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‘Metaworpr1osi5 Change of fori. trjctje, or 6bstane,
as transfornat:on by magic or witcha1t.

Tae Amer...3an Do.ege Zictionary

1. INIRJ)tTcmrr,r

Metacompllatio,. is the process by which a new Forth syseq is
generat by an existing Forth system for a target co’nputer
which may or ‘nay not be the sane as the one hosting the existing

Forth
systei. It is the higest form of Forth Programrn±ng

activity. It is also the very last subject a Forth program
has to learn. After mastering metaconpilation, there is nothing

( system.
more to learn, as far as Forth being a language or an oPerating

.tetacompjlaaion was a very integral part of Forth since Its very
beginning. After Chacic “oore coined the word ‘FR:’ for his
new foand toy, the most interestin! thing he found witn it was
that it recompile itself. Tnus he was able to port Fotn
to every compater in sight. Thereafter, all Fortn syste bere

I derived from anoter Fortn and he cid not need any other
prograg tool to put worth on a new OOpten. All ta

products

developed by Forty, Inc. wer° results of neta—
conpilation. This cartainly was of great advantage to Forth,
Inc. when it had to release source code to their us4o’rers,
because a1l the source code were in Forth. Either by striping

the
comnents intentionally or by t’w absence of comments as code

was developed, F’orth, Inc. was able to distribute Fortn with
source code without revealing any oroprietory infor.atian for
many yeas.

The scence ..hanged drastically when Forth Interest Group
released the fig-FORTH models. Although Bill Ragsdale
apparently had mastered the art of metaconpilation, as the
fig—Fo Installation Manual contained the 6502 Forth model
written in Forth, he didn’t release his metacompiler Instead,
all the fig—Forts 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. Metaconpilation became
the status of Forth priesthood. Mastering this black art
accords the orivilage to look down upon one’s following
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aid tapoed it in Dorting F83 aye’ .zr ‘as’
Svst°ps “P1? 3G3fl P’.j 3)9.z, ‘PR SBQfl, and B P—X,g. The

syse’r ware rele,saj v th ti-e “,etacoj5 to
generate these:-,es, gidig 1 usa eqa1 a2ceas to ill to

eec.ed to modify tne Syster for specifie ppA’oato. Its o very easy to de_e,,,e the bells and whistles ii F8 wiioare not used in an appli atior, and add the applination wcrd. tabuild a Customized Forth system. This feature undoubi-ly
contributes to tne PoDularity of £83 amoung serious Forth
practitioners

One weakness of £83 is ti-at it was designed only for a RAY’ based
computer with CP/14e’ike environment. Code in the dictionary are
contaminated cy data structures whic”a might change when Forth is
running. These imp)a’e data stractures 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 dictiony Becausa of tne
Commingling of data with code in the dictionary, £83 as is
cannot be put into RON witnout efforts in cleansing the code.
This set of modified £83 metacompller allows the generaj of
pure Forth code, whicn can be used to implement a RON based 8080
system.

2. RrrAB F63 tIrA0MpJLER

The first5ppii3a,,aon of this rnetacomp:lcr was to ge’ie”a a
Forth- trget systa to be ned P2 the ‘kDoo Macrocomoonert
MicroproceO systn Tarnzfacturej bg iatioa seIrconduc..r
Major features of ti-is target syst°r iralude:

a. IS Kbytes of dictionary in Ri!f and 16 Kbvtes of ‘A for
d”tiorary exanszoq, Std,Jcs, ard buffers.

b. 32 Kby—as o’ RA or RO’! ‘ ich may be used as a w4isr for
source code.

C. Coflpete £53 Kernel ext—at BflS/stos intereanes for terminal
and disk I/o.

d £83 8080 assembler.
e Starting Forth line editor.
f. £83 four-way threaded vocabulary structure.
g. Application can be added to ROM dictionary through

metaoompilation 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 t(bytes of ROM

3000 4 Kbytes of RON for expansion
4300 User variables and variables
4100 RAM for dictionany aid stack expafls:on
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T”!.s !2etacorD±ler consIsts , tree fIles: CtD.t<,
and U4D.BZ. Tha ‘4D.B12 Is tne ineta-cocp±ler, wiet Isderved

r from the META5.BL in F93.’SDBD syste:. KLD.BLK is derived frc
j KERNEL9O.BLK, contaInIng The Forth kernel for the M42r0

microprocessor. U43.BLW. contains tha 9390 assefller, the
Starting Forth edItor, and a few usefu utility from FS3’s

F UTILITY.BL’. ModIfications necessary to make the target
ROMmable are:

a. VARIABLE in the target comoiles a pointe to a RAM locaai
between 403011 and 4OFFH

b. User VARJaBkE compiseb a poirter to e so anor in Vie ‘ic

area

in PA’ between 400011 and 402Ff’.
c. Vocabulary thread tables are vrved to R4 to al..ow n lb

words to be defined and linKed in the target system
d. View fialds are eliminated.

e.
A variable DP-R is defined ir the metano’qriler to kept
track of the variables.

f. Asse”ibler defining words <lila> to <5.41> are defined in
the metacompiler.

g. All variables are collected together.
h. Input words are not converted to upper case. All name

comparisons are case sensitive.
i. BIDS I’D calls are substIttei by machIne code interfacinr

L dlrectsy to tne RS-232 port in M&2D00 system.
j. LIMIT is set to 93009. The dIsk buffers, stacks and terinal

input
buffers are moved downward accordingly.

k. Four vocabularIes, FORTH, EDIrR, ASSE’BLER, and DSER
are defIned in the target. The USER vocab.ary is empty.

1. BLOCK returns a memory address between 7D33½ and FD2)H,

allow’ng
‘6 blocks to b acessed.

m. All fi e and virtua1 •re y nanagenan w r • are elimira
n. COLD intielizes all po ts and t’° vs ab n.

o.

A a e NI RA’ corta s the val es t ializ
use va iab .8, va is sas a vocab la t a] ‘ablec

p. 08 Asseb er is de
a. Starting F rti li e ed inclu ed
r. Ultility w rds , TMRU, L r, ZRIAD t’r’ , and vIORD

are adde
s. A ‘auc’i sinpaified versior of YLY 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, U80.BLK can be substituted by a fIle
containing the application source code.

3. MTEreZ.:N3 PROCEEDURE
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Ire se’anca 9 e .tc arr, ‘• n a - .a .

vii. e 5r-i.. h’re asst g hat tr.e •t•R,< i’IC c a.irn
debugged aprlicat. auece oie. &c..t LD tre Cter a
aO3 F& , J fro.. dr te . , d’t 4.na tneaar%,ro.aer 38 e3
in drva 4

A>B•733 fl .BWi.

Aft r te fl3 eign—oi messages aDper -r t1e screar, +-

I LOAD

to load tne metacoqap9e After it is loaded, type:

OPEN K4O.BL I LJAD

A series of sreen numbers will then scroll throag’i tie cq:.
After an ‘ok’ is finally d.s;la>ed, tipe:

O THERE HERE-7 256 +
ONLY FDRTI4 A...SO DOS
SAVE B: TAR3ET • C’4

Assuming that thee are enoug’ space or the disketp in B drive Ito store the target syste image. This object files can be
used to program a set of EPRO!’s in the targat systarn. Th—
area between memory 0 and OFFH are filled with garbage. You
must at least put a JMP IOOH instruction at memory C-2 for
reset. The rest of tins area can be used to implenent inter,. pt
if necessary.

If your need tc be assured that there will be a big! Dobabil3v
that the target sg...tem would worK, vot. may try to ietaco’n,flle

target sv.,tea which can be tested nd deougged or yo r rp,’’
nost conoutar. Th s an oe done by substituting the ohrase

45 4 ‘U I
in Screen , l...ne 4 c.1 K4.g,.,f, after openn’rzg YdO BC b’

I
Screens 95 and 96 contaj. corsase I/O .out...nes ca...ling tA
BIOS. Using these I/O routires you will be able to brig up
the target Forth system undar CP/M. However, the command seq.zence
is slightly different

OPEN K83.BLK
I EDIT
D45461HRu
I 95 96 THRJ
DONE PLUSH
I LOAD

Afte tie kernel and the utility are soaded, tyne:

-6-
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)Nf ,.ats 4?) s
SAVE E:T751.DD!
BY!
A> TE

If tnere is no orobiei .n the kernel an the aopflcation code,TEST stoud oe loaded and start executing. Whatever te sign—on
messaga you ogr°n ad nt tha C 0 o cinc. will bo disp av
on the CR? screen sri tie %,rtI’ 1 terpreter shousi respond
to keyboard input. If not, well, happy debugging. You can
use your favorate debugger to step through the initializationprocess:

A>DEB B: TEST • COM

From this point on, you are on your own. It’s like a moth°r
giving oirtn to ner cnild. Tt-e laoor is agony ana pain. howe at,
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 PROBLE4S

Philosophy aside, here are soe hints on what iight go wrong
in meta—compiiaion:

a. Hardware ne9ory configuration does not match the rnemory

k
mao.

b. The stac’ p0 t s ot initializa orrec,t y It ,h Ua
at least pci o a RA 10 3tiOn ...fo e “or ci yes it
to the final location.

c. The console lID oort is not intialized correctly.
• d. The CT termira1 does n t mate + ansole “barn i ti

e. the .,PU mt. ‘u?t s”uc ire is no’ i iti fled or d sa ed

f.

Entries in INIT-RAM do not match the variables.
g. Vocabulary thread tables are not properly aligned.
h. Reset vector at rem ry does ot point to I OH

Other causes of prob.sm should be eliminated:

i. Power cord not plugged in.
3. 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.
a. Not enough disk space to save TARGET.COM
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T et ape is

aeen and Mi Perry,

4 Mcd:+:cators are addec s tne target cce can be
5 prograaeb into EPPOM
e Ar 8080 aeeeier an a iire CitDr are adeo to aic proora
— deveIopient i a standalone -ronlent,
B
9 Or, C H T nq
O Olfete Enterpr see incorp a e

RCe South B s reet
12 San Mateo, CIifor a 442
L. 415! 574-8L5.
14

C Load Screer 4or PrCoic’e
I ONLY FDPT ALSO DEFIN:T:DNE

3 FENCE OFF FOR&E OUT
4 WARNING OFF

NLOAO CS ,S
6 333 THRL

Oh.’ FQT

6 CF 1 Meta Coioiier Loaeo
9 EdT

ic B1,BL 1

Vocabuiar eoers
I ONL’ PORT
2 VOCABULARt
3 VAjA5L[ DP-T
4 VARIABLE OF-S
5: [FORTH] FORTH

CONS (1 AREET-ER
THERe S addr a b

C—T Staddr--ea
-T Staddr——n
C—T (S char tador THERE 3

-T (Sr taddr THERE

THERE [
THERE

HERE-T S tadr DP-T
ALLOT- 5n--

C—T S char HERE-T C 3 1 ALLOT-T
-T S HERE ALLOT-T

,S-T (Sadd 1cr
‘DO COUNT C

HERER DP-R
ALLOTP OF—F

lEa Scnt Deire 5abol Table ccaoie,e:
‘OEARULAR4 TARSET
VOCABULARY TRANSITION
VOCABULARi FORWAF:
VOCABULAR’ USER
ONLY DEFIN hONE cORTN

META META
P55 AP6E
TFNE;73N NS7O
sp: 6RWAt
USEF SE
A8SEMPER

ON FOR

ALSO ASSEMBLER
META C—T
META ,—T
NETA NAR
NETA ‘ 7RESOLVE
NETA 7NAR,
NETA 7 RESOLVE

ASSENBeER IS C,
ASSEMBLER IS
ASSEMBLER IS T’NAR
ASSEMBeEF 15 RESOLVe
ASSEMBLER IS ‘•.NAF
ASSEMBER S ‘RES3E

The Mete oac
ES bT12N5 A,52

ASSEMKE
SC MEA A 0

.LS0
NETA NETA ALSO NETA DEFINITIONS

FINi1ON

HERE-T
TRUE

ihurB5ct 8060 Mete

1>RESOLVE

: iMMEDIATE

Assebi r
(S — 1 aodr

(S4 adr —

(S 4 addr

6 [METAl META IMMEDIi1TE
[ASSEMBLER ASSEMBLER IMMEDIATE

B SWITCH (S
WOOF I Contef NOOP Current

L DOEb

%RESOeVE 154 addr —

HERE-T C
SWAP -3
HERE-T

LOu.

I! PUP CONTEZT
12 OUR CuRRENT

-T CONEITION

1’ STCH Rede4re tse

SWAP 2ONTET
SA CURRENT

OVE

ONL OFT AeSO ZETA ALSE DEINI7ONS



eta Coa : o. b
AE 3rE 5FF

LABEL S
ASSEMBLER DEFIN: os

INTARaET S
ONLY TARBE DEFiNITIONS

iN-TRANSi’ID ‘S
ONL’ FORARi ALSO TARGET DEFINITIONS ALSO TRANS SN

IN’NETA (S
ONLT FOPTK ALSO NETS DiE NiICNS ALSO

IN-FORAFr S
FORWARD DEFITiCNS

$eta Coap1er Corward Peere cc Lirkir
LiN-BCWAFDE S PFA

HERE-T OVEP - SIF
RESOLEE 5 pa -—

P FORWARD-CODE S

C 6 SUP PESOEO
7 FOPWARi .b

8 SWiTCH FORAPD OEFIN’Ti N
P DOES FORF:-E:E

0 Create Ficaders ar e ea
1 VAR1ABE WIDTH TI WIDTH
2 YARIA&E LAST 7

VARIABLE CONTEXT T
4 VARIABLE CURRENT-T
5HASH
6 SWAP
7: HEADERr 8 BL WORD C 1+ WIDTH JN ‘DUF IF

k ALIGN BU -T ia dowrefeIo
IC HERE CLRFENT-T HASH OUR
II HERE-T 2- SAF
ID HERE-T HERE RET S. ALIGN SUP LW
IT 115 3AP THERE LSE 128 HERE-T t- :s :s

(aAcrE4a: et opIe Oea”e Tarcet sacs
TARGeT CREA e S

IN HEADEPIN IN-4P5E
DOES NAKE-O[E

RECREATE (S -

TARGET-CRETE 11h
‘CODE (5-

TARGET—CREATE HERE-T
ASSE$BLER ALSO DEFINITIONS

END—CODE
IN-ET ?CSF

C END-CODE
ETA IN-ETA

eea Co*iier Brarchina De:rnc cde

SWICr TRANSITION DEFIN’TIONS CREkE
DOES )R

SWITCH TRANS1ION DEFINITIONS [CONPILe)
INNEDIATE

DIGIT” (S CHAP - F

I -ROT 0 250 SUP C SUP DIGIT’ SAF PUNOT :
ROT AND SWAP 1 OOF

HEE-T CONTAh

IC’
II;

14

CREATE h-NEA HERE

ASEEBLEF CSF

0 \

E ES LIN-GAL(WAF, THEN

12
Force co.p:iat:or c4 target o—ad oos

CONTEXT TARSET DEFINED ROT DONTEr
0: TN1SSING
TAFBE’ 5 —-

CONTET FORiRD DEFINE: RE ONTE

14

10

(S str—addr voc—ador —— thread
÷C ANL2X + ;

(S ——

14 THEN

BASE
PUNCT”

ASCII
ASCII

NUNEF.1C
DUF I

DIGIT NIP
(S CHAR -- F
OVER SWAP ASCII OVER - SWAF
OVER : SWAP DROF OR OR

iS ADOF. LEN - F
IF DROF C Di5iTT 5flT THEN

DROP

Listing 1
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RWAR OH El HERE I REN S 2
HERE IWREAES LAPSE P WHiL

“CR OUR LNANE NA!E 5Op
5 RESOLVED 0 IF Oi.F NAE .10

SWAP REPEA’ 2DPO lNET
7 F1NDUNRESOLVED 15 - cfa f

1’ S ‘F DiJP 8Dt RESOLVE’
9: RESOLVE (S taddr cfa

IC >BOD 2DIP TRUE OVER
11 2DUP -RC SWAP -I
12: RESOLVES S taddr
I FIND-UNRESOLVED IF NANE
14 ELSE RESO E THEN

C interpret1, wards or eta
I : H: [COMPiLE
2K:’
3 K: ,-T
4 H; C CT
5 H: HERE HERE-T
6 H. ALLOT ALLO- T

7 H’ DEFINITION’ DEFINiTiON,

0 Asseabler De4iinc words
1 FORWARD; ‘1I.

[ 2 FORWARD: K2NI.
3 FORWARD; ‘3$i
4 FORWARD: K4N1

[ 5 FORWARD: ‘5NI;
L 6 : INI RECREATE

2I RECREATE
8: Thl RECREATE
9: 4I RECREATE

10 5Ni RECREATE

Th: as a—com icr s se tr ste
La:en and N Is Perr
Nodf:cations are added so that the a qet code ca te
proaraaaed into EPRON’s,
An 8080 asseabier and a line editor are added tc aid rrccaa
deelopaent in a standalone enroraent.

