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

The o r i g i n a l  ELAN a s s e mb l e r ,  w r i t t e n  i n  ELAN,  h a d ,  a t  t h e  t i m e  t h e  fi r s t

t h o u g h t s  a b o u t  t h e  MC ELAN a s s e mb l e r  c ame u p ,  a  numer  o f  i n c o n v e n i e n c e s

i n  p a r t i c u l a r  i t s  d o c u me n t a t i o n  a n d  i t s  r e a c t i o n  u p o n  e r r o r s  we r e  f a r

f r o m i d e a l .  F u r t h e r m o r e ,  i t  was  f e l t  d e s i r a b l e  t o  h a v e  a n  o u t p u t  p a r i t y

c hec k ed p u n c h e d  t a p e  a n d  a n  a l p h a b e t i c  l i s t i n g  o f  a l l  i d e n t i fi e r s  u s e d  a n d

t h e i r  o c c u r r e n c e s  i n  t h e  t e x t .  T h e  a s s e mb l e r  s h o u l d  a c c e p t  a n y  t e x t  a n d  b e

as muc h  e r r o r — r e c o v e r a b l e  a s  p o s s i b l e .  T h e r e f o r e ,  a  n e w a s s e mb l e r  was

p l a n n e d  t o  b e  w r i t t e n  i n  ALGOL 6 0 .  T h e  r e s u l t  i s  d e s c r i b e d  i n  t h i s  r e p o r t .

The ma c r o  f e a t u r e  d e s i g n e d  a n d  i mp l e me n t e d  b y  M.  Re m,  h a s  b e e n - i n c o r p o r a t —

ed a l s o ,  b u t  i s  d e s c r i b e d  i n  [ 4 ] .

The fi r s t  c h a p t e r  c o n t a i n s  a  g e n e r a l  o u t l i n e  o f  t h e  a s s e mb l y  p r o c e s s ;  t h e

s ec ond c h a p t e r  d e a l s  w i t h  t h e  t r e a t m e n t  o f  t h e  s y n t a c t i c  s t r u c t u r e ;  t h e

t h i r d  c h a p t e r  d e s c r i b e s  t h e  r e a d i n g  e q u i p me n t ,  i n  p a r t i c u l a r ,  w i t h  r e s p e c t

t o  e r r o r  r e c o v e r y ;  t h e  f o u r t h  c h a r p t e r  g i v e s  t h e  n e c e s s a r y  i n f o r m a t i o n

abou t  t h e  name l i s t  t e c h n i q u e ;  i n  t h e  fi f t h c h a p t e r  t h e  o u t p u t  p a r t  o f  t h e

as s emb l e r  i s  c o n s i d e r e d ,  i n  p a r t i c u l a r ,  w i t h  r e s p e c t  t o  t h e  p a r i t y  c h e c k e d

code f o r  wh i c h  a  s p e c i a l  l o a d e r  h a s  b e e n  w r i t t e n  i n  ELAN;  t h e  o u t p u t  t o  b e

p r i n t e d  i s  fi n a l l y  d i s c u s s e d  i n  c h a p t e r  6 .

I n  t w o  a p p e n d i c e s ,  A  a n d  B ,  t h e  ALGOL t e x t  o f  t h e  a s s e mb l e r ,  t o g e t h e r  w i t h

a l i s t i n g  o f  a l l  t h e  o c c u r r i n g  i d e n t i fi e r s  ( A ) ,  a n d  t h e  ELAN t e x t  o f  t h e

l o a d e r  a r e  r e p r o d u c e d  ( B ) .  T h e  l a t t e r  o n e  a s  b e i n g  o u t p u t  b y  t h e  a s s e mb l e r ,

t o g e t h e r  w i t h  a  l i s t i n g  o f  t h e  i d e n t i fi e r s  u s e d .  Mo r e o v e r ,  a  t e s t  p r o g r a m

f o r  t h e  l o a d e r  i s  r e p r o d u c e d .

The p r o g r a ms  i n  t h e  a p p e n d i c e s  h a v e  b e e n  a mp l y  s u p p l i e d  w i t h  c omment s ;  t h e y

f o r m t h e  n u c l e u s  o f  t h i s  r e p o r t .  T h e  c h a p t e r s  a r e  me a n t  t o  f a c i l i t a t e  t h e

r e a d i n g  o f  t h e  p r o g r a ms  o n l y .

Re f e renc es  t o  s e c t i o n s  i n  a p p e n d i x  A  a r e  b y  means  o f  t h e  p r e fi x  " A " .

S e v e r a l  p e o p l e  h a v e  b e e n  c o o p e r a t i n g  i n  t h e  c o n s t r u c t i o n  o f  t h e  MC ELAN

a s s e mb l e r .

The g e n e r a l  o u t l i n e  a n d  a  fi r s t  w o r k i n g  p r o g r a m we r e  made b y  R. P .  v a n  d e
R i e t . ,
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E r ro r  re c o v e ry ,  u se  o f  secondary s t o ra g e  a n d  a  n e a t  l a y - o u t  o f  t h e  p r i n t e d
ou tpu t  have  been programmed b y L .  Me e rte n s a n d  L .  G e u rt s .

The n a me - l i s t  t e ch n iq u e  an d  t h e  a lp h a b e t ic  l i s t i n g  have been t re a t e d  b y
G. Nogarede .

The fi n a l  v e r s i o n ,  i n  wh ich  a  number o f  redundances a n d  in c o n s is t e n c ie s

have been  removed, h a s  been p re p a re d  b y M.  Rem, who  a l s o  wro t e  ch a p t e rs  4
and 5 .

F i n a l l y ,  t h e  l o a d e r  and a  t e s t  p ro g ra m have been programmed b y  R.P .  v a n  de
R ie t .

The i n i t i a l  p la n s  a re  due t o  F . E . J .  Kruseman A re t z ,  B . J .  M a i l l o u x ,

K.K. Koksma, P . J .  va n  d e r  L a a rsch o t  a n d  E.G.M. B ro e rse .

Conside rab le  h e lp  has been g ive n  b y  J .  v a n  Va a le n ,  G .  t e n  Ve ld e n ,
J.  Wo l le s w in k e l  and  C.  Zu idema.



1. T h e  g e n e r a l  o u t l i n e

The a s s e mb l y  p r o c e s  c o n s i s t s  o f  t h e  f o l l o w i n g  phas es  t o  b e  e x e c u t e d  i n

t h e  i n d i c a t e d  o r d e r i n g :

( i )  I n i t i a l i z a t i o n

Du r i n g  t h i s  p h a s e  t h e  t a b l e s  a r e  fi l l e d ;  i . e .  t h e  a r r a y s :

op o p  r e g ,  d 2 6  o p  o p  r e g ,

r e g  o p  o p ,  d 2 6  r e g  o p  o p ,

f c t n  o p ,  d 2 6  f c t n  o p

wh i c h  c o n t a i n  a l l  t h e  i n f o r m a t i o n  n e c e s s a r y  t o  p r o d u c e  t h e  c o d e  f o r

a l l  d i f f e r e n t  i n s t r u c t i o n s .  N o t  o n l y  t h e  o p e r a t i o n  c o d e ,  b u t  a l s o

t h e  a l l o w e d  v a r i a n t s ,  a l l o w e d  a d d r e s s i n g  modes  a n d  t h e  p o s s i b l e  mi n u s
m o d i fi c a t i o n  a r e  s t o r e d  i n  t h e s e  wo r d s .

The t a b l e s  a r e  fi l l e d ,  n o t  b y  r e a d i n g  t h e  b i t s  d i r e c t l y  f r o m  i n p u t

t a p e ,  b u t  b y  r e a d i n g  a  s p e c i a l  f o r m  o f  a n  ELAN p r o g r a m,  t h e  " i n i t i a l

p r o g r a m" ,  i n  wh i c h  t h e  b i t s  a r e  c o d e d .

Th i s  p r o g r a m c o n s i s t s  m a i n l y  o f  l i n e s  o f  t h e  f o l l o w i n g  k i n d :
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" 1 , UY N,  A  +  x  ,  P ZE ;  "  0 0 0  0 0 0  x x  x x  x x  x x x x x  x x x x x  x x x x x

"4 0 ,  Y N,  MUL A S ( - x ) ,  P ZE ;  : D Y N ; "  0 1 0  0 0 1  x x  x x  x x  x x x x x  x x x x x  x x x x x

w i t h  t h e  me a n i n g :

a )  I n  t h e  E L  ma n u a l  f o r  ELAN p r o g r a mme r s  [ 2 ] ,  t h e  me a n i n g  o f  t h e s e

i n s t r u c t i o n s  c a n  b e  f o u n d  u n d e r  1  a n d  4 0 ,  r e s p e c t i v e l y .

b )  Th e  U ,  Y  o r  N  v a r i a n t s  c a n  a l l  b e  u s e d  w i t h  t h e  i n s t r u c t i o n  A  +  x .

On ly  t h e  Y  a n d  N v a r i a n t s  c a n  b e  u s e d  i n  t h e  i n s t r u c t i o n  MUL A S ( - x ) .

c )  A l l  p o s s i b l e  o p e r a n d s  a r e  a l l o w e d  i n  A  +  x .

A l l  p o s s i b l e  o p e r a n d s ,  e x c e p t  t h e  " : DY N o p e r a n d " ,  a r e  a l l o w e d  i n

MULAS( -x ) .

d)  T h e  m i n u s - m o d i fi c a t i o n  i s  a l l o w e d  i n  MULAS.

e) A l l  v a r i a n t s ,  P ,  Z  o r  E  a r e  a l l o w e d  i n  b o t h  A  +  x  a n d  MULAS(x ) .
f )  Th e  b i t  p a t t e r n s  a r e  i n d i c a t e d :  t h e  b i t s  d e n o t e d  b y  " 0 "  o r  " 1 "  a r e

t h e  d e fi n i t i v e  b i t s ,  t h e  b i t s  d e n o t e d  b y  " x "  a r e  c a l c u l a t e d  b y  t h e
a s s e mb l e r .



I t  i s  t h e  s y n t a x - r e a d i n g  e q u i p me n t ,  w h i c h  d e t e r mi n e s  t h e  a r r a y  e l e -

me n t , b e l o n g i n g  t o  t h e  i n s t r u c t i o n  A  +  x  o r  t o  MUL A S ( - x ) ,  w h i c h  h a s

t o  b e  fi l l e d  d u r i n g  t h e  i n i t a l i z a t i o n .

( i i )  T h e  fi r s t  s c a n

Du r i n g  t h i s  p h a s e  t h e  p r o g r a m i s  s c a n n e d  f o r  t h e  fi r s t  t i m e  a n d  t h e

i d e n t i fi e r s  i n  t h e  d e c l a r a t i o n  p a r t s  a r e  p i c k e d  u p  a n d  t h e i r  v a l u e s

a re  d e t e r m i n e d  f r o m  t h e i r  d e fi n i n g  p l a c e s  a s  l a b e l s  i n  t h e  m a r g i n a l

p a r t  o f  t h e  p r o g r a m.  A l s o  t h e  l o c a t i o n s  wh e r e  t h e  i n s t r u c t i o n  c o u n t e r

i s  c h a n g e d  a r e  r e a d  c a r e f u l l y .

Mos t  o f  t h e  i n s t r u c t i o n s  ( e x c e p t  t h e  S K I P  i n s t r u c t i o n  o f - c o u r s e )  a r e

s k i p p e d  u n t i l  t h e  s t a t e me n t  s e p a r a t o r .

( i i i )  Th e  s e c o n d  s c a n

Du r i n g  t h i s  p h a s e  t h e  p r o g r a m i s  s c a n n e d  f o r  a  s e c o n d  t i m e  a n d  t h e

code i s  p r o d u c e d  b y  means  o f  t h e  a r r a y  e l e me n t  d e s i g n a t e d  b y  t h e

s y n t a x - r e a d i n g  e q u i p me n t  ( B E  ELAN i n s t r u c t i o n ) .

The a s s e mb l e r  c o n s i s t s  f u n c t i o n a l l y  o f  t h e  t h r e e  p a r t s  d e s c r i b e d

abov e;  i t  c a n n o t  b e  s p l i t  m a t e r i a l l y  i n  t h e  t h r e e  i n d i c a t e d  p a r t s ,

howev er .  T h e r e  i s  o n e  s y n t a x - r e a d i n g  a p p a r a t u s  w h i c h ,  a s  f a r  a s  t h e

r e a d i n g  i s  c o n c e r n e d  i s  r e p e a t e d  d u r i n g  t h e  t w o  s c a n s .

Adv ant ages  o v e r  s e p a r a t e l y  p r o g r a mme d  s c ans  a r e :

a)  T h e  a s s e mb l e r  r e c o g n i z e s  t h e  t e x t  d u r i n g  t h e  t w o  s c a n s  i n  t h e  s ame

way .

b )  P i e c e s  o f  a s s e mb l e r  p r o g r a m wh i c h  b e l o n g  l o g i c a l l y  t o g e t h e r ,

wh i c h  r e f e r  t o  t h e  s ame s y n t a c t i c a l  s t r u c t u r e  b u t  w h i c h  d i f f e r  i n

t h e  t w o  s c a n s ,  a r e  w r i t t e n  c l o s e l y  t o g e t h e r .  T h i s  i s  a n  i m p o r t a n t

f a c t o r  f o r  t h e  r e a d a b i l i t y  a n d  henc e  f o r  t h e  c o r r e c t n e s s  o f  t h e
a s s e mb l e r .

c )  T h a t  t h e  s ame s y n t a x - r e a d i n g  a p p a r a t u s  i s  u s e d  d u r i n g  t h e  i n i t i a l -

i z a t i o n  a s  w e l l  a s  d u r i n g  t h e  s e c o n d  s c a n  t o  fi n d  t h e  a r r a y

e l e me n t  t o  b e  fi l l e d  o r  t o  b e  i n s p e c t e d  i s  t h e  g u a r a n t e e  f o r  t h e

c o r r e c t  c o d e  t o  b e  p r o d u c e d ,  p r o v i d e d  t h e  i n i t i a l  ELAN p r o g r a m
c o n t a i n s  t h e  c o r r e c t  i n f o r m a t i o n .
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The f o r m  i n  wh i c h  t h i s  i n f o r m a t i o n  i s  g i v e n ,  h o we v e r ,  i s  o p t i m a l -

l y  c l o s e  t o  t h e  f o r m  t h i s  i n f o r m a t i o n  i s  g i v e n  i n  t h e  r e f e r e n c e

manua l .  ( A l t h o u g h ,  i n  p r a c t i c e ,  i t  t u r n e d  o u t  a f t e r  mon t hs  o f

us e t h a t  s t i l l  t wo  b i t s  we r e  i n t e r c h a n g e d . )

The f o r m  i n  w h i c h  t h e  p r o g r a m i s  w r i t t e n  i s  " t o p  t o  b o t t o m" .  T h e

p r o g r a m s t a r t s  w i t h  t h e  p r o c e d u r e  " RE  ELAN b l o c k "  a n d  i t  e n d s  w i t h
t h e  d e c l a r a t i o n  a n d  i n i t i a l i z a t i o n  o f  t h e  v a r i a b l e s  u s e d ,

The v a r i a b l e s  a n d  p r o c e d u r e s  h a v e  i d e n t i fi e r s  w i t h  a  me a n i n g  s u g g e s -

t i v e  e n o u g h  t o  c ompens a t e  f o r  t h e  l a c k  o f  mo r e  c omment .  A  g e n e r a l

r u l e  i s  t h a t  i d e n t i fi e r s  o f  t h e  f o r m  "RE  < s y n t  s t r u c t u r e > "  a r e  t h e

i d e n t i fi e r s  o f  p r o c e d u r e s  w h i c h  r e a d  t h e  s y n t a c t i c  s t r u c t u r e  i n d i -
c a t ed .

The f r e q u e n t l y  o c c u r r i n g  p r o c e d u r e  c a l l :  " R E "  r e a d s  o n e  s y n t a c t i c

u n i t  a n d  d e l i v e r s  t h e  t y p e  o f  t h e  s y n t a c t i c  u n i t  i n  t h e  v a r i a b l e

"s y n t  u n i t " .

Some t y p e s  a r e :  " b e g i n  s y mb o l " ,  " i d e n t i fi e r " ,  " s p e c i a l  i d e n t i fi e r " ,

"numbe r "  a n d  " c o l o n  s y mb o l " .

I n  g e n e r a l ,  s y n t a c t i c  u n i t s  a r e  d i r e c t l y  c ompos ed o f  t h e  l o w e s t

s y n t a c t i c  s t r u c t u r e :  t h e  s y mb o l s  ( o r  c h a r a c t e r s ) .  S o me t i me s  t h e y

c o n s i s t  o f  o n l y  o n e  s y mb o l  ( a s  " c o l o n  s y m b o l " ) ,  s o me t i me s  o f  more

(as  " b e g i n  s y mb o l "  o r  " i d e n t i fi e r " ) .

As s o o n  a s  a  " n u mb e r "  o r  a n  " i d e n t i fi e r "  h a s  b e e n  r e a d  b y  " R E " ,  a l l

r e l e v a n t  i n f o r m a t i o n  i s  a v a i l a b l e  a s  e . g .  i t s  v a l u e  o r  wh e t h e r  i t  i s

a n e w i d e n t i fi e r ,  o r  t h e  t y p e  o f  t h e  i d e n t i fi e r ,  o r  t h e  p l a c e  i n  t h e
n a m e - l i s t :  " c o n t e n t s  o f "  wh e r e  mo r e  i n f o r m a t i o n  c a n  b e  f o u n d  o r

s h o u l d  b e  s t o r e d .

The r e a d i n g  p r o c e s s  r e a d s  a l wa y s  o n e  s y mb o l  f u r t h e r  t h a n  t h e  fi n a l

s y mbol o f  t h e  s y n t a c t i c  u n i t  r e a d .

Th i s  i s  a  s t r a t e g y  wh i c h  i s  s o me t i me s  n e c e s s a r y  ( n u mb e r s ,  i d e n t i fi e r s )

and s omet imes  n o t  n e c e s s a r y  ( b e g i n  s y mb o l ,  c o l o n  s y mb o l ) .  A  r i g o r o u s

s t r a t e g y ,  i n  r e a d i n g  o n e  s y mb o l  a h e a d  a l wa y s ,  l e a d s ,  h o we v e r ,  t o  t h e

mos t  s i m p l e  a l g o r i t h m .  T h i s  h a s  s ome c ons equenc e  o n  t h e  p r i n t  p r o c e s s ,

wh i c h  p r i n t s  t h e  l a s t  b u t  o n e  s y mb o l  r e a d ;  mo r e o v e r ,  n e w l i n e s  a r e

t r e a t e d  c a r e f u l l y ,  s i n c e  n e w l i n e s  a r e  i n t e r p r e t e d  a s  s t a t e me n t  s e p a -



ra t o rs .

Fo r h i s t o r i c a l  reasons t h e  a sse mb le r does n o t  d i s t i n g u i s h  between

sma l l  and  c a p i t a l  l e t t e r s ;  n e i t h e r  a re  t h e  symb o ls " ( "  and  " C"  and

the symb o ls " ) "  and  " ] "  d is t in g u is h e d .

I n  t h e  p r i n t e r  o u tp u t  o f  t h e  ELAN t e x t ,  h o we ve r,  t h e  o r i g i n a l  t e x t

appears.



2.  T h e  s y n t a c t i c  s t r u c t u r e  o f  ELAN

The s y n t a x  o f  ELAN w i l l  n o w b e  r e p r o d u c e d  f r o m  t h e  ALGOL 6 0  p r o g r a m,  a s

g i v e n  i n  A p p e n d i x  A .  T h e  numbers  r e f e r  t o  s e c t i o n s  i n  t h i s  a p p e n d i x .

The p e c u l i a r  s y mb o l  " . Z  s t a n d s  f o r  a  s i mp l e  s e mi c o l o n  " ; " ,  wh i c h  c o u l d

n o t  b e  u s e d  i n  t h e  c omment  p a r t  o f  t h e  ALGOL 6 0  p r o g r a m.

The s y n t a c t i c  s t r u c t u r e  < fl i e r >  me a n s  a  " n e w - l i n e - c a r r i a g e - r e t u r n "  s y mb o l .

The me a n i n g  o f  L CA I . . . I RUS A I L V I FA I . . . I I FS CI L V I FO NI . . . I A FO FF i s  t h e  f u l l
l i s t  o f  a l l  s h i f t  i n s t r u c t i o n s  a n d  fl i p fl o p  i n s t r u c t i o n s .

The me a n i n g  o f  PLUSAI . . . I SUBCD i s  t h e  f u l l  l i s t  o f  a l l  o t h e r  f u n c t i o n a l

i n s t r u c t i o n s ,  w h i c h  behav e  n o r m a l l y .

<ELAN p r o g r a n > : : =  <E1AN b l o c k >  1  < l o c a t i o n > :  <ELAN b l o c k >

<ELAN b l o c k > : : =  < b l o c k  b e g i n >  <c ompound t a i l >

< b l o c k  b e g i n > : : =  ' B E G I N'  <ELAN d e c l a r a t i o n >

<s t a t e me n t  s e p a r a t o r > : : =  < n l c r >  I ;  I  <c omment > < n l c r >  I  <c omment >
_<c ommen t >: : -  < o n e  l i n e  o f  s y mbo ls  n o t  c o n t a i n i n g  < n l c r >  o r  ; >

<compound t a i l > : : =  <ELAN s t a t e me n t >  < s t a t e me n t  s e p a r a t o r >

<compound t a i l >  I  ' E N D '

<ELAN d e c l a r a t i o n > : : =  < o r d  d e c l  a n d  MT d e c l >  < s t a t e me n t  s e p a r a t o r >  1

<MT d e c l a r a t i o n >  < s t a t e me n t  s e p a r a t o r >

<o r d  d e c l  a n d  MT d e c l > : : =  < l i s t  o f  i n i t i a l i z a t i o n s >  1
< l i s t  o f  i n i t i a l i z a t i o n s >  <c omma> <MT d e c l a r a t i o n >

<MT d e c l a r a t i o n > : : =  ' M T '  < l i s t  o f  i d e n t i fi e r s >

< l i s t  o f  i d e n t i fi e r s > : : =  < i d e n t i fi e r >  I
< i d e n t i fi e r >  <c omma> < l i s t  o f  i d e n t i fi e r s >

<c omma>: : = ,  I  <c omma> < s t a t e me n t  s e p a r a t o r >

< l i s t  o f  i n i t i a l i z a t i o n s > : : =  < i n t i a l i z a t i o n >  I
< l i s t  o f  i n i t i a l i z a t i o n s >  <c omma> < i n t i a l i z a t i o n >

< i n i t i a l i z a t i o n > : =  < i d e n t i fi e r >  I  < i d e n t i fi e r >  =  <o p e r a n d >

<ELAN s t a t e me n t > : ' : =  < ma r g i n a l  p a r t >  <ELAN i n s t r u c t i o n >

< ma r g i n a l  p a r t > : : =  <empt y > I  < l a b e l  s equenc e> I  < l o c a t i o n  a n d  l a b e l >

< l a b e l  s e q u e n c e > : : =  < l a b e l >  I  < l a b e l  s equenc e> < l a b e l >
< l a b e l > : : =  < i d e n t i fi e r > , :
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< l o c a t i o n  a n d  l a b e l s > 1 =  < l o c a t i o n > :  I  < l o c a t i o n > :  < l a b e l  s equenc e>
< l o c a t i o n > : . : =  <k nown l o c a t i o n >

<known l o c a t i o n > : : =  M[ <e x p r e s s i o n > ]  I  < i d e n t i fi e r > [ < e x p r e s s i o n > ]

<ELAN i n s t r u c t i o n > : : =  <empt y > I  <S TA T a d d r e s s  o p e r a n d >  I  < u n s i g n e d  r e a l >  I

<a d d i n g  o p e r a t o r >  < u n s i g n e d  number> I  < B I  o r  I F  i n s t r u c t i o n >  I

<SKIP i n s t r u c t i o n >  I  <ELAM b l o c k >  < l e t g i t  s t r i n g  o p t i o n >

<UYN p a r t >  < f U n t i o n a l  i n s t r u c t i o n >  <PZE p a r t >  I

<UYN p a r t >  < a r i t h m e t i c  i n s t r u c t i o n >  <PZE p a r t >

<BI  o r  I P  i n s t r u c t i o n > : : =  I B I '  I  ' I P '

<SKIP i n s t r u c t i o n > : : =  ' S K I P '  < e x p r e s s i o n >

< l e t g i t  s t r i n g  o p t i o n > : : =  < l e t t e r >  < l e t g i t  s t r i n g  o p t i o n >  I

< d i g i t >  < l e t g i t  s t r i n g  o p t i o n >  I  < e mp t y >

<UYN p a r t > : : =  <empt y > I  U ,  I  Y ,  I  N ,

<PZE p a r t > : : =  <empt y > I , P  I , Z  I , E

< f u n c t i o n a l  i n s t r u c t i o n > : : =  < s p e c i a l  i d e n t i fi e r >  I  < s h i f t  i n s t r u c t i o n >  I

< s p e c i a l  i d e n t i fi e r > ( < r i g h t  o p e r a n d > )

< s h i f t  i n s t r u c t i o n > : : =  < s h i f t  i d e n t i fi e r > ( ‹ s h i f t  e x p r > )

I I< s h i f t  i d e n t i fi e r > : : =  L CA  I  I  RUSA  I  L V I F A  I  I F S C

LVIFON I  I  A FO FF

< s h i f t  e x p r > : : =  <e x p r e s s i o n >  I  B  I  B  +  < u n s i g n e d  e x p r e s s i o n >

< a r i t h m e t i c  i n s t r u c t i o n > : : =  < r e g i s t e r >  < o p e r a t o r >  <o p e r a n d > I

< l e f t  o p e r a n d >  < o p e r a t o r >  < r e g i s t e r >

< r e g i s t e r > : : = A I S I B I F I G

< o p e r a t o r > : : =  =  I , < a d d i n g  o p e r a t o r >  I  < m u l t i p l y i n g  o p e r a t o r >

<a d d i n g  o p e r a t o r > : : =  +  I  -  I  ' + '  I

< m u l t i p l y i n g  o p e r a t o r > : : = x 1 / 1 " I  I  -

<u n s i g n e d  n u mb e r > : : =  < u n s i g n e d  i n t e g e r >  I  < u n s i g n e d  r e a l >

<u n s i g n e d  i n t e g e r > : : =  < u n s i g n e d  d e c i ma l >  I  ' < u n s i g n e d  o c t a l > '



< l e f t  o p e r a n d > : : =  <STAT o p e r a n d > I  <STATB o p e r a n d > I  < D I N  o p e r a n d >

<o p e r a n d > : : =  < l e f t  o p e r a n d > 1  < a d d r e s s  o p e r a n d >

<addres s  o p e r a n d > : : =  <STAT a d d r e s s  o p e r a n d > I

<DI N a d d r e s s  o p e r a n d >

<STAT o p e r a n d > ; : =  M I  M [ < e x p r e s s i o n > ]  1  < i d e n t i fi e r >  I  T  1

< i d e n t i fi e r >  < e x p r e s s i o n >

<STATB o p e r a n d > : : =  Ma i <B e x p r > i  I  < i d e n t i fi e r >  [ B < I l e x p r > i

<B e x p r > : : =  <empt y > 1  < a d d i n g  o p e r a t o r >  < u n s i g n e d  e x p r e s s i o n >

<DI N o p e r a n d > : : =  <DI N M s y mbo l> 1

<DI N M s y mbol>E<c i  e x p r > i

<DI N M s y mb o l > : : =  MG 1 M A  1 MS  1 MC I  MT I  MD I  M  <p  e x p r >

e x p r > : : =  <e x p r e s s i o n >

<p e x p r > : : =  < d i g i t >  I  < d i g i t >  < d i g i t >

<STAT a d d r e s s  o p e r a n d > : : =  :  <S TA T o p e r a n d > 1  < u n s i g n e d  i n t e g e r >  I

( <e x p r e s s i o n >)  I  :  < r e g i s t e r >

<DI N a d d r e s s  o p e r a n d > : : =  < D I N  o p e r a n d >

< e x p r e s s i o n > : : =  < u n s i g n e d  e x p r e s s i o n  > 1

<a d d i n g  o p e r a t o r >  < u n s i g n e d  e x p r e s s i o n >

<u n s i g n e d  e x p r e s s i o n > : : =  < t e r m>  I

<u n s i g n e d  e x p r e s s i o n >  < a d d i n g  o p e r a t o r >  < t e r m>

< t e r m> : : =  < p r i ma r y >  I  < t e r m >  < m u l t i p l y i n g  o p e r a t o r >  < p r i ma r y >

< p r i ma r y > : : =  <STAT a d d r e s s  o p e r a n d >

9
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3. R e a d i n g  equ ipment an d  E r ro r  re co ve ry

A l l  t h e  h i g h - l e v e l  s yn t a x  re a d in g  p rocedu res u se  t h e  p ro ce d u re  "RE"  o n l y
( i n  a  f e w p la ce s  "RE th ro u g h  b a r r i e r "  i s  u se d ,  t h i s  w i l l  be  d iscu sse d  l a t e r

o n ),  a n d  t h e  r e s u l t  i s  a  new s y n t a c t i c  u n i t .

From a  s y n t a c t i c  u n i t  t o  t h e  l o w e s t - l e v e l  h e p ta d  on  a  punched t a p e ,  t h e
f o l l o w in g  h ie ra rc h y  o f  p rocedures i s  u se d  (se e  s e c t i o n  AB):

"RE" c a l l s  "READ s y n t  u n i t "  a n d  does some a d min i s t ra t i o n  co n ce rn in g  t h e
number o f  b e g in s a n d  ends;  mo re o ve r i t  re f u se s  t o  c a l l  "READ g yn t

u n i t "  i f  " s t e t  se p  b a r r i e r "  E  t r u e  a n d  t h e  o l d  s y n t a c t i c  u n i t  was a
sta tement se p a ra t o r  o r  a n  end  symbo l.  Th e  re a so n s w i l l  be  d iscu sse d
in  s e c t i o n  3 . 1 .

"READ s y n t  u n i t "  re a d s t h e  s y n t a c t i c  u n i t  u s in g  " NS" .  I n  p r i n c i p l e ,  t h e

fi r s t  s y mb o l  o f  t h e  s y n t a c t i c  u n i t  h a s been re a d  a l re a d y ;  t h i s  i s  n o t

the ca se  i f  a  new l i n e  o ccu rre d ,  i n  wh ich  case  (" NS  d e f e rre d "  E  t r u e )

the fi r s t  s y mb o l  i s  re a d  e x p l i c i t l y .

An imp o rt a n t  a i d  t o  t h i s  p ro ce d u re  i s  t h e  p ro ce d u re  "STORE l e t g i t s

w i t h "  f o r  s t o r i n g  and se a rch in g  a  name i n  t h e  n a me - l i s t  ( s e e  ch a p t e r
).

"NS" r e a d s  one  symb o l,  b y  means o f  "PE NS" .

As t h e  a sse mb le r uses a  lo o k-a h e a d -te ch n iq u e ,  b y  means o f  "LOOK AHEAD

sub t e x t  b u s " ,  t h e  a c t u a l  re a d in g  p o i n t e r  " re a d in g  p t r "  may be ahead

o f  t h e  re a d in g  p o in t e r  " p t r  o f  t e x t "  wh ich  p o in t s  t o  t h e  fi r s t  n o t

ye t  s y n t a c t i c a l l y  t re a t e d  symb o l.  I t  i s  t h e  d u t y  o f  "NS"  t o  p r i n t  t h e
o ld  symb o l re a d .

"RE NS"  e i t h e r  re a d s a  symbo l Wi t h  "RESYM1", a n d  s t o re s  i t  b y  means o f  t h e

a rra y  "ELAN l i n e "  and  t h e  p ro ce d u re  " s t o r e  i n t o  b u f f e r "  o n  seconda ry

sto ra g e ,  o r  t a ke s  i t  f r o m secondary s t o ra g e  b y  means o f  t h e  p ro ce d u re
" f e t ch  f ro m d rum" .

"RESYM1" e i t h e r  g e t s  t h e  n e x t  symb o l f ro m t h e  s t r i n g  c o n s i s t i n g  o f  t h e  i n i -

t i a l  ELAN p ro g ra m d u r in g  t h e  i n i t i a l i z a t i o n ,  o r  i t  u se s " RE M/ I " .

"RESYM" b u i l d s  t h e  symb o l f ro m a  hep tad  w r i t t e n  b y  "REHEP" t h e  s t a n d a rd  MC

procedure .



3 . 1 .  T h e  h a n d l i n g  o f  s y n t a c t i c a l  e r r o r s

11

I n  a  p r i o r  v e r s i o n  o f  t h e  a s s e mb l e r ,  t h e  h a n d l i n g  o f  e r r o r s  i n v o l v e d  n o t h *

i n g  b e y o n d  t h e i r  me r e  d e t e c t i o n .  I n  a n  e x p e r i m e n t a l  a s s e mb l e r  t h i s  may  b e

o v e r l o o k e d ,  b u t  i n  a n  a s s e mb l e r  c l a i m i n g  p r a c t i c a l  u s a b i l i t y ,  t h i s  i s ,  o f

c o u r s e ,  u n a c c e p t a b l e .  Ta k e ,  e . g . ,  t h e  f o l l o w i n g  p i e c e  o f  t e x t :

A =  MC- 1 ] ,  P

Y,  DO(TSP)

N,  DO(TSN)

Th i s  w o u l d  b e  c o r r e c t  ELAN,  b u t  f o r  t h e  o m i s s i o n  o f  o n e  s q u a r e  b r a c k e t

" V .  T h e  s y n t a c t i c a l  s t r u c t u r e ,  i n  c a s e  o f  a n  e r r o r ,  i s  d e t e r m i n e d  b y

t a k i n g  t h e  a l t e r n a t i v e  wh i c h  happens  t o  b e  t h e  l a s t .  T h u s ,  i n s t e a d  o f

t a k i n g  t h e  o b v i o u s  i n t e r p r e t a t i o n ,  c o n s i s t i n g  o f  t h r e e  s t a t e me n t s ,  o n e  o f

wh i c h  i s  e r r o n e o u s ,  t h i s  r e s u l t s  i n  a n  i n t e r p r e t a t i o n :
A +  MC

1

P;

, D O (

) ;  N ,  DO

(TSN) ;

wh i c h  mak es  l i t t l e  s e n s e ,  a n d  -  -
w h i c h  i s  w o r s e  
-  h a s  
a  
f a r  
m o r e  
t h a n  
l o c a
l

i n fl u e n c e  b y  d i s a r r a n g i n g  t h e  a d d r e s s  c o u n t e r .  I t  i s  c l e a r l y  d e s i r a b l e  t h a t

t h e r e  b e  a  s y n c h r o n i z a t i o n  b e t we e n  s t a t e me n t s  a s  r e c o g n i z e d  b y  t h e  a s s e m-

b l e r ,  a n d  t h e  p i e c e s  o f  s o u r c e  t e x t  d e l i m i t e d  b y  s t a t e me n t  s e p a r a t o r s .  T h i s

s y n c h r o n i z a t i o n  h a s  b e e n  a c h i e v e d  a s  f o l l o w s :

a) o n e  t y p e  o f  d i s c r e p a n c y  a r i s e s  wh e n  t h e  a s s e mb l e r  h a s  r e c o g n i z e d  a

c o mp l e t e  ELAN s t a t e me n t ,  a n d  t h e  n e x t  s y n t a c t i c a l  u n i t  i s  n o  s t a t e m e n t

s e p a r a t o r .  I n  t h i s  c a s e ,  t h e  p r o c e d u r e  " RE  ELAN s t a t e me n t "  w i l l  s k i p  t h e

r e ma i n i n g  t e x t  u n t i l  a  s t a t e me n t  s e p a r a t o r  i s  e n c o u n t e r e d .  F o r  r e a s o n s

o f  s e c u r i t y ,  a n  e n d  s y mb o l  w i l l  s e r v e  t o o  t o  e n d  t h i s  q u e s t
s  a l t h o u g h ,
a c c o r d i n g  t o  t h e  p r e s e n t  s y n t a x ,  i t  ma y  n o t  b e  u s e d  t o  t e r m i n a t e  a

s t a t e me n t .  A t  t h e  e n d  o f  t h e  d e c l a r a t i o n s  o f  a  b l o c k  a  s i m i l a r  s y n c h r o -

n i z a t i o n  t a k e s  p l a c e ,  Wh i c h  i s ,  h o we v e r ,  a c h i e v e d  i n  a  d i f f e r e n t  wa y ,

e x p l a i n e d  l a t e r  o n .
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another so u rce  o f  d i f fi c u l t i e s  i s  t h e  p o s s i b i l i t y  t h a t  t h e  a sse mb le r

has n o t  y e t  re co g n ize d  a  comp le te  sta te me n t  when t h e  s y n t a c t i c a l  u n i t

a t  hand i s  a l re a d y  a  sta temen t  se p a ra t o r  o r  an  end  symb o l.  A s  t h e

p o in t s  whe re  t h i s  s i t u a t i o n  may a r i s e  l a y  s p r i n k l e d  th ro u g h  t h e  a sse m-

b le r-p ro g ra m,  some s p e c i a l  d e v ice  i s  needed t o  p re ve n t  g e t t i n g  o u t  o f

step :  c o n s id e r  t h e  s y n t a c t i c a l  u n i t s  t o  be  queued up  b e f o re  a  f r o n t i e r .

At each  t i me ,  t h e  s y n t a c t i c a l  u n i t  a t  hand  i s  t h e  one a t  t h e  head o f
the  queue. Th e  " a cce p ta n ce "  o f  a  s y n t a c t i c a l  u n i t  b y  t h e  a sse mb le r i s

the  t ra n s g re s s io n  o f  t h e  f r o n t i e r  b y  one s y n t a c t i c a l  u n i t .  A t  t h e

f r o n t i e r  t h e re  i s  a  b a r r i e r .  When t h i s  b a r r i e r  i s  u p ,  e a ch  s y n t a c t i c a l

u n i t  i s  a l lo we d  t o  p a ss,  b u t  when i t  i s  down, t h e  passage i s  b a r re d  t o

sta tement se p a ra t o rs  a n d  end symb o ls.  Now t h e  essence o f  t h e  s o l u t i o n

l i e s  i n  t h e  f o l l o w i n g :  n o rma l l y ,  t h i s  b a r r i e r  i s  down, s o  n o  sta te me n t

se p a ra to rs an d  end  symbo ls w i l l  be  a cce p te d ;  o n l y  o n  some v e ry  s p e c i fi c

o cca sio n s,  wh e re  t h e  a sse mb le r i s  aware  o f  t h e  s i g n i fi c a n c e  o f  t h e
s y n t a c t i c a l  u n i t  a t  hand b e in g  a  sta te me n t  se p a ra t o r o r  en d  symb o l,  t h e

b a r r i e r  w i l l  b e  ra i s e d  f o r  one symb o l,  t h u s  a l l o w i n g  accep tance .  T h i s

device  g u a ra n te e s,  w i t h  a b so lu t e  s e c u r i t y ,  t h a t  n o  s ta te me n t  se p a ra t o r

o r end  symb o l w i l l  e ve r be  a cce p te d  w i t h o u t  due  a t t e n t i o n .  A s  t o  t h e

imp le me n ta t io n ,  t h e  s t a t e  o f  t h e  b a r r i e r  i s  r e fl e c t e d  b y  t h e  g l o b a l
Boolean v a r i a b l e  " s t a t  se p  b a r r i e r " .  I t s  i n h i b i t i v e  e f f e c t  i s  seen  i n

th e  v e ry  b e g in n in g  o f  t h e  p ro ce d u re  " RE " ,  'where t h e  o l d  s y n t a c t i c a l

u n i t  w i l l  be  re t a in e d  ( i . e . ,  n o t  a cce p te d ) when i t  i s  a  sta te me n t  se p a -

ra t o r  o r  e nd  symbo l b u t  t h e  b a r r i e r  i s  down.
I n  o rd e r  t o  f a c i l i t a t e  t h e  u se  o f  t h e  d e v ic e ,  t h e  p ro ce d u re  " RE th ro u g h

b a r r i e r "  h a s been in t ro d u ce d ,  wh ich  w i l l  a cce p t  one s y n t a c t i c a l  u n i t

u n c o n d i t io n a l l y ,  a n d  wh ich  i s  t h e  one a n d  o n ly  in s t a n ce  wh ich  e v e r

ra ise s  t h e  b a r r i e r ,  t o  lo we r  i t  a g a in  a s  soon  a s p o s s ib le .  Th e  f o l l o w -

in g  l i s t  o f  o ccasions where  "RE th ro u g h  b a r r i e r "  i s  c a l l e d ,  i s  e xh a u s-
t i v e :

( i )  i n  t h e  p ro ce d u re  "START b l o c k " ,  when se a rch in g  f o r  t h e  fi r s t

beg in  symb o l o f  t h e  so u rce  t e x t ,  i n  o rd e r  t o  s k i p  mean ing less new
l i n e  ch a ra c t e rs .  T h i s  u se  p ro v id e s  a n  i n i t i a l i z a t i o n  f o r  " s t e t

sep b a r r i e r "  a t  t h e  same t i me .
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( i j )  i n  t h e  p r o c e d u r e  " RE  ELAN b l o c k " ,  t o  a c c e p t  ( t h e )  s t a t e me n t

s e p a r a t o r ( s )  b e t we e n  t h e  d e c l a r a t i o n s  a n d  t h e  fi r s t  s t a t e m e n t ,  o r

be t ween  s t a t e me n t s ,  o r  b e t we e n  t h e  l a s t  s t a t e me n t  o f  a  b l o c k  a n d

i t s  e n d  s y mb o l .

