





'Metamorphosis: Change of form, structure, or substance,
as transformation by magic or witchcraft.!

The American College Dictionary

1. INTRODUCTION

Metacompilation is the process by which a new Forth system is
generated by an existing Forth system for a target computer
which may or may not be the same as the one hosting the existing
Forth system. It is the higest form of Forth preogramming
activity. It is also the very last subject a Forth programmer
has to learn. After mastering metacompilation, there is nothing
more to learn, as far as Forth being a language or an operating
system.

Metacompilation was a very integral part of Forth since its very
beginning. After Chuck Moore coined the word 'FORTH' for his
new found toy, the most interesting thing he found with it was
that it could recompile itself. Thus he was able to port Forth
to every computer in sight. Thereafter, all Forth system were
derived from another Forth and he did not need any other
programming tool to put Forth on a new computer. All the
products developed by Forth, Inc. were results of meta-
compilation. This certainly was of great advantage to Forth,
Inc. when it had to release source code to their customers,
because all the source code were in Forth. Either by striping
the comments intentionally or by the absence of comments as code
was developed, Forth, Inc. was able to distribute Forth with
source code without revealing any proprietory information for
many years.

The scence changed drastically when Forth Interest Group
released the fig-FORTH models. Although Bill Ragsdale
apparently had mastered the art of metacompilation, as the
fig-FORTH Installation Manual contained the 6502 Forth model
written in Forth, he didn't release his metacompiler. Instead,
all the fig-Forth implementations were published in native
machine assembly code. Therefore, to bring up a fig-FORTH
system, one had to use an operating system and its associated
assembler. Although many vendors supplied metacompilers for
various microcomputers, metacompilation was generally perceived
as difficult and not natural for Forth. Metacompilation became
the status of Forth priesthood. Mastering this black art
accords the privilage to look down upon one's following
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misfortuned Forthians.

The implementors of F83 model needed the power of
metacompilation and tapped it in porting F83 over four host
systems, CP/M 8080, CP/M 8086, CP/M 68000, and IBM PC-D0OS. The
F83 systems were released with the metacompilers used to
generate themselves, giving all users equal access to all the
tools needed to modify the system for specific applications. It
is now very easy to delete the bells and whistles in F83 which
re not used in an application, and add the application words to
build a customized Forth system. This feature undoubtly
contributes to the popularity of F83 amoung serious Forth
practitioners.

One weakness of F83 is that it was designed only for a RAM based
computer with CP/M-like environment. Code in the dictionary are
contaminated by data structures which might change when Forth is
running. These impure data structures are variables, user
variables, deferred words, and vocabulary thread tables. It is
fortunate that the stacks, disk buffers, and terminal input
buffers were separated from the dictionary. Because of the
commingling of data with code in the dictionary, F83 as is
cannot be put into ROM without efforts in cleansing the code.
This set of modified F83 metacompiler allows the generation of
pure Forth code, which can be used to implement a ROM based 8080
system.

2. ROMMABLE F83% METACOMPILER

The first application of this metacompiler was to generate a
Forth target system to be used in the MA2000 Macreocomponent
Microprocessor system manufactured by National Semiconductor.
Major features of this target system include:

a. 16 Kbytes of dictionary in ROM and 16 Kbytes of RAM for
dictionary expansion, stacks, and buffers.

b. 32 Kbytes of RAM or ROM, which may be used as a disk for
source code.

c. Complete F83 kernel except BIOS/BDOS interfaces for terminal
and disk 1/0.

d. F83 8080 assembler.

2. Starting Forth line editor.

f. F83 four-way threaded vocabulary structure.

Application can be added to ROM dictionary through

metacompilation or compiled from the 32 Kbyte ROM disk.

The following memory map shows how the target system is configured:

0 Reset and interrupt vectors
100 Forth Kernel in 12 Kbytes of ROM
3000 4 Kbytes of ROM for expansion
4000 User variables and variables

4100 RAM for dictionary and stack expansion
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7DE6 Terminal input buffer and return stack

7000 4 Kbytes of disk buffers
8000 %2 Kbytes of RAM/ROM disk
FFFF End of ROM/RAM disk

This metacompiler consists of three files: M40.BLK, K40.BLK,
and U40.BLK. The M40.BLK is the meta-compiler, which isderived
from the META80.BLK in F83/8080 system. K40.BLK is derived from
KERNELBO.BLK, containing the Forth kernel for the MA2000
microprocessor. U40.BLK contains the 8080 assembler, the
Starting Forth editor, and a few useful utility from F83's
UTILITY.BLK. Modifications necessary tc make the target
ROMmable are:

a. VARIABLE in the target compiles a pointer to a RAM location
between 4030H and 40FFH,

b. User VARIABLE compiles a pointer to a location in the User
area in RAM between 4000H and 402FH.

c. Vocabulary thread tables are movaed to RAYM to allow new
words to be defined and linked in the target system.

d. View fields are eliminated.

e, A variable DP-R is defined in the metacompiler to kept
track of the variables.

f. Assembler defining words <1MI> to <5MI> are defined in

the metacompiler.
. All variables are collected together.
. Input words are not converted to upper case. All name
comparisons are case sensitive.

i. BIOS I/0 calls are substituted by machine code interfacing
directly to the R35-232 port in MAZ2000 system.

j. LIMIT is set to B80O0OH. The disk buffers, stacks and terminal
input buffers are moved downward accordingly.

k. Four vocabularies, FORTH, EDITOR, ASSEMBLER, and USER
are defined in the target. The USER vocabulary is empty.

1. BLOCK returns a memory address between 7000H and FCOOH,
allowing 36 blocks to be accessed.

m. All file and virtual memory management words are eliminated.

n. COLD initializes all I/0 ports and the variables.

o. A table INIT-RAM contains all the values to initialize
user variables, variables and vocabulary thread tables.

p. 8080 Assembler 1is included.

g. Starting Forth line editor is included.

r. Ultility words \ , THRU, LIST, TRIAD, INDEX, and WORDS
are added.

s. A much simplified version of ONLY and ALSO is added.

For many target system which does not need on-site programming
services, the assembler and the editor do not have to be meta-
compiled. In this case, UB0.BLK can be substituted by a file

containing the application source code.

3, MTECOMPILING PROCEEDURE




The sequence of events to carry out a metacompilation process
will be shown here, assuming that the U40.BLK file contains
debugged application source code. Boot up the computer and
load F83/8080 from drive B, with the metacompiler diskette

in drive A:

A>B:F83 M40.BLK

After the F83 sign-on messages appear on the screen, type:
1 LOAD

to load the metacompiler. After it is loaded, type:

OPEN K40.BLK 1 LOAD

A series of screen numbers will then scroll through the CRT.
After an 'ok' is finally displayed, type:

O THERE HERE-T 256 +
ONLY FORTH ALSO DOS
SAVE B:TARGET.COM

Assuming that there are enough space on the diskette in B drive
to store the target system image. This object files can be

used to program a set of EPROM's in the target system. The

area between memory O and OFFH are filled with garbage. You
must at least put a JMP 100H instruction at memory 0-2 for

reset. The rest of this area can be used to implement interrupts

if necessary.

If your need to be assured that there will be a high probability
that the target system would work, you may try to metacompile

a target system which can be tested and debugged on your CP/M
host computer. This can be done by subsgtituting the phrase

s

THRL

(o2

45 4

o~

in Screen 1, line 4 of K40.BLK, after openning K40.BLK by
95 96 THRU

Screens 95 and 96 contain console I/0 routines calling CP/M

BIOS. Using these I/0 routines, you will be able to bring up

the target Forth system under CP/M. However, the command sequence
is slightly different

OPEN K80.BLK
1 EDIT

D 45 46 THRU
I 95 96 THRU
DONE FLUSH

1 LOAD

After the kernel and the utility are loaded, type:




256 THERE HERE-T
ONLY FORTH ALSO DOS
SAVE B:TEST.COM

BYE

A>B:TEST

If there is no problem in the kernel and the application code,
TEST should be loaded and start executing. Whatever the sign-on
message you programmed into the COLD routine will be displayed
on the CRT screen and the Forth interpreter should respond

to keyboard input. If not, well, happy debugging. You can

use your favorate debugger to step through the initialization
process:

A>DEB B:TEST.COM

From this point on, you are on your own. It's like a mother
giving birth to her child. The labor is agony and pain. However,
all the sufferring is compensated fully with the first sight

of the new-born. The joy and ecstasy in being able to create
one's own Forth systems accord Forthians the sense of superiority
and righteousness, keeping the fever high forever.

4. POSSIBLE PROBLEMS

Philosophy aside, here are some hints on what might go wrong
in meta-compilation:

a. Hardware memory configuration does not match the memory
map.
b. The stack point is not initialize correctly. It should
at least point to a RAM location before Forth moves it
to the final location.
c. The console I/0 port is not initialized correctly.
d. The CRT terminal does not match the console characteristics.
e. The CPU interrupt structure is not initialized or disabled.
f. Entries in INIT-RAM do not match the variables.
g. Vocabulary thread tables are not properly aligned.
h. Reset vector at memory O does not point to 100H.

Other causes of problem should be eliminated:

i. Power cord not plugged in.

J. RS-232 cable mismatch.

k. EPROM chips installed backward. Don't laugh. It happened
to me many, many times.

1. EPROM pins are bent out of the sockets.

m. Not enough disk space to save TARGET.COM.
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0\ Load Scree
1 ONLY FORTH &
2z
I FENCE OFF

4 ﬁ&RﬁIﬁg OFF

ﬂ%f R .58 " OHLOAD 15 LDAD

I 2 THREL  { The HMets Coasiler !
(KLY FORTH DEFIKITIONS ALSO

B CR .{ Beta Coapiler Loaded |

9 ELIT

{0 FROK ¥B80,BLE |
i1

12
13
i4
13

n for Fre-Cospile
Sb DEFINITIONS

FORGET 0UT

ERC-TIT
&
-
¥

LOAD

Kt

\ Yocabulary Helpers
(KLY FORTH ALSD
VOCABULARY HETA  BETA ALSO
VARIABLE BP-T
YARIABLE DP-R
: [FORTHI

: [META] BETA

FORTH  ; IWMEDIATE
; IMBEDIATE

: [AGSEMBLER]  ARGEMBLER  ; IMBEDIATE
: SHITCH (5 -~}
HOOP ( Context )} HOOP { Current )
i DOES:
DUF § COWTEXT & SHAP CONTEXT ¢ DVER !
DUF & CURRERT &  SBAF CURREWT ' GCHAF !

L

SEITCH  { Hedetine zﬁxe;f

Q..ﬂm*'/t»a’—*c:'-nm\xa-£.n..g.u‘54m¢,

s B Gt e e

RETA DEFINITIONS

1SaugBacht

13dun

74

s
H

Bhcht

L e

4
\ Hesorv Access Hords
( CONSTANT TORBET-DRIGIN

; THERE {5 taddr -- addr | TARBET-DRIBIN +
s C3-T S taddr -- char | THERE [3
S (5 taddr == n ) THERE ¢
HESEH {5 char taddr -- ) THERE ['
p -7 {5 n taddr -- ) THERE ©
: HERE-T (8 ~-- taddr ) DP-T @
s ALLOT-T (6 g ==} -1+
s LT {5 char -- 1 HERE-T ['-T 1 ALLOT-T
1T Sn--1 HERE-T '-T 7 ALLOT-T
: 5,-T (S addr len = )
¢ 700 COUNT C,-T  LOOP  DROP

: HERE-R  DP-R &
v ALLOT-R  DP-R +'
\ Define Svabol Table Vocabularies
VOCARULARY TARBET
YOCABULARY TRANSITION
VOCABULARY FORWARD
VACABULARY USER
(NLY DEFINITIDNS FORTH AL50 META ALSD
; BETH BETH
; TARBET TARBET
; TRANSITION TRAKWSITION
; FORWARD FORWARD
: USER USER

: ASSEMBLER ASSEMBLER
G&;x FORTH ALSD META ALSO DEFINITIONS

7

\ B0B0 Heta Assesbler GLAUBE HA_
1 TORARK {§ -~ ¢ addr 1+ TRUE  HERE-T @ ,-T
: PORESOLVE (5 4 addr -- | HERE-T SWAP -7  PCONDITION
: 7T{MARK {8 -- f addr } TRUE HERE-T
v PCRESOLVE {5 ¢ addr -~ ) ,-T  7LONDITION

ALS0 ASSEMELER

BETA * C.-T ASOEMBLER 15 C,

METH 7 -1 ASGEMBLER IS |

METH * TIMARK ASSEMBLER 15 7:8ARE
META * 7)RESDLVE  ASSEMBLER IS 7:RESOLVE
HETA * 7{RARK ASSEMBLER 15 7(MARK
KETA ° 7(RESOLVE  ASSEMBLER 5 7¢RESOLVE

OHLY FORTH ALSO WETA ALSD DEFINITIONS

Metacompiler for ROM based systems




Paget 2 M0, BLY

8 {1
¢ \ Meta Cospiler Vocabulary Manipul stors 04AcrB4eap | Meta Coapiler Create Target Image O4Aprdaer
I : WAKE-CODE S PF& -- ) : TARGET-CREATE 4§ -- )
23,1 IN @ HEADER YIN ! IN-TARGET CREATE IN-META HERE-T . TRUE .
3I: LABEL  (§ -- ) DOES:  MAKE-CODE
4 ASSEMBLER DEFINITIONS  HERE-T CONSTANT : : RECREATE (5 -- )
31 IN-TARBET  (§ -- ) >IN@  TARGET-CREATE >IN '
6 DMLY TARBET DEFINITIONS H : CODE (S --)
7 ¢ IN-TRANSITION 4§ -- ) TARBET-CREATE  HERE-T 2+ ,-T AGSENBLER 'CSP :
B ONLY FORWARD ALSO TARGET DEFINITIONS ALSC TRANSITION ASSEMELER ALSD DEFINITIONS
9 ¢ IN-META (8§ -- : END~CODE
10 ONLY FORTH ALSO META DEFINITIONS ALSO H IN-META  7CSP
11 : IN-FORWARD (5 -- ) : G END-CODE
12 FORWARD DEFINITIONS MET# IN-META
13
14
13
g 12
0\ Meta Compiler Forward Reference Linking U2NovBlsap \ Force cospilation of target & forward words G7SEPEIRN.
I+ LINE-BACKWARDS (S PFA ~- 1 20T {8 - cfa)
2 HERE-T OVEF 4 -7 SWaP ' CONTEXT @ TARGET DEFINED  ROT CONTEXT
3¢ RESOLVEDT (8 pfa -- § 0= 7MISSINE
+ Had : [TARBET) (5§ -- )
3 1 FORMARD-CODE (5 pig -~ T s IMMEDIATE
& DUP RESOLVED™ IF MAKE-CODE ELGf LINE-BACKMARDS  THEN P F (S -~ s )
7 1 FORWARD: {8 -- ! CONTEXT &  FORWARD DEFINED  RGT CONTERLT
B SWITCH  FORWARD DEFINITIONS  CREATE SKITCH o g G 0= ?MISSING
9  DOES:  FORWARD-CODE : [FORWARDY (5 -- )
1§ Fy s IMSEDIATE
11
12
14
15
10 13
0\ Create Headers in Target Isage 0ZaugBbcht \ Meta Compiler Branching & Defining Words O7SEPE R
I VARIABLE WIDTH 31 WIDTH ! s Te (5 --)
2 VARIABLE LAST-T SWITCH  TRANSITION DEFINITIONS CREATE  SWITCH ]
I VARIARLE CONTEXT-T DOES: R
4 VARIABLE CURRENT-T Ty {5 --)
5t HASH (5 str-addr voc-addr -- thread ) SWITCH  TRANSITION DEFINITIONS  [COMPILE) : SWITCH
b GWAP 1+ Co 7 AND 2t + INMEDIATE
7 : HEADER (5§ -- ) : DIBIT? (5 CHAR -- F )
8  BL WORD Ce 1+ WIDTH @ MIN  7DUF IF BASE @ DIGIT NIP
E ALIGN  BLK @ 4096 + -1  ( Lav down view fieid ) : PUNCT? {5 CHAR -- F )
10 HERE CURRENT-T ¢ HASK LUP 2-T ,-T ASCII . OVER = SWAP  ASCII - OVER = SWAP
11 HERE-T 2- SWaF !-T RSCII / OVER = SWAF  DROF OR OR :
i 12 HERE-T HERE ROT S,-T  ALIGN  LUP LAST-T : NUMERIC® (S ADDR LEN -- F ;
13 128 SWAF THERE CSET 128 HERE-T §- THERE [SET DUP 1 = IF  DROF CO DIGIT? EXIT  THEN
14 THEN L -ROT 0700 DUP Cé  DUP DIBIT? SWAP PUNCT” GF.
' 5 ROT AND SWAF 1+ LOOF  DROF

Listing 1. Metacompiler for ROM based systems (cont'd)
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Paget 3 LEIURY
14 17
0\ Meta Compiier Transition Words {1MarB4émap \ Meta Compiler Transition Words
P 7: ¢ [COMPILEI ¢ T FORTH VARIABLE VOC-LINK-T META
2 7: (S [COMPILE] (S T FORWARD: (VOCABULARY:
3T: v (COMPILE) v T: : VOCABULARY (5§ --)
4 ; STRING,-T {5 -~} RECREATE  [FORWARD] <VOCABULARY:
5 ASCII * PARSE DUP C,-T §,-T ALIGN HERE-R -7 10 ALLOT-R
& FORMWARD: <(,") HERE-T  #THREADS 0 DO 0 ,-T LOOF
7. HERE-T VOC-LINK-T 3 .-T  VOC-LINK-T !
B  [FORWARDI <(."): STRING,-T T; CONSTANT  DDES> ¢ CONTEXT-T '
9 FORWARD: <{*)» : IMMEDIATE (S -- )  WIDTH @ IF { Headers present?
107" [FORWARD] <{*)> GSTRING,-T T 64 { Precedence Bit )  [AST-T # THERE CSET  THENM
{1 FORMARD:; <{ABORT*),
12 T: ABORT®
13 [FORKARDI C(ABORT*};  STRING.-T T
14
S 18
¢ \ Beta Compiler Defining Words 13JunBScht \ Meta Cospiler Transition Words
| FORMWARD; <CREATE: FORWARD: < (;USES)H:
2 ¢+ CREATE FORTH VARIAELE STATE-T  META
3 RECREATE  [FORWARDI <CREATE>  HERE-T CONSTANT Ts jUSES (5§ -~ )
4 FORWARD: <VARIABLE: [FORMARDY <{;USES)»  IN-META ASSEMBLER
5y VARIABLE (§ --) IC8P  STATE-T OFF T
b6  RECREATE  ([FORWARD] {VARIABLE:  HERE-R CONSTANT T: (COMFPILE]
7 HERE-R ,-T 2 ALLOT-R T EXECUTE T
8 FORMARD: {DEFEK: FOR®ARD: <(IS)>
9 ; DEFER (5 -- ) T: 18 [FORMARD] (I8 T
10 TARGET-CREATE  [FORWARD) <DEFER: ¢ ,-T IS T >BODY @ EODY '-T
{1 T; ALIGN T
2 T: EVER T
13
14
15
16 19
¢ \ Meta Coapiler Defining Words O7SEPBIHHL \ Display an unforsatted Syabol Table
1 FORTH VARIABLE $USER-T META : L SYMBOLS {(§ --})
2 ALSD USER DEFINITIONS TARBET  CONTEXT 9 HERE #THREADS Z3 CMOVE
3 s ALLDY {8n--) BEGIN  HERE 4 LARBEST DUP
4§ BUSER-T +' WHILE  2CR .* [[ * LONAME DUF .ID
S FORWARD: (USER-VARIARLE: DUP WAME: >BODY @ U, LMOI1 Y NGLINK @ SHAP
& : VARIABLE {(§ -~ KEY? IF  EXIT  THEN
7  SWITCH RECREATE  [FORWARD] <USER-VARIABLE:  BUSER-T @ REPEAT  2DROP  IK-META
B DUP -T2 ALLOT  META DEFINITIONS  CONSTANT  SWITCH
9 FORWARD: <USER-DEFER>
10 : DEFER {§ --)
{1 SWITCH  TARBET-CREATE  [FORWARD] <USER-DEFER>  SWITCH
12 #USER-T @ ,-T 2 ALLOT

OHLY FORTH ALSO META ALSO DEFINITIONS

I
IR

14

1+
o

Listing 1.

Metacompiler for ROM based systems (cont'd)
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Paged 4 BAG,BLE

FAY .
¢ \ Hets Cospiler Resolve Forward References 07danBlasp
f s (UMRESOLVED (5§ --
2 FDREARD  CONTEXY @ HERE #THREADS 71 CHOVE  BEGIN
3 HERE #THREADS LARBEST  DUF WHILE
4 PCR DUF LONAME RAKE> SBODY
g RESOLVED? 0= IF  DUP LOWAME .ID  THEW
5 ¢ SHAP | REPEAT 2DROP IN-METH :
7 : FIND-UNRESOLVED (8 -~ ¢fa )
& 'F o DUF MRODY RESOLVEDT H

-

Y ¢ RESOLVE (S taddr céa -- )
10 2BODY  ZDUP . TRUE OVER 2+ ' 2 BEGIN  DUP WMILE
i1 2BUP §-7  -ROT SWAF '-T  REPEAT  ZDROP '

12 ¢ REBOLVES (5§ taddr -- )
15 FIRD-UNRESOLVED IF  JNANE .10 .* Already Kesolved™  DROP
H ELSE  RESDLVE  THEW

5
21

0\ Interpretive words for Hets (7SEPBIHHL
f 5 H:  [COMPILED ¢+

2H: T T SBODY § 0 :

SH ., T

4H: L, C,-T;

5 H: HERE HERE-T :

& H: ALLOT  ALLOT-T

7 H: DEFINITIONS DEFINITIONS  COMTEXT-T @ CURRENT-T ¢

g

9

0

i

12

13

14
15

22
U\ fAssesbler Defining words §5augBbcht

i FORWARD: <iMI:

2 FORWARD: (ZHIV

3 FORWARD: (2RI

4 FORWARD: (4KI:

5 FORWARD: (3HI;

& 3 IN]  RECREATE [FORWARDI <IMI> DUF L.-T  COMSTANT
7 s 2KD  RECREATE [FORWARDD (2MI> DUF L,-T  CONSTANT :
8 : NI RECREATE [FORWARDI (3M1: DUP C,-T  CONBTANT ;
9 : 4K]  RECREATE [FORMARD] <4MI> DUP C,-T  COMSTANT
{0 ; SMi  RECREATE [FORWARD] <SMI>  DUP [.-T  CONSTANT :

i
Heta-cospiler for ROM based sysises

This seta-cospiler is based on that in FBI svstze by Henrv
Laxen and Bike Perry.

Hodifications are added so that the target code can be
prograssed into EPRON's,

fn BOBO assesbler and & line editor are added to aid progras
developsent in a standalone environsent,

br. C. H, Ting

(ifete Enterprises, Incorporated.
1306 South B street

San HMateo, California 94402
(415] 574-8250

It
Beta-compiler for ROM based systeas

This seta-compiler 1s based on that in FEI systes by Henrv
Laxen and Mike Ferry,

Modifications are added so that the target code can be
prograssed into EPRON's,

A BOBO assesblier and a line editor are added to aid progras
developsent in a standalone epvironsent.

br. L. H, Ting

(44ete Enterprizes, Incorporated,
{304 South B strest

San Hateo, California 94402
(#15) 974-8250

¢
Meta-cospiler for ROM based svstess

This seta-cospiler is based on that in FBI systes by Henrv
Laxen and HWike Perry,

Moditications are added so that the targel code can be
prograseed intp EPRON s,

An BOBO assesbler and 2 line editor are added to aid progras
developeent in a standalone environaent.

br. L. H. Ting

O¢éete Enterprises, Incorporated,
1306 South B street

San Mateo, California 94407
{415) 574-8250

Listing 1. Metacompiler for ROM based systems (cont'd)
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HPUSH JWF  END-COLE

4\ Kernel of ROE target svstes Y Boot up Vectors and HEXT Intergreter laugbs

i ASSEMBLER LAREL ﬁRiézﬁ

2 This #ile contains the Kernal source code 4or 2 ROK bazed &SF -1 J8P  { Low Level COLD Entry point )

3 FBI target systes. HMost screens are identical to the HOF -1 JBP | Low Level WARE Entrv point |

4 original FBI/B0BO screens. 0Only those whith were sodified LABEL DPUSH D PUSH LABEL HPUSH  H PUSH

S are cossented in the correspending shadow screens, LABEL BEXT

& IPLDAY 1P INL AL BOV IF LDAL IP WX 4 H HD.
7 Consull Hike Perry and Heary Laxen's F83 source code or LABEL HEXT!

