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AB S TRACT 

An IBM-360 cross-assembler  f o r  a SDS-910 computer sys temwas  

broken down i n t o  two major programs. The f i r s t  program assembles 

SDS-910 Assembly Language code, and t h e  second program uses  

in format ion  supp l i ed  by t h e  f i r s t  t o  produce a r e f e r e n c e  l i s t  of  

a l l  i d e n t i f i e r s  used i n  t h e  source  SDS-910 Assembly Language program. 

L i s t i n g s ,  documentation, and s a m p l e . r e s u l t s  a r e  g iven  f o r  t h e  two 

programs. 
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I n t r o d u c t i o n  

To e f f e c t i v e l y  use  t h e  SDS-910 computers a t  t h e  Arnes Lab 

Research Reactor  and t h e  X-ray d i f f r a c t i o n  f a c i l i t y ,  a procedure 

was needed t o  t r a n s l a t e  programs i n t o  SDS-910 execu tab l e  code. 

It was decided t h a t  a c ross -assembler  run  on an IBM-360 would be  

t h e  most a p p r o p r i a t e  t r a n s l a t o r  f o r  t h i s  s i t u a t i o n .  This  would 

f r e e  t h e  SDS-910 from t r a n s l a t i n g  t h e  programs i t  must execute ,  

a l lowing i t  t o  devote  i t s e l f  e n t i r e l y  t o  execut ion .  The handl ing 

of  programs t h a t  t h e  SDS-910 system would do i s  t h e r e f o r e  s imp l i f i ed ,  

and t h e  l i m i t e d  amount of co re  would be more e f f e c t i v e l y  u t i l i z e d .  

I n  add i t i on ,  t h i s  would a l low t h e  assembler package t o  be w r i t t e n  i n  

a h ighe r  l e v e l  language (PL/I) ,  g r e a t l y  a i d i n g  t h e  w r i t i n g ,  debugging, 

and u n d e r s t a n d a b i l i t y  of t h e  assembler .  

Using assembly language f o r  programs t o  be executed on t h e  

ALRR SD'S-910 has  c e r t a i n  advantages.  The t i m e  and e f f o r t  needed t o  

w r i t e  a compiler  f o r  a h ighe r  l e v e l  language over  t h e  t ime needed t o  

w r i t e . a n  assembler  would be saved. To t h i s  sav ing  could be  added t h e  

sav ing  of  d e f i n i n g  a language, s i n c e  t h e  SDS-910 Assembly Language had 

a l r e a d y  been de f ined .  Much of  t h e  programming t h a t  would u se  t he  

SDS-910 invo lves  t h e  handl ing of  i n t e r r u p t s , . a n d  assembly language i s  

e s p e c i a l l y  we l l - su i t ed  t o  t h i s  t a sk .  S ince  t h e  programs t h a t  would 

use  t h i s  system would be f a i r l y  s h o r t  and would run  i n  a s t a t i c  

environment, t h e  l a c k  of  f l e x i b i l i t y  of t h e  s t o r a g e  s t r u c t u r e s  

a v a i l a b l e  i n  assembly language would p r e s e n t  l i t t l e  d i f f i c u l t y .  It 



was f e l t  t h a t  t h e s e  advantages of u s i n g  assembly language outweighed 

t h e  d i f f i c u l t i e s  of  w r i t i n g  assembly language programs. 

The a v a i l a b l e  card  r e a d e r s  f o r  t h e  SDS-910 d i c t a t e d  t h e  formats 

of  t h e  o b j e c t  deck produced by t h e  assembler .  Column b i n a r y  and 

H o l l e r i t h  formats  could r ead  by t h e  card  r e a d e r s  i n  use  a t  t h e  t i m e  

t h e s e  programs were w r i t t e n .  For t h i s  r ea son  t h e  u s e r  of t h e  assembler 

can s p e c i f y  i n  which of t h e s e  two formats  he wants h i s  o b j e c t  deck. 

Column b i n a r y  format  i s  g e n e r a l l y  p r e f e r r e d  because it packs t h e  

code more dense ly  on a  card ,  making i t  l e s s  expensive.  Column b ina ry  

format has  been used e x c l u s i v e l y  on t h e  Aries Lab SDS-910 s i n c e  t he  

H o l l e r i t h  format ca rd  r e a d e r  broke down. A s  a  r e s u l t ,  r eques t i ng  t h e  

r e f e r e n c e  l i s t i n g  gene ra t i ng  program au toma t i ca l l y  s p e c i f i e s  t h a t  t h e  

column b i n a r y  format f o r  t h e  o b j e c t  deck w i l l  be used.  

The r e f e r e n c e  l i s t i n g  gene ra t i ng  r o u t i n e ,  a long  wi th  e r r o r  , 

messages genera ted  by t h e  assembler,  have been inc luded  i n  t h i s  

package t o  a i d  t h e  u s e r  i n  debugging h i s  programs. The r e f e r ence  

I l i s t i n g  can  save  t h e  u s e r  from needing t o  scan  an e n t i r e  program 

sea rch ing  f o r  r e f e r e n c e s  t o  i d e n t i f i e r s .  It can a l s o  show t h e  u s e r  

i d e n t i f i e r s  t h a t  he  i s  d e c l a r i n g  bu t  no lo*ger r e f e r e n c i n g  due t o  

changes h e ' s  made i n  t h e  program. Use o f  t h i s  r o u t i n e  i s  o p t i o n a l .  

The cros 's-assembler (ASM) and t h e  r e f e r e n c e  l i s t i n g  gene ra to r  

(XREF), i f  de s i r ed ,  a r e  r u n  a s  a  s i n g l e  procedure.  In format ion  passed 
. . 

from t h e  assembler  t o  t he  r e f e r e n c e  l i s t i n g  g e n e r a t o r  i s  t hen  completely 

independent o f  and i n v i s i b l e  t o  t he  user ,  s i m p l i f y i n g  h i s  work. 



The two programs, documentation, and 'sample r e s u l t s  a r e  a l l  

g iven  i n  t h i s  r e p o r t .  

Method of So. lut ion f o r  ASM 

A two-pass technique  i s  used t o  assemble t h e  source  program. The 

program t r e a t s  each source  ' i n s t r u c t i o n  i n d i v i d u a l l y  i n  sequence. 

I n  t h e  f i r s t  pa s s  each i n s t r u c t i o n  i s  checked f o r  a  l a b e l  and f o r  

a  s p e c i a l  macro o p e r a t o r .  I f  a  v a l i d . l a b e 1  is found, i t  and i t s  

address  of occur rence  a r e  en t e r ed  i n  t h e  symbol t a b l e .  I f  a  macro 

o p e r a t o r  (AORG, BSS, BCD, BOOL, EQU, POPD, OPD, o r  PAGE) . is  encountered, 

mod i f i ca t i ons  commanded by t h e  o p e r a t o r  w i l l  be  performed, such a s  

changing t h e  r e l a t i v e  address  counter  (PCB)'or c r e a t i n g  a  s p e c i a l  

temporary o p e r a t o r .  

Af t e r  each source  i n s t r u c t i o n  h a s ' b e e n  examined, i't i s  pu t  on an 
. ' 

e x t e r n a l . f i l e  (PROG) f o r  p roces s ing  du r ing  t h e  second pas s  of the  

assembler .  When t h e  source i n s t r u c t i o n s  have been exhausted,  t he  symbol 

t a b l e  i s  s o r t e d  a l p h a b e t i c a l l y  and checked f o r  m u l t i p l y  de f ined  l a b e l s .  

I n  t h e  second p a s s  each source  i n s t r u c t i o n  i s  r e t r i e v e d  from t h e  

e x t e r n a l  f i l e  (PROG). I t s  o p e r a t o r  i s  checked and c o n t r o l  passes  t o  an  

a p p r o p r i a t e  s e c t i o n  o f  code f o r  t h e  p a r t i c u l a r  o p e r a t o r .  The o b j e c t  

code f o r  t h e  s t a t emen t  t s  genera ted  and p u t  i n t o  an  e x t e r n a l  f i l e  (CB) 

for 'punching  i n  t h e  d e s i r e d  fcrmat  ( e i t h e r  H o l l e r i t h  o r  column b ina ry ) .  

I f  an i d e n t i f i e r  i s  found i n  t h e  operand of  t h e  source  i n s t r u c t i o n  and 

a  c r o s s - r e f e r e n c e  l i s t i n g  is. reques ted ,  t h e  name of  t h e  i d e n t i f i e r  and 

t h e  add re s s  o f . t h e  p a r t i c u l a r  r e f e r e n c e  a r e  en t e r ed  i n  t h e  e x t e r n a l  



file SORTIN for processing by the cross-reference generating program. 

Of course, no object code is generated for comment statements. 

After the source instruction has been processed, it is printed, 

along with any,errors found'in the statement. When the source program 

is completely translated and printed, the word 'DONE' is printed, 

followed by the number of errors found' in the program and the statement 

numbers in which .they occurred. 
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Source L i s t ' i n g  f o r  ASM 

'ASM: PRCC O P T I O N S  ( M A I N ) ;  
D C L  1  XTEMP.. 

2 X N A M ' C H A R ( ~ ) ~  
2 XADDR F ' I X E D  B I N :  

D C L  ( 1 . 1  J * C * M . I L ( O : l O  * I U ( O :  1 0 )  F I X E D  B I N  S T A T I C ;  
D C L  1 1 S T A T I C *  2 T N  C H A R ( 6 ) .  2 TA F I X E D  B I N ;  

O C t  1 T T  S T A T I C .  2 T T N  C H A R ( 6 ) *  2 T T A  F I X E D  B i N ;  
D C L  4 D R l . F I X E O  B I N ( 3 1 . O ) ;  

D C L  1 I N S T  S T A T I C *  
2 C A R 0  CHAR ( 8 0 )  

2 ERR F I X E D  B I N  I N I T ( 0 ) ;  
D C L  L O C  C H A R ( 6 )  D E F I N E D  CARD. OP CHAR ( 4 )  D E F  CARD P O S ( 8 )  r 

. AND CHAR(  1 0  1 D E F I N E D  CARD POS(  16) : 
D C L  L A B  C H A R ( 6 )  D E F  C A R D *  OPC CHAR ( 4 )  D E F  CARD 

POS(8) ;  OPER CHAR ( 1 0 )  D E F  CARD POS (16 ) :  
D C L  TOPC C H A R ( 6 )  DEF CARD P O S ( 8 )  ; 
D C L  O ' D E R ~  C H A R ( 6 )  D E F  CARD P O S  (16) ; 

O C L  O P E R A ( 1 0 )  CHAR ( 1 )  D E F  CARD P O S I T I O N  (16) ;  
D C L  PNUM B I T  ( 3 2 )  S T A T I C ;  
.DCL PC1 (5) B I T ( 3 )  D E F  PNUM P O S I T I O N (  1 8 ) ;  
D C L  S O D €  ( 9  L A B E L  I N I T  

\ 
( A O R G ~ R E S ~ B C D ~ B O O L ~ E O U ~ P O P D s P O P D ~ P A G ~ N U N )  ; 

D C L  BNUMB C H A R ( 1 )  D E F  CARD POS ' (16) :  
9 D C L  COM C H A R ( $ )  D E F  CARD: 

. . D C L  PROG F I L E  RECORD S E Q U E N T I A L ;  
D C L  DUMMY C H A R ( e 1  S T A T I C ;  

, I' 

D C L  PNAME CHAR(  75 ; 
D C L  1  S Y M ( 4 0 0 )  S T A T I C *  2 NAM C H A R ( 6 ) .  2 ADDR F I X E D  B I N ;  

. D C L  SP F I X E D  B I N  S T A T I C  I N I T ( 0 ) ;  
D C L  TMP F I X E D  B E N  ( 3 1 r 0 )  S T A T I C ;  

D C L  PCB F I X E D  B I N  ( 3 1 + 0 )  I N I T ( - 1 )  S T A T I C :  
D C L  1 TOPER S T A T I C *  

2  TOP ( 3 0 )  C H A R ( 6 ) .  
2 TMAX F I X E O  B I N  I N I T ( 0 ) .  
2  TCODE ( 3 0 1  B I T ( 2 4 ) :  



DCL ONUM B I T  ( 3 2 )  S T A T I C +  ONUMl B I T ( 2 4 )  DEF ONUM P O S I T I O N ( 9 ) :  
DCL OCON ENTRY (CHAR( 1 0 ) )  RETURNS ( F I X E D  B I N  ( 3 1  * 0 )  1; 

DCL SEARCH ENTRY ( C H A R ( 6 ) * F I X E D  B I N ( 3 1 * 0 ) )  
RETURNS(F1XED B I N  ( 3 1 9 0 )  1: 

DCL O P C l ( 8 )  CHAR(4)  I N I T  
-('AORG':, 'BSS ' * * B C D  '+ 'BOOL ' *  'EQU ' 9'POPD' *'OPD '+ 'PAGE'  1: 

DCL TEMP B I T ( 2 4 )  STATIC:  
DCL FIVFOR B I T (  2 4 )  S T A T I C  I N I T (  ~ 1 0 1 1 0 0 1 0 1 1 0 0 1 0 1 1 0 0 1 0 1  LOO'B) : 
DCL ENDFLG B I T (  1 )  S T A T I C  I N I T (  'O 'B)  : 
DCL EFLG B I T ( 1 )  STATIC I N I T  ( ' O ' B ) ;  
DCL KK F I X E D  B I N  S T A T I C :  
DCL PFLG B I T ( 1 )  S T A T I C  I N I T ( ' O ' B ) *  PARM CHAR(5) :  
DCL ADCON CHAR( I 0  STATIC;  

DCL ERRCTR F I X E D  B I N  I N I T ( 0 )  STATIC:  
DCL NFLG B I T ( 1 )  I N I T  ( ' 0 ' 8 )  STATIC:  
DCL FLG B I T ( 1 )  l N I T  ( ' 1 ' B ) :  
DCL OB-PTR F I X E O  B I N  I N I T  ( 1 6 )  STATIC:  

DCL CB F I L E  RECORD OUTPUT; 
DCL PUNCH ENTRYsSEQ ENTRY: 
DCL I F I X E D  B I N  S T A T I C  I N I T ( 0 ) :  

