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PDP-11 FORTH USER'S GUIDE 

T h i s  s y s t e m  i m p l e m e n t s  t h e  FORTH l a n g u a g e  model  o f  
t h e  F o r t h  I n t e r e s t  Group ,  P O  Box 1 1 0 5 ,  San  C a r l o s ,  Ca. 
94070.  N e a r l y  i d e n t i c a l  s y s t e m s  a l s o  e x i s t  f o r  8 0 8 0 ,  6 5 0 2 ,  
6 8 0 0 ,  9 9 0 0 ,  a n d  P A C E ;  l i s t i n g s  a r e  a v a i l a b l e  f r o m  t h e  
F o r t h  I n t e r e s t  Group .  Al.1 o f  t h e s e  F.I.G. s y s t e m s  i n c l u d e  
f u l l - l e n g t h  names t o  3 1  c h a r a c t e r s ,  v o c a b u l a r i e s ,  a n d  
e x t e n s i v e  c o m p i l e - t i m e  c h e c k s .  They a r e  a l i g n e d  w i t h  t h e  
FORTH-78 I n t e r n a t i o n a l  S t a n d a r d .  

T h i s  PDP-11 v e r s i o n  of t h e  F . I . G .  common model  was 
i m p l e m e n t e d  a n d  e x t e n d e d  b y  J o h n  S .  J a m e s .  I t  c u r r e n t l y  
r u n s  u n d e r  R T - 1 1  o r  RSX-11M, a n d  c o u l d  b e  a d a p t e d  t o  o t h e r  
o p e r a t i n g  s y s t e m s  o r  t o  r u n  s t a n d - a l o n e .  

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

Q u e s t i o n s ,  r e q u e s t s  f o r  d i s k e t t e s ,  e t c .  s h o u l d  b e  
d i r e c t e d  t o  J o h n  S. J a m e s ,  P . O .  Box 348 ,  B e r k e l e y ,  Ca. 
94701 .  

C o p y r i g h t  1979  b y  J o h n  S .  J ames .  

'PDP' a n d  'RSX' a r e  t r a d e m a r k s  o f  D i g i t a l  Equ ipmen t  
C o r p o r a t i o n .  
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I ,  I n t r o d u c t i o n  

T h i s  U s e r ' s  G u i d e ,  t o g e t h e r  w i t h  a  l a n g u a g e  m a n u a l ,  

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

F o r t h  I n t e r e s t  Group  ( F . I . G . )  l a n g u a g e  m o d e l  i m p l e m e n t e d  

on  t h e  PDP-11/LSI-11.  

F o r  a  l a n g u a g e  m a n u a l ,  we e s p e c i a l l y  recommend e i t h e r  

A F o r t h  P r i m e r ,  b y  W .  R i c h a r d  S t e v e n s  o f  K i 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 ,  a n d / o r  U s i n g  F o r t h ,  b y  F o r t h ,  I n c .  B o t h  a r e  

a v a i l a b l e  t h r o u g h  t h e  F o r t h  I n t e r e s t  G r o u p .  Any r e a s o n a b l y  

s t a n d a r d  FORTH l a n g u a g e  m a n u a l  w i l l  d o ,  h o w e v e r .  The " F o r t h  

Handy R e f e r e n c e "  c a r d  f r o m  F . I . G .  i s  a l s o  recommended a s  

a  c o n v e n i e n c e .  

Advanced  u s e r s  a n d  an:yone m o d i f y i n g  t h e  s y s t e m  s h o u l d  

h a v e  a c o p y  o f  t h e  I n s t a l l a t i o n  M a n u a l ,  a l s o  f r o m  F 4 I . G .  

T h i s  m a n u a l  i n c l u d e s  a l i s t i n g  of t h e  FORTH s y s t e m  w r i t t e n  

i n  FORTH; i t  c o r r e s p o n d s  t o  t h i s  s y s t e m ' s  FORTH.MAC f i l e ,  

w h i c h  i s  w r i t t e n  i n  Mac ro -11 .  F o r  c o n v e n i e n c e ,  t h e  g l o s s a r y  

i n  t h e  I n s t a l l a t i o n  Manua l  i s  r e p r i n t e d  h e r e .  

The p r o g r a m s  a s s o c i a t e d  w i t h  t h i s  u s e r ' s  g u i d e  ( f i l e s  

FORTH.MAC a n d  FORTH-DAT) a r e  i n  t h e  p u b l i c  doma in  a n d  f h e  

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

o r  o t h e r w i s e .  C r e d i t  s h o u l d  be g i v e n  t o  t h e  F o r t h  I n t e r e s t  

G r o u p ,  P . O .  Box 1 1 0 5 ,  S a n  C a r l o s ,  C a .  9 4 0 7 0 .  



11. G e t t i n g  S t a r t e d  

T h i s  s y s t e m  i s  d i s t r i b u t e d  on a  s t a n d a r d  d i s k e t t e  

w h i c h  b o o t s  and  r u n s  s t a n d - a l o n e ,  o r  c a n  b e  a s s e m b l e d  a n d  

r u n  u n d e r  R T - 1 1  o r  RSX-11M. (To m o d i f y  f o r  o t h e r  e n v i r o n -  

,merits, o n l y  r e a d  and  w r i t e  a  c h a r a c t e r ,  d e t e c t  a  c h a r a c t e r  

( o p t i o n a l ) ,  a n d  r e a d  and w r i t e  a  d i s k  b l o c k ,  would h a v e  t o  

b e  c h a n g e d . )  

E i t h e r  b o o t  t h e  d i s k e t t e ,  o r  a s s e m b l e ,  l i n k  a n d  r u n  t h e  

f i l e  FORTH-MAC ( f o r  d e t a i l s ,  s e e  C h a p t e r  I X ,  "Bring-Up 

O p t i o n s " ,  b e l o w ) .  The s y s t e m  s h o u l d  t y p e  

FIG-FORTH V 1.3 

when it comes up .  Now FORTH i s  r e a d y  t o  r u n .  The f i l e  

FORTH.MAC c o n t a i n s  t h e  c o m p l e t e  FORTH l a n g u a g e .  

I f  t h e  FORTH s c r e e n s  f i l e  i s  a v a i l a b l e  ( o n  t h e  ' D K : '  

volume i n  R T - 1 1 ,  on  y o u r  d e f a u l t  d e v i c e  and  a c c o u n t  number 

i n  RSX-11M, o r  on t h e  s y s t e m  d i s k  i f  s t a n d - a l o n e ) ,  a 

recommended way t o  b e g i n  i s  t o  t y p e  

1 LOAD 

( f o l l o w e d  by  a c a r r i a g e  r e t u r n ) .  T h i s  s y s t e m  u s e s  d i s k  

" s c r e e n "  #1 a s  a  " l o a d  s c r e e n " ,  wh ich  i s  l i k e  a  l o g - o n  f i l e  

i n  o t h e r  s y s t e m s .  H e r e ,  s c r e e n  1 l o a d s  an  e d i t o r ,  an  a s s e m b l e r ,  

and  a  p a c k a g e  o f  s t r i n g  r o u t i n e s ;  t h e s e  a r e  w r i t t e n  i n  

FORTH s o u r c e  code  i n  FORTH.DAT i n  t h e  RT-11 d i r e c t o r y  o n  

t h e  d i s k e t t e .  S c r e e n  1 a l s o  c h a n g e s  a n  e r r o r  w a r n i n g  mode 

s o  t h a t  e r r o r  message  t e x t s  ( i n a t e a d  o f  e r r o r  numbers )  a r e  



r e p o r t e d .  (The  e r r o r  m e s s a g e s  a r e  s t o r e d  o n  d i s k  t o  s a v e  

memory, a n d  t h e  s y s t e m  i s  d e s i g n e d  t o  b e  a b l e  t o  r u n  w i t h o u t  

a d i s k  i f  n e c e s s a r y . )  

C o m p i l i n g  t h e  e d i t o r ,  a s s e m b l e r ,  a n d  s t r i n g  p a c k a g e  

t a k e s  a b o u t  one  m i n u t e  on a n  LSI-11 ,  l e s s  on  l a r g e r  m a c h i n e s .  

The w a r n i n g  m e s s a g e s  t h a t  c e r t a i n  words  a r e  n o t  u n i q u e  c a n  

b e  i g n o r e d .  



111. Sample  S e s s i o n  

T h i s  i s  a n  a c t u a l  t e r m i n a l  s e s s i o n ,  w i t h  commentary  

i n t e r s p e r s e d .  Some o f  t h e  e x a m p l e s  w e r e  c h o s e n  t o  i l l u s t r a t e  

s p e c i a l  f e a t u r e s  of t h i s  s y s t e m  - t h e  a s s e m b l e r ,  s t r i n g  

p a c k a g e  a n d  e d i t o r  h a v e  n o t  b e e n  s t a n d a r d i z e d  i n  t h e  FORTH 

communi ty ,  t h o u g h  we a r e  g u i d e d  by  common u s a g e  e v e n  when 

no f o r m a l  s t a n d a r d  e x i s t s .  

The a s s e m b l e r ,  e t c .  a r e  documen ted  more f u l l y  l a t e r  

i n  t h i s  U s e r ' s  G u i d e ;  t h i s  s e c t i o n  i s  o n l y  f o r  i l l u s t r a t i o n .  

B e g i n n e r s  i n  FORTH may w a n t  t o  s t a r t  s t u d y i n g  s i m p l e r  

e x a m p l e s ,  e - g .  f r o m  a  l a n g u a g e  m a n u a l .  

I n  t h i s  s e s s i o n ,  o u t p u t  f r o m  t h e  c o m p u t e r  i s  u n d e r l i n e d ,  

o r  ( i f  l o n g  s e c t i o n s )  marked  by  a v e r t i c a l  l i n e  on t h e  l e f t .  

RUN FORTH 
FIG-FORTH V 1.3 
88 88 * . 
7744 OK 

' R U N  FORTH' i s  a command t o  t h e  o p e r a t i n g  s y s t e m ;  FORTH 

comes up  w i t h  t h e  m e s s a g e  'FIG-FORTH V 1 . 3 ' .  A t  t h i s  p o i n t ,  

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

a s s e m b l e r ,  a n d  s t r i n g  p a c k a g e  have  n o t  b e e n  l o a d e d .  (Many 

o t h e r  FORTH s y s t e m s  c o m p i l e  m o s t  o f  t h e  l a n g u a g e  on s t a r t - u p ;  

o u r  a p p r o a c h  p e r m i t s  o p e r a t i o n  w i t h o u t  d i s k  i f  n e c e s s a r y ,  

s a v e s  t i m e  when b r i n g i n g  u p  t h e  s y s t e m ,  a n d  a l l o w s  t h e  e n t i r e  

l a n g u a g e  t o  b e  p u b l i s h e d  i n  Macro-11 ,  wh ich  i s  more 



a c c e s s i b l e  t o  progxammers  n o t  f a m i l i a r  w i t h  FORTH.) 

Now l e t ' s  t e s t  t h e  d i s k :  

1 LIST 

SCR # 1 
0 ( LOAD SCREEN) 
1 DECIMAL 
2 1 WARNING ! ( GET ERR MSGS, NOT as) 
3 
4 CR ," LOADING EDITOR... 'I 6 LOAD 7 LOAD 8 LOAD 9 LOAD 
5 CR ." LOADING ASSEMBLER... " 10 LOAD 11 LOAD 12 LOAD 13 LOAD 
6 14 LOAD 15 LOAD 
7 CR . " LOADING STRING PACKAGE. . . 19 LOAD 20 LOAD 21 LOAD 
8 22 LOAD 
9 CR 

10 : BYE FLUSH CR .I' LEAVING FORTH. HAVE A GOOD DAY," CR BYE ; 
11 CR 
12 
13 
14 
15 
OK 

We h a v e  l i s t e d  o n e  FORTH s c r e e n ;  i t  h a p p e n s  t o  b e  a  

" l o a d  s c r e e n "  u s e d  t o  l o a d  o t h e r  s c r e e n s .  L a t e r ,  when 

s c r e e n  1 i s  l o a d e d ,  it  w i l l  c o m p i l e  t h e  e d i t o r ,  a s s e m b l e r ,  

a n d  s t r i n g  p a c k a g e ,  w h i c h  a r e  w r i t t e n  i n  FORTH s o u r c e  c o d e  

on o t h e r  s c r e e n s  o n  t h e  d i s k  f i l e  FORTH.DAT. The l o a d  s c r e e n  

w i l l  a l s o  s e t  t h e  e r r o r - m e s s a g e  w a r n i n g  mode a s  e x p l a i n e d  

a b o v e ,  a n d  r e d e f i n e  ' B Y E '  ( w h i c h  e x i t s  FORTH a n d  r e t u r n s  t o  

t h e  o p e r a t i n g  s y s t e m )  t o  make s u r e  t h a t  a l l  d i s k  b u f f e r s  

a r e  f l u s h e d  b e f o r e  e x i t i n g .  ( I n c i d e n t l y  m o s t  FORTH s y s t e m s  

r u n  s t a n d - a l o n e ,  i n  c o m p l e t e  c o n t r o l  o f  t h e  c o m p u t e r  e x c e p t  

f o r  a ROM m o n i t o r ,  s o  t h e y  d o n ' t  h a v e  a  ' B Y E '  i n s t r u c t i o n .  

5 .  



T h i s  s y s t e m  i s  d i s t r i b u t e d  on  a  d i s k  w h i c h  b o o t s  a n d  r u n s  

s t a n d - a l o n e ,  b u t  w h i c h  a l s o  h a s  a n  RT-11 d i r e c t o r y ,  a l l o w i n g  

RT-11 o r  RSX-11M o p e r a t i o n  i f  d e s i r e d .  

L e t ' s  t r y  a u s e f u l  d e f i n i t i o n :  

: DUMP OVER + SWAP DO I @ U. 2 +LOOP : 
OK - 
l00B 20 DUMP 
10374 18758 17486 41001 932 1012 5440 5441 4454 4390 OK, 
' DUMP 20 DUMP 

' D U M P '  t a k e s  a memory a d d r e s s  a n d  a  number  o f  b y t e s ,  a n d  

dumps t h o s e  b y t e s  ( a s  w o r d s )  i n  w h a t e v e r  number  L a s e  i n  

c u r r e n t l y  i n  u s e  ( h e r e  d e c i m a l ) .  ( I n c i d e n t l y ,  t h e  ' U . '  

o p e r a t i o n  i n  'DUMP' i s  a n  u n s i g n e d  p r i n t . )  The f i r s t  e x a m p l e  

dumps 20 b y t e s  (as 1 0  w o r d s )  s t a r t i n g  a t  memory a d d r e s s  1 0 0 0 ;  

t h e  s e c o n d  dumps 1 0  w o r d s  s t a r t i n g  a t  t h e  o b j e c t - c o d e  a d d r e s s  

o f  t h e  d e f i n i t i o n  o f  'DUMP' i t s e l f .  H e r e  we a r e  i n  d e c i m a l  

a r i t h m e t i c ,  as  t h e  s y s t e m  comes up t h a t  way ,  b u t  'DUMP' w o u l d  

a l s o  work  i n  o c t a l ,  b i n a r y ,  o r  o t h e r  number  b a s e s .  

Now l e t ' s  u s e  t h e  l o a d  s c r e e n  t o  c o m p i l e  t h e  a s s e m b l e r ,  

e t c :  

1 LOAD 

LOADING EDITOR... R ISN'T UNIQUE I ISN'T UNIQUE 
LOADING ASSEMBLER... R0 ISN'T UNIQUE # ISN'T UNIQUE 
LOADING STRING PACKAGE... 
BYE ISN'T UNIQUE 
OK 

The m e s s a g e  t h a t  v a r i o u s  o p e r a t i o n  names a r e  n o t  u n i q u e  ( i . e .  



a r e  b e i n g  r e d e f i n e d )  i s  a  w a r n i n g  which  we c a n  i g n o r e .  

Now l e t ' s  u s e  t h e  a s s e m b l e r  t o  benchmark  s p e e d  o r  

e x e c u t i o n  o f  a n  empty l o o p  i n  h i g h e r - l e v e l  FORTH v s .  mach ine  

code  : 

: TIMEl 3 0 P f l P  Gl DO LOOP ; 
KO R @  

CODE TIME2 72466l # s M O V ,  B E G I N ,  A5 DEC,  EQ UNTIL. NEXT, C ;  
9K. 
: T1 30 0 DO TIMEl LOOP ; 
mi- 
: T2 30 0 DO T I M E 2  LOOP ; 
OK. 
T1 

'TIME1' d o e s  3 0 , 0 0 0  empty l o o p s  i n  FORTH; 'TIME2' d o e s  t h e  

same number (72460 o c t a l )  o f  mach ine -code  l o o p s  u s i n g  two 

i n s t r u c t i o n s  (DEC'.and BNE; t h i s  benchmark  i s  n o t  i n t e n d e d  

t o  b e  d e f i n i t i v e ) .  ' T l '  a n d  ' T 2 '  embed t h e s e  t e s t s  i n  a  

3 0 - t i m e s  l o o p ,  i n  o r d e r  t o  a l l o w  t h e  code  t e s t  t o  be  t i m e d  

w i t h  a  w a t c h .  'Tl', 9 0 0 , 0 0 0  empty  l o o p s  i n  FORTH, t a k e s  

a b o u t  19 s e c o n d s  on  a  PDP-11/45; t h e  code  l o o p s  t a k e  3 s e c o n d s ,  

a b o u t  s i x  t i m e s  f a s t e r .  I n c i d e n t l y  a  c o m p a r a b l e  BASIC p rogram 

IAS/RSX B A S I C  VB2-01 

READY 
10 FOR I%=l TO 30 
20 FOR J%=1 TO 30008 
30 NEXT J% 
40 NEXT 1% 
50 END 



t a k e s  695  s e c o n d s ,  35 t i m e s  s l o w e r  t h a n  t h e  h i g h e r - l e v e l  

FORTH. (FORTH i s  s l o w e r  on n u m b e r - c r u n c h i n g ,  however ;  o n e  

t e s t  r a n  o n l y  n i n e  t i m e s  f a s t e r  t h a n  B A S I C . )  

The ' D W P '  o p e r a t i o n  d e f i n e d  above  l e t s  u s  l o o k  a t  t h e  

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

r e s p e c t i v e l y :  

OCTAL 
OK - 
' TIME1 28 DUMP 
1334 72450 3764 161g 1456 1?7776 2722 52205 OK 
' TIME2 20 DUMP 
12705 72460 53@5 1376  124fl2 132  52202 120P61 OK 
DECIMAL 

(The  a c t u a l  numbers  i n  t h e  dump o f  ' T I y E 1 '  w i l l  v a r y  d e p e n d i n g  

on y o u r  o p e r a t i n g  s y s t e m  a n d  l i n k a g e  e d i t o r  i f  u s e d ,  and  

upon b r i n g - u p  o p t i o n s . )  111 t h i s  e x a m p l e ,  t h e  mach ine  code  

h a p p e n s  t o  t a k e  f e w e r  words  o f  memory t h a n  t h e  FORTH. B u t  

u s u a l l y  FORTH o b j e c t  c o d e  i s  c o n s i d e r a b l y  more  compac t  t h a n  

mach ine  c o d e ,  e s p e c i a l l y  f o r  l a r g e  p r o g r a m s .  

When s p e e d  i s  i m p o r t a n t ,  t h e  a s s e m b l e r  a l l o w s  u s  t o  

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

c o n v e n i e n c e  o f  FORTH, a n d  t h e  f a c t  t h a t  t h e y  a r e  c o d e  i s  

t r a n s p a r e n t ,  s o  o t h e r  o p e r a t i o n s  wh ich  u s e  t h o s e  r o u t i n e s  do  

n o t  n e e d  t o  b e  c h a n g e d .  The a s s e m b l e r  a l s o  a l l o w s  c a l l s  t o  

o p e r a t i n g  s y s t e m  s e r v i c e s ,  o r  t o  s u b r o u t i n e  p a c k a g e s  w r i t t e n  

i n  FORTRAN o r  o t h e r  l a n g u a g e s ,  making  t h e s e  f e a t u r e s  i n t e r a c t i v e l y  

a c c e s s i b l e  f rom t h e  k e y b o a r d ,  j u s t  a s  i f  t h e y  w e r e  n a t i v e  

FORTH. A s  w e  h a v e  s e e n ,  t h e  FDRTH a s s e m b l e r  a l l o w s  s t r u c t u r e d  



loops; these and structured conditionals can be nested 

(although branches to labels or numerical addresses may 

be used if desired). User-defined macros are available. 

And the code is ready to execute immediately after being 

typed in or loaded from disk, with no wait for assembly 

or linkage editing. 

Let's look at part of the string package: 

* T H I S  I S  A STRING8'  
OK 

$. 
T H I S  IS  A STRING OK 
$. 

,$STACK EMPTY 
: XX " TESTING S T R I N G S "  ; 
OK 

XX 
SIL 
$. 
TESTING S T R I N G S  OK 
$. 
$STACK EMPTY 

The ' " '  operation (quotation mark) introduces a string; it 

must be followed by one space. The string goes until the 

next quote, which is the delimiter, or until the end of the 

line. If used outside a colon definition, '"I immediately 

puts the string onto the string stack, a special stack which 

holds the actual characters of the string (with length 

information). If used inside a colon definition, '"I stores 

the string within the definition in the dictionary; later, 

when 'that part of the definition is executed, the string 



i s  p u s h e d  o n t o  t h e  s t r i n g  s t a c k .  ' $ . I  p r i n t s  t h e  s t r i n g  o n  

t o p  o f  t h e  s t r i n g  s l a c k  ( m o s t  a c c e s s i b l e  s t r i n g ) .  S t r i n g  

l e n g t h  can b e  up t o  3 2 , 7 6 7  c h a r a c t e r s ,  d e p e n d i n g  o n - m e m o r y  

a v a i l a b i l i t y .  The  s t r i n g  s t a c k  i s  a l w a y s  c h e c k e d  f o r  

u n d e r f l o w  ('$STACK EMPTY') o r  o v e r f l o w  w h e n e v e r  t h e s e  a r e  

p o s s i b l e .  

The f o l l o w i n g  i l l u s t r a t e s  t h e  I $ + ' ,  o r  s t r i n g  c o n c a t -  

e n a t i o n ,  a n d  a l s o  t h e  ' $ L E N 1 ,  w h i c h  g e t s  t h e  l e n g t h  o f  t h e  

s t r i n g  o n  t o p  o f  t h e  s t r i n g  s t a c k .  

XX 
Pli. 

SLEN . 
15 OK 
" ANOTHER TEST S T R I N G "  $+ 

TESTING STRINGSANOTHER TEST STRING OK 

T h e  f o l l o w i n g  o p e r a t i o n  ( 'LONG',  b e l o w )  i s  d e f i n e d  t o  

d o u b l e  a s t r i n g  ( c o n c a t e n a t e  it w i t h  a c o p y  o f  i t s e l f )  7 t i m e s ,  

i.e. i t  makes  t h e  s t r i n g  1 2 8  t i m e s  a s  l o n g  a s  i t  w a s .  



: LONG 7 0 DO $DUP $+ LOOP ; 
9K 
" ABCD" 
OK - 

$LEN . 
4 OK 
LONG 
OK - 

$LEN . 
512 OK 
S .  
ARCDABCDARCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCnABCDABCDABCDABCD 
ABCDABCDABCDARCDABCDABCDABCDABCDARcDARCDABcDABcDABcDABcDABcDABcDABcDABcD 
ABCDABCDABCDABCDABCDABCDARCDARCDABCDABCDARCDABCDABCDABCDABCDABCDABCDABCD 
AFCDABCDABCDABCDABCDARCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCD 
ARCnAFCDABCDABCDABCDAECDABCDABCDABCDABCDABCDABCDAPCDARCDABCDABCDABCDABCD 
A E C ~ A B C D A F C D A B C D A R C D A R C D A B C D A B C D A B C D A B C D A B C D A B C D A R C D A B C D A B C D A B C D  
AECDABCDABCDABCDABCDARCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCDABCD 
ABCDABCD OK 



T o  s e e  some a p p l i c a t i o n  e x a m p l e s  w h i c h  a r e  o n  t h e  d i s k ,  

l e t ' s  f i r s t  make a n  i n d e x  o f  t h e  d i s k .  The  'INDEX' o p e r a t i o n  

t a k e s  t w o  a r g u m e n t s  ( b e g i n n i n g  a n d  e n d i n g  s c r e e n s ) ,  a n d  p r i n t s  

t h e  f i r s t  l i n e  o f  e a c h  s c r e e n  i n  t h a t  r a n g e .  By c o n v e n t i o n ,  

t h e  f ' i r s t  l i n e  o f  e a c h  s c r e e n  i s  a  comment t e l l i n g  w h a t  t h a t  

s c r e e n  h a s  o n  i t .  B l a n k  l i n e s  s h o u l d  i n d i c a t e  emp ty  s c r e e n s  

a v a i l a b l e  f o r  u s e .  The  FORTH.DAT f i l e  a s  d i s t r i b u t e d  o n  t h e  

d i s k e t t e  h a s  7 0  s c r e e n s ;  t h i s  s y s t e m  c o u l d  h a n d l e  a t  l e a s t  

3 2 , 7 6 7  i f  d i s k  s p a c e  w e r e  a v a i l a b l e .  

1 39 INDEX 

LOAD SCREEN) 

ERROR, WARNING, AND OTHER MESSAGES - SCREENS 4 AND 5 ) 
ERROR MESSAGES, CONTINUED ) 

EDITOR - SET-UP) - 
EDITOR - OPERATIONS) 
EDITOR, SCREEN 3) 
EDITOR, SCREEN 4) 
ASSEMBLER) OCTAL 
ASSEMBLER, CONT.) OCTAL 
ASSEMBLER - INSTRUCTION TABLE) OCTAL 
ASSEMBLER - CONT.) OCTAL 
ASSEMBLER - REGISTERS, MODES, AND CONDITIONS) OCTAL 
ASSEMBLER - STRUCTURED CONDITIONALS) OCTAL 

ASSEMBLER - EXAMPLES) 
STRING ROUTINES) 
STRINGS - CONTINUED) 
STRINGS - CONTINUED) 
STRINGS - CONTINUED ) 

DECIMAL 

TRIG LOOKUP ROUTINES - WITH SINE *I0000 TABLE) 
FORTRAN LINKAGE, RSX) 

RT-11 SYSTEM-CALL EXAMPLE - DATE) 
RSX-11M SYSTEM-CALL EXAMPLE - DATE) 
RSX-11M SYSTEM-CALL EXAMPLE - TERMINAL I/O) 
EXAMPLES - RANDOM #Sf VIRTUAL ARRAY, RECURSIVE CALL) 
CREATE BOOTABLE IMAGE ON SCREENS 40-47. FOR STAND-ALONE.) 
CREATE A BINARY IMAGE ON SCREENS 40 - 47 ) 
CREATE BOOT LOADER. NOTE - DOES NOT WRITE BOOT BLOCK) 
CREATE BOOT LOADER, CONT.) OCTAL 
DISK COPY FROM SYSTEM DISK TO DX1) 
** CAUTION ** BINARY IMAGE IN SCREENS 40-47) OK 

12. 



S c r e e n  2 9  u s e s  t h e  RSX-11M s y s t e m  c a l l  f o r  t h e  d a t e  and  

t i m e .  H e r e  i s  i s  l o a d e d ,  a n d  a l s o  l i s t e d  s o  w e  c a n  s e e  i t .  

The 'TIME' o p e r a t i o n  s e t s  up  t h e  r e - e n t r a n t  f o r m  o f  t h e  s y s t e m  

c a l l  ( ' G T I M S S ' ) ,  a l t h o u g h  o f  c o u r s e  t h e  RSX-11M m a c r o  i s  n e v e r  

u s e d  h e r e .  ( T h i s  s c r e e n  a s  a  w h o l e  i s  n o t  r e - e n t r a n t  s i n c e  i t  

i n c l u d e s  t h e  8-word b u f f e r  'TBUFF' t o  r e c e i v e  t h e  i n f o r m a t i o n ,  

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

w e r e  n e e d e d .  ) 

29 LOAD 
OK - 

29 LIST 

SCR f t  29 
P ( RSX-11M SYSTEM-CALL EXAMPLE - DATE) 
1 DECIMAL 
2 n VARIABLE TBUFF 14 ALLOT 
3 CODE TIME TBUFF # SP -) MOV, 2 4 E 0  * 75 + # SP - )  MOV, 
4 377 EMT, NEXT, C; 
5 : YEAR ( -> N ) TIME TBUFF @ ; 
6 : MONTH ( -> N ) TIME TBUFF 2+ @! ; 
7 : DAY ( -> N ) TIME TBUFF 4 + @ ; 
8 : HOUR ( -> N ) TIME TBUFF 6 + @ ; 
9 : MINUTE ( -> N ) TIME TBUFF 8 + @ ; 

1 0  : SECOND ( -> N ) TIME TBUFF 1 0  + @ ; 
11 : TICK ( -> N ) TIME TBUFF 1 2  + @ ; 
1 2  : TICKS/SECOND ( -> N ) TIME TBUFF 1 4  + @ 
13 
14 
15 
OK 

S c r e e n  2 8  d e f i n e s  c a m p a r a b l e  'YEAR', 'MONTH', a n d  ' D A Y '  

o p e r a t i o n s  f o r  RT-11. 



H e r e  a r e  some u s e s  o f  t h e  d a t e  a n d  t i m e  o p e r a t i o n s .  

The l o o p  i n  'XI i s  i n d i c a t i n g  t h e  t i m e  ( i n  c u m u l a t i v e  c l o c k  

t i c k s )  r e q u i r e d  t o  p r i n t  t h e  c h a r a c t e r s .  

YEAR . 

1 OK 
DAY . 

17 OK 
SECOND . 
4 4  OK 
: X 20 0 DO TICK . LOOP ; 

( I n c i d e n t l y  ' T I C K S / S E C O N D '  i s  o n e  name; t o k e n s  a r e  s e p a r a t e d  

by b l a n k s .  Names i n  t h i s  s y s t e m  c a n  b e  up  t o  3 1  c h a r a c t e r s  

l o n g ,  and  t h e  f u l l  name i s  remembered ,  i n  c o n t r a s t  t o  some 

FORTH s y s t e m s  wh ich  o n l y  remember t h e  l e n g t h  o f  t h e  name and  

t h e  f i r s t  s e v e r a l  c h a r a c t e r s . )  

S c r e e n  2 4  c o n t a i n s  a t a b l e - l o o k u p  4 - d i g i t  s i n e  a n d  c o s i n e  

r o u t i n e ;  it i s  f a s t ,  a c c u r a t e  enough  f o r  m o s t  g r a p h i c s  

a p p l i c a t i o n s ,  and  i t  d o e s n ' t  r e q u i r e  f l o a t i n g  p o i n t .  'SIN' 

a n d  ' C O S '  t a k e  a n  i n t e g e r  number o f  d e g r e e s  (-32K t o  3 2 K ) ,  a n d  

r e t u r n  t h e  s i n e  o r  c o s i n e  v a l u e  m u l t i p l i e d  by  1 0 , 0 0 0 ;  l i n e a r  

i n t e r p o l a t i o n  wou ld  a l l o w  f r a c t i o n a l  d e g r e e s  w i t h  l i t t l e  l o s s  

o f  a c c u r a c y .  



2 4  LOAD 
OK - 
0 SIN . 
0 OK 
90 SIN . 
10000 OK 
10000 SIN . 
-9848 OK 
7 SIN . 
1219 OK 
345 SIN . 
-7588 OK 
15000 SIN . 
-8668 OK 
15000 COS . 
-5e00 OK 
-29000 COS . 
-9397 OK 

The ' * / I  operation (m,ultiply, then divide, keeping a 

double-precision, 32-bit intermediate product) allows scaling 

by sine or cosine, e.g. 

30000 45 SIN 10000 */ . 
21213 OK 

This scaling would be useful in figure rotation. 

The whole sine/cosine lookup routine and table is on 

one screen. Its detailed operation will be described in an 

advanced section, but let's take a look at it now: 



24 LIST 

SCR 
m 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
OK 

# 24 
( TRIG LOOKUP ROUTINES - WITH SINE *100flP TABLE) 
: TABLE <BUILDS 0 DO , LOOP DOES> SWAP 2 * + @ ; 
100flg 9998 9994 9986 9976 9962 9945 9925 9903 9877 
9848 981= 9781 9744 9?83 9659 9613 9563 9511 9455 
9397 9335 9272 92g5 9135 9P53 8988 8918 8829 8746 
8660 8572 8488 8387 8290 8192 P@!3Pl 7986 7880 7771 
7650 7547 7431 7314 7193 7071 6947 682Pl 6691 6561 
6428 6293 6157 6018 5878 5736 5592 5445 5299 515g 
5008 4848 4695 4540 4384 4226 4067 3987 3746 3584 
3420 3256 3090 2924 2756 2588 2419 2250 2079 1908 
1736 1564 1392 1219 1045 0872 0698 0523 0349 0175 
0000 91 TABLE SINTABLE 
: S180 DUP 90 > IF 180 SWAP - ENDIF SINTABLE ; 
: SIN ( N -> SIN) 360 MOD DUP 0< IF 360 + ENDIF DUP 180 > 

IF 180 - S180 MINUS ELSE S180 ENDIF ; 
: COS ( N -> COS) 90 + SIN ; 

Line 1 creates a new data type, 'TABLE', using the pair 

of operations '<BUILDS' and 'DOES)' which create new data 

types. Line 11 executes 'TABLE' to create a table called 

'SINTABLE'; of course 'TABLE' can also be used elsewhere, 

creating other tables of this type (but of any length desired, 

not always 91). Similarly other data types could create arrays 

with various (or variable) numbers of dimensions and with 

run-time bounds checks if desired, various user-defined record 

structures, etc. Here, 'TABLE' is defined in higher-level 

FORTH, making it machine-independent; but if optimum execution 

speed were desired, it cou1.d be defined in machine code, using 

the operation ';CODEr (not to be confused with 'CODE' - see 
the Assembler section). 



i n c i d e n t l y  t h e  o p e r a t z i o n  ' S I N T A B L E '  behaves e x a c t l y  l i k e  

' S I N ' ,  e x c e p t  t h a t  i t s  a r g u m e n t s  m u s t  b e  0-90 d e g r e e s .  ' S 1 8 0 t  

r e f l e c t s  t o  e x t e n d  t h i s  t o  0-180,  ' S I N '  e x t e n d s  it t o  all 

v a l u e s ,  a n d  'COS' i s  s i n e  d i f f e r i n g  90 d e g r e e s  i n  p h a s e .  

BYE 

LEAVING FORTH. HAVE A GOOD DAY. 



I V .  E d i t o r  

P h i l o s o p h y  

T h e r e  i s  l i t t l e  s t a n d a r d i z a t i o n  among F o r t h  e d i t o r s .  

