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A b s t r a c t  

l lFL /145  i s  an e x p e r i m e n t a l  I a n , r r . u a ~ ~  and cocipi 1 e r  f o r  
r ; i c r o p r o ~ . r a c - m i  n(r Sys tem/37 l j  P'otlel 1 /15,  e n p l o y i n f :  c o r p i  l e r  
t e c h n i q u e s ,  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  l a n g u a ~ ~  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  m i c r o p r o ~ r a m m e r  c o n p l e t e  f r e e d m  i n  t b e  LISP o f  t h e  
machine;  t h e r p f o r e ,  I lPL/145 may be t e r n e d  e i t t l e r  a  
r11ach i n e - d e p e n d e n t  compi 1 e r  o r  a  s y n t a x - d i  r e c t e d  assernbl e r e  
T h i s  r e p o r t  i s  i n t e n d e d  as a  r e f c r ~ n c e  manas l  f o r  F'I"L/145 
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 ~ a l  
s p e c i f i c a t i o n s  o f  t h e  S y s t e n / 3 7 0  P'oc!el l ' i 5 .  

Terms f o r  l B b l  S u b j e c t  I n d e x  

P I i  c r o p r o g r a r n c ~ i  n,q 
Cornpi 1 e r s  
Programming  Langauges 
I B t l -  Systen1/370 Pbodel 1 4 5  
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1 .  l MTRODUCT l ON 
- - - - - - - - - - w - - - - - -  

MPL/145 i s  a  machine-dependent  language f o r  m i c r o p r o ~ r a m m i n , ~  
System/370 Model 145. Genera l  l y  s p e a k i  ne, ??PL/145 s t a t e m e n t s  have 
a  one- to -one  r e l a t i o n  w i t h  Plodel 1 4 5  o b j e c t  m i c r o - i n s t r u c t i o n s ,  
such  t h a t  t h e  d e t a i l  o f  m i c r o p r o ~ r a m m i n , ~  i s  n o t  subsumed i n  t h e  
language.  T h i s  was, indeed, a  key t e n e t  i n  t h e  d e s i g n  o f  t h e  
language, because i t  was c o n s i d e r e d  a b s o l u t e l y  e s s e n t i a l  f o r  t h e  
m i  croprograrnmer t o  r e t a i n  . c o m p l e t e  c o n t r o l  o v e r  t h e  hardvia r e  f o r  
wha teve r  h i s  purpose .  

The MPL/145 langauge i s  d e r i v e d  f r o m  c o n p i l e r  t e c l ~ n o l o ~ y ,  no1 
assembl e r  1 o re ;  t h e  i m p l e m e n t a t i o n  e r ~ p l o y s  an LR(k)  
s y n t a x - d i r e c t e d  s c a n n i n g  techn ique ,  and t h e  d e s i g n  i s  h i g h l y  
p a r a m e t e r i z e d  f o r  ease o f  ma in tenance  and m o d i f i c a t i o n .  Many o f  
t h e  f e a t u r e s  o f  t h e  language have been borrov:cd f r o m  PL/ I, ALGOL, 
and PL/360 ( A ) .  The b a s i c  f o r m  i s  t h a t  o f  PL / I ;  an P?PL/145 
p rog ram i s  a  p rocedure ,  w h i c h  may c o n t a i n  w h o l l y  n e s t e d  
p rocedu res .  T h i  s  p e r n i  t s  b l o c k  s t r u c t u r e  and name s c o p i  n g  
c a p a b i l i t i e s .  A P L / I - l i k e  DECLARE s t a t e m e n t  i s  used  as t h e  
p r i n c i p a l  way t o  name s t o r a g e  and c o n s t a n t s  p e c u l i a r  t o  Model 1 4 5  
m i  croprogran7rni ng; however, t h e r e  a r e  no imp1 i c  i t nami ng  r u l  es, as 
t h e r e  a r e  i n  PL/ I ,  so t h a t  a l l  names must  be d e c l a r e d  e x p l i c i t l y .  
F i n a l  l y ,  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  !1PL/145, a1 t h o u r h  
e s s e n t i a l l y  1  i m i  t e d  t o  t h e  ass ignmen t  s ta temen t ,  t h e  GO TO 
s ta tement ,  t h e  CALL s ta temen t ,  and t h e  RETURN s ta temen t ,  a r e  
p a t t e r n e d  a f t e r  t h e i r  P L / I  c o u n t e r p a r t s ,  t h e  d i f f e r e n c e  b e i n g  
t h a t  f u n c t i o n s  p e c u l i a r  t o  Model 145 microprogran:rning have been 
added, whi  l e  o t h e r  f u n c t i o n s ,  f o r e i g n  t o  t h i s  machine, have been 
d e l i b e r a t e l y  removed. 

The rema inde r  o f  t h i s  r e p o r t  p r e s e n t s  t h e  d e t a i l s  o f  t h e  GPL/ lk5  
language.  I t  i s  assumed t h a t  anyone r e a d i n g  f u r t h e r  f o r  a n y t h i n g  
b u t  a  c u r s o r y  g l i m p s e  o f  t h e  language w i l l  be w c l l  a c q u a i n t e d  
w i t h  t h e  m i c r o - a r c h i t e c t u r e  o f  t h e  Model 145, e s p e c i a l l y  as 
s p e c i f i e d  i n  System/370 Model 145 F u n c t i o n a l  S p e c i f i c a t i o n s  ( B ) .  
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I I . CClrt.:F I LER CVET:V I [I*! . . . . . . . . . . . . . . . . . . . . . . .  

The f o l  10~ ; i r . z  exar l~p le ,  c o u r t e s y  o f  L .  E. L y c r ,  c o n t a i n s  an 
enconlpass i n g  p roce4u re ,  C ,  i t -  t:f i c h  t h e  seven  v a r  i s b l  e s  
a p p e a r i n g  i n  t h e  prograr , )  a r c  c ' e c l a r e d .  L ' i t h i r  t b i s  prccec;urc a rc  
tv,o o t h e r  procedcrres,  SLillM an6 FIFE, whicF- f i r (+ t h e  survl f r o n l  1 t o  
t i  and  t h e  1 ' - th  F i b o n a c c i  nur!-jer, r e s p e c t i v e l y .  These  l a t t e r  
p r o c e c k r e s  a r e  c a l l e d  f r o m  a test in^ procedure, w r i t t e n  as  a 
s e p a r a t e  p rocedu re ,  TEST. 

1 COl4P:  PROCEPUEE; 
/ *  DECLARP,TICF'S FCE F I F E  f i r \ ~  sur'r4 * /  

2 DECLAFE 
C 
b PYTE SYb1(ES04(0) ) , P I ' S 2  \ 'PW S Y U  L S 1 4  1, 
RT?' I4OFtD SYF!( LSlS) ,  /\.PIS kJOrD  SYF1(LSl f  1, 
CPJSI \ ~ P P  S Y F ~ ( L S ~ G ) ,  F'LIF~ ~ o r c  SYF!(LSI~), 
r!ur?e w e P o  S Y N  L S I ~  ; 

/ *  F I  r !D TPE I!-TP F I  m r 1 A c c 1  r 1 [ i ' r : m ?  * /  
3 F l  E B :  PRCCEPURE; 
4 PCP!: ANSl < -  1; APS2 < -  1; 
E TST: FUF.JR <-  t:UME 1 - 1  2; C O  TO !t40R(!'lll'P(O:O)); 
8 FlO!?(O) : CIb!S1 < -  AP!Sl 1 + 1 AF'S2; 
9 AF!S2 <-  P , b ! S 2  ( +  ( PtrJS1 & Cr! TO TST; 

10 MOR(1): C0 TO FIX(FtL 'ME(3:7)) ;  
P 1 F I X ( 0 ) :  r'UP1B < -  APlS1 & C0 TO EXIT; 
12 F I  X U ) :  P!UPIR < -  P , P I S ~ ;  
13 EXIT:  RTN < -  PTN 1 + 1  4; 
1 4  RETL'R t '  US l rlG FTF!; 
15 END FICB; 

/ *  F I F ' D  THE sup! FROP 1 TO F! * /  
16 . S U I :  PROCECURE; 
17 I FIN : AF!S <-  P!UM M I  Tkl DS;  
1 8  P O ( 1 , l ) :  RESET S E Y  ' 20 'X ;  
1 9  F'L'M < -  F!Ub! 1 - 1  1 bfITFI S 1 2 ;  
2 C AFtS < -  CIF'S 1 + 1  PIUP'; & CF TO POQ(S2,S3); 
2 1 P40E(0,1): RTN < -  PTM ( + I  4; 
2 2 OUT : RETURF' US1 PIG RTN; 
2 3 EFlD SUPW; 
2 4  EF?D COMP; 
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1 TEST:PROCEDUPE; 
/ *  PRCCEDCRF TC TEST FIEP AND SUMP-' * /  

2 DECLC.PE E A L P  b!T)PD SYV(LSlS), C@Ut\!T WORE S Y b r (  LSlO), 
ARCMT WORD S Y N  LS17 ; 

3 STAET: CROUP(DLS2); COUtlT < -  7; 
4 ALICN(l,!l): CCUr'T < -  COUFJT 1 - 1  2; GO TO DOP!E(COUtlT(O:O)); 
6 DOPIE(0): FPCPIT <- COUNT KITH PS; 
7  ALICFI(0,O): CPLL FlEB.BCN USII'G BPLF; 
8 AL I CFJ ( 0 ,  I : C A L  L  SUMM. l b'h' US I P'G BALF; 
9 DOF!E(I): P C L R  < -  R A L F  W I T H  DS,STOP ro  TCI e ~ r ' ~ ( 1 ) ;  

10 END TEST; 

S y n t a c t i c a l  1 y, t h e s e  p r o c e d u r e s  r e s e v h l  e PL/ I q u i t e  c l  o s e l  y. A 
f r e e  f o r m  i s  used, so t h a t  one o r  wore s t a t e v e n t s  may occupy a 
l i n e ,  and comments, e n c l o s e d  b y  ' / * '  and ' * / ' ,  may appear  w i t h i n  
o r  between s t a t e m e n t s .  B l a n k s  a r e  s i ~ n i f i c a n t ,  o n l y  i n  t h a t  t h e y  
may be used a s  we1 1 as o t h e r  p u n c t u a t i o n  t o  t e r m i n a t e  
i d e n t i f i e r s ,  c o n s t a n t s ,  e t c .  

MPL/145 uses  a ' < - I  t o  deno te  ass ignmen t  i n  p l a c e  o f  ' = '  used  i n  
PL / I  . Because t h e  v i i c r o - o p e r a t  i o n s  o f  t h e  !%del 1 4 5  have a  v e r y  
s p e c i f i c  d e n o t a t i o n ,  o p e r a t i o n s  i n  MPL/145 a r e  e n c l o s e +  ir ' I 1 ,  
as seen i n  t h e  o p e r a t i o n s  1 + 1  and 1 - 1  on l i n e s  6, 8, 9, 13, l ? ,  
20, and 2 1  o f  C O I v V ,  and 1 i n e  4  o f  TEST. t !exadecimal  c o n s t a n t s  a r e  
e n c l o s e d  i n  quotes,  f o l l o w e d  i m m e d i a t e l y  by  t h e  l e t t e r  X .  

I n  m i c r o p r o ~ r a m r n i n g  t b e  t,,fodel 1 4 5  i t  i s  p o s s i b l e  t o  s p e c i f y  
numerous l a t c h e s ,  b i t s ,  s w i t c h e s ,  e t c . ,  a n c i l l a r y  t o  t h e  ma in  
i n s t r u c t i o n ,  t h e r e b y  p r o v i d i n g  many v a r i a n t s  t o  a  s i n g l e  
m i c r o - i n s t r u c t i o n .  T h i s  i s  a c h i e v e d  i n  P r P L / 1 4 5  by  u s i n g  an 
o p t i o n a l  WITtt f i e l d ,  as seen i n  l i n e  19 o f  COPP and l i n e  6 o f  
TEST. A b r a n c h i n g  c a p a b i l i t y  i s  a l s o  a v a i l a b l e  i n  c o n j u n c t i o n  
w i t h  most  m i c r o - o p e r a t i o n s ,  and t h e  o p t i o n a l  ti 0 TO f i e l d  
a p p e a r i n g  i n  1  i nes 9, 11, and 2 0  o f  COMP, and i n  1 i n e  9 o f  TEST, 
i s  t y p i c a l  o f  t h e  use  o f  t h i s  f a c i l i t y .  

F i n a l l y ,  t h e  !Joc!el 11+5 hardware  i s  b u i l t  t o  h a n d l e  i ndexed  
b ranches  r a t h e r  e f f i c i e n t l y ;  and so  F1PL/145 p e r m i t s  t h e  
s p e c i f i c a t i o n  o f  i ndexed  l a b e l s  and t h e i r  use  i n  GC TO 
s ta temen ts ,  a s  can be seen i n  many p l a c e s  i n  t h e  above examples.  
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11.2 F l o c k  E e f i ~ i t i o n  ( P E C C E D U F F / E t ' D )  --..----------------------.------------ 

An YPL/145 p r o p r a w  mus t  i t s e l f  be a b l c c k  wt - ich  may c o n t a i n  o t h e r  
b l o c k s  n e s t e d  t o  any a r F i t r z r y  d e p t b .  r l l  t b e  d ~ c l a r s t i v e  
s t a t e c e n t s  i r  a  g i v e n  b l c c k  mus t  appea r  b e f c r ~  t h e  p r c c e d u r a l  
s t a t e ~ e n t s  i n  t h a t  b lc .ck ,  an? a l l  t b e  p r c c e 6 u r a l  s t a t e r e n t s  mus t  
appear  b e f o r e  t b e  b e p i n n i n g  o f  ac i r n e r  b l o c k ,  i . c . ,  c c c t a i n e e  
b l o c k s  mus t  appea r  a t  t b e  en+  o f  c o n t a i r i r g  b l ~ c k s .  T h i s  i s  seen 
i n  t h e  C O R P  e x a v p l e  above.  

