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I 

; uA/FORTH V 3.2 INTRODUCTION SEPTEMBER 1 9 8 0  
I . ................................................................ 
; 
i 
; T H I S  MODEL OF FORTH WAS O R I G I N A L L Y  DEVELOPED BY T H E  
i 
I FORTH I N T E R E S T  GROUP / FORTH IMPLEMENTATION TEAM 
I P.O.  BOX 1105 
I SAN CARLOS, CA 9 4 0 7 0  
I 

I IMPLEMENTED FOR THE ALPHA-MICRO BY: 
I 

I ROBERT B ERKEY 
J P R O F E S S I O N A L  MANAGEMENT S E R V I C E S  
I 7 2 4  ARASTRADERO RD.,  S U I T E  109  
I P A L 0  ALTO, CA 9 4 3 0 6  
f 

I COPYRIGHT 1 9 8 0  ROBERT B ERKEY 
I 

; WARRANTY: VENDOR WARRANTS uA/FORTH T O  B E  F R E E  FROM D E F E C T S  I N  PRODUCTION 
I FOR NINETY ( 9 0 )  DAYS FROM THE DATE O F  DELIVERY. VENDOR'S 
I L I A B I L I T Y  I S  L I M I T E D  T O  THE M O D I F I C A T I O N  OR REPLACEMENT O F  
I D E F E C T I V E  R O U T I N E S ,  OR T O  REFUND O F  PURCHASE P R I C E  A T  
I D I S C R E T I O N  O F  VENDOR. VENDOR SHALL S P E C I F I C A L L Y  NOT B E  L I A B L E  
I FOR U S E R ' S  DETERMINATION O F  S U I T A B I L I T Y  O F  uA/FORTH FOR ANY 
I PARTICULAR TASK,  OR FOR ANY CONSEQUENTIAL, I N C I D E N T A L ,  OR 
I I N D I R E C T  DAMAGES S U F F E R E D  BY USER I N  CONNECTION W I T H  THE USE 
I O F  uA/FORTH. 

I 

I 

I 

I 

I 

I 

; 
i 
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FORTH 

THE FORTH I N T E R E S T  GROUP / FORTH IMPLEMENTATION TEAM 
HAVE ALSO DEVELOPED NEARLY I D E N T I C A L  V E R S I O N S  OF T H I S  
SYSTEM FOR THE: 

8 0 8 0  
PACE 

6 8 0 0  
ALPHA-M I C R O  

T H I S  V E R S I O N  FOR THE ALPHA-MICRO IS BASED ON THE SYSTEM 
IMPLEMENTED FOR THE P D P - 1 1  BY JOHN S. JAMES. 

FOR MORE INFORMATION, W R I T E :  

FORTH I N T E R E S T  GROUP 
P.O. BOX 1105 
SAN CARLOS, CA 9 4 0 7 0  

' ALPHA-MICRO ' AND 'AMOS ' ARE TRADEMARKS OF ALPHA MICROSYSTEMS 
' P D P '  I S  A TRADEMARK O F  D I G I T A L  EQUIPMENT CORPORATION. 

I N T E R E S T  GROUP POB 1105 SAN CARLOS, CA 9 4 0 7 0  



PAGE 002 MACRO ASSEMBLY L I S T I N G  
uA/FORTH HAS 

- F U L L  LENGTH NAMES ( U P  T O  31 CHARACTERS) 
- E X T E N S I V E  COMPILE-TIME CHECKS AND ERROR MESSAGES 
- A FORTH ASSEMBLER, P E R M I T T I N G  STRUCTURED, I N T E R A C T I V E  

DEVELOPMENT O F  D E V I C E  HANDLERS, S P E E D - C R I T I C A L  
R O U T I N E S ,  AND LINKAGE T O  OPERATING SYSTEMS OR T O  
SUBROUTINE PACKAGES W R I T T E N  I N  OTHER LANGUAGES. 

- S T R  ING-HANDLING R O U T I N E S  
- A STRING-SEARCH E D I T O R  
- L I N K E D  VOCABULARIES 
- HOOKS FOR MULTI-USER/MULTI-TASKING (CURRENTLY S I N G L E  T A S K )  
- AND CAN B E  CONFIGURED T O  RUN I N  A 1 6 K  BYTE P A R T I T I O N  

( T H I S  INCLUDES B U F F E R S  AND ROOM FOR S U B S T A N T I A L  
A D D I T I O N A L  FORTH PROGRAMMING) ON AN ALPHA-MICRO RUNNING 
AMOS. 

I T  IS A L I G N E D  W I T H  T H E  1978 STANDARD O F  THE FORTH INTERNATIONAL 
STANDARDS TEAM. 

RECOMMENDED DOCUMENTATION : 
- A FORTH LANGUAGE MANUAL. WE PARTICULARLY RECOMMEND E I T H E R  

( A )  ' U S I N G  F O R T H ' ,  BY' FORTH, I N C .  
OR 

( B )  'A FORTH PRIMER ' , BY W . RICHARD S T E V E N S ,  K I T T  
PEAK NATIONAL OBSERVATORY. 

E I T H E R  IS AVAILABLE THROUGH THE FORTH I N T E R E S T  GROUP, 
P.O.  BOX 1105, SAN CARLOS, CA 9 4 0 7 0 .  

- PDP-11 FORTH U S E R ' S  G U I D E ,  AVAILABLE FROM 
P R O F E S S I O N A L  MANAGEMENT S E R V I C E S  OH 
FROM JOHN S. JAMES,  BOX 3 4 8 ,  BERKELEY, CA 9 4 7 0 1  

- FORTH REFERENCE CARD FOR THE FORTH IMPLEMENTATION TEAM 
COMMON MODEL, AVAILABLE FROM F I G .  

- .F IG-FORTH I N S T A L L A T I O N  MANUAL ' , ALSO FROM F I G .  
# 

# 

# 
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MACRO ASSEMBLY L I S T I N G  
; ................................................................ PAGE 0 0 2  

B R I N G I N G  U P  THE SYSTEM 
i 
; ................................................................ 
i 
; T O  RUN: 
i - uA/FORTH I S  D I S T R I B U T E D  W I T H  THE SYSTEM I N  ACCOUNT [ 1 7 0 , 1 0 ] .  LOG 
i I N T O  [ 1 7 0 , 1 0 ]  AND TYPE 'AFORTH'.  uA/FORTH SHOULD COME UP AND TYPE 
; ' uA/FORTH V 31 2 ' 
; - MAKE A COPY O F  THE ACCOUNT. PROTECT A G A I N S T  ACCIDENTALLY ERASING 
i THE SYSTEM OR THE SOURCE PROGRAMS. 
i - A S  PROVIDED, THE F I L E  'FORTH. S C R '  CONTAINS FORTH SCREENS 
; 1 - 1 2 8 .  FORTH,SCR IS A CONTIGUOUS F I L E .  
i - I F  YOU WANT T O  RE-ASSEMBLE THE SYSTEM (WHICH MOST USERS WOULD NEVER 
i FIND NECESSARY) , YOU MUST EDIT AND MACRO 'AFORTH. MAC '. 
i - ADVANCED USERS MAY NOTE THAT T H I S  SYSTEM IS  DESIGNED T O  ALLOW THE 
i MEMORY LAYOUT--NUMBER AND LOCATION O F  D I S K  B U F F E R S ,  LOCATION O F  THE 
I STACK, ETC. --TO B E  CHANGED DYNAMICALLY, WITHOUT REASSEMBLY. 
i - T E S T  THAT I T  IS  UP BY T R Y I N G  SOME ARITHMETIC OR D E F I N I T I O N S ,  E.G., 
I 88 88 * . (NOTE THAT THE ' .' MEANS P R I N T )  
i : SQUARE DUP * ; 
i 25 SQUARE . 
i OR TYPE 'VLIST'  FOR A LIST OF ALL THE FORTH OPERATIONS IN THE 
; DICTIONARY.  
i - T E S T  T H E  D I S K  BY T Y P I N G  
; 1 L I S T  
i WHICH SHOULD L I S T  THE SCREEN WHICH LOADS THE E D I T O R ,  
I ASSEMBLER, AND S T R I N G  R O U T I N E S .  
i 
, INCIDENTALLY, 'FORTH. SCR IS THE SYSTEM'S \VIRTUAL MEMORY FILE,  USED 
I FOR D I S K  I / O .  THE R E S T  O F  THE SYSTEM ( T H I S  PROGRAM ALONE) CAN RUN 
i INDEPENDENTLY, EVEN I F  ' F O R T H , S C R 1  I S  NOT AVAILABLE. 
# 

; THE SYSTEM A S  S U P P L I E D  R E S E R V E S  1 0 0 0 0 .  BYTES FOR YOUR FORTH PROGRAMMING AND 
; STACK, T H I S  IS  ENOUGH FOR S U B S T A N T I A L  P R O J E C T S .  (NOTE THAT THE E D I T O R ,  
; ASSEMBLER, AND S T R I N G  PACKAGE, I F  LOADED, USE MORE THAN 6 K  O F  T H I S , )  T O  
; CHANGE T H I S  MEMORY S I Z E ,  CHANGE THE \ 1 0 0 0 0 . '  WHICH IS I N  THE L I N E S  
; FOLLOWING THE LABEL 'XDP: ' , NEAR THE END O F  T H I S  PROGRAM. INCIDENTALLY,  
; VERY FEW J O B S  (E.G., R E C U R S I O N )  W I L L  EVER USE MORE THAN 1 0 0  WORDS O F  T H I S  
; S P A C E  FOR THE STACK; THE R E S T  OF THE S P A C E  I S  AVAILABLE FOR A S T R I N G  STACK 
; ( I F  USED) OR FOR YOUR PROGRAMS--AND FORTH O B J E C T  CODE IS  CONSIDERABLY MORE 
; COMPACT THAN ASSEMBLY. 
i 
; THE FORTH CONTIGUOUS F I L E  'FORTH,SCR' I S  USED FOR S T O R I N G  SOURCE PROGRAMS 
; (OR DATA).  T H I S  F I L E  HAS 1 2 8  1-K SCREENS ( 1 - 1 2 8 ) ,  I . E . ,  2 5 6  D I S K  BLOCKS. 
; SCREENS 4 AND 5 ARE USED BY THE SYSTEM FOR S T O R I N G  ERROR AND WARNING 
; MESSAGES. SCREENS 6-32 CONTAIN A TEXT E D I T O R ,  ASSEMBLER, S T R I N G  PACKAGE, 
; AND MISCELLANEOUS EXAMPLES. THE TEXT E D I T O R ,  S T R I N G  PACKAGE, AND THE 
; MISCELLANEOUS EXAMPLES ARE I N  THE P U B L I C  DOMAIN, WHILE THE ASSEMBLER IS 
; COPYRIGHT. USERS MAY WANT T O  SAVE T H E I R  SOURCE PROGRAMS AND DATA I N  THE 
; BLANK SCREENS.  
PAGE 
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MACRO ASSEMBLY L I S T I N G  
; 
; ................................................................ 

- -. 

PAGE 0 0 4  

V A R I A T I O N S  FROM F, I ,G,  MODEL 

I 

; 'FIRST' AND 'L IMIT*  HAVE BEEN MADE USER VARIABLES, NOT CONSTANTS. 
; THEREFORE WHEN THEY ARE USED, 'FIRST @ *  AND 'LIMIT @ *  ARE 
; REQUIRED.  
I 

; ' ?TERMINAL '  I S  TRIGGERED BY C N T L - C .  
; 
; ' E X P E C T '  OPERATES UNDER CONTROL OF AMOS. T H I S  PROVIDES F A M I L I A R  T Y P I N G  
; CONVENTIONS AND AVOIDS SWAPPING DELAYS. NOTE THAT 'KEY'  W I L L  ACCEPT ALL 
; CONTROL CHARACTERS. A P P L I C A T I O N S  R E Q U I R I N G  THAT ' E X P E C T '  ACCEPT CONTROL 
; CHARACTERS SHOULD F I R S T  LOAD THE ' E X P E C T 1  PROVIDED ON SCREEN 33 O F  
; FORTH.SCR. 
; 
; ................................................................ 
i 
i IMPLEMENTATION NOTES 
I 

; ................................................................ 
I 

; 
; CODE R O U T I N E S  CAN USE R E G I S T E R S  0, 1, AND 2 WITHOUT RESTORING THEM. 
I 

; IMPLEMENTATION FOR THE ALPHA-MICRO RUNNING UNDER AMOS R E Q U I R E S  THAT 
; CODE B E  RELOCATABLE. uA/FORTH A C H I E V E S  T H I S  REQUIREMENT BY 
; A BOOT-UP CODE OVERLAYED I N  THE DICTIONARY SPACE.  T H I S  
; CODE RELOCATES THE C F A ,  LFA, DOCOLON PARAMETERS, VOCABULARY STRUCTURE, 
; AND START-UP TABLE ADDRESSES. AS  ALL ADDRESSES ARE RELOCATED, THE 
; RELOCATION BECOMES TRANSPARENT T O  F IG-FORTH A P P L I C A T I O N  PROGRAMS 
; FROM OTHER SOURCES AND COMPUTERS. 
I 

; 
; uA/FORTH CAN B E  LOADED I N T O  USER MEMORY. WHEN F I R S T  RUN ALL 
; APPROPRIATE ADDRESSES ARE RELOCATED. THE USER CAN E X I T  TO 
; MONITOR AND RETURN TO uA/FORTH WITHOUT LOSING THE DICTIONARY E N T R I E S ,  
; WHEN uA/FORTH IS  RERUN, THE RELOCATION CODE IS BYPASSED AND A WARM 
; START ( 'ABORT ' )  FOLLOWS. SAVING O F  RELOCATED CODE ONTO D I S K  SHOULD B E  DONE 
; ONLY W I T H  UNDERSTANDING AND I S  NOT RECOMMENDED A S  SUCH CODE CAN B E  RERUN 
; AGAIN ONLY A T  THE MEMORY BASE A T  WHICH I T  WAS F I R S T  RELOCATED. 
; (USUALLY ONLY UNDER THE SAME SYSTEM. I N 1  AND W I T H I N  THE SAME JOB. )  
; I F  SUCH A RELOCATED CODE IS RELOADED AND RUN A T  A D I F F E R E N T  MEMORY BASE 
; uA/FORTH W I L L  RESPOND ' I N V A L I D  MEMORY B A S E 1  AND RETURN T O  MONITOR, 
8 

; 
; 
; 
PAGE 
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f 

I S E T  U P  R E G I S T E R S  AND MACROS. 
; 
; ................................................................ 