B "Inside FB3°. KEBWY HINI B 81 ICHE  PCHL

g FORTH ASSEMBLER DEFINITIONS HWETA

10 Hr REXT  OHEIT J®F
H He IPSHL B H BOV [ L MOV IN-HETA

¥ HERE-T DUP {00 + CURRENT-T ¢ { haraless |

3 YOCARULARY $SR;R FORTH DEFINITIONS

4 G OVER ¢ 2+ ) '-T { link 3
18 BUP {2+ ) SHAF Ib + P-T ( thread | IN-BETH

{ 4

¢ % Target Systes Setup 20JAKE7CHT &5 Run Tise Lode for Defining Words {3hprides:
| WAHNING OFF VARIABLE RP { Not enough registers on an B0BG )

Z ONLY FORTH META ALSD FQRT& {6384 48 + DP-R ASSEMBLER LABEL HEST

3 256 DP-T ! HERE 16000 + ° TARGET-ORIBIN »BODY ! IH-HETA RP LHLD  H BCY B B KOV H DCI C B MOV RP SHLD

4 7 44 THRU 47 45 THRU 47 50 THRU 5B RE THRU DINy EC MOV D B MOV ORELT

5 USER DEFINITIONS FROM QCU4,BLE | LOAD FORTH DEFINITIONS CODE £x17 (g -

5 FROR U40,BLE { LOAD B9 92 THRU  EXIT RPLHLD K C H%? HIKL KB ROV HIKL RPGHLE
7 1 Syztes Source Screens | WARNING OW HEXT EWD-CODE

S LR . { Unresclved references: + [R L UNRESOLVED CODE UNKEST 7 EXIT @-7 " UMNESY '-T  EWD-[BDE

LR . { Statistics: + CR .1 Last Host Address: } A5SERELER LABEL DODOES
10 [FORTHI HERE U, CR .{ First Target Code Address: ) RP LHLD  H DCY B K WOV W DCY C B EQY

1§ META 256 THERE U, CR . ( Last Target Code Address: ) RF SHLD B POP D INY D FUSH HEXT
12 META HERE-T THERE L, [k CR LABEL DOCREATE

13 META 256 THERE HERE-T I INY D PUSH  HEIT
14 ONLY FORTH ALSD DOS SAVE TARBET.COM  FORTH

15

2 5

0\ Declare the Forward References and Version § O4fprBdmap | Run Tise Lode for Defining Words (9HAREIHH
1+ 311 VARIABLE UF %
2+ [0 [COMPILEI [, FORTH IMMEDIATE HETA ASSEMELER LABEL QUSER  { in: DE  out: DE uses: HL J =
3 UP LHLD D DAD W E WOV H INY B D MOV RET

4 FORMARD; DEFINITIONS LABEL 'USER  { in: DE=off Hisvalue out: none !

3 FORWARD: [ HPUSH UP LHLD D DAD D pOP

& E N MOV HINLD KRV RET

7 LABEL DOCONSTANT

8 DINY ICHE M E HOV H INY K D MOV D PUSH NEXT

g LAREL DOUSER-VARIARLE

{4 DINY XCHE W E ROV M INy ® D BOV
i UP LHLD [ DAD H PUSH HMEYT

1% COBE LIT) {8 --n
12 IPLDAY IP INX AL MOV 1P LDAY IF IHY & H HOV

14

3

[

Kernel of ROM
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Page# 2 K40.BLE

é 9

0\ Meta Defining Words O7SEPBIHHL \ Run Time Code for Control Structures O4MARE SAn.
I T: LITERAL (S n -- ) CODE BRANCH (5 -- )

2 [TARBETI (LIT) ,-T T: IFSHL M C MOV H INX M B MOV NEXT  END-CODE
I7: BLITERAL (5 d -- ) CODE ?BRANCH (S 4 -- )

4 (TARGET] (LIT) ,-T  [LTARGET) (LIT) .-T T: HPOP L AMOV HORA ' BRANCH o-T JI

3 T: ASCII (§ -~} IPINXY 1P INX NEXT  END-CODE

6  [COMPILE) ASCIT L[ TRANSITION ) LITERAL [META] T:

T 1] (5 --)

8 T OBODY & [ TRANSITION 31 LITERAL [META) T

9 : CONSTANT (S n --)

10 RECREATE  [[ ASSEMBLER DOCONSTANT 33 LITERAL T

11 DUP ,-T  CONSTANT

14

15

7 16

0\ Identity nuabers and forward References 04fprBdmap \ Meta Cospiler Branching Words GIAUBAHA.
1 FORWARD: <{;CODE)> T: BEGIN  MARK T;

2 T: DOES: {§ -- T: ABAIN  [TARGET] ERANCH  7(RESOLVE T;

3 [FORWARDI <(:CODE)>  HERE-T T: UNTIL  [TARGET] 7BRANCH 7<RESOLVE 1:

4 DOES-OF C,-T  [[ ASSEMBLER DODOES 1 LITERAL ,-T T Tr IF [TARGET] 2BRAKCH 7 MARE T3

S : NUMERIC  i§ -- ) 7: THEN  7HRESDLVE T

6  [FORTH] HERE [META] NUMBER DPL 9 1+ IF T: ELSE

7 [{ TRAKSITION 13 DLITERAL [METAJ [TARGET] BRANCH  7)MARK  2SWAP 75RESOLVE T:
B ELSE DROF  [[ TRANSITION 11 LITERAL [META]  THEN : T: WHILE [ TRANSITION 13 IF T:

9 : UNDEFINED (5§ -- ) T: REPEAT

10 HERE-T ¢ -7 25WAP ([ TRANSITION 1] ABAIN THEN T:
11 IN-FORWARD  [FORTHI CREATE [META) TRANSITION

12 [FORTH) , FALSE , [NETA]

3 DOES>  FORWARD-CODE

14
N
8 11
0 \ Meta Compiler Compiling Loop O4MARBIHHL \ Run Tiae Code for Control Structures G7JULE7HHL
1 [FORTH] VARIABLE T-IN META ASSEMBLER LABEL LOOP-EXIT
2:1 (§--) RFLHLD & D LXI D DAD RP SHLD
3 GTATE-T ON  IN-TRANSITION  BEGIN JIN @ T-IN ! IP INX IF INX  REXT
DEFINED IF  EXECUTE  ELSE CODE (LOOP) (5 --)
COUNT NUMERIC? IF  NUMERIC  ELSE RPLHLD M INR 0= IF W INX ® INR LODP-EXIT JI
T-IN 3 YIN ' UNDEFIRED  THEN THEN THEN  ° BRAKCH ¢-T JMP  END-CODE
STATE-T @ 0= UNTIL LABEL LOOF-BRANCH
Ll (5- XCHE RP LHLD E M MOV H INY D M NOV ° BRANCH a-T JWP
IN-META  STATE-T OFF T CODE (+L0BF) (S -- )
Tty (8 --) RP LHLE N E MOV H INY M D MOV
[TARBET] UNNEST  [[ TRANSITION JJ [ T; HFOF H A MOV A ORA OC NOT IF
HE D DAD LOOP-EXIT JC LOOP-BRANCH JMF  THEN
TARBET-CREATE [ ASSEMELER NEST 11 LITERAL -7 ) D DAD LODOP-BRANCH JC LOOP-EXIT JMP END-CODE

Listing 2. Kernel of ROM target systems (cont'd)
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Paged 3 F40,BLK
12
G\ Run Tiee Code for Control Structures
P12 (B0 (S nlaZ -}
2 R>DUP & 3R 2+ -ROT  GSHAP DUP SR -k
T 0700 S pln? --}
4  20UP = IF ZDROP R> @ R
5 ELSE R DUP § R 2+ -ROT
b SHAP DUP JR - 3R R THEN
7 : BOUNBS (S adr len -- lig first |
8  DVER + SHAF
g
10
i1
iz
i3
14
15
i3
0\ Meta cospiler Branching & Looping
17 200
2 [TARGETI (700 7:BéRE T
IT: D00
4 [TARBET] (DD) TIHARE T:
5 T1: LOOP
&  [TARBET] (LOOP) Z0UF 2+ TCRESDLVE  7HRESOLVE
7 Ty +L0OP
B  [TARGET] (+L0OP)  ZDUP 2+ 7(RESOLVE  7HRESOLVE
g
10
i1
iz
13
14
15
i4
\ Execution Control
ASREMBLER SHEXT BETA CONGTANT SMEXT
CODE BXECUTE (5 cfa -- )
H POP JHEXTI JHF ERD-CODE
CODE PERFORK (5 addr-of-cfa -- }
HPOP KEHMDV H INY B DAOY XCHE OHEXTI JHP EMD-CODE
LABEL DODEFER (58 -- )

[ INX XCHE ~’ PERFORH -7 1+ JHP
LABEL DOUSER-DEFER

DIN: ICHE W E MOV H INX H D ANV

#USER CALL ICHE GNEXT J#P
CODE 6O (& addr -~ )

RET  ERD-CODE
CODE WOOF  WEXT
{ODE PRUSE NEXT

ERD-CODE
ERD-COBE

I g el g et Do vl O LY e Gl by e o

L TR SN

Listing 2.

Kernel of ROM target systems (cont'd)
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GZMARBIHHL * Execution Control
COBEY (8 =-n}
RP LHLD W E MOV # INY B D ROV
HIHY B & MOV H IHI K H BOV A L HOV
HFUSH JBP  EWD-CODE
COBEY (§E--n)
RFLHLE 6D LYl DDAD 1 873+ JWF EWD-CODE
CODE (LERVE) (8 --) L
RP LHLD W INXI H INY H IMI H INK
WL MOV H IKI KB KOV H INL RPGHLD
CODE (OLEBVEY (8 ¢ -- ]
HPOP WA KOV L ORG 7 (LEAVE) 3-T JHI
T: LEAVE  [TARGET] (LE&VE) T;
Ty PLEAVE  [TARBETI (7LEAVE) T:

0iDctEles

b bab

REXT  EMB-LODE

MEXT  END-[ODE

1%
V16 and § bit Hemory Operations
COBE @ {8 addr -- n )
HFOP HE XY HINM
Cope ! {5 n addr -- )
HPOP D POP EH NV
Cope Cs {5 addr -- char )
HPOF B LRIV 0 HBRYI
cape ¢! {5 char addr -- }
HPOP D POP EH KWW

OIAUBBIHAL ZAFEBRIHR .

B D EDV D PUSH REXT END-CODE

HIMY [ KKV HEXT END-(GBE

HPUSH JBP  END-CODE

Tse
HH

IH KEXT EWD-CODE

i7
Q7SEPBIHHL 4 Block Hove Hesorv Operations
CODE CROVE (& fros to count -~ |}
IFYHL B POP D POF XTHL { STALK=IP BC=len DE=to HL=fros
BEGIN B & KOV L[ ORA 0= NOT BHILE
M A WOV K OINI D STAX D INY B DO
REPEAT B POP HEXT END-CODE
CODE CMOVEs (5 4rom to count -
IPYHL B POP D POF XTHL ( STACK=IP BC=len DE=to Hisfroe
B DAD W DCY  XCHE B DAD H DCY  XCHE
BEGIN B A WOV C ORE 0= NOT WHILE
¥ 4 B0V HDBCX D STAY D DCY B DCX
REPEAT B POFP  HEXT  END-CODE

24FEBBTHR.

-14-




Paget 4 KA0.BLK
18
G % 16 bit Stack Operations
I COBE sP2 {§ == pn}
2 O HLII 5P DAD  HPUSK JHP  END-CODE
3 COBE s& Sp--)
4 HPOF  SPHL  MEXT  END-CODE
3 CODE rP2 (& ~- addr )
& RP LHLD  WPUSH JBP  EWD-CODE
7 COBE &P 8-
8 HPOP  RP SHLD  HEXT  EWD-LODE
g
10
i1
i3
14
13
19
0\ 16 b1t Stack Operations
1 CODE DROP {§ nl -~}
Z HPOF  MEIT  END-CODE
3 CODE DUp (8 nl == nl nt )
4 HPOP K PUSH  HWPUSH JMF  END-DDDE
& CODE skap {8 nl nZ -~ nZ nt
&  HPOP ITHL HPUSH J®P  EKD-CODE
7 CODE QVER {80l nl == nl nZ 5t}
8 DPOP HPOP HPUSH DPUSH JNF  END-CODE
g
g
11
2
13
14
i5
20
V16 bit Btack Operations
CopE TUCK {50l n2 -- a2 ol 02
HPOF D POF H PUSH  DPUSH JHP  END-CODE
O0E KIF (S nl n2 -~ n2}
HPOF D POP HPUSH JMP  END-CODE
COBE RBT (5 nl 52 03 === 02 03 nl }

0 POF H POP XTHL DPUSH JMP END-CODE

3 OERE e O R B g P e o
[

LODE -ROT (S nln2nl - nlnla2)
HPOF D POP ITHL XCHE DPUSH NP END-LODE

CODE FLIF (5 n -1
10 DPOP EHMOV DL MOV HPUSH JMF  END-CODE
18 2 7DUF Sn--Inln
12 DUPIF DUF THEN
13
{4
15

Listing 2.

21
ZAFEBE3HHL \ 14 bit Stack Operations ZBFERTTHHL
CODE R {§ =~ 1)
RPLHLE HEBIY HIND HDEOV HINI
RP SHLD D PUSH  MEXT  END-CODE
CODE 3R 8n--)
b POF  RP LHLD H DLY H DDY  RP SHLD
EHHBIV HINC D oEEOY  MEXT  END-CODE
CODE R
RELHLD M E WOV W INY M D MOV D PUSH  KEXT END-COOE
CODE PICK Bong...nlnl k- ng...n7n0l k)

HPOP HDAD SP DAD B E HOV W INY B D ®Ov
[ PUSH WEXT END-CODE
;s ROLL {8 nln2 .. nkn == wierd )

SR R# PICK  SPG DUP 2+  R) 1+ 21 CMOVEY [LROP

22

24FEBEIHAL \ 16 bit Logical Operations 13hprBieer

CODE AND {&§ nl nZ -- 0l

D POP HPOP EAMOV L ANA & L MOV

D ARV HANA A HMOV  HPUSH JNP  ERD-CODE
CORE OR {5 nln2 - nd})

DPOF HPOP EAHMDV LORG &L KW

D&MDV HORA & HWOV  HPUSH JHF END-CODE
CODE ¥0R {8 al n2 -- n3}

DPOP HPOP EAMOV L IRA &L HOV

DAMOV HIXRA &K MOV HPUSH JHP END-CODE
CODE NOT Sn=--n}

REOF L AMDY CHA AL KOV HA MOV CHA A M HOV
HFUSH JEF  END-CODE
-1 CONSTANT TRUE 0 CONSTANT FALSE

ASSEMBLER LABEL YES TRUE H LXT  HPUSH JmF
LABEL O FALEE B LXT  HPUSH JmP
LIMARBIHHL \ Logical Operations f6fctBlse;
CODE CSET {5 b addr --
HPOPDPOP WAMIV EORA AKMOV HNEXT  END-CODE
CODE CRESET {5 b adér -- )
HPOP D POP E 4 MOV CHA A E MOV
K AMOV EAKA & M BOV NEXT  END-LOLE
CODE CTOBBLE (5 b addr -- )
HPOP DPOF MAMOV EXRA A M MOV NEXT END-CODE
CODE ON (5 addr -- )
TRUE H LXD XTHL H PUSH * ¢ @7 JMP  END-CODE
COBE OFF (8 addr -- }
FALSE W LXI XTHL W PUSH * ! §-T JHF  END-CODE

Kernel of ROM target systems (cont'd)

-15-




Paged S K40, BLE
Z4 27

G4 16 bit dritheetic Operations {38pr84map \ 16 bit Arithsetic Operations Division subroutines 25FEREIHA
i COpE ¢ {5 al nZ -~ sus ) AGSERBLER

2 B POP HPOP D DAD HPUSH IMP  ERD-CODE LABEL USLY

I CODE MEBATE (Ep--n" ) AE MOV HAKIVCSUB AHKOVERBIVESER
4 W POP HODCI HPUSH ° HOT &-7 JHP END-CODE {8 Ir

5 CopE - {8 0l nZ == al-n2 ) HAKOVCADD A4 HHOVEAHDVD DORRI

& D POPHPOP DA KOV CRAADROV E A MOV CHA & E DV LAREL USLA

7 DIHY D DAD  HPUSH JWP  END-CODE H DAD RAL  USLO JHC

8 CODE GBS (B n--n ) BEHMOVHAMNDY CSUR A HEOVEAMNDVESER
9 W POP H PUSH W A MOV A ORA ° MEBATE 8-T JW MEXT EMD-CODE THEH

16 CODE +' (5 n addr -~} L INK b DCR  USLA JNI  RET
11 HPOP DROF KA KOV OEABD A M HIV LAREL USBAD

12 HINY M4 MOV D ADC & HOHOV NEXT  EHD-CODE -1 KLYl BPOP  HPUSH HPUSH JWP
12 6 CORSTANT ¢ 1 COHSTANT §
14 7 CONSTART 2 3 CONETANT 3
15
23 28

¢\ 16 bit Arithsetic Operations 265epBlisap \ 16 bit Arithsetic Operations  Unsigned Divide 25FEREIHAL
{CODE 2 (S50 -- 200 ) CODE LM/®O0 (S di ni -- Resainder Buotient )

2 HPOP W DAD HPUSH JHP  END-CODE IPSHL B POP D POP ITHL ICHG

IC0BE 2/ 8o --n/il) { HLDE = Huserator BC = Denoeinator )

& W PGP WA WOV RLLD RRC RAR A H MOV { 6 WOV D SUB WA MOV EBGBE USERD JNC

5 L ANV RAR AL MDYV HPUSH I#P  END-CDDE Ho& MOV L H ROV DL WOV B DMV D PUSH

& CODE U2/ (Bw --u/2 ] UsLa Call

7 HPOP AORA H A BRIV RAR A H ROV [ POP H PUSH E L BRIV

8 L A& HDY RER A L KOV HPUSH JHF  END-CODE Usia CALL

g [0DE B (S -- Bin i 40 KOV W E ROV B POP L H WOV B POP

10 HPOP HODAD HODAD W DAD  HPUSH JHP  END-CODE I PUSH HPUSK JHP END-CODE

11 CODE 1+ H POF H IMX HPUSH JMF ERD-CODE

12 COBE 2+

£3 CODE - H POF H DCY HPUSH JHP END-CODE

B POP H INX H INY HPUSH JMP END-CODE

14 CODE 2- H POF M BCY H DCY HPUSH JHP EWD-CODE
15
26 24

0\ 1 bit Aritheetic Operations Unsigned Multiply  265epB3sap | 16 bit Cosparison Operations {3Aprédasr

i AGSERBLER LODE 0= 5n--1{1 _
7 LABEL MPYI 0 H LID  { O=Partial Product ) HPOP L ABOV HORA YES JI MO JEP EMD-CODE _
3 4081 ( Loop Counter ) [OBE En--141

i BEGIN H DAD { Shift AHL left by 24 bits ) HPOP HDAD YES JC WO JEP EMD-CODE

5 RAL CE IF D DAD 0 ACT  THEN CODE 0> (5m-—-+4 1

6 HDAD RAL CSIF D DAD O ACI  THEN HPOPHAMI A&ORA KD JB L ORA YES JNI  NO JNP ERD-LODE

7 [ DCR 0= URTIL RET CODE 04y (Bn--41

8 A POP L A KOV HORR YES JNI WO JWP END-CODE

g [0DE UMY {5nfn2--4d) ConE = {Snlnd--¢1

16 b PoP H POP EPUSH HEMODV L AMDV HPYICALL HPOPDPOP L AKIVECH KON

i HPUSH A H MOV B ARV HEB A #rYL CALL HA MOV D CHP MO JNZ  YES JWF END-CODE

12 PO DL MOV B DAD 040 L DBV HLEW O Sat a2 --41 =HOT

13 A H MY RPOP DPUSH JHF END-CODE : THEBATE (S nln2 -- w3 ) 0C IF  MEBRTE THEW

14 ¢ Ush  Salal--d) URE
15

Listing 2. Kernel of ROM target systems (cont'd)
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30 33
0\ 16 bit Comparison Operations 13AprB4aap \ 32 bit Arithwetic Operations 13AprBdsc:
TCODE U (Snln2--fF) HPOP D POP CODE D+ (S d! d2 -- dsus )
2 LABEL UXI K A MOV 6HLXI SPDAD M E MDVC MAOV H IN
3 LABEL W2 DCHP ND JC  YES JN] MDMOV BE MOV BPOF KPOP D DAD XCHS
4 LANOV ECNP NDJC YES NI ND JNP END-CODE HPOP LAMIV CADC AL MOV HA NIV BADC
SCODE U> (Snln2--4) DPOP KPOP UCI JNP END-CODE A H MOV B POP DPUSH JNP  END-CODE
6CODEC (Snln2--f) HPOP DPOP CODE DNEBATE (S d¥ -- o’ )
7 LABEL <1 D A MOV 128 XRI A D MOV K A MOV 128 XRI APOP DPOP ASUB ESUE AE MOV O A MVI D SBE
8 U<2 JWP END-CODE D KOV 0AMI L 5BB AL MOV (A MVI HSEB
CODE > (Snln2--%) DPOP HPOP <1 JWP END-CODE A H %OV DPUSH JMP END-CODE
10 : MIN  (Snln2--n3) 20UP > IF SWAP THEN DROF :  CODE SO Sn--d)
11 2 WRX (Snln2--n3) 20UF < IF SWAP THEN DROP D POP OHLXIDAMIVIZ28 ANI 0= NOT IF  H DCY  THEN
: BETWEEN (5 nl min max -- § DPUSH JNP  END-CODE
R ODVER @ SWAF R: » OR NOT CODE DABS (S d& -- d¥ )
: WITHIN (5 nf min max -~ ) {- BETWEEN HPOP HPUSH H A MOVAORA * DNEGATE 9-T JM  NEXT END-CODE
3 34
\ 32 bit Memory Operations O9MARBIHHL \ 32 bit Arithaetic Operations 0bhprBde::
CODE 29 (§ addr -- d ) CODE D2t (5 d -~ d42 )
HPOP 2DLXI DDAD MEMOV HINt ®D MOV D PUSH HPOP D POP
=3DLXI D DAD MEMWOV HIRX M D MOV D PUSH EAMOIV RAL AEMV DAMNDV RAL A D MOV
KEXT  ENG-CODE LAMKOY RAL AL MY HAMNW RAL 4K NGV
£epe 2¢ (S ¢ addr -- ) DPUSH JMF  END-CODE
HPOP DPOP EMNOV HINK DNMOV HINX CODE D2/ (5 d -~ d/2)
DPOP ENMOV HINK DNMOV NEXT END-CODE H POF D POP
HAMOV RLCRRCRAL A HMOV L ANV RAL &L MOV
DAMNOV RAL ADNIV EAMNV RAL AE MW

DPUSH JHP  END-CODE
s 0= (541 d2 -~ 43 DNEGATE D+
: ?DNEGATE (S d1 n -~ d2) 0C IF  DNEBATE  THER

32 35

0\ 32 bit Mesory and Stack Operations 13AprB4map \ 32 bit Comparison Operations 030ct&83mar
§ CODE 2DROP {5d--) HE R OR 0= ;