Dr C. H. Tinp
Ofte Enterpr:ses I coro atec.
130s South B street
San flateo Californ a 944

DROP 4l5 74 825C

TPs aeta coapiler is based on that in P52 sstea b Kenr
Laxen and Nile Perry,
Nsd:rict:ane ae added ci that tre tarpet case can ce
praaraaaed into EPRON’s
Ar 8080 asseabior and a his editor are added to a d p op a
developsent in a standal ne envlronaert

Dr. C. K. Tinp
O4ete EnterDr:ses, Incorporated.
l3n Soutt B street

San Natec Dai:forn:a 9440:
415 54 25fl

O5auc86cbt Neta-coap er for RO based ssteas

Th:s aeta—coapiler IS based on that
Laxen and Nke Perry.
Nod4ications are added so that the
propratied into EPROM’s.
An 8080 asseabler and a line editor
developaent in a standalone environaent

Dr. C H. Ting
Offete Enterprises, Incorporated.
130 South B street
San Natec, California 94402
(415 574—5250

THEN

BEGIN DLP WHLE
REPEAT 2DRLF

ID AIread Resol’.ed

15

£

DSEP83KHL Neta-ccaa:ler for RON based svsteas

I ..

11

CONTET-T DURRENT-T

[FORWARD)
[FORWARD)
[FORWARD)
[FORWARD)
[FORWARD]

INI
2N1
DN I
4N1

DUF C
OUP C,-T
OUR C,-T
DUP C,—T
OUR C,-T

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

14

in FBi system b. He

target code car be

are added to a d arogras

Li stng tO Ddbd sysie S cori.



caDet

2 This file o a the erna so ode for
053 tare eve es Nost screers 6 tical c s

4 origirl F8’,BOB cc eens On tYose wY rh were •ud
5 are cose Led in he crrespon&nq JLdow screer

Eoct u yectvs an NE!T :ercre:e
DSSENEi E ABEL OPISIN
NOR N C Loi Ley £ ‘ try point
NOr N
LABEL DPLJSH
LABEL NEIT

Low e WARN En r poir
0 PUSH ABEL HPUH H PU

IF LOAX IF INX AL MC IF LDNX I INX A H NO

0 Target Systes Setug
1 IARNINE OFF

2 ONLY FORTH
3 25s DP-T
4244 THRU
C

NETA ALSO FORTH 16384 48 DR-F
HERE 16000 TAR6E’OR BIN BOP
45 4e H4RJ 4 5c tfR 5888 TL

USER tEF:N:NONE RC O:L’BL c: FORT DEFiG.E
U4 PL Th.. EiT

7 Sste Source S:reens NARNINS ON
B CF Unresoiyec ree’ences; .UNROLiE,
F CR C Stat;s:cs: OR.. Host Address;

IC [FOPTH HERE F;r Tarnet Code Aecresa;
11 NETA 2Cc. THERE U aret Code Aadre

NET HERE THER CR CR
META 256 HER HEP T

14 ONL F H A SE 0 SAvE RbE N F RTH

0 Declare the rward Reference and fersion t
I : 3) 3
2: [1 [COMPILE) I FORTh INNECIATE NETA

4 FORIARD: DEFIiONS
5 FORWAFE; I
6

LABEL NEXT
N E NOV H INC N 0 NOV XCHE PCHL

FORTH ASSENLER DEFINITIONS METh
H: NEXT VNEXT JNF
H: IPiHL B H NOV C L NOV : IN-NETA

HERE—T OUR 100 CUFRENT-T harliess
VOCAPULAR RORT FORTH DEFIN:TIONS

2CJANE H Run Tise Code for Defining Words
VARIABLE PP C Not enougt reoisters or an Bu8
ASSENBLER LABL NEST

PP LHLD H DCX B N NOV H DCI C N NOV RP SHL[
O iN E C NOV P 5 NOL NE:’

CODE EtIT iS -

RPLHLD NCN8 MI sNC
NEXT EhD-CODE

CODE UNNEST EXIT -T UNNEST T END-CODE
ASSENPEP LABEL 0000EE

PP H5 H DC: B N NO D: C N
PP SHLE B POX 0 INC PTh NEii

LABE 000RE E

O4AprB4sao - Run Tise ‘ode for Definna Word
VARIABLE UF
AS5ENBLER LABEL IUSER

UPLHLDDDAD NE
LABEL ‘USER C in: DE:f

H PUSH UP LHLD 0 DAD
E N NOv H INI 0 N NOV RET

LABEL DOCONSTANT
P INI XCHS N E NOV H IN N

LABEL DOLISER-VARIABLE
0 INI XCHB N E NOV H INI N 0 NOV
UP LHLD U DAD H PUSH NEXT

CODE ‘LIT> S n

Consult Nile Fe and Henry en r PB’ source c de
B Inside F8’

LA.

14

IC
C OVER
DUP C

4

—i I
SWAP is !—T thread C IN-NET

A

NE PUSS NEC

B

I in: DE out: DC uses:
NOV H INE N 0 NOV RET

HLaiue out: none
P FOF

IF LDAE IF INC AL NOv IF uAa IF INY NC
HFUSH JNF ENP-COtE

Listi Kernel of RDD ta’get systeris



•
7
4
4
4

‘
3
a

r”
—

—

.
.

—
-4

O
n
.

o
J

4.
,)

—
4
=

0
.4

4
$

,

44
:3

_

4
=

m
—

4
a:

—
2

‘4
4
=

a:
i

a:
;

a:
-
4

0 4
=

4
=

‘-
‘.

4
.4

.4
3.

)
a:

4
=

a: .4
-”

,

—
4

-
4

—
4

4
-’

,
—

.
—

4.
7,

1
’

-‘
-4

a:
‘7

1
1
7

‘
3

,.
,,

3
0

:a
:

-
,

2
’)

’)
—

4
=

--
4

C
l,

;-;
:

‘
-

4:
’)

2
,

4
4

-4
7
,7

2
2

,1
,X

’
a:

,.
—

C
l)

...
,,.

-4
:’

4
a:

—
.

ii
rr

%
l4

1
.4

5,
—4

4
=

—
-4

4
=

a:
44

C

4.
5,

—
4

2.
41

:7
4

1
7

•
4

=
-7

,:
2-

r
J
)

.4
.4

)
-
4
,

—
-4

a: 4
=

a:
;

‘5
,

CD
•
“

‘1 T)
4

=
-

o

‘f
l

a:
‘7

1
-7 .44

.4

4
:7

4
3
3
2

2
‘
t
) —

-

4
= -
4
, :7
,

a:

41
’

4
=

—
‘4

3
,.

0 a: 4
1

,
4
= a: ‘7
,

rJ

.1
4
.,
)

—

.0
0

.4
‘-

3
0

’-
04

4
.2

4s
0
4

4
-.

)
—

4
.’

,
—

:1
:

‘-
‘1

m
0
1

3
0

‘

m
_
,

24
:)

1
4

3
0

a
:

.7
‘-

4l
:7

3-
:

“
4

‘7
1

4
=

4
=

4-

a: -:
4
2

5,
4.

1
3

24
4

0 .4.
4, 24
4%

—
-4

3
0

4
=

3
,’

73
4
=
r

“
1

a:
2=

4
‘=

2
1
>
,

-
4

.4
,4

)
2
%

1”
4’

2
c,

-’
,

‘
r

4:
3

r”
,

2
-
’

,“
,‘

,n

33
’

4
2
,
7

‘-
4

-1
3

0
-<

41
3

.4
4
-)

4
-
,

3
”

1
>

4:
,

n
-i

‘
-

“
‘

“
1
-4

4.
4%

3
0

‘3
”

2
—

-
C

D
‘
4
1
4

—
4
;;
,
C

’

2
‘1

—
-a

:
4-

—
2

24
1

.
-
-
m

0
s

—
,

-
.
m

,
,
.

.
-
.
4

2
-
4

1
7

-.
4
:.

7
7

- -
:7

r
t

m
*

‘-
‘a

:
a
:a

:
—

4
‘4

4.
1

S
‘
“

r
n

r
-

C
l

7
,

f
l’

i
-,

:3
1’

?‘)
-

“
,
,

24
’4

,

0
1

4
:0

‘7
4

”
r
’

c
’)

‘0
-.

—
1

fl
.,

—
.4

_
4

3
,

4
,

“
-4

.44
%

7
,

‘7
*

1.
1

+
2
-

2
- ‘—

l
fl

1
4
.1

1
4
.1

4: —
4

2-
4’ 3
7

41
“
-4

I
’

—
‘
4
.
s

4
=

.1
’

L4
.’

‘:
4.

,
4
=

2
$
)

a: :2
4

4
,
l

‘-
-4 a:

C
)

0
,)

0
1

4
=

4
1

,
C

,

‘-
4.

, 4
a:

‘.
3
,

2’ 2
-
-
.

—
2
3
,,

1
>

‘-
‘i

o

4
=

11
e 4
-

4 z
-

, 3
,

2
.3

C
S

)
.4

7, 41
,

7 1. -7
-

3
,-

2
1

V CD (IC ‘< Cl W -I C’ 0 4”

a: :5 .4
41

:5
,

1
’)

4
=

-7
4
:4

1
”

.4
.4

,
‘5

)

_

n
-i

-
4

4
= a:

4
1
,

41
,

0
)

7
>

4
=

‘7
5

4.
7

.4
7,

__
4

3
0

3
0

C
-

C
-

+
)

v
”

.4
—

a:
r-

C
z

:4
.;

‘
7
’

0
)

a
:

‘c-
’

‘

C
l

0
’)

T
0

3

-
3

0
4

=
-
4
1
3
0

a:
33

5
3
7

.4
-’

-
3
7

r
n
-
a
:
-

4
1
’

—

C
l’

)
r-

’
a:

r
-

a:
0

1
a:

-4
.:

4
4

1
24

%,
’

a:
2

a
:

,
:
z

7
“4

-1

4
:7

0
,

s
-
s

r
n

a
:

,
3
7

7
’-

’
—

4.
1.

4
4
=

O
D

3
7

.4
’l

3
7

a: 2=
4

C 4
1

,
‘:

3

4
=

a
-

t
’
2
=

‘
‘
-
,
1
7
4
-
4
=

4
=

.4
41

3
7

-
4

4
)

.4
.1

)
,,
-
4

C
-
’

3
0

‘4_
__

)
,j

S
,,
2

(-
7

.4
”
)

1
7

—
—

3
0
4
2
’

:
5
—

3
0
-
4

2”
:7

’*
27

5
7

,
2

-
r
n

1
a
:
C

)
*
.

r
n

3
7

,%
,
4
0
’
2
*
’

r
_
..

4
7
-

.4
2

4
4

.4
1

4
%

7
,,
,,

2’

a
-’

F
41

-)
,
-
_
,

2
—

r’-
’

-
‘

41
-:)

4
-

.4
4.

)
45

)
4
5
)

—
‘4

45
4

4
’)

1—
’

2
—

4
3

3
*

4—
’

4
4

‘
7
)

2
‘-

4
‘

I
.4

41
‘7

5
—

—
-4

C
,

-
‘

41
0

3
7

r
F

)’
)

1
)

—
-4

:.
4
1

41
.4

3
7

23
3

-.4
3
7

2
--

.’
.4,

44 —
4

.4
—

3
7

3
>

—

3
7

—
-4

—
4

r
n :7
,

C 2
-

-
.

3
0

—
4

:5
7

.
.4

2-
F

.44
-F

3
7

-
4

:4
.

3
,

r
“
—

4
=

.4—
)

4
1

,

3
0
-
7
)

‘
%

=
2

3
>

3
,’

-
.
,

3
7

4.
7,

--
4

-7
:

2’
,‘

,a
:

4
.,

r
37

% 4
4
=

%
3
7

2
‘4

-

C
,,

7
7

C
)

r

r 4
=

4
=

4
.

C
’)

‘

‘
3

3
-
’

C
)

3
>

-
,,

,
•

.4
,-

4
--

4
—

4
._

4
‘

2
-’

)

.4
5)

-
-

-
.

-
-

5
2

2
2

C

44
’)

4:5
4:1

3
7

2’
—

‘
3

3
,

4
=

4
—

2
=

33
*

‘
7

—

3
7

2-
p
”
)

33
2’

37
.

‘
-
,
-
,

a
:

0
1

I
n
’

41
‘1

0
-

-
:
:
:
‘

.
r
’

41
”

2
’

,
7

7
‘7

2
’’

3
7

,
,

7
7

‘7
’

a-
“
4

Z
3

-
a

3
7

a
r

‘4
.

‘3
4

a-
4.

E
;
;

‘
-

4
=

4
1

4
.)

)
.4

,
,
4
-
’
-
4
_
•
”

s
,,
,

C
)

0
.

7
1

7
7

1
7

7
7

3
7

24
%

C
)

3
7

C
S,

41
.44

%
‘s

,
.4-

41
3

0
3
0

7
,

33
*

-
—

-
-

.41
4

23
3

‘1
7

3
0

3
0

2’
s)

a
24

:)
3

0
‘7

1
C

)
4
5
)

0
”

,4
.

:
7
5

3
>

:7
*

m
re

’,
23

34
—

0
.4

4
=

.4
’)

3
7

r
-

—
—

.4
‘
,

:5
37

C
)

‘)
4

1
)

‘4
:.

2
,,

‘
_

2-
—

,
24

’
a:

C
-

“
0

‘
33

’
,‘

1
;
,

‘4
”

‘*
73

,
,

,.
2
4

2’
‘4

—
4

.3
“

7
,

“
4

f
l

.
C

)

5
5

1*
1

—

—
27

1
-
-

a
:

7
7
5
,

4
=

41
7

7
,
3
0
7
>

‘
-
‘
.4

.4
,

-
7

’
a
:

3
>

7
7

3
7

7
,

3
7

‘—
4

‘
7

“
4

2’
-4

‘C
.,

I

0
’

2’
2
-

41
’)

4
1
4

a:
a:

2
-
3
7

‘4
.

3
,

‘
7
s
,

4
=

33
2

0
—

33
*

3
7

1
>

2
3
.)

7
’

s
—

s
3
,’

4

“
2

4
1
,

.4
-,

-
2

3
,

“
7

,
.3

‘
-

.2
2-

’)
.