( i i j )  i n  t h e  p r o c e d u r e  " RE  ELAN b l o c k "  t o  a c c e p t  t h e  s y mb o l  t e r m i -

n a t i n g  a  b l o c k .

( i v )  i n  t h e  p r o c e d u r e  " RE  p a s s  d e c l  i d "  wh e n  c a l l e d  w i t h  p a r a me t e r

t r u e  a n d  when t h e  s y n t a c t i c a l  u n i t  a t  h a n d  i s  a  s t a t e me n t  s e p a r a -

t o r ,  i n  o r d e r  t o  s k i p  i t .  T h i s  c a s e  o c c u r s  wh e n ,  a n a l y z i n g  t h e

d e c l a r a t i o n s ,  a  s y mb o l  " , "  i s  e n c o u n t e r e d  ( s e e  t h e  s y n t a x  o f

<c omma>).

Bes ides  t h i s  m a j o r  s y n c h r o n i z i n g  a p p a r a t u s ,  a  n i mb e r  o f  o t h e r  a i d s  t o

s y n c h r o n i z a t i o n  o n  a  l o w e r  l e v e l  h a v e  b e e n  a d d e d .  O n  v a r i o u s  o c c a s i o n s ,

a f t e r  s ome s y n t a c t i c a l  c o n s t r u c t i o n  h a s  b e e n  r e c o g n i z e d ,  i t  i s  k n o wn  f r o m

t h e  s y n t a x  wh a t  t h e  f o l l o w i n g  s y n t a c t i c a l  u n i t  s h o u l d  b e  ( a s  wa s  t h e  c a s e

w i t h  <ELAN s t a t e me n t >  < s t a t e me n t  s e p a r a t o r › ) .  When  t h i s  u n i t  happens  t o  b e

n o t  p r e s e n t ,  s o me t i me s  a  h u n t  w i l l  b e  s t a r t e d ,  t a k i n g  c a r e ,  h o we v e r ,  n o t

t o  g e t  s t u c k  o n  a  s t a t e me n t  s e p a r a t o r
-
o r  e n d  s y m b o l .  
T h i s  
i s  
d o n e ,  
b y  
m e a n s

o f  t h e  p r o c e d u r e  "REQUI RE",  t o  fi n d  t h e  ma t c h i n g  I
T  o r  " ) "  t o  a n  
o t h e r w i s eunmat c hed " [ "  o r  " ( "  a n d  t o  fi n d  t h e  t e r m i n a t i n g  " , "  t o  a  d e c l a r a t i o n .  T h e

l a t t e r  c a s e  s e r v e s  a t  t h e  s ame t i m e  t o  s y n c h r o n i z e  t h e  d e c l a r a t i o n s  w i t h

t h e  s t a t e me n t  s e p a r a t o r s ,  a s  t h e  h u n t  f o r  t h e  " , " ,  wh e n  i t  i s  n o t  p r e s e n t ,

w i l l  b e  t e r m i n a t e d  b y  a  s t a t e me n t  s e p a r a t o r  ( o r  e n d  s y mb o l ) .  I t  may  b e

q u e s t i o n e d  t o  wh a t  e x t e n t  t h i s  s y n c h r o n i z i n g  d e v i c e  i s  u s e f u l ,  a s  e x p e r i e n c e

s ugges t s  t h a t  i n  a b o u t  h a l f  o f  t h e  c as es  t h e  a s s e mb l e r  w i l l  n o t  fi n d  t h e

mi s s i n g  u n i t  ( e x c e p t  i n  t h e  c a s e  o f  t h e  d e c l a r a t i o n s ) .  A  n o t  i n s i g n i fi c a n t

a d v a n t a g e ,  h o we v e r ,  i s  t h e  p r e v e n t i o n  o f  a  s t r e a m o f  me a n i n g l e s s  e r r o r

mes s ages .

I n  a  l a r g e  n u mb e r  o f  o t h e r  c as es  wh e r e  t h e  c o r r e c t  s y n t a c t i c a l  u n i t  i s

k nown b u t  n o t  p r e s e n t ,  i t  w i l l ,  a s  i t  w e r e ,  b e  i n s e r t e d  i n t o  t h e  s equenc e

o f  s y n t a c t i c a l  u n i t s .  T h i s  i s  a c c o mp l i s h e d  b y  t h e  p r o c e d u r e  "CHECK" a n d

gov e rned  b y  t h e  g l o b a l  B o o l e a n  v a r i a b l e  "CHECK f a u l t " :  t h e  a s s e mb l e r  w i l l

t a k e  t h e  c o u r s e  a s  t h o u g h  t h e  c o r r e c t  s y n t a c t i c a l  u n i t  we r e  p r e s e n t ,  a n d

t h e  a c t u a l  s y n t a c t i c a l  u n i t  w i l l  n o t  b e  a c c e p t e d ,  b u t  r e t a i n e d  t i l l  t h e
n e x t  o c c a s i o n .  A  d i s c u s s i o n  o n  t h e  m e r i t s  o f  t h i s  c o n s t r u c t i o n  i s  r a t h e r



p re ca rio u s ,  b u t  e xp e rie n ce  h a s n o t  b ro u g h t  t o  l i g h t  a n y u n d e rs i ra b le
e f f e c t s .

3 .2 .  T h e  e r r o r  l i s t

The e r r o r  message, evoked  b y  t h e  p ro ce d u re s "ERROR", "CHECK" a n d  REQUIRE"

o f  s e c t io n  A13 ,  c o n s i s t s  o f :

"
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r  
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t re a t e d ,  a n d  i n  t h e  fi r s t  s c a n  t h e  l i n e  number.

Sometimes t h e  e r r o r  message i s  f o l l o we d  b y :  " s y n t  u n i t  sh o u ld  b e "

f o l lo we d  b y  t h e  re p re se n t a t io n  o f  t h e  s y n t a c t i c  u n i t  re q u i re d .

An e xh a u st ive  l i s t  o f  e r r o r  numbers f o l l o w s :

210 b l o c k  does n o t  s t a r t  w i t h  'B E G I N' ;

300 r e g u l a r  d e c la ra t i o n  does n o t  s t a r t  w i t h  a n  i d e n t i fi e r  o r  W I " ;

301 r e g u l a r  d e c la ra t io n  o f  a n  i d e n t i fi e r  t h a t  a l re a d y  o ccu rre d  i n  t h i s

b lo ck ;

302 i n  t h e  l i s t  o f  re g u la r  d e c la ra t io n s  a  comma i s  n o t  f o l l o we d  b y  a n

i d e n t i fi e r ;

305 n o n - i n i t i a l i z e d  i d e n t i fi e r  i n  t h e  l i s t  o f  re g u la r  d e c la ra t io n s  does

not o c c u r  a s a  l a b e l  anywhere ;

310 r e g u l a r  d e c la ra t i o n  n o t  f o l l o we d  b y  a  comma o r  a  sta te me n t

se p a ra to r;
312 i n  MT-d e c la ra t io n  ' MT '  i s  n o t  f o l l o w e d  b y a  comma o r  a n  i d e n t i fi e r ;

313 M T - d e c l a r a t i o n  o f  an  i d e n t i fi e r  t h a t  a l re a d y  o ccu rre d  i n  t h i s

b lo ck ;

315 M T - d e c l a r e d  i d e n t i fi e r  d o e s n o t  o c c u r  a s  a  l a b e l  anywhere ;

320 M T - d e c l a r a t i o n  n o t  f o l l o we d  b y  a  comma o r  a  sta te me n t  s e p a ra t o r ;

400 l a b e l  i d e n t i fi e r  n o t  d e c la re d ;

410 l a b e l  i d e n t i fi e r  h a s  been i n i t i a l i z e d  o r  has a l re a d y  o ccu rre d  a s a

l a b e l ;

415 l o c a t i o n  i d e n t i fi e r  n o t  d e c la re d ;

420 l o c a t i o n  i d e n t i fi e r  n o t  o f  t yp e  STAT;

430 l o c a t i o n  e xp re ss io n  n o t  f o l l o we d  b y  ] ;
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500 s t a t e m e n t  n o t  f o l l o w e d  b y  a  s t a t e me n t  s e p a r a t o r  o r  ' E N D ' ;

510 p l u s  o r  mi n u s  a t  t h e  b e g i n n i n g  o f  a n  i n s t r u c t i o n  n o t  f o l l o w e d  b y

d i g i t ,  p o i n t  o r  l o w e r - t e n ;

520 U ,  Y  o r  N n o t  f o l l o w e d  b y  a  c omma;

530 a f t e r  a n  i n s t r u c t i o n ,  c omma i s  n o t  f o l l o w e d  b y  P , Z  o r  E ;

540 r e g i s t e r  a t  t h e  b e g i n n i n g  o f  a n  a r i t h m e t i c  i n s t r u c t i o n  n o t  f o l l o w e d

by  a n  o p e r a t o r ;

545 r i g h t  o p e r a n d  o f  a n  a r i t h m e t i c  i n s t r u c t i o n  ( t y p e  : S TA T)  i s

n e g a t i v e ;

550 l e f t  o p e r a n d  o f  a n  a r i t h m e t i c  i n s t r u c t i o n  i s  o f  t y p e  : S TA T o r  : DY N;

560 l e f t  o p e r a n d  o f  a n  a r i t h m e t i c  i n s t r u c t i o n  n o t  f o l l o w e d  b y  a n

o p e r a t o r ;

570 n o  F ,  G ,  A ,  S  o r  B  r e g i s t e r  wh e r e  r e q u i r e d ;

580 e x p r e s s i o n  o f  s h i f t  i n s t r u c t i o n  i s  n e g a t i v e  o r  g r e a t e r  t h a n  31

( f o r  i n s t r u c t i o n s  L V I FA ,  I F S C

f o r  i n s t r u c t i o n s  LV I FON,  A F O F F :

g r e a t e r  t h a n  1 ,

g r e a t e r  t h a n  3 9 ) ;

585 o p e r a n d  o f  f u n c t i o n a l  i n s t r u c t i o n  ( t y p e  : S TA T)  i s  n e g a t i v e ;

590 o p e r a n d  o f  f u n c t i o n a l  i n s t r u c t i o n  n o t  f o l l o w e d  b y  ) ;

595 s h i f t  i d e n t i fi e r  n o t  f o l l o w e d  b y  ( ;

600 c o l o n  a t  t h e  b e g i n n i n g  o f  a n  o p e r a n d  n o t  f o l l o w e d  b y  STAT o r  DYN

o p e r a n d ;

610 r e a l  n u mb e r  i n  o p e r a n d  o r  e x p r e s s i o n ;

620 n o  )  i n  e x p r e s s i o n  t h a t  b e g i n s  w i t h  ( ;

630 n o  ]  a f t e r  q - e x p r e s s i o n  o f  DYN o r  : DYN o p e r a n d ;

635 p - e x p r e s s i o n  o f  DYN o r  : DYN o p e r a n d  i s  n e g a t i v e  o r  g r e a t e r  t h a n  6 3 ;

64o q - e x p r e s s i o n  o f  DYN o r  : DYN o p e r a n d  s m a l l e r  t h a n  - 2 5 6  o r  g r e a t e r

t h a n  2 5 5 ;

650 U n k n o w n  i d e n t i fi e r  i n  o p e r a n d  o r  e x p r e s s i o n ;

655 n o n - S T A T  i d e n t i fi e r  f o l l o w e d  b y  [ B ] ,  [ B-F o r  CB - ;

67o [  i n  STAT,  STATB o r  : S TA T o p e r a n d  n o t  f o l l o w e d  b y  t h e  a c c e s s o r y  ] ;

680 i m p l i c i t  q - e x p r e s s i o n  o f  MT- d e c l a r e d  o p e r a n d  s m a l l e r  t h a n  - 2 5 6  o r

g r e a t e r  t h a n  2 5 5 ;

690 o p e r a n d  b e g i n s  w i t h  i n a d m i s s i b l e  c h a r a c t e r ;
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700 o p e r a n d  i n  e xp re ss io n  i s  n o t  o f  t yp e  :STAT;

800 a d m i n i s t r a t i o n  space o f  t h e  a sse mb le r exhausted ;

810 a p o s t r o p h e  n o t  f o l l o we d  b y  B ,  E ,  I ,  M o r  S ;

811 t B  n o t  f o l l o we d  b y E  o r  I ;

815 l a s t  apost rophe  mis s in g  i n  'B E G I N' ,  ' E N D ' ,  ' S K I P ' ,  I
B I '  o r

820 l a s t  a p o st ro p h e  mis s in g  i n  ' + '  o r  W ;

830 8  o r  9  i n  o c t a l  number;

840 l a s t  apost rophe  mis s in g  i n  o c t a l  number;

860 a p o s t r o p h e  f o l l o we d  b y in a d mis s ib le  c h a ra c t e r ;

870 o r  10  o r  o r  10— n o t  f o l l o we d  b y a  d i g i t ;
871 i n p u t  t a p e  has more  t h a n  7  t r a c k s ;

872 u n k n o w n  p u n ch in g ;

873 m o r e  t h a n  200 ch a ra c t e rs  o n  one l i n e  between [  a n d  t h e  fi r s t  n o n '

la yo u t  c h a ra c t e r  a f t e r  ]  (n o t e :  f r o m  o n  t h e  t e x t  h a s n o t  been

p r in t e d  y e t ) ;

87)4 e x t r a  'E ND's  added;

875 p r o g r a m  too long ;
876 E  n o t  f o l l o w e d  b y t h e  a cce sso ry  ] ;

880 a d m i n i s t r a t i o n  space o f  t h e  a sse mb le r exhausted ;

881 a a m i n i s t r a t i o n  space f o r  t h e  c a l l s  r e l a t i v e l y  exhausted ;

882 a d m i n s i t r a t i o n  space f o r  t h e  c a l l s  a b s o lu t e l y  exhausted ;

920 i n i t i a l i z a t i o n  e r r o r :  n o  number where  re q u i re d ;

930 f t  I t  :  n o  comma where  re q u i re d ;

940 f t  I t  n o  'E ND'  wh e re  re q u i re d ;

950 I t  I t  n o  sta te me n t  se p a ra t o r  where  re q u i re d ;

960 f t  t t  :  n o  q u o te  where  re q u i re d ;

970/980 I t  t y  :  mo re  t h a n  27  b i t s  s p e c i fi e d  i n  one wo rd ;

985 t t  I t  :  o p e ra n d  n o t  o f  t yp e  STAT, :STAT,  STATB, DYN
o r :DYN;

990 i t  I v  :  i n s t r u c t i o n  i s  n o t  a n  op  o p  re g  i n s t r u c t i o n ,

reg  op  op  i n s t r u c t i o n  o r  f u n c t i o n

i n s t ru c t i o n ;



1000 o p e r a n d  o f  an  i n s t r u c t i o n  n o t  a l lo we d  ( o r :  o p e ra t o r  i n  t h i s  c o mb i -

n a t io n  o f  operands n o t  a l l o we d ) ;

1010 U ,  Y  o r  N where  n o t  a l lo we d ;

1020 P ,  Z  o r  E  where  n o t  a l lo we d ;

1030 n e g a t i v e  o p e ra t o r  o r  operand  i n  i n s t r u c t i o n  where  n o t  a l lo we d ;

1040 o p e r a n d  n e g a t ive  o r  g re a t e r  t h a n  32767

( i f  STATB t h e n  s ma l le r  t h a n  -1638)4 o r  g re a t e r  t h a n  1 6 3 8 3 );

1045 i n t e g e r  e xp re ss io n  g re a t e r  t h a n  i n t e g e r  c a p a c i t y ;

1060 o c t a l  t o o  g re a t  f o r  p r i n t i n g ;

1065 o c t a l  h a s t o o  much d i g i t s  f o r  p r i n t i n g ;

2000 n a m e - l i s t  f u l l ;

2010 i n s t r u c t i o n  co u n t e r p o in t s  o u t  o f  t h e  memory

(see number on  t h e  p re ce d in g  l i n e ) ;

2020 i n a d m i s s i b l e  s y n t a c t i c  u n i t  h a s been i n t e rp re t e d  as p l u s

( t h i s  e r r o r  message i s  a lwa ys p re ce d e d  b y e r r o r  540 o r  5 6 0 ).
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4. Name l i s t  O rg a n iza t io n

A f e w re ma rks have  t o  be  made b e f o re  we ca n  e n t e r  i n t o  t h e  d e t a i l s  o f  t h e

name l i s t  o rg a n iz a t io n .

4 .1 .  P r e l i m i n a r y  re ma rks

4 .1 .1 .  B l o c k  s t ru c t u re

ELAN has -  l i k e  ALGOL 60 -  a  b lo c k  s t r u c t u re .  Th a t  i m p l i e s  t h a t  one

name ca n  be  u se d  f o r  d i f f e r e n t  i d e n t i fi e r s ,  i f  t h e y  a re  d e c la re d  i n
d i f f e re n t  b lo c k s .

The a sse mb le r g ive s  e v e ry  b lo c k  a  b lo c k  number,  a n d  i n  t h e  a r r a y  " b l o c k "

we have a t  each  moment a  su rve y  o f  t h e  v a l i d  b lo ck  numbers.
Note t h a t  names n o t  d e c la re d  a re  assumed t o  b e  d e c la re d  i n  t h e

outermost b l o c k ;  a  s u i t a b le  wa rn in g  i s  g i v e n  i n  t h e  f o rm  o f  e r r o r

message 4 0 0 .

4 .1 .2 .  E x t r a  ends

I f  t h e  i n p u t  i s  n o t  s u f fi c i e n t ,  t h a t  means i f  t h e re  a re  more  ' b e g i n s '

than ' e n d s ' ,  t h e n  t h e  a sse mb le r w i l l  g e n e ra te  a s  many ends a s  a re  r e -

q u ire d ,  a t  t h e  same t ime  g i v i n g  t h e  e r r o r  message 8 7 4 .  T h i s  makes s u re
t h a t  t h e  a sse mb le r w i l l  come i n t o  i t s  second  sca n ,  i n  wh ich  i t  p roduces

the  l i s t i n g  o f  t h e  ELAN p rog ram.

4 .1 .3 .  I d e n t i fi e r s

We d i s t i n g u i s h  t wo  k in d s  o f  i d e n t i fi e r s ,  t h e  s p e c i a l  i d e n t i fi e r s ,  a n d

the  i d e n t i fi e r s  d e c la re d  b y  t h e  p ro g ra m,  wh ich  we w i l l  s imp l y  c a l l
" i d e n t i fi e r s " .

I d e n t i fi e r s  c a n  be  d e fi n e d  ( =  ca n  be  g iv e n  a  va lu e ) i n  two  ways:

1. B y  g i v i n g  t h e  i d e n t i fi e r  a n  e x p l i c i t  v a lu e  i n  t h e  d e c la ra t i o n .

2. B y  u s in g  t h e  i d e n t i fi e r  a s  a  l a b e l  i n  t h e  ma rg in .

The ELAN programmer i s  n o t  a l lo we d  t o  re d e c la re  t h e  s p e c i a l  i d e n t i fi e r s .

4 .2 .  T h e  d a t a  s t ru c t u re  chosen

The i n f o rma t i o n  abou t  t h e  i d e n t i fi e r s  a n d  t h e  s p e c i a l  i d e n t i fi e r s  i s

s to re d  as a  b in a ry  t r e e  i n  t h e  a r r a y  " co n t e n t s  o f " .  B e s id e s t h i s  a r r a y  we
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use a n  a r r a y  " L I N E "  t o  r e g i s t e r  t h e  l i n e s  o f  o c c u r e n c e  o f  e v e r y  i d e n t i fi e r .

Ev e ry  name i n  t h e  name l i s t  h a s  t w o  p o i n t e r s ,  o n e  t o  a  name t h a t  p r e c e e d s

i t  i n  a l p h a b e t i c a l  o r d e r ,  a n d  o n e  t o  a  name t h a t  s uc c eeds  i t .  A s  t h e r e  may

be s e v e r a l  i d e n t i fi e r s  w i t h  t h e  s ame n a me ,  we  u s e  a n  a d m i n i s t r a t i o n  s e c t i o n

f o r  e a c h  i d e n t i fi e r .  T h e  a d m i n i s t r a t i o n  s e c t i o n s  t h a t  b e l o n g  t o  o n e  name
f o r m a  l i n k e d  l i s t  w i t h  t h e  name a d m i n i s t r a t i o n  a s  l i s t  h e a d .  T h e  o r d e r  i n

t h i s  l i s t  i s  f r o m  h i g h  t o  l o v e r  b l o c k  numbers .  We c a n  t h u s  g e t  t h e  a p p r o -

p r i a t e  a d m i n i s t r a t i o n  s e c t i o n  b y  g o i n g  t h r o u g h  t h e  l i s t  u n t i l  we  fi n d  a

s e c t i o n  w i t h  a  v a l i d  b l o c k  n u mb e r .

name a d m i n i s t r a t i o n :

1) n u mb e r  o f  memory  wo r d s  u s e d  f o r

t h e  s t o r a g e  o f  t h e  l e t t e r s  a n d

d i g i t s  o f  t h e  name

2) t h e  name

3) p o i n t e r  t o  a  p r e c e d i n g  name

4) p o i n t e r  t o  a  s u c c e e d i n g  name

5) p o i n t e r  t o  t h e  fi r s t  a d m i n i s t r a -
t i o n  s e c t i o n

a d m i n i s t r a t i o n  s e c t i o n :

6)  b l o c k  n u mb e r

7) t y p e

8) v a l u e

9) l i n e  o f  d e c l a r a t i o n

10)  p o i n t e r  t o  t h e  p l a c e  i n  t h e  a r r a y

"L I NE "  wh e r e  t h e  l a s t  o c c u r r e n c e

o f  t h i s  i d e n t i fi e r  i s  r e c o r d e d

11)  p o i n t e r  t o  t h e  n e x t  a d m i n i s t r a t i o n
s e c t i o n

fi g .  1
0  
T h
e  
a d
m i
n i
s t
r a
t i
o n  
i
n  
"
c
o
n
t
e
n
t
s  
o
f
"
.
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I n  t h i s  way we g e t  a  b in a ry  t r e e  where  n o t  o n l y  e ve ry  node i s  a  l i s t  head

o f  t h e  l i n k e d  l i s t  o f  a d min is t ra t io n  s e c t i o n s ,  b u t  whe re  a l s o  e v e ry  a d mi-
n i s t r a t i o n  s e c t i o n  i s  u se d  a s a  l i s t  head f o r  t h e  l i n k e d  l i s t  o f  t h e

occurrences o f  t h i s  i d e n t i fi e r ,  a s  re co rd e d  i n  t h e  a r r a y  " L I NE " .

' B O *
/

FAT9
-
2
-
4 -1 1
,

E i ]
I A
S  
3 4
4

I I

fi g .  2 .  Examp le  o f  s to ra g e  i n  " co n t e n t s  o f "  a n d  " L INE " .

AS i  =  i - t h  a d min i s t ra t i o n  s e c t i o n

l i n e  i =  a  l i n e  number o f  t h e  l i n e  where  t h e  i d e n t i fi e r  o c c u r re d

= emp ty p o in t e r .
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I t  i s ,  i n  o rd e r  t o  g e t  a n  a cce p ta b le  s o r t i n g  speed ,  imp o r t a n t  t h a t  t h e  t r e e

does n o t  g ro w t o o  f a s t  i n  one d i r e c t i o n .  Th e re f o re ,  we  s t a r t  w i t h  t h e  i n s e r -

t i o n  o f  t h e  132  s p e c i a l  i d e n t i fi e r s .  B y  p re se n t in g  them i n  a  s p e c ia l

sequence we  a cco mp lish  t h a t  t h e  t r e e  has a n  o p t ima l  fl a t  sh a p e  t o  b e g in
w i t h .

Du rin g  t h e  fi r s t  s c a n  t h e  ELAN t e x t  i s  re a d ,  t h e  a d min i s t ra t i o n  i n

" con ten ts o f "  i s  upda ted  and t h e  t e x t  i s  t ra n s p o r t e d  t o  t h e  d rum.  Du r in g

the  second  scan  t h e  t e x t  i s  f e t ch e d  back f ro m t h e  d ru m,  a n d  t h e  space  o n

th e  d ru m t h a t  comes f r e e  may be  u se d  t o  s t o re  t h e  a d min i s t ra t i o n  o f  " L INE " .

A d iscu ss io n  o f  t h e  p rocedu res "STORE i n  co n te n t s  o f "  a nd  " s t o re  i n  L I NE " ,

wh ich  t o g e t h e r w i t h  " S t "  and  " S T" ,  c re a t e  t h e  a d min i s t ra t i o n  se c t io n s  a n d

fi l l  t h e m,  may be  f o u n d  i n  E1J.
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0
0

no no no

0 1 no Yes yes
1
0

yes yes Yes

5. T h e  code  p roduced

In  s e c t i o n  A l0  t h e  in f o rma t io n  abou t  t h e  i n s t r u c t i o n s  i s  re a d  f ro m an

i n i t i a l  s t r i n g  a n d ,  a f t e r  a  s u i t a b le  t ra n s f o rma t io n ,  s t o re d  i n  t h e  t a b l e s .

The e n t r i e s  i n  t h e  t a b le s  a re :  t h e  t yp e  o f  t h e  operand  (STAT ope rand ,  STAT

address o p e ra n d ,  STATB operand ,  DYN ope rand ,  DYN add ress o p e ra n d ),

the  o p e ra t o r  (
-
I
-
,  
x ,  /
,  
= ,  
1
+
1
,  t
i (
1
) ,  
t
h
e  
r e
g i
s t
e r  
(
A
,  
B
,  
S
,  
G
,  
F
)  
a
n
d  
t
h
e

f u n c t io n  (PLUSA, M E M P R O T ) .

At t h e  v e ry  b e g in n in g  a l l  a r ra y  e lemen ts a re  s e t  e q u a l  t o  - 1 .  O n l y  t h e
in f o rma t io n  o f  t h e  i n p u t  s t r i n g  ca n  change t h e  a r r a y  e le me n ts.  He n ce ,

i n s t ru c t i o n s  wh ich  a re  f o rb id d e n  co rre sp o n d  t o  - 1 .  I n s p e c t i o n  o f  t h e  b i t s

o f  a l l  t h e  i n s t r u c t i o n s  shows t h a t  b i t s  O4 d
3  d
2  d
i  a r e  e i t h e r  
fi l l e d  
w i t h

an " x "  o r  w i t h  a n  " 0 " .  Th e y may be  u se d ,  t h e re f o re ,  t o  h o ld  t h e  i n f o rma t io n

about v a r i a n t s  a n d  a  p o ss ib le  min u s:

d2

0

1

d
i

1

a llo we d

n e i t h e r  P ,  n o r  Z  n o r  E a l lo we d

P, Z  o r  E  a l lo we d

minus n o t  a l lo we d

minus a l lo we d

Y a l l o y e d  N  a l lo we d

The code  p ro d u c in g  p rocedu res o f  s e c t io n  A l l  c o n s i s t  ma in l y  o f  "PRODUCE

INSTR CODE", wh ic h ,  b y  means o f  t h e  va lu e s  o f  t h e  v a r i a b le s  " I N F  WORD" a n d

"d26 I NF  WORD" a ss ig n e d  i n  t h e  syn t a x  re a d in g  equ ipment (A 5 )  t o  t h e  c o r re c t

a rra y  e lemen ts o f  t h e  t a b l e s ,  p roduces t h e  code t h ro u g h  t h e  p ro ce d u re

b in a ry  number" .  Th e  l a t t e r  p rocedu re  p r i n t s  a n d  punches t h e  co d e .

"PR



The punched ta p e  c o n s is t s  o f  a  number n ,  n  >  0 ,  o f  b lo cks .  Each  b lo c k
co n s is t s  o f  a  number m,  m > 0 ,  o f  wo rd s.

Be fo re ,  be tween and  a f t e r  t h e  b lo c k s  t h e  t a p e  may c o n s i s t  o f  b la n k  hep tads.

E i t h e r ,  t h e  wo rd s a re  I P  words a n d  th e n  t h e  t a p e  ca n  be  re a d  d i r e c t l y  b y

the  X 8 ,  o r  t h e  wo rds a re  B I  wo rd s a n d  t h e n  t h e  b i n a ry  lo a d e r ,  re p ro d u ce d  i n

appendix B  sh o u ld  be i n  t h e  X8 t o  re a d  t h e  wo rd s.

Each I F  wo rd  c o n s is t s  o f  27  b i t s :  d
2 6  d
2 5  d
i  d
o
.  T h e y  
a r e  
p r e c e d e
d  
b y

one b i t  1 ,  a n d  th e n  d i v i d e d  i n t o  4  p a r t s :

P
1  
=  
1  
d
2
6  
d
2
5  
d
2
3  
*  
d
2
2  
d
2
1  
d
2
0
'

p
4  
=  
d
6  
d
5  
d
4  
d
3  
d
2  
d
i  
d

in  wh ich  o rd e r  t h e y  o ccu r a s hep tads o n  punched ta p e  ( a  1 co rre sp o n d s w i t h

a h o le ) .

Each B I  wo rd  c o n s is t s  o f  27  b i t s : d 2 6  d 25 * *  . d
1  d O .  T h e y  a r e  
p r e c e d e d  
b y

th re e  b i t s :  P  C1 C2 and th e n  d i v i d e d  i n t o  5  p a r t s :

= 0  P  C
i  
C 2  
*  
d
2 6  
d
2
5  
d
2
4

p
2  
=  
0  
d
2
3  
d
2
2  
d
2
1  
*  
d
2  
d
1
9  
d
1
8

p
5  
=  
0  
d
5  
d
4  
d
3  
d
2  
d
1  
0

where P  i s  su ch  t h a t  t h e  number o f  ones,  ( t h e  number o f  h o le s ) i s  o d d ;  f o r

the fi r s t  w o r d  o f  a  b lo c k  C
i  =  C
2  =  1 ;  
f o r  
t h e  
o t h e r  
w o r d
s  C
i  
=  
C
2  
=  
O
.  
I
n

p r i n c i p l e ,  t h e  p ' s  o c c u r  i n  t h i s  o rd e r  o n  t h e  punched t a p e ;  t h e y  may,  h o w-

e ve r,  b e  se p a ra te d  b y  any p ie ce  o f  ta p e  b e g in n in g  w i t h  e ra se  (1 1 1 1 .1 1 1 ) a n d

ending w i t h  e ra se .  I n  t h i s  p ie c e  o f  ta p e  a n  e n d -o f -t a p e  o r  a  b e g in -o f -t a p e

c h a ra c t e r i z a t io n ,  a cco rd in g  t o  t h e  MICRO- a n d  t h e  MCALL-system, may o ccu r.

The 2 7  b i t s  o f  t h e  fi r s t  w o r d  o f  a  b lo c k  can  b e  d i v i d e d  i n t o

T =  d
2 6  
5  
d  
9  
d
1
8

and A  =  d
1 7  d
1 6  . . .  
d
i  d
o
.

I f  T  =  A  =  0 ,  t h e n  t h e  b lo c k  i s  t h e  l a s t  b l o c k  o f  t h e  t a p e .  O t h e rwise ,

2
3
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the b lo c k  c o n s i s t s  o f  a n o th e r T  words w1 '  '  'w w h i c h  have  t o  be  s t o re dT
in  memory l o c a t i o n s  M[A4-1], M [ A 7 1 - T ] ;  i f  T  =  0  a n d  A  +  0 ,  T  i s
conside red  t o  b e  512 .

Fo r b in a ry  t a p e s ,  a  lo a d e r has been w r i t t e n  wh ich  i s  s e l f - re p la c e a b le  a n d
s e l f -d e s t ru c t i v e .

I n i t i a l l y ,  t h e  l o a d e r  i s  p la ce d  i n  t h e  h ig h e r  a d d re sse s,  i t  ch e cks i t s

checksum and i t  s t o re s  - 0 ' s  eve rywhe re  e xce p t  i n  i t s  own a re a  and i n  t h e

p laces M [ i ] ,  0  <. i  <  5 1 2 .

As so o n  a s a  wo rd  f ro m t h e  i n p u t  b i n a ry  t a p e  h a s t o  be  w r i t t e n  on  a  p la ce

o f  t h e  l o a d e r  i t s e l f ,  t h e  lo a d e r  moves downwards u n t i l  i t  fi n d s  a  t r a j e c t

co n s is t in g  o f  - 0 ' s  wh ich  i s  l o n g  enough. I t ,  f u r t h e rmo re ,  fi l l s  t h e  o l d

p la ce  w i t h  - 0 ' s .

Two l i t t l e  p rog rams s i t u a t e d  i n  t h e  " h o l y  p la c e s " ,  M C i i ,  0  <  i  <  2 4 ,  p e r -
fo rm t h e  a c t i o n s :  " c l e a r "  f o r  fi l l i n g  a  t r a j e c t  w i t h  - 0 ' s  a n d  f o r c i n g  an

i n t e r ru p t  f r o m t h e  I P  re a d e r i n  b e h a l f  o f  t h e  p rogrammer o f  t h e  b i n a ry  t a p e
who may have fi l l e d  M[ 2 4 ] ,  a n d  "move"  f o r  re mo vin g  t h e  l o a d e r  t o  a  new

p la ce .
The p ro g ra m i t s e l f  i s  a mp ly  su p p l ie d  w i t h  comment.

A t e s t  p ro g ra m f o r  t h e  lo a d e r  and  f o r  t h e  a sse mb le r has been w r i t t e n  and

i s  a l s o  re p ro d u ce d  i n  append ix B .

The d e c la ra t io n s  o f  t h e  l a t t e r  p rog ram have been d e sig n e d  ma in ly  t o  t e s t
the a sse mb le r.

E r ro rs  d u r i n g  lo a d in g  o f  b in a ry  t a p e s

Du rin g  lo a d in g  o f  b in a ry  ta p e s t h e  f o l l o w i n g  e r ro r s  a re  d e t e c t e d ,  upon
wh ich  t h e  X8  comes i n t o  t h e  d yn smic s t o p  s i t u a t i o n .  Th e  A  r e g i s t e r  d e t e r -

mines wh ich  e r r o r  o ccu rre d .

A=0: s u m c h e c k  o f  lo a d e r n o t  OK;

A=1: t a p e r e a d e r  n o k;

A=2: d 6  i s  punched b u t  h e p ta d  i s  n o t  e ra se ;
A=3: n u m b e r  o f  h o le s i n  b i n a ry  wo rd  even ;

A=4: t h e  fi r s t  w o r d  o f  a  b lo c k  does n o t  b e g in  w i t h  C
i  =  C
2  =  1 ;
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C
i 
=  
C
2  
=  
0
;

A=6: o n e  o f  t h e  f o l l o w i n g  addresses a  w i l l  e rro n e o u s ly  be  fi l l e d :

0 <  a  <  2 3 ,  5 7  <  a  < 6 2 ;

: t h e r e  i s  n o  space  l e f t  f o r  t h e  lo a d e r .

2
5
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6. P r i n t e r  o u t p u t

Besides t h e  p a p e r ta p e  o u t p u t  t h e re  a re  t h re e  k in d s  o f  o u tp u t  t h a t  come o v e r

the  h ig h -sp e e d  p r i n t e r :

1) E r r o r  messages, t h e y  ca n  o ccu r d u r in g  t h e  fi r s t  s c a n ,  a s  w e l l  a s  d u r i n g
th e  second .

2) T h e  E L A N-te x t ,  t o g e t h e r  w i t h  t h e  assembled  code .

3) T h e  name l i s t  w i t h  l i n e s  o f  o ccu rre n ce  o f  e ve ry  i d e n t i fi e r .

sub 2 :

Every l i n e  i s  b u i l t  u p  i n  t h e  a r r a y  " l i n e  b u f f e r " .  Th e  fi r s t  8  p o s i t i o n s  o f
the  l i n e  c o n t a in  t h e  l i n e  number,  t h e  n e x t  11  p o s i t i o n s  t h e  s t o r e  a d d re ss,

and t h e  p o s i t i o n s  2 0  u p  t o  3 2  t h e  assemb led  code .  Th e  r e s t  o f  t h e  l i n e
con ta ins t h e  re l e v a n t  ELAN l i n e .  Th e  wh o le  l i n e  i s  p r i n t e d  a t  o n ce .  I f

t h e re  a re  more  t h a n  144 p o s i t i o n s  i n  one l i n e ,  we  co n t in u e  w i t h  a  new l i n e .
Four o r  more n l c r ' s  have  a s  e f f e c t  a  new page.

Blanks p re ce e d in g  a n  n l c r  a re  sk ip p e d .  ( T h i s  i s  e s p e c i a l l y  u s e f u l  when t h e

ELAN t e x t  i s  punched on  c a rd s . )

sub 3 :

Fo r e ve ry  i d e n t i fi e r  t h e  f o l l o w i n g  i s  s u c c e s s iv e ly  p r i n t e d :
1) t h e  name (e a ch  name o n l y  once )

2) t y p e  a n d  va lu e :

typ e :  m e a n i n g :  n o t a t i o n :

1 S T A T  operand

2 S T A T B  operand

3 D Y N  operand  M P [ q ]
4 S T A T  a d  operand t

5 : D Y N  operand : M p [ q ]

6 u n k n o w n  t yp e  ? ? ?
10 d e c l a r e d
11 M T  d e c la re d

MT d e c la re d  and d e fin e d  (
8
1 4 T ' ) M [ . . .where   d e n o t e s  a n  o c t a l  and  p  o r  q  a  d e c ima l number.



Not e  t h a t  t y p e s  6 ,  1,0 a n d  11 i n d i c a t e  e r r o n e o u s  p r o g r a ms .

3) b l o c k  n u mb e r .

4) l i n e  o f  d e c l a r a t i o n .

5) l i n e s  o f  o c c u r r e n c e ,  wh e r e  a  p l u s  d e n o t e s  t h e  l i n e  o f  d e fi n i t i o n .

27
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The ALGOL 6 0  t e x t  o f  t h e  a sse mb le r i s  now rep roduced  f o l l o we d  b y  an  a lp h a -

b e t i c  l i s t i n g  o f  a l l  i d e n t i fi e r s  u s e d  and t h e  l i n e  numbers o f  t h e i r

d e fin in g  a n d  a p p l ie d  occurences i n  t h e  t e x t .

