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A b s t r a c t  

PV1PL/135 i s  a  language and c o m p i l e r  f o r  
m ic roprogramming t h e  System/370 Model 135, 
e m p l o y i n g  compi 1  e r  techno logy ,  r a t h e r  t h a n  
assembler  l o r e .  The l e v e l  o f  d e t a i l  i n  t h e  
language i s  p u r p o s e l y  k e p t  h i g h  i n  o r d e r  t o  e n a b l e  
t h e  microprogrammer comp le te  f reedom i n  t h e  use o f  
t h e  machine. T h i s  r e p o r t  i s  i n t e n d e d  as an WPL/135 
language r e f e r e n c e  manual and i s  t o  be used i n  
c o n j u n c t i o n  w i t h  t h e  f u n c t i o n a l  s p e c i f i c a t i o n s  o f  
Systern/370 t lodel  135. 

Terms f o r  I R M  S u b j e c t  Index  

F l i  c roprogramming 

Compi l e r s  

Programmi n g  Languages 
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MPL/135 i s  a  language f o r  microprogramming t h e  System/370 
Model 135, p a t t e r n e d  a f t e r  F1PL/145 ( A ) ,  used f o r  t h e  Model 
145. Both  languages adhere to, and have been c o n s t r u c t e d  
u s i n g  c o m p i l e r  language technology,  r a t h e r  than  assembler  
l o r e .  Yet b o t h  languages a r e  p u r p o s e l y  h i g h l y  d e t a i l e d  and, 
t h e r e f o r e ,  q u i t e  machine dependent, because t h e  v e r y  n a t u r e  
o f  microprogramming d i c t a t e s  t h a t  e x p l  i c i  t u t  i 1 i z a t  i o n  o f  
e v e r y  f a c i t  o f  t h e  micromachine be k e p t  a v a i l a b l e  f o r  t h e  
m i  croprogrammer. Whether one shou l  d te rm these languages 
assemblers o r  c o m p i l e r s  may be s u b j e c t  t o  some debate; b u t  
t h e  a u t h o r s  have chosen t o  te rm them machine-dependent 
c o m p i l e r s  i n  o r d e r  t o  emphasize t h e  f a c t  t h a t  they  c o n t a i n  a  
compi l e r - 1  i ke c o n t r o l  s t r u c t u r e  i n  wh ich  operands, n o t  
opera to rs ,  a r e  more apparent .  Such a  s t r u c t u r e  i s  e n t i r e l y  
l a c k i n g  i n  a c l a s s i c a l  assembler .  

The 11PL/135 language has been d e r i v e d  f r o m  PL/ I, ALGOL, 
PL/360 ( B ) ,  as we1 1 as f r o m  MPL/145 ( A ) ,  y e t  i t  d i f f e r s  
c o n s i d e r a b l y  f r o n  MPL/145 because o f  t h e  g r e a t  
d i s s i n i l i a r i t i e s  between the  two machines a t  t h e  
m i c r o i n s t r u c t i o n  l e v e l .  The b a s i c  f o r m  o f  t h e  language i s  
t h a t  o f  PL/I ;  an MPL/135 program i s  a  procedure, wh ich  may 
c o n t a i n  w h o l l y  n e s t e d  procedures, t h e r e b y  e s t a b l i s h i n g  a  
b a s i c  subprogram s t r u c t u r e  w i t h  c a p a b i l i t i e s  f o r  name 
scop ing.  Names a r e  d e c l a r e d  u s i n g  a  P L / I - l i k e  DECLARE (DCL) 
s tatement ,  wh ich  has been t a i l o r e d  t o  t h e  s t o r a g e  and d a t a  
t ypes  a v a i l a b l e  i n  t h e  Model 135. Because o f  t h e  i n t e n t  t o  
r e t a i n  e x p l  i c i  t c o n t r o l  w i  t h  t h e  m i  croprogramner, t h e r e  a r e  
no i m p l i c i t  naming c o n v e n t i o n s  i n  MPL/135; a l l  names excep t  
s i m p l e  l a b e l s  must be d e c l a r e d  e x p l  i c i t l y  a t  t h e  head o f  t h e  
procedure  o r  a  c o n t a i n i n g  procedure .  

As can be seen by compar ing t h e  a r c h i t e c t u r e s  o f  t h e  Models 
135 and 145, t h e  Model 135 , i s  q u i t e  ' v e r t i c a l  ' i n  na ture ,  
a p p e a r i n g  v e r y  s i m i l a r  t o  many o r d i n a r y  smal l ,  b i n a r y  
machines, such as t h e  Systern/7. On t h e  o t h e r  hand, t h e  
Model 1 4 5  o f f e r s  c o n s i d e r a b l y  more para1 l e l  ism, t h e  e f f e c t  
b e i n g  t h a t  more than one a c t i o n  can be s p e c i f  l e d  i n  t h e  
framework o f  a  s i n g l e  n i c r o i n s t r u c t i o n ,  thus  making t h e  
!.lode1 145 more ' h o r i z o n t a l  ' i n  n a t u r e .  Cons ide rab le  e f f o r t  
was spen t  i n  d e s i g n i n g  I;lPL/145 t o  p e r m i t  t h e  microprogrammer 
t o  s p e c i f y  e x a c t l y  these p a r a l l e l  f u n c t i o n s  and s t i l l  r e t a i n  
a  s t r u c t u r e  t o  t h e  r e s u l  t i n g  programs. I n  t h e  !.lode1 135 no 
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such f a c i  1  i t y  e x i s t s ;  t h e r e f o r e ,  t h e  c o m p u t a t i o n a l  
s t a t e m e n t s  i n  !4PL/135 l o o k  l e s s  1  i k e  t h o s e  i n  KPL/145 and 
niore 1  i ke  t h o s e  f o u n d  i n  a conven t  i o n a l  programming 
language.  I n  t h i s  .way, co r ! i pu ta t i on  i s  n o r m a l l y  a c h i e v e d  
u s i n g  an ass ignmen t  s t a t e m e n t  o f  t h e  fo rm:  

ALPHA <-  ALPHA I + I  BETA ; 

where t h e  e x a c t  n a t u r e  o f  ALPHA and BETA a r e  l i m i t e d  by  t h e  
c a p a b i l i t i e s  o f  t h e  Model 135 hardware, and t h e  o p e r a t i o n ,  
I+I, i s  an a c t u a l  n i i c r o i n s t r u c t i o n  i n  t h e  ryiachine w i t h  
p r e c i s e l y  o n l y  t hose  p r o p e r t i e s  w h i c h  t h e  hardware  p r o v i d e s .  

~ d d i t i o n a l  l y ,  /.1PL/135 c o n t a i n s  s e v e r a l  c o n t r o l  s t a t e m e n t s  
w h i c h  f o r m  a  c o n t r o l  s t r u c t u r e ,  so t h a t  t e d i o u s  housekeep ing  
can  be p e r f o r m e d  a u t o m a t i c a l l y  w i t h o u t  e i t h e r  r e s t r i c t i n g  
t h e  n i i c rop rog ranmer  o r  f o r c i n g  h i m  t o  r e s o r t  t o  b r a n c h  l o ~ i c  
and t h e r e b y  be r e q u i r e d  t o  c r e a t e  r:;any e x t r a n e o u s  l a b e l s .  
I n c l u d e d  anong t h e s e  s t a t e m e n t s  a r e :  

1. An IF/THEk! s ta te r i i en t  
2. Pin I F/THEN/ELSE s t a t e t ~ i e n t  
3.  A DO \ i l i l LE  s t a t e m e n t  
4 .  A GO CASE s t a t e m e n t  
5 .  An i t e r a t i v e  00 s t a t e r l e n t  

The m i c r o p r o g r a m e r  i s  n o t  pena l  i z e d  s h o u l d  he choose n o t  t o  
use  t h e s e  f a c i l  i t i e s .  

2. The P;!PL/135 L a n p u a ~ e  

2.1 B a s i c  D e f i n i t i o n s  

The flPL/135 language i s  d e s c r i b e d  i n  te rms o f  t h e  Sys ten /370  
Model 135 m i c r o a r c h i  t e c t u r e  (C) 1~11 i c h  coFipr i s e s  a 
p r o c e s s i n g  u n i t  and g roups  o f  s t o r a g e  e lemen ts .  Each o f  t h e  
s t o r a g e  e lemen ts  h o l d s  a  c o n t e n t ,  a l s o  c a l l e d  a  v a l u e .  A t  
any g i v e n  t ime,  c e r t a i n  s i g n i f i c a n t  r e l a t i o n s h i p s  F a y  e x i s t  
between s t o r a g e  e lemen ts  and v a l u e s .  These r e l a t  i o n s h  i p s  may 
be r e c o g n i z e d  and a1 te red ,  and new v a l u e s  c r e a t e d  b y  t h e  
p r o c e s s i n g  u n i t .  The a c t i o n s  t a k e n  by  t h e  p r o c e s s o r  a r e  
d e t e r m i n e d  by  a  p r o ~ r a r n .  The s e t  o f  p o s s i b l e  p r o g r a r : ? ~  f o r r ~ s  
t h e  t1PL/135 l a n ~ u a ~ e .  An F71PL/135 program i s  corliposed o f ,  and 
t h e r e f o r e  can  be d e c ~ r ~ i p o s e d  i n t o  e l  er ; :entar~ c o n s t r u c t  i o n s  

IEr4 Ifi.ITERNRL USE OIILY 



hlPL/ 135 Page 5 

a c c o r d i n g  t o  t h e  r u l e s  o f  a  s y n t a x  o r  grammar. To each  
e l e m e n t a r y  c o n s t r u c t i o n  t h e r e  c o r r e s p o n d s  an 
e l e m e n t a r y  a c t i o n  s p e c i f i e d  as a  seman t i c  r u l e  o f  t h e  
language.  The a c t i o n  deno ted  by  a  p rogram i s  d e f i n e d  as t h e  
sequence o f  e l e m e n t a r y  a c t i o n s  c o r r e s p o n d i n g  t o  t h e  
e l e m e n t a r y  c o n s t r u c t i o n s  w h i c h  a r e  o b t a i n e d  as t h e  p rogram 
i s  decomposed ( p a r s e d )  by  r e a d i n g  i t  f r o m  l e f t  t o  r i g h t .  

2.1.1 The P rocesso r  

A t  any g i v e n  t ime,  t h e  s t a t e  o f  t h e  m i c r o p r o c e s s o r  i s  
d e f i n e d  by  a  c o l l e c t i o n  o f  s w i t c h e s  and l a t c h e s  as d e s c r i b e d  
i n  t h e  Model 135 F u n c t i o n a l  S p e c i f i c a t i o n s  (C). 

2 .1 .2  S t o r a ~ e  E lements  

S t o r a g e  e l e r ~ i e n t s  a r e  c l a s s i f i e d  i n t o  f i v e  d i f f e r e n t  t y p e s  o f  
r e g i s t e r s  and two d i f f e r e n t  t y p e s  o f  s t o r a g e .  I n f o r r i a t i o n  i s  
r e p r e s e n t e d  i n  one o f  t h e  s i x  f ~ l l o w i n g  t y p e s :  

1. B i t ,  a  s i n g l e  b i n a r y  d i g i t  v a l u e d  e i t h e r  0 o r  1, 
2 .  D i g i t ,  a  4 - b i t  u n s i g n e d  n u m e r i c  q u a n t i t y ,  
3 .  Byte,  an 8 - b i t  u n s i g n e d  numer i c  q u a n t i t y ,  
4. t i a l f ,  a 1 6 - b i  t u n s i g n e d  nurner ic  q u a n t i t y ,  
5 .  Word, a 3 2 - b i t  u n s i g n e d  nu r t l e r i c  q u a n t i t y ,  
6. Double, a  6 4 - b i t  u n s i g n e d  n u m e r i c  q u a n t i t y .  

The r e g i s t e r s  o r  s t o r a g e  may c o n t a i n  s i n g l e  e lemen ts  o f  
t h e s e  d a t a  t y p e s  o r  s t r u c t u r e s  o f  them, depend ing  on t h e i  r 
p h y s i c a l  l i m i t a t i o n s .  

