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#1.0.0
# 1. 0.0 INTRODUCTION.

THIS MANUAL DESCRIBES ONE OF THE X2 (CROSS EIGHT) SERIES OF MICRO-
PROCESS0OR CROSS-ASSEMBLERS SIERRA DIGITAL SYSTEMS HAS DEVELOPED FOR
POP3 IUSERS. THE X3 SERIES WILL HANDLE ALL OF THE FOFULAR MICRO-
PROCESSORS WITHIN A UNIVERSAL ASSEMBLER 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 ASSOCIATED SYNTAX OF EACH PARTICULAR MICROFROCESSOR ARE
RETAINED LINCHANGELD. :

THIS MANUAL DESCRIBES THE USAGE OF ONE OF THE MICROPROCESSOR CROSS-—
ASSEMEBLERS 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 ASSEMELER
FORMAT AS IT APPLIES TO ALL CROSS-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-ASSEMBELER.
SECTION 13 FPRESENTS A SUMMARY OF THE MNEMONIC INSTRUCTION CODES
ASSIGNED BY THE MICROPROCESSOR VENDOR AND RECOMIZED BY THE CROSS-
ASSEMELER. NO  ATTEMPT HAS BEEN MADE TO DESCRIBE THE OPERATION OF
THE MICROPROCESSOR ITSELF. SUCH INFORMATION MUST BE OBTAINED FROM
THE MICROPROCESSOR VENDOR OR OTHER SOURCES.  SECTION 14, THE APFPEN-
DICES, CONTAINS SUMMARY TABLES FOR GUICK REFERENCE ONCE THE USER
GAINS EXPERTISE IN ISING THE CROSS-ASSEMBLER.

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

# Z. 0. 0 OPERATION.

SIERRA DIGITALYS CROSS-ASSEMBLER IS AN 2K, TWO PASS ASSEMBLER WHICH
RUNS UNDER THE 0S/2 OPERATING SYSTEM. THE CROSS-ASSEMBLER IS CODED
IN POR/72 ASSEMELY  LANGUAGE (FPALE) TO GIVE FAST EXECUTION TIMES.
(LESS THAN 20 SECONDS FOR A NORMAL 4K BYTE PROGRAM IS TYPICAL).

FASS 1 READS THE INPUT FILES AND SETS UP THE SYMBEOL TABLES. FPASS Z
THEN GENERATES THE OUTPUT FILE IN THE BINARY (ORJECT) FORMAT OF THE
PARTICULAR MICROPROCESSOR. THE OUTPUT FILE CAN BE CHANGED TO ENFF
FORMAT THROUGH USE OF THE /B RUN-TIME OFTION.

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 FASE 32 LISTING.



#Z. 0.0

THE CROSS-ASSEMELER IS NOT RESTARTABLE. IF AN ATTEMPT IS MADE TO
RESTART THE ASSEMBELER WITH A | ST COMMAND, THE KEYEOARD MONITOR
RETURNS A "NO!P!'" |

TYPING CTRL/C WILL HALT ASSEMELY AND CALUSE AN IMMEDIATE EXIT TO THE
KEYROARD MONITOR.

TYPING CTRL/0 AT THE KEYBOARD DURING ASSEMBLY WILL SUPFPRESS THE
LISTING OF ERROR MESSAGES TO THE CONSOLE DURING PASSES 1 AND Z. 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 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 LOADER:

. R ARSLDR
#PTH: $

. SAVE SYS5: XNAME

FROM FILE STRUCTURED MEDIA, THE IMAGE FORMAT PROGRAM MAY BE COPIED
DIRECTLY TO THE SYSTEM DEVICE OR THE BINARY FORMAT FILE MAY EE
LOADED WITH THE ABRSOLUTE LOADER. MODIFICATIONS TO THE IMAGE FILE,
SUCH AS  INVERTING THE SENSE 0OF A RUN-TIME OPFTION, MAY BE
IMPLEMENTED ACCORDING TO THE NOTES IN SECTION # 11. 0.0 . :

# 2 2 0 CALLING SEQUENCE.

-~ e amio

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 TYFE IN THE
INPUT AND OUTPUT FILE SPECIFICATIONS AND RUN-TIME OFTIONES: '
#DEV: BIN, DEV: LIST<DEV: INL, . .. DEV: IN®/0PT
THE FIRST OUTPUT FILE IS THE MICROPROCESSOR BINARY ORJECT FILE

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



# 2.2 0

THE SECOND QUTPUT FILE IS THE OPTIONAL LISTING., WHEN ONLY THE FIRST
QUTPUT FILE IS SPECIFIED, THE ASSEMBELER ASSUMES THAT IT WILL BE THE
BINARY OUTPUT FILE AND THE LISTING IS5 OMITTEL.

THE FOLLOWING EXAMPLE SPECIFIES FILE "IN1" TO BE READ FROM DECTAPE
O AND THE BEINARY (ORBJECT) FILE TO BE OUTFUT TO THE FAPER TAPE PLNCH
WITH NO LISTING:

. R XNAME
#PTP: <DTAO: IN1

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

. R XNAME
#, LFT: <INI1, INZ

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

# 2.3.0 INPUT/QUTPUT FILE EXTENSIONS.

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

. ME - MICROPROCESSOR EBINARY OUTFUT FILE EXTENSION,
. LE - OUTPUT LISTING FILE EXTENSION.
L ME = MICROPROCESZSOR SOURCE FILE EXTENSION.

# 2.4, 0 RUN-TIME OPTIONS.

o~ oo oo - s oo coure

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

IF ONE 0OR MORE OF THESE OPTIONS IS CONTINUALLY CALLED, THE LUSER
SHOULD CONSIDER MODIFYING THE ASSEMBLER TO INVERT THE SENSE OF THE
OFPTION. THE MODIFICATION NOTES IN SECTION #11. 0.0 EXFPLAIN HOW THIS
MAY BE DONE., FOR EXAMPLE, A LUSER WHD PREFERS TO  OUTPUT FILES IN
BMPF FORMAT RATHER THAN BINARY CAN INVERT THE SENSE OF THE /B
OFPTION, THEN THE BINARY FILES ARE NORMALLY WRITTEN IN BENFF FORMAT.
USE 0OF THE /B OPTION THEN CAUSES THE OUTFUT FILE TO EE WRITTEN IN
THE STANDARD MICROPROCESZOR BINARY  CODE. SFACE IS5 PROVIDED IN
TABLE #1 TO CHECK OFF WHICH OPTIONS HAVE BEEN INVERTED FOR YOUR
REFERENCE.



TABLE #1. RUN-TIME OPTIONS. #2.4. 0

o3 36 A 36 4 30 3636 6 4636 30 3 30 A0 304 00 30 36 0 A0 30 30 H 3 3 30 S H 0 30 40 OR300 36 0 9E 36 36 K 46 0 30 36 36 36 0 JE 0 S 36

OPTION MEANING INVERT?
B3 B I S R R S S I R S B S S S S S S B S S B

/B THE EBINARY QUTPUT FILE IS WRITTEN IN BNPF FORMAT., -——————-—
INSTEAD OF IN THE MICROPROCESSOR VENDOR'S  STANDARD
BINARY FORMAT.

FOR THE BNPF FORMAT, THE BINARY OUTPUT IS5 CONVERTED
TO ASCII TEXT WHERE

"B" INDICATES THE BEGINNNING OF A BYTE,

"F" INDICATES THE END OF A EYTE,

"P" INDICATES A 1 BIT AND

"N" INDICATES A O BIT.

FOUR BYTES , SEPARATED BY SPACES, ARE WRITTEN FPER
L INE. THE ADDREZS OF THE FIRST BYTE IS GIVEN IN
SIX DIGIT OCTAL AT THE BEINNING OF THE LINE.
LEADING ZEROES IN THE ADDRESS ARE CONVERTED T0O
SPACES. EACH LINE IS PRECEDED BY Z SPACES. LEADER
CONSISTS OF 100 NULL CHARACTERE WITH 20 RUBOUTS
IMMEDIATELY PRECEEDING AND FOLLOWING THE ASCII
TEXT.

EXAMPLE: THE FOLLOWING CODE IS5 SHOWN REWRITTEN IN
ENPF FORMAT.

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

100 ENNFNNPPPF EFPNNNFPPF BPNPNFFPPF EPPNPNPPPF
104 BFFPPPPPRF ENFPFNNPNF ENNNNNNNNF EPFPNFNNNNF

/E INHIEIT ERROR MESSAGES TO THE CONSOLE. 00 =—e————
NMORMALLY 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 3SUCH A% TTYYS CAN  SFEED  ASSEMBLY
TIME WITH THIS OPTION.

ALSa, IF THE BINARY FILE IS TO BE QUTPUT TO THE
CONSOLE DEVICE, THE ERROR MESSAGES AND BINARY
OUTFUT LINES WILL BE INTERMIXED., THE /E OPTION WILL
INHIBIT ALL BUT FATAL ERROR MESSAGES SO0 THAT ONLY
THE BINARY FILE IZ CQUTRUT.

b 2 3 48 B 3 3 S 330 H 36 3 40 3 36 B S B A B 0 3 B0 R R 3 0 R S 30 0 R R S e R AR SR R SR S R SR B



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

Fo3b 3 S 30 0 R0 B0 30 3 36 30 3 3 30 3 30 3 AR 0 H 0 3 R 36 B R SR R B A6 R R R R R R RS R RS E

OFPTION MEANING INVERT?
346 4 A A SR S R R R R A R I B B R R B R R R R R

/H INHIBIT HEADINGS AND PAGINATION. e
NORMALLY, THE ASSEMBLER AUTOMATICALLY PAGES THE
OUTFUT, ADDING A HEADER TO THE TOP OF THE PAGE. USE
OF THE /H OFTION WILL ELIMINATE THE HEADING AND THE
FAGINATION. ’

rJ LIST UNASSEMELED STATEMENTS AND CONDITIONAL @ ———————
ASSEMELY PSEUDO-OPS.
STATEMENTS WHICH DO NOT  GET ASSEMBLED DUE  TO
CONDITIONAL ASSEMBLY PSEUDD-0OPS  ARE  NORMALLY  NOT
LISTED. NEITHER ARE THE CONDITIONAL PSEUDO-OPS
THEMSELVES., USE OF THE /J OFTION WILL ADD THESE
STATEMENTS TO THE LISTING

JK EXPAND SYMBOL TABLE STORAGE INTO EXTRA CORE. W ——————-
NORMALLY MOST OF FIELD 1 I3 USED FOR BOTH LOCAL AND
NORMAL.  USER SYMBOL STORAGE. USE OF THE /K OPTIONS
EXPANDE CORE USAGE TO 1ZK WHERE THE LOCAL  SYMBOL
TABLE RESIDES IN FIELD 2 AND THE REGULAR SYMBOL
TARLE RESIDES IN FIELD 1.

/L QUTPUT LEADER IN BINARY FILE FOR . ORG STATEMENTS ———————
THIS OPTION MAY BE USED TO  PHYSICALLY SEPARATE
DISCONTINUOUS SECTIONS OF  THE BINARY OUTPUT ON A
FAFER TAFE.

yau OUTPUT LISTING WITH BINARY CODE IN QOCTAL FORMAT, — ———————
THE GENERATED BINARY CODE IS NORMALLY PRINTED IN
HEXADECIMAL AT THE LEFT OF THE FROGRAM STATEMENTS
IN THE LISTING FILE. THE /0 OFTION WILL CAUSE THE
BINAGRY CODE TO BE LISTED IN  OCTAL  INSTEAD OF
HEXADECIMAL.

/N LIST ONLY THE SyMBEOL TARE e
THE THIRD PASS LISTING NORMALLY CONSISTS OF  THE
STATEMENT LISTING PLUZ  THE USER  SYMBEOL TABLE
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 UNLESS
THE /F OFTION I3 USED.

