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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
POP3 USERS. THE X8 SERIES WILL HANDLE ALL OF THE FOFULAR MICRO-
PROCESSORS WITHIN A LUNIVERSAL ASSEMELER FORMAT. THIS COMMON  BASE
OF ASSEMBLER DIRECTIVES AND TECHNIGUES IS A SELECTED COMBINATION OF
DESIRABLE FEATURES ORSERVED IN A SURVEY OF MANY EXISTING MINI-
COMPUTER AND MICROPROCEZS0R ASSEMBLERS.  THE INSTRUCTION MNEMONICS
AND ASSOCIATED SYNTAX OF EACH PARTICULAR MICROFROCESSOR ARE
RETAINED LINCHANGELD. :

THIS MANUAL DESCRIBES THE USAGE OF ONE OF THE MICROPROCESSOR CROSS-
ASSEMBLERS 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 THROUGH 11 DOCUMENT THE UNIVERSAL ASSEMBLER
FORMAT AS IT APPLIES TO ALL CROS5-ASSEMELERS IN THE SERIES. THESE
SECTIONS WILL BE IDENTICAL IN EVERY CROSS-ASSEMBLER MANLIAL.
SECTION 12 PRESENTS INFORMATION ON APFPLICATION 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-
ASSEMELER. N  ATTEMPT HAS BEEN MADE TO DESCRIEBE THE OPERATION OF
THE MICROPROCESSOR ITSELF.  SUCH INFORMATION MUST BE OBTAINED FROM
THE MICROFPROCESSOR VENDOR OR OTHER SOURCES.  SECTION 14, THE APPEN-
DICES, CONTAINE SUMMARY TABLES FOR CUWICK REFERENCE ONCE THE UZSER
GAINS EXFERTISE IN SING THE CROSS5-ASSEMBLER.

WE AT SIERRA DIGITAL LOOK FORWARD TO DEVELOPING MORE ASSEMBLERS  IN

OUR X8 SERIES TO PROVIDE YOU, THE UZSER, WITH THE MEANS OF
PIONEERING THE MEW WORLD OF MICROPROCESSORS.

# Z 0.0 OPERATION.

SIERRA DIGITAL’S CROSS-ASSEMBLER IS AN 2K, TWO PASS ASSEMBLER WHICH
RUNS UNDER THE 0572 OPERATING SYSTEM. THE CROSS-ASSEMBLER IS CODED
IN PDF/Z ASSEMELY LANGUAGE (PALS) TO GIVE FAST EXECUTION TIMES.
(LESS THAN 20 SECONDS FOR A NORMAL 4K EBYTE PROGRAM IS TYPICAL).

PASS 1 READS THE INFPUT FILES AND SETS UP THE SYMEOL TABRLES. PASS Z
THEN GENERATEZ THE OUTPUT FILE IN THE EBINARY (ORJECT) FORMAT OF THE
PARTICIULAR MICROPROCESSOR.  THE OUTFUT FILE CAN BE CHANGED TO BENFPF
FORMAT THROUGH USE OF THE /B RUN-TIME OQPTION.

A  THIRD ASSEMBLY PASS IS DONE WHEN A LISTING OUTPUT FILE IS SPECI-
FIED. WHEN NO BINARY FILE IS SPECIFIED, THE ASSEMBLER GOES DIRECTLY
TO THE PASE 3 LISTING.



#Z. 0.0

THE CROSS-ASSEMBLER IS NOT RESTARTABLE. .« IF AN ATTEMPT IS MADE TO
RESTART THE ASSEMBELER WITH A | ST COMMAND, THE KEYBOARD MONITOR
RETURNS A "NO!!" |

CTYPING CTRL/C WILL HALT ASSEMBELY AND CAUSE AN IMMEDIATE EXIT TO THE
KEYRBOARD MONITOR.

TYPING CTRL/0 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 FPAFER TAFE OR IN
EOTH BINARY AND IMAGE FORMATS ON FILE-STRUCTURED MEDIA.

TO LOAD THE ASSEMELER FROM PAFER TAPE AND SAVE IT, PLACE THE TAPE
IN THE READER AND CALL THE ABSOLUTE LLOADER:

. R ABSLDR
#PTR: %

. SAVE SYS: XNAME

FROM FILE STRUCTURED MEDIA, THE IMAGE FORMAT PROGRAM MAY EBE COPIED
DIRECTLY TO THE SYSTEM DEVICE OR THE BINARY FORMAT FILE MAY EE
LOADED WITH THE ABSOLUTE LOADER. MODIFICATIONS TO THE IMAGE FILE,
SUCH AS  INVERTING THE SENSE OF A RUN-TIME OPTION, MAY EBE
IMPLEMENTED ACCORDING TO THE NOTES IN SECTION # 11.0.0 .

o ovves cvame ss0ms svarn somee nese Svote Soass Sums sooe?

ONCE LOADED AND SAVED, THE CROSS-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 SPECIFICATIOME AND RUN-TIME OPTIONS: '
#DEV: BIN, DEV: LISTCDEV: INL, . .. DEV: IN®/0OPT
THE FIRST OUTPUT FILE I% THE MICROPROCESSOR BINARY OBJECT FILE

WRITTEN IN THE FORMAT SFPECIFIED BY THE VENDOR OF THE PARTICULAR
MICROPROCESSOR. (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 ASSEMBELER ASSUMES THAT IT WILL BE THE
BINARY OUTPUT FILE AND THE LISTING IS OMITTELD.

THE FOLLOWING EXAMPLE SPECIFIES FILE "INL" TO BE READ FROM DECTAPE
0O AND THE EINARY (OBJECT) FILE TO BE OUTFUT TO THE FAFER TAPE PLNCH
WITH NO LISTING:

. R XNAME
#FTP: {DTAO: IN1

THIS EXAMPLE SPECIFIES Z FILES AS THE S0URCE INPUT (FROM THE DSK:
DEVICE) WITH ONLY THE PASS 3 LISTING BEING OUTPUT TO THE LINE
FRINTER:

. R XNAME
3, LFT: <INL1, INZ

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

# 2.3 0 INPUT/0UTPUT FILE EXTENSIONS,

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

. ME - MICROPROCESSOR BINARY OUTPUT FILE EXTENSION.
G —~ OUTPUT LISTING FILE EXTENSION.
Mg = MICROPROCESZOR SOURCE FILE EXTENSION.

# Z. 4.0 RUN-TIME OPTIONS,

ooa vonss sorve

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

IF ONE OR MORE OF THESE OPTIONS IS CONTINUALLY CALLED, THE UWSER
SHOWM.D  CONSIDER MODIFYING THE ASSEMELER TO INVERT THE SENSE OF THE
OFTION. THE MODIFICATION NOTES IN SECTION #11. 0.0 EXPLAIN HOW THIS
MAY BE DONE. FOR EXAMPLE., A LUSER WHO FPREFERS TO OUTPUT FILES IN
BMPF FORMAT RATHER THAN BINARY CAN INVERT THE SENSE OF THE /B
OFTION, THEN THE BINARY FILES ARE NORMALLY WRITTEN IN BNFF  FORMAT.
USE OF THE /B OPTION THEN CAUSES THE QUTPUT FILE TO BE WRITTEN IN
THE STANDARD MICROPROCESSOR BINARY CODE. SFPACE IS PROVIDED IN
TABLE #1 TO CHECK OFF WHICH OPTIONS HAVE BEEN INVERTED FOR YOUR
REFERENCE



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

oo oA 26 40 B0 30 3 S 38 3 30 36 0 3 B 0 0 36 36 0 46 30 H 0 40 S0 36 0 36 0 90 S0 B0 3 30 0 4 30 0 S S0 S RS0 SR SR 3R 30 JE 3 36

OPTION

MEANING INVERT?

ot 3 B 36 0 030 3 0 H 3 30 36 B 40 30 36 0 0 46 6 3 30 3 36 0 A B 430 3 6 46 3 B S 6 30 3 B e SR B0 3 30 3 36 0 R 3

/B

/E

THE EINARY OQUTPUT FILE IS WRITTEN IN BNPF FORMAT., ——————-
INSTEAD OF IN THE MICROPROCESESO0OR VENDOR'S STANDARD
EINARY FORMAT.

FOR THE BNPF FORMAT, THE BINARY OUTPUT IS CONVERTED
TO ASCII TEXT WHERE
"B" INDICATES THE BEGINNNING OF A BYTE,
"F" INDICATES THE END OF A BYTE,
"P"OINDICATES A 1 BIT AND
"N" INDICATES A O BIT.

FOUR BYTES , SEPARATED BY SPACES, ARE WRITTEN PER
LINE, THE ADDRESS OF THE FIRET BYTE IS GIVEN IN
SIX DIGIT OQCTAL AT THE BEINNING OF THE LINE.
LEADING ZERDOES IN THE ADDREZES ARE CONVERTED TO
SPACES. EACH LINE IS PRECEDED BY Z SPACES. LEARDER
CONSISTES OF 100 NULL CHARACTERE WITH 2Z0 RUBOUTS
IMMEDIATELY PRECEEDING AND FOLLOWING THE ASCII
TEXT.

EXAMPLE: THE FOLLOWING CODE IS SHOWN REWRITTENM IN
ENFF FORMAT.

. ORG 100
. BYTE 27,07, AF, D7, FF, 72, 0, DO

100 BNNPNNPFPF BFPPNNNFPFPF BPNPNPFPPF BFPNPNFPPF
104 BFFPFFPPPFF BNPFFPNNPNF ENNNNNNNNF EBEFPNFPRNNNNF

INHIEBIT ERROR MESSAGES TO THE CONSOLE. 0000000 =eeeeee
NORMALLY ERROR MESSAGES ARE OUTPUT TO THE CONSOLE

DURING ASSEMBELY PASSES 1 AND Z. SINCE ERROR  MESS-

AGES ARE INCLUDED IN THE LISTING, ULSERS WITH SLOW
CONSOLE DEVICES SUCH A% TTYYS CAN  SFEED  ASSEMBELY

TIME WITH THIS OFTION.

ALSO, IF  THE BINARY FILE IS TQ RBE OUTPUT TO THE
CONSOLE DEVICE, THE ERROR MESSAGES AND  BINARY
OUTFUT LINES WILL BE INTERMIXED. THE /E OFTION WILL
INHIBIT ALL BUT FATAL ERROR MESSAGES S0 THAT ONLY
THE BINARY FILE IZ OUTRFUT.

o4 36 36 3 30 0 S 36 SE B 3 b A0 3 e 2 44 38 4 38 36 6 A0 3 36 46 3 0 30 36 30 30 H H S0 S 0 0 R B R R R SR R R R R R R SRR 303



TARLE #1. RUN-TIME OFTIONS., (CONT. ) #Z 4.0

Fo 36 4 He e 0 360 H R 0 0 300 S B H R S S R R B R R R RS

OPTION MEANING INVERT?
33 3 A B SR AE SRS I R SRR B A I I S 3 3 R R A R R

/H INHIBIT HEADINGS AND PAGINATION.  ee———
NORMALLY, THE ASSEMBLER AUTOMATICALLY PAGES THE
DUTPUT, ADDING A HEADER TO THE TOP OF THE PAGE. USE
OF THE /H OPTION WILL ELIMINATE THE HEADING AND THE
FAGINATION.

sdJ LIST UNASSEMBELED STATEMENTS AND CONDITIONAL @ ———e————
ASSEMELY PSEUDCO-0PSE.
STATEMENTS WHICH DO NOT  GET ASSEMELED DUE  TO
CONDITIONAL ASSEMBLY PSEUDO-0FPIT  ARE  NORMALLY  NOT
LISTED. NEITHER ARE THE CONDITIONAL FPSEUDO-0PS
THEMSELVES., USE OF THE /J OFTION WILL ADD  THESE
STATEMENTS TO THE LISTING.

/K EXPAND SYMBOL TABLE STORAGE INTO EXTRA CORE. W ——————-—
NORMALLY MOST OF FIELD 1 IS USED FOR BOTH LOCAL AND
NORMAL  USER SYMBOL STORAGE. USE OF THE /K OPTIONS
EXPANDS CORE USAGE TO 12K WHERE THE LOCAL  SYMBOL
TABLE RESIDES IN FIELD 2 AND THE REGULAR SYMBOL
TABLE RESIDES IN FIELD 1.