Fo r t h i s  l i s t i n g  a  p rog ram o f  L .  Me e rte n s h a s been  used .
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1 b e g i n  comment MC ELAN1 a sse mb le r and  d e fi n i t i o n ,  0 1 0 4 7 1 .  R  2172s.
2
3 1 .  E L A N  p rogram.L.
5 < E L A N  p ro g ra m>: :=  <ELAN b lo ck>  < l o c a t i o n > :  <ELAN b lo ck>
6
7 2 .  ELAN block.
8
9 < E L A N  b lo c k > : : =  < b lo ck  be g in> <compound t a i l >

10 < b l o c k  b e g in > : : =  ' b e g in '  <ELAN d e c la ra t io n >
11 < s t a t e m e n t  s e p a ra t o r> : : .  < n l c r>  1 . ,  I  <comment> < n l c r>  1
12 < c o m m e n t >  . ,
13 < c o m m e n t > : : =  "<one l i n e  o f  symb o ls n o t  co n t a in in g  < n l c r>  o r  . , >
14 < c o m p o u n d  t a i l > : : =  ' e n d '  I
15 < E L A N  sta te me n t> <sta te me n t  s e lmra t o r>  <compound t a i l >
16
17 A l g o r i t h m : ;
18
19 p r o c e d u r e  RE ELAN b lo c k ;
20 b e g i n  b lo c k  number:= max b lo c k  number:= max b lo c k  number +  1 ;
21 c n t r  o f  b e g in s : =  c n t r  o f  b e g in s  +  1 ;
22 b l o c k [ c n t r  o f  b e g in s ] : =  l i n e  b u f f e r [ - 1 ] : =  b l o c k  number;
23 R E  b lo c k  b e g in ;
24 s t  se p :  i f  s y n t  u n i t  =  sta te me n t  se p a ra t o r t h e n
25 b e g i n  RE t h ro u g h  b a r r i e r ;  _got° s t  se p  end;
26 i f  s y n t  u n i t  j  e n d  symbo l t h e n
27 b e g i n  RE ELAN sta te me n t ;  g o t o  s t  se p  end;
28 i f  b l o c k  number >  2  t h e n
29 - -
b e g
i n  
i
f  
l i
n
e  
b u f
f g
.
1
7
7 . 1
1  
>  
2  
t
h
e
n  
P
R
I
N
T  
L
I
N
E
;

30 l i n e  b u f f e r [ - 1 ] : =  b lo c k  number
31 e n d ;
32 c n t r  o f  b e g in s : =  c n t r  o f  b e g in s -  1 ;
33 b l o c k  number:= b l o c k [ c n t r  o f  b e g in s ] ;
34 R E  t h ro u g h  b a r r i e r
35 e n d  RE ELAN b lo c k ;
36
37 p r o c e d u r e  RE b lo c k  b e g in ;
38 b e g i n  CHECK(begin symbo1,210);
39 R E  p o ss d e c l  i d  ( f a l s e ) ;
40 R E  ELAN d e c la ra t i o n
41 e n d  RE b l o c k  b e g in ;
42 —
43 p r o c e d u r e  RE poss d e c l  i d  ( s t a t  se p  a l lo we d );
44 v a l u e  s t e t  se p  a l lo we d ;  Bo o le a n  s t a t  se p  a l lo we d ;
45 b e g i n  comment The v a r i a b i r = l a r a t i o n "  i s  u se d  t o  l e t  t h e
46 - -
n
-
j a r
c h  
f
o
r  
i d
e n
t i
fi e
r "  
p
r
o
c
e
s
s  
o
f  
s
e
c
t
i
o
n  
9  
k
n
o
w  
t
h
a
t  
a

47 d e c l a r a t i o n  i s  t re a t e d .
48 D u e  t o  t h e  d e fi n i t i o n  o f  <comma> s e v e ra l  s t a t e me n t  se p a ra t o rs
49 m a y  be  re a d ,  f o r  wh ich  "RE t h ro u g h  b a r r i e r "  h a s  t o  be c a l l e d .
50 T h i s  s i t u a t i o n  i s  i n d i c a t e d  b y  t h e  va lu e  o f  " s t a t  se p  a l lo we d " .
51,  T h e  pu rpose  o f  t h e  p ro ce d u re  i s  t o  re a d  t h e  fi r s t  s y n t  u n i t



52 a  d e c la ra t io n  s t a r t s  w i t h ;
53 d e c l a r a t i o n : .  t ru e ;  RE ;
54 s t  se p :
55 i f  s y n t  u n i t  =  sta te me n t  se p a ra t o r A  s t a t  se p  a l lo we d  t h e n
56 b e g i n  RE th ro u g h  b a r r i e r ;  g o t o  s t  se p  end ;
57 d e c l a r a t i o n : .  f a l s e
58 e n d  RE p o ss d e c l  i d ;
59
60 c o m m e n t :
61
62 3 .  E L A N  d e c la ra t io n .
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63
64 < E L A N  d e c l a ra t i o n > : : .
65 < o r d  d e c l  and  MT d e c i>  <sta temen t  se p a ra t o r>  I
66 < N T  d e c la ra t io n >  <sta te me n t  se p a ra t o r>  1 < s t a t e me n t  se p a ra t o r>
67 < o r d  d e c l  and  MT d e c l> : : . •  < l i s t  o f  i n i t i a l i z a t i o n s >  1
68 < l i s t  o f  i n i t i n l i z a t i o n s >  <comma> <NT d e c la ra t io n >
69 < M T  d e c la ra t i o n > : : =  ' M I '  < l i s t  o f  i d e n t i fi e r s >
70 < l i s t  o f  i d e n t i fi e r s > : : =  < i d e n t i fi e r >  1
71 < i d e n t i fi e r >  <comma> < l i s t  o f  i d e n t i fi e r s >
72 < e o m m a > : : =  ,  I  <comma> <sta te me n t  se p a ra t o r>
73 < l i s t  o f  i n i t i a l i z a t i o n s > : : .  < i n i t i a l i z a t i o n > 1
74 < l i s t  o f  i n i t i a l i z a t i o n s >  <comma> < i n i t i a l i z a t i o n >
75 < i n i t i a l i z a t i o n > : : .  < i d e n t i fi e r > 1 < i d e n t i fi e r >  =  <operand>
76
77 A l g o r i t h m : ;
78
79 p r o c e d u r e  RE ELAN d e c la ra t io n ;
80 b e g i n  i n t e g e r  a , t ;
81 E R R d 1 7 ( s 7 7
—
u n i t  r  
i d e n t i fi e
r  
A

82 s y n t  u n i t  =  MT d e c la ra t i o n  symb o l A
83 s y n t  u n i t  =  sta te me n t  se p a ra t o r,  3 0 0 ) ;
84 i f  s y n t  u n i t  =  i d e n t i fi e r  t h e n
85 b e g i n  L i :  a : =  p la ce  o f  i d e n t i fi e r ;  CHE CK ( id e n t ifi e r , 3 0 2 ) ;
86 i f  fi r s t  s c a n  t h e n  ERROR(1 new i d e n t i fi e r , 3 0 1 ) ;  RE ;
87 i f  s y n t  u n i t  =  e q u a ls  symbo l t h e n
88 b e g i n  RE; t : =  BE r e g i s t e r  o r  operand;
89 i f  fi r s t  s c a n  t h e n
90 b e g i n  c o n t e n t s
- 7
6 7 a ] : =  t ;
91 c o n t e n t s  o f  [a +  l j : .  r e a l  t o  i n t ( v a l u e  o f  ope rand )
92 e n d  e ls e
93 i f  p la ce  enough t h e n
94 b e g i n  comment The l in e n u mb e r a d min i s t ra t i o n  i s  updated ,
95 s e e  s e c t i o n  4  and s e c t i o n  9 ;
96 c o n t e n t s  o f [ a  +  2 ] : .  —contents o f [ a  +  2 ]
97 e n d
9
8  
e
n
d  
e
l
s
e

99 b e g i n  i f  fi r s t  s c a n  t h e n
100 b e g i n  co n te n t s  o f F
7
9 7 7 : 7 4  d e c l a r e d ;  
c o n t e n t s  
o f [ a
+ 1 ] : . .  
0

101 e n d  I t  i s  n e ce ssa ry t h a t ,  d u r i n g  t h e  fi r s t  s c a n ,
102, t h e  d e c la re d  v a r i a b le  o b t a in s  a  va lu e  somewhere i n  a
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103 m a r g i n a l  p a r t .  Th e  va lu e  o f  " co n t e n t s  o f [ a ] "  t h e n  changes
104 i n t o  "STAT ope rand " .  Du r i n g  t h e  second sca n  i t  i s  t e s t e d
105 w h e t h e r  t h i s  h a s a c t u s l l y  o ccu rre d .
106 e l s e  ERROR(type o f  i d e n t i fi e r  f  STAT operand ,305)
107 e n d ;
108 i f  s y n t  u n i t  r  sta te me n t  se p a ra t o r t h e n
109 R E Q U I R E  (comma symbo l,  3 1 0 ) ;
110 i f  s y n t  u n i t  =  comma symbo l t h e n
111 b e g i n  RE p o ss d e c l  i d  ( t r u e ) ;
112 i f  s y n t  u n i t  =  MT d e c l a ra t i o n  symbo l t h e n  g o t o  MT; g o t o  L i
113 e n d ;  CHECK f a u l t : =  f a l s e ;  RE
114 e n d ;
115 N T :  i f  s y n t  u n i t  =  NT d e c la ra t io n  symb o l t h e n
116 b e g i n  RE p o ss d e c l  i d  ( f a l s e ) ;
117 L 2 :  CHECK ( i d e n t i fi e r , 3 1 2 ) 1
—
I F  fi r s t  s c a n  
t h e n

118 b e g i n  ERROR(1 new i d e n t i fi e r , 3 1 3 ) ;
119 c o n t e n t s  o f  [p lace o f  i d e n t i fi e r ] : =  NT d e c la re d ;
120 c o n t e n t s  o f [ P la c e  o f  i d e n t i fi e r  4 - 1 ] : =  0
121 e n d  I t  i s  n e ce ssa ry t h a t ,  d u r i n g  t h e  fi r s t  s c a n ,
122 t h e  MT d e c la re d  v a r i a b le  o b t a in s  a  va lu e  somewhere
123 i n  a  ma rg in a l  p a r t .  Th e  v a lu e  o f  " co n t e n t s  o f  [a ] "  t h e n
124 c h a n g e s  i n t o  " NT d e c la re d  and  d e fin e d " .  D u r i n g  t h e  second
125 s c a n  i t  i s  t e s t e d  wh e th e r t h i s  has a c t u a l l y  o ccu rre d .
126 e l s e  ERROR(type o f  i d e n t i fi e r  f  MT d e c la re d  and d e fin e d , 3 1 5 );
127 R E ;
128 i f  s y n t  u n i t  s t a t e m e n t  se p a ra t o r  t h e n
129 R E W I R E ( c o m m a  symbo l,  3 2 0 ) ;
130 i f  s y n t  u n i t  =  comma symbo l t h e n
131 b e g i n  RE poss d e c l  i d  ( t r u e ) ;  g o t o  L2  end ;
132 C H E C K  f a u l t : =  f a l s e ;  R E
- - - -133 e n d
134 e n d  RE ELAN d e c la ra t io n ;
135
136 c o m m e n t :
137
138 4 ,  M a r g i n a l  p a r t .
139
140 < m A r g i n a l  p a r t > : : *
141 < e m p t y >  1 < l a b e l  sequence> I  < l o c a t i o n  and l a b e l s >
142 < l a b e l  sequence>: := < la b e l>  I  < l a b e l  sequence> < la b e l>
143 < l a b e l > : : =  < i d e n t i fi e r > :
114.4 < l o c a t i o n  and l a b e l s > : : =
145 < l o c a t i o n > :  < l o c a t i o n > :  < l a b e l  sequence>
146 < l o c a t i o n > : : =  <known l o c a t i o n >
147 < k n o w n  loc a t ion>: := Mf<express ionA I  <ident ifi er >[ex pr es s ion>]
148
149
150
151 p r o c e d u r e  RE ma rg in a l  p a r t ;
152 i f  1  RE l a b e l  sequence t h e n  RE l o c a t i o n  and l a b e l s ;

A lg o r i t h m: ;
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153
154 B o o l e a n  p rocedu re  RE l a b e l  sequence;
155 b e g i n  RE l a b e l  sequence:= f a l s e ;
156 a g a i n  i f  s y n t  u n i t  =  i d e n t i fi e r  A n e x t  symb o l =  co lo n  symb o l t h e n
157 b e g i n  RE l a b e l  se q u e n ce : .  t ru e ;
158 i f  fi r s t  s c a n  t h e n
159 b e g i n  ERROR(new iden t ifi e r , 400 ) ;
160 i f  t yp e  o f  i d e n t i fi e r  =  d e c la re d  t h e n
161 c o n t e n t s  o f  [p lace o f  i d e n t i fi e r ] : =  STAT operand e ls e
162 i f  t yp e  o f  i d e n t i fi e r  =  MT d e c la re d  t h e n
- -163 c o n t e n t s  o f  [p lace o f  i d e n t i fi e r ] : =  MT d e c la re d  and d e fin e d
164 e l s e  ERROR(type o f  i d e n t i fi e r  f  d e c la re d  A
165 t y p e  o f  i d e n t i fi e r  M T  d e c la re d ,  4 1 0 ) ;
166 c o n t e n t s  o f [ p la c e  o f  i d e n t i fi e r  +  1 ] : =  add ress co u n t e r
167 e n d  e l s e  i f  p la ce  enough t h e n
168 b e g i n  comment The l in e n u mb e r o f  d e fi n in g  o ccu re n ce  o f
169 t h e  l a b e l  i s  p la ce d  n e g a t i v e ly  i n  L INE.  See  s e c t i o n  9 ;
170 i n t e g e r  a;
171 a : .  co n te n t s  o f  [p lace o f  i d e n t i fi e r  +  3 ] ;
172 a : =  a  — a  :  max o f  b u f f e r  X  max o f  b u f f e r ;
173 L I N E [ a ] : =  —LINE[a]
174 e n d ;
175 -
F R
E T  
R
E
;  
c
o
m
m
e
n t  
P
R  
a
d  
c
n
t
r  
p
r
i
n
t
s  
t
h
e  
a
d
d
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e
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s  
c
o
u
n
t
e
r
;

176 i f  s y n t  u n i t  =  sta te me n t  se p a ra t o r t h e n  PR ad  c n t r ;- -
177 g o t o  again -
178 e n d
179 e n d  RE l a b e l  sequence;
180
181 p r o c e d u r e  RE l o c a t i o n  and l a b e l s ;
182 i f ( s y n t  u n i t  =  M symbo l V  syn t  u n i t  =  i d e n t i fi e r )  A
183 n e x t  symb o l =  sub  symb o l t h e n
184 b e g i n  LOOK AHEAD su b  t e x t  b u s;
185 i f  n e x t  symb o l =  co lo n  symbo l t h e n
186 b e g i n  i f  second sca n  t h e n  PUNCH; a d d re ss  co u n t e r: =  0 ;
187 i f  s y n t  u n i t  =  i d e n t i fi e r  t h e n
188 b e g i n  i f  new i d e n t i fi e r  t h e n  ERROR(true,415) e l s e
189 b e g i n  ERROR(type o f  i d e n t i fi e r  i  STAT opera717720);
190 a d d r e s s  co u n t e r: =  va lu e  o f  i d e n t i fi e r
191 e n d
192 e n d ;
193 R E ;  RE ;  A d d  t o  a d  cn t r(RE  e xp re ss io n );
194 R E Q U I R E ( b u s  symbo l,  4 3 0 ) ;
195 R E ;  RE ;  RE l a b e l  sequence
196 e n d
197 e n d  RE l o c a t i o n  and l a b e l s ;
198
199 c o m m e n t :
200
201 5 .  E L A N  sta te me n t ,  ELAN i n s t r u c t i o n .
202
203 < E L A N  s t a t e me n t > : : =  <ma rg in a l p a r t >  <ELAN i n s t r u c t i o n >
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204 < E L A N  i n s t r u c t i o n > : : =
205 < e m p t y >  1 <STAT a d d re ss operand> 1 <u n sig n e d  re a l >  1
206 < a d d i n g  o p e ra to r>  < u n s ip e d  number> 1
207 < B I  o r  I F  i n s t ru c t i o n >  I  <SKIP i n s t r u c t i o n >  1
208 < E L A N  b lo ck>  < l e t g i t  s t r i n g  o p t io n >  I
209 < U Y N  p a r t > < Cu n c t io n a l  i n s t r u c t i o n >  <PZE p a r t >  1
210 < U Y N  p a r t >  < A r i t h me t ic  i n s t r u c t i o n >  <PZE p a r t >
211 < B I  o r  I F  i n s t r u c t i o n > : : =  1
B I
1  1  ' I F '
212 < S K I P  i n s t r u c t i o n > : : =  ' S K I P '  <e xp re ss io n >
213 < l e t g i t  s t r i n g  o p t io n > : : =  < l e t t e r >  < l e t g i t  s t r i n g  o p t io n >  1
214 < d i g i t >  < l e t g i t  s t r i n g  o p t io n >
215 < e m I t y >

216 < U Y N  p a r t > : : =  <empty> I  U ,  1  Y ,  1  N ,217 <PZE p a r t > : : =  <empty> , P , Z ,  E
218 < f u n c t i o n a l  i n s t ru c t io n > : . : =
219 < s p e c i a l  i d e n t i fi e r >  < s h i f t  i n s t r u c t i o n >  1
220 < s p e c i a l  i d e n t i fi e r >  < r i g h t  operand> )
221 < s h i f t  i n s t r u c t i o n > : : =  < s h i f t  i d e n t i fi e r > ( < s h i f t  e x p r> )

222 223 < s h i f t  i d e n t i fi e r > : : =  LCA 1 . . .  i  RUSA 1 L V IFA  I  . . .  1  I FS C 1LVIFON . . .  A F O F F
224 < s h i f t  e x p r> : : =  <e xp re ssio n > 1 B  1 B  +  <unsigned  e xp re ss io h >
225 T h e  va lu e  v  o f  a n  e xp re ss io n  i n  t h e  s h i f t  e x p r
226 o f  a  s h i f t  i n s t r u c t i o n  sh o u ld  s a t i s f y  e i t h e r
227 0  <  v  <  31 o r  0  <  v  <  1 o r  0  <  v  <  3 9 ,
228 t h e  u p p e r bound & p e n d in g  o n -t h e  s h i f t  i d e n t i fi e r .
229 < s p e c i a l  i d e n t i fi e r > : : =  p l u s a  1 . . .  i  su b cd
230 < a r i t h m e t i c  i n s t r u c t i o n > : : =  < t e g i s t e r>  <o p e ra to r>  <operana> 1
231 < l e f t  operand> <o p e ra to r>  < re g i s t e r>

232 233 < t e g i s t e r > : : = A I S I B I F 1 G<o p e ra t o r> : : =  =  = -  1 <a d d in g  o p e ra t o r>  1 < M u l t i p l y i n g  o p e ra t o r>
234 < A d d i n g  o p e ra t o r> : : =  +  1 -  1 ' + '  1  L k
,
-
235 < M u l t i p l y i n g  o p e ra t o r> : : =  X  I  /  I  ' X '  1  1
) 0 . -236 < u n s i g n e d  number>: := <unsigned in t e g e r>  1 <u n sig n e d  r e a l >
237 < u n s i g n e d  i n t e g e r> : : =  <unsigned  d e c ima l>  1 ' < u n s ig n e d  o c t a l > '
238
239 A l g o r i t h m : ;
240
241 p r o c e d u r e  RE ELAN sta te me n t ;
242 b e g i n  RE ma rg in a l  p a r t ;  RE ELAN i n s t r u c t i o n ;
243i f  s y n t  u n i t  z  sta te me n t  se p a ra t o r A

- -_ _ _

244
245 s y n t  u n i t  t  end symb o l t h e n

__

beg in  ERROR t r u e ,  5 0 0 ) ;  SK IP  u n t i l  s ta te me n t  se p a ra t o r end
246 e n d  RE ELAN sta te me n t ;  _ . . . . .—
247
248 p r o c e d u r e  RE ELAN i n s t r u c t i o n ;
249 i f  s y n t  u n i t  =  number V  i s  a d d in g  o p e ra t o r(s y n t  u n i t )  t h e n
250 b e g i n  Boo lean neg;
251 n e g : =  s y n t  u n i t  =  minus symb o l;
252 i f  s y n t  u n i t  i  number t h e n
253 b e g i n  RE; CHECK (number,  5 1 0 ) e n d ;
254 ,  i f  neg t h e n- -



255 b e g i n  i f  t yp e  o f  number =  r e a l  t yp e  t h e n
256 v a l u e  o f  r e a l  number:= -  vRlu e  o f  r e a l  number e ls e
257 v a l u e  o f  number:= -  va lu e  o f  number
258 e n d ;
259 P R O D U C E  NUNEER CODE; Ad d  t o  a d  e n t r ( 1 ) ;  RE
260 e n d  e l s e
261 i f  s y n t  u n i t  =  B I  symbo l t h e n
262 b e g i n  I P : =  f R ls e ;  RE end  e lse
263 i f  s y n t  u n i t  =  I F  symbo l t h e n
264 b e g i n  I P : =  t ru e ;  RE end e ls e
265 i f  s y n t  u n i t  =  SKIP symbo l t h e n
266 b e g i n  PUNCH;
267 R E ;  A d d  t o  a d  cn t r(RE  e xp re ss io n )
268 e n d  e l s e
269 i f  s y n t  u n i t  =  b e g in  symbo l t h e n  RE ELAN b lo c k  e ls e
270 i f  1 (s y n t  u n i t  =  sta te me n t  se p a ra t o r V
271 s y n t  u n i t  =  end symb o l) t h e n
272 b e g i n  i f  1  i n i t i a l i z a t i o n  A  fi r s t  s c a n  t h e n
273 b e g i n  SKIP u n t i l  s ta te me n t  se p a ra t o r;
274 A d d  t o  ad  c n t r  ( 1 )
275 e n d  e ls e
276 i f  s y n t  u n i t  =  open symbo l V  syn t  u n i t  =  co lo n  symbo l t h e n
277 b e g i n  PRODUCE EXPR CODE( RE e xp re ss io n  ) ;
278 A d d  t o  a d  e n t r (1 )
279 e n d  e l s e
280 i n  i f  i s  UYN symb o l(syn t  u n i t )  t h e n
281 b e g i n  UYN:= syn t  u n i t ;  RE;
282 C H E C K (  comma symbo l,  5 2 0 ) ;  RE
283 e n d  e ls e
284 U Y N : =  - I ;
285 i f  s y n t  u n i t  =  f u n c t i o n  i d e n t i fi e r  t h e n
286 R E  f u n c t i o n a l  i n s t r u c t i o n  e ls e  RE a r i t h me t i c  i n s t r u c t i o n ;
287 i f  s y n t  u n i t  =  comma symbo l t h e n
288 b e g i n  RE; ERROR(1 i s  PZE s y M 1
-
1 7 7
-
s y n t  u n i t )  5 3 0 ) ;

289 P Z E : =  s y n t  u n i t ;  RE
290 e n d  e ls e  PZE:= -
1 ;291 i f  i n i t i a l i z a t i o n  t h e n  DEFINE I NF WORDS e l s e
292 i f  second sca n  t h e n  PRODUCE INSTR CODE;
293 A d d  t o  a d  c n t r ( 1 )
294 e n d
295 e n d  RE ELAN i n s t r u c t i o n ;
296
297 p r o c e d u r e  RE a r i t h me t i c  i n s t r u c t i o n ;
298 b e g i n  i f  i s  r e g i s t e r  symb o l(syn t  u n i t )  t h e n
299 b e g i n  r e g i s t e r : =  in d e x  o f  r e g i s t e r ;  RE ;
300 E R R O R ( 1  i s  o p e ra t o r symb o l(syn t  u n i t ) , 5 )4 0 );
301 i f  i s  a d d in g  o p e ra t o r(syn t  u n i t )  t h e n
302 b e g i n  minus f o r  r i g h t  o p e ra n d := s y n t  u n i t  =  minus symb o l;
303 o p e r a t o r : =  in d e x  o f  o p e ra t o r(p lu s  symb o l);  RE
304 e n d  e ls e
305 i n  o p e ra t o r : =  in d e x  o f  o p e ra t o r(s y n t  u n i t ) ;  RE ;

35
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306 R E  p o ss ib le  min u s symbo l
307 e n d ;
308 r i g h t  ope rand := RE r e g i s t e r  o r  operand;
309 i f  r i g h t  operand  =  STAT a d  o p  A  va lu e  o f  operand  <  0  t h e n
310 b e g i n  ERROR(true, 5 )45 );  v a lu e  o f  o p e ra n d :=-va lu e  o f  ope rand ;
311 m i n u s  f o r  r i g h t  ope rand := 1  min u s f o r  r i g h t  ope rand
312 e n d ;
313 I N F  WORD:= re g  o p  o g r e g i s t e r , o p e r a t o r , r i g h t  o p e ra n d ] ;
314 d 2 6 I N F  WORD:= d26reg  o p  o g r e g i s t e r , o p e r a t o r , r i g h t  operand •
315 t y p e  o f  i n s t r u c t i o n : =  re g  o p  o p  i n s t r u c t i o n
316 e n d  e l s e
317 b e g i n  l e f t  ope rand := RE operand ;
318 i f  l e f t  operand =  STAT a d  o p  V
319 l e f t  operand =  DYN ad  o p  t h e n  l e f t  operand:=ERROR(t ru e , 5 5 0 ) ;
320 E R R O R ( 1  i s  o p e ra t o r s y m b o i n t  u n i t ) , 5 6 0 ) ;
321 i f  i s  a d d in g  o p e ra t o r(s y n t  u n i t )  t h e n
322 b e g i n  minus f o r  r i g h t  o p e ra n d := s y n t  u n i t  .  minus symb o l;
323 o p e r a t o r : =  in d e x  o f  o p e ra t o r (p lu s  symb o l);  RE
324 e n d  e ls e, - - - -
325 i n  o p e ra t o r: =  in d e x  o f  o p e ra t o r (s y n t  u n i t ) ;  RE ;
326 R E  p o ss ib le  min u s symbo l
327 e n d ;
328 E R R O R ( 1  i s  r e g i s t e r  symb o l(syn t  u n i t ) , 5 7 0 ) ;
329 r e g i s t e r : =  in d e x  o f  r e g i s t e r ;  RE ;
330 I N F  WORD:= op  o p  r e e l e f t  o p e ra n d , o p e ra t o r , re g is t e r ] ;
331 d 2 6 I N F  WORD:= d26op op  r e e l e f t  o p e ra n d , o p e ra t o r , re g is t e r ] ;
332 t y p e  o f  i n s t r u c t i o n : =  op  o p  re g  i n s t r u c t i o n
333 e n d
334 e n d  RE a r i t h me t i c  i n s t r u c t i o n ;
335
336 p r o c e d u r e  RE f u n c t i o n a l  i n s t r u c t i o n ;
337 b e g i n  i n t e g e r  u p p e r bound;
338 f c t n : =  t yp e  o f  f u n c t i o n  i d e n t i fi e r ;  RE ;
339 i f  f c t n  <  t 8  t h e n  uppe r bound:=t15  -  1 e l s e
340 i f  f c t n  <  t 9  t h e n  b e g in  f c t n : = f c t n - t 8 ;  u p p e r bound:=31 e n d  e l s e
341 i f  f c t n  <  t 1 0  t h e n  b e g in  f c t n : = f c t n - t 9 ;  u p p e r bound:=1 e n d  e l s e_
342 b e g i n  f c t n : = f c t n  -  t 1 0 ;  u p p e r bound:=39 end ;
343 i f  s y n t  u n i t  =  open symbo l t h e n
344 b e g i n  RE; i f  uppe r bound <  t 1 5  -  1 t h e n
345 b e g i n  i f
—
s " Y n t  
u n i t  
=  
B  
s y m b o
l  
t h e
n

346 b e g i n  r i g h t  ope rand := STAT B  operand; RE ;
347 i f  s y n t  u n i t  =  c lo se  symb o l t h e n
348 b e g i n  va lu e  o f  ope rand :=0 ;
349 m i n u s  f o r  r i g h t  o p e ra n d := f a l s e  ;
350 g o t o  END
351 e n d
352 e n d  e ls e
353 b e g i n  r i g h t  ope rand := STAT operand  end ;
354 v a l u e  o f  ope rand := RE e xp re ss io n ;
355 m i n u s  f o r  r i g h t  ope rand := f a l s e  ;
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356 E R R O R ( s e c o n d  sca n  A
357 1 ( 0 < v a l u e  o f  operand  A  va lu e  o f  operand <  upper bound ),
358 5
- 8
0 )
359 e n d  e ls e
360 b e g i n  RE p o ss ib le  min u s symb o l;
361 r i g h t  ope rand := RE r e g i s t e r  o r  operand;
362 i f  r i g h t  operand =  STAT a d  o p  A  va lu e  o f  operand  <  0  t h e n
363 b e g i n  ERROR( t r u e  ,  5
8
5 ) ;
364 v a l u e  o f  ope rand := –  va lu e  o f  operand;
365 m i n u s  f o r  r i g h t  o p e ra n d : .  1  min u s f o r  r i g h t  operand
366 e n d
367 e n d ;
368 E N D :  REQUIRE (c l o s e  symb o l,5 9 0 );  RE
369 e n d  e ls e
370 b e g i n  ERROR (u p p e r bound <  t 1 5  –  1 ,  5 9 5 ) ;
371 r i g h t  ope rand := 0 ;  v a l u e  o f  o p e ra n d :=  0 ;
372 M i n u s  f o r  r i g h t  ope rand := f a l s e
373 e n d ;
374 I N F  WORD:= f c t n  o p [ f c t n , r i g h t  o p e ra n d ] ;
375 d 2 6 I N F  WORD:= d 2 6 f c t n  o p [ f c t n , r i g h t  o p e ra n d ] ;
376 t y p e  o f  i n s t r u c t i o n : =  f c t n  i n s t r u c t i o n
377 e n d  RE f u n c t i o n a l  i n s t r u c t i o n ;
378 —
379 p r o c e d u r e  RE p o ss ib le  min u s symb o l;
380 i f  s y n t  u n i t  =  minus symbo l t h e n
381 b e g i n  RE; min u s  f o r  r i g h t  ope rand := t r u e  end  e l s e- - - -  - -
382 m i n u s  f o r  r i g h t  ope rand := f a l s e ;
383
384 i n t e g e r  p rocedu re  RE r e g i s t e r  o r  operand ;
385 i f  i s  r e g i s t e r  symb o l(syn t  u n i t )  t h e n
386 b e g i n  RE r e g i s t e r  o r  ope rand := STAT operand ;
387 v a l u e  o f  ope rand := va lu e  o f  r e g i s t e r ;  RE
388 e n d  e l s e  RE r e g i s t e r  o r  ope rand := RE operand ;_  . . . _
389
390 c o m m e n t :
391
392 6 .  O p e ra n d .
393
394 < l e f t  operand>::=<STAT operand> 1 <STATB operand> 1 < DI N operand>
395 < a d d r e s s  o p e ra n d >: :=  <STAT a d d re ss operand> I
396 < D Y N  add ress operand>
397 < o p e r a n d > : : =  < l e f t  operand> I  <a d d re ss operand>
398 < S T A T  o p e ra n d >: :=  M I  M[ <e xp re ss io n > ]  1  < i d e n t i fi e r >  1  T  i
399 ‹ i d e n t  i f  ie r> [<expre ssion> ]
400 < S T A T B  o p e ra n d >: :=  M[B<Bexpr>] I  < i d e n t i fi e r >  [B<Be xp r> ]
401 < B e x p r > : : =  <empty> 1 <a d d in g  o p e ra t o r>  <unsigned e xp re ss io n >
402 < D Y N  o p e ra n d >: :=  <DIN M symbo l> I
403 < D Y N  M symbo l>[<q  e xp r> ]
404 < D Y N  M symb o l> : :=  MG 1 MA  1 MS I  NC 1 MT 1 ND I  M  <p  e xp r>
405 < q  e x p r> : : =  <e xp re ssio n >
406 '  < p  e x p r> : : =  < d i g i t >  1 < d i g i t >  < d i g i t >
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407 < S T A T  a d d re ss o p e ra n d >: :=  :  <STAT operand> I  <u n sig n e d  in t e g e r>  1
408 ( < e x p r e s s i o n > )  I  :  < re g i s t e r>
409 < D Y N  a d d re ss o p e ra n d >: :=  ;  <DYN operand>
410
411 A l g o r i t h m : ;
412
413 i n t e g e r  p ro cedu re  RE operand;
414 i f  s y n t  u n i t  =  co lo n  symbo l t h e n
415 b e g i n  i n t e g e r  op ;
416 R E ;  o p : =  RE r e g i s t e r  o r  operand ;
417 R E  o p e ra n d := i f  o p  =  STAT ope rand  t h e n  STAT a d  o p  e ls e
418 i f  o p  =  DYN operand t h e n  DYN ad  o p  e l s e- -
419 E R R O R (  t r u e  ,  6 0 0 ) —- -
420 e n d  e l s e
421 i f  s y n t  u n i t  =  number t h e n
422 b e g i n  ERROR(type o f  number i n t e g r a l  t yp e , 6 1 0 );
423 R E  ope rana := STAT a d  o p ;  v a lu e  o f  ope rand := va lu e  o f  number; RE
424 e n d  e l s e
425 i f  s y n t  u n i t  =  open symbo l t h e n
426 b e g i n  RE; RE ope rand := STAT a d  o p ;
427 v a l u e  o f  ope rand := RE e xp re ss io n ;
428 R E Q U I R E  (c l o s e  symb o l,  6 2 0 ) ;  RE
429 e n d  e l s e
430 i f  s y n t  u n i t  =  DYN M symbo l t h e n
431 b e g i n  i n t e g e r  p , q ;  -
432 R E  o p e ra n d := DYN operand;
433 p : =  t yp e  o f  DYN M symbo l;  .
434 p : =  i f  p  =  — G symbo l t h e n  58  e l s e
435 i f  p  =  — A symbo l t h e n  59  e l s e
436 i f  p  =  — S symbo l t h e n  6o e l s e
437 i f  p  =  — C symb o l t h e n  61 e l s e
438 i f  p  =  — T symb o l t h e n  62  e l s e
439 i f  p  =  — D symbo l t h e n  63 e l s e  p ;  RE ;
440 i f  s y n t  u n i t  =  sub symb o l t h e n
441 b e g i n  RE; q : =  RE e xp re ss io n ;
442 R E Q U I R E  (b u s  symbo1,630);  RE
443 e n d  e l s e  q : =  o ;
444 E R T d 1 7
.
7
—
>  p  
V  
p  
>  
6 3 , 6
3 5 ) ;  
E R R
O R
( - 2
5 6  
>  
q  
V  
q  
>  
2 5
5 ,
6 4
0 )
;

445 v a l u e  o f  ope rand := p  x  512 +  256 +  q
446 e n d  e l s e
447 i f  s y n t  u n i t  =  M symbo l V  syn t  u n i t  =  i d e n t i fi e r  t h e n
448 b e g i n  i n t e g e r  t yp e ;  - -
449 i f  s y n t  u n i t  =  i d e n t i fi e r  t h e n
450 b e g i n  ERROR(new i d e n t i fi e r ) ;
451 t y p e : =  t yp e  o f  i d e n t i fi e r ;
452 E R R O R ( t y p e  =  d e c la re d  V  t yp e  =  MT d e c la re d , 6 5 5 );
453 v a l u e  o f  ope rand := i f  t yp e  =  Y2 d e c la re d  and d e fin e d  t h e n
454 v a l u e  o f  i d e n t i fi e r =  (a d d re s s  co u n t e r +  1 )
455 e l s e  va lu e  o f  i d e n t i fi e r
456 e n d  e ls e
4 5 7
,  
b
e
g
i
n  
t
y
p
e
:
=  
S
T
A
T  
o
p
e
r
a
n
d
;  
v
a
l
u
e  
o
f  
o
p
e
r
a
n
d
:
=  
0  
e
n
d
;
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458 R E ;  i f  s y n t  u n i t  =  sub  symb o l t h e n
459 b e g i n  BE; i f  s y n t  u n i t  =  B  symbo l t h e n
460 b e g i n  RE; ERROR(type f  STAT o p e ra n d ,6 6 0 );
461 t y p e : =  STATB operand;
462 v a l u e  o f  ope rand := va lu e  o f  operand +  16384;
463 i f  s y n t  u n i t  =  bus symb o l t h e n  g o to  END
464 e n d ;
465 v a l u e  o f  ope rand := va lu e  o f  ope rand  +  RE e xp re ss io n ;
466 E N D :  REQUIRE (b u s  symbo1,670);  RE
467 e n d ;
468 i f  t yp e  =  Mr d e c la re d  and d e fin e d  t h e n
469 b e g i n  ERROR(-256>value o f  operand  V  va lu e  o f  operand  >255 ,680 );
470 v a l u e  o f  ope rand := 62  X  512 +  256 +  va lu e  o f  operand;
471 R E  ope rand := DYN operand
472 e n d  e ls e  RE operand := i f  t yp e  =  d e c la re d  t h e n  STAT operand e ls e
473 i f  t yp e  =  MT d e c la re d  t h e n  DYN operand e ls e  t yp e
474 e n d  e l s e  - - - -
475 b e g i n  RE o p e ra n d := STAT operand ;
476 v a l u e  o f  ope rand := i f  s y n t  u n i t  =  T symb o l t h e n  62  e ls e
477 _ ERROR(true,690); RE- - -
478 e n d  RE operand;
479
480 c o m m e n t :
481
482 7 .  E x p r e s s i o n .
483
484 < e x p r e s s i o n > : : =  <unsigned  e xp re ss io n >  1
485 < a d d i n g  o p e ra t o r>  <unsigned e xp re ss io n >
486 < u n s i g n e d  e xp re ss io n > : : =  < te rm> 1
487 < u n s i g n e d  e xp re ss io n >  <add ing  o p e ra t o r>  < te rm>
488 < t e r m > : : =  <p rimn ry>  1 < t e rm>  < mu l t i p l y i n g  o p e ra t o r>  <p rima ry>
489 < p r i m a r y > : : =  <STAT a d d re ss operand>
490
491 A l g o r i t h m : ;
492
493 i n t e g e r  p rocedu re  l o g i c  sum (a ,  b ) ;  r e a l  a ,  *
494 l o g i c  su m:=  l o g i c  o p e ra t io n  (a ,  b ,  1 ) ; - -495
496 i n t e g e r  p rocedu re  l o g i c  p ro d  (a ,  b ) ;  r e a l  a , b ;
497 l o g i c  p ro d : =  l o g i c  o p e ra t io n  (a ,  b ,  2 ) ; - -
498
499 i n t e g e r  p rocedu re  l o g i c  o p e ra t io n  (a ,  b ,  opcode) •
500 v a l u e  a ,  b ,  opcode ;  reR1  a ,  b ;  i n t e g e r  opcode;
501 b e g i n  i n t e g e r  i a ,  i b ,  i a 2 ,  i b 2 ,  r e s ,  k  t k ;
502 B o o l e a n  nega, n e g b ;
503 B o o l e a n  p rocedure  o p  (a ,  b ) ;  v a l u e  a ,  b ;  B o o le a n  a ,  b ;
504 o p : =  i f  opcode =  1 t h e n  l a  =  b  e l s e
505 i f  opcode =  2  t h e n  a  A7b e l s e  f a l s e  ;
506 - - - -
507 i a : =  r e a l  t o  i n t ( a ) ;  i b : =  r e a l  t o  i n t ( b ) ;
508,  n e g a : =  1 /  i a  <  0 ;  n e g b :=  1 /  i b  <  0 ;



509 r e s : =  i f  op(nega, n e g b ) t h e n  t 2 6  e l s e  0 ;
510 i f  nega th e n  i a : =  i a  -  t ' g r
-
i f  n e g b  t h e n  
i b : =  
l b  
-  
t 2 6 ;

- - - -
511 f o r  k : =  0  s t e p  1 u n t i l  25  d o
- -512 b e g i n  t k : =  i f  k  =  0  t h e n  tO e l s e  t k  x  t l ;
513 i a 2 : =  i a  7
-
t 1 ;  i b 2 : =  
l b  
:  
t l ;

514 i f  0 P ( i a  T  ia 2  X  t l ,  i b  . .
f  i b 2  x  t l )  
t h e n  
r e s : =  
r e s  
+  
t k ;

- -—
515 i a : =  i a 2 ;  f b : =  i b 2
516 e n d ;
517 l o g i c  o p e ra t io n : =  re s
518 e n d  l o g i c  o p e ra t io n ;_
519
520 r e a l  p ro ce d u re  RE e xp re ss io n ;
521 b e g i n
522 r e a l  p ro ce d u re  e l e v a t o r ( fl o o r ) ;  v a l u e  fl o o r ;  i n t e g e r  fl o o r ;
523 i f  fl o o r  =  0  t h e n  e le v a t o r : =  p r i r s r y  e lse
524 b e g i n  r e a l  e l ;
525 i n t e g e r  s ;
526 e l : =  e l e v a t o r ( fl o o r  -  ) ;
5
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528 i f  fl o o r  =  2  A
529 T
-
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=  
p
l
u
s  
s
y
m
b
o
l  
V  
s  
=  
M
i
n
u
s  
s
y
m
b
o
l  
V  
s  
=  
l
o
g
i
c  
p
l
u
s  
s
y
m
b
o
l
)
V

530 fl o o r  =  1 A
531 ( s  =  t ime s  symbo l V  s  =  o ve r symbo l V  s  =  l o g i c  t ime s  symb o l)
532 t h e n
533 b e g i n  RE;
534 e l  i f  s  .  p l u s  symbo l t h e n  e l  +  e l e v a t o r ( fl o o r  -  1 )
535 e l s e  i f  s  =  minus symb o l t h e n  e l  -  e l e v a t o r ( fl o o r  -  1 )
536 e l s e  i f  s  =  l o g i c  p l u s  symb o l t h e n
537 l o g i c  sum( e l ,  e l e v a t o r (  fl o o r  -  1 ) )
538 e l s e  i f  s  =  t ime s  symb o l t h e n  e l  X  e l e v a t o r ( fl o o r  -  1 )
539 e l s e  i f  s  =  o v e r  symb o l t h e n  e l  : e l e v a t o r ( fl o o r  -  1 )
540 e l s e  i f  s  =  l o g i c  t ime s  symb o l th e
-
e
-
n