2 HPOPKPOP NEXT END-CODE HE (S dl d2 -- §) b- DO=

3 CODE ZDUP (Sd--dd) ¢ DUC (5 udl wd2 -- £ ) ROT SWAP 2DUP U

4 HPOPDPOP D PUSK H PUSH DPUSH JNP  END-CODE IF  2DROP 2DROP TRUE

5 CODE 25wAP (S di d2 -- d2 d1 ) ELSE (> IF  2DROP FALSE ELSE UC THEN

&  HPOP D POP XTHL H PUSH THEN ;

7  SHLYISPDADMAMOVDMNMNOV A D HOV H (5d1d2--4) 2PICK OVER =

B8 HDCX W AMVERRNGAENY HPOP DPUSH JMP END-CODE IF DUC  ELSE NIP ROT DROF < THEN

% CODE 20VER (S dZ d2 -- d1 d2 d1 ) HE ) {Sdl d2 — ¢ ) 28WAP DI

§0 7 HLXI SPDAD M D MOV HDCY ME MOV D PUSH ; DMIN (5 dl d2 -- d2 ) ADUP D> IF  Z5WAF  THEN  ZDKCF .
11 HDCX N D MOV HDCX MEMOVDPUSH NEXT END-CODE : DMAY (S dl d2 -- dT ) 4DUP DC IF  28WAP  THEN  2DRGF -
12:300P Sabc-~abcabe GUP 20VER ROT

12:4DUF Sabcd--abcdabocdi 20VER 20VER
i4 : 2ROT Satbcdet--—-cdefabi 5KOLLSROLL :

Listing 2. Kernel of ROM target systems (cont'd)
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0\ Kixed Bode Aritheetic 010ctB3eap | Svstes VARIABLE: 14dungS
1 ¢80 {5 nlpZ -~ dE ) DEFER EMIT  DEFER £EY  DEFER REY?
7 Z0UP 10 SR ABS GHWAF ARS UE® R: TDHEBATE HETA DEFIRITIONS
3 i B/HOD (S 48 nl -~ res guot ) VARIABLE SCR { 5 EEE La:T L ¢ T DR ELITED
4 pup VsRiﬁéLt PRIOK { UEE b 5 TIONARY SEARCHES )
S IF DUF R ZDUP I0R SR DR DAR 4BS  UM/HOD Yaf STATE { COMPILATION OR IWTERPRETATION ¢
4 SHAP R ?EESQ" ?QRIH&L: WARMING  { GIVE USER DUFLICATE WARMINGS IF OH
7 SHAP R: 00 IF HEBATE C i 1= He ROT - SHAP THEN THEN VARIAELE DPL { HUMERIC IWPUT PUNCTUAT iGﬁ }
z ke 383? VARTABLE R¥ { EDITING CURSBOR POSITION
9 THEW VARTARLE LAST { PDINTS 7O HF& OF LATEST EEFER TIOK
10 ¢ KU/ROD {5 df nl -- ree diguot VARIABLE (5P { HOLDS STACK POINTER FOR ERRDR CHECKINE
4 YR 0 Re UM/EDD R SWAF R UM/KOD RS VARIARLE CURRENT  ( VDCABULARY WHICH BETS DEFIKITIONS
iz 8 COMSTANT #vOCS { THE KUMBER DF VDLABULARIES TO SEARCH
K VARIABRLE CONTEXIT  { VOCABULARY SEARCHED FIRST )
14 §V0CS 28 ALLOT-R
15
37 40
G\ 16 bit sultiply and divide 275epHlaan \ Svstes Variables 24IRNETIHT
8t (8 n; nl == nd ) UME DROF VARTABLE "TIR { ADDRESS OF TERMINAL INFUT BUFFER §§
2 : /BOD (S aln2 --res guot ) ORK 53D R: M/HMOD VARTABLE WIDTH ( WIDTH OF NAME FIELD %%
I/ {8 n} nZ -- guot ) /HOD ﬁiF ; YARIABLE VOC-LINK { POINTS TO WEWEST VOLABULARY
4800 (5 “~ reg JHOD DROF VARTAELE BLY { RLGCK RUMBER TO INTERFRET
Sy §/H0D 5 nfonlonl -~ res guot YARIARLE 1M P OFFSET INTD INFUT STREAH
& R $L Ry M/BOD VARIAELE GPAR { MWURRER 0F CHARALTERE £
7t (6 ninZ ad == pltnlinl §/H0D NIF VARIAELE €71 { HUMEER 0OF CHARALTERS i
8 VARIARLE ENL” ¢ TRUE IF INPUT S
g VARIARLE Caps { Block 41)
i VARIARLE CC { Block 48)
11 YARTAELE FENLE i Block 720
2 VARIARLE AVOC { Block B4j
13 VARIARLE BUSER { Biock B
i4 VARTABLE FOUND { EDITOR)
18
ki 41
0\ Task Dependant USER Variables Z4BarB4map \ Devices Strings 2iiunBs:
1 USER DEFINITIONS 32 CONSTANT BL 8 COWSTANT BS 7 CONSTANT BELL
7 VARIARLE 708 { TOP OF STACK \ VARIABLE CAPS
I VARIABLE ENTRY { ENTRY POINT, CONTHINS MACHINE CODE 3 CODE FILL ¢ start-addr count char -- ¢
& VARIABLE LIRK { LINE TO WEXT TASK | IPHL D POF B POF YTHL XCHB
5 VARIABLE 58P0 { INITIAL PARAMETER STACK ) BEGIN R A KOV C ORA U= WOT WHILE
b VARIARLE RPU { INITIAL RETURW 5TACH L AWV DGSTAX D IWX B DCX
7 VARIABLE P { DICTIONARY POINTER ) REPEAT K POF HMEXT ENG-CODE
§ VARIABLE $0UT { NUMBER OF CHARACTERS ERMITTED : ERASE (S addr len -~} O FILL
9 YARIAELE $LIKE { THE NUMRER OF LINES SENT 5 FAR : BLAKK {S addr len -- 7 BLFiLL
10 VARIABLE OFF&ET { RELATIVE TO ABSOLUTE DISK BLOCK G ) CODE COUNT {5 addr -- addr+] len )
{1 VARIABLE BASE { FOR KUBERIL INPUT AND QUTRUT WPOP HE MOV ODKYD HIKY XCHE  DFPUSE JF ERL-L0LE
12 VARIARLE HKLD { POINTS 10 LAST CHARACTER HELD IW PAD 3 ; MOVE  { froe to len -- |
13 VARIARLE FILE { POINTS 70 FLR GF CURRENTLY OPEN FILE ! -ROT  20UP U< IF ROT CHOVE:  ELSE  ROT CMOVE  THER
14 VARIABLE IK-FILE { POINTS TO FCR OF CURRENTLY OPEN FILE )
1% VARIAELE PRINTING
Listing 2. Kernel of ROM target systems (cont'd)
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Listing 2. Kernel of ROM target systems (cont'd)

1 5-

Teht

42 43
G\ Devices Strings 2IFERBSCHT \ MAZ232 140 27aupbert”
1\ ASSEMBLER LABEL :UPPER CODE (INITY WEX DI & YRA 7 OUT 22 GUT CMA 4 OUT 5 0UT & QU7
2\ ASCI1 & CPI RC ASCII z 1+ CPI RNC BL SUI RET GOUT 1 OUT ZOUT IDAMVI 220UT 994 M 22007
3\ CODE UPC (5 char -- char’ ) 1AMV 24 QUT  NEXT  END-CODE
4\ HPOP L ANV SUPPER CALL A L MOV H PUSH NEXT END-CODE CODE (KEY)
S\ CODE UPPER (5 addr len -- ) BEGIN 23 IN | ANI Q<> UNTIL
6\ D POFHPGF BEGIN D A MOV E OKA 0= NOT WHILE 2UIN O TFARD G HMVI AL MOV
i\ N A MOV UFPER CALL & M MOV HPUSH JXP  END-CODE
83 H INX [ DCX REPEAT  NEXT  ENG-CODE CODE (EMIT;
9:HERE (5 -- addr ) DP 3 BEEIN 23 IN 80 ANI  0C: UNTIL
10+ PAD {5 -- addr ) HERE BCG + HPOP L A MOV 20 0UT NEXT  END-CODE
If ¢ -TRAILING (& addr len -- addr len' ) CODE {KEY)
12 DUP 0 700 2DUP + 1- €& BL <: ?LEAVE 1- LOOP H IR L AND 00 IF  OFF A MV ELSE & XRA  THEN
13 AHMBY AL MV HPUSH JMF  END-CODE
14 : {CONSOLE} EMIT 1 #0UT +'
18 DECIMAL
43 44
0\ Devices Strings 06JULBSCHT o Devices Tersinal Input and Qutput  {0janf
1 CODE COMPARE (S addri addr2 fen -- -1 1 6 ! 1) \ DEFER KEY?
2 C LMV EHNGY BPOP D POP YTHL \ DEFER KEY
3 { Stack=IF KC=len DE=addrZ HL=addr! ! DEFER CR
4 BEGIN B A MOV C ORE 0= NOT WHILE ¢ CRLF (8 -- 0 12 EMIT  1G EMIT  40UT OFF 1 #LINE +' ;
5 KA MOV XCHG M CHP SCHEB : JYPE (5 addr len -- G 700 COUNT EMIT LOOF  [DROF
b G= IF  OINY HINY E D2 : SFACE {5 -- ) EL EMIT
7 ELSE O IF T HLXI ELSE -1 H LXI  THEN : BPACES (Sn-- ) G MAYX G700 SPACE  LOOF
g E POF HPUSK JMF THEN ¢ BACKSPACES (S n --) 0 ?B0 RS EMIT  LOOF
9  REPEAT G H LXI B PGF  HPUSH JMP  END-CODE : BEEF (5 -- BELL EMIT
i CODE BDGS W POF D POF  HPUSH L L MOV 5 CALL
OHMD AL WOV B POF  HPUSH JMF  END-CODE
44 47
\S Devices Strings ZIFEBBSCHT \ Devices Systes Dependent Control Characters 02AprBis.;
CODE CAPS-COMP (S addri addr? len -- -1 1 0 | 1) :BS-IN S --0 101
C LMV BKMNW BPOP DPOF IXTHL DROP DUP IF 1- BS ELSE BELL THEN EM]T
( Stack=IF BC=len DEzaddr? Hizaddrl ; C o (DEL-INV Sac--0 1) n-1)
BEGIN B A MOV C ORA 0= NOT WHILE DROP DUP IF 1~ RS EMIT SPACE RS ELSE EELL THEN EMIT
M A MOV SUPPER CALL P PUSH & C MOV XCHB : BACK-UP (Sn¢ -G )
M A MOV LUPPER CALL C CMP B POF 1CHE DROP  DUP BACKSPACES  DUP SPACES  BACKSFACES ¢
0= IF D INY H INY B DCY t RES-IN (8¢ -- )
ELSE OCIF P HLXI ELSE -1 HLXI THEN FORTH  TRUE ABORT" Reset®
E POP  HPUSH JMP  THEN : P-IN (8¢ --)
KEFEAT G W LXI B POP  HPUSH JP  END-CODE DRGP  PRINTING & NOT PRINTING ' :
.+ COMPARE (5 addr! addr? Jen —- -1 1 0 ! 1)
CAFS @ IF CAPS-COMF ELSE COMP THEN
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Devices

c[R-MiSeanc--838)

DROP
+ (CHARI

30UP EXIT

DEFER CHAR
DEFER DEL-]

Terginal Input $4Jun85cht \ Devices BLOCK 1/0 {T4prEis

BPAK © QOVER  BL EBIT DEFER WRITE-BLOCE (5 butfer-header -- |
} ; JFILE {8 adr -~}

{5 an char ~- 3 ntl

LS R

K

8\ VARIABLE L
§ CREATE [C-FORTH

e
St

DEFER READ-BLOCK (& buffer-header -~ }

COUNT 7DUP IF ASCIT & + EMIT .° :* THEN
B 2DUP -TRAILING TYPE + .7 .° 3 TYPEL GPACE
: FILE? (8 -- ) FILE @ .FILE
: SHITCH (8 -- ) FILE & IW-FILE @ FILE ¢ IN-FILE ¢

VOCABULARY DDE  DOS DEFIKITIONG

16 ] CHAR  CHAR  CHAR  RES-IN CHAR  CHAR  [HAR  CHAR + 'FILES (5 4ch -- ) DBUP FILE ! IN-FILE !
{1 BS-IK [HAR [HAR CHAR [HAR CR-IH C[HAR [HAR s DISK-ABORT (S #chan -- )
12 P-IN  [HAR CHAR CHarR  CHAR  BACK-UF [H&R  CHAR TYPE .* in * LFILE ARBORT
{3 BACK-UP CHAR  CHAR  [HAR  CHAR  [HAR  CHAR [CH&R I TDISE-ERROR {5 fcbhn -
14 DUFP DISK-ERROR !
15 IF ® Disk error® DISK-ABORT ELSE [DROP  THEH
49 52 ,
0y Devices Tersinal Input 295epBleap | Devices BLOCE 1/0 GdAprideer
{3 EXPECT (5 adr len -- ! CREATE FCRU  B/FLE ALLOT
2 DUF SPAK | SKAF O { len adr O : CLR-FLE & fch -} DUF  B/FCE ERQSE i+ 11 RLANE
3 BEBIK 2 PICK QVER - { len adr #so-far #left § 1 BET-DHA {S adr -~} 26 BDOE DROF :
§  WHILE  KEY DUP EL ¢ : RECORD# {(§ f¢b -~ adr } I3+
g IF DUP 21 {C § + PERFORNM + HAIRECE (5 fch == adr 1 3B+
& LBE DUF 127 = IF  DEL-IN  ELSE  [HAR  THEXM : Iﬁ -RANRE (5 fch -~ fcb )
7 THEW REPEAT  ZDROF DROF P MAYREC# @ OVER RECORDE 2 U< DU DISK-ERRODR !
B IF { RUFFERS OH " Qut of Range® DISK-ARORT THEW
9: TiE {§ -- adr } TIE S : : REC-READ {8 4chb -- )
105 BUERY (B -~} DUF IW-RANBE 37 BDOS  TDISK-ERROR ¢
i1 TIB 80 LYPECT GSFAN 2 #T1E BLE OFF :IN OFF ¢ REC-WRITE (5 4¢b -
2 DUP IN-RAKBE 34 RDOS 7DISK-ERROR :
i3
14
i3
50 53
0\ Devices BLOCK 1/0 Z4JANBTCHT \ Devices BLOCK 140 Z9Rargde:s
i & COMSTANT SRUFFERS : SET-10 {5 buf-header -~ file buffer rec/blk ¢} .
2 1024 COMSTART B/BUF DUF 73 REC/BLK 3 OVER RECORDE ! -
3 128 CONWSTANT R/REC CBAP 4 ¢ @ ( buf-addr | REC/BLK O
4 § CONMSTANT REC/BLE s FILE-READ (S butfer-header -- )
5 47 CONSTANT B/FCR SET-10
& HEY BGGO COMSTANT LINIT DECIMAL G0 ZDUP SET-DMA DUP REC-READ | SBAF RECORD¥ +¢ B/RED -
7 $BUFFERS 1+ B 1 Z+ CONSTANT XSIIE LOOP  Z2DROF
£ LIRIT B/BUF #BUFFERS 1 - [ONGTANT FIRST : FILE-HWRITE (5 puffer-header -- )
9 FIRST >8IIE - CONSTANT IHIT-RC SET-I0
14 VOCARULARY EDITOR VOCABULARY ASSEMELER  VOCABULARY USER Bg 7DUP SET-DMA DUP REC-MRITE | GRAF RECORDE® +' B/RED -
11y MOCE (n --- addr ! B,BE 8 FIRET + ¢ LOOF  2DROP
12 WWOAD (po--- 5 BLE & R 1N 2 3E GINOFF  BLE ! ¢ FILE-I0 (8 ==
132 RUH Ry I ' Rs B;h Yo ["1 FILE-READ 18 READ-BLOCK [7] FILE-WRITE IS WRITE-ELOLE ¢
14 DEFER L&D
15

Listing 2.

Kernel of ROM target systems (cont'd)
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G % Devices BLOCK 170 29¥arBisan \ Devices BLOCE 1/0 O4RprBde:
I FORTH DEFIKITIONS DOS DEFINITIONS
2 CAPRCITY (8 == g : FILE-SIIE (8 fcb -~ n ) BUF 35 BBOS [ROF RECORDE 3
S D DOS T FILE ¢ MAIRECE & 1+ 0 8 UB/ROD KIF . s DOS-ERR? {8 --4¢1 285 =
4 5 LATEST?  (Snfch -~ #chn g d ) : OPEN-FILE (5 -} IN-FILE 2 DUF 15 BDOS DOS-ERR”
5 BISE-ERROR OFF IF* Open error® DISK-ABORT THEW
& GWAP OFFSET & + Z20UP | BUFFERE 284 I= DUP FILE-SIZE 1- GHAP MAYRELE '
TIF ZDROP 1 BUFFERE & + 3 FALSE Ry DROP THEY HEX SO CONSTAWT DOS-FLR  DECINAL
8 : BBSENT® (5 fth -~ 5 ! FORTH DEFINITIONS
9 LATEST? FALSE SRUFFERS 1+ 7 ¢ DEFRULY {8 --) [ DOS 1 FCRI DUP IN-FILE © DUP FILE
10 DD DROF ZDUP 1 BUFFERE 28 D= CLR-FCE  DOS-FCR 1+ L3 BL &
11 IF ZDROP 1 LEAVE ELBE FALSE  THEW IF DOS-FCE FCBI 12 [BOVE OPEN-FILE  THEW &
12 LOGF 7pUF 1 {LOAD) (Sn--1 FILE @R BLE @ 3%  JIN & SR
3 IF BUFFERE DUP GRUFFERS B CMOVE YRk RUFFERS DUP & + MIMOFF BLE © 0 IN-FILE 8 FILE ' RUN &y I R BL
14 (WER R: SWAF - CEovE: | BUFFERE 4 + 3 FaLsE Re 'FILES ¢
15 ELSE BUFFERS 2! TRUE THEN DEFER LOAD
55 58
6\ Devices BLOCE 1/0 UlApr8isar \ Interactive Laver Kusber Input (4fprBdgs;
Ie UPDATE {5 -- ) UPDATE ON CODE DIGIT (8 thar base -- n true | char false |
2 ¢ DISCARD (8 -~ 1 1 JUPDATE ' ¢ | BUFFERE ON ) : HPOP D POP D PUSH E 4 MOV ABCII O SUI WD IH
3 s MISSING (5 -- ) U S ¢ Q? IF 7841 10 LRI NG I THC%
§ VEND 2- 8 U¢ IF GEND 2- OFF  GERD & - WRITE-RLOCE THEM LOKF KRG JP A EH HEOF D P S H YES IHP END-C
5 JEWD 4 - § CBUFFERS 4 + ' bufdfer | | JBUFFERS & ¢ ¢ DOUBLE™ (5§ -~ ¢} L & 1+ 04
b JEUFFERS DUF £ + BBUFFERS 8t [mOVE: ; COWVERT (8 +d! adr! -- +d7 adr? )
7 ¢ (BUFFERI (S n fcb -- a1 PRUSE ARSENT BEGIN {+ DUP R 3 BASE § DIsIT
B IF HISEING | BUFFERE 4+ 4 THEW HHILE GHAF BRASE ¢ UM® DROP ROT BASE & UM [+
9 : BUFFER (5 n--a ) FI LE § (BUFFER) DOUBLE” IF | DPL +' THEW R:
10 (BLOCK) (Snfch -- 2} REFEAT DROP Ry
i {BUFFER)  SUFDATE ¢ 0 ,
{2 IF 1 BUFFERE DUP READ-BLOCE & + OFF THEN
13 s BLOCK S0 --a ) FILE & (RLOCKI
140 IH-BLOCK (S n =~ a ) IH-FILE & (BLOCK)
15
56 59
4%\ Devices BLOCK 1/0 GIAPRBARAF \ Interactive Laver Kusber Input G60ctETaen
1« EMPTY-BUFFERE (8 -~} ¢ (KUMBERT) (B adr -~ d fiag )
2 FIRST LIWIT QVER - ERASE G0 ROT DUP I+ [8 ASCII - = DUP sk - -1 DPL
& :BUFFERS $RUFFERS 1+ Bf ERASE BEBIN  [ONVERT DUP (3 ASCII ., ASCII / BETHEEN
4  FIRST | BUFFER$  BBUFFERS 0 WHILE 0 DPL ¢
S D0 DUP ON 4+ JDUF ' SHAP R/BUF + SHAP 4 + REPEAT -ROT R IF DNWEGATE THEN ROT CaBL =
& LDOP  2DROFP : NUMBER? (5 adr -- ¢ flag
7 ¢ BAVE-BUFFERS {8 -- FALSE OVER COUNT BOUNDS
§ 1 BUFFER®  BBUFFERS ¢ °00 1 (4 BASE @ DIGIT NIP IF DROP TRUE LEAVE THEN L00F
5 B} DUF 3 i1+ IF (WUMBER?) ELSE DROP (O 0 FALSE THEW
i IF DUP &+ 3 0 IF DUP BRITE-BLOCK DUP & + OFF  THEW : (NUMBER) {5 adr -- d§ )
1 B + THEW LOOF  DROP HUMBER? KOT 7MISSING
123 FLUSH (5 -- DEFER KUMBER
I3 GAVE-BUFFERS O BLOCK DROP EMPTY-RUFFERS
41 VIEWE {5 -~ addr ! FILE ¢ 40+
i3
Listing 2. Kernel of ROM target systems (cont'd)
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(2hprede:-

TIB #TIR & THEN

&4 63
\ Interactive Laver Nuaber Qutput 03AprB4aap \ Interactive Laver Parsing
: ROLD (S char == ) -1 HLD +' HLD & (Y s /STRING (S addr len n -- addr’ len’ )
R ] {(§ -~ ) PAb HLD ! OVER MIN ROT OVER + -RDT -
HE (5 d¥§ -- addr len ) 20ROP HLE @ PAD OVER - ¢ : PLACE (S str-addr len to -- )
: SIBN (S0l --) OO IF ASCII - HOLD THEN 3DUP 1+ SWAP MOVE L' DROP
N | {§ ~-) ¢ (SOURCE) (S -- addr len )

BASE ¢ MU/MOD ROT 9 OVER ( IF 7 + THEN ASCII ©0 + HOLD BLK @ 7DUP IF  BLOCK B/BUF  ELSE
: 85 {§--) BEGIN & 2DUF OR 0= UNTIL DEFER SOURCE

: PARSE-WORD (S char -- addr len )

: HEX (§ -- ) 16 BASE ! MR GOURCE TUCK >IN @ /STRING Re SKIP OQVER SWAP R SCAN
+ DECIMAL (§--) 10 BARSE ¢ JR OVER - ROT R> DUP Q<> + - XIN ¢

: OCTAL (8 --) 8 BASE !