/5 OMIT THE SYMROL TABLE FROM LISTING. e
ONLY THE PROGRAM STATEMENTS ARE  LISTED WITH THIS
OFTION.

e 3 A0 S b R R R R R R R SRR R R RS



TABLE #1. RUN-TIME OPTIONS. (CONT. ) #2Z. 4.0

e MR R R R R R R R R R R R RS R RS ERERR

OPTION MEANING INVERT?
HeA 34 B S 3 B 6 A A AR 2 A6 A AR R B A S I A A B I SO

e REFLACE FORM/FEED WITH 3 CR/LFS. e
WHEN LISTING TO A DEVICE SUCH AS A TTY WHICH DOES
NOT HAVE A FORM/FEED CONTROL, USE OF THE /T OPTION
WILL REPLACE THE FORM/FEED WITH 32 BLANEK LINES .

/W INHIBIT WARNING MESSAGES. e
WHEN WARMING MESSAGES CAN BE SAFELY IGNORED, THIS
OFTION WILL PREVENT THEM FROM BEING OUTFUT.

/0 USER FLAGS, USED WITH THE 7 OPERATOR, SEE SECTION
TQ /9 # 2.1 4 .

Ho b oAb R 0 R e R R R R e e R R R R R R R R R RS R

# 3. 0. 0 ASSEMELER CHARACTER SET.

THE FOLLOWING CHARACTERES ARE LEGAL SOURCE CODE CHARACTERS:

1) ALPHABETICE A-Z, UPPER CASE ASCII
2) NUMERICE 0-9
3) THE SPECIAL CHARACTERS LISTED BELOW.

o4 AE e 3 3 R 4 AR e 3 S 3R 40 SR SRR R S 0 R R 3 H B R B R R 0 M R R R R R SR

MULTIPLICATION
ODIVISION
BOOLEAN AND
INCLUSIVE OR
AODITION
SUBTRACTION
] FRECEDENCE INDICATORS
UNIVERSAL LINARY OFERATOR (UPARROW). LISED WITH:
- COMPLEMENT (UPARROW C)
“Eo- BINARY RADIX INDICATOR (UPARROW B)
O - DECIMAL RADIX INDICATOR (UPARROW D)
“Ho- HEXADECIMAL RADIX INDICATOR (UPARROW H)
- OCTAL RADIX INDICATOR (UFPARROW 0)
i LEAST SIGNIFICANT BYTE ACCESS OPERATOR
M - MOST SIGNIFICANT BYTE ACCESS OPERATOR
; COMMENT INDICATOR
" OR 7 ASCIT INDICATOR
7 WEER FLAG OFPERATOR
CURRENT LOCATION COUNTER (PERIDD)

o+ - TN %

o 3 3 A A R S S A e 3 e 3 e S S S R R R R R R R R R SR SR R R R R



# 3.00

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

# 4.0 0 STATEMENT FORMAT.

eaoy conse samos somme - oovns smmn conpe somes yusre sonun sovan aume soves

STATEMENTS ARE WRITTEN IN THE GENERAL FORM:
LAEEL OPERATOR OPERANLD i COMMENT

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

OFPERATORS MUST BE SEPARATED FROM THE LAREL WITH AT LEAST ONE SPACE
OR TAB. WHEN NCO LAREL IS5 PRESENT, THE OFERATOR MAY DBEGIN IN  ANY
COLUMN BEYOND COLLUMN 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 (OR
OFPERATOR IF THERE IS5 NO OPERAND BY A SEMICOLON ().

AN INPUT LINE MAY BE UP TO 127 CHARACTERS LONG (NOT INCLUDING THE
CARRIAGE RETURN). WHEN THE INPUT LINEZ ARE OUTPUT TO THE LISTING
FILE, ANY CHARACTERS AFTER THE 7z0 COLUMN ARE WRITTEN ON THE NEXT
LINE(S) BEGINNING AT THE Z5TH COLLMN OF THE FIRST SOURCE LINE
(NORMAL  COMMENT  COLUMN). SEE  THE MODIFICATION NOTES IN SECTION
#11. 0. O TO ADJUST FOR NARROWER OR WIDER FAGE OUTFUT, THE CARRIAGE
RETURN I3 A 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 READAELE CODE. TAEB 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 &
OPERATORS  OCCURY THE SECOND TARB FIELD, COLUMNES 2 THROUGH 16.
OFERANDS OCCUPY THE THIRD TAER FIELD, COLUMNS 17 THROUGH 2Z4.
COMMENTS OCCUPY THE REMAINING FIELDS, COLUMNS Z5 THROUGH 127.

# 4. 2.0 LABELS.

A LABEL IS A SYMBEOL WHICH PRECEDES THE OFERATOR AND MUST FOLLOW THE
SYMEOL NAMING CONVENTIONS DESCRIBED IN SECTION # 6. 2.0 . IN ALL BUT
THE SYMBOL DEFINITION PEEUDO-OFPS, (0 EQLL . SET, . DINST ) THE LAREL
IS5 A LOCATION TAG AND IS EGUAL TO THE VALUE OF THE CURRENT LOCATION
COUNTER.

EXAMFPLE:
z 1 . ORG 201
0 & LARBELY . EG & i LABEL 1=6
Z01 1 LABELZ . BYTE 1

i LABELZ=LOCATION TAG=Z01

NOTE THAT A JUMP TO LABEL1 WILL TRANSFER TO ADDRESS 6 WHILE A JUMP
TO LABELZ GOES TO ADORESS 201.

A LABEL LACKING BOTH AN OFPERATOR AND OFPERAND IS SET E®UAL TO  THE
VALLE OF THE NEXT ADDRESE TO BE ASSEMBELED. IF  USED AT THE
EEGINNING OF THE PROGRAM, IT IS SET EQUAL TO THE VALLE 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.

meas sveie iman sssee seoes comia

AN  OPERATOR IS A MNEMONIC WHICH INDICATES THE ACTION TO EBE
PERFORMED AND IS EITHER A FPSEUDO-0OFP OR ONE OF THE MICROPROCESSOR
INSTRUCTIONE. PSEUDO-0FS  ARE DESCRIBED IN SECTION #9 0.0, THE
MICROPROCZESSOR INSTRUCTION SET IS DESCRIBED IN SECTION #1323 0.0 .
THESE OPERATORS  SHOULD NOT BE CONFUSED WITH ARITHMETIC OPERATORS
LSED IN OFPERAND EXPRESSIONS.



# 4.4.0
# 4. 4. 0 OPERANDS.

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

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

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

IT SHOULD RBE NOTED THAT OFPERAND EXFRESSIONS ARE EVALUATED TO A
SINGLE NUMERICAL VALUE RBY THE ASSEMBELER. EBINARY CODE IS NOT
GENERATED TO MAKE THE MICROPROCESSOR EVALUATE THE EXPRESSION.

# 4.5 0 TERMS AND EXPRESSIONE.

oo vonoe

A TERM IS A SINGLE VALLUE, A CONSETANT OR SYMEOL. THE CURRENT
LOCATION COUNTER {(REFRESENTED BY A FERIOD) IS5 CONSIDERED A TERM.

TERMS ARE COMBINED WITH OPERAND ARITHMETIC OFPERATORE TO FORM
EXPRESSIONS.

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

SYMBOL . EQW! 1+NEW # 15

16 BIT INTEGER ARITHMETIC IS USED TO EVALUATE EXPRESSIONES.

# 5. 0.0 NUMERIC CONSTANTS.

oarme G40n0 G4ese Sl Shve GRr SO 0S8 SHCH i S HIRS SHGAE Seise adsep Seste Seeme SSLR SmLEL SeAme faoe YOS Weare Sas PRt Hobve

A CONSTANT IS5 A NUIMERIC 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
IS5 CONSIDERED TO BE IN THE DEFALLT RADIX, WHICH Is INITIALLY
HEXADECIMAL.

EXAMFPLE: THE HEXADECIMAL NUMBER 16 (22 IN BASE 10) IS STORED IN
"VALUE"

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

THE MINIMUM VALUE FOR A CONSTANT IS -32742 (BASE 10 SIGNED).



# 5 1.0
# 5. 1.0 CONSTANTE WITH RADIX INDICATORS.

s v L

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 BE
ENTERED, IT I& MORE CONVENIENT TO CHANGE THE DEFAULT RADIX USING
THE PSUEDO-COPS DESCRIBED IN SECTION # % 2.0 .

THE TEMPORARY RADIX INDICATORS ARE:

“~B EINARY

~D DECIMAL

“H HEXADECIMAL
0 OCTAL

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

A HEXADECIMAL CONSTANT WHICH DOES NOT BEGIN WITH A NUMBER SHOULD BE
WRITTEN WITH A LEADING ZERO 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 . E&U “HOAZOZ i VALUE=QA30Z, BASE 14
VALLE | EGWL “HAZOZ i VALUE = SYMEOL A302Z

SINCE THE SYMBOL AZ0Z MAY NOT EXIST, THE SECOND STATEMENT WILL
FROBABLY CAUSE AN LINDEFINED SYMBOL ERROR. TEMFORARY RADIX
INDICATORS AFFECT THE NEXT DIGIT STRING IN THE EXFPRESSION UNLESS A
SYMEOL NAME OR BINARY OPERATOR OCCURE FIRST. IN THAT CASE, THE
TEMPORARY RADIX INDICATOR WOULD BE IGNORED. NO  ERROR MESSAGE IS
GIVEN.

# 5.2 0 CONSTANTE WITH ASCII INDICATORE.
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THE " AND < INDICATORE ARE USED TO FORM THE 7 BIT ASCII VALUE OF A
CHARACTER. THERE ARE FOUR ACCEPTABLE WAYS TO WRITE THE INDICATORS:

"A"  OR "A OR AT OR A ALL EQUAL 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-0OFP WHERE IT IS USED
TO INFUT TEXT STRINGEZ. SEE SECTION # % 3.1 .
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# 6. 0. 0 SYMBOLS.

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

A LABEL IS5 A SYMBOL THAT PRECEDES AN OFERATOR IN THE STATEMENT. IF
THE LABEL IS MSED T0O STORE THE VALLE OF THE CURRENT LOCATION
COUNTER » IT IS CALLED A LOCATION TAG

# 6. 1. 0 PERMANENT SYMEOLS.

— .

PERMANENT SYMBEOLS ARE THE CROSS-ASSEMBLER PSEUDO-0PS AND
MICROPROCESSOR OPERATORS. IF NECESSARY, THE . DINST STATEMENT CAN BE
USED TO RENAME A MICROPROCESSOR OPERATOR. THE CROSS-ASSEMBLER
PSEUDO-OPS CANNOT BE USED IN A . DINST INSTRUCTION. THE TABLES 1IN
THE APPENDICES SUMMARIZE THE PERMANENT SYMEOL SET.

# 6. 2 0 USER DEFINED SYMEOLS

- — -

THESE SYMBOLS CAN BE LOCATION TAGS OR REPRESENT A VALLUE.

A SYMEBOL IS A STRING OF FROM ONE TO SIX ALPHANUMERIC CHARACTERS
DELIMITED BY A NON-ALPHANUMERIC CHARACTER. UWSER-DEFINED SYMEOLS
MUST CONFORM TO THE FOLLOWING RULES:

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

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

F) ONLY THE FIRST 5IX CHARACTERS ARE USED,  ANY
OTHERS ARE IGNORED. SYMBOLS ARE STCORED IN THE
CSYMBOL TABELE AND REFERENCED ONLY BY THE FIRST
SIX CHARACTERS. '

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



# 6. 3.0
# & 3.0 LOCAL SYMBOLS.

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 SYMBOLS IN THE PROGRAM. IN CASES LIKE THIS, LOCAL SYMBOLS CAN
BE USED INSTEAD OF REGULAR SYMBEOLS.

LOCAL SYMBOLS HAVE THE FORMAT "$N" WHERE "N" IS5 A DECIMAL INTEGER
FROM 0-2Z55 INCLUSIVE.