COPY DSKO: S Y S .  MAC [7,7] 

PAGE 005 

; TEMP0,RARY USED BY 'NEXT'  MACRO (THE INNER I N T E R P R E T E R )  
; P O I N T E R  T O  THE USER AREA 
; FORTH I N S T R U C T I O N  COUNTER 
; FORTH STACK P O I N T E R  
; FORTH RETURN-STACK P O I N T E R  

MACRO D E F I N I T I O N S  
I 

; 
; THE 'HEAD' MACRO CREATES A FORTH D I C T I O N A R Y  HEADER. I T S  ARGUMENTS ARE: 
; ( 1 )  LENGTH BYTE--THE LENGTH O F  THE NAME B E I N G  D E F I N E D .  THE S I G N  B I T  
; O F  THE LENGTH BYTE MUST B E  S E T ,  S O  THAT THE SYSTEM W I L L  RECOGNIZE 
I THE END O F  A VARIABLE-LENGTH NAME F I E L D ;  THEREFORE,  THE LENGTH BYTE 
; I S  G I V E N  A S  2 0 0  OCTAL PLUS THE LENGTH. I F  THE OPERATION I S  
i IMMEDIATE,  THE B I T  NEXT T O  THE S I G N  B I T  IS  ALSO S E T ,  S O  THE LENGTH 
i BYTE IS G I V E N  A S  300 OCTAL PLUS THE LENGTH. 
; ( 2 )  NAME--THE NAME O F  THE OPERATION B E I N G  D E F I N E D ,  L E S S  THE LAST CHARACTER 
I I F  THE NAME IS  AN ODD LENGTH. 
; ( 3 )  LCHAR--THE A S C I I  VALUE O F  THE LAST CHARACTER O F  THE NAME, WITH THE 
; S I G N  B I T  S E T .  THE NAME F I E L D  MUST HAVE AN EVEN LENGTH ( I N C L U D I N G  
I THE LENGTH B Y T E ) ,  S O  I F  THE NUMBER O F  CHARACTERS I N  THE NAME IS 
; EVEN, 'LCHAR'  W I L L  B E  G I V E N  A S  2 4 0  ( 2 0 0  P L U S  CODE FOR A S P A C E ) .  
; (4  ) LABEL--THE ASSEMBLY-LANGUAGE LABEL A S S O C I A T E D  W I T H  THE 'CODE F I E L D  ' 
; O F  T H I S  DICTIONARY HEADER. T H E S E  LABELS ARE USED I N  THE PRECOMPILED- 
; FORTH S E C T I O N  O F  THE SYSTEM. WHEN P O S S I B L E ,  THE FORTH OPERATION 
i NAME I T S E L F  IS  USED A T  THE ASSEMBLY LABEL; OTHERWISE AN ABBREVIATION 
i I S  USED. BY CONVENTION, T H E S E  NAMES ARE L I M I T E D  T O  F I V E  CHARACTERS, 
i FOR CONSISTENCY AMONG VARIOUS ASSEMBLERS FOR D I F F E R E N T  MICROPROCESSORS. 
i (THE FORTH IMPLEMENTATION TEAM U S E S  THE SAME LABELS I N  A L L  O F  I T S  
i V E R S I O N S ) .  
; ( 5 )  CODE--POINTER T O  THE MACHINE-LANGUAGE "CODE ROUTINE"  A S S O C I A T E D  
I W I T H  T H I S  OPERATION TYPE OR DATA TYPE. E.G., FOR ANY COLON D E F I N I T I O N ,  
I T H I S  ARGUMENT IS * D O C O L ' ,  THE LABEL O F  A FOUR-INSTRUCTION ASSEMBLY 
I R O U T I N E  WHICH U S E S  THE RETURN STACK T O  HANDLE THE NESTED EXECUTION 
I O F  ANOTHER LEVEL O F  FORTH OPERATIONS.  FOR ANY CONSTANT, T H I S  CODE 
I R O U T I N E  IS *DOCON' ,  AND S I M I L A R L Y  FOR ALL OTHER DATA T Y P E S .  
i T H E  CODE ARGUMENT MAY B E  OMITTED. I N  THAT C A S E ,  THE 'HEAD' 
i MACRO LEAVES THE CODE F I E L D  P O I N T I N G  TWO B Y T E S  BEYOND I T S E L F ,  WHERE 
i MACHINE-LANGUAGE CODE MUST BEGIN--AND THE OPERATION S O  D E F I N E D  IS  
i CALLED A " P R I M I T I V E " .  THE "NUCLEUS S E C T I O N n  O F  T H I S  V E R S I O N  O F  
i FORTH C O N T A I N S  ABOUT 4 5  P R I M I T I V E S ,  FROM WHICH THE WHOLE SYSTEM 
; IS B U I L T ;  I N  E F F E C T ,  T H E S E  P R I M I T I V E S  D E F I N E  THE V I R T U A L  FORTH 
; MACHINE. ( A  FFM OPERATIONS I N  THE "PRECOMPILED FORTH" S E C T I O N  
8 O F  THE SYSTEM HAVE BEEN R E P L A C E D  W I T H  P R I M I T I V E S ,  T O  O P T I M I Z E  
I EXECUTION S P E E D .  AND WHEN A FORTH ASSEMBLER IS ADDED T O  T H I S  
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MACRO ASSEMBLY L I S T I N G  PAGE 006 
SYSTEM,  USERS W I L L  B E  ABLE TO D E F I N E  T H E I R  OWN P R I M I T I V E S  D I R E C T L Y  
I N  FORTH, IMMEDIATELY READY FOR EXECUTION. ) 

I 

I MACRO PARAMETERS DO NOT PASS CHARACTERS * ; AND * < ' . THE NEXT FOUR 
I ARGUMENTS P A S S  T H I S  INFORMATION. 
; ( 6 )  I F  D E F I N E D ,  THE LAST CHARACTER IS ' < I .  

; ( 7 )  I F  D E F I N E D ,  THE F I R S T  CHARACTER IS * < '  . 
; (8) I F  D E F I N E D ,  THE F I R S T  CHARACTER IS  '; ' , 
; (9 ) I F  D E F I N E D ,  THE F I R S T  TWO CHARACTERS ARE * (; ' . 
; 
; THE *HEAD' MACRO C R E A T E S  A FORTH HEADER C O N S I S T I N G  O F  
i LENGTH BYTE--SIGN B I T  S E T  
I NAME O F  THE OPERATION--VARIABLE LENGTH--SIGN B I T  S E T  ON L A S T  CHAR. 
I L I N K  F I E L D ,  WHICH P O I N T S  TO THE B E G I N N I N G  O F  THE P R E V I O U S  D I C T I O N A R Y  
t HEADER ( U S E D  A T  C O M P I L E  T I M E )  
I CODE PO I N T E R .  
I 

LINK=O ; L A S T  L I N K  F I E L D  I S  0, I N D I C A T I N G  END O F  THE D I C T I O N A R Y .  
? 

D E F I N E  HEAD 
L I N K 2 = .  

EVEN 
BYTE LENGTH 
I F  NB , L T 4  
A S C I I  /(;/ 
ENDC 
I F  NB, L T 3  
A S C I I  /;/ 
ENDC 
I F  NB, L T 2  
A S C I I  /</ 
ENDC 
I F  NB ,NAME 
A S C I I  ^NAME^ 
ENDC 
I F  NB, LT1 
A S C I I  /</ 
ENDC 
BYTE LC HAR 
WORD L I N K  

L I N K = L I N K 2  
LABEL: I F  NB, CODE 

WORD CODE 
IFF 

WORD . +2 
ENDC 
ENDM 

; 
t 
; 
; THE 'NEXT'  MACRO T R A N S F E R S  CONTROL FROM ONE FORTH O P E R A T I O N  T O  THE 
; *CODE R O U T I N E '  O F  THE NEXT. N O T I C E  THAT ONLY TWO I N S T R U C T I O N  
; EXECUTIONS ARE R E Q U I R E D  T O  TRANSFER CONTROL FROM USEFUL O P E R A T I O N S  
; O F  ONE FORTH P R I M I T I V E  TO THOSE O F  THE NEXT. 
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D E F I N E  N E X T  
MOV ( I P ) + , W  
JM P @ ( w )  + 
ENDM 

; 
; 
PAGE 
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0 0 0 8  
OOOA 
0 0  OC 
0 0  OE 
0 0 1 0  

0 0 1 2  
0 0 1 4  
0 0 1 6  
0 0 1 8  
OOlA 

O O l E  

4 0 3 2  
4 C F A  
4 C 4 2  
O O l F  
0 0 0 0  

OFCO 
4 0 3 6  
4 C 4 2  
0 0 0 0  
0 0 0 0  

PAGE 0 0 8  MACRO ASSEMBLY L I S T I N G  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 

I START-UP TABLE 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 

; A T  S T A R T U P ,  MOST O F  THESE VALUES ARE MOVED I N T O  THE USER AREA 
; (LOCATED AFTER 'XDP: ' 1  ; THEY ARE NORMALLY ACCESSED THERE. THE VALUES 
; HERE ARE NOT USUALLY CHANGED, BUT THEY MAY B E  CHANGED, E . G . ,  TO 
; CONTROL WHAT HAPPENS AT COLD S T A R T .  
I 

I 

I 

O R I G I N :  J M P  RELOC ; G O T 0  RELOCATION CODE, REPLACE T H I S  JUMP 
; W I T H  NULLS FOR WARM START FROM MONITOR. 

; I N  OTHER SYSTEMS T H I S  IS J U M P  TO COLD ( J M P  C E N T )  
J M P  WENT ; WARM START ENTRY ADDRESS 

; NOTE--COLD S T A R T  W I P E S  OUT ANY NEW DICTIONARY D E F I N I T I O N S ,  AND 
; THEN DOES A WARM START. WARM START CLEANS U P  STACKS,  TERMINAL 
; BUFFER,  ETC. 

WORD 1 6 0 0  ; CPU 
WORD 2 1  ; R E V I S I O N  
WORD T A S K - 1 0  ; P O I N T E R  TO LATEST WORD D E F I N E D  
WORD 1 7 7  ; D E L  CHARACTER 
WORD XUP ; P O I N T E R  T O  USER AREA 

; NOTE--THE USER AREA IS A HOOK I N  T H I S  SYSTEM TO ALLOW MULTITASKING 
; T O  B E  ADDED LATER. 

WORD XSO ; P O I N T E R  TO B E G I N N I N G  O F  THE STACK 
WORD XRO ; P O I N T E R  TO B E G I N N I N G  O F  RETURN STACK 
WORD X T I B  ; P O I N T E R  T O  TERMINAL I N P U T  BUFFER 
WORD 37 ; MAXIMUM NAME-FIELD WIDTH,  NORMALLY 31 
WORD 0 ; WARNING MODE; O=ERROR #, l = D I S K  MESSAGE 

; NOTE--WARNING MODE I N I T I A L I Z E D  T O  ZERO, I N  CASE D I S K  I S N ' T  UP. 
WORD XDP ; FENCE TO PROTECT A G A I N S T  ACCIDENTAL 

; ' FORGET '  OF THE SYSTEM. 
WORD XDP ; P O I N T E R  TO NEXT AVAILABLE DICTIONARY 

; LOCATION (RETURNED BY ' H E R E * ) .  
WORD XXVOC ; P O I N T E R  T O  I N I T I A L  VOCABULARY L I N K  
WORD DSKBUF ; I N I T I A L I Z E  'FIRST 
WORD ENDBUF ; I N I T I A L I Z E  'LIMIT'  
WORD 0 ; AVAILABLE 
WORD 0 ; AVAILABLE 

I 

PAGE 
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; 
I N U C L E U S  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 0  2A 
0 0  38 
0 0  3 C  
0 0 6 2  
0  0  7 C  
OOBA 
OOEE 
01 1 6  

5 0 4 F  5 2 5 9  
OOOD 
4 3 0 9  5 0 4 F  
0 9 0 9  4 C 4 1  
4 8 5 4  2 0 4 5  
4 8 5 4  2 0 4 5  
4 9 4 C  4 2 4 1  
7 3 D A  

HEAD 2 1  1, COPYR I G H ,  3 2 4 ,  COPYR ; ***** C O P Y R I G H T  
T Y  P E C R  
T Y P E C R  < C O P Y R I G H T  1 9 8 0  R O B E R T  B E R K E Y >  
T Y P E C R  < A L L  R I G H T S  R E S E R V E D >  
T Y P E C R  < T H E  SOFTWARE,  PROGRAMS, AND DOCUMENTS C O N T A I N E D  H E R E I N  A R E >  
T Y P E C R  <THE E X C L U S I V E  P R O P E R T Y  O F  T H E  C O P Y R I G H T  HOLDER. > 
T Y P E C R  < L I A B I L I T Y  L I M I T E D  T O  PURCHASE P R I C E .  > 
NEXT 

I 

; 
; T H E  N U C L E U S  C O N T A I N S  T H E  P R I M I T I V E S  FROM W H I C H  T H E  S Y S T E M  I S  B U I L T .  
; 
I 

I 

; 
00 2 A  HEAD 2 0 3 ,  L I ,  3 2 4 ,  L I T  ; *****  L I T  

; U S E D  ONLY BY C O M P I L E R .  P U S H  F O L L O W I N G  L I T E R A L  ONTO S T A C K .  
M OV (IP) +, - ( S )  
NEXT 

; 
5543 HEAD 2 0 7 ,  E X E C U T ,  305, E X E C  

; E X E C U T E  F O R T H  WORD WHOSE CODE A D D R E S S  IS  ON S T A C K  
MOV ( S ) + t w  
J M  P @ (w) + 

*****  E X E C U T E  

I 

4 3 4 E  HEAD 2 0 6 , B R A N C H 1 2 4 0 , B R A N  ; ***** BRANCH 
; U S E D  ONLY BY C O M P I L E R .  F O R T H  BRANCH T O  A D D R E S S  W H I C H  FOLLOWS.  

ADD ( I p )  I I P  
NEXT 

I 

4 E  4 1  HEAD 2 0 7 , O B R A N C , 3 1 O 1 Z B R A N  ; ***** OBRANCH 
; U S E D  ONLY BY C O M P I L E R .  F O R T H  BRANCH I F  T O P  O F  S T A C K  
; IS  Z E R O  ( F A L S E ) .  

T S T  ( s  + 
B N E  A 3 $  
ADD ( I p )  , I p  
NEXT 

A 3 $ :  A D D 1  2 , I P  
NEXT 

I 

5 0 4 F  HEAD 2 0 6 ,  ( L O O P )  , 2 4 0 ,  X L O O P  ; ***** ( L O O P )  
; U S E D  ONLY BY C O M P I L E R .  I N C R E M E N T  L O O P  I N D E X  BY 1, BRANCH 
; I F  I N D E X  B E L W  L I M I T .  

I N C  ( R P )  
CMP ( R P )  1 2  ( R P )  
B P L  B 2 $  

F O R T H  I N T E R E S T  GROUP POB 1 1 0 5  S A N  C A R L O S ,  CA 9 4 0 7 0  



MACRO ASSEMBLY L I S T I N G  
B 1 $ :  ADD ( I p )  I I p  

NEXT 
B 2 $ :  A D D I  4 , R P  

A D D I  2 , I P  
NEXT 
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;TERMINATE LOOP 

r 

; 
0 1 8 8  2 8 8 7  4 C 2 B  4 F 4 F  HEAD 2 0 7 ,  ( + L O O P ,  2 5 1 ,  X P L 0 0  ; ***** ( + L O O P )  

; U S E D  ONLY BY C O M P I L E R .  INCREMENT LOOP I N D E X  BY T O P  O F  STACK,  
; MAYBE BRANCH. 