DCL BLNK B I T (  8 )  I N I T  ( eOOOOOOOO'B~~ 
DCL B L N K l  B I T ( 6 1  DEF BLNK POS ( 3 ) ;  
DCL OB-MAX F I X E D  B I N  I N I T ( l 4 4 )  STATIC; 
DCL SEQ-NO F I X E D  B I N  I N I T  ( 0 )  STATIC;  

DCL 0 8  B I T  ( 2 4 ) ;  
DCL 0 B 6 ( 4 )  B I T  46) DEF OB: 
DCL 0 8 3 ( 8 ) - B I T ( 3 )  DEF 0 8 ;  

DCL B ( 1 6 0 )  B I T ( 8 )  S T A T I C  I N I T ( ( 1 6 0 ) ( 8 ) ' 0 ' 8 ) :  
DCL CHR_CBL(O:631BIT(8)STATIC I N I T <  

' 0 0 0 0 0 0 0 0 ' B ~ ' 0 0 1 0 0 1 0 0 ' B ~ ' 0 0 1 0 0 0 1 0 ' B ~ ' 0 0 1 0 0 0 0 1 ' B  I* ABC*/ 
~ 0 0 1 0 0 0 0 0 ' B ~ ~ 0 0 1 0 0 0 0 0 ~ B ~ ~ 0 0 1 0 0 0 0 0 ~ 8 ~ ~ 0 0 1 0 0 0 0 0 * B  /*DEFG*/ 
' 0 0 1 0 0 0 0 0 ' 8 ~  ' 0 0 1 0 0 0 0 0 ' B ~  ' 0 0 0 1 0 1 O O ' B ~  ' O O O l O O l O ' B  / * H I  JK* /  

' 0 0 0 1 3 0 0 1 * 8 ~ ' 0 0 0 1 0 0 0 0 ' B ~ ' 0 0 0 1 0 0 0 0 ' B ~ ' 0 0 0 1 0 0 0 0 ' 8  /*LMNO*/ 
'OOOlOOOO'B~eOOO1OOOO'B~'OOOIOOOO'B~'OOOOIOIO'B /*PQRS*/ 
'00001C01'B~'00001000'8~'OOOO1000'B~eOOOO1000'B /*TUVW*/ 



' 0 0 0 0 1 0 0 0 ' B ~ ' C ~ 0 0 0 1 0 0 0 ' B ~ ' 0 0 0 0 1 0 0 0 ' 6 ~ ' 0 0 1 0 0 0 1 0 ' B  / * X Y Z  */  A S M 0 0 7 1 0  

' 0 0 0 1 0 0 0 0 ' B ~ ' 0 0 0 1 0 0 1 0 ' B ~ ' O O O O 1 O 1 O ' B ~ ' O O O O l O O O ~ B ~  /*- --*I A S M 0 0 7 2 0  
~00000000*6~'00100000~B~'00000000'B~'00000001'B~ / * a l e e # * /  A S M 0 0 7 3 0  
' O O 0 1 0 0 0 1 ' B ~ ' ~ 0 0 0 1 0 O 0 ' B ~ ' O O l ~ O O O O ' B ~ ' O O O O O O O O ' B  / * S % C ' * /  A S H 0 0 7 4 0  
* 0 0 1 0 0 0 0 0 ' B ~  ' O O O 1 O O O O m B ~  ' 0 0 0 1 0 0 0 0 ' ~ ~ ' 0 0 1 0 0 0 0 0 B  / * (  I * + * /  A S M 0 . 0 7 5 0  
' 0 0 0 0 1 0 0 1 ' B ~ ' 0 0 0 1 0 0 0 0 ' B ~ ' 0 0 1 0 0 0 0 1 ' B ~ ' 0 0 0 0 1 1 0 0 '  / * * - e l * /  A S M 0 0 7 6 0  
' 0 0 0 0 1 0 0 0 ' B ~ ' 0 0 0 0 0 1 0 0 ' 6 ~ ' 0 0 0 0 0 0 1 0  * B e  ' O O O O O O O l ' B  /*0123*/ A S M 0 0 7 7 0  
~ 0 0 0 0 0 0 0 0 ' 9 ~ ~ Q 0 0 0 0 0 0 0 ~ B ~ ~ 0 0 0 0 0 0 0 0 ~ B ~ ~ 0 0 0 0 0 0 0 0 B  /*4567*/ A S M 0 0 7 8 0  
" O ~ ) ~ O ~ C O O ' R ~ ' ( P O O ~ ~ ~ O O ' B ~ ' O ~ ~ ~ ~ ~ ~ O ' B ~ ' ~ O O ~ O O O O ' B ~  /*89::*/ A S M O O 7 9 0  
' 0 0 1 0 0 0 0 0 * 6 ~ ' 0 0 0 0 0 0 0 0 ' B ~ ' 0 0 0 0 1 0 0 0 * B ~ ' 0 0 0 0 1 0 0 0 ' 6 J ~ / * < ~ > ? * /  A S M 0 0 8 0 0  

DCL CHR_CBR(O:63)61T(8)STATIC I N I T (  A S M 0 0 8 1 0  
' 0 0 0 0 0 0 0 0 ' 9 ~  '00000000'B~'OOOOCOOO'B~ ' O O O O O O O O ' B  / *  A B C * /  A S M O O 8 2 0  
' 0 0 1 0 0 0 0 0 ' B ~ ' 0 0 0 1 0 0 0 0 ' ~ ~ ' 0 0 0 0 1 0 0 0 ' 6 ~ ' 0 0 0 0 0 1 0 0 ' 6  / * D E F G * /  A S M 0 0 8 3 0  
~ 0 0 0 0 0 0 1 0 ' ~ ~ ~ ~ 6 0 0 0 0 0 0 1 ~ ~ ~ ~ ~ 0 0 0 0 0 0 0 ~ ~ ~ ~ 0 0 0 0 0 0 0 0 ~ ~ ~  /*HIJK*/ A S M 0 0 8 4 0  
'00000000'B~'00100000'B~'OOO1OOOO'B~*OOOOlOOO'B /*LMNO*/ A S H 0 0 8 5 0  
'00C00100*B~'000000lO'B~'OOOOOOO1'B~'OOOOOOOO'B / * P Q R S * /  A S M 0 0 8 6 0  
' 0 0 0 0 0 0 0 0 ' 8 * ' 0 0 1 0 0 0 0 0 ' 9 * ' 0 0 0 1 0 0 0 0 ' B * ' 0 0 0 0 1 0 0 0 ' B *  / * T U V W * /  A S M O O 8 7 0  

'00000100'B~'000000lO'B~'OOOOOOO1'B~'OOOOOOlO'B /.*XYZ */ A S M 0 0 8 8 0  
'000001 1 0 * 8 ~ ' 0 0 0 0 0 0 1 0 ' B ~ ' O O O O O O 1 O ' B ~ ' O O O l O O l O ' B  /*- --*I A S M 0 0 8 9 0  
' 0 0 1 0 0 0 1 0 ' 6 ~ ' 0 0 0 0 0 1 1 0 ' 6 ~ ~ 0 0 0 0 0 1 1 0 ' 8 ~ * 0 0 0 0 0 0 1 0 ~ B  / * @ I w # * /  A S M 0 0 9 0 0  
' 0 0 0 0 0 0 1 0 ' B ~ ' Q 0 1 0 0 0 1 0 ~ B ~  ' O O O O O O O O ~ B ~  * O O O l O O l O ' B  / 4 8 % t ' * /  A S M 0 0 9 1 0  
' 0 0 0 1 0 0 1 0 ~ B ~ ' 0 0 0 1 0 0 1 0 ' B ~ ' 0 0 1 0 0 0 1 0 ' 6 ~ ' 0 0 0 0 1 0 1 0 ' B ~  I * (  I * + * /  A S F 4 0 0 9 2 0  
*00C00010'8~'00000000'B~~OOOOOOlO'B~'OOOOOOOO'6 / * * - * / * I  A S M 0 0 9 3 0  

- ' 0 0 0 0 0 0 0 0 ' B ~ ~ 0 0 0 0 0 0 0 0 ' 9 ~ ' O O O O O O " O O ' B ~ ' O O O O O O O O ' B  /*0123*/  A S M 0 0 9 4 0  
' 0 0 1 0 0 C O O ' B ~  ' 0 0 0 1 0 0 0 0 ~ B ~ ' 0 0 0 0 1 0 0 0 ~ 6 ~ ' 0 0 0 0 0 1 0 0 ' B  / *4567* /  A S M 0 0 9 5 0  
' 0 0 0 0 0 0 1 0 ' B ~ ' 0 0 0 0 0 0 0 1 ~ B ~ ' O O O O O O 1 O ' B ~ ' O O O O l O l O ' B  /*89:;*/ A S M 0 0 9 6 0  
' 0 0 1 0 0 0 1 0 ' 6 ~ ' 0 0 0 0 1 0 1 0 ' B ~  ' O O " O O I O I O ' B ~ ' O O O O O l  1 0 ' B )  ;/*<=>?*I A S M 0 0 9 7 0  

D C L  C I I * J . K I M M )  F I X E D  B I N ;  A S M 0 0 9 8 0  
DCL t S W * S W l  E I T ( 1  1: A S M O O 9 9 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 1 0 0 0  / *  _______--______--_-_-_----l-----l_--------- 
* / A S M 0 1 0 1 0  

O N  ENDFILE ( S Y S B N )  GO T O  SCfiT; A S M O  1020 
O P E N  F I L E  ( P R O G )  O U T P U T ;  A S M 0 1 0 3 0  

G E T  E D I T  ( P A R M s P M A M E )  C A ( 5 ) r A ( 7 5 ) ) ;  A S M O  1040 
I F  P A R M  -.I=' ' THEN P F L G = * P ' B :  A S H 0  1050 



/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 1 0 6 0  
/* ------------------------------------------------------- * / A S M 0 1 0 7 0  
/ *  G E T  A N  I N S T R U C T I C N .  * /  A S M 0 1 0 8 0  

A S M 0 1 0 9 0  
L O O P :  G E T  E D I T  ( C A R D )  ( A ( 8 0 ) ) ;  A s h 4 0 1  100 

s Y = ' o 1 B ;  A S M O l l l O  
A S M 0 1 1 2 0  

/ *  I F  T H E  S T A T E M E N T  I S  A C O M M E N T *  P U T  I T  I N  T H E  F I L E  ( P R O G )  A N D  A S M O 1 1 3 0  
G E T  T P E  N E X T  I N S T R U C T I O N .  */ A S M 0 1 1 4 0  

A S M O 1 1 S O  
I F  COM=*-*m T H E N  GO T O  NUN;  ASMO 1160 

P C B = P C B + l ;  ASMO 11 70 
/* ------------------------------------------------------- */ASP40 1180 
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M O  1190 
/* I F  THE I N S T R U C T I O N  H A S  A L A B E L *  C H E C K  I T  F O R  I N V A L I D  C H A R A C T E R S  A S M 0 1 2 0 0  

A N D  E N T E R  I T  I N  T H E  S Y M B O L  T A B L E .  */ A S M 0 1 2 1 0  
ASMO 1220' 

I F  LOCV-1 ' T H E N  DO; A S M 0 1 2 3 0  

SW=@ 1'8; ASMO 1240 
I F  S P = 4 0 0  T H E N  DO: P U T  S K I P  L I S T  ( ' * * * T O O  MANY S Y M B O L S m ) ;  ASMO 1250 

GO T O  SORT;  E N D ;  A S M 0 1 2 6 0  
I F  COM > ' 2 '  T H E N  DO; E R R = 1 0 ;  G O  T O  L O O P ;  E N D ;  / *ERR 10 * /  ASMO 1270 
M = I N D E X ( L O C * '  * ) ;  I F  M=O T H E N  M=7; A S M 0 1 2 8 0  

D O  1=1 T O  #-1; ASMO 1290 
I F  S U B S T R ( L O C * I * l )  < ' A '  T H E N  DO: E R R = l O ;  G O  T O  L O O P ;  E N D ;  A S M 0 1 3 0 0  

END;  A S M 0 1 3 1 0  
S P = S P + l  ; N A M (  S P )  =LOC; A D D R (  S P ) = P C B :  END;  ASMO 1320 

/ *  * /Ash40  1330 ---------------------------------------------- 
* - - - , - - - - - - - , - - - - - - - - - - - - - - - - - -  * / A S M 0 1 3 4 0  
/4: IF T H E  O P E R A T O R  1.5  A MACRO. U S E  T H E  A - P P R O P R I A T E  M A C R O - H A N D L I N G  A S M 0 1 3 5 0  

I N S T R U C T I  O N S  . I / ASMO 1360 

I . A S M 0 1 3 7 O  
D O  1 . ~ 1  T O  8 W H I L E  (OP-.= O P C l ( 1 ) ) ;  E N D ;  GO TO C O D E ( 1 ) ; .  A S M 0 1 3 8 0  

AORG: TMP=OCON(  A N D )  ; P C 3 = T M P - 1 ;  G O ' T O  NUN; ASM 0 1390 
E O U :  P C B = P C B - I :  D O  I=l T O  S P - 1  W H I L E  ( N A M ( 1 ) - = A N D ) ;  END;  A S M O l 4 0 0  



I F  I = S P  T H E N  ERR=3:  / *  E R R  3 */ A S H 0 1 4 1 0  
S W = @ O ' B ;  ASMO 1420 
A D D R ( S P ) = A O D R ( I ) :  GO T O  NUN;  A S M 0 1 4 3 0  

R E S :  P C B = P C B + A N D - 1 ;  S W = @ 0 * 6 ;  G O  T O  N U N :  A S M O 1 4 4 0  
BCD:  I F  B N U M B  > * 4 @  T H E N  P C B = P C B + l ;  S W = @ O * B :  GO TO NUN; ASMO 1450 
P A C :  P C B = P C B - 1 ;  S W = @ O ' B :  GO T O  NUN; A S M O 1 4 6 0  
BOOL:  PC  B = P C B - 1  ; ADDR ( S P  =OCON( A N D )  ; ASMO 1470 

I F  A D D R ( S P ) = - 1  T H E N  A D D R ( S P ) = O ;  S W = * O * B :  GO T O  NUN;  ASMO 1480 
POPD:  T M A X = T M A X + l ;  A S M 0 1 4 9 0  

P C B = P C B -  1 : A S M 0 1 5 0 0  
I F  T M A X > 3 0  T H E N  DO:  ERR=8; GO T O  NUN:  E N D :  A S M O l S l O  
T O P (  T M A X ) = L Q C :  A S M 0 1 5 2 0  
O N U M = U N S P E C ( O C O N <  A N D )  1: ASMO 1530 
T C O D E (  T M A X ) = O N U M l :  A S M 0 1 5 4 0  
S W = * O @ S :  A S M O l  550 

