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B A S I C  COMPILER R E V I S I T E D  

B E G I N N E R ' S  STUlYBLING BLOCK 
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I N D E X  C O N T I N U E D  

C A S E ,  S E L ,  A N D  COND STRUCTURES 11 ,116  

C A S E S  C O N T I N U E D  111,187 

C H A R L E S  r 4 0 0 R E ,  Speech  t o  a F o r t h  C o n v e n t i o n  I , 6 0  

C O M P I L E R  S E C i l R I T Y  
H o w  i t  w o r k s  and  h o w  i t  d o e s n ' t  

I I I , 1 5  

COMPLEX A N A L Y S I S  I N  FORTH 1 1 1 , 1 2 5  

CONTROL S T R U C T U R E S ,  T H A N S P O R T A B L E  
W i t h  compi l e r  S e c u r i t y  

111 ,176  

CORRECTIOl r lS  T O  METAFORTH I I I , 4 1  

C P / M ,  SKEWED S E C T O R S  FOR 

D-C HARTS 

111,182 

I , 3 0  

DATA B A S E  D E S I G N ,  E L E M E N T S  OF I I I , 4 5  

DATA S T R U C T U R E S  1 1 1 , 1 1 0  
i n  a t e l e c o m m u n i c a t i o n s  f r o n t  end 

DATA S T R U C T U R E S ,  O P T I M I Z E D  FOR HARDN.CONTROL 111,118 
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D E F I N I N G  WORDS, NEW SYNTAX F O R  D E F I N I N G  1 1 , 1 2 1  
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I N D E X  C O N T I N U E D  

F O R T H ,  I M P L E M E N T I N G  AT U N I V .  R O C H E S T E R  

F O R T H ,  T h e  last t e n  y e a r s  & n e x t  2 weeks 
Speech  by C h a r l e s  Moore 

F O R T H - 8 5  " C A S E "  S T A T E M E N T  

F U N C T I O N A L  PROGRAMNING AND FORTH 

GAME OF 31  

GAME OF MASTERMIND 

GAME OF R E V E R S E  

GAME, TOWERS OF HANOI  
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GERMAN R E V I S I T E D  

GERMAN, FORTH L E A R N S  

GERMAN, FORTH L E A R N S ,  P a r t  2 
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G O D 0  C O N S T R U C T ,  KITT PEAK 

G R A P H I C  G R A P H I C S  

G R A P H I C S ,  S I M U L A T E D  T E K .  4010 

G R A P H I C S ,  TOWERS O F  HANOI  

G R E A T E S T  COMMON D I V I S O R  

H E L P  

H I G H  S P E E D  D I S K  COPY 

I M P L E M E N T A T I O N  NOTES, 6809 

I N C R E A S I N G  D I S K  A C C E S S  S P E E D ,  F I G  

INPUT NUMBER WORD S E T  
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I P S ,  GERMAN FORTH D I A L E C T  

JUST I N  C A S E  
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11,89 
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KITT PEAK G O D 0  C O N S T R U C T  

LOCAL V A R I A B L E S ,  T U R N I N G  S T A C K  I N T O  

L O O P ,  A G E N E R A L I Z E D  C O N S T R U C T  

MAPPED MEMORY MANAGEMENT 

MARKETING COLUMN 

MASTERMIND,  GAME O F  

METAFORTH, C O R R E C T I O N S  T O  

MICRC) A S S E M B L E R ,  M I C R O - S I Z E  

MODEM, T R A N S F E R  S C R E E N S  BY 

MODEST P R O P O S A L  FOR D I C T I O N A R Y  HEADERS 

MOHE FROM GEORGE ( Pasca l  vs. F o r t h  ) 

M U S I C  G E N E R A T I O N  

NEW SYNTAX FOR D E F I N I N G  D E F I N I N G  WORDS 

NOVA BUGS 

O P T I M I Z I N G  D I C T I O N A R Y  S E A R C H E S  

PARAMETER P A S S I N G  T O  D O E S >  

P A S C A L  VS.  FORTH ( MORE FROM GEORGE ) 

P D P - 1 1 ,  DTC VS. I T C  

POEM 

PROGRAMMING HINTS 

P R O J E C T  BENCHMARK 

P R O P O S E D  C A S E  S T A T E M E N T  

R E C U R S I O N  AND ACKERMANN F U N C T I O N  

R E C U R S I O N ,  E I G H T  Q U E E N S  PROBLEM 

R E C U R S I O N ,  ROUNTABLE ON 

R E V E R S E ,  GAME OF 

ROUNDTABLE ON R E C U R S I O N  

S E A R C H  

ii,89 

111,185 

11,26 

111,113 

I I I , 9 2  

111,158 

I I I , 4 1  

I 11,126 

1 1 1 , 1 6 2  

1,49 

1,54 

I I I , 5 4  

1 1 , 1 2 1  

111 ,172  

I I I , 5 7  

I I I , 1 4  

1,54 

1,25 

11,9 

11,168 

11 ,112  

11,50 

III ,89 

11,6 

111,179 

111,152 

111,179 

11,165 
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INDEX CONTINUED 

SEPARATED HEADS 

SIEVE OF ERATOSTHENES 

SKEWED SECTORS FOR CP/M 

SPOOLING TO DISK 

STACK DIAGRAM UTILITY 

STARTING FORTH, A BOOK REVIEW 

STRING STACK 

STRUCTURED PROGRAMMING BY ADDING MODULES 

SYMBOL DICTIONARY AREA 

TABLE LOOKUP EXAMPLES 

T E L E -C 0 14 F E R E N C E 

TELECOMMUNICATIONS 
Data structures in a --- front end 

TEMPORAL ASPECTS OF FORTH 

THEORY THAT JACK BUILT 

THREADED CODE 

TINY PS UEDO-C ODE 

TOOLS, RANDOM NUMBER GENERATOR 

TOWERS OF HANOI 

TRACE FOR 9900 

TRACING COLOLJ DEFINITIONS 

TRANSFER SCREENS BY MODEM 

TRANSIENT DEFINITIONS 

TRANSPORTABLE CONTROL STRUCTURES 

TREE STRUCTURE, FASL 

TRS-80 FLOATING POINT 

TURNING STACK INTO LOCAL VARIABLES 

USERSTACK 

11,147 

111,181 

111,182 

III,26 

III,23 

111,76 

111,121 

11,132 

11,147 

111,151 

111~12 

111,110 
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I N D E X  C O N T I N U E D  

U S I N G  ' E N C L O S E '  ON 8080 

U S I N G  FORTH FOR T R A D E O F F S  
B e t w e e n  hardware/firmware/software 

V A R I A B L E  AND ARRAY, EXECUTION 

V I E W  OR NOT T O  VIEW 

W ,  RENAME 

WHAT I S  T H E  FORTH I N T E R E S T  GROUP? 

WORD S E T ,  INPUT NUrvlBER 

WORDS ABOUT WORDS 

I . . '  .. 
' A S C I I  ' 

I n s t e a d  of E M I T  

:CASE 

' C A S E ' ,  A G E N E R A L I Z E D  STRUCTURE 

' C A S E ' ,  BOCHERT/LION 

' C A S E '  , BRECHER 

' C A S E ' ,  BROTHERS 

' C A S E ' ,  EAKER 

' C A S E '  , EMERY 

' C A S E ' ,  F I T T E R Y  

' C A S E ' ,  KATTENBERG 

' C A S E '  , LYONS 

' C A S E ' ,  MUNSON 

' C A S E ' ,  PERRY 

' C A S E ' ,  POWELL 

' C A S E ' ,  S E L Z E R  

' C A S E ' ,  WILSON 

I I I , 4 1  

1 , 4  

11 ,109  

1 1 , 1 6 2  

1,16 

1,1 

1 1 , 1 2 9  

1 1 1 , 1 4 1  

11 ,168  

I I I , 7 2  

11,41 

111,190 

11,50 

11,53 

11,55 

11,37 

11,60 

11,62 

11,67 

11,73 

11,41 

11,78 

11,81 

11,82 

11,85 
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WORDS C O N T I N U E D  

' C A S E ' ,  W I T T / B U S L E R  

' C V D ' ,  CONVERT T O  D E C I M A L  

' D O - C A S E ' ,  ELVEY 

' D O - C A S E '  , G I L E S  

' E N C L O S E ' ,  6502  C O R R E C T I O N  

' E N D W H I L E '  

'GODO', KITT PEAK 

' S E A R C H  ' 

'TO'  S O L U T I O N  

' T O '  S O L U T I O N  C O N T I N U E D  

' V I E W '  

' X E Q '  

31, GAME OF 

6502 'TINY'  PSUEDO-CODE 

6 502 , ASSEMBLER 

6502,  C O R R E C T I O N S  FOR ' E N C L O S E '  

6800,  L I S T I N G ,  T R E E  D E L E T I O N  

6809 IMPLEMENTATON N O T E S  

79 STANDARD 

79 STANDARD - A T O O L  BOX? 

79 STANDARD,  ' F I L L '  

79  STANDARD,  'WORD' 

79 STANDARD,  C O N T I N U I N G  D I A L O G  

79 STANDARD,  DO, LOOP,  +Loop 

8080 A S S E M B L E R  

8080,  F I G  D I S K  C O P Y I N G  

ii,87 

1 1 1 , 1 4 2  

ii,57 

11,64 

I I I , 170 

I I I , 7 2  

11,89 

11,165 

1,38 

1,48 

11,164 

11 ,109  

111,154 

11,7 

111,143 

111,170 

11,105 

11,3 

111,139 

I I I ,74  

I I I , 4 2  

I I I , 7 3  

111,5 

111,172 

111,180 

I I I , 4 2  
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8080, TIPS ON BRINGING UP 

9900 TRACE 

FORTH DIMENSIONS 

MISC. CONTINUED 

II1,40 

111,173 
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B A S I C  C O M P I L E R  FOR FIG 
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' B U I L D S ,  ' D O E S '  

C A S E  A S  A D E F I N I N G  WORD 

C A S E  AUGMENTED 

' C A S E ' ,  BOCHERT/LION 

' C A S E ' ,  BRECHER 

' C A S E ' ,  BROTHERS 
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D E C O M P I L E R  FOR SYN-FORTH 

1 1 1 , 1 4 9  

111~180  
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I I I , 5 4  

1 1 , 1 2 8  

111,189 

111,187 
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11,54 
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11,62 

1,50 

111,190 

11,68 

11,48 

11,78 

11,117 

11,83 

11,85 

11,87 

111845  

111,118 

III ,61 

S C R E E N S  Page 10 



S C H E E N S  C O N T I N U E D  

D I S K  B U F F E R  9 I A G N O S T I C S  111,183 
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FQflTH DIMENSIONS 
JUNE/JULY 1978 VOLUME 1 NO, 1 

ED I TOR I AL : 
WHAT IS THE FORTH INTEREST GROUP? 

T h e  F o r t h  I n t e r e s t  G r o u p ,  w h i c h  d e v e l o p e d  i n  t h e  f e r t i l e  g r o u n d  of 
t h e  c o m p u t e r  c l u b s  of t h e  S a n  F r a n c i s c o  Bay Area, grew i n  a few m o n t h 8  
from n o t h i n g  t o  where w e  are now g e t t i n g  s e v e r a l  l e t t e r s  a d a y  from a l l  
o v e r  t h e  a o u n t r y .  ' W i t h  t h i s  i n c r e a s i n g  p u b l i c  i n t e r e s t  w e  n e e d  t o  l e t  
p e o p l e  know w h a t  we a re  d o i n g  and  why,  w h a t  w e  wou ld  l i k e  t o  see h a p p e n ,  
how o t h e r s  c a n  be i n v o l v e d ,  a n d  w h a t  we c a n  a n d  c a n n o t  do. 

We are i n v o l v e d  b e c a u s e  we b e l i e v e .  t h a t  t h i s  l a n g u a g e  c a n  h a v e  a 
m8jor e f f e c t  on t h e  u s e f u l n e s s  of c o m p u t e r s ,  e s p e o i a l l y  small o o m p u t e r s , '  
8 n d  we w a n t  t o  see it p u t  t o  t h e  t e s t .  I n c r e a s i n g l y  sof tware is  b e c o m i n g  
t h e  o r i t i o a l ,  l i m i t i n g  f a c t o r  i n  t h e  c o m p u t e r  i n d u s t r y .  Large sof tware  
p r o J e c t s  are e s p e c i a l l y  U i f f i c u l t  t o  d e v e l o p  a n d  m o d i f y .  Few a re  h a p p y  
w i t h  p r e v a i l i n g  o p e r a t i n g  sys tema,  w h i c h  a r e  h u g e ,  h a r d  t o  u n d e r s t a n d ,  
i n o o m p a t i b l e  w i t h  each o t h e r ,  a n d  w i t h o u t  u n i t y  of d e s i g n .  

The  F o r t h  l a n g u a g e  is i t s  own o p e r a t i n g  s y s t e m  a n d  t e x t  e d i t o r .  I t  
ia i n t e r a o t i v e ,  e x t e n s i b l e  ( i n c l u d i n g  u s e r - d e f i n e d  d i t 8  t y p e s ) ,  
s t r u c t u r e d ,  a n d  r e c u r s i v e .  Code is  so compact t h a t  t h e  e n t i r e  s y s t e m  
( m o s t l y  w r i t t e n  i n  F o r t h )  u s u a l l y  f i t s  i n  6 K  b y t e s ,  r u n n i n g  s t a n d - a l o n e  
w i t h  n o  o the r  sof tware r e q u i r e d ,  or as a t a s k  i n  a a o n v e n t i o n a l  o p e r a t i n g  
8Y8t .m.  One p e r s o n  c a n  u n d e r s t a n d  t h e  e n t i r e  F o r t h  s y s t e m ,  Oh8nge a n y  
p 8 r t  of i t ,  or e v e n  wr i t e  a new v e r s i o n  tram s c r a t c h .  R u n - t i m e  
e f f i o i e n o i . 8  are a s  l i t t l e  as  30% slower t h a n  s t r a i g h t  m a o h i n e  o o d e ,  a n d  
e v e n  less i f  t h e  s y s t e m ' s  b u i l t - i n  assembler is u s e d .  When t h e  assembler 
l a  n o t  u s e d ,  programs c a n  be almost c o m p l e t e l y  t r a n s p o r t a b l e  b e t w e e n  
m 8 o h i n e s .  Any large F o r t h  program is r e a l l y  a s p e c i a l - p u r p o s e ,  
8 P p l f o 8 t l O n - O r i e n t e d  l a n g u a g e ,  g r e a t l y  f a c i l i t a t i n g  m a i n t e n a n c e  a n d  
m o d i f i c a t i o n .  We d o n ' t  y e t  h a v e  c o n c l u s i v e  d a t a ,  b u t  t y p i o a l  p r o g r a m  
d e v e l o p m e n t  times a n d  c o s t s  seem t o  be a f r a c t i o n  of those r e q u i r e d  by  
F o r t r 8 n  or a s s e m b l y .  F o r t h  is e s p e c i a l l y  u s e f u l  for real-time, 
o o n t r o l - t y p e '  a p p l i c a t i o n s ,  f o r  l a r g e  p r o j e c t s ,  a n d  f o r  small m a c h i n e s .  

The p r o b l e m  is a V 8 i l a b i l i t y .  Users h a v e  shown a n  ease of l e a r n i n g  
a f t e r  t h e y  h a v e  a s y s t e m  a v a i l a b l e .  T h e  F o r t h  c h a r a c t e r i s t i c s  of p o s t f i x  
n o t a t i o n ,  s t r u o t u r s d  c o n d i t i o n a l s ,  a n d  d a t a  s t a c k s  a re  bes t  u n d e r s t o o d  by  
U I e .  To e a o o u r a g e  F o r t h  programmers, w e  n e e d  r e a d i l y  a v a i l a b l e  s y s t e m s  
e v e n  of. modest p e r f o r m a n c e .  We hope  t h a t  t h ree  l e v e l s  w i l l  be a v a i l a b l e :  

1. D e m o n s t r a t i o n  - f ree  ( or u n d e r  $ 2 0 .  1 i n t r o d u c t o r y  v e r s i o n  
w i t h o u t  f i l e  s t r u o t u r e  w h i c h  compi l e s  a n d  e x e c u t e s  from keyboard  
i n p u t .  
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3. P r o f e s s i o n a l  - Commercial p r o d u c t s  f o r  l a b  or i n d u s t r i a l  u s e  
a n d  s o f t w a r e  d e v e l o p m e n t .  ( $ 1 0 0 0 .  t o  8 2 5 0 0 . )  

T o d a y  t h e  s e r i o u s  p e r s o n a l  c o m p u t e r  u s e r  holds t h e  k e y  t o  wider  
a v a i l a b i l i t y  of t h e  l a n g u a g e .  T h e s e  u s e r s  - g e n e r a l l y  e n g i n e e r b ,  
b u s i n e s s m e n ,  p r o g r a m m e r s  - c o m b i n e  P r o f e s s i o n a l  c o m p e t e n c e  a n d  
c o m m i t m e n t  w i t h  t h e  freedom to  t r y  new methods  w h i c h  may r e q u i r e  a l o t  
o f  t ime a n d  t i n k e r i n g  w i t h  n o  d e f i n i t e  g u a r a n t e e  of p a y o f f .  
P r a c t i c a l l y  e v e r y o n e  i n v o l v e d  w i t h  t h e  F o r t h  I n t e r e s t  G r o u p  has  b o t h  a 
p e r a o n a l  and  a p r o f e s s i o n a l  i n t e r e s t  i n  c o m p u t e r s .  

T h e  F o r t h  I n t e r e s t  G r o u p  is n o n - p r o f i t  a n d  n o n - c o m m e r c i a l .  We 
a r e n ' t  a s s o c i a t e d  w i t h  a n y  v e n d o r ,  n o  o n e  is m a k i n g  money from i t ,  a n d  
w e  a r e  a l l  b u s y  w i t h  o t h e r  w o r k .  We a r e  a n  i n f o r m a t i o n  c l e a r i n g h o u s e  
a n d  w a n t  t o  e n c o u r a g e  d i s t r i b u t i o n  of  a l l  t h r e e  of t h e  p r e v i o u s l y  
m e n t i o n e d  l e v e l s  of F o r t h .  We do n o t  h a v e  a F o r t h  s y s t e m  for 
d i s t r i b u t i o n  a t  t h i s  t i m e ,  a n d  w e  d o n ' t  w a n t  t o  g e t  i n t o  t h e  sof tware 
or mai l -o rde r  b u s i n e s s  b e c a u s e  t h i s  is bes t  l e f t  t o  OOmpanIes  or 
i n d i v i d u a l s  committed t o  t h a t  g o a l .  N a t u r a l l y  o u r  c r i t i c a l  i s s u e  la 
how t o  k e e p  g o i n g  o v e r  t h e  l o n g  h a u l  w i t h  v o l u n t e e r  e n e r g y .  We need 
c o s t - e f f e c t i v e  m e a n s  of i n f o r m a t i o n  e x c h a n g e .  

A t  p r e s e n t  w e  a re  w r i t i n g  for p r o f e s s i o n a l  med ia ,  p u t t i n g  o u t  
t h i s  s i m p l e  n e w s l e t t e r ,  a n d  h o l d i n g  o c c a s i o n a l  meet ings i n  t h e  Bay 
Area. Also ,  w e  a r e  d e v e l o p i n g  a major t e c h n i c a l  a n d  i m p l e m e n t a t i o n  
m a n u a l ,  t o  b e  p u b l i s h e d  i n  a j o u r n a l  form as  f o u r  i n s t a l l m e n t s ,  
a v a i l a b l e  by s u b s c r i p t i o n .  W h i l e  we c a n n o t  a n s w e r  a l l  of t h e  ma i l  
i n d i v i d u a l l y ,  w e  c e r t a i n l y  read i t  a l l ,  t o  a n s w e r .  i t  i n  t h e  
n e w s l e t t e r .  W h i l e  w e  c a n n o t  fill o rde r s  f o r  software or l i t e r a t u r e ,  
we w i l l  t r y  a n d  p o i n t  you t o  w h e r e  i t  is a v a i l a b l e .  We weloome y o u r  
I n p u t  of i n f o r m a t i o n  or s u g a e s t i o n s ,  how Y O U  c o u l d  h e l p ,  w h a t  YOU 
w o u l d  l i k e  t o  see h a p p e n ,  a n d  w h e r e  we s h o u l d  80 from h e r e .  

Dave B e n g e l  - Dave B o u l t o n  - K i m  Harris - J o h n  James 
Tom O l s e n  - B i l l  R a g s d a l e  - Dave Wyland 
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EVOLGTION OF A F a  I a G a FORTH FREAK 

By Tom O l s e n  

I h a v e  b e e n  a c t i v e l y  I n v o l v e d  i n  t h e  P e r s o n a l  c o m p u t i n g  m o v e m e n t  
s i n c e  e a r l y  i n  1 9 7 9  w h e n  I s h e l l e d  o u t  $ 1 2 0 .  for a n  8008 c h i p .  S i n c e  
t h a t  time my h a r d w a r e  a n d  sof tware  h a v e  e v o l v e d  i n t o  a v e r y  p o w e r f u l  a n d  
u s e f u l  s y s t e m ,  of w h i c h  FORTH is a p r i n c i p a l  c o m p o n e n t .  T h e  s y s t e m  
c o n s i s t s  of a n  l .SI-11,  28K of m e m o r y ,  2 D i a b l o  d i s k s ,  a n  LA30 DECWRITER, a 
n i a b l o  HYTYPE-I p r i n t e r ,  a VDM-1 d i s p l a y ,  a n d  d u a l  f l o p p y  d i s k  d r i v e s .  
O b t a i n i n g  a n  o p e r a t J n g  s y s t e m  w h i c h  w o u l d  e f f e c t i v e l y  u t i l i z e  a l l  of t h i s  
hardware  i n i t i a l l y  a p p e a r e d  t o  be much t oo  e x p e n s i v e  for a n  i n d i v i d u a l  t o  
buy, a n d  f a r  too c o m p l e x  to write  from s c r a t c h .  T h i s  a t t i t u d e  c h a n g e d  
when e a r l y  i n  1 9 7 6  I r ead  a t e c h n i c a l  m a n u a l  d e s c r i b i n g  t h e  i n t e r n a l  
o r g a n i z a t i o n  of a r e l a t i v e l y  u n k n o w n  " l a n g u a g e "  c a l l e d  FORTH, Here was a 
p r o g r a m m i n g  s y s t e m  w h i c h  i n c l u d e d  n o t  o n l y  a n  e d i t o r ,  assembler ,  a n d  f i l e  
maFagement s y s t e m ,  b u t  t h e  i n h e r e n t  c a p a b i l i t y  t o  be  r a p i d l y  e x p a n d e d  t o  
p e r f o r m  a n y  c o a p u t e r  f u n c t i o n  I c o u l d  d e f i n e .  T h e  b e s t  p a r t  was t h e  f a c t  
t h a t  t h e  c e n t r a l  core  of t h i s  p r o g r a m m i n g  s y s t e m  was r e l a t i v e l y  small  a n d  
w o u l d  e a s i l y  f i t  i n t o  3 K  of memory .  T h e  l a r g e  m a j o r i t y  of the s y s t e m  
P r o g r a m m i n g  c o u l d  b e  d o n e  i n  terms of h i g h  l e v e l  f u n c t i o n s  w h i c h  1 w o u l d  
h a v e  S h e  f r e e d o m  to d e f i n e .  

After a b o u t  th ree  m o n t h s  of l a t e  n i g h t s  a n b  p u l l i n g  m y  h a i r  o u t ,  I 
f i n a l l y  h a d  a s t a n d  a l o n e  FORTH s y s t e m  w h i c h  I c o u l d  b o o t s t r a p  a n d  t h e n  
u s e  t o  l o a d  a p p l i c a t i o n  v o c a b u l a r i e s  from d i s k .  O n c e  t h e  b a s i c  
I m p l e m e n t a t i o n  was f u l l y  d e b u g g e d  my g e n e r a l  t h r o u g h p u t  of  U s e f u l  
a ? p : l c a t i o n  so f tware  i n c r e a s e d  t o  a l e v e l  I n e v e r  w o u l d  h a v e  t h o u g h t  
p o s a f b l e .  I c a n ' t  o v e r - e m p h a s i z e  t h e  s a t i s f a c t i o n  a s s o c i a t e d  w i t h  
i n p l e m e n t i n g  t h e  l a n g u a g e  from s c r a t c h ,  An a d d e d  b e n e f i t  of t h i s  a p p r o a c h  
is t h e  f l e x i b i l i t y  d e r i v e d  b y  h a v i n g  a ? O O %  u n d e r s t a n d i n g  of ALL of t h e  
c o d e  y o u r  m a c h i n e  is e x e c u t i n g .  

T o d a y  I h a v e  a p p l i c a t i o n  vocabu la r i e s  w h i c h  can  d o  e v e r y t h i n g  from 
p l a y i n g  a B A C H  m i n u e t  on a c d m p u t e r  c o n t r o l l e d  s y n t h e s i z e r  t o  g e n e r a t i n t ? ,  
s o r t i n g ,  a n d  p r i n t i n g  t h e  FORTH INTEREST GROUP m a i l i n g  l i s t .  I t  is my 
h o p e  t h a t  w i t h  t h e  c o n t i n u e d  g r o w t h  of t h e  FORTH INTEREST GROUP a n d  t h e  
e s t a b l i s h m e n t  o f  some s y n t a c t i c a l  s t a n d a r d s ,  w i d e s p r e a d  e x c h a n g e  o f  
a p p l i c a t i o n s  v o c a b u l a r i e s  w i l l  g r e a t l y  e n h a n c e  t h e  c o m p u t i n g  p o w e r  of a l l  
users  of F O R T H - l i k e  languages.  
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USING FORTH FOR TRAilEOFFS BETWEEN 
HARDWAKE/F I RMWARE/SOFTWARE 

By D a v e  W y l a n d  

FnRTH p r o v i d e s  a u n i q u e  c a p a b i l i t y  f o r  c h a n g i n a  t h e  t r a d e o f f s  b e t w e e n  
s o f t w a r e ,  f i rmware ,  a n d  h a r d w a r e .  T h i s  c a p a b i l i t y  d e r i v e s  from t h e  m e t h o d  
c f  n e s t e d  d e f i n i t i o n  o f  o p e r a t o r s  i n  FORTH. 

F i r m w a r e  ( i . e .  m i c r o p r o g r a m m i n g )  c a n  a d d  n e w  i n s t r u c t i o n s  t o  t h e  
i n s t r u c t i o n  s e t  of a n  e x i s t i n g  m a c h i n e .  N e w  h a r d w a r e  d e s i g n s  c a n  a l s o  a d d  
i n s t r u c t i o n s  t o  81; e x i s t i n g  s e t ,  w i t h  t h e  Z80 u p g r e d e  of t h e  8080 s e r v i n g  
a s  a good e x a m p l e .  These  new i n s t r u c t i o n s  c o u l d  s i g n i f i c a n t l y  i m p r o v e  t h e  
t h r o u g h p u t  of a s y s t e m  i n  many  c a s e s :  h o w e v e r  t h e s e  n e w  i n s t r u c t i o n s  
c a n n o t  b e  u s e d  w i t h  e x i s t i n g  s o f t w a r e  w i t h o u t  r e w r i t i n g  t h e  s o f t w a r e .  
T h i s  is b e c a u s e  c u r r e n t  s o f t w a r e  m e t h o d s  s u c h  a3 a s s e m b l e r  l a n g u a g e ,  B A S I C  
i n t e r p r e t e r s ,  FORTRAN c o m p i l e r s ,  e t c . ,  c r e a t e  s o f t w a r e  programs a3  one  
l i s t  of  i n s t r u c t i o n s .  T o  a d d  i m p r o v e d  i n s t r u c t i o n s  t o  a p r o g r a m  g e n e r a t e d  
b y  a FORTRAN c o m p i l e r  i n v o l v e s  r e w r i t i n &  t h e  c o m p i l e r  t o  e f f i c i e n t l y  u s e  
t h e  new i n s t r u c t i o n s  a n d  t h e n  r e c o m p i l i n g  t h e  p r o g r a m .  T h i s  is n o t  a 
t r i v i a ?  t a s k  s i n c e  d e c i s i o n s  m u s t  t y p i c a l l y  be  made a3  t o  w h e n  t o  U s e  a 
new 1 2 S t r u C t l o n .  T h i s  is why e a c h  new m a c h i n e  r e q u i r e s  a n e w ,  r e w r i t t e n  
CORTffAIC'  c o m p i l e r .  T h e  f a c t  t h a t  t h e  j o b  h a s  b e e n  d o n e  m a n y  time3 b e f o r e  
Is n o t  v e r y  c o m f o r t i n g .  

W i t h  FORTH,  h o w e v e r ,  o p e r a t i o n s  a r e  b u i l t - u p  o f  n e s t e d  d e f i n i t i o n s  
w i t h  a common f u n c t i o n a l  i n t e r f a c e  b e t w e e n  o p e r a t i o n s .  If a n e w  
i n s t r u c t i o n  h a s  b e e n  a d d e d  t o  t h e  c o m p u t e r ' s  i n s t r u c t i o n  s e t ,  i t  c a n  b e  
a d d e d  t o  t h e  FORTH s y s t e m  by c h a n g i n g  a s m a l l  n u m b e r  of d e f l n l t l o n s ,  i n  
t h e  t y p i c a l  c a s e .  T h e  me thod  c a n  be q u i t e  s t r a i g h t f o r w a r d .  E a c h  n e w  
i n s t r u c t i o n  d o e s  an o p e r a t i o n  w h i c h  w o u l d  h a v e  r e q u i r e d  S e v e r a l  
i n s t r u c t i o n s  i n  t h e  p r e v i o u s  c a se .  0 y  i d e n t i f y i n g  t h o s e  FORTH d e f i n i t i o n s  
b h i c h  c o u l d  b e n e f i t  from t h e  new i n s t r u c t i o n s  a n d  r e c o d i n g  them t o  i n c l u d e  
i t ,  a l l  s o f t w a r e  w h i c h  u s e s  t h e  m o d i f i e d  d e f i n i t i o n s  is i m m e d i a t e l y  
i m p r o v e d .  A l s o ,  v e r y  f e w  d e f i n i t i o n s  w i l l  h a v e  t o  be m o d i f i e d :  O n l y  t h o s e  
e l e n e n t r y  d e f i n i t i o n s  w i t h  a h i g h  f r e q u e n c y  of u s e  n e e d  b e  m o d i f i e d  t o  
a c h i e v e  t h r o u g h p u t  i n c r e a s e  n e a r  t h e  m a x i m u m  p o s s i b l e .  

S i n c e  t h e  FORTH d e f i n i t i o n s  a r e  n e s t e d ,  t h e  t h r o u g h p u t  g a i n  of  n e w  
i n s t r u c t i o n s  c a n  be a c h i e v e d  b y  m o d i f y i n g  a s m a l l  a m o u n t  of code, and  t h e  
r e m a i n  in& S t r u c t u r e s  r e m a i n  u n c h a n g e d .  A l l  e x i s t i n g  a p p l i c a t i o n  P ? . o g r a m s ,  
t r a n s l a t o r s ,  e t c .  a r e  i m m e d i a t e l y  i m p r o v e d  w i t h o u t  c h a n g e 1  

PAGE 4 

FORTH INTEREST GROUP . . . p. 0. Box 110 5 *.*. San Carlos, b. 94070 



FORTH LEARNS GERMAN 

By John James 

Forth now understands German, thanks to the following redefinitions 
of the operations in the Decus (Caltech) Forth manual. 

Many of the operations were mathematical symbols, and of course 
they did not have to be translated. Of the rest, the control operations 
(IF, THEN, ELSE, BEGIN, END, DO, L O O P ,  +Loop) are special, because they 
are "immediate operations"; that is, they are executed at compile time. 
Just redefining .their names would not work, because they would try to 
execute right i n  the definitions. SO their original definitions were 
copied, but with the German names. 

Program development time for bilingual capability, two hours. 
Memory required, 600 bytes. Effect on run-time execution speed, zero. 

BLOCK 30 
1 ( GERMAN. JJ, 6/19/78) 
2 : ARWFRFFN DROP ; : IIRCR OVER ; 
3 : VFRT SWAP ; : SPARPN CAVE ; : IINSPAFFN UNSAVF ; 
4 : VNBPDTNCT ABS ; : UND ANn : 
5 : YWHST MAY ; : MINPPCT MTN : : RRST Yon ; 
6 : 09ER OR ; : /RFST /MOn ; : OSRTZEN OSRT ; 
7 : ISFTZEW 1SRT ; : HTFR PERF ; : VRRCESSF!N PORGPT : 
8 : SCWLUSSPT, CODE ; : RESTAYDYC; CWSTAYT 
9 : CAYZE TNTFGPR ; : ORDNWUC ARPAY ; : I O R D ~ W C  TARRAY ; 

10 : SETZEN SET ; 
11 : AUPS-LAUFBNDE UPDATE ; : AUSRADTFREN ERASE-CORE : 
12 : LADEN LOAD ; : XURUCK CR ; 
13 : SCHREIBEN TYPE ; : EASIS BASE ; 
1 4  
15 
16 ( THE SAME: DUP, MINUS, = L ,  BLOCK, ;S, PI ;s 

The control operation definitions (OB, DANN, SONST, BEGINNEN, 
ENDEN, TUN, SCHLINGE, +SCHLINGE) are not shown here; they are'all 
short (one line), and exact copies of the English operations. 
(Incidently this particular vocabulary is a rough draft; w e  have not 
seen the results of the International Forth Standards Team, which 
is currently at work.) The word GERMAN is defined on the load screen, 
SO that the Forth user can call in the German vocabulary when desired. 
The following session shows the entry and execution of a fibonacci 
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s e q u e n c e  p r  

FORTV L@AD 
OK 
GERMAN 
OK 

m i  German ( u n t i l  1 6 - b i t  o v e r f l o w ) .  

: PRUFUNG 0 1 30 0 TUN VERT DUP . UBER + SCALINGE ABWERPEN ABWERPEN : 
OK 
PRUFUNG 
0 1 1 2 3 5 8 1 3  2 1  3 4  5 5  89 1 4 4  233 377 610 987 1597 2584 4181 6765 10946 177,  

28657 -19168 9489 -9679 -190 -9869 -10059 

On a ( s l i g h t l y )  more s p e c u l a t i v e  n o t e ,  why n o t  e x t e n d  t h i s  
s c h e m e  t o  a c o m p u t e r  a s s i s t e d  i n t e r n a t i o n a l  l a n g u a g e  f o r  c o m p u t e r  
c o n f e r e n c e s ,  e l c c t r o n i c  m a i l ,  a n d  i n t e r n a t i o n a l  d a t a - b a s e  u t i l i t i e s ?  
C l e a r l y  n a t u r a l  l a n q u a g e  i s  too f r e e ,  a n d  c o m p u t e r  l a n g u a g e s  l i k e  
B N F  arc t o o  r c s t r l c t i v c ,  t o  bc f e a s i b l e .  B u t  a h y b r i d ,  a v o c a b u l a r y  
of s e v e r a l  h u n d r e d  u n a m b i y u o u s  w o r d s  ( e a c h  u s e d  i n  o n e  s e n s e  o n l y ) ,  
a n d  p e r h a p s  some c o m p u t e r - o r i e n t e d  s y n t a c t i c a l  m a r k e r s ,  s h o u l d  be 
e n o u g h  f o r  u s e f u l  d i a l o g  w i t h i n  a p a r t i c u l a r  i n t e r e s t  a r ea .  I f  i t  
works f o r  t w o  l a n g u a g e s  i t  s h o u l d  work  a s  w e l l  f o r  a n y  n u m b e r .  The  
f i n a l  t e s t  - w h e t h e r  i n t e r n a t i o n a l  teams c o u l d  c o l l a b o r a t e ,  a f t e r  
m i n i m a l  t r a i n i n g  - w o u l d  t a k e  a few w e e k s  p r o g r a m m i n g  a t  m o s t ,  a f t e r  
t h e  v o c a b u l a r l e s  a n d  t e r m i n a l  i n t e r f a c e s  h a d  b e e n  d e t e r m i n e d .  

FORTH MAILBAG 
B y  Dave B e n g e l  

T h e  F o r t h  I n t e r e s t  G r o u p  d e v e l o p e d  f r o m  s e v e r a l  p e o p l e  i n  t h e  
S a n  F r a n c i s c o -  S a n  Jose a r e a  who h a v e  b e e n  w o r k i n g  o n  F o r t h  f o r  t h e  
l a s t  y e a r  a n d  a h a l f .  U n t i l  a b o u t  six m o n t h s  ago most of t h e s e  u s e r s  
were u n a w a r e  of  e a c h  o t h e r .  U n t i l  t h e  p u b l i c a t i o n  of t h e  a r t i c l e  b y  
J o h n  James i n  Dr. Dobb's  J o u r n a l  (May 1 9 7 8 ) ,  a b o u t  80 p e r c e n t  of  the 
g r o u p  w a s  from t h e  H o m e b r e w  C o m p u t e r  C l u b  - w h o s e  p u b l i c a t i o n  s h o u l d  
a l s o  be  w a t c h e d  f o r  n e w s  c o n c e r n i n g  t h e  F . I . G .  

We now h a v e  n e a r l y  2 0 0  n a m e s  o n  t h e  m a i l i n g  l i s t ,  a n d  a r e  
r e c e i v i n g  a b o u t  s i x  l e t t e r s  a d a y .  T h e  w r i t e r s '  m a i n  q u e s t i o n  i s  how 
t o  g e t  a v e r s i o n  f o r  t h e i r  m a c h i n e .  

W e  d o n ' t  y e t  h a v e  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  v e r s i o n s  of F o r t h  
now a v a i l a b l e ,  n o r  i s  t h e r e  a s t a n d a r d  f o r m  of t h e  l a n g u a g e  a v a i l a b l e  
€or v a r i o u s  CPUs. I n t e n s e  work o n  i m p l e m e n t a t i o n s  is now u n d e r w a y ;  
e . 9 .  t h e  F o r t h  I n t e r e s t  G r o u p  i m p l e m e n t a t i o n  w o r k s h o p .  W e  W i l l  k e e p  
y o u  i n f o r m e d  a s  more d o c u m e n t a t i o n  a n d  s y s t e m s  become a v a i l a b l e .  

Y o u r  a n s w e r s  t o  t h e  q u e s t i o n a i r e  i n  t h i s  n e w s l e t t e r  w i l l  h e l p  US 

k e e p  a m a i l i n g  l i s t  for i n t e r e s t - s p e c i f i c  a p p l i c a t i o n s ,  d o c u m e n t a t i o n ,  
CPU v e r s i o n s ,  e t c .  W e  a p p r e c i a t e  any i n f o r m a t i o n  y o u  c a n  s e n d  U8, 
p a r t i c u l a r l y  a b o u t  F o r t h  v e r s i o n s  or v a r i a n t s  w h i c h  a r e  r u n n i n g  o r  
b e i n g  d e v e l o p e d ,  o r  a n y  s o f t w a r e  w e  c a n  p u b l i s h .  W e  n e e d  y o u r  
c o n t r i b u t i o n s  t o  t h i s  n e w s l e t t e r  - ( w h i c h  w e  h o p e  W i l l  g r o w  i n t o  a 
j o u r n a l ) .  
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FIG LEAVES 

IPlPLEMENTAT I ON WORKSHOP 

The Forth Interest Group will hold an implementation workshop, 
starting sometime in July. The purpose 1s t o  create a uniform set 
of implementations for common micros. The assembly listings which 
result will be available through F.I.G. to those who wish to dietribute 
specific versions. 