‘7
s

—

.4
1

’
7
,

‘
,
‘
,

0
41

I
—

a:
3

,
4:

2’
3

,
7
*
4
=

4
=

4
=

2:
4

441
%

—
.4

7
3
,4

.4
_
1

j
)

34
1

27
3

‘7
’

4”

.45
%

2’
,)

5
’

‘2
-,

,
:
7

’
C

3
7

1
0

‘
f
l

4
-”

)
7
’l

f
l

a:
C

’

‘
‘

41
7

.4
.4

3
0

4
=

‘—
2

2
,1

)

4
=

r

44
*2

-1
4

7
-



Paael

• Run Tine Coe Lo Crsr4rc 5+r

00. Sn1n:-
R. DUP : -ROT SF DV°

3; ‘DO: )snno
4 201W IF 2DROP P F
5 ELSE UF )P 2 -ROT

SWAP DUF - .R R THEN
ROUNDS S adr len —— li f;rt

OVER SWAF

13
C Neta cciper Branctin oopino
1 T DO
2 tTAR6ETI ‘TOO
3 T; DO
4 [TARSET] (DOt
51: LOOP
6 TAR6ET LOOP:

7 7: +LOOP
B ITARGE

10
11

Execut a
ASSENBLEF NET
CODE EXECUTE

H POP

0

3
4 CODE PERFORN (S addr-of—cfa --

5 HPOP NENOV H1NX ID NOV TONE
6 LABEL 000EFER (S --

7 0 INT XCHB PERFORN -T i JNP
B LABEL DOUSER-DEFER
9 P IN TONS

10 USER CALL
11 CODE GO (5 addr --

12 RET
1 DDE WOOF
14 CODE PAUSE

02Ci Ekecut:on Cr:c.
CODE I -- a

I, rOP r A NuV L ORA LEAVr.
LEAVE [TARGET] (LEAVE) T
‘LEAVE LTARBET LEAVE

OIAUEBHHL IC art
CODE

24FEBE
S frog to count

B POP C POF (IRL
B A NOV C ORA O

N A NOV H TNT P STAT
REPEAT B POP NEXT END-CODE

CODE CNOVE (S froa to count —-

JP>HL B POP P POP ITHI STACIP BC=ien DE:to HLfroi
B DAD H DCI TONG B DAD H DCX ZONE
BE6IN B A NOV C ORA O NOT WHILE

NANOYHOCIOSTAX DDC(BDC
REPEA B POP NEXT END-O0DE

10
11
12
13
14

RPj4E NENChkINEC
HINENANOVH!NXNHNOt PLNC ODAt
HPtiSr JNP END-CODE

CODEJ S—-ni
RF LKLD 60 LXI 0 DAD ‘ I 34 JNF END-CODE

CODE LEAVE S --

PP LHJ
N C NOV H

CODE ‘LEAE

H INT H lN H INE H N
OWl N B NOV H TNT P SHLL

S b:t lesor, Oerat;ors

Saddr--r.
H POP N E NOV H INT I C NO

NE END-CODE

NE END-COL

24FEB2T-

C PJS NEIT END-tOtE

C N Nuv NX

NF tNL—Lut

CODE 5 n addr --

DPO ENNC HOW;H POP

H POP
:5 aar -- char

N L NOV C ILl HPUSH
CODE ,S char aor —-

H POP 0 PO E N NO. NEPT EN OCCE

201iF 2 -. RESOLVE ESC.VE 7:

CJ ‘ RES3E - RESI.E

NETA CONSTANT NET
CS cfa -—

>NEET1 JNF END-CODE

rt c

a
0SEP83HI1L B a F Nave Ne

CODE C$OVE
IP’HL
BEGIN

)NEil JNF END—CODE

N E NOV H JNT N 0 NOV
XCHS .NETT1 JIP

STACK I BC:l DEto HLtro
NOT WHILE
0 INI B DCX

END—CODE
END CODE
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i ONS CONzP

Arth.etc Opert1or5
(S n 2tn

H DAD KPUSH JNP ENDCODE
(Sn —

POP H A NO PLC PRO RP A
A NEW RAP . NC HFUS NP END-

6 CODE ED (S u
7 H PEW A H A NEW A NEW

B L A NOV RAP L NOV HPUSH NF END-CODE

THEN
L !NP LOOP USLA JN: RET

LABEL USBAP
I H LXI B POP H PUSH HPUSH JN

28
25epB3p le bt Arithaetc Opertors Unsiqne Dide

CODE iJNNOD (5 dl ni - Reinder quotient

IPHL B POP D POP XTHL XCH6
HLDE Nuaeratcr BC Drioinator

ANOVCSUE HANEW 8588 USBADINC

HANEWLHNO cNuVB[NV DPt
JSLA CALL
C PUSH S L NEW

H DAD HPUSH IMP END-DEWE

HPUSH JNF END-CODE
INX HP c JNP END ]DE

AONEWHENC PRO HN1V
0 PUSH HPJSH JNF END-_ODE

26SepB3n lb bt Co*parison Oertions
CODEEW Sn--f

HPOP LANOV
CODE ‘ (S n

HPOP HDAD
CODE0 Sn --43

1 COD
CD
3 CODE E6ATE 5 n
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C inte act
I NL
2 L>NAE

1 3
4NAE
5 LIN.
6

I 7:)NANE
I S >LIN

5 H FOP H ‘Y L
[ SESIN I FOP

DLDA NRA
8 SESIN I
9 HINIDPxT29
0 H1NXHP4
1 THEN THEN

12 HPOF

i
IONS

4 LJHI

UL

SWAF
S2II

ONTR9. ‘S n

Coi1er

L

C IALLOT:
C THEN

IEDE
DUF2+R ,

i cLCT 9 LIEN

iEt lATE
IMHEI vE

‘5 A I Lv e r3ed t
SF SF0 SWAP AB3F Stacy dic
SP FAD u OR Stac Overfiow

1 TRAVERSE DEFEP STATUS (5
L NAE WANE INTERPRE :5 -

SESIN STAC DEINEO
1- 1 TRAVERSE IF EXECUTE
)NAE N LINr ELSE NUNSER OU8 E

THEN FALSE D0NE
NO IF DROP THEN

10
Ii

12

14
15

0 Interactive Laer Dict:onar
I CODE HASH (S str-add voc-tr -- tNrea
2 DPOPHPOP HIHINANOVOANI
$ A L NOV H NV] H DAD 0 DAD HPUSN JNP ENDCODE
4 CODE (FIND’ :5 here nFa - here 1e cta :a

ORA NO
S US ThS IN: H 1HZ

LNTIL

27AUO8HfiL E:tens:ble Lever
:ALLO :Sn—-:

:0, (Schar
NLISN REPE ANu
EVEN AND
DONF1 E (S

OF
HERE

HERE
IF DL

F

H INI C N i 2IF S uN JTEA ‘S r -

INNEDiE

ANJ

NENOV HINI :NC
hAMS L ORA
‘ JM[ tND E

o4 Precedence bi
CDME LT

:5 -

[COMPILE L tRA [COMP LE

(5- n SLWORO 1+C
IF [CONF:E; JTEPA TEN

DL WORD 1

C hteractive aver D t:orar
14 CONSTANT ITHREADS
2 FIND (S addr ca iag ador +eise

DUP C IF PRIOR OFF FALSE IVOCS
DO DROP CONTET 12: • DUF

IF OUP PRIOR OVER PRIOR
IF DROP FALSE

ELSE OVER SWAP HASH F1ND. OUR TLEAVE
THEN THEN LOOP

ELSE DROF END ON [3 HOOP 1 THEN
‘UPPERCASE (S adr — adr

CAPE I DUP COUNT UPPER THEN

4

5
1 6

1 8

L 9
10

[ DEFINED
1: DL WORD
14

t OF Ei L TO

2jur85ct Eens:ble Lade Lco:er

ICRASH :8--:
TRUE ADORT Unini 1CI LE execution vector

‘MISSING (S 4 -

IF ‘WORD COUNT TYPE TRUE ABORT THEN
(S - cfe DEINED O ‘MISSINE

I (S [CONILEJ LITERAL • PNELATT
[COMPILE) (S — I ‘ IMMEDIATE
(( (S——adr len RCOUNT2DUP+EVEN ‘

) (S ) R; COUNT 2DUP • EVEN P

fl r -hE

TUPPERCASE FIND

C— I

ASCII PARSE TUC WORD PLACE
• S —— COMFiE ((

5 CONFE

erne of rii. arge sytea ‘d



CCMr E ABiF’
ABOF S

TPj Rt

PRINTING OFr
i WHERi. HEN

Lii

Extensib € a €

I .CONGITION c
NOT ABORT Conditional N ono

4 RESOLVE
5 MARL
6 RESOLVE S addr

‘NMELIAi
IMMtDIATt

ALIGN VIEw MERE reserp lirv
HERE AS eeiber nfi HERE
IF F NE

IF HERE OLN T FE
HEN 4a a tURREN ASH iUr •

LAST DUP N LJNfr B
REVEAL (S

LAST I DUP N)iiIN
(;(JSESI (S I R
VOCABULARi ASSEMBLER
;USES (S

[COMPILE] I
CODE S

CODE :5
[COMPiE

DOES S
VSSEMB ER]

SWAF CURRENT B HASH
B LAST NAME

CSP COMPILE :iUSES
REVEAii ASSEMBLER • iMMEDiATE

R LAST B NAME
‘CSP COMP’LE CODE

REVEAL ASSEMBiiER MMEtIi t

COMPI E :CODE i5 CALii
DODGES MtTA ] LITERA IMMEI. T

IHRHD 0
NP tR OOr 2DR

(FORGE c addr
6 DUP FENCE U ABORT Below ferce

DUP VOl LIN B BE6N 2 UP L NH L
8 DUP OC IN( NI
9 BEGIN DUP WHI E DUF UHREAIS

DROP OP
11 FORGET S
12 B WORD DUP C Rk

LIN( FObE

C Extensible Laye
I DEFER WHERE
2 DEFER ERROR

(ERROR S r jen s
4 IF R SP BS

B 1 INBL
R P PA S

Eii5 EROF ir

B ABORT Cf

Copi icr

MMEL I
O COMP L. DO MAF iMMEi

DO NP E Dii ‘ MAR MME
OOP

COMPILE LOOP 2DUF 2+ ‘<REED E REDO
+LOOP

COMP E (+LOOP 2DUP RESOLVE RE 0 E IMMECI S
UN Ii. COMPILE ‘BRAN[M sRESOLVE IMNEDI S
AGAIN COMFILE BRANCH RESOLVE IMMEDi
REPEA 2SWAP iCOMPILE) AGAIN [COMPI El :HE IMMED]At

F COMPILE ‘BRANCH ‘>MAR IMMEZIATE
ELSE COMFILE BRANCH $AR 2SWAP REECL E IMMEriAE
WHILE [COMPILe If lMMEOr

1€

Extensible Layer Defining N ras
•VIEW :5 — i BL B

CREATE iS str COUNT HERE EVEN t PLACE

‘ifa WARNN

tape aWAF
HERE LP B N H B MN A A

28 SWAP SET 18 HER S de € B
COMP rp H A EME R CRt ME h

CREA E

Os a No
COP S SPw SF

CSP S SF1 COP i ABORT S c Charqe

MMI E

ut

HERE I

HERE SWAP
HERE

c addr )

S ddr
(S addr

8:
9: ‘;RESOLVE

11 RESOLVr

(S 4 addr
S t addr

:5 4 addr
(S addr

TRUE
SWAF
TRUE
SWAF

MAR
CONDITION .RESOii S

‘MARV
‘CONDIPON HE€9LVE

LEi4E CLMF .t SAvE
4 LEAVE OMF LE ‘LEA iii



Detinino Words
REVEAL , llEtiAE

OCAB AR USE
SEP DEF N ON5

ALLO S

[ I IbSEF
VARIABLE CS

CREATE ‘ ALLOT
DEFER S

VARIABLE WSES DOUSERDEFER
FORTH uEFINTTIONS flEA INNETh

DUP I [ASSEMBLER] DOUSER VARIABLE META
OUR I ASSEMSLER] DOUCER DEFER METh
DRO OR IF ‘BOD L + ELSE
IS

Extensible La e
I 200NSTAN
2 CREATE
3 DOES’ 2
4: 2VARIABLE
5 00 2CONSTAN
6 DOES

B VARIABLE AVOC
9:CODE tS>

10 CONTEXT AVOC
I ASSEMBLER DEFINITIONS

12: END-CODE AVOC CONTEXT REVEAL
1 FORTH DEFINITIONS META IN-META

I it a z n Ho La a
I S SAEOFF INMED E
RUN S

INTERPRET
QUIT CS

SPE TIB
BEBIN RPO PP

STATE NOT
DEFER BOOT
:WARN CS——)

TRUE ABORT Ware Start
COLD (S 10 DO LOOP

INIT-RAM is384 25e CMOvE
CR 5—10—19B
CR BOO QUIT

IUSER +

CREAE avoid ecurs
CREATE (S

79

STATE ON BE N TAfl DEF N t U
4 IF 0 IF EXECUTE ELSE THEN
5 ELSE DROP NUMBER DOUBLE
6 IF [COMPILE] DLITERAL

ELSE DROP [COMPILE] LITERA THEN
B THEN TRUE DONE UNTIL
9 CS

10 CSP CURRENTCONTEX? CR
I. :USES NEE

: (5——i

• 13 ‘CSF COMPILE UNNE T RE’EA
14 : IMMEDIATE
15

3 ;USES DOCONSTAN
4 5-1
F UBES DOCREAE

DEFER :5
CREATE [ CRASS USE

8 DODEF P RESO YES OS
VOCABLAP (S

0 £REA’E ITHREDc DC
HERE VCC- INV V C N:

• 12 DOES CONEXT

I DEFINIT:ONF
x CONTs U LuRPN

Extensible Laier
: RECURSIvE S

CONSTANT S r
CREATE

VARIABLE
CREAE C

02au8echt Extensible Layer
IS iS c4a data—address
OUR

ReDe4xninq Words

LITERAL SWAF
I LITERAL SWAP
BOP’i THEN

TA F COM LE ‘ F S E H N flM I

S dl
5— dl) DROP

5—-)
(S addr i DROP

CREATE HIDE HERE OUR 2-
ASSEMBLER

BLV OFF
STATUS QUER

IF ok

[COMPILE] I
INTERPRET
THEN ASAxN

Ni CR OCu V 4

f vterr



:kIc

DEPTH 0
JP £D DEPTH I 1-PICk J.P SPACE ET HiAVE LOC

ELSE .

ID (Sn+a-
DLJP 1+ DUP C ROT C DI AND t.

D0 OUR ICT AND E. 126 AND
IF ASCII - 128 OR ELSE 1+ OUR C THEN

LOOP 2DROP SPACE
uUNP addr er
000 CRDUF6,PSFALE 16020 D>DE.i

LOOF DROP
14 SU$ S dr ler

C LeAP C DC OVER I + +

C \ Jritlztor Lo ee;
I HEX [FORTH] ASSEMBLER

2 HERE ORIGIN 6 + !-T C WARM ENTF PLINT
O CARl LXI NEXH IMP
4 HERE ORIGiN 2 + -7 COLD ENTP PINT
5 40CHLXI F SHC
6 INJT—P. H LXI F RHL
7 INIT—R( 100 - Xi SPHL

S COLD LX •NETI JP
9 DECIMAL

CR HERE :5 NlCO NIF I DELilA
5 0(8005

85 BE
:5c86t Coapieteres

RECCJRSE S -

LAST NAME
START
SF SF RUN OUT

HEX
LABEL OOC(

PNX XCHE ENOX M[MD.
IONS CDhEi BL NEXT

DE MA

80
4 ANS OH Reso vs o w Refers cs

RESOLVES ) RESGLES )
(;CODE RESOLVES (:CODE’
);USES) RESOLVEP ,USES (IS) RESOLVES IS
XABORT RESOLVES

[ASSEMBLER] 000EFEF IETA RESOLVES <DEFER:
[ASSEMBLER] DOCREATE META RESOLVES cCREATE

cortet [ASSEMBLER] 0000NSTANT META RESOLVES SVARIABLt
0 v , [ASSEMBLER] DOUSER-DEFER NETA RESOLVES sUSER-OEFEF

FOuND [ASSEMBLER] DOLISER-VAR]ABLE META RESOLVES USE-vAFIABLE
[ASSEMBLERI DOVO: NETA REBO_VEB VDCAPULART

S tei s b e cc u
I CREATE [NIT—RAM
2 HEX C C C 1NIT—RO 100 — INIT—RO

4100 0C.C OA,040,CO
4 (EMIT (KEY 0 0 0 , C
5040.04 (.0, (FORTH VOC

INIT—RO , 40v0 0 C 0 0 . 0 0
70 (LASH 0. 4030 FORTH 4030 FORTH)
84092U5ER 400.040.C.0.0,0,
9 INIT—RO IOU — , iF , 409A VOC-LINX C 0

100,0.1238 CC 410< (FENCE. 0, 1E, C
110 C , 0, C . 4038 EDiTOR
12 C c 0 4i8s ASSEMBLER
130 , 0 (

, 4090 , USER
80 , PSTA. OC. , CO . C RETS CHO
40, [NT. C9oC. • v , NM: DECIMAL

T’ I t ret ;s



C Resolve Forrc rees
F’ REED fEE P

RESOLVE

ROT RESOLVES R
4 RESOLVES -

S 2DROP RESOLVES 2DROP
$ RESOLVES

7 DEFiNITIONS RESOLVES
8 [RESOLVES
9 1 RESOLVES 1+r -

L 15 ijUr RtOLV Lihir
11 u:T RESOLVES §LIT
12 INlT-R RESOLVES HI2-

1 1Ni RESOLVEc HT

C Intiaiize DEFER wordc
I iLOfD IS LO[
2 CRLF1SCR
3 NOOP IS IHEPE
4 SOL’R2E IS SSJRCE

F NOMti. IS

L 6 LiEEF. IS
- (CHf4R IS CHAP
B 7ERRuR ,S ‘ERrhiP
C

DL ESOL’ SUP

SNAP RESOL Ec SWAP
RESOLVES

OVER RESOLVES OVER

2s RESOLVES 2t

2t RESOLVES 2
‘!SSING RESOLVES 1:5S:i
RLf RESDLVES FUN

29APRS7C kernel of PO taroet sste

This file containc the erra1 source code for a RO$ based
PBS troet svste oct screens are identical to the
v::ia rSE8 ec-esre, Oni trose which were accViec
nrC :ope1:ec r the corre orcro shadow screen.