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M O  1560 
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 1 5 7 0  

A S M 0 1 5 8 0  
e' / *  P U T  T H E  X N S T R U C T I O N  I N  THE F I L E  ( P R O G )  F O R  USE D U R I N G  T H E  I-' 

S E C O N D  P A S S *  */ ASMO 1590 
A S M O l 6 O O  

NUN:  W R I T E  F I L E ( P R 0 G )  F R O M  i I N S 7 ) ;  A S M O l 6 l O  
I F  SW T H E N  A D D R ( S P ) = P C B :  A S M O l 6 2 0  
ERR=O:  GO T O  L O O P ;  A S M 0 1 6 3 O  

/* _______-_______-___----__-------------------------- * / A S M O  1640 

/*-----.-------------------------------------------- * / A S H 0 1 6 5 0  
/ *  S O R T  THE S Y M B O L  TABLE A L P H A B E T I C A L L Y  AND C H E C K  F O R  M U L T  I P L Y  ASMO 1660 

DEF [ N E D  L A B E L S  */ A S M 0 1 6 7 0  
A S H 0 1 6 8 0  

. SORT:  S W l = * l @ B ;  J.=SP: II=l; MM=O: GO TO L4: A S M 0 1 6 9 0  
L1: I I J = ( I I + J ) / 2 :  T = S Y M ( I I J ) ;  K = I I :  L=J;. A S M O l l O O  
Ll-1: I F  N A M ( 1 I )  > T N  T H E N  DO;  A S M 0 1 7 1 0  

S Y M ( I I J ) = S Y M ( I I > :  S Y M ( I I ) = T ;  T = S Y M ( I I J ) :  E N D ;  A S M 0 1 7 2 0  
I F  SW1 T H E N . 0 0 ;  I F  N A M ( J ) < T N  T H E N  DO: ASMO 1730 

SYM<'IIJ)=SYM( J);  S Y M ( J ) = T ;  A S M 0 1 7 4 0  
T = S Y M i I I J ) ;  S W l = * O ' B ;  GO TO Ll-1; END; ASMO 1750 



E N D :  S W l = * l * B :  A S M 0 1 7 6 0  
L2: L=L-1; I F  N A M ( L ) >  T N  T H E N  G O  T O  L 2 ;  T T = S Y M ( L ) ;  A S M 0 1 7 7 0  
L3: K = K + l :  I F  N A M ( K )  < T N  T H E N  GO T O  L 3 ;  ASMO 1780 

I F  K < L  T H E N  DO; S Y M ( L ) = S Y M ( K ) ;  S Y M ( K ) = T T :  GO TO L2; E N D ;  A S M O 1 7 9 0  
I L ( M M ) = K ;  I U ( M M ) = J ;  J=L; MM=MM+l; A S M 0 1 8 0 0  

t4: I F  J - I 1  > 10 T H E N  GO T O  L1; A S H 0 1 8 1 0  
I F  11=1 T H E N  II=II+l; A S M 0 1 8 2 0  
D O  II=II T O  J: T = S Y M ( I I ) :  K = I I - 1 :  A S M 0 1 8 3 0  

I F  N A M ( K )  > T N  T H E N  DO; A S M 0 1 8 4 O  
L5: S Y M ( K + l  ) = S Y M ( K )  : K = K - 1 ;  I F  K=O T H E N  GO T O  L5-1; ASMO 1850 

I F  N A M ( K )  > T N  T H E N  GC T O  L5; A S M 0 1 8 6 0  
I F  N A M ( K )  = T N  T H E N  ASMO 1870 

P U T  S K I P  L t S T ( * * * * M U L T I P L Y  D E F I N E D  L A B E L S * N A M ( K ) ) ;  A S M 0 1 8 8 0  
L5-1: SYM(  K + l  l = T ;  G O  T O  L6; END;  ASM 0 1890 

I F  N A M ( K )  = T N  T H E N  P U T  S K I P  E D I T  ASMO 1900 
( ' * * * M U L T I P L Y  D E F I N E D  L A B E L a * N A M ( K )  ( A ( 2 5 )  * X ( 5 ) . A ( 6 )  ) ;  A S M 0 1 9 1 0  

Ld: E N D :  ASMO 1920 
MM=MM-1; I F  MM>=O T H E N  DO; I I = I L ( M M ) ;  J = I U ( M M ) ;  GO T O  L4; END;  A S M 0 1 9 3 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M O  1940 
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M O  1950 
/* S T A R T  T H E  S E C O N D  P A S S .  */ A S M 0 1 9 6 0  

A S M 0 1 9 7 0  
C L O S E  F I L E  (PROG)  ; ASMO 1980 
C A L L   PASS^; A S M 0 1 9 9 0  

/ *  ------------------------------------------------ * / A S H 0 2 0 0 0  

/*------------------ ----- ------------------------ * / A S M 0 2 0  10 
OCON: PROC ( C H A )  R E T U R N S 4 F I X E D  B I N  ( 3 1 ~ 0 ) ) ;  A S M 0 2 0 2 0  

D C L  C H A  C H A R ( * ) :  A S M 0 2 0 3 0  
D C L  I A D R  F I X E D  B I N  ( 3 1 ~ 0 ) ;  A S M 0 2 0 4 0  
D C L  ( N l  rLL)  F I X E D  B I N ;  A S M 0 2 0 5 0  
D C L  C A R D 1  C H A R  ( 1 0 ) ;  A S M 0 2 0 6 0  
D C C  O P R ( 1 0 )  C H A R  ( 1 )  DEF C A R D I ;  A S M 0 2 0 7 0  
C A R D I = C H A ;  A S M 0 2 0 8 0  
1 ADR=O : A S M 0 2 0 9 0  
M = I N D E X ( C A R D I , @  ); A S M 0 2 1 0 0  



D O  LL= L T O  M-1 ;  A S M 0 2 1 1 0  
N l = I N D E X (  * 0 1 2 3 4 5 6 7 * * O P R ( L C ) ) - 1 :  A S M 0 2  120 
I F  N l < O  T H E N  DO; ERR=2 ;  R E T U R N ( - 1 ) ;  END;  /* E R R 0 2  * /  A S M 0 2 1 3 0  
N l = O P R  [LL):  A S M 0 2  140 
I A D R = I  A D R * 8 + N 1 ;  A S M 0 2 1 5 0  
E N D  : A S M 0 2 1 6 0  
R E T U R N [ I A O R I :  A S M 0 2 1 7 0  
E N D  OCON; A S M 0 2 1 8 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 2 1 9 0  
/* ---_-----_--------------------------------------- * / A S M 0 2 2 0 0  
S E A R C H :  P R O C t L A B L * P C A )  R E T U R N S ( F 1 X E D  B I N ( 3 1 . 0 )  1 ;  A S M 0 2 2 1 0  

D C L  L A B L  C H A R (  * )  : A S M 0 2 2 2 0  
D C L  N  F I X E D  B I N :  A S H 0 2 2 3 0  
D C L  P C A  F I X E O  B I N  (31.0) ;  A S M 0 2 2 4 0  
D C L  I A  F I X E D  B I N  ( 3 1 , O )  S T A T I C :  A S M 0 2 2 5 0  
D C L  ( U L I M I T . L L I M I T )  F I X E D  B I N  S T A T I C ;  A S M 0 2 2 6 0  

D C L  1 A *  A S M 0 2 2 7 0  

2 N N  C H A R ( 6 ) .  A s h 4 0 2 2 8 0  
2 A D D R l  F I X E D  B I N  ( 3 1 r O ) r  A S M 0 2 2 9 0  
2 F I L L E R  ( 4 )  F I X E D  B I N  ( 1 5 r O ) ;  A S M 0 2 3 0 0  

I A  = 0; A S M 0 2 3 1 0  
U L I M I T = S P ;  C L I M I T = l :  A S M 0 2 3 2 0  

I F  P A R M = * X R E F  * T P E N  DO: A S M 0 2 3 3 0  
/* T H I S  C O O 5  C R E A T E S  TWE C R D E R E D  P A I R S  ( L O C A T I O N  I N  S Y M B O L  T A B L E I  A S H 0 2 3 4 0  

ADDRESS OF REFERENCE */ A S M 0 2 3 5 0  
N N = L A B L ;  A S M 0 2 3 6 0  
A . A D D R I = P C A ;  A S M 0 2 3 7 0  
W R I T E  F I L E -  ( S O R T I N I  F R O M  ( A ) :  A S M 0 2 3 8 0  

E N D :  A S M 0 2 3 9 0  
S L O O P :  I F  ( U L I M I T = C L I M I T )  T H E N  DO: N = U L I M I T ;  A S M 0 2 4 0 0  

I F  L C \ B L = N A M ( U L I M I T )  T H E N  GO T O  D O N E ;  E L S E  R E T U R N  ( I A ) ;  A S M 0 2 4 1 0  
E N D :  A S P 4 0 2 4 2 0  
N = ( U L I Y I T + L L I M I T ) / 2 ;  A S M 0 2 4 3 0  
I F  L A B L = N A M ( N )  T H E N  GO T O  DONE;  A S M 0 2 4 4 0  
I F  L A B L < N A M ( N )  T H E N  U L I  M I T = N - 1 ;  A S M 0 2 4 5 0  



E L S E  L L I H I T = N + l ;  A S M 0 2 4 6 0  
I F  U L I M I T  < L L I M I T  THEN RETURN ( [ A ) ;  A S M 0 2 4 7 0  
GO T O  SLOOP; A S M 0 2 4 8 0  

DONE: I A=SYM.ADDR(N): A S M 0 2 4 9 0  
RETURN( I A ) :  A S M 0 2 5 0 0  
END SEARCH; ASM02510  

/*  -------------------------------------------- * / A S H 0 2 5 2 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 2 5 3 0  
SEQ: PROC: / NkME F I E L D  I S  ALREADY SET UP */ A S M 0 2 5 4 0  

/ *  I N S E R T  SEQUENCE NUMBER AND PUNCH CARD * /  A S M 0 2 5 5 0  
DCL I B  F I X E D  B I N  S T A T I C :  ASM02560  

SEQ-NO=SEQ-NO + 1; A S M 0 2 5 7 0  
KK=SEQ-N0/100+48;  B (  155)=CHR-CBL( K K )  ; B (  156)=CHR-CBR(KK) ;  A S H 0 2 5 8 0  
KK=MOD( SEQ-NO* 1 0 0 ) / 1 0 + 4 8 ;  A S H 0 2 5 9 0  

B ( 1 5 7 ) = C H R _ C B L ( K K ) ;  B (158 )=CHR-CBR(KK1 ;  A S M 0 2 6 0 0  
KK=MOD( SEQ-NO 1 0 ) + 4 8 ;  A S M 0 2 6 1 0  

B ( l 5 9 ) = C H R _ C B L ( K K ) :  B (160 )=CHR-CBR(KK) ;  A S H 0 2 6 2 0  

/* PUNCH CARD */ A S M 0 2 6 3 0  
WRITE F I L E ( C B 1  FROM(B) :  A S M 0 2 6 4 0  
DO I B = l  TO 1 6 0 :  B ~ I B ) = ~ 0 0 0 0 0 0 0 0 * B ;  END; A S M 0 2 6 5 0  
RETURN; A S M 0 2 6 6 0  
END: A S M 0 2 6 7 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 2 6 8 0  
- - - - - - - - - - - - - - - - - - - - -  ---------------------- */Ash402690 
PUNCH: PROC; A S M 0 2 7 0 0  

/ 

DCL I D  F I X E D  B I N  S T A T I C ;  A S M 0 2 7 1 0  
I F  F L G  THEN DO; FLG= 'O*8 :  GO TO PUTADD; END; ASM02720  
/ *  SEQUENCE CARD AND PUNCH PUT NEW ADDRbON NEXT CARD * /  A S M 0 2 7 3 0  
I F  06-PTR >= 06-MAX THEN DO; A S H 0 2 7 4 0  
C A L L  SEQ; OB_PTR=16; A S M 0 2 7 5 0  

PUTADD: TEMP=OB: 0 B = ( 2 4 ) * O n B ;  A S M 0 2 7 6 0  
I F  7ENDFLG THEN ~ ~ ~ 0 2 7 7 0  

S U B S T R ( O ~ * ~ * ~ ~ ) = S U B S T R ( P N U M .  1 1 * 2 2 )  : ASM02780  
ELSE OB=F I VFOR; A S H 0 2 7 9 0  
I F  P F L G  THEN DO I D = l  TO 4; ASM02800  



B L K K l = 0 8 6 (  I D ) ;  B( 1 2 + I D ) = B L N K ;  A S M 0 2 8 1 0  
END; A S M 0 2 8 2 0  

E L S E  DO ID= l  TO 8; A S M 0 2 8 3 0  
KK=OB3( I D 1  +48;  A S M 0 2 8 4 0  
B (   ID*'^- 1 )=CHR-CBL( KK 1 ; ASM02850  

B ( I D * 2 ) = C H R _ C B R ( K K ) :  END; A S M 0 2 8 6 0  
OB=TEMP ; A S M 0 2 8 7 0  

END ; A S M 0 2 8 8 0  
I F  E F L G  THEN GO T O  EKDP; A S M 0 2 8 9 0  
I F  P F L G  THEN DO I D = 1  TO 4; A S M 0 2 9 0 0  

OB-PTR=OB-PTR+ 1 ; A S M 0 2 9 1 0  
B C N K l = O B d ( I D ) ;  .B(OB-PTR)=BLNK; A S M 0 2 9 2 0  

END : A S M 0 2 9 3 0  
E L S E  DO I D = 1  T O  8 ;  A S M 0 2 9 4 0  

KK=OB3(  I D )  +48 :  ASM0'2950 
OR-PTR.=OB-PTR+ 1 ; B (0%-PTR 1 =CHR-CBL( KK ; ASM029602 
QB-PTR=OB-PTR+l; B(OB-PTR )=CHR-CBR(KK) ; END; A S M 0 2 9 7 0  

ENDP: RETUPN ; ASM02980  . 

END ; A S M 0 2 9 9 0  

/ * _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 3 0 0 0  
. . 

