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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 X3 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 CROSS5-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 PRESENTS A SUMMARY OF THE MNEMONIC INSTRUCTION CODES
ASSIGNED BY THE MICROFROCESSOR 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 MICROPROCESSOR VENDOR OR OTHER SOURCES.  SECTION 14, THE APPEN-
DICES, CONTAINE SUMMARY TABLES FOR GUICK REFERENCE ONCE THE USER
GAINS EXPERTISE IN USING THE CROS5-ASSEMBLER.

WE AT SIERRA DIGITAL LOOK FORWARD TO DEVELOPING MORE ASSEMBLERS IN
OUR X8 SERIES TO0 PROVIDE VYOU, THE USER, WITH THE MEANS OF
PIONEERING THE NEW WORLD OF MICROPROCESSORS.

# 2Z.0.0 OPERATION.

SIERRA DIGITAL S CROSS-ASSEMBLER IS AN BK, TWO PASS ASSEMBLER WHICH
RUNS UNDER THE 0S5/2 OPERATING SYSTEM. THE CROSS-ASSEMBLER IS CODED
IN PDF/3 ASSEMELY  LANGUAGE (FPALRE) 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 SYMBOL TABLES. PASS Z
THEN GENERATES THE OUTFUT FILE IN THE BINARY (OBJECT) FORMAT OF THE
PARTICULAR MICROPROCESSOR. THE OUTPUT FILE CAN BE CHANGED TO BNPF
FORMAT THROUGH LUSE OF THE /B RUN-TIME OPTION.

A THIRD ASSEMBELY FASS IS DONE WHEN A LISTING OUTPUT FILE IS SPECI-
FIED. WHEN NO EBINARY FILE IS SFECIFIED, THE ASSEMBLER GOES DIRECTLY
TO THE PASES 2 LISTING.



#2. 0.0

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
KEYEBOARD MONITOR.

TYPING CTRL/0 AT THE KEYBUARD 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.

# Z 1.0 LOADING AND SAVING THE CROSS-ASSEMBLER.

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 ASSEMELER FROM PAPER TAPE AND SAVE IT, FPLACE THE TAPE
IN THE READER AND CALL THE ABSOLUTE LOADER:

. R ABSLDR
#PTR: %

. BAVE BYS: XNAME

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

# Z 2 0 CALLING SEGRUENCE.

ONCE LOADEDY 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. (2EE SECTION 12 0.0 FOR THE FORMAT SPECIFICATIONS).



# 220

THE SECOND OUTPUT FILE IS THE OPTIONAL LISTING. WHEN ONLY THE FIRST
OUTPUT FILE IS 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 DECTAFPE
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

UFP  TO NINE INPUT FILES CAN BE SPECIFIED AS ONE PROGRAM WHERE THE
LAST FILE IS5 TERMINATED WITH AN . END STATEMENT.

# 2. 3.0 INPUT/QUTPUT FILE EXTENSIONS.

IF THE EXTENSION TO AN IMPUT 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 = QUTPUT LISTING FILE EXTENSION.
. M5 - 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 CONTINUJALLY CALLED, THE USER
SHOULD CONSIDER MODIFYING THE ASSEMBLER TO INVERT THE SENSE OF THE
OFPTION. THE MODIFICATION NOTES IN SECTION #11. 0.0 EXPLAIN HOW THIS
MAY BE DONE. FOR EXAMPLE. A USER WHO PREFERS TO OUTPUT FILES IN
ENFF FORMAT RATHER THAN BINARY CAN INVERT THE SENSE OF THE /B
OFTION. THEN THE BINARY FILES ARE NORMALLY WRITTEN IN BNFF FORMAT.
USE OF THE /B OPTION THEN CAUSES THE OUTPUT FILE TO BE WRITTEN IN
THE STANDARD MICROPROCESSOR BINARY CODE. SFACE IS PROVIDED 1IN
TABLE #1 TO CHECK OFF WHICH OPTIONS HAVE BEEN INVERTED FOR YOUR
REFERENCE..



TABLE #1. RUN-TIME OFTIONS. - #2.4. 0
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/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 PER
LINE. THE ADDRESS OF THE FIRST BYTE IS GIVEN IN
SIX DIGIT OCTAL AT THE BEINNING OF THE LINE.
LEADING ZERDES IN THE ADDRESS ARE CONVERTED TO
SPACES. EACH LINE IS PRECEDED BY 2Z SPACES. LEADER
CONSISTS OF 100 NULL CHARACTERS WITH 20 RUBOUTS
IMMEDIATELY PRECEEDING AND FOLLOWING THE ASCII
TEXT.

EXAMPLE: THE FOLLOWING CODE IS SHOWN REWRITTEN
ENPF FORMAT.

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

100 ENNPNNPPPF BFPNNNFPPF BFNPNFFPFF BPPNPNPPPF
104 BFPPPFPPFF BNPFPNNPNF BNNNNNNNNF BPPNPNNNNF

IN

INHIBIT ERROR MESSAGES TO THE CONSOLE. 0 ——————-

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

ALS0, IF THE BINARY FILE IS TO BE 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 SO0 THAT ONLY
THE BINARY FILE IS OUTPUT.

e 3E 36 0 3 3 3 30 S0 36 S B G0 36 30 30 30 3 S0 360 0 S0 36 30 30 30 30 30 30 3 46 30 S0 46 S0 30 SR 46 30 30 0 3R 336 30 30 0 S0 SR SR 40 0 IR SR S 40 S 03



TABLE #1. RUN-TIME OFTIONS. (CONT. ) #2Z 4.0
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OPTION MEANING INVERT?
38 B S S S A I A6 I FEAEJE I A B3 B I B 3 R R

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

7J LIST UNASSEMBLED STATEMENTS AND CONDITIONAL @ ———————
ASSEMBLY FSEUDO-0OPS.
STATEMENTS WHICH DO NOT GET ASSEMBLED DUE TO
CONDITIONAL ASSEMBLY PSEUDO-0OPS ARE NORMALLY  NOT
LISTED. NEITHER ARE THE CONDITIONAL PSEUDO-0PS
THEMSELVES. USE OF THE /J OPTION WILL ADD THESE
STATEMENTS TO THE LISTING

/K EXPAND SYMBOL TABLE STORAGE INTO EXTRA CORE. W =———————
NORMALLY MOST OF FIELD 1 IS USED FOR BOTH LOCAL AND
NORMAL.  USER SYMBOL STORAGE. USE OF THE /K OPTIONS
EXPANDS CORE USAGE TO 13K WHERE THE LOCAL SYMBOL
TABLE RESIDES IN FIELD 2 AND THE REGULAR SYMBOL
TABLE RESIDES IN FIELD 1.

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

70 OUTPUT LISTING WITH BINARY CODE IN OCTAL FORMAT.,  —————e-
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 sSYMBOL TABLE — =———————
THE THIRD PASS LISTING NORMALLY CONSISTS OF THE
STATEMENT LISTING PLUS THE WUSER SYMBOL TABLE
LISTING. THE /N OPTION CAUSEZ ONLY THE SYMBOL TABLE
TO BE LISTED

7R INCLUDE NORMALLY UNLISTED FPSEUDO-0OPS IN THE LISTING——————-—
SOME PSEUDD-0OFS WILL NOT BE LISTED BY PASS 2 UUNLESS
THE /F OFTION IS USED.

FE OMIT THE SYMBEOL TABLE FROM LISTING. ==
ONLY THE PROGRAM STATEMENTS ARE LISTED WITH THIS
OFTION.

3R e S e R R R R R R E R R R R R R R R R R R R R R



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

3630 36 36 36 9 3 30 0 30 36 30 36 36 96 3 S K 6 00 R B SRR S S R S R S H S H R S R R R R R R R

OPTION MEANING INVERT?
B4 66 F 6 I B3 JE S SE A FE I I I I IS 3 S B B B R R R

7T REFLACE FORM/FEED WITH 3 CR/7LF7S. 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 BLANE LINES .

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

70 USER FLAGS, USED WITH THE 7 OPERATOR. SEE SECTION
TG /% # 2.1 4.

6 3 S 36 30 B 20 36 36 36 3 46 36 36 I8 35 30 9 30 36 30 3 38 36 30 3 36 30 3 3630 4 36 36 30 30 0 46 0 6 30 S0 S8 96 30 0 JE R R 30 SRR SR R R SR IE S SR 3030

# 3 0. 0 ASSEMBLER CHARACTER SET

THE FOLLOWING CHARACTERS ARE LEGAL SOURCE CODE CHARACTERS:
1) ALPHABETICE A-Z, UPPER CASE ASCII
Z) NUMERICS 0O-%
3) THE SPECIAL CHARACTERS LISTED BELOW.

o33 B S 36 4 0 0 G0 0 30 3 30 0 30 3 0 0 SR IE 0 S0 36 30 0 0 08 S0 H 36 30 S0 3 S0 B0 SR S R R R S0 R B SR R R S SR SR S R S S0

* MULTIPLICATION

e DIVISION

% EOOLEAN AND

! INCLUSIVE OR

+ ADDITION

- SUBTRACTION

L1 FRECEDENCE INDICATORS

™ UNIVERS&L LINARY OFERATOR (UPARROW). USED WITH:
~C COMPLEMENT (UPARROW C)
B - EINARY RADIX INDICATOR (UPARROW B)
i DECIMAL RADIX INDICATOR (UFPARROW D)
Ho~ HEXADECIMAL RADIX INDICATOR (UPARROW H)
-0 - OCTAL RADIX INDICATOR (UPARROW 0O)
i LEAST SIGNIFICANT BYTE ACCESS OPERATOR
B MOST SIGNIFICANT BYTE ACCESS OPERATOR

; COMMENT INDICATOR

"OR T ASCII INDICATOR

-}

USER FLAG OPERATOR
CURRENT LOCATION COUNTER (PERIOD)

B SR IR S H R R B M R H R R R B R R R R R IR 3R R R R SR SR R SR B SR B 00



# 3.0.0

THE CARRIAGE RETURN CHARACTER IS RECOGNIZED AS 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.

STATEMENTS ARE WRITTEN IN THE GENERAL FORM:
LABEL OPERATOR OFERAND ; COMMENT

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

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

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

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

AN INFPUT 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 72D 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 OUTFUT. THE CARRIAGE
RETURN I3 A TERMINATOR FOR EBOTH THE STATEMENT AND THE LINE. ONLY
ONE STATEMENT IS ALLOWED PER 127 CHARACTER LINE



# 410
# 4. 1. 0 CODING CONVENTIONS:

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

LABELS OCCUPY THE FIRST TAE FIELD, COLUMNS 1 THROUGH &
OPERATORS OCCUFRY THE SECOND TAB FIELD, COLUMNS 9 THROUGH 16.
OFERANDS OCCUFY THE THIRD TAER FIELD, COLUMNS 17 THROUGH 2Z4.
COMMENTS OCCUPY THE REMAINING FIELDS, COLUMNS 25 THROUGH 12Z7.

# 4.2 0 LABELS

A LABEL IS A SYMBOL WHICH PRECEDEZ THE OPERATOR AND MUST FOLLOW THE
SYMBOL NAMING CONVENTIONS DESCRIEED IN SECTION # 6. 2.0 . IN ALL BUT
THE SYMBOL DEFINITION PSEUDO-OPS, (. EG, . SET, . DINST ) THE LABEL
IS5 A LOCATION TAG AND IS EQUAL TO THE VALUE OF THE CURRENT LOCATION
COLUNTER.