: PARSE (5 char -- addr len )

°R  SDURCE >IN ¢ /STRING  OVER SWAF R: SCAN

23JunBicht

03auokecn:

END-CODE

YROQVER - DUP R 04 - MIN 4
81 84
\ Interactive Laver Nusber Output (ZaugBacht \ Interactive Laver Parsing
) Bu--al) o S84 : 'WORD (5 -- adr !}
s 4 (Su--1] (U,)  TYPE SPACE HERE
LR Sul --) *k (U.)  RY QVER - SPACES  TYPE & : WORD (§ char -- ador )
) Sn--al) DUFARS O <4 45 ROTSIGN 3> PARSE-WORD *WORD PLACE
N {Sn -~ 1.0 TYPE SPACE 'WORD DUF COUNT + RL SWAP C7  { Stick Blank at end ¥
H (Snl -~} sk ) R DVER - SPACES  TYPE @ 3 STYPE (S adr len -- |}
:(UD.) (Sud--al) KIS H TUCK PAD SWAP CMOVE  PAD SWaF TYPE
s UD. (Sud -- ) (UD.1  TYPE SPACE s .0 (8 -- 1 ASCII ) PARSE TYPE ; IMMEDIATE
s UDLR (Sudl -} SR{UD.) RY OVER - SPACES  TYPE @ ¢ (8§ == ) ASCII ) PARSE ZDROF : IMMEDIATE
;D (5d--al ) TUCK DAES <4 45 ROT GIGN &4 EXiT
: D i§d--) {B.}  TYPE SPACE A8 (8 -- 1 ENBY ON ; [IMMEDIATE
:LbRO(85d1 --) sk (D) R> OVER - SPACES TYPE
(B Sh -2l bR E
: B, (b -1 {B.) TYPE SPACE ;
: 7 {5a-J ¢ .
62 63
\ Interactive Laver Parsing 30SepB3sap \ Interactive Laver Dictionary
LABEL $DONE B POP W PUSH D PUSH NEXT  END-COGDE CODE TRAVERSE (S addr direction -- addr’ )
CODE SKIP (5 addr len char -- addr’ len’ D POP H POF 127 & MVI
IPXHL R POP D POP XTHL BEEIN D DAD M CMP < UNTIL  HPUSH M
{ C=char DE=length Hi=addr ) : DONE? (S n --§ )
BEGIN D A MDY E ORA 00> STATE 9 <> END? 8 OR END? OFF
RHILE M A MOV C CNP SDONE JNI H INX D OCY
REPEAT  $DONE JXP END-CODE
CODE SCAN (5 addr len char -- addr’ len’ )
IP:HL B POP D POP XTHL
{ C=char GE=length HL=addr )
BEGIN D A MOV £ ORA 0O
WHILE M A MOV C CMP SDONE JI W INX [ DCX

REPEAT  $DONE JWF END-CODE

Listing 2. Ker

nel of ROM target systems {(cont'd)
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0 % Interactive Layer Dictionary
13 NOLINK 2-
2 ¢ LINAME 24
I+ BODY: -
4 . NAME> I TRAVERSE 1+
S0 LINKG LINAME  NAME>
6 : »BODY %
7 1 YNAME 1- -1 TRAVERSE
8¢ JLINK JNAME  NOLINE
9
10
11
12
13
14
15
87
0 \ Interactive Laver Dictionary
1 CODE HASH (S str-addr vac-ptr -- thread )
2 DPOPHPOP HINUMAMDY 3 ANI

AL MOV O H MVIH DAD D DAD HPUSH Jmp
COGE (FIND)
HPOPH & MOV L ORAE NO X
BEGIN D POP D PUSH H PUSH H INX H INX
D LDAY W IRA &3 AN 0= IF

END-CODE
(S here nfa -- here false ! cfa flag |

BEGIN D INX H INX D LDAX M XRA A ADD 0= IF 2SWAF LS UNTIL :

H IKL D POF XTHL XCHB
HOINGH INK M4 MOV 44 AN YES JI

THER THEN
HPOR MWEMOV HING B D MOV
ICHE  H A MOV L ORA

0= UNTIL NO JNF END-CGRE

48
\ Interactive Laver
4 CONSTANT STHREADS
: FIND (5 addr -- cfa flag | addr false )
DUP C? IF  PRIOR OFF FALSE  #VOCS ©
D0 DROF CONTEXT I 28 + @ DUP
IF DUPF PRIOR @ OVER PRIOR !
IF  DROP FALSE
ELSE  OVER SWAP HASH ¢ (FIND
THEN THEN  LOOP
ELSE DROF END? ON ['1 NOGP 1
\ i PUPPERCASE (S adr -- adr j
11y CAPS 9 IF DUP COUNT UPPER  THEN
: DEFINED (5 -- here § ! cfa [ -1 ;11
BL WORD { PUPPERCASE | FIND

Dictionary

DUF 7LEAVE

THEN

Listing 2. Kernel of RO

1 H LXI HPUSH INF

69
0JaugBacht | Interactive Laver Interpreter 27%epBla3s
: STACK (8 -- ) { Systes dependant )
SPe SPU @ SWAP U<  ABORT" Stack Underflow'
SP@ PAD U< ABORT® Stack Overflow"
DEFER STATUS (5 -- )
: INTERPRET (5§ -- )
BEGIN  7STACK DEFINED
IF EXECUTE
ELSE  NUMBER DOUBLE? NOT IF DROF THEN
THEN  FALSE DONE?
LRTIL
70
27RUGBIHHL \ Extensible Laver Compiler 02augfecht
$ALLOT (S --) P+
HER {Sn--) HERE ' 2 ALLOT
: L, (S char -~} HERE C' 1 ALLDT ;
: ALIGN ( HERE 1| AND IF BL £, THEN ) ; IMMEDIATE
s EVEN  CDUF { AND + ) :  IMMEDIATE
; CONPILE (S --) R DUP 2+ 3R &,
: IMMEDIATE (S -- ) &4 ( Precedence bit J LAST & CSET
LITERAL (S n -- 3 COMPILE (LITH , 3 IMMEDIATE
¢ DLITERAL (S d§ -- )
SKAF [COMPILE] LITERAL [COMPILE] LITERAL : IMMEDIATE
: ASCII (5--n) RLWORD 1+ Cs
STATE 9 IF  ([COWPILE] LITERAL  THEN : IMMEDIATE
; CONTROL (S -~ n ) BL WORD 1+ C& 31 AND
STATE ¢ IF  [COMPILE] LITERAL THEN : IMMEDIATE
I
23JunB5cht \ Extensible Laver Coapiler 225JunBier
¢ CRASH (S -- )
TRUE ARORT® Uninitialized execution vector.®
¢ PMISSINE (5 § -- )
IF "WORD COUNT TYPE  TRUE ABORT* 7" THEN

: 7 (S --cfa i DEFINED 0= 7MISSING

{71 (5 --) " [COMPILE] LITERAL 3 IMMEDIATE
: [COMPILEY (8 - ) * , : IMMEDIATE
1 (") (5 -- addr len J  R> COUNT 2DUP + EVEN R
: 0P (5 --) R COURT 20UF + EVEN R
t {8 - )

ASCIT * PARSE TUCK "WORD PLACE 1+ ALLOT ALIGN
.t {8 - COMFILE (%) ,* 1 IMMEDIATE
i {5 --1 CONPILE () G INMEDIATE

M target systems (cont'd)
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72 i
\ Interactive Laver Bictionary 03aunBécht \ Extensible Laver Structures 010ct8isar
\ VARIARLE FENCE : BEGIN  7{MARK ¢ IMMEDIATE
: TRIM (S faddr voc-addr -- ) : THEN  7)RESOLVE ; IMMEDIATE
#THREADS O D0  2DUP & BEGIN  2DUP U> NOT WHILE @ REPEAT  : DO COMPILE (DD)  ?JMARK ; IMMEDIATE ’
NIP OVER ' 2+ LDOP  ZDROP : 700 COMPILE ¢7D0; 7 MARK : IMMEDIATE
: {FORGET) (S addr -- ) : LOOP
DUP FENCE @ U< ARORT" Below fence® COMPILE (LDOP) 2DUP 2+ ?(RESOLVE 73RESOLVE ; IMMEDIATE §§
DUP VOC-LINK & BEGIN  2DUP U< WHILE 9 REPEAT ; +L00P o
DUP VOC-LINK ' NIF COMPILE (+LDOP) 20UP 2+ ?<RESOLVE 75RESOLVE ; IMMEDIATE
BEGIN  DUP WHILE  2DUF #THREADS 28 - TRIN ¢  REPEAT : UNTIL COMPILE 7BRANCH  7¢RESOLVE : IMMEDIATE
DROF DP ! : AGAIN  COMFILE BRANCH  7<RESOLVE : IMMEDIATE
: FORGET (8 --) ; REPEAT 2SWAP [COMPILE] AGAIN  (COMPILE] THEN 5 IMMEDIATE
EL WORD DUP CURRENT 4 HASH @ (FIND} 0= ?MISSING 1 IF COMPILE 7BRANCH 7)MARK : [MMEDIATE
sLINE (FORBET) : ELSE  COMFILE BRANCH 7)MARK 2GWAP ?3RESOLVE ¢ IMMEDIATE
: WHILE  [COMPILED IF : IMMEDIATE
73 76
\ Extensible Laver Coapiler 250unBScht \ Extensible Laver Defining Words 2augBocht
DEFER WHERE Vs (JVIEW (S--) BLK@ . :
DEFER 7ERROR 1 *CREATE {5 str -- ) COUNT HERE EVEN 2+ PLACE
: (ERROR) (5 adr len f -- ) ALIGN  VIEN ) HERE ¢ . ( reserve link !
IF 3R 3R SPG & SF:  PRINTING OFF HERE LAST ! ( remesber nfa } HERE {( lfa nfa ) WARNING &
BLE § IF >IN & BLE @ WHERE THEN IF FIND
R K- SPACE TYFE SPACE  QUIT IF HERE COUNT TYPE .° isn’t unigue * THEN DROP HERE
ELSE 2DROF THEW THEN ( 1fa nfa ) CURRENT 9 HASH DUF & { 1fa tha prev )
: (ABORT") (S ¢ -~} HERE 2- ROT ! ( lfa prev ) SWAP ' { Resolve link field:
Re COUNT ROT PERROR R CDUNT + EVEK »R HERE DUP Ce WIDTH 3  MIN !+ ALLOT ALIGK
: ABORT® {5 --) 128 SWAP CSET 128 HERE 1~ [SET  { delismiter Fits
COMPILE (ABORT®) ." : IMMEDIATE COMPILE [ [FORTH] ASSEMELER DOCREATE . META 3
: ABORT (5 -- ) : CREATE (5§ -~}
TRUE ABORT® * . BL WORD { 7UPPERCASE ; “*CREATE
74 77
\ Extensible Layer Structures 03AprB4map | Extensible Laver Defining Words 02augBoct o
: 7CONDITION (S f =~ ) ; ISP (S -~ SPRLSP ! |
NOT ABORT" Conditionals Wromg® : 70SF (5 -- )  SP4 CSP @ <> ABORT" Stack Changed® -
: JHARK {§ -- addr ) HERE G , : HIDE {5 -~ )
s JRESOLVE (5 addr -- ) HERE SWAP ' LAST @ DUP N LINK ¢  GSWAP CURRENT @ HASK ' !
: (MARK (§ -- addr ) HERE : : REVEAL (5 -~ )
s CRESGLVE (5 addr -- ) . LAST @ DUP NLINK SWAF CURRENT @ HASH '
: (3USES) (S --) R: 4 LAST ¢ NAMEY> '
1 7IMARK {S -~ f addr ; TRUE >MARK \ VOCABULARY ASSEMBLER !
s PJRESOLVE (S f addr -- ;  SWAP 7CONDITION RESOLVE s jUSES (§ -- ) 7?C5p COMPILE ({:USES)
: P{MARK {§ —- { addr )} TRUE (MARK [COMPILE] [  REVEAL  ASSEMBLER ; IMMEDIATE
s YCRESOLVE {5 { addr -- )  SWAF 7CONDITION <RESOLVE : + (;CODE) {§ -~ )R>  LAST 4 NANME: '
: ;CODE {§ -~ 3 ?C5p  COMPILE ¢;CODE)
¢ LEAVE  COMPILE (LEAVE) & IMMEDIATE [COMPILE] [ REVEAL  ASSEMBLER ; INMEDIATE
» PLEAVE COMPILE (7LEAVE) ; IMMEDIATE : DDES: (S -- 7  COMPILE (;CODE; 205 ¢ CALL 7 C,
{ [ASSEMBLERJ DODOES META 1 LITERAL . : IMMELIATE

Listing 2.

Kernel of ROM target systems (cont'd)
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0 5 Extensible Laver Befining Hords
LoD (8-~ EYATE OFF  : IMMEDIATE
2:1 45—
S BTATE 0N BEGIN  78TADK  DEFINED Dup
& IF Gy IF EXECUTE ELSE . THEM
5 ELSE DROP  HUMBER DOURLE?
& IF [COMPILE] DLITERAL
7 ELSE DROF  [COWPILE] LITERAL  THEK
B THEN TRUE DOKE? UNTIL
e B -
1¢ ‘C5P  CURRENWT @ COWTEXT ! CREATE HIDE 3
i1 GUBES  NEST .
125 {5 -
18 PLSF  [OMPILE UMKEST  REVEAL  [COWPILED [
14 ¢ IEMEDIATE
i3
79
0 % Extensible Laver Defining Words
{3 RECURSIVE (S -- ) REVEAL :  IMEEDIATE
2 : CONSTANT {8 n -~ |
3 L[REATE ,  ;UBES DOCONSTANT |
4 : VARIARLE (5 --)
5 [REATE ¢,  ;USES DOCREATE |
&z DEFER (B --
7 CREATE '] CRASBH , :USES  DODEFER
8 % DODEFER RESOLVES (DEFERC
9 ¢ VOCABULARY (5 -- )
10 LREATE  #THRERDS ¢ B0 0, LOODP
i1 HERE VOC-LIWK @ . VOC-LINK !
‘ §2  DOES>  CONTEIT ! BROP
E 13z DEFINITIONS (B -- )
. 14 CONTEXT & CURRENT '
8¢
O\ Extensible Laver Defining Words
§ ¢ ZCONGTANT
2 CREARTE {5 d¢ -- )
3 DOES: 28 ¢ {5 --g8 ) DRODP
§ : JVARIABLE
S 00 20ONSTART (B -- )
&  DOES: ¢ 45 -- addr } DROP
7
8 \ VARIABLE AVOC
9 COBE (8-~ CREATE HIDE  HERE DUF 2- !
16 CONTEXT @ AVOC ' ABSEMBLER
11 ASSEMBLER DEFIKITIONS
12 ¢ END-CODE  AVOC @ CONTEXT ' REVEAL
{3 FORTH DEFINITIONS  HETA IK-HETA
14
{5

Paged 14 K40, BLK

Listing 2.

27%pH3sap 15 Extensible Laver

0ZaugBbcht \ Extensible Laver

14JunBScht \ Initialization

g1
Detining Bords Gbaugdach:
Y VARIABLE BUSER
\ VOCABULARY USER  USER DEFINITIONS
USER DEFINITIONS
y ALLOT (8 -
§USER +'
* CREATE | avoid recursion: leave address for , in CREATE )
[REATE (5 -~}
[.1 §USER & ,  :USES [{DUSER-VARIABLE ,
VARIABLE {5 -~}
(REATE 7 ALLODT
: DEFER {8 -~
VARIABLE  :USES  DOUSER-DEFER
FORTH DEFIKITIONS  HETA IN-HETA

an

ww

82
ReDefining HWords 23JunBac
¢ 21§ {8 gfa -~ data-address |
BUF @
BUP [ [ASSEMBLER] DOUSER-VARIARLE META 1 LITERAL = SWAF
DUF [ [ASSEMELER]I DCU SE ~[EFER META 1 LITERAL = GRAF
BROF QR IF BODY 3 UP 8+ ELSE JRODY  THEN
{181 {5 gfa -~}
ke 8 IS¢ Ry Z¢ R
: 15 {5 c¢fa - )
STATE & IF COWPILE (IS) ELSE

e
it
(233

THEK ¢ IRMEDIATE

83
High Level ZIFERESDAT
¢ [ {§--1 STATE OFF :  IHEEDIATE
: RUK (8 -~
IKTERPRET ¢
: BUIT (8 -- ;
SpG § TIR ! BLY OFF [COMFILED [
BEGIN RPO 3 RP! STATUS BGUERY [IMTERPRET
STATE @ HOT IF .® ok® THEN ABAIN
BEFER ROOT
: BARK  (§ -- )
TRUE ARORT® Wars Start®
s COLD (8 -- ) 10 DO LOOF
INIT-RAM 14284 256 CHOVE  IKIT CR .° OCU V.4.0°
{R .®° 5-10~1987°
CR BOOT QUIT s

Kernel of ROM target systems {(cont'd)




Paged 15 K40, BLE

B4
inttialization

1 CONSTANT THITIAL
s OK 8-~ IKITIAL LOAD
: BYE

"

{ ==
CR  HERE 0 Z5& UK/KOD KIP 1+
0 0 BBOE

BECIMAL U, .* Pages®

-

o
Lh»w@ha*ﬂmﬂmwmwhfnmwwvm

Bt s G B

Bs
¢y Initialization
HEY [FORTH] ASSEMBLER
HERE ORIGIK 4 ¢ -7

Low Level

{ WARK EKTRY POINT i

i

2

37 WARM H LXT GNEXTL JwP
4 HERE ORIGIN 2 « !-T { COLD ENTRY POINT ¢
S A000 H LXD  UP SHLD

& IHIT-RO H LYD AP SHLD

7 IKIT-RO 100 - B LI SPHL
B COLD B LXDT JMEXTI Jmp
§ DECINMAL
£
11
2

i3
4

i3

8
O\ Systes variable boot up table
1 CREATE INIT-RAR
2HEY 0 ,0.,0,
A0, 0,0,0, 08,

INIT-RO 100 -, INIT-RO ,
6,0,.0,0,

A7 (EMITH 7 OKEYD L KEYD) L0, 0, 0,0,0,0,0,
S0, 0,0,0,0, (FORTH vOD)

& IN 1? Ru 8000, 00,0, 0, € ¢ 0

70 (LAST) G, 4030 ( FORTH) , 4030 ¢ FORTH ,

B 4052 (USER) . 4030 , 0, 0, 0,0,0,0, {context)
9 INI¥~RG YO - 1F 4094 (VOC-LINKI , G, 0, 0,0,
000, 1238 (C0), 4100 ( FENCE) , 0, 1E , O, { FOUND
e .06, 0,0, 4638 . L EDITOR)

126 00,0, 0, 4085 , ( AGSEMRLER

36 0,0, 06, 40% , ( USERS

14 L300, BO . { RETA) L30G, €O, ¢ RETRI C900 . 0. { RSTD
150300, 46, CINTY C900 , 0, [ WMD) DECINAL

Listing 2.
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High Lavel 23dun85ch

25decBacht

2RJANBTCHT

87
{ \ Resident Tools $7JunBic
: DEFTH {§ -~ n ! 5P& SPL G SEAP - 2/ ¢
;.5 {§ ==}
DEPTH 20uP
IF G BD DEPTH I - - PICK 7 U.R SPACE KEY? 7LERVE
ELSE  .®° Espty *  THER

LB 5§ nfg -~ }
DUP 1+ DUP C& ROT Cé 31 8MD ¢
700 BUP 127 BKD EEIT 128 AND
IF BBCIT _ 128 OR  ELSE i+ DUP C& THEM
LOOP ZDROP SPACE
: Dump {5 addr len -~}
G 00 LR ( DUP & R SPACE
{6 +LOOF  DROF ¢
: SUK (& addr len -- i
O SHAF 0 D0 QVER T + L3 +

16 GO0 DUP L3 B 1+

Logp  KIP

88
For Cospletensss
{5 -}
NAHE :

: RECUKSE
LAST &

1 BTRRT
8PG @ &

HEY

LABEL Dovac
D OINY  X[HE
1CHE CONTEXT

DECIEAL

[WHEDIATE

RUN  BUIT

KEHDY HIKD B D HDV

SHLD  WEDT

89
i\ Resclve Forward References
{.®} RESDLVES <(,% } RESOLVES ((%)
* (;CBDEF RESOLVES <{sCODE1>
{sUSES) RESOLVES {{;USES:»
* {ABORT") RESOLVES ((ABORT®:
{ASSEMBLER] DODEFER META RESOLVES (DEFER:
[ASSEMBLER] DOCREATE META RESOLVES <CREATE:
[ASSEMELER] DOCONSTANT META RESOLVES <VARIABLE:
[ASSEMBLER] DOUSER-DEFER META RESOLYES (USER-DEFER:
[ASSEMBLER] DOUSER-VARIABLE META RESOLVES (USER-VARIABLE:
[ASSEMBLER] DOVOC HETH RESOLVES (VOCARULARY:

*{15) RESDLVES {15k

Kernel of ROM target systems (cont'd)
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Fage# 14 K40,BLK
g0 O
0 \ Resolve Forward References (3augBicht \ Kernel of ROM target svstea
I " R> RESOLVES R» " DUP RESOLVES Dup
27 & RESOLVES ¢ . ' OR RESDLVES R This file contains the Kernal source code for 3 ROM based
37 -ROT RESOLVES -ROT * SWAP RESOLVES SwAP FB3 target systes. Most screens are identical to the
4 7 - RESOLVES - " = RESOLVES = original F83/B0B0 screens. Dnlv those which were sodified
5 * IDROP RESOLVES 2DROP are cossented in the corresponding shadow screens,
& + RESOLVES + " OVER RESOLVES OVER
7 * DEFINITIONS RESOLVES DEFINITIONS Consult Mike Perrv and Henry Laxen’s F8I source code or
8 7 [ RESOLVES [ ' 24 RESOLVES .2+ "Inside FB3°,
9 7 1+ RESOLVES 1+ " 2% RESOLVES 2t
10 * 2BUP RESOLVES 2DUP * 7MISSING RESOLVES 7MISSING
11 * QUIT RESOLVES @ulT " RUN RESOLVES RUN

12 7 INIT-RAM RESOLVES INIT-RAN
137 {INIT) RESOLVES INIT

14
15
1 ¢

G\ Initialize DEFER words 29APRBTCHT \ Kernel of ROM target svstes

1 * (LOAD) IS LOAD

2 T CRLF IS CR This file containe the Kernal source code for a RON based
3 ' NBOP IS WHERE * Ok IS STATUS FBZ target svstes. Most screens are identical to the

4 * (SQURCEY 1S GOURCE original FEI/BOBG screenz. Only those which were sodified
3 * KORMAL IS ROOT are commented in the corresponding shadow screens.

6 7 {NUMBER: IS NUMBER

7 * (CHAR) IS CHAR * (DEL-IN} IS DEL-IN Consult Mike Perry and Henry Laxen's FBZ source code or

8 7 (7ERROR; IS ?PERROR "Inside FBI'.

g

10
11

2
13
14
15
92 ¢

0 \ Initialize vocabulary 103an87cht \ Kernel of ROM target systes

1 HEY

27 FORTH 4 + THERE  * INIT-RAM 2+ 30 + THERE R CMOVE This file contains the Kernal source code for a ROM based
3 7 EDITOR 4 + THERE  ° INIT-RAM 2+ 7E + THERE 8 CMOVE FBI target system. Most screens are identical to the

4 * ASSEMBLER 4 + THERE ' INIT-RAM 2+ BR + THERE & CMOVE original FB3/BOBO screens, Only those which were sodifiec
5 ' USER 4 + THERE  * INIT-RAM 2+ 92 + THERE B CMOVE are cosaented in the corresponding shadow screens.

6 LAST-T @ INIT-RAN 2+ 4A + THERE !

7 7 CC-FORTH 2+ * INIT-RAM 2+ 74 + THERE ! Consult Mike Perry and Henrv Laxen’s FE3 source code or

8 DECIMAL *Inside FBY.

§

10
11
13
14
{5

Listing 2. Kernel of ROM target systems (cont'd)
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Paget |

]
G Utility

2 This file includes sanv jeportant wtilities nesded for doing
Including these functions in a

2 seripus Forth Brograsseing,
3 ROM-based Forth kernel would allow the svstes to be 2
4 complete and useful software developsent systes.

