
/.\DECUS 
\ / PROGRAM LIBRARY 

DECUS NO. 

TITLE 

AUTHOR 

COMPANY 

DATE 

SOURCE LANGUAGE 

12-77 

PALl 2A ASSEMBLER 

Mark J. Hyde 

Jamesville-DeWitt Central Schools 
DeWitt, New York 

April 6, 1972 

PALl 24 

Although this program has been  tes ted by the  contr ibutor ,  no warranty,  express o r  implied,  i s  mode by the  Contributor,  
Digital  Equipment Computer  Users Society o r  Digital  Equipment Corporat ion as  to the  a c c u r a c y  or funct ioning of the  
program or related program material, and no responsibility i s  assumed by these parties i n  connection therewith, 





PAL12A ASSEMBLER 

DECUS Program Library Write-up DECUS NO. 12-77 

PAL12A I S  A 4K ASSEMBLER O P T I M I Z E D  F O R  THE P D P - 1 2 0  
OR PDP-12/& RUNNING UNDER THE 4K DIAL-V2 MONITOR. I T  I S  
BASED CIPJ MACRO08 OF MARCH, 3 9 7 1  CDEC-88-CXAB)r AND PROVIDES 
HAMY FWCTIOeJS NEVER BEFORE AVAILABLE IN A L I N C T A P E  ORIENTED 
ASSEXEILER FOR CONFIGURATIONS THIS SMALL CAT THE UNFORTUNATE 
MPEDJSE OF A VERY FEW OF a f E  LESS OFTEN USED FUNCTIONS OF 
THE DIAL ASSEMBLER). THESE F W C T I O N S  INCLUDE L I T E R A L S  AND 
OFF-PAGE LINKS <IN PHODE>r %ISTAPE"* *TXAIPJ"r A CORE USAGE 
MAP, "FIXTAW AND "EXPWOE"I '*wb* OPERATO% ANI3 '*X" OPERATOR. 

O F  CODE I N T O  MORE '€HAM IHE LOmST 4K* ALTHOUGH FIELD' 1 
OUTPUT FROM 3HE D I A L  A S S B E & E R  WILL BE TREATED PROPEFLY 
BY THE a A I H  OPTION. THE FOLLOWIMG D I S C U S S I O N  ASSUMES 
TESAP THE READER I S  FAMILIAR WITH BOTN THE DIAL ASSE@lE!LER 
AS S P E C I F I E D  I N  'aDEC-12-SE2D-D" AND THE MACRO-6 ASSEMBLER 
A 5  DESCRIBED I N  "PROGRAmYIMING LANGUACIES, 1972". 

~ O T E  'MAT THIS PROGRAM MAKES NO PROVISIOM FOR 'IHE ASSEPIBLY 

THE P A L ~ A  LANGUAGE I S  BASICALLY CCMPATIBLE WITN 
THAT OF DIAL3 HOWEVER, THE FOLLOWING FOIMTS SHOULD BE NOTED: 

1. MPWJGE AND F I X T A B  PSEUDO-OPS SERVfMG 'IXE SAHE FUNCTION 
A S  I M  MeCR0-S HAVE BEEN INCLUDED. DCPrFJGE ALSO DISABLES 
THE ROUTINES THAT READ THE DIAL PEflMANEeJT SYMBOL TABLES 
I N  FBCM €LOCKS 3 4 1  & 342 ON c'FPIODE'* & "LMODE" PSEUDO-OPS. 

2. ALL OPCODES THAT ARE NOT I N  THE DIAL PEEMAEJWT TABLES 
MUST BE DEFINED AT THE VERY BEGINNING OF THE PROGRAMr AND 
THE D E F I N Z T I W S  MUST BE FOLLOWE33 EIY A FIXTAB.  I F  EXPUNGE 
IS USED# ALL OPCODES MUST BE D E F I N E D  T H I S  WAY. . (FIXTAB ALVD 
EXPWGE SKOULD BE USED QJLY AT I)IE BEGINNING OF THE SOURCE.) 

