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#1. 0.0
# 1. 0. 0 INTRODUCTION,

THIS MANUAL DESCRIBES ONE OF THE X8 (CROSS EIGHT) SERIES OF MICRO-
PROCESSOR CROSS-ASSEMBLERS SIERRA DIGITAL SYSTEMS HAS DEVELOPED FOR
FDP3 LISERS. THE X3 SERIES WILL HANDLE ALL 0OF THE FOFULAR MICRO-
PROCESSUORS WITHIN A UNIVERESAL ASSEMELER FORMAT. THIS COMMON BASE
OF ASSEMELER DIRECTIVES AND TECHNIGUES IS A SELECTED COMBINATION OF
DESIRABLE FEATURES OBSERVED IN A SURVEY OF MANY EXISTING MINI-
COMPUTER AND MICROPROCESSOR ASSEMBLERS.  THE INSTRUCTION MNEMONICS
AND SSOCIATED SYNTAX OF EACH PARTICULAR MICROFROCESSOR ARE
RETAINED LNCHANGED. :

THIS MANUAL DESCRIBES THE USAGE OF ONE OF THE MICROPROCESSOR CROSS-
ASSEMELERS FROM THE SIERRA DIGITAL X2 SERIES. IN ORDER TO SIMPLIFY
THE LEARNING PROCESS FOR INDIVIDUALS USING MORE THAN ONE CROSS-
ASSEMBLER FROM THE SERIES, THIS MANUAL HAS BEEN DIVIDED INTO  TWO
MAJOR PARTS. SECTIONS 1 THROUWGH 11 DOCUMENT THE UNIVERSAL ASSEMELER
FORMAT AS IT APPLIES TO ALL CROSS-ASSEMELERS IN THE SERIES. THESE
SECTIONS WILL BE IDENTICAL IN EVERY CROSS-ASSEMBLER MANUAL.
SECTION 12 PRESENTS INFORMATION ON APPLICATION OF THE UNIVERSAL
ASSEMBLER FORMAT TO THE SPECIFIC MICROPROCESSOR CROSS-ASSEMELER.
SECTION 13 PRESENTS A SUMMARY OF THE MNEMONIC INSTRUCTION CODES
ASSIGNED BY THE MICROPROCESSOR VENDOR AND RECONIZED BY THE CROSS-
ASSEMEBLER. NO  ATTEMPT HAS BEEN MADE TO DESCRIBE THE OPERATION OF
THE MICROPROCESSOR ITSELF.  SUCH INFORMATION MUST BE OBTAINED FROM
THE MICROPROCESSOR VENDOR DR OTHER SOURCES.  SECTION 14, THE APPEN-
DICES, CONTAINZ SUMMARY TARLES FOR CGUICK REFERENCE ONCE THE USER
GAINZ EXPERTISE IN USING THE CROSS-ASSEMBLER.

WE AT SIERRA DIGITAL LOGK FORWARD TO DEVELOPING MORE ASSEMBLERS  IN
OUR X8 SERIES TO PROVIDE VYOU, THE UDSER, WITH THE MEANS OF
PIONEERING THE NEW WORLD OF MICROPROCESSORS.

# Z. 0. 0 OPERATION.

SIERRA DIGITAL S CROSS-ASSEMBLER IS AN 2K, TWO PASS ASSEMELER WHICH
RUNS UNDER THE 05/2 OFPERATING SYSTEM. THE CROSS-ASSEMBLER IS CODED
IN PDP/72 ASSEMELY LANGUAGE (PALE) TO GIVE FAST EXECUTION TIMES.
(LESS THAN 20 SECONDS FOR A NORMAL 4K BYTE PROGRAM IS TYPICAL).

PASS 1 READS THE INFUT FILES AND SETS UF THE SYMEOL TABLES. FASS Z
THEN GENERATES THE OUTPUT FILE IN THE EBINARY (0ORJECT) FORMAT OF THE
PARTICULAR MICROPROCESSOR, THE OUTFUT FILE CAN BE CHANGED TO ENFF
FORMAT THROUGH USE OF THE /B RUN-TIME OPTION. ‘

A THIRD ASSEMBELY PASS IS DONE WHEN A LISTING OUTPUT FILE IS SPECI-
FIED. WHEN NO EINARY FILE I% SPECIFIED, THE ASSEMBLER GOES DIRECTLY
TO THE PASS 3 LISTING.



#2Z. 0.0

THE CROSS-ASSEMBLER IS NOT RESTARTABLE. IF AN ATTEMFT IS M™MADE TO
RESTART THE ASSEMBELER WITH A .57 COMMAND, THE KEYBOARD MONITOR
RETURNS A "NO!'!'" |

TYPING CTRL/C WILL HALT ASSEMBLY AND CAUSE AN IMMEDIATE EXIT TO THE
KEYEOARD MONITOR.

TYPING CTRL/70 AT THE KEYBOARD DURING ASSEMBLY WILL SUPFRESS THE
LISTING OF ERROR MESSAGES TO THE CONSOLE DURING PASSES 1 AND 2. THE
OUTPUT FILE WILL STILL SHOW THE ERROR MESSAGES IMMEDIATELY BEFORE
THE LINE THAT IS IN ERROR.

# 2. 1.0 LOADING AND SAVING THE CROSS-ASSEMBLER.

THE CROSS-ASSEMLER IS PROVIDED IN BINARY FORMAT ON PAFER TAFPE OR IN
BOTH BINARY AND IMAGE FORMATS ON FILE-STRUCTURED MEDIA.

TO LOAD THE ASSEMBELER FROM PAFER TAFPE AND SAVE IT, PLACE THE TAPE
IN THE REALDER AND CALL THE ARBSOLUTE LOADER:

. R ABSLDR
#PTR: $

. SAVE SYS: XNAME

FROM FILE STRUCTURED MEDIA, THE IMAGE FORMAT PROGRAM MAY EBE COPIED
DIRECTLY TO THE SYSTEM DEVICE OR THE EBINARY FORMAT FILE MAY EE
LOADED WITH THE ABRSOLUTE LOADER. MODIFICATIONS TO THE IMAGE FILE,
SUCH AS INVERTING THE SENSE 0OF A RUN-TIME OFTION, MAY EBE
IMPLEMENTED ACCORDING TO THE NOTES IM SECTION # 11,0, 0 .

# 2.2 0 CALLING SEGUENCE.

ONCE LOADED! AND  SAVED, THE CROSS5-ASSEMBLER IS CALLED FROM THE
SYSTEM DEVICE BY TYPING:

. R XNAME
THE ASSEMBLER CALLS THE COMMAND DECODER WHICH RESPONDS WITH AN
ASTERISK IN  THE LEFT HAND MARGIN. THE USER MAY THEN TYPE IN THE
INPUT AND OUTPUT FILE SPECIFICATIONS AND RUN-TIME OPTIONS: '
#DEV: BIN, DEV: LISTCDEV: INL, . .. DEV: IN®/0PT
THE FIRST COUTPUT FILE I% THE MICROPROCESSOR BINARY OBJECT FILE

WRITTEN IN THE FORMAT SFPECIFIED BY THE VENDOR OF THE PARTICULAR
MICROFPROCESSOR. (SEE SECTION 12 0.0 FOR THE FORMAT SPECIFICATIONS).



THE SECOND OUTPUT FILE IS THE OPTIONAL LISTING., WHEN ONLY THE FIRST
OUTPUT FILE IS SPECIFIED, THE ASSEMELER ASSUMES THAT IT WILL BE THE
BINARY OQUTPUT FILE AND THE LISTING IS OMITTED.

THE FOLLOWING EXAMPLE SPECIFIES FILE "IN1" TO BE READ FROM DECTAPE
O AND THE EBINARY (ORJECT) FILE TO BE QUTFUT TGO THE PAPER TAPE PUNCH
WITH NO LISTING:

. R XNAME
#PTF: <ODTAO: IN1

THIS EXAMPLE SPECIFIES 2 FILES AS THE S0URCE INPUT (FROM THE DSK:
DEVICE) WITH ONLY THE FPASS 2 LISTING BEING OUTPUT TO THE LINE
PRINTER:

. R XNAME
#, LFT: <IN1l, INZ

WP TO NINE INPUT FILES CAN RBE SPECIFIED AS ONE PROGRAM WHERE THE
LAST FILE IS TERMINATED WITH AN . END STATEMENT.

# 22 0 INPUT/Z70UTPUT FILE EXTENSIONS,

IF THE EXTENSION TO AN INPUT FILE NAME IS OMITTED, THE ASSEMBELER
ASSIIMES THE M5 EXTENSION. IF THERE IS NO FILE WITH THAT NAME AND
AN . MS EXTENSION, THE ASSEMBLER ASSUMES THE NULL EXTENSION, LINLESS
EXTENSIONS ARE SPECIFIED, THE . ME AND . LS EXTENSIONS ARE ADDED TO
THE OUTPUT BINARY AND LISTING FILES.

. ME - MICROPROCESSOR BINARY OUTPUT FILE EXTENSION.
L LE -~ OUTPUT LISTING FILE EXTENSION.
. ME - MICROPROCESZOR SOURCE FILE EXTENSION.

# Z 4.0 RUN-TIME OPTIONE,

- -

TAELE #1 DESCRIBES THE OPTIONS WHICH MAY BE SPECIFED AT RUN-TIME
IN THE INPUT LINE TO THE COMMAND DECODER.

IF ONE 0OR MORE OF THESE OPTIONS IS CONTINUALLY CALLED, THE UWSER
SHOULD CONSIDER MODIFYING THE ASSEMELER TO INVERT THE SENSE OF THE
OFTION. THE MODIFICATION NOTES IN SECTION #11. 0.0 EXFLAIN HOW THIS
MAY BE DONE. FOR EXAMPLE., A USER WHO PREFERS TO OUTPFUT FILES IN
BNPF  FORMAT RATHER THAN BINARY CAN INVERT THE SENSE OF THE /B
OPTION, THEN THE BINARY FILES ARE NORMALLY WRITTEN IN ENFF FORMAT.
USE 0OF THE /B OPTION THEN CAUSES THE OUTFUT FILE 70O BE WRITTEN IN
THE STANDARD MICROPROCESSOR BINARY CODE. SFACE IS5 PROVIDED IN
TABLE #1 TO CHECK OFF WHICH OPTIONZ HAVE BEEN INVERTED FOR YOUR
REFERENCE.



TABLE #1. RUN-TIME OPTIONS. #Z. 4.0

o e B H A R 3 36 B A e 36 4 B R B e 3646 B 36 30 46 2 40 30 40 36 0 36 0 36 20 36 2 46 S 36 6 36 36 0 35 35 36 R 96 36 JE SR 46 S0 3

OPTION MEANING INVERT?
B33 3 S S R AR A B R S S R S S R R

/B THE EBINARY OUTPUT FILE IS WRITTEN IN BNPF FORMAT. ~——————-
INSTEAD OF IN THE MICROFROCESSOR VENDOR-S  STANDARD
BINARY FORMAT.

FOR THE BNFF FORMAT, THE BINARY OUTFUT IS CONVERTED
TO ASCII TEXT WHERE

"B" INDICATES THE BEGINNNING OF A BYTE,

"F' OINDICATES THE END OF A EYTE,

"P" INDICATES A 1 BIT AND

"N" INDICATES A O BIT.

FOUR BYTES , SEPARATED BY SPACES, ARE WRITTEN PER
LINE. THE ADDREZS OF THE FIRST BYTE IS GIVEN IN
S5IX DIGIT OCTAL AT THE BEINNING OF THE LINE.
LEADING ZEROES IN THE ADDRESS ARE CONVERTED TO
SPACES. EACH LINE IS PRECEDED BY Z SFACES. LEADER
CONSISTS OF 100 NULL CHARACTERE WITH 20 RUBOUTS
IMMEDIATELY PFRECEEDING AND FOLLOWING THE ASCII
TEXT.

EXAMPLE: THE FOLLOWING CODE IS SHOWN REWRITTEN IN
ENPF FORMAT.

. ORG 100
. BYTE 27,07, AF, 07, FF, 72, O, DO

100 ENNFPNNPPFF BFPNNNFPPF BPNPNFFPPF BFPNPNPPPF
104 BFFPPFPPFF ENPFPNNPNF ENNNNNNNNF  EPFPNPNNNNE

/E INHIEBIT ERROR MESSAGES TO THE CONSOLE. 000000 ==
NORMALLY ERROR MESSAGES ARE OUTPUT TO THE CONSOLE
DURING ASSEMELY PASSES 1 AND Z. SINCE ERROR  MESS-
AGES ARE INCLUDED IN THE LISTING, DLSERS WITH SLOW
CONSOLE DEVICES SUCH A% TTY'S CAN  SPEED  ASSEMBLY
TIME WITH THIS OFPTIOM.

ALS0, IF THE BINARY FILE IS TO BE OQUTPUT TO THE
CONSOLE DEVICE, THE ERROR MESSAGES AND  EBINARY
OUTPUT LINES WILL BE INTERMIXED. THE /E OFTION WILL
INHIBIT ALL BUT FATAL ERROR MESSAGES S0 THAT ONLY
THE BINARY FILE IZ OUTPUT.

S 4 3 0 3 0 3 3 A 3 S 4 e O 6 R 4 0 30 30 30 B 4 0 S R S0 S0 3 30 e R H R R R R R e e S S R S S S R

P

{



TABLE #1. RUN-TIME OPTIONS. (CONT.) #2Z 4.0
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OPTION , MEANING INVERT?
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H INHIBIT HEADINGS AND FPAGINATION. —e———
NORMALLY, THE ASSEMBLER AUTOMATICALLY PAGES THE
OUTPUT, ADDING A HEADER TO THE TOP OF THE FPAGE. USE
OF THE /H OFTION WILL ELIMINATE THE HEADING AND THE
FPAGINATION.

rd LIST UNASSEMBLED STATEMENTS AND CONDITIONAL @ ———————
SEEMELY PSEUDOD-0PS.
STATEMENTS WHICH DO NOT  GET ASSEMBLED DUE  TO
CONDITIONAL AZSSEMBLY PSEUDO-0PZ ARE  NORMALLY  NOT
LISTED. NEITHER ARE THE CONDITIONAL PSEUDO-OPS
THEMSELVES., USE OF THE sJ OPTION WILL ADD THESE
STATEMENTS TO THE LISTING.

/K EXPAND SYMBOL TABLE STORAGE INTO EXTRA CORE. W ——————-
MORMALLY MOST OF FIELD 1 IS USED FOR BOTH LOCAL AND
NORMAL.  USER SYMBOL STORAGE. VUSE OF THE /K OPTIONS
EXPANDS CORE USAGE TO 12K WHERE THE LOCAL  SYMBOL
TARLE RESIDES IN FIELD Z AND THE REGULAR SYMBOL
TRELE RESIDES IN FIELD 1.

/L OUTPUT LEADER IN BINARY FILE FOR . ORG STATEMENTS ——-————
THIS OPTION MAY EBE USED TO PHYSICALLY SEPARATE
DISCONTINUOLS  SECTIONS OF  THE BINARY OUTFUT ON A
FAFER TAFE.

/sa QUTPUT LISTING WITH BINARY CODE INM OCTAL FORMAT,  ———————
THE GENERATED BINARY CODE IS NORMALLY PRINTED IN
HEXADECIMAL AT THE LEFT OF THE FPROGRAM STATEMENTS
IN THE LISTING FILE. THE /0 OPTION WILL CAUSE THE
BINARY CODE TO EBE LISTED IN  OCTAL  INSTEAD OF
HEXADECIMAL.

/N LIST ONLY THE syMBOL TABRLE. ===
THE THIRD PASS LISTING NORMALLY CONSISTS OF THE
STATEMENT LISTING PFLUS THE USER SYMBOL TABLE
LISTING THE /N OFTION CAUSES ONLY THE SYMBOL TABLE
T BE LISTED

7P INCLUDE NORMALLY UNLISTED PSEUDO-OPS IN THE LISTING-—————-
SOME PSEUDO-0FPS WILL NOT RBE LISTED BY FASS 32 UNLESS
THE /F OFTION IS USED.

