PAGE NUMBER 103

] INFORMATION DISPLAY DIVISION
TektronD¢: PROGRAM EXCHANGE

COMMITTED TO EXCELLENCE

TITLE PART NUMBER

062-7456-01 - Program 11
EQUIPMENT, OPTIONS AND SOFTWARE REQUIRED

4051 Assembler

| ORIGINAL DATE REVISION DATE (INCLUDING PERIPHERALS AND HOST SYSTEM)
October 1983 4051 - 16K
AUTHOR

Tektronix, Inc,
Carl Hovey & Steve Tuttle Wilsonville, OR

ABSTRACT

Files: 1 ASCII Program
1 ASCII Data
3 ASCII Text
(transfer to separate tape)

Statements: N/A (In Call Execute Format)

This program is an interactive assembly and debugging tool for the 4051. IT
provides the 4051 programmer with a versatile:system for creating and
debugging programs in 6800 machine code. The one pass assembler allows the
user to examine memory locations and registers.

To create source files the Editor ROM or any other text processing program
for the 4051 can be used. Also source can be entered directly into the
program,

The program material contained herein is supplied without warranty or representation of any kind.
Tektronix, Inc., assumes no responsibility and shali have no liability, consequential or otherwise, of

any kind arising from the use of this program material or any part thereof.
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PRELIMINARY OPERATING INSTRUCTIONS

The five files comprising this program must be transferred to a separate tape.
Using the instructions on page ii, transfer the following:

From TEKNIQUES VOL. 7 NO. 4 T2 tape TO 4051 Assembler tape

File # Bytes Type File # Bytes Type

40 768 ASCII Program 1 768 ASCII Program
41 11520 ASCII Data 2 11520 ASCII Data
42 4608 ASCII Text 3 4608 ASCIT Text
43 3328 ASCII Text 4 3328 ASCIT Text
44 768 ASCII Text 5 768 ASCII Text
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00T v51.7 IS AN INTERACTIVE OISSASSEM3LY AND DZBUGGING TOOL FOR THE

#051.

ITS PURPOSE IS TO PROVIDE THE 4051 SYSTEMS

PROGRAMMER AND

ROMPACK WRITER WITH A VERSATILE SYSTEM FOR CREATING AND DE3UGGING HIS

680074351 CODE.

DOT V51.7 CONSISTS OF THWO

000-6405-02

PROGRAMS ON 4051 MAG TAPE
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4051 Assembler

OEBUGGER EXPLAINATION

THE 4051 RESIDENT DEBUGGER IS LOADED INTO MZMORY 8Y A SYSTEM
INVOLVING THRZZ CHARACTER STRINGS. ONE CHARACTER STRING CONTAINS THE
DEBUGGER IN A RELOCATABLE ASCII HEX FORMAT. THE SECONDO STRING IS A
RELOCATING LOADER. THE LOADER IS IN CALL *“EXEC™ FORMAT, THE THIRD
STRING IS THE “DZSTINATION™ STRINGs. IN OTHER WORDS THE LOADER LOADS
THE DEBUGGER INTO THE THIRD STRING. THE LOADER BUILDS THE THIRD
STRING FROM THE FIRST STRING EY TAKING THE ASCII HEX CHARACTZRS OF THE
FIRST STRING AND BUILDING EIGHT BIT MACHINE CODE BYTES AND STORING
THEM IN THE THIRD STRING. CHARACTERS OF A VALIO CHARACTER STRING MAY
NOT HAVE THE EIGHT BIT SET SO THE THIRD CHARACTER STRING OF THIS SETUP
IS INVALID. HOWEVERy THERZ IS A TRICK., THE THIRD STRING IS
OIMZINSIONED LARGE ENOUGH TO HOLD THE BINARY VERSION OF THE DEBUGGER
3UT WHEN THE LOADER 3UILDS THE THIRD STRING IT DOES NOT CHANGE THE
LENGTH VALUE FOR THAT STRINGe THUS THE 4051 DOES NOT REZALIZE THERE IS
A STRING WHICH IS FULL OF INVALID CHARACTERS.

THE USER MAY SPECIFY THE AEBSOLUTE MEMORY AODRESS INTO WHICH THE
DEBUGGZR IS TO 5Z LOADED BY DEFINING THE THIRD STRING (DESTINATION
STRING) TO CONTAIN THE A3SOLUTE HEX ACDRESS FOR THE BEGINNING OF THE
DEBUGGER. IF A LOAD ADORESS IS NOT SPECIFIEO BY THE USER, THE
DE3UGGER IS LOADED INTO THE SPACE ALLOCATED BY THE 4351 FOR THE THIRC
STRINGs A USZIR MUST 2€ VERY CAREFUL ABOUT WHERE HE LOADS THE DZ2UGGER
3ECAUSZ IT IS POSSIBLE TC LOAD IT RIGHT OVER TOP OF PERTINENT DATA
ALREADY IN RAM., IF SOMZ RAM IS CLO3BERED, NOTHING WILL GO WRONG UNTIL
Tho USSR TRIZS TO RETURN TC BASIC. ON A RETURN TO BASIC WITH

CLObSERED RAM A SYSTZM ERROR IS ENCOUNTED AND ALL DATA IN MEMORY IS
WIPED OUT,

IF NO RAM IS CLOE3ERED WhEN THE DEBUGGER IS LOADED IT IS POSSIBLE
TO RUN THE D:Z3UGGER AND RZTUPN TO BASICy RUN BASIC AND THEN RETUSN TG
Thc DEoULGER ANY NUMBER CF TIMES, WITH NO ILL EFFECTS ON EITHER THE
USER OR THE SYSTEM.

A NOTE OF CAUTION: WHIN YOU ARE RUNNING THE OEBUGGER YOU HAVE
ACCESS TO THE VERY GUTS OF THE 4051 OPERATING SYSTEM AND IT IS VERY,
VERY EASY TO STEP ON SOMZTHING AND THEN THE WHOLE SYSTEM WILL CRASH,

————— ey

i == Rt
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TILE ppT v51.7

RELOAD
, DEBUGGER

TOGGLE
6 PRI FLAG

000-6405-01

TAPE # FILE #

SHIFT KEYS

TSI S ELRR 2

SHIFT KEYS
18

MARGIN 1 MARGIN 2
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KEY #1:

KEY #5323

KEY #6°%

KEY #1383

KEY #1912

KEY €202

NOTES THE

NUMBERS

DOT Vv51.7 USER DEFINABLE KEYS

RELOAD DEBUGGER PROGRAM,
THIS KEY WILL RZILOAD THE DZBUGGER PROGRAM’S MACHINE CODE
FROM A SOURCE STRING INTO A DESTINATION STRING3 CONTROL IS
THEN TRANSFERRZD TO THE DEBUGGER, THIS KEY FUNCTION ONLY
hORKS AFTER THZ OEBUGGER®S LOADER PROGRAM HAS DEFINED ALL OF
THE NECESSARY STRINGS.

RETURN TO BASIC.

THIS KEY WILL TRANSFER CONTROL BACK TO THE &051°S BASIC
OPERATING SYSTEM., ALL SYSTtM VARIABLES CLOBBERED BY THE
DEBUGLER ARE RESTORED., SYSTEM VARIABLES ALTERzD BY THE USER
MAY RESULT IN A FATAL SYSTEM ERROR. THIS KEY FUNCTION WILL
NOT WORK IF CONTROL WAS TRANSFZIRRED TO THE DE3SUGGER PROGRAM
VvIA A 3REAK POINT (USE G COMMAND INSTEAD).

TOGGLE PRINT FLAG.

THIS KEY TOGGLZS A FLAG WHICH WILL SUPPRESS THE AUTOMATIC
ECHO ON A DEPOSIT INSTRUCTION, DEPOSIT HEX, OR DEPOSIT ASCII
COMMAND., MOSTLY USED TO SPEED UP THE ASSEMBLER. ON ENTRY
Y0 THE DEBUGGER, THIS FLAG DEFAULTS TO ‘ECHO ON‘,

THE FOLLOWING THREE USER DEFINAELE KEYS CONTROL THE CRT
DISPLAY*S MARGIN MODES.

MARGIN 1.,

THIS KEY WILL FORCE THE DI3UGGER PROGRAM TO BLINK THZ “F*
AND WAIT FOR THE USER TO PAGE THt SCREEN AFTER ONE COLUMN OF
DATA HAS €EZEN PRINTED.

MARGIN OFF.

THIS KEY WILL FORCE THE DEBUGGER TO IGNORE ALL PAGE FULL
CONDITIONS, AFTER TWO COLUMNS HAVE BEcN PRINTED THE
DEBUGGZIR WILL WRITE OVER COLUMN ONE.

MARGIN 2.

THIS KEY WILL FORCE THE DZBUGGEZR PROGRAM TO BLINK THEZ “F*™

ANO WAIT FOR THE USER TO PAGE THE SCREcN AFTER TWO COLUMNS
OF DATA HAVE BEEN PRINTED. THE DEBUGGIR DEFAULTS TO THIS

MODE

DATA COMMUNICATIONS OVERLAY MAY HELP TO REMEMBER THE KEY

—
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RESIDENT ASSEMBLER

LABELS

LAEELS BEGIN WITH THZ LETTER *Z%.

LABELS MAY END WITH A <CARRIAGE RETURN>, A <PERIOD» OR A <SPACZ>. IF
THE LABEL ENDS WITH A SPACZ, A 6800 OF CODE MNEMONIC, OR AN “** WITH A
COMMENT SHOULD FOLLOW,

EXAMPLES
INPUT NEXT VALID CHARACTER, IGNORE CHARACTERS IN ZTABLE

ZGETCHR * EQUATE THE LABEL GETCHR TO THE VALUE $57C9 |
$6000 * ORG %6000
ZSTART LOX #ZTABLE * LOAD POINTER TO TABLE
ZANOTHER JSR ZGEYCHR * REGISTER A GETS NEXT CHARACTER
JSR ZSCAN * SCAN FOR A MATCH
3EQ ZANOTHER * IF MATCHy GET ANOTHZR CHARACTER
RTS
ZSCAN CMP A 0yX
BEQ ZDONE * IF A MATCHES THZIN RZITURN WITH EQUAL
INX
TST 0yX * MS3 SET MEANS END OF TABLZ
BPL ZSCAN
ZOONE RTS
$720) * ORG TABLE AT §7139
ITABLE ¥ CHARACTERS TO IGNORZ
“$97."319."353."361."869."572."8FF,

LAEZLS MAY 3Z OF ANY LENGTH AND MAY CONTAIN ANY CHARACTER EXCcPT
FOR A <PERIOJ>»y, <CARRIAGZ RETURN>, OR <SPACE>».

THERE IS A nAY TO CLZAR THE SYMBOL TAELE® RELOADING THE DcBUGGER IS
PROBAGLY THt EASIEST WAY. THERE ARZ NO CHECKS FOR SYM30L TABLE

OVERFLOW,

COMMENTS

COMMENTS MAY APPEAR IN THE SOURCE CODE AS SHOWN IN THE EXAMPLE
AEOVZ+ COMMENTS BEGIN WITH *%* AND END WITH <CARRIAGC=RETURN>,

BHEX

IN ORDER TO EASE THE TRANSFER OF SOURCE CODZ FROM THE DZBUGGER UP
TO THE CYBER WITH A MINIMUM OF TRANSLATION, THE DZEBUGGSR WILL ALLOW A

=% BEFORE HEXIDECIMAL NUMERALS.
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UNRESOLVED REFERENCES
e ——————

IF ONE EAECUTES A JSR TO A LABEL THAT IS NEVER DEFINED, THE STACK
ATLL GROW UNTIL THE SYSTEM ELOWS UP, SO MAKE SURZ ALL LABELS ARE
JEFINED EEFORE RUNNING A PROGRAM, THIS PROBLEM IS A SIDE EFFECT OF THE
WAY THE ONE PASS ASSEMELER HANDLES FOWARD REFERENCES.

“WHAT* ERROR MESSAGES

THE “WHAT™ ZRROR MESSAGE GIVES THE FOLLOWING INFORMATIONS
ADDRZSS IN LINE BUFFER OF THE CHARACTER CAUSING THE ZRROR
ASCII CHARACTER CAUSING THE ERROR
HEXIDECIMAL EQUIVALENT OF ThE ASCII CHARACTER CAUSING THE ERROR

EXAMPLE
0224 V 56 WHAT?

MACROS ON TAPE

ONE MAY SAv: A SEQUENCE OF DEBUGGER COMMANDS ON TAPZ, THE SEQUENCE
MAY ZONTAIN ANY DEBUGGER COMMAND, BUT SOME OF THEM MAY GET YOU INTO
TROUBLZ (LIKEZ "J=). THE INTENT IS TO ALLOW THE ASSEMBLY OF A FILE OF
SOURCE CODEZ, OX TO ALLOW ONE TO EXECUTE A COMMON SEQUENCE OF COMMANDS.
EXSCUTION OF THE MACRO ENDS WITH AN END OF FILE MARK (S$FF) AS PLACED
ON THE
TAPE BY A CLOSE STATEMENT IN BASIC. IF TWO BACK=TO0-BACK
CARRIAGE=RETURNS ARE ENCCUNTERcOy EXECUTION OF THE MACR0 IS SUSPcNDED
6UT MAY BE RcSUMZD LATER,

TO ZXECUTE THE MACKRO, FIND THE FILE (SEE THE “H™ COMMAND) AND HIT
RIGHT cRACE «SnIFTe=]> (THE KeY NEXT TO <3ACK SPAGZ>) AND REITURN,
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NOTATION

BOLDFACE
CHARACTERS

ORDINARY
CHARACTERS

<CONTROL-I>

<CONTROL=-B>

<CONTROL=Y>

COMMAND SYNTAX NOTATION

NOTATION CONVENTIONS USED IN COMMAND SPECIFICATIONS AND EXAMPLES
THROUGHOUT THIS MANUAL ARE LISTED BELOW.

USING INTERRUPTS
COMMAND SYNTAX NOTATION

DESCRIPTION

BOLDFACE CHARACTERS MUST BZ ENTERED £XACTLY AS
SHOMWN,

ORDINARY CHARACTERS (I.E.s NOT BOLDFACE)
IDENTIFY ELEMZNTS THAT MUST BE REPLACED WITH

USER=-SELECTED VALUES.

WHEN NOT USED IN THZ CONTEXY OF A DEBUGGER
COMMAND, THE OOLLAR SIGN INDICATES A HEXADECIMAL
STRINGe THE LEGAL DIGITS ARE (=9 AND A-F,

A WORD OR WORDS ENCLOSZD IN THEZ SYMEOL PAIR <>
STANCS FOR AN ENTITY THAT CANNOT BE PRINTED
DIRECTLY, OR WHICH IS OTHERWISE REPRESENTASLE
ONLY &Y A PHRASE. (I«Eey THE SVYM3OL <CR>
REPLACES THE PHRAS:z “CARRIAGE RETURN,*™ AND
STANOS FOR THE ASCII CHARACTER WHOSE HEXADECIMAL
VALUE IS 300.)

THIS IS HOW A SQUARE ERACKET LOOKS ON THIS
PRINTER

AN ELEMENT ENCLOSED IN ORDINARY 8RACKETS (NOT
BOLOFACE) IS OPTIONAL. IF BRACKETS ARt NESTED,
ELEMENTS IN INNZR LEVELS MAY NOT B8& SPzCIFIZD
UNLESS THOSE IN THE OUTER LEVELS ARE ALSO
SPECIFIED. FOR EXAMPLE, THE SPECIFICATION
[<ITcM #1>[<ITEM #2>11, MEANS THAT THE ONLY
LEGAL CHOICES ARES (1) NEITHER ITENS (2) ITEM ¢1
ONLYS OR, (3) ITEMS #1 AND #2, ITEM #2 MAY NOT
BE SELECTED ALONE.

THt CHARACTER PRODUCED BY HOLOING THE *CONT=R0L*™
KZY OOWN WHILE TYPING AN =I" (ASCII $09).

THE CHARACTER PRODUCED 6Y HOLDING THE *CONTROL*™
KZY DOWN WHILE TYPING A *B*™ (ASCII $02).

THZ CHARACTER PRODUCED B8Y HOLDING THE *CONTROL*™
KEY DOOWN WHILZ TYPING A *Y™ (ASCII $19).

000-6405-02
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<CR> THE CARRIAGE RETURN (ASCII $0D).
<ESC> THE CHARACTER PRODUCED BY THE “ESCAPZ™ KEY ON

THE TERMINAL (ASCII 31B).
<LF> THE LINE FEED (ASCII $GA).

<RUBOUT> THE RUBOUT CHARACTER (ASCII 8$7F).
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00T Vv51.7 OPcRATIONS

STRINGING COMMANDS

COMMANDS MAY BE STRUNG TOGETHER ON A LINE, BY THEMSELVES OR INSIOE
A REPEAT LOOP, ANY COMMAND THAT MAY €& TERMINAT:=D By A PERIOD (*, =,

AND M COMMANDS) MUST BE THUS TERMINATED UNLESS IT IS THE LAST COMMANC
ON A LINZ.,

REGAINING CONTROL

REGAINING CONTROL

DDT V51.7 HAS A COMPACT COMMAND NOTATION, AND WILL INTERPRET WHAT
YOU TVYPE DISCONCERTINGLY LITERALLY. THUS, IT IS SOMZITIMES NECESSARY
TO RECOVER FROM PROELEMS THAT TYPING ERRORS OR HASTY ENTRIES HAVE

CAUSED. THEREZ ARE TWO MZTHODS FOR ASSZIRTING CONTROL, LISTED IN ORDER
OF ASCENDING POWZIR AND DZSCENDING COUTH.

BREAK KEY

HIT THE GOLD EREAK KEY TWICE AND HOPE YOU GET 3ACK TO BASIC. ALSO
HOPE THAT THZ CONTENTS OF McMORY ART STILL INTACT.,

THE LAST RESORY

TURN OFF TdE POWER. (CONDOLENCES)

000-6405-02
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OEBUGGER INPUT CONTROL

DEBUGGER INPUT CONTROL

INPUT LINE TERMINATION
<CR>

THE CARRIAGE RETURN (<CR>) IS THE UNIVERSAL TRAILING DELIMITER ANGC
LINE TERMINATOR. ANY INPUT STRINGy LEGAL OR ILLEGAL, MAY BE
TERMINATED BY A €CR> (THOUGH NOT NECESSARILY WITHOUT £RROR) .

THE <CR>» IS A LEGAL TERMINATCR FOR THE * COMMAND (INSTRUCTION
ENTRY) AND THE * COMMAND (HEXADECIMAL DIGIT ENTRY). THE <CR> WILL
CORRZCTLY TERMINATE THESS COMMANDS ONLY AT THE POINTS WITHIN THE
COMMAND SYNTAX AT WHICH A TERMINATOR IS LEGAL., AN ERROR MESSAGE

(DSPZNDENT UPON THE CCONMAND INVOLVED) WILL BE GENZRATED IF THE <CR>» IS
UScD IN OTHER PLACES.

<LF>

THE LINE FEED (<LF>) MAY NOT 85 SUBSTITUTED FOR THZI CARRIAGE RETURN
(¢<CR>») FOR THIS VERSION OF DDT.

CORRECTING TYPING ERRORS

TO CORRECT TYPING ERRORS USE THE 4051 LINE EDITOR KZYS AS D:ZSCRIBED
IN THE 4051 MANUAL.,

CAUTIONZ THE LINZ €DITOR KEYS CLOBBER THE 4051 PSZUDO REGISTER RO.
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ODT v51.7 OPZRATIONS
REPZATING DEBUGGER COMMANODS

REPEATING BEBUGGER COMMANDS

MANY TIMES IT IS DESIRAEBLE TO PERFORM AN OPERATION REPETITIVELY, AS
WHEN ONE WISHES TO INITIALIZE MEMORY TO A SPECIFIC VALUE. TWO
COMMANDS ARt PROVIDED THAT ALLOW COMMANDS OR COMMAND SEQUENCES YO BE
EXECUTEZO RECCTITIVELY,

REPEAT LOOP DEFINITION

(MISNE

THE € COMMAND SETS UP THE PARAMETERS FOR A REPEAT LOOP., THS FORMAT
MAY BE SINC OR MINE, WHERE N IS THE REPEAT COUNT AND M IS AN OPTIONAL
STARTING ADDRZISS FOR THE OPERATIONS CONTAINED IN THE REPEAT LOOP. THZ
MAXIMUM VALUZ FOR N IS SFFFF (DECIMAL 65,535)e NESTING OF REPZAT
LOOPS IS NOT PzRMITTED. REPEAT LOOPS ARE TERMINATED BY THE 1 COMMAND,
OR BY THE IND OF THE LINE. WHEN THE END OF THZ LINE IS THE TERMINATOR
FOR A REPEAT LOOP,y THE LOOP IS EXECUTED ONLY ONCt. THIS IS NOT
CONSTIOERe D AN ERROR,

REPEAT LOOP TERMINATION

THE 3 COMMAND MARKS THE END OF A REPEAT LOOP., NO PARAMZITERS ARE
ALLOWED. A € COMMAND NOT TERMINATED BY A ) COMMAND IS NOT TREATED AS
AN ERRORy BUT EXZCUTES ONLY ONCE. A 1 CCMMAND NOT PRECEDED BY A [

COMMAND IS IGNORED,
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MZMORY DISPLAY, MODIFICAVION, AND SEARCH

MEMORY DISPLAY, MODIFICATION, AND SEARCH

DISPLAYING MEMORY IN INSTRUCTION FORMAT
(MICSINIY/

MZMORY DUMP (INVOKED B8Y /7 AND IMPLIED BY », €, AND ®)y USES THE
CURRENT ADDRESS (CURACR) AS A POINTER TO THE NEXT “INSTRUCTION.™ IF
THE EYTE CAN BE DECODED TO AN INSTRUCTION MNEMONIC, THIS ROUTINE
PRINTS THE BYTZ(S) IN HEX, THE MNEMONIC AND THE OPERAND. THE LENGTH
LOCATION (LEN) IS SET TO THE NUMBER OF BYTES DUMPED.

IF M IS PRESENT, IT IS SUEBSTITUTED FOR ThE CURRENT ADDRESS BEFORE
THZ LOCATION IS DUMPED. IF THc SEMICOLON IS PRESENT (OR IF M IS
PRESENT) AUTOMATIC ADDITICN OF THE LENGTH OF THE PREVIOUS OPERATIOMN IS
SUPPRESSED. OTHZRWISE, THE LENGTH FROM THE PREVIOUS STEP IS ADDEO TC
THS CURRENT ADDRESS TO DETERMINE THZ LOCATION TO BE DISPLAYED. IF N
IS NOT PRESENT, THE ASSUMPTION IS THAT ONE LOCATION IS TO BE DUMPED.
IF N IS PRZSENT, MORE THAN ONf LOCATION MAY Bt DUMPED BY A SINGLE
COMMAND, N IS TREATED MODULO 256, AND A VALUE OF ZERO IN THE LOWER 8
BITS CAUSES 256 “INSTRUCTICNS™ TO BE DUMPED.

THE OUMP FORMAT IS SIMILAR TO AN ASSEMELY LISTING. TVHE GENZRAL
FORMAT IS
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ADDR/ XX MNE R ARGy X <E.A.>

FIZLD

ADER

XX
MNE

ARG

o X

€EoAe>

000-6405-02

MZANING

ADDRESS OF THE FIRST BYTE OF THE
“INSTRUCTION"™

INDICATES THZ DUMP WAS CAUSED 3Y A /
COMMAND

FIRST BYTE OF THE “INSTRUCTION®

THE INSTRUCTION MNZIMONIC. PRESENT ONLY IF
THE FIRST BYTE IS A LEGAL NC6B800
INSTRUCTION OP CODE.

REGISTER OESIGNATOR. PRESENT ONLY FOR
THOSE INSTRUCTIONS THAT REQUIRE IV,

ARGUMENT FIELD ENTRY. PRESENT ONLY FOR
THOSE INSTRUCTIONS THAT REQUIRE AN
ARGUMENT. THE ARGUMENT ENTRY MAY 3t
IMMEDIATE (SIGNALED 3Y A “#" PRECEEDING
THE NUMBER), OR IT MAY BE AN AODRESS. 1IN
EITHER CASE, THE NUMSER MAY BE ONE OR TWO
BYTES LONG.,

INDEXED OPERATION INDICATOR. PRZISINT ONLY
FOR INDEXEO INSTRUCTIONS.

EFFECTIVE ADORESS. PRESENT FOR INDEXZD
AND BRANCH INSTRUCTIONS ONLY.
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OISPLAYING THE REFERENCED ADDRESS
tMY>

THE *>¢ COMMAND ALLOWS ONE TO EXAMINE A LOCATION REFERENCED BY THE
PREVIOUS INSTRUCTION EXAMINEQ., ONE MAY THEN RETURN TO THE ORIGINAL
INSTRUCTION WITH THE < COMMAND. ALL THIS HOPPING AROUND IN MEMORY MAY
BE DONE WITHOUT HAVING TO REMEMBER OF RETYPE ANY OF THE ADDRESSES AS
THEY ARZ SAVID FOR YOU BY THE DEBUGGER. ISN’T FHAT NICE? IF M IS

PRESENT, IT IS SUBSTITUTED FOR THE CURRENT ADDRESS BEFORE THE LOCATION
IS DUMPED.

THE FORMAT OF THE DUMP IS SIMILAR TO THAT OF THE ¢/ COMMAND.,

FORWAPD STZPS ARE SAVZO0 IN THE DEBUGGZR’S STACK FOR LATZR DISPLAY
BY THE <« COMMAND., BE CAREFUL NOT TO OVERFLOW THE STACK.

BACKTRACKING

THE « COMMAND BACKS UP TO THE INSTRUCTION EXAMINED BZ FORE THE LASTY
> COMMAND. IF THERE ARE NC PREVIOUS REFERENCES TO BACK UP TOy THE
ERROR MESSAGEZ < WHAT? IS GUTPUT.

DISPLAYING THE PRECEEDING ADORESS
M)~

THE ® (“CARIT™ OR “UP ARROW™) COMMAND EXAMINES THE CONTENTS OF THE
PREVIOUS LOCATION. THE “ COMMAND STEPS BACKWARD ONE 8YTE ANO DISPLAYS
THE LOCATION. IF M IS PRESENT, IT IS SUBSTITUTED FOR THE CURRZNT
ADORESS BEFORE THE LOCATIOMN IS DUMPED.,
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MEMORY DUMP IN HEX AND ASCII (QUICK DOUMP)

(MILSINTIQ

THE Q COMMAND OUMPS MZMORY IN BOTH HEX AND ASCII. THE COMMAND
FORMAT IS M3NQ, WHERPZ M AND N ARZ OPTIONAL, AND THE SEMICOLON IS
NECESSARY ONLY IF N IS SPECIFIED. IF M IS PRESENT, IT IS SUBSTITUTED
FOR THE CURRENT ADDRESS BEFORE THE LOCATION IS DUMPED.

THE DUMP BZGINS AT THZ CURRENT ADDRESS AND INCREMENTS THE CURRPENT
ADDRESS AS IT 50ZS, LEAVING IT SET ONE BYTE BEYOND THE LAST LOCATION
DUMPcD. ThE NUMBER OF LINES TO OUMP IS SPECIFIED BY N (EACH LINZ
CONSISTS OF 16 BYTES)e IF N IS NOT PRESENT, IT IS ASSUMED EQUAL TO 1.
N IS TREATED MODULO 256, AND A ZERO IN THE LOW BYTE WILL CAUSE 256
LINES TO BE DUMPED.

THE FORMAT OF EACH LINE OF THE DUMP IS THE ADDRESS OF THE FIRST
BYTE ON THc LINE (4 AEX OJIGITS), FOLLOWED BY 8 GROUPS OF TWO BYTES (2
DIGITS PZR BYTEZ, &4 DIGITS FER GROUP) s FOLLOWED BY THE ASCII
TRANSLATIONS OF THE BYTESe THE MOST SIGNIFICANT 3IT IS IGNOREO AND NO
CHARACTERS ARZ CONVERTED TC A PRINTABLE CHARACTER WITH AN UNDZRSCOFE.

PRINTING A FLOATING PCINT VALUE

(MILSNY U

THE U COMMAND CONVERTS N 4C51 FLOATING POINT NUMBZRS FROM THE
INTERNAL BINARY FCRMAT TO ASCII OECIMAL FORMAT AND PRINTS THE VALUES.
M POINTS TO THZ FIRST BYTE OF AN 8 BYTE FLOATING POINT NUMBER.,

ENTERING WC6800 INSTRUCTIONS
(MILSI*<INSTRUZTION>

THE ® COMMAND ALLOWS THE ENTRY OF INSTRUCTIONS IN MNEMONIC FORM., A
<SPACE> MAY gt SUBSTITUTED FOR THE *** IN ORDER TO MAKE THE INPUT LOCK
MORE LIKE THZ CY3ER ASSEMBLER FORMAT., THERE ARE CERTAIN EXCEPTIONS TO
THE ASSEM3LER INPUT FORMAT, THE MOST IMPORTANT BZING THAT ALL NUMBERS
ARE ASSUMED TO Bz HEIXADZCIMAL. A =3 IS PERMITTZO BEFOREL NUM3ZRS, BUT
IS NOT REQUIRED. ALL LA3ELS MUST BEGIN WITH THE LETTER *Z". EACH
INSTRUCTION MAy BE TERMINATED BY A <«CR>», A SPACE (OR SPACES) WITH AN
“®* FOLLOWEZD 3Y A COMMENT, OR A PERIOD (e)e WHEN TERMINATED 3Y A
PERIODy, ADDITIONAL DEBUGGER COMMANDS (INCLUDING INSTRUCTION ENTRIES)
MAY BE PLACED ON THE SAMZ LINE,

THE SEMICOLON HAS NO cFFECT IF ENTERED WITH A VALUE FOR M. WHEN AN
INSTRUCTION IS ENTERED WITH ONLY A SEMICOLON PRECEEDING THE @,
AUTOMATIC AODITION OF THc LENGTH OF THE PREIVIOUS OPERATION IS
SUPPRESSED. THIS ALLONWS (FOR EXAMPLE) AN INSTRUCTION TO BZ DUMPED BY
THE / COMMAND, AND THEN REPLACED 3Y ANOTHER INSTRUCTION WITHOUT THE
NECESSITY OF TYyPING Thé ADDRESS AGAIN,
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ENTERING HEXADECIMAL STRINGS
IMICSITUXXTens

THE = COMMAND ALLOWS THZ ENTRY OF UP TO THREE BYTcS OF HEXADECIMAL
DATA INTO MEMORY. M AND THE SEMICOLON ARE OPTIONAL AND THE XX ARE
HEXADECIMAL OIGIT PAIRS (UP TO THREE PAIRS, AS INDICATED EY THE eae),
WHICH MAY NOT oE SEPARATED BY SPACES. THE DIGITS OF A HEXADECIMAL
DIGIT PAIR, WHICH CONSTITUTES ONEL BYTE TO BE STORED INTO MEMORY, MAY
NOT 8¢ SEPARATZID BY SPACES. A HEXADECIMAL STRING MAY BE TERHMINATEL 2Y
A <CR>, OR A PERIOD (.)e WHEN TERMINATED 3Y A PERIOD, ADDITIONAL
DEEUGGER COMMANDS (INCLUDING HEXADECIMAL STRINGS) MAY BE PLACED ON THE
SAME LINE.

IF M IS PRESENT, THE CURRENT ADDRESS IS REPLACED BY THE VALUE OF M
BEFORE ANY BYTZS ARE STORED. IF THE SEMICOLON IS PRESENT (OR IF M IS
PRESENT) THE LzNGTH FRCM THE PREVIOUS OP:ZRATION IS IGNORED, IF :
NEITHER M NOR ThZ SEMICOLON ARE PRESENT, THE LENGTH FROM THE PREVIOUS
OPSRATION IS ADDzD TO THE CURRENT ADORESS BEFORE ANY BYTES ARE STORED.

AFTERPWHIN A TERMINATOR IS ENCOUNTERED AFTER ONE OR MORE BYTES HAVE
BECN STORcDy, THE ROUTINE EXITS WITH THE CURRENT ADDRESS SEV TO THE

ADDRESS OF THE FIRST BYTZ STORED, AND THE LENGTH SET TO THE NUMEZR OF
SYTES STOR=zD.

l ENTERING ASCII STRINGS INTO MEMORY

(M)<AMPERSANI>[ <ASCII CHARACTERS>]

THE <AMPERSAND> TELLS THt DEBUGGER TO ENTER ASCII CHARACTERS INTO
MEMORY. THIS COMMAND TERMIMTES UPON A <CR>, THE <CR> IS NOT ENTERED
INTO McMORY$ TO ENTER A <CR> INTO MEMORY, DEPOSITE AN HEXADECIMAL 0D.
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00T Vv51.7 OPERATIONS
MEMORY DISPLAY, MODIFICATION, AND SEARCH

MOVING BLOCKS OF NMEMORY

SSEMD

THE M COMMAND ALLOWS cLCCKS OF DATA TO BE MOVED ABOUT IN MEMORY.
THE S PARAMETER IS THE STARTING ADDRESS OF THE BLOCK TO BE MOVzD, E IS
THE ENO OF THS BLOCK TO BE MOVED (INCLUSIVE), AND D IS THE OESTINATION
ADDRESS. ALL THREE ADDRZISSES MUSY 3& PRESENT. EACH M COMMAND MAY BE
TERMINATED 8Y A €CR», OR A PERIOD (.). WHZN TERMINATED BY A PERIOD,
AODITIONAL DcBUGGER CCMMANDS (INCLUDING ADDITIONAL M COMMANDS) MAY BE
PLACED ON THE SAME LINE.

IF ANY OF THE ADDRESSES ARE MISSING, THE START ADORESS FOLLOWS TH:
END ADDRZISSy 0 THE DESTINATION BLOCK WOULD WRAP OVER THE END OF
MEMORY, NO BYTZS ARE MOVEJD AND AN ERROR MESSAGE IS PRINTVED.

A NOTE OF CAUTION IS WCRTHWHILE AT THIS POINT. IF AN NMI INTERRPUPT
OCCURS WHILE THE M COMMAND IS EXECUTING, THE RESULTS WILL BE
DISASTROUS. THE STACK POINTER IS USED AS ONE OF THE INDICES DURING
EXSCUTION OF THIS COMMANJ, SO AN INTERRUPT WILL LIKELY AS NOT DESTROY
THE DATA THATY IS TO Bt MOVED.

