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I N T R O D U C T I O N  

T h i s  p a p e r  w i l l  d e s c r i b e  the  u s e  of  a s y n t a x  d r i v e r  in  w r i t i n g  a l o g i c  
e q u a t i o n  c o m p i l e r  ( L O G C O M ) .  B y  s u c h  a c o m p i l e r  o r  p r o c e s s o r  w e  
m e a n  a p r o g r a m  w h i c h  t a k e s  l o g i c  e q u a t i o n s  p u n c h e d  on c a r d s  and  
c o n v e r t s  t h e m  i n t o  a t a b u l a r  f o r m  w h i c h  s u b s e q u e n t l y  i s  u s e d  b y  o t h e r  
d e s i g n  a u t o m a t i o n  p r o g r a m s .  In the  b o d y  of  the  p a p e r  i t  i s  a s s u m e d  

t h a t  the  r e a d e r  p o s s e s s e s  a c a s u a l  f a m i l i a r i t y  w i t h  s y n t a x .  T h i s  
a s s u m p t i o n  i s  m a d e  m o s t l y  f o r  o r g a n i z a t i o n a l  c o n v e n i e n c e  a n d  an 
a p p e n d i x  d i s c u s s i n g  s y n t a x  i s  i n c l u d e d  a t  the  end  of  the  p a p e r .  M y  
t e r m i n o l o g y  i s  s u m m a r i z e d  a t  the  e n d  of  t h i s  a p p e n d i x  and  the  r e a d e r  
f a m i l i a r  w i th  s y n t a x  c a n  c h e c k  t h e r e  to s e e  i f  h i s  t e r m i n o l o g y  and  
m i n e  a g r e e .  S a m p l e  s y n t a x  a p p l i e d  to a s p e c i f i c  p r o b l e m  i s  s h o w n  in 
f i g u r e  3 a n d  i s  d i s c u s s e d  in S e c t i o n  2. 

SECTION I 

DESCRIPTION OF LOGIC COMPILER PROGRAM (LOGCOM) 

The  p u r p o s e  of  o u r  l o g i c  e q u a t i o n  p r o c e s s o r  ( h e r e a f t e r  r e f e r r e d  to a s  
L O G C O M )  i s  r e a l l y  t w o - f o l d .  F i r s t  of  a l l  L O G C O M  c o m p i l e s  l o g i c  
e q u a t i o n s  i n t o  a s e t  of  t a b l e s  w h i c h  a r e  t h e n  u s e d  b y  the  r e s t  o f  the  
p r o g r a m s  in  o u r  D e s i g n  A u t o m a t i o n  s y s t e m .  S e c o n d l y ,  i t  p r i n t s  a 
d o c u m e n t  c a l l e d  a l o g i c  r e l e a s e  w h i c h  l i s t s  the  e q u a t i o n s  and  a l l o w s  
c o n s i d e r a b l e  f l e x i b i l i t y  f o r  d o c u m e n t a t i o n  p u r p o s e s .  

A brief description of this flexibility follows. The logic designer, by 
placing the appropriate character in column one, can effect a single 
spaced or double spaced line or eject to a new page. He can also specify 

an  e n t i r e  l i n e  a s  a c o m m e n t  l i n e  w i t h  the  s a m e  c a r r i a g e  c o n t r o l  a s  f o r  
an e q u a t i o n  l i n e .  C o m m e n t s  c a n  b e  p l a c e d  on  the  s a m e  l i n e  a s  an  
e q u a t i o n  b y  pre  c e e d i n g  t h e m  w i t h  a d a s h .  P r o v i s i o n  i s  a l s o  m a d e  f o r  a 
t i t l e  and  s u b t i t l e  on e a c h  p a g e  and  t h e s e  c a n  be  c h a n g e d  a t  a n y  p o i n t  in 
the  l i s t i n g .  P a g e  n u m b e r i n g  i s  a u t o m a t i c  and  a t  the  l o g i c  d e s i g n e r ' s  
o p t i o n  c a n  b e  s t a r t e d  w i t h  an  i n t e g e r  o t h e r  t h a n  o n e .  An e q u a t i o n  c a n  
b e  e x t e n d e d  o v e r  n u m e r o u s  l i n e s  o r  two  e q u a t i o n s  m a y  b e  w r i t t e n  on 
one  l i n e .  J u s t  to the  r i g h t  of  e a c h  c a r d  i m a g e  a p p e a r s  an  a l t e r  n u m b e r  
w h i c h  i s  g e n e r a t e d  b y  the  p r o g r a m .  L O G C O M  w r i t e s  a t a p e  c o n t a i n i n g  

i m a g e s  of  the  c a r d s  e a c h  t i m e  i t  i s  r u n  and  t h i s  t a p e  c a n  b e  S a v e d  and  
u s e d  a s  i n p u t  in  p l a c e  of  c a r d s  the  n e x t  t i m e  the  p r o g r a m  i s  r u n .  T h e  
a l t e r  n u m b e r s  m e n t i o n e d  a b o v e  a r e  p r o v i d e d  fo r  u p d a t e  o r  a l t e r  
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p u r p o s e s .  A l s o  a v a i l a b l e  w i t h  t h e  l o g i c  r e l e a s e  a r e  l i s t s  o f  s i g n a l s  
g e n e r a t e d  b u t  n o t  u s e d ,  u n d e f i n e d  s i g n a l s  p l u s  a c o m p l e t e  u s a g e  l i s t  
f o r  e a c h  s i g n a l  a n d  a n  i n d e x  of  e q u a t i o n  n a m e  v e r s u s  a l t e r  n u m b e r .  

One  l a s t  f e a t u r e  t h a t  n e e d  be  m e n t i o n e d  i s  t h e  a b i l i t y  to h a n d l e  c o m m o n  
c o l l e c t o r  s e q u e n c e s .  A s t r i n g  of  s i g n a l s  s e p a r a t e d  by  c o m m a s  a n d  
e n c l o s e d  in  p a r e n t h e s e s  i s  r e c o g n i z e d  a s  a c o m m o n  c o l l e c t o r  s e q u e n c e  
a n d  i s  r e p l a c e d  by  t h e  g e n e r a t e d  s i g n a l ,  X.  n n n n ,  w h e r e  n n n n  i s  a n  i n -  
t e g e r  u n i q u e  to e a c h  d i s t i n c t  c o m m o n  c o l l e c t o r  s e q u e n c e .  A n  e x a m p l e  
i s  i n c l u d e d  in  f i g u r e  o n e .  T h e  l i n e  w i t h  a l t e r  n u m b e r  z e r o  i s  g e n e r a t e d  
by  L O G C O M  f o r  t h e  l o g i c  d e s i g n e r  a n d  s h o w s  t he  c o m m o n  c o l l e c t o r  
s e q u e n c e  r e p l a c e d  by  i t s  a s s o c i a t e d  s i g n a l  X . n n n n .  

T h e  r e a s o n  f o r  t he  u s e  o f  s y n t a x  w a s  t h e  f l e x i b i l i t y  i t  a l l o w s  in  t he  
a c h i e v e m e n t  of  t a s k  o n e .  H o w e v e r ,  t a s k  two  i s  d e s c r i b e d  b e c a u s e  the  
e x i s t e n c e  of  t a s k  t wo  c o m p l i c a t e s  t h e  a c h i e v e m e n t  o f  t a s k  o ne  a s  
e q u a t i o n s  w r i t t e n  in  r e l a t i v e l y  f r e e  f o r m a t  m u s t  be  h a n d l e d  c o r r e c t l y  
a n d  l a r g e  a m o u n t s  o f  e x t r a n e o u s  d a t a  m u s t  be  i g n o r e d .  E s s e n t i a l l y ,  
an  a w a r e n e s s  of  t a s k  two  i s  an  a w a r e n e s s  of  t h e  e n v i r o n m e n t  in  w h i c h  
t a s k  o n e  m u s t  b e  p e r f o r m e d .  