2.1.3 R e l a t i o n s h i p s  

The most  f undamen ta l  r e l a t i o n s h i p  i s  t h a t  w h i c h  h o l d s  
between a c e l l  and i t s  v a l u e .  I t  i s  known as con ta inmen t ;  
t h e  c e l l  i s  s a i d  t o  c o n t a i n  t h e  v a l u e .  

Ano the r  r e l a t i o n s h i p  h o l d s  between t h e  c e l l s  w h i c h  a r e  t h e  
components o f  a s t r u c t u r e d  c e l l ,  c a l l e d  an a r r a y  o r  
s t r u c t u r e ,  and t h e  s t r u c t u r e d  c e l l  i t s e l f .  T h i s  i s  known as 
s u b o r d i n a t i o n .  S t r u c t u r e d  c e l l s  a r e  r e g a r d e d  as c o n t a i n i n g  
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t h e  o r d e r e d  s e t  o f  t h e  v a l u e s  o f  t h e  component c e l l s .  

A s e t  o f  r e l a t i o n s h i p s  between v a l u e s  i s  d e f i n e d  by  monadic  
and d y a d i c  f u n c t i o n s  o r  m ic romach ine  o p e r a t i o n s ,  w h i c h  t h e  
p r o c e s s o r  i s  a b l e  t o  e v a l u a t e  o r  p e r f o r m .  The r e l a t i o n s h i p s  
a r e  d e f i n e d  by  mappings between v a l u e s  ( o r  p a i r s  o f  v a l u e s )  
known as t h e  operands  and v a l u e s  known as t h e  r e s u l t s  o f  t h e  
e v a l u a t i o n .  These mappings a r e  d e s c r i b e d  i n  d e t a i l  i n  t h e  
t~ lode l  1 3 5  F u n c t i o n a l  Spec i f  i c a t  i o n s  (C). 

2 .1 .4  The P r o ~ r a m  

A p rogram c o n t a i n s  d e c l a r a t i o n s  and s t a t e m e n t s  w r i t t e n  i n  
f r e e  f o r m a t  on a r b i t r a r i l y  many l i n e s .  D e c l a r a t i o n s  s e r v e  t o  
l i s t  t h e  c e l l s ,  r e g i s t e r s ,  l a b e l s ,  and s y m b o l i c  c o n s t a n t s  
w h i c h  a r e  i n v o l v e d  i n  t h e  a l g o r i t h m  d e s c r i b e d  by  t h e  
program, and t o  a s s o c i a t e  names, s o - c a l l e d  i d e n t i f i e r s  w i t h  
t hen .  D e c l a r a t i o n s  must  p recede  s t a t e m e n t s  w i t h i n  a  g i v e n  
p r o c e d u r e .  The s t a t e m e n t s  s p e c i f y  t h e  o p e r a t i o n s  t o  be  
per fo r r i l ed  on t h e s e  q u a n t i t i e s ,  t o  w h i c h  t h e y  r e f e r  through 
t h e  use  o f  i d e n t i f i e r s .  

A p rogram i s  a  sequence o f  tokens ,  w h i c h  a r e  e i t h e r  
b a s i c  syl;ibols, s t r i n ~ s ,  o r  cor ln~ents .  Each t o k e n  i s  i t s e l f  a  
sequence o f  one o r  n o r e  c h a r a c t e r s .  The f o l  l o w i n g  
c o n v e n t i o n s  a r e  used: 

a.  B a s i c  symbols  c o n s t i t u t e  t h e  b a s i c  v o c a b u l a r y  o f  t h e  
language ( c f .  append i x  i i ) .  They a r e  e i t h e r  s i n g l e  
c h a r a c t e r s  o r  sequences o f  c h a r a c t e r s .  

b. S t r i n g s  a r e  sequences o f  one o r  more c h a r s c t e r s  
e n c l o s e d  i n  q u o t e  marks . A s t r i n g  may n o t  be 
e x t e n d e d  a c r o s s  an i n p u t  l i n e .  

c .  Corrlr~lents a r e  sequences o f  one o r  more c h a r a c t e r s  
p receded  by  t h e  c h a r a c t e r s  / *  and f ~ l  lovied b y  t h e  
c h a r a c t e r s  * /  . Comments n a y  appear  anywhere i n  a 
p rog ram b u t  n a y  n o t  be embedded i n  a b a s i c  syrnbol o r  
s t r i n g ;  i t  i s  u n d e r s t o o d  t h a t  t h e y  have no  e f f e c t  on  
t h e  e x e c u t i o n  o f  a  program. 
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I n  o r d e r  t h a t  a sequence o f  tokens be an e x e c u t a b l e  program, 
i t  must be c o n s t r u c t e d  a c c o r d i n g  t o  t h e  r u l e s  o f  t h e  syn tax .  

2.1.5 Syntax 

A sequence o f  tokens c o n s t i t u t e s  an i n s t a n c e  o f  a  s y n t a c t i c  
e n t i t y  ( o r  c o n s t r u c t ) ,  i f  t h a t  e n t i t y  can be d e r i v e d  f r o m  
t h e  sequence by one o r  more a p p l i c a t i o n s  o f  s y n t a c t i c  
s u b s t i t u t i o n  r u l e s .  I n  each such a p p l i c a t i o n ,  t h e  sequence 
equal  t o  t h e  r i g h t  s i d e  o f  t h e  r u l e  i s  r e p l a c e d - b y  t h e  
symbol wh ich  i s  i t s  l e f t  s i d e .  

S y n t a c t i c  e n t i t i e s  a r e  denoted by E n g l i s h  words enc losed  i n  
t h e  b r a c k e t s  I f<' '  and These words a r e  used t o  d e s c r i b e  
approx imate1 y t h e  n a t u r e  o f  t h e  s y n t a c t i c  e n t i t y ,  and where 
these  words a r e  used e l  sewhere i n  t h e  t e x t ,  t h e y  r e f e r  t o  
t h a t  s y n t a c t i c  e n t i t y .  

S y n t a c t i c  r u l e s  a r e  o f  t h e  form: 

where <a> i s  a  s y n t a c t i c  e n t i t y  ( c a l l e d  t h e  l e f t  s i d e )  and 
<sequence> i s  a  f i n i t e  sequence o f  tokens o r  s y n t a c t i c  
e n t i t i e s  ( c a l l e d  t h e  r i g h t  s i d e  o f  t h e  r u l e ) .  The n o t a t i o n :  

i s  used as an a b b r e v i a t i o n  f o r  t h e  s y n t a c t i c  r u l e s :  

2.1.6 S y n t a c t i c  E n t i t i e s  

The s y n t a c t i c  e n t i t i e s  a r e  l i s t e d  i n  appendix i. 

2.1.7 B a s i c  Symbols 

The b a s i c  symbols o f  M P L / 1 3 5  a r e  l i s t e d  i n  appendix ii. 
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2 . 2 .  P a t a  r"?anigulat ion Fac i l  i t i e s  

2 . 2 . 1  I d e n t i f i e r s  

W t e s  : 
>,n i d e n t i f i e r  i s  r e s t r i c t e d  t o  1 2  c h a r a c t e r s ;  i t  nay be used 
t o  d e s i g n a t e  a r e g i s t e r ,  a s t o r a g e  c e l l ,  a sywbolic 
cons t an t ,  a p r o ~ r a v  l a b e l ,  o r  a procedure.  
Examples : 

A A S 
TWELVECHA9SY PciE!.! - EI! 
r! l RTY-P!A!IE-l Y I!-?<! A!-1 E- I T 
t *  I CRO-I VI I cno 10 

b t e s  : 
O n l y  5 c h a r a c t e r s  of a l abe l  a r e  t ~ s e d ;  i f  a l ahe l  is w r i t t e n  
vri t h  rtore than 5 c h a r a c t e r s ,  t he  f i  r s t  3 and t h e  lsst  2 
c h a r a c t e r s  n r e  used. 



K o t  e s  : 
O n l y  3 c h a r a c t e r s  o f  a p r o c e d u r e  namc a r e  used; i f  a 
: . ~ rocedu re  name i s  ! - . m i t t e n  v.4 t h  more t h a n  3 chc7rcjcters, t h e  
l e f t m o s t  3 c h a r a c t e r s  a r e  used. 

2.2.2 V a l u e s  

2 .2 .2 .1  
< d e c i n a l  c o n s t a n t )  : := < r f i z i  t>  1 

<dec ima l  c c ? n s t z n t >  <;!i:i t >  

?!rites: 
3. d e c i m a l  c o n s t a n t  i s  t r e a t e d  a s  an r ~ n s i  zne? n r ~ r e r i c  
~ u a n t i t y  hc?tv!een 0 and 65535 ,  r i , ~ h t - j u s t i f i d  \ r i t h  z r r n  f i l l  
i n  3 P G - h i t  h a l f w o r d .  6 5 5 3 5  i s  t h e  l a r . ? e s t  v a l u e  n c r m i  t t c 4 .  
Examples : 

!j: 1 
16382 5 
33 m 0 1 .  
0 1 2 3  E 5 5 3 0  

2.2.2.4 
< I - i e x a d e c i m l  c o n s t a n t >  : : = ' <i:exaJec i q a l  s t r  i na> 1 

: i n t e s  : 
I 

ii : ~ e x a r i ~ c ! r t a l  c o n s t z n t  i s 1 in! t e A  t o  4 ~ e x ~ ~ ' ~ c i q z 1  c l i  p i  t s ,  
r i g h t - j u s t i f i e d  1.4 t h  x r o  f i  1 1  i n  a 3.5-5i t ! v l f v o r d .  
F i--:-:amp 1 c s  : 



r 'o tes  : .', ! ) i t  c o n s t a n t  i s  l i m i t e d  t o  1 6  ' , i ts, r i g h t - j u s t i f i w !  ri t h  
z e r o  f i  11 i n  a 1G-hi t ha l f v ro rd .  
E:tar?pl es  : 

~ 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 ~ ~  'I~IIOO~OIIIIOQ~O'P 
~ I O L O ~ ~ I O I ~ ~ O I C ~ ~ ~ ?  I ~ ? ~ C I C I ~ I O I ~ I ~ J - ~ ? . ' Y  
'110'~ 

2 . 2 . 2 . 7  
< s p e c i a l  c h a r a c t e r )  : := =181;1:1'1->1+1-1,1.I<lY(l)l<hlc?~Cr> 

2 .2 .2 .9  
( c h a r a c t e r  s t r i n g >  ::= < c h z r s c t e r >  I 

< c h a r z c t e r  s t r  i n z >  < c h n r n c t e r >  

f lotes  : 
' s i n z l c  q u o t e  i s  !!ri t t c n  2s a d ~ t ~ b l e  q u o t e  v!i t h i n  a 
c h a r a c t e r  s t r i n g .  

: l o t e s  : 
,'..: c h a r a c t e r  c o n s t a n t  appea r  i n6  i n  sn  a r i  thnetic s t a t e ~ r n t  is  
1 i n i t c r !  t o  2 cha rac t c i - s ;  o t h e r \ - h e ,  a c h a r - x t e r  c o n s t z n t  i s  
1 i n i t e d  t o  16 characters; t h e  v a l u c  o f  ~ a c h  c h a r a c t e r  i s  
i t s  E G C ? l C  r e p r e s e n t a t i o n  l e f t - j u s t i f  i e d  i t  I 1 i n  
t - ~ u l  t i  p l e s  of 16-" l  it half!pror?s. 
r- 

.:::ar7p 1 e s  : 
'!'?"4 ' 1.1 ' A  

'13':".. ' 5 !  '.7, 

'fIP1-/ 135 I S YEST':': 
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R e s i  s t e r  D e c l a r a t i o n s  

The l l o d e l  1 3 5  has t h e  f o 1  l o v ~ i n g  f i v e  t y p e s  o f  r e g i s t e r s  
3 v a i  l a b l e  f o r  t h e  mi croprogrammer:  

1. Gcnera l  Purpose Regi s t e r s ,  c k s i g n a t e d  GFR, 
2. F l o a t i n g  P o i n t  R e g i s t e r s ,  d e s i g n a t e d  FPR, 
3. C o n t r o l  l l o r k  R e g i s t e r s ,  cles i gna t e d  ChIR, 
4. E x t e r n a l  R e g i s t e r s ,  des i g n a t e d  EXT, 
5. \Jerk R e g i s t e r s ,  des i gna t e d  bf .  

