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IMPORTANT NOTICE

OTHER THAN USING THE PROGRAM DETALILED HEREIN ON THE PURCHASER'S
INDIVIDUAL COMPUTER SYSTEM, NO PART OF THIS PUBLICATION MAY BE RE-
PRODUCED, TRANSMITTEDs STORED IN A RETRIEVAL SYSTEM. OFR OTHERWISE
DUPLICATED 1IN ANY FORM OR BY ANY MEANS FELECTRONIC, MECHANICAL.
PHOTOCOPYINGs, RECORDING. OR OTHERWISE:, VWITHOUT THE PRIOR EXPRESS
WRITTEN CONSENT OF THE COPYRIGHT OWNIR.

THE INFORMATION IN THIS MANUAL HAS BEEN CAREFULLY REVIEWED AND 135
BELIEVED T0 BE ENTIRELY RELIABLE. HOWEVER, NO RESPONSIBILITY 15
ASSUMED FOR INACCURACIES OR FOR ~'THE SUCCESS OrR FAILURE OF VARIOQUS
APPLICATIONS  T0 WHICH THE INFORMATION CONTAINED HEREIN MIGHT BE
APPLIED. ‘ )



ERRATA FUR THE

8008 MONITUR ROUTIWES

00PSI1  IN GENERATING THE LISTING USED FUR THIS MabNUsaws, sl INSTRUCTIuwn
WAS LEFT QUT OF THE "INSPCLY™ SUBRUUTIwk, Ul PAGLS 16 ANL 49, knllnh 3LTS
THE INPUT BUFFER POLINTER TO PAGE 000. THIS ERROR MAY BLR UJURRLUTED WiTu-
OUT RE~ASSEMBLING THEL LISTING IN THE BACK OF THE BUUx BY JIMPLY naVlwg
THE OPERATOR INPUT ROUTINE, DESCRIBED On PAGE 5. 5T Tok VallUk UF REGIS-
TER H TO ZERO BEFURE RETURNING TO THE CALLING PRUGHRAM. THIS WILL WOT
AFFECT THE OPERATION OF THE OTHER ROUTIWE (CDINY WnlCH ALSU CALLS Tnk
OPERATOR INPUT ROUTINE, SINCE THEY BOTH INPUT CHARACTERS TU THL I&NPUT
BUFFER WHIOH IS5 LOCATED ON PAGE 000.

IF THE PROGRAM IS5 TO BE RE-ASSEMBLED, TO BE ORIGINED ON A DIFFERENT PAGE
OR TGO MAKE REVISIONS TO THE PROGRAM, THE “INSPCLY SUBROUTINE SHOULD In-
G.UDE AN "LH] 000" INSTRUCTION AS THE SECOND INSTRUCTION OF THE SUBROU-
TINE. THE REVISED LISTING SHOULD APPEAR AS FOLLOWYS:

INSPCL, LLI 340
LHL GO0
LPINs CAL RCV

& & &



INTRGﬁUCTlGM

THE MONITOR PROGRAM IS A PROGRAM WHICH ENABLES THE COMPUTER OPERA-
TOR T0 UTILIZE A COMPUTER SYSTEM WITH GREATER EFFICIENCY AND EFFECTIVE-
NESS, BY TAKING ADVANTAGE OF THE INHERENT POWVER OF THE COMPUTER. BAS~
ICALLY, THE MONITOR PROGRAM ALLOWS THE CPERATOR 10 CONTROL THE COMPUTER
BY DIRECTING IT T0 EXECUTE PROGRAMS STORED IN MEMORY, OPERATE PERIPHER-~
AL DEVICES FOR STORING AND RETRIEVING PROGRAMS AND DATA, AND EXAMINE
AND/OR MODIFY MEMORY LOCATIONS, EITHER ONE AT A TIME OR IN BLOCKS. THE
PROGRAMMER WILL FIND ITS ABILITY TO INTERRUPT A PROGRAM BEING DEBUGGED
AT VARIOUS POINTS AND EXAMINE THE CONTENTS OF MEMORY LOCATIONS AND “CPU
REGISTERS AND STATUS FLAGS™ AT THAT POINT IN THE PROGRAM I8 A FUNCTION
THAT IS AS POWERFUL A DEBUGGING TOOL AS A GOOD OSCILLOSCOPE 15 FOR THE
HARDWARE TROUBLESHOOTER.

THERE ARE SEVERAL FACTORS VHICH DETERMINE THE ABILITY T0 QPERATE A
COMPUTER SYSTEM * EFFECTIVELY »° ONE OF THESE FACTORS 1% T0 BE ABLE TO
CONTROL ITS OPERATION FROM A SINGLE LOCATION. THE MOST COMMON METHOD IS
TO CONTROL THE COMPUTER FROM ITS 'FRONT PANEL's THIS IS NORMALLY A MYR~
IAD OF SWITCHES AND LAMPS WHICH ERNABLE THE GPEHATOR TO LOAD AND EXAMINE
MEMGRY LOCATIONS. EXECUTE PROGRAMS STURED IN MEMORY AND, IN SOME OF THE
MORE SOPHISTICATED FRONT PANELS. PERFIRM SEVERAL PROGRAM DEBUGGING FUNC-
TIONS. USING THE FRONT PANEL TO OPERATE THE COMPUTER IS AN EXOELLENT
WAY TO INTRODUCE THE BEGINNER TO THE BASICE OF THE COMPUTER'S OPERATION.
BECAUSE 17T GIVES HIM FIRST-HAND EXPERIENCE IN THE CONCEPTS OF LOADING
MEHMCRY WI1TH A PROGRAM. STEPPING THROUGH THE PROGRAM AND SEEING HOW THE
COMPUTER PROGRESSES FROM ONE INSTRUCTION TO ANOTHER. THAT'S FINE, FOR
THE BEGINNER! BUT ONCE THE °*THRILL' OF WATCHING THE COMPUTER STEP THRO-
UGH ONE OR TYWO PROGRAMS 15 GONE (ESPECIALLY SINCE THEY HAD TO BE LOADED
ZEVERAL TIMES TO GET THER IN CORRECTLY s EVEN THE BEGINNER FINDS OPER-
ATING THROUGH THE FaONT PANEL SLOVW. CUMBERSOME AND OFTEN ANNOVING.

AN ALTERNATIVE METHOD IS TO HAVE THE COMPUTER AID IN THESE BASIC
FUNCTIONS BY PROGRAMMING IT 70 UTILIZE & MORE CONVENIENY 'CONTROL'® DE-
VICE, NAMELY A KEVBOARD AND DISPLAY DEVICE. THE KEYBOARDINTRY 1§ BY
FAR A FASTER AND MORE ACDCURATE MEANS OF FNTERING MEMODRY ADDRESSES AND
DATA THAN THAT OF TOGGLING THEM IN THROUGH THE FRONT PANEL SWITCHES.

AND DISPLAYING THE INFORMATION A% OCTAL DIGITS ON aN ALPHANUMERIC DIS-
PLAY., WHETHER IT BE A TTY PRINTER 0R VIDED DISPLAY., 1S MUCH EaSIER TO
READ THAN DECODING THE BINARY PRESENTATION OF MEMORY ADDRESS AND LON-
TENTS ON THE FRONT PANEL INDICATORS. HMAKING USE OF THESE DEVICES IMPRO-
VES THE SYSTEM FROM THE *HUMAN ENGINEERING® STANDPCGINT, SINCE THEY GIVE
THE OPERATOR A FORM OF COMMUNICATION WITH THE COMPUTER THAT IS MORE CON-
VENTIONAL THAN FLIPPING SWITCHES AND WATCHING LIGHTS. THIS BRINGS Up
THE SECOND FACTOR IN OPERATING AN EFFECTIVE COMPUTER SYSTEM. THAT FACTOR
15 USING 4 COMPUTER PROGRAM TO PERFURM £%5 MANY OF THE TASKS 4S5 POSSIBLE
YHICH THE COMPUTER IS CAPABLE OF PERFURMING FASTER AND MORE ACCURATELY
THAN THE OPERATOR COULD EVER DREAM OF PERFOIRMING.

SINCE THE PROGRAM WwILL BE OCCUPYING SPACE IN MEMORY., IT 15 NECESS~
ARY TO EVALUATE THE TYPE OF FUNCTIONS IT IS TO PERFORM AND CHOUSE THE
ONES WHICH WILL BE OF GREATEST IMPORTANCE TO THE OPERATOR. FIRST. THE
FUNCTIONS OF THE FRONT PANEL SHOULD BE REPLACED. ONE OF THESE FUNCTIONS
15 THE EXAMINATION AND MODIFICATION OF MEMORY CONTENTS., FOR LOADING AND
REVISING PROGRAMS AND DATA IN MEMORY. AN EXPANSION OF THIS VWILL ALSO BE
PROGRAMMED, THAT OF DISPLAYING A LARGE BLOCK OF MEIMORY AT ONE TIME.
THIS 15 QUITE VALUABLE FOR CHECKING THAT A PROGRAM HAS BEEN LOADED COR-
RECTLY AND., 1IN DEBUGGING, TO EXAMINE LARGE DATA STUBAGE AREAS.