The  e x p l i c i t  r o l e  o f  t he  s y n t a x  in  b u i l d i n g  t h e  L O G C O M  t a b l e s  i s  to 
c o n s t r u c t  s i m p l e  e q u a t i o n s  f r o m  th e  e q u a t i o n s  a s  t h e y  a r e  w r i t t e n  by  
t h e  l o g i c  d e s i g n e r .  A s i m p l e  e q u a t i o n  i s  a s u c c e s s i o n  of  s i x  c h a r a c t e r  
w o r d s  c o n s i s t i n g  of  a c o u n t e r ,  an  e q u a t i o n  n a m e  a n d  t h e  t e r m s  w h i c h  
a p p e a r  on  t h e  r i g h t  s i d e  of  t h e  e q u a t i o n  w i t h  t h a t  n a m e .  (See  F i g u r e  2).  
T h e  c o u n t e r  s p e c i f i e s  h o w  m a n y  r i g h t  s i d e  t e r m s  a p p e a r  i n  t h e  s t r i n g .  
A F O R T R A N  p r o g r a m  t h e n  a c t u a l l y  b u i l d s  t he  L O G C O M  t a b l e s  f r o m  t h e  
c o m p l e t e  s e t  of  s i m p l e  e q u a t i o n s  w h i c h  a r e  i n p u t  to i t .  I f  a n y  c o m m o n  
c o l l e c t o r s  w e r e  u s e d  by  t he  l o g i c  d e s i g n e r s ,  s i m p l e  e q u a t i o n s  f o r  t h e  
g e n e r a t e d  c o m m o n  c o l l e c t o r  e q u a t i o n s  w i l l  b e  i n c l u d e d  in  t h e  c o m p l e t e  
s e t  of  s i m p l e  e q u a t i o n s .  T h e  p o r t i o n  of  t h e  p r o g r a m  w h i c h  s c a n s  
c a r d s  a n d  p r o d u c e s  s i m p l e  e q u a t i o n s  i s  c a l l e d  t h e  s c a n n e r - p r o c e s s o r ,  
a n d  i t  a l o n g  w i t h  t he  C O N T R O L S - p r o c e s s o r  a r e  t h e  p o r t i o n s  of  L O G C O M  
w h i c h  a r e  s y n t a x  d i r e c t e d .  T h e  C O N T R O L S - p r o c e s s o r  r e a d s  a v a r i e t y  
o f  c o n t r o l  c a r d s ,  p e r f o r m s  u p d a t e s  to  t h e  i n p u t  t a p e  ( w h e n  s e l e c t e d )  
a n d  c h e c k s  to  s e e  w h a t  o p t i o n s  h a v e  b e e n  s e l e c t e d  by  t h e  l o g i c  d e s i g n e r .  
T h i s  C O N T R O L S  s e c t i o n  w i l l  be  d i s c u s s e d  l a t e r .  

21 -2  



SAMPLE EOtIATIDKJS FnR ~] A WnPKSHOP 

V~SPI~.I~TO>I.,n.c. - JHI.y ~968 

B6112 /6B  PAGE 

DATA ~,.,~} CLOCK rIATRIX 9B 

E I T R ~ I  : SIDO~(.] - Nf'IT RE:SET ANO F!OLD Dq HATRIX (EXTERNAL) 9 9  

;wl)O011 = T.~.Onl . qn i IF /C - DATA BIT Ol ENA~LG~ AT l lA l  1 0 0  

~OOl]IT : r in?1?P . RnI34K . ~in~)(l].A . NI-]OOIC 101_ 

,~ NDI~OIF . ( I~C,SI' I28,.!"C303A,NC304A.NC3n2T) 102  

* '.'~DqOiF * X . r l011 

• ~.D~Q2 = !',!O('IQ'IF . SII')[~RR 1 0 3  

C O~'ITR OL L,;).~ I C 104 

JW01_/C = Cv*r;1. . . .  J ~ , q I I l l P  = BV:0113 
JwOt/{~ = NWOIIA . NLO23P 

1 0 5  
1 0 6  

NL~DI.. ;= ~I"I~6LT . J ~ ( l l l T  * NI ll01A * NCEIOIA CLEAR SELECT 107 

108 

FIC,~;RE.I 109 
PARI IAL  P,~GE OF I.~GIC E(2,~IATIONS AS WRITTEn, 8Y A LOGIC nESIG.,~ER 
A~F~ A.S T~F:Y APP~AP I.~ fX I. OF~IC RELEASE l l l  

112 

'1.B TR ~. r.;t q I '~)~() 113 
2 ~i}IT"I:} 1 IT.,~}CII ~;)P.F IC 
~;3 !in i~ 1. I ~ P 1 7  ~T,~ !1134 K hlpi) I]'I. A'~T!II FI1 CI"iDO 01FX. I101t 

114 
1 1 5  

I,JLIL!I l ' ]C~n1.o.  
1 1 6  
l t 7  

1 1 8  

119 
,I :~Ln ~ I. ~ 0 ~ 6L TJ.,~O I I T~ll~101 A'IC~ III A 1.20 

. 121 
• 1 2 2  

• 123 
• I x .  ii 01 £ I':,~ 3 LI 2 ~ ',IC~ 1! 3j 8 ~iC,3 {J 4 A ~*I.:.~ i} P' r 1 2 4  

125 

- FIGI~PE ?_' - 1 2 (  
SI.~-~P{.~ EOI .A r I (~S  P.UILT FoOM LO~I~ EI)I~ATIDI'..S IN rrlP.URE I 12)  

Z 1 - 3  
l 



S E C  T I O N  2 

S I M P L E  E X A M P L E  O F  A S Y N T A X - D I R E C T E D  L O G I C  E Q U A T I O N  
S C A N N E R  - " P R O C E S S O R  . . . . . . . . . . . . . . .  

T h e  f i r s t  f o u r  l i n e s  of  s y n t a x  in  F i g u r e  3 w i l l  s c a n  a n d  p r o c e s s  l o g i c  
e q u a t i o n s  s a t i s f y i n g  t h e  f o l l o w i n g  r e s t r i c t i o n s .  

1) A n  e q u a t i o n  c o n s i s t s  of  a t h r e e  c h a r a c t e r  e q u a t i o n  n a m e ,  f o l l o w e d  
by  an  e q u a l s  s i g n  w h i c h  i s  t h e n  f o l l o w e d  by  a s t r i n g  of  t h r e e  
c h a r a c t e r  s i g n a l  n a m e s  w h i c h  a r e  s e p a r a t e d  by a s t e r i s k s .  

2) E a c h  e q u a t i o n  i s  t e r m i n a t e d  by  t h e  c h a r a c t e r  @ w h i c h  i s  r e s e r v e d  
f o r  t h i s  p u r p o s e .  

3) B l a n k s  m a y  n o t  be  i m b e d d e d  in  the  s i g n a l  n a m e s  o r  e q u a t i o n  n a m e  
b u t  m a y  o c c u r  a n y w h e r e  e l s e .  

4) C o m m e n t s  a r e  n o t  p e r m i t t e d .  
F o r  s a m p l e  e q u a t i o n s  o b e y i n g  t h e s e  r u l e s  s e e  F i g u r e  3. 

T h e  s e m a n t i c  r o u t i n e s  u s e d  by t h e s e  f i r s t  f o u r  l i n e s  p e r f o r m  t h e  
f o l l o w i n g  t~ s k s :  

( I N I T I L )  - p e r f o r m s  i n i t i a l i z a t i o n .  
( W R A P U P )  - t e r m i n a t e s  t h e  s c a n n e r - p r o c e s s o r  a n d  c a l l s  t h e  t a b l e  

b u i l d i n g  s u b r o u t i n e .  
(S IGNAL)  - b u i l d s  a t h r e e  c h a r a c t e r  s i g n a l  o r  e q u a t i o n  n a m e  a n d  

p l a c e s  i t  i n  t h e  s i m p l e  e q u a t i o n  s t r i n g .  
( B L A N K )  - s k i p s  to  n e x t  n o n - b l a n k  c h a r a c t e r  c o n t i n u i n g  o v e r  m o r e  

t h a n  o n e  c a r d  i f  n e c e s s a r y .  
( O L D N E W )  - w r i t e s  s i m p l e  e q u a t i o n  o u t  on  d i s c  o r  t a p e  a n d  r e s e t s  

c o u n t e r s  f o r  n e x t  e q u a t i o n .  