ALL CODING OF THE FORPI: 

CLA 
I N C  . + I  
I N C = 2 B 0 0  
TAD I -+10 

MUST BE CHANQED TO: 

I N C = 2 0 0 0  
FIXTAB 

& A  
I N C  -* l  
TAD I - + 1 0  

BECAUSE. TSE ADDRESS PORT1 CMI OF THE I N C  
NOT BE ASSEMBtED PROPERLY IN THE FIRST 

I N S T R U C T 1  O# WILL 
CASE* HOWEVER: 
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TAD I N C .  
INC=.-20 

I S  PERFECTLY LEGAL AND WILL ASSEr3BLE PROPERLY. CSEE "MRI 
RECOGM1TIOPd"r PAGE 1 4 - 6 1  OF PROG- LANG.) 

3. *%M? AND T M "  PSEUDO-OPS ARE INCLUDED, WITH THE SME 
SIGNIFICANCE AS LMODE AND PMODEI RESPECTIVELY. (LMODE AND 
PMODE ARE ALSO INCLUDED.) 

4. DIAL PROMISES 896.XMBOLS+ BUT USING MORE THAN 192 W I S I  
4X CAUSES THE SYMBOL TABLE TO BE TRADED I N  AND OUT FIEDM AN 
I /O IZVICE. IM A ?lON-DISK SYSTEM> THIS MAKES AN ASSEMBLY 
AN ALL-DAY JOB. PAL12A HAS A MBXIMW !XHB= CAPACITY OF 
APPRaXIMATELY 328C 10) SY#BOL+-ALL =SI DIHG IN CORE. THE 
MAXIMUM CAPACITf MAY BE EXTENDED BY UP TO 64C10) SfMBOLS 
THROUGH THE USE OF THE EXPUNGE PSEUDO-OP* 

5. THE VALUE T A S E  GIVEN OPJ PAGE 3-3 OF -SE2D-D8' A P P L I E S  
WLY TO TAGSJ NOT TO SYMBOLS DEFKNED WITH sr=rr* 

6. 9" HAS BEEN EXTENDED TO WORK WITS NEGATIVE AS W E L L  
AS POSITIVE LEFT ARGUMFNTS. 

7 t*< N, C 1 )  t?, 88C ?I, AND *'I" ARE IHCLUDED TO COMTROL L I T E W S  
< SEE MA(88) 

8 -  THE OPERATOR *'%'* H A S  BEEN ADDED TO PERFOM THE FOLLOWZSG 
UPERATI ON: 

1%2==1$0+2 

MOREOVER: 

LMODE - 1 %==7677 
FMODE - 1%==7700 

Cn\8r ALSO TREATS NEGATIVE W B E R S  PROPERLY.) 

9 -  THE '*FIELD'* PSEUDO-OP HAS BEEN DaETED.  

100 BOTH FUMCTIONS OF TEfE "LISTAPE" PSEUDO-OP <LISTING 
ON TAPE AND CHAIN ASSEMBtIES) ARE CONTROLLED BY SWITCH 
REGISTER OPTIONS IN PAL12A CSEE THE SECTION CIN OPERATIMG 
PAL 12A)  

11. *ZISTN STATEMENTS ALWAYS APPEAR I N  L I S T I N G S  

1 2 .  **E3ECT" WOWCS ON THE TELETYPE. 

13. NO CONDITIONAL, ASSENBLY PSEUDO-QPS C"ASM1FCX) Ne' OR 
"ASMSKP N") ARE INCLUDED. 

14. wSAVSYM'* AND *%Or)SYM" ARE MOT INUUDEDo 
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15. DOUBtE QWOTE C " )  FOLLOWED BY PMY (31ARACTER G I V E S  
THE DIAL S I X B I  T CODE FOR n i E  OBJECT CHARACTER C SEE MACRO-Eo 
BE VERY CAREFUL IN FOLLOWING THIS CHARACTER WITH A RETURN. 

160 '2'' IS  INCLUDED FOR COMPATIBILITY AND I S  JUST A S  
WORTHLESS AS I N  DIAL. 

