia l  d i rectory u t i l i ty  that  l i sts f i l enames o ne l i ne at a 
t ime .  I ts output  can be p i ped i nto the i nput of DL ,  the de lete u t i l i ty 
in Chapter 1 8 . You ' l l  a lso f i nd  a word count  u t i l i ty  and another 
vers ion of  the CAT com mand .  
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The last g roup  of C programs were written by B i l l  Bal l ,  a U .  S. 
Coast G uard p u b l ic affa i rs s pec ia l i st ,  so that he cou ld analyze h is  
writ i ng .  S i nce Bal l bel i eves i n  Readab i l i ty ,  he  wrote a f i l ter  th at 
counts the  n u m ber of characters, words and sentences i n  a story. 
It reports the average n u m ber of l etters i n  a word and the average 
number of words i n  a sentence. ( Note that Bal l 's d efi n it i on  of a 
"word" is a b i t  n on-standard ,  so h i s  word cou n t  w i l l  not agree with 
the "wc" ut i l it ies . )  H is  p rogram even shows you how to deal  with 
termina l  cu rsor contro l  codes in  C .  Enjoy! 
WC ______________________________________________________ ___ 

/ * we u t i l i t y v e r  2 . 0  - wor d ,  l i ne a n d  c h a r  c o u n t i n g  * 1  
/* mo d e l e d  a f t e r  U N I X  we u t i l i t y *1 
/* CoCo OS-9 ver 0 1 . 0 0 , 0 0  M i c r owa r e  C comp i l e r  *1 
/* *1 
1 *  Co n t r i b u t e d  t o  the O S - 9  T o u r G u i d e b y : *1 
/* Tim Ha r r i s  ( c l  1 9 8 4  *1 
/* 651 Pamme l cou r t  *1 
/* Ame s ,  I ow a  5 U O I O  * 1  
/* * 1  
/ * Opt i on s :  - 1  l i n e  c o u n t  o n l y *1 
1* -w wo r d  cou n t  o n l y  * 1  
1* - c  cha r c o u n t  o n l y  * 1  
/ * - ? g e ne r a t e h e l p  m e s s a g e  * 1  
/* * 1  
1 *  U s e s  s t d i n  a n d  s t d o u t , m a y  b e  r e d i r e c t ed a n d  p i p e d  * 1  
1* ca l l s :  * 1  
/ * we < f i l e cou n d t s  l i ne s ,  w o r d s  a n d  c h a r s  *1 
1* i n  f i l e * 1  
1* we - 1  < f i l e cou n t s  l i n e s  o n l y  in f i l e  * 1  
/* d I we - 1  r epo r t s  n u m b e r o f  f i l e s  i n  d i r  * 1  
1 *  sp i n t  p a t  < f i l e wc . c  - 1  r epo r t s  oc c u r a n c e s  o f  · pa t ·  * 1  
1 *  i n  t h e  f i l e * 1  
/* wc - ]  g e n e r a t e s  h e l p  m e s s a g e  *1 
/ * *1 

t i nc l u d e  < s t d i o . h > 
fdef i n e  T R U E  1 
#def i n e  F A L S E  0 

ma i n ( a r g c , a r g v l 
int  a r g c ;  
cha r * *a r g v ; 
{ 

i n t  c , n l , n w , n c , i n wor d ;  
i n t  l o n , co n , wo n :  
c h a r  * s ;  

i nwo r d  = F A LS E ; 
11 1  = n c  = nw 0 :  
I o n  = w o n  = c o n  TRU E ;  1 *  de f a u l t  a l l  o n  *1 

wh i l e ( - -a r g c  > 0 & &  ( * + + a r g v ) [ O ]  == ' _ ' ) 
f o r  ( 8  a r g v [ O ] + l ; * s I ",  ' \ 0 ' : s + + ) 

s w i t c h ( * s )  { 
c a s e  ' 1 ' : 

w o n  '" c a n  
b r e a k ; 

c a s e  ' w ' : 
I o n  = c a n  
b r e a k ; 

c a s e  ' c ' : 
w o n  I on 

FALS E :  

FAL S E :  

F A L S E :  
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b r e a k ; 
c a s e  ' ? ' : 

h e l p ( ) ; 
b r e a k ; 

d e f a u l t :  
p r i n t f ( " wc 
h e l p ( )  ; 
b r e a k ; 

i l l e g a l  op t i o n  % c\ n " , * s l ; 

wh i l e « c  g e  t c h a  r ( » 1 =  EOF ) { 

} 

+ + n c ; 
i f  ( c  = =  ' \ n ' ) 

+ +n l ;  
i f  ( c  = =  , , I I c = =  ' \n '  " c = =  ' \ t ' ) 

i nwa r d  = FALS E ;  
e l s e  i f  ( i nwa r d = =  FAL S E ) {  

i nwa r d  = TR U E ;  
+ + n w ;  

i f  ( l o n ) 
p r i n t f ( " % d " , n l ) ; 

i f  ( wo n ) 
p r i n t f ( "  % d " , nw ) ; 

i f  ( co n ) 
pr i n t f ( "  % d " , n c ) ;  

pr i n t f ( " \ n \n " ) ; 

he l p (  ) 
{ 

p r i n t f ( " wc 
p r i n t f (  " op t i on s :  
pr i n t f ( "  
p r i n t f ( "  
p r i n t f ( "  
p r i n t f ( " c a l l  
ex i t e D ) ;  

wo r d  c o u n t  u t i l i ty\n " ) ;  
- 1  l i n e  c ou n t  o n l y\ n " ) ; 
-w wo r d  c o u n t  o n l y\n " ) ;  
- c  ch a r  coun t o n l y\n " ) ;  
- ?  he l p  m e s s a g e  \n " ) ;  
wc [ op t i o n ] \ n " ) ; 

_______________________________________________________________ PR 

/* p r  u t i l i t y  - p r i n t  w i t h  pa g n a t i o n  & n umb e r i n g * /  
/ *  coC o 0 5 - 9  C C omp i le r  0 1 . 0 0 . 0 0  * /  
/ *  C o n t r i b u t e d  t o  t h e O S - 9 To u r  G u i d e b y  */ 
/* T i m  H a r r i s  ( c )  1 9 8 4  */ 
/ *  Op t i o n s : -n : l i ne numbe r i ng */ 

# i nc l u d e < s t d i o . h >  
# d e f i n e  N U L L  0 
# d e f i n e  MAX L I N E  2 5 6  
# d e f i ne PAG L E N  6 3  

ma i n ( a r g c , a r g v )  
i n t  a r g c ;  
c h a r * a r g v [ ] ;  
{ 

F I L E  * f p , * fope n ( ) ;  
i n t  l i nen um= l , n umbe r = O ; 
c h a r  l i n e [ MA X L I NE ] ;  

i f  ( a r g c  > 3 I I  a r gc = =  1 )  
e r r o r  ( " p r : i m p r o p e r  a r g um e n t s " , NULL ) ; 

i f  ( a r g c  = =  2 ) {  
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} 

i f  ( ( fp= f op e n ( a r g v [ l ] , " r " ) )  = =  NULL ) 
e r r o r  ( " p r : c a n ' t  ope n % s " , a r g v [ l ] ) ;  

e l s e { 
i f  ( a r g v [ l ] [ O ]  

n umbe r = 1 ;  
e l s e  

' - , & &  a r g v [ l ] [ l ]  ' n '  ) 

e r r o r  ( " p r : i l l eg a l  op t i o n  % c W , a r g v [ l ] [ l ] ) ;  
i f  ( ( f p= fo pe n ( a r g v [ 2 ] , W r W ) ) = =  N UL L ) 

e r r o r  ( " p r : c a n ' t  open % s W , a r g v [ 2 ] ) ;  

wh i l e ( f g e t s ( l i n e , MAX L I N E , fp )  > NULL ) {  
i f  ( n umbe r )  

} 

p r i n t f ( W % 0 5 d w , l i ne n um ) ; 
e l s e  

p r i n t f ( W  " ) ;  
pr i n t f ( W % s "  , l i n e ) ; 
++ l i n e n um ; 
i f  ( l i ne n u m  > PAGLEN ) { 

l i n en u m  = 1 ;  
pr i n t f ( W \ n\n\ n W ) ;  

wh i l e  ( l i ne n u m  < =  PAG L E N ) {  
+ + l i n e n um ; 
p r i n t f ( W \ n W ) ;  

} 
pr i n t f ( W \ n\ n\ n W ) ;  
[ c l o s e  ( f p ) ; 
e x i t ( O ) ;  

CAT __________________________________________________________ __ 

/ * c a t  u t i l i t y  - c o n c a t e n a t e  f i l e s  * / 
/ * mod e l e d  a f te r  U N I X  ca t u t i l i ty * / 
/ * CoCo 05 - 9  v e r  0 1 . 0 0 . 0 0 tl i c r owa r e  C Comp i l e r  * / 
/ * * / 
/ * Con t r i b u t e d  t o  t h e  05- 9 Tou r  G u i de by : * / 
/ * * / 
/ * ( c )  1 9 8 4  T i m  H a r r i s * / 
/ * 6 5 1 P a mm e l  C o u r  t * / 
/ * Ame s ,  I owa 5 0 0 1 0  * / 
/ * * / 
/ * Cop i e s  f i l e s  f r om s t d i n  o r  f i l e s  to s t d ou t ,  may u s e  * / 
/ * r ed i r ec t i o n  o n  o u t p u t  t o  a f i l e */ 
/ * C a l l :  c a t  [ f i l e ] . . . .  [ f i l e ] * / 
/ * */ 
# i n c l u d e  < s t d i o . h >  

ma i n ( a r g c , a r g v ) 
i n t  a r g c ; 
cha r * a r g v [ ] ;  
{ 

F I L E * f p ,  * f op en ( ) ;  

i f  ( a r g c = =  1 )  / * no a r g s  - u se s t d i n  * /  
f i l ec op y  ( s td i n ) ; 

e l s e  
w h i l e  ( -- a r g c  > 0 )  
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i t  « fp � f op e n ( * + + a r g v , # r " »  NULL ) {  
p r in t f ( " ca t :  c a n ' t  o pe n  % s\n" , * a r g v ) ; 
e x i t ( l ) ;  

e l s e  { 
f i l e copy ( fp )  ; 
f cl os e ( f p )  ; 

f i l ecopy ( f p )  / * c opy f i l e  f p  t o  s t do u t  * / 
F I LE * f P i  
{ 

i n t  c ;  
wh i l e  « c  .. g e t c ( fp »  1 =  EOF ) 

p u t c ( c , s td o u t ) ; 

______________________________________________________ SPINT 

/ * s p i n t  u t i l i t y  - S e a r c h  a n d  P r I NT f i l e f o r  e x p r e s s i on * / 
/ * mod e l e d  a f t e r  U N I X  g r e p  u t i l i t y * / 
/ * CoCo os - 9  v e t  0 1 . 0 0 . 0 0  M i c r owa r e  C Compi l e r * / 
/ * */ 
/ *  copy r i g h t  ( c )  1 9 8 4  T i m  Ha r r i s  * / 
/ * 6 5 1 P a mm e l  c o u r t * / 
/ * Ame s , I owa 5 0 0 1 0  * / 
/ * * / 
/ * Opt i o n s : - x  l i ne s  e x ce p t  t h o s e  w i t h  ma t c h  * / 
/ * - n  l i n e  n umbe r s  p r i n t ed * / 
/ * - 7  h e l p me s s a ge g e n e r a t e d  * / 
/ * Wi l d ca r d : ? s i ng l e  c ha r w i l d ca r d  * / 
/ * * / 
/ * U s e s  s td i n  a nd s t do u t  c a n  b e  r ed i r e c t e d  a n d  p i p e d  */ 
/ * C a l l s :  * / 
/ * s p i n t  t h e  < f i l e l i s t s  l i n e s  c on t a i n i ng " th e "  * / 
/ * s p i n t  x t h e < f i l e l i s t s l i ne s  w i t h o u t  " t he " * / 
/ * s p i n t  t h e  < f i l e I wc - 1  c o u n t s  occ ur an c e s  o f  * / 
/ * wo r d  " t h e "  i n  f i r e * / 
/ * s p i n t - n  b ? t  < f i l e l i s t s  l i ne s  w i t h  " bu t " , * / 
/ * " ba t " ,  . . . .  * / 

# i nc l u de < s t d i o . h > 
# de f i n e  MAX L I N E  1 0 0  
# de f i n e  TR UE 1 
lt de f i n e F A L S E  0 

m a i n ( a r g c , a r g v )  
i n t  a r g c ; 
c ha r * a r 9 v [ ] ; 
{ 

c h a r l i n e [ MA X L I N E ] , * s ;  
l o n g  l i n e n o= O ; 
i n t  e x c e p t = FALSE , n umbe r =F A L S E i 

p f l i n i t ( ) ;  / * i n i t i a l i z e  t o  p r i n t  l o n g  n umbe r s  * / 
w h i l e  ( -- a r g c  > 0 & &  ( *+ + a r g v ) [ O ]  = - I _ I ) 

f o r ( s = a r gv [ O ] + l i  * s l = ' \ O ' :  s + + ) 
s w i t ch ( * s ) {  
c a s e  I x '  : 

e x ce p t  
b r e a k : 
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c a s e  ' n  I : 
n u mb e r  == TRUE : 
b r e a k ; 

c as e  ' 7 ' :  
a r g c== O : 
b r e a k ; 

d e f a u l t :  
pr i n t f l " s p i n t : i l l e g a l opt i o n  % c\ n " , * s ) : 
a r gc= O ;  
b r e a k ; 

i f  l a r g c  ! = l ) {  
p r i n t f ( " Sp i n t : S e a r c h  a n d  P r I NT \ n " ) :  
p r i n t f ( " Op t i on s : - x  e x c ept i o n  \ n " ) ; 
p r i n t f ( " - n  l i n e  n u mb e r i n g\n " ) ;  
p r i n t f ( "  - 1 h e l p  me s s a g e\n " ) ;  
p r i n t f ( " W i l d ca r d : 7 S i ng l e  c h a r  w i l d ca r d\n " ) ;  
p r i n t f ( W Ca l l :  s p i n t  [ -x - n  - ? ]  p a t t e r n \ n " ) ;  
e x i t ( O ) :  

w h i l e  ( ge t s ( l i ne ) 1 NULL ) {  
l i n e n o+ + ;  
i f  « ( i n d e x ( l i ne , * a r g v ) I ",  F A L S E ) 1 =  e x c e pt ) { 

i f  ( n um be r )  
p r i n t f ( " % l d : " , l i n e no ) ; 

p r i n t f ( " % s\ n " , l i n e ) ; 

i n d e x ( s , p )  
cha r s ( ] , p [ ] : 
{ 

i n t  i , j , k ;  

f o r ( i = O ; s r i ] !  ' \0 ' ;  i ++ ) {  
f o r ( j = i , k = O ; p [ k j l = ' \ O ' & & ( s [ j ] = = p [ k j  I I p [ k ] = = ' ? ' ) ; j + + , k ++ ) 

; 
i f  I p [ k J  = =  ' \0 ' ) 

r e t u r n I TR U E )  : 

r e t u r n ( F A L S E ) :  

UPLOW ____________________________________________________ __ 

/ * u p l ow u t i l i t y  - c on v e r t  t e x t  t o  a l l  u p p e r  o r  l o w e r c a se * / 
/ * CoCo o s - 9  ve r 0 1 . 0 0 . 0 0  H i c r owa r e  C c o mp i l e r  */ 
/ * Cop y r i g h t  ( c )  1 9 8 4  T i m  Ha r r i s * / 
/ * 6 5 1 Pamme l Co u r t */ 
/ * Ame s ,  I ow a  5 0 0 1 0  * / 
/ * * / 
/ * Opt i o n s  - u  c o nv e r t  t o  u p p e r  c a s e  * / 
/ * - 1  c o nv e r t t o  l owe r c a s e  ( de f au l t )  * / 
/ * - ?  g e ne r a t e h e l p  me s s a g e  * / 
/* * / 
/ * U s e s  s t d i n  a n d  s t d o u t a n d  m a y  b e  r e d i r e c t e d  o r  p i pe d  * / 
/ * Ca l l  : u p l ow [ op t i o n ] * / 

' i nc l u d e  ( s t d i o . h )  
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# i n e l u d e < e type . h > 
# d e f i n e F A L S E  0 

ma i n ( a r g c , a r g v )  
i n t  a r g c ; 
cha r * a r g v [  J ;  
{ 

c h a r  * s : 

i f  ( a r g e  = =  1 )  
m a k e l owe r ( ) ;  

e l s e {  
wh i l e  ( - - a r g c  > 0 & &  ( *++argv ) [ O ]  = =  I _ I ) !  

fo r ( s  = a r 9 v [ 0 1 + 1 :  * s 1 = ' \  0 ' : s+ + ) 
s w i t ch ( * s )  { 
c a s e  ' 1 ' : 

ma k e l ow e r  ( ) : 
b r e a k : 

c a s e  ' u ' :  
m a k e u p p e r ( ) :  
b r e a k ; 

c a s e  I ? ' : 
he l p ( ) :  
b r e a k : 

d e f a u l t :  
p r i n t f ( W u p l ow : i l l e g a l  op t i on % c\n w , * s ) :  
h e l p ( ) :  
b r e a k ; 

m a k e u p pe r ( )  
{ 

i n t  e , i :  

wh i l e ( ( c = g e t c h a r ( ) )  1 =  EOF ) {  
i f  ( (  i = i s a l ph a ( e ) ) 1 =  FALS E )  

i f  ( ( i = i s l ow e r ( e ) ) 1 =  FALS E )  
c = touppe r ( c ) ; 

p u t c ha r ( c ) ; 

ma k e l owe r ( )  
{ 

i n t  e , i :  

w h i l e  ( ( c = ge t ch a r ( ) )  1 =  EOF ) { 

he l p (  ) 
{ 

i f  ( (  i = i s a l ph a ( c ) ) 1 =  FALS E )  
i f  ( (  i = i su pp e r ( c ) ) 1 =  FALS E )  

c _t o l owe r ( c ) : 
p u t  c h a r  ( c ) ; 

p r i n t f ( W u p l ow 
p r i n t f (  W o pt i on s  
pr i n t f ( W  

con v e r t t e x t  t o  a l l  u p p e r  o r  l ow e r \n W ) ;  
- 1  m a k e  l owe r c a s e ( d e fa u l t ) \n W ) ; 
- u  ma k e  u pp e r  c a s e\ n W ) ;  
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p r i n t f ( "  
p r i n t f ( " ca l l  
e x i t ( O ) : 

- 1  h e l p me s s a g e \n " ) :  
u p l ow [ op t i on ] \ n " ) ;  

0 ____________________________________________________________ __ 

1 * d u t i l i t y  0 1 . 20 d i r e c t or y w i t h  pa t t e r n  ma t c h i n g  * 1 
1 * l i st s  c u r r en t  d ir ec to r y  w i t h  o n e  * 1 
1 * e n t r y  p e r  l i ne .  * 1 
1 * * 1 
1 * CoCo O S - 9  v O l . O O . O O M i c r ow a r e  C Compi l e r  * 1 
1 * * 1 
1* Cop y r i g h t  ( c )  1 9 8 4  T i m  H a r r i s * 1 
1* 6 5 1 P a mm e l  Co u r  t * I 
1* Ame s ,  I owa 5 0 0 1 0  * I 
1* * 1 
1 * u s e s  s t do u t  f o r  o u t pu t s o  i t  ma y b e  p i p e d  o r  r e d i r e c t e d  * 1 
1* c a n  b e  us e d  w i t h  o t he r u t i l i t ie s ,  i . e . , d l  ( de le t e )  * 1 
1 * * 1 
1 * Opt i on s :  - w  w i l d  c a r d  ma t c h i n g  * 1 
1 * 1 - s i ng l e  c h a r  w i l d ca r d  * 1 
1* * - mu l t i p l e  c h a r w i l dc a r d  * 1 
1 * he l p  me s sa g e  * I 
1 * * 1 
1* l i s t s  cu r r e n t  d i r e c t o r y  * 1 
1 * l i s t s  f i le s  e nd i ng i n  ' . c '  * 1 
1 * g e n e r a t e s  he l p  me s s ag e  * 1 
1* l i s t s  f i le s  b e g i n n i n g  w i t h ' c '  * 1 
1* l i s t s  f i l e s  w i t h  a ' c '  i n  t h e m  * 1 
1* l i s t s  f i le s  a b c , ae c , a . c , . . .  * 1 
1 * l i s t s  f i l e s  w i t h  f o u r  c ha r s  * 1 
1* * 1 
1* C a l l s  w i t h  o t h e r  u t i l i t i e s : * 1 
1* d - w  * . c  I d l  - z  d e le te s a l l  f i l e s  e nd i ng i n  ' . c '  *1 
1* d -w 1 1 1  I we - 1  c ou n t s  n u mb e r o f  3 c h a r  f i l e n a m e s  * 1 
1* d !  sor t p r i nt s s o r t e d d i r ec to r y *1 
1* * 1 

l i n c l u de < s t d i o . h >  
l in c l u d e  < c t y pe . h > 
I d e f i n e  D R EAD 1 2 9  
I de f i n e  ENTS I Z  3 2  
I de f i n e  TR U E  1 
' de f i ne F A L S E  0 

1 * Type s f o r  pa t t yp e  *1 
' de f i ne R EG 0 1 * r e g u l a r  e x a c t ma t c h  wi 1 w i l dc a r d  * 1 
, def i n e  BOL 1 1 * ma t ch a t  B e g i n n i ng Of L i n e  * 1 
, d e f i n e  EOL 2 1 * m a t c h  a t  End  Of L i n e  * 1 
I de f i n e  MI D 3 1 * m a t c h  i n  M IDd l e  o f  l i n e  *1 

c h a r  d name [ 2 ]  { ' .  ' , ' \ O ' } ; 
i n t  pa t t y pe = REG ; 1 * d e f a u l t t o  e x a c t  or 1 ma t c h  * 1 
cha r pa t [ 2 9  ] ; 

l1la i n ( a r gc , a r gv )  
i n t a r g c : 
cha r * a r g v [ I : 
( 

223 



cha r c , f n a me [ 3 0 ] , e n t r y [ 3 2 J , * s ;  
i n t  i , d p , wopt i o n= FALS E ;  

w h i l e  ( -- a r gc > 0 & &  ( * + + a r gv ) [ O ]  ' _ ' ) 
f o r  ( s=a r gv [ O ] + l ; * s ! = ' \ O ' ; s+ + ) 

s w i t c h ( * s ) {  
c a s e  ' w  I :  

wop t i on = TRU E ;  
g e t pa t ( *+ +a r g v ) : 
b r e a k ; 

c a s e  ' ? ' : 
h e l p ( ) ; 

d e f au l t :  
p r i n t f ( " d :  i l l e g a l  opt i on % c\n " , * s ) : 
e xi t ( O )  ; 

i f  « o p=open ( dn a m e , DREAD » = = - l ) {  
p r i n t f ( W  Ca n ' t  o pe n  d e f au l t  d i r e c t o ry\n W ) ; 
e x i t ( O ) ;  

wh i l e  « r e a d ( dp , en t r y , ENTS I Z ) ) I =NULL ) {  
i f  ( e nt r y [ O ] ! =D ) {  

} 
c l o s e ( o !=l ) :  

i=-l : 
d o l  

c= e n t r y [ ++ i ) :  
f n a m e [ i ) -= t o a s c i i ( c )  ; 

} wh i le ( i s a sc i i ( c ) l = FALS E  & &  i < = 2 9 ) :  
f n am e r + + i ] -= , \ 0 I ; 
i f  ( f name [ D ] I = ' . ' )  

i f  ( wo p t i o n ) {  

} e l s e  

i f  « i s i n ( f na me ) ) I = - 1 ) 
p u t s ( fn am e )  ; 

pu t s  ( f name ) ; 

h e l p { ) 
( 

p r i n t f ( " \ n  d :  d i r e c t o r y  u t i l i t y\n " ) ;  
pr i n t f C "  l i s t s  c u r r en t  d a t a d i r ec t o r y ,  o n e  e nt r y  pe r l in e \ n " ) ;  
p r i n t f ( "  opt i on s : - w  w i l d ca r d  ma t c h i n g\ n " ) ;  
p r i n t f ( "  ? - s i ng l e  c h a r w i l dc a r d\ n " ) ;  
p r i n t [ { �  * - m u l t i c ha r  w i l d ca r d \n " ) ;  
p r i n t ! ' "  - 7  h e l p m e s s a ge\n " ) ; 
p r i n L f C "  c a l l :  d (-?  I I -w p a t t e r n >\n\n " ) ;  
e x i t C 0 )  ; 

ge t pa t C s )  
eha r s [ ) ; 
{ 

i n t  I n , i , j = O ;  

I n= s t r le n { s )  ; 
I n-- ; 
i f  ( s [ O ] = = ' * '  & &  s [ l n 1 = = ' * ' )  

p a t type=MI D ;  
e ls e {  

i f  ( s  [ 0 1 = =  ' *  I ) 

224 



e l s e  
pa t t yp e = EOL ; 

i f ( s [ l n j = = ' * ' ) 
p a t type= BOL ; 

} 
f o r ( i = O : s [ i ] ! = ' \O ' ; i + + ) 

i f ( s [ i j l = ' * ' ) 
pa t [ j + + ] = s [ i ] :  

pa t [ j ] = ' \ 0 '  ; 

i s i n ( s )  
cha r s [ 1 ; 
{ 

i n t  i , j , k , l n , pl :  

s w i t ch ( pa t t yp e ) { 
c a s e  R EG : 

f o r ( i = O ; s [ i ] I = ' \ O ' & & ( s [ i ] == pa t [ i ]  I I pa t [ i ] = = ' ? '  ) ; i + + ) 
; 

i f ( pa t [ i ] == ' \ O ' & &  s [ i l  ' \ 0 ' ) 
r e t u r n ( i ) ; 

e l s e  
r e t u r n ( - l ) :  

c a s e  BOL : 
f o r ( i = O ; pa t [ i l l = ' \ O ' & & ( s [ i ] = = pa t [ i ]  I I pa t [ i j = = ' ? ' ) ; i + + ) 

; 
i f  ( pa t [ i 1 = =  ' \ 0 '  ) 

r e t ur n ( i ) : 
e l s e  

r e t u r n ( - l )  : 
c a s e  E OL : 

p l = s t r l e n ( pa t ) :  
I n =s t r l e n ( s ) ; 
f o r ( j = l n- p l , k = O ; pa t [ k ] 1  ' \ O ' & & ( s [ j j == pa t [ k ]  I I p a t [ k ] = = ' ? ' ) : j + + , k + + ) 

I 

i f ( pa t [ k ] = = ' \ O ' & &  s [ j ]  ' \0 ' ) 
r e t ur n ( j ) : 

e l s e  
r e t u r n ( - l )  ; 

c a s e H I D : 
f or ( i= O : s [ i ] l = ' \ O ' : i + + ) {  

f o r ( j = i , k = O : pa t [ k l l = ' \ O ' & & ( s [ j ] = = p a t [ k ]  I I pa t [ k ] = = ' ? '  ) : j + + , k + + ) 
I 

i f ( pa t [ k ] = = ' \ O '  ) 
r e t u r n ( i ) : 

} 
r e t u r n ( - l )  : 

F ________________________________________________________ ___ 

/* f u t i l i t y :  o p t i on a l  f o r ma t t e r  f o r  Dyn a s t a r  * / 
/ * f o r ma t s  w i t h  t m= 6 ;  b m= 6 0 i p l=6 6 ;  ! m= 8  * / 
/ * h a s  o p t i on a l  page numbe r i ng ( u s e  - n ) * / 
/ * h a s  n o  p r o b l em s  w i t h  do u b l e  s pa c i n g  * / 
/ * s e n d s  t o  s l dou t s o  u s e  r e d i r e c t i o n  f o r  / p  * / 
/ * * / 
/ * CoCo 08- 9  C-Compi l e r  0 1 , 0 0 , 0 0 * / 
/ * ( c )  1 9 8 4  T i m  H a r r i s  * / 
/ * C a l l : */ 
/ * f ( - n> ( f i ! e n am e >  ( >  r ed i r ec t i o n ) */ 
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f i n c l ud e  < s t d io . h> 
' d e f i n e  MAX L I NE 8 0  
* de f i ne PAGLEN 5 4  

ma i n ( a r g c , a r g v )  
i n t  a r g c i 
c h a r * a r g v [  1 :  
{ 

F I L E * f p , * f open ( ) :  
i n t  l i n e n um� l , numbe r = O , pa g e no= l : 
cha r l i n e [ M AXL I N E ] :  

i f  ( a r g c > 3  I I a r g c :; l ) 
e r r o r  ( � f :  i m p r o p e r  a r g ume n t s · , NULL ) ; 

i f  ( a rgc ", "' 2 ) {  

} 
e l s e { 

i f  « f p= f open ( a r gv [ l l , W r W » ==N ULL ) 
e r ro r  ( ti E :  ca n ' t o pe n  % s " , a r g v [ l J ) ; 

i f  ( a r g v [ l ] [ O ] == ' _ '  & &  a r g v [ l ] [ l ] = : ' n ' ) 
n umbe r= l ;  

e l s e  
e r r o r  ( W f :  i l l eg a l  opt i o n  % c " , a r g v [ l ] [ l ] ) ;  

i f  « f p= [ o pe n ( a r g v [ 2 j , " r " » = =  NULL ) 
e r r o r  ( " f :  c a n ' t ope n  % s · , a r g v [ 2 ] ) :  

} 
p r i n t f ( " \ n\n\n\n\n\n " ) :  
w h i le ( fge t s ( l i ne , MAXL I N E , f p ) I = NULL ) {  

pr i n t f ( "  t s W , l i ne ) :  
+ +l i n e n um ; 
i f  ( l i ne n u m > PAG LEN ) {  

l i n e n um= l ;  
pr i n t f ( " \ n\ n \n " ) ;  
i f  ( n um be r )  

p r i n t f ( "  %d\n\n\n\n\n\n\n\n\n\" , pageno+ + ) ; 
e l s e  

p r i n t E ( " \n\n\n\n\ n\n\n\n\ n " ) ;  

} 

} 
wh i l e  ( l i n e n um (= PAGLEN ) { 

+ + l i n e n um i 
pr i n t f (  " \ n " ) ; 

} 
p r i n t f ( " \ n\ n\n " ) ; 
i f  ( n umbe r )  

p r i n t f ( " 
e l s e 

p r i n t f ( " \ n\n\n " ) ;  
f c l os e ( f p )  ; 

e r r o r ( s l , s 2 )  
cha r * s l , * s 2 ; 
{ 

p r i n t f ( s l , s 2 ) i  
p r i n t f ( " !n " ) : 
e x i t ( l ) : 
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FREP ______________________________________________________ _ 

f r e p - f i l e r e po r t  u t i l i t y  f o r  a sc i i  f i l e s  

s h ows : 
o n u mbe r o f  c ha r a c t e r s , w o r d s , s e n t e nc e s  [ . 1 ? : ; ]  
o a ve r a g e  n umbe r o f  cha r a c t e r s  pe r wo r d ,  wo r d s  pe r 

s e n t e nc e , c ha r ac t e r s  p e r s e n t e n c e  
o la r ge s t wo r d ,  s e n t e nc e  
o n u mb e r o f  l i n e s , pa g e s  

� l t h o u g h  w r i t t e n  f o r  t h e  c o c o  w i t h  t h e  P B J  Wo r d Pa k , t h i s  
pr o g r a m  c a n  b e  mod i f i e d  t o  r u n  o n  a ny t e r m i na l , I t ' s  
w r i t t e n  i n  · s t a nd a r d "  C ,  i f  t h e r e  i s  s uc h  a t h i ng . 

Comp i l e  i t  u s i n g  t h e  M i c r owa r e /Ta n d y  C-comp i l e r :  

c c l  f r e p , c - f = f r e p  

F r e p i s  f a i r l y v e r s a t i l e .  I t  i s  f a s t e s t  w h e n  t he r e po r t  i s  
s e n t  t h r o u g h  t h e  s t a n da r d  o u tp u t . O n  a l M I 1 Z  c oc o ,  f r e p w i l l 
r e a d  a l O - pa g e , s i ng l e - sp a c e d  f i l e i n  6 5  s e co n d s . I f  y o u  
s e n d  t h e  r e por t t o  t h e  s c r e e n i t  t a ke s  t h r e e  t i me s a s  l o ng . 

Syn t a x : 

E x a mp l e :  f r e p  < f i l e >  

R e a d s  f i l e ,  s e nd i ng a r e po r t t h r o ug h  t h e  s t a n da r d  o u t pu t . 
Y o u  c a n  r e d i r e c t  t h e  r e po r t  t o  t h e  p r i n t e r w i t h : 

E x a mp l e : f r e p  < f i l e >  > / p  

o r  a d i s k  f i l e w i t h : 

E x am p l e :  f r e p  < f i l e >  > / < p a t h >  

Y o u  c a n  a l s o  s e n d t h e  r e p o r t t o  t h e  s c r e e n  w i t h  a r o l l i n g 
n umbe r o u t pu t . Th i s  demo n s t r a t e s  t h e  u s e  o f  c u r s o r  co n t r o l 
i n  C .  U s e  t h e  [ - t ] o p t i o n .  

E x a m p l e :  f r e p  - t  < f i l e >  

Do n ' t  r ed i r ec t  t h e  o u t p u t  w i t h  t h e  - t  o p t i o n , o r  you ' l l  ge t 
t h e  c u r s o r  co n t r o l  c o d e s  s e n t  t o  t h e  f i l e o r  p r i n t e r . 

P r e p  w i l l  a c c e p t  mu l t i p l e  f i l e s  o n  t h e  c omma n d  l i n e . Th i s  
w i l l  g i v e y o u  a s e r i e s  o f  r e po r t s , o n e  f o r  e a c h  f i l e . 

E x a mp l e : f r e p  < f i l e l > < f i l e 2 >  < f i l e 3 >  

Y o u  ma y a l s o · p i p e "  t h e  o u t p u t  o f  t h e  l i s t comma n d  t h r o u g h  
f r e p  t o  ge t a c u mu l a t i v e r ep o r t i n s t e a d o f  s epa r a t e  o n e s .  

E x a mp l e :  l i s t  < f i l e >  < f i l e >  < f i l e >  1 f r e p  

Th i s  a l s o  wo r k s  w i t h  t h e  [ - t l  o p t i o n .  

F i n a l l y ,  i f  you f o r g e t  w h a t  t h e  o p t i o n s  a r e ,  u s e : 

E x a mp l e : f r e p  - ?  

I hope you h a v e  f u n  w i t h  t h i s .  I k now I d i d .  I o n l y  w i sh 
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*/ 

t h e r e  we r e  mo r e  c omma n d s  a n d u t i l i t i e s  a v a i l b l e  i n  C f o r  
t h e  CoCo , i n  t h e  p u b l i c  doma i n ,  a n d  i n  s o u r c e f o r m .  I 
k n ow I ' m g o i n g  t o  co n t r i b u t e .  I ' m e xc i t e d a n d  s t i l l  
l e a r n i n g . H ow a b o u t  y o u 7  

v e r s i o n  1 . 0  c r e a t e d 0 5/0 2 / 8 4  
v e r s i o n 2 . 0  u p d a t e d 0 7/ 2 3/ 8 4 s t a n d a r d  i np u t/mu l t i pl e  f i l e s  
v e r s i o n 3 . 0  u p d a t e d 0 8/ 1 0/8 4 t e r m i na l  c ode s/r ol l i ng n �mbe r s  

by : W i l l i am H .  Ba l l  
9 0 0 78 Sa r a t og a  D r . 
I nd i a n a po l i s ,  I N  4 6 2 3 6  
( 3 1 7 ) 8 9 7 - 2 6 6 1  

# i n c l u d e  < s t d i o . h > 
# d e f i n e  PGLN 5 5  
# d e f i n e  CLEARS 2 

/ *  n umbe r o f  l i n es per  p r i n t ed page 
/* c l e a r  s c r ee n/horne c u r so r  �B 

# de f l n e  CU RSOR 2 0  

# de f i n e  OF FS ET 3 1  

/ *  ( 1 2 )  f o r  T a n d y  
/ *  � T  � l e a d - i n f o r  x /y c on t r o l  
/ *  ( 2 )  f o r  T a n dy 
/ *  of f s e t f o r  r ow t eal pl acemen t 
/ *  ( 3 2 )  f or T a n d y  

*/ 
*/ 
*/ 
*/ 
*/ 
* /  
* /  
*/ # def i n e  BACK 8 

i n t  t e r m  = 0 ;  
/* b a c k s p a c e  � H  s am e  f o r  Tand y 
/ *  r e po r t  t o  t e r m i n a l  s w i t c h  ( 1 )  yes */ 

ma i n ( a r g c ,  a r gy l 
i n t  a r gc ; 
c h a r * a r g v [ ] :  
( 

l n t  i i  
F I LE * f p ;  
wh i l e  ( a r g c  > 1 & &  a r g v [ l ] [ O ]  - - ' - ' )  { 

s w i t ch ( a r g v [ l J [ l ] )  ( 
case ' 7 ' : /* s h ows u s age */ 

u s a g e ( )  ; 
b r ea k : 

c a s e  t t ' : / *  s e n d  r ep o r t t o  t e r m i n a l  */ 
t e r m  = 1 ;  
b r ea k ; 

d e f au l t :  
f p r i n t f ( 8 t d e r r ,  " % 8 : u n kn own a r g  % s\n � ,  

a r gv [ O ] ,  a r g v ( l ] ) : 
u s ag e  ( ) ; 
ex i t ( 1 )  ; 
b r e a k : 

a r gc-- : 
a rg v+ + :  

} 
i f  ( a r g c  1 )  

f r ep ( s t di n ) ; 
e l s e  

f o r  ( i  � 1 :  i < a r g c ; i + + )  
i f  « f p= f o pe n ( a r gv [ i ] ,  � r " ) } 

f p r i n t f ( s td e r r , " % s : c a n ' t  
a r g v [ O ] ,  a r g v [ i ] ) ; 

e x i t ( l )  ; 
e l s e  ( 

f r ep ( f p ) ; 
f c l o s e ( f p ) ; 

J 
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e x i t e O ) : 
} 
( r e p e  f p )  / *  a c t u a l  r e po r t  f u n c t i on * /  

F I LE * f p ;  

f l o a t  a v g c h a r ,  / *  a v g  # o f  c h a r s  p e r w o r d  * /  
a vg w o r d ,  / *  a v g # o f  wo r d s pe r s e n t e n c e  * /  
a v g s e n , / *  a v g  # o f  c h a r s  pe r s e n t e n c e  * /  
t o t c ha r s ,  / *  t o t a l # o f  c h a r s  i n  f i l e  * /  
t o t w o r d s , / *  t o t a l  # o f  w o r d s  i n  t i l e * /  
t o t s e n t s : / *  t o ta l # o f  s e n t e n c e s i n  f i l e  * /  

i n t  l o n g w o r d , / *  # o f  c h a r s  i n  l o n ge s t  w o r d  * /  
l o n g s e n t , / *  # o f  wo r d s  i n  l o n g e s t s e n t  * /  
pa g e s , / *  # o f  pa g e s  i n  f i l e * /  
r e ma i  n ,  / *  r e ma i n d e r f o r mo d u l o  d i v i d e * /  
l i ne s ,  / *  U i n e s  i n  a f i l e * /  
wo r d s i n ,  / *  # o f  wo r d s  i n  a se n t e n c e  * /  
ciJ a r s i n ,  / *  # o f  c h a r s  i n  a w o r d  * /  
c ;  / *  c h a r a c t e r i n  t e x t  s t r e a m  * /  

/ *  i n i t i a l i z e v a r i a b l e s  * /  
t o tw o r d s  ::: t o t c h a r s  t o t s e n t s ;;: l o n gw o r d  
a v g w o r d  = a v g se n  ::: p a g e s ::: r e m a i n ;;: l i n e s  = 

l o n g s e n t  = a v g c h a r  = 
wo r d s i n ::: c ha r s i n  ::: 0 :  

i f  ( t e r m  = =  1 I I 

} 

c l r t r m ( ) ;  / *  c l e a r  s c r e e n/ h o m e  c u r s o r  * /  
r e p o r t ( ) ; / *  p r i n t  b l a n k  r ep o r t p a g e  * /  
t e r m ::: 1 :  

/ *  m a i n  a l g o r i t h m beg i ns h e r e  * /  
w h i l e  « c  g e t c ( f p )  I EOP ) 

i f ( c  = =  ' ' )  { 
+ +wo r d s i n :  
t o t c h a r s  = t o t c h a r s  + ch a r s i n ;  
i f ( c ha r s i n  > l o ngwo r d l { l o ng wo r d  
c h a r s i n  ::: 0 ;  

e l s e i f ( c  = =  " l l  c = =  ' ? '  I I  

c h a r s i n ; } 

c = =  I I ' I I c = =  I :  I I I c = =  ' ; ' ) { 
+ + c h a r s i n ;  
+ +wo r d s i n :  
t o t w o r d s  = t o two r d s  + wo r d s i n ;  
+ + t o t s e n t s ; 
t o t c h a r s  = t o t c h a r s  + c h a r s i n ;  
i f ( wo r d s i n > l o n g s e n t )  { l o n g s e n t  
i f ( c h a r s i n > l o ngw o r d ) { l o n gwo r d  
w o r d s i n 0 ;  
c h a r s i n  ::: 0 ;  

i f  ( t e r  m l ) { 
p f f i n i t ( ) ; 
se t c u r  ( 3 ,  4 8 )  i 
p r int f ( W % . O f w , t o t c h a r s ) ; 
se t c u r { S ,  4 8 ) : 
p r int f ( W % . O f w , t o t w o r d s ) ;  
s e t c u r ( 6 ,  4 8 ) ; 
p r int f ( " % d " , l o ngwo r d ) ;  
s e t u r ( 1 0 ,  4 8 ) ;  
p r i n  f ( " % . O f " , t o t s e n t s ) i  
s e  t c u r  ( 1 1 ,  4 8 ) ;  
p r int f ( " % d " , l o n g s e n t ) ;  
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wo r d s i n ;  
c h a r s i n ; 



} 
e l se i f ( c  == =  ' \n ' ) { + + l i n e s ; I 
e l s e  + + c ha r s i n ;  

} 
1 *  f i l l  i n  r e s t  o f  s c r e e n  a f t e r  c omp u t i ng a ve r ag e s  * 1  

i f  ( t e r m  = =  1 ) { 
a v gc h a r  = t o t c h a r s  I t o t wo r d s ; 

se t c u r D ,  4 8 ) ; 
p r int f ( " % . 2 f " , a v g c h a r ) ;  

a vg wo r d  = t o t wo r d s  I t o t s e n t s ; 
s e t c u r ( S ,  4 8 ) ;  
p r int f ( " % . 2 f " , a vg wo r d ) ;  

a v g s e n  = t o t c h a r s I t o t s e n t s ; 
se t c u r ( 1 2 ,  4 8 ) ;  
p r int f ( " % . 2 f " ,  a v g s e n ) ;  

page s == l i ne s  I PGL N ;  
r ema i n  = l i n e s  % PGL N ;  

i f ( r em a i n > =  1 )  { + +p a g e s ; 
s e t  c u r ( 1 4 ,  4 8 ) ;  
p r int f ( " %d " , pa g e s ) ;  

s e t  c u r ( l 5 ,  4 8 ) ;  
p r  (n t f  ( " % d " , l i ne s ) ; 
s e t c u r ( 2 4 , 1 ) ;  1 *  c l ea n  f i n i s h  * 1  
pu tch a r ( BACK ) ; 1 *  p r e v e n t  s c r o l l  * 1  

I / * i n se r t ed f o r  ( t e r m  ) * 1  
i f  ( t e r m  = =  0 ) (  

p f f i n i t ( ) i  1 *  t hi s  s t a t emen t i s  n e c e s sa r y  t o  p r i n t  a l l  *1 
1 *  f l oa t s  o r  d o u b l e s  v a r i a b l es . See pg . 4 - 2 0  * 1  
1 *  o f  t h e  Ta nd y C-c omp i l e r  m a n u a l *1 

p r i n t f ( " \n \n F i l e  r e po r t : \n\n " ) ;  
p r i n t f ( "  N umbe r o f  c ha r ac t e r s i n  f i l e :  % . O f\ n " , t o t c h a r s ) ; 
pr i n t f ( "  N u mb e r  o f  wo r d s  i n  t h e  f i l e : % . O f\ n " , t o t wo r d s ) ;  
p r i n t f ( " N umbe r o f  c h a r s  i n  l o ng e s t wo r d : % d\ n " , l o ng wo r d ) ; 

a v g c h a r  = t o t c h a r s I t o t wo r d s i 
p r i n t f ( "  A v g  wo r d  l e ng t h  i n  ch a r ac t e r s :  % . 2 f\n\n " , a vgcha r ) ;  

avgwo r d  = t o t w o r d s  I t o t se n t s ; 
p r i n t f ( "  A v g  * o f  wo r d s  pe r s e n t e n c e : % . 2 f\n " , a vg wo r d ) ;  
pr i n t f ( "  # o f  s e n t e n c e s  i n  t h e  f i l e :  % . O f\ n " , t o t s e n t s ) ;  
p r i n t f ( "  # o f  wo r d s  i n  l o ng e s t s e n t e nc e :  % d\ n " , l o n g s en t ) ; 

a v g s e n  = t o t c h a r s I t o t s e n t s ; 
p r i n t f ( "  * o f  c ha r s  i n  a v e r a g e  s e n t e n c e : % . 2 f\n\n " , a vgse n ) ; 

p r i n t f ( " 
p r i n t f ( "  

I / *  e n d  o f  f r e p  * 1  

pag e s  == l i n e s  I P G L N ;  
r ema i n  = l i ne s  % PGL N ;  

i f ( r e ma i n  ) =  1 )  { + + p a g e s i I 

N um be r o f  p a g e s  i n  f i l e :  % d\ n " , p ag e s ) ;  
N u mb e r  o f  l i n e s  i n  f i l e : % d\n " , l i ne s ) ;  

I * u sa g e  f u n c t i on - p r i n t s  u s a g e  o f  t h e  f r e p  u t i l i ty 
u s a g e ( ) {  

p r i n t f ( " Sy n t a x : \n " ) ;  
p r i n t f ( " f r e p  < f i l e >  ( r e po r t  o n  s i ng l e  f i l e ) \n " ) ;  

230 

* 1  



pr i n t f ( " l i s t  < f i l e >  < f i l e >  I f r e p  ( c umul a t i v e  f i l e r e po r t ) \n " ) ;  
p r i n t f ( " f r e p  ( s td i n ) \n " ) ;  
pr i n t f ( " f r e p  [ - 1 ]  p r i n t s  u s a g e \n " } ;  
p r i n t f ( " f r ep [ - t l s e n d s  s l ow t e r m i n a l  r e p o r t " ) ;  
ex i t ( O )  : 

/* s e t  c u r  f u n c t i o n - p e r f o r m s t h e  c u r s o r  p l ac e me n t  - n e e ds 
* t w o  a r g u me n t s : r ow ,  c o l .  CU R SO R  i s  l e a d- i n  f o r  x , y  s c r e e n  
* c o n t r o l . O F F S E T  i s  x , y  o f f s e t  ( 3 l , 3 l ) = r ow ( O ) , c o l ( O )  
* /  

se t c u r  ( r o w , c o l }  
i n t-r ow , co l ;  
{ 

p r i n t f ( " % c % c % c " , C U RSOR , r ow+OF F S E T , c o l +O F F S E T } ;  

/* r e po r t  f u n c t i o n  - p r i n t s  b l a n k  r e po r t  page s e t  c u r  f i l l s  i n  * /  
repo r t ( ) {  

pr i n t f ( " F i l e  r e po r t : \ n\n " ) ;  
pr i n t f ( "  n umbe r  o f  c h a r ac t e r s : \n " ) ;  
p r i n t f ( " \ n  n umbe r o f  wo r d s : \n " ) ;  
p r i n t f ( "  l o n ge s t  w o r d : \n " } ;  
p r i n t f ( "  a v e r age n umbe r o f  ch a r a c t e r s  pe r wo r d : \n " ) :  
p r i n t f ( "  a v e r age n u mb e r  o f  w o r d s  p e r  s e n t e n c e : \ n " ) ;  
p r i n t f ( " \ n n u mbe r o f  s e n t e n c e s : \n " ) ;  
p r i n t f ( "  l on g e s t  s e n t e n c e : \n " ) :  
p r i n t f ( "  a v e r ag e  n umbe r o f  c h a r ac t e r s pe r se n t en ce s : \ n " ) ;  
p r i n t f ( " \n n u mbe r o f  page s : \n " } :  
p r i n t f ( "  n u mbe r o f  l i ne s : \n " } :  

/* c l r t r m  f u n c t i o n  - c l e a r s  s c r e e n / h om e s  c u r s o r  * /  
c l r t r m (  ) { 

p u t c h a r (  C L EARS ) ; 

__________________________________________________ OS-9 PASCAL 

I n formation about the Rad i o  Shack vers ion of OS-9 Pascal  i s  
sketchy a s  th is  book goes t o  p ri nt. However, w e  wanted to g ive you 
a brief ove rview based on our experiences with the Microware 
orig i nal  vers ion of Pascal .  

This  Pascal i s  an exam ple of the new breed of software tool s  
that were ori g i na l l y  devel oped a n d  perfected on large compute r  
system s. I n  add it ion t o  kee p i n g  a l l  t h e  featu res of t h e  larger 
mainframes, M i c roware has added featu res that i n c rease you r 
prod uctivity as a prog ram mer and i m prove the rel iab i l i ty of you r  
program s. 

The Rad i o  Shack Pascal prod u ces an i ntermedi ate code l i ke 
BASI C09. The Pascal i ntermed iate c ode i s  cal led p-code. Th is  p
code can be ru n on t h ree i n d i vid ual i nterpreters t h at come with the 
system .  Then,  once a program i s  debugged,  you can use another 
prog ram to translate it  i nto native 6809 code. You l itera l l y  h ave t h e  
best of both worlds.  
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The OS-9 Pascal package i nc l udes: 

PASCAL N  
PASCALT 

PASCALS 

PASCAL E  
S U PPORT 

A p-code i nterpreter 
A t rans lato r that converts p-code to nat ive 
6809 code 
A v i rtua l  memory "swapp ing"  p-code in ter
p reter 
A Pascal  l i n kage editor 
A n at i ve code run  t ime subrouti n e  package 

PASCAL N  i s  used to run  sma l l  to med i u m  size Pascal 
p rograms. I t  is fast and eff ic ient ,  and  typ i ca l l y  your  p rograms w i l l  
run at about  o ne-ha l f  t h e  speed o f  nat ive 6809 code. 

PASCALS is  used to run sma l l  - to very l a rge - Pascal 
p rograms us ing  a t ransparen t  v i rtua l  memo ry code swapp i n g  
scheme. Y o u  c a n  manage the t radeoffs between memory s ize a n d  
execut ion speed w h e n  y o u  run  th is  p rogra m .  

PASCAL T is  used o nce y o u  have opt i m ized you r p-code. 
When you use nat ive 6809 code, you t rade i ncreased memory 
req u i rements for  p rog rams that run  faster .  PASCA L T d oes not 
need to be used on an e nt i re p rogram e i ther. You can just t rans late 
the cr i t ica l  rout ines if you desi re. 

OS-9 Pascal is a near ly  fu l l  i m plementat ion of the Pascal 
language defi ned by the ISO 7 1 85 . 1 level 0 spec if icat ion .  I t  
supports the BOOL EAN,  CHARACTER, I NTEGER,  and R EAL 
data types. 

SUM MARY ____________________________________________________ __ 

I n  t h i s  chapter you have been i nt rod uced to t h ree of the  h i g h  
level l ang uages that run  i n  the  OS-9 env i ronment .  I n  add i t i on  t o  a 
br ief overview of each one,  we have presented several  p rog ram 
l ist i ngs to he lp  you u nderstand BAS I C09 and C prog ra m m ing  
u nder  O S-9. 

Part V of o u r  OS-9 tour  g u ide beg i ns in the next chapter.  In the 
n ext dozen chapters, you w i l l  m ove c loser and c loser to the pot of 
go ld  that awaits you after you learn the i n ner  worki ngs  of OS-9. 
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PART V: TOWAR D THE EN D  OF THE RAINBOW 

C HA PTER 20 

m a n ag i ng you r memory 

I n  th is  chapter we d iscuss prudent management of memory. 

You r  system's ma in  memory ( RAM)  is  a resou rce that is 
always too scarce. I t  can seem that 08-9 has taken memory a l l oca
tion com plete ly out  of you r  hands,  but ,  i n  fact, there is a l ot you can 
do about the way memory is  used .  

_____________________________________________ R EENTRANT MODULES 

The m ost i m portan t  step to take toward conserv ing  memory is 
to use reentrant modu les whenever poss i b le .  I t  i s  often worth 
considerable t rou b le to make a modu le  reentrant .  Reentrancy isn't 
that rigorous a requ i rement .  A reentrant p rogram m ust base a l l  i ts 
varia bl es off i ndex reg i sters o r  the  D P  reg ister. PC relat ive values 
and absol ute (extended) addresses can o n l y  be u sed as constants. 
Program s  that mod ify themselves are str ict ly o ut of the q uest ion .  

The modu les you  are  m ost l i ke ly  to create w i l l  conta in  pro
g rams,  e i ther  in i ntermediate code ( l i ke BA8 1 C09 I -Code),  or i n  
6809 object code. BA8 1 C09 a lways creates reentrant code, so do 
a" other h i g her  level lang uages for  0 8-9. I f  you wr i te in assemb ler, 
you can do whatever you want,  i nc lud i n g  writ i ng non-reentrant 
code.  

The g reat advantage of reentrant mod u les is  that any n u m be r  
o f  p rocesses c a n  share them.  Each p rocess m u st have i ts own data 
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storage, but  any n u m ber of p rocesses can share the program 
i tse lf .  N ot havi ng to store a separate copy of  the prog ram for  each 
process can save s ign if icant amou nts of memory. As an examp le, 
note that i f  BAS I C09 weren't reentrant ,  each process us ing  i t  
wou ld start by req u i r i ng a b i t  over 23,000 bytes j ust for i ts copy of 
BAS I C09. As i t  i s ,  most systems can ru n at least th ree or  fou r  
BAS I C09 programs concu rrent ly .  

Mak ing  a module reentrant is  the easy part .  Mak i ng a mod u le 
general  enoug h that several processes m i g ht want to use i t  con
cu rrent ly is  the real tr ick. I m portant system programs l i ke the 
Ed i tor  and BAS I C09 have i t  easy. The des igners k new those pro
g rams wou ld be heav i ly  used . Peop le  wri t i ng  more spec ia l i zed 
programs have to be carefu l .  

I t  i sn 't l i ke ly tha t  most fu l l -b lown prog rams w i l l  be  used by 
several p rocesses u n less the system is dedicated to the task per
formed by the p rog ram .  However, there a re some operat ions  that 
many prog rams have i n  com mon :  formatt i ng output ,  math ,  va l idat
i ng i n put ,  formatt i n g  the screen and hand l i ng database f i les a re 
some exam p les. I f  a l l  these funct ions a re b u i l t i nto one modu le ,  a 
prog ram wi l l  have to i ncorporate the ent i re package if i t  needs to 
use any of the funct ions in the modu le.  I f  separate modu les a re 
b u i l t to do each of these o perat ions ,  some of them m igh t  make 
usefu l parts of several d i fferent  p rog rams. OS-9 makes i t  easy for a 
prog ram to col lect a g roup  of modu les. You ,  the programmer, have 
to des ig n your system so that featu re is usefu l .  

MEMORY FRAGMENTATION ________________________________________ _ 

Memory f rag mentat ion  i s  a problem that more ser ious OS-9 
Level One users wi l l  have to learn to deal  w i th .  Hardware i n c l uded 
i n  each Leve l Two system ( the OAT) makes memory frag menta
t ion i rrelevant for t hem.  Memory f rag mentat ion becomes a p rob
lem when t he ava i lab le  f ree memory is i n  so many l i tt l e  p ieces that 
OS-9 can't  f ind enough memory in one b lock to sat isfy a program's 
req uest. Th is  is a ser ious prob lem,  and is dealt w i th  i n  more depth 
in the "Over  the Ra i n bow" sect ion .  The s i m ple so lut ion to memory 
f rag mentat i on p rob lems i s  to k i l l  p rocesses , start i ng wi th  the ones 
you can spare most eas i ly ,  and cont i n u i ng u n t i l  there is enough 
cont i g uous memory to satisfy you.  The M FR E E  command w i l l  tel l 
you how many b locks of f ree memory you have, and how b ig  they 
are. 

CAREFUL USE OF MEMORY ________________________________________ __ 

There are some ways to waste memory that ( I  t h i n k )  can o n ly 
be done i ntent iona l ly .  The best example  is  the SLEEP command.  I f  
SLEEP is g iven extra memory ,  i t  takes i t  out  of c i rcu lat ion .  You  Gan 
be certa i n  SLEEP doesn't run any faster or better with more 
memory. I f  you want to  waste memory for some reason ,  use: 

SLEEP 1 0000 #48& 
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There go 48 pages ( 1 2K )  of memory out of c i rcu lat ion  un t i l  the 
command term i n ates. 

A less obvious way to waste memory is to g ive a program more 
memory than it needs. I t  is easy to a l l ocate extra memory to a 
prog ram with the "#" she l l  opt i o n .  Some programs make good use 
of extra memory ,  some don't even not ice it . Even the other pro
grams ru n n i ng at the t ime  i nf l uence how usefu l  extra memory is .  I n  
genera l ,  g i ve a program ext ra memory on ly  i f  you KNOW i t  w i l l  
help. The COpy command i s  a good examp le .  Everyone knows 
COpy runs better if it is g iven ext ra memory;  no quest ion ,  it does . 
But just how much better it runs depends on your d isk  hardware 
and what else is go ing  on i n  you r system .  I f  you have a hard d isk ,  
extra memory makes a lmost no d i fference. On the other  s ide of the 
issue, the assemb ler rea l ly  needs ext ra memory to assemble most 
prog rams. 

Some programs, l i ke BAS I C09 and Asm , make i t  very c lear to 
you when t hey need more memory.  T hey don' t  care how much 
memory they have, p rovi ded i t  is  enou g h .  You  can prove th is  to 
you rself by r u n n i n g  the assem bler w i th  1 0K and then wi th  32K.  I t  
w i l l  ru n i n  the  same t ime i f  i t  runs  a t  a l l .  Programs l i ke BACKUP and 
CO py wi l l  run faster w i th  ext ra memory ,  but  how much faster 
depends on the deta i l s  of you r  system .  If you use the com mands a 
lot , and care about conservat ion  of memory ,  i t  wou ld be worth  
you r t ime to make some tests. 

You can waste memory by wr i t i ng  non-reentrant m od u les, or  
by g iv ing programs u n needed memory from the she l l  w i thout  ever 
writ i ng a l i ne of code. OS-9 is a lso ab le  to waste memory wi thout  
any effort on your part .  I t  can make your memory useless by 
s l ic i ng it u p  too sma l l  fo r you r programs.  T h i s  nasty hab i t  is ca l led 
memory fragmentat ion .  

I f  you don't push you r system,  you probably won't have t rou
ble with memory.  Frag mentat ion  only happens when several pro
cesses run s i m u l taneous ly .  If you don 't do that a l ot ,  you won't  see 
the prob lem . S i m i la r ly ,  if you don't run several programs at once, 
you don 't care about a prog ram tak ing up u nused space -
provided i t  doesn't keep i tself  out of t hat memory. Even reentrancy 
is on ly  an issue when there i s  more than one process us ing  a 
modu le .  

_______ CHANG I NG THE DEFAULT MEMORY ALLOCATION OF A MODULE 

I f  you r system is heav i ly  used , espec ia l l y  by a large group  of 
people ,  you may want to predeterm i ne the best memory a l l oca
t ions for each program . M icroware has taken some guesses at 
what memory a l l ocat ions  the i r  p rograms shou ld  have, but they 
were a lways caref u l .  The programs are usua l ly  g iven the m i n i m u m  
memory necessary for ru n n i ng them.  

I f  you want  a program to have a defau l t  memory d i fferent  f rom 
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that wh ich  M i c roware ass igned,  m od i fy that m od u le's header. The 
header conta i n s  a f ie ld that determ ines the amount of memory the 
p rog ram w i l l  req uest. I don 't recommend ever decreas i ng that 
val ue ,  but  it is often conve n ien t  to i ncrease i t .  J ust use Debug,  or  
any other appropr iate tool ,  to  i ncrease the  val ue in  the  M$Mem 
f ie ld ,  a two-byte f ie ld ,  twelve bytes from the beg i n n i ng of the 
modu le  header. 

If you reset modu les to you r  p referred memory s ize, you won't 
h ave to  remember the c or rect f igu re for opt im u m  performance for 
each program .  Real perfect ion i sts won't be happy wi th  any stand
ard memory a l l ocat i o n  for  a p rogram. They can sti l l  g ive the p ro
g ra m  a d i fferent memory a l l ocat ion  from the she l l  command l i ne.  

DYNAMI C  MEMORY ALLOCATIO N  _________________ _ 

I n  one  case, wasti n g  memory i s  n ecessary. I f  a p rogram ,  
run n i n g  u nder 08-9 Level O ne, wants to  cal l  for  add i t i ona l  
memory,  i t  shou ld  do  i t  as ear ly  as poss i b le even i f  i t  won't  use the  
memory for  awh i le .  Data memory for  p rog ram s  i s  a l l ocated start
i n g  i n  low memory and work i ng u pward . When a p rogra m  cal l s  for 
extra memory ,  it w i l l  o n ly get the  memory if there is f ree memory 
j ust above the c urrent a l l ocat ion .  I f  another p rocess has been 
started , it may wel l  have c la i m ed that memory. 80, i n  the case of 
p rog rams t hat i n c rease the i r memory requ i rements dynam ica l ly ,  
ask for what you need ear ly, and don 't let i t  go un t i l  you k now you 
won't need i t  aga i n .  

SUMMARY ___________________________________________ ___ 

I n  t h i s  chapter we covered several of the common p i tfa l ls and 
problems 08-9 users encounter when deal i ng  with memory a l lo
cat io n .  I mportant  concepts are reentrancy,  defa u lt memory a l lo
cat ion  and f ragmentat ion .  
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C H A PT E R  2 1  

manag i n g d isk space 

Disk s pace i s  another k i nd of memory the 08-9 user gets to 
worry about .  In  th is chapter we' l l  d i sc uss h ow to avo id  wasti n g  
disk space - or  a t  l east k n ow w h e n  you're us ing  i t  i neffi c ient ly .  
We' l l  a lso d iscuss what can s low down access to d isk  f i les,  and 
some tr icks for  recoverin g  damaged or  de leted f i les. 

There are two types of f i l es that waste d isk  space, smal l  f i les 
and unexpected ly l arge f i les. 

____________________ USING SPACE EFFICI ENTLY 

8ma l l  f i les carry a heavy overhead burden compared to the ir  
size. The d i rectory entry i s  a bare ly not icab le 32 bytes. The f i l e  
descri ptor takes a sector  (256 bytes ) .  The real overhead i s  the  
min i m u m  a l l ocat ion  08-9 m akes for  each f i le .  I f  the m i n i m u m  
al locat ion is  more than o n e  sector, very s m a l l  f i  l es can waste l ots of 
disk space. If you have a cho ice of many sma l l  f i les or fewer large 
ones, c hose larger f i l es when eff ic ient use of d isk space is you r 
f i rst pr io rity. 

En larg i n g  a f i le u nder 0 8-9 is easy. A l l  you have to do is write a 
byte at a pos i t ion past the  end of a f i l e  and the f i l e  w i l l  be leng
thened to  i n c lude that byte. I f  you aren' t  carefu l ,  that tr ick can 
cause you to  a l l ocate more data for a f i l e  than i t  needs. You can 
protect yourself  from i n advertent l y  lengthen i n g  a f i l e  by avoid i n g  
1$8eek o n  a f i l e  w h e n  i t  is  open f o r  wri t i ng .  I f  y o u  don 't use the 
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I $Seek service req uest, you won't be ab le to write a byte way 
beyond the end of a f i le  without writ i ng  a l l  the bytes before i t ;  i f  you 
do use I$Seek ,  be carefu l .  

AIMI NG FOR SPEED ______________________________________________ _ 

OS-9 i sn 't k nown for i ts h i g h-speed d isk access , though 
access to a f i l e  w i l l  se ldom be s ign i f i cant ly  s lower than is usua l  for 
the com puter i t 's ru n n i n g  on. The m ost com mon cause for s low 
access to f i les is the env i ro n ment ;  that is, what other f i les are being 
accessed and what processes are ru n n i ng .  Another problem that 
somet i mes is i m portant is d isk frag mentat ion .  

I t  takes t ime to move a d isk d r ive's read/write head from t rack 
to t rack on  a d isk .  Because of th is ,  i t  is fastest to access a f i le with 
the m i n i m u m  m ovement  of the heads. Before read i n g  a f i le ,  OS-9 
m ust read the d i rectory to f i nd  the add ress of i ts f i l e  descr i ptor, 
then i t  m ust read the f i l e  descr iptor .  The f i le  descri ptor conta i ns a 
l ist of add ress/ length pai rs that descri bes the locat ion of the f i le on 
the d isk .  I n  the best case, the f i le  can be read wi th  o n ly two extra 
reads: one for the d i rectory entry ,  the other for the f i l e  descri ptor. I f  
t h e  f i l e  had to b e  scattered around  the d isk because d i s k  memory 
was fragmented, there w i l l  be several add ress/ length pai rs i n  the 
f i le descri ptor,  and OS-9 w i l l  have to keep ret u rn i ng to the F i le 
Descriptor to f i nd  the add ress of the next b lock .  

The on ly  way to deal  w i th  f rag mentat ion  i s  to copy the con
tents of the d isk ,  f i le  by f i l e ,  from one d isk  to another. Us ing 
BACK U P  d oesn't  he lp  because BACK U P  makes a m i rro r  image of  
the d isk ;  each fragmented f i le  w i l l  be j ust the same on  the new d isk 
as on  the o ld .  

I f  opt i m izat ion i s  very i m portant ,  a f i le's d i rectory entry should 
be p laced ear ly i n  the d i rectory; otherwise several sectors of d i rec
tory may have to be read before the r ight  entry is found.  

Th is  t r ick  is most usefu l i n  the execut ion  d i recto ry. There are 
many entries i n  that d i rectory ,  and m ost of the f i les are sma l l  
enoug h that a few ext ra reads to search t h rough  the d i rectory 
make a n ot icable d i fference .  

For maxi m u m  speed , put  you r most-used f i l es near  the beg i n
n i ng of the d i rectory. 

REPAIRING DAMAGE ____________________________________________ _ 

To recover a damaged or  deleted f i l e  on  d i sk ,  you m ust have a 
way of read i n g  and m od i fyi ng selected sectors on  d isk .  Several  
p rog rams are ava i lab le  to do th is ,  i nc l ud i ng a program from the 
OS-9 Users G roup  and a sample BAS I C09 prog ram i n  the 
BAS I C09 Manua l .  

I f  a s m a l l  f i l e  has been erased a n d  y o u  catch i t  soon enough ,  
you  can  recover i t .  

238 



• Fi rst, i nspect the d i rectory the f i l e  came from .  You shou ld  
f i nd  a d i rectory e nt ry that has the f i le name of the deleted 
f i l e  i n  it m i n u s  the f i rst and last lette rs. The f i rst letter was 
changed to a $00 to i n d icate that the  f i l e  was de leted . The 
last  l etter i sn ' t  a standard ASC I I  c haracter because the 
h igh o rder b i t  in  i t  was set  "on" to i n d i cate that i t  was the 
l ast byte in  the  f i l e  name .  

• When you have fou nd the r ight  d i rectory entry ,  c hange 
its f i rst byte back to the f i rst character in  the f i le name.  

• N ow the f i le  w i l l  show up in  the d i rectory and be reada
b le .  Don't  wr i te anyth i ng on th is  d isk  yet! The sectors that 
make u p  the de leted f i le are st i l l  marked as f ree for use .  
The next f i le  that gets written to the d isk m ay wel l u se an  
i m po rtant part of the  f i l e  you  a re t ry i ng  to rescue.  

• Copy the f i l e  to  another d i sk  
d i sk  w i th  the  de leted f i l e !  

no t  another f i le  on  the 

• I f  the p rev ious  step doesn't work,  e i ther  an i m portant 
sector ( the F i l e  Descri ptor) in  the f i le you are t ry ing  to 
rescue was u sed by another f i  Ie ,  or the f i  Ie was too long  
for  t h i s  method . G ive up u n less you  want  to search 
thro u g h  a l l  the sectors on you r d i sk ,  pu l l i ng out those 
that conta i n  parts of the f i le .  

• Put  the d i rectory back the way you found i t .  

• The d isk  i s  now usab le .  You m ay want  to copy the 
rescu ed f i le back to  i ts or ig i na l  l ocat ion .  

Th is  met h od o n ly works  for  f i les that  are one extent long .  I f OS-9 
d idn't a l locate the f i l e  i n  one cont iguous  b lock ,  recover i ng  the f i le  
wi l l  be much harder.  U nfortunate ly ,  t h is means that often you ' l l  
have t o  strugg le  t o  recover a f i le .  08-9 se ldom a l locates f i l es of 
more than a few h u nd red bytes i n  one extent .  You can probab ly  
reconstruct sma l l  f i l es pa i n l ess ly ,  but  b ig  f i l es conta in  l arge 
amounts of data i n  several extents. 

-----_________________ USING BRUTE FORCE 

I f  the conseq uences of los ing  a f i l e  are so d readfu l that i t 's  
worth hours of you r t i me to recover i t ,  you can retr ieve the data the 
hard way. L i ke the t r ick  for recover ing smal l  f i l es t h i s  req u i res two 
d isk d rives . U n l i ke the tr i c k  for smal l f i l es ,  it takes l ots of t i me and 
effort. 

T h i s  i sn 't rea l ly a t r ick .  I t's  j u st a brute force approach to the 
prob lem.  In  essence, we're about  to t reat the d isk w i th the deleted 
f i le  as a s i n g l e  f i l e  that i n c l udes a l l  the sectors on the d i sk .  You look 
through a l l  the  sectors ,  se lecti n g  o nes that l ook  l i ke part of the f i l e  
you want to  recover, and bu i ld a f i l e  i nc l ud i ng a l l  those sectors. 
Then , us ing  an ed i tor ,  you put those sectors i nto the r ight order. 
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PROCE DU R E  
0 0 0 0  
0 0 1 5  
0 0 3 F 
0 0 7 2  
0 0 9 B  
O OC C  
0 0 E 9 
O a F S  
O O F C 
0 1 0 3  
0 1 1 2  
O l l D  
0 1 2 3  
0 1 2 F 
0 1 3 B  
0 1 4 F  
0 1 5 9  
0 1 6 8  
0 1 7 7  
0 1 8 7  
0 1 9 1  
0 1 9 3 
0 1 A 7  
O I AB 
0 1 8 6  

P RO C E D U R E  
0 0 0 a 
0 0 0 7  
0 0 1 3  
a O l A  
0 0 2 1  
0 0 2 7 
0 0 3 1  
0 0 3 3  1 0 0  
0 0 4 8 
0 0 4 B 
0 0 5 1  
0 0 5 8  
0 0 6 1  
0 0 6 5  
0 0 7 c 
0 0 7 E  

I t 's d i ff icu lt to recog n ize a chunk  out  of the m i d d l e  o f  an o bject 
mod u le ,  so lets assume the de leted f i l e  contai ned text. The 
BAS I C09 prog ram "Scavange" runs t h ro u g h  each sector  on  d isk 
101 . It d i splays the contents of the sector on the screen w i th  the 
question  "Keep?" If you reply, I Y I i t  w i l l  copy the secto r to the f i l e  
" recover" i n  your  d ata d i rectory. Any other rep ly, even j ust a 
return ,  w i l l  cause the program to go on  to the n ext sector. 

S c a va n g e  
D I M  s e c t o r ( 2 5 6 ) , f s e c t o r ( 2 5 6 ) : BYTE 
( *  s e c to r  i s  the b u f f e r f o r  p u t  a n d  ge t * )  
( *  f s e c t o r  i s  u s e d  f o r  d a t a  f o r ma t e d  f o r  d i s p l a y * )  
D I M  d i s k n am e : S T R I NG [ l O ]  ' ( * n ame o f  d i s k t o  r e co ve r  * )  
D I tl r e cn a m e : ST R I NG [ l O ]  \ ( * n a m e  o f  f i l e f o r  r e c o v e r e d d a t a  * )  
D I M  r e c f i l e , d i s k f i l e : I NT E GE R  \ ( *  f i l e n umbe r s  * )  
D H1 y n : S T R I NG [ 3 ]  
D I 1 1  d o n  e : BOOL E A N  
D I M  i : I NT E G E R  
r e c n am e = " Re c o ve r y "  
d i s k n a m e == " /D O @ "  
d o n e = F A L S E 
O P E N  # d i s k f i l e , d i s k name : R E A D  
C R E A T E  # r e c f i l e , r ec n ame : WR I T E  
R U N  g e t s e c t o r ( d i s k f i l e , s e c t o r , d on e ) 
WH I L E  NOT ( do n e )  D O  

RUN r e f o r m a t ( s e c t o r , f s e c t o r } 
R U N  d i s p l a y ( f s e c t o r , y n )  
I F  L EF T $ ( yn , l } = " Y "  T H E N  

P UT # r e c f i l e , s e c t o r  
E N D I F  
R U N  g e t s e c t o r ( d i s k f i l e , s e c t o r , d o n e ) 

E N D WI I L E  
CLO S E  f d i s k f i l e , f r e c f i l e 
END 

g e t s e c t o r  
P A RA H  d i s k f i l e : I NT E G E R  
P A R AM s e c t o r ( 2 5 6 ) : BYT E 
P A RMI d o n e : BO O L E A N  
D I M  e r r no : I NT E G E R  
O N  ER RO R  GOTO 1 0 0 
G E T  f d i s k f i l e , s e c t o r  
E N D  
( *  e x p e c t  e n d - f i l e  

O N  E R R O R  
e r r n o = E R R  
I F  E O F ( # d i s k f i l e ) TH EN 

d on e = T R U E  
E L S E 

P R I N T " E r r o r  " ;  e r r n o ;  " on ID O "  
E ND I F  
E N D  
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PROC E DU R E  
0 0 0 0  
0 0 1 5  
0 0 1 C  
0 0 2 D  
0 0 5 4  
0 0 8 2  
0 0 9 1  
O O B O  
0 0C 4  
0 0 D6 
O ODA 
0 0 E 7 
0 0 E 9  
O O EB 
0 0 F6 

PROC EDU R E  
0 0 0 0  
OO O C  
0 0 1 8  
0 0 2 4 
0 0 2 8  
0 0 3 2  
0 0 3 9  
0 0 4 6  
0 0 5 5  
0 0 6 5  
0 0 6 9  
0 0 6 E  
0 0 7 5  
0 0 7 7  
0 0 8 2  
0 0 8 6  
0 0 8 8  
0 0 8 D  
0 0 9 8  
O O AB 
0 0 B 3  
0 0 8 5  

r e f o r ma t  
PARAH i n ( 2 5 6 ) , o u t ( 2 5 6 ) : 8YTE 
D Ut i :  I NT E G E R  
F O R  i = l  T O  2 5 6  

I F  i n ( i » = A S C ( W  W )  AND i n ( i ) < = A SC ( W - W ) O R  i n ( 1 ) = 1 3  THEN 
( *  i n ( i )  i s  a pr i n t a b l e  cha r ac t e r o r  a <CR> * )  
o u t ( i ) = 1 n ( i )  

ELS E \ ( * i n ( 1 )  i s n ' t  pr i n ta b l e  * )  
I F  1 n ( i » = A SC ( W W ) +1 2 8  T H E N  

o u t ( i ) = i n ( i ) - 1 2 8 
E L S E  

o u t  ( i )  = A SC ( W . " ) 
E N D I F  

END I F  
N E X T  1 
E N D  

d i s p l ay 
PARAH f s e c t o r ( 2 5 6 ) : 8Y T E  
P ARAM y n : STR I NG [ 3 ]  
D I rt w o r k : S TR I NG [ 2 5 6 ] 
O Hi i :  I NT E G E R  
1 = 1  
wo r k = w " 
WH I L E  i <= 2 5 6  DO 

I F  f s ec t o r ( i ) < > 1 3  TH EN 
wo r k =wo r k + C H R $ ( f s e c t o r ( i »  

ELS E 
P R I NT wo r k  
wo r k = w " 

E N D I F  
i = i + l  

E N DHH I L E  
P R I NT wo r k  
P R I NT 
I N P U T  " ke e p ?  " , y n  
I F  L E F T $ ( yn , l ) = w y "  T H EN 

yn= " Y "  
E N D I F  
E N D  

I t  i s  easy to  reject the l ast sector in  a f i le  by m istake. The  l ast 
sector  i n  a f i l e  w i l l  conta i n  the f i le's l ast c ha racters, b ut the  rest of i t  
wi l l  b e  f i l led w i th  j u n k .  To prevent the  j u n k  from dece iv ing  you,  
keep you r eye o n  the  beg i nn i ng of each sector. 

I f  you a re certa in  you h ave ret rieved a l l  you want from a f i l e  
before Scavange has  worked t h ro ug h  the ent i re d isk ,  abort the  
program w i th  a keyboard interrupt .  You ' l l  spend long enough  
run n i ng Scavange without  extend i ng the  pain !  

You won't f i n d  a damaged f i l e  very often .  I f  you use  h i g h
qua l i ty d iskettes and take g ood care of them,  you m ay n ever see a 
damaged f i le.  The on ly  d isks I h ave h ad any trou ble with are t h ose I 
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receive i n  the  ma i l .  The Post Off ice i s  the  g reat destroyer of 
d i skettes. They (the d iskettes) can on ly  stand  so m uc h  h eat, co ld ,  
and fol d i n g .  Even when a d iskette m akes i t  t h rou g h  the Postal f i l ter  
i ntact ,  t here i s  a chance for d i saster. Your  dr i ves may h ave t roub le  
read i n g  d isks written by someone e lse's dr ives. Don't g i ve u p  a t  the  
f i rst #244 e rror .  I f  you can read part of a f i l e ,  there i s  a good chance 
you can get at m ost of  i t .  

I f  there i s  a bad sector somew here in  the  f i l e ,  your  best bet  is  to 
t ry to read i t  several t i mes. You m i g h t  even t ry wr i t ing a p rogram 
that cop ies the f i l e  and retr ies many t imes if i t  gets a I/O error. I f  
that t r ick doesn't  work,  you ' l l  have t o  g ive u p  on t hat sector and t ry 
to rescue the rest of the f i le .  

HOW TO I G NORE A BAD SECTOR------------------

You can e l i m inate a bad sector from a f i l e  by fuss i ng w i th the 
F i le Descr iptor. The b lock of the f i le  that conta ins  the bad sector 
m ust be sp l i t  i nto two b locks, w i th  neither conta i n i n g  the bad 
sector. 

I nspect the  F i l e  Descri ptor for t he damaged f i le .  

Decrease the byte cou nt  FD.S IZ by 256, the  s ize of  a 
sector. 

Look t h ro u g h  the  Segment L ist for the address/ length 
pai r  that po ints to the b lock contain i n g  the damaged 
sector. 

D iv ide t hat b lock i nto  two segments :  

The f i rst hav in g  the sam e  address as the or ig i 
na l ,  bu t  a length  tha t  o n ly takes i t  u p  to the 
sector before the damaged one. 

The second hav i ng an address one sector 
beyond the  damaged sector  and a length equa l  
to the ori g i na l  length  m i n u s  one for  the dam
aged sector, m i n us the length of  the f i rst new 
segment .  

Copy the f i le .  I t 's  a l l  r ight  to copy i t  to  another  f i l e  o n  the 
same d isk .  

De lete the damaged f i le .  

The damaged sector wi l l  sti l l  be marked as a l l ocated. T h i s  w i l l  
cause the d isk to show a n  error when DCHECK i s  run o n  i t ,  but  i t  i s  
eas ier  than ret u rn i ng the f i le  descr iptor to i ts o ri g i na l  form before 
de let i n g  the f i le ,  and it p reve nts the bad secto r  from bein g  used for 
another f i le .  
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This  method sounds com p l i cated.  I t  is .  Fort unately .  there i s  an  
easier way. Sk ip  over the bad sector w h i l e  read i ng the f i l e .  Wr i te a 
program t h at cop ies the f i le .  When the progra m  gets a read error,  i t  
should  get the  posit i on  i n  the  f i le ,  rou nd i t  up  to  the next m u lt i p l e  of  
256 and seek to  t h at pos i t ion  i n  t he f i l e .  T h is t r i ck  j u m ps over any  
bad secto rs .  

