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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
PDP8 USERS. THE X8 SERIES WILL HANDLE ALL OF THE POPULAR MICRO-
PROCESSORS WITHIN A UNIVERSAL ASSEMBLER FORMAT. THIS COMMON BASE
OF ASSEMBLER DIRECTIVES AND TECHNIGUES IS A SELECTED COMBINATION OF
DESIRABLE FEATURES OBSERVED IN A SURVEY OF MANY EXISTING MINI-
COMPUTER AND MICROFPROCESSOR ASSEMBLERS. THE INSTRUCTION MNEMONICS
AND ASSOCIATED SYNTAX OF EACH PARTICULAR MICROPROCESSOR ARE
RETAINED UNCHANGED.

THIS MANUAL DESCRIBES THE USAGE OF ONE OF THE MICROPROCESSOR CROSS-
ASSEMBLERS FROM THE SIERRA DIGITAL X8 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 CROSS-ASSEMBLERS IN THE SERIES. THESE
SECTIONS WILL BE IDENTICAL IN EVERY CROSS-~-ASSEMBLER MANUAL..
SECTION 12 PRESENTS INFORMATION ON APPLICATION OF THE UNIVERSAL
ASSEMBLER FORMAT TO THE SPECIFIC MICROPROCESSOR CROSS—-ASSEMBLER.
SECTION 13 FPRESENTS A SUMMARY OF THE MNEMONIC INSTRUCTION CODES
ASSIGNED BY THE MICROFPROCESSOR VENDOR AND RECONIZED BY THE CROSS-
ASSEMBLER. NO ATTEMPT HAS BEEN MADE TO DESCRIBE THE OPERATION OF
THE MICROPROCESSOR ITSELF. SUCH INFORMATION MUST BE OBTAINED FROM
THE MICROFROCESSOR VENDOR OR OTHER SOURCES. SECTION 14, THE APPEN-
DICES, CONTAINS SUMMARY TABLES FOR GUICK REFERENCE ONCE THE USER
GAINS EXPERTISE IN LUSING THE CROSS-ASSEMBLER.

WE AT SIERRA DIGITAL LOOK FORWARD TO DEVELOPING MORE ASSEMBLERS IN
OUR X8 SERIES 7O PROVIDE YOU, THE USER, WITH THE MEANS OF
PIONEERING THE NEW WORLD OF MICROPROCESSORS.

# 2 0.0 OPERATION.

——

SIERRA DIGITAL’S CROSS-ASSEMBLER IS AN BK, TWO PASS ASSEMBLER WHICH
RUNZ UNDER THE 0S/2 OPERATING SYSTEM. THE CROSS5-ASSEMBLER IS CODED
IN PDF/3 ASSEMELY LANGUAGE (PALB) TO GIVE FAST EXECUTION TIMES.
(LESS THAN 20 SECONDS FOR A NORMAL 4K BYTE PROGRAM IS TYFRICAL).

FASS 1 READS THE INPLUT FILES AND SETS UP THE SYMBOL TABLES. PASS 2
THEN GENERATES THE OUTPUT FILE IN THE BINARY (0OBJECT) FORMAT OF THE
FARTICLULAR MICROPROCESSOR. THE OUTPUT FILE CAN BE CHANGED TO BNPF
FORMAT THROUGH USE OF THE /B RUN-TIME OFTION.

A  THIRD ASSEMBLY PASS IS5 DONE WHEN A LISTING QUTFUT FILE IS SPECI-
FIED. WHEN NO EBINARY FILE IS SPECIFIED, THE ASSEMBLER GOES DIRECTLY
TO THE PASS 3 LISTING.
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THE CROSS-ASSEMBLER IS NOT RESTARTABLE. IF AN ATTEMPT IS MADE TO
RESTART THE ASSEMBLER WITH A . ST COMMAND, THE KEYBOARD MONITOR
RETURNS A "NO!!" .

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

TYPING CTRL/0 AT THE KEYBUOARD DURING ASSEMBLY WILL SUPPRESS 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-ASSEMELER.

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

TO LOAD THE ASSEMBLER FROM PAPER TAPE AND SAVE IT, FPLACE THE TAPE
IN THE READER AND CALL THE ABSOLUTE LOADER:

. R ABSLDR
#*PTR: $

. SAVE SYS: XNAME

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

# Z 2 0 CALLING SERUENCE.

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 SPECIFICATIONS AND RUN-TIME OPTIONS:

#DEV: BIN, DEV: LIST<DEV: IN1,. .. DEV: IN®/0FT
THE FIRST OUTPUT FILE IS THE MICROPROCESSOR BINARY OBJECT FILE

WRITTEN IN THE FORMAT SPECIFIED BY THE VENDOR OF THE PARTICULAR
MICROPROCESSOR. (SEE SECTION 12 0.0 FOR THE FORMAT SPECIFICATIONS).
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THE SECOND OUTPUT FILE IS THE OPTIONAL LISTING. WHEN ONLY THE FIRST
OUTPUT FILE IS5 SPECIFIED, THE ASSEMBLER ASSUMES THAT IT WILL BE THE
BINARY OUTPUT FILE AND THE LISTING IS OMITTED.

THE FOLLOWING EXAMPLE SPECIFIES FILE "IN1" TO BE READ FROM DECTAPE
O AND THE BINARY (OBJECT) FILE TO BE OUTPUT TO THE PAPER TAPE PUNCH
WITH NO LISTING:

. R XNAME
#PTP: <DTAO: IN1

THIS EXAMPLE SPECIFIES 2 FILES AS THE SOURCE INPUT (FROM THE DSK:
DEVICE) WITH ONLY THE PASS 3 LISTING BEING OUTPUT TO THE LINE
PRINTER:

. R XNaME
#, LPT: <IN1, INZ

UP  TO NINE INPUT 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
ASSUMES THE . MS EXTENSION. IF THERE IS NO FILE WITH THAT NAME AND
AN . MS EXTENSION, THE ASSEMBLER ASSUMES THE NULL EXTENSION. UNLESS
EXTENSIONS ARE SFECIFIED, THE . MB AND . LS EXTENSIONS ARE ADDED TO
THE OUTPUT BINARY AND LISTING FILES.

. ME - MICROPROCESSOR BINARY OUTPUT FILE EXTENSION.
. LS - OUTPUT LISTING FILE EXTENSION.
. ME - MICROPROCESSZOR SOURCE FILE EXTENSION.

# Z 4. 0 RUN-TIME OPTIONS.

TAEBLE #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 USER
SHOULD CONSIDER MODIFYING THE ASSEMBLER TO INVERT THE SENSE OF THE
OPTION. THE MODIFICATION NOTES IN SECTION #11. 0.0 EXPLAIN HOW THIS
MAY BE DONE. FOR EXAMPLE., A USER WHO PREFERS TO OUTPUT FILES 1IN
BNPF FORMAT RATHER THAN BINARY CAN INVERT THE SENSE OF THE /B
OFTION. THEN THE BINARY FILES ARE NORMALLY WRITTEN IN BNFPF FORMAT.
USE OF THE /B OPTION THEN CAUSES THE OUTPUT FILE TO BE WRITTEN IN
THE STANDARD MICROPROCESSOR BINARY CODE. SFACE IS FPROVIDED IN
TABLE #1 TO CHECK OFF WHICH OPTIONS HAVE BEEN INVERTED FOR YOUR
REFERENLCE.



OPTION

TABLE #1. RUN-TIME OPTIONS. #Z2. 4.0

MEANING

BRI 4636 B 6 e A6 36 B 30 S 3 S S 36 36 HE S0 36 3 30 36 36 0 0 30 36 30 30 30 36 B 0 36 36 0 0 36 30 3F B 6 S 3 0 30 0 0 R 00 R G0 S0 0 S

INVERT?

3 36 36 36 36 3 36 W 3 30 I 3 30 3 H 3 096 3 oS 38 36 30 3646 36 30 S 36 0 38 36 30 36 30 5030 38 0 36 S A0 30 e 30 30 38 S 36 I 36 3 36 30 36 36 36 36 30 36 S0 00

/B

/E

THE BINARY OUTPUT FILE IS WRITTEN IN BNPF FORMAT. ~——————-

INSTEAD OF IN THE MICROPROCESSOR VENDOR-S STANDARD

BINARY 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" INDICATES A 1 BIT AND

"N" INDICATES A O BIT

FOUR BYTES , SEPARATED BY SPACES, ARE WRITTEN FPER
LINE. THE ADDRESS OF THE FIRST BYTE IS GIVEN IN
SIX DIGIT OCTAL AT THE BEINNING OF THE LINE.
LEADING ZERODES IN THE ADDRESS ARE CONVERTED TO
SPACES. EACH LINE IS PRECEDED BY 2 SPACES. LEARDER
CONSISTS OF 100 NULL CHARACTERSE WITH 20 RUBOUTS
IMMEDIATELY PRECEEDING AND FOLLOWING THE ASCII
TEXT.

EXAMPLE: THE FOLLOWING CODE IS SHOWN REWRITTEN IN

ENPF FORMAT.

. ORG 100
. BYTE 27,C7,AF, D7, FF, 72, 0, DO

100 BNNFPNNPPPF BFPNNNFPPF BPNPNPFPFF BFPPNPNFPPF
104 BPFPPFPPPFF BNPFPNNPNF BNNNNNNNNF  BPFPNPNNNNF

INHIEIT ERROR MESSAGES TO THE CONSOLE.

NORMALLY ERROR MESSAGES ARE OQUTPUT TO THE CONSOLE
DURING ASSEMBLY PASSES 1 AND 2. SINCE ERROR MESS-
AGES ARE INCLUDED IN THE LISTING, USERS WITH SLOW
CONSOLE DEVICES SUCH AS TTY'S CAN  SPEED ASSEMBLY
TIME WITH THIS OPTION.

ALSO, IF THE BINARY FILE IS T0O EBE QUTPUT TO THE
CONSOLE DEVICE, THE ERROR MESSAGES AND BINARY
OUTPUT LINES WILL BE INTERMIXED. THE /E OPTION WILL
INHIBIT ALL BUT FATAL ERROR MESSAGES SO THAT ONLY
THE BINARY FILE IS OUTPUT.

oreme came cames sonse aeeve sanee sonte

33636 30 30 3 40 A S0 6 0 3 3030 K S0 H 0 I S0 00 S0 36 0 SR HE S0 30 R 0 S S R HE HE R B R R S I R R S S S 0303
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OPTION MEANING INVERT?
B0 S SIS 3 S S I A A I B B 3 B B I 0 33 0 3 3 R B

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

/J LIST UNASSEMBLED STATEMENTS AND CONDITIONAL @ ——————-
ASSEMBLY FSEUDO-OPS.
STATEMENTS WHICH DO NOT GET ASSEMBLED DUE TO
CONDITIONAL ASSEMBLY PSEUDO-OPS ARE NORMALLY NOT
LISTED. NEITHER ARE THE CONDITIONAL PSEUDO-0OPS
THEMSELVES. USE OF THE /.J OPTION WILL ADD THESE
STATEMENTS TO THE LISTING

SE EXPAND SYMBOL TABLE STORAGE INTO EXTRA CORE. 0 ——————-
NORMALLY MOST OF FIELD 1 IS USED FOR BOTH LOCAL AND
NORMAL USER SYMBOL STORAGE. USE OF THE /K OPTIONS
EXPANDS CORE WUSAGE TO 12K WHERE THE LOCAL SYMBOL
TARBLE RESIDES IN FIELD 2 AND THE REGULAR SYMBOL
TABLE REZIDES IN FIELD 1.