A.r! i d e n t i f i e r  may be a s s o c i a t e d  1.i t h  one o f  t h e s e  r e g i s t e r s  
u s i n g  a D E C L A R E  ( o r  DCL) s t a t e n e n t .  Subsequent use o f  t h a t  
i d e n t i f i e r  c ~ i 1 1  r e s u l t  i n  t h e  use o f  t h e  r e g i s t e r  s p e c i f i e d .  

i ' o t e :  
I t l l l A L F  and LO!IALF d e s i g n a t e  t h e  h i g h  o r d e r  o r  t h e  low n r d e r  
16 5 i  t s  i n  a 32-bi  t !word. These d e s i g n a t i o n s  a r e  user! t o  
s e l e c t  a h a l f  \!ord \ ! i t h i n  a z i v e n  ~ r o r d .  

% t e s  : 
:': C E C L . . W E  o r  ECL s t a t e m e n t  n a y  !>e used t o  d e c l a r e  a s i n g l e  
i d e n t i f i e r  3r a g r o u p  o f  i d e n t i f i e r s ,  each i d ~ n t i f i e r  
s e p a r a t e d  Ly a comma. T h e  purpose  o f  t h e  s t a t e m e n t  i s  to 
r e l a t e  c e r t a i n  a t t r i b u t e s  w i t h  t h e  i d e n t i f i e r  s o  n ~ m e d .  
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2.2.3.7 
<work s u b s c r i p t >  ::= <work r e g >  ( B I T  <dec ima l  c o n s t a n t >  1 I 

<work r e g >  ( DIGIT <dec ima l  c o n s t a n t )  1 I 
<work r e g >  ( BYTE <dec ima l  c o n s t a n t >  1 

Notes :  
The dec ima l  c o n s t a n t s  r e f e r  t o  t h e  b i t ,  d i g i t ,  o r  b y t e  
pos i t i o n  w i  t h i n  t h e  ha1 fword,  word, o r  doubleword, s t a r t  ir,g 
w i t h  p o s i t i o n  0. The l e t t e r  B may be used as an a b b r e v i a t i o n  
f o r  BIT,  D f o r  D IG IT ,  and B Y  f o r  B Y T E .  

Notes:  
A p o i n t e r  i s  any d i g i t  f i e l d  i n  a work  r e g i s t e r  used t o  
add ress  i n d i  r e c t l y  a s p e c i f i c  g e n e r a l  purpose, f l o a t i n g ,  o r  
c o n t r o l  wo rk  r e g i s t e r .  I f  t h e  i d e n t i f i e r  i s  used, i t  must  
have been d e c l a r e d  p r e v i o u s l y  as a d i g i t  i n  a  wo rk  r e g i s t e r ;  
i f  a  s u b s c r i p t e d  work  r e g i s t e r  i s  s p e c i f i e d ,  i t  must  be a 
d i g i t  s u b s c r i p t ,  c. f .2.2.3.7.  

2.2.3.9 
<GPR d e c l a r a t i o n )  ::= < d c l  head> GPR I 

< d c l  head> GPR ( < p o i n t e r >  ) 1 
< d c l  head> < r e g i s t e r  t y p e >  GPQ I 
< d c l  head> < r e g i s t e r  t y p e >  GPR ( < p o i n t e r >  ) 

Notes  : 
I f  e i t h e r  o f  t h e  f i r s t  two fo rms  a r e  used, t h e  t y p e  i s  
assumed t o  be WORD; i f  e i t h e r  t h e  second o r  f o u r t h  f o r m  i s  
used, a  r e f e r e n c e  t o  t h e  i d e n t i f i e r  w i  11 i n p l y  t h e  use o f  
t h e  p o i n t e r  r e g i s t e r .  The G P R  i d e n t i f i e r  may be used w i t h  
an e x p l i c i t  p o i n t e r  o t h e r  t h a n  t h e  i m p l i e d  p o i n t e r  by 
w r i t i n g  t h e  e x p l  i c i t  p o i n t e r ,  f o l l o w e d  by a p o i n t e r  
o p e r a t o r ,  f o l l o w e d  by  t h e  GPR i d e n t i f i e r .  

I Bt.1 IPITERfGAL USE O t l L Y  



Examples: 
QCL ADA!! GPR; 
D E C L A R E  EVE  GPR ( \ l . 'O(DIGIT C)); 
D C L  TEMP LOHALF GDR; 
DECLARE TE!:PErlATlf!?E "!!?!?[! GP?. (!.'4 ( D l  c l T  3 )  ) ; 

2 . 2 . 3 . 1 0  
<FPR d e c l a r a t i o n )  : := < d c l  head> F P R  1 

< d c l  head> FPR ( < p o i n t e r >  ) I 
< d c l  head> < r e g i s t e r  t y p e >  FP!? 1 
< d c l  head> < r e g i s t e r  t y p e >  FP" ( < p o i n t e r >  ) 

? !o tes  : 
I f  e i t h e r  o f  t h e  f i r s t  two fo rms  a r e  u s c r ' ,  t h e  t y p e  i s  
assumed t o  5e \/ORE; i f  e i  t h e r  t h e  second o r  f o u r t h  Form i s 
used, a r e f e r e n c e  t o  t h e  i d e n t i f i e r  i 1  i n n l y  t h e  use  o f  
t h e  p o i n t e r  r e g i s t e r .  The FPP i d e n t i f i e r  r lay he u s e d w i t h  
zn  e x p l i c i t  p o i n t e r  n t h e r  t h ~ n  t h e  i m p l  i e d  p o i n t e r  ' ~ y  
r n  t h e  e x p l i c i t  p o i n t e r ,  f o l l o w e d  h y  2 m i n t e r  
o p e r a t o r ,  f o l  lo\:,ed f ~ y  t h e  FPR i d e n t i f i e r .  
Examples : 

D E C L A R E  NAPE F P R ;  
PECL ,WE A W A  FPF? (PTP-1); 
X L  CQUF1T !!OR? FPP; 
ncr err. :+!onp FPR ( : J ~ ~ ( ~ I T ' ~ I T  6 ) ) ;  

I l o t e s  : 
I f  e i t h e r  o f  t h e  f i r s t  two Forms z r e  use+, t h e  t y p e  I s  
a s s u r ~ e d  t o  5e !:!OR?; i f  e i t h e r  t h e  second o r  f o u r t h  f o r m  i s  
used, a r e f e r e n c e  t o  t h e  i d e n t i f i e r  i 1  i n p l y  t h e  use nf  
t h e  a o i n t e r  r e . F i s t e r .  The Cl-!? i d e n t i f i e r  l a y  h~ 1 l s ~ 4  \*,ith Fn 
e x p l i c i t  p o i n t e r  o t h e r  t h z n  t h e  i m p l  iec! n o i n t c r  by  cvritin:: 
t h e  e x p l i c i t  g o i n t e r ,  fo l lo~ !e . !  5y m i n t e r  o p e r a t o r ,  
follo\rec! by t h e  Ck!R i d e n t i f i e r .  
r- ~; : anp l  es  : 

P C L  PTR Cb!?; 
t?ECLAf?E X CY!? (P.LP!V.); 
n c L  Z E D  wnpn c!tl.m; 

PC L F l FlAL-rnUiIT !trORr\ r \ l fF (P-PTq) ; 



2 . 2 . 3 . 3 4  
< d i  r-t C1,IR : := < d i  r e c t  Cl!!? d b l  > 1 <::i r c c t  C'.'"r~rd> 

' l o t e s  : 
- 1  ; . :c  i e c i n a l  rr!i:it i s  rlserf t o  specif: ,  t b c  ? t h  o r  1 s t  5 a 1 f  nf  
a C!:? t.1ot-4, o r  t h e  Oth, Is t ,  2 ,  r 3 !.?I f!.:nrd of a 
r iou5l  e \ ~ o r c ' .  

2 . 2 . 3 . 1 7  
<?i r c c t  CIq r?  ~ i e c l s r z t i o n >  : : =  < ~ ( c l  i teni t> < d i  r c c t  C! ' "  syn> 1 

<clcl i!ead> < r e g i s t e r  t :~pe> <;!i r e c t  C l ' D  s y n >  

I ! r? tes : 
l i t h e  : -c: ; istrr  type  i s  r ! t ? i  t te ( ! ,  t ! 7 ~  t y p e  i s  s s s u n v '  tn 5 r  
\ iOPn;  I f  t h e  t y p e  IJ1!I : ,L"  nr Lnll.?LF i s  snecifip?, znrJ  7 

c o n f l i c t i n g  I:.?Lr s ( ~ ! ~ s c r i ? t  i s  z p r c i f i e : - l ,  t b ~  l t f i . I C  
s n c c i f i c z t i n n  \ . ! i l l  v e v z i l .  
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2.2.3.20 
< e x t  d e c l a r a t i o n >  ::= < d c l  head> < c x t  syn> I 

< d c l  h e a d >  BYTE < e x t  syn> 1 
< d c l  h e a d >  HALF < e x t  syn>  

I' lotes : 
I f  t h e  t y p e  i s  s p e c i f i e d ,  o n l y  SYTE o r  !!ALF i s  v a l  i d ;  i f  t h e  
t y p e  i s  n o t  s p e c i f i e d ,  BYTE i s  assumed. 
Exanp les :  

DECLARE F-PTR SYN (EXTO); 
DCL KOFIST 3YTE SYN (EXT9) ;  

2 .2 .3 .22  
<\:orl: d e c l a r a t i o n >  ::= < r l c l  h e a d >  SY:! ( <work reg> I 

< + c l  head> S Y ?  ( <work s u b s c r i p t >  1 1 
< d c l  head> <work t y p e >  SYF' ( <v:ork r e g >  1 
< d c l  head> <\:ark t y p e >  S Y l '  ( <work s u b s c r i p t )  

i l o t e s  : 
I f  t h e  t y p e  s p e c i f i c a t i o n  i s  n n i t t e d ,  i t  i s  d e t e r l i n e r !  
t h e  t y p e  o f  t h e  r e s i s t e r  a p p e a r i n g  as  t h e  synonym. 1 '  a 
s p e c i f i e d  t y p e  c o n f l i c t s  v i t h  t h e  r e g i s t e r  type, an e r r o r  
wi  1 1  he i n d i c a t e d ,  and t h e  t y p e  o f  t h e  r p g i s t e r  ~ p p c a r i n :  3 s  
t h e  synonyr] v!i 1  1 p r e v a i  1  . 
Zxampl es:  

ECL SCRATCH SYr l  ( \ I ?  1; 
D C L  nllE - f , l T  SYlJ  ( ' V ( Z l T  2)); 
P C L  y r i ~ ~ ! b ~ ~ r v  r!,n.LF svt? (113 ; 
P C L  i j _ r ? l C I T  P I C I T  SY!' ( ' . ! 23 (P lG lT  5)); 

I t  i s  p o s s i b l e  t o  r e l a t e  t- lore t h a n  one i d e n t i f i e r  t o  2 

r e g i s t e r  o r  p o r t i o n  o f  c-? i - e g i s t e r .  Th i  s  can I>e a c h i e v e d  5 y  
d e f i n i n g  one i d e n t i f i e r  t o  be t h e  synonyn f o r  ano the r ,  nr b y  
1-!r i t i n g  i d e n t i c a l  d e c l a r a t i o n s  'or tr-!o nr   or^ i d e n t i f i e r s .  
The g e n e r a l  synonym f o r m  i s :  
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i d - e n t i f i e r .  
Examples : 

DECLARE BETA SYN ( ALPHA 1; 
D C L  TH-IS-ONE SYN (THAT-OFIE); 

2.2.4 S t o r a g e  D e c l a r a t i o n s  

The Model 135  has two c l a s s e s  o f  s to rage ,  namely tVI t,' and 
CONTPOL s t o r a g e .  