This will be a small group, n o  more than ten, with only o n e  person 
for each machine. There will be approximately four all-day sessions, 
over six weeks. Implementers must have access to their target machine, 
with an assembler and editor; floppy or tape is not required. The 
meetings wilL be to share notes and specific guidance on implementation 
details. A t  the end o f  the workshop we should have uniform Forth 
versions for all the machines. 

We now have implementers scheduled f o r  8080, 6502, PACE, and 
LSI-11. We need implementers for 6800, 280, 1802, F8, System 3 (321, 
5 1 0 0 .  etc. W e  also need a project librarian with Forth experience. 

If you are interested write to FORTH IMPLEMENTATION PROJECT, 
20956 Corsair Blvd., Hayward, Ca. 94545. 

COXTRIBUTED HATER IAL 

Forth Interest Group needs the following material: 

distribute, or print from your authorized original. 

publications. Include computer requirements, documentation, and cost. 

on internal features of Forth and application programs are needed. 

on a regional basis. Indicate interest area (i.e. personal 
computing, educational, scientific, industrial, etc.). 

(1) Manuals available for  distribution. W e  can purchase copies and 

( 2 )  Name and address o f  Forth implementations for inclusion in our 

(3) Technical material for the forthcoming journal. Both expositions 

(4) Users who may b e  referenced for  local demonstration to newcomers, 

( 5 )  Letters for  publication in this newsletter. 
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t o  g i v e  i t  t h o  terseness of APL, Its 
Moore i n  a b o u t  1 9 6 9  a t  t h e  ~ ~ t i ~ ~ ~ l  ~ ~ d i ~  c l a r i t y  a n d  c o n s i s t e n c y  r e s u l t  from b o i n g  
A s t r o n o m y  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 .  t h e  p r o d u c t  Of * s i n 6 l e  m i n d *  (as  uere IPL 
I t  v a s  c r e a t e d  o u t  o f  h i s  d i s s a t i s f a c t i o n  a n d  P A S C A L ) .  

FORTH was c r e a t e d  by N r .  C h a r 1 0 8  H. 

w i t h  a v a l i a b l e  p r o g r a m m i n g  t o o l s ,  e s p e c i a l l y  
for a u t o m a t i o n .  D i s t r i b u t i o n  o f  h i 8  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  ~ 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 l t h o u g h  t h e  l a n g u a g o  s p e c i f i c a t i o n  and 
a u t o m a t i o n .  many i m p l e m o n t a t i o n s  a r e  in t h e  p u b l i c  

d o m a i n ,  many o t h e r  i m p l e m e n t a t f o n a  and 
a p p l i a a t i o n  p a c k a g e s  3re a v a i l a b l e  as 

flr. Moore and  s e v e r a l  a s s o c i a t e a  P r o g r a m  p r o d u c t s  of c o m m e r c i a l  supPlior3. 
f o r m e d  F o r t h  
o f  l i c e n s i n g  
O p e r a t i n g  S y s  
and t o  s u p p l y  
meet   customer^ 

F O R T H  e n  
f e a t u r e s .  I t  

I n c  
and  
em 

aV 
un 

O Y  J 

I n  1 9 7 3  f o r  t h e  D U ~ D O S O  . .  
s u p p o r t  o f  t h e  FORTH 

a n d  P r o g r a m m i n g  L a n g u a g e .  Tho FORTH I n t o r e s t  O r o u p  is c o n t o r a d  in - -  
l l c a t i o n  p r o g r a m m i n g  t o  N o r t h e r n  C a l i f o r n i a .  I t  was f o r m e d  i n  1978 

by l o o a l  FORTH p r o g r a m m e r s  t o  e n o o u r a g e  -1.0 q u e  r e q u i r e m e n t s .  
of t h e  l a n g u a g e  by t h e  i n t e r c h a n g e  of i d e a r  
t h o u g h  s e m i n a r s  and p u b l i c a t i o n s .  A b o u t  300 

a s y n e r g i s m  o f  i ts members  a r e  p r e s e n t l y  A s s o c i a t e d  i n t o  A 
has n o n e  o f  t h e  e l e p h a n t i n e  loo80 n a t i o n a l  o r g a n i z a t i o H .  ( ' L o o s e '  m e a n s  

c h a r a c t e r i s t i c s  of P L / I  o r  F O R T R A N .  I t  h a 8  t h a t  n o  b u d g e t  e i i a t s  t o  a u p p o r t  m y  formal  
a d e n s i t y  a n d  s p e e d  f a r  s u r p a s s i n g  BASIC, e f f o r t . )  A l l  e f f o r t  is o n  a V o l u n t e e r  basis 
b u t  r e t a i n s  a n  i n t e r a c t i v e  n a t u r e  d u r i n g  a n d  t h e  g r o u p  is a s s O O i 8 h d  w i t h  no V e n d o r s .  
p r o g r  a n  d e v e l o p m e n t .  S i n c e  i t  la 
e x t e n s i b l e ,  s p e c i a l  v o r d s  a r e  e a s i l y  d e f i n e d  ;S  Y . F . R  8 /20 /78  

L)-~~ ~~ 

FOR NEWCOMERS 
FORTH listings comb of sequmeu d "wmh" th& 

aear te  and /a  conpile. Whm yau hQv. lhrdld a g l w  
md a few sample lirting, y w  shark dovolop tho ability to 
u d m t a n d  tho a d i m  of new wonk in t.nrr of tholr d 4 n -  
ition conpooenk. F a  the  tima bekq, m pr& a rinp- 
l i f i d  gl- of tho undefined w& in thh tare d FORTH 
DIMENSTONS. Fw a fullr Ilsting r d  fa tho F.1.G 
GI-. 

: xxx ..... ; 
I:' amat- a now w a d  mmad ka' ad carpila th 
following w& (represented d ....) until ding I;'. 
Whon ku' is I d a  u d ,  it 0t.Cvhr tho womb rbh ol)u L 
noma until the ';'. 
CONSTANT VARIABLE 
Eoch 
tdta its value from the  ruder -@ b h .  

IF ELSE THEN 
A tost is mode at 'IF'. If hue, tho wads until h 
' ELSE' and sklp until THEN. If f a h ,  Alp untllELSE md 
axecute until THEN. 

o new w a d  with th. following nomot which 

BEGIN END 
At END a tost is made; i f  faho, ececvtlon nhrrn to 8EGIN; 
dm~wiso cantirue dud. 

DO LOOP LEAVE 
At 00 o limit md fin, Index cn rwd. At LOOP, tho 
Index is in-4; until tho llmk Is d d ,  r~bartlar 
d u n s  to DO. LEAVE facrr eacecvtian to ai? d LOOP. 

DUP DROP OVER SWAP ROT + - / 
Thasc w& w e  on rumban in a stock 0 than do 
in a HP calolldcr. If y w  like HP, you'll ba FORTH. 

> R  R) 
X? mas the tap stock rumba to math 
rshsiva it back to tho original stock. 
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EDITORIAL 

FORTH DIMENSIONS is dedicated to the promotion of 
extensible, threaded languages, primarily FORTH. Currently we 
are seeing a proliferation of similar languages. we will 
review all such implementations, referring to sources and 
availability. 

Our policy is to use the developing "FORTH 77'' 
International Standard as our benchmark. 

Variant languages, such as STOIC, URTA, and CONVKRS, will 
be evaluated on their advantages and disadvantages relative to 
FORTH. However, in evaluating languages named FORTH, we will 
note their accuracy in imolementinq all FORTH features. We 
expect complete versions named FORTH to contain: 

1. indirect threaded code 

2. an inner and outer interpreter 

3. standard names for the 40 major primitives 

4. words such as ;CODE, BLOCK, DOES>, (or ::), which 
allow increased performance. 

We hope to enable prospective users/purchasers to 
correctly select the version and performance level they wish, 
to foster long-range growth in the application of FORTH. 

W.F .R.  

CONTRIBUTED MATERIAL 

FORTH Int- Gmps needs the following material : 

1. Technical mdarial for inclusion .in FORTH DIMENSIONS. Both 
~ R I o r r r  on internal fdum of FORTH ond cpplicab'm program are apprecidod. 

3. Manuals available for distribution. We can purchase capias and distribute, 
or print from yout Cuthor'ud original. 

4. Lettam of geneml tntamt f a  publtcatbn in this n-ldter. 

5. Usa  who may be d o r e n d  for local denwddon to nawccumws. 
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EXTENSlSlLlTY WITH FORTH 

T h e  p u r p o s e  o f  a n y  c o m p u t e r  l a n g u a g e  
( a n d  i t s  c o m p i l e r  or i n t e r p r e t e r )  1s t o  
b r i d 8 e  t h e  g a p  b e t w e e n  t h e  “ l a n g u a g e ”  t h e  
m a c h i n e  u n d e r s t a n d s  (low l e v e l )  a n d  a 
l a n g u a g e  p e o p l e  u n d e r s t a n d  ( h i g h  l e v e l  
p r o g r a m m i n g  l a n g u a g e  ). T h e r e  a r e  many 
c h o i c e s  f o r  h u m a n - u n d e r s t a n d a b l e  l a n g u a g e s :  
n a t u r a l  l a n g u a g e s  and  a r t i f i c i a l  l angUagOs.  
T h e  c h o i c e  o f  l a n g u a g e  s h o u l d  a l l o w  
C o n v i e n i e n t ,  t e r s e .  and  u n a m b i g u o u s  
S p e c i f i c a t i o n  of t h e  p r o b l e m  t o  be  s o l v e d  by 
t h e  c o m p u t e r .  O r d i n a r i l y  o n l y  a f e w  
c o m p u t e r  l a n g u a g e s  a r e  a v a i l a b l e  (0.g. 
BASIC, FORTRAN, APL). T h e s e  were d e s i g n e d  
for c e r t a i n  c l a s s e s  o f  p r o b l e m s  ( s u c h  as 
m a t h e m a t i c a l  e q u a t i o n s )  b u t  a r e  n o t  s u i t a b l e  
For o t h e r s .  T h e  l e v e l  of a l a n g u a g e  i s  a 
mea.sure of s u i t a b i l l t y  of t h a t  l a n g u a g e  f o r  
a P a r t i c u l a r  a p p l i c a t i o n .  T h e  h i ( r h e r  t h e  
l e v e l ,  t h e  t h e  p r o g r e m .  By 
d e f i n i t i o n ,  pfe‘tR: h i g h e s t  l e v e l  w o u l d  
a l l o w  a g i v e n  p r o b l e m  t o  be s o l v e d  w i t h  o n e  
o p e r a t o r  (or command) a n d  a s  many o p e r a n d s  
as  t h e r e  a r e  i n p u t  d a t a  r e q u i r e d .  

A n a t u r a l  l a n g u a g e  (e.g. E n g l i a h )  
m i g h t  a p p e a r  t o  be t h e  b e s t  c h o i c e  f o r  a 
h u m a n - u n d e r s t a n d a b l e  c o m p u t e r  l a n g u a g e ,  a n d  
for some a p p l i c a t i o n s  it may be.  B u t  
n a t u r a l  l a n g u a g e s  s u f f e r  from t h r o e  
l i m i t a t i o n s :  v e r b o s i t y .  a m b i g u i t y ,  a n d  
d i f f i c u l t y  t o  d e c i p h e r .  T h i s  is p a r t l y  
b e c a u s e  t h e  m e a n i n g  of  a g i v e n  word  l a  
d e p e n d e n t  o n  i t s  u s e a g e  i n  one o r  more 
s e n t e n c e s  ( c a l l e d  “ c o n t e x t  a e n a l t i v e n )  a n d  
b e c a u s e  t h e y  r e q u i r e  c o m p l e x  a n d  n o n u n i f o r m  
grammar  roles w i t h  many e x c e p t i o n a .  
S p e c i a l i z e d  v o c a b u l a r i e s  a n d  grammars p e r m i t  
t e r se  a n d  p r e c i s e  e x p r e s s i o n  o f  o o n c e p t s  for 
re t r i c t e d  s e t s  of  p r o b l e m s .  For e x a m p l e ,  

c o n s i d e r  t h e  f o l l o w i n g  d e f i n i t i o n  of  a 
s y  l o g i s a  from p r o p o s l t i o n a l  c a l o u l u a :  

T h i s  s e n t e n c e  may be t r a n s l a t e d  i n t o  E n g l i s h  
a s  ‘Given t h r e e  s t a t e a e n t s  w h i c h  a r e  t r u e  or 
f a l s e ,  i f  t h e  t r u t h  o f  t h e  f i r s t  i m p l i e s  t h e  
t r u t h  o f  t h e  s e c o n d ,  t h i s  i m p l i r a  t h a t  i f  
t h e  t r u t h  of t h e  s e c o n d  i m p l i e s  t h e  t r u t h  O f  
t h e  t h i r d ,  t h e n  t h e  t r u t h  of t h e  first 
i m p l i e s  t h e  t r u t h  o f  t h e  t h i r d . .  A m b i g u i t y  
i s  h a r d  t o  a v o i d  i n  most n a t u r a l  l a n g u a g e s .  
The  E n g l i s h  p h r n s e  ‘ p r e t t y  l i t t l e  g i r l s  
s c h o o l ”  (when u n p u n c t u a t e d )  h a s  17 p o a s i b l e  
i n t e r p r e t a t i o n s f  ( T r y  i t . )  [3] 

As f o r  t h e  s u i t a b i l i t y  of  t r a d i t i o n a l  
p r o g r a m m i n g  l a n g u a g e s  ( e . g .  BASIC, FORTRAN, 
COBOL,  PASCAL, APL) fo r  ’almost a 1 1  
t e c h n i c a l  p r o b l e m s ” ,  t r y  c o d i n g  t h e  
f o l l o w i n g  “ s e n t e n c e s “  i n  your f a v o r i t e  
c o m p u t e r  l a n g u a g e :  

Q u a n t u m  U e c h a n i c s :  

E l e a t r i c i t y  a n d  U a g n e t i s m :  

Matr ix  A l g e b r a :  

T h e  t r ace  of a m a t r i x  is e q u a l  t o  t h e  suu o f  
i t s  e i g e n v a l u e s .  

K n i t t i n g :  

K2 t o g . 3 ( 5 )  times. * k l ,  p2 
k l .  

P2. k1, 9 1 .  kl, P3 to$., k 
r e p e a t  

b e t w e e n  .’a onoe more,  k l ,  
k l ,  p 2 ,  k1;  k Z  tog. 3 ( 5 )  t 

P o e  t r y  : 

S h a k e s p e a r e a n  s o n n e t s  a r e  i n  i a m b i c  

c o n s i s t  of t h r e e  q u a t r a i n s  f o l l o w e d  by a 
pentameter a n d  

aou p 1 e t . 

FORTH is c a p a b l e  of b e i n g  m a t c h e d  t o  
e a c h  of t h e  a b o v e  r e l a t i o n s  a t  a h i g h  l e v e l .  
F u r t h e r m o r e ,  u s i n g  t h e  FORTH c o n c e p t  o f  
v o c a b u l a r i e s ,  s e v e r a l  d i f f e r e n t  a p p l i c a t i o n s  
o a n  b e  r e s i d e n t  s i m u l t a n e o u s l y  b u t  t h e  s c o p e  
of rererenoe o f  c o m p o n e n t  w a r d a  c a n  b e  
r e s t r i a t e d  ( i . e , ,  n o t  g l o b a l ) .  T h i s  
v e r s a t i l i t y  is b e o a u s e  t h e  FORTH l a n g u a g e  i s  
e x t e n s i b l e .  In r a c t  t h e  n o r m a l  a c t  of 
p r o g r a m m i n g  i n  FORTH ( 1 . 0 . .  d e f i n i n g  new 
w o r d s  i n  terms of e x i a t i n g  worda) e x t e n d s  
t h e  l a n g u a g e 1  P O P  e a c h  p r o b l e m  programmed 
i n  FORTH, t h e  l a n g u a g e  i s  n x t e n d e d  as 
r e q u i r e d  by t h e  89eCial  n e e d s  of t h a t  
p r o b l e m .  T h e  f i n a l  word d e f i n e d  w h i c h  
s o l v e s  t h e  w h o l e  p r o b l e m  l a  b o t h  a n  o p e r a t o r  
w i t h i n  t h e  FORTH l a n g u a g e  ( w h i c h  i s  a l s o  a 
“oommand”)  a n d  t h e  h i g h e s t  l e v e l  o p e r a t o r  
for  t h a t  p r o b l e m .  F u r t h e r ,  t h e  lower l e v e l  
w o r d s  d e f i n e d  f o r  t h i s  p r o b l e m  w i l l  
f r e q u e n t l y  b e  u s e a b l e  f o r  t h e  p r o g r a m m i n g  of 
r e l a t e d  p r o b l e m s .  

I t  i s  t r u e  t h a t  p o p u l a r  c o m p u t e r  
l a n g u a g e s  a l l o w  new f u n o t l o n s  t o  be a d d e d  
u a i n g  SUBROUTINES and 
FUNCTIONS. However  t h e s e  c a n n o t  be u s e d  
s y n t s o t i c a l l y  t h e  same a s  t h e  o p e r a t o r s  i n  
t h e  l a n g u a g e .  

FORTRAN-like 
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POr eX8mp10, la t .8  8 8 8 U H  8 BASIC 
i n t e r p r e t e r  doem n o t  h 8 v e  t h e  log1081 AWD 
o p e r a t o r .  To be o o n s i s t e n t  w i t h  simi18r, 
e x i s t i n g  o p e r 8 t o r s  o n e  would like to U s e  
. A N D *  i n  t h e  f o l l o w i n g  s y n t 8 x :  

A A N D  B 

( A , B  ere a n y  v a l i d  o p e r a n d s ) .  F U r t h e r 8 O r 0 ,  
one  would wan t  t h i s  new oper8tor t o  h8Ve a 
p r i o r i t y  h i g h e r  t h 8 n  "OR* and  lower t h 8 n  
.NOT* so tha t  

I 

NOT A A N D  8 OR C 

would mean 

( H O T  A )  A N D  (B OR C )  

The o n l y  way t o  do t h i s  is t o  mod i fy  one '*  
B A S I C  i n t e r p r e t e r .  A l t h o u g h  n o t  i m p o s s i b l e ,  
t h i s  is u s u a l l y  v e r y  d i f f i o u l t  b e c a u s e  Of 
t h e  f o l l o w i n g  r e a s o n s :  

( 1 )  noat  B A S I C ' s  a re  d i s t r i b u t e d  w i t h o u t  t h e  
i n t e r p r e t e r  s o u r c e  code (or n o t  i n  
s a c h i n e - r e 8 d 8 b l e  form). ( 2 )  One would h 8 v e  
t o  l e a r n  t h i s  progr8m 8nd d e s i g n  8 c h a n g e .  
One m o d i f f o a t i o n  migh t  be ' p8 tohed  in ' ,  b u t  
many p r o b a b l y  a o u l d  n o t .  S u c h  a m o d i f i e d  
i n t e r p r e t e r  m i g h t  n o t  b e  o o m p 8 t i b h  w i t h  
f u t u r e  re leases  from t h e  m a n u f 8 o t u r e r .  
Errors m i g h t  be  i n t r o d u c e d  i n t o  o ther  p 8 r t s  
o f  t h e  i n t e r p r e t e r  by  t h i s  m o d i f i o 8 t i o n .  
( 3 )  The p r o o e s s  of o h a n g i n g  1s time 
consuming .  Before o n e  c o u l d  t r y  t h e  new 
v e r s i o n ,  o n e  would h a v e  t o  assomble, l i n k ,  
l o a d ,  a n d  p o a s i b l y  w r i t e  8 PROM. (How l o n g  
wauld t h i s  take on y o u r  s y s t e m ? )  

A n o t h e r  a I t o r n 8 t i v e  would be  t o  u s e  a B A S I C  
W N C T I O I  t o  add t h e  A N D  o p e r a t o r ,  b u t  i t  
would h 8 v e  t o  be r e f e r e n o e d  8s: 

AND ( 1 , B )  

I f  NOT 8nd OR wore a l s o  ?UNCTIONS, (ROT A )  
AXD (B OR C )  would h8Ve t o  be w r i t t e n  888 

A N D  (YOT(A), O R t B , C ) )  

T h i s  l a t e r  form l a  lower l e v o l ,  l o s s  
re8dab1eI and  i n o o n s i s t e n t  w i t h  t h e  
i n t r i n s i o  o p e r a t o r s .  

The 8 d d i t i o n  of a n  A N D  o p e r a t o r  i n  
f O R T H  Is 88 s i m p l e  as 8ny  o the r  p r o s r a m m i n g  
a d d i t i o n ;  it wou ld  r e q u i r e  o n e  l i n o  of 
. s o u r c e  a o d e .  The FORTH 88seOlbler o o u l d  be 

prooessor's i n a t r u o t i o n ,  or t ho  o o m p i l e r  
c o u l d  be u s e d ,  r e s u l t i n g  i n  m8oh ine  
t r a n s p o r t 8 b i l i t y  I O t h e r  d l f f e r e n c a s  from t h e  

e x i s t i n g  i n  t h o  FORTH a y s t r  n e e d 8  t o  be 
c h 8 n g e d ,  80 n o  l e 8 r n i n g  is r e q u i r e d ,  n o  
e r r o r s  8re i n t r o d u o e d  t o  t h a  e x i a t l n g  

rela8808 l a  p r e s e r v e d .  The a o u r o e  of t h e  
FORTH k e r n e l  is  n o t  e v e n  n e o o s m r y .  (2 )  Tha 
new o p a r m t o r  o a n  be t r ied I m D e d i a t O l y  a f t e r  
i t  is d e f i n e d ;  i f  i t  is w r o n g  i t  o a n  bo 
f i x e d  before 8 n y  f u r t h e r  u a e  is made Of it. 
( 3 )  T h i s  new o p e r a t o r  is u a e d  e x a c t l y  t h o  
8.- 88 a n y  FORTH o p e r a t o r .  SO it m8Y be 
mixed w i t h  o x l a t l n g  o p e r 8 t o r s  i n  8 t O t 8 l l y  
O o n s i s t 8 n t  ~ a n n e r .  

used t o  t 8 k e  8dVantclge Of 8 p 8 P t i O U 1 8 r  

eX8mple Of m o d i f y i n g  B A S I C  8 P e :  ( 1 )  n o t h i n g  

S Y 8 t e m ,  8 n d  O O m p 8 t i b i l i t y  w i t h  f u t u r e  

APL f8ns  w i l l  p o i n t  o u t  t h a t  a l l  t h 6  
a b o v e  is t r u e  for APL a l so .  For s o m e t h i n g  
85 8 i m P l O  8 0  ' A I D "  there 18 l i t t l e  
d i f f e r e n o e .  However ,  APL a l lows  o n l y  
m o n n d i c  ( s i n g l e  o p e r a n d )  and  d i a d i c  ( t w o  
o p e r 8 n d )  o p e r a t o r s ;  FORTH o p e r a t o r s  c a n  be 
w r i t t e n  t o  accept as many o p e r a n d s  a s  t h e  
p rogr8mmer  desires .  

The  p r e v i o u s  d i s c u s s i o n  addres sed  t h e  
o x t a n s i o n  of t h e  FORTH l a n g u a g e ,  b u t  i t  1s 
a l ~ o s t  8 s  e a s y  t o  e x t e n d  t h e  FORTH 
compiler1 new compi le r  o o n t r o l  s t r u c t u r e s  
(0.g.. t h e  CASE o o n a t r u c t )  oan  b e  a d d e d  
w i t h o u t  o h a n g i n g  a n y  of t h e  e x i s t i n g  
c o m p i l e r .  Or t h e  e x i s t i n g  compl i e r  c a n  , b o  
m o d i f i e d  t o  do s o m e t h i n g  d i f f e r e n t .  To 

c o m p i l e r ,  t h e  m o d i f i c a t i o n s  c o u l d  be p a r t  of 
a u s e r -  d e f i n e d  n v o c a b u l a r y n  so t h a t  b o t h  
v e r s i o n s  wou ld  be s e l e o t i v e l y  a v a i l a b l e .  
F u r t h e r m o r e ,  o n e  oan  wr i te  a n  e n t i r e l y  new 
o o m p i l e r  w h i c h  accepts  e i t h e r  t h e  FORTH 
l a n g u a g e  or a n o t h e r  l a n g u a g e .  ( C o m p l e t e  
B A S I C  i n t e r p r e t e r s  h a v e  been  w r i t t e n  i n  

m 8 l n t 8 i n  C O m p 8 t i b i l i t y  W i t h  t h e  % X i s t i n g  

FORTH. 1 

T h e  choice of a c o m p u t e r  l a n g u a R e  for n 
g i v e n  8 p p l i c a t i o n  ( i n o l u d i n g  s y s t e m  
d e v e l o p m e n t )  s h o u l d  o p t i m i z e  t h e  f o l l o w i n g  
a t t r i b u t e s :  ( 1  ) B e  terse ( 1 . 0 . .  t h e  h i g h e s t  
l e v d  for t h e  a p p l i c a t i o n )  ( 2 )  Be 

l a n g u a g e ,  d a t a  t y p e s ,  compi l e r )  (4) Do 
e f f i o i e n t  ( 5 )  Be u n d e r s t a n d a b l e  ( e . g . ,  s e l f  
d o c u m e n t 8 t i o n )  ( 6 )  B e  c o r r e c t  ( e . g . , t e s t i n g .  
p r o v i n g  8 s s e r t i o n s ,  c o n s i s t e n c y  c h e c k s )  ( 7 )  
Be s t r u o t u r e d  (0.g.. s t r u o t u r e d  p r o g r a m m i n g ,  
r e e n t r a n t ,  r e o u r s i v e )  ( 8 )  Be m a i n t a i n a b l e  
(e.g., m O d U 1 8 T I  n o  side e f f e o t s )  

Un8DbigUOUs ( 3 )  B 6  e x t e n s i b l e  (C.g., 

FORTH is 8 o a r p r o m i s e  among theae  goals. b u t  
comes C l 0 8 e r  t h 8 n  most e x i s t i n g  programming 
l8ngU8(les. 

;S K I M  H A R R I S  

Rmwencss 
1 H8ls t ead ,  M a u r i c e ,  L a n ~ u a g e  L e v e l :  A 

H i s s i n g  C o n c e p t  

P e r f o r m a n o e  E v a l u a t i o n  

N a r o h  '73. 

i n  I n f o r m a t i o n  T h e o r y .  

Rev iew,  A C M  S I G M E T H I C S ,  Vol. 2 

2 n o f e e m a n ,  H o r n i n g ,  and  Yor tman ,  A 
C o m p i l e r  G e n e r a t o r ,  

P r e n t i o e - H a l l ,  1970. 

3 Brown, James Cooke. L o g l 8 n  1:  A 
LO(lC81 L8ngU8g8, 

Loglmn I n s t l t u d e ,  2261  Soledad  

S a n  Diego, CA ( 7 1 4 )  270-9773 
R8noho R08d,  

PAGE 14 

FnRTH INTEREST GR()l.JP * . * * *  PO. BOX 1105 * * * * *  San Carlos, Ca. 94070 



GERMAN REVISITED 

I n  t h e  l a s t  i s s u e  o f  FORTH DIMENSIONS 
w e  showed how t o  c r e a t e  a b i - l i n g u a l  ( o r  
m u l t i - l i n g u a l )  v e r s i o n  o f  FORTH, a n d  l i s t e d  
a s i m p l e  p r o g r a m  ( se t  of FORTH d e f i n i t i o n s )  
f o r  d o i n g  so. I n  r e s p e c t  t o  t r a n s l a t i o n ,  
t h e r e  a r e  t h r e e  d i f f e r e n t  c lasses  of FORTH 
w o r d s :  

( A )  T h o s e  s u c h  a s  m a t h e m a t i c a l  s y m b o l s  w h i c h  
d o n ' t  n e e d  t o  be t r a n s l a t e d .  

( B )  Words s u c h  as D O  a n d  I F  w h i c h  o a n n o t  bo 
t r a n s l a t e d  by a s i m p l e  c o l o n  d e f i n i t i o n ;  t h e  
e x i s t i n g  d e f i n i t i o n s  m u s t  be. r e - c o p i e d  a n d  
g i v e n  German n a m e s .  ( a l l  t h e  d e f i n i t i o n s  
a r e  s h o r t  - o n e  l i n e  - h o w e v e r )  

(C) O t h e r  w o r d s ,  w h i c h  c o u l d  e i t h e r  be 
r e - c o p i e d ,  o r  r e - d e f i n e d  by a c o l o n  
d e f i n i t i o n .  

I n  a n y  c a s e .  s e p a r a t e  v o c a b u l a r i e s  o a n  
b e  used t o  p r e v e n t  s p e l l i n g  o l a s h o s ,  n o  
m a t t e r  how many l a n g u a g e s  a r e  s p o k e n  by o n e  
FORTH s y s t e m .  It  c a n  be p o s s i b l e  t o  c h a n g e  
l a n g u a g e s  a s  much a s  d e s i r e d ,  e v e n  i n  t h o  
m i d d l e  o f  a l i n e .  

Tho a r t i c l e  s t a t e d  t h a t  t h e r e  was n o  
r u n - t i m e  o v e r h e a d .  S u c h  p e r f o r m a n c e  i s  
p o s s i b l e ,  b u t  t h e  e x a m p l e  g i v e n  d o e s  h a v e  a 
r u n - t i m e  o v e r h e a d  of o n e  e x t r a  l e v e l  of 
n e s t i n g  f o r  e a c h  u s e  of a word t r a n s l a t e d  by 
a c o l o n  d e f i n i t i o n .  

T h e  f o l l o w i n g  a r t i c l e  by B i l l  R a g e b a l e  
is a more a d v a n c e d  t r e a t m e n t  of l a n g u a g e  
t r a n s l a t i o n  m e t h o d s .  I t  is w r i t t e n  a t  t h e  
l e v e l  o f  t h e  FORTH s y s t e m s  p r o g r a m m e r ,  a n d  
i t  u s e a  a more s t a n d a r d  FORTH v e r s i o n  t h a n  
t h e  D E C U S - s u p p l i e d  v e r s i o n  w h i o h  was u s e d  i n  
t h e  a r t i c l e  w h i c h  a p p e a r e d  i n  FORTH 
D I U E N S I O N S  1 .  

J O H N  S. JAMES 
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FORTH LEARNS GERMAN 

I n  t h e  l a a t  i s s u e  of FORTH DIMENSIOWS. 
w e  f e a t u r e d  a n  a r t i c l e  o n  n a t u r a l  l a n g u a g e  
name c o n v e r s i o n s  for FORTH. T h i s  a r t i c l e  
w i l l  adC some a d d i t i o n a l  i d e a s  o n  t h e  same 
t o p i c .  

F i r s t ,  t h e  m e t h o d  shown ( v e c t o r i n g  t h r u  
c o d e )  d o e s  h a v e  some r u n - t i m e  o v e r h e a d .  
A l s o ,  some code d e f i n i t i o n s  c a n n o t  e x o c u t e  
p r o p e r l y  when v e c t o r e d  i n  t h i s  m a n n e r ,  f o r  
e x a m p l e :  

: R >  R >  ; 

w i l l  p u l l  t h e  c a l l  of R >  from t h e  r e t u r n  
s t a o k  a n d  c r a s h .  Wo w o u l d  u l t l m a t o l y  l i k o  
t o  t r a n s l a t e  n a m e s  w i t h :  

1 .  P r e o i s o l y  c o r r e c t  o p e r a t , i o n  d u r i n g  
e x o c u t i o n  a n d  c o m p i l i n g .  

2 .  A minimum of memory c o s t .  

3. A minimum of r u n - t i m a  o o s t .  

4 .  A minimum of compile- t ime c o s t .  

Let u s  now l o o k  a t  t h r a o  s p e c i f i c  e x a m p l e s  
t o  f u r t h e r  c l a r i f y  some of t h o  t r a d e - o f f s  
i n v o l v e d .  

EXAMPLE 1 - COMPILING UORD 

L e t  u s  see how UBER o a n  be o r e a t o d  t o  
s e l f - c o m p i l e .  

n ex 
: D-E > R  2+ Q ( Z +  o p t i o n a l  on some s y s t e m s )  

STATE e I F  ( c o m p i l i n g )  DUP 1) - Ce 80 < 

I F  2 - , ELSK ( i m m e d i a t e  EXECUTE THEN 

ELSE EXECUTE 

THEN : 

: DO ENGLISH EMPLACE D-E ' , IMMEDIATE ; 

IMMEDIATE 

: UBER DO.KNOLISH OVER : 

: LADEN D O . E N G L I S H  LOAD ; eta .  

When b u i l d i n g  t h e  t r a n s l a t i o n  
v o c a b u l a r y ,  t h e  o o l o n  ': ' crea tes  t h e  word  
UBCR a n d  t h e n  e x o o u t e s  t h e  immediate w o r d  
DO.KNGLISH. DO.EN?LISH f i r s t  o m p l a o e s  t h e  
r u n - t i m a  p r o c o d u r e  D-E '  and t h e n  u s e a  " , 
" t o  e m p l a c e  t h e  p m r a m e t e r  f i e l d  addres8 of' 
t h e  n e x t  s o u r c e  w o r d  ( OVER). F i n a l l y ,  t h o  
new w o r d  ( U B E R )  i n  ~ r k e d  immodiate .  so t h a t  
i t  w i l l  e x e c u t e  w h e n o v o r  l a t e r  e n 0 0 u n t O r O d .  
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Now we see how UBER e x e c u t e s .  When i t  
is i n t e r p r e t e d  f r o n  t h e  t e r m i n a l  k e y b o a r d ,  
'D-E '  w i l l  e x e c u t e  t o  f e t c h  t h e  e m p l a o e d  PIA 
w i t h i n  t h e  d e f i n i t i o n s  o f  UBER ( b y  R> 2+ C). 
After  c h e c k i n g  STATE t h e  E L S E  p a r t  W i l l  
e x e c u t e  OVER from i ts  p a r a m e t e r  f i e l d  
a d d r e s s .  

Uhen UBER is e n c o u n t e r e d  b y  t h e  
c o m p i l e r  l n  a c o l o n  d e f i n i t i o n ,  i t  w i l l  
e x e c u t e ,  as  do a l l  c o m p i l i n g  w o r d s .  A g a i n  
R >  2+ @ w i l l  f e t c h  t h e  PFA of OVER to  t h e  
s t a c k .  T h e  c h e c k  of STATE w i l l  be  t r u e  a n d  
DUP 8 - C @  w i l l  f e t ch  the  b y t e  o o n t a i n i n g  
t h e  p r e c e d e n c e  b i t .  When c o m p a r e d  t o  h e x  
8 0 ,  a t r u e  w i l l  r e s u l t  for  n o n - i m m e d i a t e .  
a n d  2 - , w i l l  c o m p l l e  t h e  oode f i e l d  
a d d r e s s .  

H o w e v e r ,  i f  t h e  word h a d  b e e n  i m m e d i a t e  
( OVER 1 s n - t  ) t h e  E L S E  p a r t  w i l l  c x e o u t e  
t h e  word a s  i n  n n y  c o m p i l i n g  word .  

T h e  s p a c e  c o s t  of e x a n p l e  2 1s 1 4  b y t e s  
per word ( 8 b y t e s  p e r  h e a d e r  a n d  6 b y t e a  i n  
t h e  p a r a m e t e r  f i e l d ) .  Tee 0 o D ) p i l e  t i -  C o s t  
is t h e  e x e c u t i o n  o f  D-E. T h e r e  I s  n o  
u l t i m a t e  r u n - t i m e  cos t  i n  c o m p i l e d  
d e f i n i t  i o n s .  

EXAHPLE TWO - <BUILDS - DOES> 

A n o t h e r  way is t o  d e f i n e  a 
'BUILDS-DOES' w o r d  E > G  ( E n g l i s h  t o  G e r m a n ) .  
I t  is t h e n  u s e d  t o  b u i l d  a se t  of  
t r a n s l a t i o n  w o r d s  s i m i l a r  t o  a FORTH 
mnemonic  a s s e m b l e r .  

: E > G  <BUILDS ' , IMMEDIATE 
DOES> e STATE e 
IF ( o o m p i l i n g  DUP 8 - C C  80 < 

I F  2 .. , ELSE EXECUTE THEN 
ELSE EXECUTE THEN ; 

E>G USER OVER 
E>G LADEN LOAD 
E > G  B A S I S  BASE . . . a .  e tc .  

E>G is a d e f i n i n g  w o r d  t h a t  b u i l d s  e n o h .  
German w o r d  (UBEp) a n d  e m p l a c e s  t h e  
P a r a m e t e r  f i e l d  address of t h o  E n g l i s h  w o r d  
(OVER) i n t o  t h e  new p a r a m e t e r  f i e l d  ( of 
UBER ), a n d  f i n a l l y  m a k e s  UBER i m m o d i a t e .  
When UBER is e n c o u n t e r e d  by t h o  o u t e r  
i n t e r p r e t e r ,  i t  does t h e  DOES> p a r t .  T h o  
p a r a m e t e r  of UBER, ( t h o  PFA of OVSR w i l l  
b e  f e t c h e d  a n d  STATE t e s t e d .  S i n o e  
e x e c u t i n g ,  t h e  ELSE p a r t  w i l l  e x e o u t o  OVER 
from i t a  p a r a m e t e r  f i o l d  a d d r e s s  ( as in t h e  
e x a m p l e  1 ). 

When o o m p i l i n g ,  t h o  D O t S  p a T t  w i l l  bo 
e x e o u t e d ,  a g a i n  s i m i l a r l y  t o  D-E' an i n  
E x a m p l e  1 .  t h e  s p a o e  oost of t h e  
BUILDS-DOES m e t h o d  l a  10 b y t e s  p e r  w o r d  ( 8 
i n  t h e  h e a d o r ,  2 i n  t h e  p a r a m e t e r  f i e l d ) .  
The  o o m p i l e  time is t h e  man as in I t r a m p l o  1 
a n d  t h e r e  is  n o  r u n - t i m e  oos t .  

FORTH INTEREST GROUP * * * a *  t? 0. 

&XAHPLC THREE - R E N A M E  

This las t  m e t h o d  i s  t h e  most f o o l - p r o o f  
of a l l .  Ye w i l l  j u s t  r o - l a b e l  t h e  name 
f i e l d  of e a a h  r e s i d e n t  word t o  t h e  German 
a p u i v a l e n t .  