SEARCHING MEMORY

(MISNL

THE L (LOOK) COMMAND SEARCHES MEMORY FRCM ONE ADDORESS TO ANOJTHER
(HIGHER) ADDRZSS FOR A SPECIFIED 8IT PATTERN (IN THE *ONES™ REGISTER)
UNDER A MASK (IN THZ *MASK*™ REGISTER) . THE LENGTH OF THE SEARCH
OBJECT MAY BZ ONE,y TWO, OR THRzE BYTES (IMPLIED 3Y THE CONTENTS OF
“MASK™), M IS OPTIONAL AND WILL DEFAULT TO THct CURRZINT ADOPESS. M
AND N ARE THE STARTING AND ENDING ADORESSES, RtSPZCTIVELY. IF A MATCH
IS FOUND, THE ADDRESS OF THE THRZIE=SYTE BLOCK THAT INCLUDES TH:Z
MATCHING LOCATIONS IS PRINTED IN THE FORMAT F XXXX (WHERE XXXX IS THE
HEXADECIMAL ADDRZISS). IF NO MATCH IS FOULND, THE OEBUGGER PROMPTS FOR
THE NEXT COMMAND. AJDITIONAL L COMMANDS WITH NO ARGUMENTS WILL SEARCH
FURTHER. ’

SEE REGISTER CHANGE OPERATIONS FOR SETTING THE TONES*™ AND *MASK™
REGISTERS.,
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REGISTZR DISPLAY AND MODIFICATION

REGISTER DISPLAY AND MODIFICATION

DISPLAYING ALL PROCESSOR REGISTERS

THE P COMMAND PRINTS THE CONTENYS OF THE USER’S REGISTERS IN THE
FOLLOWING ORDER?

REGISTEF MNEMONIC
ZONOITION CODES
ACCUMULATOR E
ACCUMULATOR A
INDEX REGISTER
PROGRAM COUNTER
STACK POINTER

NIVXD>DWO

NC PARAMETERS ARE LEGAL FOR THE "P"™ COMMAND,

SETTING REGISTERS

¥M=R
SINI=R (ALTERNATE FQOR¥)

THE = COMMAND CHANGES THE CONTENTS OF ANY ONE OF THE USER'S
REGISTZRS OR THE DEBUGGEZR REGISTERS MASK AND ONES. N IS OPTIONAL ANC
ASSUMED EQUAL TO ZERO IF NCT PRESENT, AND R IS A MNEMONIC WHICH
DESIGNATES THZ REGISTER TO EE SET. THE MNEMONICS ARER

REGISTER MNEMONIC
ACSUMULATOR A
ACSUMULATOR E
CONDITION COCES "
DEBUGGER®*S MASK REGISTER
DEBUGGER*S ONES REGISTER
PROGRAM COUNTER
STACK POINTES®
INDEX REGISTER

xXnvoxOHwW>

OISPLAYING SINGLE REGISTERS
RR

AN ™R™ FOLLOWZD BY A RCGISTER MNEMONIC wILL DISPLAY THE CONTENTS OF
THAT REGISTER.,

|
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EXECUTING SUBROUTINES

(M1 J

THE J COMMAND TRANSFERS CONTPOL FROM THE DE3UGGER TO THZ SUZROUTINZ
STARTING AT My, OR IF M IS NOT SPECIFIED, THE CONTZNTS OF REGISTER P IS
USzD. THE SUBROUTINE MAY RETURN CONTROL TO THE DUBUGGER WITH AN RTS.
BREZAKPOINTS A2Z NOT ENAS3LED,

UPON RETURN TO THE DE3UGGER, ALL THE 680C*’S RZGISTERS £ XCEPT FOR
THZ PFOGRAM COUNTER AREZ SAVED FOR EXAMINATION. (SEE DISFLAYING

REGISTERS.)

TO ALLOW THE BREAK KEY TO WORK, THE J COMMAND CLEARS THE USER
INTERRUPT MASX BZFORZ PASSING CONTROL TO THE SUBROUTINE. THUS IF THE
SUBROUTINE HANGSs A oREAK=-BREAK MIGHT GEY YOU BACK TO BASIC.,
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MAG TAPE OPERATIONS

MAG TAPE OPERATIONS

THE 4051 MA, TAPE UNIT MAY BE USEZD BY THE RcSIDENT DEBUGGER. FILES
MAY dE FOUND, READ AND WRITYEN., FILES MUST BE PRE=-MARKED 8Y BASIC.
NOTE: FILES WRITTEN 3Y THE DEBUGGER MIGHT NOT BE READ 8BY THE 4051
BASIC 0.Se UNLZSS GPZAT CAPE IS TAKEN TO FOLLOW BASIC*’S FILE
STRUCTURE y ESPZCIALLY WITH KEGARD TO THc ELOCK LENGTHe AND FILES

WRITTEN BY BASIC MAY EE READ BY THE DEBUGGER ONLY ONZ RECORD PZIR T
COMMAND,

THERE ARE FIVZ DEBUGGER MAG TAPE COMMANDS.

FIND HEADER OF TAPE FILE

WRITE DATA ON TAPE

-y

RZAD DATA FROM TAPE

BACK UP ONz REZCORD (256 BYTES)
N BACK UP TO EEGINNING OF FILE, TO ALLOW REWRITING HEAOERS.

THE SYNTAX OF EACH COMMAND IS AS FOLLOWS?

J 1. NH FIND THE NTH FILE ON THt TAPE AND READ THE HEAJER INTO THE
STANDARD BASIC TAPE BUFFERe THE N H COMMAND IS EQUIVALENT
TO THE FIND N STATEMENT IN EASIC, EXCEPT THAT N IS,
HEXIDECIMAL. BE CAREFUL.

g—

2e¢ XXXNIXXXXW XXXX REFRESENT A HEX NUMBER., THE FIRST HEX NUMBER
IS THE MEMORY ADDRESS AT WHICH TO START RZADING
OATA AND THE' SECOND HEX NUMBER IS THE MEMORY
ADDRzZSS AT WHICH TO STOP RZADING DATA. IN OTHER
WORDS, DATA IN AN AREA OF 4051 RAM JELIMIT=O BY
THE TWO HEX ADDRESSES IS WRITTEN AS ONE CONYIGUOUS
DATA BLOCK ON TO THE 4351 MAG TAPE. TYHE TAPE MUST
8E PRE MARKED BY BASIC.

IF xXXX$XXXX IS NOT SPECIFIED, THE STANDARD TAPt BUFFER FROM $11iF
TO 321z IS USED.
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Jo XXXXIXXXXT
DATA IS READ FROM MAG TAPE AND LOADED INTO %051 RAM
STARTING AT THE HEX ADORESS SPECIFIED IN THE COMMAND.,
NOTEs THt TAPE MUST B2 POSITIONED AT THE BEZGINNING OF
A VALID OATA BLOCK. THE SIZE OF THE DATA (THE
DIFFERENCE BETWEEN STARTING ADDRESS AND ENOING
ADORESS) SHOULD MATCH THAT WHICH WAS WRITTEN,

IF THE XXXX3XXXX IS NOT SPECIFIED, THE STANDARD TAPE BUFFER FROM
$11F TO $21E IS USED,

HOST LINK OPERATIONS

HOST LINK OPERATIONS
HOST LINK/DOWNLOAOER

THE K COMMAND ALLOWS THE USER TO LINK TO A HOST TIME-SHARING SYST:ZM
AND TO DOWNLOAD ASCII HEX INTO THE 051°S MEMORY. THE FORMAT OF THE
COMMAND IS K. NO PARAMZITERS ARE VALIO.

BEFORE USING THE K LINK IN THE DEBUGGER THE 4051 SNYIRONMENTAL
PARAMETER *RATZ* MUST BE ScT. “RATE™ IS THE BAUD RATE AT WHICH YOU
WISH TO COMMUNICATE WITH A HOST COMPUTERJ.FOR EXAMPLE?S

CALL “RATE™,1200,0,2

REFER TO THE 4051 OPT 1 MANUAL FOR FURTHER DETAILS. ONCE THE RATZ IS
SET, CONTROL MAY Bt PASSED TO THE DEBUGGER AND THE K LINK MAY 3E£ USED.
THE RATE PLRAMETZIR MUST BE SET AFTER A SYSTEM RESEZT OR POWER UP., TO
SNTER THE K LINK FROM THEZ DEEUGGER TYPE <K> FOLLOWED BY A CARRIAGE
RETURN. IT IS NOW POSSISLE TO COMMUNICATE WITH AND DOWNLOAD FROM THE
HOST IN THE STANDARDO FASHIONe. TO EXIT THE K LINK HIT USER KEY ¢5,
THIS GETS YOU cACK INTO THt DEEUGGER COMMAND MODE.
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COMMAND SUMMARY

REGAINING CONTROL

USER KEY #5 RETURN TO BASIC

DEBUGGER INPUT CONTROL

<CR> TERMINATE INPUT LINE
<RUBOUT> DELETE LAST CHARACTER OF GURRENT INPUT
LINE

{SZE 4J51 MANUAL FOR A DESCRIPTION OF THE LINE EJITOR KEYS)

REPEATING DEBUGGER COMMANDS
[113N( REPEAT LOOP DEFINITION

1 MARK THE END OF A REPEAT LOOP

MEMORY OISPLAYy, MODIFICATION, AND SEARCH
{(MILSINIYY OISPLAY MEMORY IN INSTRUCTION FORMAT

M)> OISPLAY REFERENCED ADORESS IN
INSTRUCTION FORMAT

< 'BACKTRACK FROM A PREVIOUS > COMMAND,
DISPLAYING THE REFERENCING INSTRUCTION
IN INSTRUCTION FORMAT

(M= OISPLAY PRECEOING ADDRESS IN INSTRUCTICN
FORMAT
(MILSINIIQ OISPLAY MEMORY IN HEXADECIMAL FORMATY
WITH ASCII TRANSLATION (QUICK DUMP)
(MIT3NIV CONVERT MEMORY FROM FLOATING POINT TO
ASCII
L — e ——
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[MIC$1°<INSTRUCTION> ENTER INSTRUCTIONS INTO MEMORY

[MILSI=IXX]e 00 ENTER HEXADECIMAL DIGITS INTO MEMORY

<AMPERSAND>[ <ASCII>] ENTER ASCII CHARACTERS INTO MEMORY

SSEND MOVE 3LCCKS OF MEMORY

[IMISNIL SEARCH MEMORY FOR THE STRING SPECIFIED
IN THE O RZGISTER, UNDtR THE MASK IN THE
M REGISTER

REGISTER DISPLAY ANO MODIFICAVION

RR DISPLAY SINGLE REGISVER
P DISPLAY USER REGISTERS
SINI=R SET REGISTER

HOST LINK OPERATIONS

K ENTER KRONOS LINK/DOWNLOADER

MAG TAPE OPERATIONS

NH FIND FILE N

EXXXXSXXXXTW WRITE DATA ONTO TaAPZ
(X%XX%XXKK]T -READ DATA FROM TAPZ

- BACK UP ONZ RECORD

N BACK UP TO BEGINNING OF FILE
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This document presents an overview of the I/0 System. It also contains a
detailed description of the commonly used I/0 System variables.

THE 4351 I/0 SYSTZM WAS DISIGNIN TO BZ LS MODULAR AS PCOSSIBLE TO
PROVIODE FOR AS MUCH DEVICEZ INDZIPENDENCE AS RESONABLZ.

THE FOLLOWING DISCRIBES THOSE I/C VARIABLES REFERED TO AS

THE NORMAL I/O SYST&M VAPIABLES IN THE FOUTINE DOCUMENTATION,
THESE VARIABLES MUST BE SET UP BEFOFEZ CALLING MANY OF THE

I70 ROUTINZIS., SOME ROUTINES DO EXIST FOR MANAGEMENT OF MANY OF
THESE VARIABLES, THESE PCUTINES INCLUDE AORDEZV, BFRALC, UNANR,

NOTE! ~HNN IS THE NOTATION USZO TO PZIPPESENT NN AS A& HEX (BASE 16)
NUMBER,

syaxsxyxxyExxrs [OFUNC
rEFRBRXRFEFENEE L STAT

PRESENT I/C OPZRATION (BASIC KEYWORD)
CHANNEZL A STATUS

’ STATUS BYTE FORMAT

DIRCT = “~HS8C $ DIRZCTION C=0UTPUT 1-INPUT

3FRSTT = ~H20 ! BUFFcR STATUS 0-EMPTY 1-FULL

BUSACT = “~H1igo ¢ ACTIVE BUS 0-NO 1-YES

FMTVLD = ~H(8 t SZT IF USING STATEMENT APPLIES

ATVLD = ~HO4 $ SZT IF <ATSIGN> OR <PERCENTSIGN>
S INFORMATION IS ON STACK

SECDEF = ~H02 S SZCONDARY GEFINED 0-NO 1-YES

PRIDEF = ~HCO1 S PRIMARY OEFINED 0-NC 1-YES

$EEE¥RERNEIENREE ALPRIM PRESENT PRIMALRY ADDRESS

Ry XEREXEXREERE D,SEC PRESINT SECONDARY ADORES

BRI RFRENREY ALSTRT FOINTEF TO FIRST VALID

CHARACTER POSITION IN THE BUFFZ2,
FOINTZR TO LAST VALID CHARACTER
FOSTITION IN THZ BUFFER,

MOVING POINT=R IMN I/0 BUFFER

IT GENERALLY POINTS TGO THI NEIXT
USZASLSZ CHARACTZ®R SLOT.

MOVING POINTES IN I/0 BUFFZIR
DURING QUTFUT IT POINTS TO THE
*MO3T RECGENTLY OUTPUT CHARACT=Z=P,
FOINTER TO LAST VALIZ CHARACTER®

POSTITION IN THE BUFFER,

LR R RN R Y EEEY R A.qﬁx

00 99 9 20 20 a0 a0

LA X X X R TN EEEEES A'DTj:

FERRBRRIRBRRREN P

(]
z
&)

FREEXBFLFFERER A OMAX

—
248 s8 40 29 06 o8 o8

s
3
‘
FXF¥ITIFFIEIRERY PPMODE <PERCENTSIGN> MODE FLAG

(SET IF <PERCINTSIGN> £NVOKED)

CR VS« CR/LF FLAG

OQUTPUT BUFFER FLAGS

IF SET NIVER OQUTPUT BUFFER

SET TO OQUTPUT IN LIST MOD:=

SET TO PUT 201 WITH LAST BYTE IN BUFFER

- ]
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The following variables are of importance during input operations.

*vsssrexsrvras CRSTAT INPUT BUFFZR STATUS BYTE

(CRSTAT=C IF NO BELIMITER IN BUFFER)
CRNORM = ~HI1 NOPMAL EOLCHR <CR> FOUND
CROC3Z = ~HC2 NOT USED
CR:zZO0I = “HG4 £0I FOUND
CRZOF = ~HE3 EOF FOUND (FILE ONLY)
CRETX = ~H19 ETX FOUND (LOGICAL ENP=-OF-FILE CHAR,)
CRZOT = ~H20 EOT FOUND (EOF ON INTERNAL TAPE)
EOFTYP = ~H33 [EOF+ETX+EQT]
CRVLD = ~“H8) CISTAT IS VALID IF SET

(RLACHED END OF BUFFER)

CHARACTE® USID AS EOL DELIMITER

NOTct THIS CHARACTER IS ALSO

USZD0 DURING OUTPUT FUNCTIONS!It?
CHARACTER USED AS EOF DELIMITER
CHARACTER USZD AS NULL CHARACTER
NOTZt IF 128. OR GREATER NO CHARACTER
WILL BE USED AS A4 NULL CHARACTER.

FXFFREBANXNNER FOL CHR

FEXXNLXXBBNREE FTXCHR
FRNREXERFERNFRE NULCHR

40 20 20 20 20 40 20 00 40 40 48 40 20 s6 se .0 a0 so

4051 SYMBOL DEFINITIONS

4051 SYSTEM GLCBAL 3YM20LS. THE

CONTAINED WITHIN IS A LIST OF THE
EACH SYMBOL ENTRY CONTAINS

SYMBOLS ARt LISTzZD IN ALPHABETICAL OKDEK.
INFORMATION IN THE FOLLOWING FOPMAT:

SYMBOL (XXXX)T COMMENT ABOUT THE SYMBOL.

SYMBOL SPECIFIES THE GLOBAL SYMBOL NAMZ,
(XXXX) SPECIFIES THE VALUE ASSOCIATZIND WITH THE GLOBAL SYMBOL.
T SPECIFIES THE TYPE OF THE SYMBOL ENCOCED AS BELOW!
E -- SYMBOL REFERS TO AN EINTRY POINT FOF AN INDIVIDUAL
ROUTINE, THE ADDRESS OF THE& ENTRY POINT IS INDICATED
BY THE (XXXX) ENTRY,
C -- SYMBOL IS A CONSTANT WITH THZ VALUE XXXX.
V -- SYMBOL IS A GLOBAL VARIABLEZI WITH THE ADDRESS XXXXo
NOTEt IF XXXX IS LESS THAN 100 (HEX) THEN THEZ
VARIABLE IS ON PAGZ 7EZERO ANDC MAY BE ADDRESS USING THZ
DIRCZCT MCOE.
M == SYMBOL IS A MAJOR MODULZ NAME (THZ NAMZ ASSOCIAT=ZD
WITH SACH 8LOCK OF LISTINGS), THE VALUZ XXXX
ASSOCIATED WITH THIS SYMBOL IS MEANINGLESS (AT LEAST

PSTUND RANDOM) .

— -
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A Symbols
ADX (RAL3)E

ASX (AA3E)E
Ab X (AAZDME
A7 X (AA3C)E
ARX (AA3B)E
A9X (AA3A)E
A10X (AA39E
A11X (AA3R)E
A12X (AA37)E
A13X (AA3E)E
A14X (AA3S)E
A15X (AA3L)E
A16X (AA33)E
ABS (EEDJR)C
lABSCOD(UGB:)C
ACCEL (0S5A4)V
ACIA (87C5)C

ACS (COAR)C

ACSCOD(CO48)C
ADBANK (G532 M
ADMAINC(EB7A)M

ADRDEV (AZ22) %

AFPITT (BOSDIE

IALLCOD(GUAE)C
ALLTSG (0014)C

ANCRNT (0D6ENV

| -

ANX = ROUTINZS TO ADO N TO THZ X R£GISTER,

ROUTINZ TO GET ABSCLUTE FLCGATING POINT VALUE,
CORZ FOF ARS TOKEN,

KEY30LFD DPIVIR ACCEL

m

FLTION RATE,
THE ADDRZISS OF THZ ACIA IN THZT COMM BACK PACK.

BANK SWITCH CONTROL CONSTANT.

TCOKIN COBE FOR ARC COS FUNCTION,
THZ PART OF THE MATH PACK THAT IS IN THE OVERFLOW BANK.
THE PART OF fHE ADVANCED MATH PACK IN THE MAIN BANK.

ROUTINE 70 ST UP I/0 SYSTEM STATUS
INCLUDES A.PRIM, A.SE SET UP.

ROUTINE TO CONVERT ASCII TO FPN, INTERNAL BUFFERS.
CO0t FOR ALL TOKEN,
ALL TAG = STACK TAG FOR DELETE ALL CONSTRUCT.

AUTO NUMBER ZURRENT = THE CURRENT VALUE FOR AUTO NUMBER
TC OUTPUT., 3
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AND (EE25)E
ANDCOD(000A)C

ANHOLD(0452)V
ANINCR (G O068)V
ANYINT (C508)V

APPCO0(0059)C
APPEND (92D4)E
APPOLD(DOEC)HE
AS (AFB2)E
AS2C0D (8051)C

A.END (0D095)V

A, MAX (8093)V
A, PRIM(CO32)V

A.PTR (CG38)V

A,SEC (CG37)V
A.STAT (GGBF)V
A.STRT(0O31V
ASC (0058)C
ASCCOD(C01£)C

ASCFPN{B55F)E

ASCOD (003%5)C
ASG (CO0032E

ASGCOD(G08C)C

SUBROUTINS TN DO LOGICAL AND OF OPZRANDS ON STACK.
CODE FOR AND TOKEN.

AUTO NUMBZR HOLD - IF NOT ZERO 0O NOT AUTO NUMBZR ON THE
NEXT LINE.

AUTO NUMBEIR INCRZIMZNT - THE CURRENT INCREMINT FOR
2

AUTO NUM;

INTERRUPTS PENDING COUNT FOR ROM PACK RECALL WHEN SYSTEM
IS SAFE,.

C0DE FOR APP TOKEN.

THE APPEND STATEZMENT ROUTINE.

ROUTINE TO PERFORM I/0 PORTION OF APPEND.

ROUTINE TO PROCESS AS. STACKS A TAG FOR USE LATER,
CODE FOR AS2 TOKEN,

MOVIMG POINTER IN I/O BUFFER. DURING OUTPUT
IT POINTS TO THE MOST RECENTLY OUTPUT CHARATERS.

POINTZR TO LAST VALID CHARACTER POSITICN IN THE BUFFER,
PFESENT PRIMEPY ADDREST.,

MOVING POINTER IN I/0 EUFFERR. IT GENERALLY POINTS
TO THZ NZIXT USA3LZ CHARACTER SLOT.

PRZISENT SEZCONDARY ADDRESS,

I/70 SYSTZM STATUS FLAG BYTE.

PCINTZR TO FIRST VALID CHARACTER POSITION IN THE BUFFER,
BANK SWITCH CONTROL CONSTANT.,

COLE FOFR ASC TOKEN,

m

CONVERTS STRING OF ASCII CHARACTZIRS INTC A FLOATING POINT
NUMBZR,

COCZ FCF AS TOKEN,

ASSIGN - THE ROUTINE TO IMPLEMENT NORMAL ASSIGNMENT.

|

CODZ FOF ASG TOKEN.
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“SN (00A%)C BANK SWITCH CONTROL CONSTANT.

ASNCOD (0047)C CODE FOR ARC SIN TOKEN.

ASSCODt0074)C CODE FOF ASS TOKEN,

ASSCSC(CO03C)E ASSIGN A SCALER TO A SCALER - SYSTEM UTILITY.
ASSIGN(1032)C ASSIGN COMMAND I/0 SYSTEM CONTREOL CONSTANT.

ATLOAD (8300)E AUTO LOAD FUNCTION = CALLED FROM IDLE LOOP IF AUTO LOAD

IS ReQUIRZIN.,

ATN (0080)C BANK SWITCH CONTROL CONSTANT.

ATNCOD(3049)C TOKEN CODE FOR ARC TAN,

ATNOFF (F588)E ROUTINE TO TURN OF ATN GPIE LINE.

ATNON (FS7F)E ROUTINE TO TURN ON ATN GPIB LINZ.

ATPROC(AFO94) e ROUTINE TO PROCESS A<ATSIGN> OR <2ERCENTSIGM>

INFORMATION ON THE STACK.
SETS P A,PRIM AND A.SEC.

ATSNTG(0012)C STACK TAG 70O MARK A<ATSISN> 3R <PIRCENTSIGN>
INFORMATION,

AUTONO (82731 E AUT3 NUMBCR -

CALLED FROM THT IDLE LOOP TO OUTPUT LINT
NUM3IRS IF RSAUIRED.

AXICOD(005C)C COGT FOF AXI TOX:z=N.
AXIS (00936)C 3ANK SWITGH CONTROL CONSTANT,
R
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B _Symbols

BACKUP (D11D)E

BAKARS({FEB1)E
BAKSTG(C013)C

BANK (0O07C)V
BANKSW(87C0)C
BELCAL (C727)¢&

BFRALC(AEC7?7)E

BINCTL (CC5€)M

BLINK (D0O0AE)V

BNKADR(8800)C

BNKEND (881€)C
BNKMARP(88IC)IM

30F t203A)C
BPIAMT (034 V
BRKCNT (243D V
BRKCOD (0Q3C)C
BSTMT (COACIM
BYTCAL (ESCWL)V

BYTCNT (0012 V

L

ROUTINE TO BACK UP ONE STACK ENTRY, Ry IS FAKE SP,.

MAGTAPE DRIVZR ROUTINE TO BACKUP ONE
PHYSICAL RECORD.,

STACK TAG FOR I/0 SYSTEM BACKWARD POINTERS INTO
THE I/70 LIST ON THE STACK.

THE SAVED VALUE THAT THE BANK SWITCH IS CURRENTLY SET TO0.
THE ADDRESS OF THZ BANK SHWITCH REGISTER.
ROUTINC TO BEEP THZ BELL.

POUTINE TO ALLOCATE I/O BUFFZPS BAStD
UPON A.PRIM,

BINARY I/0 CONTROL MODULC.

CURSOR BLINK CONTROL. SET 7O DO WRITE-THRWU
CHARACTERS.,

BANK ACDREISS - THZ ADDRESS OF THE BANK SWITCHED AREA.

BANX END - THSZ ADDRZISS OF THE END OF THE HIZADER FIELD
IN 4 RANK,'

BANK MAP = THZI MODULE WITH THE HIADER FOR THZI OVERFLOW
20M,

MAGTA2E ORIVIR BIGGINING OF FILZ FLAG,

BUFFZR FOR PIAMT3.

BRACKST COUNT FOR DIMENSION/SUBSCRIFT (DIMSU3) ROUTINE.
COLEZ FOR BRK TOKEN,

BASIC STATZMENT PROCZSSORS.

PERFORMS THE FOLLOWING CALCULATION ((AB#(INTL*INT2))%8)+5.

BYTE ALLOCATION COUNT,.
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C Symbols

CALCOD(C@5AIC
CALL (E286)E
CALLBS(E286)M
CALLTG(G017)C
CAsSCcOD(gp3CiC
CASE (C248)E
CAT (oose)c
CATCOD(0Q17)C
CCODES(0038)V

CDOPTR(C43B)V

COSPTRIC4L33)V
CHAR (0C3D)YV
CHR (005<)C
CHRCONT (EC8B)V

CHRCOD(O0C1CIC

CoCLz FOR CAL TOKEN.

RCUTINE TO IMPLEMENT THE CALL STATEMZINT.
MODULE CONTAINING CALL STATEMENT PROCESSOR.
CALL TAG - STACK TAG FOR CALL ENTRY.

CODzZ FOR CAS TOKEN.

1

ROUTINZ TO IMPLEMENT THE SET CASE STATEMENT.
BANK SWITCH CONTROL CONSTANT.
COD= FOR CAT TOKEN.,

BUFFER FOR CONCITION CODES IN MAGTAPZ DRIVER.

CURRENT DATA OBJECT POINTEF - THE ADORESS OF THE CURRENT
DATA ITEM IN A DATA STATEMENT. '

CURRENT DATA STATEMENT POINTER - THE ADDRESS OF THE
CURRENT OATA STATEMENT. IF ZSRO FIND THE FIRST DATA
STATEMENT IN THE PROGRAM,

GLO3AL CONTAINING FIRST CHARACTER OF ASCII STRING.
BANK SWITCH CONTRIL CONSTANT.

ACTUAL CHARACTEZR® COUNT DURING STRING INPUT OR RZAD,.

[
CHRVCT (04L72)V

e

CODZ FOR CHR TOKEZIN.
VECTOR YO OPTIONAL CHARACTER PAINTEK ROUTINE.]

CHSCAN{C888)E

CIDLE (C65C)t

cLOCOD(007E)C
CLOSE (F7AR)E

CLPTR (004D)V

CLRARGICE7H4)E

CLRBNK (A9D4)E
i

ROUTINE 7O PAINT CHARACTZRS ON THE DISFPLAY.
THIS IS THE ACTUAL PAINTER NOT THE ENTIRI CONTROLLER,

ROUTINE THAT DISPLAYS THZ CURSOR WHILE WAITING FOR
KEYBOAFD I/C TO COMZ TO A LOGICAL END.

CODE FOFR CLO TOKZIN.
ROUTINE TO HANDLZ THE CLOSc COMMEAND,

CURXKENT LINE POINTES - THYE ADDRZISS OF THE STATZMENT
BEING EXZCUTZR.

CLEAR ARGUMENT = SPECIAL ENTRY POINT INTO TYPARG,

CLEAR PANK = RQ0UTINZ TO SET THE BANK SWITCH TO ZERO.

000-6405-02
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(1A0C)C COMMEND COMMAND I/0 SYSTEM CONT20L CONSTANT.
cMDCOD(06083)C CODE FOR CMD TOKEN.
CMDTBL (EB1A)E COMMAND TARLE - A SECTION OF THE EVALUATOR TABLES.
CHMPFPN(B7CC)E ROUTINE TO COMPART TWO FLOATING POINT NUMBERS?® ONLY ONE IS
ON STACK.,

CNFRCS(FCS7)E MAGTAPE 9ORIVT ROUTINE TO CLEAXR NFR COUNTER.

CNT (0o31)Vv
CNTL (0591)V
coL (cs3e)y

COLCNT (C8S8EIV
coLCcod(od80IC
COLCT (CgaC)v
COMCNT ({BIV
comMcop(co3C)C
COMFLG{LGFZ)V
COMP  (CCTZR)YV

COMPR (FIAAIE

CONCOT (302600
CONV1 (35CCHV
gcoPCOD(00723)C
COPTYP(CA2L)C
COPY (F7C8)E
coscob(oo4)C

COSTHA(Q4=Z2)V

CPSIEC(C49D)E

CPSSZT(C479)E

L

PRINT Q37,61 SOLCHR, ETXCHR, NULCHR

FLAG WHICH CONTROLS FLOATING PCINT INPUT CONVERSION.

KEYSCARG DRIVZR CONTROL KEY FLAG.
KEYBNARD COLUMN FLAG,
I/C SYSTEM MATEIX COLUMN CCUNT.

COLZ FGR COL TOKEN.,

TZIMP, COUNTER FOR DISPLAY THARACTER PRINTER (COLUMN).

ni

CMMA REMAINDZIR COUNT.

(¢

CODZ FOR COM TOKEN,
CCMMA FCRMAT FLAG,

cMPRESS

irg
-n
~
=3
)
n
(&)

u

LIN

(@)

THE “=HCY COYPRESS COLLZCTICN) ROUTINEZ.

£co CON TOKEM,.

Q]

Far

POINTER TO CONVERSION FACTOXR FC?2 CUKRENT TRIG MODE.

CODS FOP COP TOKEN,

COPY COMMAND I/7 SYSTEM OCNTIOL CONSTANT.

ROUTINE TO HANDLZI THEZ COPY CHOMMAND,

CODZ FCF CCS 7TOKLN,

CF ROTATED ANGLE FOF RELATIVE GRAPHICS,.

FPN,

CCSINE
IT*S AN

CR/LF, PFIQ37,2€81 <OR 0>

ROUTINE 70O S=T7 Lk VS,

POUTINE TO S5T OPTIONAL DELIMITZIRS FOR <PERCENTSIGN>

MODZ I/O.

000-6405-02
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CPYFLG(OLC8)C
CRASH (041A)V
CRCOD (009x)C
CREATE(CS3C)C
CRECOD(005F)C
CRLF (C278)L
CRLFLF(C276)E
CROCOD(0084)C
CROS (BF3A)E
CROSS (0048)C
CRSTAT(006A)YV
CRTDRV(C6E34)IM

CRTRST(CBBFA)E
CTKN (0053)V

CTLCHR(F22

m

JE

CURSEZR(CC=ZE)V

CURSOR(CCB2)V

DISPLAY COPY SUSPENDED FLAG IN CTRYSTT,
HOLDING AREA FOR SYSTEM ERROR DATA,
COB: FOR CR TOKEN.,

CRPEATEZ COMMAND I/0 SYSTEM CONTROL CONSTANT.

CODE FOR CREt TOKEN.

ROUTINE TO SEND A CR TO THE OUTPUT BUFFER,
RCUTINE TO SEND TWO CR’S TO THE OQUTPUT BUFFER.
CODE FOR CRO TOKEN.

DISPLAY GRAPHIC POINTER ROUTINE.

BANK SWITCH CONTROL GCONSTANT.

INPUT BUFFER STATUS FLAG BYTZ.

DISPLAY DRIVER MODULZ.

ROUTINE TO RISTORE THE DISPLAY AFTER £ MAGTAPE
OPERATION.

CUFRINT TOKEN = A HOLDING ARZA FCOR THE TOKEN BEING
IXICUTZD,.

ROUTINE TO SINN AN ASTII CHARACTER TO THE
IT ALSO HANDLZS THE PAGE FULL CONDITIONS.

DISPLAY.

RELATIVE CURSOR POINTEK.

ASCII COLE FOR THZI CURSOR CHARACTER,

000-6405-02
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D Symbols

DS X (AA4C)E
26 X (AA4B)E
07X (AALA)E
pax (AALG)E
Do9X (AALB)E
D10X (RAL7)YE
D11X (AA4B)E
D12X (AA4LS)E
013X (AAGYL)E

DATACN (BESHIE

DATCOD(g0AS)C
DATIN (CDSE)c
78 (GSEQV
boP (05F3)V
DEF (93396)E
DEFCOD(00A7)C
DEFPNT(D183)E
DEG (C228)E
DEGCOD(0093613C

DEGCONC(ESBA)C

DELCOD(CO58)1C
DELET (E6AB)E
DELETE(EGIE)E
DELY1S(FEBC)E

DELY3S(FEB2)E

DNX = SUBTRACT N FROM X REGISTER.,

ae e

DATA CONSTANT - ROUTINL TO STACK CONSTANT DURING LINE
EXECUTION.,

CODE FOF DAT TOKEN.

ROUTINE TO RESAD FROM A DATA STATEMENT.
DATA BASE POINTZR (PRINT USING).

DIGITS DECIMAL POINT.

SUBROUTINE TO IMPLEMENT DEF FNX(A)

CODZ FOR DEF TOKZN.

DEFAULT PRINT,

ROUTINE TO IMPLEMENT SET DEGREE STATEMENT.,
CODE FOR DEG TOKEN.

DEGREE CONSTANT - CONVERSION FACTOR FOR TRIG RANGE
REQUCTION. =8/360. DEGCON+8 CONTAINS 36078,

CODE FOR DEL TOKEN.

ROUTINE THAT DELETES PROGRAM LINES,

ROUTINE THAT PERFORMS THE DELEYZ STATEMENT.
ROUTINE TO WAIT SOME TIME IN 4OUSEC. INCREMENTS.

ANOTHER WAIT ROUTINE.