EXAMFLE:
Z 1 . ORG Z01
0 6 LAEBEL 1 . EqU & i LABEL 1=6
Z01 1 LABELZ . BYTE 1 i LABELZ=LOCATION TAG=Z01

NOTE THAT A JUMFP TO LABEL1 WILL TRANSFER TO ADDRESS 6 WHILE A JUMF
TO LABELZ GOES TO ADDRESS 201,

A LABEL LACKING EBOTH AN OPERATOR AND OFERAND IS SET EQUAL TO  THE
VALUE OF THE NEXT ADDRESES TO BE ASSEMBLED. IF USED AT THE
EEGINNING OF THE PROGRAM, IT IS SET EQUAL TO THE VALUE OF THE FIRST
ADDRESS.  WHEN A SOLITARY LABEL IS FOLLOWED BY AN . ORG  STATEMENT,
IT RETAINE THE ORIGINAL VALUE ASSIGNED BEFORE THE ORIGIN CHANGE.

# 4. 2. 0 OPERATORS.

00000 darma veass Garns soves So0et Sabes sobes $00% s Seeee ceEeS bored soses SRR Seeve Semet seome

AN  OPERATOR IS A MNEMONIC WHICH INDICATES THE ACTION TO BE
PERFORMED AND IS EITHER A FPSEUDO-OF OR ONE OF THE MICROPROCESSOR
INSTRUCTIONS. PSEUDO-0FS  ARE DESCRIBED IN SECTION #%. O. 0. THE
MICROPROCESSOR INSTRUCTION SET IS DESCRIBED IN  SECTION #13. 0.0 .
THESE OFPERATORS SHOULD NOT BE CONFUSED WITH ARITHMETIC OPERATORS
LEED IN OFPERAND EXPRESSIONG.



# 4.4.0
# 4. 4. O OPERANDS.

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

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

REFER TO THE EXPLANATION OF EACH OPERATOR FOR THE PROPER OFPERAND
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 0 TERMS AND EXPRESSIONE.

ooans oo - -

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

TERMS ARE COMBINED WITH OPERAND  ARITHMETIC OPERATORS TO FORM
EXFRESSIONS.

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

SYMBOL . EQWL 1+NEW # 15

16 BIT INTEGER ARITHMETIC IS5 USED TO EVALUATE EXPRESSIONS.

# 5.0 0 NUMERIC CONSTANTS

(R, o e

A CONSTANT IS5 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.

EXAMPLE: THE HEXADECIMAL NUMBER 146 (22 IN BASE 10) IS STORED IN
"VALUE"

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

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



#5 10
# 5. 1. 0 CONSTANTS WITH RADIX INDICATORS.

CONSTANTS IN A BASE DIFFERENT FROM THAT OF THE DEFAULT RADIX CAN BE
SPECIFIED THROUGH USE OF THE TEMPORARY RADIX INDICATORS. THESE
INDICATORS ARE VERY USEFUL FOR ENTERING INDIVIDUAL CONSTANTS.
HOWEVER, IF A LARGE GROUP OF VALUES IN ANOTHER RADIX MUST BE
ENTERED, IT IS MORE CONVENIENT TO CHANGE THE DEFAULT RADIX USING
THE PSUEDO-0OPS DESCRIBED IN SECTION # % 2.0 .

THE TEMPORARY RADIX INDICATORS ARE:

~B BINARY

“~D 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 . EGU “HOA3Z0Z i VALUE=A30Z, BASE 16
VALUE . EG “HA30Z i VALUE = SYMBOL A302

SINCE THE SYMBOL A30Z MAY NOT EXIST, THE SECOND STATEMENT WILL
FROBABLY CAUSE AN UNDEFINED SYMBOL ERROR. TEMPORARY RADIX
INDICATORS AFFECT THE NEXT DIGIT STRING IN THE EXPRESSION UNLESS A
SYMEOL NAME OR BINARY OPERATOR OCCURS FIRST. IN THAT CASE, THE
TEMPORARY RADIX INDICATOR WOULD BE IGNORED. NO ERROR MESSAGE IS
GIVEN.

# 5. 2 0 CONSTANTS WITH ASCII INDICATORS.

o

THE " AND ~ INDICATORS 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 EGUAL 41 (BASE 16).

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

THE " IS SPECIALLY HANDLED IN THE . BYTE PSEUDO-0OF WHERE IT IS USED
TO INFPUT TEXT STRINGS. SEE SECTION # 2. 3.1 .



# 6.0.0

# & 0 0 SYMBOLS.

THE WORD "SYMBOL" IS5 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 SFECIFIES A FROCESS.

A LABEL IS A SYMBOL THAT PRECEDES AN OFERATOR IN THE STATEMENT. IF
THE LABEL IS USED TO STORE THE VALLUE OF THE CURRENT LOCATION
COUNTER , IT IS5 CALLED A LOCATION TAG

# 6.1 0 PERMANENT ZYMBOLS.

oosee ncn cusee.

FPERMANENT SYMBOLS ARE THE CROSS5-ASSEMBLER FSEUDO-0PS AND
MICROPROCESSOR OPERATORS. IF NECESZARY, THE . DINST STATEMENT CAN BE
USED TO RENAME A MICROPROCESSOR OPERATOR. THE CROSS-ASSEMBLER
PSEUDO-OPS CANNCOT BE USED IN A . DINST INSTRUCTION. THE TABLES IN
THE AFPENDICES SUMMARIZE THE PERMANENT SYMBOL SET.

# 6.2 0 USER DEFINED SYMBOLS

— s .

THESE SYMEOLS CAN BE LOCATION TAGS OR REFPRESENT A VALUE.

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

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

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

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

4) A USER-DEFINED SYMBOL CANNOT HAVE THE SAME
NAME A% ANY OF THE PERMANENT SYMBOL NAMES.
AS THE FPERIOD IS5 CONSIDERED AS PART OF THE
ASSEMBLER PSEUDO-OF NAME, A USER-DEFINED SYM-
EOL WHICH IS IDENTICAL EXCEPT FOR THE LEADING
FERIOD IS LEGAL.
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# & 3.0 LOCAL SYMBOLS.

OFTEN, WHEN PROGRAMMING SHORT SECTIONS OF CODE WHICH INVOLVE
NUMEROWUS JUMP  OR BRANCHING INSTRUCTIONS, THE USER FINDS IT
DIFFICULT TO CREARTE MEANINGFUL LABELS 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-Z355 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
END ON THE STATEMENT JUST BEFORE THE OCCURANCE OF THE NEXT REGULAR
SYMEOL LOCATION TAG. NOTE THAT LABELS FOR THE . EGJ, . DINST AND
L EBET  PSEUDO-0OPS ARE NOT  LOCATION TAGS AND DO NOT DELIMIT LOCAL
SYMBOL BLOCKS.

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

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

EXAMPLE:
TAG1 . BYTE "TEXT" i SYMBOL BLOCK BEGINS
%1 . EGiJ VALUE ; DEFINE LOCAL %1
k¥4 . ExU -1 i DEFINE LOCAL 2

VALUL | EGU $1-%7 i CALCULATE NEW VALLUE
TAGE . BYTE "TEXT" i NEW SYMBOL BLOCK

$1 . EQi VAL i DEFINE LOCAL %1

2 . E@U -2 ; DEFINE LOCAL 2
VALLZ . ECH 3 e i CALCULATE NEW VALLE.
TAGS . BYTE "TEXT"  ENDS SECOND BLOCK

# 7.0 0 CURRENT LOCATION COUNTER.

-~

THE CURRENT LOCATION COUNTER % INDICATED BY A PERIOD. IT
REFRESENTS THE ADDRESS OF THE NEXT BYTE TO BE ASSEMBLED.

THE CURRENT LOCATION COUNTER CANNOT BE USED IN THE LABEL FIELIL.
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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:
0O 60 . ORG &0 i INITIAL ADDRESS
) 0] VALUE . B 0 i NO EFFECT ON .
60 22 TAG . BYTE 2Z i . = 60 (BASE B8)
1 00 . ORG 100 i REASSIGN COUNTER
100 10 TAG1 . BYTE 10 i .= 100

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

THE CURRENT LOCATION COUNTER IS AUTOMATICALLY UPDATED IN THE
ASSEMEBLER AS SO00ON AS THE CURRENT INSTRUCTION IS ASSEMBLED. NOTE
THAT IN THE MULTI-OFERAND DATA STORAGE PSEUDO-0PS, (. BYTE, . DBYTE,
AND . ADDR ) THE LOCATION COUNTER IS CHANGING AS THE OPERANDS ARE
ASSEMBLED.

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

0 20 . ORG Z0
20 20 0 . ADDR o
22 2% 0
Z4 24 0O
Z0 20 0O

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

# 3. 0.0 THE ARITHMETIC OPERATOR SET.

THERE ARE TWO TYFES OF ARITHMETIC OPERATORS: LUNARY AND BINARY
OPERATORS

LINARY 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. 0O UNARY OPERATORS.

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

# B 1. 2 BYTE ACCESS OPERATORS.

THE L AND "M (WHERE =~ IS THE UPARROW CHARACTER) ARE UNARY
OFERATORSE 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
2B41 (BASE 146), THE STATEMENT BELOW IS LUSED.

VALUE . BET “M3IB6&1 i VALUE = Q03B
THIS NEXT STATEMENT TAKES THE LEAST SIGNIFICANT BYTE.
VALUE . BET “L3B&1L i VALLIE = 0061

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

# 8. 1.2 THE COMPLEMENT OPERATOR.

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

EXAMPLE:
VALUE . ECHL ~L7Z41 i VALUE = SDEE

THE COMPLEMENT OFERATOR CAN BE COMBINED WITH THE OTHER LUNARY
OFPERATORS AND THE RADIX INDICATORS.



# 8. 1.4
# B.1. 4. ? OPERATOR.

THIS 1I5 THE USER FLAG OFPERATOR, A UNARY OPERATOR USED IN CONJUNC-
TION WITH THE COMMAND DECODER WEER FLAG OPTIONS (/0 TO /9). IT HAS
THE FORM TEXPRESSION AND MAY BE USED IN  OPERANDS LIKE ANY OTHER
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 E®UALS 0. THIS
OFERATOR IS5 USEFUL FOR CONTROLLING CONDITIONAL ASSEMBLY AND LISTING
PARAMETERS WITHOUT HAVING TO MODIFY THE SOURCE FILE.

EXAMPLE: THE /2 OFTION WAS SPECIFIED TO THE COMMAND DECODER AT
RUN-TIME.

. R XNAME
#*BIN, LOUTS0URCE/ 2

THE SOURCE FILE CONTAINS THE FOLLOWING | LIST STATEMENTS:
. LIST T2-1
LLIST 1

AT THE FIRST . LIST STATEMENT, THE 7?2 TERM EGUALS 1 SINCE 72 WAS
SPECIFED AT RUN-TIME. THE OPERAND ¢ 72Z-1 ) EGUALE ZERD. THEREFORE
LISTING IS INHIBITED UNTIL THE SECOND | LIST INSTRUCTION. A5 THE
OFERAND  VALUE OF THIS STATEMENT IS 1, LISTING IS ENABLED AGAIN.
NOTE THAT IF THE 72 OFTION WAS NOT  SPECIFIED, THE INSTRUCTIONS
AFTER THE FIRST . LIST WOULD BE INCLUDED IN THE "LOUT" FILE LISTING.

# 8.2 0 BINARY OFPERATORSE.

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

MULTIPLICATION
DIVISION
BOOLEAN AND
INCLUSIVE OR
ADDITION
SUBTRACTION

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

EXAMPLE: IN THE STATEMENT BELOW THE OPERAND EXFRESSION IS EVALUATED
IN THIS ORDER: [ A% L -B 1 1 + L L 2/D 1 % L ~C [ "~B101 1 1 1]

VALUE . EQUJ A#—-B+2/0%CEB101

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

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

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

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.
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# 7. 0. 0 PSEUDO-OPERATORS.