T h i s  s y n t a x  a p p l i e d  to t h e  e q u a t i o n s  i n  F i g u r e  3 w i l l  f i r s t  c a l l  t h e  
S e m a n t i c  r o u t i n e  I N I T I L  a n d  t h e n  c a l l s  t h e  l i n e  o f  s y n t a x  E Q N .  T h e  
f i r s t  t e r m  of  E Q N  w i l l  t h e n  s k i p  t h e  b l a n k s  b e f o r e  A B C .  S I G N A L  w i l l  
r e a d  A B C  a n d  s t o r e  i t  in  t h e  s i m p l e  e q u a t i o n  s t r i n g ,  b l a n k s  w i l l  be  
s k i p p e d  a n d  t h e  e q u a l s  s i g n  w i l l  be  r e c o g n i z e d .  A g a i n  b l a n k s  w i l l  be  
s k i p p e d ,  NOW w i l l  be  p r o c e s s e d ,  b l a n k s  w i l l  be  s k i p p e d  a n d  R S I D E  
w i l l  be  callec~ t he  c h a r a c t e r  p o i n t e r  a t  t he  f i r s t  a s t e r i s k .  R S I D E  r e f e r s  
to O P  w h i c h  w i l l  r e c o g n i z e  t h e  a s t e r i s k  a n d  t h e n  DOG w i l l  be  r e a d  a n d  
p r o c e s s e d  f o l l 6 w e d  b y  r e c u r s i o n  on  R S I D E .  R e c u r s i o n  w i l l  c o n t i n u e  
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(i) 

(z) 

(3) 

(4) 

(3A) 

(4A) 

(4B) 

LINE 

EQN 

R SIDE 

OP 

R SIDE 

OP 

OP 

LINES OF SYNTAX 

(INITIL), EQN, RPT, (WRAPUP) 

(BLANK), (SIGNAL), (BLANK), '=', (BLANK), 
(SIGNAL), (BLANK), RSIDE, (OLDNEW), ENDFNC 

OP, (BLANK), (SIGNAL), (BLANK), iRSIDE, OR, 
'@', ENDFNC 

' *' ,  ENDFNC 

OP, (BLANK), (SIGNAL), (BLANK), RSIDE, OR, '@' 
OR, OP, (BLANK), OP, (TWOOP), 
OR, (SIGNAL), (TWOSIG), 
OR, OP, (BLANK), '@', (XTRAOP), ENDFNC 

'*',OR, '+', OR, ', ', ENDFNC 

'*', OR, '+', (STUCLA), OR, ', ', ENDFNC 

ABC 

@@ 

LOGIC EQUA TIONS 

NOW * DOG * NL3 * NL6 * NBA 

• NFL @ NL3= CA T*DXE@ 

- FIGURE 3 - 
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t h r o u g h  the  t i m e  N F L  i s  r e a d .  The  f i r s t  t e r m  (OP) of R S I D E  wi l l  
n o w  c o m p a r e  @ w i t h  * a n d  go F A L S E .  T h e  s e c o n d  a l t e r n a t i v e  of  
R S I D E  wi l l  r e c o g n i z e  the  @ a n d  R S I D E  wi l l  be  T R U E .  T h e  s y n t a x  
p o i n t e r  w i l l  r e t u r n  to t he  t e r m  R S I D E  in E Q N  a n d  be i n c r e m e n t e d  
by  one .  O L D N E W  wi l l  do i t s  job  and  E Q N  wi l l  go T R U E .  T h e  
s y n t a x  p o i n t e r  w i l l  r e t u r n  to  t h e  s e c o n d  t e r m  of  L I N E ,  be i n c r e m e n t e d  
by  one ,  a n d  e n c o u n t e r  ;.he R P T .  T h e  p o i n t e r  w i l l  be  d e c r e m e n t e d  one  
a n d  E Q N  wi l l  p r o c e s s  the  n e x t  e q u a t i o n .  A f t e r  t h e  l a s t  e q u a t i o n  h a s  b e e n  
p r o c e s s e d  a n d  E Q N  t r i e s  to p r o c e s s  @@ it  w i l l  be  u n a b l e  to do so and  
wi l l  go F A L S E .  The  R P T  wi l l  now be s k i p p e d  and  W R A P U P  wi l l  be  
c a l l e d  t e r m i n a t i n g  the  s c a n .  The  @@ h e r e  s e r v e d  a s  an  e n d  of  e q u a t i o n s  
m a r k .  F u t u r e  r e f e r e n c e  wi l l  be  m a d e  to t h i s  e x a m p l e .  

SECTION 3 

I M P L E M E N T A T I O N  O F  S Y N T A X  D I R E C T E D  S C A N N E R - P R O C E S S O R  

N u m b e r  a n d  E x t e n t  of  S e m a n t i c  R o u t i n e s  - One  d e c i s i o n  t h a t  h a s  to be  
m a d e  by  a p r o g r a m m e r  w r i t i n g  s y n t a x  i s  w h a t  e x t e n t  s h o u l d  he  b r e a k  
d o w n  t a s k s  - h o w  e x t e n s i v e  s h o u l d  a n y  one  s e m a n t i c  r o u t i n e  b e .  At  
one  e x t r e m e  i f  we  h a v e  a p r o g r a m  DOIT ,  no m a t t e r  h o w  c o m p l i c a t e d ,  
i t  c a n  be  t r i v i a l l y  i m p l e m e n t e d  in  s y n t a x  v i a  the  s y n t a x  l ine :  
L I N E  = (DOIT) .  On the  o t h e r  h a n d  h u n d r e d s  o r  t h o u s a n d s  of  v e r y  
s p e c i a l  s e m a n t i c  r o u t i n e s  c o u l d  be  u t i l i z e d .  We d e c i d e d  to l e t  s y n t a x  
do the  job  w h e r e v e r  p o s s i b l e ,  w r i t i n g  a s  m a n y  r o u t i n e s  as  n e e d  b e .  
T h e n  f o r  t a s k s  w h e r e  t h e  c h a r a c t e r  s c a n n i n g  p o w e r  of  s y n t a x  w o u l d  no t  
be  of v a l u e  we  d e c i d e d  to w r i t e  s e m a n t i c  r o u t i n e s  a s  l a r g e  a s  n e c e s s a r y  
to do the  job .  H y b r i d  s e m a n t i c  r o u t i n e s  w e r e  t h e n  w r i t t e n  
w h e r e  two o r  m o r e  p e r f o r m e d  s i m i l a r  f u n c t i o n s .  The  s y n t a x  w a s  t h e n  
r e w r i t t e n  to u s e  t h e s e  h y b r i d s  t h u s  r e d u c i n g  the  n u m b e r  of s e m a n t i c  
r o u t i n e s .  

T h i s  a p p r o a c h  h a s  w o r k e d  w e l l  w i t h  the  s y n t a x  c u r r e n t l y  c a l l i n g  a b o u t  
s e v e n t y  s e m a n t i c  r o u t i n e s .  ( T h i s  i n c l u d e s  r o u t i n e s  f o r  the  C O N T R O L S  
p r o c e s s o r  no t  y e t  d i s c u s s e d . )  The  m o d u l a r i t y  i m p l i e d  by  so m a n y  
r o u t i n e s  h a s  f r e q u e n t l y  p r o v e d  v a l u a b l e  w h e n  c h a n g e s  h a v e  b e e n  m a d e .  
N e g a t i v e l y  the  e f f e c t  on c o m m u n i c a t i o n  b e t w e e n  r o u t i n e s  in  a r e l a t e d  
s e t  i s  s o m e t i m e s  o v e r l o o k e d  w h e n  c h a n g e s  a r e  m a d e  to one  r o u t i n e  
in  t h a t  s e t .  T h i s  p r o b l e m ,  h o w e v e r ,  h a s  no t  p r o v e n  to be s e r i o u s .  
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P R O B L E M S  E N C O U N T E R E D  