/S OMIT THE SYMBEOL TABLE FROM LISTING. e
ONLY THE PROGRAM STATEMENTS ARE LISTED WITH THIS
OFTION.

SR e S S e S R R R R R R R R R R EE RS EE



TABLE #1. RUN-TIME OPTIONS. (CONT. ) #2 4.0
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ST REFLACE FORM/FEED WITH 3 CR/LFS. ——
WHEN LISTING TO A DEVICE SUCH AS A TTY WHICH DOES
NOT HAVE A FORM/FEED CONTROL, USE OF THE /T OFTION
WILL REFPLACE THE FORM/FEED WITH 3 BLANK LINES .

SW INHIBIT WARNING MESSAGES. o e
WHEN WARNING MESSAGES CAN BE SAFELY IGNORED, THIS
OFTION WILL PREVENT THEM FROM EBEING OQUTRUT.

/0O USER FLAGS, USED WITH THE 7 OPERATOR, SEE SECTION
TO /% # 2 1.4 .

Ho e He o A B B M S R R R S R 3 S S 3 S 0B e S B e e S B30

# 3. 0. 0 ASSEMBLER CHARACTER SET.

—

THE FOLLOWING CHARACTERS ARE LEGAL SOURCE CODE CHARACTERS:

1) ALPHABETICE A-Z, UPFER CASE ASCII
2) NUMERICS 0-%
3) THE SPECIAL CHARACTERS LISTED BELOW.

o He e g 4R S H R S 30 R S e 6 SR R SR R 3 H R R R SR R IR SR S R SR

MULTIFLICATION
DIVISION
BEOOLEAN AND
INCLUSIVE OR
ADDITION
SUBTRACTION
] FRECEDENCE INDICATORS
UNIVERSAL LUNARY OFERATOR (UPARROW). USED WITH:
- COMPLEMENT (UPARROW C)
B - BINARY RADIX INDICATOR (UPARROW B)
~O - DECIMAL RADIX INDICATOR (UFPARROW D)
Ho- HEXADECIMAL RADIX INDICATOR (UPARROW H)
- OCTAL RADIX INDICATOR (UFARROW 0)
o= LEAST SIGNIFICANT BYTE ACCESS OPERATOR
M- MOST SIGNIFICANT BYTE ACCESS OFERATOR
H COMMENT  INDICATOR
" OR ¢ ASCIT INDICATOR
7 UEER FLAG OPERATOR
CURRENT LOCATION COUNTER (PERIDD)

>l 4+ - RN %

34 3t 4 3 30 b b 3 40 00 30 B R S 3 3 W R S G S R H 30 R S SRR SR SR R S SR SRR R R R SR R



# 3.00

THE CARRIAGE RETURN CHARACTER IS RECOGNIZED AS THE TERMINATOR FOF
EACH SOURCE LINE. THE LINE-FEED, RUBOUT, FORM-FEED, AND NULL
CHARACTERS ARE IGNORED BY THE ASSEMBLER. FORM-FEED CHARACTERE
OCCURING IN THE SOURCE HAVE NO AFFECT ON THE LISTING. ALL ASCII
CHARACTERS MAY BE USED IN THE COMMENT FIELD OF A STATEMENT.

# 4. 0.0 STATEMENT FORMAT.

omoan wamng couen sqeme sapen some ootan some P

STATEMENTS ARE WRITTEN IN THE GENERAL FUORM:
LABEL OPERATOR OFERAND i COMMENT

LABELS MUST START IN COLUMN 1. THEY MAY BE DIRECTLY FOLLOWED WITH
AN OPTIONAL COMMA IF DESIRED. THE MODIFICATION NOTES EXFLAIN HOW TC
REPLACE THE COMMA WITH ANOTHER DELIMITER SUCH AS A COLON.

OPERATORS MUST BE SEPARATED FROM THE LABEL WITH AT LEAST ONE SPACE
OR TAB. WHEN NO LABEL IS PRESENT, THE OPERATOR MAY BEGIN IN  ANY
COLLUMN RBEYOND COLUMN 1.

THE OFERAND (IF ANY) MUST BE SEPARATED FROM THE OPERATOR WITH AT
LEAST ONE SPACE OR TAE.

THE COMMENT (IF ANY) MUST BE SEPARATED FROM THE OPERAND (OF
OFPERATOR IF THERE IS5 NO OPERAND BY A SEMICOLON ().

AN INPUT LINE MAY BE UP TO 1327 CHARACTERSE LONG (NOT INCLUDING THE
CARRIAGE RETURN). WHEN THE INPUT LINES ARE OUTFUT TO THE LISTINC
FILE, ANY CHARACTERS AFTER THE 7Z0 COLUMN ARE WRITTEN ON THE NEX1
LINE(S) BEGINNING AT THE Z5TH COLUMN OF THE FIRST SOURCE  LINE
(NORMAL  COMMENT  COLUMN). SEE  THE MODIFICATION NOTES IN SECTION
#11. 0. 0 TO ADJUST FOR NARROWER OR WIDER FAGE OUTFUT. THE CARRIAGE
RETURN I3 & TERMINATOR FOR BOTH THE STATEMENT AND THE LINE. ONLY
ONE STATEMENT IS ALLOWED PER 127 CHARACTER LINE.



# 4.1.0
# 4. 1. 0 CODING CONVENTIONS:

ALTHOUGH THE ASSEMBLER WILL ACCEPT PROGRAMS WRITTEN IN FREE FORMAT,
THE USE OF TABS MAKES FOR MORE READAEBLE CODE. TARE STOPS ARE  SET
EVERY & CHARACTERS IN THE LINE S0 THAT THE USE OF THE TAB KEY
SIMPLIFIES INPUT. GENERALLY: '

LABELS OCCUPY THE FIRST TAER FIELD, COLUMNS 1 THROUGH 2
OPERATORS OCCURY THE SECOND TAE FIELD, COLUMNE 2 THROUGH 16.
OFERANDS OCCURY THE THIRD TAER FIELD, COLUMNS 17 THROUGH 2Z4.
COMMENTS GCCUPY THE REMAINING FIELDS, COLUMNS Z5 THROUGH 127,

# 4.2 0 LABELS

wctne oonss soae donse

A LABEL IS A SYMBOL WHICH PRECEDEZ THE OFERATOR AND MUST FOLLOW THE
SYMEBOL NAMING CONVENTIONS DESCRIBED IN SECTIONM # 6.2 0 . IN ALL BUT
THE SYMBOL DEFINITION PSEUDO-ORS, (0 EQU, . SET, . DINST ) THE LAREL
IS A LOCATION TAG AND IS EQUAL TO THE VALUE OF THE CURRENT LOCATION
COUNTER.

EXAMPLE:
Z 1 . ORG Z01
o 6 LABEL1 . Eau & i LABEL 1=6
201 1

LABELZ . BYTE 1 i LABELZ=LOCATION TAG=2Z01

NOTE THAT A JUMP TO LABEL1 WILL TRANSFER TO ADDRESS 6 WHILE A JUMP
TO LABELZ GOES TO ADDRESS ZO1.

A LABEL LACKING BOTH AN OPERATOR AND OFPERAND IS SET EUJAL TO THE
VALUE OF THE NEXT ADDRESS TO BE ASSEMBLED. IF  USED AT THE
EEGINNING OF THE PROGRAM, IT IS SET EGUAL TO THE VALWE OF THE FIRST
ADDRESS, WHEN A SOLLITARY LABEL IS5 FOLLOWED BY AN . ORG  STATEMENT,
IT RETAINS THE ORIGINAL VALUE ASSIGNED BEFORE THE ORIGIN CHANGE.

# 4. 2. 0 OPERATORS.

AN  OPERATOR IS A MNEMONIC WHICH INDICATES THE ACTION TO BE
FPERFORMED AND IS EITHER A FSEUDD-OF OR ONE OF THE MICROPROCESSOR
INSTRUCTIONS. PSEUDO-0FS  ARE DESCRIBED IN SECTION #% 0. 0. THE
MICROPROCESS0OR INSTRUCTION SET IS DESCRIBED IN SECTION #132. 0.0 .
THESE OFPERATORES  SHOULD NOT BE CONFUSED WITH ARITHMETIC OFPERATORS
USED IN OFERAND EXFRESSIONS.



# 4.4.0
# 4. 4. O OPERANDS.

o e sov ounte e Soees e oo e G40 e Som Gente Sy SRR YR St

AN OPERAND REPREZENTS THE FART OF THE INSTRUCTION WHICH IS TO BE
ACTED ON. IT CAN BE A TERM OR AN EXFRESSION.

THE . BYTE, . DEBYTE, AND . ADDR PSEUDO-0OFS CAN HAVE MULTIPLE OPERANDS.

REFER TO THE EXPLANATION OF EACH OPERATOR FOR THE PROFER COPERAND
FORMAT.

IT SHOULD BE NOTED THAT OPERAND EXFRESSIONS ARE EVALUATED TO A
SINGLE NUMERICAL VALUE RY THE ASSEMBLER. EINARY CODRDE IS NOT
GENERATED 70O MAKE THE MICROPROCESSOR EVALUATE THE EXFRESSION.

# 4.5 0 TERMS AND EXFPRESSIONS,

— esta w0oes sto0n boons s v @t St (e Susen S SO b G

A TERM IS A SINGLE VALUE, A CONSTANT OR SYMBEOL. THE CURRENT
LOCATION COUNTER (REFRESENTED BY A PERIOD) IS CONSIDERED A TERM.

TERMS ARE COMEINED WITH OFPERAND ARITHMETIC OFPERATORE TO FORM
EXPRESSIONS.

EXAMPLE: IN THE INSTRUCTION BELOW THE OPERAND IS AN EXPRESSION
WHICH HAS TWO ARITHMETIC OFERATORS AND THREE TERMS.

SYMBOL . EQU 1+NEW # 15

16 BIT INTEGER ARITHMETIC IS USED TO EVALUATE EXPRESSIONS.

# 5. 0. 0 NUMERIC CONSTANTS.

oo -

A CONSTANT I8 A NIMERIC VALUE REPRESENTED EBY A STRING OF DIGITS.
THE DEFAULT RADIX OR TEMPORARY RADIX INDICATORS IDENTIFY THE RADIX
OF  THE CONSTANT. A CONSTANT WITHOUT ANY TEMFORARY RADIX INDICATOR
I CONSIDERED TO BE IN THE DEFAULT RADIX, WHICH S INITIALLY
HEXADEC IMAL

EXAMPLE: THE HEXADECIMAL NUMBER 16 (22 IN BASE 10) IS STORED IN
[ 1] VALL.'E "

0 16 VALUE . EGIL 14
THE MAXIMUM VALUE FOR A CONSTANT IS5 65535 (BASE 10 UNSIGNED).

THE MINIMUM VALUE FOR A CONSTANT IS -327468 (BASE 10 SIGNED).



# 5.1.0
# 5. 1.0 CONSTANTS WITH RADIX INDICATORS.

CONSTANTS IN A BASE DIFFERENT FROM THAT OF THE DEFAULT RADIX CAN BE
SPECIFIED THROUGH USE OF THE TEMPORARY RADIX INDICATORS. THESE
INDICATORS ARE VERY USEFUL FOR ENTERING INDIVIDUAL CONSTANTS.
HOWEVER, IF A LARGE GROUP OF VALUES IN ANOTHER RADIX MUST BRE
ENTERED, IT IS MORE CONVENIENT TO CHANGE THE DEFAULT RADIX USING
THE PSUEDO-OPS DESCRIBED IN SECTION # 9.2 .0

THE TEMPORARY RADIX INDICATORS ARE:

~B EINARY

“~D DECIMAL

“~H HEXADEC IMAL
0 acTAL

THE =~ IS THE UPARROW CHARACTER (UNIVERSAL UNARY OFPERATOR).

A HEXADECIMAL CONSTANT WHICH DOES NOT BEGIN WITH A NUMBER SHOULD EBE
WRITTEN WITH A LEADING ZERD TO DISTINGUIZH IT FROM FROM A SYMBOL., A
RADIX INDICATOR PRECEDING A SYMBOL IS IGNORED.

EXAMPLE: THE FIRST STATEMENT IS VALID, THE SECOND IS NOT. _ ,

VALUE | E&U “HOAZOZ i VALLIE=AZ02Z, BASE 14
vaLue | el ~“HAZ0Z i VALLIE = SYMBOL A30Z

SINCE THE SYMBOL AZ20Z MAY NOT  EXIST, THE SECOND STATEMENT WILL
PROBABLY CAUSE AN LINDEFINEDY SYMEOL ERROR. TEMFORARY RADIX
INDICATORS AFFECT THE NEXT DIGIT STRING IN THE EXFRESSION UNLESS A
SYMEBOL NAME OR BINARY OFERATOR OCCURS FIRST. IN THAT CASE, THE
TEMPORARY RADIX INDICATOR WOULD EE IGNORED. NO  ERROR MESSAGE IS
GIVEN.

# 5.2 0 CONSTANTS WITH ASCII INDICATORS.

oot osptn e sots semse sove sentm evne - oncan tuavy s0ses vien amte voms — e

THE " AND < INDICATORZ ARE USED TO FORM THE 7 BIT ASCII VALWUE OF A
CHARACTER. THERE ARE FOUR ACCEFTABLE WAYS TO WRITE THE INDICATORS:

"a" o OR "A OR AT OR A ALL EcilAL. 41 (BASE 16).

NOTE THAT THE CLOSING QUOTE IS OPTIONAL, BUT IF USED IT MUST MATCH
THE OFENING GUOTE. ONLY ONE CHARACTER CAN FOLLOW THE INDICATOR.

THE " IS SPECIALLY HANDLED IN THE . BYTE PSEUDO-0OF WHERE IT IS USED
TO INPUT TEXT STRINGS., SEE SECTION # 23,1 . Q
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# 6 00 SYMBOLS.

THE WORD "SYMBOL" IS USED HERE AS A GENERAL TERM FOR ANY MNEMONII
WHICH IS5 TO HAVE A VALUE. THIS IS IN CONTRAST TO AN OPERATOR, WHICH
IS A MNEMONIC WHICH SFECIFIES A FPROCESS.

A LABEL IS A SYMBOL THAT PRECEDES AN OFERATOR IN THE STATEMENT. I
THE LABEL IS WUSED TO STORE THE VALUE OF THE CURRENT LOCATION
COUNTER » IT IS CALLED A LOCATION TAG.

# 6.1, 0 PERMANENT SYMEOLS.

orve o cowes caage sooon

PERMANENT SYMBOLS ARE THE CROSS-ASSEMBLER PSEUDO-0PS AN
MICROPROCESSOR OFPERATORES. IF NECESSARY, THE . DINST STATEMENT CAN Bi
USED TO RENAME A MICROPROCESSOR  OFPERATOR.  THE CROSS-ASSEMELE!
PESEUDO-0OPS CANNOT BE USED IN A . DINST INSTRUCTION, THE TAEBLES 1I
THE APPENDICES SUMMARIZE THE FERMANENT SYMBOL SET.

# 6. 2.0 USER DEFINED SYMEOLS.

— - -

THESE SYMBOLS CAN BE LOCATION TAGS OR REPRESENT A VALLE.

A SYMEOL IS5 A STRING OF FROM ONE TO SIX ALPHANUMERIC CHARACTER
DELIMITED BY A NON-ALPHANUMERIC CHARACTER. USER-DEFINED SYMEOL
MUST CONFORM TO THE FOLLOWING RULEZ: '

1) THE CHARACTERS MUST BE LEGAL ALFPHA-NUMERICSE.
(A-Z OR 0-7)

Z) THE FIRST CHARACTER MUST BE ALPHABETIC (A-Z).