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

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

# 9. 1. 0 ASSIGNMENT PSEUDO-OFS.

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

# @ 1.1 | ECl) PSEUDO-0F.

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

EXAMPLE:

NAME 1 . ERL 300#4

~

# 2. 1.2 . SET PSEUDO-OP.

e v -

THE . SET IS USED EXACTLY LIKE THE . EG) EXCEPT THAT THE SYMEOL CAN
BE REDEFINED WITH ANOTHER . SET AT ANY POINT IN THE PROGRAM:

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

NAME 1 . SET
NAME 1 . BET

O#*b

N

[Ty

NOTE THAT IT IS GOOD PRACTICE TO USE THE . EQL FOR ASSIGNMENTS
RATHER THAN THE . SET EXCEFT (0OF COURSE) WHERE THERE IS A SFECIFIC
NEED TO REDEFINE A VALUE. THIS HELFS FPREVENT 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 OPERATOR NAME WILL STILL BE VALID. NOTE THAT THE
ASSEMBLER PSEUDO-OPS CANNCOT BE RENAMED



#9. 1. 3

EXAMPLE: THE MICROPROCESSOR INSTRUCTION "OFR" IS DEFINED AL
"NEWOP". ANY FURTHER REFERENCES TO "NEWOP" IN THE FPROGRAM WILL BE
TREATED ACCORDING TO THE DEFINITION OF "OFR".

NEWOF . DINST OFR
"NEWOP" IS DEFINED TO BE THE EGUIVALENT TO THE MICROPROCESSOR
INSTRUCTION "“OPR"™ AND IS5 ADDED TO THE OPERATOR SET FOR THE
REMAINDER OF THE ASSEMBLY.

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

S5EMBLER FSEUDO-0PS CANNOT BE WUSED IN EITHER THE LABEL OR OFERAND
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

# 9 1.4 .0ORG PSEUDO-OF.

THE . ORG REASSIGNTZ THE LOCATION COUNTER.

THE LOCATION COUNTER WILL BE O AT THE START OF THE SOQURCE INFUT.
THE . ORG OPERAND CANNDOT BE FORWARD REFEREMCELD, (REFERRED TO A
LABEL DEFINED FURTHER ON IN THE FPROGRAM) AND CANNCOT HAVE A LABEL.

# 7 2.0 DEFAULT RADIX PSEUDO-0FS.

cosae voses sonss saves as00s $0005 vese Ghae Seste ssbes Smase S0ets boces Sbbes (RO o~

INITIALLY, THE DEFAULT RADIX I35 SET TO HEXADECIMAL 30 THAT
CONSTANTS ARE READ IN AS BASE 14 VALUES., (SEE MODIFICATION NOTES IF
ANOTHER INITIAL DEFAULT RADIX IS DESIRED. )

AT ANY POINT IN THE FROGRAM, THE DEFAULT RADIX CAN BE REASSIGNED
THROUGH USE OF THESE PSEUDO-0FE:

CBIN G © 3 BINARY RADIX

. DECM i DECIMAL RADIX

. HEX i HEXADECIMAL RADIX
. OCT 3 OCTAL RADIX

THE DEFAULT RADIX FPSEUDO-0PS CANNOT HAVE AN OFPERAND OR A LABEL.

ADDITIONALLY., THE RADIX OF INDIVIDUAL CONSTANTS CAN BE SPECIFIED BY
THE USE OF THE B, I, "H AND 0 INDICATORS. SEE SECTION # 5.1.0
THESE INDICATORE DO NOT CHANGE THE DEFAULT RADIX.



# 9. 3.0 DATA STORAGE PSEUDO-OPZ.

THREE PSEUDO-0PE CAN BE USED TO STORE DATA. THEIR FORMAT IS:
LABEL PSEUDO-OP OFERAND, OPERAND, . . . . i COMMENT

THE PSEUDO-0FS CAN HAVE AS MANY OPERANDS AS WILL FIT ON ONE 1z7
CHARACTER LINE.

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

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

# ¥ 3 1 . BYTE PSEUDO-OP.

THE . BYTE FSEUDO-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 2 VALUE OF A SINGLE CHARACTER.
HOWEVER, IN THE . BYTE PSEUDO-OF , THE DOUBLE RUOTE IS USED TO INDI-
CATE TEXT STRINGS. DATA IS STORED SEQUENTIALLY AS IT IS PROCESSED,
LEFT TO RIGHT. A TEXT STRING MUST BE CLOSED WITH A DOUBLE GUOTE.

EXAMPLE: THE ASCII VALLUES OF THE TEXT ABC IS5 STORED:

Z 00 . ORG 200
200 41 .BYTE  "ABC", 0, “B
201 42
207 43
203 O
204 42

THESE STATEMENTS WOULD BE INVALID:

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

# ¥ 3.2 . DEYTE PSEUDO-OP.

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

THE . ADDR P3SEUDO-0OF IS THE SAME AS THE . DBYTE PSEUDO-0OP EXCEFPT THAT
THE LEAST SIGNIFICANT BYTE IS STORED FIRST. MANY MICROPROCESSORS
USE THIS REVERSED FORMAT FOR ADDRESSES. FOR EXAMFPLE:

-2 00 . ORG 200
200 1 32 .DBYTE "H3132 ;HEX CONSTANT
20z 32 31 . ADDR “H313Z  REVERSED BYTES

# 9.3 4 . ZERO PSEUDO—OP.‘

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

EXAMFLE: 14 ADDRESSES, 1 TO 10 (BASE 16) ARE ZEROELD.
0 1 . ORG 1
1 0 . ZERO 10
11 10 : . BYTE 10

ONLY THE FIRST BYTE WILL BE PRINTED 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).

# % 4 0 LISTING CONTROL DIRECTIVES.

oot o aees sasee e

THROWUGH USE OF THE . LIST, . PAGE AND . TITLE FSEUDO-0PS, FLUS SEVERAL
RUN-TIME OPTIONS, THE S0URCE PROGRAM CAN BE LISTED IN VARIOUS WAYS
AT ASSEMBLY TIME.

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

NOT ALl PSEUDO-DOFS ARE LISTED IN  THE OUTPUT. THE CONDITICONAL
ASSEMBLY AND  LISTING CONTROL PSEUDO-0OPS ARE NOT LISTED UNLESS THE
JF OFTION IS SPECIFED. SEE RUN-TIME OPTIONS # 2. 4.0

NORMALLY THE STATEMENTS WHICH ARE NOT ASSEMBLED DUE TO CONDITIONAL

SSEMBLY ARE NOT LISTED. USE OF THE /J COMMAND DECODER OPTION WILL
ENAELE LISTING OF THESE STATEMENTS PLUS THE NORMALLY UNLISTED
CONDITONAL ASSEMELY PSUEDO-OFS.

THE PAGINATION AND HEADING CAN BE SUPPRESSED THROUGH USE OF THE /H
COMMAND DECODER OFPTION.
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IF THE OUTPFUT DEVICE IS ONE WHICH DOES NOT PAGE ON A FORM FEED (A
TTY), THE /T DECODER OPTION CAN BE USED TO CHANGE THE FORM FEED
(WHICH NORMALLY STARTS A NEW PAGE) TO 2 CARRIAGE RETURN/LINE FEEDS
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 INHIRBIT THESE MESSAGES, THE /W DECODER OPTION IS
USED.

# ¥ 4.1 | LIST PSEUDO-OF.

ovess oot

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 & . LIST PSEUDO-0OF IS ENCOUNTERED.

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

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

EXAMFLE:
i LIST FLAG INITIALLY ON
. DRG 200 i LISTED
VALLUE . BET 1 i LISTED
LIST i LIST FLAG OFF
VALUZ . SET 70 i NOT LISTED
CLIST i LIST FLAG BACK ON

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

WHEN A& . LIST PSEUDCO-0F WITH AN OPERAND IS ENCOUNTERELD, THEN LISTING
IS INHIEBITED IF THE OFPERAND I35 EJAaL 7O ZERO. (THE LIST FLAG IS
SET OFF). IF THE OFERAND IS NOT ZERO, LISTING 5 ENAEBLED. (THE
LIST FLAG IS SET ON).

# 9 4. 3 | FAGE FSEUDO-0F.

o o [e—

INSERTING A . PAGE PSEUDO-0OFP IN THE FPROGRAM WILL NORMALLY START A
MEW FAGE BEGINNING WITH THE NEXT LINE. (THE . PAGE STATEMENT ITSELF
IS  NOT NORMALLY LISTED ) IF THE /F COMMAND DECODER OFPTION IS USED,
THE . FAGE STATEMENT WILL BE THE FIRST LINE OF THE NEW PAGE.
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THE /H COMMAND DECODER OPTION INHIEBITS THE . PAGE PSEUDO-OP.

THE . PAGE PSEUDO-OF CAN HAVE NO LABEL OR OFPERAND.

# 9. 4.2 .TITLE PSEUDD-OP.

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

. TITLE HEADING OF 32 CHARACTERS

THE FIRST CHARACTER AFTER THE . TITLE IS THE PSEUDO-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 3% CHARACTERE WILL BE IGNORED. TABS
CAN BE USED IN THE HEADING

THE /H COMMAND DECODER OFTION INHIEITS THE . TITLE PSEUDO-0P.
THE /P COMMAND DECODER ENABLES THE LISTING OF THE . TITLE PSEUDO-0F.

A SEMICOLON DOES NOT DELIMIT THE HEADING TEXT. COMMENTS CAN BE
MADE ONLY AFTER THE 32 CHARALCTER HEADING GROLP.

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

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

. TITLE#MAIN PROGRAM

VAL.UE . EcJ 1
L LIST VALUE

# ¥ 5.0 CONDITIONAL ASSEMBELY PSUEDO-OPERATORE.

THE . IFZERO, . IFNZRO, . IFDEF AND . IFNDEF OPERATORE ARE WUSED TO
PROVIDE FOR THE CONDITIONAL ASSEMBLY IN A PROGRAM, 350 THAT GROUPS
OF STATEMENTS CAN BE ADDED (OR OMITTED) DURING THE ASSEMBLY
FROCESS., EACH IS DESCRIBED INDIVIDUALLY IN THE SECTIONS THAT
FOLLOW. ALl HAVE THE GENERAL FORM:

SEUDO-0OF OFERAND i COMMENT
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EACH OPERAND MUST MEET THE CONDITIONS OF ITS PSEUDO-OFP 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 GROUFP OF STATEMENTS WHICH ARE AFFECTED.
EACH CONDITIONAL PSEUDO-0OP MUST HAVE ONE . ENDC STATEMENT.

CONDITIONAL PSEUDO-0PS CANNOT HAVE LABELS.

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

EXAMPLE:
VALUE1L . EGil 0 s DEFINE VALUEL
. IFZERO VALUE1L iVALUEL = 0 7 - YES.
. BYTE "TEXT" i ASSEMBLED.
. IFDEF VALUEZ i VALUEZ DEFINED? - NO.
. BYTE "TEXT" ;OMITTELD.
. ENDC ; END OF INNER CONDITIONAL
DOC . EGU 17 i ASSEMBLED.
. ENDC i END OF OUTER CONDITIONAL

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

ONE CONDITIONAL CAN INHIEIT ANOTHER.

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

CONDITIONAL 1
i STATEMENT GROURP 1.

A

CONDITIONAL Z
; STATEMENT GROUF

r

:ENDC i ENDY CONDITIONAL 2
. i STATEMENT GROUF 3
. ENDC i END CONDITIONAL 1.

IF BOTH CONDITIONALS ARE MET, ALL THE STATEMENTS, GROUPS 1 THROUGH
3, WILL BE ASSEMBLED

IF CONDITIONAL £ IS NOT MET, BUT CONDITONAL 1 IS MET, THEN GROUP 1
AND GROUF 32 WILL BE ASSEMELED. GROUFP 2 IS NOT ASSEMBLED.

IF CONDITIONAL 1 IS NOT MET, CONDITIONAL 2 IS IGNORED AND GROUPS 1
THROUGH = WILL NOT EBE ASSEMBLED.
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# 2.5 1 . IFZERO PSEUDO-OP.

IF THE OPERAND OF THE . IFZERO IS:

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

THE OFERAND CANNOT BE FORWARD REFERENCEL.

# 7.5 2 . IFNZRO PSEUD-OP.

IF THE OFERAND OF THE . IFNZRO IS

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

THE OPERAND CANNOT BE FORWARD REFERENCEL.

