8008. t xt

8008 CROSS- ASSEMBLER

FOR USE ON DI G TAL EQUI PMENT CORPORATI ON' S
RESOURCE TI ME- SHARI NG SYSTEM RSTS.

| NSTRUCTI ON SET: (SAME AS FOR I NTEL'S | NTELLEC- 8 ASSEMBLER)

HLT, NOP, RLC, RRC, RAL, RAR, RET, RC, RNC, RZ, RNZ, RM RP, RPE, RPO, RST, | N, QUT
, MOV,

ADD, ADC, SUB, SBB, ANA, XRA, ORA, CVP, | NR, DCR, MVI , ADI , ACI, SUI', SBI , ANl , XR
I,

ORI, CPI, JMP, JC, INC, JZ, INZ, JP, IM JPE, JPO, CALL, CC, CNC, CZ, CNz, CP, CM C
PE, CPO

PSEUDO- | NSTRUCT! ONS:

LXI FORIVAT: LXI REG, EXP
FUNCTI ON: ASSEMBLES AS 2 WI | NSTRUCTI ONS TO
LOAD
THE HEX VALUE OF "EXP", LOW ORDER
BYTE
FI RST, | NTO 2 CONSECUTI VE REG STER
S
BEG NNI NG W TH " REG'.
WORD FORIVAT: WORD EXP
FUNCTI ON: ASSEMBLE 2 BYTES ACCORDI NG TO THE
HEX
VALUE OF "EXP', LOW CRDER BYTE FIR
ST.
BYTE FORIVAT: BYTE EXP
FUNCTI ON: ASSEMBLE 1 BYTE ACCORDI NG TO THE H
EX
VALUE OF "EXP" ("EXP"'<100 HEX).
ASCl | FORNAT: ASCI'| " STRI NG'
FUNCTI ON: ASSEMBLE THE ASCI | VALUE OF EACH
CHARACTER IN THE "STRING'. DELIMT
ERS
OTHER THAN QUOTES MAY BE USED, BUT
THE

CHARACTER USED AS A DELI M TER MAY
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NOT
APPEAR | MBEDDED | N THE STRI NG
ORG FORNAT: ORG EXP
FUNCTI ON: SET THE LOCATI ON COUNTER TO THE VA
LUE
OF "EXP".
END FORIVAT: END
FUNCTI ON: END CURRENT ASSEMBLY PASS. "END' M
UST
APPEAR AS THE LAST LI NE OF ANY PRO
GRAM
SET FORIVAT: SET SYMBOL=EXP
FUNCTI ON: SET THE VALUE OF "SYMBCOL" TO THE V
ALUE

OF "EXP". NO SPACES SHOULD APPEAR
BEFORE OR AFTER THE = SI G\

EXPRESSI ONS - "EXP' NMAY BE ANY ONE OF THE FOLLOW NG
1, A SYMBOL OF UP TO 6 ALPHANUMERI C CHARACTERS WHOSE VALUE
IS
DEFI NED BY A STATEMENT LABEL OR SET PSEUDO- | NSTRUCTI ON.
A PCSI Tl VE | NTEGER HEXADECI MAL NUMBER PRECEDED BY A # S

N

| GN.

A PCSI Tl VE | NTEGER DECI MAL NUMBER PRECEDED BY A % Sl G\.
A DOT (.) WHICH IS THE SYMBOL FOR THE CURRENT LOCATI ON.
ANY OF THE ABOVE PRECEDED BY A UNARY M NUS SI G\.

A STRING OF ANY OF THE ABOVE SEPARATED BY + AND - S| GNS
W TH NO | MBEDDED SPACES, TABS, BRACKETS OR OTHER SEPARA

SR W

TI NG
CHARACTERS.