I*------------------------------------- * / A S M 0 3 0 1 0  
PASS2: P 8 0 C ;  t .  . A S M 0 3 0 2 0  

. / i  'SECOND PASS OF ' 9 1 0  ASSEMBLER * /  A S ~ 0 3 0 3 0  
DCL INSTR B I T  < 2 4 )  STATIC :  A S M 0 3 0 4 0  ' 

DCL  I N S T R O ( 8 )  B I T  ( 3 )  D E F  I N S T R ;  A S M 0 3 0 5 0  
DCL ( I N D I R E C T  B I T  ( 2 4 )  I N I T ~ ~ 0 0 0 0 0 0 0 0 0 ~ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' B ~ ~  Ask403060 

ZERO15 B I T (  1 5  1 I N I T (  'OOOOOOOOOOOOOOOgB~ w A S M 0 3 0 7 0  

ZERO24 B I T ( 2 4 )  INIT(*000000000000000000000000'B~~ A S M 0 3 0 8 0  

BLANK. C.HAR(IQ) INIT ( '  S T A T I C ;  A S M 0 3 0 9 0  . 
DCL (ADR F I X E D  B I h ( 3 1 * 0 J .  BNUM  BIT(^^)) S T A T I C :  4 ~ ~ ~ 0 3 1 0 0  
DCL A D R l  F I X E D  B I N ( 3 1 . 0 ) ;  A S M 0 3 1 1 0  
DCL BNUMl B I T  ( 2 4 ' 1  DEF BNUM P O S I T I O N ( 9 )  ; ASM03120  
DCL FWD B I T  ( 2 4  S T A T I C  I N I T  ( ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 * B ) ~  A S M 0 3 1 3 0  
DCL OVRF B I T (  2 4  1 S T A T I C  I N I T (  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '  B )  ; A S M 0 3 1 4 0  
DCL X B I T  ( 24 )  INIT( l ~ t O O O O O O O O O O O O O O O O O O O O O O I B ~  STATIC ;  A S M 0 3 1 5 0  



DCL PC F I X E D  B I N  ( 3 1 . 0 )  I N I T ( - 1 )  STATIC ;  
DCL (CONST C H A R ( 6 ) .  OPCODE C H A R ( 3 ) )  S T A T I C :  
DCL F A C T  F I X E D  B I N  S T A T I C ;  
DCL ADRONE B I T  ( 2 4 )  S T A T I C  I N I T  ( ' 0 0 0 0 0 0 9 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 8 ~ ~  
OCL D I G I T  C H A R ( l 0 )  S T A T I C  I N I T  ( ' 0 1 2 3 4 5 6 7 8 9 ' ) :  
OCL OPA(O:71) CHAR ( 3 )  S T A T I C  I N I T  

( ' L D A ' r  'STA' . 'LOB' . 'STB'* 'LDX'  . 'STX' s 'EAX0  . 'ADD'. 'MIN' .  
' M D E ' . * S U e ' . ' E T R ' . ' M R G ' ~ ' E O R ' ~ * B R U ' ~  'BRXm. 'BRM'* 'BRR'*  
'SKG'rwSKM'~'SKA'~'SKN'~'PIN'.'POT'~'MIW's'MIY'~'W~M'* 
'YIM'r'MUS'~'DIS'r'EXUm.'RSH's'RCY'.'LSH*.'LCY'*'NOD'* 
'EOM'.'SKS'.'NOP'.'HLT'*'EIR' ~mOIR'~'IET'~'IOT'~'AIU'~ 
'OVT' * 'ROV' * '  XAB'r 'BAC' . '  ABC' 9 'CLR'  * ' A L C '  * ' D S C m * ' T O P ' *  
' A S C ' r m B R T ' . ' B E T '  r ' S R C ' . ' C R T * ~ ' F C T ' ~ ' C F T e ~ ' O C T ' ~ ' B O 0 ' ~  
'DEC'r  'EQU' e9BCD'  .*PAG'. 'BSS'  .'AOR' . 'PZE'e 'OPD'** 'POPa 

1:  
DCL I O P ( O : 6 )  CHAR ( 3 )  S T A T I C  I N I T  

< 'RCB' . 'RCD' . 'RKB'  . 'TYP'  RPT'  . ' P T L '  ; 
DCL I O P 2  ( 0 : 6 )  B I T  ( 2 4 )  S T A T I C  I N I T  

( ' 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 ' B ~ ' 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 ' B ~  
' 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1  'B  ~ ' 0 0 0 0 0 0 0 1  OOOOOlOOOOLOOOOl 'B~ 
'OC0000010000010000000lOO~B~'OOOOOOO1 0 0 0 0 0 1 0 0 0 0 1 0 0  1 0 0 '  B *  
'000000010000000000100100'B 

1: 
DCL O P B ( O : 3 0 )  B I T  ( 9 )  S T A T I C  I N I T  

( ' 0 0 0 1  1 1 1  10'B*'OOOO1llO1'B.'Ooollllol'B.moooollllo'B* 
'000111001'B.'000011111'B~'000111111'B~'00010110~'B* 
' 0 0 0 8 1 0 0 0 1 ' 8 ~ ' 0 0 0 1 1 0 0 0 0 ' B ~ ' 0 0 0 1 0 1 1 0 0 ' B ~ ' 0 0 0 0 0 1 1 O O ' B ~  
'000001110'8*'000001111'B*'000000001'B*'000100001'B* 
~ 0 0 0 1 0 0 0 1 1 ' B ~ ' 0 0 0 1 0 1 0 0 1 ' B ~  ~OOO1l1O11'B~'OOOlllOOO'B~ 
'000111010'B.'000101011'B.'000011011'B.'000001011'B* 
' 0 0 0 0 0 1 0 1 0 ' 8 ~ ' 0 0 0 0 0 1 0 0 0 ' B ~  ' 0 0 0 0 1  1 O l O ' B ~ ' O O O O l l O O O ' B ~  
' 0 0 0 1 1 0 1 0 O ' B ~  ' 0 0 0 1 1 0 1 0 1 ' B ~ ' 0 0 0 0 1 0 0 1 1 ' B ~ ~  

DCL 0 ~ 8 2 ( 0 3 2 9 )  B I T  ( 2 4 )  S T A T I C  I N I T  
( ' 0 0 0  1 1 0 1  1 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 ' B *  ' 0 0 0  1 1 0 1  1 0 0 1  0 0 0 0 0 0 0 0 0 0 0 0 0 * B *  

' 0 0 0  110111000000000000000'B. '000 1 1 0 1  1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 ' B *  



'000110111001000000000000'B~'OOOOOOO1OOOOOOOOOOOOOOOOmB~ ASM03510 
' 0 0 0  1C000000C000000000000'6~ '000010000000000000000000'Br ASP403520 
'00000000000C~000000000000 'B~ '00000001 001 0000000000010'  Be ASM03530 
~ 0 0 0 0 0 0 0 1 0 0 1 ~ 0 0 0 0 0 0 0 0 0 1 0 0 ~ 6 ~  '000 100000010000000000 I O O ' B *  ASW03540 
'000l0000001o000000000010'~*1oooOooO1Oo1ooooooooloooo'B* ASM03550 
'000  10000001 COC000000000 1'69 '00000001 001 0000000000001'  B *  ASM03560 
'000 1001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 6 ~  '000 1001 10001000000000000 'B~  ASM03570 
'000  10011 001 C 0 0 0 0 0 0 0 0 0 0 0 0 ' ~ ~  '0001001 1001 1000000000000 'B~  ASM03580 
'0C0000010101000000000000*6~'000000010000000000000000'B~ ASM03590 
'000000010001 1  0 0 0 0 0 0 0 0 0 0 0 ' ~ ~ ~ 0 0 0 0 0 0 0 1  0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 ~ ~ ~  ASM03600 
'000 100000010001 000000000 '6*  '00010000001 0000000010000 'B*  ASM03610 
~ 0 0 0 0 0 0 0 1 0 0 0 ~ 0 1 0 0 0 0 0 0 0 1 1 0 ~ ~ ~ ~ 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 ~ ~ ~  ASM03620 
'0001000000101000000001 1 0 ' 6 *  '000 100000001 0010000001 10 '6  ASM03630 
1: ASM03640 

DCL ( I C * I M s I P * J J * N 2 )  FIXED BIN: ASM03650 
DCC OPL( 1 1 )  LABEL I N I T  ASM03660 

(80C.BOUTA*DECM*EQUA*BCDT ~PAGES*RESVs AORG~OUTPUT~BOUT~BOUT) : ASMO 3670 
DCL VAL1 B I T ( 6 )  DEF BNUM POSITION ( 2 7 ) ;  ASH03680 
DCL CHARSET CHAR(64) STATIC I N I T (  ASM03690 

'0123456789  #l:>V+ABCDEFCHI?.) < -JKLMNOPQR B* : /STUVWXYZ r (  ' 1  ASM03700 
DCL E R R T A E ( ~ O )  .CHAR( 2 0 )  STATIC I N I T  ASM03710 

( ' * * * ILLEGAL ORG ADD '* ' *** ILLEGAL OCT NUM ' 9  ASM03720 
'***MISSING LABEL ' * ***ILLEGAL OPERAND ' ASM03730 
'*** ILLEGAL INDIRECT ' r '***ILLEGAL INDEX ' *  ASM0374O 
'***NUMBER TOO B I G  ' 9  '***TOO MANY TEMP OPS' ASM03750 
'*** ILLEGAL OP CODE ' r '***ILLEGAL LABEL ' ASM03760 
( 1 0 )  @***  ' 1 ;  ASM03770 

DCL ERRLINE ( 5 0 )  'FIXED B I N  ( 3 1 r 0 ) :  ASM03780 
DCL BLANK50 CHAR(50) STATIC I N I T  A SM03790 

( '  ' 1 :  ASM03800 
/* ---------------------------------------------------- */ASM03810 
/ *  ------------------------------------------------------ */ASM03820 

ON CONVERSION GO TO OUTPUT; ASM03830 
ON ENDFILE (PROG)  GO TO F I N I :  ASM03840 
OPEN F I L E  (PROG) INPUT: ASM03850 



/* -------- - - - - -  - ------ ---------------------------- * / A S P 4 0 3 8 6 0  

/ *  . . ---------------------------------------------------- * / A S H 0 3 8 7 0  

/ *  G E T  AN I N S T R U C T I O N *  * /  A S M 0 3 8 8 0  
A S H 0 3 8 9 0  

LOOP:  R E A D  F I L E  ( P R O G )  I N T O  ( I N S T )  ; A S M 0 3 9 0 0  
I C = 3  ; A S M 0 3 9 1 0  
N F L S = @  O * B ;  A s h 4 0 3 9 2 0  
I N S T - R = Z E R 0 2 4 ;  P C = P C + l ;  A S M 0 3 9 3 0 .  

/* . . . ------------------------------------------------- * / A S M 0 3 9 4 0  

/'* ------------------------------------------------- * / A S M 0 3 9 5 0  
/ *  I F  T H E  S T A T E M E N T  I S  A  CCMMENT*  P R I N T  ZT* * /  A S M O 3 9 6 0  

A S M 0 3 9 7 0  
I F  ' I N D E X (  L A B *  @ * *  )=-I. T H E N  GO T O  COUTPT;  A S M 0 3 9 8 0  
OPCODE=SUeSTR(OPC.  1 *3).; A S M 0 3 9 9 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - , , , , - - - - - - ,  * / A S b ( 0 4 0 0 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M O 4 O l O  /* I F  I T ' S  A N  ' E N D '  S T A T E M E N T *  G E N E R A T E  T H E  A P P R O P R I A T E  O B J E C T  A S M 0 4 0 2 0  

CODE 9 P U N C H  T H E  C m E *  AND P R I N T  T H E  S T A T E M E N T  */ A S M 0 4 0 3 0  
A S M 0 4 0 4 0  

, I F  D P C O D E  = * E N D *  T H E N  DO; A S M 0 4 0 5 0  
0 9 _ P T R =  1 4 4  ; A S M 0 4 0 6 0  

E N D F L G = ' 1 9 B ;  A S M 0 4 0 7 0  
I F  OPER = B C A h K  T H E h  E F L G = * l e  8; A S M 0 4 0 8 0  

E L S E  DO; A S M 0 4 0 9 0  
A D R = S E A R C H ( O P E R l * P C ) :  I F  AOR = 0 T H E N  00; ERR=3:  GO T O  EOUT; A S M 0 4 1 0 0  

END; A S M 0 4 1 1 0  
BNUM=UNSPEC<ADR 1 ; INSTR=I NSTR ( B N U M ~  ; A S M 0 4 1 2 0  
QtR=I NSTR;  END; A S M 0 4 1 3 0  

C A L L  PUNCH; A S M 0 4 1 4 0  
EOUT:  C A L F  SEQ; A S M 0 4  150 

P U T  S K I P  E D I T  ( C A R D )  ( X ( 2 5 ) * A ( 8 0 ) ) ;  A S H 0 4 1 6 0  
GO T O  ERRCHK;  A S M 0 4 1 7 0  

END;  A S M 0 4 1 9 0  

/*-----------------------------------------------  8 / A S M 0 4 1 9 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M O 4 2 0 0  



/* G E N E R A T E  T H E  O B J E C T  CODE FOR T H E  P A R T I C U L A R  I N S T R U C T I O N .  */ A S H 0 4 2 1 0  
A S M 0 4 2 2 0  

D O  'I=O T O  7 1  W H I L E  (OPCODE -= O P A ( 1 ) ) ;  END:  A S M 0 4 2 3 0  
I F  I < 7 2  T H E N  GO T O  B E G I N ;  ~ ~ ~ 0 4 2 4 0  
DO I = O  TO 6 W H I L E  (OPCODE -= I O P ( 1 ) ) :  END; . A S M 0 4 2 5 0  

I F  1 < 7 T H E N  GO T O  I C H D L R ;  A S M 0 4 2 6 0 '  
D O  I = 1  TO TMAX W I L E  ( T O P C  -= T O P ( 1 ) ) :  END; A S M 0 4 2 7 0  
I F  I > T M A X  T H E N  DO; E R R = 9 :  A D R = S E A R C H ( O P E R l * P C ) :  GO T O  OUTPUT:  A S M 0 4 2 8 0 '  
END; I N S T R = T C O D E ( I ) :  A S H 0 4 2 9 0  
I F  I N S T R  & ' - O O l C ~ O C C O O 0 0 0 0 0 0 0 0 0 0 0 0 O O 0 - ' 8 .  A S M 0 4 3 0 0  