2.2.4.1 
<based c l a u s e >  ::= BASED ( < p o i n t e r >  

2.2.4.3 
<main s t o r a g e  d e c l a r a t i o n )  ::= < b c l  head> FaAIF.! I 

< d c l  head> < s t o r a z e  t ype>  P 4 A  I >.! I 
< d c l  h e a d >  l ? A I ? !  <based c l a u s e >  I 
< b c l  head> < s t o r a g e  t y p e >  P!Pl l <'lased c l a u s e >  

Ko tes :  
I f  t h e  s t o r a g e  t y p e  i s  n o t  s p e c i f i e d ,  i t  i s  zssume9 t o  he 
KALF. I f  a based c l a u s e  i s  used, t h e  p o i n t e r  must  be a 
p r e v i o u s l y - d e f i n e d  even-odd ! -~or l<  r e g i s t e r  p a i r ,  c.f. 
2.2.3.4; t h e  p o i n t e r  x i 1 1  5e used i m p l i c i t l y  u n l e s s  i t  i s  
o v e r r i d d e n  b y  a p o i n t e r  o p e r a t o r  and an e x p l i c i t  p o i n t e r  
r e g i s t e r  used i n  c o n j u n c t i o n  w i t h  t h e  i d e n t i f i e r .  
Examples: 

D C L  STORAGE F1AI !I; 
@ECLP,!?E CELLS !j!OFiP P A  I N; 
DECLARE AREP. FIAI  td 3ASED (0-PTP); 
D C L  AREA-2 PALF r f i l r !  !3ASE'I(I,IO1); 

2.2.4.4 
< c o n t r o l  s t o r a g e  d e c l a r a t i o n )  ::= < d c l  h-a! : ROL 1 

< d c l  head> < s t o r a g e  t y p e >  C W T 9 0 L  I 
< b c l  head> CO?!T?@L <based c l a u s e >  1 
< d c l  head) < s t o r a g e  t y p e >  COl!TROI- <based c l  sruse> 
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FJotes : 
I f  t h e  s t o r a g e  t y p e  i s  o m i t t e d ,  i t  i s  assunied t o  be R A L F .  
I f  t h e  based c l a u s e  i s  s p e c i f i e d ,  t h e  p o i n t e r  m u s t  be a  
p r e v i o u s l y - d e f  i n e d  h a l f w o r d  work  r e g i s t e r ,  c . f .  2.2.3.3; t h e  
p o i n t e r  w i l l  be used i m p l i c i t l y  u n l e s s  i t  i s  o v e r r i d d e n  by  a  
p o i n t e r  o p e r a t o r  and an e x p l i c i t  p o i n t e r  r e g i s t e r .  
Examples: 

D C L  CSTG CONTROL; 
D C L  STORE H A L F  COI*JTROL; 
D C L  SPACE COtJTROL BASED(W23) ;  
D C L  ROOM VIORD CCFlTROL BASED(  PTR) ;  

2.2.4.5 
< p r i v a t e  c o n t r o l )  ::= DSPO I D S P l  I 

DSP4  I DSP5  I 
DSP8  I D S P 9  I 
D S P 1 2  I D S P 1 3  1 
D S P 1 6  / DSP17 I 
D S P 2 0  I D S P 2 1  I 
D S P 2 4  I D S P 2 5  I 
D S P 2 8  I D S P 2 9  I 

2.2.4.6 
< p r i v a t e  c o n t r o l  s u b s c r i p t >  : := 

< p r i v a t e  c o n t r o l >  ( B Y T E  0 I 
< p r i v a t e  c o n t r o l >  ( B Y T E  1 

2.2.4.8 
( d i r e c t l y  add ressed  p r i v a t e  c o n t r o l >  ::= 

< d c l  head> S Y N  ( < p r i v a t e  c o n t r o l  > ) I 
< d c l  head> S Y N  ( < p r i v a t e  c o n t r o l  s u b s c r i p t >  I 
< d c l  head> < t y p e >  SYN ( < p r i v a t e  c o n t r o l  > ) I 
< d c l  head> < t y p e >  SYN ( < p r i v a t e  c o n t r o l  s u b s c r i p t )  

N o t e s  : 
The p e r m i s s i b l e  t y p e  s p e c i f i c a t i o n s  a r e  B Y T E  o r  H A L F .  I f  t h e  
t y p e  s p e c i f i c a t i o n  i s  o m i t t e d ,  t h e  t y p e  E A L F  i s  assumed. 
Examp1 e s  : 

D C L  P R I V A T E  SYN ( D S P 1 9  1)); 
D C L  OLJI..l SYh+i ( D S P 2 7  
D C L  ME1 T-.i B Y T E  SYN ( u ~ Y L L ( B Y T E  0 ) ) ;  
D C L  D E l  Id H A L F  SYN ( D S P 1 9 ) ;  

I BF.4 I I 4TERNAL  USE OF,!LY 
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2 .2 .4 .9  
<cor;ir;ion s t o r a g e )  : := DSCO I D S C l  

DSC4 I DSCS 
DSC8 I DSC9 
DSC12 I DSC13 
D S C l 6  I DSC17 
DSC20 I D S C 2 1  
DSC24 ( DSC25 
DSC28 I DSC29 
DSC32 I DSC33 
DSC3G I DSC37 
DSC40 I D S C 4 1  
DSC44 I DSC45 
DSC48 I DSC49 
" X S 2  I DSC53 
iC56 I DSC57 
;C60 I D S C 6 1  

DSC2 
DSCG 
DSClO 
DSC14 
DSC18 
DSC22 
DSC26 
DSCJO 
DSC34 
DSC38 
DSC42 
DSC46 
DSCSO 
DSC54 
DSC58 
DSC62 

2 . 2 . 4 . 1 0  
< d i r e c t l y  addressed common> ::= 

< d c l  head> SYt4 ( <conmon s t o r a g e )  I 
< d c l  head> HALF SYN ( <CO~~IRIO~ s t o r a g e )  

r.40 t e s  : 
I f  t h e  HALF s p e c i f i c a t i o n  i s  o c ~ i t t e d ,  t h e  t y p e  HALF i s  
assumed. 
Exanipl es : 

DCL AREANA SYN (DSC59) ;  
DCL SCHPAZE HALF SYN (DSC2) ;  

2 .2 .5  S ~ n i b o l i c  Constants  

2 . 2 . 5 . 1  
<symbol i c  t e r m )  : := < i d e n t i f i e r >  1 < c o n s t a n t >  

2 . 2 . 5 . 2  
<symbo l i c  e x p r e s s i o n )  : := ( symbo l i c  te rm> I 

( symbo l i c  e x p r e s s i o n >  + ( symbo l i c  te rm> I 
<symbol i c  e x p r e s s i o n )  - <symbol i c  te rm> 

2 .2 .5 .3  
<symbo l i c  equate> ::= EQU ( <symbo l i c  e x p r e s s i o n )  1 

I G M  INTERNAL USE ONLY 
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Notes :  
Each i d e n t i f i e r  a p p e a r i n g  i n  a  symbol i c  e x p r e s s  i o n  must  have 
appeared p r e v i o u s l y  as a  s y m b o l i c  c o n s t a n t .  The e f f e c t  o f  
t h e  d e c l a r a t i o n  o f  a  symbol i c  c o n s t a n t  i s  t o  p roduce  a  named 
c o n s t a n t ,  f i x e d  a t  c o r - i p i l a t i o n  t i m e .  
Examples: 

DCL RELCON EQU (ALPHA+BETA-'3F'); 
DCL REGNO EQU (13); 
D C L  B A S E  EQU (BETA-4); 

2 . 2 . 6  O f f s e t s  and S t r u c t u r e s  

2.2.6.1 
< s t r u c t u r e  head> : :=  DECLARE I < i d e n t i f i e r >  OFFSET I 

DC L 1 < i d e n t i f i e r >  OFFSET 

t !otes : 
The purpose  o f  t h i s  p o r t i o n  o f  a  s t r u c t u r e  d e c l a r a t i o n  i s  t o  
nane an e n t i r e  s t r u c t u r e ,  u s i n g  t h e  l e v e l  number one as t h e  
s t r u c t u r e  header .  The keyword OFFSET c a s t  appear  a t  t h i s  
1 eve  1  . v.c 

2.2.6.2 
< o f f s e t  c o n t r o l >  ::= OFFSET I < t y p e >  I < t y p e >  OFFSET I 

<symbol i c  e q u a t e >  I < n u l l >  

t io tes  : 
The keyi,!ord, OFFSET, may o p t  i o n s 1  1 y appear  a t  any sub i t e r , ~  
l e v e l  i n  t h e  s t r u c t u r e  d e f i ~ i t i c n .  Pe r r ; ; i s s i b le  t y p e s  a r e  
E'tTE, HALF, and C.JGRD. 

2 . 2 . 6 . 3  
< s t r u c t u r e  s u b i  teril> : := 

( s t r u c t u r e  head> , < i n t e g e r >  < i d e n t i f i e r >  ( o f f s e t  c o n t r c l >  I 
( s t r u c t u r e  s u b i t e n >  , < i n t e g e r >  < i d e n t i f i e r >  < o f f s e t  c o n t r o l )  

fiat es : 
t h e  s t r u c t u r e  i s  decot:~posed f r o n  l e f t  t o  r i ~ ~ h t ,  b y t e  

o f f s e t s  a r e  d e t e r m i n e d  f r o r ~  t h e  t o p  node and a s s i ~ , ~ e d  as 
syr:lbol i c  c o n s t a n t s  t o  t h e  v a r i o u s  s r r l ~ i t e r ~ l  i d e n t i f i e r s .  
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I n t e g e r s  used a t  t h e  s u b i t e m  l e v e l s  must  match, i . e .  , an 
i n t e g e r  must  be e q u a l  t o  one o f  i t s  p r e d i c e s s o r s  o r  b e  
g r e a t e r  t h a n  i t s  i c l n e d i a t e  p r e d i c e s s o r .  E lemen ta ry  sub i t ems  
r e p r e s e n t  t t i e  l o w e s t  e lemen ts  v ~ i  t h i n  t h e  s t r u c t u r e ,  and each 
e l e m e n t a r y  s u b i t e m  must  have a t y p e  s p e c i f i c a t i o n  as p a r t  o f  
t h e  o f f s e t  c o n t r o l .  

2 . 2 . 6 . 4  
The b y t e  c o u n t e r  w i t h i n  a s t r u c t u r e  d e c l a r a t i o n  n a y  be s e t  
o r  r e s e t  by  i n c l u d i n g  a  s y m b o l i c  equa te  phrase,  c a f m ,  
2.2.5.3, a t  any l e v e l .  

An example o f  a s t r u c t u r e  d e c l a r a t i o n  i s  as f o l l o t . : ~ :  

DCL 1 COU!!TERS OFFSET, 
2  IJORD-1 WORD, 

3 BYTE-1 BYTE, 
3 BYTE-2 BYTE, 
3 BYTE-3 BYTE, 
3 BYTE4  EYTE, 

2 C.!ORD-2, 
4 FIRST HALF, 
4 LASTT HALF, 

/ *  TWlS RESETS BYTE COUKTER TO OVERLAY WORD-? * /  
2  WORD-3 EQU (\CORE-2 1, 

4 1;1-21 EYTE, 
4 CJ-22 BYTE, 
4 bJ-23 EYTE, 
4 \:-24 BYTE; 

2.2.7 Labe l  D e c l a r a t i o n s  

S imp le  l a b e l s  may be w r i t t e n  c ~ i  t h  any li:IPL/135 stater-: lent, 
e x c e p t  a  D E C L A R E  s ta te r ; ien t .  A l a b e l  d e f i n i t i o n  i s  o f  t h e  
f o rril : 

2 . 2 . 7 . 1  
< l a b e l  d e f i n i t i o n )  : :=  < l a b e l >  : 

!Jot e  : 
On ly  5 c h a r a c t e r s  o f  a l a b e l  a r e  used, c . f .  2 . 2 . 1 . 5 ,  

S u b s c r i p t e d  l a b e l s  o f  4 o r  16 eler i lents  n a y  b e  used f o r  4 o r  
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16 way s e l e c t i v e  b r a n c h i n g .  I n  t h i s  case, each e lemen t  o f  
t h e  l a b e l  mus t  appear  as  a s u b s c r i p t e d  l a b e l :  

2.2.7.2 
( s u b s c r i p t e d  l a b e l  d e f i n i t i o n )  : := < l a b e l >  ( < i n t e g e r >  ) : 

Ida t e  : 
P e r r J l i s s i b l e  v a l u e s  o f  t h e  i n t e g e r  a r e  0 t o  3 f o r  a  4-e1en:ent 
l a b e l  a r r a y  and 0-15 f o r  a  16-e lement  l a b e l  a r r a y .  