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

/0 OUTPUT LISTING WITH BINARY CODE IN OCTAL FORMAT., — ———w——-
THE GENERATED BINARY 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 TO BE LISTED IN OCTAL INSTEAD OF
HEXADECIMAL..

/N LIST ONLY THE SYMBOL TABLE — =—e—e—e———
THE THIRD PASS LISTING NORMALLY CONSISTS OF THE
STATEMENT LISTING PFLUS THE USER SYMBOL TAEBLE
LISTING. THE /N OFTION CAUSES ONLY THE SYMBOL TABLE
TO BE LISTED.

ISP INCLUDE NORMALLY UNLISTED PSEUDO-OPS IN THE LISTING-—————-—
SOME PSEUDO-0OPS WILL NOT BE LISTED BY FPASS 2 UNLESS
THE /F OFPTION IS USED.

r’E OMIT THE sYMEOL TABLE FROM LISTING. 0 ——e————
ONLY THE PROGRAM STATEMENTS ARE LISTED WITH THIS
OFTION.

HHHH R REEERRE SRR EREERRRHERREEER SRR ERERRRRRSEEERBERRRERREREREEES
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OPTION MEANING INVERT?
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7T REFLACE FORM/FEED WITH 3 CR/7LF"S. 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 3 BLANK LINES .

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

/0 USER FLAGS, USED WITH THE 7 OPERATOR, SEE SECTION
™ /¥ # 2.1 4

3 36 S 36 B 3 30 H 20 30 30 3 46 36 36 36 30 30 4 30 3 R 30 30 S0 4 38 3 SE R 36 R0 SR B 6 B M SR H R B R R R SR S RS R0 3

# 3. 0.0 ASSEMBLER CHARACTER SET

THE FOLLOWING CHARACTERS ARE LEGAL S0OURCE CODE CHARACTERS:

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

F 3 S0 36 35 0 3 B 30 30 B0 036 3 0 0 HE A0 B0 S0 R R E S0 R B R RSB SRS R R R R R R

MULTIPLICATION
DIVISION
BOOLEAN AND
INCLUSIVE OR
ADDITION
SUBTRACTION
] FRECEDENCE INDICATORS
UNIVERSAL LINARY OFERATOR (UPARROW). USED WITH:
L COMFLEMENT (UPARROW )
B - EINARY RADIX INDICATOR (UPARROW B)
0 - DECIMAL RADIX INDICATOR (UFARROW D)
“H - HEXADECIMAL RADIX INDICATOR (UPARROW H)
0 - OCTAL RADIX INDICATOR (UPARROW 0O)
L= LEAST SIGNIFICANT BYTE ACCESS OPERATOR
M - MOST SIGNIFICANT BYTE ACCESS OPERATOR
; COMMENT INDICATOR
" OrR ASCII INDICATOR
7 USER FLAG OPERATOR
CURRENT LOCATION COUNTER (PERIOD)

>mol =Nk

et b4 S R R R R R R R R R R I R R R R R R R IR SR S SRR R R
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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 BE USED IN THE COMMENT FIELD OF A STATEMENT.

# 4. 0.0 STATEMENT FORMAT

- e sosoe sonre

STATEMENTS ARE WRITTEN IN THE GENERAL FORM:
LABEL OFERATOR OFERAND i COMMENT

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

OFERATORE MUST BE SEFARATED FROM THE LABEL WITH AT LEAST ONE SPACE
OR TAB. WHEN NO LABEL IS PRESENT, THE OPERATOR MAY BEGIN IN ANY
COLUMN BEYOND COLLMN 1.

THE OFERAND (IF ANY) MUST BE SEPARATED FROM THE OFERATOR WITH AT
LEAST ONE SFPACE OR TAL.

THE COMMENT (IF ANY) MUST BE SEPARATED FROM THE OPERAND (OR
OPERATOR IF THERE IS NO OPERAND 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 720 COLUMN ARE WRITTEN ON THE NEXT
LINE(S) BEGINNING AT THE 25TH COLUMN OF THE FIRST SOURCE LINE
(NORMAL  COMMENT  COLUMN). SEE  THE MODIFICATION NOTES IN SECTION
#11. 0. O TO ADJUST FOR NARROWER OR WIDER PAGE OUTPUT. THE CARRIAGE
RETURN I5 A TERMINATOR FOR BOTH THE STATEMENT AND THE LINE. ONLY
ONE STATEMENT IS ALLOWED PER 127 CHARACTER LINE.
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# 4. 1. 0 CODING CONVENTIONS:

ALTHOUGH THE ASSEMBLER WILL ACCEPT PROGRAMS WRITTEN IN FREE FORMAT,
THE USE OF TABS MAKES FOR MORE READABLE CODE. TaAB STOPE ARE SET
EVERY € CHARACTERS IN THE LINE S0 THAT THE WUSE OF THE TAB KEY
SIMPLIFIES INPUT. GENERALLY:

LABELS OCCUPY THE FIRST TAE FIELD, COLUMNS 1 THROUGH &
OPERATORS OCCURY THE SECOND TAB FIELD, COLUMNS 9 THROUGH 16.
OFERANDS OCCURY THE THIRD TAE FIELD, COLUMNS 17 THROUGH 2Z4.
COMMENTS OCCUPY THE REMAINING FIELDS, COLUMNS 2Z5 THROUGH 127,

# 4. 2. 0 LABELS.

A LABEL IS A SYMBOL WHICH PRECEDES THE OFERATOR AND MUST FOLLOW THE
SYMBOL NAMING CONVENTIONS DESCRIBED IN SECTION # 6.2.0 . IN ALL BUT
THE SYMBOL DEFINITION PSEUDO-OPS, (. EGU, | SET, . DINST ) THE LABEL
IS A LOCATION TAG AND IS EGUAL TO THE VALUE OF THE CURRENT LOCATION
COUNTER.

EXAMPLE:
z 1 . ORG 201
0 6 LABEL1 . EQU b i LABEL1=6
z01 1 LABELZ . BYTE 1 i LABELZ=LOCATION TAG=201

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

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

# 4. 2 0 OPERATORS

AN OPERATOR IS A MNEMONIC WHICH INDICATES THE ACTION TO BE
FPERFORMED AND IS EITHER A FSEUDO-OF OR ONE OF THE MICROPROCESSOR
INSTRUCTIONE. PSEUDO-0OFS  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 OPERATORS
LUSED IN OFERAND EXFRESSIONS.
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# 4. 4. O OPERANDS.

AN OFPERAND REPRESENTS THE PART OF THE INSTRUCTION WHICH IS T0 BE
ACTED ON. IT CAN BE A TERM OR AN EXPRESSION.

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

REFER TO THE EXPLANATION OF EACH OPERATOR FOR THE PROPER OPERAND
FORMAT.

IT SHOULD BE NOTED THAT OPERAND EXFRESSIONS ARE EVALUATED TO A
SINGLE NUMERICAL VALUE BY THE ASSEMBLER. BINARY CODE IS NOT
GENERATED TO MAKE THE MICROPROCESSOR EVALUATE THE EXFRESSION.

# 4.5 O TERMS AND EXPRESSIONS.

A TERM I5 A SINGLE VALLUE, A CONSTANT OR SYMBEOL. THE CURRENT
LOCATION COUNTER (REFRESENTED BY A FERIOD) IS5 CONSIDERED A TERM.

TERMS ARE COMBINED WITH OPERAND ARITHMETIC OPERATORS TO FORM
EXPRESSIONS.

EXAMPLE: IN THE INSTRUCTION BELOW THE OPERAND 5 AN EXPRESSION
WHICH HAS TWO ARITHMETIC OFPERATORS AND THREE TERMS.

SYMBOL . EQLU 1+NEW # 15

16 BIT INTEGER ARITHMETIC IS USED TO EVALUATE EXFRESSIONS.

# 5. 0.0 NUMERIC CONSTANTS.

oosat wns - boes

A CONSTANT I35 A NUMERIC VALUE REPRESENTED BY 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 IS INITIALLY
HEXADECIMAL.

EXAMFLE: THE HEXADECIMAL NUMBER 14 (ZZ IN BASE 10) IS STORED IN
"VALUE"

0 16 VALUE . B 14
THE MAXIMUM VALUE FOR A CONSTANT IS 45535 (BASE 10 UNSIGNED).

THE MINIMUM VALUE FOR A CONSTANT IS 32742 (BASE 10 SIGNED).
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# 5. 1. 0 CONSTANTS WITH RADIX INDICATORS.

CONSTANTS IN A BASE DIFFERENT FROM THAT OF THE DEFAULT RADIX CAN BE
SPECIFIED THROUGH USE OF THE TEMFPORARY 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 IS MORE CONVENIENT TO CHANGE THE DEFAULT RADIX USING
THE PSUEDO-0OPS DESCRIBED IN SECTION # 9. 2.0 .

THE TEMPORARY RADIX INDICATORS ARE:

~B EINARY

~0 DECIMAL

“H HEXADECIMAL
0 OCTAL

THE ~ IS THE UPARROW CHARACTER (UNIVERSAL UNARY OFERATOR).

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 . EGiJ “HOA3Z0Z i VALUE=A30Z, DBASE 14
VALUE | EGW “HA30Z i VALUE = SYMBEOL A30Z

SINCE THE SYMBOL A3Z02Z MAY NOT EXIST, THE SECOND STATEMENT WILL
PROBABLY CAUSE AN LUNDEFINED SYMBOL ERROR. TEMPORARY RADIX
INDICATORS AFFECT THE NEXT DIGIT STRING IN THE EXFRESSION UNLESS A
SYMBOL NAME OR BINARY OPERATOR OCCURS FIRST. IN THAT CASE, THE
TEMFORARY RADIX INDICATOR WOLLD BE IGNORED. NO ERROR MESSAGE IS
GIVEN.

# 5. 2 O CONSTANTS WITH ASCII INDICATORS.

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

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

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

THE " IS SPECIALLY HANDLED IN THE . BEYTE PSEUDO-0OF WHERE IT IS USED
TO INFUT TEXT STRINGS. SEE SECTION # %.3.1 .
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# 6. 0.0 SYMBOLS.

THE WORD "SYMBOL" 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 FROCESS.

A LABEL IS A SYMBOL THAT PRECEDES AN OFERATOR IN THE STATEMENT. IF
THE LABEL IS USED T0 STORE THE VALUE OF THE CURRENT LOCATION
COUNTER ., IT IS CALLED A LOCATION TAG.

# 4. 1. 0 PERMANENT SYMBOLS

PERMANENT SYMBOLS ARE THE CROSS-ASSEMBLER FSEUDO-0OPS 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 IN
THE AFPPENDICES SUMMARIZE THE PERMANENT SYMBOL SET.

# 6 2 0 USER DEFINED SYMBOLS

-ee v s

THESE SYMBOLS CAN BE LOCATION TAGS OR REPRESENT A VALLUE.

A SYMEOL IS5 A STRING OF FROM ONE TO SIX ALPHANUMERIC CHARACTERS
DELIMITED BY A NON-ALPHANUMERIC CHARALCTER. USER-DEFINED SYMBOLS
MUST CONFORM TO THE FOLLOWING RULES:

1) THE CHARACTERES MUST BE LEGAL ALPHA-NUMERICS
(A-Z OR 0O-%)

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

3) ONLY THE FIRST SIX CHARACTERS ARE USED, ANY
OTHERS ARE IGNORED. SYMBOLE ARE STORED IN THE
SYMBOL TABLE AND REFERENCED ONLY BY THE FIRST
SIX CHARACTERS.