A b l o c k  i s  headed by  a  PF?@CEC?IIPF s t a t e r 7 e n t  o f  the f c r r :  

The < l a b e l >  nzmes t h e  p r o c e d u r ~  and  becorres t h e  n a r e  o f  t h e  ccde  
module;  i t  s h o u l d  c o n s i s t  o f  a l e t t e r  f c l l o w e +  b y  3 a l p h a n u m e r i c  
c h a r a c t e r s .  The P R O C E D U R E  s t a t e r e n t  i s  used  t c  estz! : l  i s h  t h e  
scope o f  v a r i a b l e  n a r e s  used  i r :  t h e  p rcg ra r l .  F'y t h i s  means, a  
v a r i a b l e  name may he  d e f i n e ?  i~ an i n n e r  b l o c k  t o  k v e  e n t i r e l y  
d i f f e r e n t  a t t r i b u t e s  f r c ~  t h o s e  a s s o c i a t e d  w i t h  t h e  s a r e  r i a r e  i n  
an o u t e r  o r  d i s j o i n t  b l o c k .  Thus t h e  b l o c k  s t r u c t u r e  may be u s e l  
t o  bu  i 1  d p r o g r a n : ~  f rorr: i neependen t  1  y  p r o d u c e d  p i e c e s .  T h e  EPT) 
s t a t e m e n t  i s  used  t o  t e r r i n a t e  a  b l o c k  and may have  e i t h e r  t h e  
f o rm :  

I n  t h e  l a t t e r  case, t h e  < l a b e l >  c o r r e s p o n d s  t o  t h e  < l a b ~ l >  o f  a  
p r o c e d u r e .  Ry u s i n g  t h e  < l a b e l >  c f  an o u t e r  p rocedu re ,  a1 1  
p r o c e d u r e s  nes tec '  w i t h i n  t h e  o u t e r  p r o c e d u r e  may be t e r r - i r ? a t e d  
w i t h  a  s i n g l e  Eb!C < l a b e l > ;  s t a t e r e n t .  

1 1  - 2 . 1  L a b e l s  ---------.---. 

A p r o c e d u r a l  s t a t e r r e n t  may have a l a b e l  c o n s i s t i n g  of u p  t o  1 2  
a l p h a n u m e r i c  c h a r a c t e r s ,  t h e  f i r s t  c h a r a c t e r  o f  c.~"lcF. mus t  b e  a  
l e t t e r .  Fo r  t h i s  i r p l e p e n t a t i c r  a l l  s t a t e v e n t  l a b ~ l s  a r c  
t r u n c a t e 4  t o  6 c h a r a c t e r s .  

The < l a b e l >  may have up t c  t b r c e  s u t . s c r i p t  f i c l c ' s  s p e c i f y i r g  t b e  
p a r t i c u l a r  l e g  o f  a  b r a n c h - s e t .  Tbese a r e  t e r r T e ?  t h e  < h x > ,  <I+>, 
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and  < h l >  f i r l d s ,  r e s p e c t i v e l y ,  and  p e r n i s s i  b l e  v a l u e s  f o r  t h e v  
a r e :  

An X s i p n i f i e s  t b a t  t h e r e  i s  no l e ~  c o r r e s p o ~ d i n g  t o  t h i s  
s u b s c r i p t ;  l e a c ! i ~ ~  X ' s  o r  t r a i l   in^ b l a n k s  a r e  n o t  a l l o w e d ,  as  t b e  
f o 1  l o w i n g  exa rTp l  es i n d i c a t e :  

NAflEA( 1 )  v a l i d  s u b s c r i p t  f o r  < b l >  
NAFIEB( 1 , X )  v a l  i d  s u b s c r i p t  f o r  <bb>  and  < b l >  
f J A M E C ( ' D ' X , C ,  I) v n l  i c l  s u h s c r i p t  f o r  < b x > ,  <bb>, and < b l >  
NAPED( ' E ' X )  i n v a l  i d  s u b s c r i p t ,  s h o u l d  be CAI'EP('F'X,X,X) 
NAMEF(3,l) i n v a l  i d  subscript, s h o u l d  be rfAf'EF(3,1,X) 

1 1  . 3  P e c l a r z t  i v e  S t a t e r r e n t s  ( D E C L A r . E / D C L )  -----.-----------------------------------.- 

A l l  v a r i a b l e s  a p p e a r i n r  i n  a  p r o p r a r  m u s t  be  d e c l a r e d  e x p l  i c i t l y  
i n  a D E C L A R f  s t a t e r e n t  a p p e a r i r ~  a t  t h e  head  o f  a  p r c c e f i u r e .  The 
DECLARE s t a t e m e n t  i s  p a t t e r n e d  a f t e r  t h e  P L / I  PFCLAEF. s t a t e m e n t  
and  i s  o f  t b e  f r r - r - :  

D F C L F . R F  < v a r i a b l e  d e f i n i t i o n  1  i s t >  ; 

where  < v a r i & l c  6 c f i n i t i o v  l i s t >  i s  a  l i s t  o f o n e  o r  rnorc 
v a r i a b l e  d p f i r i t i ~ ~ s ,  each  o f  w h i c h  c o n t a i n s  t b e  n a r e  o f  t h e  
v a r i a b l e  an( '  a 1 i s t  o f  a t t r i b u t e s .  The s t a t e v e n t  msy b e g i r  w i t h  
e i t h e r  D E C L P I ' F  o r  [ 'CL. .  

A t t r i b u t e s  z r c :  
D a t a  t y p e  ~ t t r i  b u t e s  

T'I 1, [:YTF, I 'ALF ,  1!0rD 

S t o r z g e  c l z s s  a t t r i b u t e s  
t'c", l ~ n c l  rO: 'TPc\ l .  

S p e c i z l  z t t r i h i i t e s  
SYF', PPSED, E N ,  OFFSET, an+ L lYK 
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F u r t h e r  i n f o r ~ a t i o ~  czn  b e  f w l n $  i r  s e c t i o n  I1 I . C .  

There  a r e  seven  i n s t r u c t i c n  t y p e s  i n  t b e  f 'cc'el  1 4 5 :  

P rancb  I n s t r u c t i o n  
F u l  1-vjcllrd A r i  t h n l e t i c  I n s t r u c t i c r  
B y t e  A r i t h r e t i c  I n s t r c c t i c ~  
Word-move l n s t  r u c t  i o n  
S t o r a g e  R e f e r e n c e  l n s t r u c t  i c n  
C a l l  I n s t r u c t i c r  
F e t u r n  I n s t r u c t  i o ~  

I n  f*?PL/145 a1 1  b u t  t h e  C a l l  snc' E e t u r n  s t a t e v e n t s  have  t b e  
g e n e r z  1  f o rm :  

Tbe < o p e r a t i o n >  f o r  each  s t a t e n e n t  t y p e  i s  d i f f e r e n t  anr: i s  
d e s c r i b e d  i n  s e c t i o n  I l l .  

The < w i t h - f i e l d >  may o p t i o n s ! l l y  fc,11ov: t h e  < o p e r a t i m >  Z P C '  
u s u a l  l y  c o n t a i n s  keywo rds  t o  s p e c i f y  m o d i f i e r s ,  masks, a v d  s t a t u s  
s p e c i f i c a t i o n s .  Tbe < w i t h - f i e l d >  i s  w r i t t e n :  

where  t h e  <keyword>  1  i s t ,  s e p a r a t e +  b y  cormas, nee?  n o t  be  i n  any  
s p e c i f i c  o r d e r .  

The < b r a n c h  c o n t r o l >  i s  use+  t o  s p e c i f y  t h e  l a b e l  o f  t1.e n e x t  
i n s t r u c t i o n  t o  b e  execu ted ,  an? may be w r i t t e n  i n  any o f  t h e  
f o 1  l o w i n g  f o rms :  

I t  mus t  f o l l o w  t h e  < w i t h - f i e l d > ,  i f  t h e r e  i s  one.  I n  t h e  absence  
o f  t h e  < b r a n c h  c o n t r o l > ,  t h e  s t a t e v e n t  f o l l o w i n g  i s  assumed t o  be 
e x e c u t e d  n e x t .  

The < l a b e l >  i n  each  examp le  may b e  any  l a b e l  i n  t b e  ProRram. The 
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b l o c k  s t r u c t u r e  i s  n o t  used  t o  l i m i t  t h e  scope o f  a  l a b e l .  I f  a  
l a b e l  i s  o u t s i d e  t h e  c u r r e n t  p recedure ,  i t  must be q u a l i f i e d  by  a  
p r o c e d u r e  name: 

<p rocedu re  name>. < 1 a b e l  > 

The <bx> ,  <bh>, and < b l >  f i e l d s  a r e  s p e c k 1  i d e n t i f i e r s  o r  
c o n s t a n t s  used t o  s p e c i f y  a  p a r t i c u l a r  l e g  o f  a  b r a n c h - s e t .  
P e r m i s s i b l e  s e t t i n g s  f o r  t h e s e  f i e l d s  v a r y  a c c o r d i n g  t o  each 
i n s t r u c t  i o n  type ;  t h e r e f o r e ,  t h e y  a r e  d e s c r i b e d  i n  c o n j u n c t  i o n  
w i t h  t h e  i n s t r u c t i o n s  i n  s e c t i o n  I l l .  
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I I I . LPP.,!GUACE EESCFI PTI C!h! 

I I I.1.1 Eranch  I n s t r u c t i o n  -----.---------------------- 

The g e n e r a l  f o r m  o f  t h e  E r m c h  I n s t r u c t i o n  i s :  

The b r a n c h . i n s t r u c t i o n  p r o v i d e s  f o u r  f u n c t i o n s :  

1 . Y r m c h i n g  t o  a n o t h e r  l a b e l  i n  t h e  s a r e  r o d u l e .  
2. P o d u l e  svri t c h i n g .  
3. S e t t i n g  o r  r e s e t t i n g  b i t s  0, 1, 2, 3, 4, 6, o r  8 i~ a 

s p e c i f i e d  b y t e  l o c a t e d  i n  e i t h e r  L.ccc?l o r  E x t e r n a l  
S t o r a g e .  

4 .  S e t t i n g  o r  r e s e t t i n g  c e r t a i n  s e l e c t o r  channe l  c i r c u i t  
c o n d i t i o n s .  

5 .  L o a d i n g  t h e  S, T, o r  L - E e c i s t e r s .  

E r a n c h i n g  w i t h i n  a c u r r e n t  modu le  i s  p e r r i t t e c '  ir! c c r + i n a t i o r ,  
w i t h  any  o f  t b e  f u n c t i o n s ,  e x c e p t  m o d r ~ l e  s w i t c h i n g .  

I I I .1.1.1 <bx>, <bh>, < b l >  S u h s c r i  p t  F i e l d s  ------.------------------------------------ 

The l a b e l  i n  t h e  P ranch  I n s t r u c t i o n  may have u p  t o  t h r e e  
s u b s c r i p t  f i e l d s ,  <bx>,  <bb>, and <b1>, r e s p e c t i v e l y .  Tbe v a l u e s  
o f  t h e s e  f i e l c r s  a r e  use6  t o  d c t e r r i n e  w h i c h  l e ~  o f  t b e  b r z n c h - s e t  
w i l l  be  t aken ,  The number o f  s u b s c r i p t s  mus t  c o r r e s p o n d  t o  t h e  
number o f  l e ~ s  a s s o c i a t e d  \r:ith t h e  p a r t i c u l a r  b r a n c b - s e t .  The 
l a b e l  may b e  w r i t t e n  i n  any o f  t h e  f o l  l o w i n g  ways:  

P e r ~ i s s i b l e  <bx>,  <bh>, and < b l >  f i e l d  s u b s c r i p t s  a r e :  
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A b s o l u t e  Va lues (? !ay  be  !F.4nernonic) 

V a l u e s  Q b t a i n e d  f r o r  S-P?-p-i._~te-r S e t t i ~ g s  

< b h >  < b l >  
SO,Sl,SZ,S4,S6 S3,SS8S7 

_<- - ,- -- . 
S p e c i a l  i c ' e n t i f i e r s  A 0  t h r o u r h  c7 d e s i ~ n a t e  t b e  b i t  i n  t b e  
S - R e g i s t e r  used  f o r  t h e  < b h >  o r  < b l >  s u b s c r i p t .  -- 

B ranch -Sou rce  R i t  C o n d i t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p e c i a l  i d e n t i f i e r s  EO t h r o u ~ h  E7 s p e c i f y  t h e  b i t  i n  t h e  
b r a n c h - s o u r c e  b y t e  t o  bp t e s t e d  ( s e e  s e c t  i o n  1 1  1 .1 . I . ?  1. 

The s p e c i a l  i d e n t i f i e r ,  Pp8 a p p e a r i n c  as t h e  <bh>  s u b s c r i p t  i s  
u s e d  t o  s p e c i f y  t h e  f,'~r_~ct-..-fp_~-b-i-t~s~--O~-~. o f  t b e  b r a n c h - s o u r c e  
b y t e .  I f  a l l  f o u r  b i t s  a r e  0, t h e  v a l u e  o f  t h e  s u b s c r i p t  f i e l d  0- 

,.A d/ 0 

i s  0; o t h e r w i s e  t h e  v a l u e  i s  1. -* = 1 ~ - W A  
44: y f l  

The s p e c i a l  i d e n t i f i e r ,  RL, a p p e a r i n g  as t b e  < b l >  s u b s c r i p t  has a  
s i m i l a r  e f f e c t  as C t ! ,  e x c e p t  t b a t  t h e  l a s t  f o u r  b i t s ,  4-7, o f  t h e  
b r a n c h - s o u r c e  b y t e  a r e  t e s t e d .  Aga in ,  t h e  v a l u e  o f  t h e  < b l >  
s u b s c r i p t  i s  0 i f  a l l  f o u r  b i t s  a r c  0, and  1 o t h e r w i s e .  

The s p e c i a l  identifier, '20, i s  u s e d  a s  t h e  < b l >  s u b s c r i p t  
s p e c i f y  b i t s  4 and 5 o f  t h e  S - R e r i s t e r .  I f  b o t h  t h e s e  b i t s  a r e  ZJd) 
1, t h e  v a l u e  1 i s  u s e d  f c r  t h e  s u b s c r i p t ;  o t h e r w i s e  t h e  v a l u e  0 , 
i s  used .  

