
I 

|Document# jgo "| 
f:!&3'&iSHHH£&3& i3Si$83$i 
:1;> 

I I ii 
% 

'm 

I 

$ # 

i 

1 ^ 

i 

Appfe Lisa Information 

FILE NATE 

05 flefenexa flUww( ( Mar, W& 
DISK # 

COMMENTS 

Aff(^ 
- W i ; ^ ^ ^ m c ^ W M W W M W W W t ^ ~ 

i Oavld T. Craig | 
~- 736 Edgewater, Wichita, Kansas 67230 \ 

1 (316) 733-0914 1 

K* 
** 1* 
X> 

m I ! I 
i 

I 
I I 
& 

iSi 

I 
W. 
# 
% 

1 
I 
I 
I 
:>:' 

I 
si 

I 
& I !gi W i B I ^ V W « 

$ & S W ^ : ^ ^ * Tf te 

Professional m 



« 
Apple Lisa Personal Computer 

1983to 1985 

OS Ref Manual 
( Mar 1982 ) 

•v 

HEffi3 B 

David T. Craig - 736 Edgewater. Wichita, Kansas 67230 - (316) 7 3 3 - 0 9 1 4 



Apple U'sa Computer 
1983-1985 

LISA 

Operating System 
R E F E R E N C E MANUAL 

Bill Schottstaedt 

Ext. 2379 

March I , l f 8 2 

Pa5es: 



l ^ a r - 8 2 O p e r a t i n g System Re fe rence Manual Conf ident iaJ . 

TABLE OF CONTENTS 

INTRODUCTION 1 

THE FILE SYSTEM 3 

F i l e System Overv iew 4 

F i l e System Ca lLs . . . . . 10 

PROCESSES 31 

P r o c e s s S t r u c t u r e and Management . * • • • • * • • 32 
P r o c e s s System Ca lLs 37 

MEMORY MANAGEMENT 47 

Memory Management Overv i ew • • • • 48 

Memory Management System Ca lLs 52 

EXCEPTIONS AND EVENTS 63 

Except ions . > 64 

Events . 68 
The System Clock • 69 
E x c e p t i o n Management System Ca lLs 69 
Event Management System Ca lLs 76 
C lock System C a l l s 84 

SYSTEM CONFIGURATION AND STARTUP 89 

System S t a r t u p ' 90 
S e l f ^ l i a g n o s t i c s 90 
Customiz ing Your System 91 

APPENDICES 93 

O p e r a t i n g System I n t e r f a c e . . . . 94 
Reserved E x c e p t i o n Names 106 
Reserved Event Types . . • . • • 106 
E r r o r codes 107 



l ^ a r - 8 2 Ope ra t ing System Re fe rence Manuel C o n f i d e n t i a l 

INTRODUCTION 

The O p e r a t i n g System i s a s i n g l e u s e r system p r o v i d i n g concur rent 
p r o c e s s e s , e v e n t s , e x c e p t i o n s , d e v i c e independent I/O i n a h i e r a r c h i c a l 
f i l e sys tem, and management of code and da ta segmenta t i on . Th i s manual 
i s in tended f o r a p p l i c a t i o n s programmers vho d e a l d i r e c t l y w i t h the 
O p e r a t i n g System. 

The Ope ra t ing System f a l L s n a t u r a l l y i n t o f o u r c a t e g o r i e s : f i l e 
management, p r o c e s s management, memory management, and p r o c e s s 
communication. In each of Che f o u r chap te r s d e s c r i b i n g these 
p o r t i o n s of the O p e r a t i n g System, t h e r e i s an ove rv i ew of the s u b j e c t 
tha t expLa ins the terms and concepts used l a the system c a l L s . The 
system c a l L s themse lves a r e then d e s c r i b e d i n some d e t a i l . A f i f t h 
c h a p t e r d e s c r i b e s system s t a r t u p p r o c e d u r e s . The Appendices d e s c r i b e 
the Ope ra t ing System i n t e r f a c e and e r r o r codes . 
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*\ 

FILE OVERVHW 

INTRODUCTION 

The F i l e System prov ides dev ice independent I/O, r e l i a b l e s to rage 
w i th access p r o t e c t i o n , uniform f i l e naming convent ions , aod 
conf igurabLa dev ice d r i v e r s . 

A f i l e l s an un in te rp re ted stream of e i gh t b i t b y t e s . A f i l e that 
l s s to red on a b lock s t ruc tu red dev ice r e s ides in a cataJlog and has 
a name. For each such f i l e the ca ta l og contains an entry d e s c r i b i n g 
the f i l e ' s a t t r i b u t e s i nc lud ing the Length of the f i l e , i t s p o s i t i o n 
on the d i s k , and the Last backup copy d a t e . A r b i t r a r y a p p l i c a t i o n ^ t e f i n e d 
a t t r i b u t e s can be s tored l n an area c a l l e d the f i l e L abe l . 

Each f i l e has two a s soc i a t ed measures of l e n g t h , the L o g i c a l End of 
F i l e (LEOF) and the Phys i ca l End of F i l e (PEOF) . The LEOF i s a 
p o i n t e r to the Last byte that has meaning to the a p p l i c a t i o n . 
The PEOF i s a count of the number of b locks a l l o c a t e d to the 
£11« . The p o i n t e r to the next byte to be read o r w r i t t e n i s c a l l e d 
the f i l e marker. 

To handle input and output , a p p l i c a t i o n s do not need to know the 
p h y s i c a l c h a r a c t e r i s t i c s of a d e v i c e . AppLicat ions that do, however, 
can inc rease the I/O performance by causing f i l e accesses on b lock 
bounda r i e s . Each Operat ing System c a l l i s synchronous ln that the 
I/O requested i s performed be fo re the c a l l r e t u r n s . The ac tua l I/O, 
however, l s asynchronous and i s aJ,ways performed l n the context of an 
Operat ing System p roces s . 

To reduce the impact of an e r r o r , the f i l e system maintains a h igh 
l e v e l of d i s t r i b u t e d , redundant in format ion about the f i l e s on 
s t o r a g e d e v i c e s . Dup l i ca te copies of c r i t i c a l in format ion a re s to red in 
d i f f e r e n t forms and in d i f f e r e n t p laces on the media. A l l the f i l e s 
a r e abLe to i d e n t i f y and desc r i be themselves , and there a re u s u a l l y 
s e v e r a l ways to recover l o s t In format ion . The scavenger program i s 
abLs to d i s cove r and reconst ruct damaged d i r e c t o r i e s from the 
in fo rmat ion s tored w i th each f i l e . 

FILE NAMES 

A l l the f i l e s known to the Operat ing System a t a p a r t i c u l a r time are 
o rgan ized in to a t r e e of c a t a l o g s . At the top of th i s t r ee i s a 
p rede f ined ca ta l og w i th names f o r the h i ghes t Level ob j ec t s seen by 
the system. These inc lude phys i c a l d e v i c e s , such as a p r i n t e r or 
a modem, and the volume names of any d isks that a re a v a i l a b l e . 

Any ob ject cata logued in the f i l e system can be named by spec i f y ing 
the volume in which the f i l e r e s i de s and the f i l e name. The names 
a re separated by the charac te r Because the top cataJ,og i n the 
t r e e has no name, a l l complete pathnames beg in w i th 
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For example , 

-PRINTER names the p h y s i c a l p r i n t e r , 

-LLSA-FORMAT. TEXT 
names a f i l e on a volume named LISA* 

The f i l e name can c o n t a i n up to 32 c h a r a c t e r s . Lf a l o n g e r name i s s p e c i f i e d , 
the name i s t r unca t ed to 32 c h a r a c t e r s . A c c e s s e s to s e q u e n t i a l d e v i c e s 
use a dummy f i l e n a m e tha t i s i g n o r e d but must be p r e s e n t i n the pathname. 
For example , the s e r i a l p o r t pathname 

-RS232B 

i s i l l e g a l , but 

-RS232B-XYZ 

i s a c c e p t e d , even though the -XYZ p o r t i o n l s i g n o r e d . C e r t a i n d e v i c e names 
a r e p r e d e f i n e d : 

RS232A S e r i a l Po r t 1 
RS232B SeriaJ. Po r t 2 
UPPER Upper Twiggy d r i v e ( D r i v e 1) 
LOWER Lower Twiggy d r i v e ( D r i v e 2 ) 
DEV0, DEV6, DEV7, DEV8 

B i t bucket ( b y t e s t ream i s f l u s h e d i n t o a b L i v i o n ) 

Upper and l owe r case a r e s i g n i f i c a n t i n f i l e names: 'TESTVOL' i s not the 
same o b j e c t as ' T e s t V o l ' . Any A S C I I c h a r a c t e r i s l e g a l i n a pathname, 
i n c l u d i n g the n o n p r i n t i n g c h a r a c t e r s . 

THE WORKING DHECTORY 

I t i s sometimes lnconveni ,ent to s p e c i f y a complete pathname, 
espec iaJ , ly when work ing w l t h a g roup of f i l e s i n the same vo lume. 
To aJ,Leviate t h i s p rob l em, the o p e r a t i n g system ma in ta ins the 
name of a work ing d i r e c t o r y f o r each p r o c e s s . When a pathname i s 
s p e c i f i e d w i thou t a Leading the name r e f e r s to an o b j e c t i n the 
work ing d i r e c t o r y . For example , i f the work ing d i r e c t o r y i s - L I S A 
the name FORMAT.TEXT r e f e r s to the same f i l e as -LISA-FORMAT.TEXT. 
The d e f a u l t work ing d i r e c t o r y name i s the name of the boot volume 
d i r e c t o r y . 

DEVICES 

The L i s a hardware suppor t s a v a r i e t y of I/O d e v i c e s i u c l u d i n g the 
keyboa rd , mouse, c l o c k , two Twiggy d i s k d r i v e s , two s e r i a l p o r t s , 
a p a r a l L e l p o r t , and t h r e e expans i on I/O s l o t s . The s c r e e n , k e y b o a r d , 
and mouse a r e acces sed through L i s a G r a f and the Window Manager . 
The o the r dev i ces a r e hand led by the O p e r a t i n g System. 

Page 5 
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Device names f o l l o w the same conventions as f i l e names. A t t r i b u t e s 
Like baud r a t e and p r i n t i n t e n s i t y a re c o n t r o l l e d by us ing the 
DEVICEjCONTROL c a l l w i t h the app rop r i a t e pathname. 

A l l dev ice ca lL s a r e synchron<>us from the p rocess po int of v iew. 
Wi th in the Operat ing System, however, I/O opera t ions a re asynchronous. 
The process doing the I/O l s b locked u n t i l the ope r a t i on l s complete. 

Each devi.ce has a permanently a s s i gned p r i o r i t y . From h i g h e s t to lowest 
the p r i o r i t i e s a r e : 

S e r i a l Port 1 (RS232A) 
S e r i a l Por t 2 (RS232B, the Leftmost p o r t ) 
I/O S lo t 0 
I/O S lot 1 
I/O S lo t 2 
Speaker 
10 ms system t imer 
Keyboard, mouse, s o f t - o f f sw i tch , b a t t e r y powered c lock 
CRT v e r t i c a l r e t r a c e i n t e r r u p t 
P a r a l L s l Por t 
Twlggy 1 (UPPER) 
Twig*y 2 (LOWER) 
Video Screen 

The Operat ing System maintains a Mount TabLe which connects each a v a i l a b l e 
dev ice w i th a name and a dev ice number. The Device D r i v e r a s soc i a t ed w i th 
a dev ice knows about the d e v i c e ' s phys i c a l c h a r a c t e r i s t i c s such as s ec to r 
s i z e and I n t e r l e a v e f a c t o r s f o r d i s k s . 

STRUCTURED DEVICES 

0n s t ruc tu red d e v i c e s , such as d i sk d r l v e s , the F i l e System maintains a 
h i ghe r l e v e l of da ta access b u i l t out of pages ( l o g i c a l names f o r b l o c k s ) , 
Labe l con ten t s , and data c l u s t e r s ( g roups of cont iguous p a g e s ) . Any 
f i l e access u l t i m a t e l y t ransLates in to a page a c c e s s . Intermediate 
b u f f e r i n g i s prov ided only when i t l s needed* Each page on a s t ruc tu red 
dev ice i s s e l f - i d e n t i ^ y i n g , and the page d e s c r i p t o r i s s to red w i th the 
page contents to reduce the d e s t r u c t i v e impact of an I/O e r r o r . The e ight 
components of the page d e s c r i p t o r a r e : 

Ve r s i on number 
Volume i d e n t i f i e r 
F U e i d e n t i f i e r 
Amount of da ta on the page 
Page name 
Page p o s i t i o n in the f i l e 
Forward l i n k 
Backward Link 

Each s t ruc tu red dev ice has a Media Desc r i p to r Data F i l e (MDDF) which 
desc r i be s the va r ious a t t r i b u t e s of the media such as i t s s i z e , page 
l eng th , b lock Layout, and the s i z e of the boot a r e a . The MDDF l s 
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c r e a t e d when the volume l s i n i t i a l i z e d . 

The F i l e System a l s o ma in ta ins a bitmap of which pages on the media 
a r e c u r r e n t l y a l l o c a t e d , and a c a t a l o g of a l l the f i l e s on t h e volume-
Each f i l e c on ta in s a s e t of f i l e h i n t s which d e s c r i b e and p o i n t to 
the a c t u a l f i l e d a t a . The f i l e d a t a need not be a l l o c a t e d i n cont i guous 
p a g e s . 

THE VOLUME CATALOG 

On a b l ock s t r u c t u r e d d e v i c e , the volume cataJ,og p r o v i d e s a c c e s s to 
the f i l e s . The c a t a l o g i s i t s e l f a f i l e wh ich maps u s e r names i n t o 
the i n t e r n a l f i l e s used by the O p e r a t i n g System. Each cataJ,og e n t r y 
con ta in s a v a r i e t y of i n f o r m a t i o n about each f i l e i n c l u d i n g : 

name 
type 
i n t e r n a l f i l e number and a d d r e s s 
s i z e 
d a t e and t ime c r e a t e d o r Las t m o d i f i e d 
f U e i d e n t i f i e r 
s a f e t y s w i t c h 

The s a f e t y s w i t c h l s used to a v o i d a c c i d e n t a l d e l e t i o n s . Whi le the s a f e t y 
s w i t c h i s on, the f i l e cannot be d e l e t e d . The o t h e r fieJ,ds a r e d e s c r i b e d 
under the LOOKUP f i l e system c a l l . 

The c a t a l o g can be l o c a t e d anywhere on the media , and the O p e r a t i n g System 
may even move i t around o c c a s s i o n a l l y to a v o i d wear on the media . 

LABELS 

An a p p L i c a c i o n can s t o r e i t s own i n f o r m a t i o n about f i l e a t t r i b u t e s i n 
an a r ea c a l L ed the f i l e L a b e l . The L a b e l a l l o w s the a p p L i c a t l o n to 
keep the f i l e d a t a s e p a r a t e from i n f o r m a t i o n ma in ta ined about the 
f i l e . L a b e l s can be used f o r any o b j e c t i n the f i l e sys tem. The 
maximum L a b e l s i z e i s 468 b y t e s * 

LOGICAL AND PHYSICAL END OF FILE 

A f i l e conta ins some number of by tes r eco rded i n some number of 
p h y s i c a l b l o c k s . A d d i t i o n a l b l ocks might be a l l o c a t e d to the f i l e , 
but not c o n t a i n any f i l e d a t a . There a r e , t h e r e f o r e , two measures of 
the end of the f i l e c a lLed the l o g i c a l and p h y s i c a l end of f i l e . The 
l o g i c a l end of f i l e (LEOF) i s a p o i n t e r to the La s t s t o r e d by te which 
has meaning to the a p p l i c a t i o n . The p h y s i c a l end of f i l e (PEOF) i s 
a count of the number of b l o cks a l l o c a t e d to the f i l e . 
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In a d d i t i o n , each open f i l e i n each process has a p o i n t e r a s s o c i a t e d 
w i th i t ca lLad the f i l e marker that po in t s to the next byte i n the 
file to be read o r w r i t t e n * When, the f i l e i s opened, the f i l e marker 
po in t s to the f i r s t byte <byte number 0 ) . The f i l e marker can be 
pos i t i oned i m p H c i t l y o r e x p j U c i t l y us lng the read and w r i t e c a l J ^ . 
I t cannot be pos i t i oned p a s t LE0F, however, except by a w r i t e 
ope ra t i on that appends da ta to a f i l e -

When a f i l e l s c r e a t e d , an ent ry f o r l t l s made i n the c a t a l o g 
s p e c i f i e d i n i t s pathname, but no space i s a l l o c a t e d f o r the f i l e 
I t s e l f * When the f i l e i s opened by a p r o c e s s , space can be a l l o c a t e d 
e x p l i c i t l y by the p roce s s , o r au tomat i ca l l y by the ope ra t ing system-
I f a w r i t e ope ra t ion causes the f i l e marker to be pos i t i oned p a s t the 
L o g i c a l End 0f F i l e (LE0F) marker, LE0F and PE0F a re au tomat i c a l l y 
extended* The new space l s contiguous i f p o s s i b l e , but not 
n e c e s s a r i l y ad jacent to the p r e v i o u s l y a l l o c a t e d space* 

FILE ACCESS 

There a re s e v e r a l modes i n which an appJJ,cation can perform i n p u t , 
output , o r device c o n t r o l ope ra t i ons * App l i c a t i ons are provided w i th 
a device independent byte stream i n t e r f a c e * A s p e c i f i e d number of 
bytes i s t r a n s f e r r e d e i t h e r r e L a t i v e to the f i l e marker or a t a 
s p e c i f i e d byte l o c a t i o n i n the f i l e - The phys i c a l a t t r i b u t e s of the 
device o r f i l e a re not seen by the a p p l i c a t i o n , except that dev ices 
that do not support p o s i t i o n i n g can oo ly perform s e q u e n t i a l 
ope ra t i ons * 

A p p U c a t i o n s that know the b lock s i z e f o r s t ruc tured dev ices can 
opt imize performance by performing I/O on b lock boundaries in 
i n t e g r a l b lock m u l t i p l e s . This mode bypasses the b u f f e r i n g of pa r t s 
of b locks that the system normal ly per forms. Data t r a n s f e r s take 
p lace d i r e c t l y between the dev ice and the computer memory. A l though 
data t r a n s f e r s occur i n p h y s i c a l u n i t s of b l o cks , the f i l e marker s t i l l 
I nd i ca t e s a byte p o s i t i o n i n the f i l e * 

A f i l e can be open f o r access s imul taneous ly by mu l t i p l e p r oce s s e s . 
A l l w r i c e operat ions a re compleced be f o r e any o ther access to the 
filt l s permit ted . When one process w r i t e s to a f i l e the e f f e c t of 
that w r i t e i s immediately v i a I b l e to a l l o ther processes reading the 
f i l e . The other p rocesses may, however, have accessed the f i l e i n 
an e a r H e r s t a t e and not be aware of the change untiJ. the next time 
they access the f i l e * I t i s l e f t up to the a p p l i c a t i o n s to insure 
that processes maintain a cons i s t en t v iew of a shared f i l e . 

Page 8 
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Each time a f i l e i s opened, the O p e r a t i n g System a l l o c a t e s a f i l e 
marker f o r the c a l L i n g p r o c e s s and a r u n - t i m e I d e n t i f i c a t i o n number 
c a l l e d the refnum. The p r o c e s s uses the refnum i n subsequent c a l L s 
to r e f e r to the f i l e . Each o p e r a t i o n u s i n g the refnum a f f e c t s onJ,y 
the f i l e marker a s s o c i a t e d w i t h i t . The refnum i s g l o b a l on ly 
i f a p r o c e s s has opened the f i l e w i t h g l o b a l a c c e s s . The LEOF and 
PEOF v a l u e s , however , a r e a lways g l o b a l a t t r i b u t e s of the f i l e , 
and any change to these v a l ue s i s Immediate ly v i s l b L e to a l l p r o c e s s e s 
a c c e s s i n g t h a t f i l e . 

P roce s se s can sha re the same f i l e marker . In t h i s a c ce s s mode 
( g l o b a l a c c e s s ) each of the p r o c e s s e s uses the same refnum f o r 
the f i l e . When a p r o c e s s opens a f i l e i n g l o b a l a c ce s s mode, 
the refnum l t g e t s back can be used by any p r o c e s s . Note that 
[G loba l _ _Acces s ] a c c e s s ai, lows the same f i l e to be opened g l o b a l l y by 
any number of p r o c e s s e s , c r e a t i n g any number of s i m u l t a n e o u s l y 
shared re fnums. [ G l o b a l _ A c c e s s , P r i v a t e ] a c c e s s opens a f i l e f o r g l o b a l 
a c c e s s , but aJ,lows no o the r p r o c e s s to Open t h a t f i l e . A p p l i c a t i o n s 
must be aware of a l l the s i d e e f f e c t s that globaJ. a c ce s s e s c a u s e . 
For exampLs, p r o c e s s e s making g l o b a l a c c e s s e s to a f i l e cannot 
make any assumptions about the l o c a t i o n of the f i l e marker from 
one a c c e s s to the n e x t . 

Even i f the a c c e s s mode i s not g l o b a l , more than one p r o c e s s can have 
the same f i l e open s i m u l t a n e o u s l y . Each p r o c e s s , i n t h i s c a s e , has 
i t s own refnum and f i l e marker . A w r i t e o p e r a t i o n to the f i l e , however , 
i s immediate ly v i s i b l e to a l l r e a d e r s of t h a t f i l e . 

PIPES 

Because the Ope ra t ing System s u p p o r t s m u l t i p l e p r o c e s s e s , a mechanism 
i s needed f o r I n t e r p r o c e s s communication. Th i s mechanism l s ca lLed a 
p i p e . A p i pe i s ve ry s i m i l a r to any o t h e r o b j e c t l n the f i l e system — 
i c l s named a c c o r d i n g to the same r u l e s , and can have a L a b e l . 
A p ipe a l s o implements a by te s t ream t h a t queues In f o rmat i on in a 
f i r a t - i n - f i r s t ^ m t manner f o r the p i pe r e a d e r . U n l i k e a f i l e , 
however , a p i pe can have on ly one r e a d e r a t a t ime , and once da ta i s 
r ead from a p ipe i t i s no l o n g e r a v a i L a b L e i n the p i p e . 

A p ipe can on ly be a cce s s ed i n s e q u e n t i a l mode. Only one p r o c e s s can 
read d a t a from a p i p e , but any number of p r o c e s s e s can w r i t e da t a 
i n t o i t . Because the d a t a read from the p i pe i s consumed, the f i l e 
marker i s a lways z e r o . Lf the p ipe i s empty and no p roce s se s have i t 
open f o r w r i t i n g , End Of F i l e i s r e t u r n e d . Lf any p roce s s does have 
i t open f o r w r i t i n g , the r e ad ing p r o c e s s i s suspended u n t i l d a t a 
a r r i v e s l n the p i p e , o r u n t i l a l l w r i t e r s c l o s e the p i p e . 

When a p ipe i s c r e a t e d , i t s p h y s i c a l s i z e i s 0 b y t e s . You must a l l o c a t e 
space to the p ipe b e f o r e t r y i n g to w r i t e da t a i n t o i t . To avo id 
dead locks between the r ead ing p r o c e s s and the w r i t e r s , the O p e r a t i n g 
System does not a l l o w a p r o c e s s to r ead o r w r i t e an amount of d a t a 
g r e a t e r than h a l f the p h y s i c a l s i z e of the p i p e . For t h i s r e a s o n , 
you shOuld a l l o c a t e to the p ipe tw i ce as much space as the L a r g e s t 
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amount of data i n any pLanned read o r w r i t e o p e r a t i o n . 

A p ipe i s a c t u a l l y a c i r c u l a r b u f f e r w i th a read p o i n t e r and a w r i t e 
p o i n t e r . A l l w r i t e r s access the pipe through the same w r i t e p o i n t e r . 
Whenever e i t h e r po in t e r reaches the ' e n d ' of the p i p e , i t wraps back 
around to the f i r s t by te . JI the read p o i n t e r catches up w i th the 
w r i t e p o i n t e r , the reading process blocks u n t i l data l s w r i t t e n o r 
u n t i l aJ.1 the w r i t e r s c l o s e the p i p e . S l a i L a r l y , i f the w r i t e 
p o i n t e r catches up w l t h the read p o i n t e r , a w r i t i n g p rocess b locks 
untL l the pipe r eade r f r e e s up some space o r u n t i l the r e ade r c l o se s 
the p i p e . Because pipes have th i s s t r u c t u r e , there a re c e r t a i n 
r e s t r i c t i o n s on some operat ions when deaLing w i th a p i p e . These 
r e s t r i c t i o n s a r e d i scussed below under the re l evant f i l e system c a l l s . 

For massive data t r a n s f e r s , i t i s recommended that shared f i l e s or 
data segments be used r a t h e r than p i p e s . 