4) A USER-DEFINED SYMBOL CANNOT HAVE THE SAME
NAME AS ANY OF THE PERMANENT SYMBOL NAMES.
AS THE FPERIOD IS CONSIDERED AS PART OF THE
ASSEMBLLER PSEUDO-OF NAME, A USER-DEFINED SYM-
BOL WHICH IS IDENTICAL EXCEFT FOR THE LEADING
PERIOD IS LEGAL.
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# & 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 LABELSE 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" IS A DECIMAL INTEGER
FROM 0O-255 INCLUSIVE

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

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

THE SAME LOCAL SYMBOL CAN BE DEFINED AND WUSED IN AN UNLIMITED
NUMEER OF LOCAL SYMBOL BLOCKS.

EXAMPLE:
TAG1 . BYTE "TEXT" i SYMBOL BLOCK BEGINS
$1 . EG VALUE ; DEFINE LOCAL %1
E ¥4 . EGU -1 i DEFINE LOCAL $2Z

VAL | EG $1-%2 i CALCULATE NEW VALLUE
TAGZ . BYTE "TEXT" i NEW SYMBOL BLOCK

%1 . EG valL.lil i DEFINE LOCAL %1

E 24 . EGL) -2 i DEFINE LOCAL 2
VALLZ | EG L 382 Yol i CALCULATE NEW VALLE.
TAGZ . BYTE "TEXT"  ENDS SECOND BLOCK

# 7. 0.0 CURRENT LOCATION COUNTER.

THE CURRENT LOCATION COUNTER IS INDICATED BY A& PERIOD. IT
REFPRESENTS THE ADDRESS OF THE NEXT BYTE TO BE ASSEMBLED.

THE CURRENT LOCATION COUNTER CANNOT BE USED IN THE LABEL FIELD.
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AT THE BEGINNING OF THE SOURCE INPUT THE CURRENT LOCATION COUNTER
IS SET TO ZERO. IT CAN BE REASSIGNED THROUGH USE OF THE . ORG
PSEUDO-OP.

EXAMPLE:
0 60 . ORG 60 ;i INITIAL ADDRESS
0 o] VALUE . B 0 i NO EFFECT ON .
60 2z TAG . BYTE 22 i . = 60 (BASE B8)
1 00 . ORG 100 i REASSIGN COUNTER
100 10 TAG1 . BYTE 10 i .= 100

LOCATION TAGS ARE ALWAYS SET EGQUAL TO THE VALUE OF THE CURRENT
LOCATION COUNTER WHEN THEY ARE ASSEMBLED. IN THE EXAMPLE ABOVE, THE
LOCATION TAG "TAG" = &0.

THE CURRENT LOCATION COUNTER IS AUTOMATICALLY UPDATED IN THE
ASSEMBLER AS SO0N AS THE CURRENT INSTRUCTION IS ASSEMBLED. 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
. ADDR PSEUDO-0P.

0 20 . ORG 20
20 20 0 . ADDR NIV
2z 22 0
24 24 0O
20 20 O

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

# 2. 0.0 THE ARITHMETIC OPERATOR SET.

THERE ARE TWO TYFES OF ARITHMETIC OPERATORS: UNARY AND BINARY
OFERATORS

LUNARY OPERATORS ACT ON  ONLY ONE ITEM, THE TERM OR EXPRESSION
FOLLOWING THEM

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

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

# B8.1. 2 BYTE ACCESS OPERATORS.

THE ~L AND "M (WHERE <~ IS THE UPARROW CHARACTER) ARE UNARY
OFERATORS WHICH PROVIDE ACCESS TO THE LEAST AND MOST SIGNIFICANT &
BIT BYTES OF THE VALUE OF AN EXPRESSION OR TERM.

EXAMPLE: TO SET "VALUE" EGUAL TO THE MOST SIGNIFICANT BYTE OF
3B4&1 (BASE 16), THE STATEMENT BELOW IS USED.

VALUE . BET “M3EB&L i VALUE = Q03B
THIS NEXT STATEMENT TAKES THE LEAST SIGNIFICANT BYTE.
VALUE . BET “L.3B&1 i VALUE = 0061

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

# 8. 1.2 THE COMPLEMENT OPERATOR

P -~

THE ~C (UPARROW ) IS5 A LOGICAL UNARY OFERATOR WHICH COMPLEMENTS
THE EXFRESSION FOLLOWING IT

EXAMFLE:
VALLE . EGI ~C7241 ; VALUE = BDEE

THE COMPLEMENT OFERATOR CAN BE COMBINED WITH THE OTHER UNARY
OFERATORS AND THE RADIX INDICATORS.
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# B3.1. 4 7 OPERATOR.

THIS IS THE USER FLAG OPERATOR, A UNARY OPERATOR USED IN CONJUNC-
TION WITH THE COMMAND DECODER IJSER FLAG OFTIONS (/70 TGO 59). IT HAS
THE FORM 7EXPRESSION AND MAY BE USED IN OPERANDS LIKE ANY 0OTHER
TERM. THE RESULTING VALUE OF THE QUESTION MAREK OPERATOR EQUALS 1 IF
THE VALUE OF ITS EXPRESSION MATCHES A USER FLAG THAT WAS SPECIFIED
TO THE COMMAND DECODER AT RUN-TIME. OTHERWISE IT EGUALS O THIS
OFPERATOR IS USEFUL FOR CONTROLLING CONDITIONAL ASSEMBLY 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,/Z

THE SO0OURCE FILE CONTAINS THE FOLLOWING | LIST STATEMENTS:

AT THE FIRST . LIST STATEMENT, THE 7?Z TERM EGUALE 1 SINCE /3 WAS
SPECIFED AT RUN-TIME. THE OPERAND ( 7Z-1 ) EGUJALS ZERO. THEREFORE
LISTING IS IMHIBITED UNTIL THE SECOND | LIST INSTRUCTION. A5 THE
OFERAND  VALUE OF THIS STATEMENT IS 1, LISTING IS ENABLED AGAIN.
NOTE THAT IF THE /2 OPTION WAS NOT SPECIFIED, THE INSTRUCTIONS
AFTER THE FIRST . LIST WOULD BE INCLUDED IN THE "LOUT" FILE LISTING.

# 8 2 0 BINARY OFERATORS

SIX  SPECIAL CHARACTERE ARE USED TO FPERFORM THE FOLLOWING BINARY
OFERATIONS:

MULTIPLICATION
DIVISION
BOOLEAN AND
INCLUSIVE OR
ADDITION
SUBTRACTION

Pod o~ %
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THE UNARY OFPERATORS TAKE PRECEDENCE OVER THE BINARY OPERATORS
DURING ASSEMBLY. THE # AND / OPERATORS ARE EXECUTED NEXT. THEN THE
OTHER BINARY OPERATORS FROM LEFT TO RIGHT. BRACKETS, [ 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 OPERAND EXPRESSION IS EVALUATED
IN THIS ORDER: [ A% [ -B 1 1 + [ L 2/D 1 # L ~C [ ~B101 1 1 3]

VALUE . EGU A#—~B+2/0% CTE101

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

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

DIVISION IS5 ACCOMPLISHED BY REPEATED SUBRACTION. THE GUOTIENT IS
THE NUMBER OF SUBTRACTIONS PERFORMELD. THE REMAINDER IS NOT SAVED
NO CHECKS ARE MADE FOR SIGN. DIVISION BY ZERO RESULTS 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
NUMEERS.



# 9. 0. 0 PSEUDO-OPERATORS.

PSEUDO-OPERATORSE ARE INSTRUCTIONS TO THE ASSEMBLER WHICH ALLOW
GREATER FLEXIBILTIY IN PROGRAMMING. '

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

# 2. 1.0 ASSIGNMENT PSEUDO-0FS.

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

# @ 1.1 | EC PSEUDO-0OF.

THE . EGU IS USED TO ASSIGN A VALUE TO A SYMBOL. THIS SYMBOL VALLUE
CANNCT BE CHANGED ONCE DEFINED. . EQU IS USEFUL FOR ASSIGNING NAMES
TO LOCATIONS WHICH ARE NOT LOADED BY THE OBRBJECT CODE.

EXAMPLE:

NAME 1 . EQ 3004

# ¥ 1.2 | SET PSEUDO-0OP.

THE . SET IS USED EXACTLY LIKE THE . EBU EXCEFT THAT THE SYMBOL CAN
BE REDEFINED WITH ANOTHER . SET AT ANY POINT IN THE PROGRAM:

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

NAME 1 . BET B00#4
NAME 1 . BET 2z

NOTE THAT IT S GOOD PRACTICE T0O USE THE . EGU FOR ASSIGNMENTS
RATHER THAN THE . SET EXCEFT (0OF COURSE) WHERE THERE IS A SPECIFIC
NEED TO REDEFINE A VALUE. THIS HELFS FREVENT THE ACCIDENTAL
REDEFINITION OF A VALUE IN A PROGRAM.

# 7 1.3 . DINST PSEUDO-OF.

-

THE . DINST IS USED TO GIVE A MICROPROCESSOR OPERATOR ANOTHER  NAME.
THE ORIGINAL OFPERATOR NAME WILL STILL BE VALID.  NOTE THAT THE
ASSEMBLER PIEUDO-0PS CANNOT BE RENAMED.
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EXAMPLE: THE MICROPROCESSOR INSTRUCTION "OPR" IS DEFINED AS
"NEWOP". ANY FURTHER REFERENCES TO "NEWOP" IN THE PROGRAM WILL BE
TREATED ACCORDING TO THE DEFINITION OF "OFRY.

NEWOF . DINST OFR

"NEND@" IS DEFINED TO BE THE EGUIVALENT TO THE MICROPROCESSOR
INSTRUCTION "OPR" AND IS ADDED TO THE OFERATOR SET FOR THE
REMAINDER OF THE ASSEMBLY

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

S5EMBLER PSEUDO-OPS CANNOT BE USED IN EITHER THE LABEL OR OPERAND
FIELDS OF ANY STATEMENT AND THEREFORE CANNOT BE DEFINED WITH THE
. DINST STATEMENT

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

# % 1.4 . ORG PSEUDO-OPF.

saces onses stse seves conte oot

THE . ORG REASSIGNS THE LOCATION COUNTER.

THE LOCATION COUNTER WILL EBE © AT THE START OF THE S0OURCE INFUT.
THE . ORG OPERAND  CANNDT BE FORWARD REFERENCED, (REFERRED TO A
LARBEL DEFINED FURTHER ON IN THE FROGRAM) AND CANNOT HAVE A LABEL.

# ¥ Z. 0 DEFAULT RADIX ?SEUDD”DPS.

L L Tmpupwpeps—— e sonos v s o~

INITIALLY, THE DEFAULT RADIX I35 SET TO HEXADECIMAL S50 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 CAN BE REASSIGNED
THROUGH LUISE OF THESE PSEUDO-OFS:

CBIN i BINARY RADIX

. DECM ; DECIMAL RADIX
. HEX i HEXADECIMAL RADIX
L oCT i OCTAL RADIX

THE DEFALILT RADIX PSEUDO-0PS CANNOT HAVE AN OFPERAND OR A LABEL.

ADDITIONALLY., THE RADIX OF INDIVIDUAL CONSTANTS CAN BE SPECIFIED BY
THE USE OF THE B, DN “H AND 0 INDICATORS. SEE SECTION # 51,0
THESE INDICATORZ DO NOT CHANGE THE DEFAULT RADIX.



# 9. 3.0 DATA STORAGE PSEUDO-OPS.

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

THE PSEUDO-0OFPS CAN HAVE AS MANY OPERANDS AS WILL FIT ON ONE 1Z7
CHARACTER LINE.