The s p e c i a l  i d e n t i f i e r ,  -8 F ~ z  a p p e a r i n g  as  t h e  < b l >  s u b s c r i p t  i s  / b L z  
used  t o  t e s t  t h e  e n t i r e  b r a n c h  s o u r c e  b y t e  f o r  0 ' s .  I f  a l l  8 b i t s  
a r c  0, a 0 i s  u s e d  f o r  t h e  < b l >  s u b s c r i p t ;  o t h e r w i s e  a 1 i s  u s e d .  

U s i n g  TH f o r  t h e  < b x >  S u b s c r i p t  . . . . . .......................... 

The s p e c i a l  i d e n t i f i e r ,  Tt!, may b e  u s e d  a s  t h e  < h x >  s u h s c r i p t  t o  
d e s i g n a t e  b i t s  0  an6 1 o f  t h e  T - R e c i s t e r .  T h i s  s u b s c r i p t  i s  n o t  
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  s e t  o r  r e s e t  o p e r a t i o n s .  - 7/{ 

= ZJ 
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111.1.1.2 Rranch  Source  ....................... 

The b r a n c h - s o u r c e  b y t e  may he a L o c a l  o r  F x t e r n a l  s t o r 2 g e  
l c c a t  i o n .  I n  a d d i t i o r  t o  test in^ s e l e c t e d  b i t s ,  as  o u t l i n e d  
abcve, t h e y  may be s e t  o r  r e s e t  i n  t b e  same i n s t r u c t i c n  s f t e r  
b e i n g  t e s t e d .  F to te  t k t  t h e  t e s t i n g  o f  any h i t s  i n  t l -e  
b r a n c h - s o u r c e  b y t e  i s  i c d e p e n c h t  o f  any s e t t i n g  o r  r p s e t t  i n g  
wb i c h  m i g h t  f o l  lov:. 

I n  t h i s  example  t h e  identifier PI i s  a w o r d - s o u r c e  with b i t  7  o f  
b y t e  2 p r o v i d i n g  t h e  <bb>  s u b s c r i ~ t  and . t b e  1ov.1-orc'cr f o u r  b i t s ,  
b i t s  4-7, s p e c i f y i n g  t h e  < h l >  s u h s c r i p t .  The r e s u l t i r p  2  b i t s  
p r c v i d e  a  f o u r - w a y  b r z n c h  t o  t h e  h r a n c b - s e t  LEV. 

A n o t h e r  fo rn ;  o f  t h e  b r a n c h  s t a t e r c n t  i s :  , 

wke re  <s>, <t>, and < 1 >  a r e  s y m b e l i c  nar7es f o r  t h e  S, T, and  
L - F e ~ i s t e r s .  F o r  example, 

SEEG < -  P ( 2 )  A r a O  TO LEV(F7,BL); 

I n  t h i s  e x a n p l e  b i t s  4-7 o f  b y t e  2  c f  C. a r e  t e s t e d  f c r  z e r c .  I f  
a1 l f o u r  b i t s  a r e  ze ro ,  t h e  < b l >  s u b s c r i p t  i s  ze ro ;  o t h c r ~ ! i s e  t h e  
< b l >  s u h s c r i p t  i s  one.  P i t  7  o f  b y t e  2 o f  A i s  u s e d  f o r  t t - e  <bb>  
s u b s c r  i p t .  

The t a r g e t  r e g i s t e r  msy o n l y  be:  (1) t h e  ? - P e ~ i s t e r ,  ( 2 )  t h e  
T - E e g i s t e r ,  o r  ( 3 )  t h e  L - P e g i s t e r ,  o r  an i d e n t  i f i c r  v!t-icb has  one 
o f  t h e s e  r e g i s t e r s  as  i t s  s y n o n y ~ .  T h i s  does n o t  p r e v e n t  t b e  u s e r  
f r o m  u s i n g  many names v:i t h  t h e s e  r e g i s t e r s  as  syncnyrrs.  
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111.1.1.3 Rranch  I n s t r u c t i o n  SET o r  PESET F u n c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The g e n e r a l  f o r ~ ;  o f  t h e  S E T  o r  F E E T  f u n c t i c n  i s :  

<a>  
SET < s > 
R E S E T  < P >  R Y  < c o n s t a n t >  A C C  TP < l z b ~ l > ( < b x > , < b b > , < b 1 > ) ;  

G A 

wt-,e r e  : 
<a>  names a  b y t e  i n  L o c a l  o r  E x t e r n a l  s t c r z ~ e ,  
< s >  i s  a  nave  f o r  t h e  S - F e g i s t e r ,  
<p> i s  a name f c r  t h e  P - R e g i s t e r .  

The B r a n c h  I n s t r u c t i o n  ~ i z y  be u s e d  t o  s e t  o r  r e s e t  b i t s  ir :  t h e  
f o l  l o w i n g  v a r i o u s  r e g i s t e r s :  

1. A L o c a l  o r  E x t e r v a l  s t o r a g e  b y t e  a l s o  specifier: as t h e  
b r a n c h - s o u r c e  , 

2 .  The S - r e g i s t e r ,  
3 .  The P - E e g i s t e r ,  
4 .  The C A  s e l e c t o r - c h a n n e l  c i r c u i t .  

Pa b r s n c h - s o u r c e  b y t e  may be  u s e d  i n  t h e  subscript f i e l d  wbcn 
s e t t i n g  o r  r e s e t t i n g  t h e  S o r  P - P e g i s t e r s ,  o r  t h e  s e l e c t o r  
c h a n n e l  f u n c t i o n s .  The < c o p s t a n t >  may be as fo1 lov :s :  

'Oh'x,  'hO1x,  o r  ' h h ' x ,  
where  h  i s  a hexadecir:;.:l d i ~ i t  f ron:  0 t o  F 

The SET f u n c t i o v  o p e r z t e s  a s  f c l l o i : s :  
w h e r e v e r  t h e r e  i s  a  1 i n  t h e  nlzsl:, t h e  c c r r e s p c 7 n d i ~ g  b i t  i n  
t h e  r e p i s t e r  i s  s e t  t o  I ;  a l l  o t h e r  h i t s  r e n v i r :  u n c h a n ~ e c ! .  

The I T S E T  f u n c t i o v  i s  s i r : i l a r  i n  t h a t :  
w b e r e v e r  t h e r e  i s  a 1 i n  t h c  m a s k ,  t h e  c o r r e s p o ~ d i r g  b i t  i n  
t h e  r e g i s t e r  b y t e  i s  r e s e t  t c  O;  a1 1  o t h e r  h i t s  r e m i n  
unchanged.  

The s e l e c t o r - c h a n n e l  c i r c u i t s  c z n  be  s e t  o r  r r s e t  us i r ip .  t h e  
s p e c i a l  i d e n t i f i e r ,  C A .  F u r t h e r  i n f o r r . l a t  i n n  orl t h i s  c z n  hc 
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Ttae g e n e r a l  f o r t .  o f  fi:l 1-c~orc{  a r  i t b r : e t  i c  i r s t r ~ ~ c t  ~ ~ I T S  i s :  

The < o p e r ~ t i o n >  p o r t i o n  o r  t h e  f u l  l-\::crtl a r i t h r l e t i c  s t a t ~ r ; c n t  n v y  
hzve  one o f  t h e  f o l  lov : ivp  f o rms :  

1, <a>  <-  < a >  <on>  <b> 
2 <a>  < -  < a >  <on>  < c c n s t a n t >  
3,  < a >  < -  < a >  <OF> ( < c o n s t a n t  e x p r e s s i o n )  ) 
4 ,  <a>  <-  < h >  
5 .  < z >  < -  -<h> 
G. <a> < -  < c o n s t a n t >  
7.  <a>  < -  ( ' < c o n s t a n t  expression> 
8 ,  <a>  < -  - < c o p s t a n t >  
9.  <a>  < -  - (  < c o n s t a n t  e x p r e s s i o n >  ) 
10. < b >  < -  <a>  <op> < b >  
11. < b >  < -  - < b >  
1 2 .  ZI.' < -  < a >  <op> < b >  
13, Z!! < -  < a >  
1 4 .  Z\*! < -  - < h >  

I n  w h i c h :  
< a >  s p e c i f i e s  L o c a l  o r  E x t e r n a l  s t o r a g e ,  
<b) may o n l y  s p e c i f y  L o c a l  s t o r a ~ e ,  and 
! i s  a s p e c i a l  i d e n t i f i e r  i n d i c a t i n g  no  d e s t i n a t i o n .  

The < c o n s t a n t >  can  be a  p o s i t i v e  i n t e g e r  o r  s y r b c l  i c  c c n s t a n t  
l e s s  t h a n  2 5 6 .  A ( c o n s t a n t  e x p r e s s i o n >  mus t  be e n c l o s e d  i~ 
p a r e n t h e s i s .  
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The  <op>  r e f e r s  t c  t h e  f o l  1cv: inp f u l  1 -\.!ord o p e r a t  i o n s :  

1. I +  1 t r u e  a+d; < a >  and  < b >  a r e  added, and SO i s  s e t  t o  
0. 

2. 1 - 1  t w o ' s  c o r p l e r e n t  ad<; 1 p l u s  t h e  complement  c f  < b >  
i s  ad6ed t c  < a > ,  and  SO i s  s e t  t o  1. 

3 .  I F1  b i ~ a r y  add; b i t  5 3  i s  ac'dee t c  t h e  v a l u e  o f  < a >  
2nd <b>  o r  i t s  c o r i p l e r e n t ,  d e p e n d i w  OF w b e t b e r  
t h e  v a l u e  o f  SO i s  0 o r  1, r e s p e c t i v e l y .  

When a  s p e c i f i c  <op> does n o t  appear ,  as i n d i c a t e d  on  l i n c s  4, 6, 
7, and 13 abcve, t h e  o p e r a t i o n  a c t u a l l y  p r o d u c e 6  i s :  

7t-e m i n u s  s i ~ n ,  a p p e a r i n p  o r  1 i n e s  4, 8, 9, 11, an+ 1 4  above, 
a c t u a  1 1  y p r o e u c e s  : 

Q 1 - 1  < b >  

Kate: SO i s  s e t  t c  1 as a  r c s u l t  o f  t h i s  o p e r a t i o n .  

1 1 1 . 1 . 2 . 2  P a r t i a l  <a>  and < b >  Sou rce  I n p u t s  

PI c o m p l e t e  f u l  1-c.!ord f c r  < a >  o r  < b >  nee6 n o t  be  used  i v  e v e r y  
o p e r a t i o n .  A wo rd  c o r s i s t i n g  o f  16 l ow -o r c ' e r  b i t s  o f  an < a >  
source ,  s u c h  as ALPHA, ~ 2 y  be i n d i c a t e d  b y  w r i t i n g :  

T h i s  i s  t h e  o n l y  o p t i o n  f c r  t b e  < a >  s o u r c e  o t h e r  t b n  t b e  
f u l  1 -word.  

Th ree  o p t i o n s  a r e  p e r m i t t e d  f o r  s p e c i f y i ~ g  a  w o r d  c c n t a i n i n p  
l o w - o r d e r  b i t s  f r o v  a  < b >  source ,  s u c h  as  FETC.: 

1. PETA(4) f ~ u r  101.1-order b i t s .  
2. PETA(8) l o w - o r d e r  b y t e .  
3 .  !?ETP,(12) twe 1 v e  1 ot.1-o r d c  r b  i t s  . 

The h i g h - o r d e r  h i t s  o f  t b e  wort' a r e  s e t  t c  0, u n l e s s  t b e  
o p e r a t i o n  i s  e i t h e r  1 - 1  o r  I ! ' ]  w i t ! -  C O  s e t  t o  1, i v  w k i c b  case  
t h e  r e s t  o f  t h e  word  i s  s e t  t o  1 ' s .  
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1 1  1 .1 .2.3 S t a t u s  S e t t i n g  S p e c i f i c a t i o ~ s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The < w i t h - f i e l d  l:eywor?s> p e r ~ - i  t t e $  i n  c o n j u n c t i c r  w i t h  
f u l l - w o r d  a r i t h m e t i c  s t a t e m c l r t s  a r e :  . . 

1. 512 21 i s  s e t  t o  t b e  v z l c t e  o f  t k e  c; : r ry-cut  o F  b y t e  0, 
-- h i t  1 o f  t h e  o p e r a t i o r .  C2 i s  s e t  t o  1 i f  t h e  

r p s u l t  i s  n o t  C ;  o t r h e r i : i s c  i t  i s  u n c h z n ? c d .  -- 
2 .  1 2 4  - _- S p e c i f i e s  t h 2 t  o n l y  2 4  b i t s  o f  t h e  r e s u l t  a r e  t o  

he  s t o r e d .  &:G + r e g i s t e r  h i t s  n a y  b e  s e t  o r  r c s c t  
i n  c o n j u n c t i o ~  ~ ~ i t h  t b i s  o p t i o n .  

3 .  Z2% 5 2  i s  s e t  t o  1 i f  t h o  l c ~ ; - c r e c l r  24 b i t s  of tF-e 
/ r c s u l t  a r c  n o t  0; o t h e r w i s e  i t  i s  i r n c h z v r ; - ~ - ' ,  o n l y  

t h e  l o r - o r d e r  2 4  b i t s  o f  t h e  r e s u l t  z r c  r ~ t r 7 i r ~ c ' .  

S h i f t i n g  n z y  a l s o  be s r e c i f i e c '  u s i n p ;  o n e  o f  t l - c  f o l l c ~ i ~ ~  
< w i  t h - f  i e l c !  keyv !ords>:  - f- . I -- 

-- .a 

f -  1 -_- _ - 
1. S t ' I F T  l o r i c a l  r i p h t  s k i i f t  
2 .  S I I I  F i A  a r i t h r - e t i c  r i p b t  s h i f t  
3 .  St - ' IFTTt- i  shift ri~F7t u s i r ?  b i t s  TO-3 

I n  t h e  l o p i c a l  s h i f t ,  t h e  h i ~ h - o r ? e r  f o u r  h i t s  a r e  s p t  t o  @ ' s ,  
w h i l e  i n  t h e  a r i t h ~ e t i c  s F t i f t  t h e  h i ~ t l - o r d e r  f o u r  b i t s  z r c  s e t  t o  
t h e  v a l u e  o f  S C .  S l ! I F T T t i  p l z c e s  t t -c  c o r t e n t s  o f  b i t s  0-3 o f  t b e  
T - R e g i s t e r ,  TO-3, i r t o  t h e  h i ~ k - c r d e r  f o u r  b i t s  o f  t h e  r e s u l t .  