F.ILE STSTEM CALLS 

This s e c t i o n desc r i be s a l l the ope ra t ing system c a l l s that p e r t a i n 
to the f i l e system. A summary of a l l the Operat ing System ca lL s can 
be found i n Appendix A. The f o l l ow ing s p e c i a l types a re used l n 
the f i l e system c a l L s : 

Pathname - STRING[255] ; 
E_Name - STMNC[MaxJEname]; ( * Max_EName - 32 * ) 
Accesses • (DRead, OWrlte , Append, P r i v a t e , G l o b a l _ A c c e s a ) ; 
MSet - SET OF Accesses ; 

' IoMode • ( A b s o l u t e , ReLat ive , S e q u e n t i a l ) ; 

The f s i n f o record and i t s a s soc i a t ed types a r e desc r i bed under the LOOKUP 
c a l l . ~" 
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MAKE_FILE ( V a r E c o d e : I n t e g e r ; 
Var Path :Pathname; 
L a b e l _ s i z e : I n t e g e r ) 

MAKE_PLPE ( V a r E c o d e : I n t e g e r ; 
Var Path :Pathname; 
L a b e l s i z e : I n t e g e r ) 

Ecode: E r r o r i n d i c a t i o n 
Pa th : F u l l name of new o b j e c t 
L a b e l _ s i z e : Number of bytes f o r the o b j e c t ' s L a b e l 

MAKE__FILE and MAKE_PLTE c r e a t e the s p e c i f i e d type of o b j e c t i n the cataJ,og 
g i v e n i n pathname. Lf the pathname s p e c i f i e d i n Path does not s p e c i f y 
a volume name, the work ing d i r e c t o r y i s u s e d . L a b e l _ s i z e s p e c i f i e s the 
i n i t i a l s i z e in bytes of the Labe l t h a t the a p p l i c a t i o n wants to m a i n t a i n 
f o r the o b j e c t * I t must be l e s s than o r equa l to 488 b y t e s . The L a b e l 
can grow to c o n t a i n up to 488 by tes no mat te r v h a t i t s i n l t i a L s i z e i s . 
Any e r r o r i n d i c a t i o n i s r e t u r n e d i n Ecode . An o b j e c t cannot be c r e a t e d 
i n the root c a t a l o g . 

In the example be low , we check to see whether the s p e c i f i e d f i l e e x i s t s b e f o r e 
opening i t . A p p l i c a t i o n s t h a t use the Window Manager must use a d i a l o g 
box , r a t h e r than READ and WRITE. 

CONST F i l e E x i s t s - 890; 
VAR F i leRefNum,ErrorCode : INTEGER; 

F i l e Name:Pat hName; 
Hap py:BOOLEAN; 
Response:CHAR; 

BEGIN 
Happy: -FALSE; 
WHILE NOT Happy D0 

BEGIN 
REPEAT 

W R I T E ( ' F i l e name: ' ) ; 
READLN(F l leName) ; 

UNTIL LENGTH(Fi leName)>0; 
MAKE F I L E ( E r r o r C o d e , F i l c N a m e , 0 ) ; 
IF ( E r r o r C o d e < > 0 ) THEN 

LF ( E r r o r C o d e - F i l e E x i - s t s ) THEN 
BEGIN 
WRITE (F i l eName , ' aJ,ready e x i s t s . Ove rw r i t e? ' ) ; 
READLN(Response ) ; 
Happy : » (Response IN [ ' y ' , ' Y ' ] ) ; ( * go ahead and o v e r w r i t e * ) 
END 

ELSE WRITELN ( 'E r ro r ' , E r r o r C o d e , ' w h i l e c r e a t i n g f i l e - ' ) 
ELSE Happy: -TRUE; 
END; 

O P E N ( E r r o r C o d e , F i l e N a m e , F i l e R e f N u m , [ D w r i t e ] ) ; 
END; 

( * ge t a f i l e name * ) 

( * no L a b e l f o r t h i s f i l e * ) 
( * does f i l e a l r e a d y e x i s t ? * 
( * yes * ) 
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KILL__OBJECT (Var Ecode : I n t e ge r ; 
Var Fath:Fathname) 

Ecode: 
Path : 

E r ro r i n d i c a t o r 
F u l l name of ob j ec t to be de le ted 

KILL_OBJECT d e l e t e s ( removes ) the entry g i ven in path from the 
f i l e system. Ob jects i n the root cataJ,og and ob j ec t s w i th the 
s a f e t y switch on cannot be d e l e t e d . H a f i l e o r p ipe i s open 
a t the time of the KILL_OBJECT c a l l , i t s a c tua l d e l e t i o n i s 
postponed untU . i t has been c losed by a l l processes that have i t open. 
During t h i s pe r iod no new processes a re aJ,lowed to open i t . The 
ob j ec t to be de l e t ed need not be open a t the time of the KILL_OBJECT 
c a l l . A KILL_OBJECT c a l l cannot be ove r r idden . 

The f o l l o w i n g code fragment d e l e t e s f i l e s u n t i l c a r r i a g e r e tu rn l s typed: 

CONST Fi leNotFound-894; 
VAR FlleNamc:FathName; 

ErrorCode : INTEGER.; 
BEGIN 
REPEAT 

WRITE ( ' F i l e to d e l e t e : ' ) ; 
READLN(FileName); 
L7 ( F i l e N a m e < > " ) THEN 

BEGIN 
KILL OBJECT(ErrorCode,Fi leName) ; 
U (E"rrorCode<>0) THEN 

U (E r ro rCode -F i l eNotFound ) THEN 
WRITELN(FUeName/ not f o u n d . ' ) 

ELSE waTTELN('Error ' , E r r o r C o d e / whi l e d e l e t i n g f i l e . ' ) 
ELSE WRITELN(Fi leName, ' d e l e t e d . ' ) ; 
END 

UNTIL ( F i l e N a m e - " ) ; 
END; 
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RENAME_ENTRY ( V a r E c o d e : I n t e g e r ; 
Var Fath :Fathname; 
Var HewName:E Name) ; 

Ecode : 
P a t h : 
Newname: 

E r r o r i n d i c a t o r 
O b j e c t ' s o l d ( f u l l ) name 
O b j e c t ' s new ( p a r t i a l ) name 

RENAME_ENTRY changes the name of an o b j e c t i n the f i l e system. 
Newname i s not a f u l l pathname, but the new name f o r the o b j e c t 
i d e n t i f i e d by P a t h . That i s , 

VAR 01dName:PathName; 
NewName: E__Name; 
E r r o rCode : INTEGER 

BEGIN 
01dName: - ' -LLSA-FORMATTER.LLST' ; 
NewName: - ' NEWFORMAT. TEXT' ; 
RENAMEJSNTRY ( E r r o r C o d e , 01dName, NewName ) ; 
END; 

renames FORMATTER,LIST to NEWFORMAT•TEXT. The new f i l e ' s fuJ.1 
pathname i s ' -L ISA^EWFORMAT.TEXT ' . 

P r e d e f i n e d names in the r oo t c a t a l o g cannot be renamed, but volume names 
can be renamed by s p e c i f y i n g onJ,y the volume name i n P a t h . 
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LOOKUP (Va r Ecode : I n t e ge r ; 
Var Path:Pathname; 
Var A t t r i b u t e s : F s _ L n f o ) 

Ecode: E r ro r i n d i c a t o r 
Path . Object to lookup 
A t t r i b u t e s : In format ion returned about Pathname 

LOOKUP re turns in format ion about an ob j ec t i n the f i l e system. For dev ices 
and mounted volumes, c a l l LOOKUP w i th a pathname that names the dev ice or 
volume wi thout a f i lename component: 

DevName:- 'UPPER' ; ( * Twlggy d r i v e 1 * ) 
LOOKUP(ErrorCode,devname, I n f o R e c ) ; 

I f the dev ice i s c u r r e n t l y mounted and i s b lock s t r u c t u r e d , the record 
f i e l d s conta in meaningful vaJ^ues; o the rw i s e , these va lues are undef ined . 

When LOOKUP i s c a l l e d f o r a f i l e system ob j ec t (not a device or vo lume ) , 
the refnum fieJ,d and aJLl the record fieJ-ds that f o l l o w that £ i e l d conta in 
i n v a l i d data* Use INFO to get th i s in fo rmat ion . 

The f s _ l n f o record l s de f ined a s : 

Uid - INTEGER; 
fctfo_Type - ( d e v i c e _ t , vo lume_t , ob j ec t _ _ t ) ; 
Devtype • ( d i ^kdev , pa sca l bd , seqdev, b i t b k t , n o n _ i o ) ; 
F iJ^type - ( unde f ined , MDOFFile, r o o t c a t , f r e e U s T , badb locks , 

sy sda ta , s p o o l , e xec , u s e r c a t , p i p e , b o o t f i l e , 
svapdata , swapcode, ramap, u s e r f i l e , k i l J e d o b j e c t ) ; 

Entrytype • (emptyentry, c a t en t ry , H n k e n t r y , f i l e e n t r y , p i peen t ry , 
ecent ry , k i l L a d e n t r y ) ; 

f 3_ inf o - RECORD 
*~ name: e_name; 

devnum: INTEGER; 
CASE OType: in fo_type OF 

d e v i c e _ t , ~" 
volume_t : 

( i o channe l : INTEGER 
dev t : devtype ; 
a l o t _ n o : INTEGER; 
f s s i z e : LONGINT; 
v o T _ s i z e : LONGINT; 
b l o c k s t r u c t u r e d , 
mount ed : BOOLEAN; 
opencount: LONGINT; 
p r i v a t edev , 
remote, 
lockeddev: BOOLEAN; 
mount_pending, 
unmount_pending: BOOLEAN; 
vo Lname, 
pas sword: e_name; 
f s v e r s i o n , 
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v o X i d , 
Toinum: INTEGER; 
b l o c k s i z e , 
d a t a s i z e , 
c l u s t e r s i z e , 
f i l e c o u n t : INTEGER; 
f r e e c o u n t : LONGINT; 
DTVC, ( 
DTVB, ( 
DTVS: LONGINT; 
M a c h i n e _ i d , 
overmount_stamp, 
master__copy_ id : LONGINT; 
p r i v i l e g e d , 
w r i t e _ j > r o t e c t e d : BOOLEAN; 
m a s t e r , 
copy, 
s c a v e n g e _ f L a g : BOOLEAN); 

o b j e c t _ t : 

Date Volume C rea t ed * ) 
Date Volume La s t Backed up * ) 

END; 

( s i z e : 
p s i z e : 
l p s i z e : 
f t y p e : 
e t y p e : 
DTC, 
DTA, 
DTM, 
DTB: 
re fnum: 
fmark : 
acmode: 
n r e a d e r s , 
n w r i t e r s , 
n u s e r s : 
f u i d : 
e o f , 
s a f e t y _ o n , 
k s w i t c h : BOOLEAN; 
p r i v a t e , 
l o c k e d , 

p r o t ec t ed:BOOLEAN) 

LONGINT; ( * a c t u a l no of bytes w r i t t e n * ) 
LONGINT; ( * p h y s i c a l s i z e i n b y t e s * ) 
INTEGER; ( * L o g i c a l page s i z e i n b y t e s * ) 
f i l e t y p e ; 
e n t r y t y p e ; 

LONGINT; 
INTEGER; 
LONGINT; 
mset ; 

INTEGER; 
u i d ; 

(* 
(* 
(* 
(* 

(* 
(* 

(* 

(* 

Date C rea ted * ) 
Date L a s t Accessed * ) 
Date U s t Mounted * ) 
Date Las t Backed up * ) 

f i l e marker * ) 
a c c e s s mode * ) 

unique i d e n t i f i e r * ) 

s a f e t y s w i t c h s e t t i n g * ) 

The EOF fieJ,d of the f s _ i n f o r e c o r d i s s e t a f t e r an attempt to 
w r i t e when no d i sk space l s a v a i L a b l e , and a f t e r an attempt to 
r e ad more bytes than a r e a v a i L a b l e from the f i l e marker to the 
l o g i c a l end of f i l e . I f the f i l e marker i s a t the 2 0 - t h by te 
of a 25 byte f i l e , you can read 5 bytes w i thout s e t t i n g EOF, 
but i f you t r y to read 6 b y t e s , you ge t 5 bytes of d a t a and 
EOF i s s e t . 
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The f o l l o w i n g code r epo r t s how many bytes of da ta a g i ven f i l e has : 

VAR I n f o R e c : F s _ I n f o ; ( * in fo rmat ion returned by LOOKUP and INFO * ) 
F i l eName:Pat hName; 
ErrorCode:INTEGER; 

BEGIN 
W R I T E ( ' F i l e : ' ) ; 
READLN(FileName); 
LOOKPP(ErrorCode ,F i leName, In foRec ) ; 
tJ (Er rorCode<>0 ) THEN 

WRITELN('Cannot lookup ' , F i l e N a m e ) 
ELSE 

WRITELN(Fi leName, ' has ' , I n f o R e c . S i z e / bytes of d a t a . ' ) ; 
END; 
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INFO (Var Ecode : I n t e ge r ; 
Refnum:Integer ; 
Var R e f I n f o : F s _ I n f o ) ; 

Ecode: E r ro r i n d i c a t o r 
Refnum: Reference number of ob ject in f i l e system 
Re f i n f o : ^ f o r m a t i o n returned about refnum's ob j ec t 

INFO serves a funct ion simiJLar to thaC of LOOKUP, but i s a p p U c a b l e 
only to ob j ec t s in the f i l e system which a re open. the d e f i n i t i o n 
of the F s _ I n f o record i s g iven under LOOKUP and i n Appendix A. 
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OPEN ( V a r E c o d e : I n t e g e r ; 
Var P a t h : F a t h n a a e ; 
Var R e f n u m : I a t e g e r ; 
Man lp :MSet ) 

Ecode : 
P a t h : 
Refnum: 
Man ip : 

E r r o r i n d i c a t o r 
Naae .af o b j e c t to be opened 
Re fe rence number f o r o b j e c t 
Set of a c ce s s e s 

B e f o r e a p r o c e s s can per fo rm I/O o p e r a t i o n s upon an o b j e c t i n the 
f i l « system, i t must OPEN t h a t o b j e c t . Pa th must s p e c i f y e i t h e r 
a p i p e , d e v i c e , o r f i l e . OPEN r e t u r n s refnum to the p r o c e s s , and 
the p r o c e s s s u b s e q u e n t l y uses refnum f o r I/O and c o n t r o l o p e r a t i o n s 
on the open f i l e . The manip pa rameter s p e c i f i e s the k ind of a c c e s s 
the p r o c e s s v a n t s to t b e f i l e : DRead, O W r i t e , Append, G l o b a l _ A c c e s s , o r 
P r i v a t e . [ D W r i t e ] a c ce s s i s e q u i v a l e n t to [Dwr t t e ,Append ] a c c e s s . 
Zf a p r o c e s s wants e x c l u s i v e a c c e s s to an o b j e c t ( a p r i n t e r , f o r 
e x a m p l e ) , l t must s p e c i f y [ P r i v a t e ] as i t s a c c e s s mode. 

Lf the o b j e c t opened a l r e a d y e x i s t s and the p r o c e s s c a l L s ttt£TE_DATA 
w i thou t s p e c i f y i n g Append a c c e s s , the o b j e c t i s o v e r w r i t t e n . The 
O p e r a t i n g System does not c r e a t e a temporary f i l e and w a i t f o r the 
CLOSE_OBJECT c a l l b e f o r e d e c i d i n g what to do w i t h the o l d f i l e . 

An o b j e c t can be open f o r w r i t i n g by two s e p a r a t e p r o c e s s e s 
s i m u l t a n e o u s l y * H the p r o c e s s e s do not s h a r e a g l o b a l refnum, 
they m u s t c o o r d i n a t e t h e i r f i l e a c c e s s e s so as to a v o i d o v e r w r i t i n g 
each o t h e r ' s d a t a . To do t h i s , bo th p r o c e s s e s can , f o r example , 
open the f i l e w i t h [Append] a c c e s s . 
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CLOSE_OBJECT ( V a r E c o d e : I n t e g e r ; 
R e f n u m : I n t e g e r ) 

Ecode : E r r o r i n d i c a t o r 
Refnum: Re fe rence number of o b j e c t to be c l o s e d . 

I f refnum i s not g l o b a l * CLQSE_OBJECT t e rm ina t e s any use of refnum 
f o r I/O o p e r a t i o n s . A FLUSH o p e r a t i o n i s per formed a u t o m a t i c a l l y 
and the f i l e i s saved i n i t s cu r r en t s t a t e . U refnum i s 
and o the r p r o c e s s e s have the f i l e open, refnum remains v a l i d f o r 
these p r o c e s s e s , and o t h e r p r o c e s s e s can open the f i l e u s i n g refnum 
even though a CLOSE_OBJECT c a l l has been made a g a i n s t i t . 

The f o l l o w i n g code fragment opens a f i l e , r e ad s 512 bytes from i t , then 
c l o s e s the f i l e . 

TYPE B y t e ^ l 2 8 . . 1 2 7 ; 
VAR Fi leName:PathName; 

E r r o r C o d e , F i l e R e f N u m : I n t e g e r ; 
A c t u a l B y t e s : L o n g I n t ; 
B u f f e r : A R R A Y [ 0 . . 5 1 1 ] OF By t e ; 

BEGIN 
OPEN (Er ro rCode ,F i l eName ,F i l eRe fNum, [ D R e a d ] ) ; 
IF ( E r r o r C o d e < > 0 ) THEN 

WRITELN( 'Cannot open ' , F i l e N a m e ) 
ELSE 

BEGIN 
READ_DATA(ErrorCode, 

F i leRefNum, 
0 R D 4 ( @ B u f f e r ) , 
512, 
A c t u a l B y t e s , 
S e q u e n t i a l , 
0 ) ; 

IF ( A c t u a l B y t e s < 5 1 2 ) THEN 
WRITE( 'On ly read ' , A c t u a l B y r e s , ' b y t e s from ' , F i l e N a m e ) ; 

CLOSE OBJECT (Er ro rCode ,F i l eRe fNum) ; 
END; ~ 

END; 
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READ_DATA (Var Ecode : In t ege r ; 
Refnum:Integer ; 
Data_Addr :LongInt ; 
Count": Long Int ; 
Var A c t u a l : L o n g I n t ; 
Mode:IoMode; 
O f f s e t : L o n g I n t ) 

WRITE_DATA (Var Ecode : In t ege r ; 
Refnum: I n t e g e r ; 
Data_Addr :Long lnt ; 
Count :LongInt ; 
Var ActuaJ,:LongLnt; 
Mode:IoMode; 
O f f s e t : L o n g I n t ) 

Ecode: E r r o r i n d i c a t o r 
Refnum: Reference number of ob j ec t f o r I/O 
Data_Addr : Address of data ( s ou rce o r d e s t i n a t i o n ) 
Count: Number of bytes of da ta to be t r an s f e r r ed 
A c t u a l : Actua l number of bytes t r a n s f e r r e d 
Mode: I/O mode 
O f f s e t : O f f se t from f i l e marker 

READ_DATA reads in format ion from the pipe o r f i l e s p e c i f i e d by 
refnum, and WRTTE_DATA wr i t e s in format ion to i t . Data_Addr i s the 
address f o r the d e s t i n a t i o n or source of count bytes of da ta . The 
a c t u a l number of bytes t r a n s f e r r e d l s returned l n A c t u a l . 

Mode can be a b s o l u t e , r e L a t i v e , o r s e q u e n t i a l . In a b so l u t e mode, 
o f f s e t s p e c i f i e s an a b so l u t e byte of the f i l e . In r eLa t l v e mode, 
l t s p e c i f i e s a byte r e L a t l v e to the f i l e marker. Jn. s equen t i a l mode, 
the o f f s e t i s ignored ( i t i s assumed to be z e r o ) and t r a n s f e r s occur 
r e l a t i v e to the f i l e marker. Sequent i a l mode (which i s a s p e c i a l case 
of r e s t i v e mode) l s the onJ.y a l lowed access mode f o r reading or w r i t i n g 
da t a i n p i p e s . N o n s e q u e n t i a l modes a re v a l i d onJ,y on devices that 
support p o s i t i o n i n g . The f i r s t byte i s numbered 0. 

I f a p rocess attempts to w r i t e data past the phys ica l end of f i l e 
on a d i sk f i l e , the Operat ing System au tomat i ca l l y aJ-locates enough 
a d d i t i o n a l space to conta in the da ta . This new space , however, might 
not be contiguous w l th the prev ious b l o c k s . You can use ALLOCATE to 
ensure p h y s i c a l c on t i gu i t y be fo re w r i t i n g pas t PEOF. 

READ_DATA from a pipe that does not conta in enough data to s a t i s f y 
count suspends the c a l H n g process u n t i l the data a r r i v e s in the 
pipe i f any other process has that pipe open f o r w r i t i n g . Lf there 
a re no w r i t e r s , the end of f i l e i n d i c a t i o n i s returned by I n f o . 
Beacuse the pipe i s d r c u L a r , WRITEJDAXA to a p ipe suspends the 
c a l U n g p rocess ( t he w r i t e r ) u n t i l enough space i s a v a i l a b l e 
(unti3. the reader has consumed enough d a t a ) i f there i s a r eade r . 
I f no p rocess has the pipe open f o r reading and there l s not enough 
space l n the p i p e , the end of f i l e i n d i c a t i o n i s re turned . 
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The f o l l ow ing program copies a f i l e : 

PROGRAM CopyF i l e ; 
USES (*SU S o u r c e : S y s c a l l . O b j * ) S y s C a l l ; 
TYPE B y t e ^ l 2 8 . . 1 2 7 ; 
VAR 01dFi le ,NewFi le :PathName; 

01 dRefNum, NewRefNum: I NTEGER; 
BytesRead,BytesWri tten:LONGINT; 
ErrorCode:INTEGER; 
Response:CHAR; 
Buffer:ARRAY [ 0 , .511] OF Byte; 

BEGIN F- \ 
WRITE ( ' F i l e to copy: ' ) ; 
READLN(01dFi le ) ; 
0PEN(Er rorCode ,01dFi le ,O ldRefNum, [DRead ] ) ; 
IF (ErrorCode<>0 ) THEN 

BEGIN 
WRITELN( 'Error ' , E r r o r C o d e , ' wh i l e opening ' , O l d F l l e ) ; 
E X n ( C o p y F i l e ) ; 
END; 

WRITE('New f i l e name: ' ) ; 
READLN(NewFile) ; 
MAKE_FILE(ErrorCode , N e w F i l e , 0 ) ; 
OPEN(ErrorCode,NewFile ,NewRefNum, [DWrite ] ) ; 
REPEAT 

READ DATA(ErrorCode, 
01dRefNum, 
0RD4(@Buf fe r ) , 
512,Bytes R e a d , S e q u e n t i a l , 0 ) ; 

IF (E r ro rCode -0 ) AND (BytesRead>O) THEN 
WRITE_DATA(ErrorCode, 

~ NewRefNum, 
0RD4(@Buf fe r ) , 
512 r BytesWr i t t en ,Sequent i aJ . ,0 ) ; 

UNTIL (BytesRead-O) OR (By te sWr i t t en -O ) OR (Er ro rCode<>O ) ; 
IF (ErrorCode<>O) THEN 

WRITELN('FULe copy encountered e r r o r ' , E r r o r C o d e ) ; 
CLOSE_OBJECT(ErrorCode ,NewRefNum); 
CL0SE_0BJECT(ErrorCode,01dRefNum); 
END. 
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READ_LABEL (Var E c o d e : I n t e g e r ; 
Var Path:Fathname; 
L a b e l _ A d d r : L o n g i n t ; 
CountTLongInt; 
Var A c t u a l : L o n g I n t ) 

WRITE_LABEL (Var E c o d e : I n t e g e r ; 
Var Path:Fathname; 
Labe l _Addr : Long in t ; 
Count :Long Int ; 
Var A c t u a l : L o n g I n t ) 

Ecode: E r ro r i n d i c a t o r 
Path : Name of ob j e c t conta in ing the Label 
L a b e l _ a d d r : Source o r d e s t i n a t i o n of I/O 
CountT Number of bytes to t r a n s f e r 
A c t u a l : Actua l number of bytes t r an s f e r r ed 

These ca lLs read o r w r i t e the Labe l of an ob ject in the f i l e system. 
I/O aJ,ways s t a r t s a t the beg inning of the L i b e l . Count i s the 
number of bytes the p rocess wants t r a n s f e r r e d to Labe l _ add r , and 
a c t u a l i s the a c tua l number of bytes t r a n s f e r r e d . An e r r o r i s 
re turned i f you attempt to read more bytes Chan were a v a i l a b l e 
i n the L a b e l . You can read up to the maximum number of bytes 
w r i t t e n to the L a b e l , but cannot w r i t e more than 488 bytes to i t . 
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DEVICE_CONTROL (Va r E c o d e : I n t e g e r ; 
Var Path :Pathname; 
Va r CParm:dctype ) 

Ecode : E r r o r i n d i c a t o r 
P a t h : Device to be c o n t r o l l e d 
CParm: A r e c o r d of i n f o r m a t i o n f o r the d e v i c e d r i v e r 

DEVICE_C0NTROL sends a d e v i c e ^ p e c i f i c c o n t r o l r e q u e s t to the d e v i c e 
d r i v e r f o r the d e v i c e named by pa th . Pa th must name an o b j e c t l n the 
root c a t a l o g . The r eco rd dctype i s d e f i n e d : 

Dctype • RECORD 
d c V e r s i o n : INTEGER; 
dcCode: INTEGER; 
dcData : ARRAY [0 . . 9 ] OF LONGINT 

END; 

d c V e r s i o n : v e r s i o n number of format f o r a p p l i c a t i o n to d r i v e r da t a 
dcCode : c o n t r o l code f o r d e v i c e d r i v e r 
dcData : s p e c i f i c c o n t r o l da ta parameters 
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ALLOCATE (Va r Ecode : In t ege r ; 
Refnum:Integer ; 
Cont i guous :Boo l e an; 
Count :Long int ; 
Var A c t u a l : I n t e g e r ) 

Ecode: E r ro r i n d i c a t o r 
Refnum: Reference number of ob j ec t to be a l l o c a t e d space 
Cont iguous : T rue *a lLoca te cont i guous ly 
Count: Number of b locks to be aJ,located 
A c t u a l : Number of b locks a c t u a l l y a l l o c a t e d 

Use ALLOCATE to Inc rease the space a l l o c a t e d to a d i sk f i l e . U 
p o s s i b l e , ALLOCATE adds count b locks to the space ava iLab l e to the 
f i l e re fe renced by refnum. The a c t u a l number of b locks aJ^located l s 
returned in a c t u a l . Lf contiguous i s t r u e , the new space i s 
a l l o c a t e d l n a s i n g l e , unfragmented space on the d l s k . This space i s 
not n e c e s s a r i l y ad jacent to any e x i s t i n g f i l e b l o c k s . 