: H E N A M E  ' U - DUP CI2 CO 

A N D  ( p r e c e d e n c e  b i t  

20 WOAD HERE C@ + 

HERE C I  ( s t o r e  i n t o  l e n g t h )  
nene S W A P  rc HOVE ; 

( o v e r l a y  o l d  name ) 

RENAME OVER UBER 

RENAME LOAD LADED 

RENAME BASE BASIS 

T h i s  m e t h o d  e x t r a c t s  t h e  p r e c e d e n c e  b i t  of 
t h e  o l d  ( E n g l i s h )  d o f i n i t i o n  a n d  adds i t  t o  
t h e  l e n g t h  c o u n t  of t h e  new ( G e r m a n )  name.  
T h e  new name is t h e n  o v e r w r i t t e n  t o  t h e  o l d  
name f i e l d .  T h e r e  i s  n o  s p a c e  or time 
cos t  I I The  d i c t l o n a r y  is now t r u e l y  
t r a n s l a t e d .  

A f i n a l  c a u t i o n  is i n  o r d e r  f o r  
E x a m p l e s  1 a n d  2 .  Some FORTH methods may 
s t i l l  g i v e  t r o u b l e .  If  y o u  s h o u l d  t r y :  

U B E R  

y o u  W i l l  f i n d  t h e  PYA of UBER w h i c h  is a 
t r a n a l a t l n g  d e f i n i t i o n ,  a n d  n o t  t h e  u l t i m a t e  
r u n - t i m e  p r o o e d u r e ,  ( w h i c h  is r e a l l y  i n  
OVER). T h i s  w o u l d  h a v e  d i s a s t e r o u a  r e s u l t s  
i f  y o u  were a t t e m p t i n g  t o  a l t e r  w h a t  y o u  
t h o u g h t  was t h e  e x e c u t i n g  p r o c e d u r e ,  a n d  y o u  
war. r e a l l y  a l t e r i n g  t h e  c o m p i l i n g  word. 
F o r  t h i s  r e a s o n ,  , t h e  method ,of E x a m p l e  3 is 
t h e  o n l y  t r u l y  f o o l - p r o o f  method.  T h e  
r e n a m i n g  m e t h o d  h a s  t h e  added use of 
a l l o w i n g  y o u  t o  c h a n g e  n a m e s  i n  y o u r  r u n n i n g  

o l d  < R  w i l l  b e  r e n a m e d  > R  i n  t h e  
i n t e r n a t i o n a l  s t a n d a r d  FORTH-77. You c a n  
s i m p l y  u p d a t e  y o u r  s y s t e m  by t h e  u s e  of t h e  
word RENAHE. 

8 y s t e m .  For O X a m p l O ,  I t  1s l i k e l y  t h a t  t h e  

;S W.F. R A G S D A L E  8/27/)8 
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Bell (1) and Dewar ( 2 )  have described 
the concepts of Threaded Code ( a l s o  called 
Direct Threaded Code, or DTC), and an 
improvement called Indirect Threaded Code. 
or ITC. DTC was used to implement Fortran 
IV for the PDP-11, and ITC was used for a 
machine- independent version of Spitbol ( 8  
fast form of the string-processing language 
Snobol). Forth is a form of 1°C. but 
different from the scheme presented in ( 2 ) .  

In DTC, a program consists of a list of 
addresses of routines. DTC is fast; in 
fact, only a single PDP-11 instruction 
execution is required to link from one 
routine to the next (the instruction is 'JMP 
@(R)*', where 'R' is o n e  of the general 
registers). Overall, DTC was found to be 
about three percent slower than straight 
code using frequent subroutine jumps and 
returns, and to require 10-2Cpercent less 
memory. But one problem is that for 5 
variable the compiler had to generate two 
short routines to push and pop that variable 
on the internal run-time stack. 

In ITC, a program is a list of 
addresses o f  addresses of routines to he 
executed. A< used in ( 2 1 ,  each variable had 
pointers to push and pop routines, followed 
by its value. The major advantage over DTC 
I s  that the compiler does not have to 
qenerate separate push and pop routines for 
each variable; instead these were standard 
library routines. Tha compiler did not 
generate any routines, only addressos, so it 
was more machine independent. In practice, 
ITC was found to run faster than DTC despito 
the extra level of indirection. It a160 
used less memory. 

Forth is a form of ITC, with additional 
features. 

Forth operations are lists of addrossos 
pointing into dictiona9 entries. Each 
dictionary entry contains: 

( A )  Ascii operation name, length of the 
name, and precedence bit; these are used 
only at compile time and will not b 
discussed further. 

(B) A link pointer to the previous 
dictionary entry. (Thia is used only at 
compile time.) 

( C )  A pointer called the code address, 
which a?-w-ay-8 p i n t s  to executable machine 
code. 

(D) A parameter field, which can 
contain machine instructions, or Forth 
address lists, or variablo values or 
pointers or other information depending on 
the variable type. 
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By the way, virtually everything in 
Forth is part of a dictionary entry: the 
compiler, the run-time routines, the 
operating system, and your programs. In 
most versions, only a few bytes of code are 
outside o f  the dictionary. 

The code address is crucial; this is 
the 'indirect' part of ITC. Every 
dictionary entry contains exactly one code 
address. If the dictionary entry is for a 
"primitive" (one of the aC1 or so operation8 
defined in machine language), the code 
address points two bytes beyond itself, to 
the parameter field, which contains the 
machine-language rout lne. 

If the dictionary entry is for a Forth 
higher-level operation (a colon definition), 
the code address poir?ts to a special "code 
routine" for colon definitions. Thls short 
routlne (e.9. 3 PDP-11 instructions) nests 
one level of Forth execution, pushing the 
current 'I' register (the Forth 'instruction 
counter') onto a return-address stack, then 
beginning Forth execution of the 
addross-list in the new operation's 
parameter field. 

If the dictionary entry is for a 
variable, then the code address points to a 
code routine unique to that variable's type. 
The parameter field of a variable may 
contain the variable's value - or pointers 
if re-entrant, pure-code Forth 1s desired. 

Resu1t6 o f  Forth-typo ITC include: 

( A )  Execution is fane, e.g. two PDP-11 
instruction executlons to transfer between 
primitives, about ten to nest and on-nest a 
higher-level definition. (Because of the 
pyramidal tree-structure of execution, the 
higher-level nesting is done less often.) 
Yet the language is fully interactive. 

( 8 )  Forth operation names (addresses) 
aro used exactly the same regardless of 
whether thoy represent primitives or 
higher-level definitions (nested to any 
depth). Not even the compiler knows the 
difforence. In case run-speed optimization 
is desired, critical higher-level operations 
(such as inner loops) can be re-coded as 
primitives, running at full machine speed, 
and nothing else need by changed. 

(C) Forth code is very compact. The 
language implements an entire operating 
system which can run stand-alone, including 
the Forth compiler, optional assembler, 
editor, and run-time system, in about 6 k  
bytes. (Forth can also run as a task under 
a conventional operating system, which sees 
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it  a s  an o r d l n a r y  a s s e m b l y - l a n g u a g e  p r ~ r a m ,  
a n d  Forth can l i n k  t o  o t h e r  l a n g u s q e a  t h i s  
way.) Code is so compact tha t  
a p p l l c a t l o n - o r i e n t e d  u t i l i t y  r o u t i n e s  can be 
l e f t  i n  t h e  s y s t e m  p e r r a n e n t l y ,  v h e r e  they 
a c e  l a m e d i a t e l y  a v a i l a b l e  e i t h e r  as k e y b o a r d  
commands or i n s t r u c t i o n s  i n  p r o g r a m s ,  and 
t h e y  are u s e d  i n  e x a c t l y  t h e  same way i n  
e l t h e r  case. No l l n k a q e  e d l t l n q  is n e e d e d ,  
and o v e r l a y s  a re  u n u s u a l .  
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FORTH DEFlN I T ION 

FORTH i s  t h e  c o m b i n a t i o n  of a n  
e x t e n s i b l e  programming l a n g u a g e  and  
i n t e r a c t i v e  o p e r a t i n g  sys t em.  I t  forma a 
c o n s i s t e n t  and complete programming 
e n v i r o n m e n t  wh ich  is  t h e n  e x t e n d e d  f o r  each 
a p p l i c a t i o n  s i t u a t i o n .  

FORTH is s t r u c t u r e d  t o  be i n t e r p r e t e d  
f r o m  i n d i r e c t ,  t h r e a d e d  code. T h i 8  oode  
c o n s i s t s  of s e q u e n c e s  of mach ine  i n d e p e n d e n t  
c o m p i l e d  parameters. e a o h  headed by a 
p o i n t e r  t o  e x e c u t a b l e  maoh ine  code. The 
u s e r  c r ?a t ea  h i 8  own a p p l i o a t i o n  prooedurea 
( c a l l e d  words'), from a n y  of t h e  e x l o t i n 6  
worda a n d / o r  mach ine  a a a e m b l y  l a n g u a g e .  New 
c l a s s e s  of d a t a  s t r u o t u r e a  or p r o c e d u r e a  may 
be created;  t h e s e  h a v e  a 8 S O O i a t e d  
i n t e r p r e t i v e  aids d e f i n e d  i n  e i t h e r  maoh ine  
code or h i g h  l e v e l  form.  

T h e  u s e r  has aocess t o  a c o m p u t 8 t i o n  
s t a c k  w i t h  r e v e r s e  P o l i s h  o o n v e n t l o n a .  
A n o t h e r  s t a c k  is  a v a i l a b l e ,  u s u a l l y  f o r  
e x e c u t i o n  c o n t r o l .  I n  a n  i n t e r a o t l v e  
e n v i r o n m e n t ,  each word o o n t a i n a  a a y m b o l i o  
i d e n t i f i e r  a i d i n g  t e x t  i n t e r p r e t a t i o n .  The 
u s e r  may e x e o u t e  or 0 0 6 p i l e  s o u r o e  t e x t  from 
t h e  t e r m i n a l  keyboard  o r  mass s torage  
d e v i c e .  R a a i d e n t  worda are p r o v i d e d  for 
e d i t i n g  and  a c o e a a l n g  t h e  data  atorad on 
maas a t o r a g e  d e v i o e h  ( d i n k ,  t ape ) .  

I n  a p p l i c a t i o n a  t h a t  are  t o  r u n  
' a t 8 n d - 8 l o n e ' ,  a compao t  c r o a a - o o m p i l a d  form 
l a  u s e d .  I t  c o n s i s t s  of c o m p i l e d  words, 
i n t e r p r e t i v e  a i d e ,  and  m a c h i n e  oode 
p r o o e d u r e a .  I t  l a  n o n - a x t e n a i b l a ,  aa t h a  
a y m b o l i o  i d e n t i f i e r s  are d e l e t e d  from aaoh 
word, a n d  l i t t l e  of t h e  u a u a l  o p a r a t i n g  
a y a t e 8  n e e d  be i n o l u d e d .  

; 5  U.F.R. &/26/78 
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ClRCUUTlON DAVE BENGEL 

DATA PROCESSING P D P -11 

NOTES 

- Tha s e c o n d  m e e t i n g  of t h e  FORTH 
I n t e r n 8 t i o n a l  S t a n d a r d s  T e a m  w i l l  o o c u r  i n  
Loa A n g e l s 8  on O o t o b e r  16-19. C o n t a c t  FORTH 
I n o .  for a d d i t i o n a l  i n f o r m a t i o n .  

- A p a r t i a l l y  micro-coded FORTH-like 
l a n g u a g e  l a  d e s o r i b e d  i n  "Threaded  Code f o r  
L a b o r a t o r y  C o m p u t e r s "  by J . 6 ,  P h i l l i p s ,  
U . P .  B u r k e ,  and  C.S .  W i l s o n ,  D e p t .  of 
C h @ m l 8 t r y l  U n i v e r s i t y  of A r i z o n a ,  T u c s o n ,  A2 
U5721. The a r t i c l e  is p u b l i s h e d  i n  S o f t w a r e  - P r r o t i o e  and  E x p e r i e n c e ,  Volume 8 ,  p a g e s  
257-263. I m p l e m e n t a t i o n  is on a H P 2 1 0 0 .  
The  a r t i c l e  a l s o  d o s c r i b e s  t h e  a d v a n t a g e s  of 
th readed  l a n g u a g e s  for l a b o r a t o r y  
a p p l l o a t i o n s .  

- A atorma of FORTH f o r  t h e  A p p l e  a n d  PET 
6502 based c o m p u t e r s  is a v a i l a b l e  f r o m  
Programma C o n a u l t a n t s ,  3400 Y i l s h i r e  B l v d . ,  
Los A n g e l e s ,  CA 90010. Y e  have  n o t  u s e d  
theae enough t o  r e v i e w  t h e m  for t h i s  i s s u e  
b u t  t h e y  have  been s h i p p e d  and do w o r k .  For  
more i n f o r m a t i o n  w r i t e  t o  Programma 
C o n a u l t a n t a  or w a t c h  f u t u r e  i s s u e s  of FORTH 
D I U E Y 5 I O Y S .  

- FORTH I n o .  is l o o k i n g  f o r  a programmer 
w i t h  some s y s t e m s - l e v e l  e x p e r i e n c e  u s i n g  
FORTH or s i m i l a r  l a n g u a g e s .  I n t e r e s t e d  
p e r s o n a  o h o u l d  c o n t a c t  FORTH I n c . ,  (I15 
M a n h a t t a n  Avenue,  M a n h a t t a n  Beach, 
C a l i f o r n i a  90266,  ( 2 1 3 )  372-8493 . 
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SCR I 6 HELP 

SCR i 7 

o c  H a p  ) t i 0  
1 00 CONSTANT LASfoLIIW ( I S  MOO0 OH MICRO-FORTH 
2 4  CONSTANT #/LINE t WORDS PRINTED PER L I N E  ) 
3 
4 a .(YWIE C ENTER Y I f H  ADDRESS OF LW6TH B Y I C  1 
5 D W  CO 7F AND OECIHAL 3 - R  SPACE I *  3 TYPE SPACE I 
6 

8 6 * H M  5 O R  SPACE J 
9 

f t *CODEoADDRLSS < WJTUZ Y I ~ H  ADDRESS OF LMOW e w t  J 

10 t .HEADER C ENTER W I T H  ADDRESS OF LENGTH BYTE 3 
I 1  D I P  * N M E  *CObE-ADDR€SS t 
12 
13 t ?TERMINAL 0 I C USER'S MACH!UE DWWDOJT T m I N A C  B R U K  1 
i 4  ( RETURN ' 0O"FOR NO 8 R w .  CLnO '08' FOR A B R W  3 
15 8 LOAD J S  0127778' YFR 

SCR # 8 



ABOVE YE SEE AN MlYlPLE OF ?HE LOADIN0 OF THE 'HELP' 
FROM DISC. 
YE SEE W k  LISTXN6 OF *HELP' AND THE WRDS IS USES, LISfllJ6 
CONTINUES INTO ?ME RESfDWT'DLCTXOWART. 

I f  T#P( I S  TESTED. AWD DWPS WE DICTIONARY* 

BOOG LUG<# YCR 

MANUALS 

DECUS PDP-11 FORTH 
b y  Owens V a l l e y  Radio O b s e r v a t o r y ,  C a l i f o r n i a  I n s t i t u t e  of 
T e c h n o l o g y ,  M a r t i n  S. Ewing.  ( a l i a s  T h e  C a l t e c n  FORTH 
M a n u a l )  A v a i l a b l e  from D E C U S ,  129 P a r k e r  S t r e e t ,  P K 3 / E 5 5 ,  
M a y n a r d ,  Mass. 0175 'J .  O r d e r i n g  i n f o r m a t i o n :  P r o g r a m  No. 
1 1 - 2 3 2 ,  W r i t e - u p ,  $5 .00  . 

YORTH s y s t e m s  R e f e r e n c e  M a n u a l  
W .  H i c h a r d  S t e v e n s ,  Sep 76.  K l t t  P e a k  N a t i o n a l  O b s e r v a t o r y ,  
T u c s o n ,  A Z  b S 7 2 b .  (NOT FOH S A L E )  

L A B F 0 R T H 
An I n t e r a c t i v e  L a n g u a g e  f o r  L a b o r a t o r y  C o m p u t i n g ,  
I n t r o d u c t o r y  P r i n c i p l e s ,  L a b o r a t o r y  Sof tware  S y s t e m s ,  I n C . ,  
3634 N a n d e v i l l e  C a n y o n ,  Los A n g e l e s ,  CA 90049.  $8.00 . 

S T O I C  
( S t a c k  O r i e n t e d  I n t e r a c t i v e  C o m p i l e r )  by  MIT a n d  H a r v a r d  
Biomedical  E n g i n e e r i n g  C e n t e r .  D o c u m e n t a t i o n  a n d  l i s t i n g s  
for 8 0 8 0  from CP/M Users Group,  164 west b 3 r d  S t r e e t ,  H e w  
York, N.Y .  10024, $4.00 m e m b e r s h i p ,  $6.00 p e r  8" f l o p p y ,  2 
f l o p p i e s  n e e d e d .  

C O N V E R S  
The D i g i t a l  G r o u p ,  Box 6 5 2 8 ,  D e n v e r ,  CO 80226 t l a n u a l :  
D O C - C O N V E R S  $ 1 2 . 5 0  , 

UHTH 
( U n i v e r s i t y  of Rochester FORTH) , T u t o r i a l  M a n u a l  , H a r d w l c k  
Y o r s l o y ,  L a b o r a t o r y  for L a s e r  E n e r g e t i c s ,  250 E. R i v e r  Rd., 
Roches te r ,  NY 14621 . 

microFORTH P r i m e r  
FORTH, I n c .  815 M a n h a t t a n  A v B . ,  M a n h a t t a n  E e a c h ,  CA 9 0 2 6 b  
( m o v i n g  soon) $15 .00  . 
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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 

- - >  
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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 .  

PACE 2 9  
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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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n-WAY BRANCH SYMBOL 

A s t r u c t u r e d  n-way b r a n c h  symbol (Some- 
times c a l l e d  a CASE s t a t e m e n t )  may b e  
d e f i n e d  f o r  c o n v e n i e n c e .  ( I t  is f u n c -  
t i o n a l l y  e q u i v a l e n t  t o  n n e s t e d  2 - v a y  

b r a n c h e s ) .  O n e  s t y l e  f o r  t h i s  s y m b o l  
1s : 

I 

T h e  c o n d i t i o n  is u o u a l l y  a n  i n d e x  w h i c h  
selects o n e  Of t h e  cases. The  r e j o i n i n g  
o f  c o n t r o l  t o  a s i n g l e  l i n e  a f t e r  t h e  
cases a re  r e q u i r e d  b y  s t r u c t u r e d  program- 
m i n g .  D e p e n d i n g  o n  t h e  c o m p l e x i t y  o f  
t h e  c a s e s ,  t h i s  s y m b o l  m a y  b e  d r a w n  
d i f f e r e n t l y .  

D - c h a r t s  ace e f f i c i e n t  a n d  u s e f u l .  T h e y  a re  
v a s t l y  s u p e r i o r  t o  t r a d i t i o n a l  f l o v c h a r t  
s t y l e .  

f i r s t  case s e c o n d  case .. l a s t  case 
;S KIM HARRIS 

P.O. Box 8045 
Austin, M 78712 
Wwe&er 3, 1978 

Editor ,  mrth D i m e n s i c n s :  

Thank yw for your card ard s-nt letter. 
I an sorry that I d i d  mt g e t  back to yw momr w i t h  
a copy of t h e  s o u r c e  code f o r  my FQRPH system. 
~ t a n k l y ,  I w a s  su rp r i sed  that p are in t e re s t ed  in  
the system, since it is r a t h e r  limited i n  f a c i l i t i e s  
am3 m f o m  w i t h  no other version i n  term o f  
names. I Stopped work on the systern just abut the 
time I &gan to receive ~ n u a l s  fona ~X~IS arrd the 
6502 IWUH form FIG. I can see llow hou I wxld add 
an assembler, t e x t  editor, ard rardan block i/o.to 
t h e  sys t em,  but my d u t i e s  a t  work and a t  school 
precluje any f u r t h e r  developlent of U.T. €?3RRI for 

I want to e s p e c i a l l y  t h a n k  you f o r  informing 
rn o f  Paul Ba r tho ld i ' s  v i s i t  to the Universi ty  of 
lkxas.  I w a s  able to meet w i t h  him and we had a very 
s t i m u l a t i n g  d i s c u s s i o n  f o r  a b o u t  a n  hour  and a 
ha l f .  I w a s  su rp r i sed  to l e a r n  f m n  him har widely 
FORTH is used cormnercial ly ,  though u s u a l l y  unde r  
other nanes. W e  also discussed tu, extensions to the 
l anguage  t h a t  I b e l i e v e  g r e a t l y  enhance it: ( 1 )  
syntax checkirq on cmpilatim f o r  pmper ly  balancpd 
BDXN. .EM) and IF..FJSE..lW3 cons t ruc t s ,  and ( 2 )  the 
funct ions .n -" ard "PARI" to " P W  that 
allow explicit r e fe rence  to paranetera on the stack. 
F i n a l l y ,  h e  showed m e  sane progr-ing e x a n p l c s  
f r a n  the Fwrm manual he wote which wide f i r s t -  
hand proof o f  the ease o f  prograuniq r a t h e r  sophis- 
t i c a t e d  p r o b l e m  i n  FORTH. I t  is e s p e c i a l l y  im- 
portant because moSt FPople i n  the ccmplter science 
d e p a r t m n t  here respond to my presen ta t ion  o f  
w i t h  a resnudirq lack  of i n t e r e s t .  Mter all ,  they 
keep abreast of the  f i e l d  and i f  they have not heard 
o f  it .... 

IKW. 

I have  been promoting FORTH among t h e  local 
mnprter clubs Md lodc forward to the results of 
FIG'S m i c r o  ccnputer efforts. P l e c s e  keep i n  tarh. 

S i m e e l y  yours, 

Greg Walker 

PAC& 32 

SE/l was written by - r i d  €&search c;roup, Inc. 
to be e x a c t l y  uhat it says it is, a S Y S I M  languclge. 
SV1 is a mall i n t e r a c t i v e  incranental  capiler t h a t  
qenerates Mirect threaded code. It is a 16 bi t  
ps;eudo arachine f o r  use on mini a d  micro carputers. 
New d e f i n i t i o n s  can bc added to an  alreafy r i d  set 
of i n t r i n s i c  instructions. It is t h i s  e x t e n s i b i l i t y  
t h a t  allows any  user to create t h e  most optinnnn 
vocebulary for h i s  i r d i v i d d  aeplicatim. 

SW1 is a v i r t u a l  s t a c k  processor. Using t h e  
iQ)1 mnctpt f o r  f o t h  v a r i a b l e s  a d  instmctiars makes 
it pssible to ex te rd  stepuiee p r o g r d q  to include 
s t e p u i e  debugging. SrJl does t h i s  q u i t e  nicely.  
W e  RPN stack is also oclc o f  the nrwt e f f e c t i v e  means 
o f  inplmmting tcp donr design, bo t t an  up  d i n g .  

StJl oprates on a pinciple of t h r c a k d  mde. 
All of the elements OF- SWl (procedures, var i ab le ,  
ampaler d i r e c t i v e s ,  etc.) r e f e r e n a  the previous 
e n t r y .  Thus,  e a c h  code i n d i r e c t l y  " t h r e a d s "  t h e  
others ard is i n  t u r n  threaded by t h e  d f o l l a r i r q  
it. * a m  SW1 is a p;eudo machine, p o r t a b i l i t y  
between d i f f e r e n t  pruceseors and hardware is r c a d i l y  
arrorplisbed. ?he low level i n t e r p r e t e r  is r e a l l y  
the Fcnadrine. I t  is slnall (only 1 1  byte6 are used) ,  
& f a t .  

On o f  the mrrt poverful f ea tu res  o f  Syl is the 
fact  t h a t  is u s e s  a l l  o n - l i n e  storage media as 
v i r t u a l  memory. I n  e f f e c t  t h e  user can write 
programs i n  SW1 u s i n g  t h e  f u l l  c a p a c i t y  o f  d i s k  
storage and n e v e r  be concerned w i t h  placement  o f  
i n f o m t i o n  on t h e  disk.  SW1 allows you to progran 
machine codc procedures i n  assenbler uirq a high 
level language.  This c a n  optimize I/O OK math 
rwtines. 

?hc abwe information w a s  excerpted fran a press 
release of  Nove&er 3, 1978. R>t f u r t h e r  informa- 
t ion,  c o n t a c t  nr. Dick Jones, Dnperical Research 
C K O U ~ ,  Inc. ,  28206 144th Avenue, S.E., Kent ,  WA 
98031. P h a p  (206) 631-4851. 
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Here are some f a c t s  r e g a r d i n g  F o r t h  object 
size mcj exeuct ion S- ver sus  w-1~ coding. 

mrm, ~m., sane programers (myse l f  inclded), 
0-m sane p r e t t y  incredible state- 

writs about F o r t h  code r e s u l t i n g  i n  less memory 
wid ( 1 a d  execution speeds as f a s t  as h-1~ 
w r i t t e n  COQ ( ! ! ) .  'R, he lp  clear the air I ' l l  try to 
exp la in  those tuo outrageous c lam.  

F i r s t ,  F o r t h  code can r u n  a s  f a s t ,  bu t  not 
f a s t e r ,  u s i n g  a c o n s t r u c t i o n a l  s t a t e m e n t  called 
"Code" which is f o l l o w e d  by a sort of mnemonic 
machine code s t r i n g  and a jump back to t h e  F o r t h  
inner inteqxeter. I t  isn' t  reasonable to just have 
one b i g  aodc statement . for  the %hole -ran. So 
t h i s  g e t s  us i n t o  a n o t h e r  F o r t h  c o n s t r u c t i o n a l  
statentent called a "colon d e f i n i t i m ' .  

Colon s t a t e m e n t s  cost speed  b u t  s a v e  progrii~~~ 
m r y  ~ y c r  kssenbly. Colon s ta tements  c o n s t i t u t e  
the 'high level" aspect o f  b r t h  bu t  let's get badc 
to the point.  

An exanple "code" statement  i n  m c t h  to hendle 
the character input f m n  a Cm to an I n t e l  SeC 80/20 
mrould be: 

OODEKEY B D C I N E D X N P R R C I 1 W 3 C S W  
EC IbP A L H PNI IiPpusH JM€' 

WE:  F o r t h  code s t a t e m e n t s  allow beqin-end 
and i f - e l s e - t h e n  c o n s t r u c t s  w i t h i n  t h e  
assembly.  A l s o  F o r t h  r e q u i r e s  sou rce -  
destinati-rand o lgan iza t ion  o f  each 
assenbly statement (A L Mov instead of MDV 

This  exac t  sdme routine in  k-1~ lm- 
guage would be: 

L A )  * 

;place i n  next avail 

;input status 
;rotate r e o e i v e r  ready 
; i n t o  carry b i t  

; i n p t  CRP data 
;push data on 
; s t ack  in  16-bi t  
:format 

By e n t e r i n g  ' KEY BD DUMP o n  t h e  F o r t h  system 
you'll get the object code d i sp layed  as: 

4W0 DB 0P BP D2 08 4% CB Ec 6P 
26 ~0 a 41 m 

This is e x a c t l y  what t h e  AeE+mbly code would 
pmduce if OSG'ed a t  4flj7H ard the label HptGH = 
a t  41H. 

Ikr icwing the exarple mrth code statemnt: 'BEGIN" 
v.uduced no cbject but s i n p l y  acted aa a label f o r  
"END. provided the JM: address f o r  EH). *CS* 
s i n p l y  pmvided  the JMP typ for m, i n  this case 
JNC. "cs Nop ns" d d  have aDnplamtad the jurQ 
type md produced JC. 

Ihc abve e x m p l e s  vhile rmt e s p e c i a l l y  e x c i t i r q  
o n  t h e  s u r f a c e  are q u i t e  i n t e r e s t i n g  when y o u ' r e  
a c t u a l l y  wr i t i nq  these p rogram on a system installed 
w i t h  F o r t h  and o n e  t h a t  i s n ' t .  Using s t a n d a r d  
disk-based Assmbler system y w ' d  prcbably have to 
open an edit f i l e ,  write t h e  p m q r a ,  close t n e  edit 
f i l e ,  call t h e  assembler, and load t h e  oblect f i l e  so 
you could use t h e  d e b q  program to execute.  mybe 
10-30 m i n u t e s  depend ing  o n  t h e  p r o b l e m  you have  
a l o n g  t h e  way. I n  F o r t h ,  you 'd  e n t e r  t h e  code 
s t a t e m e n t  on  t h e  command l i n e ,  carriage r e t u r n ,  
ty "KEY", (a), and it 's executing. 30 secOndS 
maxlmm! I f  you l i k e d  t h e  way "KEY" executed you'd 
save i t  o f f  o n  t h e  d i s k  u s i n g  t h e  F o r t h  E d i t o r .  
(Another 20 seaxds. ) 

The colon s t a t e m n t  in  b r t h  was said to save man 
i n  m r y  over Assembly, and provide t h e  hign l e v e l  
l a n g u q e  a b i l i t y .  An exanple code statement  t h a t  
would read the CRT keyboard cam& messages and t hen  
execute  the des i r ed  a c t i o n  could lodc l i k e :  

: KL'YBQRW) 64 fl Do KEY 7F AM) Dup 0D = 
IF LFAVE THEN Loup MECVIF ; 

Keyboard is t h e  l a b e l  of  t h i s  r o u t i n e .  Every 
other word (Do, KEY, AND, =, LEAVE, THEN, LL)cB, and 
EXECVIE) r equ i r e s  tm by tes  of m r y .  p-bit  nunbers 
r equ i r e  3 bytes, 1 f o r  the nunber am1 2 for a routine 
that d i f f e r e n t i a t e s  nunbers Era hods and provides 
t h e s e  numbers o n  t h e  s t a c k  for u s e  by s u c c e e d i n g  
operations, e.g., 64 and B for 'Do'. 

"te m r y  saving can be v i sua l i zed  by thinking 
of the routine "keyba rd"  as a r o u t i r e  t h a t  looks 
like: 

;a pmJran 
;a p r o g r m  
;to stact a 64 locp 
:to i n p i t  d a t a  
;# for ANi) 
;to AND i t  
; to  WP d a t a  
; f o r  (CR) test 
: f o r  (CR)  test 
; i f  (CR) l eave  loq, 
; to  canplete IF 
;to loop 64 times 
:to Do ComMnd 
;to UO next one 

b o k i q  a t  it t h i s  way, each CALL twes a byte.  
F o u r t e e n  b y t e s  c o u l d  b e  s a v e d  i f  t h e  CALL OPCODE 
could be eliminated. Ihe r e s u l t  m u l d  be the tw 
by te  address' of everything to CALL. The innemst 
€m-th i n t e r p r e t e r  u ses  these address '  i n  serruence and 
is about 12 by te s  of merory code and has  ;he label 
'NEXT'. 

Thus,  f o r  j u s t  t h i s  s i n g l e  example,  14 b y t e s  
WLP saved, a t  t h e  cost o f  12 by te s  f o r  "NMl".  But 
cwry colon ad code Statement used "NEXT" so the 
mmry savings b u i l d  because "NEXT" is executed so 
many times. me j u s t i f i c a t i o n  i n  using subroutine 
calls i n  Assenbly mde ve r sus  i n l i n e  ccde is based o n  
how many times it is called. "kE)(T" is c a n p l e t e l y  
j u s t i f i e d  because it is called an e m m s  n u n k r  o f  
times. Forth,  Inc., has stated .NEXT" would be a n  

- - w  
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excellent mic- to be inclujed in a 80 
set and I 'd have to  agree. Befoe a "NEXT" 
vould be implemented l n  W S  processor - l ike  8085, 
6800, or the l ike ,  Ftxth is going to have t0 beoanc 
q u i t e  dear  to t h e  i n d u s t r y .  So I d o n ' t  see i t  
happening except  i n  some 2900 bit-rlict iwle- 
m n t  a t  ions. 

All t h i s  concern abwt microToding 'NEXT h a  
its mot. "m" is executed between each wxd ln a 
colon statement bebeen  each w x d  of a uxd t h a t  
i t s e l f  i s  the rime of a colon statement. mem€orer 
"NDCT" slcvs thirqs d w n  during e x a t i o n ,  krt k 
rcdeemirq since it  saves space arrd all- the high 
level  nature of h r t h .  

?t, keep thirqs w i n g  quickly in the execution 
of m r t h  pmgrans, colon statements should ccntain 
a feu mrds defining the action of t h e  defined colon 
s ta tement  and each word should be v e r y  c l o s e l y  
connected to a code s ta tement  as p o s s i b l e  ( s i n c e  
code statements run a t  full machine speed). A l s o ,  
each word in  a colon statement should be povFrful, 
if the  mrd is the label o f  a cok statement, th ia  
could mean large code statanents .  

large code s ta tanents  can quickly ge t  ou t  of hand 
wi th  more t h a n  two l i n e s  ( l ine  i n  t h e  example of 
=my-), b e c a w  of the  lesser a b i l i t y  t~ cQnaent e& 
acax as in  Assetbly. So Ftxth, Inc., has stated 
& staterronts should be kept short am3 meet. It's 
r e a l l y  up to the  user to trqde o f f  r e a h b i l i t y  for 

IIhe nanirq of colon and c d e  etaterPnt  labels CM 
mally improve m a d a b i l i t y  i f  p put gl~e t-ht 
i n t o  the naning. 

& was sa id  earlier, the Forth pmqrsn statement 
can be executed by enter inq it on t h e  connand l ine,  
then typing the  name for execut im.  Colon statements 
a r e  included i n  t h i s  a b i l i t y  and ext remely  f a s t  
d i r q  ad debugging is t h e  result. 

I r e a l l y  object to paying $2,500 for any Softsate ,  
but B r t h  is mrth it. (Ihey'd probably sell mce i f  
it w s n ' t  so expemive.) Besides the  p r i c e  thero 
EWXYM to be a feu other  mpediments to Fbrth gaining 
a m o ~  rapld p w a r i t y  growth. ( 1 )  I t  &es take 

g e t t i r q  used to. ( 2 )  There's not m ~ y  m r t h  
6ystsPs and progrmmers amwd. (3 )  Pecple, i n  my 
j w t ,  are tob quick to & e m  it. 

speed- 

'lb r e a l l y  ge t  f a s t  d i sk  copies on your )05800 
(RI I n t e l  Corp.) m r t h  systme, add t h i a  progrm to 
your disking load: 

0 
1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
1 1  
12 
13 
1 4  
15 

( H I G H  SPEED DISK COPY ~ ~ ~ - 7 a i o o i  
16384 CONSTANT SCRATCH 

2 0 0 0  CONSTANT B I A S  
26 CONSTANT TRACK 

4 CONSTANT READ 
6 CONSTANT WRITE 

26 CONSTANT ALL 

DO SCRATCH I TRACK ' 
READ ALL 1/0 I . 
SCRATCH I TRACK 
B I A S  + WRITE ALL 1/0 
STATUS I F  [ ERROR] LEAVE THEN 

LOOP FLUSH CR [ COPY J 7 ECHO 
;S DUPLICATE TAKES 80 SECONDS 10 
FORnAT AND COPY ENTIRE NEW DISK.  

: DUPLICATE FnT 7 7  o 

lbe main reason t h i s  progrim will take anly 80 
seomds to make a is whole tracka are read fmn 
t h e  master d i s k  i n  d r i v e  g and whole t r a c k s  are 
written to tk mpy i n  dr ive  1. But, alas, p ' l l  
need 3328 b y t e s  of cont inuous  RAM to run t h i s  

progran. Iha amstant nancd EX3WKH provides the 
f i r s t  address o€ the 3328 RAn bytes needed. 

cwLIu\TE lhen exewted calls t?m to €omat the 
disk  i n  d r i v e  1 .  "77 &I W- P e t s  up a D L O O P  to 
mpy all 77 tracks. I/O requires m T C H  (locatiar) 
I ( t h e  t r a c k  and index of t h e  loop) TRACK ( t o  
canpute  block # f o r  I/O) REM (fmn, drive B) and 
ALL (for # of sectors). VO w i l l  perform the disk  
operatian. -1- p r i n t s  the current t rack birq mpied  
to e n t e r t a i n  t h e  aperator. Next, Sa?Am q a i n  gives  
t he  s c r a t c h  area for I /O  and I TRACK BIAS + 
provides the equivalent block nunbcr i n  d r i v e  1 for 
vo. 

WRI"T3 ALL instructs I/O to write a l l  26 sectors 
fmn scratch area. I/O perfora the disk operation. 
bTMzLs pops t h e  d isk  StatU8 byte fmn locat ian 20H 
and i f  ntn-zero p r i n t s  ERFOR a d  leaves t h e  loop. 
~lse the loop repeats Md MLSH is executed f o r  the 
hedc-f-it. Cow is printed Md BELL is echo'ed to 
Qzp to signal capletion. 
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T h e  
a n n o u n c e  
mee 
i n  
o f  
s o u  

PUBLIC MEETINGS O? F.1.O 

F o r t h  I n t e r a r t  C r o u p  l a  p l e a r e d  t o  
a p u b l i c  m e e t i n g  a e r i e s .  Ye w i l l  
t h e  f o u r t h  ( I )  S a t u r d a y  of t h e  m o n t h  t o n  . 

H a y w a r d .  Ca . ,  t n  t h e  S p a c i a l  E v e n t s  ROO. 
t h e  L i b e r t y  H o u s e  D e p a r t m e n t  S t o r e ,  i n  t h e  

t h l a n d  S h o p p i n g  C e n t a r  ( 8 0 0  S o u t h l a n d  Hell) 

T h i s  r o o m  is on t h e  t h i r d  floor r e a r -  T h e  
f o r m a l  m e e t i n g  b e g i n s  a t  1:00 PM. b u t  we 
g a t h e r  f o r  l u n c h  a b o u t  1 2  Noon. 

T h e  s p e c i f i c  d a t e s  a r e  J u l y  26. Aua 2 5 ,  
S e p t  2 2 .  D c t  2 7 .  a n d  Nov 2 b .  A s t o g l e  t e c h -  
n l c a l  t o p i c  w i l l  b e  p r e s e n t e d  i n  d e t a i l ,  w i t h  
u o r k a h o p  s e a a i o n a  on t h e  fig-FORTH m o d e l ,  a n d  
a n y  t o p i c s  o f  i m m e d i a t e  i n t e r e s t .  I n  J u l y .  
D a v e  L y o n s  w i l l  p r e s e n t  t h e  aacii memory dump 
o f  F o r t h  w h i c h  is p a r t  o f  his 6800 v e r a i o n .  
T h i s  F o r t h  p r o g r a a  s h o v a  tHe e n t i r e  l a n g u a u e  
map o n  o n e  s h e e t  of p a p e r 1  

PUBLISHERS COHMCNTS 

T h e  i s s u e o  o f  F o r t h  Dimonsions h a v o  
b e e n  s c h e d u l e d  f o r  tvo  m o n t h  i n t e r v a l s .  b u t  
h a v e  b e a n  a t  i n t e r v a l s  d e t e r m i o e d  by t h e  over -  
a l l  a c t l v i t i e s  of t h e  s t e e r i n g  c o n s i t t e e .  
I n  t h e  p a s t  m o n t h s  w e  h a v e  p a r t i c i p o t m d  i n  t h o  
I n t e r n a t i o n a l  S t a n d a r d r  Team, g iven  c o n f e t e n c o  
p a p e r s  t h e  F o u r t h  West  C o a a t  C o m p u t e r  ?airs, 
a t t e n d e d  t h e  F o r t h  Users H e a t i n u  in O t r e c h t ,  
H o l l a n d .  