3) ONLY THE FIRST S5IX CHARACTERS ARE USED, ANY
OTHERS ARE IGNORED. SYMBOLS ARE STCRED IN THE
CSYMBOL TAELE AND REFERENCED ONLY BY THE FIRST
SIX CHARACTERS.

4) A USER-DEFINEDN SYMBOL CANNOT. HAVE THE ZSAME
NAME AS ANY OF THE PERMANENT SYMBOL NAMES.
AS THE PERIOD IS CONSIDERED AS PART 0OF THE
ASSEMBLER PSEUDO-0OF NAME, A USER-DEFINED ZYM-
BOL WHICH IS IDENTICAL EXCEPT FOR THE LEADING
FPERIOD IS LEGAL



# & 3.0 LOCAL SYMBOLS.
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OFTEN, WHEN PROGRAMMING SHORT SECTIONS OF CODE WHICH INVOLVE
NUMEROUS JUMP  OR  BRANCHING INSTRUCTIONS, THE USER FINDS IT
DIFFICULT TO CREATE MEANINGFUL LABELS THAT WILL NOT CONFLICT WITH
OTHER SYMEOLS IN THE PROGRAM. IN CASES LIKE THIS, LOCAL SYMBOLS CAN
BE USED INSTEAD OF REGULAR SYMBOLS.

LOCAL SYMBOLS HAVE THE FORMAT "$N" WHERE "N" IS A DECIMAL INTEGER
FROM 0-255 INCLUSIVE.

LOCAL  SYMBOLS MUST BE DEFINED AND REFERENCED WITHIN LOCAL SYMBOL
BLOCKS, LOCAL SYMBOL BLOCKES ARE SECTIONS OF THE PROGRAM THAT START
ON A STATEMENT HAVING A REGULAR SYMEOL USED AS A LOCATION TAG AND
END  ON THE STATEMENT JUST BEFORE THE OQCCURANCE OF THE NEXT REGLULAR
SYMEOL LOCATION TAG. NOTE THAT LABELS FOR THE . EGU, . DINST AND
. 8ET  PSEUDO-0OPS  ARE  NOT  LOCATION TAGS AND DO NOT DELIMIT LOCAL
SYMBOL BLOCKS.

THERE IS5 NO EFFECTIVE LIMIT TO THE SIZE OF A& LOCAL SYMBEOL EBELOCK.

THE SAME LOCAL SYMBOL CAN BE DEFINED AND USED IN AN UNLIMITED
NLUMEER OF LOCAL SYMEOL BLOCKS.

EXAMPLE:
TAG1 . BYTE "TEXT" i SYMBEOL BLOCK BEGINS
$1 . ERU VALUE i DEFINE LOCAL $1
B2 . EG -1 i DEFINE LOCAL %2
vaLul L EGU $l-%2 i CALCLUILATE NEW VALUE
TAGZ . BYTE "TEXT" i NEW SYMBOL BLOCK
%1 . B VALLI1 i DEFINE LOCAL $1
B . EQid - i DEFINE LOCAL $2
vaLuzZ L EY $lie2 i CALCULATE NEW VALLUE.
TAGE . BYTE "TEXT" G ENDS SECOND BLOCK

# 7.0 0 CURRENT LOCATIDN COUNTER.

o e

THE CURRENT LOCATION COUNTER IS INDICATED BY A FERIOD. IT
REPRESENTS THE ADDRESS OF THE NEXT BYTE TO BE ASSEMBLED.

THE CURRENT LOCATION COUNTER CANNOT BE USED IN THE LABEL FIELD.



# 7.0.0

AT THE BEGINNING OF THE SO0URCE INPUT THE CURRENT LOCATION COUNTER
IS SET 7TO ZERO IT CAN DBE REASSIGNED THROUGH USE OF THE . ORG
PSEUDO-0P.

EXAMPLE:
0 60 . ORG &0 i INITIAL ADDRESS
0 0 VALUE . EGL o i NO EFFECT ON
&0 22 TAG . BYTE 2z i . = 60 (BASE 2)
1 00 . ORG 100 i REASSIGN COUNTER
100 10 TAGL . BYTE 10 i .= 100

LOCATION TAGS ARE ALWAYS SET EQUAL TO  THE VALUE OF THE CURRENT
LOCATION COUNTER WHEN THEY ARE ASSEMBLED. IN THE EXAMFLE ABOVE, THE
LOCATION TAG "TAG" = 60.

THE CURRENT LOCATION COUNTER IS AUTOMATICALLY UPDATED IN THE
ASSEMELER AS SOON A5 THE CURRENT  INSTRUCTION IS SSEMBLED. NOTE
THAT IN THE MULTI-OFERAND DATA STORAGE PSEUDO-0PS, (0 BYTE, . DBYTE,
AND . ADOR ) THE LOCATION COUNTER IS CHANGING AS THE OPERANDS ARE
SSEMBLED.

EXAMFLE: THE LOCATION COUNTER IS USED AS AN OPERAND 3 TIMES IN AN
. ADDR PSEUDO-0OP.

0 20 . ORG 20

Z0 20 0O . ADDR VR
ZZ 22 0
84 34 0
20 Z0o CQ

THE CURRENT LOCATION COUNTER USES THE FULL  ADDRESS RANGE OF THE
MICROPROCESSOR.

# 8. 0.0 THE ARITHMETIC OFPERATOR SET.
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THERE ARE TWO TYFES OF ARITHMETIC OPERATORS: UNARY AND BINARY
OFERATORS.

UNARY OPERATORS ACT ON ONLY ONE ITEM, THE TERM 0OR EXPRESSION
FOLLOWING THEM. '

BINARY OPERATORS  ACT ON  TWO ITEMS: THE TERM OR EXPRESSION
PRECEEDING THEM AND THE TERM OR EXPRESION FOLLOWING THEM.
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# 8. 1. 0 UNARY OPERATORS.
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THE + (PLUS) AND -~ (MINUS) UNARY OFPERATORE ASSIGN A POSITIVE OR
NEGATIVE SIGN TO THE EXPRESSION FOLLOWING THEM. AN EXPRESSION IS
ASSUMED TO BE POSITIVE IF NOT OTHERWISE SPECIFIED.

# 8 1. 2 BYTE ACCESS OPERATORS.
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THE L AND "M (WHERE <~ IS THE UPARROW CHARACTER) ARE UNARY
OFERATORE WHICH FROVIDE ACCESS TO THE LEAST AND MOST SIGNIFICANT &
BIT BYTES OF THE VALUE OF AN EXPRESSION OR TERM.

EXAMPLE: TO SET "VALUE" EGUAL TO THE MOST SIGNIFICANT BYTE OF
3B&1 (BASE 14), THE STATEMENT BELOW IS USED.

VALUE . SET “M3IB61 i VALLUE = 0035
THIS NEXT STATEMENT TAKES THE LEAST SIGNIFICANT BYTE.
vaLuE . SET ~“L3B61 i VALLE = 0061

BYTE = ACCESS OFERATORS MAY BE COMBINED WITH THE OTHER UNARY
OPERATORS AND THE RADIX INDICATORSZ.

# 8 1.2 THE COMPLEMENT OPERATOR

THE ~C (UPARRCOW ) IS5 A LOGICAL UNARY OFERATOR WHICH COMPLEMENTS
THE EXPRESSION FOLLOWING IT.

EXAMPLE:
VALUE . EGU 27241 3 VALUE = ZSDEE

THE COMPLEMENT OFERATOR CAN BE COMBINED WITH THE OTHER UNARY
OPERATORS AND THE RADIX INDICATORS.

£
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# 2. 1. 4. ? OPERATOR.

—— o oo

THIS I8 THE USER FLAG OFERATOR, A UNARY OPERATOR USED IN CONJUNC-
TION WITH THE COMMAND DECODER USER FLAG OPTIONS (/0 TO /9). IT HAS
THE FORM 7EXPRESSION AND MAY BE USED IN OPERANDS LIKE ANY OTHER
TERM. THE RESULTING VALUE OF THE CQUUESTION MARK OFERATOR ECUALS 1 IF
THE VALLUE OF ITS EXPRESSION MATCHES A USER FLLAG THAT WAS SPECIFIED
TO THE COMMAND DECODER AT RUN-TIME. OTHERWISE IT EQUALS 0. THIS
OPERATOR IS USEFUL FOR CONTROLLING CONDITIONAL ASSEMBELY AND LISTING
FARAMETERS WITHOUT HAVING TO MODIFY THE SOURCE FILE.

EXAMFLE: THE 72 OFTION WAL SPECIFIED TO THE COMMAND DECODER AT
RUN-TIME. '

. R XNAME
#BIN, LOUT<SOURCE/Z

THE SOURCE FILE CONTAINS THE FOLLOWING | LIST STATEMENTS:
L LIST ?Z~1
LLIST 1

AT THE FIRST . LIST STATEMENT, THE 7Z TERM EQUALS 1 SINCE 72 HWAS
SPECIFED AT RUN-TIME. THE OPERAND ( 7Z-1 ) EGIALS ZERD. THEREFORE
LISTING IS IMHIBITED UNTIL THE SECOND | LIST  INSTRUCTION. AS THE
OFERAND VALUE OF THIS STATEMENT IS 1, LISTING IS5 ENABLED AGAIN.
NOTE THAT IF THE /2 OFTION WAS NOT  SPECIFIED, THE INSTRUCTIONS
AFTER THE FIRST . LIST WOULD BE INCLUDED IN THE "LOUT" FILE LISTING.

# 8.2 0 BINARY OPERATORS.
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SIX SPECIAL CHARACTERS ARE USED TO FPERFORM THE FOLLOWING BINARY
OPERATIONS:

MULTIPLICATION
DIVISION
BOOLEAN AND
INCLUSIVE OR
ADDITION
SUBTRACTION

4+ -\ %



# 8 2.0

THE UNARY OPERATORS TAKE FRECEDENCE OVER THE BINARY OFERATORS
DURING ASSEMBLY. THE % AND / OPERATOREZ ARE EXECUTED NEXT, THEN THE
OTHER BINARY OPERATORS FROM LEFT TO RIGHT. BRACKETS, [ AND 1, ARE
USED TO CHANGE THE ORDER OF FPRECEDENCE WHEN NECESSARY. A [ IS A
SHIFT/K ON TTY KEYBOARDS, AND A 1 IS A SHIFT/M

EXAMPLE: IN THE STATEMENT BELOW THE OPERAND EXPRESSION IS EVALUATED
IN THIS ORDER: L A% U -B 1 1 + L [ 2Z/7D0 3 L ~C [ "~R101 1 1 1

VALLUE . EGU AX-B+Z/0%~C EL101

AODITION AND SUBRACTION ARE ACCOMPLISHED BY TWO S COMPLEMENT 16 BIT
ARITHMETIC., NO CHECKS FOR OVERFLOW ARE MADE.

MULTIPLICATION IS5 ACCOMPLISHED BY REPEATED ADDITION. NO CHECKS FOR
SIGN OR OVERFLOW ARE MADE.

DIVISION IS ACCOMFLISHED BY REPEATED SUBRACTION. THE QUOTIENT IS
THE NUMEBER OF SUBTRACTIONS PERFORMED. THE REMAINDER IS NOT SAVED.
NO CHECKS ARE MADE FOR SIGN. DIVISION BY ZERO RESULTES IN ZERO.

THE BOOLEAN AND FUNCTION (%) IS A BIT BY BIT LOGICAL AND OF TWO
NUMBERS:

THE BOOLEAN INCLUSIVE OR (!') IS A BIT BY BIT LOGICAL OR OF TWO
NUMBEERS

VN



# 9. 0. 0 PSEUDO-OPERATORS.
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PSEUDCO-OPERATORS ARE INSTRUCTIONS TO THE ASSEMBLER WHICH ALLOW
GREATER FLEXIBILTIY IN FPROGRAMMING.

A SUMMARY OF THE PSEUDO-0PS AND THEIR FUNCTIONS IS GIVEN IN  THE
APPENDIX.

# 9. 1.0 ASSIGNMENT PSEUDO-0OFPS

ASSIGNMENT PSEUDO-0PS ARE USED TO DEFINE VALUES, INPUT ASCII TEXT
AND REASSIGN THE LOCATION COUNTER.

# 9.1, 1 | EQ) FPSEUDO-0OF.

THE . EQJ IS USED TO ASSIGN A VALUE TO A SYMEOL., THIS SYMBOL VALLUE
CANNOT BE CHANGED ONCE DEFINED. DEQU TS USEFUL FOR ASSIGNING NAMES
TO LOCATIONS WHICH ARE NOT LOADED BY THE OBJECT CODE.

EXAMPLE:

NAME 1 . EQU 300%#4

# 9. 1.2 .SET PSEUDO-OP

THE . SET IS USED EXACTLY LIKE THE . EQU EXCEPT THAT THE SYMBOL CAD
BE REDEFINED WITH ANOTHER . SET AT ANY POINT IN THE PROGRAM:

EXAMFLE: THE FOLLOWING IS PERFECTLY LEGAL FOR A . SET BUT NOT AR
. EGu

NAME 1 . SET BOORE
NAME 1 . BET zz

NOTE THAT IT IS5 GOOD PRACTICE TO USE THE . EG) FOR ASSIGNMENTS
RATHER THAN THE . SET EXCEFPT (OF COURSE) WHERE THERE IS A SPECIFIC
NMEED T REDEFINE A VALUE. THIS HELFS PREVENT THE ACCIDENTAL
REDEFINITION OF A VALUE IN A PROGRAM

# % 1.3 . DINST PESEUDO-OF
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THE . DINST IS5 USED T GIVE A MICROPROCESSOR OPERATOR ANOTHER  NAME.
THE ORIGINAL OPERATOR NAME WILL STILL BE VALID. NOTE THAT THE
ASSEMBLER PSEUDO-OPS CANNOT BE RENAMELD.
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EXAMPLE: THE MICROPROCESSUR INSTQUCTIUN "OFR" IS LDEFINED ~AS
"NEWOP".  ANY FURTHER REFERENCES TO "NEWOP" IN THE PROGRAM WILL BE
TREATED ACCORDING TO THE DEFINITION OF "OFR",

NEWOP . DINST OFR
"NEWOP" IS DEFINED TO BE THE EGUIVALENT T0O THE MICROPROCESSOR

INSTRUCTION "OPR" AND IS ADDED TO THE OPERATOR SET FOR THE
REMAINDER OF THE ASSEMBLY.

REFERENCES TOQ USER DEFINED OPERATORS ARE NOT ALLOWED TO PRECEDE
THEIR . DINST STATEMENT.

ASSEMBLER PSEUDO-0OPS CANNOT BE WUSED IN EITHER THE LABEL OR OPERAND
FIELDS OF ANY STATEMENT AND THEREFORE CANNOT BE DEFINED WITH THE
. DINST STATEMENT.

LOCAL SYMBOLS CANNOT BE USED IN THE OFPERATOR FIELDS, THEREFORE THEY
SHOULD NOT BE USED WITH A | DINST STATEMENT

# % 1.4 . ORG PSEUDO-OP

THE . ORG REASSIGNS THE LOCATION COUNTER.

THE LOCATION COUNTER WILL EE O AT THE START OF THE SOURCE INPUT.
THE . ORG OPERAND CANNOT BE FORWARD REFERENCED, (REFERRED TO A
LAREL DEFINED FURTHER ON IN THE PROGRAM) AND CANNOT HAVE A LABEL.

# 9.2 0 DEFAULT RADIX FPSEUDO-OFES.

P

INITIALLY, THE DEFAULT RADIX IS SET TO HEXADECIMAL S0  THAT
CONSTANTS ARE READ IN AS BASE 146 VALUES., (SEE MODIFICATION NOTES IF
ANOTHER INITIAL DEFAULT RADIX IS DESIRED. )

AT ANY POINT IN THE PROGRAM, THE DEFAULT RADIX CAN BE REASSIGNED
THROWUGH LUSE OF THESE PSEUDO-0FS:

. BIN i BINARY RADIX

. DECM i DECIMAL RADIX

. HEX i HEXADECIMAL RADIX
L OCT i OCTAL RADIX

THE DEFAULT RADIX PSEUDO-0PS CANNOT HAVE AN OPERAND OR A LABEL.