ALLOCATE a p p l i e s only to bLock s t ruc tu red dev ices and p i p e s . An attempt 
to a lLocace more space to a p ipe i s s u c c e s s f u l only i f the p i p e ' s read 
p o i n t e r i s l e s s than o r equal to i t s w r i t e p o i n t e r , the w r i t e 
p o i n t e r has wrapped around, but the read p o i n t e r has not , an a l l o c a t i o n 
v<ndd obv ious l y cause the reader to read i n v a l i d and u n i n i t i a l i z e d da ta , 
so the F i l e System returns an e r r o r i n th i s c a s e . 
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COMPACT ( V a r E c o d e : I n t e g e r ; 
Refnum:Int ege r ) 

Ecode : E r r o r i n d i c a t o r 
Refnum: Reference number of o b j e c t to be compacted 

COMPACT d e a l l o c a t e s any b l o cks a f t e r the b l o ck tha t conta ins the 
l o g i c a l end of f i l e f o r the f i l e r e f e r e n c e d by refnum. ( See F i g u r e 3 
b e l o w ) . COMPACT a p p l i e s onJ,y to b l o ck s t r u c t u r e d dev i c e s and p i p e s . 
As l s the case w i t h ALLOCATE, compaction of a p i pe i s l e g a l on ly i f 
the read p o i n t e r i s l e s s than o r equa l to the w r i t e p o i n t e r . Lf the 
w r i t e p o i n t e r has wrapped a round , but the read p o i n t e r has n o t , 
compaction cou ld d e s t r o y d a t a i n the p i p e , so the F i l e System r e t u r n s 
an e r r o r i n t h i s c a s e . 

TRUNCATE (Va r E c o d e : I n t e g e r ; 
Refnum:Int e g e r ) 

Ecode : E r r o r i n d i c a t o r 
Refnum: Re fe rence number of o b j e c t to be t runca ted 

TRUNCATE s e t s the l o g i c a l end of f i l e i n d i c a t o r to the cu r r en t 
p o s i t i o n of the f i l e marker . Any f i l e d a t a beyond the f i l e marker 
i s l o s t . TRUNCATE a p p l i e s on ly to b l o ck s t r u c t u r e d dev i c e s and 
p i p e s . T r u n c a t i o n of a p i p e can d e s t r o y d a t a tha t has been 
w r i t t e n but not yet r e ad . As the d iag ram shows , TRUNCATE does not 
change PEOF, onJ,y LEOF. 

+ < - ^ o r a p a c t ^ -
I I 
v v 

H 1 I 1 1 1 1 1 1 1 I 1 1 H 

I I i I I I I t I I I I I I 1 I t 1 
I I I I I t t I I ! I I I I I t ! i 
1 I I I I I I I I I — I I I • I I I I I I 

F i l e Marker LEOF PEOF 
I 1 
+< — T r u n c a t e l 

The R e l a t i o n s h i p of COMPACT and TRUNCATE 

In t h i s f i g u r e the boxes r e p r e s e n t b l ocks of d a t a . Note that LEOF 
can po in t to any byte i n the f i l e , but PEOF can onJy po in t to a b l o ck 
boundary . T h e r e f o r e , TRUNCATE can r e s e t LEOF to any by te i n the f i l e , 
but COMPACT can onJy r e s e t PEOF to a b l ock boundary . 
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FLUSH (Var Ecode : I n t e ge r ; 
Re fnum: Integer ) 

Ecode: E r r o r i n d i c a t o r 
Refnum: Reference number of d e s t i n a t i o n of I/O 

FLUSH fo rces a l l bu f f e red in format ion dest ined f o r the f i l e 
i d e n t i f i e d by refnum to be w r i t t e n out to that f i l e . 
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SET_SAFETY ( V a r E c o d e : I n t e g e r ; 
Var Path :Fathname; 
O n _ o f f : B o o l e a n ) 

Ecode : E r r o r I n d i c a t o r 
P a t h : Name of o b j e c t c o n t a i n i n g s a f e t y s w i t c h 
On_Of f : Set s a f t e y sw i t ch ( O n * t r u e ) , o r cLea r i t ( O f f - f a l s e ) 

Each o b j e c t i n the f i l e system has a " s a f e t y s w i t c h " to p r even t 
c o s t l y a c c i d e n t s . Lf the s a f e t y s w i t c h i s on, the o b j e c t cannot be 
d e l e t e d . SET_SAFETt turns the s w i t c h on o r o f f f o r the o b j e c t 
i d e n t i f i e d by p a t h . P r oce s s e s which a r e s h a r i n g a f i l e shou ld 
c o o p e r a t e w i t h each o t h e r when s e t t i n g o r c l e a r i n g t h e s a f e t y s w i t c h . 
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SET_WORKING_DDL (Var Ecode : I n t e ge r ; 
— — Var Path:Pathname) 

GET_WORKING_DJR (Var Ecode : I n t e ge r ; 
™ " Var Path:Pathname) 

Ecode: 
Path : 

E r ro r i n d i c a t o r 
Working d i r e c t o r y name 

The Operat ing System uses the name of the working d i r e c t o r y to 
r e s o l v e part iaJ , ly s p e c i f i e d pathnames into complete pathnames. 
GET WORKING_DLR returns the current working d i r e c t o r y name in 
path". SET_WORKING_DHl s e t s the working d i r e c t o r y name. 

The f o l l o w i n g code r epor t s the current name of the working d i r e c t o r y 
and alLows you to se t i t to something e l s e : 

VAR WorklngDir :PathName; 
ErrorCode: INTEGER; 

BEGIN 
GET WORKING DLR(ErrorCode ,Work ingDi r ) ; 
L7 TEr ro rCodeOO ) THEN 

WRITELN('Cannot get the current working d i r e c t o r y ! ' ) 
ELSE WRITELN('The current working d i r e c t o r y i s : ' . W o r k i n g D i r ) ; 
WRITE('New working d i r e c t o r y name: ' ) ; 
READLN(Wo r k i n g D i r ) ; 
SET WORKING DHUEr ro rCode ,Work ingD i r ) ; 
ENOT 

Page 28 



l -Ma r - 82 Ope ra t ing System Re fe rence Manual C o n f i d e n t i a l 

RESET_CATALOG(VAR Ecode:INTE6ER; 
VAR P a t h : P a t h n a m e ) ; 

GET_NEXT_ENTRY(Var ECode:INTEGER; 
Var P r e f i x , 

En t r y :E _Name ) ; 

RESET_CATALOG and GET_NEXTJENTRY g i v e a p r o c e s s a cce s s to cataJ,ogs . 
RESET_CATALOG s e t s the ' c a C a l o g f i l e marke r ' to the beg inn ing of the 
c a t a l o g s p e c i f i e d by P a t h . Path shou ld be a r oo t volume name. 
GET_NEXT_ENTRY then per forms s e q u e n t i a l r eads through the c a t a l o g 
f i l e r e t u r n i n g f i l e system o b j e c t names. An end of f i l e e r r o r 
code i s r e t u r n e d when GET_NEXT_ENTRY reaches the end of the c a t a l o g . 
I f p r e f i x i s n o n ^ i u l l , onXy those e n t r i e s i n the c a t a l o g that b e g i n 
w i t h t h a t p r e f i x a r e r e t u r n e d . Lf p r e f i x i s ' A B ' , f o r example , o n l y 
f i l e names tha t b e g i n w i t h ' A B ' a r e r e t u r n e d . The p r e f i x and cataJ,og 
marker a r e l o c a l to the c a l L l n g p r o c e s s , so s e v e r a l p r o c e s s e s can 
s i m u l t a n e o u s l y read a c a t a l o g w i thou t c l o b b e r i n g each o t h e r . 
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MOUNT (Va r E c o d e : I n t e g e r ; 
Var VName:E_Name; 
Var Password, Device:E_Name 
Var devName:E Name) 

UNMOUNT (Va r Ecode : I n t e ge r ; 
Var VName:E name) 

Ecode: E r r o r l n d i c a c o r 
VName: Volume name 
Password: Password f o r dev ice 
Devname: Device name 

MOUNT and UNMOUNT handLs access to b lock s t ruc tu red d e v i c e s . I f the 
password g i ven matches the password f o r the volume found on the device 
s p e c i f i e d , MOUNT c r e a t e s an entry i n the root c a t a l o g which l o g i c a l l y 
a t taches that vo lume 's catai,og to the f i l e system. The name of the 
volume mounted i s returned l n the parameter vname. 

UNMOUNT removes the s p e c i f i e d volume from the root c a t a l o g , thereby 
removing i t s sub t r ee from the f i l e system* Nothing on that volume 
can be opened a f t e r UNMOUNT has been ca lJ^d . The volume cannoc be 
unmounted untiJ. a l l the ob j ec t s on the volume have been c losed by a l l 
p rocesses us ing them. 

VName can be a dev ice name ( 'RS232B ' o r 'DEV8 ' , f o r examp le ) . In 
the UNMCCNT c a l l , VName can aJ,so be a volume name without the 
preceding dash ( 'TESTVOL' , not ' - TESTVOL ' ) . 
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PROCESSES 

INTRODUCTION 

A p r o c e s s i s a p i e c e of e xecu tabLs code tha t can be run a t the same 
time as o t h e r p r o c e s s e s . AJ,though p r o c e s s e s can s h a r e code and d a t a , 
each p r o c e s s has i t s own s t a c k . In most sy s tems , i n c l u d i n g the one suppo r t ed 
by the O p e r a t i n g System, the p a r a l L e l o r concur rent e x e c u t i o n of the 
p r o c e s s e s i s s lmuL i ted by u s i n g r e e n t r a n t code and a s c h e d u l e r . The 
s c h e d u l e r ai, lows each p r o c e s s to run u n t i l some c o n d i t i o n o c c u r s . At 
t h a t t ime , the s t a t e of the running p r o c e s s i s s a v e d , and the s c h e d u l e r 
l ooks a t the p o o l of r e a d y - t o - r u n p r o c e s s e s f o r the next one to be 
e x e c u t e d - When the f i r s t p r o c e s s L a t e r resumes e x e c u t i o n , i t mere ly 
p i c k s up where i t L * f t o f f i n i t s e x e c u t i o n . 

The s t a t u s of a p r o c e s s depends on i t s scheduL ing s t a t e , e x e c u t i o n s t a t e , 
and memory s t a t e . The memory manager hand les the p r o c e s s memory s t a t e . 
I f any code o r d a t a segments need to be swapped i n f o r the p r o c e s s to e x e c u t e , 
the memory manager l s c a l L ed b e f o r e the p r o c e s s i s Launched by the s c h e d u l e r . 

The p r o c e s s e x e c u t i o n s t a t e depends on whether the p r o c e s s i s e x e c u t i n g 
i n u s e r mode o r l n system mode. Ln system mode, the p r o c e s s executes 
O p e r a t i n g System code i n the hardware domain 0 . Jn u s e r mode, the p r o c e s s 
executes u s e r code i n domains 1, 2, o r 3. 

The p r o c e s s scheduLing s t a t e has f o u r p o s s i b i l i t i e s . The p r o c e s s i s 
"runndLng" i f l t i s a c t u a l l y engag ing the a t t e n t i o n of the CPU. I f l t 
l s ready to cont inue e x e c u t i o n , but i s b e ing h e l d back by the s c h e d u l e r , 
the p r o c e s s i s s a i d to be " r e a d y " . When l t has completed i t s t a sk and 
has e x i t t e d i t s o u t e r b l o c k , l t l s " t e r m i n a t e d " . A p r o c e s s can a l s o 
be " b l o c k e d " . In the b l ocked s t a t e , the p r o c e s s i s i g n o r e d by the 
scheduJ^r . I t cannot cont inue i t s e x e c u t i o n u n t i l something causes 
i t s s t a t e to be changed to " r e a d y " . P r o c e s s e s commonly become 
b locked w h i l e a w a i t i n g comp le t i on of I /O . C e r t a i n O p e r a t i n g System 
c a l L s d i s t i n g u i s h between a p r o c e s s that i s b l ocked by an I/O o p e r a t i o n , 
and a p r o c e s s that i s b l ocked because l t has been suspended by some 
o t h e r p r o c e s s . 

PROCESS STRUCTURE 

A p r o c e s s i s a p rogram. I t can use up to 7 d a t a segments and 116 code 
segments s i m u l t a n e o u s l y . When a p r o c e s s i s i n s t a n t i a t e d , the O p e r a t i n g 
System c r e a t e s a P r o c e s s C o n t r o l B lock (PCB) f o r l t . The PCB c o n t a i n s 
the p r o c e s s s t a t e , g l o b a l i d , and a p o i n t e r to a r e c o r d of the p r o c e s s ' s 
c u r r e n t needs . These I n c l u d e p o i n t e r s to i t s code and d a t a segments , i t s 
s t a c k , an a r e a to save r e g i s t e r s , and so on. When a p r o c e s s c a l L s the 
O p e r a t i n g System, the da ta segments and s t a ck of the p r o c e s s a r e 
remapped i n t o domain 0 where che O p e r a t i n g System e x e c u t e s . The 
a d d r e s s space Layout of system and u s e r p r o c e s s e s i s s e t up to make 
t h i s remap as e f f i c i e n t as p o s s i b l e : 
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PROCESS ADDRESS SPACE LAYOUT 

User Mode System Mode 

Seg# Seg# 

0 I U n a v a i L a b U 0 

1 1 

116 

122 

123 

124 

125 

126 

127 

User Code Segments 

LDSN 1 

LDSN 7 

Stack 

95 
* 

• 

111 

112 

113 

114 

115 

116 

Shared I n t r i n s i c Un i t Data 

I/O Space 

Reserved 

Screen 127 

Low memory (512 ReadH^i ,y b y t e s ) 

OS Code Segments 

Real Memory Access ( I/O Space) 
(16 needed f o r 2 megabyte a c c e s s ) 

Supe rv i so r Stack 

System Jump TabLs 

Sy sg l oba l data 

SysLocal of cu r r en t l y execut ing p rocess 

User Data Space 

Screen 
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During execu t i on , the process stack i s : 

PROCESS STACK LAYOUT 

High Memory 1 I 
I C a l L e r ' s s tack frame I 

I C * l L a r ' s dynamic U n k l< + 

I Function Resu l t ( on l y I I 
I f o r a f unc t i on ) 1 I 
+ - h i 
I Procedure arguments I I 
+ - - - h I 
I S t a t i c Link (onJy f o r a I t 
I l e v e l 2 o r h i ghe r p r o c ) I [ 
+ - 1- i 
I Return Address | 1 
+ - - - - - - - - - - - - I 

(A6) >! Dynamic U n k I K 
+- - - - - - - - - - - -
I Loca l frame I 
H t-
I Dynamic requirements I 

Low Memory i 1 ' < ( A7 ) 

Each process has an a s soc i a t ed p r i o r i t y , an i n t e g e r between 1 and 255. 
The p rocess schedu le r u s u a l l y executes the h i ghe s t p r i o r i t y ready p r o c e s s . 
The h i g h e r p r i o r i t i e s (200 to 255) a r e reserved f o r Operat ing System and 
F i l e r p r o c e s s e s . 

PROCESS HttRARCHY 

When the system i s f i r s t s t a r t e d , s e v e r a l system processes e x i s t . At the 
base of the process h ie ra rchy i s the root process which handles va r i ous 
l n t e r n a l Operat ing System func t i ons , t t has at Least three sons , the memory 
manager p roce s s , the timer p roces s , and the s h e l l p r o c e s s . The memory 
manager p rocess handLes code and data segment swapping. The s h e l l 
p rocess i s a s imple command i n t e r p r e t e r which you can use to run programs 
and c r ea t e other p r oce s s e s . Xn the f i n a l L i s a system, the s h e l l p rocess 
w i l l be the F i l e r . The t imer process handles timing funct ions such as 
timed event channe ls . 
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Root P r o c e s s 
/ I \ 

/ I \ 
/ ! \ 

\ 
Y 

/ S h e l l \ Other • • • 
•/ P r o c e s s Y 

Memory Manager 
P roce s s Use r 

Timer 
Proces s 

P r o c e s s 
/ I \ 

/ I \ 
Other Use r P r o c e s s e s 

Any o t h e r system p r o c e s s ( t h e Network C o n t r o l P r o c e s s , f o r example ) 
l s a son of the root p r o c e s s . 

PROCESS CREATION 

When a p r o c e s s l s c r e a t e d , i t i s p l a c ed l n the ready s t a t e , w l t h a 
p r i o r i t y e q u a l to tha t of the p r o c e s s which c r e a t e d i t . A l l the 
p r o c e s s e s c r e a t e d by a g i v e n p r o c e s s can be thought of as e x i s t i n g i n 
a s u b t r e e . Many of the p r o c e s s management c a l L s can a f f e c t the e n t i r e 
s u b t r e e of a p r o c e s s as w e l l as the p r o c e s s l t s e L f . 

PROCESS CONTROL 

Three system c a l L s a r e p rov ided f o r e x p L l c i t c o n t r o l of a p r o c e s s . 
These c a l L s aJ,low a p r o c e s s to k i l l , suspend ( b l o c k ) , o r a c t i v a t e 
any o t h e r u s e r p roce s s i n the sys tem. P r o c e s s handLlng c a l L s a r e not 
a l l o w e d on Ope ra t ing System p r o c e s s e s . 

PROCESS SCHEDULING 

P r o c e s s s c h e d u l i n g i s based on the p r i o r i t y e s t abL i shed ' f o r the 
p r o c e s s . The system u s u a l l y a t tempts to e xecu t e the h i g h e s t p r i o r i t y 
ready p r o c e s s . Once i t i s e x e c u t i n g a p r o c e s s l o s e s the CPU onLy 
under the f o l l o w i n g c o n d i t i o n s : 

* The running p r o c e s s becomes b locked ( d u r i n g I /O , f o r e x a m p l e ) . 

* The running p r o c e s s l owe r s i t s p r i o r i t y be l ow tha t of ano the r 
ready p r o c e s s o r s e t s ano the r p r o c e s s ' s p r i o r i t y to be h i g h e r 
than i t s own. 

* The running p r o c e s s y i e l d s the CPU to ano the r p r o c e s s . 

* The running p roce s s a c t i v a t e s a h i g h e r p r i o r i t y p roce s s o r suspends 
i t s e l f . 
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* The running p r o c e s s makes any O p e r a t i n g System c a l l when a h i g h e r 
p r i o r i t y r eady p r o c e s s e x i s t s . 

* The running p r o c e s s causes code to be swapped o r i t s s t a ck to be 
expanded . 

Because the O p e r a t i n g System c u r r e n t l y cannot s e i z e the CFU from an 
e x e c u t i n g p r o c e s s except i n the cases noted a b o v e , background p r o c e s s e s 
s h o u l d be L i b e r a l l y s p r i n k l e d w i t h YIELD_CPU c a l L s . 

When the scheduLer i s i nvoked , l t saves the s t a t e of the c u r r e n t p r o c e s s 
and s e l e c t s the next p r o c e s s to run by examining i t s p o o l of r eady p r o c e s s e s . 
I f the new p r o c e s s r e q u i r e s code o r da t a to be swapped l n , the memory 
manager p r o c e s s i s Launched. Lf the memory manager l s a l r e a d y work ing on a 
p r o c e s s , the s c h e d u l e r s e l e c t s the h i g h e s t p r i o r i t y p r o c e s s i n the ready 
queue tha t does aot need a n y t h i n g swapped. 

PROCESS TERMINATION 

A p r o c e s s t e rmina tes when i t h i t s i t s ' E N D . ' s t a t ement , when i t c a l L s 
TESMINATE_PROCESS, when some p r o c e s s c a l L s KILL_PROCESS on l t , when i t s 
f a t h e r p r o c e s s t e r m i n a t e s , o r when l t runs l n t o an abnormal c o n d i t i o n . 
When a p r o c e s s t e r m i n a t e s , a " t e r m i n a t e 1 ' e x c e p t i o n c o n d i t i o n i s 
signfl 1 Led on the calJLing p r o c e s s and aJ.1 of the p r o c e s s e s l t has 
c r e a t e d . A p r o c e s s can decLa re an e x c e p t i o n h a n d l e r f o r t h i s 
c o n d i t i o n to ' i n s u r e t h a t i t s house i s l n o r d e r b e f o r e i t s demise . 

T e rm ina t i on i n v o l v e s the f o l l o w i n g s t e p s : 

1. S i g n a l the SYS_TERMINATE e x c e p t i o n on the c u r r e n t p r o c e s s . 

2 . Execute the u s e r ' s e x c e p t i o n h a n d l e r ( l f a n y ) . 

3 . Send the SYS_SON_TERM event to the f a t h e r of the c u r r e n t p r o c e s s 
i f a l o c a l event channel e x i s t s . 

4 . I n s t r u c t a l l sons of the c u r r e n t p r o c e s s to t e r m i n a t e . 

5. C lose a l l open f i l e s , d a t a segments , and event c h a n n e l s . 

6 . Wa l t f o r a l l the sons to f i n i s h t e r m i n a t i o n . 

7 . R e l e a s e the PCB and r e t u r n to the s c h e d u l e r . 

A p r o c e s s can p r o t e c t i t s e l f f rom t e r m i n a t i o n by d i s a b l i n g the 
" t e r m i n a t e " e x c e p t i o n . Under normal c i r c u m s t a n c e s , however , a 
p r o c e s s s h o u l d c o o p e r a t e w i t h the Ope ra t ing System by v i ew ing the 
t e r m i n a t e e x c e p t i o n as an o p p o r t u n i t y to c l e a n up i t s act b e f o r e i t 
i s t e r m i n a t e d . a p r o c e s s d l s a b L e s the t e rminate e x c e p t i o n and then, 
l l l o g i c a l l y , c a l L s TEHMINATE_PROCESS, the O p e r a t i n g System f o r c e s the 
p r o c e s s to t e r m i n a t e . ~" 
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PROCESS SYSTEM CALLS 

MAKE_PROCESS ( V a r E r r N u m : I n t e g e r ; 
Var P r o c _ i d : L o n g I n t ; 
Var P r o g F i l e : P a t h n a m e ; 
Va r EntryName:NameStr ing ; 
E vnt__c hn__r ef num: I n t e g e r ) ; 

( * PathName - STRING[255] * ) 
( * NameStr ing - STRING[20] * ) 

ErrNum: 
P r o c _ i d : 
P r o g F l l e : 
EntryName: 
Evnt chn re fnum: 

E r r o r i n d i c a t o r 
P r o c e s s i d e n t i f i e r ( g l o b a l l y u n i q u e ) 
P r oce s s f i l e name 
Program e n t r y p o i n t 
Communication channel between c a l L i n g p r o c e s s 
and c r e a t e d p r o c e s s 

A p r o c e s s i s b o m when ano the r p roce s s c a l L s MAKE_PROCESS. The new 
p r o c e s s executes the program I d e n t i f i e d by the pathname, p r o g f i l e . 
I f p r o g f i l e l s a n u l l c h a r a c t e r s t r i n g , the name of the c a l L i n g p r o c e s s ' s 
program f i l e i s u s ed . A g l o b a l l y unique i d e n t i f i e r f o r the c r e a t e d 
p r o c e s s i s r e t u r n e d i n p roc i d . 