/7L QUTPUT LEADER IN BINARY FILE FOR . ORG STATEMENTS -——————-—
THIS OFTION MAY BE USED TO PHYSICALLY ZSEFARATE
DISCONTINUOLES  SECTIONS OF  THE BINARY COUTPUT ON A
FAFER TAPE.

sQ QOUTPUT LISTING WITH BINARY CODE IN OCTAL FORMAT,  ———————
THE GENERATED EINARY CODE IS NORMALLY PRINTED IN
HEXADECIMAL AT  THE LEFT OF THE PROGRAM STATEMENTS
IN THE LISTING FILE. THE /0 OPTION WILL CAUSE  THE
BINARY CODE T BE LISTED IN OCTAL  INSTEAD OF
HEXADECIMAL.

/N LIST ONLY THE SYMBOL TARLE  eeeeeee———
THE THIRD PASS LISTING MORMALLY CONSISTS OF  THE
STATEMENT LISTING PLUS THE USER SYMEOL TAEBLE
LISTING, THE /N OFTION CAUSES ONLY THE SYMBEOL TAELE
TO BE LISTED.

/P INCLUDE NORMALLY UNLISTED PEEUDO-OPS IN THE LISTING-—————-
SOME PSEUDO-OFS WILL NOT BE LISTED BY PASS 2 UNLEESS
THE /7F OFTION IS WSED.

/s OMIT THE SYMBOL TABLE FROM LISTING. e
ONLY THE PROGRAM STATEMENTS ARE LISTED WITH THIS
OPTION.

b3 e H R R R R SRR RE R ERRERREFREREREREEREF LRSI REEE



TABLE #1. RUN-TIME OPTIONS. (CONT. ) #Z 4.0

F6HE 3 B0 36 30 3 045 30 30 36 46 36 36 F0 0 S0 B A6 35 36 35 0 30 30 S0 30 030 3630 30 36 30 30 B0 30 30 KR A R B R R R R R

OPTION MEANING INVERT?
B 34 3 S 0 A A A B A A A A B B 3 B I 3 33

/T REFPLACE FORM/FEED WITH 3 CR/7LFS. - e
WHEN LISTING TO A DEVICE SUCH AS A TTY WHICH DOES
NOT HAVE A FORM/FEED CONTROL, USE OF THE /T OFTION
WILL REFLACE THE FORM/FEED WITH 2 BLANK LINES .

7W INHIBIT WARNING MESSAGES. e
WHEN WARNING MESSAGES CAN BE SAFELY IGNORED, THIS
OFTION WILL PREVENT THEM FROM EBEING OUTFUT.

70 USER FLAGS, USED WITH THE 7 OPERATOR, SEE SECTION
O /%9 # 2. 1.4 .

3 3 3 3 4 3 3 0 R S R B B B 3 R e R S R R R R R R R R R

# 3. 0. 0 ASSEMELER CHARACTER SET

=

THE FOLLOWING CHARACTERS ARE LEGAL SOURCE CODE CHARACTERS:

1) ALPHABETICS A-Z, UPPER CASE ASCII
2) NUMERICS 0-%
3) THE SPECIAL CHARACTERS LISTED RBELOW.

o4 R R SR I R R R R R R RS E R E R R

MULTIPLICATION
DIVISION
EQOLEAN AND
INCLUSIVE OR
ADDITION
SUBTRACT ION
1 FRECEDENCE INDICATORS
UNIVERSAL LINARY OFERATOR (UPARROW). USED WITH:
~C =~ COMPLEMENT (UPARROW C)
~F -  BINARY RADIX INDICATOR (UPARROW E)
~p -  DECIMAL RADIX INDICATOR (UPARROW D)
~H -  HEXADECIMAL RADIX INDICATOR (UPARROW H)
~Q -  OCTAL RADIX INDICATOR (UPARROW O)
~. = LEAST SIGNIFICANT BYTE ACCESS OPERATOR
~M -  MOST SIGNIFICANT EYTE ACCESS OPERATOR
] COMMENT INDICATOR
" OR ¢ ASCIT INDICATOR
7 USER FLAG OPERATOR
CURRENT LOCATION COUNTER (PERIOD)

> b+ - N %

o dE 3 A SR S 3 3030 30 36 46 30 SR R R W R R R R R R R R R R R R R R



# 3.0.0

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

# 4. 0.0 STATEMENT FORMAT.

STATEMENTS ARE WRITTEN IN THE GENERAL FORM:
LABEL OFPERATOR OFERANLD i COMMENT

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

OPERATORS MUST BE SEFARATED FROM THE LABEL WITH AT LEAST ONE SPACE
OR TAB. WHEN NO LARBEL IS PRESENT, THE OFPERATOR MAY EBEGIN IN  ANY
COLUMN BEYOND COLUMN 1.

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

THE COMMENT (IF ANY) MUST BE SEPARATED FROM THE OPERAND (OR
OFERATOR IF THERE IS NI OFERAND BY A SEMICOLON ().

AN  INPUT LINE MAY BE UP TO 127 CHARACTERS LONG (NOT INCLUDING THE
CARRIAGE RETURN). WHEN THE INPUT LINES ARE OUTPUT TO THE LISTING
FILE, ANY CHARACTERS AFTER THE 7Z0 COLUMN ARE WRITTEN ON THE NEXT
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 PAGE CUTPUT. THE CARRIAGE
RETURN IS5 A TERMINATOR FOR EOTH 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 READAELE CODE. TAE STOPS ARE  SET
EVERY & CHARACTERS IN THE LINE S0 THAT THE WUSE OF THE TAB KEY
SIMPLIFIES INPUT. GENERALLY: ‘

LABELS OCCUPY THE FIRST TAR FIELD, COLUMNS 1 THROUGH &
OPERATORS OCCURY THE SECOND TAE FIELD, COLUMNS 9 THROUGH 16.
OFERANDS QCCURPY THE THIRD TAE FIELD, COLUMNS 17 THROUWGH Z4.
COMMENTS QCCUPY THE REMAINING FIELDS, COLUMNS 25 THROUWGH 127,

# 4. 2 0 LABELS.

ootae corns aremn cocse

A LABEL IS A SYMBOL WHICH PRECEDEZ THE OFERATOR AND MUST FOLLOW THE
SYMBOL NAMING CONVENTIONS DESCRIRBED IN SECTION # 6.2.0 . IN ALL BUT
THE SYMBOL DEFINITION PSEUDO-0PS, (0 EGUL, . SET, . DINST ) THE LABEL
IS5 A LOCATION TAG AND IS EQUAL TO THE VALUE OF THE CURRENT LOCATION
COUNTER.

EXAMPLE:
7 1 OR0 01
0 6 LABEL 1 . EG b i LABEL1=6
201 1 LLABEL.Z . BYTE 1

i LABELZ=LOCATION TAG=Z01

NOTE THAT & JUMP TO LABEL1 WILL TRANSFER TO ADDRESS 6 WHILE A JUMP
TO LABELZ GOES TO ADDRESS Z01.

A LABEL LACKING BOTH AN OFERATOR AND OFERAND IS SET EQUAL TO  THE
VALLUE OF THE NEXT ADDRESES TO EBE ASSEMBLED. IF  USED AT THE
BEGINNING OF THE PROGRAM, IT IS SET EQUAL TO THE VALUE OF THE FIRST
ADDRESS. WHEN A SOLITARY LABEL IS FOLLOWED BY AN . ORG  STATEMENT,
IT RETAINS THE ORIGINAL VALUE ASSIGNED BEFORE THE ORIGIN CHANGE.

# 4. 2.0 OPERATORS.

oven coven sems

AN  OPERATOR IS A MNEMONIC WHICH INDICATES THE ACTION TO BE
PERFORMED AND IS EITHER A PSEUDO-0F OR ONE OF THE MICROPROCESSOR
INSTRUCTIONS. PSELDO-OFS  ARE  DESCRIBED  IN SECTION #% 0.0, THE
MICROPROCESSOR INSTRUCTION SET IS DESCRIBED IN SECTION #13.0.0 .
THESE OPERATORS  SHOULD  NOT BE CONFUSED WITH ARITHMETIC OFERATORS
USED IN OPERAND EXFRESSIONS.



# 4.4 0
# 4. 4. 0 OPERANDS.

AN OFPERAND REPRESENTS THE PART OF THE INSTRUCTION WHICH IS TO BE
ACTED ON. IT CAN BE A TERM OR AN EXFRESSION

THE . BYTE, . DEBYTE, AND . ADDR PSEUDO-0FS CAN HAVE MULTIFLE OPERANDS.

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

IT SHOULD RBE NOTED THAT OPERAND EXPRESSIONS ARE  EVALUATEDRD TO A
SINGLE NUMERICAL VALUE RY THE ASSEMBLER. BEINARY CODE IS NOT
GENERATED TO MAKE THE MICROPROCESSOR EVALUATE THE EXFPRESSION.

# 4.5 0 TERMS AND EXPRESSIONS.

v ormen aanes soamn Foeen 20a%s Seams bores 40iee Soune Seces Sente e mesen Sesve Setme Somim Coven

A TERM IS A SINGLE VALUE, A CONSTANT OR SYMBEOL. THE CURRENT
LOCATION COUNTER (REFRESENTED BY A PERIOD) IS5 CONSIDERED A TERM.

TERMS ARE COMBINED WITH OPERAND ARITHMETIC OPERATORS TO FORM
EXPRESSIONS.

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

SYMBEOL . EG 1+NEW # 15

16 BIT INTEGER ARITHMETIC IS USED TO EVALUATE EXFRESSIONS.

# 5.0 0 NUMERIC CONSTANTS.

B e e e T

A CONSTANT IS A NIMERIC VALUE REPRESENTED RY A STRING OF DIGITS.
THE DEFAULT RADIX OR TEMPORARY RADIX INDICATORS IDENTIFY THE RADIX
OF THE CONSTANT. A CONSTANT WITHOUT ANY TEMFORARY RADIX INDICATOR
IS CONSIDERED TO BE IN  THE DEFAULT RADIX, WHICH S INITIALLY
HEXADECIMAL.

EXAMPLE: THE HEXADECIMAL NUMBER 14 (ZZ IN BASE 10) IS STORED IN
"VAaLUE"

0 16 VALUE . EG 16
THE MAXIMUM VALUE FOR A CONSTANT IS 45535 (BASE 10 UNSIGNED).

THE MINIMUM VALUE FOR A CONSTANT IS -~-227468 (BASE 10 SIGNED).



#5 10
# 5. 1.0 CONSTANTS WITH RADIX INDICATORS.

CONSTANTSE IN A BASE DIFFERENT FROM THAT OF THE DEFAULT RADIX CAN BE
SPECIFIED THROUGH USE OF THE TEMPORARY RADIX INDICATORS. THESE
INDICATORS ARE VERY WUSEFUL FOR ENTERING INDIVIDUAL CONSTANTS.
HOWEVER, IF A LARGE GROUFP OF VALUES IN ANOTHER RADIX MUST BRE
ENTERED, IT IS MORE CONVENIENT TO CHANGE THE DEFAULT RADIX USING
THE PSUEDO-OPS DESCRIBED IN SECTION # %20 .

THE TEMPORARY RADIX INDICATORS ARE:

B EINARY

~0 DECIMAL

“H HEXADECIMAL
0 OCTAL

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

A HEXADECIMAL CONSTANT WHICH DOES NOT EBEGIN WITH A NUMBER SHOULD BRE
WRITTEN WITH A LEADING ZERDO TO DISTINGUISH IT FROM FROM A SYMBOL., A
RADIX INDICATOR PRECEDING A& SYMBOL IS IGNORED.

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

VALUE | EGU “HOAZOZ i VALLIE=AZ0Z, BASE 16
VALLIE | EGI “HA30Z i VALLIE = SYMEOL A302

SINCE THE SYMBOL AZ20Z MaAY NOT  EXIST, THE SECOND STATEMENT WILL
FROBABLY CAUSE AN LINDEFINED  SYMEOL ERROR. TEMFORARY RADIX
INDICATORS AFFECT THE NEXT DIGIT STRING IN THE EXFRESSION UNLESS A
SYMBOL NAME OR  EBINARY OPERATOR OCCURS FIRST. IN THAT CABSE, THE
TEMPORARY RADIX INDICATOR WOLLD BE IGNORED. NO  ERROR MESSAGE IS
GIVEN.

# 5.2 0 CONSTANTS WITH ASCII INDICATORS.

e oo oo4m0 sotns canns mavee souem souee Svees ssaie svene

THE " AND -~ INDICATORS ARE USED TO FORM THE 7 BIT ASCII VALUE OF A
CHARACTER. THERE ARE FOUR ACCERPTABRLE WAYS TO WRITE THE INDICATORS:

"A"  OR "A OR AT OR “A ALL ERUAL 41 (BASE 16).