T w o  m a j o r  p r o b l e m s  w e r e  e n c o u n t e r e d  w h i l e  i m p l e m e n t i n g  o u r  
s c a n n e r - p r o c e s s o r .  The  f i r s t  of  t h e s e  w a s  r e l a t e d  to a p a r t i c u l a r  
c o n v e n i e n c e  w e  a l l o w e d  the  l o g i c  d e s i g n e r .  N o r m a l l y  s o m e  
c o n v e n t i o n  i s  e m p l o y e d  w h e n  s c a n n i n g  s t a t e m e n t s  f o r  c o m p i l a t i o n  
o r  a s s e m b l y  to  t e l l  t h e  s c a n n e r  w h e n  the  end  of  a s t a t e m e n t  h a s  b e e n  

r e a c h e d .  F o r  i n s t a n c e  a s p e c i a l  c h a r a c t e r  s u c h  a s  @ o r  $ m a y  be  
r e q u i r e d  a t  t he  e n d  of  e a c h  s t a t e m e n t .  In F O R T R A N  c o l u m n  s e v e n t y  
t h r e e  a c t s  a s  an  e n d - o f - s t a t e m e n t  m a r k  u n l e s s  c o l u m n  s i x  of  the  

n e x t  c a r d  i s  n o n - b l a n k .  T h e  f i r s t  c o n v e n t i o n  h a s  the  d i s a d v a n t a g e  
t h a t  i t  i s  v e r y  e a s y  to o m i t  the  s p e c i a l  c h a r a c t e r  a t  t he  end  of  e a c h  
s t a t e m e n t .  The  c o n t i n u a t i o n  c h a r a c t e r  u s e d  b y  F O R T R A N  on 
s u c c e s s i v e  c a r d s  of a l o n g  s t a t e m e n t  c a n  a l s o  b e  f o r g o t t o n  b u t  the  
f a c t  t h a t  c o n t i n u a t i o n  c a r d s  a r e  s p e c i a l  m a k e s  s u c h  an o m i s s i o n  l e s s  
l i k e l y .  H o w e v e r ,  the  F O R T R A N  c o n v e n t i o n  p r e c l u d e s  p l a c i n g  m o r e  
t h a n  one  s t a t e m e n t  on a c a r d .  W h e n  the  s t a t e m e n t s  a l l  b e g i n  in a 
d i s t i n c t i v e  a n d  u n i f o r m  m a n n e r ,  h o w e v e r ,  t he  e n d  of  one  s t a t e m e n t  
c a n  b e  r e c o g n i z e d  b y  r e c o g n i z i n g  the  b e g i n n i n g  of  the  n e x t .  Since 
l o g i c  e q u a t i o n s  a t  H u g h e s  a l l  b e g i n  w i t h  a s i x  c h a r a c t e r  n a m e  
f o l l o w e d  p o s s i b l y  b y  b l a n k s ,  and  t h e n  an  e q u a l s  s i g n  w h i c h  i s  i l l e g a l  
in  a n y  o t h e r  c o n t e x t  i t  i s  q u i t e  s t r a i g h t  f o r w a r d  to r e c o g n i z e  a n e w  
s t a t e m e n t .  T h u s ,  we  a r e  a b l e  to a l l o w  s t a t e m e n t s  to e x t e n d  o v e r  
s e v e r a l  c a r d s  o r  to a l l o w  mare  t h a n  one  e q u a t i o n  p e r  c a r d  a l l  w i t h o u t  
the  u s e  of  c o n t i n u a t i o n  c h a r a c t e r s  o r  e n d  of  s t a t e m e n t  m a r k s .  
U n f o r t u n a t e l y  o u r  f i r s t  b i g  p r o b l e m  a r o s e  w h e n  we  t r i e d  to w r i t e  s y n t a x  
to p r o c e s s  l o g i c  e q u a t i o n s  in  t h i s  m a n n e r .  E a c h  of  o u r  a p p r o a c h e s  
r e s u l t e d  in  a r e c u r s i o n  l o o p  t h a t  r e q u i r e d  e x t e n s i v e  s t a c k  s i z e s  - on 
the  o r d e r  of  s e v e r a l  t h o u s a n d  l o c a t i o n s  e a c h .  M o r e o v e r ,  o u r  a t t e m p t s  
to c o m b a t  t h i s  d i f f i c u l t y  a l w a y s  s e e m e d  to h i n g e  on f o r c i n g  s o m e  end  of  
s t a t e m e n t  c o n v e n t i o n  on the  l o g i c  d e s i g n e r s .  In e s s e n c e  w e  w e r e  
r e c u r s i n g  on e a c h  e q u a t i o n  and  f o r  f i v e  t h o u s a n d  e q u a t i o n s  s t a c k  s i z e s  
w e r e  u n r e a l i s t i c .  E v e n t u a l l y  w e  r e s o l v e d  o u r  d i f f i c u l t y  b y  s h o r t -  

c i r c u i t i n g  the  s t a c k s  w h e n  r e c u r s i o n  t a k e s  p l a c e  on one  l i n e  of  s y n t a x .  
If  a t e r m  i s  t he  n a m e  of  the  l i n e  of  s y n t a x  in w h i c h  i t  o c c u r s ,  t h e n  
w h e n  the  s y n t a x  p o i n t e r  g e t s  to t h i s  t e r m  the  s y n t a x  p o i n t e r  i s  s e t  to 
p o i n t  to  the  f i r s t  t e r m  in the  l i ne  of  s y n t a x  a s  a l w a y s  b u t  i f  the  l a s t  
e n t r y  in  t he  s t a c k s  w a s  a l s o  f o r  r e c u r s i o n  a t  t h i s  p o i n t  t h i s  l a s t  e n t r y  
w i l l  be  r e p l a c e d  b y  the  c u r r e n t  p o i n t e r s .  H e n c e  the  n u m b e r  o f  e n t r i e s  
in  t he  s t a c k s  w i l l  no t  i n c r e a s e  and  no i n f o r m a t i o n  i s  l o s t  in the  s y n t a x  
p o i n t e r  s t a c k .  T h i s  i s  b e c a u s e  the  l a s t  e n t r y  in  the  s t a c k  i s  i d e n t i c a l  
w i t h  the  c u r r e n t  s y n t a x  p o i n t e r .  F o r  s o m e  a p p l i c a t i o n s  the  i n f o r m a t i o n  
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l o s t  in  the  c h a r a c t e r  p o i n t e r  s t a c k  w o u l d  c r e a t e  e r r o r s  bu t  fo r  o u r  
a p p l i c a t i o n  no e r r o r  w a s  i n t r o d u c e d .  As  a r e s u l t  we  now l i v e  
h a r m o n i o u s l y  w i t h  p o i n t e r  s t a c k s  a c c o m o d a t i n g  o n l y  s i x t e e n  e n t r i e s .  