LI NE SYNTAX - A LINE OF SOURCE CCODI NG MAY CONSI ST OF ANY OF 4 COW
ONENTS
ARRANCGED AS FOLLOWE:

LABEL: MNEMONI C OPERAND ;  COVMVENT

THE "LABEL" HAS THE EFFECT OF ASSI GNI NG THE CURRENT VALUE OF THE
LOCATI ON COUNTER TO THE SYMBOL "LABEL". SPACES AND TABS MAY BE USE
D

FREELY BETWEEN COMPONENTS OF A LI NE, BUT MAY BE | MBEDDED ONLY I N
THE COWVMENT. TWO- REG STER OPERANDS SUCH AS A, M OR REGQ STER, EXPRESS
| ON
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OPERANDS SUCH AS H, EXP MUST CONTAI N NO | MBEDDED SPACES OR TABS.

OPERATI NG | NSTRUCTI ONS:

THE ASSEMBLER REQUESTS DEVI CE: FI LE NAMES FOR THE SOURCE PROGRAM H
EX

OUTPUT AND ASSEMBLY LI STI NG OQUTPUT. THE HEX QUTPUT IS A FILE IN

| NTELLEC- 8 HEXADECI MAL TAPE FORVAT AND MAY BE OQUTPUT TO PAPER TAPE
FOR SUBSEQUENT LOADI NG USI NG AN APPROPRI ATE READ- I N ROUTI NE.

TWO PASSES ARE MADE OF THE SOURCE PROGRAM THE FI RST TO EVALUATE S
YMBCLS

AND THE SECOND TO PERFORM ASSEMBLY AND PRODUCE THE LI STI NG

ERRORS:
ERRORS | N THE SOURCE PROGRAM ARE LI STED ON THE USERS' S TERM NAL BY

PAGE AND LI NE NUMBER AND ARE ALSO FLAGGED ON THE ASSEMBLY LI STI NG
USI NG THE FOLLOWN NG ERROR CCDES:

*A* ARGUMENT QUTSI DE RANGE ALLOWED FOR THE | NSTRUCTI ON BEI NG U
SED.
o UNRECOGNI ZED | NSTRUCTI ON.
* N NOT A VALI D HEXADECI VAL OR DECI MAL NUMBER
*R* | NVALI D REG STER OPERATI ON OR REG STER NOT SPECI FI ED CORRE
CTLY.
*S* STRI NG DELI M TER M SSI NG
*U UNDEFI NED SYMBOL OR SYMBOL LONGER THAN 6 CHARACTERS. A *U*
ERROR | N AN ORG I NSTRUCTI ON ON THE FI RST PASS BUT NOT THE
SECOND
'S AN | NDI CATI ON OF A PHASE ERRCOR BETWEEN FI RST AND SECOND
PASS.

NOTE: PAGE 0 ERRORS ARE ERRORS ENCOUNTERED ON THE FI RST PASS.

A "SYMBOL TABLE OVERFLOW MESSAGE | NDI CATES THAT THE NUMBE
R

OF SYMBOLS DEFINED | N THE SOURCE PROGRAM HAS EXCEEDED THE

DI MENSI ONS OF THE S% AND S$ ARRAYS | N THE ASSEMBLER
SAMPLE ASSEMBLY:

1 ; PARTI AL ASSEMBLY OF I NTELLEC 8 MONI'T
R

2 ORG  #3B0O ; LOCATE |
N TOP 5 ROMS I N 16K

3

4 3B00 2E3B3614 LXI H, VERS

5 3B04 1609 (%Y C, LVER
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6 3B06
7 3B07
8 3BOA
9 3BOD
10 3BOE
11 3B11
TRY PO NT
12
13 3B14
14 3B15
15 3B16
16
17

8008. t xt

CF VERO: MOV B M

46CB3C CALL | NCHL
46473C CALL TO

11 DCR C

48063B JNZ  VERO

44DE3B JWP  START GO TO EN
oD VERS: BYTE CR

0A BYTE LF

56455220

312E30 ASCIl '"VER 1.0
0009 SET LVER=. - VERS

CONSTRUCTI ON OF THE CROSS- ASSEMBLER

LI NES
10-50
80-
100- 170
190- 200
210- 260
270
280
G
310-370
400- 440
BLE
1000- 1050
1100- 1120
1500
N
2000- 2120
3000
CTI ON
4000