I n  a l l  cases ,  t h e  f o u r  b i t s  s k ~ i f t e f i  ou t .  O F  tt-c l o ~ : - o r f ' c : r  
p o s i t  i o n s  a r e  p l 2 c e d  i n  TO-3.  - 
S h i f t i n ! :  is.  p e r f c r r i e c !  o r l y  o r  t b e  < b >  s o u r c e ,  an?  o ~ l y  t ~ t k r e  the4 
o~-qga-t-i.-._~n_-b-e$irs: ! / hen  C t : IFT / ' \  i s  s p c c i f i e l ,  t b e  v z l i t r  o f  TC c z n  
/ 

n o t  be  s e t  o r  r e s e t ,  e v e n  t b c u - b  i t  may be s p e c i r i c c !  i n  t h c  
o p e r a t i o n .  

Pi 1 i r i i  t e d  h r s n c h i n y :  c a p a b i  1 i t y  i s  pc?ss iF \ l e  v:i t h  f i : l  1 -~ :or ( !  
a r i t h m e t i c  i n s t r u c t i c n s ;  o ~ l y  t h r r e  s c t t i n g s  arc- p e r r i t t c d  f o r  
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t h e  <bh> and < b l >  s u b s c r i p t s ,  w h i l e  < b x >  n a y  have  f o u r  v a l u e s :  

The c o r r e s p o n d i n g  b i t s  i n  t h e  S - R e g i s t e r  a r e  t e s t e d  and usec! f o r  
b r a n c h i n g ,  as  e x p l a i n e d  above.  

1 1  1 .1.3 B y t e  A r i t h m e t i c  . ........................ 

The g e n e r a l  f o r m  o f  t h e  b y t e  a r i t h m e t i c  i n s t r u c t i o n  i s :  

< o p e r a t  i o n >  \*!ITM <wi  t h - f  i e l d  keywo rds )  
& G O  TO < lahe l> (<bx> ,<bh>,<b1>1;  

111.1 .3 .1  O p e r a t i o n s  

The < o p e r a t i c n >  p o r t i o n  o f  t h e  b y t e - a r i t h m e t i c  i n s t r u c t i c n  may be  
any  o f  t h e  f o l  l o w i n g :  

1. <a>  <-  < a >  <op>  <b>  
2 .  <a>  < -  <a>  <op>  < c o n s t a n t >  .fir 

3. <a>  < -  <a>  <op>  ( ( c o n s t a n t  e x p r e s s i o n )  ) * 
4. < a >  < -  <b>  
5 .  <a>  <-  - < b >  A 

6 .  <a>  < -  < c o n s t a n t >  
7. <a>  < -  ( < c o n s t a n t  e x p r e s s i o n >  1 
8 .  < b >  <- <a>  <op> < b >  
9. <b>  < -  - < b >  
10 .  Z < - .  <a>  <op>  < b >  
11. Z <-  <a>  <OF> < c o n s t a n t >  * t  

12. Z < -  <a>  <op>  ( < c o n s t a n t  e x p r e s s i o n >  1 * * 
13.  Z < -  <b>  
14.  Z < -  - < b >  
1 5 .  < 1 >  < -  <a>  <op>  < b >  + + *  

* O p e r a t i o n s  1 - 1  and IF'I a r e  n o t  a l lo \ r !ed w i t h  t h i s  f o rm .  
* *  O n l y  o p e r z t i o n s  1 - 1  an+  a r e  a l l o w e d  f o r  t b i s  f c r ~ ~ .  
* * *  O n l y  o p e r a t i o n s  1 x 1  and WIT\! COUT a r e  a l l o w e d .  

< a >  s p e c i f i e s  a b y t e  i n  L o c a l  o r  F x t e r n a l  s t o r z g e ,  and < b >  
s p e c i f i e s  a  b y t e  i n  L o c a l  s t o r a ~ e .  They can  be w r i t t e n  as  
e i t h e r :  
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1. a  b y t e - s o u r c e  i 8 ~ n t i f i c r ,  o r  
2. a w o r d - s o u r c e  identifier ~ [ t b s c r i r t e c '  w i t t -  0 ,  1, 2, o r  3 

t o  s p e c i f y  a p a r t i c u l a r  b y t e ,  o r  s r l h s c r i ? t c r J  \ . , i t h  t t - e  
s p e c i a l  i c ' e n t i f i ~ r ,  I, t c  d e n o t e  i n c ! i r e c t  b y t e  
a d d r e s s i r g .  

E x a r w l e s  a r e  as fo1 lov :s :  

! > y t e - s c ~ ! r c e  i c ' r v t  i f  i c r ,  
r r y 7 - E  

s u h s c r  i p t e *  \ vo rc l - sou rce  i rkr t  i f i c r ,  
c l io r : rq  o 1, c! 'm r (1 1, . . . , r ' f ~ ! -  r ( I I 

P, b y t e - s o u r c e  o r  s u h s c r  i p t e d  t . :orcl-sovrce r r ~ y  a1 so  h a v e  gc7t i c g  
i n f o r m a t i o n  a s s o c i a t e d  v:i t h  t b e  s ~ k - ~ s c r i  p t .  E x a w p l e s  o f  tt- i s  a r c :  

The r e s u l t  r m y  b e  p l a c e ?  ir t h e  L - F : e ? i s t e r  b y  d e ~ i r r r z i t i n ~  an 
i d e n t i f i e r  v r i  t h  t h e  ! - - R e g i s t e r  as  i t s  synonyn;, as  stlc\.;n Gr: 1 i n e  
15 ,  a b o v e .  

- 
I h e  s p e c i a l  i d e n t i f i e r ,  Z, s p e c i f i e d  a s  t h e  d e s t i n a t i o n ,  i s  use( !  
t o  i n d i c a t e  t h a t  t h e  r ~ s u l t  o f  t b e  o p e r a t i o n  i s  n o t  t o  hc saverJ .  

The < c o n s t a n t >  r a y  be  a  p o s i t i v e  i ~ t e p e r  o r  s y r b o l i c  c c n s t a n t  
l e s s  t h a n  2 5 6 .  PI < c c n s t a n t  e x p r e s s i c c >  m u s t  b e  e n c l c s e d  i r  
p a r e n t h e s i s .  

I1 1 . 1 .3 .2  C lpera t  i o n s  and r , s s o c i z t e c '  < w i  t k - f i ~ l  r i  C 'cy\. :crcls> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-I I-c <op> f i c 1 c'  s I : c \ ~ n  i: t h c  f o  rr;s at-mvc i s an a c t ~ ~ ~ l  
r ; l i c ro -  i v s  t r u c t  i c r ,  L I ~ ,  i ct-  17ic'y be  r!!oc'i T i e r '  LIS i ~ p  t ' - e  f c  1 i ; p 
< v : i t h - r i e l +  k e y v ~ c r c ' s > ,  s u ? - ; e c t  t o  t t e  e x c r v t i c - , n s  n o t c t '  c;rb t1-E: 
s t z t e m c n t  t y p e s  a l l o v e :  
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1 + 1  C ' I  r tree b i n a r y  zcJr'; a 1 i s  s:'-'rcl t o  t l-~i sur f  
OF b y t e s  < a >  an:: < 5 > .  

I + [  yj!lT t r u e  h i n a r y  F ? ?  witk c ~ r r y  o u t  i r t o  C3. 

tv;o ' s  c r . r -p l  er-.en t ar'c'; b y t e  < a >  i s ac{f:fe? 
tcl t h e  cop-pletnent  o f  b y t e  <t- l>.  

1 - 1  PTC 1 ?' o r e ' s  cc rs7p le r :en t  ac'c'; b y t e  < a >  is a W e 6  
t o  t k e  1 ' s  c ~ r j p l e ~ ~ n t  o f  i ~ y t e  <t>. 

1 - 1  CY'f two ' s  c o c ~ p l  erl!en t a(!('; b y t r  < a >  i s aildec: 
t c  t h e  cor ip ler i ien t  o r  b y t e  <h>, anr4 t h e  
c a r r y - n u t  is p lace( - '  i r l  7 .  

h i n a r y  at!.!; i f  SO i s  0, a t r u e  a d e  i s  
p e r T o r ~ ~ i e d  on  h y t e s  < a >  anc! <h>, an& i f  
SO i s  1, a cccp le i - en t  ac'd i s  p e r f o r m e d .  

d r c i r - 2 1  add; i f  2 0  i s  0, a t r u e  ad6 i s  
p e r f o r m e d  on b y t e s  < a >  and <b>, and if 
SO i s  1, a c o m p l e r x n t  add i s  pe r f o r ! i l ed .  

e x c l u s i v e  @I:. 

e x c l u s i v e  OF w i t h  p a r i t y ;  b y t e  <a>  i s  
e x c l u s i v e  o r ' e d  t o  b y t e  <b> and S 4  i s  
s e t  t o  1 i f  a  p a r i t y  e r r o r  i s  d e t e c t e d  
o n  b y t e  < a > .  

1 1  1.1.3.3 G a t i n g  C o n t r o l s  - ------------------------  

E y t e  <a> can  hc g a t e d  b y  s u b s c r i p t i n g  i t  w i t h  any o f  t b e  
f o l  low in^ s p e c i z l  i d e n t i f i e r s :  

1. L a b y t e  i s  f o rmed  w i t h  h i t s  0-3 s e t  t o  0 ' s  and b i t s  
4 - 7  f r o m  b i t s  4-7 o f  <a> .  

2 .  Ff a b y t e  i s  f o rmed  s i  t b  b i t s  0-3 o f  < a >  and  b i t s  4 - 7  --t_L-- 

s e t  t o  0 ' s .  r - -  d l  v P 
,I. -- 
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3. XH a  b y t e  i s  f o rmed  w i t h  b i t s  0-3 s e t  t o  b i t s  4-7 o f  

y-----t---- - 7  

<a>,and b i t s  4-7 s e t  t o  0 ' s .  
_ - 

?--- - Y  

4. XL a  b y t e  i s  f o r m e d  w i t h  b i t s  0-3 s e t  t o  0 ' s  and b i t s  
4-7 s e t  t o  b i t s  0-3 o f  <a>  

5 .  X a  b y t e  i s  f o rmed  w i t h  b i t s  0 - 3  s e t  t o  b i t s  4 - 7  o f  
<a>, and b i t s  4-7 s e t  t o  b i t s  0-3 o f  < a >  

G a t i n g  c o n t r o l s  L and H may be u s e d  i n  c o n j u n c t i o n  w i t h  e i t h e r  
< a >  o r  <b> .  I f  t h e y  a r e  u s e d  w i t h  <b>, t h e  o n l y  o p e r a t i o n s  
p e r m i t t e d  a r e  1 + 1  o r  1x1. G a t i n g  c o n t r o l s  XL,XF, and X may o n l y  
be  used  i n  c o n j u n c t i o n  w i t h  < a >  and o n l y  i n  c o n j u n c t i o n  w i t h  t h e  
o p e r a t i o n s  1+1 o r  1x1. 

1 1  1.1.3.4 S t a t u s  S e t t i n g  o r  R e s e t t i n g  
-----------I------------------------- 

C e r t a i n  b i t s  i n  t h e  S - R e g i s t e r  c a n  be  s e t  o r  r e s e t  i n  t h e  c o u r s e  
o f  a  byJ-e a r i t h m e t i c  o p e r a t i o n  u s i n g  one  o f  t h e  f o l l o w i n g  
L J ~  t h - f  i2"1-6-keywords: 

-\ 
1. S12 S 1  i s  s e t  t o  t h e  v a l u e  o f  t h e  c a r r y - o u t  f r o m  b i t  1 - o f  t h e  r e s u l t ;  S2 i s  s e t  t o  1 i f  t h e  r e s ~ l t  i s  n o t  

I : 0; o t h e r w i s e  i t  i s  unchanqed. 
/ - j  

2. ' ~ 4 5  S4 i s  s e t  t o  1 i f  b i t s  0=3- o f  t h e  r e s u l t  a r e  0; 
o t h e r w i s e  S4 i s  s e t  t o  9 .  I f  b i t s  4 - 7  o f  t h e  
r e s u l t  a r e  0, t h e n  S5 i s  s e t  t o  1; o t h e r w i s e  S 5  i s  
s e t  t o  0 .  

3. (26; S4 i s  s e t  t o  1 i f  b i t s  0 - 5  o f  t h e  r e s u l t  a r e  0; 
LJ o t h e r w i s e  S4 i s  s e t  t o  0 .  S5 i s  s e t  t o  I i f  S i t s  

4-7 o f  t h e  r e s u l t  a r e  0; o t h e r w i s e  S5 i s  s e t  t o  0 .  

111.1.3.5 B r a n c h i n g  ------------------- 

B r a n c h i n g  may b e  s p e c i f i e d  i n  t h e  same manner as  d e s c r i b e d  f o r  
f u l l - w o r d  a r i t h m e t i c  i n  s e c t i o n  111.1.2.5. 

1 1  1.1.3.6 I n d i r e c t  B y t e  O p e r a t i o n s  
I--------------------------------- 

The i n d i r e c t  b y t e  o p e r a t i o n s  o p e r a t e  as f c l  l ows :  
1. B y t e s  i n  a  L o c a l  o r  E x t e r n a l  s t o r a E e  wo rd  may be s e l e c t e d  
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u s i n g  b i t s  4-5 o f  t h e  T - R e g i s t e r  f o r  t h e  <a> s o u r c e  and 
b i t s  6-7 o f  t h e  T - R e g i s t e r  f o r  t h e  < b >  sou rce .  

2. B i t s  T4-5 a n d / o r  b i t s  T6-7 may be i n c r c m e n t e d  o r  
decremented by  1 

3. The e x e c u t i o n  o f  an i n s t r u c t i o n  may be r e p e a t e d  u n t i l  
some b r a n c h  c o n d i t i o n  i s  met .  These b r a n c h  c o n d i t i o n s  
a r e  d e t e r m i n e d  by  v a l u e s  o f  T4-5, T6-7, o r  S - R e g i s t e r  
b i t s .  