S u b s c r i p t e d  l a b e l s  must  a l s o  appear  i n  a  D E C L A R E  s t a t e m e n t :  

2.2.7.3 
< l a b e l  d e c l a r a t i o n > :  : =  

D E C L A R E  < i d e n t  i f  i e r >  < l a b e l  dir-lens ion> L A B E L ;  I 
D E C L A R E  < i d e n t i f i e r >  L A B E L ;  

No tes :  
The purpose  o f  t h e  l a b e l  d e c l a r a t i o n  i s  t o  d e c l a r e  a l a b e l  
o r  a l a b e l  a r r a y .  Labe l  a r r a y s  may be e i t h e r  4 o r  16 
elements,  and a r e  f u r t h e r  d e c l a r e d  v i t h i n  t h e  t e x t  o f  t h e  
prograr;i. These s u b s c r i p t e d  l a b e l s  may t h e n  be used i t )  a C O  
TO s ta te t i l en t  t o  p e r f o r r ; ~  4 o r  16-way b r a n c h  i n s .  
Exari~pl es : 

D C L  L A B E L E G ( 4 )  L A B E L ;  
D E C L A R E  B R A r l C H - T f i E ( 1 G )  L A B E L ;  

2.3 S p e c i f i c a t i o n  S t a t e m e n t s  

2.3.1 R e a i s t e r  t o  R e g i s t e r  S p e c i f i c a t i o n  

2.3.1.1 
< w o r k / r e g  s t a t e m e n t )  : := 

<work t a r g e t >  < -  < r e g i s t e r  sou rce )  ; I 
<work t a r g e t >  < -  <work t a r g e t >  WITH < s h i f t s >  ; 

i i o t e :  
I n  forr~ two t h e  t a r g e t  r e g i s t e r  on t h e  l e f t  s i d e  o f  t h e  
ass ignment  a r r o w  must  be t h e  sawe r e g i s t e r  as t h e  vmrk 
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target register on the right side of the assignment arrow. 
The equal sign, "=", nay be used in place of the assignment 
arrow, 'I<-". 

2.3.1.2 
<reg/work statement) ::= 

<register target) <-  <work source> ; 

Flotes: 
The type of the work source must match that of the register 
target. The equal sign, "=" , may be used in place of the 
assignment arrow, "<-I1. 

Notes: 
These shift operations may only be used in conjunction with 
work registers. SL2 specifies a left shift of 2 bits, RSL2 
specifies a left ring shift of 2 bits, SR4 specifies a right 
shift of 4 bits, RSR4 specifies a right ring shift of 4 
bits, and R S R 8  specifies a right ring shift of 8 bits. 

2.3.1.4 
<register source> : := <identifier> I 

<work reg> I 
<direct CUR name>l 
<cons tan t> I 

<identif ier-l> ->  <identifier> 

Notes: 
The identifier may name a work register, constant, indirect 
auxiliary register, or external register. 
Exampl es: 

/ *  l DENT1 F I ERS USED ARE SELF-DESCEI E I !IG * /  
\!ORK-REG1 < -  \1ORG-REG1 lt!ITH SL2; 
NORE-REG1 <- \,'OR!:_I!?EG2; 
\KIRK-REG-\JD <- COf.JTROL-WORKO; 
1JORK REG2 <-  IIORI<-DIG - >  GEtJ-REGCHALF 0) ;  

/ *  IJE~T, IIORK-D I C IS ASSUIblED PO I I ! T E V /  
WORK-REG-DBL <- FLT-PT-REG(DB1; 
\.CORK-REG1 < -  EXTERtJ-3; 
\JORK-REG1 <- 25-SYrlB-CGt4STArlT; 

I SF9 I riTERFIi1L USE O!ILY 
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2.3.1.5 
< r e g i s t e r  t a r g e t >  ::= < d i r e c t  CWR name> I 

< i d e n t i f i e r >  I 
< i d e n t i f i e r - 1 >  - >  < i d e n t i f i e r >  

Notes  : 
The i d e n t i f i e r  n a y  name a  d i r e c t  CWR r e g i s t e r ,  an i n d i r e c t  
a u x i  1 i a r y  r e g i s t e r ,  o r  an e x t e r n a l  r e g i s t e r .  

The s o u r c e  r e g i s t e r  may be o f  t y p e  HALF, WORD, o r  DOUBLE; i f  
t h e  c o n s t a n t  o p t i o n  i s  s p e c i f i e d ,  t h e  c o n s t a n t  n a y  o n l y  be 
o f  t y p e  HALF. The t a r g e t  r e g i s t e r  must  be o f  t h e  same t y p e  
as t h e  s o u r c e  r e g i s t e r .  

The 2 ' s  complement o f  an i n d i r e c t  a u x i l  i a r y  i d e n t i f i e r  may 
be used as t h e  s o u r c e  ope rand  i n  c o n j u n c t i o n  w i t h  a  work  
r e g i s t e r  as  a  t a r g e t  operand.  T h i s  i s  s p e c i f i e d  b y  p r e c e d i n g  
t h e  i n d i r e c t  a u x i l i a r y  i d e n t i f i e r  by a  m inus  s i g n  "-". 
A s o u r c e  work  r e g i s t e r  o f  t y p e  HALF rnay be s h i f t e d  u s i n g  any 
o f  t h e  s h i f t  s p e c i f i ~ c a t i o n s  i n  t h e  WIT/! f i e l d .  A s o u r c e  work  
r e g i s t e r  o f  t y p e  k!ORD o r  DOUBLE may o n l y  be s h i f t e d  w i t h  SL2 
o r  SR4.  

The o n l y  t y p e s  p e r m i t t e d  i n  c o n j u n c t i o n  w i t h  an e x t e r n a l  
r e g i s t e r  ope rand  a r e  BYTE and HALF. 

I n  h a l f  word  o p e r a t i o n s  u s i n g  e i t h e r  an i n d i r e c t  a u x i l i a r y  
o r  CIJR d i r e c t  ope rand  as t h e  s o u r c e  o r  t a r g e t  and a  work  
r e g i s t e r  as t h e  o t h e r  operand, t h e  work  r e g i s t e r  mus t  be an 
even r e g i s t e r  f o r  t h e  H I  h a l f  and an odd r e g i s t e r  f o r  t h e  LO 
h a l f .  
Examples : 

GPR-AUX(I1I) < -  ldORK-3; 
F PR-AUX < -  !l'OF?K-23; 
I i O R K - D I G  - >  CNR-AUX < -  WORK-23; 
CkJR-DIP,-', <- LRIRK-45; 
EXTBW? 7 '  <-  \fOP,K:2; .- 

2 .3 .2  R e ~ i s t e r  t o  S t o r a g e  S p e c i f i c a t i o n  

I,i!otes : 
The i d e n t i f i e r  may o n l y  r e p r e s e n t  a  wo rk  r e g i s t e r  o f  t y p e  

I Bt4 IP:TEErJAL USE 0P:iLY 
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l j o t e s  : 
The s t o r a g e  relay be an i d e n t  i f  i e r - 1  r e p r e s e n t  i n g  an e l  e r x n t  
l o c a t e d  i n  Cont ro1  S to rage,  t i a i n  S to rage,  Key S to rage,  
D i  r e c t l y - a d d r e s s e d  P r i v a t e  Con t r o  1 S t o r a r e ,  o r  
D i ' r e c t l y - a d d r e s s e d  Coc~mon C o n t r o l  S t o r a g e .  Pe r i : ~ i ss  i b l  e  
t y p e s  f o r  C o n t r o l  o r  K a i n  S t o r a g e  a r e  BYTE,  HALF, o r  \\'OF.P; 
t h e  p e r r i i i s s i b l e  t y p e  f o r  Key S t o r a ~ e  i s  CYTE; t h e  
p e r r - ~ i s s i b l e  t y p e  f o r  Cor~r,:on C o n t r o l  S t o r a g e  i s  t3.LF;  anG t h e  
pe r r : i i s s i b l e  t y p e s  f o r  P r i v a t e  C o n t r o l  S t o r a g e  a r e  e i t h e r  
E Y T E  o r  EALF. I n  t h e  second form, above, i d e n t  i f  i e r - 2  
s p e c i f i e s  an e x p l i c i t  p o i n t e r  r e g i s t e r  used w i t h  t h e  p o i n t e r  
o p e r a t o r  - >  t o  l o c a t e  t h e  e l e r ~ e n t  i n  t h e  desi:;rtateJ 
s t o r a g e  a r e a .  I f  t h e  f i r s t  f o r r i  i s  used, t h e  it-,;pl i c i f  
p o i n t e r  r w s t  have been d e c l a r e d  u s i n g  a CASED a t t r i t u t e .  
F o r ~ i s  3, 4, and 5, r e s p e c t i v e l y ,  s p e c i f y  a  t y p e  o f  EYTE,  
I-%LF, o r  I!ORD. 

2.3.2.3 
< r e g i s t e r / s t o r a g e  s p e c i f i c a t i o n )  : := 

< s t o r a g e  name> <- < c ~ o r k  sou rce>  ; I 
< s t o r a g e  name> < -  <work s o u r c e >  \,!I TH < o p t  i ~ n s - 2 )  ; 

Notes :  
The t y p e s  o f  t h e  work  r e g i s t e r  sou rce  and t h e  s t o r a g e  t a r ~ e t  
ri lust match .  The equa l  s i c n ,  "=", may be used i n  p l a c e  o f  t h e  
assi.gnr.ient ar row,  "<-". 
Exariipl es : 

\,,i!OEI(-PTP\ - >  /-':A1 !IST(I!) < -  I.iORY,-REG?; /*HALFC:ORD*/ 
/.'A I FIST I !PTR(B)  < -  Li'ORK-SRC-ELF I:: I TI. I F!C; 
COIJTROTST < -  I.IORLliALF li l TH TEST; 
PR I V-COI!TRL < -  I i G E K - R E G ? ;  
COt,iI~'iCil~!-CTL23 <-  k!OEK_P,EG5; 
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2.3.3 S t o r a ~ e  t o  R e g i s t e r  S p e c i f i c a t i o n  

2.3.3.1 
< s t o r a g e / r e g i s t e r  s p e c i f i c a t i o n )  : :=  

<work  t a r g e t >  < -  < s t o r a g e  name> ; 
<work  t a r g e t >  <-  < s t o r a g e  name> WIT!-! < o p t  i o n s - 2 >  ; 

2.3.3.2 
< o p t i o n s - 2 )  ::= S E T  I T S K  I S K I P  I I N C  1 D E C  

I i o t e s  : 
The t y p e s  o f  t h e  s t o r a g e / s t o r a g e  s o u r c e  and t h e  work  
r e g i s t e r  t a r g e t  mus t  match .  The e f f e c t  o f  t h i s  s t a t e r e n t  i s  
t o  r e p l a c e  t h e  c o n t e n t s  o f  t h e  t a r g e t  work  r e g i s t e r  p i i t ! ]  t h e  
c o n t e n t s  o f  t h e  s o u r c e  s t o r a g e  c e l l .  The equa l  s i g n ,  11 =11 

8 

may be used i n  p l a c e  o f  t h e  ass ignmen t  arroc.1, "<-". 
Exar r lp  1  es : 

\!ORK-KEG( B Y  1) <-  MA l t ! S T (  B )  \-J I T t i  I NC; 
KORK-1rJ'ORD < -  f l A I  N S T ( W  \ G I  TH S K I  P; 
b:ORK-REG1 < -  P T R  - >  COfJTROL( t i )  ; 
CIORK-REG1 < -  D I R E C T - P R l V 3 ;  
WORK-REG < -  D I RECT-CTRL; 

2.4 A r i t h r l e t i c  O p e r a t i o n s  

2.4.1 Work R e g i s t e r  A r i t h m e t i c  

Notes  : 
The i d e n t i f i e r  may o n l y  r e p r e s e n t  a work  r e g i s t e r  o f  t y p e  
H A L F ,  WORD, o r  DOUBLE. 

Notes  : 
The o p e r a t o r  1 + 1 deno tes  add i t ion, I - I deno tes  s u b t r a c t  ion, 
10 1 deno tes  " o r "  , 1F.l deno tes  "and" , and 1x1 deno tes  
l l e ~ ~ l u ~ i v e  o r " .  