- -  - -
541 l o g i c  p ro d ( e l ,  e l e v a t o r (  fl o o r  -  1 ) )
542 e l s e  1 ;  g o t o  a g a in
543 e n d ;
544 _ e le v a t o r : =  e l
545 e n d  e le v a t o r ;
546 —
547 r e a l  p ro ce d u re  p r ima ry ;
548 i f  s y n t  u n i t  =  p lu s  symbo l t h e n
549 b e g i n  RE; p r i ma ry : =  p r ima ry  end  e l s e
550 i f  s y n t  u n i t  =  Minus symbo l t h e n_
551 b e g i n  RE; p r i m a r y : =  -  p r ima ry  end. e ls e
552 b e g i n  r e a l  t ;
553 t : =  RE operand ; ERROR( t  S T A T  a d  o p ,  7 0 0 ) ;
554 p r i m a r y : =  va lu e  o f  operand
555 e n d  p r ima ry ;
556
557 R E  e xp re ss io n : =  e l e v a t o r (2 ) ;
558 E N D :
559 ,  e n d  RE e xp re ss io n ;
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560
561 c o m m e n t :
562
563 8 .  R e a d i n g  equ ipment.
564
565 A l g o r i t h m : ;
566
567 i n t e g e r  t a p e  symbo l,  p r  t a p e  symb o l,  ca se  co de ,  l o w e r  ca se ,
568 l o w e r  ca se  code , u p p e r ca se ,  u p p e r case  code ,  dummy code,
569 e r r o r  code ,  endsymcount;
570 i n t e g e r  a r r a y  symcode [0 :255 ] ;
571 b o o l e a n  s t a t  se p  b a r r i e r ,  KS d e f e rre d ,  f r o m  s t r i n g ;
572
573 p r o c e d u r e  RE;
574 i f  1  i n i t i a l i z a t i o n  A  s t a t  se p  b a r r i e r  A
575 ( s y n t  u n i t  =  sta te me n t  se p a ra t o r V  s y n t  u n i t  =  end symb o l) t h e n
576 r e t a i n  o l d  s y n t  u n i t :  e l s e
577 i f  CHECK f a u l t  t h e n  CHECK f a u l t : =  f a l s e  e l s e
578 b e g i n  i f  n o t  b e h in d  l a s t  end t h e n  s y n t  u n i t  : =  READ s y n t  u n i t ;
579 i f  s y n t  u n i t  =  b e g in  symb o l t h e n
580 n r  o f  b e g in s : =  n r  o f  b e g in s +  1  e l s e
5
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1  
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f  
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582 b e g i n  n r  o f  b e g in s : =  n r  o f  b e g in s  — 1 ;
583 i f  n r  o f  b e g in s >  0  t h e n
584 b e g i n  L :
585 i f  i s  l e t t e r ( s y mb o l )  V  i s  d i g i t ( s y mb o l )  t h e n
586 b e g i n  KS; g o t o  L  end - -
587 e n d  e ls e  n o t  b e h in d  l a s t  e n d : =  f a l s e
588 e n d
589 e n d  RE;
590
591 i n t e g e r  p rocedu re  READ syn t  u n i t ;
592 i f  KS d e f e rre d  t h e n
593 b e g i n  KS; KS  d e f e rre d : =  f a l s e ;
594 R E A D  s y n t  u n i t : =  READ s y n t  u n i t
595 e n d  e l s e
596 i f  i s  l e t t e r ( s y mb o l )  t h e n
597 b e g i n  i n t e g e r  p , q , n , A , m, q 1 , q 2 , q 3 , i ;
5 9
8  
B
o
o
l
e
a
n  
e
n
d
;

599 p : =  p t r  o f  i n f  l i s t ;  n : =  A : =  o ;
600 a g a i n :  n : =  n  +  1 ;  A : =  A  X  t 6  +  symb o l +  1 ;  KS;
601 e n d : =  1 ( i s  l e t t e r ( s y mb o l )  V  i s  d i g i t ( s y m b o l ) ) ;
602 i f n = n :  ) 4 X 4 V e n d  t h e n
603 b e g i n  p : =
—
p  +  1 ;  
E R R O R
( p  
>  
m a x  
o f  
i n
f  
l i
s t  
—  
1 0 ,
8 0 0
) ;

6o4 c o n t e n t s  o f [ p ] : =  q : =  A ;  A : =  0
605 e n d ;
606 i f  1  end  t h e n  g o to  a g a in ;
607 m : =  p  — p t r  o f  i n f  l i s t ;  c o n t e n t s  o f r p t r  o f  i n f  l i s t ] : =  m;
608 i f  n  =  1 t h e n
609 b e g i n  q l : =  q  — 1 ;
610 ,  f o r  i : =  A  symbo l,  B  symbo l,  E  symb o l,  F  symbo l,  G  symb o l,



611 M  symbo l,  N  symb o l,  P  symb o l,  8  symb o l,  T  symb o l,
612 U  symbo l,  Y  symbo l,  Z  symb o l d o—
613 i f  i  =  q l  t h e n  b e g in  READ s y n t  u n i t : .  i ;  g o t o  END end
6 1 4  e n d  e l s e  m • • • • m f t W o  4 • O N • O e n

615 i f  n  .  2  t h e n
616 b e g i n  q l : =  q  :  t 6 ;  q
2
: =  q  -  q l  
x  t 6  
-  
1 ;  
q l : =  
q l  
-  
•

617 i f  q l  =  M symbo l t h e n
618 b e g i n  f o r  1 : =  A  symbo l,  C  symb o l,  D  symb o l,
619 G  symb o l,  S  symb o l,  T  symb o l d o—
620 i f  i  =  q2  t h e n
621 b e g i n  READ s y n t  u n i t : =  DYN M symbo l;
622 t y p e  o f  DYN M symb o l:=  - i ;  g o t o  END
623 e n d ;
624 i f  i s  d i g i t ( q 2 )  t h e n
625 b e g i n  READ s y n t  u n i t : =  DYN M symbo l;
626 t y p e  o f  DYN M symb o l:=  q 2 ;  g o t o  END
627 e n d
628 e n d  e l s e
629 i f  i n i t i a l i z a t i o n  t h e n
630 b e g i n  i f  q l  =  Y  symbo l A  q2 =  N symbo l t h e n
631 b e g i n  READ s y n t  u n i t : =  YN symb o l;  g o t o  END end—
632 e n d
633 e n d  e ls e
634 i f  n  = 3  t h e n
635 b e g in  q l : =  q  :  t 1 2 ;  q 2 : =  q  -  q l  X  t 1 2 ;  A : =  q2  :  t 6 ;
636 q 3 : =  q 2  -  A
-
x  t 6 ;  q 2 : =  
A  -  
1 ;  
q l : =  
q l  
-  
1 ;  
c i l
.
: =  
q
3  
-  
1
;

637 i f  q l  =  M symbo l A  i s  d i g i g q 2 )  A  i s  d i g i t ( q 3 )  t h e n
638 _ beg in  READ s y n t  u n i t : =  DYN M symbo l;  - -
639 t y p e  o f  DYN M symb o l : .  q2  X  10  +  q 3 ;  g o t o  END
640 e n d  else
641 i f  i n i t i a l i z a t i o n  t h e n
642 b e g i n  i f  q l  =  U symbo l A  q2 =  Y  symbo l A  q3 .  N symbo l t h e n
643 b e g i n  READ s y n t  u n i t : =  UYN symb o l;  g o t o  END end  e lse  —
644 i f  Q1 =  P symb o l A  q2  =  Z  symbo l A  q3 =  E symb o l t h e n
645 b e g i n  READ s y n t  u n i t : =  PZE symb o l;  g o t o  END end  - - - -
646 e n d  - -
647 e n d ;
648 c o n t e n t s  o f[p ]:=q  X t6  4\ (m x  4 -  n );
649 R E A D  s y n t  un it :=STORE l e t g i t s  w i t h ( b l o c k  number);
650 c o m m e n t  The p ro ce d u re  "STORE l e t g i t s  w i t h "  s t o re s  t h e  name
651 r e a d  w i t h  a l l  i t s  i n f o rma t i o n . ;
652 E N D :
653 e n d  i s  l e t t e r  e l s e  i f  symb o l =  apostrophe  symb o l t h e n- - - ,  —  ,  . - - s .
654 b e g i n  NS; i f  i s  l e t t e r ( s y mb o l )  t h e n
655 b e g i n  i n t e g e r  s y n t  u n i t ;  - -
656 i f  symb o l =  l e t t e r  b  t h e n
657 b e g i n  NS;
658 i f  symb o l =  l e t t e r  e  t h e n  s y n t  u n i t : =  b e g in  symbo l e l s e
659 i f  symbo l =  l e t t e r  i  t h e n  s y n t  u n i t : =  B I  symb o l e l s e
660 s y n t  u n i t : =  ERROR( t r u e  ,  8 1 1  )  -- -661
, 
e
n
d  
e
l
s
e
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662 i f  symb o l =  l e t t e r  e  t h e n  s y n t  u n i t : =  end symbo l e l s e
663 i f  symb o l =  l e t t e r  i  t h e n  s y n t  u n i t : =  I F  symbo l e l s e
664 i f  symb o l =  l e t t e r  S  t h e n  s y n t  u n i t : =  SKIP symbo l e l s e
665 i f  symb o l =  l e t t e r  M th e n  s y n t  u n i t : =M2  d e c la ra t i o n  symbo l
666 e l s e  s y n t  u n i t : =  ERROR(E r u e  ,  8 1 0  ) ;
667 R E A D  s y n t  u n i t :  = s y n t  u n i t ;
668 L A :  NS ;  i f  i s  l e t t e r  (symb o l) t h e n  g o to  LA;
669 i f  symb o l a p o s t r o p h e  symb o l t h e n  ERROR ( t r u e ,  8 1 5 ) e l s e
670 i f  s y n t  u n i t  e n d  symbo l V  n r  o f  b e g in s >  1 t h e n  NS- -
671 e n d  e ls e
672 i f  symb o l =  p lu s  symbo l V  symbo l =  t ime s  symb o l t h e n
673 b e g i n  READ s y n t  u n i t : =
674 i f  symb o l =  p lu s  symbo l t h e n  l o g i c  p l u s  symbo l e l s e
675 l o g i c  t ime s  symb o l;  NS ;  - - - -
676 i f  symb o l a p o s t r o p h e  symb o l t h e n  ERROR ( t r u e ,  8 2 0 ) e l s e  NS
677 e n d  e ls e
678 i f  i s  d i g i t ( s y mb o l )  t h e n
679 b e g i n  i n t e g e r  i ;  - - - -
680 B o o l e a n  neg;
681 R E A D  s y n t  u n i t : =  number;
682 t y p e  o f  number:= i n t e g r a l  t y p e ;  n e g : =  symbo l >  4 ;
683 v a l u e  o f  number:= 0 ;  i : =  o ;
684 a g a i n :  1 : =  i  +  1 ;  i f  symbo l >  7  t h e n
685 b e g i n  ERROR(true7730); s ymb o l : =  0  end ;
686 v a l u e  o f  number:= va lu e _ o f  number 7
-
5  +  s y m b o l ;
687 E R R O R ( i  =  1 0 ,8 3 5 );  NS ;  i f  i s  d i g i t ( s y mb o l )  t h e n  g o to  a g a in ;
688 i f  negAi=9 th e n va lu e  o f  number:=va lue  o f  n u mb e r-re a l t 2 6 + t2 6 ;
689 i f  symbo l a p o s t r o p h e  symb o l t h e n  ERROR ( t r u e ,  8 4 0 ) e l s e  NS
 690 e n d  e ls e
691 i f  symb o l =  apostrophe symb o l t h e n
692 b e g i n  symb o l:=  quo te  symb o l;
693 R E A D  s y n t  u n i t : =  READ s y n t  u n i t
694 e n d  e ls e
695 E R R O 7 T T u e , 8 6 0 )
696 e n d  apostrophe  symb o l e ls e
697
698 i f  i s  d i g i t ( s y mb o l )  V  symbo l =  p o in t  symb o l V—
6
9
9  
s
y
m
b
o
l  
=  
l
o
w
e
r  
t
e
n  
s
y
m
b
o
l  
t
h
e
n

700 b e g i n  r e a l  r , l e n g t h , i , i 1 ;
701 r e a l  p ro ce d u re  i n t e g e r ;
702 b e g i n  i : =  symb o l;  ERROR(1 i s  d i g i t ( s y mb o l ) , 8 7 0 ) ;  l e n g t h : =  l o ;
703 a g a i n :  NS ;  i f  i s  d i g i t ( s y mb o l )  t h e n
704 b e g i n  i : = iX 1 0  +  symb o l;  le n g t h : = 1 e n g t h  X  10 ;  g o t o  a g a in  end ;_ -_
705 i n t e g e r : =  i
706 e n d  i n t e g e r ;_
707
708 R E A D  s y n t  u n i t : =  number; t y p e  o f  number:= i n t e g r a l  t yp e ;
709 i f  symb o l= lo we r t e n  symbo l t h e n  b e g in  r : = 1 ;  g o t o  LOWER TEN end;
710 i f  i s  d i g i t ( s y mb o l )  t h e n  i l : =  i n t e g e r  e l s e  i l : =  0 ;
711 i f  symb o l =  p o in t  symb o l t h e n
712, b e g i n  t yp e  o f  number:= r e a l  t y p e ;  NS ;



44

713 r : =  i l  +  i n t e g e r / l e n g t h
714 e n d  e ls e  r : =  i i ;
715 L O W E R  TEN: i f  symbo l =  lo we r t e n  symbo l t h e n- - - -
716 b e g i n  boo lean  minus;
717 N S ;  min u s : =  symbo l =  minus symb o l;
718 i f  i s  a d d in g  o p e ra t o r(symb o l) t h e n  NS;
119 r : =  r  x  10 /I\ ( i f  min u s t h e n  —in te g e r e ls e  i n t e g e r ) ;
720 t y p e  o f  numberT;  ren1 t y p e
721 e n d ;—
722 i f  t yp e  o f  number =  i n t e g r a l  t y p e  t h e n  va lu e  o f  number:=11 e l s e
 723 v a l u e  o f  r e a l  number:= r
724 e n d  number e ls e_  - - - -
725
726 i f  symb o l =  n l c r  symbo l V  symbo l =  se mico lo n  symbo l t h e n
727 b e g i n  i f  i n i t i a l i z a t i o n  t h e n
728 b e g i n  L 2 :  NS;  i f  symb o l =  n l c r  symbo l t h e n  g o to  L2  end  e lse
 729 N S  d e f e rre d : =  t ru e ;
730 R E A D  s y n t  u n i t : =  sta te me n t  se p a ra t o r
731 e n d  e ls e
732
733 i f  symb o l =  quote  symb o l t h e n
734 b e g i n  L 3 :  NS;
735 i f  1 (symb o l=n 1 cr symb o l V  symbo l=semico lon  symb o l)th e n  g o to  L 3 ;
736 R E A D  s y n t  u n i t : =  READ s y n t  u n i t
737 e n d  quo te  e l s e
738
739 b e g i n  READ s y n t  u n i t : =  symbo l;  NS
740 e n d  READ s y n t  u n i t ;_
741
742 p r o c e d u r e  RE th ro u g h  b a r r i e r ;
743 b e g i n  s t a t  se p  b a r r i e r : =  f a l s e ;
744 R E ;  s t a t  se p  b a r r i e r : =  t ru e
745 e n d  RE t h ro u g h  b a r r i e r ;
746 —
747 p r o c e d u r e  LOOK AHEAD su b  t e x t  b u s;
748 b e g i n  RE NS; a g a in :  i f  n e x t  symb o l =  su b  symbo l t h e n
749 b e g i n  LOOK AHEAD su b  t e x t  b u s;  g o t o  a g a in  end  e ls e
750 i f  n e x t  symb o l =  bus symb o l t h e n  RE NS e l s e
751 i f  n e x t  symb o l =  apostrophe  symb o l t h e n
752 b e g i n  RE NS;
753 i f  n e x t  symbol=apostrophe symb o l V  n e x t  s y mb o l= le t t e r  e th e n
754 E R R O R  ( t r u e ,  8 7 6 ) e l s e  g o t o  a g a in
755 e n d  e ls e
756 i f  i s  s t a t  se p  (n e x t  symb o l) t h e n
757 E R R O R  ( t r u e ,  8 7 6 ) e l s e
758 b e g i n  RE NS; g o t o  a g a in  end
759 e n d  LOOK AHEAD sub  t e x t  b u s;_
760
761 p r o c e d u r e  SKIP u n t i l  s ta te me n t  se p a ra t o r;
762 b e g i n  L :  i f  symbo l =  apostrophe  symb o l t h e n- - - -
763 b e g i n  RE;



45

764 i f  s y n t  u n it=e n d  symbo l A  s y n t  u n i4 s t a t e me n t  se p a ra t o r t h e n
765 g o t o  L
766 e n d  e ls e
767 i f  1  i s  s t a t  se p  (symb o l) t h e n
768 b e g i n  NS; g o t o  L  end e ls e  RE
769 . e n d  SKIP u n t i l  s ta te me n t  se p a ra t o r;
770
771 p r o c e d u r e  NS;
772 b e g i n
773 L :  i f  1  i n i t i a l i z a t i o n  t h e n  PR ELAN S IM ( p r  t a p e  symb o l);
774 p t r  o f  t e x t : =  p t r  o f  t e x t  +  1 ;
775 i f  p t r  o f  t e x t  <  re a d in g  p t r  t h e n
776 p r  t a p e  symb o l: 7  ELAN l i n e [ p t r  o f  t e x t ]  e l s e
777 b e g i n  RE NS; p r  t a p e  symb o l: =  ta p e  symb o l end ;
7 7
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779 s y m b o l : =  i f  p r  t a p e  symb o l =  p r  su b  symb o l t h e n  sub  symbo l e l s e
780 i f  p r  t a p e  symb o l =  p r  b u s symb o l t h e n  b u s symbo l e l s e
781 i f  37  <  p r  ta p e  symb o l A  p r  ta p e  symb o l <  62 t h e n
782 p r  ta p e
- s y m b o l  —  
2 7  
e l s e  
p r  
t a p e  
s y m b
o l

783 e n d  NS;
78 _4
785 p r o c e d u r e  RE NS;
786 b e g i n  L :  re a d in g  p t r : =  re a d in g  p t r  +  1 ;
787 i f  fi r s t  s c a n  t h e n
788 b e g i n  ta p e  symb o l: =  RE S IM;
789 i f  1  i n i t i a l i z a t i o n  t h e n  s t o w i n t o  b u f f e r  ( t a p e  symb o l)
790 e n d  e l s e
791 t a p e  symb o l: =  f e t c h  f ro m b u f f e r ;
792 i f  re a d in g p t r= p t r  o f  t e x t  t h e n  re a d in g  p t r : = p t r  o f  t e x t : = 0  e l s e
793 b e g i n  i f  re a d in g  p t r  >  max o f  ELAN l i n e  t h e n  E 1 RROR(t ru e ,8 7 3
-
7
---

794 e l s e  ELAN l i n e f re a d in g  p t r ] : =  t a p e  symb o l;
795 i f  i s  l a y o u t  ( t a p e  symb o l) t h e n  g o to  L
796 e n d ;
797 n e x t  s y mb o l : = i f  t a p e  symb o l=p r su b  symbo l t h e n  sub  symb o l e l s e
798 i f  t a p e  symb o l=p r b u s symbo l t h e n  b u s symbo l e l s e
799 i f  3 7  <  ta p e  symb o l A  tape  symb o l <  62  t h e n
800 t a p e  symb o l — 27  e l s e  t a p e  symb o l - - - -
801 e n d  RE NS;
802
803 i n t e g e r  p rocedu re  RESYM1;
804 b e g i n  i n t e g e r  s ;
805 s : =  i f  f ro m s t r i n g  t h e n  I n i t  S t r in g sym e lse  RESYM;
806 i f  s
-
7 .  2 5 5  
t h e n

807 b e g i n  f ro m s t r i n g : =  f a l s e ;  s : =  n l c r  symbo l end ;
808 R E g i r m l : =  s
809 e n d  RESYM1;_810
811 i n t e g e r  p rocedu re  RESYM;
812 b e g i n  i n t e g e r  hep, co d e ;
813 L :  i f  re h e p  a v a i la b le  t h e n  h e p :=  REHEP e ls e
814 b e g i n  co d e :=  e n d st rin g sym;  g o t o  endresym end;
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815 i f  h e r  >  t 7  t h e n
816 b e g i n  ETROR (t717e, 8 7 1 ) ;  h e p : =  hep –  h e r  :  t 7  x  t 7  end ;
817 - - - -  _  - - -i f  hep  =  l o v e r  case  t h e n
818 b e g i n  case  co d e :=  lo we r  case  code ;  g o t o  L  end ;- -
 819 i f  hep  =  upper case  t h e n  —
820 b e g i n  case  co d e :=  uppe r case  co d e ;  g o t o  L  end ;
821 c o d e : =  symcode[case code  +  he lp ];
822 i f  code  =  dummy code t h e n  g o to  L ;
823 i f  code  =  e r r o r  code t h e n  b e g in  ERROR ( t r u e ,  8 7 2 ) ;  g o t o  L  end.,•
824 e n d r e s y m :  RESYM:= code —  —
825 e n d  RES/11;
826 - -
827 i n t e g e r  p rocedu re  e n d st rin g sym;
828 b e g i n  i n t e g e r  sym;
829 s y m : .  STRINGSYNEOL(endsymcount
830 ' e n d '
831 $ ) ;
832 i f  sym= n l c r  symbo l A  endsymcount= 0  t h e n  ERROR(true, 8 7 4 ) ;
8
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834 e n d s y m c o u n t + 1 ;  - - - -  - - - -
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836 e n d  e n d st rin g sym;- -
837
838 b o o l e a n  p rocedu re  re h e p  a v a i l a b le ;
8
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;

840
8)-i-1 c o m m e n t :
842
843 9 .  Na me  l i s t  equ ipment and  seconda ry s to ra g e  usage .
844
845 T h e  p ro ce d u re  STORE l e t g i t s  w i t h  ( b l o c k  number) t a k e s  ca re  t h a t
846 e a c h  i d e n t i fi e r  o f  t h e  ELAN so u rce  t e x t  i s  e n te re d  i n t o  t h e
847 n a m e  l i s t .  I t  u se s t h e  p ro ce d u re s "STORE i n  co n t e n t s  o f "  ,
848 " s t o r e  i n  L INE"  a n d  " s t "  f o r  s t o r i n g  v a r i a b le  amounts
849 o f  i n f o rma t i o n  i n t o  t h e  a r ra y s  " co n t e n t s  o f "  a n d  " L I NE " .
850 T h e  s t r a t e g y  i s :
851 A l l  in co min g  in f o rma t io n  i s  s t o re d  l i n e a r l y  i n  t h e  a r r a y
852 " c o n t e n t s  o f "  ,  a n d  p o in t e rs  co n n e ct  t h e  names
853 a l p h a b e t i c a l l y  t o g e t h e r.  I n  t h e  l o w e r  p a r t  o f  t h i s  a r ra y ,
854 t h e  s p e c i a l  i d e n t i fi e r s  a r e  s t o re d .
855 T h e  a d min i s t ra t i o n  s e c t io n  f o r  each  i d e n t i fi e r  i  i s  a s  f o l l o w s :
856 ( a )  number o f  memory p la ce s  o f  i .
857 ( b )  t h e  l e t t e r s  a n d / o r d i g i t s  o f  i  a re  s t o re d  i n
858 g r o u p s  o f  f o u r  l e t t e r s / d i g i t s  i n t o  one memory p la ce .
859 ( c )  t h e  p o i n t e r  t o  t h e  n e x t  name, w h i c h  p receeds a lp h a b e t i c l y  i .
860 ( d )  t h e  p o i n t e r  t o  t h e  n e x t  name, w h i c h  f o l l o w s  a l p h a b e t i c l y  i .
861 ( e )  t h e  p o i n t e r  t o  t h e  a d min i s t ra t i o n  s e c t io n  o f  i .
862 ( f )  b l o c k  number.
863 ( g )  t y p e .
864 ( h )  va lue.
865 ( i )  l i n e  o f  d e c la ra t io n .



47

866 ( j )  p o i n t e r  t o  t h e  memory p la ce  i n  t h e  i n t e g e r  a r r a y  "L INE"  f o r
867 s t o r i n g  t h e  c a l l s  o f
868 ( k )  p o i n t e r  t o  t h e  n e x t  a d min i s t ra t i o n  s e c t io n  o f  a n  i d e n t i fi e r
869 w i t h  t h e  same name, b u t  w i t h  a n o th e r b l o c k  number.
870
871 A l g o r i t h m ;
872
873 i n t e g e r  a r r a y  co n te n t s  o f  [1 :22X1024 ] ,  L INE [1 :4 0 9 6 ] ;
874 i n t e g e r  p t r  o f  i n f  l i s t ,  p o i n t e r  o f  p t r  o f  i n f  l i s t , d r u m  p o in t e r ,
8
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876 b o o l e a n  p la ce  enough;
877
878 i n t e g e r , p r o c e d u r e  STORE l e t g i t s  w i t h (b l o c k  number);
879 v a l u e  b l o c k  number; i n t e g e r  b l o c k  number;
880 b e g i n  i n t e g e r  p o i n t  i n  t re e ,  num i n  t re e ,  o l d  l e t g i t s ,  n e w num,
881 n u m ,  r e s u l t  o f  comparison ,  p o i n t e r  t o  n e x t  i d e n t i fi e r ,
882 fi r s t  a d m i n i s t r a t i o n  c e l l ,  b l o c k  number i n  t r e e ,
883 p o i n t e r  t o  co n n e ct  w i t h ,  n e w l e t g i t s ,  i ;
884
885 p r o c e d u r e  OLD IDENTIFIER;
886 b e g i n  new i d e n t i fi e r : =  f a l s e ;
887 p l a c e  o f  i d e n t i fi e r : =  fi r s t  a d m i n i s t r a t i o n  c e l l  +  1 ;
888 t y p e  o f  i d e n t i fi e r : = c o n t e n t s  o f [ fi r s t  a d m i n i s t r a t i o n  c e l l + 1 ] ;
889 i f  t yp e  o f  i d e n t i fi e r =  unknown t yp e  t h e n
890 b e g i n  new i d e n t i fi e r : = t r u e ;  t y p e  o f  i d e n t i fi e r : = d e c l a re d  e n d ;
891 v a l u e  o f  i d e n t i fi e r : =
892 c o n t e n t s  o f  [ fi r s t  a d m i n i s t r a t i o n  c e l l  +  2
] ;893 i f  - -
d e c l a r a t i o n  
A  
b l o c
k  
n u m
b e r  
=  
1  
A

894 b lo ck  number =  2  A  second sca n  t h e n
895 b e g i n
896 p o i n t e r  t o  co n n e ct  w i t h : =
897 c o n t e n t s  o f [ fi r s t  a d m i n i s t r a t i o n  c e l l  +  4 ] ;
898 c o n t e n t s  o f [ fi r s t  a d m i n i s t r a t i o n  c e l l  +  4 ] : =
899 s t o r e  i n  L INE(ST(ST(0 ,
900 l i n e  number),
901 p o i n t e r  t o  co n n e ct  w i t h ) )
902 e n d ;
903 g o t o  OUT
904 e n d  OLD IDENTIFTER;
905
906 p r o c e d u r e  NEW IDENTIFIER;
907 i f  p t r  o f  i n f  l i s t  <  end f c t n p a r t  t h e n
908 b e g i n  STORE i n  co n t e n t s  o f  ( s t ( 0 ,
909 b l o c k  n u mb e r));
910 g o t o  OUT
911 e n d  e ls e
912 * b e g i n  new i d e n t i fi e r : =  t r u e  ;
913 p l a c e  o f  i d e n t i fi e r : =  p t r  o f  i f  l i s t  +  1  ;
914 t y p e  o f  i d e n t i fi e r : =  d e c la re d ;
915 v a l u e  o f  i d e n t i fi e r : =  0 ;
916  i f  b lo c k  number z  0  t h e n
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917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
94o
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967 .

STORE i n  co n te n t s  o f  ( s t ( s t ( s t ( s t ( s t ( s t ( 0 ,
b lo ck  number),
unknown t y p e ) ,
va lue  o f  i d e n t i fi e r ) ,
l i n e  numbe r),
0 ),
p o in t e r t o  co n n e ct  w i t h ) )

e lse
STORE i n  co n te n t s  o f  ( s t ( s t ( s t ( s t ( s t ( s t ( 0 ,

b lo ck  number),
unknown t y p e ) ,
va lue  o f  i d e n t i fi e r ) ,
0 ),
sto re  i n  L INE(ST(ST(0 ,

l i n e  numbe r),

go to  OUT
end NEW IDENTIFIER;

o));

p o in t  i n  t r e e : =  1 ;  n e w num:= co n t e n t s  o f  [ p t r  o f  i n f  l i s t ] ;
i f  new num >  max o f  num th e n  max o f  num:= new num;

CONPARE:
num i n  t r e e : =  co n te n t s  o f  [ p o i n t  i n  t r e e ] ;
num:= i f  num i n  t re e  <  new num t h e n  num i n  t re e  e l s e  new num;
f o r  i : 1  s t e p  1 u n t i l  num do
beg in  o l d  l e t g i t s : =  co n te n t s  o f  [ p o i n t  i n  t re e  +

new l e t g i t s : =  co n t e n t s  o f  [ p t r  o f  i n f  l i s t  +  i ] ;
i f  new l e t g i t s  <  o l d  l e t g i t s  t h e n
beg in  r e s u l t  o f  compa rison :=1 ;

goto  a f t e r  comparison
end e l s e
i f  new l e t g i t s  >  o l d  l e t g i t s  t h e n
beg in  r e s u l t  o f  co mp a riso n :=  2 ;  g o t o  a f t e r  comparison  end

end;
r e s u l t  o f  co mp a riso n :=  i f  new num <  num i n  t r e e  t h e n  1 e l s e

i f  new num >  num i n  t re e  t h e n  2  e ls e  3 ;
a f t e r  compa rison :

p o in t e r  t o  n e x t  i d e n t i fi e r : =
co n te n ts o f [ p o i n t  i n  t ree+num i n  t re e + re s u l t  o f  co mp a riso n ] ;
i f  r e s u l t  o f  compa rison  f  3  t h e n
b e g in  i f  p o i n t e r  t o  n e x t  i d e n t i fi e r =  0  t h e n

beg in  co n te n t s  o f {- -
p o in t  i n  t ree+num i n  t re e + re s u l t  o f  co mp a riso n ] : =

p o in t  i n  t r e e : =  p t r  o f  i n f  l i s t ;
p o in t e r  o f  p t r  o f  i n f  l i s t : =

p t r  o f  i n f  l i s t : =  p t r  o f  i n f  l i s t  +  new num +  1 ;
STORE i n  co n te n t s  o f  ( s t ( s t ( s t ( 0 ,

0 ),
0 ),
STORE i n  co n te n t s  o f  ( 0 ) ) ) ;



968 i f  1  d e c la ra t i o n  t h e n  b lo c k  number:= 0  e l s e- -
969 p o i n t e r  t o  co n n e ct  w i t h : =  0 ;
970 N E W  IDENTIFIER
971 e n d ;
972 p o i n t  i n  t r e e : =  p o in t e r  t o  n e x t  i d e n t i fi e r ;  g o t o  COMPARE
973 e n d  e ls e
974 b e g i n  fi r s t  a d m i n i s t r a t i o n  c e l l :  = p o in t e r  t o  n e x t  i d e n t i fi e r ;
975 b l o c k  number i n  t re e : = co n t e n t s  o f [ fi r s t  a d m i n i s t r a t i o n  c e l l ] ;
976 i f  p o i n t  i n  t re e  <  end f c t n  p a r t  t h e n
977 b e g i n  t yp e  o f  f u n c t i o n  i d e n t i fi e r : =  b l o c k  number i n  t re e ;
9 7
8  
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979 e n d  e ls e
980 i f  d e c la ra t i o n  A  fi r s t  s c a n  t h e n
981 b e g i n  i f  b lo c k  number i n  t r e e  =  b lo c k  number t h e n
982 O L D  IDENTIFIER e ls e
983 b e g i n
984 c o n t e n t s  o f [ p o i n t  i n  t ree+num i n  t re e + 3 ] : = p t r  o f  i n f  l i s t ;
985 p o i n t e r  t o  co n n e ct  w i t h : =  fi r s t  a d m i n i s t r a t i o n  c e l l ;
986 N E W  IDENTIFIER
987 e n d
988 e n d  e ls e
9
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990 i f  b l o c k [ 1 7 7
-
b l o c k  n u m b e r  
i n  
t r e e  
t h e n  
O L D  
I D E N T I
F I E R ;

991 i f  co n te n t s  o f  [ fi r s t  a d m i n i s t r a t i o n  c e l l  +  5 ] =  0  t h e n
992 b e g i n
993 c o n t e n t s  o f  [ fi r s t  a d m i n i s t r a t i o n  c e l l + 5 ] : = p t r  o f  i n f  l i s t ;
994 b l o c k  number:= 0 ;  NEW IDENTIFIER
995 e n d ;
996 fi r s t  a d m i n i s t r a t i o n  c e l l : =
997 c o n t e n t s  o f [ fi r s t  a d m i n i s t r a t i o n  c e l l  5 ] ;
998 b l o c k  number i n  t r e e : =
999 c o n t e n t s  o f [ fi r s t  a d m i n i s t r a t i o n  c e l l ] ;

1000 g o t o  n e x t
1001 e n d
1002 e n d ;
1003
1004 O U T :  STORE l e t g i t s  w i t h : =  i f  p o i n t  i n  t re e  <  end f c t n p a r t  t h e n
1005 f u n c t i o n  i d e n t i fi e r  e l s e  i d e n t i fi e r
1006 e n d  STORE l e t g i t s  w i t h ;
1007
1008 i n t e g e r  p rocedu re  STORE i n  co n te n t s  o f ( i n f o rma t i o n ) ;
1009 i n t e g e r  in f o rma t io n ;
1010 b e g i n  i n t e g e r  i n f ;
1011 S T O R E  i n  co n te n t s  o f : =  p t r  o f  i n f  l i s t : =
1012 p o i n t e r  o f  p t r  o f  i n f  l i s t ;
1013 i n f : =  in f o rma t io n ;
1014 p t r  o f  i n f  l i s t : =  p o in t e r  o f  p t r  o f  i n f  l i s t
1015 e n d  STORE i n  co n te n t s  o f ;
1016
1017 i n t e g e r  p rocedu re  s t ( x , y ) ;  i n t e g e r  x , y ;
1018. beg in  i n t e g e r  aux,  a u x i l i a r y  p o in t e r ;