LOCAL SYMBOLS MUST BE DEFINED AND REFERENCED WITHIN LOCAL SYMBOL
BLOCKS., LOCAL SYMBEOL BLOCKE ARE SECTIONS OF THE PROGRAM THAT START
ON A STATEMENT HAVING A REGULAR SYMEOL USED A5 A LOCATION TAG  AND
END  ON THE STATEMENT JUST EBEFORE THE O0CCURANCE OF THE NEXT REGULAR
SYMBOL LOCATION TAG.  NOTE THAT LABELS FOR  THE . EGJ, . DINST AND
. SET  PSEUDO-0OPS  ARE  NOT  LOCATION TAGS AND DO NOT DELIMIT LOCAL
SYMBOL ELOCKS.

THERE IS NO EFFECTIVE LIMIT TO THE SIZE OF A LOCAL SYMBOL EBLOCK.

THE SAME LLOCAL SYMBOL CAN EE DEFINED AND USED IN AN UNLIMITED
NUMEER OF LOCAL SYMBEOL BLOCES,

EXAMPLE:

TAG1 . BYTE "TEXT" i SYMBOL BLOCK BEGINS
$1 . EGL VALUE i OEFINE LOCAL $1

P2 CEe - —1 i DEFINE LOCAL $2
vaLul . EGU Hl-%27 i CALCULATE NEW VALUE
TAGZ . BYTE "TEXT" i NEW SYMBOL BLOCK

%1 . EG VAL i DEFINE LOCAL $1

B2 . B -2 i DEFINE LOCAL $2
VALUZ | EGHd $ladz i CALCULATE NEW VALLUE.

TAGE . BYTE "TEXT" G ENDS SECOND BLOCK

# 7. 0.0 CURRENT LOCATION COUNTER.
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THE CURRENT LOCATION COUNTER IS INDICATED BY A& PERIOD. 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 SOURCE INPUT THE CURRENT LOCATION COUNTER
IS SET TO ZERC IT CAN BE REASSIGNED THROUGH USE OF THE . ORG
PSEUDO-0F.

EXAMPLE:
0 60 . ORG L0 i INITIAL ADDRESS
0 0 vaLUE . Ecud o i NO EFFECT ON .
60 22 TAG . BYTE 27 i . = 60 (BASE B)
1 00 . ORG 100 i REASSIGN COUNTER
100 10 TAG1 . BYTE 10 io.= 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
ASSEMBLER AS SOON AS THE CURRENT  INSTRUCTION IS ASSEMBLED. NOTE
THAT IN THE MULTI-OFERAND DATA STORAGE PSEUDO-OPS, (0 BYTE, . DBYTE,
AND . ADDR ) THE LOCATION COUNTER IS CHANGING AS  THE OPERANDS ARE
ASSEMBELED.

EXAMPLE: THE LOCATION COUNTER I5 USED AS AN OPERAND 2 TIMES IN AN
. ADDR PSEUDO-0P.

0 20 . ORG 20

20 20 © . ADDR
2z 22 0
24 24 0O
20 20 O

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

# 8. 0.0 THE ARITHMETIC OPERATOR 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 OR EXPRESSION
FOLLOWING THEM. '

BINARY OPERATORS ACT OGN TWO ITEMS: THE TERM OR EXPRESSION
FRECEEDING THEM AND THE TERM OR EXPRESION FOLLOWING THEM.



# 8 1.0
# 8. 1. 0 LINARY OPERATORS.

THE + (PLUS) AND - (MINUS) UNARY OFPERATORS ASSIGN A POSITIVE OR
NEGATIVE SIGN TO THE EXPRESSION FOLLOWING THEM. AN EXPRESSION IS
ASSUMED TO BE FPOSITIVE IF NOT OTHERWISE SPECIFIED

# 8 1.2 BYTE ACCESS OPERATORS.

eoson oomme.

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 VALLUE OF AN EXPRESZSION OR TERM

EXAMPLE: TO SET "VALUE" EGUIAL TO THE MOST SIGNIFICANT BYTE OF
3B&1 (BASE 146), THE STATEMENT BELOW IS USED.

VALUE . SET “MIBL] i VALUE = Q03B
THIS NEXT STATEMENT TAKES THE LEAST SIGNIFICANT BYTE.
vValL.UE . SET ~L3BA1 i VALLE = 0061

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

# 8. 1.2 THE COMPLEMENT OFPERATOR.

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

EXAMFLE:
VALLE . EGL) ~C7241 S VALUE = SDREE

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



# 3.1 .4
# 2. 1. 4. ? OPERATOR.

THIS IS THE USER FLAG OFERATOR, A UNARY OPERATOR USED IN CONJUNC-
TION WITH THE COMMAND DECODER LSER FLAG OPTIONS (/0 TO /79). IT HAS
THE FORM 7EXPRESSION AND MAY BE USED IN  OFPERANDES  LIKE ANY OTHER
TERM. THE RESULTING VALUE OF THE CGIUESTION MARK OFERATOR EGUALS 1 IF
THE VALUE OF ITS EXPRESSION MATCHES A USER FLAG THAT WAS SPECIFIED
TGO THE COMMAND DECODER AT RUN-TIME. OTHERWISE IT E&UALS 0. THIS
OFERATOR IS USEFUL FOR CONTROLLING CONDITIONAL ASSEMELY AND LISTING
PARAMETERS WITHOUT HAVING TO MODIFY THE SOURCE FILE.

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

. R XNAME
#BIN, LOUTCSOURCE, 2

THE SOURCE FILE CONTAINS THE FOLLOWING | LLIST STATEMENTS:
CLIST ?Z-1
LLIST 1

AT THE FIRST . LIST STATEMENT, THE 7Z TERM EGQUALES 1 SINCE /72 WAS
SPECIFED AT RUN-TIME. THE OPERAND ( 7Z-1 ) EGMIALS ZERD. THEREFUORE
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. 2 0O BINARY OPERATORE.
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SIX  SPECIAL CHARACTERS ARE USED TO FPERFORM THE FOLLOWING BINARY
OPERATIONS:

MULTIPLICATION
DIVISION
EOOLEAN AND
INCLUSIVE OR
ADDTITION
SUBTRACTION

I+~ 2N %



# 8. .20

THE UNARY OFPERATORES TAKE FPRECEDENCE OVER THE BINARY OPERATORS
DURING  ASSEMBLY. THE # AND / OPERATORE ARE EXECUTED NEXT., THEN THE
OTHER BINARY OPERATORS FROM LEFT TO RIGHT. BRACKETS, L 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* L -B 1 1 + L L 2/D0 1 % L ~C [ ~B1O1 1 1 1]

vVaLuE | EGWU A¥—B+Z/D#CTELIOL

ADDITION AND SUBRACTION ARE ACCOMPLISHED BY TWO-S COMPLEMENT 16 BIT
ARITHMETIC., NO CHECKS FOR DVERFLOW ARE MADE.

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

DIVISION IS5 ACCOMPLISHED BY REFPEATED SUBRACTION. THE GUOTIENT IS
THE NUMEBER OF SUBTRACTIONS PERFORMED. THE REMAINDER IS NOT SAVED.
NO CHECKS ARE MADE FOR SIGN. DIVISION BY ZERDO RESULTE IN ZERD.

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
NUMEERS.



# 9. 0.0 PSEUDO-OPERATORS.
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PSEUDO-0OPERATORS ARE INSTRUCTIONS TO THE ASSEMBLER WHICH ALLOW
GREATER FLEXIBILTIY IN PROGRAMMING.

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

# % 1.0 ASSIGNMENT PSEUDO-0OFS.

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

# 2. 1.1 EQU PSEUDO-0OP.

THE . EG IS USED TO ASSIGN A VALUE TO A SYMBOL. THIS SYMBOL VALUE
CANNCOT BE CHANGED ONCE DEFINED. CEQL IS USEFUL FOR ASSIGNING NAMES
TO LOCATIONS WHICH ARE NOT LOADED RBY THE ORJECT CODE.

EXAMPLE:

NAME 1 . EQU J00%EL

# . 1.2 | SET PSEUDO-OF

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

EXAMFLE: THE FOLLOWING IS PERFECTLY LEGAL FOR A | SET DBUT NOT AN
. EG.

MAME 1 . BET 300#4
NAMEL . BET Iz

NOTE THAT IT IS GOOD PRACTICE TO USE THE | EQU FOR ASSIGNMENTS
RATHER THAN THE . SET EXCEPT (OF COURSE) WHERE THERE IS A SPECIFIC
NEED TO REDEFINE A VALLUE. THIS HELFS FREVENT THE ACCIDENTAL
REDEFINITION OF A& VALUE IN A PROGRAM.

# 2.1.3 | DINST PSEUDO-OF

THE . DINST IS USED TO GIVE A MICROPROCESSOR COPERATOR ANOTHER  NAME.
THE ORIGINAL OFPERATOR NAME WILL STILL BE VALID. NOTE THAT THE
SSEMELER PSEUDO-OFS CANNOT BE RENAMELD.



#%. 1. 3

EXAMPLE: THE MICROPROCESSOR INSTRUCTION "OFR" IS DEFINED AS
"NEWOP". ANY FURTHER REFERENCES TO "NEWOP" IN THE PROGRAM WILL EBE
TREATED ACCORDING TO THE DEFINITION OF "OFR".

NEWOP . DINST OPR
"NEWOP" IS DEFINED TO BE THE EGUIVALENT TO THE MICROPROCESSOR

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

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

ASSEMBLER PSEUDO-0PS CANNOT BE USED IN EITHER THE LABEL 0OR OFERAND
FIELDS OF ANY STATEMENT AND THEREFORE CANNOT BE DEFINED WITH THE
. DINST STATEMENT.

LOCAL SYMBEOLS CANNOT BE USED IN THE OFERATOR FIELDS, THEREFORE THEY
SHOLILD NOT BE USED WITH A . DINST STATEMENT.

# % 1.4 . ORG PSEUDO-OP,

THE . ORG REASSIGNS THE LOCATION COUNTER.

THE LOCATION COUNTER WILL BE O AT THE START OF THE SO0URCE INPUT.
THE . ORG OPERAND  CANNOT BE FORWARD REFERENCED, (REFERRED TO A
LARBEL DEFINED FURTHER ON IN THE PROGRAM) AND CANNOT HAVE A LABEL.

# ¢ 2. 0 DEFAULT RADIX FPSEUDO-OFS,

——— oot — oo

INITIALLY, THE DEFAULT RADIX IS SET TO HEXADECIMAL 350  THAT
CONSTANTS ARE READ IN AS BASE 146 VALUES., (SEE MODIFICATION NOTES IF
ANOTHER INITIAL DEFALULT RADIX IS DESIRED. )

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

. BIN i BINARY RADIX

. DECM i DECIMAL RADIX

. HEX i HEXADECIMAL RADIX
L DCT i OCTAL RADIX

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

ADDITIONALLY, THE RADIX OF INDIVIDUAL CONSTANTS CAN BE SPECIFIED BY
THE UWSE OF THE ~B, "D, ~H AND 0 IMDICATORS. SEE SECTION # 51,0
THESE INDICATORS DO NOT CHANGE THE DEFALULT RADIX.



# 9.3 0 DATA STORAGE PSEUDO-ORS.

THREE PSEUDO-0PS CAN BE USED TO STORE DATA. THEIR FORMAT I5:
LABEL FSEUDO-0F OFERAND, OFERANLD, . . . . ; COMMENT

THE PSEUDO-0FS CAN HAVE AS MANY OFPERANDS AS WILL FIT ON ONE 127
CHARACTER L INE

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

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

# 2.3 1 | BYTE PSEUDO-QF.

THE . BYTE PSEUDO-0OF STORES DATA IN SINGLE BYTES OF MEMORY.
NUMERICAL BYTE VALUES CAN RANGE FROM -—-122 TO +255 (DECIMAL).
NORMALLY, DOUBLE QUOTES AND SINGLE GUOTES ARE TREATED IDENTICALLY
AND ARE USED TO FORM THE ASCII  VALUE OF A SINGLE CHARALCTER.
HOWEVER, IN THE . BYTE PSEUDO-0OFP , THE DOUBLE GUOTE IS USED TO INDI-
CATE TEXT STRINGS. DATA IS STORED SEGUENTIALLY AS IT IS5 PROCESSED,
LEFT TO RIGHT. A TEXT STRING MUST BE CLOSED WITH & DOUBLE GUOTE.