EACH OPERAND CAN BE A SYMBOL, CONSTANT, OR EXPRESSION. COMMAS
SEPARATE THE OPERANDS.

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

# ¥. 3.1 . BYTE PSEUDO-OF.

THE . BYTE FPFSEUDO-0OFP STORES DATA IN SINGLE BYTES OF MEMORY

NUMERICAL BYTE VALUES CAN RANGE FROM -122 TO +255 (DECIMAL).
NORMALLY., DOUBLE QUOTES AND SINGLE GQUOTES ARE TREATED IDENTICALLY
AND ARE USED TO FORM THE ASCII VALUE OF A SINGLE CHARACTER.

HOWEVER, IN THE . BYTE PSEUDO-0OF , THE DOUBLE QUOTE IS WUSED TO INDI-
CATE TEXT STRINGS. DATA IS STORED SEGUENTIALLY AS IT IS PROCESSED,
LEFT TO RIGHT. A TEXT STRING MUST BE CLOSED WITH A DOUBLE GUOTE

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

z 00 . ORG 200
200 41 .BYTE  "ABC", 0, "B
201 4%
202 43
203 0O
204 42

THESE STATEMENTS WOULD BE INVALID:

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

# ¥ 3. 2 | DBYTE PSEUDO-OPF.

THE . DBYTE IS SIMILAR TO THE . BYTE EXCEPT THAT IT STORES DOUBLE
BEYTE GUANTITIES. IT DOES NOT ACCEPT TEXT STRINGS. THE THE MOST
SIGNIFICANT BYTE IS STORED FIRST, THEN THE LEAST SIGNIFICANT BYTE.
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# 9. 3.3 .ADDR PSEUDO-0OP.

THE . ADDR P3SEUDO-0OF 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 EXAMPLE:

Z 00 . ORG 200
200 1 32 . DBYTE "H3132 ,HEX CONSTANT
202 32 31 . ADDR ~H3132  REVERSED BYTES

# 9.3 4 . ZERO PSEUDO-OP.

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

EXAMFLE: 16 ADDRESSES, 1 TO 10 (BASE 16) ARE ZEROED.
0 1 . ORG 1
1 0 . ZERQ 10

11 10 . BYTE 10

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

# 9.4 0 LISTING CONTROL DIRECTIVES

- - see osss aome

THROWUGH USE OF THE . LIST, . PAGE AND . TITLE FSEUDO-0OPE, FLUS SEVERAL
RUN-TIME OPTIONS, THE SOURCE PROGRAM CAN BE LISTED IN VARIOUS WAYS
AT ASSEMBLY TIME.

NORMALLY, THE ASSEMBLER AUTOMATICALLY PAGES THE OUTPUT, ADDING A
HEADER AT THE TOP OF THE FAGE. (NOTE THAT FAGE NUMBERS REFRESENT
THE LISTING PAGE NUMBERS, NOT INPUT FILE PAGES. ) '

NOT ALL PSEUDO-0FPS ARE LISTED IN - THE OUTPUT. THE CONDITIONAL
ASSEMBLY AND  LISTING CONTROL PSEUDO-0OFPS ARE NOT LISTED UNLESS THE
/P OFTION IS SPECIFED. SEE RUN-TIME OPTIONS # 2.4 0

NORMALLY THE STATEMENTS WHICH ARE NOT ASSEMBLED DUE TO CONDITIONAL

SSEMBELY  ARE NOT LISTED. USE OF THE /J COMMAND DECODER OFTION WILL
ENABLE LISTING OF THESE STATEMENTS PLUS THE NORMALLY UNLISTED
CONDITONAL ASSEMELY FIUEDO-OPS.

THE FPAGINATION AND HEADING CAN BE SUPPRESDED THROUGH USE OF THE /H
COMMAND DECODER OFTION.
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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 3 CARRIAGE RETURN/LINE FEEDS
50 THAT PAGES WILL BE SEPARATED BY 2 BLANK LINES IN THE LISTING.

WARNING MESSAGES ARE NORMALLY OUTPUT TO BOTH THE TERMINAL AND THE
SOURCE LISTING. TO INHIERIT THESE MESSAGES, THE /W DECODER OPTION IS
USED.

# 7. 4.1 . LIST PSEUDO-OPF.

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

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

WHEN A . LIST PSEUDO-0F WITHOUT AN OPERAND IS ENCOUNTERED, THE LIST
FLAG IZ INVERTED

EXAMPLE:
i LIST FLAG INITIALLY ON
. ORG Z00 i LISTED
VALLUE . BET 1 i LISTED
. LIST s 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-0OF WITH AN OFPERAND IS ENCOUNTERELD, THEN LISTING
IS INHIBITED IF THE OPERAND IS ERUAL TO ZERO. (THE LIST FLAG IS
SET OFF). IF THE OFERAND IS NOT ZERO, LISTING IS ENABLED. (THE
LIST FLAG IS SET ON).

# 9. 4.2 | FAGE FSEUDGO-0OF.

INSERTING A | PAGE PSEUDO-OF IN THE PROGRAM WILL NORMALLY START A
NEW FAGE BEGINNING WITH THE NEXT LINE. (THE . PAGE STATEMENT ITSELF
5 NOT NORMALLY LISTED. ) IF THE /F COMMAND DECODER OPTION IS USED,
THE . FAGE STATEMENT WILL BE THE FIRST LINE OF THE NEW FPAGE.
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THE /H COMMAND DECODER OFTION INHIBITE THE . PAGE PSEUDO-OP.

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

# 9. 4.3 | TITLE PSEUDO-OP.

THE . TITLE IS USED TO REFLACE THE HEADING WITH UF TO 32 CHARACTERS
OF TEXT. ITS FORMAT IS:

. TITLE HEADING OF 32 CHARACTERS

THE FIRST CHARACTER AFTER THE . TITLE IS THE PSEUDDO-OF DELIMITER
WHICH CANNOT BE AN ALPHA-NUMERIC CHARACTER . THE DELIMITER IS
CONSIDERED THE FIRST CHARACTER OF THE 32 CHARACTER GROUF AND WILL
BE PRINTED OUT. ANY TEXT AFTER 3Z%2 CHARACTERS WILL BE IGNORED. TABS
CAN BE USED IN THE HEADING.

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

A SEMICOLON DOES NOT DELIMIT THE HEARDING TEXT. COMMENTS CAN  BE
MADE ONLY AFTER THE 32 CHARACTER HEADING GROLUP.

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

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

. TITLE#MAIN FROGRAM

VAL.UE . Ecid 1
. LIST VALUE

# 9.5 0 CONDITIONAL ASSEMBLY PSUEDCO-OPERATORS.

THE . IFZERO, . IFNZRO, . IFDEF AND . IFNDEF OPERATORS ARE WSED TO
PROVIDE FOR THE CONDITIONAL ASSEMBLY IN A PROGRAM, 50 THAT GROUPS
OF STATEMENTEZ CAN BE ADDED (OR OMITTED) DURING THE ASSEMBLY
FROCESS., EACH IS DESCRIBED INDIVIDUALLY IN THE SECTIONS THAT
FOLLOW. ALL HAVE THE GENERAL FORM:

FESEUDO-0OF 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 BE ASSEMBLED. IF THE CONDITIONS
ARE NOT MET:; THESE STATEMENTS ARE OMITTED. THE . ENDC PSEUDO-OP
INDICATES THE END OF THE GROWF OF STATEMENTS WHICH ARE AFFECTED.
EACH CONDITIONAL PSEUDO-0OP MUST HAVE ONE . ENDC STATEMENT.

CONDITIONAL PSEUDO-0OPS CANNOT HAVE LABELS.

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

EXAMPLE:
VALUE!L . EGil ) i DEFINE VALUE1
. IFZEROG VALUE]L iVALLVEL = O 7 ~ YES.
. BYTE "TEXT" i ASSEMBLED.
. IFDEF VALUEZ i VALUEZ DEFINED? - NO.
. BYTE "TEXT" i OMITTED.
. ENDC i END OF INNER CONDITIONAL
DO . EGU 17 i ASSEMBLED.
. ENDC i END OF QUTER CONDITIONAL

THE CONDITIONAL PSEUDO-0PS ARE NOT INCLUDED IN THE ASSEMBELY LISTING
LUNLESS THE /P OR /J COMMAND DECODER OPTION IS SPECIFIED.

ONE CONDITIONAL CAN INHIBIT ANOTHER.

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

CONDITIONAL 1
. i STATEMENT GROUFP 1
CONDITIONAL 2

i STATEMENT GROUF

r

_ENDC ; END CONDITIONAL

e
. i STATEMENT GROUP 3.
. ENDC  END CONDITIONAL 1.

IF BOTH CONDITIONALS ARE MET, ALL THE STATEMENTS, GROUPS 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 2 IS NOT ASSEMBLED.

IF CONDITIONAL 1 IS NOT MET, CONDITIONAL Z IS IGNORED AND GROURS 1
THROUGH 2 WILL NOT BE ASSEMBLED.
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# 2.5. 1 . IFZERO PSEUDO-OP.

IF THE OPERAND OF THE . IFZERO IS5:

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

THE OFPERAND CANNOT BE FORWARD REFERENCED

# 9.5 2 . IFNZRO PSEUD-0OP.

IF THE OPERAND OF THE . IFNZRO I%:

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

THE OPERAND CANNOT BE FORWARD REFERENCELD.

# 2. 5.3 . IFDEF PSEUDO-0OF.

IF THE SYMBEOL OFERAND OF THE . IFDEF 1%

DEF INED - ASSEMBELY IS UNAFFECTED.
NOT DEFINED - STATEMENTS TO NEXT . ENDC ARE OMITTELD.

NOTE THAT . IFDEF WILL ACCEFT ONLY A SINGLE SYMBOL NAME AS  THE
OFPERANL.

A SYMBOL IS5 CONSIDERED TO BE DEFINED IF IT HAS BEEN USED IN THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL PSEUDO-OP.

# 7. 5.4 | IFNDEF FSEUDOD-OF.

IF THE SYMBOL OPERAND OF THE . IFNDEF I%:

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

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

A SYMBOL I5 CONSIDERED TO BE DEFINED IF IT HAS DBEEN USED IN  THE
LABEL FIELD OF A STATEMENT PRECEEDING THE CONDITIONAL FPSEUDO-0P.



# 2.5. 5 .ENDC PSEUDO-OF.

THIS PSEUDO-0OFP INDICATES THE END OF A CONDITONAL ASSEMBLY GROUP.

EVERY CONDITIONAL FSUEDO-OF MUST BE PAIRED WITH A . ENDC.

# % 6.0 | END PSEUDO-OP

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

#10. 0. 0 ERROR MESSAGES AND WARNINGS.

BOTH PASS #1 AND PASS #2Z CAN GENERATE ERROR MESSAGES. THESE ARE
PRINTED ON THE CONSOLE DEVICE AS THEY OCCUR. IF A LISTING IS
SPECIFIED, PASS 3 WILL LIST THE ERROR MESSAGE ABOVE THE LINE IN
WHICH THE ERROR QCCURS.

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
LABEL WAS GIVEN, "N" IS THE NUMBER OF
LINES FROM THE BEGINNING LINE OF THE
PROGRAM.

IF THE BINARY OUTPUT FILE IS SENT TO THE CONSOLE, AND ERROR
MESSAGES OCCUR, THE OUTPUT FILE LINES AND ERROR MESSAGES WILL BE
INTERMIXED. UEE OF THE /E OFTION WILL INHIBIT THE ERROR MESSAGESD
TO THE CONSOLE S0 THAT ONLY THE BINARY FILE IS OUTPUT. THIS IS
USEFUL WHEN A& USER WOULD LIKE TO TRY OUT CERTAIN PARTS OF A PROGRAM
AND IS NOT YET COMCERNED WITH OTHER PARTS KNOWN TO HAVE ERRORS.