T h i s  s y s t e m  i s  a  u n i f i e d  " l i n e "  a n d  " s t r i n g "  e d i t o r ,  a v o i d i n g  

r e d u n d a n t  commands. I t  d e - e m p h a s i z e s  t h e  6 4 - c h a r a c t e r  l i n e ,  

b e c a u s e  some m a c h i n e s  ( e . g .  A p p l e )  c a n ' t  u s e  i t ,  a n d  b e c a u s e  

F o r t h  may abandon  t h e  s c r e e n  c o n c e p t  a t  some f u t u r e  t i m e .  

Most o f  t h i s  e d i t o r ' s  commands a l l o w  d e f a u l t  a r g u m e n t s .  They 

work w e l l  t o g e t h e r  i n  p r a c t i c e ,  g i v i n g  an  e x c e p t i o n a l l y  

c o n v e n i e n t  t e l e t y p e - s t y l e  e d i t o r  ( w h i c h  r u n s  on  a l m o s t  a l l  

t e r m i n a l s ,  w i t h o u t  c u s t o m i z a t i o n ) .  N e w  u s e r s  c a n  l e a r n  i t  

c o m f o r t a b l y  w i t h i n  a n  h o u r .  T h i s  e d i t o r  r e q u i r e s  a F o r t h  

s y s t e m  w h i c h  k e e p s  s c r e e n s  i n  a  c o n t i g u o u s  1K b u f f e r  ( o r  

t h e  e d i t o r  wou ld  h a v e  t o  b e  m o d i f i e d  t o  move them t o  s u c h  

a  b u f f e r ) .  

E n t e r i n g  a n d  E x i t i n g  t h e  E d i t o r  

The e d i t o r  m u s t  b e  l o a d e d  ( e . g .  b y  t y p i n g  '1 LOAD'). 

N o r m a l l y  t h e  e d i t o r  s t a y s  i n  memory f o r  t h e  r e s t  o f  t h e  

s e s s i o n .  

To e d i t  s c r e e n  ' n ' ,  t y p e  

n  EDIT 

a n d  a f t e r  t h e  e d i t i n g  i s  c o m p l e t e ,  e x i t  w i t h  

E X  

w h i c h  u p d a t e s  t h e  d i s k .  O r  e x i t  w i t h  

SCRATCH 

t o  t h r o w  away t h e  r e s u l t  o f  t h e  s e s s i o n ,  l e a v i n g  t h e  s c r e e n  

1 8 .  



on d i s k  unchanged .  

To g e t  b a c k  l a t e r  and  e d i t  t h e  same s c r e e n ,  t y p e  

E 

w i t h  no a r g u m e n t .  T h i s  way you d o n ' t  h a v e  t o  remember t h e  

s c r e e n  number.  The c u r s o r  p o s i t i o n  ( s e e  b e l o w )  i s  a l s o  

remembered .  

U n l i k e  many o t h e r  F o r t h  s y s t e m s ,  t h e  command 

n  L I S T  

d o e s  n o t  a f f e c t  t h e  e d i t o r .  Whi l e  e d i t i n g  o n e  s c r e e n ,  you 

c a n  l i s t  o t h e r s  t o  l o o k  a t  them. 

To l i s t  t h e  s c r e e n  c u r r e n t l y  b e i n g  e d i t e d ,  t y p e  

L 

w i t h  no a r g u m e n t .  A f t e r  l i s t i n g  t h e  s c r e e n ,  i t  p r i n t s  t h e  

l i n e  c u r r e n t l y  h o l d i n g - t h e  c u r s o r ,  w i t h  t h e  c u r s o r  p o s i t i o n  

shown a s  a n  u n d e r s c o r e  c h a r a c t e r .  The c u r s o r  s t a r t s  a t  t h e  

b e g i n n i n g  o f  l i n e  z e r o ,  when t h e  e d i t i n g  s e s s i o n  b e g i n s  

( w i t h  ' n  E D I T ' ) .  

Moving t h e  C u r s o r  

To move t h e  c u r s o r  t o  t h e  b e g i n n i n g  o f  a n y  l i n e  (0 -151 ,  

t y p e  

wh ich  t y p e s  t h a t  l i n e  a f t e r  t h e  c u r s o r  h a s  b e e n  moved. To 

t y p e  t h e  c u r r e n t  l i n e  w i t h o u t  moving  t h e  c u r s o r ,  j u s t  t y p e  

The e d i t o r  k e e p s  t r a c k  o f  t h e  s t a c k  d e p t h  t o  know w h e t h e r  

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



To move t h e  c u r s o r  I n '  c h a r a c t e r  p o s i t i o n s ,  t y p e  

n  M 

w h e r e  I n '  may b e  p o s i t i v e  o r  n e g a t i v e .  W i t h o u t  t h e  a r g u m e n t ,  

'Mu d e f a u l t s  t o  '1 M ' .  The e d i t o r  p r e v e n t s  t h e  c u r s o r  f r o m  

b e i n g  moved o f f  t h e  s c r e e n .  

I n s e r t ,  D e l e t e ,  a n d  R e p l a c e  

To i n s e r t  a t  t h e  c u r r e n t  c u r s o r  p o s i t i o n ,  t y p , e  

I 

f o l l o w e d  by  a  s p a c e ,  f o l l o w e d  by  t h e  s t r i n g  t o  i n s e r t ,  

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

' I '  i s  a  d e l i m i t e r  and  i s  n o t  p a r t  o f  t h e  s t r i n g .  When t h e  

s t r i n g  i s  i n s e r t e d ,  t h e  r e s t  o f  t h e  l i n e  w i l l  b e  p u s h e d  o v e r ,  

w i t h  c h a r a c t e r s  l o s t  on t h e  r i g h t .  If  t h e  i n s e r t  s t r i n g  g o e s  

beyond  t h e  end  o f  t h e  l i n e ,  i t  w i l l  r e p l a c e  c h a r a c t e r s  on  t h e  

n e x t  l i n e .  ' n  I '  ( w i t h  a n  a r g u m e n t )  moves t h e  c u r s o r  t o  t h e  

b e g i n n i n g  o f  l i n e  I n ' ,  t h e n  i n s e r t s  t h e r e .  

To d e l e t e  ' n '  c h a r a c t e r s ,  t y p e  

n  D 

w h e r e  ' n '  may b e  p o s i t i v e  o r  n e g a t i v e .  The r e s t  o f  t h e  l i n e  

i s  moved o v e r  w i t h  b l a n k  f i l l  c h a r a c t e r s  a d d e d  on  t h e  r i g h t .  

I D '  d e f a u l t s  t o  '1 D'. To p r e v e n t  s e r i o u s  e r r o r s ,  t h e  command 

w i l l  o n l y  d e l e t e  c h a r a c t e r s  w i t h i n  o n e  l i n e .  

To r e p l a c e ,  s t a r t i n g  w i t h  t h e  c u r r e n t  c u r s o r  p o s i t i o n ,  t y p e  

R 

f o l l o w e d  by  a  b l a n k ,  and  t h e n  by  t h e  s t r i n g  t o  r e p l a c e .  ' n  R n  

moves t h e  c u r s o r  t o  t h e  b e g i n n i n g  o f  l i n e  ' n '  f i r s t .  A maximum 



o f  6 4  c h a r a c t e r s  c a n  b e  r e p l a c e d  i n  o n e  command; t h e s e  6 4  

may o v e r f l o w  f r o m  o n e  l i n e  t o  t h e  n e x t .  Any c h a r a c t e r s  n o t  

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

S t r i n g  S e a r c h  a n d  R e p l a c e  

To s e a r c h  f o r  a  g i v e n  s t r i n g ,  t y p e  

s 

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

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

t h e  s c r e e n .  I f  t h e  s t r i n g  i s  f o u n d ,  t h e  c u r s o r  i s  moved t o  

j u s t  b e f o r e  t h a t  s t r i n g .  I f  t h e  s t r i n g  i s  n o t  f o u n d ,  t h e  

c u r s o r  i s  n o t  moved.  I n  ( e i t h e r  c a s e ,  t h e  l i n e  now c o n t a i n i n g  

t h e  c u r s o r  i s  t y p e d .  

The  s t r i n g  s e a r c h  a r g u m e n t  i s  s a v e d .  To s e a r c h  f o r  t h e  

same s t r i n g  a g a i n ,  t y p e  I S '  f o l l o w e d  b y  a  c a r r i a g e  r e t u r n .  

' n  S '  moves  t h e  c u r s o r  t o  l i n e  ' n '  f i r s t .  E .g .  ' 0  S '  

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

A f t e r  a  s e a r c h  s t r i n g  h a s  b e e n  f o u n d ,  a  c o n v e n i e n t  way 

t o  r e p l a c e  i t  i s  t o  t y p e  

- R  

f o l l o w e d  by  a  s p a c e ,  t h e  r e p l a c e m e n t  s t r i n g ,  a n d  a  c a r r i a g e  

r e t u r n .  ' - R '  i s  p a r t i c u l a r l y  u s e f u l  when t h e  s e a r c h  a n d  

r e p l a c e m e n t  s t r i n g s  h a v e  d i f f e r e n t  l e n g t h s .  The c u r r e n t  

e d i t o r  v e r s i o n  d o e s  n o t  s a v e  t h e  r e p l a c e m e n t  s t r i n g .  

T y p i n g  M u l t i p l e  L i n e s  

To e n t e r  m o r e  t h a n  o n e  l i n e  w i t h o u t  h a v i n g  t o  g i v e  a  

command f o r  e a c h  l i n e ,  t y , pe  

n  NEW 



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

To t e r m i n a t e  t h e  'NEW' e n t r y  mode, t y p e  two c a r r i a g e  r e t u r n s  

i n  a  row. W i t h o u t  t h e  a r g u m e n t ,  'NEW' w i l l  s t a r t  a t  t h e  c u r r e n t  

c u r s o r  l i n e .  

'NEW' d i f f e r s  f rom t h e  s i n g l e - l i n e  r e p l a c e ,  ' R ' ,  i n  

s e v e r a l  ways .  ' R '  r e q u i r e s  t h e  r e p l a c e m e n t  t o  b e  on  t h e  

same l i n e  a s  t h e  ' R ' ;  ' N E W '  r e q u i r e s  a  c a r r i a g e  r e t u r n ,  s o  

t h e  f i r s t  r e p l a c e m e n t  l i n e  m u s t  b e  on  a  l i n e  by i t s e l f  

( a n y t h i n g  a f t e r  t h e  'NEW' on  t h e  same l i n e  w i l l  b e  l o s t ) .  

A l s o ,  'NEW' w i l l  b l a n k  o u t  t h e  r e m a i n d e r  o f  a n y  l i n e  i t  

a f f e c t s ,  i f  l e s s  t h a n  64  c h a r a c t e r s  a r e  e n t e r e d ;  'R' p r e s e r v e s  

any  p a r t  o f  t h e  l i n e  which  i s  n o t  r e p l a c e d .  

'NEW' i s  t h e  no rma l  way t o  e n t e r  new p r o g r a m s .  I n c i d e n t l y  

i f  a  b l a n k  l i n e  i s  d e s i r e d  w i t h i n  t h e  r a n g e  o f  t h e  'NEW', 

t y p e  two o r  more b l a n k s  on t h a t  l i n e  ( a s  t h e  f i r s t  b l a n k  i s  

t h e  d e l i m i t e r  o f  t h e  'NEW'). 

Moving L i n e s  Around 

n  m TRADE 

w i l l  swap l i n e s  ' n '  a n d  ' m ' .  S i n c e  n o  c h a r a c t e r s  a r e  l o s t  

i n  t h e  t r a d e ,  it i s  p o s s i b l e  t o  r e c o v e r  f r o m  e r r o r s .  

n  SPREAD 

w i l l  p u s h  down a l l  l i n e s  f r o m  ' n '  t h r o u g h  1 4 ,  a n d  c l e a r  l i n e  

n ;  t h e  l a s t  l i n e  ( 1 5 )  i s  l o s t .  The a r g u m e n t  ' n '  i s  o p t i o n a l ;  

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

a s sumed .  'SPREAD' i s  u s e d  t o  i n s e r t  l i n e s  i n t o  t h e  m i d d l e  o f  

a s c r e e n .  



Moving S c r e e n s  

To copy  o n e  F o r t h  s c r e e n  i n t o  a n o t h e r  ( d e s t r . o y i n g  any  

i n f o r m a t i o n  wh ich  was i n  t h e  d e s t i n a t i o n  s c r e e n )  t y p e  

n  m SCREENMOVE 

w h i c h  c o p i e s  f rom s c r e e n  ' n '  t o  'm'. 'SCREENMOVE' i s  i n  t h e  

FORTH v o c a b u l a r y ,  n o t  t h e  E D I T O R  v o c a b u l a r y ,  s o  it c a n  b e  

u s e d  any  t i m e ,  n o t  only w h i l e  e d i t i n g .  I t  i s  l o a d e d  i n t o  

memory w i t h  t h e  e d i t o r ,  h o w e v e r ,  s o  i t  c a n n o t  b e  u s e d  u n t i l  

t h e  e d i t o r  h a s  b e e n  l o a d e d .  

M u l t i p l e  Commands o n  One L i n e  

S e v e r a l  commands c a n  b e  on  o n e  l i n e ,  e x c e p t  t h a t  a n y  

command w h i c h  t a k e s  t h e  r e s t  o f  t h e  l i n e  a s  a  s t r i n g  a r g u m e n t  

( e g  ' I 1 ,  ' R 1 )  mus t  o f  c o u r s e  o c c u r  l a s t  on  t h e  l i n e .  Somet imes  

an  e n t i r e  e d i t i n g  s e s s i o n  can  b e  on one  l i n e ,  i n c l u d i n g ~ .  

e n t r y  a n d  e x i t  f r o m  t h e  e d i t o r ,  e . g .  

3 1  EDIT 8 T 40 D L EX 

T h i s  l i n e  e d i t s  s c r e e n  3 1 ,  d e l e t e s  t h e  f i r s t  4 0  c h a r a c t e r s  

o f  l i n e  8 ,  l i s t s  t h e  s c r e e n ,  a n d  e x i t s .  Wi th  p r o p e r  c a r e  

c o n c e r n i n g  v o c a b u l a r i e s  ( s e e  b e l o w ) ,  s u c h  a l i n e  c o u l d  be 

made i n t o  a  command, u s e d  i n  l o o p s ,  e t c .  

E x t e n d i n g  t h e  E d i t o r  

O c c a s i o n a l l y  y o u  may w a n t  t o  a d d  y o u r  own o p e r a t i o n s  

t o  t h e  e d i t o r ,  e - g .  t o  d e f i n e  e d i t o r  mac ros .  I f  you  c h a n g e  

t h e  e d i t o r  b y  c h a n g i n g  i t s  s o u r c e  s c r e e n s ,  make s u r e  you  a r e  

b a c k e d  up f i r s t .  I n  c a s e  o f  e r r o r ,  i t  may n o t  b e  p o s s i b l e  

to l o a d  t h e  e d i t o r  a g a i n  i n  o r d e r  t o  c o r r e c t  t h e  p r o b l e m .  



A s a f e r  way t o  e x t e n d  t h e  e d i t o r  i s  t o  l e a v e  t h e  o r i g i n a l  

a l o n e ,  b u t  a d d  y o u r  own o p e r a t i o n s  ( e i t h e r  t y p e d  i n  o r  l o a d e d  

f rom d i s k  s c r e e n s ) .  To do t h i s  t h e  e d i t o r  mus t  f i r s t  b e  

l o a d e d ,  b u t  n o r m a l l y  you  would  c o m p i l e  e d i t o r  o p e r a t i o n s  w h i l e  

n o t  e d i t i n g  a  p a r t i c u l a r  s c r e e n .  B e g i n  w i t h  -- ' E D I T O R  

DEFINITIONS', a n d  e n d  w i t h  'FORTH DEFINITIONS'. T h i s  way t h e  

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

N o t e  t h a t  EDITOR r e d e f i n e s  t h e  word ' I '  ( f o r  I n s e t t ) ,  

w h i l e  t h e  FORTH v o c a b u l a r y  u s e s  ' I '  f o r t h e i n d e x  o f  t h e  ' D O '  

l o o p .  W i t h i n  ' E D I T O R  DEFINITIONS', ' I '  w i l l  c o m p i l e  a s  t h e  

EDITOR ' I '  - r e s u l t i n g  i n  b i z a r r e  e r r o r s  i f  t h e  ' D O '  l o o p  ' I '  

was i n t e n d e d .  W i t h i n  t h e  e d i t o r  you  c a n  r e a c h  t h e  FORTH ' I '  

by  

FORTH I EDITOR 

F o r  e x a m p l e ,  h e r e  i s  a  d e f i n i t i o n  o f  a n  o p e r a t i o n  

' F L I P '  w h i c h  e x c h a n g e s  t h e  t o p  a n d  b o t t o m  h a l v e s  o f  t h e  

s c r e e n  b e i n g  e d i t e d :  

EDITOR DEFINITIONS 
: FLIP 8 0  D O  FORTH I EDITOR DUP 8 + TRADE LOOP ; 
FORTH DEFINITIONS 

A command summary a p p e a r s  on t h e  f o l l o w i n g  p a g e .  Copy 

i t  f.or a  q u i c k  r e f e r e n c e  a t  t h e  t e r m i n a l .  

T h i s  e d i t o r  t a k e s  l e ss  t h a n  1500  b y t e s  o f  memory, T o t a l  

t i m e  t o  d e s i g n ,  c o d e ,  a n d  d e b u g  i t  was a b o u t  6 w o r k i n g  d a y s .  



E d i t o r  Command Summary 

E n t r y  a n d  E x i t  
n  E D I T  
E X  
SCRATCH 
E  

B e g i n  e d i t i n g -  
T e r m i n a t e  e d i t i n g  s e s s i o n .  
T e r m i n a t e ,  t h r o w  away c h a n g e s .  
Begin new s e s s i o n  w h e r e  l a s t  l e f t  o f f .  

E n t e r  D a t a  ( M u l t i p l e  L i n e s )  
n HEW A c c e p t  s t a r t i n g  a t  l i n e  n ;  n u l l  l i n e  t e r m i n a t e s .  

W i t h o u t  a r g u m e n t  - s t a r t  a t  c u r r e n t  l i n e .  

L 

S  s t r i n g  

Move C u r s o r  a n d  L i s t  
n  T Move c u r s o r  t o  l i n e  n ,  a n d  t y p e  i t .  

W i t h o u t  a r g u m e n t  - t y p e  c u r r e n t  l i n e .  
Move c u r s o r  n p o s i t i o n s .  

W i t h o u t  a r g u m e n t  - '1 M ' .  
L i s t  t h e  s c r e e n  b e i n g  e d i t e d .  
S e a r c h  f r o m  c u r r e n t  c u r s o r  p o s i t i o n .  

W i t h o u t  t h e  s t r i n g  - u s e  s a m e  o n e  a s  l a s t  'S'. 

I n s e r t ,  D e l e t e ,  R e p l a c e  
n  I I n s e r t  a t  b e g i n n i n g  o f  l i n e  n ,  move r e s t  o v e r .  

W i t h o u t  a r g u m e n t  - i n s e r t  a t  c u r s o r .  
n  D D e l e t e  n  c h a r a c t e r s ,  mov ing  r e s t  of l i n e .  

W i t h o u t  a r g u m e n t  - '1 D ' .  
n  R R e p l a c e  a t  b e g i n n i n g  o f  l i n e  n .  

W i t h o u t  a r g u m e n t  - a t  c u r s o r  p o s i t i o n .  
-R s t r i n g  Use a f t e r  ' S ' ;  r e p l a c e  f o u n d  s t r i n g .  

W i t h o u t  t h e  s t r i n g  - d e l e t e  f o u n d  s t r i n g .  

Moving L i n e s  
n m TRADE 
n  SPREAD 

Swap l i n e s  n  a n d  rn. 
Move a l l  n i n e s  n  a n d  b e l o w  down o n e ;  b l a n k  n .  

W i t h o u t  a r g u m e n t  - a s s u m e  c u r s a x - l i n e - ,  

Moving  S c r e e n s  
n  m SCREENMOVE Move s c r e e n  n  t o  m ,  d e s t r o y i n g  m .  May b e  

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



V .  A s s e m b l e r  

FORTH a s s e m b l e r s  a r e  u s u a l l y  u s e d  t o  c o d e  s h o r t ,  c r i t i c a l  

r o u t i n e s  , s e q u e n c e s  f o r  d e v i c e  h a n d l e r s ,  e t c ;  g e n e r a l l y  

mos t  o f  t h e  p r o g r a m  s t a y s  i n  h i g h e r - l e v e l  FORTH. The c o d e  

r o u t i n e s  h a v e  FORTH names a n d  b e h a v e  e x a c t l y  l i k e  o t h e r  FORTH 

o p e r a t i o n s  ( t a k i n g  t h e i r  a . rguments  f rom t h e  s t a c k ,  e t c .  ) , 

e x c e p t  t h a t  t h e y  r u n  a t  fu l l1  m a c h i n e  s p e e d .  O f t e n  t h e  c o d e  

r o u t i n e s  o f  a  p a c k a g e  a r e  a l s o  w r i t t e n  i n  h i g h e r - l e v e l  FORTH, 

s o  t h a t  t h e  p a c k a g e  c a n  b e  t r a n s p o r t e d  t o  d i f f e r e n t  CPUs, -.and 

l a t e r  o p t i . m i z e d  w i t h  n a t i v e  c o d e  r o u t i n e s  a s  d e s i r e d .  

Code r o u t i n e s  c r e a t e d l  by t h i s  a s s e m b l e r  a r e  r e a d y  t o  

e x e c u t e  i m m e d i a t e l y  when e n t e r e d ,  w i t h  no  w a i t  f o r  s e p a r a t e  

a s s e m b l y  and  l i n k a g e  s t e p s , .  They e x e c u t e  a t  f u l l  m a c h i n e  

s p e e d  o f  c o u r s e .  The c o n v e n t i o n a l  o p  c o d e s  a r e  p r o v i d e d ,  

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

w i t h  commas; t h e  commas a r e  j u s t  p a r t  o f  t h e  name,  n o t  

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

u s e r  c o n v e n i e n c e ;  i t  t a k e s  2.6K b y t e s  o f  memory, more t h a n  

m o s t  FORTH a s s e m b l e r s .  N o r m a l l y  t h e  a s s e m b l e r  i s  l o a d e d  by  

t h e  '1 LOAD' command, and  u n l e s s  memory i s  t i g h t ,  i t  c a n  

r e m a i n  i n  memory t h r o u g h o u t  t h e  s e s s i o n .  

T h i s  a s  o t h e r  FORTH a s s e m b l e r s  a c c e p t s  k o u r c e  c o d e  i n  

p o s t f i x ;  mode s y m b o l s  f o l l o w  o p e r a n d s ,  and  o p  c o d e s  come l a s t .  

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

i n  t h e  c o n v e n t i o n a l  o r d e r ,  h o w e v e r .  



T h e  e x a m p l e s  r e p r o d u c e d  b e l o w  j u s t  b e g i n  t o  i l l u s t r a t e  

t h e  c a p a b i l i t i e s  of t h i s  a s s e m b l e r :  

SCR # 1 7  
0 ( ASSEMBLER - EXAMPLES) 
1 CODE T E S T 1  33006 # 33000 MOV, NEXT, C; 
2 CODE T E S T 2  555 # 33000 ( )  MOV, NEXT, C; 
3 CODE TESTDUP S ( )  S -) MOV, NEXT, C; 
4 CODE TESTfl RB S -) MOV, NEXT, C ;  
5 CODE TESTBYTE 33085 R 1  MOVB, R1 S - )  MOV, NEXT, C;  
6 CODE T E S T 3  33880 # R 1  MOV, 4 4 4  # 2i7 R 1  I )  MOV, NEXT, C;  
7 CODE TEST-DUP S ( )  T S T ,  NE I F ,  S ( )  S -) MOV, E N D I F ,  NEXT, C; 
8 CODE T E S T L P l  15  # R 1  YOV, B E G I N ,  R 1  DEC,  G T  WHILE,  R 1  S -) MOV, 
9 REPEAT,  NEXT, C; 

1fl CODE T E S T L P 2  15 !f R 1  MOV, BEGIN, R 1  S -) YOV, R 1  DEC, 
11 EQ U N T I L ,  NEXT, C;  
1 2  : TESTVARIABLE CONSTANT ;CODE W S - )  MOV, NEXT, C;  
1 3  
1 4  
15 
OK 

L i n e  1 c rea t e s  a n  o p e r a t i o n  ' T E S T 1 ' ;  w h e n  ' T E S T 1 '  i s  

execu ted ,  i t  m o v e s  l i t e r a l  33006 ( o c t a l )  t o  o c t a l  address 

33000. ( T h e  address  c o u l d  have been a l abe l  o r  c o n s t a n t ,  

o r  b e e n  c o m p u t e d .  ) ' N E X T ,  k s ' a  m a c r o  w h i c h  a s s e m b l e s  t h e  

t w o - i n s t r u c t i o n  i n n e r  i n t e r p r e t e r  w h i c h  r e s u m e s  F o r t h  e x e c u t i o n .  

( A  'TRAP ERROR' m e s s a g e  w h e n  a w o r d  d e f i n e d  by t h e  a s s e m b l e r  

i s  f i rs t  e x e c u t e d  o f t e n  m e a n s  t h a t  ' N E X T , '  w a s  f o r g o t t e n . )  

' C O D E '  b e g i n s  t h e  d e f i n i t i o n ;  l i k e  ' : '  w h i c h  b e g i n s  

h i g h e r - l e v e l  d e f i n i t i o n s ,  it takes t h e  n a m e  of t h e  f o l l o w i n g  

w o r d  i n  t h e  i n p u t  s t r e a m ,  and  e n t e r s  i t  i n  t h e  d i c t i o n a r y .  

' C ; '  t e r m i n a t e s  t h e  d e f i n i t i o n .  N a t u r a l l y  ' C O D E '  a n d  T ; '  

s h o u l d  a l w a y s  be u s e d  as a pa i r .  I f  ' C ; '  i s  f o r g o t t e n ,  t h e  

d e f i n i t i o n  w i l l  n o t  be execu tab le  - it w i l l  be t r e a t e d  as 
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u n d e f i n e d ,  n o t  f o u n d  b y  a  s e a r c h  o f  t h e  d i c t i o n a r y  - a l t h o u g h  

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

i n  a  ' V L I S T ' .  

' C O D E '  s e t s  t h e  ' C O N T E X T '  v o c a b u l a r y  t o  ASSEMBLER,  s o  

t h a t  t h e  o p  c o d e s ,  mode s y m b o l s ,  e t c .  w i l l  b e  r e c o g n i z e d .  

(They  a r e  unknown o u t s i d e  o f  a  c o d e  d e f i n i t i o n . )  'C;' s e t s  

t h e  v o c a b u l a r y  b a c k  t o  FORTH. ' C O D E '  a l s o  s e t s  t h e  number 

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

'C;' r e s t o r e s  t h a t  b a s e .  'CODE' a l s o  n o t e s  t h e  s t a c k  d e p t h  

upon e n t r y ;  ' C ; '  t e s t s  t o  s e e  i f  t h e  d e p t h  i s  t h e  same upon 

l e a v i n g  t h e  d e f i n i t i o n .  If  n o t ,  a  m e s s a g e  'ERROR, STACK DEPTH 

CHANGED' i s  g i v e n .  T h i s  u s u a l l y  means t h a t  a  mode symbol  

o r  o p e r a n d  was f o r g o t t e n .  (Of c o u r s e  when c o d e  r o u t i n e s  

e x e c u t e ,  t h e y  a r e  a l l o w e d  t o  c h a n g e  t h e  s t a c k  d e p t h ;  t h e  

t e s t  i s  a t  a s s e m b l y  t i m e . )  

U n l i k e  c o l o n  d e f i n i t i o n s ,  w h i c h  s e t  t h e  s y s t e m  i n t o  

a  s p e c i a l  c o m p i l e  s t a t e ,  ' C O D E ' . - d e f i n i t i o n s  l e a v e  i t  i n  

r e g u l a r  F o r t h  e x e c u t i o n .  T h e r e f o r e  t h e  w h o l e  FORTH l a n g u a g e  

i s  a v a i l a b l e  f o r  a d d r e s s  a r i t h m e t i c ,  m a c r o s ,  l a b e l s ,  e t c .  

I n  l i n e  # 2 ,  'TEST2' i s  d e f i n e d  t o  move l i t e r a l  ' 5 5 5 '  

i n t o  i n d i r e c t  a d d r e s s  33000.  The symbol  '0' was c h o s e n  f o r  

i n d i r e c t i o n  i n s t e a d  o f  I @ ' ,  w h i c h  i s  u s e d  f o r  F e t c h  i n  t h e  

FORTH v o c a b u l a r y .  

'TESTDUP' ( l i n e  3 )  i s  t h e  same a s  'DUP' - i t  moves f r o m  

t h e  s t a c k  p o i n t e r  i n d i r e c t  t o  t h e  s t a c k  p o i n t e r  a u t o d e c r e m e n t .  

No te  t h e  symbo l  'S', w h i c h  r e f e r s ;  t o  t h e  FORTH s t a c k .   his 

a s s e m b l e r  a l s o  h a s  a symbel ' S P '  t o  r e f e r  t o  t h e  m a c h i n e  
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stack; in this implementation, they are different. 

'TESTO' pushes RO onto the stack, showing how FORTH 

can get access to register contents. 

'TESTBYTE' (line 5) moves the byte at address 30006 

to the stack. It goes by way of R1, a register available as 

a temporary. The byte cannot be moved directly into the 

FORTH stack, as the 'MOVB' instruction would autodecrement 

by 1 instead of 2, destroying the stack and crashing FORTH. 

Registers RO, R1, and R2 are available for CODE routines 

to use without restoring. R4 is the FORTH instruction pointer 

and R5 is the FORTH stack; the machine stack is the FORTH 

return stack. R3 points to FORTH's "user" area. 

'TEST3' illustrates an indexed address - literal 444 

is moved into 20 indexed by R1 - or address 33020 octal in 
this case. 

'TEST-DUP' introduces a code-level structured conditional. 

(This operation is the same as '-DUP', which duplicates the 

top of the stack if it is non-zero,) First, 'S ( )  TST,' 

tests the top of the stack non-destructively. Then 'NE IF,' 

sets up a branch instruction which executes the code between 

'IF,' and 'ENDIF,' only if the 'NE' condition code is true - 
i.e. it does branch around if 'NE' is false. 'S ( )  S - )  MOV, ' 

works as in the 'TESTDUP' example, line 3 above. Note that 

'IF,' is different from the higher-level analogous operation 

I F  In case you forget the comma, an error message will 

be given, since 'IF' can only be used inside a colon definition. 



The f o l l o w i n g  c o n d i t i o n  t e s t s  may b e  u s e d  w i t h  ' I F , ' .  

These same t e s t s  may a l s o  b e  u s e d  w i t h  t h e  ' W H I L E , '  and  ' U N T I L , '  

l o o p i n g  s t r u c t u r e s  d e s c r i b e d  b e l o w .  

EQ N E  MI PL VS VC CS CC 

LT GE LE GT LOS HI LO HIS 

Note  t h a t  t h e r e  a r e  no  commas i n  t h e  names.  The c o n v e n t i o n  

i s  t o  u s e  commas t o  end  t h e  names o f  i n s t r u c t i o n s  wh ich  a c t u a l l y  

p l a c e  c o d e  i n  t h e  d i c t i o n a r y  ( ' B E G I N , '  - d e s c r i b e d  b e l o w  - 
i s  a n  e x c e p t i o n ) .  

I n c i d e n t l y ,  t h e  c o m p l e t e  s e t  o f  mode s y m b o l s  is :  

1 + a u t o i n c r e m e n t  

- 1 a u t o d e c r e m e n t  

1) i n d e x e d  

@ )  + a u t o i n c r e m e n t  d e f e r r e d  

@ - )  a u t o d e c r e m e n t  d e f e r r e d  

@I  ) i n d e x e d  d e f e r r e d  

# i m m e d i a t e  

@ #  a b s o l u t e  

( 1  e i t h e r  r e g i s t e r  d e f e r r e d  o r  r e l a t i v e  d e f e r r e d  

' 0 '  t e s t s  w h e t h e r  i t s  a r g u m e n t  i s  0 - 7 ,  i n  wh ich  c a s e  

i t  a s s u m e s  r e g i s t e r  d e f e r r e d ;  o t h e r w i s e  i t  i s  r e l a t i v e  

d e f e r r e d .  

No mode symbol  a t  a l l  d e f a u l t s  t o  r e g i s t e r  mode i f  t h e  

a r g u m e n t  i s  0 - 7 ,  r e l a t i v e  o t h e r w i s e .  To a d d r e s s  memory 

l o c a t i o n s  0 - 7 ,  t h e  i n s t r u c t i o n  would  h a v e  t o  b e  s p e c i a l l y  

c r e a t e d  i n  o c t a l .  ( A l s o ,  a '-1' (17777.7) a d d r e s s  may h a v e  

t o  b e  s p e c i a l l y  c r e a t e d ,  a s  t h e  a s s e m b l e r  u s e s  '-1' as a f l a g  
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d u r i n g  t h e  h a n d l i n g  o f  t h e  m o d e  d e f a u l t . )  

L i n e s  8 -9 ,  ' T E S T L P l ' ,  c r e a t e  a ' B E G I N ,  ... W H I L E ,  ... R E P E A T , '  

l o o p  i n  code .  F i r s t ,  o c t a l  1 5  i s  moved t o  R 1 .  W i t h i n  t h e  

l o o p ,  R 1  i s  d e c r e m e n t e d ,  a n d  w h i l e  t h e  r e s u l t  i s  g r e a t e r  

t h a n  z e r o ,  t h e  loop c o n t i n u e s .  'RI S - )  MOV,' pushes  RI 

o n t o  t h e  s t a c k ;  t h i s  i s  done s o  t h a t  w e  can l a t e r  check t h a t  

t h e  l o o p  w o r k e d  r i g h t .  

S i m i l a r l y ,  ' T E S T L P 2 '  c r ea t e s  a ' B E G I N ,  ... U N T I L , '  l o o p  

i n  code. T h e s e  l oop  s t r u c t u r e s  can  be n e s t e d .  

T h e s e  s t r u c t u r e d  c o n d i t i o n a l s  u s e  t h e  ' B R '  i n s t r u c t i o n s ,  

a n d  g i v e  a n  e r r o r  m e s s a g e  i n  case  of  a t t e m p t  t o  b r a n c h  o u t s i d e  

t h e  a l l o w a b l e  r a n g e  of those  i n s t r u c t i o n s  ( t h i s  s h o u l d n ' t  

happen o f t e n ,  because  FORTH code d e f i n i t i o n s  a r e  c u s t o m a r i l y  

s h o r t ) .  T h e  a s s e m b l e r  c o u l d  be  m o d i f i e d  t o  s u b s t i t u t e  ' J M P , '  

i n  t h a t  case .  

L i n e  1 2  c r e a t e s  a n e w  d a t a  t y p e  ' T E S T V A R I A B L E '  ( i t ' s  t h e  

same a s  ' V A R I A B L E ' ) .  T h e  w o r d  ';CODEw i s  t h e  m a c h i n e - l a n g u a g e  

e q u i v a l e n t  of t h e  p a i r  ' ( B U I L D S  ... D O E S ) ' .  'W', w h i c h  i s  a n o t h e r  

n a m e  f o r  ' R l ' ,  i s  a r e g i s t e r  u s e d  as a t e m p o r a r y  by t h e  s y s t e m .  