£y

& dr, C. H. Ting

7 Béfete Enterprises, Inc,
8 1306 5. B Strest

§ Sap Hateo, (A 944072

0
i1

12
i3

14
i3

i
G v Utiltiv Loading
16 19 THRU ¢ HMISCELLANECUS
B 12 THRU ( EDITOR
o

LOAL 4 LOAD 3 LOAD 5 LOAD | AGSENELER )

2
\ BOBU Assesbler Defining Words & Registers
: LABEL  CREATE  ASGEMBLER
205 CONSTART DpOES-OP
ASSEMBLER DEFIKITIONS

kS
GbaunBbcht \ 8080 Assesbler Defining #ords & Repisters
YRELT §- COKSTANT HPUSH SHEXT Z- CONSTANT
7 CORSTANT & DPUSH COMSTANT #PUSH
O CONSTAKT B 1 CONSTANT C 2 COKSTANT D 2 CoNsTaesy
G CONSTART I { CONSTANT I’ Z CONSTANT § 2 CONSTANT
O CORSTANT 1P @ COWSTANT IP° 4 CONSTAWT H 5 CONSTANT
& CONSTANT ® & COWSTANT PS¥ & COWSTART SP & CONSTANT
: IK] CREATE C. DOES> C8 L, ;  RESDLVES (IMI:
¢+ 2K CREATE C, DOES» (@ + L, RESOLVES (281

W

ey T

: JM1 CREATE C, DOES> Co SWAF 8% + [, & RESOLVES <3ED>
¢ &K1 CREATE C, DOESY L8 L, C, ;  RESOLVES (4m]
: OMI CREATE C, DOES Ca L, ., : RESOLVES (SHI:

4 ,

10febB7cht | BOBO fisseabler snesonics OYMAREIHHL

HEX
(0 IBD KOF 76 [H] HLT F3 IMI DI FR i#] £] 47 1#] RLC
OF I®1 RRC 17 IRI RAL IF 1M RAR EG IM] PCHL ER IMI YCHG
C9 (KD RET L0 IRI RWI LB IMI RI DO IMI RML DB 1M RO
2F KD CH& 37 IMIOSTC 3F IMD CHD F9 IRMI SPHL EX IM] ITHL
EO 1BI RFD  EB 1K RPE FB INI RH 27 IM] D&
B0 ZK] ADD BB KD ADC 90 2MI SUR 98 M SRR AU ZM] 4Na
AB ZMI XIRA  BG ZE] ORA BB ZMI CHP 02 3MI STAY 04 3K INE
03 M IND 09 IM] DAD OF 3MI DCY CI 3MI POP [ IMI PUSH
(7 3BI RST 05 3MI DCR 0B 3WI LDAY DX 4M1 OUT DR 4K] IM
Cé 48] ADD  CE 4MI ACI D& 4BI SUI DE 4MI SRl Eb 4K] 4N]
EE 4M] IRI  Fe& 4RI ORI FE 4HI CP] 22 SH] SHLD CD SHI CALL
2h SWI LHLD 32 SM] STA T4 SKI LDA C3 sEp JEp
C2 SH] NI LA SMD I DZ SKI JMC DA SHI JC ED sED JPO
E4 BHI JPE FZ SB1 JP Fa SHI M

5

Y BOBO fssesbler Branches

D2 CONSTANT CO= DA CONSTAKT LO<O> D2 CONSTANT
£2 CONSTANT 0= LA CONSTANT 0¢>  E2 CONSTAW E
FZ CONSTART OC  FA COMSTANMT Q3= 3 HOT 8§

s NEXT  ONEXT JBF

s KOV

(60ctBlaap

R L I TPV Sk R

L O e

g, Gt o e

Listing 3. Utility

¢ BVI
: IF L,

: THER

: ELSE C3C,

: URTIL L,
: ABAIK
: BHILE
1 REPEAT
FORTH DEFIKITIO

BE 40+ +(,

BE s+, L,
7IMARK

7 YRESOLVE
7 MARK

T{MARK

Z¢RESOLVE
C3 (JHP ) L,
O, 75RaRE
258AF L3 L,
oW DEC

: LIl

&
€

25W4P

5
2

7HRESOLVE

H
F{RESOLVE

TCRESOLVE
IKAL

?IRESOLVE
¢ spurce destination BOV 3

Bt i+ L,

3
¥




l Paget 2 U490, BLK
8 11
' ¢ % String operators 02augBacht \ buffers 160ct8isat
1 EDITOR DEFINITIONS : KEEP {8 --)  CLINE C/L 'INSERT PLACE :
2 : INSERT (S string length buffer size -- ) : K (§--) CFIND PAD C/PAD CMOVE
§ I ROT OVER MIN >R R3 - ( left over ) "INSERT "FIND C/PAD CMOVE  PAD "INSERT C/PAD CMOVE
l 4  DOVER DUP Ré + ROT CMOVE> R CNOVE ; 1 7CBA (S -- ’cursor Bafter i 'CURSOR #AFTER
g 31 REPLACE (S string length buffer size -- 1 ROT MIN CNOVE t 3 () {§ -~ len "insert len ‘cursor #after )
. & : DELETE (S buffer size count -- ) 'INSERT 7TEXT TUCK ’C34
gl 7 OVER MIN 3R R9 - ( left over ) DUP 03 : {TILL) (S -~ n ) CFIND ?TEXT *C#h SEARCH 7MISS ;
i; 8 IF 2DUP SWAF DUP Ra + -ROT SKAP CMOVE THEN + R BLANK ; $’F+ (Sl --n2) CFINDLd +

9 \ VARIARLE FOUND
10 : SEARCH  ( sadr slen badr blen -- n f )
FOUND OFF OVER >R ROT TUCK 2DUF U<
IF ZDROF ELSE - 1+ ¢
7DD IDUP COMPARE 0= If FOUND ON LEAVE THEN
SWAP 1+ GWAF  LOOF
THEN DROP NIF R: - FOUND §

g 12
\ Move the Editor’s cursor around 21FERBSCHT \ line editing (JaugBecht
s 0P (§ -- ) RE OFF : 1 (5--1) (1) INSERT (€ ;
i € (Sn--) REQ+ B/BUF MOD RE ' ; : P (8 --)  CINSERT ?TEXT DROP "LINE C/L CNOVE
: CURSOR (5--nJ) REe: s U (S --) /L C 'LINE C/L GVER 4END INSERT F :
: LIRES {§--n) CURSOR C/L / X (8--)  KEEP CLINE #END C/L DELETE
s COLs {8 --n CURSOR C/L mWOD 6 {5 screen line -- |
: "START (§ -- adr 1 SCR ¢ BLOCK ; Ré ¢ >R SCR & R T SCR ' KEEP
: 'CURSOR (& -- adr } 'START CURSOR + R>SCR ! R*RE ' C/LNEGATE L U CiL L
: TLINE (5§ -- &dr | "CURSOR COL® - FORTH DEFINITIONS
: AFTER (§--n1 C/LCOLE- ; ¢ L SCk @ LIST ;
: BREMAINING (S -- n ) B/BUF CURSOR - ; ;N ISCR+ L
: #END {5--n1J  SREMAININE COL# + : B -1 SCR+' L
e T (Sn--) 0P C/L Y C EDITOR DEFINITIONS
CR 2 SPACES  "CURSOR C/L TYPE :
14 5 47 (5n--1 LINER + T
15
19 13
0 \ buffers 03augBbcht \ find and replace (laucBber:
3 ASCIT ~ CONSTANT EOS : FIND? (S - n f ) 'FIND 7TEXT 'CURSOR #REMAINING SEARCH :
23 7TEXT (S adr -- adr+¢l n ) DR EDS WORD (4 : F {8 --)  FIND? 7MISS °F+ (
3 IF R& C/L 1+ BLANK HERE COUNT R@ PLACE THEN R> COUNT ; : S (Sn-)  FIND?
4 B4 CONSTANT C/PAD IF "F+  EXIT THEN DROP FALSE OVER SCR 3
5 ¢ TINSERT (5 -- insert-buffer ) PAD C/PAD + ¢ DO N TOP 'FIND COUNT "CURSOR #RENAINING SEARCH
b s 'FIND (5§ -- find-buffer ) "INSERT C/PAD + ; IF "F+ C DROP TRUE LEAVE ELSE DROF THEN
T3 MISS Snf--n1) KEY? ABORT® Break'®
8 0= IF DROP *FIND COUNT TYPE LOOP 7MISS
§ ." not found " GUIT THEN ; $ & (S--) CFIND C@ DUF NEGATE C ’C#A ROT DELETE :
16 i D 8--) FE;
11 tROS--3 E1;
2 s TIL {6 --) C# (TILL) 'F+ DELETE :
13 FORTH DEFINITIONS
14
15

Listing 3. Utility (cont'd)

-29-




Paged 3 U40.BLK
16 19
¢ ( Comsenting and Loading Words 160ctBlmap 1 Vocabulary managesent Gbaugborit
1] HEX
2 &4 CONSTANT C/L : ALSC  CONTEXT DUP 2+ B CROVE:
J:y (--) YIN & NEGATE C/L MO0 >IN+ IMMEDIATE : ONLY CONTEXT 2+ B ERASE
4: THRU (S nln2--) 4030 CONTEXT ' ALSD
S+ SWAF 2D0 1 DUP . LOAD LDOP DECIMAL
&
7
8
9
1¢
11
12
13
1"
15
17 0
G \ Managing Source Screens 24JARBTCHT Btilsty ObaugBichr
f 2 LIST (Sn--) This file includes sanv isportant utilities needed for doing
2 CR DUPSCR' " Scrd*DUP. 160 serigus Forth prograssing. Including these functions 1n a
3 BB CR I 1.RSPACE ROM-based Forth kernel would allow the svstes tc be a
i DUP BLOCK T L/L 8 + C/L -TRAILING TYPE  KEY? °LEAVE cosplete and useful software developaent systes.
5 LOOF DRCP CR EDITOR :
& : TRIAD (S n -~} Br. C. H. Ting
7 12 EMIT ( fore feed 5 3/ 3¢ 3 BOUNDS DO T LIST LOOF 0ffete Enterprises, Inc.
B s INDEX (Sl nl -- 1 1306 S, B Street
g 1+ GWAP San Mates, CA 94402
10 D0 CR 13 .RGPACE I BLOCK /L -TRAILING TYPE
11 KEY? °LEAVE LDOP CR
12
13
14
5
18 0
O \ Display the WORDS in the Context Vocabulary 2augBécht Utility GbauglBe:™
1 : 701N {Sn-) This file includes sany isportant utilities needed for doing k
2 $UT @+ 70 IF CR THEN serious Forth prograssing., Including these functions in a
3 : LARGEST (S addr n -- addr’ val } ROM-based Forth kernel would allow the svstes to be a
4  QVER O SWAP ROT ¢ complete and useful software development systen.
S5 D0 20UP § U< IF  -ROT 2DROP DUP ¢ OVER  THEN 2+
6  LOOP DROP br. . H. Ting
7 : WORDS (5 --) Dftete Enterprises. Inc.
B[R CONTEYT & HERE #THREADS 2% CMVE 1306 S. K Street
9 BEGIN HERE 4THREADS LARBEST DUP San Mateo. CA G4402
10 WHILE  DUP LONAME DUP T4 31 AND 7LINE
11 JID SPACE SFACE o SWAP ' KENT IF EXIT THEN
12 REPERT  ZLROF
iz
14
15
Listing 3. Utility (cont'd)
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II. FORTH FOR THE HARRIS 80 COMPUTER

1. INTRODUCTION

Harris Corp. produced a series of minicomputers based upon 24 bit
data and instruction format. With an extensive set of instructions
for arithmetic operations, these computers are suited for scientific
applications to process large amount of numeric data in real time.
With the larger instruction words, memory references can be included
in the instructions and the memory accessing overhead can be
significantly reduced. The 24-bit data format also allows very
efficient representation of floating point numbers. Most Harris
computers has the scientific arithmetics process option which can
perform extensive mathematical operations on single precision
(24-bits) and double precision ( 48-bits ) floating point numbers .
Harris Model 80 Computer is the smallest member in this family.
However, it executes the same instruction set as the other bigger
members. The operating system provided by Harris is their VOS
Operating System, supporting all the conventional programming
languages, including FORTRAN, PASCAL, BASIC, and the native
assembler. Although most of the languages run fairly fast, and
compiling/linking/loading processes can be done using macro commands.
It is still advantageous to build a FORTH environment in which program
development can be carried out interactively.

This implementation of FORTH on the Harris 80 Computer is basically
a transcription of the fig-FORTH for NOVA Computer by myself(1),
released by the FORTH Interest Group in March, 1981. The NOVA
implementation was chosen as the model for Harris due to the
similarity in the architectures of these two CPU's, with roughly the
same types of registers and similar addressing schemes. The design
goal was set to follow the fig-FORTH model as closely as possible so
that programs developed using fig-FORTH can be transported into the
Harris computer with the minimal modifications. However, the Harris
computer, being a 24 bit machine, is not quite compatible with the
fig-FORTH model(2), which assumes a byte addressible machine. Most
of the deviations from the fig-FORTH model are in the area of byte
addressing instructions.

2. THE IMPLEMENTATION

The source program consists of about 1600 lines of assembly code.
The dictionary after assembly occupies 3 Kwords of memory. The
source file, named FORTH, can be assembled and executed by the

following commands:

-%1-




o)
[»)
)
3

VA
VX
If disk blocks are to be used in the FORTH system, a data file must
be first assigned to logic file 64. This data file, if not present,
can be generated by the following commands:

GE DAT U G=10 M=200

AS 64=DAT

The DAT file is thus generated in unblocked form, with a capacity of
60 1024 byte blocks, which should be enough for most programming
tasks. 1If the FORTH program was already assembled and vulcanized
into the XE file, the command:

XE
will start the FORTH program with DAT file opened.

The FORTH registers are mapped to the Harris registers in the
following order:

FORTH Harris Function
RP Return stack pointer

Current word pointer
- Instruction pointer
Up - User area pointer
- ALE Accumulators

I
SP J Data stack pointer
K

The memory map referring to the origin of the FORTH program is:

Label Memory Function

ORIGIN 0

NEXT 55 Code interpreter

LIT 63 Start of dictionary. Nucleus.
COLON 1021 Defining instructions

DOCOL 1036 Address interpreter

ONEP 1377 Level 1 instructions

COLD 2214 Cold start. Level 2 instructions
10 4023 Low level I/0 instructions

TICK 4170 Level 3 instructions

TASK 5062 End of dictionary

XDP 5067 Free dictionary space

XS0 14727 Top of data stack

XR# 15073 Top of return stack

XUp 15074 User area

ip 15240 Interpreter pointer
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Up 15240 User area pointer

SAFE 15242 Register storage
DSKBUF 15250 First disk buffer

XUSE 17252 Second disk ©buffer
IOPAR 21254 I/0 Parameter 1list
XTIB 21257 Terminal input buffer
TOB 21402 Terminal output buffer
END 21522 End of memory

3. IMPLEMENTATIONON PECULIARITIES

NEXT -- THE CODE INTERPRETER

NEXT moves the contents of IP into W register, increments IP, and

then jumps indirectly through W register. 1IP points to the code field
of the instruction to be executed. Since Harris does not allow a
negative offset in the indirect jump BUC* , the W register will be
pointing to the code field after NEXT. User has to increment it so
that W can be used to address the parameter field.

For the convenience of debugging the program, all the code ending
routines: PUSH, PUT, BINAR, POP2, and POP, terminate at NEXT. The
only exception is EXECUTE, which Jjumps to the routine being executed

directly.
THE NAME FIELD

The name fields of all instructions are created by a macro, HEAD.
Its length is fixed at 2 words or 6 bytes. The format of name

field is:
/ PS counts / char 1 / <char 2 /

/ char 3 / char 4 / char 5 /

Up to five characters in the name are saved in the name field with
the character count in the leftmost byte of the first word. If the
name is less than five characters, the rest of the name field is
blank filled. The most significant bit in the count byte is the
precedence bit P, and the next bit is the smudge bit S.

5-character names are sufficient for most applications. The Harris
computer can not handle bytes very efficiently. Putting names in two
words does have the advantage that they can be manipulated as double
integers and it does simplify the dictionary searching routine

considerably.
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BODY is the macro which generates the body of high level colon
instructions. For some reason, the Harris Assembler would not accept
label at the beginning of BODY. It is therefore necessary to put in
éagezs whenever a branch address is needed, using the data statement
AC .

(FIND)

(FIND) searches through the dictionary for a matching name in the
word buffer. It treats the name as a double precision integer and
uses the double word subtract SMO to do the comparison. Before
comparison, the precedence bit is masked out. The searching cycle is
very tight and the searching process is rather fast because of the
double integer comparison technique.

TERMINAL INPUT-QUTPUT

This FORTH system is designed to operate under the VOS operating
system. All the I/0 activities must go through the regular I/0
channel calls in the V0OS I/0 service package. Therefore, the
terminal I/0 has to conform to the VOS 1/0 protocol. VO3S terminal
I/0 assumes that the data transfers are processed by lines, not
characters. Thus the primitive terminal 1/0 instruction in FORTH
must be shifted to TYPE and EXPECT, from KEY and EMIT as prescribed
in the FIG-FORTH model. Two buffers are dedicated to terminal 1/0:
TOB for terminal output and XTIB for terminal input. Both buffer
are placed at the end of the memory map so that they will not have
any adverse effect on the other data storage buffers in case they
overflow,

EMIT puts one character into the TOB buffer and increments the output
character count OUT. TYPE puts a character string into the TOB
buffer and increments OUT by the character count. The actual output
occurs when CR is executed. CR calls the code routine I/0 to send
the contents of TOB out to the logic device 3, dedicated to the user
terminal.

EXPECT accepts a whole line of characters from the top of the Harris
terminal display and stores them in the terminal input buffer XTIB.
The XTIB buffer is 80 words or 240 bytes long. 1If the input line
does not fill up the TIB buffer, the rest of the buffer is blank
filled. However, there is no terminating or trailing zero appended
to the string. This causes many problems for the text interpreter
because flg- FORTH text interpreter assumes that there will be a zero
at the end of an input line. Since I put a zero word at the end of
XTIB, the text interpreter works fine because it does not mind the
intervening blanks. But the user has to be aware of this peculiarity
if he wanted to process the input stream himself, for example, to
implement a text editor. The output buffer TOB is at the very end of
the memory map, and is of 80 words or 240 bytes long. Harris outputs
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characters in 3 byte chunks. The first byte in the buffer is used
for printer carriage control. After CR, the OUT counter is set to 1
14 +v

and the first byte is set to blank to take care of this abnormality.

?TERMINAL is not functional because Harris does not monitor the
status of the keyboard. It always returns a false flag.

BYTE ADDRESSING AND WORD ADDRESSING

This is the biggest problem in transcribing the fig-FORTH model to
Harris. The way Harris CPU addresses a byte in its memory is the
following: the lower 16 bit field contains the word address and the
most significant two bits, bit 22 and 2%, are used to designate the
byte location within a word. The way bytes are addressed is:

Bits 23 and 22 Byte selection
01 Leftmost byte (bits 23-16)
10 Middle byte (bits 15-8)
11 Rightmost byte (bits 7-0)
00 Rightmost byte on read. No action on write.

There is really no good way of handling the bytes in a word, as in
the byte addressible PDP-11. The method used here to address
individual bytes is to create a virtual byte memory space, in which
bytes are serially arranged. Dividing the byte address by 3 and one
gets the word address. The remainder of the division is incremented
by one and put into the byte addressing field (bits 22 and 23). To
find the virtual byte address from the Harris byte address, the byte
addressing field is shifted into E register and the word address is
multiplied by 3. The number in E register is decremented by one to
get the true byte offset. If the byte offset is -1, meaning that the
original byte field is O, the byte offset is set to 0 to address the
leftmost byte. Then the byte offset is added to the virtual byte
address of the word, 3 times the word address, to form the virtual
byte address of the byte.

The instruction converting a Harris byte address to the virtual byte
address 1is BYTE, and the instruction converting the virtual byte
address back to a2 Harris byte address is CELL. Any byte address
calculation must be done in the virtual byte address space first by
BYTE. After this calculation is done, revert to Harris address space
by CELL. The sequence of instructions to access a byte in the memory

is:

( byte-offset word-addr -- ) BYTE + CELL ( -- byte-addr )

BYTE AND WORD ADDRESSING COMMANDS
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Because of the special requirements to address bytes in this Harris
computer, the memory addressing instructions are divided into two
groups: the byte addressing instructions and the word addressing
instructions. Each instruction must be used according to the
addressing scheme assigned to it. If the schemes are not followed,
one will either get the wrong information or the system will trap you
and kick you back to VOS with a memory out of bound error message.

Byte Addressing Instructions

ENCLOSE ( b-addr ¢ =~ b-addr offset end next,
offset, end, and next are all byte addresses)

CMOVE ( b-addr1 b-addr2 count -- )

ce ( b=-addr -- ¢)

TYPE ( b=addr count -- )

~-TRAILING ( b-addr countl -- b-addr count?)
EXPECT { b-addr count =-- )

FILL ( b-addr count ¢ -- )

ERASE ( b-addr count -- )

BLANKS { b=addr count -- )

BLOCK ( block# -- b-addr)

(LINE) ( line# block# ~- b-addr count)
#> ( == be-addr count)

The following list of instructions use word addressing scheme:

@ ! user-variables +0ORIGIN

CELL EXECUTE (FIND) MOVE +! TO B
PAD (NUMBER) NUMBER ID. 1I/0 R/W

HERE LATEST LFA NFA PFA CFA
READB WRITB SECTR XTYPE XEXP

The following instructions convert addressing modes:

BYTE ( weaddr -- virtual-b-addr)
CELL ( virtual-b-addr -- b-addr)
COUNT ( w—addr --- b-addr count)

This problem in using the fig-FORTH model in word addressing
computers is common to all the computers which cannot directly
address bytes in the memory. The virtual byte address space seems to
be a logical method to deal with this problemn.

DOUBLE PRECISION INTEGERS

Harris has many machine instructions to handle double precision
48-bit integers, which are convenient for extended precision
arithmetic operations. However, the double integer has a small twist
in its format. When the A and E registers are used together as a
double integer D register, the most significant bit in A must be
zerc. Thus the A register preserves only 23 bits of information
instead of 24 bits. With a double integer on the stack, one cannot
simply DROP the upper half of the number and expects that the lower
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24 bits are preserved in the lower half of the double number, as
assumed in fig-FORTH model. To retain 24 lower bits in a double
integer on the stack, the proper instruction to use is D~>8, not
DROP. This instruction was used in INTERPRET and . so that signs of
single precision integer are handled correctly.

VIRTUAL MEMORY

This is about the virtual memory in FORTH to use disk files, not the
virtual memory demand paging in Harris, which presumably is handled
by the VOS operating system.

FORTH accesses a logic file whose logical file number is 654 . This
file must be generated in unblocked mode and associated to logic file
64 before entering into FORTH. It is recommended that 200 sectors be
allocated to this file, but it can be made larger or smaller
depending upon the application. The sector size is 112 words, which
is rather inconvenient for a decent FORTH system, because 3 sectors
have 1008 bytes, 16 bytes short of a FORTH block. What I did was to
extend the disk buffers to 3 blocks or 1024 words, which is a triad
or one page of FORTH texts. One buffer is then mapped to 10 sectors
on the disk. This way 96 bytes will be wasted per block.

Every time a block of data is accessed from the file, all adjacent 3

blocks are read into a disk buffer. If one arranges texts according
to the TRIAD format, in which related texts are arranged in pages of
3 blocks, this FORTH system will do very well. Nevertheless, the
instructions BLOCK, LIST, and LOAD work as specified in fig-FORTH,
Just as UPDATE, FLUSH, and EMPTY-BUFFERS. BUFFER was not
implemented.

Because three blocks of data reside together in one buffer, one has
to break the loading sequence in the first two blocks explicitly by
EXIT instruction at the end of texts. Otherwise, loading will
continue into the next block, which might be useful as a default ~->
instruction. At the end of the % block buffer, there is a zero word
to serve as the stopper.

The two buffers are pointed to by PREV and USE in the ping-pong
fashion. When a block is requested, PREV buffer is checked first to
see if the requested block is in this buffer. If it is not in PREV
buffer, the contents of PREV and USE are exchanged and the new PREV
buffer is checked, if the requested block is still not in this
buffer, then this PREV buffer will be used to access disk file to
obtain the requested block, flushing the contents of PREV buffer if
any block in it was UPDATEd. This method assures that the PREV
buffer is always the most recently accessed buffer.