T h e s e  e v e n t s  h a v e  b e e n  o u t v a r d l y  r e f l e c t -  
e d  i n  t h e  large g a p  s i n c e  I a s u e  3. lor t h e  
n e a r  t e r m ,  h o p e  is t n  s i g h t f .  Ye h a v e  I e a u e  
5 r e a d y  f o r  p u b l i c a t i o n  i n  t h r e e  w e e k a ,  a n d  
Issue 6 s h o u l d  o c c u r  w i t h i n  a m o n t h .  T h i a  will 
w r a p  u p  Volume 1. A t  t h i s  time ve w i l l  
e v a l u a t e  o u r  e f f o r t a .  a n d  p l a n  f o r  f u t u r e  
a c t i v f t i e a .  Member comment  will b e  q u i t .  
a p r o p o s  d u r i n g  t h l s  p e r i o d  a n d  will h e l p  
s h a p e  f u t u r e  a p p l i c a t i o n  o f  e f f o r t .  

T h a n k s  are d u e  t h e  m e m b e r a h i p  fot t h e i r  
p a t i e n c e  d u r i n g  t h l s  p e r i o d .  

S TA?? 

T h e  v o l u n t e e r  a t a f f i n g  of l o r t h  D i m e n s i o n s  1 6  
a b i t ' f l u i d .  ?or t h i s  i s s u e .  o u r  s t a f f  c o n -  
s i a t a d  of: 

EDITOR B i l l  R e g o d a l e  

R I V I E Y  

CONTRIBUTORS P a u l  B a r t h o l d l  

Deve B o u l t o n  

D.  W .  B o r d e n  

TYPESETTING C L C  S e c r e t a r i a l  
a n d  V y d e c  

ARTWORK Anne R a g s d a l e  

CIRCULATION 6S02 T I M  a n d  P e r s c i  

HISTORICAL PERSPECIVE 

FORTH was c r e a t e d  by Mr. C h a r l e a  It. 
Moore i n  a b o u t  1 9 6 9  a t  t h e  N a t i o n a l  I a d l o  
A a t r o n o m y  O b s e r v a t o r y ,  C h e r l o t t e s v i l l e ,  V A .  
I t  waa c r e a t e d  o u t  O C  c h i a  d i s s a t l e f a c t l o n  
w i t h  a v a i l a b l e  p r o g r a m m i n g  t o o l s .  e s p e c i a l l y  
f o r  a u t o m a t i o n .  D i a t r i b u t i o n  of h i s  vork  t o  
o t h m r  o b s e r v a t o r i e s  h a s  made FORTH t h e  
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 o .  

N r .  Moore a n d  s e v e r a l  a m s o c i a t e a  f o r r e d  
F o r t h .  l n c . ,  i n  1 9 7 3  f o r  t h e  p u r p o s e  of 
l i c e n s i n g  a n d  s u p p o r t  o f  t h e  FORTH O p e r a t i n g  
S y a t e m  a n d  P r o g r a m m i n g  L a n g u a g e .  a n d  t o  r u p p l !  
a p p l i c a t i o n  p r o g r a m m i n g  t o  r e e t  ~ u s t o m c r a  
u n i q  u e  reg u i  reme n t a. 

FORTH e n j o y 8  a s y n e r g i s m  of i t s  f e a t u r e s .  
I t  h e r  n o n e  of 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 P L / l  or FORTRAY. I t  has a d e n s i t y  
a n d  s p e e d  f a r  a u r p a a s i n g  BASIC, b u t  r e t a i n s  a n  
i o t e r a c t i v e  n a t u r e  d u r i n g  p r o g r n m  d e v e l o p m e n t .  
S i n c e  i t  ir e x t e n a i b l e ,  s p e c i a l  w o r d s  arc 
e a a i l y  d e f i n e d  t o  g i v e  i t  t h e  t e r s e n e s s  o f  
APL. I t s  c l a r i t y  e n d  c o n s l a t e n c y  r e s u l t  f rom 
be iog  t h e  p r o d u c t  of e a i n g l e  mind  (as were 
APL e n d  PASCAL). 

A l t h o u a h  t h e  l a n g u a g e  a p e c i f l c n t l o n  a n d  
many i m p l e a e o t a t i o n s  a r e  i n  t h e  p u b l i c  d o m a i n .  
men) o t h e r  i m p l e m e n t a t i o n s  a n d  a p p l i c a t i o n  
p a c k a g e 8  a r e  a v a i l a b l e  as  p r o g r a m  p r o d u c t s  of 
c ommo r c 1 a 1 ve a d o  r a. 

T h e  F o r t h  I n t e r e s t  C r o u p  is c e n t e r e d  i n  
N o r t h e r n  C a l i f o r n i a ,  a l t h o u g h  o u r  m e m b e r s h i p  
o f  4 5 6  is v o r l d - w i d e .  l t  was f o r m e d  t n  1 9 7 8  
b y  l o c e l  F o r t h  p r o g r a a a e r s  t o  e n c o u r a g e  u s e  
of t h e  l a n g u a g e  b y  t h e  i n t e r c h a n g e  of i d e a s  
t h r o u u h  a e m i n a r r  a n d  p u b l i c a t i o n s .  A l l  e f f o r t  
i a  on a v o l u n t e e r  b a s i a  a n d  t h e  g r o u p  is 
e f f i l i a t e d  v i t h  no v e n d o r s .  

:S FIG 
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Paul Bartholdi 

CH- 1 290-Sauverny 
Sw i t rerland 

Observatoire De Geneve 

m :  - ou): 

i ) A Q B @ + C I  A B + 1 0 C  
i i ) P L l @ G D 4 b H D I  P G D 1 0 H  

i i i )  X F@ Y PI? P* 2 PI X Y Fc 7 0  2 

At the Catalina standardization meeting, 
Chuck Moore suggested rapidly the 'TO' 
construct to aleviate some, i f  not all, of 
the difficultiCs associated with address 
manipulation. This new construction seems 
to me extremely powerful. It should con- 
siderably decrease the number of errors and 
improve the readability of programs. It is 
very easy to understand and to use (much 
easier in fact than the constructs It is 
replacing!). Its implementat ion is also 
trivial but the lack of experience in using 
i t  may hide some difficulties. These notes 
try to sketch its potentials. 

1 .  The ' l V  concept 

The basic concept is the following: The 
code associated with -VARIABLES is divided 
into two exclusive parts. 

- The first one (or ' fetch code " 1  is 
identical with t h e  o n e  associated 
normally with CONSTANT . It pushes on 
the stack the value (byte, word or 
words) in the p a r x e r  field. 

- The second one (or store code ' 1  is 
new. It transfers the value (byte, 
word or words) from the stack into the 
parameter field, it is equivalent to 
<variable-name> ! ( o r  CI or D! 
or PI ).  

The choice between the two codes depends on 
a state variable (which will be called W A R  
hereafter) that has two possible states: 
0 (or fetch state) and 1 (or store state). 

If W A R  = 0 the first code is executed 
and %VAR is unchanged. 

If W A R  = 1 th? second code is executed 
and 8 VAR is immediately returned t o  I. 

T h e  o p e r a t o r  ' TO ' s e t s  8 V A R  t o  1, 
forcing the next-called variable to store 
the content on top of the stack in its 
parameter field instead of fetching it. 

2. Examples using ' TO " 

W e  suppose three single variables called 
A , B and C three double variables Q , C 
and H , and three floating variables X , Y 
and 2 . Then the following half-llnes are 
equivalent. The first column assumes the 
old definitions of variables, the second one 
uses the new concept. 

3. VARIABLES or CONSTANTS 7 

Some advantaqes of the new concept are 
quite evident from the previous examples. 
Just befor'e the Catalina meeting, I came to 
the conclusion that variables should be 
dropped altoqether. I f  A , 0 , ... 2 had 
been constants in the previous examples 
then, using P and 1 , the three lines would 
have been coded 

i ) A B + ' C !  

i i i )  x Y p* 2 F! 
i i )  P G D- ' H D! 

which is already better than the 'old' above. 

The difficulty starts with ARRAYS. I f  
they push values onto the stack instead of 
addresses, then it becomes much more diffi- 
cult to store values at the right places. 

Note that ' C (or H or 2 ) takes two 
words but is really, at execution time, 
a single operator ( LIT <address-of-C> ) .  

TO is then the shortest solution in 
terms of memory space, and more or less 
equivalent to the CONSTANT solution in terms 
of the time used. 

4. The address ' problem 

But the main advantage of ' TO ' in this 
context are the following: 

- In the general sense a ' CONSTANT ' 
should be used as such, and never (or hardly 
ever) be changed. In particular i t  may 
reside in PROM . I suggest then to keep the 
constants as such, its associated code 
ignoring the value of 8VAR . W e  then 
should redefine the variables to check RVAR 
and behave accordingly. 

- One of the main unresolved points at 
Cataltna was the definition and use of 
addresses for variables in the qeneral 
sense. O n e  consensus w a s  o b t a i n e d  in 
September at the Geneva meeting, that is, 
as far as possible, addresses should be 
omitted. The ' TO ' concept solves this 
requirement admirably. N o  addresses are 
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e v e r  p u t  o n  t h e  s t a c k ,  or m a n i p u l a t e d  
e x p l i c i t l y .  Then b y t e  or word a d d r e s s i n g  is 
i r r e l e v a n t .  I t  i s  t a k e n  c a r e  o f  a t  t h e  
s y s t e m  l e v e l  o n l y ,  i n  the  code of t h e  s e c o n d  
p a r t  ( t h e  .store c o d e " ) .  

5 .  P o r t a b i l i t y  

Because  of t h i s ,  FORTH programs  become 
more p o r t a b l e .  " TO " r e p l a c e s  a l l  f e t c h  
and s t o r e  o p e r a t o r s  which would or would n o t  
be d i s t i n c t ,  w h i c h  w o u l d  work on b y t e  Or 
"pos 1 t ion"  or word a d d r e s s e s .  T r a n s p o r t i n g  
a p r o g r a m  from a micro t o  a l a r g e  C D C  
i m p l i e s  now much less a d a p t a t i o n s .  

6 .  C l a r i t y  - s e c u r i t y  

Using less o p e r a t o r s ,  i n  f a c t  t h e  s t r ic t  
minimum, i s  p r o b a b l y  one o f  t h e  beet ways o f  
lmprovinq c l a r i t y .  Note a l s o  t h a t  TO ' 
a p p e a r s  as an i n f i x  o p e r a t o r  to t h e  program- 
mer ( a n d  r e a d e r l ) .  I n  terms o f  s e c u r i t y ,  " 
TO " i m p l i e s  t h a t  o n l y  t h e  p a r a m e t e r  f i e l d  
o f  v a r i a b l e s  c a n  be changed.  O t h e r  a d d r e s -  
ses  a r e  n o t  ( a t  l e a s t  d i r e c t l y )  a c c e s s t b l e .  

This i s  c e r t a i n l y  a t r emendous  g a i n  €or 
some e n v t r o n m e n t s .  

( BLOC i n  o f  c o u r s e  j u s t  a p r o v i s i o n a l  
name 1 ) 

Example : 

4 , 1 2  B L O C  5 + TO 5 1 2  BLOC 

i n s t e a d  o f  

12 BLOCK DUP 4 + @ 5 + 
SWAP 5 + I 

Or 

12 BLOCK 4 + @ ,  5 + 12 
BLOCK 5 + I 

9 .  pztzral access  t o  t h e  ( w h o l e )  nemory 

No g o o d  FORTH p r o g r a m m e r  w o u l d  e v e r  
accept to  b e  s t r o n g l y  r e s t r i c t e d  i n  h i s  
access t o  t h e  memory. B u t  i f  t h e  TO 
c o n c e p t  is r e a l l y  a c c e p t e d ,  t h e n  a l l  t h e  Q 
a n d  1 opera tors  s h o u l d  d i s a p p e a r .  I 
s u g g e s t ,  i n s t e a d ,  to  add  ( i ts  u s a g e  c o u l d  be 
r e s t r i c t e d )  a g e n e r a l i z e d  a r r a y  c a l l e d  
MEMORY (or any e q u i v a l e n t )  w i t h  o n c e  more 
t h e  d o u b l e  c o d e  a s s o c i a t e d  w i t h  i t .  
Then < a d d r e s s >  MEMORY would e i t h e r  f e t c h  
€rom or store i n t o  t h e  real a d d r e s s .  

A s  an example, w e  would have  
7.  The ARRAY p rob lem 

/ TO 15317 MEMORY i n s t e a d  of 

DO I MEMORY S. LOOP i n s t e a d  o €  
DO I @ S. LOOP etc. 

The use of  " TO w i t h  ARRAYS is n o t  a s  0 15317 1 or s i m p l e  as w i t h  v a r i a b l e s ,  b u t  s t i l l  q u i t e  
p r a c t i c a b l e .  Note f l r s t  t h a t  a n y t h i n g  b u t  a 
v a r i a b l e  c a n  s t a y  b e t w e e n  TO " a n d  t h e  
v a r i a b l e ' s  name. I f  C i a  d e f i n e d  as an  
A R R A Y  ( w i t h  t h e  d o u b l e  a s s o c i a t e d  c o d e )  i s  c lear ly  equivalent  to  e 
t h e n  I depend ing  on WAR. 

A To ' ( ins tead  O f  A @ 10. G e n e r a l i z a t i o n  o f  a d d r e s s  ma tch ing :  
DO I 1y) I C LOOP v i r t u a l  arrays ( . i n s t e a d  o f  DO I I C I LOOP 

e x p l i c i t  a d d r e s s  a r i t h m e t i c  i n  t h e  procedure 
put  the Of A into (see t h e  PPT o f  J i m  B t a u l t  €or e x a m p l e ) .  

Of i n t o  The necessary then T h i s  is c e r t a i n l y  n e i t h e r  c l e a n  nor  f a s t .  be 

A B T O C  W h a t  I propose is  t h e  t o l l o w i n g :  A 
v i r t u a l  array ( V A R R A Y  , D V A R R A Y  , 
IVARRAY , CVARRAY etc.)  b e h a v e s  l i k e  a n  which is s u r e l y  less p l e a s a n t  because Of its a r r a y ,  b u t  d o e s  n o t  resewe space, exccpt 

asymmetry.  €or a p o i n t e r  t o  t h e  real a r r a y .  The l i n k  
between t h e  v i r t u a l  a n d  a n y  por t ion  Of 8 .  F e t c h i n g  and Storing i n s i d e  a d i s k  b l o c k  t h e  me,,,ory i s  b y  t h e  word 

MATCH . 
The p rob lem e x t e n d s  of course t o  ' v i r t u a l  

a r r a y s "  l i k e  t h e  disk b l o c k s .  I n  t h i s  example: 
c o n t e x t ,  d i r e c t  access s h o u l d  be c o n s i d e r e d  
s e p a r a t e l y  f rom D a t a  Management. The d o u b l e  1/11 ARRAY CUSTOUER 
code  c o n c e p t  a s s o c i a t e d  w i t h  TO s h o u l d  Ig0 ARRAY STAR 
be  e x t e n d e d  to t h e  Data Management opera- 
tors. For t h e  d i r e c t  m a n i p u l a t i o n  o f  d a t a  , CUSTOMER RATCR NUMBER 
i n s i d e  a d i s k  b l o c k ,  I s u g g e s t  t h e  creation 
of a new opera tor ,  w i t h  t h e  d o u b l e  C d e ,  associates t h e  real arrw CUSTOMER w i t h  t h e  
a s s o c i a t e d  w i t h  t h e  form at v i r t u a l  a r r a y  NUMBER . 

VARRAY NUMBER 

< r e l a t i v e - w o r d - a d d r e s s >  T h e n  < i >  NUMBER w i l l  bo e q u i v a l e n t  to 
<bloc-number,  BLOC < i >  C U S W G R .  
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Runember t h a t ,  a s  previouS1Yr 

< i >  NUMBeR pushes the v a l u e  of t h e  
i t h  STAR o r  CUSTOMER o n  t h e  rtack. 

and <W TO < I >  NIJM8ER w i l l  store <I> i n t o  
t h e  i th STAR or CUSWER . 
A t  any t i r ,  C U S M n E R  can bc replaced by 
STAR , (and v i c e  v e r s a )  by 

STAR MATCH NUM0ER 

In t h i n  way, MEMORY is def ined by 

VARRAY MEMORY 
g HATCH MEMORY 

;S PB 

SCR # 150 
0 ( E x a m p l e  o f  t h e  c r e a t i o n  of TO ) 
1 HERE 0 , CONSTANT XVAR 1 XVAR SET TO 
2 : OAR CONSTANT ;CODE I N B .  XVAR LDA, 
3 A 0  IF. B I) LDA. PUSH. 

5 TREN. 
6 : DVAR CONSTANT , ;CODE INB. XVAR LDA, 
7 A 0  IF. B I D A ,  DSP. A I )  DLD, S) STB, ?USR. 

4 E L S E ,  CLA,  XVAR S T A ,  8 )  LDA, B I) STA. 

8 E L S E ,  CLA,  XVAR S T A ,  - . T  8TB. S) DLDI 
9 . . T  I )  DST,  POP., 

10 TREN. 

1 2  A0 I?. B I )  LDA, PUT. 
13 ELSE.  CLA. XVAR STA, 
1 4  S 1 )  I D A ,  B I) STA, ?O?., 
1 5  TREN, 

11 t ARRlT 0 CONSTANT DP + I  ;CODE IRB, 8 )  ADIS XvAR LDAI  

S C R  I 1 5 1  
0 8 2ARRAT 0 CONSTANT DU? + I+ D? + I  
1 ;CODE INB, S) ADD, 8 )  ADS,  X I A R  LDA. 
2 A 0  I?. I) I )  DLD. S) 8TB. ?USR. 
3 E L S E ,  CLA,  XVAR S t A ,  . . T  STBs 
4 ISP, S )  DLD, e.7 I) DST. PO?.. 
5 T R I I ,  
6 I VARRAT 0 CONSTANT ;CODE IUD, B 1) LDB,  8 )  ADD, XVAR LDA, 
I A 0  IF, B I )  LDA, PUT, 
8 ELSE.  CLA,  XVAR STA, S 1 )  LDA, B I )  STA,  POP, 
9 THEN, 

1 0  : DVARRAT 0 CONSTANT ;CODE I N B ,  B I) LDB. 8 )  ADD. S) ADD, 
I 1  XVAR LDA, A 0  I F ,  B I )  DLD, S) STB, PWSB, 
1 2  E L S E ,  CLA,  XVAR STA,  . .T STB, 
13 ISP, S) DLD, . . T  I) DST,  ?0?., 
14 T R E I ,  
1 5  PORTB IMP : NATCR ‘ I ; IN? ’ 
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FORTH IMPLEMENTATION PROJECT 

I n  J u n e  of 1 9 7 8 .  t h e  F o r t h  I n t e r e s t  C r o u p  t h e  F o u r t h  west C o a e t  Computer  F a i r s ,  May 1919 
h e i d  i t s '  f i r s t  p u b l i c  m e e t i n g .  w i t h  o n l y  in San F r a n c i s c o . '  I l l  The r e s u l t  ie t h a t  PIC 
m i n i m a l  p u b l i c i t y ,  we had  in e x c e s s  of 40 n o r  offers t h e  I n s t a l l a t i o n  M a n u a l  v i t h  
p e o p l e  a t t e n d .  Ue had  i n t e n d e d  t o  O f f e r  glOSs*rY a n d  F o r t h  model  ($10.00) a n d  a s a a r b l y  
e d u c a t i o n a l  a s s i s t a n c e  I n  u s i n g  F o r t h .  l a n g u a g e  l i a t i n g s  f o r  n u m e r o u s  c o m p u t e r .  
However .  v e  f o u n d  e v e r y o n r  v a n  e n t h u s i a s t i c  
to l e a r n  F o r t h ,  b u t  o n l y  f i v e  h a d  a c c e a n  t o  ($10 .00  @ )  I n c l u d e d  are: 8 0 8 0 ,  PDP-11. 
r u n n i n p  s y s t e m s .  PACE. 9 9 0 0 .  6 8 0 0 ,  a n d  soon 6 5 0 2 ,  a n d  2-80. 

F I G  t h e n  s u r v e y e d  f o r  v e n d o r  a v s i l a b i l i t y  N o t e  t h a t  FIG o f f e r s  t h e m e  l i s t i n 8 s  v h i c h  
o f  t h e  l a n g u a g e .  W e  f o u n d  t h e r e  w e r e  numeroua a t i l l  h a v e  t o  b e  e d i t e d  i n t o  m a c h i n e  r e a d a b l a  
m i n i - c o m p u t e r  v e r s i o n s  a t  e d u c a t i o n a l  and  f o r m ,  c u ~ t o m i r e d ,  a n d  a s e e m b l e d  f o r  s p e c i f i c  
r e s e a r c h  l n a t i t u t i o n e .  a l l  d i r e c t l y  d e c e n d e d  i n a t a l l a t l o n s .  We h a p a  t h a t  l o c a l  teama 
from Mr. U o o r e ' s  word s t  NRAO. O f  c o u r s e .  s h a r e  t h e  e f f o r t  a n d  t h e n  d i s t r i b u t e  for 
F o r t h .  I n c  o f f e r s  numerous  c o m m e r c i a l  s y s t e m s .  O t h e r s .  

None  of t h e s e  s y s t e m s  v e r e  a v a i l a b l e  f o r  
p e r s o n a l  c o m p u t i n g .  I t  a p p e a r e d  u n l i k e l y  t h a t !  
t h l a  n e e d  v o u l d  b e  m e t  in t h e  f o r s e e a b l e  
f u t u r e .  Our c o n c l u r i o n  v a s . t h a t  a s u i t a b l e  
model  s h o u l d  b e  c r e a t e d ,  and  t r a n s p o r t e d  to 
l n d i v i d u a l  m i c r o - c o m p u t e r s .  Thua v a n  b o r n  t h e  
F o r t h  I a p l e o e n t a C i o n  Team ( F I T ) .  

T h i s  team w a s  p r o p o s e d  a s  a t h r e e  t i e r  
a t r u c t u r e .  The f i r s t  t t e r  had  s e v e r a l  e x p e r -  
l e n c e d  F o r t h  s y s t e m s  p r o ~ ~ r a m m e r o .  v h u  v o u l d  
p r o v i d e  t h e  model  a n d  g u i d e  t h e  i m p l e m e n t a t i o n  
e f f o r t .  The n e x t  t I e r  v a a  t h e  moat  c r i t i c a l .  
I t  u a s  composed of s y s t e m s  l e v e l  proaramrnera, 
n o t  n e c e s s a r i l y  h a v t n g  8 b a c k g r o u n d  i n  F o r t h .  
They w e r e  t o  t r a n s p o r t  t h e  common l a n g u a g e  
m o d e l  t o  t h e i r  own computerm by g e n e r a t i n g  
a n  s s e e m b l y  l s o # u a ~ e  l i s t i n g  t h a t  f o l l o r e d  
t h e  model .  T h e i r  r e s u l t .  v o u l d  be  p a s s e d  
t o  t h e  d i s t r i b u t o r s  t h a t  f o r m  t h e  t h i r d  
t i e r .  T h e s e  d i s t r i b u t o r s  would  c u s t o s l z e  f o r  
a p e c i f  i c  p e r s o n a l  c o m p u t e r  b r a n d s .  F i n a l l y ,  
t h e  n s e r a  c o u l d  h a v e  a c c e s s  t o  b o t h  s o u r c e  a n d  
o b j e c t  c o d e  f o r  m a i n t e n a n c e .  

S p a c e  d o e s n ' t  p e r m i t  i n c l u m i o n  of t h e  
F I T  p r o j e c t .  i t s e l f .  The  p r o j e c t  wan d e t a i l e d  
a s  one of t h e  six F o r t h  c o n f e r e n c e  p a p e r s  a t  

R e p o r t s  o f  i n s t a l l a t i o n s  a r e  b e g i n n i n g  t o  
come in f r o m  t h e  USA a n d  E u r o p e .  We s i n c e r e l y  
h o p e  t h i s  v o r k  v i l l  g i v e  a b e n c h m a r k  of  q u a l -  
i t y  a n d  u n i f o r m i t y  t h a t  v i l l  raise t h e  
e x p e c t a t i o n  of  all u s e r a .  

PIC v o u l d  l i k e  t o  t h a n k  t h e  f o l l o v i . 8  
members  of t h e  I m p l e m e n t a t i o n  Team who h a v e  
d e v o t e d  a major p a r t  of  o i n e  m o n t h s '  s p a r e  
tire t o  t h i s  e f f o r t .  

Dave B o u l t o n  
John C a s s a d y  
Gary F e i e r b a c h  
B e r n a r d  Greenin8 
Kim Harris 
John James 
Dave K i l b r i d g e  
Dave L i o n  
Mike O'Malley 
B i l l  R a g a d a l e  
l o b  S m i t h  
LaParr S t  ua r t 

I n s t r u c t o r  
8080 
Comp. Auc. 
2 - 8 0  
L i b r a r i a n  
PDP- I I 
PAC& 
6 8 0 0  
9900 
I n s t r u c t o r  
6 8 0 0  
6 8 0 0  

( 1 1  P a g a d a l e .  W i l l i a m  F .  
" F o r t h  I m p l e m e n t a t i o n .  A Team A p p r o a c h "  
The  B e s t  of t h e  Computer  F a i r e a .  Vol I I  
f r o m :  Computer  F s i r e  ( $ 1 4 . 7 8 ,  U S A )  
3 3 3  S v e t t  Road. Woodaide.  CA 9 4 0 6 2  

FORTH INTERNATIONAL STANDARDS TEAM 
For s e v e r a l  y e a r s  t h e  F o r t h  U e e r r  Group 

( E u r o p e )  h a s  s p o n s o r e d  a t eam vorking t o v a r d  
a s t a n d a r d .  p u b l i c a t i o n  f o r  F o r t h .  The  1 9 7 7  
m e e t i n g  ( U t r e c h t l  p r o d u c e d  a v o r k i n g  document  
FORTH- 77. A t t e n d e e s  i n c l u d e d  E u r o p e a n  
e d u c a t i o n a l  i n s t i t u t i o n s  a n d  F o r t h ,  Ioc. 

In O c t o b e r .  1 9 7 8 .  an e x p a n d e d  g r o u p  MC 
a t  C a t a l i n a  l a l a n d  ( C a l i f .  ) -  A t t e n d e e s  
i n c l u d e d  F o r t h  Users G r o u p  ( Z t e i u u e n h u i g r e n ,  
B a r t h o l d i ) .  Forth, I n c .  (Moore.  R a t h e r ,  
S a n d e r e o n ) .  FIG ( J a m e s .  B o u l t o n ,  Ragadale. 
H a r r i s ) .  K i t t  P e a k  ( M i e d s n e r .  Goad,  S c o t t ) .  
U of  R o c h e s t e r  ( F o r s l e y ) .  SLAC ( S t o d d a r d ) .  and 
S a f e g u a r d  I n d .  ( V u r p i l l a t ) .  

The document  r e s u l t i n g  f r o m  t h i s  f o u r  d a y  
m e e t i n g  h a s  b e e n  r e l e a s e d  a 8  FORTE-78. T h i e  
d o c u m e n t  is b e c o m i n g  a g o o d  r e f e r e o c e  g u i d e  in 
e v a l u a t i n g  t h e  c o n s i s t e n c y  a n d  corpleteneas of 
p a r t i c u l a r  F o r t h  s y s t e m s .  I t  is a v a i l a b l e  
from FIST t o  p a r t i c i n n t i n t  s n o n s o r o .  (Sea  

b a t r e a n  m a j o r  u s e r s .  ?or e x a m p l e .  FIG l a  
l e a r n i n g  from t h e  m U l t t - t O S k i n g  o f  U of K. 
K i t t  P e a k  a n d  U t r e c h t  a r e  r u n n i n g  fi8-FORTR. 
a n d  ue h a v e  a d o p t e d  t h e  s e c u r i t y  p a c k a g e  
p i o n a e r e d  in Europe .  None of t h e m e  event. 
w o u l d  h a v e  b e e n  l i k e l y  v i t h o u t  t h e  c o n t a c t .  
b e g u n  a t  C a t a l i n a .  

The  Team h o s  a n n o u n c e d  t b e  next S t a n d a r d .  
M e e t i n g  for O c t o b e r  1 4  t b r u  18. 1979, again 
a t  C a t a l i n a .  The t e a m  a g r e e d  on an o r g i n i t -  
a t i o n a l  b u d g e t  o f  $1000.00, t o  b e  m e t  by $30. 
c o n t r i b u i t i o n s  by a p o n a o r e  ( i n d i v i d u a l a  a n d  
c o m p a n i c a  f . 

These f u o d e  v i l 1  b e  u s e d  solely t o  d e f r a y  
o r g a n i z i n g  c o s t #  of t h o  a n n u a l  m e e t i n g  a n d  
d i s t r i b u t i o n  of  t h e  v o r k i n g  d o c u r c n t a  t o  
p a r t i c l p a n t a .  Thooc  C o n B i d e r i o g  p a r t i c i p e t i m g  
a h o u l d  become Tear S p o n s o r 8  by r e m i t i n g  a. 
g i v e n  b e l o v .  S p o n s o r s  w i l l  r e c e i v e  t h e  j u a t  
r e l e a n e d  F O R T U - 7 8 .  a n d  a 1 1  Team u i l i n g a .  

1 .  

b low. ) 
P l e e e e  r e m f t  t o  FIST, % C a r o l y n  ROaenber8 .  

A major b e n e f i t  o f  t h e  tear meetin8 van F o r t h ,  I n c .  8 1 5  M a n h a t t a n  Ave., N a n h e t t a m  
t h e  d e v e l o p m e n t  of c l o s e  c o m m u n i c a c i o n a  Beach. C A  9 0 2 6 6 .  
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PASCAL COMPUTING SERVICES INC 

1979 February 22 

Editor  
FORTH DII(ENS1ONS 
P . O .  Box 1105 
San Carlos ,  CA 94 7 

Dear Sir: 

I was somewhat disconcerted when I read the  a r t i c l e  by M r .  
David J .  S i rag .  "DTC Versus ITC f o r  FORTH on the  PDP-11". 
FORTH Dimensions, Volumc 1. No. 3. The author  has ,  I be- 
l i eve .  misunderstood the  i n t e n t  of t h e  a r t i c l e  by Mr. De- 
war. 

In Mr. Dewar's a r t i c l e ,  the  d e f i n i t i o n s  of direct  threaded 
code (DTC) and i n d i r e c t  threaded code (ITC) a r e  

"DTC involves the generat ion of code (my e m -  
phasis)  cons is t ing  of a l i n e a r  Aist of  addres- 
ses  of rout ines  t o  be executed. 

"ITC ..." (involves the  generat ion of code con- 
s i s t i n g )  ". . .of a l i n e a r  l i s t  of addresses  
of vords which Eontain addresser  of routine. 
t o  be executed. 

As ap l i e d  t o  the FORTH type of hei ra rcha l  s t r u c t u r e  (Heir- 
archa! i n d i r e c t  threaded code?), I vould extend M r .  Dewar'r 
d e f i n i t i o n  t o  be 

"LTC involves the  generat ion of code con- 
s i s t i n g  of a l i n e a r  l i s t  of  addresses of 
words vhich contain addresses  of routine. 
t o  be executed. These r o t t i n e s  may them- 
se lves  be ITC structure.. 

However, Mr. Sirag  based h i s  conclusions on the  following 
loose de f i n i  t i o n  : 

"The d i s t i n c t i o n  between DTC and I T C  as  
appl ied to FORTH is t h a t  i n  DTC executable  
machine code is expected as the  f i r s t  
word a f t e r  the  d e f i n i t i o n  name; while. in 
ITC t h e  address of the machine code is 

1.011 ~ S o U ~ M D  201L O W .  CNPORMA 91403 (213) 99Y4238 
6% M O m A V  SAlC DIEGO. CNNoRPllA 921 01 . (7 14) 23 I 4M2 

expected. '* 

Obviously the  two men are not  r e f e r r i n g  t o  the same th in  a .  
N r .  D e u y  is r e f e r r i n g  to the  l i s t  of addresses  which deffne 
the FORTH word, while N r .  S i r a g  is r e f e r r i n g  t o  the  i-1- 
mentation of the FORTH i n t e r p r e t e r .  I f  indeed H r ,  S i r a g ' r  
statement vere  t r u e  (which i t  is n o t )  t h a t  t h e i r  ana lys i s  
cont rad icrs  the f indings of Uewar", then they snould have 
implemented a DTC langua r a t h e r  than the  ITC language of 
FORTH! Indeed, a carefuf  examination of what is a c t u a l l y  
occuring i n  IABFORTH revea ls  t h a t  t h e i r  techniques a r e  10- 
g i c a l l y  i d e n t i c a l  t o  Dewar's ITC. They have s i m p l y .  through 
c lever  programing.  taken advantage of a p a r t i c u l a r  i n s t r u c -  
t i o n  set and a r c h i t e c t u r e .  I t  is beyond the scope of t h i s  
l e t t e r  eo prove t h i s  equivalence,  o r  t o  support the  FIG 
d e s i r e  t o  have a c m n  implementation s t r u c t u r e  f o r  a11 
vers ions of FIG FORTH. 

Please note  t h a t  I am not qu ib l fn  
"rag. All d e f i n i t i o n o r e  a r b i t g a r y .  (However, the value 
of a d e f i n i t i o n  l i e s  i n  i t s  consis tency.  prec is ion ,  and 
u s e a b i l i t y .  I f i n d  Mr. S i r a g ' s  d e f i n i t i o n  of DTC and 1TC 
t o  be incons is tan t  with the  environment in  which he ope- 
r a t e s ,  FORTH, and thus q u i t e  u s e l e s s . )  My i n t e n t  is tw 
f o l d  (1) I am a s e l f  appointed defender of t h e  e x c e l l e n t  
work of Mr. Dewar, and ( 2 )  I want t o  c o r r e c t  any misconcep- 
t i o n s  concerning t h i s  i s sue  f o r  readers  of t h i s  newsle t te r  
who did not  have access t o  Dewar's ( b e t t e r )  d e f i n i t i o n  of 
DTC and ITC. 

over semantics with H r .  

. Pres ident  - Pascal Computin Serv ices ,  Inc .  
14011 Ventura Bfvd. . S u i t e  2OlE 
Sherman Oaka, CA 91403 
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Because of its speed and economy, FORTH 
Inc.'s FORTH language has been favored by 
many mini and microcompute? designers. NOW 
comes polyFORTH, which combines the best 
features incorporated in the mini and micro 
versions. 

PolyFORTH is a multilevel language with 
the essential Eunctions (e.g., basic arith- 
metic and logic operators) in a 512-byte 
nucleus, and user-defined "words' (com- 
parable to macros) in the outermost layer. 
What's more, the standard package fits in 4 
kbytes of PROM, with an additional 2 k 
€or the assembler and text editor (which 
aren't needed to run a proqram once it's 
developed). 

The new operating system goes beyond 
previous FORTH versions by being able to 
handle molt itasking and many terminals 
(limited only by the hardware), and by 
including a buffer handler that supports RAM 

or mass storage. Other improvements over 
previous versions include faster dictionary 
search, all 16-bit arithmetic and a simpler 
target compiler. 

The target compiler can be used to develop 
a program of a micro-computer developlnent 
system. The compiler code can either be 
executed directly, or be compressed and 
burned into ROH. Scientific routines, a 
data-base management system and applications 
software are available options. 

The 8080 and 9900 are po1yFORTH's first 
targets, but versions for the 8086, LSI-11, 
Series-1 and Honeywell Level 6 are scheduled 
by the Hanhattan Beach, CA company for 
release later this year. 

Contact Steven Hicks at FORTH, Inc., 8 1 5  
Manhattan Avenue, llanhattan Beach, CA 90266, 
(213) 372-8493. 

January 23, 1919 

Dear F I G :  

Having just received your issue NO. 3 ,  it 
seems to me that the "DTC" method used by 
Siraq is still .indirect threaded code" in 
the terminology used by Dewar, and should be 
distinguished from other implementation 
methods as being "executed" rather than 
"interpreted." The use of actual machine 
code in place of the code address is the 
"executed" aspect, but only in the case of 
the Low Level Definition (Code) does the 
use of machine code reduce the level of 
indirection in the threading to that of 
direct threaded code. In t h e  Storage 
Definition in Sirag's diagram, there is 
still a subroutine call in the dictionary 
entry containing data (constant, variable 
type entries). Direct threaded code would 
require this subroutine call to be moved 
from the individual data-Word to the code 
string referencing that word. Whether that 
subroutine call is executed by an actual 
machine language JUMP SUBROUTINE instruct ion 
or by an interpreter routine is another 
matter. Now, in the case of the Code type 
dictionary entry , use of executed machine 
code tends to also remove a level of 
indirection because only one jump is needed, 
there being only one address, that of the 
code routine. involved: this coincidence 
unfortunately confuses the two consequences, 
even though they are separate. 

T h e  concept of Threaded Code seems 
inherently fuzzy, because any h igh-level 
instructions compiled by a translator into a 
series of subroutine calls has the same form 
as threaded code, so it  looks like almost 
any compiler is gornq to use a certain 
amount of threaded code. Some operations, 
however, like adding two numbers, take so 
little machine code that many comptlers 
would expand them completely in-line instead 
Page 4 3  
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of threading them in a subroutine, and it is 
at thie low level of primitives that the 
concept has meaning. Even when a subroutine 
call saves nothing compared to a full 
in-line expansion, going to two subroutine 
calls, 1.e. indirect t h r e a d x c o d e ,  many 
save space by reducing the amount of code to 
identify the types of the operands being 
processed, and in some cases it nay also 
save time. On a very large computer perhaps 
all the variable types involved are an 
inherent part of the machine in8truction 
set, and the memory may be tagged t o  
identify type there as well, and both the 
questions of executed/interpreted and 
indirect/direct would not be relevant. If 
one had a machine which executed FORTH 
primitives as its machine language, you 
would still have indirect threaded code, but 
completely executed instead of interpret&. 
The PDP-11 seems to fall in between. 

None of the above considerations, how- 
ever, contradict Mr. Sirag's main conclusion 
that how FORTH is implemented should not be 
part of its definition. 

One final note: in the DTC, ITC cOR- 
parison for storage definitions, DTC was 
shown having a larger overhead than IK even 
though the VAR routine appears shorter in 
the DTC case. Even though the space over- 
head is greater, I wonder i f  he has over- 
stated the DTC overhead time. He seems to 
show a single jump-subroutine taking longer 
than an interpreted jump. 

sincerely yours. 