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

THE " IS SPECIALLY HANDLED IN THE . BYTE PSEUDO-0F WHERE IT IS USED
TO INPUT TEXT STRINGE. SEE SECTION # % 3.1 .

~

i



# 600
# 6. 0.0 SYMBOLS.

THE WORD “"SYMBEOL" IS USED HERE AS A GENERAL TERM FOR ANY MNEMONIC
WHICH IS TO HAVE A VALUE. THIS I3 IN CONTRAST TO AN OPERATOR, WHICH
IS A MNEMONIC WHICH SFECIFIES A PROCESS.

A LABEL I3 A SYMBOL THAT PRECEDES AN OFERATOR IN THE STATEMENT. IF
THE LABEL IS USED TO STORE THE VALUE OF THE CURRENT LOCATIOM
COUNTER » IT IS CALLED A LOCATION TAG

# 4. 1. 0 PERMANENT SYMBEOLS.

—— oo~ oo

PERMANENT SYMBOLS ARE THE CROSS-ASSEMBLER PSEUDO-0OFS ANL
MICROPROCESSOR OPERATORS. IF NECESSARY, THE . DINST STATEMENT CAN BE
USED TO RENMAME A MICROPROCESSOR OPERATOR.  THE CROSS-ASSEMELEF
PSEUDO-OPS CANNOT BE UWSED IN A . DINST INSTRUCTION. THE TABLES Ib
THE APPENDICES SUMMARIZE THE PERMANENT SYMBOL SET.

# 6. 2.0 USER DEFINED SYMBOLS.

aoas seove wmoos oumse opase smere soris

THESE SYMBOLS CAM BE LOCATION TAGS OR REPRESENT A VALLE.

A SYMBOL IS A STRING OF FROM ONE TO SIX ALPHANUMERIC CHARACTER®
DELIMITED BY A NON-ALPHANUMERIC CHARACTER. USER-DEFINED SYMBEOLS
MUST CONFORM TO THE FOLLOWING RULES:

1) THE CHARACTERS MUST BE LEGAL ALPHA-NUMERICS.
(A-Z OR 0—9%)

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

3) ONLY THE FIRST SIX CHARACTERS ARE USED, ANY
OTHERS ARE IGNORED. SYMBOLS ARE STCRED IM THE
SYMBOL TARLE AND REFERENCED ONLY BY THE FIRST
SIX CHARACTERS.

4) A USER-DEFINED SYMBOL CANNOT HAVE THE SAME
NAME A% ANY OF THE PERMANENT SYMBOL  NAMES.
AS THE PERIOGD IS CONSIDERED AS PART 0OF THE
ASSEMBLER PSEUDO-0OF NAME, A USER-DEFINED SYM-
BOL WHICH IS IDENTICAL EXCEPT FOR THE LEADING
FPERIOD IS LEGAL.
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# 4. 3.0 LOCAL SYMBOLS.

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

LOCAL SYMBOLS HAVE THE FORMAT "$N" WHERE "N" IS5 A DECIMAL INTEGER
FROM 0—-255 INCLUSIVE

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

THERE IS5 NO EFFECTIVE LIMIT TO THE SIZE OF A LOCAL SYMBOL ELOCE.

THE SAME LOCAL SYMBOL CAN EE DEFINED AND WUSED IN AN UNLIMITED
NUMBER OF LOCAL SYMBOL BLOCES.

EXAMPLE:
TAG1 . BYTE "TEXT" i SYMEOL BLOCK BEGINS
$1 . EQL VALUE i DEFINE LOCAL %1
2 . EGU -1 i DEFINE LOCAL 2
VAaLUL | EGUY $1-$2 i CALCLUILATE NEW VALUE
TAGZ . BYTE "TEXT" i NEW SYMBOL BELOCK
%1 . EGIL VAL U1 i DEFINE LOCAL $1
B . B -2 i DEFINE LOCAL %2
vaLuzZ | E HlHBZ i CALCULATE NEW VALLE.
TAGE . BYTE "TEXT"  ENDS SECOND BLOCK

# 7. 0.0 CURRENT LOCATION COUNTER.

o - e car

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

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

SN



# 7.0.0

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

EXAMPLE:
0 60 . ORG 60 i INITIAL ADDRESS
0 0 VAaLUE . EQL o i NO EFFECT ON .
&0 2Z TAG . BYTE 23 i . = 60 (BASE B)
1 00 . ORG 100 i REASSIGN COUNTER
100 10 TAG1 . BYTE 10 io.o= 100

LOCATION TAGS ARE ALWAYS SET EGUAL 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 AS THE CURRENT  INSTRUCTION IS ASSEMBELED. NOTE
THAT IN THE MULTI-OFERAND DATA STORAGE PSEUDO-0OPS, (. BYTE, . DBYTE,
AND . ADDR ) THE LOCATION COUNTER IS CHANGING AS THE OPERANDS ARE
ASSEMBLED.

EXAMPLE: THE LOCATION COUNTER IS USED AS AN OPERAND 2 TIMES IN AN
. ADDOR PSEUDOD-0P.

0 20 . ORG 20

20 20 0O . ADDR cer
L2 230
Z4 24 0
20 20 O

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

# 8. 0.0 THE ARITHMETIC OFERATOR SET.

—— ——; oo Sar4e Sa00n Semse Saess Soums Saate Soes S aveen Sasme Seme deves S4r Sases e $H400 Sebie GSIGS et PSS esen SR e STIAG Saete SeNes Semee Sukes Seret Sdues B0USS Somws Sente

THERE ARE TWO TYFES OF ARITHMETIC OPERATORS: LINARY AND EBINARY
OFERATORE.

UNARY OFPERATORS ACT ON  ONLY ONE ITEM, THE TERM ©OR EXPRESSION
FOLLOWING THEM. '

BINARY OPERATORS ACT ON  TWO ITEMS: THE TERM OR EXPRESSION
FRECEEDING THEM AND THE TERM OR EXPRESION FOLLOWING THEM.
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# 8. 1. 0 UNARY OPERATORS.

- o

THE + (PLUS) AND - (MINUS) UNARY OPERATORS 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.

——— e

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 0OF AN EXPRESSION OR TERM

EXAMPLE: TO SET "VALUE" EGUAL TGO THE MOST SIGNIFICANT BYTE OF
3E&L (BASE 146), THE STATEMENT BELOW IS USED.

VALUE . BET “M3IB6L i VALUE = Q03B
THIS NEXT STATEMENT TAKES THE LEAST SIGNIFICANT BYTE.
VALUE . BET ~LEE&L i VALUE = 0061

BYTE ACCESS OPERATORS MAY BE COMBINED WITH THE OTHER UNARY
OPERATORS AND THE RADIX INDICATORS.

# 8. 1.2 THE COMPLEMENT OPERATOR.

L L T T o

THE ~C (UPARROW C) IS A LOGICAL UNARY OFERATOR WHICH COMPLEMENTS
THE EXPRESSION FOLLOWING IT.

EXAMPLE:
VALIE . E&U 7241 5 VALUE = SDEE

THE COMPLEMENT OPERATOR CAN BE COMBINED WITH THE OTHER LUNARY
OPERATORS AND THE RADIX INDICATORS.

P
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# 2.1. 4. ? OPERATOR.

THIS IS THE USER FLAG OPERATOR, 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  OFERANDE  LIKE ANY OTHER
TERM. THE RESULTING VALUE OF THE GQUESTION MARK OPERATOR ECUALS 1 IF
THE VALLE OF ITS EXPRESSION MATCHES A USER FLAG THAT WAS SFECIFIED
TO THE COMMAND DECODER AT RUN-TIME. OTHERWISE IT EGUALS O THIS
OFERATOR I5 USEFUL FOR CONTROLLING CONDITIONAL ASSEMELY AND LISTING
PARAMETERS WITHOUT HAVING TO MODIFY THE SOURCE FILE.

EXAMPLE: THE 72 OFTION WAS SPECIFIED TO THE COMMAND DECODER AT
RUN-TIME. '

. R XNAME
#BIN, LOUTCS0OURCE 2

THE SOURCE FILE CONTAINS THE FOLLOWING | LIST STATEMENTS:
L LIST PI-1
LIST 1

AT THE FIRST . LIST STATEMENT, THE 72 TERM EQUALS 1 SINCE 72 WAS
SPECIFED AT RUN-TIME. THE OPERAND ( ?Z-1 ) EGUALS ZERO. THEREFORE
LISTING IS INHIBITED UNTIL THE SECOND | LIST INSTRUCTION. AS  THE
OFERAND  VALUE OF THIS STATEMENT IS 1, LISTING IS 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. Z 0 BINARY OPERATORE.

oaree Saaee Souee e Gn et Pt 0030 G SUIE Sy Sabee Minke $00ee WSS Se04n Som v SeESs GEY Seeme Sl ane Seare Soms

SIX ESPECIAL CHARACTERE ARE USED TO PERFORM THE FOLLOWING BINARY
OPERATIONS:

MULTIPLICATION
DIVISION
EOOLEAN AND
INCLUZIVE OR
ADDTTION
SURBTRACTION

I+ - N %
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THE UNARY OPERATORE TAKE FRECEDENCE OVER THE BINARY OPERATORS
DURING ASSEMBLY. THE # AND / OPERATORS ARE EXECUTED NEXT, THEN THE
OTHER BINARY OPERATORS FROM LEFT TO RIGHT. BRACKETS, L AND 1, ARE
USED TO CHANGE THE ORDER OF PRECEDENCE WHEN NECESSARY. A [ IS A
SHIFT/K ON TTY KEYBOARDS, AND A 1 IS A SHIFT/M

EXAMPLE: IN THE STATEMENT BELOW THE OFERAND EXPRESSION IS EVALUATED
IN THIS ORDER: L A% L -B 1 1 + L L 2Z/D 1 L ~C [ "B1O1 1 1 1

vaLue . EQU Ax-B+Z/0#~C ELIOL

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

MULTIPLICATION IS ACCOMFLISHED BY REPEATED ADDITION. NO CHECKS FOR
SIGN OR OVERFLOW ARE MALE

DIVISION IS5 ACCOMFLISHED BY REPEATED SUBRACTION. THE QUOTIENT IS
THE NUMBER OF SUBTRACTIONS PERFORMED. THE REMAINDER IS NOT SAVED.
NO CHECKS ARE MADE FOR SIGN. DIVISION BY ZERO RESULTE IN ZERO.

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

THE BOOLEAN INCLUSIVE OR (') IS5 A BIT BY BIT LOGICAL OR OF TWO
NUMEBERS.



# % 0.0 PSEUDO-OPERATORS.

PSEUDC-0OPERATORS ARE INSTRUCTIONS TO THE ASSEMBLER WHICH ALLOW
GREATER FLEXIBILTIY IN PROGRAMMING.

A SUMMARY OF THE PSEUDCO-0PS AND THEIR FUNCTIONS IS GIVEN IN  THE
AFPPENDIX.

# 9. 1.0 ASSIGNMENT PSEUDO-0PS.

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

# 9.1.1 . EQU PSEUDO-0P.

THE . EQU IS USED TO ASSIGN A VALUE TO A SYMBOL. THIS SYMBOL VALLE
CANNOT BE CHANGED ONCE DEFINED. . EG IS USEFUL FOR ASSIGNING NAMES
TO LOCATIONS WHICH ARE NOT LOADED BY THE OBJECT CODE.

EXAMPLE:

NAME 1 . EQ 300#4

# 9. 1.2 | SET PSEUDO-OP.

THE | SET I% USED EXACTLY LIKE THE . EQU EXCEPT THAT THE SYMBOL CAN
BE REDEFINED WITH ANOTHER . SET AT ANY FPOINT IN THE PROGRAM:

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

NAME 1 . SET 3004
NAMEL . BET ez

NOTE THAT IT IS GOOD PRACTICE TO USE THE . EC) FOR ASSIGNMENTS
RATHER THAN THE . SET EXCEFPT (OF COURSE) WHERE THERE IS A SFPECIFIC
NEED T0O REDEFINE A VALLE. THIZ HELFS FREVENT THE ACCIDENTAL
REDEFINITION OF & VALUE IN A PROGRAM.