THE NEXT FUNCTION THAT WOULD GENERALLY FOLLOW WOULD BE TO DIRECT
THE OPERATION OF A STORAGE DEVICE TO STORE AND RETRIEVE THE CONTENTS OF
A BLOCK OF MEMORY FOR SAVING PROGRAMS OR DATA. THIS WILL SAVE A LOT OF
TIME IN THAT A LARGE PROGRAM WOULD NOT HAVE TO BE ENTERED THROUGH THE
KEYBOARD EVERY TIME IT IS DESIRED TO USE IT. INSTEAD, IT CAN BE READ
FROM THE BULK STORAGE DEVICE DIRECTLY INTO MEMORY TAKING ADVANTAGE OF
ITS SPEED AND ACCURACY, AS OPPOSED TO KEYBOARD ENTRY. THIS PORTION OF
THE PROGRAM WILL HAVE TO BE CUSTOMIZED TO THE USER'S SPECIFIC STORAGE
DEVICE, AS VWILL BE DESCRIBED LATER. )

NOW THAT THE ABILITY TO ENTER, MODIFY AND STORE A PROGRAM HAS BEEN
ESTABLISHED, THE NEXT LOGICAL PROGRESSION WOULD BE TO ENABLE THE OPERA-
TOR TO START EXECUTION OF A PROGRAM FROM THE KEYBOARD. AT THIS POINT, A
REQUIREMENT FOR DEBUGGING PROGRAMS MUST BE CONSIDERED.

IN THE PROCESS OF DEBUGGING A PROGRAM, IT MAY BE DESIRED TO SET THE
INITIAL VALUES OF SPECIFIC CPU REGISTERS BEFORE JUMPING TO THE START OF
A ROUTINE BEING WORKED ON. THIS CAN BE ACCOMPLISHED BY USING A SEPARATE
FUNCTION TO SET UP THE VALUES TO BE PLACED IN THE CPU REGISTERS AT THE
TIME THE PROGRAM IS ENTERED, VIA THE 'GO TO' FUNCTION.

AS A COMPLIMENTARY FUNCTION OF GO TO, THE MONITOR SHOULD BE ABLE TO
SET A °*BREAKPOINT.' A BREAKPOINT IS A POINT IN A PROGRAM AT WHICH THE
PROGRAMMER DESIRES TO STOP EXECUTION AND CHECK THE PROGRESS OF THE PRO-
GRAMS OPERATION. THE BREAKPOINT FUNCTION REPLACES THE INSTRUCTION AT
THE POINT IN QUESTION WITH A JUMP TO THE BREAKPOINT ROUTINE. WHEN THE
BREAKPOINT 1S REACHED, THE COMPUTER RETURNS CONTROL TO THE MONITOR WHERE
THE BREAKPOINT ROUTINE WILL SAVE THE CONTENTS OF THE CPU REGISTERS AND
THE STATUS FLAGS IN A TABLE IN MEMORY WHICH THE PROGRAMMER MAY REFER TO
IN CHECKING THE OPERATION OF THE PROGRAM.

THESE FUNCTIONS ARE A GOOD BASE FOR SETTING UP A MONITOR PROGRAM.,
SINCE THEY PROVIDE THE OPERATOR WITH AN ASSORTMENT OF FUNCTIONS WHICH
ARE COMMON TO THE OPERATION OF ANY COMPUTER SYSTEM. FROM THIS BASE, THE
MONITOR CAN BE EXPANDED TO INCLUDE OPERATIONS OF SPECIFIC APPLICATION TO
ONES OWN SET UP. SEVERAL POSSIBILITIES ARE PRESENTED AS PART OF THIS
MONITOR PROGRAM. THESE FUNCTIONS INCLUDE FILLING A BLOCK OF MEMORY WITH
A SPECIFIC DATA 'VALUE, SEARCHING MEMORY FOR A DATA PATTERN AND SHIFTING
BLOCKS OF DATA FROM ONE SECTION OF MEMORY TO ANOTHER.

THE PURPOSE OF THE MANUAL 1S TO PRESENT THE READER WITH A MONITOR
PROGRAM WHICH CAN BE USED AS IS, OR MODIFIED OR EXPANDED TO CREATE A
REAL *OPERATING SYSTEM' FOR ONE'S OWN COMPUTER SYSTEM. THE MONITOR PRO-
GRAM CAN BE AN INVALUABLE ASSET TO ANY COMPUTER SYSTEM. ITS ABILITY TO
PERFORM MANY OF THE REQUIRED °"CONVENIENCE®' FUNCTIONS NEEDED TO CONTROL A
COMPUTER SYSTEM ALONG WITH THE POWER IT AFFORDS THE PROGRAMMER IN DEBUG~
GING PROGRAMS MAKES IT A 'MUST' FOR THE SERIOUS COMPUTER OWNER.



THE BASIC FUNCTIONS AND CAPABILITIES OF A "MONITOR™ PROGRAM

GENERALLY., A MONITOR PROGRAM CONSISTS OF A VARIETY OF COMMANDS WHICH
ENABLE THE COMPUTER OPERATOR TO CONTROL THE OPERATION OF THE COMPUTER
AND ITS RELATED PERIPHERAL DEVICES. THIS IS5 ACHIEVED BY ENTERING COM-
MANDS ON A KEYBOARD DEVICE WHICH DIRECT THE COMPUTER TO DISPLAY AND/OHR
MODIFY THE CONTENTS OF HEMORY LOCATIONS. PERFOIRM DATA STORAGE AND RE-
TRIEVAL ON AVAILABLE *BULK® STORAGE PERIPHERALS AND EXECUTE OTHER PRO-
GRAMS WHICH ARE STORED IN THE COMPUTER'S MEMORY. THE MEMORY ADDRESS. OR
ADDRESSES, AFFECTED BY THE COMMAND Is OENERALLY SPECIFIED iIN THE COMMAND
INPFUT. THE NUMBER OF DIFFERENT COMHANDS ONE SETS UP IN A MONITOR PRO-
GrAaM WILL DEPEND ON THE AMOUNT OF MEMORY DESIRED TO DEDICATE TO THE
MONITOR PROGRAM, SINCE IT MUST RESIDE IN MEMORY, AND ON THE NUMBER OF
PERIPHERALS IT IS DESIRED TO CONTROL WITH THE MONITOR.

THE SPECIFIC 170 C(INPUT/QUTPUT) DEVIGES USED TO GPERATE THE MONITOR
PROGRAM WILL NATURALLY VARY FROM ONE S5YSTE4 TO ANOTHER. FOR THIS REASON
THE 170 PORTION OF THE MONITOR IS SET UP TO CALL 'USERTPROVIDED' 1/0
CRIVER RODUTINES TC PERFURM THE ACTUAL INPUTTING AND QUTPUTTING OF COM-
MANDS AND DATA IN RESPONSE TO THE COMMANDS. ~THE REQUIRFMENTS OF THE 1/0
DRIVERS WILL BE DESCRIBED IN THE NEXT SECTION-. THIS APPROACH ENABLES
THE READER TO "CUSTOMIZE® THE MONITOR PROGRAM 'TO THE SPECIFIC DEVICES A-
VAILABLE ON ONE'S COMPUTER SYSTEM WITHOUT CHANGING THE INSTRUCTIONS OF
THE MONITOR PROGRAM PRESENTED Hmzmw

THE MONITOR PROGRAM PRESENTED IN THIS HANUAL IS5 CAPABLE OF PERFORM-
ING THE FUNCTIONS MENTIONED WHILE OPERATING IN AN ‘8008' BASED MINICOM-
PUTER SYSTEM WITH AT LEAST 1.5K BYTES OF MEMORY. fF o SHORTER VERSION
IS DESIRED, THE FUNCTIONS DEEMED LESS VALUABLE 'T0 THE USER CAN BE DE-
LETED.  EACH FUNCTION AND ITS ASSOCIATED ROUTINEC(S) 1% EXPLAINED IN DE-
TAlL ¥0 ENABLE THE READER T0O UNDERSTARD THE OPERATION OF THE PROGRAM.
MANY OF THE ROUTINES DESCRIBED MAY BE APPLICABLE TO OTHER TYPES OF FUNC-
TIONS WHICH ONE MAY DESIRE TO INCLUDE IN ONE'S MONITOR PROGRAM. OR.
THEY MAY BE UTILIZED IN DEVEILOPING OTHER PrOGRAMS. AS EACH RUUTINE iS5
PRESENTED A DETAILED, HIGHLY COMMENTED LISTING 1S PROVIDED. A GCOMPLETE
ASSEMBLED LISTING OF THE MONITOR PROGRAM IS THEN PRESENTED: TO WHICH THE
READER MAY ADD THE CUsTOM I1/0 DRIVER ROUTINES AND IMPLEMENT THE MONITOR
PROGRAM ON AN *BO08' BASED $YSTEM. (READERS THAT DESIRE T0 IMPLEMERNT
THIS PrOGRAM O8 OTHER TYPES OF SYYTEMS SHOULD FIND THE INFORMATION CON-
TAINED IN THIS MANUAL OF CONSIDERABLE VALDE. FOR IEXAMPLE: IMPLEMEINTING
SUCH A PROGRAM ON AN *BOS0° BASED SYSTEM WOULD REQUIRE THE MERE TRANS-
LATION OF THE SOURCE LISTISG TO THE EOQUIVALENT '8080°' INSTRUCTIONS.)

