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HlSrORJCAl 
F O R T H  was o r e a t e d  by H r .  C h a r l e s  H. 

n o o r e  i n  a b o u t  1969 a t  t h e  N a t i o n a l  Radio 
Astronomy O b s e r v a t o r y ,  C h a r l o t t e s v l l l e ,  V A .  
I t  was c r e a t e d  o u t  of h i s  d i s s a t i s f a o t i o n  
w l t h  a v a i l a b l e  programming t o o l s ,  e s p e o i a l l y  
f o r  a u t o m a t l o n .  D i s t r i b u t i o n  of h l a  work t o  
o t h e r  o b s e r v a t o r i e s  h a s  made FORTH t h o  
d e - f a c t o  s t a n d a r d  l a n g u a g e  f o r  o b s e r v a t o r y  
a u t o m a t i o n .  

M r .  n o o r e  and s e v e r a l  a a a o c i a t e s  
formed F o r t h  I n c .  i n  1 9 7 3  f o r  t h e  p u r p o s e  
o f  l l c e n a l n g  and s u p p o r t  of t h e  FORTH 
O p e r a t i n g  S y s t e m  a n d  Programming Language ,  
and t o  s u p p l y  a p p l i c a t i o n  p r o g r a a a i n g  t o  
meet cus tomers’  u n i q u e  r a q u i r e m e n t r .  

FORTH e n j o y s  a s y n e r g l s m  or its 
f e a t u r e * .  I t  h a s  none  o f  t h e  e l e p h a n t i n e  
c h a r a c t e r i s t i c s  of PL/1 o r  F O R T R A N .  I t  has 
a d e n s i t y  and s p e e d  f a r  s u r p a o r l n g  BASIC, 
b u t  r e t a i n s  an i n t e r o e t i v e  n a t u r e  d u r i n g  
p rogram d e v e l o p m e n t .  Sinoa i t  1s 
e x t e n s l b l e ,  s p e c i a l  wordo a r e  e a s i l y  d e f i n e d  

PERSPECTIVE 
t o  g i v e  it t h e  tmrsanm8a or APL. It8 
c l a r i t y  and c o n a i a t a n o y  r e a r l t  f rom b o l a s  
t h e  p r o 4 u o t  OF a single 8 l n d .  (an v m r m  A?% 
and  PASCAL).  

A l t h o u f i  t h o  l a n g u a g e  o p a o l f l o a t i o n  and 
many l r p l e o e n t a t l o n s  are  i n  the p u b l l a  
d o m a i n ,  many o t h e r  i m p l e a e n t a t l o n a  and  
a p p l i c a t i o n  p a c k a g e s  8m a r 8 i l a b l o  8 .  
program p r o d u c t s  of c o r m m r o l a l  8 u p p l l e r a .  

The FORTH In t e re s t  Group 18 omnterad l n  
n o r t h e r n  Ca l i fo rn ia .  I t  waa fo rmed  in ! 9 7 8  
by 10081 FORTH programre rm t o  aocour8ga Uam 
of t h e  l a n g u a g o  by t h e  intmrohanae of ldeam 
t h o u g h  8emiaars and  p u b l l o a t l o n a .  Abou t  300 
m e m b e r s  a r e  p r e s e n t l y  a88OOl8tOd ? n t o  a 
~ o o s e  n a t i o n a l  o r g a n i z a t i o n .  ( ‘Looam moans 
t h a t  no b u d g e t  o x i s t a  t o  s u p p o r t  any f o r m 1  
e f f o r t . )  A l l  e f f o r t  is on a v o l u n t e e r  br8fa 
and  t h e  g r o u p  l a  a s m o a l a t o d  with no vondors. 

;3 W.?.R 8 /20 /78  
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D T C  V E R S U S  I T C  FOR F O R T H  ON THE PDP-11 

By D a v i d  J. S i r a g  
L a b o r a t o r y  S o f t w a r e  Systems, Inc.  