When ' T E S T V A R I A B L E '  i s  e x e c u t e d ,  i t  w i l l  g r ab  t h e  n e x t  w o r d  

i n  t h e  i n p u t  s t r e a m ,  a n d  m a k e  a d i c t i o n a r y  e n t r y  f o r  i t  ( t h i s  

i s  done by  'CONSTANT '  ) . ' ; C O D E 1  t h e n  changes  t h a t  d i c t i o n a r y  

e n t r y  so  t h a t  w h e n  t h e  n e w  w o r d  g e t s  e x e c u t e d ,  ' W  S - )  MOV,'  

w i l l  e x e c u t e  ( i n s t e a d  of  t h e  u s u a l  ' code  r o u t i n e '  a s s o c i a t e d  

w i t h  t h e  d a t a  t y p e  CONSTANT.  F u l l  d i s c u s s i o n  of ' ; C O D E 1  i s  

beyond t h e  scope of t h i s  U s e r ' s  G u i d e ,  b u t  f o r  c o m p a r i s o n ,  see  



t h e  d e f i n i t i o n  o f  'VARIABLE' i n  FORTH.MAC. 

The p r e v i o u s  e x a m p l e s  h a v e  u s e d  n u m e r i c  l i t e r a l s  t o  

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

u s e d  j u s t  a s  w e l l ;  t h e  a s s e m b l e r  d o e s n ' t  c a r e  how t h e  a d d r e s s  

g e t s  o n  t h e  s t a c k .  FORTH v a r i a b l e s  c a n  b e  u s e d  a s  l a b e l s ,  

a s  i l l u s t r a t e d  b e l o w .  The l a b e l  m u s t  b e  d e f i n e d  b e f o r e  i t  

i s  u s e d ,  s o  t h e s e  l a b e l s  c a n  o n l y  r e f e r  b a c k w a r d s .  U s u a l l y  

t h i s  i s n ' t  a  p r o b l e m  b e c a u s e  t h e  s t r u c t u r e d  c o n d i t i o n a l s  

t a k e  c a r e  o f  mos t  o f  t h e  b r a n c h i n g ,  and  FORTH c o n s t a n t s ,  

v a r i a b l e s ,  o r  a l l o c a t i o n  a l g o r i t h m s  p n o v i d e  t h e  a d d r e s s e s  

o f  d a t a  a r e a s .  I f  a  n o n - s t r u c t u r e d  f o r w a r d  b r a n c h  w e r e  

r e q u i r e d ,  it w o u l d  h a v e  t o  b e  p a t c h e d .  

The f o l l o w i n g  e x a m p l e  u s e s  v a r i a b l e  ' X X '  a s  a  l a b e l .  

The v a r i a b l e  i s  c r e a t e d  o u t s i d e  o f  a c o d e  d e f i n i t i o n  

( e l s e  t h e  d i c t i o n a r y  e n t r y ,  i n c l u d i n g  t h e  name, would  b e  

i n  t h e  l i n e  of  c o d e ) .  The 'HERE XX ! '  p l a c e s  t h e  c u r r e n t  

d i c t i o n a r y  a d d r e s s  i n t o  ' X X ' ;  i t  g e n e r a t e s  no  c o d e ,  b u t  

i t  s a v e s  t h e  a d d r e s s  w h e r e  'TESTSUB', a s u b r o u t i n e ,  b e g i n s .  

The s u b r o u t i n e  moves ' 3 3 3 '  t o  t h e  s t a c k  ( s o  we c a n  c h e c k  

t h a t  =t w o r k e d ) ,  t h e n  i t  d o e s  'PC RTS, '  No ' N E X T , '  i s  n e e d e d ,  

b e c a u s e  t h i s  s u b r o u t i n e  r e t u r n s  t h r o u g h  t h e  RTS i n s t r u c t i o n  

i n s t e a d  o f  c o n t i n u i n g  w i t h  FORTH e x e c u t i o n .  

'TESTCALL' u s e s  ' X X  @ '  t o  g e t  t h e  a d d r e s s  f o r  t h e  'JSR,'. 

A n l m b e r ,  FORTH c o n s t a n t ,  o r  compu ted  a d d r e s s  wou ld  h a v e  

b e e n  e q u i v a l e n t .  



0 VARIABLE XX 
OK 

CODE TESTSUB HERE XX ! 333 # S -) MOV, PC RTS, C;  
OK 

CODE TESTCALL PC XX @ J S R ,  NEXT, C; 
OK 

TESTCALL . 
219 OK 
219 OCTAL . 
333 OK 
DECIMAL 
OK 

Note  - Many FORTH s y s t e m s  o n l y  remember t h e  f i r s t  

t h r e e  c h a r a c t e r s  and  t h e  l e n g t h  o f  o p e r a t i o n  names;  t h e r e f o r e  

'TEST1' a n d  'TESTZ' u s e d  i n  t h e  above  e x a m p l e s  would  n o t  b e  

d i s t i n g u i s h e d ,  s o  t h i s  naming scheme c o u l d  n o t  b e  u s e d .  T h i s  

a n d  t h e  o t h e r  F o r t h  I n t e r e s t  Group s y s t e m s  d i s t i n g u i s h  t h e  

f u l l  name, up  t o  3 1  c h a r a c t e r s .  Long names t a k e  more memory 

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

name i s  o n l y  remembered o n c e  (when d e f i n e d ) ,  r e g a r d l e s s  o f  

how o f t e n  i t  i s  u s e d .  

T h i s  s y s t e m  d o e s  p e r m i t  t h e  u s e r  t o  c u t  o f f  names a t  

t h r e e  c h a r a c t e r s  o r  some o t h e r  maximum l e n g t h  i f  d e s i r e d ,  

by c h a n g i n g  t h e  v a l u e  o f  t h e  s y s t e m - d e f i n e d  v a r i a b l e  'WIDTH', 

wh ich  i s  n o r m a l l y  31.  T h i s  f e a t u r e  i s  u s e f u l  i f  memory i s  

v e r y  t i g h t ,  o r  t o  c h e c k  t h a t  p r o g r a m s  w i l l  r u n  on  o t h e r  FORTH 

s y s t e m s  which  do  n o t  remember t h e  f u l l  names. 



V I .  S t r i n g s  

The "Sample  S e s s i o n "  c h a p t e r  i n c l u d e s  e x a m p l e s  o f  u s e  

o f  t h e  s t r i n g  p a c k a g e .  T h i s  c h a p t e r  g i v e s  an  o v e r v i e w  and  

a  g l o s s a r y  o f  t h e  s t r i n g  o p e r a t i o n s  a v a i l a b l e .  

S t r i n g s  a r e  k e p t  on  a  s e p a r a t e  s t r i n q  s t a c k ,  o r  i n  

s t r i n g  v a r i a b l e s  i n  memory. I n  e i t h e r  c a s e ,  t h e  s t r i n g  i s  

r e p r e s e n t e d  a s  a  l e n g t h  w o r d ,  f o l l o w e d  by  t h e  s t r i n g  o f  

c h a r a c t e r s .  The l e n g t h  word  i s  o n  a word  b o u n d a r y ,  a n d  

i f  t h e  number o f  c h a r a c t e r s  i s  o d d ,  a n  e x t r a  b y t e  i s  l e f i t c .  

The u s u a l  F o r t h  c o n v e n t i , o n  i s  t h a t  o p e r a t i o n s  s h o u l d  

d e s t r o y  t h e i r  a r g u m e n t s  o n  t h e  s t a c k .  Some o f  t h e  s t r i n g  

o p e r a t i o n s ,  howeve r  ('$LEN1, '$SEG1 f o r  e x a m p l e )  d o  n o t  

d e s t r o y  t h e i r  s t r i n g - s t a c k  a r g u m e n t s ;  o t h e r s  ( e . g .  I$.') 

d o .  

I n  t h i s  a s  i n  m o s t  F o r t h  s y s t e m s ,  t h e  d i c t i o n a r y  

grows  upward i n  memory, w h i l e  t h e  s t a c k  ( d a t a  s t a c k )  g rows  

downward. I n  t h i s  s y s t e m ,  t h e  s t r i n g  s t a c k  i s  l o c a t e d  on  

a  " p l a t f o r m "  o v e r  t h e  d a t a  s t a c k ;  i t  a l s o  g rows  down t o w a r d  

t h e  d i c t i o n a r y .  The f o l l o w i n g  d i a g r a m  shows a  s i m p l i f i e d  

memory map: 



1 / 0  BUFFERS 

STRING STACK 

DICTIONARY 

300 BYTES ( M A Y  
BE C H A N G E D  B Y  USER) 

T h i s  l a y o u t  was c h o s e n  b e c a u s e  i n  p r a c t i c e  v e r y  few 

F o r t h  p r o g r a m s ,  e v e n  t h e  l a r g e s t ,  e v e r  u s e  a  s t a c k  d e p t h  

o f  o v e r  50 words  ( r e c u r s i v e  p r o g r a m s  a r e  an  e x c e p t i o n  o f  

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

150 words  (300  b y t e s )  i n  t h e  d a t a  s t a c k ,  b e f o r e  t h e  s t r i n g  

s t a c k  b e g i n s .  The u s e r  c a n  i n c r e a s e  t h i s  s i z e  by c h a n g i n g  

t h e  number ' 3 0 0 '  i n  t h e  d e f i n i t i o n  o f  'STACKSIZE' ( s c r e e n  

19 l i n e  # 2 ) ;  no r e a s s e m b l y  o f  FORTH.MAC i s  r e q u i r e d .  And 

a  p r o g r a m  c o u l d  u s e  o v e r  150 words  o f  s t a c k  w i t h o u t  i n c r e a s i n g  

'STACKSIZE', a s  l o n g  a s  i t  d i d  n o t  u s e  s t r i n g s  a t  t h e  same 

t i m e  a s  t h e  s t a c k  d e p t h  w a s  o v e r  1 5 0 .  

35. 



T h i s  a r r a n g e m e n t  a l l o w s  t h e  s t r i n g  s t a c k  t o  u s e  a l m o s t  

a l l  o f  a v a i l a b l e  memory if r e q u i r e d ;  a n d  y e t  when i t  i s n ' t  

u s e d ,  it d o e s n ' t  t a k e  any memory. 

T h e s e  a r e  t h e  s t r i n g  o p e r a t i o n s  o f  mos t  i n t e r e s t  t o  

t h e  u s e r :  

I n t r o d u c e  a  s t r i n g  l i t e r a l .  T h e  q u o t e  mus t  
b e  f o l l o w e d  b y  a  b l a n k ,  t h e n  b y  t h e  s t r i n g ,  
f o l l o w e d  by  a  t e r m i n a t i n g  q u o t e .  The s t r i n g  
l i t e r a l  m u s t  a l l  b e  on t h e  same l i n e .  T h i s  
o p e r a t i o n  c a n n o t  b e  u s e d  t o  e n t e r  a  n u l l  
s t r i n g .  

I f  e x e c u t i n g ,  t h e  s t r i n g  l i t e r a l  i s  
i m m e d i a t e l y  p l a c e d  o n  t h e  s t r i n g  s t a c k .  I f  
c o m p i l i n g ,  i t  i s  i n c l u d e d  i n  t h e  d i c t i o n a r y  
d e f i n i t i o n ,  a n d  p l a c e d  on  t h e  s t r i n g  s t a c k  
when t h a t  : p a r t  o f  t h e  d e f i n i t i o n  i s  e x e c u t e d .  
T h i s  i s  a n a l o g o u s  t o  t h e  h a n d l i n g  o f  n u m e r i c  
l i t e r a l s  ( o r d i n a r y  numbers )  i n  F o r t h .  

P r i n t  t h e  t o p  s t r i n g  on  t h e  s t r i n g  s t a c k ,  
a n d  d e s t r o y  i t .  

D u p l i c a t e  t h e  t o p  s t r i n g .  

Drop s t r i n g .  

Swap s t r i n g s .  

Over - copy s e c o n d  s t r i n g  i n t o  s t r i n g  s t a c k .  

F e t c h  t h e  s t r i n g  f r o m  memory ( a d d r e s s  o n  
d a t a  s t a c k )  a n d  p u t  i t  o n  t h e  s t r i n g  s t a c k .  
T h i s  s t r i n g  i n  memory m u s t  s t a r t  w i t h  a 
l e n g t h  word .  

S t o r e  f r o m  t h e  s t r i n g  s t a c k  i n t o  memory. 

L i k e  I $ @ ' ,  b u t  t a k e s  o n l y  t h e  s t r i n g  o f  
c h a r a c t e r s  f r o m  memory, n o t  t h e  l e n g t h  word .  
T h i s  o p e r a t i o n  t a k e s  two a r g u m e n t s  o n  t h e  
d a t a  s t a c k ,  t h e  c o u n t  (number  of c h a r a c t e r s )  
on  t o p ,  a n d  t h e  memory a d d r e s s  w h e r e  t h e  t e x t  
s t r i n g  b e g i n s .  N o t e  t h a t  t h e s e  a re  t h e  same 
a r g u m e n t s  e x p e c t e d  b y  t h e  F o r t h  word  'TYPE'.  



C r e a t e s  a  s t r i n g  v a r i a b l e  o f  t h e  g i v e n  l e n g t h ;  
e . g .  ' 8 0  $DIM X '  c r e a t e s  t h e  F o r t h  word  'X' 
w h i c h ,  when e x e c u t e d ,  r e t u r n s  t h e  a d d r e s s  o f  
a n  a r e a  f o r  an  8 0 - c h a r a c t e r  s t r i n g .  The  s t r i n g  
v a r i a b l e  i s  n o t  i n i t i a l i z e d .  T h i s  i m p l e m e n t a t i o n  
d o e s  n o t  s t o r e  t h e  l e n g t h  i n  t h e  a r e a ,  s o  
o p e r a t i o n s  w h i c h  move s t r i n g s  t h e r e  c a n n o t  
a u t o m a t i c a l l y  g u a r t l  a g a i n s t  t o o  l o n g  a s t r i n g  
b e i n g  moved i n  ( w h i c h  w o u l d  u s u a l l y  c r a s h  
F o r t h )  . 

$VARIABLE Does  '$DIM'  f o r  t h e  s t r i n g  o n  t o p  o f  t h e  s t r i n g  
s t a c k ,  a n d  i n i t i a l i z e s .  I t  d r o p s  t h e  s t r i n g  
f r o m  t h e  s t a c k .  

R e t u r n s  l e n g t h  o f  t o p  s t r i n g  - d o e s n ' t  d r o p  
i t .  

$SECOND R e t u r n s  a d d r e s s  o f  l e n g t h  w o r d  o f  s e c o n d  s t r i n g .  

S e g m e n t .  T a k e s  b e g i n n i n g  a n d  e n d i n g  i n d e x  o f  
t h e  s e g m e n t  ( l - o r i g i n )  a s  a r g u m e n t s .  Does  
n o t  d e s t r o y  i t s  s t r i n g  a r g u m e n t .  R e t u r n s  
t h e  s e g m e n t  s t r i n g  t o  t h e  s t r i n g  s t a c k .  

C r e a t e s  s t r i n g  f r o m  t h e  n u m e r i c a l  v a l u e  o n  
t h e  d a t a  s t a c k .  

Conve i - t s  t o p  s t r i n g  t o  i t s  n u m e r i c a l  v a l u e .  
( N o t e  - t h i s  i m p l e m e n t a t i o n  a c c e p t s  p o s i t i v e  
n u m b e r s  o n l y ,  a n d  n o  l e a d i n g  b l a n k s . )  S t o p s  
c o n v e r s i o n  a t  f i r s t  n o n - d i g i t .  D r o p s  s t r i n g .  

Compare s  t o p  two s t r i n g s  ( a n d  d r o p s  t h e m ) .  
R e t u r n s  b o o l e a n  T r u e  i f  s e c o n d  s t r i n g  i s  l e s s ,  
F a l s e  o t h e r w i s e .  

Same,  f o r  e q u a l .  

Same,  f o r  g r e a t e r .  

C o n c a t e n a t e  t o p  two s t r i n g s .  

E n t e r  a  n u l l  s t r i n g  o n  t h e  s t r i n g  s t a c k .  

C l e a r  t h e  s t r i n g  s t a c k .  

Two e n h a n c e m e n t s  w h i c h  d i d n ' t  make t h i s  r e l e a s e  i n  t i m e  

a r e  a g e n e r a l i z e d  '$VAL' ( a l l o w i n g  m i n u s  s i g n s  a n d / o r  l e a d i n g  



b l a n k s )  and  a  s t r i n g  s e a r c h  o p e r a t i o n .  (The  l a t t e r  s h o u l d -  

p r o b a b l y  be  w r i t t e n  t o  al . low a c o d e  o p t i o n  - e . g .  w r i t t e n  

t o  u s e  a n  o p e r a t i o n  w h i c h  m i g h t  b e  c a l l e d  'CCOMP', l i k e  

' C M O V E ' ,  o n l y  compare  i n s t e a d  o f  move. Then 'CCOMP' c o u l d  

b e  a v a i l a b l e  i n  h i g h e r - l e v e l  F o r t h  f o r  t r a n s p o r t a b i l i t y ,  

a n d  e a s i l y  w r i t t e n  i n  c o d e  f o r  v a r i o u s  c o m p u t e r s ,  f o r  s p e e d . )  

These  e n h a n c e m e n t s  when made w i l l  n o t  a f f e c t  a n y  p r o g r a m s  

wh ich  a r e  a l r e a d y  r u n n i n g  o n  t h i s  s y s t e m  . 
The s t r i n g  p a c k a g e  c u r r e n t l y  t a k e s  l e s s  t h a n  1200 

b y t e s  o f  o b j e c t  c o d e .  



V I I .  O p e r a t i n g  Sys tem C a l l s  

A. RT-11 

S c r e e n  2 8  shows a n  RT-11 s y s t e m  c a l l  t o  g e t  t h e  d a t e .  

The F o r t h  a s s e m b l e r  se ts  up t h e  same EMT ( w i t h  i t s  a rgument  

i n  RO) a s  t h e  '.DATEg macro would i n  Macro-11. ( N a t u r a l l y ,  

' . D A T E '  i s  n o t  u s e d  h e r e . )  

SCR # 28 
0 ( RT-11 SYSTEM-CALL EXAMPLE - DATE) 
1 CODE DATE 12 400 * # R0 MOV, 374 EMT, R0 S 0 )  MOV, NEXT, C; 
2 : YEAR ( -> N ) DATE 31 AND 72 + ; 
3 : DAY ( -> N ) DATE 32 / 31  AND ; 
4 : MONTH ( -> N )  DATE 1024 / 15 AND ; 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 

A s  d e s c r i b e d  i n  t h e  '.DATE1 d o c u m e n t a t i o n  i n  R T - 1 1  

Advanced P r o g r a m m e r ' s  Guicie, RO mus t  h a v e  o c t a l  1 2  i n  t h e  

h i g h - o r d e r  b y t e ,  z e r o  i n  t h e  l o w - o r d e r ,  when EMT 374  i s  

e x e c u t e d .  The F o r t h  a s s e m b l e r  c o d e  ' 1 2  400 * # RO M O V , '  

c o u l d  have b e e n  w r i t t e n  ' 6 0 0 0  # RO M O V , ' ,  b u t  t h e  f o r m e r  

i s  more  e x p l a n a t o r y ,  a n d  t h e  e x t r a  m u l t i p l i c a t i o n  i s  o n l y  

a t  a s s e m b l y  t i m e .  The c a l l  r e t u r n s  t h e  d a t e  i n  R O ;  t h e  

r i g h t - m o s t  5 b i t s  a r e  f o r  y e a r  ( t h e  y e a r  minus  7 2 1 ,  n e x t  

5 b i t s  f o r  d a y ,  and  n e x t  4 f o r  month .  The 'YEAR', ' D A Y ' ,  

a n d  'MONTH' o p e r a t i o n s  b r e a k  o u t  t h e s e  b i t s ,  and  'YEAR' 



SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 

a d d s  7 2 .  I f  'YEAR' r e t u r n s  7 2 ,  i t  p r o b a b l y  means  t h a t  t h e  

o p e r a t o r  h a s  n o t  e n t e r e d  a d a t e -  

B .  RSX-11M 

The RSX c a l l  f o r  t h e  d a t e  ( a n d  t i m e )  i s  d e s c r i b e d  i n  

t h e  S a m p l e  S e s s i o n  c h a p t e r .  H e r e  t h e  a d d r e s s  o f  a n  8-word 
- 

b u f f e r  t o  r e c e i v e  t h e  i n f o r m a t i o n  i s  p u s h e d  o n t o  t h e  PDP-11 

s t a c k  ( ' S P '  i n  F o r t h  a s s e m b l e r  i s  d i f f e r e n t  f r o m  t h e  F o r t h  

s t a c k  I S ' ) .  Then a  word  c o n t a i n i n g  t h e  c o d e  f o r  t h e  c a l l  

a n d  t h e  s i z e  o f  t h e  b l o c k  o n  t h e  s t a c k  ( 2  w o r d s )  i s  p u s h e d .  

Then  a n  EMT 3 7 7  i s  e x e c u t e d .  S e e  d o c u m e n t a t i o n  o f  'SGTIMS' 

i n  RSX-11M E x e c u t i v e  R e f e r e n c e  M a n u a l .  

# 29 
( RSX-11M SYSTEM-CALL EXAMPLE - DATE) 

DECIMAL 
0 VARIABLE TBUFF 14 ALLOT 
CODE TIME TBUFF P S P  0 )  MOV, 2 400 * 75 + # S P  -) MOV, 

377 EMT, NEXT,  C; 
: YEAR ( -> N ) TIME TBUFF @ ; 
: MONTH ( -> N ) TIME TBUFF 2+ @ ; 
: DAY ( -> N ) TIME TBUFF 4 + @ ; 
: HOUR ( -> N ) TIME TBUFF 6 + @ ; 
: MINUTE ( -> N ) TIME T B U F F  8 + @ ; 
: SECOND ( -> N ) TIME TBUFF 10 + @ ; 
: T I C K  ( -> N ) TIME TBUFF 12 + @ ; 
: TICKS/SECOND ( -> N ) TIME TBUFF 1 4  + @ ; 

E v e n  t h o u g h  t h e  i n f o r m a t i o n  i s  r e t u r n e d  v e r y  d i f f e r e n t l y  

t h a n  i n  RT-11, t h e  e n d  u s e r ,  who sees o n l y  'YEAR', 'MONTH', 

' D A Y ' ,  e t c . ,  u s e s  them i d e n t i c a l l y .  

S c r e e n  30 ( b e l o w )  d e f i n e s  a s y s t e m  c a l l  t o  r e a d  a l i n e  

f r o m  t h e  t e r m i n a l  ( u s i n g  LUN 4 ,  w h i c h  h a s  a l r e a d y  b e e n  



a s s i g n e d  i n  FORTH.MAC).. H e r e  'PUSH' i s  d e f i n e d  t o  a v o i d  

r e p e t i t i v e  w r i t i n g  w h i l e  p u s h i n g  t h e  r e q u i r e d  12 words  

o n t o  t h e  s t a c k ;  n o t e  t h e  e x c u r s i o n  i n t o  t h e  ASSEMBLER 

v o c a b u l a r y ,  n e c e s s a r y  s i n c e  ' S P ' ,  e t c .  a r e  h e r e  b e i n g  

u s e d  o u t s i d e  o f  a  ' C O D E '  d e f i n i t i o n  ( ' C O D E 8  a u t o m a t i c a l l y  

s e t s  t h e  ASSEMBLER v o c a b u l a r y ) .  A n  80 -by t e  b u f f e r  and 

an 1 / 0  s t a t u s  b l o c k  a r e  c r e a t e d ;  t h e r e  a r e  more g r a c e f u l  

ways t o  c r e a t e  s u c h  b u f f e r s ,  b u t  u s i n g  'ALLOT8 t o  e x t e n d  

t h e  two b y t e s  a l r e a d y  a v a i l a b l e  i n  t h e  v a r i a b l e  w i l l  do. 

I f  r e - e n t r a n c y  we re  d e s i r e d ,  t h e s e  b u f f e r s  c o u l d  be  a s s i g n e d  

e l s e w h e r e  i n  memory. 

SCR # 30 
0 ( RSX-11M SYSTEM-CALL EXAMPLE - TERMINAL I/O) 

' 
.A 

2 : PUSH ASSEMBLER SP -) MOV, FORTH ; 
3 0 VARIABLE INBUF 78 ALLOT 
4 0 VARIABLE IOSTAT 2 ALLOT 
5 CODE INPUT 0 # PUSH 0 # PUSH 0 # PUSH 0 # PUSH 
6 120 # PUSH INBUF # PUSH 0 # PUSH IOSTAT # PUSH 
7 4 # PUSH 4 # PUSH 10400 # PUSH 6003 # PUSH 
8 377 EMT, NEXT, C; 
9 
10 
11 
12 
13 
14 
15 

F o r t h  can  crea te  FDB's,  e t c .  f o r  t h e  1 / 0  c a l l s .  And 

F o r t h ' s  i n t e r a c t i v e  a c c e s s  makes l e a r n i n g  and u s i n g  t h e  

s y s t e m  c a l l s  f a s t e r  a n d  more p l e a s a n t ,  a s  new t e s t s  can 

b e  r u n  i m m e d i a t e l y ,  a n d  F o r t h  e l i m i n a t e s  t h e  need  f o r  

u s i n g  a  s e p a r a t e  d e b u g g e r  t o  s e e  e r r o r  r e t u r n s ,  e t c .  

41. 



VIII. L i n k a g e  t o  O t h e r  Languages  ( R S X )  

F o r t h  o p e r a t i o n s  c a n  c a l l  s u b r o u t i n e s  w r i t t e n  i n  

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

i n  t h i s  s y s t e m  ( e . g .  f l o a t i n g  p o i n t ) ,  and  more i m p o r t a n t l y  

a l l o w i n g  u s e  o f  p r e v i o u s l y  w r i t t e n  p a c k a g e s ,  e . g .  f o r  

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

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

b e h a v e  l i k e  any  o t h e r  F o r t h  o p e r a t i o n s ,  a l l o w i n g  i n t e r a c t i v e  

a c c e s s  t o  p a c k a g e s  n o t  n o r m a l l y  u s e d  i n t e r a c t i v e l y .  

T h i s  c h a p t e r  i s  f o r  s y s t e m s  p rogrammers  who a r e  s e t t i n g  

up  t h e  l i n k a g e  o p e r a t i o n s .  A p p l i c a t i o n  p rogrammers  w h o  

u s e  t h e  o p e r a t i o n s  d o n ' t  n e e d  t o  know t h e s e  d e t a i l s .  

A t  t h e  t i m e  o f  t h i s  r e l e a s e ,  u s e  o f  t h i s  l i n k a g e  

h a s  o n l y  b e g u n ,  a n d  it h a s  o n l y  b e e n  t e s t e d  u n d e r  RSX-11M. 

(RT-11 s h o u l d  b e  s i m i l a r ,  a s  t h e  s u b r o u t i n e  l i n k a g e  conven-  

t i o n s  a r e  t h e  s a m e . )  The example  p r e s e n t e d  u s e s  a  F o r t r a n  

s u b r o u t i n e  f o r  w r i t i n g  RSX-compat ib le  s e q u e n t i a l  f i l e s  

f r o m  F o r t h .  Any l a n g u a g e  which  c a n  b e  c a l l e d  f r o m  a s s e m b l y  

s h o u l d  b e  c a l l a b l e  f r o m  F o r t h .  

The RSX-11M ( a l s o  RT-11) l i n k a g e  c o n v e n t i o n s  a r e  

e x p l a i n e d  i n  IAS/RSX F o r t r a n  U s e r ' s  G u i d e ,  S e c t i o n  2 . 4 ;  

most  o t h e r  PDP-11 o p e r a t i n g  s y s t e m s  a l s o  u s e  t h e  same.  

B r i e f l y ,  t h e  c a l l i n g  p r o g r a m  p o i n t s  R5 t o  a  word i n  memory 

which  c o n t a i n s  t h e  number o f  a r g u m e n t s  b e i n g  p a s s e d .  T h a t  

word i s  f o l l o w e d  by t h e  a d d r e s s e s  o f  t h e  a r g u m e n t s .  Then 



SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
OK 

the calling program jumps to the entry point of the subroutine, 

using a JSR. 

Forth could set up this calling sequence in various 

ways; we chose to create the argument list dynamically on 

the Forth stack. This implementation uses R5 as the Forth 

stack pointer. PDP-11 stacks grow down; so the Forth calling 

primitive 'ACALL' pushes the arguments onto the Forth stack in 

reverse order, then pushes the number of arguments, copies 

the Forth stack pointer into R5 (unnecessary in this implemen- 

tation) making R5 point to the argument list, which has been 

created on the stack, and then does the JSR. After the call, 

'ACALL' cleans up the stack by dropping the argument list. 

Also, 'ACALL' saves and restores R3, R4, and R5, which are 

important to Forth and might not be restored by the subroutine. 

Naturally the end user doesn't have to worry about these details. 

Screen 26 defines the 'ACALL' primitive. It accepts 

the argument addresses (in reverse order), the number of 

'arguments, and the entry point address: 

# 26 
( FORTRAN LINKAGE, RSX) 
CODE ACALL ( ARGS... N ADDR -> . CALL FORTRAN, ETC.) 

S ) +  R2 MOV, ( SAVE ENTRY ADDRESS IN REGISTER) 
R3 RP -) MOV, R4 RP -) MOV, R5 RP - )  MOV, ( SAVE R3,R4,R5) 
S R5 MOV, ( THE STACK WILL BE THE ARG. LIST) 
PC R2 ( )  JSR, ( LINK THROUGH R2) 
RP ) +  R5 MOV, RP ) +  R4 MOV, RP ) +  R3 MOV, ( RESTR R3,R4,R5) 
S ) +  R2 MOV, R2 R2 ADD, R2 S ADD, ( DROP THE ARGS) 
NEXT, C; 

( THIS IS AN EXAMPLE - WRITE LINES ON AN RSX FILE) 
0 VARIABLE NFORT 
: FILECALL 2 VLINK @ ACALL j 
: OPEN 1 NFORT ! B NFORT FILECALL ; 
: CLOSE 3 NFORT ! B NFORT FILECALL ; 
: WRITE ( ADDR &>, WRITE A LINE) 2 NFORT ! NFORT FILECALL ; 



S c r e e n  2 6  a l s o  c o n t a . i n s  a  s i m p l e  example  o f  a  c a l l  

t o  a  F o r t r a n  s u b r o u t i n e  wh ich  c a n  o p e n ,  c l o s e ,  o r  w r i t e  

a  f i l e .  The s u b r o u t i n e ,  r e p r o d u c e d  b e l o w ,  t a k e s  two a r g u m e n t s ;  

a  p a r a m e t e r  ( ' l ' ,  ' 2 ' r  o r  ' 3 ' )  t e l l i n g  w h e t h e r  t o  o p e n ,  

w r i t e ,  o r  c l o s e ,  a n d  t h e  a d d r e s s  w h e r e  w r i t i n g  b e g i n s .  

N a t u r a l l y  t h e  end  u s e r  of  t h e  f i l e  r o u t i n e s  w o n ' t  need  t o  

b e  b o t h e r e d  w i t h  t h e  a r b i t r a r y  p a r a m e t e r  v a l u e s .  I n  t h i s  

e x a m p l e ,  t h e  number o f  c h a r a c t e r s  p e r  l i n e  ( 8 0 )  i s  f i x e d  

i n  t h e  F o r t r a n  s u b r o u t i n e ;  F o r t h  m u s t  s e t  up  a  l i n e  o f  t h i s  

l e n g t h .  

The end  u s e r  n e e d  o n l y  s e e  t h e  o p e r a t i o n s  'OPEN', 

'CLOSE', and  'WRITE'. 'WRITE' t a k e s  one  a r g u m e n t ,  t h e  

memory a d d r e s s  t o  s t a r t  w r i t i n g  f r o m ;  'OPEN' a n d  'CLOSE' 

t a k e  n o  a r g u m e n t s .  ( A  ' R E A D '  o p e r a t i o n  c o u l d  h a v e  b e e n  

a d d e d  o f  c o u r s e . )  

'FILECALL' s i m p l y  s u p p l i e s  t h e  number o f  a r g u m e n t s  

which w i l l  be r e c e i v e d  by t h e  F o r t r a n  ( 2  aagumenbs )> ,  and  t h e  

e n t r y - p o i n t  a d d r e s s  ( 'LINKAGE @ '  , e x p l a i n e d  b e l o w )  , a n d  

t h e n  p e r f o r m s  t h e  'ACALL'. The v a r i a b l e  'NFORT' i s  u s e d  

b e c a u s e  t h e  a r g u m e n t  l i s t  s e n t  t o  F o r t r a n  mus t  c o n t a i n  

a d d r e s s e s  o f  t h e  a r g u m e n t s ,  n o t  t h e  a c t u a l  v a l u e s ;  ' O P E N ' ,  

'CLOSE', and ' W R I T E '  s t u f f  t h e  p r o p e r  v a l u e  i n t o  ' N F O R T ' ,  

a n d  t h e n  p r o v i d e  i t s  a d d r e s s  t o  'FILECALL'. 'OPEN' and  

'CLOSE' s u p p l y  a  dummy huffier a d d r e s s ,  ' 0 ' ;  ' W R I T E '  s u p p l i e s  

t h e  a d d r e s s  wh ich  was g i v e n  t o  it on t h e  s t a c k .  



L i n k i n g  t h e  R o u t i n e s  

B e f o r e  t h e  c a l l s  c a n  b e  e x e c u t e d ,  t h e  F o r t r a n  ( o r  o t h e r  

l a n g u a g e )  r o u t i n e  m u s t  b e  l i n k e d  w i t h  F o r t h  i n t o  a  t a s k  

image.  T h i s  l i n k i n g  i s  n e e d e d  o n l y  when t h e  s u b r o u t i n e s  a r e  

changed  o r  a d d e d  t o ;  p rogram d e v e l o p m e n t  w i t h i n  F o r t h  i s  s t i l l  

i m m e d i a t e ,  w i t h o u t  need  t o  ~ k a i t  f o r  a l i n k  s t e p ,  and t h e  u s e  

o f  F o r t r a n ,  e t c .  i s  n o r m a l l y  t r a n s p a r e n t  t o  t h e  a p p l i c a t i o n s  

F o r t h  p rogrammer ,  o n c e  t h e  l i n k a g e  o p e r a t i o n s  have  b e e n  

w r i t t e n .  

To a v o i d  r e a s s e m b l y  o f  FORTH.MAC e v e r y  t i m e  a d i f f e r e n t  

s e t  o f  s u b r o u t i n e s  i s  l i n k e d ,  FORTH.MAC l i n k s  i n d i r e c t l y  

t h r o u g h  a . s i n g l e  g l o b a l  symbol ,  VLINK. VLINK i s  t h e  a d d r e s s  

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

The F o r t h  o p e r a t i o n  'VLINK' r e t u r n s  t h e  a d d r e s s  o f  t h i s  v e c t o r .  