. T H E N  GO T O  O P A T G l  : E L S E  GG T O  OPTG: A S M O 4 3 1 0  

/*--------------------------------------------------------- * / A S M 0 4 3 2 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * /  A S M 0 4 3 3 0  

/* P O P S  NOT CHECKED F O F  I N D E X  OR I N D I R E C T  B I T  */ A S M 0 4 3 4 0  

B E G I N :  If I > 3 7  & I < = 6 0  THEN DO: INSTR=OPB~(I-31); 
I F  OPER -u= B L A N K  T H E N  GO T O  OPATG1; .  
GO TO OUTPUT:  END: 

I F  I > 60 T H E N  GO T O  O P L (  1-60); 
N = I N D E X ( O P E R * '  ' 1 :  
I F  N v = O  T H E N  I F  S U B S T R ( O P E R * N ) - = '  ' T H E N  DO; 

ERR=4:  GO T O  O U T P U T ;  . E N D :  ' / *  E R R 0 4  */ 
I F  '-1 <=30 ;THEN .G.O T O  OPATAG; 
1-NSTR=OPB~( 1-31 1 ;  
I F  S U 8 S T R ( O P C * C ) = ' * '  T H E N  00; ERR=5; GO T O  OUTPUT;  END; / * E 0 5 * /  
IC=INDEX(OPER.' r e  1'; 
I F  : O P E R A ( l ) < ' O '  T I -EN DO; ERR=4:  GO TO OUTPUT;  .END; / * E O 4 * /  
I F  I=36  1 1 = 3 7  T H E N  
I F  I C  .-= 0 T H E N  G G . T C  E R R T ;  
E L S E  DO: ADR =OCCN(OPER) ;  GO T O  B I N S T ;  END: 
I f  IC-GO T H E N  I F  C P E R A ( I C + 1 ) = ' 2 '  

. T H E N  DO; INSTR=INSTR ( X :  DUMMY=SUBSTR(OPER* 1 9  I C - 1 )  ; 
ADR=DUMMY; END; 

E L S E  GO T O  E R R T ;  
E L S E  ADR=OPER; 



I F  A D R > 6 3  T H E N  D O  ERR=7 ;  GO T O  O U T P U T ;  END;  / * E 0 7 * /  A S M 0 4 5 6 0  
GO T,O B I N S T :  A S M 0 4 5 7 0  

E R R T :  E R R = 6 ;  GO T O  O U T P U T ;  . A S M 0 4 5 8 0  

/*---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 4 5 9 0  
/ *  ----------------------------------------------------- * / A S P 4 0 4 6 0 0  
O P A T A G :  INSTR=OPB(I)I i Z E ~ 0 1 5 ; '  A S M 0 4 6 1 0  
ODTC: IF S U B S T R ( O P C . ~ ) = * * *  THEN INSTR=INSTRI INDIRECT; A S M 0 4 6 2 0  

I C * M = I N D E X ( O P E R . *  r *  1: A S M 0 4 6 3 0  
'IF M-0 T H E N  A S M 0 4 6 4 0  

I F  O P E R A 6 M + l ) = m 2 *  T H E N  I N S T R = I N S T R I  X :  A S M 0 4 6 5 0  
E L S E  I F  O P E R A  ( M + l  ) = * 4 *  T H E N  INSTR=I NSTR 1 OVRF; A S M 0 4 6 6 0  
E L S E  00; ERR=6 ;  GO T O  O U T P U T ;  E N D ;  ~ ~ ~ 0 4 6 7 0  

A S M 0 4 6 8 0  
O P A T G ~ :  IF O P E R P ( ~ ) = * * *  THEN DO; A S H 0 4 6 9 0  

M = I N D E X ( O P . E R r  * ,  l 1 ; A S M 0 4 7 0 0  
I F  .M=2 T H E N  DO; ADR=PC; GO T O  B I N S T :  END:  A S M 0 4 7 1 0  
I F  I C = O  T H E N  A D C C N = S U B S T R ( O P E R  9 3 r M - 3 )  ; A S M 0 4 7 2 0  

ELSE A D C D N = S U B S T R ( O P E R r  3. I C - 3  ; A S M O 4 7  30 
A D R = O C O N ( A D C O N )  ; A S M 0 4 7 4 0  

I F  O P E R A ( 2 ) = * -  * T H E N  ADR..=PC-ADR; A S M 0 4 7 5 0  
E L S E  I F  a P E R A ( 2 1 = * + *  T H E N  A ~ R = P C + A D R ;  A S M 0 4 7 6 0  

E L S E  0 0 ;   ERR=^; GO T O  O U T P U T ;  E N D :  / *  €04 */ A S M 0 4 7 7 0  
GO TO '  B I N S T ;  A S M 0 4 7 8 0  

END;  A S M 0 4 . 7 9 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 4 8 0 0  
/ * - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  S / A S M 0 4 8  10 

. /* I F  T H E  O P E R A N D  C O N T A X  h S  A N  I D E N T I F I E R *  F I N O  I T S  A D D R E S S  O F  A S H  04820 
D E C L A R A T I O N .  8 /  A S M 0 4 8 3 0  

A S M 0 4 8 4 0  

IF' O P E R A  ( 1 )  >=* A m  E O P E R A (  I , )  < * O e  T H E N  DO; A S M 0 4 8 5 0  
M= I C ;  A S P 4 0 4 8 6 0  
I P = I N D E X ( O P E R r m + '  1 ;  A S M 0 4 8 7 0  
I M = I N D E X ( O P E R *  * - . @  1 ; A S M 0 4 8 8 0  
I F  1P-=O T H E N  M = I P ;  A S H 0 4 8 9 0  
I F  I h = O  T H E N  # = I M ;  A S H 0 4 9 0 0  



I F  M=O T H E N  M=7;  A S M 0 4 9 1 0  
C O N S T = S U B S T R ( O P E R .  1 -1 1 : A S M 0 4 9 2 0  
A D R = S E A R C H  ( C O N S T r P C )  ; I F  ADR=O T H E N  DO; ERR=3 :  GO T O  O U T P U T ;  A S M 0 4 9 3 0  

E N D :  A S M 0 4 9 4 0  
I F  I P = O  C I M = O  T H E N  GO T O  B I N S T :  A S M 0 4 9 5 0  
I F  I C = O  T H E N  I C = f N D E X ( O P E R ~ '  ' 1 ;  A S M O 4 9 6 0  
I F  IC=O T F E N  I C = 2 6 :  A S M O 4 9 7 0  
I C = I C - ( M + l ) :  A S H 0 4 9 8 0  
I F  I C  <=O T H E N  00: E R R = 4 :  GO TO O U T P U T ;  E N D ;  /* E R R 0 4  */ A S M 0 4 9 9 0  
I F  V E R I F Y ( S U B S T R ( O P E R * M + l  t I C )  . D I G I T ) - = O  T H E N  DO;  A S M 0 5 0 0 0  

E R R = 1 1 :  GO T O  O U T P U T ;  E N D ;  / *  E R R 1 1  */ A S M 0 5 0  10 
A D C O N = S U B S T R ( O P E W  . M + l s  KC 1 ; A D R l = O C O N (  ADCON)  ; A S M 0 5 0 2 0  
I F  I P = O  T H E N  A D R = A D R - A D R l ;  E L S E  A D R = A D R + A D R l ;  A S M 0 5 0 3 0  
GO T O  B I N S T ;  A S M 0 5 0 4 0  

E N D :  A S M 0 5 0 5 0  

/*------------------------------------------------------ * / A s h 4 0 5 0 6 0  
/*----------------------------------------------- * / A S M 0 5 0 7 0  

I F  ( O P E R A ( 1 )  >= ' 0 '  & O P E R A ( l ) < = * 9 * )  I O P E R A (  I ) = ' - *  T H E N  DO; A S M 0 5 0 8 0  
I F  O P E R A (  I ) = ' - '  T H E N  I=2;  E L S E  1=1; A S M 0 5 0 9 0  
M = I C :  A S M 0 5 1 0 0  
I F  M=O T H E N  M = I N D E X ( O P E R . '  ' 1 ;  A S M 0 5 1 1 0  
I F  V E R I F Y  (SUBSTR(OPERII~M-I)SDIGIT)~=O T H E N  DO; A S M 0 5 1 2 0  I 

E R R = 4 ;  GO T O  O U T P U T :  E N D :  / *  E R R 0 4  */ A S M 0 5 1 3 0  
A D C O N = S U B S T R ( O P E R * I  * M - I  1; A S M 0 5 1 4 0  
AOR=OCON< AOCON 1 : A S M 0 5 1 5 0  
I F  I = 2  T H E N  ADR=-ADR; A S M 0 5 1 6 0  
GO T O  B I N S T ;  A S M 0 5 1 7 0  

E N D :  A S M 0 5 1 8 0  
ERR=4 :  G O  T O  O U T P U T :  / *  E R R 0 4  * /  A S M 0 5 1 9 0  

*---~-----------1------,--,-,,-----------,-- * I A S M 0 5 2 0 0  / *  
--------------------I--------------------------- 

S / A S M 0 5 2 1 0  
I O H D L R :  M z I N D E X  ( O P E R .  ' 9 '  1; A S M 0 5 2 2 0  

I N S T R = I O P Z (  I) ; A S M 0 5 2 3 0  
, I F  O P E R P . ( M + 1 ) = ' 4 '  T H E N  I N S T R = I N S T R I F W D :  A S M 0 5 2 4 0  

GO T O  O U T P U T :  A S M 0 5 2 5 0  



/*----------------------------------------------- * / A s h 4 0 5 2 6 0  
/ * - - - - - - - - - - - - - -___ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 5 2 7 0  
BOC:  A D R = O C C N ( O P E R ) :  I F  ADR=-1 T H E N  GO TO O U T P U T :  A S M 0 5 2 8 0  
B O C  1 : B N U M = U N S P E C (  A D R )  ; A S M 0 5 2 9 0  

I N S T R = I N S T R  I B N U M  1  : A S M 0 5 3 0 0  
GO T O  O U T P U T :  A S M 0 5 3 1 0  

DECM:  H = I N D E X ( O P E R ,  * * ) :  A S M 0 5 3 2 0  
I F  V E R I F Y  ( S U B S T R ( 0 P E R .  1 *#-I * D I G I T ) ~ = O  T H E N  00: A S M 0 5 3 3 0  

E R R = 4 :  GO T O  O U T P U T ;  END: / *  E R R 0 4  */ A S M 0 5 3 4 0  
A D R = S U B S T R { O P E R  9 1 * M - 1 )  ; A S H 0 5 3 5 0  
GO T O  B O C  1; A S M 0 5 3 6 0  

€QUA:  A D R = S E A R C V ( L A B * P C ) :  I F  ADR=O T H E N  DO;  ERR=3 :  GO T O  O U T P U T ;  END;  A S H 0 5 3 7 0  
GO T O  B O U T :  A S M 0 5 3 8 0  

P A G E S :  P U T  P A G E :  PC=PC-1 :  GO T O  L O O P ;  A S M 0 5 3 9 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S P 4 0 5 4 0 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 5 4 1 0  
B C D T  : J J=2 : A S H 0 5 4 2 0  
B C D T 2 :  DO 1=0 T O  3: A S P 4 0 5 4 3 0  

A D R = I N O E X ( C H A R S E T * O P E R A ( I + J J + l )  I: A S M 0 5 4 4 0  
B N U M = U N S P E C (  A C R - 1  I; A S M 0 5 4 5 0  
S U B S T R (  I N S T R * I * 6 + 1 * 6 ) = V A L l ;  A S M 0 5 4 6 0  

E N D  : A S M 0 5 4 7 0  
P N U M = U N S P E C  ( P C )  ; A S M 0 5 4 8 0  
I F  JJ>2 T H E N  C A R D = B L A N K S O ;  - A S M 0 5 4 9 0  
PUT S K I P  E D I T ( P C l * I N S T R O * C A R D )  A S M 0 5 5 0 0  

( 5  F ( l ) * X ( 5 ) . 8  F ( l ) * X ( I ) * A ( 8 0 ) ) :  A S M 0 5 5 1 0  
0 8 - I N S T R :  C A L L  PUNCH:  A S M 0 5 5 2 0  
I F  JJ=2 C O P E R A ( 1 ) > * 4 *  T H E N  DO: JJ=6: P C = P C + l :  A S H 0 5 5 3 0  

G O  T O  B C D T 2 :  E N D :  A S M 0 5 5 4 0  
GO T O  L O O P ;  A S M 0 5 5 5 0  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 5 5 6 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 5 5 7 0  
R E S V :  M = I N D E X ( O F ' E R s '  ' 1: A S 1 4 0 5 5 8 0  

I F  V E R I F Y  ( S U B S T R ( O P E R 9  1 rM-1 I . D I G I T  1-=O T H E N  00: A S M 0 5 5 9 0  
E R R = 4 :  GO T O  O U T P b T :  E N D :  /* E R R 0 4  * /  A S M 0 5 6 0 0  



ADR=SUBSTR(OPER I 1 *M-1 1; A S M 0 5 6 1 0  
N F L G = *  1 ' 6 ;  A S M 0 5 6 2 0  
I F  P F L G  THEN F A C T = 4 ;  E L S E  F A C T = 1 6 ;  . A S # 0 5 6 3 0  
I F  ADR*FACT+OB-PTR < 06-MAX THEN OB-PTR=OB-PTR+ADR*FACT; A S M 0 5 6 4 0  

E L S E  OB_PTR=144 ;  A S M 0 5 6 5 0  
GO TO B I N S T :  A S M 0 5 6 6 0  

/*-----------------~--------------------------------  % .  * / A s h 4 0 5 6 7 0  
/*----------------------d----------------------- * / A S M 0 5 6 8 0  
BOUT:< PC=PC-1; N F L G = @  1 .8 ;  ASM.05690  

P U T  S K I P  € 0 1 1  ( C A R D )  ( C O L ( 2 6 ) r A ( 8 0 ) ) ;  A S M 0 5 7 0 0  
GO T O  ERRCHK; A S M 0 5 7 1 0  

BOUTA: PC=PC-1 ; N F L G = @  1.6; A S H 0 5 7 2 0  
ADR=OCON( OPER)  ; I F  ADR=- 1  T H E N  GO TO OUTPUT; A S M 0 5 7 3 0  
BNUM=UNSPEC ( ADR ; I A S M 0 5 7 4 0  
INSTR=[NSTR(BNUMI; A S M 0 5 7 5 0  
P U T  S K I P  E D I T  ( I NSTRO. CARD)  A S M 0 5 7 6 0  