IBrh3 If.,:TERNAL USE OFJLY 



r . l ~ ~ / 1 3 5  Fage 2 6  

2.4.1.4 
< ~ ~ o r k / c ; o r k  r e g i s t e r  a r i t h r r i e t  i c  s t a t e r , ? e n t >  : := 

<work  t a r g e t )  <-  <wo rk  t a r g e t >  <work  o p >  <work  s o u r c e >  ; 

Flotes : 
The t y p e s  o f  t h e  w o r k  r e g i s t e r  t a r g e t  and t h e  wo rk  r e g i s t e r  
s o u r c e  mus t  ma tch .  The e q u a l  s i g n ,  "=I1, n a y  be used i n  p l a c e  
o f  t h e  a s s i g n m e n t  a r row,  "<-". 
Exar :~p l  es  : 

h 'ORK1 < -  I , / O R K l  <-  ! +  I kJOKK2; 
CJOEKU123 <-  \.JORK0123 I - 1 WORKG123; 

l ! o t cs  : 
The o p e r a t o r  1 + 1  d e n o t e s  a d d i t  ion,  1 - 1  d e n o t e s  s u b t r a c t  ion,  
101 d e n o t e s  "or " ,  ti!-1 d e n o t e s  "and no t " ,  and lb.l d e n o t e s  
"and". 

2 . 4 . 2 . 2  
< \ - . ~ o r k / c o n s t a n t  a r i  t h  s t a t e m e n t >  : := 

<work t a r g e t >  < -  < w o r k  t a r g e t )  < c o n s t a n t  op> < c c n s t a n t >  ; 

!!otes : 
The t y p e  o f  t h e  t a r g e t  and t h e  c o n s t a n t  mus t  be E A L F .  The 
e q u a l  s ign,  11 =II , may be  u s e d  i n  p l a c e  o r  t h e  a s s  i::nr,?ent 

a r ro i r ,  "<-". I f  t h e  o p e r a t o r s  ] + I  o r  1 - 1  a r e  csed ,  t h e  
l:esadecir.;al f o r r ; ~ a t  f o r  t h e  c o n s t a n t  r, iust be as f s l  1 0 \ ~ s ,  c:i t h  
I: i n d i c a t i n g  a t i exadec ima l  d i g i t :  

C C O K  
0 C K G  
C E G C  
t:GOO 
E C K a  
G G K K  
1: I: f: K 

f x a r i p l  e s :  
' t ,OP .K l  < -  \ iGF?K2  1 A1  F F I I '  ; 
1 't> -l / *  i*u[.F,~ <-  \ ; O F , f < l  1 + 1 'C3C3 ' ;  
;i(jzt<f. < -  t l O R ' i , I  I - 1 - j5-SYf. 'P-COI2ST; 
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Flote: 
The o p e r a t o r  1 + 1  deno tes  a d d i t i o n  and t h e  o p e r a t o r  1 - 1  
'denotes s u b t r a c t  i o n ,  

2.4.3.2 
<\sork/CKE a r i  t h  s t a t e m e n t >  : := 

<work t a r g e t >  < -  <work t a r g e t >  <CVR op> < i c ! e n t i f i e r >  ; I  
<\!ark t a r g e t >  < -  <work t a r g e t >  < C \ I R  op> < i d e n t i f i e r >  

l J l T E  < s h i f t s >  ; 

l i o t e s  : 
The i d e n t i f i e r  may r e p r e s e n t  a  CLJR r e g i s t e r  o f  t y p e  tIF.LF, 
\~.IORD, o r  DOCBLE; t h i s  t y p e  must  match  t h a t  o f  t h e  w c r k  
r e g i s t e r  t a r g e t .  The e q u a l  s i g n ,  "=I1, may be u s e d  i n  p l a c e  
o f  t h e  ass  i gnclen t a r ro \ j ,  ''<-I1 . T h e w o r k  r c g i s t e r m a y  be 
s h i f t e d  b e f o r e  t h e  o p e r a t i o n  i s  p e r f o r r ; c d  i f  e i t h e r  SL2 o r  
SR4 i s  s p e c i f i e d  i n  t h e  VIITH f i c l d .  
Exar$~p l  e : 

LURK23  < -  \!v'ORK23 1 + 1 C \ iF i_EEG9 \ ! I  Tt i  SL2; 

2.4.4 \dark t o  Aux i  1 i a r y  R e . ~ i s t e r  

- 
I he f o l  loc..;i ng ope r a t  i o n s  o p e r a t e  between t h e  g e n e r a l  pu rpose  
r e g i s t e r ,  t h e  f l o a t i n g  p o i n t  r e g i s t e r s ,  and t h e  i n u i r e c t  C\dE 
r e g i s t e r s  and t h e  wc rk  r e g i s t e r s .  

2 . 4 . 4 . 1  
<aux r e g  op> ::= 1 + 1  I  1 - 1  1 101 1 1A.1 I  1x1 

t i o tes  : 
The o p e r a t o r  l + l  deno tes  a d d i t i o n ,  1 - 1  deno tes  s u b t r a c t i o n ,  
101 deno tes  I1orlI, I A l  deno tes  "and", and I  XI deno tes  
I I e x c l t l s i v e  o r1 ' .  

2.4.4.2 
< \ / o r k / a u x i  1 i a r y  a r i  tll s t a t e m e n t >  : := 

<work  t a r g e t >  < -  <work t a r g e t >  <aux r e g  op> < i d e n t i f i e r >  ; 

I E l (  I t;T-EEPJAL U S E  OP:LY 
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r i o tes  : 
The i d e n t i f i e r  may r e p r e s e n t  a g e n e r a l  pu rpose  r e g i s t e r ,  
f l o a t i n g  p o i n t  r e g i s t e r ,  o r  an i n d i r e c t  CUE r e g i s t e r .  The 
t y p e  o f  t h i s  r e g i s t e r  t i lust match  t h a t  o f  t h e  wo rk  r e g i s t e r .  
The e q u a l  s i g n ,  "=", may be used i n  p l a c e  o f  t h e  ass ignment  
ar row,  "<-". P e r m i s s i b l e  t y p e s  a r e :  HALF, WORD, o r  DOUBLE.  
I n  h a l f  wo rd  o p e r a t i o n s  u s i n g  i n d i r e c t  a u x i l i a r y  o r  d i r e c t  
CWR operands, t h e  work  r e g i s t e r  must  be even f o r  t h e  H I  h a l f  
and odd  f o r  t h e  LO ha1 f .  
Examp 1 es  : 

WORK0123 < -  WORK0123 I A l  FPR-REGO1; 
t8JOFi K 2  <-  WORK2 1 + 1  GPR-REG(H C); 

2.4.5 Se t  - Reset  

2.4.5.1 
< s e t  r e s e t  t a r g e t >  ::= < i d e n t i f i e r >  

Notes :  
The i d e n t i f i e r  may r e p r e s e n t  a  work r e g i s t e r  o f  t y p e  HALF, 
o r  an e x t e r n a l  r e g i s t e r  o f  t y p e  BYTE. 

2.4m.5.2 
< s e t  s t a t e m e n t )  ::= SET < s e t  r e s e t  t a r g e t )  BY < c o n s t a n t >  ; 

!dotes: 
The t y p e  o f  t h e  c o n s t a n t  must  be EYTE f o r  an e x t e r n a l  
r e g i s t e r  t a r g e t  and t iALF f o r  a  work  r e g i s t e r  t a r g e t .  The 
e f f e c t  o f  t h e  s t a t e m e n t  i s  t o  " o r "  t h e  t a r g e t  r e g i s t e r  w i  ti) 
t h e  v a l u e  o f  t h e  c o n s t a n t ,  so t h a t  each b i t  i n  t h e  c o n s t a n t  
w i l  1 be p l a c e d  i n  t h e  t a r g e t  r e g i s t e r .  
Exai:;pl es : 

SET K O R K 2  BY 'FOFO'; 
SET WORK2 BY ~ ~ - S Y M B - C O N S T ;  
SET EXTERN15 B Y  '55 ' ;  

2.4.5.3 
< r e s e t  s ta te r i i en t>  ::= RESET < s e t  r e s e t  t a r g e t )  BY < c o n s t a n t > ;  

t i o tes  : - 
r l le t y p e  of  t h e  c o n s t a n t  c u s t  be GYTE f o r  an e x t e r n a l  
r e g i s t e r  and HALF f o r  a r i o r k  r e g i s t e r .  The e f f e c t  o f  t h i s  
s t a t e w n t  i s  t o  "and no t1 '  t h e  c o n s t a n t  t o  t h e  tar:,et 
r e g i s t e r ,  so t h a t  b i t s  i n  t h e  c o n s t a n t  a r e  used t o  r e s e t  
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c o r r e s p o n d i n g  b i t s  i n  t h e  r e g i s t e r .  
Exari~pl es : 

R.ESET WORK2 BY 35+SYr.^lBZ-SYFlB2+COF!ST3; 
RESET EXTERNll B Y  ' F F ' ;  

2 .5  C o n t r o l  S ta temen ts  

2 . 5 . 1  Eranch S ta temen t  

2 . 5 . 1 . 1  
< l a b e l  i d e n t i f i e r )  : := < i d e n t i f i e r >  1 

<qua1 i f  i e r >  . < i d e n t i f i e r >  

I l o tes  : 
I n  t h e  f i r s t  fort-,? t h e  i d e n t i f i e r  mus t  be a  l a b e l  d e f i n e d  i n  
t h e  c u r r e n t  p r o c e d u r e  n e s t  . I n  t h e  second for r ;~ ,  t h e  
q u a l i f i e r  r , iL iS t  be a p r o c e d u r e  narle, and t h e  i d e n t i f i e r  must  
be a  l a b e l  v i i t h i n  t h a t  p rocedu re .  

2.5.1.2 
< s u b s c r i p t e d  l a b e l >  : :=  < l a b e l  i d e n t i f i e r )  ( < i d e n t i f i e r >  ) I  

< l a b e l  i d e n t i f i e r >  ( < c o n s t a n t >  ) 

I !otes:  
The l a b e l  i d e n t i f i e r  must  have been d e f i n e d  p r e v i o u s l y  i n  a 
D E C L A R E  s t a t e m e n t  v r i  t h  t y p e  L A E E L  and a s u b s c r i p t  o f  4 o r  
16. I n  forr.1 1 t h e  i d e n t i f i e r  v l i t h i r :  t h e  p a r e n t h e s i s  r;iay 
r e p r e s e n t  a c o n s t a n t  o r  a  t j o r k  r e g i s t e r  d i g i t .  The v a l u e  o f  
t h e  c o n s t a n t  o r  t h e  vjork r e g i s t e r  d i g i t  m u s t  be 3 o r  l e s s  i f  
t h e  l a b e l  i d e n t i f i e r  i s  d imens ioned  4, o r  1 5  o r  l e s s  i f  t h e  
l s b e l  i d e n t i f i e r  i s  d imens ioned  1 6 .  