#10. 0. 0

INDIVIDUAL ERROR MESSAGES ARE EXPLAINED IN TABLE #2Z WHICH DIVIDES
THE MESSAGES INTCO THREE TYPES:

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

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

3) NON-FATAL ERRORE — THE OCCURANCE OF A NON-FATAL
ERROR  WILL NOT HALT ASSEMBLY. THE ASSEMBLER
ATTEMFTS TO DO AS MUCH OF THE LINE AS POSSIBLE. FOR
EXAMPLE, IF THE OPERAND CANNOT BE EVALUATED, IT
GIVES IT A VALUE OF ZERO, WRITES THE ERROR MESSAGE
ANLD CONTINUES.



TABLE #2. #10. 0. 0O

636 36 36 46 36 3 3 e S HE 38 36 36 3 3 36 3 30 3 30 3 S S0 30 3 36 5 36 3 36 S0 3 38 36 36 36 48 36 3 38 38 30 30 3 36 96 38 38 36 96 36 96 36 36 90 38 3R 3R 30 JE 30 36 30

E: DF
FILE

E: OE
FILE

E: RE
FILE

E: WE
FILE

W: LIC

#N

#N

#N

#N

###% FATAL ERRORES ####

DEVICE FULL:

THERE IS 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 OPTION IS IN USE.
CONVERSION OF S0OME OF THE LOCAL SYMBOLS TO REGULAR
SYMBOL NAMES WILL USUALLY SOLVE THIS PROBLEM. SEE
THE NOTES ON THE /K RUN-TIME OFTION.

OFPEN ERROR IN OUTFUT FILE:

AN ATTEMPT WAS MADE TO OPEN AN OUTPUT FILE ON AN
INFUT-ONLY DEVIDE. (PTR:, CDR:, 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 PASS

READ ERROR:

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

SYMEOL TABLE OVERFLOW:

THE FROGRAM IS5 TOO LARGE. WHERE CONVENIENT, DIVIDE
IT AND ASSEMBELE EACH FART SEFPARATELY. ALSO REFER TO
THE NOTES ON THE /7K RUN-TIME OFTION.

WRITE ERROR:

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

###% WARNING MESSAGES #dtd#4

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

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

HEFRERIEHARREERFEERRERREFERBRERER R SRR ER AR e e e e e 3



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

6366 I I 36 F 3 36 36 I 0 I B S0 I I I 36 I 6 W N6 I N A I3 I I A6 I S 363 36 WA S S 36 I I 36 W FE I I 36 I B 96 39 96 96 3

E: OM

#### NON-FATAL ERRORS ####

BAD NESTING OF BRACKETS:
EACH OPEN BRACKET MUST BE PAIRED WITH A CLOSED
BRACKET

DIGIT OUTSIDE OF RADIX:

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

ILLEGAL LABEL FIELD:

THE LABEL MAY NOT BE IN THE FROPER SYMBOL FORMAT,
SEE SECTION #4. 2.0 . ALS0O, SOME PSEUDO-OPS CANNOT
HAVE LABELS.

ILLEGAL OPERAND VALUE:
REFER TO THE SECTION ON THE STATEMENT S OPERATOR TO
DETERMINE THE ALLOWABLE OFERAND TERMS.

LINE INPUT OQVERFLOW:
AONLY 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
"N" IS A DECIMAL NUMBER FROM O TO 2955

MULTIPLE LABEL DEFINITION:
THE SAME LABEL HAS A DIFFERENT VALUE AND IS USED
WITH AN OPERATOR OTHER THAN A . SET FPSEUDO-O0P.

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

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

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

WORD . EGQ L EXPrR1I 1 + [ EXPRZ 1]
TEMP . BET [ EXFR1 1
WORD . B TEMF + [ EXPRZ 1]

OPERAND MISSING.

b S 3E 0 3 046 3 H 36 330 030 00 0 HE 0 0 B S S R 30 0 36 0 S 30 B0 36 0 40 30 6 B IR S0 SR 00 S0 S0 3E



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

A 3 36 3 3 B 36 6 3 36 I A 0 3 I I 3 e e B S G R R S R S S R

E: 05 - OFPERAND SYNTAX ERROR.

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

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

E:US - LUNDEFINED SYMBOL:
AR 33 BB B B S S R I 33 B S R S S S S I B S S

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

#11. 0. O MODIFICATION NOTES.

VARIOUS MODIFICATIONS CAN BE MADE 70 THE ASSEMBLER FOR GREATER
OPERATING CONVENIENCE. BEFORE MAKING ANY CHANGES, THE USER SHOULD

READ THE DESCRIFTION OF EACH OFTION CAREFULLY. NO CHECKS ON PATCH
VALIDITY ARE MADE. ALSD KEEF 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 ODT. REFER TO THE 0575 MANUAL FOR A DETAILED EXPLAIN-
ATION OF 0DT OPERATION.

THE EXAMFLE BELOW SHOWS AN ODT PATCH BEING MADE TO FILE "XNAME. V"
WHERE THE CONTENT OF LOCATION 10107 I35 CHANGED FROM 2 TO Z

. GET 2YZ: XNAME
. anT
1010770003 2
.“\':‘:

. SA Y3 XNAME



#11.1.0

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

PATCH LOCATION 10100 TO CONTAIN THE NEW 2 CHARACTER & BIT ASCII
EXTENSION.

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

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

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

PATCH LOCATION 1010Z TO CONTAIN THE NEW 2 CHARACTER &6 BIT ASCII
EXTENSION.

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

IN 0578 ONLY 3 BITS ARE PROVIDED TO INDICATE THE CURRENT YEAR.
THIS ALLOWS ONLY NUMBERS FROM O TO 7 WHICH MUST BE ADDED TO A BASE
YEAR TO FORM THE ACTUAL YEAR NUMBER. IN 1973 AND AT ADDITIONAL &
YEAR INTERVALS THE BASE YEAR MUST BE CHANGED TO PROVIDE THE FROFER
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 &T770

19846 7064

1994 7144

2002 6062

SHOULD THIS PROGRAM SURVIVE UNTIL THE YEAR 2000 THE TWO MOST
SIGNIFICANT DIGITE 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 BINARY, OCTAL, OR DECIMAL BY PATCHING LOCATION 10105
FROM THE FOLLOWING TABLE.

RADIX: FATCH LOCATION 10105 TO:
OCTAL 1
HEXADECIMAL P
DECIMAL 3
EBINARY 4

#11. 4.0 GENERATING 2 BIT ASCII CHARACTERS WITHIN THE EBINARY
FROGRAM.

o— onss o ] - I

THE ASCII CHARACTERS GENERATED AS OPERANDE  WITH THE GUOTE
CHARACTERS ARE SEVEN BIT REFRESENTATIONSZ TYFICAL OF MOST
MICROFPROCESSOR SYSTEMS, TO  GENERATE EIGHT EIT AZCII WITH THE
EIGHTH BIT ALWAYS SET (AS IS5 DONE IN SOME FPDPE SOFTWARE), PATCH
LOCATION 10104 TO CONTAIN 377. (ORIGINAL CONTENT WAS 177).

#11. 7. O RUNNING UNDER 0528 VERSION Z.

-~ — soa0s Sas0e seame s Sesme satos asese basem Su 4o SeALe Sesme Sseve emee cetre meave

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

#11. 2. 0 CHANGING THE NUMBER OF LINES PER FAGE. (&)

— - aomme o S00ts oeate Sooas ameos bumes S0a0e bums Sasce Seute Seess Seste Seses Soses Besee Seats Feess Seves Sunce betes seaee

THE NORMAL  NUMEER OF LINES FPER PAGE IS SET AT &4, 6 OF THE &4
LINES ARE USED BY THE ASSEMBLER FOR THE HEADING AND MARGIN. TO
ALTER THE NUMBER OF LINES ON A& PAGE, FATCH LOCATION 10110 TO BE THE
TOTAL FOSITIVE LINES FPER PAGE INCLUDING HEADING AND MARGIN



#11. 9. 0

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

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

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

. — -

SOME LINE PRINTER HANDLERS WHEN FIREZ INITIALIZED WILL ISSUE AN
AUTOMATIC FORM FEED. TO AVOID EJECTING AN ADDITIONAL PAGE EACH TIME
THE ASSEMBLER % CALLED, THE FIRST FORM FEED FROM THE HEADING HAS
BEEN SUPFRESSED. T0O REENABLE THIS FIRST FORM FEED, FATCH LOCATION
10112 WITH Z14 (BASE 8).

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

TO PROVIDE COMPATIBILITY WITH OTHER ASSEMBLER FORMATS AN OPTIONAL
LAEEL DELIMITER WILL BE ACCEPTED. NORMALLY, THIZ DELIMITER IS A
CoMMA,  BUT IT CAN BE MODIFIED TO ANY OTHER NON-ALPHANUMERIC
CHARACTER (EXCEPT THE SEMICOLON OR CARRIAGE RETLURN). TO MODIFY THE
DELIMITING CHARACTER PATCH LOCATION 10113 WITH THE 8 RIT ASCII
VALUE FOR THE CHARACTER

2

#11. 12 O CHANGING FROM 2 BIT TO 7 BIT ASCII IN THE OUTPUT FILES.

assee sveve seome cuses seone seset sosee —

ALL  ASCII  OUTPUT TO THE BINARY (OBJECT) AND LISTING FILES IS IN &
EIT ASCII FORMAT. TO OUTPUT 7 EBIT ASCII FORMAT FATCH LOCATION 10114
TO CONTAIN 177, (ORIGINAL CONTENT WAS 2377).



-

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

EACH SLASH OFTION (EXCEFT /70 TO /%) MAY HAVE IT=

PATCHING

THE

DESCRIBED VALUE

OFTION:

/B
/E
/FH
/o
7K
i
/N
4N
/P
/s
s
W

10114
10117
10120
10121
10122
10123
10124
10125
10126
10137
10130
10131

P ovene voves o

LOCATION:

7E50
7640
7650
7650
7650

o
7650
T ED0
7640
7650
7650
7E50

STANDARLD:

7640
7&50
7640
74640
7640

1
7640
7640
7650
7640
74640
7640

#11. 120

SENSE INVERTED BRY
LOCATIONS  SHOWN  IN  THE FOLLOWING

TABLE WITH THE

INVERTEL:






#12 0.0 F& CROSS-ASSEMBLER SFECIFICS:

- - — B T ]

THE FIRST ELEVEN SECTIONS OF THIZ MANUAL HAVE FRESENTED ZIERRA
DIGITAL-S UNIVERSAL ASSEMBELER FORMAT A5 IT IS AFFPLIED 7O ALL
CROSS-ASSEMELERS IN THE X8 SERIES. THIS SECTION FPRESENTS
ADDITIONAL INFORMATION ON  THE APFLICATION OF THE LINIVERSAL
SSEMBLER FORMAT T A SPECIFIC CROSS-ASSEMELER FOR THE F&
MICROPROCESSOR, THE F2Z MICROPROCESS0R WAS DESIGNED EBY FAIRCHILD
MICRO SYSTEMS, 1725 TECHNOLOGY DRIVE, ZAN JOSE, CALIFORNIA 93110.
THE F2 IS5 PRODUCED BY FAIRCHILD MICRO SYSTEME AND  ALSO  SECOND
SOURCED BY MOSTEE CORFORATION, 1215 WEST CROSEY ROAD, CARROLLTON,
TEXAS 73500646, NO ATTEMPT WILL BE MADE IN THIS MANUAL TO EXPLAIN THE
OFERATION OF THE MICROPROCESS0OR. EXCELLENT MANUALS COVERING THE
OFERATION OF THE MICROFPROCESSORS ARE AVAILAELE FROM THEIR
MANLUFACTURERS. SECTION #13 FRESENTSZ A SUMMARY OF THE INSTRUCTION
MNEMONIC CODES  DEFINED BY FAIRCHILD AND RECOGNIZED BY OUR
CROS5-ASSEMBLER. ’

#12. 1. 0 CROSS-ASSEMBLER FILE NAMES.

von cvane sore0 Poeet Stere Seves comm omasn Se0ss Svmse Swote Goase Spous poss asesh Sheus Seems WY Semse Shese SRy Femcd SHAee Beare 90008 Neses Sueds SHUNE S0aee S9p0S Shes Femee Shres Sobtn o0t Senee

THE CROSS-ASSEMBLER IS PROVIDED ON FILE STRUCTURED MEDIA LUNDER THE
NAMES:

XFE 5V ~ FOR THE 0S/8 SAVE IMAGE FILE
XFE EN - FOR THE 0S/8 BINARY FORMAT FILE

IT IS SUGGESTED THAT THE SAME‘ NAMING CONVENTIONS BE USED  WHEN
LOADING THE CROSS-ASSEMBLER FROM PAFER TAPE.