49
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1019 p o i n t e r  o f  p t r  o f  i n f  l i s t : =  p o i n t e r  o f  p t r  o f  i n f  l i s t  +  1 ;
1020 E R R O R ( p o i n t e r  o f  p t r  o f  i n f  l i s t  >  max o f  i n f  l i s t ,  8 8 0 ) ;
1021 a u x : =  x ;  a u x i l i a r y  p o in t e r : =  p t r  o f  i n f  l i s t ;
1022 c o n t e n t s  o f  LEAr o f  i n f  l i s t ] : =  y ;
1023 p t r  o f  i n f  l i s t : =  a u x i l i a r y  p o in t e r  +  1 ;
1024 s t : =  0
1025 e n d  s t ;
1026 _
1027 i n t e g e r  p ro ce d u re  s t o re  i n  L I N E ( i n f ) ;  v a lu e  i n f ;  i n t e g e r  i n f ;
1028 s t o r e  i n  L INE :=  i f  p la ce  enough t h e n  l i n e  p o in te r—l+d ru m p o in t e r
1029 2 1 . 2 2  0 ;
1030
1031 i n t e g e r  p rocedu re  S T (x , y ) ;  v a lu e  x ;  i n t e g e r  x , y ;
1032 b e g i n  l i n e  p o i n t e r : =  l i n e  p o i n t e r  +  1 ;
1033 i f  l i n e  p o i n t e r  >  max o f  b u f f e r  t h e n
1034 b e g i n  i f  d rum p o in t e r  <  d ru mp t r — max o f  b u f f e r  A
1035 d r u m  p o in t e r  <  max o f  d rum — 2  X  max o f  b u f f e r  t h e n
1036 b e g i n  TO DRUM(LINE,drum p o i n t e r ) ;
1037 d r u m  p o in t e r : =  d rum p o in t e r  +  max o f  b u f f e r ;
1038 l i n e  p o i n t e r : =  1
1039 e n d  e ls e
i n o  b e g i n  ERROR(drum p o in t e r  >  d ru mp t r — max o f  b u f f e r ,  8 8 1 ) ;
1041 E R R O R ( d r u m  p o in t e r  >  max o f  d ru m — 2  X  max o f  b u f f e r ,  8 8 2 ) ;
1042 p l a c e  enough:= f a l s e
1043 e n d
1044 e n d ;
1045 i f  p la c e  enough th e n  L I NE [ l in e  p o i n t e d : =  y ;
lo46 S T : =  0
1047 e n d  ST;
1048
1049 i n t e g e r  coun t3 ,  t 8 i ,  t r i p l e ,  b u f f e r  p t r ,  ma x o f  b u f f e r ,
1050 d r u m  p t r ,  M i n  o f  d rum, ma x o f  d rum;
1051 i n t e g e r  a r r a y  b u f f e r [ l  :  4 0 9 6 ] ;
1052
1053 p r o c e d u r e  s t o w i n t o  b u f f e r ( s ) ;  v a l u e  s ;  i n t e g e r  s ;
1054 b e g i n  i f  s  =  n l c r  symb o l t h e n
1055 b e g i n  s k i p  space :  i f  coun t3  =  0  t h e n
1056 b e g i n  i f  b u f f e r  p t r  =  0  t h e n_  _
1057 b e g i n  i f  d rum p t r  <  min  o f  d ru m th e n
1058 b e g i n  t 8 i : =  1 ;  t r i p l e : =  0 ;  g o t o  end s k i p  space end  e ls e—  —
1059 b e g i n  d rum p t r : =  d rum p t r  — max o f  b u f f e r ;
106o F R O M  DRUM(buffe r,d rum p t r ) ;  b u f f e r  p t r : =  max o f  b u f f e r
lo61 e n d
1062 e n d ;
1063 t r i p l e : =  b u f f e r [ b u f f e r  p t r ] ;
lo64 b u f f e r  p t r : =  b u f f e r  p t r  — 1 ;  c o u n t 3 : =  3 ;  t 8 1 : =  t 8  x  t 8  x  t 8
1°65 e n d ;
1066 T E T : =  t 8 i / t 8 ;  s : =  t r i p l e  :  t 8 i ;  i f  s  =  space symb o l t h e n
1067 b e g i n  t r i p l e : =  t r i p l e  — s  X  t 8 i ;
—lo68 c o u n t 3 : =  coun t3  — 1 ;  g o t o  s k i p  space
1069 ,  e n d ;___
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1070 t 8 i : =  t 8 i  x  t 8 ;
1071 e n d  s k i p  space :
1072 s : =  n l o r  symb o l
11713 e n d ;
1074 i f  co u n t3  <  3  t h e n
1075 b e g i n  t r i p l e : =  s  X  t 8 i  +  t r i p l e ;  t 8 i : .  t 8 i  x  t 8 ;
1076 c o u n t 3 : =  count3 +  1
1077 e n d  e l s e
1078 i n  b u f f e r  p t r : =  b u f f e r  p t r  1 ;
1079 i f  b u f f e r  p t r  >  max o f  b u f f e r  t h e n
1080 B U F F E R  TO DRUM; b u f f e r [ b u f f e r  F t
-
F ] : =  t r i p l e ;
1081 t r i p l e : =  s ;  t 8 i : =  t 8 ;  c oun t3 : .
1082 e n d—
1083 e n d  s t o w i n t o  b u f f e r ;
1084
1085 p r o c e d u r e  BUFFER TO DRUM;
1086 b e g i n  ERROR (d ru m p t r  +  max o f  b u f f e r  –  1 >  max o f  d rum, 8 7 5 ) ;
1087 T O  DRUM (b u f f e r ,  d ru m p t r ) ;
1088 d r u m  p t r : =  d rum p t r  +  max o f  b u f f e r ;  b u f f e r  p t r : =  1
1089 e n d  BUFFER TO DRUM;
1090
1091 i n t e g e r  procedure f e t c h  from bu f fe r ;
1092 b e g i n  i n t e g e r  t r i p ;
1093 i f  coun t3  >  3  t h e n
1094 b e g i n  b u f f e r  p t r : =  b u f f e r  p t r  +  1 ;
1095 i f  b u f f e r  p t r  >  max o f  b u f f e r  t h e n  BUFFER FROM DRUM;
1096 t r i p l e : =  b u f f e r i b u f f e r  p t r i ;  o o u n t 3 : =  0
1097 e n d ;
1098 t r i p : = t r i p l e  :  t 8 ;  f e t c h  f ro m b u f f e r : = a b s ( t r i p l e  –  t r i p  x  t 8 ) ;
1099 t r i p l e : =  t r i p ;  co u n t 3 : =  coun t3  +  1
1100 e n d  f e t c h  f ro m b u f f e r ;
1101
1102 p r o c e d u r e  BUFbER IIEOM DRUM;
1103 b e g i n  FROM DRUM (b u f f e r ,  d ru m p t r ) ;
1104 d r u m  p t r : =  d rum p t r  +  max o f  b u f f e r ;  b u f f e r  p t r : =  1
1105 e n d  BUFFER FROM DRUM;
1106
1107 c o m m e n t :
11°8
1109 l o .  I n i t i a l i z a t i o n  o f  i n f o rma t i o n  wo rd s.
1110
1111 A l g o r i t h m : ;
1112
1113 i n t e g e r  STAT operand, STATB operand, DYN operand, STAT a d  op ,
1114 D Y N  a d  op ,  unknown t yp e ,  t y p e  o f  i n s t r u c t i o n ,  I N F  WORD,
1115 r e g  o p  op  i n s t r u c t i o n ,  o p  o p  re g  i n s t r u c t i o n ,  f c t n  i n s t r u c t i o n ;
1116 b o o l e a n  d26 1FF WORD;
1117 i n t e g e r  a r r a y  re g  o p  o p [ 1 : 5 , 1 : 6 , 1 : 5 ] ,
1118 o p  o p  re g [ 1 : 3 , 1 : 6 , 1 : 5 ] ,  f e t n  o p [ 1 : 1 4 0 , 0 : 5 ] ;
1119 b o o l e a n  a r r a y  d26reg o p  o p [ 1 : 5 , 1 : 6 , 1 : 5 1 ,
1120 d 2 6 o p  o p  re e 1 : 3 , 1 : 6 , 1 : 5 1 ,  d 2 6 f c t n  o p [ 1 : 1 4 0 , 0 : 5 ] ;
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1121
1122 p r o c e d u r e  INITIALTZE i n f  wo rd s;
1123 b e g i n  i n t e g e r  1 , j , k ;
1124 f o r  1 : =  1 , 2 , 3  d o  f o r  j : =  1 , 2 , 3 , 4 , 5 , 6  d o  f o r  k : =  1 , 2 , 3 , 4 , 5  d o
1125 o p  o p  r e d i , j , 1 7 7 : =  1 ;
1126 f o r  1 : = 1 , 2 , 3 , 4 , 5  d o  f o r  j : = 1 , 2 , 3 , 4 , 5 , 6  do  f o r k  :=1 ,2 ,3 ,4  5  d o—  —
1127 r e g  o p  o p [ 1 , j , k ] : ;
-
1 ;
1128 f o r  i : =  1 s t e p  1 u n t i l  number o f  f u n c t io n s  d o
1129 f o r  j : =  0 , 1 , 2 , 3 , 4 , 5  d o  f c t n  o p l i , j ) : =  1 ;
1130 S T A T  ope rand := 1 ;  STATE operand := 2 ;  DYN ope rand := 3 ;
1131 S T A T  a d  o p :=  4 ;  DYNad o p : =  5 ;  unknown t y p e : =  6 ;
1132 r e g  o p  o p  i n s t r u c t i o n : =  1 ;  o p  o p  re g  i n s t r u c t i o n : =  2 ;
1133 f c t n  i n s t r u c t i o n : =  3 ;
1134 b l o c k  number:= max b lo c k  number:= max b lo c k  number +  1 ;
1135 c n t r  o f  b e g in s : = cn t r  o f  b e g in s +  1 ;
1136 b l o c k [ c n t r  o f  b e g in s ] : = b lo ck  number;
1137 R E  b l o c k  b e g in ;
1138 a g a i n :  CHECK(number,920); RE;  CHECK(comma symbo1,930);
1139 R E ;  RE  ELAN i n s t r u c t i o n ;
1140 i f  s y n t  u n i t  =  number t h e n  g o to  a g a in ;
1141 C H E C K ( e n d  symbo1,940);  c n t r  o f  b e g in s : = c n t r  o f  b e g in s  — 1
1142 e n d  INITIA L IZE  i n f  wo rd s;
1143 —
1144 p r o c e d u r e  DEFINE I NF WORDS;
1145 b e g i n  boo lean  n o t ,d 2 6 ;
1146 i n t e g e r  1 ,W;
1147 b o o l e a n  a r ra y  t yp e  i s  p e rmi t t e d [ 1 : 5 1 ;
1148 f o r  1 : =  1 , 2 , 3 , 4 , 5  d o  t yp e  i s  p e r m i t t e d [ i ]  := t r u e ;- -
1149 C H E C K ( s t a t e m e n t  se p a ra t o r, 9 5 0 );
1150 i f  symb o l j  q u o t e  symb o l t h e n
1151 b e g i n  a g a in :  RE; i : =  RE operand; t y p e  i s  p e r m i t t e d [ i ]  := f a l s e ;
1152 i f  s y n t  u n i t  =  comma symbo l t h e n  g o to  a g a in
1153 e n d ;
1154 E R R O R ( s y m b o l  q u o t e  symbo1,960);
1155 W : =  1 : =  0 ;  n o t : =  t r u e ;
1156 L : N S ;  i f  symb o l =  n l c r  symb o l t h e n  g o t o  END;
1157 i f  n o t  t h e n
1158 b e g i n  n o t : =  f a l s e ;  d 2 6 : =  symbo l =  1 e n d  e ls e
1159 b e g i n  i : =  1  +  1 ;  ERROR(i >  2 6 ,9 7 0 );
1160 i f  symbo l >  1 t h e n  symb o l:=  0 ;  W: =  W X 2  +  symb o l—
1161 e n d ;
1162 g o t o  L ;
1163 E N D :  ERROR(1 <  2 6 ,9 8 0 );
1164 b e g i n
1165 i n t e g e r  p rocedu re  WORD;
1166 W O R D : =  W +
1167 ( i f  i  =  STAT operand  t h e n  0  e l s e
1168 i f  i  =  STAT a d  o p  t h e n  1 e l s e
1169 i f  1  =  STATB operand t h e n  2  e l s e
1170 i f  1  =  DYN operand t h e n  3  e l s e
1171 i f  1  = DYN ad  o p  t h e n  0  e l s e  ERROR(true ,985)) X  t 1 9  +—  - -
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1172 ( i f  min u s f o r  r i g h t  operand  t h e n  t l  — t21  e l s e  0 )  +
1173 ( i f  PZE 0  t h e n  t 2  e l s e  0 )  +
1174 ( i f  UYN =  UYN symbo l t h e n  t l  e l s e
1175 i f  UYN =  Y N  symbo l t h e n  tO e l s e  0 )  X  t 3 ;
1176
1177 p r o c e d u r e  ASSIGN(B, 141, d w l ,  w2 ,  d w2 );
1178 b o o l e a n  B, d w l ,  d w2 ;  i n t e g e r  w l ,  w2 ;
1179 i f  B  t h e n
1180 b e g i n  f o r  i : =  STAT operand ,  STAT a d  op ,
1181 S T A T B  operand, D I N  operand d o
1182 b e g i n  i f  t yp e  i s  p e r m i t t e d [ i ]  t h e n  - -
1183 b e g i n  w l : =  WORD; d w l : =  d26 end
1184 e n d  - -
1185 e n d  e l s e
1186 b e g i n  i : =  STAT operand ,  w2 : =  WORD; d w2 : =  d26 end  ASSIGN;
1187
1188 i f  t y p e  o f  i n s t r u c t i o n  =  op  o p  re g  i n s t r u c t i o n  t h e n
1189 b e g i n  t yp e  i s  p e rmit te d [STAT a d  o p ] : =  f a l s e ;
1190 A S S I G N ( l e f t  operand =  STAT operand ,
1191 o p  op  r e e i , o p e r a t o r , r e g i s t e r ] ,
1192 d 2 6 o p  o p  r e d i , o p e r a t o r , r e g i s t e r b
1193 o p  op  r e d l e f t  o p e ra n d , o p e ra t o r , re g is t e r ] ,
1194 d 2 6 0 p  op  r e d l e f t  o p e ra n d , o p e ra t o r , re g is t e r ] )
1195 e n d  e ls e
1196 i f  t yp e  o f  i n s t r u c t i o n  . - r e g  o p  o p  i n s t r u c t i o n  t h e n
1197 A S S I G N ( r i g h t  operand =  STAT operand ,
1198 r e g  o p  o p [ re g i s t e r , o p e ra t o r , i ] ,
1199 d 2 6 r e g  o p  o p [ re g i s t e r , o p e ra t o r , i ] ,
1200 r e g  o p  o p f re g i s t e r , o p e ra t o r , r i g h t  o p e ra n d ] ,
1201 d 2 6 r e g  op  o p [ re g i s t e r , o p e ra t o r , r i g h t  o p e ra n d ] ) e l s e
1202 i f  t y p e  o f  i n s t r u c t i o n  =  f c t n  i n s t r u c t i o n  t h e n
1203 A S S I G N ( r i g h t  operand  =  STAT operand ,
1204 f c t n  o p [ f e t n , i ] ,
1205 d 2 6 f c t n  o p f f e t n , i ] ,
1206 f c t n  o p [ f c t n , r i g h t  o p e ra n d ] ,
1207 ( 1 2 6 f c t n  o p [ f c t n , r i g h t  o p e ra n d ] ) e l s e
1208 E R R O R ( t r u e , 9 9 0 ) ;  RE ;  RE
1209 e n d
1210 e n d  DEFINE I NF WORDS;
1211
1212 i n t e g e r  s t r in g symco u n t ;
1213
1214 i n t e g e r  p rocedu re  I n i t  s t r in g s y m;
1215 b e g i n  I n i t  s t r i n g s y m: =  STRINGSYMML(stringsymcount,
1216
1217 G , A , S , C , T , D , B , M, [ , ] , X , / , + , — , = , F , E , N , P , Y , U , Z ,
1218 o , 1 0 ,  ( , ) , b , e , i , S , M ,
1219
1220 L V I F S C )  INT , RCAS ( GOTO „ ICS( NORAS, RIMS (DIVA, IFOFFAIUMP, LUS ( MINS, PLUSA,
1221 R E P S ,  SUBC, AFON/DO, IPA) IFS) 'WOK', LCA( LUA( LVIFA) MINA, MULS, OVOFF,
1222 , PLUS S, RC SA ( REPZ, RUSA(TENAS, AFOFF/CLP, D IVAS, DOS , GOTCE, IFAC) IK IN/
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PLUSS(x), PZE;
NINS(x),  P Z E ;

:STAT,:DYN;"001 1 1 0  x x  x x  01
:STAT,:DYN;"001 111 x x  x x  01

UYN, B+x, PZE; "100 000 x x  x x  x x
UYN, B+:DYN, PZE; "100 100 01 x x  x x
UYN, B-x, PZE; "100 001 x x  x x  x x
UYN, B-:DYN, PZE; "100 101 0 1  x x  x x
UYN, 13=x, pZE; "100 010 x x  x x  x x
UYN, B=:DYN, PZE; "100 110 01 x x  x x

1223 IFSC)ITVON,IVON,JUNPR,LCAS(LCSA(LUAS(LUSA(LVIFAC)NEMPROTAINB,
1224 MULAS,NORA,NORS,OVON,PLUSB,RCA(RCS(REP,REPP,RUA(RUS(SUB,SUBCD,
1225 TENS,LNIFONAVIFOFFAVIFS)REP3Z,REP1Z,REP5Z,REPOZ,REP2Z,REP4Z,
1226 REP6Z,REPOE,REP1E,REP2E,PEP3E,REP4E,REP5E,REP6E,REP7E,REPO,PEP1,
1227 REP2,REP3,REP4,REP5,REP6,REP7,REPOP,REP1P,REP2P,REP3P,REP4P,PEP5P
I1228 REP6P,REP7P,REP7Z,SUB15,SUB11,SUB5,SUB1,SUB13,SUB3,SUB7,SUEO,
1229 SUB10,SUB12,SUB14,SUE2,SUB4,SUB6,SUE8,SUB9,TRAA,TRAS,TRAB,TRSA,
1230 TRSS,TRSB,TRBA,TRBS,TRBB,TRANA,TRANS,TRANB,TRSNA,TRSNS,TRSNB,
1231 TRBNA,TRBNS,TRBNB;
1232
1233 ' b e g i n '  x  =  14[1000],
1234 S T A T  =  142000],
1235 S T A T B  =  M[B ] ,
1236 D Y N  =  NC;
1237
1238 1 ,  U Y N ,  A i-x ,  P Z E ;  " 0 0 0  000  x x  x x  x x  x x x x x  xxxxx  x x x x x
1239 1 . 1 ,  U Y N ,  A+:DYN, P Z E ;  " 0 0 0  100  01 x x  x x  x x x x x  xxxxx  xxxxx
1240 2 ,  U Y N ,  A - x ,  P Z E ;  " 0 0 0  001 x x  x x  x x  x x x x x  xxxxx  xxxxx
1241 2 . 1 ,  U Y N ,  A -:DYN,  P Z E ;  " 0 0 0  101 0 1  x x  x x  x x x x x  xxxxx  x x x x x
1242 3 ,  U Y N ,  A =x,  P Z E ;  " 0 0 0  010 x x  x x  x x  x x x x x  xxxxx  x x x x x
1243 3 . 1 ,  U Y N ,  A=:DYN, P Z E ;  - " 0 0 0  110 01 x x  x x  x x x x x  xxxxx  xxxxx
1244 4 ,  U Y N ,  A = -x ,  P Z E ;  " 0 0 0  011 x x  x x  x x  x x x x x  xxxxx  x x x x x
1245 4 . 1 ,  U Y N ,  A --: DY N,  P Z E ;  " 0 0 0  111 0 1  x x  x x  x x x x x  xxxxx  xxxxx
1246 5 ,  U Y N ,  x+A ,  P Z E ;  " 0 0 0  100 x x  x x  x x  x x x x x  xxxxx  x x x x x
1247 6 ,  U Y N ,  x - A ,  P Z E ;  1 1
0 0 0  1 0 1  x x  
x x  x x  
x x x x x  
x x x x x  
x x x x x

1248 7 ,  Y N ,  x = A ,  P Z E ;  " 0 0 0  110  x x  x x  x x  x x x x x  xxxxx  x x x x x
1249 8 ,  Y N ,  x = - A ,  P Z E ;  " 0 0 0  111 x x  x x  x x  x x x x x  xxxxx  x x x x x
1250 9 ,  P L U S A ( x ) ,  PZE; :STAT,:DYN;"000  110  x x  x x  01 x x x x x  xxxxx  x x x x x
1251 1 0 ,  N 1 N A ( x ) ,  P Z E ;  :STAT,:DYN;"000  111 x x  x x  01 x x x x x  xxxxx  xxxxx
1252
1253 1 1 ,  U Y N ,  S +x,  P Z E ;  " 0 0 1  0 0 0  x x  x x  x x  x x x x x  xxxxx  x x x x x
1254 1 1 . 1 ,  U Y N ,  S+:DYN, P Z E ;  " 0 0 1  1 0 0  01 x x  x x  x x x x x  xxxxx  xxxxx
1255 1 2 ,  U Y N ,  S - x ,  P Z E ;  " 0 0 1  001 x x  x x  x x  x x x x x  xxxxx  x x x x x
1256 1 2 . 1 ,  U Y N ,  S -:DYN,  P Z E ;  " 0 0 1  101 0 1  x x  x x  x x x x x  xxxxx  xxxxx
1257 1 3 ,  U Y N ,  S =x,  P Z E ;  " 0 0 1  0 1 0  x x  x x  x x  x x x x x  xxxxx  x x x x x
1258 1 3 . 1 ,  U Y N ,  S=:DYN, P Z E ;  " 0 0 1  1 1 0  01 x x  x x  x x x x x  xxxxx  xxxxx
1259 1 4 ,  U Y N ,  S = -x ,  P Z E ;  " 0 0 1  011 x x  x x  x x  x x x x x  xxxxx  x x x x x
1260 1 4 . 1 ,  U Y N ,  S=-ADYN, P Z E ;  " 0 0 1  111 0 1  x x  x x  x x x x x  xxxxx  xxxxx
1261 1 5 ,  U Y N ,  x+S ,  P Z E ;  " 0 0 1  1 0 0  x x  x x  x x  x x x x x  xxxxx  x x x x x
1262 1 6 ,  U Y N ,  x - S ,  ' D T P ;  " 0 0 1  101  x x  x x  x x  x x x x x  xxxxx  x x x x x
1263 1 7 ,  Y N ,  x = 8 ,  P Z E ;  " 0 0 1  1 1 0  x x  x x  x x  x x x x x  xxxxx  x x x x x
1264 1 6 ,  Y N ,  x = r S ,  P Z E ;  " 0 0 1  111 x x  x x  x x  x x x x x  xxxxx  x x x x x
1265 1 9 ,
1266 2 0 ,
1267
1268 2 1 ,
1269 2 1 . 1 ,
1270 2 2 ,
1271 2 2 . 1 ,
1272 2 3 ,
1273 2 3 . 1 ,
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1274
1275
1276
1277
1278
1279

24,
24.1,
25,
26,
27,
28,

UYN,
UYN,
UYN,
UYN,
YN,
/11,

B=-x, P Z E ;  " 1 0 0  011 x x  x x  x x
B=-:DYN, P Z E ;  " 1 0 0  111 0 1  x x  x x
x+B, P Z E ;  1 1
1 0 0  1 0 0  
x x  
x x  
x x

x-B, P Z E ;  " 1 0 0  101 x x  x x  x x
x=B, P Z E ;  " 1 0 0  110 x x  x x  x x
x=-B, P Z E ;  " 1 0 0  111 x x  x x  x x

1280 29, P L US B (x ) ,  PZE; : S TA T, : DY W1 0 0  110 x x  x x  01
1281 30, N 1 N B ( x ) ,  P Z E ;  :STAT,:DYN;"100  111 x x  x x  01
1282
1283 31, UYN, A t -0 x,  P Z E ; : D Y N ; " 0 1 0  100 x x  x x  x x
1284 32, WN, A t + t -x ,  P Z E ; : DY N; " 0 1 0  101 x x  x x  x x
1285 33, UYN, Alxix, PzE3:DYN;"010 110 xx xx xx
1286 34, UYN, A t x t -x ,  P Z E ; : D Y W O 1 0  111 x x  x x  x x
1287
1288 35, UYN, S

t
+
l
x
,  
P
Z
E
;
:
D
Y
N
;
"
0
1
1  
1
0
0  
x
x  
x
x  
x
x

1289 36, UYN, S
1
+
1
-
x
,  
P
Z
E
;
:
D
Y
W
0
1
1  
1
0
1  
x
x  
x
x  
x
x

1290 37, UYN, S t x t x ,  P Z E ; : D Y N ; " 0 1 1  1 1 0  x x  x x  x x
1291 38, UYN, S

i
x
t
-
x
,  
P
Z
E
;
:
D
Y
N
;
"
0
1
1  
1
1
1  
x
x  
x
x  
x
x

1292
1293 39, YN, NULAS(x), P 7 E ; : DY W0 1 0  000  x x  x x  x x
1294 40, YN, NULAS(-x),PZE;:DYN;"010 001 x x  x x  x x
1295 41, /11, NULS(x), P 7 E ; : DY N; " 0 1 0  010 x x  x x  x x
1296 42, YN, NULS(-x),  PZE;:DYN;"010 011 x x  x x  x x

.
1
2
9
7

1298 43, nT, DIVAS(x),  PZE;:DYN;"011 0 0 0  )0C )0C )0C
1299 44, YN,

DIVAS(-x),PZE;:DYN;"011 001  XX  )0C
x X X

1300 45, YN, DIVA(x),  P ZE ; :DY N; " 0 1 1  0 1 0  )0 ( x  x x
1301 46, YN, DI V A (-x),  PZE;:DYN;"011 011  x x  x x  x x
1302
1303 47, YN, F=x, P Z E ;  1 1

1 1 0  0 1 0  
x x  
x x  
x x

1304 47.1, YN, F=:DYN, P Z E ;  " 1 1 1  0 1 0  01 x x  x x
1305 48, YN, F=-x,  P Z E ;  " 1 1 0  011 x x  x x  x x
1306 48.1, YN, F=-:DYN, P Z E ;  " 1 1 1  011 0 1  x x  x x
1307 49, YN, F+x, F 7 . E ; : D Y N ; " 1 1 0  000  x x  x x  x x
1308 50, YN, F-x,  P Z E ; : D Y N ; " 1 1 0  001 x x  x x  x x
1309 51, 'MT, Fxx, P Z E ; : D Y N ; " 1 1 1  0 0 0  x x  x x  x x
1310 52, YN, F ix ,  P Z E ; : D I N ; " 1 1 1  001  x x  x x  x x
1311 53, YN, x=F, P 7 E ;  " 1 1 1  0 1 0  x x  x x  x x
1312 54, YN, x=-F,  P Z E ;  " 1 1 1  011 x x  x x  x x
1313
1314 55, G=x, P Z E ;  " 1 1 0  010  x x  x x  01
1315 047, YN, G=:STAT, P Z E ;  1 1

1 1 0  0 1 0  
0 1  
x x  
x x

1316 047.1, YN, G=:DYN, P Z E ;  1 1
1 1 1  0 1 0  
0 1  
x x  
x x

1317 56, G. -x ,  P Z E ;  " 1 1 0  011 x x  x x  01
1318 048, YN, G=-:STAT, PZE; 1 1

1 1 0  0 1 1  
0 1  
x x  
x x

1319 048.1, YN, G=-:DYN, P Z E ;  " 1 1 1  011  0 1  x x  x x
1320 57, G+x, P Z E ; : D Y N ; " 1 1 0  000  x x  x x  01
1321 049, YN, G+:STAT, P Z E ;  1 1

1 1 0  0 0 0  
0 1  
x x  
x x

1322 58, G-x, P Z E 3 : D I N ; " 1 1 0  001 x x  x x  01
1323 050, YN, G-:STAT, P Z E ;  " 1 1 0  001 0 1  x x  x x
1324, 59, GXx, P 7 R ; : D Y N ; " 1 1 1  0 0 0  x x  x x  01

xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx x x x x x  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x

-xxxxx xxxxx  x x x x x

xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  xxxxx

xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x

xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x

)0 0 0 0 C  ) 0 0 0 0 C  ) 0 0 0 0 C
X X X X X  X X X X X  ) 0 0 0 0 C
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx

xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxXxx xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xmcxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx

xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xmocx
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx x x x x x  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
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1325 051, YN, Gx:STAT, P Z E ; "111
1326 60, G/x, P Z E ; : D Y N ; " 1 1 1
1327 052, YN, GI:STAT, P Z E ; "111
1328 61, x=G, P Z E ; "111
1329 62, x=-G, P Z E ; "111
1330
1331 63, UYN, GOTO(x); "101
1332 63.1 UYN, GOTO(:DYN); "101
1333 64, UYN, JUMP(x); : D Y N ; "101
1334 65, UYN, JUNP(-x);  :DYN; "101
1335 66, MT, GOT0R(x); "101
1336 66.1, UYN, GOTOR(:DYN); "101
1337 67, UYN, JUIER(x);  :DYN; "101
1338 68, UYN, JUMPR(-x);:DYN; "101
1339
1340 69, UYN, REN:STAT); "101
1341 70, UYN, REPN:STAT); "101
1342 71, UYN, REPE( :STAT); "101
1343 72, UYN, REPZ(:STAT); "101
1344
1345 73, UYN, SUX:STAT); "101
1346 74, UYN, SUBC(x); "101
1347 74.1, UYN, SUTC(:DYN); "101
1348
1349 76, UYN, DO (x ) ;  : S TA Ti: DY N; " 1 0 1
1350 77, UYN, DOS (x);  : S TA T, : MN; " 1 0 1
1351
1352 78, YN, LCA(1), P Z E ; "110
1353 79, YN, LCS(1), P Z E ; "111
1354 80, YN, LCAS(1), P Z E ; "110
1355 81, YB1, LCSA(1), P Z E ; "111
1356 82, YN, RCA(1), P Z E ; "110
1357 83, YN, RCS(1), P Z E ; "111
1358 84, YN, ROAS(1), P Z E ; "110
1359 85, YN, RCSA.(1), P Z E ; "111
1360
1361 86, YN, I M ( 1 ) ,  P Z E ; "110
1362 87, YN, LUS(1), P Z E ; "111
1363 88, YN, LUAS(1), P Z E ; "110
1364 89, YN, LUSA(1), P Z E ; "111
1365 90, yN, RUA(1), P Z E ; "110
1366 91, YN, RUS(1), P Z E ; "111
1367 92, YN, RUAS(1), P Z E ; "110
1368 93, YN, 1USA(1), P Z E ; "111
1369
1370 94, UYN, NORA, P Z E ; "110
1371 95, UYN, NORS, P Z E ; "111
1372 96, YN, NORAS, P Z E ; "110
1373
1374 97, YN, TENS, P Z E ; "111
1375 (

9
8
,

YN, TENAS, P Z E ; "111

000 01 x x  x x  x x x x x  xxxxx  x x x x x
001 x x  x x  01 x x x x x  xxxxx  x x x x x
001 01  x x  x x  x x x x x  xxxxx  x x x x x
010 x x  x x  01 x x x x x  xxxxx  x x x x x
011 x x  x x  01 x x x x x  xxxxx  x x x x x

010 x x  00 x x  x x x x x  xxxxx  x x x x x
011 1 1  0 0  x x  x x x x x  xxxxx  xxxxx
000 x x  00 x x  x x x x x  xxxxx  xxxxx
001 x x  00  x x  x x x x x  xxxxx  x x x x x
010 xx 01 x x  xxxxx  xxxxx xxxxx
011 11  0 1  x x  x x x x x  xxxxx  xxxxx
000 x x  01 x x  x x x x x  xxxxx  x x x x x
001 x x  01 x x  x x x x x  xxxxx  x x x x x

101 1 1  0 0  x x  x x x x x  xxxxx  xxxxx
101 1 1  0 1  x x  x x x x x  xxxxx  x x x x x
101 11  1 1  x x  x x x x x  xxxxx  x x x x x
101 1 1  1 0  x x  x x x x x  x x x x x  x x x x x

110 0 0  0 0  x x  x x x x x  xxxxx  x x x x x
110 x x  01 x x  x x x x x  xxxxx  x x x x x
111 0 1  0 1  x x  x x x x x  xxxxx  x x x x x

111 x x  01 x x  x x x x x  xxxxx  x x x x x
111 x x  11 x x  x x x x x  xxxxx  x x x x x

110 x0  x x  x x  0 0 0 0 0  00000 x x x x x
110 x0  x x  x x  0 0 0 0 0  00000 x x x x x
110 x0  x x  x x  0 0 0 0 0  00010 x x x x x
110 x 0  x x  x x  0 0 0 0 0  00010 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00000 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00000 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00010 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00010 x x x x x

110 x0  x x  x x  0 0 0 0 0  00001 x x x x x
110 x0  x x  x x  0 0 0 0 0  00001 x x x x x
110 x 0  x x  x x  0 0 0 0 0  00011 x x x x x
110 x0  x x  x x  0 0 0 0 0  00011 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00001 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00001 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00011 x x x x x
111 x 0  x x  x x  0 0 0 0 0  00011 x x x x x

110 0 0  x x  x x  0 0 0 0 0  00101 00000
110 0 0  x x  x x  0 0 0 0 0  00101 00000
110 00  x x  x x  0 0 0 0 0  00111 00000

110 0 0  x x  x x  0 0 0 0 1  00000 00001
110 0 0  x x  x x  0 0 0 0 1  00000 00000



11001 10000 00000
11010 00000 00000

xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx x x x x x  xxxxx
xxxxx xxxxx  x x x x x
xxxxx x x x x x  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x

xxxxx xxxxx  xxxxx
xxxxx xxxxx  xxxxx
xxxxx x x x x x  xxxxx
xxxxx xxxxx  x x x x x
xxxxx x x x x x  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx

xxxxx xxxxx  x x x x x
xxxxx x x x x x  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  xxxxx

xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x

xxxxx xxxxx  xxxxx
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x
xxxxx xxxxx  x x x x x
xxxxx xxxxx  xxxxx
xxxxx xxxxx  x x x x x

1376
1377 99, I N , UP ; "110 110 00 0 0  x x
1378 100, U Y N , INT; H

1
1
0

110 00 00  x x
1379
1380 101.0, UYN, REP0(:STAT); "101 100 00 00 x x
1381 101.1, UYN, REP1(:STAT); "101 100 01 00 x x
1382 101.2, UYN, REP2(:STAT); "101 100 10 00 x x
1383 101.3, UYN, REP3(:STAT); "101 100 11 00 x x
1384 101.4, U / N , REP4(:STAT); "101 101 00 00 x x
1385 101.5, UYN, REP5(:STAT); "101 101 01 00 x x
1386 101.6, UYN, REP6(:STAT); "101 101 10 00 x x
1387 101.7, UYN, REP7(:STAT); "101 101 11 00 x x
1388 .
1389 102.0, UYN, REPOP(:STAT); "101 100 00 01 x x
1390 102.1, UYN, REP1P(:STAT); "101 100 01 01 x x
1391 102.2, UYN, 1EP2P(:STAT); "101 100 10 01 x x
1392 102.3, UYN, REP3P(:STAT); "101 100 11 01 x x
1393 102.4, UYN, REP4P(:STAT); "101 101 00 01 x x
1394 102.5, UYN, REP5P(:STAT); "101 101 01 01 x x
1395 102.6, UYN, REP6P(:STAT); "101 101 10 01 x x
1396 102.7, UYN, REP7P(:STAT); "101 101 11 01 x x
1397
1398 10.0, UYN, REPOZ(:STAT); "101 100 00 10 x x
1399 103.1, UYN, REP1g:STAT); "101 100 01 10 x x
1400 103.2, UYN, REF2g:STAT); "101 100 10 10 x x
1401 103.3, UYN, RE P A :S TA T); "101 100 11 10 x x
1402 103.4, UYN, REP4Z(:STAT); "101 101 00 10 x x
1403 103.5, UYN, REF5g:STAT); "101 101 01 10 x x
1404 103.6, UYN, REF6g:STAT); "101 101 10 10 x x
1405 103.7, UYN, REP7Z(:STAT); "101 101 11 10 x x
1406
1407 l04.0, UYN, REPOE(:STAT); "101 100 00 11 x x
1408 104.1, UYN, REP1E(:STAT); "101 100 01 11 x x
1409 104.2, UYN, REP2E(:STAT); "101 100 10 11 x x
1410 104.3, UYN, REF3E(:STAT); "101 100 11 11 x x
1411 104.4, UYN, REP4E(:STAT); "101 101 00 11 x x
1412 104.5, UYN, REP5E(:STAT); "101 101 01 11 x x
1413 104.6, UYN, REP6E(:STAT); "101 101 10 11 x x
1414 104.7, UYN, REP7E(:STAT); "101 101 11 11 x x
1415
1416 105. 0 ,UYN, SUB10(:STAT); "101 110 00 00 x x
1417 105, 1 ,UYN, SUB1(:STAT); "101 110 01 00 x x
1418 105. 2 ,UYN, SUB2(:STAT); "101 110 10 00 x x
1419 105. 3 ,UYN, SUE3(:STAT); "101 110 11 00 x x
1420 105. 4 ,UYN, SUB4(:STAT); "101 111 00 00 x x
1421 105, 5 ,UYN, SUB5(:STAT); "101 111 01 00 x x
1422 105. 6 ,UYN, SUB6(:STAT); "101 111 10 00 x x
1423 105. 7 ,UYN, SUB7(:STAT); "101 111 11 00 x x
1424 105. 8 ,UYN, SUB8(:STAT); "101 110 00 10 x x
1425 105, 9 ,UYN, SUB9(:STAT); "101 110 01 10 x x
1426 , 105.10,UYN, SUB10(:STAT); "101 110 10 10 x x
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0L000 OLOLO 00000 x x  x x  00  IL L  O I L ,
0L000 LOOLO 00000 x x  x x  0 0  IL L  O I L ,
OL000 000L0 00000 x x  x x  00  I L L  OL L ,
L0000 OLOLO 00000 x x  x x  0 0  I L L  OLL „
10000 LOOLO 00000 x x  x x  0 0  I L L  OL L ,
10000 00010 00000 x x  x x  00  I L L  OLL ,
00000 OIOLO 00000 x x  x x  00  I L L  O I L ,
00000 LOOLO 00000 x x  x x  0 0  I L L  O I L ,
00000 00010 00000 x x  x x  0 0  IL L  OL L ,

01000 OLOLO 00000 x x  x x  00  OLL O I L ,
01000 LOOLO 00000 x x  x x  o o  OLL OLL ,
01000 00010 00000 x x  x x  00  OIL  OLL ,
10000 OLOLO 00000 x x  x x  o o  OLL OL L ,
10000 LOOLO 00000 x x  x x  0 0  OLL OLL „
10000 00010 00000 x x  x x  0 0  OLL OLL ,
00000 OLOLO 00000 x x  x x  0 0  011
00000 LOOLO 00000 x x  x x  0 0  OLL OLL ,
00000 00010 00000 x x  x x  0 0  OLL OLL ,

00000 00011 ° L I L L  x x  0 0  I L  OLL I L L ,
00000 00000 LOOLL x x  0 0  0 0  OLL L L L ,
00000 00001 00011 x x  0 0  0 0  OIL  OLL ,
00000 00001 ()COLL x x  00  0 0  OIL I L L ,
00000 00000 00011 x x  0 0  0 0  OIL O I L ,
00000 00000 00011 x x  0 0  00  OLL L L L
m. x x x x x  x0000 WI L L  x x  00  Ox OLL OLL ,
xxxxx x0000 OOLLL x x  0 0  Ox OLL L L L ,
xxxxx X000L OOLLL x x  0 0  Ox OLL OLL ,
xxxxx x000L 00111 x x  0 0  Ox O il.  I L L ,
xxxxx x0000 LOLLL x x  0 0  Ox OIL OL L ,
xxxxx x0000 LOLLL x x  0 0  OX OIL L L L ,

x0000 OLOOL OLLLL x x  x x  OX OIL L L L ,
x0000 00001 OLLLL x x  x x  OX OIL I L L ,
x0000 01000 H I L L  x x  x x  OX OLL I L L ,
x0000 00000 I I L L L  x x  x x  OX OIL I L L ,
x0000 OLOOL OLILL x x  x x  o x  OIL OLL ,
x0000 00001 O I L L I  x x  x x  o x  OIL  OL L ,
x0000 01000 LL ILL  x x  x x  OX OIL OL L ,
x0000 00000 I L L I L  x x  x x  OX OIL OLLII.

xxxxx xxxxx  xxxxx  x x  I L  LO LLL LOL ,
xxxxx xxxxx  xxxxx  x x  I L  x x  OLL L OL ,

xxxxx xxxxx  xxxxx  x x  o t  I I  I L L  L O I ,
xxxxx xxxxx XXXXX X X  oL oL LLL LoL,
xxxxx xxxxx  xxxxx  x x  01. LO IL L  L OL ,
xxxxx xxxxx  xxxxx  x x  01 0 0  I L L  L OL ,
xxxxx xxxxx  xxxxX x x  01 LL  O IL  L OL ,
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1478
1479 ' b e g i n '  c o u n t ( )  =  14 O L  c o u n t l  =  14 1 1 ,  o o u n t2  =  14 2 ] ,
1480 c o u n t 3  =  14 3 ] ,  co u n t 4  =  14 4 ] ,  co u n t 5  =  14 5 ] ,  co u n t 6  =  ME 6 b
1481 c o u n t 7  =  14 7 ] ,  c ount  =  count7,
1482 l i n k °  =  14 8 ] ,  l i n k l  =  14 9 ]
.
,  l i n k 2  =  M
[ 1 0 ] ,  
l i n k 3  
=  
1 4 1 1 ] ,

1483 l i n k 4  =  M[1 2 ] ,  l i n k 5  =  M[1 3 ] ,  l i n k 6  =  M[1 4 ] ,  l i n k 7  =  M[1 5 ] ,
1484 l i n k 8  =  M[16], l i n k 9  =  M[17], l i n k 1 0  =  M[18], l i n k l l  =  M [
1
9 ] ,
1485 l i n k 1 2  =  M[2 0 ] ,  l i n k 1 3  =  M[2 1 ] ,  l i n k 1 4  =  M[2 2 ] ,  l i n k 1 5  =  M [
2
3 ] ,
1486 l i n k  =  l i n k ° ,
1487 D  =  m[ 6 3 b 4 ) ;
1488
1489 s t r i n g s y m c o u n t : =  s t r i n g  symcount +  1
1490 e n d  I n i t  s t r in g sym;
1491 _
1492 c o m m e n t :
1493
1494 1 1 .  C o d e  p roduce  equ ipmen t .
1495
1496 A l g o r i t h m : ;
1497
1498 p r o c e d u r e  PRODUCE INSTR CODE;
1499 b e g i n  i n t e g e r  cond,cond f o r  UYN,cond f o r  PZE,cond f o r  min u s,
1500 f u n c t i o n  p a rt , X 8  wo rd ;
1501 c o n d : =  I NF  WORD — INF WORD :  t 5  X  t 5 ;
1502 c o n d : =  cond :  t l ;  f u n c t i o n j a r t : =  I NF WORD — cond. X  t l ;
1503 c o n d  f o r  UY g
.
i
.
=  c o n d  :  
4 ;

1504 c o n d : =  cond — cond f o r  UYN X  4 ;
1505 c o n d  f o r  PZE:= cond :  t l ;
1506 c o n d  f o r  min u s:=  co n
-
c1 7  —  c o n d  
f o r  P Z E  
X  
t 1 ;

1507 E R R O R ( I N F  WORD =  1 ,1 0 0 0 );
1508 i f  UYN >  0  t h e n
1509 E 1 R R O R ( c
.
5 n d  f o r  
U Y N = 0  
V  
c o n
d  
f o
r  
U Y
N =
1  
A  
U I
N =
U  
s y m
b o l
,
1 0 1
0 ) ;

1510 i f  PZE >  0  t h e n  ERROR(cond f o r  PZE =  0 ,1 0 2 0 );
1511 i f  min u s f o r  r i g h t  operand t h e n  ERRDR(cond f o r  min u s =  0 ,1 0 3 0 );
1512 i f
—
I  
( 0  
<  
v a
l u
e  
o
f  
o p
e r
a n
d  
A  
v
a
l
u
e  
o
f  
o
p
e
r
a
n
d  
<  
t
1
5
)  
t
h
e
n

1513 b e g i n  E RR
-
O R ( t r u e ,  
1 0 4 0 ) ;  
v a l u
e  
o f  
o p e r
a n d :
=  
0

—
1514 -
2 7
-
1 7 3
r d :
=  
a b
s t
- -
-

1515 f u n c t i o n  p a r t  +
1516 ( i f  minus f o r  r i g h t  operand  t h e n  t2 1  e l s e  0 )  +_
1517 ( i f  UYN =  U symbo l t h e n  1 e l s e
1518 i f  UYN =  Y  symbo l t h e n  2  e ls e
1519 i f  UYN =  N symbo l t h e n  3  e l s e  0 )  X  t 1 5  +
1520 ( i f  PZE =  P  symbo l t h e n  1 e l s e
1521 i f  PZE =  Z  symbo l t h e n  2  e ls e
1522 i f  PZE =  E symb o l t h e n  3  e l s e  0 )  x  t 1 7  A-
1523 v a l u e  o f  o p e r a n d ) ;
- - - -  - -1524 P R  b i n a ry  number(d26 I NF  WORD,X8 wo rd )
1525 e n d  PRODUCE INSTR CODE;—
1526
1527 p r o c e d u r e  PRODUCE NUMBER CODE;
1528 i f  t y p e  o f  n u mb e r= in te g ra l t yp e  V  t  o f  n u m b = o c t a l  t  t h e n_  y p  t y p e  e r  t y p e  —



1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579

PR i n t e g r a l  n u mb e r(re a l t o  i n t ( v a l u e  o f  n u mb e r)) e l s e
PR r e a l  number(va lue  o f  r e a l  n u mb e r);

procedure PRODUCE EXPR CODE(expr);
PR i n t e g r a l  n u mb e r(re a l t o  i n t ( e x p r ) ) ;

in t e g e r p roce du re  r e a l  t o  i n t  ( r ) ;  v a lu e  r ;  r e a l  r ;
beg in  i n t e g e r  sg n ,  i ;

re a l  q ;
-
E
F
T
=  
s
i
g
n  
(
1  
/  
r
)
;  
r
:
=  
a
b
s  
(
r
)
;  
q
:
=  
e
n
t
i
e
r  
(
r  
/  
r
e
a
l  
t
2
6
)
;

ERROR ( q  0 ,  1 0 4 5 );  i : =  abs ( r  -  q  X  r e a l  t 2 6 ) ;
r e a l  t o  i n t : . ( i f  e n t i e r (q / t 1 )X t 1 = q  t h e n  i  e l s e  i+ t 2 6 )X sg n- -

end r e a l  t o  i n t ;- - -

procedure PR b in a ry  number(d26 ,w);
va lue  d 2 6 ,w;  b o o le a n  d26; i n t e g e r  w;
i f  second sca n  t h e n
PR i n t e g r a l  number ( i f  d26  t h e n  t 2 6  +  w e lse  w ) ;

procedure PR i n t e g r a l  n u mb e r( i ) ;  v a l u e  i ;  i n t e g e r  i ;
i f  second  sca n  t h e n
beg in  c n t r : =  c n t r  +  1 ;  w o r d s [ c n t r ] : =

i f  c n t r  =  1 t h e n  add ress o l d : =  a d d re ss co u n t e r;
i f  c n t r  =  511 t h e n  PUNCH;