170 (INPUT/OUTPUT) CONSIDERATIONS FOR THE MONITOR PROGRAH

BEFORE DISCUSSING THE ACTUAL ROUTINES WHICH MAKE UP THE MONITOR
PROGRAM: IT 15 NECESSARY TO MENTION SEVERAL POINTS ABOUT THE CHARACTEH
SET USED AND DESCRIBE THE R@UIRH‘!E‘NTS FOR THE 1/0 PROGRAMMING.

THE CHARACTER CODE USED BY THE MONITOR PROGRAM FOR ENTERING COM-
MANDS AND OOTPUTTING CHARACTERS TO THE DISPLAY DEVICE 15 ASSUMED 10 BE
“ASCLI™ ENCODED CHARACTERS. THE “ASCI11Y CHARACTER SET CONSIST OF A 7~
BlT CODE WHICH 18 CAPABLE UF DEFINING UP T0 128 "CHARACTERS.™ THE MON-
ITOR PROGRAM DESCRIBED HEREIN UTILIZES A SUBSET OF THIS GODE CONSISTING
OF 31 DIFFERENT CHARACTERS = i[5 “UPPER CASE"™ LETTERS OF THE ALPHABET.



THE NUMERALS O = 8, AND SEVERAL SYMBOLS AND PUNCTUATION MARKS. OFTEN,
WHEN COMMUNICATING WITH AN ASCLI ENCODED I/0 DEVICE, AN B'TH BIT IS ADD~-
ED TO THE SEUVEN BIT ASCII CODE.” THIS B*TH BIT IS OFTEN REFERRED TO AS
THE "PARITY”™ BIT BECAUSE IT CaN BE (USED™TO SERVE AS AN ERROR DETECTING
BiT. MaNyY 1/0 DEVICES anfk DESIGNED 710 OPERATE WITH EIGHT BITS OF INFOR~
MATION, REGARDLESS OF WHETHER OR NOT "PARITY™ ERROR CHECHING METHODS
ARE BEING UTILIZED. THE MONITOR PROGRAM DESCRIBED HEREIN ASSUMES THAT
FTHE "PARITY" POSITION IS ALWAYS 1IN A LOGIC ONE STATE. THE “ASCII" CHaR~
ACTER CODES USED BY THE MONITOR ARE PRESENTED BELOW ALONG WITH THE CODES
FOR OTHER “ASCII"™ CHARACTERS GENERALLY PROVIDED BY "ASCII™ ENCODED DE-
VICES. FOBR 170 DEVICES WHICH DO NOT VUPERATE WITH THE "ASC11% CHARACTER
SET, FHE PROBLEM OF CODE CONVERSION 185 EASILY TAKEN CARE OF BY PRAOGRAM=
MING THE 1/0 DRIVER TO MAKE THE NECESSARY CONVERSION BETWEEN THE ASCIl
‘CODE DEFINED HERE 10 THE CUDE UTILIZED BY THE DEVICE.

CHARACTERS BINARY gCTAL CHARACTERS HINARY QeTAL
SYMEOLIZED CODE REP SYMEBOLIZED CODE REP
A 11 000 001% 301 H I¢ 100 001t 241

B 11 000 010 302 * 16 100 010 24z

c 11 000 011 303 ¢ 10 100G 0il 243

D 11 6ol 100 304 % 10 100 100 244

E i 0G0 {01 305 Z 10 100 101 245

F bi 0G0 110 306 & i0 1006 110 246

G 11 06O 1t} 307 ’ 10 100 1t 247

H 11 00l 040 310 { {0 101 doo 250

1 ii ¢ol 00i 311 K 10 10t Qo1 251

J 1: 001 010 3tz * §0 10% 010 252

K Il ool 0itd 313 # 0 101 €1t 233

L 11 o0l 100 3i4 & 10 101 160 254

M 11 oGl 101 1B - I0 101 101 285

N 11 Gel i J16 . PO 101 110 256

0 11 001 t41 317 7 10 10Y 111 257

P 11 410 00D 320 G IC 110 000 2690

f 11 016 00l 321 ! 10 110 Q01 261

R 11 OI0 050 lag 2 10 110 alo 262

k3 1L 010 01t 323 3 10 110 011! 263

T i1 010 100 324 4 10 110 100 264

U 11 010 141 325 5 10 110 101 265

i 1t 0190 110 Jze & Io 110 111G 266

W 11 0140 111 327 7 10 110 111 267

X 11 611 o000 330 8 10 111 000 279

Y 11 01t 00l adi 9 10 111 o0l 271

Z 11 €11 O1Q 332 : I 111 G190 g72

L 11 011 01} 333 H 10 118 014 273

! il Ot 100 334 < i0 11§ 100 274

] 11 011 101 335 = 10 111 101 275

t id 011 1i0 336 > 10 1t LiQ £76

a 18 011 11t 337 7 10 111 11} 2717
SPACE i1 100 Q00 240 & 11 GO0 000 300
CTHRL D 10 000 100 204 CTRL N 10 001 118 218
CTRL. 1 1G ool goi 211 CTRL S5 10 010 011 223
LIME FEED 1&¢ 001 010 212 CtTRL T §0 010 140 224
CTRL L 16 001 100 214 CTRL U 10 010 101 225
CAR-RET 10 001 10} 215 RUB OuT il o181 111 377

T4 CHARACTER ASCII SUBSET



THE 1/0 PORTION OF THE MONITOR PROGRAM HAS BEEN CAREFULLY STRUC-
TURED TO REMAIN SEPARATE FROM THE ACTUAL OPERATING ROUTINES OF THE MON-
ITOR PROGRAM. THIS ALLOWS THE USER TO INCORPORATE WHATEVER I/0 DRIVER
ROUTINES MAY BE REQUIRED FOR THE SPECIFIC DEVICES AVAILABLE WITHOUT DIs-
TURBING THE LOGIC OF THE OPERATING PROGRAM. THE USER MUST SIMPLY FOLLOV
THE RULES TO BE PRESENTED NEXT WHEN FORMING THE I/0 ROUTINES TO GUARAN~-
TEE THAT THE 1/0 DRIVER WILL PROVIDE THE NECESSARY FUNCTION WHILE MAIN-
TAINING THE INTEGRETY OF THE OPERATING PROGRAM. 1F. FOR EXAMPLE, THE
PRINTER DEVICE TO BE USED IN ONE'S SYSTEM REQUIRES BAULDOT CUDEs RATHER
THAN ASCI1. THE PRINTER OUTPUT ROUTINE MUST MAKE THE CONVERSION FROM THE
ASCIL CODE SENT BY THE PROGRAM TO THE EQUIVALENT BAUDOT CODE EXPECTED BY
THE PRINTER.

THERE ARE FOUR SEPARATE 1/0 DRIVER ROUTINES REQUIRED BY THE MONITOR
PROGRAM AS PRESENTED. THESE ROUTINES SHOULD BE PREPARLD AS SUBROUTINES
WHICH WILL BE CALLED BY THE OPERATING PROGRAM. TW0 OF THE ROUTINES ARE
USED 10 COMMUNICATE BETWEEN COMPUTER AND OPERATUR FOR ENTERING COMMANDS
AND DATA AND DISPLAYING THE COMMANDS AS ENTERED AND ALSO THE T ESULTANT
QUTPUT AS REQUESTED BY THE COMMAND. THE OTHER TwO ROUTINES WILL CONTROL
THE STORAGE AND RETRIEVAL OF DATA ON THE SYSTHY "BULK' STORAGE DEVICE.
THE REQUIREMENTS FOR THESE I1/70 ROUTINES, AS FAR A% THIS MONITOR PROGRAM
15 CONCERNED: ARE PRESENTED BELOW.

OPERATOR INPUT

THE OPERATOR INPUT ROUTINE WHIEN CALLED MUST INPUT A SINGLE CHARAC-
TER FROM A DEVICE., SUCH AS A& KEYBOARD, AND RETURN TO THE OPERATING PRO~
GRAM VITH THE AZC1lI CODE FOR THE INPUTTED CHARACTER IlN THE ACCUMULATOR
REGISTER OF THE CPU. THIS ROUTINE, CREATED By THE USErR., 18 FREE TO USE
CPU REGISTERS ™A™ THRU ME" FOR ITS PROCESSING. IF REGISTERS K'Y AND LY
MUsT BE USED (T0 POINT 70 A CONVERSION TABLE. FOR EIXAMPLE) THEIR CON-
TENTS MUST BE SAVED AND THIEN RESTORED 71O THEIR ORIGINAL VALUE PRIGR TO
RETURNING TO THE CALLING PROGRAM. THE OPERATOR INPUT ROUTINE IS REFER-
RED 10O IN THE MONITOR PROGRAM BY THE LABEL "RCV.™ THERE ARE TW0O POINTS
IN THIS MONITOR PROGRAM WHERE "CAlL RCV® IS USED TO SIGNIFY A CALL TG THE
TOPERATOR INPUTY™ SUBROUTINE. ONE IS AT THE INSTRUCTION LABELED iNg™ IN
THE "INPUT®™ ROUTINE (TO BFY PRESENTED LATER). THE OTHER LOCATION WHICH
CALLS THIS ROUTINE IS5 THE LOCATION LABELED “LPIN™ IN THE "INSPCL™ SUB-
ROUTINE.