Initial e voca ular.
INSt
1 FORTH 4 + HERE 1NT-A Is + THERE B COVE
3 EDITOR 4 + THERE iNiT—RA 2 S + THERE 8 COVE

C ASSEMBLER 4 4 THERE JNITRAN 2 BE THERE B ONOVE
5 USER 4 ÷ THERE INIT-RAM 2 9 ÷ THERE 8 CMOVE

L 6 LAST-T INIT-PAN 2 4A + THERE
CC-FORTH 2+ INIT-RA4 2+ 74 ÷ THERE

B DECIMAL
C

lOjan cht e nd of RUM tnret sstea

This file cortains he ernal source code for a RUM based
PBS tarset sstei Most screens are dentica to the
oriqinni F533555 screens. Only those which were
are coentec in the co—responding shadow reere

Consult Mike Fern ano Henry Uxen’s PBS source code or
‘Inside F8

‘Kerrie o± 2DM target syses ctd)

DEFINITIONS

OinuoBr:h4 zernel ct PO taet e stea

i I cn a s te e our e ode a REM cc
FE target s stea Most sc eens a e denti a to Etc
oniolnal F81508C s:reens. Oni+ those which were .oc:fec

are :o*aented in the correspondnc shadow screens,

Consult Mike Perry and Henr
‘Inside F8

Listin 2.



Ca Bacb BCS SSCiC De4’:rc oros

uct p 808 Asseb1er B nc cc

NEZ CNS
C0NTAN A

C CONSTANT F
C CONSTANT I
0 CONcTANT P
b CONSTANT N

ill CREATE C
211 CREATE 24

iNS T 2 CON AN
TAN WPUSI

AdT HP H
OPLJSH i

I CONSTANT
1 CONSANT

‘ONSTANT
6 CONSTANT
DOES.’ Ci
DOES’ Ci

N
I.

‘P
P5W

C4
1’ C4

31 CREATE C DOES Ci SWAP 8*
4l CREATE C, DOES. Ci C, C,
511 CREATE C, DOES. Ci C,

C C0NEAN’ S
C CONTTAN

C0NSTA
b CONbTANT 2

O9NAFS--..

4
iO4ecET:tt . 95. serr

C tiie
I his is ciu cc rta ut te eed i dc’i

cc I S I’ 5 r in c uict Dcc
C P.Ol—bsed 5r oui 1Isw tne system tc cc
4 coarilete ard uee4ui scte d eispcct svcte.a,
S
b Dr4 C H4 T no
7 Of4ete Enterprises, ins,
B 1306 54 B Street
9 Scn *4cteo Ct’ 948

IC.
11

14

O Ut1ti icadnc
I : 19 TH. IISCELLANECJS
2813 THRU EDITOR
$2 LOAD 4 LOAC C .OAt 5 LOAD ASSENSLER
4

I,

b

4

0 80B ssee er ir ç Nc

LABEL CREATE ASSENELER
C 205 CONSTANT DOES-OF
3 ASSEIBLER DSP NITIONS
4

8
9

10

2 CONSTAN C’
2 CONSTAN
4 CONSTANT h

6 CONSTAN SF
RESOLVES .111.

RESOLVES ‘CII
4 24 4 REcOLVE

RESOLVES 411
RESOLVES .511

PB 1N El
£9111 PCHL
DC ill RNC
Pc III
2 iN’ BAA
8 21 SEE
0I1 5Ti

C 311 POP
O 41 OU
DE 411 ss:
2 5II SHLC
C 51’ lIP

D2 CONSTANT CS
— r.i’LT -r

‘L

NO 8 L FORi I lOP

7 IN!
ES IN!
£8 Ill
SC ill

EI
DC IN! NOF 7u IN! HLT P3 iN! B!

F 111 RRC l Ill PAL iF III RAP
$9 111 RET CC Ill RN2 CS III PC

Ill CIA III STE CF III 1C
DC’ IN, RED 58 IN RPE PB IN! RN
DC 211 AED Sc N! AtE 90 211 SUE
s :1: IFA 50 21: 3PA PB 211 ElF
ii Cli IN 09 DAD 08 311 DCI

3M PS 5 N 0 P A TN! BA!
£6 41, Ati CE 4II AC 06 411 DC!
ES 4II IFI a 4II 09 FE 411 CPI
A SN HL T2 SN4 ETA CA SN! LA

RL
XChE

AC N, 4h
04 31: INF

“M U5H
0841 iN

411 AN:
22511 CA

SN JN L 11 . ii !i N

511 JPE F: 5II : 511 jI

02 CONSTANT CDC DA CONSTANT C0
C CONSTANT Cr CA CONSTANT DC.
P2 CONSTANT DC PA CONSTANT C

NEXT WEX JNP
lOV B40++C4

IVI Ste + 24 C4 LI St . DC
IF DC ‘iNAR

THEN T’RESOLVE
ELSE 2CC, 7.NAR 2SWAP T:RESOLvE
BEGIN NARP
UNTIL C4 tRESOLVE
ABAIN CC JIF C. .RESOL,E
WHLE C. lAPfr.
REPEA 2SWAP CT C ‘‘.PESOLAE RESOL

FORTH DEF1NIONT DELINAL souce dest atIor NO,

Listing 3



I

C Strno o’etorz
1 ECILF CEF1Pu ION’
2 INSERT S strra enath Lu’er
I ROT ChEF NIN >R R - left over
4 OVER 01W R + ROT CNOVE R CflO £
5 REPLACE

r 6: DELETE (S bi’fer size count
7 OVER NIN
B IF 201W
9 \ VARIABLE FOUNDr 13 SEARCH 1 sadr slen badr b1er n

11 FOUND OzE OVEF . ROT TUC 20UF U
12 IF 2DPO ELSE 1+ (u
13 ‘DO 301W CONPARE 3- iF FOUNt ON LEALt THEN
14 SWAP It SWA LOOF
15 THEN IPOP NIP P rOUND

around
RI OFF
RI B’BLIF NOD RI
RI
CURSOR C.
CURSOR C C NOD
SLRBLL
‘START CURSOR
‘CURSOF COJ
CLCOI
B 81W CURSOR
IREIA NINE COL* +

TOP C/C C
Tr.

LINES

0 buffers

r I ASCII CONSTANT EOS
I : ‘TEXT (S dr adrti n >R

3 IF R OIL 1+ BLANK HERE COUNT
484 CONSTAN C PAD
5: ‘INSERT S -— insert-buffer

(I.u INSERT C
‘JNSEPT “TEXT DROF LINE Li CNiVE
OiL C LINE CL OVER lEND INSER
PEEP ‘LINE lENt DELEE

F hE FJND ?NSS
CSn- FiNE

T SOP KEEF
L. Ntu•t

CURSOR IRENA1N NO

IF F+ C EXIT THEN DROP FALSE OVER SOP
DO N TOP ‘FIND COUNT ‘CURSOP IRENA:NINE SEARO

IF ‘F+ C DROP TRUE LEAVE ELSE DROP THEN
PEY ABORT Break1

LOOP ?NISS
E 15 1 ‘FiND C OUR NE6ATE C ‘CIA ROT DELETE

:0 (S-—u FE,
:R (S——i El;

TILL (S -- ‘CIA TILL Ft DELETE
FORTH DEFIN1TIDNS

(S ;tr:nq lenQth burer size -- ROT NIN ONOVE

W R left over 01W
SWAP 01W R t -ROT SWA CNOE THEN R BLANP

0 Noe the Editor s cursor
i:TOP (5--
2:C (Sn—-h

CIuoE:t
£EP - UN N5 PA

P. .5 ‘FIND Pt EPAD DNCIE
‘INSERT ‘FiNC C/PAD CKOE PAt iNSEi’ C FD O S

‘CIA S ursor lafter URSOF $F
I1 5 len ‘:nsert icr ‘cursor kfte

‘INSERT TEX TUCK ‘CIA
(ILL S ‘u 1 ‘FIND TE CIA SEARCH NiC

:‘F uSr:u. ‘FINCCi

2IFEB85CHT line editinq
i iS-u

P uS ——

B u screer lire
RI .>F 9CR ‘F
P 5CR P RI

FORTh DEFINIIONS
L SCFLIS

;N 1SCR ;

8 —15CR L
EDiTOR DEFINITIONS

uauoBbcht t:nd an repua:e
FIND” (S - n f I FiND ‘TEXT SEARTh

CURSOR
4 L1NEI

“DLI
6: STAR”
7: ‘CURSOR
8 ‘LINE
9 IArTEP

10 IRENAINIWE
SEND

12: T
II CR2

uS -— n
--

‘9--
(9

-

—- aor
— dr

(S - r.
—— n

15
— r

. r —-

SPACE ‘CUPOF

15

EOS WORD C
R PLACE THEN R COUNT

PAD
6: ‘FIND (S -- find-buffer 1 ‘iNSERT C,AD t

7: ‘NISS S n f —— n
B O IF DROP ‘FIND COUNT TYPE

, not found QUIT THEN
10
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Panel

Coeant’&c .rt hOidm so’:;
S

I4CONSTAA’C.
3:. (--.

THRI 1n2--
lRA D

6

8
0

‘C
11
1

.1

‘4
it

o ‘ Display the WONDS ir t’ie Context Vccahulvb
i:’LINE iSn—’

IOUT.+ O.IF CR THEN
3 LMGES Saddrn- add,- a
4 OkERISIAPROT
5 DO 2DIiPDWIF -ROT2DROP
a LOOP DROP
7:WORDS (5--)
B CF CONTEST a HERE ITHREADS 2$ CINVE
5 IEGIN HERE ITHREADS LARGEST MI

It WHILE DIE LNANE DuF C) :1 AND lINE
1 JfqprtrE bhAP’ VEt ‘F E’
•. REP& flPtF

.4
me

4:
: ILSC CONTErD2.SCNC%E

OIL’ CONTEST 2• B ERASE
KS CONTEXT ALSO :

REtINAL

Dr. £ H Tno
O’fets Enterprises Inc.
36a S. P Street

Sac Katec. C4 044:2

OZaqBe:ht Utiiit Ceauc!::
This 1ie includes aan ieportart utilities needed for ao;n;
ser oias Forth pr eraeain. n udino these function’ a a

RON-based Forth her el would a low the s sea to be a
coep etc aid usefu’ software deveioroeert svs’ee.

Dr. C. H. Tino
Of fete Enterprises. ;n.
130t S. F Street
Sac atec. CA 944C2

•0 I
ioe..tc a.: oab. r. earaceae”

I

nab:::.

‘III IEGA!E C NIt ib° ; rnIE5:rE

LAD

P
o Naninq Source Screens 24JANrCIIT Uti1zt GeauoBc:”
1: LIST i! n —— This file includes aan aeportant utilities needed for doing

2 CR DIE 5CR ‘ 1 5cr I • DIE • ln seriois torth prograeeing. Irtluding these fun:tions ;n a

DC CR ‘ 3 .R SPACE ROI-b.seu Fortp kernel would allow the sites tc be .

4 DIE ROt I ‘
h $ + IL Tb5L. hi 7P ‘LE.n con ets aid useful sftw.re developee t cyste.

$ LOOF tR’ ELTON
o RlA? ‘S --

l2EPlT .fors’eed .2 313C*SC 2r
BtINDEJ ScIC——
9 1.SHF

10 DC C :3 •t 5Pf I DISC. C. —T:_:w ‘FE
tEr ‘LEA”E tOGE CR

2

4
I

18

I
I

I

I

(F

DJPDOVC THEN

II

‘HEk

I

Lstang . Utility co’it’d’



NE qe r ii

1. INTRODUC:IDN

Harris Corp. produced a series of menicomputers 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 mernory accessing overhead can be
significantly reduced. The 24—bit data format also allows very
efficient representation of foat±ng 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 tne 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 corranis.
It is sti 1 advantag—ous to build a FOPTrI envirorent in wi ch prw rar
development can be ca riad o inte rtively

This inpaeentation of FORTH on the Harris ED Computer is basically
a transcription of te fig-FORTH for NOVA Computer by myself(1),
released by the FORTh Interest Group in March, 1981. The ‘IDVA

implementation
was chosen as the model for Harris due to the

similari4yin t e architectures of tiese two PU’s with ro ghl tte
same types o eg]sers ard a nila’ addressing sctenes ha dcsi€

goal

was set to fo low the fig—FOR_4 iel as closely as os°ible s
that prog ams developed using fig-FORIM can e trarsported into tne
Harris computer with tne minimal modifications. However, tne Harris
computer, being a 24 bit machine, is not quite compatible with the
fig—FORTH model(2), which assumes a byte addressible machine. Most

L of the deviations from the fig-FORTH model are in tne area of byte
addressing instructions

2. THE IMPLEMENTATION

The source program consists of about 1600 l±’es of assembl, code.
£ The dictionary after assembly occupies 3 Kwords of memory. The

source file, named FORTH, can be assembled and exeruted by he
following commands

24



‘I

.7
V.

f ..lssc ..Io,e ae t ba .s°c :r trs Fc-I syste-’, a deta ‘e
be f±rst assi#ned z-1’- f’a 3’. Trs sat’ fi_ , f not re’e t

n , g a c .. e C .1) fl S.

aw fltfl’ T a ‘s 7$
.7... UK... ,j 3m’, .g,j,,

A.z 64-A:

The D “ file is thus ge eratcd n urblocked form, wit - capacity of
63 1024 byte blocks, which should be enough for most programming
tasks. If the FORTh program was already assembled ar4 vul anized
into tie XE file, the comsand

will start tne FJRD4 progran with DAT fIle opened. I
The FORTH registers are mapped to ti-c rarris reg.st rs i tie
following order: I
PORT-I Harris Function

RP I Return stac. point3r
SF J Data stac pointer
W K Current iord pointer

Irs*ruatj.on Doirter
UP User area pointer

A,E Aco n”a’os

N r r p r ferr g t tl’e orig f the 3. ri prog&a9 i: I
Label Memory

OR C
NEXT 55 Code interpreter
LIT 63 Start of dictiorary Nuc eu
COLOT 1021 Defining instructions
DOCOL 1036 Address interpreter
ONE? 1377 Level I instructions
COLD 3214 Cold start. Level 2 instructiois
10 4023 Low level I/O instructions
TICK 4170 Level 3 instructions
TASK 5062 End of dictionary
3W? 506’ Free dictIonary space
XSO 14727 Top of data stack
XRJ 15373 Top of return stack
XU? 15D74 user area
I? 5240 nterprete oolnter

-32-



1524. •ser area point
SAFE i242 Register storager ‘525:’ First dLs buffe

SE ‘252 2 rid k b ‘er
54 Par ter t

2., e ia Pu ufe
402 I r na.. tpa0 j_fer

_1522 Eni of merory

IMPLt.MENTAT ONON PECULIARI?IES

NEXT -a THE CDDE INTERPRETER

NEXT moves the contents of I? into W register, increments IP, and
then 3umps indirectly through V register. IP points to tte code field
of the instruction to be executed. Since Harris does not allow a

negative

offset in the indirect jump BJC* , the V register will be
pointing to the code field after IEXT. User has to increment it so
that V can be used to address the parameter field.