3636 M a n d e v i l l e  Canyon Road, Loo Angeles,  C A  90049 

D u r i n g  t h e  d e s i g n  o f  LABFORTH, t h e  F O R T H  i m p l e m e n t a t i o n  b y  
L a b o r a t o r y  So f tware  Systems, t h e  c h o i c e  had t o  b e  made b e t w e e n  d i r e c t  
t h r e a d e d  code ( D T C )  and i n d i r e c t  t h r e a d e d  code ( I T C ) .  A d e t a i l e d  
a n a l y s i s  showed DTC t o  be s i g n i f i c a n t l y  S u p e r i o r  t o  I T C  i n  b o t h  speed 
and s i t e .  T h i s  a n a l y s i s  c o n t r a d i c t s  t h e  f i n d i n g s  o f  Dewar ( A C M  June 
1975)  w h i c h  were r e f e r e n c e d  i n  t h e  "Threaded Code" a r t i c l e  i n  t h e  
August  1978 i s s u e  o f  F O R T H  D imens ions .  Dewar compared h i s  u s e  o f  I T c  
w i t h  DTC a s  usqd f o r  PDP-11 FORTRAN. H i s  a n a l y s i s  does  n o t  a p p l y  t o  
t h e  i m p l e m e n t a t i o n  o f  F O R T H  on  t h e  PDP-11. 

The FORTH a n a l y s i s  i n v o l v e s  3 t y p e s  o f  d e f i n i t i o n s  - low l e v e l  
( C O D E ) ,  h i g h  t e v e l  (COLON), and s t o r a g e  ( v a r i a b l e , e t c ) .  The l o w  l e v e l  
d e f i n i t i o n s  w i l l  be  e n c o u n t e r e d  most  f r e q u e n t l y  b y  f a r  because  o f  t h e  
p y r a m i d a l  n a t u r e  o f  F O R T H  d e f i n i t i o n s .  O n  t h e  o t h e r  hand, s t o r a g e  
d e f i n i t i o n s  w i l l  be e n c o u n t e r e d  f a r  l e s s  f r e q u e n t l y  i n  FORTH t h a n  i n  
F O R T R A N  because i n  F O R T H  t h e  s t a c k  i s  used  e x t e n s i v e l y  w h i t e  i n  
F O R T R A N  n o  s t a c k  i s  a v a i l a b l e .  Also, when s t o r a g e  l o c a t i o n s  a r e  used  
i n  FORTH o p e r a t o r s  a r e  a v a i l a b l e  w h i c h  m i n i m i z e  t h e  number o f  
r e f e r e n c e s .  Fo r  example, i n  FORTRAN 

COUNT = COUNT + 1 

i n v o l v e s  2 r e f e r e n c e s  t o  t h e  v a r i a b l e  COUNT, w h i l e  i n  FORTH 

COUNT 1+!  

i n v o l v e s  o n l y  1 r e f e r e n c e .  I t  s h o u l d  b e  n o t e d  t h a t  i n  LABFORTH, l+! 
4s a p r i m i t i v e ,  but  i t  i s  n o t  i n  some o t h e r  v e r s i o n s  o f  F O R T H .  
A n o t h e r  f a c t o r  w h i c h  r e d u c e s  t h e  r e f e r e n c e s  t o  s t o r a g e  l o c a t i o n s  i s  
t h a t  i n  FORTH l i t e r a l s  a r e  p l a c e d  i n  l i n e  and h a n d l e d  b y  a r e f e r e n c e  
t o  t h e  LITERAL ( l o w  l e v e l )  r o u t i n e .  

The OTC and I T C  r o u t i n e s  f o r  t h e  3 t y p e s  o f  d e f i n i t i o n s  a r e  shown 
below, t h e y  a r e  condensed t o  show o n l y  t h e  r e l a t i v e  PDP-11/40 
ove rhead .  The r e g i s t e r  n o t a t i o n  i n  t h e  r o u t i n e s  i s  as f o l l o w s :  

Q i s  t h e  cue r e g i s t e r  ( R 5 )  w h i c h  p o i n t s  t o  t h e  n e x t  a d d r e s s .  
I t  i s  c a l l e d  I C  ( i n s t r u c t i o n  c o u n t e r )  i n  some l i t e r a t u r e .  

S is t h e  s t a c k  p o i n t e r  (R1). 

R i s  t h e  r e t u r n  s t a c k  p o i n t e r  ( R 6 ) .  