# 2. 1.3 . DINST PSEUDO-OF

THE . DINST IS USED TO GIVE A MICROPROCESSOR OPERATOR AMOTHER  NAME.
THE ORIGINAL OPERATOR NAME WILL STILL BE VALID. NOTE THAT THE
SSEMBLER PSEUDO-0OPS CANNOT BE RENAMED



#%. 1. 3

EXAMPLE: THE MICROPROCESSOR INSTRUCTION "OFPR" IS DEFINED AS
"NEWOP". ANY FURTHER REFERENCES TO "NEWOP" IN THE PROGRAM WILL BE
TREATED ACCORDING TO THE DEFINITION OF "OPR",

NEWOF . DINET OPR
"NEWOP" IS DEFINED TO BE THE E®UIVALENT TO THE MICROPROCESSOR

INSTRUCTION "OPR" AND IS ADDED TO THE OFPERATOR SET FOR THE
REMAINDER OF THE ASSEMEBELY.

REFERENCES TO USER DEFINED OPERATORS ARE NOT ALLOWED T0O PRECEDE
THEIR . DINST STATEMENT.

ASSEMBLER PSEUDO-0OPS CANNOT BE USED IN EITHER THE LABEL OR OFPERAND
FIELDS OF ANY STATEMENT AND THEREFORE CANNCOT BE DEFINED WITH THE
. BINST STATEMENT.

LOCAL SYMEOLS CANNCOT BE USED IN THE OFERATOR FIELDS, THEREFORE THEY
SHOULD NOT BE USED WITH A . DINST STATEMENT.

# % 1.4 . 0ORG PSEUDO-OPF,

THE . ORG REASSIGNS THE LOCATION COUNTER.

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

# ¢ 2.0 DEFAULT RADIX PSEUDO-0OFS.

INITIALLY, THE DEFAULT RADIX IS SET TO HEXADECIMAL S0  THAT
CONSTANTS ARE READ IN AS BASE 14 VALUES., (SEE MODIFICATION NOTES IF
ANOTHER INITIAL DEFAULT RADIX IS DESIRED. )

AT  ANY POINT IN THE PROGRAM, THE DEFAULT RADIX CANM BE REASSIGNED
THROUGH USE OF THESE PSEUDO-O0FS:

. BIN i BINARY RADIX

. DECM i DECIMAL RADIX

. HEX i HEXADECIMAL RADIX
L oeT 3 DCTAL RADIX

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

ADDITIONALLY, THE RADIX OF INDIVIDUAL CONSTANTS CAN BE SFPECIFIED BY
THE WUSE OF THE B, "D, ~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 FSEUDO-0PS.

o— e

THREE PSEUDO-0PS CAN BE USED TO STORE DATA. THEIR FORMAT 15:
LABEL PSEUDO-0F OFERAND, OFERAND, . . . . i COMMENT

THE PSELDO-0FS CAN HAVE AS MANY OFERANDS AS WILL FIT ON ONE 127
CHARACTER LINE.

EACH OPFERAND CAN BE A SYMBOL, CONSTANT, OR EXPRESSION. COMMAL
SEPARATE THE OFERANDE.

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

# 2. 3.1 | BYTE PSEUDO-0OP.

THE . BYTE PSEUDRDO-0OF STORES DATA IN  SINGLE BYTES OF MEMORY.
NUMERICAL BYTE VALUES CAN RANGE FROM -122 TO +255 (DECIMAL)

NORMALLY, DOUBLE GUOTES AND SINGLE GUOTES ARE TREATED IDENTICALLY
AND ARE USED TO FORM  THE ASCII VALUE OF A SINGLE CHARACTER.
HOWEVER, IN THE . BYTE PSEUDO-OF , THE DOUBLE GUOTE IS USED TO INDI-
CATE TEXT STRINGS. DATA IS STORED SEMUENTIALLY AS IT 15 PROCESSED,
LEFT TO RIGHT. A TEXT STRING MUST BE CLOSED WITH A DOUBLE GUOTE.

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

Z 00 . ORG Z00
Z00 41 . BYTE "AEC", 0, 7B
201 42
202 43
202 0O
204 4z

THESE STATEMENTS WOULD EE INVALID:

. BYTE TARCT s THE © IS NOT FOR TEXT STRINGS
. BYTE "ABC P TEXT MUST END WITH A "

# ?.3. 2 . DRYTE PSEUDO-OP

are seie PR,

THE . DBYTE I5 SIMILAR TO THE . BYTE EXCEPT THAT IT STORES DOUBLE
BYTE CGUANTITIES. IT DOES NOT  ACCEPT TEXT STRINGSE. THE THE MO3S1
SIGNIFICANT BYTE IS5 STORED FIRST, THEM THE LEAST SIGNIFICANT BYTE.
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# 9.3.3 . ADDR PSEUDO-OP.

e cocnn o sorae

THE . ADDR PSEUDO-0OP IS THE SAME AS THE . DBYTE PSEUDO-OP EXCEFT THAT

THE LEARST SIGNIFICANT BYTE IS STORED FIRST. MANY MICROFPROCESSORS

USE THIS REVERSED FORMAT FOR ADDRESSES. FOR EXAMRLE:

Z 00 . ORG 200
200 1 32 . DRYTE  "~HE132  HEX CONSTANT
Z02 32 31 . ADDR *H2E12Z2 REVERSED BYTES

# ¥ 3.4 .ZERO PSEUDO-OP.

o sosem ooom savas orcvs coats vense eeew wes

THE . ZERO PSEUDO-0P RESERVES THE NUMBER OF BYTES INDICATED BY THE
OFPERAND AND SETS THEM TO ZERO,

EXAMPLE: 14 ADDRESSES, 1 TO 10 (BASE 146) ARE ZEROED.
0o 1 . ORG 1
1 0 . ZEROQ 10
11 10 . BYTE 10

ONLY THE FIRST BYTE WILL BE PRINTED IN THE LISTING THE LOCATION
COUNTER IS ADVANCELD. THE OPERAND OF . ZERO CANNOT BE FORWARD REFER-
ENCED, (REFERED TO A LARBEL DEFINED FURTHER ON IN THE PROGRAM).

# 9. 4.0 LISTING CONTROL DIRECTIVES.

— moas care cnnes onen

THROWGH USE OF THE . LIST, . PAGE AND . TITLE PSEUDO-0PS, PLUS SEVERAL
RUN=-TIME OFTIONS, THE S0URCE PROGRAM CAN BE LISTED IN VARIOUS WAYS
AT ASSEMELY TIME.

NORMALLY, THE ASSEMBLER AUTOMATICALLY PAGES THE OUTPUT, ADDING A
HEADER AT THE TOP OF THE PAGE. (NOTE THAT PAGE NUMEBERS REFPRESENT
THE LISTING PAGE NUMBERS, NOT INFUT FILE PAGES. )

NOT ALL PSEUDO-0FPES ARE LISTED IN  THE OUTPUT. THE CONDITICONAL
ASSEMELY AND LISTING CONTROL PSEUDO-0OPS ARE NOT LISTED UNLESS THE
/P OFTION IS SPECIFED. SEE RUN-TIME OPTIONS # 2. 4.0

NORMALLY THE STATEMENTS WHICH ARE NOT ASSEMELED DUE TO CONDITIONAL
ASSEMBELY ARE NOT LISTED. USE OF THE /J COMMAND DECODER OFTION WILL
ENABLE LISTING OF THESE STATEMENTS PLUS THE NORMALLY UNLISTED
CONDITONAL ASSEMBELY PSUEDO-OPZ :

THE PAGINATION AND HEADING CAN BE SUPPRESSED THROUGH WUSE OF THE /H
COMMAND DECODER OPTION.

P



# 9. 4.0

IF THE OUTFUT DEVICE IS ONE WHICH DOES NOT PAGE ON A FORM FEED (A
TTY), THE /T DECODER OPTION CAN BE USED TO CHANGE THE FORM FEED
(WHICH NORMALLY STARTS A NEW PAGE) TO 2 CARRIAGE RETURN/LINE FEEDS
S0 THAT PAGES WILL BE SEPARATED BY 2 EBLANK LINES IN THE LISTING.

WARNING MESSAGES ARE NORMALLY OUTPUT TO BOTH THE TERMINAL AND THE
SOURCE LISTING. TO INHIBIT THESE MESSAGES, THE /W DECODER OPTION IS
USED.
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A LIST FLAG IS USED DURING ASSEMBELY TO INDICATE WHETHER OR NOT THE
STATEMENTES ARE TO BE LISTED. INITIALLY, THE FLAG IS5 ON AND STAYS ON
UNLESS A . LIST PSEUDO-0F IS ENCOUNTERELD.

A . LIST PSEUDCO-0OP CAN BE UZED WITH OR WITHOUT AN OPERAND. A  LABEL
CANNOT BE UWSED WITH THE . LIST FPSEUDO-0OF.

WHEN A . LIST PSEUDO-0OF WITHOUT AN OPERAND IS ENCOUNTERED, THE LIST
FLAG IS5 INVERTELD.

EXAMFLE:
JLIST FLAG INITIALLY ON
. ORG 200 i LISTED
VALUE . BET 1 i LISTED
L LIST iy LIST FLAG OFF
VALUZ . SET 70 i NOT LLISTED

. LIST ; LIST FLAG BACK ON

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

WHEN A | LIST PSEUDO-0P WITH AN OFERAND IS ENCOUNTERED, THEN LISTING
IS INHIBITED IF THE OPERAND IS E@ilAlL TO ZERO {(THE LIST FLAG IS
SET OFF). IF THE OFPERAND IS5 NOT ZERO, LISTING =% ENABLED. (THE
LIST FLAG I% SET ON).

# % 4.2 | PAGE FPSEUDO-OF

INSERTING A . PAGE PSEUDO-0OF IN THE PROGRAM WILL NORMALLY START A
NEW PAGE BEGINNING WITH THE NEXT LINE. (THE . PAGE STATEMENT ITSELF
IS NOT NORMALLY LISTED ) IF THE /P COMMAND DECODER OFTION 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 FPSEUDO-0OP.

THE . PAGE PSEUDO-0FP CAN HAVE NO LABEL OR OFPERAND.

# 9.4, 3 . TITLE PSEUDO-OP.

s csars

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

. TITLE HEADING OF 32 CHARACTERS

THE FIRST CHARACTER AFTER THE . TITLE IS THE PSEULO-0OP DELIMITER
WHICH CANNOT BE AN ALFHA-NUMERIC CHARACTER . THE DELIMITER IS
CONSIDERED THE FIRST CHARACTER OF THE 22 CHARACTER GROUF AND WILL
BE PRINTED 0OUT. ANY TEXT AFTER 22 CHARACTERS WILL BE IGNORED. TABS
CAN BE USED IN THE HEADING.

THE /H COMMAND DECODER OFTION INHIEITS THE . TITLE PSEUDO-OP.
THE /P COMMAND DECODER ENABLES THE LISTING OF THE . TITLE PSEUDO-OP.

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 FSEUDO-OP
WILL SET THE HEADING FOR THE FIRST PAGE. THE . TITLE MUST APPEAR
BEFORE THE FIRST LINE TO BE LISTED.

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

. TITLE#MAIN FROGRAM
VALUE . Ecd 1
L LIST VALLUE
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THE . IFZERCO, . IFNZRG, . IFDEF AND . IFNDEF OPERATORE ARE WUSED TO
FPROVIDE FOR THE CONDITIONAL ASSEMBLY IN A FROGRAM, S0 THAT GROUPS
OF STATEMENTS CAN BE ADDED (OR  OMITTED) DURING THE ASSEMBLY
PROCESS. EACH 15 DESCRIBED INDIVIDUALLY IN  THE SECTIONS THAT
FOLLOW. ALL HAVE THE GENERAL FORM:

FSEUDO-CF OFERAND i COMMENT
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EACH OPERAND MUST MEET THE CONDITIONS OF ITS PSEUDO-OP IN ORDER FOR
THE STATEMENTS THAT FOLLOW IT TO RBE ASSEMELED. IF THE CONDITIONE
ARE NOT MET; THESE STATEMENTS ARE OMITTEL. THE . ENDC FPSEUDO-0OF
INDICATES THE END OF THE GROUP OF STATEMENTS WHICH ARE AFFECTEL.
EACH CONDITIONAL PSEUDO-GP MUST HAVE ONE | ENDC STATEMENT.

CONDITIONAL PSEUDO-OFS CANNOT HAVE LABELS.

CONDITIONAL PSEUDCO-0OPS CAN BE NESTED UP TO 4095 LEVELS.