The  s e c o n d  m a j o r  p r o b l e m  we e n c o u n t e r e d  w a s  t h a t  of e f f e c t i v e  
e r r o r  f l a g g i n g .  O n c e  we  h a d  s o l v e d  o u r  f i r s t  p r o b l e m ,  w r i t i n g  s y n t a x  to  
p r o c e s s  e r r o r - f r e e  l o g i c  e q u a t i o n s  w a s  r e l a t i v e l y  e a s y .  In t h i s  c o n t e x t  
e r r o r - f r e e  m e a n s  f r e e  f r o m  g r a m m a t i c a l  e r r o r s  r a t h e r  t h a n  f r e e  f r o m  
l o g i c a l  e r r o r s .  To be of m a x i m u m  u s e  to the  l o g i c  d e s i g n e r  t he  
s c a n n e r - p r o c e s s o r  s h o u l d  do two t h i n g s  w h e n  i t  e n c o u n t e r s  an  e r r o r .  
It  s h o u l d  w r i t e  a d i a n o s t i c  i n d i c a t i n g  the  e r r o r  a n d  t h e n  i t  s h o u l d  sk ip  
the  b a d  d a t a  c o n t i n u i n g  to l o o k  f o r  e r r o r s  in  t he  r e m a i n d e r  of the  
e q u a t i o n s .  U n f o r t u n a t e l y  i t  i s  a f e a t u r e  of s y n t a x  t h a t  u n l e s s  t he  s y n t a x  
h a s  b e e n  w r i t t e n  in  such a m a n n e r  a s  to a n t i c i p a t e  the  e r r o r ,  c a t a s t r o p h e  
r e s u l t s .  G e n e r a l l y  the  s y n t a x  p o i n t e r  wi l l  g e t  l o s t  a n d  d e p e n d i n g  on the  
n u m b e r  and  n a t u r e  of c h e c k s  in  the s y n t a x  f o r  o t h e r  e r r o r s  i t  m a y  or  m a y  
not  e v e r  f ind  i t s  w a y  to a f a m i l i a r  spo t .  If i t  d o e s  the  l o c a t i o n  a n d  the  
n a t u r e  of  the  e r r o r  wi l l  l i k e l y  be u n c l e a r .  If i t  d o e s  no t  the  a t t e n t i o n  of 
s o m e o n e  f a m i l i a r  w i t h  the  s y n t a x  i s  t h e n  r e q u i r e d  and  h e  m a y  r e q u i r e  
s e v e r a l  s u b s e q u e n t  d e b u g  r u n s  to f ind  the  e r r o r .  E v e n t s  of t h i s  t y p e  
a r e  r e c e i v e d  by  a l og i c  d e s i g n e r  in  a d e c i d e d l y  p o o r  m a n n e r  - e s p e c i a l l y  
i f  t h e y  o c c u r  m o r e  o f t e n  t h a n  v e r y  i n f r e q u e n t l y .  C o n s e q u e n t l y  w h e n  
w r i t i n g  s y n t a x  we t r y  to a n t i c i p a t e  e r r o r s  a l o g i c  d e s i g n e r  m i g h t  m a k e  
a n d  t h e n  w r i t e  the  s y n t a x  so t h a t  t h e s e  c o m m o n  e r r o r s  will be  r e c o g n i z e d .  
T h e n  t h e  s c a n n e r - p r o c e s s o r  i s  a b l e  to i s s u e  a v e r y  e x p l i c i t  d i a g n o s t i c  
a n d  to s e t  f l a g s  w h i c h  the  s y n t a x  c a n  u s e  to sk ip  t he  e r r o r - c o n t a i n i n g  
e q u a t i o n .  To i l l u s t r a t e  c o n s i d e r  a g a i n  the  e x a m p l e  of F i g u r e  3. Shou ld  
an  e q u a t i o n  be w r i t t e n  

NBA = NFL*CAB**BL3 @ 

w h e n  i t  i s  s c a n n e d  RSIDE wi l l  go F A L S E  w h e n  i t  h i t s  the  two s u c c e s s i v e  
a s t e r i s k s  a n d  h e n c e  EQN w o u l d  be F A L S E .  T h e r e f o r e  the  W R A P U P  
r o u t i n e  wi l l  be  c a l l e d  t e r m i n a t i n g  the  s c a n .  If on  the  o t h e r  h a n d  l i n e  of  
s y n t a x  (3) i s  r e p l a c e d  by  l i n e  of s y n t a x  (3A) the  e r r o r  w i l l  be  c a u g h t  by  
a l t e r n a t i v e  t h r e e  of RSIDE and  the  s e m a n t i c  r o u t i n e  T W O O P  c a n  w r i t e  
a d i a g n o s t i c  p i n p o i n t i n g  the  e r r o r .  A l s o  T W O O P  c a n  pu t  t he  c h a r a c t e r  
c o u n t e r  one  p a s t  the  n e x t  @ a n d  r e t u r n  T R U E  a l l o w i n g  the  s c a n  to 
c o n t i n u e  wi th  the  n e x t  e q u a t i o n .  S i m i l a r l y ,  a l t e r n a t i v e  f o u r  w i l l  
r e c o g n i z e  the  e r r o r  c o n d i t i o n  two s i g n a l s  in  a r o w  w i t h o u t  a s e p a r a t i n g  
d e l i m i t e r  

NBA = NFL CAB @ 
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a n d  a l t e r n a t i v e  f i v e  wi l l  r e c o g n i z e  the  c o n d i t i o n  that an  e x t r a n e o u s  
d e l i m e t e r  a p p e a r s  a f t e r  the  l a s t  t e r m  

NBA = NFL * CAB * @ 

T h i s  a l t e r a t i o n  w i l l  of  c o u r s e  n o t  a l l o w  a l l  e r r o r s  to be  r e c o g n i z e d  - 
t he  f o l l o w i n g  w o u l d  s t i l l  a b o r t  the  s c a n  

NBA = NFL * CAB @ @ 

St i l l  a s i g n i f i c a n t  i m p r o v e m e n t  h a s  b e e n  m a d e  a n d  f u r t h e r  m o d i f i c a t i o n  
c o u l d  be  m a d e  to h a n d l e  t h i s  e r r o r  a s  w e l l .  C l e a r l y ,  h o w e v e r ,  a s  m o r e  
c o m p l i c a t e d  l o g i c  e q u a t i o n s  a r e  a l l o w e d  i t  b e c o m e s  l e s s  p o s s i b l e  a n d  l e s s  
d e s i r a b l e  to h a n d l e  a11 e r r o r s  so c l e a n l y .  T h e r e f o r e ,  in  a d d i t i o n  to 
e x p l i c i t  e r r o r  t r a p s  s e t  to c a t c h  p a r t i c u l a r  e r r o r s  o u r  s y n t a x  i s  
s p r i n k l e d  w i t h  g e n e r a l  e r r o r  t r a p s  so  t h a t  a t  l e a s t  w h e n  an  e r r o r  i s  
e n c o u n t e r e d ,  f o r  w h i c h  t h e r e  i s  no e x p l i c i t  t e s t ,  p o s i t i v e  a c t i o n  c a n  
be  t a k e n .  T h e  s c a n  c a n  be  p r e v e n t e d  f r o m  a b o r t i n g  a n d  a d i a g n o s t i c  
t e l l i n g  a p p r o x i m a t e l y  w h e r e  t he  e r r o r  o c c u r e d  c a n  be  w r i t t e n .  T h e  
n a t u r e  of  t he  e r r o r  w i l l  t h e n  h a v e  to be  d e t e r m i n e d  by  l o g i c  d e s i g n e r  
i n s p e c t i o n .  

C h a n g e s  to S y n t a x  

O n c e  o u r  two  m a j o r  p r o b l e m s  h a d  b e e n  d i s p o s e d  of we f o u n d  the  u s e  
of  s y n t a x  v a l u a b l e .  F o r  i n s t a n c e  a c h a n g e  in  o u r  a p p r o a c h  to h a n d l i n g  
o p e r a t o r s  w a s  v e r y  e a s i l y  i m p l e m e n t e d  by  a s i m p l e  c h a n g e  in  t he  
s y n t a x  a n d  the  a d d i t i o n  of  one  s h o r t  s e m a n t i c  s u b r o u t i n e .  We h a d  
d e c i d e d  i n i t i a l l y  t h a t  we  w o u l d  n o t  d i s t i n g u i s h  b e t w e e n  the v a r i o u s  
o p e r a t o r s  ( a s t e r i s k ,  p l u s ,  c o m m a )  w h e n  c o m p i l i n g  the  t a b l e s  o u t p u t  
by  L O G C O M  a n d  h e n c e  h a d  w r i t t e n  the  l i n e  of  s y n t a x  

OP = '*', OR, '+', OR, ',', ENDFNC (line 4A Figure 3) 

w h o s e  p u r p o s e  w a s  m e r e l y  to s e e  w h e t h e r  a l e g a l  o p e r a t o r  a p p e a r e d  
w h e r e  one  w a s  e x p e c t e d .  We f e l t  t h a t  the  l o g i c  d e s i g n e r  c o u l d  a t t a c h  
s i g n i f i c a n c e  to t h o s e  a s  h i s  f a n c y  d i c t a t e d  a n d  we  w o u l d  t r e a t  t h e m  a11 
the  s a m e  - m e r e l y  as  d e l i m e t e r s .  W h e n  i t  b e c a m e  n e c e s s a r y  to 
a c t u a l l y  d i s t i n g u i s h  p l u s  (+) f r o m  the  o t h e r s  t he  l i n e  of s y n t a x  a b o v e  
was rewritten as 