Ceorqe B. Lyons 
280 Henderson Street 
Jersey City, New Jersey 07302 

Box  1105 * * * . *  San Carlos, Ca. 94070 



Dear PIG: 

I was ve ry  e x c i t e d  to f i n d  s o w t h i n g  from 
you i n  r y  mail today ,  bu t  t hen  I was d i s -  
appoin ted  t o  d i s c o v e r  t h a t  i t  was a copy of 
t h e  j o u r n a l  a r t i c l e  which in t roduced  me to 
PORTH and your e x i s t e n c e ,  w h i c h  I a l r e a d y  
have. 

On October second, I s e n t  you a check and 
a s k e d  f o r  e v e r y t h i n g  e l s e  o f f e r e d  on  t h e  
s u b s c r i p t i o n  form ( F O R T ~ I M E N S I O N S ,  V o l u m  
1, number 1, p. 2 2 . ) ,  i.e., n e w s l e t t e r  sub., 
g l o s s a r y ,  and  FORTH-65. And I've been  
a n x i o u r l y  awa i t ing  t h e  r e c e i p t  o f  any or a l l  
of t h e r e .  

Of course I r e a l i z e  y o u ' r e  a l l  v o l u n -  
teers, and I ' m  n o t  a n g r y  ... b u t  I r e a l l y  
would l i k e  to  g e t  t h a t  s t u f f .  I am, l i k e  
many o t h e r s ,  I imag ine ,  a n x i o u s  t o  get  a 
v e r s i o n  o f  PORTA up on  ny  sys t em.  I ' v e  
managed t o  d i g  up  most of t h e  r e f e r e n c e s  
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l i s t ed  i n  t h e  a r t i c l e  ( s t i l l  r a i t t n g  f o r  
DECUS) e x c e p t  for t h o  l a a t  one: is i t  i n  

I also h a v e  t h e  d o c u a e n t a t t o n  f o r  t h e  
D i g i t a l  G r o u p ' s  CONeRS and Programma's  
6502PORTII / f o r  t h e  Apple ,  which  I d o n ' t  
h a v e ) .  Bo th  of t h e a e  p r o g r a m s  are o u t e r  
i n t e r p r e t e r s  w r i t t e n  i n  assembly language ,  
and c o n t a i n  no i n n e r  i n t e r p r e t e r .  I n t e r e s t -  
ing, and they  look  l i k e  PORTR, b u t  t h a t ' s  
no t  r e a l l y  w h a t f w a n t  to do... 

Ra the r  t h a n  i n v e r t  ano the r  30 cents i n  
p o s t a g e ,  I'm e n c l o s i n g  a c h e c k  f o r  $ 2 . 0 0  
for t h e  r e p r i n t - - I  know t h e s e  t h i n g s  a r e n ' t  
f r e e ,  bu t  pleaes send  t h e  o t h e r  items soon,  
okay? Thanks. 

S i nce re  1 y , Dan del Vecchio 
Ann A r b o r .  MI 

editor -- 
Apologia6 to Mr. del Vecchlo. We ris- 

handled  h i s  e n t i r e  requeat, and y e t  he en- 
closes an e x t r a  $2.001 Our m a i l  p r o c e s s i n g  
is now current. We w i l l  complete t h e  f u l l  
s i x  i s s u e s  Of PORTR DIMCNSIO#S. 

PKiht? 

t 3  

GLOSSARY DOCUHENTATIPN - DeU-BURDEN 

I N  FORTH IJIHENSIONS NO,? AND SOHE PROPACNDA FHOII FORTH INC.9 I 
AFTER READING U.F.KAGSDALE'S ARTICLE ON I H E  'HELP' CONH&NII 

UROTE H SHORl FROGI.AR UHICH PRINTED OUT EACH FORTH UORU AS I T  
IS D E F I N E D i  THE ADKIRESS OF THE LENGTH BYTE AND THE ADDRESS OF 
THE v m n  BYTE. AFTER EACH ENTRY* I PRINTED ELLIPSES TO ALLOU 
A HANDUHITTEN ENTRY OF YHAT EACH COMMAND I S  SUPPOS€DLY DOING. 
THE ADirRESS OF THL PAHH BYTE I S  USEFUL SINCE THAT ADDRESS 
APPEARS IN HIGH LEVEL COLON D E F I N I T I O N S  'OBJECT' CODE. THUSv I F  
YOU HAVE NOT U R I T l E N  YOUR OUN FORTH SYSTEHr YOU CAN HAND 
DISASSEHBLE ( UISFORTH RIGHT BE WORE APPROPRIATE ) E M H  COHHAND 
AND SEE UHAT I T  IS D O I N G .  

SOP BUT J AH NOT HAPPY U I T H  I T S  OUTPUT FORM1 YET. I ALSO HAVE 
OF COURSE A DISFORTH PROGRAM COULD BE URITTEN AND I HAVE DONE 

UHITTEN A TRACE WHICH PUTS A TRAP I N  "NEXT' AND LISTS EACH FORTH 
COHHCIND EXECUTED. VERY USEFUL FOR DEBUGGING. 8s Ol/_S1/79 
t 2  

4 GLOSSARY OF FORTH UORDS U I T H  HEhD AND PARH ADDRESSLS ) 
0 VARIABLE CHD ( TEMPORARY VARIABLE TO HOLD COMMAND ) 
: TOPOFPACE CR CR C CMD HEAD PARH 1 CW i 
: UNDERLINE C 
: GLOSSARY TOPOFPACE CURRENT P P CND ! ( CE1 TOP CMD ADDRESS ) 
hEGIN 

* . e o  e w . . . .* . * . b e @  0 .  . e e  0 9  .* 3 # 

CHD e IF CMD Q ce DUP 80 AND - ( GET COMMAND LENGTH ) 
U E C I M L  HEX 4 1 DO ( PRINT COHHAND LENGTH 1 
CMD @ I t ( INDEX FETCHED I S  1-2-3 ) 

9 Ce ECHO ( P R I N T  COHHAND LETTER ) 
10 LOOP SPACE 
11 CHD 0 OH SPACE ( PRINT COHHAND HEAD ADDRESS ) 

FORTH INTEREST GROUP * = * a *  PO. Box 1105 * * * * *  SanCarks, Ca. 94070 



Dear PIG: 

I have been programming for s i x t e e n  
years, but I only discovered W R T H  about two 
weeks ago1 It was a clear case of love at 
first sight, but I've encountered a really 
sticky problem already. I have s e v e n  
different programs, each runs on my Apple I1 
computer, and each claims the name "PORTR'. 
Aside from that the only thing they have in 
common are the three verbs, ":", "I", and 
"em. Beyond that, everything is different. 

Uy question is: Is there such a thing as 
a 'standard" FORTH, and if so, where do I 
find out more about it ?  The only docu- 
mentation I have rounded up so far is one 
borrowed copy Of FORTH DIUCNSIONS, and 
two pitifully incomplete "user's guides" 
supplied with two of the versions P O R T H  I've 
bough t . HELP ! 

3 i nce re 1 y , 

Gary J. Shannon 
14 115 Hubbard Street 
Sylmar, CA 91342 

Editor -- 
M r .  Shannon addresses a major problenl 

FORTH uniformity is a major problem. 
Current standards (FORTH-77 and ?O#PH-78) 
exist but cover only areas of mutual user 
concensus. There are remaining areas where 
definition and/or refinement are needed. 
The FIG Installation UANUAL has a model of 
the language offered for public comment 
toward uniformity. W e  a l s o  pin-point 
areas of deviation from ?ORTA-78 in our 
publications.. 

Dear FIG: 

I have an 8k PET and after reading bt. 
Dobb's number 28 I called Programma Con- 
sultants to purchase FORTH. Two weeks later 
I received it1 

I have been working with PET m R T H  now 
for a couple of weeks and am still fa8cina- 
ted with FORTH although I have sone problems 
with Programma's implement at ion. 

- 

Please sign me up. 

Regards, 

Chris Tork i ldson 
St. Paul, UN 

December, 1 9 7 8  

Dear FIG: 

The FORTH-65 implementation listing you 
sent is greatlll I'm beginning to understand 
the power and beauty of this language/ 
system, with the aid of it, a Caltech (Space 
Radiation Lab) FORTH manual, and James' 
article in Dr. Dobbs...but there are still 
some items I can't figure out. (One stupid 
question: What is PROTECT, used in screen8 
36 and 4 5 1 )  
Page 4 5  

Also, have you reviewed Programma Inter- 
national's PET FORTH yet? They told me that 
a new version ( 1 . 1 )  would be out in Nov./ 
Dec., but I ' m  waiting before buyi ng... would 
like your opinions/recoucndations. 

Best, 

nark 1 Inmerman 
Caltech 130-33  
Pasadena, CA 9 1 1 2 5  

Bdi tor-- 

Programma International 's version is not 
recommended by PIG. It has a non-standard 
header (no word length indication) and is 
pure machine code. The inner interpreter 
NEXT is missing as are the critical defini- 
tions #CODE, <BUILDS, DOES>, and BLOCK. 
PROTECT traps execution of compiling words 
outside of colon-definitions. PIG now uses 

?COnP for this purpose. 

April, 1979 

Dear PIG: 

I now have Programra'~ 6 8 0 0  FORTH and 
I probably shouldn't conplain, however it 
does have some difference8 with the OGCUS 
?ORTH (CALTCCH CORTR). I think my major 
complaint is with the coding; any con- 
ditional branching is almost iapossible 
without a previously a8senbled li8tins 
t o  o b t a i n  addtee8 displacements. l y  
UIKAbOS/OS/asseabler/di raa8enbler) i 0 
interact ive, single-pars, and €a8t. I 
haven't figured out yet h o w  t o  d o  any 
editing o t h e r  t h a n  backspace and line 
deletion, other than redo the proaram. 
Also, I have the Felix WSP and recursive 
programs just cone naturally; same with 
textual programming - somewhat difficult 
with FORTH. Can recursive work be done in 
?ORTH? I don't know a 8  I can't find out 
enough fran any ntnual (the only one with 
Programma's is i n t o r i r " )  to a n s w e r  my 
quest ions. 

Uy "down" outlook nay surprise other 
?iggers, however I am (obviously) not a 
computer scientist but feel that after the 
Dobb's puffery by John James and a couple 
of letters t o  the editor, the simplicity 
and all-encompassnent have been vastly 
overrated. 

8 incerel y , 

Neal Chapion 
Space # 2 7  
602 Capper Basin Road 
Prescott, A2 86301 

The above letters lllustrate the nepa- 
tive comment we receive about Proqranma 
Internationalr' IrORTH. 

Editor-- 

FORTH INTEREST GROUP ..... PO. Box 1105 0 . a . .  San Carlos, Ca. 94070 
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FORTH DIIYENSIONS solicits editorial 
material, comments and let ters.  N o  
r e spons ib i l i t y  is assumed f o r  accuracy 
of material submitted. ALL MATERIAL 
PUBLISHED BY THE FORTH INTEREST 
IS I N  THE PUBLIC DOMAIN. Information 
i n  FORTH DIMENSIONS may be reproduced 
w i t h  credit given to the  author and the 
Forth I n t e r e s t  G r o u p .  

Subscription to E"H DIMENSIONS is 
free w i t h  membership i n  t h e  For th  
I n t e r e s t  Group a t  $5.00 per  y e a r  
($9.00 o v e r s e a s ) .  F o r  membership, 
change of address and/or t o  submit 
material, the address is: 

Forth I n t e r e s t  G r o u p  
P.O. Box 1105 
San Carlos, CA 94070 

Mr. Moore and s e v e r a l  associates 
formed F o r t h ,  Inc .  i n  1973 f o r  t h e  
purpose of l i c e n s i n g  and support of 
t h e  FORTH Opera t ing  System and Pro- 
gramming Language ,  and  to s u p p l y  
a p p l i c a t i o n  programming to  meet 
mstomers unique requirements. 

The Forth Interest Group is centered 
i n  Northern Cal i forn ia ,  although our 
menbership of 950 is worldwide. I t  
was formed i n  1978 by FORTH programers 
to encourage use of the language by the 
interchange of ideas through s e m '  inars 
and pub1 ica t ions .  

PUBLISHER'S COLUMN 

F o r t h  I n t e r e s t  Group h a s  come of  
age. FIG now has a publ isher  f o r  JKlFH 
DIMENSIONS. Roy Martens w i l l  handle 
a l l  f a c e t s  of p u t t i n g  together and 
g e t t i n g  o u t  f u t u r e  issues of  FORTH 
DIMENSIONS. He comes to FIG wi th  a 
s l i d  background da t ing  back to Hughes 
A i r c r a f t  Company i n  t h e  50's to  
Singer Business Machines and American 
Micro Systems i n  t he  70's. He has 
p u b l i c a t i o n  expe r i ence  ga ined  from 
Hayden Publishing Canpiny (Electronic  
Design, Canputer Decisions, etc.), CBS 
and €34 Cccmnunications. Welcame aboard, 
ROY I 

S. Figgie 

HISTORICAL PERSPECTIVE 

EOFrlTl was created by M r .  Charles H. 
Moore i n  1969 a t  t h e  N a t i o n a l  Radio 
Astronomy Observatory, Char lo t t e sv i l l e ,  
VA. I t  was created ou t  of d i s s a t i s -  
f a c t i o n  w i t h  a v a i l a b l e  programming 
tools, e s p e c i a l l y  f o r  o b s e r v a t o r y  
automation. 

Thanks. I look forward to working 
w i t h  FIG and hope t h a t  w e  can  make 
Fo#IH DIMENSICBE a usefu l  and timely 
tool f o r  a l l  members. Please send i n  
your letters, cases, suggestions. Y o u r  
i n p u t  w i l l  make FORTH DIMENSIONS 
successful.  

 cry C. Martens 
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$$$$ CASE STATEMENT $$$$ 
CONTEST 

FIG is sponsoring a contest for the 
best CASE statement for FDRTH. 

Prize......$100 ($50 from FIG and $50 
from FORTH, Inc. ) 

Furthemre, entries will be am- 
sidered as experimental proposals for 
possible inclusion in the future FORTH 
Standard. 

C. An "English" explanation of how 
these words work 

D. Glossary entries for each 
word 

E. Examples of the use of this 
statement 

F. A discussion on the statement, 
including advantages and dis- 
advantages, limitations, appli- 
cations, etc. 

Contest Purpose. ..... 
Cmtest Rules...... 

Submit a CASE Statement, as speci- 
fied below, to 

FIG CASE CONTEST 
P.O. Box 1105 
San Carlos, CA 94070 

Postmarked on or before March 31, 1980. 

A l l  entries will be judged by 
selected, non-entering members of 
Forth Interest Group. All entries 
will become plblic domain and may be 
pub1 ished by FIG. 

Judging Criteria...... 

A. Cmformity to rules 
B. Generality of statement 
C. Simplicity of statement 
D. Self-identifying function 
E. "FtXLW-like" style 

Entry Requiremen ts...... 

Your entry should contain descrip 
tions of a collection of EWm words 
which allow the selection of one of 
several actions based on a selection 
criteria. The actions may be single 
words or groups of words. The selec- 
tion criteria may be simple or com-  
plicated. A variety of situations 
should be accorrmodated. Included in 
your entry should be.... 

A. An overview of the statement 

The selection of one of several 
procedures based on some criteria is a 
useful and cOmtlOn amtrol structure. 
Standard FDRTll provides two mechanisms 
for this structure: nested IF struc- 
tures and execution vectors. It is 
desirable to have a standard structure 
to handle a variety of situations. 

Hawever these do not appropriately 
satisfy all situations in terms of 
source mnvenience and execution-time 
efficiency. A simple situation where 
the selection criteria is a single 
integer index with a limited, con- 
tinuous range is adequately met by 
FORTRAN's computer GOT0 or FORTH's 
execution vectors 

At the other end of the complexity 
scale, if the selection criteria was an 
index with a non-contiguous range or a 
series of expressions, the simple 
statements would require manipulations 
at the source level and would appear 
less clear. Because of FORTH's 
hierarchial modularity, the range 
of oomplex situations can be met with a 
range of structures. The execut ion-t im 
overhead need not be greater than what 
the situation requires. The purpose of 
this contest is t;o produce a "kit" of 
compiler words which will allow the 
optim specification of case control 
by combining minimum execution-time 
overhead with a uniform source language. 

B. Source definitions in fig- 
FORTH words for the needed 
compiler and support words 



"TO" SOLUTION CONTINUED ...... 
"EASTER" 

As promised in  the last issue,  here 
is t h e  example for  the  calculation of 
t h e  d a t e s  of Easter from Paul Bart- 
holdi, Observatoire De Geneve, Switzer- 
land. 

SCR 19 
0 (Dates of Easter, Clavius A l g o r i t h m  
1 (This algorithm and variable names are) 
2 (from "Fundamental Algorithmsn by 
3 (D. Knuth. 
4 (by the sixteenth century astronomer 1 

6 
7 
8 0 VARIABLE %VAR ( i f  one, store ) 
9 : TD 1 %WG ! ; ( set to store ) 

10 : FROM 0 %VAR ! : ( set to fetch ) 
13 : ( (  (preserve %VAR f lag  ) 
1 4  R) %vAR @ >R >RFROM : 
15 : ) )  ( restore %VAR f lag  ) 
1 4  R) R> %VAR 1 > R ;  
15 
16 - 

The method w a s  originated 

5 (Clavius. 1 

SCR t10 

0 ( Simplified 'I0 DAB-79OCT29 ) 
1 
2 : VARu\BLE ( defined to observe TD ) 
3 (BUILDS 0 ,DOES> %vAR @ 
4 I F  ( set, so store ) 1 FROM 
5 ELSE ( clear, so fe tch ) @ THEN ; 
6 
7 
8VARIABLEC VARIABLED VARIABUE 
9VARIABUG V A R I A B I E N  VARIABLEK 

10 VARIABLE x VARIABLE z VARIABLE YEAR 
11 
12 
13 -> 
1 4  Note t h a t  t h i s  demonstration does not 
15 include the  newer UIO I AT etc. 
16 

9 c R  111 

0 ( Dates of Easter IY4B-79ocT29 ) 
1 :  (EASTER) ( Y e a r - d a Y  day 1 
2 (calculate date relative to March 1) 
3 DUP WP To YEAR 19 MODl+to G 
4 100 / 1+ DUP DUP TO C 
5 3 * 4 / 1 2 - T o x  
6 8 * 5 + 2 5 / 5 - T o Z  
7 Y E A R 5 * 4 / X - l O - T O D  
8 G 1 1 * 2 0 + 2 + X - 3 0 M O D  
9 DUP O< I F  30 + 'MEN 

10 D U P D U P T O E  
11 25 = G  1 > AND SWAP 24 = O R  
12 IF E 1+ TO E THEN 
13 4 4 E - W l P T D N  
14  2 1 < I F N 3 0 + T O " J ! H E N  
15 N D U P 7 + S W A P D +  
16 7 M U ) - D U P D U F ' T D N ; - - >  

SCR 112 

0 ( Dates of Easter lXB-79ocF29 ) 
1 : EASTER ( year --print one Easter 1 
2 (EASTER) 31 > 
3 IF 31 - 5 .R ." APRIL 
4 ELSE 5 .R ." MARCH " 
5 YEAR 5 . R ;  
6 
7 : IZASTERS (Begin year, end year - ) 
8 ( pr in t  Easter f o r  a range of years.) 
9 PAGE 32 SPACES ." IlATFS OF EASTER" CR 

10 1+ 0 Sw rn 
11 Do I EAsreR 1+ 
12 W P  4 MOD O= I F  CR THEN 
13 WP 240 Ma> O= IF PAGE THEN 
1 4  KIOP CR Pzu;E DR3P : 
15 
16 

EXAMPLE 

10 April 1955 1 April 1956 21 April 1957 6 April 1958 
2 April 1961 22 April 1962 29 March 1959 17 April 1960 

14 April 1963 29 March 1964 18 April 1965 10 April 1966 
26 March 1967 14 April 1968 6 April 1969 29 March 1970 
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A MODEST PROPOSAL FOR 
DICTIONARY HEADERS 

Robert L. Smith 
Palo Alto, CA 

The new fig-FORTH mdel has improved 
the utility of FORTH by allowing 
dictionary MITES to be of any length, 
up to the current maxim of 31 charac- 
ters. Most previous implementations 
stored only the first three daracters 
of the name, along with a count field. 
Confusion could easily arise, say 
between the words "UXIK" and "IDOP". 
The maximum word length stored in 
the fig-FORTH model can be changed 
dynamically by changing the value of 
W I D T H .  If one wishes to return to the 
former restriction of 3 character 
names, the new model will still be an 
improvement because 1 and 2 character 
names will require less dictionary 
space. 

One advantage of the old dictionary 
format has been lost, namely a fixed 
relationship between the link field and 
the CFA (Control Field Address) or 
the parameter field. The following 
proposal will restore the fixed 
relationship, while at the same time 
keep the new fig-FORTH advantages. 
In addition, the maximum allowable word 
size is increased to 63. 

A model of the proposed dictionary 
entry is shown in Figure 1. The name 
of the word is stored in reverse order 
to simplify the dictionary searching. 
From the link field one can step 
backwards to obtain the name, or 
forwards to obtain the definition 
of the word. The leading bit of 
the machine representation of each 
character of the MIW is set to zero, 
except for the terminal character which 
has the leading bit set to one. Thus 
the effective end of the name can 
readily be determined. The name field 
is reversed to sinplify the dictionary 
search procedure, but it is an inple- 
mentation decision. Obviously one 

auld put the characters in the forward 
direction, but the dictionary search 
would take longer. The suggested 
structure increases the maximum 
allowable word length to 63 (or 
possibly 64). 

It would be possible to use the 
leading bit of the first character for 
the m d q e  bit, but it would somewhat 
complicate the dictionary search 
procedure. One character names would 
have to be a special case with no 
terminal bit specified, since that 
location would be designated for 
snudging purposes. 

This proposal eliminates the need 
for a nuher of special words in the 
fig-FORTH model (TRAVERSE, PFA, "A, 
CFA). The only obvious disadvantage is 
that the routine for printing the 
dictionary names would need to take 
characters in the opposite direction 
from other text. The advantages 
appear to outweigh the disadvantage. 

Terminal bit + last 
I l l  I I I 1 1 1 1 ,character of name 

lo1 1 1  I 1  I 1  1 Next to last character 
l m 1  o f m  

I . I Increasing Addresses . 4 
IOl11I11 I I First character of name 
-1 Precedence + Smudge + 

count field. Link 
field. Points to a n t  
field of previous 
dictionary word. 

M 1 CFA. minter to 

I m I  Beginning of Parameter 
Field. rn 

Figure 1. A proposed Dictionary Structure. 
t S  
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FORTH-85 "CASE" STATEMENT 

Richard 8. Main 
Zendex C o r p .  
Dublin, CA 

"E UES has recent ly  extended 
its FoKI'H-85 w i t h  a "CASE" statement. 
The CASE s t a t e m e n t  allows a n  n-way 
branch based on a a n d i t i o n .  Its u s e  
is v e r y  similar t o  t h e  PASCAL CASE 
statement. the IF..( this) . . .ELSE.. .  
( tha t ) . . .  THEN s t ruc tu re  is a twcway 
branch w h i l e  t h e  FORTH-85 DO-CASE 
ENPCASES allows 65,000 d i f f e r e n t  cases 
randomly a r r anged .  ( n + l  CASE may 
precede n C A S E . )  Each case c a n  
test on a 16-bit quant i ty .  The CASE 
s t r u c t u r e  must begin  w i t h  "DO-CASE" 
then "CASE...END-CASE" and f i n i s h  w i t h  
"END-CASES" . 

The test "CASE" structure s c r e e n  
gives an example of using CASE with in  
FORTH-85. An unknown v a r i a b l e  is 
passed to "MONITOR" for an  n-ay branch 
based m a match between the var iab le  
and one o f  the cases. "DO-CASE" places  
t h e  va r i ab le  passed on the stack i n t o  a 
l o c a t i o n  i n  memory. "41 CASE" w i l l  
fetch the var iab le  and ampare it to 
41.  I f  it is 4 1 ,  code between "41 
CASE" and "END-CASE" w i l l  be exe- 
cuted ( i n  this instance "ASSIGN" will 
be pr in t ed )  and then a direct junp to 
"EM)-CAsES". If the var iab le  is not 
41, then "41 CASE" w i l l  cause a junp to 
the next  case, and so on. 

The "n" for  "CASE" n e e d  n o t  be 
in- l ine a l e ,  mr absolute ,  nor known 
a t  cwnpile time. During run-time 'n" 
may be camplted, fetched or otherwise 
placed on t h e  s t a c k  just prior to 
execut ing case. The possibilities that 
e x i s t  for this, aombined with 16-bit 
CASE t e s t i n g  a n d  6 5 , 0 0 0  possible 
cases AND ( ! )  no r e s t r i c t i o n s  on the 
amount or type of code between CASE.. . 
E N D a S E ,  are imnense. SUE uses  that 
o c c u r  to m e  immediately are moni tor  
p r o g r a m  e x e c u t i v e s ,  m a c h i n e  code 
disassemblers, t e x t  i n t e r p r e t e r s ,  and 
d i s k  1/0 drivers. 

The screen showing I X H X j E  through 
END-CASES m u s t  be loaded i n t o  your  
system before they can be used. This 
screen will a c t u a l l y  extend your FORTH 
compiler beyong having  IF...ELSE... 
THEN, B E G I N . . . I F . . . E L S E .  . . W H I L E ,  
DO... LOOP, AND BEGIN...END. 

Line  1 e x t e n d s  t h e  assembler t o  
include JNC for use by the following 
code statements.  

Line 2 contains  code to set up the 
run-time var iab le  "VCASE" f o r  u s e  by 
"DO-CASE" and "CASE". 

Lines 3-9 code statements  define t h e  
run-time behavior of "W.CASE, CASE and 
END-CASE". While l i n e s  11-15 def ine  
t h e  compile-time b e h a v i o r  o f  t h e  

END-CASE, and END-CASE". 
compi l ing  words: "DO-CASE , CASE, 

D u r i n g  compile time "Do-CASE" 
assenbles the code "DO-CASE", places 
"HERE" a n d  jJ on t h e  compile-time 
s tack ,  and assembles ( temporar i ly)  a 
1 6 - b i t  B .  "CASE" t h e n  compiles 
code "CASE" swaps t h e  compile-time 
stack places "HERE" on t h e  s tack  to 
locate  "CASE" for  "END-CASE" a n d  
temporarily assembles an 8-bit zero. 
"END-CASE" now h a s  passed t o  it 
the loca t ion  of "CASE" and "DO-CASE". 
"END-CASE" w i l l  pass " W E "  loca- 
t i o n  on to "END-CASES" . "END-CASE" 
assembles code "END-CASE", p l a c e s  
"HEW" m t h e  cwnpile-time stack for 
nEND-CASES", csorrp3utes 'END-CASE" minus 
"CASE" and loads the r e s u l t  (assenbles 
d i f f e rence )  a t  "CASE" +2. "ENDCASE" 
f u r t h e r  assembles a 1 6 - b i t  zero 
t e m p o r a r i l y  f o r  "END-CASES " . "END- 
CASES" h a s  passed t o  i t ,  o n  t h e  
oompiletirne stack, a l l  the locations 
of "END-CASE" and the beginning "Do- 
CASE". Since the nufilber of cases is 
variable "DO-CASE" had put a zero on 
t h e  compile-time s t a c k  to  mark t h e  
bottom loca t ion  the  "BEGIN HERE m! - 
WP (a = END" takes every "ENDUSES" 
l o c a t i o n  and assembles "END-CASES" 
l oca t ion  there f o r  direct forward ]unpS 
fran "EM)-CASE" to "ENDUSES". 



The e f f e c t  of a l l  the compil ing 
machination was to  place 16-bi t  and 
8 - b i t  code f o r  use by t h e  a d d r e s s  
in te rpre te r  during execution. Review- 
ing the in t repre te r  during execution. 
Reviewing the in te rpre te r :  Compiled 
mlon de f in i t i ons  are s i w l y  s t r i n g s  of 
a d d r e s s e s  of r o u t i n e s  t o  execute .  
Therefore, the address s t r i n g  compiled 
for: "DO-CASE...CASE ... END-CASE... 
END-CASES" is: 

Fig 1 

AB....CD....EE'....( G).... 
where : 

A = 16-bit address of d e  "DO-CASE" 
B = 16-bit address (G) 
C = 16-bit address of code "CASE" 
D = 8-bit value of dis tance F+l 
E = 16-bit address of code "ENDCASE" 
F = 16-bit address of (G) and 
(G) is the locat ion to continue execu- 

t i on  a f t e r  case. 
I = i n t e rp re t e r  pointer  

How IT KIRKS (during execution) 

through (G)  in Figure 1. 
The  f o l l o w i n g  w i l l  r e f e r  to  A 

Before execu t ing  ( a d d r e s s  i n t e r -  
p re t ing) :  A (DO+Z?GE) the  case nm&r 
to execute 7 s  placed on the  run-time 
stack. Code DO-CASE is executed when 
is encountered and it w i l l  pop t h e  
s t a c k  and store i t  a t  t h e  memory 
locat ion "VCASE". A t  this poin t  there  
is no jump to mke based on condition 
so I is hcremented past g. B exis t s  
to provide a backward s t u b  l o c a h n  f o r  
the a x p i l i n g  of the  s t ructure .  Code 
between 8 and is executed ,  and by 
t h e  t ime-C  is encountered  the case 
a n d i t i o n  to  test f o r  is on the stack. - C is the  code "CASE" which w i l l  pap the 
s t a c k  and  d o  a 1 6 - b i t  compare to  
"VCASE". I f  t h e r e  is no match code, 
"CASE" increments I (hterp. poin ter )  
by D ( 8-bit ) . Control would then pass 
t o  F+1. If there is a match, I is 
incremented by one and poin ts  to Wl. 
Code till E is executed. E w i l l  cau8e 
code "ENDCASE" to execute and it w i l l  
load I with F. Now I po in t s  to (GI. 

The code described here may be used 
for your personal use and experimnta- 
t i o n  only .  Commercial u s e r s  should 
write to the  author. 

EXAMPLE 

Editors Note: 

This  article has been presented as a 
good exanple of the ease of addi t ion of 
amtrol s t ruc tures  to match appl icat ion 
d S .  

FoKM-85 is a UES software product 
derived from mic ro fo r th  (TM, FORTH, 
Inc . ) .  Both t h e s e  v e r s i o n s  c o n t a i n  
d e f i n i t i o n  names a t  v a r i a n c e  w i t h  
fig-EOKlS and EOFtIH-78. We present a 
reference table: 

FoKm-85 
mi- f ig-EOFtTH FOKL'H-78 

[ 

CiPlPIU None 
I 
I IP None 
en, M L  or END END 
ZHBJ ENDIF or THEN THEN 

I( n 

I I 

i s  



ANOTHER GENERATION 
OF MISTAKES? 

Roger L. Gulbranson 
University of Illinois 

Much has been said abut h w  ea& 
generation of computers the large 
mainframes, the minis, and now the 
micros - has repeated the mistakes 
of the past generation. There have 
even been comments on upward-com- 
patibility mistakes in going from one 
generation of microprocessor to its 
succeeding generation (s ) .  [ 11 I would 
like to take this further by m m n t -  
ing on the latest generation of 
microprocessors, the 16-bit CPUs. 

I was talking to an EE who tried to 
convince me that the yet-to-be released 
microprocessors are "so much better" 
than the existing ones because they 
have included all of the addressing 
modes in each instruction. Anrong other 
things, I am told, this reduces program 
size and makes the micro run faster, 
since its speed is directly related to 
the number of fetches it must do per 
instruction and the number of instruc- 
tions used. As a concept, in toto, I 
can mly reply, BUNK! 

If one were to design a micro- 
processor stack computer, [ 2 ]  it 
would be possible to incorporate an 
instruction set that has only one 
multi-addressing rode instruction, a 
"load effective address" instruction. 
Since this is perhaps a bit austere, it 
may be realistic to add appropriate 
load to stack, store from stack, 
conditional and unmnditional branch, 
and subroutine call instructions to the 
group of "addressed" instructions. The 
remaining instruction set need not 
contain more than 128 (if even that 
many) zero-address instructions. This 
instruction set can be arranged 
so that all zero-address instructions 
are 8 bits long. This means that most 
of the time an instruction word will 
aontain two instructions, decreasing 
the number of memory cycles per 
instruction. If, in addition, the 

stack is "cached" on chip, the nunb 
of memory cycles per instruction wil 
drop amsiderably. And if this lattc 
idea is properly extended to th 
instruction stream to create a 
"instruction stack," much like that c 
the CDC Cyber computer line or tk 
Cray-1, the number of memory cycle 
can be reduced even further. Thj 
reduction of memory cycles shoul 
noticeably increase the speed of a 
hypothetical microprocessor. 

Considering the impetus given t 
virtual stack machines by the Pascz 
P-code groups[3] and the Concurrer 
Pascal originators, [4 )  one wonders wf 
these ideas have not been efficient1 
implemnted in silicon. Must we waj 
for another generation? 

[ l l  L. Armstrong, "16-bit Wav 
Gathering Speed," Electronic2 
Vol. 51, No. 4, Feb. 16, 1976 
~ p .  84-85. 

[2] A good overview of stac 
machines can be found in th 
May 1977 issue of Computer 

(31 Referenes to these groups ca 
be found in Pascal News, 
publication of the Pascal User' 
Group. 

[4) Per Brinch Hansen, The Archi 
tecture of Concurrent Programr 
Prentice-Ifall Inc., Englewoc 
Cliffs, N.J . ,  1977. 

Reprinted frum Canputer, April, 197! 
Copyright 1979, IEEE 
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INSTALLATION REPORTS 

The d is t r ibu t ion  of fig-EORTH man 
on May 11, 1979 a t  t h e  Four th  West 
Coast Computer Fa i r e .  T h e  f i r s t  
i n s t a l l a t ion  to be brought up by a u s e r  
occurred whi le  t h e  Faire was st i l l  
running! Bob S t e i n h a u s  of Lawrence 
L i v e m r e  Lab got the 8080 l i s t i n g  on 
S a t u r d a y  a t  t h e  Faire .  H i s  w i f e  
read the hex code to him and he typed 
it  i n .  By Sunday morning, he was 
running! 

The nex t  t o  r u n  was Dwight Elvey 
of Santa  Cruz. He organized  f i v e  
proqramners on f i v e  I n t e l  developnental 
systems. Each e d i t e d  i n  1/5 of t h e  
source code. They then  merged t h e  
f i les,  assembled a t  the l i s t i n g  o r ig in  
and caught f ina l  edit ing errors by a 
byte-by-byte comparison. They then  
updated the 1-0 and re-origined. They 
were running in  four evenings work (of 
f i v e  people). 

The next to run w a s  Dave Carlton of 
Ceres, CA. Dave brought up fig-EORIV 
on h i s  TEIS-80. He did f i l l  h i s  edit 
b u f f e r  and then crash, which cost 
re-typing 25 pages! Dave d e m s t r a t e d  
h i s  system to FIG on June 25. H e  had 
j u s t  interfaced to h i s  floppy-disc and 
had the sample editor running. 

John Forsberg of Maracaibo, Vene- 
zuela should be up and running with h i s  
Prolog 8080 w i t h  32K RAM and casette, 
flom and d i sk  capabi l i ty  that he put 
together himself. 

Frank D. W g h e r t y  of Belvidere, I L  
has a IMDO5 V e r  2.05 w i t h  15 languages 
running. He s a y s  h i s  AXion EX-801 
p r i n t e r  works l ike  a charm. 

Many i n s t a l l a t i o n s  of t h e  PDP-11 
are operating. There is a short cu t  
i n  this case. John James (the hple- 
m e n t o r )  is also a c t i n g  a s  a d i s -  
t r i b u t o r .  He p r o v i d e s  a s o u r c e  
d i s k e t t e  t h a t  w i l l  assemble and run  
under KC-11 and RSX-1lM. Between 10 and 

20 installations shoulc be up by now. 
Jdvl has gone to great care to create a 
"portable" version for the various C W  
variations.  fig-EDRTH is kncm to be 
running on Heathkit and DEC LSI-11's up 
through the DPD-11/60. Installations 
are k.lawn i n  California,  Arizona, New 
Yak,  and t he  Netherlands. 

MEETING NOTICES 

EQRMAL, a meeting to gather input 
f o r  t h e  f u t u r e  implementation of 
FORTH, w i l l  be held January 8, 9, 
and 10, 1980 a t  Imperial College, 
London, England. A t  t ending  from 
FIG w i l l  be: K i m  Harr i s ,  B i l l  
R a g s d a l e ,  J o n  S p e n c e r ,  L a r r y  
Forsley and probably 2 or 3 mre. 
Look f o r  a report i n  t h e  n e x t  
issue of ~~ DIMENSICNS. 

NclmiEm CALIFORNIA 

FIG m t h l y  meetings w i l l  continue 
to be held the fourth Saturday of 
each month a t  t h e  Special Events 
FZmm of the Liberty H o u s e  depart- 
ment store i n  Hayward. ~ Informal 
l u n c h  a t  12 noon a t  . t he  s tore  
r e s t a u r a n t ,  followed by t h e  1 pm 
meeting. D i rec t ions :  Southland 
Shopp ing  C e n t e r ,  Highway 1 7  a t  
Winton Avenue, Hapard, CA, Third 
floor, rear of the  Liberty House. 
Dates : 1/26/80 , 2/23/80 , 3/22/80, 
etc. Allwelcome. 

send us notices of any meetings that 
you know about. 

i s  
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LETTERS U/ UNSIGNED DIVIDE 

30,600 cycles  203 bytes  CASSADY 
2,495 cycles  76 bytes V I L L M X K  

Desp i t e  your  warn ings  r e g a r  i ng  
Programma I n t e r n a t i o n a l ' s  imp le -  
menta t ion  of FORTH f o r  t h e  PET, I 
b o u g h t  i t  j u s t  t o  h a v e  s o m e t h i n g  
to work with and g e t  a f e e l  f o r  ~~ 

(or a t  least a FYRTH-like system), and 
I have been having a b a l l  w i t h  i t  
( d e s p i t e  t h e  l i m i t a t i o n s  of t h i s  
vers ion) ,  a f t e r  adding 16K of RAM - I 
thought  t h e  t h i n g  would run  i n  8 K  
but found out  d i f f e ren t ly .  The f i r s t  
MCABULARY wri t ten  f o r  the PET was a 
DEFORTH r o u t i n e  to  disassemble t h e  
d i c t i o n a r y  . A f t e r  DEFORTHing t h e  
latter d ic t ionary  e n t r i e s  and saving 
them on tape, I was ab le  to t runca te  
t h e  dictionary to w i p e  ou t  10 unneeded 
words. T h i s  saved about 3 pages  of 
-rY. 
Edward B. Beach 
Arlington, VA 

Editor..  . 
People keep trying! 