4. SAMPLE LISTINGS

A listing generated by the command VLIST is shown in Fig. 1, showing
all the commands implemented in this FORTH system. The headers of
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most low level inner interpreter commands like LIT, (DO), (LOOP),
gtc., were removed from the system. 1t is not expected that users
will ever use these commands in normal programming. These commands,
if executed in the interpreting mode, will surely crash the system.
It is better to leave these commands hidden.

A text editor was implemented using this FORTH system as a tool for
writing FORTH programs. This editor is a full implementation of the
editor discussed in Leo Brodie's "Starting FORTH"(3). One should
note the use of the byte addressing and word addressing commands in
handling text and string data. This editor and an assembler to build
code definitions of Harris 80 machine instructions are shown in
Listing 4. This FORTH system was used to control a Floating Point
Array Processor AP-120B made by Floating Point System. It enables a
user to access directly the hardware facilities provided in the Array
Processor which now can be controlled interactively. The detailed
description of this application(4) is also included in this book.
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<
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Figure 1.
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TOP MATCH
LINE >TYPE
2DUP  2DROP
U. 7
SPACE WHILE
BEGIN BACK
-=> LOAD
UPDAT M/MOD
MIN DABS
IMMED INTER
~-FIND NUMBE
EXPEC ."
HEX SMUDG
'CSP PFA
Csp FLD
BLK LIMIT
+0RIG B/SCR
CONST ;
DUP SWAP
R> >R

U* MOVE
(DO) (+LOO

(260 words)

Forth
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INSER
TASK

ELSE
FORGE
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(NUMB
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5PL
FIRST
B/BUF
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LEAVE
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<EXPE
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$
LINE
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CFA
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I
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REPEA
CLOSE
"LINE
MOD
D->S
DLITE
PAD
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COMPI
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STATE
DP

BL
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DNEGA
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?TERM
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M
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FORTH
D.R
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/
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?LOAD
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3
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EXECU
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!
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N
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#
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?PAIR
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OFFSE
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1
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£
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P
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TRIAD
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1D,
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(:COD
?EXEC
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@
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SCrRe 3

g U MINI-EDITOR, CHT, 7-0CT-83)

1 |3 { ling === 1}
2 94 WORD HERE COUNT DROP
3 L SCR @ LIST
4 EXIT

5

&

7

B

g

i
11

12
i3

14

15

SCRe 4

g U Error Messages)
1 stack empty
2 dictionary full

fsn't unigque

G e o) B e 83 U 0D S ON AR B G

Bt B Gt e ot it

C. H. Ting

SCR# 5

C.

Listing 4.

{ Error Message, Cont’d}
compiiation only
execution only

structure not pafred
definition not finished
protected dictionary
focading only

vector underflow
declare vocabulary

Bt o oulk fonks G ol
O B G2 I s 1900 00~ OY UT B 8 1) v By

P s

Ting

A=

SWAP SCR @ [LINE} CMOVE

Harris 87

Harris B9

Editor and Assembler for Harris-FORTH




SCR# ¢

g U EDITOR LOAD BLOCK, CHY, 7-0CT-83)
i ZDROP DROP DROP
2 1 2DupP OVER OVER
3 ZSWAP ROT >R ROT R>
4 ZOVER >R DR Z2DUur R> R> ZSWAP H
5 VOCABULARY EDITOR IMMEDIATE
& EDITOR DEFINITIONS
7 7 LOAD { TOOLS)
8 8 LOAD ( LINE EDITOR)
9 9 LOAD  MATCH)
1 18 LOAD { STRINGS)
11 11 LOAD { SRTING EDITOR)
12 FORTH DEFINITIONS
13 : L EDITOR L [COMPILE] EDITOR
14 + THRY 1+ SWAP DO CR I . I LOAD LOOP :
18 EXIT
SCRe 7
& U EDITING TOOLS. CHT, 7-0CT,83)
1+ IBUF PAD 38 + BYTE CELL : FBUF PAD 68 + BYTE CELL
2 TEXT { badd --- baddr+1) >R 84 WORD HERE COUNT 654 MIN
3 DUP HERE BYTE CELL C!
4 ~TRAILING IF R 68 BLANKS HERE BYTE CELL R 65 CMOVE THEN
5 DROP R> BYTE 1+ CELL H
& #LAG SCR @ BLOCK BYTE R# € + CELL 64 R# € B2 AND -~
7 #LAGE { --- baddr 64) R# €@ -84 AND R# ¢ #LAG
8 DELETE { d d# 5 s# -~~~ ) OVER MIN >R R - OVER OVER OVER
Ej BYTE R + CELL ROT ROT CMOVE SWAP BYTE + CELL R> BLANKS :
1 {CMOVE PROBYTE 1 -~ SWAP BYTE 1 - R + SWAP R> OVER + 00
11 DUP CELL CG I CELL ¢! I = -1 +L00P DROP
1z INSERT ( s s# d d# ---) ROT OVER MIN >R R =~ OVER Dup
13 BYTE R + CELL ROT <CMOVE R> CMOVE
14 PTYPE { badd n ===~ >ROPAD BYTE CELL R CMOVE
15 FAD BYTE CELL R> TYPE . EXIT
SCR# 8
# U LINE EDITOR, CHT, 7-0CT-83)
I+ LINE CR SPACE #LAG 64 SWAP - >R OBYTE R - CELL R> TYPE
2 ST #LAG >TYPE R#& € 64 / . :
3 KEEP #LAG IBUF OVER QOVER C! BYTE 1+ CELL SWAP CMOVE .
4 T 16 AND 64 * R# 1 LINE
5 p IBUF TEXT #LAGE CMOVE UPDATE
& X KEEP #LAGH 1924 R#e 6 - SWAP DELETE UPDATE
7 U IBUF TEXT B4 R# +1 #LAGE SWAP 1824 R# @ - INSERT
8 UPDATE
9 M KEEP R# @ 64 + >R SCR @ >R 64 * R# | SCR 1
1 U R> SCR 1 R> R# 1
11 COPY SWAP BLOCK SWAP BLOCK 1824 CMOVE UPDATE
12 L SCR @ LIST ;
13 EXIT
14
15
C. H. Ting Harris 8¢

Listing 4. Editor and Assembler for Harris-FORTH (cont'd)

47 -




SCR# 9
Z 0 -TEXT, MATCH, CHT. 7-0CT-833
I ¢ =TEXT I 5 s# d == § 3
2 SWAP ?DUP If
3 ROT BYTE ROT BYTE ROT OVER + SWAP DO
4 DUP CELL ce@ I CELL ce -
5 IF #= LEAVE ELSE 1+ THEW
& Lonp
7 ELSE wROP g= THEN :
g MATCH { 5 s# o d# —-~ £ d°
g JROSR 20UP B> R Z2SWAP SWAP BYTE SWAP OVER + SWAP DO
19 ZDUP I CELL =TEXT
11 IF I+ >R Z0ROP DROP g R> § # LEAVE THEN
12 Loorp ZDROP OVER BYTE + CELL H
13 EXIT
14
15
SCR#& 1
g { STRING EDITOR TOOLS, CHT. 7-0CT-83)
1« TOP g R#
2 SEARCH { - }
3 FBUF TEXT DROP BEGIN
4 #LAG OVER >R FBUF COUNT MATCH BYTE R> BYTE -
5 R# ! R# B 19823 > OVER @= + g= WHILE DROP
& REPEAT :
7 FOUND SEARCH IF ToP FBUF COUNT TYPE
8 P quiT THEN :
g TILL R# @ FOUND R#& 8 SWAP DUP R# ¢
17 - #LAG ROT DELETE LINE UPDATE :
11 EXIT
12
13
14
is
SCrRe 11
B U STRING EDITOR, CHT. 7-0CT-83)
I« N 1 SCR +t
z 8 -1 SCR +1
3 E FBUF COUNT SWAP DROP DUP NEGATE R#& +1¢
4 #LAG ROT DELETE LINE UPDATE H
5 1 IBUF TEXT IBUF COUNT SWAP DROP #LAG INSERT
& IBUF COUNT R# +! DROP LINE UPDATE H
7 D FOUND £
g s { block# -=--
ES DUP SCR @ DO SEARCH IF N ToO°P
iy ELSE LINE SCR 7 LEAVE DUP THEN LOGP DROP
i1 F FOUND LINE UPDATE
12 ¢+ R E I
13 5 K IBUF PAD 68 MOVE PAD FBUF 37 MOVE H
14 EXIT
15
c. Ting Harris 82

Listing 4.

Editor and Assembler for Harris-FORTH (cont'd)
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Listing 4.

1z
{ ASSEMBLER LOAD BLOCK, CHT, 2£,0CT-83)
VOCABULARY ASSEMBLER IMMEDIATE
: CODE CREATE [COMPILE] ASSEMBLER H
OCTAL s NEXT Z1BBBEE3 , SMUDGE :
DECIMAL
ASSEMBLER DEFINITIONS
13 17 THRU
FORTH DEFINITIONS
EXIT

13
{ PREASSEMBLER, CHT, 24-0CT-83)
: BOP CONSTANT DOES> N

+

10P  CONSTANT  DOES> @ + , -
IR0 CONSTANT  DOES> @ SWAP 32768 * + s , .
IR CONSTANT = DOES> @ SWAP 32768 * + |,
2R CONSTANT  DOES> @ + SWAP 64 * + , .
BIT ~ CONSTANT = DOES> @ + SWAP 256 * + , .
MEM  CONSTANT = DOES> @ SWAP 262144 * + SWAP 32788 * +
e #
# 131872 HERE | - +1
14
{ REGISTER DEFINITIONS, CHT, 24-0CT-83)
I CONSTANT I 2 CONSTANT J 3 CONSTANT K 4 CONSTANT &
5 CONSTANT A 6 CONSTANT T 6 CONSTANT D 7 CONSTANT B
8 CONSTANT R

OCTAL
I CONSTANT RP 2 CONSTANT sp 4 CONSTARNT W 1H CONSTANT ER

28 CONSTANT AR 48 CONSTANT TR 38 CONSTANT DR
DECIMAL

Harris BE

=

Ting

Editor and Assembler for Harris-FORTH (cont'd)
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Listing 4.

15

SCR# 16

{ MEMORY INSTRUCTIONS, CHT, 24-0CT-83)
OCTAL
36LRBBLE MEM AMX  430BEBEE MEM AXM
46PPPERH MEM SMX 26888008 MEM CMX
£ MEM TMX 18505888 MEM TXM
84808908 1RO AOR 6588980 1RO SOR
6389808 % 1RO TNR 6188088 1RC DVR
23086908 1RO BWX 24008888 1RO BLX
288087 ZR ARR 2200608 2R NRR 230898
218088 2R SRR 24089 2R CRR 250008
302088 2R ORR 270889 2R XRR 350080
734008 2R 1AW 720888 2R IDW 734848
714988 2R O0AW 788088 2R OCW 714808
DECIMAL
{ ASSEMBL ER MNEMONICS, CHT. 25-0CT-83)
OCTAL
61088008 10P DVO  6@BEEOLE 10P MYO
60789208 10P BEI 617000888 10P BBJ
22508808 10P BNN 2248888 10P BNO
22600800 10P BNZ 22188888 10P BON
22399888 10P BOP 22206088 10P BOZ
gOLAPEEE 10P COB  9P150008 10P KOB
PRI40EEE 10P DOB  @B178802 10P XO0B
gOABIBRE 10P LAA  @B4608EE 10P LAD
PESPEIOE 10P LLD  @BPA4EBEEZ 10P LRA
BE418280 10P RAA  @B478BEE 10P RAD
PE518068 10P RLD  @@45000F 10P RRA
DECIMAL

17
{ ASSEMBLER MNEMONICS. CHT. 25-0CT-83)

OCTAL

31P8eppE 10P EMB 27888888 10P
Po3epggs 10F TOC 23602288 10P
EEPEEPEE 1 OP TZIM BP11p888 10P
BRZABBEE 10P CIR J1gopEEE 1OP
77580088 B 1T DMH 775286888 BIT
77568888 B 1T XMH 77628688 BIT
77648888 B IT THH 77660888 BIT
777209088 B IT FBM 777480888 BIT
DECIMAL '

Ting

X

. g

REBM
TLO
QBB
TSR
DHNH
A HH
QBM
ZBHM

E3BPBIRE MEM IMX

62000808 1RO TOR
EORGBEBE 1RO MYR

758888
260888
386880
730888

2R PRR
ZR KRR
2R IRR
2R IPW
2R 0DV

SOB
BLU
BNP
BOO
BUC
boB

10P
10P
10P
1cP
MEM
10P

22138088
BBe7EBRE
22708888
22PBRRBE
210280808
g21c8088

10°P
10P
10F
1OP

Lia
LRD
RLA
RRD

ggazeeep
ggsz0288
vBaAz0088
BBS32088

TOB
TFHM

BEE3EGBE
LeBEoRBE

10P
10P

TZR
OMH
THMH
THM

10P
BIT
BIT
BIT

BE3BRESE
775400888
77642888
77789888

Harris
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Ll
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U.R {
OVER
¢ DLINE
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Dump {
OVER
I bL
2% oup
EXPONENT
IF -
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R>
EXIT
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Listing 4.

DUMP, CHT, 1-NOV-87)

N COL ---

B IF 1 ELSE o THEW SWarp bD.R H
{ addr ---}

ER + sSwapr po I8 u.r Loor H

addr count --- 3
+ SWAP DO CR I 8 u.p 7 SPACES

INE 8 +LOooP

+ *
{ byte --- pn DUP 127 AnD swap 128 AND
128 ELSE # THEN OR ¢
===} SWAP EXPONENT >R 8 .R
TEY 3R :
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ITI. VAX AS A 32 BIT FORTH MACHINE

1. CISC IS NOT A DIRTY WORD

Currently, CISC (Complicated Instruction Set Computer) seems

to be a2 dirty word while RISC (Reduced Instruction Set Computer)
becomes fashionable and popular among the computer scientists.
This wind is so strong that many Forth enthusiasts labelled

the Novix NC4000 as a RISC computer in order to emphasize the
fact that NC4000 executes most of its instructions in a single
clock cycle.

It is not the purpose of this paper to argue the merits or
demerits of either RISC or CISC. The purpose is to point out
that Forth has a extremely strong CISC flavor, when viewed

from the angle of virtual machine and instruction set. 1In

a Forth application, the instruction set is as complicated

as the application, because the instruction set is the collection
of all the words making up the application. Even the Forth
kernel, which forms the platform supporting the application,

is rather large, containing about 200 words.

The most fundamental property of Forth is its extensibility,
that the user can create new instructions and adds them to

his Forth system to solve his own problem. Extensibility is
not a property of RISC structure. CISC structure can be built
to include most Forth kernel words and to form a very efficient
Forth engine, as in Phil Koopman's WISC (Writable Instruction
Set Computer). The remaining argument is how many instructions
are to be implemented in hardware and how many are best left

to the software.
2. MATCHING CISC MACHINES TO FCORTH

We can examine available CISC computers and microprocessors

and match their instruction sets against the Forth instruction
set as defined in Forth-83. Different machines can thus be
ranked as to the ease in implementing a Forth on them. A partial
ranking list is shown in Figure 2:
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Figure 2. Ranking of CISC Machines

Machine Comments

VAX 32 bit, many instructions match
high level Forth words.

NC4000 16 bit optimized Forth engine.

680x0 32 bit PDP-11 clone.

80386 32 bit ding-dong.

PDP-11 16 bit stack oriented machine.

80x86/8088 16 bit ding-dong.

280 8 bit enhanced ding-dong.

8080/8085 8 bit ding-dong.

6502/6800 8 bit first generation micro.

One might be surprise at that VAX is ranked above NC4000.

It is true that NCA000 has the architecture best suited for

Forth. However, only the elementary stack operations, the

ALU operations, and the subroutine call/return, looping, conditional
jump and unconditional Jjump instructions are implemented as

machine instructions. Other types of more complicated Forth

words have to be synthesized from these elementary operations,

just like all the other microprocessors.

VAX inherited and expanded on many of the nice features in
PDP-11, like byte addressiblity, multiple stack pointers, single
instruction multiply and divide, and all the logic and arithmetic
operations. In addition, VAX has a very strong instruction

set to handle strings, which is very useful in implementing

the Forth interpreter and compiler. It also handles many
different types of data, bits, bytes, 16 bit words, 32 bit

long words, 64 bit quad words, 32 bit floating point, and 64

bit floating point. The 32/64 bit integer and floating point
capability makes VAX more like a mainframe than a micro- or
mini-computer.

In going through the VAX instruction set, the impression I
got was that VAX is not only a good virtual machine for the
bare-bone Forth as spelled out in the various Forth standards,
it is also a very good virtual machine for F83, which is much
more extensive than the bared Forth-83 Standard. In the next
section, let see how the VAX instruction set matches with the
F83 kernel instruction set.

3. VAX AS A F83 ENGINE

VAX is a 32 bit machine, because all the registers are 32 bit
wide, and it has an address space of 2%¥*31 bytes. Since it
can access data and operate on them as 16 bit quantities, it
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is possible to implement the 16 bit F83 faithfully on VAX.
However, as the world is moving in the direction of 32 bit
machines, we should take the advantage of 32 bit architecture
and extend the F83 model to 32 bits. Here we shall assume
that all numbers and addresses are 32 bit quantities unless
otherwise specified explicitly.

Listing 5 shows most of the F83 kernel words implemented in the
assembly code of VAX. Most of them were code words in F83,

but still a large portion were implemented in high level because
the operations are quite complicated. Many of these high level
kernel words can be reduced to very simple code words in VAX,
due to the vast and complicated instruction set of VAX.

Figure 3 shows a list of F83 high level kernel words which have
corresponding VAX machine instructions or very close approximations.
This 1list is the basis of my claim that VAX is the best host

for 32 bit F83.

Figure 3. F83 Kernel Words and Their VAX Counterparts.

VAX Machine Code F83 Words

MOVL Most Stack Words

MOVZ S>D

CMPL/CMPD =, >, <, ><, D=, D>, D<

TSTL/TSTD 0=, 0>, 0<, DO=, DO>, DOK

ADDL/ADDD +, D+

SUBL/SUBD -, D=

INCL/DECL 1+, 1=

EMUL UM*, D*

EDIV UM/MOD, /MOD, MOD

DIVL2 /

MULL?2 *

BICLZ2 AND, CRESET

BISL2 OR, CSET

XORL?2 XOR, CTOGGLE

ASHL/ASHD 2%, 2/, D2*, D2/

BEQL ZBRANCH

BR BRAMCH

ACBLEQ +LOOP

AOBLEQ LOOP

CASE CASE:

MOVC3 CMOVE

MOVTC FILL, ERASE, BLANK
UPPER, DIGIT,

MOVTUC PARSE, WORD

CMPC3 COMP, COMPARE

LOCC SCAN

SKPC SKIP

MATCHC SEARCH
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The F83 words in Figure 3 can thus be greatly simplified in
VAX code, as shown in Listing 5. There are still some cverhead
ata stack and the CPU registers,

in moving datz between the d
which is unavoidable because of the inconsistency between
a true stack machine and a register based machine.

Most of the F83 words in VAX code assume that the widths of
numbers and addresses are 32 bits. Double precision words
re 64 bit wide. As the addresses in VAX are byte addresses,
VAX is ideally suited to host figForth and its derivatives,
including F83, which all assume byte addressability.

Another issue 1is indirectly threaded code vs. directly threaded
code vs. subroutine threaded code. If we take the subroutine
threaded approach, many of the Forth words can be most conveniently
coded as in-line machiine code. It is alsoc possible to use

the flags in the status register to cause conditional jump

or branch, thus reducing IF, ELSE, UNTIL, etc., to single machine
instructions. These approaches are interesting possibilities

for us to explore.

4. CONCLUDING REMARKS

It is interesting to observe that many of the complex instructions
in VAX are very useful instructions required by Forth as its
primitive instructions. These instructions are implemented in VAX
because of necessity, which are common *to all operating systems
and languages. It is nice to see the VAX instruction set
underscores many F83 words, confirming that the basic design

of F83 is well thought out.

F83 is also capable of being extended towards 32 bit host
computers. The understanding is that numbers and addresses
are now 32 bits wide instead 16 bits wide, and that double
numbers mean 64 bit numbers. It can also serve as a testbed
in extending Forth standard to the 32 bit world while retain
compatibility with the 16 bit models used in old standards.

Forth is a very flexible structure, which can take full advantage
of the host processor to build an interactive programming
environment for the end user. It will be more efficient if

the host processor can provide more service. In this sense,

CISC computers can be put to good use and we should not hesitate
to exploit then.
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push?2:
pushl:
pushO:
xnext:

nest:

unnest:

dodoes:
docreate:
doconstant:
douservariable:
xlit:

branch:

zbranch:

xloop:
ploop:

xploop:

xdo:

xqgdo:

execute:

.default
rp=rll
ip=rl10
wp=r9
up=r8
dp=r7
gp=rb
.psect
.entry
.macro
movl
jmp
.endm

.macro
jmp
.endm

pushl
pushl
pushl
movl

jmp

movl
movl
next
movl
next
movl
movl
pushl
next
pushl
next
addil3
next
pushl
next
movl
next
tstl
begl
tstl
next
aobleqg
cmpl
cmpl
next
acbl
jmp
movl
popl
popl
movl
next
cmpl
bgeq
jmp
popl

displacement,long
;return stack pointer
;instruction pointer
;word pointer
;user area pointer
;double word pointer
;quad word pointer

vax32,wrt,exe,long

vax32, " m<r6,r7,r8,r9,r10,r1l>

next

{(rl0)+,r9

(r9)+

next
xnext

r2

rl

r0
(r10)+,r9
(r9)+

ri0,-(rll)
r9,rlo0

(rl1l1)+,rl0

r1o,-(rll)
(sp)+,rl0
r9

(r9)
(r9),r8,-{sp)
(rl0)+
(r10),rl0

(sp)+
branch
(r10)+ ;increment rlo0

4(rl1l1),(rll),branch
{r1l1)+,(rll)+
{(r1l)+,(rl0)+ ; increment

4(rl1ll),(sp)+,(rll),branch
ploop

(r10)+,-(rll)

r0

-{rll)

r0,-(rll)

(SP);4(Sp)
xdo
branch

r9

Listing 5. Forth kernel in VAX machine code
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perform:
dodefer:

douserdefer:
g0

noop:

pause:

xi:

xi:

xleave:

xgleave:

fetch:

store:

cfetch:

cstore:

cmove
Xxcmove

cmover:

Acmover:

spfetch:
spstore:
rpfetch:
rpstore:
drop:
dup:

swap:

over:

tuck:

Listing 5.

jmp
popl
movl
Jmp
addll
jmp
ret
next
next
mov]
next
movl
next
cmpl
movl
next
tstl
bneg
next
movl
movl
next
movl
movl
next
movl
movhb
next
movl
movhb
tstl
next
popr
movhb
sobgeqg
next
popl
addls
addl3
movh
sobgeqg
next
movl
next
movl
next
pushl
next
movl
next
tstl
next
movl
next
popl
popl
Jjmp
movl
next

popl

Forth kernel in VAX machine code (cont'd)

{r9)+

r9

(r9),r9
{(r9)+
(r9),r8,r8
dodefer

(rl1),-(sp)
12(r11),-(sp)

(rll)+,(rll)+
(rlli+,rl0

ipop return stack
;exit address

#'m<r0,rl,r2>
(r2)+,(rli+
rl,xcmove

rQ
{(spi+,r0,1r1
(spl+,r0,r2
-{r2),-{(rl)
r{,xcmover

sp.~(sp)

(sp),sp 0
rll

{sp)+,rll

(spl+

<sp}:‘f5p)

rl

r(

pushl
4{5p)f“{5p)

S0 N\ i

r0

Y
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nip:

rot:

nrot:

flip:

tor:
rfrom:
rfetch:

pick:

roll:

proll:

xand:
oor:

XXO0r:
xnot:

cset:

Creset:

ctoggle:

xon:

xoff:

Listing 5.