AN ADDITIONAL FUNCTION WHICH THE USER SHOULD PROVIDE IN THE "OPER-
ATOR INPUT™ SUBROUTINE 15 THE CAPABILITY TO "ECHO"™ THE CHARAUTER RECEI-
VED FROM THE INPUT DEVICE TO THE DISPLAY DEVICE. THAT IS, WHEIN A CHAR-
ACTER IS5 ENTERED ON THE KEYBOARD IT IS GENERALLY DESIRED TO HAVE THaAT
CHARACTER DISPLAYED FUR THE OPERATOR TO VERIFY THE ENTHY. FOR EXAMPLE.
IF THE OPERATOR INPUT iS5 COMING FROM AN ELECTRONIC KEYBOARD WHICH IS
COMPLETELY SIEPARATE FROM THE DISpLAY DEVICE, IT WOULD BE REQUIRED TO
HAVE THE ROV ROUTINE QUTPUT THE CHARACTER CODE TO THE DISPLAY DEVICE
A5 EACH CHARACTER IS RECEIVED. ORs, ONE MIGHT HAVE A SYSTEM IN WHICH THE
INPUT DEVICE IS COORDINATED WITH THE DISPLAY DEVICE, SUCH AS A TELETYPE
MACHINE OR TELEVISION-TYPE~WRITER, WHICH MAY BE COUPLED WITH A HARDWARE
INTERFACE TO AUTOMATICALLY ECHC THE HEYBOARD INPUT T0 THE DISPLAY DE-
VICE. IN THIS CASE., THE "RCYV” SUBROUTINE WOULD HAVE T0 ENABLE THE IN-~
TERFACE TU ECHO THE CHARACTERS WHEN ENTERED.



DISPLAY QUTPUT

THE DISPLAY OUTPUT ROUTINE IS DISTINCT FROM THE "ECHUO™ ROUTINE DES~
CRIBED IN THE OPERATOR INPUT ROUTINE ABOVE (ALTHOUGH. IN MANY CASES, THE
“ECHO™ FUNCTION OF THE “ROVUY SUBROUTINE May SIMPLY BE OBTAINED BY CALL-
ING THIS DIsPLAY OUTPUT ROUTINE AS IT IS DEFINED HEREIY THE DISPLAY
SUTPUT ROUTINE WHEN CALLED BY THE MONITOR PROGRAM MUST GUTPUT THE ASCII
ENCODED CHARACTER CONTAINED IN THE ACCUMULATOR AT THE TIME THE ROUTINE
15 CALLED T0 THE DISPLAY DEVICE. THE wOUTINE IS FREE TO USE CPU REGIS~
TERS "B” THRU ™E" FOR PROCESSING. THE CALLING ROUTINE EXPECTS THE AC-
CUMULATOR AND REGISTERS “H™ AND "L 10 CONTAIN THE OnRGINAL INFORMATION
WHEN THE SUBRCUTINE 1S EXITED. THE DISPLAY QUTPUT SUBROUTINE IS REFER-
ENCED IN THE MONITOR PROGRAM BY A “CAL PRINT™ INSTRUCTION. THERE ARE
FIVE ROUTINES YHICH USE THE "CAL PRINT™ COMMAND. THE “ERRUR"™ ROUTINE
USES THE "eriINT” SUBROUTINE 10 QUTPUT ERROR HMESSAGES TO THE OPERATOR.
THE DISPLAY QUTPUT ROUTINE IS ALSO CALLED BY THE SUBROUTINES LABELED
“MEGY (TO PRINT VARIOUS MESSAGESIs "OCTOUTY™ (FOR PRINTING 5 DIGLT 4CTaL
HUMBERS?, "COLON" {T0 PRINT A :3 AND "SPACY {(TO PRINT A SPACE).

BULK &TORAGE INPUT

THE BULK STORAGE INPUT ROUTINE WHEN CALLED MUST INPUT DATA FROM THE
BULK STORAGE DEVICE. THE FORMAT FOR READING THE DATA AND DETERMINING
WHERE THE DATA IS TO BE STORED IS ENTIRELY LEFT UP TO THE USER PROVIDED
BULK INPUT ROUTINE. THE ONLY FUNCTION OF THE HMONITOR PROGRAM FOR THIS
COMMAND IS TO ALLOW THE INITIATION OF A BULK INPUT Via THE KEYBOARD AND
TO RETURN T0 THE MONITOR PROGRAM UPON COMPLETION OF THE INPUT SEQUENCE.
THEREFOREs THE BULK STORAGE INPUT ROUTINE IS5 FREE TO USE ALL THE CPU RE-~
GISTERS WHILE PERFORMING ITS DATA INPUT. THE BULK STORAGE INPUT ROUTINE
i$ REFERENCED BY THE INSTRUCTION "CAL READ™ WHICH IS5 LOCATED IN THE BULK
BEAD ROUTINE OF THE MONITOR PROGRAM.

BULK STURAGE GUTPUT

THE BULK STORAGE OUTPUT ROUTINE WHEN CALLED MUST OUTPUT THE DATA
INDICATED 7O THE BULE STORAGE DEVICE. THE DATA TO BE STORED i% DELINE-
ATED BY REGISTERS "L™ AND "H"™ FOR THE LOW AND PAGE ADDRESS., RESPECTIVE~
LY, FOR THE START ADDRESS AND REGISTERS "E" AND D" FOR THE LOW AND PAGE
ADDRESS. RESPECTIVELY., FOR THE ENDING ADDRESS OF THE BLOCK OF DATA TO BE
OUTFUT. AS WITH THE BULK INPUT ROUTINE: THE aCTyal FORHMAT AND PROCEDURE
FOR OWTPUTTING THE DATA I5 ENTIRELY CONTROLLED BY THIS ROUTINE. THE MON-
ITO0R PROGRAM SIMPLY SETS UP THE REGISTERS DESIGNATING THE LIMITS OF THE
BLOCK TO BE OUTPUT. THIS BULK STORAGE OUTPUT RUUTINE IS5 CALLED BY THE
BULK WRITE ROUTINE BY THE INSTRUCTION “CAL PUNCH.”™

140 INTEGRITY CONSIDERATIONS

THE OPTION OF PERFORMING ERROR CHECKS ON THE TRANSMISSION OF DATA
TO AND FROM THE PERIPHERAL DEVICES IS LEFT TO THE USER. THIS IS DONE
BECAUSE THERE ARE A VARIETY OF ERROR CHECKING TECHNIQUES POSSIBLEs DEPEN-
DING ON THE TYPE OF DEVICE BEING USED IN THE SYSTEM. FOR EXAMPLE, A
"USER WITH A PAPER TAPE READER SYSTEM MAY ELECT TO PROVIDE FOR PARITY



CHECKING TECHNIQUES. SUCH TECHNIQUES MAY BE INPLEMENTED USING T"EVEN" OR
"ODPDY PARITY CONVENTIONS DEPENDING ON THE TYPE OF DEVICE, UR EVEN THE
USER'S PREFERENCE. ANOTHER TYPE OF !/0 DEVICE, SUCH AS A COMMERCIAL
MAGNETIC TAPE. OR DISC UNIT., MAY HAVE AUTOMATIC "BLOCK" ERROR CHECKING
CAPABILITIEE, IN WHICH CASE THE USER WOULD WANT TO HAVE THE APPROPRIATE
170 ROUTINE TEST FOR ERROR CONDITIONS AND TAKE APPROPROATE ACTION. THE
USER MAY ELECT, IF ERROR UHECKING CAPABILITIES ARE [MPLEMENTED, TO ADD
ADDITIONAL ROUTINES THAT PRESENT ERROR MESSAGES TO THE OPERATOR., OR THAT
DIRECT THE OPERATION OF ™ERROR CORRECTING" TECHNIQUES. IN ANY EVENT.
SUCH TECHNIQUES ARE OUTSIDE THE SCOPE IF THIS PARTICULAR PUBLIGCATION AND
WILL BE LEFT TC THE USER 70 IMPLEIMENT AS DESIRED.

MEMORY UTILIZATION OF THE MONITOR PROGRAM

THE MONITOR PROORAM PRESENTED IN THIS MaNUal MAKES OPTIMUM USE OF
THE WMEMORY BY UTILIZING EFFECTIVE PROGRAMMING TECHNIGQUES WHICH TAKE ADR-
VANTAGE OF THE 'B008" INSTRUCTION SET. THE ACTUAL AMOUNT OF MEMORY USED
BY THE MONITOR WiLL VARY DEPENDING UN THE NUMBER OF COMMANDS ONE INCLU~
LES IN QNE'S VERSION AND ON THE AMOUNT OF PROGRAMMING REZUIRED TO CON-
TREOL THE PERIPHERAL DEVICES. THE MEMORY USAGE FOR THE VERSION PRESENTED
IN THIS MANUAL IS5 AS FOLLOWS.