17. "FIE FOLLOWING PSEUDO-OPS HAY BE HUNG ON THE END O F  
L I N E S  CFOR EXAMPLE, * Z I N C  LM", OR "TAD I 2 EJECT".): 

PMODE plyl LMODE LM LI ST NOLI  ST 
EJECT MPUNG FIXTAB OCTAL DECIMAL 

18. m I C O L O N S  PROVIDE THE SAME FUNCTION AS I N  DIAL, 
BUT Tfim NEVER INCREPlENT THE LIME NWBER* 

19. THERE IS NO PROVISION FOR A L I N E  P R I N T E R  IN P A L l 2 A .  

28. WHEN BEGINNING AN A S S ~ ~ ~ L Y Y  D I A t  DUMPS A ELOW OF 
GAR3AGE AT 4BpI CCONTAIMIMG LOCATIONS 4000-4377) I N  THE 
BfNAfK.VORKING AFBAD AND MAKES AM ESTHY IPJ 9HE CORE CONTROL 
MAP n i A T  CAUSES THIS BLOCK ALWAYS TO BE LOADED, EVEM I F  NO 
CODE IS ASSEIMBtED 'PHESIE. PAL12A MEVER OUTPUTS GARBAGE. 
T H I S  U O W S  GHAJN ASSEMBLIES TO INCLUDE CODE FOR LOCATIONS 
4000-43'77 I N  ANY SOURCED MOT J U S T  IN THE LAST ONE I N  
SEQUENCE. I T  ALSO TEXDS TO SIORTEN BINARY F I L E S  SINCE ANY 
FILE THAT DOES NOT USE LOCATIONS 4 0 0 Q - 4 3 7 7  WILL BE ONE S O C K  
SHORTER WEN ASSEME3LED BY PALl2A RATHER ' I€iAp3 DIAL. 

210 PAL124 DOES NOT USE THE EXTEMDED TAPE UNITS* TKUS 
SOURCES MAY COME ONLY FROM WITS 0 & 1. HOWEVER, "HE 
P R O G W  DOES USE EXTENDED BLOCK ADDRESSING. 3231s ALLOWS 
PROGRAMS LOCATED I N  3XE HIGH F I L E  AREA OF A LONG DIAL TAPE 
<BLOCKS 1900-1577) TO BE ASSEHBLED WIlXQUT B E I N G  MOVED TO 
LOWER BLOCKS0 

22. UNLIKE DIAL, PALZ2A SIMPLY ASSLPlIES ZHAT A VALID DIAL 
PERMANENT SYMBOL TAE3L.E WILL RESIDE AT BLOCKS 341 & 342 OF 
THE QPPOSITE UFJI T FRm THAT CONTAIMING THE SOURCE. CDIAL 
CHECKS FOR A VALID TABLE, AND I F  I T  DOES NOT F I N D  ONE, I T  
USES TWE TABLE FROM THE UNIT WITH THE SOURCE.) BOTH TAPES 
SHOULD CONTAIN V A L I D  DIAL SYSTEMS %HE# USING PAL12A.  

23. IF L I S T I N G  LIMITS ARE S P E C I F I E D  BY THE OPERATOS ANY 
LIST OR NOLIST PSEUDO-OPS IN W E  SOURCE WILL BE I W O B E D *  

24. THE SYMBOL SABLE AND THE STORAGE AREA FOR THE LIS'fIW6 
OCCUPY =E SAME AREA OF CORE* THE TABtE HAS PWDRXTY 
OVER TXE L I S T I N G .  3RIS CAUSES LISTING LIEdES TO BE TRUNCATED 

WHEN %E FROGRAP3 BEING A S S E H S E D  USES HANY SYMBOLS CTHAT IS1 
WHEN THE ASSEMBLER I S  NEAR I T S  F7JLL sIE3BOL CAPACITY) 4 

PALl2A I S  STORED M D  USED AS A SELF-STARTING 
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BINARY FILE I N  THE DIAL. FILE AREA, I N  
WAY AS PIP. C I T  STARTS AT 04@20<8).) 

OPTIONS. SETTING SENSE SWITCH 5 TO 1 
LOADED, 1.T WILL HALT TO ALLOW SETTING 

a0 s 
8.1 s 
02 s 
03 s 
04 S, 
P)S E 
06 S 
07 E 
08 E 
$9 E 
10 s 

MUCH Tf?E SAME 

OF THE SWITCH 
WILL SKIP I.XE HALT. 