000-6405-02
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DET (0011)C
DETADD(O5CE)V
DETCO0(I0A2)C

DEXP (00D4)V

DIGCNT(CS5FB)V
DIGFLG(GS5A7)V
DIM (E34R)E
DIMCNT (0G1A)V
DIMCOD(00AB)C
DIMLP (002C)V
DIMSTR(ELDL)IE
DIMSUBI(E34AIM
DIR (Go0cC)C
DIRCOD(BG7D)C

DISBLE (A9CC)E

DISCNT (0031)V
lDISKCL(AB3B)E
DIVCOD(0O00F)C
oL (00EB)IV
OLTALL(C1AB)E
DLTXS (049A)V
DLTYS (O04ARIV
DN1  (G5FL)V
DN2  (C5F5)V

DOFP

RANK SWITCH CCNTROL CONSTANT,
HOLDING ARFA FOR VALUE OF DETIRMINATE.
COCZ FOF DET TOKEN,

TWO AYTE BUFFZR FOR EXPONENT DUXING FLOATING POINT INPUT
CONVERSION,

NUMZER OF OCUTPUT DIGITS.
FLAG FOR FP INPUT: *“NO DIGITS SEEN YET.™
DIMINSION TOKIN HANDLEFR ROUTINE.
DIMINSIONSUBSCRIPT COUNTER,
cop:t FOR DIM TOKEN.
DIMINSION LODP COUNTCONTROL
DIMSNSION (ALLOCATZI MEMORY) FOR A STRING VARIASLE.
DIMENSIONSURSZRIPT MODULE.

DIRECTORY COMMAND I/0 SYSTEM CONTROL CONSTANT.
C0D0F FOR 0OIR TOKEN.

JISA3LE INTERRUPTS - ROUTINE TO SIT SYSTEM NOT SAFE
STATUS.,

CURSOR GINZRATOR CCOUNT RIGISTER,

DISK GALL - ROUTINE TO CALL DISK INTERFACE ROM PACK..
CODZ FOR DIV TOKEN. h
DATA LENGTH. ™

DELZTE ALL - ROUTINE TO DO A DELETE ALL.

OLTXS 1= XMAX VIEWPORT = XMIN VIEWPORT

DLTYS 1= YMAX VIEWPORT = YMIN VIEWPORT
NUMBER OF LEFT DIGITS.

NUMAER OF RIGHT DIGITS.

ROUTINE TO INTERPRET FLOATING POINT CODES.

000-6405-02
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DOLFLG(OOF4)V
DOTON (QODAF)V
DP (ooD8)V
DPCCNT(LB0A)V
DRACOD(C0123)C
DRAW (0028)C
DRBUSY (C6834) =

DREXTA(OOS5B8)E

OREXTB(00O5B)E
DSDRAW(F3AE)E
OSFLG (G022)V

DSFONT (F42B)E

DSFULL(F43L)E

DSGRAF(F3R1)E
DSHOME(CHCB)E
DSMOVE (F3AZ)E
DSPAGE(CEBE)E

DSPCHR(F2AG)E

DSPCP2(F354)E

DSPCPY(F348B)E

DSPGIN(FL1FIE

DSPLY (F&44L7)E

000-6405-02

DOLLAR FLAG,

DOT CONTROL ?EZGISTER FOUR CKRTDRV.
DATA POINTER.

DECIMAL POINT CONTROL.

CODE FOR DRA TOKEN.,

BANK SWITCH CONTROL CONSTAMT.

ROUTINE TO WAIT FOR JISPLAY TO BE REACY.

DIRECT EXIT A = A JMP INSTRUCTION THAT IS IN RAM FOR:'§

DIRTY EXITS FROM ROUTINES THAT MUST PUSH OR PULL
PARAMETERS ON THE STACK.

DIRECT EXIT B = SEf DREXTA.

ROUTINE TO SEND GDU FPN'S TO DISPLAY VZCTORKS (DRAW) .,

DIMINSIONSURSCRIPT FLAG.

ROUTINE TO SELECT DISPLAY CHARACTER FCNT.
PRINT 332,18:FONT

ROUTINE TO SET UP PAGEZ FULL FUNCTION.
PRINT @32,26% FULL FUNCTION <0,142,3>

ROUTINZ TO SEND GOU FPN'!S TO DISFLAY VECTORS.
ROUTIHNE TO HOME THE DISPLAY CURSOR.

ROUTINE TO SEND GOU FPN’S TO DISPLAY VECTORS
ROUTINE TO PAGE THE DISPLAY.

ROUTINEZ TO SZIND ASCII CHARACTERS TO THE DISPLAY.
NOT=t CONTROL CHARACTEFRS EXCEPT <CR> WILL

BE CONVERTED TO "LIST FORMAT™ 3EFORE CISFLAYING.,
ROUTINZ TO INITIATE A CISPLAY COPY.

ROUTINE TO INITIATE A DISPLAY COPY, BUT SET COPY
SUSPENDED FLAG IN CRTSTT IF DISPLAY DISABLED.

ROUTINE TO PZRFORM DISPLAY INPUT FUNCTIONS.
INPUT AND GIN,

ROUTINE TO HANDLE THE PAGE ANND HOME COMMANDS,

IDD PROGRAM EXCHANGE
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DSPOUT(F2EA)E

DSPSTT(L071)V

DSPVCT (0&460)V

oT (0OED)V

000-6405-02

ROUTINE TO SIND THE QUTPUT BUFFER TO THE
DISPLAY IN AN APPROPRIATEZ MANNER AS
DICTATED BY A,S:C,

DISPLAY STATUS FLAG BYTE.

VECTOR TO OPTIONAL OISPLAY CHARACTER HANODLER.
USED BY ROM PACKS AND THE OPT. 1 COMMUNICATIONS.

OATA TYPE (41=NUMERIC).
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E1 (CSE3NV
£2 (052Z4)V
E3 (0525)V
EARLYW(COB7)V

cOTBFR(0221)V

EDTCLR(81FB)E
EDTCLS(822F)E
EDTEND(GOB0)V

EDTFLG(O4L78)V
EDTMAX (ODBL)V

EDTFTIR(CCKR2)V

EFLAG (05A49)V

ENABLE (AG34)E
END (AAB6E)E
ENDCOD(D060)C

ENDKEY (0040)C

ENDTBL (041A)C

EOF (COAC)E

EOFCOD(009ENC
EOFTBL(03CYV
EOICOD(00AC)C

EOIOFF(FS76)E

EXFONENT LSO,
EXPONENT DIGIT.

ZXFONENT MSD.,

MAGTAPE DRIVE STATUS FLAG.

PSR R T
EDIT BUFFER - A 74 BYTE BUFFER FOR THE LINE EDITOR WORK
AREA,

£0IT CLFAR = ROUTINZ TO CLEAR THF LINE BUFFER. SETS
BUFFER TO SPACES.,
EDIT CLOSE - ROUTINE TO CLOSZ THE EDIT BUFFER. LINE

IS NOT LOST.,

EPIT END - A VARIABLE WITH THE END OF EDIT BUFFER ADDRES
(EDTEFR+71) .,

USED RY OPTION 1.

EDIT MAX - WORKING VARIA3LE FOR LINE tDITOR.

E€DIT PCINTER - THZ LOCATION OF THZ CURKSOR IN THE EJIT
BUFFZIR,

FLAG SET OF FLOATING POINT INPUT CONVERSION.

"SEEN AN E?*

ENABLZ INTERRUPTS = SET THE SYSTEM INTO THE SAFE STATUS,
ROUTINE TO IMPLEMENT THE END STATEMENT.

CODE FOF END TOKEN.

KBFLAG STATUS 8IT =-- RETURN KEY STRUCK, EDIT BUFFER
READY FOR PROCESSING.

END OF TABLE - END OF TABLES TO BE CLEARED BY INIT.

ROUTINE TO IMPLEMENT ON EOF(UNIT ) THEN STMT AND

OFF ZOF(UNIT ) STATZMENTS.
CODEZ FOR EOF TOKEN.
EOF TABLE - TABLE TO STORE ACTIVE ON EOF LINE ADDRESSES.

CODE FOR EOI TOKEN.

ROUTINE 7O TURN OF EOI GPIB BIT,

000-6405-02
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ZOION (F56D)E ROUTINZ TO TURN ON EOI GPIR BIT,
E0IRDY(F5ABIE ROUTINZ TO CLZIAR EOI INTERRUPT,
=0L (c120)e ENC OF LINE - ROUTINE TO IMPLEMENT LINE TERMINATION

EOLCHR(CO078)V
EOLTG (0018)C

EOSTG (0019)C

EQ (EQZENE
EQu (0030)V
gQucod (ooi1c

ERAPP1(LDIENC

ERAPP2(0QJF)IC

ZRARC (02318)C
ERASGN(0015)C
ERATSHN(0042)C
ERRCMU(COWLF)C

ERBDPU(CCSC)C

ERBMDU(O04D)C
ERBRPNU(LCOLC)C
ERBRK (0028)C
ERCARC(001A)C
ERCHAR(0OSE)C
ERCLAI(O0OC)C

ERCNSF (002C)C

ERCTRA(G435)V

FUNCTION,.
I/G SYSTZIM END OF LINE CHARACTER. NORMALLY <CR>.
END OF LINE TAG - STACK TAG FOR NEW LINE MARK,.

END OF STACK - STACK TAG FOR MARKING THE ABSOLUTE END
OF STACK.

ENTRY FOR FUZZY £Q COMPARE.,
FLAG SET DURING FP INPUT CONVERSION,
CODRZ FOP EQU TOKcN,

AFPPEIND ERROR 1 - BAD ARGUMENTS ON STACK,

APPIND ERSOR 2 - ATTEMPTING TO APPEND INTO A NONEYISTANT
LINZ NUM3ZF.

SRROR CCNE FOR INVERSE TRIG FUNCTIONS.

ASSIGNMENT ARGUMENT INVALIOD.

INVALID 2<ATSIGN> OR <PERCGENTSIGN> SFcCIFICATIONS.,
3AD COMMA USASGE,

BAD DECIMAL POINT USAGE.,

BAD MODIFIER USAGE.

BAD PARENTHESIS USAGZ.

ABORT ERROR CODt.

NOT USED (WE HOPZ).

3AD CHARACTER ERROR, FROM LEX.

ROM=-PACK CALL ARGUMENT ERROR.

CALL NAMz NOT FOUND. )

CONTAINS TOKEN NUMBER AT WHICH ERROR OCCURED ON
ENTRY TO UNLEX,

000-6405-02
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ERCTRB(0436)V

ERDAGN(0056)C
ERBATM(0051)C
ERDEOR(D053)C
ERDET (GO01F)C
ERDIM (0039)C
ERDOMN(0D018)C
EREOFN(C014)C
ZREOM (0036e)C
EREXEC(0044)C

EREXP (000w¢)C
ERFBFR(0031)C

ERFILE(CC3c)C
ERFIXN(CCSR)C
TRFLDOCG057)C
ERFNFC(0034)C
ERFORA(CD13)C
ERFFOV(00D2)C
ERFPOV(0C31)C
ERFUZZ (001G)C
ERFXOV(5055)C
ERIFC (£04S)C
ERINFS(006tB)C

ERINTR(C058)C

L

CONTAINS SHARACTER NUMBER AT WHICH FRROR OCCURED ON EXIT
FROM UNLEX.,

USING ERROR =~=- DATA GONE AFTZR PAGE FULL.

DATA TYPZ MISHMATCH.

EXFONENT OUT OF RANGZ FOR ’D’ OPIRATCR,

MATRIX INVERSION HAD A [ DZITZRMINATE,

DIMENSION ZRRIR,

DO~AIN ERROR,

E0F CF UNIT N

SRROR =- END OF MZDIUM ON MAGTAPE.

AN ERROR WAS SEZN BY THE EXECUTE ROUTINE, EXEC.

ERFEOR CODE FOR EXPONENTIAL - ARGUMENT TOO BIG, RESULT
OVERFLOWED.

INTZPNAL ERROR == FULL OUTFUT BUFFZR WITH
NCCUT SET.

FILE SYSTEM 303 MISSAGI, INVALID I/C OP,
EIX14 ATTEMPTZO GOF NEGATIVE HUMBER.

FIZLD OQVZIRFLOW.

MLGTAPE ERFOR == FILZ NOT FOUND.

FOX ARGUMINT ERROR,

ATTEMPT 7O DIVID- A FLCATING PCINT NUMRER BY ZERO.
FLOATING POINT RZSULT COVERFLOWED,

ERROR IN SPECIFYING FUZZ PARAMETERS.

FIX1A ATTZMPTZIDS RISULT OVERFLOWED,
ILLEGAL FORMAT CHARAZTCLR.

OUT OF FORMAT STRING.

INVALID DATA TyPE TRANSFERED TO AN INTZRNAL DEVICE.
PRINT 232,20¢ *50,65"

000-6405-02
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ERINU (204A)C
ERIOCE (0G45)C
ZRISGN(0054)C
ERISTS(0055)C
ERLNNF(0033)C
ERLNNO(OOD7)C
ERLOG (0017)C
ERLOLD(GO032)C
ERLRSU(GO4ENC
ERMARK (0012)C
ERMFMT (0G3A)C
ERMILA(DO37)C
tRMOPN(GO30)C
ERMTRD (0C3S)C
ERMUL (001E)C
ERNCN (0021)C
ERNCRT (0039)C
ERNDT (0022)C
ERNFST (0047)C
ERNIMX (0023)C

ERNIOD(0043)C

ILLEGAL NUMBZR USAG:Z.

GFI3 BUS ERROR, NOBODY LISTENING (NRFL AND NDAC HIGH).
IMAGE STRING GONE AFTER PAGE FULL

IMAGE STRING TOO SHORT AFTER PAGE FULL .
REFERENCED LINE NOT FOUND.

LINE NUMBER OUT OF RANGE.

ERROP CODE FOR LOG - ARGUMENT ZZRO OR NEGATIVE.
LINE TO LONG TO INPUT UNDER OLD OR APP,

BAD LRS USAGE.

NOT USED (WE HOPE).

MAGTAPE FORMAT ERROR DETECTED DURING FIND.
ILLEGAL MAGTAPE ACCESS.,

MAGTAPE FILE OPEN WHEN MARK CALLED.

MAGTAPE READ ERROR.

MATRIX MULT. ARGUMENTS INVALID.

NOT USED (WE HOPE).

NO MAGTAPE CARTRIDGE.

DATA STATEMENT REFERENCE ERROR,

NO FORMAT STRING.

INVALID STATEMENT IN IMMEZDIATE MODE.

NO I/70 DEVICE HANDLER FOR SPZICIFIED A.PRIM.
FNN NOT DEFINEZD.

NOTHING FOUND TO OLD OR APPEND.

ERNOFN(003B)C

ERNOLD(0038B)C

ERNON1(0029)C SIZE ON UNIT.

ERNON2(002A)C FULL ON UNIT.

ERNON3(0028)C SRQ ON UNIT.,
000-6405-02 B
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ERNON& (002C)C
ZRNONS (0020)C
ERNON6 (002E)C
ZRNON7 (002F)C
ERNONS (0030)C

ERNSEP (0041)C
ERNXFN(002E)C

ERNXTA(BO13)C

EROFA (0013)C
EROVRD(003C)C
ERQUOT (0046)C

ERRCO (GD45)V

ERRCOB(O04C)HV

ERREAD(0O3F)C
ERREN (0011)C
ERREP (g01C)C
ERROM1(0059)C
ERROM2(005A)C
ERSEC (0026)C
ERSFE (0019)C
ERSHAP(0008)C
ERSQR (0006)C
ERSTGL (004G)C
ERSTOP(005B)C

ERSUBC(Q00A)C

000-6405-02

ECI ON UNIT.
EXTZRNAL INTERRUPT 1.
EXTERNAL INTERRUPT 2.

EXTERNAL INTERRUPT 3.
EOF N ON UNIT.

NOT USED.
EXTERNAL FUNCTION ROM RcQUIREN,.

NEXT STATEMENT INVALID.

GOTO N OF <ee¢ OR GOSUB N OF ae»

ILLEGAL MAGTAPE XECORD LENGTH ENCOUNTERED.
INCOMPLETE LITZRAL,

ERROF CODE - HOLDING AFEA FOR ZRROR COCE. IF
ERROPS HAVE OCCURED IN THIS LINZ,.

ERROR CODZ B - 3ACK UP HILDING ARzA FOR ERRCD
PROCESSING SIZE ERRORS.

BINARY HEZEADER ERROR.

RENUMBER ZRROR.

REP FUNCTION ARGUMENT IS BAD,
ANY ERROR IN ROM PACK.

STOP EVAL ONLY -- ROM FACK USAGE.
PROGRAM SECRZT,

CHk N === N QUT OF RANGE.
MATRICIES ARE NOT CONFORMABLE.
ERROR CODE FOR SQUARE ROOT.
NOT USED.

STOP ERROR CODE.

SUBSCRIPT ERROR.

WHERE N IS INVALID.

ZERO NO

WHILE
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ERSYNX (00S5D)C
ERTABO(CO052)C
ERTERM(CO0S5C)IC
ERTMDS (004EIC
ERTRNG(0005)C
ZRUNDF (0024)C
FRUP (0003 C
TRUPN (0016)C
ERVAL (0310)C
ERWBYT(000D)C

ERWFT (0038)1C

IRWSFL(0027)C
=S (05z2)V
ZSTG (Co2z)C
ZITOX  (ECHDIE
ETXCHR(0C79)V

cVLEN (9368)M

EVLSUBI(CE7OIM
EXEC (F450)E
EXH (G0DL)IV
eEXL (0GD5)V
EXP (GSF3)V
EXPCOD(C046)C

EXS (0SFA)V

000-6405-02

PARSZR DOWN ARROW.

TABBING ERROR.

PROGRAM ABORTZD WITH BREAK KZY.

TOC MANY DATA SPECIFIERS.

ERROR® CODEt TRIGONOMETRIC ARGUMINT TOO LARGE.
ARGUMENT UNDZIFINED.

ERROFP CODE FOR 0**(0,

ERRNR CODE FOR (NEG)**8,

VAL A% =- NO VALUE FOUND IN A3,

ILLEGAL VALUE SPECIFIED FOR W3YTE.

MAGTAPE WRITZ LOCKED.

WORKSPAC= FULL ZRROR (MEMORY FULL).

ASCII EXPONENT SIGN.

FVLLUATCR STATUS TAG - STACK TAG FOR EVAL STATUS.
CoMPUTES FLOATING POINT EXPONENTIAL FUNCTICN E¥*X.
I17/C SYSTEM ENJ OF TEXT CHARACTIR (Z0F)

EVAL ENTRY POINTS - MAIN ENTRY PQINTS AND RECURSION
POINTS FOR EVAL.

EVAL SUSROUTINES - EVAL SERVICE SURRCUTINES.

ASCII TO HEX LOAD ROUTINE: LOADS STARTING AT SCRTCH.
JECIMAL SQUIVALENT EXPONZINT, HIGH ORDEK.

DECIMAL EQUIVALENT EXPONZNT, LOW ORDER.

CONDENSED EXPONENT.

C0DZ FOF EXP TOKzN.

EXPONENT BINARY SIGN.
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(05F7)V

(05F8)V
FA (cos3o)C
FART (C010)C

(6o0=CHC
FDUP (CG16)C
FFLG (0D0F1)V
FFOT (0004)C
FHEX (0000)C
FHIM (C01D)C
FHIN (0008)C
FIL (EB73)E

FILCOD(GO4F)C
FILEIN(ESSB)C
FILEOT(EB68)E
FILERQ(EB76)E

FILES (EB86C)E

FILFND(0OBD)V
FILLOC(GOBB)V

FINCOD(G076)C

FIND (1B21)C
FIX1 (B1A2)E
FIXNUM(BOBF)E
FLAG (0032)V

FLAGS (00F7)V

000-6405-02

*“AS REQUIRED"
*AS REQUIRED™
TAG FOR DOFP1?

TAG FOR DOFP2
BE PoRFOAMED.

TAG FOR DOFP?
TAG FOR DOFP?
“AS REQUIREZD™
MAGTAPE DRIVZIR
TAG FOF DOFP?
TAG FOR JOFP2

TAG FOR DOFP?

ROUTINE TO HAN
CODZ FOR FIL T
RCUTINE TO EST
ROUTINZ TO EST
ROUTINE
ROUTINE
FOR THE

LEFT OF DECIMA

RIGHT OF DECIMAL POINT.

ADD TWO WORDS

PAGE NUMBER
147
L POINT.,
ON STACK.
N ONLY FA,FD,FMy, OR FS IS TQ

NO=-OP USED WHE

CIVIDE

DUPLICATE TOP

FLAG,

FLAG === NOT
FLOATING POINT
FLOATING POINT
FLOATING POINT
ODLE
OKEN.

A3LISH LINKAGE

ABLISH LINKAGE

TWO WORDS ONM

STACK.

FLOATING POINT STACK ENTRY.

USEJ.
PUSH EXTEND:zD.
PUSH IMMECIATE.,

PUSH INDIRECT,

TG FILE SYSTEM FOR INPUT.

TO FILE SYSTEM FOR OUTPUT,

TO ESTABLISH LINKAGE WITH FILE SYSTENM DIRECTLY.

TO ESTABLISH LINKAGE 7O FIlLc SYSTEM
COMMAND COMMAND.,

MAGTAPS FILE TO BE FOUND REGISTER.

PRCSENT MAGTAP

CO0Z FOR FIN T

£ FILE LCCATIO

DKEN,

N REGISTLR.

FIND COMMAND I/O SYSTEM CONTROL CONSTANT.

ROUTINE TO GZT INTEGER PART

I70 ROUTINE TO FIX I/0 LIST

OF FLOATING POINT NUMBER.

ENTRIES FC& INTERNAL USE.,

USED AS A COUNTER FOR LITERAL LEINGTH IN ROUTINE UNCOMP.

STATUS FLAG BYTE FOR PRINTF,
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FLCTRL(OSF16)M
FLOATA(BZS56)IM
FLEX (000D)C
FLIN (CG13)C
FLOAT1 (BLFB)E
FLOAT2(B1FB)E

FLUNIT(000B)C

FM (€Cocao)C
FMYCLN(D20B)E
FMTFLG(COFB)YV
FMTINI(D107)E
FMTYPNT(D178)E
FNACOD (0024)C
FNASGN(BEZ1)E
FNBCOD(0025)C
FNCCOD(0026)C
FNDCOD(0027)C
FNECOD(0028)C

FNEVL (9368)E

FNFC0OD(C029)C
FNGCOD(002A)C
FNHCOD(002B)C

FNICOD(002C)C

FLOW OF CONTROL -

STATEMENTS. 6
FOR AND NZXT.

FLCW OF DATA -
AND VARIABLES
FUNCTIONS AND

0TO,

EVAL ROUTINES
AND FOR MOVING
ASSIGN.

EVAL ROUTINEZS FOR FLOW OF CONTROL
GOSUBs OF,

RUN,y STOP, RETURN, IF,

FOR STACKING CONSTANTS
JATA FOR USER DEFINED

TAG FOR DOFPt FLOATING POINT POP EXTcZNDED.

TAG FOR DOFP: FLOATING POINT POP INDIRECT.
SAME AS FLOATZ2.
ROUTINE TO CONVERT INTEGER TO FLOATING POINT.

BANK CONTROL CONSTANTS FOR ON PAGE AND OFF PAGE
STATEMENTS.

TAG FOR DOFP: MULTIPLY TWO WORDS ON STACK,

FORMAT STRING CLEAN-UP ROUTINE.
FORMAT TYPE IN PROCESS (0=FMTOUT).

FORMAT INITIALIZE ROUTINE,

FORMAT DATA ITEM OUTPUT ROUTINE.
CODZ FOR FNA TOKzN.

FUNCTICN ASSIGN - ROUTINE TO DO ASSIGNMENT IN FNX LINES.
CODZ FCRP FNB TOKEN,

COBDE FOR FNC TOK:ZN.

COCE FOR FNC TOKEN.

CODE FOR FNE TOKEN,

FUNCTION EVALUATION - ROUTINZ TO IMPLEMENT FNX(PARM)
CALLS.,

COCE FOR FNF TOKEN.
COCE FOP FNG TOKEN.
CODE FOR FNH TOK:cN.

CODE FOR FNI TOKEN,
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FNJCOD(002D)C
FNKCOD(002£E)C
FNLCOD(002F)C
FNMCOD(0030)C
FNNCOD(C0031)C
FNOCOD (£032)C

FNPARM(BEC1)E

FNPCOD(0033)C
FNQCOD(0034)C
FNRCOD(C035)C
FNSCOD(C036)C
FNTBL (032D)V
FNTCOD(0037)C
FNUCOD(0038)C
FNVCOD(BO39)C
FNWCOD (003A8)C
FNXC03(0038)C

FNYCOD(003C)C

FNZCOD(003D)C
FONT (0033)V
FOR (AD26)E
FORCOD(0050)C
FORTG (0004)C
FPa (05AA)V
FPADD (B245)E

FPAITT(BO1WE

CODE FOF FNJ TOKEIN.
CODE FOF FNK TOKEN.
CODE FOR FNL TOKEN,
CODZ FOR FNM TOKEN.,
CODE FOR FNN TOKEN,
COCEZ FOR FNC TOKEN.

FUNCTION PARAMETER - ROUTINE TO FETCH PARAMETER FOR
FNX USAGZ.

coDZ FOF FNP TOKEN.

CODE FOR FNQ TOKEN.

CCDZ FOR FNR TOKEN.

CODE FCR FNS TOKEN,

FUNCTION TABLE - TABLE TO STORE ADDRESSES OF FNX LINES.
CODZ FOP FNT TOKEN.

CODE FOR FNU TOKEN,

CODE FOF FNV TOKEN.,

CODE FOFR FNW TOKEN.

CCGZ FOR FNX TOKEN.

CODE FOR FNY TOKEN.

CODE FOR FNZ TOKEN.

PRESENT DISPLAY FONT,

ROUTINE TO IMPLEMENT THE FOR STATEMENT.

CODE FOR FOR TOKEN.

FOR TAG - STACK TAG FOR FOR/NEXT STATMENT WORK AREA .
8-BYTE BUFFER TO HOLD FP NUMBERS.,

ROUTINE TO DO FP ADD.

ROUTINE TO CONVERT FPN TO ASCII. INTERNAL BUFFERS.

000-6405-02
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FPC (053A)V 8=-BYTE BUFFER FOR FP NUMBERS,
FPCMP (ZE3EIE RO0UTINE TO COMPARE TWC FP NUMBERS ON STACK.
FPDIV (B3D3)E ROUTINE TO DO FLOATING POINT DIVIDEZ.
FPMUL (BLAZ)E ROUTINE 70 DO FLOATING POINT MULTIPLY.
FPNASC (BB52)E ROUTINE 7O REDUCE A FP NUMBER TO A FRACTION FROM
0.1 TO 1.0 FOR CONVERSION TO ASCII LATER.
FPNEG (EBAAIE NEGATES FP NUMBZR ON TGP OF STACK.
FPONE (ESS5G)C FLOATING POINT 1.0
FPSUB (B23£)C ROUTINE TO 0O FP SUBTRACT.
FPTWO (£92£)C FLOATING POINT 2.0
FPZERO(ESQ2€)C FLCATING POINT 3.0
FRES (0319)C TAG FOR DOFP: COPY FP NUMBER FROM FPA TO TOP OF STACK.
FRET (0028)C TAG FOR DOFP! END INTERPRETATION AND RZITURN TO CALLER.
FS (coAQ)C TAG FOR DOFP: SUBTRACT TwWO WOIRDS ON TCP OF STACK.
FSAV (£018)C TAG FOR DOFP! POP FP NUM3EF FROM TOP CF STACK Tg FPA,
FSWP (0012)C TAG FOR DOFPt SWAFP TOP TW0O FP ENTRIES ON STACK.
FUDGH (0031)C FUDGE - 4IGH B8YTZ OF STACK SPACE RIQUIRED 10O EXzZCUTE
A LINE CONSTANT.
FUDGL (0O0Fw)C LOW BYTE OF FUDGE CONSTANT.
FULCOD(O00AE)C CCDES FCR FUL TOKENS,
FULL (CO0B¢E)vV INDICATES WHIN DISPLAY BECOMZS FULL.
FULSCN{F2C2)E ROUTINE TO SCAN “BLINKING F™ WHILE WAITING FOR PAGE KEY.
FULSTT(058c)V INCICATES WHAT ACTION IS TO BE TAKEN WHEN
DISPLAY 3ECOMZIS FULL.
FUZa (0552)V CONTAINS FUZZ FACTORE FOR NON=-ZERO COMPARES.
FUZB (05C3)V CONTAINS EXPONENT FOR FUZZY COMPARZ TO 22RO

Fuzcoo(egs)C CODE FOR FUZ TOKEN.

FU}R (05CBIV VARIABLE OFR FUZZ: SET IN NORIM? EQUALS NUMBER F
£ M S 0 SH
REQUIRED TO NORMALIZE FRACTION, SHIFTS
FUZZIE(RBODIE RCUTINE TO0 DO FUZZY COMPARE,
i
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GENCUR(F36F)L

GETCHR(FOAB5)E
GETKEY(F70C)¢E

GETLAR(9196)E

GETLIN(S0BBIM

GETLN (DO37)E

GETLNA(DD82)E

GETSMA(S0F8)E

GIN (005¢C)C
GINCOD(COR3)C
GINSET (22Dt
GLEFLG(CCSZ)V
GOCGD (cos52)C
GOSCON(L2353)C
GOSTG (30133)C
G0SUB (9F6G)E
GOTO (9F52)E
GRACOD(G33E)C
GRAD (C22D)E
GRAF (BFFE)M

GRAPH (9238)E

GRDCON(EQCA)C

ROUTINE TO GENERATE A BLINKING CURSOR.

ROUTINE TO GET NEXT CHARACTER FOR FP INPUT CONVERSION,
ROUTINE TO HANDLE THE KEYROARD HARDWARE.,

ROUTINE TO FIND THZ ADGRESS AND LINE NUMBER OF THE LINE
WITH THE SMALLEST LINE NUMBER LARGER THAN OR EQUAL TO
THE ARGUMENT PASSED ON THE STACK,

MODULE CONTAINING GETSMA AND GETLAR,

GET LINE - ROUTINE TO CONVERT FLOATING POINT NUMBER ON
THE STACK TO THE ADDRESS OF THE GIVEN LINE,

GET LINE A - ROUTINZ TO CONVEIRT INTEGER IN R8 TO
THE ADDRESS OF THE GIVEN LINE.

ROUTINE TO FIND THE ADDRESS AND LINE NUMBER OF THE LINE
WITH THE LARGEST LINE NUMBER SMALLER THAN OR EQUAL TO
THE ARGUMENT PASSZD ON THE STACK.

BANK SWITCH CONTROL CONSTANT,.

COD=z FOR GIN TOKFN,

ROUTINE T3 SET UF POINTZIRS F2R GIN INPUT,

GLCZEL FLAGS - EVAL GLCBAL CONTRCOL FLAGS.

CODZ FCK GO TOKEN,

CO0Z FOF GOS TOKEN.

GO0SUB TAG = STACK TAG FOR GOSUB/RETURN ENTRY,

ROUTINE TO IMPLEIMENT THE GOSUR STATEMENT.

ROUTINE TO IMPLEMENT TO GOTO STATEMENT.

CO00Z FOR GFA TCOKEN,

ROUTINE T3 IMPLEMENT SET GRAD COMMAND.

GRAPHICS CONTROL MOOULE.

ROUTINZ TO HANDLZ DRAW, “MOVE, RORAW, KMOVE, GIN.

GRAD CONSTANT - CONSTANT FOR TRIG RANGE REDUCTION. =3/7400
GRDCON+8 = FP CONSTANT 430/8

GRFDR, (9469)¢E RCUTINE TO PEZRFORM CLIFPING ON VECTORS.
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I Symbols

IDLE (C5B2)t

IDLVCT(B476)V

I2C (AF82)E
IECCOD(0J45)C
IECDRV(Q001)M
IECEOI(FS591)E
IECIFC(FSSA)E
IECIN (F6OF)E
IECOFF (F4NB)E
IECOUT (FSCO)E
TECRD (FLEJE
IZECRLF (D 4KV
IECSND(FSI:=)E
IF (£0L13)E
IFCOD (o054)C
IMACOZ(CO0A3)C
IMMTBL (ABAS)C
IMXTG (0037)C
INAGTE(BJC2)E
INAITT(BOOWE
INCXN (A2CC)E

INFO (2JA6)E

INICOD (0052)C

INIT

(C143)E

ROUTINE THAT IS MASTER IOLI LOOP, ALL CONTROL
IS PASSED FROM HERZ ONCE THE SYSTEM HAS BEEN
POWERED UP,

VECTOR TO OPTIONAL ROUTINE TQ GAIN CONTROL FROM
MASTZR IDLE LOOP.

ROUTINE T0O HANDLZI R@<ATSIGN>,

COCZ FOR IEC TOKZN.

GPI3 (IEC) CONTROL MODULE.

ROUTINE TO SERVICE EOI HARDWARE INTERRUPTS.
ROUTINE TO GENZRATE IFC FUNCTION ON GPIB.

ROUTINE TO RECEIVE A BUFFER FROM THE GFPIB.,
ROUTINE TO INITIALIZE GPIR HARDWAR:Z TO IDLE STATE.
ROUTINE TO SEND A BUFFER ALONG THE GPIB.

ROUTINE TO.READ ONE CHARACTER FROM TH

(AR}

GPI8.
INDICATES CR VS. CR/LF FLAG STATUS.
ROUTINZ 'TO SEN3 ONE CTHARACTZR ALONG THZ GPISB,
ROUTINE TO IMPLcMcNT THE IF STATIMINT,

CDZ FOF IF TOK:=N,

(@]

(]

oL

i

FCE IMA TOKZIN,
IMMZDIATEZ MQODE= TABLZ IN PARSZI,
IMMIDIATZ EXSCUTE TAG - STACK TAG FOR ADDREZSS OF A LINE,

SPECIALIZSD ROUTINZ TO CONVERT INTEGER TO ASCITI,.

GENSRAL ROUTINE TO COMVERT INTZGER TO ASCII. INTZRNAL BUFFER.

INCREMENTS INDEX REGISTzX 70 THZ NIXT LEX TOKEN.

RETURNS THE INFORMATION IN QOPTABLE FOR THE
SPECIFIED 4051 BASIC TCKEN,

CODE FOR INI TOKEN.

ROUTINE TO IMPLEMENT INIT COMMAND,

|
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INTTMT(ECOC)E

INITX (C146)E

INPCOD(0D63)C
INPCTL(EFF8IM
INPNT (0098)V

INPSTG(EFFS8)E

INPUT (O0D9F)C
INPVALIFO33)E
INT (EF3C)E
INTY1 (0D16)V
INT2 (GO18)YV
INTACP(F43I)E
INTCN (BES4H)E
INTCON(GJ43)C
INTMLA(ESFB)E
INTMLC(ESFO)E
INTQQQ(0D25E)V
INTSRC(F539)E

INTSRV(EFBS8)E

INV (0019)C
INVCOD (0013)C

I0OBFR1(0268)C

IOCLNR(AB67)E
IOFLGS(00384)V

IOFUNC(00382)V
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ROUTINZ TO INITIALIZZ MAGTAPI HAROWARE AND DISABLE DISPL

SPECIAL ENTRY PGINT TO INIT FOR FPOWER UP AND CELETE
ALL POUTINES TO UsS:=,

CGDE FOF INP TOKEN.