PRINT o c t a l ( 9 , i , f a l s e )
end PR i n t e g r a l  number;

p rocedure  PR r e a l  n u mb e r(r) ;  v a lu e  r ;  r e a l  r ;
beg in  r e a l  a r r a y  R [ 1 : 1 ] ;

in t e g e r a r r a y  I [ 1 : 2 ] ;
R11J:= r;7575Rum(R,153598); FROM DRUM( I, 153598);
PR i n t e g r a l  n u mb e r(I [ 1 1 );  Ad d  t o  a d  c n t r ( 1 ) ;  PRINT L INE;
PR i n t e g r a l  n u mb e r( I [ 2 ] )

end PR r e a l  number;

procedure  PRINT o c t a l (n , x , p u n c h ) ;
va lue  n , x ;  i n t e g e r  / 1
1
X ;  b o o l e a n  
p u n c h ;

beg in  boo lean  neg;
i n t e
-
J P
-
5 g 7  
d i
g i
t ,  
i
;

neg:= 1 /  x  <  0 ;  i f  neg t h e n  ERROR ( n  <  9 ,  1 0 6 0 );  x : =  abs (  ) ;
p8:= 8 it\ (n  -  1); i f  x  5
-
T 5 r x  8  
t h e n

beg in  ERROR ( t r u e ,  1 0 6 5 );  x : =  x  -  x  :  ( p 8  x  8 )  x  (p 8  x  8 )  e n d ;
,

i f  fi r s t  s c a n  =  second sca n  t h e n
b e g in  PRSYM(a iZst ro p h e symb o iTT
-- i f  punch t h e n  PUSYKapostrophesymbol)- - -
end;
i f  n =  6  t h e n  i : =  2  e ls e  i f  n  .  9  t h e n  i : =  133
fo r  p 8 : =
— .
5 3 7  
p 8  
:  
8  
w h
i l
e  
p
8  
j
z  
0  
d
o

begin d i g i t : .  x  :  p8; x :=  x  — d i g i t  x  p8;
d i g i t : =  i f  n e g
-
t h e n  7  
-  
d i g i t  
e l s
e  
d i g
i t ;

i f  fi r s t  s c a n  =  second sca n  t h e n



1580 b e g i n  PRSYM(d ig it );  i f  punch  t h e n  PUSYM(d ig it ) e n d  e ls e
1581 b e g i n  l i n e  b u f f e r [ 1 5 7
,  d i g i t ;  i : =  
1 + 1  
e n d ;

1582 e n d ;
1583 i f  fi r s t  s c a n  =  second sca n  t h e n
1584 b e g i n  PRSYM(aP3strophesymbof)i"
--1585 i f  punch t h e n  PUSYKapostrophesymbol)
1586 e n d ;
1587 e n d  PRINT o c t a l ;
1588
1589 i n t e g e r  c n t r ,  a d d re ss  o l d ;
1590 b o o l e a n  I F ;
1591 i n t e g e r  a r r a y  wo rd s[1 :5 1 1 ] ;
1592
1593 p r o c e d u r e  PUNCH;
1594 i f  I F  t h e n  punch I F  e l s e  punch  B I ;- -
1595
1596 p r o c e d u r e  s i n g l e  I F  (wo rd ) ;  v a lu e  wo rd ;  i n t e g e r  wo rd ;
1597 b e g i n  i n t e g e r  q ,  h e p ;
1598 i f  1  /  wo rd  >  0  t h e n  q : =  t 6  e l s e_
1599 b e g i n  q : =  t 6  -1- t 5 ;  wo rd : =  wo rd  -  t 2 6  end ;
1600 h e p : =  wo rd  :  t 2 1 ;  wo rd : =  wo rd  -  hep  X  t 2 1 ;  PUHEP ( q  +  h e p );
1601 h e p : =  w o r d
-
F t 1 4 ;  
w o r d : =  
w o r d  
-  
h e p  
x  
t 1 4
;  
P U B
E P  
(  
h e
p )
;

1602 h e p : =  wo rd  7  t 7 ;  PUHEP (h e p ) ;  PUHEP (wo rd  -  hep X  t 7 )
1603 e n d  s i n g l e  I F ;
1604
1605 p r o c e d u r e  punch  I F ;
1606 i f  l i n i t i a l i z a t i o n  A  c n t r j 0  t h e n_
1607 b e g i n  i n t e g e r  i ,  c n t r l ;
1608 f o r  i : =  1 s t e p  1 u n t i l  1 0  d o  PUHEP(0);
1609 c n t r l  := i f  a d d re ss o ld =  0  t h e n  cn t r+1  e l s e  c n t r ;
1610 i f  c n t r  >  t 8  t h e n
1611 - -
s i n g
l e
-
I P
( ( c n
t r l  
-  
t
8
)  
x  
t
1
8  
I
-  
a
d
d
r
e
s
s  
o
l
d  
+  
t
2
6  
-  
e
l
s
e

1612 s i n g l e  I P (c n t r1  x  t 1 8  -I- a d d re ss o l d  -  1 ) ;  - - - - -
1613 f o r  i : = 1  s t e p  1 u n t i l  c n t r  d o  s i n g l e  I P ( w o r d s [ i ] ) ;- - - - -
 1614 c n t r : = 0 ;  —
1615 e n d  punch I F ;- -1616
1617 p r o c e d u r e  s i n g l e  B I (wo rd ,  c l ,  c 2 ) ;
1618 v a l u e  wo rd ,  c l ,  c 2 ;  i n t e g e r  wo rd ;  b o o le a n  c l ,  c  •- -
1619 b e g i n  i n t e g e r  i ,  p ,  q ,  o d d ;
1620 i n t e g e r  a r ra y  h e p [ 1 : 5 ] ;
1621 p : =  q : =  wo rd ;  o d d : =  i f  ( 4  0  t h e n  s ig n (q )  e l s e  s i g n ( l / q ) ;_  - - - -
1622 i f  odd= -1  t h e n
1623 b e g i n  h e p [ 5 7 7
1 4 -
4 ;  p : =  q : =  
q - t 2 6  
e n d  
e l s e  
h e p
[ 5 ] : =  
0
;

1624 f o r  i : =  1 s t e p  1 u n t i l  2 6  d o
1625 b e g i n  o d d := EVEN(770ad; q 7 .
7
.  q :  2  e n d ;
1626 q : =  P ;
1627 f o r  i : =  1 s t e p  1 u n t i l  4  d o
1628 b e g i n  q : =  i 7
-
7 ) - i - ;  1
-
1 ; 1 7 7 1 : - =
-
1 7 - q X  
6 4 ;  
p : =  
q  
e n d
;

1629 E U T
-
5 1 : =  
h e i 5
[ 5 ] + p
+ ( i f  
o
d
d  
=  
1  
t
h
e
n  
3
2  
e
l
s
e  
0
)
+

1630 ,  ( i f  c l  t h e n  16  e l s e  0 ) + ( i f  c2  t h e n  8  e ls e  0 ) ;—  - - - -  - - - -  —  - - -  - -
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1631
1632
1633
1634
1635
1636
1637
1638
1639
164o
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681

f o r  i : =  5  s t e p  -1  u n t i l  1  d o  PUEEP(bep [ i] )
end s i n g l e  B I ;

procedure punch  B I ;
i f  1  i n i t i a l i z a t i o n  A  c n t r  0  t h e n
beg in  i n t e g e r  i ,  c n t r l ;

f o r  i : =  1 s t e p  1 u n t i l  10  d o  PUEEP(0);
c n t r1 : =  i f  a d d re ss o ld =  0  t h e n  cntrA-1 e l s e  c n t r ;
i f  c n t r >  t 8  t h e n  - - - -

s in g le  B I ((c7 Tr1 -t8 )x t1 8 1 -a d d re ss o ld + t 2 6 -1 , t ru e , t ru e )  e l s e
s in g le  B I (c n t r1  x  t 1 8  +  a d d re ss o l d  -  1 ,  t r u e ,  t 1
.
7 7 ) ;

f o r  1 : =  1 s t e p  1 u n t i l  c n t r  do  s i n g l e  B I ( w 6 a g r i b f a l s e , f a l s e
c n t r : =  0 ;

end punch B I ;

procedure Add t o  ad  c n t r ( i ) ;  v a lu e  i ;  i n t e g e r  i ;
beg in  i f  a d d re ss coun te r<0  V  add ress c o u n t e r> s ix t y  f o u r  K  th e n

beg in  fi x t (1 2 , 0 , a d d re s s  c o u n t e r ) ;
address co u n te r:=0 ;  ERROR( t r u e  , 2 0 1 0 )

end;
i f  i fl  A  i= 0  t h e n  PUNCH; P R ad  c n t r ;
address co u n t e r: =  add ress co u n t e r A- i

end Add t o  a d  c n t r ;

comment:

12. S o me  Boo lean  p ro ce d u re s.

A l g o r i t h m ;

boolean p rocedu re  i s  a d d in g  o p e ra t o r (s ) ;  v a lu e  s ;  i n t e g e r  s ;
i s  a d d in g  o p e ra t o r : =  s  =  p lu s  symb o l V  s  =  minus symb o l;

boolean p rocedu re  i s  PZE s y mb o l (s ) ;  v a lu e  s ;  i n t e g e r  s ;
i s  PZE symb o l: =  s  =  P  symbo l V  s  =  Z  symbo l V

s =  E symb o l V  s  =  PZE symb o l;

boolean p rocedu re  i s  UYN symb o l (s ) ;  v a l u e  s ;  i n t e g e r  s ;
i s  UYN symb o l: =  s  =  U symbo l V  s  =  Y  symbo l V  s  =  N symbo l V

s =  YN symbo l V  s  =  UYN symbo l;

boolean p rocedu re  i s  r e g i s t e r  s y mb o l (s ) ;  v a lu e  s ;  i n t e g e r  s ;
157077

procedure A ( r , i , v ) ;  v a lu e  r , i , v ;  i n t e g e r  r , i , v ;
i f  s  =  r  t h e n
beg in  i s  r e g i s t e r  symb o l: =  t ru e ;  i n d e x  o f  r e g i s t e r : =  i ;

va lue  o f  r e g i s t e r : =  v ;  g o t o  end
end A ;

i s  r e g i s t e r  symb o l:=  f a l s e ;
A(F symbo1 ,1 ,57 );  A (G  symbo1 ,2 ,58 );  A (A  symbo1 ,3 ,59 );



1682 A ( S  symbo1 ,4 ,60 );  A (B  symb01 ,5 ,61 );
1683 e n d :
1684 e n d ;
1685
1686 b o o l e a n  p rocedu re  i s  o p e ra t o r  symb o l (s ) ;  v a lu e  s ;  i n t e g e r  s ;
1687 i s  o p e ra t o r  symb o l:=  s  =  p lu s  symbo l V  s  =  minus symb o l V
1688 s  t i m e s  symb o l V  s  =  o ve r symbo l V
1689 s  =  e q u a ls symb o l V  s  =  l o g i c  p l u s  symb o l V
1690 s  =  l o g i c  t ime s  symb o l;
1691
1692 b o o l e a n  p rocedu re  i s  l e t t e r ( s ) ;  v a l u e  s ;  i n t e g e r  s ;
1693 i s  l e t t e r : =  10 <  s  A  s  <  35 ;—
.
1
6
9
4

1695 b o o l e a n  p rocedure  i s  d i g i t ( s ) ;  v a l u e  s ;  i n t e g e r  s ;
1696 i s  d i g i t : =  0  <  s  A  s  <  9 ;
1697
1698 b o o l e a n  p rocedure  i s  l a y o u t ( s ) ;  v a l u e  s ;  i n t e g e r  s ;
1699 i s  l a y o u t : =  s  =  space symb o l V  s  =  t a b  symb o l;
1700
1701 b o o l e a n  p rocedure  i s  s t a t  s e p (s ) ;  v a lu e  s ;  i n t e g e r  s ;
1702 i s  s t a t  se p : =  s  =  n l c r  symbo l V  s  =  se mico lo n  symb o l V
1703 s  =  quote  symb o l;
1704
1705 i n t e g e r  p rocedu re  i n d e x  o f  o p e ra t o r (s ) ;  v a lu e  s ;  i n t e g e r  s ;
1706 i n d e x  o f  o p e ra t o r : =  i f  s  =  p lu s  s y m b o l  t h e n  1 e l s e
1707 i f  s  =  t ime s  s y m b o l  t h e n  2  e l s e
1708 i f  s  =  o ve r s y m b o l  t h e n  3  e l s e
1709 i f  s  =  e q u a ls  symbo l t h e n  4  e ls e
1710 i f  s  =  l o g i c  p l u s  s y m b o l  t h e n  5  e l s e
1711 i f  s  =  l o g i c  t ime s  symb o l t h e n  6  e l s e
1712 E R R O R (  t r u e  , 2 0 2 0 );
1713
1714 c o m m e n t :
1715
1716 1 3 .  T re a t me n t  o f  E r ro r s .
1717
1718 A l g o r i t h m : ;
1719
1720 b o o l e a n  CHECK f a u l t ;
1721
1722 i n t e g e r  p rocedu re  ERROR(B,n); v a l u e  B , n ;  Bo o le a n  B ;  i n t e g e r  n ;
1723 i f  B  t h e n
1724 b e g i n  PRINT L INE;
1725 P R I N T T E X T ( e r r o r  n r  4 . ) ;  A B S FIX T(4 ,0 ,n );
1726 P R  s y n t  u n i t  (  s y n t  u n i t  ) ;  ERROR:=1;
1727 i f  fi r s t  s c a n  t h e n
1728 b e g i n  SPACE(50 — p r i n t p o s ) ;  ABSFIX2 (6 ,0 ,1 in e  number) e n d ;
1729 P R S Y M ( n l c r  symb o l)
1730 e n d  ERROR;
1731
1732 i n t e g e r  p rocedu re  CHECK(s, ;  v a l u e  s , n ;  i n t e g e r  s , n ;
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1733 i f  s y n t  u n i t  =  s  t h e n
1734 b e g i n  CHECK:= 1 ;  CHECK f a u l t : =  fR1se  e nd  e ls e
1735 b e g i n  CHECK: ERROR ( t r u e ,  n ) ;  PHSYM(n lcr symb o l);
1736 P R I N T T E X T  (1 s y n t  u n i t  sh o u ld  b e :  i . ) ;  P R syn t  u n i t  ( s ) ;
1737 P R S Y M ( n l c r  symb o l);
1738 C H E C K  f a u l t : =  t ru e_ _ —
1739 e n d  CHECK;
1740 - -
1741 i n t e g e r  p ro ce d u re  REQUIRE ( s ,  n ) ;  v a l u e  s ,  n ;  i n t e g e r  s ,  n ;
1742 b e g i n  REQUIRE:= CHECK ( s ,  n ) ;  i f  CHECK f a u l t  t h e n_  —
1743 L :  b e g in  RE;
1744 i f  s y n t  u n i t  =  s  t h e n  e lse
1745 i f  s y n t  u n i t  =  sta te me n t  se p a ra t o r V_
1746 s y n t  u n i t  =  end symbo l t h e n
1747 C H E C K  f a u l t : =  t ru e  e l s e  g o t o  L
1748 e n d
1749 e n d  REQUIRE;- - -
1750
1751 p r o c e d u r e  PR s y n t  u n i t  ( s ) ;  v a lu e  s ;  i n t e g e r  s ;
1752 i f  s  <  127 t h e n  PRSYM ( s )  e l s e
1753 b e g i n
–  .1754 p r o c e d u r e  a ( p , r ) ;  v a lu e  p ;  i n t e g e r  p ;  s t r i n g  r ;
1755 i f  s  =  p  t h e n
1756 b e g i n  PRINTTEXT ( r ) ;  g o t o  e x i t  end  a ;
1757
1758 a ( b e g i n  s y m b o l
l
t
1
b e g i n q . ) ;  t i
( e n d  
s y m b o l ,  
' e n d q .
) ;

1759 a ( S K I P  s y m b o 1 , 1
f
s k i p ' $ ) ;  a ( D Y N  
M  
s y m b o l ,  
< d y n  
m  
s y m b 0
1 4 ) ;

1760 a ( l o g i c  p l u s  s y M b o l , t
1
- 1 4 ) ;  a ( l o g i c  
t i m e s  
s y m b o l , V X '
$ ) ;

1761 a ( s t a t e m e n t  se p a ra t o r, t <s t a t e me n t  s e p a r a t o r 4 ) ;
1762 a ( M T  d e c la ra t i o n  s y mb o l , t ' m t ' $ ) ;  a ( i d e n t i fi e r , 1 < i d e n t i fi e r 4 ) ;
1763 a ( n u m b e r , t < n u m b e r > t ) ;
1764 a ( f u n c t i o n  i d e n t i fi e r , t < f u n c t i o n  i d e n t i fi e r 4 ) ;
1765 P R I N T  ( s ) ;  e x i t :
1766 e n d  PR s y n t  u n i t ;
1767
1768 c o m m e n t :
1769
1770 1 4 .  D e c l a r a t i o n  and i n i t i a l i z a t i o n  o f  symb o ls.
1771
1772 A l g o r i t h m : ;
1773
1774 i n t e g e r  space symb o l, t a b  syMb o l, n 1 cr symbol,comma symbo l,
1775 G  symb o l,A  symbo l,S  symI o l , C symb o l, T symb o l,D symb o l,B  symbo l,
1776 M  symb o l , p r sub  symb o l , p r bus symb o l,  t imes symbo l,  over symb o l,
1777 p l u s  symb o l,  minus symbo l,  equals symb o l, F symb o l,E  symbo l,
1778 N  symb o l,P  symb o l,Y  symb o l,U symb o l,Z symb o l , p o in t  symb o l,
1779 l o w e r  t e n  symb o l, co lo n  symbo1,apostrophe symb o l,q u o te  symb o l,
1780 s e m i c o l o n  symbo l,  open symbo l,  sub symb o l,  close  symb o l,
1781 b u s  s y n I o l , l e t t e r  b , l e t t e r  e , l e t t e r  i , l e t t e r  S , l e t t e r  M,
1782 b e g i n  symbo l,  end symb o l,B I  s y n t o l , I P  symbo l,  SKIP symb o l,
1783 D Y N  M symb o l, t yp e  o f  DYN M symbol,UYN symbo l,YN symbo l,



1784 P Z E  symb o l,  lo g ic  p l u s  s y mb o l , lo g ic  t ime s  symb o l,
1785 s t a t e m e n t  separator,141 d e c la ra t i o n  symb o l , id e n t ifie r , n u mb e r,
1786 f u n c t i o n  i d e n t i fi e r ,  syn t  u n i t , u n d e r l i n e , b a r ;
1787
1788 p r o c e d u r e  INITIAL I7 R RESYM;
1789 b e g i n  i n t e g e r  n l c r ,  t a b ,  n o t ,  q u e s t i o n  mark,  symco u n t ,  h e p ;
1790 i n t e g e r  p rocedu re  s t r in g s y m;
1791 b e g i n  i n t e g e r  sym;
1792 L :  s ym: =  STRINGSYMBOL (symco u n t ,  fl ?
1793 1 1 2 ? 4 ? ? 7 8 7 ? 1 ? ?  ? ??3?56??9 ?????Th?t?vw??zi
1794 ? ? ? ? ? ? < s ? u r i x Y 7 ?
1 0
? ?  ? - . . ? ? 1 ? n o ? ?
r ?
.
? ? ? ? ? ? j k ? m ?

1795 9
p q ?
? , ?
9
? ? ?
a b ?
d r e
g h ?
? . ?
? ? ?
+ ? ?
c ?
e f ?
? i l ?
1 ? ?
-
1

1796
1797 - -
r v )
< ?  
?  
( ? ?
-
1 ? ?  
I
?  
?  
?
/
?
;  
t
?
?  
)  
? ?
? ?
?
A ?
?
T ?
W ?
?
Z i

1798 9 9 9 9 9
? > S 7 1 P
9
X Y ? ? '
9
7  9
1 ? ? L ?
N 0 ? ?
R ? ? ? ? ?
?
9
, 1
-
K 7 M ?

1799 9 P c r  ?  ?? ?AB?D? ?GH9? • 99? ? "? ? c?EF?? ?
- -
i S ) ;
1800 s y m c o u n t : =  symcount +  1 ;
18o1 i f  sym =  n l c r  V  sym =  t a b  t h e n  g o t o  L ;
1802 i f  sym =  u n d e rl in e  V  sym =  b a r  t h e n  symcoun t := symcount +  1 ;
1803 s t r i n g s y m : =  i f  sym =  n o t  t h e n  dummy code e l s e
1804 i f  sym =  q u e st io n  ma rk t h e n  e r r o r  code e l s e  sym
1805 e n d  s t r in g sym;
1806
1807 n o t : =  q u e st io n  ma rk :=  u n d e r l in e : =  b a r : =  n l c r : =  t a b : =  —1;
1808 d u m m y  code := -1 ;  e r r o r  co d e := - 2 ;  symco u n t :=  0 ;
1809 n o t : = s t r i n g s y m ;  q u e s t io n  ma rk : =s t rin g sym;  u n d e r l in e : = s t r in g s y m;
1810 s t r i n g s y m ;  b a r : =  s t r in g sym;  n l c r : =  s t r in g sym;  t a b : =  s t r in g sym;
1811 l o w e r  ca se :=  122; u p p e r ca se : =  124 ;
1812 l o w e r  case  co d e :=  0 ;  u p p e r case  co d e : =  128;
1813 f o r  case  co d e :=  lo we r  case  code ,  u p p e r  case  code  d o
1814 f o r  h e p :=  0  s t e p  1 u n t i l  127  d o
1815 s y m c o d e [ c a s e  code  +
-
T E T T : .  
s t r i n g s y m ;

1816 s y m c o d e [ l o w e r  case  code+26]:=symcoderupper case  co d e +2 6 ] :=n 1 cr;
1817 s y m c o d e i l o w e r  case  code+62]:=symcode[upper case  co d e +6 2 ] := ta b ;
1818 s y m c o d e [ u P p e r  case  co d e +6 4 ] :=n o t ;
1819 s y m c o d e [ u p p e r  case  co d e +9 1 ] : . q u e st io n  mark;
1820 c a s e  co d e :=  lo we r  case  code
1821 e n d  INITIAL IZE  RESIT;
1822
1823 p r o c e d u r e  INITIA L IZE  symb o ls;
1824 b e g i n  i n t e g e r  i ;
1825 p r o c e d u r e  R ( s ) ;  i n t e g e r  s ;
1826 b e g i n  L :  s : =  RESYM1; i f  s  =  space symb o l V  s  =  t a b  symb o l V
1827 s  =  n l c r  symb o l V  s  =  comma symbo l t h e n  g o to
1828 e l s e  i f  37  <  s  A  s  <  62  t h e n  s : =  s -  27_  _
1829 e n d  R.
1830
1831 p r o c e d u r e  P ( s ) ;  i n t e g e r  s ;
1832 s : =  +  1 ;
1833
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1834 I N I T I A L I Z E  R E M ;
1835 s p a c e  symb o l : = RE S M;  t a b  symbol:=RESYM1; comma symbol:=RESYM1;
1836 n l c r  symb o l:=  RESYM1;
1837 R ( G  symb o l); R(A  symb o l);  R (S  symb o l);  R(C symb o l) ;  R ( T  symb o l);
1838 R ( D  sym1ol);R(13 symb o l);  R(M symb o l);  R ( p r  su b  symb o l);
1839 R ( p r  b u s symb o l); R(t ime s  symb o l); R(o ve r symb o l ) ; R(p lu s  symb o l);
184o R ( m i n n a  symb o l);  R(e q u a ls  symb o l);  R ( F  symb o l);  R (E  symb o l);
1841 R ( N  symb o l);  R (P  symb o l);  R (Y  symb o l);  R(1)
. s y m b o l ) ; R ( Z  s y m b o l ) ;1842 R ( p o i n t  symb o l) ; R( la we r t e n  symb o l);  R (c o lo n  symb o l);
1843 R ( a p o s t r o p h e  symb o l);  R(q u o te  symb o l) ;  R(se mico lo n  symb o l);
1844 R ( o p e n  symb o l);  su b  symb o l: =  open symb o l;  R (c lo s e  symb o l ) ;
1845 b u s  s y mb o l : .  c lo se  symb o l;  R ( l e t t e r  b ) ;  R ( l e t t e r  e ) ;
1846 R ( l e t t e r  i ) ;  R ( l e t t e r  S ) ;  R ( l e t t e r  16);
1847 i : =  127 ;
1848 P ( b e g i n  symb o l);P (e n d  symb o l);  P (S K IP  symb o l);  P(DYN M symb o l);
1849 P ( I N N  symb o l) ; P (I N symbo l);P(PZE s y mb o l ) ; P ( lo g ic  p l u s  symb o l);
1850 P ( l o g i c  t ime s  symb o l);  P (s t a t e me n t  s e p a ra t o r ) ;
1851 P ( N T  d e c la ra t i o n  s y m b o l ) ; P ( i d e n t i fi e r ) ;  P ( n u n t e r ) ;
1852 P ( f u n c t i o n  i d e n t i fi e r ) ; P ( B I  s y mb o l ) ;  P ( I P  symb o l)
1853 e n d  INITIA L IZE  symb o ls;
1854
1855 c o m m e n t :
1856
1857 1 5 .  O t h e r  a u x i l i a r y  equ ipment.
1858
1859 A l g o r i t h m : ;
1860
1861 i n t e g e r  a r ra y  b lo c k [ 0 : 5 0 ] ,  ELAN l i n e [ 1 : 2 0 0 ] ,  l i n e  b u f f e r [ -1 : 2 0 0 ] ;
1862 b o o l e a n  fi r s t  s c a n ,  second s c a n , i n i t i a l i z a t i o n , d e c l a r a t i o n ,
1863 m i n u s  f o r  r i g h t  operand,new I d e n t i fi e r ,
1864 n o t  b e h in d  l a s t  end, p u n ch  l i s t ;
1865 i n t e g e r  d e c la re d , c n t r  o f  b e g in s , b lo ck  n u mb e r,n r o f  b e g in s,
1866 s i x t y  f o u r  K,NT d e c la re d  and d e fin e d ,MT d e c la re d ,
1867 t y r e  o f  number, re a l t yp e ,  in t e g ra l  t yp e ,  o cta l t y re , I NN, P ZE ,
1868 i n d e x  o f  re g i s t e r , v a l u e  o f  r e g i s t e r , r i g h t  operand ,
1869 l e f t  o p e ra n d , o p e ra t o r , re g i s t e r , f c t n , t y re  o f  i d e n t i fi e r ,
1870 v a l u e  o f  i d e n t i fi e r , t y p e  o f  f u n c t i o n  i d e n t i fi e r ,
1871 n u m b e r  o f  f u n c t i o n s , t 0 , t 1 , t 2 , t 3 , t 4 , t 5 , t 6 , t 7 , t 8 , t 9 , t 1 0 , t 1 1 , t 1 2 ,
1872 t 1 3 , t 1 4 , t 1 5 , t 1 6 , t 1 7 , t 1 8 , t 1 9 , t 2 0 , t 2 1 , t 2 2 , t 2 3 , t 2 4 , t 2 5 , t 2 6 ,
1873 s y m b o l ,  next symbo l,  read ing  P t r , P t r ,  o f  t e x t ,  max o f  ELAN l i n e ,
1874 l i n e  number,max o f  num,max b lo c k  n u mb e r, l in e  co u n t e r,
1875 fi l l  p o i n t e r ;
1876 r e a l  va lu e  o f  op e rand ,va lue  o f  number,va lue  o f  r e a l  number,
1
8
7
7  
a
d
d
r
e
s
s  
c
o
u
n
t
e
r
,
r
e
a
l  
t
2
6
;

1878
1879 p r o c e d u r e  INITIA L IZE  o t h e r  v a r i a b le s ;
1880 b e g i n  rea l  t i ;
1881 r e a l  p ro ce d u re  d ;
1882 b e g i n  d : =  t i ;  t i : =  t i  x  2  end  d ;
1883
1884 d e c l a r e d : =  10 ;  NT d e c la re d : =  11 ;  NT d e c la re d  and d e fin e d : =  1 2 ;



1885 r e a l  t y p e : =  1 ;  i n t e g r a l  t y p e : =  o c t a l  t y p e : =  2 ;
1886 t i  : = 1 ;  t O  : = d ;  t l  : = d ;  t 2  : = d ;  t 3  : = d ;  t 4  : = d ;  t 5  : = d ;  t 6  : = d ;
1887 t 7  : = d ;  t 8  : = d ;  t 9  : = d ;  t 1 0 : = d ;  t 1 1 : = d ;  t 1 2 : = d ;  t 1 3 : = d ;  t 1 4 : = d ;
1888 t 1 5 : = d ;  t16 :=d ;  t171=d; t18 :=d ;  t 19 :=d ;  t 20 :=d ;  t 21 :=d ;  t 22 :=d ;
1889 t 2 3 : = 4 ;  t 2 4 : = d ;  t 2 5 : = d ;
1890 r e a l  t 2 6 : =  d;  t 2 6 : =  1 — r e a l  t 26 ;
1891 s i x t y  f ou r  K:= t16;  max o f  ELAN l i n e : =  200;
1892 m a x  o f  b u f f e r : =  min  o f  d ru m:=  t 1 2 ;
1893 m a x  o f  d ru m:=  37 .5  x  max o f  b u f f e r  — 1 ;
1894 m a x  o f  i n f  l i s t : =  22  x  t l O k
1895 p o i n t e r  o f  p t r  o f  i n f  l i s t : = p t r  o f  i n f  l i s t : = 1 ; m a x  o f  num:=0;
1896 e n d  f c t n  p a r t : =  10  000 ;  co n t e n t s  o f [ p t r  o f  i n f  l i s t ] : =  0 ;
1897 l i n e  p o i n t e r : =  d rum p o in t e r : =  0 ;
1898 p l a c e  enough:= I P : =  t ru e ;
1899
1900 l i n e  b u f f e r [  1 ] : =  l i n e  b u f f e r [  8 ] : =  l i n e  b u f f e r [ 1 2 ] : =
1901 l i n e  b u f f e r [ 2 2 ] : =  apostrophe  symbol;
1902 l i n e  b u f f e r [  9 ] : =  c olon symbol;
1903 l i n e  b u f f e r [ 1 0 ] : =  l i n e  b u f f e r [ 1 1 ] : =  l i n e  b u f f e r [ 2 3 ] : =
1904 l i n e  b u f f e r [ 2 4 ] : =  space symb o l;
1905
1906 b e g i n  i n t e g e r  p , m, n , A , i , s ;
1907 b o o l e a n  end;
1908 L O :  i : =  0 ;  d e c la ra t i o n : = t ru e ;
1909 L i :  s : =  RESYM1; i f  37  <  s  A s  <  62  t h e n  s : =  s  — 27 ;
1910 i f  1  i s  l e t t e r )  t h e n  g o to  1:1;
1911 n : =  A : =  0 ;  p : =  p t r  o f  i n f  l i s t ;  i : =  i  +  1 ;
1912 L 2 :  n : =  n  +  1 ;  A : =  A  X  t 6  +  s  +  1 ;  s : =  RES11111;
1913 i f  37  <  s  A  s  <  62  t h e n  s : =  s  — 27 ;
1914 e n d : =  7 ( i s  l e t T e r ( i )  T i s  d i g i t ( s ) ) ;
1915 i f n = n :  4 X 4 V e n d  t h e n
1916 b e g i n  p : =
—
p  +  1 ;  
E R R O R ( p  
>  
m a x  
o f  
i n
f  
l i s t ,
2 0 0 0 )
;

1917 c o n t e n t s  o f [ p ] : =  A; A : =  0
1918 e n d ;
1919 i f  1  end  t h e n  g o to  L 2 ;
1920 m : =  p  — p t r  o f  i n f  l i s t ;  c o n t e n t s  o f [  t r  o f  i n f  l i s t ] : =  m;
1921 c o n t e n t s  o f [ p ] : =  co n te n t s  o f [ P ]  X  t 6  A  (In  x  4  n ) ;
1922 A : = i f  s  =  open s y m b o l  t h e n  t 8  e l s e
1923 i f  s  =  c lo se  symb o l t h e n  t 9  e l s e
1924 i f  s  =  o ve r s y m b o l  t h e n  t 1 0  e l s e  0 ;
1925 i f  p t r  o f  i n f  l i s t  =  1  t h e n
1926 b e g i n
1927 p o i n t e r  o f  p t r  o f  i n f  l i s t : =
1928 p t r  o f  i n f  l i s t : =  p t r  o f  i n f  l i s t  +  p ;
1929 S T O R E  i n  contents  o f ( s t ( s t ( s t ( 0 ,
1930 0 ) ,
1931 0 ) ,
1932 S T O R E  i n  contents  o f ( s t ( 0 ,
1933 i  +  A) )
1934 ) )
1935 e n d  e ls e
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1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986 g

STORE l e t g i t s  w i t h ( i  +  A ) ;
i f  s  f  se mico lo n  symbo l t h e n  g o t o L l ;
number o f  f u n c t i o n s : =  i ;  e n d  f c t n  p a r t : = p t r  o f  i n f  l i s t  — 1 ;
d e c la ra t io n : =  f a l s e- - -end

end INITIA L IZE  o t h e r  v a r i a b le s ;

comment:

16. P r i n t i n g  equ ipment.

A lg o r i t h m: ;

procedure  PR ELAN SYM(s);  v a lu e  s ;  i n t e g e r  s ;
i f  l in e n u mb e r <  0  t h e n
beg in  i f  s=n1c7  symbo l t h e n  l i n e  number:=1 ine  number+1 e n d  e l s e
i f  s  =  n l c r  symbo l t h e n  l i n e  c o u n t e r : =  l i n e  co u n t e r +  1 e l s e
beg in  i f  l i n e  co u n t e r >  4  t h e n_

beg in  PRINT L INE;
l i n e  b u f f e r [ 0 ] : =  l in e n u mb e r: =  l in e n u mb e r +  l i n e  co u n t e r;
i f  second sca n  A  LINE NUMBER f  1 t h e n  NEW PAGE;
fi l l  p o i n t e r : =  2 4 ;  l i n e  c o u n t e r : =  0

end e l s e
i f  l i n e  co u n t e r >  0  t h e n
beg in  f o r  l i n e  co u n t e r: =1 in e  co u n t e r-1  w h i l e  l i n e  co u n te r>0  d o
beg in  PRINT L INE;

l i n e  b u f f e r [ 0 ] : =  l in e n u mb e r: =  l in e n u mb e r +  1
end;

fi l l  p o i n t e r : =  24 ;  l i n e  c o u n t e r : =  0
end;
i f  second  sca n  t h e n
beg in  fi l l  p o i n t e r : =  fi l l  p o i n t e r  +  1 ;

l i n e  b u f f e r [ fi l l  p o i n t e r ] : = s ;
i f  fi l l  p o i n t e r  =  200 t h e n
beg in  PRINT L INE;  fi l l  p o i n t e r : .  24  end

end;
i f  s  =  se mico lo n  symbo l t h e n  PRINT L INE

end PR ELAN SYM;

procedure  PR a d  c n t r ;
i f  second  sca n  t h e n  PRINT o c t a l (6 , a d d re ss  c o u n t e r , f a l s e ) ;

procedure PRINT L INE;
i f  second sca n  t h e n
b e g in  i n t e g e r  i ;

i f  l i n e  b u f f e r [ 0 ]  >  0  t h e n
beg in  ABSFIXT(6 ,0 ,Tine  b u f f e r [ 0 ] ) ;
end els e space(8) ;
i f  l i n e  b u f f e r [ 2 ]  > 0  t h e n
beg in  f o r  i : =  1 s t e p  1 u n t i l  11 d o

l i n e  b u f f e r [ 2 ] : = -1  —

l i n e  b u f f e r [ 0 ] : = -1

PRSYM(line b u f f e r [ i ] ) ;



1987 e n d  e l s e
1988 i f  l i n e  b u f f e r f -1 ] > 2  t h e n
1989 b e g i n  ABSFIXT(6 ,0 ,1 ine  b u f f e r { - 1 ] - 2 ) ;
1990 l i n e  b u f f e r [ - 1 ] : = - 1 ;  SPACE(3)
1991 e n d  e ls e  SPACE(11);
1992 i f  l i n e  b u f f e r [ 1 3 ]  >  0  t h e n
1993 b e g i n  f o r  i : = 1 2  s t e p  1 u n t i l  2 4  d o  PRSYM(line b u f f e r [ i ] ) ;
1994 l i n e  b u f f e r [ 1 3 ] :
-
4 = 1  - - - - -  
- -

1995 e n d  e ls e  SPACE(13);
1996 f o r  i : = 2 5  s t e p  1 u n t i l  fi l l  p o i n t e r  d o
1997 b e g i n  P R S 1
/
1
-
4 ( I T n e  b u f f e r
[ i ] ) ;  
i f  
l i n e  
b u f f e r
[ i ] t a b  
s y m
b o l  
t h
e n

1998 l i n e  b u f f e r [ i ] : = s p a c e  symb o l
1999 e n d ;
2000 P R S Y M ( n l c r  symb o l)
2001 e n d  PRINT L INE;
2002
2003 p r o c e d u r e  PR l i s t ( e n t r y ) ;  i n t e g e r  e n t r y ;
2004 b e g i n  comment T h i s  p rocedu re  p r i n t s  o u t  t h e  i n t e r e s t i n g  p a r t  o f
2005 t h e  n a me l i s t .  I f  yo u  wan t  i t  punched, p le a se  punch  a f t e r  t h e
2006 l a s t  ' e n d '  t h e  symb o ls " n 1 " . ;
2007 i n t e g e r  i , q 1 ,q 2 ,q 3 ,q 4 ,ma rg e ;
2008
2009 p r o c e d u r e  p  sym(q );  v a lu e  q ;  i n t e g e r  q ;
2010 i f  q  — 1  t h e n  P (q ) ;
2011
2012 p r o c e d u r e  P (q ) ;  v a lu e  q ;  i n t e g e r  q ;
2013 b e g i n  PRSYM(q); i f  punch l i s t  t h e n  PUSYM(q) e n d  P ;
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027 p r o c e d u r e  A (n , m, x ) ;  v a lu e  n , m, x ;  i n t e g e r  n ,m;  r e a l  x ;
2028 b e g i n  ABSFIXT(n ,m,x);  i f  punch l i s t  t h e n  ABSFIRITT,m,x) e n d  A ;
2029
2030
2031
2032
2033
2034
2035
2036
2037

procedure  S (q ) ;  v a lu e  q ;  i n t e g e r  q ;
beg in  i n t e g e r  end space ;

end sp a ce :=  p r in t p o s  +  q ;
L: i f ( ( p r i n t p o s  +  1 )  :  8  +  1 )  X  8  <  end space t h e n

beg in  TAB; i f  punch l i s t t h e n  PU7YM(tab symb o l);
goto  L

end e ls e
beg in  i f  punch l i s t  t h e n  PUSPACE(end space — p r i n t p o s ) ;

SPACE(end space — p r i n t p o s ) ;
end

end S ;

procedure F (n , m, x ) ;  v a l u e  n , m, x ;  i n t e g e r  n ,m;  r e a l  x ;
beg in  FIXT(n ,m,—x);  i f  punch l i s t  t h e n  FIXP(n,733777 end F ;

procedure  p r  l i s t ( e n t r y 1 ) ;  v a l u e  e n t ry 1 ;  i n t e g e r  e n t r y l ;
i f  e n t r y l  0  t h e n
beg in  i n t e g e r  num;

boolean w r i t e ;
procedure PRINT name;
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2038 f o r  1 : =  1 s t e p  1 u n t i l  num do
2039 b e g i n  q 4 : =  co n te n t s  o f [ e n t r y l  +  i ] ;
2040 q 3 : =  q4  :  t 6 ;  q 2 : =  q3 :  t 6 ;  q l : =  q2  :  t 6 ;
2041 q 4 : .  q4  : 4 3  X  t 6  –  1 ; -
8
4
1 i
.
3 : - =  q 3  –  
q 2  > ( t 6  
–  1 ;

2042 q 2 : =  q2 – q l  x  t 6  –  1 ;  q l : =  q l  –  1 ;
2043 p  sym(q 1 );  p  sym(q 2 );  p  sym(q 3 );  p  sym(q4 )
2044 e n d  PRINT name;—
2045
2046 n u m : =  co n te n t s  o f f e n t r y l ] ;  w r i t e : .  f a l s e ;
2047 p r  l i s t ( c o n t e n t s  o f f  e n t ry l +  num +  1 J ) ;
2048 i f  e n t r y l  >  end f e t n  p a r t  t h e n- -
2049 b e g i n
2050 p r o c e d u r e  p r  i n f ( e n t r y 2 ) ;  v a l u e  e n t ry 2 ;  i n t e g e r  e n t ry2 ;
2051 i f  e n t ry2  0  t h e n
2052 b e g i n  i n t e g e r  b lo ck ,  t y p e ,  v a l u e ,  l i n e ,  c c ;
2053 p r o c e d u r e  PRINT va lu e ;
2054 b e g i n  i n t e g e r  i , p o in t e r; _
2055 i n t e g e r  a r ra y  a r (1 : 1 8 j ;
2056 p r o c e d u r e  s t o re  i n  a r ( i n f o rma t i o n ) ;
2057 v a l u e  in f o rma t io n ;  i n t e g e r  in f o rma t io n ;- - - - -
2058
2059 i n t e g e r  p rocedu re  s t ( x , y ) ;  v a lu e  x ;  i n t e g e r  x , y ;
2060 b e g i n  p o in t e r : = p o in t e r+ 1 ; a r [ p o iT 7 F T : = y ; s t : = 0  end  s t ;
2061 - - -
2062 p o i n t e r : =  0 ;
2063 i f  t yp e  =  1 t h e n  s t o re  i n  a r ( s t ( s t ( 0 ,- -
2064 M  symb o l),
2065 p r  sub  symb o l ))  e l s e
2066 i f  t yp e  =  2  t h e n  s t o re  i n  a r ( s t ( s t ( s t ( s t ( 0 ,  - - - -_
2067 M  symb o l),
2068 p r  sub  symb o l),
2069 B  symb o l),
2070 p l u s  symb o l))  e l s e- - - -
2071 i f  t yp e  =  3  t h e n  s t o re  i n  a r ( s t ( 0 ,—
2072 M  symb o l)) e l s e
2073 i f  t yp e  =  5  t h e n  s t o re  i n  a r ( s t ( s t ( 0 ,  - -—
2074 c o l o n  symb o l),
2075 M  symb o l)) e l s e
2076 i f  t yp e  =12  t h e n  s t o re  i n  a r ( s t ( s t ( s t ( s t r g E T s t ( s t ( s t ( 0 ,—
2077 s u b  symb o l),
2078 a p o s t r o p h e  symb o l),
2079 M  symb o l),
2080 T  symb o l),
2081 a p o s t r o p h e  symb o l),
2082 b u s  symb o l),
2083 M  symb o l),
2084 p r  su b  s y mb o l ) ) ;
2085
2086 i f  t yp e  =  1 V  t yp e  =  2  V  t yp e  =  4  V  t yp e  =  12  t h e n
2087 b e g i n  i f  va lu e  >  t 1 9  -- 1 V  1 / va lu e <  0  t h e n  - -
2088 ,  b e g i n  S ( = p o i n t e r ) ;  - - - -