#1Z Z 0 TIMER COUNT OPERATOR.

ooves s somte . e oo

AN ADDITIONAL  LUNARY OPERATOR HAS EBEEN PROVIDED TO PERFORM TIMER
COUNT CONVERZIONS FOR THE FPROGRAMMAELE CLOCKS CONTAINED IN THE 32851
FSU CHIFP AND  THE 2852 SMI CHIP. THE CLOCES CONTAIN FPOLYNOMIAL
SHIFT REGISTERS RATHER THAN ERINARY COUNTERZ AND THEREFORE THE
ACTWAL  NUMEER LOADED TO THE CLOCEKE TO PERFORM A COUNT IS DIFFERENT
FROM THE DESIRED COUNT. THE LINARY OFERATOR T (UFARROW T) WILL
CONVERT  THE FOLLOWING OPERAND TO A NUMBER REGIUIRED BY THE CLOCEK TO
GENERATE THE DESIRED NUMBER OF TIMER COLNTE

EXAMFLE:

LI ~T~DZ0 ;i LOAD TIMER CONSTANT FOR 20 COUNTS
ouTs 7 i OUTPUT TO TIMER

THE VALUE ACTUALLY SENT TO THE TIMER IS OF (HEX).



#1Z 3.

w
O

#12Z 3. 0 PREASSIGNED SYMBEOLS.

THE FOLLOWING THREE SYMBEOLS HAVE BEEN ASSIGNED THE VALUES SHOWN AND
ARE TYPICALLY USED 7O INDICATE INDIRECT ADDRESSING OF SCRATCHPAD
REGISTERS THROUGH THE ISAR.

SYMBOL  VALUE LISAGE

] oc INDIRECTLY ADDRESES SCRATCHPAD REGISTER.

I op INDIRECTLY ADDRESS SCRATCHFAD REGISTER
AND INCREMENT LOWER 3 BITS OF ISAR.

] OE INDIRECTLY ADDRESS SCRATCHFAD REGISTER

AND DECREMENT LOWER 3 BITS OF ISAR.

THE FOLLOWING TABLE CONTAINS SYMBOLS WHICH HAVE A SFECIAL  MEANING
WHEN USED WITH “LR” OPERATOR.  ALTHOUGH THESE SYMBOLS HAVE NOT BEEN
RESERVED IT IS SUGGESTED THAT THEIR USAGE BE RESTRICTED TO THE LR~
INSTRUCTION.

SYMEOL MEANING

00000 coo0t e prsae garme semge e grete poees ses onge Seren somse

A ACCUMULATOR

] DATA COUNTER

H REGISTERS 10 AND 11
15 INDIRECT SCRATCHFAD ADDRESS REGISTER
o REGISTER 9 ‘
K REGISTERS 12Z AND 13
KL REGISTER 13 '

KU REGISTER 1%

F STACK REGISTER

Fil FROGRAM COUNTER

G REGISTERS 14 AND 15
(n| REGISTER 15

G REGISTER 14

W STATUS REGISTER



#12. 4. 0
#1Z 4.0 LISTING FORMAT.

THE LISTING FILE IS OUTPUT WITH THE OBJECT CODE FPRINTED TO THE LEFT
OF THE SOURCE CODE LINES. A5 EACH MICROPROCESSOR INSTRUCTION  MAY
CODE INTO ONE, TWO, OR THREE BYTES, ROOM IS PROVIDED FOR THREE
COLUMNS OF GENERATED OBJECT CODE FLUS A COLUMN FOR THE ADDRESS. THE
ADDRESS AND OBJECT CODE ARE NORMALLY FRINTED IN HEXADECIMAL EBUT
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 TAEB STOP) OF THE SOURCE PRINTOUT
FOSITION. TABS OCCURING IN THE SO0URCE PROGRAM ARE CONVERTED TO THE
PROPER NUMBER OF BLANK CHARACTERS BY THE ASSEMBLER. THIS IS DONE
BY THE AS3EMBLER RATHER THAN THE DEVICE HANDLER OR DEVICE BECAUSE
THE BEGINNING OF THE SOURCE PRINTOUT DOES NOT OCCUR ON A STANDARD
TAB STOPF.

#12. 5 0 BINARY FILE OUTPUT.

g

THE BINARY OR OBJECT OUTPUT MAY BE SELECTED FROM ONE OF THREE
FORMATS.,  WITH NO OPTION SPECIFIED THE OUTPUT WILL DEFAULT TO
FAIRCHILD'S FORMULATOR FORMAT FOR USE WITH THEIR FORMULATOR
DEVELOPEMENT SYSTEM. THE FORMULATOR FORMAT IS5 DESCRIBED IN SECTION
#12Z2. 5. 1. AN ALTERNATE FORMAT SPECIFIED BY FAIRCHILD 5 THEIR
FAIR-BUG OUTPUT WHICH IS USED BY THEIR SMALLER F85 EVALUATION
MODULE. THE FAIR-BUG FORMAT IS DESCRIBED IN SECTION #12Z 5 2 AND
MAY BE SELECTED BY SPECIFING /F TO THE COMMAND DECODER AT ASSEMBLY
INITIATION TIME. THE THIRD TYPE OF BINARY OUTPUT I% BNPF WHICH MAY
BE SELECTED BY A /B RUN-TME OFTION. ZSECTION #2Z 4.0 DESCRIBES THE
ENFF QUTFUT.



#12. 5.1
#12. 5 1 FORMULATOR FORMAT

s sov oo

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

LEADER STRINGS OF 100 NULL CHARACTERS PRECEED AND FOLLOW THE OBJECT
OUTPUT. EACH LINE BEGINS WITH A COLON AND IS FOLLOWED BY A TWO HEX
DIGIT BYTE COUNT, A FOUR HEX DIGIT ADDRESS, A TWO HEX DIGIT ~ RECORD
TYPE (ALWAYS 0), P TO 146 BYTES OF DATA (EACH £ HEX DIGITS), AND A
TWO HEX DIGIT CHECKSUM. AT THE END OF EACH LINE IS5 A CARRIAGE
RETURN, LINE FEED, NULL, "AND READER OFF.

EXAMFLE:
CCCAARATTODDDDDDODDDDDDDDDDDDDDDDDODDDDDDSS
WHERE :

co IZ THE TWO HEXADECIMAL DIGIT COUNT FOR THE NUMBER OF
DATA BYTES (REPRESENTED BY FAIRS OF D'Z) IN THE LINE.
A COUNT OF ZERO INDICATES THE TERMINATION OF THE OBJECT
OUTPUT. THE TERMINATING LINE WILL ALS0 HAVE & ZERO
ADDRESS, TYPE ENTRY, AND CHECKSUM  (: 0000000000).

AAAA IS THE HEXADECIMAL ADDRESS FOR STORING THE FIRST DATA
BEYTE. EACH ADDITIONAL DATA BYTE IS5 TO BE STORED IN
SERUENTIAL ADDRESSES. THE ADDRESS IS FRESENTED WITH ITS
MOST SIGNIFICANT EBYTE FIRST

TT 15 THE 2 HEXADECIMAL DIGIT RECORD TYPE. THIS INDICATOR
IS CURRENTLY LNUSED AND ASSIGNED A VALLUE OF 00,

oo REFRESENTS TWO HEXADECIMAL DIGITS FOR A BYTE OF OBJECT
(BINARY) CODE UP TO 14 BYTEES MAY BE OQUTFUT ON ONE
L. INE.

IS THE TWO HEXADECIMAL DIGIT CHECESUM OF THE LINE.  ALL
EIGHT EIT BYTES IN THE LINE AFTER THE RECORD MARKE (7: )
ARE SUMMED. THE LEAST SIGNIFICANT BYTE OF THE NEGATIVE
OF THIZ VALUE IS THE CHECKSUM THUS IF ALL EBYTES IN
THE LINE ARE ADDED TOGETHER WITH CARRYS IGNORED,  AND
THIS SUM IS ADDED TO THE CHECKSUM, THE RESULT WILL BE
ZERC.

0
o

THE “READER OFF“ CHARACTER AT THE END OF EACH OBJECT CODE LINE MAY
BE UNDESIRABLE WHEN THE BINARY OUTPUT IS NOT PUNCHED ON FAPER TAFE.
THE “READER OFF° CHARACTER IS STORED AT LOCATION 10124 AND MAY EBE
FATCHED TO NULL (0).



#1232 5 2
#12 5 Z FAIR~BUG FORMAT.

THE OBJECT (BINARY) OUTPUT FILE CONSISTS OF ASCII TEXT REPRESENTING
HEXADECIMAL NUMBERS IN THE FOLLOWING FORMAT. LEADER STRINGS OF
ASTERISKS PRECEDE AND FOLLOW THE OBJECT OUTPUT. THE STARTING
ADDRESS OF A SECTION OF OUTPUT IS INDICATED BY A LINE CONTAINING AN
‘5 FOLLOWED BY A FOUR HEXADECIMAL DIGIT ADDRESS. THE DATA THEN
FOLLOWS ON LINES CONTAINING AN X7, EIGHT 2 HEXADECIMAL DIGIT DATA
BYTES AND ONE HEXADECIMAL DIGIT CHECKSUM CHARACTER.

EXAMFLE:

SAAAA
XpopooooopDoDoooos

WHERE:

AAAA IS5 THE HEXADECIMAL ADDRESES FOR STORING  THE FIRST
DATA BYTE. EACH ADDITIONAL DATA BYTE IS TO BE STORED
IN SEMJENTIAL ADDRESSES.

Do REFRESENTS TWO HEXADECIMAL DIGITSE FOR A BYTE OF
OBJECT (BINARY) CODE. EIGHT BYTES ARE ALWAYS OUTFUT
ON A LINE WITH UNSPECIFIED BYTES BEING ZERO.