T h e r e f o r e  'VLINK @ '  g e t s  t h e  a d d r e s s  o f  t h e  f i r s t  e n t r y  p o i n t ,  

' V L I N K  2 + @ '  g e t s  t h e  s e c o n d  s u b r o u t i n e ' s  e n t r y  a d d r e s s ,  e t c .  

The F o r t h  o p e r a t i o n  'VLINK' d o e s  n o t  e x i s t  when t h e  'LINKS' 

symbol  i n  FORTH.MAC i s  commented o u t .  

A t  l e a s t  u n d e r  RSX-11M, a  s p e c i a l  F o r t h  o b j e c t  p rogram 

mus t  b e  a s s e m b l e d  i f  any  l i n k a g e  i s  t o  b e  u s e d .  T h i s  i s  b e c a u s e  

F o r t h  n o r m a l l y  u s e s  a  g l o b a l  symbol  t o  l i n k  t o  t h e  s u b r o u t i n e ( s ) ,  

a n d  if t h e r e  w e r e n ' t  a n y  r o u t i n e s ,  a  c o n f u s i n g  w a r n i n g  message  

would  b e  p r o d u c e d  by t h e  l i n k e r .  A l s o ,  F o r t r a n  1 / 0  h a s  

d i f f i c u l t y  when c a l l e d  f rom a  Macro-11 main p rogram.  So when 

F o r t r a n  1/0 i s  to b e  u s e d ,  a dummy F o r t r a n  main  p rogram c a l l s  



F o r t h ,  which  n e v e r  r e t u r n s  t o  t h e  dummy. ( T h i s  dummy program 

c a . l l s  'GFORTH', a g l o b a l  symbol  d e f i n e d  a t  t h e  FORTH-MAC e n t r y  

p o i n t . )  Then F o r t h , c a n  c a l l  t h e  F o r t r a n  1 / 0  s u b r o u t i n e s  a s  

n e e d e d .  T h i s  p r o c e d u r e  r e q u i r e s  a change  t o  FORTH.MAC so  t h a t  

a n  o b j e c t  p rogram i s  a s s e m b l e d  w i t h  no e n t r y  a d d r e s s .  

To make t h e s e  c h a n g e s  t o  FORTH.MAC, (1) remove t h e  

s e m i c o l o n  which comments o u t  t h e  d e f i n i t i o n  o f  t h e  'LINKS' 

symbol n e a r  t h e  b e g i n n i n g  06 FORTH-MAC, ( 2 )  c h a n g e  t h e  l a s t  

l i n e  o f  FORTH.MAC, f rom ' . E N D  O R I G I N '  t o  ' . E N D t ,  and 

( 3 )  a s s e m b l e  t o  g e t  a  FORTH-OBJ s u i t a b l e  f o r  l i n k i n g .  

The dummy F o r t r a n  p rogram i s  

CALL 
END 

GFORTH 

a n d  t h e  l i n k  v e c t o r  module i s  

VLINK:: .WORD OUT . END 

I n  t h i s  e x a m p l e ,  w e  a r e  l i n k i n g  t o  o n l y  o n e  F o r t r a n  s u b r o u t i n e ,  

named 'OUT'. T h i s  s u b r o u t i n e  i s  

SUBROUTINE OUT (N, L) 
OUTPUT RSX-COMPATIBLE FILES FROM FORTH 
DIMENSION L(40) 
IF(N .NE. 1) GOT0 2 
CALL ASSIGN (l,'OUT.DAT1) 
RETURN 
IF(N ,NE, 2) GOT0 3 
WRITE (1,101) L 
FORMAT(' ' ,40A2) 
RETURN 
I F ( N  ,NE. 3) GOT0 4 
CALL CLOSE (1) 
RETURN 
WRITE (4,102) N 
FORMAT(' ERROR, BAD ARG TO FORTRAN SUBRQUTINE', 17) 
RETURN 
END 



The following session'uses TECO to edit FORTH-MAC for 

RSX assembly and to allow linkage, assembles the new FORTH.MAC 

and the link vector module VLINK-MAC, and compiles the Fortran 

dummy main program DUMMY.FT:N and the Fortran OUT-FTN. Then 

it links these modules, runs Forth, loads the assembler, etc. 

and loads the linkage example in Screen 26: 

>TEC FORTH. MAC 
*-^^EV$$ 
^.TITLE F.I.G. 
*S;R$$ 
;RnSX11=1 
*-L$$ 
^RT11=1 
*I;$$ 
; ̂RT11=1 
*LSS 
^; RSX11=1 
*D$$ 
^RSXll=l 
*2LSS 
^ ; LINKS=l 
*D$$ 
^LINKS=l 
*NHIMEM:$$ 
HIMEM: ̂  

*2LSS - .END . END 

; COMMENTED OUT UNLESS RSXllM 

; COMMENTED OUT UNLESS RT-11 

; COMMENTED OUT UNLESS RT-11 

; COMMENTED OUT UNLESS RSXllM 

; COMMENTED OUT UNLESS RSXllM 

; COMMENTED OUT UNLESS SUBROUTINE LINKAGE FROM 

; COMMENTED OUT UNLESS SUBROUTINE LINKAGE FROM 

ORIGIN 

>MAC FORTH=FORTH 
>MAC VtINKzVLINK 
>FOR DUMMY-DUMMY 
>FOR OUT=OUT 
>FTB FORTH=DUMMY,FORTH,VLINK,OUT 
>RUN FORTH 
FIG-FORTH V 2.0 
1 LOAD 
BYE ISN'T UNIQUE 
LOADING EDITOR... R ISN'T UNIQUE I ISN'T UNIQUE 
LOADING ASSEMBLER... R0 ISN'T UNIQUE # ISN'T UNIQUE 
LOADING STRING PACKAGE.. . 
OK 
26 LOAD 
OK 



Now we c a n  u s e  'OPEN',  'WRITE', and  'CLOSE' t o  d e f i n e  a n  

o p e r a t i o n  ' F L I S T ' ,  w h i c h  l i s t s  a  F o r t h  s c r e e n  t o  a n  RSX-compa t ib l e  

f i l e  (named 0UT.DAT - s e e  t h e  F o r t r a n  l i s t i n g  a b o v e ) .  

: I O B U F  < B U I L D S  ALLOT D O E S >  ; 
OK 

80  I O B U F  OUTBUF 
OK 
: F L I S T  ( 3CREEN -> ) OUTBUF 8 0  BLANKS OUTBUF W R I T E  ( BLANK L I N E )  

16  0 DO DUP BLOCK I 6 4  * + OUTBUF 6 4  CMOVE OUTBUF W R I T E  LOOP DROP ; 
OK 
: O U T 3 0  OPEN 3 1  1 DO I F L I S T  LOOP C L O S E  ; 

OK 
O U T 3 0  

OK 

Now t h e  RSX f i l e  0UT.DAT c o n t a i n s  F o r t h  s c r e e n s  1 - 3 0 .  

The o p e r a t i o n  'OUT30' w r i t e s  t h e  s c r e e n s .  I n c i d e n t l y  

t h e  d a t a  t y p e  d e f i n e d  b y  '1:OBUF' may a l s o  b e  u s e f u l  e l s e w h e r e .  

'IOBUF' c r e a t e s  a  b u f f e r  i n  t h e  d i c t i o n a r y ,  b u t  i t  c o u l d  

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

w h e r e v e r  d e s i r e d  i n  memory., 

I n  c a s e  o f  a  t r a p  e r r o r  i n  F o r t r a n ,  RSX c a n n o t  r e t u r n  

c o n t r o l  t o  F o r t h ,  s o  t h e  j o b  i s  a b o r t e d .  I n  t h a t  c a s e ,  t h e  

f i l e  FORTH-DAT w i l l  p r o b a b l y  n e e d  t o  b e  u n l o c k e d .  

V a r i o u s  s h o r t c u t s  f o r  l i n k i n g  s u b r o u t i n e s  a r e  s o m e t i m e s  

p o s s i b l e ;  F O R T H - M A C  may n o t  n e e d  t o  b e  c h a n g e d  a n d  r e a s s e m b l e d  

f o r  l i n k i n g .  The p r o c e d u r e  d e s c r i b e d  h e r e  i s  f o r  t h e  g e n e r a l  

c a s e .  



I X .   ring-Up O p t i o n s  

F o u r  p a g e s  o f  t h e  p r o g r a m  l i s t i n g  ( r e p r o d u c e d  b e l o w )  

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

o f  FORTH-MAC. T h e s e  o p t i o n s  c o n t r o l :  

( a )  S t a n d - a l o n e ,  RT-11, o r  RSX-11M a s s e m b l y .  

(b) Whether  t o  u s e  t h e  E IS  i n s t r u c t i o n s  ( h a r d w a r e  

m u l t i p l y / d i v i d e ,  e t c . )  

( c )  Whethe r  t o  p r o d u c e  a n  o b j e c t  module  f o r  l i n k i n g  

t o  s u b r o u t i n e s  i n  o t h e r  languages ( s e e  C h a p t e r  V I I I ) .  

F O R T H - M A C  as d i s t r i b u t e d  i s  e d i t e d  f o r  RT-11 a s s e m b l y  

w i t h o u t  E I S  and  w i t h o u t  l i n k a g e .  

I f  you  a r e  u s i n g  a n  o l d  v e r s i o n  o f  RT-11 ( v e r s i o n  2 1 ,  

n o t e  s p e c i a l  i n s t r u c t i o n s .  
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j *t************************************************************** 

I 

i BRINGING UP THE SYSTEM 
I 
I ................................................................ 
i 

i 

i 
i TO RUN STAND-ALONE: 
i - BOOT THE DISKETTE L IKE ANY OTHER SYSTEM DISK* FROM DX0. 
I FORTH SHOULD COME UP AND TYPE IF10 FORTH' AND THE VERSION 
I NUMBER. TEST AS DESCRIBED FOR AT-11 BELOW. 
I - MAKE A COPY OF THE DISKi THIS STAND-ALONE SYSTEM DOES NOT 
i PROTECT AGAINST ACCIDENTALLY OVERWRITINQ THE SYBTEM OR THE 
i SOURCE PROGRAMS. TO MAKE AN EXACT COPY OF THE ENTIRE DI8Ka 
i 1. PUT A BLANK DISK INTO THE SECOND DRIVE (DX1). FOR 
i SAFETY, SET THE WRITE-PROTECT SWITCH ON THE DRIVE 
i WHICH CONTAINS THE ORIGINAL SYSTEM DISK. 
I 2. TYPE '38 LOAD', AND CARRIAGE RETURN. THE SYSTEM SHOULD 
i RESPOND 'OH'. THEN TYPE 'COPY' AND RETURN. EACH OF 
i THE 77 TRACKS WILL BE READ FROM DX0 AND WRITTEN ON DX1. 
I - NOTE THE LAYOUT OF THE DISKETTE. I T  I S  SET UP TO BOOT AND 
I RUN STAND-ALONE, BUT I T  ALSO CONTAINS AN RT-11 DIRECTORY* 
I AND A MACRO-11 SOURCE PROQRAM 'FORTH.MACf (WHICH PRODUCED 
i THIS LISTING). THIS ALLOWS THE SAME DISn TO BE BOOTED 
I AND RUN, OR TO PROVIDE SOURCE FOR MODIFICATION AND RE-ASSEMBLY. 
i AS PROVIDED, THE F I L E  'FORTH.DATf CONTAINS FORTH SCREENS 
I 1-78. YOU CAN USE LOCATIONS BEYOND 701 BUT THESE WILL 
I OVERWRITE THE 'FORTH.MAC' SOURCE PROGRAM. STAND-ALONE USERS 
i MAY NEVER NEED TO USE THIS SOURCE, AND MAY WANT TO REMOVE I T  
i AND USE THE SPACE FOR SOHETHING ELSE. MAKE A COPY FIRST. 
i - STAND-ALONE USERS CAN ADD THEIR OWN OPERATIONS AND THEN 
i SAVE A BOOTABLE IMAGE OF THE NEW SYSTEM. THE NEW OPERATIONS 
i W I L L  BE AVAILABLE WHEN THE DISK IS BOOTED I N  THE FUTURE. 
i THE LOADER WHICH I S  USED WILL ONLY LOAD IMAGES UP TO 7.9Ki  
i THIS LEAVES SEVERAL HUNDRED BYTES FOR NEW OPERATIONSI WHICH 
i CAN INCLUDE EXTENDING THE SYSTEH BY BRINOINO I N  SOURCE OR 
i OBJECT CODE. TO SAVE THE CURRENT SYSTEM, EXECUTE 'FORTH DEFINITIONS' 
i I F  NECESSARY TO OET INTO THE FORTH VOCABULARY, THEN 'DECIMAL 34 LOAD'. 
i SOME WARNINQ MESSAGES WILL BE PRINTED (MSG 1 4 ) )  THEY CAN BE 
i IQNORED. 
i - I F  YOU DO WANT TO RE-ASSEHBLE THE SYSTEM FOR STAND-ALONE 
i USE (WHICH MOST USERS SHOULD NEVER FIND NECESSARY), 
i YOU MUST USE RT-11 TO EDIT AND ASSEMBLE 'FORTH.MACf. NOTE 
I THAT ALTHOUGH THIS LISTING I S  ASSENBLED FOR STAND-ALONE, 
i THE SOURCE PROQRAM SUPPLIED I S  SET FOR RT-11 ASSEMBLYi 
i COMMENT OUT THE ' R T I I '  DEFINITION, AND REMOVE THE CONMENTINO 
i ON 'ALONE'. ASGEMBLE, LINK, AND RUN, AND THE SYSTEM SHOULD 
i COME UP STAND-ALONE. IMMEDIATELY REMOVE THE RT-11 SYSTEM DISK 
I AND PLACE THE FORTH DISK I N  DRIVE ZERO. TO REVISE 
I THE BOOTABLE IMAGE ON THE FORTH DISK SO THAT YOUR NEW SYSTEM 
i BOOTS STAND-ALONE* L I S T  SCREEN 34 (DECIMALIr AND FOLLOW THE 
i INSTRUCTIONS THERE. THE RUN TAKES ABOUT ONE HINUTE. 
i - THE BOOTABLE SYSTEM DOES NOT USE HARDWARE MULTIPLY AND DIVIDE. 
i I F  YOU DON'T HAVE RT-11 TO EDIT AND RECOMPILE WITH 'E IB f  
i CONDITIONAL ASSEMBLY, THE MULTIPLY/DIVIDE ROUTINES CAN BE 
i PATCHED. I F  YOU PATCH FROM THE KEYBOARD MONITOR, THE 
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i RESTART ADDRESS I S  1000 OCTAL ( COLD START) OR 1004 (WARM 
i STARTI. SAVE THE NEW VERSION AS A BOOTABLE SYSTEMI AS 
i DESCRIBED ABOVE. 
i - THE SKEWED DISK 110 OPERATIONS SKIP TRACK ZERO* FOR COMPATIBILITY 
i WITH STANDARD PDP-11 SECTOR SKEWING. THE PHYSICAL READ 
I OPERATIONS ( 'RTS *. 'WTS'I 'NRTS #NUTS ) CAN READ ANY S~CTOR, 
i HOWEVER. 
I - ALSO THE SYSTEM AS DISTRIBUTED SKIPS THE FIRST 56 SECTORS 
i ( 7  SCREENS) I N  ORDER TO SKIP THE BOOT BLOCK AND AN 
i RT-11 DIRECTORY. THIS CAUSES THE SCREEN POSITIONS TO BE THE 
i SAME FOR BTAND-ALONE AND FOR RT-11 (WHICH ACCESSES THE F I L E  
i 'FORTH.DAT'1. YOU CAN CHANOE THIS BY CHANOINQ THE VALUE OF 
i THE VARIABLES '8-SKIP' (NUMBER OF SCREENS SKIPPED) AND 
I '8-USE' (NUMBER OF SCREENB USED BEFORE ACCESSINQ THE 
i SECOND DISK). THESE VARIABLES CAN BE CHANGED AT ANY TIMED 
I SO DISK SCREENS CAN BE READ INTO BUFFERS AND THEN FLUSHED 
i TO DIFFERENT LOCATIONS ON THE DISK. 
i - ADVANCED USERS MAY NOTE THAT THIS BVSTEH 18 DESIONED TO 
I ALLOW THE MEMORY LAYOUT - NUMBER AND LOCATION OF DISH 
I BUFFERS, LOCATION OF THE STACK, ETC. - TO BE CHANCED 
i DYNAMICALLY, WITHOUT REASSEMBLY. 
I 
i 
i TO BRINQ UP THIS SYSTEM UNDER RT-11: 
I - BE SURE THAT RT-11 I S  SELECTED BELOW. THE LINES DEFININQ 
i 'RSX 1 1M ' AND 'ALONE ' SHOULD BE COMMENTED OUTJ ' R T l l '  SHOULD 
i NOT BE. NOTE THAT THIS DISK I S  DISTRIBUTED READY FOR RT-11 
I ASSEMBLY" (EVEN THOUGH THIS LISTINQ I S  FOR STAND-ALONE). 
I - I F  YOU HAVE HARDWARE MULTIPLY/DIVIDEI ALSO REMOVE THE 
r SEMICOLON FROM THE LINE DEFININO 'EIS'. 
I - I F  VOU ARE USIN6 AN OLDER VERSION OF RT-11 (VERSION 2)' 
i YOU MAY NEED TO USE THE MACROS '. . V2. . ' AND '. REQDEF '. 
i - ASSEMBLE, LINK, AND RUN. THE SYSTEM SHOULD COME UP AND 
I TYPE 'FIQ-FORTH8 AND THE VERSION NUMBER. 
i - TEST THAT I T  I S  UP BY TRYING SOME ARITHMETIC OR DEFINITIONSI E.O. 
i 8 8  88  + . (NOTE THAT THE '. ' MEANS PRINT) 
i : SQUARE DUP * i 
i 25 SQUARE . 
i - OR TYPE 'VLIST8 FOR A L IST  OF ALL THE FORTH OPERATIONS I N  THE 
i DICTIONARY. 
i - THE DISK SHOULD WORK I F  THE DISKETTE I S  I N  DRIVE 'DH'. 
i MAKE SURE THAT 'DK' I S  ASSIGNED TO WHATEVER PHYSICAL 
i DRIVE YOU ARE USING - OR CHANGE LINE 'RTFILE: ' I N  
i 'FORTH. MAC '. TEST THE DISK BY TVPINQ 
i 1 L IST  
i WHICH SHOULD L IST  THE SCREEN WHICH LOADS THE EDITOR' 
i ASSEMBLER, AND STRING ROUTINES. 
i - I N  CASE YOU NEED TO GET A LISTING FROM THE ASSEMBLY OF 
I 'FORTH. MAC ' (NOT USUALLY NECESSARY) I AND YOUR SYSTEM HAS 
i ONLY 0 1  SKETTES (NO LARGER DISKS ) D THE 'ALLOCATE ' OPT ION 
i I S  NECESSARY BECAUSE OF THE SIZE OF THE ' .LST8 F I L E  
I (AROUND 230 BLOCKS). FIRST COPY 'FORTH. MAC ' ONTO A 
i SEPARATE DISKETTE BY ITSELF. THEN EXECUTE 
i . MACRO /LIST: FORTH. LST /ALLOCATE: 300. /NOOB JECT 
i AND REPLY 'FORTH MAC' WHEN ASKED FOR 'FILES?'. 
I 

I 
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TO BRING UP THE SYSTEM UNDER RSX-1lM: - THE DISKETTE PROVIDED 16 I N  RT-I1 F I L E  FORMAT. THE TWO FILES 
MUST BE COPIED OFF THE DISKETTE INTO AN RSX DIRECTORY. THE 
'FORTH.DAT1 F I L E  MUST BE COPIED I N  IMAQE MODE. ANY RSX 
DIRECTORY MAY BE USED. ASSUMINQ THE DISKETTE I S  I N  DRIVE 0, 
USE THE RSX COMMANDS: 

3FLX =DX: FORTH. MAC/RT 
>FLX =DX: FORTH. DAT/RT/IM 

INCIDENTALLY, 'FORTH.DAT1 I S  THE SYSTEM'S 'VIRTUAL MEHORY' 
FILE,  USED FOR DISK I /O.  THE REST OF THE SYSTEM (THIS 
PROGRAM ALONE) CAN RUN INDEPENDENTLY, EVEN I F  'FORTH. DAT' 
I S  NOT AVAILABLE. - EDIT 'FORTH. MAC ' TO SELECT RSX ASSEMBLY. CHANQE THE SEMICOLON 
TO COMMENT OUT ' R T l l l  NOT 'RSXl1'. LET 'EIS1 BE DEFINED I F  
YOU HAVE HARDWARE MULTIPLY/DIVIDE. - ASSEMBLE, TASK BUILD, AND RUN. TEST AS WITH R T l l  ABOVE. - THE DISK 1 / 0  SHOULD WORK I F  'FORTH.DAT' I S  I N  THE DEFAULT 
DEVICE AND DIRECTORY. TEST AS ABOVE. 

THE SYSTEM AS SUPPLIED RESERVES 8000. BYTES FOR YOUR FORTH 
PROORAMMING AND STACK. THIS 16 ENOUGH FOR SUBSTANTIAL PROJECTS. 
(NOTE THAT THE EDITOR, ASSEMBLER, AND STRINQ PACKAGE, I F  LOADED, 
USE MORE THAN 5K OF THIS.) TO CHANCE THIS MEMORY SIZED CHANGE 
THE '8000. WHICH I S  I N  THE LINES FOLLOWINO THE LABEL 'DP: ' D 

NEAR THE END OF THIS PROGRAM. INCIDENTALLY, VERY FEW JOBS 
(E.O. RECURSION) WILL EVER USE MORE THAN 100 WORDS OF THIS SPACE 
FOR THE STACK; THE REST OF THE SPACE I S  AVAILABLE FOR A GTRINQ 
STACK ( I F  USED) OR FOR YOUR PROGRAM6 - AND FORTH OBJECT CODE I S  
CONSIDERABLY MORE COMPACT THAN ASSEMBLY. 

THE FORTH VIRTUAL F I L E  'FORTH.W\T' I S  USED FOR STORINO SOURCE 
PROGRAMS (OR DATA). THIS F I L E  HAS 741 1-K SCREENS ( 1 - 7 0 ) ~  
I . E .  14111 PDP-11 DISK BLOCKS. SCREENS 4 AND 3 ARE USED BY THE 
SYSTEM FOR STORINO ERROR AND WARNING MESSAOES. SCREENS 6-30 
CONTAIN A TEXT EDITOR, ASSEMBLER, STRINQ PACKAGE, AND MISCELLANEOUS 
EXAMPLES. SCREENS 40 THROUGH 47 CONTAIN A BINARY STAND-ALONE 
SYSTEM (NOT USED UNDER RT-11 OR RSX-11M). USERS MAY WANT 
TO SAVE THEIR SOURCE PROGRAMS AND DATA I N  THE BLANK SCREENS. 
THE SIZE OF THIS FORTH SCREENS F I L E  ('FORTH.DAT8) CAN BE INCREASED 
I F  NEEDED. I F  THE SYSTEM I S  TO BE BOOTED STAND-ALONE, THE LOCATION 
OF THE SYSTEM BINARY IMAOE ON THE DISK MUST NOT BE CHANGEDI 
THEREFORE, I F  THE DISK I S  TO BE USED TO RUN STAND-ALONE, 1)(3 NOT 
USE RT-11 TO MOVE 'FORTH.DAT' TO ANOTHER PLACE ON THE DISK. 

NOTE THAT THE RT-11 AND RSX-llM SYSTEMS DO NOT ECHO CHARACTERS 
WHICH ARE INPUT FROM THE TERMINAL. INSTEAD, THEY LET THE OPERATING 
SYSTEM (RT-11 OR RSX-11M) ECHO THEM. THIS I S  DONE 8 0  THAT TYPINQ 
CONVENTIONS WILL BE THE SAME A6 THE USER I S  FAMILIAR WITH. ALSO' 



I TO AVOID SWAPPINQ DELAYS, THE RSX VERSION OF 'KEY' READS A L-INE OF 
I CHARACTERS AT A TIME. 
I 
I 
I 

I 

I CHANQE THESE L I N E S  TO CONTROL CONDIT IONAL ASSEMBLY: 
I 
I R T l l - 1  I COMMENTED OUT UNLESS R T - 1 1  
I R S X l  l=l I COMMENTED OUT UNLESS R S X l l M  
ALONE=l I COMMENTED OUT UNLESS STAND-ALONE 
i E I S = I  I COMMENTED OUT UNLESS HARDWARE M U L T I P L Y - D I V I D E  
I L I N K S o l  I COMMENTED OUT UNLESS SUBROUTINE L I N K A Q E  FROM 
i FORTH TO OTHER LANCUAQES 
i 
I . PAGE 
I ................................................................ 
i 
I V A R I A T I O N S  FROM F. I. 0.  MODEL 
I 
I ................................................................ 



X -  D o c u m e n t a t i o n  H i n t s  

P r o g r a m s  i n  F o r t h  o r  o t h e r  e x t e n s i b l e  l a n g u a g e s  

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

g o i n g  t o  m a i n t a i n  them. F o r t h  c o d i n g  i n c l u d e s  new o p e r a t i o n s  

wh ich  a r e  n o t  p a r t  o f  t h e  s t a n d a r d  l a n g u a g e ;  t h e s e  mus t  b e  

d e s c r i b e d .  A l s o ,  t h e y  s h o u l d  b e  d e s i g n e d  t o  fo rm c o h e r e n t  

a p p l i c a t i o n - r e l a t e d  g r o u p s .  

The u s e r  n e e d s  t o  know w h a t  a r g u m e n t s  a n  o p e r a t i o n  t a k e s  

f rom t h e  s t a c k ,  a n d  w h a t  r e s u l t s  i t  r e t u r n s .  T h i s  i n f o r m a t i o n  

c a n  b e  a b b r e v i a t e d  i n  a  comment i n  s o u r c e  c o d e  on  d i s k .  

E.g. see S c r e e n  #6 i n  t h e  l i s t i n g  o f  FORTH-DAT be low.  The 

comment i n  l i n e  3 ' (  N ) '  i n d i c a t e s  t h a t  t h e  o p e r a t i o n  

'#ARGSt t a k e s  no  a r g u m e n t s  f rom t h e  s t a c k ,  a n d  r e t u r n s  a  

number t o  i t .  'GETWORD' t a k e s  n o  a r g u m e n t s  a n d  r e t u r n s  no 

r e s u l t ;  'CURSADDR' t a k e s  no  a r g u m e n t s  and  r e t u r n s  a n  a d d r e s s ;  

'NLINE' r e t u r n s  a  l i n e  # ,  e t c .  S i n c e  t h e s e  words  a r e  o n l y  

u s e d  i n t e r n a l l y  i n  t h e  e d i t o r ,  t h e y  a r e n ' t  d e s c r i b e d  i n  t h e  

e d i t o r  u s e r  d o c u m e n t a t i o n .  

The n e x t  l e v e l  o f  d o c u m e n t a t i o n  i s  t h e  g l o s s a r y .  The 

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

t h e  word d o e s .  O f t e n  a  c o u p l e  s e n t e n c e s  i s  e n o u g h .  The 

F o r t h  I n t e r e s t  Group g l o s s a r y  r e p r o d u c e d  be low shows t h a t  

h i g h e r - l e v e l  w o r d s  n e e d n ' t  t a k e  a n y  more s p a c e  t h a n  l o w e r - l e v e l  

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



chosen by human users, but whatever the reason, a consequence 

is that program complexity tends to grow linearly with size. 

One more requirement for understandable programs is the 

design of coherent application-oriented groupings or vocab- 

ularies, operation sets which in effect make Forth into a 

special application language. Large applications should have 

a hierarchical structure of various levels of language. At 

any level there will probably be special-purpoee operations 

which are only used locally to define other words, not used 

later. Forth has facilities to hide these words from the 

user, but that may not be worth the trouble, as the user is 

allowed to redefine those names as something else with no 

more penalty than a "not unique" warning message. User 

glossaries should omit those words or list them separately, 

however. 

Documentation for maintenance programmers can be a 

narrative walk-through explaining the purpose of coding 

decisions and the working of any unusual code. Also, any 

special-purpose operations omitted from the user's glossary 

should be described here. 



XI. FORTH.DAT listing 

Many of the following source screens are explained 

elsewhere in the text. 



1 39 INDEX 

DECIMAL 

1 ( LOAD SCREEN) 
2 
3 
4 ( ERROR, WARNING, AND OTHER MESSAGES - SCREENS 4 AND 5 ) 
5 ( ERROR MESSAGES, CONTINUED ) 
6 ( EDITOR - SET-UP) 
7 ( EDITOR - OPERATIONS) 
8 ( EDITOR, SCREEN 3) 
9 ( EDITOR, SCREEN 4) 
1EI ( ASSEMBLER) OCTAL 
11 ( ASSEMBLER, CONT.) OCTAL 
12 ( ASSEMBLER - INSTRUCTION TABLE) OCTAL 
13 ( ASSEMBLER - CONT.) OCTAL 
14 ( ASSEMBLER - REGISTERS, MODES, AND CONDITIONS) OCTAL 
15 ( ASSEMBLER - STRUCTURED CONDITIONALS) OCTAL 
16 
17 ( ASSEMBLER - EXAMPLES) 
18 
19 ( STRING ROUTINES) 
20 ( STRINGS - CONTINUED) 
21 ( STRINGS - CONTINUED) 
22 ( STRINGS - CONTINUED ) 
23 
24 ( TRIG LOOKUP ROUTINES - WITH SINE *10000 TABLE) 
25 
26 ( FORTRAN LINKAGE, RSX) 
27 
28 ( RT-11 SYSTEM-CALL EXAMPLE - DATE) 
29 ( RSX-11M SYSTEM-CALL EXAMPLE - DATE) 
30 ( RSX-11M, SYSTEM-CALL EXAMPLE - TERMINAL I/O) 
31 
32 ( EXAMPLES - RANDOM AS, VIRTUAL ARRAY, RECURSIVE CALL) 
33 
34 ( CREATE BOOTABLE IMAGE ON SCREENS 40-47. FOR STAND-ALONE.) 
35 ( CREATE A BINARY IMAGE ON SCREENS 40 - 47 ) 
36 ( CREATE BOOT LOADER. NOTE - DOES NOT WRITE BOOT BLOCK) 
37 ( CREATE BOOT LOADER, CONT.) OCTAL 
38 ( DISK COPY FROM SYSTEM DISK TO DX1) 
39 ( ** CAUTION **  BINARY IMAGE IN SCREENS 40-47) OK 



SCR # 1 
0 ( LOAD SCREEN) 
1 DECIMAL 

. 2 1 WARNING ! ( GET ERR MSGS,. NOT # S )  
3 
4 CR ." LOADING E D I T O R . . .  ' 6 LOAD 7 LOAD 8 LOAD 9 LOAD 
5 CR ." LOADING A S S E M B L E R . . .  " 10  LOAD 11 LOAD 12  LOAD 1 3  LOAD 
6 14 LOAD 15  LOAD 
7 CR . " LOADING STRING PACKAGE..  . " 19 LOAD 20 LOAD 21 LOAD 
8 22 LOAD 
9 CR 

10  : BYE FLUSH CR ." LEAVING FORTH. HAVE A GOOD DAY."  CR BYE ; 
11 CR. 
12 
13 
14 
15 

SCR # 2 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

im 
11 
12 
13 
14 
15 

SCR # 3 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



SCR # 4 
0 ( ERROR, WARNING, AND OTHER MESSAGES - SCREENS 4 AND 5 ) 
1 EMPTY STACK 
2 STACK OR DICTIONARY FULL 
3 HAS INCORRECT ADDRESS MODE 
4 ISN'T UNIQUE 
5 
6 DISC RANGE 
7 
8 
9 
10 
11 
12 
13 
14 
15 FORTH INTEREST GROUP MAY 1979 

SCR # 5 
0 ( ERROR MESSAGES, CONTINUED ) 
1 COMPILATION ONLY, USE IN DEFINITION 
2 EXECUTION ONLY 
3 CONDITIONALS NOT PAIRED 
4 DEFINITION NOT FINISHED 
5 IN PROTECTED DICTIONARY 
6 USE ONLY WHEN LOADING 
7 
8 DECLARE VOCABULARY 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

# 5 
( EDITOR - SET-UP) 
VOCABULARY EDITOR IMMEDIATE O VARIABLE ESCR DECIMAL 
0 VARIABLE CURSOR 0 VARIABLE STACKPTR : STK SP@ STACKPTR ! ; 
: #ARGS ( ->N ) SP@ STACKPTR @ SWAP - 2 / 0 MAX ; 
: E ESCR @ BLOCK DROP [COMPILE] EDITOR STK ; 

.: EDIT -DUP IF ESCR ! 0 CURSOR ! E ELSE ." ERR 0 ARG" ENDIF ; 
EDITOR DEFINITIONS 
: EX FLUSH [COMPILE] FORTH ; 
( THE FOLLOWING ARE UTILITY ROUTINES FOR LATER DEFINITIONS.) 
: GETWORD ( -> ) 1 WORD HERE 1+ C@ 0= IF 0 HERE C! ENDIF ; 
: GETPAD ( -> ) GETWORD HERE PAD 65 CMOVE ; 
: RANGE.( -> ) CURSOR @ 0 MAX 1023 MIN CURSOR ! ; 
: CURSADDR ( -> ADDR ) ESCR @ BLOCK UPDATE CURSOR @ + ; 
: CLINE ( -> POSITION;) CURSOR @ 64 MOD ; 
: LINEADDR ( -> ADDR ) CURSADDR CLINE - ; 
: NLINE ( -> LINE# ) CURSOR @ 64 / ; 



SCR # 
f l (  
1 : 
2 : 
3 : 
4 
5 
6 :  
7 
8 
9 :  

1 0  
11 : 
1 2  : 
13  : 
1 4  
15  

SCR # 
0  ( 
1 : 
2 
3 : 
4 
5 
6 : 
7 
8 
9 : 

1PI 
11 

7 
EDITOR - OPERATIONS)  
LDEFAULT ( N? -> N ) #ARGS I F  5 4  * CURSOR ! RANGE E N D I F  ; 
lDEFAULT ( N? -> N ) #ARGS 0 =  I F  1 E N D I F  ; 
NEW LDEFAULT 1 6  N L I N E  DO CR QUERY GETPAD PAD 1+ C 8  32 < 

I F  LEAVE E L S E  LIWEADDR 6 4  BLANKS PAD 1+ LINEADDR PAD C@ 
54 MIN CMOVE 64 CURSOR +! RANGE E N D I F  LOOP STK ; 

T LDEFAULT CR LINEADDR PAD 64  CMOVE CURSADDR PAD C L I N E  + 1+ 
54 C L I N E  - CMOVE 95 PAD C L I N E  + C! NLINE 3 .R SPACE 
PAD 65 TYPE STK ; 

R LDEFAULT GETPAD PAD 1+ CURSADDR PAD C@ 
6 4  MIN CMOVE PAD C@ CURSOR +! RANGE T STK ; 