THE OPERATING PORTION OF THE PROGRAM RESIDES IW PAGES 14 THROUGH
PART OF PAGE 17. THE USER PROVIDED 1/0 ROUTINES MAY BE PLACED OW THE
REMAINDER OF PABE 17, ORs, IF MORE ROOM IS5 REQUIRED, THE USER MAY PUT
THE 1/0 ROUTINES WHEREYER THEY WILL BE MOST CONVIENIENT (FOR EXAHPLE.
THE BULK STORAGE 170 ROUTINES MAY ALREADY RESIDE IN MEMORY ON A& "PRUMVI.
PORTIONS OF PAGE 00 ARE USED A5 A "SCRATCH PAD" AREA FOR THE STORAGE OF
POINTERS, COUNTERS AND TEMPORARY DATA BY THE MONITOR PROGRAM. THERE IS
ALSD A SECTION ON PAGE 00 WHICH CONTAINS '"CANNED' MESSAGES AND THE LAST
40 OCTAL LOCATIONS ARE USED AS THE INPUT BUFFER FOR STORING ToE COM-
MANDS AND DATA ENTERED ON THE KEYEOARD INPUT DEVICE. ONE OF ThE RESTART
LOCATIONS (LOCATION 070 IS5 USED BY THE BREAKPUINT ROUTINE TO ALLUW A
SINGLE RESTART INSTRUCTION TC BE USED TO SET A BREAKPOINT IN A PROGRAM
BEING DEBUGGED. THE LOGK-UP TABLE FOR THE COMMAND ROUTINE HAS BEEN SET
UP ON PAGE 00 TO ALLOW ROOM FOR FXPANSICON, a5 WiLl BE EXPLAINED LATER.

THE LOCATION OF THE OPERATING PORTION OF THE MONITOR PRUGRAM FUR A
SPECIFIC USER®S SYSTHEM SHOULD BE IN THE UPPER PURTION OF THE AVAILABLE
MEMORY. THIS ARRANGEMENT HAS BEEN FOUND TO BE MOST ADVANTAGEQUS FOR A
MONITOR PROGRAM., AS IT LEAVES THE LOWER PORTION OF THE MEMORY COPEN TO oL
USED FOR PROGRAM DEVELOPMENT. THE MEMORY MaP FOR THIS MONITUR PRUURAM
AS ORIGINED IN THIS MANUAL 15 PRESENTED ON THE FOLLOWING FAGE. THE EX-
ACT LOCATIONS USED FOR THE TEMPORARY STORAGE ON PAGE 00 VWILL BE DETAILED
IN THE ASSEMBLED LISTING.

MONITOR COMMANDS

THE MONITOR PROGRAM 18 ESSENTIALLY A& COLLECTION OF FUNCTIONS WHICH
ENABLE THE OPERATOR OR PROGRAMMER TO CONTROL THE UVER-ALL OFERATION OF
THE COMPUTER. THESE FINCTIONS ARE INITIATED BY THE OPIRATOR ENTERING
“COMMANDS™ ON THE "OPERATOR INPUT DEVICE.™ EACH COMMAND DIRECTS THE
MONITOR PROGRAM TO THE APPROPRIATE ROUTIRE TO PERFORM THE FUNCTION IN-
DICATED. THE FORMAT FOR ENTERING EACH COMMAND MAY VARY FROM ONE TO AN-



PAGE
oG AVAILABLE SPACE

RESTART **7" FOUR
BREAKPOINT

AVAILABLE SPACE

POINTER, COUNTER

AND TEMPORARY MONITORP UTILITY

crorach pant SUBROUTINES
COMMAND
LODK UB
TABLE MO DI FY
DM P
INPUT BUFFER
WR1TE
AVAILABLE SPACE READ
PAGES O3 BREARKFPOINT
THRY
B3 G0 TO
PAGE
4 COMMAND INPUT EXAMINE REGISTERS
ROUTINE

FiLL
INPUT ROUTINE

SEARCH

TRANSFER

USER PROVIDED
1/G DRIVER
ROUTINES

OTHER, DEPENDING ON WHETHER THE COMMAND REQUIRES MEMORY ADRDRESSES OR DA~
TA TQ BE SPECIFIED. THE FOLLOWING 15 A SUMMARY OF THE VARIQUS CoMEANDS

PRESENTER IN THIS HMONITOR PROGRAM ALONG WITH & BRIEF DESCRIPTION OF THE

OPERATION EACH PERFORMS.

YEREAKPOINT™ (B) = USED TO FXAMINE THE OpERATION OF A PROGRAM
IN MEMORY AT THE LOCATION SPECIFIED IN THE
COMMAND. WHEM THE PROGRAM REACHES THE
"HREAHKPOINT." CONTROL RETURNS TO THE MONI-
TOR PROGRAM AND THE CONTENTS OF THE SPEC-
I1FIED CPU REGISTENS AND FLAG STATUS ARE
SAVED. TWO TYPEZ OF BREAKPUOINTS ARE POSS~-
IBLE. A TYPE "I BREAXPOINT SAVES THE
VALUES OF CPU REGISTERS A. B AND C AND THE
FLAG B3TATUS. A TYPE "2" BREAKPGINT SAVES
THE VALUES OF Cpry REGISTERS Ds Es H AND L
AND THE FLAG STATUS.

CMEMORY DumMp® (D3 - QUTPUTS THE CONTENTS JF Tik MEMURY Lula-
TIONS SPECIFLED TO THE DISPLAY DRVICGE.



"MEMORY FILL®™

;x{%& TO’W

YMEMORY MODIFY™

TBULE READY

TS EARCH™

“TRANS FEE“

T"BULK WRITE™

“EXAMINE REG'S™

{ D

{G3

(M

{RJ

£5)

{T3

(W

()

FILLS THE MEMORY LOCATIONS SPECIFIED WITH
THE DATA INDICATED IN THE COMMAND.

STARTS EXECUTION OF A PROGRAM BY JIMPING
TO THE ADDRESS SPECIFIED IN THE COMMAND.
TWO TYPES OF GO TO UOMMANDS ARE POSSIBLE.
A TYPE "1™ GO 70O COMMAND WILL SET THE CON-
TENTS OF CPU REGISTERS As B AND € WITH
PRE~DETERMINED VALUES BEFORE JUMPING TO
THE PROGRAM. & TYPE 2" GO TO COMMAND
WILL SET UP REGISTERS D, Es H AND L.

DISPLAYS THE CONTENTS OF THE MEMO®mY LOCA~-
TION SPECIFIED. THE OPERATOR HAY THEN
CHANGE THE CONTENTS BY ENTERING THE DESIR-
ED vAlLUI. AFTER WHICH THE NEXT LOCATION
WILL BE DISPLAYED, Or CONTINUE ON TO DIS-
PLAY THE NEXT LOCATION WITHOUT CHANGING
THE PREVIQUS ONE, OR RETURN TO THE COMMAND
MODE.

CALLS THE USER PROVIDED BULK STURAGE INPUT
ROUTINE TO READ DATA IN FROM THE BULK STO-
AGE DEVICE.

SEARCHES THE MEMORY LOCATIONS SPECIFIED
FOR THE 8 BIT DATA PATTERN ENTERED IN THE
COMMAND AND PRINTS THE MEMORY ADDRESSES OF
PACH LOCATION THAT MATCHES.

TRANSFERS THE CONTENTS OF THE SECTION OF

MEMORY SPECIFLED TO THE SECTION OF MEMORY
INDICATED BY THE THIRD ADDRESS SPECIFIED

IN THE GOMMAND.

CALLS THE USER PROVIDED BuUL¥X STURAGE QuT-
PUT ROGUTINE TO WRITE A SPECIFIED BLUCK OF
MEMORY QUT TO THE BULK STORAGE DEVICE.

DISPLAYS THE CONTENTS OF THE SPECIFLED
TYIRTUALY CPU REGISTER OR FLAG STATUS.

THE "VIRTUAL™ CPU REGISTERS AND FLAG STA~
TUS IS THEIR ACTUAL CONTENTS AT THE TIME A
“BREAKPOINT™ IS ENCOUNTERED. ORs, AT THE
TIME A G0 TO™ 15 IS5UED. THE VALUE OF
THE “VIRTUAL®Y CryU REGISTERS {BUT WOT THE
FLAG STATUS) MHMAY BE ALTERED BY ThIS CoM-
MAND.

EACH OF THE COMMANDS ARE ENTERED BY THE OPERATOR ENTERING THE LET-
TER ILLUSTRATED IN THE PARENTHESIS FULLOWED BY WHATEVER DATA IS REQUIRED
TO DEFINE THE ALTION TO BE TAKEN. MOST OF THE COMMANDS SEQUIRE THE SPE-
CIFICATION IF EITHER COMMAND TYPE. MEMORY ADBDRESS (OR ADDRESSES), UR DA~
TA» OR A COMBINATION OF THESE TO DEFINE THE EXACT OPERATION OF THE COM~
MaND. THE FORMAT FOR ENTERING [ACH COMMAND IS SUMMARIZED ON THE FOLLOVW-

ING PAGE.