WHEN PAL12 IS 

THE RIGHT SWITCHES ARE INTERPRETED AS FOLLOWS: 

BINARY OUTPUT PASS 
CORE MAP PASS 
LISTING PASS & LISTING 
LISTAPE PASS 
SYMBOL T A S E  P R I N T I N G  <CLEARED By 02 & 03) 
WI CX LI ST MODE CHARD LISTING WtY) 
COPE MAP PRINTING 
@ A I 8  CPRESERVE CORE CONTROL & M A P  RLOCKS) 
GET SOURCE FILENAME AND W I T  FROM KEYBOARD 
GET LISTING LIMITS FROM KEYBOARD 
PRINTING OF 'ZG'* MESSAGE 

THE KEYBOARD INPUT OF =E FILENAME, UNIT+ AND 
L I  STING LIMI TS I S  HANCtED By A MODIFIED QAMDA I N  WHI CH 
THE FOLLOWING CHARACTERS HAVE SPECIAL SIGNIFICANCE WEN 
RECEIVED FROM THE KEYBOARD: 

QQ4 C T B / D  RESTART DIAL 
011 CTRL/I CONVERTED TO TAB C0473 
032 LN F D  ENDS INPUT FOR CURREMT FIELD 
014 CTRLAL MOVES CURSOR 1 POSITIQN LEFT 
015 CAR RET ENDS INPUT FOR CURRENT DISPLAY 
022 CTRL/R MOUES CURSOR 1 POSlTIaU fil!QiT 
CALL OWER CONTROL CODES IGRJORED.3 
043 HASH I G N O R E D  
047 bfuOTE IGNORED 
057 / IGNORED 
877 ? IGNORED 
la0 AT I GN0RF.D 
I37 I, ARROW I GNORED 
175 AtT ERASES ALL INPUT @S CURR.RENT DISPLAY 
177 RUB ERASES CURRENT CHARACTER 

CTRL/I3 CCODE 004) MAY BE STRUCK AT ANY TIME WHILE THE 
PROGRAM I S  RUNNING TO RESTART DIAL. 

TO SAVE CORE* PAz,12A IS WRITTEN IN SUCH A WAY AS 
T O  BE IMPOSSIBLE TO RESTART AFTER I T HAS BEEN STARTED ONCE. 
I F  SOME MISTAKE HAS BEEPJ MADE+ DO NOT EVER ATTESPT TO 
RESTART =E PROGRAM AT 04028C8)* IMSTEADr USE CTRt/D OR 
THE CONSOkE TO GET BACK TO DIAL+ +&HEM RELOAD THE PROGRAM. 

1. 
EXCEPT THE LISTAPEL WHEN THEY GO OUT TO W E  TAPE. 

ERRORS WILL BE OUTlkYA' TO THE TEtETYPE Off EVE= PASS 
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2. THERE ARE NO OUTPUTS BUT ERRORS ON TXE FIRST PASS* 

3. (M THE SECOND PASS8 TWE BINARY I S  OUTPUT TO B t O C K S  
3719-4187 IN "HE BINARY WOFXING ARE3 (3N UVIT t o  A CORE 
C O N T R a  MAP I S  ALSO CREATED AT ELOCK 447* TKE BtOCKS 
RESERVED FOR CODING I N  THE UPPER 4K OF APJ 8 K  MACHINE 
C418-427) ARE NOT TOUCHED* 

4. ON ?HE RIIRR P A S S  A CORE USAGE -MAP I S  GENERATED AT 
E&OQzS 440 & 441 OF UNIT 1. I F  RSWC@B)=BS A CORE M A P  WILL 