For the convenience of debugging the program, all the code ending
L routines: PUSH, PUT, SINAR, PDP2, end fl3, termiriate at NEXT. The

only exception is EXECU”E, which ums to tke rout-ne beir’g executed
directly.

VIE NAMr IED

The name fields of afl instractions are created by a macro, 4EAD.
Its length is fixed at 2 words or 6 bytes. The fornat of name

• field i

Pcout / nr ar 2 /

I cnar 3 / char 4 I cnar 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 tne
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.

fl_
-I-.,
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Byte selection

Leftmost byte (bits 23—16)
Middle byte (bits 15—5)
Rigntm5 byte (bits 7-
Rigntg byte on read.

c’leractans ‘ ya hu,5• ?1a i5 0/to Afl tne DUafan 15 •‘se
for pr±’ier‘3fiag COntrol After C?, tre 17 co’qter .s cc’ to

( and tte frs fte as set to ai tawe Car° cf t.b cboea.t

9TERfji it not fUnctionai because a:r:c d3es not montop t.e
statjs t ts ee/boand It aays etJrns a false flag.

BYTE ADsREss:;a A’D WORD ADDRE3s:;

This is the biggest problem in transcribing the fig—F3p model to
Harris. The way ‘farris CPU addresses a byte in its memory is the
following, the lower 16 bit field Contains the Word address and Vie
most 5ignifi two bits, bit 22 and 23, are Used to designat. the
byte location watnin a word. The way by-es are addressed is:

Bits 23 and 22

01
10
11
03 No action on write.

There is really no good way of handling tne bytes in a word, as in
the byte addressjble PDP—ii. The nethod used here to address
individual bytes is to create a virtual byte menory space, in wtih

£ bytes are serially arranged, Dit..ding tl’e byte address by 3 and one
gets the word address. The remain4er of the division 15 inCremented
by one and put into the byte addressing field (bits 22 and 23). To‘ find t’ie Jartual cyte address from The ‘arris byte address, the byte
addressing field is shifted into E regisp and the word address is
multiplied b; . The number in E reg:s is decrejierited b> one to
get the true byte offset. it tne byte offset is —1, m°an4rg that tne

origina’
byte field is O, the byte offset is set to 0 to address ti’e

leftmost byte. Then the byte offset iS added to the nrtua_ Dyte
address of t’e word, 3 tines t”ie word address, to for, the virtjgj

i byte address of the byte.

The ins+ruction converting a Harris byte address to the virtual byte
address is BYDE. and the instruction confertang the virtual byte
address bac.c to a 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

is:
by CELL. The sequen of instructions to access a byte in the memory

( byte_offset word_addr -a ) BYTE + CELL ( byteaad )

BYTE AND WORD ADDRESSIN3 COI4MAPJ)g

a3S...



a a r — a r
Om3Utr, tra Ze4or, adressi in5rt3rZ are : iat afl t0
group’. te 5vta addressng insr:—ons arj tts° wo aidressn
naritins Pcnjrtr%4ornu’o eaaeon t V
3d sn s er a Ia scrs e of 1

one wfll either get tne wrong irfomanon or te s;s:e i1i trap yo
and kic yo bsc to [‘S with a out ef botlnt arOr message.

Byte Addressing Instructions

( baddr c. — b—addr ofs° ci’ x
offset, end, and next are a yte addresse°

OMOVE ( b-addrl baddr2 count -a )
C, ( b-addr ae c)
TYPE b—addr count --

-TRA!LPfl ( b-add. counti -- b-addr count?
EXPECT ( baddr count —- )
FILL C b4ddr count c -e )
ERASF ( b—addr count —-

BLAIKS ( b—addr codnt —- )
BLOCK C blocka —- b-addr)
(LINE) ( lineN blockJ — bad’1’ count

( —— b-addr coant)

The fo11owng list of instructions use word add essang s.heme

CELL EXECUTE ,Fi’1D MOVE +! 233LE 0 user—variables +DR:3:N
HERE LATET LFA ‘FA PFA CFA PAD (W’M3’ Tj’!3E . I/a /W
REAi)B WRIIB SFC’R x qp XX

The fo1lowing instions corv°rt adl”easins nol’s:

BYTE ( w—addr -- vir.ua_—b-adcr
CELL C virtual—b—addr —- b-addr
COU ( w—’dd — eaddr ount)

This problem in using tie fig-FtTr! zodel in word address:ng
computers s CO9tOn to all tre computers wnich :annct drecty
addr ss byt°s in the v&o • fl° v rt a oyt dd as spac° see’is o

e a logic 1 et od to ie w t. tr s pro .ei

DOUBLE PRECISION INrEGERS

Harris has many machine instructions to handle double precision
48—bit integers, which are conve.4ient for extended preois.on
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 signficant bit in A must be
zero. Thus the A register preserves only 23 bits of information
instead of 24 bits. With a double Integer on the stack, one cannot
simpi.y ROP the upper ialf of the ruwber and exoects ttat the Jowe
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24 bats are pesera t tPe lower rlf ?e doub’e ‘Wwben, ic
eSfled in figeFj:”, nodel. o rata4. 24 ‘Over ots ir a dojoa—
‘ntger on tha tne DroDe to use is D— z, not
DPtp This instrantio,, Wis usel in IN:ER—q;t nc • so tr’t :igns of
54g’e preision intmg€r a’e nar’dled correctly.

VIRTUAL ME’f0y

This is about the virtual memory in F0R’.f to use disk files, not th°
virtual me’2ory demand Paging in Harris, which Presumably is handled

[ by the YDS operating system.

FORTh accesses a logic file whose logical file n.mber is 64 . This
file must be genera in Unblocked mode and associated to logic file
64 before entering into FORTH. It is recommendeA 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 F0Rq system, because 3 sectors

have 1333 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 disx buffer. If one arranges texts according
to the TRIAD format, in which related texts are arranged in pages of
3 bloc.cs, this F0cj syste9 will do very well. ‘levertheless, the

g instructions BL0C, 3m, and LO4D work as specified in fig-FORq
j just as UZDhTE, FLSH, and Etn:y_BppERS. BUFFEn was not

implenesited

Because three blocks of data reside togethe in one buffer, one has
to break the loading SCaueqoe in tne first two blocks explicitly b3
EXIT instriction at the ena of texts. .therwase, loading will

continue
into tne next olocje, whi,h mignt oe useful as a dafault —>

instruction A the end of the 3 blocK bifler therm i a zero word
to serve as the stopoer

The two buffers are pointed to by ZREtT and USE in the Ping-pong
fashion When a block is reques, PREY buffer i0 checked first to
see if the request clock is in this buffer. If it is not in PREY
buffer, the contents of PREY and USE are exchanged and the new PREY
buffer is checked, if the reques block is StiLl not in this
buffer, then this PREY buffer will be used to access disk file to
obtain the requested block, flushing the contents of PREY buffer if
any block in it was UPDATEd. This method assures that the PREy
buffer is always the most recently accessed buffer.

4. SAMPLE LISTIpj3g

A listing generat by the command YLIST is shown in Fig. 1, showing
all the commands implemented in this FDRfl’ syater, The headers of

I

I
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s a a .r . c. or aJ i.e L , — 3
etc , wre raa.,ad °ror t’ syster. t as not expacted tnet use-s
vi t rtetaect-a i n 3orig IL... .-.J
if axacraj ir me ±tterpretng Etode, wfll Surely rasn te systn.

‘- s bare to lave t ee cowra’-d ‘idie

A tex. e.tor was iwpla’rente usina this F3tP•’ systee as a t,o’ tor
v itig ½ p or ‘..us ed tor i uLl nple.e tatio ± tie
eaitor discussed In Leo Brodie’s “Starting FDRTH”(’). One should
note the us of te byte addrearrg and word add esing ‘omiands i
handling text and string data. This editor and an assembler to buald
code defiritio’zs of Harris 80 machine instructions ae shown i’i
Listing 4. TFis FORTH system was used to control a Floating Point
Array Processor AP—120B nade by Floating Point System. It enables a
user to a cess directly tie rardware facilities provided in the A’ ay
Processor which now can be controlled interactively. The detailed
description of this apolicatio’4) is also included in tPis bo3k.

REFERE ICES I
1. C. H. Ting, ‘fig—FORTh for NOVA Computer’, FORTH Interes’ I

Grouo, 1981.

2. V. F. Ragsda)e, ‘fig—FJRTh Yodel and installatior Manua
FORTH Interest Group. 1975.

3. . Brodie, ‘Start±rg FOR n , Preat.ceeria_l, *1.

4. C. 1. ! ng, ‘An flteracti e Ore at g at°rr f P 2 B Ar4a
Prcessor Basea on FDR2H Language’, 1934 ARRAY Conference
2rocee4ings, Sociey of FS Array0roces-o Us°”s

I
I

I
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“U
aE? I 1%. —.. T Co
KE..P LINE ..YtISE 1. 3 E SAS PLAJ LX’ FBF LBF
2SWA 2DUP 23RP tmAS( E7P. <TYPE FOr j 1 , ‘00 VLIfl TRIAD INDX
LIST U. ‘ • D. •R D.R IS F SIGN I>
<I SPACE WdILF ELSE IF REPEA AGAIN UNTI +LOOP LOOP DO
THEN BEGIN BACK FORGE ‘ CLOSE OPEN SECTR WRITB READB R/W
I/O —-> LOAD MESSA .LI’ZE ‘LINE BLOCK DRI DRO FLUSI (PLUS

EMPTY

UPDAT N/MOD *1 */MOD ‘100 I /MOD * 1/
MAX MIN DABS ABS Se 3 D->S COLD ABORP QuIT ( DEFIN
VOCAB IM’WED iNTER “SPAC U< DLITL LITER [COMP CREAT ID. ERRO1
(ABOR -FIND NUMBE (NUMB WORD PAD HOLD BLANK ERASE FILL

QUERY
EXPEC .“ (.“ -TRAI TYPE COUNT DOES> <BUli. (;COD OCTAL

DECIM HEX SMUDO ) COMPI “LOAD CS ‘PAIR ‘EXEC ‘CO’IP
‘ERRO !CSP PFA NFA CPA LFA LATES ?DJP SPACE RO” >

-

ALLO’r HERE 2+ 1+ PREV USE HD
RI CSP FLD DPL BASE STATE CURRE CONTE OFFSE SCR OUT
>IN BLC LIMIT FIRST VO-L DP FENCE WARNI WIDTH TIB RO
SO +OPIG B/SC’ B/BUF C/L BL 3 2 1 0 USER
VARIA CONS? ; CELL BYTE C! ! CI I TOOG

DUP SWAP DROP OVER DNEGA JEGA Di. 0’
R R> >R LEAV Wr RP’ SP’ Si’G X.aR OR At)
U U* M3V, .M31E CR ‘flR’ {‘Y PITT SNOt (flV’ LIu_
I (DO (L3 flP Mt BRAEXE LIT

( wo s
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S R# 3
K P1N1—EDI’O. CN. 7—O—83’
I )
2 S4WORDPERECO’l ROP SVPSR#I 1W COE :
3sL SCRt 1ST:
4 EXI’
S
6
7
8
9

10 11
a

13
14
15

SCP# 4
0 1 Error Messages)
I stack emoty
2 dtct’onary Pu!’
3
4 Isn’t un’q4e
5
6
7
S
9

10
II

2
13
14
SC I’ ig War 8

5-PC
0 1 Error $essage. Cont’d)
1 comp’aton o1y
ZexecutO ry
3 strJctt.’e ret pa’ed
4 d&ln’ I n f’rtshed
5 pr.te:ted d,...,,nae
6 baa rIg o- ,

7
8
9

10
11
12
13 vector und.rf’ow
14 declare vocabdiary
15

C. H. Ting HarrIs 80

Listing 4. EdItor ard Assembler for Herris—flRDS



SCRS 6
I C EDITOR LOAD BLOCK C 1 7 OCT 83
I 2DROP DROP DROP ;
2 : 2DUP OVER OVER
3: 2SWAP POT)RROTR ;
4: lOVER >R>P 2DbP R R 2WP
S VOCABULARY EDITOR IMI4EDIATE
6 EDITOR DEIhITIONS
7 7 .OAD C TOGS’
$ $ LOAD C LINE EDITOR’
9 9 LOAD C MATCH)

11 11 LOAD C STPIN1S
11 11 LOAD C SRTIN EDITOR)
12 FORTH DEFINIONS
13 : L EDITOR L CCOMPILE3 EDITOR
14 : THRU 1+ SWAP DO CP I • I LOAD LOOP
15 Ex:T

SCRS 7
I ECITflCG TOOLS. C14T, 7-OCT.83)
1 : IBtr PAD 30 • BYTE CEL.. : : FBUt PAD 60 + BYTE CELL ;2 r TEXT t badd --- bada,1) >R 94 WOPD HERE COUIT 64 141K3 DUP HERE BYTE CEL C.
4 -TRAILINg IF P 6$ B..ANKS hEPE BYTE CELL P 65 CMOVE THEN5 DRC’ P’ BE 1 CEL..
6 : SLAG SCP I LOCK BTE PSI • CELL 64 RSI GlAND -7’ SLAGO C -— badr 64 RSI—G4ANDRS . SLAS$ DELETE diSsiS — OVLPMN>RR OtROEROVR9 BITE R • CELL RO P0t CMOVt SWAG BYTE + CELL R’ BLANKSit: CMO’E ‘RBE a SvIABYTE1 RSWA’R’OVE O11 DUP CE’L CI : CE L C’ 1 —1 ‘OOP DROP

V NSERT sstddS ‘ RO OERMN RR OVERDP13 BYTE P + CLLL P0 <CMCJP R> CHOVE *

14 2 TVDE bad 1 ‘P PAD BYTE CELL P CHOVE15 AC B’E CELL P> TVPE : EI

SCRS B
I ‘ ,.INE ECrrCR. CUe. 7-OC $3.
1 ..hE CR SPAC SLAG 64 SWAP )R BYTE R — CELL R TYPE2 • SAG Yt 10864
3 kEEP SLAG IS F OVER OVER C BV E 1+ CELL SWAG COVE4 — 15 AND 64 * PS tINE
5 : P IBUF TE*T SLAGI C’IOVE UPDAE
6 X KEEP SLAGI 1024 PS I - SWAP DE ETE UPDATE7 U IBUF TEXT 64 RS + SLAGO SWAP 1124 PS I - NSERT8 tJPDATE
9:14 KEEPRSS64 + >R SCRI )R 64 *R5 I SCP I10 U R>SCR I R>RSI

11 COPY SWAP BLOCK SWAP BLOCk 1124 CMOVE UPDATE
12 L SCR e LIST
13 EXIt
14
15

C. H. T’ng HaIs 80

Listirg 4 Sditor ard Assembler for Harris—FORN cant a
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P.
K TEYT PA K. tjf -OCT 9I . —TE” • — -