2.5.1.3 
<goto> ::= GO TO I GGTC 

2.5 m1.4 
< g o t o  s t a t e m e n t )  ::= < g o t o >  < l a b e l  i d e n t i f i e r >  ; I 

< g o t o >  ( s u b s c r i p t e d  l a b e l >  ; 

Kotes  : 
The e f f e c t  o f  t h e  g o t o  s t a t e m e n t  i s  t o  b r a n c h  t o  t h e  
d e s i g n a t e d  l a b e l .  
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Examples : 
GO TO FIXUP; / *  FIXUP I S  A LOCAL LABEL * /  
G O  TO LABELEG(4); / *  LABELEG I S  SUBSCRI  PTED 1 6  * /  
GOT0 LABELEG(W4(D 3)); 
GO TO L A B E L E G ( I N D E X ) ;  

2.5.2 C a l l  S ta temen t  

-2.5.2.2 
C c a l l  s t a t e m e n t )  : := 

CALL < c a l l  l a b e l >  USIriG < c a l l  r e g i s t e r >  ; 

tdotes : 
The c a l l  r e g i s t e r  may be e i t h e r  CJ5 o r  W G .  
Examp 1  e s  : 

CALL SQRT US l NG W5; 
CALL SQRT USING LINKREG; / *  LIttiKREG = W 5  * /  

R e t u r n  S ta temen t  

2.5.3.1 
< r e t u r n  s t a t e m e n t )  : := RETURN ; I 

RETUR?.!  USIh!G < r e t u r n  r e g i s t e r )  ; 

IJotes : 
The r e t u r n  r e g i s t e r  may be any work  r e g i s t e r ,  1-iO - CU. I f  
forr , i  1 i s  used, and t h e  p r o c e d u r e  s t a t e r x n t  s p e c i f i e s  a 
r e t u r n  r e g i s t e r ,  t h a t  r e g i s t e r  v 1 i 1 1  be used. I f  t h e  
p r o c e d u r e  s t a t e m e n t  does n o t  s p e c i f y  a r e t u r n  r e g i s t e r  and 
f o r n  1 i s  used, 1.!6 w i l l  be used. 
Exar,~p 1 es : 

RETURN; / *  ~6 I S  THE L I  rx I F  EIOT D E F I  !:ED I r: PROCEDURE * /  
RETURN US I NG L I  NKREG; / *  L I !JKREG = W5 * /  

B l o c k s  a r e  used  t o  c o l l e c t  one o r  more s t a t e m e n t s  and t r e a t  

l Bf.1 I NTEENAL USE Ot.iLY 
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t h e  c o l l e c t i o n  as a  u n i t .  S e v e r a l  t y p e s  o f  b l o c k s  p e r m i t  
c o n d i t i o n a l ,  i t e r a t i v e ,  o r  s e l e c t i v e  e x e c u t i o n  o f  t h e  
s t a t e m e n t s  c o n t a i n e d  w i t h i n  t h e  b l o c k ,  each s t a t e m e n t  i n  
w h i c h  may a l s o  be a  sub-b lock ,  e t c .  

2 .6 .1  S i r w l e  B l o c k s  

S in ip le  b l o c k s  a r e  used t o  c o l l e c t  g roups  o f  s ta te r t len ts .  
C o n d i t i o n a l  o r  i t e r a t i v e  e x e c u t i o n  o f  t h e  c o l l e c t i o n  does 
n o t  o c c u r  as p a r t  o f  t h e  b l o c k  i t s e l f .  S i m p l e  b l o c k s  a r e  
headed b y  t h e  s i r , ip le  DO s t a t e m e n t  and t e r r ~ i i n a t e d  b y  an E I i D  
~ t a t e r ~ ~ e n t .  

2.6.3 E t l D  Sta temen t  
<end s t a t e m e n t >  : := END ; 

2.6 .4  CJll i le B l o c k  

A \ i :h i le b l o c k  i s  headed b y  a  D O  \!t lILE s ta te l - , lent  z l ~ d  
t e r r i n a t e d  b y  an ErJD s t a t e r , ~ e n t .  1 t s  pu rpose  i s  t o  e x e c u t e  
t h e  s t a t c n e n t s  w i t h i n  t h e  b l o c k  0 o r  niore tiri;es, a s  l o n g  a s  
t h e  s p e c i f i e d  c o n d i t i o n  i s  n e t .  

It'otes : 
The i d e n t i f i e r  rnust be d e f i n e d  as a  b i t  i n  a \;ori< r e ~ i s t e r .  
Exar ,~p l  es : 

,?% = c / *  H E R E  Is = 114(G 5 )  * /  
TESTEIT / *  t IERE TESTBIT = K 3 ( E  2 )  * /  
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2.6,4.2 
< s p e c i a l  c o n d i t i o n )  : := 

IRCHO I P R I  I MODE / RELOC I CARRY I ALU I 
ALU1-7 I I N V D E C  I R I  

I.ilo t e  : 
These s p e c i a l  c o n d i t i o n s  a r e  d e s c r i b e d  i n  t h e  Liodel 1 3 5  
f u n c t i o n a l  s p e c i f i c a t i o n s .  

2 .6 .4 .3  
<do w h i l e  s t a t e m e n t )  : := DO W H I L E  ( < c o n d i t i o n >  ) ; 

l i o t c s :  
The e f f e c t  o f  t h i s  s t a t e m e n t  i s  t o  e x e c u t e  r e p e a t e d l y  t h e  
c o n t e n t s  o f  t h e  b l o c k  headed by  t h e  DO \.JElLE s t a t e m e n t  and 
t e r r . i i n a t e d  by  t h e  m a t c h i n g  Et.!D s t a t e m e n t  u n t i l  t h e  c o n d i t i o n  
i s  no l onge r  v a l i d .  I f  t h e  c o n d i t i o n  i s  i n i t i a l l y  i n v a l i d ,  
t h e  s t a t e n e n t s  k r i l l  n o t  be execu ted .  
Eicarilpl es : 

DO NHILE ( A  = 1); 

. . .  
DO XMILE (TESTBIT); 

2 .6 .5  Case B l o c k  

J. case  b l o c k  i s  headed by  a PO C A S E  s ta te r - ; ec t  and t e r r i l i n a t e d  
b y  an  E l i 9  s ta te r ! i en t .  I t s  purpose  i s  t o  e x e c u t e  t h e  i - t h  
s t a t e n i e n t  v i t k r i n  t h e  b l o c k .  T h i s  s t a t e r l e n t  r-lay ir! t u r n  b e  a 
s u b - b l o c k .  
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2 . 6 . 5 . 1  
<do case s t a t e m e n t )  ::= 

D O  CASE ( < i d e n t i f i e r >  1 
DO CASE ( < i d e n t i f i e r >  1 6~ 4 ; 
D O  CASE ( < i d e n t i f i e r >  ) OF 16 ; 

t!o t e s  : 
The i d e n t i f i e r  mus t  r e p r e s e n t  a  work  r e g i s t e r  d i g i t .  The 
e f f e c t  o f  t h e  s t a t e m e n t  i s  t o  e x e c u t e  s e l e c t i v e l y  one o f  t h e  
4 o r  16 s t a t e m e n t s  w h i c h  c o n s t i t u t e  t h e  DO CASE b l o c k .  The 
nur:iber o f  s t a t e m e n t s  w i t h i n  t h e  b l o c k  must  be e x a c t l y  4 o r  
1 5  ( n u l l  s t a t e m e n t s  d e s i g n a t e d  by  ";I1 clay be used) ,  each o f  
w h i c h  n a y  a l s o  be a  b l o c k ,  e t c .  I n  f o r m  1 a  case  o f  16 i s  
assur.ieC. 
Examples: 

DO C A S E  (114(D 3 ) )  OF 4; 
/ * C A S E  O*/ . . . ; 
/ * C A S E  1*/ . . . ; 
/ * C A S E  2 * /  . . . ; 
/ * C A S E  3 * /  . . . ; 

EltD; 

2 . G . C  Count E l o c k  

A c o u n t  b l o c k  i s  headed by  a  00 COL't:T s t a t e m e n t  and i s  
t e r r : ~ i n a t e d  by  an END s t a t e m e n t .  The e f f e c t  o f  t h e  s ta te r : i cn t  
i s  t o  u s e  t h e  c o u n t  r e g i s t e r  t o  i t e r a t e  t h e  e x e c u t i o n  o f  t h e  
s t a t e n e n t s  c o n t a i n e d  w i t h i n  t h e  b l o c k .  The c o u n t  r e g i s t e r  
c o u n t s  dokin t o  8 f r o m  any v a l u e  between O and 2 5 5 .  

2..G.G.3 
<do c o u n t  s t a t e m e n t >  : := 

DO CGCNT <-  < i d e n t i f i e r >  ; I 
D O C O U L I I < -  < i d e n t i f i e r >  B Y  1 ;  I 
D O C O U P d T < - < i d e n t i f i e r >  BY 2 ;  I 
DO C G l j  f.,fT < - COC!P.!T ; I 
DO COUNT < -  C O U E T  BY 1 ; I 
0 0  COUI"JT < -  COUFiT BY 2  ; 

Tiotes : 
The e q u a l  s i g n ,  "=I1 may be used i n  p l a c e  o f  t h e  ass ignmen t  
arrol-I, It<-I' . I n  f o r n s  I, 2 ,  and 3, t h e  i d e n t i f i e r  r e p r e s e n t s  
a  wo rk  r e g i s t e r  t r t ~ose  c o n t e n t s  a r e  p lacec i  i n  E X i 1 5  w t i i l e  t h e  
! ow-o rdc r  8 b i t s  a r e  p l a c e d  i n  t h e  c o u n t  r e g i s t e r ,  ~ i t i i c ! ~  i s  
t h e n  decremented by  1, 1, o r  2, r e s p e c t i v e l y ,  a t  t h e  end o f  



t h e  b l o c k .  I n  fo rms 4, 5, and 6 t h e  c u r r e n t  v a l u e  o f  t h e  
c o u n t  r e g i s t e r  i s  decremented by 1, 1, o r  2, r e s p e c t i v e l y .  
The s ta te r : len ts  i n  t h e  b l o c k  a r e  e x e c u t e d  a t  l e a s t  once u n t i l  
t h e  c o u n t  beconies z e r o  o r  n e g a t  i v e .  S ta temen ts  '~i t h i n  t h e  
c o u n t  b l o c k  may n o t  ' s t o r e  fror:; t h e  viork r e g i s t e r s  i n t o  
e x t e r n a l  r e g i s t e r s  w i t h o u t  a l t e r i n g  t h e  c o n t e n t s  o f  t h e  
c o u n t  r e g i s t e r ;  s i m i l a r l y ,  a  b r a n c h  i n t o  a  c o u n t  b l o c k  does 
n o t  i n i t i a l i z e  t h e  c o u n t  r e g i s t e r .  
Exampl es : 

DO COUtJT <-  A B Y  2; 

2.7 I F  Staternent  

2.7.1 
< i f  s t a t e m e n t )  : := 

I F  < c o n d i t i o n >  THEN < s t a t e m e n t >  I 
I F  < c o n d i t i o n >  THEN < s t a t e m e n t >  ELSE < s t a t e n e n t >  

I,!o t es : 
P e r r i i i s s i b l e  c o n d i t i o n s  a r e  t h o s e  s p e c i f i e d  i n  s e c t i m s  
2 . 6 . 4 . 1  and 2.6.4.2,  as w e l l  as  t h e  t e s t i n g  o f  any c.:ork 
r e g i s t e r  d i g i t  f o r  z e r o  o r  non-zero .  The s t a t e r : ~ e n t s  i n  
e i t h e r  forr.7 1 o r  f o r n  2  n a y  be s i m p l e  n o n - i f  stater: ients, o r  
any o f  t h e  b l o c k s  d e s c r i b e d  i n  s e c t i o n  2 .6 .  I F  s t a t e m e n t s  
n a y  n o t  appear  as s t a t e m e n t s  w i t h i n  I f  s ta temen ts ,  u n l e s s  
t h e y  a r e  c o n t a i n e d  i n  b l o c k s .  

I n  f o r n  1, t h e  e f f e c t  o f  t h e  I F  s t a t e m e n t  i s  t o  e x e c u t e  t h e  
s ta te r r len t  o r  b l o c k  f o l l o w i n g  t h e  keyword TEED o n l y  i f  t h e  
c o n d i t i o n  s p e c i f i e d  i s  t r u e .  I n  f o r o  2, t h e  s t a t e m e n t  o r  
b l o c k  f o l l o w i n g  t h e  keyword  THE!! i s  e x e c u t e d  i f  t h e  
c o n d i t i o n  i s  t r u e ,  w h i l e  t h e  s t a t e m e n t  o r  b l o c k  f o l l o e i n g  
t h e  k e y v ~ c r d  ELSE i s  e x e c u t e d  i f  t h e  c o n d i t i o n  i s  f a l s e .  

lB!4 l NTERNAL USE OKLY 
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Examples : 
IF  A=d THEN WORK2 <- WORK2 1 + 1  CONST; 
I F  CARRY THEN WORK2 < -  WORK3; ELSE WORK2 <-  WORK4; 
IF  MODE THEN 

DO; 
IF  ALU THEN WORK4 <-  WORK1; 

ELSE WORK4 < -  WORK5; 
END; 

ELSE 
DO; 

I F  C A R R Y 1  THEN WORK4 <-  WORK3; 
ELSE bJORK4 <- bJORK2; 

END; 

2 .8  M i s c e l l a n e o u s  Sta tements  

l FETCH Statement  

2 . 8 . 1 . 1  
< i f e t c h  s t a t e m e n t >  : := 

I FETCH ; I 
IFETCH WITH < i f e t c h  c o n d i t i o n s >  ; I 
IFETCH U S I N G  <work r e g >  WITH < i f e t c h  c o n d i t i o n s >  ; 

o  t e s  : 
The purpose o f  t h i s  s ta temen t  i s  t o  genera te  a  Systefi1/370 
i n s t r u c t i o n  f e t c h  n i c r o i n s t r u c t i o n  as i n d i c a t e d .  For  
f u r t h e r  d e t a i l s ,  t h e  reader  i s  r e f e r r e d  t o  t h e  !.?ode1 135 
f u n c t i o n a l  s p e c i f i c a t i o n s .  