OP = '*', OR, '+', (STUCLA), OR, ',', ENDFNC (line 4B 
F i g u r e  3) 
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w h e r e  t h e  r o u t i n e ,  S T U C L A ,  i n s e r t s  in  t h e  s i m p l e  e q u a t i o n  s t r i n g  t h e  
d i s t i n c t i v e  c h a r a c t e r  s t r i n g  + U C L A + .  T h i s  i n s e r t i o n  i s  b e t w e e n  t h e  
t w o  t e r m s  s e p a r a t e d  b y  p l u s  i n  t h e  o r i g i n a l  e q u a t i o n .  T h e  e q u a t i o n  

NF01/J = NF01/A * BFOZ/A + NF01/B 

o r i g i n a l l y  t r a n s l a t e d  a s  

3 NF01/JNF01/A BF0Z/ANF01/B 

i s  n o w  t r a n s l a t e d  a s  

3NF01/JNF01/A BF0 2/A +U C LA +NF01/B 

T h i s  c h a n g e  w a s  t h e r e f o r e ,  v e r y  e a s y  to i m p l e m e n t  by  m a k i n g  a s i m p l e  
c h a n g e  in  t h e  s y n t a x .  I t  s h o u l d  be  m e n t i o n e d  t h a t  t he  i n s e r t i o n  o f  
+ U C L A +  in  t h e  s i m p l e  e q u a t i o n  w a s  a s o l u t i o n  v e r y  r e a d i l y  h a n d l e d  by  
t h e  t a b l e  b u i l d i n g  s u b r o u t i n e .  

SECTION 4 

CONTROLS PROCESSOR 

In a d d i t i o n  to l o g i c  e q u a t i o n s  L O G C O M  h a s  n u m e r o u s  o t h e r  i n p u t s .  A l l  
of  t h o s e  a r e  r e a d  a n d  p r o c e s s e d  by  l i n e s  of  s y n t a x .  T h e s e  i n p u t s  f a l l  
i n t o  f i v e  c a t e g o r i e s  k n o w n  to L O G C O M  a s  A L T E R S  ( u p d a t e ) ,  NAMECHANGE, 
T Y P E ,  D E B U G  a n d  O P T I O N S ,  A c a r d  i s  r e c o g n i z e d  a s  to  c a t e g o r y  by  
w h i c h  of  t he  c h a r a c t e r s  A, N~ T,  D o r  O i t h a s  i n  c o l u m n  1. F o r  
i n s t a n c e ,  A i n d i c a t e s  A L T E R S ,  N i n d i c a t e s  NAMECHANGE, e t c .  T h e s e  
c o n t r o l  c a r d s  c a n  be  m i x e d  t o g e t h e r  i n  a n y  o r d e r  e x c e p t  f o r  t h e  o n e  
r e s t r i c t i o n  t h a t  a l l  of  t h e  A L T E R  c a r d s  m u s t  be  t o g e t h e r .  T h i s  
r e s t r i c t i o n  i s  n e c e s s a r y  b e c a u s e  i t  i s  d e s i r a b l e  to p r o c e s s  a l l  of  t h e  
A L T E R ' s  a t  o n e  t i m e . .  F o r  t he  o t h e r  c a t e g o r i e s ,  h o w e v e r ,  t he  c a r d s  
a r e  s c a n n e d  a n d  t a b l e s  a r e  b u i l t  d i r e c t e d  b y  s y n t a x .  Of t h e s e  f o u r ,  
o n l y  t h e  O P T I O N S  c a r d  w i l l  be  d i s c u s s e d ,  a l t h o u g h  e x a m p l e s  of  t he  o t h e r s  
a r e  s h o w n  in  F i g u r e  4 to i n d i c a t e  t h e  d i f f e r e n t  f o r m a t s .  

O n c e  t h e  O i n  c o l u m n  o n e ,  s i g n i f y i n g  an  O P T I O N S  c a r d ,  h a s  b e e n  
r e c o g n i z e d  t h e  s c a n n e r  s k i p s  s i x  c h a r a c t e r s  so  t h e  fu l l  w o r d  O P T I O N S  
m a y  b e  w r i t t e n  i f  c l e s i r e d .  ( S i m i l a r  c o r / v e n t i o n s  e x i s t  f o r  t h e  o t h e r  
C O N T R O L S  c a t e g o r i e s ) .  I t  then s c a n s  t h e  c a r d  l o o k i n g  fo r  o p t i o n s  
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CONTROL CARDS 

OP TIO NS 

NAME 

OP T IONS 

ALTER 

ALTER 

BA05DC 

END ALTER 

TYPE-N 

TYPE-F 

OP TIONS 

NAME 

NO MASTER 

JTI5/I = FTi5/I 

INDEX, NPINS=i6 

77, 79 

llZ, i12 

NBI5CC - ENABLE 

LOGIC RELEASE 

NO. OUT @ C=i , D=Z @ 

F=i , T=Z @ C=I,D=Z,P=3, S=4 

NO MERGED USED ON 

JTi4/I=FTi4/I 

@ 

- FIGURE 4 - 
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s e p a r a t e d  b y  c o m m a s .  T h e s e  o p t i o n s  a r e  w r i t t e n  e i t h e r  in  the  
f o r m  I N D E X  (NO I N D E X )  o r  N B O X E S  = Z6. To e a c h  v a l i d  
o p t i o n  c o r r e s p o n d s  a l o c a t i o n  in a s t a t u s  t a b l e  w h e n  the  s t a t u s  
of  e a c h  o p t i o n  i s  k e p t .  F o r  o p t i o n s  t h a t  a r e  e i t h e r  on o r  off ,  one  
and  z e r o  a r e  u s e d  r e s p e c t i v e l y  to d e n o t e  t h e s e  s t a t e s .  F o r  
N B O X E S  = 26 the v a l u e  26 w o u l d  a c t u a l l y  be  p l a c e d  in the  
c o r r e s p o n d i n g  p o s i t i o n  in  the  t a b l e .  

S y n t a x  l e n d s  i t s e l f  to t h i s  u s a g e  v e r y  w e l l  s i n c e  the  l e t t e r s  w h i c h  
s p e l l  an  o p t i o n  s u c h  a s  I N D E X  c a n  be  r e c o g n i z e d ,  in  o r d e r ,  u s i n g  
l i t e r a l s .  T h e n  a s i m p l e  s e m a n t i c  r o u t i n e  c a n  s e t  the  c o r r e c t  
c o r e  l o c a t i o n  to one  - 

'I','N', 'D', 'E ~, 'X', (SETONE) 

S i m i l a r l y  

'N', 'O', (BLANK), 'I', 'N', 'D', 'E', 'X', (SETZRO) 

c a n  s e t  the  c o r r e c t  c o r e  l o c a t i o n  to z e r o .  F i n a l l y  N B O X E S  = 26 c a n  be  
h a n d l e d  

'N', 'B', 'O', 'X', 'E', 'S', (BLANK), ':', (BLANK), (SETINT) 

w h e r e  S E T I N T  r e a d s  the  26, c o n v e r t s  i t  to b i n a r y ,  and  s t o r e s  i t .  

A no t  i m m e d i a t e l y  o b v i o u s  a d v a n t a g e  of  s u c h  a m e t h o d  i s  the  a b i l i t y  to 
/ d e f i n e  s t a n d a r d  o p t i o n s .  S t a n d a r d  v a l u e s  f o r  e a c h  o p t i o n  c a n  be  i n t e r n a l  

d a t a  - a s s e m b l e d  in to  the  s t a t u s  t a b l e  - and  t h e s e  v a l u e s  w i l l  be  u s e d  
u n l e s s  c h a n g e d  b y  the  c o n t e n t s  of  s o m e  O P T I O N S  c a r d .  T h i s  i s  
c o n v e n i e n t  a s  u s u a l l y  the  u s e r  o n l y  w i s h e s  to s p e c i f y  a f e w  n o n - s t a n d a r d  
o p t i o n s .  H e  c a n  in  f a c t  e l e c t  a l l  s t a n d a r d  o p t i o n s  and  i n c l u d e  no O P T I O N S  
a t  a l l .  