I tems 2 and 3 a r e  o n l y  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  i n d i r e c t  
b y t e  o p e r a t i o n s .  

To s p e c i f y  i n d i r e c t  b y t e  add ress ing ,  t h e  r e f e r e n c e  t o  a  word  must  
be s u b s c r i p t e d  w i t h  ( I ) .  For  example, i f  ALPHA and BETA a r e  
d e c l a r e d  WORD t h e n  3,; / 

*d",*( 

L 

w i l l  access  t h e  b y t e  o f  ALPHA s p e c i f i e d  by  b i t s  4 - 5  o f  t h e  
T - R e g i s t e r  and AND t h i s  b y t e  t o  t h e  b y t e  i n  BETA s p e c i f i e d  by 
b i t s  6 - 7  o f  t h e  T -Reg is te r ,  r e p l a c i n g  t h e  b y t e  o b t a i n e d  f r o m  
ALPRA. 

By s p e c i f y i n g .  one o f  t h e  f o l  l o w i n g  < w i  t h - f  i e l d  keywords>, t h e  
v a l u e s  o f  T4-5 a n d / o r  T6-7 can be m o d i f i e d ,  so t h a t  f u r t h e r  
e x e c u t i o n  o f  t h e  same i n s t r u c t i o n  w i l l  access  d i f f e r e n t  b y t e s  i n  
ALPHA a n d / o r  BETA: 

1. l NCA t o  i n c r e a s e  T4-5 
2.  INCB t o  i n c r e a s e  TG-7 
3. D E C A  t o  dec rease  T4-5 
4. D E C R  t o  dec rease  T6-7 

Fo r  - example, 

I f  T4-5 were i n i t i a l l y  0 0  and T6-7 were  11, t h e n  b y t e  0 o f  ALPHA 
w o u l d  be e x c l u s i v e  o r ' e d  w i t h  b y t e  3 o f  BETA, and T4-5 w o u l d  be 
i n c r e a s e d  t o  0 1  w h i l e  TE-7 w o u l d  be dec reased  t o  10. A t  t h e  same 
t i m e  TO-3 w o u l d  be s e t  by  t h e  v a l u e  o f  T4-5, s i n c e  t h e  t a r g e t  o f  
t h e  o p e r a t i o n  i s  t h e  same as b y t e  0 o f  ALPHA. The s e t t i n g  o f  TO-3 
f r o m  e i t h e r  T4-5 o r  T6-7, depend ing  o n  t h e  t a r ~ e t  i s  as f o l l o w s :  
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l x x x  
x l x x  
x x l x  
x x x l  

The x ' s  s i g n i f y  no change t o  t h e  e x i s t i n g  b i t s .  

1 1  1.1.3.7 B r a n c h i n g  i n  I n d i r e c t  B y t e  O p e r a t i o n s  
- -0 -  ~I~o----------~--~-----------...~~...I-----~--- 

I f  i n d i r e c t  b y t e  address in^ i s  s p e c i f i e d  a l o n g  w i t h  I K A ,  UECF., 
INCB, o r  DECB, then,  a n d  o n l y  t h e n  i s  i n d i r e c t  branch in^ i n  
e f f e c t .  

I n d i r e c t  b r a n c h i n g  o p e r a t e s  as  f o l l o w s :  

1. I f  no b r a n c h  c o n d i t i o n  i s  ne t ,  t h e  i n s t r u c t i o n  a d d r e s s  
r e g i s t e r  r e m a i n s  u n c h a n ~ e d ,  and t h e  i n s t r u c t i o n  i s  
r e p e a t e d .  

2 .  I f  any  one  o f  t h e  b r a n c h  c o n d i  t i o n s  i s  met, a b r a n c h  
o c c u r s .  

The f o l l o w i n g  s p e c i a l  i d e n t i f i e r s  n a y  be used  i n  t h e  < S x >  
s u b s c r i p t  f i e l d  o f  i n d i r e c t  b y t e  b r a n c h i n g  o p e r a t i o n s :  

AO, Al,  AB, l B ,  CB 

The s i ~ n i f i c a n c e  o f  t h e s e  s p e c i a l  i d e n t i f i e r s  i s  d e s c r i b r d  i n  t h e  
System/370 Model  1 4 5  F u n c t i o n a l  S p e c i f i c a t i o ~ s  ( E l .  

i 
An examp le  o f  t h i s  i s :  1 

The b r a n c h  c o n d i t i o n  i s  m e t  o n l y  i f  one o r  more o f  t h e  f o l l o w i n g  
a r e  s a t i s f i e d :  

Assume t h a t  t h e  a r i t h m e t i c  i n s t r u c t i o n  i s  e x e c u t e d  oncc  and t h a t  
S 2  i s  s e t  t o  1 as a  r e s u l t  o f  t h e  o p e r a t i o n  when S 1 ?  was j 

s p e c i f i e d  i n  t h e  w i  t h - f i e l d ;  a l s o  T 4 5  i s  l n c r e m c n t e d  t o  0 1  and S 3  
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r ema ins  e q u a l  t o  0. The i n s t r i x t i o n  i s  t h e n  r e - e x e c u t e d  b e c a m e  
nor?e o f  t h e  b r a n c h  t e s t s  t h a t  w e r e  made b e f o r c  S 2  L.!as s e t ,  \.:ere 
rnet. S i n c e  S 2  i s  1 t h i s  second  t i r i e ,  t h e r e  w i l  1 be  c7 br t tnc l?  t o  
IIEXT(C,l,O). 

I I 1 . 1 . 4  :lord-rv!ove I n s t r u c t  i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T h i s  i n s t r u c t i o n  p r o v i d e s :  

1. ? l o v i n g  a  v:ord, s e l e c t e d  b y t e s  i n  a ~ o r d ,  o r  o t h e r  s p e c i a l  
b y t e s  frorl-1 one  r e g i s t e r  t o  a ~ o t h e r .  

2 .  C i s p l a y i n g  a  w o r d  ( v i a  t h e  A - R e ~ i s t e r )  w h i l e  p e r f o r r : i n r  
a S T O P  o p e r a t i o n .  

I t  i s  used  t o  a d d r e s s  , i i r e c t l y  e i t h e r  one  o f  i t s  o r j e r a r l d ~ ~ ~ i t h ~ ~ t  
u s i n c  t h e  P-Re-.g.-i-sst.c?rr-, Thus, i t  i s  p o s s i h l e  t o  o b t a i n  o r  s t o r e  /-- -<=>-- 

d a t a  i n  a l o c a t i o n  n o t  c o v e r o d  by  t h e  c u r r e n t  set tin^ o f  t l l e  
P - R e g i s t e r .  One o f  t h e  f o l 1ov ; i ny  w i t h - f i e l d  k r y v o r c l s  n a y  be used  
t o  d c s i ~ n a t ~  w h e t h e r  t h e  s o u r c e  o r  d c s t i n a t i o r :  i s  t o  h e  a d d r e s s e d  
d i r e c t l y :  

P.LPHA < -  B E T A  K ITH DS; 
Z E T A  < -  ALP!-IF, \GITH CJJ; 

I n  t h e s e  examp les  ALFt IA  i s  a d d r e s s a b l e  i j i  tl- t h e  c u r r e n t  
P-Rezi  s t e r ,  and  ! 'ETA i s  a d d r e s s e d  d i  r e c t l  y .  'I he US i n d i c a t e s  
I C i  r c c t  ? o ~ ~ r c ~ ~ ' ,  a d d r c s s i n r :  t h e  s o u r c e  d i  r c c t l y  \-:i t t . o u t  u s  in: t b e  
P-Register. The DD i n  t h e  l a t t e r  exar lp le i ~ d i c a t e ;  ' I i r e c t  
~ e s t i n a t i o r '  add re is in^. One r e s t r i c t i o n  i c  t k i c  second  case  i s  
t h a t  t h e  s o u r c e  niay n o t  be  an E x t e r n a l  s tora ,ye r e g i ~ t c r ,  e x c e p t  
t ! ~  S P T L  r e g i s t e r .  -- 
1 1  1.1.11.2 B y t e  S e l e c t i o n  F u n c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n s t e a d  of  r r .ov ing an e n t i r ~  w o r d  f r o ~  one  r e r i s t e r  t o  a n o t h e r ,  i t  
i s  p o s s i b l e  t o  move only-l.., 2, o r  3 by-tzs. So d o  t t l i s ,  a  
h e x a d e c i c i a l  Ji::i t i s  appended t o  - t he  C S  o r  D!) kc-y\~iorcl, e m  P S S  
o r  DUF, t o  s p e c i f y  w h i c h  b y t e s  a r e  t o  be  s e l e c t e d ,  as  i t ? d i c a t ~ d  
i n  t h e  t a b l e  be low .  
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' ,! 
1' 

h  B i t  R e p r e s e n t a t i o n  S y t e s  t o  be moved I - - -----------------I -I------.-.---.-- , , : : 3  
\ 

-0 , , J  295 
, , ,,f ($4 pp/f'.t 

& 0 9 G O O  none 9 3 3  ( [ . ,  
8 1 0 0 0  b y t e  0 

9-5 4 0 1 0 0  b y t e  1 
2 0010 b y t e  2 * r 7 - j -  .:-~-~-.r 
1 0031  b y t e  3 I G C  C ~ m  o c r ~  

/ .  ' 
Any c o m b i n a t i o n  i s  v a l i d ,  e , ,o , ,  1010. : i  [y - .: ,,- :/?A (.- . i; 

The keyword  DSF i n d i c a t e s  t h a t  a l l  t h e  b y t e s  f r o m  t h e  
d i  r e c t l  y -add ressed  s o u r c e  - a r e  t o  be moved t o  t h e  des t i n a t  i on ;  
t h i s  i s  e q u i v a l e n t  t o  u s i n g  DS. B y t e s  i n  t h e  d e s t i n a t i o n  r e E i s t e r  
n o t  s p e c i f i e d  t o  r e c e i v e  a b y t e  f r o m  t h e  s o u r c e  a r e  u n a f f e c t e d  by  
t h i s  i n s t r u c t i o n .  

1 1 1 .  1.4.3 STOP F u n c t i o n  

The keyword  STOP may be p l a c e d  i n  t h e  w i t h - f i e l d  o f  t h e  word-move 
i n s t r u c t i o n .  

ALPtIA < -  B E T A  bjITH DS,STOP; - 
When t h e  i n s t r u c t i o n  i s  execu ted ,  t h e  wo rd  I n  t h e  s o u r c e  f i e l d  i s  
p l a c e d  i n  t h e  A - R e g i s t e r ,  and t h e  no rma l  word-move i s  p e r f o r m e d .  
The i n s t r u c t i o n  r ema ins  i n  t h e  i n s t r u c t i o n  r ~ g i s t e r  and i s  
e x e c u t e d  e v e r y  CPU c y c l e .  I f  t h e  START b u t t o n  ( o n  t h e  CPU 
c o n s o l e )  i s  p r e s s e d  o r  an  i n t e r r u p t  l a t c h  i s  s e t ,  t h e  n e x t  
a d d r e s s  i s  s p e c i f i e d  b y  t h e  b ranch ,  

f r o m  w h i c h  l o c a t i o n  t h e  n e x t  i n s t r u c t i o n  w i l l  be  t a k e n .  

1 1  1.1,4,4 B r a n c h i n g  ------.-----.------ 

A l i m i t e d  b r a n c h i n g  c a p a b i l i t y  i s  a s s o c i a t e d  w i t h  t h e  word-move 
i n s t r u c t i o n  and i s  s p e c i f i e d  by w r i t i n g :  
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P e r m i s s i b l e  v a l u e s  f o r  < b x > ,  < b i ~ > ,  and <b1>  a r c :  

I h e s e  a r e  dcsc r i Lec !  u n d e r  s e c t i o n  Il1.1.1.:! o n  t h e  Grzinch 
I n s t r u c t i o n .  

111.1.5 S t o r a ~ e  E e f c r e n c e  I n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The s t o r a r e  reference i n s t r u c t i o n s  p r o v i d e  t h e  a b i l i t y  t o  r e a d  o r  
s t o r e  d a t a  i n t o  H a i n  o r  C o n t r o l  S t o r a e e .  The ,?enera1  for^ of t h e  
i n s t r u c t i o n  i s :  

, 

< d e s t i n a t i o n >  < -  < s o c r c e >  I T ?  <w i  t h - f  i c l d  keyv:ords> 
c. G O  TO < l a b e l > ( < b x > , < b h > , < b l > ) ;  

i n  c i h i c h  e i t h e r  t h e  < c l c s t i n a t i o n > -  o r  t h e  < s o u r c e >  i s  ari 
i d e n t i f i e r  l d t h  a i lP\IN o r  C O P I T K O L  a t t r i b u t e  h a v i ~ : :  an i n p l i c i t  
p o i n t e r  c i v ~ n  i n  t h e  D E C L A P E  s t a t e m e n t ,  o r  an e x p l i c i t  p o i n t e r  

\. a p p e a r i n g  i n  t h e  i n s t r u c t i o n .  The f o r m  o f  t h e  < s o u r c e >  o r  
< t l e s t i n a t i o n >  w i  t h  an e x p l  i c i  t p o i n t e r  i s :  

< p o i n t e r >  - >  < i d e n t i f i e r  w i t h  !'Alp! o r  CT)?!T?Ol- a t t r i b u t e )  

I f  t h e  < d e s t i n a t i o n >  r e f e r s  t o  s t o r a c ~ e ,  t h e n  t h e  i n s t r u ~ t i o r ~  i:; a 
, s t o r e  i n s t r u c t i o n ;  o t h e r w i  se, i f  t h e  < s o u r c e >  r e f c r s  t o  s t o r a p e ,  

t h e n  t h e  i n s t r u c t i o n  i s  a r e a d  i n s t r u c t i o n .  I n  t h e  cxample ,  
I 
I 

P,LPFiP, - >  PF?CC < -  CETA;  

