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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. 

PAGE 12  
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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,  
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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 .  
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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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