# 9.5 23 . IFDEF PFSEUDO-0OF.

IF THE SYMEOL OFPERAND OF THE . IFDEF I5:

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

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

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

# 2.5 .4 | IFNDEF FSEUDO-OF.

IF THE SYMBOL OPERAND OF THE . IFNDEF IS:

DEF INED - STATEMENTS T NEXT . ENDIC ARE OMITTED.
NOT DEFINED -~ ASSEMBLY IS LNAFFECTED

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

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



# 9.5 5
# 2.5.5 . ENDC PSEUDO-OP.

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

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

# 9. 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 FASS #1 AND PASS #2 CAN GENERATE ERROR MESSAGES. THESE ARE
FRINTED 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 OCCURS.

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

WHERE "N" IS A DECIMAL NUMBER OF
LINES EEYOND 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 EBINARY OUTFUT FILE IS SENT TOQ THE CONZSOLE, AND ERROR
MESSAGES OCCUR, THE OUTPUT FILE LINES AND ERROR  MESSAGES WILL BE
INTERMIXED. USE OF THE /E OFTION WILL INHIBIT THE ERROR MESSAGES
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 CONCERNED WITH OTHER PARTS KNOWN TO HAVE ERRORS.



#10. 0. 0

INDIVIDUAL ERROR MESSAGES ARE EXPLAINED IN TABLE #2 WHICH DIVIDES
THE MESSAGES INTO 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.

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

3)  NON-FATAL ERRORS — THE OCCLURANCE OF A NON-FATAL
ERROR WILL NOT HALT ASSEMBLY. THE ASSEMBLER
ATTEMPTS TO DO AS MUCH OF THE LINE A% FPOSSIBLE. FOR
EXAMPLE, IF THE OPERAND CANNOT BE EVALUATED, IT
GIVES IT A VALUE OF ZERD, WRITES THE ERROR MESSAGE
ANLD CONTINUES.



TABLE #2. #10. 0. 0

36 36 36 46 36 36 30 30 0 46 36 3030 36 3 30000 3 30 40 0 B A 3 0 R 36 40 S0 300 30 0 4 S8 36 30 30 30 3 30 3 B0 30 38 30 30 90 36 6 36 0 0 6 R 3R SR 6 0 3E

E: DF
FILE

E: OE
FILE

E: RE
FILE

E: WE
FILE

W: LC

#N

#N

#N

#N

###% FATAL ERRORS ####

DEVICE FULL:

THERE IS5 NOT ENOUGH ROOM LEFT ON THE OUTPUT DEVICE
FOR THE FILE. "NY INDICATES WHICH OF THE TWO OUT-
PUT FILES WAS IN ERROR.

LOCAL SYMBOL TABLE OVERFLOW:

THIS ERROR OCCURS  ONLY IF THE /K OFPTION IS IN USE.
CONVERSION OF SOME OF THE LOCAL SYMBOLS TO REGULAR
SYMBOL  NAMES WILL USUALLY SOLVE THIS PROBLEM. SEE
THE NOTES ON THE 7/FE RUN-TIME OFTION.

OFEN ERROR IN OUTFUT FILE:

AN ATTEMPT WAS MADE TO OFPEN AN OUTPUT FILE ON AN
INFUT-ONLY DEVIDE. (PTR:, CDR:, ETC. ) "N" INDICATES
WHICH ONE OF THE TWO POSSIBLE OQUTFUT FILES WAS IN
ERROR.

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

REALD ERROR:

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

SYMBOL TABLE OVERFLOW:

THE FROGRAM IS TOO LARGE. WHERE CONVENIENT, DIVIDE
IT AND ASSEMEBLE EACH PART SEFARATELY. ALSO REFER TO
THE NOTES ON THE AK RUN-TIME OFTION.

WRITE ERROR:

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

w4 WARNING MESSAGES #3444

N . END STATEMENT:
THE LAST INPUT FILE MUST HAVE AN . END STATEMENT.
THE ASSEMELER PROCEEDS AS IF AN . END WERE PRESENT.

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

HERHHEEHRAUEREHEHEEFERRREERBREER R RRAREE LR R R ERRREER R EREESR



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

636 36 B 6 36 J6 I 36 36 36 96 36 36 36 IS0 6 H 6 36 36 T IS0 0 I 36 A 3 36 3 0 I HE 3 S 36 H6 26 36 6 S 36 36 36 6 3 3 FE 36 96 36 6 I 6 36 3 9 96 3

E: OM

##3## NON-FATAL ERRORS ####%

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

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 #6&. 2. 0 . ALSO, SOME PSEUDO-0OFS  CANNOT
HAVE LABELZ.

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

LINE INPUT OVERFLOW:
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 255

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

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

TOO MANY TERMS AND OPERATORE EXIST IN THE OPERAND
DIVIDE THE EXPRESSION USING THE . SET COMMANLD.

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

WORD . EG L EXFR1 1 + [ EXPRZ 1]
TEMP . BET [ EXFR1 1
WORD . EGWJ TEMFP + [ EXPRZ 1]

OPERAND MISSING.

Ho 3t B db e S o S0 3 36 B 3 B S S0 S0 0 0 S 0 B G0 3 SRR R 33 3 30 036 B 36 30 48 3 36 36 38 6 SR B0 SR 6 30 S0 3F



TABLE #2Z. (CONT.) #10. 0. O
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E: 05 - OFERAND SYNTAX ERROR.

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

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

E: US - UNDEF INED SYMEBOL:
B A S S A A A6 B B S SR R I R S B R R R B

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

VARIOWUS MODIFICATIONS CAN BE MADE TO 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 ALWAYS KNOWN.

MODIFICATIONS ARE MADE RBY PATCHING LOCATIONS IN THE IMAGE (. SV)
FILE USING ODT. REFER TO THE 0578 MANUAL FOR A DETAILED EXPLAIN-
ATION OF ODT OPERATION. -

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

. GET SYS: XNAME
. aoT
1010770003 2
o~

. EA SYS: XNAME



#11.1. 0
#11. 1. 0 CHANGING THE DEFAULT INPUT FILE EXTENSION (. MS).

PATCH LOCATION 10100 TO CONTAIN THE NEW 2 CHARACTER 6 BIT ASCII
EXTENSION.

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

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

#11. 3. 0 CHANGING THE DEFAULT LISTING OUTPUT FILE EXTENSION (. L%S).

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

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

IN 0S/78 ONLY 3 BITS ARE PROVIDED TO INDICATE THE CLURRENT 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 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).
19738 &TT0

1986 TOLE

1994 7144

2002 L0062

SHOULD THIS PROGRAM SURVIVE UNTIL THE YEAR 2000 THE TWOo MOST
SIGNIFICANT DIGITSE MAY BE CHANGED BY PATCHING LOCATION 10102 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: PATCH LOCATION 10105 TO:
OCTAL 1
HEXADEC IMAL 2z
DECIMAL ]
BINARY 4

#11. 4. 0 GENERATING £ BIT ASCII CHARACTERS WITHIN THE EBINARY
PROGRAM.

- s cotm Pp o —— oo s P )

THE ASCII CHARACTERS GENMERATED AS OPERANDS  WITH THE QUOTE
CHARACTERS ARE SEVEN BIT REFRESENTATIONS TYFICAL OF MOST
MICROFPROCESSOR SYSTEME. TO  GENERATE EIGHT BIT ASCII WITH THE
EIGHTH BIT ALWAYS SET (A5 IS DONE IN SOME FOPE SOFTWARE), FATCH
LOCATION 10104 TO CONTAIN 377 (ORIGINAL CONTENT WAS 177)

#11. 7.0 RUNNING LUNDER 0S8 VERSION 2.

= - oo povss

THE CROSS-ASSEMBLER IS SET UP TO USE THE 0S/78 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 2. (ORIGINAL CONTENT WAS 3).

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

—— so0an sovoe e Susme sench ssmen Sosse 4000y surte So0es boses Seany Sbswe —

THE NORMAL  NUMEBER 0OF LINES PER PAGE IS SET AT &4, 6 OF THE A4
LINES ARE USED BY THE ASSEMBLER FOR THE HEADING AND MARGIN T
ALTER THE NUMBER OF LINES ON A& PAGE, FPATCH LOCATION 10110 TO EBE THE
TOTAL POSITIVE LINES PER PAGE INCLUDING HEADING AND MARGIN.



#11. 9.0

#11. 9. O 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 FORMAFEED CONTROL.

- oo eoce samme sates oo oosss voies sarne

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

#11. 11. 0 CHANGING LABEL DELIMINATOR ().

T PROVIDE COMPATIEBILITY WITH OTHER ASSEMBLER FORMATS AN OFTIONAL
LABEL DELIMITER WILL BE ACCEPTED. NORMALLY, THIZ DELIMITER IS A
COMMA, BUT IT CAN BE MODIFIED 7O ANY OTHER NON-ALFHANUMERIC
CHARACTER (EXCEPT THE SEMICOLON OR CARRIAGE RETURN). TO MODIFY THE
DELIMITING CHARACTER PATCH LOCATION 10113 WITH THE 8 RIT ASCII
VALUE FOR THE CHARACTER.

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

- onses cunen seove suase

ALL  ASCII OUTPUT TO THE BINARY (OBJECT) AND LISTING FILES IS IN &
BIT ASCITI FORMAT. TO OUTFUT 7 BIT ASCII FORMAT PATCH LOCATION 10114
TO CONTAINM 177. (ORIGINAL CONTENT WAS 377).
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#11. 13. 0 CHANGING THE SENSE OF THE RUN-TIME OFTIONS

- oo e pRep—.

EACH SLASH OFTION (EXCEFT /0 TO /792) MAY HAVE ITS SENQE INVERTELD' BEY
PATCHING THE LOCATIONS SHOWN IN  THE FOLLOWING TABLE WITH THE
DESCRIBED VALUE.

OFTION: LIOCATION: STANDARD: INVERTEL:
sB 10114 7E50 7640
/E 10117 7640 7450
/H 10120 7E50 7640
s 10121 74650 7640
FE 10122 74650 TEB0
an 10123 0 1
4N 10124 7650 7&40
ran 10125 TED0 7640
IF 10126 7640 74650
ac 10127 7E50 7&40
7T 10130 7650 7640

/W 10131 7650 7640






#12. 0.0

THE FIRST ELEVEN SECTIONZ OF THIS MANUAL HAVE FRESENTED SIERRA
DIGITAL S UNIVERSAL ASSEMBLER FORMAT AZ IT IS APFLIED TO ALL CROSS—
SSEMBLERS IN THE X2 SERIES. THIS SECTION FRESENTS ADDITIONAL
INFORMATION ON THE APFPLICATION OF THE UNIVERSAL ASSEMELER FORMAT TO
A SPECIFIC CROSS5-ASSEMBLER FOR THE Z80 MICROPROCESSOR. THE Z&0-
MICROPROCESSOR  WAS  DESIGNED EBY  ZILOG, INC. 10460  BUBB ROALD,
CUPERTING, CALIFORNIA 935014 AND IS SECOND SOURCED BY  MOSTER, 1215
WEST CROSEY ROAD, CARDLLTON, TEXAZ 735004, NO ATTEMFTS WILL BE MADE
IN THIS MANUAL  TO  EXPLAIN  THE OFPERATION OF THE MICROFROCESSOR.
EXCELLENT MANUALS COVERING THE OFERATION AND  FROGRAMMING OF THE
MICROFPROCESS0ORS  ARE  AVAILABLE FROM THEIR MANUFACTURERS. SECTION
#1323 PRESENTS A SUMMARY OF THE INSTRUCTION MNUEMONIC CODES  AND
OPERANDE DEFINED BY ZILOG AND RECOGNIZED BY OUR CROSS-ASSEMBELER.

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

KIE0, 5V - FOR THE 0572 SAVE IMAGE FILE.
XZ30., BN - FOR THE 0578 BINARY FORMAT FILE.