ADD ( S  I ( R P )  01  9 4  
0196 
0 1 9 8  
0 1 9 A  
0 1 9 E  
O l A O  
0 1 A 2  
0  1 A  6 
O l A A  
0 l A C  
0 l A E  
0 1 0 2  
0 1 B  4 
0 1 B 6  

T S T  
B L T  
CMP 
B P L  
ADD 
NEXT 

C 1 $ :  CMP 
B P L  
ADD 
NEXT 

C 2 $ :  A D D I  
A D D I  
NEXT 

; P O S I T I V E  INCREMENT 

; N E G A T I V E  INCREMENT 

;TERMINATE LOOP 

; 
A 0 2 9  HEAD 2 0 4 ,  ( D O )  ,240,  XDO ; ***** (DO)  

; U S E D  ONLY BY C O M P I L E R .  S E T  U P  ' D O '  L I M I T  AND INDEX.  
MOV 2 ( S )  , - ( R P )  ; P U T  L I M I T  ON RETURN S T A C K  
MOV ( S )  I - ( R P )  ; P U T  I N D E X  ON RETURN STACK 
A D D I  4 , s  
NEXT 

O l B A  

I 

0 1 D 6  HEAD 2 0 l I , 3 1 l I I  
; RETURN CURRENT LOOP I N D E X  TO STACK.  

MOV ( R p )  , - ( s )  
NEXT 

O l D O  C 9 8 1  O l B A  

D 4 4 9  HEAD 2 0 5 , D I G I ,  3 2 4 ,  D I G I T  ; ***** D I G I T  
; U S E D  BY C O M P I L E R .  
; ( A S C I I - D I G I T  BASE ==> D I G I T - V A L U E  TRUE (OR F A L S E ) )  

0 0 0 2  S U B  # G o 1 2  ( 5 )  ; V A L I D  D I G I T  IS A S C I I  60 - 
0 0 0 9  CMP 2 ( S ) , # l l  ; I F  GREATER THAN 9 ,  

B LE  D l  $ 
0 0 0 2  S U B  # 7 , 2 ( S )  ; SUBTRACT 7 .  
OOOA CM P 2 ( S )  1 # 1 2  ; AND THEN I F  < 1 0  ( A )  

B L T  D 2  $ ; ERROR 
D l $ :  T S T  2 ( s )  ; I F  L E S S  THAN ZERO,  ERROR 

B LT D 2 $  
CMP 2 ( s )  I ( s )  ; OR I F  NOT L E S S  THAN B A S E ,  ERR 
BGE D 2 $  
M OV # 1 1  ( s )  ; V A L I D  RETURN 
NEXT 

D 2 $ :  A D D I  2 , s  
FORTH I N T E R E S T  GROUP P O 0  1105 S A N  CARLOS,  CA 9 4 0 7 0  

O l D C  

0 1 E  6 
O l E C  
0 1 F 2  
0 1 F 4  
O l F A  
0 2 0 0  
0 2 0 2  
0 2 0 6  
0 2 0 8  
0 2 0 C  
0 2 0 E  
0 2 1 2  
0 2 1 6  

uA/FORTH 



MACRO A S S E M B L Y  L I S T I N G  
C LR ( s  ; ERROR--RETURN ' 0 '  F L A G  
NEXT 

; 
; 

0 2 1 E  2 8 8 6  4 9 4 6  4 4 4 3  HEAD 2 0 6 ,  ( F I N D )  , 2 4 0 ,  P F I N D  ; *****  ( F I N D )  
; U S E D  BY C O M P I L E R .  F I N D  A WORD I N  T H E  D I C T I O N A R Y .  
; ( S T R I N G - A D D R E S S  N F A  ==> P F A  LENGTH T R U E  (OR F A L S E ) ) .  
; S T R I N G - A D D R E S S  I S  A D D R E S S  O F  T H E  LENGTH B Y T E  O F  T H E  
; S T R I N G  B E I N G  SOUGHT. N F A  IS N A M E - F I E L D  A D D R E S S  O F  
; WORD I N  D I C T I O N A R Y  WHERE S E A R C H  B E G I N S .  P F A  I S  
; P A R A M E T E R - F I E L D  A D D R E S S  O F  T H E  D I C T I O N A R Y  E N T R Y  
; W H I C H  I S  FOUND. I F  WORD N O T  FOUND, ONLY ONE R E S U L T  
; ( 0 ,  F A L S E )  IS  RETURNED.  
; S E T U P - - G E T  A R C S ,  P R E S E R V E  N E E D E D  R E G I S T E R S  

M OV ( S ) + , R O  ; D I C T I O N A R Y  A D D R E S S  
M OV ( S ) + , R l  ; S T R I N G  A D D R E S S  
M OV R 5 , - ( R P )  ; P R E S E R V E  R E G I S T E R S  
M OV R 4 , -  ( R P )  
MOV R 3 ,  - ( R P )  
C LR - ( R p )  ; S P A C E  T O  S T O R E  LENGTH B Y T E  

; P R E P A R E  R 2  F O R  F A S T  COMPARE 
MOV ( R 1 )  I R ~  
B I C  # 1 0 0 2 0 0 , R 2  

; 
FCOMP: 
; F A S T  T E S T  T O  E L I M I N A T E  MOST WORDS 
; COMPARE F I R S T  WORD T O  S P E C I A L L Y  P R E P A R E D  R 2  
; T H E N  I N C R E M E N T  T O  F I N D  E N D  O F  NAME. 
F A S T :  MOV ( R O )  I R ~  

B I C  # 1 0 0 3 0 0 , R 3  
CMP R 2 , R 3  
B E Q  N O F A S T  

XMATCH: T S T  ( R O ) +  
B P L  XMATCH 

; R O  N W  P O I N T S  T O  L I N K  
T S T  ( R O )  
B E Q  F A I L E D  
MOV ( R O )  I R O  
BR FCOMP 

; E N D  O F  F A S T  E L I M I N A T I O N  T E S T  

; NO F A S T  E L I M I N A T I O N  P O S S I B L E  
; BRANCH HERE I F  NO MATCH T H I S  T I M E  

I 

N O F A S T :  MOV ( R O )  ( R P )  ; S A V E  LENGTH B Y T E  
MOV R 1 , R S  ; S E T  R 5  
BR NOF S T  1 

; NM DO T H E  M A I N  L O O P  T O  CHECK F O R  MATCH 
MLOOP: T S T  ( R 5 ) +  

MOV ( R 5 )  t R 4  
MOV ( R O )  I R ~  
B I C  # 1 0 0 0 0 0 , R 3  
CMP R 3 , R 4  
B N E  XMATC H 

N O F S T 1 :  B I T  # l O O O O O ,  ( R O ) +  
B E Q  MLOOP 

; I F  G E T  H E R E ,  FOUND I T .  
F O R T H  I N T E R E S T  G R O U P  POB 1105 S A N  C A R L O S ,  C A  9 4 0 7 0  
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[ 1 7 0 ,  l o ]  
8 5 8 2  
8583 
B 5 8 4  
8585 
0 8 0 3  
8 0 2 5  
4 5 C 2  FFOU 
BOA5 
B 5 E 5  0 0 0 1  
8 5 0 2  73DA 
OA96  
8583 
B 5 8 4  
B 5 8 5  
OB 6 5  

B 3 4 0  
B D 4 1  0 0 0 2  
0 9 5 3  
C 4 4 0  
0 3 F E  
0 8 5 0  
B 0 7 5  0 0 0 4  
8 A 8 9  
0 3 0 F  
C 4 4 0  
0 2 F C  
B 0 4 D  
0 8 5 0  
8 0 7 5  0 0 0 2  
B D 4 1  0 0 0 6  
2 0 4 D  
2 0 7 5  0 0 0 2  
2 0 7 5  0 0 0 4  
B 5 0 2  73DA 
B 0 4 D  
9 0 7 5  0 0 0 4  
0 2 F 1  
0 8 4 0  
O l E F  

M OV 
MOV 
MOV 
M OV 
ADD1 
MOV 
B I C  
M OV 
MOV 
NEXT 

F A I L E D :  T S T  
M OV 
M OV 
MOV 
C LR 

NEXT 

MACRO ASSEMBLY L I S T I N G  
( R P ) + , R 2  ; P O P  AND SAVE LENGTH BYTE 
( R P ) + , R 3  ; RESTORE R E G I S T E R S  
( R P ) + , R 4  
( R P ) + , R 5  
4 , R 0  ; G E T  PARAMETER F I E L D  ADDRESS 
R O , - ( S )  
# 1 7 7 4 0 0 , R 2  ; R 2  CONTAINS LENGTH BYTE 
R 2 , - 6 )  
# l , - ( S )  

( R P )  + 
( R P )  + , R 3  
( R P ) + , R 4  
( R P ) + , R 5  
- ( S )  

; P O P  LENGTH BYTE 
; RESTORE R E G I S T E R S  

; REPLACE LENGTH BYTE W I T H  
; F A I L U R E  FLAG. 
; WE ARE DONE--FAILURE TO F I N D  

I 

4 F 4 C  HEAD 2 0 7 ,  ENCLOS, 3 0 5 ,  ENCL ; ***** ENCLOSE 
; USED BY COMPILER.  BREAK NEXT WORD OUT OF INPUT BUFFER. 
; ( START-ADDRESS D E L I M I T E R  ==> ADDRESS O F F S E T  END NEXT-CHARACTER) 

M OV ( S )  ,RO ; D E L I M I T E R  
M OV 2 ( S )  t R 1  ; STARTING ADDRESS 
S U B 1  4 , s  ; MAKE S P A C E  FOR R E S U L T S  

ENC1:  CMPB ( R l ) + , R O  
BEQ ENC 1 ; S K I P  OVER LEADING D E L I M I T E R S  
S U B I  1 , R l  
MOV R l r 4  ( S )  

ENC2: T S T B  ( R l )  ; T E S T  FOR NULL 
BEQ ENC 4 
CMPB ( R l ) + , R O  ; NOT NULL, S O  F I N D  END O F  TOKEN 
BNE ENC 2 
MOV R 1 1  ( S )  
S U B I  1 , R l  

ENC3:  MOV R 1 1 2  ( S )  
MOV 6 ( S )  , R 1  
SUB R 1 1  ( S )  
SUB R 1 1 2  ( S )  
SUB R 1 ,  4  ( S )  
NEXT 

ENC4:  MOV R ~ I  ( S )  
CMP R 1 ,  4  ( S )  
BNE ENC 3 
ADD1 1 , R l  
B R ENC 3 

; 
; 
; THE NEXT 4 HEADERS P O I N T  TO INSTALLATION-DEPENDENT TERMINAL 1/0 
; ROUTINES.  
i 
; 

A 0 5 4  

; F I N I S H  UP AND RETURN 

; HANDLE NULL CASE 

HEAD 2 0 4 ,  EMIT,  2 4 0 ,  EMIT,  P E M I T  
1 

FORTH I N T E R E S T  GROUP POB 1 1 0 5  SAN CARLOS, CA 9 4 0 7 0  

; ***** E M I T  
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HEAD 

HEAD 

HEAD 

MACRO ASSEMBLY L I S T I N G  
2 0 3 , K E I 3 3 1 , K E Y , P K E Y  

2 1 1  , ?TERMINA,  3 1 4 ,  Q T E R M , P Q T E R  

2 0 2 , C R 1 2 4 0 , C R , P C R  

HEAD 2 0 5 , C M O V r 3 0 5 , C M O V E  
MOVE B Y T E S  I N  MEMORY. ( FROM T O  N ==>) 

MOV ( S ) + r R O  
B E Q  G 1 $ ; NO MOVE 
M OV ( S ) + , R 1  
MOV ( S ) + , R 2  
MBBU R 2 , R l  
NEXT 
A D D 1  4 , s  
NEXT 

; REMOVE A D D R E S S E S  

PAGE 0 1 3  * * * * *  KEY 

; ***** ?TERMINAL 

***** CR 

; ***** CMOVE 

I 

; 
0 3 2 6  5 5 8 2  A 0 2 A  0 3 0 8  HEAD 2 0 2 ,  U * , 2 4 0 ,  USTAR ; ***** u* 

; ( N 1  N 2  ==> P R O D U C T ) .  PRODUCT I S  3 2 - B I T  DOUBLE I N T E G E R ,  
; H I G H  WORD T O P .  
; T H I S  MUST B E  U N S I G N E D  M U L T I P L I C A T I O N .  

0 3 2 E  7 1 F 7  0 0 0 4  J S R  P C ,  UMULT 
0 3 3 2  B 5 0 2  7 3 D A  NEXT 
0 3 3 6  UMULT: 

; T H E  VALUES T O  M U L T I P L Y  ARE ON THE STACK. 
0 3 3 6  B 5 4 0  M OV ( S ) + t R O  
0338 7COD MUL R o t  (S) 
0 3 3 A  BOOD M OV R o t  ( S )  
0 3 3 C  8 0 6 5  MOV R ~ I - ( S )  
0 3 3 E  O O l F  RTN PC 

I 

0 3 4 0  5 5 8 2  A 0 2 F  0 3 2 6  HEAD 2 0 2 , U / , 2 4 0 ,  USLAS 
; T H I S  D I V I S I O N  MUST B E  UNSIGNED.  

0 3 4 8  7 1 F 7  0 0 0 4  J S R  P C ,  U D I V  
0 3 4 C  B 5 0 2  7 3 D A  NEXT 
0 3 5 0  UDIV:  

; THE VALUES T O  D I V I D E  ARE ON T H E  STACK 
0 3 5 0  B D 4 0  0 0 0 4  M OV 4  ( S )  I R O  
0 3 5 4  B D 4 1  0 0 0 2  MOV 2 ( S )  r R 1  
0 3 5 8  7 E 1 5  D I V  R o t  ( S ) +  
0 3 5 A  B 0 7 5  0 0 0 2  M OV R 1 , 2 ( S )  
0 3 5 E  BOOD M OV R O I  ( S )  
0 3 6 0  O O l F  RTN P C  