L ESCR @ FORTH L I S T  EDITOR CR T STK ; 
M lDEFAULT CURSOR +! RANGE T STK ; 
TRADE ( M,N---) 2 0 DO 6 4  * CURSOR ! RANGE LINEADDR SWAP LOOP 

DUP PAD 6 4  CMOVE OVER SWAP 6 4  CMOVE PAD SWAP 6 4  CMOVE STK ; 

8 
E D I T O R ,  SCREEN 3 )  
D-+ONLY DUP CURSADDR + CURSADDR 64  C L I N E  - CMOVE 

LINEADDR 6 4  + OVER - SWAP BLANKS T ; 
D ( ADJUST ARG I F  NEG, DEFAULT, OUT O F  L I N E )  1DEFAULT DUP 0< 

I F  ( NEGATIVE ARG) C L I N E  MINUS MAX DUP CURSOR +! ABS 
E L S E  64  C L I N E  - MIN E N D I F  -DUP I F  D-+ONLY E N D I F  STK ; 

I LDEFAULT CURSADDR PAD 6 4  CMOVE GETWORD HERE 1+ CURSADDR 
HERE C@ CMOVE PAD CURSADDR HERE C @  + LINEADDR 64  + OVER - 
QJ MAX CMOVE HERE C@ CURSOR +! RANGE T STK ; 

COMP ( ADDR ADDR LEN -> BOOL. T E S T  FOR S T R I N G S  EQUAL) 
OVER + SWAP DO DUP C@ FORTH I C@ - 

I F  ( UNEQUAL) DROP P LEAVE E L S E  1+ E N D I F  LOOP ; 
SEARCH ( ADDR LEN -> ADDR-OR40 ) HERE C@ - 1 MAX 

OVER + SWAP B ROT ROT DO FORTH I HERE 1+ HERE C@ COMP 
I F  DROP FORTH I LEAVE E N D I F  LOOP ; 

SCR # 9 
0 ( E D I T O R ,  SCREEN 4 )  
1 0 VARIABLE SAVESTRING 6 4  ALLOT ( TO STORE SEARCH S T R I N G )  
2 : SAVEARG ( ->. SAVE OR RESTORE SEARCH S T R I N G  ARGUMENT) 
3 HERE 1+ C@ I F  ( NOT NULL) HERE SAVESTRING HERE C@ 1+ CMOVE 
4 E L S E  ( NULL) SAVESTRING HERE SAVESTRING C@ 1+ CMOVE E N D I F  ; 
5 : S ( -> ) LDEFAULT 1 WORD SAVEARG CURSADDR 1 0 2 4  CURSOR @ 
6 - SEARCH -DUP I F  CURSADDR - HERE C @  + CURSOR +! RANGE E N D I F  
7 T STK ; 
8 : d R  SAVESTRING C@ MINUS D I ; 
9 : SCRATCH EMPTY-BUFFERS EX ; 

1 0  : SPREAD ( N -> ) LDEFAULT N L I N E  DUP 1 4  > I F  ." CAN'T SPREAD" 
11 CR ELSE 0 MAX DUP 1 - 1 4  DO FORTH I EDITOR DUP 1+ TRADE 
1 2  dl +LOOP 6 4  * ESCR @ BLOCK + 6 4  BLANKS E N D I F  ; 
13 FORTH D E F I N I T I O N S  1" Uff 
1 4  : SCREENMOVE ( FROM TO -> )hSWAP BLOCK SWAP BLOCK UPDATE 
15 1 0 2 4  CMOVE ; 



SCR # 10 
0 ( ASSEMBLER) OCTAL 
1 VOCABULARY ASSEMBLER IMMEDIATE 0 VARIABLE OLDBASE 
2 : ENTERCODE [COMPILE] ASSEMBLER BASE @ OLDBASE ! OCTAL SP@ ; 
3 : CODE CREATE ENTERCODE ; 
4 ASSEMBLER DEFINITIONS 
5 ENTERCODE 2 - ' ;CODE 10 + ! ( PATCH ' ;CODEt ) 
6 : FIXMODE ( COMPLETE THE MODE PACKET) 
7 DUP -1 = IF DROP ELSE DUP 10 SWAP U< IF 67 ENDIF ENDIF ; 
8 : OP <BUILDS , DOES> @ , ; 
9 : ORMODE ( MODE ADDR -> . SET MODE INTO INSTR.) 
10 SWAP OVER @ OR SWAP ! ; 
11 : ,OPERAND ( ?OPERAND MODE -> ) DUP 67 = OVER 77 = OR IF ( PC) 
12 SWAP HERE 2 + - SWAP ENDIF DUP 27 = OVER 37 = OR ( LITERAL) 
13 SWAP 177768 AND 60 = OR ( RELATIVE) IF , ENDIF ; 
14 : 10P <BUILDS , DOES> @ , FIXMODE DUP HERE 2 - 
15 ORMODE ,OPERAND ; DECIMAL 

SCR # 11 
0 ( ASSEMBLER, CONT.) OCTAL 
1 : SWAPOP ( -> . EXCHANGE OPERANDS OF 3-WORD INSTR, ADJ. PC-REL) 
2 HERE 2 - @ HERE 6 - @ 6700 AND 6700 = IF ( PC-REL) 2 + ENDIF 
3 HERE 4 - @ HERE 6 - @ 67 AND 67 = IF ( PC-REL) 2 - ENDIF 
4 HERE 2 - ! HERE 4 - ! ; 
5 : 20P <BUILDS , DOES> @ , 
6 FIXMODE DUP HERE 2 - DUP >R ORMODE ,OPERAND 
7 FIXMODE DUP 100 * R ORMODE ,OPERAND HERE R> - 6 = 
8 IF SWAPOP ENDIF ; 
9 : ROP <BUILDS , DOES> @ , FIXMODE DUP HERE 2 - DUP >R ORMODE 
10 ,OPERAND DUP 7 SWAP U< IF ." ERR-REG-B ENDIF 
11 100 * R> ORMODE ; 
12 : BOP <BUILDS , DOES> @ , HERE - DUP 376 > 
13 IF .I1 ERR-BR+ " . ENDIF DUP -400 < IF ." 
14 ENDIF 2 / 377 AND HERE 2 - ORMODE ; 
15 DECIMAL 

ERR-BR- " . 

SCR # 12 
0 ( ASSEMBLER INSTRUCTION TABLE) 
1 81000Cl 20P YOV, 110g00 20P MOVB, 
2 120008 20P CYPB, PJ6PC?0fl 20P ADD, 
3 03fl00Q 20P BIT, 130000 20P BITB, 
4 158fl08 20P BISB, 04fl000 20P BIC, 
5 00500g 10P CLR, 1g500fl 10P CLRB, 
6 105100 10P COMB, 005288 10P INC, 
7 005300 10P DEC, 105300 10P DECB, 
8 105400 10P NEGB, 005700 10P TST, 
9 006200 10P ASR, 106200 10P ASRB, 
10 106300 10P ASLB, 006000 10P ROR, 
11 006100 1OP ROL, 106100 10P ROLB, 
12 005500 10P ADC, 105500 10P ADCB, 
13 105600 10P SBCB, 00;6700 10P SXT, 
14 074000 ROP XOR, 004000 ROP JSR, 
1 5  : RTS, 200 OR , ; 

A - 6  

OCTAL 
02800B 
160fl00 
85fl0610 
140000 
005100 
105200 
005400 
185700 
006300 
106000 
000300 
005600 
000100 

DECIMAL 

CMP , 
SUB, 
BIS, 
BICB, 
COM , 
INCB , 
NEG , 
TSTB , 
ASL, 
RORB , 
SWAB, 
SBC, 
JMP, 



SCR # 1 3  
0  ( ASSEMBLER - CONT. ) 
1 0 0 0 4 0 0  BOP BR,  0 0 1 0 0 0  BOP BNE, 
2 1 0 0 0 0 0  BOP B P L ,  1 f l 0 4 0 0  BOP B M I ,  
3 1 0 2 4 0 0  BOP BVS,  1 0 3 0 0 0  BOP BCC, 
4  0 0 2 9 0 0  BOP BGE, 0 0 2 4 0 0  BOP B L T ,  
5 1 8 1 0 0 f 4  BOP B H I ,  1 8 1 4 0 0  BOP BLOS,  
6 1 0 3 4 B 8  BOP BLO, 8 f l 3 0 9 8  BOP BGT, 
7 P I 0 8 0 8 4  O P  I O T ,  0 0 0 0 f l 2  O P  R T I ,  
8 f l 8 P 8 0 0  O P  HALT, 0 0 0 f l 0 1  O P  WAIT,  
9 0 0 0 2 4 1  O P  C L C ,  0 f l 0 2 4 2  O P  CLV, 

1 0  0 0 0 2 5 0  OP CLN, 8 0 0 2 5 1  O P  S E C ,  
11 0 0 n 2 6 4  OP S E Z ,  0 0 0 2 7 0  O P  S E N ,  
1 2  0 0 0 2 5 7  OP CCC, 0 0 0 2 4 0  OP NOP, 
13 : EMT, 1 0 4 0 0 0  + , ; 
1 4  
15 

OCTAL 
0 0 1 4 0 0  BOP BEQ, 
1 0 2 0 0 0  BOP BVC, 
1 0 3 4 0 0  BOP BCS,  
0 0 3 4 0 0  BOP BLE,  
1 0 3 8 0 0  BOP B H I S ,  
0 0 8 P l 0 3  O P  B P T ,  
800006 O P  RTT,  
0 8 f l 0 0 5  O P  RESET,  
0 0 0 2 4 4  O P  C L Z ,  
0 0 0 2 6 2  OP S E V ,  
0 0 0 2 7 7  OP S C C ,  
0 0 6 4 0 0  OP MARK, 

DECIMAL 

SCR # 1 4  
0 ( ASSEMBLER - R E G I S T E R S ,  MODES, AND CONDITIONS)  OCTAL 
1 : C CONSTANT ; 0 C R 0  1 C R 1  2 C R 2  3 C R 3  4 C R 4  
2 5 C R 5  6 C S P  7 C P C  2 C W  3 C U  4 C I P  5 C S  6 C R P  
3 : R T S T  ( R MODE -> MODE) OVER DUP 7 > SWAP 0 < OR 
4  I F  ." NOT A REGISTER:  OVER . E N D I F  + -1 ; 
5 : ) +  20 R T S T  ; : -) 4 0  R T S T  ; : I )  60 R T S T  ; 
6 : @)+ 30 R T S T  ; : @-) 58 R T S T  ; : @ I )  70 R T S T  ; 
7 : # 2 7 - 1 ;  : @ #  37 -1 ; 
8 : ( )  DUP 1 0  U <  I F  ( R E G I S T E R  DEFERRED) 1 0  + -1 
9 E L S E  ( RELATIVE DEFERRED) 77 -1 E N D I F  ; 

1 0  ( NOTE - THE FOLLOWING CONDITIONALS REVERSED FOR ' I F , ' ,  ETC. ) 
11 0 f l 1 0 8 8  C  EQ 0 a 1 4 0 0  C NE 1 0 0 0 0 0  C M I  l a 0 4 0 0  C  P L  
1 2  1 0 2 0 0 0  C VS 1 0 2 4 0 0  C VC 1 0 3 E f 8 0  C  C S  1 0 3 4 0 f l  C  CC 
13  0 0 2 8 0 8  C L T  0 6 2 4 0 P  C GE 003000 C LE 0 0 3 4 0 0  C GT 
1 4  l 0 l B f l 0  C  LOS l 0 l A 0 B  C H I  1 0 3 0 E 0  C LO 1 0 3 4 0 0  C H I S  
15  DECIMAL 

SCR 
0 
1 
2 
3 
4  
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 

# 15  
( ASSEMBLER - STRUCTURED CONDITIONALS) OCTAL 

I F ,  ( CONDITION -> ADDR ) HERE SWAP , ; 
IPATCH ( ADDR ADDR -> . ) OVER - 2 / 1 - 377 AND 

SWAP DUP @ ROT OR SWAP ! ; 
E N D I F ,  ( ADDR -> ) HERE IPATCH ; : THEN, E N D I F ,  ; 
E L S E ,  ( ADDR -> ADDR ) 0 0 4 0 0  , HERE IPATCH HERE 2 - ; 
BEGIN, ( -> ADDR ) HERE ; 
WHILE,  ( CONDITION &> ADDR ) HERE SWAP , ; 
REPEAT, ( ADDR ADDR -> ) HERE 4 0 0  , ROT IPATCH HERE IPATCH ; 
U N T I L ,  ( ADDR CONDITION -> ) , HERE 2 - SWAP IPATCH ; 
C; CURRENT @ CONTEXT I OLDBASE P BASE ! S P @  2+ = 
I F  SMUDGE ELSE ." CODE ERROR, STACK DEPTH CHANGED " E N D I F  ; 

: NEXT, I P  ) + W M O V ,  W @ ) +  J M P ,  ; 
FORTH D E F I N I T I O N S  

A- 7 
DECIMAL 



SCR # 16 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

SCR # 17 
B ( ASSEMBLER EXAMPLES) 
1 CODE  TEST^ 33006 a 33mm MOV, NEXT, C; 
2 CODE TEST2 555 # 3300fl ( )  MOV, NEXT, C; 
3 CODE TESTDUP S ( )  S -) MOV, NEXT, C; 
4 CODE TEST0 R0 S -) MOV, NEXT, C; 
5 CODE TESTBYTE 33006 R1 MOVB, R1 S -) MOV, NEXT, C; 
6 CODE TEST3 3300P # R1 MOV, 444 # 20 R 1  I) MOV, NEXT, C; 
7 CODE TEST-DUP S ( )  TST, NE IF, S ( )  S - )  MOV, ENDIF, NEXT, C; 
8 CODE TESTLPl 15 # R1 MOV, BEGIN, R1 DEC, GT WHILE, R1 S -) MOV, 
9 REPEAT, NEXT, C; 
10 CODE TESTLP2 15 # R1 MOV, BEGIN, R1 S -)  MOV, R1 DEC, 
11 EQ UNTIL, NEXT, C; 
12 : TESTVARIABLE CONSTANT ;CODE W S -) MOV, NEXT, C; 
13 
14 
15 

SCR # 18 
0 
1 
2 
3 
4 
5 
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7 
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13 
14 
15 



SCR 
0 
1 

# 19 
( S T R I N G  ROUTINES)  DECIMAL 
( NOTE: STRING-STACK P T R ,  S S P ,  I S  3 0 0  BYTES FROM STACK O R I G I N )  
3 0 0  VARIABLE S T A C K S I Z E  S0 @ S T A C K S I Z E  @ - VARIABLE S S P  
: $CLEAR ( -> ) S0 @ S T A C K S I Z E  @ - S S P  ! ; $CLEAR 
: $LEN ( -> LENGTH . LENGTH O F  TOP O F  $STACK) S S P  @ DUP S0 @ 

S T A C K S I Z E  @ < 0= I F  .'I $STACK EMPTY" Q U I T  E L S E  @ E N D I F  ; 
: $DROP ( ->. DROP FROM $STACK) $LEN 2 +  =CELLS S S P  +! ; 
: $COUNT ( ADDR -> ADDR LENGTH) DUP 2 +  SWAP 8 ; 
: $. ( ->. P R I N T  S T R I N G )  S S P  P $COUNT -TRAILING TYPE $DROP ; 
: $?OVER ( N-> . ) HERE 256 + + S S P  @ < CII- 

I F  . " WOULD CAUSE $OVERFLOW1' Q U I T  E N D I F  ; 
: $@TEXT ( ADDR CNT - MOVE TEXT I N T O  SSTACK) DUP 2+ =CELLS 

DUP $?OVER MINUS S S P  +! S S P  P ! S S P  B $COUNT CMOVE ; 
: $@ ( FROM-ADDR -> . STRING I N T O  $STACK) $COUNT $@TEXT ; 
: ( " )  R COUNT DUP 1+ =CELLS R> + >R $@TEXT ; 

SCR # 
0 ( 
1 : 
2 : 
3 
4 
5 : 
6 
7 : 
8 
9 : 

1 0  
11 : 
12 : 
13 
1 4  : 
15 

SCR # 
0 ( 
1 : 
2 
3  
4 : 
5 
6 : 
7 : 
8 
9 :  

1 0  
11 
1 2  
1 3  
1 4  
1 5  

2 0  
S T R I N G S  - CONTINUED) 
$NULL ( CREATE NULL S T R I N G )  -2 S S P  +! 0 S S P  @ ! ; 
" ( ->. S T R I N G  TO $STACK - COMPILE OR EXECUTE) STATE @ 

I F  COMPILE ( " )  34  WORD HERE C@ 1+ =CELLS ALLOT 
ELSE 34  WORD HERE COUNT $@TEXT ENDIF ; IMMEDIATE 

$! ( TO-ADDR -> . MOVE S T R I N G  FROM $STACK TO MEMORY.) 
S S P  @ SWAP $LEN 2+  CMOVE $DROP ; 

$DIM ( LEN -> . CREATES S T R I N G  VARIABLE O F  GIVEN LENGTH.) 
0 CONSTANT HERE HERE 2 - ! 2+ =CELLS ALLOT ; 

$VARIABLE ( -> . CREATES SVAR FROM SSTACK TOP.) $LEN $DIM 
S S P  @ HERE $LEN 2 +  =CELLS - $LEN 2+ CMOVE $DROP ; 

$DUP ( d> ) S S P  @ S @  ; 
$SEG ( B E G I N  END -> ) OVER - 1+ SWAP 1 

S S P  @ 2+ + SWAP $@TEXT ; 
$STR ( N -> ) S->D SWAP OVER DABS <# #S S I G N  #> $@TEXT ; 

2 1  
S T R I N G S  - CONTINUED) 
$VAL ( -> N . P O S I T I V E  ONLY) HERE 33 32 F I L L  

S S P  @ 2+ HERE $LEN CMOVE 0 S->D HERE 1 - (NUMBER) 
DROP $DROP DROP ; 

$SECOND $LEN =CELLS 2+ S S P  @ + DUP S0 @ S T A C K S I Z E  @ - < 0= 
I F  .'I ERROR, NO SECOND S T R I N G "  Q U I T  E N D I F  ; 

$OVER $SECOND $@ ; 
MOVEW ( FROM TO NBYTES -> . L I K E  'CMOVE' BUT FROM HIGH END) 

2 - -2 SWAP DO OVER I + @ OVER I + ! -2 +LOOP DROP DROP ; 
$SWAP ( -> ) $OVER S S P  @ ( FROM) DUP $LEN =CELLS 2+ + 

( T O )  $LEN =CELLS 2+ $SECOND @ =CELLS 2+ + ( # O F  BYTES) 
MOVEW $LEN =CELLS 2+ SSP +! ; 



SCR # 
0 ( 
1 0  
2 : 
3 
4 
5 
6 
7 : 
8 : 
9 : 

1 0  : 
11 
1 2  : 
1 3  
14 
1 5  

22 
S T R I N G S  - CONTINUED ) 
VARIABLE TEMP 
SCOYP ( -> NEG OR 0 OR POS.  COMPARE S T R I N G S )  0 TEMP ! 

$SECOND 2+ S S P  @ 2+ ( S T R I N G  TEXT ADDRESSES) 
$LEN $SECOND @ MIN ( # CHARACTERS TO COMPARE) 
0 DO OVER I + C@ OVER I + C@ - -DUP I F  LEAVE TEMP ! E N D I F  
LOOP DROP DROP TEMP @ $DROP $DROP ; 

$< ( -> BOOL ) SCOMP 0< ; 
$= ( -> BOOL ) SCOMP 0= ; 
$> ( -> BOOL ) SCOMP 0 > ; 
$+-EVEN ( -> ) $LEN $SWAP S S P  @ ( FROM) DUP 2+ 

$LEN =CELLS 2+ ( # )  MOVEW 2 S S P  +! $LEN + S S P  @ ! ; 
$+ ( -> . CONCATENATE ) $LEN $SECOND @ ( SAVE LENGTHS) 

$+-EVEN DUP 1 AND IF SSP @ 2+ + OVER SWAP DUP i +  SWAP ROT 
CMOVE 1 AND I F  $ S P  @ DUP 2+ $LEN 2+ MOVEW 2 $ S P  +! E N D I F  
E L S E  DROP DROP E N D I F  ; 

SCR #I 23 
lil 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
1 5  

SCR # 24 
0 ( T R I G  LOOKUP ROUTINES - WITH S I N E  *10000 TABLE) 
1 : TABLE < B U I L D S  0 DO , LOOP DOES> SWAP 2 * + @ ; 
2 10000 9998 9994 9986 9976 9962 9945 9925 9903 9877 
3 9848 9816 9781 9744 9703 9659 9613 9563 9511 9455 
4 9397 9336 9272 9205 9135 9063 8988 8910 8829 8746 
5 8660 8572 8480 8387 8290 8192 8090 7986 7880 7771 
6 7660 7547 7431 7314 7193 7071 6947 6820 6691 6561 
7 6428 6293 6157 6018 5875 5735 5592 5446 5299 5150 
8 5g60 4848 4695 454fl 4384 4226 4067 3907 3746 3584 
9 3420 3256 3094 2924 2756 2588 2419 2250 2079 1908 

1 0  1736 1564 1392 1219 1045 0872 0698 0523 0349 0175 
11 000g 9 1  TABLE S I N T A B L E  
12 : S180 DUP 90 > I F  180 SWAP - E N D I F  S I N T A B L E  ; 
1 3  : S I N  ( N -> S I N )  3 5 B M O D  DUP 0< I F  360 + E N D I F  DUP 180 > 
1 4  I F  180  - S180 MINUS E L S E  S180 E N D I F  ; 
15 : COS ( N -> COS)  90 + S I N  ; 



SCR # 25 
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5 
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7 
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SCR 
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% 26 
( FORTRAN LINKAGE, RSX) 
CODE ACALL ( ARGS... N ADDR -> . CALL FORTRAN, ETC.) 

S )+  R2 MOV, ( SAVE ENTRY ADDRESS IN REGISTER) 
R3 RP -) MOV, R4 RP -) MOV, R5 RP -) MOV, ( SAVE R3,R4,R5) 
S R5 MOV, ( THE STACK WILL BE THE ARG. LIST) 
PC R2 ( )  JSR, ( LINK THROUGH R2) 
RP )+  R5 MOV, RP ) +  R4 MOV, RP )+  R3 MOV, ( RESTR R3,R4,R5) 
S )+  R2 MOV, R2 R2 ADD, R2 S ADD, ( DROP THE ARGS) 
NEXT, C; 

( THIS IS AN EXAMPLE - WRITE LINES ON AN RSX FILE) 
0 VARIABLE NFORT 
: FILECALL 2 VLINK @ ACALL ; 
: OPEN 1 NFORT ! 0 NFORT FILECALL ; 
: CLOSE 3 NFORT ! 0 NFORT FILECALL ; 
: WRITE ( ADDR ->. WRITE A LINE) 2 NFORT ! NFORT FILECALL ; 

SCR # 27 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



SCR # 28 
0 ( RT-11 SYSTEY-CALL EXAMPLE - DATE) 
1 CODE DATE 12 4f l f l  * # Rfl YOV, 374 EMT, R B  S - )  MOV, NEXT, C; 
2 : YEAR ( -> N ) DATE 31 AND 72 + ; 
3 : DAY ( -> N ) DATE 32 / 31 AND ; 
4 : MONTH ( -> N) DATE 1024 / 15 AND ; 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

# 29 
( RSX-11M SYSTEM-CALL EXAMPLE - DATE) 
DECIMAL 
0 VARIABLE TBUFF 14 ALLOT 
CODE TIME TBUFF # SP -) MOV, 2 480 * 75 + # SP -) MOV, 

377 EMT, NEXT, C; 
: YEAR ( -> N ) TIME TBUFF @ ; 
: MONTH ( A> N ) TIME TBUFF 2+ @ ; 
: DAY ( -> N ) TIME TBUFF 4 + @ ; 
: HOUR ( -> N ) TIME TBUFF 6 + @ ; 
: MINUTE ( -> N ) TIME TBUFF 8 + P ; 
: SECOND ( -> N ) TIME TBUFF 10 + 8 ; 
: TICK ( -> N ) TIME TBUFF 12 + @ ; 
: TICKS/SECOND ( -> N ) TIME TBUFF 14 + @ ; 

SCR # 30 
0 ( RSX-11M SYSTEM-CALL EXAMPLE - TERMINAL I/O) 
1 
2 : PUSH ASSEMBLER SP -) MOV, FORTH ; 
3 0 VARIABLE INBUF 78 ALLOT 
4 0 VARIABLE IOSTAT 2 ALLOT 
5 CODE INPUT 0 # PUSH 0 # PUSH 0 # PUSH 0 # PUSH 
6 120 # PUSH INBUF f PUSH 0 # PUSH IOSTAT # PUSH 
7 4 # PUSH 4 # PUSH 10400 # PUSH 6803 # PUSH 
8 377 EMT, NEXT, C; 
9 

1fl 
11 
12 
13 
14 
15 



SCR # 31 
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SCR # 32 
0 ( EXAMPLES - RANDOM #S, VIRTUAL ARRAY, RECURSIVE CALL) 
1 ( RANDOM NUMBER GENERATOR. CAUTION - EVERY 128TH RELATED.) 
2 1001 VARIABLE RSEED 
3 : URAND ( -> NI UNSIGNED 0-65K) 
4 RSEED @ 2725 U* 13947 S->D D+ DROP DUP RSEED ! ; 
5 : RAND ( N -> M, 0 TO N - 1 )  
6 URAND U* SWAP DROP ; 
7 ( 'VARRAY' CREATES A VIRTUAL ARRAY ON DISK SCREENS.) 
8 : VARRAY ( LRECL #RECS STARTSCREEN -> ) 
9 <BUILDS , , DUP , 1024 SWAP / , 

10 ( STARTSCREEN, #RECSI LRECL, RECS/SCREEN) 
11 DOES> >R DUP R 2 + @ < 0= OVER 0< OR 
12 IF ." ERROR, VdARRAY RANGE " . R> DROP 
13 ELSE R 6 + @ /MOD R @ + BLOCK SWAP R> 4 + @ * + THEN ; 
14 
15 : MYSELF ( RECURSIVE CALL) LATEST PFA CFA , ; IMMEDIATE 

SCR # 33 



SCR 
0 
1 
2 
3 
d 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

# 34 
( CREATE BOOTABLE IMAGE ON SCREENS 40-47. FOR STAND-ALONE.) 
( NOTE - THIS DOES NOT WRITE THE BOOT BLOCK OR THE OTHER FORTH) 
( SCREENS. IF YOU START WITH A BLANK DISK, FIRST USE THE COPY) 
( PROGRAM ON SCREEN 38, ANTI MOVE THE COPY TO DXB. THEN EXECUTE) 
( 'DECIMAL 34 LOAD'. THE BOOT LOADER WILL ONLY HANDLE) 
( IMAGES UP TO 7,9K BYTES. THIS LEAVES SEVERAL HUNDRED) 
( BYTES FOR NEW OPERATIONS, AND THESE COULD LOAD MORE.) 
DECIMAL : SIZETEST 1024 8 * 256 - HERE U< IF ." TOO BIG" 

QUIT THEN ; SIZETEST FORGET SIZETEST 
OCTAL ( NEXT LINE RESETS THE START-UP TABLE.) 
LATEST 14 +ORIGIN ! HERE 36 +ORIGIN ! HERE 34 +ORIGIN ! 
DECIMAL 35 LOAD CREATE-BINARY-IMAGE ( WRITE SYSTEM) 
10 LOAD 11 LOAD 12'LOAD 13 LOAD 14 LOAD 15 LOAD ( ASSEMBLER) 
36 LOAD ( WRITES BOOT LOADER AT END OF SCREEN 47) 
COLD ( COLD START OF NEW SYSTEM - GET RID OF ASSEMBLER ETC.) 

SCR # 35 
0 ( CREATE A BINARY IMAGE ON SCREENS 40 - 47 ) 
1 ( START AT ZERO) 
2 : CREATE-BINARY-IMAGE 48 40 DO 
3 I 40 - 1024 * ( ADDRESS TO MOVE FROM) 
4 I BLOCK ( ADDRESS TO MOVE TO) 
5 1024 CMOVE UPDATE LOOP FLUSH ; 
6 
7 
8 
9 
18 
11 
12 
13 
14 
15 

SCR # 36 
0 ( CREATE BOOT LOADER. NOTE - DOES NOT WRITE BOOT BLOCK) 
1 ASSEMBLER DEFINITIONS OCTAL 
2 : INIT, 1000 # R0 MOV, 00000 # R1 MOV, 
3 177170 C R4 MOV, 200 # R3 MOV, ; 
4 : ?TERM, R1 ( )  TSTB, LE IF, 1000 @ #  JMP, ENDIF, ; 
5 : WAITT, BEGIN, R3 R4 ( )  BIT, NE UNTIL, ; 
6 : WAITD, BEGIN, 40 # R4 ( )  BIT, NE UNTIL, ; 
7 : ?ERR, R4 ( )  TST, LE IF, HALT, ENDIF, ; 
8 : BLOOP, R3 R2 MOV, 
9 BEGIN, WAITT, 2 R4 I) R0 ) +  M O D ,  R2 DEC, EQ UNTIL, ; 
10 : NEXTTAB, 1 R1 I) R5 MOVB, R5 INC, R5 INC, 
11 R5 32 # CMP, GT IF, 32 # R5 SUB, THEN, 
12 R5 1 R1 I) MOVB, 1 R1 I) 2 R1 I) CMPB, 
13 EQ IF, 3 4 R1 ADD, *ENDIF, ; 
14 
15 DECIMAL 37 LOAD 
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# 37 
( CREATE BOOT LOADER, CONT.) OCTAL 
: TRACK, R1 ( )  R5 MOVB, R5 2 R4 I) MOV, ; 
: SECTOR, 1 R1 I) R5 MOVB, . R5 2 R4 I) MOV, ; 
: MAINL, BEGIN, ?TERM, 7 # R4 ( )  MOV, WAITT, SECTOR, WAITT, 

TRACK, WAITD, ?ERR, 3 # R4 ( )  MOV, BLOOP, NEXTTAB, 
400 UNTIL, ; 

: 2, 400 * + ,  ; 
:TABLE, 1 7 2 7 2 ,  7 1 7 2 ,  1 0 1 0 2 ,  

2 0 1 5 2 ,  1 5 2 0 2 ,  1 6 1 6 2 ,  
21 23 2, . 23 21 2, 24 26 2, 0 0 2, ; 

CODE BOOT 35000 JMP, C; 
: TASK ; 
35000 DP ! HERE 6 + INIT, WAITD, MAINL, HERE SWAP ! TABLE, 
FORGET TASK 
17572 35005 ! 35000 21 26 WTS 35200 21 30 WTS 

SCR # 38 
fl ( DISK COPY FROM SYSTEM DISK TO DX1) 
1 DECIMAL 20000 CONSTANT C 
2 : GET 26 0 DO C I 1 2 8  * + OVER I 3  * 26 M O D 1 +  RTS 
3 LOOP ; 
4 : PUT 26 0 DO C I 1 2 8  * + OVER 77 + I 3  * 26 MOD 1+ WTS 
5 LOOP ; 
6 : COPY 77 0 DO I GET DROP I PUT DROP LOOP ; 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR # 39 
0 ( ** CAUTION ** BINARY IMAGE IN SCREENS 40-47) 
1 ( SCREENS 4P - 47 CONTAIN THE BOOTABLE STAND-ALONE SYSTEM.) 
2 ( THE LAST 356 BYTES OF THIS SYSTEM IMAGE CONTAIN A LOADER.) 
3 ( ADVISE RESERVING SCREENS 48 - 59 FOR BINARY PROGRAM OVERLAYS.) 
4 ( FOR NOW, 50-56 CONTAIN AN EXAMPLE OF FORTH PROGRAMMING FOR) 
5 ( A FLOPPY DRIVER. THESE SCREENS ARE NO LONGER USED BY THE) 
6 ( SYSTEM. THEY ARE FOR ILLUSTRATION ONLY, AND MAY BE) 
7 ( DELETED.) 
8 
9 

10 
11 
12 
13 
14 
15 
OK 



X I I .  G l o s s a r y  

The ~ o r t h  I m p l e m e n t a t i o n  Team g l o s s a r y  f o r  t h e  common 

l a n g u a g e  model  i s  r e p r i n t e d  ( f r o m  t h e  I n s t a l l a t i o n  M a n u a l ) ,  

Words w h i c h  a r e  i n  FORTH-MAC b u t  n o t  i n  t h e  common 

l a n g u a g e  g l o s s a r y  a r e  l i s t e d  b e l o w .  Most w e r e  a d d e d  f o r  

c o n v e n i e n c e  on t h i s  p a r t i c u l a r  s y s t e m .  

BYE 

CURRENT 

OCTAL 

n l  --- n l  
Add 1 i f  n e c e s s a r y  t o  make e v e n  number.  

--- 
F o r c e  e v e n  a d d r e s s  i n  d i c t i o n a r y .  

--- 
R e t u r n  t o  t h e  o p e r a t i n g  s y s t e m .  

--- n l  
Number o f  c h a r a c t e r s  p e r  l i n e  ( F  . I  . G .  m o d e l )  . 
--- 
V o c a b u l a r y  i n t o  w h i c h  new d e f i n i t i o n s  a r e  
c o m p i l e d  (F. I . G .  m o d e l )  . 
a d d r  b l o c k #  f l a g  --- 
Read o r  w r i t e  5 1 2 - b y t e  b l o c k ,  h a n d l e  e r r o r s .  

--- 
S e t  number b a s e  t o  o c t a l .  

n l  --- 
U n s i g n e d  p r i n t .  

n l  n2 --- f l a g  
U n s i g n e d  l e s s - t h a n  t e s t .  

a d d r  b l o c k #  f l a g  --- r e p o r t  
Read o r  w r i t e  5 1 2 - b y t e  b l o c k ,  r e t u r n  e r r o r  r e p o r t .  



fig-FORTH GLOSSARY 

T h i s  g l o s s a r y  c o n t a i n s  a 1 1  of t h e  word d e f -  
i n i t i o n s  i n  R e l e a s e  1 of  fig-FORTH. The  
d e f i n i t i o n s  a r e  p r e s e n t e d  i n  t h e  o r d e r  of  
t h e i r  a s c i i  s o r t .  

The f i r s t  l i n e  of  e a c h  e n t r y  ahows a  s y m b o l i c  
d e s c r i p t i o n  of  t h e  a c t i o n  of t h e  p r o c e e d u r e  on 
t h e  p a r a m e t e r  s t a c k .  The s y m b o l s  i n d i c a t e  t h e  
o r d e r  i n  which  i n p u t  p a r a m e t e r s  h a v e  b e e n  
p l a c e d  o n  t h e  s t a c k .  T h r e e  d a a h e a  "---" 
i n d i c a t e  t h e  e x e c u t i o n  p o i n t ;  a n y  p a r a m e t e r s  
l e f t  o n  t h e  s t a c k  a r e  l i s t e d .  I n  t h i s  
n o t a t i o n ,  t h e  t o p  of  t h e  s t a c k  i s  t o  t h e  
r i g h t .  