P i s  t h e  p r o g r a m  c o u n t e r  (R7). 

R O  i s  a t e m p o r a r y  r e g i s t e r  assumed t o  b e  a v a i l a b l e .  
0 - >  
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DTC AND I T C  R O U T I N E S  

NARE 

L I N K  
8 

J S R  a,a(P)+ 

AODRESSE S 

LOW 
L E V E L  
D E F I N I T I O N  
( CODE 1 

= N E S T  

OVE R H E A 0  
2 WORDS 
8.0 USEC 

H 1 6 M  
L E V E L  
D E F I N I T I O N  
( C O L O N )  

NAME 
8 

L I N K  
CODE ADDR 

ADDRESSES 

ADR UNNEST:\ 

STORAGE 
DEf X N I ?IOU 
4 Y A R A  I 8 C f  1 

, N E S T :  
4'MOV Q,-(R) 

MOV RO,Q 
MOV 2 ) + , R O  
JMP a(Ro)+ 
OVERHEAD 
2 WORDS 
14.0 U S f C  

DfC 

m L I N K  

R A C H I N E  
OVERHEAD 
1 WORD 
2.3 USEC 

, = N E X T  

OVERHEAD 
2 UORDS 
5.7 USEC 

NARE 
E 

L I N K  
bCODE ADDR 
M A C H I N E  
CODE 

M O V  ( ~ ) + , R o  
JMP a ( R O ) +  

OVERHEAD 
3 WORDS 
4.6 USEC 

= N E X T  

OVE: R H E A 0 
1 WORD 
4.6 USEC 



The d i s t i n c t i o n  be tween  DTC and I T C  as  a p p l i e d  t o  F O R T H  i s  t h a t  
i n  D T C  e x e c u t a b l e  mach ine  code i s  e x p e c t e d  a s  t h e  f i r s t  word a f t e r  t h e  
d e f i n i t i o n  name; u h i l e ,  i n  I T C  t h e  a d d r e s s  o f  t h e  mach ine  code i s  
expec ted .  Thus t h e  D T C  space advan tage  i n  t h e  e n t r y  t o  a l ow l e v e l  
d e f i n i t i o n  i s  o b v i o u s .  The mach ine  code o f  t h e  low l e v e l  d e f i n i t i o n  
t e r m i n a t e s  w i t h  t h e  " N E X T "  r o u t i n e .  I n  DTC N E X T  i s  a 1 word  r o u t i n e  
w h i l e  i n  I T C  t h e  e x t r a  l e v e l  o f  i n d i r e c t i o n  r e s u l t s  i n  a 2 
r o u t i n e  (Note :  a JMP NEXT wou ld  a l s o  t a k e  2 words ) .  

r 
DTC V E R S U S  I T C  O V E R H E A D  S U M M A R Y  

PLC Kc Q T C  A D V A N T A G E  

I 
Low l e v e l  1 word  3 words  2 words  
( CODE 1 2.3 usec  4.6 usec  2.3 usec  

I n  t h e  h i g h  l e v e l  d e f i n i t i o n  t h e  mach ine  code o f  t h e  " N E S T "  
r o u t i n e  i s  s t o r e d  i n  l i n e  f o r  DTC, b u t  s i n c e  i t  i s  o n l y  1 w o r d ,  i t  
t a k e s  no more room t h a n  t h e  p o i n t e r  t o  t h e  " N E S T "  r o u t i n e .  However, 
t h e  1 i n s t r u c t i o n  f o r  DTC t a k e s  c o n s i d e r a b l y  l e s s  t i m e  t o  e x e c u t e  t h a n  
t h e  4 i n s t r u c t i o n s  f o r  I T C  (Note :  r e p l a c i n g  t h e  l a s t  2 i n s t r u c t i o n s  
w i t h  JMP N E X T  wou ld  t a k e  even more t i m e ) .  The r e m a i n i n g  words i n  t h e  
h i g h  l e v e l  d e f i n i t i o n  a r e  a d d r e s s e s  i n  b o t h  cases.  The l a s t  a d d r e s s  
p o i n t s  t o  t h e  UNNEST r o u t i n e  w h i c h  a g a i n  i s  more complex f o r  Z T C  
because o f  t h e  a d d i t i o n a l  i n d i r e c t i o n .  