______________________________________________________ SU MMARy 

I n  t h is c hapter you l ea rn ed about c l ever and eff ic ient  use of 
disk space. You also learned severa l ways to recover lost and 
damaged d isk  f i les. 
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CHAPT ER 22 

bu i ldi n g  a device descri ptor 

Device descripto rs are OS-9's reference mater ia l  fo r I/O de
vices. I n  th is  chapter we w i l l  ta l k  about how they a re constructed 
and what they d o .  

__________________ WHY MAKE DEVICE DESCRIPTORS? 

There is a device descr iptor for every I/O device in an OS-9 
system .  As the  name imp l ies ,  each descri ptor descri bes the att ri
butes of a device. They each conta in  a descript ion of the hardware 
for a device and other i nformation specif ic to it .  A new term inal 
port o r  g raph ics card w i l l  need a new device descr iptor. Some
ti mes, just chang ing the type of term i nal attached to a seria l  port 
wi l l  requ i re some changes to the descriptor for that port .  

Device descriptors contain al l  that OS-9 needs to k now about 
a device. However, they don 't al l  conta i n  the same set of i nforma
t ion .  A l l  d evice descriptors have some basic i n formation i n  com
mon:  the  add ress of the device,  wh ich  f i le  manager to use with i t ,  
which device d r iver to use with i t ,  wh ich  access modes are va l id  for 
the device and what i t  i s  named . A lso,  there is a lways a place for a 
table ,  cal l ed the in i t ia l izat ion table ,  wh ich contai ns i nformati on 
that the f i le  manager and device dr iver m ig ht f ind usefu l .  

The contents of the i n it ia l izat ion tab le  vary from o n e  k ind of 
device to anoth er. Dev ices that use the  Random B lock  F i le  man
ager (e .g . ,  D isk d rives) have information l i ke the d ev ice's stepp ing  
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rate and the n u m ber of sectors per t rack .  The i n i t ia l izat ion  table 
for devices that use the Seq uent ia l  Character F i le manager 
conta ins  a l ist of ed i t ing  characters ,  Baud rate i nformat ion ,  the 
n u m ber of l i nes on a page and other s i m i lar  i n format ion .  The 
P I  PE dev ice doesn 't have anyth ing  in its i n i t i a l i zat ion table except 
a byte i nd icat ing  that i t  is  a p i pe. 

HOW OS-9 USES THE DESCRIPTOR _________________ _ 

When you f i rst open a path to a device,  OS-9 (spec i f ica l ly 
l O MAN)  looks f i rst at the device desc ri ptor. I t  has to start there 
because a l l  it has is the name of the dev ice you want to use. The 
desc r iptor g ives l O MAN the names of the f i le  manager and dev ice 
d r iver that it shou ld  use. l O MAN b u i lds a path desc r i ptor for the 
new path ,  copy ing  much of the i n format ion  conta ined in the 
device descr i ptor i nto the path descr i ptor, then hands the request 
off to the the approp r iate F i l e Manager w i th  the address of the 
Device Desc ri ptor and the Path Descr iptor .  

A f i l e  manager has access to a l l  the i nformat i on in the dev i ce 
descr iptor ,  but  it on ly  uses the most gener ic part of i t .  There is no 
ru le  govern i ng what the f i le manager can use, but  genera l ly  i t  
won't  use data that is  spec i f i c  to the 1/0 device,  such as i ts port .  
The f i l e  manager uses the dev i ce d r iver named i n  the  device des
cr i ptor to do physical  1/0 operat ions .  It passes the d river the 
add ress of the path descr i ptor, and (on the open cal l )  the dev ice 
descr iptor .  The dr iver reads val ues that m ight  vary between the 
devices i t  is  respons i b le for  from the dev ice descri ptor and the 
path descr iptor .  Some of the val ues device dr i vers read from the 
dev ice descr i ptor are the device add ress , Baud rate, stepping rate 
and port i n i t ia l i zat ion  byte. 

MANAG ING DEVICE DESCR I PTORS _________________ _ 

The device desc ri ptors that come with your system shou ld be 
adeq uate to desc ribe your  hardware .  I f  the com pany that sold you 
the system is do i ng its job ,  you wi l l  f i nd that you r copy of OS-9 has 
more dev i ce descri ptors than you need . You may also f ind a d i rec
tory of a l ternate descri ptors somewhere on you r d istr i  but ion d isk .  

I f  the system comes wi th  too many dev ice descri ptors i n  the 
system boot,  you may want to remove the extra ones. The most 
common prob lem here is that OS-9 often comes w i th  dev ice des
cr i ptors for d isks 100 th rough 103. Few peop le have more than two 
dr ives (/00 and /01 ) ,  so the space used for the 102 and 103 
desc ri ptors is usua l ly  wasted . If you need every last byte of 
memory, remove u n needed descri ptors by bu i l d i ng a new boot
strap without  them.  If you save the modu les on d isk  you wi l l  be 
able to l oad them later when you d iscover that you need them. 

U n less a dev ice i s  hard ly used at  a l l ,  i t  is  best to i nc l ude its 
desc ri ptor in the boot f i le .  I f  you i nc l ude a modu le in the boot f i le ,  
you can be certa i n  that i t  w i l l  be packed i nto memory as eff ic ient ly  
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as poss ib le  and won't d isappear if you u n l i n k it by m istake. Also, 
the erro r messages you get when you t ry to use a dev ice whose 
descr iptor i sn 't i n  memory are somet i mes hard to understand .  I 
always seem to have t roub le  with m iss i ng descri ptors when I am 
fou r or f ive hours overdue for bed. At t i mes l i ke that I only under
stand the s i m p lest error messages. Someti mes I have gotten 
myself  i nto a b i t  of a pan ic  before I rea l ized that the device descr ip
tor was sitt i ng  safe on d isk .  

________________ MAKI NG AND MODIFYI NG DESCR I PTORS 

I t  is  somet i mes a m atter of judg ment whether to generate a 
new dev ice descri pto r or  use one that you a l ready have. I f  you have 
a new ser ia l  card , d isk  contro l l e r  or whatever, you w i l l  defi n itely 
have to make a device desc ri ptor for it .  The dev ice add ress isn 't 
someth i n g  you can change after  a f i l e  has been opened . I f  you just 
want to tu rn  on XOn/XOff support for you r term ina l ,  you have the 
opt ion of  modify ing  that att r ibute on the f ly .  

I nformat ion i n  the i n i t ia l izat ion  table can be changed with the 
I$SetStt service req uest. The change isn ' t  actua l ly  made to the 
device desc ri ptor, j ust to the path descr iptor's copy of the i n i t ia

'
l i 

zat ion tab le .  I f  y o u  aren ' t  certa i n you want to make t h e  change a 
permanent one, th i s  is the way to do i t .  

I f  you choose to go the I $SetStt route, you st i l l  have a few 
choices. You can do i t  a l l  by yourself with a p iece of code l i ke: 

**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Ida #0 
Idb #SS.Opt 
lea x OptBuff,U 
OS9 I$GetStt 
bcs IOError 

**** * * * * * * * * * * *  

Standard input path number 
Select the <Read option> getstat 
Point at 32-byte buffer 
issue SVC 
If error; deal with it 

* Just by way of example  let's t u rn on XO n/XOff 

* 

Idb #$1 1  
stb PD.XOn-PD.OPT,X 
Idb #$1 3  
stb PD.XOff-PD.OPT,X 
Idb #SS.Opt 

* * * * * * * * * * * * * * *  

XOn 
Save it in XOn slot of Opt area 
XOff 
Save it in XOff slot of Opt area 
Select the <Write option> sets tat 

* A and X are st i l l  set from the previous cal l 

* 
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089 1$8et8tt 
bcs 10Error 

*************** 

* A l l  set 

issue the 8VC 

***************************************************************** 

If you mean to change the characterist ics of a devi ce i n  the 
m i dd le  of a p rogram,  that is  sure ly  the way to do it; but, s i nce the 
change is  on ly  to the path descriptor, the change wi l l  go away 
when the path c loses. Even th i s  isn 't as s i m p le as it seems.  The 
standard 1/0 paths  are a l l  "dups . "  The I $ D u p  cal l is used to g ive the 
same path lots of path n u m bers. A l l  t h ree standard 1/0 paths often 
use the same path descri ptor. S i nce standard 1 /0 paths are i nher
ited when a process is  forked ,  the change made i n  th i s  p rog ram is  
passed to the  SHELL (or  whatever program forked th i s  one)  and 
perhaps back t h rough several generations .  C learly, path desc r ip
tors shou ld  be changed caut iously .  

Sti l l ,  the path w i l l  eventua l ly  be c losed, and when that 
happens you r  change w i l l  go away. /f that's f i ne  wi th  you ,  there is  
an easy 05-9 command ,  TMODE, wh ich does j ust th is k i nd of 
sets tat for you .  You can turn on XO n/XOff from the SHELL before 
start ing  a program and n ot h ave to worry about wri t i ng  t h e  SetStat 
i n to i t .  I assume that  you have used TMODE by now; if yo u haven't, 
do i t  soon .  T here are some values t h at can be man i pu lated without 
caus ing g reat t rou ble. Try turn i ng ECHO off: 

089:TMODE -echo 

When you are convinced that its no fun typ ing without seei ng 
the resu lts turn ECHO back on:  

089:TMODE echo 

I t 's a/so usefu l  to exper i ment with PAUSE. 

XMODE __________________________________________________________ __ 

I f  you want to make the change a l itt le more permanent ,  you 
have to change the  device descri ptor. Some vers ions of OS-9 
i n c l u de the X M O D E  co mmand .  Th is  command makes changes to 
the i n i t i a l izat ion  table i n  the device descriptor i nstead of the copy 
in the  path descr i ptor. A lso,  u n l ike  TMODE,  it can be u sed to 
change the att r ibutes of a d ev ice that isn ' t one of the she l l 's stand
ard paths. The syntax of XMODE looks a lot l i ke TMODE,  but the 
d i fference between the contro l  b locks they act on means that 
TMODE takes effect i mmediately, but may not have a permanent 
effect. X M O D E  only takes effect when a new path to that device is 
opened , but w i l l  cont i n ue in effect for eve ry path opened to that 
device u n t i l  OS-9 i s  rebooted , or  somet h i ng else i s  done to alter the 
device descr iptor. 
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I f  you don 't have XMODE you can sti l l  change d evice d escr i p
tors on the f ly .  DEBUG changes device descri ptors as eas i ly  as it 
changes any other type of mod u l e  ( though it wou ld be  h a rd to 
change path d escri ptors with i t ) . DEBUG can change anyth ing 
about the descr i ptor, i n c lud ing the  d evice address and the access 
mode - values that can 't be altered by XMODE. 

________________________________________________________ DEBUG 

You've got  to keep you r  wits about  you when you use DEBUG.  
There is  noth ing  to protect you from yourse l f .  I f  you  feel any  doubt 
about it , p lan  out  what you wi l l  do before you start. The fol lowing is 
a scri pt for chang ing the device add ress for the d evice descriptor 
"/T2": 

OS9:debug 
DB: I t2 

EA74 87 

DB: . .  +e 

EA82 OF 

link to IT2 
first byte in  t2 module (sync byte) 

move forward to device address 

DB: m . .+3 take a peek 
EA80 3103 0FEO 241 A  0000 0100 01 01 0001 1 808 1 . . .  $ . . . . . . . . . .  . 

DB: <CR> 
EA83 EO 

DB: <CR> 
EA84 24 

DB: =34 
EA85 1 A  

DB: -
EA84 34 

DB: q 
OS9: 

just a carriage return 
the second byte of the device address 

another <CR> 
the last byte of the device address 

change that byte 
the number of bytes in init table 

check the byte we changed 
OK 

Note: <CR>means the  carriage retu rn or enter key. 

That is  suff ic ient  i f  you don 't want to save the descriptor  for 
another sess ion .  I f  you do want to save th i s modif ied vers ion of 
IT2,  i ts CRC bytes w i l l  have to be  u pdated. DEBUG changed a byte 
in th e modu le ,  and  when it is next loaded OS-9 w i l l  reject it 
because the CRC w i l l  i n d icate that the  modu le i s  f lawed. The 
VER I FY com mand wi l l  f ix the CRC: 

OS9: save temp t2 
OS9: verify u <temp >new.t2 
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One prob lem st i l l  remai ns. There are now two IT2 modu les. 
One in the boot f i le ,  the other in the f i l e  "new.t2 ."  If we leave t h i ngs 
j ust the way they are there won't be any way to use the new IT2. 

The vers ion of IT2 i n  the boot can't be removed from memory 
by u n l i n k i n g  i t .  A l l  mod u les i n  the boot are protected from that .  I t  
cou ld be  rep laced by  a mod u le w i th  a h igher revis ion n u m ber, bu t  
the  new vers ion of  IT2 we made has the  same rev is ion n u m ber. 

There are two app roachs we can take. I f  we rea l ly  meant to 
change the add ress of IT2 ,  the IT2 mod u le i n  the boot f i l e  w i l l  have 
to be rep laced . Th is  can be done with OS9G EN.  

The usua l  reason for  chang ing  the device add ress i n  a dev ice 
descri ptor is that there is a new port that needs a desc r iptor.  I n  that 
case, what we rea l l y  needed was a device descr iptor w i th  a new 
name as wel l as a new device add ress. DEBUG can be used to 
change the name as wel l as the address , p rovided that the new 
name is no longer than the old one. The fo l lowi ng D EBUG state
ments cou ld have been i nc l uded at the end of the debug scr ipt for 
chan g i n g  the add ress to change the modu le  name from T2 to T5: 

DB: . ea74 
EA74 87 

DB: . .  +4 
EA78 00 

DB: <CR> 
EA79 2C 

DB: . .  -5 
EA74 87 

DB: . .  +2c 
EAAO 54 

DB: <CR> 
EAA1 B2 

DB: =B5 
EAA2 53 

DB: -
EAA1 B5 

point at module start 

point at module name offset 
first byte of offset 
to next byte 
second byte of offset 
back to module start 

to module name offset 
f irst byte in module name "T" 
next byte 
a "2" with the high bit on 
reset to "5" with high bit 

back up to check the change 
looks OK 

I f  the modu le name needs lengthen i ng th is  t r ick won't work. I n  
fact, th is  method i s  a l together too cumbersome for most pu rposes. 
The o n l y  t ime I use it is  when I want to exper i ment with a mod if ied 
device descri ptor without mak ing  any permanent changes. I put  
DEBUG i n  my startup f i le  somet h i ng l i ke th is:  

DEBUG <my.mods >/nl 

My.mods is a f i l e  contai n i ng the DEBUG commands to make 
the changes I have i n  m i nd.  Make sure that the last command is 
"Q" for q u it .  DEBUG doesn't u nderstand end-of-f i le .  The red i
rected standard output goes to the n u l l  device that appears i n  the 
"Workshop" sect ion of th is  book .  
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_______________ BUILDING A DESCRIPTOR FROM SCRATCH 

The most powerfu l ,  and often the eas iest , way to create a 
device descri ptor i s  w i th  the assembler.  There are several exam
ples of dev ice descr i ptors in the Workshop sect ion of th i s  boo k .  
They fo rm a good start ing  po int  for new descr i ptors. Take the 
desc ri ptor that i s  c losest to  what you need , type it in ,  mak i ng 
whatever changes are necessary to f i t  i t  to your needs, and assem
ble i t .  You can test the new descri ptor by load in g it i nto memory 
with the LOAD command and dO ing  some I /O to i t .  I f  it doesn ' t  
perform as you hoped i t  wou l d ,  use U N L I N K  to re move i t  from 
memory and try aga i n .  Do n't b u i l d  a new boot f i l e  i n c lud ing  the  
new device descr i ptor u n t i l  you are certa i n  i t  is co rrect ; i t 's much  
harder  to bu i l d  a new boot than i t  i s  to  use  U N L I N K  and LOAD to 
replace a modu le  that isn ' t  part of the boot . 

The val u es i n  the  devi ce descr i ptor are a l l  important vari ables .  
They are covered several other places i n  th i s  book ,  but  perhaps i t  
wou ld  do no harm t o  ru n through them a l l  together. 

_______________ THE CONTENTS OF A DEVICE DESCRIPTOR 

The dev ice descr i ptor starts l i ke any other mod u le - with  a 
mod u le header.  The on ly spec ial part of the mod u le  header is t h e  
type/language byte. T h e  type is  $FO, a type set aside f o r  device 
descri ptors. The lang uage i s  $01 - 6809 object code - even 
though the modu le  doesn't conta i n  one executable byte. 

Fo l lowi ng the modu le header is the offset from the beg i n n i ng 
of the modu le  to  the name of t h e  f i l e  manager for th is  dev ice (SCF,  
R B F ,  P I PEMAN , or  1 0 PMAN ) .  Next is the offset from the start of 
the m od u le to the  name of the dev ice d r iver for th is device (ACIA ,  
CCIO,  P IA ,  etc . ) .  Then comes the mode byte for th i s  dev ice .  Th i s  
byte can  have any o f  the va lues used as  f i l e  access modes :  read , 
$01 ; write,  $02; execute, $04; pub l i c  read , $08; pub l ic  write, $ 1 0 ;  
pub l i c  execute, $20; shareable, $40; d i rectories, $80. 

After the mode byte comes the  i n i t ia l izat ion  tab le.  Th is  table 
starts w ith a byte contai n i ng the length of that table.  The tab le  can 
be longer than 32 bytes, but any bytes past the th i rty-second aren't  
copied to the path descr i pto r's opt ion sect ion .  The f i rst byte i n  
every i nt ia l izat ion  tabl e  i n d icates the c lass of device the  descri ptor 
is for: SCF, RBF, P I P E ,  or  SBF (sequent ia l  b lock f i le ) . The i n i t i a l i 
zat ion  table for  SC F-type f i les conta ins a l l  the  bytes set by  TMODE 
and X M O D E. There i s  one val u e  i n  the i n i t i a l izat ion  tab le  that can't  
be set by TMODE or  XMODE,  the offset to the "2nd device name 
str i n g . "  The second device is  the dev ice used to ec ho i nput .  M ost 
term i na l  ports are set to echo to themselves. I f  you have a para l le l  
keyboard and a g raph ics d isp lay, the keyboard probably echos to  
the d isp lay.  

The i n i t ia l izat ion  area for a RBF device conta ins  i nformat ion  
about the  type of d isk  dr ive attached to  i t .  
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• The drive n u m ber i nd icates wh ich of the d rives attached 
to the d isk  contro l ler  th is  descriptor is for. 

• The stepp i ng rate of  the dr ive is  entered as a code. The 
relat ion between codes and stepp ing  rates changes for 
d i fferent con t ro l lers, so chec k  you r  OS-9 manua l  for 
detai l s. I n  the case of the device d river d istri buted by 
Radio Shack for the Co lor  Computer, th is  f ie ld is not 
used; the device d river o n l y  uses one stepp ing  rate. 

• The device type f ie ld conta ins  th ree s ign i f icant  b i ts:  
b i t  0 - 1 means the d i sk i s  e ight  i nches 

o means the d isk  i s  f ive i nches 
There i s  no code for th ree i nches 

b i t  6 - 1 means standard OS-9 format 
o means non-standard format 

bit 7 - 1 m eans i t's a hard d isk 
o means i t 's a f loppy 

• I f  the  d is k  is  a f lop py ,  the media density f ie ld i nd icates the 
record i n g  density: 
bit 0 - 1 means doub le  density 

o means s i ng le  density 
b i t  1 - 1 means s i ng le  t rack density (48 tp i )  

o means doub le  t rack density (96 tp i )  

• The n u m ber of  cyl i nders is  the n u mber of  t racks recorded 
on one s ide of a d isk .  Th is  n u m ber is usua l ly 35, 40, or 80. 

• The n um ber of sides is one  for s ing le  s ided f loppies, and 
two for doub le  s ided f loppies. Hard d isks can have many 
s ides. 

• Verif icat ion is  usua l ly used. If the d isk control ler or  d rive 
automat ica l ly  verif ies data i t  has written, ver i fi cat ion 
need not be done;  otherwise ,  i t  i s  strong ly reco mmended. 
I f  you use good hardware you w i l l  seldom h ave data 
i ncorrect ly  wr i tten , but it is wort h  the chec k  j ust to be 
s u re .  I f  the  ver i fy byte is zero, a l l  wr i tes w i l l  be veri f ied .  

• The n u m be r  o f  sectors per t rack affects h o w  m u c h  can be 
wr i tten on a d i sk .  More sectors per t rack  requ i res better 
hardware, and m ay be u n re l iab le .  F i nd  out what the 
hardware manufacturer recommends.  

• The n u m be r of sectors on  t rack zero is specia l  (except on 
the CoCo) because t rack zero is a lways writ ten s i ng le  
density. By record i n g  the f i rst track at  a standard density, 
regardless of the density of the rest of the d isk ,  we make it 
easy for OS-9 to read enough of the d isk to l earn the 
characterist ics of the rest of i t .  S ince the density of t rack 
zero may be d i fferent  from the rest of the tracks, the 
n u m be r  of sectors on i t  may a lso d i ffer. 
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• Sector i nter leav ing  is a t r ick to i m p rove performance. I f  
sector two i s  written d i rectly after sector one on  the  d isk 
t here may be a serious performance penalty. After the  
com puter reads the f i rst sector i n  a f i l e  there is usua l ly  a 
t i ny pause before i t  requ ests the second sector. I f  the 
pause is l onger  than the amount  of t i me it takes the d isk 
to cross the boundary between the f i rst and second sec
tors ,  the d isk  w i l l  have to s p i n  a l l  the  way around before 
the second sector can be read . By putt i n g  some other 
sectors (say the e ighth and 1 5t h )  between the f i rst and 
second,  we g ive the prog ram t ime to process the f i rst 
sector ,  and ask for the  second ,  before it is u nder the head 
and ready to  read.  The i nter leave factor spec i f ies how 
m any sectors apart sequent ia l ly numbered sectors should 
be l ocated . The i nter leave factor doesn ' t  change the 
actua l  n u m ber i n g  of the  sectors on  the d isk .  I t  just makes 
OS-9 map the  n u m bers on the d isk  to the n u m bers i t  
uses . 

• The seg ment a l l ocat ion  s ize is part of another opt im iza
t ion  t ri ck .  M ost f i l es start smal l and g row as more data is 
wr i tten to them.  I f  the system is act i ve with several p ro
cesses wr i t i ng  to the  d isk ,  l i t t le p ieces of f i les may get 
scattered around the d isk .  By mak ing the segment a l lo
cat ion s ize g reater than one,  f i l es can be made to start out 
with several sectors. I f  they are smal ler than that ,  some 
d isk space can be wasted . I f  most f i les are rou g h ly some 
m u l t i p l e  of t h e  seg ment  a l locat i o n  s ize ,  n i ce non
frag mented f i les are the resu l t .  

______________________________________________________ SUMMARy 

I n  t h is chapter you h ave l ea rned a bunch  of ways of mak ing 
new device desc ri ptors, and reasons for  go ing  to that t ro u ble .  You 
a lso h eard about  e l i m i nat i ng  extra descr iptors. 
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C H A PT E R  23 

ad d i n g a new device driver 

I n  t h is chapter we d iscuss the reason for device d r ivers, then 
move on to reasons for c reat i ng new d r ivers. The actua l  bus iness 
of wr i t i ng  a dr iver is left for the Workshop port ion  of th is  book .  

_______________________ WHy DEVICE DRIVERS? 

Device dr ivers are operat i ng  system modu les that deal wi th 
the actua l  hardware of 1/0 dev ices. Other parts of OS-9 deal  w i th  
an ideal i zed device. Al l SCF devices seem to perform the same 
operat ion  in the same way fro m  the pOi nt  of v iew of every mod u l e  
except the device d ri ver .  T h e  d ri ver does whatever is  necessary to 
make the real device look l i ke the i mag i nary dev i ce that the rest of 
the OS-9 world sees . 

T h is ph i l osophy has some i m portant i m p l icat ions .  I t  g i ves 
OS-9 t remendous f lex i b i l i ty .  O n ly one mod u le has to be written to 
permi t  the  system to use a new device.  The on ly  l i m it on the 
n u m ber of device d ri vers that OS-9 can support concu rrent ly is  the 
memory that t hey a l l  take .  Eventua l ly ,  t he d rivers and the i r asso
c iated buffers and descr i ptors wi l l  use u p  more memory 'than you 
can to lerate. There is a h idden cost for t h i s  f lex i b i l i ty .  When you 
know the character ist i cs of the device you are work i ng w i th ,  there 
is a lot you can do to opt i m i ze you r system .  Iso lat ing that knowl
edge i n  dev ice dr ivers prevents the rest of  the system from tak ing 
advantage of  spec ia l  featu res of  a device. 
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O n  a system l i ke the CoCo, pos i t io n i n g  the cursor is a t r iv ia l  
operat ion .  The screen is mapped i nto a b loc k  of  memory; the 
cu rsor pos i t ion i s  j u st an add ress. On a system with a term i na l ,  
posit i o n i ng a cursor is  a harder task .  OS-9 doesn ' t  concern i tself 
with cursor posit io n i n g ,  not because i t  isn't i m portant,  but because 
a method genera l  enough to work on system s  wi th  very " d u m b" 
term i na ls  wou ld be fantast ica l ly  wastefu l  on  systems l i ke the 
CoCo. 

C u rsor posi t i on i ng  i s  an  examp le  of a dev ice character ist ic  
that OS-9 hasn't  taken respons i b i l ity for, but  there are other  th i ngs 
l i ke bufferi ng and error hand l i ng that OS-9 h ides in  the device 
d river at some cost i n  speed and power. 

The actua l  desi g n  of a device d r iver w i l l  be taken up in the 
Workshop.  I t  i sn 't d i ff icu l t ,  but  must be done carefu l ly .  OS-9 
doesn't i nc l ude good fac i l i t ies for debugg ing  parts of the o perat
i ng  system .  Any bugs you wr i te i nto the d r iver tend to have hai r and 
TEETH !  

WHY CREATE NEW DRIVERS? ____________________ _ 

I f  you l i ke to p lay wi th  you r  o perat i ng  system ,  dev ice dr ivers 
are a good p layground .  The o perat i n g  system is  meant to be 
expanded by hav ing  d r ivers added to i t ,  and there are many oppor
tun i t ies for i m provement .  The ACIA d r iver that appears later is a 
vers ion of the M icroware vers ion 1 . 2 standard that I mod i f ied to 
i nc l ude <break> support .  I don 't know of any d isk  dr iver that 
i nc l udes a cache, but  there isn ' t  any reason they shou ldn 't .  The 
s ize of the i n put and output  buffers mai ntai ned by AC IA dr ivers is a 
su bject that gets a lot of d iscuss ion .  

I f  th is  k ind of  t h i n g  exci tes you,  s tudy the dr ivers presented 
here, and go i m prove you r  own .  Two more warn i ngs:  M i croware 
consi ders dev ice d ri vers part of the o perat i ng  system .  They don ' t  
feel" ob l i gated to mainta in  compat i b i l i ty with the i r  o ld  d r ivers ,  and 
especi a l ly not w i th  your d ri vers. The other warn i n g  is a lso about 
com pat i b i l i ty: make a specia l  effort to keep your d ri ver com pati b le  
w i th  M i c roware's d i str i buted dr i vers. I f  you add enhancements 
that c reate a s l i g ht i ncom pat i b i l i ty , you m ay f i nd  that a program 
you buy re l ies on  the featu re you changed.  Look at my AC IA d ri ver 
for one way to add a featu re without d isturb ing  t h i ngs too m u ch .  

Dev ice dr ivers can  be  a part icu lar ly i m portant part o f  a real 
t ime control  system .  Not  on ly  do they somet i mes have specia l  
devices to support, but  dev ice d r ivers are entered on ly  a few cyc les 
after an i nterru pt takes p lace. I f  you need to respond to an i nter
rupt with some a l m ost- i nstant act ion ,  the device d r iver is the on ly  
place to  do the processi n g .  Normal  p rocesses are run  and put  to  
s leep at the wh im of  the d i spatcher;  devi ce d r i vers are run  as  soon 
as the sou rce of the i nterrupt i s  d i scovered . 

I f ,  for examp le ,  you are contro l l i ng an outgo ing vol tage based 
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o n  an  i ncom i n g  voltage,  the  t imes req u i red for AID (Ana log-to
D ig i ta l )  and DIA (D ig i ta l-to-Analog ) convers ion may be a l most 
more than you can affo rd .  A device d r iver cou ld  be desi g n ed to 
d rive both devices and perform some si m pl e  computations.  I t  
wou ld  pass i nformat ion  on to a norma l  p rog ram for  low-pr iority 
processi n g ,  but wou ld  respond a l m ost i nstant ly to  each i nterrupt .  

I f  you c reate a n ew device d r iver with a new name (say N u l l ) ,  
you m ust a l so b u i l d  a device descr iptor  for i t .  N o  device can be 
used without a descr i ptor. 

If you b u i ld  or buy a n ew device d r iver, you w i l l  p robab ly  want 
to i nsta l l i t  i n  you r  boot f i le .  I f  you want to experi ment  f i rst ,  o r  don 't 
want to u se s pace i n  t h e  boot for  a seldom used device, dev ice 
d rivers can be loaded after the  system i s  booted . J ust make su re 
t hat both the  device d r iver and  the  device descr iptor  stay l i n ked as 
long  as t hey a re be in g  used . O n e  good cause for i nexp l icab le 
errors i s  t hat the d river h as come u n l i n ked and d i sappeared f ro m  
memory .  I f  t h i s  happens,  u n l i n k  t h e  descr iptor  a n d  l oad and l i nk 
both the  descr iptor  and  the  d river again .  S ince modu les i n  the  
bootstrap can ' t  be d ro pped f rom memory n o  matter how many 
t i m es t hey are u n l i n ked , t he  pro b le m  d oesn' t  show up there.  I f  you 
l oad them separate ly ,  be carefu l .  

______________________________________________________ SUMMARy 

I n  t h i s  c hapter we d i scussed the p h i l osophy beh ind  device 
d rivers .  I t r ied to show why you wou l d  want to write a new d river, 
and f i n i shed wi th  some pract ical  i ssues about d river des ig n and 
i nsta l lat ion .  
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CH APTER 24 

p rocesses 

I n  th is  chapte r  you w i l l  learn what processes a re ,  how to 
create them and h ow to control them . Th ere is also a d i scuss ion of 
system tun ing ,  t he  art of gett i ng  the best poss i b le  performance out 
of you r  computer ,  and some i nformat ion about s igna ls .  

______________________________________________ WHAT IS A PROCESS? 

Somet i m es it  seems that everyth i n g  that isn 't a module i n  
OS-9 i s  a process. Processes d o  th i ngs .  A l l  programs i nvo lve at 
least one process w h i le they are r u n n i n g. Frequent ly  the words 
"process" and "program" are used i n terchangeably .  All programs 
use CPU t i me; p rocesses are th i ngs that use CPU t ime.  The d i ffer
ence is that a prog ra m is a h i gher-level entity. A prog ram might  
i nvolve several processes, but it  certa i n ly shou ld  DO someth ing .  A 
process may s i t  aro u n d  do ing  noth i n g  most of the  t i me .  SYSGO i s  
a process that s i ts around wait i ng  for t h e  world t o  fal l  apart s o  i t  
can rescue  you .  OS-9 itself i s  an  odd sort of process. 

When you run a program from the SH ELL: 

OS9: l ist IdO/defs/os9defs 

the she l l  "forks" a p rocess to run the L I ST p rogram ,  then pauses 
unt i l  i t  com p letes. If you change the com mand:  

OS9: l ist IdO/defs/os9defs >/p 

you have some opt ions.  J u st sit there and you w i l l  wait  un t i l  the f i l e  
has pr i nted before you  can go  on .  H it control-C and the shel l  w i l l  
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stop wai t i ng .  You get another prompt and can ru n another pro
g ra m  (start another process ) .  You can do th i s  because the l ist 
program had n't  done any I/O to your term i na l .  If it had,  the control
C would have acted as i t  usua l ly  does to abort the l ist i ng .  

I f  you  k n ow i n  advance that  you  want the  l i st i ng to run i n  
"backg rou nd , "  y o u  can te l l  t h e  she l l  not t o  pause after start i n g  the 
process by putt i ng  an am persand (&) after the com mand:  

OS9: list /dO/defs/os9defs >/p& 

You wi l l  get an "089:"  prom pt i m med iately,  and the l ist i ng w i l l  
proceed wi thout  you r  attent ion .  I f  you decide that cutt i ng  t h e  l i st 
process loose was a m istake, you can change you r m i nd wi th  the 
(w) she l l  d i rective. J ust type 'w'  on the command l i ne: 

OS9: w 

The she l l  w i l l  wait  for a process it sta rted (ch i ld process) to 
term i nate before cont i n u i n g .  

FAM I LY RELATIONSH I PS _____________________ _ 

Processes are related by the same names as a fam i ly .  There is 
a parent p rocess (wh ich  used to be cal led a father) , and c h i ld 
processes ( used to be sons) . When a process forks a new ch i l d ,  it is 
said to have "spawned" a c h i ld .  Two processes spawned by the 
same parent are said to be s i b l i ngs (b rothers ) .  

THE INFAMOUS RABBIT PROGRAM _________________ _ 

Th is  m igh t  be a good p lace for an example .  I n  the ear ly days of 
ma i nframes, m isch ievous students wou ld  confound the com puter 
operators by start i ng  programs ca l led "rabb i t  jobs ."  These pro
g rams wou l d  start at least two cop ies of themselves before go ing 
away. Modern systems have some protect ion agai nst th i s  k i nd of 
abuse, but  08-9 is he lp less before i t .  There is no good pu rpose for 
rabbi t  jobs,  but  i t  may be the on ly  way you ' l l  f i nd  out  how many 
processes you r  mach ine  can run at  one t i me. 

Clean u p  you r  system before you run th i s .  The Rabb i t  pro
g ra m  is  as hard to k i l l  as a fam i ly of real rabb its .  You may have to 
boot the system to stop them,  but t ry K I L L  0 fi rst. 

If you share a m U lt i -user system ,  remem ber each of those 
rabbits w i l l  have you r  user n u m ber. 

Rabb i t  - Rabb i t  P r o g r a m  t o  d e mo n s t r a t e  F $ F o r k SVC 

0 0 0 0 1 
0 0 0 0 2  
0 0 0 0 3  

0 0 0 0 5  

na m Rab b i  t 
t t l  Rabb i t  P r og ram t o  d emon s t r a t e  F $ F o r k  SVC 
I FP l  
u s e  / d O / d e f s /OS 9 D e f s  
ENDC 
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0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1 
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
0 0 0 1 5  
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 0 1 9  
0 0 0 2 0  
0 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5 
0 0 0 2 6  
0 0 0 2 7  
0 0 0 2 8  
0 0 0 2 9  
0 0 0 3 0 
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 7  
0 0 0 3 8  
0 0 0 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  

Type s e t  p r g r m+Ob j c t  0 0 1 1  
O O B I  
0 0 0 0  8 7 CD 0 0 3A 
O O O D  5 2 6 1 6 2 6 2  
0 0 1 3  0 1  

Rev s  s e t 
mod 

Name f c s  
Ve r s i o n  f c b  

R e E n t + l  
M o d L e n , Name , Type , Re v s , E n t r y , MemS i z e  
/Rab b i t /  

D 0 0 0 0  
D 0 0C 8  

0 0 1 4  

* * * * * * * * * * * * * * * *  
* Va r i a b l e  Memo r y  
* 

Hem S i z e  
E n t r y  

* * * * * * * * * * * * * * * *  

r mb 
e q u  

1 

2 0 0  s t a c k  space 

* T h i s  p r o g r am r u n s s o  f a s t t h a t  i f  i t  Boe s n ' t  pause f o r  
* a w h i l e  t h e  sys t e m  i n s ta n t l y  f lo o d s  w i t h  j o b s . T h i s s 
* d o e s n ' t  pr e v e n t t h e  f l oo d , b u t  i t  doe s s low i t  e no u g h  t h a t  
* y o u  ca n s e e  wha t ' s  h i t t i ng yo u .  
* 

0 0 1 4  8 E 0 1 9 0  
0 0 1 7  1 0 3 F O A  

* * * * * * * * * * * * * * * *  

I d x  
O S 9  

# 4 0 0  
F $ S l e e p  

* P r e pa r e  t o  f o r k  a r a b b i t 
* 

O O IA 8 6 1 1  
O O I C  C6 0 0  
O O I E  3 0 8 DF F EB 
0 0 2 2  1 0 8 EO O O O  

* * * * * * * *  

I d a  # Type 
l db # 0  
l e a x  Name , PC R  
I d y  # 0  

Type f o r  f o r k e d  mod u l e  
Me mo r y  o ve r i de f o r f o r k e d  
n ame o f  mo d u l e  t o  f o r k  
l e n g t h o f  pa r ame t e r a re a  

* s i n c e  t h e r e  i s  n o  p a r ame t e r  a r e a  d o n ' t  b o t h e r  w i t h  a po i n t e r  
* t o  i t .  
* 

0 0 2 6  1 0 3 F 0 3  
0 0 2 9  2 5 0 9  

* * * * * * * *  

o s 9  
b c s  

F $ F o r k  
E x i t  I f  e r r o r ; do n ' t  f o r k  a ga i n 

* A a n d  X h a v e  b e e n  c h a n g e d  by t he F $ F o r k  c a l l  
* 

0 0 2B 3 0 8 DF F D E  
0 0 2 F 8 6 1 1  
0 0 3 1  1 0 3 F 0 3  
0 03 4  
0 0 3 4  1 0 3 F 0 6  
0 0 3 7 E I O C E 4  
0 0 3A 

E x i t 

ModLe n 

l e a x  
I d a  
os 9 

o s 9  
EHO D  
e q u  

Name , PC R  
# Type 
F $ Fo r k  

F $ Ex i t  

* 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  wa r n i ng ( s )  
$ 0 0 3A 0 0 0 5 8  p r o g r am b y t e s  g e n e r a t e d  
$ 0 0 C 8  0 0 2 0 0  dat a  byte s a l l oc a t ed 
$ 2 1 E 5  0 8 6 7 7  by t e s  u se d  f o r  symb o l s  

Use the  PRGeS com mand to watch t h e  n u m ber o f  rabbits 
run n i ng around i n  you r  system g row. I f  you want an exercise i n  
frust rat ion ,  let t hem get started , t h e n  t ry to  k i l l  them off wi th t h e  k i l l  
command.  When you g ive u p, boot you r  system .  I f  you want an 
i nterest i n g  cha l l en ge, wri te a rabb i t- k i l ler  p rog ra m .  I t  can be d one,  
though  you may need to cheat. I f  you strugg le  with th is  p rogram 
and f i nd  t h at the  rabbits g et a head of you ,  t ry i ncreas ing  you r 
prio rity.  I f  that doesn't work ,  d isab le i nterru pts and use a shotgu n  
approach .  
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CHAI NING NEW PROCESSES _______ ____________ _ 

The she l l sta rts programs by fork i n g  them.  I t  can also be made 
to cha in  to a new program.  The F$Cha in  service req uest e l i m i nates 
the cal l i ng p rocess and replaces it w i th  the p rocess req uested by 
F$Chai n .  If you do th i s  w i th  the SH ELL ,  you won't  have a SHELL to 
return  to. With other p rog rams i t  is a way to save memory.  F$ Fork 
fo l l owed by F$Ex i t  wou l d  act a l m ost l i ke F$C ha in  except that ,  
between the Fork and the Exit ,  memory wou ld be a l located for 
both the parent and the ch i ld  p rocess. Because of this ,  F$Cha in  is  
somet i m es the only way to g o  when memo ry i s  very t i g ht .  There i s  
a l so  a sma l l  d i fference i n  the t i me req u i red for  the Fork  and  Cha in  
req uests. Cha in  is  a l i tt le  faster ,  bu t  not enough to make a 
d i fference. 

ALLOCATION OF PROCESSOR TIME _________________ _ 

There a re p lenty of ways for you to start severa l p rocesses 
ru n n i ng at once (Rabb i t  is an ext reme case . ) . One of OS-9's pr im
ary jobs i s  to d i vi de system resou rces among however many p ro
cesses you choose to ru n .  OS-9 d istr i butes memory and I/O devi
ces on  a f i rst come,  f i rst served basis .  T ime on the m i c roprocessor 
i s  d istr i buted accord i ng to a combi nat ion  of "demand" and t i me
s l i ced ru les. Some t h i ngs can't  be de layed : keyboard i n put ,  for 
i nstance,  has to be read before another character is  typed. OS-9, 
i tself ,  p rovides t i me-cr i t ica l  serv ices. It i s  ab le  to i nterru pt any 
process and take whatever t ime i t  needs. 

A l l  p rocesses other  than OS-9 have to wait for a " t ime s l i ce." 
OS-9 req u i res a system c lock .  I t  doesn't necessari ly  have to keep 
t rack of t i me-of-day or ca lendar i n format ion ;  i t  does have to 
generate an i n terrupt at least every 1 0th of a second .  OS-9 uses 
these c lock i n terrupts to te l l  it when to put  the  cu rrent p rocess to 
s leep and start the next. 

Processes wait in a q ueue (a l i ne) for a chance at the CPU.  The 
queue i s  arranged accord i n g  to the "age" of the processes; that is ,  
how long  they have been in  the  q ueue.  The processes that have 
been i n  the q ueue longest a re at the front .  There is ,  however, an 
except ion to th i s  scheme. 

When a p rocess f i n ishes i ts tu rn ,  i t  doesn't necessari ly go to 
the end of the l i ne .  Each p rocess enters the q ueue with an  i n i t ia l  
age .  I f  a p rocess's i n i t ia l  age is g reater than the age of  some 
p rocess that has been in l i ne for awh i le ,  i t  gets to "cut in l i ne . "  Th is  
may seem u nfa i r  to  you .  I f  i t  upsets you  too bad ly ,  don 't use the 
featu re.  The i n i t i a l  age of a process i s  i ts p ri o ri ty .  You can set the 
pr iori ty of a process wi th  the S ETPR com mand.  Ra is ing the pr ior
ity of a p rocess j u st a l i t t le w i th  S ETPR is usua l ly enough to make i t  
ru n su bstant ia l ly  faster. 
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_____________________ TUN I NG YOU R  OPERATION 

Carefu l  adjustment of p rocess p rio r i t ies can i ncrease the eff i
c iency of yo u r  work .  OS-9 doesn 't know what a process is sup
posed to do ,  o r  how i m po rtant i t  is to you .  Wi thout  i nstruct ions i t  
wi l l  t reat them a l l  the  same. 

Some processes don 't need f req uent access to the processo r. 
A process that is ru n n i ng you r  pr inter  is a good cand idate for a low 
pr iori ty .  You may t h i n k  that 1 60 characters per second is fast; the 
com puter doesn ' t .  A process that on ly has to send characters to 
the p ri nter at that s peed w i l l  spend most of i ts t i me wait i n g .  Even i f  
i t  i sn 't r i g ht on the spot w i th  a character to be wri tten ,  i t 's no b ig 
deal  i f  the  pr i nter has to wa i t  a fract ion  of a second .  Set the  pr iori ty 
for t h is type of p rocess very low. I t  w i l l  get a c rack at t he p rocessor 
every now and then .  D u r i ng i ts t u r n ,  t he  process wi l l  feed the 
dev ice d r iver fo r the  pr i nter a bufferfu l of characters ,  wh ich  the 
d river wi l l  pr int  unt i l  the  process's next t u rn .  

A p rocess that you ( the user) i n teract w i th  needs h i g h  pr iority. 
I t  p robably won't use m ost of its t u rns because i t  w i l l  be wai t i ng for 
i n put  from you .  (Actua l ly ,  i t  won't even get a turn i f  i t 's wai t i ng  for 
i nput . )  When you do g ive a p rocess somet h i ng to do,  you want i t  
done fast. Ed i tors usua l ly  s i t  around wai t i ng  for a keystroke, but i t  
wou ld  be annoy ing  i f  a key took ha l f  a second to reg ister, or  the 
screen updates took a few seconds.  Peop l e  need attent ion !  Make 
su re you r  com puter knows th is by assig n i ng a h i g h  prio rity to any 
prog rams you wi l l  be work i ng w i th .  

Prog rams l i ke COPY,  assemblers, and part i cu la rly  the  C com
p i le r  w i l l  take al l  the CPU cycles they can get .  I f  you want to run 
them together with somet h i ng else, you w i l l  n eed to protect the 
other processes by g i v i ng  the CPU- i ntensive process a lower 
pr ior i ty than the others .  

As a ru l e, p rog rams t h at perfo rm a lot of com putat ions  need to 
be i nterru pted and put at the  back of the  q ueue.  P rocesses that do 
a lot of 1/0 , part icu lar ly  SCF sty l e  1/0 , are a l ready s lowed by the 
devi ce they are d riv i ng . They don't  need to be contro l led art i f ic ia l ly .  

Process pr iori ty has several uses. I t  can tame CPU hogs .  I t  can 
take a task that you aren't i m pat ient  about and tuck  i t  down where 
it wi l l  get to the C P U  so i nf req uent ly  that you won't  not ice i ts 
im pact on  the system .  I f  you want c lose attent ion pa id to some
th ing you ' re work i ng w i th ,  such as a text edi tor  o r  rea l -t ime  g ra
ph ics, a h i g h  priori ty w i l l  g ive it lots of attent ion .  

You  won't speed anyt h i ng u p  by assig n i ng a l l  you r  processes 
h igh  pr ior i ty .  As the word pr iori ty i m pl i es, you have to ran k  pro
cesses. If you ass ign  a l l  processes a pr ior i ty of 250 they wi l l  run  
just the same as i f  you gave t hem a l l  50. 
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SIG NALS--
-------------------------------------------------------

Processes are iso l ated "f rom one another .  Part of the concept 
of processes is that each shou ld  appear to be runn i ng  i n  i ts own 
com puter .  There is  a carefu l ly constructed leak in th i s  iso lat ion .  
S igna ls  can be sent between processes . OS-9 sends s ig na ls :  key
board abort ,  and key board i nterru pt .  There is a lso a system abort 
s igna l  that never gets to a process . I t  k i l l s the process without 
warn i ng .  Keyboard abort and key board i nterrupt wi l l  k i l l  an 
u n p repared process, but a s i gna l  t rap can be set up to catch these 
s igna ls  and do whatever you l i ke with them ( i nc l ud i ng  ignoring 
them ) .  

S i g na ls  can be sent by any process t o  any other process . The 
only restr ict ion is that on ly  a process r u n n i n g  u nder user n u m ber 
zero can send system abort s ig nals to processes ru n n i ng u nder 
any user n u m ber .  You can k i l l  you r  own processes , but u n less you 
have spec ia l  pr iv i leges you can't k i l l  processes be long ing to other 
users .  

S igna ls  a re the peep-ho le  that OS-9 leaves between pro
cesses . It is such a narrow com m u n i cat ion channel that it takes 
i ngen u i ty to use, but  it is enough to b u i ld powerfu l  systems of 
processes . The b u i l d i n g  b locks are the F$Send system serv ice 
req uest ,  wh ich  w i l l  send a spec i f ied s igna l  to a specif ied process ; 
the F$ l cpt req uest, wh ich  sets u p  a s igna l - i ntercept t rap ;  and 
F$S leep, wh ich  causes a process to wait for a s igna l .  

Without an in tercept t rap ,  a process w i l l  be  k i l l ed by  the fi rst 
s igna l  it receives. A t rap doesn 't have to be very comp l i cated . A 
s imp le  rti ( retu rn from i n terrupt) i nstruct ion is suff ic ient to prevent 
the process from bei n g  k i l led by any s igna l  it receives. It isn ' t  
necessary to put  a process to s leep for i t  to receive s ig nals ,  but 
freq uent ly  processes w i l l  do everyt h i n g  they can f ind to do, and 
then they ' l l  need to wait  for a s igna l  from another process before 
cont i n u i n g .  A s leep i n g  process doesn't use any CPU t ime ,  and it  
responds as q u ick ly  as possi b le to s igna ls .  

The Workshop sect ion of  th i s  book conta ins  severa l  examples 
of p rog rams that use s ig nals .  Even the st r ipped-down programs 
there are too big to st ick  in the m idd le  of a chapter. 

Merely ignor ing  s igna ls  i sn 't so hard .  The fo l lowi ng prog ram 
seg ment sets u p  a t r iv ia l  s igna l - i n tercept t rap that saves the s ig nal 
code, but doesn't  do  anyt h i n g  about i t .  Other  parts of the prog ram 
check the "S ig na l"  byte from t ime to t ime and do someth ing 
appropriate. 

S igTrap i n tercepts s igna l s  and that 's a l l .  I t  sets up a trap, then 
waits un t i l  a s igna l  arrives. When i t  receives a s igna l ,  S igTrap 
wri tes a brief message exp la i n i ng  the s igna l  and q u i ts .  

The U reg ister o n ly needs to be set  before cal l i ng F$l cpt under 
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except iona l  c i rcumstances. I t  i s  so pai nfu l  to h ave d i fferent offsets 
from U i n  the ma in  program and the t rap ,  that the s ma l l  perfor
mance i mprovements that m igh t  come from adjust i ng  U (smal ler  
offsets f ro m  U in  the t rap)  are genera l ly i gnored. T he on ly  pro
g rams that adj ust U are t hose that don't  use U as the base reg i ster 
for g lobal  storage (C programs) . 

S leep ing  w i th X set to  zero means  s leep forever .  A s ig na l  w i l l  
wake a s leep i n g  p rocess, so  t h i s  actua l ly  m eans s leep u nt i l a s igna l  
arr ives. 

The F$PErr serv i ce requ est pr i nts an error m essage based o n  
t h e  n u m ber  i n  B .  T h is service req uest formats t h e  e rror n u m ber .  
I nc l ud i ng  code to format d ec ima l  n u m be rs in S igTrap wou ld more 
than doub le  the s ize of the prog ram .  

0 0 0 0 1  nam S i gT r ap 
0 0 0 0 2 t t l  D i s p l a y  s i g na l s  
0 0 0 0 3  I FP l  

u s e  / d O /d e f s/ o s 9 d e f s  
0 0 0 0 5 ENDC 
0 0 0 0 6  0 0 1 1  t ype s e t  p r g r m+Ob j e t  
0 0 0 0 7  0 08 1  Rev s se t R e En t + l  
0 0 0 0 8  0 0 0 0  8 7 C D O OA 8  mod M o d Le n , Name , Type , Rev s , E n t r y , MemS i ze 
0 0 0 0 9  O O O D 5 3 6 9 6 7 5 4  Name f e s  / S i g Tr a p/ 
0 0 0 1 0  0 0 1 4  0 1  Ve r s i o n  f e b  1 
0 0 0 1 1  0 0 1 5  O A  I n t l  f e b  $ O A  
0 0 0 1 2  0 0 1 6  5 7 6 1 6 B6 5  f c c  /Wa k e  u p/ we won ' t  s e e  t h i s  one 
0 0 0 1 3  O O l D  O D  f e b  S O D  
0 0 0 1 4  O O l E  O A  I n t 2  f e b  $ O A  
0 0 0 1 5  O O l F  4 B6 57 9 6 2  f c c / Keyb oa r d  Abo r t /  
0 0 0 1 6  0 0 2 D  O D  f e b  S O D  
0 0 0 1 7 0 0 2 E O A  I n U  f e b  $ O A  
0 0 0 1 8  0 0 2 F  4 B6 5 7 9 6 2 f c c  / Keyboa r d  i n t e r r u p t i  
0 0 0 1 9 0 0 4 1 O D  f e b  S O D  
0 0 0 2 0  0 0 4 2  O A  I n t x  f e b  $ OA 
0 0 0 2 1 0 0 4 3  4 D6 9 7 3 6 3 f c c  /rlli s e .  S i gn a l /I 
0 0 0 2 2  0 0 4 F  O D  f e b  S O D  
0 0 0 2 3 
0 0 0 2 4  D 0 0 0 0  S i g C o d e  r m b  1 
0 0 0 2 5  D 0 0 0 1  rmb 2 0 0 s ta c k  
0 0 0 2 6  D 0 0 C 9  �1emS i z e  equ 
0 0 0 2 7  
0 0 0 2 8  0 0 5 0  E n t r y  
0 0 0 2 9  0 0 5 0  3 0 8 D0 0 4E l e a x  T ra p , PC R  
0 0 0 3 0  0 0 5 4  1 0 3 F 0 9  OS9 F $ I e p t  
0 0 0 3 1  0 0 5 7  2 5 4 6  b e s  E r r o r  
0 0 0 3 2  0 0 5 9 3 0 B DF F B O  l e a x  Name , PC R  
0 0 0 3 3  0 0 5 D 1 0 8 EO O 0 7  I d y  # 7  
0 0 0 3 4  0 0 6 1  8 6 0 1  I d a  U s t d  o u t  
0 0 0 3 5  0 06 3  1 0 3 F B A  os9 I $W r i t e  T o k e n  w r i t e  
0 0 0 36 0 0 6 6  2 5 2 D  b e s  E n d  
0 0 0 3 7  0 0 6 8  8 EO O O O  I d x  # 0  
0 0 0 38 0 0 6 8  1 0 3 F O A  089 F $ S l e e p  wai t  f o r  a s i g n a l  
0 0 0 3 9  0 0 6 E  D 6 0 0 I db 8 i gC o d e  
0 0 0 4 0  0 0 7 0  C1 0 1  e mpb U 
0 00 4 1  0 0 7 2 2 6 0 6  b n e  8 2 
0 0 0 4 2  0 0 7 4  3 0 8 DF F 9 D  l e a x  I n t l , P C R  
0 0 0 4 3  0 0 7 8  2 0 1 8  b r a  E n d  
0 0 0 4 4  0 0 7 A  C I 0 2  S 2  empb # 2  
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0 0 0 4 5  0 0 7C 2 6 0 6  b n e  S 3  
0 0 0 4 6  0 0 7 E  3 0 8 DF F 9C l e a x  I n t 2 , PCR 
0 0 0 4 7  0 0 8 2  2 0 1 1  b r a  E n d  
0 0 0 4 8  0 0 8 4  C 1 0 3  8 3 cmpb # 3  
0 0 0 4 9  0 0 8 6  2 6 0 6  b n e  8 X  
0 0 0 5 0  0 0 8 B  3 0 B DF F A 2  l e a x  I nt 3 , PC R  
0 0 0 5 1  0 0 8 C  2 0 0 7  b r a  E n d  
0 0 0 5 2  O O B E  3 0 B DF F8 0  S X  l e a x  I n t x , PCR 
0 0 0 5 3  0 0 9 2 1 0 3 1" 0 1"  0 8 9  F $ P Er r 
0 0 0 5 4  0 0 9 5  E n d  
0 0 0 5 5  0 0 9 5  1 0 8 E 0 0 5 0  I d y  # B O  Hax l e n g t h  
0 0 0 5 6  0 0 9 9  8 6 0 1  I d a U s td o u t 
0 0 0 5 7  0 0 9 B  1 0 3 F 8 C  0 8 9  I $W r i t Ln 
0 0 0 5 8 0 0 9 E  S F  c l r b  c l ea r c a r r y  
0 0 0 5 9  0 0 9 !"  E r r o r  
0 0 0 6 0  0 0 9 1"  1 0 3 1" 0 6  0 8 9  F $ E x i t 
0 0 0 6 1  0 0 71. 2 T r ap 
0 0 0 6 2  0 0 1\ 2  E 7 C 4  s t b  8 i gC ode , U  
0 0 0 6 3  O OM 3 8  r t i  
0 0 0 6 4  O O A5 AC5 0 E D  EMO D  
0 0 0 6 5  0 0 A8 MadLe n equ * 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  w a r n i ng ( s )  
$ 0 01\ 8  0 0 1 6 8  p r og r am b y t e s  g e n e r at e d  
$ 0 0 C 9  0 0 2 0 1  da t a  byte s  a l l o c a t e d  
$ 2 2 7 8  0 8 8 2 7  b y t e s  u s e d  f o r  symbo l s  

SUMMARy __________________________________________________ __ 

I n  th is  chapter you learned about processes. They are the 
act ive objects i n  a computer.  They are started with F$Fork,  or 
F$Cha i n .  Adjustment of p rocess priorities can pay off when sev
eral p rocesses are ru n n i ng .  Processes are carefu l ly isolated from 
one another, but they can com m u n icate with Signals.  
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CHAPT E R  25 

f i le  managers 

T h i s  chapter i s  an  overview of f i l e  managers. Each of the  m a i n  
f i l e  managers i s  ment ioned ,  a n d  the  ro l e  o f  a f i l e  manager i n  t h e  
OS-9 system i s  d i scussed . 

______________________ WHAT'S A FILE MANAGER? 

F i l e  managers are the level between the 1/0 manager and 
device dr i vers.  L i ke dev ice d ri vers, they h i de some aspects of the  
1/0 system fro m user  prog rams.  Some requests are passed on  to  
devi ce d ri vers wi th  l i tt le i n tervent ion :  SCF (Seq uent ia l Ch aracter 
F i le) I $Wri te requests wou ld  be an  exam ple .  Other requests, such 
as  the  Delete req uest to  the  RBF  ( R andom Block F i l e )  ma nager ,  
are han d l ed mostly i n  the f i le manager, wi th only i nc idental  
req uests going to the d ri ver .  The I $Seek request and some GetStat 
and PutStat cal ls  don't  go to the  dri ver  at a l l .  

M uc h  of  SCFMan 's funct ion  re lates to ed i t i ng .  A l l  spec ia l  
characters , l i ke backspace and  repr i nt- l i ne, are hand led here .  
SC FMan a lso hand les content i o n  between several p rocesses 
want ing s i m u ltaneous access to a device. 

R B FMan is t he on ly  part of OS-9 that knows anyth ing  about 
the structu re of a d isk .  I t  hand l es d i rectories, f i le  descri ptors and 
the d isk i dent i f icat i o n  secto r. 

P i peman does everyth ing  for p ipes; the dev ice dr i ver for p i pe 
fi les does exact ly not h i ng .  The  dev ice d ri ver is  necessary beca use 
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l O Man wou ld n't  to lerate a pat h  w it hout  one ,  but  there isn 't any  
actua l  dev ice assoc iated w i th  a p i pe .  P i pes are  m a nufactu red 
ent i re l y  of m i r rors. 

M ost dev ices can be fit i nto the SCF or R B F  c lass. Devices i n  
these c l asses can b e  added t o  a n  OS-9 system wi th  l i tt l e  effort . At 
m ost, a dev ice d r iver w i l l  n eed t o  be w ri t ten ,  and very l i ke ly ,  o n ly a 
device descr iptor .  

A few devices can benef i t  from an ent i re l y  new f i le m anager.  
OS-9's a rch i tect u re permits new f i l e  managers to be added with
out  any d isrupt ion .  Several  i deas for  a l ternat ive f i l e  m anagers 
come to m i nd .  

POSSI BI LITI ES FOR N EW F ILE MANAGERS ______________ _ 

A speci a l  f i le m a nager that  has a l ready been wr i tten i s  the I /O 
processor f i l e  m anager .  Many of  the  funct ions of a f i l e  m anager 
can be pushed a l l  the way d ow n  i nto  a dev ice  i f  the device is 
i nte l l i gent  enoug h .  I ntel l igent  contro l ler  boards that support ter
m i na ls  and p ri nters h ave been m ade .  T h e  p rocessor o n  t h e  board 
can hand le  l i ne ed i t i ng  n ice ly  w i thout  any  h e l p  from the  f i l e  man
ager.  When t h i s  funct ion can be p laced i n  the  contro l le r  board ,  i t  
i nc reases the  I/O capab i l it i es of the  computer substant i a l l y  i f  
the f i le  m anager i s  st r i pped dow n  to j ust those fun t ions t h at can't 
be done i n  the device contro l ler .  Each CPU cycle that can be made 
the responsi b i l i ty of the I/O processor becomes another  cycle 
ava i l ab le  for user prog rams. Taki ng f u l l  advantage of an i ntel l i gent 
SCF device req u i res a specia l  f i l e  manager  wi th  l i ne-ed i t i ng  func
t ions  removed and poss ib ly  some add i t ions to g ive t h e  contro l le r  
the i nformat ion  i t  needs .  

The Random Block f i le  manager  can benef it  j ust as much  from 
i nte l l i gent contro l lers as the  SCF manager ,  perhaps more .  At the 
l east, convers ion  of l og i ca l  sector n u m bers to  phys ica l  d isk 
add resses can be done i n  the contro l l er .  Other funct ions  l i ke error 
recovery, f i l e  and d i rectory hand l i ng i n  fact, m ost of the func
t ions  of the  R B F  manager  - cou ld  be m oved to  t he contro l l er .  A 
ded icated p rocessor cou ld  hand le  t hese operat ions  m o re effi
c ient ly  than  the  genera l  p urpose p rocessor run n i ng the  f i l e  man
ager. Even if the m i c ro processor on the contro l l e r  i s  s lower than 
the m a i n  processor, u n l oad i ng funct ions onto i nte l l igent  peri
p herals returns processor resou rces to other p rograms.  

I t  is  in  the  i nterest of the  manufacturers of i nte l l igent  con
tro l l e r  boards to wr i te speci a l  f i l e  m anagers, as wel l as device 
descr i ptors, for the i r  h ardware . The specia l  software m akes the i r  
hardware look a l ot better.  

Other f i l e  m anagers wou l d  add new featu res to OS-9. A su i ta
b le  f i l e  manager  wou l d  add loca l  area network su pport to OS-9. 
Th is  wou l d  perm i t  severa l  com puters to be attached to each other. 
Resou rces l i ke d isk  space and per i phera ls  cou ld  be shared 
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through the network .  A s i ng le ,  l arge capacity d isk  cou ld serve 
several computers ,  sav ing  m oney on d isks and mak i ng p u b l i c  f i l es 
avai lab le  to users of any com puter on  the network .  Other h i g h
pr iced peri phera ls ,  l i ke fast pr in ters and g raph ics devices, wou ld 
a lso be eas ier  to afford i f  they cou ld be shared by several compu
ters on a network.  

I t  wou ldn 't be wise to make a network depend on  some 
part icu lar  hardware. So long as standard device dr ivers are used, 
any device that supports the set of funct ions req u i red by the 
network f i l e  manager cou ld  be used . At th i s  moment (wi nter of 
1 985) , a network f i l e  manager for OS-9 isn ' t  ava i lab le ,  but when 
one is written i t  shou ld  be poss i b le to add i t  to any OS-9 system 
with the req u i red hardware. 

A more genera l i zed vers ion of the p i pe wou ld be a usefu l  
add i t ion  to  OS-9. Featu res l i ke the  abi l i ty to  com m u n i cate w i th  any 
process by n u m ber would add s ign i f icant ly  to the usef u l ness of 
p i pes. 

_____________________ WRITING A FILE MANAGER 

There is not h i ng i n herent ly d i ff i cu l t  about wri t i ng a f i l e  man
ager.  The t r ick iest aspect to the job i s  that the debugger doesn't 
work for system modu les. 

A f i l e  manager has 1 3  entry poi nts, each branch i ng to a rou
t ine  that p rovi des a speci f i c  service. A l l  the entry poi nts m ust be 
there, but the attached rout i nes can be n u l l  proced u res that just 
return wi th  carry c lear, or rout i nes that set an error code and retu rn 
with carry set . 

I f  a new dev ice d r iver w i l l  do what you want ,  don 't wr i te a f i l e  
manager.  A f i l e  manager is a much b igger project t han  a d ri ver; j ust 
look at the re lat i ve s izes of the  f i l e  managers and d ri vers i nc l uded 
with you r  system .  

A new f i l e  manager  i s  about the most i m portant add i t ion  that a 
user can make to OS-9. A new or  mod if ied f i le manager can add 
new fu nct ions to OS-9. A new fi le manager can be broug ht i nto use 
by add i ng a device descr i ptor that references it . C lear ly ,  th i s  is one 
of the d i rect ions in wh ich  OS-9 was meant to be expanded . 

_____________________________ SUMMARY 

I n  t h i s  c hapter you learned what role f i l e  managers p lay in the  
OS-9 envi ronment .  
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C H A PTER 26 

the i/o manager  

I n  th i s  chapter we d isc uss the ro le  of the l iD manager i n  an  
OS-9 system . The p h i losoph ical  ro le  of l OMan and many of i ts 
pract ica l  dut ies are covered . 

__________________________________________ WHY IS THERE AN I OMAN? 

The I np ut/O utput  Manager, l OMan ,  does j ust the  t h i ngs you 
wou l d  th i n k  a manager shou ld  do.  I t  i s  cal led as part of system 
startup .  and m akes i tself responsi ble for a l l  the l iD system cal l s. As 
each ca l l to an liD system serv ice is made,  l OMan  catc hes i t , 
co l lects the n ecessary resou rces and h ands i t  off to the approp
r iate f i  Ie  manag er. 

l OMan  s its r igh t  at the  top of the 1 /0 h i erarchy.  It p rocesses 
every liD system service request and routes a l l  1/0 i nterru pts. For 
most of them it  on ly  executes a h andfu l  of i nstruct ions before 
passi n g  off to a f i l e  m anager.  O n ly for the  Attach ,  Dup ,  Detach ,  
Open a n d  C lose requ ests does i t  do a n y  su bstant ia l  work . 

_______________________________________________ ATTACH/OETACH 

The Attach request i s  an  oddba l l .  I t  is  a lmost never used 
except by the l iD manager. I t  p laces a new device in the device 
table and cal ls  the  d ev ice d river to  i n i t i a l ize i t .  T h e  device tab le  i s  a 
q u ic k  reference tab le used by the l iD manager to determ i ne 
whether a device has a l ready been attached. Knowi ng whether a 
device has been attach ed p revents l OMan from wast i n g  t i m e  at-
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tach i ng  i t  agai n ,  M ore i m portant ly ,  it p revents l O M an from havi ng 
the d river rei n i t i a l i ze the device,  A l l  the facts that Attach col l ects 
about  a new device w i l l  be contai ned in the d evice tab le ;  these 
facts can then be taken from the tab le  whenever the device is  
opened i n  the futu re, 

Detach is the  i nverse o perat ion  for  Attach ,  It removes a device 
from the device tab le and  ca l l s  the term i n at ion rout ine  for the 
device, 

Users seldom attach a device; however, they often open f i l es, 
When a f i le  is opened, l OMan attaches the dev ice ,  i f  necessary, It 
a lso c reates a path descr iptor  for the new path and cal l s  the f i le 
manager to do  anyt h i ng i t  m i g ht need to  do about a new f i le ,  e ,g "  
f i nd  the l ocat ion  of a R B F  f i le  on d isk ,  

DU PING PATHS ________________________________________________ _ 

When a path n u m be r  needs to be changed,  t he D u p  ca l l i s  
u sed,  l OMan is  respons ib le  for Dup ,  I t  ass igns  a n  add it ional  path 
n u mber to a path descr iptor and i nc rements the use count of the 
path descr iptor.  T h is sou nds l i ke a tr iv ia l  operat ion ,  but  it i s  the 
o n l y  way to save the i nformation  about a path i f  you h ave to  c lose 
i t .  Say you want to open a path to the pr i nter as standard o utput 
wi thout  losi ng the c urrent standard output f i le ,  Th is can be done 
by: 

dup path 1 <standard output>, 
save the new path number <x> 
close path 1 
open the printer 

The pr i nter w i l l  appear as path 1 because l O Man a lways 
ass igns  the l owest ava i l ab le path n u m ber, and  path 0 is a l ready 
taken by standard i n put .  

When you want to  resto re the orig i na l  standard output f i le :  

close path 1 
dup path <x> 

Path <x> is the  d u p  of the  or ig ina l  standard o ut put .  I t  w i l l  be 
d u ped to the lowest ava i lab le  path n u mber.  S ince we j u st c losed 
path one ,  releas ing  t hat path n u m ber ,  t h i s  d u p  w i l l  be to path 1 .  

close path <x> 
... and that does it. 

C lose is another o perat ion performed by the I /O manager. If 
the use cou nt of the  path descr i ptor for the  path bein g  c losed is 
g reater than  one ,  t he  1 /0 manager  j u st decreases it by one ,  I f  the 
use count  i s  one ,  there a ren 't any other paths us ing  the descri ptor, 
so l OMan ret u rns  the memory for the  descr i ptor .  If there are no 
other paths us ing the device,  l OMan w i l l  a lso detach the device. 
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The rea l  work i n g  1 /0 operat ions are passed r ight  through the 
110 ma nager to the f i le manager. lOMan wou ld n't  know a d i recto ry 
if it b i t  " h i m" on the nose ,  and it passes on  read and w ri te req uests 
as fast as poss ib le .  I ts  o n ly i nvolvement  with the b u l k  of commands 
i s  to get  the add ress of the  path descr iptor  and pass i t  a long to  a f i le  
manager. 

The 110 Manager takes requests for serv ices ,  arran ges the 
paper work and gets the r ight  team of modu les together .  I t s  ma in  
d i rect i n volve ment  is  a t  the start and end of  a project ( Open and 
Close ) . Sounds l i ke the word "manager" was co rrect ly  i nc l uded i n  
the name, d oesn't i t? 

_____________________________________________________ SUMMARy 

I n  t h i s  c hapter you d iscovered that l O Man is a true execut ive
type modu le .  It seldom does anyt h i n g  but  superv isory work, but  its 
o rgan izat iona l  ab i l i t i es hold the OS-9 1 10 system together. 
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C H APT ER 27 

d isk formats 

I n  th i s  chapter we d isc uss the way OS-9 structu res data on 
d isks. We take a low-level look at f i le  a l locat ion  and d i rectory 
struct u res . 

____________________________________________ PHYsICAL D ISK FOR MAT 

Formatt i ng a d isk  changes i t  from a p iece of useless j u n k  i nto a 
caref u l ly o rgan ized em pty f i l e  structu re .  There are some featu res 
of formatted d isks that a re common across a l l  hardware and oper
ati ng systems. 

A d isk's su rface is d i v ided i nto t racks, wh ich are concent r ic  
c i rcu la r  paths around the d isk  rem i n iscent of the g rooves in  a 
phonog raph record .  The n u m ber  of t racks depends on the qua l i ty 
of the d isk  d rive.  The more t racks the more data can be stored on  
the d i sk ,  and the m o re prec is ion  the d isk  d rive m ust have to  
pos i t ion the  head over a t rack. 

Each track is d iv ided i nto sectors. These sect ions of the t rack 
a re the p igeon ho les where data i s  stored . The data part of each 
sector is  su rrounded by t i m i ng and ident i fy ing  bytes. These bytes 
he lp  the d isk  contro l l e r  f i nd  a sector  it is searc h i n g  for ,  leav ing  
some room for error .  A l l  OS-9 secto rs are 256 bytes long ,  but  the  
n u m ber  o f  sectors on  a t rack var ies wide ly depen d i ng on  the  s ize 
of t he disk and the record i ng dens i ty that i s  used . The smal lest 
n u m ber of sectors per t rack cu rrent ly bei ng used is 1 6  for s i ng le  
densi ty 5V4- i nch d isks .  E ight- i nch  doub le  densi ty d isks have 28 
sectors per  t rack .  
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THE I DENTIFICATION SECTOR ___________________ _ 

After we get above the l evel  of the phys ica l  d i sk  a l l  08-9 d isks 
have the same character ist ics .  I nformat ion about the d isk as a 
whole is stored i n  i ts f i rst sector, that is ,  the f i rst sector on the f i rst 
track.  The sector conta i n i n g  th i s  i nformat ion  is cal led the " ident i 
f i cat ion  sector ."  The i nformat ion i n  the i dent i f icat ion sector 
i nc l udes the speci f icat ions for  the way the rest of the  d i sk  is 
wr i tten , the locat ion  and s ize of the bootst rap ( i f i t 's there) , the 
name and creat ion  date of the d i sk ,  the user n u m ber of the owner 
of the disk and a pOi nter to the root d i rectory. 

One of the f ie lds in the ident i f icat ion sector is  DD.B IT .  Th is  
f ie ld  i nd icates the  n u m ber of  sectors in  a c l uster. For  most systems 
th is f ie ld  w i l l  be one,  but  if you r d isk is  except iona l ly l arge, th is  
va lue can be made g reater than one.  C lusters of  sectors are t reated 
l i ke sectors for many purposes . I n  part icu lar ,  when sectors are 
a l l ocated to a f i l e ,  they a re a l l ocated a c l uster at a t ime .  I f  a d isk 
were so large that 08-9 cou ldn ' t  keep t rack of a l l  the sectors on i t ,  
c l usters cou ld  be formed of two sectors eac h ;  th is wou ld  doub le  
the s i ze of  the  d isk  that cou ld  be hand led .  The n u m ber of  sectors 
per c l uster can be set to any va lue necessary to permit  08-9 to 
handle the d isk .  

THE ALLOCATION MAP ______________________ _ 

Past vers ions of 08-9 cou ld  hand le  a max i m u m  of on ly  2 ,048 
c lusters. With so few c lusters avai lab le ,  even a dou b le-sided, 
doub le-densi ty 8- i nch d isk  needed to have two sectors per c luster. 
More recent vers ions of 08-9 have i n c reased the max i m u m  
n u m ber o f  c l usters t o  524,288 ( 1 28 megabytes a t  o n e  sector per 
c luster) . Th i s  enhancement was made by i ncreas ing  the n u m ber of 
sectors dedicated to the a l locat ion map f rom one to a maxi m u m  of 
256. 

The sector r ight  afte r the ident i f icat ion sector conta ins  the 
beg i n n i n g  of the d isk  a l l ocat ion map .  Th is  is  an array of bits that 
i nd icates whether each c l uster on  the d i sk  is a l l ocated or  f ree. I f  
the bit co rrespond i n g  to a c l uster i s  one, the c luster is  a l l ocated ; i f  
i t  is  zero, the c l uster i s  f ree. 

The d isk  a l locat ion map i s  used whenever a f i l e  is created or 
deleted, o r  when the s ize of a f i le i s  changed.  In each of these 
operat ions d isk space i s  used or  f reed . The d isk  a l locat ion map 
conta ins  the locat ion of each f ree c l uster on the d isk .  

THE ROOT DIRECTORY _____________________ ___ 

One of the f ie lds i n  the Ident i f icat ion sector is a poi nter to the 
root d i rectory. Every d isk ,  even one on wh ich  you never create a 
d i rectory, has a root d i rectory. I f  you do a d i rectory com mand on 
100, the resu l t  w i l l  be a l ist of the f i l es in the root d i rectory for 100. 
T h i s  d i rectory is cal led the root d i rectory because if you v iew the 
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d i rector ies on  a d i sk  as form i n g  a t ree, the root d i recto ry is at the 
base (or  root) of the t ree. 

O utside i ts spec ia l  pos i t ion there is not h i ng except iona l  about 
a root d i rectory. I t  is a f i le of d i rectory ent ries, each entry consist
i ng  of a 29-byte f i le  name and the th ree-byte log ica l  sector n u m ber 
of the f i le  descri pto r for the f i le .  Usua l ly ,  a d i rectory conta ins  many 
empty d i rectory ent r ies. The empty ent ries are d ist i n g u ished by 
the $00 in the f i  rst byte of the f i  Ie name. 

A d i rectory f i le  has a special  pu rpose, but i t  can be read or  
even written much l i ke any other  f i l e .  D i rectory f i les shou ld  on ly  be 
written to wi th  great caut ion ,  but  read i ng them is harmless. A 
d i rectory f i le  can be exam i ned with the fo l lowi ng s im ple program:  

0 0 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 5  
0 0 0 0 6 
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1 
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
0 0 0 1 5  
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 0 1 9  
0 0 0 2 0  
0 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
0 0 0 2 6  
0 0 0 2 7  
0 0 0 2 8  
0 0 0 2 9  
0 0 0 3 0 
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6 
o OU 3 7  
0 0 0 3 8  
0 0 0 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  
0 0 0 4 8  
0 0 0 4 9  

0 0 1 1  
0 0 8 1  
0 0 0 0  8 7 CD0 0 4 5  

D 0 0 0 0  
D 0 0 0 1  
D 0 0 2 1  
D 0 0 B 7  

O O O D  4 4 6 9 7 2 4 4  
0 0 1 4  0 1  
0 0 1 5  2 E AO 

0 0 1 7  
* * * * * * * * * *  

n a m  D i r D ump 
t t l  Dump t h e  wo r k i n g  d i r e c t o r y  t o  s t a n d a r d  ou 
I F P l  

type 
R e v s  

ENDC 
se t 
s e t  
mod 

D P a t h N o  rmb 
B u f f e r  rmb 
S t a c k  rrnb 
Mems i z e equ 

Name f c s  
Ve r s i o n  f c b  
D i r name f c s  

En t r y  

PRG R tHOBJCT 
R E E NT+l 
M En d , Name , Ty pe , Rev s , En t r y , Me ms i z e  

1 
3 2  
1 5 0  

/D i r Dump/ 
1 
/ .  / 

D i r e c t o r y  pa t h  number 
bu f fe r  for  d i r ec t o r y e n t r ie s  

* 
* 
* 

Open wo r k i n g  d i r e c t o r y f i l e  
f o r  r e ad i ng 

0 0 1 7  3 0 8 D F F F A  
0 0 1 B  8 6 8 1 
0 0 1 D  1 0 3 F 8 4  
0 0 2 0  2 5 1 D  
0 0 2 2  9 7 0 0  

* * * * * * * * *  

l e a x  
l d a  
OS 9 
bc s 
s t a  

* 
* 

S e t  up f o r  copy l oop 

0 0 2 4  1 0 8 E 0 0 2 0  
0 0 2 8 3 0 4 1  
0 0 2 A 
0 0 2 A  9 6 0 0  
0 0 2 C  1 0 3 F 8 9  
0 0 2 F 2 5 0 9  
0 0 3 1  8 6 0 1  
0 0 3 3  1 0 3 F 8 A  
0 0 3 6 2 4 F 2  
0 0 3 8  2 0 0 5 
0 0 3 A 
0 0 3 A  C 1 D 3  
O U 3 C 2 6 0 1  
0 0 3 E S F  
0 0 3 F  
0 0 3 F  1 0 3 F 0 6  
0 0 4 2  7 E C 0 0 2  
0 0 4 5  

CpyLoop 

Te s t Eo[ 

Er r o r  

l d y  
l e a x  

l d a 
OS9 
bc s 
l d a  
o s 9  
bec 
b r a  

cmpb 
b n e  
c l r b  

os 9 
ErlOD 

l'l E n d  e q u  

D i r n ame , PCR 
# D I R . + R EAD . 
I $ Open 
E r r o r  
DP a t h N o  D i r e c t o r y  f i l e  pa t h  n u m b e r  

# 3 2  
B u f [ e r , U  

DPa t h No 
I $ R e a d  
Te s t Eo f  
n 
I $wr i t  e 
CpyLoop 
E r r o r  

# E $ EOF 
Er r o r  

F $ E x i t  

* 
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l e n g t h  t o  r e a d  a n d  wr i t e  

e r r o r ; t e s t  f o r EOF 
S t d  o u t p u t  
w r i t e  a d i r e c t o r y  e n t r y  t o  S t d 
no e r r o r ; copy n e x t  e n t r y  
e r r o r ; abor t 

i f  t h e  e r r o r  i s n ' t  EOF 
i t ' s  a r ea l  e r r o r  
o t h e r w i s e  i t ' s  n o t  a n  e r r o r  s o  

r e t u r n  



0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  w a r n i n g ( s )  
$ 0 0 4 5  0 0 0 6 9  p r o g r a m  b y t e s  g e n e r a t e d  
$ 0 0 8 7  0 0 1 8 3  da t a  by t e s  a l l o c a t e d  
$ 2 2 3 F  0 8 7 6 7  b y t e s  u s e d  f o r  s y mb o l s  

D i rdump is best used w i th  a p i pe to  D U M P: 

OS9: DirDump ! DUMP 

The resu l t  w i l l  be  a d u m p-format l i st i ng of  the work ing  d i rec
tory. D i rD u m p  can be used wi thout  a p i pe to D U M P ,  but  the 
non-pri ntab le  characters i n  the d i rectory may we l l  d rive you r ter
m i nal  berserk .  

THE FILE DESCR I PTOR _____________________ _ 

Di rectory entries don't  poi nt d i rect ly at f i les .  They po i nt at f i le  
descri ptor sectors wh ich  g i ve a l l  the i nformat ion about a f i l e  
except i t s  name and the d i rectory i t ' s  i n .  The m ost i nterest i ng 
resu l t  of keepi ng most of the i nformat ion  about a f i le out of the 
d i rectory i s  that a f i l e  can be renamed,  m oved about and even 
g iven a l iases without spec ia l  effort. 