EXAMPLE:
VALLIEL . EG 0 i DEFINE VALUEL
. IFZERO VALUEL iVALLJEL = 0 7 - YES.
. BYTE "TEXT" i ASSEMBLED.
. IFDEF VALUEZ P VALLEZ DEFINED? -~ NO.
. BYTE "TEXT" P OMITTED.
. ENDC i END OF INNER CONDITIONAL
poc . EG 17 i ASSEMELED
. ENDC i ENIY OF OUTER CONDITIONAL

THE CONDITIONAL PSEUDO-0OFS ARE NOT INCLUDED IN THE ASSEMEBLY LISTINC
LNLESS THE /P OR /J COMMAND DECODER OFTION IS SPECIFIEL.

ONE CONDITIONAL CAN INHIRIT ANOTHER.

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

CONDITIONAL

Pt

s STATEMENT GROUF 1.

N

CONDITIONAL Z :
i STATEMENT GROLIF

r

ENDE  END CONDITIONAL

Z
. P STATEMENT GROUP 3
. ENDIC s END CONDITIONAL 1.

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

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

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



# %51
# 2.5 1 | IFZERO PSEUDO-OP.

-

IF THE OPERAND OF THE . IFZERO 1IS:

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

THE OFERAND CANNOT EE FORWARD REFERENCED

# 9.5.2 . IFNZRO PSEUD-O0P.

IF THE OPERAND OF THE . IFNZRO I%S:

EQUAL TO ZERO - STATEMENTE TO NEXT . ENDC ARE OMITTED.
NOT EGUAL TO ZERO - ASSEMBELY IS UNAFFECTED.

THE OPERAND CANNOT BE FORWARD REFERENCED

# 9.9. 3 . IFDEF PSEUDO-0OP.

IF THE SYMBOL OPERAND OF THE . IFDEF IS:

DEFINED ~ ~ ASSEMBLY IS UNAFFECTED.
NOT DEFINED -~ STATEMENTS TO NEXT . ENDC ARE OMITTEL.

NOTE THAT . IFDEF WILL ACCEPT ONLY A SINGLE SYMBOL NAME A5 THE
OFERANLL

A SYMBOL I5 CONSIDERED TO BE DEFINED IF IT HAS BEEN USED IN THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL PSEUDO-0F.

# 2.5 4 | IFNDEF PSEUDO-OF.

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

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

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

A SYMBOL IS5 CONSIDERED TO BE DEFINMED IF IT HAS EEEN WSED IN THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL FSEUDO-OP.



# %.35.9 . ENDC PSEUDO-OP.

THIS FPSEUDO-0OFP INDICATES THE END OF A CONDITONAL ASSEMBELY GROUP.

EVERY CONDITIONAL PSUEDO-OFP MUST BE FPAIRED WITH A . ENDC

# 9. 6.0 | END PSEUDO-0OP

THIS INDICATES THE END OF THE SOURCE PROGRAM. IT CANNOT HAVE EITHER
A LABEL OR AN UOPERANI. A WARNING MESSAGE WILL OCCUR IF THE . ENC
STATEMENT IS LEFT OFF,

#10. 0. 0 ERROR MEZSSAGES AND WARNINGE.

- o stes e - goven

BOTH PASS #1 AND PASS #Z CAN GENERATE ERROR MESSAGES. THESE ARE
PRINTED ON THE CONSOLE DEVICE AS  THEY OCCUR. IF A LISTING It
SPECIFIED, PASS 3 WILL LIST THE ERROR MESSAGE ARBOVE THE LINE  IN
WHICH THE ERROR OCCURS.

ERROR MESSAGES WHICH ARE SENT TO THE CONSOLE HAVE THE FORM:
E: XX AT LABEL+N

WHERE "N" IS A DECIMAL NUMBER OF
LINES BEYOND THE STATEMENT WHICH
CONTAINED THE GIVEN LABEL. IF NO
LARBEL WAS GIVEN, "N" IS5 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 EE
INTERMIXED. HEE  OF THE /E OFTION WILL INHIBIT THE ERROR MESSAGES
TO THE CONSOLE S0 THAT ONLY THE EBINARY FILE IS OUTPUT. THIS It
USEFUL WHEN A WUSER WOULD LIKE TO TRY 0OUT CERTAIN FPARTS OF A PROGRAVN
AND IS NOT YET CONCERNED WITH OTHER PARTS KNOWN TO HAVE ERRORS



#10. 0.0

INDIVIDUAL ERROR MESSAGES ARE EXPLAINED IN TABLE #2Z WHICH DIVILDES
THE MESSAGES INTO THREE TYPES:

1) FATAL ERRORS—- THESE ERRORS CAUSE THE IMMEDIATE
EXIT TO THE 0S/78 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
PROBLEMS., ASSEMBLY IS NOT HALTED., GOOD FROGRAMMING
PRACTICES WILL ELIMINATE ALL WARMING MESSAGES.

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



TAELE #Z. #10. 0. O

Fodh 3 H 3 30 e 363 3030 4 H A 0 3 3 36 B 3 H B S B A 36 S I S 36 3 4 A6 B 6 2 3 6 SR R S

E: OF
FILE

E: OE
FILE

E: RE
FILE

E: WE
FILE

W: JC

#N

#N

H#N

#N

4 FATAL ERRORS #4434

DEVICE FULL:

THERE 1% 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 ERRCOR OCCURZ  ONLY IF THE /E OPTION IS IN USE
CONVERSION OF SOME OF THE LOCAL SYMBOLE TO REGULAR
SYMEOL  NAMESZ WILL USUALLY SOLVE THIS PROBLEM. SEE
THE NOTEZS ON THE /K RUN-TIME OPTION.

OFPEN ERROR IN OUTPUT FILE:

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

FHASE ERROR:
A LOCATION TAG HAS A DIFFERENT ADDRESS IN ONE PASS
THAN IT HAD IN THE PREVIOUS FPASS.

READ ERROR:

AN ERROR HAS OCCURRED  WHILE READING FROM AN INPUT
FILE DEVICE. "N INDICATES  WHICH ONE OF THE NINE
POSSIEBLE INPUT FILES HAD THE ERRUOR.

SYMBOL TABLE OVERFLOW:

THE PROGRAM IS TOO LARGE.  WHERE CONVENIENT, DIVIDE
IT AND ASSEMELE EACH PART SEPARATELY. ALSO REFER TO
THE NOTES ONM THE /K RUN-TIME OPTION.

WRITE ERROR:

AN ERROR HAS OCCURRED WHILE WRITING TO AN OUTFUT
FILE DEVICE. "N" O INDICATES WHICH ONE OF THE TWO
OUTFUT FILESE HAD THE ERROR.

###%# WARNING MESSAGES it

NO . END STATEMENT: ‘
THE LAST INPUT FILE MUST HAVE AN . END STATEMENT.
THE ASSEMBLER PROCEEDS AS IF AN . END WERE FRESENT.

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

36 36 B 36 36 36 46 A 36 56 2 30 36 36 20 38 30 303 B 304 B0 S H B 3 R R 3 S B R e R e R I



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

B 6 H B 30 3 H B B 3 0 36 B 60 3 R e 0 36 B 3 36 3 2 30 36 35 S0 35 46 S0 30 SR R 36 SR R SRR R SR SR M S R e 3

E: OM

#4d NON-FATAL ERRORS #3443

BAD NESTING OF ERACKETS:
EACH OPEN BRACKET MUST BE PAIRED WITH A CLOSED
ERACKET.

DIGIT QUTSIDE 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
EBE EVALUATED A5 IF THAT DIGIT WERE ZERO.

TLLEGAL LAGBEL FIELD:

THE LABEL MAY NOT EE IN THE FROPER SYMBEOL FORMAT,
SEE SECTION #6. 2.0 . ALS0, SOME PSEUDD-0OFPS  CANNOT
HAVE LABELEL.

ILLEGAL OPERAND VALUE:
REFER TQ THE SECTION ON THE STATEMENT S OFERATOR TO
DETERMINE THE ALLOWAEBLE OFERAND TERMS.

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

LOCAL SYMEOL SYNTAX ERROR:
THE CORRECT FORMAT FOR A LOCAL SYMEOL IS $N WHERE
"NY IS A DECIMAL NUMBER FROM O TO 255,

MULTIFLE LABEL DEFINITION:
THE SAME LABEL HAS A DIFFERENT VALLUE AND IS USED
WITH AN OFERATOR OTHER THAN A . SET PSEUDO-0P,

MISSING OR ILLEGAL MNEMONIC IN OFERATOR FIELD:
OPERAND TOO COMPLEX:

TOO MANY TERME  AND OFERATORS EXIST IN THE OPERAND.
DIVIDE THE EXPRESSION USING THE . SET COMMAND.

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

WORD . B L EXPR1 1 + [ EXPRZ 1]
TEMP . BET [ EXFR1 1]

WORD . B TEMF + [ EXPRZ 1]

OPERAND MISSING.

3 K 3 S A S 3 3 3 4 0GR 30 3 R 3 30 o e 6 30 38 40 S 38 36 3 36 4 35 3 o 36 36 3 40 36 e 30 330 3 3 46 30 30 S0 30



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

H 36 3 B 3 B H B 30 0 3 R 36 3 36 0 30 3 36 36 40 36 B30 36 38 0 0 26 36 36 36 5F 38 0 36 JE 36 3 6 S 0 S0 3 5E

E: 05 - OFPERAND SYNTAX ERROR.

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

E:TL - LABEL DEFINED TOO LATE:
UNLY ONE LEVEL 0OF FORWARD @ REFERENCING IS ALLOWED.

E: US - UNDEFINED SYMEREOL:

3 3 3030 40 30 R S R B 3R R 30 3 K R O 0 S R 30 4 SRR R R R SR

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

#11. 0. 0 MODIFICATION NOTES.

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

MODIFICATIONS ARE MADE BY PATCHING LOCATIONS IN THE IMAGE (;SV)
FILE USING 0ODT. REFER TO THE 03/2 MANUAL FOR A DETAILED EXPLAIN-
ATION OF ODT OPERATION.

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

. GET SYS: XNAME
. ooT
1010770003 2
EaY '::

. SA SYS: XNAME



#11.1. 0

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

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

#11. 2. 0 CHANGING THE DEFAULT BINARY OUTPUT FILE EXTENSION (. MB)

- - sooun couts semes sheme semms Staee Semm e st S4ere ot Seves dmes

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

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

o

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

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

— owse s oo

IN 05/8 ONLY 3 BITS ARE PROVIDED TCO INDICATE THE CURRENT YEAR.
THIS ALLOWS ONLY NUMBERS FROM O TO 7 WHICH MUST BE ADDED TO A EBASE
YEAR TO FORM THE ACTUAL YEAR NUMEER. IN 1972 AND AT ADDITIONAL &
YEAR INTERVALSZ THE BASE YEAR MUST BE CHANGED TO PROVIDE THE FROPER
DATE PRINTOLT, TO DD 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 OCTAL).
1973 6770

1986 7066

1994 7164

2002 6062

SHOULD THIS PROGRAM SURVIVE LUNTIL THE YEAR 2000 THE TWO MOST
SIGNIFICANT DIGITS MAY BE CHANGED BY PATCHING LOCATION 10103 TO
CONTAIN 6260,



#11. 5.0

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

INITIALLY THE DEFAULT RADIX IS SET TO HEXADECIMAL. THIS MAY BE
MODIFIED TO BRBINARY, O0OCTAL, OR DECIMAL BY PATCHING LOCATION 10105
FROM THE FOLLOWING TABLE.

RADIX: PATCH LOCATION 10105 TO:
OCTAL 1

HEXADECIMAL Z

DECIMAL 3

BINARY 4

#11. 6. 0 GENERATING 2 BIT ASCII CHARACTERS WITHIN THE BINARY
PROGRAM. '

oo cooem sosos sonre o

THE ASCII CHARACTERS GENERATED AS OPERANDS WITH THE QUOTE
CHARACTERS ARE SEVEN BIT REFRESENTATIONS TYFICAL OF MOST
MICROPROCESSOR SYSTEME. TO  GENERATE EIGHT BIT ASCII WITH THE
EIGHTH BIT ALWAYS SET (AT IS5 DONE IN SOME FPDP2 SOFTWARE), PATCH
LOCATION 10104 TO CONTAIN 377. (ORIGINAL CONTENT WAS 177).

#11. 7. 0 RUNNING UNDER 0S8 VERSION Z.

— o cooe owes

THE CROSS-ASSEMBLER IS SET WP TO USE THE 0S/78 VERSION 3 METHOD  FOR
CORE SIZE DETERMINATION. IN 0578 V3 THE CORE SIZE IS CONTAINED IN
A MONITOR LOCATION. IN FREVIOUS VERSIONS, THE CORE SIZE MUST BE
DETERMINED EY ACCESSING EACH FIELD OF MEMORY TO SEE IF IT EXISTS ON
THE SYSTEM. THEREFORE , TO RUN THE CROSS-ASSEMLER UNDER VERSION 2,
PATCH LOCATION 10107 TO CONTAIN Z. (ORIGINAL CONTENT WAS 3).