2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139

f o r  i : =  1 s t e p  1 u n t i l  p o i n t e r  d o  P ( a r [ i ] ) ;
- - -  PRINT o c t a l ( 9
5
v a l u e , p u n c h l i
s t ) ;

P ( i f  t yp e  =  4  t h e n  space symb o l e l s e  p r  b us symb o l)
end e ls e

beg in  S (9 -p o in t e r ) ;
f o r  i : =  1 s t e p  1 u n t i l  p o i n t e r  do  P ( a r [ i ] ) ;
- - -  PRINT o c t a l ( 6 7
7
1 7 1 7 p u n c h l i s t )
;

P ( i f  t yp e  =  4  t h e n  space symb o l e l s e  p r  bus symb o l)
end - -

end e ls e
i f  type= 3 V type= 5 then
beg in  i n t e g e r  p
5
q , q q ;

P:= va lu e  :  5 1 2 ;  q : =  va lu e  -5 1
i f  5 8  A7pl< 63  t h e n

o r i n  a r  T s t ( 0
5i f  P = 5

8  
t h e
n  
G  
s y
m
b o
l  
e
l
s
e  
i
f

i f  p=60 t h e n  S symbo l e l s e  i f
I ?  p= 62  t h e n  T symb o l e l s e  D
i f  p > 0  A  p< 10  t h e n  s t o re  i n

p=59 t h e n  A  symbo l e l s e
p=61 t h e n  C symb o l e l s e
symbo l)) e l s e
a r ( s t ( 0
5 P)) e l s e

i f  p >  10  A  p< 100 t h e n
g i  q q : =  p :  1 0 ;  s t o r e  i n  a r ( s t ( s t ( 0
5 qq)5

p-qqX10))
end;
sto re  i n  a r ( s t ( 0 ,

p r su b  s y mb o l ) ) ;
i f  q <  0  t h e n
beg in  s t o re  i n  a r ( s t ( 0
5 minus s y mb o l ) ) ;

q :=  - q
end;
i f  cl< 10 t h e n  s t o re  i n  a r ( s t ( s t ( 0 ,

2 x p -2 5
6 ;

p r  bus symb o l ))  e l s e
i f  q <  100 t h e n  - -
beg in  q q : =  q i  10 ;  s t o r e  i n  a r ( s t ( s t ( s t ( 0
5 q q

)
,  
•

q-qqX10),
p r b u s symb o l))

end e lse
i f  q <  1000 t h e n
beg in  q q : =  q :  1 0 0 ;  s t o r e  i n  a r ( s t ( s t ( s t ( s t ( 0 ,

cic1),
(q -qqX100):  1 0 ) ,

10X10T,
p r  Ens symb o l ))

end;
S ( 1 8
-
p o i n
t e r ) ;

f o r  i : =  1 s t e p  1 u n t i l  p o i n t e r  d o  P ( a r r i l )- - -  _end e lse
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2140 i f  t yp e =  6  t h e n
2141 b e g i n  S (8 ) ;  f o r  i : =  1 , 2 , 3  d o  P (1 2 2 );  S (7 )  e n d  e ls e
2142 i f  t yp e =  10  t h e n
2143 b e g i n  S (9 ) ;  7 7 2 ) ;  S (8 )  e n d  e ls e
2144 i f  t yp e =  11 t h e n
2145 b e g i n  S (6 ) ;  P R I N T T E X T ( t
t
m t
i  ? * ) ;

2146 i f  p u n c h l i s t  t h e n  P UTE X T(' mt
l  ? * ) ;  S ( 6 )2147 e n d  e lse
2148 7 7 6 7 7 7 a l u e )
2149 e n d  PRINT va lu e ;
2150
2151 b l o c k : =  co n t e n t s  o f [ e n t r y 2 ] ;
2152 t y p e : =  co n te n ts  o f [ e n t r y  2  +  1 ] ;
2153 v a l u e : =  co n te n t s  o f f  e n t ry 2  +  2 1 ;
2154 l i n e : =  co n te n t s  o f f  e n t ry 2  +  3 ] ;
2155 c c : =  0;
2156 p r  i n f (c o n t e n t s  o f  [ e n t ry  2  +  5 ] ) ;
2157 b e g i n
2158 p r o c e d u r e  p r  c a l l ( e n t r y 3 ) ; v a l u e  e n t ry 3 ; in t e g e re n t ry 3 ;
2159 i f  e n t ry3  0  t h e n
2160 b e g i n  i n t e g e r  l i n e ;
2161 i f  e n t ry3  –  d rum p o i n t e r  >  0  A
2162 e n t r y 3  –  d rum p o in t e r  <  max o f  b u f f e r  t h e n  e ls e_ - -
2163 b e g i n  d rum p o in t e r : =
2164 - -
( e
-
E t r y
3 - 1 )  
:  
m
a
x  
o
f  
b
u
f
f
e
r  
X  
m
a
x  
o
f  
b
u
f
f
e
r
;

2165 F R O M  DRUM(LINE,drum p o in t e r )
2166 e n d ;
2167 e n t r y 3 : = e n t r y 3 – ( e n t r y 3 - 1 ) : m a x  o f  b u f fe rxma x o f  b u f f e r ;
2168 i f  e n t ry3  >  0  A  e n t ry3  <  4096 t h e n_
2169 b e g i n  l i n e : =  L INE [e n t ry3 1 ;
2170 p r  c a l l (L I NE [ e n t ry 3  +  1 ] )
2171 e n d  e ls e
2172 —  l i n e : =  0 ;
2173 c c : =  cc  +  1 ;  i f  cc=11 t h e n
2174 b e g i n  P ( n l c r  symb o l);
2175 i f  L INE NUMBER =  1 t h e n  PRINT name;
2176 i f  p r i n t p o s  <  merge +  3 2  t h e n
2177 7 M a r g e  +  32  –  p r i n t p o s )  e l s e
2178 b e g i n  P ( n l c r  s y m b o l ) ;
–
E T E a r g e  +  3 2 )  
e n d ;

2179 c c : =  1
2180 e n d ;
2181 i f  l i n e  >  0  t h e n  A (6 , 0 , 1 in e )  e l s e  F (6 , 0 , 1 in e )
2182 e n d  p r  c a l l ;  - -
2183
2184 i f  b lo c k  1  A  b lo c k  2  t h e n
2185 b e g i n  i f  1  w r i t e  V  LINE NUMBER =  1 t h e n
2186 b e g i n  w r i t e : =  t ru e ;  PRINT name e n d ;
2187 i f  p r i n t p o s  <  merge t h e n  S(marge –  p r in t p o s )  e l s e
2188 b e g i n  P ( n l c r
–
s y m b o l ) T
–
T O T e r g e )  
e n d ;

2189 P R I N T  va lu e ;
2190 ,  i f  b l o c k  0  t h e n  A (4 , 0 , b lo c k  –  2 ) e l s e  F (4 , 0 , 0 ) ;__



2191 i f  l i n e  >  0  t h e n  A (6 , 0 , 1 in e ) e l s e  F (6 , 0 , 1 i n e ) ;
2192 p r  c a l l ( a m t e n t s  o f f e n t ry 2  +  4
i ) ;2193 P ( n l c r  symb o l)
2194 e n d —
2195 e n d
2196 e n d  p r  i n f ;
2197 p r  i n f (c o n t e n t s  o f [ e n t r y l  +  num -
I
- 3 ] )
2198 e n d ;
2199 v r i t e : =  f a l s e ;
2200 p r  l i s t ( c o n t e n t s  o f [ e n t r y l  +  n u n  +  2 ] )
2201 e n d  p r  l i s t ;
2202
2203 m a r g e : =  max o f  nun  X  4 ;  i f  marge >  20 t h e n  marge := 20 ;—
2204 i f  punch l i s t  t h e n
2205 b e g i n  f o r  i : =  1 s t e p  1 u n t i l  5  d o  RUNOUT;
2206 A B S F I X F ( 2 , 0 , m s
7
F ) ;  P U N L C H  
- -

2207 e n d ;
2208 p r  l i s t ( e n t r y )
2209 e n d  PR l i s t ;—
2210
2211 c o m m e n t :
2212
2213 1 7 .  T h e  ma in  p rog ram.
2214
2215 A l g o r i t h m : ;
2216
2217 b e g i n- -
2218 p r o c e d u r e  START b lo c k ;
2219 b e g i n  n o t  b e h in d  l a s t  e n d : =  t ru e ;  d e c l a ra t i o n : =  f a l s e ;
2220 p r  t a p e  symb o l: =  space symb o l;  re a d in g  p t r : =  p t r  o f  t e x t : =  0 ;
2221 N S  d e f e rre d : =  t ru e ;  CHECK f a u l t : .  f a l s e ;
2222 a d d r e s s  co u n t e r: =  0 ;  l i n e  c o u n t e r : .  c n t r : =  0 ;
2223 L :  RE t h ro u g h  b a r r i e r ;  i f  s y n t  u n i t  b e g i n  symbo l t h e n  g o to  L
2224 e n d  START b lo c k ;—
2225
2226 P R I N T T E X T  ( t mc  e la n l  a sse mb le r d . d .  01  0 4  7 1 * ) ;
2227 s t r i n g s y m c o u n t : =  endsymcount:= 0 ;  f r o m  s t r i n g : =  t ru e ;
2228 I N I T I A L I Z E  symb o ls;  I NI TI A L I ZE  o t h e r  v a r i a b le s ;
2229 i n i t i a l i z a t i o n : =  fi r s t  s c a n : =  t ru e ;  se co n d  sca n :=  f a l s e ;. . —  - -
2230 c n t r  o f  b e g in s : =  0 ;  l in e n u mb e r: =  –  11 ;
2231 b l o c k [ c n t r  o f  b e g in s ] : =  max b lo c k  number:= n r  o f  b e g in s : =  0 ;
2232 S T A R T  b lo c k ;
2233 I N I T I A L I Z E  i n f  wo rd s;  i n i t i a l i z a t i o n : =  f a l s e ;
2234 c o u n t 3 : =  t r i p l e : =  0 ;  t 8 i : =  t O ;  b u f f e r  p t r : = 0 ;
2235 d r u m  p t r : =  min  o f  d rum; n r  o f  b e g i n s : .  – I ;
2236 S T A R T  b lo c k ;  RE  ELAN b lo c k ;  P R ELAN SYM ( p r  t a p e  symb o l) ;
2237 f o r  co u n t3 :=  coun t3 ,  co u n t 3 ,  co u n t 3  d o  s t o w i n t o  b u f f e r  ( 0 ) ;
2238 B U F F E R  TO DRUM; _
2239 fi r s t  s c a n : =  f a l s e ;  se co n d  sca n :=  I P : =  t ru e ;
2240 c n t r  o f  b e g in s : =  max b lo c k  n imb e r: =  1 ;  n r  o f  b e g in s : .  _  .
2241 l i n e n u m b e r : =  –11; fi l l  r o i n t e r : = 2 4 ;  l i n e  b u f f e r [ 0 ] : =  1 ;

73



74

2242 l i n e  b u f f e r [ 2 ] : =  l i n e  b u f f e r [ - 1 ] : =  l i n e  b u f f e r [ 1 3 ] : =  —1;
2243 c o u n t 3 : =  3 ;  b u f f e r  p t r : =  max o f  b u f f e r ;  d ru m p t r : =  min  o f  d r  •
2244 N E W  PAGE; RUNOUT; RUNOUT;
2245 S T A R T  b lo c k ;  RE ELAN b lo c k ;  P R ELAN SYM ( p r  t a p e  symb o l) ;
2246 P R  ELAN S Y M(n lcr symb o l);  PR ELAN SYM(space symb o l) ;
2247 P U N C H ;  i f  I F  t h e n  s i n g le  I F  ( 0 )  e l s e  s i n g l e  B I ( 0 , t r u e , t r u e ) •
2248 T O  DRUM7INE,drum p o i n t e r ) ;  NEW PAGE; - - - - .  - -
2249 s e c o n d  sca n : =  f a l s e ;
2250 b e g i n  i n t e g e r  h e p l ,  h e p 2 ;
2251 h e p l : =  p r  ta p e  symb o l;  h e p 2 : =  REHEP; p u n ch  l i s t : =  f a l s e ;
2252 L : i f  hep2—hep1=2 V  hep2—hep1=96 t h e n  punch l i s t : = t r u e  e l s e
2253 i f  re h e p  a v a i la b le  t h e n
2254 b e g i n  h e p l : =  hep2; h e p 2 : =  REHEP; g o t o  L  end
2255 e n d ;
2256 P R  l i s t ( 1 ) ;  RUNOUT; RUNOUT
2257 e n d
2258 e n d
2259



80 a

1754 2X1758 2X1759 2X1760 1761 2X1762 1763

597 A
597 5 9 9  2x600 2x604 6 3 5  2x636

1674 A
1674 3X1681 2X1682

1906 A
1906 1911 2X1912 2X1917 1922 1933 1936

2027 A
2027 2148 2181 2190  2191

— abs
1098 1514 1538 1539 1568

— ABSFDT
2028 2206

— ABSFIXT
1725 1728 1982 1989 2028

1877 a d d re ssco u n te r
166 1 8 6  190  4 5 4  1551 2x1647 1648 1649

1976 2222

1589 a d d re sso ld
1551 1589 1609 1611 1612 1638 164° 1641

1646 Ad d to a d cn t r
193 2 5 9  2 6 7  2 7 4  2 7 8  293  1560 1646

1764

2x1652 1877

170 a

80 85 90 91 2 x 9 6  2x100

170 171 3X172 2X173

493 a
2X493 494

496 a
2x496 497

499 a
499 2x500 507

503 a
3X503 504 505

1754 a

75



76

947 9 5 0  9 5 4

156 a g a in
156 1 7 7

527 a g a in
527 5 4 2

600 a g a in
600 6 0 6

684 a g a in
684 6 8 7

703 a g a in
703 7 0 4

748 a g a in
748 7 4 9  7 5 4

1138 a g a in
1138 1140

1151 a g a in
1151 1 1 5 2

1779 apostrophesymbo l
653 6 6 9  6 7 6

1584 1585 1779

2055 a r
2055 2060 2089

1177 ASSIGN
1177 1190 1197

1775 Asymbol
435 6 1 0  6 1 8

758

689
1843

2094

1203

1681

691
1901

2138

1775

751
2078

1837

753
2081

2104

762 1572

954 a f t e rco mp a riso n

1573

1018 a u x

4 9 3  b

496 b

1018 1021

1018 a u x i l i a r y p o i n t e r
1018 1021 1 0 2 3

2x493 4 9 4

2x496 4 9 7



499 b

3X1722 1723

1786 b a r
1786 1802 1807 1810

1782 beg insymbo l
38 2 6 9  5 7 9  6 5 8  1758

1782 B Isymbo l
261 6 5 9  1782 1852

1861 b l o c k
22 3 3  9 9 0  1136 1861

2052 b lo c k
2052 2151 2X2184 2X2190

1865 b locknumber
20 2 2  2 8  3 0  3 3

1782

2231

649

1848

1134

2223

1136 1865

499 2 x 5 0 0  5 0 7

503 b
3X503 5 0 4  5 0 5

1177 B
1177 1178 1179

1722 B

878 b locknumber
878 2 X 8 7 9  8 9 3  8 9 4  9 0 9  9 1 6  9 1 8  9 2 6  9 6 8  9 8 1
994

882 b lo ckn u mb e rin t re e
882 9 7 5  9 7 7  9
8
1  9 9 0  
9 9 8

1775 Bsymbol
345 4 5 9  6 1 0  1682 1775 1838 2069

1051 b u f f e r
1051 lo6o 1063 lo8o 1087 1096 1103

1102 BUFFERFROMDRUM
1095 1102

1049 b u f f e r p t r
1049 1056 1060 1063 2x1o64 2x1078 1079 1080 1088 2x1094
1095 1096 1104 22314 2243

TT



78

1085 BUFFERTODRUM
1080 1085 2238

1781 bussymbol
194 4 4 2  4 6 3  4 6 6  7 5 0  7 8 0  7 9 8  1781 1845 2082

1 6
1 7  
e
l1617 c2

2052 c c

1
6
1
7  
2
x
1
6
1
8  
1
6
3
0

1617 2 x 1
6 1 8  
1 6 3
0

567 casec ode
567 8 1 8  8 2 0  821 1813 1815 1820

2052 2155 3X2173 2179

1732 CHECK
38 8 5  1 1 7  2 5 3  2 8 2  2X1138 1141 1 1 4 9  1732 1734

1735 1742

1720 CHECKfault
113 1 3 2  2
x 5 7 7  
1 7 2
0  
1 7
3 4  
1 7
3 8  
1
7
4
2  
1
7
4
7  
2
2
2
1

1780 c lo s e  symbol
347 3 6 8  4 2 8  1780 1844 1E345 1923

1589 c n t r
3)0550 1551 1552 1589 1606 2x1609 1610 1613 1614 1635
2)0638 1639 1642 1643 2222

1607 c n t r l
1607 1609 1611 1612

1636 c n t r l
1636 1638 1640 1641

1865 c n t ro f b e g in s
2x21 2 2  2 x 3 2  3 3  9 8 9  2x1135 1136 2x1141 1865  2230

2231 2240

812 code
812 8 1 4  821 8 2 2  8 2 3  8 2 4

1779 co lo n symb o l
156 1 8 5  2 7 6  4 1 4  1779 1842 1902 2074

1774 commasym1Dol
109 1 1 0  1 2 9  1 3 0  2 8 2  2 8 7  1138 1152 1774 1827

1835



939 COMPARE
939 9 7 2

1499 cond.
1499 1501

1499 co n d fo rmin u s
1499 1506

1499 condforPZE
1499 1505

1499 co n d fo rINN
1499 1503

873 co n t e n t so f
90 9 1

604 6 0 7
943 9 4 4

3X1502 1503 2X1504

1511

1506 1510

1504 2X1509

2X96 2 X 1 0 0  1 1 9
648 873  8 8 8  8 9 2
956 9 5 9  9 7 5  9 8 4

1505

120
897
991

1506

161
898
993

163
937
997

166
940
999

171

1022 1896 1917 1920 2X1921 2 0 3 9  2046 2047 2151 2152
2153 2154  2156 2192 2197 2200

1049 coun t3
1049 1055 1064 2X1068 1074 2x1076 1081 1093 1096 2X1099
2234 4X2237 2243

1881 d

1145 d26

1543 d26

1775 Csymbo l
437 6 1 8  1775 1837 2105

1881 1882 7x1886 8x1887 8x1888 3)0889 1890

1145 1158 1183 1186

1543 2)0544 1546

1120 d 2 6 fctn o p
375 1120 1205 1207

1116 d261NFWORD
314 331 3 7 5  1116 1524

1120 d26opopreg
331 1120 1192 1194

1119 d26regopop
314 1119 1199 1201

1862 d e c la ra t i o n
53 5 7  8 9 3  9 6 8  9 8 0  1862 1908 1939 2219

79



80

2X1104 2235 2243

1775 Dsymbol
439 6 1 8  1775 1838 2106

568 dummycode
568 8 2 2  1803 1808

1177 d wl
1177 1178 1183

1177 dw2
1177 1178 1186

1114 DYNadop
319 4 1 8  1114 1131 1171

1783 DYNMsymbal
430 6 2 1  6 2 5  6 3 8  1759 1783 1848

1113 DyNoperand
418 4 3 2  471 4 7 3  1113 1130 1170 1181

524 e l
524 5 2 6  2x534 5 3 5  5 3 7  5 3 8  5 3 9  541

1861 EL ANlin e
776 7 9 4  1861

522 e le v a t o r
522 5 2 3  5 2 6  5 3 4  5 3 5  5 3 7  5 3 8  5 3 9
557

598 end
598 6011 6 0 2  6 0 6

544

541 544

100 1 6 o  1 6 4  452  4 7 2  8 9 0  9 1 4  1865 1884

1144 DhPINEINFWORDS
291 1144

1567 d i g i t
1567 2X1577 3X1578 2X1580 1581

874 d ru mp o in te r
874 1028 1034 1035 1036 2X1037 1040 1041 1897 2161

2162 2163 2165 2248

1050 d ru mp t r
1034 1040 1050 1057 2X1059 1060 1086 1087 2X1088 1103

1865 d e c la re d



827 e n d st rin g sym
814 8 2 7  8 3 5

1683 end
1677 1683

1907 end
1907 1914

368 END
350 3 6 8

466 END
463 4 6 6

558 END
558

652 END
613 6 2 2

1163 END
115
6  
1
1
6
3

875 e n d f c t n p a rt
875 9 0 7

824 endresym
814 8 2 4

1071 endskipspace
1058 1071

2016 endspace
2016 2017

1915

626

976

2018

1919

631

1004

2022

639

1896

2023

643

1938

645

2048

652

1782 endsymbol
26 2 4 4  271 5 7 5  581  6 6 2  6 7 0  7 6 4  1141 1746

1758 1782 1848

569 endsymcount
569 8 2 9  8 3 2  2 X 8 3 3  8 3 4  2227

— e n t i e r
1538 1540

2003 e n t r y
2X2003 2208

2033 e n t r y l
, 3 x 2 0 3 3  2034 2039 2046 2047 2048 2197 2200

81



82

3X2050 2051 2151 2152  2153 2154 2156 2192

2158 ent,ry3
3X2158 2159 2161 2162  2164 3X2167 2X2168 2169 2170

1777 equal s symbol
87 1689 1709 1777 1840

1722 ERROR
81 86 1 0 6 118 1 2 6  1 5 9  1 6 4  1 8 8  1 8 9  2 4 5

288 300 3 1 0 319 3 2 0  3 2 8  3 5 6  3 6 3  3 7 0  4 1 9
422 2)444 4 5 0  4 5 2  4 6 0  4 6 9  4 7 7  5 5 3  6 0 3  6 6 0
666 669 6 7 6 685 6 8 7  6 8 9  6 9 5  7 0 2  7 5 4  7 5 7
793 816 8 2 3 832 1020 104o 1041 1086 1154 1159

1163 1171 1208 1507 1509 1510 1511 1513 1539 1568
1570 1649 1712 1722 1726 1735 1916

569 e rro rco d e
569 823 1804 1808

1777 Esymbol
610 644 1522 1666 1777 1840

— EVEN
1625

1765 e x i t
1756 1765

1532 e xp r
1532 1533

2030 F
2030 218

1 
2
1
9
0

2191

2050 e n t ry2

1869 f e t n
338 3 3 9  3 x 3
1
4 0  
3 x 3 4 1  
2 )
< 3 4
2  
3 7
4  
3
7
5  
1
2
0
4  
1
2
0
5  
1
2
0
6

1207 1869

1115 f c t n i n s t r u c t i o n
376 1115 1133 1202

1118 f e t n o p
374 1118 1129 1204 1206

1091 f e t c h f ro mb u f f e r
791 1091 1098

1875 fi l l p o i n t e r
1875 1957 1964 2x1967 1968 1969 1970 1996 22141



882 fi r s t a d m i n i s t r a t i o n c e l l
882 8 8 7 888 892 897 898 974 975 985 991
993 9 9 6 997 999

1862 fi r s t s c a n
86 8 9 99 117 158 272 787 839 980 1571

1579 1583 1727 1862 2229 2239

— FIXP
2031

— fi x t
1648

— FIXT
2031

522 fl o o r
3X522 5 2 3  5 2 6  5 2 8  5 3 0  5 3 4  5 3 5  5 3 7  5 3 8  5 3 9
541

— FROMDRUM
1060 1103 1559 2165

571 f r o m s t r i n g
571 8 o 5  8 0 7  2227

1777 Fsymbo l
610 1681 1777 184o

1786 f u n c t i o n i d e n t i fi e r
285 1005 1764 1786 1852

1500 f u n c t i o n p a r t
1500 1502 1515

1775 Gsymbol
434 6 1 0  6 1 9  1681 1775 1837 2104

812 hep
812 8 1 3  8 1 5  3x816 8 1 7  8 1 9  821

1597 hep
1597 3x1600 3x16101 3x1602

1620 hep
1620 2X1623 1628 2X1629 1631

1789 hep
1789 1814 1815
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2250

2250 I lep2
2250

2251

2251

2x2252

2)(2252

2254

2x2254

597 i

1123 1124 1125 1126 1127 1128 1129

597 610 2)613 618 620 622

679 i

1146 2x1148 2x1151 1155 3x1159 1163 1167 1168

679 683 2)(684 687 688

1199

700 i

1205

1536 i

700 702 2x704 705

883 i

1548

883 942 943 944 989 990

1123 i
1123 1124 1125 1126 1127 1128 1129

1146
1146 2x1148 2x1151 1155 3x1159 1163 1167 1168 1169
1171 118o 1182 1186 1191 1192 1198 1199 1204 1205

1536 i
1536 1539 2x1540

1548
3)0548 1550 1553

1567 i
1567 2x1575 3x1581

1607 i
1607 1608 2x1613

1619 i
1619 1624 1627 1628 2x1631

1636 i
1636 1637 2x1642

1646
3x1646 2x1651 1652

1674 i
3x1674 1676

2250 h e p l

1170

1824 1
1824 2x1832 1847



1
9
0
6
i

1906 1908 2x1911 1933 1936 1938

1980
1980 2x1985 2x1993 1996 2x1997 1998

2007 i
2007 2038 2039 2205

2054 i
2054 2X2089 2X2094 2X2138 2141

1558 I
1558 1559 1560 1561

700
700 2x 710  7 1 3  7 1 4  7 2 2

501 i a
501 5 0 7  5 0 8  2x 510 5 1 3  5 1 4  5 1 5

501 i a 2
501 5 1 3  5 1 4  5 1 5

501 i b
501 5 0 7  5 0 8  2 X 5 1 0  5 1 3  5 1 4  5 1 5

501 i b 2
501 5 1 3  5 1 4  5 1 5

1785 i d e n t i fi e r
81 8 4  8 5  1 1 7  1 5 6  1 8 2  1 8 7  4 4 7  4 4 9  1005

1762 1785 1851

1705 in d e xo f o p e ra t o r
303 3 0 5  3 2 3  3 2 5  1705 1706

1868 i n d e x o f re g i s t e r
299 3 2 9  1676 1868

1010 1013

3x1027

1010 i n f

1027 i n f

1008 i n f o rma t io n
1008 1009 1013

2056 i n f o rma t i o n
2056 2X2057

85



86

1823 2228

1214 I n i t s t r i n g s y m
805 1214 1215

701 i n t e g e r
701 7 0 5  7 1 0

1867 in teg ra1 t3 rpe
422 6 8 2  7 0 8

1590 I F
262 2
6 4  
1  
5
9
0

1782 IPsymb o l
263 6 6 3  1782

1661 is a d d in g o p e ra t o r
249 3 0 1  3 2 1

1695 i s d i g i t
585 6 0 1  6 2 4

1695 1696 1914

1698 i s l a y o u t
778 795  1698

1692 i s l e t t e r
585 5 9 6  601

713 2x719

722 1528 1867 1885

1
5
9
4  
1
8
9
8  
2
2
3
9  
2
2
4
7

1852

718 1661 1662

2x637 6 7 8  6 8 7  6 9 8  7 0 2  7 0 3

1699

654 6 6 8  1692 1693 1910 1914

710

1114 INFWORD
313 3 3 0  3 7 4  1114 2x1501 1502 1507

1862 i n i t i a l i z a t i o n
272 291 5 7 4  6 2 9  641 7 2 7  773  7 8 9  1606 1635

1862 2229 2233

1122 INITIAL17•Fin fwords
1122 2233

1879 I NI TI A L I ZE o t h e rva ria b le  s
1879 2228

1788 INITIALTZFRESYM
1788 1834

1823 I N I T  IALIZE symbol s

1686 i
s o p
e r a
t o r  
s y
m
b o
l

300 3 2 0  1686 1687

1664 isPZE symbol
288 1664 1665



1672 i s re g is t e rs y mb o l
298 3 2 8

584 586

1676 1680

1701 i s s t a t s e p

762 L

756 7 6 7 1701 1702

762 765 768

773 L

280 1668 1669

773 778

786 L

1125 1126 1127 2x1129

501 k

786 795

501 5 1 1 512

813 L

1 1 2 3 k

813 818 820 822 823

298 3 2 8 385 1672 1676 1680

1701 i s s t a t s e p
756 7 6 7 1701 1702

1668 isUYNsymbol
280 1668 1669

1 1 2 3 j
1123 1124 1125 1126 1127 2x1129

501 k
501 5 1 1 512

1 1 2 3 k
1123 1124 1125 1126 1127

1156 1162

1743 1747

1792 1801

1826 1827

2°18 2020

2x2223

5841,

1156 L

1743 L

1792 L

1826 L

2018 L

2223 L

87



88

317

700 le n g t h
700

1781 l e t t e r b
656

1781 l e t t e r e
658

1781 l e t t e r i
659

1781 l e t t e r M
665

1781 l e t t e r S
664

2052 l i n e
2052

318

702

1781

662

663

1781

1781

2 5 4

2x319 3 3 0  331 1190 1193 1194

2X704 7 1 3

1845

753 1781 1845

1781 1846

1846

1846

3X2191

2252

1908 LO
1908

85 L i

1909 L i

117 L2

728 L2

1912 L2

734 L
3

668 LA

2252 2254

85 1 1 2

1909 1910 1937

117 131

2x728

1912 1919

734 735

2x668

1869 le f t o p e ra n d
1869



2160 l i n e
2160 2169 2172 3X2181

494 4 9 7  4 9 9  5 1 7

1784 lo g icp lu ssymb o l
529 5 3 6  6 7 4  1689 1710 1760 1784 1849

496 l o g  icprod.
496 4 9 7  5 4 1

493 l o g i c  sum
493 4 9 4  5 3 7

1784 lo g ic t ime ssymb o l
531 5 4 0  6 7 5  1690 1711 1760 1784 1850

747 LOOKAHEADsubtextbus
184 7 4 7  7 4 9

567 lo we rca se
567 8 1 7  1811

568 lowercasecode
568 8 1 8  1812 1813 1816 1817 1820

715 LOWERTEN
7
0
9  
7
1
5

873 L INE
2X173 8 7 3  1036 1045 2165 2169 2170 2248

1861 l i n e b u f f e r
22 2 9  3 0  1581 1861 3x1900 1901 1902 3x1903 1904

1955 1962 1968 1981 2x1982 1984 1985 1986 1988 1989
1990 1992 1993 1994 2x1997 1998 2241 3x2242

1874 l in e c o u n t e r
1874 2x1952 1953 1955 1957 1959 3x1960 1964 2222

1874 l in e n u mb e r
900 921 9 3 1  1728 1874 1950 2x1951 2x1955 2x1962 2230

2241

— LINENUMBER
1956 2175 2185

875 l i n e p o i n t e r
875 1028 2X1032 1033 1038 1045 1897

499 lo g i c o p e ra t i o n

89



90

597 In

1906 m

2027 In

2030 m

1779 lo we rte n symb o l
699 7 0 9  7 1 5  1779 1842

597 2x607 6 4 8

1906 2)(1920 1921

3x2027 2X2028

3X2030 2X2031

2007 merge
2007 2176 2177 2178 2X2187 2188 3X2203 2206

1874 maxblocknumber
2X20 2X1 134 1 874 2231 2240

1049 ma xo fb u f f e r
2x172 1033 1034 1035 1037 1040 1041 1049 1059 1060

1079 1086 1088 1095 1104 1892 1893 2162 2x2164 2x2167
2243

1050 maxo f drum
1035 1041 1050 1086 1893

1873 maxofELANline
793 1873 1891

8
7
5  
m
a
x
o
f  
i
n
f
l
i
s
t

603 8 7 5  1020 1894 1916

1 874 maxofnum
2X938 1874 1 895 2203

1050 min o fd ru m
1050 1057 1892 2235 2243

716 min u s
716 7 1 7  7 1 9

1863 min u s f o rr ig b t o p e ra n d
302 2X311 3 2 2  3 4 9  3 5 5  2x365 3 7 2  381  3 8 2  1172

1511 1516 1863

1777 minussymbo l
251 3 0 2  3 2 2  3 8 0  5 2 9  535  5 5 0  7 1 7  1662 1687

1777 1840 2118



597 n

1776 Nsymb01
182 4 4 7  6 1 1  6 1 7

2075 2079 2083

115 Mr
112 1 1 5

1785 NTd e c la ra t  i on s ymb 01
82 1 1 2  1 1 5  6 6 5

1866 Wide cla red
119 1 6 2  1 6 5  4 5 2

1866 Wd e cla re d a n d d e fin e d
126 1 6 3  4 5 3  4 6 8

637

1762

473

1866

1776

1785

1866

1884

1838

1851

1884

2064 2067 2072

597 5 9 9  2x600 2x602 6 0 8 615 634 648

1564 n
1564 2X1565 1568 1569 2X1575

1722 n
3X1722 1725

1732 n
3X1732 1735

1741 n
3x1741 1742

1906 n
1906 1911 2x1912 2)0915 1921

2027 n
3x2027 2X2028

2030 n
3x2030 2x2031

250 neg
250 2 5 1  2 5 4

680 neg
680 6 8 2  6 8 8

1566 neg
1566 2x  568 1578

502 nega
502 5 0 8  5 0 9  5 1 0

91



92

502 negb
502 5 0 8  5 0 9  5 1 0

1863 n e w i d e n t i fi e r
86 1 1 8  1 5 9  1 8 8

906 NEWIDENTIFIER
906 9 7 0  9 8 6  9 9 4

883 n e w le t g i t s
883 9 4 4  9 4 5  9 4 9

880 newnum
880 9 3 7  2x938

— NEWPAGE
1956 2244 2248

989 n e x t
989 1000

1873 n e xtsymb o l
156 1 8 3

1789 n l e r
1789 1801

1774 n le rsymb o l
726 7 2 8

1729 1735
2178 2188

1145 n o t

1789 n o t

1145 1155 1157 1158

1789 1803 1807 1809 1818

1864 n o tb e h in d la ste n d
578 5 8 7  1864

1865 n ro f b e g in s
2X580 2 X 5 8 2

771 NS
586 5 9 3  6 0 0
689 7 0 3  7 1 2

1156

185 7 4 8

1807 1810 1816

735 8 0 7  8 3 2  833  11354 1072 1156 1702
1737 1774 1827 1836 1951 1952 2000 2174
2193 2246

2219

571 NS d e fe rre d
571 5 9 2  5 9 3  7 2 9  2221

45o 8 8 6  8 9 0  9 1 2  1863

2x941 9 5 2  953  9 6 3

750 751 2x753 7 5 6  7 9 7  1873

583 6 7 0  1865 2231 2235 2240

654 6 5 7  6 6 8  6 7 o  6 7 5  6 7 6  6 8 7
717 7 1 8  7 2 8  7 3 4  7 3 9  7 6 8  771



1778 Nsymbol
611

881
881

2035 num
2035

1785 number
249

630

941

2038

252

642

942

2046

253

1519

2047

421

1669

2197

681

1778

2200

708

1841

1138 1140 1763 1785

499 2 x 5 0 0  5 0 4  5 0 5

1780 opensymbol
276 3 4 3  4 2 5  1780 2X1844 1922

1869 o p e ra t o r
303 3 0 5  3 1 3  3 1 4  3 2 3  3 2 5  3 3 0

1193 1194 1198 1199 1200 1201 1869

1118 opopreg
330 1118 1125 1191 1193

331 1191 1192

880 943 945 949

415 o p
415 416 417 418

503 o p
503 504 509 514

1851

1871 number of f tmet ions
1128 1871 1938

880 n u min t re e
880 9 4 0  2 x 9 4 1  9 5 2  9 5 3  9 5 6  9 6 0  9 8 4

1867 o e t a l t yp e
1528 1867 1885

1619 odd

885 OLDIDENTIFIER
885 9 8 2  9 9 0

880 o l d l e t g i t s

1619 1 6
2
1  
1 6 2
2  
2 ) .
0 6
2 5  
1
6
2
9

499 opcode

1115 o p o p re g in s t ru e t io n332 1115 1132 1188

93



94

loo4 OUT

1619 p

934 9 7 8  1004

1619 1621 1623 1626 2x1628 1629

531 539

1754 p

431 p

3)/754 1755

1906 p

431

1906 1911 3x1916 1917 1920 2x1921 1928

2x434 4 3 5  4 3 6  4 3 7  4 3 8 2x439

2100 p

445

597 P

2100 2X2101 2x2102  2X2104 2X2105 2106  2X2107 2108 2X2109
2112

597 599

1831 P
1831 4x1848 4x1849 2x1850 3x1851 3)0852

2012 P
2010 2012  2089 2091 20 94  2096 2138 2141 2 1 4 3 2174
2178 2188 2193

1567 P
8 1567 2x1569 2x1570 4x1576 2x1577

903 9 1 0

1776 o ve rsymb o l

934 9 7 8  1004

531 539 1688 1708 1776 1839 1924

431 p
431 433 2x434 4 3 5  4 3 6  4 3 7  4 3 8 2x439 2x444 445

597 P
597 599 3x603 6 0 4  6 0 7  6 4 8

2110

876 p laceenough
93 1 6 7  8 7 6  1028 1042 1°45 1898

875 p l a c e o fi d e n t i fi e r
85 1 1 9  1 2 0  161 1 6 3  1 6 6  171 8 7 5  8 8 7  9 1 3

1777 p lu ssymb o l
303 3 2 3  5 2 9  5 3 4  5 4 8  6 7 2  6 7 4  1662 1687 1706

1777 1839 2070

2054 p o in t e r
2054 3X2060 2062 2088 2089 2093 2094  2137 2138

874 p o i n t e r o f p t r o fi n fl i s t
874 9 6 2  1012 1014 2x1019 1020 1895 1927



883 p o in t e rt o co n n e e t wi t h
883 8 9 6  901  9 2 3  9 6 9  9 8 5

2050 2156 2197

— PRINT
1765

1548 PRin teg ra lumnbe r
1529 1533 1546

1978 PRINTLINE

1548 156o 1561

29 1560 1724 1954 1961 1970 1972 1978

2037 PRINTname
2037 2175 2186

1564 PRINTo cta l
1553 1564 1976 2090 2095

— p r in t p o s
1728 2017 2018 2022 2023 2176 2177 2)(2187

881 p o i n t e r  t one xt ident i f  le r
881 9 5 5  9 5 8  972  9 7 4

880 p o in t  in t re e
880 9 3 7  9 4 0  943  9 5 6  9 6 0  961 9 7 2  9 7 6  9 8 4

10014

1778 p o in t  symbol
698 7 1 1  1 7 7 8  1842

1975 PRaden tr
176 1651 1975

1543 PRb inarynumber
1524 1543

1776 p rbussymbo l
780 7 9 8  1776 1839 2091 2096 2123 2128 2135

2158 p r e a l l
2158 2170 2192

1949 PRELANSYM
773 1949 2236 2245 2x2246

547 p r ima ry
523 5 4 7  2 X 5 4 9  2 X5 5 1  5 5 4

2050 p rin t s

95



96

— PRINTTEXT
1725 1736 1756 2145 2226

2053 PRINTva lue
2053 2189

2033 p r l i s t
2033 2047 2200 2208

2003 F O i s t
2003 2256

1532 PRaDUCEEXPRCODE
277 1532

1498 PRODUCEINSTRGME
292 1498

1527 PRaDUCENUMBERCODE
259 1527

1556 PRrea lnumber
1530 1556

1776 prsubsyrabo l
779 7 9 7  1776 1838 2065 2068 2084 2115

— PRSIM
1572 1580 1584 1729 1735 1737 1752 1985 1993 1997
2000 2013

1751 P Rsyri t u n i t
1726 1736 1751

567 p rt a p e  symbol
567 7 7 3  7 7 6  7 7 7  7 7 8  7 7 9  7 8 0  2x781 2x782 2220