Evnt_chn_refnum i s an event channel suppL ied by the c a l L l n g p r o c e s s 
( e v en t channe ls a r e d i s c u s s e d L a t e r ) . The O p e r a t i n g System uses the 
event channel i d e n t i f i e d by evnt_chn_re fnum to send the c a l L i n g p r o c e s s 
events r e g a r d i n g the c r e a t e d p r o c e s s ( f o r example , SYS_SON_TERM). 
I f evnt_chn_re fnum i s z e r o , the c a l L i n g p r o c e s s i s not informed when 
such even t s a r e p roduced . 

Entryname, i f u o n ~ n u l l , s p e c i f i e s the program e n t r y p o i n t where e x e c u t i o n 
l s to b e g i n . Because a l t e r n a t e en t ry p o i n t s have not ye t been d e f i n e d , 
t h i s pa rameter i s c u r r e n t l y unused . 

Any e r r o r encounte red du r ing p r o c e s s c r e a t i o n i s r e p o r t e d l n ErrNum. 
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The f o l l o w i n g example uses Operat ing System ca lL s that have not been 
fuJ,ly d i scussed y e t . I t shou ld , however, p rov ide an example of 
p rocess and event management. 

PROCEDURE ExecuteProgram; 
CONST CannotOpenProgFi le -130; ( * e r r o r returned by MAKE_PROCESS * ) 
VAR PName:PathName; ( * pathname of program to execute * ) 

Nu l l _Ent ry :NameSt r ing ; ( * n u l l entry po int name * ) 
ErrorCode:INTEGER; ( * E r r o r r e tu rn f o r system c a l J j * ) 
Son Id:LONGINT; ( * i d of new process f o r program * ) 
ec 7efnum:INTEGER; ( * re turned by WAIT_EVENT CHN * ) 
t enn_event : r _eventbUc ; ( * 'S7S_S0N_TEKM' event bTock * ) 
event^_pcr :p_7jeventbUt ; ( * p o i n t e r to term event * ) 
comm_chan:INTEGER; ( * refnum of communication channel f o r sons * ) 
Son-Wait U s t : t w a i t U s t ; ( * r e co rd f o r WAIT_EVENT_CHN * ) 
nulT_ec:PathName; ( * n u l l except ion pathname f o r OPEN_EVZNT_CHN * ) 
n u l l e x c e p : t _ e x name; ( * nuJJ. except ion name * ) 

BEGIN " 
H u l l E n t r y : - " ; ( * a l t e r n a t e entry po ints a r e c u r r e n t l y no-ops * ) 
n u l l _ e c : - ' ' ; 
m i l l _ j e x c e p : - ' ' ; 
eventT_ptr: ^ t e r m j s v e n t ; 
Wr i teDlaJ .og ( 'Execute what f i l e ? ' ) ; 

( * W r i t eD i a l o g opens a d i a l o g box, s e t s i t s 
h e i g h t , and w r i t e s the s t r i n g l n i t * ) 

ReadDia log (pname) ; ( * ReadDialog gets the program f i l e name from 
the diaJLog box us ing EventAva i l and 
GetNextEvent suppLied by the Window Manager * ) 

IF ( p n a m e < > " ) THEN ( * i f pname i s n u l l , q u i t * ) 
BEGIN 
OPEN_EVENT_CHN(ErrorCode,Null_ec,Comm_Chan,Null_excep,TRUE ( * r e c e i v e * ) ) ; 

~ ~" ( * s e t up communication channel f o r process 
that w i l l run the program pname * ) 

WITH Son Wai t U s t DO 
BEGIN ~~ ~ 
L e n g t h : - 1 ; 
re fnum[0 ] :^omm_Chan; 
END; 

MAKE_PROCESS(ErrorCode,Son_id,pname,Null_Entry,comm_chan); 
LF (Er rorCode -CannotOpenProgF i le ) THEN 

Wr i teDia log (CONCAT(pname/ not f o u n d . ' ) ) ; 
SETPRIORITY_PROCESS(ErrorCode .MY_LD, 1) ; 

( * " w a i t a t low p r i o r i t y f o r son to terminate * ) 
WAnjEVENT CHN(ErrorCode,Son_Wait L i s t , e c _ r e f n u m , e v e n t _ p t r ) ; 
SETPRIORITY_PROCESS(ErrorCode ,MYJU), 200 ) ; 

~" ( * ^ r e t u r n to normal p r i o r i t y * ) 
END; 

END; 
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TERMINATE_PROCESS(Var E r r N u m : I n t e g e r ; 
E v e n t _ p t r : P_S_EventbUc ) 

ErrNum: E r r o r i n d i c a t o r 
E v e n t _ p t r : I n f o rmat i on sent to p r o c e s s ' s c r e a t o r 

The L i f e of a p r o c e s s i s ended by TERMINATE_PROCESS. This c a l l 
causes a " t e r m i n a t e " e x c e p t i o n to be s i g n a l L s d on the c a l L l n g p r o c e s s 
and on a l l of the p r o c e s s e s i t has c r e a t e d . The p r o c e s s can 
d e c L a r e l t s own " t e r m i n a t e " e x c e p t i o n h a n d l e r to hand le wha teve r 
cLeanup l t needs to do b e f o r e i t i s c omp l e t e l y t e rminated by the 
sys tem. When the te rminate e x c e p t i o n handLer i s e n t e r e d , the 
e x c e p t i o n i n f o r m a t i o n b l o ck con ta in s an i n t e g e r that d e s c r i b e s 
the cause of the p r o c e s s t e r m i n a t i o n : 

E x c e p _ D a t a [ 0 ] - 0 P r o c e s s c a l L ed TERMINATE__PROCESS 

1 P r o c e s s executed the ' E N D . ' s tatement 

2 P roce s s c a l L s d KILL_PROCESS on i t s e l f 

3 Some o t h e r p r o c e s s c a l L s d KILL_PROCESS on 
the t e r m i n a t i n g p r o c e s s 

4 Fa the r p r o c e s s l s t e rmina t ing 

I f the t e r m i n a t i n g p r o c e s s was c r e a t e d w i t h a communication channe l , 
e v e n t ^ ) t r p o i n t s to the event t e x t i n f o r m a t i o n tha t the Ope ra t ing System 
sends to the p r o c e s s ' s c r e a t o r . The event type l n t h i s case i s SYS_SON_TERM. 

P_3_eventbJLk i s a p o i n t e r to an s _ even tbUc . S_eventbUc i s d e f i n e d a s : 

CONST s l z e _ e t e x t - 9; ( * e ven t t e x t s i z e - 40 by tes * ) 

TYPE t _ e v e n t _ t e x t - ARRAY [ O . . s i z e _ e t e x t ] OF L o n g I n t ; 
s_eventbUc. - t _ e v e n t _ t e x t ; 

I f a p r o c e s s c a l L s TERMINATE_PROCESS t w i c e , the Ope ra t ing System f o r c e s i t to 
t e rm ina t e even i f i t has d l s a b L s d the t e rm ina t e e x c e p t i o n . 
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INFO_PROCESS (Var ErrNum:Integer ; 
P r o c _ I d : L o n g I n t ; 
Var P r o c _ I n f o : P r o c I n f o R e c ) ; 

ErrNum: E r ro r i n d i c a t o r 
P r o c _ I d : G loba l I d e n t i f i e r of p rocess 
P roc~Lnfo : In format ion about the process i d e n t i f i e d by P r o c _ i d 

A process can c a l l IHFOJPROCESS to get a v a r i e t y of in fo rmat ion about 
any process known to the Operat ing System. Use the funct ion My__Id to 
get the P r o c l d of the ca lL ing p r o c e s s . ProcLnfoRec i s de f ined a s : 

TYPE ProcInfoRec - RECORD 
ProgPathname:Pathname; 
G loba l i d : Long in t ; 
P r i o r i t y : 1 . . 2 5 5 ; 
S t a te : ( P A c t i v e , P S u s p e n d e d , P U a i t i n g ) ; 
Data l n :Boo lean 

END; ~ 

Data_Ln i n d i c a t e s whether the data space of the process l s cu r r en t l y in 
memory. 

The f o l l ow ing procedure ge ts some of t h i s in format ion about a process 
and dispLays i t : 

PROCEDURE D ispLay_Ln fo (P roc Id :LONGlNT) ; 
VAR ErrorCode:INTEGER; ~ 

In fo Rec :Proc In foRec ; 
BEGIN " 
INFO_PRDCESS(ErrorCode,Proc I d , I n f o _ R e c ) ; 
LT (Er ro rCode -100 ) THEN ~ 

WRITELN('Attempt to d ispJ^y in fo about nonex is tent p r o c e s s . ' ) 
ELSE 

BEGIN 
raH Lnfo Rec DO 

BEGIN ~ 
WRITELN(' programname: ' , P rogPathName) ; 
WRITELN(' g l o b a l i d : ' , G l o b a l _ i d ) ; 
WRITELN(' p r i o r i t y : ' , p r i o r i t y ) ; 
WRITE( ' s t a t e : ' ) ; 
CASE State OF 

PAc t i v e : WRITELN( 'act i v e ' ) ; 
PSuspended: WRCTELN( ' suspended ' ) ; 
PWa i t ing : WRITELN ( 'wa i t i ng ' ) 
END 

END 
END 

END; 
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KILL_PROCESS ( V a r E r r N u m : I n t e g e r ; 
P roc I d : L o n g I n t ) 

ErrNum: 
Proc I d : 

E r r o r i n d i c a t o r 
P r oce s s to be k i l l e d 

KILL_PROCESS k i l l s the p r o c e s s r e f e r r e d to by p r o c _ i d and aJ.1 of 
the p roce s se s i n i t s s u b t r e e . The a c t u a l t e r m i n a t i o n of the p r o c e s s 
does not occur unt i l , l t l s i n one of the f o l l o w i n g s t a t e s : 

* Execut ing i n u s e r mode. 

* Stopped due to a SUSPEND_PROCESS c a l l . 

* Stopped due to a DELAY_TLME c a l l . 

* Stopped due to a WAIT_EVENT_CHN o r SEND_EVENT_CHN c a l l , o r 
READ DATA o r WRITE DATA to a p i p e . 
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SUSPEND_PROCESS (Var Er rNum: Integer ; 
P r o c _ i d : L o n g I n t ; 
Susp_Fami ly :Boo lean ) 

ErrNum: E r ro r i n d i c a t o r s 
P r o c _ I d : Process to be suspended 
Susp_Family : U t r u e , suspend the e n t i r e process subt ree 

SUSPEND_PROCESS a l l o w s a p rocess to suspend ( b l o c k ) any o ther process 
l n the system. The a c tua l suspens ion does not occur u n t i l the 
p rocess r e f e r r e d to by p roc_ Id i s i n one of the f o l l ow ing s t a t e s : 

* Executing l n user mode> 

* Stopped due to a DELAY_TDffl c a l l . 

* Stopped due to a tfAIT_EVENTjCHN c a l l . 

N e i t h e r e x p i r a t i o n of the de lay time nor r e c e i p t of the awaited event 
causes a suspended p rocess to resume execut ion . SUSPEND_PROCESS l s 
the only d i r e c t way to b lock a p r o c e s s . P roce s se s , however, can 
become bLocked during I/O, and by the t imer ( s e e DELAY_TIME), and f o r 
many o the r r easons . ~ 

Lf susp_ fami ly i s t r u e , the Operat ing System suspends both the process 
r e f e r r e d to by p roc _ i d and a l l of i t s descendents . I f susp_ fami ly i s 
f a l s e , oo ly the process i d e n t i f i e d by proc i d i s suspended. 
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ACTIVATE_PROCESS(Var E r r N u m : I n t e g e r ; 
P roc_ _ Id :Long In t ; 
A c t _ F a m i l y : B o o l e a n ) 

ErrNum: E r r o r i n d i c a t o r 
P r o c _ I d : P r oce s s to be a c t i v a t e d 
A c t _ F a m i l y : Lf t r u e , a c t i v a t e the e n t i r e p r o c e s s s u b t r e e 

To awaken a suspended p r o c e s s , c a l l ACTIVATE_PROCESS. A p r o c e s s can 
a c t i v a t e any o t h e r p r o c e s s i n the sys tem. Mote tha t ACTIVAIE__PROCESS can 
on ly awaken a suspended p r o c e s s . Lf the p r o c e s s i s b l ocked f o r 
some o the r r e a s o n , ACTIVATE PROCESS cannot unb lock i t . Lf a c t _ f a m i l y 
i s t r u e , ACTIVATE_PROCESS a l s o a c t i v a t e s a l l the descendents of the 
p r o c e s s r e f e r r e d to by p roc i d . 
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SETPRIORir?__PROCESS(Var ErrNum:Integer ; 
Pr o c _ I d : L o n g I n t ; 
NewJFri o r i ty : Ln tege r ) 

ErrNum: E r r o r i n d i c a t o r 
P roc i d : G loba l i d of process 
N e w J F r i o r l t y : P r o c e s s ' s new p r i o r i t y number 

SETPRIORITYJPROCESS changes the scheduUng p r i o r i t y of the process 
r e f e r r e d to~by p r o c _ l d to new_prJ.ori.ty. The h i ghe r the p r i o r i t y va lue 
(which must be between 1 and 255 ) , the more LlkeJ,y the process l s 
to be a lLoved to execute . Because Operat ing System processes execute 
w l th p r i o r i t i e s between 200 and 250, i t i s suggested that a p p l i c a t i o n s 
execute a t lower p r i o r i t i e s . 
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Y K L D _ C P U ( V a r E r r N u m : I n t e g e r ; 
T o _ A n y : B o o l e a n ) 

ErrNum: E r r o r i n d i c a t i o n 
TO_Any: Y i e l d to any p r o c e s s , o r onJy h i g h e r o r e q u a l p r i o r i t y 

I f To_Any i s f a l s e , YIELD_CPU causes the c a l l i n g p r o c e s s to yieJ,d the 
a t t e n t i o n of the system to any o t h e r r e a d y - t o ^ x e c u t e p r o c e s s w i t h an 
e q u a l o r h i g h e r p r i o r i t y . Lt To_Any i s t r u e , YIELD_CPU causes the 
c a l L i n g p r o c e s s to y i e l d the CPU to any o t h e r ready p r o c e s s . Lf no 
such p r o c e s s e x i s t s , the c a l L i n g p r o c e s s s imp ly cont inues e x e c u t i o n . 
S u c c e s s i v e y i e l d s by p r o c e s s e s of the same p r i o r i t y r e s u l t l n a 
" r o u n d - r o b i n " s c h e d u l i n g of the p r o c e s s e s . Background p r o c e s s e s 
shou ld use YIELD_CPU g e n e r o u s l y to a l l o w more urgent p r o c e s s e s to 
execu te when they need t o * 

MY__LU 

MY_ID i s a f u n c t i o n tha t r e t u r n s the unique g l o b a l i d e n t i f i e r ( a l o n g i n t ) 
of the c a l L l n g p r o c e s s . A p r o c e s s can use My_Id to per fo rm p r o c e s s h a n d l i n g 
c a l l s on i t s e l f . 

S e t P r i o r i t y _ P r o c e s s ( E r r n u a , M y _ I d , 1 0 0 ) 

s e t s the p r i o r i t y of the c a l L i n g p r o c e s s to 100. 
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The f o l l ow ing L i t t l e programs i l l u s t r a t e the use of most of the 
p rocess management ca lLs de sc r i bed ln th i s chapte r . The program FATHER 
c rea tes a son p r o c e s s , and l e t s l t run f o r a w h i l e . I t then g ives you 
a chance to a c t i v a t e , suspend, k i l l , o r get in format ion about the son._ 

PROGRAM Father ; 
USES (*$U S o u r c e : S y s C a l l . O b j * ) S y s C a l l ; 
VAR ErrorCode:INTEGER; ( * e r r o r returns from system ca lL s * ) 

proc_id :LONGINT; ( * p rocess g l o b a l i d e n t i f i e r * ) 
progname:Pathname; ( * program f i l e to execute * ) 
nu l l :NameSt r ing ; ( * program entry po int * ) 
In fo Rec :P roc In foRec ; ( * in fo rmat ion about p rocess * ) 
1:INTEGER; 
Answer:CHAR; 

BEGIN 
ProgName: - ' SON.0BJ ' ; ( * thLs program i s de f ined below * ) 
N u l l : - " ; 
MAKE PROCESS (Er rorCode ,Proc_ Id ,ProgName,Nu l l ,0 ) ; 
FOR T : - 1 TO 15 DO ( * i d l e f o r awhi le * ) 
. BEGIN 

WRlTELN( 'Father executes f o r a moment . ' ) ; 
TIELD CPU(ErrorCode,FALSE) ; ( * l e t son run * ) 
END; ~ 

W R I T E ( ' K ( i l l S(uspend A ( c t i v a t e I ( n f o ' ) ; 
READLN(Answer); 
CASE Answer OF 

' K ' , ' k ' : KILL PSOCESS(ErrorCode,Proc I d ) ; 
' S ' , ' a ' : SUSPSro PROCESS(ErrorCode,Proc_Id,TRUE ( * suspend f ami ly * ) ) ; 
' A ' , ' a ' : ACTIVATE_PROCESS(ErrorCode,Proc Id,TRUE ( * a c t i v a t e faodLy * ) ) ; 
' I ' , ' 1 ' : BEGIN 

INFO PROCESS (Er ro rCode ,Proc_ Id , In fo_Rec ) ; 
W R I T E L N ( ' S o n " s name i s ' , I n fo _Rec .P rogPa thName ) ; 
END; 

END; 
U ( E r r o r C o d e O O ) THEN WRITELN( 'Error ' , E r r o r C o d e , ' dur ing p rocess management. 
END. 

The program SON i s : 

PROGRAM Son; 
USES (*SU S o u r c e : S y s C a l l . O b j * ) S y s C a l l ; 
VAR ErrorCode:INTEGER; 

null :NameS t r i ng; 
BEGIN 
WHILE TRUE DO 

BEGIN 
WRITELN('Son executes f o r a moment . ' ) ; 
YIELD CPU(ErrorCode,FALSE) ; ( * l e t f a t h e r process run * ) 
END; ~ 

END. 
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MEMORY MANAGEMENT OVERVT£W 

INTRODUCTION 

Each process has a s e t of code and da ta segments which must be i n 
phys i c a l memory during execut ion of the p r oce s s . The t rans fo rmat ion 
of the l o g i c a l address used by the process to the phys i c a l address 
used by the memory c o n t r o l l e r to access p h y s i c a l memory i s handled by 
the memory management u n i t (MMU). 

A LOOTED HARDWARE PERSPECTIVE 

Addresses i n L W A have three p a r t s : a domain ( c o n t e x t ) number, a 
hardware segment number, and an o f f s e t . A hardware segment i s a 
contiguous l o g i c a l address space w i th a d i s t i n c t address p r o t e c t i o n . 
The hardware mapping r e g i s t e r s determine each hardware segment 's type , 
l eng th ( i n pages of 512 b y t e a ) , and o r i g i n i n phys i c a l memory. The 
segment type (ReadOnly, ReadWrite , o r S tack ) con t ro l s access to that 
segment. 

Each segment can have up to 128 Kbytes of memory. The Operat ing System 
prov ides da ta segments Larger than 128 Kbytes by a l l o c a t i n g ad jacent 
MM0 r e g i s t e r s to a s i n g l e l o g i c a l segment. 128 segments a re 
mapped by a s i n g l e domain, so each of the four domains prov ides a 
cache of an e n t i r e segment map. The Operat ing System runs in domain 0; 
appL i c a t i on programs can o p e r a t e i n domains 1, 2, o r 3. The use of 
domains speeds up process sw i t ch ing . 

DATA SEGMENTS 

Each process has a data segment that the Operat ing System 
au tomat i ca l l y a l l o c a t e s to i t f o r use as a s t a ck . The s tack 
segment 's i n t e r n a l s t ruc tu re s a r e managed d i r e c t l y by the 
hardware and the Operat ing System. 

A process can r e q u i r e a d d i t i o n a l data segments f o r such things as 
heaps and p rocess to process communication. These added requirements 
a r e made known to the Operat ing System a t run t ime. The Operat ing 
System views aJ.1 data segments except the stack as L inear a r rays of 
b y t e s . The re f o r e , a l l o c a t i o n , a c c e s s , and i n t e r p r e t a t i o n of 
s t r uc tu r e s w i t h i n a data segment a re the r e s p o n s i b i l i t y of the 
p r oce s s . 

The 68000 hardware r equ i r e s that a l l data segments that are part of 
the p r o c e s s ' s working se t be l n phys i c a l memory and mapped by 
hardware segment r e g i s t e r s dur ing execut ion of the p r oce s s . I t i s 
the r e s p o n s i b i l i t y of the process to ensure that this requLrement 
i s met. 
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THE LOGICAL DATA SEGMENT NUMBER 

Bes ides the s t a ck segment, a p r o c e s s can have up to s even d a t a 
segments ln i t s working s e t a t any g i v e n time* Other data 
segments can be ava iLabLe to the p r o c e s s , but not a c t u a l l y be 
members of the work ing s e t * To in fo rm the O p e r a t i n g System 
t h a t l t wants a c e r t a i n d a t a segment to be a v a i L a b L e , the p r o c e s s 
a s s o c i a t e s tha t segment w i t h a " l o g i c a l d a t a segment number" ( LDSN ) * 
When the p r o c e s s wants the d a t a segment p l a c e d i n memory and made 
a member of the work ing s e t , i t " b i n d s " t h a t segment to i t s 
a s s o c i a t e d LDSN. The LDSN, which has a v a l i d range of 1 to 7, 
i s l o c a l to the c a l L i n g p r o c e s s * The p r o c e s s uses the LDSN to 
keep t r a c k of where a g i v e n da ta segment can be found . More than 
one da ta segment can be a s s o c i a t e d w i t h the same LDSN, but onJ.y 
one such segment can be bound to an LDSN a t any i n s t a n t and thus 
be a member of the work ing s e t of the p r o c e s s . 

SHARED DATA SEGMENTS 

Coope ra t ing p r o c e s s e s can sha re da t a segments . The segment 
c r e a t o r a s s i g n s the segment a un ique name ( a f i l e system pa thname ) . 
A l l p r o c e s s e s that want to s h a r e that da t a segment must then use the same 
segment name. Lf the shared d a t a segment con ta in s add r e s s p o i n t e r s 
to segments , then che c o o p e r a t i n g p r o c e s s e s must a l s o a g r e e upon a 
common LDSN to be a s s o c i a t e d w i t h the segment . Th i s LDSN i s 
t rans fo rmed by the O p e r a t i n g System i n t o a s p e c i f i c mapping r e g i s t e r , 
so a l l l o g i c a l da ta add r e s s e s r e f e r e n c i n g l o c a t i o n s w i t h i n the d a t a 
segment a r e c o n s i s t e n t f o r a l l p r o c e s s e s s h a r i n g the segment. 

As an example of the use of sha red da ta segments , c o n s i d e r the 
f o l l o w i n g s i t u a t i o n : a p r o c e s s c r e a t e s f i v e o the r p roce s se s and 
wants to use a d i f f e r e n t da t a segment f o r communication w i t h each of 
them. The p r o c e s s can a s s o c i a t e and b ind the f i v e da t a segments w i t h 
LDSN v a l u e s 1 to 5. S ince i t can a cce s s all f i v e segments a t w i l l , 
t h i s method can have per formance a d v a n t a g e s , but a l l f i v e d a t a 
segments must be i n memory d u r i n g e x e c u t i o n . Lf on the o the r hand , 
the p r o c e s s a s s o c i a t e s a l l f i v e d a t a segments w i t h the same LDSN, 
o n l y one such segment must be i n memory a t any t ime , but the 
p r o c e s s must b ind and unbind the segments to the LDSN whenever 
a s p e c i f i c segment l s needed . The a p p l i c a t i o n d e s i g n e r must 
we igh the advantages and d i s a d v a n t a g e s of each method f o r the 
a p p l i c a t i o n be ing deveJ,oped. 

PRIVATE DATA SEGMENTS 

Data segments can a l s o be p r i v a t e to a p r o c e s s . In t h i s c a s e , the 
maximum s i z e of the segment can be g r e a t e r than 128 K b v t e s . The 
a c t u a l maximum s i z e depends on the amount of p h y s i c a l memory i n 
the machine and the number of a d j a c e n t LDSN's a v a i L a b l e to map the 
segment. The p r o c e s s g i v e s the d e s i r e d segment s l z e and the base 
LDSN to use to map the segment. The Memory Manager then uses 
a scend ing ad j a c en t LDSN's to map s u c c e s s i v e 128 Kbyte chunks of 
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the segment. The process must insure that enough consecut ive LDSN's 
a r e ava iLabLs to map the e n t i r e segment. 

Suppose a p rocess has a data segment a l r eady bound to LDSN 2. Lf 
the program t r i e s to bind a 256 Kbyte data segment to LDSN 1, the 
Operat ing System retu-;ns an e r r o r because the 256 Kbyte segment 
needs two consecut ive f r e e LDSN 's . Lnstead, the program should 
b ind the segment to LDSN 3 and the system i m p U c i t l y a l s o uses 
LDSN 4. Lf the program has no bound LDSN 's , i t can s t a r t i t s 
heap segment a t LDSN 1, and as the heap grows , i t can expand 
upward through the 7 LDSN ' s . 