ADDITIONALLY, THE RADIX OF INDIVIDUAL CONSTANTS CAN BE SPECIFIED BY
THE USE OF THE B, DI, “H AND “~0 INDICATORS. SEE SECTION # 3. 1.0
THESE INDICATORS DO NOT CHANGE THE DEFAULT RADIX.

&
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# 9. 3.0 DATA STORAGE PSEUDQ-0OPS.

B e o

THREE PSEUDO-0PS CAN BE UJSED TO STORE DATA. THEIR FORMAT IS:
LAGEL FSEUDO-0OF OFERAND, OFERAND, . . . . i COMMENT

THE PSEUDO-0OFS CAN HAVE AS MANY OPERANDS AS WILL FIT ON ONE 127
CHARACTER LINE

EACH OPERAND CAN BE A SYMBOL, CONSTANT, OR EXFRESSION. COMMAS
SEPARATE THE OFERANDE.

THE DOUBLE QUOTE (") CHARACTER IS USED DIFFERENTLY IN THE . BYTE
COMMAND, BUT THE SINGLE QUOTE () RETAINS ITS NORMAL FUNCTION.

# 9. 3.1 . BYTE PSEUDO-OF.

THE . BYTE PSEUDO-0P STORES DATA IN SINGLE BYTES OF MEMORY.
NUMERICAL BYTE VALUES CAN RANGE FROM -12Z2 TO +255 (DECIMAL).
NORMALLY, DOUBLE GUOTES AND SINGLE QUOTES ARE TREATED IDENTICALLY
AND ARE USED TO FORM THE ASCII  VALUE OF A SINGLE CHARACTER.
HOWEVER, IN THE . BYTE PSEUDO-GP , THE DOUBLE GUOTE IS USED TO INDI-
CATE TEXT STRINGS. DATA IS STORED SEUENTIALLY AS IT 15 PROCESSED.
LEFT TO RIGHT. A TEXT STRING MUST BE CLOSED WITH A DOUBLE GUOTE.

EXAMPLE: THE ASCII VALUES OF THE TEXT ARBC IS STORED:

Z 00 . ORG 200
200 41 . BYTE "ARC", 0, "B
201 42
202 4%
203 O
204 42

THESE STATEMENTS WOULD BE INVALID:

. BYTE “ARLT i THE 7 IS NOT FOR TEXT STRINGS
. BYTE "ABC i TEXT MUST END WITH A "

# ?.3. 2 . DBYTE PSEUDO-OF.

- oo

THE . DBYTE IS SIMILAR TO THE . BYTE EXCEPT THAT IT  STORES DOUBLE
BYTE GQUANTITIES. IT DOES NOT  ACCEPT TEXT STRINGE. THE THE MOST
SIGNIFICANT BYTE IS STORED FIRST, THEN THE LEAST SIGNIFICANT BYTE.
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# 9.3.3 .ADDR PSEUDO-OP.

THE . ADDR PSEUDO-OP IS THE SAME AS THE . DBYTE PSEUDO-OP EXCEFT THAT
THE LEAST SIGNIFICANT BYTE IS STORED FIRST. MANY MICROPROCESSORS
USE THIS REVERSED FORMAT FOR ADDRESSES. FOR EXAMRPLE:

2 00 . ORG 200
200 1 32 . DBYTE "HE132Z  HEX CONSTANT
Z02 32 31 . ADDR “H2313%  REVERZED BYTES

# 9 3 4 . ZERD PSEUDO-OP.

THE . ZEROD PSEUDO-0FP RESERVES THE NUMBER OF BYTES INDICATED BY THE
OPERAND AND SETS THEM TO ZERGO.

EXAMFLE: 16 ADDRESEES, 1 TO 10 (BASE 16) ARE ZEROED.
o 1 . ORG i
1 0 . ZEROG 10
11 10 . BYTE 10

ONLY THE FIRST BYTE WILL BE PRINTED IN THE LISTING. THE LOCATION ™
COLNTER IS5 ADVANCED, THE OPERAND OF . ZERO CANNOT BE FORWARD REFER-
ENCED, (REFERED TO A LABEL DEFINED FURTHER ON IN THE PROGRAM).

# 9.4, 0 LISTING CONTROL DIRECTIVES.

THROUGH USE OF THE . LIST, . FPAGE AND . TITLE PSEUDO-0PE, FLUS SEVERAL
RUN=-TIME OFTIONS, THE SO0URCE PROGRAM CAN BE LISTED IN VARIOUS WAYS
AT ASSEMBELY TIME.

NORMALLY, THE ASSEMELER AUTOMATICALLY PAGES THE OUTFUT, ADDING A
HEADER AT THE TOP OF THE PAGE. (NOTE THAT FPAGE NLIMEBERS REPRESENT
THE LISTING PAGE NUMBERS, NOT INFUT FILE FAGES. )

NOT ALL PSEUDC-0FPS ARE LISTED IN  THE OUTPUT. THE CONDITIONAL
ASSEMELY AND  LISTING CONTROL PSEUDO-0PS ARE NOT LISTED UNLESS THE
/P OFTION IS SPECIFED. SEE RUN-TIME OPTIONS # Z 4.0

NORMALLY THE STATEMENTS WHICH ARE NOT ASSEMBLED DUE TO CONDITIONAL
ASSEMBLY ARE NOT LISTED. USE OF THE /J COMMAND DECODER OFTION WILL
ENABLE LISTING OF THESE STATEMENTES PLUS THE NORMALLY UNLISTED
CONDITONAL ASSEMBLY FSUEDO-OFS,

THE PAGINATION AND HEADING CAN BE SUPPRESSED THROUGH USE OF THE /H q
COMMAND DECODER OPTION
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IF THE OQUTPUT DEVICE IS ONE WHICH DOES NOT PAGE ON A FORM FEED (¢
TTY), THE /T DECODER OPTION CAN BE USED TO CHANGE THE FORM FEEL
(WHICH NORMALLY STARTS A NEW PAGE) TO 2 CARRIAGE RETURN/LINE FEEDES
S0 THAT PAGES WILL BE SEPARATED BY 2 ELANK LINES IN THE LISTING.

WARNING MESSAGES ARE NORMALLY OUTPUT TO BOTH THE TERMINAL AND THE
SOURCE LISTING. TO INHIBIT THESE MESSAGES, THE /W DECODER OFTION If
USED.

# 9. 4.1 | LIST PSEUDO-OP.
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A LIST FLAG IS USED DURING ASSEMELY TO INDICATE WHETHER OR NOT THE
STATEMENTSE ARE TO BE LISTED. INITIALLY, THE FLAG IS ON AND STAYS Op
UNLESS A . LIST PSEUDCO-0OF IS ENCOUNTEREL.

A . LIST PSEUDO-0OP CAN BE USED WITH OR WITHOUT AN OPERAND. A LABEL
CANNOT BE USED WITH THE . LIST PSEUDO-0F,

WHEN @A . LIST PSEUDO-OP WITHOUT AN COPERAND IS ENCOUNTERED, THE LIST
FLAG IS INVERTEL.

EXAMFLE:
' PLIST FLAG INITIALLY ON
. ORG Z00 i LISTED
VALLE . SET 1 i LISTED
LIS i LIST FLAG OFF
VALUZ . SET 70 i NOT LISTED

L LIST i LIST FLAG BACK ON

NOTE THAT UNLESS THE /P OPTION IS USED, THE . LIST OPERATOR ITSELF
WILL. NOT BE LISTED.

WHEN A . LIST PSEUDO-0FP WITH AN OFPERAND IS ENCOUNTERED., THEN LISTINC
IS INHIBITED IF THE OPERAND IS EfUAL TO ZERO. (THE LIST FLAG It
SET OFF). IF THE OFERAND IS NOT ZERO, LISTING 5 ENABLED. ( THE
LIST FLAG IS SET ON).
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INSERTING A . PAGE PSEUDO-0OP IN THE FROGRAM WILL NORMALLY START ¢
NEW PAGE BEGINNING WITH THE NEXT LINE. (THE . PAGE STATEMENT ITSELF
IS NOT NORMALLY LISTED. ) IF THE /P COMMAND DECODER OPTION IS USED,
THE . FAGE STATEMENT WILL BE THE FIRST LINE OF THE NEW PAGE.
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THE /H COMMAND DECODER OPTION INHIBITS THE . PAGE PSEUDO-OP.

THE . PAGE PSEUDO-0OFP CAN HAVE NO LABEL OR OPERAND.

# 9.4 3 .TITLE PSEUDO-OP.

THE . TITLE IS USED TO REPLACE THE HEADING WITH UFP TO 32 CHARACTERS
OF TEXT. ITS FORMAT IS:

.TITLE HEADING 0OF 32 CHARACTERS

THE FIRST CHARACTER AFTER THE . TITLE IS THE PSEUDO-0OP DELIMITER
WHICH CANNOT BE AN ALFHA-NUMERIC CHARACTER . THE DELIMITER IS
CONSIDERED THE FIRST CHARACTER OF THE 322 CHARACTER GROUF AND WILL
BE PRINTED QUT. ANY TEXT AFTER 3Z CHARACTERS WILL BE IGNORED. TABS
CAN BE USED IN THE HEADING.

THE /H COMMAND DECODER OPTION INHIEBITS THE . TITLE PSEUDO-OP.
THE /P COMMAND DECODER ENABLES THE LISTING OF THE . TITLE PSEUDO-0OP.

A SEMICOLON DOES NOT DELIMIT THE HEADING TEXT. COMMENTS CAN BE
MADE ONLY AFTER THE 3Z CHARACTER HEADING GROUP.

WHEN PLACED AT THE BEGINNING OF THE PROGRAM, THE . TITLE PSEUDO-OP
WILL SET THE HEADING FOR THE FIRST PAGE. THE . TITLE MUST APPEAR
BEFORE THE FIRST LINE TO BE LISTED.

EXAMPLE: THE FOLLOWING STATEMENTS WILL CAUSE THE HEADING OF THE
FIRST PAGE TO BE "#MAIN PROGRAM".

. TITLE#*MAIN FROGRAM
VALUE . EG 1
L LIST VALUE

# 2.5 0 CONDITIONAL ASSEMBLY PSUEDO-OPERATORS.

THE . IFZERC, . IFNZRO, . IFDEF AND . IFNDEF OFERATORS ARE USED TO
FPROVIDE FOR THE CONDITIONAL ASSEMBLY IN A FPROGRAM, S0 THAT GROUPS
OF STATEMENTS CAN [RE ADDED (OR  OMITTED) DURING THE ASSEMBELY
FROCESS. EACH IS DESCRIBED INDIVIDUALLY IN THE SECTIONS THAT
FOLLOW. ALL HAVE THE GENERAL FORM:

PSEUDO-0F OFERAND i COMMENT
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EACH OPERAND MUST MEET THE CONDITIONS OF ITS PSEUDO-0OP IN ORDER FOF
THE STATEMENTS THAT FOLLOW IT TO BE ASSEMBLELD. IF THE CONDITION:
ARE NOT MET: THESE STATEMENTS ARE OMITTEL. THE . ENDC FESEUDO-OF
INDICATES THE END OF THE GROUF OF STATEMENTS WHICH ARE AFFECTED.
EACH CONDITIONAL PESEUDO-0OF MUST HAVE ONE | ENDC STATEMENT.

CONDITIONAL PSELDCO-OFES CANNOT HAVE LARELS.

CONDITIONAL PESEUDO-OPS CAN BE NESTED UP TO 4095 LEVELS.

EXAMPLE:
VALLIE]L . EG) ' 0 » DEFINE VALUE!L
. IFZERO VALUEL PVALLEL = 0 7 - YES.
. BYTE "TEXT" i ASEEMELED
. IFDEF VALUEZ i VALUEZ DEFINED? -~ NO.
. BYTE "TEXT" P OMITTED.
. ENDC i END OF INNER CONDITIONAL
poc . EGU 17 i ASSEMBLED.
. ENDOC i END OF OUTER CONDITIONAL

THE CONDITIONAL PSEUDO-0OPS ARE NOT INCLUDED IN THE ASSEMEBLY LISTIN
UNLESS THE /P OR /J COMMAND DECODER OFTION IS SPECIFIED

ONE CONDITIONAL CAN INHIBIT ANOTHER.

EXAMPLE: THREE DIFFERENT RESULTS CAN OCCUR IN THE FOLLOWING TYPE O
CONDITIONAL NESTING:

CONDITIONAL 1
. i STATEMENT GROUP 1.
CONDITIONAL Z :

i STATEMENT GROUP

M

:ENUC i END CONDITIONAL

Z
. i STATEMENT GROUP 3.
. ENDC i ENDD CONDITIONAL 1.

IF BOTH CONDITIONALS ARE MET, ALL THE STATEMENTS, GROUPES 1 THROUG
3, WILL BE ASSEMELED.

IF CONDITIONAL 2 IS NOT MET, BUT CONDITONAL 1 IS MET, THEN GROUP
AND GROUP 3 WILL BE ASSEMELED. GROUF Z IS NOT ASSEMBLED

IF CONDITIONAL 1 IS NOT MET, CONDITIONAL 2 IS IGNORED AND GROUPZ
THROUGH 3 WILL NOT BE ASSEMBLED.



# 2. 5.1 | IFZERO PSEUDO-0OP.

IF THE OPERAND OF THE . IFZERO IS:

EGUAL TO ZERO - ASSEMBELY IS UNAFFECTED.
NOT EQUAL TO ZERO - STATEMENTS TO NEXT . ENDC ARE OMITTEL.

THE OPERAND CANNOT BE FORWARD REFERENCED.

# 9. 5.2 | IFNZRO PSEUD-0OP.

ovee s ove

IF THE OPERAND OF THE . IFNZRO I5:

EQUAL TO ZERO - STATEMENTES TO NEXT . ENDC ARE OMITTED.
NOT EGUAL TO ZERO - ASSEMELY IS UNAFFECTED

THE OPERAND CANNOT BE FORWARD REFERENCEL.

# 2. 5.3 . IFDEF PSEUDO-OP

IF THE SYMBOL OPERAND OF THE . IFDEF I%S:

DEFINED - ASSEMBLY IS LUNAFFECTED
NOT DEFINED - STATEMENTS TO NEXT . ENDC ARE OMITTED.

NOTE THAT . IFDEF WILL ACCEPT ONLY A SINGLE SYMBOL NAME AS THE
OFPERANLD.

A SYMBOL I35 CONSIDEREDN TO BE DEFINED IF IT HAS BEEN USED IN THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL PSEUDO-O0P.

# 2.5 4 | IFNDEF PSEUDO-OP.

s oot s oo coree.

IF THE SYMBOL OPERAND OF THE . IFNDEF I%:

DEFINED - STATEMENTS TO NEXT . ENDC ARE OMITTED.
NOT DEFINED - ASSEMBELY 1% LUNAFFECTED

NOTE THAT ONLY A SINGLE SYMEOL NAME IS ALLOWED AS THE OFPERAND.

A SYMBOL IS CONSIDERED TO BE DEFINED IF IT HAS BEEN USED IN THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL FSEUDO-OP.



# % 5.5 . ENDC PSEUDO-OP.

THIS PSEUDO-0OF INDICATES THE END OF A CONDITONAL ASSEMELY GROLUIP.

EVERY CONDITIONAL. PSUEDO-OP MUST BE PAIRED WITH A . ENDC.

# 9 6.0 | END PSEUDO-0F,

THIS INDICATES THE END OF THE SOURCE PROGRAM. IT CANNOT HAVE EITHEF
A LABEL OR AN OPERANID. A WARNING MESSAGE WILL OCCUR IF THE . ENI

STATEMENT IS LEFT OFF.