2236 2245 2251

2009 psym
2009 4x2043

1778 Psymbol
611 6 4 4  1520 1665 1778 1841

874 p t r o fi n fl i s t
599 2x607 8 7 4  9 0 7  9 1 3  9 3 7  9 4 4  961 2x963 9 8 4
993 1011 1014  1021 1022  1023 1895 1896 1911 2X1920

1925 2X1928 1938

1873 p t r o f t e x t
2x774 7 7 5  7 7 6  2 x 7 9 2  1873 2220



— PUHEP
1600 16o1

1564 punch
1564 1565

1593 PUNCH
186 266

1634 punchBI
1594 1634

1605 punch IP
1594 1605

1864 p u n ch l s t
1864 2013
2251 2 2 5 2

— PUNLCR
2206

— PUSPACE
2022

— PUSYM
1573 1580

— PuTEXT
2146

1867 PZE
289 2 9 0

1784 PZEsymbol
645 1666

431 q
431 4 4 1

597Q
597 6 0 4

2x1602 16°8 1631 1637

1573 1580 1585

1552 1593 1651 2247

2019 2022 2028 2031 2090

1585 2013 2019

1173 1510 1520 1521 1522

1784 1849

443 2x444 445

609 2x616 2x635 6 4 8

2095

1867

2146 2204

1537 1538 2x1 539 2x1540

1597 1598 1599 1600

1619 4x1621 2x1623 3)(1625 1626 4xl 628

1537 IQ

1597 (1_

1619 q

97



98

2009 q

2012 q

2015 q

2007 q l

3X2009 2X2010

3X2012 2X2013

3X2015 2017

2100 q
2100 2101 2116  2x2119 2121 2 1 2 2  2124 2125 2127 2130
2131 2133  2x2134

597 q l
597 6 0 9  613  4x616 6 1 7  6 3 0  2x635 2x636 6 3 7  6 4 2
644

2007 2040 3x2042 2043

597 q
2 597 6 1 6  6 2 0  6 2 4  6 2 6  6 3 0  2x635 2x636 6 3 7  6 3 9

642 6 4 4

2007 q2

597 q3

2007 q3

2007 q4

2100 q q

7 0 0 r

2007 2X2040 2041 2x2042  2 0 4 3
-

597 3x636 6 3 7  6 3 9  6 4 2  6 4 4

2007 2x2040 3x2041 2043

2007 2039 2040 2x2041 2043

2100 2110 2111 2112  2125 2126 2127 2131 2 1 3 2  2133

1789 q u e st io n ma rk
1789 1804 1807 1809 1819

1779 quo te  symbol
692 7 3 3  1150 1154 1703 1779 1843

700 7 0 9  7 1 3  7 1 4  2x719 7 2 3

1535r
3x1535 4x1538 1539



1556 r

1674 r

1754 r

1557 R

573 BE

3)0556 1559

3x1674 1675

2x1754 1756

1557 2x1559

1825 R
1825 5x1837 4x1838 4x1839 4x1840 5x1841 3x1842 3x1843 2)0844 2x1845
3x1846

53 8 6  8 8  1 1 3  1 2 7  1 3 2  2 X 1 7 5  2 X 1 9 3  2 X 1 9 5  2 5 3
259 2 6 2  2 6 4  2 6 7  2 8 1  2 8 2  2 8 8  2 8 9  2 9 9  3 0 3
305 3 2 3  3 2 5  3 2 9  3 3 8  3 4 4  3 4 6  3 6 8  381 3 8 7
416 4 2 3  4 2 6  4 2 8  4 3 9  441 4 4 2  4 5 8  4 5 9  4 6 0
466 4 7 7  5 3 3  5 4 9  551 5 7 3  7 4 4  7 6 3  7 6 8  1138

1139 1151 2x1208 1743

1873 re a d in 6 rp t r
775 2x786 2x792 793  7 9 4  1873 2220

591 READs3rntunit
578 591 2x594 613  621  6 2 5  631  6 3 8  6 4 3  6 4 5
649 6 6 7  6 7 3  681  2x693 7 0 8  7 3 0  2x736 7 3 9

1877 re a l t 2 6
688 1538 1539 1877 2x1890

1535 r e a l t o i n t
91 2x507  1529 1533 1535 1540

1867 re a l t y p e
255 7 1 2  7 2 0  1867 1885

297 RE a ri t h me t ic  in s t ru c t io n
286 2 9 7

37 REb lockbeg in
23 3 7  1137

19 REELANblock
19 2 6 9  2236 2245

79 REELANdecla ra t ion
240 7 9

99



1
0
0

248 REELANinst ruct  ion
242 2 4 8  1139

241 REELANstatement
27 2 4 1

520 REexp ression
193 2 6 7  2 7 7  3 5 4  4 2 7  441 4 6 5  5 2 0  5 5 7

336 RE f u n c t io n a l in s t ru c t io n
286 3 3 6

1869 r e g i s t e r
299 3 1 3  3 1 4  3 2 9  3 3 0  331  1191 1192 1193 1194

1198 1199 1200 1201 1869

1117 regopop
313 1117 1127 1198 1200

1115 re g o p o p in s t ru c t io n
315 1115 1132 1196

— REHEP
813 2251 2 2 5 4

838 re h e p a va i la b le
813 8 3 8  8 3 9  2253

154 RE la b e l sequence
152 1 5 4  1 5 5  1 5 7  195

181 RE lo ca t io n a n d la b e ls
152 181

151 RE ma rg in a lp a rt
151 2 4 2

785 RENS
748 7 5 0  7 5 2  7 5 8  7 7 7  785

413 PEoperand
317 3 8 8  413  4 1 7  4 2 3  4 2 6  4 3 2  471  4 7 2  4 7 5
553 1151

43 REp o ssd e clid
39 4 3  111  1 1 6  131

379 REpossib leminussymbo l
306 3 2 6  3 6 0  3 7 9



576 re t a i n o l d s y n t u n i t
576

742 RE t h ro u g h b a rrie r
25

1868 r ig h t o p e ra n d

34 5 6  7 4 2  2223

309 313  3 1 4  3 4 6
1197 1200 1201 1203

2X2244 2x2256

527 3 X 5 2 9  3 x5 3 1

805 8 0 6  8 0 7  8 0 8

353
1206

534

-
3
6
1

1207

535

362
1868

536

371

538

374

539 540

308
375

— RUNOUT
2205

5 2 5 s
525

804 s
804

1741 REQUIRE
109 1 2 9  1 9 4  3 6 8  4 2 8

384 RE re g iste ro ro p e ra n d
88 3 0 8  361  3 8 4  3 8 6

501 r e s
501 5 0 9  2x514 5 1 7

881 re su l t o f co mp a r iso n
881 9 4 6  9 5 0  9 5 2  9 5 6

811 REsim
805 811  8 2 4

803 RESYM1
788 8 0 3  8 0 8  1826 3x1835

442

388

957

1836

466 1741 1742

416

960

1909 1912

3x1053 1054 2x1066 1067 1072 1075 1081

1661 s
3x1661 2x1662

1664s
3x1664 2x1665 2x1666

1668s
3x1668 3x1669 2x1670

3x1672 1675

105
3  
s

167
2  
s

52tiLialtdrolt. M A T H EM A T  'WM C E N 1  KUMAMSTEIWAM

101



102

2 0
1 5  
2
0
8
8  
2
0
9
3

2 1 8
7  
2
1
8
8

1862 secondscan
186 2 9 2  3 5 6

1862 1956 1966

1780 semico lonsymbo l
726 7 3 5  1702

1536 sg n
1536 1538 1540

2 1 3
7

839
1976

1780

2 X 2
1 4
1  
2 X
2
1 4
3

894 1545 1549
1979 2229 2239

1843 1937 1972

2145 2146

1571 1579
2249

2177 2178

1583

1686s
3x1686 2x1687 2x1688 2x1689 1690

1
6
9
2  
s

3x1692 2x1693

1 6 9 5
s 3x1695 2x1696

1
6
9
8
s

3x1698 2x1699

1701 s
3x1701 2x1702 1703

1705 s
3x1705 1706 1707 1708 1709 1710 1711

1732 s
3x1732 1733 1736

1
7
4
1  
s

3x1741 1742 1744

1751 s
3x1751 2x1752 1755 1765

1 8
2
5  
s

2x1825 3x1826 2x1827 4x1828

1831 s
2x1831 1832

1 9
0 6  
s
1 9 4 9 s

1906 5x1909 1910 2x1912 4x1913 2x1914 1922 1923 1924 1937

3x1949 1951 1952 1968 1972

2015 S



— s ig n
1538 2X1621

1617 s i n g le B I
1617 1640 1641 1642 2247

1596 singleIP
1596 1611 1612 1613 2247

1866 sixtyfourIC
1647 1866 1891

1055 sk ip sp a ce
1055 1068

1782 SKIP symbol
265 6 6 4  1759 1782 1848

761 sicapuntilstatementseparator
245 2 7 3  7 6 1

— space
1983

— SPACE
1728 1990 1991 1995 2023

1774 space symbol
1066 1699 1774 1826 1835 1904 1998 2091 2096 2220
2246

1775 ss3rmbol
436 611 6 1 9  1682 1775 1837 2105

1
0
1
7  
s
-
t1031 S T

908 6x917 6x925 3x964 1017 1024 3x1929 1932

2059 s t
2059 2060 2X2063 4X2066 2071 2X2073 8X2076 2103 2107 2X2110
2114 2117 2X2121 3x2125 4X2131

2X899 2 X 9 3 0  1 0 3
1  1 0 4 6

2218 STARTblock
2218 2232 2236 2245

1113 STATadop
309 3 1 8  3 6 2  4 1 7  4 2 3  4 2 6  5 5 3  1113 1131 1168

1180 1189

103



lo4

346 461 1113 1130 1169 1181

1785 s ta te me n t  separator
24 5 5  8 3  1 0 8 128 176 243 270 575 730

764 1149 1745 1761 1785 1850

1113 STAToperand
106 161  1 8 9  3 5 3 386 417 457 460 472 475

1113 1130 1167 1180 1186 1190 1197 1203

43 s t a t se p a l lo we d
43 2 X 4 4  5 5

571 s t a t s e p b a r r i e r
571 5 7 4  743  7 4 4

2056 s t o re  ma r
2056 2063 2066 2071 2073 2076 2103 2107 2110 2114
2117 2121 2125  2131

1008 STOREincontentsof
908 9 1 7  9 2 5  9 6 4 967 lock l o l l  1929 1932

1113 STATBoperand

1027 s t o re in L I NE
899 9 3 0  1027 1028

878 S TORE le tg it swit h
649 8 7 8  1004 1936

1053 s t o w in t o b u f f e r
789 1053 2237

1790 s t r in g sY m
1790 1803 3x1809 4x1810 1
8
1 5— STRINGSYMBOL
829 1215 1792

1212 s t r in g symo o t mt
1212 1215 2X1489 2227

24 s t s e p
24 2 5

54 s t se p
54 5 6

1780 subsymbo l
183 4 4 0  4 5 8  7 4 8  7 7 9  7 9 7  1780 1844 2077



828 sym

570 8 2 1  1815  2X1816 2X1817 1818 1819

1789 symcount
1789 1792 2X1800 2X1802 1808

1786 s y n t u n i t
24 2 6  5 5  8 1  8 2  8 3  8 4  8 7  l o 8

112 1 1 5  1 2 8  130  1 5 6  1 7 6  2X182 1 8 7  2 4 3
2x249 2 5 1  2 5 2  2 6 1  2 6 3  2 6 5  2 6 9  2 7 0  2 7 1
280 2 8 1  2 8 5  2 8 7  2 8 8  2 8 9  -2 9 8  3 0 0  3 0 1
305 3 2 0  3 2 1  3 2 2  3 2 5  3 2 8  3 4 3  3 4 5  3 4 7
385 4 1 4  421  4 2 5  4 3 0  4 4 0  2x447 4 4 9  4 5 8
463 4 7 6  5 2 7  5 4 8  5 5 0  2x575 5 7 8  5 7 9  581

114o 1152 1726 1733 1744 1745 1746 1786 2223

655 s y n t u n i t
655 6 5 8  6 5 9  660  6 6 2  6 6 3  6 6 4  6 6 5  6 6 6
670

80 8 8  9 0

552 t
552 2x553

1 87
1 
t
o

512 1175 1871 1886 2234

1 871 t  1
512 2x513 2x514 1172 1174 2x1502 1505 1506

1886

244
2x276

302
380

459
2)(764

667

2x1540 1871

2X585 5 9 6 600 2x601 6 5 3  6 5 4  6 5 6  6 5 8  6 5 9  6 6 2
663 6 6 4 665 668 669 2x672 674 676 6 7 8 682
684 6 8 5 686 687 689 691 692 2x698 6 9 9 2x702
703 7 o 4 709 710 711 715 717 718 2x726 728
733 2x735 739 762 767 779 1150 1154 1156 1158

3x1160 1873

1791 sym

828 8 2 9  8 3 2  8 3 3  8 3 5

179
1 
1
7
9
2  
2
x
1  
8
0  
1  
2
X
1  
8
0
2  
1
8
0
3  
2
x
1  
8
0
4

1873 symb o l

570 symcode

1871 t 2
1173 1871 1886

1871 t 3
1175 1871 1886

105



106

339

1872 t i 6
1872

1872 t r i
1522

1872 t18
1611

1872 t i 9
1171

344

1888

1872

1612

1872

370

1891

1888

164o

1888

1512

1641

2087

1519

1872

1872

1888

1888

1871 t 4

1871 -t5

1871 1886

2x1501 1599 1871 1886

1871 t 6
600 2)&16 6 3 5  6 3 6  6 4 8  1598 1599 1871 1886 1912

1921 3x2040 2x2041 2042

1 8
7
1  
t
7

1871 t 9

1871 t i c )

1871 t i l

1871 t12

1872 t13

1872 t14

1872 t15

815 2 x
8
1 6  
2 x
1
6 0
2  
1 8
7 1  
1
8
8
7

1871 t 8
339 3 4 o  3x1064 1066 1070 1075 lo81 2x1098 1610 1611

1639 1640 1871 1887 1922

1049 lo58 1o64 3x1066 1067 2x1070 3x1075 1o81 2234

340 341  1871 1887 1923

341 3 4 2  1871 1887 1894 1924

1871 1887

2x635 1871 1887 1892

1872 1887

2x1601 1872 1887



— TAB
2019

1872 t 2 0
1872

1872 t2 1
1172

1872 t 2 2
1872

1872 t 2 3
1872

1872 t 2 4
1872

1872 t,25
1872

1872 t26
509

1890

1789 t a b

1888

1516 2x1600

1888

1889

1889

1889

2x510 6 8 8

1872

15140

1888

1546 1599 1611 1623 1640 1872

1789 18o1 1807 1810 1817

1774 tabsymbo l
1699 1774 1826 1835 1997 2019

567 tapesymbo l
567 7 7 7  7 8 8  7 8 9  791 7 9 4  7 9 5  7 9 7  7 9 8  2x799
2x800

1880 t i

501 t k

1880 3x1882 1886

1776 t ime ssymb o l
531 5 3 8  6 7 2  1688 1707 1776 1839

50
1  
2
X
5  
1
2  
5
1
4

— TODRUM
1036 1087 1559 2248

1092 t r i p
1092 2X1098 1099

107



108

338 9 7 7  1870

1869 t y p e o f  i d e n t i fi e r
106 1 2 6  1 6 o
890 9 1 4  1869

1114 t y p e o fi n s t ru c t i o n
315 3 3 2  3 7 6

1867 typeo fnumber
255 4 2 2  6 8 2

1786 u n d e r l in e
1786 1802 1807

1114 unknowntype
889 9 1 9  9 2 7

337 upperbound
337 3 3 9  3 4 0

568 uppercase
568 8 1 9  1811

568 uppercasecode
568 8 2 0  1812

1778 Usymbol
612 6 4 2  1509

162

1114

708

1809

1114

341

1813

1517

164

1188

712

1131

342

1816

1669

165

1196

720

344

1817

1778

189

1202

722

357

1818

1841

451

2x1528

370

1819

888

1867

889

1049 t r i p l e
1049 1058 1063 1066 2X1067 2X1075 1080  1081 1096  2X1098
1099 2234

1775 Tsymbo l
438 4 7 6  611 6 1 9  1775 1837 2080 2106

448 t yp e
448 451 2x452 4 5 3  4 5 7  4 6 o  461  4 6 8  4 7 2  2x473

2052 t yp e
2052 2063 2066 2071 2073  2076 4x2086 2091 2 0 9 6  2X2099
2140 2142 2144 2152

1147 t yp e  isp e rmit t e d
1147 1148 1151 1182 1189

1783 typeofDYNMsymbol
433 6 2 2  6 2 6  6 3 9  1783

1870 t y p e o f f u n c t i o n i d e n t i fi e r



1867 INN

1
6
7
4  
v

281 2 8 4  1174 1175 1508 1509 1517 1518 1519 1867

1783 UYNsym1Do1
643 1174 1670 1783 1849

3x1674 1677

2052 va lu e
2052 2X2087 2090 2095 2X2101 2 1 4 8  2153

1870 va lu e  of ident i f  ie r
190 4 5 4  4 5 5  891  9 1 5  9 2 0  9 2 8  1870

1876 va lu e  ofnumber
2X257 423  6 8 3  2x686 2x688 7 2 2  1529 1876

1876 va lu e  of operand
91 3 0 9  2x310 3 4 8  3 5 4  2x357 3 6 2  2x364 371 3 8 7

423 4 2 7  445  4 5 3  4 5 7  2x462 2x465 2x469 2x470 4 7 6
554 2x1512 1513 1523 1876

1876 va lu e o f re a ln u mb e r
2X256 7 2 3  1530 1876

1868 v a lu e o f re g i s t e r
387 1677 1868

1543 2x1544 2x1546

1146 1155 2x1160 1166

1177 1178 1183

1177 1178 1186

1543 w

1146 w

1177 wl

1177 w2

1596 wo rd
3x1596 1598 2x1599 3)0600 3x1601 2x1602

1617 wo rd
1617 2x1618 1621

1165 WORD
1165 1166 1183 11E36

1591 wo rd s
1550 1591 1613 1642

109



110

1783

1518

1665

1849

1669

1778

1778

1841

1841

2036 w r i t e

1017 x

1031 x

1564 x

2027 x

2030 x

2059 x

1017 y

1031 y

2059 y

ranges =  2 1 0
n le x  =  4 4 7
n id d  =  4 0 8 7
n l i n k  =  4 0 7 1

2036 2046 2185 2186 2
1 9 9

2X1017 1021

3X1031

1564 2X1565 3>0568 1569 3x1570 3x1577

3x2027 2X2028

3X2030 2X2031

3X2059

1500 X8word
1500 1514 1524

2X1017 1022

2X1031 1045

2X2059 2060

1783 n a y mb o l
631 1175 1670

1778 Ysymbol
612 6 3 0  6 4 2

1778 Zsymbo l
612 6 4 4  1521



Append i x  B

111

I n  t h i s  a p p e n d i x  we  r e p r o d u c e  t h e  ELAN t e x t  o f  t h e  b i n a r y  l o a d e r ,  s u c h  a s

i t  i s  p r o d u c e d  b y  t h e  a s s e mb l e r  i n c l u d i n g  a d r e s s e s  a n d  ma c h i n e  i n s t r u c t i o n s .

Th i s  t e x t  i s  f o l l o w e d  b y :

a) t h e  ELAN s o u r c e  t e x t  o f  a  t e s t  p r o g r a m wh i c h  t e s t s  t h e  b i n a r y  l o a d e r ,

b )  t h e  p r i n t e r  o u t p u t  a s  p r o d u c e d  b y  t h e  ELAN a s s e mb l e r .

The t e s t  p r o g r a m has  b e e n  c h o s e n  s u c h ,  t h a t  i t  n o t  o n l y  t e s t s  t h e  l o a d e r ,

b u t  t h a t  i t  i s  a l s o  a n  i l l u s t r a t i v e  e x a mp l e  f o r  t h e  a s s e mb l e r ,  i n

p a r t i c u l a r  w i t h  r e s p e c t  t o  d e c l a r a t i o n s  a n d  d i f f e r e n t  t y p e s  o f  o p e r a n d s .



112

M 1
1
1 2
3 q
:

1; 2 ; 3; 4 ;  5 ; 6;
M 1
1
3 3
0 '
1 :

14[56]:
m[63]:

1

M[513]: aa: I ; 2; 3 ;  4 ; 5
end o f  memory: (

1
2
0
0

000' -  1 )

" Te st  f o r  ELAN a sse mb le r and  b in a ry  lo a d e r  r p r  060571 /1
0  2 0 1 4 nzz =  M, y y  =  R I : z z i

0
x x  =  z z
0
w w  =  
t
0
v v  
=  :
x x
( : x x  
+  
: z
z l
,

uu =  M [ b ]
o
t t  =  
V l b  
-  
( :
y y  
+  
v v
)
1 ,
s s  
=  
z
z
[
b  
+  
(
:
y
y  
+  
v
v
)
)
,

a a
l
b b  
=  
(
1
2
0
0  
0
0
0
1  
-  
'
2  
0
0
0
9
)  
e
n
d  
o
f  
m
e
m
o
r
y

zz =  M G
0
y y  =  
M A
0
x x  
=  
M B
0
w w  
=  
M
C
,
v
v  
=  
M
T
,

uu =  / 0 1 )
0
t t  =  
M 2 3
[ 4 5 ]
0
s s  
=  
M
5 8
[ 1
0  
-  
5
5
]

Mrbb -  1
1 0 0
1
1 :  
1

11Tbb -  1
4 0 0
1
1 :  
2

Mfbb -  ' 7 0 0
1
3 :  3
Mtn  -  '1400q:
M{bb-  1
1 7 0 0
1
] :  
5

"Note  t h a t  t h e  b e g in -a d d re ss o f  t h e  l o a d e r  i s  b b  a n d  t h a t  i t s
" le n g t h  i s  ' 4 2 5
1  
i n s t r u c t i
o n s .

'end '
uu =  : a a , t t  =  2 2
0
s s  =  
( : a a  
+  
: a  
- : a a
)

M[bb +  1
3 5 0
1
] :  
- 4
;  
- 2
;  
-
3
;  
- 4
; -
- 5

"The lo a d e r  i s  now s h i f t e d  o ve r ' 5 5 '
" p l a c e s ,  a n d  t h e  mach ine  i s  in sp e c t e d  t o  ch e ck t h a t
" t h e  encl-address o f  t h e  l o a d e r  i s  in d e e d

(bb +  1
1 5 0
1  
I )  
=  
'
1
7
6  
3 4
7
1
.

"The te ch n iq u e  t o  f o rc e  t h e  l o a d e r  t o  s t o p  i s  b y  means
" o f  a n  e n d o f - t a p e  s i t u a t i o n .

uu =  : m g , t t  =  : m
o
s s  
=  : m c

N[bb +  1
1 5 0
1
] :  -
I ;  
- 2
;  
-
3
;  
-
4
;  
-
5

"The lo a d e r  i s  now s h i f t e d  t o  t h e  fi r s t  f r e e  t r a j e c t
0" i t s  endr.address i s  now (b b  1
7 0 0
1  - 1 )  =  
' 1 7 5  
0 7 7
1

" o n ce  more t h i s  has t o  be  in sp e c t e d .
'end '

N[ 2 4 ] :  G O T O  (2 5 )
G =  NT561; G  +  M[ 6 3 ] ;  G  +  M (
1
1 2 3
1
] ;  G  +  
' 1 2 4 ' 1

G +  M [
1
1 2 7
1
] ;  
G  
+  
1 4
1
1 3
0
1
] ;  
G  
+  
1
4
1
3
3
0
1
]

B =  end  o f  memory
G +  MC[ -1 ]

U, B  -  5 1 2
0  PY, JUMP(-3 )

G -  end o f  memory, Z
Y
0  
A  
=  
-
1

N
0  
A  
=  
-
2  
"
a  
f
o
r
b
i
d
d
e
n  
s
i
t
u
a
t
i
o
n
.

U
.
,  
A 
=  
M
A 
"
t
h
e  
X
8  
s
t
o
p
s
.

lend '  " e n d t





S

1 7 0
4
7 2 1

2
3

-  2 7 0 40

"LOADER o F  THE  B I NA RY  pAPERTAPES, PRODUCED B Y  TH E  MC -  E L A N
. A s s E mB LE R.  R P R  1 0 o 3 7 0  R  2 0 1 4 N

4 1 'B E GI N '  V E RY  F I R S T  B E GI N
;
'  V E R Y  
F I R S T  
E N D ,  
C L E A R
,  
M O V
E ,  
I N I T I A
L I Z A T I
O N ,

5 LAST ADDRESS =  ( ! 2 0 0  0 0 0
0  -  1 ) ,  
S U m C H E C K ,  
R E S E
T  
N R  
=  
3 8
.

6 RESET A R  N . C 6 4  •  RESETNR .
4 ,  4 1 ,7 'M T.  BEGINOFREADINGPRoGRAm, ENDOFREADINGPROGRAM; LENGTHOFREADINGPROGRAMo

9
ENDOFMEMORY
.
, I P  
R E A D
E R ,  
a s T
A c K
,  
B R
U S
H ,  
D
y
S
T
,  
R
E
H
E
p
,

1NIT RE HE P , I N I T  REHEP A FTE R M OV I NG,  RE HE P  I N F ,
10 RESIWORD, R E OI TA P E ,  SETW ORD, E NDA CT,
11 IPARi  SHADOW I P A R ,  SHADOW RE S E T A R
12 .

0
0
1
0
0
1
.
:

'
0
0
0
1
7
6
0
0
0
.

ME13: i l N i T I A L I Z A T I o N
13 ,

0
0
1
0
0
2
,
:

CLEAR
,
: 
"
T
H
I
S  
R
O
U
T
I
N
E  
S
E
T
S  
R
A
N
G
E  
M
(
B
)  
.  
M
(
8  
+  
C
O
U
N
T
(
)  
"  
1
3

14 "TO TH E  CONTENTS OF  G .  I T  I S  A CTIV A TE D I N  ENDACT
15 ' 0 0

.
1 0
0 2 '
;

'7 2 6 1 7 5 4 0 0 . MC G
16 . 0 0 1 0 0 3 ' : '5 4 0 4 0 0 0 0 2 . REPO P( ( cLEA( t)
1
7

' 0 0 ) 0 0 4 . : . 7 6 0 0 6 0 0 0 0 ' IV ON  •  " ) N O W  THE  INTE RRUP T OF  TH E
l a . 0 0 1 0 0 5

.
:

. 5 1 2 0 0 0
0
0 1 '

JUMP ( . . 1 )  " ) R E A D E R  OCCURS
19 J 0 0 ) 0 0 6

.
:

MOVE: " T H I S  ROUTI NE  MOVES RANGE M
.
( A ]  A  M C A  +  
C O U N T °  A  
1 1  
T O

20 "M(S 1 A  MES +  COUNT() A  1 )  A N D  S E TS  TH E  OL D  RANGE T O  THE
21 "CONTENTS OF  G ,  I T  I S  CA LLE D I N  S E T WORD
22 .

0
0
)
0
0
6
.
:

1
1
2
6
0
7
3
4
(
1
0
.

S N A
23 . 0 0 ) 0 0 7 . ; . 1 6 6 0 7 5 4 0 0 . MC S
24 . 0 0

,
1 0
1 0 '
:

. 7 2 6 1 7 3 4 0 o . MA G
25 ' 0 0

,
J a
i 1 .
:

,
0
0
2
0
0
0
0
0
1
.
t

A .
) .

1
26 . 0 0 1 0 1 2 . : ,

t
i
d
o
4
0
0
0
0
5
.

REP0 P  ( : M OV E )
27 . 0 0 0 1 3

.
:

- 5 2 G n e
0
? 7
,

GCTO ( L I N K • 1 5 )
23 . 0 0 1 0 1 4 . : . 7 7 7 7 7 7 7 2 3 ' SUmCHECK: ' 7 7 7  7 7 7  7 2 3 '
29 ' 0 0 1 0 1 5 . : 1

4
1
3
7
:
1
1
6
1
1
.

.4 1 3  7 1 1  6 1 1 '
30 .

0
0
.
)
0
3
0
.
:

' 520000001
,

1.1C241: G C T O  ( M C 1 3 )
31 '0 0 . 1 0 0 0 . : mCLAsT ADDRESS -  1 0 2 3 3 :
32
33 ' 1 7 6 0 0 0 ' 1 I N I T I A L I Z A T I ON :  V E RY  F I R S T  B E GI N :
34 2 'B E GI N '  N O D E C L A R A T I o N  =  0
35 "A  SUMCHECK I S  DONE  ON  TH E  LOA DE R I T S E L F
36 ' 1

7
6
0
0
0
. :

'6220110000
1

r  .1  0
37 ' 1 7 6 0 0 1 ' ; . 4 2 6 0 7 6 7 5 2 ' B E NDOFRE A DINGP ROGRA M
N5 ' 1 7 6 0 0 2 . : . 4 0 2 0 1 0 0 9 1 ' '8
39 ' 1 7 6 0 0 3 . : ' 6 0 6 1 7 5 3 7 7

1
G M C t o i j

40 . 1 7 6 0 0 4 . : g 4 1 7 1 7 6 7 4 6 t U, B  S E GI NOFRE A DI NGP ROGRA M
A  Z41 . 1 7 6 0 0 5 . : " 3 1 2 3 1 0

0
0 3 g

NI, JUMP (
-
3 )

42 .
1
7
6
0
0
6
.
:

t611011en14t r  s U M C H E C K ,  Z
43 . 1 7 6 0 0 7 ' . : ,

0
2
2
3
0
0
0
0
0
,

N,  A  0
44 . 1 7 6 0 1 0 . : 1

5
2
0
3
7
6
7
4
4
o

N, GOTO ( D Y S T )
45 THE MEMORY I S  CLE A RE D:
46 . 1 7 6 0 1 1 . : ' 6 3 2 0 3 0 0 0 0

.
G A O

47 . 1 7 6 0 1 2 . : . 4 2 2 0 0 0 0 . n 5 1 2
4g 0

1
7
6
0
1
3
1
:

' 7 2 6 1 7 5
4
0 3 .

MC G
4c,. . 1 7 6 0 1 4 . : . 4 5 7 1

7
6 7 3 6
.

U, 8EGINOFREADINGPROGRAM - B ,  Z
50 . 1 7 6 0 1 5 ' : N,  J U M P  (

-
3
)

31 .
1
7
6
0
1
6
'
:

. 4 2 0 7 6 7 3 5 . B =  ENDOFREADINGPROGRAm
32 1

1
7
6
0
1
7
'
:

,
4
0
2
0
0
1
0
0
0
1
,

a +
53 ' 1 7 6 0 2 0

.
:

,
7
2
6
1
7
5
4
0
1
,

MC =  G
5 . ' 1 7 6 0 2 1 . : ,

4
5
7
.
1
7
6
7
7
i
6
,

U, ENDOFMEMORY .  B p  Z
55 ' 1 7 6 0 2 2 ' ; ' 5 1 2 3 0 0 0 0 3

,
N, J UM P  ( A 3 )

36 "THE NUMBER OF  TH E  I P  A  READER I S  DE TE RMINE D.
37 "S TA RTING THE  COMPUTER, A L L  TH E  I (N TE R R U P T)  F ( L I P F L O P ) S  A RE  CL t A RE D
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2 2
3
(
1 0
9 0
4 i  
I
s
.
,  
A  
=  
4

36 ' 1
7 6
2 2 4
' ;  
' 5
2 6
3 7
6
- 5
3 0
'  
N
,  
G
O
T
C  
(
D
Y
S
T
)

237 ' 1 7 6 2 2 5 ' ;  ' 0 2 0 0 0 8 0 7 4 '  A  =  S  " A D R
235 ' 1 7 6 2 2 6 ' 1  ' 2 6 6 0 7 6 4 3 0 '  A  ' * ,  D1 B M 1  "  B E C O M E S
239 ' 1 7 6 2 2 7 ' ;  ' 0 6 6 0 7 6 4 2 6 '  A D P  =  A  n  A D D R E S S  P A RT OF  S
240 .
1 7 6
2 3 0
' ;  
,
7 7
0 0
0 0
4 2
1  
R
C
S  
(
1
8
)  
"
C
N
T





1 7 0
4
7 2  
-  
2
7
0  
4
5

301 " 1 7 6 3 0 0
1
:  0
0 1 3 1 0 0
3 3 1 ) "

302 1
1 7 6
3 0 1
1
:  
" 6
6 2
2 7
6 4
7 0
1

363 ' 1 7 6 3 0 2
1
:  
1 1 6 6 0 7
3
4
0 3
,

304 ' 1 7 6 3 0 3
1
:  
' 5 2 6 4 7
5 3 7 7
,

305 1
1 7 6
3 3 4
1
:

306 1
1 7 6
3 0 4
' ;  
" 4
6 6
0 7
6 4
4 4
'

307 ' 1 7 6 3 0 5
1
:  
' 1 6 6 0 7
6 4 4 4
1

335
3139
310
311
312 ' 1 7
6
3 0 6 ' ;  
' 0 2
1
5 0 7
6 4 5
0
1

313 ' 1 7 6 3 0 7
1
:  
' 3 0 6 0
7 6 4 4 3
'

314 . 1 . 7 6 3 1 0
,  ;  ,
3 1 1 0 7
6 4 3 7
,

315
316
317 1
.
1 7 6
3 1 1
,  
' 4
2
6
0
7
6
4
4
1  
,

31.8 t 1 7 6 3 1 2 '  :  ' 6 2 0 1 0 0 0 7 3
1319 1
1 7 6
3 1 3
'  
;  
' 6
0 2
0 0
0 7
7 7
1

323 ' 1 7 6 3 1 4
1
:  ' 4 '  
0 . 5 0 0
0 7 2
1

321 1
1 7 6
3 1 5
'  
' U
2 2
3 1
0 0
0 7  
,

322 ' 1 7 6 3 1 6
1
:  
' 5 2 6 3 7
6 4 3 6
,

323 1
1 7 6
3 1 7
.  
:  
1
1 2
0 0
0 0
0 7
5
,

324 1
1 7 6
3 2 0
. ;  
1
1 1
0 0
0 0
0 7
3 '

325 1
1 7 6
3 2 1
1
:  
1
0 2
6 0
7 6
4 3
5
1

326
327
325 ' 1 7 6 3 2 2
1
:  1
6 2 7
1
7 5 3 7 7
,

329 ' 1 7 6 3 2 3
1
:  
' 3 3 6 3 7
6 3 6 6
,

1
' 
7
3
3
2
4
1
:  
'
6
3
0
5
4
0
0
7
2
1

331 ' 1 7 6 3 2 5 . :  1
5 3 6 3 7 6 3 6 4
'
332 1
1 7 6
3 2 6
. ;  
' 4
1 1
1 0
1 0
7 4
1

333 ' 1 7 6 3 2 7
1
:  
' 5 1 2 3 0
0 0 0 6
,

334
335
336
337
335
339
340
341 1
1
7
6 3 3
0 '  
;  
' 0
6 0
0 0
0 0
0 0
1

342 ' 1 7 6 3 3 1 '  :  ' 6 2 1 ) 0 7 6 4 2 1
1343 1
1 7 6
3 3 2
1
, 1  
1
1 1
0 0
1
-
, 1 )
0 7
3
1

344 ' 1 7 6 3 3 3
1
;  1
1 4 6 0 7
6 4 1 5 '

345 1
1 7 5
3 3 4
1
;  
4 ,
6 C
7 6
4 2
-
4
1

3
4
6
,347
348 ' 1 7 6 3 3 5
1
:  
' 1 4 6 0 7
6 4 1 6
,

349 ' 1 7 6 3 3 6
1
;  ,
1 4 6 0 7 6
4
1 4 .

350 1
1 7 6
3 3 7
1
:  
1
1 4
2 0
7 6
4 0
3
,

351 ' 1 7 6 3 4 0
1
:  
' 1 6 0 0 1
0 0 2 7
1

332 1
1 7 6
3 4
1  
'  
.
6 3
2 0
r i
0 0
0 0
1

353 ,
1 7 6
3
4
2
1
;  
" 3
,
3 2
0 0
0
1
1 0
6
1

354 ,
1 7 6
3 4 3
1
:  
' 4
2 6
0 7
6 4
0 5
1

35'; ' 1 7 6 3 4 4
1
:  
' 5 7 2 4 7
6 1 5 0
1

336 ,
1 7 6
3 4 5
'  
:  
' 0
2 6
0 7
6 4
0 2
'

357 .
1 7 6
3
4
6
.  
;  
' 1
2
6
0
7
6
4
0
3
1

358 ' 1 7 6 3 4 7
1
!  .
5 3 6 0 7
6 3 3 2
1

359 ' 1 7 6 3 5 0
1
;  
' 0 0 0 0 0
3 0 r , 0 1

360 1
1 7 6
3 5 1
'  
' 0
0 0
0 0
0 0
0 0
,

U, A  : R E S E T  A R ,  Z
Y, A  =  :  SHADOW RE S E T A R

SET: M A  S
GOTOR ( M C C
-
1 3 )

D I s P L :  " A ,  S  A ND B  s HOULD S E  SAVED A S  TH E  READINGPROGRAM I S  DIS P L A CE D,
SAVES =  8
SAVES =  S

"FI R S T I T  I S  CHE CK E D, WHETHER THE RE  E X I S TS  A  RA NGE ,  I N  W HICH THE
“READINGPROGRAM F I T s ,  I . E .  A  RANGE N H ) ,  I  =  S TA RT A D D R E S S , “ “
"END ADDRESS, M ( I )  =  0 ,  ENDADDRESS .  STARTADDRESS =  ENDOFREADINGPROGRAM
▪ B E GINOFRE A DINGP ROGRA M ; SETADDRESS ' G E '  E N D  ADDRESS +  I .

A =  LENGTHOFREADINGPROGRAM " ) A  I S  TH E  NUMBER OF  WORDS,
A +  BEGINOFREADINGPROGRAM " 1 1 H 4 1  I S  NEEDED FOR  TH E  NEW
A .  SAVEA . ) R A N G E ,  TH E  F I R S T  T I M E  T H I S  I S

")L E S S  THA N
"/LENGTHOFREADINGRROGRAM

B =  BEGINOFREADiNGPROGRAM
RE P E A T :  G  =  A

G 5 1 1
U, B  G ,  P  " A N Y  SPACE L E FT?
N, A  =  7  •
N, GOTO ( D Y S T )

S 8  " / S  CONTA INS  TH E  L A S T ADDRESS
S .  A  " ) T O  B E  TE S TE D
A L E NGTHOFRE A DINGP ROGRA M

")THE  NE X T T I M E  WE HA V E  T O  TE S T
")OV E R TH E  WHOLE RANGE

G =  M C t - i l p  Z  " M ( 0 - 1 )  =  0 ?  B : =  B  -
N,  G O T O  ( : R E P E A T )

G =  -  G p . P
N, GOTO ( : R E P E A T )
U, 8  .  S ,
N, J UM P  (
-
6 )  
"
T
H
E  
W
H
O
L
E  
R
A
N
G
E  
T
E
S
T
E
D
?

"A  NE w RANGE I S  FOUND W HICH MATCHES TH E  RE QUIRE ME NTS , T H E  B A S E ADDRESS OP
▪ I T ,1S CONTA INE D B Y  3 .  T H E  NE X T S TE P  I S  T O  MOVE TH E  READINGPROGRAM T O
"M [ E ]  -  M c i i .  LENGTh0FREADINGPROGRAm
"THI S  i s  DONE B Y  C A L L I N G NDV E ,  S TORE D I N  THE  ' H O L Y  CORE $ .  MOVE EXPECTS
" I N  A  TH E  OL D  B E GI N  A DDRE S S , I N  B  THE  NEW B E GI N  A DDRE S S , I N  G  THE  V A L UE ,
'
,
W
H
I
C
H 
S
H
O
U
L
D 
S
E 
S
T
O
R
E
D 
I
N 
T
H
E 
O
L
D 
R
A
N
G
E
,  
I
N 
C
O
U
N
T
°  
T
H
E 
L
E
N
G
T
H 
O
F 
T
H
E

"READINGPROGRAm A ND I N  L I N K 1 5  TH E  RE TURN ADDRESS,
COUNTO =  A
A B E GI NOFRE A DI NGP ROGRA M
s A  u
) S  
=  
S H I F
T L E N
G T H

SAVES +  S  " ) S  A S  W E LL A S  TH E  S TA CK  T O
BSTACK +  S  " W H I C H  I T  P OI N TS ,  TH E  DE P TH OF

")W HICH NOW EQUALS 1 $  HA V E  T O  B E
")M OD I F I E D .

ENDOFREADINGPROGRAM +  s
SEGINOFREADINGPROGRAM +  S
S +  :RETURNADDRESS
LINK 15  =  S
G =  . 0  " T H E  OL D  RANGE I S  S E T T O . 0
GoTO ( : M OV E )

RE T URNA DDRE S S :  B  =  S A V E S
SUBC (1 INITRE HE P A FTE RM OV ING)
A =  SAVEA
S =  SAVES
GOTO ( : S E T )

S A V E A :  0
S A V E B :  0
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