You w i l l  f i n d  e n c l o s e d  a set o f  
soura? listings for t h e  8080 nucleus of 
MSL. (Editor's note: Incorporated i n  
f ig-FORTH 8080 Assembly  L i s t i n g ,  
Version 1.1 see N e w  P r o d u c t s . )  

A l l  my code rou t ines  are re-entrant. 
Not m l y  t h a t ,  but without exception, 
t h e y  use n o  more b y t e s  or time t h a n  
Cassady's rout ines .  In  fact, i n  m y  
cases, you w i l l  note t h a t  my routines 
use fewer bytes and r u n  faster. I n  
some cases, s u c h  as m u l t i p l y  a n d  
d iv ide ,  t he  improvement is enormous! 
viz 

U* UNSIGNED MULTIPLY 

4950 cycles 81 bytes CASSAm 
994 cycles 47 bytes VILIWOCK 

I was well  i n t o  t h e  d e s i g n  a n d  
cod ing  of MSL when I s tumbled upon 
FIG and its e f f o r t s .  Your documents 
( p a r t i c u l a r l y  the i n s t a l l a t  ion manual 
and James' work on t h e  11) have been 
mst usefu l  and have saved me consider- 
able time i n  p u t t i n g  t h e  f i n i s h i n g  
touches on MSL. I 'd  l i k e  to r e t u r n  the  
f a v o r  , so I hope  t h a t  my 8080  
rout ines  w i l l  be usefu l  to you. 

Many thanks again to FIG f o r  your 
excel lent  e f f o r t s .  

R. D. Villwock 
Pasadena, CA 

MORE FROM GEORGE 

Following are some observat ions on 
PASCAL and FORT¶3 inplementat im details 
made upon reading the  recent  article 
i n  Dr. Dobb's ~ournal. 

W i t h  t h e  emrgence of a law cost y e t  
elabarate mmpiler for PASCAC a t  USCD 
a m s i d e r a t i o n  might be given to PASCAL 
as an a l t e r n a t i v e  to FOWH. PASCAL is 
implemented w i t h  a se l f - compi l ing ,  
v i r t u a l - m a c h i n e  l a n g u a g e  s y s t e m  
o f fe r ing  transportability similar to 
FORTH, and is s u p p l i e d  by USCD w i t h  
f u l l  source &. From t h e  s tandpoint  
of sophis t ica ted  extensions to a s y s t e m  
s u b  as high-speed a r i thme t i c  p m s -  
sing hardware, mverting from floppy- 
d i s k s  to hard  d i s k s ,  adding memory 
beyond d i r e c t l y  a d d r e s s a b l e  space, 
however ,  PASCAL may be much more 
d i f f i c u l t  to work wi th .  The system 
involved very large programs including 
a ampilcr, an interpreter, a run t i m e  

I 
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execu t ive ,  and a debugger--all of  
which mst be mns i s t en t ly  modified in 
making extensions. The USCD authors 
may w e l l  turn out to be the only users  
able to  e f f i c i e n t l y  make expans ions  
themselves. 

An inportant advantage seems present 
i n  PASCAL, however, which is dynamic 
storage allocation-the nested globals 
and locals environment, and does 
n o t  seem t o  o f f e r  t h i s .  S e v e r a l  
methods f o r  accomplishing t h i s  i n  E"H 
might t h e r e f o r e  be noted. F i r s t ,  
e x i s t i n g  FORTH s y s t e m  words  c a n  
be used to create a Class of var iab les  
and m s t a n t s  whose code-address po in t s  
to a new defining-word which re turns ,  
not the address or data i n  the vari-  
able or cons t an t  i tself ,  but  i n  a 
d y n a m i c a l l y  r e s e r v e d  area on  t h e  
stack. The parameter f i e l d  of t h e  
v a r i a b l e  h o l d s  a n  a d d r e s s  off set 
generated a t  ampile time, r e l a t i v e  to 
an environment pointer  implemented as 
a n o t h e r  v a r i a b l e  whose parameter 
field is f i l l e d  w i t h  the  s tack  pointer  
value upon ent ry  to a procedure, before 
s h i f t i n g  t h e  SP t o  r e s e r v e  the  data 
area.  T h e  c o d e  a d d r e s s e d  by t h e  
v a r i a b l e  conbines  t h e  o f f s e t  w i t h  
t he  environment p o i n t e r  and r e t u r n s  
ei ther t h i s  addres s ,  or t h e  data a t  
that address on the stack. 

The process of  r e t r i e v i n g  dynam- 
i c a l l y  stored d a t a  would be slowest 
when implemented w i t h  r e g u l a r  FORTH 
language, so a second method is to 
provide mchine language for the basic 
mechanisms involved j u s t  as FOKl'H does 
fo r  i ts  s t a n d a r d  data  h a n d l i n g .  
Assumed i n  both cases is a provision 
for conpiling words (e.g. SVMIABLE- 
d e f i n e  a " s t a c k "  v a r i a b l e )  which  
creates the re l a t ed  d ic t ionary  e n t r i e s  
w i th  t h e  same ease as the regular 
VARIABLE and CONSTANT words do. 

An i n t e r e s t i n g  v a r i a n t  would be 
pointing the code-address of a vari-  
a b l e  a t  a modi f i ab le  jump-vector. 

I n i t i a l l y  t h e  v e c t o r  p o i n t s  to  code 
which reserves  space for the variable  
on t h e  s tack,  and is then  s w i t c h e d  
to  p o i n t  t h e  code r e t r i e v i n g  t h e  
data. Thus storage is automatically 
a l l o c a t e d ,  n o t  upon e n t r y  to a pro- 
cedure, but precisely when a var iable  
becomes used. 

The pr inc ip le  of the above, creat ing 
n e w  defining-rds, w l d  have other 
u s e s  as w e l l :  for example, data  f o r  
a v a r i a b l e  could r e s i d e  on d i s k  and 
t h e  code-address of i ts  d i c t i o n a r y  
en t ry  muld  point to a routine which 
r e t r i eves  i t  from disk.  What is needed 
is a n  e a s y  way t o  compile these 
structures. For instance,  i f  w e  want 
to create a var iable  X, to reside on 
d i s k ,  w e  need a n o t h e r  v a r i a b l e ,  Y, 
to  hold t h e  data,  and an operator 
RETRIEVE: X is t h e n  compi l ed  a s  
t h e  d e f i n i t i o n :  Y RETRIEVE so every  
reference to X r e t u r n s  the value from 
disk. Having defined the "Y Retrieve" 
word we need an easy way to te l l  the  
mnpiler that X should be compiled as 
that kind of def in i t ion ,  without having 
to write it all out .  

PASCAL implementation m y  be very 
well optimized, but FOm code accom- 
p l i shes  even mre i n  the  way of code 
compac t ion  b e c a u s e  of i t s  u n i q u e  
representation of operands as though 
they  were operators i n  object code. 
This means that no separate operator 
f o r  "load stack" to  push an  operand 
is needed  i n  object code, s a v i n g  
space. T h i s  is a kind of software 
inplementation of "tagged memory" on 
l a r g e  scale machines. FORTH still  
requires  16 b i t s  for each object code 
entry,  but fur ther  compaction implies 
what must be a time mnsuming unpacking 
operation every t i m e  a virtual-machine 
i n s t r u c t i o n  is executed. The same 
compaction i n  FORTH applies to pro- 
cedure  calls as w e l l  as to  data;  no  
separate "call" op code is needed as 
the  procedure referencing aperand is 
the call i t s e l f .  Since each procedure 
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has within itself whatever housekeeping 
functions are involved w i t h  en t ry  and 
e x i t ,  elaborate housekeeping need 
be performed only  when necessary ;  
e.g. locals can have f i x e d  a b s o l u t e  
addresses or be dynamically allocated 
as the case warrants. Have the hard- 
wired stack-machine designers missed 
something here? 

PASCAL is also capable of making 
avai lable  a t  run time the pwer of the 
mnpiler f o r  sophisticated interfacing 
of users  to appl icat ions packages, by 
running an in te rpre te r  for PASCAL and 
ca l l i ng  precompiled object code pro- 
cedures. The in te rpre te r  seem large, 
however ,  and  t h e  who le  procedure 
currbersome. A high qua l i ty  APL inter-  
preter w i l l  . soon be a v a i l a b l e  from 
MICROSOFT for this kind of appilcation, 
but APL has m y  problems running from 
its special keyboard to the d i f f i c u l t y  
of modifying it. FORTH t h u s  offers 
unique advantages i n  this area. 

George B. Lyons 
Jersey City,  Eu 

"The *m* Solu t ion"  i n  issue 14 
improves t h e  hand l ing  of v a r i a b l e s  
by increasing the arrrwnt of interpre- 
t a t i o n  done a t  run-time i n  FORTH ( a  
c o n d i t i o n a l  branch on t h e  v a l u e  o f  
t h e  s t o r e / r e t r i e v e  s ta te  v a r i a b l e ) .  
Perhaps this a m l d  also be accarplished 
i n s t e a d  a t  compile time. L e t  each 
var iab le  oontain two code addresses, 
one for rq t r i eva l ,  one for storing, and 
let  the  conpiler select which to put  
i n t o  the object code generated on t he  
basis of the state variable. "To" as 
such would then  n o t  appear i n  the 
object code a t  a l l ,  saving spa-, but 
v a r i a b l e s  would become longer .  But 
again, no assignment operators a t  a l l  

again, no assignment operators a t  a l l  
w l d  appear i n  object code, either. 
In  order for the compiler to work this 
way it would have to be expanded beyond 
t h e  s t a n d a r d  FORTH by a d d i n g  t h e  
capabi 1 i t y  of dis t inguishing d i f f e ren t  
t y p e s  of words and us ing  d i f f e r e n t  
procedures t o  compile v a r i a b l e s  
and non-variables .  T h i s  might be 
acmmplished by adding to the axle for 
each type of word, e.g. var iables ,  a 
p o i n t e r  to  a compiler r o u t i n e  to be 
used when compil ing words of  each 
type. When encountering a word i n  the  
input stream, it would be looked up i n  
t h e  d i c t i o n a r y ,  t h e  code a d d r e s s  
extracted, and then the poin ter  to the 
mrpiler code located within the code; 
ampi l a t ion  would then continue where 
pointed. The ampile code for vari- 
ables wmld check the state var iable  
and e n t e r  t h e  appropriate address 
from t h e  word being compiled. C o d e  
for v a r i a b l e s  would  have  t o  make 
allowance for the varying distance of 
the  parameter f i e l d  from t h e  code 
address. 

This method might be a technique for 
implementing compilers of a l l  sorts 
d e r i v e d  f rom t h e  FORTH compiler. 

I n  t h e  case of  ARRAYS, one might 
consider having several  code addresses 
i n  each array in t h e  dictionary, w i t h  
associated operators i n  the source code 
which do not  get put  i n t o  the object 
code, but merely select which of the 
code addresses w i l l  be compiled f o r  
each array reference in source. 

Of c o u r s e ,  i f  you expand  t h e  
corr(piler, it might get too big to f i t  
i n  menory w i t h  a l l  the  appl icat ion code 
the way F"H n o m l l y  does. 

G e o r g e G .  Lyon~ 
Jersey City, NI 
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K)RIM FOR THE TRS-80 

REVISED fig-FOFU'H LISTING 

fig-FORTH 8080 Assembly Listing has 
been revised to Version 1.1. If you 
have an old version ( 1.0) , send in the 
original cover and $4.00 for the new 
version (1.1). Otherwise available for 
$10.00 (overseas $13.00. Forth 
Interest Group, P.O. Box 1105, San 
Carlos, CA 94070. 

PDP-11 fig-FOKl'H DISKETTE 

In addition to the fig-FoEFH system, 
the diskette includes an editor, Forth 
assembler, string package and an 
80-page User's - Guide with discussion 
and examples of Forth programming 
techniques. 

Like all the fig-FORTH systems, 
this one has full length names to 31 
characters, the "security package" 
of compile-time error checks, and 
alignment with the 1978 Forth Inter- 
national Standard. 

This system runs under the m-11 or 
RSX-1lM -rating systems, and can be 
modified for other environments or for 
stand-alone It can interface to 
database packages m other software, 
allowing interactive access and program 
develapnrent with systems not otherwise 
available interactively. The fig-FOKRl 
model is distributed in Macro-11 
source, for easy modifiability by 
programmers without a Forth back- 
ground: the editor, assembler, and 
string package are in Forth source. 

The oomplete system price is $130, 
including diskette and all documenta- 
tion; the User's Guide separately is 
$20. (Ca. resident- 6% tax.) John 
S. James, P.O. Box 348, Berkeley, CA 
94 701. 

MMSFORTH offers TRS-80 users 
stack-oriented logic and structured 
programming, machine-code speed and 
compactness, virtual memory, major 
advantages of interpreter, compiler 
and assenbler ( a1 1 are co-resident ) , 
and your own commands in its exten- 
sible dictionary. PBlSKXU'H includes 
assembler/ editor, all necessary 
routines for disk and/or tape, and 
additional routines for BASIC-like 
handling of strings, arrays, etc. MMS 
supplies information and examples to 
learn this language or to start your 
awn FOl?l'W program for your specialized 
application. 

SPECIAL - At no extra cost, THE GAME 
OF LIFE in MMSFOFKW just 2 seconds per 
generation, an excellent demnstration 
of the techniques and speed of FOFU'H. 
msFolFH, without manual : 

L.2 16K tape $35.00 
Disk, w/Disk I/O $45.00 
"The microi;DRTH PRIMER", 

manual for M?4SFOITTH $15.00 

Miller, Micrompter Services, 61 Lake 
Shore Raad. Natick, MA 01760 

SBC-FORTH is a complete firmware 
operating system designed to plug 
directly into the w3M sockets of the 
SBC-80 series of single board computers 
offered by Intel ti National. Operating 
entirely within the resources of one 
SBC Card SBC-FDwI?I: features resident 
compiling and assembling of user 
entered tasks. The addition of SBC 
Disk and RAM Cards to the system allows 
SBC-EDHIH's resident disk I/O and Text 
Editor to edit, load, and run source 
programs from disk. SBC-FORTH is 
interactive with the user's CR" and 
produces tight object code capable of 
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execution speeds approaching asserrbler 
code. SBC-EWI'H is presently available 
on four 2716 EPROMS for the SBC-80/20 
and two 2732 EPROMS for the SBC-80/30 
CPUs. Options include Single or Double 
Density S K  Disk 1/0 Drivers anad CRT 
Console Baud Rates. Priced from $750 
depending on media. Zendex Corpora- 
tion, 6398 Dougherty Road, Dublin, CA 
94566. 

SIDIC-I1 

SroIC-I1 is an enhanced version of 
S'IDIC, a FORTH dialect which originated 
at MIT's Biomedical Engineering Center. 
STOIC offers significant advantages 
over other microprocessor mKI'H inple- 
mentations, notably a comprehensive 
disk file system and text editor in 
place of the "screen" ap proach used 
elsewhere. This encourages good 
program docu mentation by allowing 
arbitrarily long lines and pages, 
thus making it easier to include 
adequate comments and indenta tion. 
Other features include syntax checking 
and a separate stack for loop control, 
which together yield a system that 
recovers from mst errors instead of 
crashing. STOIC also provides for 
character-string literals and offers 
a very extensive set of standard words, 
including 16 and 32 bit arithmetic. 

The standard STOIC-IX package 
includes the kernel and basic words, 
assembler, file system, editor, double- 
precision and floating-point arith- 
metic, target compiler and associated 
library of primities, and utility 
programs for paginated file listing and 
alpabetized listing of vocabulary 
branches. The version currently 
distributed runs on 8080, 8085, and 
2-80 based mnputers with soft-sectored 
floppy disks, and is priced at $4000 
with conplete source code or $2000 for 
object code only. Avocet Systems, 804 
South State Street, Dover, Delaware 
19901. 

FORTH, Inc. NEWS 

A new on-line monitoring and 
record-keeping system developed by 
EKRlX, Inc., using a PDP 11/60 mini- 
computer, is being used by the Depart- 
ment of Pulmonary Medicine of Cedars- 
Sinai Medical Center, Los Aqeles. The 
FOEFH system oollects data fran five 
on-line sources, maintains a data 
base including this information and 
perform calculations for and formats a 
wide variety of reports. Data is 
collected from patient admittance 
questionnaires and intensive care 
patient records through terminals; from 
the automated blood gas laboratory; the 
pulmonary function test equipment: 
and the exercise laboratory, all 
through direct links with the PDP 
11/60. The speed of I?ORTH allaws the 
Cedars-Sinai p l l r r p ~ r y  specialists to 
examine all data on a particular 
patient, while the patient is still in 
the laboratory and connected to the 
equipmnt . 
Current Openings 

Project Manager - applications and 
special systems 

Prcduct Manager - processors and 
drivers 

Programoer/Engineer - hardware and 
software projects 

Technical Writer - software dcm- 
mentation 

FOF?TH, Inc. 
815D Manhattan Avenue 
Manhattan Beach, CA 90266 
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Published by For th  I n t e r e s t  &,up 

Volume 1 N o .  6 March/April 1980 

Pub1 isher Roy C. Martens 

Ed i to r i a l  Review Board 

B i l l  Ragsdale 
Dave Boulton 
K i m  H a r r i s  
John James 
George Maverick 

FOm DIMENSIONS solicits editorial 
material, comments and letters. No 
r e spons ib i l i t y  is assumed f o r  accuracy 
of material sutmitted. &LL MATERIAL 
PUBLISHED BY !LIE FORTH INlEREST GtOUP 
IS IN THE PUBLIC DOMAIN. Information 
i n  EVRTH DIMENSIONS may be reproduced 
with credit given to the author and the 
Forth I n t e r e s t  Qoup. 

Subscription to EYRTH DIMENSIOFS is 
f r e e  w i t h  membership i n  t he  For th  
I n t e r e s t  Group a t  $12.00 per year  
($15.00 o v e r s e a s ) .  For membership, 
change o f  a d d r e s s  and/or to submit  
material, the address is: 

W .  Moore and seve r  l a  so iates 
formed FORTH, Inc.  i n  1973 for t h e  
purpose of l i c e n s i n g  and s u p p o r t  of 
t h e  FORTH Opera t ing  System and Pro- 
gramming Language,  and  t o  s u p p l y  
a p p l i c a t i o n  programming to  meet 
customers unique requirements. 

The Forth In t e re s t  &oup is centered 
i n  W t h e r n  Cal i fornia ,  although our 
membership of 950 is world-wide. It 
was formed i n  1978 by FOKI'H programers 
to encolarage use of the language by t k  
interchange of ideas through seminars 
and publications. 

PUBLISHER'S COLUMN 

T h i s  is a special i s s u e  of FORTH 
DIMEIGIONS. It is the regular issue 
b u t  i t  is  a l so  v e r y  spec ia l .  I t  
includes the canplebe t e x t  of  Charles 
Moore's speech  a t  FORTH Convention, 
October 1979 ,  i n  San  F r a n c i s c o .  
The founder of FORTH h a s  g i v e n  u s  a 
h i s t o r i c a l  and f u t u r i s t i c  view of 
mm. Thank you, chuck! 

Farth I n t e r e s t  Woup 
P.O. Box 1105 
Sm C X l O S ,  CA 94070 

T h i s  i s s u e  completes Volume 1 of 
FORTH DIMENSIONS and what a way to 
f in i sh .  The largest i ssue  to d a t e  and 
t h e  compbte Char l e s  Moore article. 
IRok f o r  Volume 2, Number 1 soon. H 

HISTORICAL PERSPECTIVE 

Fby Maatens 
FOR!El was created by W .  Charles H. 

Moore i n  1969 a t  t h e  Na t iona l  Radio 
Astronomy Observatory, Char lo t tesv i l le ,  
VA. It was created ou t  of dissatis- 
f a c t i o n  w i t h  a v a i l a b l e  programming 
tools, e s p e c i a l l y  f o r  o b s e r v a t o r y  
autunation. 
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FORTH, The Last Ten Yearn and The Next Two Weeks ... 
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Charles H. Moore 
Chairman of  the  Board 

EDR!l'H, Inc. 

Thank you. You honor me j u s t  by 
b e i n g  here and b e i n g  so i n v o l v e d  
i n  s o m e t h i n g  t h a t  I n e v e r  r e a l l y  
expected would be this in t e re s t ing  to a 
group of people. I think way back i n  
the Dark Ages I had i n  mind maybe some 
day addres s ing  the  Ro ta r i ans  a b o u t  
EQFVH. This is a rather more select 
group. 

It turns  out t h a t  FIG'S estimate 
of t h i s  being the tenth birthday par ty  
for EYlRTIi is remarkably accurate.  By 
way of e x p l a n a t i o n ,  t h i s  is n o t  
intended to be a h is tory  of EYlKrH. For 
one reason, I do not have a very good 
memory for such e v e n t s  and I am n o t  
going to be par t i cu la r ly  accurate nor 
p a r t i c u l a r l y  complete -- I am j u s t  
going to g i v e  you my impression of 
wha t ' s  happened f o r  t e n  y e a r s .  I 
am no t  up w i t h  w h a t ' s  happening i n  
Europe or even in  San Francisco and I 
apo log ize  for t h a t ,  b u t  there never  
seems to be a need to delve into the  
h i s to ry  of FORTIi. There is a h i s to ry  
bu t  first I want to t a lk  a l i t t le  b i t  
about what EORTH is. This has been a 
subject of some speculation. 

ASPECTS 

Is Fowli an operating system? Is 
it a language? Is it a state of mind? 
I propose to  trace f i v e  t h r e a d s  of  
h i s to ry  through ten years. I am going 
to do it i n  such an order that i f  we 
c u t  off t h e  end nobody w i l l  care. 

The f i v e  aspects of FORTH are 
philosophy, language , implementations, 
computers, and organizations,  (meaning 
groups l i k e  FIG). I f  you t a l k  about 
FORTH, the language, you can t a l k  about  
some of these things and i f  you t a l k  

about EYX!I'H t h e  company you can t a l k  
about other things. T h i s  is a reason- 
able organization for what is r e a l l y  a 
txoadly based attack upon the  problems 
of society.  

When I was v e r y  young I d o n ' t  
think I would have l iked  m y s e l f  very 
much. I recol lect  b e i n g  r a t h e r  
arrogant - t h a t  is a l i t t l e  b i t  too 
strong -- I wanted to do things my way, 
I was not convinced t h a t  I should not  
be permitted to, and I think I w a s  a 
b i t  hard to get along w i t h .  Tha t ' s  a l l  
changed now. But  i n  particular I was 
i n s e c u r e .  I was promoting c e r t a i n  
ideas which everyone told m e  were wrong 
and that I thought were r i g h t .  B u t  i f  
I were r i g h t ,  then  a l l  those other 
people had to be wrong and there were a 
lot  mre of them than me. It took a 
lot of arrogance to prsist i n  the face 
of rather massive d i s in t e re s t .  

You may have noticed t h a t  FDKI'H is 
a polar iz ing concept. It is j u s t  l i k e  
r e l ig ion  or politics, there are people 
who love it and people who hate it and 
if you want to start an argument, j u s t  
=Y - "Boy, EOl'I'H is r e a l l y  a great 
language". 

I t h i n k  there were some of you 
around ten years ago who may be aware 
of tk problems t h a t  a programmer m u l d  
encounter. They are exact ly  the same 
problems t h a t  a pxgrammer encounters 
today! There has been no progress in 
t h e  so f tware  i n d u s t r y  f o r  t h e  l a s t  
twenty years. mis was apparent t en  
y e a r s  ago and  i t  was u n s e t t l i n g .  
It did not seem tha t  the  last thought 
had been "thunk" when FORTRAN was 
invented  and y e t  nobody seemed to 
q u e s t i o n  t h a t .  I t  was t h e  unspoken 
assumption t h a t  t h i n g s  are t h e  way 
t h e y  are  and t h e y  c a n n o t  become 
subs tan t i a l ly  d i f f e ren t .  

Speech a t  EYlR"H Convention, October 1979, San Francisco. CA. 
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Pt 1 I LQSOPHY 

L e t  me about ph i losophy  now. I 
was a free-lance programmer once upon a 
time ( 1 9 6 8 ) .  I went t o  work f o r  a 
carpet manufacturer and learned COBOL 
p a r t l y  out of f i n a n c i a l  necess i ty  and 
p a r t l y  w i t h  t h e  though t  " h e r e ' s  a 
language I don ' t  know - le t ' s  p ick  up 
one more". These p e o p l e  a c q u i r e  a 
graphics  system. I t  was an IBM 1130 
w i t h  a 2250 g r a p h i c  d i s p l a y  u n i t ,  a 
v e r y  n i c e  s t a t e - o f - t h e - a r t  o u t f i t ,  
expensive! Speculation was t h a t  t h i s  
would help u s  design carpets or maybe 
fu rn i tu re .  Nobody was r e a l l y  sure but. 
t h e y  wanted to t r y .  The 1130 was a 
very important computer. I t  had t h e  
f i r s t  ca r t r idge  d isk .  It also had a 
card  reader ,  a c a r d  p u n c h ,  a n d  a 
console typemiter. The backup f o r  the 
d i s k  was t h e  c a r d  punch! I d o n ' t  
th ink  I ever backed-up the d i s k  but  I 
do remember r e l o a d i n g  t h e  o p e r a t i n g  
system numerous times. 

The 1130 went away one day because 
without color it r e a l l y  wasn't  m r t h  
a n y t h i n g  for manufac tu r ing  carpets. 
They also had a Burroughs 5500 which 
was running ALCOL a t  a time when Azx33L 
was no t  popular. A very n ice  machine. 
They were programing i n  COBOL, which 
was the  first good COBOL. mese were 
progressive people and want to credit 
them -- Mohasco I n d u s t r i e s .  I p u t  
FORTH on  t h e  5500 -- t h i s  is f a i r l y  
unusual. It  was cross-compiled to the 
5500 from the  1130, s ince  there is no 
assembler on t h e  5500. There  is a 
d i a l e c t  of ALGOL c a l l e d  ESBOL t h a t  
Burroughs used t o  compile operating 
systems (it was no t  available to the 
users ) .  But I learned about push-down 
s t a c k s  from t h i s  machine and had a 
lot of  fun. I t  was th i rd - sh i f t  work 
because t h e  5500 was busy. It was 
replaced by a Univac 1108, so I imple- 
mented FORTH o n  t h e  1108. I t  con- 
t r o l l e d  the i n t e r a c t i o n s  of a bunch of 
COBOL modules which d i d  a l l  the real 
work. The 1108 was cancel led due to 
a n t i c i p a t e d  f i n a n c i a l  r e v e r s e s :  t h e  
programming staff  q u i t :  and I went to 
work for the National Radio Astroraamy 
Observatory (NFL40). 

&fore I l e f t  -- my l a s t  week -- I 
wrote a book. I t  was e n t i t l e d  program- 
ming a Problem Oriented Language and i t  
expressed my philosophy a t  the ti.ne. 
It is very amusing readiq. I t  also 
d e s c r i b e s  what was t h e n  FORTH. I t  
makes amusing reading because, unknown 
to anyone, I was expressing opinions,  
at t i tudes,  no t  designing a programming 
language. 

FoKlM f i r s t  appeared on t h a t  1130 
and it was called EOR'IW. I t  had a l l  
the e s s e n t i a l  characteristics of  FORTH 
and I w i l l  r e t u r n  to t h a t  po in t  later. 

F-0-R-T-H i s  a f i v e  l e t t e r  
abbreviat ion of "fourth," standing f o r  
fourth-generat ion computers. This  was 
the day, you may remember, of th i rd-  
generat ion canputers and I was going to 
leapfrog all of t h a t .  But EORTH ran 
on t h e  1 1 3 0  w h i c h  o n l y  p e r m i t t e d  
f ive-character i d e n t i f i e r s .  

The f i r s t  t h i n g  t h a t  was modern 
FORTH was the  Honeywell 316 pragram a t  
NRAO. I was h i r e d  by George Conant 
to  program a r a d i o  telescope d a t a  
a c q u i s i t i o n  program. I was g i v e n  a 
cunputer (to the envy of o ther  people 
who f e l t  t h e y  dese rved  i t ) .  I was 
t u r n e d  loose to d o  whatever  I cou ld  
w i t h  it, p rov ided  I came up w i t h  a 
Froduct. I j u s t  went o f f  and nobody 
r e a l l y  wanted or appreciated what they 
ended up w i t h .  

We developed a number of systems a t  
NRAO and encoun te red  t h e  i s s u e  of 
patent ing software. Programs cannot be 
p a t e n t e d :  ough t  n o t  to be p a t e n t e d :  
would be v e r y  e x p e n s i v e  to p a t e n t .  
NRAO h a s  a n  agreement  w i t h  Research 
Corporation, a canpany t h a t  tries to 
pull  from u n i v e r s i t i e s  6ome technology 
s p i n o f f s  t h a t  can  be used to  better 
mankind. (They p a t e n t  t h i n g s  f o r  
people who don ' t  how (01: care) how. ) 
FORTH seemed l i k e  s o m e t h i n g  t h a t  
perhaps should be patented, so we spent  
a year wr i t i ng  p.oposals, inves t iga t ing  
and g e t t i n g  l awyer s '  o p i n i o n s .  The 
conclusion was t h a t  maybe i t  could be 
p a t e n t e d ,  bu t  it would t a k e  Supreme 
Cour t  a c t i o n  to  d o  it. NR40 w a s n ' t  
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in te res ted .  As inventor,  I had f a l l -  
back r i g h t s  but I d i d n ' t  want to spend 
$10 ,000  e i t h e r ,  so FORTH was n o t  
p a t e n t e d .  T h i s  p r o b a b l y  was a good 
thing. I th ink  that i f  any software 
package would q u a l i f y  f o r  p a t e n t i n g  
FORTH would. I t  has no r e a l l y  innova- 
t i v e  ideas  i n  it, y e t  the package would 
not  otherwise have been put  together.  
I f  you apply t h i s  reasoning to hard- 
ware, hardware is patentable.  It is 
one o f  my d i s i l l u s i o n m e n t s  t h a t  t h e  
establishmenl r e fuses  to provide any 
e f f e c t i v e  p r o t e c t i o n  for s o f t w a r e .  
P r o b a b l y  i t  i s  t h e  l a c k  o f  v o c a l  
o b j e c t i o n  from w i t h i n  t h e  i n d u s t r y  
and t h e  w i l l i n g n e s s  to a c q u i e s c e ,  
knowing that today 's  software w i l l  be 
obsolete  i n  a year anyway. 

Given i n t e r e s t  from other astron- 
omers, a few be l ievers  formed EYlRTH, 
Inc. W e  developed miniMF?lTi (EYlRTH on 
miniccmputers) with the idea to have a 
programning tool. The f i r s t  important 
r e a l i z a t i o n  of  t h a t  tool came when we 
put  an LSI-11 and FoEiTH i n t o  a s u i t -  
case. I t h i n k  I became t h e  f i r s t  
m p u t e r - a i d e d  programer, i n  t h a t  I 
had my computer and took it around. I 
t a l k e d  to  my computer,  my computer 
ta lked to your computer and we could 
corranunicate much more e f f i c i e n t l y  than 
I could d i r e c t l y .  Using t h i s  tool we 
pu t  FORTH on many cunputers. My goal  
i n  a l l  of t h i s  was t o  make myself  a 
more p r o d u c t i v e  programmer. Before 
a l l  t h i s  s t a r t e d ,  I had f igured that 
i n  f o r t y  y e a r s  I could  write f o r t y  
programs a t  the rate I was going. That 
was it. Period! That was my des t iny  
b u t  I wanted to write more programs 
than tha t .  There were th ings  o u t  i n  
the world to be done and I wanted to 
do them. 

I t  has  taken a long t ime.  I still 
d o n ' t  have the m p u t e r  I want, but I ' m  
working a t  ten times t h a t  rate and I 
see other computer-aided programmers 
now. I am amazed that it should no t  
have been obv ious  t h a t  programmers 
had to be computer-aided. To expect 
the  pxqrarnrrter to dea l  with an  in t r in -  
s i c a l l y  unfr iendly machine on h i s  own 

is n o t  i n  keeping  w i t h  t h e  a t t i t u d e  
t h a t  w e  p reach  for o t h e r  peop le  t o  
follow. 

AS t ime  w n t  on it became apparent 
t h a t  FORTH is a n  a m p l i f i e r .  A g o d  
pccgramner can do a f a n t a s t i c  j ob  with 
FORTH; a bad programmer  c a n  d o  a 
d i sa s t rous  one. I have Seen very bad 
FORTH and have been unable to expla in  
to the autbr  why it was bad. There 
are c h a r a c t e r i s t i c s  o f  good FORTH: 
v e r y  s h o r t  d e f i n i t i o n s  and a l o t  of 
them. Bad FORTH is one d e f i n i t i o n  per 
block, b ig ,  long, dense. I t  is q u i t e  
apparent,  bu t  very hard to p o i n t  to an 
example of sanething that went awry or 
expla in  why or how. BASIC and F O R "  
me much less s e n s i t i v e  to the q u a l i t y  
of t h e  programmer. I was a g o o d  
E"RW programer. I f e l t  that I was 
d o i n g  t h e  b e s t  j o b  poss ib l e  w i t h  
FOKIRUJ and it wasn't  much better than 
w h a t  e v e r y o n e  e l s e  was d o i n g .  I 
indented th ings  a l i t t l e  more n ice ly ,  
maybe, and I declared some things t h a t  
everybody else l e f t  to g e t  declared by 
d e f a u l t .  What more c a n  you  do? 
I n  a s e n s e  I s a i d ,  " l e t  m e  d o  i t  
r i g h t .  Let m e  use a tool which I 
appreciate and i f  everyone c a n ' t  u s e  
t h i s  tool well, I a m  sor ry ,  b u t  t h a t  is 
not  my goal." In  t h a t  sense FORTH is 
an  e l i t i s t  language .  On t h e  o t h e r  
hand, I th ink  t h a t  FORTH is a language 
that a grade-school ch i ld  can l e a r n  to 
use q u i t e  e f f e c t i v e l y  i f  i t ' s  presented 
i n  the proper bi te-s ize  pieces ,  with 
the proper m t i v a  t ion.  

F i n a l l y ,  polyFORTH i s  a con-  
densation of everything we have learned 
i n  t h e  l a s t  t e n  y e a r s  o f  d e v e l o p i n g  
FORTH. I t h i n k  i t  i s  a v e r y  good 
package. I f o r e s e e  no fundamenta l  
changes i n  the design of the language 
e x c e p t  f o r  accommoda t ion  t o  t h e  
s t a n d a r d s  wh ich  a r e  becoming  i n -  
c r e a s i n g l y  i m p o r t a n t .  up u n t i l  
now t h e r e  h a s  b e e n  no r e a s o n  for  
standards.  There are i n t e r n a l  stan- 
dards  of FORTH, Inc.  i n t e r n a l  s tandards  
a t  K i t t  Peak for the  e f f ec t iveness  of 
the organizat ion,  but there has never 
been a demand f o r  p o r t a b i l i t y .  I n  
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f a c t  I know v e r y  few programs t h a t  
p o r t a b i l i t y  h a s  e v e r  been s e r i o u s l y  
attempted with. The time has c l e a r l y  
come to change t h a t .  

There  w i l l  be developments  i n  
other areas and one was brought home 
most fo rc ib ly  today. I t  may be t h a t  
FORTH is n o t  mere ly  a programming 
language. It  may be saying something 
much more important about c m u n i c a t i o n  - between people, between m p u t e r s ,  
between animals. This is s t a r t l i n g !  
It had never occurred to me t h a t  anyone 
w o u l d  r e a l l y  "speak FORTH" i n  a n  
attempt to c m u n i c a t e  with anything 
else t h a n  a computer; it is n o t  any 
longe r  clear t h a t  t h a t  is t h e  case. 
There may be concepts embodied i n  FORTH 
of g rea t e r  general  u t i l i t y  to the basic 
problem of  rxmnunication. 

Now i n  concluding the philosophy 
sec t ion ,  I would l i k e  to read a poem. 
This  is a poen t h a t  some of you have 
h e a r d .  I t  i s  a t r a n s l a t i o n  o f  a 
classic of English literature and it 
ges as follows: 

: SONG 
SIXPENCE ! 
BEGIN RYE @ FOCKET +! ?FULL END 
24 (2 Do BLACKBIRD I + @ PIE +! LCOP 
BAKE BEGIN ?OPENED END 
SING DAINTY-DISH K I N G  ! SURPRISE ; 

The authar is Ned Conklin, who is 
v e r y  good a t  t h a t  sort o f  t h i n g  and 
is the first FORTH poet. Is there a 
place for t h i s  i n  t h e  world o f  com- 
munica t ion?  I d o n ' t  know. I t  is 
remarkably easy  to come up with such 
p a r a p h r a s i n g  o f  j u s t  a b o u t  a n y t h i n g  
t h a t  you care to paraphrase. It's not 
c lear  t h a t  i t ' s  n o t  a n  e f f i c i e n t  
means of  cunnunication. 

L e t  me introduce two people s ince  
I h a v e  t o u c h e d  upon t h e  s u b j e c t .  
I t  is t e n  y e a r s  s i n c e  t h e r e  was one  
FORTH programmer. I would estimate 
t h a t  t h e r e  are now 1 ,000  FORTH pro- 

g rammers ,  wh ich  i s  2 t o  t h e  1 0 t h  
power and canes o u t  n i ce  and round -- a 
doubling time of one year.  Actually,  I 
t h i n k  t h e  doub l ing  time is s l i g h t l y  
sho r t e r  than t h a t  - 10 times i n  three 
years  and t h a t  canes out to 2,000 as 
some people would p r e f e r .  What w e  
conclude is t h a t  next year there  w i l l  
be t w i c e  as many pzogrammers; the year 
after t h a t  t w i c e  as many, and i f  you 
be l ieve  numerolqy these pro jec t ions  
are unarguable. There is a curve,  you 
e x t r a p o l a t e  t h e  c u r v e  and draw t h e  
conclusions. We d o n ' t  know how it is 
going to c m  about .  FORTH, Inc. c a n ' t  
t r a i n  t w i c e  as many people next year - 
w e l l ,  maybe w can. B u t ,  s o m e h o w  the  
FORTH community as a whole has  got to 
t r a i n  t w i c e  as many people next year 
and the rea f t e r .  Maybe the Apples ar4 
the  Radio Shacks me going to be the 
method of  accomplishing tha t .  It seems 
t h a t  capabilities cane along j u s t  about 
quickly enough to keep the exponential  
c u r v e  growing. I have f a i r l y  g r e a t  
confidence t h a t  1) the doubling time 
is a y e a r ,  and  2 )  i t  i s  g o i n g  t o  
con t inue .  Now t h e r e  is collateral 
evidence to support t h i s ,  i f  you plot 
t h e  number o f  FORTH sys t ems  or t h e  
d o l l a r  v a l u e  o f  FORTH s y s t e m s  or 
percent  pene t ra t ion  of markets. Each 
way, you g e t  a b o u t  t h e  same growth 
curve, so I think the  growth curve is 
honest. 