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

- o canty peoee vt - o0eem cuvme seres sunts sasne shve stote sempe Sumen Srese durme bevms Sumee.

THE NORMAL NUMBER OF LINES - PER FPAGE IS SET AT 646. & OF THE &4
LINES ARE USED RY THE ASSEMBLER FOR THE HEADING AND  MARGIN. TC
ALTER THE NUMBER OF LINES ON A PAGE, PATCH LOCATION 10110 TO BE THE
TOTAL FOSITIVE LINES PER PAGE INCLUDING HEADING AND MARGIN.



#11. 9.0

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

o~ - e ]

THE TOTAL NUMBER OF CHARACTERS PRINTED ON ONE LINE (EXCLUDING
CARRIAGE RETURN AND LINE FEED) 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.

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 Z14 (BASE 2).

#11. 11. 0 CHANGING LARBEL DELIMINATOR (,).

ovman e

TO PROVIDE COMPATIBILITY WITH OTHER ASSEMEBLER FORMATS AN OFTIONAL
LABEL DELIMITER WILL BE ACCEPTED. NORMALLY, THIS 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 RIT ASCII
VALUE FOR THE CHARACTER.

#11. 12. 0 CHANGING FROM 8 BIT TO 7 BIT ASCII IN THE OUTPUT FILES.

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



#11.13. 0
#11. 13. 0 CHANGING THE SENSE OF THE RUN-TIME OPTICONS.

EACH SLASH OPTION (EXCEPT /0 TO /%) MAY HAVE ITES SENSE INVERTED BY

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

OFTION: LOCATION: STANDARD: INVERTED:
/B 10116 74650 7640
/E 10117 7640 7650
/H 10120 74650 7640
7J 10121 74650 7640
/K 10122 76350 7640
s 10123 o 1
/N 10124 7650 7640
70 10125 7650 7640
/P 10124 7L40 74650
s 10127 7650 74640
7T 10130 7650 7640

/W 10131 - 7450 7640



o



' #12. 0.0
#12 0. 0 8080 CROSS-ASSEMBLER SPECIFICS

= - -

THE FIRST ELEVEN SECTIONS OF THIS MANUAL HAVE PRESENTED SIERR¢
DIGITAL S LUNIVERSAL ASSEMELER FORMAT AS IT IS APPLIED TO ALL CROSS-
ASSEMBLERS IN THE X2 SERIES. THIS SECTION FRESENTS ADDITIONAL
INFORMATION ON THE APPLICATION OF THE UNIVERSAL ASSEMBLER FORMAT T(
A SPECIFIC CROSE-ASSEMBLER FOR THE 2080 MICROPROCESSOR. THE 208(
MICROPROCESSOR WAS DESIGNED BY INTEL CORPORATION, 30465 BOWER:
AVENUE, SANTA CLARA, CALIFORNIA 25051 VERSIONS OF THE 2020 USINC
THE SAME INSTRUCTION SET ARE  ALSO  PRODUCED BY ADVANCED MICRL
DEVICES INC., %01 THOMPSON FPLACE, SUNNYVALE, CALIFORNIA 24024;
TEXAS INSTRUMENTS INC. , HOWSTON, TEXAS 77001, AND NEX
MICROCOMFUTERS INC, 5 MILITIA DRIVE, LEXINGTON MASZS. 02172 NE
ATTEMFPTS WILL BE MADE IN THIZS MANUAL TO EXFLAIN THE OFPERATION OF
THE MICROPROCESSOR. EXCELLENT MANUALS COVERING THE OFERATION ANI
FROGRAMMING OF THE MICROFROCESSORS ARE AVAILABLE FROM THEIF
MANUFACTURERSE. SECTION #1323 PRESENTS A SUMMARY OF THE INSTRUCTIO
MNLUEMONIC CODES DEFINED BY INTEL AND RECOGNIZED BY OUR CROSS-
ASSEMELER.

#12. 1. 0 CROSS-ASSEMELER FILE NAMES
THE CROSS5-ASSEMBLER IS PROVIDED ON FILE STRUCTURED MEDIA UNDER THE
NAMES:

X2080. 5V - FOR THE 0578 SAVE IMAGE FILE.
X2020. EN - FOR THE %72 BINARY FORMAT FILE.

IT IS SUGGESTED THAT THE SAME  NAMING CONVENTIONZ BE  USED WHER
LOADING THE CROSS-ASSEMBLER FROM FPAFPER TAPE.



#1Z 2. 0 PREASSIGNED SYMBOL VALUES.

oe00e cvsee wecse sosee

THE SYMBOLS REFRESENTING THE REGISTERS, MEMORY, STACE FOINTER, AND
FROGRAM STATUS WORD HAVE BEEN GIVEN STANDARD VALUES A% SHOWN IN THE
FOLLOWING TAELE:

SYMBEOL VALUE REFRESENTS
A 7 REGIZTER A
E 0 REGISTER E
C 1 REGIZSTER C
0 Z REGISTER D
E ] REGIZTER E
H 4 REGISTER H
L. 5 REGISTER L
M t MEMORY REFERENCE
SF 14 STACE FOINTER
FSW 6 FROGRAM STATUSZ WORD

ALTHOUGH NOT SUGGESTED, THESE SYMBOLS MAY BE  USED  TO  REFRESENT
THEIR CONSTANTS AT ANY  POINT IN AN OFERAND IN ADDITION TO THEIR
NORMAL USAGE A5 REGISTER INDICATORS. ALED LEGAL BUT NOT  SUGGESTED
I= THE WSE 0OF THE AFPPROFRIATE CONSTANT IN PLACE OF THE REGISTER
INDICATOR IN A STATEMENT. THUS THE STATEMENT “MVI 2,47 MEANT LOAD
REGISTER C WITH THE IMMEDIATE VALUE OF 7.

#12 3 0 LISTING FORMAT.

THE LISTING FILE IS OUTPUT WITH THE OBJECT CODE PRINTED TO THE LEFT
OF THE SOURCE CODE LINES A% EACH MICROFROCESSOR  INSTRUCTION  MAY
CODE  INTO  ONE, TWO, OR  THREE BYTES, ROOM IS PROIVIDED FOR THREE
COLUMNES OF GENERATED OBJECT CODE PLUS & COLUMN FOR THE ADDRESS. THE
ADDRESS AND OBJECT CODE ARE NORMALLY FRINTED IN HEXADECIMAL BUT
THIS MAY EBE CHANGED TO OCTAL WITH THE /0 COMMAND DECODER OFTION.
SOURCE LINES WHICH EXCEED THE PRINTOUT LIMIT WILL CONTINUED AT
COLUMN 25 (STANDARD COMMENT  TAE STOP) OF THE SOURCE PRINTOUT
FOSTITION. TAES OCCURING IN THE S0URCE PROGRAM ARE CONVERTED TO THE
FROFPER NUMBER DOF BLANE CHARACTERES EBY THE ASSEMELER. THIS IS DONE
EY THE ASSEMELER RATHER THAN THE DEVICE HANDLER OR DEVICE BECAUSE
THE BEGINNING OF THE SOURCE PRINTOUT DOES NOT OCCUR ON A STANDARD
TAE STOPF.



#12. 4.0

#12 4. 0 BINARY FILE QUTPUT:

THE OBJECT (BINARY) OUTPUT FILE CONSISTES OF ASCII TEST REFPRESENTINCG
HEXADECIMAL NUMBERS IN THE FOLLOWING FORMAT:

LEADER STRINGS OF 100 NULL CHARACTERES PRECEED AND FOLLOW THE ORJECT
OuUTPUT. EACH LINE BEGINS WITH A COLON AND IS FOLLOWED BY A TWO HEX
DIGIT ADDRESZ, A TWOo HEX DIGIT RECORD TYFE (ALWAYS O), UP TO 14
BYTES OF DATA (EACH Z HEX DIGITS), AND A TWO HEX DIGIT CHECEKSUM

EXAMFLE:
 CCARAAT TDDDDDDDDDDDDDDDDDODDDODDDDDDDDDDDSS
WHERE :

cC IS THE TWO HEXADECIMAL DIGIT COUNT FOR THE NUMBER
OF DATA BYTES (REFRESENTED BY FAIRS OF D7S5) IN THE
LINE. A COUNT OF ZERO INDICATES THE TERMINATION OF
‘THE OQBJECT OQUTFUT. (:00)

ARAA S THE HEXADECIMAL ADDRESS FOR STORING THE FIRST
DATA BYTE. EACH ADDITIONMAL DATA BYTE IS TO EE
STORED IN SERUENTIAL ADDRESSES. THE ADDRESS IS
FPRESENTED WITH ITS MOST SIGNIFICANT BYTE FIRST

TT IS THE TWO HEXADECIMAL RECORD TYPE. THIS INDICATOR
IS CURRENTLY UNUSED AND ASSIGNED A VALUE OF OO0,

oo REFPRESENTS TWO HEXADECIMAL DIGITS FOR A BYTE OF
OBRJECT (BINARY) CODE. UP TO 14 BYTES MAY EBE OQUTPUT
ON ONE L INE.

IS THE TWO HEXADECIMAL DIGIT CHECKSUM OF THE LINE.
ALL EIGHT BIT EBYTES IN THE LINE AFTER THE RECORD
MARE (7: ) ARE SUMMED. THE LEAST SIGNIFICANT EBYTE
OF  THE NEGATIVE OF THIS VALUE IS THE CHECKSUM.
THUE, IF ALL BYTES IN THE LINE ARE ADDED TOGETHER
WITH CARRYS IGNORED, AND THIZ SUM IS ADDED TO THE
CHECKSUM, THE RESULT WILL BE ZERO.

i3]
1))

THE BINARY OUTPUT FILE CAN BE CHANGED TO BNPF  FORMAT  THROUWGH THE
UsE OF THE /B RUN-TIME OFTION. SECTION #2 4. 0 DESCRIBES THE BNFF
OUTPUT.
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. 5.0 ADDITIONAL ERROR MESSAGE FOR THE S020:

o—— - oo s

STANDARD ERROR:

E:RV

BAD REGISTER VALUE FIELD.

THE VALUE ASSIGNED TO A REGISTER SPECIFICATION FIELD
DID NOT MATCH ONE OF THE ALLOWAEBLE VALUES FOR THE
INSTRUCTION. (NOTE THAT THE ERROR MAY ALSO OCCUR
FOR & “RETY PARAMETER OUT OF THE RANGE O TO 7).



#12. 6.

0

SAMPLE PROGRAM

-

. R X20

#TTY:, TTY: <SAMFLE/1/P/d

50

E: MO AT POSITN+ 21
E: MO AT POSITN+ 21

#1Z &0

$101000000B0OA7FZO01I0EAOFOFAFDEOIA7FALIELOSE
1010100000201 03ERODZ00AFDZ0OFFCI0010EATFTD
D 1010Z000C0DZ4A10C31 31000351 0BAL ZCCD3IS 1047 DE
D 1010Z30007EZFAOLZCR47TELCTIEBI0FOFOFCAROSFIESS
$1010400000CEROS772ECO7 CLAEAFZA101ACR010247

0610500004021 0204020%E

00

1000
100Z
1003
10O0A
1008
100%
1004
1000
1000
1010
1013
1015
1017
1018

10148

101E
101E
1020

1023

SAMPLE ROUTINE

BE
o=
AaF
0z

FF

]
E4
N

Cz

i
i

i

0 IFORT1
1 IFORTZ
0 OFORT
20 TABLES
0

Q LOOF

O 10

F

1

1E 10
ZC10
=50 %1

0

Q

010
7F k3
Z010

13 10

MAR 13, 19764 XZ020-V1ia FAaGE 1

] SAMPLE ROUTINE
THIS ROUTINE READS IN STATUES INFORMATION AND

B 01111111

. TITLE

LUFDATES

IN RAM.
. Bl O
. Bl i
. Efi 0
. Eid 2080
. ORG 1000
IN IFORT
ANA fa}
JF LOOF
ANIT OF
RRC
MOV A
IN IPORTZ
ANA A
M k:
CALL CLEAR
MVI A, 20
QT OFORTL
XRA 14
T OFORTL
D IFNZRO P
RET 7
. ENDZ
IFZERD 71
NOF
. ENIDC
JMP L.OOF
ANI
AL ZET
JME %1

SIXTEEN DIFFERENT 138 BIT FLAG TABLES

i BASE OF FLAG TABLES

i GET READY FLAG AND TARBLE #

PWAIT UNTIL DATA READY

SAVE SHIFTED TAELE NUMEER
GET BIT FOSITION NUMBER

~

~

MOST SIG BIT MEANS SET BIT ON
CLEAR BIT FROM TABLE
STROBE ACENIWLELDGE L INE

- .