COMMARD COMMAND FORMAT

BREAKPUOINT (TYPE 13 Bl HHH LLL

BREAKPOINT (TYPE 2) B2 HHH LLi

MEMORY DUMP D HHH LLL,MMM NNN
MEMORY FILL F HHH LLL.MMM NNN.DDD
G3 TO {TYPE I} Gi HHH LLL

GG TO (TYPE 23 G2 HHH LLL

MEMOHRY MODIFY M HHH LLL

BULK READ R

SEARGH 5 HbH LLLsMMp bowae DLL
THANS FER T HHH LLL.MMM mawsYYY ZZ2
BULK WRITE W HHH LLL.MMM NN
EXAMINE REGISTER #P

WHERE "HHH LLL"., "dMM RNN'. AND "YYY ZZ2" INDICATE WMEMURY ADDRESS'S aF-
FECTED BY THE COMMANDS, "DDD" IS THE DATA VALUL USED iN THE CUMMAND AND
vet 18 THE REGISTER DESIGHNATION IN THE EXAMINE BEGISTER CUMMAND. UpR*
{5 REPLACED BY THE LETTERS A" THRU "E". “H" 0Or L™ TO INDICATE 'THE
"VIRTUALY CPU REGISTER TO BE EXAMINED OR THE LETTER “F*° TU INDICATE THE
FLAG STATUS I35 TU BE DISPLAYED.

THE MEMURY ALDRESS AND DATA INFURMATION SHOWN ABCVE USES GRUUPS OF
THREE OCTAL DIGITS TO SPECIFY THE COMMAND®S OPERATIUN. EACH GROUP HAS
A POSSIBLE BANGE OF VALUES FROM 000 TO0 377. MEMORY ADDRESSES ARE SPEC~
IFIED BY TWO GROUPS, THE FIRST GROUP BEING THE HIGH, UR PAGE: ADDRESS.
WHILE THE SECOND GROUP DEFINES THE LOW PORTION OF THE ADDRESS. THE DATA
VALUE 1S SPECIFIED BY A SINGLE THREE DIGIT GROUPING. THIS NOTATION WAS
CHUOSEN BECAUSE IT IS5 A GENERALLY ACCEPTED FORMAT FUK REPRESENTING 8~BLT
BINARY INFORMATION. WHICH SHOULD BE FAMILIAR TU MUST MICROCOMPUTER US-
ER'S. 1T SHOULD BE NOTED THAT WHEN ENTERING A CUMMAND. LEADING ZERUS
MAY BE DELETED. HOWEVER, EACH GROUP MUST BE REPRESENTED BY AT LEAST UNE
DIGIT. THAT I8, IF THE MEMORY LOCATION 000 000 IS TO BE MODIFLED, THE
COMMAND MAY BE ENTERED USING ONE OF THE FOLLOWING FURMS.

M 000 000
OR
MO Q

THE MUNITOR PROGRAM
GENERAL UTILITY SUBRUUTINES

THERE ARE A GROUP OF SUBROUTINES USED BY THE MAJOR ROUTINES OF THE
MONITOR PROGRAM WHICH PERFORM MANY OF THE COMMON TASKS REGUIRED BY THESE
ROUTINES. SUCH SMALL SERQUENCES OF INSTRUCTIONS ARE REFERRED TO AS
UTILITY™ SUBROUTINES BRECAUSE OF THEIR BRUOAD. GENERAL USAGE THROUGHGUT
THIS PROGRAM. THESE SUBROUTINES ARE PRESENTED IN THIS SECTION TO POINT
OUT IMPORTANT FACTORS RELATING TO THEIR OPERATION S0 THAT THE READER MAY
HAVE A GOOD UNDERSTANDING OF THE SUBROUTINES WHICH FUORM THE BASE OF THE
MONITOR PROGRAM. ALTHCOUGH THESE SUBROUTINES WERE WRITTEN FOR THE MONI~-
TOR PROGRAM. THE READER MAY FIND MANY OF THEM USEFUL IH APPLYING THEM
TG OTHER PROGRAMS ONE MAY DEVELOP.



THE FIRST GROUP OF "UTILITYY SUBROUTINES PERFORM THE TYPE OF UPER-
ATIONS FOUWD IN ALMOST aNY PROGRAM. THESE OPERATIONS INCLUDE INCREMENT~
ING THE MEMORY POINTER IN REGISTER PAIR *"H" AND **L,"™ INCREMENTING A DOU~
BLE PRECISION VALUE STORED IN MEMORY AND SWITCHING THE CONTENTS OF RE-
GISTERS H' AND "L' WITH THE CUNTENTS OF REGISTERS "D' AND "E," RESPEC=-
TIVELY. THESE SUBROUTINES ARE QUITE BASIC BUT ARE NEVER=-THE~LESS IM=-
PORTANT FOR MAINTAINING EFFICIENT USE OF MEMORY. AN ADDITIONAL SUBROU-
TINE 18 INCLUDED HERE LABELED “SETUP™ WHICH SETE THE MEMORY POINTER RE-
GISTERS "H'™ AND "L TO THE CONTENTS OF MEMORY LOCATIONS 167 aND 166 ON
PAGE 00, RESPECTIVELY. THIS SUBROUTINE IS USED TU SET THE MEMORY POINT-
ER TO THE MEMORY LOCATION CURRENWNTLY BEING OPERATED ON BY THE COMMAND.

MNEMONIC COUMMENTS
INMEM, 1IHL ZINCR L0 ADDR
RFZ ZEF NON ZEROs RET
INH /ELSEs INCR PG ADDR
RET YRET TQ CALLING pGH
e
INCR. ADL 0O} JINCR CONTENTS OF MEM LOC
L¥A JRESTORE MEM CONTENTS
RFC /1F NO CARRY. RET
INL FELSEs FETCH NXT LOT
LAk
ADL 0G1 JINCR MEM CONTENTS
LMA JRESTORE MEM CONTENTS
RET /RET TO CALLING PGM
7
SWITCH, LCH ASWITCH THE PNTR IN
LED AREG'S H AND L WITH
LDe ZTHE PNTR IN REG'S D AND E
LCL
LLE
LEC
RET SRET TU CALLING PGM
/
SETUP, LHI 000
LLI Lsé /SET PNTR TO 00 166
LOM JFETCH LO ADDR
INL
LM AFETCH PG ADDR
LLG /SET PNTR TO MEM LOC
RET FRET TO CALLING PGM

THE NEXT GROUP OF SUBROUTINES PRESENTED SBELOW ARE USED TO CUTPUT
VARIQUS MESSAGES TO THE DISPLAY OUTPUT DEVICE. THREE OF THESE MESSAUGE
PRINTOUT ROUTINES QUTPUT A FIXED MESSAGE 70 THE PRINTER. THE ROUTINE
LABELED “SPAC™ OUTPUTS A SPACE CHARACTER (ASCII CODE ‘240°) AND THE ROU-
TINE "COLON"™ QUTPUTS A COLON {ASCIl CODE *272°) BY LOADING THE RESPEC=-
TIVE CODES IN THE ACCUMULATOR AND SALLING THE DISPLAY JUTPUT ROUTINE.
YHDLN® SETS UP A POINTER TO THE “CANNED" MESSAGE “CARRIAGE~RETUAN/LINE-
FEED"™ AND THEN FALLS THROUGH TO THE SUBROUTINE “MS8G™ T0 PRINT THE "CR=-
LF" COMBINATION. THE "MSG" SUBROUTINE OUTPUTS A STRING UF CHARACTERS
STORED IN MIMORY TO THE DISPLAY DEVICE UNTIL A "ZERO™ BYTE IS ENCOUNTER=-
ED« THE PROGRAM CALLING "MSG™ SIMPLY SETS REGISTERS "H™ AND L™ TO THE
START ADDRESS OF THE MESSAGE TO BE PRINTED AND CALLS “MS5G." THIS SUB-
RUUTINE MAY BE OF USE TO THE READER 1IN DEVELOPING PRUGRAMES WHICH REQUIRE

migu



THE PRINTOUT OF “CANNED MESSAGES.™ THE SUBROUTINE LABELED “PRTI&6Y OUT-
PUTS THE MEMORY ADDRESS CONTAINED IN LUCATIONS 186 AND 167 UM PAGE 00
LOCATION 167, ¥WHICH CONTAINS THE HIGH PORTION OF THE ADDHESS: IS PRINTED
FIRST FOLLOVED BY A SPACE AND THEN THE LOVW PORTION, CONTAINED IN LOCA-
TION 166&. THIS IS USED BY SEVERAL ROUTINES, SUCH AS THE “MODI Fr.*
*DUMPY AND "SEARCH™ ROUTINES, TO PRINT THE AFFECTIVE MEMORY ADDRESSES.
THIS ROUTINE CALLS THE SUBRQUTINE "0CTOUT™ TO PRINT EACH THREE DIGIT 7
OCTAL NUMBER., *OCTOUT" SEPARATES EACH DIGIT FROM THE &-BIT BYTEs FORMS
THE A5CI1I1 CODE FOR THE DIGIT AND CALLS THE DISPLAY OUTPUT RDUTINE T0
PRINT IT. THE FINAL SUBROUTINE, LABFLED "MEMPRT."™ PRINTS THE CONTENTS
OF THE MEMORY LOCATION INDICATED BY THE POINTER AT LOCATION 166 AND |67
ON PAGE 00. THIS ROUTINE USES THE SUBROUTINE "SETUPY™ TU SET THE MEMORY
POINTER AND THEN CALLS "0CTOUT" TO PRINT THE MEMORY CONTENTS.