Eote:  
The i n t e g e r  may o n l y  be a  0, 1, 2, o r  3. 

2.5.2 S p e c i a l  SET Statement  

2 . 8 . 2 . 1  
< s p e c i a l  s e t  s ta temen t )  : := 

SET SELECT ( <work r e g i s t e r  d i g i t >  ; 
SET INTERRUPT ( <work r e g i s t e r  d i g i t >  ) ; 
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Note:  
The work  r e g i s t e r  d i g i t  may be s p e c i f i e d  d i r e c t l y  o r  v i i t h  a 
p r e d e f i n e d  i d e n t i f i e r .  Fo r  f u r t h e r  r e f e r e n c e ,  t h e  r e a d e r  i s  
r e f e r r e d  t o  t h e  Model 135 f m c t  i o n a l  s p e c i f i c a t i o n s .  

2.3.3 DATA S ta temen t  

Cons tan ts  and add resses  may be e n t e r e d  as  d a t a  b y  means o f  
t h e  DATA s t a t e m e n t .  

2.8.3.2 
< d a t a  i n s t r u c t  i o n  head> : :=  

DATA : I 
OATA ( <hexadec ima l  l o c a t i o n )  ) : 

f.!o t e : 
I n  f o r m  2 t h e  hexadec ima l  l o c a t i o n  may be s p e c i f i e d  as any 
c o n s t a n t  o r  c o n s t a n t  e x p r e s s i o n .  T h i s  w i  1 1  beco~7e t h e  
s t a r t i n g  add ress  o f  t h e  subsecuent  d a t a .  

2 .8 .3.3 
< d a t a  i n s t r u c t i o n  body> : := 

< d a t a  i n s t r u c t i o n  head> <datum> I 
< d a t a  i n s t r u c t i o n  body> , <datum> 

2.8 .3 .4  
< d a t a  i n s t r u c t i o n >  ::= < d a t a  i n s t r u c t i o n  body> ; 

b t e :  
Cons tan ts  a r e  f o r m a t t e d  as i n d i c a t e d  i n  s e c t i o n  2.2.2. 

2 .9 P r o c e d u r a l  B l o c k s  

An f-:!PL/135 p rog ram i - ~ u s t  be c o n t a i n e d  w i t h i n  a t  l e a s t  one 
p r o c e d u r a l  b l o c k ,  t o  w h i c h  t h e  l a b e l s  i n  t h e  p rogram and 
i d e n t i f i e r s  a p p e a r i n g  i n  t h e  prograrn and i n  D E C L A R E  

let{ IPiTERtiAL USE OPlLY 
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s ta temen ts  a r e  a t t a c h e d .  W i t h i n  t h i s  p r o c e d u r a l  b l o c k  t h e r e  
may be who1 l y  c o n t a i n e d  subprocedura l  b l o c k s  n e s t e d  
a r b i t r a r i l y  many l e v e l s .  Such subprocedures must appear a t  
t h e  end o f  t h e  c o n t a i n i n g  procedures .  

D e c l a r a t i o n  s ta temen ts  must appear f i r s t  w i t h i n  a  p r o c e d u r a l  
b lock ,  and i n  subprocedura l  b l o c k s  d e c l a r a t i o n  s ta temen ts  
may be used t o  s p e c i f y  i d e n t i f i e r s  l o c a l  t o  t h a t  b l o c k .  
Loca l  i d e n t i f i e r  names may be t h e  same as names i n  o t h e r  
p r o c e d u r a l  bl.ocks, b u t  w i t h  o t h e r  a t t r i b u t e s .  T h e i r  scope 
i s  l i m i t e d  t o  t h e  sub-b lock  i n  wh ich  they  a r e  d e f i n e d  as 
w e l l  as any o t h e r  subprocedura l  b l o c k s  c o n t a i n e d  i n  t h a t  
d e f i n i n g  b lock ,  i n  wh ich  t h e  i d e n t i f i e r  i s  n o t  e x p l i c i t l y  
d e f  i ned. 

2.9.1 Procedu re- M c k  

A p rocedure  b l o c k  i s  headed by  a  procedure  s ta temen t  and 
t e r m i n a t e d  by  a  m a t c h i n g  END statement ,  cf . ,  2.6.3. 

2.9.1.1 
<procedure  s ta temen t )  ::= 

< l a b e l >  : PROC ; 1 
< l a b e l >  : PROCEDURE ; I 
< l a b e l >  : PROC ( < i d e n t i f i e r >  ) ;I 
< l a b e l >  : PROCEDURE ( < i d e n t i f i e r >  ; 

Notes:  
.The l a b e l  i s  used t o  name t h e  procedure  anti may be up t o  3  
c h a r a c t e r s  long, c f  ., 2.2 .1 .6 .  I n  fo rm 3 and f o r m  4 t h e  
i d e n t i f i e r  i s  used t o  s p e c i f y  t h e  s t a n d a r d  r e t u r n  work 
r e g i s t e r ,  c f . ,  2.5.3.1.  
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3. The C o r n ~ ~ ~ e r  

The FIPL/135 c o m p i l e r  i s  w r i t t e n  i n  PL /1  and t r a n s l a t e s  
f;:PL/135 s o u r c e  programs i n t o  Plodel 135 asserxbl e r  s o u r c e  t e x t  
i n  two passes.  W h i l e  t h e  e n t i r e  c o n p i l e r  c o n s t i t u t e s  a  
s i n g l e  P L / I  p r o c e d u r e  ( s e p a r a t e  p rocedu res  a r e  used t o  
i n i t i a l  i z e  t h e  r e a d - o n l y  s y n t a x  t a b l e s ) ,  i t  i s  e s s e n t i a l l y  
s e p a r a t e d  i n t o  f o u r  s e c t i o n s ,  namely:  

a .  a  s y n t a x  scanner,  w h i c h  c o l l e c t s  meta symbols, o r  
tokens, t o  o b t a i n  t h e  v a r i o u s  s y n t a x  r u l e s  o f  t h e  
language.  H a v i n g  co1 I e c t e d  t o k e n s  f o r  a  g i v e n  
p r o d u c t i o n ,  t h e  s y n t a x  scanner  i n v o k e s  t h e  code 
g e n e r a t  i o n  r o u t i n e s  t o  a p p l y  t h e  a p p r o p i a t e  sel- i~ant i c  
i n t e r p r e t a t i o n ,  whereupon i t  t h e n  s u b s t i t u t e s  t h e  l e f t  
hand meta symbol f o r  t h e  sequence o f  t okens  w h i c h  
c o n s t i t u t e  t h e  r i g h t  hand o f  t h e  p r o d u c t  i o n .  T h i s  
p rocess  c o n t i n u e s  u n t i l  t h e  e n t i r e  p rogram has been 
parsed .  

b .  a  l e x i c a l  scanner,  w h i c h  a c c e p t s  t h e  s o u r c e  p rogram 
and produces  f r o m  i t  t h e  meta symbols  as  r e q u i r e d  by  
t h e  s y n t a x  scanne r .  A meta symbol number i s  r e t u r n e d  
t o  t h e  s y n t a x  scanne r  f o r  each t e r m i n a l  s y n b c l  o f  t h e  
language, c.f., Appendix  1 1 .  

c .  a code g e n e r a t i o n  r o u t i n e ,  w h i c h  i s  i n v o k e d  by  t h e  
s y n t a x  scanne r  whenever a s y n t a x  r u l e  i s  l o c a t e d ,  so 
t h a t  i t  may p roduce  t h e  p r o p e r  seman t i cs  i n  t h e  f o r m  
o f  t a b l e  e n t r i e s ,  o b j e c t  t e x t  g e n e r a t i o n ,  e t c .  f o r  
each grammar r u l e .  

d. a  t a b l e  a d j u s t m e n t  r o u t i n e  and second t e x t  pass t o  
p roduce  p r o p e r  l a b e l s  f o r  t h e  block1 1 3 5  Assetrlbl e r .  

The d i a g r a m  i n  Append ix  I l l  shov~s t h e  r e l a t i o n  between t h e s e  
f o u r  s e c t  i o n s .  
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3 . 1  Syn tax  Scanner  

The LALR s y n t a x  t e c h n i q u e s  d e s c r i b e d  b y  LaLonde ( D l  a r e  
enp loyed .  Append ix  1 c o n t a i n s  t h e  a c t u a l  s y n t a x  e n p l o y e d  i n  
t h e  c o m p i l e r ,  and Appendix  I I  l i s t s  t h e  T e r c ~ i n a l  symbols  
w i t h  a  c r o s s - r e f e r e n c e  t o  t h e  p r o d u c t i o n s  i n  Appendix  I .  

L e x i c a l  Scanner  

The l e x i c a l  scanner  reads  t h e  s o u r c e  t e x t  and r e t u r ~ s  meta 
sy r ibo l  numbers, o r  tokens, f o r  i d e n t i f i e r s ,  c o n s t a n t s ,  
s t r i n g s ,  o r  r e s e r v e d  words.  These a r e  shorn i n  Appendix  I I . 

3.3 Code G e n e r a t i o n  

The code g e n e r a t i o n  r o u t i n e s  g e n e r a t e  t e x t  s u i t a b l e  f o r  t h e  
m ic roasse rnb l c r .  

3.4 Second Pass 

The pu rpose  o f  t h e  second pass i s  t o  d e l e t e  s u p e r f l  uous 
l a b e l s ,  w h i c h  may have been g e n e r a t e d  i n  t h e  f i r s t  pass .  A t  
t h e  end o f  t h e  f i r s t  pass, t h e  symbol t a b l e  i s  e x a r . ; i ~ e d  f o r  
t h e  p resence  o f  such  nu1 t i p l e  l a b e l s ,  and t h e  e x t r a n e o u s  
cnes  a r e  marked; so t h a t  t h e y  can be  r e p l a c e d  by  t h e  p r o p e r  
l a b e l .  The o b j e c t  t e x t  i s  t h e n  read, and t h e  marked  l a b e l s  
d e l e t e d  and r e p l a c e d  b y  t h e  a p p r o p i a t e  ones. 
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<fAPPII('JG ATTRIBUTB> : : = <STORAGE' ATTRIEUTS> 
1 <SYl'l HL'AD> <VARIABLZ-B> ) 
I LABEL ( <Ii;TCGER> ) 
I <EQU HLAD> <PRIKARY ZXPE> ) 
I OFFSET 

<STORAGE> ::= GPR 
I FPR 
I CF,R 
I I~5lIf'i 
I COii!?L??oL 
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IRCiiO 
PI71 
J; - 7 -  - DL/'tl 
KIi'LOC 
C'AKLYY 
ALU 
L2Fi?.Yl 
CARl?Y 13 
FPO 
ALU1-7 
Iib ' VDEC 
li'l 



PAGE' 45 

SET 
TEST 
TSK 
SKIP 
IIiC 
DEC 
SL 2 
SR4 
RSL 2 
RSR4 
RSR8 
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SYLV 
TSX 
IA-I 
EYTE 
CALL 
USZ 
DATA. 

fiil"0DE 
moc 
RSL 2 
ESR4 
RSR 8 
SE;IP 
TLST 
YH&?'$ 
VITH 
A'OXD 
CAXr?41 

COUliT 
DIGIT 
IRCli 0 
LL4EEL 
HELOC 
RESZT 
USING 
F 7 ? J 1 7  P 

i l ' l  Lb 

ALU1-7 
CARRY 1 
C.4RRY8 
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COiiTROL 
DECLARE 
RESTORE 
<STRIilfG > 
< IIiTLt'GER > 
IiJTERRUPT 
FROCEDURE 
<PT ARROh7> 
< IDZL~~TIFIER > 
<ABBREVIII i7101":j> 
<JU)4ERIC STf?xl/G > 
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