T h i n k  about what wou ld happen i f  two d i rectories had entr ies 
po i nt i ng to the same f i l e  descri ptor. That f i l e  cou l d  be accessed 
under two names from two separate d i rector ies .  Th is k i nd of 
t r ickery u psets some OS-9 com mands ,  notably D C H ECK ,  but i n  
most cases OS-9 hand les i t  smooth ly .  There i s  even a f ie ld i n  the 
f i l e  descri ptor that can be used to g ive the n u m ber of d i rectory 
entr ies po int ing to i t .  A f i l e's space a l locat ion  won't be retu rned 
un t i l  that counter is zero. 

SUMMARy __________________________________ __ 

I n t h is chapter you learned about the  physica l  organ izat ion  of 
a d isk  and the log ica l  organ izat ion  OS-9 i m poses on i t .  You read 
about the data i n  the  d isk  ident i f i cat ion  sector, the  a l locat ion  map, 
f i l e  descri ptors and d i recto ry f i les.  
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C H A PTER 28 

i nterru pts 

I n  t h i s  chapter you w i l l  learn what i nterrupts a re and what they 
h ave to  do wi th l iD and m u l t i task ing .  

____________________________________________________ INTERRUPTS 

I nterru pts a re what make 08-9 t i ck .  As you w i l l  d i scover soon 
that i s  someth i n g  of a p u n .  

T h e  6809 m icroprocessor can deal w i t h  th ree d i fferent types 
of hardware i n terru pt: I RO ,  i nterrupt req uest; F I R O ,  fast i nterrupt 
req uest; and N M I ,  non-maskable i nterrupt .  F requent ly ,  the hard
ware 08-9 i s  ru n n i ng on can p roduce a l l  th ree types of i nterru pts. 
There are vers ions  of 08-9 that make some sma l l  use of F I R O  and 
N M I  i nterrupts, but  the I RO i nterru pt i s  the pr imary hardware 
i n terrupt i n  08-9 systems.  

A l l  i nterrupts ( i nc l u d i n g  software i nterrupts)  do about the 
same t h i n g .  They push the  M PU reg isters. fetch a n  add ress from a 
specia l  l ocat ion  i n  memory and j u m p  to  that address. Each type of  
i nterrupt gets the address i t  j u m ps to from a d i fferent l ocat ion .  Th is  
m akes i t  easy to  hand le  d ifferent types of i nterrupt wi th d ifferent 
rout ines. 

The F I RQ i nterrupt i s  a l i tt l e  spec ia l .  I t  i s  m eant to be u sed for 
devices that need except iona l ly fast serv ice. F I R Q  just pushes the 
prog ram counter  (PC) and cond it ion  code (CC) reg isters . Other 
i nterrupts push a l l  the reg isters .  8avi ng fewer reg i sters makes 
serv ic i ng  a F I R O  requ est faster than the other i nterrupts. 
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The hardware i nterru pts enter the  microprocessor on specia l  
l i nes. There i s  a p in o n  the 6809 ch i p  for each of the th ree hardware 
i nterrupts ( p l us one for reset , wh ich  acts a l i t t le l i ke an i nterru pt) .  
The 6809 i nstruct ion  set i nc l udes t h ree i nstruct ions that cause 
software i nterru pts (SW I ,  SWI2 ,  and SWI3) . These i nstruct ions  
push the  reg i sters and jump t h rough a vector j ust l i ke h ardware 
i nterrupts.  The OS9 i nstruct ion  used i n  assembly l ang uage pro
g rams i s  act u a l ly shorthand for a SWI2  i nstruct ion fo l l owed by a 
byte wi th  the SVC n u m ber .  

POLLING 
____________________________________________________ _ 

Some operat i ng systems (e .g .  CP/M) use a tec h n i q ue cal led 
po l l i ng .  I n  t h i s  type of system each p iece of hardware that m igh t  
need attent ion  i s  po l led (or  chec ked) a t  frequent  i nterva ls .  I n  a 
system wi th  a pr i nter on  a para l le l  port and a term ina l  o n  a ser ia l  
port the  overhead i nvo lved i n  pol l i ng the I/O devi ces i sn 't too 
much .  The ser ia l  port w i l l  need to be checked a few t housand t imes 
per second;  the  pr i nter ( be i ng  a s low output device) can be po l led 
m u ch l ess freq uent ly  - 200 t i mes per second sho u l d  be enou g h .  
W h e n  a program i s  ru n n i ng ,  i t  m ust take respons ib i l i ty for any 
pol l i n g .  There is no  automat ic way for the operat i n g  system to  take 
over at i ntervals .  

THE AlTER NATIVE ______________________________________________ __ 

U nder OS-9, i nterru pts are precisely a way for the operat i ng  
system to take  over when  i t  i s  req u i red . I /O  ports are programmed 
to prod uce an IRQ i nterrupt every t ime they need attent ion .  When 
the I RQ is received, OS-9 is g iven control of the mach i ne so i t  can 
hand le  the event .  S i nce an i nterrupt is on ly  generated when some
t h i n g  act u a l ly needs do ing ,  there i s  no  constant need to watch for 
devices that need serv i ce .  Ne i ther user programs nor OS-9 need to 
do any pol l i n g .  

T h e  m ost i mportant  resu l t  o f  t h e  use o f  i nterrupts i s  t h at I /O i s  
s i m p l i f ied for users. OS-9 deals w i th  a l l I /O h ardware. I f  a program 
i sn 't ready for i nput  when a byte arr ives, 08-9 holds it in a b uffer 
u n t i l  t he  p rogram requ ests i t .  S i m i lar ly ,  OS-9 w i l l  ma i nta i n a buffer 
of characters ready for output if a program is p roduc ing  output 
faster t h an the output  dev ice can take i t .  

MULTITASKING AN D  TH E  CLOCK _____ _ _ _ _ _ ________ _ 

OS-9 m u l t i task i ng capa b i l i ty i s  a lso based on  i nterrupts. I/O 
hardware m ay produce frequent  i nterrupts i n  an  OS-9 system, but 
they can' t  be re l ied on.  M i n utes m i g ht pass without a s i ng le  110 
operat i o n .  To ensu re t h at OS-9 gets contro l at frequent i nterva ls, 
every OS-9 system h as a spec ia l  dev i ce that p rodu ces i n terru pts. 
These i nterru pts, ca l led t i mer i nterrupts, come 1 0  t i mes per 
second on a Level O n e  system,  and 1 00 t i mes per second u nder 
Level Two. O S-9 u ses the t i mer i nterr u pt as a t r igger  for i ts house
keep i n g  o perat ions .  When several p rocesses are r u n n i ng ,  OS-9 
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switches the  c u  rrent  p rocess off and starts another every few c lock 
t icks (d i fferent n u m bers of t i cks for d i fferent systems) . 

Switc h i n g  f ro m  one process to a nother several t i mes per 
second makes it poss i b le  for OS-9 to appea r  to  ru n several  p ro
g rams at the same t i me.  If you were a very fast-mov ing house 
pa inter ,  you cou l d  work on  a l l  four wal l s, movi ng q u i ck ly aro u nd 
the house. I f  you moved fast enough ,  a spectator m i ght t h i n k  that 
fou r  pai nters were work ing  s lowly ,  one on each wal l .  

I f  you a re t h i n k i n g  about  t h e  h u ge amount o f  t i me that pa i nter 
wou l d  waste r u n n i n g  f rom wa l l  to  wal l ,  you a re r i ght .  OS-9 uses 
i m portant  t i me servic i n g  t i mer  i nterru pts and switch i ng context 
from one process to another .  The more freq uent i nterru pts in Level 
Two systems are one of the reasons  p rog rams run  a l it t le faster 
u n der Level One.  St i l l ,  the problem isn 't that bad. A 1 0th  of a 
second i s  a long t ime  for a com puter.  Execut ing a h u n d red or  so 
i nstruct ions to start a new process every 1 0t h  of a second isn ' t  a 
heavy b u rden for a p rocessor that executes h u n d reds of thou
sands of i nstruct i ons per second .  In  sum mary, su pport i ng m u lt i 
task ing  has some cost , but i t  i sn ' t  a la rge  price to pay. 

______________________ THE POLLING TABLE 

When an  I R Q  i nterrupt comes i n ,  OS-9 on ly  k nows that some
t h i ng needs attent ion .  I t  h as a l ist ,  cal l ed the I R Q  Pol l i ng Table,  of 
every dev ice that m i g ht cause an I R Q .  For each i nterrupt,  OS-9 
runs th ro u g h  the table chec k i ng the status reg ister of each dev ice 
i n  the table to see i f  i t  sent the i nterrupt .  Th is  is c l assical pol l i ng 
and i nvolves overhead i n  t hat i t  doesn't go d i rectly to the sou rce of 
the i n terrupt .  The advantage OS-9 has over other operat i ng sys
tems that use pol l i ng without i nterru pts is that OS-9 on ly needs to 
pol l  when someth i ng needs attent ion .  

The f i rst entr ies i n  the table get  s l ig ht ly faster serv ice than 
l ater entries .  Devices t hat n eed extra fast serv ice can force t hem
selves to the beg i n n i ng of the table by request i ng a h i g h  pr iori ty 
when t hey enter themselves i n  the table .  The F$ I RQ serv ice 
request i s  used to u pdate the table .  Check the example  device 
d rivers i n  the workshop sect ion  of th i s  book for samples of the 
F$ I R Q  SVC i n  act ion .  

______________________ MASKING I NTERRUPTS 

Somet i mes i t  is i m portant to  execute a b loc k  of i nstruct ions 
w i thout i nterrupt i o n .  Th is  is  a l most never a concern for reg u lar  
prog rams,  but  for parts of OS-9 i t  is  a real issue.  When a device 
dr iver is i n  the m i dd le of u pdat i ng a q ueue ,  i t  can't tolerate another 
vers ion of i tse l f  mess ing  with the same q ueue.  I f  you wr i te a system 
wi th  two or more p rocesses wr i t i ng i nto the same data module .  you 
w i l l  need to prevent i nterru pt ions dur ing  some b locks of code. 
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The most e legant way to protect a seq uence of i nstruct ions is 
w i th  the 6809 inst ruct ions that read , mod ify and write memory a l l  
i n  one i nstruct ion .  These instruct ions can't b e  i nterrupted even by 
a separate p rocessor or DMA dev ice.  They are inc ,  dec, com, asl ,  
asr, neg ,  ro l a n d  ror. I usua l ly  use t h e  i nc/dec pa i r .  They change 
memory and set the cond i t ion code in a conven ient way. N o  item i n  
the l ist of i nstruct ions that read , mod ify and wr i te as a u n i t  w i l l  
mask i nterru pts, but these i nstruct ions do modify memory without 
leav ing  an open ing for an i nterrupt. 

I f  you need to protect several i nstruct ions you can mask i nter
ru pts by sett i ng two b i ts i n  the cond i t ion code reg ister. The 
seq uence is :  

orcc #lntMask 

andcc #intMask 

The e l l i pses represent i nstruct i ons that can 't be i nterrupted 
except by a N M I  or reset .  I f  you m ust use t h is t r ick ,  keep the 
n u mber  of protected i nstruct ions to a m i n i m u m .  Don't  use any 
05-9 serv ice req uests; they are l i ke ly  to u n mask i n terrupts for you .  
When i nterrupts are masked, 05-9 can ' t  serv ice i nterrupts. I/O 
comes to a ha l t .  I n  some systems, even the c lock fa l ls beh i nd .  

SUMMARy ____________________________________________________ __ 

I n  t h is chapter you have learned somet h i ng about what i nter
ru pts are and why they are i m portant to 05-9 . The under ly i ng  
mechan ism for  mu l t i task ing  came to  l i g ht ,  and  tr icks fo r  p rotect
i n g  "cr i t ical  sections" of code f rom i nterrupt ion were d iscussed . 
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PART VI: POT OF GOL D  

C HA PT E R  29 

modu les 

I n  th is  chapter we g o  i nto considerab l e  depth about 08-9 
mod u les. 

____________________ WHY THERE ARE M ODULES 

One of the f i rst th i ngs 08-9 does w h i le i t  is boot i n g  u p  i s  to 
check t h rough memory for ROM ( Read O n ly Memory) , RAM 
( Random Access Memory )  and ,  i n  some systems, damaged 
memory. Undamag ed RAM is  d ist i n g u ished by  being able to store 
d ata.  A byte can be saved i nto RAM and read back i ntact. To m a ke 
certai n  the byte i sn 't R O M  that j ust happens to conta i n  the test 
va lue,  0 8-9 does th is test twice with d i fferent va lues. 

R O M  always contai ns the same data regardless of what is 
w ritten i nto i t ,  but  locat ions  that d on't have RAM or  ROM can act 
j ust the same way. The prob lem that faced 08-9's des igners was 
h ow to d isti n g u ish R O M  from non-memory. Mod u le st ructu re 
m akes usefu l memory d ist i nct from j u n k .  That i s  the f i rst use 08-9 
makes of mod u l es,  but they are also an i m portant part of the 
overal l des ign of 08-9 

__________________ H OW M ODULES AR E I DENTIFIED 

Verify ing  that a b lock of memory contai ns a mod u le h as to be 
done acc u rately.  I t  wou ld be catastroph ic  i f  08-9 were i nc l i ned to 
f i nd  mod u l es where there was on ly  randomness. 8 i nce it is  
frequent ly employed to ident ify modu les,  the process m ust ru n 
fast. The process 08-9 uses i s  somet h i n g  of a compro m ise. I t  
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verif ies a mod u l e  i n  stages. The f i rst two stages w i l l  q u ick ly reject 
a l most anyt h i n g  that isn 't a modu le .  The last stage is s low, but 
carefu l .  

The beg i n n i ng of a mod u l e  i s  marked wi th  a spec ia l  two-byte 
code, Hexadec i mal  87CD.  I t  i s  poss ib le  that t h i s  code cou ld  occ u r  
somewhere other t h a n  t h e  start o f  a modu le.  T o  make certa in that i t  
has ident i f ied a modu le,  a n d  t o  learn more about t h e  modu le  ( i f  
that's what i t  i s ) ,  OS-9 ver if ies that t h e  mod u l e  f i ts a spec i f ied form . 

The f i rst n i ne bytes i n  a modu le  a re ca l led the mod u l e  header. 
The header conta ins the sync bytes ($87CD)  and i nformat ion  
about  the modu le :  i ts  length , name, use ,  type, att r ibutes, and 
rev is ion leve l .  After these val ues comes the second check on the 
val i d ity of the modu le,  the Header Check byte. The Header Check 
byte conta ins  the one's comp lement of the vert i ca l  parity of the 
other e ight  bytes i n  the mod u l e  header. 

THE HEADER CHECK ____________________________________________ __ 

The Header Check i s  a s i m ple form of CRC (Cyc l i c  Red u n
dancy Chec k ) .  The vert i cal parity is taken by exclusive or'ing 
together the f i rst e ight  bytes. The effect of a n  exclusive or o pera
t ion  on two bytes is to leave 'on '  (the value '1 ' ) on ly those b i ts wh ich 
a re on in  o n ly one of the two bytes. For exam ple, i f  the b inary 
n u m bers A=%01 1 01 01 0 and B=%1 01 01 01 0 were exclusive or'd 
toget her, the  resu l t  wou ld  be %1 1 000000. Work i n g  from the most 
s ign i f icant  ( l eftmost) b i t  to the least s ign if icant b i t :  

The f i rst b i t  in  A i s  0 and the f i rst b i t  in  B is 1 .  
S i nce one of them is  1 the resu l t  i s  1 .  

The second bit i n  A is 1 and the second b i t  i n  B is O.  
S i nce on ly  A's secon d  b i t  i s  1 ,  the resu l t  is  1 .  

The t h i rd b i t  i n  A and B are both 1 
so the result  is O .  

The fou rth b i t  in  A and B are both 0 
so the resu l t  is O .  

The last four  b i ts in  A and B are ident ica l ,  %1 01 0 i n  both ,  
so the resu l t  is  0 for  each b i t :  %0000. 

The 1 's com plement operat ion  reverses the state of each b i t  i n  
a n u m ber. Each 1 becomes a 0, and each 0 becomes a 1 .  I f  a 
n u m ber  i s  exclusive or'd (XO R )  wi th  i ts 1 's comp lement ,  the resu l t  
is a l l  1 'so 

A = %1 1 001 1 01 
1 's complement of A = %001 1 001 0 
A XOR Complement of A = %1 1 1 1 1 1 1 1  

Because of th is  t ri ck ,  i t  is  easy to chec k  the co rrectness of the 
Header Check .  A l l  the bytes in  the header, i nc l ud i ng  the Header 
Check ,  are exclusive or'd together.  If t he resu l t  isn't % 1 1 1 1 1 1 1 1 ,  
somet h i ng is wrong .  Actua l ly  the easiest way to do th i s  is to take 
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the 1 's comp lement of the vert ica l  par i ty (XOR) of a l l  n i ne bytes i n  
the header. T h i s  is  t h e  same operat ion that was used t o  generate 
the Header Check ,  except that we i nc l ude the Header Check with 
the rest of  the header i n  the calc u lat ion .  I f  the resu lt isn 't 0, the 
check fa i ls. 

The type of CRC used to calcu late the Header Check is on ly 
able to catch one-b i t  errors i n  the header. I f  the Header Check is 
bei ng ver if ied over random data there is one chance i n  256 that i t  
wi l l  accept the data as a va l i d  header. I f  i t  is  run on a damaged 
header, i t  wi l l  be ab le to detect some problems,  but, i f  two bytes are 
damaged, ver i f icat ion of the H eader Check can miss the problem.  
I f  the t h i rd and fou rth  bytes in  the header are %01 1 1 1 000 and 
%01 01 001 1 ,  the i r exclusive or would be %00 1 01 01 1 .  There are 
many other pa i rs of b i nary n u m bers that can be exclusive or'd with 
each other to g ive the same resu l t :  %00000000 and %00 1 0 1 01 1 are 
a s i m p le examp le .  I f  on ly  one byte is changed,  the H eader Check 
wi l l  not veri fy ,  but i f  two n u m bers are cha.nged, there is a chance 
the damage wi l l  go u ndetected . 

_____________________ THE MODULE CRC BYTES 

I t  i sn 't l i ke ly that the Header Check and the sync bytes wi l l  be 
correct by chance, but ,  even if they are, there is one more check 
which w i l l  be made before a b lock of memory is cons idered a 
mod u le .  08-9 keeps a m uch more soph ist i cated th ree-byte CRC 
check of  the ent i re m od u le .  The check is run ,  from the sync bytes 
on ,  for the length g i ven i n  the mod u l e  header. The CRC a lgor i thm 
used w i l l  detect any reasonab le form of damage, and the chances 
of it check i n g  out  over rand om data are one i n  about 1 6  m i l l i on .  
Taken together w i th  the  chances o f  the  Header Check ver i fy ing  on 
random data, the probab i l i ty of m istak ing  j u n k  for  a mod u le is on ly  
about  one i n  fou r  b i l l i on .  

There is no need to  know the  CRC a lgori th m .  I t  is  a lways best 
to use the code i n  08-9 to generate and check CRCs v ia the 
F$CRC and F$VModu l  system service req uests. However, the 
mark of a good systems programmer is cur ios i ty about j ust that 
k i nd of t r iv ia ;  so, here are some deta i l s  about CRC calcu lat ion .  For 
those of you who are co ntent to let 08-9 hand le  t h i s stuff , i t  is 
perfect ly  safe to sk ip  ahead. 

___ . ________________ HOW THE MODULE CRC WORKS 

Cyc l ic Red u ndancy Check ing  (CRC) is an a lgor i thm for error 
detect ion in b locks of i n format ion .  I t  is  more effect i ve for detect i ng  
errors than  for s im p le parity chec k i ng ,  bu t  su bstant ia l l y  harder to 
do. I n  the C R C  a lgor i t h m ,  the ent i re mod u le  to be checked is 
treated as one cont i n uous stream of bits ,  a large b i nary n u m ber. 
F i rst, the n u m ber is sh i fted to the l eft enough to leave space for the 
CRC code at the low-o rder end ( i n  the case of 08-9 mod u les ,  a 
th ree-byte left-sh i ft ) . The CRC code is the remai nder after th is  
number is d iv ided by the "generat i ng  po lynomia l "  us ing mod-2 
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d iv is ion .  ( A l l  o perat ions are i n  base two, no borrow ing  or carry
i n g . )  The check b i ts a re appended to the end of the  modu le when 
the m od u l e  i s  generated .  

When the  eRe a lgor i thm i s  ru n on  a b i t  stream i nc l u d i n g  the 
eRe code ,  the  resu l t i ng  code w i l l  be  zero. Perhaps an  example  
us ing  standard dec ima l  ar i th met i c  wou ld he lp  ( though ,  i n  fact, 
eRe is t r ick ier  i n  decima l ) .  

I f  t he gen erat i ng po lynom ia l  i s  the n umber 1 3, t he  eRe code 
for t he n umber 275, 1 01 , 7 1 2  i s  5. 

2751 01 7 1 2  m ust be sh i fted left two dec i mal  d i g i ts g i v i ng  
275 1 01 7200. 
D i v id i ng  by 1 3  g ives 2 1 1 61 6701 5 remai nder 5. 
S u btract i ng 5 f ro m  the or ig ina l  n u mber  g ives 2751 0 1 7 1 1 95 .  
R u n n i ng the  eRe a lgor i thm on 2751 01 7 1 1 95 g ives a e R e  
code of 
o because 2721 01 7 1 1 9500 is perfect ly d iv is ib le  by 1 3. 

You p robably not iced t hat the  resu l t  of the eRe calcu lat ion  i n  
the dec i ma l  case wasn ' t  t h e  or ig i na l  n u m ber  fo l lowed by the eRe 
code. When the  operat i o n  i s  done in  b inary m od-2 everyth ing  
works out  smoot h ly .  O n e  i mportant  th i ng to  not i ce about mod-2 
ar i thmet i c  is  that add i t ion  and subt ract ion  g i ve the same res u lt .  
S ince there are o n l y  the  d i g its 0 a n d  1 ,  a n d  there i s  no  carry o r  
borrow: 

1 +1 =0 and 1 -1 =0 
1 +0=1 and 1 -0=1 
0+0=0 and 0-0=0 

Because of th is  pecu l i a r  behavior ,  su btract i o n  is a useless 
operati o n  i n  p ro per  eRe calcu l at ion .  Beari n g  th i s  i n  m i nd let's g o  
a l i tt l e  deeper i nto the math:  

Let the m od u le be rep resented by M 
Let the generat i n g  po lyno m ia l  be represented by G 
Let the n u m be r  of b i ts i n  the eRe code be k 

X M sh i fted left k b i ts 

X O + R  

G G 

where Q i s  the  q u ot ient  f rom the d iv is ion and R is the 
rema inder. 

R X - O * G  
o r ,  s i nce add it ion  a n d  subtract ion  a re the same, 
R X + O*G 

The m odu le w i th  the eRe code attached i s  
V X + R  
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8 i nce 
X + R Q"G 

V i s  even ly  d iv is ib le  by G .  

T h e  a lg o ri t h m  actual ly used i n  08-9 i s  s l ight ly  d ifferent from 
the standard C R C  a lgor i th m .  F i rst ,  s i nce d iv is ion of l a rge  n u m be rs 
i s  s low,  0 8-9 u ses a speci a l  t r i ck  for  f i n d i n g  the rema inder  of 
mod-2 d iv is ion that uses mostly sh i ft and exclusive or i nstruct ions .  
I t  a lso d iffers from the  normal  CRC a lgor i thm in  that the i n it i a l  
val u e  for  the CRC acc u m u l ator is  $FFFFFF  i n  0 8-9 i nstead of the  
normal  $000000, and  the  CRC code i s  complemented before i t  i s  
used. The resu l t  of a l l  the changes i s  that the CRC code for  an  
i ntact m od u le i nc lud i ng CRC shou l d  be  $800FE3, the CRC gener
at ing polynomia l ,  i n stead of  $000000. 

The a lgor i thm used for CRC gen erat ion i n  08-9 is as fo l l ows. 
I n i t i a l ize the CRC accum u lator: 

CRC[ 1 ] = $ F F  
CRC[2]  = $ F F  
CRC[3] = $ F F  

F o r  each byte from the beg i n n i n g  t o  the end o f  the m odu le  
Let B = t he  byte 
Let 0 = B XORed C R C[ 1 ] 

/* sh i ft left 8 b its * j 
CRC[ 1 ]  ::::: CRC [2] 
CRC[2] = CRC [3] 

E = 0 sh i fted left six ( E  i s  a two byte q uant i ty) 
/*  add E to C R C  us ing  m od-2 add i t ion *j 
CRC[2  . . .  3]  = CRC[2  . . .  3 ]  XOR E 

/* Ca lcu late the m od-2 sum of  b its 8 ,7 ,5 ,  and 1 i n  0 * j 
o = ( 0  sh i fted l eft 1 )  XOR 0 
o ( 0  sh i fted left 2 )  XOR 0 
o ( 0  sh i fted l eft 4) XOR 0 
j* I f  the resu l t  of the addi t ion i s  1 "j 
If the h i g h  o rder  b i t  of 0 is 1 

CRC[ 1 ] = CRC [ 1 1 XOR $80 
CRC [3] = CRC [3] XOR $21 

________________ GETTING AROUND CRC PROTECTION 

Every m od u le i n  memory i s  val i d ated once before it i s  p laced 
i n  the m od u le d i rectory. The val idat ion  takes p lace d u ri n g  boot
strap for R O M ed m od u les ,  a n d  wh i l e  a m od u le is bein g  l oaded 
from d is k  for other modu les.  It i s  fortunate that 08-9 doesn't 
rever i fy the  va l i d i ty of  modu l es once they a re i n  the m odu le  d i rec
tory because there a re many occasi ons when you wi l l  want to 
modi fy a modu le  in memory, and generat i ng  a new CRC each t ime 
a mod if i cat ion is m ade m i g ht be s low work . 
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Debug may be used to mod i fy a mod u le i n  memory .  I t  is  
com mon ly  used to app ly patches, and make ad hoc modif i cat ions 
to var ious modu les. Changes made by Debug cause the CRC 
va lue  fo r a module to change without actua l ly  a l ter ing the CRC 
bytes. I f  the CRC for mod i f ied mod u les were rever if ied,  the 
changes wou l d  cause the mod u le  to be rejected for bad CRC. 

S i n ce a m od u l e  is safe once i t  is  in the d i rectory, modu les can 
be mod i f ied ,  e i ther because of specia l  c i rcu mstances ( Debug
g i ng )  or  as a matter of cou rse , as is somet i mes done wi th  data 
modu les. 

WHAT TYPES OF MODULES ARE THERE? _______________ _ 

The h i g h-order nyb le ( fo u r  b i ts)  of the type/ lang uage byte i n  
t h e  m od u le header can b e  used t o  specify any one o f  1 5  modu le  
types. The low-order  nyb le  specif ies one of  1 6  languages. These 
va l ues a re used by the OS-9 kernel  and the she l l  to p lace the 
modu le  in the r ight p lace and do the r ight  th i ngs with i t .  

O n l y  seven of the ava i lab le  1 6  mod u le lang uages have been 
def ined .  Of those seven ,  o n ly fou r  represent languages that are 
actua l ly  used; and of those fou r, on ly  two have any real effect on 
the fu n ct ion of the modu le .  The language specif icat ion  doesn 't 
necessar i ly  ref lect the p rogra m m i ng lang uage used to generate 
the modu le .  It i nd icates the actua l  lang uage i n  the mod u le .  I f  
someone ever comes out wi th a C comp i ler that generates 
BAS I C09 I -Code, the m od u le wi l l  be tagged as I -Code, not 
C-Code. 

The pr imary use of the lang uage speci f icat ion i s  by the she l l .  
When t h e  she l l  p repares t o  execute a prog ram,  i t  checks the 
mod u le's l anguage.  I f  the lang uage i s  O bject code i t  forks the 
modu le ,  but  i f  i t  i s  BAS I C09 I -Code, i t  forks R u n B  to run the 
I -Code. This makes i t  a ppear that the I -Code f i le is  bei ng d i rect ly  
executed. 

The Type spec i f icat ion  m i g ht be better named Usage. The 
type nyble te l l s  what the mod u le wi l l  be used for .  Most non-system 
modu les are prog rams, but not a l l .  I f  you write a f loat i ng po in t  
package as  a mod u le  that p rograms can  l i nk  to when they need 
f loat i n g  po in t  servi ces, the f loat i ng po i nt mod u le wou l d  probably 
be of the S u brout ine type. 

Su brout ine  modu les are a featu re of OS-9 that hasn't caught  
on as we l l  as  i t  deserves . The better p rog ra m m i n g  lang uages 
permi t  a prog rammer to b u i ld a program a p iece at a t i me. These 
p ieces a re com bi ned by the l ang uage or a l i n k  ed i tor  to form one 
prog ram wh ich  can be l oaded and executed . The reasons for 
m od u lar  des ign  have been exhaust ively d iscussed i n  the Com put
er Sc ience l i te ratu re. Let's j ust say that m ost peop le ag ree that it is 
a good way to c reate software. If the p ieces (ca l led modu les) used 
to bu i ld a p rog ram are wri tten genera l l y  enoug h ,  they can be 
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col lected unt i l programs can be b u i lt l a rgely from exist ing  modu les. 
In OS-9, m od u l es need n ot be passed throu g h  a l i n k  ed i tor i n  o rder 
to be used.  The l i n kages between the modu les can be made as the 
program is  execut i ng  by us ing the OS-9 F$L i n k  and F$Load SVCs. 

If a program is  w ri tten as one large mod u le ,  changes to that 
program w i l l  requ i re that the ent i re p rogram be recomp i led.  I f  the 
prog ram is  w ritten us ing modu les that are bound to one another by 
a l i n k  ed i tor, then o n ly the mod u l es conta i n i n g  changes w i l l  need 
to be recomp i led.  The l i n k  ed i tor ,  however, wi l l  need to be run 
aga in .  I f  the modu les a re bound w h i l e  the p rogram i s  execut i ng ,  
then on ly  the m od u les that need changes need be  recomp i led ,  and  
no l i nk  ed i t  need be  done. The o l d  modu les m ust be  rep laced with 
the new ones on  d is k  or in  memory ,  and that 's that .  Somet i mes, 
mod u l es in a run n i ng p rogra m  can be rep laced without stopp ing 
the p rogra m .  I don't k n ow of any way to r ig  a p rogram so that 
modu les actua l ly bein g  executed can be rep laced; but  w i th  carefu l 
(s l i ght ly i neff ic ient )  p rog ra m m i ng ,  a p rogra m  can be designed so 
that any modu le  other than the one bei ng executed can be 
replaced on the fly. 

Fou r  specia l  m od u le types a re used for OS-9 i tse lf .  The OS-9 
kernel mod u les, OS9P1 and OS9P2, together w i th  l OMAN,  are 
System modu l es .  The f i le  managers,  P i peman,  SCFMan and 
RBFMan ,  are a l l  F i le Manager Modu les. M od u l es l i ke ACIA,  P IA ,  
G68, and CCDisk  are device dr ivers, and  dev ice descriptors l i ke 
TERM and DO have the i r own type. 

The system mod u le  types i nform OS-9 that those mod u les 
belong i n  the system a rea, and g i ve an extra c heck that a mod u le i s  
the r ight  one. 

Two mod u le  type/ language combi nat ions are spec ia l  i n  that 
they can't be executed .  The device descriptors don't contain any 
executab le i nstruct ions, j ust l ots of i n format ion .  There is a p rov i
s ion for non-executab le m od ul es other than Dev ice Descr iptors. 
The Data modu le  type can be used for any m od u le that you don't  
i ntend to have executed.  They are used to store g l o ba l  data and 
config u rat ion  i nformat ion  for user program s. They have even 
been used as an exot i c  way of m ak i ng the I /O address range 
ava i lab le  to user  programs in  OS-9 Level Two. 

__________________ TH E  M ODULE R EV ISIO N  N UMBE R  

The byte after t h e  type/language byte i n  t h e  mod u le  header i s  
the  att r ibutes/rev is ion  byte. The rev is ion n u m ber has no  i nf l uence 
on what is done wi th  the m od u l e  once i t  i s  l oaded - rev is ion two i s  
treated j ust l i ke rev is ion one. I t  i s  o n l y  i m portant d u ri ng  the actual 
load i ng process. A m odu le  a l ready in memory can't be replaced by 
another  mod u l e  l oaded from d isk u n l ess the new m od u le has a 
h igher rev is ion n u mber. 
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REENTRANT MODULES __________________________________________ ___ 

Few mod u les u nder OS-9 are not reentrant .  A l l  the  operat i ng  
system mod u les are, and  a l l  t he  h i g h  level languages generate 
str ict ly reentrant code. A reentrant modu le  can be used by several 
d i fferent processes at the  same t i me without any of them knowi ng 
that  they are shar ing the modu le .  The o n ly req u i rement fo r th is  
( u nder OS-9) is  that the mod u le m ust not a lter itself or reference 
any f i xed memory locat ions. Even referenc ing  f i xed locat ions can 
be done if you are carefu l .  

Reentrant  mod u les are a tool w h i c h  can save large amou nts of 
memory, but on ly  if they are wel l used . Some mod u les ,  l i ke 
BAS I C09, are freq uent ly  used by more than one process at a t i me. 
This saves about 24K for each process, after the f i rst, because on ly  
one copy of  BAS I C09 needs to  be loaded for  a l l  the processes. 
M ost modu les aren ' t  as wide ly used as BAS I C09. Most s ing le  
mod u le programs are too spec ia l ized to be  of general i n terest. 
These programs are probably fu l l  of code that wou ld be usefu l to 
other programs, but there is no way to share i t .  

A wel l-des ig ned modu lar  p rogram is b u i l t of a set  of mod u les ,  
each as i ndependent of the others as poss i b le ,  and each perform
i n g  one task or  a c losely related g roup  of tasks. Mod u les that are 
part of a we l l -mod u larized prog ram are very l i ke ly  to be usefu l to 
other programs. If the mod u les are reentrant, there w i l l  on ly  need 
to be one copy of a mod u le i n  memory, regard less of the n umber of 
p rograms us ing the mod u le. 

I t  wou ld be n ice if OS-9 came with a wel l -developed l i brary of 
service mod u les. Perhaps, by the t ime th is  book is ava i l able, that 
k i nd  of l i brary wi l l  be ava i lab le .  There is room for a mod u le -
perhaps several modu les - for f loat ing  po int support ,  for conver
s ions and pr in t  formatt i ng ,  and for str ing fu nct ions. 

A mod u l e  ca l led GoToXY is often used to i nterface a prog ram 
to a term i na l .  Each person us ing a program that needs GoToXY 
m ust f i nd or wr i te a GoToXY that fits h is term i n a l .  If he changes to 
a new brand of term i na l ,  o n l y  the GoToXY mod u le need be 
changed.  

Several types of serv ice modu les a re a l read y supp l ied by 
M icroware - the operat i ng  system i tself .  OS-9 is b u i l t  of mod u les. 
The services offered by these mod u les are access ib le  th rough the 
Su pervisor Serv ice requests. 

Modu les are the way OS-9 stores prog ram code, operat i ng
system static tab les ,  and anyth i ng  programmers want to stuff i nto 
data m od u les .  The modu le  header tel ls OS-9 enough about a 
mod u le's contents so that OS-9 is ab le  to t reat them as rather-so l id 
objects , d ist i n g u ished from i ts f l u ffy t reatment of data areas a l lo
cated by processes . You can get the locat ion of any mod u l e  i n  
memory from OS-9. There i s  no  way t o  f ind  out f rom OS-9 where a 
process's data is located . 
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_________________________________________ THE M ODULE DIRECTORY 

08-9 ma in ta ins  a l i st of a l l  the  mod u les in  memory, wi th 
i nformat ion  about each one,  cal led the Modu le D i rectory. I n  08-9 
Level Two each entry in the M odu le  D i rectory is e ight  bytes long .  
The Modu le  D i rectory entr ies each conta i n  a pO inter to a OAT 
i mage for the h o me add ress s pace of the modu le ,  the s ize of t h at 
address space, a po i nter to the modu l e  h eader i n  i ts home address 
space, and a l i n k  count  that records the n um be r  of t imes the 
mod u l e  h as been l i n ked m i n us the n um ber of t imes i t  h as been 
un l i nked.  Each of these f ie lds is two bytes long .  

The Modu le  D i rectory entri es i n  08-9 Level One a re on ly  fou r 
bytes l o n g .  They conta i n  a two-byte pO inter  to the modu le ,  and a 
one-byte l i n k  count .  The fou rth  byte i s  u nused. 

The M od u le D i rectory ent ri es for 08-9 Level One  a re shorter 
and s i m p le r  than the entr ies for Level Two because of Level Two's 
memory management featu res, and because Level One is expected 
to run fewer p rocesses. Each address space i n  08-9 Level Two i s  
descr ibed b y  a OAT poi nte r, wh i ch contro ls  t h e  way the OAT 
(Dynam ic Add ress Transl ator) wi l l  map blocks of memory for that 
add ress space. The OAT pointer also contro ls  the  n u m ber  of bytes 
in the add ress space. Each mod u le  d i rectory entry contains the 
OAT po i n ter  and length f ie lds to desc ri be the home add ress space 
of the modu le .  An add ress space can conta i n  more than one 
modu le ;  so,  the entry also conta ins the address of the mod u le  
with i n  the  address space. The l i n k  count  i n  a Leve l Two d i rectory 
entry is twice as long as the l i n k  cou nt in a Level One d i recto ry 
entry part ly because i t  is more reasonable for a l i n k  count  to 
exceed 256 i n  Leve l Two, and part ly because the a lgor i thm for 
fi nd i ng Modu le  D i rectory entr ies req u i res that the i r length be a 
power of two . 

The a b i l i ty to use an add ress space as home add ress space for 
more than  one mod u le is an i m portant memory-sav ing  feature of 
08-9 Level Two. 8 i nce memory m ust be a l l ocated i n  b locks that 
can be m apped wi th  the DA T hardware ,  08-9 i s  usua l ly  forced to 
hand out memory in b locks of  two o r fou r  k i lo bytes (dependi ng on  
the OAT h ardware) . An  add ress space m ust conta i n  a t  least one 
block of memory .  I f  each m od u le h ad to have i ts  own address 
space ,  each m od u l e  wou ld consume at least fou r  k i lo bytes on  
most systems.  T h i rty-two sma l l  modu les wou ld  requ i re at least 
1 28K.  The OAT po i nter is used by 08-9 Level Two to ma in ta i n  
c lusters of  modu les .  I f  you l oad a g roup  o f  modu les f rom o n e  f i le ,  
they w i l l  a l l  be in a c luster and share an  add ress space. As long as 
the l i n k  count  for any m od u l e  i n  the b lock is n ot zero, the ent i re 
block w i l l  rema in i n  memory .  

Th is  i s  a usefu l feature that m ust be used with care. I f  several 
smal l mod u les a re co l lected in a f i l e  and loaded together, they can 
al l  share an  add ress space, but, of cou rse, there is no  way to 
release part of the add ress space; so,  there is no po in t  in remov ing  
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any m od u le i n  the add ress space from the Modu le  D i rectory un t i l  
the  ent i re add ress space can  be  freed. I f  a p rocess l i n ks to  any 
mod u l e  in the g roup ,  the ent i re bunch comes with i t .  OS-9 maps 
the ent i re add ress space conta i n i ng the desi red mod u le  i nto the 
req uestor's add ress space. The best way to cope with both of  these 
d i ffi cu l t ies is to moderate the size of c l usters of m od u les. The best 
s ize is  one OAT block of memory (two or  fou r  k i lobytes, depend ing  
on the OAT) . 

HOW MODULES ARE GENERATED _________________ _ 

The eas iest and most com mon way to generate modu les is 
with a prog ra m m i ng language.  The BAS I C09 pack i nstruct ion 
tu rns BAS I C09 proced u res i nto su brout ine modu les of BASI C09 
I -Code. Lang uages that compi le  to nat ive code prod uce prog ram 
modu les of 6809 object code. Assemblers are a lso used to prod uce 
prog ram mod u l es, but, assemb lers being  what they are, you can 
prod uce any type of module with them.  

There are two d i rect ives i n  M icroware's standard assem bler 
that are respons ib le  for generat ing  modu les. The M O D  d i rective 
generates the modu le  header, and must come before any con
stants or  operat ions in the prog ram .  The EMOD d i rect ive gener
ates the CRC code for a modu le.  I t  m ust be the last statement i n  a 
mod u le. Other assem blers ,  such as M icroware's RMA (Relocat ing  
Macro Assembler) ,  have s im i l ar mechan isms for generat ing mod
ule headers and CRC codes. 

The M O D  statement accepts as arg uments the val ues of the 
f ie lds in  a module header: 

1 )  The fi rst arg u ment is the length of the modu le. I t  is poss ib le  
to f ig u re out th is  n u m ber yourself and i nsert i t  here, but  i t 's a 
lot of work and not necessary. The length needed here is the 
n u m ber of bytes in the ent i re modu le, i nc lud ing  the header 
and CRC bytes. The eas iest way to f ind th is  n u m ber is to 
i nc l ude an EQU statement r ight  after the EMOD statement ,  
somet h i ng l i ke th is :  

EMOD 
ModLen equ * 

The ' * 
, 

i n  the  EQU statement is replaced with the prog ram 
add ress cou nter for that locat ion in tl1e program. S ince the 
program add ress cou nter cou nts from zero at the beg i n n i ng 
of the  modu le  header, its va lue after the EMOD statement is 
the length of the modu le.  

2) The second arg u ment is the  offset to the name of the 
modu le.  Th is value  can a lso be calcu lated by the assem bler. 
The way to do i t  is  to def ine  the name of the program as a 
constant somewhere i n  the program, and put the name 
ass ig ned to that constant i n  the MOD statement. For exam ple:  
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MOD ModLen,ProgName . . .  
ProgName fcs /Example/ 
Edition fcb 1 

The assem bler w i l l  use the add ress of Prog N ame i n  the  MOD 
statement .  The prog ram name shou ld  be def i ned us ing a FCS 
statement ,  rather  than an FCC, so OS-9 w i l l  be able to f i nd  the  
end  o f  t he  name. The Ed i t ion byte fo l lowing the  name isn 't 
necessary, but it 's a convent ion .  If you don't put a one-byte 
f ie ld h ere, i nd icat i ng t h e  vers ion of t he  program (or  whatever 
else you l i ke ) ,  com mands l i ke I DENT that pr in t  t he ed i t ion 
n u m ber w i l l  use wh atever fa l l s  in  t h at spot as the  ed i t ion .  
Noth i ng i m portant re l ies on th  is va l ue, but  i t  is  easy to i nc l ude 
and i t  makes your prog rams consistent with most other OS-9 
prog rams. 

3 )  The t h i rd arg u ment is  the va l ue to use for the type/ lan
g uage byte. There isn ' t  any shortcut for f i l l i ng th is  f ie ld  in .  I t  is  
best to use the names ass ig ned to types and lang uages in the 
OS9Defs f i le .  A mod u le statement l i ke: 

MOD ModLen,ProgName,$1 1  , .  . .  

w i l l  work f i ne,  but  i t  is easier to understand i f  i t 's written l i ke: 

MOD ModLen,ProgName,PRGRM+OBJCT, .. . 

If you elect to use names for lang uages and types, be sure to 
i nc lude the OS9Defs f i le in you r  program.  

4) The  fou rth  arg u ment is  the va lue  to use for  the attr i bute/re
v is ion byte. The o n ly att ri butes now supported are Reentrant 
and wri te protected - on most systems only Reentrant .  The 
rev is ion is a n u m ber that perm its you to create a mod u le that 
w i l l  replace a mod u le a l ready i n  memory .  The MOD statement 
so far looks l i ke: 

M O D M o d L e n , P r o g N a m e , P R G R M + O B J C T ,  
REENT+1 , . . .  

5) The next two argu ments d i ffer accord i ng to the type of 
mod u l e  be i n g  assembled .  Some types of mod u l e  don't  use 
them at a l l .  For program and subrout ine modu les these argu
ments are execut ion  offset and permanent storage s ize. The 
assemb ler  can calc u l ate both val ues with a l i tt le  he lp .  The 
execut ion  offset is  the offset to the  f i rst i nstruct ion  in the 
prog ram .  I t  can be found by assi g n i ng a label to the f i rst 
i nstruct ion  i n  the prog ram and us ing t hat l abel here. The 
permanent storage s ize needs a t r ick  s i m i lar  to the  one we 
used to f i n d  the  prog ram length .  A ske leton program i nc l ud
i ng all the stateme nts and tr i cks needed to generate a mod u le 
header and CRC would look someth i ng l i ke: 
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IFP1 
use IDO/DEFS/OS9Defs 
ENDC 
MOD Modlen,ProgName,PRGRM+OBJCT,REENT+1 ,Start,MemSize 

ProgName fcs IExamplel 
Edition fcb 1 
********* 
* Memory and stack space 
* 

MemSize equ . 
Start equ * 

. . .  The program is here 
EMOD 

Modlen equ * 

MemSize is  equated to ' . ' , wh ich rep resents the c urrent value 
of the prog ram data cou nter. S ince the prog ram data counter,  
l i ke the p rogram add ress counter ,  starts at zero at the beg i n
n i ng of the module, and u n l i ke the program address counter 
is i ncremented only for RMB i nstructions, the 

MemSlze EOU . 

i nst ruct ion wi l l  ass ign  the s ize of the data memory a l located 
so far to the sym bo l  MemSize. A nother  tr ick I s l ipped i n  th is 
example is the way I used the 

use IDO/DEFS/OS9Defs 

statement .  By putt i ng it  between I FP1 and ENDC, I p revented 
the assemb ler from looki ng at the OS9Defs f i le d u ring  its 
second pass. Not on ly does th i s  s peed up the assemb ly, it a lso 
prevents the contents of OS9Defs from bei ng pri nted out wi th 
the p rogram,  or  even bei ng assig ned l i ne n u m bers. 

SVCs THAT DEAL WITH MODULES _________________ _ 

The F$LOAD SVC reads modu les f rom a d isk  f i l e .  I t  needs the 
pat h l ist of the f i le  to read f rom.  The docu mentat ion may say that i t  
a lso needs the type/l ang uage byte for the modu le  you are look ing 
for, but it  i s  i qnored. I t  loads a l l  the modules in  the specified f i le  
i nto memory and p uts them into the mod u le d i rectory, but only the 
fi rst mod u le in the f i le has its l i n k  count i ncremented. The F$LOA D 
service requ est returns the same va lues i n  i ts reg isters as a F$L lNK 
on the f i rst modu le i n  the f i le  wou ld have; that i s ,  the  Mod u le 
type/lang uage byte of the f i rst modu le  loaded in  acc u m u lator-A, 
the Mod u l e  att r ibutes/revis ion byte i n  B, a po inter j ust past the 
path l i st in  X,  the address of  the modu l e  entry point  in  Y and the 
address of the modu le  header in  U .  Note that th is  serv ice requ est 
alters U ;  i n  most programs you ' l l  have to push U on the stack 
before th is  cal l  and pop it off afterwards. 
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There a re fou r  SVCs that retu rn  the add ress of a m odu le  wh ich 
is a l ready in  the mod u le d i rectory .  

The m ost common too l  used to locate a modu le  i n  memory i s  
the F$L l N K  SVC. I t  takes, a s  i np ut ,  t he add ress of a st r i ng  conta i n
ing the name of the modu le you want to l i n k  to and the type/lan
guage of the modu le. The name of the  m od u le must start w i th  a '  / '  
or  an a lphabet ic  character. I t  can  be term i nated wi th the OS-9 
standard end ing  - h i gh-order b i t  on  i n  the  last byte ( use fcs to do 
this) or with any non-a lphanu mer ic  character. If a type/lang uage 
is specif ied by l oad i ng i ts val ue i n to the A reg ister before cal l i ng  
F$L lNK ,  l i n k  w i l l  o n ly f ind  a modu le  that matches both the  
requested name and the req uested type/ langu age. I f  you  don't 
want to spec i fy one of these values, then l eave i t  as zero in the A 
register. For exa m p le ,  the hex va lue $ 1 0  w i l l  m atch a p rog ram 
modu le  in any language.  

The type/language and att ri bute/rev is ion bytes for a modu le 
found by the F$L l N K  SVC a re retu rned in  the A and B reg i sters. 
The X reg i ster i s  advanced past the modu le name i t  po inted to 
before the SVC. The address of the Modu le's header in your 
add ress space i s  retu rned in  U ,  and the entry address in  your  
add ress space in  Y .  A l l  that fuss about  add ress spaces i s  on ly  
important  i f  you  have LevE'l Two .  U nder Level O ne a l l  p rocesses 
share the same address space. 

F$E L l N K  is a system mode service req uest that i s  on ly  ava i la
ble u nder  OS-9 Leve l  Two. I t  i s  meant to be used from wit h i n  OS-9. 
It needs a pOi nter to the modu le  d i recto ry entry for the modu le  you 
want to l i n k  to. It a lso needs the attr i butes/revis ion val ue for the 
mod u le - the System P rogram mer's Manual  says i t  needs the 
Modu le  type, but  i t  i s  i ncorrect. The attr ibutes/rev is ion  byte i s  
used on ly  to determ ine  whether the m od u le i s  reentrant .  The val u e  
passed to F$EL l N K  i n  reg i ster  B overr ides any va lue i n  t h e  m od u le 
i tself .  

F$EL l N K  maps the m od u le i nto the add ress space of the 
process that is c urrent ly act ive accord i ng to  the D .Proc f ield i n  the 
system d i rect page .  Somet i mes th i s  f ie ld w i l l  po int to some p ro
cess descri ptor other than the one you want. Th is  problem can be 
overcome by tem porar i ly chan g i ng the p rocess descr i pto r  pO inter 
i n  D .Proc.  For exa mp le, D .P roc can be saved and D.SysPrc used. 

F$ FMODUL is  also a system m ode serv ice req uest for Leve l 
Two systems o n ly .  I t  is meant to work with the F$ E L l N K  SVC. 
F$MODU L  searc hes t he modu le d i rectory for the ent ry for a g i ven 
modu le name and type. The m od u le name i s  specif ied by a pO i nter 
to the name, and a po i nter to the OAT i m age for the address space 
the name str i n g  i s  i n .  L i ke the F$L l N K  SVC, i t  t reats zero nybles in 
the type as wi ld cards. F$M O D U L  retu rns the actua l  lang uage/ 
type and attr ibute/rev is ion  bytes of the  modu le  i t  f i nds, a po inter to 
the Mod u l e  D i rectory Ent ry ,  and  a po in ter  j u st past the m od u le 
name. 
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F$S L l N K  is another Level Two system mode service req uest. 
It acts l i ke F$L l N K , except that it a l l ows a OAT i mage poi nter for 
the mod u le name st r ing  to be spec i f ied with the address for the 
name. I t  l i n ks a mod u le i nto the cu rrent add ress space, but expects 
to f ind the name of the modu le  in another add ress space. It uses a 
po i nter to the OAT i m age of the addess space contai n i ng the 
mod u le name str i ng and the offset of the st r ing  with i n  that add ress 
space to f i nd the mod u le 's name str i ng .  See the chapter on Level 
Two Memory Mangagement I nterna ls  for deta i l s  on OAT i m ages. 

The F$U N L I N K  SVC is used to remove a module from an 
add ress space, decrement i ts l i n k  count ,  and ,  i f  its l i n k  count and 
the l i n k  co u nts of a l l  other mod u l es i n  its home add ress space are 
zero, release the address space's memory and the Mod u le D i rec
tory ent r ies fo r the mod u les i n  the add ress space. Th is  SVC on ly 
req u i res the add ress of the modu le  header fo r the mod u le  to be 
u n l i n ked . S i nce that address isn 't usefu l  for m uch other than 
u n l i n k i ng the modu le ,  i t  is  i m portant to remem ber to save i t  when 
the mod u le  is l i n ked. 

F$U N L I N K  has the same effect u nder Leve l One that i t  does 
u n der  Level Two .  It red uces the l i n k  count  of a mod u le, and 
removes i t  from RAM i f  the l i n k  count  goes to zero. 

F$U N LOAD is a user mode service req uest that is  o n ly ava i l a
b le u nder OS-9 Level Two , thoug h I expect i t  wi " be added to OS-9 
Level O n e  some day. I t  has the same effect as F$U N L l N K , but i t  
uses the modu le's name and language/type to locate the modu le , 
i nstead of us ing a poi nter to the modu le'S header. F$FM O D U L  is 
used to f i nd the Mod u le D i rectory entry fo r the modu le,  so the 
lang uage/type byte can conta in  zero nybles as w i ld  cards. 

F$CRC is used to ca lcu late the CRC fo r a mod u l e, or ,  for that 
matter, anyt h i ng e lse you want a CRC fo r. I t  needs the add ress of 
the b lock of data you'd l i ke a CRC for, the length of the b lock ,  and 
the ad d ress of a th ree-byte var iab le to put the CRC code i n .  If it 
i sn 't conven ient  to ca lcu late the CRC on an ent i re mod u le at once, 
F$CRC can be used on the modu le  in sect ions, provided that the 
sect ions are in  order, start i ng  wi th the f i rst part of the mod u le. The 
CRC var iab le w i l l  be used to acc u m u l ate the CRC va lue ,  so i t  
should be i n it ia l ized to $FFFFFF  before the f i rst ca l l  to F$CRC, and 
then left a lone un t i l  the ent i re mod u le has been passed th rough 
F$CRC.  

I f  you are us ing F$CRC to va l i date a modu le , accumu late the 
CRC t h rough  the ent i re module ,  i nc l u d i ng i ts CRC bytes. The 
accumu lator w i l l  conta i n  the generat i ng  po lynomia l  i f  the CRC 
code checks out.  

I f  you want to generate a CRC code, run F$CRC over what you 
have ( that is , everyth i ng but  the CRC) and complement the gener
ated CRC before stor ing i t  at the end of the mod u le .  Use the COM 
6809 i nstruct ion on each byte of  the CRC code to comp lement i t .  
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The service request that ver i f ies a mod u le and p laces i t  i n  the  
module d i rectory is F$V M O O U L. I t  is  a system mode req uest w i th  
sign i f icant d i fferences between Level O n e  and Two. I f  you are 
using Level One, F$VModu l  on ly  needs one parameter. I t  takes the 
address of the new module in  X .  I f  you are us ing Level Two, you 
need to g ive i t  both the OAT i mage po i nter  for t he address space 
conta i n i ng the new m od u l e  and the offset of the new m od u le 
with in  the memory covered by the OAT i mage. 
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CHAPTER 30 

memory management 

__________________________________________ THE THEORETI CAL BASE 

In  th is chapter you w i l l  learn about the mechan isms that sup
port OS-9 memory management .  The memory management 
mechan isms used u nder Level Two represent a substant ia l  exten
sion beyond Level One ,  so i n  t h is chapter we' l l  concentrate on 
issues re l evant to Level O ne.  The OAT and other issues that o n ly 
app ly to Level Two a re ment io ned i n  t h i s  c hapter, but  an i n-depth 
t reatment is  saved for the next chapter .  

Any o perat i ng system t hat perm i ts more than one program to 
run at a t ime n eeds a way of  d iv id ing  the system's memory between 
the p rograms. Both OS-9 levels one and two use rather soph ist i
cated memory m anagement schemes. I nstead of j u m p i n g  r ight  
i nto OS-9 in  th is  c hapter, I ' l l  start with some s im pler  memory 
management schemes and work u p  to OS-9's techn iques g radual ly .  

Manag i n g  a computer's memory is a l ot l i ke manag i ng on
street park i ng .  A system's memory, l i ke curb space, m ust be 
d iv ided u p  among users. I t  i s  good to use memory (or c u rb space) 
as effic ient ly as poss ib le, but keep i n g  the amount of  superv is ion 
requ i red to a m i n i m u m  is a lso i m po rtant .  

Of course, the  s i mp lest way to handle system memory i s  to 

p 
ignore the prob lem.  O perat i ng systems that on ly  deal wi th a s i ng le  
process don't need to concern themselves wi th  memory .  There a re 
many exa m pl es of operat i ng systems that don't  p rovide any 
memory management fac i l i t ies, i nc l ud i ng PC-DOS, CP/M, and 
FLEX. 
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FIXED PARTITION M EMORY ____________________ _ 

A nother s i m ple way to a l locate memory is to d iv ide it i nto 
several reg ions cal led part i t ions and a l locate a part i t ion  to each 
process. The part i t ions are set u p  when the computer is  started 
and not changed except by restart i ng  the operat i ng  system. 
Because of the permanent nat u re of the part i t ions, th i s  method of 
memory management is  cal led F ixed Part i t ion memory a l locat ion .  
Th is  i s  ana logous to the most com mon way of a l locat i ng  park i ng 
space - mark i ng off park i ng p laces wi th l i nes on the pavement 
and p lac i ng  one car i n  each p lace. 

It is s i m p lest if each part i t ion  is the same s ize, but each parti
t ion  can be d i fferent .  If they are all the same s ize, a process can 
e i ther  fit i n  any part i t ion ,  or  none of them.  S i nce each part i t ion  is 
eq ua l ly  usefu l ,  the operat i ng  system can ass ign  them any way 
that's s i m ple .  Part i t ions of a variety of s izes al low processes that 
req u i re lots of memory to be accom modated without hav ing  to 
make all the part i t ions big enough to hold them. The analogy in the 
park i ng world wou ld be to have severa l d i fferent s ized spaces. 
Some su itable for cars, others for t rucks. 

Th is  enhancement to the part i t ioned memory system causes 
lots of trouble .  I f  a" the sma" part i t ions are fu l l ,  can a process use 
one that's far too large for i t ,  or  shou ld i t  wait for a smal l  part i t ion to 
free up?  How many d i fferent s izes of part i t ion shou ld be used to 
get the best poss i b le use of memory? Th i n k  of the park i ng s i tua
t ion  aga i n .  I f  a l l  the car s lots are fu l l ,  shou ld  a car be perm i tted to 
use a t ruck  p lace? I s  i t  a good idea to have specia l  motorcycle 
p laces? How about com pact car park i n g  spaces? Remember that 
sma" spaces are eff i c ient ways to store smal l  veh ic les, but  they wi"  
be ent i rely wasted i f  smal l  veh ic les don ' t  need to park. 

An o perat i ng  system that uses part i t ioned memory i s  easy to 
wr i te, but  i t  tends to waste memory.  Attempt ing to f ix  the problem 
makes th is  method compl icated without f ix ing anyth i n g .  

There are some spec ia l  cases where part i t ioned memory i s  
f i ne. Many operat i ng  systems set aside a specia l  area i n  memory 
for smal l  u t i l i ty programs.  That i s  a tr iv ia l  examp le of part i t ioned 
memory. It is wasted space m uch of the t i me, but it isn ' t  a large 
part i t ion  so the waste is m i n i mal .  And ,  it is especia l ly usefu l  for 
r u n n i n g  prog rams l i ke pr in t  spoolers that are meant to be tucked 
out of the way. 

DYNAMIC ALLOCATION _____________________ _ 

I f  f ixed part i t ions aren 't good enough ,  memory can be a l lo
cated in su i tab le c h u n ks as i t  i s  needed . Th is  i s  a good idea, but it 's 
not as easy as i t  m ight  sound .  Let's move r ight  to the park i n g  
prob lem.  T h i s  system is  l i ke hav ing  a park i ng attendant who 
d i rects veh ic les to the r ight  spot wi thout  any l i nes on the pave
ment .  If there are a variety of d i fferent s ized veh ic les , the attendant 
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shoul d  be able to pack them much more eff ic ient ly than they cou ld  
be with p re-ma rked p laces. 

Th i ngs look very good as the f i rst batch of cars and t rucks a re 
parked, bu t  after a few l eave and ot hers a rr ive t rou ble starts to 
appear. Say the street is f i l led up end to end ,  then f ive smal l  cars 
leave from f ive separate locat ions .  Now a sma l l  truck arrives.  I t  i s  
small enoug h t o  f i t  i n  m u ch l ess than t h e  amount  o f  space j u st 
vacated by the f ive ca rs, but ,  s i nce the f ive em pty s lots a re i n  f ive 
different p laces, they are u seless to the t ruck ,  which needs to wait 
for another t ruck ,  or  a few cars parked next to each other, to l eave. 
If a truck leaves and a car gets to the p lace fi rst, it w i l l  take up some 
part of the  space. That u ses up a space b ig  enough for a truck.  
Most of the  space is  st i l l  there ,  but  i t  i sn 't any good for the next 
truck to come by. 

There are two standard ways of manag i ng memory when i t  i s  
isn't part i t ioned i n  advance. They are cal led fi rst-f i t ,  a n d  best-fi t .  

_____________________ FIRST-FIT ALLOCATION 

Fi rst-f i t  a l locat i o n  is the S i m p lest method.  The o perat ing  sys
tem chooses the  f i rst b lock of memory at l east as b ig  as the amount 
req uested. I t  a l locates as m uch of the block as requ i red leav ing the 
rest as a smal ler ,  u na l l ocated block. Unfortunately, t h i s  tends to 
use up big b locks of memory ,  l eav ing  lots of l i tt le  c h u n ks that can 
only be used to sati sfy sma l l  requests. 

______________________ BEST-FIT ALLOCATION 

Best-fi t  req u i res the  o perat ing  system to do more work,  but i t  
does a better job of  keep ing  large  b locks of  memory for  programs 
that real ly need them than f i rst-f i t  a l locat ion  does.  In  best-fi t  a l lo
cat ion ,  the  o perat ing  system scans through a l l  its avai lable 
memory look ing  for  the blo c k  t hat f i ts the req uest w i th  the least 
memory left over. Th i s  method l eaves sl ivers of u na l located 
memory aro u n d ,  but i t  p reserves large b locks of memory by refus
ing to use them as long as any smal ler  b locks w i l l  d o  the job.  

There are other methods.  The oddest one  I know of is worst-fit 
al locat ion .  I n  t h i s  method,  al locat ions are a lways made from the  
la rgest block of  storage .  The  reaso n i ng is  that the fragment of  the  
large b lock  that is  left over after the  a l locat ion is  made w i l l  be  
larger, and  therefore more usefu l ,  than  i t  wou ld be i f  the a l locat ion 
were made out of a smal ler  b lock .  My in tu i t ion  is  that th is po l i cy 
amou n ts to p u n i sh i ng  large  b locks  of f ree memory. The res u lt 
probably is  a lot  of rough ly eq ual-s ized blocks of f ree memory. 

Most peop le  use f i rst-fi t  to manag e  on-street park ing  when 
there is no attendant .  Those whose para l le l  park i ng s k i l ls a ren't  so 
good lean toward a worst-f i t  m ethod - perhaps th at's why on
street park i n g  is usua l ly  part i t i oned . I f  d ri vers park in the f i rst 
space t hey see that i s  long enough for the i r  car, they are u s i ng 
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f i rst-f i t .  Those who w i l l  g o  out  of  the i r way to f i nd  a la rge  space are 
us ing  a mod if ied worst-fi t  a lgor ithm.  

Best-f i t  p ro ba b ly wou l dn ' t  work without an  atten dant .  I t  would 
req u i re each d river to chec k  each empty park i ng p lace in town and 
pick the spot that m ost precisely fit his car. 

OS-9 LEVEL ONE MEMORY MANAGEMENT ______________ _ 

To br in g  real i ty i n  for a moment ,  OS-9 Leve l O ne uses f i rst-fit 
a l l ocat ion  to manage i ts memory. M i c roware added a specia l  twist 
by hav in g  modu le  storage and system memory req uests start from 
h i g h  memory ,  and data sto rage a l l ocated in low memory.  You can 
watch it i n  act ion by start ing  several p rograms run n i ng i n  back
g round .  The easiest p rogram w i th which to use up space is  SLEEP. 
M FR EE reports on where f ree space i s  located, and M O I R  can l ist 
the addresses where modu les res ide.  There i s  no  command i n  
OS-9 Level One that d i rectly reports t h e  data space assoc iated 
with each p rocess, so th is  m ust be i nferred from M FR E E's o utput .  
T ry th is with a OS-9 Level One system: 

. 

F i rst use the M O I R  E command.  Look t h rough the f i rst 
col u m n  i n  its output for the second-lowest mod u le 
add ress. O n  my CoCo the lowest address was B300 for 
M O I R .  The next lowest address was BEOO for CCOISK .  
As  l i k ely as  not the  addresses w i l l  be  d i fferent o n  you r 
system .  

Next use I D ENT t o  co l lect i nformat ion about a few 
modu les. The exa mples below may not match you r  
resu lts exact ly because you m ay have more recent ver
s ions of these modu les than I do.  

OS9:IDENT MDIR -X 

H EADER FOR: MDIR 
M ODULE SIZE: $01 A6 #422 
M ODULE CRC: $C459BC (GOOD) 
HDR PARITY:  $8F 
EXEC. OFF: $0066 
DATA SIZE: $01 27 
EDITION: #03 

#1 02 
#295 
#3 

TY/LA AT/RV: $1 1  $81 
PR OG M OD, 6809 OBJ, R E-EN 

OS9:I DENT SH ELL -X 

HEADER FOR: SHELL 
M ODULE SIZE: $04FA #1 274 
M ODULE CRC: $59ECC8 (GOOD) 
HDR PAR ITY: $06 
EXEC. OFF: $0030 #61 
DATA SIZE: $02B5 #693 
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EDITION:  $1 4  #20 
TY/LA AT/RV: $1 1  $81  
PROG MOD, 6809 OBJ, RE-EN 

OS9:IDENT SLEEP -X 

H EADER FOR: SLE EP 
MODULE SIZE: $0040 #77 
MODULE CRC: $61 0935 (GOOD) 
HDR PARITY: $65 
EXEC. OFF: $001 3 
DATA SIZE: $0200 
EDITION $01 

#1 9 
#51 2 
#1 

TY /LA AT /RV: $1 1  $81  
PROG M OD, 6809 OBJ, R E-E N  

OS9:I DENT M FRE E  -X 

H EADER FOR:  MFREE 
MODULE SIZE: $1 76 #374 
M ODULE CRC: $65997C (GOOD) 
H DR PARITY: $5F 
EXEC. OFF: $006A 
DATA SIZE: $021 F  
EDITION: $05 

#1 06 
#543 
#5 

TY /LA AT /RV: $1 1  $81 
PROG M OD, 6809 OBJ, R E-EN 

We're g o i n g  to be us i n g  M FR EE, M D I R  and SLEEP a 
good deal ;  so, to save t ime and p revent some confus ion ,  
load them i nto memory: 

OS9:load mfree 
OS9:load sleep 
OS9:load mdir 

Now, h ave a l ook  at the  system's cu rrent memory 
d ist r ibut ion .  

OS9:MFREE 

ADDRESS PAGES 

BOO-AEFF 1 64 
B400-B5FF 2 

TOTAL PAGES FREE = 1 66 
GRAPH ICS M EMORY NOT ALLOCATED 

M FR E E  is d isp l ay ing  the f ree memory i n  a system run
n i n g  the sysgo ,  she l l  and  mfree. The OS-9 System Pro
grammer's Manua l  s hows that OS-9 uses memory from 
$0000 to $03FF .  Sysgo uses one page from 400 to 4FF .  
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The she l l  n eeds 694 bytes for data, wh ich rou nds u p  to 
t h ree pages (from $0500 to $07FF) .  M Free needs 543 
bytes for data, wh ich  a lso rou nds u p  to th ree pages (from 
$0800 to $OA FF) . From 0800 on up to AEFF is one f ree 
b lock of memory. I t  appears that LOA D used a page of 
system memory (a l l ocated from the top of avai l ab le 
memory )  i n  addi t ion to the page needed for the LOAD 
modu le .  I t  g rab bed the memory from B400 to B5FF wh i l e  
I was load i n g  m od ul es i nto m em ory, and  returned i t  i n  
t ime  for i t  t o  show u p  as f ree memory for MFR I f  that 
memory had been ava i lab le  for mod u le storage when the 
m od u l es were bei n g  l oaded,  they wou l d  h ave used those 
pages and wou ldn 't be f ree now. 

The  SLEEP mod u le is  a l ready in memory, so each i nvo
cat ion of it wi l l  on ly a l locate data memory start ing  i n  low 
memory. To start, try: 

OS9:SLE EP 1 500 #20& 
OS9:M FREE 

ADDRESS PAGES 

1 FOO-AEFF 1 44 
B400-B4FF 1 

TOTAL PAG ES FREE = 1 45 
G RAPHICS MEMORY N OT ALLOCATED 

F i rst, n ot ice that someth ing a l located another page of 
system memory from 8500 to B5FF.  Perhaps it was 
needed to store the overflow of various descr iptors ,  s ince 
I was run n i ng a total of  fou r  processes (SYSGO,  SHELL ,  
SLEEP ,  and M FR EE )  There a re also another  20 pages 
a l l ocated from 0800 to 1 EFF  the pages I req uest in the 

SLE EP 1 500 #20 

command .  If  you wa it a w h i le for SLEEP to end,  you w i l l  
not ice that the  memory from OBOO t o  1 EFF is  retu rned,  
but the page at 8500 remains a l located . The operat i ng 
system tab les are des ig ned to expand when necessary ,  
and haven't been ab le to s h ri n k  back down yet . 

Now, l et's confuse issues by start i ng a b unch of  SLEEP's 
for  d i fferent lengths of t ime and with d i fferent memory 
req u i rements.  The best way to do it is  to b u i ld a f i l e  with 
the l ist of commands in i t  and then execute i t .  

OS9:8U ILD TM P 
? SLE EP 1 000 #50& 
? SLEEP 1 0000 #2& 
? SLE EP 1 000 #40& 
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? SLEEP 1 0000 #2& 
? <ESC> 

OS9:TMP 
&004 
&005 
&006 
&007 

The memory a l locat ion  n ow is :  

System 
SysGo 
Shell 

0000-03FF 
400-04FF 
0500-07FF 
OSOO-OAFF 
OBOO-3CFF 
3DOO-3EFF 
3FOO-66FF 
6700-6SFF 
6900-AEFF 

Free memory where shel l (2) was 
Sleep 
Sleep 
Sleep 
Sleep 
Free memory 

OS9:MFR E E  

ADDRESS PAGES 

6900-AEFF 70 

TOTAL PAG ES FREE = 70 
G RAPHICS MEMORY NOT ALLOCATED 

<wait a whi le> 

OS9:MFR E E  

ADDRESS PAGES 

OBOO-3CFF 50 
3FOO-66FF 40 
6900-AEFF 70 

TOTAL PAGES FREE = 1 60 
G RAPHICS M EMORY NOT ALLOCATED 

The actual memory a l locat ion is now: 

0000-03FF 
0400-04FF 
0500-07FF 
OSOO-OAFF 
OBOO-3CFF 
3DOO-3EFF 
3FOO-66FF 
6700-6SFF 
6900-AEFF 

System 
SysGo 
Shell 
M Free 
Free memory 
Sleep 
Free memory 
Sleep 
Free memory 
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It m ight  see m strange that there are 50 pages of free 
memory start i n g at 0800, even with M Free ru nn ing.  
Remember that ru n n i n g  a shel l  f i le  req u i res a spec ia l  
i nvocat ion of the she l l  - cal l ed shel l ( 2) in  the chart of 
mem ory a l locat ion  - wh i ch needs th ree pages of data 
space. M Free f i ts i nto the  space that she l l  was us ing .  

There are 1 63 pages free, but i f  you try to run  a program 
that needs more than 70 pages, the p rogram wi l l  not be 
ab le  to f ind  suff ic ient  mem ory. Try i t .  

OS9:SLEEP #75 
ERROR #207 

Error n u m ber 207 is the " i nsuff ic ient cont iguous memory" 
error. It is te l l i ng us that 05-9 can't f i nd enough memory 
i n  one b lock to satisfy our  request . 

To ver ify that 05-9 is us ing fi rst-fit, t ry 

OS9:SLEEP 600 #40& 

T h i s  cou l d  f i t  i n  any of the th ree b locks of free memory. I f  
0 5-9 is  u s i n g  best-fit ,  i t  w i l l  l a n d  i n  the  4 0  page s lot i n  the 
m idd le .  I f  i t  is us ing fi rst-fi t ,  i t  w i l l  land i n  the 50 pag e s lot 
or the 70 page s lot, depend i n g on  the d i rect ion from 
wh ich  it i s  searc h i ng .  Us ing  a worst-fit a lgor i th m ,  0 5-9 
woul d  p ick  the 70 page slot .  Another MFREE com mand 

OS9:MFREE 

ADDRESS PAGES 

3300-3CFF 1 0  
3FOO-66FF 40 
6900-AEFF 70 

TOTAL PAGES FREE = 1 20 
GRAPHICS MEMORY NOT ALLOCATED 

tel l s  us that 05-9 used the memory from 0800 to 30FF for 
the 40 pages S LEEP needed ( the memory from 3 1 00 to 
32FF  is used by M FREE) .  Th is  proves that 05-9 uses 
f i rst-fit al l ocat ion .  

FRAGMENTATION ____________________________________________ ___ 

Every method of a l locat ing  system memory on the f ly can be 
pushed i nto a s i tuat ion where there is p lenty of memory ava i lab le, 
but the memory is  d i v id ed i nto so many sma l l  b locks  that i t  i s  
useless. I f  i t  were on ly  poss ib le  to shift the a l located b locks of 
memory a rou nd u nt i l  a l l  the free space between them was 
sq ueezed out to one end ,  f ragmented memory cou ld be made 
usef u l  aga i n .  The process of rearrang i ng memory to make l arge 

306 



blocks of free space is cal led "garbage col lect ion . "  BASIC and L ISP  
usual ly have b u i lt- i n g arbage co l lect ion - they pause from t ime  to 
time and organ ize the i r  storage. OS-9 doesn't  do garbage co l lec
tion. If you usua l ly run  j ust one or two processes at a t i me ,  you 
probably won 't have any t ro u ble with memory frag mentat ion .  

Memory f ragmentat ion is  caused by dynamic  memory de
mands. I f  OS-9 on ly has to deal with one or  two blocks of memory 
at a t i me, it can keep t h i n gs i n  good o rder. But  if you a l locate and 
release memory frequent ly,  there is real potent ia l  for  troub le. 

O n e  cause of  frag mentat ion  is h ard to contro l .  The f i rst t ime a 
devi ce is  opened, OS-9 w i l l  a l locate stat ic  memory for i t  out  of 
system memory ( h i g h  memory) . If h i gh  memory is c rowded when 
you open the device,  the stat ic storage cou ld  be l ocated in an 
i ncon ve n ient  spot.  K i l l i ng p rocesses and u n l i n k i ng  modu les won't 
make the stat ic  storage go away. The best way to avo id  the p rob
lem is to open your  devices early, even i f  you don't p lan  to use them 
unt i l  later. 

I n  the  exa m p l e  we j ust went t h ro u g h ,  the f ragmentat ion  took 
place in data storage, but m odu le  storage can have the same 
trouble .  I f  you use modu les heav i ly - load ing  them when you 
need them and u n l i n k i n g  them when you don't you can frag
ment memory .  

Start ing  lots of processes (as we d id  wi th SLEEP) can frag
ment memory. Each process a l locates some data space. If a l l  
processes reta i n the i r memory for about  t h e  same length of t i me, 
any f ragmentat ion tends to heal  eventua l ly ;  at least, i t  seems u nder 
control . The worst s i tuat ion  is caused by a long-ru n n i ng process 
that has a chu n k  of memory r ight i n  the m idd le. 

There is  o n ly  one  way to de-fragment  memory: k i l l  some 
processes so they release the i r memory .  Then restart them.  The 
restarted p rocesses w i  I I  get memory at the far ends of memory and 
leave the pr ime l ocat ions  in  the m i d d le free. I n  the exam ple  we ran 
through with SLEEP ,  the fragmentat ion s i tuat ion wou ld  have been 
much i mproved if we had K I L Led the second two-page s leep  
(process seve n ) .  I f  we had K I LLed both of the s leeps w i th  two 
pages of  memory ,  f ree memory wou ld have been cont iguous. 

__________________ DYNAMIC ADDRESS TRANSLATI ON 

Memory frag mentat ion  can be a serious problem under OS-9 
Level One. Level Two of OS-9 is  meant to hand le  severa l  users and 
many processes. I t  a lso can use far more than  the 64 k i lobytes of 
memory that OS-9 Level One can manage. To make more than 64 
k i lobytes access ib le  to  a 6809 m i c roprocessor, and to  hand le 
memory fragmentat i o n ,  com puters capabl e  of ru n n i n g  Leve l Two 
need Dynamic  Address Translat ion hardware.  

Take a n  i mag i n ary com puter with 1 024 k i lobytes (One Meg-
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a byte) of  memory and a typical OAT ( Dynamic  Add ress Transla
tor ) .  Wi thout  the OAT, the 6809 cou ld access the bottom 64K of 
memory .  Wi th the OAT, the 6809 can access any 64K, selected 4K 
at a t ime,  out  of the 1 024K and a rrange i t  i n  any o rder .  I f  there a re 
several p rocesses run n i ng ,  each can have access to a d i fferent 
part of memory ,  

M ost 6809 p rog rams don't  need the ent i re 64K "address 
space" of the 6809. The OAT can be set u p  to g ive a progra m  as 
l it t le as 4K of memory. T h is cuts down on  wasted memory .  

A 6809 uses 1 6-b i t  n u m bers as  addresses. The l ow-o rder 1 2  
b i ts g i ve the add ress w i th i n  a 4 K  b lock .  The h i g h-order  fou r  b i ts 
select the 4K b lock .  The low-order b i ts a re used d i rect ly to add ress 
memory ,  bu t  the top fou r  b i ts a re sent  through the OAT f i rst The 
four-bit  n um be r  is used by the OAT to i ndex i nto a table of e ight-bit 
n u mbers (ca l l ed the t rans lat ion  tab le) .  The e ight-b i t  n u m ber fou nd 
i n  the tab le comes out  of the OAT and is used as the top e ight  b i ts 
of a 20-b i t  address. The p rocessor generates 1 6-b i t  addresses. The 
OAT takes the 1 6-b i t  add ress and generates a 20-bit  add ress. The 
20-b i t  add ress is used to access m emory ,  g i v i ng  the C PU/OAT 
combi nat ion  the ab i l i ty to get at 1 M ( Megabyte) of memory. 

A 64K "address space" i s  made up of s ixteen 4K b locks. A 
m i n ima l  OAT o n l y  needs to keep a table of 1 6  bytes of i nformat ion .  

For  the s i mp lest systems,  a l l  t hat i s  requ i red for  a OAT is  
enough very fast memory to store those 16 bytes . The h i g h-order 
fou r  b i ts of  the address com i n g  out of the 6809 are used as an 
address i n  this t i n y  memory .  The n u m ber read from the memory 
that i s  serv i n g  as a OAT is  used to extend the l ow-order  1 2  b its of 
the address i nto a 20-b i t  add ress. 

The p rob lem w i th  a OAT t h i s  s i mp le  i s  that every t ime  you 
want to change the set of 4K b locks access ib le  to the p rocessor 
you h ave to wr i te n ew va lu es i nto  the  t rans lat ion tab le .  I n  a system 
r u n n i ng several  processes, the t rans lat ion  table has to be changed 
1 00 o r  m o re t im es per  second .  F i n d i ng the r igh t  "map" to l oad i nto 
the OAT, and loading  i t  1 00 ti mes per second,  can s low a computer 
down n ot iceably .  The better OATs keep 1 6  t rans lat ion tables. They 
have a task-select reg ister that i s  used to choose the r ight  table .  As 
l on g  as no m o re than 1 6  address spaces are active, a l l  OS-9 needs 
to do to switch t rans lat ion  tables is to wr i te the correct n u m ber i n  
the task-select reg ister. I f  there a re more than 1 6  address spaces 
act ive, OS-9 h as to remember wh i ch t rans lat ion tables a re loaded 
i n  the OAT, a n d  replace one of them when an  add ress space that 
isn ' t  represented i n  the OAT needs to be accessed by the 
p rocessor .  

I t  i s  not  a good idea to foo l  wi th the OAT d i rectly i f  you're us ing 
OS-9. I f  you change a OAT register w i thout  go ing  t h rough the 
proper p rocedu res, OS-9 won't know what you d id .  The effect can 
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be chaos. I t  is ,  however, good to know what the OAT is do ing and 
how to take advantage of i t .  

The OAT maps b locks of  memory i nto the  appropr iate add ress 
spaces. Norma l ly ,  the  b locks mapped i nto each add ress space are 
"d isjo int" ;  that is ,  each address space has i ts own memory wi th  no 
overlaps. Th is protects processes from i nterference. No process 
can read or wr i te memory belo n g i ng to another process. If it is 
important for a process to have access to b locks of memory 
mapped i nto another process's add ress space, th is  p rotect ion can 
be frustrat i n g .  A l though the OAT is usua l ly used to protect pro
cesses from each other ,  i t  can map a b lock of memory i nto more 
than one add ress space. The b lock of memory can even appear at 
a d i fferent add ress i n  each add ress space. A b lock of memory can 
also be made to show up at several locat ions in the same add ress 
space, or even moved , rather labor ious ly ,  from p lace to p lace i n  an 
address space. Al l  these t h i ngs can be done with OS-9 serv ice 
requests. Most of these serv ice req uests are system-mode req uests, 
but, fo r the determi ned user, the services are there. 