MNEMONIC

paCs LAl 240

COMMENTS

s M A ED B MR GD G HE GE X G TD W

/SET ASCII CODE FOR SpaCE

<JHP PRINT /PRINT SPACE AND RET

4

COLON. LAL 272 JSET ASGET CODE FOR &

JMP PRINT JPRINT COLON AND RET

/

HDLM., LLI 134 ZEET PNTR TG C/Rs LAF MSG
LHI 080 /FALL THRU TOU PRINT MSG

7/

ME&G, LANM FFETCH CHAR TU PRINT

NDa JEND OF MS5G CHAR?T

RTZ /YESs RET TO CALLING PGM
CAL PRINT /N0, PRINT CHAR

Cal INMEM AINCR MSG FPNTR

JHP MSE JCONTINUE PRINT OUT

/!

PRT166. LLI 167 FSET PNTR T0 PG ADDR

LHI 000 /0F LG ADD®R STORED

LAM F¥FETCH PG ADDR

NDI 077

CAL OCTOUT FPRINT PAGE ADDR

CAl. SPAC /PRINT A SPACE

Lil 168 SSET PNTR TO LO ADDR

LM JFETCH LO ADDR

CaL oCTOoUT JPRINT LO ADDR

/ /FALL THRU TO PRINT SPACE
/7

OCTOUT. LLA /SAVE OCTAL NUMBER TO PRINT
RLC APOSITICGN HUNDRED'S DIGIT
RLC

NDI 003 /MAEK OFF OTHER BITS

ORl 260 JFORM ASCII CUDE

Cal PRINT APRINT DIGIT

LAL JFETCH (QCTAL NUMBER

RRC APOSITION TEN'S DIGIT

RRC

RRC

RDRI oO7 FHMASK OFF OTHER DIGITS
orl 260 /FORM ASCII CUDE

CAL PRINT /PRINT DIGIT

LaL ZFETCH QCTAL NUMBER

KDL 007 AHMASK OFF QTHER DIGITS
ORI R&0 /FORM ASCII CODE
JHP PRINT JPRINT DIGIT AND RET

w §2 =



MNEMONIC CUMMENTS

s

MEMPRT. CAL SETUP /SET PNTR TO MEM LOC

LAM FFETCH CURRENT MEM CONTENTS
JMp QCTOUT JPRINT CONTENTS AND RET

é

THE READER SHOULD NUW UNDERSTAND THAT THE MUNITOR PROGRAM 15 CON=
TROLLED BY THE OPERATOR ENTERING COMMANDS ON THE OUPERATOR INPUT VEVICE.
ONCE THE COMMAND IS ENTERED AND RECOGNIZEDs THE COMPUTER JUMPS 10 THE &
MAJOR ROUTINE TU PERFORM THE DESIGNATED FUNCTION. WHEN THE MAJOR RUU-
TINE IS ENTERED, IT MAY BE NECESSARY TO RETRIEVE MORE INFURMATIUON FROM
THE INPUT BUFFER IN ORDER TO PROCESS THE CUMMAND. THE ADDITIONAL DATA
1S ALMOST ALWAYS IN THE FORM OF OCTAL DIGITS WHICH SPECIFY MEMOARY AD-
DRESSES OR DATA. THIS INFORMATION IS STURED IN THE INPUT BUFFER AS A
STRING OF ASCIICHARACTERS AND MUST BE TRANSLATED INTO ITS EQUIVALENT
BINARY VALUE(S) BEFURE THE MAJOR ROUTINE CAN USE ITs SINCE THIS FUNC»
TION 15 & COMMON PROCESS THE FOLLUWING ASCII TO UCTAL AND OCTAL TD Bl
NARY CONVERSIUN SUBROUTINES ARE USED TO FPERFORM THE TRANSLATION. THE
SUBROUTINE “0CTNM" READS IN A MEMURY ADDRESS, CONVEARTS IT TO THE BINARY
VALUE AND STORES IT IN LUCATIONS 1466 AND 167 Ot PAGE GU. IF A SECOND
ADDRESS FOLLOWS THE FIRST IN THE INPUT BUFFERs THE SECOND ADDRESS WILL
BE CONVERTED TO BINARY AND STORED IN LOCATIONS 170 AND 17! UN PAGE Q0.
IF THERE IS NO SECOND ADDRESS., THE FIRST ADDRESS WILL BE STORED AGAINTIN
LOCATIONS 170 AND 171. THE TWO ADDRESSES THUS STORED ARE THEN CHECHED
AGAINST EACH UTHER TO DETERMINE THAT THE FIRST IS LESS THAN UR EQUAL TO
THE SECOND. IF NOT, AN ERROR MESSAGE IS PRINTED AND CONTROL RETURNS TO
THE COMMAND MODE., ALSU, AS THE CONVERSION IS BEING PERFUORMED, THE INPUT
1§ CHECKED FOR PUSSIBLE FRRORS, SUCH AS INVALID OCTAL NUMBERS (IsE. 5,93
OR INVALID ENTRIES (Il+E« ONLY ONE THREE DIGIT GROUP DEFINING AN AD-
DRESSYs 1F SulH ERROHS "ARE FOUND, AN ERROR MESSAGE IS PRINTED AND CON=
TROL RETURNS TO THE COMMAND MODE. THE ACTUAL ASCII TO OCTAL (DCDNMY™)
AND OCTAL TO BINARY ("0UCT") ROUTINES ARE IN THE FORM OF SUBROUTINES TO
ALLOW THEM T0 BE CALLED SFPARATELY WHEN REQUIRED.

MHNEMONIC COMMENTS
DCTHM. LEL SAVE INP BFE PNTR
Cal QCTPR ZCOUNVERT 15T OCTAL PAIR
LLI 1646 FSET PNTR TO LO ADDR STRABE
LMB FSAVE LU HALF QF LD ADDR
INL
LMG SSAVE p3 HALF OF L0 ADDR
LLE FRESTORE INP BFR PNTR
LaH FFETCH NXT CHAR
CPl 28B4 ZCHAR = COMMA?R
JFZ SGL /NQ. UNLY ONE ENTRY
INL FYESs INCR INP BFR PNTR
LEL FSAVE INP BFR PNTR
CAL 0CTPR JCONVERT 2ND OCTAL PAIR
SGL. LLI 170 AESET PNTR TO HI ADDR STRAGE
LMB FSAVE LO HALF OF HI a4DDR
INL
LMC SSAVE PG HALYF OF HMI ADDR
LAC



MNEMONIC

LLLI 166
103 2]y

JTC ERR
RET

£

OCTPR. CAL DCDNM

LGB

INE

v

7

DLCODNM, LLI 150
LMH

iNL

LMAH

INL

LMH

LLE

LOOP. CAL FNUH
JT5 CEKLMH
L.AM

LDL

NDI $C7
LLI 180
LBM

LMa

INL

LAM

LMB

INL

LMA

LLD

INL

JMp LOOP
s

CHLNH, LAL
CPE

JTZ ERR
LEL

Cal. OCT
JFS EWRRA
RET

/

FNUM, LAM
CPI 260
BTs

SUl 270
ADRI 2400
RET

7

COMMENTS

R

/15 HI ADDR < LO ADDR?