popl rl

movl r0,r2
jmp push2

movl (sp)+,(sp)
next

popl rl

popl r2

popl rQ

jmp push2

popl r0

popl rl

popl r2

next

movb (sp),r0 iflip lower two bytes
movb l1(sp),rl
movb r0,1(sp)
movb rl, (sp)
next

movl (sp)+,-(rll)
next

pushl (rl1)+
next

pushl (rll)

next

movl (sp)+,r0
pushl (sp)[r0]
next

movl (sp)+,1r0
movl (sp){r0],-(sp)
incl r0

addll sp,r0,rl
addl3 #1,r1,r2
movl -(rl),-(r2)
sobgeq 1r0,proll
tstl (sp)+

next

bicl2 (sp)+,(sp)
next

bisl2 (sp)+,(sp)
next

xorl?2 (sp)+,(sp)
next

mcoml (sp),(sp)
next

movl (sp)+,r0
movl (sp)+,rl
bisb2 rl,(r0)
next

movl (sp)+,r0
mcoml {(sp)+,rl
bich2 rl,(r0)
next

movl (sp)+,r0
movl (sp)+,rl
xorb2 rl,(r0)
next

movl #-1,(sp)+
next

clrl (sp)+

next

Forth kernel in VAX machine code (cont'd)
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NN ...

plus: addlz2 (sp)+,(sp)
next
minus: movl (sp)+,r10
subl?2 (sp),r0
jmp pushoO
negate: mnegl {sp),(sp)
next
abs: tstl (sp)
blss negate
next
plusstore: movl (sp)+,r0
addl2 (sp)+,(r0)
next !
zZero: clrl -(sp)
next
one: pushl #1
next I
two: pushl $2
next
three: pushl  #3 l
next
twostar: ashl #1,(sp),(sp)
next
twoslash: ashl $#-1,(sp),(sp)
next
utwoslash: bicl2 #1,(sp)
rotl $#-1,(sp),(sp)
next
fourstar: ashl $#2,(sp),(sp)
next
eightstar: ashl #3,(sp),(sp)
next
twoplus: incl (sp)
oneplus: incl (sp)
next
twominus: decl (sp)
oneminus: decl {(sp)
next l
umstar: emul (sp)+,(sp)+,%0,10
pushl r0
pushl rl
next .
umslashmod: movl (sp)+,r0
movg (sp)+,rl
ediv r0,rl,r3,-(sp) .
pushl r3
next
zeroequal: tstl (sp)+
beql xtrue B
jmp xfalse
reroless: tstl (sp)+
blss xtrue
jmp xfalse E
zerogreater: tstl (sp)+
bgtr xtrue
jmp xfalse
zeronotequal: tstl (sp)+
bneg xtrue
jmp xfalse
xequal: cmpl (sp)+,(sp)+

Listing 5. Forth kernel in VAX machine code (cont'd)

-54-




begl xtrue

imp xfalse
xnotegual: cmpl {spl+,{sp)+
bneg xtrue
jmp xfalse
gnegate: tstl {spl+
begl xnegate
mnegl {spl),(sp)
xnegate: next
uless: cmpl {spl+,{sp)+
blssu xtrue
jmp xfalse
ugreater: cmpl {(spl)+,(spl+
bgtru ztrue
imp xfalse
less: cmpl (spl+,(sp)+
blss xtrue
imp xfalse
greater: cmpl {spl+,(spl+
bgtr xtrue
jmp xfalse
true:
xtrue: xorl2 ~{sp),{sp}
next
false:
xfalse: clrl -{sp]
next
min: movl (sp)+,1r0
cmpl {sp),r0
blss xmin
movl r0,(sp)
xmin: next
max;: movl {spl+,10
cmpl {sp),r0
bgtr Xmax
movl r0, (sp)
XMAX : next
failure: clrl {sp)
next
between: movl {spl)+,10
cmpl {(sp)+,10
blss failure
cmpl (sp)+,r0
bgeg xtrue
jmp xfalse
within: movl (spi+,10
cmpl {(sp)+,r0
bleg failure
cmpl (sp)+,r0
bneg xtrue
jmp xfalse
twofetch: movl {sp),r0
movl 4(r0),(sp)
movl (r0),-(sp)
next
twostore: movl {spi+,10
movl {spl+,(r0)+
movl (spl+,(r0)
next
twodrop: cmpl {spl+,{sp)+
Listing 5. Forth kernel in VAX machine code {(cont'd)
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next

twodup: movl 4(sp),-(sp)
‘ movl 4(sp),-(sp)

next

twoswap: popr #'m<r0,rl,r2,3>
pushr $"m<r0, 1>
pushr #"m<r2, 3>
next

fourdup: movl 12(sp),-(sp)
movl 12(sp),~-(sp)

twoover: movl 12(sp),-(sp)
movil 12(sp),-(sp)
next

threedup: movl 8(sp),-(sp)
movl 8(sp),-(sp)
next

tworot: popr #°m<r0,r1,12,13,r4,1r5>

pushr $#'m<r0,rl,r2,r3>
pushr #"m<rd, r5>

next
dplus: popr #"m<r0,rl>
addlz rl,4(sp)
adwc r0, (sp)
next
dnegate: mnegl (spi+,zr0
mnegl {(spi+,rl
incl rl
adwc #0,1r0
imp pushl
{ stod: tstl (sp)
blss stodl
imp xfalse
stodl: jmp xtrue
dabs: tstl {sp)
blss dnegate
next
dtwostar: popl rl
popl rl
ashg #1,r0,1¢0
xdtwostar: pushl 0
pushl rl
next
dtwoslash: popl rl
popl o
ashg #-1,1r0,r0
imp xdtwostar
dminus: popr $# " m<r0,rl>

subl?2 rl,4(sp)
sbwc t0,(sp)

next
ginegate: tstl {spi+
blss dnegate
next
dzeroegual: bisl3 (sp)+,(sp)+,r0
bneg yvfalse
ytrue: jmp xtrue
yfalse: jmp xfalse
deqgual: cmpd (spi+,(sp)+
begl ytrue
jmp xfalse

Listing 5. Forth kernel in VAX machine code (cont'd)
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duless:

dless:
dgreater:

dmin:
dmax:

stard:

mslashmod:

muslashmod:

star:

slashmod:

xslashmod:

slash:

mod:

xmod:

starslashmod:

starslash:

fill:
erase:
blank:

count:

Listing 5.

cmpc3
blss
jmp
jmp
cmpc3
bgtr
jmp
cmpl
next
cmpl
next
emul
pushl
pushl
next
popr
movl
ediv
pushl
next
jmp
mull2
next
popr
clrl
tstl
bgeq
decl
ediv
pushl
next
divlz2
next
popr
clrl
tstl
bgeg
decl
ediv
next
popr
clrg
emul
ediv
pushl
next
popr
clrg
emul
ediv
next
movch
next
movceh
next
movceh
next
movb
incl
jmp

$8,7(sp),15(sp)

ytrue

xfalse

duless ;cheating

#8,7(sp),15(sp)

ytrue

xfalse

(sp)+,(sp)+
;cheating

(sp)+,(sp)+
;cheating

(sp)+,(sp)+,#0,r0

r0

rl
#°m<r0,rl, 2>
rl,r3
r0,r2,rl,-(sp)
rl

mslashmod
(Sp)+,(5p)

£ m<r0,rl>

r2

rl

xslashmod

r2
r0,r1,r3,-(sp)
r3

(sp)+,(sp)
$"m<r0,rl>

r2

rl

xmod

r2

r0,rl,r3,-(sp)

$#"m¢r0,rl, 2>
r3

rl,r2,c3,r3
r0,r3,rl,-(sp)
rl

#“m<r0,rl,r2>

r3

rl,r2,r3,r3

r0,r3,-(sp),rl
4(sp),8(sp),(sp)+,(sp)+,(sp)
(sp),4(sp),#0,(sp)+,(sp)+
(sp),4(sp),#32,(sp)+,(sp)+
(sp),r0

sp
pushO

Forth kernel in VAX machine code (cont'd)
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length:

upcase:

xdigit:

upper:

digit:

dtrailing:
xtrailing:

ytrailing:
comp:

Listing 5.

.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
.byte
byte
.byte
.byte
.byte
.byte
.byte
.byte
byte
.byte
.byte
.byte
movtce
next
movtc
cmpl
bgeq
jmp
addli
cmpb
bneg
sobgtr
next
cmpc3
begl

(sp),r0

%é§sg

push
G,igz,3,4,5,6;?;8,9;18;11,32f13§24,15
16;l?,18,29;2§321,22,23,2@,25?26,2?,28
29,30;31,32333§34,35,36;3?,38,39,%@
él,42,43,44f45;46:4?,48,49,5@,51,52
53,54,55,56;5?,58,59,68;61,62;63564
65,66,67,68;69,7@,?1,?2,73,?%;?5,?6
7?,?8,79,80,81,82f83,84,85,86,87,88
89,90,91,92,93,94,95,96,65,66;6?,68
69,70,?1,72,72,?4,75,76,??,?8,79,88
81,82,83,84,85,86,87,88,89,90
121,122,123,124,125,126,127
255;255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,2553255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255f255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255;255,255,255,255,255?255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255;255
255,255,255,255,255,255,255,255
G,l,Zg3,4,5,6,?,839,255,255,255,255,255
255,255,10,11,12,13,14,15,16,1?,18,19,20
21,22,23,24,25,26,27,28
29,30,31,32,33,34,35,36,3?,38,39,40
41,42,43,44,45,46;47,48;49,50,51,52
53,54,55,56;57,58,59,60,61,62,63,64
65,66,67,68,69,70,71,72,73
255,255;255,255,255,255,255,255?2555255
255,255;255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255;255,255,255,255,255,255
2553255,255;255,255,255,255,255,255,255
255,255;2555255,255,255,255,255,255;255
255,ZSS;ZSS,ESS,255,255,255,255,255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,2555255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255,255;255,255
255,255,255,255,255,255,255,255,255,255
255,255,255,255,255,255,255, 255
(sp},4(sp},#255,upcase,(sp}+,{sp)+

#1,4{59},%O,xdigit,%l,é(sp)
(sp)+,(sp)

ztrue

xfalse

4(sp),(sp),r0

~{r0),#32

ytrailing

(sp),xtrailing

(spl+,(sp)+,(sp)+
zfalse

Forth kernel in VAX machine code (cont'd)
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compare:
skip:

scan:

search:

Z2true;
searchl:
zfalse:

Listing 5.

blss
pushl
next
jmp
skpc
jmp
locce
jmp
movl
matchc
bnegq
subl3
jmp
pushl
Jmp
.end

Forth kernel in VAX machine code (cont'd)

ztrue
$1

comp /case sensitive
(sp)+,(sp)+,(sp)+

pushl

(sp)+,(sp)+,(sp)+

pushl

(sp),r4
(sp)+,(5p)+,(Sp)+,(sp)+
searchl

r3,r4,—(sp)

Xxtrue

r3

xfalse

vax32
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Iv. 8086 DISASSEMBLER

1. INTRODUCTION

Disassemblers are for the programming thieves, and those
reverse-engineers who try to steal other peoples' work. I
have to admit some tendency to both. The reason of doing this
8086 disassembler was to look at one of the BIOS rom's in my
PC clone. Why did I want to look at it? I was interested

in target compiling a Forth system to be run on the clone.

The program worked somewhat, but it still needed the BIOS rom
to bring it up. Since my original purpose was to replace the
BIOS rom with the Forth rom, it was a puzzle to me why the
Forth rom did not work by itself. I was able to identify that
my Forth rom was caught in 2 loop waiting for the floppy disk
drive to be initialized. I tried to following exactly what
the IBM BIOS does in initializing all the peripheral devices,
but of little avail. Since I did have this clone with a different
BIOS in it, a detailed analysis of this rom might be helpful.

At that time, I had an early polyForth II system running on

the clone which was all the tools I got one this machine.

I was able to dump the entire rom code, but loocking at the hex
dump was not something to be enjoyed. Since I had seen a few
disassemblers in Forth for a number of 8 bit microprocessors,

I thought that it should not be a big job to write a disassembler
for 8086. Writing the assembler I did. I also disassembled

the entire clone BIOS. However, I never did found what was

wrong with my Forth rom, which added to the array of my

unfinished proJjects.

Among the reasons why this Forth rom project was abandoned,
one important one was my conversion to F83 from polyForth.
PolyForth I1 for IBM-PC is a very nice system. It is very
fast. It has many good features, such as direct disk access,
extended memory addressing, a true multitasker, and a target
compiler. However, because it is a proprietary system and
the disk format does not allow me to exchange programs and
other information with other Forth users, I felt isolated
using it. F83 is in the public domain, and I can freely
discuss its internal structures without the fear that somebody's
going after my tail if I talked too much. Since F83 seems
to fill all my needs in serious and entertaining programming,
I decided to use it exclusively. PolyForth thus went to
storage, and this disassembler was the last major projects

using it.
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2. THE DESIGN OF 8086 DISASSEMBLER

Intel Corp. published a very handy reference guide for 8086
assembly language in 1978, the title is 'MCS-86 Assembly
Language Reference Manual.' It measures 3.5" by 6". In 20
small pages, it contains every thing you need to know about
the 8086 assembler, although sometimes you need a magnifying
glass to read it. The last two pages have a table titled
'8086 Instruction Se+t Matrix', which is reproduced in Figure
4. It summarizes the 8086 instructions in a matrix of 16 by
16 entries. A closer examination shows that the 16 columns
can be grouped into two panels, and there are basically 32
major types of instructions. The disassembler is organized
accordingly.

Unfortunately, Intel did not really believe in this matrix.
There are all kinds of exceptions and "enhancements,' making
it difficult for the disassembler. The worst disease in 8086
architecture is the different addressing modes and types of

a single instruction, which can be from one byte to five bytes
long. Thus to disassemble all of then correctly is not =
trivial task.

However, in Forth everything's possible. It Intel can build
a chip using this instruction set, I shall disassemble it.
All it takes are little case statements nested in bigger case
statements, and so forth. A concise and efficient case
structure is required. My favorite case structure is the
‘positional case structure' CASE: as defined in F83 and shown
in Screen 5. It is compiled exactly like a colon definition.
When a case word is executed, it takes the top element on the
stack, indexes into the word array in the parameter field,
and executes the word selected. This case structure is used
extensively in the disassembling process.

The most significant 5 bits in an 8086 instruction is used

to determine the instruction type, and they are used to

select and execute one among the 32 <ntype> words inside the
case word <DECODE> in Screen 23. Many of these <nTYPE> words

in turn are case words and ccntinue the selection process until
the name and the argument list are printed. The final word
DECODE behaves like DUMP. It takes an address and a byte count,
and disassemble that many bytes into a list of assembler
instructions.

£

3. THE DISASSEMBLER AND EXAMPLE

The source code of the disassembler is show in the Listing 6
and a sample of its output is shown in Figure 5, The source
code has quite detaziled comments in the shadow screens, and
these comments will not be repeated here. Only a few special
features of this disassembler will be noted.

G0




In Screen 2, the defining world FIELD is used to generate all
+he references to different fields in the 8086 instruction
byte and the associated memory addressing byte. To define

a field, a field mask and a LSB bit position are needed. When
a field word is executed, it pulls the 8086 code out of the
DECODER area, shifts it down till the defined field is at the
least significant end, and masks off all the bits out gide

of the field. The field word thus will return the contents

of a field.

The word NAME is another defining word which is used to define
words which compile strings packed with register names of two
ASCII characters. When a word defined by NAME is executed
with a string number on the stack, a two character string is
unpacked from the superstring and printed on the console.

They are used to define words which print the names of 16 bit
registers, 8 bit registers, and segment registers.

There are two defining words in Screen 5. CASE: defines a
case structure. It is very similar to a colon definition,

in that it compiles a sequence of Forth words terminated by

a semi-colon. When a case word thus define is executed, it
uses the top item on the stack to select one of the compiled
Forth words in its parameter field and executes it. This case
structure is used very heavily in this disassembler, to direct
the disassembler to search through many levels of multiple
choice branches to find the right way to display the mnemonics
and argument list of an 8086 instruction.

MESS simply associates a print string with a name. Its function
can be accomplished by a ." xxxx" string in a colon definition.
However, MESS is much cleaner and efficient for lots of short

messages.

Another interesting defining word is in Screen 8. SELF defines
a word which prints its own name. This is very handy in
defining 8086 instructions which do not have arguments. Words
defined by SELF have three character names, very common among
8086 mnemonics. For 8086 instructions with four character
names, 4SELF in Screen 9 is the proper defining word.

NAMES in Screen 17 is very similar to NAME. The only difference
is that words defined by NAMES print strings of four characters,
allowing the extended instruction set to be printed conveniently.

In Screen 23, the giant case word <DECODE> is a case structure
with 32 branches. It selects one of the 32 nTYPE word for

- execution, serving as the primary decoder of 8086 instructions.
Bach nTYPE word is a smaller case structure with 8 branches,
which then determine how the instruction byte has to be treated.
After that, the disassembler picks up the rest of the instruction
and prints out the argument list, if any.

4. CONCLUSION

-6%-




Disassembler is not a very difficult Jjob. However, Intel did

not make this job any easier, with the convoluted 8086 instruction
set, which tried to shoe-horne a 16 bit processor into the mold

of an 8 bit machine,.

The most significant feature of this disassembler is the use
of a two level case structure to decode the 8085 instruction

byte. The position case structure is very convenient and efficient
for this application.
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3 Based on peivFarth Il froa Forth inc,
Comeant syntax:

address $5vtee DECOLE

-4

he instr"f*iGN' froe nujrez

03octhiht

8086 DISASSEMBLER,

{
223 THRU

[HMT, G-FEB-E

2
{ INSTRUCTION DECGDE, CHT,
VARIABLE FC

§-FEE-BS;

CODER  VARIAELE P
PC € € DECODER ¢
CREATE , ¢ MASE:
20 DECODER € Swaf
G20 Z7 LOOF THEN
1 FIELL DIR
7B FIELD R/K

I 34 FYD oL oC Y
ILRIEL D

: #PC

; FIELD
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WYF IF
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MS(-8e Asseebly Lanquage Reference Manual, Intel [orz. 197:
The B0BS Book, Russe! Rector and Seorge Alexv,
Osborne/Mchraw Hill, Berkelev
%4
t { B0Be DISASSEMELER, CHT, 9-FER-£5: 02:38
Folyforth 11 1z fairly close fo Fortt-75 iiansarc, ano ot eos
Citferent from Fortr-B3. Most 59 the woros used 1o bR
progras behave 1dentizally azross tnese draieric. Spmc sneci:)
rel Torio wnrds foode watcred are:

Le? _ mex_wor_ wit_ ful_nak , notous_usi tre
tir_ thr_ cha ant 3 cou__. Fom ., Inc. s
¥e"_reil 0 abha thi_ fes .
€5
{ INSTRUCTION DECODE, CHT, 9-FEB-ES: 022!

FC Frogras counter pointing to instruction to be cecoce:
DECODER  Current instruction being decoded.
L24% bet ar instruction and store :n DECOLER.
FIELD To define various fields in an BOB& 1nstroction.

It takes twc paraseters: fieid width and LSP positaoe
HEIN Instructior type,

MODE, RZ, R/W  Fieids 1 addressing sode byte,
Sic EI, RI. Wi, ®Z Fields in Irstruction byte,

BYIES Add cofset tc PL to get nest byte in 1nstryuctior,
ED et ane bvite and scve PD pointer,

L1t bet one word and move PL peinte

L¥D Bet & iong word and move PLL

&7 Frint an addreszs in sguare braceets.
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Doy LBOFT L LOGRIT TRR O BISF LOOF:
To: LOOPNI .Y LODENI® TRE O LDISF LOGPRE
4 ¢ J0xI 0 Lt JCHIt TRk DISE JeX7
oy PORT  B/W COMMA BD . FCRT Frint port nuamber,
&3 Ik IN® ThE  PORT 1K
TooByy o Lt DUTT YRR TORY on
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B CASE: <79,  CRLLD MPL JMECD JWPSID DNV ING GUTV LUTV 129 Seiect tyme 29 instruction,
G v 2GI¥FL ORI iR : I8TYEE Frocesz type 2% rnztroctions.
1o
12
13
14
15
17 116
(O EXTENDED INSTRUCTION MAGMES, CHT, 14-FEE-ES) { EXTENDED INSTRUCTION NAMES, CHT, 10-FER-85:07:07
1 ¢ MAMES  CREATE 34 WORD (€ 7 4 ALLOY NAMES Define Bibb extended instruction sets,
2 DOES:  SkRP 41+ T+ 4 TYFE TAF .
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Ve 58000 DISASSEMBLER

This 68000 disassembler was developed so that I could get a
closer look at the Forth kernel which came with the CAT 1600
imaging system discussed elsewhere in this book. The Forth
kernel was implemented by Ergonomic Research Group for a 68000
based microcomputer in a S-100 card cage. I was able to uss

this kernel to develop all the code necessary to control the

CAT 1600 Imaging System without having to understand the internal
structures in the kernel. However, it presented a tempting
challenge to me and invited me to break into it. There were

many features in the kernel which especially intriqued me, such
as the Winchester disk and cartridge tape controlling words,
mostly done in machine code. I used this disassembler to examine
these words so that I could gain direct access to these peripheral
devices.

The disassembler was not really finished, because I was pulled
away from this computer for other more urgent tasks. HNow that
the ERG 68000 computer was junked, it is impossible to continue
the work. As I digged through my code on the 8086 disassembler,
several copies of this 68000 disassembler were also found and
the two make a nice pair, compliment each other in many respects.
It is very agonizing to decide what to do with this one, as

it is still in a form not quite suitable for publishing. Without
some amount of comments, it is doubtful that it can be of much
use to people. After much tossing around, I decided that

I will offer this 68000 disassembler in its currently form

as an appendix to the 8086 disassembler, without comments.

Those who need such disassembler are mostly likely well versed

in Forth and in 68000 machine code to navigate through the

source code.

68000 is a messed-up PDP-11 clone. It's got the look-and-feel

of the much cleaner PDP-11 code and addressing scheme. However,

by adding so many extensions, the machine code 1is well randomized
so that it is a good size Jjob to disassemble it. This disassembler
classifies the 68000 code into 16 different types, according

to the most significant nibble in a machine instruction. Each

type is further decoded, and all the exceptions have to be
processed accordingly. The aim is to print the machine code

in the Motorola assembly mnemonic style.

The Forth underneath is based on the fig-FORTH model with 32
bit extensions. All addresses and stack items are 32 bit in
length. @ and ! also uses 32 bit addresses and 32 bit data.
For 16 bit quantities, W@ and W! are used. C@ and C! are used
to deal with bytes, as usuzl. For defining words, it used

the <BUILDS ... DOES> structure instead of the modern CREATE

from any other Forth systems.
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The last word in Screen 921 1ig SEARCH. This word is used to
decode all the code words in the context vocabulary. Part
of the dictionary thus disassembled is shown after the source

code.