; 
0 3 6 2  4 1 8 3  C 4 4 E  0 3 4 0  HEAD 2 0 3 , A N ,  3 0 4 , A N D  

; B I T W I S E  AND. ( N 1  N 2  ==> N 3 ) .  
0 3 6 A  3 5 4 D  AND ( s ) + ,  ( s )  
0 3 6 C  B 5 0 2  7 3 D A  NEXT 

I 

FORTH I N T E R E S T  GROUP POB 1 1 0 5  S A N  CARLOS,  CA 9 4 0 7 0  



MACRO ASSEMBLY LISTING 
HEAD 202,OR,240,OR 
BIS G I + ,  ( s )  
NEXT 

PAGE 0 1 4  

HEAD 203,X0,322,XOR 
XOR ( s ) + ,  ( s )  
NEXT 

HEAD 203,  SP, 300,  SPAT 
MOV st - ( s )  
NEXT 

; ***** s p !  
; OFFSET 6 I N  USER AREA 

HEAD 203,  SP, 241, SPSTO 
MOV 6 (U)  ,S 
NEXT 

HEAD 203,  RP, 241, RPSTO 
MOV ORIGIN+24,RP 
NEXT 

HEAD 202,S,240,SEMIS, , , ,LT3 
MOV (RP) +, I P  
NEXT 

HEAD 205,  LEAV, 305,  LEAVE 
MOV (RP) , 2  (RP) 
NEXT 

; ***** LEAVE 

HEAD 202,  >R, 240,TOR 
MOV (S 1 +, - (RP) 
NEXT 

HEAD 202,R>,  240, FROMR 
MOV (Rp) +, - ( s  1 
NEXT 

HEAD 201,  ,322 ,R 
M OV (RP) , - (S )  
NEXT 

HEAD 202 ,0= ,  240,ZEQU 
T ST ( s  ) 
BEQ 11s 
C LR ( s  
NEXT 

11s: MOV # l ,  ( s )  
NEXT 

i 
0402 HEAD 202,0,24O,ZLESS,,LTl 

TST (s 1 
BM I J1$ 
C LR (s)  
NEXT 

J 1 $ :  MOV #11 ( s )  
FORTH INTEREST GROUP POB 1 1 0 5  SAN CARLOS, CA 94070 



NEXT 

HEAD 
ADD 
NEXT 

MACRO ASSEMBLY L I S T I N G  

HEAD 2 0 2 , D + ,  2 4 0 ,  DPLUS 
ADD 2 ( s )  , 6 ( S )  ; ADD LOW 
A DC 4 ( s )  
ADD ( s )  1 4 ( s )  ; ADD H I G H  
A D D I  4 ,  S 
NEXT 

i 
HEAD 2 0 5 , M I N U ,  3 2 3 , M I N U S  

; CHANGE S I G N .  
NEG ( s  
NEXT 

i 
HEAD 2 0 6 , D M I N U S ,  2 4 0 , D M I N U  

: CHANGE S I G N  O F  DOUBLE I N T E G E R  WORD ON STACK.  
NEG ( s  
NEG 2 (s) 
S B C  ( s  
NEXT 

; 
HEAD 2 0 4 ,  OVER, 2 4 0 ,  OVER 

; ( N 1  N 2  ==> N 1  N 2  N 1 )  
MOV 2 ( s )  1 - 6 1  
NEXT 

i 
HEAD 2 0 4  , DROP,  2 4 0  , DROP 
A D D I  2 ,  S 
NEXT 

HEAD 
MOV 
M OV 
MOV 
NEXT 

2 0 4 ,  SWAP, 2 4 0 ,  SWAP 
2 ( S )  I R 1  
@ ) + I  ( S )  

R l t - ( S )  

; ***** MINUS 

; ***** DMINUS 

; ***** OVER 

; ***** D R O P  

; *****  SWAP 

HEAD 
M OV 
NEXT 

; 
HEAD 2 0 2 , + ! ,  2 4 0 ,  PSTOR 

; ADD NUMBER SECOND ON STACK TO ADDRESS ON TOP.  
ADD 2 ( S )  r @ ( S ) +  
A D D I  2 ,  S 
NEXT 

i 
HEAD 2 0 6 ,  TOGGLE, 2 4 0 ,  TOGGL ; *****  TOGGLE 

; ( BYTE-ADDRESS B I T - P A T T E R N  ==> ) EXCLUSIVE-OR I N T O  MEMORY BYTE.  
MOVB @ 2  ( S )  ,R1 
XOR ( S ) + I R ~  

FORTH I N T E R E S T  GROUP POB 1105 S A N  CARLOS,  CA 9 4 0 7 0  
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73DA 
; 

A 0 4 0  0 4 F 6  
0 0 0 0  
FFOO 

M OVB 
NEXT 

HEAD 
MOV 
NEXT 

HEAD 
MOVB 
B I C  
M OV 
NEXT 

HEAD 
M OV 
A D D I  
NEXT 

HEAD 
MOVB 
A D D I  
NEXT 

MACRO ASSEMBLY L I S T I N G  
R l t @  ( S ) +  

2 0 1 1  , 2 4 1 ,  STORE 
2 ( S )  , @ e l +  
2 1 s  

; 
; 
PAGE 

FORTH I N T E R E S T  GROUP POB 1105 S A N  CARLOS,  CA 9 4 0 7 0  
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; ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PAGE 0 1 7  

PRE-COMPILED FORTH S E C T I O N  

I 

I 

I 

; NOTE--A FEW O F  THE FOLLOWING OPERATIONS HAVE BEEN 
; CONVERTED T O  CODE FOR SPEED.  HOWEVER, THE WORD ORDER 
; I N  THE DICTIONARY HAS NOT BEEN CHANGED. 
I 

HEAD 3 0 1 ,  , 2 7 2 ,  COLON, DOCOL ; ***** : 
WORD QEXEC, S C S P ,  CURR, AT, CONT, STORE,  CREAT, RBRAC, PSCOD 

DOCOL: MOV I P , - ( R P )  
MOV W I I P  
NEXT 

BAC 1 
0 9 0 0  
B 1 2 6  
B 0 8 4  
8 5 0 2  

BBC 1 
0 9 2 C  

HEAD 301,, 2 7 3 ,  S E M I  ,DOCOL 
WORD QCSP,  COMP, S E M I S ,  SMUDG, LBRAC, S E M I S  

. ***** ; 

; ***** CONSTANT HEAD 2 1 0 ,  CONSTANT, 2 4 0 ,  CON, DOCOL 
WORD CREAT, SMUDG, COMMA, PSCOD 

DOCON: MOV ( w )  1 - 6 1  
NEXT 

HEAD 2 1 0 , V A R I A B L E ,  2 4 0 ,  VAR, DOCOL ; ***** VARIABLE 
WORD CON,PSCOD 

DOVAR: MOV w , - ( s )  
NEXT 

I 

HEAD 2 0 4 ,  USER,  2 4 0  , USER, DOCOL 
; CREATE A NEW USER VARIABLE.  ( N ==> ) . 

WORD CON, PSCOD 
DOUSE: MOV (w) I - ( S )  

ADD UI ( s )  
NEXT 

; ***** USER 

I 

I 

* 
; CONSTANTS 
I 

0 5 8 4  HEAD 201,, 2 6 0 ,  ZERO, DOCON 
WORD 0 

HEAD 2 0 1 , ,  261,ONE,DOCON 
WORD 1 

HEAD 2 0 1 , ,  2 6 2 ,  TW0,DOCON 
WORD 2 

HEAD 2 0 1 , ,  2 6 3 ,  THREE,  DOCON 
WORD 3 

I 

FORTH I N T E R E S T  GROUP POB 1 1 0 5  SAN CARLOS,  CA 9 4 0 7 0  
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PAGE 019 MACRO ASSEMBLY L I S T I N G  
; VOCABULARY L I N K  ( N A I N L Y  FOR FUTURE U S E ) .  

WORD 2 4  
; 

HEAD 2 0 5 , F I R S ,  3 2 4 , F I R S T , D O U S E  
; A D D R E S S  O F  B E G I N N I N G  O F  D I S K  B U F F E R .  

WORD 2 6  
; 

HEAD 2 0 5 , L I M I ,  3 2 4 ,  L I M I T ,  DOUSE 
; A D D R E S S  J U S T  BEYOND END O F  D I S K  B U F F E R S .  

WORD 30 
I 

; P O S I T I O N S  3 2  AND 34 A R E  A V A I L A B L E  FOR E X P A N S I O N .  
; THEY ARE I N I T I A L I Z E D  FROM BOOT-UP T A B L E ,  A T  C O L D  S T A R T .  
; 

HEAD 2 0 3 , B L ,  3 1 3 , B L K ,  DOUSE ***** BLK 
; CURRENT D I S K  BLOCK B E I N G  LOADED ( 0 - T E R M I N A L )  

WORD 36 

- * * * * *  F I R S T  

; ** * * *  L I M I T  

O O l E  
; 

HEAD 2 0 2 ,  I N ,  2 4 0 ,  I N , D O U S E  
; O F F S E T  I N  T E R M I N A L  I N P U T  B U F F E R .  

WORD 4 0  
; 

HEAD 2 0 3 , O U , 3 2 4 , O U T , D O U S E  
; O F F S E T  I N  O U T P U T  L I N E .  

WORD 4 2  
; 

HEAD 203, S C ,  322,  S C R , D O U S E  
; CURRENT F O R T H  D I S K  SCREEN.  

WORD 4 4  
I 

HEAD 206, O F F S E T ,  2 4 0 , 0 F S E T I  DOUSE 
; O F F S E T  T O  G E T  T O  ANOTHER D I S K  D R I V E .  

WORD 4 6  
; 

HEAD 2 0 7 , C O N T E X ,  3 2 4 ,  C O N T I D O U S E  
WORD 50 

; 
HEAD 2 0 7 ,  CURREN,  3 2 4 ,  CURR,  DOUSE 
WORD 52 

: ***** O F F S E T  

; ***** CONTEXT 

; *****  CURRENT 

HEAD 2 0 5 , S T A T ,  305, S T A T E , D O U S E  
WORD 5 4  

; ***** S T A T E  

HEAD 2 0 4 , B A S E ,  2 4 0 , B A S E ,  DOUSE : ***** B A S E  
WORD 56 

I 

HEAD 2 0 3 , D P ,  3 1 4 ,  D P L , D O U S E  ; * * x * *  D P L  
; O F F S E T  06 D E C I M A L  P O I N T  A F T E R  DOUBLE- INTEGER I N P U T .  

WORD 60 
I 

HEAD 2 0 3 ,  F L ,  3 0 4 ,  F L D ,  DOUSE 
; OUTPUT F I E L D  WIDTH.  

WORD 6 2  
I 

FORTH I N T E R E S T  GROUP POB 1 1 0 5  S A N  CARLOS,  CA 9 4 0 7 0  



MACRO ASSEMBLY L I S T I N G  
, HEAD 2 0 3 , C S ,  3 2 O , C S P , D O U S E  

U S E D  BY C O M P I L E R  T O  HOLD CURRENT STACK P O S I T I O N ,  
FOR ERROR CHECKING.  

WORD 6 4  

PAGE 0 2 0  

HEAD 2 0 2 , R # ,  240 ,RNUM,DOUSE 
CURSOR P O S I T I O N  (FOR SOME E D I T O R S ) .  

WORD 66 

HEAD 2 0 3 , H L , 3 0 4 , H L D , D O U S E  
P O I N T S  T O  L A S T  CHARACTER HELD I N  'PAD'  

WORD 7 0  

HEAD 
WORD 

; ***** U S E  

; *****  P R E V  

; ***** O R I G I N  

HEAD 
WORD 

HEAD 
WORD 

; 
I 

; END O F  USER AREA 
I 

I 

A 0 2 B  0740 HEAD 
I N C  
NEXT 

2 0 2 , 1 + ,  2 4 0 ,  O N E P  
( S  

HEAD 
I W 2  
NEXT 

HEAD 
WORD 

2 0 4 , H E R E ,  2 4 0 , H E R E ,  DOCOL 
D P , A T , S E M I S  

; *****  HERE 

HEAD 
WORD 

205,ALL0,324,ALLOT,DOCOL 
D P , P S T O R ,  S E M I S  

; ***** A L L O T  

; *****  HEAD 2 0 1 , ,  2 5 4 ,  COMMA, DOCOL 
WORD HERE,  S T O R E , T W O , A L L O T , S E M I S  

; 
; T H I S  SYSTEM DOES NOT USE 'C,' 
; 

0 7 A 0  HEAD 2 0 1 , ,  2 5 5 , S U S  
S U B  ( s ) + ,  ( s )  
NEXT 

HEAD 2 0 1 , ,  2 7 5 ,  EQUAL 
CMP ( s ) + ,  ( s )  
B E Q  KlS 
C LR (s ) 
B R K2$ 

F O R T H  I N T E R E S T  GROUP POB 1 1 0 5  SAN C A R L O S ,  CA 9 4 0 7 0  



MACRO ASSEMBLY L I S T I N G  
# I ,  ( S )  

PAGE 0 2 1  
M OV 
NEXT 

HEAD 
CMP 
B  L T  
C  LR 
BR 
MOV 
NEXT 

2 0 1 ,  , 2 7 4 ,  L E S S  
2  ( S )  1 ( S ) +  
L 1 $  
( S  
L 2 $  
#I ,  ( S )  

HEAD 
CMP 
BGT 
C  LR 
BR 
M OV 
NEXT 

HEAD 
M OV 
MOV 
M OV 
M OV 
NEXT 

; ***** S P A C E  HEAD 
WORD 

2 0 5 ,  S P A C ,  3 0 5 ,  S P A C E ,  DOCOL 
L I T ,  4 0 ,  E M I T ,  S E M I S  

HEAD 
T S T  
B E Q  
M OV 
NEXT 

I 

HEAD 2 1 0 ,  TRAVERSE,  2 4 0 ,  TRAV, DOCOL ; ***** T R A V E R S E  
; MOVE (FORWARDS OR BACKWARDS) A C R O S S  A  ( V A R I A B L E  LENGTH)  
; D I C T I O N A R Y  NAME F I E L D .  

WORD SWAP 
XXN1: WORD OVER,  P L U S ,  L I T ,  1 7 7 ,  OVER,  CAT,  L E S S , Z B R A N , X X N l - .  

WORD S W A P , D R O P , S E M I S  
; 

HEAD 2 0 6 ,  L A T E S T ,  2 4 0 ,  L A T E S ,  DOCOL ; ***** L A T E S T  
WORD C U R R I A T I  AT,  S E M I S  

; 
; T H E  NEXT 4  OPERATORS CAN DEPEND O N  COMPUTER WORD S I Z E .  
; T H E Y  CONVERT A D D R E S S E S  W I T H I N  T H E  NAME F I E L D S  O F  F O R T H  
; D I C T I O N A R Y  E N T R I E S .  
I 

HEAD 203, L F ,  3 0 1 ,  LFA,DOCOL ; ***'A'* LFA 
WORD L I T ,  4, S U B I S E M I S  

; 
HEAD 2 0 3 , C F ,  3 0 1 , C F A I D O C O L  ; * x * * *  CFA 

WORD TWO, S U B ,  S E Y I S  
F O R T H  I N T E R E S T  GROUP POB 1 1 0 5  S A N  C A R L O S ,  C A  9 4 0 7 0  
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HEAD 203,NF, 301,NFA,DOCOL 
WORD LIT, 5,SUB,LIT, -1,'rRAV, SEMIS 

HEAD 203,PF, 301, PFA,DOCOL 
WORD ONE, TRAV, LIT, 5, PLUS, SEMIS 

; 
; THE NEXT 7 OPERATIONS ARE USED BY THE COMPILER, FOR 
; COMPILE -TIME SYNTAX-ERROR CHECKS. 
; 

HEAD 204,!CSP,240,SCSP,DOCOL 
WORD SPAT, CSP, STORE, SEMIS 

HEAD 2061?ERROR,240,QERRIDOCOL 
WORD SWAP,ZBRAN,XXN2-.,ERROR,BRAN,XXN3-. 

XXN2: WORD DROP 
XXN3: WORD SEMIS 
; 

HEAD 205,?COM, 320,QCOMP, DOCOL 
WORD STATE,AT, ZEQU, LIT, 2LIQERKI SEMIS 

HEAD 205,?EXE, 303,QEXEC,DOCOL 
WORD STATE,AT, LIT, 22, QERR, SEMIS 

HEAD 206,?PAIKS, 240,QPAIRI DOCOL 
WORD SUB, LIT, 23, QERR,SEMIS 

HEAD 204 ,?CSP, 240, QCSP, DOCOL 
WORD SPAT, CSP,AT, SUB, LITJ4, QERR,SEMIS 

HEAD 210,?LOADING, 240, QLOAD, DOCOL 
WORD BLKIAT, ZEQU, LIT, 26,QERR,SEMIS 

I 

HEAD 207,COMPIL, 305,COMPIDOCOL ; ***** COMPILE 
; COMPILE THE EXECUTION ADDRESS FOLLOWING. 