INPUT CONTROL MOOJULE.

INPNT t= A,PTR

ROUTINZ TO INPUT A STRING.,

INFUT CCMMAND I/0 SYSTEM CONTROL CONSTANT,

ROUTINE TO INPUT A VALUE.

ROUTINE 70O GET INTEGER PART OF FPN AND RETURN AS FPN.,
INTEGER WORKING STORAGE.

INTEGER WORKING STCRAGE.

ROUTINZ TO SET GPIB HAFDWAFZ TO LISTEN STATE,

INTZGER CONSTANT - ROUTINE TO FLOAT AND STACK INTEGER
CCGCzZ FOR INT TOKEN.

INTZEGER MULTIPLY ROUTINE WITH ACCUMULATE.

INTZGER MULTIPLY ROUTINE, MO ACCUMULATE.

INTZRRUPT ROUTINE TEMPORARY STORAGE.

ROUTINE TO INITIALIZE GPIB HARDWARE TO SOURCE STATE.

HARDWARE INTERRUPT SERVICE ROUTINE. DISPATCHES
TO INDIVIDUAL HANDLERS USING THE PIATBL.

BANK SWITCH CONTROL CONSTANT.

CODZ FOR INV TOKEN.

BEGINNING OF GENEZRAL I/0 BUFFER.

ROUTINE TO CLEAN UP STACK AFTER I/0 PROCESSING.
I/0 PROCESSOR STATUS FLAG BYTEZ.

PRESENT I/0 STATEMENT CODE FOR I/O0 PROCESSOR.
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IOKONS(EB1Z)M MGOULE CONTAINING THE DEFINITION OF ALL I/O SYSTEM

CONTROL CONSTANTS.

IOPROC(ABSCIE ROUTINE TO PROCESS AN I/0 LIST.

PRINT, INPUT, READ, WRITE, RBYTE, WBYTE,
FIND, MARK, KILL.

JIOSCAN(ABBE)E
IOSYSF(04S57)V

ACTUAL I/70 LIST SCANNER,
170 SYSTEM ADORESSED FLAG. USED BY ROM PACKS.

Iss (05DE)V IMAGE STRING BASE (PRINT USING)

ISL (BO0ENV IMAGE STRING LENGTH.

Ise (0006)V IMAGE STRING POINTER.

ITGCOD (0082)C
ITMITG(D00c)C
ITM2TG(OOIF)C

ITSINT (p5A8)V

CODE FOR ITG TOKEN.
ITEM ONE TAG - STACK TAG FOR AN INTEGER,
ITEM TWO TAG - STACK TAG FCR AN INTEGEF,

FLAG FOF FP INPUTS *"IT*’S AN INTEGER.”™
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J Symbols
JMPAX (045DE SELF MOBIFYING ROUTINE TO JMP TD (ACC=-A) +#(X).
JMPAXS STA A JUMPAX+4 TMODIFY DISP FIELD
JMP 04X TJUMP TO ACC-A+X
JMPX (04L3E)E SELF MOLIFYING ROUTINE TO ((ACC=C)+(X)) .,
JMPX2 STA A JMPXt4y *MODIFY OISP FIELC
LDX B4X *FZTCH JUMP ADDRESS
JMP 84.X  SEXIT
JUNK {RF1R)C LABEL OM THE BEZGINNING OF OPTABLEL.
IDD PROGRAM EXCHANGE
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K Symbols
KO (0g00)v
K1 (¢goirv
K? (0GG2)V
K3 (0033)v
Ka (0004)V
KS (Goas)v
K6 (008e)Y
KBFLAG(GOS5B)V
KBIN (0G7e)V

KBINT (C4DZVE
KBMRK (£584)V
KBPROC(C596)E
K3BQIN (C6QA)C
KBQOUT (Cs4AVE
KBSTK (053C)vV
KERNEL (DE2&)V
KEY (C2LIE
KEYCNT (0539 V
KEYCOND(009A)C
KEYDRV (F720)E
KEYIN (F163)LC
KEYQUE(D12C)C

KEYSTK(C411)V

KEYTIM(0598)V
KILCOD(C071)C

KILL (DIDAIE
KILTYP(0721)C

KYRATE(D5A5)V

RG.
RC+1.

R1.

Ri1+1.

RZ.

R2+1.

R3.

KEY80ARD PROCISSOR STATUS FLAG 3YTZ.

VALUE OF LAST KEY TRANSFERED BY THE KEYSOARD.
ROUTINE TO PPOCESS KIYEOARD HAROWARE INTERUPT.
PGINTER INTO KEYBOARD PSSUDO STACK.

ROUTINE TO PROCESS KIZYS AT THE PROSRAM LEVEL.
ROUTINE TO STUFF A XIY INTO THZ TYPE-AHEAD QUE.
FOUTINE TO FITCH A KEY F20 THE TYPE-AHTAD QUE.
KEY30APD DRIVER PSEUIC STACK.

FF NUM3EX WHICH CONTAINS KEIRNEL OF RANOOM NUMEBER GENZRATIR.
FOUTINE TO IMPLEMENT SET KEY.

DELAY COUNT FOR “OLDEST™ KEY,

CODZ FOR KEY TOKEN,

ROUTINE TO DECODZ KEZYBOARD HARDWARE INTO ASCIT KEYS.
ROUTINE TO DO INPUT FROM KEYBOARD.

BEGINNING OF KEYEQARD TYPE-AHSZAD QUE.

KEY STACK - USE] TO STCRE UNPROCESSED USER DIZFINABLE
KEYSs INPUTS FROM KEYBOARD DRIVER, GUTPUTS IN ZVAL,

PREZSENT KEY DZILAY TIME RcGISTZR.
COBzZ FOR KIL TOKEN.

ROUTINE TO HANDLE KILL COMMAND. -
KILL COMHMAND I/0 SYSTEM CONTROL CONSTANT,
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L Symbols
L1 (CO03AYV
L2 (0005)V
L3 (00EC)V
L& (GoE3IV

LBKCOD (00393)C

LBRKTG(0010)C

LCLFLG{O0054)V
LCOM (OS5FF)V

LDAX (C&4B)E

LDBX (0451)c

LDIG (C5FCIV
LDIGA (2SF0)V

LOXX (0445)E

LEN (gos8)C
LENCODB(002C)C
LENGTH(OO09A)V
LETCOD(0055)C

LEX (8826)c

LEXCNT (0038)V

LGN (ED27)E

000-6405-02

REPEAT LOOP 1.,
REPEAT LOOP 2.
REPZAT LOOP 3.
REPTAT LOOP &4
Co0zZ FOP LBK TOKcN,.

LEFT BRACKET TAG = STACK TAG FOR LEFT BRACKET IN
OBJECT STRING.

LOCAL FLAGS - EVAL FLAGS FOR ONZ LINZ,
COMMA COUNT.

SELF MODIFYING ROUTINE TO LOAD ACC-A& FROM (ACC-A)+(X).
LDAXS STA A LDAX+4 $MGDIFY DISP FIELD

LOA A C,X GET DATA BYTE

RTS SEXTY

SELF MODIFYING ROUTINE TO LOAD ACC-B FROM (ACC-A)+(X).
LDEXt STA A LDBX+4 $MODBIFY DISP FIELD

LCA B 0,X :GET DATA

FTS SEXIT

LEFT DIGIT COUNT,.
LEFT CIGIT EIGINNING ACDRESS.
SELF MODIFYINS ROUTINE TO LOAD X FR0OM (ACC-AY+(X).
LCXXe STA A LDXX+4 tMODIFY DTSP FIELD '
LOX C.X IGET DATA
FTS
BANK SWITCH CONTROL CONSTANT,
COLZ FOP LN TOKEN,
DIMSNSIONED STRING LENGTH FOR I/0 PROCESSING OF STRINGS.
CODZ FOR LET TOKEN,

LEXICAL ANALYZER. CONVERTS INPUT LINZS FROM ASCII
TO INTERNAL FORMAT.

VARIABLE RETURNED TO TRANSL 8Y LEX EQUAL TO THE
NUMBER OF BYTES OUTPUY INTO SCRTCH BY LEX.

ROUTINE TO DO NATURAL LOGARITHM,
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LGNCOD (0064 C TOKEN CCDc FOR LGN,
LINCN (BEB4LIE LINS CONSTANT - ROUTINE TO FLOAT A LINE NUMBER AND STACK
IT.

LINCOD(GOB3)C CODZ FOR LIN TOKcN.
LINELN(GCS8F)V DISPLAY LINE LENGTH, MODIFIED BY OPT. 1 COMMUNICATIONS.

LISCOC(CO05A)C COB=Z FOR LIS TOKEN,

LIST (1320)C LIST COMMAND I/0 SYSTEM CONTROL CONSTANT.
LISTTG(0005)C LIST TAG - STACK TAG FOR LIST COMMAND ENTRY.
LITCN (BEG9)E LITERAL CONSTANT - ROUTINZ TO PUSH POINTER TO LITERAL.

LITCOD(0085)C CODZ FOR LIT TOKzN.

LITFLG(COEE)V LITSRAL FLAG.

LITREL (9598)¢ LITZRAL RELATION = ROUTINE TO IMPLEMENT STRING COMPARE,
LNEVL (963C)E LINE EVALUATOR = ROUTINE TO ZVALUATE ONZI LINE.
LNNOTG(S03D)C LINI NUMBER TAG = STACK TAG FOR SAvVEN LINE NUMBER.

LOCTG (DO9=Z9)E LOCATEZ TAG = ROUTINI TO SEARCH FOR A GIVIN TAG.

LOCTGR(D104)E LOCATE TAG IN A RANGE - ROUTINT TO SEARCH THE STACK
FOR A TAG IN A RANGE OF VALUES.,

LOG (ED27)E ROUTINE TO COMbUTE LOG TO BASE TEN.
LoG2 (EQ3£)C FP NATURAL LOG OF 2.0

LOGCOD(D045)C CODE FOR LOG TOKEN.

LPNCOD(CG92)C CODE FOR LPN TOKZN.

LRSFLG (QOEF)V <CR> SUPRESS FLAG FOR PRINTF.

LsSp (0045)V LOW STACK POINTER - TOP OF STACK POINTZR FOR LOW RAM
STACK., THIS IS WORKING SPACE ALLOCATION ARczA.

LSPS (05FB)V LEADING SPACES COUNT FOR PRINTF.
LSTCoD(DOBE)C CODZ FOR LST TOKEN.

LSTKEY(COBC)V LAST VALID KEYCODE =--- I DON®T THINK IT’S USED.
LT (EQFA)E ENTRY FOR FUZZY LT COMPARE.
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LTCOD (g013)C CODZ FOR LT TOKEN,
LTE (E9FE)E ENTRY FCR FUZZY LT.EQ GCOMPLRE,

LTECOC(0014)C CODz FOR LTE TOKtN.

LUNNO (0070)V FOR USE B8Y FILE SYSTEM. ACTIVE LUN.
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M Symbols

MAGEND (0D06F)V
MARCOD (0079)C
MARK (1C21)C
MARKS (FC73)E

MASK (GG39V

MATCOD(C066)C

MATMAT (94DB)IE

MATMOV (BFSB)E
MATOPR{QLCAIM

MATSCL (94Z6)E

MATSIZ (CFFA)E
MAX (EF2C)E
MAXANS (R341)E
MAXCOC (2002)C
MEMCOD (CJAINC
MEMORY (C1FB)Z
MFLG (0O0F3)V
MIN (EF1E)E
MINCO0 (0008)C
MKFILZ(D3CA)E
MMICOD(5022)C
MNSCOD (CB2C)C
MODMTH(DAQJ2)E
MODT88 (DSFF)E

MOVCOD(0CO1)C
e

MAGTAPE DRIVER FLAG TO INDICATE MAGTAF:Z BUSY.
CODS FOR MAR TOKEN.

MARK CCMMAND I/0 SYSTEM CONTROL CONSTANT.
ROUTINE TO MARK NEW MAGTAPE FILES,

UNLEX FLAG, IF NONZERO INDICATES THAT THE LAST CHARACTER
QUTPUT WAS A SPACE.

CODE FOR MAT TOKEN,

MATRIX-MATRIX - ROUTINE TO APPLY A SCALER OPEZRATOR OVER
TWC ARRAYS.

MATRIX MOVE - ROUTINE TO ASSIGN ONE MATRIX TC ANOTHER.
MATRIX OPERATORS = MODULS WITH MATRIX FUNCTIONS IN IT.

MATRIX-SCALER - ROUTINE TO APPLY A SCALER TO AN ARRAY AND
SCALER.,

20UTINE TO CALCULATZ CONTROL CONSTANTS FOR A MATRIX.
FINDS MEX OF TWO FP NUMBZRS ON STACK.
SQUTINE TO PUSH LARSGIST FP NUMBZIR ON STACK.
COCZ FOFP MAX TOKEN,

C0Dz FOR MZM TOKCN,

ROUTINZ TO IMPLSEMENT THE MEMORY OPERATOP.
MINUS FLAG,

FINDS MINIMUM OF TWJ FF NUMBERS ON STACK.
CODT FOR MIN TOKEN,

ROM PACK ENTRY FOR MARKING MAGTAPE FILES.
CO0DZ FOR MMI TOK&EN.

CODE FOR MNS TOKzN,

ROUTINE TO MOJIFY MAGTAPE HEADERS.,

SPECIAL ROUTINE TO MODIFY MAGTAPE HEADERS.

C0ODZ FOF MOV TOKEN.
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MOVE (0038)C BANK SWITCH CONTROL CONSTANT.
MPLCOD(B021)C CODZ FOF MPL TOKEN.
MPY (0g29)C 3ANK SWITCH CCNTROL CONSTANT.
MPYCOD(CO0L8)C CODZ FOR MPY TOKEN.
MSKCTR(0504A)V SYSTEM MASK COUNTER {ENABLEZ/DISABLE)
MTAFIN(DBDO)E ROUTINE TO LOACATE AND OPEN A NEW MAGTAPE FILE.
MTBFR (G11F)C 3EGINNING OF MAGTAPE RECORD 3BUFFER.
MT3INT(DDFS)E ROUTINF TO INITIALIZE MAGTAPZ BUFFZR POINTERS,
MTBSWP (DDFE)E ROUTINE TO SWAP MAGTAPE BUFFZR POINTERS.
MTCHKS(DE21)E ROUTINE TO COMPUTE CHECKSUM ON A MAGTAFE RICORD.
MTCLOS(DDL18)E ROUTINE TN CLOSE MAGTAPE FILES.
MTDRV (FBSOIM MAGTAPE HAFCWARZ CONTROL MODULE.
MTZOF (C021)C MAGTAPE DRIVE END-FILE FLAG B8IT,
MTZER (£595)V MAGTAPE RE-READ COUNTER,
MTFFST(L0G323)C MTSTT2 FLAG 2IT INCICATES HEAD QVER A GAP,
MTFIND(CBD1)c ZOUTINE TO LOACATE AND OPEN A NIW MAGTAPE

FILZ GIVIN Ad FPN,
MTFLGS(0339)V MAGTAPI DRIVZX HAFRDWARE FLAGS,
MTFPOS(G040)C MTISTAT FLAG B8IT =- SET IF OPSN AND ACCESSED (READ/WRITZ).
MTIFSIZ(CC80)YC MTSTAT FLAS RBIT -- SEZT IF OPSN FILT IS 128. BYTE
RECORD FORMAT, ELSE 25€. BYTE ASSUMED.

MTKILL(DAS4)E ROUTINE TO PERFORM KILL N ON THE MAGTAPE.
MTMAIK(DAAD)E RCUTINZ TO MARK A NEW FILE.

MTMASK (S4AB)YV
MTMAX (0033)V
MTNULL (DDOC)E

MTOPEN(0O25)C

L

NOT USELD.

POINTER
ROUTINE

MTSTAT F

000-6405-02

TO LAST CHARACTER IN MAGTAPE BUFFER,
TO NULL A MAGTAPEZ BUFFER,

LAG 3IT == SET IF MAGTAPZ FILE IS OPEN,
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MTPADR(DFES)E
MTPIN (OF35)E

MTPINR(DESZ)E

MTPINW(DE31)E
MTPOUT(DDO8)E
MTPRWD(CS506)E
MTPTR (008B)V
MTRBFR(DF43)E
MTREAD (DCAB)E
MTSASC(0008)C
MTSBIN(0004)C
MTSCRT(TFZ1)E
MTSNEWI(GJLC)C
MTSPGM (23 2)C
MTSFD (Gol1d)C
MTSREG(CO81)V
MTSSEC(OCI1)C

MTSSET(DF38)E

MTISTAT (C032)V
MTISTT2(007C)V

MTSWRT (8332)C

MTWRIT(DD3IFIE
MTXBYT((OB&4)V

MULCOD(000E)C

MUL PNT (00CE)V
L

ROUTINE TO A

ROUTINE TO0 G

MAGTAPE INPUT REQUEST VALIDITY

INTZRPRETER.

MAGTAPE JUTP

RCUTINS TO STND A BUFFER TO THF MAGTAPZ BUFFER.,

ROUTINE TO O
MOVING MAGTA
ROUTINE 70 O
ROUTINE TO R
MTSTAT FLAG
MTSTAT FLAG
ROUTINE TO S
MTSTAT FLAG
MTSTAT FLAG
MTSTT2 FLAG
MAGTAPE FO=M
MTISTAT FLAG
RCUTINE TO S
REGISTER (MT
PRINT R33,C¢
MAGTAPE CONT
MAGTAPE CONT

MTSTT2 FLAG
WRITTEN INFO

ROUTINE TO W
EXTRA *BYTE™

CODE FOR MUL

POINTZR USED
POWER OF 1C.

000-6405-02

DDRESSy SET UP, MAGTAPE SYSTEM,

ET A LOGICAL BUFFER FROM THE MAGTAPE BUFFER,

UT FUNCTIOM INTERFPRETLR.

O A CONTROLLED REWIND OF THE MAGTAPE.

P BUFFER FOINTER.

O A CONTROLLED READ OF A MAGTAPE BUFFER.
EAD A PHYSICAL MAGTAPE RECORN.

BIT =-~- PRESENT FILE IS ASCII

BIT -- PRESENT FILE IS BINARY

ST MAGTAPE SECREZT FILZI BIT.

2IT == PRECENT FILZ IS NEW.
3IT == PRETSENT FILE IS PRUGRAM,
IIT -- PR]ESENT MAGTAPEZ BUFFER VALIN FOR READ,

AT STATUS REGISTZR,

BIT -~ PRESENT MAGTAPE FILE IS SECRET.
TT THZ MAGTAPZ FORMAT STATUS

SREGY .

LENGTH, CHEGKSUM, HIADER

RILLER STATUS FLAG BYTE.

20LLZR STATUS FLAG 3YTE,

QIT -- PRESENT MAGTAPE BUFFER COMTAINS
RMATION,

RITE A MAGTAPE BUFFZR,
COUNT FOR MARKING FILES.

TOKENS

IN FP OUTPUT CONVERSION TO ACCESS PROPER
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N1 - {B5z8)V
Ni1i (¢5FO)V
N12 (05F1)V
NE (EQzA)E
NECOD (G012)C
NEWBFR(FO31)E
NEXCOD(005D)C
NEXT (AQ0BBIE
NGTAB (BA3A)C
NIODEV(C42C)E

NLPTR (Q04F)V

NMISRV(FD3C)E

NOCASEZ(C2470)E
NOCCOD(gC3T)C
NOKCOC(CC9R)C
NOKEY (C24u4)c
NOOUT (GCR7)IV
NOP (0138)c
NORCOD(B0AQ2)C

NORM  (B343)E

NORMAL(C23) E
NORMR (B359)c
NOT (EEJEIE
NOTCOD(0023)C

NS (05F2)V
£

ASCII # LSD.

ASCII # DIGIT.

ASCII # MSD,

ENTRY FOR FUZZY NE COMPAREL,

C0DZ FOR NE TOKeM.

RQOUTINZ TO GZ7 A NZIW INPUT BUFFZR,

COCE FOF NEX TOKEN.

RCUTINE TO IMPLEMEINT NEXT COMMAND.

FP TABLE OF NZGATIVZ POWERS OF 1C.

ROUTINZ TO SET NO I/0 DEVICEZ SRRO%® McZSSAGE.

NEXT LINE POINTER - THE ADDRESS OF THE NEXT LINE TO BE
SXECUTED,

NON MASKABLE INTERRYPTE (NMI) SERVICE RCUTINE
FOR THE MAGTAPE,

NO CASZ = ROUTINC TGO IMPLEMcNT SFT NOCASEZ COMMAND,

CO0Z FCOF NOC YTOKuN.,

COCZ FCR NOK TOK=N,

NG KIY = ROUTINZ TO IMPLEMENT SZT NOKLY COMMAND.

QUTPUT BUFFER STATUS FLAG RYTZI,

NO OPZRATION = ROUTINS TO IMPLEMENT NG OPERATION TOKENS.,
CGDZ FOR NOF TOKEN,

ROUTINZ TO NORMALIZEZ FFP NUM3ZR AND CHECK FOR
OVER/UNCEZRFLOW OF ZZRO RESULT.

NORMAL = ROUTINEZ TO IMPLEMEINT S=T NORMAL COMMAND.
ALTESNATE ZNTRY TO NIRM VIA PSHRET,

LOGICAL NOT SUBROUTINE.

CODZ FOP NOT TOKEN.

ASCII # SIGN.

000-6405-02
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NTPTR (0051)V

NULCHR(O0B7A)V

NULLTG(0030)C

NUMCOD (83R30)C

NUMFLG (G OFD)V

NUMOUT (30430 &

NEXT TOKEN POINTER = THE ADDRESS OF THi NEXT TOKEN TO (
BE EXECUTED.

I/70 SYSTZM NULL CHARACTER. THIS CHARACTER WILL BE
NELEZTED FROM THE INPUT STEAM 3EFQRE

BEING PASSED TO BASIC,

NULL TAG - STACK TAG FOR OMNE NULL BYTE.

CO0Z FOR NUM TOKEN,

NUMBER FLAG,

UNLZIX ROUTINE TO CONVERT FFN TO ASCII AND OUTPUT 1IT.

000-6405-02
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s] 2 (SF87)E

OFCOD (G0sB)C
OFF (C107)E
OFFCOD(00A8)C
oLD (C4A1)C
OLDCOD(0C6ENC
OLDONE(EQBC)c
ON (C11B)E

ONCOD (00A9)C

ONTBL (03B9)V

ONUNIT(C100)E
OPECOD(0C70)C

OPEN (8300)C

ROUTINE TO IMPLEMZNT GOTO EXP OF LIST AND
GOSUB EXP OF LIST COMMANOS,

COPE FOR OF TOKEN,

RCUTINE TO IMPLEMENT OFF COMMAND,

CODE FOR OFF TOKEN.

OLD COMMAND I/0O SYSTEM CONTROL CONSTANT.
CCD= FOR OLD TOKEN.

SPECIAL £NTRYPOINT FOR OLD CONTR0OL.

ROUTINE TO IMPLEMENT ON COND THEN LINE COMMANC.
COCE FCR ON TOKEN.,

ON TABLE - THE ADDRESSES OF THE ON UNIT PROCESSING
COMMANDS.,

ROUTINE TO IMPLEMENT ON COND AND OFF COND COMMANDS.,
COCE FOR OPE TOKEN.

OFEN COMMAND I/0 SYSTEM CONTROL CONSTANT,

OPERATOR ADDRZISS - HOLODING ARZ2 FOF PRIMARY EVALUATOR
DISPATCH DATA.

OPRADR (0056)V

OFEZRATOR CALL - ROUTINE TO DO BANK SWITCHZID LINKAGES
FOKk THE c£VALUATOR.

OPRCL (AAZ4)E

OPRRTN(C437)V OPERATOR RETURN = SAVE AREA FOR RETURN POINT FROM OPRCL

OPRTBL (BAA2IC OPERATOR TABLE - SECTION OF EVALUATOR DISPATCH TABLES.

OPTABLE, TRANSLATOR OPERATOR TABLE. THIS TABLE HAS ONE
ENTRY FOR EACH TOKEN., EACH ZNTY HAS THE FOLLOWING

FORMAT .
UNKNOWN DEGREE

OPTABL (8F48)C

] ACTION FLAG

R R INFIX

R R R FUNCTION
R R R R SCAN
R R R R R

v v v v v

A R R R R R R R h R R
® IPRIORITY R SPRIORITY ® Ay Y A R N DBEGREE A
R & BITS R & BITS R R R R R R R b R

IDD PROGRAM EXCHANGE 10/82
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OR (EE25)C
ORCOD (000B)IC

OUTBFR(C374LIE

OVLN2 (E£936)C

OVLTN (F94€)C

000-6405-02

LOGICAL OR SUBROUTINZ.
TOKEN CODE FOR LOGICAL OR.

ROUTINE TO SEND A FULL OUTPUT BUFF=R TC
CURRINT I/0 DZIVICE.
FLOATING POINT CONSTANT LOG2(E) .

CONSTANT
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P_Symbols

PAETG (0008)C
PAGCOD(0078B)IC
PAGE (1620)C
PARCNT (00EB)V
PARSE (A23B)E

PCHAR (CRIE)E

PFLG (Q0F2)V
PGCTR (058Clv
PGFVCT(0003)C
PGMEVL (S633)E

PGMLIS (913E)E

PGMPT2(5C32)V
PGMTG (0005)C

PGNENC(L63C)C

PGZENG(COFR)C
PI (E318)¢c
PIAEND(253A)C
PIAEOI(8730)C
PIAHX (8794)C
PIAHY (878C)C
PIAKB (R”7A8)C

PIALT (87ARIC

PIALX (8796)C

PIALY (878E)C

000-6405-02

POINTER TO ARRAY ELEMENT TAG - STACK TAG.
CODE FOR PAG TOKEN,

PAGE COMMAND I/0 SYSTEM CONTROL CONSTANT,
PARENTHSIS COUNT,

PARSZR ENTRY POINT,

ROUTINE TO SEND A SINGLE CHARACTER TO THE DISPLAY,
NOTS¢ DOES NOT LOOK AT PAGE FULL STYATUS.

PLUS FLAG.,

AUTO-SRASE DELAY COUNTER.

8ANK CONTROL CONSTANT FOR PAGE FULL.

PROGRAM EVALUATOR - ROUTINE TO START AND RUN A PROGRAM,

PROGPAM LIST BUILDER, INSERTS A NEW LINE INTO THE
APPROPRIATE PLACE IN THE PROGRAM,.

PROGRAM POINTZR = THI ADDRFSS OF THE FIRST PROGRAM LINE,
PROSSAM TAG - STACK TAG FO? A FOINTER TO A PPOGRAM LINC.

PAGS N END - THI ADJRESS OF THE FIRST FREE BYTE IN USER
AN, THI END OF SYSTEIM FAM4l,

PAGE Z2cR0 END -~ THE FIRST FREE BYTE IN PAGZ ZERO,

rn

ROUTINE TO STACK PI.

PIA SND - THZI ADDRESS CF THZ END OF THE PIA TABLE,

]

THE ADDRZISS OF THZ FIRST I=C BUS PIZ,

CT HI X DAC.

R4}

THZ ADDRESS OF TH
THE ADDR:SS OF TH:Z GRT HI Y DAC,
THE ADDRISS OF THE KIYS0ARD INTIRFACZ PIA,

THE ADDFESS OF THZ PIA FOR THIZ LIGHTS AND THI REST OF
THz XEYEOARD.

THE ADDRESS OF THE CRT LOW X DAC.

THE ADDRZISS OF THE CRT LOW Y DAGC.
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PIAMTA(8798)C
PIAMTB(8793A)C
PIASRQ(878B2)C
PIATBL(CS50CIC
PICOD (009F)C
PICON (EQ1E)C
PLOSTG(0091)C

PLOTVL(93AA)E

PLSCOD(B00CIC

PLTAB (B9D2)C

PNDEOF (006E)V

PNDFLG (006D V

PNTNTG(COIA)C
PNTSTG(0008)C
POINT (009C)V
POINTB(C4LT76)V
POLCOD(0064)C
POLL (FBA2)E

POPES (DO7C)E

POS (0070)C
POSCOD(0007)C
PPECF (G465)V
PPEOR (O4b64)V

PPMODE (0077)V

000-6405-02

THE ADDRESS OF THE FIRST MAG TAPL PIA.

THE ADDRESS OF THE SZCOND MAG TAPE PIA.

THE ADDRESS OF THZ SECOND IEC BUS PIA,.

PIL TABLE - THE ADDRISS OF THE ORIGIN OF THE PIA TABLE.
CODE FOR PI TOKEN.

FP CONSTANT PI=3.141592653%4¢5

POINTER TO A LITERAL IN AN 08JECT STRING TAG - STACK TAG.

ROUTINE TO CONVERT USER SPACE TO SCREEN SPACE
AND OUMP THE RESULTANT VECTOR INTO THE OUTPUT BUFFER.

CODE FOR PLS TOKEN.

FP TABLE OF ©0SITIVE POWERS OF 10.

PENDING =0OF - IF NONE ZERO.THE NUMBER OF AN I/O0 UNIT WITH
THE EOF CONDITION RAISED. NOTE PNDEOF =128 IF THE UNIT

IS 0, THE INTERNAL TAPE.

PENDING FLAGS - BIT FLAGS FOR THE ON CONDITIONS THE
SYSTEM WILL ACCEPY. THE HIGH ORDER BIT IS SET BY BREAK.

POINTER TO NAMZ TABLE NUMERIC TAG - STACK TAG.
POINTER TO NAME TABLE STRING TAG =~ STACK TAG.

I/C SYSTEM POINTER TO PRESENT VALUE OR STRINQ.

1/0 PROCESSOR POINTER FOR RECOVERING AFTER PAGE FULL.
CODE FOR POL TOKEN.

ROUTINE TO HANDLEZ THS POLL STATEMENT.

POP EVALUATOR STATUS - ROUTINI TO PULL EVALUATOR STATUS
AND RESET IT IN PAGE ZERO.

BANK SWITCH CONTROL CONSTANT.
CODE FOR POS TOKEN.
<PERCENTSIGN> MODE EOF CHARACTER.

<PERCENTSIGN> MODE EOL CHARACTER.

<PERCENTSIGN> MODZ ENVOKED FLAG.
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PPNUL (3466)V
PRGBLN(ZA3Z)C
PRGDAT(DAS2)C
PRGPGM(DA48)C
PRICOD(005C)C
PRIDFT (C288)E
PRINT (gC20)C
PRINTF(D178)M
PRISTG(C264)E

PRIVAL(C27E)E

PRMCOD(0084)C
PRTERR(8338)¢&

PRTTG (2016)C

PSCTG (0009)C
PSHFPN(BBEZBIE
PSHRET (AQE7)E
PT (AF7F)E
PTCOD (0040)C
PTRNTN(BEQ9)E
PTRNTS(BEB1)E
PULFPN(B7OF)E

PULLRN(RAAL19)E

PUPTAP(FBI0)E

PUSHES(DO62)E

PUSHX (AA3JB)E

000-6405-02

<PERCENTSIGN> MODE NULL CHARACTER.
POINTER TO BLANK PROGRAM MAGTAPZ HEABER.
POINTER TO *DATA™ PROGRAM MAGTAP:z HEACER.,
POINTER TO *PROGRAM™ PROGRAM MAGTAPE HEADER.
CODE FOR PRI TOKEN,
ASCII OUTPUT CONTROL ROUTINE.
PRINT COMMAND I/0 SYSTEM CONTROL FUNCTION.
ASCII FORMATTING MODULE.
ROUTINE TO PRINT A STRING.

ROUTINE TO PRINT A VALUE.

CODF. FOR PRM TOKEZN.

PRINT ERROR = THE ERROR MESSAGE WRITZR.

PRINT TAG - STACK TAG FOR INFORMATION SAVED DURING PAGE
FULL ON UNIT PROCESSING. '

POINTER TO STRING COUNT STACK TAG.

ROUTINZ TO PUSH FP NUMBER ON STACK.

PUSH RETURN = SAVES RETURN ADDRESS ON A SECOND STACK.
ROUTINZ TO HANDLE <PERCENTSIGN> CALL.

CODE FOE PT TOKEN,

ROUTINE TO STACK NUMERIC VARIABLE.

ROUTINE TO STACK STRING VARIASLE.

ROUTINE TO POP FP NUMBER FROM STACK,

PULL REGISTER N - ROUTINE TO PULL ANY REGISTER FROM
THE STACK.

ROUTINE TO INITIALIZE MAGTAPZ HARDWARE.,

PUSH EVALUATOR STATUS - ROUTINE TO SAVE EVALUATOR STATUS
ON THE STACK AND TO CLEAR THE COPY IN PAGE ZERO.,

IT ITMiTG.

PUSH X = ROUTINE TO PUSH X AND GIV:Z
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PUSHXT(RASA)E PUSH X - ROUTINS TO PUSH X AND GIVE IT A SPECIAL TAG.
PUTBYT(C33D)E ROUTINS TO PUT A CHARACTER IN THE OUTFPUT BUFFER.
PUTCHR (9CBE) L ROUTINE TO PUT CHARACTERS INTO OUTPUT BUFFZR.

PWRUP (BC4BIE POWZE® UP - THZI SYSTEM POWER UP ROUTINE.
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Q Symbols

Q0 (887C)C POINTEF TO THEZ BEGINNING OF THE KSYWORLC TABLE.

Q1 (8BE7)C POINTER TO THE BEGINNING OF THE 2ND QUARTER OF THE
KZYWORD TABLE.

Q2 (8CA2)C PCINTER TO THE SEGINNING OF THE 2N3 HALF OF THE
KEYWARD TABLZ.

Q3 (8D8=)C POINTER TO THE BIGINNING CF THE 4RD QUARTER OF THE
KEYWORD TABLZ.

QACS (95DE)E ROUTINE TO IMPLEMENT THE ACS FUNCTION.

QASC (B8ED4)EC ROUTINE TO IMPLEMENT THE ASC STRING FUNCTION.

QASN (95Dt)E ROUTINE TO IMPLEMINT THE ASN FUNCTION.

QATN (95FE)E ROUTINE TO IMPLEMENT THE ATN FUNCTION.

QAXIS (884C)E ROUTINE TO IMPLEMENT THE AXIS COMMAND,

QCAT (8D4LE)E ROUTINE TO IMPLEMENT THE CAT () STRING FUNCTION.