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

Z 00 . ORG 200
200 41 . BYTE "ARC", 0, 'B
201 427
202 43
202 0
Z04 42

THESE STATEMENTS WOULD BE INVALID:

. BYTE TARBCT i THE < IS NOT FOR TEXT STRINGS
. BYTE "ARC ; TEXT MUST ENDY WITH A "

# 9.3 2 . DOBYTE PSEUDO-0OP.

THE . DBYTE I3 SIMILAR TO THE . BYTE EXCEPT THAT IT STORES DOUEBLE
BYTE GUANTITIES. IT DOES NOT  ACCERPT TEXT STRINGES. THE THE MOST
SIGNIFICANT BYTE IS STORED FIRST, THEN THE LEAST SIGNIFICANT EYTE.



# ¢ 3.3
# 9.3.3 . ADDR PSEUDO-0OP,

THE . ADDR PSELDO-0P IS THE SAME AS THE . DBYTE PSEUDO-0OP EXCEFT THAT
THE LEAST SIGNIFICANT BYTE IS STORED FIRST. MANY MICROPROCESSORS
USE THIS REVERSED FORMAT FOR ADDRESSES. FOR EXAMRLE:

2 00 . ORG 200
200 1 32 . DRYTE "~HE13Z  HEX CONSTANT
202 32 21 . ADDR “H3132 5 REVERSED BYTES

# 9 3.4 .ZERO PSEUDO-OP.

THE . ZERO PSEUDO-0OP RESERVES THE NUMBER OF BYTES INDICATED BY THE
OFERAND AND SETS THEM TO ZERG.

EXAMPLE: 16 ADDRESSES, 1 TO 10 (BASE 146) ARE ZEROED.
o 1 . ORG 1
1 0 . ZERO 10
11 10 . BYTE 10

ONLY THE FIRST BYTE WILL BE FRINTED IN THE LISTING. THE LOCATION
COUNTER IS ADVANCED. THE OFPERAND OF . ZERDO CANNOT BE FORWARD REFER-
ENCED, (REFERED TO A LAREL DEFINED FURTHER ON IN THE PROGRAM).

# 9 4.0 LISTING CONTROL DIRECTIVES
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THROUGH USE OF THE . LIST, . PAGE AND . TITLE PSEUDO-O0OPS, PFPLUS SEVERAL
RUN-TIME OPTIONS, THE SOURCE PROGRAM CAN BE LISTED IN VARIOUS WAYES
AT ASSEMELY TIME.

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

NOT ALL PSEUDO-0PS ARE LISTED IN  THE OUTPUT. THE CONDITIONAL
ASSEMELY AND LISTING CONTROL PSEUDO-0OFPS ARE NOT LISTED UNLESS THE
/P OPTION IS5 SPECIFED. SEE RUN-TIME OPTIONS # Z. 4.0

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

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



# .40

IF THE OUTPUT 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 3 CARRIAGE RETURN/LINE FEEDS
S0 THAT PAGES WILL BE SEPARATED EBY 3 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 OPTION IS
USED.

# 9.4.1 | LIST PSEUDO-0OP.

A LIST FLAG IS USED DURING ASSEMELY TO INDICATE WHETHER OR NOT THE
STATEMENTS ARE TO BE LISTED. INITIALLY, THE FLAG IS ON AND STAYS ON
UNLESS A . LIST PSEUDO-0F IS ENCOUNTERELD.

A L LIST PSEUDO-0OP CAN BE USED WITH OR WITHOUT AN OPERANI. A  LABEL
CANNOT BE USED WITH THE | LIST FPSEUDO-0OP.

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

EXAMPLE:
i LIST FLAG INITIALLY ON
. ORG Z00 P LISTED
VALLE . BET 1 i LISTED
. LIST i LIST FLAG OFF
VALUZ . BET 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-0P WITH AN OPERAND IS ENMCOUNTERED, THEN LISTING
IS5 INHIBITED IF THE OFERAND IS EfJAL TO ZERO. (THE LIST FLAG IS
SET OFF). IF THE OPERAND IS NOT ZERO, LISTING 5 ENABLELD. (THE
LIST FLAG IS SET ON).

# 9. 4. 2 . PAGE PSEUDO-OF
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INSERTING A . PAGE PSEUDO-0F IN THE FROGRAM WILL NORMALLY START A
NEW PAGE BEGINNING WITH THE NEXT LINE. (THE . PAGE STATEMENT ITSELF
IS NOT NORMALLY LISTED ) IF THE /F COMMAND DECODER OPTION IS USED,
THE . FAGE STATEMENT WILL BE THE FIRST LINE OF THE NEW PAGE.



THE /H COMMAND DECODER OFTION INHIBITS THE . PAGE PSEUDO-0OF.

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

# 9. 4.3 . TITLE PSEUDO-0OP.

THE . TITLE IS USED TO REPLACE THE HEADING WITH UP TO 3Z CHARACTERS
OF TEXT. ITS FORMAT IS:

. TITLE HEADING OF 32 CHARACTERS

THE FIRST CHARACTER AFTER THE . TITLE IS THE PSEUDO-OP DELIMITER
WHICH CANNOT BE AN ALFHA-NUMERIC CHARACTER . THE DELIMITER IS
CONSIDERED THE FIRST CHARACTER OF THE 322 CHARACTER GROUF AND WILL
BE PRINTED OQUT. ANY TEXT AFTER 32 CHARACTERS WILL BE IGNORED. TABS
CAN BE USED IN THE HEADING.

THE /H COMMAND DECODER OPTION INHIEBITS THE . TITLE PSEUDO-O0P.
THE /P COMMAND DECODER ENABLES THE LISTING OF THE . TITLE PSEUDO-0P.

A SEMICOLON DOES NOT DELIMIT THE HEADING TEXT. COMMENTS CAN BE
MADE ONLY AFTER THE 3% 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 AFPEAR
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 PROGRAM
VALUE . EG 1
CLIBT VALLUE

# 2.5 0 CONDITIONAL ASSEMBLY PSUEDO-OPERATORS.

B = o—

THE . IFZERO, . IFNZRO, . IFDEF AND . IFNDEF OPERATORS ARE USED TO
PROVIDE FOR THE CONDITIONAL ASSEMBLY IN A PROGRAM, S0 THAT GROUPS
OF STATEMENTS ©CAN ERBE ADDED (OR OMITTED) DURING THE ASSEMBELY
FPROCESS. EACH I£ DESCRIBED INDIVIDUALLY IN  THE SECTIONS THAT
FOLLOW. ALL HAVE THE GENERAL FORM:

PSEUDO-OF OFPERAND i COMMENT



# 2.5 0

EACH OPERAND MUST MEET THE CONDITIONS OF ITS PSEUDO-OP IN ORDER FOR
THE STATEMENTS THAT FOLLOW IT TO RBE ASSEMBLED. IF THE CONDITIONS
ARE NOT MET: THESE STATEMENTS ARE OMITTEL. THE . ENDC PSEUDO-0P
INDICATES THE END OF THE GROUP OF STATEMENTS WHICH ARE AFFECTELD.
EACH CONDITIONAL PSEUDO-0FP MUST HAVE ONE | ENDC STATEMENT.

CONDITIONAL PSEUDO-OFZ CANNOT HAVE LABELS.

CONDITIONAL PSEUDO-OFPS CAN BE NESTED UP TO 4095 LEVELS,

EXAMPLE:
VALLEL . EG 0 i DEFINE VALUE!L
. IFZERO VALLUE1L i VALUJEL = 0 7 - YES
. BYTE "TEXT" i ASESEMBELED
. IFDEF VALLEZ P VALUEZ DEFINED? - NO.
. BYTE "TEXT" POMITTED
. ENDC i END OF INNER CONDITIONAL
Do . EGU 17 i ASSEMELED.
. ENOC i ENDY OF OUTER CONDITIONAL

THE CONDITIONAL PSEUDO-0PS ARE NOT INCLUDED IN THE ASSEMBLY LISTING
UNLESS THE /P OR /J COMMAND DECODER OFPTION IS SPECIFIED

ONE CONDITIONAL CAN INHIEBIT ANMOTHER.

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

CONDITIONAL 1

. i STATEMENT GROURP 1.

CONDITIONAL Z :
P STATEMENT GROUF

1

:ENDD iy END CONDITIONAL

Z
. P STATEMENT GROUP 3.
. ENDC P END CONDITIONAL 1.

IF EBOTH CONDITIONALS ARE MET, ALL THE STATEMENTS, GROUPS 1 THROUGH
3, WILL BE ASSEMELED

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

IF CONDITIONAL 1 IS NOT MET, CONDITIONAL & IS IGNORED AND GROUPES 1
THROUGH & WILL NOT BE ASSEMBLED



# ¥ 3.1
# 2. 5.1 | IFZERO PSEUDO-OP.

IF THE OPERAND OF THE . IFZERO I5:

EQUAL TO ZERO -~ ASSEMBLY IS UNAFFECTED.
NOT EQUAL TO ZERO - STATEMENTS TO NEXT . ENDC ARE OMITTED.

THE OPERAND CANNOT BE FORWARD REFERENCED.

# 9.5. 2 . IFNZRO PSEUD-OP.

IF THE OPERAND OF THE . IFNZRO IS:

EGUAL TO ZERO - STATEMENTS TO NEXT . ENDC ARE OMITTED.
NOT EGUIAL TO ZERO - ASSEMBELY IS5 UNAFFECTED.

THE OPERAND CANNOT BE FORWARD REFERENCEL.

# 92.5. 3 . IFDEF PSEUDO-0P.

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 AS THE
OFPERANL,

A SYMBOL I35 CONSIDERED TO BE DEFINED IF IT HAS BEEN USED IN THE
LABEL FIELD OF ‘A STATEMENT FPRECEEDING THE CONDITIONAL PSEUDO-OF.

# 2.5 4 | IFNDEF FPSEUDO-0OF.

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

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

NOTE THAT ONLY A SINGLE SYMBEOL NAME IS ALLOWED AS THE OFERAND.

A SYMBOL IS5 CONSIDERED TO BE DEFINED IF IT HAS EEEN USED IN THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL FSEUDO-OP,



# . 5.5 .ENDC PSEUDO-COP.

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

EVERY CONDITIONAL FSUEDO-0OP MUST BE PAIRED WITH A . ENDC.

# 2. 6.0 | END PSEUDO-0P.

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

#10. 0. 0 ERRDOR MESSAGES AND WARNINGS.

o s s s wosn e swose oot ooves

BOTH PASS #1 AND PASS #Z CAN GENERATE ERROR MESSAGES. THESE ARE
PRINTED ON  THE CONSOLE DEVICE AS  THEY OCCUR. IF A LISTING IS
SFECIFIED, PASS 3 WILL LIST THE ERROR MESSAGE AROVE 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" IS5 A DECIMAL NUJUMBER OF
LINES BEYOND THE STATEMENT WHICH
CONTAINED THE GIVEN LABEL. IF  NO
LABEL WAS GIVEN, "N" IS THE NUMBER OF
LINES FROM THE BEGINNING LINE OF THE
PROGRAM.

IF THE BINARY OUTPLUT FILE IS SENT TO THE CONSOLE, AND ERROR
MESSAGES OCCUR, THE OUTPUT FILE LINEZ AND ERROR  MESSAGES WILL EBE
INTERMIXED. USE OF THE /7E OFTION WILL INHIBIT THE ERROR MESSAGES
TO THE CONSOLE =0 THAT ONLY THE BINARY FILE IS OUTPUT. THIS IS
USEFUL WHEN A USER WOULD LIKE TO TRY OUT CERTAIN FPARTS OF A PROGRAM
AND IS NOT YET CONCERNED WITH OTHER PARTE KNOWN TO HAVE ERRORS.