WORD QCOMP, FROMR,DUP, 'IWOP,TOR,AT,COMMA, SEMIS 
; 

HEAD 301 333, LBRAC,DOCOL 
; STOP COMPILATION, ENTER EXECUTION STATE. 

WORD ZERO, STATE, STOREISEMIS 

DBCl 095A 0554 

; 
HEAD 201, ,335,RBRACIDOCOL 

; ENTER COMPILATION STATE. 
WORD LIT, 300,STATE, STORE-MIS 0120 OOCO 06E8 

I 

HEAD 206,SMUDGE, 240,SMUDGlDOCOL 
; ALTER LATEST WORD NAME (SO THAT DIC'PIONARY SEARCH 
; WON'T FIND A PARTIALLY-COMPLETE ENTRY. 

WORD LATES1LIT,40,TOGGL,SEMIS 
; 

HEAD 203, HE, 330, HEX, DOCQL 
WORD LITI20,BASE,STORE,SEMIS 

; ***** SMUDGE 

; 
HEAD 207, DECIMA, 314 ,DEC, DOCOL ; ***** DECIMAL 

FORTH INTEREST GROUP POB 1105 SAN CARLOS, CA 94070 
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0 1 2 0  OOOA 

MACRO ASSEMBLY LISTING 
WORD L 1 T 1 1 2 , B A S E , S T 0 R E 1 S E W I S  

8 

HEAD 2 0 5 ,  OCTA, 3 1 4 ,  OCTAL, DOCOII 
WORD L I T ,  1 0 , B A S E I S T O H E , S E Y I S  

I 

HEAD 2 0 7 ,  CODE, 2 5 1 ,  PSCOD, DOCOL, , , , L T 4  
; USED ONLY BY COMPILER;  COMPILED BY ' ;CODE1.  

WORD FROMR, LATES,  PFA, CFA, STORE,  S E M I S  
I 

# 

HEAD 3 0 5 , C O D ,  3 0 5 ,  SEMIC,DOCOL,,,LT3 ; *****  ;CODE 
; CREATE NEW DATA TYPE W I T H  CODE ROUTINE WRITTEN I N  ASSEMBLY. 

WORD QCSP,COMP,PSCOD, LBRAC,SYUDG, S E M I S  
; NOTE: LATER, THE ASSEMBLER W I L L  PATCH T H I S  D E F I N I T I O N .  
I 

8 

HEAD 2 0 7 , B U I L D ,  3 2 3 , B U I L D I  D O C O L , , L T 2  ; ***** < a U I L D S  
; CREATE NEW DATA TYPE W I T H  CODE ROUTINE I N  HIGHER-LEVEL FORTH. 

WORD ZERO, CON, S E M I S  
I 

HEAD 2 0 5 , D O E S 1  2 7 6 ,  DOES, DOCOL ; ***** D O E S >  
WORD FROMR, LATES,  PFA,  STORE,  PSCOD 

DODOE: MOV I P , -  ( R P )  
MOV ( w )  + I  I p  
M OV W t - ( s )  
NEXT 

; *****  OCTAL 

; ***** ( ; C O D E )  

; ***** COUNT HEAD 2 0 5 ,  COUN, 324 ,COUNT,DOCOL 
; CONVERT S T R I N G  T O  THE FORMAT USED BY 'TYPE' .  

WORD DUP, ONEP, SWAP, CAT,  S E M I S  
; 

HEAD 2 0 4 ,  TYPE,  2 4 0 ,  TYPE,DOCOL 
WORD DDUP,ZBRAN,XXL2-.,OVER,PLUS,SWAP,XDO 

XXL1: WORD I , C A T ,  EMIT,  XLOOP, XXL1-. ,BRANIXXL3-. 
XXL2:  WORD DROP 
XXL3: WORD S E M I S  
; 

HEAD 2 0 6 ,  =CELLS,  2 4 0 ,  ECELL,  DOCOL 
; NOTE--NEEDED T O  FORCE EVEN ADDRESS.  

WORD DUP, ONE,AND, PLUS,  S E M I S  
; 

HEAD 2 1 1 ,  - T R A I L I N ,  3 0 7 ,  D T R A I ,  DOCOL 
WORD DUP,ZERO,XDO 

XXW 6 : WORD OVER, OVER, PLUS,  ONE, SUB,  CAT 
WORD BL,SUB,ZBRAN,XXA7-.,LEAVEIBRANIXXWA-. 

XXTA7: WORD ONE,SUB 
XXWA: WORD XLOOP, XXW6-. , S E M I S  
; 

HEAD 2 0 4 ,  ( .Iq) , 2 4 0 ,  PDOTQ,DOCOL 
; USED ONLY BY COMPILER.  COMPILED BY '."' 

WORD R ,  COUNTIDUP,  O N E P I E C E L L  
WORD FROMR,PLUSITORrTYPEISEMIS 

I 

HEAD 3 0 2 , . " , 2 4 0 , D 0 T Q 1 D 0 C 0 L  ; *t*** 

FORTH I N T E R E S T  GROUP POB 1 1 0 5  SAN CARLOS,  CA 9 4 0 7 0  

; ***** T Y P E  

OA98 
OAA 6 
OAAC ' 

OAB 8 
OAC 6 
0 AC A 

2 D 8 9  5 2 5 4  
0 4 C 4  0 5 B C  
0 4 8 E  0 4 8 E  
0 5 D E  0 7 9 E  
0 5 C 4  0 7 9 E  
0 1 7 0  F F E O  

OADO 

OADA 
OAE 4 

OAE E 
uA/FORTH 

OADO 



OBA4 
OBA8 
O B B 8  
OBCC 
OBDO 
OBD4 

B 5 4 0  
B 5 4  1 
0 0 6 0  0 0 2 4  
C 5 C A  OOOA 
0 3 0 A  
D 4  9 1  
C 5 C A  OOOA 
0 3 0 1  
7 6 0 5  
C 5 F 1  OOOD 
0 2 0 1  
0 8 5 0  
8 B  51 
88 51 
8 B 4 9  
8 5 0 2  7 3 D A  
0 0 8 4  0 0 1 7  
4 5 C 8  0 0 8 0  
0 0 4 6  4 3 5 E  
0 1 F 2  

MACRO ASSEMBLY L I S T I N G  
; T Y P E  A S C I I  MESSAGE.  

0 6 E 8  NORD L I T ,  3 4 . ,  S T A T E , A T ,  ZBRAN, XXL6-. 
OC4C WORD COMP,PDOTQ,WORD, HERE,  CAT,  O N E P ,  E C E L L  
OOOA WORD A L L O T ,  BRAN, XXL7-. 
OA4C XXL6:  WORD WORD, H E R E ,  COUNT,  T Y P E  

X X L 7 :  WORD S E M I S  
; 

4 7 4 9  HEAD 2 0 6 , ? A L I G N ,  2 4 0 ,  Q A L I G ,  DOCOL 
0 3 6 8  WORD HERE, ONE,  AND, A L L O T ,  SEMIS 

; 
; 

4 3 4 5  HEAD 2 0 6 ,  E X P E C T ,  2 4 0 ,  E X P E C  ; ***** E X P E C T  
; R E A D  N CHARACTERS T O  MEMORY (AND T E R M I N A T E  W I T H  N U L L S ) .  
; ( A D D R E S S  N ==>).  

KB D ; L E A V E S  I N P U T  B U F F E R  I N D E X  I N  R 2  
; R E T U R N S  L I N E  O F  I N P U T  

M OV ( S ) + , R O  ; P U T  COUNT I N  R O  
M OV ( S ) + , R 1  ; P U T  D E S T  ADDR I N  R 1  
C T R L C  XXK4 
CMPB #12, ( R 2 )  ; IS F I R S T  CHAR L F ?  
B E Q  XXK 3 ; I F  Y E S  F I N I S H  U P  

X X K l :  MOVB ( R 2 ) + ,  ( R 1 ) +  
CMPB #12, ( R 2 )  ; T E S T  FOR L F  
B E Q  XXK 2 ; Q U I T  MOVING I F  L F  FOUND 
S O B  RO,  XXK1 

F F F F  XXK2: CMPB #15,-1 ( R l )  ; T E S T  FOR C R  
BNE XXK 3 
S U B 1  1 , R l  ; REMOVE I T  I F  FOUND 

XXK3:  C L R B  ( R l ) +  ; AND A P P E N D  N U L L S  
C L R B  ( R l ) +  
C LRB ( R 1 )  
NEXT 

0000 XXK4:  J O B I D X  R O ,  J O B S T S  
B I C  # J . C C C ,  ( R O )  

OOOD T Y P E C R  < " C >  
BR XXK 3 

; REMOVE I M P E N D I N G  C N T L - C  

HEAD 2 0 5 ,  QUER,  331, QUERY, DOCOL ; *****  QUERY 
WORD T I B I A T I  L I T ,  1 2 0 ,  E X P E C , Z E R O ,  I N ,  S T O R E ,  S E M I S  

i 
0 5 5 4  HEAD 3 0 1 ,  , 2 0 O , N U L L , D O C O L  ; ***** THE NULL 

; T H E  NULL O P E R A T I O N  ( A S C I I  0 )  S T O P S  INTERPRETATION/COMPILATION 
; A T  END O F  A T E R M I N A L  I N P U T  L I N E ,  OR A D I S K  S C R E E N .  A L L  D I S K  
; B U F F E R S  MUST T E R M I N A T E  W I T H  N U L L S ,  AND ' E X P E C T '  P L A C E S  N U L L S  
; A F T E R  EACH T E R M I N A L  INPlJ l '  L I N E .  

WORD B L K , A T  
0 5 C 4  WORD Z B R A N , X X J 2 - .  , O N E , B L K , P S T O R , Z E R O , I N ,  S T O R E  
0 6 0 0  WORD B L K , A T ,  BSCR,MOD, Z E Q U , Z B R A N ,  X X J 1 - .  , Q E X E C ,  FROMR,DROP 

X X J 1 :  WORD B R A N , X X J 4 - .  
X X J 2 :  WORD FROMR,DROP 
X X J 4 :  WORD S E M I S  
; 

F O R T H  I N T E R E S T  GROUP P O B  1105 S A N  C A R L O S ,  CA 9 4 0 7 0  
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uA/FORTH 
OBD6 
OBEO 
OB EE 

MACRO ASSEMBLY LISTING 
204,FILL, 240, FILL,DOCOL 
SWAP, TOR, OVER, CSTOK, DUP, ONEP, FROMR 
ONE, SUB, CYOVE, SENIS 

PAGE 025 
; ***** FILL HEAD 

WORD 
WORD 

4585 4152 
05BC OBDE 

HEAD 
WORD 

205, ERAS, 305, ERASE, DOCOL 
ZERO, FILL, SEMIS 

; ***** ERASE 

4286 414C 
05DE OBDE 

HEAD 
WORD 

206,BLANKS, 240,RLANKI DOCOL 
BL, FILL, SEMIS 

; *****  BLANKS 

4884 4C4F 
0120 FFFF 

HEAD 
WORD 

; 
HEAD 
WORD 

; 
HEAD 
WORD 

XXI 1: WORD 
XXI2: WORD 

WORD 
WORD 

I 

; 
HEAD 

XXF3: WORD 
WORD 
WORD 
WORD 

XXG5: WORD 
XXG4: WORD 
; 

HEAD 
WORD 
WORD 

XXF6: WORD 
WORD 
:d OR D 

XXF7: WORD 
XXFA: WORD 
; 

HEAD 
WORD 
WORD 

XXE3: WORD 

204, HOLD, 240, HOLD, DOCOL 
LIT, -1, HLD, PSTOR, HLD,AT, CSTOR ,SEMIS 

; ***** HOLD 

203, PA, 304, PAD,DOCOL 
HERE, LIT, 104, PLUS, SEMIS 

204,WORD, 240,WORD, DOCOL ; *****  WORD 
BLK,AT, ZBRAN, XXI1-. ,BLKI AT, BLOCK,BRAN,XXI2-. 
TIB ,AT 
IN,AT, PLUS,SWAP, ENCL,HERE, LIT, 42,BLANK, IN 
PSTOR, OVER, SUB, TOR, R, HERE , CSTOR , PLUS 
HERE, ONEP,FROMR, CMOVE,SEMIS 

; ***** (NUMBER) OC 92 
OCAO 
OCAE 
OCBC 
OCC6 
OCD6 
OC DC 

210, (NUMBER) , 240, PNUMB,DOCOL 
ONEP, DUP, TOR, CAT, BASE,AT, DIGIT 
ZBRAN,XXG4-.,SWAPIBASEIATIUSTARrDROP 
ROT, BASE,AT, USTAR,DPLUS 
DPL,AT,ONEP,ZBRAN,XXG5-. ,ONE,DPL, PSTOR 
FROMR, BRAN, XXF3-. 
FROMR, SEMIS 

OCEO 
OCEC 
OCFE 
OD08 
OD16 
OD 24 
OD 2E 
OD38 

206,NUMBER,240,NUMBIDOCOL ; ***** NUMBER 
ZERO,ZERO,ROT,DUP,ONEP,CAT, LIT, 55, EQUAL 
DUP,TOR, PLUS, LIT, -1 
DPL, STORE, PNUMB,DUP,CAT, BL, SUB 
ZBRAN, XXF7-. ,DUP, CAT, LIT, 56, SUB 
ZERO, QERR, ZER0,BRANIXXF6-. 
DROP, FROMR, ZBRAN, XXFA-. I DMINU 
SEMIS 

205, -FIN,304,DFIND, DOCOL ***** -FIND 
BL,WORD, HERE,COUNT, UPPERIHEREICONTIATIXTI PFIND 
DUP, ZEQU, ZBRAN, XXE 3-. I DROP, HERE, LATES, PFIND 
SEMIS 

I 

HEAD 205, UPPE, 322, UPPER,DOCOL 
; SETS STRINGS TO UPPER CASE--TO ALLOW 
; LOWER AS WELL AS UPPER CASE FROM TERMINAL. 