QCHRE (BEZC)E ROUTINZ 70O IMPLEMENT THE CHR STRIN5G FUNCTION,

ACRCSS(RF1A)YE ROUTINE TO IMPLEMZINT THE POINTER COMMAND.

QDF AW (9215)E RCUTINS 70 IMPLIMENT THE C”AW COMMAND.

QEND (C113)C LASY POSITION IN THZ TYPE-AHZAD QUE.

NGIN (9231)c RCUTINZ TO IMPLIMENT THE GIN COMMAND.

QIN (C372Wy TYFE=-AHEALD QUE INPUT POINTER.,

QLEN (8£80C)¢ QCUTINS TO IMPLEMENT THE LEN STRINS FUNCTION.

QMOVE (8223)E ROUTINZ TO IMPLEMENT THE MOVE COMMAND.

QOUT (GO07«)V TYPE-AHEAD QUE QUTPUT POINTER.

APOS (8BZ2)& ROUTINE TO IVMPLEMENT THE POS STRINS FUNCTION.

QRORAW(B21C)E RCUTINE TO IMPLEMENT THE RORAW COMMANG.

QREP  (82C1)E POUTINE TO IMPLEMENT THE REP STRING FUNCTION,

QRMOVE (9224)E ROUTINE TO IMPLEMENT THE RMOVZ COMMAND.

QRNLC  (96F2)L ROUTINE TO IMPLEMEINT THE RND FUNCTION,

QROTAT (995°%)E ROUTINE TO IMPLEMENT THE ROTATE COMMAND.

000-6405-02
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QSCALE(9176)E
QSEG (8CS8A)E
QSETFU(9742)E
QSTR (8BAB)E
QTRNSL(CH2A)C
QUSRFN(9330)C
QVAL (8B77)E
QVIEW (9130)E

QWINDO(90CCIE

ROUTINS TO IMPLEMENT THE
ROUTINE TO IMPLEMENT THE
ROUTINC TO IMPLZMENT THE

ROUTINE TO IMPLEMENT THE

THZ ADDRISS IN TRANSL THAT IS STACKED FOR ZVAL.,

THE ADDRESS IN ZVLEN STACKED FOR A FNX CALL.

ROUTINE TO IMPLEMENT THE
ROUTINE TO IMPLEMENT THE

ROUTINE TO IMPLEMENT THE

000-6405-02

SCALT COMMAND.

SEG STRING FUNCTION.

FUZZ COMMAND.

STR STRINS FUNCTION,

VAL STRING FUNCTION,.

VEIWPORT COMMAND,

WINDOW COMMANEC.
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R Symbols

RO (goooyv THE FIRSY OF 24 16 BIT SYSTEZM REGISTZFES,
R1 (g6og21yv SYSTEM REGISTER N,

R2 (eocuw)v e

R3 (Goterv o

Ry (good)v - o=

RS (GocAv -

R6 (gooC)v “o"

R7 (BB3EIV -

RA (go10)v "o

R9 (a4012)v .o

R10 (0018)V oo
R11 (Co1e)V .o
R12 (0o18)v oo
R13 (C31A)v .o

Rid (co1civ .o

R1iE (GC1E)V .o
R1E (go20)v .o
R17 (0a22iv .o
Ri8 (0249 v o
R19 (g6gze)v -

R20 (go28)v .o
R21 (coz2amv e
R22 (go2C)V -
R23 (coz2e)v .o
RAD (C221)E ROUTINE TO IMPLEMENT SET RAD COMMAND.

RADCOD(0037)C CoZ FOP RAD TOKEN.
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RADCON(£3D2A)C

RBYCOD(OO77)C
RBYTE (F13F)E

RBYTVL(F2C0F)c

RDIG (GhC2)V
RDIGA (0633)V
RORAW (0030)C
RDRCOD(GOCWC
REACOD(CO67)C
READ (DEA2)C
REACRSIIFDSWIE
REASTG(CCCF)E
REAVAL (CCAA)E

RECCNT (0035)V

RECND (Q07%)V
RELBL (0B3c)HC
RELCOD(GOB’AYC
RELT3L(A73C)C

REMCOD (00A4)C

RENCOD(8057)C
RENUM (S9DCBS)E
RENUMB (9D5A)E
REP (Go78)C
REPCOD(000€)C

RESCOD (G056)C

CONSTANT FOR RANGE REDUCTION IN TRIG ROUTINES. &/PI
RADCON+8B = FP CONSTANT PI/4

CODE FOR RBY TOKEN.
ROUTINE 70 IMPLEMENT RBYTE.

ROUTINE T0O GET A SINGLE BYTE FROM THE GPIB IN
RBYTE FORMAT,

RIGHT DIGITS PRINTING COUNT.

RIGHT PRINT POINTER (AUDRESS).

BANK SWITCH CONTROL CONSTANT.

CODZ FOR RDR TOKEN.,

CODE FOR REA TOKZN.

READ COMMAND I/O SYSTEM CONTROL CONSTANT,.
MAGTAPE ®RIVER TO RZAD A PHYSICAL RECOKD.
ROUTINEZ TO READ A STRING,

RQOUTINZ TO READ A VALUE,

PFPZSENT AVAILASLE KECOFD COUNT FOR OPEN
MAGTARPE FIlLc,

FILZ SYSTEM VARIABLZ, PRESENT FILC REQUESTED.
RELABEL COMMAND I/O SYSTEM CONTROL CONSTANT,
CCCZ FCR REL TOKEN.

RELABEZL TA3LE IN PARSEI,

COD=Z FOR REM TO(EN.

CODZ FOFR RcN TOKZN,

RENUMBZIF ACCORDING TO REGISTZR DIRZECTIVES.
RENUMRER ACCORDING TO STACK DIREZCTIVES.

BANK SWITCH CONTROL CONSTANT,

COD:Z FOR REP TOKEN.

CODZ FOR RES TOKEN.

000-6405-02
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RESTS (BF65)E
RESTZ (BF5C)E
RETCOD(0B5E)C
RETH (0024)V
RETL (DO25)V
RETURN(SFEWIE
REWIND(FBD7)E
RMOCOD(0002)C
RMOVE (0Q04C)C
RND (go3&)cC
RNDATA (B34 9E
RNDCOD(CO0421C
ROTATE(CD2C)C
ROTCOD(5082)C
ROW (2595)v
ROWCT (20ATHIYV
RPN (£354)¢C
RPNCOD(008F)IC

RTRN (AQFD)E

RTRNTG(001E)C
RUN (3F 1e)E
RUNBNK (AA7F)E
RUNCOD (L055)C

RWNDFG(0014)C

000-6405-02

ROUTINE TO IMPLEMENT RELSTORE STATEMENT NUMBER.

INTERNAL ROUTINE TO RESET DATA STATEMENT POINTERS.

COCQZ FOR RET TOK:ZN.

TEMPQORARY FOR RETURN ADDRESS

ROUTINE TO IMPLEMENT RETURN STATEMENT.
ROUTINE TO REWIND THE MAGTAPL,

COCE FORP RMO TOKzZN.

BANK SWITCH CONTROL CONSTANT.

BANK SWITCH CONTROL CONSTANT.

ROUTINE TO ROUND FP NUMBZIP AND CONVERT TO ASCII.

COCE FOR RNC TOKEN.
3ANK SWITCH CONTROL CONSTANT,

COUZI FOR RCT TOKEN,

]

KEYROARD DRIVZFP ROW OF PIESINT KEY,
JISPLAY CHARACTER® ROW COUNTZR,
SIGHT PARINTHZISIS TOKEN HANDLZIR.
CCCEZ FCR RPN TOKZIN,

ROUTINF TO PULL USZ ALTEIRNATZ RITURN POINT.
PSH=ET,

RETUPN TAG - STACK TAG FOR A INTERNAL RETURN
ROUTINE TO IMPLEMENT RUN COMMAND,.

ROUTINE TO RUN ALL BANKS FCOR POWER UP ECT..
CCDE FO# RUN TOKEN,

DSPSTT FLAG BIT =-- REWIND PENDING.

SEE

ADDRESS.
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SAFE (A93E):

SAVCOD(CG5B)IC
SAVE (0121)C
SBP (0343)V
SCACOD(0031)C
SCALE (0008)C

SCLMAT (94LFU4L)E

SCMSED(2479)V

SCORE (0C38)V

SCRTCH(C235)V
SECCoC(0072)C
SECFNC (1D02%)C
SEG (cosc)C
SEGCO0(L0IE)C
SEMCOD(563E)C
SEMITG(0011)C
SERCHS(FECCIE
SETARG(CE7C)E
SETBNK(AQIO5)E
SETCOD(06A1)C

SETERA(N15A) =

SETERR(D155)E

SETFUzZ (00Cd)C

SETRND (EFA3)E
L

S Symbols

ROUTINZ TO CALL IF SYSTEM IS SAFE FOP ROM INTERRUPTS
BRUT IT IS DISABLED,

CODZ FOR SAV TOKEN.

SAVZ COMMAND I/0 SYSTEM CONTROL CONSTANT,.

STACK BASZ POINTER - BCTTCM OF EXECUTION STACK.
CO0=Z FOF SCA TOKEN.

BANK SWITCH CONTROL CONSTANT.

SCALER-HATRIX = ROUTINE TO APPLY A SCALER OPERATOR OVER
A SCALER AND AN ARRAY,

PREZSENT SCRAMBLE CHARACTER.

USED IN ROUTINE UNCOMP TO DECIDZ WHEN TO UNSTACK AND
OFLRATCR INTO THE RESULT.,

SCRATCH = SYSTEM WORK AREA IN PAGE N,

CODZ FOF SZC TOKEN.,

SECRET COMMAND I/O0 SYSTEM CONTROL CONSTANT,

BANK SWITCH CONTROL TONSTANT,.

COCZ FOF SEG TOKZIN.

CC3z FOF 3EM TOKIN,

SEMI COLON TAS = STACK TAG.

MAGTAPE HARDWARZI DRIVER TO DO FAST SEAFCH,

SET UP FQOR TYPARG - ROUTINE TO PRIME TYPARG CALLS.
SET 3ANK = ROUTINE TO SWITCH BANK AND DO HOUSEKEEPING.
C0Dz FOF SET TOKEN.

SET ZRROR AND TAKE ZXIT A - ROUTINE TO SET THE ERROR CODE
AND RZTURN USING DREXTA.

SET TRRCR CODEZ = ROUTINEZ TO S&£T THE ERROR CODE AND RETURN
TC THZ CRIGINAL CALLER.

BANK SWITCH CONTROL CONSTANT.,

SET DEFAULT VALUE FOR KERNAL OF RND.
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(IFTLL(C532)V
SHIFT2(0534)V
SHMR (R24D)E

SHNTCT(D333)V

SHUNT (A0DE)E

SIG (EDE7)E
SIGCOD(0041)C
SIGNS (08C3)v
SINCOD(o04CYC
SINTHA(0&4DA)V
SIZCON(BGARIC

1ZERR(CDJ6IC
SKIFS (FER’4)E
SLN (ERIENE

SLOPH (0GOC)C

SLOPL (CCe4)C
SM2C3N(G0AF)C
SNDBFR(CLO4)E

SNGMAT (94CANE

SP1 (cgomyv
SP2 062z
SP3 (coz1)v
SP4 (00zZsv

ACE (C1DS)E
SPACOD(GOAC)C

KEY3DARD DRIVER SHIFT KIY FLAG.

ANCTHZR KEYBOARD DRIVER SHIFT KEY FLAG.

ROUTINE TO RIGHT SHIFT FRACTION PRIOC® TO ADD/SUBTRACT.
VAFRIABLE USED TO RITURN THE NUMBEIR OF BYTZS NEEDED TO
STORE THIZ POSTFIX LINE, GEINEZRATZD BY SHUNT, RETURNED TO
TRANSL .,

CONVIRTS THE PREFIX-INFIX INTERNAL NOTATION LINES
PRODUCEDR BY LEX INTO POSTFIX, EXECUTABLE LINES.

CODE TO COMPUTE SIGN OF A& FP NUMBEZR.

CO3z FOR SIG TOKcN.

FLAG SET IN FP INPUT CONVERSICN:*™SIGN OF NUMBER.™
CODZ FOR SIN TOKgN.

SINZ OF ROTATZID ANGLE FOR RELATIVE GRAPHICS. AN FPN,

COOUE FOR SIZ TOKeN.
SI7%T FTRPOXI - BREAK POINT FROM SIZZ ERRORS TO NOXIMAL ONES,
MAGTLDE NRIVIR RCUTINZ TO SKI® A RICORLC.

SXOUTINE TC LEZFT SHIFT FRACTINN OF FP NUMBSR,

SLCP HIGH PYTZI - SPACE DIFFZIRINCE 3ETKREEN STACK
QEQUIRPMENT ANDG FUDGZ,
SLCPE LCW BYT:c.

COOE FOR SM2 TOKEH.
ROUTINE TO SIND AN OUTPUT BUFFER AND SctT EOI BIT.

SINGLE MATRIX - FOUTINZ TO APPLY A MONADIC SCALZR
OPZRATOF OVER ONZI ARPAY,

RELATIVE STRING POINTER 1.
RELATIVE STRING PIOINTER 2.
RELATIVE STRING POINTER 3.
RELATIVE STRING POINTER &,

ROUTINC TO IMPLEIMENT SPACE COMMAND.
CODE FOF SPA TOKEN,

000-6405-02
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SPCIOB(ABB3)E

SPCIOF (102G)C

SPOLON(F798)E
SAR (cBOF)E
SQRCOD(0Q4C)IC
SRQCOD(0O0ACIC
SRQOFF(C19F)E
SRARDY (FSAC)E
STAT37(00781V

STAX (04S57)E

STECOJ(i088)C
STGCOD(C331)C
STKELO(E82E)E
STKUSE(0527)V
STOCOD(03EFIC
STOP (9F4E)E
STPTR (003B)V
STR (0038)C
STRCOD(COID)C
STRING(CO1C)IM
SUM (9622)&
SUMCOD(G019)C

SWIERR(PC2E)E
SYMTAB(BODE)IE

SYSERR(BC3C)E

ENTRY POINT INTO IOSCAN TO SCAN A RBYTE/WBYTE LIST.

SPECIAL FUNCTION CCMMAND I/0 SYSTEM CONTROL CONSTANT,
THIS IS USZD BY SOME INTERNAL BUFFZR REQUSZTS,.

ROUTINE TO SEND SZRIAL POLL INA3LE.

ROUTINE 70 COMPUTE SQUARE ROJT OF FP NUMBCR,
COLE FOR SQF TOKEN.

CODZ FOR SRQ TOKEN,

RESZTS SRQ PENDING BIT.

ROUTINE TO PRQCZSS SRO LEVEL REQUESTS.

4051 PROCESSOR IN SECRET OUTPUT STATUS.

SELF MODIFYING CODE TO STORE ACC=B AT (ACC-A)+(X).
STAX?: STA A STAX+4 IMODIFY DISP FIELC

STA B G,X 3ISTORE DATA
RTS
CC0Z FOF STE TOXcN.

CCLz FCR STG TOKcN.

4
L)

FOUTINE 70 BUILD A 2ACKWARLS STACK FOR I/0 LISTS.

]

KEY3CARD JPIVZIR STACK USAGEZ COUNTER.
C00E FOR STO TOKEIN.

ROUTINZ 7C IMPLEMEINT STOP COMMAND.,
SYM3OL TASLE POINTER.

BANK SWITCH CONTROL COMSTANT,

COLZ FCF STR TOKEN,

(]

MODULE WITH THEZ STRING FUNZTIONS IN IT.
ROUTINZ TO IMPLEMEINT THE SUM FUNCTION.

CO00z FOR SUM TOKEN,

SWI ERROR = ROUTINZ TO HANDLS SWI INTERRUPTS.

SYM30L TABLE ROUTINE, BUILDS AND STARCHES THE SYMBOL
TABLE.

SYSTEM ERROR = ROUTINE TO HANOLE THINGS THAT CAN NOT
OCCUR,
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T1 (gu3F)V
T2 (00CGrV
T3 (00C1)V
T (gocaryv

TABAD (EQ4E)C
TABCNT (060B)V
TABPNT (00C4)V
TABPTR(LO0AG)Y
TAGPTR(0088)V
TAN1S (E982)C
TANCOD(004A)NC
TAPE (D9CC)E
TAPF2 (E12F)E
TAPFIL(E128)E
TCOL (GoA2)V
TEMPX (04F2)V
TEMPY (3522)V
TESTCS (AAS2)E

TFLGS1(0035)V

THECOD(0089)C
TLICOD(007A)C
TLIST (E237)E
TMP1 (CO0AS)V

TMP2 (00AG)V

000-6405-02

TL - T4 ARE FP INTERNAL SCRATCH BYTES.

POINTER TO TABLE OF POWERS OF (2%*(1/1€))**M,
CURRENT LOGICAL OUTPUT POSITION,

POINTER USED FOR VARIOUS FP OPERATIONS.
ICSCAN NAME TABLE POINTER.

IOSCAN STACK POINTER.

FP CONSTANT = TAN(15 DEGREES) .

TOKEN CCDE FO2 TAN.

ROUTINE TO PRICESS MARK, FIND COMMANDS.
ROUTINS TO PROGCESS LIST, SAVZ, OLD COMMANDS.
SIMIALAR TO TAPF2.

TENPOFARY MATRIX COLUMN COUNTER FOR I/0.
TEMP, STORAGE OF FFN FOR GRAPHICS.

TEMP. STORAGE OF FPN FOR GRASHICS.

DOES A CONDITIONAL UPCASE DEPENDINS ON SET CASE/NOCASE,

TRANSLATOR FLAGS BYTE.

D D NS D A D . - e ———— = e e € D WD G R SR R D AP WS B 4D SR AR D S > G -

DZF ® STR R PARM R RAND ® OF
FLG ® ] R R R hY

COGE FOR THE TOKEN.

CODE FOF TLI TOKEN.,

ROUTINE TO PROCESS THE TLIST COMMAND.

TEMP. STORAGEZ FOR THE DISPLAY DRIVER. VECTOR INFORMATION

SIMILAR TO TMPi,
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TMPZ (00A7)V
TMPHX (00AA)V
TMPHY (00AB)YV
TMPLX (50AB)IV
TMPLY (0O0AQV
T02C0D(0087)C
TOCOD (£08e)C
TPOINT(BO1C)V
TRACE (C232)E
TRACOD(0398)C
TRANSL (ABBO)E

TRAPS (FFF8)C

TRASH ABLILEIV

TRIG (EA20)c
TRN (0021 C
TRNCOD(C31ANC
TRUTH (EBCB)E
TSTENF (FFBC)E

TSTINT(Q3CuL)IE

TTY2 (0592)V

TYPARG(CE?7)E

TYPASC (DA2E)C
TYPEIN(DA25)C
TYPCOD(O003E)C

TYPE (CEQD)E

SIMILAR TO TMP1,
CURRENT POSITION OF X AXIS DISPLAY IN TEKPOINTS.
CURRSENT POSITION OF Y AXIS DISPLAY IN TEKPOINTS.

THE LOWER 8 BITS OF TMPHX,

(a2}

LCWEX 8 BITS OF TMPHY,

al}

TH
CODZ FOR TC2 TOKZIN.

COCEZ FOR TO TOKEN.

TABLE POINTER.

ROUTINE TO IMPLEMENT SET TRACE COMMANG.
C0DE FOP TRA TOKEN.

TRANSLATOR MAINLINE.

8ASE ADDRESS FOR SYSTEM TRAPS.,

.+ 100 SYSTEW SCRATCH YARIABLE«

ROUTINES TC COMPUTE SIN, COS, AND TAM,.

BANK SWITLCH CONTROL CONSTANT,

CCDZ FO® TwN TOKEN.

ROUTINZ TO DSTERMINE IF FP NUMBER IS CLOSER TO 0 OR 1.
RCUTINE TO TEST FOR 8NFR’S (PHYSICAL END OF FILED.

TEST INTERRUPT - EVALUATOR ROUTINE 7O TEST FOR RAISED
ON CONDITIONS AND PEINDING USER KEYS.

KEY20ARD TTY LOCK FLAG.

TYPZ OF ARGUMENT - ROUTINE TO TEZST AND SIMPLIFY FUNCTION
ARGUMENTS ON THE STACK.

POINTER TO *ASCII®™ HEACER.
POINTFR TO ™BINARY™ HEADER.
CODZ FOR TYP TOKEN.

ROUTINE TO PROCEZSS THE TYYPE COMMAND.

000-6405-02

IDD PROGRAM EXCHANGE  10/82



TITLE
4051 Assembler

PAGE NUMBER

183

TYPFIL(EB74)E
TYPIN (8033)E
TYPLST(DA3EIC
TYPNEW (DALE)C

TYPRES(CF?77)E

TYPSEC(DASC)IC

ENTRY CALL TO FILE SYSTEM FOR TYP N,
LINE £DITOR MAIN ENTRY POINT,
POINTEZER TO *LAST™ HEADER.,

POINTER TO *“NEW™ HEADEF.

TYPZ OF RESULT = ROUTINE TC TZST FOR VALID RESULT AREAS

FOR SYSTEM FUNCTIONS.

POINTER TO *SZICRET™ HEADER.
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UNADR (AF10)E ROUTINE TO UNADDRESS THE I/0 SYSTcMe. RESETS

OISPLAY AND I/0 LIGHT AND I/O VARIABLES.,

UNCOMP (98AA)E UNCOMPILER, CONVERTS PCSTFIX INTERNAL NOTATION LINES
TO PREFIX=-INFIX INTZRNAL NOTATION.

UNDER (B3BC)E SAME AS ZANS - PUSHZIS 0 ON STACK.

UNICOB(0075)C CODES FOR UNI TOKEN,

UNIT (G83C)C UNIT COMMANG I/0 SYSTEM CONTROL CONSTANT.,

UNLEX (8B30)E UNLEXICALIZE, CONVERTS INTZRNAL NOTATION INTO ASCII.
up (EEBENE ROUTINE TO COMPUTE FP A**E,

UPCASE (AASA)E CONVERTS INPUT DATA TO UPPERCASE,

UPCOD (001C)C CODE FOR UF TOKEN.

UPDLEN(ADCEIE ROUTINEZ TO UPJATE A STRING LINGTH AFTER INPUT/READ.

USICOD(GG91)C COC= FOF USI TOKEN,

USING (AB4T)E ROUTINE TO SET UP POINTERS FOR PRINT USING COMMAND
USRORG(COW7)V USER ORIGIN - THE AODRESS OF THE FIRST FREZE BYTE OF RAM,
THIS VARIABLE SHOULD BE USED INSTEAD OF PGNEND BY

SYSTEM MODULES.

UTILS (AQ94)IM SYSTEM UTILITY ROUTINES.
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V Symbols

VAL (Ge3u)C
VALCOD(BD1F)C
VALTG (302C)C
VECTOR(CB31) ¢
VIECOD(006C)C
VIEW (001C)C

VLDKEY(0546)V

000-6405-02

BANK SWITCH CONT=OL CONSTANT,

COOE FOR VAL TOKEN,

VALUE TAG - STACK TAG FOR A FLOATING FCINT NUMBER.,

ROUTINE YO DISPLAY VZCTOPS ON THE DISPALY.
CORE FOR VIE TOKIN,
BANK SWITCH CONT=OL CONSTANT,

KEYB0AFRD HANDLER TEMPORARY KEZY REGISTER.
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W Symbols

WAICOD(CO7F)C
T WAIT (C250)E
WAIT. (CBSBIE
WBYCOD(0G78)C
WBYTE (F188)E
WBYTVL(F1I2)E
WINCOD(0063)C
WINDOW(0018)C
WREND, (FE4LE)E
WRICOD (0068)C
WRISTG(CD3D)E
WRITE (0F21)C
WRIVAL(CD6F)E

WRRS (FD2E)E

CODE FOF WAI TOKEN,

ROUTINE TO IMPLEMENT WAIT COMMAND.

RCUTINE TO WAIT «CMSZC.

COLzZ FOF WBY TOKEN.

ROUTINT TO HANDLE WEBYTE COMMAND.

ROUTINE TO SEND ONE BYTE FROM THE WBYTE LIST.
CODE FOR WIN TOKEN.

BANK SWITCH CONTROL CONSTANT.

ROUTINE TO FINISH WRITING A MAGTAPZ RECORD.
COGE FOR WRI TOKEN.

ROUTINE TO WRITE A STRING.

WRITZ COMMAND TI/0 SYSTEM CONTROL CONSTANT.

ROUTINE TO WRITE A VALUE.

MAGTAPZ ORIVIR ROUTINE TO WRITE £ PHYSICAL RECORD.
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X Symbols

X0 (00N3)V
X1 (00N2)vV
X2 (0021)v
X3 (000g)V
Xt (00CF)V
X5 (G0CE)V

XENSP (0049)V
XEQSTK(0424)V

XFNBNK (0469)V

XFNMAP (8800)M

XFRCTL (C431)E

XFRSCN(EO7C)IE

XLAST (g&c2)V
XMAXW (0482)V
XMINS (0&4A2)V
XMINW (047A)V
XNEW (O4LEA)V

XSF (043R)V

X0 ses X5 IS A SIX BYTE ARRAY FOR HOLCING FRACTIONS
DURING FLOATING FIOINT OPERATIONS.,

EXECUTION STACK POINTER = SECOND STACK FOR RETURN PQOINTS
ZXECUTION STACK SPACE - WORK AREA FOR EXECUTION STACK.

EXTENDED FUNCTION BANKS - FOUR VARIABLES THAT HOLD THE
BANK ACDRESSES OF THE EXTENDED FUNCTION ROMS,.

MODULS THAT HAS THE BANK HZANEZR FDOR OVERFLOW ROM PACK.

ROUTINE TO ATTACH AN APPROPRIATZ I/0 CRIVER
GIVEN A.PRIM AND A TABLE POINTER.

NOTES THIS ROUTINE WILL ALSO ATTACH I/0 DRIVERS
FROM THE PIATBL,

MAGTAPE CONTROL ROUTINE TO INITIALIZZ MAGTAPE
OPERATIONAL REQUZSTSY LIKE PRINT, OJLD.

X AXIS LAST POSITION FPN IN USER UNITS.
PRESENT XMAX WINDGOW (FPN),

PRESENT XMIN VIZWPORT (FPN).

PRESENT XMIN WINDOW (FPN).,

NEW POSITION FOR PLOTTING IN USER UNITS (FPN).

PRcSENT X AXIS SCALE FACTOR.
XSF t= (XMAX WINDOW - XMIN WINDOIW)

(XMAX VIZWPORT = XMIN VIEWPORT)
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Y Symbols
Yo (gocorv YO ... Y5 IS A SIX BYTE REGISTER FOk HOLLING FRACTTIONS
DURING FLOATING POINT OPERATIONS.
Y1 (gacorv .o
Y2 (oocB)v -
Y3 (socmv .-
Y4 (ooCov -
Y5 (oocC8)v .o
YAXTIS (00A4)V AXIS FLIP-FLOP FLAG.
YLAST (04D2)V SIMILAR TO XLAST,

YMAXW (0492)V SIMILAR TO XMAXW.

YMINS (04B2)V SIMILAR TO XMINS.
YMINW (CLBA)V SIMILAR TO XMINW.
YNEW (O4LFA)IV SIMILAR TO XNZW.
YSF (04CA)YV SIFILAR TO XSF.
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Z Symbols

ZANS (B3BC)E
ZORAW (1420)C
ZERCNT (CH0E)V
ZERO1 (060C)V
ZER02 (0601)V
ZERO3 (0BCS)V
ZERSVH(0607)V
ZERSVL (0608)V
ZGIN (18A0)C
ZIX (B3C2)E
ZIX4 (B3CA)E
IMOVE (1520)C
ZRDRAW(9420)C
7RMOVE(9520)C

Y (00w V

ROUTINE TO PUT A FLOATING POINT 0.0 PZSULT ON STACK.
DRAW COMMAND I/0 SYSTEM GONTROL CONSTANT,
COMMON Z:ZPRO TOUNT.

LEFT TRAILING ZER0O COUNT.

RIGHT LEADING ZERO COUNT,

RIGHT TRAILING ZERO COUNT.,

ZERO SAVE ADDRESS,y HIGH.

ZERQ SAVc ADDRESS. LOW.

GIN COMMAND I/0 SYSTEM CONTROL CONSTANT.
ROUTINE TO OUTPUT A FP ZZRC ON STACK,
ROUTINE TO ZERO TOP & WORDS OF STACK,

MOV COMMAND I/0 SYSTEM CONT20L CONSTANT.
RDPAW CCMMAMND I/0 SYSTEM CONTROL CONSTANT,

PMCVS COMMAND I/O SYSTEM CONTROL CONSTANT.

ZEEN X = A VARIAALS CONTAINING ZERD THE CLEAR X WITH
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A(5-16)X AND D(5-13)X 196
ASCFPN 197
BACKUP 198
BELCAL 198
BFRALC 198
BININ 199
BINOUT 199
CMPFPN 100
COMPR 200
CROS 201
CRTRST 201
CTLCHR 202
DEFPNT 202
DIM 203
DIMSTR 203
DISBLE 203
DOFP 204
DRBUSY 205
DSMOVE/DSDRAW/DSGRAF 206
DSPAGE /DSHOME 206
DSPCPY/DSPCP2 ' 206
DSPCHR 207
DSPGIN 207
DSPOUT 208
ENABLE 208
ETOX/ZZETOX 209
FIX1 210
FLOAT1 ALIS FLOAT2 210
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FPADD

FPCMP

FPDIV

FPMUL
FPNASC
FPNEG

FPSUB
FUZZIE
GENCUR/DOIT
GETCHR
IECIN
IECOUT
INAGTE
INAITT/FPAITT
INITMT
INPSTG
INPVAL

INT

INTMLA
INTMLC
IOCLNR
KEYIN

LOCTG (LOCATE TAG)
LOCTGR
LOG/LGN/ZZL0G
MIN,MAX
MKFILE
MODMTH
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MTPIN
MTPOUT
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NFR8 235
NORM 235
OUTBFR 236
PCHAR 237
PCHR.1 237
PRINTF 238
PRISTG 240
PRIVAL 240
PSHFPN 240
PSHRET 241
PULFPN 241
PUTBYT 241
QCROSS 242
REAHDR 242
REASTG 243
REAVAL 243
RENUM 244
RENUMB 244
QRND 245
RNDATA 246
RPN 247
RTRN 249
SAFE 249
SETRND 250
SHMR 250
SIG g 250
SLN 250
SQR 251
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WRISTG 259
WRIVAL 259
XFRCTL 260

INTRODUCTION

This document provides information pertaining to the 4051 system firmware. The
following is a 1ist of the parts.

1) Routine documentation--this is a package containing documentation and
interface specifications on routines within the 4051 which may be of use to

potential ROM writers.

2) 1/0 System variable definitions--this is an appendix to the routine
documentation. This appendix defines the I/0 system variables which must
be used for most of the I/0 routines. This appendix is referred to in the
documentation as the normal I/0 system variables.
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ABS

FUNCTIONS
INPUTS

OUTPUT:

QACS/QASN/QATN

FUNCTION:
INPUT:

OUTPUT

USES?:

CALLS:

NOTFS?