The s y m b o l s  i n c l u d e :  

a d d r  
b 
C 

d  

f 
f  f  
n  
u  
t f 

memory a d d r e s s  
8 b i t  b y t e  (1 .e .  h i  8  b i t s  z e r o )  
7 b i t  a e c i i  c h a r a c t e r  ( h i  9 b i t s  z e r o )  
32 b i t  s i g n e d  d o u b l e  i n t e g e r ,  

m o s t  s i g n i f i c a n t  p o r t i o n  w i t h  s i g n  
o n  t o p  o f  s t a c k .  

b o o l e a n  f l a g .  0 - f a l s e ,  n o n - z e r o - t r u e  
b o o l e a n  f  a l e e  f  l a g - 0  
16 b i t  s i g n e d  i n t e g e r  number  
16 b i t  u n s i g n e d  i n t e g e r  
b o o l e a n  t r u e  f l a g - n o n - z e r o  

The c a p i t a l  l e t t e r s  on t h e  r i g h t  show d e f i n -  
i t i o n  c h a r a c t e r i s t i c s :  

May o n l y  b e  u s e d  w i t h i n  a  c o l o n  d e f i n -  
i t i o n .  A d i g i t  i n d i c a t e s  number 
o f  memory a d d r e s s e s  u s e d ,  i f  o t h e r  
t h a n  one.  

I n t e n d e d  f o r  e x e c u t i o n  o n l y .  
L e v e l  Z e r o  d e f i n i t i o n  of  FORTH-78 
L e v e l  One d e f i n i t i o n  of  FORTH-78 
Has p r e c e d e n c e  b i t  s e t .  W i l l  e x e c u t e  

e v e n  when c o m p i l i n g .  
A u s e r  v a r i a b l e .  

U n l e s s  o t h e r w i s e  n o t e d ,  a l l  r e f e r e n c e s  t o  
numbers  a r e  f o r  1 6  b i t  s i g n e d  i n t e g e r s .  On 
8 b i t  d a t a  b u s  c o m p u t e r s ,  t h e  h i g h  b y t e  of 
a number i s  on t o p  of t h e  s t a c k ,  w i t h  t h e  s i g n  
i n  t h e  l e f t m o s t  b i t .  F o r  3 2  b i t  s i g n e d  d o u b l e  
n u m b e r s ,  t h e  moat  s i g n i f i c a n t  p a r t  ( w i t h  t h e  
s i g n )  i s  o n  t o p .  

A l l  a r i t h e m e t i c  i s  i m p l i c i t l y  16 b i t  s i g n e d  
i n t e g e r  ma th ,  w i t h  e r r o r  a n d  u n d e r - f l o w  
i n d i c a t i o n  u n s p e c i f i e d .  

FORTH INTEREST GROUP PO.  Box 1105 San Ca rios , Ca . 94070 



! CSP 

n  a d d r  --- 
S t o r e  16  b i , t s  of  n  a t  a d d r e a s .  
P r o n o u n c e d  " s t o r e " .  

S a v e  t h e  s t a c k  p o s i t i o n  i n  CSP. Used  
a s  p a r t  o f  t h e  c o m p i l e r  s e c u r i t y .  

(ABORT) 

d l  ---. d  2  L  0 
G e n e r a t e  f r o m  a  d o u b l e  number  d l ,  t h e  
n e x t  a s c i i  c h a r a c t e r  w h i c h  i s  p l a c e d  
i n  a n  o u t p ~ l t  s t r i n g .  R e s u l t  d 2  i s  
t h e  q u o t i e n t  a f t e r  d i v i s i o n  by  BASE, 
a n d  i s  m a i n t a i n e d  f o r  f u r t h e r  p r o -  
c e s s i n g .  Used  b e t w e e n  < #  a n d  #>. 
S e e  # S .  

d  --- a d d r  c o u n t  
LO (FIND) 

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

d l  --- d2  L  0  
G e n e r a t e s  s s c i i  t e x t  i n  t h e  t e x t  o u t -  
p u t  b u f f e r ,  by  t h e  u s e  of  #,  u n t i l  
a  z e r o  d o u b l e  number  n %  r e s u l t s .  
Used  b e t w e e n  <#  a n d  #> .  

--- adldr P,LO 
Used i n  t h e  f o r m :  

nnnn  
L e a v e s  t h e  p a r a m e t e r  f i e l d  a d d r e s s  
o f  d i c t i o n a r y  word  nnnn .  A s  a  comp- 

(LOOP) 

i l e r  d i r e c t i v e ,  e x e c u t e s  i n  a  c o l o n -  
d e f i n i t i o n  t o  c o m p i l e  t h e  a d d r e s s  
a s  a  l i t e r a l .  I f  t h e  word  i s  n o t  
f o u n d  a f t e r  a  s e a r c h  o f  CONTEXT a n d  
CURRENT, an  a p p r o p r i a t e  e r r o r  mes s -  
a g e  i s  g i v e n .  P r o n o u n c e d  " t i c k " .  (NUMBER) 

Used i n  t h e  f o r m :  
( c c c c )  

I g n o r e  a  comment t h a t  w i l l  b e  
d e l i m i t e d  by a  r i g h t  p a r e n t h e s i s  
on  t h e  same l i n e .  May o c c u r  d u r i n g  
e x e c u t i o n  o r  i n  a  c o l o n - d e f i n i t i o n .  
A b l a n k  a f t e r  t h e  l e a d i n g  p a r e n t h e s i s  
i s  r e q u i r e d .  

C+ 
T h e  r u n - t i m e  p r o c e e d u r e ,  c o m p i l e d  by * / 
." w h i c h  t r a n s m i t s  t h e  f o l l o w i n g  
i n - l i n e  t e x t  t o  t h e  s e l e c t e d  o u t p u t  
d e v i c e .  S e e  ." 

(;CODE) C  
T h e  r u n - t i m e  p r o c e e d u r e ,  c o m p i l e d  by  
;CODE, t h a t  r e w r i t e s  t h e  c o d e  f i e l d  
of  t h e  m o s t  r e c e n t l y  d e f i n e d  word  t o  
p o i n t  t o  t h e  f o l l o w i n g  m a c h i n e  c o d e  
s e q u e n c e .  S e e  ;CODE. 

n  --- C 2  
The  r u n - t i m e  p r o c e e d u r e  c o m p i l e d  
by  +LOOP, w h i c h  i n c r e m e n t s  t h e  l o o p  
i n d e x  by n  a n d  t e s t s  f o r  l o o p  comple -  
t i o n .  S e e  +LOOP. 

E x e c u t e s  a f t e r  a n  e r r o r  when W A R N I N G  
i s  -1. T h i s  word  n o r m a l l y  e x e c u t e s  
ABORT, b u t  may b e  a l t e r e d  ( w i t h  c a r e )  
t o  a  u s e r ' s  a l t e r n a t i v e  p r o c e e d u r e .  

l. 

T h e  r u n - t i m e  p r o c e e d u r e  c o m p i l e d  by 
DO w h i c h  moves t h e  l o o p  c o n t r o l  p a r a -  
m e t e r s  t o  t h e  r e t u r n  s t a c k .  S e e  D O .  

a d d r l  a d d r 2  --- p f a  b  t f  ( o k )  
a d d r l  a d d r 2  --- f f  ( b a d )  

S e a r c h e s  t h e  d i c t i o n a r y  s t a r t i n g  a t  
t h e  name f i e l d  a d d r e s s  a d d r 2 ,  m a t c h -  
i n g  t o  t h e  t e x t  a t  a d d r l .  R e t u r n s  
p a r a m e t e r  f i e l d  a d d r e s s ,  l e n g t h  
b y t e  of  name f i e l d  a n d  b o o l e a n  t r u e  
f o r  a  g o o d  m a t c h .  I f  no  m a t c h  i s  
f o u n d ,  o n l y  a b o o l e a n  f a l s e  i s  l e f t .  

n l  n 2  --- a d d r  c o u n t  
C o n v e r t  t h e  l i n e  number  n l  a n d  t h e  
s c r e e n  n2  t o  t h e  d i s c  b u f f e r  a d d r e s s  
c o n t a i n i n g  t h e  d a t a .  A c o u n t  of  6 4  
i n d i c a t e s  t h e  f u l l  l i n e  t e x t  l e n g t h .  

C 2  
T h e  r u n - t i m e  p r o c e e d u r e  c o m p i l e d  by  
LOOP w h i c h  i n c r e m e n t s  t h e  l o o p  i n d e x  
a n d  t e s t s  f o r  l o o p  c o m p l e t i o n .  
S e e  LOOP. 

d l  a d d r l  --- d 2  a d d r 2  
C o n v e r t  t h e  a s c i i  t e x t  b e g i n n i n g  a t  
a d d r l + l  w i t h  r e g a r d  t o  BASE. The  new 
v a l u e  i s  a c c u m u l a t e d  i n t o  d o u b l e  
number  d l ,  b e i n g  l e f t  a s  d2 .  Addr2  
i s  t h e  a d d r e s s  o f  t h e  f i r s t  u n c o n -  
v e r t a b l e  d i g i t .  Used  by NUMBER. 

n l  n 2  --- p r o d  LO 
L e a v e  t h e  s i g n e d  p r o d u c t  of  two 
s i g n e d  n u m b e r s .  

n l  n2  n 3  --- n 4  L  0  
L e a v e  t h e  r a t i o  n4  - n l * n 2 / n 3  
w h e r e  a l l  a r e  s i g n e d - n u m b e r s .  R e t -  
e n t i o n  of  a n  i n t e r m e d i a t e  3 1  b i t  
p r o d u c t  p e r m i t s  g r e a t e r  a c c u r a c y  t h a n  
wou ld .  b e  a v a i l a b l e  w i t h  t h e  s e q u e n c e :  

n l  n2  * n 3  / 

* / M O D  n l  n 2  n 3  --- n4 n 5  LO 
L e a v e  t h e  q u o t i e n t  n 5  a n d  r e m a i n d e r  
n 4  o f  t h e  o p e r a t i o n  n l * n 2 / n 3  
A 3 1  b i t  i n t e r m e d i a t e  p r o d u c t  i s  
u s e d  a s  f o r  * / .  

FORTH INTEREST GROUP - o PO.  Box 1105 - * - - *  San Carlos, Ca. 94070 7 



n l  n2  --- s um 
L e a v e  t h e  sum o f  n l + n 2 .  

n  a d d r  --- Lo 
Add n  t o  t h e  v a l u e  a t  t h e  a d d r e s s .  
P r o n o u n c e d  " p l u s - s t o r e " .  

LO -DUP n l  -- n l  ( i f  z e r o )  
n l  -- n l  n l  ( n o n - z e r o )  LO 

R e p r o d u c e  n l  o n l y  i f  i t  i s  non -ze ro .  
T h i s  i s  u s u a l l y  u s e d  t o  c o p y  a  v a l u e  
j u s t  b e f o r e  I F ,  t o  e l i m i n a t e  t h e  n e e d  
f o r  a n  ELSE p a r t  t o  d r o p  i t .  

n l  n 2  --- n 3  
App ly  t h e  s i g n  o f  n 2  t o  n l ,  w h i c h  
i s  l e f t  a s  n3 .  

a d d 1  --- a d d r 2  f  
Advance  t h e  d i s c  b u f f e r  a d d r e s s  a d d r l  
t o  t h e  a d d r e s s  o f  t h e  n e x t  b u f f e r  
a d d r 2 .  B o o l e a n  f  i s  f a l s e  when a d d r 2  
i s  t h e  b u f f e r  p r e s e n t l y  p o i n t e d  t o  
b y  v a r i a b l e  PREV. 

+LOOP n l  --- ( r u n )  
a d d r  n2  --- ( c o m p i l e )  P,CZ.LO 

Used i n  a  c o l o n - d e f i n i t i o n  i n  t h e  
fo rm:  

DO ... n l  +LOOP 
At r u n - t i m e ,  +LOOP s e l e c t i v e l y  
c o n t r o l s  b r a n c h i n g  b a c k  t o  t h e  c o r -  
r e s p o n d i n g  DO b a s e d  o n  n l ,  t h e  l o o p  
i n d e x  a n d  t h e  l o o p  l i m i t .  The  s i g n e d  
i n c r e m e n t  n l  i s  a d d e d  t o  t h e  i n d e x  
a n d  t h e  t o t a l  compa red  t o  t h e  l i m i t .  
The  b r a n c h  back  t o  D O  o c c u r s  u n t i l  
t h e  new i n d e x  i s  e q u a l  t o  o r  g r e a t e r  
t h a n  t h e  l i m i t  ( n 1 > 0 ) ,  o r  u n t i l  t h e  
new i n d e x  i s  e q u a l  t o  o r  l e s s  t h a n  
t h e  l i m i t  ( n 1 < 0 ) .  Upon e x i t i n g  t h e  
l o o p ,  t h e  p a r a m e t e r s  a r e  d i s c a r d e d  
a n d  e x e c u t i o n  c o n t i n u e s  a h e a d .  

At c o m p i l e  t i m e .  +LOOP c o m p i l e s  
t h e  r u n - t i m e  word  (+LOOP) a n d  t h e  
b r a n c h  o f f s e t  compu ted  f r o m  HERE t o  
t h e  a d d r e s s  l e f t  o n  t h e  s t a c k  by 
DO. n2  i s  u s e d  f o r  c o m p i l e  t i m e  
e r r o r  check . i ng .  

--- p f a  b  t f  ( f o u n d )  
--- f f ( n o t  f o u n d )  

A c c e p t s  t h e  n e x t  t e x t  word  ( d e l i m i t e d  
b y  b l a n k s )  i n  t h e  i n p u t  s t r e a n  t o  
HERE, a n d  s e a r c h e s  t h e  CONTEXT and  
t h e n  CURRENT v o c a b u l a r i e s  f o r  a  
m a t c h i n g  e n t r y .  I f  f o u n d ,  t h e  
d i c t i o n a r y  e n t r y ' s  p a r a m e t e r  f i e l d  
a d d r e s s ,  i t s  l e n g t h  b y t e ,  a n d  a  
b o o l e a n  t r u e  i s  l e f t .  O t h e r w i s e ,  
o n l y  a  b o o l e a n  f a l s e  i s  l e f t .  

-TRAILING a d d r  n l  --- a d d r  n2  
A d j u s t s  t h e  c h a r a c t e r  c o u n t  n l  o f  a  
t e x t  s t r i n g  b e g i n n i n g  a d d r e s s  t o  
s u p p r e s s  t h e  o u t p u t  o f  t r a i l i n g  
b l a n k s .  i . e .  t h e  c h a r a c t e r s  a t  
a d d r + n l  t o  a d d r + n 2  a r e  b l a n k s .  

n  --- L  0  
P r i n t  a  number  f r o m  a  s i g n e d  16 b i t  
two ' s  comp lemen t  v a l u e ,  c o n v e r t e d  
a c c o r d i n g  t o  t h e  n u m e r i c  BASE. 
A t r a i l i n g  b l a n k s  f o l l o w s .  
P r o n o u n c e d  "do t " .  

Used i n  t h e  fo rm:  ." C C C C "  

C o m p i l e s  a n  i n - l i n e  s t r i n g  c c c c  
( d e l i m i t e d  by t h e  t r a i l i n g  " )  w i t h  a n  
e x e c u t i o n  p r o c e e d u r e  t o  t r a n s m i t  t h e  
t e x t  t o  t h e  s e l e c t e d  o u t p u t  d e v i c e .  
I f  e x e c u t e d  o u t s i d e  a  d e f i n i t i o n ,  ." 
w i l l  i m m e d i a t e l y  p r i n t  t h e  t e x t  u n t i l  
t h e  f i n a l  ". The  maximum number  o f  
c h a r a c t e r s  may b e  a n  i n s t a l l a t i o n  
d e p e n d e n t  v a l u e .  S e e  (.I1). 

n  --- a d d r  
L e a v e  t h e  memory a d d r e s s  r e l a t i v e  -.LINE l i n e  s c r  --- 
by n  t o  t h e  o r i g i n  p a r a m e t e r  a r e a .  P r i n t  o n  t h e  t e r m i n a l  d e v i c e ,  a  l i n e  
n  i s  t h e  minimum a d d r e s s  u n i t ,  e i t h e r  o f  t e x t  f r o m  t h e  d i s c  by  i t s  l i n e  and  
b y t e  o r  word .  T h i s  d e f i n i t i o n  i a  u s e d  s c r e e n  number .  T r a i l i n g  b l a n k s  a r e  
t o  a c c e s s  o r  m o d i f y  t h e  b o o t - u p  s u p p r e s s e d .  
p a r a m e t e r s  a t  t h e  o r i g i , n  a r e a .  

n  --- LO 

S t o r e  n  i n t o  t h e  n e x t  a v a i l a b l e  d i c t -  
i o n a r y  memory c e l l ,  a d v a n c i n g  t h e  
d i c t i o n a r y  p o i n t e r .  (comma) 

n l  n2 --- d i f f  
L e a v e  t h e  d i f f e r e n c e  o f  n l -n2 .  

P,  LO 
C o n t i n u e  i r ~ t e r p r e t a t i o n  w i t h  t h e  
n e x t  d i s c  s c r e e n .  ( p r o n o u n c e d  
n e x t - s c r e e n ) .  

. R n l  a 2  --- 
P r i n t  t h e  number  n l  r i g h t  a l i g n e d  i n  
a  f i e l d  whose  w i d t h  i s  n2 .  No 
f o l l o w i n g  b l a n k  is p r i n t e d .  

n l  n 2  --- q u o t  LO 
L e a v e  t h e  a i g n e d  q u o t i e n t  o f  n l / n 2 .  

n l  n 2  --- rem q u o t  L  0 
L e a v e  t h e  r e m a i n d e r  a n d  s l g n e d  
q u o t i e n t  o f  n l / n 2 .  The  r e m a i n d e r  h a s  
t h e  s i g n  o f  t h e  d i v i d e n d .  
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0 1 2 3  --- n  ; s 
T h e s e  s m a l l  n u m b e r s  a r e  u s e d  s o  o f t e n  
t h a t  i s  i s  a t t r a c t i v e  t o  d e f i n e  t h e m  
by  name i n  t h e  d i c t i o n a r y  a s  c o n s t -  
a n t s .  

n  --- f  L  0  
L e a v e  a  t r u e  f l a g  i f  t h e  number  i s  < 
l e s s  t h a n  z e r o  ( n e g a t i v e ) ,  o t h e r w i s e  
l e a v e  a  f a l a e  f l a g .  

n  --- f  LO <# 
L e a v e  a  t r u e  f l a g  i s  t h e  number  i s  
e q u a l  t o  z e r o ,  o t h e r w i s e  l e a v e  a  
f a l s e  f l a g .  

OBRANCH f --- ! C2 
The  r u n - t i m e  p r o c e e d u r e  t o  c o n d i t i o n -  
a l l y  b r a n c h .  I f  f  i s  f a l s e  ( z e r o ) ,  <BUILDS 
t h e  f o l l o w i n g  i n - l i n e  p a r a m e t e r  i s  
a d d e d  t o  t h e  i n t e r p r e t i v e  p o i n t e r  t o  
b r a n c h  a h e a d  o r  b a c k .  C o m p i l e d  by 
IF, UNTIL, a n d  WHILE. 

n l  --- n 2  
I n c r e m e n t  n l  b y  1. 

n l  --- n2 
L e a v e  n l  i n c r e m e n t e d  by  2. 

P,E,LO 
Used  i n  t h e  f o r m  c a l l e d  a  c o l o n -  
d e f i n i t i o n :  

: C C C C  . . . ; 
C r e a t e s  a  d i c t i o n a r y  e n t r y  d e f i n i n g  
c c c c  a s  e q u i v a l e n t  t o  t h e  f o l l o w i n g  
s e q u e n c e  o f  F o r t h  w o r d  d e f i n i t i o n s  - '...' u n t i l  t h e  n e x t  ';' o r  ';CODE0. 
T h e  c o m p i l i n g  p r o c e s s  is d o n e  by  
t h e  t e x t  i n t e r p r e t e r  a s  l o n g  a s  
STATE i s  n o n - z e r o .  O t h e r  d e t a i l s  
a r e  t h a t  t h e  CONTEXT v o c a b u l a r y  i s  
s e t  t o  t h e  CURRENT v o c a b u l a r y  a n d  
t h a t  w o r d s  w i t h  t h e  p r e c e d e n c e  b i t  
s e t  ( P )  a r e  e x e c u t e d  r a t h e r  t h a n  
b e i n g  c o m p i l e d .  

> R  

P,C,LO 
T e r m i n a t e  a  c o l o n - d e f i n i t i o n  a n d  
s t o p  f u r t h e r  c o m p i l a t i o n .  C o m p i l e s  
t h e  r u n - t i m e  ;S. 

P,LO 
S t o p  i n t e r p r e t a t i o n  o f  a  s c r e e n .  
; S  i s  a l s o  t h e  r u n - t i m e  word  c o m p i l e d  
a t  t h e  e n d  o f  a  c o l o n - d e f  i n i t i o n  
w h i c h  r e t u r n s  e x e c u t i o n  t o  t h e  
c a l l i n g  p r o c e e d u r e .  

n l  n 2  --- f  LO 
L e a v e  a  t r u e  f l a g  i f  n l  i s  l e s s  t h a n  
n 2 ;  o t h e r v i s e  l e a v e  a  f e l s e  f l a g .  

L  0  
S e t u p  f o r  p i c t u r e d  n u m e r i c  o u t p u t  
f o r m a t t i n g  u s i n g  t h e  w o r d s :  

<#  # #S SIGN # >  
T h e  c o n v e r s i o n  i s  d o n e  o n  a  d o u b l e  
number  p r o d u c i n g  t e x t  a t  PAD. 

C,LO 
Used  w i t h i n  a  c o l o n - d e f i n i t i o n :  

: c c c c  <BUILDS ... 
DOES> ... ; 

E a c h  t i m e  c c c c  i s  e x e c u t e d ,  <BUILDS 
d e f i n e s  a  new word  w i t h  a  h i g h - l e v e l  
e x e c u t i o n  p r o c e e d u r e .  E x e c u t i n g  c c c c  
i n  t h e  f o r m :  

c c c c  nnnn 
u s e s  <BUILDS t o  c r e a t e  a  d i c t i o n a r y  
e n t r y  f o r  nnnn  w i t h  a  c a l l  t o  t h e  
DOES> p a r t  f o r  nnnn .  When n n n n  i s  
l a t e r  e x e c u t e d ,  i t  h a s  t h e  a d d r e s s  of 
i t s  p a r a m e t e r  a r e a  o n  t h e  s t a c k  a n d  
e x e c u t e s  t h e  w o r d s  a f t e r  DOES> i n  
c c c c .  <BUILDS a n d  DOES> a l l o w  r u n -  
t i m e  p r o c e e d u r e s  t o  w r i t t e n  i n  h i g h -  
l e v e l  r a t h e r  t h a n  i n  a s s e m b l e r  c o d e  
( a s  r e q u i r e d  by ;CODE). 

n l  n 2  --- f L  0  
L e a v e  a  t r u e  f l a g  i f  n l = n 2 ;  o t h e r -  
w i s e  l e a v e  a  f a l s e  f l a g .  

n l  n 2  --- f  L 0  
L e a v e  a  t r u e  f l a g  i f  n l  i s  g r e a t e r  
t h a n  n 2 ;  o t h e r w i s e  a  f a l s e  f l a g .  

n  --- C,LO 
Remove a  number  f r o m  t h e  c o m p u t a t i o n  
s t a c k  a n d  p l a c e  a s  t h e  m o s t  a c c e s s -  
a b l e  o n  t h e  r e t u r n  s t a c k .  Use  s h o u l d  
b e  b a l a n c e d  w i t h  R> i n  t h e  same 
d e f i n i t i o n .  

a d d r  -- LO 
P r i n t  t h e  v a l u e  c o n t a i n e d  a t  t h e  
a d d r e s s  i n  f r e e  f o r m a t  a c c o r d i n g  t o  
t h e  c u r r e n t  b a s e .  

;CODE 
Used  i n  t h e  f o r m :  

: cccc ... . ;CODE 
a s s e m b l y  mnemonics  

S t o p  c o m p i l a t i o n  a n d  t e r m i n a t e  a  n e v  
d e f i n i n g  word  c c c c  by c o m p i l i n g  
(;CODE). S e t  t h e  CONTEXT v o c a b u l a r y  ?COMP 
t o  ASSEMBER, a s s e m b l i n g  t o  m a c h i n e  I s s u e  e r r o r  m e s s a g e  i f  n o t  c o m p i l i n g .  
c o d e  t h e  f o l l o w i n g  mnemonics .  

When c c c c  l a t e r  e x e c u t e s  I n  t h e  f o r m :  ? c s p  
cccc  nnnn 

t h e  v o r d  n n n n  w i l l  b e  c r e a t e d  w i t h  
i r e  e x e c u t i o n  p r o c e e d u r e  g i v e n  by  
b y  t h e  m a c h i n e  c o d e  f o l l o w i n g  c c c c .  
T h a t  i s ,  when n n n n  i s  e x e c u t e d .  i t  . 
d o e s  s o  by j u m p i n g  t o  t h e  c o d e  a f t e r  
nnnn .  An e x i s t i n g  d e f i n i n g  w o r d  
m u s t  e x i s t  i n  c c c c  p r i o r  t o  ;CODE.  

I s s u e  e r r o r  m e s s a g e  i f  s t a c k  p o s i t i o n  
d i f f e r s  f r o m  v a l u e  s a v e d  i n  CSP. 
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?ERROR f  n  --- 
I s s u e  a n  e r r o r  m e s s a g e  number  n ,  i f  
t h e  b o o l e a n  f l a g  i s  t r u e .  

?EXEC 
I s s u e  a n  e r r o r  m e s s a g e  i f  n o t  e x e c -  
u t i n g .  

?LOADING 
I s s u e  a n  e r r o r  m e s s a g e  i f  n o t  l o a d i n g  

?PAIRS n l  n2  --- 
I s s u e  a n  e r r o r  m e s s a g e  i f  n l  d o e s  n o t  
e q u a l  n 2 .  The m e s s a g e  i n d i c a t e s  t h a t  
c o m p i l e d  c o n d i t i o n a l s  do  n o t '  m a t c h .  

7 STACK 
I s s u e  a n  e r r o r  m e s s a g e  i s  t h e  s t a c k  
i s  o u t  of  b o u n d s .  T h i s  d e f i n i t i o n  
may b e  i n s t a l l a t i o n  d e p e n d e n t .  

?TERMINAL --- f  
P e r f o r m  a  t e s t  o f  t h e  t e r m i n a l  k e y -  
b o a r d  f o r  a c t u a t i o n  of  t h e  b r e a k  k e y .  
A t r u e  f l a g  i n d i c a t e s  a c t u a t i o n .  
T h i s  d e f i n i t i o n  i s  i n s t a l l a t i o n  
d e p e n d e n t .  

a d d r  --- n  L  0 
L e a v e  t h e  16  b i t  c o n t e n t s  of  a d d r e s s .  

ABORT LO 
C l e a r  t h e  s t a c k s  a n d  e n t e r  t h e  e x e c -  
u t i o n  s t a t e .  R e t u r n  c o n t r o l  t o  t h e  
o p e r a t o r s  t e r m i n a l ,  p r i n t i n g  a  m e s s -  
a g e  a p p r o p r i a t e  t o  t h e  i n s t a l l a t i o n .  

ABS n  --- u  L  0  
L e a v e  t h e  a b s o l u t e  v a l u e  o f  n  a s  u.  

AGAIN a d d r  n  --- ( c o m p i l i n g )  P,C2 ,LO 
Used i n  a  c o l o n - d e f i n i o n  i n  t h e  f o r m :  

BEGIN ... A G A I N  
At r u n - t i m e ,  A G A I N  f o r c e s  e x e c u t i o n  
t o  r e t u r n  t o  c o r r e s p o n d i n g  BEGIN. 
T h e r e  i s  n o  e f f e c t  o n  t h e  s t a c k .  
E x e c u t i o n  c a n n o t  l e a v e  t h i s  l o o p  
( u n l e s s  R >  DROP i s  e x e c u t e d  o n e  
l e v e l  b e l o w ) .  

At  c o m p i l e  t i m e ,  A G A I N  c o m p i l e s  
BRANCH w i t h  a n  o f f s e t  f r o m  HERE t o  
a d d r .  n  i s  u s e d  f o r  c o m p i l e - t i m e  
e r r o r  c h e c k i n g .  

B/BUF --- 
T h i s  c o n s t a n t  l e a v e s  t h e  number  o f  
b y t e s  p e r  d i s c  b u f f e r ,  t h e  b y t e  c o u n t  
r e a d  f r o m  d i s c  by BLOCK. 

B / S C R  - -- 
T h i s  c o n s t a n t  l e a v e s  t h e  number  of  
b l o c k s  p e r  e d i t i n g  s c r e e n .  By c o n -  
v e n t i o n ,  a n  e d i t i n g  s c r e e n  i s  1024  
b y t e s  o r g a n i z e d  a s  1 6  l i n e s  of  6 4  
c h a r a c t e r s  e a c h .  

BACK a d d r  --- 
C a l c u l a t e  t h e  b a c k w a r d  b r a n c h  o f f s e t  
f r o m  HERE t o  a d d r  a n d  c o m p i l e  i n t o  
t h e  n e x t  a v a i l a b l e  d i c t i o n a r y  memory 
a d d r e s s .  

BASIS --- a d d r  U,LO 
A u s e r  v a r i a b l e  c o n t a n i n g  t h e  c u r r e n t  
number  b a s e  u s e d  f o r  i n p u t  a n d  o u t -  
p u t  c o n v e r s i o n .  

BEGILN --- a d d r  n  ( c o m p i l i n g )  P,LO 
O c c u r s  i n  a  c o l o n - d e f i n i t i o n  i n  f o r m :  

BEGIN . . . UNTIL 
BEGIN ... A G A I N  
BEGIN .. . WHILE .. . REPEAT 

A t  r u n - t i m e ,  BEGIN m a r k s  t h e  s t a r t  
o f  a s e q u e n c e  t h a t  may b e  r e p e t i t i v e -  
l y  e x e c u t e d .  I t  s e r v e s  a s  a  r e t u r n  
p o i n t  f r o m  t h e  c o r r e s p o i n d i n g  UNTIL, 
A G A I N  o r  REPEAT. When e x e c u t i n g  
UNTIL, a r e t u r n  t o  BEGIN w i l l  o c c u r  
i f  t h e  t o p  o f  t h e  s t a c k  i s  f a l s e ;  
f o r  A G A I N  a n d  REPEAT a  r e t u r n  t o  
BEGIN a l w a y s  o c c u r s .  

At c o m p i l e  t i m e  BEGIN l e a v e s  i t s  r e t -  
u r n  a d d r e s s  a n d  n  f o r  c o m p i l e r  e r r o r  
c h e c k i n g .  

--- 
A  c o n s t a n t  t h a t  l e a v e s  t h e  a s c i i  
v a l u e  f o r  " b l a n k " .  

BLANKS a d d r  c o u n t  --- 
F i l l  a n  a r e a  of  memory b e g i n i n g  a t  
a d d r  w i t h  b l a n k s .  

!BLOCK 
ALLOT ,, --- L  0 

Add t h e  s i g n e d  number  t o  t h e  d i c t i o n -  
a r y  p o i n t e r  DP. May b e  u s e d  t o  
r e s e r v e  d i c t i o n a r y  s p a c e  o r  r e - o r i g i n  
memory.  n i s  w i t h  r e g a r d  t o  c o m p u t e r  
a d d r e s s  t y p e  ( b y t e  o r  w o r d ) .  

A N D  n l  n 2  --- n 2  L 0  
L e a v e  t h e  b i t w i s e  l o g i c a l  a n d  of  n I  
a n d  n 2  a s  n3 .  

--- a d d r  U,LO 

A  u s e r  v a r i a b l e  c o n t a i n i n g  t h e  b l o c k  
number  b e i n g  i n t e r p r e t e d .  I f  z e r o ,  
i n p u t  i s  b e i n g  t a k e n  f r o m  t h e  t e r m -  
i n a l  i n p u t  b u f f e r .  

--- a d d r  LO 

L e a v e  t h e  memory a d d r e s s  of  t h e  b l o c k  
b u f f e r  c o n t a i n i n g  b l o c k  n. I f  t h e  
b l o c k  i s  n o t  a l r e a d y  i n  memory,  i t  i s  
t r a n s f e r r e d  f r o m  d i s c  t o  w h i c h  e v e r  
b u f f e r  was  l e a s t  r e c e n t l y  w r i t t e n .  
I f  t h e  b l o c k  o c c u p y i n g  t h a t  b u f f e r  
h a s  b e e n  marked  a s  u p d a t e d ,  i t  i s  r e -  
w r i t t e n  t o  d i s c  b e f o r e  b l o c k  n  i s  
r e a d  i n t o  t h e  b u f f e r .  S e e  a l s o  
BUFFER, R / W  UPDATE FLUSH 
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COUPILE C2 
When t h e  word c o n t a i n i n g  COMPILE 
e x e c u t e s .  t h e  e x e c u t i o n  a d d r e s s  of  
t h e  word f o l l o w i n g  COUPILE i s  c o p i e d  
( c o m p i l e d )  i n t o  t h e  d i c t i o n a r y .  
T h i s  a l l o w s  s p e c i f i c  c o m p i l a t i o n  
s i t u a t i o n s  t o  b e  h a n d l e d  i n  a d d i t o n  
t o  s i m p l y  compl ing  a n  e x e c u t i o n  
a d d r e s s  (which t h e  i n t e r p r e t e r  
a l r e a d y  d o e s ) .  

BLOCK-READ 
BLOCK-WRITE T h e s e  a r e  t h e  p r e f e r r e d  names 

f o r  t h e  i n r t a l l a t i o n  d e p e n d e n t  c o d e  
t o  r e a d  and  w r i t e  one  b l o c k  t o  t h e  
d i s c .  

B R A N C H  C2 ,LO 
The run- t i rne  p r o c e e d u r e  t o  u n c o n d i t -  
i o n a l l y  b r a n c h .  An i n - l i n e  o f f  s e t  
i s  added  t o  t h e  i n t e r p r e t i v e  p o i n t e r  
I P  t o  b r a n c h  a h e a d  o r  back.  BRANCH 
i s  c o m p i l e d  by ELSE, AGAIN, REPEAT. 

CONSTANT n --- 
A  d e f i n i n g  word u s e d  i n  t h e  form: 

n CONSTANT c c c c  
t o  c r e a t e  word c c c c ,  w i t h  i t s  p a r a -  
m e t e r  f i e l d  c o n t a i n i n g  n. When c c c c  
i s  l a t e r  e x e c u t e d ,  i t  w i l l  push  
t h e  v a l u e  of  n  t o  t h e  s t a c k .  