IT IS SUGGESTED THAT THE SAME  NAMING CONVENTIONS EBE  USED WHEN
LOADING THE CROSS-ASSEMBLER FROM PAFER TAFE.
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#1Z 20 RESERVED SYMEOLS
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THE FOLLOWING SPECIAL  SYMBOLES  ARE RESERVED FOR USE TO DESIGNATE
REGISTERE AND CONDITION CODEZ. THESE NAMES CANNOT BE USED A% USER
DEF INED SYMBOLS AND WILL ONLY BE RECOGNIZED WHEN USED AS
DEMONSTRATED IN THE LISTING OF SECTION 13

SYMEOL MEAMING

A ACCUMULATOR

AF ACCUMULATOR AND FLAGS
E REGISTER E

B REGISTER FAIR B AND
L REGISTER C OR CARRY CONDITION
0 REGISTER D

DE REGIZTER FAIR ¥ AND E
E REGISTER E

H REGISTER H

HL REGISTER FAIR H AND L
I INTERRUFT VECTOR REGISTER
IX INDEX REGISTER X

1Y INDEX REGISTER Y

L REGIZTER L

M MINUE CONDITION

N N CARRY CONDITION

NZ NOT ZERD CONMDITION

F FLLE CONDITION

FE FARITY EVEN CONDITION
P FARITY ODD CONMDITION
R REFRESH REGISTER

Z ZERD CONDITION

NOTE: THERE I5 NO CONFLICT BETWEEN THE . SETY  PSEUDO-0F  AND THE
CSETY MICROPROCESSOR  INSTRUCTION BECAUSE OF THE LEADING FPERICOD 0N
THE FSEUDO-0F,



#1Z 3 0 RELATIVE ADDRESS CALCULATIONS:
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THE RELATIVE ADDRESS INSTRUCTIONS “JRT AND “DLINZY ALLOW A& JUMP
WITHIN THE RANGE OF —1&46 TO +12% BYTES FROM THE ADDRESS OF THE
INSTRUCTIONS OF-CODE BYTE. THE CROSS-ASSEMBLER  ALWAYS  SUBTRACTS
THE ADDRES 0OF THE LOCATION FOLLOWING THE RELATIVE ADDRESSING
INSTRUCTION FROM THE OFPERAND VALUE TO FORM THE VALUE STORED IN  THE
INSTRUCTION

#1Z 4.0 LISTING FORMAT.

e

THE LISTING FILE IS OUTFUT WITH THE ORBJECT CODE FRINTED TO THE LEFT
OoF  THE SOURCE CODE LINES. A% EACH MICROFPROCESSOR INSTRUCTION MAY
CODE INTO ONE, TWd, OR THREE BYTES, ROOM IS PROVIDED FOR THREE
COLUMNG OF GENERATED OBJECT CODE PLUS A COLUMN FOR THE ADDRESS.  THE
ADDRESS  AND ORJECT  CODE ARE NORMALLY PRINTED IN HEXADECIMAL BT
THIZ MAY BE CHANGED TO O0CTAL WITH THE -0 COMMAND  DECODER  OFTION.
SOURCE  LINES WHICH EXCEED THE PRINTOUT LIMIT WILL CONTINMUED AT
COLUMN 25 (STANDARD  COMMENT  TaE  STOF)  OF  THE  SOURCE PRINTOUT
FOSITION. TARS QCCURING IN THE SOURCE PROGRAM ARE CONVERTED TO THE
FROFER NUMBER OF BLANE CHARACTERS BY THE ASSEMBLER. THIS IS DONE
BY THE ASSEMBLER RATHER THAN THE DEVICE HANDLER OR  DEVICE BECALSE
THE BEGINNING OF THE SOURCE PRINTOUT DOES NOT OCCUR ON A& STANDARD
TRE STOF



#1Z 5 0 BINARY FILE OUTFUT:
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THE OBEJECT (BINARY) OUTPUT IS5 COMPATIEBLE WITH THE INTEL HEXADECIMAL
OBJECT CODE  FORMAT. THE OQUTFUT  FILE CONSISTS  OF SCIT TEST
REFRESENTING HEXADECIMAL NUMBERSZ IN THE FOLLOWING FORMAT:

LEADER STRINGS OF 100 NULL CHARACTERS FPRECEED AND FOLLOW THE OBJECT
OLTFUT. 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 O), UP TO 14 BYTES OF DATA (EACH Z HEX DIGITS), AND A
TWO HEX DIGIT CHECKSUM

EXAMFLE:
CCCAARAT TODDDDDDDDDDDDDDDDDDDODDDDDDDDDDDDS:S
WHERE :

o (5 THE TWO HEXADECIMAL  DIGIT COUNT FOR THE NUMBER
OF DATA EBYTES (REPREZSENTED BY PAIRS OF D7Z) IN THE
LIME., & COUNT OF ZERO INDICATES THE TERMINATION OF
THE OBJECT OUTFUT. (:00)

AAAR 1% THE HEXADECIMAL  ADDRESS  FOR STORING THE FIRST
ODAaTA  BYTE. EACH ADDITIONAL  DATA BYTE IS TO BE
STORED  IN SEQUENTIAL ADDRESSES. THE ADDRESS 1S
FREZENTED WITH IT:S MOZT SIGNIFICANT BYTE FIRST

TT IS THE TWO HEXADECIMAL RECORD TYPE. THIS INDICATOR
IZ CURRENTLY LINUSED AND ASSIGNED & VALUE OF OO,

oo REFRESENTS  TWO HEXADECIMAL DIGITS  FOR A BYTE OF
OREJECT (BINARY) CODE. WUF TO 146 BYTESZ MAY BE OUTRUT
ON ONE LINE.

IZ THE TWI HEXADECIMAL DIGIT CHECKESUM OF THE LIME
ALL EIGHT BEIT BYTES IN THE LINE AFTER THE RECORD
MARE (7 7)) ARE SUMMED. THE LEAST SIGNIFICANT BYTE
OF  THE NEGATIVE OF THIS VALUE IS THE CHECKSUM
THUUE, IF ALL BYTES IN THE LINE ARE ADDED TOGETHER
WITH CARRYS IGNORED,  AND THIS SUM IS ADDED TO THE
CHECKSZUM, THE RESULT WILL BE ZERL

i
iy}

THE  EINARY  OUTFUT FILE CAN BE CHANGED TO BNPF FORMAT THROUGH THE
USE OF THE 7B RUN-TIME OPTION, SECTION #2040 DESCRIBES THE  BNPF
DUTFUT.
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#1Z 460 ADDITIONAL ERROR MESZAGE FOR THE I80:
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STANDARD ERROR:

E:.JR RELATIVE JUMF ADDRESS OUT OF RANGE.
THE OFERAND ADDRESS WAS  OUT OF THE RANGE FROM  THE
REGUIRED —-124 TO +1Z% (DECIMAL)Y BYTES FROM THE FIRST
BYTE OF THE RELATIVE ADDRESSING INSTRUCTION
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JU 1, 1wT77 XZ20--ViA FAGE 1

SAMPLE ROUTINE

THIS ROUTINE READE IN STATUS INFORMATION AND
UFDATES SIXTEEN DIFFERENT 123 BIT FLAG TARBLES
IN RAM.
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SOE0 ; BASE OF FLAG TABLES
1000

A, (IFDRTL) 5 GET READY FLAG AND TABLE #
7. A

Z,LODFE WAIT UNTIL DATA READY

OF

oA P SAVE SHIFTED TABLE NUMBER

A, (IPORTZY GGET BIT POSITION NUMEER
7R

MNZ, $2 P MOET SIG BIT MEANS SET BIT ON
CLEARE

A, B0 P STROBE ACKNOWLEDGE LLINE
(OFORTL), A

ral

(OPORTLY, A

71 PUSER FLAG 1 IS SELECTED FOR
EE  DEBRILNGGEING, A BREAFFOIINT CALL
P ARST 23) IS INSERTED FOR
1 PDERBGGEING AND A& “NOFP- 15
P INSERTED FOR NORMAL OFERATION
Lo  LOOF BACK, FOR ANOTHER TRY
“E 01111111 s MASE OLUT SIGN
SETE PEET BIT INTO TARLE

%1



SAMFPLE ROUTINE

. PAGE

i SUBROUTINES T0O

10Z4 o 32 10 ZETE CALL
1027 Bé R
1022 13 Lo
1029 C9 RET
1026 CD CLEARE  CALL
10zZ0 47 LI
102E 7E LI
10ZF ZF CFL
10320 A0 AND
1031 13 LD
1O2E 9 RET
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U 1, 1977 XZ80--\V1A FAGE Z

SET AND CLEAR BITS IN A TABLE
PPOSITION THE POINTERS
i OR O IN THE DECODED BIT
P STORE RESULT BACE

POSTTN
(HL)
{DE) ., A

PPOSITION THE FOINTERS
;EAVE FREVIOUS BYTE TEMFORARILY
i GET DECODED B1T

FOSITN
3, A
A (HL)

E p MAsE OUT SELECTED BIT
(DE), &  STORE BACK RESULT

i ROUTINE TO FOSITION THE TABLE BYTE FOINTER

FOSITN LD
AND
Al
RRCA
RRCA

1033 47
1034 E4 73
1036 21
1037 F
1033 F
1029 F RRCA
1038 Ch6 B0 ADD
1030 5F LI
1020 ZE O L.
103F CE 20 Al
1041 57 Lo
104z 72 LI
1043 E& 7 AND
1045 Ca 41 A
1047 &F L0
1048 & 10 Lo
1044 1A LI
104 C9 RET
. BIN
1044 %1 CEBYTE
10410
104E
104F
1050
1051 240
105E 40
1053 80

HREEER

[ OO R

-
T
-

'~
™

. BYTE

bt e

E: M
SN
. END

SAMFLE ROUTINE

10Za CLEARE
O OFORTL

O IFORTI1
1033 POSITH

ERRORE: 1

AND DECODE THE BIT POSITION.

» BAVE TEMPORARILY

P MASE FOR BYTE NUMBER IN TABLE
i COMEBINE WITH TABLE NUMBER

s AND FORM BYTE ADDRESS

B, A
170
A, o

Al TARBLES
E,A P BET
A, 0

A M TABLES
A
A E
7
AL $1 5 FORM LOOEUFP TABLE ADDRESSE
L., A i FOR DECODED BIT

H B .-—.M $ 1
A, (DE)D

UF ADDRESS IN L E

; DECODE BIT NUMEBER WITHIN BYTE

i GET TABLE BYTE

 TABLE IS5 IN BINARY
1,10, 100, 1000

1000, 100000, 1000000, 10000000

i SAMFLE ERROR

1977 XZ20--\V1f FAGE

[Xx]

[R1% S

1 IFORTZ
1024 SETE

1000 Loor
200 TABLES
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THIS SECTION IS AN ALPHABETICAL LISTING OF THE
280 INSTRUCTION SET WITH ALL POSSIBLE OFPERANID
TYFE VARIATIONS.

L R Sy

ADD WITH CARRY INSTRUCTIONS

0O BE AL A, (HLD)
1 DD BE 9 AL A, C(IX+INDEX)
4 FIO 2E 35 Al A, (IY+INDEX)
7 aF ADC A, A
2 o2 ADC a0 B
o ADC A, o
A 2A ADC A D
B 8B Al A E
oosC ADC A H
0 o=sn AL a, L
E CE FF AnDc A, BYT
10 ED 44 Al M., BC
Z ED S5A AL HL., DE
14 EDI &A AL HL., HL.
14 ED 74 A HL., SF
; ADD WITHOUT CARRY INSTRICTIONS
18 =& AN A, (HL)
1% DO 286 5 ALD A, CIX+INDEX)
12 FO 846 5 Ann A, CIY+INDEX)
1F 87 ADD A
E020 ann a8
=1 o= AL A, o
SE o8 ADD A0
&3 oEE ADD A E
a4 24 Al A H
EEoaD AL A L
i Ol FF ADD AL BYT
eow ADD HL., B
L R AT HL., DE
A2 ADD HL., HL.
B39 ADD HL, SF
ZCoDD @ AL IX, BC
ZE DD 1w AL IX, DE
B0 DD oEw ADD IX,1X
2Z Do 32w AL IX, 5F
=4 FIoow ADD 1Y, BC
B36 FD 19 AlD 1Y, DE
38 FO 29 ann 1Y, 1Y
3268 FD 3w ADD 1Y, spF
B0 AL AND (HL.)
i LOGICAL AND INSTRUCTIONS
B0 00 A 5 AND (IX+INDEX)
40 FO A4 5 AND (IY+INDEX)
43 K7 AN A
44 /O AND B
45 Al AND o
44 AZ AN I
47 A3 AND E
45 84 AND H
47 05 AND L.