WORD OVER, PLUS, SWAP, XDO 
XXE2: WORD I,CAT, LIT, 140,GREAT, I,CAT, LIT, 173,LESS 

WORD AND,ZBRAN,XXEl-.,IILIT,40,TOGGL 
XXE 1: WORD XLOOP, XXE2-. , SEMIS 
I 

FORTH INTEREST GROUP POB 1105 SAN CARLOS, CA 94070 

; ***** UPPER 

OD74 048E 043A 
OD7C 01D4 0508 
OD90 0368 0154 
OD9E 0170 FFDC 

048 0 
0120 
OOOA 
03CO 



uA/FORTH 
ODA4 
ODBO 

MACRO ASSEMBLY LISTING 
207, (ABORT, 251, PABOR,DOCOL 
ABORT, SEMIS 

PAGE 026 
; ***** (ABORT) HEAD 

WORD 

ODB 4 
ODB E 
ODC A 
ODD2 
ODD3 
ODD6 
ODD6 

HEAD 
WORD 
WORD 
BYTE 
ASCII 
EVEN 
WORD 

205,ERRO, 322,ERROR,DOCOL 
WARN,AT,ZLESS,ZBRANIXXN4-. ,PABOR 
HERE, COUNT, TYPE, PDOTQ 
3 
/ ? /  

; ***** ERROR 

MESS, SPSTO, IN,AT, BLK,AT, QUIT, SEMIS 
; 

ODB 4 ODE 6 
ODE E 
ODFC 
OE OA 

HEAD 
WORD 
WORD 
WORD 

203, ID, 256, IDDOT, DOCOL 
PAD, LIT, 40, LIT, 137, FILL,DUP 
PFA, LFA,OVER, SUB, PAD, SWAP, CMOVE 
PAD,COUNT,LIT, 37,ANDITYPEI SPACE, SEMIS 

HEAD 
WORD 
WORD 
WORD 
WORD 
WORD 
WORD 
WORD 

206,CREATE, 240,CREATIDOCOL 
DFIND, ZBRAN, XXD2-. ,DROP, NFA, IDDOT 
LIT, 4,MESS, SPACE 
HERE,DUP,CAT,WIDTH,AT,MIN, ONEPIALLOT 
QALIG,DUP, LIT, 240,TOGGL,HEREI ONE, SUB 
LIT,200,TOGGL,LATESICOMMA 
CURR,AT, STORE 
HERE,TWOP,COMMA, SEMIS 

; *****  CREATE 

HEAD 
WORD 
WORD 

311, [COMPILE, 335, BCOMP,DOCOL 
DFIND,ZEQU,ZERO, QERR,DROP 
CFA, COMMAI SEMIS 

- ***** [COMPILE] 

I 

5245 HEAD 307,LITERA, 314, LITER,DOCOL 
01 54 WORD STATE,AT, ZBRAN, XXD6-. I COMP, LITICONMA 

XXD6: WORD SEMIS 
; 

4554 HEAD 310,DLITERAL, 240, DLITE,DOCOL ; ***** DLITERAL 
0154 WORD STATE,AT,ZBRAN,XXN5-.,SWAP,LITER,LITER 

XXN5: WORD SEMIS 
: 

OEAC HEAD 202,U,2401ULESS,,LT1 
; UNSIGNED LESS-THAN, NEEDED FOR ADDRESSES. 
; : U< >R 0 R> 0 DMINUS Dt SWAP DROP O< ; 

CMP (S)+I (s) 
BHI CCl$ ;BRANCH IF TRUE 
C LR (s 
NEXT 

CC1$: MOV #11 (s) 
NEXT 

OE90 
OE 9C 
OEAA 

; *****  LITERAL 

OEAC 
OEBA 
OEC8 

OECA 

OED2 
OED4 
OE D6 
OED8 
OE DC 
OEEO 

I 

4341 HEAD 206,?STACK, 240, QSTAC,DOCOL ; *****  ?STACK 
; ERROR CHECK. 

0 5CC WORD SZERO,AT,?WO, SUB ,SPATI ULESS, ONE, QERR 
0120 WORD SPAT,HERE,LIT, 200,PLUSIULESSIlWOIQERR 

WORD SEMIS 

OEFO 
OF00 
OF10 

5245 HEAD 211, INTERPRE, 324, INTER , DOCOL ; ***** INTERPRET 
FORTH INTEREST GROUP POB 1105 SAN CARLOS, CA 94070 
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PAGE 0 2 7  [ 1 7 0 ,  l o ]  
O D 4 2  
0 1 5 4  O O l E  
0 1 5 4  OOOA 
0 8 8 0  0 1 3 2  
OEEE 0 1 4 2  
0 7 7 2  OCEA 
0 4 A 0  OE9A 
OEEE 
0 1 4 2  F F C 2  
0 3 C O  

MACRO ASSEMBLY L I S T I N G  
DF  I N D  
ZBRAN, XXEA-. , S T k T E ,  AT ,  LESS 
ZBRAN,XXE5- .  ,CFAtCOMMA,BRAN,XXE6- .  
C F A ,  EXEC 
QSTAC,  BRAN, XXE7-. 
HERE,NUMB,DPL,AT,0NEPIZBRANIXXF4-. , D L I T E , B R A N , X X F 5 - .  
DROP,  L I T E R  
QS TAC 
BRAN, XXE4-. 
S E M I S  

XXE4:  WORD 
WORD 
WORD 

XXE 5: WORD 
XXE6:  WORD 
XXEA: WORD 
XXF4 :  WORD 
X X F 5 :  WORD 
XXE7:  WORD 

WORD ; ONLY FOR R E L O C A T I O N  CODE 

HEAD 
WORD 

2 1 1 ,  IMMEDIAT,  3 0 5 ,  IMMED, DOCOL 
L A T E S , L T T ,  1 0 0 , T O G G L I  S E M I S  

; *****  IMMEDIATE 

5 6 8 A  4 3 4 F  
O A l E  0 1 2 0  
0 7 7 2  0 6 7 2  
0 7 6 2  0 6 C E  

212 ,VOCABULARY,  2 4 0 , V O C A B ,  DOCOL ; ***** VOCABULARY 
B U I L D ,  L I T ,  1 2 0 2 0 1 ,  COMMA, CURRt  A T ,  C F A ,  COMMA 
H E R E ,  VOCL,  AT ,  COMMA, VOCL,  STORE , DOES 
l V O P ,  CONT,  S T O R E ,  S E M I S  

HEAD 
WORD 
WORD 

DOVOC : WORD 
# 

; 
HEAD 
WORD 
WORD 
WORD 

XXVOC: WORD 
; 
i 

HEAD 2 1 3 , D E F I N I T I O N ,  3 2 3 , D E F I N t D O C O L  
WORD CONT,AT,CURR,STORE,  S E M I S  

; 
HEAD 301, ,  2 5 0 ,  PAREN,  DOCOL 
WORD L I T ,  5 1 , W O R D , S E M I S  

I 

HEAD 2 0 4 ,  Q U I T ,  2 4 0 , Q U I T , D O C O L  
WORD Z E R O , B L K , S T O R E , L B R A C  

XXB1:  WORD R P S T O ,  C R ,  QUERY , I N T E R ,  S T A T E  , A T  
WORD ZEQU,ZBRAN,XXB2- . ,PDOTQ 
B Y T E  3 
A S C I I  / OK/ 
EVEN 

XXB2:  WORD BRAN,XXBl - .  
WORD S E M I S  ; O N L Y  FOR R E L O C A T I O N  CODE 

HEAD 2 0 5 , A B O R ,  3 2 4 ,  ABORT, DOCOL ; *****  ABORT 
WORD S P S T O ,  D E C , S P A C E  
WORD CR PDOTQ 
B Y T E  2 0  
ASC I1 ^ u A / F O R T H  V 3 . 2  ^ 

EVEN 
WORD FORTH,  D E F I N , Q U I T  
WORD S E M I S  

; 
; COLD AND WARM S T A R T S  
; 

FORTH I N T E R E S T  GROUP POB 1 1 0 5  S A N  C A R L O S ,  C A  9 4 0 7 0  

4 6 C 5  5 2 4 F  
OFA 8 
A 0 8  1 
1 9 1 6  
0 0 0 0  

3 0 5 , F O R T ,  3 1 0 , F O R T H , D O D O E  ; ***** FORTH 
DOVOC 
1 2 0 2 0 1  ; DUMMY HEADER A T  I N T E R S E C T I O N  
T A S K - 1  0 
0 ; T H E  VOCABULARY L I N K  ( F O R  FUTURE U S E )  

OFB 0  
OFBA 
OFBC 
OFB E  
OFCO 

OFC 2  
O F D 2  

; ***** D E F I N I T I O N S  

OFC 2  
0 0 2 9  

OFEA 
O F F 4  
OFFC 
1 0 0 8  
1 0 1  0  
1 0 1  1 
1 0 1 4  
1 0 1 4  
1018 

; ***** Q U I T  

1 O l A  
1 0 2 4  
1 0 2 A  
1 0 2 E  
1 0 2 F  
1 0 4 0  
1 0 4 0  
1 0 4 6  ; ONLY FOR R E L O C A T I O N  CODE 



1 0 A 8  
1 OAC 
l O B O  
1 0 B 6  

l O B C  
1 OBE 
loco 

1 0 C 8  
1 OCC 
1 OCE 
1 0 E 6  
1 0 E 8  
l O E A  
l O E E  
1 0 F 2  
1 O F 4  
1 0 F 6  
1 0 F 8  
l O F E  
1 1 0 2  
1 1 0 4  

u A / F O R T H  

BDCO E F 8 4  
B D C l  E F 8 2  
OB 5 0  
9 0 0 1  
8 1 F D  

9 0 3 3  0 0 3 E  
0 3 0 D  
0 0 4 6  4 3 4 9  4 1 5 6  
0 0 4  9 
0 8 7 4  
7377 E F 2 4  
BDCO E F l E  
0 8 0 5  
B 5 5 0  
7 6 4 2  
0 0 8 4  1 0 1 7  0 0 2 C  
B 5 C 1  0 0 1 0  
5 0 4 8  
B D C 6  E F O C  
[ 1 7 0 , 1 0 ]  

FDDB:  WORD 
R A D 5 0  
BYTE 
BYTE 
H A D 5 0  
R A D 5 0  
R A D 5 0  
BYTE 
WORD 
WORD 
WORD 
WORD 
A S C I I  
B Y T E  
EVEN 

MACRO ASSEMBLY L I S T I N G  
^ H 0 1 0 1 X U P + 1 0 0 , 5 1 2 .  , O , O ,  O,O,  0  
/DS K/ 
0 
-1 
/FOR/  
/TH / 
/SCR/  
1 0 , 1 7 0 , 0 , 0  
0 , o  
6 1 6 6 7 , 5 0 5 1 2  
4 0 5 0 4 , 2 7 5 2 1  
2 4 0 6 7 , 2 3 5 0 2  
/ :FORTH . S C R /  
0 
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; 
HEAD 2 0 4 , C O L D , 2 4 0 , C O L D  ; ***** COLD 

C E N T :  ; COLD S T A R T  ENTRY P O I N T  
MOV O R I G I N + l 4 , F O R T H + 6  ; S E T  ' F O R T H '  VOCABULARY FROM S T A R T U P  TABLE 
M OV O R I G I N + 2 0 , U  ; I N I T I A L I Z E  USER P O I N T E R  

; N O T E - - I N I T I A L I Z E S  AREAS I N  H I G H  MEMORY 
; CLEAR D I S K  B U F F E R S  ON F I R S T  T I M E  THROUGH 

MOV O R I G I N + 4 2 , R O  ; ' F I R S T 1 - - B E G I N N I N G  O F  D I S K  B U F F E R S  
MOV O R I G I N + 4 4 , R l  ; ' L I M I T 1 - - J U S T  BEYOND D I S K  B U F F E R S  

01$: C  LR ( R O ) +  
CMP R O , R l  
B M I  01$ 

; ~ c w  I N I T I A L I Z E  ' O U T ' ,  'OFFSET' ,  ' U S E '  AND 'PREV'  
C  LR 4 2  ( u )  ; C L E A R  'OUT '  
C  LR 4 6  ( u )  ; CLEAR 'OFFSET'  
MOV O R I G I N + 4 2 , 7 2 ( U )  ; T O  ' U S E '  
MOV O R I G I N + 4 2 , 7 4 ( U )  ; T O  ' P R E V '  

; E N D  O F  S P E C I A L  HIGH-MEMORY I N I T I A L I Z E  
MOVI 1 4 , R l  ; ON C O L D  S T A R T ,  MOVE 12.  WORDS 
BR W 2  

WENT: ; WARM S T A R T  ENTRY P O I N T  

MOV O R I G I N + 2 0 ,  U  ; I N I T I A L I Z E  USER P O I N T E R  
L E A  R O ,  O R I G I N  ; CHECK F O R  ATTEMPT T O  R E L O C A T E  

; W I T H O U T  R E L O A D I N G  S Y S T E M  
CM P R O ,  7 6  (u) ; TO ' O R I G I N '  
B EQ 0 2 $  
T Y P E C R  < I N V A L I D  MEMORY B A S E >  
E X I T  
MOVI 5 , R l  ; ON WARM S T A R T ,  MOVE F I V E  WORDS 
LEA R 5 , O R I G I N + 2 2  ; S T A R T  MOV ING FROM HERE 
M OV O R I G I N + 2 0 , R O  ; MOVE T O  T H E  USER AREA 
A D D 1  6 , R 0  ; P L U S 6  
MOV ( R 5 ) + ,  ( R O ) +  
S O B  R 1 ,  P1$ 
J O B G E T  R O ,  JOBTRM ; F E T C H  I N D E X  T O  T E R M I N A L  L I N E  T A B L E  
M OV # ^ H O l O , R l  ; B I T  4 = LOWER C A S E  I N P U T  OK 
B IS R l , @ R O  ; S E T  T E R M I N A L  S T A T U S  WORD 
MOV O R I G I N + 2 4  , R P  ; I N I T I A L 1 2  E  T H E  RETURN-STACK P O I N T E R  

F O R T H  I N T E R E S T  GROUP POB 1105 S A N  C A R L O S ,  CA 9 4 0 7 0  



MACRO ASSEMBLY L I S T I N G  
; N W  S E T  F O R T H ' S  I N S T R U C T I O N  COUNTER,  AND GO 

L E A  I P , A B O R T + 2  ; START E X E C U T I O N  W I T H  'ABORT'  
NEXT 

I 

I 

HEAD 2 0 4 , s - > D ,  2 4 0 , S T O D  
T S T  ( s  1  
S XT - ( s )  
NEXT 

I 

; NOTE--THIS SYSTEM D O E S N ' T  NEED THE OPERATIONS '+- I  AND ' D t - ' ,  
; BECAUSE 'M*' AND 'M/' ARE D E F I N E D  I N  CODE. 
I 

HEAD 2 0 3 , A B ,  3 2 3 , A B S , D O C O L  ***t* ABS 
WORD D U P , Z L E S S ,  ZBRAN, XXR5-. ,MINUS 

XXR5: WORD S E M I S  
8 

HEAD 2 0 4  ,DABS,  2 4 0 , D A B S ,  DOCOL 
WORD D U P , Z L E S S ,  ZBRAN, XXRB-. ,DMINU 

XXRB: WORD S E M I S  

PAGE 0 2 9  

; ***** DABS 

HEAD 
WORD 

XXR 7: WORD 

2 0 3 , M I ,  3 1 6 , M I N , D O C O L  
OVER, OVER, GREAT,  ZBRAN I XXR 7-. I SWAP 
DROP,  S E M I S  

i 

HEAD 203 ,MA1330 ,MAX,DOCOL 
WORD OVER,0VER,LESS,ZBRANIXXR6-.,SWAP 

XXR6:  WORD DROP,  S E M I S  
; 

HEAD 2 0 2 , M *  , 2 4 0 , M S T A R  ; ***tr* M* 
M OV 2 ( S )  r - ( R P )  ; USE RETURN STACK FOR S A V I N G  S I G N  
B P L  SS1$ 
NEG 2 6 )  ; G E T  ABSOLUTE VALUE 

SSl$: T S T  ( s  1  
B P L  S S 2 $  
NEG ( R p )  ; A D J U S T  S I G N  W H I C H  WAS S A V E D  
NEG ( s  ; G E T  ABSOLUTE VALUE 

S S 2 $ :  J S R  P C ,  UMULT 
T S T  ; NEGATIVE R E S U L T ?  
B P L  SS3$ ; NO 

I F  G E T  HERE,  NEGATE THE DOUBLE-INTEGER NUMBER ON THE STACK 
N EG ( s ) +  
NEG ( s  
S B C  - ( s )  

SS3$: NEXT 
; 

HEAD 2 0 2 , M / ,  2 4 0 , M S L A S  
MOV 2 ( S )  I - ( R P )  ; SAVE D I V I D E N D  S I G N  
BNE s 5$ ; ZERO WOULDN'T I N D I C A T E  
I N C  ( R p )  ; A S I G N  CHANGE 

S 5 $ :  M OV ( R P )  I - ( R P )  ; D U P L I C A T E  I T  
B P L  S 1 $ 

; I F  G E T  HERE,  TAKE ABSOLUTE VALUE OF DOUBLE-INTEGER D I V I D E N D  
C OM 2 ( s )  

FORTH I N T E R E S T  GROUP POB 1 1 0 5  SAN CARLOS,  CA 9 4 0 7 0  
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4 ( 5 )  
4 ( S )  
2 ( S 1  
( S  1 

S 2 $  
(RP) 
( S  1 
P C ,  U D I V  

S 3 $  
( S  1 

S 4 $  
2 ( S )  

PAGE 0 3 0  
C OM 
I NC 
ADC 
T S T  
B P L  
NEG 
NEG 
J S R  
T S T  
B P L  
NEG 
T S T  
B P L  
NEG 
NEXT 

; IS  D I V I S O R  NEGATIVE? 