M o r e o v e r  c o n t r o l  c a r d s  in  the  o t h e r  c a t e g o r i e s  n e e d  o n l y  be  p r e s e n t  i f  
i n f o r m a t i o n  b e l o n g i n g  to t h a t  c a t e g o r y  i s  to b e  r e a d .  T h u s  the  u s e r  c a n  
o b t a i n  an i n d e x  and  s e t  N P I N S  to 16 b y  j u s t  i n c l u d i n g  d a t a  c a r d  t h r e e  of  
F i g u r e  4 a n y w h e r e  in  h i s  d a t a  d e c k .  T h i s  i s  c o n s i d e r a b l y  m o r e  
c o n v e n i e n t  t h a n  p l a c i n g  a one  in c o l u m n  t w e n t y  of  d a t a  c a r d  two  and  s i x t e e n  
in  c o l u m n s  f i v e  and  s i x  of  d a t a  c a r d  t h r e e .  T h e  n o n - s t a n d a r d  o p t i o n s  
s e l e c t e d  and  the  v a l u e s  s e t  a r e  c l e a r  f r o m  the  d a t a  and  the  u s e r  n e e d  n o t  
w o r r y  a b o u t  i n c l u d i n g  d u m m y  c a r d s  f o r  s e c t i o n s  of  d a t a  he  d o e s  no t  n e e d  
to i n p u t .  F o r  i n s t a n c e  in  L O G C O M  i f  h e  d o e s  n o t  h a v e  N A M E  C H A N G E  
d a t a  h e  d o e s  n o t  h a v e  to  i n c l u d e  d u m m y  d a t a  to t e l l  L O G C O M  no s u c h  d a t a  
w i l l  b e  i n p u t  t h i s  r u n .  A l s o  a s  i n d i c a t e d  a b o v e  the  c o n t r o l  c a r d s  a r e  k e p t  
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t o g e t h e r  a n d  in  o r d e r .  

A s  a d d i t o n a l  o p t i o n s  h a v e  b e e n  a d d e d  to L O G C O M  c h a n g i n g  t h e  
s y n t a x  to h a n d l e  t h e m  h a s  b e e n  f o r  t h e  m o s t  p a r t  m e c h a n i c a l .  T h i s  
f e a t u r e  c o m b i n e d  w i t h  t h e  o t h e r  a d v a n t a g e s  d e s c r i b e d  h a s  m a d e  t h e  
O P T I O N S  c a r d  a d e s i r a b l e  f e a t u r e  f o r  u s e  b y  t h e  o t h e r  p r o g r a m s  in  
o u r  s y s t e m .  To  d a t e  o n l y  o n e  o t h e r  p r o g r a m  n o w  p o s s e s s e s  t h i s  
c a p a b i l i t y  b u t  we  e x p e c t  to  e x t e n d  i t  to  o t h e r  p r o g r a m s  a s  t i m e  p e r m i t s .  

S E C T I O N  5 

P R O P O S E D  C H A N G E  TO L O G C O M  

L o g i c  d e s i g n e r s  a t  H u g h e s  a r e  c u r r e n t l y  w r i t i n g  e q u a t i o n s  f o r  m a n y  
c i r c u i t s  w h i c h  a r e  n o t  s a t i s f a c t o r i l y  r e p r e s e n t e d  b y  o n e  A N D - O R  
( N A N D - N O R )  e q u a t i o n .  F l i p - f l o p s  a n d  a d d e r s  a r e  two  s u c h  e x a m p l e s .  
a n d  l a r g e  s c a l e  i n f e g r a t e d  c i r c u i t s  c a n  c e r t a i n l y  be  e x p e c t e d  to be  
a n o t h e r .  O u r  s o l u t i o n  i s  to  w r i t e  s e v e r a l  e q u a t i o n s  f o r  s u c h  a c i r c u i t .  
F o r  i n s t a n c e  o n e  e q u a t i o n  w i l l  b e  w r i t t e n  f o r  e a c h  of  t h e  i n p u t s  o f  a 
flip-flop {clock, set, etc) or for each stage of an adder. In order 
to be handled by our partitioning program, however, these equations 
must satisfy nomenclature conventions which allow different equations 
describing the same circuit to be so recognized. An alternate procedure 
suggested by the Hughes logic design area is to write for these circuits 
pin-oriented equations. More specifically the right side of such an 
equation should consist of special terms separated by commas. A 
special term is a signal name enclosed in parentheses which is followed 

by a pin name. A sample equation would be: 

M D 3 Z T .  = ( A F 0 6 1 T ) B ,  ( A F 0 6 1 S ) C ,  ( N L 0 6 Z T ) E  

If a one to one correspondence is established between pin names and 
positions in the simple equation string, the pin information will be 
present in the simple equation. The scanner-processor of LOGCOM 
reading the special term (AF061S)C would have to recognize the C and 
insert AF061S in the proper place in the simple equation. Moreover, 
when a pin is not used the corresponding positions on the simple 
equation would have to be left blank. The simple equation for the 

equation MD3ZT might then be: 

4MD32T. AF061TAF061S NL062T 
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C h a n g i n g  the s y n t a x  s o  t h a t  i t  w i l l  a l s o  p r o c e s s  e q u a t i o n s  of  t h i s  
t y p e  i s  n o t  e x p e c t e d  to  be  d i f f i c u l t  and  m u c h  of  t h i s  w o r k  h a s  
a l r e a d y  b e e n  d o n e .  At  t h i s  p o i n t  we  a r e  m o s t l y  w a i t i n g  fo r  
c l e a r e r  d e f i n i t i o n  b e f o r e  w e  w r i t e  and  d e b u g  the  r e m a i n d e r  of  the  
s e m a n t i c  r o u t i n e s .  

SECTION 6 

S U M M A R Y  

To date our experiences with syntax have been gratifying. It has 

been effective both in the scanner-processor and CONTROLS sections 

of LOGCOM. The use of the OPTIONS card has been extended to 

another program and in the future its use should be extended to several 

more. In addition it has been proposed that syntax be written to read 

a l l  o r  m o s t  of  the  d a t a  in o t h e r  D A p r o g r a m s .  

We h a v e  a l s o  w r i t t e n  a s y n t a x - d i r e c t e d  p r o g r a m  w h i c h  r e s e q u e n c e s  
the  e x t e r n a l  f o r m u l a  n u m b e r s  in a F O R T R A N  d e c k .  T h i s  r e s e q u e n c i n g  
i s  f r e q u e n t l y  u s e f u l  f o r  l a r g e  d e c k s .  F o r  u s  t h e n  s y n t a x  h a s  b e e n ,  and  
c o n t i n u e s  to b e ,  a h e l p f u l  and  v e r s a t i l e  t o o l .  
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APPENDIX A 

BRIEF DESCRIPTION OF SYNTAX 

Syntax is essentially a language whose major application is scanning 

and operating on character strings. A line of syntax is an 

instruction in this language which determines what actions will take 

place if specified tests are satisfied. Examples of lines of syntax 

appear in Figure 3 in the text. The name of a line of syntax is just the 

name appearing to the left of the equals sign. The right side of an 

equation consists of alternatives separated by OR's with the entire 

line terminated by ENDFNC. Alternatives consist of terms which are 
separated by commas. The individual terms fall into four categories: 

I) literals which consist of a single character set off by apostrophes 
('+'); 

2) names of semantic routines which are enclosed in parentheses; 

3) names of other lines of syntax; and 

4) the  s p e c i a l  t e r m s  OR,  E N D F N C  and  R P T .  