________________________________________________ VIRTUAL MEMORY 

As I wr i te th i s ,  there is no v i rtua l-memory vers ion of OS-9. The 
OS-9, 68K Leve l Th ree system that M icroware has been ta l k i ng 
about w i l l  i m p lement v i rtua l  memory, so i t  fa l l s  j ust barely with i n  
the scope o f  t h i s  book .  

V i rtua l  memory is the next step beyond a OAT. I t  is needed 
when programs req u i re more memory than is ava i l ab le  on  the 
computer. V i rtua l  memory makes the mach i ne appear to a pro
gram to have more memory than i t  does. The t r ick  is  done by 
keepi ng some of the b locks (or  pages) of memory that appear to be 
add ressab le  as ma in  memory on secondary storage, usua l ly  d isk .  
To overs i m p l i fy ,  the  OAT conta ins  the add ress of  a page i n  ma in  
storage, i f  i t  i s  there, or  i t  cal ls attent ion to the fact that i t  has been 
saved on d i sk ,  i f  that is  the case. When the processor t r ies to 
access a page that i sn 't in memory i t  gets an erro r cal led a page 
fau l t .  The operat i ng  system then f i nds the necessary page on d isk ,  
loads i t  i nto memory, and a l lows the process that req u i red i t  to 
cont in ue. 

_______________ LEVEL ONE SYSTEM SERVICE REQUESTS 

I n  user mode there is on ly  one system serv ice req uest that 
d i rect ly effects memory management :  F$Mem.  Th is  req uest is  
used to set the memory a l locat ion of a process. When F$Mem is 
cal led the 0 reg ister m ust conta in the n u m ber of bytes you wou ld 
l i ke the process to have. I f  the amount of memory req uested is less 
than the cu rrent  a l locat ion ,  OS-9 w i l l  decrease the a l l ocat ion to 
the amount req uested . If add i t ional  memory is req u i red and the 
memory is avai lab le ,  OS-9 w i l l  i ncrease the process's a l l ocat ion .  I n  
both cases, the  req uest w i l l  retu rn the amount  of memory a l lo
cated to the process in 0 ,  and the u pper bou ndary of the reg ion i n  
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Y. The actual  s ize is usefu l  because 08-9 a lways a l locates memory 
i n  pages.  Your  request w i l l  be rou n ded u p  to the nearest page. I f  
the amount of memory req uested is zero,  08-9 doesn 't change the 
memory a l locat ion ;  i t  on ly  returns the s ize and h i g h  bound of the 
process's memory. 

The F$Mem request has several poss i b i l i t ies for e rro r. F i rst, 
the.memory m ay not be ava i lab le .  U nder 08-9 Level One,  memory 
for expans ion m ust be avai lab le  r ight  above the cu rrent al locat ion .  
I f  some other p rocess h as that memory, there is no way to get more 
memory u n t i l  the  other p rocess term i n ates. Even dec reas ing  t he 
memory a l locat ion can cause t rouble .  I f  you t ry to release memory 
i nc l ud i ng  t he page conta i n i ng the top of the stack (where t he stack 
poi nter "8" is poi nt i n g ) ,  08-9 w i l l  accuse you of a su ic ide attem pt 
and retu rn  an  error. 

There a re fou r  system-mode system cal ls  that a l locate, o r free, 
mem ory. The 08-9 kernel  usual ly a l locates memory us ing the 
F$8rqMem system cal l .  Th is ca l l  a l locates memory start i n g  in h i g h  
memory. U n l i ke the  F$Mem c a l l  F$8rq Mem o n l y  a l locates new 
memory .  The parameter passed to i t  in the D reg ister is  t h e  amount 
of new memory requ i red.  The on ly  value  retu rned is a po inter to 
t he beg i n n i ng of the  new a l l ocat ion .  The cal ler i s  responsi b le for 
remember i ng that mem ory is a l located in pages. That F$8rq Mem 
makes n o  attem pt to a l locate memory that i s  cont ig uous with other 
memory a l l ocated to t h i s  process is another i m portant d i fference 
between the F$8rq Mem and F$Mem. 

Mem ory a l located wi th  F$8rqMem m ust be retu rned with 
F$8RtMem.  Th is  cal l  takes the start i ng  point  and s ize of the 
memory to be retu rned and retu rns that memory to the pool of free 
memory .  

Many of 08-9's memory req u i rements a re for b locks of  
memory smal ler than  a page. The F$A1 I64 and F$Ret64 system 
cal ls manage dyn a m i c  tab l es of 64-byte blocks of memory .  The 
parameter for F$A1 I64 is t he base add ress for the table. I f  t h i s  i s  the 
f i rst ca l l  for a table,  the base add ress won't  be known, so zero can 
be used . The cal l  ret u rns  the b loc k  n u m ber  of the  n ew 64-byte 
b lock ,  t h e  address of t h e  base of t h e  tab le and the  address of the  
new b lock .  A b lock can be deal located with the F$Ret64 cal l ,  wh ich  
takes the base add ress of  the  tab le  and the  b lock n u m ber  as 
parameters .  Memory for the  b locks m anaged by F$A 1 I64 and 
F$Ret64 cal ls  is  a l located by F$AI I64, us ing  the F$8rqMem cal l .  I t  
comes from h i g h  memory. 

The set of serv ice requests i nc l ud i ng  F$A 1 1 64/F$Ret64 is 
completed by the F$F i nd64 request . It doesn't affect t he amount  
of mem ory a l l  ocated ; i t  locates a b l ock a l l  ocated by F$A 1 1 64 
based on its b lock n u m ber .  Th is  combi nat ion of t h ree service 
requests is enough to completely h ide the operation  of the 64-
byte b lock-management a lgor i thm from a p rogrammer.  
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For the c u r i ous ,  th i s  is how i t  works.  The base b lock for the 
table conta ins  a l i st of one-byte poi nters. I f  a poi nter is zero, that 
ind icates that no  page is a l l ocated for that pOi nter ,  yet. I f  i t  is  
non-zero, the value is part of the address of a 256-byte page.  The 
add ress of  each page is a mu l t i p le of 256, so the low-order byte of  
each page add ress is zero. O n ly the h ig h-order byte of  a page's 
add ress needs to be stored . 

The a lgor i thm for f i nd i ng  a b lock is a l i t t le  wastefu l  of space, 
but fast . The 64-byte base of the tab le conta ins up to 64 one-byte 
poi nters, each po in t ing  to a page conta i n i ng up to fou r  b locks.  A 
block is located by its b lock n u m ber. The h ig h  order s ix  bytes of its 
number are used to select a po i nter f rom the base tab le .  If that 
pointer is non-zero, it is used to generate a poi nter to the page 
conta i n i n g  the ta rget b lock .  The low-order two bytes of the b lock 
number, m u lt i p l ied by 64,  g i ve the offset in  the page of the target 
block. 

Th is  is  fast because a block can be fou nd wi thout  any search
ing, but potent i a l l y wastefu l  of space i f  b locks are a l l ocated and 
freed in a patho log ical  way. By a l locat i ng  many b locks, then free
ing a l l  but  n u m bers 5, 9 , 1 3 , and so fort h ,  the memory a l l ocated for 
the b locks can be left o n ly one-fou rth  fu l l .  Th is i sn 't l i ke ly to 
happen in ord i n ary usage, and the speed F$F i nd64 ga ins f rom th is  
cho ice of  a lgor i thm is worth the poss ib le  wasted space. 

A warn i n g :  Don ' t  mess wi th  the page table or the f i rst byte of a 
block! 
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C H A PT E R  3 1  

mem ory management 
l evel two 

I n  t h i s chapter w e  wi l l  d ig  r i g h t  down to t h e  lowest levels of 
08-9 memory management . The deta i l s  of Level Two pr iv i leged 
serv ice req uests a re pretty tough go ing .  Don't bother to s log 
throug h  t hem u n less you need the i nformat ion or can't stand the 
suspense. 

The most i m portant d i fference between 08-9 Level O ne and 
08-9 Level Two is the way Level Two manages memory .  Level Two 
uses Dynamic Add ress Translat ion ( OAT) hardware. Dynamic 
add ress trans l at ion  g i ves a system a way to use lots of memory, 
even i f  i ts p rocessor can o n ly add ress 64K. I t  perm i ts each process 
to run i n  its own memory (address space) i solated from a l l  other 
processes. I t  wou ld  seem that ,  with extra memory and dynam i c  
address trans lat ion to hand le ,  08-9 Leve l Two's memory man
agement wou l d  be m uch more com p l i cated than Level O ne's. In a 
way, it is ;  but  from t he average user's stand poi nt ,  Level Two i s  
much s i m pler than Level O ne. 

The on ly  exposure most users get to memory management is 
through memory req uests by the shel l :  

OS9:asm test #1 00 * al locate 1 00 pages of data storage 

and a p p l i cat i o n  p rogram m e m o ry reconf i g u rat i o n ,  e . g . ,  t he  
BA8 1 C09 
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B:mem 

statement .  I n  both cases (and to the u nder lyi n g  p rograms) the 
com mands look the same u nder Level O ne and Leve l Two. F rom 
th is  po int  of v iew,  the on ly  ways Leve l  One and Level Two d iffe r a re 
i n  errors that can be retu rned from a memory a l locat ion  request, 
and i n  the amount of  memory ava i l able to each p rocess . 

After operat i ng  system memory req u i rements have been sat
isf ied ,  there a re about 44 k i l o bytes of memory left for user p ro
g rams under  Leve l O ne. I f  you want  to r u n  more than one p rocess, 
t hey m ust d iv ide the memory between them. The 08-9 Level Two 
operat i n g  system d raws most of its memory req u i rements from a 
s peci a l  system add ress space. Depend ing  on  a system's DAT 
h a rd wa re ,  each p rocess can get f ro m  6DK to 64K of  memo ry .  M ost 
Leve l  Two systems have at least 1 28K of memory; 256K or m ore is 
typ ica l .  It i sn 't u n usua l  to h ave 1 6  or more p rocesses r u n n i ng at the 
same t ime ,  m a k i ng the amount  of money you can spend on 
mem o ry the real  const rai n t  o n  memory-per-process. 

ERROR M ESSAGES ____________________________________________ __ 

Under  Leve l O n e  there a re two reasons for  a fa i l u re of  a 
memory req uest: e i ther  you asked for m o re memory than was 
ava i lab le ,  o r  memory frag mentat ion d i dn 't leave a l a rge enough 
block to sati sfy you r req uest . U nder Level Two there are also two 
reasons for a memory a l locat ion  fai l u re: e i ther  you asked for more 
memory than was ava i lab le ,  o r  you r  p rocess has asked for more 
memory than i t  cou ld  add ress (more than 64K ) .  Of these, the 
h a rdest p rob lem to u nderstand and correct is  found on ly  under 
Level One - f ragmentat ion .  

M EM ORY MANAGE MENT SYSTEM SERVICE R EQUESTS 

USER M ODE REQ UESTS ________________________________________ __ 

The F$Mem serv ice request is ,  by a la rge  marg i n ,  the m ost
used memory m anagement service request for  app l icat ion  p ro
g rams.  I t  works ident ica l l y  u nder Level One and Level Two. 

The F$L i n k  serv ice request i sn 't a memory m anagement ser
v ice i n  the same sense as F$Mem,  but  u nder  Level Two i t  has an 
i mportant  effect on memory m anagement .  U nder Level One,  l i nk
i n g  to a m od u l e  doesn 't effect memory a l l ocat ion  i n  any way; 
most ly ,  i t  ret u rns a po i n te r  to the modu le  header and a few values 
taken f rom the m od u l e  header. U nder Level Two, l i n k i ng to a 
m od u le appears to work j ust the same way; the  req uest ret u rns the 
add ress of the mod u le h eader and  some i nformat ion from i t .  A lot 
is h idden beh i nd th is .  A reentrant mod u le can be shared by several 
add ress spaces . T h is means that a mod u le can't S i mp ly  be copied 
i nto  the address space of each p rocess that wants to use i t .  I n  o rder 
to conserve memory (and ma in ta i n  compat i b i l i ty with Level One) ,  
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08-9 uses the  DAT to  map the  memory conta i n i ng a m od u l e  i nto 
the address space of each p rocess that l i n ks to i t .  

The F$Load serv i ce requ est l oads a modu le  (or  g ro u p  of 
modu les) i nto the address space of the ca l le r, and a lso i nto a 
spec ia l  "secret" address space j ust for t hat g ro u p  of modu les. 
Each t i me a F$L i n k  request for a reentrant modu le  in that g roup i s  
done, t h e  memory f o r  t he ent i re g roup  i s  m apped i nto t he reques
tor's add ress space. Th i s  t r ick  for mapp i ng b locks of memory i nto 
several  d i fferent add ress spaces i s  an  espec ia l ly usef u l  one.  I n  the 
Workshop sect ion  ( the Daemon prog ram) we i l l ust rate a tech
n ique for us ing  sha red mod u l es as  a path for  i nterp rocess 
com m u n icat ion .  

There are fou r  user-mode serv i ce requests that are used to 
cross the bou ndaries between address spaces. These com mands 
are u sed by 08-9 commands to d i sp lay the state of the operat i ng 
system .  O n e  of them i s  a general-pu rpose tool for read i n g  any 
memory in  the  system .  

The M FR E E  command uses F$G B l k M p  t o  g a i n  access t o  the 
memory b lock map.  Th is  control  b lock ,  l i ke a l l  o ther  08-9 control 
bloc ks, i s  kept in the system address space where it  i s  normal ly 
inaccess ib le  from any user  prog ram .  I t  needs a 1 024-byte buffer 
-enough  for two megabytes of 256-byte pages. The actual  
amo u nt used fo r the  map i s  retu rned i n  the Y reg ister. Th is request 
a l so retu rns  the s i ze of a memory b lock ,  wh ich  can vary from 
system to system depen d i ng on  the type of DAT bei ng used. I n  
add i t ion  to be i ng the approved way to read the memory b loc k  map,  
th is  i s  the  on ly "front door" way of gett i n g  the memory b lock size. 
F$G B l k M p  shou ld  be c hosen over other ways of gett i n g  at the 
memory map because i t  is a "front door" access. 

The M D I R  com mand uses F$GModDr  to get a copy of the 
module d i rectory. F$G M od D r  works very much l i ke F$GB l k M p  i n  
that i t  cop ies a system contro l  b lock i nto a user address space, but  
i t  retu rns a po inter to the end of the d i rectory i n stead of a length 
(as ret urned by F$G B l k M p ) .  T h i s  serv i ce request a lso retu rns a b i t  
of arcane k nowledge: the add ress of the modu l e  d i rectory in  the  
system add ress space. 

The manua l  says that the F$GMod D r  serv ice req uest d oesn't  
retu rn anyth i ng in a reg ister, but takes some strange argu ments. 
The p ro g ram GetM D i r  g ives an  examp le  of the use of F$GModDr. 
I t  takes the add ress of  your  b uffer as an  arg u ment ,  and ret u rns  the 
end of  the d i rectory in you r b uffer and the add ress of the mod u le 
d i rectory i n  the  system add ress space. GetM D i r  copies the mod u le 
d i recto ry to  standard o utput .  The best way to use the p rogra m  i s: 

OS9:GetMDir  ! dump 

D u m p  w i l l  put the output  of  G et M D i r  i n  d u m p  format .  Th i s  w i l l  
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00001 
00002 
00003 
00005 
00006 001 1 
00007 0081 
00008 0000 87COO034 
00009 0000 47657440 
00010 001 4  01 
0001 1 * * * * * * * * * * * *  

let  you see what's in there and protect you from strangeness on 
you r  screen .  

ttl Get Module Directory 
nam GetM Oir 
IFPl 
ENOC 

Type set Prgrm+Objct 
Revs set ReEnt+l 

MOD GetM End,Name, Type,Revs,Entry ,MemSize 
Name fcs /GetM Oir/ 

fcb 1 

0001 2 * Local Storage 
0001 3 * 

0001 4 0 0000 
0001 5 0 0800 
0001 6 0 08C8 
0001 7 001 5  
00018 0015  30C4 
0001 9 001 7 3440 
00020 001 9 1 03F1A 
00021 001 C 3540 
00022 001 E 250E 
00023 0020 l F20 
00024 0022 341 0  
00025 0024 A3El 
00026 0026 l F02 
00027 0028 8601 
00028 002A 1 03F8A 
00029 0020 SF 
00030 002E 
00031 002E 1 03F06 
00032 0031 A75C6E 
00033 0034 

Buffer rmb 2048 
Stack rmb 200 
MemSize equ 
Entry 

leax Buffer,U 
pshs U 
OS9 F$GModOr Grab Module D i rectory 
puis U 
bcs Error 
tfr Y,O end of MOir  in buffer 
pshs X address of start 
subd ,S++ calc length 
Ifr O,Y length to Y 
Ida #1 std out 
OS9 I$Write 
clrb clear carry 

Error 
OS9 F$Exit 
EMOO 

GetMEnd equ .. 

F$G PrOsc copies the contents of a des ignated process des
cr iptor from the system address space to a buffer i n  a user address 
space. PAOCS uses i t  to get i nformat ion about p rocesses. It wou ld 
also be a way for a process to d iscover i ts p ri o ri ty.  This serv i ce 
requ est doesn't retu r n  any val ues i n  reg isters; i t  j ust p laces a copy 
of the requested process d escr i pto r in the buffer. 

If these "front door" methods of read i ng system memory 
a ren' t  enough to m eet your needs, OS-9 provi des a genera l i zed 
too l .  F$CpyMem has access to any non-protected byte in the 
system. L i ke the other u ser-mode c ross-address space requests, 
F$CpyMem can't change anythi ng in another  address space, but it 
can look .  T h i s  service requ est needs a l ot of i n format i o n .  The 
n u m be r  of bytes you want to copy and the  add ress of the buffer 
you want t h e  data p laced i n  are p retty stra ightforward . The "OAT 
i mage pOinter" and "offset i n  b lock to beg i n  copy" req u i re a l i tt le 
more thought .  
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The offset is  an offset i n  t h e  add ress space defi ned by the OAT 
image. S i nce t h i s may not correspond wi th  a real address space, 
the offsets may need to be adj usted from true add resses . I f  the 
OAT i mage you a re us i n g  is  an  exact copy of the OAT i mage of a 
real address space, then the offset i s  the address with i n  that 
add ress space. I f  the  contents of the OAT i mage you use d i ffers 
from the OAT i mage of t h e  add ress space you want to ra i d ,  you 
may need to make some adj ustments to add resses. 

You ' l l  see the p h rase "b lock offset" often in the OS-9 System 
Programmer's Manual .  Th is  ph rase ref lects the fact that you ' l l  
se ldom bother  to  c reate more than  one b lock o f  OAT i m ag e .  I t  i sn't 
necessary to def i ne  blocks in the OAT i mage that you don't  want to 
access. There aren't many reasons to want more than a b lock of 
data from another add ress space. S ince OAT i mages for these 
ca l ls usua l ly contai n on ly one b lock ,  the offset w it h i n  the b lock is  
equ ivalent to  an  add ress i n  the address space defi ned by the OAT 
image. 

Each b lock in a OAT i mage is specif ied by a two-byte n u m ber 
in the OAT i mage.  If, fo r examp le, you want to see the contents of 
the system d i rect page (which is located i n  the f i rs t  256 bytes of 
real memory) , you cou l d  const ruct a tWO-byte OAT i mage conta i n
ing zeros, and use an offset of zero. I f  you wanted a copy of t he 
lowest and h i ghest memory i n  the system (a l low ing  for a one
megabyte system with 4 K  b locks) , you could use the fo l low i ng 
assembler  statement to a l locate a OAT i mage: 

DATI mage feb O,O,O,$FF 

By us i n g  an offset of zero and a length-to-copy of 8 K ,  you 
could get the data copied i nto your buffer. 

After  the fou r mean i ngfu l bytes i n  the two-b lock OAT i mage 
above, t h e  syste m  w i l l  f i nd 28 bytes (60 bytes on  systems that use 
64 bytes for a OAT i m age) t hat j u st happened to be there. That's 
f ine.  There ' l l  be lots of bytes i n  the OAT i mage t h at you d i d n't want, 
but they' l l  be o u t  beyo nd the a rea you are g o i n g  to  copy from ,  so 
no harm i s  done .  

GetSysMem is  a s i m ple  p rogram t hat uses the  F$CpyMem 
service req uest to get a copy of the f i rst 4096 bytes in the system 
add ress space.  If you have a system t hat d oesn 't use 4096 as its 
OAT block size, yo u ' l l  have to lengthen the OAT i mage or d ec rease 
the length of the  copy i n  G etSysMem.  The  output of the com mand 
makes i nterest i ng study i ng,  but i t 's h ard to unde rstand as i t  f l i es 
by. Hardcopy output i s  cruc ia l .  The command l i ne is :  

00001 
00002 
00003 

OS9: getsysmem I dump >/p 

ttl Get low system memory 
nam GetSysMem 
IFP1 
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use /dO/defs/os9defs 
0005 
00006 001 1  
00007 0081 

Type 
Revs 

EN DC 
set Prgrm+Objet 
set ReEnt+l 

00008 0000 87CD0039 MOD GetM End,Name,Type,Revs,Entry,MemSize 
00009 OOOD 47657453 Name fes /GetSysMem/ 
00010  001 6 01 feb 1 edition 
0001 1  001 7 0000 
0001 2  ************ 

DAT 

0001 3 * Local Storage 
00014  * 
0001 5 1 000 BufferS 
0001 6 D 0000 Buffer 
0001 7 D 1 000 Stack 

feb 0,0 

set 
rmb 
rmb 

0001 8 D 1 0C8 MemSize equ 
0001 9  001 9  Entry 

4096 
BufferS 
200 

00020 001 9 308DFFFA leax DAT,PCR 
00021 001 D 1 Fl 0 tfr X,D 
00022 001 F 1 08El 000 Idy #BufferS 
00023 0023 8EOOOO Idx #0 

Buffer size 

00024 * U already points to the start of local memory (the buffer) 
00025 0026 1 03Fl B OS9 F$CpyMem 
00026 0029 2508 bes Error 
00027 002B 8601 Ida #1 std out 
00028 002D 30C4 leax Buffer,U point X at buffer 
00029 * Y already = BufferS 
00030 002F 1 03F8A 
00031 0032 5F 
00032 0033 
00033 0033 1 03F06 
00034 0036 980C5A 
00035 0039 

Error 

OS9 
elrb 

I$Write 

OS9 F$Exlt 
EMOD 

GetM End equ * 

O n  some systems the  F$Map B l k  serv ice req u est i s  a user
mode request.  I t  i s  m o re powerf u l  than  the F$CpyMem request 
because i t  act u a l ly m aps b locks of memory i nto the ca l le r's 
add ress space. S i nce the b loc ks a re m ad e  addressab le, data i n  
them can b e  changed . The F$CpyMem requ est p rotects data out
s ide a p rocess's address space f ro m  damage.  The F$MapBlk  
requ est l eaves a l l  memory in  the system open to damage .  

F$MapB l k  takes two a rg u ments: the n u m ber  of the f i rst b lock 
you want ,  and how many blocks you want .  Some blocks, l i ke  block 
zero (for m ost system stat ic  storage) or the b lock conta i n i ng 
memory mapped I /O,  a re easy to to f i nd .  Outs ide these specia l  
b locks i t 's  a n ice p iece of work j ust f i nd i ng out what b lock n u m ber 
you want .  The t r i ck  I l i ke best gets at the b lock n u m ber  t h rough 
some p rocess's process descri ptor. 

Most of the t ime ,  the b lock of memory you want w i l l  be i n  some 
p rocess's address space. If you want access to some other p ro
cess's memory and you k now i ts p rocess i d ,  you can f i nd the b lock 
n u m ber  by requ est i n g  a copy of that p rocess's p rocess descriptor 
(w i th  F$G PrDsc) and p i c k i n g  the b lock  n u m ber  out of the p ro
cess's DAT i mage i n  the p rocess descr iptor. 
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CHAPTER 32 

level two 
memory management 

i nte rnals 

Al l  vers ions  of 08-9 use a mem ory b lock map as a cruc ia l part 
of thei r memory management scheme. Pointers to the beg i nn i ng 
and end  of the memory b lock map are fou nd i n  the system d i rect 
page. The map conta ins  a byte co rrespo nd i ng to each memory 
block that the  system cou ld contai n. At least th  ree bits i n  each byte 
have s ign i f i cance .  The  b lock  can be " not RAM ,"  "RAM i n  u se,"  or i t  
can conta i n  a modu le .  I t  i s  i m poss ib le  for a b lock o f  memory t o  b e  
"not RAM " a n d  " R A M  i n  use, " but a n y  other  combi nat ion  is  possi
ble.  When a memory request is made,  the memory b lock map i s  
searched for  memory to sat i sfy i t .  The memory b lock  map a lso 
protects memory that conta ins  a modu le  f rom bei n g  f reed wh i le 
the modu le  i s  st i l l  i n  the mod u le d irectory. 

Dynam i c  Address Trans lat ion  ( DAT) hardware typ ical ly 
req u i res two types of i nformat ion :  Task n u m bers, and assoc iated 
DAT i mages. 08-9 Level Two's memory m anagement rotates 
around those values, part icu lar ly the DAT i mage. Each address 
space req u ires a DAT i mage. An add ress space also needs a task 
number  before it can be accessed , but a task n u m ber need not be 
assigned u nt i l  it w i l l  be u sed. 

Each process's Task n u m ber is  stored in the P$Task f ie ld  i n  
the p rocess's Process Descri ptor. T h e  Process Descri ptor a lso 
contai ns the ent i re 64-byte DAT i mage for the process. 

______________________________________________ MODULE MEMORY 
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Modu les a re stored by s l i ght-of-hand .  They a re mapped i nto 
the  add ress space of each p rocess that uses them,  but they a re 
ma i nta i ned i n  a spec ia l  address space that  o n l y  has a OAT i mage 
- no task n u m ber.  A task n u m ber  isn ' t  n eeded because the specia l  
add ress s pace i s  never accessed . I t  i s  str ict ly a way to keep the  
m od u les a round  when  they aren't i n  any process's address space. 
Each modu le  d i rectory entry conta i ns  a OAT i mage pointer and 
the length  of the  memory b lock  ( add ress space) conta i n i n g  the  
modu le .  I f  several  m od u les were l oaded together ,  a l l  the  modu les 
w i l l  share a OAT i mage and h ave the same memory block s ize. Th is  
i s  reason ab le in  that they a l l  res ide in  the  same address space. 

When a process term i nates, it norma l ly  releases a l l  the 
memory that was a l l ocated to i t .  The memory a l located to mod u les 
i s  released from the  add ress space, but  i t  i s  m arked i n  the system 
m emory map as bei n g  occup ied by a modu le.  Memory occ u pied 
by a m od u le can o n ly be freed by u n l i n k i ng a l l  t he mod u l es i n  i t  
un t i l  the i r  l i nk  counts are zero . 

OAT i m ages and mod u l e  d i rectory entr ies share an area i n  the 
system address s pace. The mod u l e  d i rectory entr ies work the i r 
way u p  from the low end of the b lock .  The OAT i m ages run  fro m  
t h e  t o p  d own . These are spec ia l  contro l  b locks i n  that t he modu l e  
d i rectory entr ies aren't pO i nted t o  b y  anyt h i ng except temporary 
pO i nters w ith i n  OS-9, and  the on ly  l as t ing  po in ters to the m od u l e  
O A T  i m ages a re i n  t h e  m od u le d i rectory entr ies .  Garbage col lec
t ion  is done when the b loc k  of memory used to store these two 
data structures becomes too f ragmented . The garbage co l lect ion  
a lgor i thm com p resses a l l  t he  m od u le d i rectory entri es at the  bot
tom of  the  a rea and the OAT i mages at the  top .  The OAT poin ters i n  
the  m od u le d i rectory entri es a re adj usted t o  poin t  t o  the new 
locat ions  of the  OAT i mages as they a re m oved about. 

SYSTEM-MODE MEMOR Y  MANAGEMENT SERVICE R EQUESTS -______ _ 

The Level O n e  system-mode memory-m anagement service 
req u ests are d u p l i cated i n  Level Two. The 64-byte memory b lock 
m anagement requ ests a re i nc luded in  that l i st .  They work j ust the 
same u nder  both vers ions of OS-9. The system memory req uest 
and retu rn  ca l ls  a lso behave l i ke the Leve l O n e  eq u iva lents. 

Th i ngs get i nterest i ng  when we l ook  at the large n u m ber of 
memory management system service req uests added to Level 
Two. The req uests can be d i v i ded i n to five g ro ups of req uests and 
two that don't fit i nto any c lass i f icat ion .  

The OS-9 System Prog ram mer's Manua l  refers to a "OAT 
i mage offset. "  Th is  term i s  a l iU le confus i n g .  The OAT i mage offset 
i sn 't l i tera l l y  the  offset w i th i n  a OAT i mage. S i nce b lock n u m bers i n  
a OAT i mage take two bytes each ,  b locks i n  an  address space 
wou l d  be n u mbered 0 ,2 ,4 ,  . . .  if offsets i n  the  OAT i mage were used. 
The offset referred to  i n  t h is service req uest is the pos i t ion  of the 
b lock  i n  the address space. I ' l l  t ry to cal l  th i s  va lue  a relat ive b lock 
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number whenever I can .  The "b lock offset" is an  offset from the 
beg in n i ng of the b lock speci f ied in "DAT i m age offset . "  

____________________ CROSS M EMORY SE RVICES 

Th is  group of service requ ests p rovides ways of gett i ng i n fo r
mat ion from any address i n  the system .  Th is  p rocess i s  i nherently 
slow; t i me g ets spent fuss i n g  w i th  the DAT i n  the p rocess of 
t ransferr i n g  each byte. A system with memory-to-memory DMA 
hardware can move data between address spaces q u i ck ly ,  but  that 
is cheat i n g .  Memory-to-memory DMA i nc ludes specia l  hardwa re 
that can reac h  any address i n  the system wi thout  us ing  the DAT. 

The F$LDA BX/F$STABX pai r works l i ke the 6809 i nstruct ions 
LDA and ST A .  S pecif ica l ly they mean: 

F$LDABX 
Load A with the byte at offset ,X  in the add ress space of 
p rocess B. 

F$STABX 
Store A i nto  the  byte at offset ,X in the  address space of 
p rocess B .  

They can  be used from the system add ress space to get i m por
tant bytes (say a buffer of data to  output ) .  The program f ragment 

Idb Task1 
Idx X 
dS9 F$LDABX 
Idb Task2 
OS9 F$STABX 

would get a byte from add ress X i n  the add ress space of Task1 and 
put  i t  at the  same address in  the  address space of Task2. 

The F$L DAXY com mand is for use when you aren't concerned 
with tasks. It d oesn ' t  req u i re you to k now w h ich  task owns the 
b lock  you want to access. I t  takes an offset and a po i nter to a 
one-block  DAT i mage.  The one-block DAT i mage is  j u st the  two
byte b lock  n u m ber  of the  b lock  you want data f ro m .  The offset 
must,  of course, be to an address w i th i n  the b lock specif ied i n  the 
DAT i mage. 

F$LDDXY is a m ore compl icated version  of F$LDAXY. It  can 
deal wi th larger offsets formed by add i ng D to X: 

leax D,X 

Th is  add ress can be g reater  than the s ize of a DAT b lock .  
F$L DDXY can h and le  DAT i m ages that def ine  more than o ne 
b lock ,  b ut be su re to  g ive i t  a la rge enough DAT i mage to i nc lude 
the offset g iven by the sum of  D and X .  
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The F$LOA8X and F$LOAXY fam i l i es use d i fferent tr icks .  
F$LOA8X uses the task-swi tch i ng featu re of a OAT. I t  sets the OAT 
to the task  in 8 ,  l oads the byte you want and switches the OAT 
back to the system task . Th is  h as to be done f rom the top 256 bytes 
of memory ,  wh ich  a re mapped i nto every add ress space; other
wise ,  when the task was switched,  the  code do ing the F$LOA8X 
wou ld  be mapped out  of the  address space. F$LOAXY works by 
a l te r i ng  the map i n  the OAT wi thout  chan g i n g  the task n u m ber .  
The b lock you want i s  mapped i n to the f i rst s lot in the  system 
address s pace, the  byte you want is recovered and the o r i g ina l  
b lock  i s  mapped back i nto the f i rst posi t i on .  Th is  t r i ck  rel i es on  the 
fact that  OS-9 a lways uses b lock zero in  the  f i  rst s lot i n  the system 
address space. S i nce on ly  one b lock i n  the OAT is changed ,  and 
t hat b lock doesn ' t  conta i n  the code o r  any of the  data bei n g  used, 
the code for F$L OAXY does n ot have to be l ocated i n  the top 256 
bytes of each address space. 

The f i na l  c ross-memory serv ice request i s  F$Move. Th is  ser
v ice req u est req u i res that every ava i lab le  reg ister be l oaded with 
i n fo rmat i on .  I t  needs the source and dest i nat ion task n u m bers, 
add resses in each address s pace to start the m ove, and the 
n um be r  of  bytes to  move. I t  m oves data from o ne address space to  
another .  Th is  cou l d  be done wi th  repeated F$LOA 8X/F$STA8X 
req u ests, but ,  by stay i n g  in h i g h  mem ory and movi n g  bytes with
out  the overhead of lots of service requests, the F$ Move request 
moves b l ocks of data as q u ick ly  as poss ib le .  I f  a system has 
memory-to-memory OMA hardware, the F$Move request is par
t icu lar ly effi c ient .  

DAT I MAGE CONTROL __________________________________________ __ 

Th ree service req uests a re ded i cated to manag i ng OAT 
i m ages.  The F$A I I I  mg req u est is  used to i nc rease the nu mber of 
b locks of memory i n  a OAT i mage.  A OAT i mage isn ' t  n orma l ly  f u l l  
o f  l ive memory .  U n l ess a f u l l  64K o f  memory i s  a l located to the 
address s pace contro l led by a OAT i mage, several b l oc ks in i t  w i l l  
be marked a s  " F ree memory . "  F ree memory i s  i nd icated by a 
spec ia l  b lock n u m  ber that is used for OAT b locks that aren't i n  use. 
F$A l l l mg i s  g i ven a po i nter to a p rocess descr iptor. It modi f ies the 
OAT i mage in that p rocess descr iptor  such that the i mage has the 
requested n u m be r  of b locks of memory start i ng at the  specif ied 
relat ive b loc k .  

L e t  me take the F$A l l l mg req uest a l i tt le  more s lowly .  F$A l l l mg 
i s  g iven a poi nter to a p rocess descr i ptor .  I t  i s  a lso g iven a start i n g  
relat ive b lock n u m be r  (A)  and  a n u m ber o f  b l ocks ( 8 ) .  OS-9 r u ns 
t h ro u g h  the OAT i mage start i n g  at the  spec if ied b lock (A) ,  mak i n g  
certa i n  t hat the  next ( 8) b locks a re a l l ocated . I f  a n y  o f  the  b locks 
a re " F ree memory , "  F$A l l l mg gets an  u nused b lock from the sys
tem memory m a p  to f i l l  that  b lock .  I f  a l l  the  OAT i mage b locks that 
F$A l l l mg scans t h rough  a re a l located, i t  doesn 't do anyt h i ng .  
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I n  a system with 4 K  OAT b locks, the program f ragment 

Idx D.Proc 
Ida #8 
Idb #2 
OS9 F$Al l lmg 

wou ld make certa i n that memory f ro m  $8000 to $AOOO was a l l o
cated i n  the add ress space of the process who's process descr ip
tor was po inted to by O . Proc. 

F$Oe l l mg releases b locks of memory from a process's OAT 
image. It takes the same arg uments as F$A l l l mg ,  but h as the 
opposite effect. I t  runs  th rough the spec i f ied b locks i n  the 
process's OAT i mage and retu rns them to the system's free poo l .  

F$Set l mg cop ies a b l o c k  of  memory i nto a process's OAT 
image. You g i ve i t  a poi nter to the process descr i ptor ,  the start i ng  
relat ive b lock  n u m ber  i n  that OAT i mage where copy i n g  beg i ns ,  
and the n u m ber  of b locks to copy. The pu rpose of th is request i s  to 
merge two OAT i m ages. I f  you want to map two b locks from one 
address space, A, i nto another, B, you m ust f i nd  two cont iguous 
free b locks i n  address space, B ,  and use F$Set l m g  to copy the 
selected two b locks worth of OAT i mage f ro m  A's OAT i mage to 
the free space in B's OAT i m age. 

A l l three OAT i mage-management serv ice req uests set a bit i n  
the process descri ptor's P$State f ie ld i n d icat ing  that the OAT has 
been changed.  Th is  i n d icates that the OAT w i l l  have to be u pdated 
with a new OAT i mage for th is p rocess. Changes made to a OAT 
i mage aren 't effect ive u n t i l  they are loaded i nto the OAT hardware. 

_____________________ TASK NUMBER CONTROL 

Task n u m bers are used to tel l the OAT hardware wh ich  of the 
preloaded OAT i mages i t  shou ld  use .  There i s  an  a rray of serv ice 
requests that deals with task n u m bers. 

F$SetTsk copies the OAT i m age from a selected process 
descri ptor i nto the OAT hardware and c lears the I mgChg f lag i n  
P$State. 

F$ResTs k f i nds  a f ree task n u m ber i n  the system task tab le  
(poi nted to by  O.Tasks i n  the  system d i rect page) , reserves i t ,  and  
retu rns i t  to  the ca l ler .  F$AI ITsk uses F$ResTsk to  reserve a task 
n um ber  and stores that n um ber i n  the P$Task f ield in the se lected 
process descri ptor. 

F$ReiTsk retu rns a task n u m ber  to the f ree poo l .  F$ OeiTsk 
uses F$ReiTsk to f ree a task n u m ber  in the task tab le ,  and a lso 
clears the task n u m be r  out  of the P$Task f ie ld in the process 
descr iptor. 
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ADDRESS SPACE MANAGEMENT ____________________________________ __ 

Two com mands a re used to f i nd  cont i g uous free b locks i n  a 
OAT i mage. F$FreeH B starts i ts search from the h i g h  end of the 
OAT i mage. F$FreeLB starts from the low end .  OS-9 al locates 
stack memory from low memory and system memory from h i g h  
memory .  T h i s  measu re prevents memory c la imed b y  OS-9 for 
modu les from col l i d i ng with any expans ion a user m ight  want i n  
h is stack memory.  

MEMORY MAP MANAGEMENT ___________________ _ 

The next two serv ice requests are pretty ten uously re lated, but 
they both deal exc l usively with the system memory map. F$A I IRam 
searches t h rough  the memo ry map fo r a b lock of  cont ig uous 
memory b locks. The OAT makes cont iguous memory less i m po r
tant  than  i t  i s  i n  Level One ,  but  i t  is n i ce to be ab le  to f i nd  i t  when 
you need i t .  

Those who had ear ly vers ions of Level Two w i l l  remember that 
there were strange problems w i th  the FORMAT command .  The 
cause of  those prob lems was that FORMAT req u i res a b lock of 
cont in u ous  memory;  there was no way to request cont iguous 
memory f ro m  OS-9, so FO R M AT had to take what i t  cou ld  get and 
return  an error message i f  what i t  got wasn 't cont iguous.  The CPU 
has n o  way of k nowing whether  memory is cont ig uous ,  but  a OMA 
d isk  contro l ler  does. The d isk  contro l ler doesn't have access to the 
OAT.  I t  needs to use fu l l  extended add resses, and gets upset when 
a buffer isn 't in  cont ig uous memory. 

The docu mentat ion  seems to say that F$AI IRAM doesn't  do 
anyt h i n g  but ver i fy the ava i l ab i l i ty of the req u i red n u m ber of con
t ig uous b locks .  I bel ieve the docu mentat ion  i s  in e rror here.  The 
service request actua l ly  a l locates the memory if i t  f inds the 
req uested cont i g u ous space, and retu rns the start i ng b lock 
n u m ber i n  O.  

The F$ OeIRAM servi ce req uest a lso works on  the system 
memory map.  It marks a range of b locks as not i n  use. 

M ISCELLANEOUS SERVICE REQUESTS ________________ _ 

Two serv ice req uests that don't  f i t  i nto any c lass are F$C l rB l k  
a n d  F$OATLog . 

The F$C l rB l k  req uest removes memory from the OAT image 
of the process who's id  is  in O . P roc in the system d i rect page. The 
b locks removed from the OAT aren't marked as free in the memory 
b lock map.  F$Cl rB l k  i s  very fussy about the start i ng add ress of the 
memory i t 's i nstructed to free. The address m ust be the start of a 
OAT b lock ;  for most systems that means i t  m ust be an add ress l i ke 
$ 1 000 o r  $ EOOO. F$C l rB l k  w i l l  a lso ba lk  at rem ov ing  memory bei ng 
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used by the process's stack from the address space. 

F$ OATLog is an i m portant ca l l  i ns ide 08-9 because the s ize of  
DAT b locks can d i ffe r f rom one type of hardware to another. The 
DAT-p lus-offset to log ica l  add ress convers ion depends on the 
size of the OAT blocks.  By putt i ng the convers ion in one p lace, 
M icroware made i t  eas ie r  to wri te code that w i l l  work wi th  any OAT 
block s ize. Th is  serv ice req uest takes a OAT i mage offset and an 
offset w i th i n  the b lock .  Tr icky poi nt :  the offset doesn 't have to be to 
an address with i n  the b lock .  A ny posi t ive offset is f i ne.  On a system 
with 4K pages, F$ OATLog j ust sh i fts the OAT i mage offset to the 
left by fou r b i ts and adds i t  to the h i g h-order byte of the "b lock 
offset . "  
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WOR KSHOP 1 

coo kie monste r 

Program m i ng  can on ly be properly learned through pract ice .  
There is noth i n g  q ui te so usefu l  to a pract ic ing  prog ram mer as a 
proven program that does someth i ng s im i lar  to that wh ich he  is  
attempti ng .  Th is  sect ion of the book i s  fu l l  of  wo rk ing programs. 
Most of them are the h u s ks of useful  p rograms.  There is  enough 
here to learn from ,  but  l itt le enough to leave room for you to 
expand on t h e  ideas. 

I n  some of the prog rams you w i l l  not ice what appears to be 
superf luous code o r  i ncons istency between two sect ions .  I t's 
proba bly i ntent i o n a l .  Th ese p rograms are set up as i l l ustrations of 
OS-9 prog ra m m i n g  tec h n i q ues.  They go out of the i r  way to i l l us
trate a variety of tec h n iq ues. 

_______________________ The Classic Cookie Program 

Cook ie  is a program wi th  a long ( pa in fu l )  h i story. It has been 
written in many forms by co l lege students. The idea is  that an 
unsuspect ing user w i l l  l og onto the computer, and,  without do ing  
anyth i n g  out of  the o rd i nary, be greeted w i th  the message: 

I WANT A COOKIE. 

This i n  i tse lf  shou ld  be enough to send h i m  run n i ng for he lp ,  
but  the program doesn't stop there.  Wel l  wri tten Cook ie  programs 
won't go away. They res ist a l l  k i l l ,  break, abort, i nterrupt and 
whatever other t rapdoors a system offers users who f ind  them
selves caught  in a prog ra m .  The art of the prog rammer who 
created Cook i e  is p i t ted aga inst the k nowledge of the user. A good 
Cook ie  is  i m possi b le  to k i l l .  The on ly way to make it go away is to 
offer it a cook ie .  
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O O O O l  
0 0 0 0 2  
0 0 0 0 3  

O () () () 5 
0 0 0 0 6  O ll O D  
0 0 0 0 7  D O O A  
0 0 0 0 8 O D l l  
O D 0 0 9  0 0 8 1  
0 0 0 1 0  0 0 0 0  
0 0 0 1 1  o 0 0 0 0  
0 0 0 1 2  D 0 0 0 1  
0 0 0 1 3  D 0 0 0 2  
0 0 0 1 4  D 0 0 0 4  
0 0 0 1 5  1) 0 0 0 6 
0 0 0 1 6  0 0 0 0 8  
0 0 0 1 7  D O O O A 
0 0 0 1 8  o O O O C  
0 0 0 1 9  0 0 0 6  
0 0 0 2 0  0 0 5 0  
0 0 0 2 1  D O O O E  
0 0 0 2 2  0 0 0 5 E  
0 0 0 2 3  D 0 1 2 6  
0 0 0 2 4  
0 0 0 2 5 O O O D  
0 0 0 2 6 0 0 1 3  
0 0 0 2 7  
0 0 0 2 8 
0 0 0 2 9  
0 0 0 3 0  0 0 1 4  
0 0 0 3 1  0 0 1 5  
0 0 0 3 2  0 0 1 13 
0 0 0 3 3  Q 0 0 8 

8 7 C O O 1 5 9  

4 3 6 F 6 F 6 B  
0 1  

Reply ,  "Cook ie , "  to any of t he  prog ram's rav i ngs and i t  w i l l  
peacefu l ly go away. 

Cook i e  is an i nterest i ng program to study because it must 
catch s igna ls  i n  order to surv ive i n  a host i l e  env i ronment .  I f  a user 
cou l d  ty pe contro l-C and have Cook ie  van ish ,  there'd be no fun i n  
i t  at a l l .  I t  would b e  poss i b le t o  remove t h e  i n terrupt and abort keys 
wi th  a S ETSTAT, but then Cook ie  would n't know t hat they had 
been used.  W i th  a trap, Cook ie can catch s ig nals and ch oose to 
ig nore them.  

T he proper way to  i nvoke Cook ie  is  in  a log i n  command l i ne or  
startup  f i le .  

I left one easy loophole i n  th is  p rogram:  end-of-f i le . You might 
want to see about c los ing  i t .  

Note: I have a f i le  cal led defsl ist i n  my DEFS d i rectory .  Th is  f i le  
is a l i st of  USE com mand for a l l  the  OS9 def in i t ion  fi les that came 
with the system .  I rout i nely run the assem bler  with over 1 6K to 
leave space for the l arge symbol tab le  that resu l ts from all th ose 
names ,  but  it p revents me from worry i n g  about where a system 
name is def ined .  

The USE IDO/DEFS/DefsL ist command wou ld normal ly be 
suppressed by the  I FP1 /EN DC that s ur rounds i t .  I ed i ted the l isti ng 
created by t he assem bler  to pu t  i t  back i n .  

n am C o o k i e  
t t l  T h e  c l as s i c  " C o o k i e "  p r og r am 
I F P l  
u s e  / d O / d e f s / d e f s l i s t  
E N OC 

C R  e q u  $ 0 0  
L F  eq u $ O A  
T y p e  s e t  p r g r m+ Ob j c t  
R e v s  s e t  R e E n t + l  

m o d  M o d L e n , Na m e , Ty p e , R e v s , E n t r y , Me m S i z e  
S i g C o d e  r mb 1 
I n d x  r mb 1 I nd e x  i n t o  S Ta b l e  
S Ta b l e  r m b  2 T a b l e o f  r e s po n s e  ad d r e s se s  
l'a b l e 2  r mb 2 
'ra b l e 3  r m b  2 
T a b l e 4  r mb 2 
T a b l e S  r m b  2 
T a b l e 6  r mb 2 
T a b l e L  s e t  6 N u m b e r o f  e n t r i e s  i n  t h e t a b l e  

Bu f Le n  s e t 8 0  
I n S t r  r mb B u f L e n  I n p u t  b u f f e r  

r mb 2 0 0  s t a c k  
r·1 e mS i z e  e q u  

N a me f c s  / C o o k i e /  
Ve r s i on f e b  1 

* * * * * * * * * * *  
* M e s s a g e s  t o  t h e u s e r .  p o i n te d  t o  f r om S T a b l e  
* 
0 8  r.1 s g 1 f c b  M s g l L  
4 3 6 F 6 F 6 B  f c c  / C o o k i e /  
0 0  f e b  C H  

11s g l L  equ * - 11s g 1  
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0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 7  
0 0 0 3 8  
00 0 3 9  
0 0 0 4 0  
00 0 4 1  
0 0 0 4 2  
0 0 0 4 3 
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  
0 0 0 4 8  
0 0 0 4 9  
0 0 0 5 0  
0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3  
0 0 0 5 4  
0 0 0 5 5  
0 0 0 5 6  
0 0 0 5 7  
0 0 0 5 8  
0 0 0 5 9  
0 0 0 6 0  
0 0 0 6 1  
0 0 0 6 2  
0 0 0 6 3  
0 0 0 6 4  
0 0 0 6 5 
0 0 0 6 6  
0 0 0 6 7  
0 0 0 6 8  
0 0 06 9  
0 0 0 7 0  
0 0 0 7 1  
0 0 0 7 2  
0 0 0 7 3  
0 0 0 7 4  
0 0 0 7 5  
0 0 0 7 6  
0 0 0 7 7  
0 0 0 7 8  
0 0 0 7 9  
0 0 0 8 0  
0 0 0 8 1  
0 0 0 8 2  
0 0 0 8 3  
0 0 0 8 4 

0 0 0 8 5  
0 0 0 8 6  
0 0 0 8 7  
0 0 0 8 8  
0 0 0 8 9  
0 0 0 9 0  
0 0 0 9 1  W 
0 0 0 9 2  
0 0 0 9 3  
0 0 0 9 4 
0 0 0 9 5  

O O l C  0 9  
0 0 1 0  4 3 6 F 6 F 6 B  
0 0 2 4  O D  
0 0 0 9  
0 0 2 5  1 3  
0 0 2 6  4 9 2 0 7 7 6 1  
0 0 3 7  0 0  
0 0 1 3  
0 0 3 8  1 4 0 A O A  
0 0 3 13 4 3 6 F 6 F 6 B  
0 0 4 9  O A O A  
0 0 4 13 O D  
0 0 1 4  
0 0 4 C  4 0  
0 0 4 0  5 9 6 F 7 5 2 0  
0 0 7 4  O A  
0 0 7 5  2 0 2 0 2 0 2 A 
0 0 8 B  0 0  
0 0 4 0  
0 0 8 C  2 0  
0 0 8 0  4 3 6 F 6 F 6 B  
0 0 9 4  O A  
0 0 9 5  2 0 2 0 4 3 6 F  
O U 9 E O A  
0 0 9 F  2 0 2 0 2 0 2 0  
O O A A  O A  
O O AB 2 0 2 0 2 0 2 0  
0 0 13 8  0 0  
0 0 2 0  
0 0 13 9  
0 0 13 9  0 1  
O O B A  0 2  
O U B B 0 3  
O O B C  0 2  
0 0 13 0  0 3  
0 0 0 5  
O O B E  
O O B E  0 1" 0 1  
O O C O  O F O O  

0 0 C 2  C 6 0 6  
0 0 C 4  3 1 4 2  
0 0 C 6  3 0 8 0 1" 1" 4 1\  
O O C A  
O O C A  A F A l  
O O C C  S A  
O O CO 2 7 0 6 
O O C F  A6 8 4  
0 0 0 1  3 0 8 6  
0 0 0 3  2 0 1" 5  
0 0 0 5  

* * * * * * * * * *  

11 s g 2  f c b  
f c c  
f c b  

11 s g 2 L  e q u  
11s g 3  f c b  

f c c  
f c b  

/l s g 3 L  e q u  
M s g 4  f c b  

11s g 4 L  
M s g 5  

f c c  
f c b  
f c b  

f c c  
f c b  
f c c  
f c b  

M s g 5 L  e q u  
M s g 6  f c b  

f c c  
f c b  
f c c  
f c b  
f c c  
f c b  
f c c  
f c b  

�' s g 6 L  e q u  
S eq u e n c e  

f c b  
f c b  
f c b  
f c b  
f c b  

S e q L e n  e q u  
E n t r y  

T I n i t  

T I n i tx 

c l r  
c l r  

I d b  

l e a x  

s t x  
d e c b  
b e q  
I da 
l e a x  
b r a  

�l s g 2 L  
IC o o k i e l 1  
C R  
* - 1"1 s g 2  
11 s g 3 L  
I I w a n t a C o o o k i e l l  
C R  
* -ll s g 3  
�' s g 4 L ,  L F , L F  
I C o o k i e  N 0 wi 
L F , L F  
CR 
* - Hs g 4  
I1s g 5 L  
I Y o u  c a n ' t  g e t  r i d  o f  m e  t h a t  e a s i l y  . . .  1 
L F  
I * * *  C O O  K I E * * *1 
C R  
* - ll s g 5  
M s g 6 L  
IC o o k i e l 1 
L F  
I C o o k i e ! 1  
L F  
I C o o k i e l l  
L F  
I C o o k i e ! 1  
C R  
* - 11 5 g 6  

1 
2 
3 
2 
3 
* - S e q u e n c e  

I nd x  
S i g C o d e  

# Ta b l e L  
S T a b l e , U  
t1 s g  I ,  P C R  

, Y + +  

T I n i t X 
, x 
A , X  
T I n i t  

A f t e r  0 c om e s  1 
a f t e r  1 c om e s  2 
a f t e r  2 c o m e s  3 
a f t e r  3 c om e s  2 
a f t e r  4 ( s i gme s s a g e ) c omes 3 

l e n g t h  o f  s t r i ng 
po i n t  a t  n e x t  s t r i n g 

* 
* 

S e t  i n t e r r up t  t r a p  

0 0 0 5  3 0 8 0 0 0 0 9  
* i n t e r c e p t  l o c a l 

0 0 0 9  1 0 3 1" 0 9  
O O OC 1 0 2 5 0 0 7 3  
O O E O  2 0 0 3  
0 0 E 2  T r a p  
0 0 E 2  E 7 C 4  
0 0 E 4  3 13  

l ea x  T r a p , P C R  
i s  t h e  s a m e  a s  
O S 9  F $ I c p t  
I bc s  E r r o r 
b r a  M a i n Lp 

s t b S i g C o d e , U  
r t i  
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g o  g e t  a c oo k i e  

s a v e  t h e  s i g n a l  c o d e  
a nd r e t u r n  t o  O S - 9  



0 0 0 9 6  
0 0 0 9 7  
0 0 0 9 8  
0 0 0 9 9  
0 0 1 0 0  
0 0 1 0 1 
0 0 1 0 2  
0 0 1 0 3  
0 0 1 0 4  
0 0 1 0 5  
0 0 1 0 6  
0 0 1 0 7  

0 0 1 0 8  
0 0 1 0 9  
0 0 1 1 0  
0 0 1 1 1  
0 0 1 1 2  
0 0 1 1 3  
0 0 1 1 4  
0 0 1 1 5  
0 0 1 1 6  
0 0 1 1  7 
0 0 1 1 8  
0 0 1 1 9  
0 0 1 2 0  

0 0 1 2 1  
0 0 1 2 2  
0 0 1 2 3  
0 0 1 2 4  
0 0 1 2 5  
0 0 1 2 6 
0 0 1 2 7  
0 0 1 2 8  
0 0 1 2 9  
0 0 1 3 0  
0 0 1 3 1  
0 0 1 3 2  
0 0 ] 3 3  
0 0 1 3 4  
0 0 1 3 5  
0 0 1 3 6  
0 0 1 3 7  
0 0 1 3 8  
0 0 1 3 9  
0 0 1 4 0  
0 0 1 4 1  
0 0 1 4 2  
0 0 1 4 3  
0 0 1 4 4  
0 0 1 4 5  
0 0 1 4 6  
0 0 1 4 7  
0 0 1 4 8 

0 0 1 4 9  
0 0 1 5 0  
0 0 1 5 1  
0 0 1 5 2  
0 0 1 5 3  
0 0 1 5 4  
0 0 1 5 5  

O O R S Ma i n Lp 
O U E 5  0 6 0 1  
0 0 E 7  8 D 1 3  
0 0 E 9  3 0 4 E  
O O E B 1 0 8 E 0 0 5 0  
O O E F  8 6 0 0  
0 0 F 1  1 0 3 f 8 B  

* b e s  E r r o r  
0 0 F 4  8 D 1 6  
0 0 F 6  2 4 5 6  
0 0 F 8  8 D 3 7  
O O P A 2 0 E 9  

* * * * * * * * * * * * * *  

I d b  
b s r  
l e a x  
l d y  
I da 
089 

b s r  
bec 
b s r  
b r a  

I n d x  
GCo o k i e  
I n 8 t r , U  
# B u f L e n  
# 0  
I $ R e a d L n  

F o o d  
Done 
N e x t l1 s g  
r1 a i n L p  

* P i c k  a me s s a g e  a n d  s e n d  i t  
* M e s s a g e  n u mbe r i s  i n  B 

O O F C 
O O P C 
O OF D  
O O F P  
0 1 0 1 
0 1 0 3  
0 1 0 4  
0 1 0 6  
0 1 0 8 
O l O B 

5 8  
3 0 4 2  
A E 8 5 
E 6 8 0  
4 P  
I f' 0 2 
N 6 0 1  
1 0 3 F 8 c  
3 9  

G C o o k i e  

* * * * * * * * * * * * * * * *  

1 8 1 b 
l e a x  
1 d x  
1 d b  
e l r a  
t f r  
I d a  
O S 9  
r t s 

S Ta b l e , U  
B , X  
, x +  

D , Y  
# 1  
I $ W r i  t L n  

C om p a r e  I n S t r  t o  · C ook i e "  

s e n d  a comp l a i n t  t o  t h e t e r m i n  

S t a n d a r d  i n p u t  P a t h  
g e t  s ome d a t a  

I s  t h i s  a Cook i e ?  
I f  ye s ;  done 

mu l t i p l y  B by two 

get  po i n t e r  o u t  o f  the t a b l e  
ge t s t r i n g l e n g t h  

l e n g t h  t o  Y 
s t a nd a r d  o u t p u t  

* 
* 
* 
* 
* 
* 
* 

We u s e  t h e  name o f  t h e  p r o g r a m " Co o k i e "  a s  
t h e  s a mp l e  Cook i e  wo r d .  
T o  c ompe n s a t e  f o r  t h e h i g h  o r d e r  b i t  i n  t h e  l a s t " e "  
s e t  t h e  h i g h - o r de r  b i t  i n  t h e s i x t h b y t e  o f  t h e  i n put s t r i n g 
Th i s  w i l l  ma t ch i f  t h e  i n p u t  i s  C o o k i e .  

0 1 0 C 
a l O e  3 0 4 E  
a l O E 3 l 8 D F E F B  
0 1 1 2  A6 0 5  
0 1 1 4  8 A 8 0  
0 1 1 6  A 7 0 5  
0 1 1 8  E C 8 l 
0 1 1 A 1 0 A 3 A l  
0 1 1 D  2 6 1 0  
0 1 1 F  E C 8 1 
0 1 2 1  1 0 A 3 A l  
0 1 2 4  2 6 0 9  
0 1 2 6 EC 8 4  
0 1 2 8 1 0 A3 A 4  
0 1 2 B  2 6 0 2  
0 1 2 D  5 F  
0 1 2 E  3 9  
0 1 2 F  
0 1 2 F  5 3  
0 1 3 0  3 9  

F o o d  

N o t F o o d  

* * * * * * * * * * * * * * * *  

l e a x  
l e a y  
I d a  
o r a  
s t a  
I d d  
cmpd 
bne 
I d d  
cmpd 
b n e  
1 d d  
cmpd 
bne 
c l r b  
r t s  

comb 
r t s  

I n S t r , U  
N a me , P C R  
5 , X 
# % 1 0 0 0 0 0 0 0  s e t  h i g h b i t  
5 , X  
, X + +  
, Y+ +  
N o t F o o d  
, X + +  
, Y + +  
N o t F o o d  
, X 
, Y  
N o t F o o d  

c l e a r  ca r r y 

s e t  c a r r y  

* C h o o s e  t h e  s u c ces s o r  t o  t h e l a s t  m e s s a g e . 

0 1 3 1  
0 1 3 1  
0 1 3 3  
0 1 3 5  

* 

9 6 0 0  
2 6 1 2  
9 6 0 1  

N e x t H s g  
I da 
bne 
I d a  

8 i g c o d e  
s i g Hs g  
I n d x  
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0 0 1 5 6  0 1 3 7 8 1 0 5  cmpa # SeqLen L e n g t h  o f  s eq u e nce t a b l e  
0 0 1 5 7  0 1 3 9  2 4 0 9  b h s  ToHs g l  
0 0 1 5 8  0 1 3 B  3 0 8 D F F 7 A  l e a x  s e q u e nce , PC R  
0 0 1 5 9  0 1 3 F  A 6 8 6  I d a  A , X  
0 0 1 6 0  0 1 4 1  9 7 0 1  s t a  I n d x 
0 0 1 6 1  0 1 4 3  3 9  r t s  
0 0 1 6 2 0 1 4 4  Totis g l  
0 0 1 6 3  0 1 4 4  O F O l  c 1 r  I nd x  
0 0 1 6 4  0 1 4 6  3 9  r ts 
0 0 1 6 5 0 1 4 7  S i g M s g  
0 0 1 6 6  0 1 4 7  8 6 0 4  I d a  , T a b l e L- 2  s i g n a l  M e s s a g e  
0 0 1 6 7  0 1 4 9  9 7 0 1  s t a  I nd x  
0 0 1 6 8  0 1 48 O F O O  c l r  S i gC o d e  
0 0 1 6 9  0 1 4 D 3 9  r t s  
0 0 1 7 0  0 1 4 E D o n e  
0 0 1 7 1 0 1 4 E  C 6 0 5  I d b  # T a b l eL-l l a s t  m e s s a g e  
0 0 1 7 2  0 1 5 0  8 DA A  b s r  G Co o k i e  
0 0 1 7 3  0 1 5 2  S F  c l r b  c l e a r  c a r r y  
0 0 1 7 4  0 1 5 3  Er r o r  
0 0 1 7 5  0 1 5 3  1 0 3 F 0 6  O S 9  F $ Ex i t  
0 0 1 7 6  0 1 5 6  3 7 0 A5 F  Et10D 
0 0 1 7 7  0 1 5 9 t10 d L e n  equ '" 
0 0 1 78 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 1  wa r n i ng ( s )  
$ 0 1 59 U 0 3 4 5  p r o g r am b y t e s  g e n e r a t ed 
$ 0 1 2 6  0 0 2 9 4  d a t a b y t e s  a l l o c a t e d  
$2 4 1 F  0 9 2 4 7  b y t e s  u s e d  f o r  s y m b o l s  

Accord ing  to my New World D ict ionary, a daemon is " . . .  a 
guard ian sp i ri t ."  Every com puter n eeds a g uardian sp i r i t .  The 
Daemon that fo l l ows w i l l  s i t  in  your  system ,  ru n n i ng prog rams for 
you . He can be told to run a p rog ram every so  many seconds, or  at 
set t imes and dates. 

If you want to be remi nded to d u m p  you r hard d i sk  on the f i rst 
of every month (too seldom) ,  tel l  the Daemon to: 

echo BACK UP IHO NOW!! >/term 

at the t ime:  

VV IMM/DD H H:MM:SS 
*1*/1 1 7:01 :01 

That w i l l  tel l  h i m  to  g i ve you the m essage at f ive i n  the after
noon on the f i rst of each month .  The asterisks a re w i ld  cards that 
tel l  the deamon that any val ue of that var iable i s  O K .  

T h e  basi c  o perati o n  of the  Daemon isn ' t  too i n te rest i ng .  H e  
sleeps for some length o f  t i me ( I  c h ose 1 0  seconds) , then wakes u p  
and sees i f  there i s  anyth i ng he  shou ld  do .  He d oes h i s  bus in ess 
and g oes to  s leep aga i n .  A l l  t h e  com mands the Daemon executes 
are s i m p le she l l commands.  He forks a she l l  to i nte rpret each one .  

The i nterest i n g  part  of the  Daemon i s  h i s  comm u n i cat i o n  wi th 
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the rest of the wor ld .  There needs to be a way to send i nstruct ions 
to  h i m .  S i g n a ls are a g ood way to jogg le  a process's el bow, but  a 
s igna l  d oesn't  h ave m uch i n format ion content . A d isk f i le  can 
conta i n p lenty of  i nformat ion ,  but it wou ldn ' t  be good for the 
Daemon to o pen a d isk  fj l e  every 1 0  seconds. Someone might want 
to rem ove the d isk  wi th  the Daemon's com m u n icat ion  f i le on  i t .  
P i pes are a g ood tool  for i nter-process com m u n icat ion ,  but  they 
can on ly  run  between c losely related processes. The process 
tal k i ng to  the Daemon m i g ht be a very d istant re lat ive. The sol u t ion 
is a shared data modu le. 

A shared data mod u le can be t r icky. If more than one process 
m i g h t  want to u pd ate it at a g i ve n  t i me, you have to b u i l d  a lock ing  
system to  p revent them from w ip i ng  out one another's updates. I n  
th i s  case we h ave to hand le any n umber of p rocesses that s i m u l
taneously atte m pt to send requ ests to the Daemon ;  so we've g ot 
prob lems.  

The so lu t ion  i s  to l i m i t  com m u n icat ions th rough the data 
modu le to a bandwidth a l most as narrow as s ig nals offer, and pu l l  
s igna ls  and  com m u n i cat i on f i l es i n to the  act. The process i d  o f  the 
Daemo n  i s  stored i n  a data m od u l e  that has a k nown name. When a 
process wants to send a req uest to the Daemon i t  opens the 
Daemon 's command f i le and  concatenates the new command to i t ,  
then c loses i t .  I t  i s  i mportant  to c lose the f i le  i m mediately,  because 
the f i l e has the non-sharable att r ibute. The daemon can not get at 
h is own f i le if another process has i t  open .  Next, the process l i n ks 
to the data modu le  and  gets the process i d  i n  i t .  I t  a lso sets a f lag i n  
the  data modu le .  I f  other p rocesses also set the  f lag , no  prob lem,  
i t 's  e i ther  set  o r  not .  The  process then sends a "wake-up "  s igna l  to  
the Daemo n ;  th i s  term i nates h is s leep.  The f i rst t h i ng the Daemon 
does i s  chec k  the f lag i n  the data mod u le .  If  i t 's set , he c lea rs i t  and 
reads the command f i l e. 

The pro b lem of m u lt i p le  wr i ters is shoved off on OS-9. 
R BFMan can deal w i th  content ion for a non-sharab le  f i le .  The 
prob lem with frequent accesses to a com m u n i cat ion f i le is el i m i
nated because the Daemon w i l l  on ly access the f i le when he knows 
somet h i ng is t here for h i m .  T hat won't cause any troub le because 
the p rog ram that sent the req uest to the Daemon a l ready forced 
the user to load the correct d isk .  

The Daemon is a s i ng le program (two f i l es) , but  a usable 
system i nc l udes th ree other p rog rams and the data modu le. The 
data modu le  is cal led Daemon.com,  you ' l l  f ind i t  except iona l ly du l l  
read i n g .  T here i s  a prog ram cal led Then (Some people would 
prefer At - g o  ahead and change the name) ,  which sends new 
commands to the Daemo n .  Peek Daemon formats and d isp lays the 
commands in  the Daemon's com mand f i le .  

Daemon M UST have Daemon.com i n  memory. The best way 
to do th i s  is to merge both modu les i nto one f i le  in you r  execut ion 
d i rectory. The fo l lowi n g  scr i pt w i l l  do the tr ick :  
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OS9:sheli 
OS9:chd /dO/cmds 
OS9:merge Daemon Daemon.com >temp 
OS9:del Daemon 
OS9:rename temp Daemon 
OS9:attr Daemon pe e 
OS9:<eof> 

*********Daemon.h * * * * * * * * * * * *  

#define ECMDLEN 1 50 
struct EventRecord 

{ 
Int intv; 
struct sgtbuf settime; 
char cmdLi ne[ECMDLEN]; 

#define if i len "/SYS/TimeT" 
#deflne Com-datamod "Daemon.com" 

••• ***** * * * * * * * * * * * * * * *  Daemon.c * * * * * * * * * * * * * * ** * * *  

1 ' def i n e  L EV E L 2  / *  i f  r u n n i n g u n d e r  O S - 9  Le v e l  Two */ 
2 , i nc l u d e  < mo d u l e . h > 
3 # i nc l u d e  < s t d i o . h >  
4 # i n c l u d e  < t i me . h > 
5 l inc l u d e  " Da e mo n .  h "  
6 ' d e f i n e M A X  EVENT S  5 0  
7 , d e f i n e  t i c k  l O * t p s  / *  t e n  s e c o n d s  * /  
8 t d ef i n e i f i l e n  " / S Y S / Ti m eT " 
9 t d e f i ne T R U E  1 

10 ' de f i n e  F A LS E 0 
11 . d e f i ne D a ta Type ' \x 4 0 ' 
1 2  t d e f i n e  Da t a L a n g  ' \0 '  
13  
14 
15 
16 
17 
18 
19 
20  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
29  
30  
3 1  
3 2  
33  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  

s t r u c t  E v e n t s  
{ 

} ; 

i n t  i n t e r v a l ;  
l o n g  l as t H i t ; 
s t r u c t  s g t b u f  S e t  T i me ; 
c h a r  * Cmd L i ne ; 

s t r u c t  E v e n t s  E v e n t_T ab l e [ f1AXEVENTS ] ;  
i n t  Ev e n t  C o u n t = O ; 
s t a t i c  i nt s i g = O ;  
ma i n e )  

{ 
i n t  i n t f ( ) ;  

I n i t E v e n t s ( E v e n t  T a b l e ,  & EV e n t_Co u n t ) ; 
i n t e r c e p t ( i n t f ) ;

-

G e tDHod ( } ;  

wh i l e ( s i g  == O }  
{ 

U p d E v e n t s ( E v e n t  Tab l e ,  & E v e n t  Cou n t ) ;  
D o Ev e n t s ( Ev e n t  Ta b l e , Eve n t  Cou n t ) ; 
t s l e e p ( t i c k ) ; 

- -

J 
D r opl1 o d  ( ) ; 
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4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
6 0  
6 1 
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  
8 1  
8 2  
8 3  
8 4  
8 5  
8 6  
8 7  
8 8  
8 9  
9 0  
9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  

1 0 0  
1 0 1  
1 0 2  
1 0 3  
1 0 4  
1 0 5  
1 0 6  

e x i t ( O )  ; 

I n i t E v e n t s ( Ta b l e , C t ) 
s t r u c t  Eve n t s  Ta b l e [  I ;  
i n t  * C t ; 
{ 

c h a r  * d e f d r i v e ( ) ;  
c h a r  Name I n i t F i l e [ 5 0 j ;  

s t r u c t  Ev e n t Re c o r d F i l e E n t r y ;  
s t r u c t  s g t b u f  t b u f f e r ; 

F I L E * I F i l e ;  
cha r * ma l l o c ( ) ;  
l o n g  t o s e c o n d s ( ) ,  t h i s s e c ; 

s t r cpy ( N a me I n i t F i l e , d e f d r i v e ( ) ) ;  
s t r ca t ( Name I n i t F i l e , i f i l e n )  ; 
i f  ( ( I F i l e = f open ( Name I n i t F i l e , ft r ft ) )  

{ 
N U L L ) 

f p r i n t f ( s t d e r r , ft I n i t  f i l e  c a n ' t  be opened . E r r o r  %d\n ft , e r r no ) ; 
e x i t ( l ) ; 

} 
ge t i me ( & t b u f f e r ) ;  
t h i s S e c  = t o s e c o n d s ( & t b u f fe r ) ; 
w h i l e  ( f r e a d ( & F i l e E n t r y ,  s i z e o f  F i l e E n t r y ,  1 ,  I F i l e ) 1 =  N U L L ) 

{ 

} 

T a b l e [ * C t j . Cmd L i ne = ma l l o c ( s t r l e n ( F i l e E n t r y . c md L i ne ) + 1 ) ; 
s t r c py ( Ta b l e [ * C t j . Cm d L i n e , F i l e En t r y . cmdL i n e ) ; 

T a b l e [ * C t j . i n t e r v a l  = F i l e E n t r y . i n t v ;  
Ta b l e [ * C t j . l a s t H i t  = t h i s Se c ; 

s t r a s s ( & Ta b l e [ * C t j . S e t  T i me , & F i l e E n t ry . s e t t i me ,  -
s i z e o f  F i l e E G t rY . se t t i me ) ; 

i f ( ( * C t ) ++ > =  MAXEVENTS ) 
b r e a k ; 

f c l o s e  ( I F i l e ) ; 
r e t u r n ; 

s t a t i c  c h a r  * dMod = Com d a t a mod ; 
s t a t i c  mod e x e c  *mod l i nk ( ) ,  * mod_pt r = - l ; 
s t a t i c  c h ar * f l a g p t r ;  
s t a t i c  i n t  *Tas k P t r ; 

G e t DMod ( ) 
{ 

i f ( ( mod p t r  = mo d l i n k ( d Mod , Da t aType , D a t aLang ) )  = =  - 1 ) 
{ 

-

f pr i n t f ( s t d e r r , ft Ca n ' t  l i n k  t o  % s . ft ,  dMod ) ; 
e x i t ( l ) ; 

} 
f l agp t r  = mod p t r  + mOd_p t r - > m_e x e c ; 
Ta s k P t r = f 1 agp t r  + 1 ;  
* T a s k P t r  = ge t p i d ( ) ;  
re t u r n ;  

D r opl1od ( ) 
{ 

i f ( mo d  p t r  1 =  - 1 ) 
munli n k ( mod p t r ) ; 

r e t u r n ;  
-
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1 0 7  
108  
109  
1 1 0  
I I I  
1 1 2  
1 1 3  
1 1 4  
1 1 5  
1 1 6  
1 1 7  
1 1 8  
1 1 9  
120  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 2 9  
130  
131  
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
1 3 8  
1 3 9  
1 4 0  
1 4 1  
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
14 7 
1 4 8  
1 4 9 
1 5 0  
1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
1 6 0  
1 6 1  
1 6 2  
1 6 3  
1 6 4  
1 6 5 
1 6 6  
1 6 7  
1 6 8  
1 6 9  
1 7 0  
1 7 1  
1 7 2  

Upd E v e n t s ( Ta b l e , ct ) 
s t r uc t  E v e n t s Ta b l e [  j ;  
i n t * c t : 
( 

w h i l e ( * f l a g p t r 1 =  0 )  
{ 

* f l a gpt r = 0 :  
* Ct = 0 :  
fpr in t f ( s t d e r r , " Daemon update  r eque s t\n " ) ;  
I n i t Ev e n t s ( Ta b l e , Ct ) ; 

r e t u r n ;  

D o E v e n t s ( Ta b l e , c t )  
s t r u c t  Ev e n t s  Ta b l e [  1 :  
i n t  Ct ; 
{ 

s t r uc t  s g t b u E  tb u ( f e r : 
r eg i s t e r  i n t  i ;  
l o n g  now ; 

g e t i m e ( & t b u f f e r ) ;  
now = t o s e c o n d ( & t bu f fe r ) ; 
f o r ( i = O ; i < c t ; i + + ) 

{ 
i f ( Ta b l e [ i j . i n t e r v a l  > =  0 )  

{ 
i f  ( T a b 1 e [ i ] . i n t e r v a 1  < =  ( n ow - T a b 1 e [ i j . l a s t H i t ) )  

( 
s y s t e m ( Ta b l e [ i l . CmdL i ne ) ; 
T a b l e [ i ] . l a s t H i t  = n ow ;  

) 
e l s e  

i f ( ma t ch ( & t bu f f e r , & T a b 1 e [ i j . S e 
s y s t e m ( T a b l e [ i ] . Cm d L i n e ) ;  

r e t u r n :  

i me , & T a b l e [ i j . 1 a s t H i t ) ) 

l o n g  t o s e c o n d s ( b )  
s t r u c t  s g t bu f * b : 
{ 

m a t c h ( t , pa t , l a s t H i t )  
s t r u c t  s g t bu f  * t ,  * p a t ; 
l o n g  * l a s t H i t ; 
{ 

i f « p a t - > t_y e a r  > 0 )  & &  ( p a t - > t_ye a r  1 =  t - > t_ye a r ) )  

e l s e i f « p a t - > t_mo n t h  > 0 )  & &  ( pa t - > t  mon t h  1 =  t - > t_mon t h ) )  
· 

e l s e i f « p a t - > t_d ay > 0 )  & &  ( pa t - > t_day 1 =  t - > t_d ay ) )  
· 

e l s e  i f « pat - > t_h o u r  > 0 )  & &  ( pa t - > t_hou r 1 =  t - > t_ho u r ) )  
· 

e l s e  i f « p a t - > t_m i n u te > 0 )  & &  ( pa t - > t_m i n u t e  1 =  t - > t_m i n u t e ) ) 
· 

e l s e  i f. « p a t - > t_s e c o n d  > 0 )  & &  ( pa t - > t s e cond - 5 > t - > t s e c o n d  I I 
pa t - > t_se c ond + 4 < t - > t_s econd ) )  
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1 7 3  e l s e  
1 7 4  ( 
1 7 5  i f ( * l a s t H i t  > 0 ) 
1 7 6  r e t  u r n  ( F ALS E )  ; 
1 7 7  e l s e  
1 7 8  f 
1 7 9  * l a s t H i t  = T R U E ; 
1 8 0  r e t u r n ( TR U E ) ; 
1 8 1  
1 8 2  
1 8 3  
1 8 4  * l a s t H i t  = FALS E ;  
1 8 5  
1 8 6  r e t u r n ( FALS E ) : 
1 8 7  
1 8 8  
1 8 9  i n t f ( s i g na l ) 
1 9 0  i n t  s i g na l ;  
1 9 1  { 
1 9 2  i f ( s i g n a 1  > 1 )  
1 9 3  s i g  = s i g n a l ;  
1 9 4  r e t u r n :  
1 9 5  

* * * * * * * * * * * * * * * * * *  D a e m o n . Com * * * * * * * * * * * * * * * * * * * * *  
0 0 0 0 1  D a e mo n . Com 
0 0 0 0 2  

na m 
t t l  
U P I  
E N D C  
s e t  
s e t  
mod 
f c s  
f c b  

D a t a  Mo d u l e  f o r  D a e mon 
0 0 0 0 3  
0 0 0 0 5  
0 0 0 0 6  0 0 4 0  Type Da t a  
0 0 0 0 7  0 0 8 1  
0 0 0 0 8  0 0 0 0  
0 0 0 0 9  O O O D  

8 7 C D O O I E  
4 4 6 1 6 5 6 0  

R e v s  

N a me 

R e E n t + l  
S i z e , Na me , Type , Re v s , S t a r t , O  
/ D a e mo n . c om/ 

0 0 0 1 0  0 0 1 7  0 1  1 ve r s i o n  
0 0 0 1 1  0 0 1 8  S t a r t 
0 0 0 1 2  0 0 1 8  0 0  F l ag 
0 0 0 1 3  0 0 1 9  0 0 0 0  D Ta s k  
0 0 0 1 4  0 0 1 8  9 3 0 A O A  
0 0 0 1 5  O D I E  S i z e 
0 0 0 1 6  

* * * * * * * * * * * * * * * * * * * * * *  T h e n . c 
1 , i n c l u de < s t d i o . h >  
2 , i n c l u d e  < m o d u l e . h > 
3 , i n c l u d e  < c type . h > 
4 # i n c l u d e  < t i me . h > 
5 ' i nc l u d e  < mo d e s . h > 
6 ' i n c l u d e  < e r r n o . h > 
7 # i n c l u d e  < s i g n a l . h > 
8 t i n c l u d e  " D aemo n . h -
9 

1 0  # de f i n e  D a t aType ' \x 4 0 ' 
1 1  t d e f i n e  D a t a L a n g  ' \0 '  
1 2  
1 3  s t a t i c  c h a r  * u s a g e [ J  = 

f c b  
f d b  
EllOD 
equ 

o 
'
0 

* 

* * * * * * * * * * * * * * * * * * * *  

1 4  f 
1 5  " T h e  f o r ma t o f  t h e T h e n  c omma nd i s : " , 
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  

- T h e n  < s h e l l c omma n d  l i n e > · ,  
" I f  t h e  comm a n d  l i n e  mu s t  c o n t a i n  s h e l l  
. ( ; > < & > - , 
· d o n ' t  p u t  a n y t h i n g  o n  t h e  comma n d  l i n e .  
" f o r  a c omma nd , " , .. . , 

ope r a t o r s : · ,  

T h e n  w i l l  p r ompt · ,  

2 2  
2 3  

" T h e n  w i l l  a l ways p r o m p t  f o r  d i r e c t i on s  on when t o  e x e c u t e  t he " ,  
" s h e l l c om ma n d . · 

2 4  } ; 
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2 5  
2 6  s t a t i c  s t r u c t  E v e n t R e c o r d  F i l e E n t r y ;  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
47  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  
73  
74  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  
8 1  
8 2  
8 3  
8 4  
8 5  
8 6  
8 7  
8 8  
8 9  
9 0  

ma i n ( a r g c , a r g v ) 
i n t  a r g c ;  
c h a r  * * a r g v ; 
{ 

i n t  i ;  
cha r c ;  
F I L E * I F i l e ,  * Ope n T i me r ( ) ;  

a r g v + + ; 
i f ( a r g c  = =  2 & &  * * a rg v  == ' 1 ' ) 

{ 
d i r e c t i o n s ( ) ;  
e x i t ( O )  ; 

s e t b u f ( s t d i n ,  NUL L ) ; / *  u n bu f f e r ed i n pu t * /  
s e t bu f ( s t do u t , NUL L ) ; / *  u nb u f f e r e d  o u t p u t * /  

/ * - - - - - - - - ------- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - *  
* Bu i l d  t h e  C omma nd L i n e * 
* - ------------------ - - - - - - - - - - - - - - - - - - - - - - - - - * /  

F i l e En t r y . cmd L i ne [ O ]  = ' \ 0 ' ; 
i f ( a rg c  < 2 )  

{ 
p r i n t f C W S H E L L  CM D :  W ) ;  
fge t s ( F i l e En t r y . cmd L i ne , ECMDLEN , s td i n ) ; 
p r i n t f ( " \ n " ) ;  

} 
e l s e  

f o r ( i = 2 ; i < =a r g c ; 
{ 

i + +  ) 

s t r ca t ( F i le E n t r y . cmq L i n e , * a r gv + + ) ;  
s t r ca t ( F i l e E n t r y . cmd L i n e , "  B ) ; 

/ * - ---------- - - - - - - - - - - - - - - - - - - - - - - ----------- - - *  
* S e l e c t s e t  t im e  o r  s e t i n t e r v a l  * 
* -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- ------ - - - - - * /  
d o  

p r i n t f ( " Ex e c u t e  t h e  c omma n d  a t  
c = t o up pe r ( ge t cha r ( » ; 

} w h i l e ( c  1 =  ' Y '  & &  c 1 =  ' N ' ) ;  
p r i n t f (  " \ n " ) ; 

a s e t  t im e ? ( Y , N ) : " ) : 

F i l e E n t r y . i n t v  = - 1 : /* I n i t i a l i z e  F i l e E n t r y  */ 
F i l e E n t r y . s e t t i m e . t_yea r = - 1 ; 

i f ( c  == ' Y ' ) 
T im e  ( ) : 

e l s e  
I n t e r v a l ( ) ;  

/ *  S e t t i m e  f o r  e x e c u t i o n  * /  

/ *  S e t  i n t e r v a l  f o r  e xe c u t i o n  * /  

I F i l e openT i m e r  ( ) ; 

f w r i t e ( & F i l e E n t r y ,  s i z e o f  F i l e E n t r y ,  1 ,  I F i l e ) ; 
f l a g Da e mo n  ( ) ; 
f c l o se ( I F i l e ) ;  / *  r e l e a s e  t h e  t i m e r  f i l e  * /  
e x i t ( 0 )  : 

T ime ( ) 
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9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  

1 0 0  
1 0 1  
1 0 2  
1 0 3  
1 0 4  
1 0 5  
1 0 6 
1 0 7  
1 0 8  
1 0 9  
1 1 0  
1 1 1  
1 1 2  
1 1 3  
1 1 4  
1 1 5  
1 1 6 
1 1 7  
1 1 8  
1 1 9  
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 2 9  
1 3 0  
1 3 1  
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
1 3 8  
1 3 9  
1 4 0  
1 4 1 
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
1 4 9  
1 5 0  
1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 6  

i n t  i ;  

p r i n t E ( - En t e r  t i me YY/MM/ D D  H R : MM : SS\n - ) ;  
p r i n t f { - Us e  * a s  a wi l d  ea r d\ n - ) ;  
p r i n t f ( - YY/MM/DD H H : MM : SS\n W ) ;  

F i l e E nt r y . s e t t i me . t  y e a r  = ge t n u m ( ) ;  
p u t eha r ( ' / ' ) ;  

-

F i 1 e En t r y . s e t t i me . t  mon t h  = g e t num ( ) ;  
pu t cha r ( ' / ' ) ; 

-

F i 1 e E n t r y . s e t t i me . t  day = g e t n u m ( ) ;  
p u t eh a r ( '  ' ) ;  

-

F i 1 e E n t r y . s e t t i me . t  h o u r  = ge t n u m ( ) ;  
p u t c h a c ( ' : ' ) ;  

-

F i l e E n t r y . s e t t i me . t  m i n u t e  g e t n um ( ) ;  
p u t cha r ( ' : ' ) ;  

-

F i l e E n t r y . se t t i me . t  s e c o n d  = g e t num ( ) ;  
p r i n t f ( - \ n W ) ;  

-

r e t u r n ;  

g e t n u m (  ) 
{ 

c h a r  c l , c 2 ;  

d o  
c 1  = g e t c h a r ( ) ;  

wh i l e  ( I i s d i g i t ( el )  & &  ( c 1 I :;  ' \n ' ) & &  ( c 1  1 =  H H » ) ;  

i E ( e l = =  ' * ' I I  c l  = =  ' \n ' )  
r e t u r n ( O )  ; 

d o  
c 2 = g e t c h a r ( ) ;  

wh i le ( I  i sd i g i t ( C 2 ) & &  c 2  1= ' \n ' ) ;  

i f ( c 2 :: = ' \n ' ) 
r e tu r n ( c 1 - ' 0 ' ) ;  

e l s e  
r e t u r n « c 2  - ' 0 ' ) + « c l - ' 0 ' ) * 1 0 » ) ;  

I n t e r va l ( )  
{ 

p r i n t f C - I nt e r va l : \n - ) ;  
p r i n t f ( - H H : MM : S S\ n W ) ;  
F i l e E n t r y . i n t v  = g e t n um ( ) * 6 0 * 6 0 ;  
p u t c h a r ( '  : ' ) ; 
F i l eE n t r y . i n t v  += ge t n um ( ) * 6 0 ; 
p u t c ha r ( ' : ' ) ;  
F i l e E n t r y . i n t v  += g e t n um ( ) :  
p r i n t f C W \ n W ) :  
r et u r n ;  

s t a t i c  c h a r  modname [ }  

f 1 a gDa emon ( ) 
{ 

C om_da t amod ; 

mod e x e c  *mod 1 i n k ( ) ;  
mod e x e c  *mod p t r ; 
c h ar * f la g p t r: 
i n t  * Da e mo n Ta s k ; 
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1 5 7  
1 5 8  
1 5 9  
1 6 0  
1 6 1  
1 6 2  
1 6 3  
1 6 4 
1 6 5  
1 6 6  
1 6 7  
1 6 8  
1 6 9  
1 7 0  
1 7 1  
1 7 2  
1 7 3  
1 7 4  
1 7 5  
1 7 6  
1 7 7  
1 7 8  
1 7 9  
1 8 0  
1 8 1 
1 8 2  
1 8 3  
1 8 4  
1 8 5  
1 8 6  
1 8 7  
1 8 8  
1 8 9  
1 9 0  
1 9 1  
1 9 2  
1 9 3  
1 9 4 
1 9 5  
1 9 6  
1 9 7  
1 9 8  
1 9 9  
2 0 0  
2 0 1  
2 0 2  
2 0 3  
2 0 4  
2 0 5  
2 0 6  
2 0 7  
2 0 8  
2 0 9  
2 1 0  
2 1 1  

i f  ( ( mod p t r  = mo d l i n k ( modn ame , Dat aType , D a t a L a n g ) )  = =  - 1 ) 

( 
-

f p r i n t f ( s t de r r , " Ca n ' t  l i n k  t o  % s . E r r o r  % d\n " , mod name , e r r n o ) ; 
e x i t ( l ) ; 

} 
f l a g p t r  = mod p t r  + mod pt r - > m  e x e c ; 
Daemo nTa s k  = l1 agpt r + I ;  
( *  f l a g p t r ) + + ; 

fp r i n t f ( s t d e r r , " S i g n a l i n g t a s k  % d\n " , * Da emo nTa s k ) ;  
k i l l ( * Daemo nTa s k , S I GWAK E ) ; / *  j og g l e  t h e  Daemo n ' s  e lb ow * /  

m u n l i n k ( mod_pt r ) ;  

r e t u r n ;  

F I L E  * Ope n T i m e r ( )  
( 

c h a r  Name I n i t F i l e [ 5 0 ) ;  
cha r * d e f d r i v e ( ) ;  
c h a r  new ; 
F I LE * I F i le ;  

s t r cpy ( Name I n i t F i l e , de f d r i v e ( ) ) ;  / *  B u i l d t i me r  f i l e name * /  
s t r c a t ( Nam e I n i t F i l e , i f i l e n ) ; 

new = a c ce s s ( NameI n i t F i l e , O ) ; 
i f ( ( I F i l e = f ope n ( Narne I n i t F i l e , " a " ) )  

( 
i f ( e r r no = =  E BPNAM ) 

f p r i n t f ( s tde r r , " % s % s . \ n " , 

N U L L ) / *  Ope n t i me r  f i l e * /  

" A  d i s k  c o n t a i n i ng t h e  SYS d i r ec t o r y  m u s t  be i n " , 
d e f d r i v e ( ) ) ;  . 