#10. 0. O

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

1) FATAL ERRORS— THEZSE ERRORE CAUSE THE IMMEDIATE
EXIT TO THE 0S/8 MONITOR. THE CURRENT OUTPUT FILE
IS NOT CLOSED. /7E WILL NOT INHIRBIT FATAL ERROR
MESSAGES. FATAL ERROR MESSAGES ARE ALWAYS SENT TO
THE CONSOLE DEVICE

Z)  WARNING MESSAGES INDICATE MINOR PROGRAM
FROBLEMS., ASSEMBLY IS NOT HALTED., GOOD FPROGRAMMING
PRACTICES WILL ELIMINATE ALL WARNING MESSAGES.

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



TABLE #2. #10. 0. O

e S H e 363 3B K S 0 3 3 e 3 6 3 6 3 4 30 35 R 36 30 3 3 4 2 35 2 96 38 36 4 B 0 36 6 46 6 S R 4030

E: DF
FILE

E: OE
FILE

E: RE
FILE

E: WE
FILE

W: LIC

HN

#N

#N

#N

##4%4% FATAL ERRORS 4%

DEVICE FULL:

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

LOCAL SYMBOL TABLE OVERFLOW:

THIS ERROR OCCURS  ONLY IF THE /K OFTION IS IN USE.
CONVERZION OF SOME OF THE LOCAL SYMBOLS TO REGULAR
SYMEOL  NAMES WILL LEUALLY SOLVE THIS PROBLEM. SEE
THE NOTEZ ON THE /K RUN-TIME OFTICON.

OFEN ERROR IN QUTFUT FILE:

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

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

READ ERROR:

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

SYMBOL TaABLE OVERFLOW:

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

WRITE ERROR:

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

e WARNING MESSAGES

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

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

36 36 3 36 35 B0 B0 0 3R B 36 HE S8 3 3 30 0 3 30 b SO 0 H R S 30 SR R 3 R R R S S RS



TABLE #2. (CONT. ) #10. 0. 0

e 3 6 H 2 36 6 BB 3 S BB S 3 30 B R B 3 36 B 0 30 3 30 36 26 3 36 JE S0 45 46 B 36 SR 0 30 46 B R SRR S

E: OM

###% NON-FATAL ERRORS ##i##

EAD NESTING OF BRACKETS:
EACH OPEN BRACKET MUST BE PAIRED WITH A CLOSED
ERACKET.

DIGIT OUTSIDE OF RADIX:

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

ILLEGAL LAEEL FIELD:

THE LABEL MAY NOT EE IN THE FROFPER SYMBOL FORMAT,
SEE SECTION #6. 2.0 . ALS0, SOME PSEUDD-0FS  CANNOT
HAVE [LABELZ.

ILLEGAL OPERAND VALUE: \
REFER TO THE SECTION ON THE STATEMENT S OFERATOR 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 SYMBOL SYNTAX ERROR:
THE CORRECT FORMAT FOR A LOCAL SYMBOL IS $N WHERE
"NY IS A DECIMAL NUMBER FROM © TO 255,

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

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

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

EXAMPLE: THE FIRST EXPRESSION IS DIVIDED INTO THE
TWO STATEMENTS FOLLOWING IT.

WOIRD . Eau [ EXPR1 1 + [ EXPRZ 1
TEMF . BET [ EXFR1 1
WORD . ECid TEMFP + [ EXPRZ 1

OPERAND MISSING.

FoFb 5 3 e 3 e O B S0 G H 3 00 30 46 SR R G R SR R S0 R S0 S S S S e R R R S R R R R R R R R



TAEBLE #Z. (CONT. ) #10. 0. O
oA 3 e 36 0 3 o 3 3 H S0 0 33 30 3 B 36 36 3 HE 36 36 36 30 3 36 3 36 36 36 36 0 36 3 6 36 35 S0 40 20 36 0 R S R R S SR 0 S R SR S5
E: 05 - OFPERAND SYNTAX ERROR.
E: PS - ILLEGAL PERMANENT SYMBOL USAGE IN OPERAND:
REFER TO THE AFFENDICES TAEBLES TO SEE WHICH NAMES
ARE WUSED IN THE ASSEMELER AND MICROPROCESSOR IN-
STRUCTION SETS AND RENAME YOUR SYMBOL S0 THAT IT
WILL NOT CONFLICT.

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

E: s

UNDEFINED SYMEOL:

F6 3636 3 3 3 36 S S0 B B R R R0 R R A 30 30 R R SR R R 0 B 4 3 SR 3R S B0 0 0 40 R SR G0 S0 0 0 3

NMOTE: REFER TO SECTION #1Z 0. 0 FOR ADDITIONAL ERROR MESSAGES WHICH
ARE SPECIFIC TO THE TYPE OF MICROFPROCESSOR BEING USED.

#11. 0. O MODIFICATION NOTES.

= —— st ouare

VARIOUS MODIFICATIONS CAN EBE MADE T0O THE ASSEMELER 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 KEEP 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 (. 5V)
FILE USING QDT. REFER TO THE 05/8 MANLUAL FOR A DETARILED EXPLAIN-
ATION OF OD0T OFERATION.

THE EXAMFLE BELOW SHOWS AN ODT PATCH BEING MADE TO FILE "XNAME. 5V
WHERE THE CONTENT OF LOCATION 10107 IS CHANGED FROM 3 TO Z

. GET 2Y5: XNAME
. aoT
1010770003 2
“~r

. SA SYS: XNAME



#11. 1.0

#11. 1. 0 CHANGING THE DEFAULT INPUT FILE EXTENSION (. M3).

e oman s vosss B

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

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

- oooma — v P s o o oore ounsn oo —-

PATCH LOCATION 10101 TO CONTAIN THE NEW Z CHARACTER 6 BIT ASCII
EXTENSION.

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

a0 semen oo o s sotne

PATCH LOCATION 10102 TO CONTAIN THE NEW Z CHARACTER & EBIT ASCII
EXTENSTION.

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

- o— o s e o -

IN 05/8 ONLY 3 BITS ARE PROVIDED TO INDICATE THE CLIRRENT YEAR.
THIS ALLOWS ONLY NUMBERES FROM O TO 7 WHICH MUST BE ADDED TO A BASE
YEAR TO FORM THE ACTUAL YEAR NUMBER. IN 1%78 AND AT ADDITIONAL &8
YEAR INTERVALSZS THE BASE YEAR MUST BE CHANGED TO PROVIDE THE FROPER
DATE PRINTOUT, TO DO THIS, PATCH LOCATION 10104 TO CONTAIN THE TWO
CHARACTER & BIT ASCII REPRESENTATION OF THE TWO LEAST SIGNIFICANT
DIGITS OF THE YEAR.

BASE YEAR: PATCH TO LOCATION 10104 (IN OCTAL)
1978 6770

1986 7066

1994 7164

2002 6062

SHOULD THIS PROGRAM SURVIVE UNTIL THE YEAR 2000 THE TWO MOST
SIGNIFICANT DIGITS MAY BRBE CHANGED BY FATCHING LOCATION 10103 TO
CONTAIN &6Z60.



#11. 5.0

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

oo o oo coven swme s cvnre s o oo nane

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

RADIX: PATCH LOCATION 10105 TO:
acTAaL 1
HEXADECIMAL &
DECIMAL 3
BINARY 4

#11. 4. 0 GENERATING 2 RBIT ASCII CHARACTERS WITHIN THE BINARY
PROGRAM.

THE ASCII CHARACTERS GENERATED AS OFPERANDE WITH THE QUOTE
CHARACTERS ARE SEVEN BIT REFPRESENTATIONS TYFICAL OF MOST
MICROPROCESSOR SYSTEMS. TO GENERATE EIGHT BIT ASCII WITH THE
EIGHTH BIT ALWAYS SET (A% IS DONE IN SOME PDFPE SOFTWARE), PATCH
LOCATION 10104 TO CONTAIN 377. (ORIGINAL CONTENT WAS 177).

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

THE CROSS-ASSEMBLER IS SET UP TO USE THE 0S/78 VERSION 3 METHOD FOR
CORE SIZE DETERMINATION. IN OS/78 V2 THE CORE SIZE IS CONTAINED IN
A MONITOR LOCATION. IN PREVIOUS VERSIONS, THE CORE SIZE MUST BE
DETERMINED EBY ACCESSING EACH FIELD OF MEMORY TO SEE IF IT EXISTS ON
THE SYSTEM. THEREFORE , TO RUN THE CROSE-ASSEMLER UNDER VERSION 2,
FATCH LOCATION 10107 TO CONTAIN Z. (ORIGINAL CONTENT WAZ 32)

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

o~ e e o oner oo mosa oouws coate sente arvet soute Sests S Srve s Suses vere

THE NORMAL NUMEBER OF LINES  PER FPAGE IS SET AT &6. & OF THE &4
LINES ARE USED RBY THE ASSEMBLER FOR THE HEADING AND MARGIN. TO
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. 2. 0 CHANGING THE NUMBER OF CHARACTERS FER LINE. (72)

oo o oo e

THE TOTAL NUMBER OF CHARACTERS PRINTED ON ONE LINE (EXCLUDING
CARRIAGE RETURN AND LINE FEED) IS SET AT 72 (BASE 10). TD 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.

N ) -

SOME LINE PRINTER HANDLERS WHEN FIRST INITIALIZED WILL ISSUE AN
AUTOMATIC FORM FEED. TO AVOID EJECTING AN ADDITIONAL FPAGE EACH TIME
THE ASSEMBLER IS CALLED, THE FIRST FORM FEED FROM THE HEADING HAS
BEEN SUFPFRESSED. TO REENABLE THIS FIRST FORM FEED, PATCH LOCATION
10112 WITH 214 (BRSE 8).

#11. 11. O CHANGING LABEL DELIMINATOR (,).

cores snaee e weaes Gues mescn SeoHe H00%e Se0se Se0en SO Bevas S0mem GSeSS Seesn SHENY Seske SUSTH SOvve Sises Goese Semme

TO PROVIDE COMPATIBILITY WITH OTHER ASSEMBLER FORMATS AN OPTIONAL
LABEL DELIMITER WILL BE ACCEFPTED. NORMALLY, THIZ DELIMITER IS A
COMMA, BUT IT CAN BE MODIFIED TO ANY OTHER NON-ALFPHANUMERIC
CHARACTER (EXCEPT THE SEMICOLON OR CARRIAGE RETURN). TO MODIFY THE
DELIMITING CHARACTER PATCH LOCATION 10112 WITH THE & BEIT ASCII
VALUE FOR THE CHARACTER.