#10. 0. 0 ERROR MESSAGES AND WARNINGS.

—— — sasne ooven

BOTH PASS #1 AND PASS #2 CAN GENERATE
PRINTED ON  THE (CONSOLE DEVICE AS
SPECIFIED, PASS 2 WILL LIST THE ERROR
WHICH THE ERROR OCCURS.

ERROR MESSAGES. THESE ARE
THEY OCCUR. IF A LISTING It
MESSAGE ABOVE THE LINE IB

ERROR MESSAGES WHICH ARE SENT TO THE CONSOLE HAVE THE FORM:

E: XX AT LABEL+N

WHERE "N" IS A DECIMAL NUMBER OF
LINES EBEYOND THE STATEMENT WHICH

CONTAINED THE GIVEN

LABEL. IF  NO

LAREL WAS GIVEN, "N" IS THE NUMBER OF
LINES FROM THE BEGINNING LINE OF THE

PROGRAM.

IF THE BINARY OUTPUT FILE IS SENT TO THE CONSOLE, AND ERROF

MESSAGES OCCUR, THE OUTPUT FILE LINES

AND ERROR  MESSAGES  WILL  BE

INTERMIXED. USE OF THE /E OFTION WILL INHIBIT THE ERROR MESSAGE!
TO THE CONSOLE S0 THAT ONLY THE EBINARY FILE IS OUTPUT. THIS It
USEFUL WHEN A USER WOULD LIKE TO TRY OUT CERTAIN PARTS OF A PROGRA!
AND IS NOT YET CONCERNED WITH OTHER PARTS KNOWN TO HAVE ERRORS.



#10. 0. 0

INDIVIDUAL ERROR MESSAGES ARE EXPLAINED IN TABLE #Z WHICH DIVIDES
THE MESSAGES INTO THREE TYPFES:

1) FATAL ERRORS—- THESE ERRORS CAUSE THE IMMEDIATE
EXIT TO THE 0578 MONITOR. THE CURRENT OUTPUT FILE
IS NOT CLOSED. /7E WILL NOT INHIBIT FATAL ERROR
MESSAGES. FATAL ERROR MESSAGES ARE ALWAYS SENT TO
THE CONSOLE DEVICE.

2)  WARNING MESSAGES INDICATE MINOR PROGRAM
FROBLEMS. ASSEMBLY IS NOT HALTED GOOD PROGRAMMING
PRACTICES WILL ELIMINATE ALL WARNING MESSAGES.

3)  NON-FATAL ERRORS - THE OCCURANCE OF A NON-FATAL
ERROR WILL NOT HALT ASSEMELY. THE ASSEMBLER
ATTEMRTS TO DO AS MUCH OF THE LINE AS POSSIBLE. FOR
EXAMPLE, IF THE OPERAND CANNOT BE EVALUATED, IT
GIVES IT A VALUE OF ZERO, WRITES THE ERROR MESSAGE
AND CONTINLUES.

£



TABLE #2Z. #10. 0. O

HHe e H 3 H B H B 3 R R R 6 e 3 36 B 6 3 3 S 36 35 96 36 36 95 3 35 35 26 96 6 56 46 3 36 3

E: DOF
FILE

E: OE
FILE

E: RE
FILE

E: WE
FILE

W: UC

#N

#N

#N

#N

##d FATAL ERRORE ####

DEVICE FULL:

THERE I35 NOT ENOUGH ROOM LEFT ON THE OUTPUT DEVICE
FOR THE FILE. "N" INDICATES WHICH OF THE TWO OUT-
PUT FILES WAS IN ERROR.

LOCAL SYMBOL TABLE OVERFLOW:

THIS ERROR OCCURS  ONLY IF THE /K OPTION IS IN LUSE.
CONVERZION  0OF SOME OF THE LOCAL SYMBEOLS TO REGULAR
SYMBOL  NAMES WILL USUALLY SOLVE THIS PROBLEM. SEE
THE NOTES ON THE /K RUN-TIME OFTION.

OPEN ERROR IN OUTFUT FILE:

AN ATTEMFT WAS MADE TO OPEN AN OUTPUT FILE ON AN
INPUT-0ONLY DEVIDE., (PTR:, COR:, ETC. ) "N INDICATES
WHICH ONE OF THE TWO FOSSIBLE OUTPUT FILES WAS IN
ERROR.

PHASE ERROR:
A LOCATION TAG HAS A DIFFERENT ADDREZS IN ONE PASS
THAN IT HAD IN THE PREVIOUS PASS.

REALD ERROR:
AN ERROR  HAZ OCCURRED WHILE READING FROM AN INPUT
FILE DEVICE. "N INDICATES WHICH ONE OF THE NINE

FOSSIBLE INFUT FILES HAD THE ERROR.

SYMBOL TABLE OVERFLOW:

THE PROGRAM IS TOO LARGE. WHERE CONVENIENT, DIVIDE
IT AND ASSEMELE EACH FART SEPARATELY. ALSD REFER TO
THE NOTES ON THE /K RUN-TIME OFTION.

WRITE ERROR:

AN ERROR  HAS OCCURRED  WHILE WRITING TO AN QUTPUT
FILE DEVICE. "N'  INDICATES WHICH ONE OF THE TWO
OUTPUT FILEZ HAD THE ERROR.

#E#E WARNING MESSAGES ####%

NQ . END STATEMENT:
THE LAST INPUT FILE MUST HAVE AM . END STATEMENT.
THE ASSEMBLER PROCEEDS AZ IF AN . END WERE FRESENT.

ASSEMBELY WAS CONDITIONALLY INHIBITED AT THE END OF
THE FROGRAM: EACH CONDITIONAL ASSEMBELY  PSEUDO-0F
MUST EBE PAIRED WITH AN . ENDC STATEMENT.

363 30 46 46 4836 46 0 36 4 30 26 30 S0 3F 90 SR R 36 R B B S B R R R R R R R R R R RRER



TABLE #2Z. (CONT. ) #10. 0.0

FE 30 3 He B 3 SE 3 40 B 3 R R H 00 B 3 B 4 3 36 3 0 3 230 36 B 36 3 46 S0 3 3 BB R S B S B R

E: OM

## NON-FATAL ERRORS #3###

BAD NESTING OF BRACKETS:
EACH OPFEN EBRACKET MUST BE PAIRED WITH A CLOSED
ERACKET.

DIGIT OUTSIDE OF RADIX:

THE CONSTANT CONTAINS A DIGIT NOT RECOGNIZED UNDER
THE SPECIFIED RADIX. FOR EXAMPLE, THE DIGIT "2" IS
NOT RECOGNIZED IN  BINARY RADIX. THE CONSTANT WILL
EE EVALUATED A5 IF THAT DIGIT WERE ZERO.

TLLEGAL LABEL FIELID:

THE LABEL MAY NOT EE IN THE FROPER SYMEBOL FORMAT,
SEE SECTION #6. 2.0 . ALS0, SOME PSEUDO-O0OFS  CANNOT
HAVE LLABELS.

ILLEGAL OFERAND VALLE:
REFER TO THE SECTION ON THE STATEMENT S OFPERATOR TO
DETERMINE THE ALLOWABLE OFERAND TERMS.

LINE INPUT OVERFLOW:
ONLY 127 CHARACTERS, NOT INCLUDING THE CARRIAGE
RETURN AND LINE FEED, ARE ALLOWED IN AN INPUT LINE.

LOCAL SYMEOL SYNTAX ERROR:
THE CORRECT FORMAT FOR A LOCAL SYMBEOL IS $N WHERE
"N IS A DECIMAL NUMBER FROM O TO 2535

MULTIFLE LABEL DEFINITION:
THE SAME LABEL HAS A DIFFERENT VALUE AND IS USED
WITH AN OFERATOR OTHER THAN A . SET PSEUDO-O0P.

MISSING OR ILLEGAL MNEMONIC IN OPERATOR FIELL:
OPERAND TOO COMPLEX:

TOO MANY TERMS AND OFPERATORS EXIST IN THE OPERAND.
DIVIDE THE EXFPRESSION USING THE . SET COMMANLD.

EXAMFLE: THE FIRST EXFRESSION IS5 DIVIDED INTO THE
TWO STATEMENTS FOLLOWING IT.

WORD . E@u L EXPR1 1 + [ EXPRZ 1]
TEMP . BET L EXPR1 1
WORD . B TEMF + [ EXFRZ 1

OFPERAND MISSING,

Ho A 0 3 4 0 30 e S 36 0 0 0 3 3 e S0 0 0 3R 0 20 0 36 36 H SR 3R R 3 S0 R SR SR R SR R S 0 R OE



TABLE #Z. (CONT.) #10. 0. 0

BB 36 H R R 30 R I IR 30 I S B 30 6 3R S B 6 6 3SR R R RS
E: 05 - OFERAND SYNTAX ERROR.

E: PS - ILLEGAL PERMANENT SYMBOL USAGE IN OPERAND:
REFER TO THE AFPENDICES TABLES TO SEE WHICH NAMES
ARE USED IN THE ASSEMELER AND MICROPROCESSOR IN-
STRUCTION SETS AND RENAME YOUR SYMBEOL S0 THAT IT
WILL NOT CONFLICT.

E:TL - LABEL DEFINED TOO LATE:
ONLY ONE LEVEL OF FORWARD - REFERENCING IS ALLOWED.

E:US - UNDEF INED SYMEBOL:

Fo 46 3 3 e 3 S0 R B0 R 30 0 3 0 R B R R R 3 30 R B0 3R R 3 SR R R B R SR SR SR R R R SR S 3RS0 30

NOTE: REFER TO SECTION #12Z 0. 0 FOR ADDITIONAL ERROR MESSAGES WHICH
ARE SPECIFIC TO THE TYPE OF MICROFPROCESSOR BEING USED.

#11. 0. O MODIFICATION NOTES.

e ceare e Seoms emen s Ehove Sanen eves Seeen SmeAe St SORS Soe SUUSD Shend S4R $ubns Sumwe SHred Sombe Summe Sbens Gwves Svsen SovGS Swmen

VARIOUS MODIFICATIONS CAN BE MADE TO THE ASSEMELER FOR GREATER
OPERATING CONVENIENCE. BEFORE MAKING ANY CHANGES, THE USER SHOULD
READ THE DESCRIFTION OF EACH OFPTION CAREFULLY. NO CHECKS ON PATCH
VALIDITY ARE MADE. ALS0 KEEFP A RECORD OF ALL CHANGES S0 THAT THE
STATUS OF THE CROSS-ASSEMBLER IS ALWAYS KNOWN. ‘

MODIFICATIONS ARE MADE RY PATCHING LOCATIONS IN THE IMAGE (. SV)
FILE USING ODT. REFER TO THE 03/3 MANUAL FOR A DETAILED EXPLAIN-
ATION OF ODT OFPERATION.

THE EXAMFLE BELOW SHOWS AN ODT PATCH BEING MADE TO FILE "XNAME. SV"
WHERE THE CONTENT OF LOCATION 10107 IS5 CHANGED FROM 3 TO 2.

. GET SYS: XNAME
. QonT
1010770003 2

s C

. SA SYS: XNAME



#11.1. 0

#11. 1. 0 CHANGING THE DEFAULT INPUT FILE EXTENSION (. MS).

— v Se000 e Snaes wubon SHowe Geius S00ss H00se Shese oo et Soves Guete

PATCH LOCATION 10100 TO CONTAIN THE NEW Z CHARACTER &6 BIT ASCII
EXTENSION.

#11. 2 O CHANGING THE DEFAULT BINARY OUTPUT FILE EXTENSION (. MB)

ooen soreo cne suwen cnaes v o N g - o ~—

PATCH LOCATION 10101 TO CONTAIN THE NEW Z CHARACTER & BIT ASCII
EXTENSION.

#11. 3. 0 CHANGING THE DEFAULT LISTING OUTPUT FILE EXTENSION (. LS).

o — . s e sovee evoes sacan eomes ok smben saven Guben Page e sastn AeRS

PATCH LOCATION 10102 TO CONTAIN THE NEW 2 CHARACTER & BIT ASCII
EXTENSION.

#11. 4. 0 CHANGING THE BASE YEAR DATE.

- Grvon e e S GS e Gios sed PSS Sorun Seaew SHISY SO0 SORED S5200 SRSt S00NS

IN 0S/8 ONLY 3 BITS ARE PROVIDED TO INDICATE THE CURRENT YEAR.
THIS ALLOWS ONLY NUMBERS FROM O TO 7 WHICH MUST BE ADDED TO A BASE
YEAR TO FORM THE ACTUAL YEAR NUMBER. IN 1%78 AND AT ADDITIONAL @
YEAR INTERVALS THE BASE YEAR MUST BE CHANGED TO PROVIDE THE FROPER
DATE PRINTOUT, TO DO THIS, PATCH LOCATION 10104 TO CONTAIN THE TWO
CHARACTER &6 BIT ASCII REPRESENTATION OF THE TWO LEAST SIGNIFICANT
DIGITS OF THE YEAR.

BASE YEAR: PATCH TO LOCATION 10104 (IN OQCTAL).
1975 &770

1986 7066

1994 7144

2002 6062

SHOULD THIS PROGRAM SURVIVE UNTIL THE YEAR 2000 THE TWO MOST
SIGNIFICANT DIGITS MAY BE CHANGED BY PATCHING LOCATION 10103 TO
CONTAIN &260.



#11.5. 0

#11. 5. 0 CHANGING THE DEFAULT RADIX. (HEXADECIMAL)

P oo vone o

INITIALLY THE DEFAULT RADIX IS SET TO HEXADECIMAL. THIS MAY BE
MODIFIED TO BINARY, 0OCTAL, OR DECIMAL BY PATCHING LOCATION 1010%
FROM THE FOLLOWING TABLE.

RADIX: PATCH LOCATION 10105 TO:
OCTAL 1
HEXADECIMAL 2
DECIMAL 3
BINARY 4

#11. 4. 0 GENERATING 8 BIT ASCII CHARACTERS WITHIN THE BINARY
FROGRAM. '

THE ASCII CHARACTERS GENERATED AS OPERANDS WITH THE QUOTE
CHARACTERS ARE SEVEN BIT REPRESENTATIONS TYFICAL OF MOST
MICROPROCESSOR SYSTEMS. TO  GENERATE EIGHT BIT ASCII WITH THE
EIGHTH BIT ALWAYS SET (A5 IS DONE IN ZOME FPDPE SOFTWARE), PATCH
LOCATION 10104 TO CONTAIN 377. (ORIGINAL CONTENT WAS 177).

#11. 7. O RUNNING UNDER 0S2 VERSION Z.

o o———— o~ e

THE CROSS-ASSEMELER IS SET UP TO USE THE 0S/78 VERSION 3 METHOD  FOR
CORE SIZE DETERMINATION. IN 0578 V3 THE CORE SIZE IS CONTAINED Ih
A MONITOR LOCATION. IN PREVIOUS VERSIONS, THE CORE SIZE MUST BE
DETERMINED BY ACCESSING EACH FIELD OF MEMORY TO SEE IF IT EXISTS O
THE SYSTEM. THEREFORE , TO RUN THE CROSS-ASSEMLER UNDER VERSION 2,
FATCH LOCATION 10107 TO CONTAIN 2 (ORIGINAL CONTENT WAS 32).

#11. 8 0 CHANGING THE NUMBER OF LINES PER FAGE. (&)

—— v e covee seurs soeee e coven soven sunse umne Sveve bnves Bemwe Swae

THE NORMAL NUMEBER OF LINES - PER PAGE IS SET AT &6 & OF THE &4
LINES ARE USED BY THE ASSEMBLER FOR THE HEADING AND  MARGIN. TC
ALTER THE NUMBER OF LINES ON A PAGE, PATCH LOCATION 10110 TO BE THE
TOTAL POSITIVE LINES PER PAGE INCLUDING HEADING AND MARGIN.