FI RST
5000- 5060
5500
6000
6005
6005- 6010
TRI NG
7000
8000- 8010
9000- 9020
9500- 9511

I NI TI ALl SATI ON

START OF FI RST PASS ( EVALUATI ON OF SYMBOLS)

BRANCH ACCORDI NG TO | NSTRUCTI ON TYPE

START OF SECOND PASS

ASSEMBLY OF FI RST BYTE OF AN | NSTRUCTI ON

ASSEMBLY OF SECOND OR THI RD BYTES | F NEEDED

FINI SH OF SECOND PASS, PRI NT-OUT OF LINE TO LI STIN

BRANCH ACCORDI NG TO | NSTRUCTI ON TYPE ( SECOND PASS)
GENERATI ON AND PRI NT- QUT OF ALPHABETI CAL SYMBOL TA

SUBRQOUTI NE TO ANALYSE | NPUT LI NE
PAGE AND LI NE FORMAT SUBROUTI NE FOR LI STI NG
PRELI M NARY ARGUMENT EVALUATI ON FOR SET | NSTRUCTI O

SUBROUTI NE TO EVALUATE AN EXPRESSI ON
SUBROUTI NE TO RETURN ASCI I STRI NG FOR ASCI | | NSTRU

SUBROUTI NE TO QUTPUT A WORD AS TWO BYTES, LOW BYTE
SUBRQUTI NE TO QUTPUT A BYTE

*A* ERROR SUBROUTI NE

PRELI M NARY UPDATE OF CHECKSUM AND BYTE COUNT FOR
SUBROUTI NE TO CONVERT AN | NTEGER TO A 2 BYTE HEX S
SUBROUTI NE TO LEFT JUSTI FY THE STRI NG L$
SUBROUTI NE TO EVALUATE A REQ STER NUMBER

ERROR HANDLI NG ROUTI NE
DATA FOR LOCK- UP TABLES
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LI STI NG OF CROSS- ASSEMBLER

1 | 8008 CROSS ASSEMBLER. WRI TTEN BY R TAPP, APRIL 1975.
10 I NPUT "SOURCE FILE"; 1$ : OPEN I'$ FOR | NPUT AS FILE 1%

| NPUT "HEX FILE"; O : OPEN 08 FOR OUTPUT AS FILE 2% :

I NPUT "LISTING FILE'; O : OPEN G FOR OUTPUT AS FILE 3%
20 O$=SYS( CHR$( 6% +CHR$(-7%) : ON ERROR GOTO 9000 :

PRI NT #2% CHR$(0%: FOR | %1% TO 50%
30 DI M S% 200) , Ms( 63) , QB( 32) , S$( 200)
40 B$="SYMBOL" : Mp="CODES' : R$="ABCDEHLM : S$=B$+":" : X$="XX"