CODE SEGMENTS 

D i v i s i o n of a program in to mu l t i p l e code segments (swapping u n i t s ) i s 
d i c t a t e d by the programmer. Lf a program i s so d i v i d e d , the L inker 
c rea tes a jump tabLe to i n su re that Intersegment procedure re fe rences 
a r e handled p r o p e r l y . The MMU r e g i s t e r s can map up to 116 code segments. 
The a l l o c a t i o n of the r e g i s t e r numbers i s g i v en in the Process S t ruc tu r e 
s e c t i o n of the Process chapter . 

A JSR, RTS, o r JMP.L to a n o n r e s i d e n t code segment causes a bus e r r o r 
which r e s u l t s in a t rap to the Operat ing System ( a so f tware 
implementation of absence t r a p s ) . The Operat ing System b r ing s the 
code segment into phys i c a l memory and returns con t ro l to the p roce s s , 
a l l o w i n g the procedure r e f e r ence to cont inue . 

THE PROCESS STACK 

Because the Operat ing System sometimes needs to scan the stack of a 
p r o c e s s , c e r t a i n conventions must be observed : 

* R e g i s t e r A7 i s the stack p o i n t e r of the p r oce s s . 

* R e g i s t e r A6 i s the Link r e g i s t e r f o r the process s tack . 

* A l l procedures must execute the LLNK i n s t r u c t i o n us ing A6 as the 
l i n k r e g i s t e r be fo re any l o c a l data i s pLaced on the stack o r 
another procedure c a l l i s executed. 

These conventions a re obv ious l y hidden from the programmer's view in 
h igh l e v e l Languages, but must be fo l l owed by assembly Language 
programmers• 

Stack expansion l s handled au tomat i ca l l y by the Operat ing System. 
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SWAPPING 

When a process executes , the f o l l ow ing segments are r equ i r ed to be in 
phys ica l memory and mapped by mapping r e g i s t e r s : 

* The current code segments being executed 

* A l l the data segments i n the process working s e t * 

The Operating System insures that t h i s minimum se t of segments i s l n 
phys i c a l memory b e f o r e the process l s aJLlowed to execute . Lf a 
requ i red segment i s not i n memory, a segment swap - in request 
i s i n i t i a t e d . In the s imp les t c a se , th i s request only r e q u i r e s 
the system to a l l o c a t e a bLock of phys i c a l memory and to read i n the 
segment from the d i s k . Ln a worse c a s e , the request may r e q u i r e that 
other segments be swapped out f i r s t to f r e e up s u f f i c i e n t memory. A 
c lock a l go r i thm i s used to determine which segments to swap out or 
repLace . 
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MEMORY MANAGEMENT CALLS 

MAKE_DATASEG (Va r Er rNum: Integer ; 
Var Segname:Pathname; 
Mem S i z e , Disk_Si2e:L0ngInt; 
Var*RefNum: Lhteger ; 
Var SegP t r : Long Inc ; 
Ldsn :X^ceger ) 

ErrNum: 
Segname: 
Mem S i z e : 
D i s k _ S i z e : 
RefNum: 
SegPtr 
Ldsn: 

E r ro r i n d i c a t o r 
Pathname of data segment 
Bytes of memory to be a l l o c a t e d to data segment 
Bytes on d i sk to be a l l o c a t e d f o r swapping segment 
I d e n t i f i e r f o r data segment 
P o i n t e r to contents of data segment 
L o g i c a l data segment number 

MAKE_DATASEG c rea tes the data segment I d e n t i f i e d by the pathname, 
segname, and opens i t f o r immediate r e ad^n r i t e a cce s s . Segname 
i s a t rue f i l e system pathname. Lf segname l s n u l l , the data 
segment can be accessed only by the c a l l i n g p r o c e s s ; o the rw i se , 
the segname a l l ows the segment to be shared wi th any process in 
the system. 

The parameter , Mem_size, determines how many bytes of main memory 
the segment i s a l l o c a t e d . The a c tua l a l l o c a t i o n takes p lace in 
terms of 512 byte page s . Lf the data segment l s p r i v a t e (segname 
i s n u l l ) , Mem_size can be g r e a t e r than 128 Kbytes , but you must 
i n s u r e that enough consecut ive LDSN's a re f r e e to map the e n t i r e 
segment. 

Disk__size determines the number of bytes of swapping space to be 
aJ,Located to the segment on d i sk . Lf D i s k _ s l z e i s l e s s than Mem_size, 
the segment cannot be swapped out of main memory. Ln th i s case the 
segment i s memory r e s ident u n t i l i t i s k i l t e d o r u n t i l i t s s i z e i n 
memory becomes l e s s than or equal to i t s d i s k _ s i z e ( s e e SIZE__DATASEG). 

The ca l L ing p rocess a s s o c i a t e s a l o g i c a l data segment number ( L d s n ) 
w l t h the data segment. Lf t h i s Ldsn i s aLready bound to another data 
segment, the c a l l returns an e r r o r . 

Refnum i s returned by the system to be used i n any f u r t h e r re fe rences 
to the data segment. The Operat ing System a l s o returns s e g p t r , an 
address p o i n t e r to be used to re f e rence the contents of the segment. 

Any e r r o r condi t ions a r e returned i n ErrNum. 
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KILL_DATASEG ( V a r E r r N u m : I n t e g e r ; 
Var Segname:Pathname) 

ErrNum: E r r o r i n d i c a t o r 
Segname: Name of d a t a segment to be d e l e t e d 

When a p r o c e s s i s f i n i s h e d w i t h a d a t a segment, i t can i s s u e a 
KILL_DATASEG c a l l f o r tha t segment. Lf any p r o c e s s , i n c l u d i n g 
the c a l L l n g p r o c e s s , s t i l l has the d a t a segment open , the a c t u a l 
d e a l l o c a t i o n of the segment l s d e l ayed u n t i l a l l p r o c e s s e s have 
c l o s e d l t ( s e e CLOSE_DATASEG). Dur ing the i n t e r i m p e r i o d , however , 
a f t e r a KILL_DATASEG~ca11 has been i s s u e d but b e f o r e the segment 
i s a c t u a l l y deaJ , located , no o t h e r p r o c e s s can open t h a t segment. 

KILL_DATASEG does not a f f e c t the membership of the da ta segment i n 
the work ing s e t of the p r o c e s s . The refnum and s e g p t r v a l ue s a r e 
v a l i d u n t i l a CLOSE DATASEG c a l l i s i s s u e d . 
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OPEN_DATASEG (Va r Er rNum: Integer ; 
Var Segname:Pathname; 
Var RefNum:Integer ; 
Var S e g P t r : L o n g I n t ; 
L d s n : I n t e g e r ) 

ErrNum: E r r o r i n d i c a t o r 
Segnaae: Name of da ta segment to be opened 
RefNum: I d e n t i f i e r f o r data segment 
SegPtr Po in te r to contents of d a t a segment 
Ldsn: L o g i c a l da ta segment number 

A p rocess can open an e x i s t i n g da ta segment w i th OPEN_DATASEG. The 
ca l L ing p rocess must supply the name of the data segment (segname) 
and the l o g i c a l data segment number to be bound to i t . The l o g i c a l 
data segment number g i ven must not have a data segment a l r eady bound 
to i t * The segment 's name i s determined by the process which c rea tes 
the data segment; i t cannot be n u l l * 

The Operat ing System re turns both refnum, an i d e n t i f i e r f o r the ca lL ing 
p rocess to use i n fu ture r e f e rences to the da ta segment, and s e g p t r , 
a a address p o i n t e r used to r e f e r ence the contents of the segment. 

When a da ta segment i s opened, i t immediately becomes a member of the 
worxing s e t of the c a l H n g p r o c e s s . The access mode of the process 
i s ReadonJ^y. Use SETACCESS_DATASEG to change the access r i g h t s to 
ReadwTlte. ~ 
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CLOSE_DATASEG ( V a r E r r N u m : I n t e g e r ; 
Refnum:Int ege r ) 

ErrNum: E r r o r i n d i c a t o r 
Refnum: Data segment i d e n t i f i e r 

To remove a da t a segment from the work ing s e t of a p r o c e s s , c a l l 
CLOSE_DATASEG. The d a t a segment r e f e r r e d to by refnum i s s e v e r e d 
from the context of the c a l L i n g p r o c e s s , refnum i s made i n v a l i d , and 
any r e f e r e n c e to the d a t a segment u s i n g the o r i g i n a l s e g p t r w i l l 
have u n p r e d i c t a b l e r e s u l t s . Lf refnum r e f e r s to a l o c a l d a t a segment 
( one c r e a t e d w i t h a n u l l segment name) , CLOSE_DATASEG a l s o d e l e t e s 
the da t a segment. Lf the da t a segment i s bound to a l o g i c a l d a t a 
segment number, CLOSE_DATASEG a l s o f r e e s that LDSN. 

The f o l l o w i n g p rocedure s e t s up a heap f o r L i s aGra f u s i n g the memory 
management c a l L s : 

PROCEDURE I n i t D a t a S e g F o r L i s a G r a f ; 
CONST HeapSize -16384; ( * 16 KBytes f o r g r aph i c s heap * ) 
VAR HeapBuf:LONGINT; ( * p o i n t e r to heap f o r L i s a G r a f * ) 

Gra fHeap:PathName; ( * d a t a segment path name * ) 
Heap_Refnum:INTEGER; ( * refnum f o r heap d a t a s a g ' * ) 
ErrorCode: INTEGER; 

FUNCTION HeapE r ro r ( h z :THz ; BytesNeeded:INTEGER): INTEGER; 
BEGIN ( * hand le heap expans ion e r r o r s * ) 
WRITELN( 'Heap i s f u l l ! Need ' , B y t e s N e e d e d , ' b y t e s . ' ) ; 
H e a p E r r o r : * O ; 
END; 

BEGIN 
G r a f H e a p : - ' g r a f h e a p ' ; 
OPEN_DATASEG(ErrorCode,GrafHeap,Heap_Refnum,HeapBuf ,1 ) ; 
IF ( E r r o r C o d e - 0 ) THEN ( * g r a fheap a l r e a d y e x i s t s ! * ) 

BEGIN 
KILL_DATASEG(ErrorCode , G r a f H e a p ) ; 
CL0SE_DATASEG(ErrorCode,Heap Refnum); 
END; " 

MAKE_DATASEG( ErrorCode ,Gra fHeap , HeapSize ,Heap RefNum, HeapBuf, 1 ) ; 
I n i t H e a p ( P O I N T E R ( H e a p B u f ) , P O I N T E R ( H e a p B u m e a p S i z e ) , @ H e a p E r r o r ) ; 
END; 
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FLUSHJDATASEG ( V a r ErrNum; 
R e f n u m : I n t e g e r ) ; 

ErrNum: E r r o r I n d i c a t o r 
Refnum: Data s e g m e n t l d e n t i f l e r 

FLUSH_DAXASEG w r i t e s the contents of the da t a segment I d e n t i f i e d by 
refnum to the d i s k . This c a l l has no e f f e c t upon the memory r e s i d e n c e 
o r b i n d i n g of the d a t a segment. 
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SIZE_DATASEG ( V a r E r r N u m : I n t e g e r ; 
Re fnum: In t ege r ; 
d e l t aMemS ize : Long In t ; 
Var NewMemSize:LongInt; 
d e l t a D i s k S i z e : L o n g I n t ; 
Var N e w D i s k S i z e : L o n g I n t ) 

ErrNum: 
Refnum: 
de l taMemSize : 
NewMemSIze: 
d e l t a D i s k S i z e : 
NewDi skS i ze : 

E r r o r i n d i c a t o r 
Data segment i d e n t i f i e r 
Amount i n bytes of change i n memory a l l o c a t i o n 
New a c t u a l s i z e of segment l n memory 
Amount in bytes of change l n d i s k a l l o c a t i o n 
New a c t u a l d i s k ( s w a p p i n g ) a l l o c a t i o n 

SIZE_DATASEG changes the memory and d i s k space a L l o c a t i o n s of the da t a 
segment r e f e r r e d to by RefNum. Both de l taMemSize and d e l t a D i s k S l z e can 
be e i t h e r p o s i t i v e , n e g a t i v e , o r z e r o . The changes to the da t a segment 
take pLace a t the h i gh end of the segment and do not d e s t r o y the contents 
of the segment* Because the a c t u a l a l l o c a t i o n i s done i n terms of pages 
C512 byte b l o c k s ) , the newMemSize and newDiskS ize r e t u r n e d by SIZE_DATASEG 
may be L a r g e r than the o l d s i z e p lus d e l t a S i z e of the r e s p e c t i v e a r e a s . 

I f the NewDiskSize i s l e s s than the NewMemSize, the segment cannot be 
swapped out of memory. The a p p l i c a t i o n programmer shou ld be aware of 
the s e r i o u s per formance i m p l i c a t i o n s of f o r c i n g a segment to be memory 
r e s i d e n t . Because the segment cannot be swapped o u t , a new p r o c e s s may 
not be a b l e to get a l l of i t s working s e t i n t o memory. To a v o i d t h r a s h i n g , 
each a p p l i c a t i o n shou ld i n s u r e that a l l of i t s d a t a segments a r e 
swappab le b e f o r e i t r e l i n q u i s h e s the a t t e n t i o n of the p r o c e s s o r . 

I f the n e c e s s a r y LDSN's a r e a v a i l a b l e , SIZE_DATASEG can i n c r e a s e the 
s i z e of a p r i v a t e da ta segment beyond 128 K b y t e s . 
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INFO_DATASEG (Var ErrNum:Integer ; 
Refnum:Integer ; 
Var Ds In fo :Ds In foRec ) 

ErrNum: E r r o r i n d i c a t o r 
Refnum: I d e n t i f i e r of da ta segment 
Ds In fo : A t t r i b u t e s of dafa segment 

INFO_DATASEG returns in format ion about a data segment to the 
c a l i i n g p r o c e s s . The s t ruc tu r e of the d s in f o r ec record i s : 

RECORD 
Mem_Size:LongInt ( * Bytes of memory a l l o c a t e d to data segment * ) ; 
Dis<T_Size:LongLnt ( * Bytes of d isk space a l l o c a t e d to segment * ) ; 
NumbOpen:Integer ( * Current open count * ) ; 
L d s n : I n t e g e r ( * Ldsn f o r segment b inding * ) ; 
BoundF:Boolean ( * True i f segment l s bound to ldsn * ) ; 
P resentF :Boo lean ( * True i f segment i s present in memory * ) ; 
C rea to rF :Boo lean ( * True i f the ca lL ing process i s the c r e a t o r * ) 

( * of the segment * ) ; 
RWAccess:Boolean ( * True i f the ca lL ing process has Read/Write * ) 
END; 
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INFO_LDSN ( V a r E r r N u m : I n t e g e r ; 
L d s n : I n t e g e r ; 
Var Ref Num:Int ege r ) ; 

ErrNum: E r r o r i n d i c a t o r 
Ldsn : l o g i c a l d a t a segment number 
RefNum: da t a segment i d e n t i f i e r 

INFO_LDSN r e t u r n s the refnum of the da t a segment c u r r e n t l y bound to Ldsn . 
You can then use INFOJDAXASEG to ge t i n f o r m a t i o n about tha t d a t a segment . 
I f the ldsn s p e c i f i e d " l s not c u r r e n t l y bound to a da t a segment, the refnum 
r e t u r n e d i s - 1 . 
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SETACCESS_DATASEG (Var ErrNum:Integer ; 
Refnum:Int ege r ; 
ReadonJ,y: Boo lean ) 

ErrNum: E r r o r i n d i c a t o r 
Refnum: Data segment I d e n t i f i e r 
Readonly : Access mode 

A process can c o n t r o l the kinds of access i t i s a l l owed to e x e r c i s e 
on a data segment w l t h the SETACCESS_DAXASEG c a l l . Refnum i s the 
i d e n t i f i e r f o r the data segment. M—readonJor i s t r u e , an attempt by 
the process to w r i t e to the data segment r e s u l t s in an address 
e r r o r except ion c o n d i t i o n . To get readwr i te a cce s s , set readonly to 
faJ.se. 
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BIND_DATASEG(Var E r r N u m : I n t e g e r ; 
R e f N u m : I n t e g e r ) ; 

UNBIND_DATASEG(Var E r r N u m : I n t e g e r ; 
R e f N u m : I n t e g e r ) ; 

ErrNum: E r r o r I n d i c a t o r 
RefNum: Data segment i d e n t i f i e r 

BIND_DATASEG b inds the da t a segment r e f e r r e d to by refnum to i t s 
a s s o c i a t e d l o g i c a l d a t a segment n u m b e r ( s ) . UNBIND__DATASEG unbinds 
the da ta segment from i t s l d s n ' s . BINp_DATASEG causes the da t a 
segment to become a member of the c u r r e n t work ing s e t . At the time 
of the BIND_DATASEG c a l l , the neces sa ry l d s n ' s must be a v a i L a b l e . 
UNBIND__DATASEG f r e e s the a s s o c i a t e d l d s n ' s . A r e f e r e n c e to the 
contents of an unbound segment g i v e s u n p r e d i c t a b l e r e s u l t s . 
OPEN_DATASEG and MAKE_DATASEG determine which l d s n ' s a r e a s s o c i a t e d 
w i t h a g i v e n d a t a segment . 
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EXCEPTIONS and EVENTS 

P roce s s e s have s e v e r a l ways to keep Informed about the s t a t e of the 
w o r l d . N o r m a l ^ p r o c e s s - t o p r o c e s s communication and s y n c h r o n i z a t i o n 
can be handted u s i n g events o r shared da t a segments . An abnormal 
c o n d i t i o n can cause an e x c e p t i o n ( i n t e r r u p t ) to be s i g n a l l e d which 
the p r o c e s s can respond to i n whateve r way i t sees f i t . 

EXCEPTIONS 

Normal e x e c u t i o n of a p r o c e s s can be i n t e r r u p t e d by an e x c e p t i o n a l 
c o n d i t i o n ( s uch as d i v i s i o n by z e r o o r add r e s s e r r o r ) . Some of these 
c o n d i t i o n s a r e t rapped by the ha rdware , some by the system s o f t w a r e , 
and o the r s can be s i g n a l l e d by the p roce s s l t s e l f . Except ions have 
c h a r a c t e r s t r i n g names, some of which a r e p r e d e f i n e d and r e s e r v e d by 
the Ope r a t i ng System. 

When an e x c e p t i o n o c c u r s , the system f i r s t checks the s t a t e of the 
e x c e p t i o n . The t h r e e e x c e p t i o n s t a t e s a r e : 

* Enabled 

* Queued 

* I gnored 

I f the e x c e p t i o n i s e n a b l e d , the system next l ooks f o r a u s e r d e f i n e d 
h a n d l e r f o r tha t e x c e p t i o n . Lf none i s found, the system d e f a u l t 
e x c e p t i o n h a n d l e r 1$ invoked . I t u s u a l l y a b o r t s the c u r r e n t p r o c e s s . 

Lf the s t a t e of the e x c e p t i o n i s queued, the e x c e p t i o n i s p l a c e d on a 
queue . When t h a t e x c e p t i o n l s s u b s e q u e n t l y e n a b l e d , t h i s queue i s 
examined, and i f any excep t i ons a r e found, the a p p r o p r i a t e e x c e p t i o n 
h a n d l e r i s e n t e r e d . P r oce s s e s can f l u s h the e x c e p t i o n queue . 

I f the s t a t e of the e x c e p t i o n i s I g n o r e d , the system s t i l l d e t e c t s 
the occur rence of the e x c e p t i o n , but the e x c e p t i o n i s n e i t h e r honored 
no r queued . 

I n v o c a t i o n of the e x c e p t i o n h a n d l e r causes the s c e d u l e r to run , so i t 
i s p o s s i h t e f o r ano the r p r o c e s s to run between the s i g n a l L i n g of the 
e x c e p t i o n and the e x e c u t i o n of the e x c e p t i o n h a n d l e r . 
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SYSTEM DEFINED EXCEPTIONS 

C e r t a i n excep t i ons a r e p r e d e f i n e d by the Ope r a t i ng System. These i n c l u d e : 

* D i v i s i o n by z e r o (SYS_ZERO_DIV ) . D e f a u l t h a n d l e r a b o r t s p r o c e s s . 

* Va lue out of bounds (SYS_VALUE_OOB). D e f a u l t h a n d l e r a b o r t s p r o c e s s . 

* Over f low (SYS_OVERFLOW). D e f a u l t h a n d l e r a b o r t s p r o c e s s . 

* P roces s t e r m i n a t i o n (SYS_TERMINATE). Th i s e x c e p t i o n i s s i g n a l l e d when 
a p r o c e s s t e r m i n a t e s , or*when there i s a bus e r r o r , a d d r e s s e r r o r , 
i l L e g a l i n s t r u c t i o n , p r i v i l e g e v i o l a t i o n , o r U n e 1010 o r 1111 emuLator 
e r r o r . The d e f a u l t h a n d l e r does no th ing . 

Except where o the rw i s e no ted , these excep t i ons a r e f a t a l i f they occur 
w i t h i n Ope ra t ing System code . The hardware excep t i ons f o r p a r i t y e r r o r , 
spu r i ous i n t e r r u p t , and power f a i l u r e a r e a l s o fataJL. 

EXCEPTION HANDLERS 

A u s e r ^ l e f i n e d e x c e p t i o n hand l e r can be d e c l a r e d f o r a s p e c i f i c 
e x c e p t i o n . This e x c e p t i o n h a n d l e r i s coded as a p r o c e d u r e , but must 
f o l l o w c e r t a i n c o n v e n t i o n s . Each h a n d l e r must have two input 
pa r amete r s : Env i ronment_Ptr and E x c e p t i o n _ P t r . The O p e r a t i n g System 
ensures that these p o i n t e r s a r e v a l i d when the h a n d l e r i s e n t e r e d . 
Envi ronment_Ptr p o i n t s to an a r e a i n the s tack c o n t a i n i n g the 
I n t e r r u p t e d env i ronment : r e g i s t e r c on t en t s , c o n d i t i o n f l a g s , and 
program s t a t e . The h a n d l e r can a cce s s t h i s environment and can 
modify e v e r y t h i n g except the program counte r and r e g i s t e r A7 . 
The E x c e p t i o n _ P t r p o i n t s to an a rea i n the s t ack c o n t a i n i n g 
i n f o rmat i on about the s p e c i f i c e x c e p t i o n . 

Each e x c e p t i o n h a n d l e r must be de f i ned a t the g l o b a l l e v e l of the 
p r o c e s s , must r e t u r n , and cannot have any " E x i t " o r " G l o b a l Go to " 
s t a t ement s . Because the Ope ra t ing System d i s a b l e s the e x c e p t i o n 
b e f o r e c a l H n g the e x c e p t i o n h a n d l e r , the hand l e r shou ld r e * ^ n a b l e 
the e x c e p t i o n b e f o r e I t r e t u r n s . 

I f an e x c e p t i o n hand te r f o r a g i v e n e x c e p t i o n a l r e a d y e x i s t s when 
another h a n d l e r i s decLared f o r that e x c e p t i o n , the o l d one becomes 
d i s a s s o c i a t e d . There l s no n o t i o n of b l o c k s t r u c t u r e d d e c l a r a t i o n of 
e x c e p t i o n h a n d l e r s . 

An e x c e p t i o n can occur du r ing the e xecu t i on of an e x c e p t i o n h a n d l e r . 
The s t a t e of the e x c e p t i o n determines whether i t i s queued , honored , 
o r i g n o r e d . Lf the second e x c e p t i o n has the same name as the e x c e p t i o n 
tha t i s c u r r e n t l y be ing handled and i t s s t a t e i s e n a b l e d , a ne s t ed 
c a l l to the e x c e p t i o n h a n d l e r o c c u r s . 

There i s an " e x c e p t i o n o c c u r r e d " fLag f o r every decLared e x c e p t i o n ; 
i t i s s e t whenever the co r r e spond ing e x c e p t i o n o c c u r s . This f l a g 
can be examined and r e s e t . Once the fLag l s s e t , i t remains s e t 
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u n t i l FLUSH_EXECP i s c a l l e d . 

The f o l l ow ing code fragment g ives an example of except ion hand l ing . 