; I F  Y E S ,  NEGATE QUOTIENT S I G N  
; AND TAKE ABS.  VALUE O F  D I V I S O R  

; NEGATIVE QUOTIENT? 
; NO 
; NEGATE THE QUOTIENT 
; NEGATIVE D I V I D E N D ?  
; NEGATE THE REMAINDER 

HEAD 
WORD 

2 0 1 , ,  2 5 2 ,  STAR, DOCOL 
MSTAR,DROP, S E M I S  

HEAD 
WORD 

204, /MOD, 2 4 0 ,  SLMOD, DOCOL 
TOR, STOD, FROMR,MSLAS, S E M I S  

A F 8 1  l l F 6  
l l F E  0 4 B 0  

HEAD 
WORD 

2 0 1 , ,  2 5 7 ,  SLASH, DOCOL 
SLMOD, SWAP, DROP, S E M I S  

4 D 8 3  C 4 4 F  
l l F E  0 4 A 0  

HEAD 
WORD 

2 0 3 , M 0 , 3 0 4  ,MOD, DOCOL 
SLMOD, DROP, S E M I S  

HEAD 
WORD 

2 0 5 , * / M 0 ,  3 0 4 ,  SSMOD, DOCOL 
TORIMSTAR, FROMR,MSLAS, S E M I S  

HEAD 
WORD 

2 0 2 , * / , 2 4 0 , S S L A , D O C O L  
SSMOD, SWAP,DROP, S E M I S  

HEAD 
WORD 
WORD 

2 0 5 , M / M 0 ,  3 0 4 ,  MSMOD, DOCOL 
TOR, ZERO,R,USLAS,  FROMR 
SWAP, TOR, USLAS,  FROMR, S E M I S  

; 
; 
; 
; 
; 
PAGE 
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4546 
04C 4 
FFFC 
04 22 
0 3FA 

; *****  UPDATE 

PAGE 031 MACRO ASSEMBLY LISTING 
; * * * * * * * * * * * * * * * * * * * * * * k k k k k k * i r * k * & * * * * * * * * * * * * * * * * * * * * * k * * * * * * * *  

i 
i DISK 1/0 
i 
; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * & * k * k * k * k & * * * * * * * * * *  

i 
i 
; 'USE' AND 'PREV' MOVED TO USER AREA 
i 

HEAD 204,+BUF, 240, PBUF ,DOCOL . *****  +BUF 
WORD BBUF,LIT, 4,PLUS,PLUSIDUPI LIMITIATI EQUAL 
WORD ZBRAN, XXT1-. ,DROP,FIRST,AT 

XXT1: WORD DUP,PREV,AT, SUBISEMIS 
; 

HEAD 206, UPDATE, 240, UPDAT, DOCOL 
WORD PREV,AT,AT, LIT, 1000OOIORI PREV 
WORD AT, STOREISEMIS 

i 
HEAD 2151EMPTY-BUFFER,3231YTBUFlDOCOL ; ***** EMPTY-BUFFERS 
WORD FIRST, AT, LIMIT, AT, OVER, SUB , ERASE, SEMIS 

i 
HEAD 205,FLUS,310,FLUSHIDOCOL ; ***** FLUSH 

; SOME SYSTEMS DEFINE THIS IN THE EDITOR, NOT HERE. 
WORD LIMIT,AT,FIRST,AT,XDO 

XXTA: WORD I,AT, ZLESS, ZBRAN, XXT7-. , IIIWOPr 1,AT 
WORD LIT, 77777,AND, ZER0,RW 

XXT7: WORD BBUF,LIT, 4, PLUS,XPLOO,XXTA-. ,MTBUFISEMIS 
i 
i 

HEAD 206, BUFFER, 240,BUFFEI DOCOL ; ***** BUFFER 
WORD USE,AT,DUP,TOR 

XXT2: WORD PBUF,ZBRAN,XXT2-. ,USE,STORE 
WORD R,AT,ZLESS, ZBRAN, XXT3-. 
WORD R,'lWOP,R,AT,LIT, 77777,AND 
WORD ZER0,RW 

XXT3: WORD R,STORE,R,PREV,STORE, FROMR,lWOP, SEMIS 
i 

HEAD 205,BLOC,313,BLOCK,DOCOL ; ***** BLOCK 
WORD OFSET,AT, PLUS ,TOR 
WORD PREV,AT,DUPIAT,R, SUBIDUP, PLUSIZBRAN,XXT4-. 

XXT5: WORD PBUF, ZEQUI ZBRAN, XXT6-. 
WORD DROP,R, BUFFE 
WORD DUP,R,ONE,RW,'lWO, SUB 

XXTG: WORD DUP,AT,R,SUB ,DUP, PLUS , ZEQU 
WORD ZBRAN,XXT5-. 
WORD DUP, PREV, STORE 

XXT4: WORD FROMR,DROP,lWOP, SEMIS 
i 
i 
i 
i 
1 
i 

HEAD 206, (LINE) ,240,PLINElDOCOL ; ***** (LINE) 
FORTH INTEREST GROUP POB 1105 SAN CARLOS, CA 94070 



4D87 5345 4153 
064C 04FA 0154 
06C0 04FA 0600 
0142 OOOE 
OAD8 
0 6 
534D 2047 2023 

4C84 414F A044 
0694 04FA 03E0 
0600 llEE 0694 
03EE 0694 051C 

WORD 
WORD 

HEAD 
WORD 

HEAD 
WORD 
WORD 

XXW3: WORD 
XXW5: WORD 

BYTE 
ASCII 
EVEN 
WORD 

XXW4: WORD 
I 

HEAD 
WORD 
WORD 
WORD 

HEAD 
WORD 
WORD 

MACRO ASSEMBLY LISTING 
TOR, CL, BBUF, SSMOD, FROMR,BSCR 
STAR,  PLUS, RLOCK,PLUS, CL, SEMIS 

205, .LIN, 305,DLINE,DOCOL 
PLINE,DTRAIITYPE, SEMIS 

207,MESSAG, 305,MESSI DOCOL ; ***** MESSAGE 
WARN,AT,ZBRAN,XXWS-. ,DDUPI ZBRAN, XXW3-. I LIT, 4 
OFSET,AT, BSCR, SLASHI SUB DLINE 
BRAN, XXrJ 4 -. 
PDOTQ 
6 
/MSG # / 

DOT 
SEMIS 

204, LOAD, 240, LOAD, DOCOL ; *****  LOAD 
BLK,AT,TOR, IN,AT,TOR, ZEROI INI STORE 
BSCR, STAR, BLK, STORE,INTER,FROMR, IN, STORE 
FROMR,BLK, STORE, SEMIS 

303,--, 276, ARROrl,DOCOL 
QLOAD,ZEQO, IN, STORE,BSCR,BLK,AT,OVER 
MOD, SUB, BLK, PSTOR, SEMIS 

I 

; 
PAGE 
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; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * k * k k * k k k  

1 
i (4 ISCELLANEOUS HIGHER LEVEL 
i 
; ***********k*kkk************************************************ 

i 
i 

148C A7C1 146A 0554 
1492 OD42 0408 05BC 

14A0 4686 524F 4547 
14AC 06DC 04FA 06CE 
14C0 0658 04FA 07C0 
14CC 04C4 088E 0662 
14DC 051C 03C0 

PAGE 033 

HEAD 
WORD 

301,, 247, TICK, DOCOL . * * *x *  1 

DFIND,ZEQU,ZERO, QERR, DROP, LITER, SEMIS 

HEAD 
WORD 
WORD 
WORD 
WORD 

206,FORGET,240,FORGE,DOCOL ; ***** FORGET 
CURRIATICONTI AT, SUBILITI 30, QERRITICKIDUP 
FENCE,AT, LESS, LIT, 25, QERR 
DUP,NFA,DP,STORE,LFA,AT,CONT,AT 
STORE, SEMIS 

HEAD 
WORD 

204,BACK, 240,BACK, DOCOL 
HERE,SUB,COMMA,SEMIS 

; ***** BACK 

HEAD 
WORD 

305,BEGI, 316,BEGIN,DOCOL 
QCOMP, HERE, ONE, SEMIS 

; ***** BEGIN 

HEAD 
WORD 

305, ENDI, 306, ENDIF ,DOCOL ; *****  ENDIF 
QCOMP, lWO,QPAIR, HEREIOVERI SUB ,SWAPI STORE , SEMIS 

HEAD 
WORD 

304, THEN, 240, THEN, DOCOL 
ENDIF, SEMIS 

; ***** THEN 

HEAD 
WORD 

302,D0,240,DO,DOCOL 
COMP, XDO, HERE, LIT, 3, SEMIS 

; ***** LOOP HEAD 
WORD 

304, LOOP, 240, LOOP, DOCOL 
LIT, 3,QPAIR,COMP,XLOOPIBACKI SEMIS 

HEAD 
WORD 

305, +LOO, 320, PLOOP,DOCOL 
LIT, 3,QPAIR,COMP,XPLOOIBACKI SEMIS 

HEAD 
WORD 

305,UNTI, 314, UNTIL,DOCOL 
ONE, QPAIR,COMP,ZBRAN, BACK, SEMIS 

; *****  UNTIL 

HEAD 
WORD 

303, EN, 304, END, DOCOL 
UNTIL, SEMIS 

HEAD 305,AGAI,316,AGAIN,DOCOL ; ***** AGAIN 
WORD ONE,QPAIR,COMP,BRAN,BACK, SEMIS 

I 

HEAD 306,REPEAT, 240,REPEATIDOCOL ; ***** REPEAT 
WORD TOR,TOR,AGAIN, FROMR,FROMR,'IWO,SUB,ENDIF,SEMIS 

I 

HEAD 302, IF,240, IF,DOCOL ; ***t* IF 
WORD COMP,ZBRAN,HERE,ZERO, COMMA,TWO,SEMIS 

FORTH INTEREST GROUP POB 1105 SAN CARLOS, CA 94070 
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HEAD 
WORD 
WORD 

304,ELSE, 240, ELSE, DOCOL 
TWO, QPAIR,COMP, BRAN, HERE, ZERO, COMMA 
SWAP,'IWO, ENDIF,TWO,SEMIS 

HEAD 
WORD 

305,WHIL, 305,WHILE,DOCOL 
IF,lWOP, SEMIS 

; *****  WHILE 

; 
; 
; 
; 

HEAD 
WORD 

XXRA: WORD 
XXR4: WORD 
; 

HEAD 
WORD 

4 54 3 
0822 
FFFC 

; ***** SPACES 206, SPACES, 240, SPACS, DOCOL 
ZERO,MAX,DDUP,ZBRANI XXR4-. IZERO,XDO 
SPACE , XLOOP, XXRA-. 
SEMIS 

202, #, 240,BDIGS,DOCOL,,LT2 
PAD, HLD, STORE, SEMIS 

; ***** <# 

; ***** # >  

; *****  SIGN 

HEAD 
WORD 

202, #>, 240, EDIGS,DOCOL 
DROP, DROP, HLD, AT, PAD, OVER, SUB ,SEMIS 

i 
HEAD 
WORD 

XXR1: WORD 
; 

HEAD 
WORD 
WORD 

XXR2: WORD 
; 

HEAD 
XXR3: WORD 
; 

HEAD 
WORD 
WORD 

204, SIGN, 240, SIGN,DOCOL 
ROT,ZLESS, ZBRAN, XXR1-. ,LITI 55,HOLD 
SEMIS 

201,, 243,DIG,DOCOL 
BASE,AT,MSMOD,ROT, LIT, 1llOVERI LESS 
ZBRAN, XXR2-. , LIT, 7, PLUS 
LIT, 60, PLUS, HOLD, SEMIS 

203,D. ,322,DDOTRIDOCOL ; ***** D.R 
TORISWAPIOVERIDABSIBDIGSIDIGSISIGNIEDIGS 
FROMR, OVER, SUB, SPACS,TYPE, SEMIS 

HEAD 
WORD 

202, .R, 240, DOTR,DOCOL 
TOR, STOD, FROMR, DDOTR ,SEM 

HEAD 
WORD 

202,D. ,240,DDOT,DOCOL 
ZERO, DDOTRI SPACEISEMIS 

HEAD 
WORD 

201, ,256,DOT,DOCOL 
STOD, DDOT, SEMIS 

HEAD 
WORD 

201,, 277,QUEST,DOCOL 
AT,DOT, SEMIS 

I 

HEAD 202,U.,24OIUDOT,DOCOL 
WORD ZEROIDDOTISEMIS 

; 
; UTILITY SECTION. 
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0120 oooc 
05D4 120E 
048E 043A 
0306 01D4 

5685 494C 
0120 0080 
06A8 04FA 
0306 05BC 
04C4 ODEC 
04C4 0408 

MACRO ASSEMBLY LISTING 
; 
i 

HEAD 204, LIST, 240, LIST, DOCOL 
; ( N -  LIST GIVEN SCREEN.) 

WORD DEC,CR,DUP,SCR,STORE,PDOTQ 
BYTE 6 
ASCII /SCR # / 
EVEN 
WORD DOT, LIT, 20,ZERO, XDO 

XXZ 1: WORD CR, I, THREE, DOTR, SPACE 
WORD I, SCR,AT,DLINE, XLOOPIXXZ1-. ,CRI SEMIS 

; 
HEAD 205, INDE, 330, INDEX, DOCOL 

; LIST FIRST LINE OF A RANGE OF DISK SCREENS. 
WORD CR,ONEP, SWAP, XDO 

XXZ2: WORD CR, I,THREE,DOTR,SPACE,ZERO, 1,DLINE 
WORD QTERM,ZBRAN,XXZ3-.,LEAVE 

XXZ 3: WORD XLOOP, XXZ 2-. ,SEMIS 
; 

HEAD 205,TRIA,304,TRIAD,DOCOL 
; LIST DISK SCREENS THREE PER PAGE. 