#11. 9.0
#11. 9. 0 CHANGING THE NUMBER OF CHARACTERS FER LINE. (72)

- o o Sreee S Guete oo Sutme Sie e 5000 Seree Gupte Saatt it Soben samse

THE TOTAL MNMUMBER OF CHARACTERS PRINTED ON ONE LINE (EXCLUDING
CARRIAGE RETURN AND LINE FEEDR) IS SET AT 72 (BASE 10). TO MODIFY
THIS COUNT, PATCH LOCATION 10111 TO CONTAIN THE POSITIVE NUMBER OF
CHARACTERS TO BE PRINTED ON A LINE (EXCLUDING THE CR AND LF).

#11. 10. 0 INITIAL FORM/FEED CONTROL.

- o — orews woven st

SOME LINE PRINTER HANDLERS WHEN FIRST INITIALIZED WILL ISSUE AN
AUTOMATIC FORM FEED. TO AVOID EJECTING AN ADDITIONAL PAGE EACH TIME
THE ASSEMBLER IS CALLED, THE FIRST FORM FEED FROM THE HEADING HAS
BEEN SUPFRESSED. TO REENABLE THIS FIRST FORM FEED, PATCH LOCATION
10112 WITH 214 (BASE 2). ‘

#1111, 0 CHANGING LABEL DELIMINATOR (,).
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TO PROVIDE COMPATIEBILITY WITH OTHER ASSEMBLER FORMATS AN OPTIONAL
LABEL DELIMITER WILL BE ACCEFTED. NORMALLY, THIZ DELIMITER IS A
CoMMA, BUT IT CAN BE MODIFIED TO ANY OTHER NON-ALFHANUMERIC
CHARACTER (EXCEPT THE SEMICOLON OR CARRIAGE RETURN). TO MODIFY THE
DELIMITING CHARACTER PATCH LOCATION 10112 WITH THE 8 EBIT ASCII
VALUE FOR THE CHARACTER.

#11. 12 0 CHANGING FROM © BIT TO 7 BIT ASCII IN THE OUTPUT FILES.

ALL  ASCII OUTPUT TO THE BINARY (OBJECT) AND LISTING FILES IS IN 8
BIT ASCII FORMAT. TO OUTPUT 7 BIT ASCII FORMAT PATCH LOCATION 10114
TO CONTAIN 177. (ORIGINAL CONTENT WAS 377)

P=m



#11.13. 0

EACH SLASH OPTION (EXCEFT /0 TO /%) MAY HAVE ITS SENSE INVERTED BY

PATCHING THE LOCATIONS SHOWN IN THE FOLLOWING TABLE WITH THE
DESCRIBED VALLUE.

OPTION: LOCATION: STANDARD: INVERTED:
/B 10114 7650 7640
/E 10117 7640 7650
/H 10120 7650 7640
/J 10121 74650 7640
7K 10122 7650 7640
sL 10123 O i
/N 10124 T6E0 7640
/0 10125 7650 7640
Ve 10126 7640 7650
/s 10127 7650 7640
/T 10130 7E50 7640

SW 10131 - T7EB0 7640



/)"

5
&



#12 0. 0
#12. 0. 0 6800 CROSS-ASSEMBLER SPECIFICE.

THE FIRST ELEVEN SECTIONS OF THIS MANUAL HAVE PRESENTED SIERRF
DIGITAL"S UNIVERSAL ASSEMBLER FORMAT AS IT IS APPLIED TO ALL CROSS-
ASSEMBLERS IN THE X8 SERIES. THIS SECTION PRESENTS ADDITIONAL
INFOMATION ON THE APPLICATION OF THE LUNIVERSAL ASSEMBLER FORMAT TI
A SPECIFIC CROSS-ASSEMBLER FOR THE 4800 MICROPROCESSOR. THE &80(
MICROPROCESSOR WAS DESIGNED BY MOTOROLA SEMICONDUCTOR PRODUCTS
INC., BOX 20%1Z, PHOENIX, ARIZONA 28503&. THE 6800 IS PRODUCED B
MOTOROLA SEMICONDUCTOR PRODUCTS INC. AND ALS0O SECOND SOURCED  BY
AMERICAN MICROSYSTEMS, INC., 3200 HOMESTEAD ROAD, SANTA CLARA,
CALIFORNIA, 95051, NO ATTEMPT WILL EBEE MADE IN THIS MANUAL TC
EXPLAIN THE OFERATION OF THE MIROPROCESSOR. EXCELLENT MANUALS
COVERING THE OPERATION AND PROGRAMMING OF THE MICROFROCESZORS ARE
AVAILABLE FROM THEIR MANUFACTURERS. SECTION #1323 PRESENTES A SUMMARY
OF  THE INSTRUCTION MNUEMONIC CODES AND ADDRESSING MODES DEFINED EN
MOTOROLA AND RECOGNIZED BY OUR CROSS-ASSEMELER. ’

#1Z 1.0 CROSE ASSEMBLER FILE NAMES.

- onss sumes sutms sonne

THE CROSS-ASSEMELER IS PROVIDED ON FILE STRUCTURED MEDIA UNDER  THE
NAMES:

X&200. 5 - FOR THE 05/2 SAVE IMAGE FILE.
X&3800. BN - FOR THE 05/2 BINARY FORMAT FILE.

IT IS SUGGESTED THAT THE SAME NAMING CONVENTIONS BE USED WHED
LOADING THE CROSS-ASSEMELER FROM PAFER TAFE.



ADDRESSING MODE RERUIREMENTS.

THE 2800 MICROFPROCESSOR SUPPORTS SEVERAL  ADDRESSING MODES AS
DESCRIBED FULLY BY THE MANUFACTIURER”S MANUAL. A SUMMARY OF THE
IMPORTANT OPERAND REGUIREMENTS IS PRESENTED HERE. THE INSTRUCTION
TABLE IN ZECTION #132 SHOWS ALL THE POSSIBLE ADDRESSING MODES FOR
EACH OPERATOR AND ITE ASSEMBELY  S0URCE CODE FORMAT. THE “OPER”
SHOWN AS AN EXAMFLE IN THE OPERAND FIELD OF MANY INSTRUCTIONS
REFRESENTS THE VALUE OR ADDRESS TO BE OFERATED ON. THE “OPER” MAY
BE A SINGLE TERM OR A COMPLEX EXPRESSION REDUCEABLE BY THE
ASSEMBLER TO A SINGLE QUANTITY (REFER TO SECTION #4 ON STATEMENT
FOMAT). FOR MANY INSTRUCTIONS THE VALUE OF THE OPERAND DETERMINES
THE DIFFERENCE IN ADDRESSING MODES (DIRECT VE EXTENDED). OTHER
ADDRESSING MODES HAVE RESTRICTED VALUES ON  THEIR OPERAND:S AS
DESCRIBED IN THE FOLLOWING TABLE:

ADDRESSING MODE: MEANING:
INHERENT - NO OFERAND IS ALLOWED
IMMEDIATE - THE OPERAND VALUE MUST BE IN THE RANGE -1Z3

TO  +255 (DECIMAL). TWO'S COMFLEMENT 2 BIT
VALLUES ARE LSED.

DIRECT - THE OPERAND REFRESENTE AN ADDRESS IN THE BASE
PAGE AND THEREFORE MUST FALL WITHIN THE RANGE
OF O TO 255 (DECIMAL).

|

EXTENDED THE OFERAND REPRESENTE AN ADDRESS WITHIN THE
RANGE O TO &5, 5235 (DECIMAL). IN CASES WHERE
DIRECT MODE IS ALSO AVAILABLE, VALUES FROM
0O TO Z55 (DECIMAL) WILL AUTOMATICALLY USE

DIRECT (BASE PAGE) ADDRESSING.

INDEXED - THE OFERAND VALLUE MUST BE A SINGLE BYTE AND
THEREFORE IS RESTRICTED T0O VALLUES BETWEEN
O AND I35 (DECIMAL).  WHEN THE VALUE IS TO BE
ZERD, THE OPERAND (AND COMMA) MAY EBE OMITTED

RELATIVE —- THE OFERAND VALUE MUST BE AN ADDREZSS WHICH IS
WITHIN ~12Z2 TO +127 BYTES FROM FIRSET BYTE OF
THE NEXT INSTRUCTION.

FOR ALL INSTRUCTIONS INVOLVING ACCUMULATOR ADDRESSING,  THE
CHARACTER “A7 OR "B DENOTING THE ACCUMULATOR MAY BE COMBINED WITH
THE INSTRUCTION MNEMONIC CODE. THUS “ADC B OFERY MAY BE WRITTEN
AS TADCE OFER” .



#1Z. 3.0
#12. 3. 0 RESERVED CHARACTERS.

THE SINGLE CHARACTERS “A“, “B“, AND “X“ ARE RESERVED FOR USE AS
INDICATORS FOR THE TWO ACCUMULATORS AND THE X-INDEX REGISTER.
THEIR USAGE IS AS SHOWN 1IN THE ASSEMBLY CODE COLUMN OF THE
INSTRUCTION TABLES IN SECTION #13. THESE CHARACTERS CANNOT BE USED
AS STANDARD SYMBOL NAMES AND WILL ONLY BE RECOGNIZED WHEN USED AS
DEMONSTRATED IN THE INSTRUCTION TABLES.

#12 4. 0 LISTING FILE FORMAT.

THE LISTING FILE IS OUTPUT WITH THE OBJECT CODE PRINTED TO THE LEFT
OF THE SOURCE CODE LINES. AS EACH MICROPROCESSOR INSTRUCTION MAY
CODE INTO ONE, TWO, OR THREE BYTES, ROOM IS PROVIDED FOR THREE
COLUMNS OF GENERATED OBJECT CODE PLUS A COLUMN FOR THE ADDRESS. THE
ADDRESS AND OBJECT CODE ARE NORMALLY PRINTED IN HEXADECIMAL BUT
THIS MAY BE CHANGED TO OCTAL WITH THE /0 COMMAND DECODER OFPTION.
SOURCE LINES WHICH EXCEED THE PRINTOUT LIMIT WILL BE CONTINUED AT
COLUMN 25 (STANDARD COMMENT TAE STOP) OF THE SOURCE PRINTOUT
PORTION. TABS OCCURING IN THE SOURCE PROGRAM ARE CONVERTED TO THE
PROPER NUMBER OF BLANK CHARACTERS BY THE ASSEMBLER. THIS IS DONE BY
THE ASSEMELER RATHER THAN THE DEVIDE HANDLER OR DEVICE BECAUSE THE
BEGINNING OF THE SOURCE PRINTOUT DOES NOT OCCUR ON A STANDARD TAE
STOP.



#12Z 5. 0 BINARY FILE QUTPUT:

THE OBJECT (BINARY) OUTPUT FILE CONISTS OF ASCII TEXT REPRESENTING
HEXADECIMAL NUMBERSZ IN THE FOLLOWING FORMAT:

LEADER STRINGS OF 100 NULL CHARACTERS FRECEED AND FOLLOW THE OBRJECT
OUTPUT. EACH LINE BEGINS WITH A RECORD TYPE DESIGNATOR, S0, 51, OR
% FOLLOWING COMES A TWO HEXADECIMAL DIGIT RECORD BYTE COUNT, A
FOUR HEXADECIMAL DIGIT ADDRESS, UP TO 1é& BYTES (EACH Z HEX DIGITS),
AND A TWO HEX DIGIT CHECKSUM.

EXAMFLE:

STCCAAARADIDDDDDODDDOODODDDDDODDDDODDODDDDXX

WHERE :
=] IZ AN ASCITI  CHARACTER “5° DENOTING START OF THE
RECORLL
T IZ A SINGLE DIGIT: O FOR HEADER RECORD
1 FOR - DATA RECORD
¥ FOR END OF FILE RECORD
co % THE TWO HEXADECIMAL DIGIT COUNT FOR THE TOTAL
NUMBER OF ADDRESZ, DATA, AND CHECESUM BYTES. (RA,
oo, XX).
ARAA IZ THE HEXADECIMAL ADDRESES FOR STORING THE FIRST

DATA BYTE. EACH ADDITIONAL DATA BYTE IS TO BE
STORED IN SEGUENTIAL ADDRESSES.  THE ADDRESS IS
FRESENTED WITH ITS MOST SIGNIFICANT BYTE FIRST.

oo REFRESENTE TWO HEXADECIMAL DIGITS FOR A BYTE OF
OBJECT (BINARY CODE). UFP TO 14 BYTES MAY BE OUTPUT
ON ONE L INE.

XX IS THE TWD HEXADECIMAL DIGIT CHECKSUM FORMED SUCH
THAT WHEN ADDED TO THE SUM OF THE COUNT, ADDRESS,
AND DATA BYTEZ IN THE RECORDO, THE LEAST SIGNIFICANT
EYTE 0OF THE RESULT WILL BE “FF° (HEX).

HEADER RECORDS, DENOTED BY A LEADING  “S0°, CONTAIN AN ADDRESS
VALUE OF ZERO AND FROM O TO & BYTES OF DATA REFRESENTING 7 BIT
SCIT  CHARACTERES OF A PROGRAM NAME. THE PROGRAM NAME IS TAKEN AS
THE BINARY OUTFUT FILE NAME (LESS EXTENSION) SPECIFIED TO THE
COMMAND  DECODER. NOTE THAT A FILE NAME MAY EE ASSIGNED EVEN WHEN
THE DEVICE IS NOT FILE STRUCTURED. THUS  “#TTY: NAME<SOURCE” IS
LEGAL AND WILL CAUSE THE ASCII VALLUES FOR THE FOUR CHARACTERS
"NAME” TO BE PLACED IN THE BINARY HEADER RECORD



#12. 5.0

END OF FILE RECORDS CONTAIN AN ADDRESS VALUE OF ZERO AND NO  DATF
BYTES.

THE RINARY OUTPUT FILE CAN BE CHANGED TO BNPF FORMAT THROWGH USE OF
THE /B RUN-TIME OFTION. SECTION $#2. 4. O DESCRIBES THE BNFF OUTPUT.

#1Z 6.0 ADDITIONAL ERROR MESSAGES FOR THE 4800:

WARNINGS:

W:F2Z FORWARD REFERENCE TO ZERO PAGE.
SINCE ADDRESSES MUST BE ASSIGNED DURING PASS 1, TWO
BYTEZ ARE LEFT FOR THE FORWARD REFERENCED OFERAND
ADDRESS. DURING PASS Z THE ASSEMBLER FOUND THAT IT
ONLY NEEDED ONE BYTE BUT SINCE TWO BYTES WERE
RESERVED:, EXTENDED ADDRESSING WAS USED. BY REMOVING
THE FORWARD REFERENCE, AN EXTRA BYTE MAY RBE SAVED.

STANDARD ERRORS:

E: BR ERANCH IS OUT OF RANGE.
THE OPERAND ADDRESS WAS OUT OF RANGE FROM  THE RE-
BUIRED -128 TO +127 (DECIMAL) BYTES FROM THE FIRST
LOCATION FOLLOWING THE BRANCH.

E: BY BYTE VALUE REGUIREL.
THE OFPERAND VALUE WAS GREATER THAN 255 (DECIMAL).,
THUS EXCEEDING THE SINGLE EYTE VALUE RANGE REGUIRED
EY THE INDEXED ADDRESSING MODE.

E: QA ILLEGAL OFERAND ADDRESSING MODE.
THE OPERAND ADDRESSING MODE USED DOES NOT MATCH  ONE
OF THE LEGAL ADDRESSING MODES FOR THE OPERATOR.