S t  o r  age 2 words  1 word  -1 word  
(VARIABLE) 5.7 usec  4.6 usec  -1.1 usec  

High l e v e l  2 words  
(COLON) 8.0 usec  

2 u o r d s  0 words  
14.0 usec  6.0 usec  

The summary t a b l e  shows t h a t  DTC has  t h e  o v e r h e a d  a d v a n t a g e  i n  
bo th  l o w  l e v e l  and h i g h  l e v e l  d e f i n i t i o n s ;  w h i l e  I T C  has  t h e  a d v a n t a g e  
i n  s t o r a g e  d e f i n i t i o n s .  C o n s i d e r i n g  t h e  h i g h  o c c u r r e n c e  o f  l o w  l e v e l  
d e f i n i t i o n s  and t h e  l o w  usage  o f  s t o r a g e  d e f i n i t i o n s ,  one c a n  see t h a t  
a FORTH i m p l e m e n t a t i o n  w i t h  D T C  has  I s i g n i f i c a n t  speed and space 

- - >  
P A G E  2 7  

FORTH tNTEREST GROUP . * * * *  RO. BOX 1105 * * * * *  San Carlos, Ca. 94070 



advan tage  o v e r  one u s i n g  I T C .  To make t h e  a d v a n t a g e  more c o n c r e t e  
w e i g h t s  s h o u l d  be a s s i g n e d  t o  t h e  v a r i o u s  d e f i n i t i o n  t y p e s .  I f  we 
have a p rogram c o n t a i n i n g  500 d e f i n i t i o n s  ( i n c l u d i n g  t h e  s t a n d a r d  
FORTH d e f i n i t i o n s ) ,  we m i g h t  e x p e c t  200 low  l e v e l . .  250 h i g h  l e v e l ,  and 
50 s t o r a g e  d e f i n i t i o n s .  U s i n g  t h e s e  numbers t h e  s i z e  a d v a n t a g e  o f  l o w  
l e v e l ,  h i g h  l e v e l ,  and s t o r a g e  s h o u l d  be w e i g h t e d  -4, - 5 ,  and .l 
r e s p e c t i v e l y .  D u r i n g  t h e  e x e c u t i o n  o f  a program, ue m i g h t  e x p e c t  t h e  
f r e q u e n c y  of o c c u r r e n c e  o f  low l e v e l ,  h i g h  l e v e l ,  and s t o r a g e  t o  b e  
60%, 20%, a n d  20X r e s p e c t i v e l y .  The r e s u l t  o f  a p p l y i n g  t h e s e  w e i g h t s  
i s  shown i n  t h e  f o l l o w i n g  t a b l e .  

1 

a 1 

Low l e v e l  2 x - 4  = - 8  words 2.3 x .6  = 1.38 usec  

H i g h  l e v e l  0 x . 5  = 0 words 6.0 x - 2  = 1.2 usec  

W E I G H T E D  A D V A N T A G E  OF DTC O V E R  I T C  

S t o r a g e  -1 x .1 = 0.1 words -1.1 x . Z  = 0 . 2 2  usec  

Weigh ted  advan tage  .7  words 2.4 u s t c  
J 

S I Z E  A D V A N T A G E  I SPEED A D V A N T A G E  

Thus u s i n g  t h e  w e i g h t e d  advan tage  f o r  DTC we wou ld  e x p e c t  t o  save - 7  
w o r d s  i n  each o f  t h e  500 d e f i n i t i o n s  w h i c h  i s  a t o t a l  o f  350 words. 
A l s o  each t i m e  a d e f i n i t i o n  i s  e x e c u t e d  t h e  ove rhead  wou ld  be  2.4 u s c c  
l e s s .  T h i s  may r e p r e s e n t  a s a v i n g s  o f  20 o r  30% o f  t h e  t o t a l  
e x e c u t i o n  t i m e  o f  t h e  f r e q u e n t l y  used  s h o r t  d e f i n i t i o n s .  