BETP, i s  p l a c c d  i n  PPOC, t o  u h i c h  ALPk iA  p o i n t s . .  T h i s  w i l l  r e s [ ~ . l t  
i n  a  s t o r e  i n t o  I t  o r  C O t i T R O L  s t o r a r e  d c r m x ! i n y  on t h e  
a t t r i b u t e  a s s o c i a t e d  v i i t h  PKOC i n  t h e  C E C L P I R E  s t z t c ~ c n t .  I n  t h e  

t n e x t  examp1 e, 

I 
C E T A  < -  ALP!-IA - >  PROG;  

? t h e  r e v e r s e  o p e r a t i o n  i s  p e r f o r n e d ,  name ly  t b r  c o n t c n t s  o f  P K O ~ ,  
I t o  ~ r h i c h  A L P t 1 A  p o i n t s ,  a r e  p l a c e d  i n  U E 1 P .  I f  t l :e d e c l a r a t i o n  of 
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P R O G  had been, 

PECLfiRE PROC l ' i O R D  !!Pi I b' B A S E D  (1:LPF'A) ; 

The s t a t e m e n t  c o u l d  t h e n  be w r i t t e n :  

BETA < -  PPOC; 

;. b y t e ,  ha1 f - ! .~ord,  o r  f u l  1 -word  can  he  accessed  i n I..,,? l f '  o r  
COF!TIIOL s t o r a r e  i n  any c f  t h e  f o l  1 o i : i n ~  ways:  

1. The a t t r i b u t e  EYTE, IIALF, o r  '.!CPP may bc3 i n c l u d e d  ir! t h e  
d e c l a r a t i o n  o f  t h e  i d m t i f  i e r ,  such a s  FIP,@C, above, e x . ,  

EECLLRE P R O G  ! ?AIFI  3 A S F D ( f l L P I ! A )  t l f i LF ;  

2. The i d e n t i f i e r  n a y  be w r i t t e n  ~ , j i t h  one o f  t k e  f o l  l c c i r : ~  
s p e c i a l  i d e n t i f i e r s  as a s u b s c r i p t :  

P R O C ( B )  r e a d  o r  s t o r e  a b y t e  
P R O C ( 3 )  r e a d  o r  s t o r e  a h a l f v i c r d  
PEOG (t;) r e a d  o r  s t o r e  a f u l  1 worcl 

The second  o p t i o n  \;ill o v e r r i d e  any  s i z e  a t t r i b t c  s p e c i f i r c !  i n  
t h e  d e c l a r a t i o n  o f  t h e  i d e n t i f i e r .  

1 1  1.1.5.2 S t o r e  O p e r a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . .  

The d a t a  r:ay be i n  e i t h e r  L o c a l  o r  E x t e r r , a l  s t o r a g e .  I n 
b y t e - s t o r a g e  o p e r a t i o n s  t h e  b y t e  t o  be  s t o r e d  i s  b y t e  3 o f  t h e  
d a t a  r e g i s t e r ;  i n  h a l f - w o r d  s t o r a , ~ e  o p e r a t i o n s  i t  i s  b y t e s  2 2nd 
3 o f  t h e  d a t a  r e g i s t e r ;  f i n a l l y ,  i n  f u l l - w o r d  o p e r a t i o c s  t h e  
c o n t e n t s  o f  t h e  e n t i r e  d a t a  r c c i s t e r  a r e  used.  

k(owever, i f  TH, DECTH, o r  IF!CTt! i s  s p e c i f i e d  i r :  t h e  w i  t k - f i e l d  
keywo rd  1  i s t ,  t h e n  t h e  b y t e s  a c t u a l  l y  s t o r c d  \ . $ i l l  depend on  t h e  
s e t t i n g  o f  TO-3 .  These f o u r  h i t s  p r o v i d e  a Flask, such  t 5 a t  t h e  
b y t e  w i l l  be s t o r e d  i f  t h e  c o r r c s p o n d i n r ;  b i t  i s  s e t  t o  1. 

T b i t s  V a l u e  E y t e  t o  be S t o r e d  
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Any c o m b i n a t i o n  o f  b y t e s  can  be s t o r e d .  F o r  example, i f  TO-3 a r e  
s e t  t o  1001, t h e n  b y t e s  C and 3  f r o m  t h e  d a t a  r c ~ i z t e r  a r e  s t o r c d  
i n t o  b y t e s  0 and  3 o f  t h e  a d d r e s s e d  word  i n  memcry. " o t e :  1 3 - 3  
a r e  s e t  t o  0 ' s  a f t e r  t h e  b y t e s  have  been s t o r e d .  

The u s e  o f  e i t h e r  t h e  DECTH o r  INCTH keywords  s p e c i f i e s  n s s k i n p ,  
as  w e l l  as  i n c r e r n e n t i n ~  o r  d e c r e m n t i n g  as i n d i c a t e d  i n  s e c t i o r  
111.1.5.4. 

1 1  1.1.5.3 Read O p e r a t i o n  ----------.------------- 

C a t a  may be r e a d  f r o m  MP!Ib i  o r  CONTROL s t o r a g e  and ~ l a c e d  i n  L o c a l  
o r  E x t e r n a l  s t o r a x e .  I n  b y t e - r o a d  o p e r a t i o n s  t h e  b y t e  i s  a l w a y s  
p l a c e d  i n  b y t e  3 o f  t h e  < d e s t i n a t i o n >  v iord.  I n  h a l f - x o r d  r c a d  
o p e r a t i o n s ,  t h e  d a t a  i s  e n t e r e d  i t ?  b y t e s  2 and 3  o f  t h e  
< d e s t i n a t i o n >  r c , c i s t c r .  I n  f u l l - w o r d  r e a d  o p e r a t i o n s ,  t h e  e n t i r p  
< d e s t i n a t i o n >  r e g i s t e r  i s  used.  I t  i s  n o t  poss i ! : le  t o  u s e  tl-!e 
T - R e g i s t e r  t o  s e l e c t  b y t e  c o m b i n a t i o n s  f o r  r e a d  o p e r a t i o n s  as i t  
was f o r  s t o r e  o p e r a t i o n s ,  

D e s i ~ n a t i n g  TA o r  TB as w i  t h - f i e l d  keywords  i n  a  r c a d  o ~ e r a t i o n  
has t h e  f o l l o w i n e -  e f f e c t :  

1A causes  T4-5 t o  be  s e t  t o  t h e  v a l u e  o f  t h e  two  lo \ . : -o rdc r  
b i t s  o f  t h e  s t o r a , ~ e  a d d r e s s  b e f o r e  t h a t  a d d r e s s  i s  u p d a t e d  
i n  t h e  a d d r c s s  r e c i s t o r .  

T 8  causes  t h e  same a c t i o n  f o r  T6-7. 

I n  e i t h e r  case, e v e n  t h o u g h  b y t e  s e l e c t i o n  can  n c t  be s p e c i f i e d  
i n  c o n j u n c t i o n  w i t h  t h e  r e a d  o p e r a t i o n ,  TO-3 a r e  s e t  t o  0. 

111.1.5.4 Address  and Coun t  Upda te  ------------------.--------------- 

A L o c a l  s t o r a g e  l o c a t i o n  may be u s e d  t o  a d d r e s s  e i t h e r  1 3 A l P l  o r  
CONTROL s t o r a r e ;  an  even-odd pa i r o f  L o c a l  s t o r a z e  l o c a t  i o n s  may 

-. b e  u s e d  t o  a d d r c s s  HAIN o r  COP'TROL s t o r a f i e  and c o u n t  t h e  n u n h e r  < 
o f  r e f e r e n c e s  a t  t h e  sane  t i m e .  I t  i s  p o s s i b l e  t o  i n c r ~ r e n t  o r  
dec remen t  t h e  a d d r e s s  r e g i s t e r  and t o  d ~ c r r m o n t  t h e  c o u n t  
r e g i s t e r .  - 
__c_o.l 

U p d a t i n g  such r e c i s t ~ r s  may be  s p e c i f i e d  w i t h  t h e  f o l l o \ . ; i p - (  
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w i t h - f i e l d  keywords :  

jrlhlc i n c r e m e n t  a d d r e s s  r e g i s t e r  
i D E C  dec remen t  a d d r e s s  r e g i s t e r  

'> DCNT decrement  c o u n t  r e g i s t e r  
1 LECTE dec remen t  add ress  r e g i s t e r  u s i n g  t h e  T - R e z i s t e r  

INCTH i n c r e m e n t  add ress  r e g i s t e r  u s i n g  t h e  'T-Pegi s t e r  
L 

F o r  INC o r  D E C  t h e  a d d r e s s  r e g i s t e r  i s  changed a c c o r d i n z  t o  t h e  
t y p e  o f  r e a d  o r  s t o r e  o p e r a t i o n  p e r f o r n e d .  l lhen DCNT i s  
s p e c i f i e d ,  t h e  c o u n t  r e g i s t e r  i s  dec remen ted  b y  t h e  same amount 
as  elas u s e d  f o r  t h e  a d d r e s s  r e g i s t e r .  I t  i s  i m p o s s i b l e  t o  
i n c r e m e n t  t h e  c o u c t  r e g i s t e r .  

O p e r a t i o n  I 1\! C D E C  CCNT 
----I---- - - - --- - - - - 

b y t e  + 1 - 1 -1 
h a l f w o r d  +2 - 2  - 2  
wo rd  + 4  -4 - 4  

CJhen DECTH o r  INCTH a r e  s p e c i f i e d ,  the amount o f  t h e  i ~ c r e r n e n t  o r  
dec rement  i s  d e t e r m i n e d  b y  TC-3: 

TO-3 Hex Val  u e  o f  I P.!CTl-!/DECTP/DCNT 
--I. --- I----I---------I--------- 

F o r  example, 

I fjCATA < -  PTR - >  r4A I NPROG ( \ I )  !J I TH TA, I KC, DCNT; 

T h i s  i s  a  w o r d - r e a d  o p e r a t i o n  s e t t i n g  T4-5 a c c o r d i n g  t o  t h e  l a s t  
two  b i t s  i n  t h e  a d d r e s s  r e g i s t e r ,  i n c remen t r i ng  t h e  a d d r e s s  
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r e g i s t e r  by  I:, and  d e c r e m e n t i n 5  t h e  c o u n t  r p g i s t e r  by  1 : .  TG-3 i s  
t h e n  s e t  t o  0. 

111.1.5.5 S t a t u s  S e t t i n g  
0 - - - - - - - - - - - - - - - - - - - - - -  

S t a t u s  b i t s  i n  t h e  S - R e g i s t e r  can  be s e t  o r  r c s e t  a c c o r d i n , ?  t o  
t h e  r e s u l t  o b t a i n e d  f r o m  u p d a t i n z  t h e  c o u n t  r e g i s t e r .  Ey 
s p e c i f i y i n g  k e y v ~ o r d s  S2, S45,  o r  2 6  i n  t h e  w i t h - f i e l d ,  

52 i s  s e t  t o  1 i f  t h e  c o u n t  r e g i s t e r  i s  n o t  0; & o t h e r w i s e  i t  i s  r e s e t  t o  0 .  
, ----, 

/ 'I 

' S 4 5 :  S4 i s  s e t  t o  1 i f  b i t s  0 - 3  o f  b y t e  3 o f  t h e  c o u n t  
. ,  - r e g i s t e r  a r e  0; o t h e r w i s e  S 4  i s  s e t  t o  0. S 5  i s  s e t  t o  

1 i f  b i t s  4 - 7  o f  b y t e  3 o f  t h e  c o u n t  r e , y i s t e r  a r e  0; 
,/ - o t h e r v i i s e  S 5  i s  s e t  t o  C. 

, 2 6 :  S 4  i s  s e t  t o  1 i f  b i t s  0 - 5  o f  b y t e  3 o f  t h e  c o u n t  
\.-/ r e g i s t e r  a r e  0; o t h e r w i s e  S4 i s  s e t  t o  C .  S 5  i s  s e t  o r  

r e s e t  t h e  same way as was s p e c i f i e d  f o r  S 4 5 .  

I f  S2, S45, o r  ZG i s  s p e c i f i e d  and  t h e  c o u n t  r e ~ i s t e r  i s  n o t  
updated,  t h e n  t h e  S - R e g i s t e r  w i  11 be s e t  o r  r e s e t  accord in^ t c  
t h e  c o n t e n t s  o f  t h e  Z - R e g i s t e r .  P!ote: The S - R e ~ i s t e r  r a y  n o t  
c o n t a i n  t h e  v a l u e  e x p e c t e d  a f t e r  t h i s  o p e r a t i o r , .  

1 1  1.1.5.C U p d a t e  O n l y  I n s t r u c t i o n  --------------------------------- 
UPDATE < a d d r e s s  r e g i s t e r >  C!ITH <w i  t h - f  i r l  d k e y ~ ~ o r c s >  

GO TC <label>(<bx>,<bh>,<bl>); 
7 

I t  i s  p o s s i b l e  t o  u p d a t e  t h e  a d d r e s s  r e g i s t e r  -a-nJ/-0-r t h e - c o u n t  
"_*_ r e g i s t e r  w i t h o u t  a c c e s s i n g  s t o r a p e .  To do t h i s  t h e  a s s i ~ n v e n t  

' -- 
po - r t i o r i  o f  t h e  s t o r a i e  r e f e r e n c e  i ~ s t r u c t i o n  i s  r c p l a c e d  b y  
_U_P_DAJE < a d d r e s s  r e g i s t e r > ,  whe re  < a d d r e s s  r e r ; i s t e r >  i s  a  L o c a l  
s torar :e  word.  Keywords i n  t h e  \ii t h - f  i c l d  w i  1 1  t h e n  d e s i y n a t e  ho\.! 
t h e  r e ~ i s t e r s  a r e  t o  he  a d j i ~ s t c d .  
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b p d a t e  Address  R e g i s t e r  
-0----...-.....---om--- 

I f\!C1, I N C 2 ,  1 P!C4, I f!CTl! 
DECI, DEG2, DEC4, D E C T H  

And Upda te  Count R e g i s t e r  
----------I-------.------ 

L)CIjT 

Upda te  Count R e g i s t e r  O n l y  

The s p e c i f i c a t i o n s  S2, S45 ,  o r  2 6  car! a l s o  be u s e d  i n  c o n j u n c t i o n  
h - ~ i  t h  u p d a t  i -ng t h e  c o u n t  r e q i s t e r .  