Figure 6. Index of 68000 disassembler
ox
Ok
cd 0 LOAD SCREEM FOR E2000 DISSHMELER, CHT, 1&8-JaN-£853
201 ¢ DISSAMBLER, C&SE, CHT, 18-Jat-85)
302 ( FIELD EXTRACTION, CHT, 1&8-JarN-g=;
02 ¢ JF " AOALAZAZWPIRRFPSE® H
04 ( EFFECTIVE &abDDRESS DECODING, CHT, Z1-Jan-£5)
S0% ( EFFECTIWVE ~DDRESS, CHT, Z21-JanN-2957
08 ( EFFECTIWVE ~DDRESS, CHT, 21-Jan-2%)
507 ( TYFE O COD S, CHT, ZE5-JaM-5%3
308 ( MOVE CODES, CHT, 21 -JaN-25
203 ( MISCELL&NEGUES CODES, CHT, Zz-Jari-z5)
210 ( MISCELLANEQUS CODEZ, CHT, Z2-Jab-B5)
11 ¢ SELECT MISCELLANEQUS CODES, CHT, Z2z-Jdah-2%)
9lz ( TYFE S CODES, CHT, zZz-JanN-8%)
213 ¢ TYFE & CUODES, CHT, 22-JaN-835)
814 ( TYPE 8 CODES, CHT, 22-JaN-£%5)
21S ¢ TYFE 9 &ND 11 CoD S, CHT, 2Z-JaN-85)
3le ( TYPE 12 CODES, CHT, 23-JAN-85)
817 ( TYPE 12 CODES, CHT, 23-JaN-£85)
8lg ¢ TYPE 13 CODES, CHT, 23-JaN-£53
Zls ( TYPE 14 CODES, CHT, 22-JaN-835)
P20 ( DIBASSEMBLER, CHT, 22-JaN-8%5)
221 ( SEARCH AND DECODE, CHT, 25-Jan-g5)
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(FIND)

elica 41203 CLR.L bz

sl66 41204 CLR.L L4

&070 41207 CLR.L b7

6072 33037 MOVE.W A76+,D3
6074 34037 MOVE.W A7e+,04
6076 23103 MOVE.L D3,a3
€100 24104 MOVE.L D4,Aad
eliz 13033 MOVE.B A3e+,D3
6104 17003 MOVE.B D3,D7
6106 1103 ANDI #77 ,D3

6112 63472 BEQ 620¢
6114 36003 MOVE.W D3,Dé
6lle 1106 ANDI #37 ,Dé
6lzz 133034 CMP.B Aqe+, D3
124 6304z BNE 6170
6126 15023 MOVE.R A3e,DS
€130 1008 ANDI #177 ,DS
6134 135034 CMP.B Aade+ DS
6136 63030 BNE 6170
6140 51506 SUBG.W #1066 ,Dé
el4z 4033 BTST #7 ,A3e+
6lde 63736 BEQ clz2e

€130 153306 ADD.L De, D3
6152 54113 ADDO.W  #113 ,A3
€154 7413 MOVE.W A3,A7-8
€156 37407 MOVE.W D7,A7-@
6le0 37474 MOVE. W #1 ,Aa7-@
cl64 60000 BR& 540
€170 153306 ADD.L De, Dz
6172 43123 TET.W ~3e

€174 63410 BEQ 6206
6176 33023 MOVE.W A3€,03
€200 23103 MOVE.L D3,AZ
6202 24104 MOVE.L D4,4a4d

&204 6274 BRA elaz
6206 41147 CLR.W A7 -&
6210 60000 BRa 4540

6214 103505 OR.W 03,05
J

6040 37436 MOVE.W ABE4 A7-@

s044 60000 BRA 4540

&050 206 ORI #502144451¢6 ,Dé
I

6Gz4 374z2e MOVE.W AE@,A7-@

6026 60000 BRA 4540

6032 10071z DIVS a2, Do
(Do)

e00z 36457 MOVE.W A762 ,A6-6
6006 36427 MOVE.W A7@,Ac-@
&010 54117 ADDO.W #1117 ,A7
s0l2 60000 BRA 4540

«0le 100711 DIvs Al Do

Figure 7. Examples of disassembled 68000 machine code
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(+L0O0P)
S724 34027 MOVE.W A7e,D4
5726 154526 ADD.W D4 ,A6a@
5730 45137 TST.W A78+
5732 63416 BMI 5752
S734 34056 MOVE.W A&ez ,D4
5740 114126 SUB.W A6e, D4

574z 67734 BLE 5700
5744 155325 ADD.L ASe,DS
5746 60000 BRaA 4540

5752 34026 MOVE.W A6E,D4
3754 114156 SUB.W A6z ,D4

5760 67716 BLE S700

5762 185325 ADD.L AS@,DS

5764 60000 BRA 4540

S770 204 ORI #5021047651 ,D4
(LOOP)

5656 51126 ADDQ.W #126 ,A66@
Seel 34026 MOVE.W A6@,D4
Seez 134156 CMP.W R6E2 ,D4

Se66 63410 BEQ 5700

S670 61006 BHI 5700

5672 155325 ADD.L ASe, DS

Se74 0000 BRA 4540 _

5700 5411e ADDQ.W #116 ,A6
5702 52115 ADDO.W #1135 ,AS

5704 60000 BRA 4540

S710 103450 OR.B D3,A0825514
OBRANCH

S€22 43137 TST.W A7 @+

o624 63006 BNE 5634

Sezé 155325 ADD.L ASe,DS

5630 60000 BRA 4540

S634 52115 ADDQ.W #115 ,A5

5636 60000 BRA 4340

Se4z2 206 ORI #5023047517 ,De6
BRANCH

5600 155325 ADD.L ASE, DS

Se02 60000 BRA 4540

5606 103460 OR.B D3,A0@122 D4.L
EXECUTE

5552 41204 CLR.L D4
5554 34037 MOVE.W A7e+,D4
S55e 24104 MOVE.L D4,Ad

5560 60000 BRa 4546

5564 206 ORI #10224440516 ,D6
LIT

5530 37435 MOVE.W ASe+,a7-@

5532 60000 BRA 4540

3536 103505 OR.W D3,D5
BYE

5514 41100 CLR.W Do
5516 47102 47102 ILLEGAL CODE

5520 101514 OR.W D1,A4

- - -

Figure 7. Examples of disassembled 68000 machine code (cont'd)
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7

5 hb s .
IR T N = RGN IEN I AT I TR AT

B e

Ser #900

( LOAD SCREEN FOR 68000 DISSAMBLER, CHT, 18-JaN-8%)
01 821 THRU

TING

Scr #9501
DISSAMBLER, CASE, CHT, 1&8-JaN-85

CABE: {BUILDS [COMPILEY 3 SMUDGE

DOES>  SWAP 2k + @  EXECUTE
coMMa 44 EMIT
PERIOD 46 EMIT
FOUND 35 EMIT
TAE 9 EMIT
IT
SE: TEST 0 1 2 ;
TEST
TEST
TEST

*
]

NO MUMBERS.
TING
Scr #3502
FIELD EXTRACTION, CHT, 18-JAN-85)
FIELD { MRSK OFFSET N === N’ )

ROT SWAP 7PDUP IF 0 DO 27 LOOP

SOURCE { N ==- SOURCE-REG ) 7
DEST { N =--- DEST-REG ) 7
SI1ZE { N ==- SIZE 3
S-MODE { N ==~ SOURCE-MODE) 7
D-MODE ( N === DEST-MCDE 3 7
Ef { N ——— EFF-ADDK ) &
OP-MODE  ( N =-= OF-MODE ) D-MODE
FoM { N === R/M ) 13
CONDITION ( N —-=—= CONDITION ) 15 & FIELD
D ¢ M === ID-FIELD ) 1
&L (N == EZ-FIELD ) 1

U.R 0 SiWsP DLUR H

Listing 7. 68000 disassembler
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S FIELD
& FIELD
3 FIELD
& FIELD

2

&-FEB~BE

ALL WORDS IN THE CASE DEFINITION MUST BE FREDEFINED.

AND

e BE sam AwS

2
§

s
H




Scr #5303
Foo" ALALAZASWPIPRPSPY |

oy
we
03

1 7 P 3 4 CONSTANT B
2 ¢ LA (N mee Z4 PO 4+ 2 Type :
Z ¢ DN { M === =2 EMIT 42 4+ EMIT :
4 s ANE (N == » A &4 EMIT :
S LAaNES C W ===y AN 4z EMIT H
6 : L.AaN-G (W ===y AN 4% EMIT &4 EMIT :
T JDATAE (N --— ) =05 AND DUF 128 aND IF 25& — THEN :
g : DA { FEG F === IF &N ELSE DM THEN H
S ¢ b/l { F wwe FERICD IF 27 ELSE 76 THEM EMIT H
10 ¢ JINDEX ¢ IMDEX == 3 DUF . DaTa
11 DUR 7 12 FIELD OUEE < D
i2 2048 AND LWL :
13
1
C. H. TING E-FEE~ES
Scr #9904
0 ( EFFECTIVE ADDRESS DECODING, CHT, Z1-JaMN-8%)
1 VARI&SEBLE [pP%
Z & ~LLOT 1P Z+ 1F# IF# 2+ & -1 FILL
I @lF { ~== M 3 1Pt & & :
4 ¢ @MNEXT ( === N 3 IP$ & 24 DUP IF# @ H
5 ¢ MODETS ( REGE === 3 LN @ ENEXT .ot
& : MODEE { REG ==- 3 L A3 GNEXT L IHDEX :
T ABES-SHORT [ == ENEXT . 0 WAL :
& ABEZ-LONG { === EGMNEXT @NEXT ShaP D, 1 WAL :
S ¢+ PC4+D { === 1 . PCEt GNEXT . :
10 @ PCHX { === M S GNEXT LINDEX :
11 ¢ (IriMbo { === 3 @IF SIZE 1 > IF @NEXT ELSE 0 THEN
1z FOUND GMEXT ShisFP D, :
1z : IMMD ( === 3 @IP 18 1z FIELD PDUP IF
14 2 = IF @NEXT ELSE O THEN POUND @NEXT SWAaF D.
15 ELZE (IvMDy THEN H
C. H. TING E~FEB~B5

Scr #90%
( EFFECTIVE ADDRESS, CHT, 21-JaN-2=)
: LILL L TLLEGAL Ccope:® :
CASE: SPECIAL ¢ 0-4) ABS-SHORT GBES-LONG FC+D FC+x
IMMD LILL LILL LILL H
CAEE: EFF-aDD { REG MODE --- 3
DI < AN LENGE - AN ES N -G MODES MODES SPECIAL @
(LEAY (N == DUP SOURCE SWar s-MODE EFF=-4DD ;
LER o mm— ) @IP (.E&) H
LE21ZE ( SIZE --=
POUFP IF 1 = WAL ELSE PERICQD €& EMIT THEN :
MNEME (===, MUST BE THE 18T WORD IM & N&ME DEFIMNITION.)
Fig 7 - -1 TRAVERSE COUNT 21 amMD TYEE :

LTI T

[ W

[ ]
U I R ULl B B O R O R R

1
it

[ S
e

Listing 7. 68000 disassembler (cont'd)
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Seor #3506

{ EFFECTIVE ADDRESS, CHT, 21-JAN-E35)

t JEIZ-EA  =-— ) @IF S1ZE .SIZE Tag .Ea :

S L TaB @IP DEST DM CoMMa LEA H

R - TaE L ES :

t JETRTIC (=== ) TeE @IP POUND @NEXT L. CoOM& (LE&s 3
s (LIMMY (== ) B1P ENEXT CVER SIZE 1 2

iF @NEXT ShidaP ELSE ¢ THER
Tab POUND D, COMMA {.EA) H

TING &-FEE-2S

Scr #2207

O ¢ TYPE O CCDES, CHT, 25-JAN-E23)
1 ¢ ORI JEME L ITMMY) H s AMDT O JRAME (LT :
2 o SUBI JMNAaME (L IMMD H : aDDD JNAaME (L IMPD :
Z ¢ EORI JHNAME (LIMMD H ¢ CMPI JHeME (LIPS ;
4 ¢ JBIT @IF 1D IF .BE-E& ELSE .STATILC THEMN
5 : BTST EME LEIT H : BCHE M&ME JEIT :
s ¢ EBCLR EME LBIT 3 : BSET JNeME LEBIT :
7 CatE: LDYN ETST BCHG BCLE BSET H
g : (DYnd 21F SIZE DN :
9 CagE: . IMM ORI aNDI SUBD &DDI <DYN> EORI CMPI ILL :

10 ¢ MOVER JNAME B1F DUF zDUF ST 0= LWL TaEBE

11 SIZE 2 = 1F DEST DN oMb SOURCE MODES

iz ELEE SCOURCE MODES COr e DEST DN THEM :

12 : TYPEO @IF DUF ID IF

14 S-MODE 1 = IF MOUVEF ELSE @1F SIZE .DYr THEN

15 ELSE DEEST . IMM THEN :

T ML TING 6-FEE-25

Ser #9903
¢ MOVE CODES, CHT, 21-JAN-835)
: JEAS TaE @IF R R& SOURCE RE S-MODE EFF-ADD
CoMHa F@ DEST R> D-MODE EFF-ADD :
MOVE.B .NaME LERS :
MOVE.L MaME JEAS :
MOUE (W JNAaME L EAS H

.

an  ww  wR

T T

S

O D G P B R0 0D g U1 S G PO B 6D

(.

Listing 7. 68000 disassembler (cont'd)
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Scr #9505

0 ( MISCELLANECQUS CODES, CHT, 22-Jan-g35)
L s LSELF {BUILDEZ DDRES> 7 = =1 TRAVERSE COUNT 21 aMND TYFE
2 .SELF RESET L SELF NOF LSELF RTE
2 LSELF RTS LSELF TRARPY LEELF RTE
4 ¢ STOP NAME TabB POUND @nNEXT U. H
S LJHEGS TaEB @IF SOURCE .aN p
& ¢ UMLK NAME JREG : ¢ LINK JMaME (REG H
7 ¢ MOVESUSP LM&ME LJREG H : MECUSE JNaME JREG H
g : EXT JHEME @1IP DUP 82 0= WL T&E SOURCE DN :
S LEBHAP L7 SHAFRT Tak @lF SOURCE DN :
10 ¢ TRAP (NaME TRE GIP 15 alND . H
11 @ MEGH NeME .S1Z-Es H ¢ LCOLR 7 CLRY LEIZ-ES H
12 : NEG .M&aME SIZ-Ex H o WNOT ov NOTY LE8IZ-Es ;
13 ¢ TST JNAME .S1Z-E4 :
14
18
C. H. TING E-FEE-85

Scr #3210

0 ¢ MISCELLANEQUS CODEZ, CHT, zZz-JaN-&5)
1 MOVE<SRE NaME | =-Ef& : : MOVE>CCR NaME L ~ES H
£ : MOVEXSE JNaME . -ES H : NECD JNeME L ~Es H
2 JPEA LY PEAT L -EAR H : TAS JNAME L ~E& H
4 : JSR JNEME L -EA H : JHMPJNSME L -EA H
S ¢ MOVEM @IP S-MOb E U= IF EXT EXIT THEHN SO MOJER®
S @IP &SI 0= W L Tl @IF DUF 1 10 FIELD
7 GNEXT SWaP IF U, COMM& (LEA) ELSE SkaP (LE&) COMM& U, THEM
g : CHK MAME JR-Es : ¢ LEm JMNaME JR-Ef :
& CASE: JREZET RESET MOP STOP RTE JILL RTES TRAFY RTR H
10 ¢ <RESET? @IF SOURCE LRESET H
11 CARSE: TRAF TRAP TRAP LINK UNLK MOUVESUSF MOVECUSP (RESETY JILL
iz : {TR&F @IF S-MODE .TRAPF H
13 CAREE: JER LILL {TRAPS JER JHP H
14 : <JBR> GlP SIZE .JSK H
P
C. H. TING e-FEE-EE

Scr #3911
( SELECT MISCELLANECUS CODES, CHT, zZz2-JaN-g8%)
: PES @IP &-MODE IF .PEA ELSE .SkaP THEW H
CasE: MOVE MOVE<SR L ILL MOVESCOR MOVESSRE EXT

TST MOVEM JJESR> H

: <MOVES @IF DEST .MOVE H
CAatE: JNBCD NECD PEa MOVEM MOUVEM
: (NBECD: @IP SIZE .NECD H
CASE: (MEGK NEGX CLR NEG NOT NBCD> TET MOVEM <{TR&P :
: (MNEGHS @1F DEST .NEGX H
CAasE: JCHK CHE LEA H

Ll OO SNGMB W o

10 ¢ <CHKX @IF S LCOHK H
11 CaEE: MISC HMEGH > <NEGK> (HEGXH> <{MOVE> :
! 7 MIEC SIF QIZE LI e H
CAEE: (TYFE4:> HISC> {CHEZ :
14 3 TYFE4S BP0 (TYPE4> H

[
i

Listing 7. 68000 disassembler (cont'd)
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Scy #8312
{ TYPE © CODES, CHT, ZzZ-Jah-82)

2

Y1 : .OUICK  @IP DUP SIZE .SIZE  TAB FOUND

z .DaTa  COMMa LE& :

2 s ADDC JNAME LOUICK : 1 SUEQ JNAME L QUICK :

4 CASE: .ADDOD  ADDO SUED :

5 : <aDDO>  @IP 1D .ADDO :

6 : CC ." RARAHILSCCCSNEEOVCUVSFLMIGELTGTLE"

7 4 CC 2 4+ CONSTANT ‘CC

S : LCONDITION (N —-== ) Z% ‘CC + 2 TYFE :

g : JDECC  @IF DUP ." DE" CONDITION CONDITION

10 T&E  SOURCE DN COMM&  GNEXT @IF + 2+ U. :
11 : J.SCC 5% EMIT  @IF  CONDITION .CONDITION

12 TaE E& ;

14

15
C. H. TING E-FEER-ES

Scr #9918

0 ( TYPE & CODES, CHT, ZEm=JeN~25)

1 : <DeCC @1F S-MODE 1 = IF .DRCC ELSE .S0C THEM H
2 ¢ TYPES @IF SIZE 2 = 1IF <DECC, ELSE <&DDU> THEH H
Z ¢ TYPEe® EIFP DUF a6 EMIT CONDITIOHN

4 LuF 1 = IF DROF " gRT ELZE COMDITION THER
5 TeE ZES aND PDUPR IF

= DUR 128 &bl IF 256 - THEHM

7 ELZE @NEXT THEHM IF# & + Z+ . H

= TYFE? LUOMOVEDT TaB FOUND @IF DUF DT

g C Ot DEST DN 3

14

11

12

13

14

1%

. H. TING o-FEE~-85

Scr #9214

0 ¢ TYFE & CODEZ, CHT, Zz-JaN-85)

1 s JEAXD (N === LEA CoMMe DEST DN H

2 : DoEs (N ——-— DEST DN COoMM& L E& H

z o DIVU SNEME TARE @lF LE&ASD : ~

4 : DIVS LNAME TaB @IF .E&SD H

5 ¢ {0OR> @IF DUF SIZE .SIZE TaB DUF 1D

& IF D EA ELSE .E&>D THEM :

7 ¢ LOF LOORY <OR> :

& JRXY @lF DUF DEST OUVER SOURCE fOT RAM

o IF .al=-3 COMMA JalN-@ ELSE DN COMMa DR THER :
10 ¢ SECD JNEHE TABR . BXY H
11 0 TYFEZ BI1F D-MODE DUF 2 = IF DIUVU

= ELSE DUP 7 = IF DIVE
1z ELZE DUF 4 = @lF S-MODE 2 4 @D ITF ZECD ELSE JOFR THER
L4 THEM THEM DROP H
18
Listing 7. 68000 disassembler (cont'd)
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[
QNN D WMo

[
[

AN

Ll
H O

[y
)]

[

Scr #91S
TYFE 9 AaND 11 CODES, CHT, 23-JaN-ES)
SUB  .NAME <OR> ;

SUEBX  JNAME @IP SI1ZE .SI1ZE TAE « RXY H
TYFES @IP $130 AND %100 = IF SUBX ELSE SUB THEN H a

CMF  .NAME <OR> 3
CMFM  .N&ME @IF SIZE .SIZE  TaAE  LRXY
EOR  .N&ME €1F SIZE .SIZE  TaE  GIP DEST .DN
44 EMIT  .E&
TYFE11l  @IP ID IF  @IF S-MODE 1 = IF CMPM ELSE ECR THEM
ELSE CMP THEN

i

TING &6-FEE-85

Scr #%91¢

TYFE 1z CODES, CHT, 2Z-JaM-85)

LAND LOANDY (GRS ;

MULU LAME TaB @IFP JEROD H

MULS JESME TRE @IFP JEROD H

ABCD LMNAME TAE XY ;

EXGD LMNAME TAE @1P DUP DEST .DN
CObH SCOURCE DN H

EXGe JASME TRE @IF DUF DEST .AN
Carte SOURCE AN H

ExGM JNAME TRE @IFr DUF DEST .DN
C oMMy SOURCE .AN ;

STYPELZY @1F D-MODE  DUF 3 = IF MULU
ELSE DUF 7 = IF MULS
ELSE DUP 4 =  @IP S-MODE 2 ¢ AND IF AECD ELSE .AND THEN
THEN THEW  DROP ;
TING \ 6-FEE~ES
Scr #917

TYFE 12 CODES, CHT, 25-JAN-E5)
TYPE1Z2 €@IP 63 3 FIELD

DUP 40 = IF EXGD DROF EXIT THEN
DUF 41 = IF EXGA DROP EXIT THEN
49 = IF EXGM DROP EXIT THEN

<TYPELZ>

Listing 7. 68000 disassembler (cont'd)
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Scr #51¢€
( TYPE 1& CODES, CHT, 23-JAN-83)
: ADD AME (OR? H
s aDDX JNaME @IP SIZE LSIZE TaB « RXY H
: TYFELS GIFP $130 aND 2100 = 1F ADDX ELZE ADD THEM

i
o b p g
GO R 0 O N O O D G PO

b b
IS

TING 6-FEB-85

]
xI

Scr #9919

( TYPE 14 CODES, CHT, Z23-JaN-85%)
1 o&as LJHeME g s LS LNaME s ROM JMEME ¢ RO OJMAaME
CHSE: SHRT &S LS ROX RO H

: JDIR @IF 1D IF .* L" ELSE " R" THEN H
LMEHRT @IP & 9 FIELD .8HRT LIRS TaE LE& ;
: LREHRT @IF DUF 3 2 FIELD .SHET LDIR
DUF SIZE .SIZE THE DUF 1 8 FIELD
IF DUF DEST .DNM ELSE ." #" DUP DEST . THEN 44 EMIT
SOURCE .aM :
: TYPEL4 @IP SIZE 2 = IF .MEHRT ELSE .REHRT THEM H

-

B D) PO+ D 0~ O U Do RY e

o bR b3 R b3

H. TIMG 6-FEE-8S

Scr #9520

{ DISASSEMELER, CHT, 23-JalN-8I5)

CasE: OPCODE TYFED MOVE.B MOVE . L MOVE b
TYPE4 TYPES TYFES TYFEY TYFEE TYFEZ LILL
TYFELL TYFELZ TYFELS TYyrEL4 LILL :

+ <{DECCDE> Ckr IPE @ & U.R 2 SFAaCESs GIF & U.RK Tal

@I1F 1% 12z FIELD OPCODE 2 IF% +1 H
DECCODE { ADDR N —--= 3
OVER IF# ! + ( LAST ADDR
BEGIN DECODE> 1P & OUVER > UNTIL DROP :

: S KDECODE>

G e

L Lo G0 o b2 310 00 N Gy UL S 6) P e

b ¢

Listing 7. 68000 disassembler (cont'd)




RCURLUUTAS BN I A I SR A T B S

10
11
12
i3
14

=
-

C.

SR DR O

C.

[N NN
M P OoOWUM~NIDU LGN~ O

=

Scr #9521
( SEARCH &ND DECODE, CHT, 25-JaM-85)
: JWORD ( OLD-NF& NFA LFA —-- NFE NEXT-NFa )
SWaF DUP >R CR ID. KEY DUP 81 = IF QUIT THEN gs =
DUP @ SW&P ( NEXT-NFA LF& ) 4 + ROT QVER = Z2- ( LENGTH)
DECODE ELSE & SWAF DROFP ( OLD-NF& ) THEMN
R> ShiaP ;
7CCDE ( NF& ———= LF& FLAG )
1 TRAVERSE 1+ ( LF& DUF 2+ @ ( CODE )
CUEFR 4 + = :
SEAFRCH ( ===, GO THRU CONTEXT VOCAEBULARY)
CONTEXT @ @ OUFP ?CODE DROF @ ( OLD-NF& MFs )
BEGIN DUF 7CODE OVER @ WHILE
IF LWORD ELSE ROT DROP @& THEN FREFEST
2DROP H
H. TING E-FEE-ES
Scr #52z2
H. TING 6-FEE-&S
Scr #5222

Listing 7.

68000

disassembler (cont'd)
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