PROCEDURE Handle r (Env_P t r : p_env_b lk ; 
D a t a ^ P t r : p j e x j i a t a ) ; 

VAR ErrNur.: XNTEGER; *" ~" ~ 
BEGIN 
( * Env Ptr po in t s to a record conta in ing the program counter , * ) 
( * a n d ^ a l l r e g i s t e r s . Data_Ptr po in t s to an a r ray of 12 l o n g i n t s * ) 
( * tha t conta in the event header and tex t i f t h i s handler l s * ) 
( * a s s o c i a t e d w i th an e v e n t - c a l l channel ( s e e be low ) * ) 

ENABLE_EXCEP(errnum, excep_name);. 
• 
• 
• 
END; 
• 
( * t h i s i s e i t h e r i n a d i f f e r e n t segment or at the top l e v e l * ) 
* 
Excep name: - 'EndOfDoc ' ; 
DECXJ&E EXCEP_HDL(ermum,excep_name,@Handler); 

SlGNAL_EXCEP ( e rmum, excep_name, excep_da t a ) ; 
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At the t ime the e x c e p t i o n hand l e r i s i nvoked , the s t a c k i s : 

low 

add r e s s I I Excep t i on Hand l e r 

L ink 

@Re tu rn__Exc ep t i o n 

Data P t r 

Environment P t r 

Terminate FLag 

Excep t i on Kind 
Funct ion Code ( f c ) 
Acce s s Addres s ( a a ) 
I n s t r u c t i o n R e g i s t e r 
S t a tus R e g i s t e r 
Program Counter 

Program Counter 
S t a tus R e g i s t e r 
DO—D7 and AO—A7 

Link 

Program Counter 

Excep t i on Data B l ock 
( Sys _Te rmina te e x c e p t i o n ) 

Excep t i on Environment B l ock 

h i gh 
a d d r e s s 

The E x c e p t i o n Data B lock g i v e n he re r e f l e c t s the s t a t e of the s t ack 
upon a SYS_TERMINATE e x c e p t i o n . The t e rm jex _da t a r e c o r d d e s c r i b e d 
i n the I n t e r f a c e append ix g i v e s the v a r i o u s forms the da t a b l ock can 
t a k e . The s t a t u s r e g i s t e r and program counte r v a lue s i n the da t a 
b l o c k r e f l e c t the t r u e ( c u r r e n t ) s t a t e of these v a l u e s . The same 
d a t a i n the Environment b l ock r e f l e c t s the s t a t e of these v a l u e s 
a t the time the e x c e p t i o n was s i g n a l l e d , not the va lue s a t the time 
the e x c e p t i o n a c t u a l l y o c c u r s . 

In the case of a bus o r add r e s s e r r o r , the PC can be 2 to 10 bytes 
beyond the cu r r en t i n s t r u c t i o n . The PC and A7 cannot be mod i f i ed 
by the e x c e p t i o n h a n d l e r . 

When a d i s abLsd e x c e p t i o n i s r e ^ n a b l e d , a queued e x c e p t i o n may be 
s i g n a l l e d . In t h i s c a s e , the e x c e p t i o n environment r e f l e c t s the s t a t e 
of the w o r l d a t the time the e x c e p t i o n was r e ^ n a b l e d , not the time a t 
which the e x c e p t i o n o c c u r r e d . 
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EVENTS 

An event i s a p i e c e of I n f o rmat i on sent by one p roce s s to ano the r , 
g e n e r a l l y to h e l p c o o p e r a t i n g p r o c e s s e s s y n c h r o n i z e t h e i r a c t i v i t i e s . 
An event i s s en t through a k ind of p i p e c a l l e d an event channe l . 
The event i s a f i x e d s i z e da t a b l ock c o n s i s t i n g of a heade r and some 
t e x t . The heade r con ta in s c o n t r o l i n f o r m a t i o n ; the i d e n t i f i e r of 
the send ing p r o c e s s and the type of the e v e n t . The heade r i s w r i t t e n 
by the system, not the s ende r , and i s r e a d a b l e by the r e c e i v i n g p r o c e s s . 
The event t e x t i s w r i t t e n by the s e n d e r ; i t s meaning l s d e f i n e d by the 
s end ing and r e c e i v i n g p r o c e s s e s . 

There a r e s e v e r a l p r e d e f i n e d system event t y p e s . The p r e d e f i n e d type 
" u s e r " i s a s s i g n e d to a l l events not sent by the Ope ra t ing System. 

EVENT CHANNELS 

Event channe ls can be v iewed as a h i g h e r - l e v e J . approach to p i p e s . 
The most important d i f f e r e n c e i s that event channe ls d e a l w i t h f i x e d 
s.ize d a t a b l o c k s , whereas p ipes can hand le an a r b i t r a r y by te s t r eam. 

An event channe l can be g l o b a l l y o r l o c a l l y d e f i n e d . A g l o b a l event 
channe l has a g l o b a l l y d e f i n e d pathname c a t a l o g u e d i n the f i l e 
system, and can be used by any p r o c e s s to hand l e u s e r de f i ned e v e n t s . 
A l o c a l event channe l , however , has no name and i s known on_Iy by the 
O p e r a t i n g System and the p roce s s that opened l t . 

A l o c a l event channel i s a u t o m a t i c a l l y c r e a t e d when a p roce s s i s c r e a t e d . 
Th i s channe l can be opened by the f a t h e r p r o c e s s to r e c e i v e system 
g e n e r a t e d even t s p e r t a i n i n g to i t s son . 

There a r e two types of event c h a n n e l s : e v e n t ^ a i t and e v e n t ^ a l l . 
I f the r e c e i v i n g p r o c e s s i s not ready to r e c e i v e the e ven t , an 
e v e n t ^ r a l t type of event channel queues an event sent to i t • An 
e v e n t - c a l l type of event channe l , however , t r e a t s i t s event as an 
e x c e p t i o n . The e x c e p t i o n name must be g i v e n when the e v e n t ^ a l l 
event channe l i s opened, and an e x c e p t i o n h a n d l e r f o r that e x c e p t i o n 
must be d e c l a r e d . When an event l s sent to an e v e n t ^ a l l event 
channe l , the Ope r a t i ng System s i g n a l s the a s s o c i a t e d e x c e p t i o n , 
the p r o c e s s r e a d i n g the e v e n t - c a l l channel i s suspended a t the time 
the event is s e n t , the event i s queued and i s executed when the p r o c e s s 
becomes a c t i v e . 

When an event channel i s c r e a t e d , the O p e r a t i n g System p r e a l l o c a t e s 
enough space to the channel f o r t y p i c a l i n t e r p r o c e s s communication. 
I f SEND_EVENT_CHN i s c a l l e d when the channel does not have enough 
space f o r the e v e n t , the calJJLng p r o c e s s l s b locked u n t i l enough 
space i s f r e e d u p . 
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The f o l l o w i n g code f ragment uses e v e n t ^ r a i t channels to hand le 
p r o c e s s s y n c h r o n i z a t i o n : 

PROCESS A PROCESS B 

Open Chn_ l to r e c e i v e ; 

Open Chn_2 to s end ; 

REPEAT 

Send to Chn_2; 

Wa i t f o r C h n _ l ; 

UNTIL A lLDone ; 

Open Chn_l to send ; 

Open Chn_2 to r e c e i v e ; 

REPEAT 

Wai t f o r Chn_2; 

Send to Chn_ l ; 

UNTIL A l l D o n e ; 

The o r d e r of e x e c u t i o n of the two p r o c e s s e s i s the same r e g a r d l e s s of the 
p r o c e s s p r i o r i t i e s , &i the f o l l o w i n g example u s i n g e v e n t - c a l l c h a n n e l s , 
however , the p roce s s p r i o r i t i e s do a f f e c t the o r d e r of e x e c u t i o n . 

PROCESS A PROCESS B 

DecLare Excep_, l ; Dec l a r e Excep_2 ; 

Open Chn_l to r e c e i v e E x c e p _ l ; Open Chn_l to send ; 

Open Chn__2 to send ; Open Chn_2 to r e c e i v e E x c e p _ l ; 

Send Chn_2; 

PROCEDURE Hand l e r ; 
Send Chn 2; 
Y i e l d _ C p u ; 

PROCEDURE Hand l e r ; 
Send Chn 1; 
Y i e l d Cpu; 

THE SYSTEM CLOCK 

A p r o c e s s can read the system c l o ck t ime , conver t to l o c a l t ime , o r 
d e l a y i t s own c o n t i n u a t i o n u n t i l a g i v e n t ime . The y e a r , month, day, 
hour , minute , second , and m i l l i s e c o n d a r e a v a i L a b l e from the c l o c k . 
The system c l o c k i s l n Greenwich mean t ime . 

EXCEPTION MANAGEMENT CALLS 

The event and e x c e p t i o n management r o u t i n e s use s e v e r a l s p e c i a l types 
and c o n s t a n t s . To save space and reduce redundancy, these types a r e 
de f i ned only i n Appendix A, and a r e r e f e r r e d to i n the r e s t of t h i s 
chapte r w i thout much f u r t h e r comment. 
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DECLARS_EXCEP_HDL (Var Er rNum: Integer ; 
Var Excep name:t_ex_name; 
E n t r y _ p o i n t : LongAdr) 

ErrNum: E r r o r i n d i c a t o r 
Excep__name: Name of except ion 
E r r r y _ p o i n t : Address of except ion hand le r 

DECLARE_EXCEP_HDL Informs the Operat ing System that the occurrence of the 
except ion r e f e r r e d to by excep_name should cause the execut ion of the 
except ion hand le r whose address i s g i ven by e n t r y _ p o i n t . Excep_name 
i s a cha rac te r s t r i n g name that i s l o c a l l y de f ined i n the process and 
Vcnown only to the process and the Operat ing System- Lf e n t r y ^ o i n t 
i s n i l , the system d e f a u l t except ion handler f o r that except ion l s 
used* Any p r e v i o u s l y decLared except ion handler l s d i s a s s o c i a t e d 
by th i s c a l l * The except ion i t s e l f i s au tomat i ca l l y enabled* 

I f some excep_name except ions are queued up at the time of the 
DECLARE_EXCEP^HDl c a l l , the except ion i s au tomat i ca l l y enabled and the 
queued except ions a re handled by the newly decLared hand l e r . 

I f DECLARE_EXCEP_HDL i s c a l t ed w i th an except ion hand le r address of 
@NH, and there i s no system d e f a u l t hand le r f o r the except ion , the 
except ion w i l l have no hand le r de f ined . 
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DLSABLE_EXCEP ( V a r E r r N u m : I n t e g e r ; 
Var Excep_name:t_ex_name; 
Queue :Boo l ean ) 

ErrNum: E r r o r i n d i c a t o r 
Excep_name: Name of e x c e p t i o n to be d i s a b l e d 
Queue: Excep t i on queuing fLag 

A p r o c e s s can e x p l i c i t l y d i s a b L e the t r a p p i n g of an e x c e p t i o n by 
c a l L i n g DISABLE_EXCEP. Excep_name i s the name of the e x c e p t i o n to be 
d i s a b l e d . Lf queue i s t r u e and an e x c e p t i o n o c c u r s , the e x c e p t i o n i s 
queued and i s handled when i t i s enab led a g a i n . I f queue l s f a l s e , 
the e x c e p t i o n i s i g n o r e d . When an e x c e p t i o n h a n d l e r l s e n t e r e d , 
the s t a t e of the e x c e p t i o n i n q u e s t i o n i s a u t o m a t i c a l l y s e t to 
q ueued. 

I f an e x c e p t i o n h a n d l e r i s a s s o c i a t e d through OPENJEVENT_CHN w i t h an 
event channel and DISABLE_EXCEP i s c a l l e d f o r t h a t " e x c e p T i o n , then : 

1) i f queue i s f a l s e , and i f an event i s sent to the event channel 
by SEND_EVENT_CHN, the SEND_EVENT_CHN c a l l s u c c e e d s , but i t i s 
equ ivaLent to not c a l L l n g SEND_EVENT_CHN a t a l l . 

2 ) l f queue l s t r u e , and i f an event i s sent to the event channel by 
SEND_EVENT_CHN, the SEND__EVENT_CHN c a l l succeeds and a c a l l to 
WAIT EVENT CHN a l s o s u c c e e d s . 
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ENABLE_EXCEP (Var ErrNum:Integer ; 
Var Excep^ame: t_ex_name) 

ErrNum: Er ror i n d i c a t o r 
Excep_name: Name of except ion to be enabled 

ENABLE_EXCEP causes an except ion to be handled a g a i n . Since tbe 
Operat ing System automat i ca l l y d i s a b l e s an except ion when i t s 
except ion hand le r i s entered ( s e e DI5ABLE_EXCE?), the except ion 
handLsr should e x p l i c i t l y r e ^ n a b l e the except ion be fo re i t returns 
to the p roce s s . 
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INFO_EXCEP ( V a r E r r N u m : I n t e g e r ; 
Var E x c e p _ n a m e : t e x n a m e ; 
Var E x c e p _ s t a t u s : t _ e x _ s t s ) 

ErrNum: E r r o r i n d i c a t o r 
Excep_name: Name of e x c e p t i o n 
E x c e p " S t a t u s : S ta tus of e x c e p t i o n 

INFO_EXCEP r e tu rns i n f o rmat i on about the e x c e p t i o n s p e c i f i e d by 
excep_name. The parameter e x c e p _ s t a t u s i s a r e c o r d c o n t a i n i n g 
i n f o rmat i on about the e x c e p t i o n . Th l s r e c o r d c o n t a i n s : 

t _ e x _ s t s • RECORD ( * e x c e p t i o n s t a t u s * ) 
Ex_ _occur red_ f :Boo l ean ; ( * e x c e p t i o n occu r r ed f l a g * ) 
e x j s t a t e : t _ _ e x _ s t a t e ; ( * e x c e p t i o n s t a t u s * ) 
num e x c e p : i n t e g e r ; ( * n o . of e x cep t i on s queued * ) 
Hd l " *adr :Longadr ; ( * e x c e p t i o n h a n d l e r ' s a d d r e s s * ) 

END; ~ 

Once Ex_occur red f has been s e t to t r u e , i t i s r e s e t to f a l s e on ly by 
a c a l l to FLUSH EXCEP. 
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SIGNAL_EXCEP ( V a r E r r N u m : I n t e g e r ; 
Va r Excep__name: t_ex_name; 
Var Excep _da t a : t _ e x j i a t a ) 

ErrNum: E r r o r i n d i c a t o r 
Excep name: Name of e x c e p t i o n to be s i g n a l l e d 
Excep "Da ta : I n f o rma t i on f o r e x c e p t i o n h a n d l e r 

A p r o c e s s can s i g n a l the occur rence of an e x c e p t i o n by c a l l i n g 
SIGNAL_EXCEP. The e x c e p t i o n h a n d l e r a s s o c i a t e d w i t h excep_name l s 
e n t e r e d . I t i s pa s sed e x c e p j d a t a , a da t a a r e a c o n t a i n i n g i n f o r m a t i o n 
about the na tu re and cause of the e x c e p t i o n . The s t r u c t u r e of t h i s 
i n f o r m a t i o n a r e a i s : 

a r r a y [ O . . s i z e e x d a t a ] of L o n g i n t . 

Page 74 



l -Ma r -82 Ope r a t i ng System Re fe rence Manual C o n f i d e n t i a l 

FLUSH_EXCEP ( V a r E r r N u m : I n t e g e r ; 
Va r Excep name:t_ex_name) 

ErrNum: E r r o r i n d i c a t o r 
Excep name: Name of e x c e p t i o n whose queue l s f l u s h e d 

FLUSH_EXCEP c l e a r s out the queue a s s o c i a t e d w i t h the e x c e p t i o n 
excep name and r e s e t s i t s " e x c e p t i o n o c c u r r e d " f L a g . 

V» 
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EVENT MANAGEMENT CALLS 

MAKE_EVENT_CHN (Va r E r r N u m : I n t e g e r ; 
Var Event_chn_name:Pathname) 

ErrNum: E r r o r i n d i c a t o r 
Event chnjoame: Pathname of event channel 

MAKE_EVENTjCHN c r e a t e s an event channel w i t h the name g i v e n i n 
event__chn_name. The name must be a f i l e system pathname; i t 
cannot be n u l l . 
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KILL_EVENT_CHN (Var Er rNum: Integer ; 
Var Event_chn_name:Pathname) 

ErrNum: E r ro r i n d i c a t o r 
Event_chn_name; Pathname of event channel 

To d e l e t e an event channel , c a l l KILL_EVENT__CHN. The a c tua l 
d e l e t i o n i s de layed u n t i l a l l p rocesses us ing the event channel have 
c l o sed i t . In the pe r iod between the KILL_EVENT_CHN c a l l and the 
c h a n n e l ' s a c tua l d e l e t i o n , no processes can open i t . A channel can 
be de l e t ed by any process that knows the channe l ' s name. 
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OPEN_EVENT_CHN ( V a r E r r N u m : I n t e g e r ; 
Va r Event_chn_name:Pathname; 
Va r R e f n u m : I n t e g e r ; 
Excep_name: t _ex_name; 
R e c e i v e r : B o o T e a n ) 

ErrNum: 
Event_chn__name 
RefNum: 
Excep_name: 
R e c e i v e r : 

E r r o r i n d i c a t o r 
Pathname of event channe l 
I d e n t i f i e r of event channe l 
Excep t i on name, i f any 
Access mode of c a l L i n g p r o c e s s 

OFEN_EVENT_CHN opens an event channel and d e f i n e s i t s a t t r i b u t e s from 
the p r o c e s s p o i n t of v i e w . Refnum i s r e t u r n e d by the O p e r a t i n g System 
to be used i n any f u r t h e r r e f e r e n c e s to the c h a n n e l . 

Event_chn_name determines whether the event channe l i s l o c a l l y o r 
g l o b a l l y d e f i n e d . Lf i t l s a n u l l s t r i n g , the event channe l i s l o c a l l y 
d e f i n e d . Lf event_chn_name i s not n u l l , i t Ls the f i l e system pathname 
of the channe l . 

Excep_Name determines whether the channe l l s an e v e n t ^ a i t o r 
e v e n t ^ a l l channe l . Lf i t i s a n u l l s t r i n g , the channel i s of e v e n t ^ a i t 
t y p e . O t h e r w i s e , the channel i s an e v e n t ^ a l l channe l and excep__name 
l s the name of the e x c e p t i o n tha t l s s i g n a l l e d when an event 
a r r i v e s i n the c h a n n e l . The excepjaame must be decLared b e f o r e 
i t s use i n the OPEN_EVENTjCHN c a l l . 

R e c e i v e r l s a b o o l e a n v a l u e i n d i c a t i n g whe the r the p r o c e s s i s open ing 
the channel as a s e n d e r ( r e c e i v e r i s f a l s e ) o r a r e c e i v e r ( r e c e i v e r 
i s t r u e ) . A l o c a l channe l ( o n e w i t h a n u l l pathname) can be opened 
o n l y to r e c e i v e e v e n t s . 
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CL0SE_EVENT_CHN (Va r E r r N u m : I n t e g e r ; 
Refnum:Int ege r ) 

ErrNum: E r r o r i n d i c a t o r 
Refnum: I d e n t i f i e r of event channel to be c l o s e d 

CLOSE_EVENT_CHN c l o s e s the event channel a s s o c i a t e d w i t h refnum. Any 
even t s queued i n the channel remain t h e r e . The channel cannot be 
a cce s s ed u n t i l i t i s opened a g a i n . 
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INFO__EVENTjZHN (Var ErrNum:Integer ; 
Refnum:Int ege r ; 
Var C h n _ I n f o : t _ c h n _ s t s ) 

ErrNum: E r r o r i n d i c a t o r 
Refnum: I d e n t i f i e r of event channel 
Chn I n f o : Status of event channel 

INFO_EVENT_CHN g ives a process Information about an event channel* 
The Operat ing System re turns a r e co rd , chn_ in f o , w i th in format ion 
p e r t a i n i n g to the channel a s soc i a t ed wi th refnum. The in format ion 
i n c l u d e s : 

t _chn _8 t s -
~ " RECORD 

Chn_type: ChnJtind; 
Num_event s : I n t ege r ; 
Open_ r e cv : I n t e ge r ; 
Open " send : ln t ege r ; 
Ec name:pathname; 
END; 

(* 
(* 
(* 
(* 
(* 
(* 

event channel s t a t u s * ) 
wa i t _ e c or c a l l _ e c * ) 
number of queued events * ) 
number of processes reading t h i s channel * ) 
no . of processes sending to th i s channel * ) 
except ion name f o r e v e n t - c a l l * ) 
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WAIT_EVENT_CHN (Va r E r r N u m : I n t e g e r ; 
Var W a i t _ L i s t : t _ w a i t l i s t ; 
Var Re fNum: In t ege r ; 
Event p t r : p r _ e v e n t b L e ) 

ErrNum: 
W a i t _ l i s t : 
Refnum: 
E v e n t _ p t r : 

E r r o r i n d i c a t o r 
Record w i t h a r r a y of event channe l s 
I d e n t i f i e r of channe l c o n t a i n i n g an event 
P o i n t e r to event d a t a 

WAIT_EVENT_CHN puts the c a l L i n g p r o c e s s i n a w a i t i n g s t a t e pend ing the 
a r r i v a l of an event i n one of the s p e c i f i e d c h a n n e l s . W a i t _ l i s t i s a 
p o i n t e r to a L i s t of event channel i d e n t i f i e r s . When an event a r r i v e s 
i n any of these c h a n n e l s , the p r o c e s s i s made ready to e x e c u t e . Refnum 
i d e n t i f i e s which channe l got the e v e n t , and e v e n t _ p t r p o i n t s to the 
event i t s e l f . 

A p r o c e s s can w a i t f o r any b o o l e a n combinat ion of e v e n t s . Lf i t must 
w a i t f o r any event from a s e t of c h a n n e l s , an " o r " c o n d i t i o n , i t 
s h o u l d c a l l WALT_EVENTjCHN w i t h w a i t _ l i s t p o i n t i n g to the U s t of 
event channel i d e n t i f i e r s . L f , on the o t h e r hand , l t must w a i t f o r 
a l l the events from a s e t of c h a n n e l s , an " a n d " c o n d i t i o n , then f o r 
each channe l i n the s e t , WAIT_EVENT_CHN s h o u l d be c a l L ed w i t h a 
w a i t _ l i s t p o i n t i n g j u s t to tha t channe l . 

The s t r u c t u r e of t w a i t l i s t i s : 

P r e v e n t b l k i s a p o i n t e r to a r e c o r d c o n t a i n i n g the event heade r and the 
event t e x t . 

C u r r e n t l y the p o s s i b l e event type v a l u e s a r e : 

I f you c a l l WAIT_EVENT_CHN on an e v e n t ^ a l l channe l wh ich has queued 
e v e n t s , the evenT i s t 7ea t ed j u s t L ike an event i n an e v e n t ^ a i t channel 
I f WArr_EVENT_CHN i s c a l l e d on an e v e n t ^ a l l channe l which does not have 
any queued e v e n t s , an e r r o r i s r e t u r n e d . 

Record 
L e n g t h : I n t e g e r ; 
R e f n u m : A r r a y ( 0 . . s i 2 e j v a i t l i 5 t ] of I n t e g e r ; 
End; 

1 
2 

Event sent by u s e r p r o c e s s 
Event sent by system 
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FLUSE_EVENTjCHN (Var Er rNum: Integer ; 
Refnum:Int ege r ) 

ErrNum: E r ro r i n d i c a t o r 
Refnum: I d e n t i f i e r of event channel to be f lushed 

FLUSH_EVENT_CHN c l e a r s out the s p e c i f i e d event channel . AJ.1 events 
queued i n the channel a r e removed. 
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SEND_EVENTjCHN ( V a r E r r N u m : I n t e g e r ; 
Re fnum: In t ege r ; 
Eve n t _p t r : p _ s _ e v e nt b ; 
I n t e r v a l : t _ l n t e r v a l ; 
C l k t ime: T i m e _ r e c ) 

ErrNum: E r r o r I n d i c a t o r 
Refnum: Channel f o r event 
E v e n t _ p t r : P o i n t e r to event d a t a 
I n t e r v a l : Timer f o r event 
C l k t i m e : time d a t a f o r event 

SEND_EVENT_CHN sends an event to the channe l s p e c i f i e d by refnum. 
E v e n t _ p t r p o i n t s to the event t h a t i s to be s e n t . The event 
conta ins on ly the event t e x t ; the heade r i s added by the system. 

I f the event i s of the e v e n t ^ r a i t t y p e , the event i s queued. O the rw i s e 
the O p e r a t i n g System s i g n a l s the co r r e spond ing e x c e p t i o n f o r the 
p r o c e s s r e c e i v i n g the e v e n t . 

I f the channel i s open by s e v e r a l s e n d e r s , the r e c e i v e r can s o r t the 
even t s by the p r o c e s s i d e n t i f i e r which the O p e r a t i n g System pLaces 
l n the event h e a d e r . A l t e r n a t i v e l y , the s ende r s and r e c e i v e r can p l a c e 
p r e d e f i n e d i d e n t i f i e r s i n the event t e x t which i d e n t i f y the s e n d e r . 

The pa ramete r , i n t e r v a l , i n d i c a t e s whether the event i s a timed 
e v e n t . T _ i n t e r v a l i s a r e c o r d c o n t a i n i n g a day and a m i l U s e c o n d 
f i e l d . Lf bo th f i e l d s a r e 0 , the event l s s en t immed ia te l y . Lf the 
day g i v e n i s l e s s than 0, the m i l l i s e c o n d f i e l d i s i g n o r e d and the 
t i m e _ r e c r e c o r d l s u s ed . X£ the time i n the t ime_ r ec has a l r e a d y 
p a s s e d , the event i s s ent immed ia te l y . I f the m i l L i s e c o n d f i e l d 
i s g r e a t e r than 0, and the day f i e l d i s g r e a t e r than o r equa l to 0, 
the event i s s ent that number of days and m i l l i s e c o n d s from the p r e s e n t . 
The time g i v e n i n t ime_ r ec i s l n Greenwich Mean Time. 