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

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



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

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

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

OPTION: LOCATION: STANDARD: INVERTED:
/B 10116 7650 7640
/E 10117 7640 7650
/H 10120 74650 7640
r/J 10121 7 &S50 : 7640
sK 10122 7650 7640
/L 10123 0 : 1
/N 10124 7650 7640
70 10125 7650 7640
/P 101264 7&40 7650
/S 10127 74650 7640
ST 10130 74650 7640

W 10131 - 7650 7640
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#13Z Q0 ZL50 CROSS-ASSEMELER SFECIFICE.
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THE FIRST ELEVEN SECTIONS OF  THIS MANUAL HAVE FRESENTED SIERRA
DIGITAL S UNIVERSAL ASSEMBELER FORMAT A% IT IS AFPLIED TO  ALL
CROSS-ASSEMELERS  IN THE X8  SERIES. THIS SECTION PRESENTS
ADDITIONAL  INFORMATION ON  THE APPLICATION OF  THE  UNIVERSAL
SSEMELER  FORMAT  TO A SPECIFIC CROSS-ASSEMELER  FOR THE 2650
MICROPROCESSOR, THE 2450 MICROPROCESSOR WAS DESIGNED BY SIGNETLCS
CORFORATION, £11 EAST ARGUES AVENUE, SUNNYVALE, CALIFORNIA 74084
THE 2650 IS5 PRODUCED BY SIGNETICS AND IS  ALSO  SECOND  SOURCED  BY
ADVANCED  MEMORY  SYSTEMS, 1374 HAMMERWOOD, SUNNYVALE, CALIFORNIA
DAOEE,  NO ATTEMFT WILL BE MADE IN  THIS MANUAL  TO  EXFLAIN  THE
OFERATION OF  THE MICROPROCESSOR.  EXCELLENT MANUALS COVERING THE
OPERATION AND FROGRAMMING OF THE MICROPROCESSORS ARE AVAILABLE FROM
THEIR MANUFACTURERS. SECTION #13% PRESENTS A SUMMARY  OF  THE
INSTRUCTION MNEMONIC CODES DEFINED BY SIGNETICS AND  RECOGNIZED BY
OUR CROSS-ASSEMBLER.

#H1Z 1 Q0 CROZSS-ASSEMBLER FILE MAMES
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THE CROS5-ASSEMELER It FROVIDED ON FILE STRUCTURED MEDI& UMDER THE
NAMES:

XRIAEOBY - FOR THE O25/58 SAVE IMAGE FILE
XZ6E0. BN~ FOR THE 572 BINASRY FORMAT FILE

IT I% SUGGESTED THAT THE  SAME NAMINMG  CONVENTIONMES  BE  LSED WHEN
LOAGOING THE CROSS-ASSEMBLER FROM FAFER TAFE



#1232 2.0 LISTING FORMAT.

THE LISTING FILE IS OUTPUT WITH THE ORJECT CODE PRINTED TO THE LEFT
OF THE SOURCE CODE LINES. AS EACH MICROPROCESZOR  INSTRUCTION  MAY
CODE  INTO ONE, TWO, 0OR  THREE BYTES, ROOM I FROVIDED FOR THREE
COLUMNE OF GENERATED ORJECT CODE FLUS A& COLUMN  FOR  THE ADDRESS.

THE ADDRESS AND OBJECT CODE ARE NORMALLY FRINTED IN HEXADECIMAL BUT
THIS MAY BE CHANGED TO OCTAL WITH THE ~0 COMMAND DECODER  OFTION

SOURCE LINES WHICH EXCEED THE PRINTOUT LIMIT WILL BE CONTINUED AT
COLUMN 25 (STANDARD  COMMENT  TARE  STOP) OF  THE SO0URCE PRINTOUT
FORTION. TAES  OCCURING IN THE SOURCE FPROGRAM ARE CONVERTED TO THE
FROFER NUMBER OF EBLANE CHARACTERZ RBY THE ASSEMELER. THIS IS DONE
BY THE SSEMBLER RATHER THAN THE DEVICE HANDLER OR DEVICE BECALSE
THE BEGINNING OF THE SOURCE FPRINTOUT DOES NOT OCCUR ON A STANDARD
TAR STOF

STANDARD ERRORS:

E:II .... ILLEGAL INDIRECT ADDRESSING SPECIFIED
A LEADING ASTRISE WAS UESED IN AN OFERGND FOR
AN INSTRUCTION NOT ALLCWING INDIRECT
ADDRESS TNG,

E:IF . ... ILLEGAL OFF PAGE REFERENCE
AN OFF FAGE ADDRESS WAS USED IN A NON-BRANCH
INSTRUCTION

E:RA .. .. RELATIVE ADDREZS IS OUT OF RANGE.
THE COFERAND ADDRESZS WAS OUT  OF  RANGE  FROM
THE REGJIRED —~4&4 TO +632 (DECIMAL)Y BYTES FROM
THE FIRST LOCATION FOLLOWING THE RELATIVE
INSTRUICTION

E:RV . ... BAD REGISTER VALLE FIELLD
THE VAL.LE ASSTGNED 7O A REGISTER  (0OR
CONDITION CODE) SFECIFICATION FIELD DID NOT
FalLl. WITHIN THE ALLOWAEBLE VALUES FOR THE
INSTRUCTION.



#1Z. 4.0
#1Z. 4.0 BINARY OUTFUT FILE (PIFBUG COMPATABLE)
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THE OBRJECT (BINARY OUTFUT) FILE CONSISTES OF ASCII TEXT REFRESENTING
HEXADECIMAL NUMEERZ IN THE FOLLOWING FORMAT:

LEADER STRINGS OF 100 NULL CHARACTERS PRECEED AND FOLLOW THE OBJECT
DOUTFUT. EACH LINE BEGINS WITH A& COLON AMD IS FOLLOWED BY A FOUR
HEX DIGIT STARTING ADDREZS, A TWI HEX DIGIT BYTE COUNT, A TWO HEX
DIGIT BLOCK CONTROL BYTE, UFP TGO 14 BYTES OF DATA (EACH & HEX
DIGITE), AND & FIMAL TWO HEX DIGIT RBLOCE CONTROL BYTE

EXAMPLE:
CAAAACCERDDDODDDDODODDDDDDDDDDONODODDDODDEER
WHERE:
AR ... IS5 THE HEXADECIMaL ADDRESS FOR STORING THE
FIRET DATA  BYTE. EACH ADDITIONAL  DATA

EYTE I T BE  STORED  IN  SECLUENTIAL
ADDRESSES.

Coooo o0 15 THE TWO HEXADECIMAL DIGIT COUNT FOR THE
NUMEBER OF DATA EBYTES (REFRESENTED BY PAIRS
OF 07%) IN THE  LINE. A COUNMT OF ZERD

INGICATES  THE TERMIMATION OF THE ORJECT
OUTPUT. (ON TERMINATION OF  THE OBJECT
OUTPUT A& STARTING  ADDRESS  OF 0000 IS
FROVIDED).

ER ... I A TWD HEXADECIMAL  DIGIT  BLOCE CONTROL
EYTE. TWO BLOCE CONTROL  BYTES OOCUR IN
EaCH  RECORLD, ONME FOR THE ADDRESZ AND BYTE

COUNT AND ONE FOR THE  DATA  BYTEZ THE
BLOCE CONTROL. BYTE I= FORMEL BY
EXCLUSIVE-ORING EACH BYTE TO  EBE  CHECEED
WITH THE BLOCE  CONTROL  BYTE  AND THERN

ROTATING THE REZULT ONE EIT LEFT TO  FORM
THE MNEW BLOCE  CONTROL BYTE. BEFORE
STARTING TO CHECE  EACH  FIELD  THE  BLOCE
CONTROL BEYTE IS SET TO ZERD

oo L. REFRESENTS  TWO  HEXADECIMAL DIGITS  FOR A
EBYTE OF OBJECT (BINARY) CODE. WP TO 16
EYTES MAY BE OUTPUT ON ONE LINE

THE BEINARY COUTFUT FILE CAN BE CHANGED TO BNFF O FORMAT  THROUGH  THE
LSE OF  THE /7B RUN-TIME OFTION SECTION #3240 DESCRIBES THE BNPF
THITPUT.



#1325 0 MISCELLANEOLES NOTES.
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THE FOLLOWING SECTIONS CLARIFY SEVERAL  TOFPICE PERTAINING TO THE
IMFLEMENTATION OF THE X2450 CROSS-AZSEMBLER.
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FROGRAM  ASSEMBELY DOES  NOT FLOW ACROSS THE SE BYTE PAGE BOUNDRIES
FOR THE Z&50. N ERROR I5 GIVEN IF THE FAGE BOUNDRY IS5 EXCEEDELD.
INSTEAD THE ASSEMBLER  WRAFS  THE  PROGRAM  COHINTER ARDUND T THE
BEGINNING OF THE CURRENT FAGE. TO ASSEMBELE CODE OM  ANOTHER  EZ450
FAGE AN ORG STATEMENT MUST BE LUEED TO ORIGIN THE FROGRAM COUNTER
ONTO THE NEW FAGE

#1325 F BXAJBSXA INDBEX REGISTER.
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THE ESA AND BESXA INSTRUCTIONS REQUIRE THAT REGISTER 2 BE  USED  FOR
INDEX ING. THE INDEX REGISTER DESIGNATION MAY BE LEFT OFF A% THE
INDEXING WITH REGISTER 3 IS IMPLIED BY THE INSTRUCTION DEFINITION.

BXA (®)ADR i EITHER FORM IS LEGAL
EBEX&  (#)ADR, 3

IF AN INDEX REGISTER VALUE IS USED IT MUST NOT EBE FORWARD
REFERENCED OR AN E: RV ERROR WILL OCCUR ON FASS L

MOST INSTRUCTIONT REGUIRE & REGISTER OR  CONDITION CODE  VALUE  TO
IMMEDIATELY FOL Ol THE INSTRLICT ION MNEMONIC, FOR THESE
INSTRUCTIONS THE VALLUE MUST IMMEDIATELY FOLLOW THE MNEMONIC,  BEING
SEFARATED FROM  IT ONLY BY A COMMA. THE VALUE MAY BE AN EXPRESSTON
EUT IT MUST CONTAINM NI BLANEZ OR TARZ. THE Vallle MUST BE SEFARATED
FROM  THE  MAIN  OFPERAND  BY AT  LEAST OME ELANE OR TAE. THE MAIN
OFERAND EXFPRESSION MAY CONTAIN BLANESD ANDAOR TARS.

ADDT, 1+2

1+ 2 i LEGAL. SYNTAX
AODI, 1+ 2 1+

£ i TLLEGAL SYNTAX



#H1Z 54
#1354 Z6S0 ADDRESS SFPACE

THE EBASIC ARITHMETIC PACEAGE OF THE  XZ4&50  CROSS-ASSEMBELER CARRYS
VALUES 0OUT TO 14 BITE THE Z4&50 CAN HOWEVER, HANDLE OMNLY 15 EIT
(2ZE) ADDRESS  VALUES, ANY L ORG OR MICROPROCESSOR INSTRUCTION
REGIJIRING AN ADDRESS  VALLUE  WILL  MASK  OUT THE 14TH BIT WITHOUT
ISSUING AN ERROR MEZSAGE.

#1255 ADDRESES DATA

THE Z4650 INDIRECT ADDRESSING MODE REGQUIRES THAT TWO BYTE  ADDRESSES
EE SET WP IN  MEMORY. THE . ODEYTE PFPSELGDO-0F IS5 CONVIENIENT FOR
DEFINING THESE BIUEBLE BYTE ADDRESZES. THE . ADDR FPSEUDG-0F SHOULD
NOT BE USED AS IT GENERATES & REVERSED BYTE FORMAT TYPICAL OF OTHER
MICROFROCESSOR TYFES
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t1Z 40 SAMFLE 2450 PROGRAM
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R XE650

ETTY: , TTY: <SAMPLESL/F /I
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00 54 0 LO0OF REDE., & IFORT1I 5 GET
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=0

=04

1%
44
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DM

BCTR, F
ANDT, 2

LF
OF

~-

S0& 75 CFEL. ] i

oD 53 RRR, 2

ZOw 55 1 REDE, 1 IPORTE 5 GET
S0E 14 D BOTR, M %3 P MOsT
SO0 2B 1A BETR, b CLEAR ;

20F 4 20 $1 LOOL, O 80 ;

=11 D4 3 WRTE, O  OFORTL

=13 20 EORZ Q j

éPQHTl
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R

=214 D4 = WRTE,
. IFNZIRG
ZERFK

. ENDC

. IFZERD
MNOF

NOF

. END

814 9B
P Is

5 AN
i FOR

1

£18 1B &b ECTR, L LOOP
H1A 45 7F e ANDI, 1 “E01111111
E10 3E 3 SETR, U SET P SET

TR,
BsTR, L
IORA, O
ETRA, ©
RETC, L

%1

FOSTTN
#ATARBLE, 1
#ATAEBLE, 1

; FOS

Lo
P

1974

i BASE OF FLAG

WAIT

LSER FLAG
3 DEBLIGE TNG,

P OROIN THE DECODED
TORE

#12Z2.