WORD LIT, 14,EMIT ; FORM FEED 
WORD THREE, SLASH,THREE, STAR, THREE 
WORD OVER, PLUS, SWAP, XDO 

XXZ4: WORD CR, IILIST,XLOOP,XXZ4-. ,CR,LIT, 17,MESS,CR,SEMIS 

PAGE 035 

; *****  LIST 

; *****  INDEX 

; ***** TRIAD 

; ***** VLIST 205,VLIS, 324 ,VLIST, DOCOL 
LIT, 200,0UT, STORE,CONTlAT1AT 
OUT,AT, LIT, 100,GREAT,ZBRANI XXZ 6-. 
CR, ZERO, OUT, STORE 
DUP, IDDOT, SPACE, SPACE, PFA,LFA,AT 
DUP,ZEQU,QTERM ,OR, ZBRAN, XXZ 5-. ,DROP, SEMIS 

; 
HEAD 
WORD 

XXZ 5: WORD 
WORD 

XXZ6: WORD 
WORD 

i 
i 
; 
i 
i 
i 
i 
PAGE 
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MACRO ASSEMBLY LLS'TTNG . *********************************kk*k**************************** 

; 
; INSTALLATION-DEPENDENT S E C T I O N  (TERMINAL AND D I S K  I / O )  
I 
; ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 

PEMIT:  
; INCREMENT ' O U T ' ,  UNLESS A CONTROL CHARACTER B E I N G  OUTPUT 

CMP ( s )  1 # 4 0  ; T E S T  FOIi COPJTIIOL CHARACTER 
B L T  E 1 $ 
I N C  4 2  (u ; INCREMENT 'OUT ' 

E l $ :  MOV ( S ) + r R l  
TOUT 
NEXT 

; 
i 
; 
PKEY: 

1 0 1 7  0 0 2 C  JOBGET R0 , JOBTRM 
0 0 0 3  B IS  # 3 , @ R O  

T I N  
0 0 0 3  B I C  # 3 , @ R O  
0 0 0 6  CTRLC F 6 $  

MOV R l , - ( S )  
73DA F 5 $ :  NEXT 
0 0 0 3  F 6 $ :  MOV # 3 1 - ( s )  

BR E 4 $  
; 
; 
; 
PQTER: 

0 0 0 4  
73DA 

E3$ :  
0 0 1 7  0 0 0 0  E 4 $ :  
0 0 8 0  
73DA 

; 
PCR : 

C LR - ( s )  
CTRLC E 3 $  
NEXT 
I N C  (s 
JOBIDX RO, J O B S T S  
B I C  #J .CCC,  (RO)  
NEXT 

CR L F  
NEXT 

HEAD 2 0 3 , B Y ,  3 0 5 , B Y E  
CR LF 
E X I T  

; 
; *************** 
; 
; D I S K  1/0 

; G E T  INDEX TO TERMINAL STATUS WORD, 
; S E T  IMAGE MODE, NOECHO 
; G E T  CHAR I N  R 1  
; CLEAR IMAGE MODE, NOECHO 
; BRANCH I F  CNTL-C C O N D I T I O N  
; PUT CHAR ON DATA STACK 

; PUT 3 (CNTL-C) ON STACK 
; REMOVE IMPENDING CNTL-C 

; HAS CNTL-C BEEN P R E S S E D ?  
; NO 
; CHANGE F A L S E  VALUE ON STACK T O  TRUE 

; REMOVE IMPENDING C N T L - C  

; CARRIAGE RETURN AND L I N E  F E E D  
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; 
1876 4 3 8 4  5 4 5 2  4 0 5 3  HEAD 2 0 4 , N R T S , 2 4 O 1 N R T S  ; *****  NRTS 
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i 

PAGE 0 3 7  MACRO ASSEMBLY L I S T I N G  
; ADDR R E C  -> ERR 
; R E A D  A S I N G L E  RECORD 

MOV ( S  ) +, F D D B + 1 0  ; L O G I C A L  BLOCK NUMBER 
M OV ( S ) + , R O  
M OV R 0, FDDB+2  ; ADDR O F  B U F F E R  
C LR 2 5 6 .  ( R O )  ; CLEAR NULL C E L L  A T  END OF SCREEN 
C LR - ( s )  
I N P U T  FDDB 
B E Q  A A l S  
I NC ( s )  ; ERROR DURING READ 

A A ~ S :  NEXT 
; 

A 0 5 3  HEAD 2 0 4 , N W T S ,  2 4 0 , N W T S  
; ADDR R E C  -> ERR 
; W R I T E  A S I N G L E  RECORD 

M OV ( S ) + , F D D B + l O  
MOV ( S  ) +, FDDB+2  
C LR - ( s )  
OUTPUT FDDB 
B E Q  A A 2 $  
I N C  ( s  ; ERROR DURING W R I T E  

AA2$ :  NEXT 
; 

1 8 9 E  HEAD 2 0 3 , R T ,  3 2 3 , R T S ,  DOCOL 
; ADDR R E C  -> 
; R E A D  A S I N G L E  RECORD. Q U I T  I F  ERROR 

0 0 0 4  WORD N R T S ,  ZBRAN,AA3$- .  , Q U I T  
AA3$ :  WORD S E M I S  
1 

1 8 C  0 HEAD 2 0 3 , W T ,  3 2 3 , W T S ,  DOCOL 
; ADDR RECORD -> 
; W R I T E  A S I N G L E  RECORD. Q U I T  I F  EHHOH 

0 0 0 4  WORD NWTS, ZBRAN,AA4$- .  , Q U I T  
AA4$ :  WORD S E M I S  
; 
; 

1 8 D  2 HEAD 2 0 3 , R / ,  3 2 7 , R W  ,DOCOL 
; READ OR W R I T E  1 0 2 4 - B Y T E  SCREEN.  
; ADDR BLOCK# FLAG ( R = 1 ,  W=O) -> 

0 7 9 E  WORD TOR,ONE,  S U B ,  DUP,  P L U S ,  OVER, L I T , 5 1 2 .  , P L U S  
0 3 E E  WORD OVER,ONEP,  FROMR 

; CHANGE T H E  S C R E E N  # T O  F I R S T  SEQUENCE #. 
; I F  READ, S E T U P  AND R E A D  TWO 5 1 2 - B Y T E  BLOCKS 

1 8 C  6 WORD ZBRAN, B B l $ - .  , R T S , R T S  
B B 2 $ :  WORD BRAN,BB3$- .  
; S E T U P  AND W R I T E  2 BLOCKS 
B B l $ :  WOAD WTS,WTS 
BB3$ :  WORD S E M I S  
; 
i 
1 
PAGE 
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; ***** NWTS 

; L O G I C A L  BLOCK NUMBER 

0 1 5 4  OOOA 
0 1 4 2  0 0 0 6  





1 9 2 A  7 2 3 7  F F E E  

9317 0 3 C O  
0 3  2 7  
9 3 1 7  0 9 F O  
0 3 2 4  
9317 0 1 2 0  
0 3 1 B  
9 3 1 7  0 1 4 2  
0318 
9 3 1 7  0 1 5 4  
0 3 1 5  
9 3 1 7  0 1 7 0  
0 3 1 2  
9317 0 1 9 2  
0 3 0 F  
9 3 1 7  0 9 6 4  
0 3 0 F  
9 3 1 7  OAD8 
0 2 0 7  
1 0 5 4  
D 3 0 2  
0 8 8 1  
O B 8 2  
OAC 2 
1 0 8 4  

MACRO ASSEMBLY L I S T I N G  . ****************************************************************  
I 

; S T A C K S  AND B U F F E R S  
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I . **************k*****k*****************************************kk 
; 
; NOTE--'UP' AND DISK BUFFERS A R E  
; I N I T I A L I Z E D  A T  COLD S T A R T ,  OR A T  F I R S T  T I M E  THROUGH. 

EVEN 
XDP: ; D I C T I O N A R Y  S T A R T S  HERE 
R E  LOC : ; OVERLAY RELOCATION CODE AND D I C T I O N A R Y  S P A C E  

C LR ; REMOVE BRANCH A T  O R I G I N  S O  THAT uA/FORTH 
C LR ; CAN B E  LOADED AND RERUN FROM MONITOR WITHOUT 

; L O S I N G  LOADED D I C T I O N A R Y  E N T R I E S  
LEA ; RUN THROUGH D I C T I O N A R Y  MAKING C F A  AND 

; L F A  ABSOLUTE 

O R I G I N  
O R I G I N + 2  

R O ,  TASK-2 

YO: 

Y4 :  

; CHECK FOR CONSTANTS W H I C H  A P P E A R  I N  
; PARAMETER F I E L D S  
; S E V E N  P R I M I T I V E S  LEAVE CONSTANTS I N  T H E  
; PARAMETER F I E L D  

I 

LEA R 1 , O R I G I N  ; R 1  HOLDS MEMORY B A S E  ADDRESS  
MOV O R I G I N + 2 O ,  U ; P U T  B A S E  O F  USER AREA I N  U 
ADD R 1 , U  ; ADD MEMORY B A S E  T O  U 
M OV R l , 7 6  ( U )  ; 7 6 ( ~ )  IS LOCATION OF 'ORIGIN '  
MOV R O , R 4  ; R 4  I S  TEMPORARY P O I N T E R  I N T O  PARAMETER F I E L D  
ADD1 2 , R 4  ; P O I N T  R 4  A T  C F A  
CMP ( R 4 ) + , # D O C O L  ; RELOCATE A D D R E S S E S  I N  PARAMETER F I E L D  
BNE y 2  ; I F  CFA IS 'DOCOL'  

# 

CMP ( R 4 ) ,  # S E M I S  ; CONTINUE U N T I L  'SEMIS' OR 'PSCOD' F O U N D  
B E Q  Y 6  
CMP ( R 4 )  , #PSCOD 
B E Q  Y 6  
CMP ( R 4 )  # L I T  
BEQ Y 3  
CMP (R 4 ) , #BRAN 
B E Q  Y 3  
CMP ( R 4 )  , #ZBRAN 
B E Q  Y 3  
CMP ( R 4 )  , #XLOOP 
B E Q  Y 3  
CMP ( R 4 )  , #XPLOO 
BEQ Y 3  
CMP ( R 4 )  , #COMP 
B E Q  Y 7  
CMP ( R 4  1 I #PDOTQ 
BNE Y 5  
ADD R 1 ,  ( R 4 ) +  ; ADD B A S E  T O  PARAMETER 
MOVB ( R 4 ) , R 2  ; R 2  C O N T A I N S  LENGTH O F  S T R I N G  
ADD1 2 , R 2  ; ( S O  T H A T  R 2  CAN B E  ROUNDED DOWN) 
A S R  R 2 I 

A S  L R 2 ; FORCE EVEN COUNT 
ADD R 2 , R 4  ; MOVE P O I N T E R  P A S T  S T R I N G  

; WORD AND L W  BYTE ARE EVEN A D D R E S S E S  
B R Y 4  

Y5 :  ADD R 1 ,  ( R 4 ) +  ; ADD B A S E  T O  PARAMETER 
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7 2 B 7  F 6 C 4  
E 5 F 7  0 0 0 1  
0 0 8 9  ODD7 
0 0 8 0  ODCO 
0 0 8 0  1 D D 7  
1 0 7 7  E 6 3 A  
1077 E 6 3 A  
1 0 7 7  E 6 3 8  
1 0 7 7  E 6 3 6  
1 0 7 7  E 6 3 4  
1 0 7 7  E 6 3 6  
1077 E 6 3 4  
1 0 7 7  E 6 3 2  
1 0 7 7  E 6 3 0  
1 0 7 7  E 6 2 E  
1 0 7 7  F 5 C O  
7 3 F 7  F 6 9 2  

MACRO ASSEMBLY L I S T I N G  
BR Y 4  
ADD R 1 ,  ( R 4 ) +  ; ADD B A S E  T O  PARAMETER 
A D D 1  2 , R 4  ; MOVE P O I N T E R  PAST CONSTANT 
BR Y 4  
ADD R 1 .  I R 4 1 +  
ADD 
SR 
ADD 

; RELOCATE EMBEDDED A D D R E S S  

; END O F  PARAMETER R E L O C A T I O N  L O O P  
; 
; ADD B A S E  T O  C F A  
; Z E R O  EQUALS END O F  D I C T  

PAGE 0 4 0  

; 

I 

xso: 

I 

; ADD B A S E  T O  L I N K  

ADD R l ,  2 ( R O )  
T S T  (R 0  
B E Q  Y 1  
ADD R ~ I  ( R O )  
M OV ( R O )  ,RO 

; R O  NOW P O I N T S  T O  NFA 
YMATCH: T S T  ( R O ) +  

B P L  YMATC H 
; R O  NOW P O I N T S  T O  L I N K  F I E L D  ADDRESS ( L F A )  

BR YO 
; CONTINUE W I T H  R E L O C A T I O N  AND I N I T I A L I Z A T I O N  

Y1:  LEA R 2 ,  F D D B + 5 6  ; P R E P A R E  AFORTH.SCR 
F 6 9 1  B I S B  # 1 ,  F D D B + l  ; T R A P  F I L E - E R R O R  A B O R T S  
F 6 8 A  F S P E C  FDDB, SCR 
F 6 8 2  I N I T  FDDB 
F 6 7 C  OPENR FDDB 

ADD R l , O R I G I N + 1 4  
ADD R l f O R I G I N + 2 0  
ADD R l f O R I G I N + 2 2  
ADD R l , O R I G I N + 2 4  
ADD R l f O R I G I N + 2 6  
ADD R l f O R I G I N + 3 4  
ADD R l , O R I G I N + 3 6  
ADD R l I O R I G I N + 4 O  
ADD R l , O R I G I N + 4 2  
ADD R l , O R I G I N + 4 4  
ADD R 1 ,  FORTH+2  
J M P  C E N T  

; MAKE A D D R E S S E S  I N  BOOT-UP T A B L E  ABSOLUTE 

; F I X  VOCABULARY L I N K  S T R U C T U R E  T O  ABSOLUTE ADDR 

BLKB 1 0 0 0 0 . - < . - X D P >  
A D J U S T  T H I S  NUMBER FOR A D I F F E R E N T  D I C T I O N A R Y  S I Z E  
EVEN 

; S T A R T  O F  COMPUTATION S T A C K  
B LKW 2 ; I N  C A S E  O F  EMPTY S T A C K  

I 

DSKBUF : ; THREE 1 K  D I S K  B U F F E R S  ( TWO R E Q U I R E D )  
; I N I T I A L I Z E  B U F F E R S 1  UPDATE B I T S ,  AND T E R M I N A T I N G  V U L L S ,  T O  ZERO.  
; NOTE--THESE B U F F E R S  ARE C L E A R E D  A T  COLD S T A R T  
; A L S O  T H E  NUMBER OR LOCATION O F  B U F F E R S  CAN B E  
; CHANGED A T  RUN T I M E .  

WORD 0 
BLKB 1 0 2 4 .  
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