} 

fpr i n t f ( s t de r r , " I n i t  f i l e c a n ' t  be opene d . E r r o r % d\n " , 
e r r n o )  ; 

e x i t ( l ) ; 

i f  ( new ) 
c hrnod ( Name I n i t F i l e , S  I R EAD+S_IWR I TE+S_IOREAD+S_I OW R I T E + S_I SHARE ) ;  

r e t u r n ( I F i l e ) ; 
-

d i  r e c t i o n s  ( ) 
{ 

r e g i s t e r  i n t  i ;  

f o r ( i = O ; i < s i z e o f  u sa g e  / s i z e o f  ( c h a r  * ) ;  i + + ) 
p u t s ( u s ag e [ i ) ) ;  

r e t u r n ;  

* * * * * * * * * * * * * *  P e e k Daemon . c  
< s td i o . h >  
< t i me . h > 
" Daemo n . h " 

* * * * * * * * * * * * * * * * * *  
1 # i n c l u de 
2 # i n c l u d e  
3 J i n c l u d e  
4 
5 
6 
7 
8 
9 

s t a t i c  s t r u c t  E v e n t Reco r d  F i l e E n t r y ;  

rna i n  ( ) 
{ 
F I L E * I F i l e ; 
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1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
6 0  
6 1  

cha r Name l n i t F i l e [ 5 0 } ,  * de f d r i v e ( ) ;  
cha r Da t e st r [ 2 0 j :  
c h a r  * ns t r ( ) ;  

s t r c p y ( Name l n i t F i l e , de f d r i ve ( » ; 
s t r ca t ( Na me l n i t F i 1e , i f i le n ) ; 
i f ( I F i l e  = fopen C N ame l n i t F i l e , - r · » == NULL ) 

( 
f p r i n t f ( s t de r r , - I n i t  f i l e c a n ' t  be ope ned . E r r o r  % d\n " , e r r no ) ; 
e x i t ( l ) ; 

w h i l e  ( f r ea d ( & F i l e E n t r y ,  s i z e o f  F i l e E n t r y ,  1 ,  I F i l e ) 1 =  N U L L ) 
( 

i f C F i l e E n t r y . i nt v  = =  - 1 ) 
( 

e l s e  

p r i n t f C - % s / % s / % s  % s : % s : % s · ,  
n s t r ( F i l e Ent r y . se t t im e . t  ye a r ) ,  
n s t r ( F i 1 e E n t r y . s e t t i me . t-mo n t h ) ,  
n s t r ( F i l e Ent r y . se t t i m e . t

-
d a y ) , 

ns t r ( F i l e E n t r y , s e t t i me . t
-

ho u r ) ,  
n s t r ( F i l e E n t r y . s e t t i me . t-m i n u t e ) , 
n s t r C F i l e E n t r y . s e t t i me . t-s e co nd » ; 

r e s e t  ( )  ; -

p r i n t f C - % d - , F i l e E n t ry . i n t v ) ; 

p r i n t f C W  = = >  % s\n - , F i l e E n t r y . cmd L i ne ) ;  
} 

e x i t ( O ) ; 
I 

s t a t i c  c h a r  w i l d c a r d [ 2 }  
s t a t i c  c ha r s [ 6 J [ 3 J ; 
s t a t i c  i n t  s p t r = O ;  

c h a r  * n s t r e n )  
i n t  n ;  
( 

H C n  < 0 )  
r e t u r n ( w i l dca r d ) ; 

{ , * , , • \0 • } ; 

s pr i n t f ( s [ s p t r ] , · % d " , n ) ; 

r e t u r n ( s ( s p t r + + ] ) ;  

r e s e t ( )  
{ 

s p t r O J  
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WO R KS H O P  2 

a notepad 

The Daemon uses a data mod u le to store a few i m portant b i ts 
of i nformat ion .  Larger data modu les a lso have the i r uses. One way 
to th i n k  of them is  as g lobal  storage that pers ists even between 
prog rams. Fortran programmers m i g ht f i nd  the metaphor of com
mon sto rage usefu l .  A s i m pl e  use of t h i s  k i n d  of g loba l  storage is 
notepad storage .  A N otepad can be kept on  d isk ,  but  then you'd 
have to load the d isk  contai n i ng the notepad every t ime you 
wanted a look at i t .  I wou ldn ' t  use a notepad i f  i t  i nvolved switc h i n g  
d isks .  For  those o f  us  w i t h  extra la rge  d isks th i s  is  no prob lem . For 
others . . .  

A notepad kept i n  a data mod u l e  w i l l  have to be smal l ,  but  
that's in  the natu re of notepads. I f  you want to record large 
amou nts of data, use a f i l e .  

Th is  system of  programs i nc ludes a set o f  BASI C09 modu les. 
Note is a master prog ram that i nvokes most of the others. N oteS is 
a way to see the contents of the N otepad without go ing  th rough 
the  menus i n  Note. 

GetNote is a set of assem bly language subrout i nes meant to 
be cal led from BAS I C09. They l i n k  to the Notebook data modu le  
and u n l i n k  i t ;  they a lso copy a b lock of  data to and from the data 
mod u le .  These modu les are i nterest i ng both as examp les of the 
use of a data mod u le ,  and as asse m bler su brout i nes for  BAS I C09. 
I n  the f i rst one, I test the length of a parameter. That's an example  
of  someth ing th rown in  just because it seemed to need demonstrat
i ng .  
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P R OC E D U R E  
0 0 0 0  
0 0 0 3  
0 0 2 0  
0 0 3 0  
0 0 5 F  
0 0 9 3  
0 0 9 F  
0 0 A 2  
0 0 n 9  
O OBC 
O OB E  
0 0 F 8 
O O F E  
0 1 1 2  
0 1 4 2  
0 1 6 E  
0 1 8 3  
0 1 9 8  

0 1C 1  
0 1 C 4  
0 1 E 6 
0 1 E 9 
O U 6  
0 2 0 3  
0 2 0 5  
0 2 3 5  
0 2 3 8 
0 2 6 3  
0 2 6 6  
0 2 7 3  
0 2 8 2  
0 2 9 2  
0 2A l  
0 2B l  
0 2C O  
0 2C 2  
U 2 C 4  
0 2C 6  
0 2 F 5  

P R OC E D U R E  
0 0 0 0  
O O O C  
0 0 1 3  
O D I E  
O U 2 5  
0 0 2 8 
0 0 3 0  
0 0 4 7  
0 0 5 6  
O O S C 
D O S E  1 0 0  
0 0 6 4  
0 0 6 C  

PROC E D U R E 
O O U O  
O O U C  
0 0 1 3  
O O l A 
0 0 2 C 

********************* BASIC09 Procedures ********** 

n o t e  
( * 
( *  D r i v e r  p r o g r am f o r  n o t e b o o k  ma i n t e n a n ce 
( * 
D I r1 w o r k s t r i n g : S T R I NG ( 5 0 0 ] \ ( * D a t a  c o p i ed f r om t h e  n o t e b o o k  * 1  
D I M  modu l e : I NT EG E R  \ ( * The a d d r e s s  o f  t h e  n o t e b o o k  d a t a  mod u l e  * )  
D I M  S e l e c t i o n : S T R I NG [ l ]  
( * 
( *  P r ompt f o r  a command 
( * 
R E PE A T  

R E M  Y o u  m i g h t  wa n t  t o  i n s e r t  c o d e  t o  c l e a r  y o u r  s c r e e n  h e r e  
P R I NT \ P R I NT \ P R I NT 
P R I NT T AB ( l O ) ; " N o t e p a d  M e n u " 
P R I NT \ P R I N T " A  Load No t e Pa d  f r om d i s k  ( f i l e N o t e P a d ) "  
P R I NT " 8  S a v e  N o t e P a d  t o  d i s k  ( f i l e  N o t e p a d ) "  
PR I NT " C  Ed i t  N o t e P a d " 
P R I NT \ P R I NT TA B ( l O ) ;  " Se l e c t i o n :  " 
I N PUT Se l e c t i o n  

U N T I L  S e l e c t i on > =  " A "  A N D  S e l e c t i o n  ( =  " C ·  O R  S e l e ct i o n  > =  w a w  AND 
S e l e c t i o n ( = " c ·  

( * 
( *  C o r r e c t  S e l e c t i o n t o  uppe r c a s e  
( * 
I F  S e 1 e c t i o n > " z ·  T H E N  

S e l ec t i o n = C H R $ ( AS C ( S e l e c t i o n l - 3 2 )  
E N D I F 
R U N  G N o t e B ( mod u l e )  \ ( *  L i n k  t o  t h e  n o t eboo k d a t a  mod u l e  * )  
( * 
( *  r u n  a p r o c e d u r e t o  e x e c u t e  t h e  s e l e c t i o n  
( * 
I F  S e l e c t i o n = " A "  T H E N  

R U N L o a d No t e ( wo r k s t r i ng , modu l e ) 
E L S E I F  S e l e c t i o n= " B "  T H E N  

R U N  S a v e N o t e ( wo r k s t r i ng , mo d u l e ) 
E L S E  I F  S e l e c t i o n = " C "  T H E N  

R U N  Ed i t N o t e ( wo r k s t r i ng , modu l e )  
END I F  

END I F  
E N D I F  
R U N  D N o t e ( mo d u l e ) \ ( * U n l i n k t h e  n o t e bo o k  d a t a  mo d u le * 1  
E N D  

L o a d N o t e  
P A R A M  S : S T R I NG [ 5 0 0 ]  
PARAH M od u le : I N T E G E R  
D I M  i , j : I NTEGER 
D I M  N o t e F i 1 e : I NT E G E R  
O N  E R R O R  GOTO 1 0 0  
O P E N  � N o t e F i 1 e , " No t e Pa d · : R EA D  
G E T  # No t eF i l e , S  
R U N  P N o t e ( M o d u l e , S )  
C LO S E  # No t e F i l e  
E N D  
ON EHROR 
S = C H R $ ( 1 3 )  
E N D  

S a v e N o t e  
PARAH S : ST R I NG [ 5 0 0 ] 
P A R A H  H o d u l e : I NT E G E R  
D I M  N o t e F i l e : I NT E G E R  
C R EATE # No t e F i l e , " N o t e p a d " : WR I T E 
R U N  GNot e ( M o d u l e , S )  
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0038  
0 0 4 5  
0 0 48 

PROCBDURE 
0 0 0 0  
0 0 0 3  
0 0 3 7  
0 0 4 7  
0 0 8 1  
0 0 8 4  
0 0 9 0  
0 0 9 7  
0 0 A 2  
O OAE 
O ODA 
0 1 1 3  
0 1 4 4  
0 1 5 F  
0 1 6 6  
0 1 8 0  
0 1 8 2  
0 1 8 4  
0 1 B 5  
O l BA 
0 1 BD 
0 1 E 3  
0 1 E6  
0 1 F3 
0 2 0 0  
0 2 0 2  
0 2 0 5  
0 2 1 B  
0 2 1 E  
0 2 4 4  
0 2 6 1 
0 2 8 6  
0 29 0  
o 2 rl.3 
0 2C B  
0 2 C F  
0 2 DE  
0 2 EE 
0 3 06 
0 3 0 E  
0 3 1 8  
o n D  
0 3 4 B 
0 3 6 7  
0 3 6 F  
0 3 8 7  
0 3 8 B  
0 3A6 
0 3C B  
0 3 D 7  
0 4 0A 
0 4 0 E  
0 4 1 9  
0 4 2 5  
0 4 2C 
0 4 2 E  
0 4 3 9  
0 4 5 3 
0 4 5 E  
0 4 6 2  
0 4 6 F  

PUT # N o t e F i l e , S  
CLOSE il N o t eF i l e  
E N D  

E d i t N o t e  
( * 
( * E d i t N o t e  i s  a v e r y  s im p l e  e d i t o r  f o r  t h e  n o t e s  i n  
( * t h e  n o t e b o o k . 
( * I t  o n l y  c a n  l i s t  S i n g l e  l i n e s , a n d  a d d  a n d  d e l e te l i n e s  
( * 
PARAM S : ST RI NG [ 5 0 0 ] 
PARAM M o du le : I NT E G E R  
D I H  s ta r t , l a s t : I NT E G E R  
D I H  S e l e c t i o n : STR I NG [ l ]  
D I M  L i ne : ST R I NG [ 8 0 ]  ' ( * I np u t  b u f f e r  f o r  n ew l i ne s  * ) 
D I M  t e mp : STR I NG [ 5 0 0 ]  ' ( * Wo r k  s p a c e  f o r  i n s e r t - d e l e t e  o pe ra t i on s  * ) 
R U N  G N o t e ( Mo du le , S )  ' ( * G e t  n o t e s  f r om N o t e b o o k  i n  S * ) 
GOSUB 1 0 0  ' ( *  G i v e  He l p  Mes s a g e  * )  
l a s t = O  
GOSUB 9 0  ' ( * Pa r se o u t  a l i ne * ) 
P R I NT 
R E P EAT 

P R I NT M I D S ( S . s t a r t , l a s t - s t a r t ) ,  " - > " ,  ' ( * P r i n t  l i n e , p r ompt * ) 
I NPUT Se l e c t i on 
( * 
( *  E n s u r e  t h a t  S e l e c t i o n  i s  u p p e r  c a s e  
( * 
I F  S e l ec t i on > " Z ·  T H EN 

S e l ec t i o n= Cl lR$ ( A S C  ( Se l ee t i on ) - 3 2 )  
END I F  
( * 
( *  E x e c u t e  t h e  c omma nd 
( * 
I F  LEN ( Se l e c t i o n ) = O THEN ' ( * I n put  w a s  a r e t u r n  * ) 

GOSUB 9 0  ' ( * Pa r s e  o u t  n e x t  l i n e  * )  
E L S E  I F  S e l e c t i o n= " A "  THEN ' ( * A d d  a new l i ne * ) 

I N P UT " :  " ,  L i n e  
I F  L EN ( L i ne ) + L EN ( S » 5 0 0  THEN 

P R I NT " No t epad ove r f l ow .  Add i t i o n  r e j e c t e d "  
E L S E  

temp=LEFT$ ( S , s ta r t- l ) 
t e mp = t e mp + L i n e + C H R$ ( 1 3 )  
t e mp = t emp+ R IGHT$ ( S , LEN ( S ) + l -s ta r t )  
S = t e mp 
l a s t= s t a r t + LEN ( L i ne ) 

END I F  
E L S E  I F  S e l e c t i on = " D "  T H E N  ' ( *  D e l e te t h e  c u r r e n t  l i ne * )  

temp= L E FT$ ( S , s t a r t - l ) + R I GHT$ ( S , L EN ( S I - l a s t l  
S = t emp 

ELSE I F  S e l e c t i o n = " H " O R  S e l e c t i o n= " ? " T H E N  
G O S U B  1 0 0  

E L S E  I F  S e l e c t i o n= " Q "  T H E N  ' ( *  Q u i t  * ) 
E L S E  I F  S e l ec t i o n= " - "  T H E N  ' ( * B a c k  u p  a l i n e  * ) 

I F  s t a r t= l  T H E N  
P R I NT " * * * * * N o t e  c an ' t  be b a c k e d  u p  p as t  f i r s t  n o te , "  

E L S E  
l a s t = s t a r t - l  
I F  l a s t < l  T H E N  

l a s t = l  
E ND I F  
s t a r t = l a s t - l  
W H I LE s ta r t > = l  A N D  M I D$ ( S , s t a r t , 1 1 < >C H R $ ( 1 3 )  D O  

s t a r t = s ta r t - l  
E N DW H I LE 
I F  s t a r t < > l a s t  T H EN 

s ta r t = s t a r t+ l  
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0 4 7 A 
0 4 7 E  
0 4 8 2  
0 4 8 4  
0 4 8 6  
0 4 8 8  
0 4 8 A  
0 4 8 C  
0 4 8 E  
0 4 9 0  
0 4 9 2  
0 4 9 E  
0 4 DB 
0 4 D D  9 0  
0 4 F 3 
0 5 0 4  
O S O F  
0 5 1 3  
0 5 l A  
0 5 l C 
0 5 2 4  
0 5 4 0  
0 5 4B 
0 5 4 F  
0 5 5 1  1 0 0  
0 5 6 3  
0 5 8 3  
0 5 A 9  
0 5 DA 
0 5 F E  
0 6 2 5  
0 6 4 9  

P RO C E D U R E  
0 0 0 0  
0 0 0 3  
0 0 2 9  
0 0 4 4  
0 0 4 7  
0 0 5 2  
0 0 8 6  
O O B A  
O O E I  
0 1 1 0  
0 1 1 7  
0 1 3 1  
0 1 3 3  
0 1 3 5  
0 1 6 B  
0 1 8 5  
0 1 9 0  
O l B F  
O l e l  9 0  
0 1 D 7  
0 1 E 8 
O l P 3 
O l P 7  
O l F E  
0 2 0 0  
0 2 0 8  
0 2 2 4  
0 2 2 F  
0 2 3 3  

ELS E 
G O S U B  9 0  

E N D I F  
E N D I F  

E N D I F  
E N D I F  

E N D  I F  
E N D I F  

E N D I F  
E ND I F  

U N T I L  S e l e c t i o n ; " Q "  
RUN P No t e ( M od u l e , S J  \ ( *  Copy d a t a  b a c k i n t o  n o t e b o o k  d a t a  mo d u l e  * )  
E N D  
R EM P a r s e  o u t  a l i ne 
I F  l a s t + l < L E N ( S J  T H E N  

s ta r t = l a s t + l  
E L S E  

s t a r t; l  
EN D I F  
l a s t = s t a r t  
W H I L E  M I D $ ( S , l a s t , l J < > C H R $ ( 1 3 )  A N D  l a s t < L E N ( S )  DO 

l a s t = la s t + l  
E N DWH nE 
R ET U R N  
R E M  H e l p  M e s s a ge 
P R I NT - Re t U r n  t o  
P R I NT " D  t o  
P R I NT w A  t o  
P R I NT • t o  

s e e  t h e  n e x t l i n e . " 
d e l e t e  t he c u r r e n t  l i n e . "  
a d d  a l i n e  b e f o r e  t h e  c u r r e n t  
s e e  t h e  p r e v i o u s  l i ne . " 

P R I NT " Q 
P R I NT " H  
R E T U RN 

t o  qu i t  ed i t i n g t h e  N o t epad . "  
t o  s e e  t h i s  h e l p  m e s s a g e . -

n o t e s  
( * 
( *  J u s t  l i s t t h e  n o t e s  i n  t h e  N o t e B o o k  
( * Do n ' t  p r omp t f o r  o p t i o n s  
( * 
D I M  s t a r t , l a s t : I NT E G E R  

l i n e . " 

D I M  t emp : S T R I NG [ 5 0 0 ] \ ( *  s t o r a g e  f o r  t h e  d a t a  f r om N o t e B o o k  * ) 
D I M  Modu l e : I N T EG E R  \ ( *  T h e  ad d r e s s  o f  t h e  N o t e Bo o k  d a t a  m od u l e  * )  
R U N  G N o t e B ( Mo d u l e ) \ ( *  L i nk t o  t h e  d a t a mod u l e  * )  
R U N  G N o t e ( M o d u l e , t emp ) \ ( *  Copy n o t e b o o k  da t a  t o  t em p  * )  
l a s t= O  
GOSUB 9 0  \ ( * P a r s e o u t  a l i n e  * )  
P R I NT 
R E P EA T  

P R I NT M I D $ ( t em p , s t a r t , l a s t - s t a r t J  \ ( *  p r i n t  one l i ne f r om t h e  n o t ebook 
G O S U B  90 \ ( * P a r s e  o u t  a l i n e  * ) 

U NT I L  s t a r t : l  
R U N  DN o t e ( Ho d u l e ) \ ( *  U n l i n k  t h e  n o t e book d a t a  mo d u l e  * ) 
END 
REM P a r s e out a l i n e  
I F  l a s t + l < L E N ( t e mp ) T H E N  

s t a r t = l as t + l  
E L S E  

s ta r t = l  
END I F  
l a s t = s t a r t 
WH I L E  M I D $ ( t emp , l a s t , 1 ) < > CH R $ ( 1 3 )  A N D  l a s t < L E N ( t emp ) D O  

l a s t = l a s t + l  
E N DWH I L E  
R E T U R N  

* * * * * * * * * * * * * * * * * * * * * * * * Ge t N o t e  
0 0 0 0 1  

* * * * * * * * * * * * * * * * * * * * * *  
n a m  Ge t N o t e  
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0 0 0 0 2  
0 0 0 0 3  

0 0 0 0 6 
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
0 0 0 1 5  
0 0 0 1 6  
0 0 0 1 7 
0 0 0 1 8  
0 0 0 1 9  
0 0 0 2 0  
0 0 0 2 1  
O [) 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
0 0 0 2 6  
0 0 0 2 7  
0 0 0 2 8  
0 0 0 2 9  
0 0 0 3 0  
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 7  
0 0 0 3 8  
0 0 0 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  
0 0 0 4 8 
0 0 0 4 9  
0 0 0 5 0  
0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3  
0 0 0 5 4  
0 0 0 5 5  
0 0 0 5 6  

0 0 0 5 7  
0 0 0 5 8  
0 0 0 5 9  
0 0 0 6 0  
0 0 0 6 1  

0 0 2 1  
0 0 8 1  
0 0 0 0  

D 0 0 0 0  
D 0 0 0 0  
D 0 0 0 2  
D 0 0 0 4  
D 0 0 0 6  
D 0 0 0 8  
D O O O A 
D O O O C  
D O O O E  
D 0 0 1 0  
D 0 0 1 2  
D 0 0 1 4  
D 0 0 1 6  

O O O D  
0 0 1 3  
O O l B  

t t l 
I F P l  
u s e 
ENDC 

t ype s e t  
R e v s  s e t  

8 7 C D 0 0 4 3  mod 
* * * * * * *  
* P a r a me t e r  a r e a  
* 

o r g 
R e t Ad d r  r m b  
Pa r mC t  r m b  
V I  r mb 
V I L r m b  
V 2  r m b  
V 2 L  r mb 
V 3  r mb 
V 3 L  r m b  
V 4  r m b  
V 4 L  r m b 
V 5  [ m b  
V 5 L  r mb 

* E n d  o f  pa r a m e t e r  a r e a  
4 7 4 E6 F 7 4  N a m e l f c s  
4 E 6 F 7 4 6 5  No t e B o o k  f c s  
0 1  f c b  
* * * * * * * * * * * *  
* L i n k  t o  N o t e Bo o k  d a t a  

G e t  I n f o r ma t i on f r om N o t e Bo o k  f o r  B a s i c 0 9  

/ D O/ D E F S/ d e f s l i s t  

Ob j c t + S b r t n  
R e En t + l  
GN o t e B S , N a me l , Ty p e , R e v s , G N o t e B , O  

0 
2 r e t u r n  a d d r e s s  
2 n u mb e r  o f  p a r a me t e r s  
2 ad d r e s s  o f  m od u le ad d r e s s  
2 l e n g t h  o f  V I  
2 
2 
2 
2 
2 
2 
2 
2 

/GN o t eB/ 
/ N o t e B o o k /  
1 

m od u l e . R e t u r n  t he a d d r e s s  o f  
* t h e  m od u l e  h e a d e r t o  t h e  c a l l e r  
* 

O O l C  G N o t e B  
O O l C E C 6 2  I d d  P a r m c t , S  g e t p a r am e t e r  c o u n t  
0 0 1 E  1 0 8 3 0 0 0 1  cmpd ill e x p e c t o n e  
0 0 2 2  2 6 1 8  b n e  P a r a m E r r 
0 0 2 4  E C 6 6  I d d  V I L , S 
0 0 2 6  1 0 8 3 0 0 0 2  cmpd 11 2 e x pe c t  t wo 
0 0 2 A  2 6 1 0  b n e  Pa r a m E [ r 

* * * * * * * *  
* L i n k  t o  No t e B o o k  

0 0 2 C  8 6 4 0  I d a  /l Da t a  
0 0 2 E  3 0 8 D F F E l  l e a x  N o t e B o o k , PC R  
0 0 3 2  1 0 3 F O O  O S 9  F $ L i n k  
0 0 3 5  2 5 0 8  b c s  E r r o r  
0 0 3 7  E F F 8 0 4  s t u  [ VI , S  1 
0 0 3 A S F  c l r b  
0 0 3 13  3 9  r t s  r e t u r n  
0 0 3 C P a r a m E [ r 
0 0 3 C C 6 3 8  I d b  II E $ p a r a m  
0 0 3 E  4 3  c om a  s e t c a r r y  
0 0 3 F  E r r o r 
0 0 3 F  3 9  r t s  
0 0 4 0  B O F 8 6 4  E tlOD 
0 0 4 3  G N o t e BS equ * 

* * * * * * * * * * * * * 
* U n l i n k  N o t e B o o k  da t a  m o d u l e  
* 

0 0 0 0  8 7 c D 0 0 3 4  
O O O D  4 4 4 E 6 F 7 4  N a m e 2  

mod 
f c s  

D No t e S , N a me 2 , T y p e , Re v s , DNo t e , 0  
/DNo t e / 
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0 0 0 6 2  0 0 1 2  4 E 6 F 7 4 6 5  No t e B k 2 f c s  /No t eBook/ 
0 0 0 6 3  0 0 1 A  0 1  f c b  1 
0 0 0 6 4  0 0 1 8  ON o t e  
0 0 0 6 5  0 0 1 B  EC6 2 I dd p a r mC t , S  ge t p a r ame t e r  c o u n t  
0 0 0 6 6  0 0 1 0  1 0 8 3 0 0 0 1 cmpd U e x p e c t  o n e  
0 0 0 6 7  0 0 2 1  2 6 0 A  b n e  P a r mE r r 2  
0 0 06 8  * * * * * * * *  
0 0 0 6 9  * UnL i n k  N o t e B o o k  
0 0 0 7 0  * 
0 0 0 7 1  0 0 2 3  E EF 8 0 4  1 d u  [ VI , S )  
0 0 0 7 2  0 0 2 6 1 0 3 F 0 2  089 F$ U n L i n k  
0 0 0 7 3  0 0 2 9  2 5 0 5  b c s  E n o r 2 
0 0 0 7 4  0 0 2 B  5 F  c 1 r b  
0 0 0 7 5  0 0 2 C  3 9  r t s  
0 0 0 7 6  0 0 2 0 Pa r m E r r 2  
0 0 0 7 7  0 0 2 D  C6 J 8  l d b ' E $Pa r a m  
0 0 0 7 8  0 0 2 F 4 3  coma s e t  ca r r y 
0 0 0 7 9  0 0 3 0  E r r o r 2  
O O O B O 0 0 3 0  3 9  r t s  
0 0 0 8 1  0 0 3 1  7 8 6 B 4 4  E MOO 
0 0 0 8 2  0 0 3 4  oNo t e S  equ * 

0 0 0 8 3  * * * * * * * * * * * * *  
0 0 0 8 4  * s t o r e  i n f o  i n  Not eBook 
0 0 0 8 5  * r U n  W 8 e t ( M o d P t r , o a t a )  
0 0 0 8 6  * Modu l e  po i n t e r , 5 0 0  by t e s  o f  d a t a  
0 0 0 8 7  * 
0 0 0 8 8  0 0 0 0  8 7 COO 0 4 1  mod PN o t e S , Name 3 , Type , R ev S , PN ot e , 0  
0 0 0 8 9  0 0 00 5 0 4 E6 F 7 4  N a m e 3  f c s  /PNo t e/ 
0 0 0 9 0  0 0 1 2  0 1  f cb 1 
0 0 0 9 1  0 0 1 3  P No t e  
0 0 0 9 2  0 0 1 3 E C 6 2 1 d d  Pa rmct , S  ge t p a r ame t e r  cou n t  
0 0 0 9 3  0 0 1 5  1 0 8 3 0 0 0 2  cmpd ' 2  e x pe c t  t wo 
0 0 0 9 4  0 0 1 9  2 6 1 4  bne P a r mE r r 3  
0 0 0 9 5  0 0 1 8  1 0 A E F 8 0 4  1 d y  [ VI ,  S )  a d d r es s of mod u l e  
0 0 0 9 6 O O l F  E C 2 9  1 d d  9 , Y  d a t a  o f f s e t  
0 0 0 9 7  0 0 2 1  3 1 AB 1 e ay O , Y  Y po i n t s  a t  d a t a  i n  Not eBo o k  
0 0 0 9 8  0 0 2 3  A E 6 8  1 d x  V2 , S  
0 0 0 9 9  0 0 2 5 C 6 F F  1 d b  # 2 5 5  m a x  mov e  s i z e  
0 0 1 0 0  0 0 2 7  8 00 A  bs r Move mo v e  X t o  Y l e n g t h  B 
0 0 1 0 1  0 0 2 9  c 6 F 5  1 d b  # 5 0 0 - 2 5 5  r e ma i n i ng l e n g t h  
0 0 1 0 2  0 0 2B 8 0 0 6  b s r  M o v e  c on t i n u e  move 
0 0 1 0 3  0 0 2 0  E x i t  
0 0 1 0 4  0 0 2 0  S F  c 1 r b  
0 0 1 0 5  0 0 2 E  3 9  r t s  
0 0 1 0 6 0 0 2 F  P a r mE r r 3  
0 0 1 0 7  0 0 2 F  c6 3 8  1 db ' E $ Pa r a m  
0 0 1 0 8  0 0 3 1  4 3  coma s e t  c a r r y  
0 0 1 0 9  0 0 3 2  E r r o r 3  
0 0 1 1 0  0 0 3 2  3 9  r t s  
0 0 1 1 1  0 0 3 3  Move 
0 0 1 1 2  0 0 3 3  5 0  t s t b  
0 0 1 1 3  0 0 3 4  2 7 0 7  beq MoveX 
0 0 1 1 4  0 0 3 6 M o v eLoop 
0 0 1 1 5  0 0 3 6  A 6 8 0  I da , X +  
0 0 1 1 6  0 0 3 8  A 7 A O  s t a  , y+ 
0 0 1 1 7  0 0 3A S A  d e c b  
0 0 1 1 8  0 0 3 8  2 6 F 9  b n e  M o v e Loop 
0 0 1 1 9  0 0 3 0  M o v e X  
0 0 1 2 0  0 0 3 0 3 9  r t s  
0 0 1 2 1 0 0 3 E  7 1 3 9 1 7  EMOD 
0 0 1 2 2  0 0 4 1  PN o t e S  equ * 

0 0 1 2 3  * * * * * * * * * * * * *  
0 0 1 2 4  * g e t  i n f o  f r om N o t eBook 
0 0 1 2 5  * r u n  GNo t e ( ModP t r , Da t a )  
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0 0 1 2 6  * ( Modu l e  p o i n t e r , 5 0 0  by t e s  o f  u n f o r ma t t e d  d a t a ) 
0 0 1 2 7  * 
0 0 1 2 6  0 0 0 0  6 7 C OO O 4 1  mod G N ot e s , Name 4 , Ty p e , Re v s , G N o t e , 0  
0 0 1 2 9  0 0 0 0  4 7 4 E 6 F 7 4  N am e 4  f c s  /GN o t e /  
0 0 1 3 0  0 0 1 2  0 1  f e b  1 
0 0 1 3 1  0 0 1 3  GNot e 
0 0 1 3 2  0 0 1 3  EC6 2 1 d d  P a r mC t , S  g e t  pa r a me t e r  c o u n t  
0 0 1 3 3  0 0 1 5  1 0 8 3 0 0 0 2 cmpd 1 2 expe c t  Two 
0 0 1 3 4  0 0 1 9  2 6 1 4  b n e  P a r mE r r 4  
0 0 1 3 5  0 0 1 B  1 0 AE F 8 0 4 1 d y  [ V1 ,  S ]  ad d r e s s  o f  mod u l e  
0 0 1 3 6  0 0 1 F  E C 2 9  1 d d  9 , y  d a t a  o f f s e t  
0 0 1 3 7  0 0 2 1  HAB 1 e a y  O , Y  po i n t  a t  da t a  i n  Not eBook 
0 0 1 3 8  0 0 2 3  A E 6 8 1dx V2 , S  po i n t  a t  d a t a  f r om B a s i e 0 9  
0 0 1 3 9  0 0 2 5  C 6 F F  1 db 1 2 5 5  Max l e n g t h  t o  mov e 
0 0 1 4 0  0 0 2 7  8 00 A  b s r  t·love . 2 move [ y  1 to [ X  1 f o r  B 
0 0 1 4 1  0 0 2 9  C 6 F 5  1 db 1 5 0 0 - 2 5 5  r ema i n i ng l e n g t h  
0 0 1 4 2  0 0 2 B 8 0 0 6  b s r  Move . 2  
0 0 1 4 3  0 0 2 0 Ex i t . 2 
0 0 1 4 4  0 0 2 0  S F  c 1 r b  
0 0 1 4 5  0 0 2 E 3 9  r t s  
0 0 1 4 6  0 0 2 F  p a r m E r r 4  
0 0 1 4 7  0 0 2 F  C6 3 8  1 d b I E $ Pa r a m  
0 0 1 4 8  0 0 3 1  4 3  coma s e t  c a r r y  
0 0 1 4 9  0 0 3 2  E r r o r 4  
0 0 1 5 0  0 0 3 2  3 9  r t s  
0 0 1 5 1  0 0 3 3  Mov e . 2  
0 0 1 5 2  0 0 3 3  5 0  t s t b  
0 0 1 5 3  0 0 3 4  2 7 0 7  beq MoveX . 2  
0 0 1 5 4  0 0 3 6 MOVLo op2 
0 0 1 5 5  0 0 3 6  A6AO 1 d a  , y+ 
0 0 1 5 6  0 0 3 8 A 7 8 0  s t a  , X+ 
0 0 1 5 7  0 0 3 A 5 A  d e c b  
0 0 1 5 8  0 0 3 B  2 6 F9 b n e  MovLoop2 
0 0 1 5 9  0 0 3 0 Mov e X . 2  
0 0 1 6 0  0 0 3 0 3 9  r t s  
0 0 1 6 1  0 0 3 E  9 AB 7 4 4  E�100 
0 0 1 6 2  0 0 4 1  
0 0 1 6 3  

G N o t e S  equ * 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  wa r n i ng ( s )  
$ 0 0 F 9  0 0 2 4 9  p r o g r a m  by t e s  g e n e r a t e d  
$ 0 0 1 8  0 0 0 2 4  da t a  byt e s  a l l oc a t ed 
$ 2 4 1 0  0 9 2 3 2  b y t e s  u s e d  f o r  symbo l s  

* * * * * * * * * * * * * * * * * * * * * *  N o t e Bo o k  d a t a  modu l e  * * * * * * * * * . * * * * * *  

0 0 0 0 1  nam N o t e B ook 
0 0 0 0 2  t t l  Da t a  Mod u l e  f o r  No t e  s y s t e m  
0 0 0 0 3  I FF l  

u s e  / d O / O E F S/d e f s 1 i s t  
0 0 0 0 5  ENOC 
0 0 0 0 6  0 0 4 0  type s e t  D a t a  
0 0 0 0 7  0 0 6 1  Re v s  s e t  R e En t + l  
0 0 0 0 8  0 0 0 0  8 7 C 0 0 2 0 C  mod Ms i z e , Name , Type , Revs , oS t a r t , O S i z e  
0 0 0 0 9  0 0 0 0  4 E6 F 7 4 6 5  Name f c s  /No t eBook/ 
0 0 0 1 0  0 0 1 5  DS t a r t  
0 0 0 1 1  0 0 1 5  O OF F O O O O  f e b  1 3 , $ F F , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  1 
0 0 0 1 2  0 0 1 F  0 0 0 0 0 0 0 0  f c b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  by t e s  2 
0 0 0 1 3  0 0 2 9  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  3 
0 0 0 1 4  0 0 3 3  0 0 0 0 0 0 0 0  feb 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byte s 4 
0 0 0 1 5  0 0 3 0  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  5 
0 0 0 1 6  0 0 4 7  0 0 0 0 0 0 0 0  f c b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byte s 6 
0 0 0 1 7  0 0 5 1  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  by t e s  7 
0 0 0 1 8  0 0 5 B  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  by t e s  8 
0 0 0 1 9  0 0 6 5  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  9 
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0 0 0 2 0  0 0 6 F  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s 1 0  
0 0 0 2 1  0 0 7 9  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  1 1  
0 0 0 2 2  0 0 8 3  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  2 
0 0 0 2 3  0 0 8 D  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  3 
0 0 0 2 4  0 0 9 7  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  4 
0 0 0 2 5  O O A I  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  5 
0 0 0 2 6  O O AB 0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b yt e s  6 
0 0 0 2 7  0 0 B 5  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  7 
0 0 0 2 8  O O B F  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b yt e s  8 
0 0 0 2 9  0 0 C 9  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t en b y t e s  9 
0 0 0 3 0  0 0 D 3  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  by t e s  2 0  { 2 0 0  byt 
0 0 0 3 1  D O D D 0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  by t e s  1 
0 0 0 3 2  0 0 E 7  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  2 
0 0 0 3 3  O O F I  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  3 
0 0 0 3 4  o O FB 0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b yt e s  4 
0 0 0 3 5  0 1 0 5  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  5 
0 0 0 3 6  0 1 0 F  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  6 
0 0 0 3 7  0 1 1 9  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  7 
0 0 0 3 8  0 1 2 3  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  8 
0 0 0 3 9  0 1 2 D  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  9 
0 0 0 4 0  0 1 3 7  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  3 0  
0 0 0 4 1  0 1 4 1  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  1 
0 0 0 4 2  0 1 4 B  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  2 
0 0 0 4 3  0 1 5 5  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  3 
0 0 0 4 4  0 1 5 F  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  4 
0 0 0 4 5  0 1 6 9  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  5 
0 0 0 4 6  0 1 7  3 0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b yt e s  6 
0 0 0 4 7  O l 7 D  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  7 
0 0 0 4 8 0 1 8 7  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  8 
0 0 0 4 9  0 1 9 1  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  9 
0 0 0 5 0  0 1 9 B  0 0 0 0 0 0 0 0  f e b 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  4 0  ( 4 0 0  b y t  
0 0 0 5 1  0 1 A 5  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  1 
0 0 0 5 2  O l A F  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  2 
0 0 0 5 3  0 1 B 9  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  3 
0 0 0 5 4  O l C )  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  4 
0 0 0 5 5  0 1 C D  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  5 
0 0 0 5 6  0 1 D 7  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  6 
0 0 0 5 7  O l E l  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t en b y t e s  7 
0 0 0 5 8  O l EB 0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  by t e s  8 
0 0 0 5 9  O l F S 0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  b y t e s  9 
0 0 0 6 0  0 1 F F  0 0 0 0 0 0 0 0  f e b  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  t e n  byt e s  5 0  ( 5 0 0  byt 
0 0 0 6 1  0 1 F 4  D S i z e  e q u  * - DS t a r t  
0 0 0 6 2  0 2 0 9  l C7 9 BD EHOD 
0 0 0 6 3  0 2 0 C MS i z e e q u  * 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  w a r n i n g ( s )  
$ 0 2 0 C  0 0 5 2 4  p r og r a m  b y t e s  g e n e r a t e d  
$ 0 0 0 0  0 0 0 0 0  d a t a  byt e s  a l l oc a t e d 
$ 2 1 C 7  0 8 6 4 7  b y t e s  u s e d  f o r  s y m b o l s  
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WO R KS H O P  3 

' m o re' 

______________ A PROGRAM TO PAGINATE TO THE TER MI NAL 

I f  you h ave pause tu rned off (us ing TMODE) , l ist i ngs w i l l  f ly by 
on you r  term i na l  so fast you won't  be ab le to do  more than appre
c iate t h e i r  length . If you tu rn pause on, you can see one page at a 
t ime ,  but  there isn ' t  an  easy way to  move down a l i ne at a t i me .  
Mov i n g  t h ro u g h  a f i l e  24 1 i n es a t  a c rack l eaves you look i ng a t  each 
fresh path wi th  no context from the previous page. 

The  next p rog ram ,  M o re, isn ' t  a la rge  i m p rovement over the 
pagi nati o n  that SCFMan provides, but  i t  has some n i ce features .  
Most i m po rtant ,  i t  demonst rates an  app l icat ion  of p i pes. You ' l l  
also f i n d  examp les o f  t h e  use of  F$Mem, F$Fork,  F$ l c pt and 
F$Send .  

T here i s  one  pro blem that t h i s  p ro g ram wrest l es wi th  wi thout  
m uch s uccess. M o re shou ld  be ab le  to act  on  any shel l command.  
The b u i l t- i n  she l l  commands are pro blems,  but  a more annoy ing  
prob lem is  t ha t  the  she l l i ns i sts o n  see ing  var ious special  charac
ters - 'W and ' I '  for examp le .  T here is no way to prevent  the  she l l  
from act i ng o n  these characters, so I g ave u p  and des igned M o re 
to be ab le  to accept a she l l  command l i ne from standard i nput .  
You ' l l  not ice that i t  checks the parameter a rea for a command l i ne. 
I f  there i s  on ly  a <retu rn> character in the parameter a rea, More 
prom pts for a com mand l i ne .  T h is gets around the p rob lem , but  i t  
doesn 't solve i t .  
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Fo r a s i m p l e  command l i k e  L IST TEM P, use More l i ke th is :  

OS9: more l ist temp 

At the bottom of each page you wi l l  get a "More:" p rompt .  Here 
you have fou r  opt ions: 

<return> 
<space> 
<line feed> 
<tab> 

next page 
next line 
l ist the rest of the file without a pause 
quit 

Qu it i ng was a p ro b lem . I t' s  easy to ex i t ,  but mak ing  certa i n  the 
programs d own the p i pe also d ied was h arder .  The p rog rams 
wou l d  get an e rror on t h e i r  n ext wr i te to the p i pe ,  but  what if they 
d i d n't wri te aga i n .  One way to hand le  the p rob lem wou l d  be to j ust 
term inate d i sp lay of the i n put .  More cou l d  go on  to read a l l  the 
i n put from the p i pe and  th row i t  away. I chose to remember the 
process id of the she l l  that was forked ear l ier .  When More termi
nates, with a <tab> command o r  a s igna l ,  i t  sends a k i l l  s ignal to i ts 
c h i l d .  

* * * * * * * * * * * * * * * * * * *  More * * * * * * * * * * * * * * * * * * *  

0 0 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 5  
0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 U 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
O U 0 1 5  
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 U 1 9  
0 0 0 2 0  
0 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
0 0 0 2 6  
0 0 0 2 7  
0 0 0 2 8  
0 0 0 2 9  
0 0 0 3 0  
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 7 
0 0 0 3 8  

0 0 1 1  
0 0 8 1  
0 0 0 0  8 7 C O O I C 9  

Type 
R e v s  

* * * * * * * * * * * * * * * * *  

n a m  tlo r e  
t t l  P ag i n a t e  i n p u t  fo r a t e r m i na l 
I F P l  
E N O C  
s e t  
s e t  
mod 

P r g r m+ Ob j c t  
R e E n t + l  
M S i z e , N a me , Type , R evs , E n t e r , O S i z e 

* Va r i a b l e s  

o 0 0 0 0  
D 0 0 0 1  
o 0 0 0 2  
o 0 0 0 3  
o 0 0 0 4  
D O D O S  
D 0 0 0 6  
o 0 0 0 7  
D 0 1 6 5  

* 

0 0 0 0  4 D 6 F 7 2 E 5  
O O l l  0 1  
0 0 1 2 4 D 6 F 7 26 5  
0 0 0 6  
0 0 1 8  2 F 5 0 4 9 5 0  
0 0 1 D  5 ) 4 8 4 5 4 c 
0 0 2 2  
0 0 2 2  3 4 3 6 
0 0 2 4  O F 0 6  

p p a g e L e n  r mb 
C P a g e L e n  r m b  
Pa u s e r rob 
P i peNo r m b  
S t d O S a v e  r rob 
C h i l dN o  r m b 
S i g n a l  r fllb 

r rn b  
DS i z e equ 
Naroe f c s  
Ve r s i on f e b  
P r ompt f c c  
P r omp t L  eq u 
P i p e  f c s  
S H E LL f c s  
En t e r  

p s h s  
c l r  

* * * * * * * * * * * * * * *  

1 
1 
1 
1 
1 
1 
1 
3 5 0  

11,10 r el 
1 
I r1o r e : I 
* - P r oropt 
" /P I PE "  
" S H E L L "  

D , X , Y  
S i g n a l 

l e n g t h  o f  s t a n d a r d  o u t  p a g e  
l e n g t h  t o  c o py 
i n i t .  p a u s e  s t a t e  
pa t h  n umb e r  o f  p i p e  
pat h  n umb e r  o f  s t d .  o u t  copy 
t a s k  n umb e r  of c h i l d  
s i g n a l  r e c e i ve d  
S t a c k  s p a c e  

n o  s i g n a l r e c e i ved 

* 
* 
* 

F i r s t  g e t  page l e ng t h  f r om t h e  s t a nd a r d  o u t p u t  pa t h  
a n d s e t  p a u s e  o f f  i n  tha t pa t h . 

0 0 2 6  8 6 0 1  
0 0 2 8  C 6 0 0  
0 0 2A 3 2 E 8 E O  
0 0 2 D 3 0 E 4  
0 0 2 F  1 0 3 F 8 D  

I d a  
I db 
l e a s  
l e a x  
08 9 

U 
# S S . Op t  
- 3 2 , S  
, S  
I $ Ge t 8 t t  
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s t a n d a r d  o u t p u t pa t h  n u m b e r  
ge t s t a t  c o de 
ma k e  s p a c e  o n  the s t a c k  
po i n t  X a t  t h e  t e mp s to r a g e  o n  



U U U 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4  
0 0 0 4 5 
0 0 0 4 6  
00 0 4 7  
0 0 0 4 8  
O U 0 4 9  
0 0 0 5 0  
0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3 
0 0 U 5 4  
0 0 0 5 5  
0 0 0 5 6  
0 0 0 5 7  
0 0 U 5 8  
O U 0 5 9  
0 0 0 6 0 
O U 0 6 1  
0 0 0 6 2 
U 0 0 6 3  
0 0 0 6 4  
00 0 6 5 
0 0 0 6 6  
U 0 0 6 7  
0 0 0 6 8  
0 0 0 6 9  
0 0 0 7 0  
0 0 0 7 1  
0 0 0 7 2  
0 0 0 7 3  
0 0 0 7 4  
U 0 0 7 5  
0 0 0 7 6  
0 0 0 7 7  
0 0 0 7 8  
0 0 0 7 9  
0 0 0 8 0  
0 0 0 8 1  
0 0 0 8 2  
0 0 0 8 3  
0 0 0 8 4  
0 0 0 8 5  
0 0 0 8 6  
0 0 0 8 7  
0 0 0 8 8  
0 0 0 8 9  
0 0 0 9 0  
0 0 0 9 1  
0 0 0 9 2  
0 0 0 9 3  
0 0 0 9 4  
0 0 0 9 5  
0 0 0 9 6  
0 0 0 9 7  
0 0 0 9 8  
O U 0 9 9  
0 0 1 0 0  
0 0 1 0 1  
0 0 1 0 2  
0 0 1 0 3  
0 0 1 0 4  

0 0 3 2  1 0 2 5 0 1 6 6  
0 0 3 6  A 6 0 8  
0 0 3 8  9 7 0 0  
0 0 3A A G 0 7  
0 0 3 C  9 7 0 2  
0 0 3 E  6 F 0 7  
0 0 4 0  8 6 0 1  

0 0 4 2  
0 0 4 5  
0 0 4 9  

* B i s  s t i l l  SS . Op t  
* X s t i l l  po i n t s  t o  
1 0 3 F 8 E 
1 0 2 5 0 1 5 3  
3 2 E8 2 0  
* * * * * * * * * * * * *  

I bc s  E r r o r  
I d a  P D . PAG-P D . OPT , X  g e t  page l e ng t h  
s t a  P P a g e L e n  
I d a  P D . PAU-PD . OPT , X  g e t  p a g e - p a u s e  b y t e  
s t a  P a u s e  s a v e  i t  
c l r  P D . P A U - P D . OPT , X  s e t  n o  page-pause 
Ida  # 1  s ta n da r d  o u tp u t  
f r om G e t S t a t  
t h e  t e mp s t o r a g e  
O S 9  I $ S e t s t t  
I b c s  E r r o r  
l e a s  3 2 , S  

s e t  pa u s e  o f f  

c l e a r  temp spa ce o f f  t h e  s ta c k  

* S e e  i f  a command l i ne w a s  g i ve n  
* 

0 0 4 C  3 5 3 6  
0 0 4 E  3 4 0 6  
0 0 5 0  A G 8 4  
0 0 5 2  8 1 0 D  
0 0 5 4  2 6 2 0  

* * * * * * * * * * * *  

pu I s  D , X , y  
p s h s  D 
I d a  , X 
cmpa # $ O D  
b n e  G o t P a r a m  

* 
* 

G e t  a command f r om s t a nd a r d  i n put  

2 , S  
# 0  
F $ llem 
# 2 5 6  
F $ Hem 
E r r o r  
WPr ompt 

g e t  i n i t i a l  r eg i s t e r  c o n t e n t s  
s a v e  pa r a m  a r e a  l e ng t h  a g a i n  
g e t  f i r s t  b y t e  i n  t h e  pa r am o  a 
< C R > ? 
no ; t h e r e ' s  some t h i ng i n  t h e  p 

c l e a r  pa r ame t e r  a r e a  l e ng t h  o f  
r eq ue s t  me mo r y  s i z e 
g e t  mem s i z e i n  D 
ad d spa c e  f o r  c omma nd bu f fe r  
g e t  t h e  b u f f e r  

0 0 5 6 3 2 6 2  
0 0 5 8  C CO O O O  
0 0 5 B  1 0 3 F 0 7  
0 0 5 E  C 3 0 1 0 0  
0 0 6 1  1 0 3 F 0 7  
0 0 6 4 1 0 2 5 0 1 3 4 
0 0 6 8  1 7 0 0 B F  
0 0 6 B  8 6 0 0  
0 0 6 D  1 0 8 E O I O l  

l e a s  
I d d  
O S 9  
a d d d  
O S 9  
I b c s  
I b s r  
I d a  
I d y  

# 0  s ta n da r d  i n p u t  
# 2 5 7  s i z e o f  b u f f e r  ( i n c l u de < C R »  

* X po i n t s  a t  t h e  
0 0 7 1  1 0 3 F 8 B  

s t a r t  
OS9 

of the bu f f e r  a l r e a d y  

* X po i n t s  a t  t h e  s ta r t  
* Y c o n t a i n s t h e  l e ng t h  

I $ Re a d L n  g e t  a comma nd l i ne 
of the c omma nd l i ne 
o f  t h e command 

0 0 7 4  3 4 2 0  p s h s  y s a v e  c omma n d  l e ng t h  o n  t h e  s t a  
* * * * * * * * * * * * * * * * * *  
* X po i n t s  a t  t h e  c omma n d  
* , S  g i ve s  t h e  c ommand l e ng t h  
* 

0 0 7 6  
0 0 7 6  3 4 1 0  

* s ta c k  
0 0 7 8  1 7 0 1 1 1  
0 0 7 B  3 0 8 D F F 9 9 
0 0 7 F  8 6 0 3  
0 0 8 1  1 0 3 F 8 4  
0 0 8 4  1 0 2 5 0 1 1 4  
0 0 8 8  9 7 0 3  
0 0 8 A  8 6 0 1  
(J 0 8 C  1 0 3 F 8 2  
0 0 8 F  1 0 2 5 0 1 0 9  
0 0 9 3  9 7 0 4  
0 0 9 5  8 6 0 1  
0 0 9 7  1 0 3 F 8 F  
0 0 9 A  1 0 2 5 0 0 F E  
0 0 9 E 9 6 0 3  
O O A O  1 0 3 F 8 2  

G o t Pa r am 
p s h s  X 

n ow c o n t a i n s  ( pt r , l e n g t h ) 
I b s r  S e t I cp t  
l e a x  P i pe , P C R  
I d a  # UPDAT . 
O S 9  I $ Ope n 
I bc s  E r r o r  
s t a  P i pe N o  
I d a  U 
O S 9  I $ Du p 
I bc s  E r r o r  
s t a  S t dO S a v e  
I d a  U 
O S 9  I $ C l o s e  
I b c s  E r r o r  
I d a  P i peNo 
OS9 I $ D U p  

* * * * * * * * * * *  
* f o r k  a S H E L L  w i t h  t he c omma nd l i ne 
* 

0 0 A 3  3 5 2 6  
0 0 A 5  3 4 4 0  
0 0 A7 I F 0 3  
0 0 A 9  8 6 0 0  

pu I s  D , Y  
p s h s  U 
t f r  D , U  
I d a  # 0  
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save comm a n d  po i n t e r  

open t h e  p i pe f o r  u p d a t e  

s t d . o u t  pa t h  number  
dup s t d .  o u t  

c l o s e  s t d .  o u t  

g e t  P i pe p a t h  n umbe r 
DUP i t  i n t o pa t h  1 

g e t  command po i n t e r  a n d  s i z e  
s a v e  U 
command p t r i n  U 
a n y  l a n g u a g e/ type 



0 0 1 0 5  
0 0 1 0 6 
0 0 1 0 7  
0 0 1 0 8  
0 0 1 0 9  
0 0 1 1 0  
0 0 1 1 1  
0 0 1 1 2  
0 0 1 1 3  
0 0 1 1 4  
0 0 1 1 5  
0 0 1 1 6  
0 0 1 1 7  
0 0 1 1 8  
0 0 1 1 9  
0 0 1 2 0  
0 0 1 2 1  
0 0 1 2 2  
0 0 1 2 3  
0 0 1 2 4  
0 0 1 2 5  
0 0 1 2 6  
0 0 1 2 7  
0 0 1 2 8  
0 0 1 2 9  
0 0 1 3 0  
0 0 1 3 1  
0 0 1 3 2  
0 0 1 3 3  
0 0 1 3 4  
0 0 1 3 5  
0 0 1 3 6  
0 0 1 3 7  
0 0 1 3 8  
0 0 1 3 9  
0 0 1 4 0  
0 0 1 4 1  
0 0 1 4 2  
0 0 1 4 3  
0 0 1 4 4  
0 0 1 4 5  
0 0 1 4 6  
0 0 1 4 7  
0 0 1 4 8  
0 0 1 4 9  
0 0 1 5 0  
0 0 1 5 1  
0 0 1 5 2  
0 0 1 5 3  
0 0 1 5 4  
0 0 1 5 5  
0 0 1 5 6  
0 0 1 57 
0 0 1 5 8 
0 0 1 5 9  
0 0 1 6 0  
0 0 1 6 1  
0 0 1 6 2  
0 0 1 6 3  
0 0 1 6 4  
0 0 1 6 5  
0 0 1 6 6  
0 0 1 6 7  
0 0 1 6 8  
0 0 1 6 9  
0 0 1 7 0  

O O A B  
O O AO 
0 0 13 1  
0 0 8 4  
0 013 6  
O OBA 

O O BC 
O O B E  
O O C I  
0 0C 5  
0 0 C 7  
O OCA 
O O C E  
0 00 0  

0 0 0 3  
0 00 5  
0 00 5  
0 00 7  
0 0 0 9  
O OO C  
O O OE 
O O E O  
0 0 E 2  
0 0 E 4  
0 0 E 8  
O O EA 
O O EA 
O O E C  
O O E E 
O O F O  
0 0 F 2  
0 0 F 2  
0 0 F 4  
0 0 F 6  
0 0 F 8  
0 0 F 8 
O O FA 
O O F B  
O O F D  
O O F F  
O O F F  
0 ]  0 1  
0 1 0 3  
0 1 0 3  

0 1 0 6  
0 1 0 6  
0 1 0 8  
0 1 0C 
0 1 0 E  
0 1 0 E  
0 1 1 2  
0 1 1 4  
0 1 1 7  
0 1 1 13  

C6 0 1  
3 0 8 0 F F 6 C  
1 0 3 F 0 3  
3 5 4 0  
1 0 2 5 0 0 E 2 
9 7 0 5  
* * * * * * * * * * *  

I d b  
l e a x  
08 9 
p u I s  
I bc s  
s t a  

U 
S h e l l , PC R  
F $ F o r k 
U 
E r r or 
C h i l dN o  

* Ge t s t d  o u t p u t  b a c k  
* 
8 6 0 1  
1 0 3 F S F  
1 0 2 5 0 0 D 7  
9 6 0 4  
1 0 3 F8 2  
1 0 2 5 0 0C E  
9 6 0 4  
1 0 3 F 8 F  
* * * * * * * * * * * * * * * * *  

I d a  
O S 9  
I b c s  
I da 
O S 9  
I bc s  
I d a  
O S 9  

U 
I $C l o s e  
E r r o r  
S t d08ave 
I $ OU p  
E r r o r  
S t dOSave 
I $C l o s e  

* 
* 
* 

Eve r y t h i ng ' s  s e t  u p  
N ow w e  mos t ly j u s t  c o py : 

2 0 2 3  

0 0 0 6  
2 6 2 A  
1 7 0 0 9 F  
8 0 2 8  
8 D 4 A  
8 D 5 9 
8 D 6 9  
3 0 8 D0 0 0 2  
6 E 8 6  

2 0 0 6 
2 0 0A 
2 0 0 F  
2 0 1 1  

8 6 0 1 
9 7 0 1  
2 0D D  

9 6 0 0  
4 A  
9 7 0 1  
2 0 D 6  

O F O I  
2 0 D 2  

1 6 0 0 9 5  

Loop 

JTa b l e  

N x t L i ne 

N x t P a g e  

Ru n F r e e  

Qu i t  

* * * * * * * * * * * * * *  

b r a  

t s t  
b n e  
I b s r  
b s r  
b a r  
b s r  
b s r  
l e a x  
j mp 

b r a  
b r a  
b r a  
b r a  

I da 
s t a  
b r a  

N x t Pa g e  

S i g na l  
Q u i t  
WCR L F  
CpyPage 
WPr om p t  
Ge t C h a r  
Code Ch a r  
JTa b l e , P C R  
A , X  

N x t L i ne 
Nx t Pa g e  
R u n F r ee 
Q u i t 

# l  
C P a g e L e n  
L o o p  

I d a  P P a g e L e n  
d e c a  
s t a CPageLen 
b r a  Loop 

c l r  
b r a  

CPageLen 
Loop 

l b r a  E x i t  

* 
* 
* 

r ea d  a page f r om p i p e/ 
w r i t e  i t  t o  s td .  o u t  

D 6 0 1  
3 2 E 9 F F O I  
3 0 E 4  

1 0 8 E O O F F  
9 6 0 3  
1 0 3F 8 8  
1 0 2 5 0 0 8 1  
8 6 0 1  

Cpy P a g e  

CpyLoop 

* X and Y a r e  OK 

I db C P a geLe n 
l e a s  - 2 5 5 , S  
l e a x  , S 

l d y  # 2 5 5  
I da P i p e N o  
OS 9 I $ Re a d L n  
I b c s  E r r o r  
I d a  # l  
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o n e  e x t r a  page f o r  comman d  l i n  

f o r k t h e  s h e l l  
r ec o v e r  U 

s ave Ch i l d ' s  p r o c e s s  n umbe r 

s t d  o u t p u t  

d u p  s a v e d  s t d .  o u t  i n t o  p a t h  1 

c lo s e  S t d ,  o u t  d u p  

s k i p  t o  n e x t  l i ne 
c o py a p a g e  p i pe t o  s t d  o u t  
p r ompt - Mo r e : -
g e t r ep l y  
c h a n g e  c h a r  t o  0 , 2 , 4 , 6  

copy pa t h  page l en g t h  
mi n u s  o n e  
t o  copy p a g e  l e n g t h  

t e m p  s p a c e  

ma x l e n g t h  t o  r ea d  

s td .  o u t p u t  



001 7 1  
00 17 2 
00 1 7 3  
0017 4 
001 7 5  
001 7 6  
00 1 7 7  
001 7 8  
00 1 7 9  
001 8 0  
00 1 8 1  
001 8 2  
001 8 3  
001 8 4  
00 1 8 5  
00 1 8 6  
0 0 1 8 7  
001 8 8  
0 0 1 8 9  
0 0 1 9 0  
001 9 1  
0 0 1 9 2  
00 1 9 3  
00 1 9 4  
0 0 1 9 5  
00 1 9 6  
0 0 1 9 7  
0 0 1 9 8  
0 0 1 9 9  
002 0 0  
0 0 2 0 1  
002 0 2  
0 0 2 0 3  
0 0 2 0 4  
0 02 0 5  
0 0 2 0 6  
0 0 2 0 7  
0 0 2 0 8  
0 0 2 0 9  
0 0 2 1 0  
0 0 2 1 1  
00 2 1 2  
0 0 2 1 3  
0 0 2 1 4  
0 0 2 1 5  
0 0 2 1 6  
0 0 2 1 7  
0 0 2 1 8  
0 0 2 1 9  
0 0 2 2 0  
0 0 2 2 1  
0 0 2 2 2  
0 0 2 2 3  
0 0 2 2 4  
0 0 2 2 5  
0 0 2 2 6  
0 0 2 2 7  
0 0 2 2 8  
0 0 2 2 9  
0 0 2 3 0  
0 0 2 3 1  
0 0 2 3 2  
0 0 2 3 3  
0 0 2 3 4  
0 0 2 3 5  
0 0 2 3 6  

0 1 1 D  
0 1 2 0  
0 1 2 2  
0 1 2 3 
0 1 2 5  
0 1 2 9  

0 1 2A 
0 1 2A 
0 1 2 C  
0 1 2 E  
0 1 3 2  
0 1 3 6  
0 1 3 9  

0 1 3 B 
0 1 3 8 
0 1 3 D  
O l 3 F 
0 1 4 1  
0 1 4 5  
0 1 4 8  
0 1 4 A  
0 1 4C 

0 1 4 D  
0 1 4 D  
0 1 4 F  
0 1 5 1  
0 1 5 3  
0 1 5 3  
0 1 5 7  
0 1 5 9  
0 1 5A 
0 1 51\ 
0 1 6 1\ 
0 1 7 A  
0 1 7 8  
0 1 7 8  
0 1 7 0  
0 1 7 F  
0 1 8 3  
0 1 8 5  
0 1 8 7  
0 1 8A 
0 1 8C 
0 1 8 C  
0 1 9 0  
0 1 9 3  
0 1 9 4  
0 1 9 4  
0 1 9 6  
0 1 9 8  

1 0 3 F 8 C  
2 5 7 A  
S A  
2 6 E9  
3 2 E 9 0 0 F F  
3 9  
* * * * * * * * * * * * * * * * * *  

OS 9 
bcs 
decb 
b n e  
l e a s  
r t s  

* W r i t e  t h e  M o r e p r ompt 
* 

3 4 3 2  
8 6 0 1  
1 0 8 E0 0 0 6  
3 0 8 DF E DC 
1 0 3 F 8 A  
3 5 B 2  

WP r ompt 

* * * * * * * * * * * * * * * * * * * *  

p s h s  
I da 
I d y  
l e a x  
O S 9  
p u I s  

I $Wr i t l n 
Er r o r  

C pyLoop 
2 5 5 , S  

A , X , Y  
n 
# P r om p t L  
P r ompt , PC R  
I $W r i te 
A , X , y , PC 

* G e t a c h a r ac t e r f r om s t d .  i n  
* r e t u r n  i t  i n  A 
* 

3 2 7 F  
3 0 E 4  
8 6 0 0  
1 0 8 EO O O I  
1 0 3F 8 9 
2 5 5 2  
3 5 0 2  
3 9  

G e t C h a r  
l e a s  
l e a x  
I d a  
I d y  
OS9 
b c s  
p u I s  
r t s  

* * * * * * * * * * * * * * * * * * * * *  

- l , S  
, S  
# 0  
U 
I $ Re a d  
E r r o r  
A 

C o d e  t h e  c h a r a c t e r i n  A 
space - )  0 o n e  l i n e  
r e t ur n  - )  2 o n e  p a g e  
l i ne f e e d  - > 4 r u n f r e e  
t a b  - )  6 q u i t  

c le a r  s t a c k  
r e t u r n  

s a v e  s t a r t o f  comma n d  b u f f e r  
S t a nda r d  i n p u t  

r e t u r n  

ma k e  o n e  b y t e  s p a c e  o n  s t a c k  

s t d .  i n  
l e n g t h t o  r e ad 

g e t  b y t e  f r om w o r k  a r e a  
r e t u r n  

* 
* 
* 
* 
* 
* 
* 
* 

A l l  o t h e r  c h a r a c t e r s  r e t u r n  0 ( on e  l i ne )  
r e t u r n t h e  r es u l t  i n  A 

8 1 2 0  
2 3 0 2  
8 6 2 0  

3 0 8 D0 0 0 3  
1\ 6 8 6  
3 9  

0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0  
0 0  

8 6 0 D  
3 40 2  
1 0 8 EO O O I  
3 0 E 4  
8 6 0 1  
1 0 3 F 8 C  
3 5 8 2  

3 0 8 D0 0 0 4  
1 0 3 F 0 9  
3 9  

C I 0 1  
2 3 0 2  
E 7 4 6  

C o d e C ha r  

CodeOK 

C o d e T b l  

WCRLF 

Se t l c p t  

I nt c p t  

cmpa # $ 2 0 
b l s  Cod eOK 
I da # $ 2 0  

l e a x  C o d e Tb l , PC R  
I d a  A , X 
r t s  

f c b  
[ c b  
f c b  

0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 6 , 4 , 0 , 0 , 2 , 0 , 0  
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0  
o 

Ida 
p s h s  
l dy 
l e a x  
Ida  
O S 9  
p u I s  

# $ O D  
A 
U 
, S  
U 
I $W r i  t L n  
A , PC 

l e a x  I nt c p t , PC R  
O S 9  F $ I cp t  
r t s 

cmpb 
b l s  
s t b  

# S $Wa k e  
I n t c ptX 
S i g na l , u  
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( CR )  

l e n g t h  

c le a r  s t a c k  a n d  r e t u r n  

i s  t h e  s i g n a l  a f a t a l  o n e ? 
n o ; d o n ' t  c h a ng e  S i gn a l  
s a v e  s i g n a l  



0 0 2 3 7  
0 0 2 3 8  
0 0 2 3 9  
0 0 2 4 0  
0 0 2 4 1  
0 0 2 4 2  
0 0 2 4 3  
0 0 2 4 4  
0 0 2 4 5  
0 0 2 4 6  
0 0 2 4 7  
0 0 2 4 8  
0 0 2 4 9  
0 0 2 5 0  
0 0 2 5 1  
0 0 2 5 2  
0 0 2 5 3  
0 0 2 5 4  
0 0 2 5 5  
0 0 2 5 6  
0 0 2 5 7 
0 0 2 5 8  
0 0 2 5 9  
0 0 2 6 0  
0 0 2 6 1  
0 0 2 6 2  
0 0 2 6 3  
0 0 2 6 4  
0 0 2 6 5  
0 0 2 6 6  
0 0 2 6 7  
0 0 2 6 8  

0 0 0 0 0  
0 0 0 0 0  
$ 0 1 C 9  
$ 0 1 6 5 
$ 2 3 C5 

0 1 9 A  
0 1 9 A 3 B  
0 1 9 B  
0 1 9 B  5 F  
0 1 9 C 
0 1 9 C 8 D 0 3  
0 1 9 E  1 0 3 F 0 6  
a l A I  
O l A l  3 4 0 5  
0 1 A 3  9 6 0 5  
0 1 A 5 C 6 0 0 
0 1 A7 l 0 3 F 0 8  

* * * * * * * * * *  

I n t cp t X  

E x i t 

E r r o r  

C l n tJp 

r t i  

c l r b  

b s r  
O S 9  

p s h s  
I d a  
I d b  
05 9 

C l n U p  
F $ E x i t 

e e , B  
C h i l d N o  
it S $ K ILL 
F $ S e n d  

* s e t  P a u s e  b a c k  t h e  w a y  i t  w a s  
* 
3 2 E8 E O l e a s  - 3 2 , 5  

r e t u r n  t o  05-9 

k i l l  our c h i l d l  

8 6 0 1 I d a  it l  s t d  o u t  
C G O O  l d b  it S S . Op t  g e t s ta t  c o d e  
3 0 E 4  l e a x  , S 
1 0 3 F 8 D  0 5 9  I $ Ge t S t t  
2 5 0 9  b c s  C l n U pX 
9 6 0 2  I d a  P a u s e  g e t  s a v e d  pa u se v a l u e  

O l AA 
O l AD 
O l A F 
O l B l  
0 1 B 3  
0 1 B 6  
0 1 B 8  
O l B A 
O l B C 

A 7 0 7  s t a  P D . P A tJ - PD . OP T , X  r ep l a c e  i t  i n  t h e  o p t i o n  
8 6 0 1  I d a  # 1  s t d  o u t  
* B i s  s t i l l  5 5 . 0p t  f r om Ge t 5 t a t  
* X s t i l l  po i n t s  t o  t h e  t emp b u f f e r  

O l B E  
O l C l  
O l e l  
O l C 4  
0 1 e 6  
0 1 e 9  

1 0 3 F8 E  0 5 9  I $ Se t S t t p u t  p a u s e  b a c k  t h e  w a y  i t  wa s 

3 2 E 8 2 0 
3 5 8 5  
9 E0 2 EC 

e r r o r ( s )  
wa r n i n g ( s )  

C l n U px 

rls i z e  

l e a s  3 2 , S  
pu I s  CC , B , PC 
EMOD 
equ * 

0 0 4 5 7  p r o g r a m b y t e s  g e ne r a t e d  
0 0 3 5 7  da t a  by t e s  a l l o c a t e d  
0 9 1 5 7  b y t e s  u s e d  f o r  s ymbo l s  

r e t u r n  

• 

n i ce 
_________________ A PROGRAM THAT S ETS PRIORITIE� 

So meti mes i t  i s  i nconven iant  to use S ETPR to change the 
pr ior i ty of a p rogra m  after  it has been started . The fo l lowi n g  pro
g ra m ,  N ice, w i l t  g ive you a way to start a program at a pr ior i ty other 
than the default .  If you g ive the com mand:  

OS9:nice backup 

the  back u p  command wi l l  be run  at a pr iority of O. N ice can also be 
used to ra ise a new process's pr iority. The command 

OS9:nice +ds 

wou l d  sta rt DynaStar with  a p rior i ty of 200. Th i s  p rogram uses a 
d i fferent  t r ick  for c i rumvent i ng the she l l 's ed i t ing of the  command 
l i n e  than the one M o re u sed. I n  N ice, each character that has 
specia l  mean i ng to the she l l  h as a synonym.  The table of syn-
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onyms appears i n  the comments at the beg i n n i n g  of t he program .  
The prob lem wi th  th i s  t r ick  i s  that i t  i sn 't good t o  have t o  remember 
two d ifferent sets of spec ia l  characters for the shel l .  The good 
th ing i s  that th is t r ick  makes N ice work l i ke other 05-9 com mands.  