2 SWAP ?DU IF
3 RO’ ByTE P BtE ROT OVER • SWAP DC4 tLIPCE..C9 CE’..CS —5 IFISLEAVE ESE •THg6 OCP
7 ELSE AOP 1. ThEN
8 I4ACH Cs sedd*- -fd’ )
9 )P >R 2DUD P’ P> 25WAP SWAG BYTE SWAG OVER • SWA° DO:1 2DU I CEL -TEkT

1 I • P 2DPOP DP £ R I I LEAVE TWEN12 LOOP 2DROP OVER BYTE + CELa. :
3 EXIT

14
15

SCDS 11
I ( STRING EDI’OP TOOLS, eKe. 7_OCe 83)
IrYOP IRS
2 SEARCH
3 FBu TEXT DPOD BEG.
4 5AG OVEP ‘P rc COU’d’ ATCP BYTE R> BYTE5 Re •! PS 1 1123 • OVER t + I— WH:LE DO06 REPEA’
7 FO.JNC SEARC’ I ‘P r reur TyPE
8 ‘ ‘ O WE
9 T RSSWAP UP •
I SAG.) CLEt LNL DAT

11 EY.
*6

*3
14

5

SCP.
I C STRING EDTOP. C, ? OC-B3’
I t N I SCP +1
2 B 1 SC
3 : FB F r UN’ $ $P DR P DUP N ACE 5
4 tAG ROT OELT LP4E U r E
5 : I BU EXT BUF C.) NT SWAP DROP SLAG INSE6 IBUF COUNT RI • DRO LINE UP ATE
ltD FONDE
B: S C b1ockt- -

9 DUP SCR 8 00 SEARCI 1 N TO
11 ELSE LINE 5CR ? LEAVE DUP THEN LOOP DRO1 • F FOUND INE PDATE
R El:
13 : K IBUF PAD 61 MOVE PAD BU 31 MOVE
14 EX:T
15

C H. Ting HarrIs 81

Listing 4. Editor and Assenbler for Harris-FDRTh (:ort’d
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StRe 12
I ASSEMB ...R LOA BLOC CP , 21 C 8
1 VOCABIA°’ ASSENSSR IMMED.ATE
2 • CODE CREATE CCOMPI...E3 ASSEMBLER
3 OCTAL • NEXT 21111153 SMuDGE
4 DECIMAL
S ASSEMBLEP DEFINITIONS
6 13 17 p4P
7 FOPTH DEF NITIO’4S
8 EYIT
9

11
11
12
13
14
15

SCS 13
I C PREASSEMBLER. CN 24—OCT—83)
1 : SOP CONSTANT DOES) • •2 : lop CONrANT DOES’ B ,• IPO CONSTAN DOES’ B SVA 32768 * • + ,4 ZR CONSTANT DOES B SWAP 32768 *
S:2R CONST*ht DOES’ BSWAP64+. :6 • 517 CONrANT DOES B • SWAP 256*. •• MEt CONSTAr DOES B SWAP 26fl44 * + SWAG 32768 * +8
9 : S :hI72 ‘ERR I - ‘I

1t
1’
I
13
14
1

SCRS 14
1 C REGISTEP DE1NITIONS WI 24-0 V 83).CONS i I 2COSTAN 3 CONSA.Tk 4 ONSA’
— S CO%SA A 6 CO%A 1 6 CObS’r D 7 CobrAr 33 8 CONS’AhT P
4 OCTAl.

1CONS’A PP NSA S 4C05, N V S OkSAT R6 21 CONSrAr AR 41 CONSTANt TP 31 cO%rANT DR7 DECIMAL
8
9

11
11
12
13
14
15

C. N. Ttng Ha -ts 81

Listing 4 Editor and for Harris—FRTh ‘oont’d)

AZ
_‘t .,e



_0 15
11 MEMORY IS RUCT S CM 24-
1 OCAi.
2 36111111 ME AMX 43111111 MEN
3 46111111 WE? SMa 26101111 MEN
4 1 MEN TMX 11111111 MEN TXM
5 64111111 P0 AOR 66111111 RRO
6 63111011 .P0 TUR 6 1JUn10 IRO
- 23111101 I’D BV :tlnnt 1RO
8 211110 ZR ARR 220111 2’ Nfl
9 211111 ZR Sn 241111 2’ CRP

11 311111 ZR 3PR Z1100 ZR MR
ii 734111 ZR lAW Z1l31 ZR IDW
12 714100 ZR SAW ‘11111 DR OCW
13 DECIMAL
14
15

C. H. Ting

C )

A?
CI’k 6 111111

SOR 62111111
DVR 61111101
BL)
231111 ZR PRR
251101 ZR ICRR
351111 ZR IRR
734141 ZR IPW
10fl1 ZR ODW

Harris SI

%.ting 4. 7 itor and sseber aor iarris—F)q2. icont’d,
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N N MX

it. TOR
1RO MYR

751101 ZR RRR
261111 ZR DRR
311111 ZR TRR
?31fl1 ZR isq

SCRa 16
1 1 ASSEMBLER MNEMOM
1 OCTAL
Z 61111111 lop DVO
3 61’lllll lop BBI
4 ZZ511111 lop VIM
5 22611111 aOr VIZ
6 22311111 lop BOP

11140001 lC’ CCC
$ 11141011 15’ DCB
9 10401111 13’ LAA

11 11510110 IC’ .,.t
11 11411111 1Y RAA
2 01511110 1’ RS
:3 DECIMA.
14
15

— M E”ON

25—O’—83)

lOP MVO
lop BB’
lOP BNO
lOP BO%
lop BOZ
10’ KGB
10’ YcE
10’ :.*“

10’ LA
13° RAt
lop PJ

25—O $

6
I

J

I

I

CS CHT

61101011
61’hIlll
‘2411111
22*11101
22 Z10010
111501?2
11.flbl
10461111
11440111
10471101
Insult

c111000
601111

1 11111
111011

7 5 0110
7621000
‘6601h1
77741110

11131111 lOP SOB
11671111 lOP B U
22711100 .OP BNP
22111001 10° BO
21011111 MEN B C
11160101 lop 30B

11421101 :0’ L..A
11521001 10° R3
11430001 .0’ RLL
11531101 1C fit

1 1 1101
iioooo P F

01311111 10 ZR
540101 BI

7641100 BI ?.
‘7000h0 BI °.iM

RI 17
I C ASM

OCTAL
2 3.011111

11361111
4 66011111

11241011
6 77510101
7 77561100
B 77640000
9 77720000

10 DECIMAL
11
12
13
14
15

1 OP

1R
B
B T
B !
Br

B
dc

.ZM
CZ’
DM1.
MM”
TM”

BM

0.
i op
0P
i op
B:’.
BIT
81’
BIT

1”

GB
TS
DM1’
XMl’
OBI’
ZB”

V

I
I



I DYP Cut -‘
I R O.

OVER I IF SEIrui& SWAP R3 DLNE (add,—-)4 8 VER.5gp 0 •s OOP6 D MP addr coint. --6 OVEP + SWAP 0 CR 8 2 SPACES7 IDIhE 8 OOP8 2* DLI
9 E PONE7 ( b te - D,P A%u SwsP i28 PHD

1 F. ( F -- ShAP EXPONfl R 8 .R12 R £ 3 R3 LX
14
15

Listirg 4 Editor and Assenal to” Ha”r b_W3PTI (cont d
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v’4( AS A 2 ;; ‘:RT-j :A:r,E

Currently, CISC (Complicated Thstruction Set Computer) seems
to be a dirty word While RISc (Reduced Iwestruction Set Computer)
becomes fashionable and Popular among the computer scientists.
This wind is so str3ng that tny Fort’i eithusiasts labelled
the ovix NC4300 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. In
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 Olatform suPporting the application,
is ratner large, containing about 203 words.

The most fundamental Property of ‘ort is its extensibility,
that the user can create new instruction., and adds them to

M nis Forth syst to solve his own problem. Extensibility is
not a Property of I5C structure CSc structure can be built
to inclade most Forth se-ne: Words and to for’p a very efficient

Forth

engine, as in ‘hi]. ‘Coopman’s WIsc writable Instruction
Set Computer). The remaining argue is flow ‘Deny instructions
are to be implemented in hardware and hw many are b°st left
to the software.

2. MArCH:,43 CISC MACHIft,g £. FJR’.q

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 their. A partial
ranking list is shown in Figure 2:

r
I CISC IS ?iO’? A DIqy WOd)

—4 7a

V



VX ai is t
tign level Fr w a

NC4 0 16 b opt mired Fort’) eis €
680x0 32 bit PDP-41 clone.
80386 32 bit ding—dong.
PDPII 16 bit stack oriented mac. ne
80x86/808 16 bit ding-dong.
Z80 8 bit enhanced ding-d ng
8080/8O8 8 bit ding-dong.
6502’68 S bib ti-st genera4 v “ii. r.

I
One might be surprise at that VAX is ranked above ‘L4003.
It is true that NC4000 has the architecture best suited for
Forth. riowever, only the elementary stack operations, the
ALU operations, and the subroutine call/return, looping, conditional
jump and unconditional jump instructions are implemented as
machine instructions. Other types of more complicated Fortn
words have to be synthesized fro’i these elementary ocerations,
just liace all the other micropro.essors.

VAX inherited and expanded on many of nice festires i
PDP—11 like byte addressiblity, vulti e stack pointers sir&e
instruc ior altio y and divide, and all the logi.. aid a it net
operati na. a addition VAX las a very st ng iitruction
set to ha d e atrzlgs vi ckz is va y use’ 1 irplaner 1 g
tke rorth iite preter and coup icr t also haidles 1 ny
differ t types of data bit°, byes, o bi wo s 32 b
lorg words, 64 bit q ad wo ds, 32 N.’- loatirg poir a d ‘4
bit f oat rg ooint ne 3-’/ 4 t int—ger ard oat g
apability nit— lAX ‘no a maint in ‘Pa 3 ri 0

rini cop te
. I

Ii go ng t roug ti-a V instructio set e r no I
got was that VAX is not only a good virtual iachin° for the
bare-bone Forth as spelled out in th° various Forth standards
it is also a very good vrtual machine for F83, whict 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 instructior set.

3. VAX AS A F83 ENGINE

VAX is a 32 bit machine, because all the registers ar— 32 bi4-
wide, and it has an address space of 2**31 bytes Sine it
can access data and operate on then as 16 bit quantitaes, it

—48—



iti’ig ow os of acFa3 • l s ap ‘e e
assem .y ode IA • I f tier nrc ..ode words n ‘33,
but still a large portioi were implemented r high evel beau e
the operations are quite complicatea. 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 F33 high level kernel words which have

L
corresponding VAX machine instructions or very close approximations.
This list is the basis of my clai’n that VAX is the bc° host
for 32 bit F3.

Figure 3. F83 Kernel Words and Teir VAX Dounterparts.

VAX MachIne Code F Words

4OVL
MO 12
CMP/C:P)
ni I•T j’t’””

.L.).J

flDL /ADDD
S’Ba ‘SJBD
tnt’. I—i—n?
£.bs..aI U%na

.. Ii).4

flu

DIVI2
lu_I —

BICT 2
SISL2
X RL2
ASHL/ASHO

BR
ACBLEQ
AOBLEQ
CASE
MOVC3
MOVTC

MOVTUC
CMPC3

“nfl
JJ,J. -

“Tin”
rr

MATDHC

Most 3tac’c Words
S>D
—, >, < ><, • 3>, <
Qs, 0>, 3<, Dus, DC>, 3<
, 3+
-,

‘14., 1
UM, D
UM/MO’, ‘MOD, ‘P
/
*

AID R_SET
OR, or
XOR, rt)JG;s
2*, 2/, D2*, 32:
ZBRANCrI
BRAMCH

LOOP
CASE:
CMOVE
FILL, ERASE, BLANK
UPPER, DIGIT,
PARSE, WORD
COTQ, COMPARE
SCAN
SKI?
SEARCH

is poss:oe to :lement
dowever, as te world is
machInes, e snouic ta,ce
and extend the F93 model
that a’ nuobers and addr

herw spec’ I expl

bft F83 faithffllv o’t VU.
toYing an th° d±rection of 32 cit
the advantage of 32 bit ar4tecture
to 32 bits. Here we shall assn°
sses ae 32 bit antitie dnless
1y.
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! F . j r to p -
VAX coae, as noia in List ig • r still an 2:c a I
in ncvna dea betwer ‘.‘ ‘leta stac and the . reg.Zstana,
vh1- ‘5 “nandab.a beca..se c’ t’e ‘-‘conssterv bet°e:

U fly n a F e s r h

‘iost f te F3 words ft VAX code ass:me that the wids Ce
niwbers and addnses a—a fl t4ts. Dcube precision wcrs
areE w e A0 tea rsesi ‘A aab e dd sses
VAY is ideaL. suited t h st igFortP a d atS der a.iveo
including F, which all assurne byte addressability.

Another issue is indirecti ttreaded code vs directly threaded
code vs. subroutine threadel code. If we take the sub outine
threaded approach, many of the Forth words can be most conveniently
coded as in-line machine code. It is also possible tc use
the flags in the status register to cause conditional dump
or branch, thus reduc.irg 1W, ELSE U IlL, ct.., to singie ma1.nine
instructions. These approaches are interesting possib:lities
for us to explore.

4. COHCLUDI’fl PEMARtCS

It is interesting to observe tha’ many of *e complex instructions
in VAX are very usefal instructions required by Forth as its fprimitive instructions. These instructions are impleented in VAX
because of necessity, wtich ar— oorrnon to all operating systems
and languages. It is nice to see the VAX irstruction s’t
anderscores many £83 words, confr’nin€ th&t the basic desLgn
of £83 is well thougat out.

Fs3isaloc.aabeofbeinft a3e to rd 3 b hot I
computers. cte wide standng is tat nu:aers aid aidresseo
are now 32 bits wide instead 15 bits wide, and that double
numbers mean 54 bit numbers. tt can also seve as a tastbed
in exterd g Forth a’andsr to tre 3t .it w ld h 1° •t n
comaat bility iti the a t ode s se ir aid s anda ds

Forth is a very flexible structure, which can take full advantage I
of ha host orocesso t bu ld an nt rac iv o og an a
env ronment Ic’ t e end use • It will be ma’e e fi ien s
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 them.

a.,



.defsu1 disp’acement,long
e n ‘ k 0 t

iperlC ; nstructi i pointer
wp—r9 ;word pointer
up—rB ;user area po4nter

AmP P
- g

qpr6 ;quad word poiite
.psect vax32,wrtexe,long
.entry vax32,mmcr6,r7,rB,r9,rlO,rll>
macro next

movl (rlO)+,r9
Jmp Cr9)+
.endm

.macro next
xnext

.endm

push2: pushl r2
pushi: pushl rl
pushO: pushi tO
xnext. movi (rlO)+r9

jmp (r9)+

nest• movi rlO,—”rll)
movi r9,rlO
next

unnest: movl Cr11 ;+,rlO
next

dodoes: movl riO,- ru
movi sp)’,rlO

docreate: pushi r9
next

drcorctart push r9
next

douservariabie: addl3 ir9),rS,— spi
next

x it push ri )+
next

branch: movi (riO),riO
next

zbaih tsti sp+
beqi branch
tsti (riO)+ ;increment rIO
next

xioop• aobleq 4(ril),Crii ,branch
ploop: cmpi (rli)+,(rll)+

cmpi (rli)+,(rlO)+ ; increment
next

xploop. acbi 4(rul),Csp)+,Crui),bra’ch
jmp ploop

xdo: movi (riO)+,-(rli)
popi rO
popi —Cr11)
movi rO,—Crll)
next

xqdo’ cmpi (sp),4(sp
bgeq xdo
jmp branch

execute: popi r9

List. g 5. For k°rne is AX ia ir° c e
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‘a; r9+
per..crat. p3p. r9
8 ‘ife i vi ( 9 ,r9