A p r o c e s s can time out a r e q u e s t to ano the r p r o c e s s by send ing i t s e l f 
a timed event and then w a i t i n g f o r the a r r i v a l of e i t h e r the timed 
event o r an event i n d i c a t i n g the r e q u e s t has been s e r v e d . Lf the 
timed event i s r e c e i v e d f i r s t , the r e q u e s t has timed o u t . A p r o c e s s 
can a l s o time i t s own p r o g r e s s by p e r i o d i c a l l y send ing i t s e l f a timed 
event through an e v e n t ^ a l l event channe l . 
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CLOCK CALLS 

DELAY__TIME (Va r Er rNum: Integer ; 
~" I n t e r v a l : T _ i n t e r v a l ; 

C lkt ime:T ime_rec ) 

ErrNum: E r ro r i n d i c a t o r 
I n t e r v a l : Delay t imer 
CUctime: Time In format ion 

DELAY_TIME s tops execut ion of the ca lL ing p rocess f o r the number 
of days and m i l l i s e c o n d s s p e c i f i e d l n the i n t e r v a l r e co rd . I f th i s 
time pe r i od l s z e r o , DELAY_TIME obv ious l y has no e f f e c t . I f the 
pe r i od i s l e s s than z e r o , execut ion of the p rocess i s de layed u n t i l 
the time s p e c i f i e d by Clktime i n Greenwich Mean Time. Time_rec i s 
a record de f ined a s : 

t ime_rec - RECORD 
Y e a r : I n t e g e r ; 
Day :1 . . 366 ; 
H o u r : - 2 3 . . 2 3 ; 
M l n u t e : - 5 9 . . 5 9 ; 
Second :0 . .S9 ; 
Msec :0 . . 999 ; 

END; 
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GETJTIME (Var ErrNum:Integer ; 
Var GMT__Time:Time_rec) 

ErrNum: E r ro r i n d i c a t o r 
GMT_TIme: Time in format ion 

GET_TlME returns the cur rent system c lock time in the record GMT_Time. 

t ime_rec " RECORD 
Y e a r : I n t e g e r ; 
Day :1 . . 366 ; 
H o u r : - 2 3 . . 2 3 ; 
M i n u t e : - 5 9 . . 5 9 ; 
Second :0 . . 59 ; 
Msec :0 . . 999 ; 

END; 
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SETJLOCALJTCME_DIFF (Var ErrNum:Integer ; 
Hour :Hour_range ; 
Minut e :Minute_ range ) 

ErrNum: E r ro r i n d i c a t o r 
Hour: Number of hours d i f f e r e n c e from Greenwich Mean Time 
Minute: Number of minutes d i f f e r e n c e from Greenwich Mean Time 

SET_LOCAL_TLME_DIFF informs the Operat ing System of the d i f f e r e n c e in 
hours and*minutes between the l o c a l time and Greenwich Mean Time ( t h a t 
i s , GMT- loca lT ime ) . Hour and Minute can be n e g a t i v e . 
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CONVERT_TIME ( V a r E r r N u m : I n t e g e r ; 
Var GMT_Time:Time_rec; 
Var L o c a l _ T i m e : T i m e _ r e c ; 
To g m t : B o o l e a n ) 

ErrNum: 
GMTJTime: 
Local_JTime: 
To_gmt: 

E r r o r i n d i c a t o r 
Greenwich Mean Time 
L o c a l time 
D i r e c t i o n of t ime c o n v e r s i o n 

CONVERT_TIME c o n v e r t s between l o c a l t ime and system c l o c k t ime . The 
system c l o c k i s i n Greenwich Mean Time. To_gmt i s a b o o l e a n 
v a l u e i n d i c a t i n g which d i r e c t i o n the c o n v e r s i o n i s to g o . I f i t i s 
t r u e , the system takes the time da ta i n l o c a l _ t i m e and puts the 
c o r r e s p o n d i n g GMT time l n gmt Time. O t h e r w i s e , i t takes the time 
d a t a i n gmt Time and put s t h e " c o r r e s p o n d i n g l o c a l t ime i n l o c a l _ t i m e . 
Both time d a t a a r e a s c o n t a i n the y e a r , month, day , h o u r , minute , 
s econd , and m i l L l s e c o n d . 
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CHAPTER 5 

SYSTEM CONFIGURATION AND STARTUP 

System S t a r t u p 90 
S e l f - D I a g n o s t i c s 90 
Customiz ing Your System 91 
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SYSTEM CONFIGURATION AND STARTUP 

SYSTEM STARTUP 

Sta r tup i s a m u l t i ^ t e p o p e r a t i o n . A f t e r the s t a r tup request i s 
gene ra ted , code i n the boo t s t r ap ROM executes . This code runs a 
s e r i e s of d i a g n o s t i c t e s t s , and s i g n a l s by a beep that a l l l s 
w e l l . 

The ROM next s e l e c t s a boot d e v i c e . The de f au l t boot dev ice l s the 
Twiggy d r i v e 1, but t h i s can be ove r r idden by the keyboard or by 
parameter memory. The ROM passes the memory s i z e , the boot dev ice 
p o s i t i o n , and the r e s u l t s of the d i a gnos t i c s to the l oader found 
on the boot d e v i c e . 

The l o a d e r a l l o c a t e s p h y s i c a l memory and loads three types of Operat ing 
System segments needed dur ing S t a r t u p , i nc lud ing the con f i gu r ab l e 
dev ice d r i v e r s . I t c r ea te s a pseudo^>uter^>rocess , enters the Operat ing 
System, and passes to S ta r tup a phys i c a l address map and some parameter 
d a t a . 

S ta r tup i n h e r i t s the unmapped address space of the l o a d e r , i n i t i a l i z e s 
the memory map, i n i t i a l i z e s a l l the Operat ing System subsytems, c rea tes 
the system p r o c e s s , then destroys the p s e u d o ^ u t e r ^ r o c e s s ( i t s e l f ) , 
pass ing c o n t r o l to the h i ghe s t p r i o r i t y p r oce s s . At th i s point the 
boot p rocess l s complete and the outer s h e l l p rocess or the F i l e r i s 
I n c o n t r o l . 

SELF-DUGNOSTICS 

The s e l f - t e s t code l n ROM performs an o v e r a l l d i a g n o s t i c check at 
power^ip and then executes the boots t rap rout ine from the d i sk . 

The f i r s t t e s t s i n i t i a l i z e va r i ous system c o n t r o l s ; MMU r e g i s t e r s , 
c on t r a s t c o n t r o l , p a r i t y l o g i c , e t c . You should hear a beep no t i f y i ng 
you that the s t a r t u p t e s t s have begun. A checksum i s done on the ROM 
i t s e l f , then a l l of the RAM i n the system i s tes ted f o r shor t s and 
address un iqueness . The Memory Management Unit i s a l s o t e s ted i n 
t h i s manner. 

Pa r t s of the v ideo and p a r i t y generator/checker c i r c u i t r y a re tes ted 
n e x t . The keyboard and mouse i n t e r f a c e s a re t e s ted by checking va r i ous 
modes of the V e r s a t i l e I n t e r f a c e Adapter ope r a t i on , and by running a 
ROM/RAM t e s t of a l l the p rocessors used i n the i n t e r f a c e s . Meanwhile, 
the d isk c o n t r o l l e r l s running i t s own t e s t s of ROM and RAM. F i n a l l y , 
the RS232 port and the c lock a re t e s t e d . 
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CUSTOMIZING YOUR SYSTEM 

The f e a t u r e s and d e s i g n of the system c o n f i g u r a t i o n program have not ye t 
been d e f i n e d . 
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OPERATING SYSTEM INTERFACE 

CONST 
Max_ename • 32 ; 
Len_exname • 16; 
S i z e _ e x d a t a • 11 ; 
S i z e _ e t e x t - 9 
S i z e w a i t L i s t - 10; 

( * max l e n g t h of f i l e system o b j e c t name * ) 
( * e x c e p t i o n name l e n g t h * ) 
( * 48 by t e s i n e x c e p t i o n d a t a b l o ck * ) 
( * 40 by t e s of event t e x t * ) 
( * c u r r e n t s i z e of w a i t i i s t * ) 

( * e x c e p t i o n k ind d e f i n i t i o n s f o r SYS_TERMINATE e x c e p t i o n * ) 
c a l l _ t e r m - 0; 
ended - 1; 
s e l f k i l L e d - 2 ; 
k i lLe*d - 3; 
f t h r _ t e r m • 4; 

d e f _ d i v _ z e r o * 11 ; 
d e f _ y a l u e _ o o b • 12; 
de f ^ov fw • 13; 
de f _nmi_key • 14; 
d e f _ r a n g e • 15; 
d e f ~ s c r _ i n d e x - 16; 

b u s _ e r r o r * 2 1 ; 
add r e r r o r * 22 ; 
i l l g " i n s t - 23; 
p r i v _ v i o L a t i o n - 24; 
L i n e 1010 » 26; 
l i n e j m - 27; 

d i v _ z e r o • 3 1 ; 
v a l u e _ o o b • 32 ; 
ovfw * 33; 
nmi_key • 34; 
v a l u e _ r a n g e • 35; 
s t r i ndex • 36; 

( * p r o c e s s c a l l e d TERMINATE_PROCESS * ) 
( * p r o c e s s executed 'END ' s ta tement * ) 
( * p r o c e s s c a l L ed KILL_PROCESS on s e l f * ) 
( * p r o c e s s k i l l e d by ano the r p r o c e s s * ) 
( * p r o c e s s ' s f a t h e r i s t e r m i n a t i n g * ) 

( * d e f a u l t h a n d l e r c a l l e d f o r SYS_ZERO_DIV * ) 
( * d e f a u l t h a n d l e r c a l l e d f o r SYS_VALUE_OOB * ) 
( * d e f a u l t h a n d l e r c a l l e d f o r SYS_OVERFLOW * ) 
( * d e f a u l t h a n d l e r c a l l e d f o r NMI key excep * ) 
( * SYS VALUE_00B due to v a l u e range e r r o r * ) 
( * SYS"VALUE_00B due to s t r i n g i ndex e r r o r * ) 

( * bus e r r o r o ccu r r ed * ) 
( * a d d r e s s e r r o r o c c u r r e d * ) 
( * i l L e g a l i n s t r u c t i o n t rap o c c u r r e d * ) 
( * p r i v i l e g e v i o L a t i o n - t r ap o c c u r r e d * ) 
( * l i n e 1010 emuLator o ccu r r ed * ) 
( * l i n e 1111 emu l a to r o ccu r r ed * ) 

( * ha rdware e x c e p t i o n k ind - d e f i n i t i o n s * ) 

TYPE 

Pathname - STR INC [255 ] ; 
E Name - STRING[Max Ename] ; 
NameStr ing - STRINGT20J; 
A c c e s s e s • (DRead, D W r i t e , Append, P r i v a t e , G l o b a l _ A c c e s s ) ; 
MSet - SET OF A c c e s s e s ; 
IoMode - ( A b s o l u t e , R e L a t i v e , S e q u e n t i a l ) ; 
D id - INTEGER; 
In foJType * ( d e v i c e _ t , v o l u m e _ t , o b j e c t _ t ) ; 
Devtype • ( d l s k d e v , p a s c a l b d , ~ s e q d e v , b i t b k t , n o n _ i o ) ; 
F i l e t y p e - ( u n d e f i n e d , MDDFFile , r o o t c a t , f r e e l i s t , b a d b l o c k s , 

s y s d a t a , s p o o l , e x e c , u s e r c a t , p i p e , b o o t f i i e , 
swapda ta , swapcode, ramap, u s e r f l l e , k i l l e d o b j e c t ) ; 

En t ry type - ( emptyent ry , c a t e n t r y , l i n k e n t r y , f i l e e n t r y , p i p e e n t r y , 
e c e n t r y , k i l L e d e n t r y ) ; 
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f s _ i n f o - RECORD 
name: e_name; 
devnum: INTEGER; 
CASE O T y p e : i n f o _ t y p e 0F_ 

d e v l c e _ t , 
v o I u m e ~ t : ( i o c n a n n e l ; INTEGER 

~ d e v t : d e v t y p e ; 
s l o t _ n o : INTEGER; 
f s s i z e : LONGINT; 
voT_size: LONGINT; 
b l o cks t r u c t u r e d , 
mounted: BOOLEAN; 
opencount : LONGINT; 
p r l v a t e d e v , 
remote , 
l o ckeddev : BOOLEAN; 
mount_pending , 
unmount_pending: BOOLEAN; 
voLuame, 
pas sword : e_name; 
f s v e r s i o n , 
v o L i d , 
vo lnum: INTEGER; 
b l o c k s i z e , 
d a t a s i z e , 
d u s t e r s i z e , 
f i l e c o u n t : INTEGER; 
f r e e c o u n t : LONGINT; 
DTVC, 
DTVB, 
DTVS: LONGINT; 
M a c h i n e _ i d , 
overmount_s tamp, 
m a s t e r _ c o p y _ i d : LONGINT; 
p r i v i l e g e d , 
w r i t e _ p r o t e c t e d : BOOLEAN; 
m a s t e r , 
copy , 
s c a v e n g e _ f L a g : BOOLEAN); 

o b j e c t _ t : ( s i 2 e : LONGINT; 
p s i z e : LONGINT; ( * p h y s i c a l s i z e i n b y t e s * ) 
l p s i z e : INTEGER; ( * L o g I c a l page s i z e i n b y t e s * ) 
f t y p e : f i l e t y p e ; 
e t y p e : e n t r y t y p e ; 
DTC, 
DTA, 
DTM, 
DTB: LONGINT; 
'-: ef num: INTEGER; 
fmark: LONGINT; 
acmode: mset ; 
nreade r s , 
n w r i t e r s , 
n u s e r s : INTEGER; 
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f u i d : u i d ; 
eo f , 
s a f e ty on, 
k sw l t ch : BOOLEAN; 
p r i v a t e , 
l ocked , 
protected:BOOLEAN); 

END; 

FrocLnfoRec - RECORD 
Pr og PathName:Pathname; 
G loba l Id :LONGINT; 

: 1 . . 2 5 5 ; 
: ( P a c t i v e , P S u s p e n d e d , P w a l t i n g ) ; 
:Boolean 

P r i o r t t y 
S t a t e 
Data_ In 

END; 

DsInfoRec * 
RECORD 

Mem Size:LONGINT; 
Disc_s ize :LONGINT; 
NumbOpen:INTEGER; 
Ldsn:INTEGER; 
BoundF:BOOLEAN; 
PresentF:BOOLEAN; 
CreatorF:BOOLEAN; 
RWAccess:B0OLEAN; 
END; 

t_ex_name • STRING( len_exname] ; ( * except ion name * ) 
LongAdr - *LONGINT; 
t _ e x _ s t a t e - ( enabLsd , queued, I g n o r e d ) ; 

™" ( * except ion s t a t e * ) 
p ex da ta • * t _ e x d a t a ; 
t _ ex _da t a - ARRAY* (O . . s i ze _exda ta ] OF LONGINT; 
~ ~ ~" ( * except ion data b lock * ) 

t _ ex s t s • RECORD ( * except ion s ta tus * ) 
*~ Ex_o ccurred_f:BOOLEAN; 

ex_s t a t e : tJex_s t a t e ; 
num_excep:INTEGER; ( * no . of except ions queued * ) 
Hdl ad r : Longad r ; 

END; 

P_env_bUc - ^env_bUt; 
Env_b5t - RECORD*" ( * environment block f o r hand le r * ) 

PC:LONGINT; ( * program counter * ) 
SR:INTEGER; ( * s t a tus r e g i s t e r * ) 
D0,Dl,D2,D3,D4,D5,D6,D7:L0NGINT; 
A0,A1,A2,A3,A4,A5,A6,A7:LONGINT 

END; 
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p_term_jex_data - ^ t e r m _ e x _ d a t a ; 
t e r m _ e x _ d a t a - RECORD ( * SYS TERMINATE e x c e p t i o n d a t a b l o ck * ) 

CASE execp_k ind :LONGINT OF 
c a l l _ t e r m , 
ended , 
s e l f k i l t e d , 
k i l t e d , 
f t h r t e r m : ( ) ; ( * due to p r o c e s s t e r m i n a t i o n * ) 
i l l g ^ i n s t , 
p r i v v i o L a t i o n , 

Une"l010, 
H n e _ U l l , 
d e f _ d i v j s e r o , 
d e f _ v a l u e _ o o o , 
d e f _ o v f w , 
def~nmi k e y : 

~ (SR:INTEGER; 
PC:LONGINT) ; 

d e f _ r a n g e , 
d e f _ s t r _ i n d e x : ( v a lue _check : INTEGER; 

upper_bound: INTEGER; 
lower_bound: INTEGER; 
r e tu rn_pc :LONGINT ; 
c a l t e r _ a 6 : L O N G I N T ) ; 

b u s _ e r r o r , *~ 
addr e r r o r : 

( fun_f ieJ.d:PACKED RECORD ( * one INTEGER * ) 
f i l t e r : 0 . . $ 7 F F ; ( * 11 b i t s * ) 
r w fLag:BOOLEAN; 
i3CfUg:B00LEAN; 
f u n ^ c o d e : 0 . . 7 ; 

END; ~ 
a cce s s _ad r : LONGINT ; 
i n s t _ r e g i s t e r : I N T E G E R ; 
SR Er ro r : INTEGER; 
PC^Er ro r : LONGINT ) ; 

END; ~ 

p _ h a r d _ e x _ d a t a - * h a r d _ e x _ d a t a ; 
h a r d _ e x _ d a t a - RECORD ~ 

CASE excep_k ind :LONGINT OF 
d i v _ z e r o , 
v a l u e _ o o b , 
ov fw : 

(SR:INTEGER; 
PC:LONGINT) ; 

v a l u e _ r a n g e , 
s t r _ i n d e x : 

*~ ( v a l u e _ c h e c k : INTEGER; 
uppe r _bound : INTEGER; 
l o w e r _ b o u n d : INTEGER; 
r e t u r n j ) c : L O N G I N T ; 
c a l l e r a 6 : L 0 N G I N T ) ; 

END; " 
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T _ w a i t l i s t - RECORD 
~ Length:INTEGER; 

Refnum:ARRAY [ O . . S i z e w a i t l i s t ] OF INTEGER; 
END; ~ 

T j e h e a d e r - RECORD ( * even t heade r * ) 
™ S e n d _ p i d : L O N G I N T ; ( * s e n d e r ' s p r o c e s s i d * ) 

Event type :LONGINT; 
END; 

t _ e v e n t _ t e x t - ARRAY [ O . . s i z e _ e t e x t ] OF LONGINT; 
p _ r _ e v e n t b L k • * r _ e v e n t b U t ; 
r ^eventbUc - RECORD 
~" Eve nt_heade r : T_eheade r ; 

Event T e x t : t _ e v e n t t e x t ; 
END; " 

p_ js jeventbLk - ^ s j e v e n t b L k ; 
s _ e v e n t b ^ c • t _ j s v en t _ t ex t ; 

t _ i n t e r v a l - RECORD 
Day:INTEGER; ( * number of days * ) 
M i m s e c : L O N G I N T ; ( * number of m i l l i s e c o n d i n day * ) 

( * s h o u l d be 0 . .86399999 * ) 
END; 

t i m e _ r e c - RECORD 
~" Year : INTEGER; 

D a y : l . . 3 6 6 ; 
R o u r : - 2 3 . . 2 3 ; 
M i n u t e : - 5 9 . . 5 9 ; 
S e c o n d : 0 . . 5 9 ; 
M a e c : 0 . . 9 9 9 ; 

END; 

ChnJfcind - ( w a l t _ e c , c a l l _ e c ) ; 
t c h n _ s t s • RECORD ~~ ( * channe l s t a t u s * ) 
~ Chn_ type : Chn__kind; 

Numjcvents: INTEGER; 
Open^recv: INTEGER; 
Open*send : INTEGER; 
Ec name:pathname; 

END; ~ 

Hour _ r ange - - 2 3 . . 2 3 ; 
Minu7e_range - - 5 9 . . 5 9 ; 
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( * F i l e System C a l l s * ) 

PROCEDURE MAKE FILE 
(VAR Ecode : INTEGER; 
VAR Path :Pathname; 
L a b e l _ s i z e : INTEGER) 

PROCEDURE MAKE PLPE 
(VAR Ecode:INTEGER; 

VAR Path :Pathname; 
L a b e l _ s i z e : INTEGER) 

PROCEDURE KILL_OBJECT 
(VAR Ecode:INTEGER; 
VAR Pa th :Pa thname ) 

PROCEDURE RENAME ENTRY 
(VAR Ecode:INTEGER; 
VAR Pa th :Pa thname ; 
VAR Newname: Ejoame ) 

PROCEDURE LOOKUP 
(VAR Ecode:INTEGER; 
VAR Path :Pathname; 
Index: INTEGER; 
VAR A t t r i b u t e s : F s _ I n f o ) 

PROCEDURE INFO 
(VAR Ecode:INTEGER; 
Refnum:INTEGER; 
VAR R e f I n f o : F s _ I n f o ) 

PROCEDURE OPEN 
(VAR Ecode:INTEGER; 
VAR Path :Pathname; 
VAR Refnum:INTEGER; 
Man ip :MSet ) 

PROCEDURE CLOSE__OBJECT 
(VAR Ecode:INTEGER; 
Ref num:INTEGER) 

PROCEDURE READ__DATA 
(VAR Ecode:INTEGER; 
Refnum:INTEGER; 
Data Addr:LONGINT; 
Count:LONGINT; 
VAR Actua l :LONGINT; 
Mode : IoMode; 
O f f s e t : LONGINT ) 
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PROCEDURE WRITEJDATA 
(VAR~ Ecode:INTEGER; 
Refnum:INTEGER; 
Data Addr:LONGINT; 
Count*: LONGINT; 
VAR Actual :LONGINT; 
Mode:IoMode; 
Of fset :LONGINT) 

PROCEDURE READ LABEL 
(VAR Ecode:INTEGER; 
VAR Path:Pathname; 
Data_Addr:LONGINT; 
Count:L0NGINT; 
VAR Actual :LONGINT) 

PROCEDURE WRITE__LABEL 
(VAR Ecode:INTEGER; 
VAR Path:Pathname; 
Data Addr:LONGINT; 
Count": LONGINT; 
VAR A c t u a l : LONGINT) 

PROCEDURE DEVICE_CONTROL 
(VAR Ecode:INTEGER; 
VAR Path:Pathname; 
Ccode. CParm:INTEGER) 

PROCEDURE ALLOCATE 
(VAR Ecode:INTEGER; 
Refnum:INTEGER; 
Cont iguous:BOOLEAN; 
Count:LONGINT; 
VAR Actual :LONGINT) 

PROCEDURE COMPACT 
(VAR Ecode:INTEGER; 
Refnum:INTEGER) 

PROCEDURE TRUNCATE 
(VAR Ecode:INTEGER; 
Refnum: INTEGER) 

PROCEDURE FLUSH 
(VAR Ecode:INTEGER; 
Refnum:INTEGER) 

PROCEDURE SET_SAFETY 
(VAR Ecode:INTEGER; 
VAR Path:Pathname; 
On_of f:BOOLEAN) 

PROCEDURE SET_WORKING_J)LR 
(VAR "Ecode:INTEGER; 
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VAR Path:Pathname) 

PROCEDURE GET_WORKINGJDTB. 
(VAR Ecode:INTEGER; 
VAR Path:Pathname) 

PROCEDURE MOUNT 
(VAR Ecode:INTEGER; 
VAR VName:E name; 
VAR Pas sword", Devname: E_name) 

PROCEDURE UNMOUNT 
(VAR Ecode:INTEGER; 
VAR VName:E_name) 

PROCEDURE RESET_CATALOG 
(VAR ecode: INTEGER; 
VAR Path:Pathname) 

PROCEDURE Get_NEXT_ENTRY 
(VAR Ecode:INTEGER; 
VAR Pre f i x ,Ent ry :E_Name ) 

( * Process Management System CalLs * ) 

PROCEDURE MAKE_PROCESS 
(VAR ErrNum:INTEGER; 
VAR Proc_Id:LONGINT; 
VAR ProgFi le :Pathname; 
VAR EntryName:NameString; 
Evntjchn_refnum: INTEGER) 

PROCEDURE TERMINATE PROCESS 
(VAR ErrNum:INTEGER; 
Event _p t r : P_S_Eventb Uc) 

PROCEDURE INFO_PROCESS 
(VAR ErrNum: INTEGER; 
Proc Id:LONGINT; 
VAR ^ P r o c _ I n f o : ProcLnfoRec) 

PROCEDURE KILL PROCESS 
(VAR ErrNum: INTEGER; 
Proc_Id:LONGINT) 

PROCEDURE SUSPEND_PROCESS 
(VAR ErrNum:INTEGER; 
Proc_Id:LONGINT; 
Sus p_Family:BOOLEAN) 