Y$=SPACES$( 43%
45 DEF FNL$=S$+" "+MB+" "+LEFT(LS$, | NSTR(NUG2% LS, " ")-1%
DEF FNP$=" PAGE" +NUMB( P% +" LI NE' +NUMB( Q9 +" >" +FNL$+" " +C$
50 READ M(19% FOR | %=0% TO 62% :
FOR | 9%0% TO 32% : READ A% : QB(1% =CHR$(A% : NEXT |%
80 GOSUB 1000 : |F S%>0% THEN S$( K% =LEFT(S$, S% 1%
SU K% =L% :  KU%=K%1%
100 L9%L9%N% : ON C% GOTO 80, 110, 120, 130, 140, 150, 160, 170, 80
110 L9%L9%2%
120 LY%L9%1%
130 L%L%1% : GOTO 80
140 GOSUB 3000 : L%L9%-N%: GOTO 80
150 GOSUB 2000 : L%A%: GOTO 80
160 CLOSE 1% : OPEN |$ FOR INPUT AS FILE 1% : L%0%: GOTO 190
170 GOSUB 1500 : S$(K% =LEFT(L$, Me 1% : SU K% =A% : KUK 1% : GO
TO 80
190 GOSUB 1100 : GOSUB 1000 : |F C%5% THEN PRI NT #3% SPACES$(8% :
ELSE A%L% : GOSUB 8100 : PRINT #3% " "
200 ON C% GOTO 210, 310, 320, 330, 340, 350, 360, 370, 280
210 | F M%14% THEN 220 ELSE A%ASCI | (Q8(M4) : GOTO 270
220 | F M#17% THEN 230 ELSE GOSUB 2000 : |F M/=15% THEN
| F A%<0% OR A% 7% THEN GOSUB 5500 ELSE A%=A% 8%+5%
ELSE | F A%0% OR A%31% THEN GOSUB 5500 ELSE AY%=AY%-A%-65%
225 GOTO 270
230 | F M/%26% THEN 250 ELSE | F M/%18% THEN RY%=( M% 19% * 8%128%
ELSE GOSUB 8000 : ROEAY 894+192%
240 GOSUB 8000 : A%RY#A%: |F A%255% THEN GOSUB 8010
245 GOTO 270
250 | F M¥28% THEN 260 ELSE GOSUB 8000 :
| F A%0% OR A%7% THEN GOSUB 8010
255 AY%=AY 8%Mk 27% : GOTO 270
260 | F M#37% THEN A%ASCI | (QS( M4 23% ) ELSE | F M429% THEN
A%-=( M6 30%) * 89%4-4% ELSE GOSUB 8000 : AY%=AY% 8%+6%
270 GOSUB 5000 : |F N%1% THEN 280 ELSE GOSUB 2000 :
| F N9%2% THEN GOSUB 5000 ELSE GOSUB 4000
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280 PRINT #3%, : PRINT #3% FNL$, UNLESS ASCI | ( MB) <33% :
PRI NT #3% C$ : GOTO 190
310 GOSUB 8000 : RY%A% 1% : GOSUB 2000 : CHANGE CVT%$(A% TO A% :
FOR M/&1% TO 2% : A% ( RV+MY *8%-6% : GOSUB 5000
AY%EAY% M) : GOSUB 5000 : NEXT M : GOTO 280
320 GOSUB 2000 : GOSUB 4000 : GOTO 280
330 GOSUB 2000 : GOSUB 5000 : GOTO 280
340 GOSUB 3000 : C%0%: FOR M/A&1% TO N% : | F C%4% THEN C%=0% :
PRI NT #3% : GOSUB 1100 : PRI NT #3% SPACES$(8% ;
345 A%ASCI | (Rl GHT(A$, M4) : GOSUB 5000 : C%C%-1% : NEXT M : GOT
O 280
350 GOSUB 2000 : L%A%: GOSUB 5050 UNLESS X%0% : GOTO 280
360 GOSUB 5050 UNLESS X%0% : PRI NT #2% ":0000000000" : GOTO 280
370 GOSUB 1500 : GOSUB 8100 : GOTO 280
400 FOR | %=0% TO K% 2% : FOR J%| %1% TO K% 1% : FOR L%1% TO 6% :
C%=ASCI | (RI GHT(S$(J% ,L%) : S%ASCI | (R GHT(S$(1%,L%)
| F C%<S% THEN 420 ELSE | F C%S% THEN 430
410 NEXT L%
420 S$=S$(IN +"" : AY%ESUIW : SH(IN=SH(1 W +"" : SUIN =S% | %
S$(1 9% =S$+"" : SU | % =A%
430 NEXT J%: NEXT 1% : C%0%: GOSUB 1100 : FOR MV/&E0% TO K% 1% :
| F C%4% THEN C%0% : PRI NT #3% : GOSUB 1100
440 AY%ESYEMA : RYEA%: PRINT #3%, : PRINT #3% USI NG "\ W
S$(MA," = #": : GOSUB 8100 : PRINT #3% " = % R%
CY%C%1% : NEXT M : PRINT #3%: GOTO 9010
1000 | NPUT LINE #1% L$ : 1% NSTR(1% L$, CHR$(13%) )
J% | NSTR( 1% L$, CHR$( 10%) )
| F 1%J% THEN | %J% ELSE | F | %=0% THEN | %LEN( L$)
1005 C%INSTR(1%L$,";") : |F C%0% THEN C%I %
1010 C$=M D(L$, C% 1% C% : LSET L$=LEFT(LS$, C% 1%
S% I NSTR(1% L$, ":") : LSET S$=LEFT(LS$, S%
LSET L$=RI GHT(L$, S%1%
1020 GOSUB 7000 : | 9% NSTR(1% L$, CHR$( 9% ) - 1% :
J%I NSTR(1% LS$, " ")-1%: |F | %J% AND | %=0% THEN J%I| %
1025 LSET MB=LEFT(L$,J% : LSET L$=RI GHT(L$, J%2%
1030 GOSUB 7000 : | %I NSTR(2% L$, CHR$(9% ) :
LSET L$=LEFT(LS, | % 1% UNLESS | %0% : A$=L$+""
| F ASCI | (MB) <33% THEN N%&0% : C%9% : RETURN
1040 C%1%: M&0% : MEME1% UNTIL LEFT(MS, J% =MB( MY OR M/E63%
| F M/<29% THEN N%=1% ELSE | F M/<38% THEN NY&2%
ELSE | F M/56% THEN N9&39% ELSE N9&0% : CY&Mb 54%
| F C%9% THEN PRINT "*I*"FNP$ : PRI NT #3% "*|*";
1050 RETURN
1100 | F Q0% THEN P%P%-1% : PRI NT #3% CHR$(12% ; CHR$(10%
"PAGE"P%|$ : PRI NT #3%
1110 QEQH1% : PRINT #3% USING "## ", Q% : |F Q&50% THEN Q&0
%
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1120 RETURN
1500 MVl NSTR(1% AS$, "=") : LSET A$=RI GHT(A$, Me-1%
2000 A%0% : C¥%ASCl|(A$) : |F C%43% OR C%45% THEN
LSET A$=RI GHT(A$, 29 ELSE C%43%
2010 | F C%45% THEN S%1% ELSE | F C%43% THEN S%:0% ELSE RETURN
2020 C%48% : C¥%ASCI | (R GHT(AS$, | %) FOR | %2% UNTI L C%47% : | %I
% 2% :
LSET B$=LEFT(AS$, 19 : LSET A$=RI GHT(AS$, | %2%
2030 JY%ASCI | (B$) : |F J%35% THEN 2050 ELSE | F J%37% THEN 2080
ELSE | F J%46% THEN 2090 ELSE J%-0% :
J%=J%1% UNTI L S$(J% =LEFT(BS$, | % OR J%=K% :
| F J%<K% THEN J9%S% J% ELSE PRI NT "*U*"FNP$ :
PRI NT #3% "*U+";
2040 GOTO 2100
2050 RSET B$=M D(BS$, 2% 1% 1% : CHANGE B$ TO A% : FOR | %1% TO 2%