The r e m a i n i n g  advan tage  t h a t  i s  c l a i m e d  f o r  I T C  i s  one o f  mach ine  
i ndepeodance  because no mach ine  code appears  i n  t h e  code g e n e r a t e d  by 
t h e  c o m p i l e r .  B u t  even t h i s  a d v a n t a g e  i s  i l l u s i o n a r y  s i n c e  fORTH 
p r o g r a m s  a r e  t r a n s p o r t e d  i n  s o u r c e  form. I n  f a c t  o n  most sys tems  t h e y  
a r e  c o m p i l e d  each t i n e  t h e y  a r e  l o a d e d  v i a  t h e  L O A D  command. Thus, 
a f t e r  a FORTH sys tem i s  h o s t e d  on a g i v e n  computer,  t h e  mach ine  code 
t h a t  i s  g e n e r a t e d  b y  t h e  c o m p i l e r  i s  s u i t a b l e  f o r  t h a t  p a r t i c u l a r  
machine;  t h i s  i n c l u d e s  t h e  mach ine  code g e n e r a t e d  f o r  t h e  DTC 
r o u t i n e s .  I f  one d i d  t r y  t o  i n t r o d u c e  t h e  c o n c e p t  o f  FORTH 
p o r t a b i l i t y  a t  t h e  o b j e c t  code l e v e l  b y  r e s t r i c t i n g  t h e  ~ r o g r a m s  t o  
h i g h  l e v e l  d e f i n i t i o n s  and p l a c i n g  a l l  mach ine  code i n  a r u n - t i m e  
Package, he  wou ld  s t i l l  p r o b a b l y  have mach ine  dependenc ies  i n  b y t e  
v t r s u s  word  addresses ,  f l o a t i n g  p o i n t  f o rma t ,  and c h a r a c t e r  S t r i n g  
r e p r e s e n t a t i o n .  In any  case, c u r r e n t  FORTH C n p l e n t n t a t i o n s  do not 
c l a i m  t r a n s p o r t a b i l i t y  a t  t h e  o b j e c t  code l e v e l .  - -*  
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The 
s i t ua t i o n  
c o n s i d e r e  
b o t h  spe 
However,  
d i f f e r e n t  
e f f o r t  a 1  

y s i s  o f  DTC v e r s u s  I T C  h a  
e s e n t e d  b y  F O R T H  o n  t h e  
tse o f  DTC p r o v i d e s  s i g n i f  
and s i z t ,  Thus LABFOR 
t i s  r e h o s t e d  o n  a n o t h e r  
The change  w o u l d  b e  h 
u i t h  a l l  t h e  o t h e r  c h a n g e  

FORTH I n t e r e s t  Group  
7 8 1  Old C o u n t r y  Road 
San C a r l o s ,  C A  94070 

s shown 
PDP-11 

i c a n t  
TH was 

colnput 
a n d  1 ed  
s w h i c h  

t h a t  when t h e  s p e c i a l  
a s  o p p o s e d  t o  F O R T R A N  i s  

a d v a n t a g e s  o v e r  I T C  i n  
i m p l e m e n t e d  u s i n g  D T C .  

e r ,  t h e  c h o i c e  may b e  
a s  p a r t  o f  t h e  r e h o s t i n g  
w o u l d  b e  r e q u i r e d .  

;S DJS 

LABORATORY SOFTWARE SYSTEMS, INC. 
3634 MANOEVIUE CANYON ROAD 
LOS ANGELES. CALIF. 90049 
121 3) 472-6995 

Dear  F i g g y ,  

F O R T H  D i m e n s i o n s  i s  j u s t  t h e  s o r t  o f  c o m m u n i c a t i o n s  v e h i c l e  w h i c h  
i s  n e e d e d  b y  the FORTH c o m m u n i t y  f o r  b o t h  u s e r s  a n d  v e n d o r s .  My 
p a y m e n t  f o r  a s u b s c r i p t i o n  i s  e n c l o s e d .  