2. 7. 0 SAMPLE PROGRAM

X&B00
TY: SAMPLE, TTY: <SAMFPLE/1/FP/J
E: MO AT UFFTR + 7
E: MO AT UPFTR + 7

O2000053414D50414524
1Z21000B&SCO0ZRZBYAZ4ZTF7BASCOZZAF ZDEZZAF
1210109C20271428D32CDF 2ZAG00B7 AEQQCEA4OF 7 2F
1310Z06E0Z5FF76EQZZODS7F00Z4200ZDEZOSNAD
1310202190227 1 1DFZ0A700CAB0F7LEOZDT7 2447
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5o Z IFORTZ . EGNJ bl

&HE Z OPORTL . Ecil HEQZ

E 4 OPORTZ . EGY ~EQ4

O Z0 INFUT . EGd 0

O 2z OUTFUT . EC FE

Q0 Z4 XMTFLG | EGL 4

20 20 BUFFER . EfiL 2080

10 0O . ORG 1000
1000 B&A B0 O LOOP LOA A IFORT
1003 ZB Z8 EMI RECV
1005 2464 Z4 FLLL LOA A XMTFLG
1007 27 F7 BEG LOoF
1009 B&H S0 2 LOA A IFORTZ
1000 ZA FZ BFL. LOGOF
100E DE 22 LIX QUTPUT
1010 20 Z0 CFX INFUT
1012 27 14 BE: %1
1014 &n 3C BSR LIFFTR
10146 DF 22 STX ATRPUT
10183 A4 O LA A X
1014 B7 4E 4 =274 A OPORTZ
1010 C& 40 LoA B #EB0 1000000
101F F7 &4E 2 ZTA B OFORTL
1027 SF CLR E
1023 F7 4E Z =2Ta B OFORTL
1026 20 D2 ERA LOoF
1028 7F 0 Z4 %1 CLR XMTFLG
10z 20 03 ERA Lo

i GET READY FLAG

i RECEIVER N
; CHECE, GUELE POINTERS

i IF=0F,
i INCREMENT FPOINTER

P UPDATE OUTPUT POINTER

i GET BUFFER CONTENTS AND
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1976 X6200-V1A FPAGE

SAMFLE ROUTINE

THIS ROUTINE ACCEFTS 7 BIT VALUES COMING IN
FROM INFUT FORT #1 AND PUTS THE DATA IN A
40735 BYTE FIRST INJ/FIRET OUT QUEUE.

THEN RETRIEVED

MITTED VIA QUTFUT FORT #2 WHEN CONDITIONS

THE DATA
FROM THE GUELE AND TRANS—

y DEFINE I/70 PORT LOCATIONS

i RBUEVE INPUT POINTER

i BUEUE OUTRUT POINTER
i TRANSMIT REGUEST FLAG
i BASE OF QUEUE BUFFER

AND DATA

i FOUND READY FLAG

y CHECK. XMIT REGUIEST FLAG
i NGO DATA TO TRANSMIT

i CHECHK

FOR RECEIVER READY
NOT READY

RUIEUE EMPTY

i DUTPRUT
i SET HARDWARE XMIT FLAG

» CLEAR TRANSMIT FLAG
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CPX
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5TX
STA
LDA
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5TA
CLR
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APR %, 1976 X6200-V1A FAGE b
INPUT s CHECK INPUT POINTER
UFPTR
ouUTPUT
%1 i FOUND QUEUE FULL

INFUT i UPDATE INPUT POINTER

X i STORE INCOMING DATA
#"B100O00O0C00 ; ACKNOWLEDGE DATA RECEIVED
OFPORTI

XMTFLG  ALSO SET XMIT RERUEST FLAG
B
OPORT1
LOoP
#"BOO100000 ; SET HARDWARE GHLIEUE
OPORTL FULL FLAG
E
OPORT
71 i USER FLAG 1 IS SELECTED FOR
i DEBUGGING. AN “SWI- IS
i INSERTED FOR DEBUGGING AND A
71 i “NOFC IS INSERTED FOR NORMAL
i OPERATION
FuLL

i INCREMENT POINTER ROUTINE
#EUFFER+1000 ; CHECK FOR BUFFER LIMIT
%1 i NOT AT END YET
#EUFFER ; SET TO BEGINNING ADDRESS

i SAMPLE BYTE DATA COMMAND

. BYTE

SN
. END

SAMPLE ROUTINE

3080 BUFFER
BC0Z IPORTZ

ZZ

ERRIORS:

OUTPUT

1

1005
1000
1020

FULL
LOoF
RECV

"ARCY, O, 063, 63, 063

i SAMPLE ERROR

AFR %, 19764 XAB00-V1A FAGE 3
20 INFUT SCO00 IPORTY

HEOQE OPORTL LEO4 OFORTZ

1052 UFFTR 24 XMTFLG



#1323 0. 0 MICROPROCESSOR INSTRUPTIDN SET.

soase cesse sebes sonen

o o ome

THIS SECTION IS A SUMMARY OF THE INSTRUCTION SET OF THE 4200 MICRO-
FPROCESSOR A% DEFINED BY THE VENDORS. THE ASSEMBLY CODE FORMAT FOR
EACH ADDRESSING MODE IS SHOWN WITH THE HEXADECIMAL OBJECT CODE  (OF
CODE). THE ASSEMBELER WILL CODE EACH INSTRUCTION INTO THE NUMBER OF
BYTEZ GIVEN FOR EACH ADDRESSING MODE.

ABA — ADD ACCUMULATOR B TO ACC“MHLQTOR A

v o [ sooos e

ADDRESSING MODE EMBLY CODE oF CODE NO. OF BYTES

e s0e0s sates poone .

INHERENT ALA 1B 1

onome vome LRpe—

ADC —~ ADD WITH CARRY.

osees somve sasen saren suves sores eone sume o~

ADDRESSING MODE ASSEMBLY CODE OF CODE N0, OF BYTES
A IMMEDIATE ADC A #OFPER aw bl
A DIRECT AL A OFER w5 z
A EXTENDED ADC A OFER B 3
A INDEXED ADC A OFER. X A e
E IMMEDIATE AL E HOFER [ Z
E DIRECT ADC B OFER e £
E EXTENDED ADC B OFER Fe K]
E INDEXED ADC B OFER, X E® z

nere soten same 4uve Ssvmt Ses0s 0ot Serse S6uRS $900S omce GYe SHrme SR4PH SOmas Sesee Sesen Sense Swe Shete Bemte S0040 LU0 Sa0¥h Seses 00 o0 SEORS SRERS SHISE SeLE) Sesnt Seore Seesd Fhoee Seush S4ste Femte

ADD - ADD WITHOUT CARRY

seene casse come susts stase souts bocse Svese SHare Sibes Seese 0SS Shbee Sutts besst Setes Temes Srase Seon seame Semms Seone onee veee sormn soasn bores acese soaem somss pemae seten Sremm saste Seate soses bemes o

ANDRESSING MODE SSEMBELY CODE OF CODE NO. OF EBYTES
A IMMEDIATE ADD A HOFPER =] & Z
A DIRECT ADD A OFER B prd
A EXTENDED ADD A OFER BE 3
A INDEXED ADD A OFER, X AR Z
E IMMEDIATE ADD B #OFER CE bl
B DIRECT ADD B OFER DE et
B EXTENDED Ann B OFER FE ]
3 INDEXED ADD B OFER, X EE Z

1
]
|
!
i
|
i

PN



AND - LOGICAL AND.

#12 0.0

ADDRESSING MODE ASSEMBLY CODE 0P CODE NO. OF BYTES
A IMMEDIATE AND A #OFER 84 Z

A DIRECT AND A OFER w4 Z

A EXTENDED AND A OPER B4 3

A INDEXED AND A OFER, X A4 2

B IMMEDIATE AND B #OPER c4 Z

E DIRECT AND B OPER D4 Z

B EXTENDED AND B OFER Fa4 3

E INDEXED AND B OPER. X E4 Z

ASL - ARITHMETIC SHIFT LEFT

ADDRESSING MODE ASSEMBLY CODE OF CODE NO. OF BYTES
A ASL A 43 1

B ASL E 55 1

EXTENDED ASL OPER 78 3

INDEXED ASL OFER, X LE s

ASR — ARITHMETIC SHIFT RIGHT.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
A ASR A 47 1

E ASK E 57 1

EXTENDED ASR OFPER 77 3

INDEXED ASR OFER, X &7 Z

BCC - BRANCH IF CARRY CLEAR

ADDRESSING MODE ASSEMBLY CODE oF CODE NGO, OF BYTES

RELATIVE BCC OFPER

Z4




ECS — BRANCH IF CARRY SET.

#13. 0.0

ADDRESSING MODE ASSEMELY CODE OF CODE NG, OF BYTES
RELATIVE BCS OPER Z5 Z

BER ~ BRANCH IF EGUJAL.

ADDRESSING MODE SEEMELY CODE OF CODE NO. OF BYTES
RELATIVE BER OFER z7 Z

EGE - BRANCH IF GREATER THAN OR EGUAL TO ZERQ.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
RELATIVE BGE OFER 2C Z

BGT ~ BRANCH IF GREATER THAN ZERO

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
RELATIVE BGT OFER ZE z

EHI - BERAMCH IF HIGHER

ADDRESSING MODE ASSEMELY CODE OF CODE NO. 0OF BYTES
RELATIVE EHI OFER Zz &

ooasn ceree 4000 Saver Greve bosny $aece asete Seses Samet mass Seove Seuks Secse Sense SOIAS Sekee S4seh F000s Sases Seums Si0ee Seses b e Semmt Goens Sosee Shtes sunte beves bevee




BIT - BIT TEST.

#13. 0.0

CODE

ADDRESSING MODE ASSEMBLY OF CODE NO. OF BYTE
A IMMEDIATE BIT A #OFER a5 Z

A DIRECT BIT A OFER w3 Z

A EXTENDED BIT A OFER BS 3

A INDEXED BIT A OFER, X AS Z

E IMMEDIATE BIT B #OPER cS Z

E DIRECT BIT B OFER 0s Z

B EXTENDED BIT B OFER FS 3

B INDEXED BIT B OFER, X ES Z

BLE — BRANCH IF LESS THAN OR EGUAL TO ZERD.

ADDRESSING MODE ASSEMEBLY CODE 0OF CODE NO. OF BYTE
RELATIVE BLE OFER ZF Z

BLES — BRANCH IF LOWER OR SAME.

ADDRESSING MODE ASSEMELY CODE OF CODE NO.  OF BYTE!
RELATIVE BLS OFER 23 Z

ELT — BRANCH IF LESS THAN ZERC.

ADDRESSING MODE ASSEMELY CODE aF CODE NCO. OF BYTE

RELATIVE

OFER

20

N

eosse soose seems conms sovee sasnt seeew cmtes semen |



EMI ~ BRANCH IF MINUS.

#13. 0.0

ADDRESSING MODE ASSEMELY CODE OF CODE NO. 0OF BYTES
RELATIVE EMI OFER ZB bed

BNE — BRANCH IF NOT EGLAL.

ADDRESSING MODE SSEMBLY CODE OF CODE NO. OF BYTES
RELATIVE ENE OPER Zh Z

EFL — BRANCH IF FPLUS

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
RELATIVE EFL. OFER Zn Z

ERA — BRANCH ALWAYS.

ADDRESSING MODE ASSEMELY CODE OF CODE MO OF BYTES
RELATIVE ERA OFER 20 £

otee saten sosne Shens 40vet Shoen Seres sevse Fodes Surme Sense Sovse Seben Sene Sbems Soves v Sevse Seots

ADDRESSING MODE

oovtt somes st Gt Gusee Goons ede Skt Seare Somax 40003 $00os FemeS SORES Suren Somus Sates Subes Seses Feom GuRRe SeeSS Seeee Freet Sevee SS4Re Soses beses Seee Seres Sease SeSse Seere Serme Saswe SHats Seoms Fuees Seney Beess Sace Sewse Sesst Seeos Seses oo Seses Seeme Soses esee

eve0a tueee caats somes sumas smsas Seone ittt sunte sbums sasen

aF CODE

-

NO. OF BYTES

]




BVC — BRANCH IF OVERFLOW CLEAR.

#13. 0. 0

ADDRESSING MODE ASSEMELY CODE 0P CODE NC.  OF BYTES
RELATIVE BVLC OFER pedc] s

BVS - BRANCH IF OVERFLOW SET

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
RELATIVE BVS OPER % Z

CBA - COMPARE ACCUMMULATORS.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
INHERENT CRA 11 1

CLC — CLEAR CARRY.

senee e smues Sutes souve saass somme Shsos fucss mues aree

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
INHERENT CLC oc 1

CLI - CLEAR INTERRUPT MASE.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
INHERENT cLI OE 1




#132. 0.0
CLR - CLEAR.

ADDRESSING MODE ASSEMELY CODE OF CODE NGO, OF BYTES
A CLR A 4F 1
E CLR E SF 1
EXTENDED CLR OPER 7F 3
INDEXED CLR OFER, X &F P

CLV - CLEAR TWO 5 COMLEMENT OVERFLOW BIT.

toeme et senee So0me oveee seane wenns sesae se swese semes oves sunen o ——

ADDRESSING MODE ASSEMELY CODE aF CoDE NC OF BYTES
INHERENT CLV Of 1

CMF ~ COMPARE.

ADDRESSING MODE ASSEMBELY CODE OF CODE NG, OF BYTES
A IMMEDIATE CMF A #OFER & z

A DIRECT CMF A OFER w1 Z

A EXTENDED CMF A OFER Bl ]

A INDEXED CMF A OPER, X Al 2z

= IMMEDIATE CMP B #OFER 0 | Z

E DIRECT CMF E OFER 01 Z

B EXTENDED CMFP B OFER F1 3

E INDEXED CHMF B OFER, X El Z

CoM - COMFLEMENT

ADDRESSING MODE ASSEMELY CODE 0P CODE MO, OF EBYTES
A COM A 43z 1

E COM E o3 1

EXTENDED ComM OFER 73 3

INDEXED oM OFER, X &3 z

cooee 22000 sere Srese sesee Lbose e Evbes boomm Seows 73 Shbee Semse dubuy Seeen Seees Shees suetn Seuns Seses aneee emiee msoes somee somen omes seton tonen o aoose




#13. 0. O
CPX — COMPARE INDEX REGISTER.

ADDRESSING MODE ASZEMBLY CODE OF CODE NO. OF RYTES=
IMMEDIATE CFPX #OPER ac 3
DIRECT CFX OFER C Z
EXTENDED CPX OFER BC 3

Z

INDEXELD CPX OFER, X AC

DAA ~ DECIMAL ADLUST ACCA.

ADDRESSING MODE ASSEMBELY CODE 0P CODE NO.  OF BYTES

—

INHERENT DAaA 1% 1

ovate bones casan dontn sanme sov

DEC - DECREMENT.

-

ADDRESSING MODE ASSEMELY CODE aF CODE NO. OF BYTE:
A DEC A 4n 1
E DEC B S5A 1
EXTENDED DEC OPER 7A4 ic
INDEXED DEC OFER, X &R Z

DES - DECREMENT STACK POINT.

— omtos somte saren sesse sotes snmte semen mvoe seste sonne saome —

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES

— oo arnte somme s oovee

INHERENT DEZ 34 1

DEX - DECREMENT INDEX REGISTER

—-— o D ] s s

ADDRESSING MODE ASSEMBLY CODE OF COoDE NG, OF BYTE:

ey ooas o

INHERENT DEX 09 1




EOR ~ EXCLUSIVE OR.

#12. 0.0

o o

ASSEMELY CODE

NG, OF BYTES

ADDRESSING MODE OF CODE
A IMMEDIATE EOR A #OFER e z

A DIRECT EOR &  OFER 2] z

A EXTENDED EOR &  OPER BS 3

A INDEXED EOR A  OPER, X As z

E IMMEDIATE EOR B #0FER s z

E DIRECT EOR B OFER DS z

E EXTENDED EOR B OPER F& 3

E INDEXED EOR B OPER, X ES 4

INC — INCREMENT.

ADDRESSING MODE ASSEMBELY CODE OF CODE NO. OF BYTES
A ING A 4c 1

E INC E S0 1

EXTENDED INC OFER 70 3

INDEXED INC OFER, X & z

INS - INCREMENT STACK FOINTER.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
INHERENT INS 31 1

INX - INCREMENT INDEX REGISTER.