* * * * * * * * * * * * * * * * * * * * * * * *  N i c e  * * * * * * * * * * * * * * * * * *  
00 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 5  
00 0 0 6 
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4 
0 0 0 1 5  
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 0 1 9  
0 0 0 2 0  
0 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
0 0 0 2 6  
0 0 0 2 7  
0 0 0 2 8  
U U 0 2 9  
0 0 0 3 0  
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 03 4 
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 7  
0 0 0 3 8  
0 0 0 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4 
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  
0 0 0 4 6  
0 0 0 4 9  
0 0 0 5 0  
0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3  
0 0 0 5 4  
0 0 0 5 5  
0 0 0 5 6  
0 0 0 5 7  
0 0 0 5 8 
0 0 0 59 
0 0 0 6 0  

0 0 1 1  
0 0 6 1  
0 0 0 0  

D 0 0 0 0  
D 0 0 0 1  
D 0 0 0 3  
D 0 1 0 3  
D O l CB 

O O O D  
0 0 1 1  
0 0 1 2  
0 0 C 8  
0 0 1 7  
0 0 1 7  
0 0 1 9  
0 0 1 8  
O O l D  
O O l F  
0 0 2 1  
0 0 2 3  
0 0 2 5  
0 0 2 5  
0 0 2 7  
0 0 2A 
0 0 2C 

0 0 2 F  
0 0 3 1 
0 0 3 3  
0 0 3 7  

n a m  N i c e  
t t l  r u n  a p r og r am w i t h  a n o n- s t a nd a r d  p r i o r i t  
I FP l  
E N  D C  

* -------------- ---------------------------------------- * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

R u n  a s h e l l  comman d  w i t h  a l t e r e d  p r i o r i ty .  
By  d e f au l t  N i c e  w i l l  r u n  t h e  pr og r a m  w i t h  a 
p r i o r i t y  o f  O .  

* 
* 
* 

I f  t h e  f i r s t  c ha r a c t e r  i n  t h e  c omma n d  i s  a 
t h e  p r o g r am w i l l  b e  r u n  w i t h a p r i o r i t y  o f  

+ * 
2 0 0 . * 

To pe r m i t t he s h e l l  comma nd l i ne s p e c i a l  
cha r a c t e r s  t o  b e  pas s e d  t h r o u g h  t o  t h e  s h e l l  
t h a t  w i l l  e x e c u t e  t he c o mma n d , t he y  a r e  a l l  
r ep l a c e d  w i t h  a l t e r na t e  c ha r a c t e r  s eq u e n c e s .  
\ :  
\ %  & 
\ . 1 
\ $  # 
\ [  ( 
\ ]  ) 
\ * > 
\ �  < 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* I n  mos t  c a s e s  r /o r ed i r ec t i o n  o f  n i c e  w i l l  ca r r y * 
* t h r o u g h t o  t h e  pr og r am' i t  r u n s  w i t ho u t  us i ng * 
* speC i a l  c h a r a c t e r s  f o r  r ed i r ec t i o n .  * 
* - - - - - - - - - - - ----------------- - - - - - - - - - - - - - - - - - - - - - - - - - - *  

Type s e t  P r g r m+Ob j c t  
Rev s s e t HeEn t + l  

8 7 CO O O B E  mod M S i z e , Name , Ty pe , Re v s , En t r y , oS i z e 
p r t y  r m b  1 
C md S i z e  r m b  2 
Cmd r m b  2 5 6  

r mb 2 0 0  s t a c k  s p a c e  
D s i ze equ 

4 E 6 9 6 3 E 5  N a me f c s  / N i c e /  
0 1  f c b  1 v e r s i o n  
5 3 6 8 6 5 6C S he l l  f c s  / S h e l l /  

H i g hP se t 2 0 0  
E n t r y  

O F O O c l r  P r ty 
A6 8 4  I d a  , X  c he ck f i r s t b y t e  i n  comma n d  I i  
8 1 2 B  
2 6 0 6  
3 0 0 1  
8 6C 8  
9 7 0 0  

P S e t  
6 0 2 9  
1 0 3 F O C  
0 6 0 0  
1 0 3 F O D  
* * * * * * * * * * *  
* now 
* 
8 6 0 0  
C 6 0 l  
3 0 B DF F OB 
l 0 9 E O l  

f o r k  a s h e l l 

cmpa 
bne 
leax  
I d a  
s t a  

b s r  
o s 9  
I d b  
o s 9  

I d a  
I db 
l e a x  
l d y  

# ' + 
P S e t  
1 , X  
t H i g hp 
P r t y  

B l dCmd 
F $ I O  
P r t y  
F $ SP r i o r  

# 0  
U 
S he l l , P C R  
C md S i ze 
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h ig h p r i o r i ty 

H i g h  P r i o r i ty 

c o py comman d  t o  c omman d  a r ea 
ge t p r o ce s s 1 0  

s e t  p r i o r i ty f o r  u s  

a n y  type 
one e x t r a  page f o r  t h e  c o mm a n d  



0 0 0 6 1  0 0 3A 3 4 4 0  p s h s  U 
0 0 0 6 2  0 0 3C 3 34 3  l e a u  Cmd , U  
0 0 0 6 3  0 0 3 E  1 0 3 F 0 3  O S 9  F $ Fo r k  
0 0 0 6 4  0 0 4 1  3 5 4 0  p u I s  U 
0 0 0 6 5  0 0 4 3  2 5 0 7  b c s  E r r o r 
0 0 06 6  0 0 4 5  1 0 3 F 0 4  O S 9  F $ Wa i t  Wa i t  f o r  t h e  S h e l l t o  f i n i s h  
0 0 0 6 7  0 0 4 8  5 D  t s t b  C h e c k  r e t u r n  c o d e  f r om S h e l l 
0 0 0 6 8  0 0 4 9  2 6 0 1  b n e  E r  r o r  non-ze r o  ; r epo r t  e r r o r  
0 0 0 6 9  0 0 4 B  E x i t  
0 0 0 7 0  0 0 4 B  S F  c l r b  c l e a r  c a r r y  
0 0 0 7 1  0 0 4 C E r r o r  
0 0 0 7 2 0 0 4C 4 3  c om a  s e t  ca r r y 
0 0 0 7 3  0 0 4 D  1 0 3 F0 6  O S 9  F $ Ex i t  D o n e  
0 0 0 7 4  * * * * * * * * * * * * *  
0 0 0 7 5  * On e n t r y  t o  B l d Cmd X p o i n t s  a t  t h e  comm a n d  l i n e  
0 0 0 7 6  * On e x i t t h e  c omma n d  l i n e  h a s  bee n  mov e d  t o  Cmd , 
0 0 0 7 7  * i t s  s i ze  i s  i n  CmdS i z e , a n d  a n y  s pec i a l  c ha r a c t e r s  
0 0 0 7 8  * i n  t h e  c omma nd h a v e  bee n  t r a n s f o r me d .  
0 0 0 7 9 * 
0 0 0 8 0  0 0 5 0  B l dCmd 
0 0 0 8 1  0 0 5 0  3 1 4 3  l e ay Cmd , U  
0 0 0 8 2  0 0 5 2  O F O I  c l r  CmdS i ze 
0 0 0 8 3  0 0 5 4  O F 0 2 c l r  Cmd S i ze + l  
0 0 0 8 4  0 0 5 6  BLoop 
0 0 0 8 5  0 0 5 6  DCO I  I d d  Cmd S i ze 
0 0 0 8 6  0 0 5 8  C 3 0 0 0 1  a d d d  U 
0 0 0 8 7  0 0 5 B  D D O I  s td Cmd S i ze k e e p  S i z e  o f  Cmd u pd a t e d  
0 0 0 8 8  0 0 5 D  8 D 0 7  b s r  LdC h a r  g e t  a c h a r a c t e r  i n  A 
0 0 0 8 9  0 0 5 F  A 7 A O  s t a  , Y+ p u t  i t  i n  t h e  c omma n d  bu f fe r  
0 0 0 9 0  0 0 6 1  8 1 0 D  cmpa # $ O D  ( C R >  
0 0 0 9 1  0 0 6 3 2 6 F l  b n e  B Lo o p  
0 0 0 9 2  0 0 6 5  3 9  r t s  
0 0 0 9 3  0 0 6 6  Ld Cha r 
0 0 0 9 4  0 0 6 6  A6 8 0  I d a  , X+ 
0 0 0 9 5  0 0 6 8  8 1 5C cmpa # , \ Spec i a l  Es c ape ? 
0 0 0 9 6  O O u A  2 6 4 E  bne Ld C h a r X  
0 0 0 9 7  0 0 6 C  A 6 8 4  I da , X  
0 0 0 9 8  0 0 6 E  8 1 3A cmpa I ' : 
0 0 0 9 9  0 0 7 0  2 6 0 4  b n e  LCI 
0 0 1 0 0  0 0 7 2  8 6 3 8  I d a  I '  ; 
0 0 1 0 1  0 0 7 4  2 0 4 2 br a LCRep 
0 0 1 0 2  0 0 7 6  8 1 2 5  LCI c mpa 1 ' %  
0 0 1 0 3  0 0 7 8  2 6 0 4 b n e  L C 2  
0 0 1 0 4  o o n  8 6 2 6 I d a  # '  & 
0 0 1 0 5  0 0 7C 2 0 3 A b r a  LCRep 
0 0 1 0 6  0 0 7 E  8 1 2 E L C 2  cmpa # ' . 
0 0 1 0 7  0 0 8 0  2 6 0 4  b n e  LC3  
0 0 1 0 8  0 0 8 2  8 6 2 1  I d a  # I I 
0 0 1 0 9  0 0 8 4  2 0 3 2  b r a  LCRep 
0 0 1 1 0  0 0 8 6  8 1 2 4  L C 3  crnpa # ' $  
0 0 1 1 1  0 0 8 8  2 6 0 4  b n e  L C 4  
0 0 1 1 2  0 0 8A 8 6 2 3  I d a  I " 
0 0 1 1 3  0 0 8 C  2 0 2 A  b r a  LCRep 
0 0 1 1 4  0 0 8 E  8 1 5B L C 4  cmpa " [ 
0 0 1 1 5  0 0 9 0  2 6 0 4  b n e  L C 5  
0 0 1 1 6  0 0 9 2  8 6 2 8  I d a  # '  ( 
0 0 1 1 7  0 0 9 4  2 0 2 2  b r a  LCRep 
0 0 1 1 8  0 0 9 6  8 1 S D  L C 5  cmpa # '  1 
0 0 1 1 9  0 0 9 8  2 6 0 4 b n e  L C 6  
0 0 1 2 0  0 0 9 A  8 6 2 9  I d a  " ) 
0 0 1 2 1  0 0 9C 2 0 1A b r a  LCRep 
0 0 1 2 2  0 0 9 E  8 1 ZA LC6 cmpa I ' * 
0 0 1 2 3  O O A O  2 6 0 4 b n e  L C 7  
0 0 1 2 4  0 0 A 2  8 6 3 E  I d a  # ' > 
0 0 1 2 5  0 0A 4  2 0 1 2  b r a  L C R e p  
0 0 1 2 6  0 0 A 6  8 1 S E  L C 7  cmpa # ' A 
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0 0 1 2 7  O O A a  2 6 0 4  bne L c a  
0 0 1 2 8  O O AA 8 6 3C I d a  8 ' < 
0 0 1 2 9  O OAC 2 0 0 A  b r a  LCRep 
0 0 1 3 0  O O A E  8 l 5 C  LC8  cmpa It ' \  
0 0 1 3 1  O OB O  2 6 0 2 bne L CS k i p  
0 0 1 3 2  0 0 B 2  2 00 4  b r a  LCRep 
0 0 1 3 3  0 0 B 4  LC S k i p  
0 0 1 3 4  0 0 B 4  a 6 5C Ida  # ' \ 
0 0 1 3 5  0 0B 6  2 0 0 2  b r a LdCha r X  
0 0 1 3 6  0 0 B 8  LCRep 
0 0 1 3 7  0 0 B 8  3 0 0 1  l e a x  1 , X  s k i p  o v e r e s ca ped c h a r a c t e r  
0 0 1 3 8  O OB A  Ld Cha r X  
0 0 1 3 9  O O B A  3 9  r t s  
0 0 1 4 0  O O B B  8 B B E E 6  E�10D 
0 0 1 4 1  O O B E  M S i ze equ * 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 0  w a r n i ng ( s )  
$ O O B E  0 0 1 9 0  p r o g r am b y t e s  gene r at e d  
$ O lC B  0 0 4 5 9  d a t a  byt e s a l l o c a t e d  
$ 2 3 1 1  0 8 9 7 7  b y t e s  u s e d  f o r  sym b o l s  
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a n u l l  devi ce 

R u n n ing  a p rog ram i n  bac k g round without d o i ng somet h i n g  
about i t s  i nput  i s  a m istake you won't m a k e  often .  Two p rograms 
send ing  l i nes of output to you r  screen at the same t i me can 
produce baffl i ng  resu l ts. The normal  so l ut ion to th is  p rob lem is to 
red i rect the standard output of the background p rog ram to a d isk  
f i le .  Th is  so lut ion works f i ne and provides a h edge aga inst 
decid i ng l ater that you'd l i ke to see the o utput .  Sti l l ,  i t  i sn 't 
conven ient  to have to remembe r  to de lete the  d isk  f i le ,  and extra 
d isk  I/O is a lways to be avoi ded. 

What is requ i red i s  a " bi t  bucket , "  a p lace where data can be 
sent that m akes it s i l ent ly  d isappear .  O S-9 lets us construct a b i t  
buc ket w i thout  any spec ia l  ha rd ware. "B i t  bucket" i s  o n  the l o ng 
s ide for a d ev i ce name and lacks d i g n ity. I use the n ame " n u l l , "  
abbreviated / n l .  

A dev ice that soaks u p  d ata as fast a s  y o u  c a n  send i t  i s  usefu l 
enough to be worth a l i tt l e  memory space, but i t  doesn't cost m o re 
than a few extra bytes to do somet h i ng about i n put ,  as wel l .  The 
q u est ion i s  what? Two poss ib i l it i es com e  to m i nd :  return some 
selected character for every read ,  o r, retu rn an  EOF erro r. S i nce I 
cou ldn 't decide what character to ret u rn ,  I sett led on end-of-fi le .  

The device d river for nl  is the s i m p lest SCF d ev i ce d river I 
know of. 

If you type nl and dmy i nto one f i le ,  the assemb ler  w i l l  l eave 

359 



both m od u les i n  the same f i l e  i n  you r execut ion d i rectory.  For 
those who add the device to the i r  boot fi le  i m mediately,  th is  isn 't 
i m portant .  For others ,  load the f i le ,  then l i n k  to the n l  (the second 
modu le in the fi le) . Th is  method isn 't as memory eff ic ient  as i nc l ud
i ng the modu les in your boot, but i t  keeps them out of your 
memory u n t i l  they a re needed. 

This p rog ra m  was fi rst p u bl ished in '68'  M icro J o u rna l  in Apr i l 
1 983. 

* * * * * * * * * * * * * * * *  N ul l  Device * * * * * * * * * * * * * * * * *  

0 0 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 4  
0 0 0 0 5  
0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9 
0 0 0 1 0  

0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
0 0 0 1 5  
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 0 1 9  
0 0 0 2 0  
0 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
0 0 0 2 6  
0 0 0 2 7  
0 0 0 2 8  

0 0 0 2 9  
0 0 0 3 0  
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 8  
0 0 0 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  
0 0 0 4 8  
0 0 0 4 9  
0 0 0 5 0  

D 
D 

H 
W 
H 
W 
H 
W 

NAM Dummy I / O  d r i ve r  
TTL D e f i n i t i o n s  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *  
* D u mmy l J u l y 8 2  P e t e r  D i b b l e  * 
* 
* 
* 
* 

r e t u r n  e nd o f  f i l e t o  a n y  r e a d  * 

P u t  a n y  o u t p u t  d o w n  t h e  b i t  b u c k e t . 
N o  e r r o r  r e t u r n s  

* 
* 
* P u b l i c  Doma i n  s o f tw a r e  a s  o f  1 9 F e b 8 3 . 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *  

O O E I  
0 0 8 2  
0 0 0 0  
0 0 1 D  
0 0 1 D  
O O O D  

O O O E  
0 0 1 1  
0 0 1 2  
0 0 1 2  
0 0 1 5  
0 0 1 8  
0 0 1 8  
O D I E  
0 0 2 1  

0 0 2 4  
0 0 2 4  
0 0 2 4  
0 0 2 4  
0 0 2 4  

8 7 C D 0 0 2 E  

0 7  

4 4 6 D F 9  
0 1  

1 6 0 0 0 F  
1 6 0 0 0 E  
1 6 0 0 0 9  
1 6 0 0 0 6  
1 6 0 0 0 3  
1 6 0 0 0 0  

0 0 2 4  S F  
0 0 2 5  3 9  
0 0 2 6  
0 0 2 7  5 3  
0 0 2 8  C 6 D 3  
0 0 2 A 3 9  
0 0 2 B 8 4 8 D 3 5  
0 0 2 E 

I F P l  
u s e  / D O / D E F S / D e f s l i s t  
E N DC 

T y p e  
R e v s  

s e t  
s e t  
MOD 
ORG 

r'l e m s i z e e q u  
f c b  
TTL 

DumNam f c s  

E n t r y  

I n i t  
W r i t e  
G e t s t a t  
P u t S t a t  
T e r m  

R e a d  

f c b  

I b r a  
I b r a  
I b r a  
I b r a 
I b r a  
I b r a 

c l r b  
r t s  

c o m b  
I db 
r t s  
e rn o d  

D u mmy l e q u  
T T L  

D R I V R + OBJCT 
RE E N T + 2 
D u m my l , D u m N a m , Ty p e , R e v s , E n t r y , Me ms i z e  
V . S C F  l eave s pace for S C Fma n ove rhead e tc . 

READ . + W R I T E . + E X E C . d r i ve r  m o d e  
D u mmy I / O  D r i v e r  
/DIllY/ 
1 E d i t i o n  n u m b e r  

I n i t  
Re a d  
Hr i t e  
Ge t s t a t  
P u t s  t a t  
Te r m  

# E $ EO F  

* 

z e r o  r e t u r n  c o d e  
D o  no t h i n g 

s e t  c a r r y  f l a g  
r e t u r n  e n d  o f  f i l e  
r e t u r n  

De v i c e  De s c r i p t o r  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *  
* N L  d e v i c e  d e s c r i p t o r  * 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *  

O O F I  
0 0 0 0  8 7 C D O O I E  
O O O D 0 7  
O O O E  F F O O O O  

T y p e  s e t  
mod 
f c b  
f c b  

D EV I C+ 08JCT 
DD e n d , D D N a m , Type , R e v s , F M N a m , D R V N a m 
READ . +W R I T E . + E X E C . m o d e s  
$ F F , O , O  P O R T  A D D R E S S  O F  0 
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0 0 0 5 1  0 0 1 1  0 1 0 0  f c b  1 ,  D'r . S C F  Opt i o n s  
0 0 0 5 2  0 0 1 3 4 ECC D D N a m  f c s  / N L /  d e v i c e  n ame 
0 0 0 5 3  0 0 1 5  5 3 4 3 c 6  F M Na m f c s  / S C F /  F i l e  M a n a g e r Name 
0 0 0 5 4  0 0 1 8  4 4 6 DF 9 DRVNam f c s  / Dmy/ 
0 0 0 5 5  O O l B  B D 5 9 7 9  e mo d  
0 0 0 5 6  D O l E  D D e n d  equ * 

0 0 0 0 0  e r r o r ( s )  
0 0 0 0 6  w a r n i n g ( s )  
$ 0 0 4 C 0 0 0 7 6  p r o g r a m b y t e s  g e n e r a t e d  
$ 0 0 0 0  0 0 0 0 0  da t a  b y t e s  a l l o ca t e d 
$ 2 2 5 D  0 8 7 9 7  b y t e s  u s e d  f o r  symb o l s  
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a level one acia d rive r  

The fol l ow ing  p rogram is the  act ua l  ac ia dr iver  d istr ibuted 
with 0 8-9 Level O n e  systems .  M i c roware h as generously g i ve n  us 
perm iss ion to p u b l i sh  i t ,  but  I m ust warn you to use th i s  carefu l ly .  

There i s  n o  guara ntee that f ut u re vers ions of 08-9 w i l l  support 
t h i s  dev ice d river .  Th is  works w i th  08-9 vers ion  1 .2 .  I f  i t  doesn ' t  
work wi th vers ion  1 .3 - sorry .  

* * * * * * * * * * * * * * * * * * * *  ACIA D river * * * * * * * * * * * * * * * *  

0 0 0 0 1  
0 0 0 0 2 
0 0 0 0 3  
0 0 0 0 4  
0 0 0 0 5  
0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 4  
00 0 1 5 
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5  
U 0 0 2 6  
0 00 2 7  
0 0 0 2 8  
0 0 0 2 9  

0 0 0 2  

0 0 0 1  
0 0 0 2  
0 0 0 2  
0 0 0 1 
0 0 0 2  
0 0 0 1  

nam AC I A  
t t l  I n te r r u pt - D r i ve n  A c i a d r i v e r 

* Copy r i g h t  1 9 8 2  by M i c r owa r e  s y s t ems C o r po r a t i on 
* R e p r o d u c e d  U nde r L i c e n s e  

* T h i s  s o u r c e  c o d e  i s  t h e  p r o p r i e t a r y  c on f i d e n t i a l  p r o pe r t y o f  
* M i c r owa r e  S y s t em s  c o r po r a t i o n , a nd i s  p r o v i d e d  t o  l i ce n s e e  
* s o l e l y  f o r  d o c u me n t a t i o n  a n d  e d u ca t i o n a l  p u r po se s . R e p r od uc t i o n , 
* p u bl i ca t i o n , o r  d i s t r i bu t i o n  i n  a n y  f o r m  t o  a ny pa r ty o t h e r  t ha n  
* t h e  l i ce n s e e  i s  s t r i c t ly p r o h i b i t e d ! 

u se d e f s f i le 
L EVEL equ 2 

i f pl 
e ndc 

B y t eType s e t  1 
B l o c k Ty p  se t 2 
R a m C h e c k  s e t  B l o c k T y p  
U n L i m i t d  se t 1 
L i m i t e d  s e t  2 
ROMChe c k  se t U n L i m i t d  
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* * * * * * * * * * * * * * *  
* E d i t io n  H i s to ry 

* • d a t e  comme n t s  
* 

0 0 0 3 0  
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6  
0 0 0 3 7  
0 0 0 3 8  
0 0 0 3 9 

* 
* 

3 8 3/0 2/1 1 
4 8 3/ 0 3 / 1 0 

Ad d X-ON/X-OF F gene r a t i o n  c o d e  
G e t s t a t  Ready r e t u r ns ( B ) = b y t e c o u n t  

0 0 0 4  Ed i t i on equ 4 C u n e n t  Ed i t i on 

* * * * * * * * * * * * * * *  
() 0 0  4 0  
0 0 0 4 1  
0 0 0 4 2  
O () () 4 3  
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6  
0 0 0 4 7  
0 0 0 4 8  
0 0 0 4 9  
0 0 0 5 0  
0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3  
0 0 0 5 4 
0 0 0 5 5  
0 0 0 5 6  
0 0 0 5 7  
0 0 0 5 8 
0 0 0 5 9  
0 0 0 6 0  
O () 0 6 1  
0 0 0 6 2  
0 0 0 G 3 
0 0 0 6 4  
0 0 0 6 5 
0 0 0 6 6  
0 0 0 6 7  
0 0 0 6 8  
0 0 0 6 9  
0 0 0 7 0  
0 0 0 7 1 
0 0 0 7 2  
0 0 0 7 3  
0 0 0 7 4  
0 0 0 7 5 
0 0 0 7 6  
0 0 0 7 7  
0 0 0 7 8  
0 00 7 9  
0 0 0 8 0  
O ll 0 8 1  
0 0 0 8 2  
0 0 0 8 3  
0 0 0 8 4  
0 0 0 8 5  
0 0 0 8 6  W 
0 0 0 8 7  W 
0 0 0 8 8  
0 0 0 8 9  
0 0 0 9 0  
0 0 0 9 1  
0 0 0 9 2  
0 0 0 9 3  
0 0 0 9 4  
0 0 0 9 5  

* I n te r r up t -d r i v e n  Ac i a  De v i c e  D r i ve r  

0 0 5 0  
0 0 8 C  

0 0 8 0  
0 0 4 0  
0 0 2 0  
0 0 1 0  
0 0 0 8  
0 0 0 4  

0 0 8 0  
0 0 2 0  

0 0 7 C  

n O f n n  

D 0 0 1 D  
o 0 0 1 E  
D 0 0 1 F  
o 0 0 2 0  
D 0 0 2 1 
D 0 0 2 2  
D 0 0 2 3  
o 0 0 2 4  
o 0 0 7 4  
o 0 1 0 0  

0 0 0 1  
0 0 0 2  

0 0 0 0  
0 0 0 0 
O O O E  

* * * * * * * * * *  

I N P S I Z  
O U'rS I Z  

I RQ R e q  
PAR I T Y  
OV ERUN 
F RA M E  
NO'rCTS 
OCOLST 

I R Q I N  
I RQOUT 

I NP ERR 

s e t  
s e t  

s e t  
s e t  
s e t  
se t 
s e t  
se t 

equ 
equ 

s e t  

* s t a t i c  s t o r a g e  of f s e t s 
* 

I NX 'rI 
I NX TO 
I NCNT 
O NX T I  
ONX TO 
H A L T E D  
I N IIALT 
I NP B U F  
O UT H U F  
A C I l1Et1 

O [ g  
[ m b  
r mb 
r m b  
r mb 
r m b  
[mb 
rmb 
rmb 
rmb 
e q u  

* H A L T E D  s t a t e  c o n d i t i o n s  
H . X O F F  e q u  
H .  EllPTY eq u 

* * * * * * * * * * * * * * * 
* tlodu  I e  
8 7C D 0 2 4 0  
0 3  
4 1 4 3 4 9C 1  

H e a d e r 

A C I NMI 

mod 
f c b  
f c s  

0 0 1 2  0 4  f c b  

0 0 1 3  
0 0 1 6  
0 0 1 9  
O O l C  
O O l F  
0 0 2 2  

1 6 0 0 1 2  
1 6 0 0 5 0 
1 6 0 0 CC 
1 6 0 0 F 9  
1 6 0 1 0 9  
1 6 0 1 0 0 

0 0 2 5  0 0  
0 0 2 6  8 0  
0 0 2 7  O A  

A C I ENT 

ACI1ASK 

1 br a  
1 b r a  
1 b r a  
1 b r a  
1 b r a  
1 b r a  

f c b  
f e b  
f c b  

8 0  
1 4 0  

% 1 0 0 0 0 0 0 0  
% 0 1 0 0 0 0 0 0 
% 0 0 1 0 0 0 0 0  
% 0 0 0 1 0 0 0 0  
% 0 0 0 0 1 0 0 0  
% 0 0 0 0 0 1 0 0  

% 1 0 0 0 0 0 0 0  
% 0 0 1 0 0 0 0 0 

i n p u t  b u f f e r  s i ze « = 2 5 6 ) 
o u t p u t  b u f fe r s i ze « = 2 5 6 )  

I n t e r r up t  R e qu e s t  
pa r i t y e r r o r  b i t 
o ve r r u n  e r r o r  b i t  
f ra mi ng e r ro r  b i t 
n o t  c l ea r  t o  s e n d  
d a t a  c a r r i e r  l os t  

i np u t  I RQ e n a b l e  
o u tp u t  I R Q  e n a b l e  

PA R I T Y + OVERUN+FRA M E+NOTCTS + OCDLST 

V . SCF 
1 
1 
1 
1 
1 
1 
1 
I NPS I Z  
O UTS I Z  

1 
2 

r oom f o r  s c f  v a r i a b l es 
i n p u t  b u f fe r  n e xt - i n  pt r 
i np u t  b u f f e r  n e x t- o u t  p t r  
i n p u t  cha r c o u n t  
o u t p u t  b u f fe r n e x t - i n  pt r 
o u t p u t  b u f fe r  n e x t -o u t  pt r  
o u t p u t  I RQ ' s  d i sa b l e d  w h e n  n o n  
i n p u t  ha l t ed 
i np u t  b u f f e r  
o u tp u t  b u f fe r  
T o t a l  s t a t i c  s t o r ag e r e q u i r eme 

V . XOFF c h a r  h a s  b e e n  r e c e i v e d ; 
o u t p u t  b uf fe r i s  e mp t y  

A C I E N D , AC I NAM , O R IVR+OBJCT , RE E N T+ 1 , AC I ENT , 
U P OAT . 
" AC I A "  

E d i t i o n  

I N I T  
READ 
WH I T E  
G r�TSTA 
P U 'l'STA 
TRHNAT 

o 
I RQ Re q  
1 0  
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C u r r e n t  R ev i s i on 

n o  f l i p  b i t s  
I r q p o l l i ng ma s k  
( h i gh e r ) p r io r i ty 



0 0 0 9 6  
0 0 0 9 7  
0 0 0 9 8  
0 0 0 9 9  
0 0 1 0 0  
0 0 1 0 1  
00 1 0 2  
0 0 1 0 3  
0 0 1 0 4  
0 0 1 0 5  
0 0 1 0 6  
0 0 1 0 7  
00 1 0 8  
0 0 1 0 9  
00 1 1 0  
0 01 1 1  
0 0 1 1 2  
0 0 1 1 3  
0 0 1 1 4  
0 0 1 1 5  
0 0 1 1 6  
0 0 1 1 7  
0 0 1 1 8  
0 0 1 1 9  
0 0 1 2 0  
0 0 1 2 1  
0 0 1 2 2  
0 0 1 2 3  
0 0 1 2 4  
0 0 1 2 5  
0 0 1 2 6  
0 0 1 2 7  
0 0 1 2 8  
0 0 1 2 9  
0 0 1 3 0  
0 0 1 3 1  
0 0 1 3 2  
0 0 1 3 3  
0 0 1 3 4  
0 0 1 3 5  
0 0 1 3 6  
0 0 1 3 7  
0 0 1 3 8  
0 0 1 3 9 
0 0 1 4 0  
0 0 1 4 1  
0 0 1 4 2  
0 0 1 4 3  
0 0 1 4 4  
0 0 1 4 5  
0 0 1 4 6  
0 0 1 4 7  
0 0 1 4 8  
0 0 1 4 9  
0 0 1 5 0  
0 0 1 5 1  
0 0 1 5 2  
0 0 1 5 3 
0 0 1 5 4  
0 0 1 5 5  
0 0 1 5 6  
0 0 1 5 7  
0 0 1 5 8  
0 0 1 5 9  
0 0 1 6 0  
0 0 1 6 1  

0 0 2 8  
0 0 2 A  
0 0 2 C  
0 0 2 E  
0 0 3 0  
0 0 3 3  
0 0 3 6  
0 0 3 8  
0 0 3A 
0 0 3 D  
0 0 l F  
O U  4 1  
0 0 4 3  
0 0 4 5 
0 0 4 7  
0 0 4 9  
0 0 4B 
0 0 4 D  
0 0 4 E  
0 0 4F 
0 0 5 2  
0 0 5 5  
0 0 5 8 
0 0 5 n  
0 0 50 
0 0 6 1  
0 0 6 5 
0 0 6 8  
0 0 6 A  
0 0 6 C 
0 0 6 E  
0 0 7 0  
0 0 7 2  
0 0 7 3  

0 0 7 4  
0 0 7 6  
0 0 7 9  
0 0 7 8  
0 0 7 E  
0 0 8 0  
0 0 8 2  
0 0 8 4  
0 0 8 6  
0 0 8 9  
0 0 8 B  
0 0 8 D  
0 0 9 0  
0 0 9 3 
0 0 9 6  
0 0 9 8  

* * * * * * * * * * * * * * *  
* I n i t  

t t l  ' I NTERRUPT-DR IVEN Ac i a  d e v i c e  r ou t i ne s  

* I n i t ia l i z e ( Te r m i na l ) A c i a  
* 
A E 4 l  
C 6 0 3  
E 7 8 4  
C 6 0 2  
E 7 C 8 2 2  
M A8 l l  
8 1 1 4  
2 5 0 5  
E 6 A 8 2 6  
2 6 0 2 
C 6 l 5  
E 7 4 6  
E 7 8 4  
M O l  
M O l  
6 D 8 4  
2 IJ6 F 
4 F  
5 F  
E D C 8 1 D  
E DC 8 2 0  
A 7 C8 2 3  
A 7 C 8 1 F  
E C 4 1  
3 0 8 DF F C 4  
3 l 8 D O O ED 
1 0 3 F 2A 
2 5 0 9  
AE4 l  
E 6 4 6  
CA8 0  
E 7 8 4  
5 F  
3 9  

I N I T  

I N I T 0 5 

I N I T 1 0  
I N I T2 0 

I N I T 9  

* * * * * * * * * * * * * * *  
* Re a d  

l d x  
l db 
s t b  
l d b  
s t b  
l d a 
cmpa 
b l o  
l d b  
b n e  
l d b  
s t b  
s t b  
l d a  
l d a  
t s t  
b m i  
c 1 r a  
c l r b  
s t d  
s td 
s t a  
s t a  
l d d  
1 e a x  
l e a y  
O S 9  
b c s  
1 dx 
1 d b  
o r b 
s t b  
c 1 r b  
r ts 

V .  POR'r ,  U 
# $ 0 3  
O , x  
# H .  Ell PTY 

I/o po r t  a dd r e s s  
m a s t e r  r e se t s i g na l 
r e s e t  a c i a  

HALTE D , U  o u t p u t  I RQ ' s  d i s a b l e d ; b u f f e r  
1 1$OPT , Y o p t i o n  b y t e  c o u n t 
# P D . PAR-PD . OPT a c i a  c o n t r o l  v a l u e  g i v e n ?  
I N I T I O  . •  n o ;  d e f a u l t  $ 1 5  
P D . P A R- P D . OPT+M$ DTYP , Y  
I N IT 2 0  
# $ 1 5  
V . 'l'l' PE , U  
O , x  
1 , X 
1 , X 
O , x  
E r r N t R d y  

I NX T I , U  
ONX'r I  , U  
I NB A LT , U  
I NCNT , U  
V . PO RT , U  
A01 AS K , P C R  
AC I RQ , PC R  
F $ I R Q  
I N I T 9  
V . PO RT , U  
V . TY P E , U  
# IR Q I N  
O , X  

d e f a u l t a c i a  c o n t r o l  
s a v e  de v i c e  t y pe 
i n i t  a c i a  

r e m o v e  a n y  i n t e r r up t s  
i n t e r r u p t  gone ? 
. .  N o ; a bo r t  

I n i t i a l i ze b u f f e r  pt r s  

f l ag i np u t n o t  h a l t e d  
c lea r i n  c h a r  c o u n t  

a d d r e s s  o f  i n t e r r up t  s e r v i ce r 
Ad d t o  I R Q  p o l l i ng t a b l e  
E r r o r - r e t u r n  i t  

e na b l e  a c i a  i n p u t  i n t e r r u pt s  
i n i t i a l i z e  a c i a  f o r  i n p u t  i n t e  

* r e t u r n  O n e  B y t e  o f  i np u t  f r o m  t h e  A c i a  
* 
* P a s s e d : ( Y ) �P a t h  D e s cr i pt o r  
* ( U ) � S ta ti c  S t o r a g e  add r e s s  
* r e t u r ns : ( A ) = i n pu t  B y t e  ( ca r r y  c l e a r ) 
* o r  C C = S e t , B = Er r o r  c ode i f  e r ro r  
* 
8 D 4 A  
A 6 C 8 2 3 
2 F 1 5 
E 6 C 8 1 F  
C 1 0 A  
2 2 0 E 
E 6 4 F  
C A 8 0  
E 7 C 8 2 3  
E6 4 6  
CAAO 
E 7 D 8 0 1  
E 6 C 8 1 E  
3 0C 8 2 4 
l A 5 0  
E l C8 l D  

R EAD O O  
R EAD 

Re ad . a  

b s r  
I da 
b l e  
1 db 
cmpb 
b h i  
l d b  
o r b  
s tb 
l d b  
o r b  
s t b  
I d b  
l e a x  
o r c c  
cmpb 

ACS L E P  
I N HALT , U  i s  i np u t ha l t e d ?  
R e a d . a  b r a n ch i f  n o t  
I NCNT , U  ge t i n p u t  c h a r a c te r co u n t 
# 1 0  l es s  t h a n  1 0  c h a r s  i n  b u f fe r ?  
Re ad . a  b r a n c h  i f  n o t  
V . XON , U  g e t  X-ON c h a r  
# S i g n  s e t  s i g n  b i t 
I NHALT , U  f l a g  i np u t  r e s u me 
V . T l' P E , U  ge t co n t r o l  v a l ue 
# I RQ I N 1 I RQOUT e n a b l e  i npu t & o u tpu t I RQ s  
[ V . PO R T , U )  se t c o n t r o l  r eg i s te r  
I NXTO , U  ( i np u t b u f f e r ) n e x t - o u t  p t r  
I NP B U F , U  a d d r e s s o f  i n p u t  b u f f e r  
# I n t M a s k s  c a l m  i n te r r up t s  
I NX T I , U  a ny d a t a  a v a i l ab l e ? 
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0 0 1 6 2  
0 () 1 6 3  
0 0 1 6 4  
0 0 1 6 5  
0 0 1 6 6  
0 0 1 6 7  
0 0 1 6 8  
0 0 1 6 9  
0 0 1 7 0  
0 0 1 7 1  
0 0 1 7 2  
0 0 1 7 ]  
0 0 1 7 4  
0 0 1 7 5  
0 0 1 7 6  
0 0 1 7 7  
0 0 1 7 8  
0 0 1 7 9  
0 0 1 8 0  
0 0 1 8 1  
0 0 1 8 2  
0 0 I S 3  
0 0 1 8 4  
0 0 1 8 5  
0 0 1 8 6  
0 0 1 8 7  
0 0 1 8 8  
0 0 1 8 9  
0 0 1 9 0  
0 0 1 9 1  
0 0 1 9 2  
0 0 1 9 3  
O U 1 9 4 
0 0 1 9 5  
0 0 1 9 6  
0 0 1 9 7  
0 0 1 9 8 
0 0 1 9 9  
0 0 2 0 0 
0 0 2 0 1  
0 0 2 0 2  
0 0 2 0 3  
0 0 2 0 4 
0 0 2 0 5  
0 0 2 0 6 
0 0 2 0 7  
0 0 2 0 8  
0 0 2 0 9  
0 0 2 1 0  
0 0 2 1 1  
0 0 2 1 2  
0 0 2 1 3  
0 0 2 1 4  
0 0 2 1 5  
0 0 2 1 6  
0 0 2 1 7  
0 0 2 1 8  
0 0 2 1 9  
0 0 2 2 0  
0 0 2 2 1  
0 0 2 2 2  
0 0 2 2 3  
0 0 2 2 4  
O U 2 2 5  
0 0 2 2 6  
0 0 2 2 7  

R EA D I O 

b e g  
a b x 
I d a  
d e c 
i n c b  
c mp b  
b l s  
c l r b 
s t b  
c l r b  
I d b  
b eg 
s t b  
c l r  

R EA D O O  

O , X  
I N C NT , U  

# ! N PS I Z - l  
R EA D I 0  

I NX TO , U  

V . E R R , U 
R E A D 9 0 
P D . E R R , Y  
V .  ER R , U  

t h e  c h a r 
de c r em e n t c h a r co u n t 
ADVANC E  N e x t - o u t  p t r  
e n d  o f  c i r c u l a r  b u f f e r ? 

. •  n o  
r e se t p t r t o  s t a r t o f  b u f fe r  
s a ve u p d a t e d  b u f f e r  p t r  

T r a n s m i s s i on e r r o r ?  
. .  n o :  r e t u r n  
r e t u r n  e r r o r  b i t s  i n  p d  

0 0 9 B  2 7 D 7 
0 0 9 D  3 A  
0 0 9 E  A 6 8 4  
O O A O  G AC S l F  
0 0 A 3  5 C  
O O M  C 1 4 F  
O O A G  2 3 0 1  
O O A S  S F  
0 0 A9 E 7 C 8 1 E  
U U AC 5 F  
0 0 1\0 E G 4 E  
O O AF 2 7 0 8  
O O B I  E 7 A S 3A 
0 0 B 4  6 F 4 E  
0 0 B 6 5 3  
0 0 B 7  C 6 F 4  
0 0 B 9  l CA F  
O O B B  3 9  

comb r e t u r n  c a r r y  s e t  
I db # E $ R e a d  s i g na l r e a d e r r o r  

R E A D 9 0  a n d c c  , A I n t Ma s k s  e n a b l e  I RQ r equ e s t s  
r t s  

O O D C 5 3  
o O B D  C 6 F 6  
O O B F  3 9  

* * * * * * * * * *  

E r r N t R d y  c omb 
I db ' E $ No t R d y  
r t s  

* Acs l e p  - S l e e p  f o r  I /O a c t i v i t y 
* T h i  s ve r s i o n  l I o g s  C p u  i f  s i g n a  1 pe.o d i  n g  
* 

o o c o  

O O C 2  
O O C 4  
O O C 6  
O O C S  
O O C S  
O O C E  
0 0 0 0  
0 0 0 3  
0 0 D 5 
0 0 D 7  
0 0 D 9  
O O D A  
O O D C  
O O D E  
O O E O  

* P a s s e d : ( cc ) = I r q ' s  M u s t  b e  d i s a b l e d  
* ( U ) �G l o b a l S t o r a g e  
* V . B u s y , U= c u r r e n t  p r o c  i d  
* De s t r oy s : po s s i bl y  P c  
3 4 1 6  A C 5 L E P  p a h s  
A 6 4 4  I d a 
A 7 4 5  s t a  
l C A F  a n dc c 
8 E O O O O  l d x  
1 0 3 F O A  0 5 9  
9 E 5 0  l d x  
£ 6 8 S 1 9  l d b 
2 7 0 4  beq 
C I 0 3  cmpb 
2 3 0 9  b l s  
4 F  A C S L 9 0 c l r a  
l\6 0 C  I d a  
8 5 0 2  b i t a  
2 6 0 2  b n e  

D , X  
V . B U S Y , U  
V . Wa k e , U  
' � I n t Ma s k s  
� O  
F $ S l e e p  
D . P r o c  
P $ S i g na l , X  
A C S L 9 0  
# S $ I n t rp t  
A CS L E R  

P $ S t a t e , X  
� C ondem 
A C S L E R  

3 5 9 6  pu l s  D , X , P C 

0 0 E 2  3 2 6 6  
0 0 E 4  4 3  
0 0 E 5  3 9  

A C S L £ R  l e a s  6 , S  
c om a  
r t s  

* * "' * * "' * * "' * "' * * * *  
* W r i t e  
* W r i t e  c h a r  T h r o u g h  A c i a  
* 
'" P a s s e d : ( A ) - c h a r  t o  w r i t e 
'" ( Y ) - Pa t h  De s c r i p t o r  
* ( U ) = S t a t i c  S t o r a g e  a d d r e s s  

g e t c u r r e n t  p r oc e s s  i d  
a r r a n g e  w a k e u p  s i g n a l  
i n t er r u p t s o k  n ow 

w a i t  f o r  i n p u t d a t a  

s i gn a l  p r e s e n t ? 
. .  n o :  r e t u r n  
D e a d l y  s i g na l ?  
. .  y e s ; r e t u r n  e r r o r  
c l e a r c a r r y  
c h e c k  p r oc e s s  s t a t e  f l a g s  
h a s p r o ce s s  d i e d ?  
. .  Y e s ; r e t u r n  e r r o r  
r e t u r n  

E x i t  t o  c a l l e r ' s  c a l l e r  
r e t u r n c a r r y  s e t  

* r e t u r n s :  C C- S e t I f  B u s y  ( o u t p u t  b u f fe r  F u l l )  
'" 

0 0 E 6 8 D D 8  
O O E S  3 0 C 8 7 4 
O O E13 E 6 C 8 2 0  
O O E E  3 A  
O O E F  A 7 8 4  

WR I T O O  
W R I T E  

b s r  
l e a x  
I d b  
a b x 
s t a  

A C S L E P  
O U T BU F , U  
ONX'I' I , U  

O , X  
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s l e e p  a b i t  
o u t p u t  b u f f e r  a d d r e s s  
( o u t pu t )  ne x t - o u t  p t r  

P u t  c h a r  i n  b u f f e r  



002 2 8  
0 0 2 2 9  
002 3 0  
0 0 2 3 1  
U 0 2 3 2  
0 0 2 3 3 
0 0 2 3 4 
00 2 3 5  
0 0 2 3 6  
0 0 2 3 7  
0 0 2 3 8  
0 0 2 3 9  
0 0 2 4 0  
00 2 4 1  
0 0 2 4 2  
0 0 2 4 3  
0 0 2 4 4  
00 2 4 5  
U 0 2 4 6  
00 2 4 7  
0 0 2 4 8  
0 0 2 4 9  
0 0 2 5 0  
00 2 5 1  
0 0 2 5 2  
O U 2 5 3  
0 0 2 5 4  
U 0 2 5 5  
0 0 2 5 6  
0 0 2 5 7  
0 0 2 5 8  
0 0 2 5 9  
0 0 2 6 0  
00 2 6 1  
0 0 2 6 2  
O U  2 6  3 
0 0 2 6 4  
0 0 2 6 5  
00 2 6 6  
0 0 2 6 7  
0 0 2 6 8 
0 0 2 6 9  
0 0 2 7 0 
O U 2 7 1  
0 0 2 7 2 
0 0 2 7 3  
O U 2 7 4 
0 0 2 7 5  
0 0 2 7 6  
0 0 2 7 7  
0 0 2 7 8  
0 0 2 7 9  W 
0 0 2 8 0  
0 0 2 8 1  
0 0 2 8 2  
0 0 2 8 3  
0 0 2 8 4  
0 0 2 8 5  
0 0 2 8 6  
0 0 2 8 7  
0 0 2 8 8  
0 0 2 8 9  
0 0 2 9 0  
0 0 2 9 1  
0 0 2 9 2  
0 0 2 9 3  

O O F I  
O O F 2  
0 0 F 4  
0 0 F 6  
0 0 F 7  
0 0 1:" 9  
O O F C  
O O F E  
0 1 0 1  
0 1 0 4  
0 1 0 6  
0 1 0 8  
0 1 0 B  
O l (l D  
0 1 0 F  
0 1 1 1  
0 1 1 4  
0 1 1 6  
0 1 1 7  

5 C  
e 1 8 B  
2 3 0 1  
5 F  
l A 5 0  
E I C 8 2 1  
2 7 E 8  
E 7 C 8 2 0  
A 6 C 8 2 2 
2 7 0 E  
8 4 F O  
A 7 c 8 2 2  
2 6 0 7 
A6 4 6  
8 A M  
A 7 D 8 0 1  
l CA F  
5 F  
3 9  

H R I T I O  

W r i t e 8 0  
W r  i t e 9 0  

* * * * * * * * * * * * * * *  
* G e t s t a / P u t s t a  

i n c b  
cmpb 
b l s 
c l r b  
o r c c  
c m p b  
b e g  
s t b  
I d a 
b e g  
a nd a  
s t a  
b n e  
I d a  
o r a  
s t a  
a nd c c 
c l r b  
r t s  

# OU 'l' S I Z - l  
W R I T I O  

!f I n t rla s k s  
ONX'ro , U 
W R I T O O 
ONXTI , U  
HALT E O , U  
W r  i t e 8 0  
fI � /l . EI1 PTY 
HAl,T ED , U 

A DVANC E t h e  p t r 
e n d  o f  c i r c u l a r  b u f f e r ? 
· . n o 
r e s e t  p t r  t o  s t a r t  o f  b u f f e r  
d i sa b l e  i n t e r r u p t s  
b u f f e r  f u l l ?  
· . ye s ; s l e e p  a n d  r e t r y  
s a v e  u p d a t e d  n e x t - i n  p t r  
o u t p u t  a l r e ad y  e l l a b l e d ?  
. .  y e s ; d o n ' t  r e - e n a b l e  
n o  l o n g e r h a l t e d d ue t o  e mp t y  

W r i t e 8 0  . .  S t i l l  HALTE D ;  d o n ' t  e n a b l e  I 
V . TY P E , U  P a r i t y  c o n t r o l 
fl I R Q I N I I R QOU T  e na b l e  i np u t  & o u t p u t  I R Q s  
[ V . P O RT , U ]  E n a b l e  o u t p u t  i n t e r r u p t s  
, - I n t Ha s k s  e n a b l e  I R Q s  

( r e t u r n  c a r r y c l e a r ) 

* G e t / P u t  Ac i a  s t a t u s  

0 1 1 8  
O l l A  
O I l C 
0 1 1 F  
0 1 2 1  
0 1 2 3  
0 1 2 5  
0 1 2 6  

* 
* P a s s e d : ( A ) = S t a t u s  C o d e  
* ( Y ) = P a t h D e s c r i p t o r  
* ( U ) = S t a t i c  S t o r a g e  a d d r e s s 
* r e t u r n s : v a r i e s  
8 1 0 1  G ET S TA 
2 6 0 B  
E 6 C B I F  
2 7 9 B  
A E 2 6  

c m p a  
b n e  
I d b  

1 x 
s t b  E 7 0 2  

5 F  
3 9  

s'rATu s 9 9  c l r b  
r t s  

# S S . R e a d y  
G ET S I O  
I N C N 'r , U 
E r r N t R d y  
P O . RG S , y  
R $ B , X  

R e a d y  s t a t u s ? 
· . n o 
g e t  i n p u t c h a r a c t e r  c o u n t  
· . No ;  r e t u r n no t r e ad y  e r r o r 

r e t ur n  b y t e c o u n t  t o  c a l le r  ( I )  

0 1 2 7  8 1 0 6  
0 1 2 9  2 7 EB 

G E T S I O  c m pa ' S S . EOF E n d  o f  f i l e ?  

0 1 2 B  5 3  
0 1 2 C C 6 0 0  
0 1 2 E  3 9  

P U T ST A  

* * * * * * * * * * * * * * *  
* S u b r o u t i n e TR MNAT 

b eg W r i t e 9 0  • .  yes ; r e t u r n c a r r y  c l e a r 

c om b  r e t u r n  c a r r y s e t  
I d b fl E $ U n k Sv c  U n kn ow n  s e r v i c e  c o d e  
r t s  

* Te r m i n a t e  A c i a  p r o c e s s i n g 
* 
* P a s s e d : ( U ) = S t a t i c  S t o r a g e  
* r e t u rn s :  N o t h i n g 
* 

0 1 2 F  l 7 p p B E  
0 1 3  2 9 E 5 0  
0 1 3 4  A 6 8 4  
0 1 3 6  A 7 4 4 
0 1 3 B A 7 4 3  
O l 3 A E 6 e 8 2 0  
0 1 3 0  l A 5 (] 
O l 3 F E I C 8 2 1  
0 1 4 2  2 6 E B 
0 1 4 4  A 6 4 6  
0 1 4 6  A 7 D B O l  
0 1 4 9  l C A!" 
0 1 4 8  B E O O O O  
0 1 4 E  1 0 3 F 2 A  
0 1 5 1  3 9  

TRI1N O O  
T R�l NAT 

I b s r  
1 cl x 
I d a  
s t a 
s t a  
l db 
o r c c 
c m p b  
b n e  
I d a  
s t a  
a n d c c  
l d x  
O s 9  
r t s  

AC S L E P  
D . Pr o c  
P $ I O , X  
V . B U S Y , U  
V . LP R C , U  
O N XT I , U  
# I n U1 a s k s  
O N x'rO , U  
'l'Rt l N O O  
V . TY P E , U  
[ V . P O RT , U ]  
r I n  t Ma s k s  
, 0  
F $ I H Q  
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w a i t  f o r  I / O  a c t i v i t y 

d i sa b l e  i n t e r r u p t s  
o u t p u t  d o ne ? 
. .  n o ;  s l e e p  a b i t  

d i s a b l e  a c i a  i n t e r r u p t s  
e na b l e  i n t e r r u pt s  

r e mov e a c i a  f r om p o l l i n g t b l  



0 0 2 9 4  
0 0 2 9 5  
0 0 2 9 6  
0 0 2 9 7  
0 0 2 9 8  
0 0 2 9 9  
0 0 3 0 0  
0 0 3 0 1  
0 0 3 0 2  
0 0 3 0 3  
0 0 3 0 4  
0 0 3 0 5  
0 0 3 0 G  
0 0 3 0 7  
0 0 3 0 8  
0 0 3 0 9  
0 0 3 1 0  
0 0 3 1 1  
0 0 3 1 2  
0 0 3 1 3  
0 0 3 1 4  
0 0 3 1 5  
0 0 3 1 6  
0 0 3 1 7  
0 0 3 1 8  
0 0 3 1 9  
0 (J 3 2 0  
0 0 1 2 1  
0 0 3 2 2  
0 0 3 2 3  
0 0 3 2 4  
0 0 3 2 5  
0 0 3 2 6  
0 0 3 2 7  
0 0 3 2 8 
0 0 3 2 9  
0 0 3 3 0  
0 0 3 3 1  
0 0 3 3 2  
0 0 3 3 3  
0 0 3 3 4  
0 0 3 3 5  
0 0 3 3 6  
0 0 3 3 7  
0 0 3 3 8  
0 0 3 3 9  
0 0 3 4 0  
0 0 3 4 1  
0 0 3 4 2 
0 0 3 4 3  
0 0 3 4 4  
0 0 3 4 5  
0 0 3 4 6  
0 0 3 4 7  
0 0 3 4 8  
0 0 3 4 9  
0 0 3 5 0  
0 0 3 5 1  
0 0 3 5 2  
0 0 3 5 3  
0 0 3 5 4  
0 0 3 5 5  
0 0 3 5 6  
0 0 3 5 7  
0 0 3 5 8  
0 0 3 5 9  

* * * * * * * * * * * * * * *  
* Ac I R Q  
* p r o c e s s  I n t e r r u p t  ( i n p u t  or o u t p u t ) f r om A c i a  

0 1 5 2  
0 1 5 4  
0 1 5 6 
0 1 5 8  
0 1 5 A  
0 1 5 C 
0 1 5 E  

* 
* P a s s e d : ( U ) = S t a t i c  s t o r a g e  a d d r 
* ( X ) = P o r t ad d r es s  
* ( A ) = po l l e d  s t a t u s  
* Re t u r n s :  N o t h i n g 
* 
A E 4 1 
H 8 9  
C 4 7 C  
EA 4 E  
E 7 4 E  
8 5 0 5  
2 6 4 E  

AC I RQ 

* F a l l Th r o u g h  t o  

* * * * * * * * * * * * * * * *  
* o u t  I R Q  

l d x  V . POHT , U  
t f r  A , B 
a n d b  # I N P E R R  
o r b V . ER R , U  
s t b  V . E R R , U  
b i t a  # 5  
b n e  I n I RQ 

Do o u t p u t  

* o u t p u t  t o  A c i a  I n t e r r u p t  R o u t i n e 
* 

g e t po r t  a d d r e s s 
c o p y  s ta t u s  
ma s k  s t a t u s  e r r o r b i t s  

u pd a t e  c u mu l a t i v e e r r o r s  
i n p u t  r e a d y  ( o r  c a r r i e r  l os t ) ? 
. .  y e s ; g o  g e t  i t  

* P a s s e d :  ( A ) = A c i a  S t a t u s  R e g i s t e r  c o n t e n t s  
* ( X ) = A c i a  p o r t ad d r e s s 
* ( U ) = S t a t i c  S t o r a g e a d d r e s s 

0 1 6 U  
0 1 6 3 
0 1 6 5  
0 1 6 7  
0 1 6 9  
0 1 6 B  
0 1 6 E  
0 1 7 1  
0 1 7  3 
0 1 7  4 
0 1 7 5  
0 1 7 8  
0 1 7 B  
0 1 7 E  
0 1 8 0  
0 1 8 1  
0 1 8 3  
0 1 8 4  
0 1 8 6  
0 1 8 8  
0 1 8 9  
0 1 8 C 
0 1 8 E  
0 1 9 1  
0 1 9 3  
0 1 9 6  
0 1 9 8  
0 1 9 [3  
0 1 9 D 
0 1 9 F  

A 6 C 8 2 3  
2 A I 0  
8 4 7 f  
A7 0 1  
A 8 4 F  
A 7 C 8 2 3  
A 6 C 8 2 2  
2 6 2 8  
S F  
3 9  
3 1 C 8 7 4  
E 6 C 8 2 1  
E I C 8 2 0  
2 7 1 3  
4 F  
A 6 AB 
5 C  
C 1 8 B  
2 3 0 1  
'i F  
E 7 C 8 2 1  
A7 0 1  
E I C 8 2 0  
2 6 0 E  
A 6 C 8 2 2  
8 A 0 2 
A 7 C 8 2 2  
E 6 4 6  
C A 8 0 
E 7 8 4  

O l A l  C 6 0 1 
O l A 3  A6 4 5  
0 1 A 5  2 7 0 5  
0 1 A 7  6 F 4 5  
0 1 A 9  1 0 3 F 0 8  
0 1 AC S f  
0 1 A D  3 9  

O u t I RQ 

O u t I . a  

O u t I R U l  

O u t I HQ 2  

O u t I R Q 3  

HA K E U P  

Ha k e l O  

S e n d S i g  
Wa k e 9 0 

l d a  
bp l 
a n d a  
s t a  
e o r a  
s t a  
I d a  
b n e  
c l r b  
r t s  
l e a y  
I d b  
c mpb 
b eq 
c l r a  
I d a 
i n c b  
c lllpb 
b l s  
c l r b  
s t b  
s t a  
c mpb 
bn e 
I d a  
o r a  
s t a  
I d b 
o r b  
s t b  

I d b  
I d a  
beq 
c l r  
O S 9  
c l r  b 
r t s  

I N I l A LT , U  
O u t I . a 
r S i g n  
1 , X  
V . X ON , U  
I N II A L T , U  
I I A L T E D , U  
O u t I R Q 3  

OUTB U f , U  
O N X TO , U  
ONX T l , U  
O u t I R Q 2  

D , Y  

# O U TS I Z - l  
O u t I RQ l  

ONX'l'O , U  
1 , x  
O N X 'l' I , U  
II A K E U P  
l l A L T E D , U  
# H .  Et1 P TY 
llA LT E D , U  
V : TY P E , U  
# I R Q I N  
O , X  

# S $ W a k e  
V . Ha k e , U  
Ha k e 9 0  
V . \la k e , U  
F $ S e n d  
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s e n d  X - ON or X - O f f ?  
b r a n c h  i f  n o t  
c l e a r  s i g n b i t  
s e n d  c h a r a c t e r  
g e t  z e r o  i f  X-ON 
ma r k  i t  s e n t 
i s  o u t p u t h a l t e d ?  
b r a n c h  i f  s o  
c l e a r  c a r r y  

o u t p u t  b u f f e r  pt r 
( o u t p u t )  n e x t -o u t  pt r 
o u t p u t  b u f f e r  a l r e a d y  emp t y ?  
· . ye s ; d i s a b l e  o u t p u t  I R Q , r e t  

n e x t  o u t p u t  c h a r 
ADVA N C E  N e x t - o u t  p t r  
e n d  o f  c i r c u l a r  b u f f e r ? 
· . n o  

s a v e  u p d a t e d  n e x t - o u t  pt r 
wr i t e  t h e  c h a r 
l a s t  c h a r  i n  o u t p u t  b u f f e r ?  
· . n o 

d i s a b l e  o u t p u t  I RQ s  

Wa k e  u p  s i g n a l  
Ow n e r w a i t i ng ?  
. .  n o ; r e t u r n  

s e n d  s i g n a l  
r e t u r n  c a r r y  c l e a r  



0 0 3 6 0  
0 0 3 6 1  
0 0 3 6 2 
0 0 3 6 3  
0 0 3 6 4  
0 0 3 6 5 
0 0 3 6 6  
0 0 3 6 7  
0 0 3 6 8  
0 0 3 6 9  
0 0 3 7 0  
0 0 3 7 1  
0 0 3 7 2 
0 0 3 7 3  
0 0 3 7 4  
0 0 3 7 5  
0 0 3 7 6  
0 0 3 7 7  
0 0 3 7 8  
0 0 3 7 9  
0 0 3 8 0 
0 0 3 8 1  
0 0 3 8 2  
0 0 3 8 3  
0 0 3 8 4  
0 0 3 8 5 
0 0 3 8 6  
0 0 3 8 7  
0 0 3 8 8  
0 0 3 8 9  
0 0 3 9 0  
0 0 3 9 1  
0 0 3 9 2 
0 0 3 9 3 
0 0 3 9 4  
0 0 3 9 5  
0 0 3 9 6  
0 0 3 9 7  
0 0 3 9 8  
0 0 3 Q 9  
0 0 4 0 0  
0 0 4 0 1  
0 0 4 0 2  
0 0 4 0 3  
0 0 4 0 4  
0 0 4 0 5  
0 0 4 0 6 
0 0 4 0 7  
0 0 4 0 8  
0 0 4 0 9  
0 0 4 1 0  
0 0 4 1 1  
0 0 4 1 2  
0 0 4 1 3  
0 0 4 1 4  
0 0 4 1 5  
0 0 4 1 6  
0 0 4 1 7  
0 0 4 1 8  
0 0 4 1 9  
0 0 4 2 0  
0 0 4 2 1 
0 0 4 2 2  
0 0 4 2 3  
0 0 4 2 4  
0 0 4 2 5  

* * * * * * * * * * * * * * *  
* I na c i a  
* p r o ce s s  A c i a  i n pu t I n t e r r u p t  
* 
* P a s s e d : ( A ) = Ac i a  s t a t u s  R eg i s t e r  d a t a  
* ( X ) = A c i a p o r t a d d r e s s  
* ( U ) = S t a t i c  s t o r a g e  a d d r e s s  
* 
* No t i c e t h e  Abs e n c e  o f  E r r o r  C h e c k i n g H e r e  
* 

0 1 A E  A G O I  
0 1 B O  2 7 1 5  
0 1 B 2  A 1 4 B  
0 1 B 4  2 7 5 F 
0 1 13 6  A 1 4 c  
0 1 13 8  2 7 5 F  
0 1 B A A 1 4 0  
0 1 B C 2 7 4 1" 
0 1 B E  A 1 4 F  
O l e O 2 7 6 4  
0 1 C 2  A I C 8 1 0  
0 1 e 5  2 7 7 1  

0 1 C 7 3 0 C 8 2 4  
O l CA E 6 C8 1 0  
O l eo 3 A  
O l C E  A 7 8 4  
0 1 0 0  5 c  
0 1 0 1  e 1 4 F  
0 1 0 3  2 3 0 1  
(l l D 5  5 F  
0 1 0 6  E I C 8 1 E  
0 1 0 9  2 6 0 8  
O l OB e 6 2 0  
O l D D  EA 4 E  
0 1 0 1" E 7 4 E  
O l E l  2 0 B E  

0 1 E 3 E 7 e S l D  
O l E 6 6 C C8 1 F  

0 1 E 9 A 6 C 8 1 0  
O l Ee 2 7 8 3  
O l E E  E 6 e 8 l F  
O l P l e 1 4 6 
O l P 3 2 5 A C  
0 1 F 5  E 6 C 8 2 3  
O l P S  2 6 A 7 
0 1 F A 8 4 7 F  
O l F e A 7 C 8 1 0  
O l F F  S A 8 0  
0 2 0 1  A 7 e 8 2 3  
0 2 0 4  E 6 4 6  
0 2 0 6  CAAD 
0 2 0 8  E 7 0 8 0 1  
0 2 0 8  2 0 9 4  

I n I RQ 

I n I RQ l  

I n I RQ 2  

I d a  
b eq 
cmpa 
beq 
Clllpa 
b eq 
cmpa 
b e>q 
cmpa 
b eq 
cmpa 
b eq 

l e a x  
I d b 
a b x  
s t a  
i n c b  
c m p b  
b l s  
c 1 r b  
cmpb 
bn e 
I d b  
o r b 
s t b  
b r a  

I n I RQ 3 0  s t b  
i n c  

I n I RQ 4  I d a  
b e q  
I d b  
cmpb 
b l o  
1 d b 
b n e  
a n d a  
s t a  
o r  a 
s t a  
I d b  
o r b  
s t b  
b r a  

* k * * * * * * * * * * * * *  

1 , X  
I n  IH Q l  
V . I N'fR , U  
I nA bo r t 
V . Q U rf , U  
I nQu i t  
v . p e H H , U  
I n P a n s e  
V . XON , U  
I nX ON 
V . XO F F , U  
I nXOF F 

I N P 8 U F , U  
I N X T I , U  

O , X  

# I N PS I Z - l  
I n I RQ 2  

I NX TO , U  
I n I R Q 3 0  
# OV E R U N  
V .  ER R ,  U 
V . E R R , U  
H A K E U P  

I N X'r I , U 
I NC N T , U  

V . XO F F , U  
H A K E  U P  
I NCNT , U  
U N PS I Z - 1 0  
WA K E U P  
I N H A LT , U  
HAK E U P  
# A S i g n  
V . XO F F , U  

R e a d  i n p u t  c h a r  
· . N UL L ,  i mp o s s i b l e  C t l C h r 
k e y b o a r d  I n t e r r u p t ?  
· . Y e s 
k e y boa r d  Q u i t ?  
· . Ye s 
k e y b o a r d  P a u s e ?  
• . Ye s 
X-ON c o n t i nu e ?  
· . Y e s  
X - O P F  I mm e d i a t e  P a u s e  r e q u e s t ?  
• . Y e s  

i n pu t b u f f e r  
( i npu t )  n e xt - i n  pt r 

s a v e  c h a r  i n  bu f f e r  
u p d a t e  Ne x t - i n  p t r  
e n d o f  c i r cu l a r  buf f e r ? 
. .  n o  

i n p u t  o v e r r u n ?  
. .  n o ;  g o o d  
ma r k  o v e r r un e r r o r 

t h r o w a w a y  ch a r a c t e r  

upd a t e  n e x t - i n  p t r  

g e t  X - O F F  cha r 
b r a n c h  i f  no t e na b l e d 
g e t  i n p u t  c o u n t  
i s  b u f fe r a l mos t f u l l ? 
b r a  i f  n o t  
h a v e  w e  s e n t  XOF F ?  
y e s  t h e n  d on ' t  s e n d  i t  a g a i n  
i n s u r e s i g n  c l e a r  

# S i g n  se t s i g n  b i t 
I N HA L T , U  f l a g  i n pu t h a l t 
V . TY P E , U  g e t co n t r o l  v a l u e  
, I RQ I N ! I RQOUT e n a b l e  i n p u t  & o u t p u t  I RQ s  
[ v . PORT , U  J 
WA K E U P  

* c o n t r o l c h a r ac t e r r o u t i ne s  

0 2 0 D  A £ 4 9  
0 2 0 1" 2 7 B 6  
0 2 1 1  A 7 0 8  
0 2 1 3  2 0 8 2  

0 2 1 5  e6 0 3  

I n P a u s e I d x  
b e q  
s t a  
b r a  

I nAb o r t l d b  

V . O E V 2 , U  
I n I R Q l  
V . PA U S , X  
I n I R Q l  

g e t e c h o  d e v i ce s t a t i c  p t r  
· . No n e ; bu f fe r  c h a r , e x i t  
r eq u e s t  pa use 
b u f fe r c h a r , e x i t 

# S $ I n t r pt k ey bo a r d  I NT E RRUPT s i g n a l  
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0 0 4 2 6 0 2 1 7  2 0 0 2 b r a  I nQu i t l O  
O U 4 2 7  
O U 4 2 8  0 2 1 9  C 6 0 2  I nQu i t  I d b  # S $ A b o r t  A bo r t  s i g n a l  
0 0 4 2 9  0 2 1 !3 3 4 0 2  I n Q u i t l U  p s h s  A s a v e  i np u t  c ha r 
0 0 4 3 0  0 2 1 D  11.6 4 3  I d a  V .  T,P R C , U l a s t  p ro c e s s  i d  
O U 4 3 1  It o 2 1 F  1 7 F F 8 3  I bs r Ha k e l O Se n d  e r r o r  s i g n a l 
0 0 4 3 2  0 2 2 2  3 5 0 2  pu I s  A r e s t o r e  i n p u t  c h a r  
0 0 4 1 3  0 2 2 4  2 0 A I  b e n  I n I R O l  h u f  f e  r c h a r , e x i t 
0 0 4 3 4  
0 0 4 3 5  0 2 2 6  A 6 C 8 2 2  I n XON I d a  HALTE D / U  
0 0 4 3 6  0 2 2 9  8 4 F E  a n d a  r H . XOf F 
0 0 4 3 7  0 2 2 8  A 7 C 8 2 2  s t a  H AL'rED I U e n a b l e  o u t p u t  
0 0 4 3 8  0 2 2 E  2 6 0 6  bne I n XON9 9  . .  e x i t i f  o t he r w i s e  d i s a b l e d  
0 0 4 3 9  0 2 3 0  11.6 4 6  I d a  V .  'fY P E ,  U pa r i t y c O n t r o l 
0 0 4 4 0  0 2 3 2 8 11. 11. 0  o r a  # I R Q I N I I R QOUT e na b l e  i n p u t  & o u t p u t  I R Q s  
0 0 4 4 1  0 2 3 4  11. 7 8 4  s t a  O , X  
0 0 4 4 2  0 2 3 6  5 F  I nX ON9 9 c l r b  
0 0 4 4 3  0 2 3 7  3 9  r t s  
0 0 4 4 4  
0 0 4 4 5  0 2 3 8  A 6 C 8 2 2  I n X O P F  I d a  H A LT E D , U  
0 0 4 4 6  0 2 3 8  2 6 0 6  bn e I nXOF F l O  • .  a l r e ad y  ha l t e d , co n t i n l  
0 0 4 4 7  0 2 3 D E 6 4 6  l d b  V . TY P E , U  ge t a c i a  c o n t r o l  c o d e  
0 0 4 4 8  0 2 3 1"  C A 8 0 or b # I R Q I N  ena b l e  o n l y  i n p u t  I R Q s  
0 0 4 4 9  0 2 4 1  E 7 8 4  s t b  O / X  
0 0 4 5 0 0 2 4 3  8 11. 0 1  I n X OF F l O  o r a  Hl . X OF F 
0 0 4 5 1  0 2 4 5  A7 C8 2 2  s t a  HALTED , U  r e s t r i c t  o u t p u t  
0 0 4 5 2  0 2 4 8  S F  e l r b  
0 0 4 5 3  0 2 4 9  3 9  e t s  
0 0 4 5 4  
0 0 4 5 5  0 2 4 11.  9 2 2 C 7 8  emod Mo d u l e  C r c  
0 04 5 6 0 2 4 D  A C I E N D  eq u  * 
0 0 4 5 7  

0 0 0 0 0  e n o r ( s )  
0 0 0 0 4 wa r n i n g ( s )  
$ 0 2 4 1) 0 0 5 8 9  p r o g r a m  byt es g e n e r a t e d  
$ 0 0 E 3  0 0 2 2 7  d a t a  byte s a l l oc a t e d 
$ 2 M  1\ 1 1 0 0 2  b y t e s  u s e d  f o r  s y mbo l s  
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WO R KS H O P  6 

• 

mCI8 

__________ ""'""--_ A LEVEL TWO ACIA DRIVER WITH ENHANCEM ENTS 

M C I A  is a mod i f ied vers ion of the version 1 .2 Level Two AC I A  
device d ri ver .  T h e  mod i f icat ions make t h i s  d r iver wel l-su i ted t o  a 
modem port .  I t  can send and receive breaks, and opens the hard
ware up enough so that Baud rate and par ity can be changed on 
the f ly .  

I d i d n' t  want to waste memory on two A C I A  dr ivers ,  so I 
mod if ied the M i croware A C I A  d river i n  a way that rema ins  h idden 
unt i l  activated by the right SetStat cal l .  When i t's not t r iggered, th i s  
driver acts enough l i ke the  standard A C I A  d river that a l l  my soft
ware works wi th  i t .  

* MCIA * 
* * 
* Suppo rt for <break> is  p rovided v ia  two g i m i cs .  A * 

* break i s  sent by S ETSTAT wi th  a fu nct ion code of * 

1 28 .  T h is w i l l  start send ing  a <break> i m med iate- .. 

ly .The break w i l l  be sent un t i l  a SETSTAT 1 29 i s  * 
.. done.  S ETSTAT 1 29 w i l l  rei n i t ia l ize the port and * 
.. empty the output buffer. * 

* * 
* I n  order to deal wi th s i tuat ions where fram ing errors * 
* are l i ke ly to occu r, other than when a break i s  sent ,  * 

371 



0 0 0 0 1  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 4  
0 0 0 0 5 
0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0 
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  
0 0 0 1 5 
0 0 0 1 6  
0 0 0 1 7  
0 0 0 1 8  
0 0 0 1 9  
0 0 0 20 
U 0 0 2 1  
0 0 0 2 2  
0 0 0 2 3  
0 0 0 2 4  
0 0 0 2 5 
U O U 2 6  
0 0 0 2 7 
0 0 0 2 8  
0 0 0 2 9  

.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
* 
* 
.. 

.. 
.. 
.. 

* 
.. 
.. 
* 
* 
* 
* 
.. 
.. 

* 
.. 
.. 
.. 

M C I A  defau lts to a mode where a l l  f ra m i ng e rrors 
are t reated as e rrors .  To cause M C I A  to start t reat-
i n g  f ra m i ng errors as breaks,  use S ETSTAT 1 30 . 
To set the mode back to no-break,  use S ETSTAT 
1 31 . There is a lso a G ETSTAT ( code 1 29 ) ,  wh ich  
wi l l  retu rn  w i th  carry set j f  the term i na l  is  i n  break 
detect mode . 

A <break> looks a lmost exact ly l i ke an  <interru pt> 
when it is recei ved . I t  sends a code 3 to the can 
t ro l l i ng  task .  I f  a G ETSTAT code 1 28 is  done 
befo re any other codes a re sent ,  i t  w i l l  retu rn  with 
carry c lear to  i nd i cate that the last code 3 was 
for a <break>' 

GetStat 1 3 1  retu rns the amount  of  i n put  wait i ng i n  
Y i f  there i s  any .  I t  ret u rns wi th carry set i f  there 
is no i nput  wai t i ng .  

An  add i t iona l  Setstat ( 1 32 )  re i n i t ia l izes the  port. 
Th is ,  part i cu lar ly,  is i ntended to a l low V.TYPE to 
be chang ed i f  the par ity byte i s  changed in the 
path descriptor .  

These ca l l s  are set  u p  to prov ide the max i m u m  
chance of  havin g  p rog rams,  written t o  work with 
th is d ri ver, work wi th the o lder d ri vers. 

n a m  MC I A  

.. 

.. 

* 

.. 

.. 

.. 
* 
* 

.. 
* 
* 
.. 
.. 
* 

* 
.. 

t t l  I n t e r r up t - D r i v e n  A c i a  d r i v e r  

* Copy r i g h t  1 9 8 2  b y  M ic r owa r e  s y s t e m s  Co r po r a t i o n  
* R e p r o d u c e d  Unde r L i ce ns e  

* Th i s  s o u r c e  c o d e  i s  t h e  p r o p r i e t a r y  c on fi de n t i a l  p r o pe r ty o f  
* M i c r ow a r e S ys t em s  co r po r a t i o n , a n d  i s  p r o v i de d  t o  l ic e n s e e  . * s o l e l y  f o r  d o c u me n ta t i o n  a n d  e d u ca t i on a l  pu r po se s . R e p r o du c t l on ,  
* p u b l i ca t i o n ,  o r  d i s t r i bu t i o n  i n  a ny f o r m  t o  a ny p a r t y  ot h e r t ha n  
* t he l icensee i s  s t r i c t l y  proh i b i ted ! 

I f  P I  
ENDC 

* * * * * * * * * * * * * * * 
* Ed i t io n  H i s to ry 

* * 
* 
* 3 
* 4 
* 4 
* 4 
* 4 
* 5 
* 
* 6 

d a t e 
- - - - - - - -
8 3/0 2/1 1 
8 3/ U 3/ 1 0  
8 3/ U 3 / 1 0 
8 3/ 0 3/ 1 7  
8 3/0 3 /2 5 
8 3/ 0 6 / 0 1  

8 4/ U 5 / 1 8 

Comm e n t s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ad d X-ON/ X - OF F g e ne r a t i o n  c ode 
Add S S . S S I G  p u t s t a t  code 
Ge t s ta t Ready r e t u r n s  ( B ) � by t e co un t  
P u t s t a t  R e l ea se r em o v e s  S S . S S I G  i f  n e ce s s a r y  
I NCNT wa s coun t i ng c h a r s  e ve n  i f  b u f f e r ov e r r u n .  
M od i f i e d  t o  u s e  S us pe n d  p r o c e s s  s t a t e  i n s t ea d  
o f  F $ Se nd d u r i ng I R Q .  
S uppor t  f o r  B r e a k  r e s e t  o f  V . T Y P E  a n d  r e ad 
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s t a tu s .  
0 0 0 3 0 
0 0 0 3 1  
0 0 0 3 2  
0 0 0 3 3  
0 0 0 3 4  
0 0 0 3 5  
0 0 0 3 6 
0 0 0 3 7 
0 0 0 3 8  
0 0 0 3 9  
0 0 0 4 0  
0 0 0 4 1  
0 0 0 4 2  
0 0 0 4 3  
0 0 0 4 4  
0 0 0 4 5  
0 0 0 4 6 
0 0 0 4 7  
0 0 0 4 8  
0 0 0 4 9  
0 0 0 5 0  
0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3  
0 0 0 5 4  
0 0 0 5 5  
0 0 0 5 6  
0 0 0 5 7  
0 0 0 5 8  
0 0 0 5 9 
0 0 0 6 0  
0 0 0 6 1  
0 0 0 6 2  
0 0 0 6 3  
0 0 0 6 4  
0 0 0 6 5  
0 0 0 6 6  
0 0 0 6 7  
0 0 0 6 8  
0 0 0 6 9  
0 0 0 7 0  
0 0 0 7 1  
0 0 0 7 2  
0 0 0 7 3  D 
0 0 0 7 4 D 
0 0 0 7 5  D 
0 0 0 7 6  D 
0 0 0 7 7  D 
0 0 0 7 8  D 
0 0 0 7 9  D 
0 0 0 8 0  D 
0 0 0 8 1  D 
0 0 0 8 2  D 
0 0 0 8 3  
0 0 0 8 4  
0 0 0 8 5  
0 0 0 8 6  D 
0 0 0 8 7  D 
0 0 0 8 8  D 
0 0 0 8 9  
0 0 0 9 0  
0 0 0 9 1  
U 0 0 9 2  
0 0 0 9 3  
0 0 0 9 4  

0 0 0 6  

0 0 5 0  
0 0 8 C  

0 0 8 0  
0 0 4 0  
0 0 2 0  
0 0 1 0  
0 0 0 8  
0 0 0 4  

0 0 6 0  

0 0 8 0  
0 0 2 0  

0 0 8 0  
0 0 8 1 
0 0 8 2  
0 0 8 3  
0 0 8 4  

0 0 8 0  
0 0 8 1  
0 0 8 2  

0 0 7 C  

0 0 1 0  
0 0 1 0 
0 0 1 E  
0 0 1 F  
0 0 2 0 
0 0 2 1  
0 0 2 2 
0 0 2 3  
0 0 2 4 
0 0 2 6  
0 0 8 0  
0 0 4 0  
0 0 2 0 
0 0 2 7  
0 0 7 7  
0 1 0 3  

0 0 0 1  
0 0 0 2  

0 0 0 8  

Ed i t i o n  e q u  6 

* * * * * * * * * * * * * * *  
* I n t e r r u p t - d r i v e n  Ac i a  De v i c e  D r i v e r  

I NP S I Z  
OUTS I Z  

I RQReq 
P A R I TY 
OVE R U N  
F RAt-IE 
NOTCTS 
DCDLST 

S B R EAK 

I RQ I N  
I RQO UT 

* * * * * * * * * * * * * * * * 

s e t  
s e t  

s e t  
se  t 
s e t  
s e  t 
s e t  
se t 

s e t  

e q u  
eq u 

8 0  
1 4 0  

% 1 0 0 0 0 0 0 0  
% 0 1 0 0 0 0 0 0 
% 0 0 1 0 0 0 0 0  
% 0 0 0 1 0 0 0 0  
% 0 0 0 0 1 0 0 0  
% 0 0 0 0 0 1 0 0 

% 0 1 1 0 0 0 0 0  

% 1 0 0 0 0 0 0 0  
% 0 0 1 0 0 0 0 0  

C u r r e n t  Ed i t i o n  

i npu t b u f f e r  s i z e « = 2 5 6 ) 
o u t p u t  b u f fe r s i z e  « = 2 5 6 )  

I n t e r r upt R e q u e s t  
pa r i t y e r r o r  b i t 
ov e r r un e r r o r  b i t  
f r a mi ng e r r o r b i t 
n o t  c l e a r  to s e nd 
d a t a  c a r r ie r  l os t  

s e nd a b r e a k  

i nput  I RQ e n a b l e  
o u t p u t  I R Q  e na b l e  

* Added G e t s t a t/ P u t s t a t  c o d e s  f o r  b r e a k  p r o ce s s i n g 
* Ad d e d  Set s t a t f o r r e i n i t i a l i z i ng V . TY P E  
* Add ed G e t S t a t  t o  r e t u r n  d e v i c e  s t a t u s  
* 

S e t B r k  se t 
C l r B r k  s e t  
B r k Mo d e  s e t  
E r r Mode s e t  
Re I n i t  s e t  

T s t B r k  s e t  
T s t B r UI se t 
G e t S R e g  s e t  

1 2 8  
1 2 9  
1 3 0  
1 3 1  
1 3 2  

1 2 8  
1 2 9  
1 3 0  

s t a r t  s e n d i n g  a b r e a k  - s e t s t a  
s to p  s e nd i n g  a b r e u k  - se t s ta t  
s e t  d e t e c t - b r e a k  mode o n  - s e t  
Se t de t e c t -b r e a k  mode of f - s e  
Re i n i t i a l i z e V . TY P E  - s e t s t a t  

I s  a b r ea k  b e i n g  s e n t ?  - g e t s t  
I n  d e t e c t - b r e a k  mode ? - ge t s t 
R e t u r n  d e v i c e  s t a t u s  - g e t s  t a t  

I NP E RR s e t  PARI TY+OVERUN+ F R A M E + NOTCTS+DCDLST 

* * * * * * * * * *  
* s t a t i c  s t o r a g e  of f s e t s 
* 

I N X T I  
I N X'l'O 
I NCNT 
ON X T I  
ONXTO 
H A L T E D  
I NHALT 
S I GPRC 
Loc l F l  
L FB r k S  
L FB r k R  
L F B r k N  
I NP B U F  
OUT B U F  
A C  HlE �1 

o r g  
r m b  
nnb 
r m b  
r m b  
r m b  
r rnb  
r m b  
r m b  
r m b  
e q u  
eq u 
e q u  
rrnb 
rmb 
equ 

V . SCF 
1 
1 
1 
1 
1 
1 
1 
2 
1 
$ 8 0  
$ 4 0  
$ 2 0 
I N PS I Z  
OUT S I Z  

* HALTED s t a t e  c o n d i t i on s  
H . X O F F  e q u  1 
H . EMPTY eq u 2 

R e v i s i o n s e t 8 
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r o om f o r  s c f  v a r i a b l e s  
i np u t  b u f fe r n e x t - i n pt r 
i n p u t  b u f f e r  n e x t - o u t  p t r  
i np u t  cha r c ou n t  
o u t p u t  b u f f e r  n e x t - i n  pt r 
o u t p u t  b u f fe r n e x t -o u t  pt r 
o u t p u t  I RQ ' s  d i s a b l e d  w h e n  n o n  
i np u t  ha l t ed 
P r o ce s s  to s i gn a l a n d  c o d e  
loca l f l ag s  
b r ea k  b e i n g  s e n t  n o w  
b r e a k  ha s b e e n re c i ev ed 
d e t e c t - b r e a k  m o d e  on  
i np u t  b u f fe r  
o u t p u t  b u f f e r  
To t a l  s t a t i c  s t or a g e  r equ i r eme 

V . XOFF char  h a s  b e e n  r e ce i v e d ; 
Outp u t  b u f fe r  i s  e mp t y  



0 0 0 9 5  
0 0 0 %  
0 0 0 9 7  
0 0 0 9 8  
0 0 0 9 9  
0 0 1 0 0  
0 0 1 0 1  
0 0 1 0 2 
0 0 1 0 3  H 
0 0 1 0 4  H 
0 0 1 0 5  
0 0 1 0 6  
0 0 1 0 7  
O O l O B 
O U I 0 9  
0 0 1 1 0  
0 0 1 1 1  
0 0 1 1 2  
0 0 1 1 3 
0 0 1 1 4 
0 0  U S  
0 0 1 1 6  
0 0 1 1  7 
0 0 1 1 8  
0 0 1 1 9 
0 0 1 2 0  
0 0 1 2 1  
0 0 1 2 2 
0 0 1 2 3  
0 0 1 2 4  
0 0 1 2 5  
0 0 1 2 6  
0 0 1 2 7  
0 0 1 2 8 
0 0 1 2 9  
0 0 1 3 0  
0 0 1 3 1  
0 0 1 3 2 
0 0 1 3 3 
0 0 1 3 4 
0 0 1 3 5 
0 0 1 3 6  
0 0 1 3 7 
0 0 1 3 8  
0 0 1 3 9  
0 0 1 4 0  
(J 0 1 4 1  
0 0 1 4 2  
0 0 1 4 3  
0 0 1 4 4  
0 0 1 4 5  
O U 1 4 6 
0 0 1 4 7  
0 0 1 4 8  
0 0 1 4 9  
0 0 1 5 0  
0 0 1 5 1 
0 0 1 5 2  
0 0 1 5 3  
0 0 1 5 4 
0 0 1 5 5  
0 0 1 5 6 
0 0 1 5 7  
0 0 1 5 8  
0 0 1 5 9  
0 0 1 6 0 

* * * * * * * * * * * * * * *  
* Ilo d u l e  H e a d e r  

0 0 0 0  8 7 C D 0 3 9 1  nlo d  
f c b  
f e s  

0 0 0 0  0 3  
O O O E  4 D 4 3 4 9 C l  AC I N A/! 