A S  O r .  R.F, H a r p e r  i n d i c a t e d  i n  a n  e a r l i e r  l e t t e r ,  we a t  
L a b o r a t o r y  S o f t w a r e  Sys tems  h a v e  d e v e l o p e d  a v e r s i o n  o f  F O R T H  o n  t h e  
PDP-11 c a l l e d  LABFORTH. As t h e  name i m p l i e s ,  LABFORTH c o n t a i n s  
f e a t u r e s  w h i c h  make i t  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  s c i e n t i f i c  
l a b o r a t o r y  e n v i r o n m e n t .  T h i s  e n v i r o n m e n t  i n c l u d e s  h i g h  s p e e d  d a t a  
c o l l e c t i o n  a n d  a n a l y s i s ;  t h u s  p a r t i c u l a r  a t t e n t i o n  i s  g i v e n  t o  m a k i n g  
LABFORTH f a s t .  F o r  t h i s  r e a s o n  t h e  d i r e c t  v e r s u s  i n d i r e c t  t h r e a d e d  
c o d e  d i s c u s s i o n  i n  t h e  T h r e a d  Code a r t i c l e  i n  t h e  A u g u s t f S e p t e m b e r  
1978 i s s u e  o f  FORTH D i m e n s i o n s  was o f  p a r t i c u l a r  i n t e r e s t .  Our 
a n a l y s i s  o f  DTC v e r s u s  I T C  was a n  i m p o r t a n t  a s p e c t  o f  t h e  e f f o r t  t o  
d e s i g n  LABFORTH f o r  maximum speed. DTC p r o v e d  t o  b e  f a s t e r  t h a n  I T C  
a n d  a s  a b o n u s  r e q u i r e d  l e s s  space .  An a r t i c l e  o n  t h i s  a n a l y s i s  i s  
e n c l o s e d  f o r  y o u r  p a p e r .  I t  c o n t r a d i c t s  D e w a r ' s  a n a l y s i s  o f  D T C  
v e r s u s  I T C  f o r  DEC's FORTRAN, bu t  h i s  a n a l y s i s  c a n n o t  r e a l l y  b e  
a p p l i e d  t o  FORTH. I f  DEC h a d  u s e d  DTC i n  a more  e l e g a n t  manner,  D T C  
may a l s o  h a v e  f a r e d  b e t t e r  i n  t h e  F O R T R A N  case.  

H o p e f u l l y  t h e  DTC a d v a n t a g e s  w i l l  p e r s u a d e  y o u  t o  d e l e t e  t h e  
r e q u i r e m e n t  t h a t  FORTH b e  i m p l e m e n t e d  w i t h  I T C .  The p r o g r a m m i n g  
t e c h n i q u e s  u s e d  i n  i m p l e m e n t i n g  FORTH o u g h t  t o  b e  l e f t  t o  t h e  d e s i g n e r  
a n d  h i s  r e s u l t s  s h o u l d  t o  b e  e v a l u a t e d  b y  b e n c h m a r k s .  

I l o o k  f o r w a r d  t o  y o u r  n e x t  i s s u e  o f  FORTH D i m e n s i o n s .  

D a v s  S i r a g  

L a b o r a t o r ?  S o f t w a r e  Systems,  I n c .  
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An alternative style 0 
D-charts will be descri 
purpose of flowcharting 
well as the shortcomi 
flowcharting. 

D-CHARTS 

u i r  Harris 

' f  flowcharts called 
.bed. But first the 
will be discussed as 
ngs of traditional 

A flowchart should be a tool for the design 
and analysis of sequential procedures which 
make the control flow of a procedure clear. 
With FORTH and other modern languages, 
flowcharts should be optimized for the 
top-down design of structured programs and 
should help the understanding and debugging 
of existing ones. An analogy may be made 
with a road map. This graphic representa- 
tion of data makes it easy to choose an 
opt imum route to some destination, but when 
driving, a sequential list of .instructions 
is easier to use (e.g., turn right on 3rd 
street, left on Ave. F ,  go 3 blocks, etc.). 
Indentat ion of source statements to show 
control structures is helpful and is recom- 
mended, but a two dimensional graphic 
display of those control structures can be 
superior. A good flowchart notation should 
be easy to learn, convenient to use (e.g., 
good legibility with free-hand drawn 
charts) , compact (minimizing off-page 
lines), adaptable to specialized notations, 
language, and personal style, and modifiable 
with minimum redrawing of unchanged sec- 
t ions. 