MAP LIME: 
BE P m m I t  OUT AT THE END OF TWE PASS. BELOW I S  A TYPICAL 

a200 FFFF FFFC OlFF 800Qi b@S@ QQPIQ 0000 OP10@ 

AT THE FAR LEFT IS THE ADDRESS CIM OCTAL) OF THE FIRST WORD 
REPFXSEN'ED ON =E L I N E *  TO THE FtIGH3' OF n;IE ADDRESS ARE 
GROUPS OF f8M H M  DIGIT** EACH HEX DIGIT MAY BE DECODED 
INTO A FOUR B I T  CODE DESCRIBING THE USE OR DISUSE OF FOUR 
MEMORY WORDS BY THE PROGRAM JUST ASSEMBLED CA 1 INDICATES 
USES A 0 DISUSE)* W E  LINE ABOVE S O W S  THAT LOCATIOWS 200- 
235 & 247-268 Am USEDs WILE 236-246 & 261-37'7 AWE UNUSED. 
NOTE THAT THE MAP SHOWS ONLY LOCATIWS INTO W I C H  THE 
ASSEMELER PLACES CODE* OTHER A m 5  OF CORE MAY BE USED AS 
BUFFERS EX THE OWECT PROGRAM WIlXOUT INDICATION I N  THE MAP* 

* XEM HEXADECIMAL: 
O=c)PIB0 4=0100 8=1090 C=ll@QI 
I=0001 5=0101 9=10@I D= l l Q 1  
2-@0l@ 6=@11141 A=101Q e l f 1 0  
3rQQli ?=pill1 E=XQI&ll F = l l f Z  

5. IF  'IHE CHAIN OPTION I S  SPECIFIED CRSW<B?)=l)s THE OLD 
LOADER COm CONTROL MAP IS PICKED UP FROM BLOCK 447r AND ZHE 
NEW MAP IS IIIERGED WITH I T  PO FOFM THE OUTPUT MAP* DESPITE 
TdE FACT THAT PAL12A WILL NOT ASSEMBLE CODE FOR THE H I G H  4% 
'IRE HERGE CODING I S  WRITTEN I N  SUCH A WAY THAT AMY CODING I N  
E3 '€€?ER 4K FIELD 3RAT HAS ALREADY BEEN ASSEMBLED CAND I S  NOT 
QUEEKdlUTTEN W R I N G  BIE CURRENT ASSE24EILY)WILL 3E EXTANT I N  
THE FINAL OUTPUT. ALSO* CHAIN CAUSES ANYTHING ALREMX I N  
BLOCKS 440 & 441 CWICH MAY COhlTAIN TRADED-OUT DIAL SYMBOL 
TAE%EI TO BE MERGED bif'Ri THE CORE MAP OUTPUT PRODUCED IN 
PASS 3 C 448 & 441 ARE CLEARED I F  R S W C  07)=0> 

6 a  LISTINGS M D  GaUIM L I S T I N G S  HAVE THE SAME FOFMAT AS I N  
DIALS WITH SOHE EXTRMJEOUS SPACES REMOVED TO SPEED THEM UP* 
?HE W E  EXCEPTION TO THIS I S  THAT I N  PALl2A, "RE FULL 1 2 - 3 I T  
ADDRESS OF EACH WORD XS PRINTED EXFEN UNDER THE LMQDE 
PSEUDO-OP CTHE ABOVE ALSO APPLIES TO THE LI STAPE) A SYMBOL 
TABLE WILt BE OUTPUT A T  THE END OF BOTH THE LLSTING AND 
LISTAPE PASSES REGARDLESS OF THE SETTING OF RSWC(lr4> 

7 .  LISTAPES ARE OUTPUT TO UNIT 1 STARTING AT S O C K  0 .  
THERF: IS NO CHECK .FOR MISTING FZLESS 
LISTAPE IS OUTPUT I N  STANDARD DIAL S I X B I T  CODES 2 CHARACTERS 
PER WORD- BECAUSE OF THIS9 AND BECAUSE OF THE SPACES 

SO, BE CAREFUL! W E  
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RMOVEDS L I  STAPES GENERATED I3Y PAL12A ARE NOT COMPATIELE 
WITH AMY DEC nCREF'* PROGRAMS. NOTE "HAT THE LfST-APE CODING 
WILL USE THE GIVEN LISTING LIMITS PROPERLYS BUT THAT I T  IS 
IMPOSSIBdE TO SEND A QUICK L I S T I N G  TO THE TAPE. ?HE LISTAPE 
CODING GENERATES ONLY FULL L I  STINGS* 

PAL12A OUTPUTS I T S  ERROR MESSAGES I N  THE SAME FOmAT 
AS DIAL. CNNNN EE)r BUT I T S  ERROR CODES CORRESPOND TO THOSE 
OF MACROo8r W I T H  "HE FOLLOWING EXCEPTIONSZ 

1. "IM'*s *MP"'s AND "XX*' ARE DELETED. 