4n E4 FF AND BYT



o3
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o

moDoddk
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220 INSTRUCTIONS

]

i}

i IR ]

oo omnEn

R

a6
CE
as
CE
44
47
40
a1
4z
43
a4
45
4E
[ £
4E
CE
4E
4F

=

4%

4A

45
4
40
Bk
(9 c]
Yo
oE
Bt
57
50
=1
BE
=3
=4
55
SE
-E
SE
[
BE
5F
=S
e
il
5B
=
S0
bt
]
fulss
R
fuln
(::7
ra
&l

TEST BIT INSTRUCTIONS

BIT
BIT

EIT

EIT
BIT
BIT
BIT
EIT
EIT
BIT
EIT
EIT

EIT

EIT
BIT
BIT
EIT
EIT
BIT
EIT
BIT
BIT

EIT

EIT
EIT
EIT
EIT
EBIT
BIT
EIT
EIT
BIT

EBIT

BIT
EIT
BIT
BIT
EBIT
EIT
EIT
BIT
EIT

BIT
BIT

EIT
EIT

JUN Ew, 1977

0, (HL)
&, (IX+INDEX)

0, (IY+INDEX)

O, A

o B

[P

O, 0

o E

H

O, L

1, (HL)

1, (IX+INDEX)

1, CIV+INDEX)

Fy CIYHINDEX)

A

B

-

Z:. 0

S E

i H

bk

Ee CHL)

Zr CITXHTNDEX )

Hy LY+ INDEX)

ImoombD

-

-

-

KR CARE TS TS CUN T R €Y

-

4, (HL)
4, (IX+INDEX)

4, {I¥Y+INDEX)
4, A

4, B
4,

XZ20--Y1A

#1323 0.0

FAGE

-
s



BC
BE
Co
Cz
c4
Cé
Ca
A
Co
CE
0o
Dz
04
D6
D3
DA
o
LE
EO
EZ
E4
Eé
ES
EA
EL
EE
Fo
Fz
F4
F

=]

Fé&
Fi
FE
100
102
104
104
102

10A

100
10F
112
115
113
11E
11E
121
124

127 3

0

Pt b peh
[N I N
[ IS

220 INSTRUCTIONS

CE
CB
CB
CE
CB
DD

5

FD

5

CB
CB
CE
CE
CE
CB
CE
CE
oo

oo

: FI

LHE
&3
&4
65
GE
CB
GE
CE
&E
&F
LS
X
&R
LB
&
&I
76
CB
76
CE
76
77
70
71
7E
73
74
75
7E
CE
7E
CE
7E
7F

]
7%
7A
7B
7o
70

24
34

24

24
24
34

oy
ot

24

EBE
BE

JUN 29, 1977 XZ80~-~-V1iA
BIT 4, D
EBIT 4, E
BIT 4, H
BIT 4, L
BIT S, (HL)
BIT S (IX+INDEX)
BIT S, CIY+INDEX)
EIT A
EIT 5B
BIT 5.0
EBIT 5.0
BIT S E
EIT i H
BIT 3,k
BIT &y (HL)
BIT &, CITX+INDEX)
EIT Gy CIY+INDEX)
EIT G A
BIT b B
BIT Gy 2
EIT &, 0
BIT &, E
EIT & H
EIT YR
BIT 7, (HL)
BIT 7, (IX+INDEX)
EIT 7, CIY+INDEX)
BIT 7. A
BIT 7, B
EIT 7,
BIT 7. D0
EIT 7, E
BIT 7., H
EIT 7, L
CAaLlL SUBROUTINE INSTRUCTIONS
Call . NN
CALL M, NN
CALL N, NN
cALL NN
CALL NZ, NN
cAaLL F+ NN
call FE, NN
ALl PO, NN
cAaLL Z, NN
COF ; COMPLEMENT CARRY FLAG
COMPARE INSTRUCTIONS
CF (HL.)
CF (IX+INDEX)

CF

(IY+INDEX)



14&E
140
14&F

280 INSTRUCTIONS

EBF
B2
B
EA
EBE
B
=0
FE

.
]

ey
e £

i

FD

JA ]
7 EBE

-y

L=

10

T FE

. EZ

4} 4]
FT

ER

ET3
ED
ED

ED
[
EL

FF

Loz B o 3 2 e
L IR A By ]

-
45

e

Phe

e

B

E3
Ex

46
Eifs

SE

7E

A

40

(i i}

LAREL1

i

CF
CF
[
(W
oF
CF
-F
=

CRD
CFIOR
CRI
CRIR
ZFL.
DAL

#1353 0.0

JUN G, 1977 XZZ0--V1A FAaGE 4
A
B
[
4]
E
H
L
EYT

i COMPARE AND DECREMENT

i COMPARE, DECREMENT, AND REFEAT
; COMPARE AND INCREMENT
 COMPARE, INCREMENT AND REFEAT
P COMPLEMENT ACCLUMULATOR

y DECIMAL ADJUST ACCUMULATOR

DECREMENT INZTRUCTIONS

OEC
LEC
DEC
DELC
DEC
OED
DEC
DEC
DEC
DEC
DEC
DEL
DEC
LEC
LDELC
DELC

0orI
LMz

EI

(HL)
(IX+INDEX)
(IYV+HIMDEX)
A
B
B
™
4]
DE
E
H
HL.
IX
1Y
L

=1

P DISABLE INTERRUFTS

LABEL1 DECREMENT E, JUMF RELATIVE ON
NN O
i ENABLE INTERRUFTE

EXCHANGE INSTRUCTIONS

EX
EX
EX
EX
EX

EXX
HALT

(5F), HL
(SF), IX
(EF), TY
DE, HL

P EXCHANGE REGISTER BANES
P HALT THE PROCEZSOR

SET INTERRUFPT MODE INSTRUCTIONS

Im
M
Im

0

1

-

.

INFUT INSTRUCTIONS

IN
IN
IN

A, (D)
A, (M)
B, ()



171
172
175
177
172

176 3

17¢
17F
182
183
1=4
185
154
137
et
L&
153A
1a2B
120
1&EF
150

191
193
195

127

1
198
120
19K
1A1
1A~4
1647
140
1aD
1RO
153
154

1%
1BE
1RD
1BF
11

o=
124
105
1A
107
1oE
L

Z20 INSTRUCTIONS

ED
ED
ED
ED
ED

T O R R e
OO0k OWRROWRITD

bui

ED
ED
ED

4z
50
58
&0
&2

34
34

3

o

AR
BA

EZ

=4

aa

i

LARELZ

#12 0.0

JUN ER, 1977 XZ280--V1iA FAGE

IN ., ()
IN [, ()
IN E, ()
IN H, {2)
IN L, ()

INCREMENT INSTRUCTIONS
INC (HL.)

INC (IX+INDEX)

INC (IY+INDEX)

INC A

INC B

INC B

INC I

INC ]

INC DE

INC E

INC H

INC HL.

INC IX

INC 1Y

INC L.

INC R

IND i INFUT AND DECREMENT

INDR i INPLUT, DECREMENT, AND REFEAT

INI i INPLUT AND INCREMENT
INIR i INFUT, INCREMENT, AND REFPEAT

JUMF ARSOLUTE INSTRUCTIONS
JF (HL.)
JF (IX)
JF (1Y)
F s NN
JF M, NN
JF NC, NN
R MN

P NZ, NN
JF F: NN
JF FE, NM
JF FIZ, NN
dF Z, NM

JUMP RELATIVE INSTRUCTIONSE
JR O LARBELSE

JR LABELZ

JR N LABELZ

JR MZ, LABELZ

JR Z, LABELZ

LOAD INSTRUCTIONS
L0 (BC)Y, A
LD (DE). A
LD (HL) . A
LD (HL) ., B
Lo (HL),
LD (HL) . D
LD (HL), E

=
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1A 74 LD (HL), H
1CE 75 L (HL) ., L
100 36 FF LD (HL) ., BYT
iCE DD 77 5 LD (IX+INDEX), A
10y oo 70 05 Lo (IX+INDEX), B
104 po 7105 LD (IX+INDEX),
1D7 Do 72 05 Lo (IX+INDEX)., D
106 DD 73 5 LD (IX+INDEX), E
ipn po 74 5 Lo (IX+INDEX), H
1EQ DO 75 5 Lo (IX+INDEX), L
1EZ DO 24 L0 CIX+INDEX), BYT
1ES 5 FF
1E7 FOL 77 5 LI CIY+INDEX), A
1EA FIOOL 70 5 LD CIV+INDEX), B
1ED FOL 71 5 LI CIY+INDEX),
1FO FO 78 5 LI CIY+HINDEX), I
1FZ FOOL 72 5 LI CIV+INDEX), E
iF& FIV 74 5 Lo (IY+INDEX), H
1F® FDO 75 5 (] (IY+INDEX), L
1FZ FO 26 Lo CIVHINDEX)Y, BYT
1IFE 5 FF
EQ0 ZE 24 12 Lo (MM), &
203 ED 42 Lo (NN, BIC
205 24 12
207 ED 53 LI (NN, DE
20w 24 1Z
FORB EFF O34 12 Lo (MND S, HL
FOE DD ZZ L.Ls (NNDY, TX
E10 34 12
E1E FD E3 LI CRINDY S TY
214 34 13
214 ED 73 LD (NND, BF
F1E 34 12
Z21A A LI &, (B
Z1B 1A L0 &, (DE)
210 TE L. A, (HLD
Z2ip DD 7E S Lo B, CIX+INDEX)
ZE0 FDN 7E 5 L B, CIY+HINDEX)
FEZ 2R 324 1Z (] B (NMND
EEL TF LI AR
EET TE Lo AR
EaEEm TR LD A, o
E2ET OTA LI &, 0
EZEH 7B LD s E
EER 7O Lo A H
ZECOED 57 Lo A I
ZEE 7D LI a, L
ZEF 3E FF LI A, BYT
231 44 LD B, (HL)
EEE DO 44 05 LI B, (IX+INDEX)
235 FD 44 5 LD B, (IV+INDEX)
3R 47 L. E, A

Xy LI E, B

41 LI B, C

A 4% LI E, D
F3C 43 LD B, E
2320 44 L.t E, H

Z2E 45 Lo E.: L
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280 INSTRUCTIONS

6
ED
34

1
4E
DD
FD
4F
48
4%
aA
4B
ac
4D

E
56

DD

. FD

57
50
51

52

53

54
55
146
ED
z4

211

SE
Do
FD

L SF

hE
=0

s et

L TAY
SE
&S
S50
1E
1Y)
oo
FD
&7
0
A1
t2
A3
-4
L5
El
ZA
Z1
ED
| S}0)
a4
j4]8]
=4

FF
4B
12
34

4E

4E

FF

S&
56

FF
5B
12
34

SE

SE

FF
34
34
47
ZA
12
Z1
12

aa;

[
[N

o g

o

LD
LD

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
L0
Lo
LD
LD
Lo
LD
LD
LD
LD
Lo
LD
LD
L0

Lo
LI
LD
LI
LD
LD
Lo
LD
LI
Lo
Lo
Lo
LI
Lo
LI
LI
LI
LI
L
Lo
LI
LD
LI
LI
LI
Lo
LI

(]

JUN 2%, 1977

B, BYT
BC, (NN)

BC, NN

C, (HL)

C, (IX+INDEX)
C, {IY+INDEX)
A

rrmoow

O, (IX+INDEX)
O, (IY+INDEX)
D, A

D, B

o, C

D, D

b, E

o, H

O, L

b, BYT

DE, (NN)

DE, NN

E, (HL.)