ABSOLUTE VALUE
FP NUMBER ON TOP OF STACK,

FP NUMBER ON TOP OF STACK,

COMPUTES INVERSE TRIG FUNCTIONS
INPUT IS IN STACK

ANSWER ON STACK,
ERRCD CONTAINS ERROR CODE,

R1,Ri+1
TABPNT

PSHRET
DOFP
SGR
ZANS (IN NORM)
FPDIV
CMPFPN
FPNEG
PSHFPN
FPADD
ABX
FPHUL
RTRN

ASIN AND ACOS ARE COMPUTED FROM

ASN=ATAM(X/SAR(1=X#X))

ATN IS8 COMPUTED BY REDUCING X TO ARCTAN (15 DEGREES) OR

LESS AND THEN APPLYING A CONTINUED FRACTION

APPROXIMATION,
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ADRDEV

FUNCTION:

INPUTSS

QUTPLUTS 1

CALLS 1

NOTE 1t

000-6405-02

THIS ROUTINE ASSIGNS PRIMARY AND SECONDARY ADDRESSES
AND IN GENERAL SETS UP THE I/0 SYSTEM FOR THE CURRENT
I/0 RFQUESTED BY BASIC,

1)CPRADR = 2 BYTESS A CONSTANT THAT IS SET UP BY THE
EVALUATOR FOR FEVERY J/0 STATEMENT EXCEPT POULL, RBYTE
AND WBYTE, THIS CONSTANT IS DIFFERENT FOR EVERY 1/0
STATEMENT AND ITS VALUE MAY BE FOUND IN IOKONS,

2)NPTIOYAL ADDRESS DATA 1S STORFD ON THE STACK
SOMEWHERF ANC IS MARKED BY AN ATSNTG,

3)A,STAT = ATVLD BIT 2 <4,> IS SET IF OPTIONAL ADDRESS
I~FCRYATION 1S ON THE STACK,

4)PPMONDE « “LAG FOR PERCENT MODE DELIMITERS,

PP%UL ¢ PERCENT MODE NULL CHARACTER,

PPFTR 3 PERCZEYT KNDF EMDeDFeLINE CHARACTER,

PPFAF ¢ PFRCENT MODF FOF CHARACTER,

JECRLF ¢ OPTIONAL CR/LF DELIMITER MODE,

IDFUNC ¢ SET TO CONE TO INDICATF PRESENT I/0 FUNCTION,
A, STAT 3§ SET APPROPRIATELY « SEE INEQU FOR DEFINITION
nF BITS,

ERRCD ¢ SFT IF ILLFEGAL ADDRESS

A,PRI¥ g PRIMARY ADDRESS

A,SEC 1 SFCONDAPY ADDRESS

TABCNT =21 ¢ COUNTER FOR PRINTF

JOSYSF =1 g3 I/0 SYSTEM FLAG FOR FIRST ACCESS »
GFNERALLYy USED BY ROM PACKS (SPECIFICALLY FILE SYSTEM)
NULCHR ¢ NULL CHARACTER = NDRMALLY 255,

ENL.CHR ¢ ENDe(OF«LINE CHARACTER NORMALLY <CR>

FTXCHR ¢ EOF CHARACTER NORMALLY 25§,

POINTR 265535 3§ FOR ON FIULL

DR =65535 ¢ FOR ON FULL

BLINK =0 3 SO SCREEN I/0 WILL WORK

NOQUT =0

CRSTAT =0 ¢ INITIALIZE BUFFER FLAGS,

ATPROC
MTPADR

WILL ALSO TURN ON THE 1,0 LIGHT UNLESS PRIMARY ADDRESS
IS 32, <DISPLAY> OR 34, <DATA>,
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AFPITT

FUNCTION 1 CONVERTS AN ASCII STRING TO AN FPN,

INPUTS 3 RO ¢ POINTER TO FIRST CHARACTER OF STRING
R{ § POINTER TO DELIMITER OR ONE PAST LAST VALID
CHARACTER,

OUTPUTS FPC § RESULTANT NUMBER

RO § POINTER TO DELIMITER USED
R1 § UNeMODIFIED

USFS 3 POINT
CRSTAT
CALLS 1 PSHFPN
PULFPN
INPVAL

A(5-16)X AND D(5-13)X

FUNCTION 3 THESE ROUTINES ARE USED TD ADD OR SUBTRACT SMALL
INTEGERS TO THE INDEX REGISTER, THE NUMBER IN THE NAME
CALLED IS THE NUMBER ADDED TO IX,

INPUTS 13 X HAS ANY NUMBER,

OUTPUTS IX IS ALTERED,
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ASCFPN

FUNCTION CONVERT AN INPUT STRING OF ASCII CHARACTERS INTO A
FLOATING POINT NUMBER,
FORMAT ISt

(+/=)(DIGS)(,)(NIGS)(UPPER CASE E DR LOWER CASE
E)(+/=)(DI1GS)

OVERFLOW CAUSFS LARGEST POSSIBLE NUMBFR TO RE OUTPUT)
NO ERROR OCCURS, UNDERFLOW CAUSES ZERO TO BE OUTPUT,
IF TOD MANY DIGITS ARE SPECIFIED IN THE FRACTION THEY

ARE IGNORFD,

INPUTS 1 FIRST CHARACTER ASSUMED IN. GLOBRAL CHAR,
CALLS GETCHR TO PUT NEXT CHARACTER IN CHAR,

ODUTPUTS 1 THE FLNDATING POINT NUYBER IS PLACED ON THE STACK,
SETS SYSTFM FLAGS}

DIGFLG ¢ 0 = DIGIT SEEN, <> 0 = NO DIGIT SEFN
ITSINT g 0 » INPUT NOT AN INTEGFR <> 0 e INPUT A
NOKeYEGATIVE INTEGER

TFLGS3: SEE NOTES
EFLAG ¢ <> 0 = NNLY AN E SEEN, 0 3 ANYTHING ELSFE

STGKNS 3§ HIGH ORPMER BIT = FRACTION NEGATIVE, LOW ORDER
RIT s EXPONENT NEGATIVE,

ERRCD 3 IS CLFARED WHEN OUTPUT IS NORMAL,

FGU 1 €> 0 = NOT AN INTEGER

CNT

X0, 4. X5

Ti.oaTd

DEXP, DEXPe1

PLTAB, THE TABLE OF POWERS OF 10
TABPNT

GETCHR

PSHRET

THULT

PSHFPN

NORMR (=aPSHRET + NORM)
MAXANS (IN NORM)

ZANS (IN NORM)

FPDIV

FPMUL

AgX

IF CNT=i THEN IF NUMRER IS AN INTEGER THEN CLEAR BITS 2
AND 7 OF TF1,GSY ELSE SFT FQU=1

000-6405-02 IDD PROGRAM EXCHANGE 10/82



TITLE

4051 Assembler

PAGE NUMBER

198

BACKUP

FUNCTION 3

INPUTS 1

OUTPUTS 3

USES 3§

BELCAL

FUNCTION

BFRALC

FUNCTION

INPUTS

OUTPUTS 3

CALLS 1

THIS ROUTINE USFS RO AS A PSEUDD STACK POINTER AND
BACKS IT UP ONE STACK ENTRY, RO HAS THE ADDRFSS OF A
VALUE TAG=1 FOR INPUT, 1IF THE RYTE IS NOT A LEGAL TAG
SYSERR IS CALLED, 1IF THE TAG IS THFE END OF STACK TAG
RO IS NOT ALTERED,

RO IS THE ADDRESS OF A STACK TAG=1

RO IS UPDATED TO REFLECT THE STACK ENTRY IS PASSED,

RO

BEEP THE 4051 BELL

INITIALIZE BUFFER POINTERS BASED ON PRIMAPY ADDRESS,

A,PRIM g PRIMARY ADDRESS

MTSREG ¢ TO DETFRMINE IF 256 OR 128 BYTE MAGTAPE
RECORDS,

A,S5TAT ¢ TO DETERMINE IF INPUT OR OUTPUT,

A,STRT ¢ POINTER TO FIRST SLOT

A,END £ A,STRTel

NOTE tA,STRT = § 1S ALSD CLEARED, THIS 1S NECESSARY FOR
PUTBYT ,

A,MAX 3 POINTER TO LAST SLOT,

LnXX
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BININ

FUNCTION 3 ATTACHES PROPER I/0 DEVICE FOR BINARY INPUT,
INPUT 3 NONE
OUTPUT 1 ERRCD SFT IF ERROR IN HANDLFR,
USES 1 NOTHING
CALLS @ XFRCTUL
DATIN
FILEIN
TECIN
MTPIN
NIOPEYV
NATES ALL I/O0 SYSTEM VARIABLES MUST BE SET UP CORRECTLY,
BINOUT

FUNCTION ATTACHES PROPER I/0 DEVICE FOR BINARY OUTPUT,
INPUT 3 NONE
OUTPUT 3 ERRCD SET IF ERROR IN HANDLER,
USES 1§ NOTHING
CALLS 1 XFRCTL
FILEOT
IECOUT
MTPOUT
NIODEYV
NOTES ALL I/0 SYSTEM VARIABLES MUST RE SET CORRFCTLY,
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CMPFPN

FUNCTIONS

INPUTS

QUTPIITSS

COMPR

FUNCTIONI

INPUTS?S

DUTPUTS ¢

USF.St

SUGGF.STIONS,
AND NDTES?

RESTRICTIONS,

COMPARES TWO FLOATING POINT NUMBERS,

A POSITIVE FLOATING POINT NUMBER (Y) POINTED TO BY
TABPNT, A FLOATING POINT NUMBER (X) ON THE STACK, THE
STACK CONTAINS TWO BYTES ON TOP FOLLOWED BY TKE TAG FOR

X AND THEN X 1TSELF,
X AND Y ARE NOT CHANGED,

ACC A = 0 IF X = Y
e 1 IF X D>Y
z oy JF X < ¥

COLLECTS ALL STILL VALID STRINGS, ARRAYS, AND PROGRAM
LINES AS FAR DOWN (TOWARD APPR, 0) IN MEMORY AS
POSSIBLE, OR TO SAY THAT ANOTHER WAY COLLECTS ALL
AVAILABLE SPACE BETWEEN PGNEND AND LSP AND MOVES IT
ABOVE LSP INTO THE FREE SPACE AREA,

ITEM 1 ON STACK >=0 AND <=32767, THIS IS THE NUMBER OF
BYTES WHICH MUST BE RECOVERFD FOR THE COMPRESS TO BE
CONSINERED S8UCCESSFUL, IF LESS THAN THIS ARE RECOVERED
AN ERROR = ERWSFL e 18 GENERATED,

NONE (FREE SPACE\N\)
RO,R2=R6

1y ALL ENTRIES ON THE STACK MUST BE CORRECTLY TAGGED
WHEN THIS ROUTINE-IS CALLED,

2) THIS RNUTINE DOES NOT EXPECT TO FIND (IE WILI NOT
HANDLF CORRECTLY) A POINTFR TN STRING COUNT = PSCTG e
o THE STACK,
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CROS

FUNCTION 13

INPUTS

ODUTPUTS 1

USES 1

CALLS 3

CRTRST

FUNCTION 3

CALLS 3

TO PLACE ON THE CRT SCREEN THE GRAPHIC POINTER IN

RESPONSE TO THE IMPUT FROM THE JOY STICK AND TO
TERMINATE THE PROCESS WHEN A LEGAL CHARACTER IS INPUT

FROM THE KEYBOARD,

ANALOG VOLTAGE FROM JOY STICK AND TERMINATING CHARACTET
FROM KEYBDARD,

THE VALUE OF THE CRT DA"S AT THE TIME A LEGAL KEYBOARD
CHARACTER IS INPUT, IN TMPHY, TMPLY, TMPHX, TMPLX, AND
THE KEYBOARD CHARACTER INPUT IN THE ®"A" REGISTER ON
EXIT,

NO PSEUDO REGISTERS

GENTUR, KBOOUT

RESET THE CRT PIA"S AND RESET THE OLD STATUS OF THE
DISPLAY AS WELL AS SERVICING ANY PENDING PAGE, COPY,
HOME, REWIND REQUESTS, GFNERALLY CALLED TO RESTORE CR
OPERATION AFTER THE MAGTAPE HAS BEEN USED,

DSPENL = SERVICES PENDING REQUESTS
ENABLE « TO OFFSET THE DSABLE OF THE MAGTAPE SECTION,
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|
CTLCHR

FUNCTION 13

INPUT 3

CALLS 3

NOTES 1

DEFPNT

FUNCTIONg

INPUTS S

ouTPUTS?

USFSe
CALLS?S

NOTESS

THIS ROUTINE SENDS CHARACTERS TO THE CRT BUT WILL WAIT
UNTIL THE PAGF IS CLEARED IF THE DISPLAY IS IN FULL
STATUS,

CTLCHR = SENDS ALL CHARACTERS TO THE SCREEN
ACC, A = ASCII CHARACTER

SETRNK

PCHAR

DSPCPY

FULSCN

THIS ROUTINE DDES SOME SPECIAL HAMNDLING FOR THE
OPTIONAL DISPLAY HANDLERS LIKE THE OPTION § INTERFACE
THRU THE 3 BYTE DSPVCT VARIABLE, 1IT ALSO HANDLES THE

SPECIAL PAGE FULL MODES AS WELL AS THE ON FULL
CONDITINN,

TO OUTPUT STRING OR NUMBERS ACCORDING T0 THE DEFAULT
IMAGE BTRINGS CONTAINED WITHIN DEFPNT,

DFEFAULT STRINGS ARE AS FOLLOWSS
1, STRINGS (DT=0)
FA

2, FOR NUMBFRS (DT=1) IN THE RANGE OF 10E=3¢/N/<C10E=T
THE DEFAULT IMAGE STRING 1S =

Fr,FD

FOR ALL OTHER NUMRERS, THE DEFAULT IMAGE STRING IS e
FE

NPT, DP, DL

NYUTPiUITS FORMATTED DATA THROUGH PUTBYT IN ACCORDANCE
¥ITH ARQVE INPUTS,

RO,R)
UPCASE, PUTRYT

THE CALLER OF DEFPNT MUST INSURE THAT THE INPUTS STAY
VALID DURING THE DATA OUTPUT SEQUENCE,
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DIM

FUNCTION 3

INPUTS 1

OUTPUTS

USES ¢
CALLS 1

NOTES

DIMSTR

FUNCTION 3

INPUTS 3

OUTPUTS

USES

CALLS 1

NOTES/ERRORS

DISBLE

FUNCTION

RESTRICTIONS,
NOTESS

DIM IS CALLED AS A RESULT OF THE DIMENSION TOKEN, ITS
FUNCTION IS TO CLEAR THE BRACKET COUNT AND SET THE
DIMENSION FLAG IN LOCAL FLAG TO 1§,

NONE

BRKCNT = 0
LCLFLG 3 LCLFLG + DIMFLG

-
[ €

[ &)

DIMSTR 1S USED TO DIMENSION A STRING VARIABLE,

INTY{ MUST HAVE THF LENGTH TO BE DIMENSIONED, *X"
REGISTER MUST HAVE VARIABLE NAME TABLE POINTER,

MEMORY IS ALLOCATED BY CREATING A NEW DATA ENTRY AS PER
THE LENGTH VALUE, THE STRING PARAMETERS ARE SET IN THE
NAME TABRLE,

R7
COMPR, DISBLE, ENABLE

PART OF THE ALLDCATION ROUTINE MAY INVOLVE CONSIDERABLE
TIME SINCF THE MEMORY COMPRESS ROUTINE MAY BE INVOLKED,
AM ERROR WILL RESULT IF THERE 18 NOT ENOUGH MEMCRY TO
DO THE DIMFNSIONING,

THIS ROUTINE IS USED TO INCREMENT THE SYSTEM INTERRUPT
MASK COUNTER TO DISABLE SYSTEM LEVEL INTERRUPTS, THIS
1S USED TO PROTECT FUNCTIONS LIKE MEMORY COMPRESS FROM
BEING INTERRUPTED FNR AN ABORT OPERATION, IF A
FUNCTION 1S LEAVING THE SYSTEM NPISARLED FOR LONG
PERIODS OF TIME THE ROUTINE S8AFF SHOULD BE CALLED TO
LET ROM PACKS PROCESS INTERRUPTS,

SEE ALSO ENABLE AND SAFE,
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DOFP
FUNCTION 3

INPUT 3

QUTPUT

USFS 1

CALLS 1

FOP"S 1

|

FLOATING POINT INTERPRETER
A TYPICAL CALL I1S:

JSR DOFP

«BYTE FOP) ¢ FAR{

.BYTE FOPZ + FAR2

’WORD [N ]

+RYTE FRET

FOR EACH OPERATOR BYTE, DOFP PERFNORMS FIRST THE S=BIT
OPERATION FOPX, THEN THE 3=RIT NPFRATION FARX,,wORD"S
OF DATA MAY BE PLACED AFTER SOME FOP"S, THE LAST FOP
IS FRET, INDIVIDUAL FOP"S ARE DESCRIBED BELOW, THE
FAR MAY BE!

FA (CaLL FPADD)
FS (CALL FPSUR)
FM (CALL FPMUL)
FD (CALL FPDIV)

THE STACK TS MANIPULATED ACCNRDING TO THE FOP'"S,
CONTROL RETURNS TO THE BYTE AFTER FRET,

RN, RO+
T4

FPA
FPB

FPC

PSHFPN
PULFPN
ABX
FePMUL
FPDIV
FPADD
FPSUB
JMPAX

1, FHEt PUSH EXTENDED,

»RYTE FHEX + FAR

«WORD OPAD

THE FPN AT THF ADDRFSS GIVEN IN THE ,WORD (F,G,,O0PAD)
IS PUSHFD ON THE STACK,

2, FHINt PUSH INDIRECT
SAME. AS FHEX EXCEPT OPAD CONTRINS THE ADDRESS OF THE FP
NUMBER RATHER THAN THE NUMBER,

3, FRETt RETURN,

4, FLEX: PULL EXTENDED,
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DOFP (continued)

DRBUSY

FUNCTION

NOTES

000-6405-02

SAME AS FHEX EXCEPT THE Fp NUMBER IS POPPED FROM THE
STACK TO OPAD,

5, FSWPr SWaP TWO STACK ENTRIES,
THE TOP TWO STACK ENTRIES ARE 8SWAPPED,

6, FLIN: PULL INDIRECT,
SAME AS FHIN EXCEPT THE FP NUMBER 1S POPPED FROM THE

STACK TO THE ADDRESS IN OPAD,

7., DUPLICATE STACK ENTRY,
THE TOP STACK ENTRY IS DUPLICATED,

B, FSAVy SAVE IN TEMPORARY,
THE TNP OF THE STACK IS POPPED TO THE GLOBAL FPA,

9, FRESt RESTORE FROM TEMPORARY,
THFE. FpP NUMBER IN FPA IS COPIED TO THE TOP OF THE STACK,

10, FART: ND OP,
USED WHEN ONLY THE FAR IS TO BE PERFORMED,

11, FHI¥3 PUSH IMMEDIATE,
THFE OPERAND IMMEDTATELY FOLLOWING IN THE ,WORD IS TO BE

PULISHED,

WAIT UNTIL DISPLAY IS IN A READY STATE, ALL COPIES,

PAGES, VECTORS DONE,

THIS ROUTINE MUST BE CALLED BEFORF ANY NEW COMMANDS ARE
GIVEN TO THE DISPLAY, THIS IS NORMALLY DONE BY CRT

SFRVIZE ROUTINES BUT CHECK THE ROVTINES BEFORF ASSUMINC
ANYTHING,
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DSMOVE /DSDRAW/DSGRAF

FUNCTIONg CONVERTS NUMBERS FROM GDU"S TO TEKPOINT"S8 (10 BIT DAC
INFO,) AND THEN DISPLAYS A LIGHT OR DARK VECTOR TO THAT
POINT,

INPUTSS TVPY ¢t 0 = DRAW <DSNRAW SETS IT>

1 = MOVE «<DSMOVE SETS IT>
POINT s POINTS TO FLOATING PODINT GDU VALUE,

USFS 1 YAXIS = AXIS FLIPeFLOP CONTROL,
TNP2, TMP3
T4PHX, TMPLX
T“PHY, TMPLY

CALLS ¢ PSHFPM, AGX
FIX 1
VECTOR
NOTES 8 THIS ROUTINF IS CALLED TWICE FOR § VECTOR, THAT IS ONCE

FOR EACH AXIS (YAXIS KEEPS TRACK), IT ALSO DROPS
VECTORS THAT GO BEYOND SCREFN EDGES,

DSPAGE /DSHOME
FUNCTION DSPAGE = PAGES/HOMES CRT
DSHOME « HOMES CRT
OUTPUT CLEARS FULL
USFS3 T™PY
TMPHY, TMPHX
TMPLY, TMPLX
CALLS! MDVE (ROUTINE INTERNAL TO CRTDRV)
DELY1S
DSPCPY/DSPCP2
FUNCTIONS ISSUES A DISPLAY COPY COMMAND TO THE HARD COPY
CONNEZTOR,
CALLS: DRBUSY
WAIT,
NOTES! DSPCPY CHECKS TO SEE IF THE SCREEN 1S ENABLED, IF IT IS
NOT IT WILL SET THE COPY PENDING BIT,
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DSPCHR
FUNCTION} SENDS ASCII CHARACTERS TO THE SCREEN A8 IN CTLCHR
EXCEPT JT CONVERTS ALL CONTROL CHARACTERS EXCEPT <CR>
TO THE READABLE BACKSPACE UNDERLINE FORM,
INPUT? ACC, A = ASCII CHARACTER
CALLS? CTL2HR
DSPGIN
FUNCTIONg PERFNRM INPUT FUNCTIONS FROM THE DISPLAY AS DETERMINED
RY THE SECONDARY ADDRESS,
INPUTS: A.,SEC : CURRENT SFC, ADDR,
24, ® GIN <o RETURN CURRENT POSITION IN GDU"S
$13, = INFUT <e RETURN SCREEN SIZE IN GDU"S,
YAXIS 3 AXIS FLIPeFLOP
0 o RETURN X
€>»0 = RFTURN Y
NOTEs TOGGLE HANDLED RY DSPGIN ROUTINE,
PNINT ¢ POINTER TO RESULTING VALUE,
OUTPUTS? VALUE STORED AT PDINT,
USES?S YAXIS
TMPHX, TMPLY g READ TO GET CURRENT PDSITION
THVPHY, TMPLY
CALLS: NIGNEV
FLOAT 1
DNFP
PULFPN
NOTE?} ONLY I/D VARIABLE USED 1S A,S8FEC,
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DSPOUT

FUNCTIONS

INPUT

USES?

CALLS}S

ENABLE

FFUNCTION;

RESTRICTIONS,
NOTES?

L

PERFORMS THE BASIC DISPLAY FUNCTIONS AS DICTATED BY THE
CURRENT SECONDARY ADDRESS AND A BUFFER FULL OF
INFORMATION,

A.,SEC 1 DEFINES WHAT IS TDO BE DONE
TO THE CHRRACTERS IN THE BUFFER,

A,PTR ¢ POINTER TO THE FIRST VALID
CHARACTER IN THE BUFFER,

A,END ¢ POIMTER TO THE LAST VALID CHARACTER,
A,PTR g ¥NVING PDINTER,

PCHAR

CTLCHR

DSPZPY
DOIT

THIS ROUTINF IS USED TO CONTROL SYSTEM INTERRUPTIONS,
THE ROUTINE WILL DECREMENT THE SYSTEM INTERRUPT COUNT
AND IF IT RECOMES ZERO, SYSTEM INTERRUPTS CAN BE
PROCESSED, THE SYSTEV MASK IS NOT ZERO IF OPERATIONS
ARF IN PROGRESS THAT CAN NOT BE INTERRUPTED SAFFLY,
THESE OPERATIONS HAVE SYSTEM POINTERS OR CONTROL TABLES
IV A STATE THAT 1S NOT CONTROLLED,

TRIS ROUTINE CAN CALL ANY INTERRUPT PROCESSNR 80 THE
VARIARLF LIST AND ROUTINE LIST CAN NOT BE GENERATED,
SEE ALS?, DISABLE AND SAFE,
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ETOX/ZZETOX

FUNCTION}
INPUTS

OUTPUTS

USES?

CALLS:

000-6405-02

EXPONENTIAL EXP(X)
X ON STACK
EXP(X) ON STACK

IF EXP(X) OVERFLOWS OR UNDERFLOWS IT IS REPLACEN BY THE
LARGEST POSITIVE NUMRER OR ZERO, RESPECTIVELY, AND
FREXP IS PLACED IN ERRCD,

R3

Rt
Ri+1
R34+
TABPNT

PSHRET
PSHFPHN
FPMIL
ZR%S
MAXANS
LN
NORYR
DnNFP
FPNEG
FPDIV
RTRN

MULTIPLIES X BY LOG 2 (E) THEN PARTITIONS

/X7 = N ¢ (¥+Y) / 16)

WKRFRE N AND M ARE INTFGERS, 2°N IS EASY,2°(M/16) IS RY
TARLE LOOKUP IN TABRAD, AND 2°(Y/16) IS CDHPLETFD BY A
RATIONAL APPROXIMATION OF THE FOREK,

2°X & (0C(X’2) + XP(X’2)) / (Q(X*2) = XP(X*2))

FOR O¢<m X <= 1/16, N0 SOURCE IS8 GIVEN FOR THE
APPROXIMATION) P AND Q@ ARE BOTH OF DEGREE 1,
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FIX FLOATING POINT TO 16 BIT INTEGER,

IF INPUT 18 NEGATIVE, FIX (ABS(A)) IS COMPUTED AND
ERFIXN IS SET IN ERRCD, IF THE INPUT EXCEEDS 2/16=1,
THE LARGFST POSITIVE INTEGER IS RETURNED AND ERFIXOV I8
SFT IN ERRCD, IF THE INPUT IS LESS THAN 0,5, ZERO 18§
RETURNED, OTHERWISE THE INPUT IS ROUNDED TO THE
MFAREST UNSIGNED 16 BIT INTEGER,

A FLDOATING PDINT NUMBER, ON ENTRY, IX POINTS TO THE
TAG BYTE FOR THAT FP NUMBER,

THE 16 RIT INTEGER IS8 PLACED IN THE HIGH ORDER BYTES OF
THE INPUT MANTISSA, IX+3 AND TXe4,

FLOAT1 ALIAS FLOAT2

FUNCTION]

INPUTS

OUTPUT

CALLS:

FMTCLN

FUNCTION}

INPUTS?
NUTPUTSS
USES?
CALLS?

NOTES!

FLOAT A 16 BIT INTEGER,

AN UNNUMERALIZED Fp NUMRER WITH EXPONENT 48 IS FORMED,
THEN NORM IS CALLED,

TAGGED 2 BYTE INTEGER ON STACK
TAGGED FP RESULT IN BTACK

PSHRET, NORM

TO OUTPUT ANY REMAINING DATA THAT I8 SPECIFIED IN THE
IMAGE S8TRING AFTER ALL LIST OUPUT IS COMPLETE,

1sP, IS8L

SEE FUNCTION
RO=R3
UPCASE, PUTBYT

THE CALLER OF FMTCLN MUST INSURE THAT THE INPUTS REMAIN
VALID DURING THE DATA OUTPUT SEQUENCE,
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FMTINI

FUNCTION?

INPUTS?

OUTPUTS?

USES?¢
CALLS?
NOTES?

FMTPNT

FUNCTIONS
INPUTSS -
OUTPUTSS

USES?

CALLS?

TO INITIALIZE THFE FORMAT OUTPUT PROCESS BY CLEARING ALL
FLAGS, SET CURSER = TO FIRST CHARACTER,

ISL

SEE FUNCTION
<=

<=

<»

TO OUTPUT NUMERIC AND STRING DATA TYPES ACCCRDING TO
THE IMAGE STRING AND ALSO TO OUTPUT DATA AS SPECIFIED
WITHIN THF IMAGE STRING ITSELF,

1sP, ISL, DP, DL, DT

OUTPUTS FORMATTED DATA THROUGH PUTBYT IN ACCORDANCE
WITH ABOVE INPUTS,

RO « R3
UPCASE, PUTBYT
THE CAULER OF FMT#NT MUST INSURE THAT THE INPUTS STAY

NOTES}
 YALID DURING THE DATA OUTPUT SEQUENCE,

FPADD

FUNCTION} FP ADD
TWO FLOATING POINT OPERANDS A AND B ARE ON THE STACK
ALONG WITH THEIR TAGS, B IS ON TOP, A IS NEXT, THE
RESULT R3;=A+B REPLACES THEM ON THE STACK, NO GUARD
RITS ARE USED, UNDERFLOWS AND OVERFLOWS ARE HANDLED IN
THE. STANDARD NORM ROUTINE,

INPUTS 2FP OPERANDS IN STACK

OUTPUTS ONFE FP RESULT IN STACK

USES: X0 TO SAVE SIGN (R)

CALLS?S PSHRET, RTRN
ASX
SY“R (RIGRT SHIFT MANTISSA)
FRTST (PART OF NORM)
NORw

[(SSSSEES
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FPCMP

FUNCTION}

INPUTS

OUTPUTS

USES?S

CALLS?

FPDIV

FUNCTION}

INPUTI

DUTPUT
USFS?

CALLS:

COMPARE TWO Fp NUMBERS ON STACK,

X, ON TOP OF STACK,
Y, NEXT ON STACK,

IN ACCAS

=1 IF X > Y
+1 IF Y > X
0 IF X = ¥

TABPNT

PSHRET
AOX=1
C¥PFPN
RTRN

FP DIVIDE

COMPUTES FP QUOTIENT OF 2 FP NUMBERS IN THE STACK, THE
RESULT RyzA/B REPLACES A AND B, OVERFLOW, UNDERFLOW
AND DIVIDE BY ZEROD ARF HANDLED IN NORM, NO GUARD
DIGITS USED,

B, ON TOP OF STACK, WITH TAG
A, NEXT IN STACK, WITH TAG

R, DN TOP OF STACK
T, T2, X0,,,X5, Y0,,,.Y5

PSHRET

A9X

MAXANS (IN NORM)
FPRET

NORH
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FPMUL

FUNCTIDONS

INPUT?S

OUTPUT
USES:!

CALLS:

FPNASC

FUNCTIONS

|I”PUTS!

OUTPUTSS

IUSFS!

CALLSS

Fp MULTIPLY

FORXS Fp PRODUCT OF TwWO Fp NUMBERS ON THE STACK, THE
RESULT Ri=A#B REPLACES A AND B, NO GUARD DIGITS ARE
USED, UNDERFLOWS AND OVERFLOWS ARE HANDLED BY NORM,

B, ON TOP OF STACK, WITKH TAG
A, KEXT ON STACK, WITH TAG

R, RESULT ON TOP OF STACK
Tlp T2' xo.olxsl Yolllolys

PSHRET

A9X

ZANS (IN NORM)
NARV

REDUCE A FLOATING PRINT NUMBER X TO A FRACTION F AND AN
EXPONENT F SUCH THAT X = F , J0’E AND 1/10<=F<{,

THE FP NUMBER IS ON THE STACK, THE TABLES OF POWFRS OF

10,
PLTAB AND NESTAR, ARE USED,

THE FP FRACTION MANTISSA, NOT NUMERALIZED IF 1/10<=F
<1/2, 16 IN X5,,.X5+5(X0),

THE EXPONEMT E IS IN DEXP AND DEXP+1, IF X<O THEN
NS$="="ELSF

NStz" ",

X044eoXS,Y1,Y0
N12, T4
TARPNT, MULPNT

PSHRET
ASX
RTRN
cvPFPY
FP¥UL
ABX
PULFPN
SHMR

_ M —

000-6405-02

IDD PROGRAM EXCHANGE 10/82



===
TITLE PAGE NUMBER

4051 Assembler

FPNEG
FUNCTIONg NEGATE A FLDATING POINT NUMBERI G = oF
INPUT A FLOATING POINT NUMBER F ON TOP OF THE STACK,
NUTPUTS A FLOATING POINT NUMBER G = »F REPLACFS F ON THE STACK,
CALLS? NONE
FPSUB
FUNCTIONS FP SUBTRACT
REVFRSES SIGN OF Fp OPFRAND ON TOp OF STACK AND GOES TO
FPADD,
CALLS! FPADD
P i & SRl feves
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FUZZIE

FUNCTIONS

INPUTS:

OUTPUTS S

USESS

CARLLS:

NOTES?

GENCUR/DOIT

FUNCTION
INPUTS

USES?

CALLS:

000-6405-02

FUZZY COMPARE,

FP NUMBFR B ON TOP DF STACK,
FP NUMBER A NEXT ON STACK,
FUZR, A GI.OBAL FP NUMBER WITH THE ZFRO=COMPARF FUZZY

FEXPONENT,

FUZ2, A GLOBAL BYTE WITH THE NON=ZERD COMPARE FUZZ
VALUE,

A AND B ARE DESTRNYED,
A FP ZERD 1S PLACED ON THE STACK,
ACC A AND T4 SET TO:

0 IF B FUZZY EQUAL A
+1 IF A > B
=1 IF A € B

T4, TARPNT. FUZPR

FESMB
CYPFPHK
7ZANS (IN NDRM)
PSHRET

FuzzY EQUAL OF NON=7ZERD A TO 0,0 IS DEFINED BY
COMPARING A TO 2 NUMBER WHOSE EYPONENT IS FUZB, IF A
<~ THAT NUMRER, THEN FUZZY EQUAL IS TRUE,

FUZZY EGQUAL BETWEEN NON=ZFRO A AND B IS DEFINED BY

CNMPUTING A=B AND COUNTING THE NUMBER OF NORMALIZE
SHIFTS REQUIRED, IF THAT NUMRER IS >3 FUZA, THEN FUZZY

Foal IS TRUF,

GENERATES A WRITEeTHRU CURSOR,
CURSOR 1 ASCII CHARACTER TO FLASH,
DISCNT = COUNTER

BLINK « TNGGLED TO GET BLINK ACTION, WHILE BLINK s 0,

JUST IDLING FOR A WHILE,

PCHAR
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GETCHR

FUNCTION EXTRACT ONE CHARACTER FROM THE CURRENT I/0 DEVICE

BUFFER, ALL DEVICES ARE HANDLED ON A BUFFERED BASIS,
IF THE BUFFFR I8 EMPTY THEN A NEW BUFFER WILL BE
REQUESTED FROM THE 1/0 DEVICF, A BUFFFER REQUEST IS
SATISFIED WHEN THE BUFFER BECOMES FULL OR AN END OF
LINE CHARACTEF 1S ENCOUNTERED,

INPUTS A, STAT § BFRSTT « BIT 5 ¢32,> SET IF BUFFER VALID
(CONTAINS DATA),

A,PTR t POINTER TN NEXT VALID CHARACTER

A,END 3 PODINTER TO FIRST NON=CHARACTER,

CRSTAT 3 BUFFFR STATUS FLAGS RS SFT BY 1/0 HANDLERS,
OUTPUTS? CHAR § CHARACTER READ

ACC,A t CHARACTFR RFAD,

R,PTR 3 UPDATED

A,STAT ¢ U'PPATED,

CRSTAT 3 UPDATED

IF READ A DELIMITER CHARACTER THE CRVLD BIT wILL RE

TURNEN ON IN CRSTAT AND A <CR> WILL RF RETURNED AS THE

CHARASTER REQUESTED,

ERRCD § SET IF ERROR IN 1/0 HANDLFRS,
CALLS1 NEWBFR

NOTEs ALL T/D SYSTEM VARIABLES ARE ASSUMED TO BE CORRECT,
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IECIN

FUNCTION;

INPUTS

OUTPUTS?

000-6405-02

TO S8END A BUFFER OF INFORMATION ALONG THE GPIB, IT
WILL ALSO SEND MTA AND MSA IF REQUIRED,

A,STAT 1 RUSACT = BIT 4 <16,>
0 = SEND MTA AND MSA THEN SET BUSACT,
1 = ASSUME RUS SET UP,

A,PRIM | PRIMARY ADDRESS (MTA)
A,SEC ¢ SECONDARY ADDRESS (MSA)

A,PTR § PDINTER TO FIRST AVAILABLE CHARACTER POSITION
IN BUFFER

A MAX g POINTER TO LAST AVAILABLE CHARACTER POSITION IN
BUFFER,

10FUNT 1 CODF FOR PRESENT 1/0 FUNCTION, 1F = READ <14,>
THEM NN SEARCH FOR PELIMITERS w1LL BE PERFORMED,

ETXCHR § 8 RIT ENDeQFeTFXT (OR EOF) CHARACTER, IF THIS
CHARAZCTFR IS DETECTED THF ETX BIT IN CRSTAT WILL BE SET
AND INPUT FROM THE BUS wILL BE TERMINATED,

EOLZHR ¢ B BIT FNDeOF=LINE CHARACTER, IF TKIS
CHARACTER IS DETECTED THE CRNORM BIT IN CRSTAT WILL BE
SET AND INPUT FROM THE BUS WILL BE TERMINTED, AT LEAST
UNTIL THIS ROUTINE IS CALLED AGAIN,

NULCHR t 7 BIT NULL CHARACTER, IF NULCHR >= 128, THEN
NO CHARACTER WILL BE NULLED, DTHFRWISE IF THE NULCHR IS
DETECTED THE CHARACTER WILL NOT BF ENTERED INTO THE

BUFFER,

CRSTAT t BUFFER STATUS FLAGS MUST BE 0 BEFORE CALLING
THIS ROUTINE,

CRSTAT ¢ BUFFER TERMINATION STATUS FLAG, POSSIRLE
VALUES ARE ENUMERATEDS

0 - BUFFER IS FULL AND NO TERMINATION CHARACTER WAS
RECEIVED,

CRENI « AN EOI wAS RECEIVED

CRNORM e AN EOLCHR WAS RECEIVED

CRF.TX = AN ETXCHR WAS RECEIVED,

A END § POINTER TD § PAST LAST VALID DATA CHARACTER,

NOTE3 EOLCHR AND FTXCHR APE NOT VALID DATA CHARACTERS
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IECIN (continued)

THEY ARE DELIMITERS, IN OTHER WORDS ¢

IF CRSTAT = 0 OR CREODI
A,END WILL POINT TO § PAST THE LAST VALID DATA

CHARACTER,

IF CRSTAT = CRNORM OR CRETX
A,END WILL POINT TO THAT DELIMITER,

ERRCD § SET IF NO BODY LISTENING DURING ADDRESSING
SEQUENCES,

USESS CHAR t TEMPORARY CHARACTER STORAGE,

CALLS?S ATNON
ATNOFF
INTSRC
IECSND
INTACP
IECRD
SCR4§

US TRANSFERS
NOTES? THIS ROUTINE WILL SET UP THE PIA®S FOR B
BUT OTHFR ROUTINES MUST BE USFD TD GET PIA™S OF{ OF TH
BUS, TVNADRS WILL NORVALLY PERFORV TH1S FUNCTION,

000-6405-02
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TECOUT

INPUTS?