Imp r9i.uoi.aserdeaer addas ‘r9).ra iS
p dodefergo: ret

noop: next
cause. next
xi: movi tr11%,-(sp

next
x3. movi 12(rll’,—(sp)

next
xleave: cmpl (rll)+, ril)+ ;pop return stackmovl (rll)+,rlO ;exit addressnext
xqieave: tstl (sp)+

bneq xieave
next

fetch: movi (sp),rO
movi (rO),(sp)
next

store: movi fsp)+ rO
movi (sp)+ (rO)
next

cfetch: movi (sp)rO
movb Cr0) isp)
next

cstore movi (sp)+ tO
movb (sp),(rO)
tstl Isp)’
next

cmove: popr *mm< O,rl,r2>xcmo e: movb (rlb’,(rl’+
sobgeq tO xcmove
next

cmo er: pop1 tO
addi3 (sp+,rO,ri
addl3 tso)..rO,rlxcnover: movb —(r2 ,—(ri’
sobgcq tO xnover
next

spfetch: movi sp —spi
next

spstore: movi (sp),sp
next

rpfetch. pushi rh
next

rpstore: movi (sp)+,rii
next

drop: tsti (sp)+
next

dup: movi (sp),—(sp)
next

swap: popi ri
popi tO
mp pushi

over: movi 4(sp),—(sp)
next

tuck: popi tO

T$stirig 5. Forth kernel in VAX machine bade Ic rt’d)
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0
ao O,r
jwp push2

nip: movi (sp+,’sp
next

to oop 1
oopl 2
popl tO
jmp push2

fltct: popl tO
popl rl
popl r2
next

flzp: movb (sp),rO ;flip lower two bytesmovb 1(sp),rl
movb rO,1(sp)
movb rl(sp)
next

tot. movl (sp)’,.-(rll)
next

rfrom: pushl (cilia.
next

rfetch: pushl Cr11)
next

pick: movl (sp)+,rO
pushl isp)(rOJ
next

roll. movl sp)+ tO
aovl sp,[rOJ, tsp
md tO
addl3 sp,tO,ri.
addl3 *l,rl r2

pro 1: inovl tl —a’r2
sobge ,pro 1
tstl
next

xand: bicl2 sp3,csp’
next

or s12 p)s. sp
next

xxor: xorl2 (sp;+,(sp.
next

xnot: zncoml (sp),Lsp)
ext

cset movl (sp)+rO
movl (sp)o,rl
bisb2 rl,(rO)
next

creset: movl (sp)+,rO
acomi Csp)+rl
bicb2 rl,(rO)
next

ctoggle: movl (sp)+,rO
movl (sp)+,rl
xorb2 ri,(rO)
next

xon: movl
next

xoff: clrl (sp)+
next

istng Forthke el iVXnahir cce( nt j
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ados o , sp
ne
U
61 6 0
Jir p -

negate: mne?_ Cs;., sç’
next

abs: tst2. (sp’
biss negate
nez

lusst e: may (sy +,rO
addl2 + Cr
nez

zero dr
next

one: pushi *1
next

two: pushl *2
next

three pushi *3
nez t

twostar ashi *1, sp) sp)
next

twoslash: ash].
next

utwoslash: bicl2 *1,(sp)
rot]. *—l,(sp),tsp)
next

fourstar: ashi *2 sp) sp
next

eightstar: ashi *3 (sp) sp
next

twoplus: anc (Sçi
oneplus: md (sp’

nez t
tworninus: dcci tsp’
onemi i..s: dec (so

nez
rrsta esrul e 5 0

pus
pulil r
next

unslashmod: mnovi (spy÷,rO
movq (sp:+,rl
ediv rO,rl,r3,—’sp)
push]. r3
nezt

zeroequal. tstl sp).
beqi xtrue
5mp zfalse

“eroless: tstl (sp)t
biss ztrue
mp xfalse

zeragreater: tstl (sp)+
bgtr xtrue
jmnp zfa]se

zeranatequal tstl (sp)+
bneq ztrue
jmp zfalse

xequal: cmpl (sp’+,(s; +

isting 5. Forth kernel in VAX ma:hine code tttt’d’
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di ss 8, p
bin ytrue
jmp xfalse

diess: jap duless ;cheating
da ta’ : mp te, sp 5’

tg r
ap xfalse

dam: cmpl (sp).,sp)+
next ;cheating

dan: cmpl
next ;cheating

stard: cmiii sp +,(sp)+,*O,rO
pushi tO
pushi ri
next

mslashmod: popr t*mcrO,ri,r2
movi rl,r,
cdiv rO,r2,ri,—(sp
pushl ri
next

muslashmod: 3mp mslashmod
stat: muul2 (sp)+,(sp)

next
slashmod: popr *m<rO,ri>

clrl r2
tstl rl
bgeq xsiashmod
dccl r2

xsiashmod: edit rO,ri,r3—(sp)
pushl r3
next

slash: divi2 sp + (sp
next

mod popr *mmcrO,rl
clrl r2
tstl ri
bgeq nod
dccl r2

a . ed tO, ,ra ,sp
next

starslashmod: popr *jncrO,rl,r2>
clrq r3
emul l,rl r3 r3
cdiv rO,r3 ri •(sp
pushi ri
next

starslash: popr *mcrO,ri,r2>
clrq r3
cmiii ri,r2,r3,r3
cdiv rO,r3,—(sp),rl
next

fill: movc5 4(sp;,8(sp),(sp)+,(sp)o,(sp
next

erase: movc5 (sp),4(sp),IO,(sp)+,’sp)+
next

blank: movc5 (sp),4(sp),*32,(sp)+,(sp’÷
next

count: movb (sp),rO
mci sp
mp pushO

listmng 5. tortft kernel in VX macnine code (cont d)
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lenctt’: ao’l .80 0
addl2 #4 sp
mp puh0

upcase: .byte 0,a,2 .12,s3,a4,a5
.byte 16 17 18 19 20,”J,”2 ‘3 24 25 26 2 ‘8.byte 29 30,31,32,33,34,35,36.,38 39,40byte 1 42 43 44,4,6,4 48 49 50 51 52.byte 53 54,55,56,5’,58,’9,60,61,62,63,64.byte 65 66 67 68,69,70,1,72 73 74,75 76.byte 77,78,79,80,81,82,83,84,85,86,8’,BB.byte 89,90,91 92,93,94,95 96,65 66 6’ 68
.byte 69,70,71,72,72,74,75,76,77,78,79,80.byte 81,82,83,84,85,86,87,88,89 90
.byte 121.122,123,124,125,126,127
.byte 255,255 255,255,255,255,255 255,255,25!.byte 255,255,255,255,255,255,255,255,255,255.byte 255,255,255,255 255,255 255,255,255 255• byte 255,255,255,255,255,255,255,255,255,255•byte 255,255,255,255,255,255,255,255,255,255•byte 255,255,255,255,255,255,255,255,255,255•byte 255,255,255,255,255,255,255,255,255,255.byte 255,255,255,255,255,255,255,255,255,255xdigit: •byte 255,255,255,255,255,255,255,255,255,255•byte 255,ZSS,255,255,255,255,255,255,255,255.byte 255,255,255,255,255,255,255,255,2’5,255•byte 255,255,255,255,255,255,255,255,255,255.byte 255,255,255,255,255,255,255,255
•byte 0,1,2,3,4,5,6,7,8,9,255,255,255,255,255.byte 255,255,10 11,12,13,14,15,16,17,18,19 20•byte 21,22,23,24,25,26,27,28
.byte 29,30,31,32,33 34,35 36 3,38 39,40
.byte 41,4t,43,44,S,46,4748,49,50,5,52byte 53,54,55,56,57,58 59 60 61 62 63 64
.byte 65,6’,6’,68,69,70,71,72,73
•byte 255 25 2’,255 255,255 25t,25c 25’,255•byte 255,255,255,55,255,255,2SS,2SS,2SS,2SS•byte 255 255 rs,255,255,255 255,255 25’,255•byte 25,255,255,255,255,2SS,25!,255,255,2S5•byte 255 255,255,255 255 255 2’,25 255,255•byte 25S45S,255,55,255,255,255,255,255,255•byte 255 “55,255 25’ 253 255 2t5 255 255,25.byte 255,255,255,255,255,t55,25S,25S,25,255byte 255 255 255 255 255 255 255 55 255 25•byte 255,255,25,25,255,2S5,25,255,255,255byte 255,255 255 255,255 255 255,255 255 255 j•byte 255,255,255,25z,255,255,255,255,255,255byte 255,255,255 255 25,255,255 255upper. uovtc (sp),4(sp,255,upcase,(Sp)a,(Sp)+

next
halt. aovtc •1,4(sç),40,xdigit,*1,4(Sp)

cmpl (sp)+,(sp)
bgeq ztrue
jmp xfalse

dtrailing: addl3 4(sph(sp),rO
xtrailing: cmpb —(rO),132

bneq ytrailing
sobgtr (sp),xtra lang

ytrailing: next
comp: capc3 sp + (sp +,(sp.

beql zfalse

Liating . Worth kernel in VAX wachine code ‘cont’d•
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I, s zt
1

1• t
Coare: jm; corn; ;case sers_t1veskip: skpc

jrnp pushlsca lo c Cap ,(s +,( 1+
mp pushse r h. movi Cap) r4

rnatchc (SP)+t(sp)+,Csp+,spe
bneq searchi
subl3 r3,r4,—(sp;ztrue: jrnp xtrue

searchi pushl r3
zfalse: mp xfalse

.end vax32

Listing 5. Forth kernel in VAT, machine code (conctd)
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‘IC

Disassemblers are for he programming thieves, aid ttose
reverse—engineers who try to stea other peoples work. I
have to admit some tendency to both. The reason of dong hs
8086 disassembler was to lool’ at one of the BIOS rom’s ir ir,
PC clone. Why did I want to look at it I was interested
in target compiling a Fort. ajstem to be run or the clone.
The program worked somewhat, but it still needed the BIOS ron

to
bring it up. Since my original purpose was to replace tie

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 a 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 detaild analysis of tnis rom might be helpful.

At that t4me, I had a early polyForth II system run’iing on
the clone which was all the tools I got one this riachine.
I was able to dump tie enti e row node, but looting at the her
dump was not something to ba er’oved. Sin’e I had seen a few
disasse’nblrs in orth for numb°r o4. 8 bit m cropracessor
I thougha that it should ro e a bi! ob o writ— a disassenbl—r
for 8086 W’ ting the asse.b r I lid I a o dicassetible
the entire clone BI S. Howe cr I r a did found what w s

• wrong witr my Fortri r whick add—.. bo i a ray f ry
• unF rished projects

kmorg

the reaso s why 1i orth r a’ o o:e wao abaidoned
one impo •ant ow was iry c ersi t F 3 fro’ p yF t
PolyFort II 1 o’ IBP ° is a very rice sy°te t is very
fast. It as tany good lea es suc ac d e isk 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 witn other Forth users, I felt isolated
using it. F83 is in the public domain, and I can freely
discuss its internal structares without tne fear that somebodj s
going after my tail if I talked too much. Since F83 seems
to fill all my needs in serious and entertaining program’aing,
I decided to use it exclusively. PolyForth thus went to
storage, and this disassembler was the last major projects
using it.



2. TdF D’Q’• )

Intel Dorp. ?ubllsnea ‘ ‘°ry rarjv ‘eLrenca g._j, for
assembly language in tre ttla is ‘ICS—f5 Asseirtig
aanguage Reference Mari’a’ ‘ :t measure’ Z 3” by a”. ai 2C

ama’ Pages, it contaIns every fng Ve.t neea 3 know ab3ut
Pie 8386 assenlen, aithougit scratjr,es u need a magnify:rg
glass to read it. The last two pages rave a tabla titled
‘8086 Instruction Set latrix’, which is reproduced in Fi#ure
4. It summarizes the 8055 instructions in a matrix of lo by

6 entries. A closer examination shows that the 16 columns
can be grouped into two panes, and there are basically 32
major types of instructions. The disassezbler is organizes
accordingly.

Unfortunately, Intel did not really believe in t’Us matix. tThere are all kinds of exceptions and enhancements,, maxng
it difficult for the disassembler The worst disease in 808’S
architecture is the different addessing modes and types of
a single instruction which can be from one byte to five bytes
long. Thus to disassembla all of their correctly is not a
trivial task. I
However, in Forth everythIng’5 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 fortn. A concise and efficient case
structure is requir •1y favorite case structure is tI’e
‘Positional case structare’ A3E: as defined in P83 and si’o,
in Screen 5. It is comaned exactly l:ce a colon definition.
When a case word is executed, at takes the top element on the
stack, indexes into the word ar.ay ir the Darameter field,
and executes the word selecj This casg structure is ased
extensively in the disa sembling process.

The most 5ignifica 5 oits in ar 8086 ins ..r.ctaon is us°d jto determine the irstrgnt’on typc and t;31 are used tc.
select and elecute one among t’i° 32 <rtype> words :aside Vie
case word <DECODE> in Sc°°n 23 Many of these <nTYPE) words
4n turn are case words an continua Vie salaction orocess until
the nan° and the argue list ara orinted. The final word
DECODE behaves liace DU. It takes an address and a byte count,
and disassemble t’iat many bytes into a list of assembler
instructions.

3. THE DISASSEMBLER AND ExApL..,

The source code of the disassembler is sh,n’ in the Listing 6
and a sample of its Output is shown in Figare 5. The source
code has quite detailed comments ii the shadow screens, and
t’iese comments will not be repeated here. Only a few special
features of this disasseblen will be noted.

—6’-



I
In Sc”een :, t’ie efining wo’0 FIELr is se4 t, geraer.. a

the references to different fielas in te V’0
byte and the associad merory aaaress:ng byte ‘O define

fie’d, a field wask and a Z.Sp bit pos:tio,. ar— needej. W’ien
a field is exe..ated, it pufls the 8336 3ode alt of t”ze
DECODER area, shifts it down till t’ie defined field is at t a

least 5gnifj end, and masks off afl the bits ot siae
of the field. The field Word thus win ret’r, the contents
of a field.

The Word NAt is another defining word which is used to define

words Which compile strings packed With regis 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 tha names of 16 bit

I regist5, 8 bit regis5 and segme reg:ste5

‘ There are two defining words in Screen . 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 semiecolon When a case word thus define is executed, it

uses
the top item on the stack to select one of the compiled
wor 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 argume list of an 8086 instruction.

if’ MESS simply associates a print string th a name. Its friction
can be accoiplished by a .“ xxxx” 5ting in a colon defin:tior

However, M!3 is muc: cleaner and efficient for lots of short

$ messages.

4nother interesting oefining word is in Sc”een . SEL,p defanes

a

word which prints its own name. This is vey ‘landy in
defining 8386 instructions which do not nave argue5 Words

defined by S!.W have tt’ree character names, very common among

8086 mnemonics For 8096 instructions pith four character

names,
43ELp in Screen is the Proper defining word.

NAMES in Screen 17 is very 5iwilar to NA’Q. rhe only difference

is that words defined by NAMES print strings of four characters,

allowing Vie 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 80d6 instructions.

Each 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 argue list, if any.

4. CONCLuSION
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I:

1. o8,

f Thz S80c was deireloped so tr’at I could get a
Closer look at tne Wortn kernel which came witi, the CAT 1600
imaging 5ystem discussed elsewhere in this book The Forth

r kernel was implemenj5 by Ergonomic Research Group for a 68003

f based microcomputer in a SalOo card cage. i was able to use
this kernel to develop all the code necessary to contol the
CAT 1600 Imaging System without having to understand the interna
structures in the Kernel. However, it presented a tempting

S 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 exai
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. tIow that

r 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 68309 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. Witno
sone amount of co9menss, it is doubtful that it can be of much

use
to people. After mach tossing around, t decided that

I will offer this GSooi disassembler in its currently fo”pi
as an appendix to the 8096 disassembler, withojt comments.

Those
who need sicj aisassflbler are most’y lixely well versed

in Forth and in 68o00 machine code to navigate through 4he
source code.