( X ( 1 0 ) *  8 F ( l ) . X ( 7 ) * A [ 8 0 ) ) ;  A S H 0 5 7 7 0  
GO TO ERECHK; A S M 0 5 7 8 0  

/* ---------------i---------------------------- * / A S M 0 5 7 9 0  

~ * ~ , , ~ - - ~ ~ - ~ - ~ ~ ~ - - ~ ~ ~ - ~ - ~ - - - - ~ - - - - ~ ~ ~ ~  * / A S M 0 5 8 0 0  
AOQG: ADR=OCON(OPER): I F  ADR=-1 Tt4E.N GO TO OUTPUT; PC=O; A S M 0 5 8 1 0  

I F  7 F L G  T H E N  0 6 - P T R = 1 4 4 ;  ASP405820 
N F L G = * l ' B ;  A S M 0 5 8 3 0  

B I N S T  : BNUM=UNSPEC( ADR 1 ; A S M 0 5 8 4 0  
. I N S T R = I N S T R  I (BNUM1 & ADRGNE) ;  A S M 0 5 8 5 0  

OUTPUT : PN:UM=UNSPEC ( P C  ; A S M 0 5 8 6 0  
/* ----------------------------------------------------- * / A S M 0 5 a 7 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A s h 4 0 5 8 8 0  / *  P R I N T  THE INS.TRUCTION.  */ A S H 0 5 8 9 0  
A S M 0 5 9 0 0  

P U T  S K I P  E D I T ( P C 1 .  t N S T R O * C A R D )  A S b l 0 5 9 l O  
(5 F ( l ) . X ( 5 ) * 8  F ( l ) r X ( 7 ) . A ( B O ) ) ;  A S M 0 5 9 2 0  

I F  I=67 THEN PC=PC+ADR-1: A S H 0 5 9 3 0  
I F  I =68  THEN PC=ADR-1: A S M 0 5 9 4 0  
I F  N F L G  THEN GO TO ERRCHK: A S M 0 5 9 5 0  



/ *  ---------_---------------------------------------- * / A S M 0 5 9 6 0  
/* --------------------------------------------- * / A S H 0 5 9 7 0  
/* PUNCH T P E  I N S T R U C T  [ C N ' S  OBJECT  CODE. 9/ A S M 0 5 9 8 0  

A S M 0 5 9 9 0  
O B = I N S T R :  C A L L  PUNCH: A S M 0 6 0 0 0  

ERRCHK: I F  ERR=O THEN GO T O  LOOP; ASMO6O 1 0  

/*--------- ---------- ---------------------- * / A S H 0 6 0 2 0  
/ *  ------------------------------- ------------ * / A S M 0 6 0 3 0  
/ *  P R I N T  ANY ERRORS I N  T H E  I N S T R U C T I O N .  * /  A S M 0 6 0 4 0  

A S M 0 6 0 5 0  
P U T  S K I P ( 2 )  E D I T  ( E R R T A B ( E R R ) ) ( A ( 2 0 ) ) ;  A S M 0 6 0 6 0  
ERRCTR=ERRCTR+ l  : . A S M 0 6 0 7 0  
ERRLC NE (ERRCTR)  =PC+ADR: A S M 0 6 0 8 0  
GO T O  LOOP; A S M 0 6 0 9 0  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 6 1 0 0  
. / * - - - - - - - - - - - - - - - , , - - - , - , - - - - - - - - - - - - - - - - - -  */ASP4061 1 0  
COUTPT:  P U T  S K I P  E D I T  ( C A R D )  ( X ( 2 5 ) r A ( 8 0 ) ) ;  A S M 0 6 1 2 0  

PC=PC-1:  A S M 0 6 1 3 0  
GO T O  LOOP: A S M 0 6 1 4 0  

/*------------------------------------------------- * /Ask4061  5 0  
/ * - - - - - - - - - -~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / A S M 0 6 1 6 0  
F I N I :  C L O S E  F I L E  (PROG) ;  A S M 0 6  1 7 0  

I F  -ENDFLG T H E N  DO; A S M O 6 1 8 0  
OB_PTR=144 :  E N D F L G = * l * B ;  E F L G = w l w B ;  A S M 0 6 1 9 0  
C A L L  PUNCH: C A L L  SEQ; A S M 0 6 2 0 0  
P U T  S K I P  E D I T ( ' * * * E N D  STATEMENT MISSING.. END G E N E R A T E D e )  ( A ) ;  A S M 0 6 2 1 0  
END ; A S M 0 6 2 2 0  

P U T  S K I P  E D I T  ( 'DONEe  ( A ) ;  A S M 0 6 2 3 0  

/*---------,----,------------,--------------- * / A S N O 6 2 4 0  / *  ----------------------------------------------------- l t / A S M 0 6 2 5 0  

/ *  P R I N T  THE NUMBER OF  ERRORS AND WHERE EACH OCCURRED. */ A S M 0 6 2 6 0  
A S M 0 6 2 7 0  

P U T  S K I P  ( 4 )  E D I T  A S M 0 6 2 8 0  
( ' T H E R E  ARE @*ERRCTR..ERRORS I N  T H I S  L I S T I N G e )  A S M 0 6 2 9 0  
( C O L ( l O ) * A ( l O )  r F C 4 ) . X ( 2 ) * A ( 2 2 ) ) ;  A S M 0 6 3 0 0  



DO - I =  1  T O  ERRCTR : A S M 0 6 3 L O  
P N U M = U N S P E C ( E R R L I N E (  I )  1: . . A S M 0 6 3 2 0  
P U T  S K I P  E D I T ( * A D D R E S S W . P C 1 ) .  < C Q L ( I O ) * A ( 7 ) * X ( 2 ) r 5  F ( 1 ) ) ;  END; 

i.:. - A S H 0 6 3 3 0  
' -END P A S S 2 :  A S M 0 6 3 4 G  
CLOSE F I L E  ( S O R T 1  N  : A S M 0 6 3 5 0  

- / *  I F  A CROSS-REFERENCE T A B L E  I S  DES IRED.  P U T  THE SYMBOL T A B L E  A S M 0 6 3 8 0  
O N  F I L E  ( S Y M X ) .  */ A S M 0 6 3 9 0  

A S H 0 6 4 0 0  
I F  PARM=*XREFS.  THEM D O  1=1  TO SP: A S M 0 6 4 1 0  

X T E M P = S Y M ( I ) :  A S M 0 6 4 2 0  
W R I T E  F I L E  ( S Y M X )  FROM ( X T E M P )  ; A S M 0 6 4 3 0  

END; A S M 0 6 4 4 0  

END ASM: A S M 0 6 4 5 0  



Var iab le  Dic t ionary  f o r  ASM 

A - a  s t r u c t u r e  used t o  c r e a t e  t h e  f i l e  SORTIN. A con ta ins  
t h e  .name of an i d e n t i f i e r  and an  address  of 
r e f e rence  f o r  i t .  Element NN con ta ins  t h e  name of t h e  
i d e n t i f i e r .  ADDRl con ta ins  t h e  address  of r e f e rence .  and 

8 -  

FILLER i s  unused space necessary t o  make A 18 b y t e s  long, 
which i s  t h e  minimum reco rd  l eng th  f o r  IHESRTA. 

ADCON - con ta ins  an address  cons t an t  given i n  t h e  operand f i e l d  
. of an i n s t r u c t i o n .  

ADDR - s e e  SYM. 

ADDRl - s e e  A. 

ADR - an address  used i n  gene ra t ing  t h e  o b j e c t  code. 

ADRl - t h e  f i xed  b ina ry  equ iva l en t  of ADCON. 

ADRONE - t h e  b i t  s t r i n g  cons t an t  ('000000000011111111111111'B). 

AND - t he  t e n  c h a r a c t e r  operand f i e l d  of.  an i n s t r u c t i o n .  

B - a r r a y  of 160 8 - b i t  s t r i n g s  r ep re sen t ing  t h e  o b j e c t  code t o  
be punched on ca rds .  

BLANK - s t r i n g  of 10  b lanks .  

BLANK50 - s t r i n g  of 50 b lanks .  

BLNK - s t r i n g  of 8 b i t s  which con ta ins  column-binary code t o  be 
t r a n s f e r r e d  t o  an element i n  B (one of B(12) through B(19)).  

BLNKl - t h e  l a s t  6  b i t s  of BLNK. 

BNUM - 3 2 - ' b i t . s t r i n g  which con ta ins  t h e  b i t - s t r i n g  r e p r e s e n t a t i o n  
o f '  t h e  address  of d e c l a r a t i o n  of an. i d e n t i f i e r .  

BNUMl - t h e  l a s t  24 b i t s  of BNUM. 

BNUMB - t h e  f i r s t  c h a r a c t e r  of t h e  operand of an i n s t r u c t i o n .  

CARD - s e e  INST. 

CARDL - t h e  10 c h a r a c t e r  s t r i n g  conta in ing  t h e  number t o  be converted 
t o  o c t a l  by OCON. 

I 

CB - t h e  output  f i l e  which r e c e i v e s  t he  generated o b j e c t  code. 
I 
I 
I 



CHA - t h e  formal parameter ( c h a r a c t e r  s t r i n g )  f o r  OCON. 

CHARSET - t he  a r r a y  of c h a r a c t e r s  allowed by the  SDS-910 assembler 
language. 

CHR - CBL - an a r r a y  of 64 8 - b i t  s t r i n g s  r e p r e s e n t i n g  t h e  allowed 
/ c h a r a c t e r s .  The f i r s t  two b i t s  of each element a r e  0, and 

t h e  l a s t  6  a r e  t h e  f i r s t  h a l f  of the  H o l l e r i t h  r e p r e s e n t a t i o n  
of t h e  c h a r a c t e r .  

CHR - CBR - an a r r a y  of 64 8 - b i t  s t r i n g s  r e p r e s e n t i n g  t h e  allowed c h a r a c t e r s .  
The f i r s t  two b i t s  of each element a r e  0, and t h e  l a s t  6  a r e  t h e  l a s t  
h a l f  of t h e  H o l l e r i t h  r e p r e s e n t a t i o n  of t h e  c h a r a c t e r .  

CODE - a r r a y  of nine l a b e l s ,  each r e f e r r i n g  t o  a  s e c t i o n  of  code 
t o  handle t h e  occurrence of a  macro corresponding t o  t h e  
l a b e l  name. NUN, CODE (9) ,  corr'esponds t o  t h e  absence o r  
completion of a  macro. 

COM - t h e  f i r s t  c h a r a c t e r  of an  i n s t r u c t i o n .  

CONST - t h e  name of an i d e n t i f i e r  i n  t h e  operand of  an i n s t r u c t i o n .  

DIGIT - t h e  c h a r a c t e r  s t r i n g  '0123456789'. 

DUMMY - t h e  p a r t  o f  an operand preceding a  comma. 

EFLG - a b i t  t h a t  i s  s e t  t o  '1' when t h e  operand of an END 
s ta tement  ' i s  b lank .  

ENDFLG - a b i t  t h a t  i s  s e t  t o  '1' when t h e  END'statement i s  encountered. 

ERR - see  INST. 

.ERRCRT - a counter  of t h e  number of e r r o r s  i n  t h e  assembler  ianguage 
program. 

ERRLINE - an  a r r a y  con ta in ing  t h e  addresses  of s ta tements  i n  which 
e r r o r s  occurred .  

ERRTAB - a n  a r r a y  con ta in ing  d i a g n o s t i c  messages f o r  e r r o r s .  

FACT - a m u l t i p l i e r  f o r  determining va lues  of OB PTR,.4 when us ing  
column-binary code and 16 when us ing  ~ o l l e r i t h  o b j e c t  code. 

FILLER - see  A .  

FIVFOR - t h e  b i t  s t r i n g  '101100101100101100101100' which i s  used t o  
i n d i c a t e  t h e  end of a  program. 



FLG - a  b i t  t h a t  i s  '1' u n t i l  PUNCH i s  c a l l e d ,  then  i s  r e s e t  t o  ' 0 ' .  

FWD - t h e  b i t  s t r i n g  'OOOOOOOOOOOOOOOllOOOOOOO'. 

I - a  counter  f o r  DO s t a t emen t s  and o t h e r  loops .  

I A  - t h e  address  of  d e c l a r a t i o n  of an i d e n t i f i e r  found i n  SEARCH. 

IADR - t h e  decimal equ iva l en t  t o  t h e  o c t a l  argument of  OCON. 

I B  - counter  used t o  r e i n i t i a l i z e  B t o  '000 . . .  0 ' .  

I C  - t h e  p o s i t i o n  of  t h e  f i r s t  comma ( o r  b lank)  i n  t h e  operand 
f i e l d  of  an i n s t r u c t i o n .  

ID - a  coun te r  f o r  DO s t a t emen t s .  

I1 - t h e  p o s i t i o n  of  t h e  f i r s t , e l e m e n t  i n  a  s u b l i s t  o f  t h e  
symbul t a b l e .  

IJ - i n d i c a t e s  t h e  midpoint  p o s i t i o n  i n  a  l i s t  t o  be s o r t e d .  

IL - an a r r a y  of  s i z e  11 con ta in ing  t h e  p o s i t i o n s  of  t h e  f i r s t  
e lements  of s u b l i s t s  t o  be s o r t e d .  

I M  - t h e  p o s i t i o n  of  t h e  f i r s t  ' - '  i n  t h e  operand f i e l d  of . . an 
i n s t r u c t  ion .  

INDIRECT - t h e  b i t  s t r i n g  '000000000100000000000000'. 

INST - a  s t r u c t u r e  con ta in ing  CARD, an 80 c h a r a c t e r  i n s t r u c t i o n  
from the  program t o  be assembled; and - ERR, .which con ta in s  an 
i n t e g e r  i n d i c a t i n g  t h e  type  of e r r o r  t h a t  occur red  i n  t h e  
s ta tement  (0, i f  no e r r o r ) .  

INSTR - t h e  o b j e c t  code t r a n s l a t i o n  of  an  i n s t r u c t i o n .  . ' 

INSTRO - a r r a y  of  t h e  8  3 - b i t  segments of  INSTR. " 

IOP - a r r a y  of 7 3 - cha rac t e r  input -output  o p e r a t o r s .  
. ~ .  ( 

IOP2 - a r r a y  of  t h e  7 o b j e c t  code b i t  s t r i n g s  corresponding t o  
t h e  elements  of  IOP. 