<

XZES0~V1A  PAGE 1

2650 ROUTINE
IN
DIFFERENT 122

STATUS INFORMATION AND
HIT FLAG TABLESD
FORT ASSIGNMENTS

P BREAKFOINT VECTOR
PUNCONDITIONAL INDICATOR

INDICATOR
INDICATOR
TABLES

READY FLAG AND TABLE #
LNTIL DATA READY

SELECT WITHOUT CARRY

BIT POSTITION NMUMEER
EIG BIT MEANTS SET BIT ON

CLEAR BIT FROM TAERELE
STROBE ACKENOWLEDGE LINE

CLEAR REGISTER ©

1 1% SELECTED FOR

A BREAKFOINT CALL
INSERTED FOR DEBRLUIGGING

TWO NOF- S ARE INZERTED
NORMAL OFERATION

i LOOR BACE FOR ANOTHER TRY
; MASE

OuUT SIGN
EIT INTO TABLE

ITION THE FPOINTERS
EITE
RESULT BACE
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E: MO

. PaGE
CLEAR SETR, U
EORT, O
ANDA, O
STRA, O
RETC, 14
; RIOUTINE

DEC 17, 19764 AKEEEHO-VLA FAGE &

FOSITN G POSITION THE FOINTERS
BT i COMFLEMENT

#ATABLE, 1 5 MASE OUT SELECTED BIT
#ATABLE, 1 STORE RESLULT BACE

TOOFOSITION THE TABLE BYTE FPOINTER AND

DECODE THE BIT FOSITION

FIO=ITN RRL,
RRL.,
RRL,
RRL,
ANDT,
ADDT,
STRR,
FFoSL
ECGRZ
ADOT, O
STRR, O
Loz
ANDI, O
LODe, ©
RRR: 1
RRR, 1
RRR, 1
ANDT, 1
RETC, L
. BIN

%1 . BYTE

HNERIN I NI 8

RS I N

CBYTE

ATARLE | DEYTE

HUNE
. ENI

SEMPLE 2650 ROUTINE

ERRORE:

ATARLE
IFORTE
F:l
i8]

FOBERFL
SO0 LD
=Sn4 POSTTH

P MULTIFLY EY 14 FOR EACH TAELE

Q0
o TABLES 5 COMFUTE BASE ADDRESS
ATABLE+L OF 14 BYTE TAELE
= yADD WITH CARRY
o  CLEAR REG O
M TABLES
ATARBLE
1
7
1,0 P GET BIT FATTERN
P FORM OINDEX TO BIT TABRLE

QOF

1o 10, 100, 1000

10000, 100000, 1000000, 10000000

i SAMPLE ERROR

OEC 17, 1974 KEADO-Y1A FaGE I

made CLEAR O IFORT
M S OORORTL
SED SET 1020 TARBLES
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#1323 0. 0 MICROFPROCESSOR INSTRUCTIONS SET

e sven ey puaee sonen o s sunee soone evses Sarte saves soaee Sores se0as et Serse surmn pesen sosee Swons

THIS SECTION IS A& SUMMARY  OF  THE  INSTRUCTION SET OF  THE 24650
MICROFPROCESSOR  AS  DEFINED BY SIGNETICE THE ASSEMBLY CODE FORMAST
FOR EACH INSTRUCTION IS SHOWN WITH THE HEXADECIMAL ORJECT  CODE,
EACH INSTRUCTION WILL BE CODED INTO THE DESIGNATED NUMBER OF BYTES.

THE FOLLOWING ABEBREVIATIONS ARE USED  IN  DESCRIBING  THE ASSEEMELY
CODE FORMAT:

Ro..... REGISTER NUMEER (0 TO 3).

DATA .. AN EIGHT BIT DATA GUANTITY.

FPORT .. AN EIGHT BIT PORT ADDRESS.

ADR ... AN ADDRESS VALUE

(¥) ... AN OFTIONAL ASTRISE INDICATING INDIRECT
ADDRESS ING

5oL AN INDEX REGISTER NUMBER (O TO 3)

(%) .. AN OPTIONAL COMMAND SIGN (FLUS OR MINUS)
INDICATING AUTO-INCREMENT OR
AUTO-DECREMENT

Voo, A CONDITION CODE VALUE (O TO 2



LOADASTORE  INSTRUCT TONS:

vioe orvee State buaes ses0s seese nere Sunen Seens et Seese Sesms sess SHSee Seers Sewve Pheas Feee Sese Sesse SHest Seser Sests LTSS LSS e Seves Sioen eSS Serve Soeet Sesse A THSRS BO4RS Cetes esee Feces Fess GevEs Soeee S0e0e SeRee SHem Semwe Suese Feee Shets Seurs Seete 4Seat Sepes SWeme S4ske bases Geesd S0ees Seeee Ribes saseO Sesse Sesee Pesen S00SS Sesst beees

wveoe seees Stome seten shvem 43400 Suee4 Srrme Sheke $9843 Sees Sebes Gasas S0 Siess Seeee SSNes S0ney besos Sedse Smete SeRpS Se4ms So%es S0sen S4ses Besks Sease Seses Seves Geese S00es Robm Shecs eiecs Seets S304s $0A4S 00t Suebe Gumse SIS ess Seres Sunre Mmber Svoes Gmies Stese Bevss Soees brete eess Seede Gesse Soses Peems Fesed Sesoa SHED Shess Snbbe sases Sesie Sedes snbes

Loz R

LonI, R OATA

LODR, R (#)ADR
LoDa, R (#)ADR
LODéE, O (EYADR, X, 5)

STRZ K

L&D
LOaD
LOAD
LiaaD
LoAD

REGISTER ZERUD
IMMEDIATE DATA
RELATIVE
ARSOLUTE
ABRSOLUTE, INDEXED

STORE REGIZTER ZERD

QO+R
Q44K
Q=+
O +R
0+ X

1%

.

RSN

O+ R

Tl
&

STRR, R (#)ADR STORE RELATIVE CE+HR =
STRA R (#)ADR STORE ARSOLUTE CO+HR ]
SZTRA, O (#)ADR, X, 5) STORE ARSOLUTE, INDEXED L+ ]
% LO0Z 0 CODES INTO &0

STRZ 0 IS AN TLLEGAL INSTRIICTION
ARTTHHMETIC INSTRUCT IONE:

IMETRUCTION

MEANITNG

HEX CODE

BYTE

ADZ R

ADDI, R DATA

ADDR, R (#)A0R
ADDA, R (3 ADR
ADDE, O (#)ADR, X, 5)

SHEZ R

SUEI, R DARTA
SUBR: R (¥)ADR
SUEA R (EIADR
SUEA, O (EIADRX (5

ADD TO REGISTER ZERD
ADD IMMEDIATE DATA
AN RELATIVE

ADD ARSOLUTE

ADD ABRSOLUTE, TNDEXED

SUEBTRACT
SLETRACT
SUETRACT
SLUETRACT
SUETRACT

FROM REGISTER ZERD
IMMEDIATE DATA
RELATIVE

ARSOLUTE

ARSOLITE, INDEXED

=O+F i
sS4+ &

nE+R E
E+R e

Eei Y =

BO+F 1
3R &
AR &
AT 1 £
B+ % g




40s 44000 Gunee Spuse Soate $0045 Seene Shims Sewse Peoke Siese eite S44%9 Gares oo eesen Smaee SG0es Beete PSS SHES Siece SHERS Saret SO4GF Beave boves Seses S00es SeRey MHASE Bevet

INSTRUCTION MEANING
ANDZ R AND TO REGISTER ZERO

ANDII, R DATA

ANDR, R (#)ADR
ANDA, R (¥)ADR
ANDA, O (F)ADR, X, 5)

AND IMMEDIATE DATA

AND RELATI

VE

AND ARBSOLUTE
AND ARSOLUTE.: INDEXED

ITORZ R INCLUSIVE OR TO REGISTER ZERO
IDRI.R DATA INCLUSIVE OR IMMEDIATE DATA.
IORR, R {(#)ADR INCLIEEIVE OR RELATIVE

IORA, R (#)ADR INCLUISIVE OR ABSOLUTE

IORA: ©  O#)YADR, X, %) INCLUSIVE OR ABSOLUTE, INDEXED
EORZ R EXCLUSIVE OR TO REGISTER ZERO
EORI, R DATA EXCLUSIVE OR IMMEDIATE DATA
EORR, R (3#)ADR EXCLUSIVE OR RELATIVE

EORA, R (#)ADR EXCLUZIVE OR ABSOLUTE

EQRA, O (¥)ADR, X, 5) EXCLUSIVE OR ABSOLUTE, INDEXED
# ANDZ 0 IZ AN ILLEGAL INSTRUCTION

COMPARE INSTRUCTIONS:

40+R
44+F

E4R
4+R
44X

L0+
HA+R
ALE+R
LIDHR
AHIDHX

ZO+R
Z4+R
ZE+R
LC+HR
Z0+X

#0008 c4m90 tuses sunmt s4ece semse S4nse Sases omse Seesn Sumse S4O%S S0000 FESH FHINS Seess Seems SEvSS PRLES Sesen 000y eSS Sere Gaes SHEGS SONES Berse Seses S4eds teoen s Febes Setne

IO R RN R

(OO P S I O

EX TR I SR O N

aree amtes susmt a4use serme esee 4oose G4PtD Geses Soada e Hessy Sosem Smems SiRGH Sebve S04ve SPe0S So0ee Siven Serse Serms S4ens Seken BOS4S 00es NS Sheve ssetd eets

e000s seate suren srats soase o sesms Besse Sovim etase Sivos S5Ben Sopes SR 4IMGS Seqe SSIY Se00e S4ebe Sante faede Seses Sevee Savss Secsn Sosse et SHANe SP0ab beoe S S4sen S4i44 Besse SERPS Sesse Seie® SOSVS FOOSE esee bensd SeSWE SeSRS Bbeve Seeis SHeRe Seawe Seton ieree 4eRet P444H LSS S0P Semre Sebes Seans Seeen oves S4ees Semee Sesee SOLES Seims Socns seese Senes

COMZ R

COMIL R DATA

COMR, R (#)ADR
ComMas R (#)ADR
COMa, 0 (#)ADR, XG 5)

COMFARE T3 REGISTER ZERD
COMPARE IMMEDIATE DATA
COMPARE RELATIVE

COMPARE ABRSOLUTE

COMPARE ARSOLUTE, INDEXED

EO+R
E4+R
E&+R
EL+R
EC+X

eote etsa ersta aeses Soaes vosss asete Sasee Sh4as Sesss Sevis Susse Sason PHSOS feNRe Sevos SSeny 1es0e SNRCS S44R% SH4S8 0SS F4FeR HHSGS SHLL: Sosen PR S4tkR Seest 4600d S0SRS Liam Sasse Fosts SeeeS Hiees Shave Sarms Peeme Soder Fbes Sases S4vRe Sesss Seese SRS Sabee SHS4D E000s Seins S104s beoas Sedes GAELR Semes Shves SoePe Foute Sess emds Shees Beavs Siase ees dbese serss
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ROTATE REGISTER RIGHT
ROTATE REGISTER LEFT
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ERANCH INSTRUCTIONS:

BCTR, VO (#)ADKR ERAMCH ON CONDITION TRUE. REL 1a+v
BCFR, V. (#)ADR ERANCH ON CONDITION FALSE, REL E2=EaY
BCTA, VO (#)ADR ERANCH ONM CONDITION TRUE, ARS 10+
BCFA, VO (#)ADR BRANCH ON CONDITION FALSE, ARS Y