I A SINGLE HEXADECIMAL DIGIT CHECKSUM. THE CHECKSUM
CONSISTS OF THE SUM OF EACH INDIVIDUAL HEXADECIMAL
DIGIT 1IN THE LINE OF DATA CHARACTERS TRUNCATED TO
THE LEAST SIGNIFICANT FOUR BITS.

i1

EXAMPLE:

R HREHEE SRR R
51000

X49SE4CSIT700RBACITE
XOARIFZS51094F 2316502
XZOE7EEOZO01T701176
X71B4R431 20941 90EF
XAAZI104LZTOZI0OA4B40C
XOB742108Q4Z10Z20E
XEARAQZZ0ZP11D02%1
HEEHEHEEREIEREERRERR

THE SENSE OF THE /F OFTION MAY BE INVERTED BY PATCHING LOCATION
101322 TO CONTAIN 74640
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#12Z & O ADDITIONAL ERROR MESSAGES FOR THE XFS.

- e

SETANDARD ERRORS:

E: RV

BAD REGISTER VALUE FIELD

THE VALUE ASSIGNED TO A REGISTER SPECIFICATION FIELD DID
NOT  MATCH ONE  OF  THE ALLOWAELE ValL.UES FOR THE
INSTRUCTION.

BRANCH IS OUT OF RANGE.

THE OFRAND  ADDRESSS  WAS OUT OF RANGE FROM THE REGUIRED
~-12Z8 TO +12Z7 (DECIMAL) BYTES FROM THE SECOND EYTE OF THE
BERANCH INSTRUCTION.



R
~
o

$12. 7. O SAMFLE FROGRAM #1

ot coars begee suon 0ee ereme oo oo

R XF3
#TTY: , TTY: <JSAMPLE/O/P /]

E: M3 AT MSG + b

E:M3I AT MSG + 5

101000007 1BOBEEYZ0A450ZA105070823840751 25884
101010001024 20F 7281020250084 FF221034%0F51 4
10102000 IFE7FIEIF?4FEASISS1I71BYAYRIFEDD
1010200070941 1C7ASZ70B040ZEREEBEERZ401%4EY
10104000FAZE340C41 2101 BO41 125483051 %0EAICFE
0810300053544 15254302Q00F3

0OO0QO0000

SAMPLE F2 ROUITINE NOV L, 19764 XFa-via FAGE
. TITLE SAMPLE F3 ROUTINE
; SELECT 70 FOR 200 BALM & 10 BIT
i THIS ROUTINE READS DATA FROM A HIGH SFEED
; READER AND FRINTS IT ON A TELETYFE
o0 BALILD . EGid 0 yREGISTER FOR BAUD RATE COUNT
0 1 CHRS . B 1 s REGISTER FOR CHARACTER
[ I BONT . BBl 2 P REGISTER FOR BIT COUNT
10 O . ORG 1000
1000 71 START LIS 1
1001 BO T 0 P INIT TTY-PORT TO MARE STATE
1002 BE auTs =  INITIALIZE READER FORT
1003 B2 ouTs o ; INITIALIZE READER CONTROL
1004 Z0 A4 LI AELL-701 Y CDA4ET0 G SELECT 110 OR 200
1006 30 LR EALID, A BAUD FOR TTY
1007 ZA 10D 50 ol MG P SET DATA COUNTER FOR MESSAGE
1008 70 %1 CLR :
100R 28 AM i GET MESSAGE CHARACTER
1000 =4 7 BEZ 2z i TERMINATE ON ZERO CHARACTER
100E 51 LK CHRZ, A
100F 23 10 34 FI TTYOUT 5 OUTFUT CHARALCTER
1012 90 F7 ER %] i TRY NEXT CHARACTER
1014 22 10 Z0 $7 FI GIUHAR p BET CHARACTER FROM READER
1017 25 O [} 0
1019 24 FF 3 Bz b 3] i HANG HERE WHEN DONE
101B 22 10 24 FI TTYOUT 5 OUTPUT CHARACTER TO TTY
101E %0 FS ER 2 i TRY NEXT CHARACTER
1020 A9 GCHAR INS w P GET A READER CHARACTER
1021 %1 FE EM GUHAR ; LOCKE FOR SPROCEET = HIGH
1023 7F LIS oS i 100OUS DELAY AFTER SPROCKET
1024 13 oM
105 AF %1 INC
1026 94 FE ENZ %1
10z A= ING z ;s NOW GET THE DATA BYTE
109 13 oM :
10208 51 L.R CHRZ, A 5 TEMF STORE NEW CHAR
102E 71 LIS 1 i ADVANCE THE READER
1020 By oaTE “
1OZ0 A% & INS @ i GET READER STATLES
10ZE 21 FE EF 34 pLOOK FOR MOVING OFF SPROCEET
10320 70 LIs 0
1031 B2 auTs = i REMOVE DRIVE PLULSE
103E 41 LK &, CHRS S PICK UP NEW CHAR

1033 1C FOF



SAMPLE F2 ROUTINE

1034 7A
1035 52 LR
10326 70 LIS
1037 BO ouTs
; DELAY 3.
1038 40 %1 LR
10329 2B NOF
1024 BE -5 QuTS
103ZE BB ouTs
1030 EBE auTs
1030 Z4 1 Al
10ZF 24 FA BNZ
1041 23 3=
1042 24 Bz
1044 41 LR
1045 21 1 NI
1047 EBO QTS
10458 41 LK
1049 12 SR
1048 Z4 30 Al
1040 51 LR
1040 20 EA BR
104F 1 &3 FOF
. IFZERD
1050 53 MSG . BYTE
1051 54
1082 41
1053 52
1054 =54
1055 a0
10546 24
1057 0O
. ENDC
. IFNZR
MSEG . BYTE
. ENDC
HeHEHEE E: MO
JUINE,
. END
SAMFLE F& ROUTINE
O EBEAUD Z BONT
1050 MEG 1000 START
ERRORS: i

. PAGE

NOW 1, 19764 XFE-\V1a FAGE z

TTY OUTPUT ROUTINE

i
TTYOUT LIS

OE-70 3 /0 OPTION CAUSES 10 BIT FORMAT
BCNT, A i SET BIT COUNT FOR 10 OR 11

0

0 » DUTPUT START BIT

ZMS FOR 200 BAULD, 9. 0%MS FOR 110 EBAUD
A, BAUD GET DELAY COUNT

OF i NOF FOR DELAY (346115 PER LOGF)
OB

OF

1 i INCR WITH A SUS INST

®2

BCNT  DECREMENT BIT COUNT

3 i DONE WITH ALL BITS

A, CHRS 5 GET CHARACTER

1 i MASK OFF ALL BUT BIT ©

o P QUTFUT THE NEW DATA BIT

A, CHRE  ; SHIFT THE CHAR FOR NEXT BIT
1
TELIO000000 S FILL WITH 17% FOR STOF BITS

CHRS, A
%1 i DELAY AGAIN
i ALL FINISHED
71 i SELECT THIES MESSAGE BY DEFAULT

"START", ~0E135, 0214, 0

71 i SELECTED BY /1 RUNTIME OFTION
"TURN ON READER", “0Z1%5, ~021Z, 0

i SAMPLE ERROR

NOV. 1, 19764 XFa-Vi1a FAGE 3

1 CHRE 1020 GCHAR
10324 TTYOUT



#13. 0.0

#13. 0. 0 MICROPROCESSER INSTRUCTION SET:

THIZ® SECTION IS A SUMMARY OF THE INSTRUCTION SET OF THE F&
MICROPROCESSOR A5 DEFINED BY THE VENDORS., THE ASSEMELY CODE FORMAT
FOR EACH INSTRUCTION IS SHOWN WITH THE HEXADECIMAL OBJECT CODE.
EACH INSTRUCTION WILL BE CODED INTO THE DESIGNATED NUMBER OF BYTES.

ACCUMULATOR GROUF INSTRUCTIONS:

]

s spese

INSTRUCTION MEANING HEX CODE BYTES

Al DATAZ ADD IMMEDIATE DATA z4 Z
cl DATAZ COMPARE IMMEDIATE DATA 25 z
CLR CLEAR ACCUMULATOR 70 1
COM COMPLEMENT ACCUMULATOR 13 1
INC INCREMENT ACCLUMULATOR 1F 1
LI DATAS LOAD IMMEDIATE DATA 0 prd
LIS DATA4 LOAD IMMEDIATE SHORT 70+DATA 1
LNE LINKE CARRY TO ACCUMULATOR 1% 1
NI DATAZ AND IMMEDIATE DATA £l Z
01 DATAB OR IMMEDIATE DATA 22 Z
S 1 SHIFT LEFT ONE 13 1
5L 4 SHIFT LEFT FOUR 15 1
5R 1 SHIFT RIGHT ONE 12 1
SR 4 SHIFT RIGHT FOUR 14 1
XI DATAS EXCLUSIVE OR IMMEDIATE DATA Z3 Z

ohean 5es20 msep et Shrte S4pes Smane romn FoNes 40045 S40fe SrSED Seves fese puye SAare SfuSe S8040 Spe Svege SSNNE ASSOs eCR B4 G¥EME RSSO e BHAYS Geuse 40008 30900 H6ree 9007 $0400 APMPD TONSS Seves PSS s Seren GNiue SPOSE Giewe GWes dmese Pomrs Seves H4sde FS4AD Sosms Seose SeURY, JANSS Sates S04 $e0s SHSTR MMSEY POUNS S000s Sea0s e SbbSS Soete Souts

DATAZ REFRESENTS AN 2 BIT DATA GUANTITY
DATA4 REPRESENTS & 4 BIT DATA GUANTITY



#13. 0.0
SCRATCHFAD REGISTER INSTRUCTIONS:

INSTRUCTION MEANING HEX CODE BYTES
AS R EBINARY ADDITION OF REGISTER CO+R 1
AsSD R DECIMAL ADDITION OF REGISTER DoO+R 1
Ds R . DECREMENT REGISTER 30+R 1
LR AR LOAD ACC FROM REGISTER R 40+R 1
LR A, KL LOAD ACC FROM REGISTER 12 00 1
LR A, KL LOAD ACC FROM REGISTER 13 o1 1
LR A, G LOAD ACC FROM REGISTER 14 0z 1
LR A, Bl LOAD ACC FROM REGISTER 15 03 1
LR R, A LOAD REGISTER R FROM ACC S0+R 1
LR KL A LOAD REGISTER 1% FROM ACC 04 1
LR K, A LOAD REGISTER 13 FROM ACC Q5 1
LR &, A LOAD REGISTER 14 FROM ACC 04 i
LR G, A LOAD REGISTER 15 FROM ACC 07 1
NZ R LOGICAL AND ACC WITH REG. R FO+R

= R EXCLUSIVE OR ACC WITH REG. R , EO+R

P mves 4esse saave sours Paasy Seves sesen s440s w0e Sy Songe Sovme Suben Sumon Sobst seams S000s Somee —— — e

R VALUES HAVE THE FOLLOWING MEANING:
O TO 11 (DECIMAL) — DIRECT REGISTER ADDRESSING
OoR &

12 = - SCRATCHFPAD ADDRESS SURPFLIED BY ISAR
12 ORI - SCRATCHRPAD ADDRESES SUPFLIED BY ISAR

IZAR IS5 INCREMENTED AFTER INSTRUCTION
14 OR I - SCRATCHRFAD ADDRESS SUFPLIED BY ISAR

IZAR IS DECREMENTED AFTER INSTRUCTION

DATA COUNTER INSTRUCTIONS:

INSTRUCTION MEANING HEX CODE BYTES
AnC ADD ACCUMULATOR TO DATA COUNTER BE 1
DeI DATALA  LOAD DATA COUNTER IMMEDIATE A 3
LR @, D LOAD LOCATIONS & FROM DATA COUNTER OE 1
LR H, D LOAD LOCATIONS H FROM DATA COUNTER 11 1
LR 0, LOAD DATA COUNTER FROM LOCATIONS OF 1
LR OC, H LOAD DATA COUNTER FROM LOCATIONS H 10 1
Xpo EXCHANGE DATA COUNTERS pA 1

40000 aaes Gean saere 90 saete ganey evmne setes ovoen s e sosea n0se 0s0ra use amiee edben Seses Shaes guree seven anins Seoss o oo -

DATALL REFRESENTSE A 14 BIT DATA GUANTITY



#13. 0.0

INDIRECT SCRATCHFAD ADDRESS REGISTER INSTRUCTIONS:

oneos vuste anve somen oo vasen sata aoone

INSTRUCTION MEANING HEX CODE BYTES

LR A, IS LOAD ACCUMULATOR FROM ISAR 0A 1
LK I5, A LOAD ISAR FROM ACCUMULATOR oB 1
LISU DATAZ LOAD DATA TO ISAR WUPPER DIGIT &O+DATA 1
LISL DATA3 LOAD DATA TO ISAR LOWER DIGIT &LEFDATA 1

DATAS REFPRESENTS A 2 BIT DATA GUANTITY.