2. "TX' IS  INCLUDED TO FLAG AN INCLOSED '"TEXT" PSEUDO-OP, 
PAL12A RETURNS TO D I A L  IMMEDIATELY AFmR T Y P I N G  THE **IX"* 

3. PALl2A ALSO RETURNS TO DI& AFTER WPING AM **SE"o 

4- WHEN AN '*ID** I S CAUSED BY A TAG BEIWQ DEFINED ?%I1 CEI THE 
VALUE OF 'ME TAG IS RESPECXFED AS I N  DIALS SO THAT BOTH 
OCCURRENCES OF THE TAG WILL BE FLAGGED c)N THE SECOND AND 

LATER PASSES. <MACRO-S DOES NOT RESPECIFY THE VALUE.) IF 
THE '*ID** I S  CAUSED BY ATTEMPTED R E D E F I N I T I O N  OF A PSEUDO-OP 
OR PEFMANEST SYMBOL* NO RESPECI FI CAT1 ON OCCURS. 

5. "US" ERRORS WILL CAUSE THE SYMBOL COWT GIVEN AT l H E  
BEGINNING OF 'IRE SYMBOL TABLE TO DISAGREE WIXX THE NUMBER OF 
SYE4BOLS P R I N T E D  OUT. 

I T  I S  RECOMMENDED THAT THE FOLLOWING PROCEDURE BE 
FOLLOWED TO ASSEMBLE A PAL12A BINARY FRQY THE SOURCES: 

1- ASSEMBLE TKE FILE PALl2A-1 USING AM M I S T I N G  3IpJArzY OF 
P a 1 2 A  M D  MAKING SURE THAT THE CHAIN OPTION IS OFF. 

2* ASSEMBLE PALl2A-2 W I T H  THE M A I M  OPTION ON* 

CIF IWE SOURCES ARE CORRECTI THERE SHOULD BE N O  ERRORS AND 
NO LINKS FOR E1 I#ER FILE.) 

IF THE TWO SOURCES HAVE EACH BEEN ASSEMBLED AHD 
SAVED AS BfNARY F I L E S  THE FILES MAY BE COMBINED INTO A 
PALl2A BINARY WITH AM '*ADD BINARY'* COMMAND I F  THE FOLLOWING 
REST= CT1 OAJS ARE OBSERVED: 

1. TWE BINARY WORKING AREA MUST BE ZEROED BEFORE D O I N G  ANY 
'*ADD BINARY*' COMMANDSc 

2. 'ME P A L 1 2 A - 1  BINARY FILE MUST BE ADDED TO RIE WORKING 
AREA FIRST. 
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BESIDES IWE BLOCKS ALREAIX C I m D  C370-427s 440°44ts 
4 4 7 s  AND 0 TO THE E S D  OF THE LI STAPE)+ PALlBA ALSO USE5 
BLOCKS 438-433 IN IWE BfNAXf WOFHING AREA ON W I T  1 FOR 
STORAGE OF THE FOLLOWING OUTPUT ROUTINES: 

430 CORE NAP <WORDS PI-177) 
431 LISTING 
432 LISTAPE 01 

433 SYMBOL TABtE C WORDS 0-377) 

w *a 

'MESE E?LUCKS ARE WFUTTEN OUT AT "HE BEGXNMIMG OF EVERY 
PALl2A ASSEMELYD FEGARBLESS OF WETHER OB NOT 'lXE ROUTINES 
ARE USED IN AMY GiIVBV ASSEMEdY* TFIIS SHOULD MOT CAUSE ANY 
DIFFICULTY+ BECAUSE DIAL USES ItlESE BLOCKS FOR TRADING USER 
SYMSckS WHEN IT HAS MANY* ClRE SAVSYM AREA IS FURTHER DOWN 
THE TAPE*) 