0 0 1 2  0 6  

0 0 1 3  1 6 0 0 1 3  
0 0 1 6  1 6 0 0 6 D  
0 0 1 9  H O O F S  
O D I C  1 6 0 1 3 2  
O O l F  1 6 0 1 6 D  
0 0 2 2  1 6 0 2 0 3  

0 0 2 5  0 0  
0 0 2 6  0 0  
0 0 2 7  8 0  
0 0 2 8  O A  

ACI E NT 

f c b  

l b r a  
I h r a  
I b r a  
l b r a  
I b r a  
I b r a 

F l a g l n i t  f c b  
A Ctl A S K  f c b  

f e b  
f c b  

A C I  E N D , A C I  N AIl , D R I V R + OBJCT , R EE N T + R e v  i s i a n , 
U P DAT . 
" HC I A "  

E d  i t  i o n  

I N I T 
R E A D  
"i C i t e  
G E TSTA 
P UTSTA 
TRIINAT 

o 
o 
I RQ R e q  
1 0  

C u r r e n t  R e v i s i o n  

i n i t i a l  v a l u e  f o r  l o c a l f l a g s  
n o  f l i p  b i t s  
I r q p o l l i n g m a s k  
( h i g he r ) p r i o r i ty 

t t l  I N T E R R U P T- D R I VE N  A c i a  d e v i c e  r o u t i n e s  
* * *  * *  * * * * * * * * *  * 
* I n i t  
* I n i t i a l i z e ( T e r m i n a l ) A c i a  
* 

0 0 2 9  A E 4 1  
0 0 2 8  c6 0 3  
0 0 2 D  E 7 8 4  
0 0 2 1" C 6 0 2  
0 0 3 1  E 7 e 8 2 2  

* * * * * * *  

I N I T  

* 
* 

c h a n g e s  b y  P C D  

I d x  
I db 
s t b  
I d b  
s t b  

0 0 3 4 A 6 8 D F F E D  I d a  
0 0 3 8  A 7 C 8 2 6  s t a  
0 0 3 s 8 D 3 6  b s r  

* e n d  o f  cha n g e s , P C D  

0 0 3 !) E 7 8 4  
0 0 3 1" A 6 0 1  
0 0 4 1  A 6 0 1  
0 0 4 3 6 D 8 4  
0 0 4 5  1 0 2 8 0 0 9 4  
0 0 4 9  4 1" 
0 0 4 A 5 1"  
0 0 4 8 E DC B I D  
0 0 4 E  E DC 8 2 0  
0 0 5 1  A 7 C 8 2 3  
0 0 5 4  A 7 C 8 1 F  
0 0 5 7  E DC 8 2 4  
0 0 5 A E C 4 1  
O O S C 3 0 8 D F E' c 6  
0 0 6 0  3 1 8 D 0 1 £ 4  
0 0 6 4  1 0 3 p 2 A  
0 0 6 7  2 5 0 9  
0 0 6 9  A E 4 1  
0 0 6 B  E 6 4 6  
0 0 6 D  CA8 0 
0 0 6 F  E 7 8 4  
0 0 7 1  S F  
0 0 7 2 3 9  

0 0 7 3  

I N I T 9  

S e t  T Y P E  

s t b  
I d a 
I d a  
t s t 
I b m i  
c l r a  
c l r b 
s t d  
s t d 
s t a  
a t a  
s t d  
I d d  
l e a x  
l e a y  
OS 9 
b c s  
I d x  
I d b 
o c b 
s t b  
c l r b  
r t s  

V . PO R T , V  
# $ 0 3  
O , X  
# H .  E �! P T Y  
H A L T E D , V  

I / O  p o r t  a d d r e s s  
m a s t e r r e s e t  s i g na l 
r e s e t  a c i a  

o u t p u t I R Q ' S  d i s a b l e d ; b u f f e r  

F l a g I n i t , PCR g e t  i n i t i a l  v a l u e f o r  L o c l F l  
L oc l F l , U  i n i t i a l i z e l o ca l f l a g s  
S e t T ¥ P E  r e t u r n  w i t h  i n i t i a l i z a t i o n  b y t 

O , x  
1 , X  
1 , X  
O , X  
E r r N t R D y  

I N X T I , U  
O N X 'r r , V 
I N llA LT , V  
I NC NT , V  
S l G P RC , U  
V . PO R T , V  
A C 11 A S K , P C R  
AC I R Q , P C R  
F $ I RQ 
I N I1' 9  
V . P O R 'r , v  
V . TY P E , U  
# I R Q I N  
a , x  

i n i t  a c i a  

r e mo v e  a n y  i n t e r r u p t s  
i n t e r r up t  g o n e ? 
• .  No ; a b o r t 

I n i t i a l i z e b u f f e r  p t r s  

f l a g  i n p u t  n o t  h a l t e d  
c l ea r i n  c ha r c o u n t 
n o  p r oce s s  t o  s i g n a l  

ad d r e s s  o f  i n t e r r up t  se r v i c e  r 
A d d  t o  I RQ po l l i n g  t a b l e  
E r r o r  - r e t u r n i t  

e n ab l e  a c i a  i n p u t  i n t e r r up t s  
i n i t i a l i z e a c i a fo r i np u t  i nt e  

0 0 7 3  A 6 A8 1 1  
0 0 7 6  8 1 1 4  
0 0 7 6  2 5 0 5  

I d a  M $ OP T , Y  o p t i o n  b y t e  c o u n t  
cmp a I P D . P A R - P D . OP T  a c i a co n t r o l  v a l u e g i v e n ?  
b l o  I N I T I O  . .  no ; d e f a u l t $ 1 5  
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0 0 1 6 1  
0 0 1 6 2  
0 0 1 6 3  
0 0 1 6 4  
0 0 1 6 5  
0 0 1 6 6  
0 0 1 6 7  
0 0 1 6 8  
0 0 1 6 9  
0 0 1 7 0  
0 0 1 7 1  
0 0 1 7 2  
0 0 1 7 3  
0 0 1 7 4 
0 0 1 7 5  
0 0 1 7 6  
0 0 1 7 7  
0 0 1 7 8  
0 0 1 7 9 
0 0 1 8 0  
0 0 1 8 1  
0 0 1 8 2  
0 0 1 8 3 
0 0 1 8 4  
0 0 1 8 5 
0 0 1 8 6  
0 0 1 8 7  
0 0 1 8 8  
0 0 1 8 9  
0 0 1 9 0  
0 0 1 9 1  
0 0 1 9 2  
0 0 1 9 3  
0 0 1 9 4  
0 0 1 9 5  
0 0 1 9 6  
0 0 1 9 7  
U U 1 9 8  
0 0 1 9 9  
0 0 2 0 0  
0 0 2 0 1  
0 0 2 0 2  
0 0 2 0 3  
0 0 2 0 4  
0 0 20 5  
0 0 2 0 6  
0 0 2 0 7  
0 0 2 0 8  
0 0 2 0 9  
0 0 2 1 0  
0 0 2 1 1 
0 0 2 1 2 
00 2 1 3  
0 0 2 1 4  
0 0 2 1 5  
0 0 2 1 6  
0 0 2 1 7  
0 0 2 1 8  
0 0 2 1 9  
0 0 2 2 0  
0 0 2 2 1  
0 0 2 2 2  
0 0 2 2 3 
0 0 2 2 4  
0 0 2 2 5  
0 0 2 26 

0 07 A  E 6 A 8 2 6  
0 0 7 D  2 6 0 2  
0 0 7 F C 6 1 5  
O O S l  E 7 4 6  
0 0 S 3  3 9  

I N I T I O  
I N I T 2 0  

* * * * * * * * * * * * * * *  
* Re a d  

I db 
b n e  
l d b 
s t b  
r t s  

P D , PAR- P D , OPT+ M $ DTY P , Y  
I N I T 2 0 
# $ 1 5  
V . TY P E , U  

d e f a u l t a c i a c o n t r o l  
s a ve d e v i c e  t y p e  
r e t u r n  

* r e t u r n  O n e  B y t e  o f  i n�u t  f r om t h e  Ac i a  
* 
* P a s s e d : ( Y ) =P a t h  D e s c r i p t o r  
* ( U ) =S ta ti c  s t or a g e  ad d r e s s  
* r et u r n s : ( A ) = i n p u t B y t e  ( ca r r y  c l ea r ) 
* o r  C C = Se t , B = E r r o r c od e  i f  e r r o r  
* 

0 0 8 4  8 D 5 B  
0 0 8 6  A 6 C 8 2 3 
0 0 8 9  2 F 1 5  
0 0 8 B  E 6 C8 1 F  
0 0 8 E  C I 0 A 
0 0 9 0  2 2 0 E  
0 0 9 2  E 6 4 F  
0 0 9 4  C A 8 0  
0 0 9 6  E 7 C 8 2 3  
0 0 9 9  E 6 4 6  
0 0 9 B  CAA O 
0 0 9 D  E 7 D8 0 1  
O O A O  6 DC 8 2 4  
0 0 A 3  2 6 3 8  
0 0A5  E 6 C8 1 E  
0 0 A8 3 0 C 8 2 7  
O O A B  l A 5 0  
OO AD E 1 C8 1 D  
0 0 6 0  2 7 D 2  
0 0 B 2  3 A  
0 0 B 3  A 6 S 4 
0 0 13 5  6 AC8 1 F  
O O B S  5 C  
0 0 B 9  C 1 4 F  
O O B B  2 3 0 1  
O O B D  S F  
0 0 8 E  E 7 C 8 1 E  

R E A D O O  
R E A D  

Rea d , a  

R E AD I 0 
* * * * * * * * * * * * 

b s r  
1 d a  
b l e  
I db 
cmpb 
b h i  
I d b  
o r b 
s t b  
1 db 
o r b  
s t b 
t s t  
bn e 
1 d b  
1 e a x  
o r cc 
cmpb 
b e g  
a bx 
I d a  
de c 
i nc b  
cmpb 
b l s  
c l r b  
s t b  

ACSLEP 
I N HALT , U  i s  i np u t h a l t e d ?  
R e a d . a  b r a n c h  i f  n o t  
I NC N T , U  ge t i np u t  c h a r a c t e r coun t 
# 1 0  l e s s  t h a n  1 0  c h a r s  i n  b uf f e r ? 
Re a d . a  b r a n c h  i f  no t 
V . XON , U  g e t  X -ON c ha r  
' S i g n  se t s i g n  bi t 
I N HALT , U  f l a g  i n p u t  r e s ume 
V . TY P E , U  ge t c o n t r o l v a l u e  
' I RQ I N I I RQOUT e n a b l e  i np u t & o u t p u t  I RQ s  
[ V . PO RT , U j s e t c o n t ro l r eg i s te r  
S I G P R C , U  a p r oc e s s  wa i t i ng f o r  d e v i c e ? 
E r r N t Rd y  . •  Y e s ; r e t u r n do r m a n t t er m i n a l  
I NXTO , U  ( i n p u t b u f f e r ) n e x t - ou t p t r  
I N P BU P , U  a d d r e s s o f  i np u t b u f fe r  
# I n t Ma s k s  ca lm i n t e r r up t s  
I NX T I , U  a ny d a t a  a v a i l a ble ? 
R EA D O O  

O , X  
I NCNT , U  

# I N PS I Z - 1  
READ I O  

I NX 'fO , U 

t h e  c ha r  
de c r em e n t  cha r c o u n t 
ADVANCE N e x t - o u t  p t r  
e n d  o f  c i r cu la r  b u f f e r ? 
. . no 
r e se t pt r to s t a r t o f  bu f fe r  
s a v e  upda t e d  b u f f e r  p t r  

* Mod i f i ca t i o n  t o  d e a l  w i t h  b r e a k  - - PCD 
* 

D O C  1 E 6 C 8 2 6  I d b  
0 0C 4  C5 4 0  b i t b  
0 0 C 6  2 7 0 5  
0 0C 8  S F  c 
0 0C 9  E 7 4 E  s t b  
O O C B  2 0 0 D  b r a 
O D C D  Rea d 2 0  

* e nd o f  mod - - P C D  

c 1 r b  

Loc 1 F l , U  
# LPb r k R 
Rea d 2 0  

V . E r r , U  
READ9 0 

1 d b  V . ER R , U  
b e g  R E A D 9 0  
s l b  P D . ER R , Y  
c l r V . E RR , U  

b re a k  r e ce i v ed r e ce n t l y  
. .  n o ; c h e c k  f o r  e r r o r s  

c l e a r  a n y  e r r or 

T r a ns m i s s i o n  e r r o r ? 
" n o ;  r e t u r n  
r e t ur n  e r ro r  b i t s  i n  p d  

O O C D  S F  
O OC E  E 6 4 E  
D O D O  2 7 0 8  
O O D 2  E 7 A8 3 A  
D U D S  6 F 4 E  
0 0 D 7  5 3  
0 0 D 8  C 6 F 4  
O O DA 1 CAF 
O O DC 3 9  

c om b  r e t u r n  c a r  r y  s e t 

D O DD 5 3  
O OD E  C 6 F 6  

R E A D 9 0 
l d b  ' E$ Re a d  s i g n a l  r e a d  e r r o r  
a ndc c , ft I n tMa s k s  e n a b l e  I R Q  r eq u e s t s  
r t s  

E r r N t Rdy comb 
l db # E $ No tRd y 
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0 0 2 2 7  
0 0 2 2 8  
0 0 2 2 9  
0 0 2 3 0  
0 0 2 3 1  
0 0 2 3 2  
0 0 2 3 3  
0 0 2 3 4 
0 0 2 3 5  
0 0 2 3 6  
0 0 2 3 7  
0 0 2 3 8  
0 0 2 3 9  
0 0 2 4 0  
0 0 2 4 1  
0 0 2 4 2  
0 0 2 4 3  
0 0 2 4 4  
0 0 2 4 5  
0 0  2 4 6 
0 0 2 4 7  
0 0 2 4 8  
0 0 2 4 9  
0 0 2 5 0  
0 0 2 5 1  
0 0 2 5 2  
0 0 2 5 3  
0 0 2 5 4  
0 0 2 5 5  
0 0 2 5 6 
0 0 2 5 7  
0 0 2 5 8  
0 0 2 5 9  
0 0 2 6 0  
0 0 2 6 1  
0 0 2 6 2  
0 0 2 6 3 
0 0 2 6 4  
0 0 2 6 5  
0 0 2 6 6  
0 0 2 6 7  
0 0 2 6 8 
O U 2 6 9  
0 0 2 7 0  
0 0 2 7 1  
0 0 2 7 2  
0 0 2 7 3  
0 0 2 7 4  
0 0 2 7 5  
0 0 2 7 6  
0 0 2 7 7  
0 0 2 7 8  
0 0 2 7 9  
0 0 2 6 0  
0 0 2 8 1  
0 0 2 8 2  
0 0 2 8 3  
O U  2 8 4  
0 0 2 8 5  
0 0 2 8 6  
0 0 2 8 7  
O U 2 8 8  
0 0 2 8 9  
0 0 2 9 0  
0 0 2 9 1  
0 0 2 9 2  

O O E O  3 9  r t s  

* * * * * * * * * *  
* A c s l e p  - S l eep f o r  I / O  a c t i v i ty 
* Th i s  v e r s i o n  H o g s  Cp u i f  s i gna l pe n d i n g  

O O E I  
O O E 3  
0 0 E 5  
0 0 E 7  
0 0 E 9  
o O EB 
O O E D  
O O E F  
O a F  1 
0 0 F 4  
0 0 F 7  
0 0 F 9  
O O FC 
O O F E  
0 1 0 0  
0 1 0 2  
0 1 0 3  
0 1 0 5  
0 1 0 7  
0 1 0 9  

* 
* P a s s e d : ( cc ) - I r q ' s  M u s t  b e  d i s a b l e d 
* ( D ) = G l o ba l S t o r a g e  
* V , B u s y , U= c u r r e n t  p r o c  i d  
* Des t r oy s : po s s i b l y  Pc 
3 4 1 6  A C S L E P  ps h s  
9 6 5 0  I da 
A 7 4 5  s t a  
9 E 5 0  I d x 
A 6 0 C  I d a  
8 A 0 8  or a 
A 7 0 C  s t a  
l CA F  a n d c c  
8 E O O O l  I d x  
1 0 3 FO A  O S 9  
9 E 5 0  I d x  
E 6 8 8 1 9  I db 
2 7 0 4  b e q  
C I 0 3  cmpb 
2 3 0 9 b l s  
4 F  A C S L 9 0 c l r a  
M O C  I d a  
8 5 0 2  b i t a  
2 6 0 2  b n e  

D , X:  
D . P r o c  
V , Wa k e , U  
D . P r o c  
P $ S t a t e , x  
' s us pe n d  
P $ S t a te , x  
, A I n t Ma s k s  
U 
F $ S l e e p  
D . P r oc 
P $ S i g na 1 ,  X 
A C SL 9 0  
# S $ I n t r p t  
A C S L E R  

P $ S t a t e , X  
# Co n d e m  
A C S L E R  

3 5 9 6  p u I s D , X , PC 

O l O B 3 2 6 6 
O l O D  4 3  
O l O E  3 9  

ACS L E R  l e a s  6 , s  
c om a  
r t s  

* * * * * * * * * * * * * * *  
* W r i t e  
* W r i t e  cha r T h r o u g h  A c i a  
* 
* P a s sed : ( A } = cha r t o  wr i t e 
* ( Y ) = P a t h De sc r i p t o r  
* ( D ) = s t a t i c  S to r a g e  a d d r e s s  

ge t c u r r e n t pr oc e s s  
a r r a ng e  w a k e  u p  p t r  
ge t pr oc es s p t r 
g e t  p r o c e s s  s t a t e  
s e t s u s pe n d b i t 
p u t  i t  i n  d e s c r i p t o r  
i n t e r ru pt s  o k  n ow 

w a i t f o r  i np u t  d a t a  

s i g na l p r e se n t ?  
• •  n o ; r e t u r n  
De a d l y  s i g na l ?  
. , ye s ; r e t u r n e r r o r  
c l ea r c a r r y  
c he c k  p r o c e s s  s t a te 
h a s p r o c e s s  d i e d ?  
. .  Yes ; r e t u r n  e r r o r  
r e t u r n  

pt r 

f l a g s  

E x i t  t o  c a l l e r ' s  c a l l e r  
r e t u r n  c a r r y  se t 

* r e t u r n s : C C= Se t I f  Bu s y  ( o u tp u t  b U f f e r F u l l )  
* 

O l O F  8 DD O  
0 1 1 1 

* * * * * * * * *  

W R I T O O 
W r i t e  

bs r A C 8 L E P  s l e e p  a b i t  

* 
* 

Mo d i f i c a t i o n s  f o r  b r e a k  suppo r t  - - rCD 

0 1 1 1  E 6 C 8 2 6  I d b  
0 1 1 4  C 5 8 0  b i t b  
0 1 1 6  2 6 3 0  b n e  

* e nd o f  mod i f i c a t i o n  - -

0 1 1 8  3 0 C 8 7 7  
0 1 1 B  E 6 C 8 2 0  
O l l E  3 A  
0 1 1 F  A 7 8 4  
0 1 2 1  5 C  
0 1 2 2  C 1 8 B  
0 1 2 4  2 3 0 1  
0 1 2 6  5 f  
0 1 2 7  l A 5 0  
0 1 2 9  E I C 8 2 1  
0 1 2 C 2 7 E l  
0 1 2 E  E 7 C 8 2 0  

WR I T I O  

l e a x  
I d b 
a bx 
s t a  
i n c b  
cmpb 
b l s  
c l r b  
o r c c  
c mpb 
beq 
s t b  
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L o c l F l , U  
' LFb r k S  
�"'RI T E 9 5  
P C D  

OUT8UF , U  
ONXT I , U  

D , X  

#ou'r8 I Z - l  
WR I T I O  

U n tNa s k s  
ONXTO , U  
WR I T O O  
O N XT I , U  

i s  a b r e a k  b e i n g  se n t ? 
. , ye s ;  r e c o v e r  f r o m  e r r o r  

o u t p u t  b u f f e r  a d d r e s s  
( o u tp u t ) n e x t -o u t  p t r 

P u t  cha r i n  b u f fe r  
ADVA N C E  t h e  p t r 
e n d  o f  c i r cu l a r  b u f f e r ? 
. , no 
r e se t pt r t o  s t a r t o f  b u f f e r  
d i s a b l e  i n t e r r up t s  
b u f fe r  f u l l ?  
• •  yes ; s l e e p  a n d  r e t r y  
s a v e  u p d a t e d  n e x t - i n pt r 



00 2 9 3  
0 0 2 9 4 
0 0 2 9 5  
0 02 9 6  
0 0 2 9 7  
0 0 2 9 8  
00 2 9 9  
0 0 3 00 
0 0 3 0 1  
0 0 3 0 2  
0 0 3 0 3  
0 0 3 0 4  
0 0 3 0 5  
0 0 3 0 6  
0 0 3 0 7  
0 0 3 0 8  
0 0 3 0 9  
0 0 3 1 0  
0 0 3 1 1  
0 0 3 1 2  
0 0 3 1 3  
0 0 3 1 4  
0 0 3 1 5  
0 0 3 1 6  
0 0 3 1 7  
0 0 3 1 8  
0 0 3 1 9  
0 0 3 2 0  
0 0 3 2 1  
0 0 3 2 2  
0 0 3 2 3  
0 0 3 2 4  
0 0 3 2 5  
0 0 3 2 6  
0 0 3 2  7 
0 0 3 2 8  
0 0 3 2 9  
0 0 3 3 0  
0 0 3 3 1  
0 0 33 2 
0 0 3 3 3  
0 0 3 3 4  
0 0 3 3 5  
0 0 3 3 6  
0 0 3 3 7  
0 0 3 3 8  
0 0 3 3 9  
0 0 3 4 0  
0 0 3 4 1  
0 0 3 4 2 
0 0 3 4 3 
0 0 3 4 4  
0 0 3 4 5 
0 0 3 4 6  
0 0 3 4 7  
0 0 3 4 8  
0 0 3 4 9  
0 0 3 5 0  
0 0 3 5 1  
0 0 3 5 2  
0 0 3 5 3  
0 0 3 5 4  
0 0 3 5 5  
0 0 3 5 6  
0 0 3 5 7 
0 0 3 5 8  

0 1 3 1  A 6 C 8 2 2  
0 1 3 4  2 7 0 E  
0 1 3 6  8 4 F D  
0 1 3 8  A 7 C 8 2 2 
0 1 3 B 2 6 0 7  
0 1 3 D  A 6 4 6 
0 1 3 F  8AAO 
0 1 4 1  A 7 D 8 0 1  
0 1 4 4  l C A F  
0 1 4 6  5 F  
0 1 4 7  3 9  

0 1 4 8  
0 1 4 8  3 4 0 2  
0 1 4A 1 7 0 0 9 0  
0 1 4 D  3 50 2  
0 1 4 F  2 0 C O  

w r i t e 8 0  
W r i  t e9 0  

W R I T E 9 5 

* * * * * * * * * * * * * * *  
* Get s t a/P u t s t a  

I d a  
b eq 
a n d a  
s t a  
b n e  
I d a  
o r a  
s t a  
a n d c c  
c lr b  
r t s 

p s h s 
I b s r  
p u I s  
b r a  

* Get/P u t  Ac i a  s t a t u s  
* 
* P a s se d : ( A ) � S t a t u s  C o d e  

HALTE O , U  
W r i t e 8 0  
# � H . EMPTY 
HALTE D , U  

o u t p u t  a l r ea dy e n a b l e d ?  
. .  yes ; do n ' t  r e-ena b l e  
n o  l o n g e r  ha l te d  d u e  t o  empt y 

W r i t e 8 0  . .  s t i l l  HALTE D ;  d on ' t  e n a b l e  I 
V . TY PE , U  Pa r i ty c o n t r o l  
# I R Q I N ! I RQOUT e n a b l e  i n p u t  & o u t p u t  I RQ s  
[ V . PO RT , U ] Ena b l e  o u t p u t i nt er r u p t s  
# � I n t !l a s k s  e n a b l e  I RQ s  

A 
P u t s 2 5  
A 
W r i te 

( r e tu r n c a r r y  c le a r ) 

* ( Y ) =Pat h Des c r i p to r 
* ( U ) = St a t i c  s t o r ag e  a d d r es s  

0 1 5 1  
0 1 5 3 
0 1 5 5  
0 1 5 8  
0 1 5A 
0 1 5C 
0 1 5 E  
0 1 5 F  

* r e tu r n s : va r ie s  
8 1 0 1  G ETSTA 
2 6 0 B  
E 6 C 8 1 F  
2 7 8 3  
AE 2 6  
E 7 0 2 
5 F  
3 9  

STATUS 9 9  

0 1 6 0  8 1 0 6  
0 1 6 2  2 7 E2 

G E T S I O 

* * * * * * * * * * *  

c mp a  
bn e 
I d b  
b eq 
1 d x  
s t b  
c l r b  
r t s  

I s s .  R e a d y  
G ET SI O  
I NCNT , U  
E r  r N t Rd y  
P D . RG S , Y  
R $ B , X  

cmpa # S S . E O F  
b eq wr i t e 9 0  

* 
* 

Mods fo r b r e a k  s u p p o r t P C D  

0 1 6 4  8 1 8 0  
0 1 6 6 2 6 0 9  
0 1 6 8  A 6 C 8 2 6  
0 1 6 B  8 5 4 0  
0 1 6 0 2 6D 7  
0 1 6 F  
0 1 6 F  4 3  
0 1 7 0  3 9  

0 1 7 1 
0 1 7 1  8 1 8 1  
0 1 7 3  2 6 0 9  
0 1 7 5  A 6 C 8 2 6  
0 1 7 8  8 5 2 0  
0 1 7 A  2 6 F 3  
0 1 7 C  2 0 e 8  

0 1 7 E  
0 1 7 E  8 1 8 2  
0 1 8 0  2 6 0 9 
0 1 8 2  E 6 0 8 0 1  
01 8 5  AE2 6  
0 1 8 7  E 7 0 2  
0 1 8 9  2 0 B B  

Ge t s 1 5  

G e t S 2 0  

Ge t S 3 0  

cmpa 
bn e 
I d a  
b i t a  
b n e  

coma 
r t s  

cmpa 
bne 
I d a  
b i t a  
b n e  
b r a 

cmpa 
bn e 
I d b  
I d x 
s t b  
b r a  

* * * * * * * * * * * * * * * * * * * * * * *  

I Ts t B r k  
G e t S 2 0 
L o c l F l , U  
t L Fb r k R 
w r i t e 9 0  

t T s t B r kH 
Ge t s 3 0  
Loc l F l , U  
t LF B r k N  
G e t S 1 5  
Wr i t e 9 0 

# G e t S R e g  
U n kn own 
[ v . Por t , U ] 
P D . RG S , Y  
R $ B , X  
w r i t e9 0  
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R e a d y  s t a t u s ?  
· . no 
ge t i npu t c ha r a c t e r  c o u n t  
· . No ;  r e t u r n no t r e ad y  e r r o r  

r e t ur n  byte co un t t o  c a l l e r  ( I )  

End o f  f i l e ?  
• , yes ; r e t u r n c a r r y  c l ea r 

t e s t  f o r  r e c e i ve d  b r ed k ?  

b r e a k  r e c e i v e d ?  

s e t  ca r r y  
r e  t u r  n 

t e s t  f o r  b r e a k  mo de ? 
, .  n o t eq ua l ;  c he c k  fo r Re a d  S 

b re a k  mode o n ?  
yes ; r e t u r n  w i t h  c a r r y  se t 
n o ; r e t u r n w i t h  c a r r y  c l ea r 

r e a d  dev i c e  s t a t u s  r eg i s t e r ?  

r e a d  dev i c e  s t a t us r e g i s t e r  

r e t u r n  s t a t u s  t o  c a l l e r  



0 0 3 5 9  
0 0 3 6 0  
0 0 3 6 1  
0 0 3 6 2  
0 0 3 6 3  
0 0 3 6 4 
0 0 3 6 5  
0 0 3 6 6  
0 0 3 6 7 
0 0 3 6 8  
0 0 3 6 9  
0 0 3 70 
0 0 3 7 1  
0 0 3 7 2 
0 0 3 7 3  
0 0 3 7 4  
0 0 3 7 5  
0 0 3 7 6 
0 0 3 7 7 
0 0 3 7 8  
0 0 3 79 
0 0 3 8 0  
0 0 3 8 1 
0 0 3 8 2  
0 0 3 8 3  
0 0 3 8 4  
0 0 3 8 5  
0 0 3 8 6 
0 0 3 8 7  
0 0 3 8 8  
0 0 3 8 9  
0 0 3 9 0  
0 0 3 9 1  
0 0 3 9 2  
0 0 3 9 3  
0 0 3 9 4  
0 0 3 9 5  
0 0 3 9 6 
0 0 3 9 7  
0 0 3 9 8  
0 0 3 9 9  
0 0 4 0 0  
0 0 4 0 1  
0 0 4 0 2  
0 0 4 0 3  
0 0 4 0 4  
0 0 4 0 5  
0 0 4 0 6  
0 0 4 0 7  
0 0 4 0 8  
0 0 4 0 9  
0 0 4 1 0  
0 0 4 l l  
0 0 4 1 2  
0 0 4 1 3  
0 0 4 1 4  
0 0 4 1 5  
0 0 4 1 6  
0 0 4 1 7  
0 0 4 1 8  
0 0 4 1 9  
0 0 4 2 0  
0 0 4 2 1  
0 0 4 2 2  
0 0 4 2 3 
0 0 4 2 4  

* E n d  o f  mo d i f i c a t i on s  - - P C D  
* 

0 1 8 8  5 3  
0 1 8 C C 6 D O  
0 1 8 E  3 9  

0 1 8 F  8 1 1 A  
0 1 9 1  2 6 1 7  
0 1 9 3  A 6 2 5  
0 1 9 5  A E 2 6  
0 1 9 7  E 6 0 5  
0 1 9 9  l A 5 0  
0 1 9 8  6 DC 8 l F  
0 1 9 E  2 6 0 5  
O l A O  EOC8 2 4  
0 1 A 3  2 0 9 F  

0 1 A 5  l CA F  
0 1 A 7  1 6 0 1 7 4  

0 1 AA 8 1 1 B  
0 1 AC 2 6 0 B  
O l A E A 6 2 5  
0 1 13 0  A I C 8 2 4  
0 1 B 3  2 6 A9 
0 1 B 5  6 F C 8 2 4  
0 1 13 8  3 9  

0 1 13 9  
0 1 B 9  8 1 8 0  
0 1 1313 2 6 1 C  
0 1 8 D  A 6 C 8 2 6  
O l C O  8 A 8 0  
0 1 C 2  A 7 C 8 2 6  
0 1 C 5  l A 5 0  
0 1 C 7  6 F C 8 2 0  
O l CA 6 F C 8 2 1  

* * * * * * *  

U n k nown comb r e t u r n  c a r r y  s e t  

P UT S TA 

P U T S I O  

P U T S . A  

P U T S 1 2  

I d b # E $ U n k Sv c  U n k n ow n  se r v i c e  c o d e  
r t s  

cmpa 
bn e 
I d a  
I d x 
l d b  
o r e e  
t s t  
b n e  
s t d  
br a 

# S S . S S I G  
P U T S . A  
P D . C P R , Y  
P O . R G S , Y  
R $ x + l , x  
# I n t l1a s k s  
I NCNT , U  
P U 'rS l O  
S I G P R C , U  
Wr H e 8 0  

s i g n a l  p r oc e s s  w h e n  r e a d y ?  

g e t  p ro c e s s  i d  

g e t  s i g n a l  code 
d i sa b l e  I R Q S 
a n y  d a t a  a v a i l a b l e ? 
ye s ,  d a t a  r e a d y  
s a V e  t h e  s i g n a l  d a t a  
e x i t 

a n d ec # A l n t Ma s k s  e n a b l e  I RQS 
I b r a  Se nd S i g  s e n d  th e s i g n a l 

crnpa 
b n e  
I d a  
c mp a  
bne 
e l r  
r t s  

emp a 
bne 
I d a 
o r a  
s t a 
o r c c 
c l r  
c l r 

# SS . R e l e a  
P UT S 1 2  
P D . C P R , Y  
S I GPR C , U  
STATU S 9 9  
S I G P R C , U  

# se t B r k  
p u t S 2 0  
L oc l F l , U  
H F b r k S  
L oc l F l , U  
# I n t ll as k  s 
ONXT I , U  
ONX'fO , U 

R e l e a s e  oe v i c e ?  
b r a i f  no t 
c u r r e n t  p r o c e s s  I D  
w a i t i ng fo r da t a ? 

. •  n o ;  r e t u r n  ca r r y c l ea r 

ind icate that we ' re sending a break 

d i s a b l e  i n t e r r u p t s  
e mp t y  b u f f e r s 

* mo d i fy t h e  co n t r o l r e g i s t e r s  
* 

O l CD A 6 4 6  
O l C F  8 A E O  
0 1 0 1  A 7 D 8 0 1  
0 1 D 4  l CA F  
0 1 D 6 1 6 F F 6 D  
0 1 D 9  
0 1 0 9  8 1 8 1  
0 1 DB 2 6 1 6  
O l D O 
0 1 0 0  1 A S O 
O l D F  A 6 C 8 2 6  
O l E 2 8 4 7 F 
0 1 E 4 A 7 C 8 2 6  
0 1 E 7  1\ 6 4 6 
0 1 E 9  8 1\ 8 0  
O l E B A 7 D 8 0 1  
O l E E l CA F  
0 1 F O 1 6 F FS 3  
0 1 F 3  
0 1 F 3  8 1 8 2  
0 1 F S  2 6 0 F  
0 1 F 7  1 A 5 0  
0 1 F 9  A 6 C 8 2 6  
0 1 F C 8 A 2 0  
0 1 F E  A 7 C 8 2 6  

P u t S 2 0  

P u t S 2 5  

P u t S 3 0  

I d a  
o r a 
s t a  
a n dc c 
1 b r a  

empa 
b n e  

o r c c  
I d a  
a nd a  
s t a  
I d a 
o r a  
s t a  
a n d c c  
1 b r a 

cmpa 
b n e  
or cc 
I d a 
o r a  
s t a  

V . TYP E , U  i t  s h o u ld s h ow i npu t i n t e r r up t  
# S B R EA K 1 IR Q I N  a n d b re a k  
[ V . PORT , U ]  
r I n t Ma s k s  
W r i t e 9 0  r e t u r n w i t h  B c l ea r 

# Cl r B r k  
P u t S 3 0  

# I n t Na s k s  
L o c l F l , U  
r L Fb r k S 
L oc l F l , U  
V . 1'Y P E , U 
# I RQ I N  
[ V . PO RT , U ] 
r I n t Ha s k s  
W r i t e 9 0  

# B r k r1 o d e  
Pu t S 4 0  
# I n t N a s k s  
Loc l F I , U 
# L F B r k N  
L oc I F I , U  
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indica te tha t we aren ' t sending a break 

s h u t  o f f t h e  b r e a k  

r e t u r n  w i t h  B c l ea r 

se t t o  b r e a k  d e t e c t  mode 

ge t l o c a l f l a g s  
s e t  b r e a k  d e t e c t  o n  



0 0 4 2 5  
0 0 4 2 6  
0 0 4 2 7  
0 0 4 2 8  
0 0 4 2 9  
0 0 4 3 0  
0 0 4 3 1  
O U  4 3 2  
0 0 4 3 3  
0 0 4 3 4  
0 0 4 3 5  
0 0 4 3 6  
0 0 4 3 7  
0 0 4 3 8  
0 0 4 3 9  
0 0 4 4 0  
0 0 4 4 1  
0 0 4 4 2  
0 0 4 4 3  
0 0 4 4 4  
0 0 4 4 5  
0 0 4 4 6  
0 0 4 4 7 
0 0 4 4 8  
0 0 4 4 9  
0 0 4 5 0  
0 0 4 5 1  
0 0 4 5 2  
0 0 4 5 3  
O U 4 5 4  
0 0 4 5 5  
0 0 4 5 6 
0 0 4 5 7  
0 0 4 5 8  
0 0 4 5 9  
0 0 4 6 0  
0 0 4 6 1 
0 0 4 6 2  
0 0 4 6 3 
0 0 4 6 4 
0 0 4 6 5 
0 0 4 6 6  
0 0 4 6 7  
0 0 4 6 8  
0 0 4 6 9  
0 0 4 7 0  
0 0 4 7 1 
0 0 4 7 2  
0 0 4 7 3  
0 0 4 7 4 
O U 4 7 5 
0 0 4 7 6  
0 0 4 7 7  
0 0 4 7 8  
0 0 4 7 9  
0 0 4 8 0  
0 0 4 B 1  
0 0 4 8 2  
0 0 48 3  
0 0 4 8 4  
0 0 4 8 5  
0 0 4 8 6  
0 0 4 8 7  
0 0 4 8 8  
0 0 4 8 9  
0 0 4 9 0  

0 2 0 1 1 C A F  
0 2 0 3  1 6 1." 1." 4 0  

0 2 0 6  P u t s 4 0  

a n d cc I A I n t M a s k s  
1 b r  a W r i t e 9 0  

0 2 U 6  8 1 8 3  
0 2 0 8  2 6 0 1."  
0 2 0 A  1 A 5 0  
0 2 0 C I\ 6 C 8 2 6  
0 2 0 1."  8 4 DF 
0 2 1 1  A 7 C8 2 6 
0 2 1 4  1 C A F  
0 2 1 6  1 6 1." 1." 2 0 

cmpa # E r r M o d e  ge t ou t o f  d e t e c t - b r e a k  mo d e ?  
b n e  P u t S 5 0 
o r c c  I I n Ul a s k s  
I d a  L oc 1 F 1 , U  ge t l o ca l f l a g s  
a n d a  # A L F B r k N  s e t  d e t e c t - b r e a k  mode o f f  
s t a  L oc 1 F 1 , U  

0 2 1 9  
0 2 1 9  9 1 8 4  
0 2 1 B  1 0 2 6 F F 6 C  
0 2 1 1."  1 7 F E 5 1  
0 2 2 2  1 6 1." 1." 2 1  

P u t s  5 0  

* * * * * * * * * * * * * * *  
* S ub r o u t  i n e  TRf1NA T 

a n d c c  I A l n t M a s k s  
1 b r a W r i t e 9 0  

c mpa 
l bn e  
I bs r  
I b r a  

Re l n i t 
U n k nown 
Se t l'Y P E  
W r  i t e 9 0  

* Te r m i n a t e  Ac i a  p r o c e s s i ng 

0 2 2 5  
0 2 2 8  
0 2 2 A 
0 2 2 C  
0 2 2 E  
0 2 3 0  
0 2 3 3  
0 2 3 5  
0 2 3 8  
0 2 3 A 
0 2 3 C  
0 2 3 1."  
0 2 4 1  
0 2 4 4 
0 2 4 7  

* 
* P a s s e d : ( u ) = S t a t i c s to r a g e  
* r e t u r n s :  N o t h i ng 
* 
1 7 F E B 9  
9 E 5 0  
A 6 8 4  
A 7 4 4  
A7 4 3  
E 6 C 8 2 0  
l A 5 0  
E 1 C 8 2 1  
2 6 E B  
A 6 4 6  
1\ 7 D 8 0 1  
l CA F  
B E O O O O  
1 0 3 F 2 A  
3 9  

T R /I N O O  
T RHNAT 

* * * * * * * * * * * * * * * 
* A c I R Q  

I b s r 
1 d x 
I d a  
s t a  
s t a  
I d b  
o r c c  
c mp b  
b n e  
I d a  
s t a  
a n dc c 
1 d x  
O S 9  
r t s  

A C S L EP 
D . P r o c  
P $ I D , X  
V . B USY , U  
V . LP RC , U  
ONX T I , U  
# I n t M a s k s  
ONXTO , U  
TR�I N O O 
V . TY P E , U  
[ V . POR T , U ]  
r I n t t1a s k s  
lI O 
F $ I R Q  

wa i t  f o r  I /O a c t i v i t y 

d i s a b l e  i n t e r r u p t s  
o u t p u t  d o n e ? 
• .  n o ; s l e e p  a b i t  

d i s a b l e  ac i a  i n te r r u p t s  
ena b l e  i n t e r r u pt s 

r emov e a c i a  f r om po l l i n g t b l  

* p r o c e s s  I n t e r r u p t  ( i n p u t  o r  o u t pu t ) f r om Ac i a  
* 
* P a s s e d : ( U ) = S t a t i c  s t o r a g e a d d r  
* ( x ) = P o r t ad d r es s  
* ( A ) = po 1 1 e d  s t a t u s  
* Re t U r n s : Not h i n g  
* 

0 2 4 8  A E 4 1  
0 2 4 A  ! F 8 9  
0 2 4 C  C 4 7 C  
0 2 4 E  EA 4 E  
0 2 5 0  E 7 4 E  
0 2 5 2  8 5 0 5  
0 2 5 4  2 6 5 2  

A C I R Q  I d x  V . PORT , U  
t f r  A , B  
a n d b  # I N P E R R  
o r b V . ER R , U  
s t b  V . E R R , U  
b i t a  i s  
bne I n I RQ 

* F a l l Th r o u g h  t o  D o  o u tp u t  

* * * * * * * * * * * * * * * *  
* O u t I R Q  
* ou t p u t  t o  A c i a  I n t e r r u p t  R ou t i n e 
* 

g e t  po r t  a d d r e s s  
c op y  s t a t u s  
ma s k  s t a t u s  e r r or b i t s  

u pd a t e  c u m u l a t i v e  e r r o r s  
i n p u t  r e a d y  ( o r  ca r r ie r  l os t ) ? 
. •  y e s ; g o  g e t  i t  

* P a s s e d : 
* 

( A ) =A c i a  s t a t u s  R eg i s t e r  Con t e n t s  
( X ) =A c i a por t ad d r e s s  
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0 0 4 9 1  
0 0 4 9 2  
0 0 4 9 3  
0 0 4 9 4  
0 0 4 9 5  
0 0 4 9 6  
0 0 4 9 7  
0 0 4 9 8  
0 0 4 9 9  
0 0 5 0 0  
0 0 5 0 1  
O U 5 0 2  
0 0 5 0 3  
0 0 5 0 4  
0 0 5 0 5  
0 0 5 0 6  
0 0 5 0 7  
0 0 5 0 8  
0 0 5 0 9  
0 0 5 1 0  
0 0 5 1 1  
0 0 5 1 2  
0 0 5 1 3  
0 0 5 1 4  
0 0 5 1 5  
0 0 5 1 6  
0 0 5 1 7  
0 0 5 1 8  
0 0 5 1 9  
0 0 5 2 0  
0 0 5 2 1  
0 0 5 2 2  
0 0 5 2 3  
0 0 5 2 4  
0 0 5 2 5  
0 0 5 2 6  
0 0 5 2 7  
0 0 5 2 8  
0 0 5 2 9  
0 0 5 3 0  
0 0 5 3 1 
0 0 5 3 2  
0 0 5 3 3  
0 0 5 3 4  
0 0 5 ] 5  
0 0 5 3 6  
0 0 5 3 7  
0 0 5 3 8  
0 0 5 3 9  
0 05 4 0  
0 0 5 4 1  
0 0 5 4 2 
0 0 5 4 3  
0 0 5 4 4  
0 0 5 4 5  
0 0 5 4 6  
0 0 54 7 
0 0 5 4 8 
0 0 5 4 9  
0 0 5 5 0  
0 0 5 5 1  
0 0 5 5 2  
0 0 5 5 3  
0 0 5 5 4  
0 0 5 5 5  
0 0 5 5 6  

* ( U ) = S t a t i c  S t o r a ge a dd r e s s  

0 2 5 6  A 6 C 8 2 3  
0 2 5 9  2 A I O  
0 2 5 B 8 4 7 F 
0 2 5 D  A 7 0 1  
0 2 5 F  A 8 4 F  
0 2 6 1  A 7 C8 2 3  
0 2 6 4  A 6 C 8 2 2  
0 2 6 7  2 6 2 8 
0 2 6 9  5 F  
0 2 6 A  3 9  
0 2 6 B 3 1 C 8 7 7  
0 2 6 E  E 6 C 8 2 1  
0 2 7 1  E I C8 2 0  
0 27 4  2 7 1 3  
0 2 7 6  4 F  
0 2 7 7  A6AB 
0 2 7 9  5C  
0 27 A  C 1 8 B  
0 2 7C 2 3 0 1  
0 2 7 E  5 F  
0 2 7 F  E 7 C 8 2 1  
0 2 8 2  A 7 0 1  
0 2 8 4  E I C 8 2 0  
0 2 8 7  2 6 0E 
0 2 8 9 A 6 C 8 2 2  
0 2 8 C  8 A a 2 
0 2 8 E  A 7 C 8 2 2  
0 2 9 1 E 6 4 6  
0 2 9 3  CA8 0  
0 2 9 5  E 7 8 4  

0 2 9 7  A6 4 5  
0 29 9  2 7 0 B  
0 29 8  S F  
0 2 9 C  E 7 4 5 
0 2 9 E  I F O I  
0 2A 0  A 6 0 C  
0 2A 2  8 4 F 7  
0 2A 4  A 7 0 C  
0 2A 6  S F  
o 2 A  7 3 9  

Out  I RQ 

Ou t I . a 

O U t I RQ l  

Ou t I RQ 2  

O u t I R Q 3  

W a k e U p  

H a k e 9 0  

* * * * * * * * * * * * * * *  
* I na c i a  

I d a  
b p I  
a n d a  
s t a  
e o r a  
s t a  
I d a  
bn e 
c l r b  
r t s  
l e a y  
I db 
cmpb 
b eg 
c l r a  
I da 
i nc b  
c mpb 
b l s  
c l r b  
s t b  
s t a  
c mp b  
bn e 
I d a  
o r a 
s t a  
I db 
o r b  
s t b  

I d a  
b e g  
c 1 r b  
s t b  
t f r  
I d a  
a n d a  
s t a  
c l r b  
r t s  

I N HALT , U  
O u t I . a  
r S i g n  
1 , X  
V . XON , U  
I N HALT , U  
HALTED , U  
O u t I R Q 3  

O UTBU F' , U  
ONx'ro , U 
ONXT I , U  
Ou t I R Q 2  

D , Y  

# OUTS I Z - l  
O u t I RQ l  

ONXTO , U  
1 , X  
ONXT I , U  
H a k e U p  
HALTED , U  
• H .  EltPTY 
H A L'r E D , U  
V . TY P E , U  
U RQ I N  
O , X  

V . Wa k e , U  
Wa k e9 0 

V . yva k e , U  
d , x  
P $ s t a  te , x 
, " S u s pe n d  
P $ s t a te , x  

* p r o c e s s  A c i a  i np u t I n te r r up t  
* 

s e nd X -ON o r  X - OF F ?  
b r a n c h  i f  n o t  
c l e a r s i g n  b i t  
se n d  c ha r ac t e r 
g e t  z e r o  i f  X-ON 
rna r k  i t  s en t  
i s  o u t p u t  h a l t e d ?  
b r a n c h  i f  s o  
c l e a r  ca r r y  

o u t p u t  bu f f e r  p t r  
( ou tp u t ) n e x t -o u t  pt r 
o u t p u t  b u f f e r  a l r e a d y  empty?  
• . ye s : d i sa b le o u t p u t  I R Q , ret  

n ex t  o u tp u t  cha r 
ADVAN C E  N e x t - o u t  p t r 
e n d  o f  c i r cu la r  b u f f e r ? 

• . no 

s a ve u p d a t e d  n e x t - o u t p t r 
Wr i t e  t h e  c ha r 
l a s t  c ha r  i n  o u t p u t  bu f f e r ? 
· . n o 

d i sa b l e  o u t p u t  I RQ S  

Own e r  wa i t i ng ?  
· . n o ;  r e t u r n 

g e t  pt r t o  p r oc e s s  d e s c  

c l e a r  s u sp e n d  s t a t e  
p u t  i t  i n  p r o c  d e s c  
r e t u r lJ c a r r y  c l e a r  

* P a s se d :  ( A ) =A c i a  s t a t u s  R eg i s te r  d a t a  

0 2A 8  

* ( X ) =A c i a  p or t ad d r e s s  
* ( U ) = S t a t i c  s t o r a g e  a d d r e s s  
* 
* N o t i c e  t h e  A b s e n c e  o f  E r r o r C he c k i n g  H e r e  
* 

I n I RQ 
* * * * * * * * * 
* Mo d i f i c a t i on s f o r  b r e a k  s u ppo r t  -- P C D  
* I f  t h e  f ra m i n g  e r ro r  b i t i s  o n  i n  t h e  s ta tu s  r eg i s te r  
* w e  ve r y  l i k e l y  h a v e  a < b r e a k >  

0 2 A8 8 5 1 0  b i t a  ' F RA M E  ( b r e a k >  
0 2AA 2 7 1 6  b e g  I n I RQ 5  no ; c o n t i nu e  

* * * * *  
* T h e r e  i s  a b r e a k  
* 

0 2AC A G O I  
0 2 A E  A 6 C8 2 6  

I d a  
I da 

I , X  
L oc I F  1 ,  U 

380 

c l ea r f r a m i n g  e r r o r  b i t  
g e  t loca I f l  a g s  



0 0 5 5 7  
0 0 5 5 8 
0 0 5 5 9  
0 0 5 6 0  
0 0 5 6 1  
0 0 5 6 2  
0 0 5 6 3  
0 0 5 6 4  
0 0 56 5 
0 0 5 6 6  
0 0 5 6 7  
0 0 5 6 8  
0 0 5 6 9  
0 0 5 70 
0 0 5 7 1  
0 0 5 7 2  
0 0 5 7 3  
0 0 5 7 4 
0 0 5 7 5  
0 0 5 7 6  
0 0 5 7 7  
0 0 5 7 8  
0 0 5 7 9  
0 0 5 8 0  
0 0 5 8 1  
0 0 5 8 2  
0 0 5 8 3  
0 0 5 8 4  
0 0 5 8 5  
0 0 5 86 
O U 5 8 7  
U 0 5 8 8 
0 0 5 8 9  
0 0 5 9 0  
0 0 5 9 1  
0 0 5 9 2  
0 0 5 9 3  
0 0 5 9 4  
0 0 5 9 5  
0 0 5 9 6  
0 0 5 9 7  
0 0 5 9 8  
0 0 5 9 9  
0 0 6 0 0  
0 0 6 0 1  
0 0 6 0 2  
0 0 6 0 3  
0 0 6 0 4  
0 0 6 0 5  
0 0 6 0 6  
0 0 6 0 7  
0 0 6 0 8  
0 0 6 0 9  
0 0 6 1 0  
0 0 6 1 1 
0 0 6 1 2  
0 0 6 1 3  
0 06 1 4  
0 0 6 1 5  
0 0 6 1 6  
0 0 6 1 7  
0 0 6 1 8  
0 0 6 1 9  
0 0 6 2 0  
0 0 6 2 1  
0 0 6 2 2  

0 2 B 1  C 5 2 0  
0 28 3  27 2 1  
0 2 B 5  C 5 4 0 
0 2 B 7  2 6 1 9  
0 2 8 9  C A 4 0 
0 28 B  E 7 C 8 2 6  
0 2 B E  A 6 4 B  
0 2C O  2 0 1 4  

0 2 C 2  
** * * * * * * 

I n I RQ 5  

b i t b  
b eq 
b i t b  
b n e  
o r b  
s t b 
I d a  
b r a  

H F B r k N  
I n I R Q 7  
H F B r k R  
OummyX 
i LF br k R  
Loc l F l , U  
V . I NTR , U  
I n  I R Q 7  

de t e c t - b r e a k  o n ?  
n o ;  pr e t e n d  we ne ve r s aw i t  
h a v e  we a l r ea dy s e e n  t h i s  b r e a  
· . Yes ; j u s t  l e a v e  
s e t  b r e a k  r ec e i ve d  

f a k e  a k eyboa r d  i n te r r up t  

* I f  t he r e  i s n ' t  a b r e a k , t u r n  o f  t h e  
* " n ow r e c e i v i n g  a b re ak " b i t i n  Loc l F l  
* 

0 2 C 2  A 6 C8 2 6  
0 2C 5  8 5 4 0  
0 2C 7  2 7 0 B  

* * * * * *  

I d a  
b i t a  
beq 

Loc 1 F 1 , U  
i LF B r k R  
I n I RQ 6  

wa s a b r e a k  r e ce i v e d ?  

* T h e  c h a r a c t e r  r i g h t  a f te r  a b r e a k  i s  g e ne r a l ly j un k . 
* Thr ow i t  o u t  a n d  c l ea r a ny e r r o r  i nd i c a t i o n  
* 

0 2C 9  8 4 B F  
0 2 CB A 7 C 8 2 6  
0 2 C E  6 F 4 E  
0 2D O  AG O I  
0 2 0 2  
0 2 0 2  S F  
0 2D 3  3 9  
0 20 4  
0 2 0 4  AG 0 1  
0 20 6  
0 2 06 2 7 1 9  
0 2 08 A H B  
0 20A 2 7 7 A  
o 2 0C A H C  
0 2 08 2 7 7 A  
0 2 E O  A 1 4 0  
0 2 E2 2 7 6A 
0 2 E 4  A 1 4 F  
0 2 E6 1 0 2 7 0 0 8 0  
0 2 EA A I C8 1 0  
0 2 ED 1 0 2 7 0 0 8 B 

0 2 F l  3 0C 8 2 7  
0 2 F 4  E 6 C8 1 0  
0 2 F 7  3 A  
0 2 F 8  A 7 8 4  
0 2 FA 5 C  
0 2 F B  C 1 4 F  
0 2 F O  2 3 0 1  
U 2 1" F  S F  
0 3 0 0  E I C 8 1 E  
0 30 3  2 6 0 8  
0 3 0 5  C 6 2 0  
0 3 0 7  EA 4 E  
0 3 0 9  E 7 4  E 
0 3 0 B 2 0 8 A  

0 3 0 0  E 7 C 8 1 0  
0 3 1 0  6CC8 1 F  
0 3 1 3  6 0C 8 2 4  
0 3 1 6  2 7 0B 
0 3 1 8  8 CC 8 2 4  
0 3 1 B  6 FC 8 2 4 
0 3 1 E  1 0 3 F 0 8  
0 3 2 1  S F  

OummyX 

I n I RQ 6  

I n  I R Q 7  

a n d a  
s t a  
c 1 r  
I da 

c l r b  
r t s  

I d a  

beg 
cmpa 
beq 
c mp a  
beg 
c mp a  
beg 
c mpa 
I beq 
cmpa 
1 be g  

I n I RQ 1  1 ea x  
I db 
a b x  
s t a  
i nc b  
cmpb 
b l s  
c l r b  

I n I RQ 2  c mpb 
bne 
1db 
o r b  
s t b  
b r a  

I n I RQ 3 0  s t b  
i n c  
t s t  
b e q  
I d d  
c 1 r  

S e n d8 i g  089 
c 1 r b  

r LF b r k R  
Loc l F 1 , U  
V . 8R R , U  
1 , X  

1 , X  

I n I RQ 1  
V . I NTR , U  
I nAbo r t  
V . Q U I T , U 
I nQ u i t  
V . PC H R , U  
I n Pa u s e  
V . XO N , U  
I nXON 
V . XOF F , U  
I nX O F F  

I NP B U F , U  
I NXTI , U  

O , X  

i IN P S I Z - l  
I n I RQ 2  

I NXTO , U  
I n I R Q 3 0  
# OV E R U N  
V . ER R , U  
V . ER R , U  
WakeUp 

I NX T I , U  
I NCNT , U  
8 I GPRC , U  
I n I R Q 4  
8 I GP R C , U  
S I G P R C , U  
F $ S e n d  
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c l e a r  < b r e a k >  r ece i ve d  f l ag 

c l e a r  e r r o r  byte 
e mp t y  i np u t  r eg i s te r  

c l e a r  ca r r y 

R e a d  i np u t c h a r  

. •  N U L L , i mpo s s i b l e  C t l  C h r  
k eyb oa r d  I n t e r r u pt ? 
. .  Y e s  
k eyboa r d  Q u i t ? 
. •  Y e s  
k ey b oa r d  P a u se ?  
. .  Y e s  
X - O N  c on t i n ue ? 
. .  Y e s  
X-OF F I mmed i a t e  P a u s e  r eq ue s t ? 
. .  Y e s  

i n p u t  b u f f e r  
( i n pu t )  n e x t  i n  pt r 

s a v e  c h a r i n  b u f fe r  
upd a t e  N e x t - i n  p t r  
e n d  o f  c i r cu la r  b u f f e r ? 
• •  n o  

i n p u t  ove r r un ?  
· . n o ;  go od 
m a r k  ov e r r u n  e r r or 

t h r ow away ch a r ac te r  

u p d a t e  ne x t - i n  p t r  

a n y  p ro c e s s  t o  n o t i f y ?  
· . n o 
g e t  p roce s s  t o  s i g n a l  
d i sa b l e  s i g na l  s e n d i n g  
s e n d  s i g n a l  
r e t u r n c a r r y  c l ea r 



0 0 6 2 3  
0 0 6 2 4  
0 0 6 2 5  
0 0 6 2 6  
0 0 6 2 7  
0 0 6 2 8  
0 0 6 2 9  
0 06 3 0 
0 0 6 3 1  
0 0 6 3 2  
0 0 6 3 3  
0 0 6 3 4  
0 0 6 3 5  
0 0 6 3 6  
0 0 6 3 7  
0 0 6 3 8  
0 0 6 3 9  
0 0 6 4 0  
0 0 6 4 1  
0 0 6 4 2  
0 0 6 4 3  
0 0 6 4 4  
0 0 6 4 5  
0 0 6 4 6  
0 0 6 4 7  
0 0 6 4 8  
0 0 6 4 9  
0 0 6 5 0  
0 0 6 5 1  
0 0 6 5 2  
0 0 6 5 3  
0 0 6 5 4  
0 0 6 5 5  
0 0 6 5 6  
0 0 6 5 7  
0 0 6 5 8  
0 0 6 5 9  
0 0 6 6 0  
0 0 6 6 1  
0 0 6 6 2  
0 0 6 6 3  
0 0 6 6 4 
0 0 6 6 5 
0 0 6 6 6 
0 0 6 6 7  
0 0 6 6 8  
0 0 6 6 9  
0 0 6 7 0  
0 0 6 7 1  
0 0 6 7 2  
0 0 6 7 3  
0 0 6 7 4 
0 0 6 7 5  
0 0 6 7 6  
0 0 6 7 7  
0 0 6 7 8  
0 0 6 7 9  
0 0 6 8 0  
0 0 6 8 1  
0 0 6 8 2  
0 0 6 8 3  

0 0 0 0 0  
0 0 0 0 2 
$ 0 3 9 1  
$ 0 0 E 6  
$ 2 7 DF' 

0 3 2 2  3 9  

0 3 2 3  A6 C 8 1 0  
0 3 2 6  1 0 2 7 F' F' 6 D  
0 3 2 A E 6 C 8 l F'  
0 3 2 D  C 1 4 6 
0 3 2 F'  1 0 2 5 F' F' 6 4  
0 3 3 3  E 6 C 8 2 3 
0 3 3 6  1 0 2 6 F' F' 5 D  
0 3 3 A 8 4 7 F' 
0 3 3 C  A 7 C 8 1 0  
0 3 3 F'  8 A 8 0  
0 3 4 1  A 7 C 8 2 3  
0 3 4 4 E 6 4 6  
0 3 4 6  CAA O 
0 3 4 8  E 7 D 8 0 1  
0 3 4 B  1 6 F' F' 4 9 

I n I RQ 4  

* * * * * * * * * * * * * * *  

r t s  

I d a  
Ibeq 
Idb 
cmpb 
I b l o  
I d b  
I b n e  
a n d a  
s t a  
or a 
s t a  
I db 
o r b  
s t b  
I b r a  

V . XO F' F' , U  
Wa k eUp 
I NCNT , U  
UNPS I Z - I O  
WAKEUP 
I NHALT , U  
HAK EUP 
r S i gn 
V . XO F F , U  

g e t  X-OF'F' c h a r  
b r an c h  i f  no t e na b led 
ge t i n p u t  c o u n t  
i s  b u f fe r  a lmos t f ul l ? 
b r a  i f  n o t  
h av e  w e  s en t  XOF' F' ?  
y e s  t h e n  d on ' t  s e nd i t  a ga i n  
i n s u r e  s i g n  c l ea r 

# s i g n  se t s i g n  b i t 
I NHALT , U  f l ag i n p u t  ha l t  
V . TYPE , U  ge t c o n t ro l  v a l ue 
# I RQ I N I I RQOUT e n a b l e  i n p u t  & ou tpu t  I RQs 
[ V . PO RT , U ] 
Wa k eUp 

* C o n t ro l c h a r a c t e r  ro u t i ne s  

0 3 4 E  AE 4 9  
0 3 5 0  2 7 9 F  
0 3 5 2  A 7 0 8  
0 3 5 4  2 0 9 B  

0 3 5 6  C 6 0 3  
0 3 5 8  2 0 0 2  

0 3 5 A  C 6 0 2  
0 3 5 C 3 4 0 2  
0 3 5 E  AG 4 3  
0 3 6 0  2 7 0 4  
0 3 6 2  6 F 4 5  
0 3 6 4 8 DB 8  
0 3 6 6  3 5 0 2 
0 3 6 8  2 0 8 7  

0 3 6 A  AG C 8 2 2  
0 3 6 D  8 4 F' E  
0 3 6 F'  A 7 C 8 2 2  
0 3 7 2  2 6 0 6  
0 3 7 4 A 6 4 6  
0 3 7 6  8 M O  
0 3 7 8  A 7 8 4  
0 3 7  A S F  
0 3 7 B 3 9  

0 3 7 C  A G C 8 2 2  
0 3 7 F'  2 6 0 6 
0 3 8 1  E6 4 6  
0 3 8 3 C A 8 0  
0 3 8 5  E 7 8 4  
0 3 8 7  8 A O l  
0 3 8 9  A 7 C8 2 2  
0 3 8C S F'  
0 3 8 D  3 9  

0 3 8 E  0 6 3 5 5 2  
0 3 9 1  

e r r o r ( s )  
wa r n i ng ( s )  

I nP a u s e  I d x  
b e q  
s t a  
br a 

I nAbo r t  I d b  
br a 

I nQ u i t  Idb 
I nQ u i t l O  pshs 

Ida 
beq 
c l r  
b s  r 

I n Q u i  t J O  pu I s  
br a 

I nXON 

I nXON9 9 

I d a  
a n d a  
s t a  
bn e 
I d a  
or a 
s t a  
c lr b  
r t s  

I nXOF' F Ida  
bn e 
I d b  
or b 
s t b  

I nXOF' F' l O  or a 
s t a  
c l r b  
r t s  

ACI END 
emod 
eq u 

0 0 9 1 3  p r o g r a m  b y t e s  g e n e r a t e d  
0 0 2 3 0  d a t a byte s a l l o c a t ed 
1 0 2 0 7  b y t e s  u s e d  for  symb o l s  
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V . DEV2 , U  
In I R Q l  
V . PAUS , X  
I n  I R Q l  

g e t  e c h o  d e v i c e  s t a t i c  p t r  
. •  None ; bu f fe r  c h a r , e x i t 
r eq u e s t p a u s e  
b u f fe r  c h a r , e x i t 

# S $ I n t r p t  k e yboa r d  I NTERRUPT s i g n a l  
I nQ u i t l O  

# S $ Abo r t  
A 
V . LPRC , U  
I nQu i t J O  
V . Wa k e , u  
Se nd S i g  
A 
I n IR Q l  

HALTED , U  
r H . XO F' F'  

Abo r t  s i g n a l  
s a v e  i np u t  cha r 
l a s t  p r o c e s s  i d  
b r a  i f  n o  p l ac e  t o  s e n d  

r e s t o r e  i n p u t  c h a r  
b u f f e r  c h a r , e x i t 

HALTED , U  e n ab l e  o u t p u t  
I nXON9 9 . .  e x i t i f  o t he r w i s e  d i sa b l ed 
V . TYP E , U  pa r i t y  c o n t r o l  
# IR Q I N I I R QOUT e na b l e  i np u t  & o u t p u t  I R QS 
O , X  

HALTED , U  
I nXOF' F' l O  
V . TYP E , U  
U RQ I N  
O , X  
# H . XO F' F'  
HALTED , U  

* 

. .  a l r e ad y  ha l t e d ,  co n t i n ue 
ge t ac i a  c on t r o l  c o d e  
e n a b l e  o n l y  i np u t  I R Q s  

r e s t r i c t  o u tp u t  

M o d u l e  C r c  



WO R KS H O P  7 

an rbf device d rive r  

M i c roware has g i ven us perm iss ion to pr int th is  device d ri ver. 
It is the m ost general  d ev ice dr ive r  we cou ld  f i nd  that wasn't the 
prope rty of  some hardware vendor. Th is  device d ri ver hand les a 1 0  
megabyte h ard d i sk  us ing  i nterrupts and DMA.  I t  has a l l  the fea
tures you a re l i ke ly to need i n  an RBF  d river. 

I don ' t  h ave a DTC d i s k  contro l l e r  on my system ,  so I d i dn 't t ry 
th is  d ri ver. I p resent i t  large ly wi thout  comment .  

One comment I can't  res ist mak ing :  th is appears to be an  ear ly 
effort at  M icroware .  Not ice that the  add ress of the contro l l e r  i s  
locked i nto the code. I t  wou ld  be more i n  acco rd wi th  the i r stand
ards to keep the contro l l e r  add ress in the  device descr i ptor ,  and 
use offsets f rom that address in the d ri ver .  

U O O O I  
0 0 0 0 2  
0 0 0 0 3  
0 0 0 0 4  
0 0 0 U 5 
0 0 0 0 6  
0 0 0 0 7  
0 0 0 0 8  
0 0 0 0 9  
0 0 0 1 0  
0 0 0 1 1  
0 0 0 1 2  
0 0 0 1 3  

na m DTC 1 4 0 3  
t t l D r i ve r  f o r  DTC 1 4 0 3  D i s k  C o n t r o l l e r  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 08- 9  D e v i ce D r i ve r  M o d u l e  F o r  DTC 1 4 0 3  
* W i n ch e s t e r /Fl oppy D i s k  s t o r a g e  M odu l e  
* U s i n g  DTC - 6 8  H o s t  A d ap t o r  
* 
* I c )  1 9 8 2  M i c r ow a r e  S y s t ems C o r po r a t i o n  
* Repr o d u c t i o n  o r  D up l i c a t i o n  P r o h i b i t e d  
* 

383 



0 0 0 1 4  

0 0 0 1 5  
0 0 0 1 6  

0 0 0 1 7  

0 0 0 1 8  

0 0 0 1 9 
0 0 0 2 0  

0 0 0 2 1  

0 0 0 2 5  

0 0 0 2 6  

0 0 0 2 7  

0 0 0 2 8 
0 0 0 2 9  

0 0 0 3 0  

0 0 0 3 1  

0 0 0 3 2 

0 0 0 3 3  

0 0 0 3 4  
0 0 0 3 5  

0 0 0 3 6  

0 0 0 3 7  

0 0 0 3 8  
0 0 0 3 9 

0 0 0 4 0  

0 0 0 4 1  

0 0 0 4 2  

0 0 0 4 3  

0 0 0 4 4  

0 0 0 4 5  

0 0 () 4 6  
0 0 () 4 7  

0 0 () 4 8  

0 0 () 4 9  

0 0 () 5 0  

0 0 0 5 1  
0 0 0 5 2  
0 0 0 5 3  

0 0 0 5 4  

0 0 0 5 5  

0 0 0 5 6 

0 0 0 5 7  

0 0 (J 5 8  
0 0 0 5 9  
0 0 0 6 0  

O O O G I  
0 0 0 6 2  

0 0 0 G 3  
0 0 0 6 4  

U U 0 6 5  
0 0 0 6 6  

0 0 0 6 7  

0 0 0 6 8 
0 0 0 6 9  

0 0 0 7 0  
0 0 0 7 1  

0 0 0 7 2  

0 0 0 7 3  
0 0 0 7 4  
0 0 0 7 5  

0 0 0 7 6  

0 0 0 7 7  

0 0 0 7 8 

0 0 0 7 9  

O U 0 8 0  

E 3 0 0  

E 3 0 0  

E 3 0 1 
E 3 0 2  

E 3 0 4  

0 0 0 0  

0 0 0 1  
0 0 0 2  

0 0 0 3  

0 0 0 4  

0 0 0 5  
0 0 0 6  

0 0 0 7  

O O O S  

0 0 0 9  
O O O A 

O O O H  

O O c O  

0 0 4 0  

O O O B 

0 0 0 4  

0 0 0 2  
0 0 0 1  

O O O I  

0 0 0 2 

0 0 0 0  

0 0 0 1  

O O O G 
0 0 0 7 

* Rev i s i on : A 
* Dat e :  1 9  Apr i l 1 9 8 2  
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* i nc l u d e  equ a t e  f i l es OS 9 D e f s  a n d  R B F D e f s  
i f pl 
e n d c  

C o n t P o r t EQU $ E 3 0 0  

* 

* D i s k  D e i  v e r  E q u a t e s  
* 

* D e v i c e  P o r t  A s s i g n me n t s  

CSR . R EG e q u  Co n t Po r t  
C I R . REG eq u C S R . R EGt l 
DAT A . DHA e q u  C I R . R EG + l  
OlD . DH A  eq u DATA . DM A t 2 

* Con t r o l l e r  Command Opc o d e s  

C $ T R EADY EQU a 
C $ R 8 STOR EQ U 1 
C $ R EQ S Y N  E Q U  2 
C$ REQD ET EQ U 3 

C$ FORALL EQU 4 

C $ FO RC H K  EQ U 5 
C$ FORTRK EQU 6 
C $ FO R B A D  EQ U 7 

C $ R EA D  EQU 8 

C $ WHPRo'r EQ U 9 
C $ H R I T E  EQU 1 0  

C $ S E E K  EQ U 1 1  
C $ S EL F N T  EQU $ C O  

* C S R  R eg i s t e r  B i t  D e f i n i t i on s  

S R $ R ES E'l' EQU $ 4 0  
S H $ PA R  EQ U $ 0 8  
S R $ I NT E R  EQU $ 0 4  
S H $ D O N E  EQ U $ 0 2  
S R $ R D Y  EQU $ 0 1  

* C I R  Reg i s t e r  b i t  d e f i n i  t i on s  

C I R $ PAR equ $ 0 1  
C I R $ ER R  eq u $ 0 2 

* D i s k  f o r ma t  se l e c t  codes 

F I1'r $ S S SD e q u  0 
FII T $ D SS D  eq u 1 
F HT $ SS D D  e q u  6 
F �l T$ D S D D  eq u 7 
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con t r o l l e r  Add r e s s  

d e v i c e  memo r y  a d d r e s s  
c o mp l e t i o n  I n fo r ma t i o n  R e g i s t e  
D a t a  DMA Add r e s s  R eg i s te r  
C omma n d  D M A  Ad d r e s s  R eg i s te r  

tes t i f  r eady/no-op 
r e s t or e to t ra c k  0 

r eq u e s t e r r o r  s y n d r ome 
r eq u e s t e r ro r  d e t a i l 
f o r m a t  a l l  s e c t o r s  
c h e c k  t ra c k  f o r ma t  
f o r m a t  s i ng l e  t r a c k  
f o r ma t  b a d  s ec to r 
r e a d  se c t o r ( s )  
w r i t e  pro t ec t s e c t o r  
w r i t e s e c t o r ( s )  
i n i t i a t e  se e k  
s e l ec t  f l oppy f o r ma t 

Mas t e r  Res e t  

I n t e r r U pt E na b l e  
C omman d  Done 
Comm a n d  Ready 

pa r i t y  E r r o r 
C o n t r o l l e r/Dr i v e  E r r o r  

s 9 1  s i d e  s g l  d e n s  
d b l  s i de s g l  d e n s  
s9 l s i d e  d b l  d e n s  
d b l  s i de d b l  d en s  



0 0 0 8 1  
0 0 0 8 2  
0 0 U 8 3  
0 0 0 8 4  
0 0 U 8 5  
0 0 0 8 6  
O U 0 8 7  
0 0 0 8 8  
0 0 0 8 9  
U 0 0 9 0  
0 0 0 9 1  
0 0 0 9 2  
0 0 0 9 3  
0 0 0 9 4  
O U 0 9 5  
0 0 0 9 6  
0 0 0 9 7  D 
0 0 U 9 8  D 
0 0 0 9 9 D 
0 0 1 0 0  D 
0 0 1 0 1  D 
U O I U 2 D 
U O I 0 3  D 
0 0 1 U 4  D 
O U I 0 5  D 
0 0 1 0 6  D 
O U I 0 7  D 

U U 1  U 8  
0 0 1 0 9  
0 0 1 1 U  W 
0 0 1 1 1  
0 0 1 1 2  
0 0 1 1 3  w 
O U 1 1 4  W 
0 0 1 1 5 W 
0 0 1 1 6  
0 0 1 1 7  
0 0 1 1 8 H 
0 0 1 1 9  
0 0 1 2 0  
0 0 1 2 1  
U 0 1 2 2 
{) 0 1 2 3  
0 0 1 2 4  
0 0 1 2 5  
0 0 1 2 6  
0 0 1 2 7  
0 0 1 2 8  
O U 1 2 9  
O U 1 3 0  
O U 1 3 1  
0 0 1 3 2  
0 0 1 3 3  
U 0 1 34 
0 0 1 3 5 
U 0 1 36 
U 0 1 3 7  
U 0 1 3 8  
0 0 1 3 9  
U 0 1 4 U  
0 0 1 4 1  
0 0 1 4 2  
U 0 14 3  
0 0 1 4 4  
U 0 1 4  5 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* DTC 1 4 0 3  DEV I C E  D R I V E R  MODULE H E A D E R  

O O E I  
0 08 1  
0 0 0 0  
O O O D  
O O O E  
0 0 1 1  

* 

8 7 CD O IC 4  
F F  
6 4 7 4 E 3  
0 4  

'l'ype 
Revs 
D S KI10D 

D SK N AI1 

S E T  
S ET 
HOD 
FCB 
f c s  
FCB 

D r i v r + Ob j ct 
Re e n t + l  
D S K EN D , D S K NAH , Type , Re v s , D S K ENT , DSKSTA 
% 1 1 1 1 1 1 1 1 s e t a l l c ap a b i l i t ie s  
/ d t c/ 
4 E D I T I O N  T E L LT A L E  B YT E  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 

0 0 5 5  
0 0 5 5  
0 0 5 9  
0 0 5A 
0 0 5A 
0 0 5 B  
0 0 5C 
0 0 5 D 
0 0 5 E  
0 0 5 F  
O U 6 0  

* STA'r IC STORAGE 
* 

V .  ER RB LK 
V . STAT U S  
V .  C�l DB L K  
V . OPCODE 
V . AD OR O  
V . A D O R I  
V . A D D R 2  
V . COUNT 
V . CNTRL 
D SKSTA 

ORG 
r m b  
r m b  
EQ U 
R �m 
RtlB 
R I'lB 
RB B 
Rtm 
ntl B 
EQU 

D RVBEG+ D RVHEr1 * 2 
4 e r r o r  s e n s e  b lo c k  
1 ope r a t i on s t a t u s  

c om ma n d  pa c k e t  b e g i n s  he r e  
1 comma n d  c o d e  b y t e  
1 u n i t / h i s e c t o r ad d r es s  
1 m i d d l e  s e c t o r  a d d r e s s  by t e  
1 1 0  s ec to r  ad dr e s s  
1 s e c t o r  c o u n t / i n te r l ea v e  f a c t o r  
1 c o n t r o l byt e 

TOTAL STAT I C  REQU I R E M E N T  

* E N T R Y  P OI NT BRANCH 'r AB L E  FOR F I LE 1 1ANAG E R  ACC E S S  
* 

O U 1 2  1 6 0 0 30 
0 0 1 5  1 6 0 0A 9  
U 0 1 8  1 6 U 0 9 F  
O U I B  1 6 0 0 0 F  
O U I E  1 6 0 0 1 2  
O U 2 1  1 6 0 0 0 0  

O U 2 4  
0 0 2 4  7 F E 30 0  
0 0 2 7 8 E O O O O  
O U 2 A  1 0 3 F2 A  

OS K E N T  

T E R M  

* N u l l r � t u r n  f o r  
0 0 2 D  G ETSTA 
O U 2 D  l C F E  
0 0 2 F  3 9  

LBRA 
L BRA 
L H RA 
L B RA 
LBRA 
L B RA 

EQU 
c l r  
I d x  
O S9 

u n u s e d  
eq u 
a n d cc 
r t s  

I N I DS K  
READSC 
WRT D S K  
G ETST A  
PUTSTA 
TE RI1 

* 
CS R . REG 
# 0  
F $ I H Q  

e n t r i e s  
* 
i " CARRY 

I N I T I AL I Z E  I /O 
READ S ECTO R 
W R I 'l'E S E CTOR 
G ET STA T U S  
PUT STAT U S  
T E R M I NATE 

de ac t iv e  c o n t r o l le r  
r e mo v e  f r o m  po l l i n g  l i s t  

g e t  s t a t u s :  n o t  us ed 
r e t u r n  no  e r r o r  

* I n t e r r up t  po l l i ng i n fo r ma t i on pa c k e t  
* pas s e d  t o  O S - 9  
* 

0 0 3 0  0 0  
O U 3 1  0 2  
0 0 3 2  O F  

I N'l'RPAK f c b  
f c b  
f c b  

o 

S R $D O N E  
1 5  

n o  f l i p b i t s  
b i t  t o  t es t  f o r I R Q  
p r i o r i t y  = 1 5  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* P U T  S TATU S  CALL 
* 
* 
* 

0 0 3 3  A E 2 6  
0 0 3 5  E 6 0 2 

PUTSTA LDX 
I db 

P D . RG S , Y  
R $ B , X  
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G E T  STAT CALL 



0 0 1 4 6  
0 0 1 4  7 
0 0 1 4 8  
0 0 1 4 9  
0 0 1 5 0  
() 0 1 5 1  
0 0 1 5 2  
0 0 1 5 3 

0 0 1 5 4  
0 0 1 5 5  

0 0  5 6  
0 0 1 5 7  
0 0 1 5 8  
0 0 1 5 9 

0 0 1 6 0  
0 0 1 6 1  
0 0 1 6 2  
0 0 1 6 3  
0 0 1 6 4 
0 0 1 6 5  

0 0 3 7  
0 0 3 9  
0 0 3 13 
0 0 3 D  
0 0 4 1 
0 0 4 2 
0 0 4 4  

0 0 4 5  
0 0 4 5  
0 0 4 7  
0 0 4 9 
0 0 4 B  
0 0 4 E  
0 0 5 0  
0 0 5 2  

yJ 0 0 5 4  
H 0 0 5 7  

o O J  6 6  
0 0 1 6 7  
0 0 1 6 8  
0 0 1 6 9  
0 0 1 7 0  
0 0 1 7 1  
0 0 1 7 2  
0 0 1 7 3 
0 0 1 7 4  
0 0 1 7 5  
0 0 1 7 6 

0 0 1 7 7  
0 0 1 7 8  
0 0 1 7 9  
0 0 1 8 0  
O O J  8 1  
0 0 1 8 2  

0 0 1 8 3  
0 0 1 8 4  
0 0 1 8 5  
0 0 1 8 6  
!l 0 1 U 7 
(1 0 1 8 8  
0 0 1 8 9  
0 0 1 9 0 
0 0 1 9 1  
0 0 1 9 2  w 
0 0 1 9 3  
O U 1 9 4 w 
0 0 1 9 5  w 
0 0 1 9 6 
0 0 1 9 7  
0 0 1 9 8 W 
0 0 1 9 9  
0 0 2 0 0  
0 0 2 0 1  
0 0 2 0 2  
0 0 2 0 3  
0 0 2 0 4  
0 0 2 0 5 
0 0 2 0 6 
0 0 2 0 7  
0 0 2 0 0  
0 0 2 0 9  
0 0 2 1 0  
0 0 2 1 1 

0 0 5 A  
0 0 5 E  
O U 6 1 
0 0 6 5  

0 0 6 8  

0 0 6 A  
0 0 6 D  
0 0 6 F  
0 0 7 2  
0 1) 7 5  
0 0 7 8  
0 0 7 0  
0 0 7 D  
0 0 8 0  
0 0 8 3  
U 0 8 6  
0 0 8 8 
U 0 8 8  
O U 8 E  
0 0 9 0  
O U 9 2  
0 0 9 5  
0 0 9 6  

0 0 9 7  

C I 0 )  
2 7 7 3  
C I 0 4  
1 0 2 7 0 1 5 1" 
5 3  
C 6 DO 
3 9  

C H P B  
S E Q  
C t4 P B  
L O g Q  
corlB 
I d b 
R TS 

# S S . R e s e t  
R E S TO R  
# S S . WT r k  
WRTTR K 

# E $ U n k S V C  

R E STOR E C A L L ? 
. .  Y E S ;  DO I T . 