ELRR VI IS I N
5 £

x

BRMR, R (&)A0R ERANCH ON REG NON-ZERC, REL Bl
ERMA, R (#)ADR ERAMCH ON REG NON-ZERD, ARS SR

[ N

EIRR, R {#)ADR BRAMCH ON INCREMENTING REG, REL  DE+R &
EIRA R (#)ADR BRANCH OM IMCREMENTING REG, ABS  DO+R ]

BORR, R (#)ADR ERANCH ON DECREMENTING REG, REL.  F2+R )
EDRA, R () ADR ERAMNCH ONM DECREMENTING REG, ABS FO+R =

EXe (#)ADR, = ERANCH INDEXED, ARSOLUTE F ]
ZERR () ADR ZERD BRANCH RELATIVE gt s

# BCOFR AND BCFA CANNOT USE V=3

SLURBROUTINE BRANCHARETURN INSTRUCT IONS:

beas sares caom sares sesns seses Ssmte sesee besss Snes Mese Seiss 40o4 Fese Seets sesse Seese Sesee Sekle SENSD SHeRE Seame Sessy Seise Shees Retse S5ole SEmes Seent $eess 0Sse e SevRs Svien Seart FSsS dekde Sese Sieve GSlL ifate Shven Sesve BOSta S00ss Seent Seese Sessm tesss Feeed Seers NaVEY SHEHE SHOT Beshe Sesss HASH Saste SEAsS Seieh Seave Saebe eseh Speme Smins bises

esus comen eo0h Shtmm amaee se020 Svas Sepes Seeds Sebes cense Seems Sreue Seeoe seess demie Beses Soles Feseh boses Seb SHbvH Somee S000s bHems et So4ss Senis SAsRe BRELS SHNY Seesh SVSlS Grmds FHAVS Saene Soiss SHeiS Fse Srees feese $Hess el S1646 Sence SOSBS Selss Seret HENES Semmp Seted Seeid HearC Sedes Shiss Gesss SOukd Feese setse 4o Snsee Seese Suess Seewm beens 4iedn

BZTR, V. (#)alR EBRANCH TO SUREROUTINE ON S o
CONDITION TRUE, RELATIVE.

BoFR, V¥ (#)YADR BERANCH TO SUEBROUITINE OM S de
CONDITION FOLLSE, RELATIVE

BSTa, VO (#)ADR BRANCH TO SUBROUTINE ON BN e

: CONDITION TRUE, ABSOLUTE

BSFA, VO (EYADR ERANCH TO SURBROUTINE ON B+ A

COMDITION FaLSE, aRzsOLUTE.

ESMNR, R (#)A0R BRANCH TO SURBROUTINE ON TE+R iz
NMON-ZERD REGISTER, RELATIVE.

BESMA, R (#)ADR ERAMOH TO SURBROGUTINE ON 7TOHR
MON-ZERD REGISTER, ARBSOLUTE

by

BEXa (E)ADR, 2 ERANCH TO SUBROUTINE, INDEXED EF 3

RETIZ, WV RETLRN FROM SUBROUTINE, CONDL 14+Y

RETE, ¥V RETURN FROM SUBRDOUTINE AND 244V 1
ENARLE INTERRUFT, CONDITIONAL.

ZRER (%) AUR ZERD BRANCH T3 SUBRIDITINE, B
RELAGTIVE.

)

pay

P
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# BESFR AND BEFA CONNOT USE W=3



FROGRAM STATUS INSTRUCTIONE:

INSTRUCTION MEAMING HEX CODE BYTES

LPSL LOAD PROGRAM STATUES, UFFER. w3 1

LFsL LOAD PROGRAM STATUS, LOWER. w3 1

SFEL STORE FROGRAM STATUWES, UPFER. = 1

SFSL. STORE PROGRAM STATUS, LOWER. 13 1

Crsl DAaTA CLEAR FROG STATUS, UPPER. 74 “
SELECTIVE.

CPsL OAaTA CLEAR PROGRAM STATUE, LOWER, 75 £
SELECTIVE.

FFSL DATA FRESET PROGRAM STATUS, UFFER 76 &
SELECTIVE.

FFSL. DATA FRESET FROGRAM STATUS, LOWER, 77 Z
SELECTIVE.

TFzL TEST PROGRAM STATUS, UFFER, z4 &
SELECTIVE.

TPSL DATA TEST PROGRAM STATUS, LOWER, B5 s
SELECTIVE.

INFUT/OUTPUT INSTRUCT ITONS:

INSTRUCTION MEAMING HEX CODE  BYTES

WRTDL R WRITE DOATA FO+R 1

REDLL R READ DATA TO+R 1

WRTLZ, R WRITE COMNTROL BO+R 1

REDC, R READ CONTROL 2O+R 1

WRTE, R FIORT WRITE EXTENDELD Li4+R Z

REDE, R FORT READ EXTENDEL S4+R z

MISCELLANEDUE INSTRUCTIONSD

INSTRUCTION MEAMING HEX CODE  BYTES

HALT HALT, ENTER WAIT STATE 40 1

0oaR, K o DECIMAL ADJUET REGISTER F4+R 1

™I, R DATA ‘ TEST UNDER MASE IMMEDIATE Fa4+R et

NOF MO OFERSTION o 1

#0000 oste Serms spate Sreve Sobae secss coese Seves $enes cesed Sease Svepe SUSVE Geess feats SHESe Poste Seome s Swers Gseks Sdese Seses SerRe Sases Seeke FOLES e SHGES SISW el SHSFS SHNR SRGWE 4600s Srece SHaNA SVASS S4MD $9504 00 SHAe SRSFR $n0em SHIRL Feee TATRD SeSEe 0030 Feeee SURVE Senie Rotnt S4see S4VI Seves SAesD Besrn S4SHD 0904 et Beabl Semee sbeek semee



AFFENDIX A& — RUN-TIME OFTIONS, #14 0.0
FHERERFREEEFFEERAERFREFEERHEEERR R R SR BB R SRR R R E LR E RS ER LR SRS

SB - QUTFUT EINARY FILE IN ENFF FORMAT.

/E = INHIEIT ERROR MESSAGES TO CONSOLE

sH = INHIBIT HEADINGS AND PAGINATICN ,

s = LIST UNASSEMELED STATEMENTS AND CONDITIONAL
ASSEMBELY PSEUDO-0OFE

7K - EXFAND SYMBOL TARLE STORAGE INTO ADDITIONAL
CORE.

7L -~ OUTPUT LEADER (NULLEZY IN BINARY FILE FOR EACH
CORG STATEMENT.

SN — LIST ONLY THE ZYMBEOL TABLE.

pan — JTPUT LISTING IN OOTAL FORMAT INSTEAD OF IN
HEXADEC IMAL.

SE = INCLUDE MORMaLLY UNLISTED FSEUDO-0FPZ IN THE
LISTING.

S5 - OMIT THE SYMEOL TAELE FROM THE LISTING

5T - REFLACE THE FORMAFEED WITH 2 CRJLFTS

FW = INHIEIT WARMING MESSAGES

S0TO s - USER FLAGE, USED WITH THE & OFERATOR

AFFENDIX B - INDICATOR ZET.

= MULTIFLICATION

DIVIZION

- BOOLEAN ANIDL

- INCLLIEIVE DR

AODITION.

- SUBTRACTION

i -~ COMPLEMENT INMDICATOR, (UPARROW E).

i & - BINARY RADIX INDICATOR, (UPARROW B)

i - DECIMAL RADIXY INDICATOR, (UPARROW T,

“H - HEXADECIMAL RADIX INDICATOR, (UFARROW H).

T -~ DCTAL RADIX INDICATOR, ((UPARROW O)

. = LEAST SIGNIFICANT BYTE ACCESS OFERATOR,
(LIFARROW L),

M = MOET SIGMIFICANT BYTE ACCESSE OPERGTOR,
CLFARROW M),

i - COMMENT INDICATOR.

"R - ASCIT CHARACTER INDICATOR

? - USER FLAG OFERATOR.

- CLURRENT LOCATION COUNTER, (FERIOD).

Bl
i

I+
|

KEEREFEEEEEREER RS EEFERERERREREER SRS EEE RS LR EREEEREEESEE



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

HEREEERHEREEREERRERREFREREFERERERREHFREREH KRR EEERRREERE AR

. BN
: OF
DR
11
:IL
IR
IO
LG
LS
LT
s ML
MO
DO
NE
DM
D
1 PE
i o=
: RA
RE
RV
=T
: TL
B

c WE

mmmmmmmmmmmmmmmmmmmmmmmmm

W: EF
W: Lz

EAD NESTING OF BRACEETS

OUTFUT DEVICE FULL. (FATAL)

DIGIT OUTEIDE OF RADIX.

TLLEGAL INDIRECT ADDRESSING SFECIFIELDL
ILLEGAL LABEL FIELD.

ILLEGAL OFF FAGE REFERENCE.

ILLEGAL OPERAND VALLE.

LINE INFUT OWVERFLOW

LOCAL SYMEOL. SYNTAX ERROR. o
LOCAL SYMEOL TABLE OVERFLOW. (FATAL)
MULTIFLE LAEBEL DEFINITION.

MISSING OR ILLEGAL MNEMONIC IN OFPERATOR FIELD
OFERAND TOO COMFLEX.

OFEN ERROR IN OUTPUT FILE. (FATAL)
OFERAND MIZSING.

OFERAND SYNTAX ERROR.

FHASE ERROR, ADDRESDS CONFLICT. (FATAL)
ILLEGAL FERMANENT SYMEOL USAGE IN OFERAND
RELATIVE ADDRESZ 15 OUT OF RANGE

INFUT FILE READ ERROR. (FATAL)

EADl REGISTER VALUE FIELD

SYMBROL TABLE OVERFLOW. (FATAL)

LABEL DEFINED TOO LATE

UNDEF INED SYMEOL.

COUTRUT FILE WRITE ERROR. (FATAL)

NG ENDF STATEMENT IN LAST FILE
LINIMHIEBITED CONDITIONAL ASSEMBELY IN EFFECT
AT ASSEMELY END

HEEEEESERRERESEEREREEEFEERFEESEEERERSEEEEEREREREEEEEEREEEEE R EE R



AFFENDIX C ~ FPSEUDO-0FS, #14. 0.0

FhFERAEEUEEFERBEFEERERRESEREEEFREERE SRS SRR REEEEEREEREEREERE

. ADDR - DOUBRLE BYTE DATA STORAGE, REVERZED FORMAT
. BIN - CHANGES DEFAULT RADIX TO BINARY.

. BYTE — SINGLE BYTE DATA STORAGE.

. OBYTE - DOUELE BYTE DATA STORAGE.

. DECM - CHANGES DEFAULT RADIX TO DECIMAL.

. DINST - RENAMES A MICROPROCESOR INSTRUCTION

. END - PROGRAM TERMINATOR.

. ENDC - ENDS CONDITIONAL ASSEMELY

. Bl - ASSIGNE A PERMANENT VALLE TO & SYMBOL.

. HEX — DHANGES DEFAULT RADIX TO HEXADECIMAL.

. IFDEF - INCLUDE CODE TO . ENDC IF SYMEOL IS DEFINED

. IFNDEF = INCLULE CODE TO . ENDZ IF SYMBOL IS NOT DEFINED.

. IFNZRO = INCLUDE CODE TO O ENDG IF OFPERAND DOES NOT EQUAL O
. IFZERO - INCLUDE CODE TO . ENDC IF OPERAND EGUALE O

CLIET - PROINVIDES SELECTIVE LISTINGS

L OCT = CHANGES DEFAULT RADIX TO OCTAL.

. ORG = REAZSSIGNS THE CURRENT LOCATION COUNTER.
. PAGE — BEGINES NEW PAGE IN LISTING.

. BET ~ ASSIGNS A TEMPORARY VALUE TO A SYMEOL.
. TITLE - SPECIFIES HEADIMG.

. ZERO ~ ZERDOS & SPECIFED NUMBER OF BYTES

REEEREFHEREFFERERFERESERFELRREEP LRSS EEREE SRR REREERER