680o is a messed..p PS1i clone. It’s got tne lookeand_fee
of the much cleaner PDP—ii code and addressing scheme. owevg,
by adding so many extensions, the machine code is well randomized
so that it is a good size job to disassemble it. This disasseirbler
classifies the 68000 code into 16 different types, according
to the most 5ignific nibble in a machine instruction. Each
type is farther 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—FOq model with 32
bit extensions. All addresses and stack items are 32 bit in
length. 0 and I also uses 32 bit addresses and 32 bit data.
For 16 bit quantitj5, vq and WI are used. CO and C! are used
to deal with bytes, as usual. For defining words, it used
the <BUILDS ... DOES> structure instead of the modern CREA2E
from any other Forth systems.
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FIND)
41203 L • D3

6066 41204 CLR.i D4
6C’O 41207 CU.
6072 33037 IIOVE.W A79+.D3
6074 3403’ MJE 14 A7+,D4
6076 23103 IIOVE.L D3,A3
6100 24104 MalE 1. D4,A4
6102 13033 tla’E.B A3*+,D3
6104 17003 Ma’E.B D3,D7
6106 1103 flIDI *77 ,D3
6112 63472 BEQ 6206
6114 36003 MJE 14 D3,D6
6116 1106 4DI *37 ,D6
6122 133034 cMP.B A41+,D3
6124 63042 BNE 6170
6126 15023 MOVE.B A31,D5
6130 1005 ANDI *177 ,D5
6134 135034 QIP.B A40+,D5
6136 63030 SNE 6170
6140 51506 SUBO.W *106 •D6
6142 4033 wrwr *7 .A31+
6146 63756 BEQ 6126
6150 153306 ADD.L D6.D3
6152 54113 ADDO.W *113 •A3
6154 37413 LIOVE.W A3,A7-@
6136 3740 MOVE.W D7,A7-G
6160 7474 MOVE 14 *1
6164 60000 BRA 4540
E1’O 15330€ ADD.L DE,t3
6172 45123 TSTM A3*
6174 6341U BE0 6206
61 6 33023 MasE.w A31.D
6200 23103 MaJE.L D31A2
6202 24.0’ t0.E
6204 60274 BRn 6102
b206 41147 CLR 1’ A? •
6210 60000 BRA 4540
6214 03505 OR.W D3,D5

3
6040 37456 M0”E.W A6*4 A7-I
6044 60000 BRA 4540
6050 206 ORI *5021444516 ,D6

I
6024 37426 MOVE .14 A6*A7—$
6026 60000 BRA 4540
6032 100712 DIVS A2,D0

tDO
6002 36457 MOVE .14 A7*2 A6-*
6006 36427 MGJE.N A7*,A6-t
6010 54117 ADDQ.W *117 A?
6012 60000 BRA 4540
6016 100711 DIVS A1,D0

Figure ‘. Examçles of disassembled 68’)OC machine code
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(±OOP
5724 34027 MO’E N A7@D4
726 5426 D D4,A6

5?0 45137 TSTN A7t
572 ‘5I6 BMI 552
574 34056 MOVE I A6 4D4
5740 114126 SUBN A6@D4
5742 67734 BLE 5700
5744 155325 ADD,L A5@D5
5746 60000 BRA 4540
5752 34026 MOVE N A6,D4
5754 114156 SU8N A62 ,D4
5760 67716 BLE 5700
5762 155325 ADD L A5,D5
5764 60000 BRA 4540
5770 204 CR1 *5021047651 ,D4

(LOOP)
5656 51126 ADDQ.N *126 A6@
5660 34026 MOVEN A6,D4
5662 134156 CMPN A62 D4
5666 63410 BEQ 5700
5670 61006 BHI 5700
5672 155325 ADDL A5,D5
5674 60000 BRA 4540
5700 54116 ADDQN *116 A6
5702 52115 ADDO.N *115 ,A5
5704 60000 BRA 4540
571C 103450 ORB D3A025514

0 B RAN C H
5622 45137 TST N A7+
5624 63006 BNE 5634
5626 155325 ADDL A5@D5
5630 60000 BRA 4540
5634 52115 ADDO.I’ *115 ,A5
5636 60000 BRA 4540
564. 2C6 ORI 450230475 7 f

BRANCH
5600 155325 ADDL A5D5
5602 60000 BRA 4540
5606 103460 QRB D3A0@12 D4L

EXECUTE
5552 41204 CLR L D4
5554 34037 M0L)EN A7@+,D4
555E 24104 MOVEL D4A4
5560 60000 BRA 4546
5564 206 CR1 *10224440516 ,D6

LIT
37435 MOVEN A5+A7
60000 BRA 4540

103505 0RN D3,D5

5530
5532
5536

BYE
5514
5516
5520

41100 CLRN
47102 4102

101 514 OR,N

Do
ILLEGAL CODE

Dl ,A4

Fxarnples of dssserqb1ed 68000 mach ne ccde (cont d,



Sc *U
C LO ‘ORES F R ESOOC’ D SEA1BLEP CH 18JAN—E:S,
90. 921 THPU

C H, TING

Scr *901
DISSAMELEP, CASE, CHT, 18—JAN—85)
CASE’ <BUILDS [COMPILE] ] SMUDSE

DOES) SNAP 2* + EXECUTE
C OMMA 44 EM I T
PERIOD 46 EMIT
POUND 35 EM I T
TAB E EMIT

EXIT
CASE: TEST 0 1 2
0 TEST

10 1 TEST
f 11 TEST

12
13 ALL NORDS THE CASE DEFINITION MUST BE FREDEFINED
14 NO NUMBERS

10

12

11
2
3
4

15
6

I
[8

9

0
1

13
4

I 5
b

7

q

‘ 10
11

f
L 3

14

TING FEE—S

8cr *902
( FIELD ETRACTI0N CHT 18—JAN—85

FIELD ( MASfr OFFSET N N’ )
ROT SNAF DUP IF 0 DO 2/ LOOP THEN ANL

SOURCE ( N SOURCE—REG ) 7 AND
DEST ( N ——— DEST—REG ) 7 9 FIELD
SIZE ( N -—— SIZE ) 3 6 FIELD
S—MODE ( N ——— SOURCE—MODE’J 7 3 FIELE
D—MODE N ——— DEST—MODE ) 7 6 FIELD
EA N ——— EFF—ADDR ) 63 AND
OP—MODE N ——— OP—MODE ) D—MODE
R/M N ——— R/M ) 1 3 F I ELD
CONDITION ( N ——— CONDITION ) 15 8 FIELD
ID ( N ——— ID—FIELD ) I S FIELD

( ——— 8:—FIELD ) 1 6 FIEL[
UR C SNAP DR

Listing 7. 68000 disassembler



‘*2

0
1
2
S
4
t

6

a
a

10
‘4
LA.

12
13
14
15

C. 9

TING 6—r ES-B!

a

a
a
a

6

e
9

‘C
44
ad.

12
13

.F .‘ 1,,2,’,4F!FPFS
- SF’ 3 + dC.

4’ (N —‘ 2 FC2T’V
: .Df. Cs.——— c:’ 4-’-rE5IT
: ..—• 1 1 —— •‘l E
: 4C4fl4. N ——— 4’ ‘-?U 4- E’i’T

4en ) *h 4SEIIT 4E1IT
: DAT.-s(N——) a!s..,NDDUp123.44DIr2!e—THEV:.
: D/. ‘ PEG F ——— ) IF AN ELSE .DN THEN
: .k/L ( F ——— PERIOD IF £7 Ei..E 76 THEN Eht

.INDE C IN:E: -—- DUP .DATA
DUP 7 1. FIELD tR 0< .D?A
2045 .,‘iD .W/L 1

5cr *904
( EFFECTIVE ADDFESS DECOING, CHT, 1-J..41—B5)
W.RIABLE IF*
6 ALLOT IF* 2 IF* ! IF* 2 6 —1 FILL
:@IP (———N) IPI, ;
:*NE4’T (———N) IP*12t DU°1P*’ I
: MODE! t PEG ——— ) .4? #4E)’T .

: MODEE C PEG ——— ) .AN qtlEcr .11 CE
AES—SHDFT ‘ ———) *IET. 0 .WL

AES—LOIG C ——— ) @NE’sT SNE<T S4.-iF D. 1 .1,
:PC+D (———4’ pca” •4E”

FCt) —— ‘1 . PCI’ ePilEr INDE- ;
: CHIME” ( ——— 4’ *IF SI:E 1. IF *JE.T ELSE 0 TI€t4

PONC .E.sT &AF D.
IMND C ——— ) lIP 15 12 flEL ‘%‘P IF
2 a IF *JET ELSE 0 THEN POLND &ES S’F D
ELSE IM’ID) THEN

TING

Sc *9C5
C EFFECTIVE &,CC’BESS. CHI. .1—J’4’.—o.s)
: .ILL • I1..LEG.L CODE
CASE: SPECIAL C 0—4) ABS—SHORT ABS-LONG PC+D PC+X

IItID .ILL .ILL .ILL :
CASE: EFF-ADD ( REG MODE -—— )

ON .A’J .AN@ .41+ M’J-G MODE! MODES SPEC&e4L ;: (.EA) C N ——— ) DUP SOURCE SWAP S—MODE EFF-’ADC
.EA(-——) GIP.EA)

$ .SIZE C SIZE --- )
?DUP IF 1 a .W.’L ELSE PERIOD 66 EMIT THEN ;.NtIE C —— MLST SE THE 1ST WORD IN A .PIqME DEFItTICt1,)
RI 7 — -1 TFs4)ERSE COIRIT fl -tdD T’rFE

C
I
1
F
1’

I

I
I0

1
2
3
4

5
6
7
B
3

ii.’
—4
— a
• —

.LL
-I

-3

15

Lasti.g 7. 690C) disassemble: (conttd)
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5cr •e:2
C TYPE 5 CcE9, CH7, 22_J’J_S!t

11 : .OUICK CP DJF SIZE .SIZE
2 .DATA C1Me
2 : AC’DC .r$ME .c,u:cv
4 CASE: f’ C ADDC CUE” :

‘ADrC tIP ID .ADr’
• CC .- &,HILSTh.. d4Et.uJCVF

CC 3 + cci s’.- ‘CC
• •CONLITiCN I Ii

•DSCC tIP DL?
Te’iE DUFCE •E

: .SCC ES EMIT
TAB .E4

4=

IC. H. TING

5cr $913
C TfPE 6 CCCES. fliT, 22—JAN—S!)
: <DBCC’ SIP S—IIOCE 1 • IF .DECC ELSE .5CC TH4
s TYPES hF SI:E 2 • IF <DECC ELSE <ADCO, THEM
a flPEE hIP DUF 66 EMIT CONDITICI.

DUF 1 • IF DFOF •‘ SF” ELSE .CONCITICII
TAB 2!! AND ?CUP IF

Dt.F 12 Alit’ IF 2!6 — THEN
ELSE .E<T THE!J IP* G t 2’- U. ;

TfPE7 .‘ MCVEC” TAE POUNC hF t•UP
COlt!’ DET .CN

a:
12

Scr *‘s’,
C TYPE B 0 ES. ChT d2-JAN—8!
a .EAiD(h——-) .EA COItIADEST.DN

.D>EA(N———) DEST.DN COtthi .EA
2 DIVU .I%b*IE TAB SIP .EA>D a
a DIVS .Ib*1E TAB SIP .EA>D
a <OR> SIP DUP SIZE .SIZE TAB DUP ID

IF .D;EA ELSE .EA)D THEN ;
a .OR . ORH <OR> ;

.RYY SIP DUF DEST OVER SOUFCE ROT R/M
IF .AN—S COItJA .AN—S ELSE .DN COMMA .Cli

a SBCD .N.*IE TAB .PVr
a TFE SIP D-MODE DUP S • IF CI.’U

ELSE CU r • IF LVS
ELSE C IF 4 = SIP S—NODE a
THEN THE”.. DROP

Listing . 68000 disassembler (cont’d)

TAB row:•

EB .MieE .cu:C

‘E .3TLE

14

--—) 2+ CC+2TPE
CE CCNCITIC.4 .CuJDITICI
COMMA T SIP + 2+ 1’.

SIP CONDItIOtI .CONr’ITICN

IO1
2
p

Ii

S

r C

L IB
9

6—FEB—55

THEM

I114
r

a

r H Ti°

I
i 1
L2

3
4

I
L :

F

Is

10
13.

-4
=

6 FE =

THEN a

.‘.Nt IF SECt E..SE •CF T9E’.
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Sc •°:5
0 C ( E S’ Ii.. Li CLuE • , t — A.
3. : SUE .PJ.ME <C>
2 SUE\ .FtE • P ..IsE • Ifl A
3 : TYFE? GIF $130 AN’ $100 — IF SLE ELSE SJB E’ :
4:CM
5 : CIIFII .ISsME CF S:ZE .SI:E ThE •FX
6 : FOR tt.4E • sr’s • rr 1W •IP DEST D’4
7 44r’IT Es’-’
S TYFE11 (PP C’ iF GIF S—MOLE 1 IF CMPI” Er ECB ThEN
9 ELSE C1 THEN ;

10
11
12
13
14
15

C. H. TING 6-FEE—ES I
5cr *916

0 C lYRE 12 CODES. LW, 23-JHN—85)
1 : .AND . AND’ <CR> ;
2 : MULU .NAME TAB lIP .Es’-s>C
3 : MULS .N,*IE mB lIP .EAD ;
4 : ABCD .PIAME TAB .PxY
5 : EXGD .NA’IE TAB lIP DUP DEST .DN
6 COMM-s SOURCE .DN
7 : EXG,4 •N.-.ME TpS lI Dt’P CEfl .A’4
8 COfliA soa:E .cr.
9 : EG”l .1NMIE TAb lIP DJP DtaT SN

10 COMMA SOURCE .AN ;
11 : TYPE SIP —lODE LU — IF ILLL
12 ELSE Dt’ 7 = IF IIUL!
13 ELSE U 4t OPS-ICEZ Mt FPSL ELSE .A’ TE
14 THEI THE’J DROP
q w
a .t

C. I’. TING 6-FEE-St

Scr *91T I0 C TYPE 12 CO’ES CW, 23—Jfll—S)
1 : TYPE12 lIP 63 3 FIES
2 DUP 40 — IF EXGD DROP EXIT tHEN
3 DUP 41 - IF EXGA DROP EXT THEN
4 49 — IF EXGM DROP EXIT THEN
5 <T.’FEs2.
6
7
8
9

13
11
12

3
A4

15
Listing ‘. 68303 aisassembler (cont’&i
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I
C’
FE.

11

TI ND

T
. . . —

AME <OF.
.Y YE (IP SIZ .S ZE T

I 1
RX

AR [i

Sr *919
C’ ( TYPE 14 CCCE9 CHT 2—fAN—95)
1 : .N1E ; LO .NME
2 CASE .SHRT S LS RD RD
S .DIR IF ID IF L’ ELSE R THEN

[ 4 .MSHRT IP 9 9 FIELD .SHRT .DIR TE
L 5 .REHFT IP CUP 3 3 E!E-D ,SHF ,DIR

6 DUF SIZE .EIZE TE DUF I S FIE C

r IF CLIP DEST ,EN E3E . * ELF E.EcT . THEY

L S SOURCE .4Li
9 TYFE14 iF Si:E 3 IF .MSHFJ B_SE REHFT THEY4

14
R i

C, H T ND

5cr *320
C ( DISSCEY ELEF OH —JSE)

CE CP000E TN’FEO 1DYt.B MD)E L
2 TYPE4 T(PES TFEE T’PE? T’PES

3 TYF’EiI TYPE12 T’(FE13 TTFE14 ILL
4 <DECODE> CR IP* 6 UR 2 SPACES

j 5 3IP 15 12 FIELD OPCDDE 2 IP* +

1 6 DECODE L ACOR N )
7 DYER 1F*’ + (LSTDDR)
B BEGIN <OEC:ODE> IF* DYER > LINT! L

L 9 / <EECODE>
1
11

66003 disassenbler (cond)

PD ,NME

i-<

44 EMIT

ILL
I’ E i

T’ RES

C U.R

DROP

Ti4 B
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