~

P ISER FLAG 1 IS5 SELECTED FOR

i DEBLIGG ING. A BREAKFOINT CALL
s (RET 7) IS INSERTED FOR

; DEBUGGING AND A “NOF- IS

P INSERTED FOR NORMAL OFPERATION

; LOOF BACK FOR ANOTHER TRY
s MASE OUT SIGN
ySET BIT INTO TABLE



. PAGE
1026 C0O 35 10 SET CALL
1029 B4 ORA
1024 12 STAX
10ZB C% RET
1020 CO 35 10 CLEAR CALL
102F 47 MOV
1030 7E MOy
1031 ZF CMA
1032 A0 ANA
1033 12 5TAX
10324 2 RET
1025 47 FOSITN MOV
1036 E6 72 ANT
1038 =Z1 ADD
1029 F RRC
102A F RRL
1028 F RRC
1030 Cé6 20 ALl
10ZE SF MoV
103F 3E © MVI
1041 CE 20 (2159 |
10432 57 MOV
1044 72 MOV
1045 E& 7 ANT
1047 C& 4E ADI
104% &F MOy
104 Z6 10 MVI
1040 1A LDAX
1040 Cw RET

. EBIN
104 1 %1 . BYTE
104F 2
1050 4
1051 =
1052 10 . BYTE
1053 20
1054 40
1055 20
FaaaEs B MO

JUNE

. END

SAMFPLE ROUTINE
1020 CLEAR O IFORTL
O OFORTL 1035 POSITN
ERRORS: 1

SAMPLE ROUTINE

MAR 1%, 1976 X8080-V1A FAGE Z

SUBROUTINES TO SET AND CLEAR BITS IN A TAELE

POSITN S POSITION THE FOINTERS

M s OR IN THE DECODED BIT

o i STORE RESULT BACK

POSITN POSITION THE POINTERZS

E, A i BAVE PREVIOUS BYTE TEMFORARILY
AM i GET DECODED BIT

E s MASK OUT SELECTED BIT

D i STORE BACK REZULT

ROUTINE T POSITION THE TAELE BYTE FOINTER AND

DECODE THE BIT POSITION.

E, A s SAVE TEMFORARILY
= 170  ; MASKE FOR BYTE NUMBER IN TABLE
L i COMBINE WITH TRELE NUMBER

i AND FORM BYTE ADDRESS

“L. TABLES

E: & i SET UP ADDRESS IN DL E

A0

“M TABLES

0. A

AR ; DECODE EIT NUMBER WITHIN EBYTE
7

L %1 ; FORM LOOKUFP TABLE ADDRESET
L, A i FOR DECODED BIT

H, M %1

i i GET TABLE BYTE

i TABLE IZ IN BINARY
1,10, 100, 1000

10000, 100000, 1000000, 10000000

i SAMPLE ERROR

MAR 1Z, 1976 X28080-V1A FAGE 3
1 IFORTZ 1000 LOOF
10246 SET 30280 TABLES
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DATA TRANSFER INSTRUCTIONS:

THE FROFER

e s

INSTRUCTION MEANING HEX ©CODE
LDA  ADDKR LOAD ACC DIRECTLY FROM ADDR A
LOAX b LOAD ACC INDIRECTLY FROM B, C OA
LOAX D LOAD ACC INDIRECTLY FROM DV E 1A
MOV B, B MOVE REG B TO REG B 40
MOV R, C MOVE REG C TO REG E 41
MOV B, D MOVE REG O TO REG B 43
MOV B E MOVE REG E TO REG B 4z
MOV B, H MOVE REG H TO REG B 44
MOV B, L MOVE REG L TO REG B 45
MOV E. M MOVE MEMORY TO REG 44
MOV E, A MOVE ACC TO REG B 47
MOV OB MOVE REG B TO REG C 4
(i LAV P MOJVE REG © T REG C 4=
MOV ©, D MOVE REG 0 TO REG C 4a
MOV CE MOVE REG E TO REG 4L
MoV O, H MOVE REG H TO REG C© 4
MOV o, L MOVE REG L TO REG 40
MOV M MOVE MEMORY TO REG C 4k
MOV C, A MOVE ACC TO REG 4F
MOV L E MOVE REG B TDO REG D 50
MOV 0, O MOVE REG C TO REG D =1
MOV DO, D MOVE REG D TO REG D S5E
MoV o, E MOVE REG E TO REG D 53
MOV L H MOVE REG H TO REG I 54
M L L MOVE REG L TO REG D 55
MOV 0L M MOVE MEMORY TO REG )
MOV LA MOVE ACC TO REG D =57
MOV E. B MOVE REG B TO REG E 5a
MOV E,C MOVE REG C TO REG E oY
MOV E. D MOVE REG D TO REG E S5A
MOV E. E MOVE REG E TO REG E Sk
MOV E, H MOVE REG H TO REG E bl
MOV E, L MOVE REG L TO REG E Sl
MOV E, M MOVE MEMORY TO REG E SE
MOV E, A MOVE ACC TO REG E SF
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#13. 0.0

DATA TRANSFER INSTRUCTIONT (CONT. ):

INSTRUCTIONS MEANING HEX CODE BYTES
MOV H, B MOVE REG B TO REG H &0 1
MOV H, C MOVE REG C TO REG H &1 1
MOV H, D MOVE REG D TO REG H &2 1
MOV H, E MOVE REG E TO REG H L3 1
MOV H, H MOVE REG H TO REG H &4 1
MOV H, L MOVE REG L. TO REG H 65 1
MOV H M MOVE MEMORY TO REG H &6 1
MOV H, & MOVE ACC TO REG H &7 1
MOV L. B MOVE REG B TO REG L LE 1
MOV L, C MOVE REG C TO REG L &% 1
MOV L. D MOVE REG D TO REG L &R 1
MOV L E MOVE REG E TO REG L LB 1
MOV L. H MOVE REG H TO REG L &C 1
MOV L, L MOVE REG L TO REG L &0 1
MOV L, M MOVE MEMORY TO REG L &E 1
MOV L, A MOVE ACC TO REG L &F 1
MOV M, B MOVE REG B TO MEMORY 70 1
MOV M, C MOVE REG C TO MEMORY 71 1
MOV M, D MOVE REG I TO MEMORY 7Z 1
MOV M E MOVE REG E TO MEMORY 73 1
MOV M, H MOVE REG H TO MEMORY 74 1
MOV M, L MOVE REG L TO MEMORY 75 1
MOV M, A MOVE MEMORY TO ACC 77 1
MOV A B MOVE REG B TO ACC 75 1
MOV A, C MOVE REG C TO ACC 7% 1
MOV A, D MOWE REG DD TO ACC 7A 1
MOV A E MOVE REG E TO ACC 7B 1
MOV A, H MOVE REG H TO ACC 7C 1
MOV A, L MOVE REG L TO ACC 70 1
MOV A M MOVE MEMORY TO ACC 7E 1
MOV A, A MOVE ACC TO ACC 7F 1
MOVI E, DATA MOVE IMMEDIATE DATA TO REG B 06 Z
MOVI C, DATA MOVE IMMEDIATE DATA TO REG C OE Z
MOVI O, DATA MOVE IMMEDIATE DATA TO REG D 14 z
MOVI E., DATA MOVE IMMEDIATE DATA TO REG E 1E Z
MOVI H, DATA MOVE IMMEDIATE DATA TO REG H Z6 Z
MOVI L. DATA MOVE IMMEDIATE DATA TO REG L ZE Z
MOVI M. DATA MOVE IMMEDIATE DATA TO MEMORY 3& Z
MOVI A, DATA MOVE IMMEDIATE DATA TO ACC 3E Z
STA  ADDR STORE ACC DIRECT TO ADDR 3 3
STAX B STORE ACC INDIRECTLY TO B, C 0% 1
STAX D STORE ACC INDIRECTLY TO ILE 12 1



ARITHMETIC INSTRUCTIONS:

#1322 0.0

-— ——— - oo e P - —

INSTRUCTIONS MEANING

oasem tesse et sovms sove nros sores wamn

ADC B ADD REG B TO ACC WITH CARRY
ADC C ADD REG © TO ACC WITH CARRY
ADC D ADD REG D TO ACC WITH CARRY
ADC E ADD REG E TO ADC WITH CARRY
ADC H ADD REG H TD ACC WITH CARRY
ADC L ADD REG L TO ACC WITH CARRY
Aanc M ADD MEMORY TO ACC WITH CARRY
ADC A ADD ACC TO ACC WITH CARRY
ACI DATA ADD IMMEDIATE TO ACC WITH CARRY
ADnD B ADD REG B TO ACC

ADD ADD REG C TO ACC

ADD D ADD REG I TO ACC

ADD E ADD REG E TO ACC

ADD H ADD REG H TO ACC

ADD L ADD REG L TO ACC

ADD M ADD MEMORY TO ACC

ADD A ADD ACC TO ACT

ADI DATA ADD IMMEDIATE TO ACC

ANA B AND REG B WITH ACC

ANA AND REG T WITH ACC

ANA D AND REG [ WITH ACC

ANA E AND REG E WITH ACC

ANA H AND REG H WITH ACC

ANA L ANDY REG L WITH ACC

ANA M AND MEMORY WITH ACC

ANA A AND ACT WITH ACC

ANI DATA ADD IMMEDIATE WITH ACC

CMF B COMFARE REG B WITH ACC

CMF COMFARE REG C WITH ACC

CMF D COMFARE REG D WITH ACE

CMF E COMFARE REG E WITH ACC

CHMF H COMFARE REG H WITH ACC

CMP L. COMPARE REG L WITH ACC

CMF M COMFARE MEMORY WITH aCC

CMF A COMPARE ACT WITH ACC

CRI DATA COMPARE IMMEDIATE WITH ACC

HEX CODE

0

Q0 00 o0 00 00 00 Q0
TMOoOORD SN

0
m

O 0 Qoo

NS DR D

I
o

$

A
Al

s
A

Az
A4q
AS
Ak
A7

Ei
B
EA
EE
L
ED
EE
EF

FE

BYTES
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#13. 0. 0O
ARITHMETIC INSTRUCTIONS (CONT. ):

[ p—— e ]

INSTRUCTION MEANING HEX CODE BYTES
ODCR B DECREMENT REG B 05 i
DCR C DECREMENT REG oD 1
DCR D DECREMENT REG D 15 i
OCR E DECREMENT REG E 10 i
DCR H DECREMENT REG H 25 i
ODCR L DECREMENT REG L. 20 i
DCR ™M DECREMENT MEMORY 35 i
DCR A DECREMENT A 20 1
INR B INCREMENT REG B 04 1
INR INCREMENT REG O i
INR I INCREMENT REG D 14 1
INR E INCREMENT REG E ic i
INR H INCREMENT REG H 24 i
INR L INCREMENT REG L o 1
INR M INCREMENT MEMORY 34 i
INR A INCREMENT ACC 30 1
arRA B OR REG B WITH ACC RO i
ORA& © OR REG C© WITH ACC Bl i
ORA& D OR REG D WITH ACC BE i
ORA E OR REG E WITH ACT Bz i
JRA H OR REG H WITH ACC E4 1
ORA L DR REG L WITH ACC S 1
ORA M OR MEMORY WITH ACC Bé 1
ORA A OR ACC WITH ACC 7 1
ORI DATH IR IMMEDIATE WITH ACC Fé 2
SEE B SUBTRACT REG B FROM ACC WITH BORROW L 1
SREE SUBTRACT REG C© FROM ACC WITH BORROW I i
SRR D SUBTRACT REG D FROM ACC WITH BORROW 2 1
SBE E SUBTRACT REG E FROM ACC WITH BORROW e 1
SEE H SUBTRACT REG H FROM ACC WITH BORROW 0™ 1
ZBBE L SUBTRACT REG L FROM ACC WITH BORROW 21 i
SEE M SUBTRACT MEMORY FROM ACC WITH BORROW SE i
SEE A SUBTRACT ACC FROM ACC WITH BORROW o i