Ten y e a r s  a g o  t h e r e  was o n e  
FORTH programmer. The second FORTH 
programer is i n  the  audience; please 
meet E l i z a b e t h  Rather .  Now t h a t  is 
q u i t e  a quantum jump, fran one to two. 
The next step was four and they came 
o u t  of K i t t  Peak and the growth can be 
t r a c e d  from t h e r e ,  for a w h i l e ,  i f  
anyone cares to. . k t u a l l y  the f i r s t  
FORTH u s e r  is i n  t h e  aud ience  and 
that is Ned Conklin. He was head of 
t h e  s t a t i o n  a t  K i t t  Peak for NRAO, 
running the telescope, respons ib le  f o r  
canmitt ing h i s  telescope to t h i s  r i s k y  
venture.  I t  is an important telescope 
because it is responsibk f o r  half  of 
the i n t e r s t e l l a r  molecules discovered 
i n  the last t en  years. 
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Again ,  I d i d n ' t  e x a c t l y  a s k  
permission to corranit these people to 
t h i s  course of action. Nobody realized 
what t h e  consequences were going  to 
be. It doesn' t  seem to have worked out 
too badly. FORTH is still running on 
t h a t  telescope a t  K i t t  Peak and on a 
lot  of other telescopes. 

W A G E  

Now let 's  t a l k  about the language 
and how FORTH cam2 to  be what i t  is 
today. There is a pre-history which 
goes back much fur ther  than ten years 
and I have some s l i d e s  showing t h a t  
time. These are s t r i c t l y  pre-history 
-- I found an o l d  p i l e  o f  l i s t i n g s  
and I photographed them. The f i r s t  
component o f  FORTH to  occur was t h e  
in te rpre te r .  [Figure 11 This is an 
example  o f  a n  e a r l y  i n t e r p r e t e r  
progranned i n  .ALGOL. This was done a t  
Stanford Linear Accelerator Center back 
i n  t h e  e a r l y  s ix t i e s .  T h i s  is  a 
program which s t i l l  exis ts  and it 
is  c a l l e d  TRANSPORT. I t  d e s i g n s  
elecb m-beam t ransport  systems. Y o u  
see an  e a r l y  d i c t i o n a r y  t h e r e .  The 
word ATOM shows t h e  LISP i n f luence .  
A m 1  is an ind iv i s ib l e  e n t i t y ,  which we 
now call a ",mrd." Havinq read a word 
DRIFT from an i n p u t  c a r d ,  I would 
execute the d r i f t  rou t ine  and so on. 
I have looked through innumerable 
l i s t i n g s  and  found  t h i s  s t y l e  o f  
prgrannning q u i t e  cons is ten t  - it's 
t h e  way I wrote programs i n  t h o s e  
days. I had an input deck which got 
i n t e r p r e t e d  wi th  a s t r u c t u r e  p r e t t y  
much a s  you see i t  t o d a y :  words 
s e p a r a t e d  by spaces, no  p a r t i c u l a r  
l i m i t s  on the  length o f  the  words (as 
you c a n  see f rom S O L E N O I D ) ,  o n l y  
t h e  f i r  st c h a r a c t e r s  , however, were 
s igni f icant .  

PI- 1. 

Here is another  example, q u i t e  
s i m i l a r .  [Figure 2.1 Here ATOM has 
become W and I am looking up + and - 
and T, R, A and I - which represent  an 
e a r l y  version of our t e x t  ed i to r .  That 
again is . W L .  I am not canpletely 
clear what was being edi ted.  I think 
it was some kind of f i l e s  sort program, 
maybe on cards t h a t  were g e t t i n g  
printed or rearranged. 

FICURE 2. 
n o  CICLE; r i u  m r r  wm wmi:t.wmu~t: 

1 m 1 L E u J m r m ) - w  - 
2 IF W . 0 1 1  1M1( 1 6 R Y  ("Z 
3 ELSE IF N W J U C  THM L:+IINlW-l, ECF) 
4 ELSE IF M.t W L:*IN(LIWORD.LXF) 

6 ELSE I F  M7 7VD4 BffiIN 
7 IF URItC I 1 1 w  W : = l ;  W:+INlLtW-I. mF); 
8 AR L:-L m,P I W I L  W B E I N  
9 R I E m K N :  m: mu; L:=L-l m 

130 ELSE I F  LC.*P 7tD4 Bff iIN 
1 WITION: W E  EM) 
2 U S E  I F  *'A VlRd Bff iIN 
1 L:-m': -Blp+I;  REPUCE EM) 
4 U S E  I F  W-.I W W=.D 'Rw BOCIN 
5 I F N X  - R W B f f i I N  
6 rQxwr:=nuJE: R B I 1 N ) l u I W l  ao; 
7 UXITIaV; ( F W  **I -BOGIN 
8 W E :  EERLCE t?Q 

5 ELSE I P  W.'- mQ?4 L : a ( L - u R D . o )  

9 BEGIN - :=~JC;  I F  YRD leg a1 TUM BOGIN 
140 L:*rN(IW-l ,  Em);  SPKIEICARD, GLO*Il;  m:*L+l 

1 wwao 

Here is another way of s e t t i n g  up 
a d i c t i o n a r y .  [ F i g u r e  3.1 I am 
f i l l i n g  an a r ray  with s t r i n g s  of t e x t  
and I am going to search t h a t  a r r ay  f o r  
a match, take t h e  index and v e c t a r  
through a cmputed G13-TO. 

PIWRE 3. 

? VBCL LNIEFIWLI, BT-I, " 2 2 .  P N ,  ILLSW?, lEL?E, ERASE. 
8 SlWV. REPFATI. BXRUlUU1, S I N ? ,  w 2 .  QJITI, W L ,  R)RIRAN, 
9 -, MTA, F K K l ;  

2M) SUIlcn ~ : u o E p R ( E D ,  WtWARD1 T X T E Z ,  FINJ. ISLJIT, D3lETr. ER-E. 
1 -1. TYPEZ, FIID,  ISLSERT, EUXE, -, EEeuTI. B K K ,  
2 P C W M R Y I ,  BOCIN2, W Z .  QIITl, W L ,  m, W L ,  M T 4 ,  WKl; 
3 ALPHI m y  cclwNlll:321; 
4 FIUC-I*I  W m -  
5 -- . T  , 'F *, 'I -, -0 *, 'E -. 
6 %XlaplR:, .WE -, ZFINJ ', . I S E R T  ", 'OELFPE -, 'ERASE -. 
7 'smut *, REPUT -, *. '- *, . B E I N  *, - M U  -, 
8 :EXIT , * N m L  -, .PORRUN., . O L  -, 'MT4 -, "PACK *, 
9 .. - : - O j  PElllTN; CWY ('mITW3? U *ADY . I ;  

2 IF I+. -~IEN m QIITI; (D TJ %I-W(C~MND.W)+II; 

2so -IT; 
I B K K :  S X R E I I ) :  -1; 

Here is ano the r  way of  imple- 
menting the dictionary.  [Figure 4.1 
This is the f i r s t  appearance I have on 
r e c o r d  o f  a s t a c k .  I am looking  up 
the words i n  a condi t ional  statement 
and s e t t i n g  NEXT to t h e  index.  And 
t h a t ' s  t h e  f i r s t  appearance of NEXT 
which I can f ind.  FICURE 4. 

8 
9 

180 
1 
2 
3 
4 
5 
6 
7 
8 
9 

190 
I 
2 
I 
4 
5 
6 

__--- - 
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Here is the  other half  of tha t  -- 
t h i s  is the  implementation o f  t h e  
stack. [Figure 5.1 This  is a var ian t  
of ALCOL ca l led  R W L  t h a t  lets you 
pu t  assignment statements inside other 
statements. "Stack of J replaced by 
J-1" is how you push something onto the 
stack. One of my "less-liked" fea tures  
o f  ALGOL was t h a t  I had t o  p l a y  
games l i k e  "real of boolean of s tack  of 
J and boolean of  . . . I '  j u s t  i n  order to 
g e t  around the automatic typing t h a t  
AIxx>L was in s i s t i ng  that I apply. Now 
t h i s  was spec i f i ca l ly  intended to le t  
me manipulate  parameters t h a t  were 
i n t e r p r e t e d  from t h e  ca rd  deck as 
arguments to the rout ines .  In other 
words, i f  I wanted t h e  s i n e  of  an  
angle, I could say .9NGLE SINE but i f  I 
wanted to convert the angle from one 
un i t  to another, I needed a t  least some 
simple arithmetic operators  and t h i s  
p r o v i d e d  them. T h i s  i s  a g a i n  a t  
Stanford. Q1WR.E 5 .  

6 
7 BoMEA)( M F€LEVWT; BEGIN 

9 S:-l; 
21 0 .WKIJ:<+ll:-; 

I S P r K  [J:%l+ll :-P&XT; 
2 S P T K l J : c J - 1 I : ~ R F A L ~ S I I C X l J I ~ K I J * l l  I: 
J STKK lJ:%l-l I :-mLISTACX IJI GTR .9IWRlJ+11) i 
4 sT9cKlJ:<-lI : -RUIL(SWK IJ1 LS5 !TACXIJ+ll) ; 
5 
6 ~ l r K [ J : ~ - l l : - R F A L ~ e o 3 ~ ~ S T . ~ K l J l I  Aw BoDwNlsbcK(J+lIlll; 
7 

H x t = ~ : - i ;  m i o i : . i ;  m CXE sxr OF BEGIN 

.SP€K IJI : -RFAL(!QT 8 0 3 w " S T I C K l . J  I ) 1 ) i 

STKK (J : =J-1 1 : =nr'AL( 803W( STICK 1 J 1 ) M KDW( S R C K  [JIl I I ) 1 i 
P STCKfJ:<-l I : ~ K I J l + ~ l J + l l  i 
9 SI'lrKIJ:%l-ll :~KIJI-SIACKIJtl] ; 

220 
I SlKKIJ:<-11 :-KIJ l/sTAo(IJ+I I ; 
2 tXl  M I L  J LSS 0: 
1 ~ : . B ? x E A N ( S T I C K l O l l  IM); 
4 

SI'CX lJ:<-1 I : = s T T K  IJ I xSPW lJIl1: 

Now here is a PL/1 program doing 
ve ry  much t h e  same t h i n g  a t  a con- 
s iderably later date .  [Figure 6. ] A t  
t h e  top  you see J C L  (Job C o n t r o l  
Language) which was also not a pleasant  
t h i n g  t o  d e a l  w i t h .  One o f  t h e  
criticisms o f  programming languages  
t h a t  I mentioned i n  my book was that a 
programmer a t  a t y p i c a l  compute r  
center ,  i n  order to function, needed to 
know nineteen languages. This m e r e d  
wri t ing mtran programs, suhni t t ing  
c a r d  decks ,  etc. These languages  
were a l l  subt ly  d i f f e r e n t  with commas 
here and spaces the re  and equal signs 
meaning d i f f e r e n t  things - nineteen 
languages, j u s t  to function. Nobody 
a d v e r t i s e d  t h e  f a c t .  Nobody s a t  
down and took  a course i n  n i n e t e e n  
languages ,  but you had to  p i c k  them 

up i n  t h e  course of  s e v e r a l  weeks 
or s e v e r a l  months i n  o r d e r  t o  be 
e f f e c t i v e .  FORTH, I f i g u r e d  could 
replace a l l  of them. 

Here is NEXT: PROCEDURE CHARAC- 
TER. [F igure  7.1 I d o n ' t  remember 
tha t  syntax b u t  t ha t  I think i t  is the  
first d e f i n i t i o n  of NEXT as  a procedure 
t h a t  went of f  and got the next word and 
did something with it. This is still 
a l l  pre-FORTN. We haven't gotten to 
what I would consider the f i r s t  EORTH 
system. PI- 6 b 7 

I / ,rnILITY . x x n s m O V E R H m D  
2 N txr FeI-1mwDTE. P I R I - r w  
1 /firmm m SEWT-A 

m n m  4 / , & S I N  
5 ./ 
6 NEm: FlocawRE CMRCERI4); 
7 O E C W  KcYExnm STRFM INPUT, P R I m  SIRUn CUT- PRIW; 
B ntTW I 1  TF.xT ( E l l  INlTUL(1811' *), 

Am WE4ACfw. LNEL-00. sJncE-3,LIsw 

9 2 c(8 i )  LHARA~'~R(~), I m r r m ( r ' ~ , w  c i ~ w ~ m 1 4 1 ,  
10 
11 RMMIIc(II1; 
12 
13 
14 
15 Effie 00: NUWUII-.O"EI: 
16 IF -A* I2 C(I) rn u) I-l b l  BY 1 WlLE *A. L?, C ( I I  
17 W: ELSE: I=!tl; END; 
18 -: RLWw(W): 

WXW CHIIRKTER(32) MRYItG 845DDO.P.HIIERIC BITllll -8 

IF C ( I I = . - -  CR C ( l ) - - . .  CR -0' I& C(I1 Tw( BffiIN; NVCRIC.*l.B: 
I F  C ( I 1  NJb'.' 'IVW 00 I - I t l  BY 1 WILE Iy)' LI: C(II: EM: 
IF ci i )=*.-  vm m I-I+I BY 1 I*Iw '0' LF c(I); m: EK); 

ClIl-*-* 

H e r e  is a rather later version of  
FORTH ccded for  the IBM 360. [Figure 
8. J mOse are the rout ines  PUSH and 
POP. PUSH cost 15 microseconds on an 
IEM 360-50. It  includes s t ack  limit 
checking, which doubled the c s t  and 
was one of the things that led me to 
f e e l  t h a t  execution-time s tack checking 
was n o t  d e s i r a b l e  and i n  fact  not  
necessary. However, up to that point,  
t h e  consequences of a runaway s t a c k  
were t e r r i fy ing .  #)P is there also. 
It was coded i n  a macroassembler that 
d id  not have s tack operations. It was 
n o t  p o s s i b l e  to refer to a p r e v i o u s  
"anything" so the deck is f u l l  of "LJ9 
data mnstan ts ,  address, ALZ(*-LJ8)" 
to g i v e  me a r e l a t i v e  jump to t h e  
mevious one. I t  could all be done but - 
it wasn't pleasant.  

?Ram 8. 

830 Ll8 &2(*-Ll71 

832. n: &l!31,11 445550 ' 
813+ oc X'O 
Rl4* CRG 4 - 2 4  
83% D s a l  
836+ rn *+ 0+1 
HI?* oc u11011'40'*x'40'1.~~41 
830 Rlsn A SP.NWJR 00815 15 06 
839 ST T.O\.SPl 
640 CB SP&Q 
B41 B R  2,tsm m 
842 B I g R T  
843 L19 u: AL2l*-Llel 
844 CS ~(4I.X'4(OMSO',X'4O'.AU(O) lpcp 
M5 LA Sp.4l.Se1 
846 Pcp L T.4I.SP) COsFG 21 

848 847 
c LA SP, SP.4l.SPl SRX) 

049 m 1 2 .  lEm m m  
(IS0 B w a R T  

811 m l,X'*45551',0 yP 
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Here is a version of FDRlW coded 
in  03BOL. [Figure 9.1 This was done 
a t  MOhasco, of course. I am se t t i ng  up 
a t a b l e  o f  i d e n t i f i e d  words which 
1 am going to in te rpre t  from an input 
s t r ing .  9-e a t t i t ude  is so pervasive 
t h a t  I b e g i n  t o  t h i n k  t h a t  I was 
t a l k i n g  myself i n t o  something here. 
COBOL is f a i r l y  d i f f i c u l t  to  write 
s u b r o u t i n e s  f o r .  They have  sub-  
routines,  they can be performed, but 
they may not have any parameters. This 
makes i t  a l i t ' t l e  b i t  awkward to  do  
anything meaningful. 

F I W E  9. 

-1 m -COW1Qm&XxQF m IDLNRpI(4): 
z m TAW m m w s ) ;  

Here's the f i r s t  example of EOKI'H 
text. [Figure 10.1 This  came out  of 
S t a n f o r d  a g a i n .  The word DEFINE 
begins (that is,:) a def in i t ion  and the 
word END ( t h a t  is , ;)  ends  it. The 
"OPEN is obscure. "NAME seems to be 
t h e  way t h e  name was i n t r o d u c e d .  
Apprent ly  there did not have to be a 
space between the quote and the word. 
There are the def in i t ions  of a number 
of s tack operators. Top of the l i n e  is 

I guess  t h a t  is s u b t r a c t i o n .  SEAL 
was an e a r l y  word f o r  s e a l i n g  t h e  
dict ionary for  some reason. BREAK, I 
guess  broke t h e  seal. "< : OPEN 
DEFINE - < END ; is t h e  same 
d e f i n i t i o n  we  use today,  i n  a ve ry  
ea r ly  state. That was fran a thing I 
cal led "Base Two," intended to be some 
kind of base pogramning language - I 
c a n ' t  remember any more about  it. 

CODE - "OPEN DEFINE MINUS + END ; 

rmnu! 10. 
' - Y w m m I l e  nDm + Do 
SUL * < ' O P M D E F m  - <  Do- 

.< Wm mm .< m 
WDwmmm I Rm 
1J1Dwlermm .mAN)Km m 

- T l l ~ . R U L ~ ~  
*- TPMm1t-E W ;  L!UPT< . T>ORNJT IID 
'~wmmIIs: .Km Rm 
'i'wmrnm, > K m  m 
-1.mOEFW tm w 
*-taw "ow1 mm w e  10 *uRu WRmI 3 10 war, mnz 0 LING Ea 

wrwmmm n n a ~ +  m 

This is a version of. EORTH source 
for t h e  5500. [Figure 11.1 Again, 
very ea r ly  - the second canputer tha t  
Fo#IH was put on. Apparently # stands 

for CODE and t h e s e  are t h e  code 
d e f i n i t i o n s  of  t h e  stack o p e r a t i o n  
on a 5500. Now t h e  5500 is a s t a c k  
machine a t  a t i m e  when stack machines 
were not a t  a l l  popular. They d id  a 
very good job w i t h  their stack. All 
of these  were implemented wi th  one  
12-b i t  i n s t r u c t i o n  and t h e  p r e s e n t  
names of these operations are d i r e c t l y  
de r ived  from the  names of t h e  5500 
ope ra t ions .  T h a t ' s  where DUP came 
from, for instance. Notice tha t  the 
$OR was a way of  d i s t i n g u i s h i n g  t h e  
assemblers OR from the FORTH OR before 
vocabularies were available.  

FIGWE 11. 

LIST 
0 0 1  
ow2 
0003 
0004 
0 0 5  
0006 
0007 
0008 
0 0 9  
0 o A  
!NO8 
oooc 
OOOD 
000E 
MMF 
0010 
w11 

Here's an example of FIND coded fo r  
the 5500. [Figure 12.1 Notice that 
the wxd SCRAMBIE is referred to, which 
is a co lon -de f in i t i on  for doing a 
hashed search. Apparently here I had 
e i g h t  t h r e a d s ,  j u s t  a s  w e  p u t  i n  
polyFORT€l last year. These ideas go 
way, way back. This is FORTH a f t e r  the 
threshold was crossed, ten years ago, 
almost e x a c t l y .  One can become a 
l i t t le  b i t  depressed a t  the "tremen- 
dous" rate of progress i n  the last ten  
years when you see that it was a l l  back 
there. PI- 12. 

Here i s  a n o t h e r  e x a m p l e  of 
source. [Figure 13.1 This was from 
t h e  Univac  1108.  These  a re  v e r y  
ea r ly  record descriptions.  This is the 
layout of a record i n  a file with the 
name of t h e  f i e l d  and t h e  number o f  
bytes i n  the f i e l d .  That was t he  Dun & 
Bradstreet reference f i l e  for looking 
up bad debts. 
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SIBS 1 HW 1 H U D  8 PARfWT 8 IUIL 19 CITY 15 SlSm 14 

This is the las t  slide. [Figure 
14.1 T h i s  is a modern FORTH s o u r c e  
from FORTH, Inc .  Vector a r i t h m e t i c  
coded f a r  the I n t e l  8086. CODE V+ with 
comments l i s t i n g  the arguments t h a t  are 
on t h e  s t a c k  w i t h  t h e  r e s u l t s  be ing  
obvious .  F a i r l y  n i c e l y  spaced o u t  
code. It j u s t  looks l i k e  good, c lean 
p u r e  FORTH i n s t e a d  of t h a t  other 
gibberish.  Not a t  a l l  cryptic, per- 
f e c t l y  obvious to the discerning reader 
and t h a t ' s  t h e  end o f  t h e  slides. 

FICURE 14.  

10 ( ~ c 0 ~ v . 1  ( Y X I I D )   RIP J R ) P  i m p  om 
11 3 IUUL 7 IDIV 0 PUSH 
1 2  l O l w  3INlJL. 7 I D I V  0 -  SXT 
13 
I4 
15 
CcPyRrmr -. IHC m. 1979 

L e t  me now sketch i n  time sequence 
t h e  o p e r a t i o n s  t h a t  were implied by 
some of those slides. The f i r s t  thing 
to  e x i s t  was the  t e x t  i n t e r p r e t e r  
reading punch cards. The next thing to 
e x i s t  was the  d a t a  stack w i t h  t h e  
m a n i p u l a t i o n s  of t h e  operators.  
Those took  place v e r y  e a r l y ,  around 
1960. 

Nothing s u b s t a n t i a l  then happened 
u n t i l  1968 and t h a t  was the 1130 and 
t h e  a b i l i t y  f o r  t h e  f i r s t  time to 
t o t a l l y  control the way the computer 
i n t e rac t ed  with the programner. This  
machine had the f i r s t  c o n s o l e  I had 
ever seen. I had always suhni t ted  card 
decks - now I had a typewriter. Do 
you know w h a t  I did? I submitted card 
decks. It took a long time to f igu re  
o u t  how to  u s e  t h e  k e y b o a r d  a n d  
whether or not the keyboard would do 
anything for me. I was very good at a 
keypunch and I r e a l l y  d i d n ' t  care i f  
there was a console or not. 

The  f i r s t  FORTH was coded i n  
FoEna4N. Very s h o r t l y  thereafter it 
was recoded i n  assembler. Very much 
later it was coded i n  FORTH. It took a 
long  t i m e  t o  f e e l  t h a t  FORTH was 
complete enough to  code i t s e l f .  'Ihe 
first  t h i n g  to be added t o  what had 
already ex is ted  was the r e t u r n  stack 
and I don ' t  remember why that was. I 
d o n ' t  remember why I d i d n ' t  j u s t  
p u t  t h e  r e t u r n  i n f o r m a t i o n  on  t h e  
parameter stack. I t  was an imprtant 
developnent to recognize that there had 
to be two stacks -- exac t ly  two stacks, 
no more, n o  less. 

The n e x t  t h i n g  to be added was 
even more h p r t a n t .  I don ' t  know i f  
you a p p r e c i a t e  i t  b u t  i t  was t h e  
i n v e n t i o n  of t h e  d i c t i o n a r y .  I n  
particular, the d ic t ionary  i n  the  form 
of a l inked list. In p a r t i c u l a r ,  the 
e x i s t e n c e  of t h e  code f i e l d  i n  t h e  
header. For control, up u n t i l  then, 
f l a g s  had been set ,  computed GO-TOs 
executed, some mechanism f o r  associa- 
t i n g  a s u b r o u t i n e  w i t h  a word. Now 
t h e  e x i s t e n c e  of t h e  a d d r e s s  of t h e  
rou t ine  (rather than an index to the 
r o u t i n e )  m d e  an incredibly f a s t  way of 
e x e c u t i n g  a word once it had been 
ident i f ied .  No other language has a 
code f ie ld  or anything resembling it'. 
NO other language  feels o b l i g e d  to  
q u i c k l y  implement t h e  code t h a t  t h e  
word i d e n t i f i e s .  You can go about it 
a t  your own precious time, but even i n  
these d a y s  i t  was i m p o r t a n t  t h a t  
"H be e f f i c i e n t .  The whole purpose 
of t h i s  system was to draw pictures on 
t h e  2250 d i s p l a y .  The 2250 was a 
s t and-a lone  minicomputer i n t e r f a c e d  
with the 1130. What came o u t  of the 
1130 was a c r o s s - a s s e m b l e r  wh ich  
assembled the in s t ruc t ions  which were 
t h e n  t o  be execu ted  by t h e  2250. I 
t h i n k  t h e  2250 had its own memory. 
Again, very sophis t ica ted  th ings  being 
done v e r y  e a r l y  i n  a v e r y  demanding 
environment. I B M  software, in 16K of 
memory, could draw pictures on the 2250 
f a i r l y  slowly. What I acmmplished i n  
4K would draw t h r e e - d h n s i o n a l  moving 
p i c t u r e s  on t h e  2250. But it c o u l d  
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o n l y  d o  t h a t  i f  e v e r y  c y c l e  were 
accoun ted  f o r  and i f  t h e  u tmos t  was 
squeezed o u t  -- t h a t ' s  why F O R "  had 
t o  go .  I c o u l d n ' t  d o  a n  i m p r e s s i v e  
enough job with FORTRW, an assembler 
was t h e  requirement.  

A t  t h i s  time c o l o n  d e f i n i t i o n s  
were no t  compiled - the  compiler came 
much later. The t e x t  was s to red  i n  the 
body o f  t h e  d e f i n i t i o n  and t h e  t e x t  
i n t e r p r e t e r  r e i n t e r p r e t e d  the  text i n  
o r d e r  t o  d i s c o v e r  what t o  do. T h i s  
kind of  con t r ad ic t s  t he  e f f i c i e n c y  of 
t h e  language but  I had big words t h a t  
p u t  up pictures and I d i d n ' t  have to 
i n t e r p r e t  too much. The c leverness  was 
l i m i t e d  to  s q u e e z i n g  out e x t r a n e o u s  
blanks as a compression medm and I am 
t o l d  t h a t  t h i s  is t h e  way that B.4SIC 
e x e c u t e s  t o d a y  i n  many i n s t a n c e s .  

This  machine had a d i s k  - I c a n ' t  
prove it but  I am almost c e r t a i n  t h a t  
t h e  word BLOCK e x i s t e d  i n  o r d e r  t o  
access r e c o r d s  o f f  t h e  d i s k .  I d o  
remember t h a t  I had to use the  F0RTR.W 
I /O package  and i t  wouldn'  t put t h e  
blocks where I wanted t h e m  -- it put  
the blocks where it wanted t h e m  and I 
had to p ick  them up and move t h e m  i n t o  
my b u f f e r s .  I t  h a d  a n  assembler 
f o r  a s sembl ing  1130 code, i t  had a 
t a r g e t  assembler f o r  assembling 2250 
code  and c l e a r l y  B-5500 code. The 
B-5500 program was taken f a r  enough to 
recompile itself. Beyond that there 
was no app l i ca t ion  because the re  was no 
way I was going to g e t  access to t h a t  
machine o u t s i d e  of t h e  t h i r d  s h i f t .  

T h i s  was t h e  t r a n s i t i o n  p o i n t  
between someth ing  t h a t  cou ld  n o t  be 
called EDRTH and something t h a t  could. 
-U1 the e s s e n t i a l  f e a t u r e s  except  the 
compiler were presen t  i n  1968. I t  took 
a long time for the  next  step. 

The, f i r s t  compiler occurred on the  
Honeywell 316 system a t  m40 s e v e r a l  
y e a r s  l a te r .  I t  r e s u l t e d  from t h e  
r ecogn i t ion  t h a t ,  rather than r e i n t e r -  
p r e t i n g  t e x t ,  t h e  w o r d s  c o u l d  be 
compiled and an average of f i v e  charac- 

ters per word c o u l d  be r e p l a c e d  by 
two bytes per word a t  a cunpression of 
a f a c t o r  o f  two or three. Execution 
speed would be v a s t l y  f a s t e r .  Again, 
i f  it was t h a t  easy ,  why hadn ' t  anyone 
else done t h a t ?  I t  took me a long time 
to conv ince  myself  t h a t  you c o u l d  
compile anything and everything.  The 
condi t iona l  expression,  f o r  ins tance ,  
had to  be compiled somehow. B e f o r e  
canp i l a t ion ,  i f  you caw to an I F  you 
could scan ahead i n  a t e x t  s t r i n g  u n t i l  
you came e i t h e r  to an ELSE or a THEN. 
HOW d id  you do an I F  i f  you were going 
to  compile t h i n g s ?  B u t ,  i t  worked! 
Again, I c a n ' t  remernber the  sequence. 

I t  may be t h a t  t h e  316 compi led  
the 360, but I th ink  the  360 compiled 
the 315. Again, i n  the  e a r l y  days of 
E"TH, the  idea  of of  today was t h e r e  
-- cross compiling, cross assembling 
between d i f f e r e n t  computers was there .  
I n t e r r u p t s  came a t  a b o u t  t h i s  time. I t  
was important to u t i l i z e  the  i n t e r r u p t  
c a p a b i l i t y  of the cunputer but i t  had 
n o t  been done by me b e f o r e  t h a t .  I 
d i d n ' t  know anything about i n t e r r u p t s ,  
b u t  1/0 was n o t  i n t e r r  upt-dr  i v e n .  
I n t e r r u p t s  were a v a i l a b l e  f o r  t h e  
app l i ca t ion  i f  it wanted t h e m .  FORTH 
didn  ' t bother.  

The multi-programer came along a 
couple o f  yea r s  later when we put  an  
i;rQxoved ve r s ion  of  t h e  system i n t o  the 
X i t t  Peak PDP-11. Th i s  multiprogrammer 
had four tasks .  Input  was still no t  
i n t e r r u p t - d r  i v e n ,  which was unfo r -  
tunat.2.  I n t e r r u p t - d r  i v e n  I /O  came 
a l o n g  when FORTH, I n c .  p roduced  its 
first multi-terminal system. I t  did 
no t  speed th ings  up p a r t i c u l a r l y .  If  
you c o u n t  c y c l e s  it was much more 
e f f i c i e n t ,  and it prevented any loss of 
characters when many people were typing 
a t  the same t ime .  FORTH d i d n ' t  have to 
l o o k  q u i c k l y  to g e t  e a c h  c h a r a c t e r  
before the next  one came along, as  they 
were a l l  buffered and wait ing.  

Data-base management came along a t  
t h i s  time. I t  h a s  been  e x t e n s i v e l y  
changed ,  j u s t  l i k e  FORTH h a s ,  b u t  
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fundamentally nothing has changed. The 
concept of f i l e s  and records and f i e l d s  
t h a t  I out l ined  t h i s  afternoon d a t e s  
back from 1974 or so. 

The f i r s t  t a r g e t  compilers came 
along later with microFORTH. They are 
very complex things,  much more so than 
I had expected them to be. 

I t h i n k  t h a t  c o m p l e t e s  t h e  
c a p a b i l i t i e s  t h a t  I think of as RXTH 
today and I think you can see how they 
d r i b b l e d  in .  A t  no  p o i n t  d i d  I s i t  
down to design a programning language. 
I solved the problems as they arose. 
When demands fo r  irnproved performance 
came a l o n g  I would s i t  and  w o r r y  
and come up wi th  a way o f  p r o v i d i n g  
improved performance. It  is not clear 
t h a t  t h e  process has  ended,  b u t  I 
th ink  it is clear that t h a t  process has 
now g o t  to be carried i n t o  the  hardware 
realm. 

HARDWARE 

I have des igned  some computers. 
This is expensive because I am supposed 
to be earning money by wr i t ing  sof t -  
w a r e .  I think t h a t  hardware today is 
i n  the  same shape as software was 20 
years  ago. No offense ,  bu t  it's time 
t h a t  t h e  h a r d w a r e  people l e a r n e d  
something about softwzre and there  is 
an order  or two magnitude improvement 
i n  performance possible  with e x i s t i n g  
technology. W e  do  no t  need pico-second 
computers to make subs t an t i a l ,  r e a l l y  
s u b s t a n t i a l ,  improvements i n  speed.  
And faced with t h a t  r e a l i z a t i o n ,  t he re  
is no poin t  i n  t ry ing  to optimize the 
s o f t w a r e  any  f u r t h e r  u n t i l  w e  have 
taken the  f i r s t  crack a t  the  hardware. 
The hardware redesign has g o t  to be as 
complete as the  software redesign was. 
The s t a n d a r d  microprocessors d i d  
not have FORTH i n  mind. Those mini- 
mpters  t h a t  can be m i c r o p c c g r d  
cannot be m i c r o p r o g r d  well enough 
to even be worth doing. The ixqxove- 
ments ava i l ab le  are much greater than 
you can achieve by these  ha l f  measures. 

IMPLET1E"ATIONS 

A l l  r i g h t ,  l e t ' s  s w i t c h  g e a r s  a 
l i t t l e  b i t .  I would l i k e  to t a l k  about 
the implementations of FORTH of which I 
am aware. I have touched on them 
a l r e a d y  b u t  I want to  r a t t l e  o f f  a 
s t r i n g  o f  CPUs which have come to 
mind j u s t  t o  d a z z l e  you w i t h  t h e  
c a p a b i l i t i e s .  It  is a c t u a l l y  a tour 
through the h i s t o r y  of computers and it 
is fasc ina t ing  t h a t  t h i s  could all have 
happened in  t en  years.  

FORTH h a s  b e e n  programmed i n  
FUtTR.4N and i n  ALcx>L and i n  PL/1 and i n  
COBOL and i n  assembler and i n  FlXJJi. I 
am sure some of  you can come up with 
other  languages with the  same his tory .  
I t  has been done on the IBM 1130, the 
B u r r o u g h s  5500,  t h e  U n i v a c  1 1 0 8 ,  
t h e  Honeywell 316, t h e  IBM 360, t h e  
Nova, the  HP 2100 (not by m e ,  but by 
Paul Sco t t  a t  K i t t  P e a k ) ,  the PDP-10 
and PDP-11 (by  Marty Ewing a t  C a l -  
Tech),  the PDP-11 (by FORTH Inc . ) ,  the  
V a r i a n  620 ,  t h e  Mod-Comp 11, t h e  
GA/SPC-16, t h e  Qx: 6400 (by K i t t  Peak), 
t h e  PDP-8, t h e  Computer Automation 
LSI-4, the  RC4 1802, the In te rda ta ,  the  
Motorola 6800, t h e  I n t e l  8080, The 
I n t e l  8086, the  TI 9900 ant! caning soon 
t h e  68000, t h e  28000, t h e  6803 -- I 
know you people have 6502s and Four  
Phase. (Audience: And Illiac!) I've 
ra i sed  the quest ion - is it the case 
t h a t  FORTH h a s  b e e n  p u t  on  e v e r y  
computer t h a t  e x i s t s ?  

COMPUTERS 

We speak now about FORTH ccmputers - there are EDRTH cffnpters. The f i r s t  
one I know of was b u i l t  a t  Jodrell Bank 
i n  Eng land  a r o u n d  1973 .  I t  i s  a 
redesign of  a Ferranti carq?uter t h a t  I 
t h i n k  went o u t  of p r o d u c t i o n .  They 
were going to bui ld  their own b i t - s l i ce  
vers ion and they discovered FORTH about 
the  same time, modified the  in s t ruc t ion  
set to  accommodate FORTH, and b u i l t  
what I am t o l d  is a v e r y  f a s t  FORTH 
computer.  I have never  s e e n  it. I 
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have t a l k e d  to its d e s i g n e r ,  John 
Davies, who is one of the e a r l y  EORTH 
en thus i a s t s  and eminently cunpetent to 
do t h i s .  

I n  1973 came Genera l  Logic and 
Dean Sanderson. The machine q u a l i f i e s  
as a FORTH computer because it has a 
FORTH ins t ruc t ion  set and there  is a 
s t o r y  there .  Dean showed m e  h i s  
i n s t r u c t i o n  s e t  and there was t h i s  
funny i n s t r u c t i o n  t h a t  I c o u l d n ' t  
see any reason for. I f igured it was 
some kind of no-op or catch-all because 
it  had t h e  w e i r d e s t  properties. I t  
couldn ' t  possibly 5e usefu l  - it was 
NEXT. I t  was a one-instruction NEXT - 
it was beaut i fu l .  And it was a very 
simple modification to the in s t ruc t ion  
set. A few wires here and there and 
t h a t  was the  f i r s t  time I saw a FORTH 
computer. Here was t h e  a b i l i t y  t o  
change an ordinary computer to make it 
i n t o  a FQRTH computer. 

- 

We have had some ideas about other 
s u c h  m o d i f i c a t i o n s  t h a t  c o u l d  be  
made e f fec t ive ly ,  but I don ' t  know t h a t  
any of them have been ca r r i ed  ou t .  I 
am to ld  t h a t  Cybek has g o t  its own 
machi-c now, b u i l t  by Eric Fry. These 
are rumurs that I ' m  j u s t  passing on. 
C h i l d ,  I n c .  does ras te r  g raph ic s  
systems. I am told they were working 
cn a FORTH mputer  t h a t  was supposed 
t o  be a v a i l a b l e  l a s t  F e b r u a r y  -- 
I haven't  heard. Again, I th ink  they 
are competent to do it and do  it well. 
A blindingly f a s t  FORTH cmputer  on a 
board, probably biased towards graphics 
appl ica t ions ,  raster graphics. 

I have b u i l t  a FORTH computer 
called BLUE. It's small. I t  has never 
execu ted  any FORTH y e t .  The d e s i g n  
changes as  f a s t  as t h e  chips  can  be 
plugged i n t o  the  board, but  it's not  
hard to do. 

What are the  c h a r a c t e r i s t i c s  of a 
FORTH m p u t e r ?  I t  does no t  need a lot 
of memory. 16K bytes is about r i g h t .  
Half PROM, ha l f  RAM, maybe. It does 
not need a lot  of 1/0 ports - it does 

not need any I/O ports except for the 
a p p l i c a t i o n  r e q u i r e m e n t s .  A ser ia l  
l i n e  is nice;  a disk port is nice.  W e  
have p u t  FORTH on an  8080 w i t h  d i s k  
replaced by enough core to  hold  8 
blocks. Quite v iab le ,  no p a r t i c u l a r  
problem w i t h  system crashes,  a somewhat 
protected e n v i r o m n t .  Bubble memries 
are caning, and Winchester d r ives  of 
course. We d o n ' t  n e e d  much mass 
memry, we only need on the order of 
100 to 250 blocks. The f a c t  t h a t  FORTH 
can e x i s t  q u i t e  happily on a very s.mll 
machine by contemporary s t a n d a r d s  
should be exploited. 

oRG4NI ZATION 

F i n a l l y ,  I w o u l d  l i k e  t o  r u n  
through the h i s to ry  of the organiza- 
t i o n s  which have been invo lved  w i t h  
FORTH. They form a n o t h e r  thread t o  
t h e  t a p e s t r y .  Mohasco, of course, 
and  t h e  N a t i o n a l  Radio Ast ronomy 
Observatory. They birthed it and they 
rejected it. Thats v e t t y  much why I 
am here today  i n s t e a d  of i n  Sou th  
.Wr ica pogramning telescopes.   hey 
had what we have learned to i d e n t i f y  as  
the N I H  Syndrome but i n  a weird mutated 
case because it - was invented there! It 
is their loss. You have perhaps read 
about the  VLA, a very large a r r ay  of 
a n t e n n a s  i n  N e w  Mex ico  -- a v e r y  
e x c i t i n g  project. Something t h a t  I 
r e a l l y  would have l i ked  to have pro- 
gramned. It wasn't i n  the cards (and 
t h e y  have software problems t o d a y ) .  
On t h e  o t h e r  hand, t h e r e  was K i t t  
Peak. Astronomers are a conservat ive 
lot. This may be surpr i s ing .  I th ink  
t h e y  are s u r p a s s e d  o n l y  by n u c l e a r  
phys i c i s t s  i n  being conservative.  we 
have been unable to scratch the nuclear 
physics f i e l d  here although I am told 
t h a t  CZRN is i n t e r e s t e d .  NRAO is a 
sister labora tory  to Brookhaven. One 
would th ink  t h a t  there would be scxne 
canmunication between t h e m  and there 
i s n ' t .  They are both managed by the  
same U n i v e r s i t y  A s s o c i a t i o n .  W e  
c o u l d n ' t  i n t e r e s t  Brookhaven and w e  
couldn ' t  i n t e r e s t  NR.W, but  we could 
i n t e r e s t  K i t t  Peak and Elizabeth Rather 

FORTI3 DIMENSIONS I/6 Page 70 



is t h e  one who did it. She l iked  F'ORTH 
and talked a lot of other people i n t o  
l i k i n g  i t ,  too. K i t t  Peak adopted  
FORTH - gave it the  i m p e t u s  because 
K i t t  Peak  is t h e  show p l a c e  o f  t h e  
astronomy world. K i t t  Peak put  EORTH 
on a whole b a t c h  of Varians. It's fun 
because I remember Var i a n s  b reak ing  
down and s p a r e s  be ing  wheeled i n  -- 
there were 1 4  of them l ined  up i n  t h e  
h a l l .  R e l i a b i l i t y  through redundancy? 
Pipel ine a rch i tec ture?  A lot of other 
observa tor ies  picked it up. 