H R I T E  T R A C K  C A L L ? 
. .  Y E S ;  DO I T . 
. . .  N O ; E RROR 
E R RO R  COD E 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* I N I T I A L I Z E  T H E  STORAGE MOD U L E  
* 
* I NP UT : ( U ) PO I NT E R  TO GLOBAL STORAGE 
* 
* O U T P U T : ( D )  rl0D I F I E D  
* ( X ) r10 D I F I E D  
* ( Y )  U N C H A NGED 
* ( u )  U N C H A NG E D 
* 
* 

6 F 4 5 
8 6 F F  
A H B  
A 7 C 8 3 1  
8 6 0 2  
A 7 C 4  
8 6 4 0  
8 7 E 3 0 0  
7 F  E 3 0  0 

I N I DS K  EQU 
c l r  
I d a  
s t a  
s t a  
I d a 
s t a  
I d a  
s t a  
c l r  

* 
V . W A K E , U  c le a r w a k e u p  f l ag 
# $ f f 
D R V B EG + D D . TOT+ 2 , U  i n i t f a k e  m ed i a  
D R V B EG + D RV H E M+ DD . TOT+ 2 , U  s a m e  f o r  
# 2  
V . N D RV , U  
# S R $ R ES ET 
C S R . R EG 
C S R . R EG 

w e  h a v e  2 d r i v e s  
pe r f o r m  m a s t e r r e se t 
s t o r e  i n  C S R  r e g i s t e r  
u n- r e s e t  c on t r o l l e r  

t o  I RQ p o l l i n g  l i s t  

s i z e  
d r i ve 1 

* Add d e v i c e  
3 0 8 ]) P F D 2  
CC £ 3 0 0  
3 1 8 DO 0 3  2 
1 0 3 F 2 A  

l e a x  I NT R P A K , pc r  ge t p o l l i n g p a c k e t a d d r e s s  
l d d  # CS R . R E G  l o a d  a d d r e s s  o f  C S R  r e g i s t e r  
l e a y  I NT R E Q , p c r  l o a d  a d d r es s o f  I R Q  s e r v i c e  r o  

* S e l ec t 
8 6 C O  
A 7 C 8 5A 
8 6 2 0  
A 7 C 8 5 B 
6 F C 8 S C  
6 1" C 8 5 D  
6 FC 8 5 E  
8 6 0 6 
A 7 C 8 5 F  
3 0 C 8 5 A  
B F E 3 0 4  
8 6 (l l  
B 7 E 3 0 U  
B 6 E 3 0 0  
8 4 0 2  
2 7 F 9  
B 6 E 3 0 1  
S F  
3 9  

F D C  f o r ma t  

I N I 1' 2  

R E T R N I  

05 9 F $ I R Q A D D  D E V I C E  TO POLL I NG TAB L E  

I d a  
s t a  
I d a  
s t a  
c l r  
c l r  
c l r  
I d a 
s t a  
l e a x  
s t x  
l d a 
s t a  
I d a 
a n d a  
b eg 
I d a  
C L R B  
R T S  

# C $ S EL F rlT 
V . O P COD E , u  
# $ 2 0  
V . AD D R O , u  
V . A D D R l , u  
V . A D D R 2 , u  
V .  C O U N'l' , u 
# F11 T $ S S D D  
V . C N T R L , u  
V .  Ol DB L K , u 
01 0 .  mIll. 
# S R $ RDY 
C S R . R 8 G  
C S R . R E G  
# SR $ DO N E  
I N IT 2  
C I R . R EG 

l o a d  c o mm a n d  c o d e  f o r  d i s k  t y p  
s t o r e c omma n d  c o d e  
s e l e c t  f l o p p y  f o r  i n i t  s e l ec t  

i n i t  f o r ma t  c o d e  

ge t b l o c k  a d d r  
p u t i n  DMA add r r e g  

t r i g g e r  c o mm a n d  
w a i  t f o r d o n e 

l oo p  u n t i  1 d o n e 
c l e a r  d o n e  b i t  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* I NT E R R U P T  R E Q U E S T  S E RV I C E  RO U T I N E  
* 
* 
* 
* 

C AL L E D  WH E N  C O N T RO L L E R  I NT E R R U P T  O C C U R S  
C AL LS W A K E  U P  FO R D R I VE R  

I N'l'R EQ EQLJ * 
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0 0 2 1 2  

0 0 2 1 3  
O U  2 1 4  
0 0 2 1 5 
0 0 2 1 6  
0 0 2 1 7  
o u  2 1 8  
0 0 2 1 9  
0 0 2 2 0  

0 0 2 2 1  
0 0 2 2 2 

0 0 2 2 3  
0 0 2 2 4 
0 0 2 2 5  
0 0 2 2 6  
0 0 2 2 7  
0 0 2 2 8 
0 0 2 2 9  
0 0 2 3 0  
0 0 2 3 1  
0 0 2 3 2  
0 0 2 3 3 
0 0 2 3 4  
0 0 2 3 5  
0 0 2 3 6  
0 0 2 3 7  
0 0 2 3 8  
0 0 2 3 9  
0 0 2 4 0  
0 0 2 4 1  
0 0 2 4 2  
0 0 2 4 3  
0 0 2 4 4 
0 0 2 4 5  
00 2 4 6  
0 0 2 4 7  
0 0 2 4 8  
0 0 2 4 9  
0 0 2 5 0  
0 0 2 5 1  
O U  2 5 2 
U U  25 3 
0 0 2 5 4 
0 0 2 5 5  
0 0 2 5 6  
0 0 2 5 7  
0 0 2 5 8  
0 0 2 5 9  
0 0 2 6 0  
0 0 2 6 1  
0 0 2 6 2  
0 0 2 6 3  
0 0 26 4 
0 0 2 6 5  
00 2 6 6  
0 0 2 6 7  
00 2 6 8 
0 0 2 6 9  
00 2 7 0  
0 0 2 7 1  
0 0 2 7 2  
0 0 2 7 3  
00 27 4 

W 

0 0 9 7  A 6 4 5  I d a V . W A K E , u  D EV I C E  B U S Y ?  

0 0 9 9  2 7 1 0  beg RET I NT 2  . . .  NO ; I G NOR E I N'fR P T  
0 0 9 8  F 6 E 3 0 1  I db e I R . REG ge t s t a  t us : c l r  r H Q  
0 0 9 E  E 7 C 8 5 9  s t b  V . S'rATUS , u  s a v e  s t a t u s  
O O A I 6 F 4 5 c l r  V . H A K E , U  c l e a r b u s y  f l a g 
0 0 A 3  C 6 0 1  I d b  * S $HAKE s e n d  w a k e u p  s i g n a l  t o  ma i n  
0 0 A 5  1 0 3 F 0 8  O S 9  F $ S E N D  
D O A a  l C F E  R ET I NT a n d cc r C A R R Y  c l e a r  c a r r y 
O OA A  3 9  r t s  

O O A 13  1 A D l  
O O A D  3 9  

R ET I NT 2  ORCC 
RTS 

# CA R R Y  S i g n a l  N o t  P r o c e s s e d  

O O A E 
O O A E  
0 0 8 0  
0 0 8 3  
0 0 B 6 
0 0B 8  

0 0 6A 
0 0 8A 
0 0 8 D  
O O B F  

0 0 C 1 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* R ESTOR E D R I V E  TO TRAC K 0 0  
* 
* I N P UT : ( y )  PO I NT E R  TO PATH D E S C R I PTOR 
* ( U )  P O I NTER TO GLOBAL STO R AG E  
* 
* I F  ERROR : ( B )  E R ROR CODE & C A R R Y  SET 
* 
* 
* 

R ES TOR e g u  * 
C 6 0 0  I d b * 0  
8 E O O O O  I d x  # 0  u s e  s e c t o r  
1 7 0 0B 3  I bs r  S ET U P  

z e r o  

8 6 0 1  I d a  # C $ R ESTOR l o a d  c o mm a n d  c o d e  
2 0 .3 5  b r a  EXECUTE i s s u e comm a n d 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* WR I 'f E  S E CTOR COHI IAND 
* 
* I NPUT : ( 8 )  MSB OF LOG I C A L  S E CTOR N U M B E R  
* ( X )  LSB ' S 0 F LOGI CAL S E CTOR N u/I B E R  
* ( y )  P O I N T E R  TO PATH D E S C R I PTOR 
* ( U )  PO I NTER TO G LOBAL STO R AG E  
* 
* I F  E R ROR : ( 8 )  E R ROR C O D E  & CARR Y SET 
* 

WRT D S K  * 
1 7 0 0 AC 
8 6 0A 
2 0 2 E  

e g u  
I bs r 
I d a  
b r a 

S ETUP 
# C $WR I T E  
E X E C U T E  

s e t u p  s ec t o r  a d d r e s s 
l o a d  c o mm a n d  c o d e  
e x ec u t e c omma n d  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* R E A D  S ECTOR COMMA N D  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

I NPUT : ( 8 )  MSB OP LOG I C A L  S E CTOR N U M B E R  
( X )  L SB ' S  O F  LO GI CAL S E CTO R NUI1 B E R  
( y )  P T R  T O  P A T H  D E S C R I PTOR 
( U )  PTR TO G LOBAL S TO RAG E 

OUTPUT : 2 5 6  BYTES O� DATA R E T U R N E D  I N  B U F � E R  

I F  ERROR : C C = S E T , fi= E R ROR COD E  

R EA DS C  EQU * 
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0 0 2 7 5  
0 0 2 7 6  
0 0 2 7 7  
0 0 2 7 8  
0 0 2 7 9 
0 0 2 8 0  
0 0 28 1  
0 0 2 8 2  
0 0 2 8 3 
0 0 2 8 4  
0 0 2 8 5  
0 0 2 8 6  
0 0 2 B 7  
0 0 28 8  
0 0 2 8 9  
0 0 2 9 0  
0 0 2 9 1  
0 0 2 9 2  
0 0 2 9 3 
0 0 2 9 4  
0 0 2 9 5  
0 0 2 9 6  
0 0 2 9 7  
0 0 2 9 8  
0 0 2 9 9  
0 0 3 0 0  
0 0 3 0 1  
0 0 3 0 2 
0 0 3 0 3  
0 0 3 0 4  
0 0 3 U 5  
0 0 3 0 6  
0 0 3 0 7  
0 0 3 0 8  
0 0 3 0 9  
0 0 3 1 0  
0 0 3 l,! 
0 0 3 1 2  
0 0 3 1 3  
0 0 3 1 4  
O U 3 1 5  
0 0 3 1 6 
U 0 3 l 7  
0 0 3 1 8  
0 0 3 1 9  
0 0 3 2 U  
0 0 3 2 1  
0 0 3 2 2  
U 0 3 2 3  
0 0 3 2 4  

0 0 3 2 5  
0 0 3 2 6 
0 0 3 2 7  
0 0 3 2 8  
0 0 3 2 9  
0 0 3 3 0 
0 0 3 3 1  
O U 3 3 2  
0 0 3 3 3  
0 0 3 3 4  
U 0 3 3 5 
0 0 3 3 6  
0 0 3 3 7 
0 0 3 3 8  
0 0 3 3 9  

O O C l  
0 0 C 2  
o O C 4  
0 0 C7 

0 0 C9 
O OC C  
O O C E  

D O D O  
0 0 D 2  
0 0 0 4  
0 0 D 5  
0 0 D 7  
o O D 9  
U O D B 
D O D D  
O O D F  
0 0 E 2  
0 0 E 5  
0 0 E 7  
0 0 E 9 
O O E A  
O O EC 
O O E D  

O O EF 
D O n 
O O F 3  
0 0 F 5  
o o n  

0 0 F 9  

5 D  t s t b  s e c t o r z e r o ?  
2 6 0 5  b n e  R E A D S C 2  s k i p i f  n o t 
8 C O O O O cmpx # 0  t e s t 1 . s .  b y t e s  
2 7 0 7  b e q  R E A D O  pe r f o r m  s p ec i a l  r o u t i ne 

1 7 0 0 9 D  R E A DS C 2  I b s r  S E T U P  s e t u p comm a n d  p a c k e t  
8 6 0 8 I d a # C $ R E AD l o a d  c omma n d  c o d e  
2 0 l F  b r a  E X E C U T E  e x e c u t e  r ea d  comma n d  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* R E A D  LOG I C A L  S E CTOR Z E RO 
* 
* 
* copy d i s k  I D  a r e a  
* d r iv e  t a b l e  a r e a  
8 D F 7  R EA D O  
2 4 0 1  
3 9  
3 4 3 0 R E A D O I  

f r o m  t r a c k  0 t o  

b s r  R E A D S C 2  
b c c  R E A D O l  
r t s  

r e a d  t h e  s e c t o r  
c o n t i n u e  i f  n o  e r r o r  

i f  0 

C 6 l 5  
3 0 4 9 
6 D 2 1  

p sh s  
I d b  
l e a x  
t s t  
b e g  
l ea x  
l d y  
l d a  
s t a  
d e c b  
bn e 
c l r b  
p u I s 

X , Y  
# D D . S I Z  
D H V B EG , U  
P D . D RV , Y  
R E ADU 2 
D RVHEH , X  
P D . B U F , Y  
, y+ 

numbe r of b y t e s  to c o py 
l o a d  b e g  ad d r  o f  t a b l e  a re a  
w h i c h  d r i ve ?  

2 7 0 3  
3 0 13 13 2 6  
1 0 A E 2 8  R E AD0 2 
A 6 A O  R E A D 0 3  
A 7 8 0  
S A  
2 6 F 9 
S F  
3 5 B O  

, x + 

R E AD0 3 

X , Y , PC 

s k i p i f  d r i v e  0 
e l se move to d r i ve 1 t a b l e  
ge t s ec t o r b u f f e r ad d r e s s  
g e t  b y t e  f r om b u f f e r  
copy t o  t a b l e  
d e c r c o u n t  
l o o p  t i l  d o n e  
r e t u r n  no e r r o r  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* s u b r o u t i n e  EX E C U T E : pe r fo r m  d i s k  op e r a t i o n  w i t h  
* e r ro r  r e t r y  
* 
* 
3 4 0 2  E X EC U T E  p s h s  a s a v e  comm a n d  c o d e  
8 6 0 0  E X E C O  I d a  # C $'fREADY 
8 D 0 4  b s r  COMM A N D  c h e c k  i f  u n i t  r e a d y 
2 5 F A bc s E X E C O  l o o p  i f  no t 
3 5 0 2  pu I s  a r e s t o r e  comma nd c o d e  
* f a l l  t h r o u g h  t o  COM�1 AN D  t o  pe r f o r m o pe r a t  i o n  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* S u b r ou t i n e  Cm1t1 A N D : i s s u e comma n d  t o  co n t r o l l e r  
* Pa s s  c omma n d  pa c ke t  t o  c o n t r o l l e r , s l e e p  u n t i l c omma n d  
* compl e t e d  ( by i n t e r r u p t  u n l e s s  b oo t i n g ) , t h e n  c h e c k s t a t u s . 
* 
* i n pu t :  A = command b y t e  
* V ; CMDB L K  a s s wn e d  t o  b e  i n i t i a l i z ed 
* 
* o u t pu t : A , Y  
* B , X  c o r r u pt e d  
* 

* 
U O F 9  A E 2 8  

cmlllA N D  EQU 
I dx 
s t x  

P D . B U F , Y  
DAT A .  DnA 

ge t  b u f fe r  ad d r  f o r m P D  
s e t  d a t a a d d r  DMA r e g H O O F B  B F E 3 0 2  
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0 0 3 4 0  O OF E 3 0C 8 5 A  C M D 2  l e a x  V .  CfIDB LK , U ge t ad d r  o f  cmd b l o c k  
0 0 34 1 H 0 1 0 1  B FE 3 0 4  s t x  OlD .  DMA s e t  command add r DtlA r e g  
0 0 3 4 2  0 1 0 4  l A5 0  o rc c  U n t l1a s k s d i s a b le I R Q ' S  tempo r a r i l y  
0 0 3 4 3  0 1 0 6  A7 C 8 5A s ta V . OPCODE , U  s t o r e  command c o d e  
U 0 3 4  4 0 1 0 9  A6 4 4  I da V . BU SY , U  copy b u s y  f l ag 
0 0 3 4 5  U l O B A 7 4 5  s t a  V .  �IA K E , U 
0 0 3 4 6  O l O D 8 6 0 5  I d a  ' S R $ R DY + S R $ I NT E R  t r  ge r c omma nd w/ I R Q  
0 0 3 4 7  VI O I O F  B 7 E 3 0 0  s t a  C S R . R EG 
0 0 3 4 8  0 1 1 2  lCAF a nd c c  ' � I n tHa s k s  e na b l e  I R Q s  n ow 
0 0 3 4 9  * w a i t f o r  command c o mp l e t e  i n te r r up t  
0 0 3 5 0  0 1 1 4  3 4 3 0  p sll s x , y  
0 0 3 5 1  0 1 1 6  8 E O O O O  OID 6 a  l d x  ' 0  s l e e p  i n d e f i n i t e l y  
0 0 3 5 2  0 1 1 9  1 0 3 F O A  o s 9  F $ S l e e p  
0 0 3 5 3  U l l C  A 6 4 5  I d a  V . WA K E , u  ou r w a k e u p ?  
0 0 3 5 4  0 1 1 E  2 6 F6 bne Cfl D 6 a  i f  n o t  g o  ba c k  t o  s le e p  
0 0 3 5 5  0 1 2 0  3 5 3 0  pu I s  x , y  r e s t o r e  r e g s  
0 0 3 5 6  * che c k  f o r  c om ma n d  e r r o r  
0 0 3 5 7  0 1 2 2  A6C 8 5 9  I d a  V . STATU S , U r e a d  s t a t u s  r e g i s t e r  
0 03 58 0 1 2 5  8 4 0 2 a n d a  ' C I R$ E R R  ma s k  e r r o r  s ta tu s  
0 0 3 5 9  0 1 27 2 6 0 3  bne DECER R  i f  e r r o r , g o  p roce s s  
0 0 3 6 0  0 1 2 9  l CF E  a nd c c  ' CAR R Y  • . •  e l s e  r t n  n o  e r ro r  
0 0 3 6 1  0 1 28 3 9  r t s 
0 0 3 6 2  
0 0 3 6 3  
O U  3 6  4 * d e c o d e  e r r o r  and request  c o n t r o l l e r  e r r o r  d et a i l  
0 0 3 6 5  0 1 2 C 3 0 C 8 5 5 D EC ER R  l e a x  V . ER RB LK , U  ge t sens e b l o c k  ad d r  
0 0 3 6 6  H 0 1 2 F  B F E 3 0 2  s t x  DATA . Dl1A p u t  i n  D�1A a d d r reg  
0 0 3 6 7  0 1 3 2 8 6 0 3  I d a  ' C $ R EQ D ET r eq ues t e r r de t a i l cmd 
0 0 3 6 8  0 1 3 4  8 DC 8  bs r Cf1 D 2  i s s ue command 
0 0 3 6 9  0 1 3 6  A 6 C8 5 5  I d a  V . E R RB LK , U  ge t e r ro r  byt e 
0 0 3 7 0  0 1 3 9  8 4 3 F  a n d a  ' $ 3 f mas k  e r r o r  type 
0 0 3 7 1  0 1 3 B  ! F 8 9  t f r  a , b copy e r ro r  c od e  
0 0 3 7 2 0 1 3 0  3 0 8C l 5  l eax < ER R O TB L , pc( g e t t y pe 0 e r r o r  tab le a d d r  
0 0 3 7 3 0 1 4 0  C4 3 0  a nd b  1 %0 01 10 00 0  ma s k  t ype c od e  
0 0 3 7 4  0 1 4 2  2 7 0 A  b e q  LOOKUP b r a  i f  t ype 0 
0 0 3 7 5  0 1 4 4  3 0 8 C 1 4  le a l(  < ER R ITB L , pc r  ge t t ype 1 e r r o r  t a b l e  ad d r  
0 0 3 7 6 0 1 4 7  C5 1 0  b i t b  H O O O I O O O O  i s  i t  t yp e  I ?  
0 0 3 7 7  0 1 4 9 2 6 0 3 bn e LOOK UP b r a i f  t ype 1 
0 0 3 7 8  0 1 4 8  3 0 8 C l 8  l e a x  < E R R 2TBL , PC R  e ls e  u s e  2 e r r o r  t a b l e  
0 0 3 7 9  0 1 4 E  8 4 0 F  LOOK UP a n da I % U O O O l l l l  ma s k  e r r o r  b i t s 
U 0 3 8 0  0 1 5 0  E 6 8 6  I d b  a , x  l o o k u p  OS- 9 e r r o r  code 
U (J 3 8 1  0 1 5 2  l A O l  o rc c  U s e t c a r r y  b i t 
0 0 3 8 2  0 1 5 4  3 9  r t s  d o n e  
0 0 3 8 3 
0 0 3 8 4  * E r r o r  c o d e  l o o k u p  t a b l e s  

0 0 3 8 5  
O U 3 8 6  0 1 5 5  ERROTBL 
0 0 3 8 7  0 1 5 5  F 6  f c b  E $ No t Rd y  
00 3 8 8  0 1 56 F 6  f c b  E $ No t Rdy 
0 0 3 8 9  0 1 5 7  F 7  f c b  E $S E EK 
0 0 3 9 0  0 1 5 8  F 6  f c b  E $ No t Rdy 
0 0 3 9 1  0 1 5 9  F 6  f c b  E $ No t Rd y  
0 0 3 9 2  0 1 5A F 7  f c b  E $ S E EK 
0 0 3 9 3  
0 0 3 9 4  0 1 5B ERRITBL 
0 0 3 9 5  0 1 5 B  F 4  f e b  E $ Re a d  
O U 3 9 6  O l S C  F 4  f c b  E $ R e a d  
0 0 3 9 7  0 1 5 D  F 4  f c b  E $ Re ad 
00 3 9 8  0 1 5 E  F 4  f c b  E $ Rea d  
0 0 3 9 9  0 1 5 F  F 7  f c b  E $ SE E K  
0 0 4 0 0  0 1 6 U  F 7  f c b  E $ S E E K  
0 0 4 0 1 0 1 6 1  F 7  f c b  E$ S I� EK 
00 4 0 2  0 1 6 2  F 2  f c b  E $ VlP 
0 0 4 0 3  0 1 6 3  F 4  f c b  E $ Re a d  
00 4 0 4  0 1 6 4  F 4  f c b  E $ Re a d  
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0 0 4 0 5  
0 0 4 0 6  
0 0 4 0 7  
0 0 4 08 
0 0 4 0 9  
0 0 4 1 0  

0 0 4 11 
0 0 4 1 2  
0 0 4 1 3  
0 0 4 1 4  
0 0 4 1 5  
0 0 4 1 6  
0 0 4 1 7  
0 0 4 1 8  
0 0 4 1 9  
0 0 4 2 0  
0 0 4 2 1  
0 0 4 2 2  
0 0 4 2 3  
0 0 4 2 4  
0 0 4 2 5  
0 0 4 2 6  
0 0 4 2 7 
O U 4 2 8  
0 0 4 2 9  
0 0 4 3 0  
0 04 3 1  
0 0 4 3 2  
0 0 4 3 3  
0 0 4 3 4  
0 0 4 3 5  
0 0 4 3 6  
0 0 4 3 7  
0 0 4 3 8  
0 0 4 3 9  
0 0 4 4 0  
0 0 4 4 1  
0 0 4 4 2  
0 0 4 4 3  
0 0 4 4 4  
0 0 4 4 5  

0 0 4 4 6  
0 0 4 4 7  
0 0 4 4 8  
0 0 4 4 9  
0 0 4 5 0  
0 0 4 5 1 
0 0 4 5 2  
0 0 4 5 3  
0 0 4 5 4  
0 0 4 5 5  
0 0 4 5 6  
0 04 5 7  
0 0 4 5 8  
0 0 4 5 9  
0 0 4 6 0  
0 0 4 6 1  
0 0 4 6 2  
0 0 4 6 3  
0 0 4 6 4  
0 0 4 6 5  
0 0 4 6 6  
0 0 4 6 7  
0 0 4 6 8  

0 1 6 5 F 4  

0 1 6 6  
0 1 6 6 F F  
0 1 6 7  F l  
0 1 6 8  F 9  

E R R 2 'rBL 

f e b  

f e b  
f e b  
f c b  

E $ R e a d  

$ F F 
E $ S e e t  
E $ BTyp 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 

0 1 6 9  
0 1 6 8  
0 1 6 0  
0 1 7 0  
0 1 7 2  
0 1 7 5  
0 1 7 7  
0 1 7 8  

0 1 7 1\  
0 1 7 C  
0 1 7 E  
0 1 8 1  
0 1 8 3 
0 1 8 7  
0 1 8 9  
0 1 8 A  
0 1 8 13  
0 1 8 E  
0 1 9 0 
0 1 9 3  

0 1 9 5  
0 1 9 7  
0 1 9 A  
0 1 9C 
0 1 9 F  

0 1 AO 
O I A O 
0 1 A2 
0 1M 
0 1A 6  
O I AB  
O l AA 
0 1A B  
0 1 AC 
O lA F  
0 1 B l  
0 1 B 3  
0 1 B5 
0 1 B 7 
0 1 8 9  
0 1 nc 
O I B E  

* s u b ro u t i ne S ETUP : s e t u p  comm a n d  pa c k e t  
* 
* 
* 

i n pu t : B , X  = s e c t o r  n umbe r 

3 4 1 4  
8 6 B O  
A7 C B 5 F  
8 6 0 1  
A 7 C B 5 E  
A6 2 1  
4 0  
2 7 1 B  

S ETUP 

Se t l O  

* s e t up f o r  u n i t  1 
3 26 1  
8 6 2 0  
A 7 C B 5 B  
3 5 0 6  
1 08 3 0 0 0 0  
2 4 0 7  
5 8  
4 9  
6 CC 8 5 E  
2 0 0 C  
C 3 0 0 0 0 S E T F L 0 2  
2 0 0 7  

* s e t u p  f o r  u n i t  0 
3 50 4  S ET W I N  
E 7 C 8 58 
3 5 0 6  
E D C 8 S C  S ETUp 4 
3 9  

P S H S  
I da 
s ta 
I d a  
s ta 
I d a  
TSTA 
8 E Q  

a', x 
1 % 1 0 0 0 0 0 0 0 
V . CNTRL , U  
U 
V . COUNT , U  
P O . OR V , Y  

Se tWi n 

( f l opp y )  
l ea s 1 , s  
I d a  # % 0 0 1 0 0 0 0 0  
s t a  V . AD D R O , u  
pu I s  d 
e lllpd U 3  
b h s  SE'£ F L 0 2  
as l b  
r o l a  
i n c  V . COUNT , U  
br a S ETUP 4 
a d d d  # 1 3  
b r a  S ETUP 4 

( w i nc he s t e r ) 
pu I s  b 
s t b  V . A O D R O , U  
p u I s d 
s t d  V . A O O R l , u  
r t s  

s a v e  s e c t o r  n umbe r 
e n a b l e  r e t ry 

s e t  c o u n t  o f  o n e  
t u n i  t n um be r 

5 i t  W i nc h e s t e r ?  
b r a n c h  i f  s o  

M S  byt e s ec to r # no t u s ed 
d r i ve 1 s e l e c t  c o d e  

p o p  L 8  b y t e s  s e c t o r  • 
f i rs t  t ra c k ?  
b r a  i f  n o t  
mu l t i p l y s e c t o r  by 2 

r e a d  2 1 2 8  b y t e  s e c t o r s  

co r r e c t  f o r  p h a n t om s  

po p N S  s e c t o r  n umbe r 

p o p  L 8  byt e s  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* W R I T E  TRACK ( FOR FORMAT ONLY ) 
* 
* 
* 

E 6 0 9  
2 6 0 6  
E6 0 7  
C S O I  
2 7 0 1  
3 9  
5 F  
8 E O O O O  
8 0B 8  
8 6 0 3  
6 D 2 1  
2 7 0 2 
8 6 0 3  
A 7 C 8 5 E  
8 6 0 4  
1 6 F F 3 8  

WR'l'T RK 

WRTT RK O  
WR'fTR K l  

�mTTRK 2 

EQU 
I db 
b n e  
I db 
b i t b  
b eg 
r t s  
e l r b  
I d x  
bs r 
I d a  
t s t 
b e g  
I da 
s t a  
I d a  
I br a  

I< 
R $ U+ l , x  
WRT'r R K O  
R $ Y+ l , x  
1 % 0 0 0 0 0 0 0 1  
ilRTTR K l  

# 0  
S ETUP 
# 3  
PD . DR V , Y  
WRTTRK 2 
# 3  
V . COUNT , U  
# C $ FO RAL L 
COMNANO 
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ge t t ra ck n um be r 
f o r m a t  o n l y  t r a c k  0 
a n d  o n l y  s i de 0 

p r e t e n d  t r a c k  0 0  
i n i t  cmd pa cke t 
i n t e r l ea v e  f o r  w i n c h e s te r  
wh i c h u n i t ?  
s k i p i f  w i n n i e  
e l s e  l o a d  f l oppy i n te r l e av e 
p u t  f a c t o r  i n  crud b l o c k  
l o a d  f o r ma t  c omma n d  c od e  
. . .  t h e n  e x e c u t e  



0 0 4 6 9  
0 0 4 7 0  
0 0 4 7 1  
0 0 4 7 2  
0 0 4 7 3  
0 0 4 7 4  
0 0 4 7 5 
0 0 4 7 6  
0 0 4 7 7  
0 0 4 7 8  
0 0 4 7 9  
0 0 4 8 0  
0 0 4 8 1  
0 0 4 8 2  
0 0 48 3  
0 0 4 8 4  
0 0 4 8 5  
0 0 4 8 6  
0 0 4 8 7  
0 0 4 8 8  
0 0 4 8 9  
0 0 4 9 0  
0 0 4 9 1  
0 0 4 9 2  
0 0 4 9 3  
0 0 4 9 4 
0 0 4 9 5  
0 0 4 9 6 
0 0 4 9 7  
0 0 4 9 8  
0 0 4 9 9  
0 0 5 0 0  
0 0 5 0 1  
0 0 5 0 2  
0 0 5 0 3  
0 0 5 0 4 
0 0 5 0 5  
0 0 5 0 6  
0 0 5 0 7  
0 0 5 0 8 
O ll 5 0 9  
0 0 5 1 0  
0 0 5 1 1  
0 0 5 1 2  
00 5 1 3  
0 0 5 1 4  
00 5 1 5  
00 5 1 6  
0 0 5 1 7  
0 0 5 1 8  
0 0 5 1 9  
0 0 5 2 0  
0 0 5 2 1  
0 0 5 2 2  
0 0 5 2 3  
0 0 5 2 4  
0 0 5 2 5  
0 0 5 2 6  
0 0 5 2 7  
0 0 5 2 8  

00 0 0 0  
0 0 0 1 6  
$ 0 2 1 C  
$ O O O B  
$ 1 CEA 

O lC l  F 4 8 3 7 D  
0 1 C 4  D SK E N D  

ENOD 
EQ U * 

TTL Dev i c e  D e s c r i p t o r s  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* D r i ve Z e r o  D e v i ce D es c r i pt o r  M od u l e  
* 

0 0 1" 1  
0 0 0 0  8 7C D 0 0 2 C  
O O O D  1" 1"  
O O O E  1" 1"  
0 0 0 1"  E 3 0 0  
0 01 1  O F  
0 0 1 2  0 1 0 0  
0 0 1 4  0 0 8 0 0 0 
0 0 1 7  0 2 0 0  
0 0 1 9  0 4  
O U l ll. 0 0  
O O I B  0 0 2 0 0 0 2 0  
O O I F  0 3  
0 0 2 0  2 0  
0 0 2 1  
0 0 2 1  4 4 B 2  
0 0 2 3  5 2 4 2 C 6  
0 0 2 6  6 4 7 4 E3 
0 0 2 9  5 6 5 5 C 8  
0 0 2C 

Type 

DOopt E n d  
D O Na m  
DO ! lgr  
D O Dr v 

DO E nd 

S E T  
110D 
FCB 
FCB 
F D B  
F C B  
F C B  
F CB 
F D B  
F C B  
F C B  
F DB 
F C B  
F C B  
E QU 
F C S  
F C S  
F C S  
EMOD 
EQU 

DEVI C + OB J CT 
D O E n d , D O N am , Ty pe , Re v s , DO Mg r , DO Dr v 
% 1 1 1 1 1 1 1 1  Dev i c e  capa b i l t i e s 
$ F F  c o n t r o l l e r  Por t E x te n d e d  Ad d r e 
C o n t Po r t  C o n t r o l l e r  P o r t  A d d r e s s  
D O Op t En d - * - l  opt i o n  byt e coun t 
DT . RB F , O R B F  d ev i c e ,  u n i t  0 
0 , $ 8 0 , 0  ha r d  d i SK , n o  f l oppy o pt i on s  
5 1 2 N umbe r o f  Cy l i nd e r s  
4 T r a C K S  pe r Cy l i nde r 
a v e r i f y  o n  
3 2 , 3 2  d e f a u l t  s e c t o r s/t r a c k  
3 sec t o r  i n t e r l ea v e  f a c t o r  
3 2  s eg me n t a l lo ca t i o n  s i z e 
* 
/ D 2/ 
/RBF/ 
/ d t c /  

* 

R a n d om B lo c k  F i l e  Manag e r  
dt c D r i ve r  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* D r i ve One D e v i c e  D es c r i p t o r  Modu l e  
* 

O U O O  8 7 CD 0 0 2C 
O O O D  1" 1"  
O O U E  1" 1"  
0 0 0 1"  E 3 0 0 
0 0 1 1  O F  
0 0 1 2  0 1 0 1  
0 0 1 4  0 0 0 1 0 1  
0 0 1 7  0 0 4 C 
0 0 1 9  0 1  
O O I A  0 0  
O O I B  O O I M O O D  
O O I F  0 3  
0 0 2 0  0 8  
0 0 2 1 
0 0 2 1  4 4 B 3  
0 0 2 3  5 2 4 2 C 6  
0 0 2 6  6 4 7 4 E 3  
0 0 2 9  D D2 D 5 F  
0 0 2C 

e r ro r ( s )  
wa r n i ng ( s )  

D I Op t E n d  
D I Nam 
D 1 I1 g r  
D 1 D r v  

D 1 E n d  

MOD 
FCB 
FCB 
P DI) 
F CB 
F C B  
F C B  
F DB 
F C B  
F C B  
FDB 
FCB 
FCB 
EQU 
F C S  
F C S  
F C S  
EMO D  
EQU 

E N D  

O U 5 4 0  p r o g r am b y t e s  g e n e r a t e d  
0 0 0 1 1  da t a  byte s a l l oc a t e d  
0 7 4 U 2  by t e s  u se d  f o r  symb o l s  

D I End , DI N am , Type , Re v s , DI Mg r , D I D r v  
% 1 1 1 1 1 1 1 1  Dev ic e  Capa b i l it ie s 
$ FF C on t r o l l e r  P o r t E x t e n d e d  II.dd r e  
C o n tPo r t C on t r ol le r  Por t Ad d r es s  
D I Opt End - * - 1  
D'r . RB F , l  R B F  de v i ce , u n i t 1 
0 , 1 , 1  s l ow s t e p ,  e i g h t  i n c h ,  d o u b l e d e  
7 6  N u m be r o f  Cy l i n de r s  
1 T r a c k s  p e r  cy l i n d e r  
o ve r i f y  o n  
2 6 , 1 3 d e fa u l t  s e c t o r s / t r a c k  
3 s e c t o r i n te r l e av e f a c to r 
8 s e g me n t  a l l o ca t i on s i ze 
* 

/ D 3 /  
/ RB F /  
/ d t c /  

* 
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Level 0 ... Memory Map 

Memory A l location 
Bit Map 

B its represent  
consecut ive 256-byte 
blocks of memory. 

1 - allocated 
0 - free 

Module 
Name 

appe n d ix 
System D i rect Page 

Absolute Add ress 0000 

Module 
Header 
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D.Mod D i r  

, .................. ........................... , 
i i 
: : : : 
a 5 
: Module : 

D i rectory 
Entry 

Module 
D i recto ry 

Entry 

M od ule 
Directory 

Entry 

. . . . til •••••••••••••••••••••••••••••••••••••••••••••• ,. 

M$Exec 

M od u le 
Entry 
Poi nt  

M od u le 
D i rectory 
(array of 

4-byte 
entries) 

>-.!! 0; :E b 
c ., � 
iii 
>-"" 
c " 
� 
1;; :'? 
a. '" :E 
� 0 
E " ::;; 



PO. Oev 

@ 

System D i rect Page 

PO. CPR 

O . Pth OBT 

Path 
Descriptor 

B lock 

F$Find64 

Path 
Descriptor 

PO. Buf 

Managed by the F$A 1 1 64 
fami ly of service requ ests 

PD.FST 

1 /0 Buffer 
F i le 

Manager's 
Storage 

N otes: The large arrow i s  used to i nd icate that the actual  
address of the data area at  the end of the arrow isn 't to be 
fou nd i n  the poi nt structure at the tai l of the arrow. To f ind 
the structure to which the arrow points, use the F$F ind64 SVC. 

The large t riang le  conta in i ng "process n u m ber" i s  used because 
t he p rocess n um ber isn't a structu re .  The p rocess n u m be r  f ro m  
the path descriptor i s  used i n  combinat ion with D .Prc D BT from 
the system d i rect page as arg u ments to F$F ind64.  The resu lt 
is a pointer to a process descr iptor .  
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P$SP 

Process 
Stack 

P$P I D  

System Direct Page 

P$ IOQN 

P$IOQP 

D. PrcDBT 

Process 
Descriptor 

Table 

F$Fi nd64 
and process number 

Process 

Descriptor 

I---...... P$S I D  
I-r-,.....,--:---.------I 

P$Path 

P$PMod ul  t 

P$Add r  Path 
Descriptor 

Pri mary Module 
Process 

Data 
Area 
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P$Queue 

P$C I D  

Process 
Queue 

next 

, 

• • • 



I 
D.AProcQ 

" 

Process 
Descriptor 

P$Queue 

" 

Process 
Descri ptor 

P$Queue 

• 

• 

• 

Process 
Descriptor 

P$Queue 

Active 
Process 
Queue 

\ 

System D i rect Page 

D.WProcQ 

Process 
Descriptor 

P$Queue 

Process 
Descriptor 

P$Queue 

• 

• 

• 

Process 
Descriptor 

P$Queue 

Wait ing 
Process 
Queue 

¥ 
Every Process Descriptor is 
in  one of these queues.  
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I 
D.SProcQ 

,f 

Process 
Descriptor 

P$Queue 

Process 
Descriptor 

P$Queue 

• 

• 

• 

Process 
Descriptor 

P$Queue 

Sleeping 
Process 
Queue 

,I 



D 
V$Driv 

System D i rect Page 

r·····'···············;�··············f······i� 
: ! 

I ! • Device 

! Table i 
: Entry 5 : : 
! 5 : : : :: 
: : 
i : 1 
� . 

! : : 

Device Table 
... array of 9-byte 

entries 

V$FMgr i Device i 
r---------------------�� Table ���-------------------, 

Device 
Driver 

Module 

M$Name 

M od u le 
Name 

M$Exec 

Entry 
Point  

V$Stat 

" 

• Entry • 

: . : : . : 
;. •••••••••••••••••••• ,.� ••••••••••••••••••••••• j� 

V$Desc 

" 

Device 
Static 

Storage 

Device 
Descriptor 

F i le 
Manager 
Module 

I L M$PDev 

M$Name 

Device 
Name 

F i le 
Manager 

N ame 
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M$FMgr 

Device 
Driver 
Name 

M $ Exec 

F i le 
Manager 

Entry 
Poi n t  

" 

M$Name 

" 

F i le 
Manager 

Name 



System D i rect Page -- Real  add ress 000000 r---------. 
Level Two Memory 

Map 

Memory Al location 
map. One byte per 
OAT Block 

M D$M PDAT 

MD$MPt r  

N o n -system m o d u les  a re 
not  sto red i n  the  system 
add ress space. The module 
h eader (or any other pa rt of 
a module) can o n l y  be ac
cessed by usi n g  the DAT 
i ma g e  poi nted to by the  
Module D i rectory Entry and 
an appropriate OS-9 service. 

Modu l e  
Name 

D.  ModDir 

M od u l e  D i rectory 
Entry 

Mod u l e  Di rectory 
Entry 

• 
• 
• 

Mod u le D i rectory 
Entry 

• 
• 
• 

Module  D i rectory 
Entry 

End of table 

Mod u le 
Header 
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Module D irectory 
One entry for each 
Module in Memory 

M od u le 
E ntry 
Point 

D. Sys Mem 

System memory 
map.  One byte 
fo r each 256-byte 
page i n  the system 
add ress space. 
Use o n ly for 
system memory 
requests. 
Each byte reflects 
the status of the 
coresponding page. 



PD. Dev 

@ 

System D i rect Page 

PD. CPR 

D .PthDBT 

Path 
Descriptor 

B lock 

F$Fi nd64 

Path 
Descriptor 

PD .Bu f  

Managed by the  F$A1 1 64 
fami ly  of service requests 

PD. FST 

I /O Buffer 
F i l e  

Manager's 
Storage 

Notes: The large arrow is used to i nd icate that the actual 
address of the data area at the end of the arrow isn 't to be 
fou nd i n  the poi nt  structu re at the tai l of the arrow. To f ind 
the structure to which the arrow points, use the F$Find64 SVC. 

The large tr iangle contain i ng "process numbe r" is  used because 
the p rocess number isn ' t  a structu re. The p rocess number from 
the path descr iptor is  used i n  combinat ion with D .PrcDBT from 
the system d i rect page as arguments to F$F ind64. The resu lt 
is a pointer to a process descr iptor. 
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D.SysPrc 

System 
Process 

Descriptor 

System D i rect Page 

.................. _ ............ .  \ 

....... 1 1  ..... ............ , • •• • • • • •  , 

Process 
Descriptor 

DPrcDBT 

Process 
Desc riptor 

Ta ble 

Array of 
one-byte 
pointers 

256 bytes 
long 

Cu rrent 
Process 

Descriptor 

Use the byte from 

400 

the Process Descriptor 
Table as the h i g h-order 
byte of an address. 
00 as the low-order 
byte . 

............................... . .. . , 
: 
i 

I 
: 
: 
I 

I 
......... ......... .. , •• •••• ••••••••• 1" 

D Proc 

.. ......... " ...................... , 

i 
: 

i 
i 

1 
..... -... , ... ' .... , .............. , .. .. 



P rocess 
Desc ri ptor 

P $P I D  

P$S I D  

P$I OQN 

P$I OQP 

P$Path 

r�-------*�------' 

Path 
Descr ip tor • • • 

P$C I D  

·,����·""·""·"···"··

I 
.. ........ ........ ........... ; 

P$PMod u l  

P$Queue 

Process 
Queue 

next 

P$Addr 

P$SP 

Process 
Stack 

Process 
Data 
Area 

The poi nters P$5P, P$Add r, and P$Modul in each Process Descriptor are i nto the process's 
address space, NOT into the system address space (which is where the Process Descriptor 
is stored). To use these pOinters you must use the OAT i mage in the Process Descriptor or 
the process number and an approp riate 05-9 service. 
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I 
D .A P rocQ 

,f 

Process 
Desc riptor 

P$Queue 

P rocess 
Descri ptor 

P$Queue 

• 

• 

• 

P rocess 
Descr iptor  

P$Queue 

Active 
P rocess 
Queue 

\ 

System D i rect Page 

DWProcQ 

P rocess 
Desc r i ptor 

P$Queue 

Process 
Desc riptor 

P$Queue 

• 

• 

• 

P rocess 
Desc r i ptor 

P$Queue 

Wai t i n g  
Process 
Queue 

y 
Every P rocess Descr iptor  i s  
i n  o n e  o f  these q ueues. 
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J 
D . SP rocQ 

" 

P rocess 
Des c r i ptor  

P$Queue 

Process 
Descr iptor  

P$Queue 

• 

• 

• 

P rocess 
Desc riptor 

P$Qu eue 

Sleeping 
P ro cess 
Q u e u e  

/ 



11r 

D ev i ce 
D river 

Module  

V $ D riv  

M $ Name 

M o d u l e  
Name 

M $ Exec 

,f 

Entry 
Point  

o 

System D i rect Page 

.... " '".I •••••••• I.' • •  " �  ••••• I • •  ' ..... ' ••••• I •• i' 
: : ! 

Device 
Table 
Entry 

• 
• 
• 

D evice 
Table 
Entry 

: 

I 
i 
i 
� i 5 
I 
I 
1 
! 

i I.e ! • . : . : i. ...................... � .. ... . . .. ... M .. .. . ... . l.J 

Device Table 
� a rray of 9-byte 

entries 

V $ F M g r  

V$Stat V $ Desc 

It 
f 

Device 
Static  

Storage 

M $ Name 

Device 
Name 

F i le 
Manager 

Name 
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Device 
Desc ri pto r 

F i l e  
Manager 
Module  

/ L M $ P Dev 

M $ F Mg r  

Device 
Driver 
N a me 

'1' 

M $ Exec 

F i l e  
Manager 

E ntry 
Poi nt 

,It 

M $ N a me 

'f 
F i le 

M anager 
N a me 





com m an ds an d keyword 
I ndex 
#n K ______________________________________ 1 6  

+----------------------------------------_ . 

-v option to BACKUP _______________________ 1 1 7  
I , 43 , 45 , 46 
IDO ______________________________________ �v 
IDO/CM D S  28, 57 
IP 2 , 32, 39, 46 
IP1 ________________________________________ -rv 
IT1 _______________________________________ -r� 
ITE R M  _____________________________ 1 1 ,  29, 45 

> _________________________________________ 49 
» 49 
ACEY D EUCY l ist i n g  204 
ACI A  1 , 2 1 , 25 
ASM 79, 1 80 
M � 
ATR U N  69 
ATTR 89, 9 1 , 97, 1 1 1  
Anonymous d i rector ies 41 
B _________________________________________ v 
BAC K U P  ___________________________________ �vv 
BAC K U P  __________________ '-'v, 1 1 5 , 1 1 6, 1 1 7 , 1 47 , 1 53 
BASI C09 5, 9, 1 95, 1 96 
B I N EX ___________________________________ �, 
B R EAK key 1 42 
BUF 64 
B U I  7 1 . 73. 93, 1 47, 1 5 1 , 1 55 , 1 62 
Baud rate ______________________________ -' .... v 
C 9, 2 1 5  
CAL 70 
CAT 1 66, 1 67 , 1 68, 2 1 6  
CAT source l isti n g  2 1 9  
CCDISK , 1 55, 1 56, 1 57 , 1 73 , 1 74 
C C I O  , 1 7 1  
C H D  40, 70, 1 06, 1 07 , 1 1 0 , 1 41 
C H D M O D  70 
C H EC KMAI L 69 
C H OWN 70 
C H X  06, 1 07 , 1 41 
C L EAR 
C L EAR A _______________________________ v .... 
C L EAR B R EAK _______________________ ---'46, 66, 1 36 
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CLEAR X __________________ ,64 
CLEAR key 64 
CLOCK 20 
C M OS d i rectory 57, 69, 1 53 
C M P  � 
COBBLER 55 ,  1 1 8 
CODE 1 61 , 1 66 
C O I N  FL I P l ist i n g  1 99 
COMM 1 70 
COMPARE 1 73 
COMPRESS 1 61 
CONFEREN C E  1 69 
CONTROL A key 1 37 
CONTROL C 65 
CONTROL E key 1 42 
CONTROL Q 66 
CONTROL key 64 
COpy 32, 33, 46, 47, 95, 1 1 0, 1 1 5 , 1 75 
COUNT 1 61 
C P  1 64, 1 65 
CPU 1 33 
CPU hogs 263 
CRC 1 9 , 20, 56, 81 , 1 26, 1 27, 1 55 , 1 83 , 284-288, 249 
CRC a lgor i thm 285-287 
CRC c i rcu mvent ion 287-288 
CRC f ix ing 249 
C RON 1 69 
CRYPT 1 66, 1 67, 1 70 
CRYPT sou rce l ist i ng  1 91 
Color  Com puter C 2 1 6  
o 1 61 , 1 63, 21 6 
o sou rce l is t ing _______________ -----L.223 
D. P. Joh nson's Tool K i t  1 64 
DO 21 
OAT 1 0, 234,292,299,31 9 
OAT i mage 31 7, 320 
OAT i mage offset 320 
DATE 78, 1 33 
DCHEC K  1 1 9, 1 20, 278 
DEBUG 1 25, 1 55, 1 80, 249-250 
DEC IMAL TO B I NARY l is t ing 202 
DEFS d i rectory 27, 58, 1 54 
D E FS f i les 1 83 
D E L  42, 96, 97, 1 49 
D E L D I R  com mand 1 54 
D I F F  1 67 
D I R  32, 38, 39, 57, 71 , 1 07, 1 3 1 , 1 88 
D I R CO PY 1 73 
D I S I N P  1 64 
D I S PLAY 78, 1 67, 1 68 
D L  1 64, 21 6 
D L  sou rce l isti ng _______________ 1 91 
D M O D E  1 73 
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DOS __________________________________ u, 54 
DSAVE 1 09 , 1 1 0, 1 1 5, 1 49, 1 50 , 1 60 

70 
D U M P  98, 278 
D i rDump ____________________ ----' 

E _______________________ � 

EDIT  _______________________________ • 
EMOD 
EN DC _____________________________ �v� 
ENTER __________________________ 75 

ERROR ________________________________ 70 
ESCAPE 46, 66, 
ESCAPE key 1 36 
ESP l isti ng 200 
EX 41 , 1 42 
EXB I N  ______________________ vc.. 
EXPA N D  1 61 , 1 70 
Extended BAS I C  2 , 1 0, 53 
F source l isti n g  _________________________ ..L 
FDB pseudo operator _________________ _ 

FGREP ___________________________ __ 

F I LELOOK __________________ __ 

F I LTER ______________________ _ 

F I NG ER __________________ _ 

F I  RQ i nterrupt _____________________ --L 
FL 
FORMAT ______________ � 
FREE __________________ �'v 
FREP source l isti 
F i l e  Handler Tool 76 
F i lter K i t  _____________________ 76 
G R EP 1 61 , 1 62 , 1 63, 1 67 
H 70 
Hackers K it 76 
H i Res 70, 1 71 
I $GSTT 87 
I $ R EAD 85 ,  1 86 
I $SSTT 1 87 , 1 88 
I $WR ITE 85, 1 86 
I-Code 288 
I/O buffers 256 
I /O h ie rarchy ___________________ --<-
I D ENT _____________ 1 9, 56, 81 , 1 49 , 302 
I FP 1  1 82 , 294 
I NFO 1 64 , 1 65 
l O MA N  20, 246, 271 -273 
I RQ i nterrupt 279, 280 
I RQ pol l in g  table ____________________ --"-v 
K I L L  _______________________________ �307 
K I L L  command 1 42 
L I N E  D EL ET E  key 64 
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L I N K  1 29, 1 30, 1 31 
L I ST 3 1 , 32, 39, 47, 57, 71 , 93, 99, 1 75 
LOAD 41 , 1 23, 1 26, 1 30, 1 37, 251 
LOG I N  57, 58, 1 3 1 , 1 32, 1 36, 1 69 
LOWER 1 64, 1 67, 1 68 
LS 1 64, 1 65, 1 68 
Level I 1 0, 57 
Level I I  1 0  
MAI L 1 69 
MAK D I R  38, 70, 1 09, 1 1 1  
MAN 1 �  
M D I R  1 3 , 1 6, 81 , 82, 302 
M EM L I ST 1 64 
M E M LOAD 1 64 
M E R G E  1 00, 1 27 
M ETA 1 69, 1 70 
MFREE 83, 234, 302, 3 15  
M O D  operator 1 83 
MV 1 02, 1 64, 1 66, 1 70 
M icroware 4 
Microware F i le  Hand lers 1 61 
M kd i r  1 1 2  
Motorola 4 
M u lt ics 3 
I\J EW H EX DUMP l i st ing  2 1 3  
N EW STR I P  l i st ing 2 1 2  
I\J EWFMT 1 74 
N M I  i nterru pt 279 
N U M BER G U ESS l i st i ng 1 98 
OS9 assem bler i nstruct ion 280 
OS9Boot f i l e  24, 55, 1 25, 1 1 8 , 1 24, 1 46, 1 48, 1 50, 1 5 1 , 1 52 
OS9Defs f i l e  27 ,  58, 59, 1 80, 294 
OS9G EN 250 
OS9G EN 55, 1 1 8, 1 24, 1 25, 1 39, 1 47, 1 48, 1 52, 1 55, 250 
OS9p2 20 
P 2 1  
P$State 323 
P$Task 3 1 9, 323 
PACK 1 67, 1 68 
MG 1 M  
PASCAL 231 
PASSWD 1 69 
PATCH 1 73 
P IA 1 1 , 21 
P I P EMAN 2 1  
POWERS O F  TWO l ist i ng  201 
PR 1 61 , 1 67, 1 68 
PR sou rce l i st i ng 2 1 8  
PR I M E  N U M BERS l isti ng 203 
PR I NTER 21  
P R I NTERR 58, 84 
PROCS 29, 85, 1 42,  261 
PROFI LE 1 70 
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PWD ________________ ,42, 1 1 1 , 1 1 2 
PXD 42, 1 1 2, 1 61 
QSORT 1 68 
Q U I Z  l i st ing  207 
RAM 8, 233, 283 
RBF 20 
RBF manager 267 
R BFDefs 59 
R ECOVER l isting 2 1 1 
REGULAR DEPOSITS l i st ing 2 1 0  
REMOVE 1 64 
R ENAME 1 01 
R EWR ITE 1 64 
ROM 8, 283 
ROM Vers ion 1 .0 54 
ROM Version  1 . 1 54 
RPL 1 68 
RS232 2 1  
Runb 288 
SAVE ut i l ity command 1 25, 1 26, 1 48, 1 49 
SCF 21 
SCF manager 267 
SCFDefs 59 
SD ISK 1 72 
SELL 1 64 
S ETAT 1 64 
SET I M E  54, 57, 72, 1 32, 1 33 
S ETPR 1 42,  1 43 ,  262 
SHELL 1 06, 1 41 , 1 50 
SH I FT BACK ARROW 64 
SH I FT BREAK key 65 
SLEEP 1 33 ,  234-235 
SORT 1 64, 1 67, 1 68 
SPACE 1 61 
SPACEBAR 75 
S P I NT source l i st ing  220 
SPLIT 1 61 ,  1 64,  1 69 
SPLIT WOR DS 2 1 4 
SU 1 69 
SVC 294 
SYS d i rectory 58 
SYSG O  2 5 ,  57, 259 
Scavange 240 
S igTrap 265-266 
Software Tools 1 61 
T1  2 1  
TAI L  1 67 , 1 68, 1 69 
TEE 51 , 1 02,  1 70 
TEMPERAT U R E  l isti ng 209 
TERM 21  
T I M E  1 67, 1 68, 1 69 
TMODE 66, 1 34, 1 35, 1 36, 1 38, 1 48, 1 50, 248 
TR 1 61 , 1 63 , 1 69, 1 74 
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TSM O N  ----________ ---'o}_,, 58, 1 32 , 1 36 
_____________________ 82 
-___________________ 70 

TW 75 
Textools 68, 1 76 
U DATE 70 
U N I Q  69 
U N I X  3 , 6, 1 1 2, 1 59, 2 1 6  
U N L I N K  24, 1 31 , 1 36 , 1 37, 1 48, 251 
U N PACK 67, 1 69 
U P C  _________________________ �v 
U PLOW source l ist i n g  ________________ -'"&;CV 
U PPER ______________ 1 64,  1 67 ,  1 69 
U PS 1 69 
U S E  pseudo operator i n  ASM 1 83 
USERS d i rectory 05 
UTI  66, 1 76 
U n iCharger 1 69 
V ER I FY 26, 1 27, 1 55 , 249 
V I S  70 

. � ._ �  ___________________________ 69 
WC 67, 1 69, 2 1 1 

____________________ --L2 1 7  
------______________________ 70 

� ------___________________________ 70 
Word-Pak 7 1 ,  1 76 
X ___________________________________ v, 
XMODE 2, 1 38, 1 39, 1 6 1 , 248 

G enera l  I ndex 
abbreviated path l i sts _________________ 40 
a bort 26 
abort s igna l  42 
act i ve p rocess ___ ... _______________ -'"v 
anonymous d i rector ies __________ _ 

assemb ly  language ___________________ 0;, 
attach _____ 271  
att r ibutes _______________ vv, 43, 90, 1 08, 1 1 2 
back a rrow k ey ______________________ v'"' 
background 260 
back ing  u p  you r  system d isk  60  
backspace keys 63 
bad sector 242 
benchmark for BAS I C09 1 96 
b it  ______________________ v 
block offset ________________ v 
boot ___________________ �_" 
boot d isk  __________________ _ 
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boot f i le ___________________ ...s:..246 
booti ng up  283 
bootstrap 246 
byte 8 
carry b it  28 
central processi ng u n it 7 
chang ing  device descriptors 1 87 
c h i ld 29 
c h i ld p rocess 260 
class 1 81 
c lear att r ibute 44 
cluster 276 
command l i ne 30 
compat ib i l ity 256 
concu rrent 32 
context switc h i ng 281 
control structures 1 96 
cpu 8, 9 
creat i ng a d i rectory 70, 1 1 1  
creat ing  a module 1 82 
current data d i rectory 29, 3 1 , 33, 40, 41 , 42, 47, 1 06, 
___________ 1 07,  1 08, 1 09,  1 1 1 ,  1 1 2, 1 48, 1 49 
current execut ion d i rectory ________ 1 5 , 28, 29, 30, 3 1 , 

______________ ,40, 41 , 42, 1 06, 1 1 2 , 1 23 
cursor posit ion ing  _______________ ----'256 
cyl i nders 252 
damaged f i les 238, 241 -243 
damaged memory 283 
data area 1 5 , 1 83 
data memory requ i red 1 9 
data mod u les 289 
deci mal n u m bers 1 86 
defau lt  memory 235 
defin i ng str i ngs 1 84 
deleted f i les 239 
dest i nation  d isk  1 1 6  
detach 272 
device add ress 246 
dev ice descriptor 7 ,  1 0, 1 1 ,  1 55 
device descriptor modu les 245-253, 289 
device d i rectory 41  
dev ice d river 7 , 1 0, 1 1  
device d river modu les 271 , 255-257, 289 
dev ice i ndependent 46 
device name 43 
device table 271 
device type f ie ld 252 
d i rectories 37, 38, 1 47 
d i rectory att r ibute 44 
d i rectory entry 237 
d isk al locat ion map 276 
d isk  format 275-278 
d isk  f ragmentat ion 238 
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d isk  sectors __________________ -----L275 
d i sk  space 237-243 
d isk  tracks 275 
d ispatcher 256 
doub le-density d isk 1 21 
d ri ve n u mber 252 
d u p  272 
dynamic  add ress trans lat ion 307-309 
dynam ic  memory a l locat ion 236 
e attr i bute 90 
e opt ion to D I R  1 08 
emu lat i ng a typewriter 1 74 
end of f i le  character 1 36 
end of fi Ie check 1 89 
end-of-f i le  s igna l  34 
en larg i ng a f i le 237 
env i ron ment 1 95 
errmsg f i le  58 
error code 28 
exc l us ive or 284 
execut ion offset 1 9  
extended d i rectory I ist i  ng 1 08 
f i le descri ptor  237-238, 278, 
f i le  manager 267 
f i le manager modu les 289 
f i le  secu rity attr i butes 44 
f i l e  secu rity system 43 
'f i les 37 
f i lters 50, 1 62, 1 95, 2 1 2, 2 1 6 
f ix i ng CRC 249 
f loppy d isks 8 
fork 259 
formatt ing  a d isk 59,  238 
fragmentat ion - memory 234-235 , 306 
free memory 1 6, 1 7  
generat ing  characters 67 
get status system ca l l  1 87 ,  1 89 
hard d isks 9 
h ierarch ia l  d i rectories 70, 1 1 2 
h ierarch ical  40 
h ierarch ical  f i le structu re 37, 1 05 
h i g h  level languages 1 95 
id n u m bers 29 
ident i f icat ion sector 276 
i n it ia l izat ion 24, 1 2 1 
i n i t i al izat ion table 1 2, 247, 251 
i n put service request 27 
i ntegers 1 97 
i nte l l igent control lers 268 
i nteract i ve 3 
i nterleave factor 253 
i n termed iate code 31 , 233 
i nterrupt key 65 
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i nterru pts ______________ ----'25, 26, 279-282 
kernal 4, 1 5 , 23, 24, 26, 28, 30 
keyboard abort 264 
keyboard i nterru pt 264 
k i l l  26 
I option  in ASM 1 80 
I i  braries 2 1 6  
l i n k  count  1 6, 1 30, 1 37 
l ist i ng  a f i le  7 1  
local area network 268 
log g i n g  off 34 
mac h i ne code 31 
macro generator 1 66 
mask i n g  i nterrupts 281 -282 
media density 252 
memory 8, 33, 1 50 
memory a l locat ion 233,  235 
memory a l locat ion :  best-fi t  301 
memory a l locat ion :  dynam ic 300-302 
memory a l locatio n :  f i rst-fit 301 
memory al location :  f ixed 300 
memory a l locatio n :  worst-fi t  301 
memory b lock map 31 9 
memory de-frag mentation 307 
memory fragmentat ion 234-235, 306 
memory management 299-325 
memory mod if ier 33, 1 80 
menu tree decis ions 1 90 
meta characters 1 69 
m icroprocessor 8 
m i n i mum a l locat ion 237 
mode byte 251  
modem 1 1  
mod ifyi ng device descri ptors 1 54 
modu lar des ign 288 
modularity 1 3  
module 5 , 1 0, 1 1 , 1 4 , 1 7 , 1 06, 1 23, 1 25 , 1 46 
module d i rectory 1 6 , 1 06, 1 23, 1 25 , 1 30, 291 
module header 1 7 , 251 , 284, 293 
module header check 285 
module languages 288 
modu le  name 1 8  
module rev is ion number 289 
modu le  sharing .31 4  
mod u le s ize 1 9  
module storage 320 
motd f i l e  58 
mu lt ip le d i rectories 38 
m u lt iprog ramming  25  
m u lt i task i n g  25, 280 
non-cont iguous memory 31 0 
n u l l  device 250 
o opt ion in ASM 1 80 
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object code ________________________ 80 
open ing  write f i les 90 
operat ing  systems _______________________ _ 

organ iz ing d isk  f i les __________________ 05 
output  serv ice req uest _______________ � 
oversized f i l es ___________________ --'237-238 
p-code 231 
page table 1 
parameters 2, 31 
parent  29 
part i t ions 300 
password 1 32 
password f i l e  58, 1 31 
path descr iptor 246-248 
path descr i ptor  tabl e  88 
path n u m ber _____________________ �o 
path l i st _______________ · .. v 43, 1 1 2 , 1 47 
paths ______________________ �47 
p i  1 0, 1 60 ,  246 
p i pe l i nes 47, 50, 1 59 
p i peman ___________________ .--.£ 
p i pes 51 , 1 62 
pol l i n g  _____________________ .:;ov 
port i n i t ia l izat ion  byte ________________ �<iIQ 
pos i t ion  i n dependent ______________ 5, 20 
pr att r ibute 90 
pr in t  deci mal  n u m bers 1 86 
pr i nt ing str ings 84 
p ri o ri ty _____________________ --LU..;I 
proced u re f i le  _________ ..;1 , 72, 1 09, 1 45, 1 56 , 1 60 
process 28, 1 30, 1 33 
process 1 0  n um be r  1 42 
process p ior i t ies 263 
process pr iority ____________ . _______ .L;:] 
process 
process queue ________________________ .LU 
process term i nat ion _______________ ,320 
processes 25, 29, 233, 259-266 
program O i rOump 277-278 
program Scavange 240 
program SigTrap -265-266 
program memory area 1 6 , 1 83 
p rom 
pseudo typewri ter 75 
pw attr i bute ____________________ ::7V 
r att r ibute _____________________ ;:]u 
rabb i t  j o bs _________________ ....£..260-261 
random access memory 3 
random b lock f i l e  manager 245-246 
read erro rs 243 
read/wr ite head 238 
readable att r ibu te ___________________ ::7V 
rea l t ime control_ ... _________________ �256 
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recover ing  damag ed f i les _____________ -'238 
recover in g  deleted f i les 239 
redi rection  48, 1 52 
reentrant 5, 1 8  
reentrant m od u l es 290 
reg u la r  express ions 1 63 , 1 69 
repeat key ____________________ ,�� 
resident SHELL  com mands 1 41 , 1 43 
rev is ion n u m ber 1 8, 1 23 
root d i rectory 276 
root d i rectory 40, 55, 1 05 ,  1 07 
sector i nterleave val ue 1 21 
sector i nterleav ing  253 
sectors 275 
sectors per track 252 
segment a l locatio n  s ize 2 53 
sendi n g  l owercase letters 66 
sequent ia l  32 
sequent ia l  b lock f i l e  251  
sequent ia l  f i l e  manager 246 
service request 27 
set attr ibute 44 
set status system cal l  87, 1 88 
sharable att r ibute 91  
sharab le  m od u le 8 
sha red modu les 4 
she l l  4, 23, 30, 3 1 , 48 
she l l  scr ipt , 56 
sh i ft lock  ____________________ uu 
s igna l  trap 26, 264 
s ignals 26 
s ignals 264 
s ingl e-density d isk  2 1  
s lash _____________________ � 
sleep ing  process 2 5  
smal l  f i l es __________________ ---<::.'" 
source d isk  __________________ 1 1 6 
specia l  keys 63 
standard e rror path 45, 1 26 
standard i n put path 29, 45, 47, 1 34, 1 48 , 1 64, 1 85 
standard output path 29, 45, 47, 1 64, 1 86 
starti n g  processes 88 
startup  f i l e  56  
status  i nformat ion  26 
stepp ing rate 246, 252 
��e 9 
superuser 1 32 
swi 2  _____________________ �.vv 
syn c  bytes __________________ _ 

system 
system cal ls  __________________ --L27 

F$ALLl mg _______________ �322 
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F$A1 I64 ________________ ---'-'31 0 
F$A I I RAM 324 
F$CRC 285, 296 
F$Chain 262 
F$ClrB lk  324 
F$CpyMem 31 6 
F$DATLog 324, 325 
F$Del l mq 323 
F$DeIRAM 324 
F$EL ink  295 
F$Exit 261 -262 
F$FMod u l  295 
F$F ind64 31 0 
F$Fork 28, 1 88-1 89, 261 -262 
F$FreeH B  324 
F$FreeLB 324 
F$G B lkMp 3 1 5  
F$GMod Dr  31 5 
F$G PrDsc 31 6 
F$ I RQ 281 
F$ lcpt 264 
F$LDABX 321 
F$LDAXY 321 
F$LDDXY 321 
F$L i n k  289, 295, 3 1 4  
F$Load 289 
F$MapB lk  3 18  
F$Mem 309-31 0, 31 4 
F$PErr 265 
F$ReiTsk 323 
F$ResTsk 323 
F$Ret64 31 0 
F$S L i n k  296 
F$STABX 321 
F$Send 264 
F$Set l m g  323 
F$SetTsk 323 
F$Sleep 261 , 264 
F$Srq Mem 3 1 0  
F$SrtMem 3 1 0  
F$U n L i n k  296 
F$Un Load 296 
F$VMod u l  285, 297 
F$Wait 1 89 
I $Dup  248 
I $Seek 237-238, 267 
I $SetStt 247 

system d isk __________________ ,55 
system drive 1 53 
system modu les 289 
term i nal  9 
term i nal  characterist ics 1 34 
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t i me al locat ion - demand ____________ ----'262 
t ime a l locat ion - s l i ced 262 
t ime s l ic i ng  262 
t imer i n terrupts 280 
t imeshari n g  34, 43 
t im es l ic ing  25 
toolbox p h i losophy 59 
toolk i ts 59 
top down loadi n g  1 5  
track zero 252 
t racks 275 
type ahead ___________________ v 
type byte ___________________ 1 7  
typewriter emu lat ion 1 75 
u n i fi ed i n put/output 37, 46 
u pdate opt ion to V ER I FY 26 
use count 1 6  
user m ode serv ice request 27 
user n u m be r  1 32 
user n u m be r  32 
us ing  a f i le  72 
u t i l i ty commands 23, 30 
ver if icat ion __________________ -'v, 
vert ical  parity _________________ --"-, ....... 
v i rtual  memory ________________ ---'309 
w attr ib ute 90, 260 
wait 
wait i ng 
wakeup ___________________ ��� 
work d rive __________________ _ 

work ing execut ion d i rectory ___________ _ 

write perm ission  _______________ _ 

w ri ti n g  a f i l e  manager ______________ --'-
x opt ion to D I R  ________________ _ 

xon/xoff ___________________ � .... 
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A R E  YO U R  WA L K I N G  FI N G E RS 

G ETT I N G  FO OTSO R E? 

Typing i n  the  longer l i st i ngs  from The Complete Rainbow Guide To OS-9 can be 
i nstructive i n  terms of prov id ing  an  opportu n ity to see h ow var ious port ions of a program 
a re developed, but ,  oh, i s  i t  ted ious at t i mes. Just key ing  in the program Daemon,  
for  i n stance, can make for a l ost weekend - o r  several weekn ig hts. There is  an answer, 
though :  the Rainbow Guide to OS-9 Disks (package of 2) . 

By o rder ing the Rainbow Guide to OS-9 Disks you can g ive those t i red f i ng e rs and 
b lea ry eyes a rest . With the Rainbow Guide to  OS-9 Disks you' l l  be  able to spend 
you r t i m e  enjoy i ng these S i m u la t ions ,  i n stead of typ i n g ,  typ i n g ,  typ i ng . . .  and 
debugg ing .  You j ust pop in  the d isk and you're ready for  act ion .  

The Rainbow Guide to  OS-9 Disks are  j ust $31 .00 and conta in  a l l  of  the p rog rams 
in The Complete Rainbow Guide to OS-9. 

You can use you r  V isa, MasterCard or Amer ican Express to order the  Rainbow Guide 
to OS-9 Disks by telephone at (502) 228-4492 o r  you can enclose payment and ma i l  
you r  order  to: 

Rainbow Guide To OS-9 
9529 U .S .  H ighway 42 
P.O.  Box 385 
Prospect, KY 40059 

r-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I  I 
I 
I 
I 

YES! Send me the Rainbow Guide to OS-9 Disks 

: Name ___ ....... __ ..... __ .. ____ � �  
I Add ress 

--- --........... -

: C ity ___________ _ 
I 
: Payment Enclosed 

I accou nt _ 
I 
I 

Charge my Visa account  

State .. ___ . ________ � ZI  

Charge m y  MasterCard account Charge m y  American E x p ress 

I Account  N o .  Card Expi res I -- ----
� S i g n at u re _ I nterba n k  N o .  ____ _ 
r Kentucky residents add 5% sales lax. 
I *Non-U.S. orders add $2 (U.S, funds) to cover additional postage. Sorry - in order to hold down non-editorial 
L - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ���..:.<!9���I!... 



Fa/soft to the Rescue . . .  
. . . with The Rainbow Bookshelf 

Don 't take it out on your local bookseller 
if you 've been frustrated by his woeful 
supply of books on the Color Computer. 
There just haven 't been enough in 
circulation. 

Help is on the way. The same folks who bring you THE RAI NBOW are, 
right now, poring over new manuscripts, considering new concepts, 
and identifying critical areas of need. There wi l l  be fun books, packed 
with a l l-new games and informative programs, and books of a more 
serious nature to help you take fu l l  advantage of the Color Computer's 
capacity. 

- The Rainbow Book of Simulations 
is the newest addition to the 
bookshelf, featuring award winners 
from THE RAINBOW'S very f i rst 
S i m u lation contest. 
Book . . . . . . • . . . . . . . . . . . . . . .  $9.95 

- The Complete Rainbow Guide to 
OS-9, by Dale Puckett and Peter 
D ibble. This comprehensive new 
publ ication,  packed with programs, 
demystifies the system through a 
step-by-step process. 

Copies are sti l l  ava i lable of The 
Rainbow Book of Adventures, which 
i ncludes a l l  13 winners from THE 
RAINBOW'S f i rst Adventure contest. A 
sure collector's item. 
Book . . . . . . . . . • . . . . . . . . . . . .  $7.95 

Tape . . . . . . . . . . . . . . . . . . . . . .  $9.95 Book • . . . . . . . . . . . . . .  , . . . . .  $19.95 Tape . . . . . . . . . . . . . . . . . . . . . .  $7.95 
Disk (package of 2) . . . . . . . . .  $31.00 

O rder both !  The books 
provide comprehensive instructions often needed to 
load the programs. The tape/d isk saves you hours of 
t ime requ i red to key in lengthy l ist ings.  

Keep your library up to date. Order now! 
•••••••••• • •••••••••••••••••••••••••••• •• ••••••••• ••••• • •••••• ••••••• • •  " • •• • •••••• ••••••••••••••• , ••••••••••••••••••• • •  •••••••••••••••••••••• a •••••••••••••••••••••••••••••••••••••• , • • • • • • •  ,,, •••••••••••••••••••••• 

I want to start my own 
Rainbow Bookshelf/ 

P lease send me: 

Name 

The Rainbow Book of  Simulations 
Ra inbow Simulations Tape 
The Complete Ra inbow Guide to OS-9 
Rainbow Guide to OS-9 Disk ( Package of 2) 

The Rainbow Book of Adventures 
Rainbow Adventu res Tape 

A dd $ 1  per book Shipping and Handling in U.S. 
Canada and Mexico A dd $2.00 
All Other Foreign A dd $4.00 

Address __ � _______________ _ 

$ 9.95 __ _ 

Falsoft, I nc ,  
The Falsoft Bui lding 
9529 U.S, H ighway 42 
P.O. Box 385 
Prospect, KY 40059 

$ 9 .95 ___ _ 

$ 19.95 ___ _ 

$31 .00 __ 

$ 7.95 ___ _ 

$ 7.95 ___ _ 

Total 

City _____________ State ___________ _ ZIP ___ _ 

Payment Enclosed 0 VISA 0 MasterCard 0 American Express 

Account Number ________________ Interbank No. (Me Only) ____ _ 

Signature Card Expiration Date ____ _ 

(Allow " weeks for dellvel"y) 
Kentucky residents add 5% sales lax, 
Sorry i n  order to hold down non-editorial cost we do not bi l l .  



The Biggest 
The Best 
The I ndispensable 

The Rainbow i s  t h e  m ost com prehen
s i ve p u b l i cat i o n  a happy CoCo ever  had .  
I t's  t he  #1 authori ty for deta i l ed i nf orma
t ion  o n  the  Co lo r  Computer .  

The latest news on the Color  Computer g rapevi ne is  that more 
and more people are d i scover ing The Rainbow.® 

Now in its fourth year, The Rainbow 
has become the standard by w h i c h  other 
Color C o m p u ter magazi nes a re com
pared . And no wonder! The Rainbow 
towers a bo ve the c rowd. now offeri n g  up 
to 300 pages each mont h ,  i n c l u d i n g  as 
many as two dozen type- i n -and-run pro
g ra m  l i s t i n g s ,  a host of  a rt ic les and i n  
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