I B  - t h e  p o s i t i o n  of t h e  f i r s t  '+I  i n  t h e  operand f i e l d  of an 
i n s t r u c t i o n .  



I U  - an a r r a y  of s i z e  11 con ta in ing  t h e  p o s i t i o n s  of t he  l a s t  
e lements  of s u b l i s t s  t o  be s o r t e d .  

J - t h e  p o s i t i o n  of t h e  l a s t  element i n  a  s u b l i s t  of t h e  symbol 
t a b l e .  

JJ - an i n t e g e r  used t o  c r e a t e  code f o r  t h e  macro BCD. 

K - an i n d i c a t o r  of t h e  p o s i t i o n  of  an element i n  t h e  symbol 
t a b l e  a s  i t  i s  s o r t e d .  

JCK - i n d i c a t e s  which element 'of t h e  H o l l e r i t h  r e p r e s e n t a t i o n  of  
t he  c h a r a c t e r  s e t  i s  t o  be p u t  i n  a  column of a  card .  

L  - an i n d i c a t o r  of t h e  p o s i t i o n  of an  element i n  t h e  symbol 
t a b l e  a s  it i s  so r t ed .  

LL - counter  f o r  a  DO s ta tement .  

LAB - t h e  l a b e l  f i e l d  of an i n s t r u c t i o n  ( f i r s t ' s i x  c h a r a c t e r s ) .  

LABL - a  formal parameter of SEARCH, t h e  i d e n t i f i e r  whose address  
I of d e c l a r a t i o n  i s  being sought .  

LLIMIT - . t he  lower bound of t he  a r e a  of t h e  symbol t a b l e  being 
searched f o r  an i d e n t i f i e r .  

LOC - t h e  f i r s t  s i x  c h a r a c t e r s  of an i n s t r u c t i o n .  

M - t h e  p o s i t i o n  of t h e  f i r s t  blank ( o r  comma) i n  a  spec i f ied  f i e l d  
of an i n s t r u c t i o n .  

MM - i n d i c a t e s  which s u b l i s t  o f  t h e  symbol t a b l e  i s  c u r r e n t l y  being 
c r e a t e d  o r  s o r t e d .  

N - t he  p o s i t i o n  of an element of t h e  symbol t a b l e  being compared 
t o  t he  argument o f '  SEARCH. 

N 1  - t h e  va lue  of  an o c t a l  d i g i t  i n  t h e  operand f i e l d  of a n  i n s t r u c t i o n .  

N2 - t h e  p o s i t i o n  of  t h e  f i r s t  blank i n . t h e o p e r a n d  f i e l d  of  an 
i n s t r u c t i o n .  

NAM - see  SYM. 

NFLG - a  b i t  t h a t  i s  '1' i f  t h e  c u r r e n t  i n s t r u c t i o n  ( involv ing  a  
macro) i s  t o  be punched on t h e  o b j e c t  deck. 



NN - see  A.  

OB - s t o r e s  t h e  address  and i n s t r u c t i o n  t o  be punched on t h e  
o b j e c t  deck. 

OB3. - a r r a y  of the 8 . 3 -b i t  segments of OB. 

OB6 - a r r a y  of t he  4  6 - b i t  segments of OB.  

OB - MAX - 144, t h e  f i r s t  p o s i t i o n  of B t h a t  cannot con ta in  information 
from OB. 

'OB - PTR - ind ica tes  t h e  element of B t h a t  t h e  c u r r e n t  o b j e c t  c o d e . i s  
t o  be s t o r e d  i n .  

ONUM - t h e  32 -b i t  s t r i n g  of code f o r  a  temporary ope ra to r .  

V ONUMl - t h e  l a s t  24 b i t s  of  ONUM. 

OP - t h e  f i r s t  four  c h a r a c t e r s  of t h e  ope ra to r  of an  i n s t r u c t i o n .  

@A - a .  72 element a r r a y  of t h e  f i r s t  t h r e e  l e t t e r s  of t h e  
p o s s i b l e  operators . .  

OPB - an a r r a y  of t h e  9 - b i t  o b j e c t  codes corresponding t o  t h e  f i r s t  
31  elements of .  OPA. 

.OPB2 - an a r r a y  of t he  24-b i t  o b j e c t  codes corresponding t o  elements 
32 through 61 of OPA. 

\ 
OPC - t h e  f i r s t  fou r  c h a r a c t e r s  of t h e  ope ra to r  of an  i n s t r u c t i o n .  

OPCl - a r r a y  of t h e  8 4-charac te r  macro o p e r a t o r s .  

i 
OPCODE - rhe f i r s t  t h r e e  c h a r a c t e r s  of t h e  ope ra to r  of an i n s t r u c t i o n .  

OPER - t h e  f i r s t  t e n , c h a r a c t e r s  of t he  operand f i e l d  of an i n s t r u c t i o n .  

OPERl - t h e  f i r s t  s i x  c h a r a c t e r s  of  t h e  operand f i e l d  of  an i n s t r u c t i o n .  
I 

OPERA - an a r r a y  of t h e  f i r s t  t e n  c h a r a c t e r s  of t h e  operand f i e l d .  

OPL - an  a r r a y  of 11 l a b e l s  used t o  d i c t a t e  branching when c e r t a i n  
o p e r a t o r s  a r e  encountered.  

OPR - an a r r a y  of t h e  t e n  c h a r a c t e r s  o f .  CARDI. 

OVRF - t h e  b i t  s t r i n g  ~~OOOOOOOOOOOOOOOOOOOOO~O' . 



'PARM - t h e  f i r s t  f i v e  c h a r a c t e r s  of the  f i r s t  card  of t h e  assembly- 
language deck. I f  PARM='XREF ' a c r o s s - r e f e r e n c e  l i s t i n g  w i l l  
be p r i n t e d .  

PC - a counter  which g ives  t h e  address  of t h e  c u r r e n t  i n s t r u c t i o n .  ' 

I .  ., PC1 - an a r r a y  of t he  l a s t  f i v e  3 - b i t  segments of PNUM. 

I PCA - a formal parameter of SEARCH which i s  an  address  of r e f e rence  
f o r  t h e  i d e n t i f i e r  whose address  of d e c l a r a t i o n  i s  being sought.  

I 

PCB - a counter  from which t h e  addresses  of d e c l a r a t i o n  f o r  t h e  symbol' 
t a b l e  a r e  taken .  

I 

t 
PFLG - a b i t  t h a t  i s  ' 1 ' " i f  t h e  o b j e c t  code i s  t o  be i n  column-binary 

I form and ' 0 '  i f  t h e  o b j e c t  code i s  t o  be i n  H o l l e r i t h  form. 

I 
! 

PNAME - t he  name of t h e  assembler language program. 

PNUM - t h e  32-b i t  s t r i n g  r e p r e s e n t a t i o n  of t h e  address  of t h e  
c u r r e n t  i n s t r u c t i o n .  

PROG - an e x t e r n a l  f i l e  on which t h e  i n s t r u c t i o n s  a r e  w r i t t e n  
dur ing  t h e  f i r s t  'pass of t h e  assembler and from which they  a r e  
read dur ing  the  second pass .  

SEQ - NO - a counter  used f o r  p u t t i n g  sequence numbers on t h e  punched 
o b j e c t  deck. 

SORTIN - an e x t e r n a l  f i l e , w h i c h  con ta ins  t h e  l i s t  of i d e n t i f i e r s  
and a l l  t h e i r  addresses  o f . r e f e r e n c e ;  i t  i s  used when a  
c ros s - r e fe rence  l i s t i n g  i s  reques ted .  

SP - a counter  f o r  the,nurnber of d e c l a r a t i o n s  of i d e n t i f i e r s  
I 
i encountered.  

! 
I - SW - a b i t  t h a t  i s  '1' i f  a  new i d e n t i f i e r  i s  being added t o  t h e  
i symbol t a b l e  and ' 0 '  o therwise .  ,, .. . . 
! 

SW1 - . a  b i t  t h a t  i s  '1' i f  comparisons a g a i n s t  t h e  top  element of 
a  l i s t  a r e  necessary dur ing  a  p a r t i c u l a r  phase of s o r t i n g .  

SYM - an a r r a y  of 400 s t r u c t u r e s  which con ta ins  t h e  symbol t a b l e  
of t h e  progr&n. con ta ins  t he  name of an i d e n t i f i e r  and 
ADDR con ta ins  t h e  address  of d e c l a r a t i o n  of t h e  i d e n t i f i e r .  - . . 

I 

1 ,SYMX - an  exter 'nal f i l e  t h a t  passes  t h e  symbol t a b l e  t o  t h e  program 
i 
I t h a t  gene ra t e s  a c ros s - r e fe rence  l i s t i n g .  
1 
I 
I 



T - a  s t r u c t u r e  used a s  temporary s t o r a g e  f o r  an element of t h e  
symbol t a b l e  whi le  i t  i s  being s o r t e d  i n t o  a l p h a b e t i c a l  o rde r .  
TN con ta in s  t h e  name o f  t h e  i d e n t i f i e r ,  and TA con ta in s  i t s  - - 
address  of  d e c l a r a t i o n .  

TA - see  T. 

TCODE - s e e  TOPER. 

TEMP - a  24-b i t  s t r i n g  t h a t  t emporar i ly  s t o r e s  an  o b j e c t  code 
i n s t r u c t i o n  whi le  i t s  add re s s  i s  being pu t  i n t o  a r r a y  B. 

TMAX - see  TOPER. 

'IMP - t h e  o c t a l  equ iva l en t  of  t h e  address  i n  an AORG s ta tement .  
It i s  used- t o  update  t h e  l o c a t i o n  coun te r .  

TN - s e e  T .  

TOP - s e e  TOPER. 

TOPC - con ta in s  t h e  name of  a  temporary o r  i l l e g a l  o p e r a t o r .  

TOPER - a  s t r u c t u r e  which con ta in s  in format ion  about temporary 
o p e r a t o r s .  TCODE i s  an a r r a y  of  30 24 -b i t  s t r i n g s  which 
r e p r e s e n t  t h e  o b j e c t  code f o r  t h e  temporary o p e r a t o r s .  
TMAX i s  t h e  number of temporary o p e r a t o r s  i n  t h e  program. 
TOP i s  an  a r r a y  of t h e  names ass igned  t o  t h e  temporary - 
o p e r a t o r s .  

TT - a  s t r u c t u r e  used a s  temporary s t o r a g e  f o r  an element of  t h e  
symbol t a b l e  whi le  i t  i s  being s o r t e d . i n t o  a l p h a b e t i c a l  o rde r .  
TTN con ta in s  t h e  name of an i d e n t i f i e r ,  and TTA c o n t a i n s  i t s  - - 
address  of d e c l a r a t i o n .  

TTA - see  TT. 

TTN - s e e  TT. , ... 

ULIMIT - t h e  upper bound on t h e  a r e a  of  t h e  symbol t a b l e  being 
s e a r c h e d - f o r  an  element du r ing  SEARCH. 

VAL1 - t h e  l a s t  s i x  b i t s  o f  BNUM. 

X - t h e  b i t  s t r i n g  '0100000000000000000000000'. 

XADDR - sec XTEMP. 

XNAM - s e e  XTEMP . 



XTEMP - a structure used to transfer the symbol'table into the 
file SYMX. XNAM contains the name of- an identifier and 
XADDR contains its address of declaration. 

j ZERO15 - the bit-string '000000000000000'. 
ZERO24 -.the bit-string '000000000000000000000000'. 



Method of So lu t ion  f o r  XREF 

IHESRTA, the  PL/I  i n t e r f a c e  t o  IBM'S sort-merge program i s  

used t o  put  t he  ordered p a i r s  of i d e n t i f i e r  names and addres ses  of  

r e f e rence  i n t o  a l p h a b e t i c a l  o r d e r  according t o  t h e  i d e n t i f i e r  names. 

E n t r i e s  with the  same i d e n t i f i e r  name a r e  ordered numerical ly  

according t o  t h e  address  of r e f e r e n c e .  The e x t e r n a l  f i l e  SORTIN, 

which i s  cons t ruc ted  i n  ASM i s  used a s  input  t o  IHESRTA. 

The symbol t a b l e  i s  a l s o  cons t ruc t ed  i n  ASM and i s  t r a n s f e r r e d  

t o  XREF by t h e  e x t e r n a l  f i l e  SYMX. Each element of t he  symbol t a b l e  

i s  p r i n t e d  along wi th  i t s  address  of d e c l a r a t i o n .  The i d e n t i f i e r  

name i s  compared wi th  t h e  name f i e l d  of the address  of r e f e rence  

ordered p a i r s  and the  addresses  of r e f e rence  pa i r ed  w i t h . a n  

i d e n t i f i e r  name a r e  then, p r i n t e d  a long  wi th  i t .  



START 0 
t 

SORT THE LIST 
OF IDENTIFIERS 
AND CORRESPONDINB 
ADDRESSES OF 
REFERENCE 

I 

1 PRINT THE ADDRESS I 1 Of DECLARATION, NAME, 1 
1 AND ADDRESSES OF I 
I REFERENCE FOR EACH I 
( IDENTIFIER I 

FLOWCHART FOR XREF THE SDS-910 
CROSS-REFERENCE LISTING PROGRAM 



Source Listing f o r  XREF 
. . 

XREF: PROC OPTICNS ( M A I N ) :  
/ *  SORTS ORDERED P A I R S  SO THEY CAN BE L I S T E D .  *I 

D C L  1 SYM. 
2  NAM C H A R ( 6 ) r  
2 ADDR F I X E D  B I h ;  

D C L  FNUM B I T  ( 3 2 )  S T A T I C ;  
DCL P C l ( 5 )  B I T ( 3 )  DEF PNUM P O S ( 2 ) ;  

DCL P N U M l  B I T  ( 3 2 )  S T A T I C ;  
DCL P C 2 ( 5 )  B I T ( 3 )  DEF PNUMl  P O S I T I O N (  1 8 ) :  
DCL I H E S R T A  E N T R Y ( C H A R ( 3 3 ) , C H P R ( 2 7 ) * F I X E D  B I N  ( 3 1 . 0 ) .  