MEMORY REFERENCE INSTRUCTIONS:

00000 ammes s000s meoss s S0vee GRere Samve asade e Sased Soave 00008 0006 Semmt Seee $900n SRSSD FUVRS Boses mieh Bemse EESR wueee Susas doves GERe SH0an S4000 SoPse Seswe S0040 bese

INETRUCTIONS MEANING HEX CODE BYTES
AM ADD MEMORY TO ACCUMULATOR, BINARY ag 1
AMD ADD MEMORY TO ACCUMULATOR, DECIMAL e

M COMPARE MEMORY TO ACCUMULATOR 2D 1
LM LOAD ACCUMULATOR FROM MEMORY 14 1
NM LOGICAL AND MEMORY WITH ACCUMULATOR EA 1
oM LOGICAL OR MEMORY WITH ACCUMULATOR (=] 1
5T STORE ACCUMULATOR IN MEMORY 17 1
XM EXCLUSIVE OR MEMORY WITH ACCUMULATOR ac 1

— - oves oo sv0es wston sumn sosse shsne Soses semee sotes Spete Soste arvee somns swnre o g roves bovme s ehtns doees sesee soste seas saves Sebns Sbass hoves Loee s smsh

MEMORY LOCATION IS DESIGNATED BY THE DATA COUNTER.

STATUS REGISTER INSTRUCTIONES:

- — s cs00e senee conee e artee somve seems s mase svoen sesas soose Voves v ste

INSTRUCTION MEANING HEX CODE BYTES

P csoms s -

LR W, .l LOAD W FROM REGISTER % 1D 1
LR odi W LOAD REGISTER % FROM W 1E 1
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PROGRAM COUNTER INSTRUCTIONS:

— s oo

MEANING HEX CODE BYTES

INSTRUCTION

LR kK, F LOAD K REGISTERS FROM THE STACK REG. 08 1
LR P, K LOAD THE STACK REG. FROM THE kK REG. 0z 1
LR PO, & LOAD PROGRAM COUNTER FROM THE @& REG. on 1
FI ADDR CALL TO SUBROUTINE IMMEDIATE ia 3
Fi cCaLl TO SUBROUTINE DIRECT o 1
FOpP RETURN FROM SUBROUTINE 1c 1
JMF ANDR BRANCH IMMEDIATE 5 3

e0s0s asene senen - prrp— osote smaae cenve wtese suute

ADDR REFRESENTE A 16 BIT ADDRESS GUJANTITY.

o o

INSTRUCTION

cvese ormse saree seose ovess ss0en cosas seses Gurme smmen cante ssone soves seins Shnst

MEANING HEX CODE BYTES
ER ADDR UNCONDITIONAL BRANCH @0 Z
BT T, ADDR  CONDITIONAL BRANCH TRUE SB0+T Z
EBF ADDR - BRANCH IF FOSITIVE 21 Z
B ADDR BRANCH ON CARRY =5 Z
EZ ADDR ERANCH ON ZERO =24 Z
EM ADDR EBRANCH ON NEGATIVE w1 £
BNC ALDR BRANCH IF NO CARRY wE Z
ENZ ADDR BRANCH IF NOT ZERD wa Z
ER7 ADDR BRANCH IF LOWER ISAR=7 ] Z
ENO ADDR ERANCH IF NO OVERFLOW L] z
BF T, ADDR  CONDITIONAL BRANCH FALSE FO+T b

ADDR MUST BE AN ADDRESS WITHIN —1328 AND +13Z7 LOCATIONS

FROM THE

SECOND BYTE OF THE BRANCH INSTRUCTION
T REFRESENTS A COMEINATION OF TYPE BITS:
1-SIGN
Z-CARRY
4-ZERO ‘

S-OVERFLOW (FALSE CONDITION CHECK ONLY. )



INPUT/0UTPUT INSTRUCTIONS:

INSTRUCTION

MEANING HEX CODE BYTES
IN FPORTS INFUT LONG ADDRESS 6 Z
INS FORT4 INPUT SHORT ADRESS AO+PORT4 1
auT FPORTS OUTPUT LONG ADDRESS 7 z
ouTs PORT4 OTPUT SHORT ADDRESS BO+FPORT4 1

PORTE REFRESENTS A FORT ADDRESS FROM 4 TO OFF.
PORT4 REPRESENTS A PORT ADDRESS FROM O TO OF.

MISCELLANEOUS INSTRUCTIONS:

<

ooove oon

INSTRUCTION MEANING HEX CODE BYTES
oI DISABLE INTERRUFT 1A 1
EI ENABLE INTERRUFT 1E 1
NOP NC OFERATIDN ZB 1




AFFENDIX A& — RUN-TIME OPTIONS. #14. 0. O

HEFREFEEFRRERERFREERRERREERERHFEREER RS RSB EREE S E RS E R

JB
/E
/F
7H
sd

7
L

/N
/0

I

S
7T
S
SOTO

Ve

OUTPUT BINARY FILE IN ENFF FORMAT.

INHIEIT ERROR MESSAGES TO CONSOLE.

OUTPUT BINARY FILE IN FAIR-BUG FORMAT
INHIEBIT HEADINGS AND FAGINATION.

LIST UNASSEMBLED STATEMENTS AND CONDITIONAL
ASSEMBLY FPSEUDO-OFPS

EXPAND SYMEOL TAEBLE STORAGE INTO ADDITIONAL
CORE.

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

LIST ONLY THE SYMBOL TABLE.

OUTPUT LISTING IN OCTAL FORMAT INSTEAD OF IN
HEXADEC IMAL

INCLUDE NORMALLY UNLISTED FPSEUDO-OFS IN THE
LISTING

OMIT THE SYMBOL TABLE FROM THE LISTING,
REFLACE THE FORM/FEED WITH 2 CR/LFS

INHIBIT WARNING MESSAGES

USER FLAGE, WUSED WITH THE 7 OFERATOR.

HHEEEEEEEEERERREEREREERRERRRREEERRRBEIRRERFEEREEERERERRRRRE SR

AFFPENDIX B ~ INDICATOR SET

HHBEREREEEREEEREEREFHRRAREFERRERFEREEERERAERRERREREEERR RS R

" UR -

MULTIPLICATION

DIVISION

EOOLEAN AND.

INCLUSIVE OR.

ADDITION.

SUBTRACTION

COMFLEMENT INDICATOR, (UFARROW E).
EINARY RADIX INDICATOR, (UFARROW B).
DECIMAL RADIX INDICATOR, (UFARROW D).
HEXADECIMAL RADIX IMDICATOR, (UFARROW H).
OCTAL RADIX INDICATOR, (UPARROW 0),
LEAST SIGNIFICANT BYTE ACCESE OPERATOR.
(UPARROW L),

MOST SIGNIFICANT BYTE ACCESS OFPERATOR,
(LIFARROW M),

TIMER COUNT OPERATOR, (UFARROW T).

- COMMENT INDICATOR

= ASCII CHARACTER INDICATOR.

~ WSER FLAG OFERATOR.

= CURRENT LOCATION COUNTER, (FERIODD

HERRERIEERERIEERFERBEEHEEREERR LR LRSS R SRR EEEFE SRS SRS SRS



AFPENDIX C - FSEUDO-OPS. #14. 0. 0

Fo 30 SRR R SRR R R E R R R R R R R R R R SRS R R R

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

. BYTE - SINGLE BYTE DATA STORAGE

. DBYTE - DOUBLE BYTE DATA STORAGE

. DECM — CHANGES DEFALLT RADIX TO DECIMAL

. BINST ~ RENAMEZ A MICROPROCESOR INSTRUCTION.

. END - PROGRAM TERMINATOR.

. ENDC - ENDS CONDITIONAL ASSEMBLY

. Eq — ASSIGNS A PERMANENT VALLUE TO A SYMBOL.

. HEX - CHANGES DEFAULT RADIX TO HEXADECIMAL.

. IFDEF - INCLUDE CODE TO . ENDC JF SYMBOL IS DEFINED.
. IFNDEF - INCLUDE CODE TO . ENDC IF SYMBOL IS5 NOT DEFINED.
. IFNZRO = INCLUDE CODE TO . ENDC IF OFERAND DOES NMOT EGUAL O
. IFZERO = INCLUDE CODE TO . ENDC IF OFERAND EGQIUUALE O
CLIST - PROVIDES SELECTIVE LISTINGS.

L OCT ~ CHANGES DEFALLT RADIX TO OCTAL.

. ORG - REASSIGNS THE CURRENT LOCATION COUNTER.

. FAGE - BEGINS NEW PAGE IN LISTING.

. BET - ASSIGNS A TEMFORARY VALLUE TO A SYMBOL.

. TITLE -~ SPECIFIES HEADING.

. ZERD - ZEROS A SPECIFED NUMBER OF BYTES,

HREEEEEEEREFREEEFE RS ERR R REREERF ISR ERER



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

HHERBHEREREEERERRFRHEERBRERREERFERRERR B RRRFERESREEEREER SRR EE

E: BN ~ BAD NESTING OF BRACKETS.

E: BR - BRANCH ADDRESS OUT OF RANGE.

E: DF —~ QOUTPUT DEVICE FULL, (FATAL)

E: DR - DIGIT QUTSIDE OF RADIX.

E: IL - ITLLEGAL LABEL FIELD,

E: I0 - ILLEGAL OFERAND VALLUE.

E:LO - LINE INFUT OVERFLOW.

E: L% - LOCAL SYMBOL SYNTAX ERROR.

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

E: ML - MULTIPLE LABEL DEFINITIOM.

E: MO - MISSING OR ILLEGAL MNEMONIC IN OFERATOR FIELD
E: QC - OPERAND TOO COMPLEX.

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

E: OM - OFERAND MISSING,

E: 05 - OPERAND ZYNTAX ERROR

E: FE - FHASE ERROR, ADDRESS CONFLICT. (FATAL) :
E: PS5 - ILLEGAL FPERMANENT SYMBOL USAGE IN OFPERANDL
E: RE - INFUT FILE READ ERROR. (FATAL)

E: RV - BAD REGISTER VALUE FIELD.

E: 5T - BYMBOL TABLE OVERFLOW. (FATAL)

E: TL - LABEL DEFINED TOO LATE.

E: U - UNDEFINED SYMEOL.

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

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

W: U -~ UNINHIBITED CONDITIONAL ASSEMBLY IN EFFECT

AT ASSEMBLY END.

HEEERRFEERERREEREEERRHFERRERRRERHERREER SRR REEEREEER R