BUFFER n  --- a d d r  
O b t a i n  t h e  n e x t  memory b u f f e r ,  ass- 
i g n i n g  i t  c o  b l o c k  n. I f  t h e  con- 
t e n t s  of t h e  b u f f e r  i s  marked a s  up- 
d a t e d ,  i t  ,is w r i t t e n  t o  t h e  d i s c  
The b l o c k  :is n o t  r e a d  f rom t h e  d i s c .  
The a d d r e s s  l e f t  i s  t h e  f i r s t  c e l l  
w i t h i n  t h e  b u f f e r  f o r  d a t a  s t o r a g e .  

CONTEXT --- a d d r  U,LO 
A  u s e r  v a r i a b l e  c o n t a i n i n g  a  p o i n t e r  
t o  t h e  v o c a b u l a r y  w i t h i n  which d i c t -  
i o n a r y  s e a r c h e s  w i l l  f i r s t  b e g i n .  

b  add!? --- 
S t o r e  8 b i t s  a t  a d d r e s s .  On word 
a d d r e s s i n g  compute r s , .  f u r t h e r  s p e c -  
i f i c a t i o n  :is n e c e s s a r y  r e g a r d i n g  b y t e  
a d d r e s s i n g .  

COUNT a d d r l  --- a d d r 2  n  L 0 
Leave t h e  b y t e  a d d r e s s  a d d r 2  a n d  b y t e  
c o u n t  n  of  a  message t e x t  b e g i n n i n g  
a t  a d d r e s s  a d d r l .  I t  i s  presumed 
t h a t  t h e  f i r s t  b y t e  a t  a d d r l  c o n t a i n s  
t h e  t e x t  b y t e  c o u n t  a n d  t h e  a c t u a l  
t e x t  s t a r t s  w i t h  t h e  s e c o n d  b y t e .  
T y p i c a l l y  COUNT i s  f o l l o w e d  by TYPE. b  --- 

S t o r e  8 b i c s  o f  b  i n t o  t h e  n e x t  
a v a i l a b l e  d i c t i o n a r y  b y t e ,  a d v a n c i n g  
t h e  d i c t i o n a r y  p o i n t e r .  T h i s  i s  o n l y  C R  
a v a i l a b l e  on b y t e  a d d r e s s i n g  comp- 
u t e r s ,  a n d  s h o u l d  b e  u s e d  w i t h  
c a u t i o n  on b y t e  a d d r e s s i n g  min i -  
c o m p u t e r s .  

L 0 
T r a n s m i t  a c a r r i a g e  r e t u r n  and l i n e  
f e e d  t o  t h e  s e l e c t e d  o u t p u t  d e v i c e .  

CREATE 
A d e f i n i n g  word u s e d  i n  t h e  form:  

CREATE c c c c  
by s u c h  words  a s  CODE a n d  CONSTANT 
t o  c r e a t e  a  d i c t i o n a r y  h e a d e r  f o r  
a  F o r t h  d e f i n i t i o n .  The c o d e  f i e l d  
c o n t a i n s  t h e  a d d r e s s  of  t h e  words  
p a r a m e t e r  f i e l d .  The new v o r d  i s  
c r e a t e d  i n  t h e  CURRENT v o c a b l a r y .  

a d d r  ---- b  
Leave t h e  8 b i t  c o n t e n t s  of memory 
a d d r e s s .  On word a d d r e s s i n g  comput- 
e r s ,  f u r t h e r  s p e c i f i c a t i o n  i s  n e e d e d  
r e g a r d i n g  b y t e  a d d r e s s i n g .  

p f a  -a-- c f a  
C o n v e r t  t h e  p a r a m e t e r  f i e l d  a d d r e s s  
o f  a  d e f i n i t i o n  t o  i t s  c o d e  f i e l d  
a d d r e s s .  

CSP ---- a d d r  U 
A u s e r  v a r i a b l e  t e m p o r a r i l y  s t o r i n g  
t h e  s t a c k  p o i n t e r  p o s i t i o n ,  f o r  
c o m p i l a t i o n  e r r o r  c h e c k i n g .  

CHOVE f rom t o  c o u n t  --- 
Uove t h e  s p e c i f i e d  q u a n t i t y  o f  b y t e s  
b e g i n n i n g  a t  a d d r e s s  f rom t o  a d d r e s s  
t o .  The c o n t e n t .  of  a d d r e s s  f r o m  
i s  moved f i r s t  p r o c e e d i n g  t o w a r d  h i g h  
memory. F u r t h e r  r p e c i f i c a t l o n  i s  
n e c e s s a r y  on v o r d  a d d r e s s i n g  comp- , 

u t e r s .  

d l  d2 --- dsum 
Leave  t h e  d o u b l e  number sum of two 
d o u b l e  numbers .  

d l  n  --- d  2  
Apply t h e  s i g n  of n  t o  t h e  d o u b l e  
number d l ,  l e a v i n g  i t  a s  d2. 

COLD 
The c o l d  s t a r t  p r o c e e d u r e  t o  a d j u s t  
t h e  d i c t i o r l a r y  p o i n t e r  t o  t h e  min- 
imum s t a n d a r d  a n d  r e s t a r t  v i a  ABORT. 
Uay b e  c a l l e d  f r o m  t h e  t e r m i n a l  t o  
remove a p p : l i c a t i o n  p r o g r a m s  and  
r e s t a r t .  

d  --- L 1 
P r i n t  a  s i g n e d  d o u b l e  number f rom a  
3 2  b i t  two's complement v a l u e .  The 
h i g h - o r d e r  1 6  b i t s  a r e  most  a c c e s s -  
a b l e  o n  t h e  s t a c k .  C o n v e r s i o n  i s  
p e r f o r m e d  a c c o r d i n g  t o  t h e  c u r r e n t  
BASE. A b l a n k  f o l l o v s .  P ronounced  
D-dot. 
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DABS 

DECIMAL 

d  n  --- DO 
P r i n t  a  s i g n e d  d o u b l e  number d  r i g h t  
a l i g n e d  i n  a  f i e l d  n  c h a r a c t e r s  wide.  

d  --- ud 
Leave t h e  a b s o l u t e  v a l u e  ud of a  
d o u b l e  number. 

LO 
S e t  t h e  n u m e r i c  c o n v e r s i o n  BASE f o r  
d e c i m a l  i n p u t - o u t p u t .  

DEFINITIONS 
Used i n  t h e  form:  

c c c c  DEFINITIONS 
S e t  t h e  CURRENT v o c a b u l a r y  t o  t h e  
CONTEXT v o c a b u l a r y .  I n  t h e  example ,  
e x e c u t i n g  v o c a b u l a r y  name c c c c  made 
i t  t h e  CONTEXT v o c a b u l a r y  and e x e c -  
u t i n g  DEFINITIONS made b o t h  s p e c i f y  
v o c a b u l a r y  c c c c .  

DIGIT 

DLIST 

DLITERAL 

c  n l  --- n2 t f  ( o k )  
c  n l  --- f f  (bad)  

C o n v e r t s  t h e  a s c i i  c h a r a c t e r  c  ( u s i n g  
b a s e  n l )  t o  i t s  b i n a r y  e q u i v a l e n t  n2 ,  
accompan ied  by a  t r u e  f l a g .  I f  t h e  DOES> 
c o n v e r s i o n  i s  i n v a l i d ,  l e a v e s  o n l y  
a  f a l s e  f l a g .  

L i s t  t h e  names o f  t h e  d i c t i o n a r y  
e n t r i e s  i n  t h e  CONTEXT v o c a b u l a r y .  

d  --- d  ( e x e c u t i n g )  
d  --- ( c o m p i l i n g )  P  

I f  c o m p i l i n g ,  c o m p i l e  a  s t a c k  d o u b l e  
number i n t o  a l i t e r a l .  L a t e r  e x e c u t -  
i o n  o f  t h e  d e f i n i t i o n  c o n t a i n i n g  t h e  
l i t e r a l  w i l l  push  i t  t o  t h e  s t a c k .  I f  
e x e c u t i n g ,  t h e  number w i l l  r e m a i n  on D P  
t h e  s t a c k .  

DMINUS d l  ---. d  2 
C o n v e r t  d l  t o  i t s  d o u b l e  number two's  
complement .  

DPL 

DRO 
D R l  

n l  n2 --- ( e x e c u t e )  
a d d r  n  --- ( c o m p i l e )  P,C2 ,LO 

O c c u r s  i n  a  c o l o n - d e f i n i t i o n  i n  form:  
D O  . . . LOOP 
D O  . . . +LOOP 

A t  r u n  t i m e .  D O  b e g i n s  a  s e q u e n c e  
w i t h  r e p e t i t i v e  e x e c u t i o n  c o n t r o l l e d  
by a  l o o p  l i m i t  n l  a n d  a n  i n d e x  w i t h  
i n i t i a l  v a l u e  n2. DO removes  t h e s e  
f r o m  t h e  s t a c k .  Upon r e a c h i n g  LOOP 
t h e  i n d e x  i s  i n c r e m e n t e d  by one.  
U n t i l  t h e  new i n d e x  e q u a l s  o r  e x c e e d s  
t h e  l i m i t ,  e x e c u t i o n  l o o p s  back  t o  
j u s t  a f t e r  DO; o t h e r w i s e  t h e  l o o p  
p a r a m e t e r s  a r e  d i s c a r d e d  and e x e c u t -  
i o n  c o n t i n u e s  a h e a d .  Both n l  and n2 
a r e  d e t e r m i n e d  a t  r u n - t i m e  and may be 
t h e  r e s u l t  of  o t h e r  o p e r a t i o n s .  
W i t h i n  a  l o o p  'I' w i l l  copy t h e  

u r r e n t  v a l u e  of t h e  i n d e x  t o  t h e  
s t a c k .  See  I ,  LOOP, +LOOP, LEAVE. 

When c o m p i l i n g  w i t h i n  t h e  c o l o n -  
d e f i n i t i o n ,  D O  c o m p i l e s  (DO), l e a v e s  
t h e  f o l l o w i n g  a d d r e s s  a d d r  and  n  f o r  
l a t e r  e r r o r  c h e c k i n g .  

L  0  
A v o r d  which d e f i n e s  t h e  run- t ime  
a c t i o n  w i t h i n  a  h i g h - l e v e l  d e f i n i n g  
word. DOES> a l t e r s  t h e  code  f i e l d  
and  f i r s t  p a r a m e t e r  of t h e  new v o r d  
t o  e x e c u t e  t h e  s e q u e n c e  of c o m p i l e d  
word a d d r e s s e s  f o l l o w i n g  DOES>. Used 
i n  c o m b i n a t i o n  w i t h  <BUILDS. When t h e  
DOES> p a r t  e x e c u t e s  i t  b e g i n s  w i t h  
t h e  a d d r e s s  of  t h e  f i r s t  p a r a m e t e r  
o f  t h e  new word on t h e  s t a c k .  T h i s  
a l l o w s  i n t e r p r e t a t i o n  u s i n g  t h i s  
a r e a  o r  i t s  c o n t e n t s .  T y p i c a l  u s e s  
i n c l u d e  t h e  F o r t h  a s s e m b l e r ,  m u l t i -  
d i m i n s i o n a l  a r r a y s ,  and  c o m p i l e r  
g e n e r a t i o n .  

---- a d d r  u,L 
A u s e r  v a r i a b l e ,  t h e  d i c t i o n a r y  
p o i n t e r ,  which c o n t a i n s  t h e  a d d r e s s  
of t h e  n e x t  f r e e  memory above  t h e  
d i c t i o n a r y .  The v a l u e  may b e  r e a d  by 
HERE and  a l t e r e d  by ALLOT. 

---- a d d r  U,LO 
A  u s e r  v a r i a b l e  c o n t a i n i n g  t h e  number 
o f  d i g i t s  t o  t h e  r i g h t  of t h e  d e c i m a l  
on d o u b l e  i n t e g e r  i n p u t .  I t  may a l s o  
b e  u s e d  h o l d  o u t p u t  column l o c a t i o n  
of a  d e c i m a l  p o i n t ,  i n  u s e r  g e n e r a t e d  
f o r m a t i n g .  The d e f a u l t  v a l u e  on 
s i n g l e  number i n p u t  i s  -1. 

I n s t a l l a t i o n  d e p e n d e n t  commands t o  
s e l e c t  d i s c  d r i v e s ,  by p r e s e t i n g  
OFFSET. The c o n t e n t s  of OFFSET i s  
added t o  t h e  b l o c k  number i n  BLOCK 
t o  a l l o w  f o r  t h i s  s e l e c t i o n .  O f f s e t  
i s  s u p r e s s e d  f o r  e r r o r  t e x t  s o  t h a t  
i s  may a l w a y s  o r i g i n a t e  f rom d r i v e  0 
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DROP ,, --- LO ENDIF 
Drop the number from the stack. 

addr n --- (compile) P.CO,LO 
Occurs in a colon-definition in form: 

IF ENDIF 
IF ... ELSE ... ENDIF 

At run-time, ENDIF serves only as the 
destination of a forward branch from 
IF or ELSE. It marks the conclusion 
of the conditional structure. THEN 
is another name for ENDIF. Both 
names are supported in fig-FORTH. See 
also IF and ELSE. 

DUMP addr n --- LO 
Print the contents of n memory 
locations beginning at addr. Both 
addresses and contents are shown in 
the current numeric base. 

DUP n --- n n LO 
Duplicate the value on the stack. At compile-time, ENDIP computes the 

forward branch offset from addr to 
HERE and stores it at addr. n is 
used for error tests. ELSE addrl nl --- addr2 n2 

(compiling) P,CZ,LO 
Occurs within a colon-definition 
in the form: 

IF ... ELSE ... ENDIF 
At run-time, ELSE executes after the 
true part following IF. ELSE forces 
execution to skip over the following 
false part and resumes execution 
after the ENDIF. It has no stack 
effect. 

ERASE addr n --- 
Clear a region of memory to zero from 
addr over n addresses. 

ERROR line --- in blk 
Execute error notification and re- 
start of system. WARNING is first 
examined. If 1, the text of line n, 
relative to screen 4 of drive 0 is 
printed. This line number may be 

At compile-time ELSE emplaces BRANCH 
reserving a branch offset, leaves 
the address addr2 and n2 for error 
testing. ELSE also resolves the 
pending forward branch from IF by 
calculating the offset from addrl to 
HERE and storing at addrl. 

positive or negative, and beyond just 
screen 4. If WARWING=O, n is just 
printed as a message number (non disc 
installation). If WARNING is -1, 
the definition (ABORT) is executed, 
which executes the system ABORT. The 
user may cautiously modify this 
execution by altering (ABORT). 
fig-FORTH saves the contents of IN 
and BLK to assist in determining the 
location of the error. Final action 
is execution of QUIT. 

Transmit ascii character c to the 
selected output device. OUT is 
incremented for each character 
output. 

EMPTY-BUFFERS LO EXECUTE 
Mark all block-buffers as empty, not 
necessarily affecting the contents. 
Updated blocks are not written to the 
disc. This is also an initialization 
proceedure before first use of the 
disc. 

addr -- 
Execute the definition whose code 
field address is on the stack. The 
code field address is also called 
the compilation address. 

EXPECT addr count --- LO 
Transfer characters from the terminal 
to address, until a "return" or the 
count of characters have been rec- 
eived. One or more nulls are added 
at the end of the text. 

ENCLOSE addrl c --- 
ddrl nl n2 n3 

The text scanning primitive used by 
WORD. From the text address addrl 
and an ascii delimiting character c, 
is determined the byte offset to the 
first non-delimiter character nl, 
the offset to the first delimiter 
after the text n2, and the offset 
to the first character not included. 
This proceedure will not process past 
an ascii 'null', treating it as an 
unconditional delimiter. 

FENCE --- addr U 
A user variable containing an 
address below which PORGETting is 
trapped. To forget below this point 
the user must alter the contents of 
FENCE. 

END P,C2,LO FILL 
This is an 'alias' or duplicate 
definition for UNTIL. 

addr quan b --- 
Pill memory at the address with the 
specified quantity of bytes b. 

"' n 
A constant that leaves the address 
of the first (lowest) block buffer. 
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FLD --- a d d r  u I F  f  --- ( r u n - t i m e )  - - - a d d r  n  ( c o m p i l e )  P,CZ.LO 

O c c u r s  i s  a  c o l o n - d e f i n i t i o n  i n  f o r m :  
I F  ( t p )  4 . .  ENDIF 
I F  ( t p )  ... ELSE ( f p )  ... ENDIF 

A t  r u n - t i m e ,  I F  s e l e c t s  e x e c u t i o n  
b a s e d  on  a  b o o l e a n  f l a g .  I f  f  i s  
t r u e  ( n o n - z e r o ) ,  e x e c u t i o n  c o n t i n u e s  
a h e a d  t h r u  t h e  t r u e  p a r t .  I f  f  i s  
f a l s e  ( z e r o ) ,  e x e c u t i o n  s k i p s  t i l l  
j u s t  a f t e r  ELSE t o  e x e c u t e  t h e  f a l s e  
p a r t .  A f t e r  e i t h e r  p a r t ,  e x e c u f i o n  
r e s u m e s  a f t e r  ENDIP. ELSE and  i t s  
f a l s e  p a r t  a r e  o p t i o n a l . :  i f  m i s s i n g ,  
f a l s e  e x e c u t i o n  s k i p s  t o  j u s t  a f t e r  
ENDIF. 

A  u s e r  v a r i a b l e  f o r  c o n t r o l  of  number  
o u t p u t  f i e l d  w i d t h .  P r e s e n t l y  un- 
u s e d  i n  fig-FORTH. 

FORGET E.LO 
E x e c u t e d  i n  t h e  fo rm:  

FORGET c c c c  
D e l e t e s  d e f i n i t i o n  named c c c c  f r o m  
t h e  d i c t i o n a r y  w i t h  a l l  e n t r i e s  
p h y s i c a l l y  f o l l o w i n g  i t .  I n  f i g -  
FORTH, a n  e r r o r  m e s s a g e  w i l l  o c c u r  i f  
t h e  CURRENT a n d  CONTEXT v o c a b u l a r i e s  
a r e  n o t  c u r r e n t l y  t h e  same.  

FORTH P , L I  
The name o f  t h e  p r i m a r y  v o c a b u l a r y .  
E x e c u t i o n  makes  FORTH t h e  CONTEXT 
v o c a b u l a r y .  U n t i l  a d d i t i o n a l  u s e r  
v o c a b u l a r i e s  a r e  d e f i n e d ,  new u s e r  
d e f i n i t i o n s  become a  p a r t  o f  FORTH. 
FORTH i s  i m m e d i a t e ,  s o  i t  v i l l  e x e c -  
u t e  d u r i n g  t h e  c r e a t i o n  o f  a  c o l o n -  
d e f i n i t i o n ,  t o  s e l e c t  t h i s  v o c a b u l a r y  
a t  c o m p i l e  t i m e .  

At  c o m p i l e - t i m e  I F  c o m p i l e s  OBRANCH 
a n d  r e s e r v e s  s p a c e  f o r  a n  o f f s e t  
a t  a d d r .  a d d r  a n d  n  a r e  u s e d  l a t e r  
f o r  r e s o l u t i o n  o f  t h e  o f f s e t  a n d  
e r r o r  t e s t i n g .  

IMMEDIATE 
Mark t h e  y o s t  r e s e n t l y  made d e f i n i t -  
i o n  s o  t h a t  when e n c o u n t e r e d  a t  
c o m p i l e  t i m e ,  it w i l l  b e  e x e c u t e d  
r a t h e r  t h a n  b e i n g  c o m p i l e d .  1 . e .  t h e  
p r e c e d e n c e  b i t  i n  i t s  h e a d e r  i s  s e t .  
T h i s  me thod  q l l o w s  d e f i n i t i o n s  t o  
h a n d l e  u n u s u a l  c o m p i l i n g  s i t u a t i o n s ,  
r a t h e r  t h a n  b u i l d , t h e m  i n t o  t h e  
f u n d a m e n t q l  c o m p i l e r .  The  u s e r  may 
f o r c e  c o m p i l a t i q n  o f  a n  i m m e d i a t e  
d e f i n i t i o q  by p r e c e e d i n g  i t  w i t h  
[COMPILE], 

HERE --- a d d r  LO 
L e a v e  t h e  a d d r e s s  o f  t h e  n e x t  a v a i l -  
a b l e  d i c t i o n a r y  l o c a t i o n .  

HEX 

BLD 

L  0  
S e t  t h e  n u m e r i c  c o n v e r s i o n  b a s e  t o  
s i x t e e n  ( h e x a d e c i m a l ) .  

--- a d d r  L 0  
A u s e r  v a r i a b l e  t h a t  h o l d s  t h e  a d d r -  I N  
e s s  o f  t h e  l a t e s t  c h a r a c t e r  of  t e x t  
d u r i n g  n u m e r i c  o u t p u t  c o n v e r s i o n .  

--- q d d r  L 0  
A u s e r  v a r i a b l e  c o n t a i n i n g  t h e  b y t e  
o f f s e t  w i t h i n  t h e  c u r r e n t  i n p u t  t e x t  
b u f f e r  ( t e r m i n a l  o r  d i s c )  f r o m  w h i c h  
t h e  n e x t  t e x t  w t l l  b e  a c c e p t e d .  WORD 
u s e s  a n d  moves t h e  v a l u e  of I N .  HOLD c  --- LO 

Used b e t w e e n  < #  a n d  #> t o  i n s e r t  
a n  a s c i i  c h a r a c t e r  i n t o  a  p i c t u r e d  
n u m e r i c  o u t p u t  s t r i n g .  
e . g .  2E HOLD w i l l  p l a c e  a  
d e c i m a l  p o i n t .  

INDEX f r o m  t o  --- 
P r i n t  t h e  f i r s t  l g n e  o f  e a c h  s c r e e n  
o v e r  t h e  r a n g e  f r o m ,  t o .  T h i s  i s  
u s e d  t o  v $ e u  t h e  comment l i n e s  o f  a n  
a r e a  o f  ? ~ x t  on d i s c  s c r e e n s .  --- C,LO 

Used w i t h i n  a  DO-LOOP t o  copy  t h e  
l o o p  i n d e x  t o  t h e  s t a c k .  O t h e r  
u s e  i s  i m p l e m e n t a t i o n  d e p e n d e n t .  
S e e  R. 

INTERPRET 
The  o u t e r  t e x t  interpreter w h i c h  
s e q u e n t i a l l y  e x e c u t e s  o r  c o m p i l e s  
t e x t  f r o m  t h e  i n p u t  s t r e a m  ( t e r m i n a l  
o r  d i s c )  d e p e n d i n g  o n  STATE. I f  t h e  
word  name q a n n o t  b e  f o u n d  a f t e r  
a  s e a r c h  o f  CONTEXT a n d  t h e n  C U R R E N T  
i t  i s  c o n v e r t e - d  t o  a  number  a r w r d i n g  
t o  t h e  c u r r e n t  b a s e .  ThaC a l s o - f s f l -  
i n g ,  a n  e r r o r  m e s s a g e - e c h o i n g  t h e  
name w i t h  a  " ?"  w i l l  b e  g i v e n .  
T e x t  i n p u t  v i l l  b e  t a k e n  a c c o r d i n g  t o  
t h e  c o n v e n t i o n  f o r  WORD. I f  a  d e c i m a l  
p o i n t  i s  f o u n d  a s  p a r t  o f  a  number ,  
a  d o u b l e  number  v a l u e  w i l l  b e  l e f t .  
The  d e c i m a l  p o i n t  h a s  n o  o t h e r  p u r -  
p o s e  t h a n  t o  f o r c e  t h i s  a c t i o n .  
S e e  NUMBER. 

I D .  a d d r  --- 
P r i n t  a  d e f i n i t i o n ' s  name f r o m  i t s  
name f i e l d  a d d r e s s .  
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KEY --- LO LOOP 
Leave  t h e  a s c i i  v a l u e  of t h e  n e x t  
t e r m i n a l  key s t r u c k .  

LATEST --- a d d r  
Leave t h e  name f i e l d  a d d r e s s  of t h e  
topmos t  word i n  t h e  CURRENT v o c a b u l -  
a r y .  

LEAVE C.Lo 
F o r c e  t e r m i n a t i o n  of  a D'O-LOOP a t  t h e  
n e x t  o p p o r t u n i t y  by s e t t i n g  t h e  l o o p  
l i m i t  e q u a l  t o  t h e  c u r r e n t  v a l u e  o f  
t h e  i n d e x .  The i n d e x  i t s e l f  r e m a i n s  
unchanged ,  and e x e c u t i o n  p r o d e e d s  
n o r m a l l y  u n t i l  LOOP o r  +LOOP i s  
e n c o u n t e r e d .  

L IHI T 

p f a  --- l f a  
Conver t  t h e  p a r a m e t e r  f i e l d  a d d r e s s  
o f  a  d i c t i o n a r y  d e f i n i t i o n  t o  i t s  
l i n k  f i e l d  a d d r e s s .  

A c o n s t a n t  l e a v i n g  t h e  a d d r e s s  j u s t  
a b o v e  t h e  h i g h e s t  memory a v a i l a b l e  
f o r  a  d i s c  b u f f e r .  U s u a l l y  t h i s  i s  
t h e  h i g h e s t  s y s t e m  memory. 

LIST n  --- LO MIMOD 
D i s p l a y  t h e  a s c i i  t e x t  of s c r e e n  n  
on t h e  s e l e c t e d  o u t p u t  d e v i c e .  SCR 
c o n t a i n s  t h e  s c r e e n  number d u r i n g  a n d  
a f t e r  t h i s  p r o c e s s .  

LIT --- C2,LO 
W i t h i n  a  c o l o n - d e f i n i t i o n ,  LIT i s  
a u t o m a t i c a l l y  c o m p i l e d  b e f o r e  e a c h  
1 6  b i t  l i t e r a l  number e n c o u n t e r e d  i n  
i n p u t  t e x t .  L a t e r  e x e c u t i o n  of  LIT 
c a u s e s  t h e  c o n t e n t s  of  t h e  n e x t  
d i c t i o n a r y  a d d r e s s  t o  b e  pushed  t o  
t h e  s t a c k .  

LITERAL n  --- ( c o m p i l i n g )  P,C2.L0 
I f  c o m p i l i n g ,  t h e n  c o m p i l e  t h e  s t a c k  
v a l u e  n  a s  a  16 b i t  l i t e r a l .  T h i s  
d e f i n i t i o n  i s  i m m e d i a t e  s o  t h a t  i t  
w i l l  e r e c u t e  d u r i n g  a  c o l o n  d e f i n -  
i t i o n . .  The i n t e n d e d  u s e  is:  

: xxx  I c a l c u l a t e  I LITERAL ; 
C o m p i l a t i o n  i s  s u s p e n d e d  f o r  t h e  
c o m p i l e  t i m e  c a l c u l a t i o n  of  a  v a l u e .  
C o m p i l a t i o n  i s  reusumed and LITERAL 
c o m p i l e s  t h i s  v a l u e .  

MAX 

a d d r  n  --- ( c o m p i l i n g )  P.CZ,LO 
O c c u r s  i n  a c o l o n - d e f i n i t i o n  i n  form:  

D O  . .. LOOP 
A t  r u n - t i m e ,  LOOP s e l e c t i v e l y  c o n t -  
r o l s  b r a n c h i n g  back  t o  t h e  c o r r e s p o n -  
d i n g  DO b a s e d  on  t h e  l o o p  i n d e x  and 
l i m i t .  The l o o p  i n d e x  i s  i n c r e m e n t e d  
by one and compared t o  t h e  l i m i t .  The 
b r a n c h  b a c k  t o  D O  o c c u r s  u n t i l  t h e  
i n d e x  e q u a l s  o r  e x c e e d s  t h e  l i m i t ;  
a t  t h a t  t i m e ,  t h e  p a r a m e t e r s  a r e  
d i s c a r d e d  and  e x e c u t i o n  c o n t i n u e s  
a h e a d .  

A t  c o m p i l e - t i m e ,  LOOP c o m p i l e s  (LOOP) 
a n d  u s e s  a d d r  t o  c a l c u l a t e  an  o f f s e t  
t o  DO. n  i s  u s e d  f o r  e r r o r  t e s t i n g .  

n l  n2 --- d  
A mixed m a g n i t u d e  math o p e r a t i o n  
which l e a v e s  t h e  d o u b l e  number s i g n e d  
p r o d u c t  of two s i g n e d  number. 

d  n l  --- n 2  n 3  
A mixed magn i tude  math o p e r a t o r  which 
l e a v e s  t h e  s i g n e d  r e m a i n d e r  n2 and 
s i g n e d  q u o t i e n t  n 3 ,  f rom a  d o u b l e  
number d i v i d e n d  and d i v i s o r  n l .  The 
r e m a i n d e r  t a k e s  i t s  s i g n  f rom t h e  
d i v i d e n d .  

u d l  u2 --- u 3  ud4 
An u n s i g n e d  mixed m a g n i t u d e  math 
o p e r a t i o n  which l e a v e s  a  d o u b l e  
q u o t i e n t  ud4 and  r e m a i n d e r  u 3 ,  f rom 
a  d o u b l e  d i v i d e n d  u d l  a n d  s i n g l e  
d i v i s o r  u2. 

n l  n2 --- ma x  L  0  
Leave  t h e  g r e a t e r  o f  two numbers.  

MESSAGE n --- 
P r i n t  o n  t h e  s e l e c t e d  o u t p u t  d e v i c e  
t h e  t e x t  o f  l i n e  n  r e l a t i v e  t o  s c r e e n  
4  of d r i v e  0.  n  may b e  p o s i t i v e  o r  
n e g a t i v e .  MESSAGE may be used  t o  
p r i n t  i n c i d e n t a l  t e x t  s u c h  a s  r e p o r t  
h e a d e r s .  I f  WARNING i s  z e r o ,  t h e  
message  w i l l  s i m p l y  b e  p r i n t e d  a s  
a  number ( d i s c  u n - a v a i l a b l e ) .  

LOAD n  --- L  0  
Beg in  i n t e r p r e t a t i o n  of  a c r e e n  n. 
L o a d i n g  w i l l  t e r m i n a t e  8t t h e  e n d  o f  MOD 
t h e  mcreen o r  a t  ;S. S e e  ;S and  -->. 

n l  n2 --- min L  0  
Leave  t h e  s m a l l e r  o f  two numbers.  

M I  NUS n l  --- n2 L  0  
Leave  t h e  two's  complement of  a  
number. 

n l  n2 --- mo d  LO 
L e a v e  t h e  r e m a i n d e r  of  n l l o 2 ,  w i t h  
t h e  same s i g n  a s  n l .  

E x i t  t o  t h e  s y s t e m  m o n i t o r ,  l e a v i n g  
a  r e - e n t r y  t o  F o r t h ,  i f  p o ~ s i b l e .  
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M O V E  

NEXT 

NFA 

a d d r l  a d d r 2  n  -,-- PAD 
?love t h e  c o n t e n t s  of n  memory c e l l s  
( 1 6  b i t  c o n t e n t s )  b e g i n n i n g  a t  a d d r l  
i n t o  n  c e l l s  b e g i n n i n g  a t  a d d r 2 .  
The  c o n t e n t s  of  a d d r l  i s  moved f i r s t .  
T h i s  d e f i n i t i o n  i s  a p p r o p r i a t e  o n  
on  word  a d d r e s s i n g  c o n i p u t e r s .  PF A 

p f a  --- n f a  
C o n v e r t  t h e  p a r a m e t e r  f i e l d  a d d r e s s  
o f  a  d e f i n i t i o n  t o  i t s  name f i e l d .  

POP 
The  c o d e  s e q u e n c e  t o  remove a  s t a c k  
v a l u e  a n d  r e t u r n  t o  N E X T .  P O P  i s  
n o t  d i r e c t l y  e x e c u t a b l e ,  b u t  i s  a  
F o r t h  r e - e n t r y  p o i n t  a f t e r  m a c h i n e  
c o d e .  

PUT 

n f a  --- p f a  
C o n v e r t  t h e  name f i e l d  a d d r e s s  o f  
a  c o m p i l e d  d e f i n i t i o n  t o  i t s  p a r a -  
m e t e r  f i e l d  a d d r e s s .  

QUERY 

OUT 

n l  n2 -- o I' LO 
L e a v e  t h e  b i t - w i s e  l o g i c a l  o r  of  two 
1 6  b i t  v a l u e s .  

n l  n2 --- n l  n2  n l  L 0 
Copy t h e  s e c o n d  s t a c k  v a l u e ,  p l a c i n g  
i t  a s  t h e  new t o p .  

--- a d d r  LO 
L e a v e  t h e  a d d r e s s  of  t h e  t e x t  o u t p u t  
b u f f e r ,  w h i c h  i s  a  f i x e d  o f f s e t  a b o v e  
HERE. 

T h i s  i s  t h e  i n n e r  i n t e r p r e t e r  t h a t  
u s e s  t h e  i n t e r p r e t i v e  p o i n t e r  I P  t o  
e x e c u t e  c o m p i l e d  F o r t h  d e f i n i t i o n s .  
I t  i s  n o t  d i r e c t l y  e x e c u t e d  b u t  i s  
t h e  r e t u r n  p o i n t  f o r  a l l  c o d e  p r o -  
c e e d u r e s .  I t  a c t s  by f e t c h i n g  t h e  
a d d r e s s  p o i n t e d  by I P ,  s t o r i n g  t h i s  
v a l u e  i n  r e g i s t e r  W. I t  t h e n  j umps  
t o  t h e  a d d r e s s  p o i n t e d  t o  by t h e  
a d d r e s s  p o i n t e d  t o  by W. W p o i n t s  t o  
t h e  c o d e  f i e l d  o f  a  d e f i n i t i o n  wh ich  P R E V  
c o n t a i n s  t h e  a d d r e s s  o f  t h e  c o d e  
w h i c h  e x e c u t e s  f o r  t h a t  d e f i n i t i o n .  
T h i s  u s a g e  of  i n d i r e c t  t h r e a d e d  c o d e  
i s  a  m a j o r  c o n t r i b u t o r  t o  t h e  power ,  
p o r t a b i l i t y ,  a n d  e x t e n s f b i l i t - y  o f  
F o r t h .  L o c a t i o n s  o f  I P  a n d  W a r e  
c o m p u t e r  s p e c i f i c .  

'.JUEZBER a d d r  --- d  
C o n v e r t  a  c h a r a c t e r  s t r i n g  l e f t  a t  
a d d r  w i t h  a  p r e c e e d i n g  c o u n t ,  t o  
a  s i g n e d  d o u b l e  number ,  u s i n g  t h e  
c u r r e n t  n u m e r i c  b a s e .  I f  a  d e c i m a l  
p o i n t  i s  e n c o u n t e r e d  i n  t h e  t e x t ,  i t s  
p o s i t i o n  w i l l  b e  g i v e n  i n  DPL, b u t  
no o t h e r  e f f e c t  o c c u r s .  I f  n u m e r i c  
c o n v e r s i o n  i s  n o t  p o s s i b l e ,  a n  e r r o r  
m e s s a g e  w i l l  b e  g i v e n .  