F I X E D  B I N  ( 3 1  9 0 ) )  QETURN-CODE F I X E D  B I N ( 3 1 . 0 ) ;  

DCL 1 A *  
2  NN C H A R ( 6 ) r  
2  AODRl  F I X E D  B I N  ( 3 1 . 0 ) r  
2 F I L L E R  ( 4 )  F I X E D  B I N  < 1 5 * 0 ) ;  

DCL K F I X E D  B I N ;  
DCL J B I T ( 1 )  I N I T ( ' 0 ' B ) :  

XREFOOIO 
X R E F 0 0 2 0  
X R E F 0 0 3 0  
X R E F 0 0 4 0  
X R E F 0 0 5 0  
X R E F 0 0 6 0  
X R E F 0 0 7 0  
X R E F 0 0 8 0  
X R E F 0 0 9 0  
XREFOIOO 
X R E F O l l O  
XREFO 1 2 0  
X R E F 0 1 3 0  
XR EFO 1 4 0  
XREFOISO 
XREFO 1 6 0  
XREFO170 

ON E N D F I L E  (SYHX)  GO TO ENDSORT; XREFO 1 8 0  w m 
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  */XREFO 1 9 0  
/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / X R E F 0 2 0 0  / *  SORT THE L I S T  OF I D E N T I F I E R S  AND CORRESPONDING ADDRESSES OF X R E F 0 2  1 0  

REFERENCE. */ X R E F 0 2 2 0  
X R E F 0 2 3 0  

C A L L  I H E S R T A (  ' SORT F I E L D S = (  1 * 6 3 C H * A s 7 r Q * F I  * A 1  ' r X R E F 0 2 4 0  
' RECORD TYPE=F,LENGTH=( 1 8 )  ' 4 0 0 0 -  RETURN-CODE) ; X R E F 0 2 5 0  

I F  RETURN_CODE=16 T H E h  DC: XREFO 2 6 0  
PUT S K I P  E D I T  ( 'SORT F A I L E D ' )  ( A ) :  X R E F 0 2 7 0  

GO TO ENDSORT; END; X R E F 0 2 8 0  
ON E N D F I L E  (SORTOUT) GO TO T E S T I ;  X R E F 0 2 9 0  
PUT PAGE E D I T ( * C R O S S  REFERENCE L I S T I N G ' )  ( A ) :  X R E F 0 3 0 0  

/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * / X R E F 0 3 1 0  
/*----------------------- ------------------------ * / X R E F 0 3 2 0  
/ * P R I N T  THE ADDRESS OF DECLARATION. NAME. AND ADDRESSES OF X R E F 0 3 3 0  

REFERENCE FOR EACH IDENT I F I E R  . * /  X R E F 0 3 4 0  
X R E F 0 3 5 0  



R E A D  F I L E  ( S Y M X )  I N T O  ( S Y M ) :  
L O O P :  R E A D  F I L E  ( S O R T O U T )  I N T O  ( A ) :  

P N U M l = U N S P E C (  A. ADDR 1)  : 
L O O P E R :  P N U M = U N S P E C (  S Y M - A D D R  : 

D O  W H I L E  (NN>SYPn.hAM): 
I F  -vJ T H E N  

PUT S K I P ( 2 )  E D I T  ( P C l r S Y M m N A M )  
( 5  F ( 1  ) * X ( 3 ) * A ( 6 ) r X ( 4 ) ) :  

J=*O.B;  
R E A D  F ILE  ( S Y M X )  I h T O  ( S Y M ) :  
P N U M F U N S P E C ( S Y M . A D D R ) ;  
E N D :  
P N U M = U N S P E C (  SYM. A D C R ) :  
I F  NN=SYM.NAM T H E N  DO: 
I F  -J T H E N  DO: 

/* P R I N T  N A M E  F I R S T  */  
P U T  S K I P ( 2 )  E D I T ( P C l * S Y M o N A # * P C 2 )  ( 5  F ( l  ) * X ( 3 3 * A ( 6 ) . X ( 4 ) . 5  F( 1 ) ) :  

K = l ;  

J = e l ' B ;  GO T O  L O O P :  END;  
K = K + l  ; 
I F  MGD(K  *17)=1 T H E N  DC: 

P U T  E D I T  f a * ' )  ( A ( 1 ) ) :  
P U T  S K I P  E D I T  ( P C 2 1  ( C O L U M N ( 1 9 ) r S  F ( 1 ) ) :  
G O  T O  L O O P :  

E N D ;  
P U T  E D I T ( ' r ' * P C 2 )  t A ( 1 1 . 5  F ( 1 ) ) ;  G O  TO L O O P :  END:  
/ *  I G N O R E  R E C O R D *  S Y N T A X  E R R O R  R E C O R D  * /  

GO T O  LOOP: 

X R E F 0 3 6 0  
X R E F . 0 3 7 0  
X R E F 0 3 8 0  
X R E F 0 3 9 0  
X R E F 0 4 0 0  
X R E F O 4 l O  
X R E F 0 4 2 0  
X R E F 0 4 3 0  
X R E F 0 4 4 0  
X R E F 0 4 5 0  
X R E F 0 4 6 0  
X R E F 0 4 7 0  
X R E F 0 4 8 0  
X R E F 0 4 9 0  
X R E F 0 5 0 0  
X R E F 0 5 1 0  
X R E F 0 5 2 0  
X R E F 0 5 3 0  
X R E F O ~ ~ O  
X R E F 0 5 5 0  
X R E F 0 5 6 0  
X R E F 0 5 7 0  
X R E F  0580 
X R E F 0 5 9 0  
X R E F O 6 O O  
X R E F O 6 l O  
X R E F 0 6 2 0  
X R E F 0 6 3 0  

T E S T 1  : X R E F 0 6 6 0  
D O  W H I L E  ( ' 1 ' 8 ) ;  X R E F 0 6 7 0  

R E A D  F I L E  ( S Y M X )  I N T O  ( S Y M ) :  X R E F 0 6 8 0  
P N U M = U N S P E C <  SYM. A D D R )  : X R E F  0690 

P U T  S K I P (  2 )  E D I T ( P C 1 , S Y M c N A M )  ( 5  F(  l I . X ( 3 ) * A ( 6 ) ) :  X R E F 0 7 0 0  



END; 
ENDSORT: EN0 XREF:  



Variab le  Dic t ionarv  f o r  XREF 

A - a  s t r u c t u r e  t h a t  r e c e i v e s  elements from the  s o r t e d  l i s t  of 
i d e n t i f i e r s  and t h e i r  addresses  of r e f e r e n c e .  con ta ins  t h e  
name of t h e  i d e n t i f i e r ,  ADDRl con ta ins  an  address  of re ference ,  
and FILLER i s  unused space necessary  t o  make A 18 by te s  long 
which corresponds t o  t h e  l eng th  of r eco rds  i n  t h e  f i l e  SORTOUT. 

1 .  ADDR - s e e  SYM. 
I 

I ADDRl - see  A .  

FILLER - see  A.  

J - a  b i t  t h a t  i s  '1' i f  t h e ' i d e n t i f i e r ' s  name has  a l r e a d y  been 
p r i n t e d  and i s  ' 0 '  o therwise .  

K - a  counter  t h a t  determines when a  p r i n t e d  l i n e  i s  f i l l e d  
(17 addres ses ) .  

NAM - see  SYM. . . 

NN - see  A.  

PC1 - an a r r a y  of t h e  f i v e  d i g i t s  o f . t h e  address  of d e c l a r a t i o n  
of an i d e n t i f i e r .  

PC2 - an a r r a y  of the  f i v e  d i g i t s  of an  address  of ' r e f e rence  of 
an i d e n t i f i e r .  ' 

PNUM - a  32 -b i t  s t r i n g  con ta in ing  t h e  address  of d e c l a r a t i o n  of 
an  i d e n t i f i e r .  

RETURN CODE - a n  a c t u a l  parameter  r e t u r n e d ' b y  IHESRTA, t h e  b u i l t - i n  
P ~ / I  i n t e r f a c e  wi th  IBM'S sort-merge program. RETURN - CODE=O 
i f '  t h e  s o r t  worked and 16 i f  t h e  s o r t . f a i l e d .  

SORTOUT - t h e  a l p h a b e t i c a l l y  and numerical ly  s o r t e d  l i s t  of i d e n t i f i e r s  
and t h e i r ,  corresponding addresses  of r e f e r e n c e  which i s  generated 
by IHESRTA. SORTOUT i s  an  e x t e r n a l  f i l e .  

SYM - a  s t r u c t u r e  t h a t  con ta ins  a n  en t ry . . o f  t h e  symbol t a b l e .  
con ta ins  t h e  name of an i d e n t i f i e r  and ADDR con ta ins  i t s  address  
of d e c l a r a t i o n .  , 

SYMX - an  e x t e r n a l  f i l e  used t o  pass  t he  symbol t a b l e  from ASM t o  XREF. 



Appendix A 

Usage 

Accessing t h e  cross-assembler  r e f e rence  gene ra t ing  package 

r e q u i r e s  on ly  t h r e e  c o n t r o l  c a r d s .  I f  t h e  use  of t h e  r e f e r e n c e  

gene ra t ing  r o u t i n e  i s  not  des i r ed ,  t h e  J O B  card must be followed 

by these  two JCL cards :  

/ /SI  EXEC SDSASM 
//ASM.SYSIN DD * 

and the  next  ca rd  must con ta in  a blank i n  the  f i r s t  column i f  

H o l l e r i t h  format punched o b j e c t  code i s  des i r ed ,  o r  any cha rac t e r  

i n '  t he  f i r s t  column i f  column-binary format punched o b j e c t  code 
I 

i s  d e s i r e d . .  Columns s i x  through e i g h t y  a r e  reserved  f o r  t h e  

program's name. This  card i s  followed by t h e  program t o  be assembled. 

The c o n t r o l  c a r d s  necessary  i f  t h e  u se  of t h e  r e f e rence  gene ra t ing  

r o u t i n e  i s  d e s i r e d  a r e  s i m i l a r .  ~ o l l o w i n g  t h e  JOB card  must be: 

/ / S 1 EXEC' SDSXREF 
//ASM.SYSIN DD ;k 

and the  next  card  must con ta in  XREF i n  t h e  f i r s t  f o u r  coXumns. Again, 

columns s9x through e i g h t y  o f . t h i s  card  a r e  reserved  f o r  t h e  program's 

name. The assembler language program, is  placed after ch i s  card. 

The f i r s t  p a r t  o f  t h e  output  of t h i s  package i s  a l i s t  of 

mu l t ip ly  de f ined  l a b e l s  ' (.if a&). . This  i s  immediately £01 lowed by 

. . 
t h e  l i s t i n g  o f .  t he  source program. Each,  l i n e  of t h i s  l i s t i n g  con ta ins  

t h e  address  of t h e  i n s t r u c t i o n ,  t h e  o c t a l  o b j e c t  code f o r  t h e  

i n s t r u c t i o n ,  and t h e  assembler language source  i n s t r u c t i o n  i t s e l f .  



Error messages' appear under the instruction in which the assembler 

detected the error(s). These are marked by three asterisks, The 

source listing of the program is followed by a statement of the 

number of errors in the program and a list of the addresses at which 

: these errors occurred. . .. 

If the cross-reierence listing is requested, . . the next page wil.1 

contain messages .generated by IHESRTA. For more information see 

189-205 of the IBM System/360 Operating System PL/I (F) 

Programmer's Guide. These messages are followed by a blank page 

and the cross-reference listing itself. Each entry first contains 

the address of declaration of the identifier, followed by the 

identifiers name, and then a list of the addresses at which the . . 

identifier is referenced. 



Sample Results 

9*+MULT I P L Y  D E F I N E D  LABEL Z 
* 
* T H I S  RCUTINE ILLUSTRATES.  T-HE USE O F  THE SDS 910 ASSEMBLER. 

* * * I L L E G A L  OCT NUM 
00003 07600000 

X  X  O C t  
Y OCT 
Z ' OC T 

LDA X X  ; 

**+M I SS I NG LABEL 
00004 041 00000 . BRX *-4 
00000 00005450 AORG 5450 

. - 05450 01 3-0,0000 POT CCC. 
. . 

+%*MISSING LABEL 
05451 07500001 
05452 01400002 
05453 00232301 - ' 

05454 . 00000000 

W N E  

, LOB 
ETR 

Z  EOM 
X Y Z  

BRM 
SYS OCT 

END 

8 

SYS , 

20347001 

THERE ARE 4 ERRORS. I N  T H I S  L I S T I N G  
AD'DRESS , ooooi 
ADDRESS 00003, ' 

ADDRESS 05450 
ADDRESS 05454 



CROSS REFERENCE L (STING 

05456 SYS 05455 

00000 X X  00003 



Appendix B 

Extension t o  another  ~ s s e m b l ~  Language 

Wfth c e r t a i n  changes, t h i s  package could be used t o  assemble 

programs w r i t t e n  i n  o t h e r  assembly languages. I n  t h e  main procedure 

ASM i t  would be necessary  t o  change t h e  d e f i n i t i o n s  of some v a r i a b l e s  

t o  r e f s e c t  t h e  assembly language ' s  format f o r  t h e  c a r d s  conta in ing  

t h e  source  program. The l eng ths  of t h e  v a r i a b l e s  t h a t  con ta in  . a l l  o r  

p a r t  of t h e  o b j e c t  code would a l s o  have t o  be changed t o  correspond 

t o  t h e  word l eng th  of t h e  p a r t i c u l a r  computer. I n  add i t i on ,  t h e  l i s t  

o f . m a c r o ~ i n s t r u c t i o n s ,  a long wi th  t h e  s e c t i o n  of code which performs 

the  mod i f i ca t ions  cominanded by them, would have t o  be a l t e r e d .  

I n  t h e  i n t e r n a l  subprocedure PASS2, t h e  l i s t  of accep tab le  

o p e r a t o r s  and t h e  o b j e c t  code r e p r e s e n t a t i o n s  f o r  them would have 

t o  be changed t o  f i t  t h e . s e t  of o p e r a t o r s  i n  t h e  assembly language. 

F i n a l l y ,  t h e  b i t  s t r i n g  c o n s t a n t s  which a r e  used i n  t h e  gene ra t ion  

of t h e  o b j e c t  code would a l s o  have t o  be a l t e r e d ,  

The procedure XREF r e q u i r e s  no changes t o  f u n c t i o n  f o r  a 

d i f f e r e n t  assembly language. 