PROCEDURE ACTIVATE_PROCESS 
(VAR Er rNum:INTEGER; 
Proc_Id:LONGINT; 
Act Family:BOOLEAN) 
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PROCEDURE SETPRlORITY_PROCESS 
(VAR ErrNum:INTEGER; 
Proc Id :U )NGINT; 
New_Prio r i ty:INTEGER) 

PROCEDURE YIELD_CPU 
^ (VAR Errnum:INTEGER; 

To_Any:BOOLEAN) 

FUNCTION MT__LD: LONGINT 

( * Memory Management System C a l l s * ) 

PROCEDURE MAKE DATASEG 
(VAR ErrNum:INTEGER; 
VAR SegName:Pathname; 
Mem S i z e , D i s k Size:LONGINT; 
VAR" RefNum: flTTEGER; 
VAR SegPtr:LONGINT; 
Ldsn:INTEGER) 

PROCEDURE KILL DATASEG 
(VAR ErrNum:INTEGER; 
VAR SegName:Pathname) 

PROCEDURE OPEN DATASEG 
(VAR ErrNum:INTEGER; 
VAR SegName:Pathname; 
VAR RefNum:INTEGER; 
VAR SegPtr:LONGINT; 
Ldsn:INTEGER) 

PROCEDURE CLOSE_DATASEG 
(VAR ErrNum: INTEGER; 
RefNum: INTEGER) 

PROCEDURE FLUSH_DATASEG 
(VAR ErrNum; 
RefNum:INTEGER) 

PROCEDURE SIZE DATASEG 
(VAR ErrNum:INTEGER; 
RefNum:INTEGER; 
De l t aMems i z e:LONGINT; 
VAR NewMemSize:LONGINT; 
DeltaDiskSize :LONGINT; 
VAR NewDiskSize:LONGINT) 

PROCEDURE INFO DATASEG 
(VAR ErrNum:INTEGER; 
RefNum:INTEGER; 
VAR DsInf o :DsInfoRe c ) 
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PROCEDURE SETACCESS_DATASEG 
(VAR ErrNum:INTEGER; 
RefNum:INTEGER; 
ReadonJly:BO0LEAN) 

PROCEDURE BIND DATASEG 
( V A R - ErrNum:INTEGER; 
Ldsn:INTEGER) 

PROCEDURE UNB IND_DATAS EG 
(VAR ErrNum:INTEGER; 
RefNum:INTEGER) 

PROCEDURE INFO_LDSN 
(VAR ErrNum:INTEGER; 
Ldsn:INTEGER; 
VAR RefNum:INTEGER) 

( * Excep t i on Management System C a l l s * ) 

PROCEDURE DECLARE_EXCEP_HDL 
(VAR ErrNum: INTEGER; 
VAR Excep_Name: t _ex_name; 
E n t r y _ p o I n t : LongAdr ) 

PROCEDURE DLSABLE_EXCEP 
(VAR ErrNum:INTEGER; 
VAR Excep_Name: t _ex_name; 
Queue:BOOLEAN) " 

PROCEDURE ENABLE EXCEP 
(VAR ErrNum: INTEGER; 
VAR Excep Name:t_ex_name) 

PROCEDURE INFO_EXCEP 
" ( V A R ErrNum: INTEGER; 

VAR Excep Name: t_ex_name; 
VAR Excep_s t a t u s : t _ e x _ s t s ) 

PROCEDURE SIGNAL EXCEP 
(VAR ErrNum:INTEGER; 
VAR Excep_Name:t_ex_name; 
VAR E x c e p " d a t a : t _ e x _ d a t a ) 

PROCEDURE FLUSH EXCEP 
TvAR ErrNum: INTEGER; 

VAR Excep Name:t_ex_name) 

( * Event Managemort System C a l l s * ) 

PROCEDURE MAKE_EVENT_CHN 
(VAR ErrNum: INTEGER; 
VAR Event chn name:Pathname) 
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PROCEDURE KILL EVENT CHN 
~ (VAR ^ErrNum: INTEGER; 

VAR Eve nt__c hn_name: Pathname) 

PROCEDURE OPEN EVENT_CHN 
^ (VAR ErrNum:INTEGER; 

VAR Event chn name:Pathname; 
VAR RefNum: INTEGER; 
VAR Excep_Narae:t_ex name; 
Rece i v e r:BOOLEAN) " 

PROCEDURE CLOSE EVENT_CHN 
TVAR ErrNum:INTEGER; 

RefNum: INTEGER) 

PROCEDURE INFO EVENT_CHN 
" ( VAR ErrNum:INTEGER; 

RefNum:INTEGER; 
VAR Chn_Inf o : t_chn_s t s ) 

PROCEDURE WAn EVENT CHN 
~(VAR ^ErrNum: INTEGER; 

VAR Wait U s t : t _ v a l t l i s t ; 
VAR RefNum: INTEGER; 
Event_p t r : p _ r _e ve nt b ) 

PROCEDURE FXUSH_EVENT_CHN 
(VAR ErrNum:INTEGER; 
RefNum:INTEGER) 

PROCEDURE SEND_EVENTjCHN 
(VAR ~ErrNum: INTEGER; 
RefNum: INTEGER; 
Event _p t r : p _ s _eventbBc ; 
fctt e r v a l : t_Tnt e r v a l ; 
Clktime:Time r e c ) 
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PROCEDURE DELAY TIME 
TVAR ErrNum:INTEGER; 

Interva3. : T _ i n t e r v a l ; 
C lkt ime:Time_rec ) 

PROCEDURE GET__TIME 
(VAR ErrNum: INTEGER; 
VAR GMT_Time: Time_rec ) 

PROCEDURE SET_LOCAL TDffi DIFF 
( V A R - ErrNum:INTEGER; 
Hour :Hour_range ; 
Minut e :Minut e_range ) 

PROCEDURE CONVERT_TIME 
(VAR ErrNum:INTEGER; 
VAR GMT_Time:Time_rec; 
VAR LocXl__Time: T ime_rec ; 
To_gmt:BOOLEAN) " 
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System Rese rved E x c e p t i o n Names 

SYS OVERFLOW 

SYS VALUE OOB 

SYS 2ER0 DIV 

o v e r f l o w e x c e p t i o n . S i g n a l l e d i f the TRAPV 
i n s t r u c t i o n i s e x e c u t e d , and the o v e r f l o w 
c o n d i t i o n i s on. 

v a l u e out of bound e x c e p t i o n . S i g n a l l e d i f 
the CHK i n s t r u c t i o n i s e x e c u t e d , and the v a l u e 
i s l e s s than 0 o r g r e a t e r than upper bound. 

d i v i s i o n by z e r o e x c e p t i o n . S i g n a l l e d l f the 
D t f S o r DIVU i n s t r u c t i o n i s e x ecu t ed , and the 
d i v i s o r i s z e r o . 

SYS TERMINATE t e r m i n a t i o n e x c e p t i o n , 
i s to be t e r m i n a t e d . 

S i g n a l l e d when a p r o c e s s 

SYS SHUT OFF system shut o f f e x c e p t i o n . When the system 
i s to be shut o f f , t h i s e x c e p t i o n i s 
s i g n a l J e d to e v e r y p r o c e s s to s ave the 
c u r r e n t s t a t e . 

SYS POWER ON system power on e x c e p t i o n . A f t e r the system 
l s powered on, t h i s e x c e p t i o n i s s i g n a l l e d 
t o e v e r y p r o c e s s to con t inue where i t 
l e f t o f f when system was shut o f f . 

System Rese rved Event Types 

SYS_SON_TERM " s o n t e r m i n a t e " event t y p e . Th i s event i s sent 
t o the f a t h e r p r o c e s s when a son p r o c e s s makes 
a TERMINATE PROCESS c a l l . 
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ERROR CODES 

0 no e r r o r 
1 i n v a l i d refnum 
5 p a r i t y e r r o r 

PROCESS MANAGEMENT 

100 S p e c i f i e d p rocess does not e x i s t 
101 Spec i f i ed p rocess i s a system process 
110 i n v a l i d p r i o r i t y s p e c i f i e d (must be 1. .255) 
115 s p e c i f i e d p rocess l s a l r e a d y suspended (Suspend_process ) 
120 s p e c i f i e d p rocess i s a l r e ady a c t i v e ( A c t I v a t e _ P r o c e s s ) 
125 s e p c i f i e d p rocess i s a l r e ady terminat ing ( K i l l _ P r o c e s s ) 

130 can not open program f i l e 
131 e r r o r v h i l e t r y i n g to read program f i l e 
132 i n v a l i d program f i l e (not e x e c u t a b l e ) 
133 cannot make process stack f o r new process 
134 cannot make process s y s l o c a l f o r new process 
135 cannot get a PCB f o r the new process 
136 cannot se t up communication channel f o r new process 
137 program uses an i n v a l i d i n t r i n s i c u n i t ( e i t h e r names 

do not a g r e e , o r u n i t i s not i n t r i n s i c ) 
138 cannot access program f i l e dur ing l oad ing 
139 cannot get a PLCB (program load con t ro l b l o ck ) f o r 

program—out of s y s g l o b a l space 
140 program uses an i n v a l i d shared segment ( e i t h e r names 

do not a g r e e , o r segment i s not i n I n t r i o s i c . L i b ) 
141 cannot access a shared L i b r a r y f i l e whi te l oad ing 

EXCEPTION MANAGEMENT 

201 no such except ion name decLared 
202 no space teft in the system da t a a r e a f o r decLare_execp_hd l 

or s i g n a l _ e x c e p . — ~~ 

MEMORY MANAGEMENT 

301 input refnum i s i n v a l i d 
302 input ldsn va lue i s i n v a l i d 
303 no data segment bound to an ldsn when there should be 
304 data segment bound to an ldsn when i t shou ldn ' t be 
305 data segment a l r e a d y bound to an ldsn 
306 data segment too Large 
307 input data segment path name i s i n v a l i d 
308 data segment a l r eady e x i s t s 
309 i n s u f f i c i e n t d i sk space f o r data segment 
310 An i n v a l i d s i z e has been s p e c i f i e d 

memory s i z e < • 0 
memory s i z e of shared data segment > 128K 
d i sk s i z e < 0 
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EVENT MANAGEMENT 

401 i n v a l i d even t channe l name pas sed to make_event_jchn: 
empty s t r i n g o r s t r i n g l o n g e r than 16 c h a r a c t e r s 

402 no space l e f t l n system g l o b a l d a t a a r e a f o r open jevent _chn 
403 no space l e f t l n system l o c a l d a t a a r e a f o r open_event_chn 
404 N o n - b l o c k s t r u c t u r e d d e v i c e s p e c i f i e d l n pathname to 

makejftvent__chn, k i l l _ e v e n t _ c h n , o r open j aven t _ chn 
410 at tempt to open a l o c a l event channe l to send 
411 attempt to open an event channe l t o r e c e i v e when event 

channe l a l r e a d y has a r e c e i v e r 
412 c a l H n g p r o c e s s has a l r e a d y opened t h i s channe l to send 

o r r e c e i v e 
414 attempt to open channe l t h a t i s b e i n g k i l l e d 
415 w a r n i n g : wrong number of b y t e s i n channe l when open 
420 at tempt to w a i t on a channe l t h a t the c a l L i n g p r o c e s s 

d i d not open 
421 w a i t j s v e n t _ c h n r e t u r n s w h i l e w a i t i n g on an empty channe l 

b ecause a s e n d e r p r o c e s s was not abLe to s u c c e s s f u l l y 
comple te s end ing an e v e n t . 

422 at tempt to c a l l wa i t_event__chn on an empty e v e n t ^ a l l 
channe l 

423 cannot f i n d c o r r e s p o n d i n g event channe l a f t e r be ing 
b l o cked (wa1 t _ e v e n t _ c h n ) 

424 the a c t u a l amount of d a t a r e t u r n e d w h i l e r e a d i n g an event 
from a channe l l s not the same as the s i z e of an event 
bLock i n w a i t j a v e n t _ c h n ( p r o b a b l y d i s k 1/0 f a i l u r e ) 

425 event channe l empty a f t e r b e ing unb l ocked ( w a i t _ e v e n t _ c h n ) 
430 at tempt to send to a channe l wh ich the c a l L i n g p r o c e s s 

does not have open 
431 the a c t u a l amount of d a t a t r a n s f e r r e d w h i l e w r i t i n g an 

event to a channe l i s not the same as the s i z e of an 
event b l o c k i n s end_even t j chn ( d i s k i s p r o b a b l y f u l l ) 

440 w a r n i n g : wrong number of by tes i n channe l when 
I n f o Event Chn c a l l e d 

TWIGGY DLSK ERRORS 

611 unexpected i n t e r r u p t from d r i v e 2 
612 unexpected i n t e r r u p t from d r i v e 1 
613 ilL2gal d i s k a d d r e s s o r t r a n s f e r Length 
614 no d i s k p r e s e n t l n d r i v e 

TDffi MANAGEMENT 

630 the time pa s sed to d e l a y _ c i m e , c o n v e r t _ t i m e , o r 
send event _chn l s such t h a t the y e a r l s l e s s than 1890 
o r g r e a t e r than 2069. 

635 p r o c e s s got unb locked p r e m a t u r e l y due to p r o c e s s 
t e r m i n a t i o n ( deLay t ime ) 
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636 
638 

RS-232 

640 
641 
643 
644 
645 
646 
647 
648 

STARTUP 

700 

701 
702 
703 
704 
705 
706 
707 
708 

FILE SYSTEM 

VmStuff: 
801 
802 
806 
809 
816 
819 
820 
821 
822 

S F l l e I 0 : 
825 
826 
828 
829 
835 
837 
838 
841 
843 
847 
848 
849 
852 

t imer request did not complete s u c c e s s f u l l y i n de lay_t ime 
the time passed to deLay__tIme or send_event_chn i s more 
than 230 days from the current GMT time 

RS-232 d r i v e r ca lLed w i th wrong v e r s i o n number 
RS-232 read o r w r i t e i n i t i a t e d w i th i l l e g a l parameter 
Unexpected RS-232 i n t e r r u p t 
I l l e g a l refnum used to c a l l T_DISABLE from w i t h i n RS-232 d r i v e r 
I l t e g a l refnum used to c a l l T^RE_ENABLE from w i t h i n RS-232 d r i v e r 
No memory avaLLabLe to initiaTiz7 RS-232 
Unexpected RS-232 t imer i n t e r rup t 
Attempt to send unpermitted command to s e r i a l c o n t r o l l e r card 

Mismatch between l oade r v e r s i on number ( i n 0S.0BJ) and 
ope ra t ing system v e r s i o n number ( l n SYSTEM.0S.OBJ) 
OS exhausted i t s i n t e r n a l space dur ing s t a r t u p 
Cannot make system process 
Cannot k i l l pseudo^>uter process 
Cannot c r ea t e d r i v e r 
Cannot program NMI key 
Cannot ( s o f t ) i n i t i a l i z e Twiggy 
Cannot ( s o f t ) i n i t i a l i z e the f i l e system volume 
P r o f i l e not readab le 

IoResuI t O 0 on I/O us ing the Monitor ( L ^ A I 0 ) 
Asynchronous I/O request not completed s u c c e s s f u l l y 
Page s p e c i f i e d i s out of range (TFDM) 
Lnva l id arguments ( p a g e , a dd r e s s , o f f s e t , o r count ) (VM) 
Not enough sysgJ-obal space f o r f i l e system b u f f e r s ( i n i t q v m ) 
Bad dev ice number ( I O _ I N n ) 
No space in s y s g l o b a l f o r asynchronous request l i s t 
AJ,ready i n i t i a l i z e d I/O f o r th i s dev ice 
Bad dev ice number (IO__DISINIT) 

E r ro r i n parameter va lues ( A l l o c a t e ) 
No more room to a l l o c a t e pages on dev ice 
E r ro r i n parameter va lues ( D e a l l o c a t e ) 
P a r t i a l d e a l l o c a t i o n only ( r a n in to u n a l l o c a t e d r e g i o n ) 
s H f i l e number < 0 o r > max f i l e s ( i l U g a l v a l u e ) ( S L i s t _ I 0 ) 
Una l l oca ted s ^ i l e or I/O e r r o r (FMap_Mgr) ~" 
Map o v e r f l o w : s - f i l e too Large 
Una l l oca ted s ^ i l e or I/O e r r o r ( G e t _ P S i z e ) 
Requested exact f i t , but one c o u l d n ' t be prov idea (AppendPages ) 
Requested t r a n s f e r count i s < • 0 ( D a t a I 0 ) 
E n d ^ f - f i l e encountered 
Luva l l d page or o f f s e t va lue ln parameter L i s t 
Bad u n i t number (F lushFS ) 
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854 No f r e e s l o t s i n s - l i s t d i r e c t o r y ( t o o many s - f i l e s ) ( N e w _ S F i l e ) 
855 No a v a i l a b l e d i sk space f o r f i l e h in t s 
856 Device not mounted 
857 Empty, l ocked , o r i n v a l i d s ^ i l e ( K i l l _ S F i l e ) 
861 R e l a t i v e page i s beyond PEOF (bad parameter v a l u e ) (AbsPage ) 
864 No s y s g l o b a l space f o r volume l i tmap (Rea l_Mount , Real_Unmount) 
866 Wrong FS v e r s i o n o r not a v a l i d L i s a FS volume 
867 Bad u n i t number (Rea l_Mount , RealJu*nmount) 
868 Bad u n i t number (Def_Mount, Def_Unraount) 
869 Unit ai^ready mounted (mount)/no u n i t mounted (unmount) 
870 No s y s g l o b a l space f o r DCB or MDDF (mount) 

FS P r i m i t i v e s : 
T71 Parameter not a v a l i d s - f i l e ID (Open_SF i l e ) 
872 No s y s g l o b a l space f o r s - f i l e c on t ro l b lock 
873 Spec i f i ed f i l e i s a l r e ady open f o r p r i v a t e access 
874 Device not mounted 
875 I n v a l i d s ^ i l e LD or s ^ i l e c o n t r o l b lock ( C l o s e _ S F i l e ) 
879 Attempt to p o s t i o n pas t LEOF ( D i r e c t _ I 0 ) 
881 Attempt to read empty f i l e ( F i l e I 0 ) 
882 No space on volume f o r new data page of f i l e 
883 Attempt to read pas t LE0F 
884 Not f i r s t auto -aJ - locat ion , but f i l e was empty 
885 Could nor update f i l e s i z e h ints a f t e r a w r i t e ( f i l e i o ) 
887 Cata log p o i n t e r does not i n d i c a t e a c a t a l o g ( bad parameter ) 
888 Entry not found l n ca ta l og (Lookup_by_ename) 
890 Entry by that name aJ,ready e x i s t s (Make__Entry) 
891 Cata log i s f u l l , o r was not as c a t a l o g 
892 I l l e g a l name f o r an entry 
894 Entry not found, o r not a c a t a l o g ( K i l l _ E n t r y ) 
895 fcwalid entry name ( k i l l _ e n t r y ) 
896 Safety swi tch i s on—cannot k i l l entry ( k i l l _ e n t r y ) 

F S _ ^ i t : ~ 
897 I n v a l i d bootdev va lue 

F S _ I n t e r f a c e : 
921 Pathname i n v a l i d o r no such dev ice ( M a k e _ F i l e ) 
922 Lnva l id Label s i z e ( M a k e _ F i l e ) 
926 Pathname I n v a l i d o r no such dev ice (Make_P ipe ) 
927 LnvaUd Label s i z e (Make_Pipe ) 
941 Pathname lnvaLLd or no such dev ice ( K i l l O b j e c t ) 
946 Pathname i n v a l i d or no such dev ice (0penT 
947 Not enough space in s y s l o c a l f o r f i l e system r e f d b 
948 Entry not found l n s p e c i f i e d c a t a l o g (Open) 
949 P r i v a t e access not a l lowed i f f i l e a l r e a d y open shared 
950 P i p e a l r e a d y l n u s e , requested access not p o s s i b l e 
951 F i l e i s a l r e a d y opened i n p r i v a t e mode (open ) 
952 Bad refnum ( C l o s e _ O b j e c t ) 
954 Bad refnum (Read_data ) 
955 Read access not a_Ilowed to s p e c i f i e d ob j ec t 
956 Attempt to p o s i t i o n FMARK past LEOF not a l lowed 
957 Negat ive request count i s i l l e g a l ( r e a d _ d a t a ) 
958 N o n s e q u e n t i a l access i s not a l lowed ( read__data ) 
959 System resources exhausted 
960 E r ro r w r i t i n g to p ipe w h i l e an u n s a t i s f i e d read was pending 
961 Bad refnum ( w r i t e d a t a ) 
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The pathname e r r o r codes (921 , 926, 941, 946, and 971) o f t e n mean that 
' h e volume s p e c i f i e d in the pathname i s not mounted. Lf e r r o r 966 occurs 
wh i l e w r i t i n g a f i l e us ing the FTP u t i l i t y , you probab ly ran out of space 
on the d e s t i n a t i o n volume. 
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962 No WRITE or APPEND access a l l owed 
963 Attempt to p o s i t i o n FMARK too f a r pas t LEOF 
964 Append access not a l lowed in a b so l u t e mode 
965 Append access not a l lowed i n r e l a t i v e mode 
966 Lnterna l incons i s tency of FMARK and LEOF (wa rn ing ) 
967 N o n s e q u e n t i a l access i s not a l l owed ( w r i t e _ d a t a ) 
968 Bad refnum ( F l u sh ) 
971 Pathname invaJ.id or no such dev ice (Lookup) 
972 Entry not found l n s p e c i f i e d cataJ,og 
974 Bad refnum ( I n f o ) 
977 Bad refnum ( a l l o c a t e ) 
978 Page count i s non^>os i t l ve ( a l l o c a t e ) 
979 Not a b lock s t ruc tu red dev ice ( a l l o c a t e ) 
981 Bad refnum (T runcate ) 
982 No space has been aJ,located f o r s p e c i f i e d f i l e 
983 Not a b lock s t ruc tu red dev ice ( t r u n c a t e ) 
985 Bad refnum (Compact) 
986 No space has been a l l o c a t e d f o r s p e c i f i e d f i l e 
987 Not a b lock s t ruc tu red dev ice (compact ) 
988 Bad refnum ( F l u s h _ P i p e ) 
989 C a l t e r i s not a r eade r of the p ipe 
990 Not a b lock s t ruc tu red dev ice ( f l u s h _ p i p e ) 
999 Asynchronous read was unblocked be f o r e i t was s a t i s f i e d . 

This may occur during p rocess te rminat ion . 
1021 Pathname i n v a l i d o r no such entry (Rename_Entry) 
1022 No such entry found (rename e n t r y ) 
1023 Lnva l id newname, check f o r i n s t r i n g ( r ename jen t ry ) 
1031 Pathname i n v a l i d or no such entry (Read _Labe l ) 
1032 Lnva l id t r a n s f e r count ( r e a d _ l a b e l ) 
1033 Nop such entry found ( r e a d _ l a b e l ) 
1041 Pathname i n v a l i d o r no such entry ( W r i t e _ L a b e l ) 
1042 I n v a l i d t r a n s f e r count ( w r i t e _ l a b e I ) 
1043 No such entry found ( w r i t e _ L a b e l ) 
1051 No dev ice or volume by that name (mount) 
1052 A volume l s a l r e a d y mounted on dev ice 
1061 No dev ice or volume by that name (Unmount) 
1062 No volume i s mounted on dev ice 
1071 Not a v a l i d o r mounted volume f o r working d i r e c t o r y 
1091 Pathname i n v a l i d o r no such entry ( S e t _ S a f e t y ) 
1092 No such entry found ( s e t _ s a f e t y ) ~ 
1121 I n v a l i d dev i c e , not mounted, o r not a c a t a l o g ( r e s e t _ c a t a l o g ) 
1128 Lnva l id pathname, d e v i c e , o r volume not mounted ( get_dev_name) 
1196 Something i s s t i l l open on d i s k - ^ a n n o t unmount (real__unmount) 
1197 Volume i s not formatted o r cannot be read (def__mount) 
1198 Negat ive request count i s t l t e g a l ( w r i t e _ d a t a ) 
1199 Function or procedure i s not yet implemented 
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OS LOADER DUGNOSTICS 

E r ro r Message 

FILE SYSTEM VERSION MLSMATCH 
FILE SYSTEM CORRUPT 
MEMORY EXHAUST 

SYSTEM CODE FILE NOT FOUND 
SYSTEM CONFIGURATION FILE NOT FOUND 
BOOT DEVICE READ FAILED 

PROGRAM NOT EXECUTABLE 
CODE FILE CORRUPT 
TOO MANY OS SEGMENTS 
UNKNOWN BOOT ERROR 

Cause o r De sc r i p t i on 

When boot ing from the Twiggy 
When boot ing from the Twiggy 
You f o rgo t to run SETSP, o r used 
an i nco r r ec t v a l u e 
Cannot f i nd SYSTEM.OS.OBJ 
Nor does i t e x i s t yet 
I oResu l t was not 0 f o r whatever reason 
w h i l e t r y ing to read SYSTEM.OS.OBJ 
Refers to SYSTEM.OS.OBJ 
Refers to SYSTEM.OS.OBJ 

5 F l M I S r 
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