OFFSET - -- a d d r  U 
A u s e r  v a r i a b l e  w h i c h  may c o n t a i n  
a b l o c k  o f f s e t  t o  d i s c  d r i v e s .  The 
c o n t e n t s  of  OFFSET i s  a d d e d  t o  t h e  
s t a c k  number  by BLOCK. M e s s a g e s  
by  MESSAGE a r e  i n d e p e n d e n t  o f  OFFSET. 
S e e  BLOCK, DRO, DR1, MESSAGE. Q U I T  

R --- a d d r  U 
A u s e r  v a r i a b l e  t h a t  c o n t a i n s  a  v a l u e  
i n c r e m e n t e d  by EMIT. The  u s e r  may 
a l t e r  a n d  e x a m i n e  OUT t o  c o n t r o l  
d i s p l a y  f o r m a t i n g .  

---- a d d r  
A v a r i a b l e  c o n t a i n i n g  t h e  a d d r e s s  of 
t h e  d i s c  b u f f e r  m o s t  r e c e n t l y  r e f -  
e r e n c e d .  The  UPDATE command m a r k s  
t h i s  b u f f e r  t o  b e  l a t e r  w r i t t e n  t o  
d i s c .  

T h i s  c o d e  s e q u e n c e  p u s h e s  m a c h i n e  
r e g i s t e r s  t o  t h e  c o m p u t a t i o n  s t a c k  
a n d  r e t u r n s  t o  NEXT. I t  i s  n o t  
d i r e c t l y  e x e c u t a b l e ,  b u t  i s  a  F o r t h  
r e - e n t r y  p o i n t  a f t e r  m a c h i n e  c o d e .  

T h i s  c o d e  s e q u e n c e  s t o r e s  m a c h i n e  
r e g i s t e r  c o n t e n t s  o v e r  t h e  t o p m o s t  
C o m p u t a t i o n  s t a c k  v a l u e  a n d  r e t u r n s  
t o  NEXT. I t  i s  n o t  d i r e c t l y  e x e c -  
u t a b l e ,  b u t  i s  a  F o r t h  r e - e n t r y  p o i n t  
a f t e r  m a c h i n e  c o d e .  

I n p u t  8 0  c h a r a c t e r s  o f  t e x t  f o r  u n t i l  
a  " r e t u r n " )  f r o m  t h e  o p e r a t o r s  
t e r m i n a l .  T e x t  i s  p o s i t i o n ~ d  a t  t h e  
a d d r e s s  c o n t a i n e d  i n  TlR w i t h  I N  
s e t  t o  z e r o .  

L I 
C l e a r  t h e  r e t u r n  s t a c k ,  s t o p  c o m p i l -  
a t i o n ,  a n d  r e t u r n  c o n t r o l  t o  t h e  
o p e r a t o r s  t e r m i n a l .  No m f s s a ~ f  
i s  g i v e n .  

--- ,, 
Copy t h e  t o p  of  t h e  r e t u r n  s t a c k  t o  
t h e  c o m p u t a t i o n  s t a c k .  

--- a d d r  I 
A u s e r  v a r i a b l e  w h i c h  may c o n t a i n  
t h e  l o c a t i o n  o f  a n  e d i t i n g  c u r s o r ,  
o r  o t h e r  f i l e  r e l a t e d  f u n c t i o n .  
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a d d r  b l k  f  --- 
The  fig-FORTH s t a n d a r d  d i s c  r e a d -  
w r i t e  l i n k a g e .  a d d r  s p e c i f i e s  t h e  
s o u r c e  o r  d e s t i n a t i o n  b l o c k  b u f f e r .  
b l k  i s  t h e  s e q u e n t i a l  numbe r  of  
t h e  r e f e r e n c e d  b l o c k ;  a n d  f  i s  a  
f l a g  f o r  f - 0  w r i t e  a n d  f - l  r e a d .  
R / W  d e t e r m i n e s  t h e  l o c a t i o n  on  m a s s  
s t o r a g e ,  p e r f o r m s  t h e  r e a d - w r i t e  a n d  
p e r f o r m s  a n y  e r r o r  c h e c k i n g .  

SMIJDGE 
Used d u r i n g  word  d e f i n i t i o n  t o  t o g g l e  
t h e  "smudge  b i t "  i n  a  d e f i n i t i o n s '  
name f i e l d .  T h i s  p r e v e n t s  a n  un- 
c o m p l e t e d  d e f i n i t i o n  f r o m  b e i n g  f o u n d  
d u r i n g  d i c t i o n a r y  s e a r c h e s ,  u n t i l  
c o m p i l i n g  i s  c o m p l e t e d  w i t h o u t  e r r o r .  

SP! 
A c o m p u t e r  d e p e n d e n t  p r o c e e d u r e  t o  
i n i t i a l i z e  t h e  s t a c k  p o i n t e r  f r o m  
SO. 

--- LO 
Remove t h e  t o p  v a l u e  f r o m  t h e  r e t u r n  SP@ 
s t a c k  a n d  l e a v e  i t  o n  t h e  c o m p u t a t i o n  
s t a c k .  S e e  >R a n d  R. 

--- a d d r  U 
A  u s e r  v a r i a b l e  c o n t a i n i n g  t h e  
i n i t i a l  l o c a t i o n  oE t h e  r e t u r n  s t a c k .  
P r o n o u n c e d  R - z e r o .  S e e  RP! 

REPEAT a d d r  n  --- ( c o m p i l i n g )  P,C2 
Used w i t h i n  a  c o l o n - d e f i n i t i o n  i n  t h e  
f o r m :  

BEGIN ... WHILE ... REPEAT SPACES 
A t  r u n - t i m e ,  REPEAT f o r c e s  a n  
u n c o n d i t i o n a l  b r a n c h  b a c k  t o  j u s t  
a f t e r  t h e  c o r r e s p o t n d i n g  BEGIN. 

ROT 

A t  c o m p i l e - t i m e .  RIEPEAT c o m p i l e s  
B R A N C H  a n d  t h e  o f f s e t  f r o m  HERE t o  
a d d r .  n  i s  u s e d  f o r  e r r o r  t e s t i n g .  

STATE 

n l  n2 n 3  n 2  n 3  n l  LO 
R o t a t e  t h e  t o p  t h r e e  v a l u e s  on  t h e  
s t a c k ,  b r i n g i n g  t h e  t h i r d  t o  t h e  t o p .  

SWAP 

RP ! 
A  c o m p u t e r  d e p e n d e n t  p r o c e e d u r e  t o  
i n i t i a l i z e  t h e  r e t u r n  s t a c k  p o i n t e r  
f r o m  u s e r  v a r i a b l e  RO. TASK 

S I G N  

n  --- d  
S i g n  e x t e n d  a  s i n g l e  number  t o  f o r m  
a  d o u b l e  number .  

--- a d d r  U THEN 
A u s e r  v a r i a b l e  t h a t  c o n t a i n s  t h e  
i n i t i a l  v a l u e  f o r  t h e  s t a c k  p o i n t e r .  
P r o n o u n c e d  S - z e r o .  S e e  SP! 

TXB 

--- a d d r  U 
A u s e r  v a r i a b l e  c o n t a i n i n g  t h e  s c r e e n  
number  m o s t  r e c e n t l y  r e f e r e n c e  by 
LIST.  TOGGLE 

--- a d d r  
A c o m p u t e r  d e p e n d e n t  p r o c e e d u r e  t o  
r e t u r n  t h e  a d d r e s s  of  t h e  s t a c k  
p o s i t i o n  t o  t h e  t o p  of  t h e  s t a c k ,  
a s  i t  was b e f o r e  SP@ was  e x e c u t e d .  
( e . g .  1  2 SP@ @ . . . w o u l d  
t y p e 2  2 1 )  

LO 
T r a n s m i t  a n  a s c i i  b l a n k  t o  t h e  o u t p u t  
d e v i c e .  

n  --- LO 
T r a n s m i t  n  a s c i i  b l a n k s  t o  t h e  o u t p u t  
d e v i c e .  

--- a d d r  LO , u  
A  u s e r  v a r i a b l e  c o n t a i n g  t h e  c o m p i l -  
a t i o n  s t a t e .  A  n o n - z e r o  v a l u e  
i n d i c a t e s  c o m p i l a t i o n .  The  v a l u e  
i t s e l f  may b e  i m p l e m e n t a t i o n  d e p e n d -  
e n t .  

n l  n2  --- n2  n l  LO 
E x c h a n g e  t h e  t o p  two v a l u e s  on  t h e  
s t a c k .  

A  n o - o p e r a t i o n  word  w h i c h  c a n  mark  
t h e  b o u n d a r y  b e t w e e n  a p p l i c a t i o n s .  
By f o r g e t t i n g  TASK a n d  r e - c o m p i l i n g ,  
a n  a p p l i c a t i o n  c a n  b e  d i s c a r d e d  i n  
i t s  e n t i r e t y .  

An a l i a s  f o r  E N D I F .  

--- a d d r  u 
A  u s e r  v a r i a b l e  c o n t a i n i n g  t h e  a d d r -  
e s s  of  t h e  t e r m i n a l  i n p u t  b u f f e r .  

a d d r  b  --- 
Complement  t h e  c o n t e n t s  of  a d d r  by 
t h e  b i t  p a t t e r n  b .  

n  d --- d  LO 
S t o r e s  a n  a s c i i  "-" s i g n  j u s t  b e f o r e  
a  c o n v e r t e d  n u m e r i c  o u t p u t  s t r i n g  TRAVERSE a d d r l  n  --- a d d r 2  
i n  t h e  t e x t  o u t p u t  b u f f e r  when n  i s  Move a c r o s s  t h e  name f i e l d  of  a  
n e g a t i v e .  n i s  d i s c a r d e d ,  b u t  d o u b l e  fig-FORTH v a r i a b l e  l e n g t h  name f i e l d .  
numbe r  d  i s  m a i n t a i n e d .  Must  b e  a d d r l  i s  t h e  a d d r e s s  of  e i t h e r  t h e  
u s e d  b e t w e e n  < #  a n d  #> .  l e n g t h  b y t e  o r  t h e  l a s t  l e t t e r .  

I f  n - I ,  t h e  m o t i o n  i s  t o w a r d  h i  mem- 
o r y ;  i f  n--1,  t h e  m o t i o n  i s  t o w a r d  
low memory. The  a d d r 2  r e s u l t i n g  i s  
a d d r e s s  o f  t h e  o t h e r  e n d  of  t h e  name. 
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TRIAD 

TYPE 

UNTIL 

s c r  --- 
D i s p l a y  o n  t h e  s e l e c t e d  o u t p u t  d e v i c e  
t h e  t h r e e  s c r e e n s  w h i c h  i n c l u d e  t h a t  
numbered  s c r ,  b e g i n i n g  w i t h  a  s c r e e n  
e v e n l y  d i v i s i b l e  by t h r e e .  O u t p u t  
i s  s u i t a b l e  f o r  s o u r c e  t e x t  r e c o r d s ,  
a n d  i n c l u d e s  a  r e f e r e n c e  l i n e  a t  t h e  
b o t t o m  t a k e n  f r o m  l i n e  15 o f  s c r e e n 4 .  

VARIABLE E,LU 
A  d e f i n i n g  word  u s e d  i n  t h e  fo rm:  

n  VARIABLE c c c c  
When VARIABLE i s  e x e c u t e d ,  i t  c r e a t e s  
t h e  d e f i n i t i o n  c c c c  w i t h  i t s  p a r a -  
m e t e r  f i e l d  i n i t i a l i z e d  t o  n. When 
c c c c  i s  l a t e r  e x e c u t e d ,  t h e  a d d r e s s  
o f  i t s  p a r a m e t e r  f i e l d  ( c o n t a i n i n g  n )  
i s  l e f t  o n  t h e  s t a c k .  s o  t h a t  a  f e t c h  
o r  s t o r e  may a c c e s s  t h i s  l o c a t i o n .  

a d d r  c o u n t  --- LO VOC-LINK --- a d d s  U 
T r a n s m i t  c o u n t  c h a r a c t e r s  f r o m  a d d r  A  u s e r  v a r i a b l e  c o n t a i n i n g  t h e  a d d r -  
t o  t h e  s e l e c t e d  o u t p u t  d e v i c e .  e s s  o f  a  f i e l d  i n  t h e  d e f i n i t i o n  of 

t h e  m o s t  r e c e n t l y  c r e a t e d  v o c a b u l a r y .  
A l l  v o c a b u l a r y  names  a r e  l i n k e d  by  

u l  u 2  --- ud t h e s e  f i e l d s  t o  a l l o w  c o n t r o l  f o r  
L e a v e  t h e  u n s i g n e d  d o u b l e  number  FORGETting t h r u  m u l t i p l e  v o c a b u l a r y s .  
p r o d u c t  o f  two u n s i g n e d  number s .  

ud u l  --- u2 u 3  
L e a v e  t h e  u n s i g n e d  r e m a i n d e r  u2  a n d  
u n s i g n e d  q u o t i e n t  u3 f r o m  t h e  u n s i g n -  
e d  d o u b l e  d i v i d e n d  ud a n d  u n s i g n e d  
d i v i s o r  u l .  

f --- ( r u n - t i m e )  
a d d r  n  --- ( c o m p i l e )  P.C2,LO 

O c c u r s  w i t h i n  a  c o l o n - d e f i n i t i o n  i n  
t h e  f o r m :  

BEGIN ... UNTIL 
At r u n - t i m e ,  UNTIL c o n t r o l s  t h e  cond -  
i t i o n a l  b r a n c h  b a c k  t o  t h e  c o r r e s -  
p o n d i n g  BEGIN. I f  f  i s  f a l s e ,  e x e c -  
u t i o n  r e t u r n s  t o  j u s t  a f t e r  BEGIN; 
i f  t r u e ,  e x e c u t i o n  c o n t i n u e s  a h e a d .  

VOCABULARY E  9 L  
A d e f i n i n g  word u s e d  i n  t h e  f o r m :  

VOCABULARY c c c c  
t o  c r e a t e  a  v o c a b u l a r y  d e f i n i t i o n  
c c c c .  S u b s e q u e n t  u s e  o f  c c c c  w i l l  
make i t  t h e  CONTEXT v o c a b u l a r y  w h i c h  
i s  s e a r c h e d  f i r s t  by INTERPRET. The  
s e q u e n c e  " c c c c  DEFiNITIONS" w i l l  
a l s o  make c c c c  t h e  CURRENT v o c a b u l a r y  
i n t o  w h i c h  new d e f i n i t i o n s  a r e  
p l a c e d .  

I n  fig-FORTH, c c c c  w i l l  b e  s o  c h a i n e d  
a s  t o  i n c l u d e  a l l  d e f i n i t i o n s  o f  t h e  
v o c a b u l a r y  i n  w h i c h  c c c c  i s  i t s e l f  
d e f i n e d .  A l l  v o c a b u l a r y s  u l i t m a t e l y  
c h a i n  t o  F o r t h .  By c o n v e n t i o n ,  
v o c a b u l a r y  names  are t o  b e  d e c l a r e d  
IMMEDIATE. S e e  VOC-LINK. 

At c o m p i l e - t i m e ,  UNTIL c o m p i l e s  
(OBRANCH) a n d  a n  o f f s e t  f r o m  RERE 
t o  a d d r .  n  i s  u s e d  f o r  e r r o r  t e s t s .  VLIST 

UPDATE LO 
Marks  t h e  m o s t  r e c e n t l y  r e f e r e n c e d  
b l o c k  ( p o i n t e d  t o  by PREV) a s  
a l t e r e d .  The  b l o c k  w i l l  s u b s e q u e n t l y  

- b e  t r a n s f e r r e d  a u t o m a t i c a l l y  t o  d i s c  
s h o u l d  i t s  b u f f e r  b e  r e q u i r e d  f o r  
s t o r a g e  o f  a  d i f f e r e n t  b l o c k .  

USE --- a d d r  
A  v a r i a b l e  c o n t a i n i n g  t h e  a d d r e s s  of 
t h e  b l o c k  b u f f e r  t o  u s e  n e x t ,  a s  t h e  
l e a s t  r e c e n t l y  w r i t t e n .  

L i s t  t h e  names  o f  t h e  d e f i n i t i o n s  i n  
t h e  c o n t e x t  v o c a b u l a r y .  "Break"  w i l l  
t e r m i n a t e  t h e  l i s t i n g .  

WARNING --- a d d r  U 
A  u s e r  v a r i a b l e  c o n t a i n i n g  a  v a l u e  
c o n t r o l l i n g  m e s s a g e s .  I f  - 1  
d i s c  i s  p r e s e n t ,  a n d  s c r e e n  4 of  
d r i v e  0 i s  t h e  b a s e  l o c a t i o n  f o r  
m e s s a g e s .  I f  = 0, no  d i s c  i s  p r e s e n t  
a n d  m e s s a g e s  w i l l . b e  p r e s e n t e d  by 
number.  I f  = - 1 ,  e x e c u t e  (ABORT) f o r  
a  u s e r  s p e c i f i e d  p r o c e e d u r e .  
S e e  MESSAGE, ERROR. 

USER ,, --- LO WHILE 
A d e f i n i n g  word  u s e d  i n  t h e  f o r m :  

n  USER c c c c  ' 

w h i c h  c r e a t e s  a  u s e r  v a r i a b l e  c c c c .  
T h e  p a r a m e t e r  f i e l d  o f  c c c c  c o n t a i n s  
n a s  a  f i x e d  o f f s e t  r e l a t i v e  t o  
t h e  u s e r  p o i n t e r  r e g i s t e r  U P  f o r  
t h i s  u s e r  v a r i a b l e .  When c c c c  is  
l a t e r  e x e c u t e d ,  i t  p l a c e s  t h e  sum o f  
i t s  o f f s e t  a n d  t h e  u s e r  a r e a  b a s e  
a d d r e s s  o n  t h e  s t a c k  a s  t h e  s t o r a g e .  
a d d r e s s  o f  t h a t  p a r t i c u l a r  v a r i a b l e ;  

f --- ( r u n - t i m e )  
a d 1  n l  --- a d 1  n l  a d 2  n 2  P,C2 

O c c u r s  i n  a  c o l o n - d e f i n i t i o n  i n  t h e  
fo rm:  

BEGIN ... WHILE ( t p )  . . . REPEAT 
At r u n - t i m e .  WHILE s e l e c t s  c o n d i t i o n -  
a l  e x e c u t i o n  b a s e d  o n  b o o l e a n  f l a g  f .  
I f  f  i s  t r u e  (n .on -ze ro ) .  WHILE c o n t -  
i n t u e s  e x e c u t i o n  o f  t h e  t r u e  p a r t  
t h r u  t o  REPEAT, v h i c h  t h e n  b r a n c h e s  
b a c k  t o  BEGIN. I f  f  i s  f a l s e  ( z e r o ) ,  
e x e c u t i o n  s k i p s  t o  j u s t  a f t e r  REPEAT, 
e x i t i n g  t h e  s t r u c t u r e .  

At c o m p i l e  t i m e .  WHILE e m p l a c e s  
(OBRANCH) a n d  l e a v e s  a d 2  o f  t h e  r e s -  
e r v e d  o f f s e t .  The  s t a c k  v a l u e s  w i l l  
b e  r e s o l v e d  by REPEAT. 
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WIDTH 

WORD 

--- addr U 
In fig-FORTH, a user variable cont- 
aining the maximum number of letters 
saved in the compilati.on of a 
definitions' name. It must be 1 thru 
31, with a default value of 31. The 
name character count and its natural 
characters are saved, up to the 
value in WIDTH. The value may be 
changed at any time within the above 
limits. 

c --- L 0 
Read the next text characters from 
the input stream being interpreted, 
until a delimiter c is found, storing 
the packed character string begining 
at the dictionary buffer HERE. WORD 
leaves the character count in the 
first byte, the ch,aracters, and ends 
with two or more blanks. Leading 
occurances of c ar4e ignored. If BLK 
is zero, text is taken from the 
terminal input buffer, otherwise from 
the disc block stored in BLK. 
See BLK, IN. 

This is pseudonym for the "null" 
or dictionary entry for a name of 
one character of ascii null. It 
is the execution proceedure to term- 
inate interpretation of a line of 
text from the terminal or within 
a disc buffer, as both buffers always 
have a null at the end. 

nl n2 --- xor L 1 
Leave the bitwise logical exclusive- 
or of two values. 

P,L1 
Used in a colon-definition in form: 

: xxx [ words I more ; 
Suspend compilation. The words after 
[ are executed, not. compiled. This 
allows calculation ot compilation 
exceptions before resuming compil- 
ation with 1 .  See LITERAL, 1 .  

~COMPILE] P , C  
Used in a colon-definition in form: 

: xxx [COMPILE] FORTH ; 
[COMPILE] will force the compilation 
of an immediate def ininition, 
that would otherwise execute 
during compilation. The above 
example will select the FORTH 
vocabulary when xxx executes, rather 
than at compile time. 

L 1 
Resume compilation, to the completion 
of a colon-definition. See [. 
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X I I I .  E R R O R  A N D  W A R N I N G  MESSAGES 

M e s s a g e s  a r e  l i s t e d  a l p h a b e t i c a l l y  b e l o w .  The f o l l o w i n g  

c o n d i t i o n s  d o  n o t  f i t  i n  t h e  a l p h a b e t i c a l  l i s t :  

word ? The word  i s  n o t  d e f i n e d .  T h i s  w i l l  a l s o  o c c u r  i f  

a number c o n t a i n s  a  d i g i t  n o t  v a l i d  i n  t h e  c u r r e n t  

number b a s e ,  e . g .  ' 8 '  i n  o c t a l .  A l s o  n o t e  t h a t  

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

i s  b e i n g  e d i t e d ,  a n d  a s s e m b l y  mnemonics ,  e t c .  a r e  

u n d e f i n e d  o u t s i d e  o f  a  ' C O D E '  d e f i n i t i o n .  A l s o  

t h e  e d i t o r ,  a s s e m b l e r ,  and  s t r i n g  p a c k a g e  mus t  

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

n o  r e s p o n s e  I f  t h e r e  i s  no r e s p o n s e  f r o m  t h e  s y s t e m ,  f i r s t  

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

'OK1. I f  n o t ,  t r y  s e m i c o l o n  a n d  c a r r i a g e  r e t u r n ,  

i n  c a s e  t h e  s y s t e m  was i n  c o m p i l a t i o n  mode. 

MSG # n Most e r r o r  c o n d i t i o n s  i n  t h e  F o r t h  I n t e r e s t  Group 

model  c a n  r e p o r t  a s  e i t h e r  m e s s a g e  numbers  o r  t e x t s .  

T h i s  scheme a l l o w s  t h e  m e s s a g e  t e x t s  t o  b e  k e p t  on 

d i s k  t o  s a v e  memory, y e t  i f  t h e  d i s k  f i l e  (FORTH-DAT) 

i s  n o t  a c c e s s i b l e  ( e - g .  on s y s t e m s  w i t h  no d i s k ) ,  

F o r t h  c a n  s t i l l  r u n  a n d  it w i l l  r e p o r t  e r r o r s  a s  

numbers .  The s y s t e m  v a r i a b l e  ' W A R N I N G '  c o n t r o l s  

t h i s  e r r o r - r e p o r t i n g  mode; commonly t h e  d i s k  l o a d  



screen  c h a n g e s  ' W A R N I N G '  t o  c a u s e  m e s s a g e  t e x t s  

t o  be o u t p u t .  N o t e  t h a t  w h e n  n u m b e r s  a r e  o u t p u t ,  

t h e y  w i l l ,  p r i n t  i n  w h a t e v e r n u m b e r  base  i s  i n  

e f f e c t .  

E r r o r  N u m b e r s  

T h e s e  n u m b e r s  a r e  r e p o r t e d  as 'MSG # n ' ,  o n l y  i f  t h e  

w a r n i n g  m o d e  ha s  n o t  been s e t  t o  u s e  m e s s a g e  t e x t s  f r o m  

d i s k .  T h e  w a r n i n g  m o d e  i s  s e t  f o r  d i s k  w h e n  e x e c u t e  

'1 L O A D ' .  If you  g e t  o n e  of t h e s e  m e s s a g e  n u m b e r s ,  l o o k  

up  t h e  c o r r e s p o n d i n g  t e x t  i n  t h e  a l p h a b e t i c a l  e r r o r  a n d  

w a r n i n g  l i s t  b e l o w ,  f o r  a d d i t i o n a l  i n f o r m a t i o n .  

MSG # T E X T  

1 EMPTY S T A C K  

2 D I C T I O N A R Y  F U L L  

4 I S N ' T  U N I Q U E  ( T h i s  i s  a w a r n i n g  o n l y  - n o  p r o b l e m )  

1 7  C O M P I L A T I O N  O N L Y ,  U S E  I N  D E F I N I T I O N  

18 E X E C U T I O N  ONLY 

1 9 C O N D I T I O N A L S  NOT P A I R E D  

2 0  D E F I N I T I O N  NOT F I N I S H E D  

2 1 I N  P R O T E C T E D  D I C T I O N A R Y  

2 2  U S E  ONLY WHEN L O A D I N G  

These  m e s s a g e  n u m b e r s  a re  i n  d e c i m a l .  I f  t h e  

s y s t - e m  i s  i n  o c t a l  w h e n  t h e  m e s s a g e  i s  g i v e n ,  t h e  c o r r e s p o n d i n g  

o c t a l  n u m : b e r s  w i l l  be p k i n t e d .  



~ r r o r / W a r n i n g  L i s t  

Note t h a t  some c o n d i t i o n s  wh ich  d o  n o t  f i t  w e l l  i n t o  

t h i s  l i s t  a r e  d e s c r i b e d  s e p a r a t e l y  a b o v e .  

$STACK EMPTY 
S t r i n g  s t a c k  empty .  

CAN'T SPREAD 
I n v a l i d  a r g u m e n t  t o  E d i t o r  'SPREAD' command. 

CODE ERROR, STACK DEPTH C H A N G E D  
E r r o r  i n  u s i n g  t h e  A s s e m b l e r ,  i n  a  CODE d e f i n i t i o n .  
U s u a l l y  a n  o p e r a n d ,  mode s y m b o l ,  o r  i n s t r u c t i o n  
h a s  b e e n  o m i t t e d ,  o r  i s  e x t r a n e o u s .  I n  c a s e  o f  
d i f f i c u l t y  s p o t t i n g  t h e  e r r o r ,  e n t e r  a b u n c h  o f  
t e 5 t  CODE d e f i n i t i o n s ,  e a c h  w i t h  o n l y  o n e  o r  a s m a l l  
number o f  i n s t r u c t i o n s  f r o m  t h e  e r r o n e o u s  d e f i n i t i o n  

COMPILATION ONLY, USE I N  DEFINITION 
A word s u c h  a a  ' D O 1 ,  wh ich  c a n  o n l y  b e  u s e d  i n s i d e  
o f  a c:olon d e f i n i t i o n ,  h a s  b e e n  u s e d  o t h e r w i s e .  

CONDITIONALS NOT PAIRED 
' I F  .. .ENDIF1 o r  o t h e r  c o n d i t i o n a l s  a r e  n o t  p a i r e d  
o r  n e s t e d  c o r r e c t l y .  

DECLARE VOCABULARY 
A t t e m p t  t o  FORGET when t h e  CONTEXT a n d  CURRENT 
v o c a b u l a r i e s  a r e  n o t  t h e  same.  Beware o f  'F0.RGET1; 
t h e  e n t i r e  r a n g e  o f  w o r d s  f o r g o t t e n  m u s t  b e  i n  a  
s i n g l e  v o c a b u l a r y ,  o t h e r w i s e  F o r t h  may c r a s h .  
'FORGET' i s  s e l d o m  u s e f u l  on  t h i s  s y s t e m  anyway,  
a s  t h e r e  i s  enough  memory s o  t h a t  i t  i s  u n n e c e s s a r y  
t o  c l e a n  up  t h e  d i c t i o n a r y  v e r y  o f t e n ,  and  i f  it 
i s  n e c e s s a r y ,  it i s  e a s y  t o  r e l o a d  t h e  s y s t e m .  
V a l u a b l e  d e f i n i t i o n s  s h o u l d  b e  i n  s o u r c e  f o r m  on 
d i s k .  

DEFINITION NOT FINISHED 
E r r o n e o u s  s t r u c t u r e ,  s u c h  a s  ' D O '  w i t h  no c o r r e s p o n d i n g  
'LOOP' when s e m i c o l o n  e n d s  t h e  d e f i n i t i o n .  

DISK READ ERROR # n  
D i s k  access er ror ;  f o r  some r e a s o n  the p r o g r a m  i s  
n o t  a b l e  t o  r e a d  'FORTH.DATV. Make s u r e  t h a t  t h e  
f i l e  i s  : p r e s e n t  on  t h e  p r o p e r  d i s k  a n d / o r  i n  t h e  
p r o p e r  a c c o u n t  number .  T h e s e  e r r o r  number s  v a r y  



d e p e n d i n g  o n  t h e  o p e r a t i n g  s y s t e m .  I n  c a s e  o f  
d i f f i c u l t y ,  t h e  s o u r c e  l i s t i n g  p a g e s  9-1 t h r o u g h  
9 - 5  p i n p o i n t s  e a c h  e r r o r  number i n  t h e  1 / 0  p r o c e s s .  
( N o t e  t h a n  u n d e r  RSX-11M, i n  c a s e  F o r t h  c r a s h e s  
a f t e r  'FORTH-DAT' h a s  b e e n  a c c e s s e d ,  t h a t  f i l e  
w i l l  p r o b a b l y  n e e d  t o  b e  u n l o c k e d . )  

DISK WRITE ERROR # n  
See DISK READ ERROR, a b o v e .  

EMPTY STACK 
A t t e m p t  t o  u s e  d a t a  f rom t h e  s b a c k  when i t  i s  empty .  
However ,  t h i s  c o n d i t i o n  i s  n o t  c h e c k e d  e v e r y  t i m e ,  
f o r  e f f i c i e n c y  r e a s o n s .  I t  i s  c h e c k e d  wheneve r  
c o n t r o l  r e t u r n s  t o  t h e  k e y b o a r d .  A l s o ,  when 
'EMPTY STACK' i s  g . i ven ,  a  c o u p l e  o f  numbers  a r e  
p l a c e d  on  t h e  s t a c k ;  t h e s e  a r e  f o r  u s e  i n  f u t u r e  
d e b u g g i n g  p a c k a g e s .  T h e r e f o r e  "EMPTY S T A C K '  w i l l  
n o t  o c c u r  e v e r y  t i m e .  

E R R  0 A R G  
A t t e m p t  t o  E D I T  s c r e e n  z e r o  ( u s u a l l y  t h e  a r g u m e n t  
o f  'EDIT' was o m i t t e d ) .  S c r e e n  number s  s t a r t  a t  1. 

ERR-BR+ n  
A t t e m p t  t o  b r a n c h  beyond r a n g e  o f  t h e  'BR' 
i n s t r u c t i o n ,  i n  a  CODE d e f i n i t i o n .  ' n '  i s  t h e  
l e n g t h  o f  t h e  a t t e m p t e d  b r a n c h .  

ERR-BR- n  
Same, o n l y  a t t e m p t  t o  e x c e e d  b r a n c h  r a n g e  i n  
n e g a t i v e  d i r e c t i o n .  

ERR-REG-B 
N o n - r e g i s t e r  a r g u m e n t  t o  ' J S R , '  o r  'XOR,'. 

ERROR, NO SECOND STRING 
A t t e m p t  t o  use '$OVER1 o r  some o t h e r  s t r i n g  
o p e r a t i o n  wh ich  r e q u i r e s  two a r g u m e n t s ,  when 
t h e r e  i s  o n l y  o n e  a r g u m e n t  o n  t h e  s t r i n g  s t a c k .  

EXECUTION ONLY 
A t t e m p t  t o  . u s e  a c o l o n  w i t h i n  a c o l o n  d e f i n i t i o n .  

I N  PROTECTED DICTIONARY 
A t t e m p t  t o  FORGET a  word  b e l o w  t h e  FENCE, w h i c h  i s  
a s a f e t y  g u a r d  t o  p r e v e n t  a c c i d e n t a l  f o r g e t t i n g  
o f  t h e  F o r t h  s y s t e m .  To FORGET b e l o w  t h e  FENCE, 
f i r s t  p u t  a l o w e r  l i m i t  a d d r e s s  i n t o  t h e  s y s t e m  
v a r i a b l e  'FENCE'. 



ISN' T UNIQUE 
T h i s  i s  a  w a r n i n g  o n l y .  I t  means t h a t  t h e  word 
j u s t  d e f i n e d  a l r e a d y  e x i s t s .  The c o n s e q u e n c e  i s  
t h a t  t h e  p r e v i o u s  d e f i n i t i o n  becomes  no l o n g e r  
a c c e s s i b l e ,  wh ich  i s  a l l  r i 9 h t  if you  do  n o t  
i n t e n d  t o  u s e  t h e  o r i g i n a l  d e f i n i t i o n  l a t e r  i n  
t h e  same p rogram.  I n  c a s e  o f  a  m i s t a k e n  r e d e f i n i t i o n ,  
FORGET t h e  m i s t a k e  a n d  r e - e n t e r  t h e  d e f i n i t i o n  
w i t h  a  d i f f e r e n t  name. 

NOT A REGISTER n  
I n  t h e  a s s e m b l e r ,  a n  addres s -mode  symbol  wh ich  
r e q u i r e d  a  r e g i s t e r  a r g u m e n t  was g i v e n  a  number 
11 ' w h i c h  was n o t  z e r o  t h r o u g h  s e v e n .  

TRAP ERROR # n  a d d r  psw 
A r u n - t i m e  e r r o r  o c c u r r e d  and  t r a p p e d  t o  t h e  
o p e r a t i n g  s y s t e m .  The t r a p  number (wh ich  v a r i e s  
w i t h  o p e r a t i n g  s y s t e m ) ,  t h e  a d d r e s s  o f  t h e  t r a p ,  
a n d  t h e  c o m p u t e r ' s  PSW a r e  g i v e n  i n  t h e  c u r r e n t  
number b a s e .  Common c a u s e s  o f  t r a p s  a r e  n o n - e x i s t e n t  
o r  o t h e r w i s e  i n v a l i d  a d d r e s s e s .  

USE ONLY WHEN LOADING 
The o p e r a t i o n  ' --- ' (wh ich  i s  n o t  u s e d  i n  t h i s  s y s t e m  
anyway) was e x e c u t e d  f r o m  t h e  k e y b o a r d ,  n o t  f rom 
a s c r e e n  b e i n g  l o a d e d  f r o m  d i s k .  

WOULD CAUSE $OVERFLOW 
A s t r i n g  o p e r a t i o n  c o u l d  n o t  b e  p e r f o r m e d  b e c a u s e  
t h e  s t r i n g  s t a c k  would  h a v e  o v e r f l o w e d  i n t o  t h e  
d i c t i o n a r y ,  o r  come d a n g e r o u s l y  c l o s e .  

U s u a l l y  t h e  s e s s i o n  c a n  c o n t i n u e  n o r m a l l y  a f t e r  o n e  o f  

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

s t i l l  b e  good.  C e r t a i n  e r r o r s  i n  u.se of t h e  a s s e m b l e r  may 

l e a v e  t h e  :number b a s e  s e t  t o  o c t a l ;  'DECIMAL' w i l l  r e s t o r e  i t .  