We were de luged  by requests f o r  
FORTH systems f r o m  astronomers and went 
i n t o  business to t r y  to exp lo i t  t h a t  
market. I t  is a market we would still 
be i n  today except t ha t  t he re  are so 
few new telescopes i n  the world, and 
you c a n ' t  s u p p o r t  a company on t h a t  
market. 

The formation o f  FORTH, Inc. was 
impor t an t  because I d o n ' t  t h i n k  w e  
would be here today if  it weren't for 
FORTH, Inc. We worked very hard to t r y  
t o  sel l  t h i s  t h i n g .  We d i d n ' t  know 
what w e  were g e t t i n g  in to ;  we were your 
classic naive, small business fo lk .  I 
caut ion any of you aga ins t  thinking it 
is easy  to go i n t o  business f o r  your- 
se l f .  I t  is f u n ,  b u t  t h e  a d v i c e  is 
t r u e  -- do not  go i n t o  an area where 
you must create t h e  demand f o r  your 
p roduc t .  But  t h a t  was t h e  l eas t  o f  
t h e  problems r e a l l y  t h a t  FORTH h a s  
faced. The n e x t  s t e p  was p robab ly  
DECUS. Marty Ewing gave h i s  PDP-11 
FORTH system to DECUS. I d i d n ' t  know 
if t h a t  was a good idea a t  the time - 
f r e e  FORTHs f l o a t i n g  a r o u n d .  I t  
w a s  i m p r t a n t  because a lot of people 
were exposed t o  FORTH who otherwise 
would n o t  have been. I imagine w e  
picked up a few sales through t h a t  
channel. Cybek came along. Cybek is 
probably the savior of FORTH, Inc., i n  
that it provided us  l u c r a t i v e  business 
a t  a t im where vie desperately needed 
it  t o  s t a y  a l i v e .  A r t  G r a v i n a ,  
the President  of Cybek is the  one t h a t  
des igned  ( i f  t h a t ' s  t h e  word) our 
data-base management system. W e  can 

a rgue  a b o u t  who d i d  what ,  b u t  A r t  
p rovided  t h e  o p p o r t u n i t y  t o  do com- 
mercial systems. H e  got a good dea l  
because he could hand le  10  times a s  
many t e r m i n a l s  as  he  cou ld  w i t h  t h e  
RGIC program that preceded FORTH; we 
learned everything we know about data 
base management from him. We also 
acquired our distaste f o r  commercial 
programing a t  tha t  time. I canmend 
those o f  you w h o  are involved i n  it. 
I f i n d  it much to  heavy i n  sys tem 
analysis f o r  my taste. You've got to 
go i n  there and tel l  the  businessman 
what he has to do, t a l k  him i n t o  it, 
and hold  h i s  hand a l l  th rough t h e  
process o f  i n s t a l l a t i o n .  I t  is a 
d i f f e r e n t  t a l e n t  from that of wr i t ing  
pograms. Don't underestimate the cost 
of support. 

I t h i n k  t h a t  is  abou t  t h e  t i m e  
t h a t  t h e  I n t e r n a t i o n a l  Astronomical  
Union met and ag reed  on FORTH as a 
standard language. That w a s  a boost i n  
t h e  w o r l d  of a s t r o n o m y  a l t h o u g h  
the world of astronomy was no longer 
the major dr iv ing  force  i n  the popu- 
l a r i t y  of FORTH. I t h i n k  EFUG came 
along about  that time -- t h i s  was '76 
or so -- t h e  European FORTH Users 
Gkoup. It  turned o:t, to our surplrise, 
t h a t  Europe was a hotbed of  FORTH 
a c t i v i t y  o f  which w e  were l a r g e l y  
unaware and perhaps r e a l l y  still are 
unaware, i n  t ha t  we are not i n v o l v d  i n  
that world and don ' t  q u i t e  appreciate 
t h e  l e v e l  of i n t e r e s t .  FST (FORTH 
S t a n d a r d s  Team) p robab ly  began i n  
EFUG's f i r s t  m e e t i n g s .  La ter ,  a 
couple of  years  ago, FIG was started 
and now w e  have FORllL (FORTH M o d i -  
f i c a t i o n  L a b o r a t o r y ) ,  which is a n  
idea -gene ra t ing  o r g a n i z a t i o n .  The 
tendency seems t o  be f o r  people to 
organize themselves i n t o  groups. Some 
of these groups are ccmpanies, some of 
these g roups  are  a s s o c i a t i o n s .  I t  
l o o k s  l i k e  FORTH i s  going  to be a 
communal a c t i v i t y  i n  t h e  s e n s e  o f  
unstructured c lus t e r ings  of l i k e  m i n d e d  
people. The suggestion is t h a t  t h i s  
whole world of FORTH is going  to  be 
q u i t e  d i s o r g a n i z e d ,  uncen t r  a1 i z e d  , 
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u n c o n t r o l l a b l e .  It 's n o t  bad,  i t 's  
perhaps good. 

copJcws1oN 
'Ib close on a phi losophical  note: 

power to t h e  people. T h i s  is t h e  
first language t h a t  has  come up from 
t h e  grassroots .  I t  is  t h e  f i r s t  
language t h a t  has been honed aga ins t  
t h e  r o c k  of e x p e r i e n c e  before be ing  
cast i n t o  bronze. I hesitate to say it 
is p e r f e c t .  I w i l l  s a y  t h a t  i f  you 
take any th ing  away from FORTH, t h e n  
it i s n ' t  FORTH any l o n g e r ,  t h a t  t h e  
basic components t h a t  we know are a l l  
e s s e n t i a l  to  t h e  v i a b i l i t y  o f  t he  
language.  I f  you d o n ' t  have mass 
memory, you 've got a problem and it 
c a n ' t  be waved away. I h e s i t a t e  to 
predic t .  I don ' t  know w h a t  is going to 
happen. I think my view of the f u t u r e  
is more unset t led ton ight  than it has 
been  f o r  y e a r s .  P r o m i s i n g ,  y e s ,  
c o n f u s i n g ,  and  p e r p l e x i n g .  The 
implications are perhaps as staggering 
now as they were t en  years ago. The 
promise of r e a l i z a t i o n  is much higher. 
This is ten  years  of WR!J!H. 

My o r i g i n a l  goa l  was to wr i te  more 
than 40 programs i n  my life. It think 
I have i n c r e a s e d  my throughput  by a 
fac tor  of 10. I don ' t  th ink  t h a t  that  
throughput is program-language 1 imited 
any longer,  so I have accomplished what 
I set out to do. I have a tool that is 
very e f f e c t i v e  i n  my hands - it seems 
that it is very e f f e c t i v e  i n  others' 
hands as well. I am h a m  and proud 
that this is true.  

I wish that the f u t u r e  smiles on 
you and a l l  of  your endeavors. 

( M r .  Moore's address concluded 
to an ex tended  s t a n d i n g  o v a t i o n . )  

DISCUSSION PERIOD 

Question: When d id  (BUILDS and DOES> 
come along? 

Mr. Mocze: That 's  a good quest ion -- 
;CODE cam first. I think i t  began way 
back i n  1130 days w i t h  the  notion tha t  
you cou ld  d e f i n e  a word t h a t  would 
def ine  other words. That was stagger- 
ing.  I c o u l d n ' t  grasp the  impl i ca -  
t i o n s .  ;CODE was a v e r y  esoteric 
wwd. I explained it to people F o u d l y  
but I couldn ' t  express the p t e n t i a l  I 
s a w  i n  it. I d i d n ' t  know what ;CODE 
should do. (It spec i f i ed  the  code to 
be executed fo r  a previously defined 
wnrd.) I don ' t  have it but I think the  
i n i t i a l  assembler code for ;CODE was 
three or four l i n e s  long. One of tbe 
d r i v i n g  forces behind t h e  a d d r e s s  
in t e rp re t e r  was making it possible to 
code ;CODE cleanly.  This  had a l l  kinds 
of implicat ions as  to what registers 
should be ava i lab le .  W should be savec? 
i n  a register instead of (pardon the  
e x p r e s s i o n )  d i rec t  t h r e a d e d  code 
recovered somewhere because tha t  was 
expensive. I had a lot  of trouble with 
;CODE. That was the most canplicated 
r o u t i n e  I had coded i n  t h i s  sys tems 
programming f a s h i o n .  N o t  so much 
later it seemed t h a t  there ought to be 
an  ana log  of ;CODE which specified 
t h e  code to be i n t e r p r e t e d  when you 
executed a word. It seemed the  na tu ra l  
balance, but I hadn't  the foggest idea 
of what the implementation should be. 
The f i r s t  d e f i n i t i o n s  of ;: required 
three or four l i n e s  of code. You had 
to do  what ;CODE d id  and then more and 
this couldn ' t  be explained to anyone. 
Ou t  of t h a t  g rew t h e  d i s t i n c t i o n  
b e t w e e n  c o m p i l e  t i m e  a c t i o n  and  
execute- t ime a c t i o n  and t h e  p r e s e n t  
form of CREATE and D O E S ?  This  was due 
to Dean Sanderson, again. It was very 
convenient for words to be coded to act 
t h i s  way, b u t  it was expens ive .  I t  
required not only the address of the 
code to be executed, but the address of 
t he  code to be in te rpre ted  as  well as 
t h e  parameter to be s u p p l i e d  to t h e  
code to be i n t e r p r e t e d .  Q u e s t i o n s  
included: should the parameter be put 
on the  stack or should t h e  address of 
t h a t  parameter be pu t  on  t h e  stack? 
S h o u l d  t h a t  p a r a m e t e r  be a t  t h e  
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beginning of the  parameter f i e l d  where 
it was a l i t t l e  b i t  awkward or one 
word i n ?  How I don ' t  know i f  you are 
aware of t h e  new DOES>? I t  now has  
f u l l  s y m t r y  with ;CODE. 

.Tigain, t h i s  grew o u t  o f  a clear 
perception of what the word is and what 
it does. I know of no way of speeding 
t h e  p rocess  from i n i t i a l  thought  to 
development excep t  to l e t  a c e r t a i n  
a m o u n t  of time p a s s .  We s a t  and 
d e b a t e d  t h i s  t h i n g  e n d l e s s l y  and 
missed  t h e  o b v i o u s .  The c u r r e n t  
i m p l e m e n t a t i o n  of DOES> d o e s  n o t  
require  the address of the  code to be 
i n t e r p r e t e d .  That  is supp l i ed  by a 
d i f f e ren t  mechanism and therefore the 
parameter can occupy t h e  parameter 
f i e ld  as it is supposed to. Therefore 
you can " t ick" it and change its value, 
which is wonderful,  excep t  t h a t  i t  
is  g o i n g  to  be i n  ROM and w o n ' t  
matter. W e  save two bytes per DOES> 
defini t ion.  'I'M bytes per word for  a 
very  common class of words and f o r  
three years w e  d idn ' t  r e a l i z e  t h a t  we 
had missed t h e  optimum by so much! 
Although t h i s  is proprietary to EOKl!€l, 
Inc., I am sure that given these clues 
a l l  of you w i l l  proceed to go of f  and 
invent the  new DOES>. Maybe t h a t ' s  the 
way things should be. 

Question: When you were i n  the Phil- 
osophy sect ion,  you s a i d  t h a t  you still 
don ' t  have the computer t h a t  you want 
and you sort of  a l l u d e d  to t h a t  a t  
various times. Can you tell u s  j u s t  
what axnputer you would l i k e  to have? 

Mr. Moare: W e l l ,  first and faremst it 
has to be reliable. I want an MTBF of 
t en  years. I see around me computers 
t h a t  f a i l  i n  s i x  months and t h a t  is 
preposterous. You do not g e t  an M!IBF 
of ten  years by taking t en  ccnrplters 
with an MTE3F of s i x  months and lining 
t h e m  up i n  parallel. I want a canplter 
that I can drop i n  the ocean and f i s h  
o u t  and it d o e s n ' t  care. I want a 
computer w i t h o u t  an on/off switch. I 
want it to be mall. By small I guess 
I mean I want it to f i t  i n  my pocket, I 

d o n ' t  r ea l ly  want i t  on my wrist. 
T h e s e  c o n s i d e r a t i o n s  have  conse-  
quences. I consider t ha t  a r e l i a b l e  
computer is o n e  w i t h  small  p a r t s  
count. The F o b a b i l i t y  of f a i l u r e  is 
proportional to the number of parts. 
So i f  you only have s i x  parts you can 
l a s t  maybe ten years -- I don ' t  know. 
I would l i k e  it to have voice input/ 
o u t p u t .  A t e rmina l  is accep tab le  
but t h i s  i s n ' t  small. Are you familiar 
w i th  t h e  Write-Hander? A very  n i c e  
input device which, i f  it's per fec t ly  
matched t x ~  your f ingers  and i f  you can 
t r a i n  your re f lexes  to  depress two keys 
a t  the same t i m e ,  is a good idea. I 
am a f r a i d  t h e  i m p l e m e n t a t i o n  is 
n o t  p e r f e c t .  I t  probably has  to be 
customized to your hands sanehow and 
even then it is only a s u b s t i t u t e  for  
vo ice  inpu t .  N o  power supply ,  o f  
course, it should run off  body heat. 

The p o t e n t i a l s  i n  t h e  f i e l d  of  
comnunication are enormous. I don ' t  
l i k e  telephones much. I speculate t h a t  
I would t a l k  on the telephone i f  there 
were a computer between me and it. I 
speculate t h a t  a personal canputer l i k e  
t h i s  could be an interface between an 
individual and society.  I f  I wanted a 
new d r ive r ' s  l icense I would te l l  my 
computer to g e t  me a new d r i v e r ' s  
l i c e n s e  and it would d e a l  w i th  t h e  
bureaucracy. 

Question: Can you develop a version of 
Fo#M t h a t  w i l l  be machine-independent? 

Mr. w e :  The premise is wrong. The 
equiva lence  of FORTH on d i f f e r e n t  
machines requires  m t i c u l o u s  a t t en t ion  
t o  t h e  c h a r a c t e r i s t i c s  of t h e s e  
machines. You m u s t  use a l l  the hard- 
ware capabilities of each machine and 
you m u s t  then work to f a r e  it i n t o  the 
mold specified by FORTH's v i r t u a l  
machine. 

The i n t e r n a l  c h a r a c t e r  is t ics 
of e v e r y  machine  can and must  be  
exploited. You do not need any par- 
ticular number of registers or stacks, 
as they can a l l  be simlated; but i f  
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you n e g l e c t  t h e  c a p a b i l i t y  of t h e  
machine, you can end up a f ac to r  of  two 
down from where you might otherwise be. 

Question: So f a r  I 've  heard you say  
that th inqs  can be done d i f f e r e n t l y  but 
I wanted -to hear what you had to say 
about the a rch i t ec tu re  of the processor 
i t se l f .  

Question: I would l i k e  to support that 
q u e s t i o n  w i t h  one more q u e s t i o n .  I 
have a custamer who ran  64 users on a 
5500 for ten years  and bought a VAX and 
can o n l y  r u n  16.  My q u e s t i o n  is -- 
which is progress and what is a s u i t -  
able a rch i t ec tu re  for  a FOR!l'H machine? 

Mr. Moore: If  you measure the s i z e  of  
those t w o  machines,  w e  cou ld  put 64  
users  on a VAX, no problem. The fact 
t h a t  he couldn ' t  is a condemnation of 
the software, not the hardware. 

The characteristics o f  a FORTH 
processor? I d o n ' t  want to g o  i n t o  
detail but I w i l l  say it is substan- 
t i a l l y  simpler than machines l i k e  the 
8086, 6800s,  simpler t h a n  t h e  8080, 
probably .  You d o n ' t  need much more 
than the a b i l i t y  to execute microcode. 
Very simple microcode w i l l  se rve  €or 
t h i s  v e r y  simple architecture and 
t h e  p e r f o r m a n c e  comes o u t  of t h e  
s impl ic i ty .  I f  you add complexity, you 
are going to decrease your r e l i a b i l i t y  
and i n c r e a s e  power consumption, a l l  
those bad things.  I would l i k e  to see 
some s t u d i e s  made of the tradeoffs. I 
would l i k e  to  know how compl ica ted  
E'ORTH is. Take FOIMWW. You cannot 
measure its complexity. You c a n ' t  say 
a FORTRAN program is 10 to the s i x t h  
power i n  mnplexi ty .  You c a n ' t  measure 
t h a t ,  you  c a n ' t  separa te  FORTRAN 
from t h e  o p e r a t i n g  sys tem,  from t h e  
f l o a t i n g - p o i n t  hardware.  You can I t 
determine how complicated a problem it 
is t h a t  t h a t  FORTRAN is t r y i n g  to 
s o l v e .  I f  w e  had a s t a n d a r d  FORTH 
implemented on a chip with enough RAM, 
PROM, and CPU and a l l  FORTH words on 
t h a t  chip,  we could measure the area o f  
t h a t  c h i p  and g e t  a measure of t h e  

d i f f i c u l t y  (J€ t h e  t a s k  t h a t  w e  were 
t r y i n g  to s l v e .  We could compare 
two implementa t ions  w i t h  d i f f e r e n t  
hardware/ software t radeoffs  based on 
the carnnon measure of the  a rea  it took 
to implement. I t h i n k  t h a t  would be a 
v e r y ,  v e r y  i n t e r e s t i n g  t h i n g  to do. 

There is a speculat ion t h a t  human 
h a i n s  have a great capaci ty ,  10 to the 
13th b i t s ,  some preposterous number. I 
suspect  t h a t  human bra ins  have a much 
smaller c a p a c i t y  t h a n  t h a t ,  on  t h e  
order  of 1 0  to the  9 th  b i t s  mayk. W e  
make up for  our bad memories by 
" f a k i n g  it" a l o t ;  people d o n ' t  
remember what happened ten  years ago. 
I recons t ruc t  what must have happened 
based on l i t t l e  clues t h a t  I pick up 
here and there. Those recons t ruc t ions  
are so accurate and so impossible to 
cont rad ic t  that we g e t  t h e  ingression 
t h a t  w e  can  remember a v e r y  great 
deal .  I suspect  t h a t  we can bui ld  a 
computer as  compl ica ted  as a human 
b r a i n  now and it won ' t  need to be 
powered by Niagara Fa l l s .  It w i l l  be a 
small  box. 

Quest ion:  Assuming someone were to  
design a FDm small micro-enqine of 
some- sort, how much f a s t e r  or more 
capable do you th ink  it would be Over 
t h e  p r e s e n t  implementa t ions?  J u s t  
assuming that someone has done that. 
No guesstimate? 

Mr. Moore: 
don ' t  you say  either, man. 

No, and I am not  saying and 

Ques t ion :  Can w e  assume t h a t  i t  is 
less than 100 and more than l? 

Mr. Moore: A subs t an t i a l  improvement. 
we've g o t  to have some edge. The rest 
of the  world is going to come up  and 
clobber us. 

Ques t ion :  You mentioned before t h e  
philosophy of seeking the least can- 
plicated so lu t ion  for a problem. Would 
you comment o n  s i m p l i c i t y  v e r s u s  
f l e x i b i l i t y  for a so lu t ion .  How do you 
judge ,  how d o  you make tradeoffs? 
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Mr. Moore: I f  you have a thing that 
does one t h i n g  w e l l  i t  is of n o  
i n t e r e s t  or value unless the  one thing 
t h a t  does w e l l  is FORTH. I have no 
idea. I t  never occurred to me to ask 
how you measure f l e x i b i l i t y .  

Q u e s t i o n :  C o u l d  you e x t r a p o l a t e  
present t rends  to the fu ture?  

Mr. More: I t h i n k  the  obvious extra- 
p o l a t i o n  is t e l e p a t h y .  T h a t  i n  20 
y e a r s  we w i l l  have t h e  f u n c t i o n a l  
equivalent of telepathy. I f  you want 
to t a l k  to anyone i n  the world you w i l l  
be ab le  to do so with minimal apparatus 
and you w i l l  ke able to t a l k  to t h e m  i n  
the sense of not intruding upon t h e m  as 
telephones do now, but r a the r  re lay ing  
messages fran your computer to their 
computer and holding vas t  dialogues i n  
the way computer mediated conferencing 
is being done today through terminals. 
T h i s  w i l l  be a v e r y  n a t u r a l  way of 
conduct ing  our  l i v e s .  I t  r e q u i r e s  
no th ing  i n  t h e  way of t e c h n o l o g i c a l  
breakthroughs  ! I t  merely wants  t h e  
implementation of o p t i c a l  camnunication 
l inks worldwide. 

I ' m  r e l u c t a n t  to  quo te  sc i ence -  
f i c t i o n  books,  b u t  t h e r e  was o n e  
r ecen t ly  dealing with the  f i r s t  manned 
Mars miss ion  and t h e  f a c t  t h a t  t h e  
United States came up w i t h  project 
management techniques of  an advanmd 
crder through the  use of canplters - 
and completely outstripped the rest of 
t h e  world. W e  ga ined  an  a scendan t  
pos i t i on  i n  the world and earned the 
hatred of the rest of the mr ld  far our 
super  ior i t y  , tr ied d e s p e r a t e l y  to 
export  technology and failed. The same 
thing can happen here. If we have a 
v e r y  t i g h t l y  i n t e g r a t e d  community 
i n  terms of  human r e s o u r c e s  and t h e  
rest of  the world is excluded, we are 
going to have one hellwa problem. I 
t h i n k  t h i s  w i l l  happen. I t h i n k  it 
w i l l  happen wi thou t  any deliberate 
planning, and I think it is going t;o 
cause  problems as great as t h o s e  we 
h a v e  t o d a y  b e t w e e n  t h e  h a v e s  and 

have-nots. B u t  it w i l l  probably also 
generate the solution. 

As to the twists that might occur, 
there are two wild speculations. One, 
t h a t  computers become i n t e l l i g e n t  or 
aware. Nobody has a clue as to what 
t h a t  means, b u t  it is conce ivab le .  
Two, t h a t  we  l e a r n  to r e c o r d  human 
p e r s o n a l i t i e s  i n  m a c h i n e s .  T h a t  
merely requi res  the abil i ty to detect 
and record t h e  r e q u i s i t e  volume of 
information which, as I say, I don ' t  
think is a l l  that great. 

Ques t ion :  I wonder i f  you care to  
mmnent about the p o s s i b i l i t y  of a new 
d i r ec t ion  of architecture having to do 
wi th  associative memory, which t h e  
txa in  seems to h e .  

Mr. W e :  I've s tudied  these associa- 
t ive memories: t he re  is such a c h i p  on 
the market. I 'd  l ike  to say they ought 
to be useful i n  implementing a KRTH 
canplter but, I ' m  a f r a i d  I'm stuck i n  
t h e  mold. When I f i r s t  encoun te red  
LISP I couldn't  mncleive of a language 
that d i d n ' t  have a store operator. How 
could you do anything i f  you couldn't 
store yoor r e s u l t s  sanewhere? I c a n ' t  
conceive of a pied of data t h a t  is its 
own label, if  you w i l l .  I am 90 used 
to thinking of data having addresses 
t h a t  my mind j u s t  d o e s n ' t  grasp t h e  
possibilities i f  they  don't. So, I ' m  
afraid I can't say any th ing  u s e f u l  
about associative memories. 

(The  evening c o n c l u d e d  w i t h  
an extended mation.) 
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INFORMATION 

Convention Transcriptions 

Aud io  tape t ranscr ip ts  o f  t h e  
FORTH Convention held i n  San Francisco, 
October, 1979 are a v a i l a b l e .  FIG 
member Jim Berkey reccrded the tech- 
nical sessions and the banquet speech 
by Charles m e .  

Our thanks to J i m  f o r  t h i s  s ign i f -  
i can t  contribution to FORTH his tory .  

T h e r e  are  f o u r  tapes and  t h e y  
may be ordered a t  $4.00 each, postpaid 
from: Audio Village,  PO Box 291, 
Bloomington, I A  47402. 

Tape 1 - B i l l  Ragsdale, Welcome and 
I n t r  od uc  t ions ; Standard  
Teams  Report;  General  
Announcements; Case State-  
ment Contest. 

Tape 2 - 

Tape 3 - 

Tape 4 - 

More S t a n d a r d s  T e a m  
Reports; FORML; Applica- 
tions o f  FORTH: Language 
concepts. 

C o n t i n u a t i o n  o f  Language 
Concepts; Technical Work- 
shop  w i t h  C h a r l e s  Moore. 

Banquet Speech by Charles 
Moore, "FORTH, The Last Ten 
Years a n d  The N e x t  Two 
Weeks." (Printed i n  t h i s  
issue of  FORTH DIMENSIOEJS. 1 

Manuals 

Here's an update of FORTH manuals 
c u r r e n t l y  i n  p r i n t  and commercial ly  
a v a i l a b e  i.e. n o t  par t  of l i c e n s e d  
material. 

... Using  FORTH, 1 9 7 9 ,  C a r o l y n  
€Wenberg and El izabeth Rather, 
160 pp, $25.00. Order from FIG 
or FORTH, Inc. ,  2309 P a c i f i c  
C o a s t  Highway, Hermosa Beach, CA 
90254. 

. . .microFORTHTM Pr imer , 2nd Edi- 
t i on ,  1978, 60 pp plus glossary.  
Order from FORTH, Inc. or Miller 
Microcomputing Services, 61 Lake 
Shore  Road, Na t i ck ,  MA 01760. 

... K i t t  Peak Primer, Feb. 1979, 
Richard S tevens ,  200 pp p l u s  
g l o s s a r y .  O r d e r  f rom FIG.  

... Introduction to STOIC, M a r .  1978, 
J o n a t h o n  S a c h s .  O r d e r  f r o m  
S t e p h e n  K .  B u r n s ,  MIT, R o o m  
20A-119, Cambridge, MA 02139 or 
Wink S e v i l l e  ( 7 1 4 )  452-0101. 

... C a l  Tech  FORTH Manual ,  J u n e  
1978, M.S. Ewing. Send $6.00 
t o  Cal Tech Books tore ,  1-51, 
C a l i f o r n i a  I n s t i t u t e  o f  Tech- 
n o l o g y ,  P a s a d e n a ,  CA 91125.  

...URTH T u t o r i a l ,  U n i v e r s i t y  of 
R o c h e s t e r .  Send $20.00 t o  
Sof tware  Ventures ,  53 .&vine 
He igh t s ,  Roches t e r ,  NY 14611. 

. . . ~ ~  Introduct ion Reprints,  38 
pp, summary and c o l l e c t i o n  of 
p u b l i s h e d  a n d  u n p u b l i s h e d  
a r t i c l e s  a b o u t  FORTH. Send 
$10.00 to John S. James, P.O. Box 
348, Berkeley, CA 94701. 

Knou anymare? Send us  your lists. 

---- 
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MEETING NOTICES 

EJORTHERN C.4LIFDRNI.4 

FIG Monthly meetings are held the 
four th  Saturday of each month a t  the 
Special Events  Room of t h e  L i b e r t y  
iiouse depar tment  store i n  Hayward. 
In fo rma l  lunch  a t  noon i n  t h e  store 
re s t au ran t ,  followed by the  1:00 p.m. 
m e e t i n g .  D i r e c t i o n s :  S o u t h l a n d  
Shopping Center  o f f  Highway 17 a t  
Winton Avenue in Hayward, CA. Third 
f loor  rear  of t h e  L i b e r t y  House .  
D a t e s :  3/22/80, 4 / 2 6 / 8 0 ,  e t c .  
All welcome. 

THREE NEW GROUPS 

FORTH O t t a w a  Group 
c/o W. Mitchell 
39 Rockfield Crescent 
Nepeah, O n t a r i o ,  K2E 5L6, 

FORTH UK Group 
c/o William H. Powell 
16 Vantor ts  Ftmd 
Sawbridgeworth, Herts 
cM21 9NB, ENGLAND 

M r .  Edward J. Murray 
Department of Canputer Science 
University of South Africa 
P.O. Box 392 

CANADA 

Pretoria 0001, Union of  Sout,, Africa 

Congratulations! Ikt us know what 
you're doing. 

People who want to organize local 
groups can write to FIG f o r  organiza- 
t i o n a l  a i d s  and names of other members 
i n  your areas. S ta r t  a group! 

MASSACHUSFITS 

Dick M i l l e r  of  M i l l e r  Microcmputer 
Services  announces m n t h l y  meetings of 
the  bW2OKlM Users Group. Meetings are 

on the t h i r d  Wednesday of the  month a t  
7:OO pn i n  Cochituate, Mass. C a l l  Dick 
a t  (617) 653-6136 f o r  the site and more 
information. 

Inc identa l ly ,  Dick o f f e r s  a TRS-80 
FORTH System and Z80 and 8080 assem- 
bler, da t a  base manager and f loa t ing  
poin t  math extensions.  Enthus ias t ic  
cunments have been received. 

FORTH DAY AT WC 

Tuesday, May 20, is FORTH DAY a t  
the PERSONAL COMWTING FESTIVAL a t  the 
National Canputer Conference which is 
be ing  h e l d  a t  t h e  DISNEYLqND HOTEL, 
-4NAHEIM, CA on May 19-22. FIC members 
wishing  to b reak  o u t  t h e i r  p o r t a b l e  
soapbox are i n v i t e d  to participate.  
Speakers may address the audience on  
any FORTH r e l a t e d  topic ur may be part 
o f  a panel discussion. FIG w i l l  have 
a table i n  the e x h i b i t  area f o r  dis-  
t r i b u t i o n  of FIG l i t e r a t u r e  and  
individual  discussions.  Figgers with 
runn ing  FORTH sys tems w i t h  a good 
demons t r a t ion  package may show off 
their e f f o r t s  a t  the exhib i t ion  area. 
Members w i t h  a paper may p r e s e n t  it 
a n d  h a v e  it become a pa r t  o f  t h e  
proceedings .  FIG has committed to  
t h i s  e f f o r t  o n  a s h o r t  d e a d l i n e .  
Those wish ing  to participate shou ld  
c o n t a c t  J i m  F lornoy ( 4 1 5 )  471-1762 
inmediately. There will also be a FIG 
meeting a t  the show. 
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FIG DOINGS 
seven vendors t a l k  and answer quest ions 
about m m  systems. 

FIFTH CCt4PWl'ER FAIRE 

Lmk for FIG a t  the  F i f th  West Coast 
Canputer Faire! We'll be a t  Booth 1028 
i n  Brooks Hall, San F r a n c i s c o  ( t h e  
lower e x h i b i t  area), on March 14-16. 
We'll also have a Users Group Meeting 
on Saturday. -911 FIG Publ icat ions w i l l  
be avai lab le .  This w i l l  be an idea l  
time to s ign  up f o r  EORTH DIMENSIOFSI 
volume 11. 

The Boo th  and  m e e t i n g  s i t e  are  
through the generous considerat ion of 
Jim Warren and the F a k e  management. 
Thanks again! 

FIG MEMBER PAeER 

Joel Shprentz of the Software Farm, 
Reston, VA, w i l l  present  a paper a t  the  
F i f t h  Canputer Fake e n t i t l e d  "Solving 
the Shooting Stars Puzzle". Joel sells 
TRS-80 tiny-FOR!CH and f ea tu res  a EOFU'H 
so lu t ion  to this network problem, using 
a modification of  Dijkstra's algorithm 
f o r  the s h o r t e s t  path problem. 

OLD NEWS BUT INIXRESTING 

The West Coast Computer F a i r e  is 
one  o f  t h e  best p e r s o n a l  computing 
c o n f e r e n c e s  and e x h i b i t i o n s .  The 
Fourth canplter F a k e  was held i n  San 
Francisco on May 11-13, 1979 wi th  more 
than 14,000 people attending. 

FIG had a booth where it released 
t h e  first of t h e  p u b l i c  domain f ig-  
FORTH i m p l e m e n t a t i o n s .  F I G  a l so  
sponsored  a FORTH Users Meeting a t  
which about 100 people attended to hem 

A four hour technica l  sess ion  was 
a l so  h e l d  on  t h e  top ics  of FORTH 
introduct ion,  Extens ib i l i ty ,  Standards, 
FIG i m p l e m e n t a t i o n ,  poly-FORTH, 
multi-tasking i n  URTH, and ARPS. The 
conference p m e d i n g s  are available 
for $14.78 from Computer Faire, 333 
Swett Faad, Woodside, CA 94062. 

Em0PEW.l MEETINGS 

Promptly after the  Fourth West C o a s t  
Canputer Fake, severa l  FIG members, 
i n c l u d i n g  K i m  Harris, B i l l  and Anne 
Ragsdale ,  John James and John Bum- 
garner ,  sallied f o r t h  (sic) to Amster- 
dam f o r  t h e  annua l  European FORTH 
User's Group Meeting, May 1979. 

The meeting was held a t  the  State 
U n i v e r s i t y  a t  U t r e c h t ,  u n d e r  t h e  
h o s p i t a l i t y  of Dr. Hans Nieuwenhuizen. 
In  addi t ion  to papers fran FIG members 
t h a t  were also F e s e n t e d  a t  the Can- 
puter  Fake, there were s t a t u s  reports 
on s t a n d a r d s  e f f o r t s  and r e v i e w s  of 
European developnents. 

The n e x t  meet ing  is planned  for 
Nancy,  F r a n c e ,  hos t ed  by TECNA. 
Inc identa l ly ,  TEcN9 is one of the most 
techn ica l ly  progressive f i rms  i n  using 
FORTH as a base for a v a r i e t y  of 
ope rak ing  sys t ems  and a p p l i c a t i o n  
d i a l e c t s .  

REVIEW BY KIM HARRIS 

During t h e  European User's Group 
Meeting a t  Utrecht ,  it was exc i t i ng  to 
meet o t h e r  FORTH u s e r s  and l e a r n  of 
their a c t i v i t i e s .  Attendees shared the 
results of projects including improved 
user s e c u r i t y ,  a n  i n n o v a t i v e  f i l e  
system, a m i c r o c o d e d  FORTH i n t e r p r e t e r ,  

FOm DIMINSIONS I/6 Page 78 



and t h e  ex tens ion  of WRTH to  new 
languages. This l a s t  topic i l l u s t r a t ed  
a powerful use of EVRTH. A translator 
was w r i t t e n  i n  FORTH which  converted 
a c o m p l e t e l y  d i f f e r e n t  computer  
language in to  FORTH source which was 
subsequently compiled and interpreted. 
The new language was designed t o  be 
readable by bank managers i n  France (it 
resembles French COBOL). But t h i s  
language can be eas i ly  controlled and 
expanded because the FORTH t rans la tor  
is smal l ,  s t r u c t u r e d  and i t s e l f  
ex  tens ib l e  . 

W e  a l s o  m e t  some U n i v e r s i t y  of 
Otrecht students who have done a lot 
w i t h  FORTH on an Apple 11. They added 
f loat ing point software to FORTH and 
wrote some excel lent  high resolut ion 
graphic words. We were shown a timing 
benchmark of 500 f loat ing point addi- 
t i o n s  using t h e  same f l o a t i n g  p o i n t  
software but  called from FORTH or 
microsof t BASIC. 

European EVRTH users are very active 
i n  experiments  f o r  improving FORTH. 
FIG members were pleased to meet some 
of  them and w e  a l l  look forward to  
s h a r i n g  p a s t ,  p r e s e n t  and f u t u r e  
developnents. 

W n t y  seven people, canprising the 
1979 Standards Team, met a t  Avalon, CA 
( C a t a l i n a  I s l a n d ) ,  October 14-18, 
1979. The scope of  t h e i r  work has  
s i g n i f i c a n t l y  expanded! FORTH-77 
and FORTH-78 were p r i m a r i l y  s t an -  
dardized g lossar ies  for  carmon pogram 
expression. FOWIH-79 has been extended 
to a s s u r e  ( h o p e f u l l y )  program port- 
a b i l i t y .  The g l o s s a r y  n o t a t i o n  has  
been improved, d e f i n i t i o n s  of terms 
added, English vocalization specified 
for symbols, r u l e s  of usage added and 
address space specified.  

The i n t e n t  of FORTH-79 is for a 
cOrmDn form for publication and inter-  
change of EWTH pmgrams. The steps 
before release include a f i n a l  wch- 
nical  Referee review and a mail vote 
o f  t h e  S tandards  Team. Watch FORTH 
DIMENSIONS f o r  t h e  a v a i l a b i l i t y  
announcement. 

FORTH co"T1m 
On October 20, 1979, FIG sponsored a 

one day m v e n t i o n  i n  San Francisco. 
Th i s  d a t e  allowed European members 
a t t e n d i n g  t h e  Computer F a i r e  t o  
a t t end .  I n  a l l  t h e r e  were 255 at- 
t e n d e e s  w i th  110  a t  a d i n n e r  for 
Char les  Moore's "Tenth Bi r thday  of 
FORTH". T e c h n i c a l  m e e t i n g s  were 
he ld  and J i m  Berkey has  tape t r an -  
scripts. $16.00 for  4 tapes. Audio 
V i l l a g e ,  P. 0. Box 291, Bloomingtxn, IA 
47402. 

The f irst  m e e t i n g  of t h e  FORTH 
Modification Laboratory (FOWL) was 
he ld  a t  Imperial College, Iondon, 
January 8-10, 1980. Representatives of 
both the Ewopean Users &oup and 
FIG attended. 

!I¶IE! part ic ipants  ident i f ied cate- 
gories of limitations and approaches 
toward solutions. Detailed work is to 
be done by individuals w i t h  progress 
reports to  t h e  team. Topic areas 
i n c l u d e d  : V i r t u a l  FORTH Machine , 
conclrrency, lanaguage , cclrrectnesa, 
documentation, f i l e  system, 1/0 and 
programning methcdology. 

Contact Kim H a r r i s  or Jon Spencer 
through FIG for further information. 
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