E, (IX+INDEX)
E, (IY+INDEX)
E, A

E,B

E,C

E.D

E/E

E:H

E.L

E, BYT

H, (HL)

H, (IX+INDEX)
H, (IY+INDEX)
H, A

H E

H,

H D

H, E

H, H

H L

H, BYT

HL, (NND

HL., NN

I.A

IX, (NN)

IX, NN

XZI80~--V1A

#13. 0. 0
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280 INSTRUCTIOND

FD
24

3 FD

34
BE

: DD

FD
&F
68
6%

&A

Z 6B

&L
&0
ZE
ED
34

: Fa
S O

FD

=21

EL
ED
ED
ED

ED
8]

Eé
oo
FI
E7
EO
Bl
BZ
| E3
B4
B5
Fé

ED
ED

Z ED

ED

» ED

ED
ED

- ED

ED
s

ED
ED

el
Pl by I

Lty
mim

BO

&1
-

()

AT

au

P

g n

JUN ER, 1wT7T7 XZIB0--V1A - PAGE
LI 1Y, {NNJ -
LD 1Y, NN
L. L, (HL)
LD L, (IX+INDEX)
LD s CIY+INDEX)
LD L.. A
LI (P )
Lo L,
LD L, D
Lo L, E
LI L. H
LD L., L.
LD L, BYT
LD SR, (NN
LD S, HL
L0 SR, IX
LD 5F, 1Y
LI SR, NN
Lo ; LIOAD AND DECREMENT
LODR p LOAD, DECREMENT, AND REFEAT
LT ; LOAD AND INCREMENT
LOIR ; LOAD, INCREMENT, AND REFEAT
NEG i NEGATE ACCUMULATIOR
MNIOF i NGO OFERATION
LOGICAL DR INSTRUCT IONS
R (HL)
R CIX+INDEX)
(] CIY+INDEX)
IR &
IR B
R o
R 1]
R E
R H
R L.
R BYT
OTOR OUTFUT, DECREMENT. AND REFEAT
OTIR P OUTPUT, INCREMENT. AND REFEAT
OUTFUT INSTRUCTIONS
T (CY, A
ouT (), B
T ), o
QT (2, 0
T (CY, E
auT () H
T LE NS IR
T (W)Y, &
auTnD POUTRUT AND DECREMENT
0TI  DUTPUT AND INCREMENT



ZF6
ZF7
IZF8
ZF9
ZFA
ZFC

ZFE
ZFF
300
301
302
304

306
308
30A
300
30E
210
312
214
316
318
31A
21c
31E
320
322
3i4
326
348
3ZA
3z2C
3ZE
330
332
334
336
338
33A
330
33E
340
342
344
344
343
34A
34C
34E
350
352
354
356

280 INSTRUCTIONS

Fi
ci
D1
El
DD
FD

F3
cS
DS
ES
DD
FD

cB
DD
5
FD
b
CE
CE
CB
ce
CBE
cB
CB
B
Do

5

FD

5

CB
CB
cB
CB
CB
CB
cB
CB
1) 8]
S
FD

-t
CB
CB
CB
CB
M C
CB
CB
CB
Do

b
FD

b

E1l

ES

ES

86
CE
86
CE
86
87
80
81
82
83
34
25
BE
ce
BE
CB
BE
BF
83
=3
8A
(=] c]
8C
8D
Y6
CB
Y&
CB
Y6
7
0
o1
oz
w3
v4
b
YE
CB
E
CB
YE

i

JUN 29, 1977

POF STACK INSTRUCTIONS

POP AF

POFP B

POF DE

POP HL

FOP IX

POP Iy

PUSH STACK INSTRUCTIONS
PUSH AF

PUSH BC

PUSH DE

FLUSH HL

PUSH IX

PLSH Iy

RESET BIT INSTRUCTIONS
RES 0, (HL)

RES 0, (IX+INDEX)
RES 0, (IY+INDEX)
RES 0, A

RES o, B

RES 0, C

RES 0. D

RES o E

RES 0, H

RES O, L

RES 1, (HL)

RES 1, { IX+INDEX)
RES 1, (IY+INDEX)
RES 1, A

RES 1, B

RES |

RES 1, D

RES 1LE

RES 1, H

RES 1, L

RES Z (HL)

RES Z, (IX+INDEX)
RES Z, CIY+INDEX)
RES A

RES B

RES oo

RES Z D

RES ZE

RES ZH

RES Z L

RES 2, (HL)

REZ 3, (IX+INDEX)
RE= 3, (IY+INDEX)

XZI80~--V1A

#13. 0.0
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280 INSTRUCTIONS

CE
CB
CE
B
CB
CE
CE
CE
oo
Fo
b

CE
U £
CE
CE

S G

[ &3
(N ¢
CE
8]

o

FIi
5

CE
CE
CE
CE
LB
CE
CE
CE
oo

Fo

oE
[ 9§ ]
CE
B
£
B
i
B
118

=
FI

CE
B
CE
[ £
B
N ]
B

“F
o
S
23
KAt
4
0
Ak
CE
Ak
CE
Ak
A7
(A9
Al
AZ
43¢
A4
A5
AE
CB
AE
CB
AE
AF
A
AR
AR
A
A
B4
CE
E7)
B
Bé
E7
B
E1
EZ
B3
E4
EE
CE
BE
CE
EBE
EF
B
B
EA
BE
B
ED

RES
RES
RES
RES
RES
RES
RES
RES
RES

RE!

)]

RES
REZ
RES
RES
REZ
RES
RES
RES
RES

RES

RES
RES
RE=
REZ
RE=
RE=
RES
RE=
RE=

REZ

REZ
RES
RES
REZ
RES
RES
RES
RES
RE=

REZ

REZ
RES
RES
RES
RES
RE=
RES

JUN e, 1977 XIBO—--V1A
3, A

Pl

o2

=D

E

0 H

IR

4, (HL)

4, (IX+INDEX)

4, (IY+INDEX)

a4, A

4,8

4,

4, D

4, E

4, H

4, L.

5, (HL)

S5, (IX+INDEX)

5, (IY+INDEX)

=P

=, B

=0

5,0

5, E

o H

S L

&y CHLD)

G CITX+INDEX)

G (IY+INDEX)

& B

f B

&,

&, I

& E

to H

& L

T CHLD

7y CIX+INDEX)

7 CIY+IMOEX)

-

NN N NN NN

~

mFImonmD

RETURN FROM SUBROUTINE INSTRUCTIONS

RET



3C7
3C8
3C%
3CA
3CB
3CC
3CD
3CE

3CF
301

3D3
305
307
30%
DB
30D
3DF
3E1L
3E3
3ES
3E7
3ES

3EE

3EC
JEE
3FO0
3FZ
3F4
3F6
3Fs
3FA
3FC
3FE
400
402

404
405

407
407
40B
40D
40F
411
413
415
417
41w
41B

Z80 INSTRUCTIONS

D8
F8
Do
co
FO
ES
EO
ce

ED
ED

CB

FD

CB
cB
CB
CB
CB
CB
CB

17

CB
Do

FD

CE
CB
CB
CB
CB
CE
]

ED

CB
DD

FD

CB
CE
cB
CE
CB
CE

4D
45

16

16
CE
16
17
10
11
12
13
14
15

0

)
PN, ONCRDOTR

o
A

1E
CB
1E
CB
1E
iF

12
19
1A
1B

ic

#13. 0.0
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RET C

RET M

RET NC

RET NZ

RET P

RET FE

RET FO

RET Z

RETI i RETURN FROM INTERUPT

RETN i RETURN FROM NON MASKABLE INTER
UPT

ROTATE LEFT THROUGH CARRY INSTRUCTIONS

RL. (HL)

RL ( IX+INDEX)

RL. (IY+INDEX)

RL. A

RL. B

RL. C

RL. o

RL. E

RL. H

RL. L

RL.A i ROTATE ACC LEFT THROUGH CARRY

ROTATE LEFT CIRCULAR INSTRUCTIONS

RLC (HL)

RL.C (IX+INDEX)

RL.C (IY+INDEX)

RLC A

RLC B

RLC C

RLC D

RL.C E

RL.C H

RLC L

RL.CA s ROTATE ACC LEFT CIRCULAR

RL.D i ROTATE DIGIT LEFT

ROTATE RIGHT THROUGH CARRY INSTRUCTIONS

RR (HL)

RR (IX+INDEX)

RR (IY+INDEX)

RR A

RR B

RK C

RR b

RK E

RR H



Z80 INSTRUCTIONS JJUN Ew, 1977 KZIB0~-Y1A FAGE 1%

410 CE 1D RR L.

41F 1F RRA y ROTATE ACC RIGHT THROUGH CARRY
i ROTATE RIGHT CIRCULAR INSTRUUCTIONS

O CBOE RRL (HL.)

4% DD CB RRI CIX+INDEX)

424 5 E

434 FO CE RR CIY+INDEX)

42 5 E

47 B F RRL <

4z CEB & RRi B

47 CB 0% RRI [

430 CEB A RR i

437z CB B RRC E

4=4 CE RRL H

4364 TR D RRL L.

438 F RRZA P ROTATE ACC RIGHT CIRCULAR

4ze ED A7 RRI G ROTATE DIGIT RIGHT
i RESTART INSTRUCTIONS

4zp o7 RET 0

43z 7 =T 10

430 OF =T =

43 E7 =T Z0

43F EF =T A=

440 F7 RET 30

441 FF RET ek

44z F R= =
; SUBTRACT WITH CARRY INSTRLUCTIONS

443 SE SR A, (HLD)

444 DD 9E 05 SBRC A, (IX+INDEX)

447 FDO 2E 5 SEC B, (IY+INDEX)

449 9F SEC A A

44 w5 SBC A B

44 w9 SBC A C

441 70 SR a. D

44FE B SEC A E

44F =i SR A H

450 w0 Sk A L

451 DE FF SR a8, BYT

453 ED 4% SRC HL, B

455 ED 5Z SRC HL, DE

457 ED &Z SR HL., HL.

45%v ED 7Z =REC HL., &5F

45E 37 SCF P SET CARRY FLAG
i SET BIT INSTRUCTIONS

450 CR Cé SET 0O, (HLD)

45E DD CE SET O, (IX+HINDEX)

4460 B 4

467 FONCE SET O, CIYHINDEX)

444 5 ChA

Qi TEOCT SET 0 A

4&2 CROCO SET o B



46A
446C
46E
470
472
474
476
478
474
47C
47E
480
482
434
486
433
43A
430C
43E
490
492
494
496
498
430
49C
49E
4A0
4AZ
4A4
4AL
408
4A04A

4ac

4AE
4B0O
4B2Z
4B4
4B&
4BS
4BA
4B
4BE
40
42
44
4Cs
4CB
4CA
4CC
4CE
4p0
4Dz
4p4
406
4D%=
4DA
4pC

Z80 INSTRUCTIONS

CcB

CB
cB

CB
cB
CB
bD

]
FD

5
CB
CB
CB
CB
CB
CB
CB
CB
DD
5
FD

S
CB
CB
CB
cB
cB
CB
CB
CB

Do

5
FD

5
CB
CB
CB
CB
CB
CB
CB
CB
DD

S
FD

b

CB
CB
CB
cB
CE
CB
CB
CE
DD
5
FD
5

c1
c2
c3
ca
cS
CE
CB
CE
CB
CE
CF
cs
co
CA
cB
cc
CcD
D6
cB
Dé&
CB
D&
D7
Do
D1
Dz
D3
D4
DS
DE
cB
DE
CB
DE
DF
D3
D%
Da
DB
pc
5)1]
Eb6
CB
Eé&
CB
Eé&
E7
EO
El
EZ
E3
E4
ES
EE
CB
EE
CB
EE