ADDRESSING MODE ASSEMBELY CODE OF CODE NG, OF BYTES
INHERENT INX 0a 1

eotas omts b Smmos sresy smsae et Sease Savre P Sives sveee Ss0mn




#13. 0.0

JMP — JUMF.
ADDRESSING MODE ASSEMBELY CODE OF CODE NO. OF BYTES
EXTENDED JMP OPER 7E 3
INDEXED JMF OFPER, X LE Z
JSR - JUMP TO SUBROUTINE.
ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
EXTENDED JER OFER ED ic]
INDEXED JSR OFER, X Al Z
LA - LOAD ACCUMULATOR.
ADDRESSING MODE ASSEMELY CODE oF CODE NO. OF BYTES
A IMMEDIATE LA A #OFER 26 s
A DIRECT LA A OFER L) Z
A EXTENDED LA A OFER Bé& 3
A INDEXED LA A OPER, X Ak Z
E IMMEDIATE LA B #OPER Cé& Z
B DIRECT LOA B OFER julc) Z
E EXTENDED LA B OFER Fé& 3
E INDEXED LDA B OFER, X E& Z
LOS - LOAD STACEKE POINTER.
ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
IMMEDIATE Los OFER = 3
DIRECT Lo OFER E z
EXTENDED LD= OFER EE 3
LDS OFER, X AE Z

INDEXED

tonas uste soves svmen



#13. 0.0
LOX - LOAD INDEX REGISTER.
ADDRESSING MODE ASSEMBELY CODE OF CODE NG, OF BYTES
IMMEDIATE LDX #OFPER CE 3
DIRECT LoX OFER DE 2z
EXTENDED LOX OFER FE 3
INDEXELD LDOX OFER, X EE Z
LER —~ LOGICAL SHIFT RIGHT.
ADDRESSING MODE ASSEMEBELY CODE OF CODE NCOL OF BYTES
A LER A 44 1
E LER E =4 1
EXTENDED LSRR OFER 74 ’ 3
INDEXED SR OFER, X &4 Z
NEG - NEGATE.
ADDRESSING MODE SEEMELY CODE OF CODE NO. OF BYTES
A NEG A 40 1
E NEG E 50 1
EXTENDED NEG OFER 70 2
INDEXEL NEG OFPER: X &0 &
NOF — NO OPERATION.
ADDRESSING MODE ASSEMELY CODE 0OF CODE NG OF BYTES
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ORA — INCLUSIVE OR.

#13. 0. 0

PRepiey

ADDRESSING MODE ASSEMEBLY CODE OF CODE NO. OF BYTEZ
A IMMEDIATE ORA A #OFER 8A ped
A DIRECT ORA A OPER A Z
A EXTENDED ORA A OFPER | BA 3
A INDEXED ORA A OFER, X AR Z
E IMMEDIATE OrRA E #UPER cA 2z
B DIRECT OrRA E OFER DA Z
E EXTENDED ORA B OFER FA 3
E INDEXED ORA B OFER, X EA Z
SH - PUSH DATA ONTO STACE.
ADDRESSING MODE ASSEMBLY CODE OF CODE NO. OF BYTES
A F5H A 36 1
E FSH B 37 1

FUL - PULL DATA FROM STACE.

ADDRESSING MODE

ASSEMBELY CODE

A
E

FuL
FUL

OF CODE

o~

N, OF BYTES

ROL - ROTATE LEFT.

3Z
33

- |

ADDRESSING MODE

oep— o— o

ASSEMBLY CODE

OF CODE

N0, OF BYTES

A

E
EXTENDED
INDEXED

R
ROL
ROL
ROL.

evsen corme seses seme beses sense serme corme

e bt cunms sonne

=

A

E

OFPER
OFER, X

4%
5
7%
)

ovoms sosee sosse
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ROR - ROTATE RIGHT

B e R e ]

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES
A ) ;ﬂﬂ A*m o 44 ) 1

E ROR E Sé 1

EXTENDED ROR OFER 7& 32

INDEXED ROR OFER, X &b Z

RTI — RETURN FROM INTERRUPT.

;BBRESSING MODE - ASSEM;E;~Eg;;w OF CODE ””—;D. U; BYTES
INWERENT RTT = o1
RTE -~ RETURN FROM SUBROUTINE

ADDRESSING MODE ~ ASSEMBLY CODE  OF CODE  NO. OF BYTES
INHERENT RS = 1
SEA - SUBTRACT ACCUMULATORS

ADDRESSING MODE ASSEMELY CODE  OP CODE  NO. OF BYTES
INWERENT  ssAa 10 i
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SRC — SUBTRACT WITH CARRY.

#13. 0. O

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTE!:
A IMMEDIATE SBC A #OPER 32z Z

A DIRECT SBC A OPER 2 Z

A EXTENDED SBC A OPER BZ ]

A INDEXED SBC A OPER, X AZ Z

E IMMEDIATE SBC B #OPER Cz Z

B DIRECT SRC B OFER Dz Z

E EXTENDED SBC B OFER Fz 3

B INDEXED SBC B OFER. X £ Z

SEC - SET CARRY

ADDRESSING MODE SSEMELY CODE OF CODE N OF BYTE!
INHERENT SEC oD 1

SEI - SET INTERRUFT MASK.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTE!
INHERENT ‘ SEI OF 1

SEV - SET TWO S COMFLEMENT OVERFLOW BIT

ADDRESSING MODE ASSEMEBLY CODE aF CODE

- P — eoaes coans s soves saen

NO. OF BYTE!

INHERENT . SEV

OF

oot esse e ot

teees wvee st samme soese soses soves &



#13. 0.0

STA - STORE ACCUMULATOR.

AUDREguINﬁ MODE ESEMBLY "CODE OF CODE NO. OF BYTES
A DIRECT E5TA Q OFER w7 Z

A EXTENDED STA A OFER B7 3

A INDEXED 5TA A OFER, X A7 Z

B DIRECT STA B OFER 07 z

E EXTENDED 5TA B OFER F7 3

E INDEXED STA B OFER, X E7 Z

5TS —~ STORE STACK POINTER.

ADDRESSING MODE SEMBLY CODE OF CODE N OF BYTES
DIRECT TS OFER wF Z

EXTENDED BTS OFER BF 3

INDEXED 5TS OFER: X AF Z

STX - STORE INDEX REGISTER.

ADDRESSING MODE EMDLY CODE OF CODE ND. OF BYTES
DIRECT 5TX OFER OF Z

EXTENDED 5TX OFER FF 3

INDEXED ETX OFER, X EF Z

SUE - SUBRTRACT,

ADDRESSING MODE ASSEMELY CODE oF CODE NO. OF BYTES
A IMMEDIATE SUE A #HUOFER =0 Z

A DIRECT SUBE A OFER 20 b

A EXTENDED SUE A OFER EQ 3

A INDEXED SUE A OFER. X A Z

E IMMEDIATE SUE B #OFER co z

E DIRECT SUB B OFER oo Z

E EXTENDED SUER B OFER Fo 3

E INDEXED SUE B OFER, X EO Z

ovens S sente sovue Seses e senes sosme dooss Serse

27T



#13. 0. 0
SWI — SOFTWARE INTERRUPT.

- . -~

ADDRESSING MODE ASSEMELY CODE oF CODE " NO. OF BYTE
INHERENT SWI 3F 1
-

TAE - TRANSFER FROM ACCUMULATOR A TO ACCUMULATOR B.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF EBYTE
INHERENT TAE 164 1

o osoe somen e e voses vt B it

TAF — TRANSFER FROM ACC A TO PROCESSOR CONDITION CODES REG

ADDRESSING MODE ASSEMELY CODE OF CODE NG OF BYTE
INHERENT E TAF O 1

TEA - TRANSFER FROM ACCUMULATOR B TO ACCUMULATOR A.

ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF EBYTE
INHERENT TEA 17 1

TPA — TRANSFER FROM PROCESSOR. CONDITION CODES REG. TO ACC A
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ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTE
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TST - TEST.

#132 0. 0O

ADDRESSING MODE ASSEMELY CODE 'GP CODE NCO. OF BYTES
A TST A 40 1
E TST E a1 8} 1
EXTENDED T=T OFER 70 3
INDEXED TST OFER: X &0 2z

N

TEX — TRANSFER FROM STACK FOINTER TO INDEX REGISTER.
ADDRESSING MODE ASSEMELY CODE OF CODE NO. OF BYTES

INHERENT =X 30 1
TXS — TRANSFER FROM INDEX REGISTER TO STACK FOINTER.

044m% 01000 G4ste ceare sasms bomie ey eeecr SHAAD 40088 Feass Seres Sebes 50448 Freme Seaee Susen SHeee 00U e RAFSS Semds S4abe Sasee SHS FhSe SEVER S4PEE Sonie Sures FHeRe SrSSe Seees SeRRS Deves SeACe SesLE $00RS S0ese Sesas H000s Smats Sreee Samee breee

ASSEMELY CODE OF CODE NCL OF BYTES
INHERENT TXE 35 1
WAI — WAIT FOR INTERRUFT.
ADDRESSING MODE ASSEMELY CODE OF CODE N OF BYTES
INHERENT WAI ZE 1
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AFFENDIX A - RUN-TIME OPTIONES. #14. 0.0

o 3 3 4 A 3 IR 36 36 K R B3 3 3 30 B0 0 0 36 0 S 0 S SR 30 SR 36 46 R 36 3E 3 SR 3R SR 3 S R S S R e S S

7B
/E
JH
Sl

7K
S

/N
70

/F
A
al

SW
JSO TO s

OUTFUT BINARY FILE IN ENFF FORMAT

INHIBIT ERROR MESSAGES TO CONSOLE.

INHIEIT HEADINGE AND FPAGINATION.

LIST UNAZSSEMBELED STATEMENTS AND CONDITIONAL
ASSEMBELY PSEUDO-0FS.

EXFAND SYMEOL TABLE STORAGE INTO ADDITIONAL
CORE.

OUTFUT LEADER (NULLS) IN BINARY FILE FOR EACH
. ORG STATEMENT.

LIST ONLY THE SYMEOL TABLE.

OUTPUT LISTING IN OCTAL FORMAT INSTEAD OF IN
HEXADECIMAL.

INCLUDE NORMALLY UNLISTED FPSEUDO-OPS IN THE
LISTING.

OMIT THE SYMEOL TAEBLE FROM THE LISTING.
REFLACE THE FORM/FEED WITH 2 CR/LF S
INHIBIT WARNING MESSAGES

USER FLAGE, USED WITH THE 7 OFPERATOR

FhERERERERRREHREREREEERRRER SRR SRR REERF R E RS SEERERERRREER

AFFENDIX B ~ INDICATOR SET.

HHEEFREREEHEREERRRERBEERREREEREHE RS FRERBEHER RS LR ER R EE RS

Rl M 3

+

R

T roiocon

>

H l:'R B

MULTIFLICATION.

ODIVISION.

EBOOLEAN AND

INCLUSIVE OR.

ADDITION.

SUBTRACT ION.

COMFLEMENT INDICATOR, (UPARROW E).
EINARY RADIX INDICATOR, (UPARROW E).
DECIMAL RADIX INDICATOR, (UPARROW L[
HEXADECIMAL RADIX INDICATOR, (UPARROW H).
OCTAL RADIX INDICATOR, (UFARROW ).
LEAST SIGNIFICANT BYTE ACCESS OFERATOR,
(FARROW L),

MOST SIGNIFICANT BYTE ACCESE OPERATOR,
(LFARROW M),

COMMENT INDICATOR.

ASCIT CHARACTER INDICATOR

LUSER FLAG OJPERATOR.

CURRENT LOCATION COUNTER, (FPERIOCD).

FREIEFBHEEFFEERHBERBEREERE LSRR EERERRERSEERREREERERRREREEERRREERERER



AFFENDIX C - FSEUDO-0OPS, #14. 0. 0

S e 3 Ho A B 30 36 B 36 R S0 30 30 H 0 3 3 0 B B 36 38 36 3 3E O 36 B30 36 B B 3E 0 36 30 36 36 20 36 B 36 363 B AR S0 SR SR OE

. ADDR DOUBLE BYTE DATA STORAGE, REVERSED FORMAT.
. BIN CHANGES DEFAULT RADIX TO BINARY.

. BYTE SINGLE BYTE DATA STORAGE.

. DBYTE DOUBLE BYTE DATA STORAGE.

. DECH CHANGES DEFALLT RADIX TO DECIMAL.

. DINST RENAMES A MICROPROCESOR INSTRUCTION.

. END PROGRAM TERMINATOR.

. ENDC ENDE CONDITIONAL ASSEMELY.

. Bl ASSIGNS A PERMANENT VALUE TO A SYMBEOL.

. HEX CHANGES DEFALUILT RADIX TO HEXADECIMAL.

. IFDEF INCLUDE CODE TO . ENDC IF SYMBOL IS DEFINED.
. IFNDEF INDLUDE CODE TO . ENDC IF SYMBOL IS NOT DEFINED
. IFNZRO INCLUDE CODE TO . ENDC IF OPERAND DODES NOT ECHUIAL O
. IFZERC INCLUDE CODE TO . ENDC IF OPERAND ECMIALS O
LIST FROVIDES SELECTIVE LISTINGS

DT CHANGES DEFAULT RADIX TO OCTAL.

. ORG REASSIGNS THE CURRENT LOCATION COUNTER.

. PAGE BEGINS NEW PAGE IN LISTING.

. BET SEIGNS A TEMPORARY VALUE TO A SYMEOL.

. TITLE SPECIFIES HEADING.

. ZERO ZEROZ A SPECIFED NUMBER OF BYTES.

o db de A A e R R I R e S R R B R R R R RS



AFFENDIX D - ERROR MESSAGES. #14. 0. O

Fo SRR 0 3 3 H S 3 R R 0 3 R 3R SR 3R S R SR 3R 30 3 26 R R SR 6 0 SR SR JE SR S S SR SRS R R B 3

E: BN - BAD NESTING OF BRACKETS.

E: BR —= BRANCH IS OUT OF RANGE

E: BY - BYTE VALUE REGUIRELD.

E: DF - OUTFUT FILE DEVICE FULL. (FATAL)

E: DR - DIGIT OUTSIDE OF RADIX.

E: IL - ILLEGAL LABEL FIELLD.

E: IO - ILLEGAL OFERAND VALLUE.

E: LD - LINE INFUT OVERFLOW

E: LS - LOCAL SYMBOL SYNTAX ERROR.

E: LT - LOCAL SYMBOL TABLE OVERFLOW. (FATAL)

E: ML - MULTIPLE LABEL DEFINITION.

E: MO - MISSING OR ILLEGAL MNEMONIC IN OPERATOR FIELLD.

E: 0A -~ ILLEGAL OFERAND ADDRESSING MODE.

E:0OC - OFPERAND TOO COMFLEX.

E: 0OE - OFEN ERROR IN OUTFUT FILE. (FATAL)

E: OM - OPERAND MISSING.

E: 0= — OFERAND ZYNTAX ERROR

E:FE - PHASE ERROR, ADDRESS CONFLICT. (FATAL)

E:FPZS - ILLEGAL PERMAMENT SYMBOL USAGE IN OPERAND.

E:RE - INPUT FILE READ ERROR. (FATAL)

E:=T - SYMBOL TABLE OVERFLOW. (FATAL)

E: TL - LAREL DEFINED TOO LATE.

E:us - UNDEFINELD SYMEOL.

E: WE - OUTPUT FILE WRITE ERROR. (FATAL)

W: EF - NO . END STATEMENT IN LAST FILE.

W Lc = UNINHIBITED CONDITIONAL ASSEMELY IN EFFECT
AT ASSEMELY END.

W:FZ - FORWARD REFERENCE TO ZERO PAGE.

HERRHFHEHERFRREREREREREEFE SRR ERBRERSRERE RS R RS R RER