1 1 1 . 1 . 5 . 7  D i r e c t  S t o r a g e  A d d r e s s i n g  
0 - m . -  .-------------------...--------- 

I n s t e a d  o f  u s i n ?  an a d d r e s s  r e g i s t e r  t o  access  a l o c a t i o n  i n  f l F i I N  
o r  CONTROL s t o r a ~ e ,  i t  i s  p o s s i b l e  t o  a d d r e s s  c e r t a i n  a r e a s  o f  
t h i s  s t o r a ~ e  d i  r e c t l y .  

The l o c a t i o n s  i n  m a i n  s t o r s g e  w h i c h  may be accessed  d i r c c t l y  a r t  
t h e  l o w - o r d e r  256  b y t e s  where  t h e  S y s t e 1 ~ / 3 7 0  PS!,.', t inyer, CS!,!, 
e t c .  a r e  l o c a t e d .  To  do t h i s  t h e  s p e c i a l  i d e n t i f i e r ,  P'F1OD, i s  
wri t t e n :  

where  < c o n s t a n t >  d e s i g n a t e s  t h e  a b s o l u t e  a d d r e s s  b e t w e n  0 and 
255,  and <w-h-b> i s  e i t h e r  1J, H, o r  E, a s p e c i a l  i d e n t i f i e r  
d e s i  g n a t  in;; a word, ha1 f -word,  or  by te ,  r e s p e c t i v e l y .  

T h r e e  methods  e x i s t  t o  access  CONTROL s t o r a p :  

1. Jt4OD(<constant>,  <v -hob> )  r e f e r s  t o  t h e  modu le  i n  w h i c h  
t h e  i n s t r u c t i o n  b e i n g  e x e c u t e d  i s  l o c a t e d .  The a d d r e s s  i s  
t h e  s t a r t  o f  t h e  modu le  p l u s  < c o n s t a n t > ,  a number 
be tween  0 and 2 5 5  i n c l u s i v e .  As above, <w-h-b> i n d i c a t e s  
one  of t h e  s p e c i a l  i d e n t i f i e r s ,  W, W ,  o r  E, specify in,^ a  
f u l  l -word ,  h a l f - w o r d ,  o r  b y t e .  - -- - 

2 .  FMOD(<constant>,  < V J - h o b > )  r e f e r s  t o  t h e  mocfule o f  c o n t r o l  - 
s t o r a g e  whose s t a r t i n g  a d d r e s s  i s  hexadec i r i i a l  FFOO. I'he 
a d d r e s s  i s  FFOO p l u s  t h e  v a l u e  o f  < c o n s t a n t > ,  a number 
between 0 and  2 5 5  i n c l u s i v e .  <w-h-b> des i ,n ;nato  v ~ h e t h e r  a 
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f u l l  -word, ha1  f -word,  o r  b y t e  i s  t o  be accessed .  

3 .  < p o i n t e r >  - >  Fb iOC(<cons tan t> ,<~~ -hob> )  r e f e r s  to t h e  Fh 
module, where  h i s  a  h e x a d e c i n a ' l  c o n s t a n t .  The a d d r e s s  i s  
FhOO p l u s  t h e  v a l u e  o f  t h e  l o w - o r d e r  b y t e  o f  < p o i n t e r > .  
The v a l u e  o f  h i s  d e t e r m i n e d  f r o n  < c o n s t a n t > ,  wl-lose v a l u e  
i s  be tween  0 and F, i n c l u s i v e .  <w-hob> i s  used  t o  
s p e c i f y  t h e  a c c e s s i n g  o f  a  f u l l - w o r d ,  h a l f - w o r d ,  o r  b y t e .  

111.1.5.8 B r a n c h i n g  
-I----------------- 

The f o l l o w i n g  l i m i t e d  b r a n c h i n g  c a p a b i l i t y  i s  p r o v i d e d  ir! 
c o n j u n c t i o n  w i t h  s t o r a ~ e  r e f e r e n c e  i n s t r u c t i o n s :  

S p e c i a l  i d e n t i f i e r s ,  M 6  and  PV, r e f e r  t o  t h e  l o w - o r d e r  two  b i t s  
o f ,  t h e  u p d a t e d  s t o r a g e  a d d r e s s .  The rema i n  i n g  spec  i a 1 
i d e n t i f i e r s  a r e  d e s c r i b e d  i n  s e c t i o n  111.1.1.5. 

I1 1.1.6 C a l l  S t a t e m e n t  -----.---.-----.------- 

The . g e n e r a l  f o r m  o f  t h e  C a l l  S t a t e m e n t  i s :  

C A L L  < p r o c e d u r e  name>. < l a b e l > ( < b x > , < b h > , < b l  > I  
USIb!G <l i n k  r e ~ i s t e r >  

CROUP (<keywo rd> ,  <keywo rd ) ) ;  

\,,/hen t h e  C a l l  s t a t e m e n t  i s  execu ted ,  t h e  c o n t ~ n t s  o f  t h e  
S - R e g i s t e r ,  t h e  P - R e g i s t e r ,  and  t h e  a d d r e s s  o f  t h e  C a l l  s t a t e m e n t  
a r e  p l a c e d  i n  < l i n k  r e g i s t e r > ,  a L o c a l  o r  E x t e r n a l  s t o r a g e  
l o c a t i o n ,  i n  t h e  f o l  l o v ~ i n ~  o r d e r :  
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Eegi  s t e r  < l i n k  r e , g i s t e r >  b y t e s  --- --...-.- ----------.-------- 
S 0 
P 1 

Address  2 - 3  

The c o n t e n t s  o f  < l i n k  r e g i s t e r >  may be used  by  a subsequen t  
R e t u r n  s t a t e m e n t  t o  l i n k  back  t o  t h e  c a l l  s t a t e m e n t .  

The p o i n t  t o  w h i c h  t h e  C a l l  s t a t e m e n t  b r a n c h e s  i s  t h e  l e g  o f  t h e  
b r a n c h - s e t  s p e c i f i e d  by, 

( p r o c e d u r e  nane>.<label>(<bx>,<bh>,<bl>) 
I f  < p r o c e d u r e  name> i s  t h e  same as ( p r o c e d u r e  name> a s s o c i a t e d  
w i t h  t h e  C a l l  s t a t e m e n t ,  t h e n  i t  may be ommi t t ed .  The f o l l o w i n g  
a r e  p e r m i s s i b l e  s e t t i n g s  f o r  t h e  s u b s c r i p t  f i e l d s :  

The G R O U P  c l a u s e  i s  u s e d  t o  s p e c i f y  how t h e  P - R e ~ i s t e r  i s  t o  be 
s e t  a t  t h e  new l o c a t i o n .  The p a r a m e t e r s  a r e  d e s c r i b e d  u n d e r  t h e  
GROUP s t a t e m e n t  i n  S e c t i o n  111.3.4. T h i s  f u n c t i o n  i s  o p t i o n a l  and 
n a y  n o t  b e  u s e d  i n  a n  i n s t r u c t i o n  i n  w h i c h  t h e r e  i s  a b r a n c h  t o  a 
d i f f e r e n t  module .  

1 1  1 .1 .7  RETURN S t a t e m e n t  -----.------------------- 

The g e n e r a l  f o r m  i f  t h e  R e t u r n  s t a t e m e n t  i s :  

RETURN USING <l i n k  r e g i s t e r > ( < b x > , < b h > , < b l > ) ;  

E x e c u t i o n  o f  t h e  R e t u r n  s t a t e m e n t  p l a c e s  i n f o r m a t i o n  f r o m  t h e  
< ? i n k  r e g i s t e r >  i n t o  t h e  S - R e g i s t e r ,  P -Reg i s t e r ,  and a d d r e s s  
r e g i s t e r .  

D a t a  c r e a t e d  by  a L I N K  d e c l a r a t i o n  s t a t e m e n t  may a l s o  be used  by  
a RETURN s t a t e m e n t ,  see  s e c t i o n  111.2.3. 

P e r m i s s i b l e  s e t t i n g s  f o r  t h e  <bx>, <bh>, and < b l >  f i e l d s  a r e :  
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A c o m p l e t e  d e s c r i p t i o n  o f  10  and 11 can  be f o u n d  i n  t h e  
System/370 Flodel 145 F u n c t i o n a l  s p e c i f i c a t i o n s  ( 3 ) .  

1 1  1.2 G e c l a r a t i o n  S t a t e m e n t s  

111.2.1 R e g i s t e r  D e c l a r a t i o n s  
------------------------I----- 

The R e g i s t e r  d e c l a r a t i o n  i s  used  t o  e s t a b l i s h  a  symbol i c  name f o r  
a  L o c a l  o r  E x t e r n a l  s t o r a g e  l o c a t i o n .  I n  t h i s  way i t  i s  p o s s i b l e  
t o  d e f i n e  words, h a l f - w o r d s ,  by tes ,  and h i t s  o f  such  l o c a t i o n s .  

The SYN a t t r i b u t e  i s  u s e d  f o r  t h i s .  The name a p p e a r i n g  i n  
p a r e n t h e s i s  f o l l o w i n e  ' S Y F I '  may be one o f  t h e  f o l l o w i n g :  

LShh ( < b i t > )  
EShh ( < b y t e > : < b i t > )  
< i d e n t i f i e r >  ( < b y t e > )  

LShh d e s i g n a t e s  a  L o c a l  s t o r a g e  l o c z t  i o n  v:i t h  h e x a d e c i ~ a l  
a d d r e s s  hh. The v a l u e s  o f  hh may be b e t w e n  00 and FF 
i n c l u s  i ve  and  mus t  a l \ . jays  be wr  i t t e n  as t i ~ o  hexadec i r i ia l  
d i g i t s .  

EShh d e s i g n a t e s  an  E x t e r n a l  s t o r a g e  r e g i s t e r  ~ i t h  a d d r e s s  hh 
i n  hexadec ima l .  

< i d e n t i f i e r >  d e s i g n a t e s  t h e  s y m b o l i c  name t h a t  has been 
d e c l a r e d  p r e v i o u s l y  f o r  a  L o c a l  o r  E x t e r ~ a l  s t o r a c e  
l o c a t i o n .  

( < b y t e > ) ,  ( < b y t e > : < b i t > ) ,  o r  ( < b i t > )  may bc u s e d  t o  name a  
s p e c i f i c  b i t  a n d / o r  b y t e .  P e r m i s s i b l e  v a l u e s  f o r  < b y t e >  may be 0 
t o  3, and  p e r m i s s i b l e  v a l u e s  f o r  < b i t >  may be 0 t o  7.  

F o r  example, 
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example 1: DCL ALPHA SYFi (ESC3) H O R D ;  

example  2 :  DCL BETA SYN (LS3F(3 :7 ) )  BIT;  

I n  example  1 A L P M  i s  d e c l a r e d  t o  be t h e  t h i r d  l ~ l o r d  i n  E x t e r ~ a l  
s t o r a c e .  

I n  t h e  second example, BETA i s  d e f i n e d  t o  be b i t  3 1  of L o c a l  
s t o r a - e  l o c a t i o n  3F. The f i r s t  s u b s c r i p t  o f  LS3F, 3, d e s i g n a t e s  
t h e  l o w - o r d e r  b y t e  o f  LSjF, w h i l e  t h e  s u b s c r i p t ,  7, d e s i g n a t e s  
t h e  l a s t  b i t  o f  b y t e  3.  

+ - - - - - - - -+ - - - - - - - -+ - - - - - - - -+ - - - - - - - -+  

I b y t d  O I b y t e  1 I b y t e  2  1 b y t e  3 1 
+ - - - - - - - -+ - - - - - - - -+ - - - - - - - -+ - - - - - - - -+  

3 F  
+-+-+-+-+-+-+-+-+  
1 O l ~ 1 2 1 3 1 4 1 5 1 ~ 1 7 1  
+-+-+-+-+-+-+-+-+  

6 E 7 . 4  

Ko te :  BIT, BYTE, o r  'YIORD may be w r i t t e n  as p a r t  o f  t h e  
d e c l a r a t i o n ;  t h i s  mus t  t h e n  c o i n c i d e  w i t h  t h e  t y p e  o f  t h e  ~ Y b ! ' e d  
v a r i a b l e .  

1!1.2.1.2 D e c l a r a t i o n  o f  S t r u c t u r e s  
--------------I--------------------- 

A s t r u c t u r e  may be used  t o  g i v e  s y m b o l i c  names t o  many p a r t s  o f  
c o n t  i gcous s t o r a g e .  

F o r  example, 

DCL 1 FRUIT WORE SYP>i(LSIO), 
2 A P P L E S  BYTE, 
2 PEARS BYTE, 
2 ORAhlGES BYTE, 

3 FLORIDA E I T  SYN(LSlr3(2:1)) ,  
3 NEkIF.qEX BIT, 

2 P E A C H E S ;  

FRUIT i s  d e f i n e d  t o  he a l l  o f  L o c a l  s t o r a ~ ~  word  1 6 ,  w h i l e  
p o r t i o n s  o f  t h i s  wo rd  may be r e f e r e n c e d  as f o l l o \ . : s :  
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I APPLES I P E A R S  I OP,P.F!GES ( PEACHES I 
I b y t e  O I b y t e  1 I b y t e  2 ( b y t e  3 1 
+ - - - - - - - - -+ - - - - - - - - -+ - - - - -+ - - - - - - -+ - - - - - - - - -+  

Tt ie l o c a t  i o n s  o f  t h e  s ~ ~ b s t r u c t u r e s  arc! ass  i 2 n d  a s  t h e y  appear ,  
b u t  t h e y  may be l o c a t e d  e x p l i c i t l y  by ~ ls ing ;  a 'SYI.:' c l s u s e ;  
f u r t h e r  a s s i g n i n g  v ; i l l  c o n t i n u e  f r o m  t h e  new p o i n t  w i t h  c o r r e c t  
b o u n d a r i e s  o b s e r v e d .  