SET
SET
SET
SET
SET
SET
SET

SET

SET
SET
SET
SET
SET
SET
SET
SET
SET

SET

SET
SET
SET
SET
SET
SET
SET
SET
BET

SET

SET
SET
SET
SET
SET
SET
SET
SET
SET

SET

SET
SET
SET
SET
SET
SET
SET
SET
SET

SET

JUN 2%, 1977

0., C

0.D

O, E

O, H

0, L

1, (HL)

1, (IX+INDEX)

1, (IY+INDEX)

1,A

1, B

1,0

1LE

1, H

1, L

Z, (HL)

Z, (IX+INDEX)

Z, (IY+INDEX)

-

-

~-

rImoow?®

RENNRNDRERNR

r

3, (HL)
2, (IX+INDEX)

3, (IY+INDEX)

3 A

3. B

3C

3D

3. E

3. H

3L

4, (HL)

4, (IX+INDEX)

4, (IY+INDEX)

4, A

4, B

4, C

4,D

4, E

4, H

4, L

S (HL)

5, (IX+INDEX)

S, (IY+INDEX)

XZI80-~-V1A

#13. 0.0

FAGE

13



4LE
4EQ
4EZ
4E4
4EH
4EZ
4EA
4ELC
4EE
4FQ
4F z
4F 4
4F 6
4F 3
4FA
4FiC
4FE
500
E0E
504
S0 E
L] B
S0A
SO0
SOE
510
512
S14
5164
518
S1A

510
S1E
SEO
SHEE

.g:; 5

t

oo

EXEAESER RN

]

(R

OO e

45
SHEO

3

&
3

bl

=24
=35
5360
icTm
S3E
540
5437
544
S4L
=45

CE
CE
CB
CBE
CB
CB
CB
CB
DD

b ]

FD
5

oE
CE
CBE
CE
~E
(£
CE
IR )
i

o

Fi
CE
U £
B
UM £
CE
e
OB

B
oo

- 280 INSTRUCTIONS

EF
ES
E¥
EA
EE
EC
ED
Fé
CEB
Fé
CE
Fé
F7
FO
Fi
Fz
Fa
Fa
Fs
FE
CE
FE
CE
FE
FF

=
F
Fa
FE

7

PR RE R

s ) ha

ZE
CE
ZE
CE

3 b

-

3,

[N R A N
far I ca s < IR e Y

SET
SET

SET

SET
SET

SET
SET
SET

ZET

BET
SET
SET
SET

SET

SET
SET
SET
SET

SET
SET
SET
SET
SET
SET
SET

JUN 2%, 1977 XZB0~--V1A
5.4
P ) B

?

n

e ¥
A, (HL)
&, (IX+INDEX)

raaad

rImgo

Gy CIY4HINDEX)

& A
Ly B
by
&, O
& E
G H
&L

- 7. (HL)

7, (IX+INDEX)

7, CIY+INDEX)

NN NN NN
rImoOo@D

~

~

~

-

:\l -

SHIFT LEFT ARITHMETIC INSTRUCTIONS

SLA
SLA

ZlA

sLA
SLA
SLA
SLA
sSLA
SLA
SLA

SHIFT RIGHT ARITHMENTIC INSTRUCTIONS

SRA
SRA

SRA

SRA
SRA
SRA
SRA
SRA
SRA

(HL)
(IX+INDEX)

(IY+INDEX)

A
E

FrImoo

(HL)
{IX+INDEX)

(IYV+INDEX)

A
E
i
o
E
H

#1323 0.0

FAGE

14



544

54C
S4E
550
552
554
556
oo8
S5A
55C
SSE
5460
&2

564
565
568
S&B
560
S6D
S6E
S&F
570

57Z

Z80 INSTRUCTIONS

CB

cB
DD
S

FD

]
CB
CB
cB
CB
CB
CB
CB

-]
DD
FD
97
20
1
L
w3
w4
5
D&

AE
DD
FD
AF
A
A
AR
AE
Ac
an
EE

1

MO oW

ZD

3E
CB
3E
CB
3E
3F
38
39
3A
3B
3C
30

FF

AE
AE

ad

a

NN
INDEX

BYT

SRA

#132. 0.0

JUN 2%, 1977 X180-~V1A PAGE

L

SHIFT RIGHT LOGICAL INSTRUCTIONS

SRL
SRL

SRL

SRL
SRL
SRL
SRL
SRL.
SRL.
SRL.

rrmoOow>»

(HL)
(IX+INDEX)

CIY+INDEX)

SUBTRACT WITHOUT CARRY INSTRUCTIONS

SUB
sUB
SUB
suUB
SUE
sUB
SUE
sSUB
sSUB
SUE
SUB

(HL)
(IX+INDEX)
(IY+INDEX)

rImoowd

BYT

EXCLUSIVE OR INSTRUCTIONS

XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR

. EcH
. Et)
. EQ
. EQU
. END

(HL)
(IX+INDEX)
(IY+INDEX)

15

A

B

C

D

E

H

L

BYT

1224 i ADDRESS VALUE (146 BITS)

b i INDEX VALUE (O TO Z3% DEC)
20 s EIGHT BIT VALUE (O TO 255)
~1 i BYTE VALUE (-128 TO +Z335 DEC)



#12 0.0

220 INSTRUCTIONS JJUNG Ew, 1977 XZ80--V1A FAGE 14
FFFF BEYT % INDEX 158 LABEL1 1C32 LABELSE
Z0 N 12324 NN

ERRORS: o



AFFENDIX A — RUN-TIME OPTIONS. #14. 0.0

HHEEEEFEFRERERERRIERE SRR ER R R RS EREERER R R R RS R

Ve
JE
7H
7

7K

AL

SN
g

-

s

7
;
W

SOTO S

- U}

OUTFUT BINARY FILE IN BNFF FORMAT

INHIBIT ERROR MESSAGES TO CONSOLE.

INHIEIT HEADINGS AND PAGINATION.

LIST UNASSEMBLED STATEMENTS AND CONDITIONAL
ASSEMBLY PSEUDO-OFPS

EXFAND SYMBEOL TABLE STORAGE INTO ADDITIONAL
CORE.

OUTFUT LEADER (NULLE) IN BINARRY FILE FOR EACH
CORG STATEMENT.

LIST ONLY THE SYMBOL TAEBLE.

OUTPUT LISTING IN OCTAL FORMAT INSTEAD OF IN
HEXADEC IMAL.

INCLUDE NORMALLY UNLISTED PSEUDO-OFS IN THE
LISTING.

OMIT THE SYMEOL TABLE FROM THE LISTING.
REFLACE THE FORM/FEED WITH 3 CR/ALFS

INHIEBIT WARNING MESSAGES

LUSER FLAGE, USED WITH THE ¥ OFERATOR

KHEEEREEREEEERERREERERELREERER R R SRR SRR REEERERE R RS

AFFENDIX B — INDICATOR SET

SUBTRACTION

B A B R A A B B R R B R B B B A A B R R R
+* MULTIPLICATION,

s DIVISTION.

LA BOOLEAN AND.

! INCLUSIVE OR.

-+ ADDTITION

roIomo

=

" DR

B

COMPLEMENT INDICATOR, (UFARROW B).
BIMARY RADIX INDICATOR, (UPARROW B).
DECIMAL RADIX INDICATOR, (UFARROW I1).
HEXADECIMAL RADIX INDICATOR, (UPARRCW H).
OCTAL RADIX INDICATOR, (UFARROW ).
LEAST SIGNIFICANT BYTE ACCESS OFERATOR,
CLUFARROW L)

MOST SIGMNIFICANT EBYTE ACCESS OFERATOR,
(UFARROW M),

COMMENT INDICATOR

ASCIT CHARACTER INDICATOR

USER FLAG OFERATOR

CURRENT LOCATION COUNTER, (PERIOCD).

BHEEREEERGERREEREERRERREERRFREERER SRR REEEEEFE SRR SRR R



AFPFENDIX C - PSEUDO-0FE #14. 0. O

HEHEERRERERRERERREFHRE LIRS EREREERRRERE R IR EE R AR ERE SR EERE S EF

. ADDR

. BIN

. BYTE

. DBYTE
. DECM

. DINST
. END

. ENDIC

. ERi

. HEX

. IFDEF
. IFNDEF
. IFNZRO
. IFZERD
CLIST

L OCT

. ORG

. PAGE

. SET

. TITLE
. ZERD

DOURBLE BYTE DATA STORAGE, REVERSED FORMAT.
CHANGES DEFAULT RADIX TO BINARY

SINGLE BYTE DATA STORAGE.

DOUBLE BYTE DATA STORAGE.

CHANGES DEFALLT RADIX TO DECIMAL.

RENAMES A MICROPROCESOR INSTRUCT ION.
FROGRAM TERMINATOR.

ENDZ CONDITIONAL AZSEMBLY

ASSIGNS A PERMANENT VALUE TO A SYMBOL
CHANGES DEFAULT RADIX TO HEXADECIMAL.
INCLUDE CODE TO . ENDC IF SYMEOL I3 DEFINED
INDLUDE CODE TO . ENDC IF SYMBOL IS NOT DEFINED
INCLUDE CODE TO . ENDC IF OPERAND DOES NOT ESUAL O
INCLUDE CODE TO . ENDC IF OPERAND ECALE O
FROVIDES SELECTIVE LISTINGS.

CHANGES DEFAULT RADIX TO OCTAL.

REASSIGNS THE CURRENT LOCATION COUNTER
BEGINS NEW PAGE IN LISTING

SEIGNS A TEMFORARY VALUE TO A SYMBOL.
SFECIFIES HEADING.

ZEROS & SPECIFED NUMBER OF BYTES

FEREEREREREEEREREFEEREREEEREESEE AR SRR ER R SRR RS RRERE R RERESER



AFFENDIX O~ ERROR MESSAGES. #14. 0.0
BB A A e H A B B R R R R R R R R R R R R R R

: BN © = BAD NESTING OF BRACKETH

DL e OUTPUT FILE DEVICE Pl (FATAL)

DR Co=- DIGIT OUTSIDE OF RADIX.

cIL = TLLEGAL LABEL FIELD

0 ‘ - TLLEGAL OFERAND VALLUE.

DR - RELATIVE JUMF ADDRESS OUT OF RANGE

L ~ LINE INFUT OVERFLOW.

La - LIOCAL SYMBOL SYNTAX ERROR

LT = LOCAL SYMBEOL TABLE (WERFLOW. (FATAL)
;ML - MULTIPLE LABEL DEFIMITION

AN - MISSING OR ILLEGAL MNEMOMIC IN OFERATOR FIELD
MR - OPERAND TOO COMPLEX.

T OE - OFEN ERROR IN OUTFUT FILE. (FATAL)D

T OM — DFERGND MIDSING.

D = OFERANID SYNTAX ERROR.

: FE - FHASE ERROR, ADDRESS CONFLICT. (FATAL)
CRE - ILLEGAL FERMANENT SYMBEOL USAGE IN OFPERAND
:RE - INPUT FILE REALD ERROR. (FATAL)

DRV - BAD REGISTER VALLUE FIELD

CET ~ SYMEOL. TABLE OVERFLOW. (FATAL)

:TL - LABEL DEFINMED TOO LATE.

DL - LNDEFINED SYMEOL.

T WE = OUTPUT FILE WRITE ERROR. (FATAL)

MU M M MMM T OO m T T

CEF = N END STATEMENT IN LAST FILE
R [ = UNINHIEBITED CONDITIONAL ASSEMELY IN EFFECT
AT ASSEMELY END

Tz

el R RS E SRR E RS EEEERE RS ERRERRERRRE SRR EE R RS