Associated with and necessary to the understanding of syntax are two 

pointers and the concepts of TRUE and FALSE. The syntax pointer 

keeps track of where we are in the syntax (which term of which line) 

and the character pointer points to that character in our data string 
which we are going to consider next. If the syntax pointer is pointing 

to a term B and the character pointer is pointing to a character ~, the 

following will occur: 

I) If 8 i s  a l i t e r a l ,  a and  8 wi l l  be  c o m p a r e d  a n d  the  c h a r a c t e r  p o i n t e r  
w i l l  be i n c r e m e n t e d  by  o n e .  If 0¢ and  8 a r e  e q u a l  a T R U E  c o n d i t i o n  
r e s u l t s  w h i c h  means t h a t  the  s y n t a x  p o i n t e r  i s  i n c r e m e n t e d  by  one .  I f  
t h e y  a r e  no t  e q u a l  a F A L S E  c o n d i t i o n  r e s u l t s  a n d  the  s y n t a x  p o i n t e r  
s k i p s  to t h e  n e x t  OR or  E N D F N C  ( w h i c h e v e r  o c c u r s  f i r s t )  u n l e s s  8 
i s  i m m e d i a t e l y  fo l lovced  by  a R P T .  In  t h i s  c a s e  t he  p o i n t e r  i s  
incremented by two so that it points to the term immediately after 

the RPT. 
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z) If 8 i s  t he  n a m e  of a s e m a n t i c  r o u t i n e  c o n t r o l  w i l l  be  t r a n s f e r r e d  
to t h i s  r o u t i n e  w h e r e  s o m e  a c t i o n  w i l l  be  p e r f o r m e d .  A s e m a n t i c  
r o u t i n e  i s  j u s t  a s u b r o u t i n e  w i t h  a r e c o n d i t e  n a m e  w h i c h  r e t u r n s  
and  i s  c a l l e d  in  n o n - s t a n d a r d  m a n n e r s .  I t  m a y  r e a d  in  c h a r a c t e r s  
( i n c r e m e n t i n g  the  c h a r a c t e r  c o u n t e r s ) ,  m a k e  t e s t s ,  b u i l d  t a b l e s ,  
c a l l  o r d i n a r y  s u b r o u t i n e s  and  e v e n t u a l l y  w i l l  t e r m i n a t e  i t s  
a c t i v i t i e s  r e t u r n i n g  e i t h e r  T R U E  o r  F A L S E  ( d e p e n d e n t  on the  
s u c c e s s  i t  e n j o y e d  in  i t s  l a b o r s ) .  The  T R U E  o r  F A L S E  c o n d i t i o n  
t h a t  r e s u l t s  h a s  the  s a m e  e f f e c t  a s  w h e n  8 w a s  a l i t e r a l .  A T R U E  
c o n d i t i o n  c a u s e s  the  s y n t a x  p o i n t e r  to be  i n c r e m e n t e d  and  a F A L S E  
c o n d i t i o n  c a u s e s  the  p o i n t e r  to sk ip  to the  n e x t  OR or  E N D F N C  u n l e s s  
the  n e x t  t e r m  i s  a R P T .  

3) If  8 i s  t he  n a m e  of  a n o t h e r  l i ne  of s y n t a x ,  the  s y n t a x  p o i n t e r  w i l l  be  
f o r c e d  to p o i n t  to the  f i r s t  t e r m  of t h a t  l i n e  of  s y n t a x .  T h i s  i s  
r e f e r r e d  to as  c a l l i n g  a n o t h e r  l i ne  of s y n t a x .  B e f o r e  the  c a l l ,  
h o w e v e r ,  t he  c u r r e n t  v a l u e s  of the  s y n t a x  p o i n t e r  and  the  c h a r a c t e r  
c o u n t e r  w i l l  be  a d d e d  to the  s y n t a x  p o i n t e r  s t a c k  and  c h a r a c t e r  p o i n t e r  
s t a c k ,  r e s p e c t i v e l y .  T h e s e  s t a c k s  a r e  n e c e s s a r y  fo r  the  s p e c i a l  
t e r m s  OR and  E N D F N C .  

4) If 8 is an OR or an ENDFNC and the last term was TRUE the entire 

statement in which B occurs is TRUE. Let us give this line the name 

RSIDE. The syntax and character pointers are then reset to the 

last values placed in the stacks and these values are deleted from 

the stacks. Evidently at some time in the past the syntax pointer was 

pointing to an occurrence of the term RSIDE which belongs to category 

three. (For instance term eight of EQN in Figure 3). At that time 

the syntax pointer was forced to the first term of the line RSIDE and 

now that RSIDE has been found TRUE the pointer is returning to that 

original term. Moreover since RSIDE is TRUE that term becomes 
TRUE and the syntax pointer will be incremented by one (to point to 

(OLDNEW) in EQN) and processing will continue. 

If the  l a s t  t e r m  t e s t e d  w a s  F A L S E  and  8 i s  an  OR the  s y n t a x  p o i n t e r  i s  
i n c r e m e n t e d  by  one  a n d  the  n e x t  a l t e r n a t i v e  wi l l  be  p r o c e s s e d .  A l s o  
t he  c h a r a c t e r  p o i n t e r  w i l l  be  r e s e t  to the  v a l u e  i t  h a d  w h e n  p r o c e s s i n g  
b e g u n  on the  p r e c e d i n g  a l t e r n a t i v e .  If 8 i s  an  E N D F N C  the  p o i n t e r s  a r e  
r e s e t  f r o m  the  l a s t  v a l u e s  pu t  in  the  s t a c k s  a s  a b o v e  bu t  now the  l i n e  
R S I D E  i s  F A L S E .  T h e r e f o r e  t he  t e r m  to w h i c h  the  s y n t a x  p o i n t e r  i s  
r e s e t  i s  F A L S E  and  t h i s  F A L S E  t e r m  wi l l  h a v e  the  s a m e  e f f e c t  a s  
a l w a y s  on the  s y n t a x  p o i n t e r .  
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F i n a l l y ,  i f  B i s  a R P T  and  the  p r e c e d i n g  t e r m  w a s  T R U E  the  s y n t a x  
p o i n t e r  i s  d e c r e m e n t e d  by  one  a n d  the  p r e c e d i n g  t e r m  i s  r e p e a t e d .  
The  e f f e c t  of  a R P T  w h e n  the  p r e c e d i n g  t e r m  i s  F A L S E  h a s  a l r e a d y  b e e n  
d i s c u s s e d .  E s s e n t i a l l y  a R P T  c a u s e s  t h e  p r e c e d i n g  t e r m  to be r e p e a t e d  
u n t i l  i t  e v e n t u a l l y  g o e s  F A L S E  a t  w h i c h  t i m e  the  s y n t a x  p o i n t e r  s k i p s  
to t h e  t e r m  a f t e r  the  R P T .  

C o n s i d e r  a s e q u e n c e  of l i n e s  of  s y n t a x ,  L 1, L Z, - - -  L n,  s u c h  t h a t  
L i c a l l s  L i +  1. R e c u r s i o n  i s  s a i d  to e x i s t  w h e r e  a t e r m  in  one  of t he  
l i n e s ,  L i ,  i s  t he  n a m e  of a n o t h e r  of  the  l i n e s ,  L j ,  a n d  j $ i .  In e f f e c t  
a loop  i s  d e f i n e d  on  the  s y n t a x .  R e c u r s i o n  e x i s t s  a t  t e r m  f i v e  of the  l i n e  
of s y n t a x  R S I D E  in  F i g u r e  3. 

To s u m m a r i z e  a l i n e  of  s y n t a x  c o n s i s t s  of a l t e r n a t i v e s ,  s e p a r a t e d  by  O R ' s ,  
a n d  t e r m i n a t e d  by  an  E N D F N C ,  An  a l t e r n a t i v e  i s  a s t r i n g  of  t e r m s  
s e p a r a t e d  by  c o m m a s  a n d  e a c h  t e r m  i s  e i t h e r  a l i t e r a l  { c a t e g o r y  (1) a b o v e ) ,  
t he  n a m e  of a s e m a n t i c  r o u t i n e  {Z), the  n a m e  of a n o t h e r  l i n e  of s y n t a x  (3), 
o r  the  s p e c i a l  t e r m  R P T  {4). S y n t a x  a n d  c h a r a c t e r  p o i n t e r s  e x i s t  a n d  
r e f e r  to c u r r e n t  l o c a t i o n s .  S t a c k s  f o r  t h e s e  p o i n t e r s  e x i s t  a n d  a l l o w  t h e  
s y n t a x  p o i n t e r  to r e t u r n  to t e r m s ,  w h i c h  a r e  n a m e s  of  l i n e s  of s y n t a x  
{3), a f t e r  t he  r e f e r e n c e d  l i n e s  h a v e  b e e n  d e t e r m i n e d  T R U E  o r  F A L S E .  
R e c u r s i o n  i s  s a i d  to e x i s t  w h e n  a l oop  i s  d e f i n e d  in  t h e  s y n t a x .  
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