| F A% | % <>32% THEN 2120
2060 NEXT 1% : FOR |1%3% TO 6% : |F A% 9% >70% THEN 2120
ELSE | F A% | % >64% THEN A% | % =A% | % - 55%
ELSE | F A% | % >57% THEN 2120
ELSE | F A% | % >47% THEN A% | % =A% | % - 48%
ELSE | F A% | % =32% THEN A% | % =0% ELSE 2120
2070 NEXT |%: A% 4% =A% 3% * 16%-A% 4% : A% 6% =A% 5% * 16%-A% 6%

JYECVT$Y CHRS( A% 4% ) +CHRS( A% 6% )) : GOTO 2100

2080 J%VAL(M D(BS$, 2% 1% 1% ) : GOTO 2100

2090 | F N%&2% THEN J%L% ELSE J%L% 1%

2100 | F S% THEN A%A% J% ELSE A%A%-J%

2110 GOTO 2010

2120 A%0%: PRINT "*N:"FNP$ : PRINT #3% "*N+": : RETURN

3000 NI NSTR( 2% A$, CHRS( ASCI | (A$)))-2% : LSET A$=RI GHT( AS$, 2%
RETURN UNLESS N9&- 2% : N9&6%
PRINT "*S*"FNP$ : PRINT #3% "*S*"; : RETURN