Traditional flowcharting using ANSI standard 
symbols has been so unsuccessful at meeting 
these goals that "flowchart' has become a 
dirty word. This style is not Structured, 
is at a lower level than any higher level 
language (e.g., no loop symbol), requires 
the use'of symbol templates for legibility, 
and forces program statements to be crammed 
inside these symbols like captions in a 
cartoon. 

The only mlinesm in Drcharts are u8ed to 
show nonsequential Control paths (e.g., 
conditional branches, loops). In a proper 
D-chart, no lines go up: a11 lines either go 
down OK sideways. Any need for l i n e 8  
directed up can be (and should be) met with 
the loop symbols. This simplifies the 
reading of a D-chart since it always starts 
at the top of a page and ends at the bottom. 

It is customary to underline the entry naae 
(or FORTH definition name) at the top of a 
D-chart. 

2-WAY BRANCH SYMBOL 

In PORTR, this structure takes the form; 

condition IF  true phrase 
ELSE false phralle 
THEN . 

Another FORTH structure which is used for 
conditional compilation has more mnemonic 
names : 

condition IFTRUE true phrase 
OTREFWISE false phrase 
ENDIF . 

The D-chart symbol has parts for each of 
these elements: 

false phrase ttUC phrase 

D-charts have a simplicity and power similar I 
to FORTH. They are the invention of Prof. words following BNDIP (or THBN) 
Edsger W .  Dijkstra, a champion of top-down 
design, structured programming, and clear, 
ConC1s.e notat ion. They form a context-free 
language. D-charts are denser than ANSI " t m e  phrase" l r  executed; o t h e n i r e ,  tho "falme 
flowcharts usually allowing twice as much phrase" i~ executed. The words follouing ElP)IF 
program to be displayed per page. There are 
only two symbols in the basic languager 
however, like FORTH, extensions may be added 

The "condition" i m  evelwted, If it l m  trua, the 

(or TXEN) are unconditionally executed. 

€or convenience. 
If either phrase Is omitted, am with 

Sequential statements are written in free 
form, one below the other, and without condition IF true phrase TilltN 
boxes. 

s t is t enen t a vertical line is drawn as shown: 
next statement I 
next statement condition A 1 true phrase 

- - w  
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LOOP SYMBOL 

T h e  basic loop defining syrbol for 
D-charts is properly structured. 

cond i t ion 

1 

The switch symbol: +- 
indicates that when the switch is 
encountered, the .“condition“ (on the 
aide line) is evaluated. 

1. If the “condition. is true, then 
the side line path is takenr i f  
false, then the down line is taken 
(and the loop is terminated). 

2. If the side line is taken, all 
statements down to the dot are 
executed. The dot is the loop end 
symbol and indicates that control 
is returned to the switch. 

3. The “condition” is again evalua- 
ted. Its outcome might have 
changed during the execution of  
the loop atatement. 

Repeat these steps starting with 
Step 1. 

This symbol tests the loop conditlon 
before executing the loop body. However, 
other loops test the condition at the 
end of the loop body (e.g., DO .. LOOP 
and BEGIN .. END) or in the middle of the 
loop body. This loop symbol nay be 
extended for these other cases by adding 
a test within the loop body. Consider 
the FORTH loop structure 

BEGIN loop body condition END . 
The loop body is always executed oncer 
and is repeated as long as condition is 
false. T h e  D-chart symbol for t h i s  
structure would be: 

condition F 

A more general case is 

BEGIN first phrase 

AGAIN 
condition IF second phrase 

which is explained better graphically 
than verbally: +- first phrase 

condition b 
second phrase I 

Both previous symbols may be properly 
nested indefinitely. The following example 
shows how these symbols may be combined. 
This is the FORTH interpreter from the 
P.I.C. model. 

I INTERPRET BEGIN ( ’ )  I F  HERE NUMBER 
ELSE EXECUTE 
THEN 

7 STACK 
AGAIN ; 

INTERPRET - 
until null word executed 

I 
search dictionary far next word 

found A 
convert word 
to integer 

push Integer 

execute word 
I 

c, 
check stack 

d 
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