QUTPUT

USES?

CALLS!

NDTE?

000-6405-02

FUNCTION:

TO OUTPUT A BUFFER FULL OF DATA ON THE GPIB, ALSD SEND
PRIMARY LISTEN ADDRESS AND SECONDARY ADDRESS IF
NECESSARY,

A.,STAT t BUSACT = BIT 4 <16,>
0 = SEND MLA, MSA AND B8ET BIT 4
{ = ASSUME ALREADY ADDRESSED

A,PRT™ g PRIMARY ADDRESS (MLA)

A,SEC t SFCONDARY APDRESS (MSA) NOTFi IF = 32 DON'T
SEND A SEC, ADDRESS,

A,PTR § POINTING TO FIRST DATA CHARACTER
A FEND 3 POINTING TO LAST DATA CHARACTFR

NOOUT 3 S+DIT = BIT 7 <128>
0 = SEYD DATA
{1 = SE~D DATA BNUT ALSO SEND FANI WITH LAST BYTE,

ERRCD SET IF NO DEVICES LISTENING TO RUS, NRFD AND NDAC
SENSED HIGH,

A,PTR AS A MOVING PDIKTER

ATNON
INTSRC
IECSND
ATNOQOFF
FOION
EQIOQFF

THIS ROUTINE WILL INITIALIZE THF PIA™S TO GFT ON THE
RUS LIST SOME OTHFR ROUTINE MUST GET OFF THE BUS, THE
UMADRS ROUTTNE WILL GENERALLY PFRFORM THIS FUNCTION,
THE ROUTINES DIRECTLY RESPONSTRLE FOR GETTING OFF THE

BUS ARE
IECOFF AND IECIFC,
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INAGTE
FUNCTION} CONVERTS AN INTEGER TO AN ASCII STRING WHERE THF STRING

1S STORED IN R15=R20 AND HAS A NULL STORED AFTER THE
LAST CHARACTER,

INPUTS? IMDEX REG, IS INTEGER

OUTPUTS? STRING STORED IN RIS = R20 WITH A NULL AFTER THE LAST
CHARAZTER, Ri{ WILL POINT TO FIRST CHARACTER,

CALLS?S IMAITT
NOTE s THE AZTUAL STRING WILL START AT R16 BUT PART OF R1S5 IS

USED BY INAITT,

INAITT/FPAITT
FUNCTIONg INAITT CONVERT AN INTEGER TO AN ASCII STRING, FPAITT
CONVERT FPN IN FPC TO AN ASCII STRING,
I INPUTS? RO » 2 BYTES t INTEGER TO CONVERT
R{ § POINTER TO FIRST CHARACTER OF RESULT STRING,
NOTE! CHARACTER Ri=1, WILL BE CLEARED,
R2 § MAX, LENGTH OF STRING <72,
FPC 3§ IF CALLING FPAITT THIS CONTAINS THE FPN,
QUTPUTS R2 § POINTER TO LAST CHARACTER OF RESULT STRING,
| R{ 3 POTNTER TO FIRST CHARACTER OF RESULT STRING,
USFSs FPC, NDUT
IDFLGS
CALLS:! FLOAT)
PPIVAL
PIULFPN
PSHFPN
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INITMT

FUNCTION:

DUTPUTS

CALLS:?

INPSTG

FUNCTION}
INPUTS?
QUTPUTS?
WUSFS!

CALLSS

NOTES

INITIALIZE MAGTAPE PIA"S, REWIND IF NECESSARY, DISABLE
CRT, OISABLE ABORT,

ERRCD t SET IF NO CART, PRESENT,
MTSTAT €= MTSTT2 < RESET IF REWIND NFW TAPE
DSPSTT <= 128, ,» DISABLES DISPLAY,

DRBUSY
D1SRLE
PUPTAP
REWIND

INPUT <INPUT> A S8TRING VARIABLE FROM THE CURRENT 1/0
DEVICE

PNINT ¢t POINTER TO FIRST CHARACTER POSITION TO RECEIVE
DATA,

LENGTH ¢ DIMENSIOV MAXIMUM LENGTH OF STRING,

STRING STORFD STARTING AT POINT
CHRCNT t ACTURL LENGTH READ,
FRRCD 3 SFT IF ERRORS IN HANDLERS,

COLCMT
TCOL = 2 BYTES
CRSTAT

GETCHR

LL NOR¥AL T/0 BYSTE™ VARIARLES MUST RE SET UPp
CORRECTLY,
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FUNCTION; INPUT <CINPUT> A VALUE FROM THE CURRENT I/0 DEVICE,
INPUTS A,PRIM 1 CHECKS IF CURRENT DEVICE IS THF DISPLAY, WHICH
REQUIRES SPECIAL HANDLING,
POINT g POINTER TO RESULT VALUE LOCATION,
DUTPUTS? VALUE STORED IN RESULT LOCATION,
ERRCD ¢t SET IF ERROR IN HANDLERS,
USFS3 CRSTAT
A,PTR
DIGFLG
FFLAG
CALLS: DSPGIX
AGYX
GETCHP
ASTFP™
PUILFP
NOTES ! ALL NORMAL, I/0 SYSTEM VARIABLFS MUST BE SET CORPECTLY,
INT
|
FUNCTTONS GFTS THE INTEGRAL PART OF A FLOATING pOINT NUMBER,
RETURNING A FLOATING POINT NUMBER, DOES AN
ALLGOL=FORTRAN STYLE FIX:
INT(1,5)21,INT(=},S)ue?
INPUTS FP NUMBER IN STACK
NUTPUTY FP NUMBER IN STACK
USES} R1
CRALLS: PSHRET
ZANS
AGX
PSHFPN
FPNEG
P Tp 1]
|
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INTMLA

FUNCTION}

INPUTS

QUTPUTSS

USES?¢
CALLS:

NOTES

INTMLC

INPUTS]

OUTPUTS ¢

-

USES?

CALLS?S

NDTESS

INTMLA MULTIPLIES TWO 16 BIT UNSIGNED INTEGERS AND
PRODUCES A 32 BIT UNSIGNED RESULT AND THEN ADDS TO THE
RESULT A 16 BIT UNSIGNED INTEGER,

ONE INTEGER IS IN R6,
THE SECOND INTEGER IS IN THE "X" REGISTER,
THF INTEGFR TO BE ADDED TO THF RESULT IS IN THE "A"™ AND
"B" REGISTERS WITH "A" BEING THF HIGH ORDER BYTE,

THE OQUTPUT 1S IN R6 AND R7 WITR R6 BEING THE HIGH ORDER
BYTE AND R7+1 THE LOW ORDER BYTE (R6, R7 =(R6#X)+AB),

THE "X" RFGISTER IS LOADED WITH R6 JUST BEFODRE EXIT SO
THE HIGH ORDER 16 BITS MAY BE CHECKED ON RETURN RY A
BFQ OR BNE INSTRUCTION,

Ré, R7
<=

NQO ERRORS Or OVERFLNW PCSSIBLF,

INTMLC MULTIPLIES TWO 16 BRIT UNSIGNED INTEGERS AND
PRODUCES A 32 BIT UNSIGNED RESULT,

ONE INTEGFR I8 IN R6,
THE SECOND INTEGEPR IS IN THE "X*" RFGISTER,

THE OUTPUT 1S IN R6 AND R7 WITH R6 REING THE HIGH ORDER
BYTE AND R7+1 THE LOW ORDER BYTE (R6&, R7=R6#X)
THE "X® REGISTER IS LOADED WITH Ré JUST BEFORE EXIT 80
THE HIGH ORDER 16 BITS MAY BE CHECKED ON RETURN BY A

BEQ OR BNE INSTRUCTION,

R6, R7
<m

NO ERPDORS OR OVFRFLOW PNSSIRLE,
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IOCLNR

FUNCTIONS

USES:

CALLS:

KEYIN

FUNCTIONS

INPUTS
OUTPUT

USES?

CALLS?

NDTE?S

CLEANS UP THE STACK AFTFR THE PROCESSING OF 1/0 LISTS
RY THE I/0 SYSTFM, THE 1,0 SYSTEM PUSHES A SECOND
ENLTG BEFORF IT BUILDS A NORMAL LIST ON TOP OF THE POST
FIX INFORMATION, THIS ROUTINE SEARCHES FOR THE FIRST
EOLTG AND RETRIEVES THAT RETURN ADDRESS, IT THEN
SEARCHES FOR A SECOND EDLTG (THE ONF THE FVALUATOR
PLACED) AND MOVFES THE STACK PDINTER TO THAT EOLTG, THE
ROUTINE RETURNS TO THE RETURN ADDRFSS RETRIFVED EARLY
WITH THE FIRST EOLTG, NOTEg THIS ROUTINE IS JSR"D TOO,
RUT THE RETURN ADDRESS 1S NEVFR USED EXCEPT FOR MAYBRE
DEBUGGING,

DREXTA, RO

LOCTG
DREXTA

SFT THE KEYROARD UP FOR RFESPONSE TO THE INPUT
STATEMENT, COMPLETE WITH FLASHING\,

A,SEC 1 USED TO DETERMINE IF INPUT REQUFSTED,
A FULL DATA BUFFER DETIMITED BY A <CR>,

CURSOR
BFLAG

NIODEV
CIDLE

A, END WILL BF SET UP BY TYPIN WITH THE ASSUMPTIOW THAT
THE EDIT RUFFER (FEDTBFR)Y IS BEING USED,

000-6405-02
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LOCTG (LOCATE TAG)

FUNCTIONS THIS ROUTINE IS USED TO LOCATE A GIVEN TAG ON THE
STACK, THE STACK ENTRIES ARE SEARCH FOR THF TAG AND IF
IT 1S NOT FDUND IN THE STACK THE RESULT POINTER 1S SET
TO ZERO, A PSUEDD STACK POINTER (RO) IS USED FOR THE
STARTING POINT OF THE SEARCH,

INPUTS RO IS A POINTER TN THF STARTING LOCATION CON THE
STlCK"'
ACC=2 IS THF TAG YOU WISH TO FIND,

QUTPUTSS RO IS UPDATED TO POINT TO THE FOUND FNTRYel,

USFES?t RO AND R}

CALLS: RACKUP,

LOCTGR

FUNCTION?S LOCATE A TAG IN A RANGE OF VALUES, THIS ROUTINE IS

VERY SIMILAR TO LOCTG EXCEPT IT WILL FIND THE FIRST orF
ANY TAGS IN A GIVEN RANGE OF TAG VALUES,

INPUTS? RO 1S THE PSEUDO STACK POINTER, THE ADDRESS OF TAG=1,

ACC=A IS THE LOW VALUF,
ACCeB IS THE HIGH VALUE,

QUTPUTSS RO HAS THE ADDRESS OF THE FIRST FOUND TAGel,
USES?$ RO AND RI
CALLS? BACKUP,
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LOG/LGN/ZZLOG

FUNCTION? COMPUTE LOGE(X) OR LOGLO(X)

INPUTSS 1, X ON STACK

2, GLOBAL CTKN, TIF CTKN=LGNCOD, LOG10 IS COMPUTED}
OTHERWISE LOGE,

OUTPUTS1t LOG(X) ON STACK, IF X<=0, X IS RETURNED AND ERLOG IS
PUT IN ERRCD,

USES? R3, R+

CALLS? PSHPRET

RTRN

DOFP

FLOAT 2 (=FLOAT 1)
FPMUL

FPADD

PSHFPN

METHOD S COMPITES LOG 2(X) THEN MULTIPLIFS BY ILOGE(2) AND
OPTINNALLY LOGIO(E), THE EXPONENT NDF X IS CONVERTED T0
AN INTEGERg THF FRACTION 1S CHAYGED TO THF RANGE
SORT(0,5)<=W<=SQRT(2) AND Te(Wei1)/(We¢1) IS COMPUTED,

THEN L0OG 2(W)sT#*P(T?2)

WHERE P IS A POLYNOMIAL OF DEGREE 7 IN T¢2, NO SOURCE
IS GIVEN FOR P WHICH IS ASSERTED TO RE CHEBYSHEV,

IMIN,MAX
FUNCTIONS FIND EITHER MIN OR MAX OF TOP TWO FP NUMBERS ON 8TACK,
INPUTS X, A Fp NUMBER ON TOP OF STACK,
Y, A FP NUMBER NEXT ON STACK,
BOTH INPUTS ARE POPPED,
OUTPUT; MIN(X,¥) OR MAX (X,Y) ON STACK
CALLS? PSHRET
FPC¥P
A9X=1
PULFPN
ASX
RTRN
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MKFILE
FUNCTIONg MARKS MAGTAPE FILES ON THE INTERNAL MAGTAPE,
INPUTSS RB+§ § NUMBER OF FILES TO MARK
R9 § NUMBER OF RECORDS PER FILE e NNTEt MUST BE 3 OR
GREATER,
A,STRT 1 POINTER TN FIRST CHARACTER LOCATION IN THE
RECORD, NOTEg MUST BE MTRFR,
FILLNC 3 PRESENT FILE NUMBER
MTSTT2 § MTFFST = BIT 7 (128) HEAD IN GAP BIT,
MTSREG ¢ TRPE CONFIGURATION STATUS, LENGTH/ CHECK SUM/
HEANER
OUTPUTS FKRCN ¢ SET IF TON MANY FILES OR END OF MEDIUM,
FILLOZ ¢ MODIFIFED TO NEw LOCATION <e NOTED EXITS WITH
KEADN JUST BEFDRE #LAST# FILE,
USES? R®, R1, R2, R10
»TPTR
MTMAX
FILEND
CALLSS NFRB
MTNULL
MODTBR
INATTT
MTCHKS
MARKS
REWIND
MTCLOS
PUPTAP
NOTE® MAGTAPE MUST BE INITIARLIZED,

ALSD, BEFORE CALLING, A TEST FOR THE WRITE LOCKED
CONDITION SHOULD BE MADE, THE TAPE IS WRITF LOCKED IF
PIAMTA BIT 3 (8,) IS SET, IF A FILE IS OPEN MTSTAT =
MTFPDOS: BIT 6(64) IS SET THEN THIS IS ALSC AN ERROR AND
THE ROUTINE SHOULD NOT BE CALLED,

IDD PROGRAM EXCHANGE 10/82
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MODMTH

FUNCTION3

INPUTS S

OUTPUTS?

USFS?
MTAFIN

FUNCTION

INPUTS?

NUTPUTS

USFS3

CRL.LS?

NOTE?S

UPDATES OR MODIFIES THE MAGTAPE HEADER RECORD IN
MFMORY,

A,STRT 3 POINTER TO BEGINNING OF HEADER RECORD,
ACC,B & INDEX OFF OF A,STRT TO POSITON TO MODIFY,
INDEX REG, ¢ POINTER TO NEW HEADER TEXT,

ACC,A t LFENGTH OF NEW HEADER TEXT,

MODIFITED HWEADER RECORD IN MEMORY,

RO,R1Y

FINDS AND OPENS A FILE ON THE INTERNAL MAGTAPE,

ACC,B j FILE TO BE LOCATED

FILLOC=2 RYTES j PRESFNT FILE POSITION,

MTSREG g TAPE CONFIGURATION FLAGS,

MTSTAT 3 TAPE STATUS

MTSTT2 3 TAPE STATUS

A,STRT y POINTER TO FIRST CHARACTER IN TAPE BUFFER,
A_MAX gy POINTER TO LAST CHARACTER IN TAPE BUFFER,
NOTEs IF 128, BYTE RECORDS A,STRT+128, ® A, MAX

FILLO” 3 SET TO NEW FILF POSITION

MTSTAT 3 SET TO NEW STATUS

MTSTT? ) SET TO NFEW STATUS

ERRCD 3 SET IF ERROR

RECCNT=2 BYTES 3 OPEN FILE = AVAILARLE RECORD COUNT,

NNTF ¢ IF NO HEADER MONF RECCNT =2 65535, MTMAX =
A,*2aX, MTPTR = R, STRT

TABRPTR
FILFND
R0, R, FPC

MTCLOS
RESIND
SERCHS
MTRFAD
AFPITT
FIX1

At4X

FPTRINT

MAGTAPE MUST BE INITIALIZFD,
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MTCLOS
FUNCTION:

INPUTSI

QUTPUTS?

CALLS?

NOTE 3

MTPADR

FUNCTION:

000-6405-02

CLOSES OPEN MAGTAPE FILFSy WILL WRITE LAST RECORD IF
THE MAGTAPE BUFFER CONTAIMNS WRITTEN INFORMATION,

MTSTT23 MAGTAPE STATUS = INCLUDES WRITE BIT,

MTPTRy POINTING TO NEXT CHARACTER, SPACE IN MAGTAPE
BUFFER, ONLY NEEDED IF WRITING,

MTSTT2 3 MAGTAPE STATUS
MTSTATC=0 3 MAGTAPE STATUS

MTRSWP
MTWRIT
A9X

“AGTAPE MUST RF INITIALIZFD,

INITIALIZES MAGTAPE AND CHECKS FOR VALIDITY OF 1/0
OPERATION VERSUS PRFESENT MAGTAPE STATUS AND FILE, FILE
KEADERS WILL BE MODIFIED IF APPROPRIATE,

A.,SEC 3 SECONDARY ADDRESS FOR PRESENT I/0 OPERATION,
THIS WILL DETERMINE WHAT ACTION WILL BE TAKEN,

ERRCD s ST IF ERROR,
MAGTAPE INITIALIZED FOR MAGTAPE OPERATORS, CRT DISABLE,

ARORT DISABLED,

INTTMT
BFRALZ

XFRSCN

MTPPRI, MTPINP
MTPOLD, MTPSAV
MTPRD, MTPWRI
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MTPIN

FUNCTIONS

INPUTS:

OUTPUTS!

CALLS?t

NOTE 3

GRABS CHARACTERS FROM MAGTAPE BUFFER FOR BASIC 1/0,
MTPTR 3 POINTING TO NEXT VALID CHARRACTER,

MTMAX 3 POINTING TO LAST VALID CHARACTER,

A,PTR 3 POINTINKG TO FIRST CHARACTFR OF RESULT STORAGE,

A,MAX 3 POINTING TO LAST CHARACTER OF RESULT STORAGE,

MTSTT2 ¢ MAGTAPE STATUS
RECCNT 3 AVAILARLE RECORD CDUNT,

IOFUNG 3 CURRENT I/0 FUNCTION CODE IF = 14, THFN
ASSUME DOING A READ AND WILL FILL FROM APTF THRU
A,“AX, OTHFRWISF SEARRCH FOR LINE DFLIMITERS AND SET UP
A,FAD ADDORNINGLY,

ETXZHR ¢ TNPUT EOF CHARRCTER
NULCHR 3 INPUT NULL CHARACTER
EOLCHR 3 TNPUT END=OF-LINE CHARACTER,

AL,FND 3 POINTING TO DELTMITER CHARACTER OR IF ONE WAS
NOT FOUND BFFORE REACHING A MAX THEN IT WILL BE
PNINTING TO § PAST THE LAST VALID CHARACTER,

CRSTAT 3 0 IF A0 DELIMITER FOUND

g CRNORM IF EOLCHR FOUND

t CREOT IF ETXCHR FOUND

NOTEs A <CR> WILL BRE PLACED OVER THE FTXCHR

PADEOF 3 SET TO 128, IF LOGICAL OR PHYSICAL EOF
ENCOUNTERFD,

MTPTR j POINTING TD NEXT VALID CHARACTER IN MAGTAPE
BUFFER,

FRRCD3 SET IF ERROR,

MTRRFR
MTRSWP
MTREAD
MTRINT
PULFPN
SCR¥8

MAGTAPE MUST BE INITIALIZED,
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FUNCTIONg

INPUTS?

DUTPUTS?

CALLS!

NOTE S

KOTE S

TO TRANSFER DATA FROM BASIC"S I/O BUFFER T0 THE MAGTAPE
BUFFER AND EVENTUALLY TO THE MAGTAPE,

MTSTT2 y§ MAGTAPE STATUS,

RECCNT § AVAILABLE RECORD COUNT

A,PTR § POINTING TO FIRST CHARACTER TO XFER,

A END y POINTING TO LAST CHARACTER TO XFER,

MTPTR 3 POINTING TO NEXT AVRAILABLE SLOT IN MAGTAPE
BUFFEP

MTMAX y POINTER TO LAST AVAILABLE SLOT IN MAGTAPE

BUFFER,

MTSTT2 3 NFW MAGTAPE STATUS
PNDFLG =128,y IF RECCNT s 0 WHEN CALLED,

BAKRRS
MTWRIT
PULFPN

MAGTAPE MUST RE INITIALYZED,

THIS RONUTINE WILL BRACK UP TO LAST RECORD IF THE RECORD
IN MEYORY WAS PARTIALLY RERD,
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FUNCTION}

INPUTS

OUTPUTSS

USES}S

CALLS!

NOTE$

READS A RECORD DFF OF THE MAGTAPE INTO THE MAGTAPE
BUFFER,

A,STRT 1 POINTING TO FIRST CHARACTER OF MAGTAPE BUFFER,
A MAX 3 POINTING TO LAST CHARRCTER OF MAGTAPE BUFFER,
NOTE$ IF USING 128, BYTF RECORDS A,MAX MUST BE SET
ACCORDINGLY,

MTSTT2 y MAGTAPF STATUS

RECORD STORED IN BUFFER

MTSTT2 3 NEW MAGTAPE STATUS

RECCNT <= 0 IF PHYSICAL END OF FILF ENCOUNTERED
(BNFR"S)

FILLN® 3 MODPIFIFD IF RECCHMT <ef

MTERPR ¢ NUMBER OF RF=RFADS IF RFAD FRRORS DETECTED (MAX
9),

ERRCD j SET OF FATAL READ (10 REREADS)

MTPTR
MTMAX

RAKARS
RFADRS
MTWAIT
PUPTAP
DFELY1S
¥TCHKS

MAGTAPE MUST BE INITIALIZED,
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MTWRIT
FUNCTION WRITE A BUFFER ONTO THE MAGTAPE,
!
INPUTS: RECCNT ¢ AVAILABLE RECORD COUNT FCOR OPEN FILE, NOTE?S
IF IT IS ALREADY 0 DON"T CALL THIS ROUTINE,
A,STRT ¢ PODINTING TO FIRST CHARACTER
A MARX 9 POINTING TO LAST CHRARACTERs MUST BE ON A RECORD
BOUND,
MTSREG 3§ TAPE CONFIGURATION,
OUTPUTS RECCNT 3y MODPIFIED
MTSTT2 3 “AGTAPE STATUS
EPRCD 3 SET JF WRITE LOCKED,
UUSESS MTPTR, MTVWAX, MTFLGS
CALLSS MTCHKS
WPRS
MTWAIT
WREHD,
PUPTAP

MAGTAPE MUST RE INITIALIZFD
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NEWBFR

FUNCTIONg

INPUTS

DUTPUTS?S

USES3

CALLS?

NOTE:

GET A NEW BUFFER FULL OF DATA FOR INPUT PROCESSING,

PPMODE 3 PERCENT MODE FLAG = SET IF IN PERCENT MODE

A,STRT ¢ PDINTER TO FIRST CHARACTER OF THE RUFFER,

A ,MAX 3 POINTER TO THE LAST CHARACTFR OF THE BUFFER,
NOTE$ ONE POSITION PAST THAT INDICATED BY A ,MAX MAY BE
USED FOR DELIMITER STORAGE, SO WATCH OUT,

CRSTAT ¢t SET BY I/O HANDLERS

A,PTR t SET TO FIRST CHARACTER

A,END t SET TO LAST VALID CHARACTER, (NOTE: END OF
LINE CELIMITERS ARE NOT CONSIDERED TO BE VALID

CHARACTERS,

A,STAT: BFRSTT » RIT 5 «32,> SET
ERRCD:! SET BY I/0 HANDLFRS

SCRATCH AREA WHEN PURGING UNDER PEPCENT MODE,

NXBFR <= REALLY PART OF NEWBFR
PSHFPN
PULFPN
XFRCTL
1ECIN
KEYIN
NIODEV
¥TPIN

ALL NORMAL I/0 SYSTEM VARIARLES MUST BE SET CORRECTLY,
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NFR8

FUNCTION?

CALLS?t

NOTES

NORM

FUNCTION}

INPUT?

OUTPUTS

TC SEARCH IN REVERSE FOR AN BNFR FILE MARK,

BAKARS
TSTBNF

MAGTAPE MUST BE INITIALIZED,

NORMALIZE FLOATING POINT NUMBER ON STACK, CHECKS FOR
OVERFLOW, UNDERFLOW, AND ZERO RESULT, UNDERFLOW GOES
TO ZERDO, OVERFLOW IS REPLACED BY THE LARGEST POSSIBLE

NUMBER,

NORMY IS REACHED BY A JMP AFTER PUTTING THE RETURN
ADDRESS IN FNRETy I,E,, LAST INSTRUCTION IN NOR¥ IS A

JMP TO RTRN,
FP NUMBER ON STACK,

NORMALIZED OR ZERO FP NUMBER ON STACK, IV THE EVENT OF
OVERFLOW, ERFPOV IS PLACED IN ERRCD, THE NUMRER OF
LEFT SHIFTS REQUIRED TO NORMALIZE 18 KEPT IN THE GLOBAL
FUIZR FOR SUBSEQUENT USE IN FUZZY COMPARE,
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OUTBFR

FUNCTIOMS

INPUTS?S

DUTPUTS?

%

fuses:

CALLS?S

NOTES

ATTACH DEVICE HANDLER TO DUTPUT CURRENT OUTPUT BUFFER,

ALLSD CONVERT CONTROL CHARACTERS TO sLIST# FORMAT IF
REQUIRED,

NOOUT: SNDIT ¢ RIT 7 (128,) SEND EO! WITH LAST BYTE IF

SET,

. LSTFMT t BIT 7 (2,) SET IF #LIST# FORMAT CONTROL
CHARACTER,

., NOWRIT ¢ BIT O (1,) SET IF SHOULDN"T WRITE THE
RUFFER, AND ERROR WILL BE SET,

A,PTR 3 POINTER TO FIRST CHARACTER SLOT,

A, FND ¢ POINTFR TO MOST RECENTLY USED CHARACTER SLOT
1SFED BY PUTBRYT,

ICFUNS ¢ CODE FOR PRESENT I/0 FUNCTION,
A,STRT ¢ POINTER TO FIRST CHARACTER sLOT,
IFCRLF ¢ CR VS, CR/LF FLAG,

A,PTR, A,END) INITIALIZED FOR NEW BUFFER,

ERRCD g SFT IF ERROR IN I/0 HANDLER, DR NOWRIT BIT SET

IN NOOUT,
SCRTCH SPACE

SCRMO

XFRCTL
FILEOT
N1ODEV
1ECOUT
DSPOUT
MTPOUT
NOACT

ALL 1/0 SYSTEM VARIABLES MUST BE SET CORRFCTLY,
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PCHAR

FUNCTIONS

INPUTS?S

CALLS?

NOTESS

PCHR.1

FUNCTION}

INPUT!

NDTESS

DISPLAY A CHARRCTER ON THF CRT, THIS INCLUDES CONTROL
CHARACTERS,

ACC, A = ASCII CHARACTER,

DRBUSY

WAIT,

PCHR,1eTHE ACTUAL CHARACTER POINTFR
DSPCPZ

PAGE « INTERNAL TO CRTDRV

HO“E w» IWTERNAL TO CRTDPV

MTERWD

CRTRST

THE STATUS OF THWE DISPLAY IS KEPT IN THF VARIABLE
DSPSTT, DSPSTT CONTAINS THE FOLLOWING INFORMATION IN
THE FOR¥ OF A BIT PATTERN,

nSPnTS = SET IF DISPLRAY DISARLED
KCHYFLG = SET IF HOMF PENDING
PAGFLG = SET IF PAGE PEMDINC
Rr¥DFG « SET TF REWIND PENDING
CPYFLG « SET IF CNPY PENDING,

THEY

THIS ROUTINE PAINTS THE CHARACTERS ON THE CPT,
ALSO

ARE STORED OR wRITTEN THRU AS DISCRIBED BY BLINK,
DISCUSSES THE EXTERNAL ROM PACK CHARACTER POINT
CAPABILITY,

BLINK § 0 =« STORE MODE
1 = WRITE-THRU MODE

{) TD USE THE EXTERNAL CHARACTER FONT CAPABILITY ONE
MUST STORF THE BANK NUMBER AND SERVICE ROUTINF ADDRESS
IN THE 3 BYTE CHRVCT VARIABLE, CONTROL WILL BE PASSED
TO THIS ROUTINE ANYTIME A PRINTRBLE CHARACTER REQUEST
1S PROCFSSD THRU PCHR,1, PLEASE REFER TO THE CODE IN
CRTDRV FOP MDRE INFORVATION,

2)DON"T RLINK CNNTROL CHARACTERS,
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PRINTF

THE MODULE PRINT F HAS SEVERAL ROUTINES AND THE
MODULE"S FUNCTION WITHIN THE SYSTEM IS TO HANDLE
CONVERSIONS FROM INTERNAL FORMAT TO ASCII FOR BOTH
NUMBERS AND BTRINGS,

FOR NUMBERPS, A TRUE CONVERSION FROM RINARY FLOATING
POINT TO ASCII IS MADE, FODR B8TRINGS, IT USUALLY
ENTAILS TAKING THEM DIRFCTLY FROM MEMORY AND OUTPUTTINC
THEM,

THERE ARE TWO DISTINCT PROCESSES INVOLVED:

1YTHE FIRST IS WHEN CONVERSIONS ARE GOVERNED BY AN
TMAGE STRING SUPPIL.IED BY THF USER,

2)THE SECOND TS WHEN CONVERSIONS ARE GOVERNED BY
DEFAULT IMAGE STRING

ALL DOTPUT FOR ROTH PRNOCESSES IS PASSED THROUGH AN
FXTERNAL POUTIMFE « PUTEYTy THFE USER OF PRINTF MUST HAVE
AN INTIVATE KNOWLEDGE OF PUTBYT SIKCE, REFORE PRINTF
CAN BE USED, PUTBYT MUST BE SET UpP PROPERLY,

ALSO, FOR NUMBER OUTPUT, FPNASC MUST BRE CALLED FOR EACH
NUMBER OUTPUT REFNRE BEFORE PASSING CONTROL TO PRINTF
FACH TIME,

PRINTF CONSISTS OF THE FOLLOWING USER CALLARLE
RCUTINES!

AYFMTINT (FORMAT INITIALIZE)

BYF¥TPNT (FORMAT PRINT; USING LIST OUTPUTS)

CIDEFPNT (DEFAULT PRINT) NON«USING OQUTPUTS (PRINT LIST,
STR, ETZ)Y)

DYFMTCLN (USED TO QUTPUT ANY REMAINING SPECIFIER"S THAT
DO NOT REQUIRE DATA ITEMS FROM THE PRINT LIST)

THE DESCRIPTIONS FOR EACH ROUTINE FOLLOW THIS
INTRODUCTORY VERBAGE,

THF. GFENERAL PROCEDURE FOR DUTPUTTING USING IMAGFE STRING
SUPPLIED CONTROL IS AS FOLLOWS:

1, CALL FMTINI TO INITIALTZE FMTPNT/FMTCLN,

2, SET UP PUTRYT,

3, FOR EACH STRING OUTPUT ENCOUNTERED, SIMPLY CALL
FMTPNT,

4, FOrR EACH NUMFRIC OUTPUT ENCOUNTERED, CALL FPMASC
FOLLOWED RY A CALL TO FMTPNT,

000-6405-02

IDD PROGRAM EXCHANGE 10/82



PAGE NUMBER

TITLE

4051 Assembler 239

PRINTF (continued)

§, WHEN ALL ITEMS IN THE LIST ARE EXAUSTED, CALL
FMTELN,

THE GENERAL PROCECURE FOR DEFAULT PRINTING IS (OUTPUT
NCT CONTROLUED BY A USERS IMAGE STRING)S

i1, SET UP PUTBYT,
2, FOR EACH STRING OUTPUT ENCOUNTERED, CALL DEFPNT,

3, FOR EACH NUMERIC OUTPUT ENCOUNTERED, CALL FPNASC
FOLLOWED BY A CALL TO DEFPNT,

THE NUMRER OF ERRDR CONDITIONS ARF NUMEROUS AND ARE
DEPENDANT ON THE IMAGE STRING AND DATA VALUF
RELATIONSHIPS AS WELL AS SYNMTAX OF THE IMAGE STRING, A
PETAILEN LIST OF ERRORS THAT CAY OCCUR CAN BE FOUND 1IN

THE USFPS ™ANUAL,
THE COMMON COMMUNICATON LOCATTONS ARE AS FOLLOWS!

ISP = IMAGE STRING POINTER3 2 BYTE IMAGE STRIANG
POINTFRR) POINTS TN THE FIRST CHARACTER IN THE IMAGE

STRING AT ALL TIMES,
ISL = IYAGE STRING LENGTHy 2 BYTE INTEGER EQUAL TO THE

NUIMBER OF CHARACTERS IM THE IMAGE STRING,

DT = DATA TYPEy SINGLF BYTE FLAG WHERE DTaQ FOR STRING

AND § FOR NU'MERIC)DT={ IMPLIES FPNASC HAS BFEN CALLED,

ODP = DATA POINTERy 2 BYTF STRING POINTERy PNINTS T0 THE
FI2ST CHARACTFR IN THE STRING,

DL = DATA LENGTH; 2 BYTE INTEGER FQUAL TO THE NUMBFR OF
CHARACTERS IN THE STRING,

IDD PROGRAM EXCHANGE 10/82
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PRISTG

FUNCTIONg

INPUTS?

USES}
CALLS]

NOTE

PRIVAL

FUNCTIONS

IINPUTS!
USES1
CALLS?

NOTE$

PSHFPN

FUNCTIONg

INPUTS:

QUTPUTS?