SEI DATA SUBTRACT IMMEDIATE FROM ACC WITH BORROW DE

[



#13. 0. 0

ARITHMETIC INSTRUCTIONS (CONT. ):

INSTRUCTIONS MEANING HEX CODE EYTES
sSUE B SUBTRACT REG B FROM ACC 20 1
SUB © SUBTRACT REG C FROM ACC ¥1 1
SUB D SUBTRACT REG I FROM ACC 92 1
SUE E SUBTRACT REG E FROM ACC E2c 1
SUB H SUBTRACT REG H FROM ACC w4 1
SUE L SUBTRACT REG L FROM ACC 75 1
SUE M SUBTRACT MEMORY FROM ACT b 1
SUR A SUBTRACT ACC FROM ACC 27 1
ST DATA SUBTRACT IMMEDIATE FROM ACC D& z
XRA E EXCLUSIVE OR REG B WITH ACC A 1
XRA C EXCLUSIVE OR REG C WITH ACC A% 1
XRA O EXCLUSIVE OR REG D WITH ACC AR 1
XRA E EXCLUSIVE OR REG E WITH ACC Ak 1
XRA H EXCLUSIVE OR REG H WITH ACC Ac 1
XRA L EXCLUSIVE OR REG L WITH ACC AL 1
XRA M EXCLUSIVE OR MEMORY WITH ACC AE 1
XRA A EXCLUSIVE OR ACC WITH ACC AF 1
XRI DATA EXCLUSIVE OR IMMEDIATE WITH ACC EE o



FLOW CONTROL INSTRUCTIONS:

ooen oo soven avete

#13. 0.0

INSTRUCTION MEANING HEX CODE BYTE
CaLl ADDR CALL UNCONDITIONAL o e
cc ADDR CALL ON CARRY oc &
CNC  ADDR CALL ON NO CARRY 04 ]
cZ ADDR CALL ON ZERO oo 3
CNZ  ADDR CALL ON NON ZERO 4 3
cCr ADDR CALL ON FPOSITIVE F4 e
oM ADDR CALL ON MINUS FC =
CPE ADDR CAaLL ON EVEN FPARITY EC ]
CPO ADDR CALL ON ODD PARITY E4 ]
JMP ADLDR JUME UNCOND T T IONAL (et} ]
QO ADDR JUMP ON CARRY A e
NG ADDR AUMP ON NGO CARRY nz i
JZ ADDR HJIMF ON ZERO A =
JNZ ADDR JUMP ON NON ZERD Cz ]
JPADDR LUMP ON FOSITIVE Fz 2
JM ADDR HJQUMP ON MINLS Fa e
JPE ADDOR JUMP ON EVEN PARITY EA 3
JRO ADDR JUMP ON ODD PARITY ey 3
RET RETLIRN o 1
RC RETLIRN ON CARRY [z i
RN RETLIRN ON NO CARRY 0o 1
RZ RETURN ON ZERO ca 1
RNZ RETURN ON NON ZERO o 1
RF RETLURN ON FOSITVE FO 1
RM RETLURN ON MINLUS Fas 1
RFE RETIIRN ON EVEN FARITY Es 1
RFO RETIURN ON O0OD FPARIY EO 1
RST © RESTART AT ADDRESZ 00 o7 1
RET 1 RESTART AT ALDRESS 10 CF 1
RET Z RESTART AT ADDRESS 20 o7 1
ST = RESTART AT ADDRESS 30 OF 1
RST 4 RESTART AT ADDRESS 40 E7 1
R=ET 5 RESTART AT ADDRESS S50 EF i
R3T & RESTART AT ADDRESS &0 F7 1
RST 7 RESTART AT ADDRESS 70 FF i



#13. 0.0
REGISTER PAIR INSTRUCTIONS:

INSTRUCTIONS MEANING HEX CODE BYTES
DAD B ADD B%C TO H&L 0% 1
DAD D ADD D%E TO H&L 19 1
DAD H ADD H&L TO H&L z9 1
DAD SP ADD STACK POINTER TO HL 39 1
ocx B DECREMENT B%C REGISTERS oB 1
ocx H DECREMENT DX&E REGISTERS 1B 1
DCX H DECREMENT H&L REGISTERS B 1
DCXx spP DECREMENT STACK POINTER 3E 1
INX B INCREMENT B&%C REGISTERS 03 1
INX D INCREMENT D&E REGISTERS 13 1
INX H INCREMENT H%L REGISTERS Z3 1
INX SP INCREMENT STACK POINTER bCic] 1
LHLD ADDR LOAD Hi&L DIRECT ZA 3
LXI B, DATA LOAD IMMEDIATE REG PAIR B&LC 01 i
LXI DO, DATA LOAD IMMEDIATE REG PAIR DXE 11 3
LXI H, DATA LOAD IMMEDIATE REG PAIR HL Z1 3
LXI 3SP, DATA LOAD IMMEDIATE STACE FPOINTER 31 3
FCHL H&L TO PROGRAM COUNTER E® 1
FOFP B FOP REG FAIR B&C OFF STACK c1 1
FOP D FOP REG PAIR D&E OFF STACK o1 1
FOF H FOP REG FAIR HL 0OFF STACK El 1
FOP FSW FPOP ACC AND FLAGS OFF STACK Fi 1
FUSH B PUSH REG FAIR BLC ON STACK o 1
FUSH D FUSH REG FPAIR D&%E ON STACK | 1 1
PUSH H FUSH REG FAIR H&L ON STACK ES 1
FUSH FSW FUSH ACC AND FLAGS ON STACK Fo 1
SHLD ADDR STORE H%L DIRECT 22 ]
SPHL H&L TO STACK FOINTER Fe 1
XCHG EXCHANGE D&E WITH H&L REGISTERS EE 1
XTHL EXCHANGE TOF OF STACK WITH H&L E3 1



#132 0.0
ROTATE INSTRUCTIONS:
INSTRUCTIONS MEANING HEX CODE BYTES=
RLC ROTATE ACC LEFT 07 1
RRC ROTATE ACC RIGHT OF 1
RAL ROTATE ACC LEFT THROWGH CARRY 17 1
RAR ROTATE ACC RIGHT THROUGH CARRY iF 1
I/70 INSTRUCTIONS:
INSTRUCTIONS MEANING HEX CODE BYTES
IN PORT INPUT FROM FORT DE z
auT PORT OUTFUT TO PORT oz Z
MISCELLANEDIS:
INSTRUCTIONS MEANING HEX CODE EYTES
CMA COMPLEMENT ACC iF 1
N COMPLEMENT CARRY aF i
=5TC SET CARRY 37 1
oaA DECIMAL ADJIST ACC 7 1
EI ENABLE INTERRUFPTES FE 1
01 DISAEBLE INTERRUFTS Fz 1
HLT HALT T& 1
NOF NO OFPERATION 00 1



APPENDIX A — RUN-TIME OFTIONS. #14. 0. O

H RS I R H R R R R R R HH R R R R R e S R

/B
/E
/H
sd

7K

/7L

/N
S0

/P

Ve
/T
S
SO TO r9

OUTPUT BINARY FILE IN BNPF FORMAT.

INHIBIT ERROR MESSAGES TO CONSOLE.

INHIBIT HEADINGS AND PAGINATION.

LIST UNASSEMBLED STATEMENTS AND CONDITIONAL
SSEMELY PSEUDO-OFS.

EXPAND SYMBOL TABLE STORAGE INTO ADDITIONAL
CORE.

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

LIST ONLY THE SYMEOL TAEBELE.

QUTFUT LISTING IN OCTAL FORMAT INSTEAD OF IN
HEXADECIMAL.

INCLUDE NORMALLY UNLISTED FPSEUDO-0OFPS IN THE
LISTING.

OMIT THE SYMBOL TABLE FROM THE LISTING
REFLACE THE FORM/FEED WITH 3 CR/LF7S.
INHIEBIT WARNING MESSAGES.

USER FLAGS, USED WITH THE 7 OFPERATOR

LR R T TLL L L L LILTLLLLLLLELLL L LT LT L L L L L LR L Lk gl d ol d

AFPENDIX B - INDICATOR SET.

KREHEEREEEFREEREEEHEREEREREERRFEREERE SRR FER SRR RE R REER

»
E
B D
H
o ':'
-

M

12 DR -

-~

MWL TIPLICATION,

DIVISION.

BOOLEAN AN

INCLUSIVE OR.

ADDITION.

SUBTRACT ION.

COMFLEMENT INDICATOR, (UPARROW E).
BINARY RADIX INDICATOR, (UFPARROW B).
DECIMAL RADIX INDICATOR, (UPARROW @)
HEXADECIMAL RADIX INDICATOR, (UFPARROW H).
OCTAL RADIX INDICATOR, (UPARROW ).
LEAST SIGNIFICANT BYTE ACCESS OPERATOR.
(UPARROW L),

MOST SIGNIFICANT BYTE ACCESS OFERATOR,
(UFARROW M),

COMMENT INDICATOR.

ASCII CHARACTER INDICATOR

WSER FLAG OFPERATOR.

CURRENT LOCATION COUNTER, (FERICQD).

HHEHERFEEREERERRRER S LR REERERERBEREH P EEERBREERREERER SRR RS



APFENDIX  ~ PSEUDO-0FS.

#14. 0. 0

HHEHFHER BRI RE SRR R R R R H RIS KSR R R R

. ADDR

. BIN

. BYTE

. DBYTE
. DECHM

. DINST
. END

. ENDC

. EG

. HEX

. IFDEF
. IFNDEF
. IFNZRD
. IFZERDO
CLIST

. OCT

. ORG

. PAGE

. BET
.TITLE
. ZER(

OOUBLE BYTE DATA STORAGE,

CHANGES

REVERSED FORMAT.
DEFAULT RADIX TO EINARY.

SINGLE BYTE DATA STORAGE.
DOUBLE BYTE DATA STORAGE.

CHANGES
RENAMES
PROGRAM

DEFAULT RADIX TO DECIMAL
A MICROPROCESOR INSTRUCTION.
TERMINATOR.

ENDS CONDITIONAL ASSEMELY.

ASSIGNS
CHANGES
INCLUDE
INDLLUDE
INCLUDE
INCLUDE

FROVIDES

CHANGES

A PERMANENT VALUE TO A SYMBOL.

DEFAULT RADIX TO HEXADECIMAL.

CODE TO . ENDC IF SYMEBOL IS DEFINED

CODE TO . ENDC IF SYMBOL IS NOT DEFINEL.
CODE TO . ENDC IF OFPERAND DOES NOT EEUAL O
CODE TO . ENDC IF OPERAND EGUALS O
SELECTIVE LISTINGS.

DEFAULT RADIX TO OCTAL.

REASSIGNS THE CURRENT LOCATION COUNTER.

BEGINZ
ASSIGNS

NEW PAGE IN LIZSTING.

A TEMPORARY VALUE TO A SYMBOL.

SFECIFIES HEADING.

ZEROS A

SFECIFED NUMBER OF BYTES.

HREHEEREREEEEERFEREEREREF SRR HERREERERRRRREREREREEEERRRRRER SRS



APPENDIX D - ERROR MESSAGES. #14. 0. 0

R R RS EEREEERERRREREE SRR R E SRR RS SERES

E: EN - BAD NESTING OF BRACKETS.

E: DOF - OUTPUT FILE DEVICE FULL. (FATAL)

E: DR - DIGIT OUTSIDE OF RADIX.

E: IL - ILLEGAL LABEL FIELD.

E: I - ILLEGAL OFERAND VALLUE

E: LD — LINE INPLUT OVERFL.OW.

E: LS = LOCAL SYMBEOL SYNTAX ERROR.

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

E: ML = MULTIFLE LAEBEL DEFINITION

E: MO - MISZING OR ILLEGAL MNEMONIC IN OFPERATOR FIELD
E: 0C - OFERAND TOO COMFLEX.

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

E:0OM - OFERAND MISSING,

E: 0= - OFERAND SYNTAX ERROR

E:FE - FHASE ERROR, ADDRESS CONFLICT. (FATAL)
E:F3 — ILLEGAL FPERMANENT SYMEOL LUSAGE IN OFERANL.
E: RE - INFUT FILE READ ERROR. (FATAL)

E: RV - BAD REGISTER VALUE FIELD.

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

E:TL - LABEL DEFINELD TOO LATE.

E: Uz - UNDEFINED SYMEOL.

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

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

W Lz — UNINHIBITED CONDITIONAL ASSEMELY IN EFFECT

AT ASSEMELY END

HREREERFRERFERERREREEREEEERERE LR AR R R R E R P EEEEREEER