4000 CHANGE CVTU$(A% TO A% : AY%AY% 2% : GOSUB 5000 : AY%=AY% 1%

5000 | F X%0% THEN X0%L% : Y%0% : Z%0%

5005 | F A%:- 128% OR A%255% THEN GOSUB 5500 ELSE | F A%<0% THEN
A%=ASCI | (Rl GHT( CVTY8( A% , 2% )

5010 GOSUB 6000 : LSET Y$=LEFT(Y$, Y +X$ : PRI NT #3% X$:
YY&EY%2% © L%L%1% : CHANGE CVT¥S(L% TO B% :
| F BY% 2%) - BY 2% / 169 16% THEN RETURN

5050 A%X% : GOSUB 6000 : LSET B$=X$ : CHANGE CVT¥%(X0% TO B% :
FOR J9%1% TO 2% : AY%BY%J% : GOSUB 6000 : AY%J9%4+J%
LSET B$=LEFT(B$, A% +X$ : NEXT J%

5060 A%ASCI | (Rl GHT(CVTY$(Z% , 2% ) : GOSUB 6000 :
LSET Y$=":"+B$+" 00" +LEFT(VY$, Y% +X$ : PRI NT #2% Y$ :
X%=0% : RETURN

5500 A%0%: PRINT "*A*"FNP$ : PRINT #3% "*A*": : RETURN

6000 Z9%2% A% : XU&=X%1%
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6005
6010
7000
8000

8010
8100

6005 :

9000
9010
9020
9500
9501
9510
9511

, 90
9999
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A 7% =A% 16% : A% 8% =A% 1695 A% 7% : FOR | %=7% TO 8% :

| F A% | % >9% THEN A% | % =A% | % +55% ELSE A% | % =A% | % +48%
NEXT 1% : LSET X$=CHRS( A% 7% ) +CHRS( A% 8% ) : RETURN
LSET L$=RI GHT(LS$, 2% FOR | %1% WHI LE ASCI | (L$) <33% AND | %<10%

RETURN
A% NSTR( 1% R$, LEFT(AS$, 1%9)-1%: | F A%- 1% THEN 8010
ELSE LSET A$=RI GHT(A$, 3% : RETURN
PRINT "*R¢"FNP$ : PRINT #3% "*R*": : RETURN
CHANGE CVTY%(A% TO A% : FOR J%1% TO 2% : A%A%JY : GOSUB

PRI NT #3% X$; : NEXT J%: RETURN
| F ERL=2080% THEN RESUME 2120 ELSE Q%0% :
| F ERR=11% THEN RESUME 400
PRI NT #2% CHR$(0%; FOR |1 %1% TO 50% :
PRI NT #1% CHR$(26%; FOR |1%2% TO 3% : CLOSE 1% 2% 3%
| F ERL=80% OR ERL=170% THEN PRI NT " SYMBOL TABLE OVERFLOW
ELSE | F ERR=28% THEN RESUME 9999 ELSE ON ERROR GOTO 0
DATA HLT, NOP, RLC, RRC, RAL, RAR, RET, RC, RNC, RZ, RNZ, RM RP, RPE, RPQ,
RST, | N, QUT, MOV, ADD, ADC, SUB, SBB, ANA, XRA, CRA, CVP, | NR, DCR
DATA WI , ADI, ACl, SUl, SBI, ANI, XRI, ORI, CPI , JMP, JC, JNC, JZ, INZ
JP, IM JPE, JPO, CALL, CC, CNC, CZ, CNz, CP, CM CPE, CPQ,
LXI', WORD, BYTE, ASCI | , ORG, END, SET
DATA 0, 192, 2, 10, 18, 26, 7, 35, 3, 43, 11, 51, 19, 59, 27
DATA 68, 96, 64, 104, 72, 80, 112, 120, 88, 70, 98, 66, 106, 74, 82, 114, 122

END
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