PRINT A STRING, IF NORMAL XFFR THE STRING WILL BE
ENTERED INTO THE OUTPUT BUFFER,

POINT 3 POINTER TO STRING
LENGTH 3 LENGTH OF STRING

npP, DL, DT

PRISPC
ALL I/,0 SYSTE™ VARIABLES MUST BE SET Up CPRRECTLY,

PRINT A VALUE, 1IF A NORMAL XFER THF VALUE WILL BE
ENTERED AS ASCII CHARACTERS IN THE OUTPUT BUFFER,

POINT 9 PNINTS TO VALUE
DT
PRISPC

ALL NORMAL I/0 SYSTEM VAIABLES MUST BE SET UP
CORRECTLY,

PUSH FLOATING

(1) THE FLOATING PRINT NUMBER IN 1IX40,,,IX+7 IS PUSHED
ON THE STACK,

(2) #VALTGe¢ TAG IS PUSHED ON THE STACK,
(3) RETURN TO CALLEPR VIA DREXTB,

FLOATING POINT NUMRER POINTED TO RY IX, TNP 2 BYTES OF
STACK,

FLOATING POINT NUMBER ON THE STACK, TAG VALTG ON STACK,
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PSHRET

FUNCTION}

INPUTS?

ODUTPUTS?

PULFPN

FUNCTIONS

INPUT STACK:

OUTPUT:

PUTBYT

FUNCTIONG

INPUTS!

QUTPUTS

CAT.LS:

NOTE ¢

000-6405-02

THIS ROUTINF IS USED TO SAVE THE RETURN ADDRESS OFF THE
SYSTEM STACK ONTD A SECONDARY TEN ELEMENT STACK,

ADDRESSES 0ON THE STACK,
NEW ENTRY ON SECOYDARY STACK,

POP FLOATING
(1) THE TAG IS THROWN AWAY,

(2) THE FLOATING POINT NUMBER ON THE STACK IS PCPPED TO
IX40,,,1Xe7,

(3) RETURN VIA DREXTB,
(TOP)

1 BYTE TAG
8 BRYTES FP NUMBER

FP NUMBER IN IX40,,,IX+7

ENTERS A BYTF INTO THE CURRENT OUTPUT BUFFER, 1IF THAT
BUFFER BECOMES FULL OR AN EQLCHRCCR> WAS IN THE BUFFER
THEN THAT BUFFER 1§ TRANSMITTED TOD THE CURRENT I/0
DIVICE AND A FRESH BUFFER 1S ESTABLISHED,

ACC.,A » THE CHARACTER TO BE PUT,

A END 3 POINTER TO LAST CHARACTER PUT,

A,AX 3 POINTER TO LAST SLOT IN THE OUTPUT BUFFER,
TARCNT 3 CHARACTER COUNTER FOR PRINTF

ERRCD § SET IF ERROR IN I/0 HANDLERS
TABCNT y MODIFIFD CHARACTER COUNTER,
A FND 3§ UPDATED,

DUTRFR
ALT, I,s2 SYSTE™ VARIRBLES MUST BE SET UP CORRECTLY,
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QCROSS

FUNCTION:

INPUTS

QUTPUTS3

RESTPICTINLG,
FRRORS, NUTES:

JREAHDR

FUNCTION;

INPUTS?:

OUTPUTS?

UISFS}

CALLSY

OCRDSS IS INVOLKED AS A RESULT OF THE #POINTER®

CCMMAND, ITS FUNCTIDN IS TO POSITION THE GRAPHIC
POINTER IN RESPONSE TN THE JOY STICK INPUT AND EXIT THE
PROCESS UPON LEGAL INPUT FROM THE KFEYROARD,

ANMALDG VOLTAGE FROM JNY STICK AND TERMINATING CHARACTFR
FROM KFYBOARD,

QCROSS CONTINUQUSLY SLEWS THE CRT DA"S SO AS TO TRACK
THE JOYSTICKS ANALOG INPUT VOLTAGE UNTIL SUCH TIME AS A
LEGAL CHARACTER IS INPUT FROM THE KFYBOARD, THE OUTPUT
THEN IS THE DA"S VALUE AND A SINGLE CHARACTER STRING
CORRESPONDING TO THE INPUT FROM THE KFYBOARD, WHILE
THE TRACKING IS IN PROCESS, THE GRAPHIC POINTER 1S
DISPLAYFD ON THE SCREEN, QCROSS THEN JUMPS TO GINSET
FOR THE COMPLETION OF THE $POINTERs COMMAND,

NG PSEUDDO REGISTERS
Cens, DIMSTm, ACRDEV, AR7X, GINSFT

¥ THE STRING VARIRBLE HAS NOT REFN PREVIOUSLY
DIMENSIONED, DIMSTR CAN RETURN A MEMORY FULL ERROR,

READS <READ> A 2=~RYTE RINARY HEADER FROM THE CURRENT
1/0 DEVICF AND CHECKS JT FOR VALIDITY,

NONE

RO ¢ CONTAINS LENGTK INFORMATION TF IT WAS A STRING
HFADER,

ACCA § 0 = VALUE WEADER
{1 = STRING HEADER

=}1,=2 = ILLEGAL HEADER
=3 « I/0D ERROR OR EOF,
ERRCD 3 SFT IF FRROR,
RO

RINRYT
BINTN

PEONTRES ALL MOF“eI, I/0 SYSTE™ VARIARLES RE SET UP
CPRRESTIY,
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REASTG

FUNCTIONg

INPUTS?

DUTPUTSS

[ISES3

CALLS:s

NOTFS S

REAVAL

FUNCTIONS

INPUTS

NUTPUTS

USES?

CALLS?

NOTFS S

000-6405-02

READS <READ> A STRING FROM THE CURRFNT 1/0 DEVICE,

LENGTH 8 DIMENSIONED STRING LENGTH
PCINT 1t POINTER TO LOCATION OF RESULT STRING,

1)CHRCNT 3 NEW RESULT STRIRG LENGTH,
2) THE STRING IS STORED IN MEMORY STARTING AT PCINT,
3) ERRCD IS SET IF ERROR OCCURED,

RO
A,PTR
A, MAX
SCRTCH SPACE <SCRTCH=SCRTCH#255,>

RFAKDR
BININ

ALL NORMAL [/0D SYSTEM VARIARLES MUST RE SFT UP
CNRRECTLY,

READ <READ> A VALUF FROM THE CURRENT I/0 DEVICE,

POINT « POINTS TO LOCATION THAT IS TO RFCFIVE THE
VALUE,

READ VALUE,
ERRCD SET IF ERROR
EOF SET IF ECF ENCOUNTERED

A MAX
A,PTR

ATX
BININ

RFEAUIRFS THAT ALL NORMAL I/0 SYSTEM CONTROU VARIABLES
RE SET UP CORRECTLY,
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RENUM

FUNCTIONg RENUM 18§ USED TO RENUMBER A PROGRAM POINTED TO BY
PGYPTR,

INPUTS? ROSSTARTING NUMRER

Ri=INZREMFNT VALUE
R2=STARTING STATEMENT NUMBER

NPUTPUTS ¢ A RENUMPBERED PROGRAM IN ACCORDANCE WITH THE INPUTS,
| usks: RO,R1,R2,R3,R4,R6,R7

CALLS} PSHRET, DISBLF, ENABLE, RTRN, PUSHX, GETLAR, GETSMA,
AOX, INCX™, ABX

FRROPS? SAME AS FOR RENUMR

RENUMB

FUNCTIONS RENUMB 1§ INVOLKED AS A RESULT OF THE BASIC #RENUMBER®
COMMANDy IT IS USED TO RENUMBFR A PROGRAM PQINTED TOD BY
PGYPTR,

INPUTS: IT ACCEPTS UP TD THREE VALUES ON THE STACK AND SETS

DEFAULTS FOR VALUFES NOT SEEN AS FOLLOWSS

STARTING NUMBER = 100
INCREMENT VALUE = {0
STARTING STATEMENT NUMBER = 100

OUTPUTS? THE OUTPUT 1S ESSFNTIALLY A RENUMRFREN PROGRAM FOR A
PROGRAM THAT KAS ND RFENUMRERABLFE STATEMENT NUMBERS,
RFNUMB IS THE SAME AS A NQO«OP,

USFESt RO,R1,R2,R3,R4
CALLSS PSHRET, RENUM, TYPARG, FIX!

SOTES AND FOrR A SUCCESSFUL RENUMRER, THE STACK IS LEFT CLEAN,
ERRCRS

ST~CE RENN¥R MUST MODIFY CRITICAL AREAS OF A USERS
PROGRAM, THROUGH RENUM, BREAKS AND ABORTS ARE DISABLED
FROM™ TIME TO TIME DURING THE RENUMBER PROCESS,

ERRORS WILL RESULT UNDER THFE FOLLOWING CONDITIONSS

1, IF ANY VALUE 1§ OUTSIDF, OR IS INCREMENTED OUTSIDE,
THE RANGE OF 0=65,535,

2, TF THE STARTING NUMBER OR INCREMFNT VALUE IS 0,

3, IF THE INITIAL PARAMETERS ARFE SUCH THAT STATEMENT
REPLACEMENT OP INTERLACING WILL OCCUR,

|
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QRND

FUNCTIONS GENERATES RANDOM NUMBERS WITH A UNIFORM DISTRIBUTION 1IN
(0,1) » '

IF THE INPUT > 0 NR <=31> ANOTHEP RANDOM NUMBER IS
GENERATED (AND REPLACES THE KERNEL),

IF THE INPUTEO0 THE KERNEL IS5 RESET TO A RANDOM VALUE,
IF 0> INPI'T » »=1, THE KERNEL IS RESET TO THE INPUT,
INPUT? FLOATING POINT NUMBER POINTED TO BY IX,
OUTPUTS FP NUMBER ON STACK

USES? KERNEL
R4,R?
T1,T2

CALLS? PSHRET
SHVR
PULFPN
SETRND
A9X
PSHFRN
INTMLE
INTMLA
NORM

NOTES1 THE NEXT KERNEL (AND DUTPUT) IS GFNERATED BY
MULTIPLYING THE OLD KERNEL #5717 MODULE 2°48,
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RNDATA

FUNCTION} ROUNDS A FLDATING POINT NUMBER AND CONVFRTS TO ASCII,
INPUTSS ACC A 1 NUMBER OF OUTPUT DIGITS DESIRFD
X5,,4X08 FP MANTISSA, NDOT NECESSARILY NORMALIZED,

DEXP, DEXP+1t POWER OF TEN WHICH MULTILIES THE
MANTTSSA,

DUTPUTS: N12,N11,,,N1 12 DIGIT ASCII FIELD
ES:1 EXPONENT SIGN, ¢ OR « ASCII

E3,E2,E1t 3 DIGIT ASCII EXPONENT FIELD

USFSs T4,TH
CALLS:? TMULT
NOTE: A0 BASE 10 IS ADPDED TN THF LAST BYTF OF THE MANTISSA

PRTOR TN FXTKACTION OF THE NEXT DIGIT, THIS SOMETIMES
CRUSES ROUNDING,
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RPN

FUNCTIONg

FEP INPUTS:

FEP QUTPUTS:

FEP USES1
FEP CALLS:

FFEP ERRORS:

SUR INPUTS?

SUB OUTPLUT?:

000-6405-02

RPN IS INVOLKFD WHENFVER DIMENSTIONING OR SUBSCRIPTING
IS REQUIKRFD, ITS BASIC FLOW I5 AS FOLLOWSS

##2FLOANCHART# @

SINCE THE PROCESSES ARE ALL QUITE DIFFERENT, AR SEPERATE
$INPUTS TPRU NOTESs SECTION WILL BE PROVIDED FOR EACH

PROCESS=

1) FRONTeFND PROCESSING (FEP)

2) SUBSCRIPTING (SUB)

3) NEW ARRAY DIMENSIONING (NAD)
4) ARRAY RE=DIMENSIONING (ARD)
) NEW STRING DIMENSINNING (NSD)
€) STRING RE=DIMENSIONING (SRD)

BRKCNT ANN DIMFLG ARE I'SED TO DETERMINE WHETHER
DIMENSIOMING OR SUBRSCRIPTING TS TAKING PLACF,

ONE VALUE MUST RE ON THE STACK AND AN OPTIONAL SECOND
VALUE “aY Bf THFRE; THE VALUF(S) ARF FOLLOWFD BY A
POINTER TN THE NAME TABRLFK,

IF ONLY ONE VALUE IS ON THE STACK, IT IS TAKEN AS THE
ROW VALUEy TF TWO VALUES ARF ON THE STACK, THE FIRST
VALUE POPPED I8 THE COLUMN VALUF,

INT13ROW VALUE/STRING LENGTH

IKT2® COLUMN VALUE (IF PRESENT),

DIMCNT= IS NDX=ZERD IF INT2 1S VALID) OTHERWISE 0,
TPOINT= ARSOLUTE ADDRFSS OF NAME TABLE ENTRY,

"x" REGISTER= ABSOLUTE ADDRESS OF NAME TABLE ENTRY,
mp" REGISTEP= NAME TABLE POINTER STACK TAG,

RO,R4
PSHRET, TYPARG, FIX1

AN ERROR WILL CCCUR IF THE VALUE(S) ARE NOT WITHIN THE
RANGE 1<= V <= 65,5135,

SAME AS FRONTeEMD OUTPUTS,

PAETG ENTPY ON THE STACK (ABSCLNTE POINTER TO THE ARRAY
ELEMENT PLUS SOME ASSUNDRY INFORMATION),
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RPN (continued)
SUB USES3S
SUR CALLS?

SUB ERRORSS

NAD INPUTSt

NAD OUTPUTS?S

NAD USESS
NAD CALLS?S

NAD
NOTFS/ERROR:

ARD INPUTS?

ARD OUTPUTSS

ARD USES?

ARD CALLSS

RD
OTES/ERRORSS

NSD INPUTS!

NSD OUTPUTSS

R7

INTMLA

ERRORS OCCUR FOR THE FOLLOWING REASONS3

1)A SIMNPLE VARIABLE HAS BEEN SURSCRIPTED,

2) THE ROW VALUE IS OUT OF THE DIMENSIONED RANGE,

3) THE CNLUMN VALUE IS8 OUT OF SYNC OR QUT OF RANGE WITH
THE DIMENSIONED PARAMETERS,

SAME AS FEP OUTPUTS,

MEVDRY 1S5 ALLOCATED BY CREATING A NEW DATA FNTRY AS PER
THE ROW AND COLUMN VALUES (DEFAULT COLUMN VALYE=1),

THE ARRAY PARAMETERS ARE SET IN THE NAME TARLE, THE
UKDEFINED RIT IS SET TN ALL VALUES,

R?

INTVLA, ABX, COMPR, DISBLF, PSHRET, ENABLE

PART OF THE ALLQCATION ROUTINE MAY INVOLVE CONSTDERABLE

TIE SINCE THE ME“OPY COMPRESS POUTINF MAY BE INVOLKED,
ALS", DURING THF TIME ACTUAL ALLOCATINN Is TAKING
PLACE, HARND&ARF INTERRUPTS ARF DISARLFD, 1IN ADDITION,
DISRLE IS INVOLKEN FOR ROTH THE RLLNCATION PROCESS AND
DURING THE TIME THF UNDEFINED RITS ARE REING SET IN THE
VALUES,

ERPORS WILL RESULT IF THE USER ATTEMPTS TO DIMEMNSION A
STMPLE DEFINED VARIABLE OR IF THERE IS NOT ENOUGH
MEMORY TO DO THE NIMENSIONING,

SAME AS FEP OUTPUTS

THE NEW ROW AND CNLUMN VALUES ARE PUT IN THE NAME TABLE
AND THE ALL OK BIT 18 CLEARED,

R7

INTMLA, PSHRET

HARDWARE INTERRUPTS ARE DISABLED DURING THE SHORT TIME
NEw VALUES ARE BEING UPDATED IN THE NAME TABLE,

AN ERROR WILL OCCUR IF THE USER TRIES TO REDIMENSION
THF. ARRAY IN SUCH A WAY AS TO INCREASE THE BMOUNT OF
MEMORY ORIGINALLY ALLOCATED,

SAME AS FEP QUTPUTS

MEMORY IS ALLOCATED BY CREATING A NEW DATA ENTRY AS PFR
THF LENGTH VALUF, THE STRING PARAMETERS ARE S8ET IN THE
NAME TABLF, 2
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RPN (continued)
NSD USES! <»
NSD CALLS?S PSHRET, DIMSTR
NSD NOTES: DIMSTR IS WHAT DOFS MOST OF THE WORK FOR NAD,
SRD INPUTS? SAME AS FEP OUTPUTS
SRD CUTPUTS? THE NEW LENGTH IS PUT INTO THF NAME TABLE AND THE
WORKING LENGTH IS8 SET FQUAL TO NEW LENGTH IF NEW LENGTH
1S SHORTER THAN CURRENT WORKING LENGTH,
SRD USES? <
SRD CALLS? PSHRET, DISRLFE, ENABLE
SRD NOTES: AN ERROP WILL DCCUR IF THE USER TRIFS TO REDIMENSIODN
THE STRING IN SUCH A WAY A8 TO INCREASE THE AMOUNT OF
MEMORY ORIGINALLY ALLOCATED,
RTRN
FUNCTIONS PULLS DNE SAVFD RETURN ADDRESS OFF OF SFCONDARY STACK
AND PASSES CONTROL TO THAT POINT,
RESTRIZTION, YOU SHOULD JUMP TO THIS ROUTINE,,,
NOTES?
SAFE
FUNCTIONG THIS ROUTINE IS USED TO LET ROM PACKS SERVICE
INTERRUPTS WHEN THE SYSTEM MAY NOT BE SAFE, THE
IMTERRUPT ROUTINES WILL BE CALLFD WHEN SAFE IS CALLED
BUT THE SYSTEM INTERRUPT COUNTER 18§ NOT AFFECTED, SAFE
SHNULD ONLY BE CALLED IF ALL SYSTEM POINTERS AND TABLES
ARE IN CDRRECT FORM, THE ARCRT FUNCTION CAN NOT BE
IMITIATED DURING THE TIME SAFE IS ACTIVE,
RESTRICTTINN, THIS ROUTINE CAN CALL ALL INTERRUPT PROCESSCRS SO A
NOTES LIST OF VARIARLFS AND ROUTINES CAN NOT RE GENERATED,
SFE ALSN DISBLE AND ENABLE,
L
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SETRND

FUNCTIONg

OUTPUTS

CALLS!

SHMR

FUNCTIONS

INPUTH

ODUTPUTs

SI

FUNCTION
INPUTS

OUTPUTS

FUNCTIONG

INPUTS

QUTPUTS

SFTS THE KERNEL OF THE RANDOM NUMBEP GENERATER TO ITS
DEFAULT VALUE,

THE GLORAL KERNFL IS SET TO ITS DEFAULT,

PSHFPN
PULEPY

SHIFT MANTISSA RIGHT IM PLACE,

ACC A CDONTAINS THE NUMBER OF SHTFTS REQUIRED, 1IT IS
DESTROYED, THE FP MANTISSA IS IN IXe3,,,TXe¢8,

THFE SHIFTED FP MANTISSA IS IN IX43,,,IX+8,

SIGNUM
FP NUMBER X ON TOP OF STACK,
FP 0,0 IF ON STACK X = 0

FP ¢1,0 IF ON STACK X > 0
FP »~1,0 IF OM STACK X € 0

LEFT SHIFT MANTISSA
ACC A gNUMBFR OF BIT POSITIONS TD SHIFT

IX t FP MANTISSA IS IN IX¢3,,,IX+8

ACC B 1 CONTAINS BITS SHIFTED OUT OF MANTISSA

IX+¢3,,.,7X48 CONTAIN THE REST OF THE SHIFTFED MANTISSA,
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SQR

FUNCTION?
INPUT!

DUTPUTS

USES}

CALLS?S

NOTF3

STKBLD

FUNCTION:

INPUTS
USES?

CALLS:

NOTES!

SQUARE ROOT
FLOATING PDINT NUMBER X ON STACK

SGR(ABS(X)) ON STACK
EFSGR 1S PLACED IN FRRCD IF X<0,0

Ti,R1

PSHRET
DOFP
RTRN

STARTS BY GETTING SQUARF ROOT TO 7 BITS BY THE
DIVISION= LYKE AL

BUILDS A #NORMAL FIXs STACK OF POINTERS OUT OF A #POST
FIX® STACK ENTRY, FOR EXAMPLE: PRINT {,2,3 LOOKS LIKE
3,2, ON THE STACK,

RO = POINTS TD BEGINNING OF #POST FIX# STACK

DREXTB+1,+2

CLRRRG
DREXTR

CLRRRG IS USED TO GET NEXT TAG ON POST FIX STACK, IF
THAT TAG IS AN EQL OR AN ATSNTG THE ROUTINE EXITS, IF
A SEMITG 1S5 ENCOUNTERED A SEMITG IS PUSHED ON THE
#“ORYALs STACK, ALL OTHER ITFMS ARE TAGGED AS BAKSTG
AND INCLUDES THE RESULTING BYTE FRO™ CLRARG AND AN
INTERSTACK POINTER THAT POINTS TO THE ORIGINAL ENTRY IN
THE P2ST FIX STACX, IT ALSO SKIPS TTIM2TG WHICH 1S
usuaLty USED BY THE I/0 SYSTEM AS ITS OWN ENL TAG,

000-6405-02
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SYMTAB

FUNCTION(S)?

INPUTSS

QUTPIUTS ¢

USESS
CATLS?
RESTRICTIOMS,

SUGGESTIONS,
NOTES?®

JTMULT

FUNCTIONS

INPUT?

OUTPUTI

USES?

SEARCHES THF SYMBOL TABLE FOR THE ENTRY CORRESPONDING
TR THE SPECIFIED NAME, IF THE ENTRY IS FOUND A POINTE
T0 IT IS RETURNED; IF THE ENTRY 1S NOT FOUND ONE IS
CREATED,

PUT NAME IN R3 (TWO BYTES)

SET DEFFLG (BIT °H20 IN TFLGS1) TO O

SET STR (STRING)(BIT °Hi0 1IN TFLGS2) TO 0 OR 1
AS DESIRED, 1 IMPLIFS STRING,

NOTE: TFLGS1 SHOULD BF RESTORED TO ITS ORIGINAL STATE
IF THE TPANSLATOR WAS (MIGHT HAVE BFEN) ACTIVE WHEN THE
ROM PACK GAINED CONTROL,

RETURNS A POINTER TO THE SYMBOL TABLE (NAME TABLE OR
NT) IN F3

RG, R3, R7, AND RSB
MAY CALL COMPR

1)THIS ROUTINE “AY CALL COMPR IF 1T NEEDS TO CREATE A
NFwWw ENTRY

2)USER NAMES ARF QF THE FORM
<LETTER>CASCII BLANK> QR
<LETTER><DIGIT> OR

<LETTER> 8

NONE DOF THESE FORMS SHOULD NORMALLY BE USED BY A ROM
PACK TO AVDID COLLISIONS,

3)BECASE OF 1) AND THE NOTE PRFVIOUS NEW ENTRIES FOR
ROM PACKS SHOULD BE CREATED AT POWERUP TIME,

MULTIPLIES FP MANTISSA RY 10

FP MANTISSR IN XS,,,X0, NEED NOT BE NORMALIZED,
ACC A, OFFSET, DESTROYED

OVERFLOWED BITS INTO ACC B

REMLINDER DF MANTISSA IN XS,,,X0,

THE OFFSFET THAT WAS IN ACC A 1S ADDED TO THE REMAINDER
FOR ROUNDING,

Yo.,.YS
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TRIG

FUNCTIONS

INPIHTS S

ODUTPUTS

USES:

CALLS?

000-6405-02

APPROXTMATIDNS

COMPUTES S8IN, KDS AND TAN

1, CO~VY POINTS TO DEGCON, GRDCON, OR RADCON ACCORDING
T THE TRIGONOMETRIC MODE

2., THE ARGUMENT X IS ON THE STACK
3, GLORAL CTKN DETERMINES FUNCTION,
THE RESULT IS RFTURNED QN THE STACK

1, IF THE ARGUMENT EXCEEDS ABOUT 40000 RADIANS A ZERO
RESULT 1S STACKED AND ERTPNG IS PLACED IN ERRC,

2, IF TAN(X)SINFINITY THEN THE LARGEST FP NUMBER IS
RETURNED) NO ERRCD IS SFT,

1, €COS (X)sP(X’2) WHFRF P, POLYNOMINAL OF DEGREE 6 IN
X2 WAS USED, CLATMED TO RE A CHEBYSHEV RPPROXIMANT,
ST¥TLAR TM KART 73823 WHICH HAS 16,25 DIGITS PRECTISION
2, SI*(X)=X#P(X*2) WHFRF P IS OF DEGREE 5, SIMILAR TO
HART 93044 wHICH 15 GNDOD TN 17,48 DIGITS,

3, TAN(X)EX#P(X?2)/Q(X’2) WHERE P IS DEGREE 3 AND Q@ IS
DFGREF 4, SIMILAR BUT NOT THE SAME AS HART 74286,

R1,R1+1
T4

PSHRET
PSHFPN
FPMUL
ZANS
SLN
MORMR
FPSUB
DOFP
FPNEG
RTRN

FPDIV
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TYPARG (TYPE OF ARGUMENT)

FUNCTIONS

INPUTS?

OUTPUTSS

USES1
CALLSs

RESTRICTIONS,
NOTES

TN TEST AND SIMPLIFY ARGUMENTS ON THE STACK, THIS
ROUTINE USES RO AS A PSEUDO STACK POINTER AND R4 TO
RECORD THE RESULTS IT FINDS AND THE ACTIONS TAKEN, 1F
IT FINDS AN ARRAY IT WILL CALL MATSIZ TO INSPECT THE
ARRAY FOR UNDEFINED ENTRIES AND TO PLACE THE END OF
DATA ADDRESS ON THE STACK, MATSIZ ALSO PUTS THE SHAPE
OF THE ARRAY ON THE STACK IN THE EXISTING STACK ENTRY,
IF A LITEPAL OR NAME TARLE STRING ENTRY IS FOUND IT IS
CONVERTED TN A #POINTER TD STRING COUNT ENTRY,# IF A
SIMPLF VARIABLE OR SUBSCRIPTED VARIABLE IS FOUND IT
WILL BE CONVERTED TO A CONSTANT, TKE ENTRIES FOR
CONSTANTS AND PODINTERS ARE ONLY NOTED IN R4 FOR THE
CALLER, 1IF ANY STACK ENTRY IS FOUND FOR AN ARGIMENT R
IS UPDATED TO POINT TO THE NEXT STACK ENTRY, IF THE
END OF STACK IS FOUND RC I8 SET TO ZERO,

R4 BIT PATTFRN MEANINGS!

RR BA BR CC

RR = RITS USED BY TTYPRES
AR = TYPE OF FIRST DPERAND,
BR « TYPE NF SECOND OPERAND,
CC = TYPE OF THIRD DPERAND,

BIT PATTERN MEANINGS?

00 « SCALER ENTRY,

01 « ARRAY ENTRY,

10 = STRING ENTRY,

11 = INVALID OPERAND, (NATE ERUNDF MAY BE SET IN THIS
CASE,)

RC e 3 PSEUDD STACK POINTER, TAG ADDRESSei,
R4 » HOLDING AREA ACCUMHULATING INFORMATION ABOUT
OPERANDS,

R0 e UPDATED IF A VALID STACK ENTRY WAS FOUND,

R4 = THE HIGH ORDER BYTE IS SHIFTFD RIGHT TwWO BITS AND
INFORMATION ABOUT THE TYPE OF THE FOUND OPERAND IS
PLACED IN BITS 4 AND S,

RO,R1, R2, R3, R4

MATSIZ

IF A PDINTER TO STRING ENTRY IS ON THE STACK MEMORY
COMPRESS CANMT BE CALLFED,
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TYPE
FUNCTION} PREFORMS THE TYP(N) FUNCTION

INPUTS N e FILE NUMBER IS ON THE STACK,
OUTPUTS TYP (N) =» IS RETURNED ON THE STACK,
USESS RO

CALLS: A9X

CRTRST
FIX 1

FLOAT 1
INTITMT
MTOPEN
MTRBFR
PSHRET
RTRN

TYPFTL

TYPRES (TYPE OF RESULT)

FUNCTION TEST FOR VALID RESULT AREA ON STACK, THIS ROUTINE
WORKS IN CONJUNCTION WITH TYPARG TO TEST FOR A VALID
STACK ENTRY TO STORF THE RESULT OF A FUNCTION, THE
TYPE OF ITEM FOUND 1S NOTED IN R4 FOR THE CALLER TO
EXAMINE, IF AN ARRAY ENTRY IS FOUND THE END OF DATA
ADDRESS AND SHAPE INFORMATION IS PLACFED IN THF STACK
ENTRY FOR THE ARRAY, IF A STRING IS FOUND AND IT IS
NOT DIMENSIONED TYPRES WILL DIMENSION IT TO 72 BYTES,

INPUTS RO = A PSEUPD STACK POINTER (ADDRESS OF TAG=1),
R4 e WORK AREA FOR BIT PATERN DESCRIBING WHAT WAS
FOUND,
OUTPUTS: R4 = BITS 6 AND 7 ARE SET TO DESCRIBE WHAT HAPPENED,
USESS RO, R4, AND LSP,
CALLS} MATSTZ, DISBLE AND ENABLE,

RFSTRTZTINN, IF TYPRES ALLDCATFES A STRING, STACK SPACF IS8 USFD,
NOTFESS
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UNADR

FUNCTION}

INPUTS?

OUTPUTSS

CALLS!

NOTE:

RESET I,0 SYSTEM AFTER AN I/0 STATEMENT, GETS OFF OF
GPIB,

INFPONT
A,STAT
A PKIV
CRSTAT

A,STAT=O

YAXIS=0

IOFI.GS=9

PP4NDE=D

NDNOUT=0

A, PRIV®255,

EQCLCHF=21S5, <CR>

ISR = 65535, ¢ FOR ON PAGE

HEWRFR
ATLON

INTSRE
IFCSND
TECOFF
CRTRST

TF DOING INPUT THEM THIS POUTINF WILL SCAN FOR AN END
OF RFCOURD IF ONF WAS NOT ALREADY ENCOUNTERED AS
INDICATED BY CRSTAT,
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up

FUNCTION3

INPUTS?S

pUTPUTS

USES1

CALLS?

L

A’B

B ON TOP OF STACK
A NEXT ON BTACK

R’R ON STACK UNLESS!
1, 00 = RESULT O AND ERRCDt® ERUP

2, 0’R = RESULT 0 (NO ERROR GIVEN, EVEN IF B<O\)
3, A’0 = RESULT 1 (NO ERROR)

4, 1F B IS AN INTEGER <256

THEN A’ARS(B) TS COMPUTED BY FOPRMING POWERS OF As» E,G,
A, A®2, A4, A’R, AND THEN MULTIPLYING THEM TOGETHER AS
NECESSARY, THEN IF Bc0 THE INVFRSE IS TAKEN, NO
CKECKS FOR OVERFLNA OR UNDERFLO®W ARE MADE BY ERUP}
MDERFLA®S WILL BE SET TO 0, OVERFLOWS TO THE LARGEST
REAL AND ERRCDysERFPOV

5, IF B 1S NOT AN INTEGFR <256 THEW
. S,1 1F R<0 THEN BOTH OPERANDS ARE LEFT ON STACK AND
FERRCDisERIIPN

., 5.2 OTHERWISF A’R = EXP (B#LOGE(A)})., OVER/UNDERFLOWS
ARE HANDLED AND ZZETOX

, IF ANY OVERFLOW ERRORS ARE NOTED THEN

« ERRCNDI=ERVP,

R3
R1, R1+}

PSHRET
AQX
PSHFPN
FPMUL
DOFP
RTRN
LOG
ZZETOX
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UPCASE

FUNCTIONS UPCASES ANY INPUT CHARACTER,
LOWER CASE Ae7 TO UPPER CASE A=Z,
RIGHT BRACE TO )
LEFT BRACE TO (
RIGHT BRACKET TO )
LEFT BRACKET TO (

INPUTS? ACCe=A HAS ASCII INPUT CODE,
CUTPUTS ACCeR HAS ASCII OUTPUT CODE,
RESTRICION, TESTCS IS A SPECIAL ENTRY POINT TN TEST THE STATE OF
NOTES: THE CASE/NOCRSE SYSTEM STATUS AND EXIT OR FALL INTO

UPCASE ACCORDINGLY,

VECTOR
FUNCTION} PUT VECTORS ON THE SCREEN
INPUTS TMP1310 « DRAW
{ = MOVE
TMPHY! 2 BYTES <10 BITS> Y DATA = SCREEN POINTS
TMPHX1 2 BYTES <10 BITS> X DATA « SCREEN POINTS
CALLS DRBUSY
WAIT,
NOTES? DISPLAY MUST BE ENARLED (NOT IN MAGTAPE MODE)
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WRISTG

FUNCTION?

INPUTSY

OUTPUTS?
USES?S
CAT LSS

NOTFES?

WRIVAL

FUNCTIONS
INPUTS
OUTPUTS

USFSs

CALLS?

000-6405-02

WRITES <WRITF> A STRING ON TO THE CURRENT I/O DEVICE,

PNINT ¢ POINTS TO BEGINNING OF STRING
LENGTH ¢ LENGTH OF STRING

ERRCD$SET IF ERROR

RO

BINOQUT

ATL NORMAL 1/0 SYSTEM VARIABLES MUST BE SET UP

CORRECTLY,

WRITES <WRITE> A VALUE ONTO THF CURRENT I/0 DIVICE

POINT § PDINTS TO VALUE

ERRCD

A,PTR
A EXND

BINOUT
ATX

8ET IF FERROR IN DEVICE HANDLERS,
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XFRCTL

FUNCTION? ATTACH AN I,/0 HANDLER FOR THE PRESENT A,PRIM DEVICE,
WILL PERFORM SEARCH FOR DEVICE HANDLERS IN ROM PACKS,

INPUTS A PRIM 3 PRIMARY ADDRESS
INDEX REG, ¢ POINTING TO A TABLE AS DEFINED BELOW
A,PRIMs0 « INDICATES FILE HANDLER
1»=30 « INDICATES 1EC BUS HANDLER
31 =« INDICATES XEYBOARD HANDLER
32 ~ INDICATES DISPLAY HANDLER
33 « INDICATES MAGTAPE HAVDLER
34 = INDICATES DATA STATEMENT HANDLER
35 = INDICATES 2ND MAGTAPE HANDLER

36=255, WILL RUN PIATBL FOR HANDLER,

DUTPUT: ERRCD 3 SET IF CAN"T FIND DEVICF HANDLER OR DEVICE
HANDLER CAUSES AN ERROR,

USES?® BAMK
PIATBL

CALLS? JVMPX
NIDDEV
A6X
SETBNK
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