1 1  1.2.1.3 t q l u l t i p l e  D e c l a r a t i o n s  -------------------------------- 

I f  s e v e r a l  names a r e  t o  be ~ i v e n  t h e  save  s e t  o f  a t t r i b u t e s ,  t h e  
d e c l a r a t i o n  may be w r i t t e n :  

C E C L A C E  ( A , I S C C , E , F )  K I T  SYPI (LSOl(0:C)); 

Thus A, BCD, E, and  F a l l  r e f e r  ta t h e  same b i t  i n  wo rd  01 o f  
L o c a l  s  t o r a c e .  

1 1 1 . 2 . 2  ! l A l b l  and  CONTROL A t t r i b u t e s  
---.----------.-------------------I-- 

!James may be  u s e d  t o  i d e n t i f y  a r e a s  i n  P1AI N o r  COF~!TROL stora,rne i~ 
c o n j u n c t i o n  w i t h  w o r d  move i n s t r u c t i o n s  d e s c r i b e d  i n  s e c t i o n  
1 1 1 .1.4, b!hen s u c h  an  i n s t r u c t  i o n  i s  used, t h e  I N o r  COf\ !TR@l.  
s t o r a g e  name n ius t  h a v e  a p o i n t e r  t o  t h e  a d d r e s s  i n  s t o r a g e  f r o n i  
w h i c h  d a t a  i s  t o  be  accessed .  T h i s  p o i n t e r  m i l s t  be a  L o c a l  
s t o r a g e  l o c a t i o n  and may be  i m p l i c i t l y  a s s o c i a t e d  wi t11 t h e  n a m  
b y  t h e  use  o f  t h e  B A S E D  a t t r i b u t e ,  

DECLARE ALPHA i i O R D  F:A I PJ B A S E D (  PTR)  ; 

Here, ALPF1A i s  a  name f o r  t i A l P l  s t o r c , ~ e  and w i l l  be r e f e r e n c e d  a s  
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a word. 'Ahenever ALPHA i s  used  i n  t h e  proErarn, t h e  p o i n t e r ,  PTR, 
p r e v i o u s l y  d e c l a r e d  i n  Loca l  s to rage ,  w i l l  c o n t a i n  t h e  p r o p e r  
address .  The imp1 i c i t  p o i n t e r ,  PTR, may be o v e r r i d d e n  w i t h  an 
e x p l i c i t  p o i n t e r  i n  t h e  program, and t h e  r e f e r e n c e  t o  t h e  who le  
word  may be o v e r r i d d e n  by s u b s c r i p t i n g  ALPHA w i t h  ( E l  o r  ( t i ) ,  as 
i n d i c a t e d  i n  s e c t i o n  1 1  1 .1 .5 .  

1 1  1.2.3 The LlNK A t t r i b u t e  
------------------------I-- 

CCL < i d e n t i f i e r >  LlNK ( < l a b e l >  ( O , C , O ) ,  < c o n s t a n t > ) ;  
t o  1 1 

F X X  

Pi l o c a t i o n  c o n t a i n i n g  t h e  < l a b e l >  as t h e  l a s t  tv:o b y t e s  and t h e  
< c o n s t a n t >  as t h e  f i r s t  two b y t e s  i s  fo rmed w i t h  < i d e n t i f i e r >  as 
i t s  name. 

T h i s  word may be l oaded  i n t o  a  l o c a t i o n  i n  Loca l  s t o r ~ g e  and used 
i n  a  R e t u r n  s t a t e m e n t  t o  p r o v i d e  s e t t i n g s  f o r  t h e  S -Reg is te r ,  
P-Reg is te r ,  and t h e  r e t u r n  address .  

1 1  1.2.4 The EQU A t t r i b u t e  ........................... 

The e q u i v a l e n c e  a t t r i b u t e  i s  used  t o  c r e a t e  a  s y m b o l i c  c o n s t a n t .  

D E C L A R E  < i d e n t i f i e r >  EQU ( < c o n s t a n t >  1; 

The < i d e n t i f i e r >  may be  used i n  p l a c e  o f  a  c o n s t a n t .  I t s  v a l u e  
can  o n l y  be changed by  a n o t h e r  d e c l a r a t i o n .  The < i d e n t i f i e r >  
does n o t  c o r r e s p o n d  t o  a  s t o r a g e  l o c a t i o n ;  i t s  purpose  I s  t o  
p r o v i d e  mnemonic c a p a b i l i t i e s  f o r  c o n s t a n t s  used as masks, 
o f f s e t s ,  e t c .  

111.2.5 The OFFSET A t t r i b u t e  -------.-.------------------- 

The OFFSET a t t r i b u t e  i s  used  t o  c r e a t e  a s e t  o f  c o n s t a n t  o f f s e t  
v a l u e s  f o r  t h e  e lemen ts  i n  a  s t r u c t u r e .  For  example, 
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DCL 1 TAG OFFSET, 
2 PIE 1-:ORD CFFSET, 
2 X Y  SYTEQFFSET, 
2 (6CP,f,1LQ) HALF QFFSET, 
2 LASTGUf.ICH 'JORD OFFSET, 

3 (L1, L2, L3, L4)  GYTE CFFSET; 

The OFFSET a t t r i b u t e  mus t  appea r  a t  t h e  f i r s t  l e v e l  of  t b e  
s t r u c t u r e .  E l emen ts  i n  t h e  s t r u c t u r e  shov:~? above have a c o n s t a n t  
a t t r i b u t e  L I ~  t h  t h e  f o l  l o w i n g  v a l u e s :  

111.3 S p e c i a l  C o n t r o l  S t a t e m e n t s  .-------------------------------- 

111.3.1 C o n s t a n t  S t a t e m e n t  -------------------------. 

t i O K D  A T ( < a d d r e s s  constant>):<label>:<data>; 
or,  

TABLE AT (<add ress  c o n s t a n t > ) : < l a b e l > :  
<da ta> ,<da ta> ,  . . . ,<data>;  

ENDTAB LE; 

T h e . W O R D  AT f o r m  may be used  f o r  < d a t a >  M I - ~ i c h  occupy  a  s i n g l e  
word; o t h e r w i s e ,  t h e  TABLE AT f o r m  i s  n e c e s s a r y .  ENETASLE i s  
o n l y  t o  b e  used i n  c o n j u n c t i o n  w i t h  t h e  TABLE AT f o r m .  

The < a d d r e s s  c o n s t a n t i  c a n  have  t h r e e  f o r m s :  

1. An a b s o l u t e  v a l u e  w r i t t e n  i n  hexadec ima l ,  d e c i m a l ,  o r  
b i n a r y .  

2. A h e x a d e c i m a l  v a l u e  s p e c i f y i n g  t h e  r r odu le  i n  w h i c h  t o  
p l a c e  t h e  da ta ,  b u t  n o t  t h e  s p e c i f i c  l o c a t i o n  w i t h i n  t h a t  
m o d u l e  i s  d e s i g n a t e d  by :  

( ' ~ ~ X X ' X )  
whe re  hh a r e  h e x a d e c i m a l  d i g i t s  f r o n  0 0  t o  FF used  t o  
s p e c i f y  t h e  modu le .  
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3 .  A hexadec ima l  v a l u e  s p e c i f y i n g  t h e  l o c a t i o n  i n  some 
modu le  where  t h e  d a t a  a r e  t o  be p laced ,  w i t h o u t  
s p e c i f y i n g  t h e  p a r t i c u l a r  n o d u l e .  The f o r n  f o r  t h i s  i s :  

( ' X X h h ' x )  
where  hh s p e c i f i e s  t h e  h e x a d e c i m a l  l o c a t i o n .  

The < d a t a >  c a n  be e i t h e r  an i n s t r u c t i o n  o r  a  c o n s t a n t .  A n u m e r i c  
c o n s t a n t  i s  p l a c e d  i n  a  s i n g l e  word.  A s t r i n g  c o n s t a n t  i s  
t r a n s l a t e d  i n t o  i t s  EBCDIC form, l e f t - j u s t i f i e d  w i t h  b l a n k  f i l l ,  
and p l a c e d  i n  as  many words as  n e c e s s a r y  t o  h a n d l e  t h e  e n t i r e  
s t r i n g .  

F o r  example, 

TABLE AT ( ' X X E O ' X ) :  ALPHA: 
8, ABCDEFGH I JKL I?NOPQRSTUVI~JXYZ~ ; 

ENDTABLE; 

t r a n s l a t e s  t o  8  words  o f  memory s t a r t i n g  a t  a d d r e s s  EO i n  an 
u n s p e c i f i e d  modu le  and  i s  l a b e l e d  ALPPA. The f o 1  l o w i t - 1 ~  i s  t h e  
r e s u l t i n g  s t o r a g e  a s s i r n m e n t :  

Address ------- 
X X E O  
XXE4 
X X E 8  
X X E C  
XXFO 
XXF4 
XXF8 
XXFC 

Con t e n t s  
--I----- 

00000008 
C1C2C3C4 
C 5 C f j C 7 C 8  
C9DlD2D3 
D4D5D6D7 
D8D9E2E3 
E4E5EEE7 
E8E94040 

1 1  1.3.2 Modu le  Equa te  S t a t e m e n t  ........................... 

T h i s  s t a t e m e n t  i s  u s e d  t o  a s s i g n  r n i c r o p r o ~ r a ~  wo rds  o r  
hexadec ima l  d a t a  t o  t h e  same module, i . e., e ro r ip  o f  6 4  c o n t r o l  
words .  I t s  f o r m  i s :  

EQUATE MODULE < l a b e l I > , < l a b e l 2 > ,  . . ., < l a b e l l / > ;  

whe re  < l a b e l l >  mus t  b e  i n  t h e  c u r r e n t  p r o c e d u r e .  The l a b e l s  Fay  
n o t  have  a s s o c i a t e d  <bx>, <bh>, o r  < b l >  f i e l d s ,  and mus t  be  
q u a l i f i e d  w i t h  a p r o c e d u r e  name i f  t h e y  a r c  l o c a t ~ d  w i t h i n  
a n o t h e r  p r o c e d u r e .  
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Fo r  examp1 e, 
EO,UP,TE li.OOCLE F I R S T , ? R @ C l . L E G l , ? ~ O C : 2 . L E C : 1 ;  

p l a c e s  t h e  mi  c r o p r o n r a n  i n s t r u c t  i o n s  r!i t h  t h e  1al:el s F I RST, L E C l  
i n  P 2 O G l  procedure, and  L E G 1  i n  P P . O c i  p r o c e d u r e  a l l  i~ t h e  sarrc 
module. I f  any  o f  t h e s e  l a b e l s  a r e  p a r t  o f  a b r a n c h - s ~ t ,  t h e n  t 5 e  
e n t i r e  b r a n c h - s e t  w i  11 be p l a c e d  i n  t h e  sanp n o l : l l r .  

111.3.3 The RESERVE S t a t e m e n t  ------------------------------ 

T h i s  s t a t e r i i e n t  r e s e r v e s  l o c a t  i o n s  i n  c o n t r o l  s t o r z r c ,  so  t h a t  
i n s t r i ~ c t i o n s  o r  d a t a  w i  11 n o t  be a s s i r n r d  t o  t h e s e  l o c a t i o n s ,  
e x c e p t  \ ~ i . t I i  a \.!ORP AT o r  TARLE /?T s t a t e n e n t .  

R E S E R V E  < c o n s t a n t > ;  
or ,  

R E S E R V E  < c o n s t a n t >  THP.U < c o n s t a n t > ;  

where  < c o n s t a n t >  d e n o t e s  a  \vord  a d d r e s s  i n  c o n t r o l  s t o m p ,  i .e . ,  
i t  i s  a m u l t i p l e o f  1 : .  

F o r  example, 
R E S E Z V E  ' ~ 3 0 0 ' ~  TMRU ' E F F C ' X ;  

r e s e r v e s  a1 1  t h e  wo rds  i n  n o d u l e s  EO t h r o u r h  EF. Da ta  i v i  1 1  n o t  
h e  a s s i g n e d  t o  t h e s e  l o c a t i o n s  u n l e s s  an e x p l i c i t  i n s t r u c t i o n  i s  
~ i v e n  t o  do so.  

111.3.4 The GROUP S t a t e m e n t  ........................... 

CROUP (<keyword> ,  < k e y \ , ~ o r d ) )  ; 
GROUP (<keyword> ) ;  

T h i s  s t a t e m e n t  i s  used t o  s e t  t h e  P - R c ~ i z t e r  f o r  addrcs : ; in -  
v a r i o u s  l o c a t i o n s  i n  L o c a l  o r  E x t e r n a l  s t o r a g e .  

The t h r e e  keywords  a s s o c i a t e d  w i t h  t h i s  s t a t e m e n t  a r c :  

1. DLSd D i r e c t  L o c a l  S t o r a y e ;  whe rc  d i s  a d i r i t  bet \ , : rcn ': 
and 7 .  
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2 .  EXTd E x t e r n a l  S t o r a ~ c ;  where  d i s  a d i d  t be tween  0 a n d  
7 . 

3. l LSd  I n d i r e c t  L o c a l  S t o r a c e ;  where  d i s  a  d i - i t  be tween  
0 and 3. 

The s t o r a m  l o c a t i o n s  s p e c i f i e d  by t h e  d i g i t  d  a r e :  

C L S  o r  EXT ---------- 
d Addressab  1  e S t o r a g e  ( h e x a d e c i r ~ z  1 - ..................... 

I LS ( L o c a l  S t o r a v e )  

d A d d r e s s a b l e  S t o r a g e  ( h e x a d e c i m a l  

EXT and I L S  b o t h  s e t  t h e  h i g h - o r d e r  4 b i t s  o f  t h e  P - R e g i s t e r ,  and 
t h e r e f o r e  c a n n o t  he  used  i n  t h e  same i n s t r u c t  i o n .  -The d i f f e r e n c e  
beti..!een them i s  t h a t  EXT s e t s  b i t  3 o f  t h e  P - R e g i s t e r  ( P 3 )  t o  1, 
c . . ~ t i i I c  ILS s e t s  P3 t o  3 .  !.!ate: I f  t h e r e  i s  t o  be any  i n d i r e c t  
b y t e  a d d r e s s i n g ,  P3 mus t  be 0 .  

DLS s e t s  t h e  l o w - o r d e r  4 b i t s  o f  t h e  P - R e g i s t e r .  P 3  rnust e a u z l  O, 
so  EXT may n o t  be used.  
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