FYESs, PRINT ERROR
ZLF PG HALF NOT =, ®BET
/ELSE, CHECK LO HALF

218 HI ADDR < LU ADDR?

/YES, PRINT ERROR MEG
ANDs RET TO CALLING PN

/DECODRE 1ST OCTAL NUMBER
/S5AVE GCTAL NUMBER
FINCR INP BFR PNTR

FaLl THRU 70 DELODE 2ND NHMBR

ZSET PNTR TO DIGIT STRAGE TBL
JCLEAR TBL BY STORING 000C-

JRESET Inp BFR PNTR

FCHECK FOR VALID NUMBIR
Z1F NOT, CHECH CHAR ONT = §
AFETCH CHAR

ZSAVE INP BFR PNTR

FMASK OFF 260

FSTORE OCTAL NuMBER IR
STABLE AT LOGC 150 PG 00
ZAND SHIFT OTHER NIMBERS
JUP THRU THE TABLE

ZRESTORE AND INCR INP BFP® PNTRH

JFETCH NXT NUMBER

£1S CHAR CNT = 07

/YES. PRINT ERROR MSG

/N0, SAVE INP BFR PNTR
JFETCH FINAL GCTAL NIMBER
FIF INVALLID., PRINT ERR HS4G
/ELSE. RET TO CALLING PGM

718 CHAR A VALID NUMBER?

FNO. REYT WITH & FLAG SET
FCHECK UPPER LIMIT BY
FSETTING § FLAG TO PROPER
FETATE AND RETURN



MNEMUNIC COMMENTS

i —— G W W W R I e

0CT. LLI 152 ZSET PaT™R TO IRD DIGIT
LaM

CPI 004 18 3RD DIGIT » 37

RFS AYESs BRET WITH S5 FLAG RESET
NDI €03 FCLEAR CARRY

RRC SPOSITION DIGIYT

BRC

LBa /SAVE IN REG B

oL JDECH PNTR

LAM /FETCH NEXT DIGIT

21 A APOSITION DIGIT

]LGC

RLE

ADB FADRD TO REG B

DCL . ZDECR PHRTR

LHDH

LBA FSAVE FINAL NUMBER

Lal 200 FSET 8§ FLAG T0O INDICATE
HDA ATHAT THE NUMBER 1& VALID
RET ZRET TO CALLING PGH

THE NEXT SUBROUTINE TU BE PRESENTED IS5 LABELED YCHEND.Y THIS SUB-
ROUTINE IS5 UTILIZED BY A NUMBER OF MaJOr ROUTINES WHICH UOPERATE ON A
GROUP OF MEMORY LOCATIONS.: SUCH AS THE "DUMP." TFILLY AND "SEARCH® wWOU-
TINES. THE BaSIC FUNCTION OF THIS ROUTINE 15 TO COMPARE THE VALUES OF
THE POINTERS STORED IN THE DATA AREA UM PAGE 00 AT LOCATIONS 166 THRU
{71 WHIOCH WERE INITIALLY SET UP BY INPUTTING THE COMMAND. A5 LACH LOC&~-
TION IS5 OPERATED ON, THE TWO POINTERS ARE CHECKED TO DETERMINE IF THEY
ARE EQUAL., INDICATING THE OPERATION IS5 COMPLETE. 1IF THEY ARE NOT EOUALS
THE POINTER AT LOCATION 166 AND 167 15 INCREMENYED AND THE PROCESSING 15
CONTINUED. WHEN THEY BECOME EQUAL: THE PROGRAM RETURNS TO THE COMMAND
MULEL.

M EMONIC CuMMENTS

CHKENDs LHI 000

LLI 17% SEET PNTR TU nl aDDR

LAt /FETCH £wD HALF

lied 167 ZSET PNTR TU 2ND HALF LU ADDR
LPH F2HD HALFE EQUALZ

JFZ GONT AN0s CUNTINUE PRGCESS

INL

LAM FFETCH 18T HaALF HI ADDR

LLE 166 JSET PNTR TG 15T HALF LO AULDR
CPM 187 HALFS LOUVAL?

JTZ INCHMD /YESs RET TQ CMND MODE

LLI 166 /NGs SET PNTR 10 LU ADDR

Lak

JMP INCH SFINCR LO ADDR aAND RET



THERE ARE SEVERAL ROUTINES IN THE MONITOR PROGRAM WHICH REGUIRE THE

INPUT OF ADDITIONAL INFORMATION BY THE OPERATOR AFTER THE COMMABL HAS

BEEN ENTERED.

FOR EXAMPLE, THE MEMORY "MODIFY™ ROUTINE DISPLAYS ThE

CONTENTS OF A MEMORY LOCATION AND THEN VAITS FOR THE OPERATUR TU INPUT

IITHER A MODIFICATION TO THE MEMORY CONTENTS OR A& COMMAND TO DISPLAY THE

WEXT LOCATION OR RETURN TO THE COMMAND MODE. THE FORMAT FOR THIS IN-
TRY., AS VWILL BL DETAILED LATER. 15 TERMINATED BY EITHER A SPACE OR A

CARRIAGE RETURN.
ACTER IN THE INPUT ROUTINE, WHICH WILL BE PRESENTED SHORTLY.

SINCE THE SPACE IS NOT DEFINED AS A TERMINATING CHAR-
THE FOLLOW-

ING INPUT ROUTINE IS USED TO ENTER THE MODIFICATIONS FOR THE ™MUDIFY™
AND ALSO THE "EXAMINE REGISTER” COMMAND. THIE SUBROUTINE 15 LABRELED

"INSPCL."™ THIS ROUTINE CALLS THE OPERATOR INPUT ROUTINE TO FETCH THE
CHARACTERS ENTERFED AT THE KEYBOARD. WHEN A SPACE IS ENTERED, THE SUBROU-

TINE RETURNS TO

THE CALLING PROGRAM VWITH THE MODIFICATION STURED IN THE

INPUT BUFFER ON PAGE 00+ IF NO MODIFICATION HAS BEEN ENTERLD, THL

MEMORY POINTER (REG'S H & L) WILL INDICATE THE START ADDRESS OF THE IhN-
PUT BUFFEH. OTHERWISEs IT WILL INDICATE THE LOCATION IR THE INPUT BUFF-
R WHICH CONTAINS THE TERMINATING TSPACLE"” CHARACUTER. VWhHENR A CAPRIAGE

RETURN 15 RECEIVED.

MNEMONIC

INSPCL., LLI 340
LPIN, Cal ROV
LMa

Crl 240

HTZ

Crl 215

JTZ INCMD

INL

JTZ ERR

JHUP LPIN

THE YINSPCLY™ SUEBROUTINE RETURNS TO THE COMMAND MODE,

COMMENTS

FSET PHTR TO S-.8. OF INP BFR
ZINP CHAR

/STORE CHAR IN INP BFR

/ACHAR = SPACE?

fY¥YES, RET TO CALLING PGM
/N0, CHAR = C/R?

FYES, RET TO COMMANY MODE
AND, INCR INP BFR PNTR

/INP BFR FULL? YES. ERROR
FNOs INP NXT CHAR

THE SUBROUTINE LABELED “ADRDTA™ 15 USED BY SEVERAL OF THE ROUTINES
VHICH REQUIRE THE SPICIFICATION OF A PAIR OF MIMORY ALDRESSES FOLLOVED
BY A DATA BYTE. SUCH AS THE FILL"™ AND "SEARCHY™ ROUTINES. THIS SUBROGU-
TINE CALLS "OQCTRM” TO FETCH ThE ADDRESSES FROM THE INPUT BUFFER ANRD
STORES THEM IN BINAHY FOHRM Ix THE DATA STORAGE ARESA Ol PAGE 00 ARD Thiw
CALLS “DCDNM™ TO FETCH THE DATA BYTE., WHICH 1S RETURNED IN REGISTER B-

MNIMONIC

ADRDTA. LLI 342
CAL OCTHM

INE

JMP DCDNM

COMMENTS

ZSET PNTR T0 ADDR INp

ZINP START AND END ADDR
ZINCR TO DATA POSITION
/fFETCH DATA FM INY BFR



MAJUR RUOUTINES FUR THE MUNITOR PROUGRAM
TLOMMANDY JRPUT RUUTINE

THIS SEUTIUN DESCRIBES THE MAJUR UPERATING RUUTINES USED 1IN THE MUN-
ITOR PRUGRAM PRESENTLD HEREIN. THE FIAST SUCH ROUTINE IN THIS CATEGURY
1S DESIGNATED THE "CUMMAND INPUT ROUTINE."™ THE COMMAND INPUT RUUTINE
1§ SET UP VITH A& VERY GENERAL FURMAT WHICH MAY BE APPLIED TO OTHER PRU~-
GRAMS THAT RERUIRE A CUMMAND "LUQK UP"™ UPERATIUN. ESSENTIALLY, THE COM-
MAND INPUT RUUTINE ACCERTS & CUMMAND INPUT FHUM THE UPRRATUR LNPUT Lb-
VICE AND DIRECTS THE COMPUTER TU THE START ADURESS OF THE ROUTINE WHICH
PERFURMS THE ASSOCIATED UPERATION. THE COMMAND INFUT RUOUTINE IS5 EASILY
EXPANDABLE TUO ACCOMODATE THE ADDITION OF OGTHER FUNCTIUNS THE USER HaY
DESIRE TO INCLUDE IN THE MUNITUR PROGRAM. THL HBASIU UFERATING PURTION
UF THIS ROUTINE IS THE SAME REGARDLESS UF THE NUMBER OF COMMANLS THERE
ARE IN THE PRUGRAM«. T0 CHANGE THE NUMBER UF CUMMANDS AVAILABLEs, UNE
MERELY AUDS THE INFURMATION REQUIRED TU THE CUOMMAMD “LUOUOK UP TABLE" AND
INCREASES THE COMMaND COUNTER TO IRDICATE ThRk TUTAL NUMBER OF CUMMHANDS.

THE FLOUW CHART FUOR THE CUOMMAND INPUT RUUTINE 15 LLLUSTRATED BELOW.
AS THE FLOW CHART INDICATESs THE BASIC CONCEPT OF THIS RUUTINE IS5 QUITL
SIMPLE AHND STRALUHT=FORWARD. '

START

B

INPUT
COMMAND

PRINT JUMP TO
¥—  ERROR ?2;;2”? _ COMMAND
MSG P ROUTINE

FLOY LHART -~ CUMMARD INPUT HOUTIRE

THE COMMAND INPUT ROUTINE STARTS BY DISPLAYING & "UCUMMAND MUDE"
5YMBOL ON THE DISPLAY DEVICE. THIS SYMBOL (DEFINED AS A "»" MARK) InDpI-
CATES TU THE UPERATUR THAT THE MORITOR PROGRAM 15 CURRENTLY IN THE COM-
MAND MODE. THE OPERATOR INPUT RUUTINE (TG BE DESCRIBED NEXT) 1S THEM
CALLED TOINPUT THE CUMMAND FROM THE OPERATOR INPUT DEVICE. AFTER THE
OPERATOR ENTERS THE COMMAND, THE GUMMAND LOOK Ur TABLE IS Y¥RarRUHED FOR
A MATCH WITH THE FIRST CHARACTER IN THE COMMAND NOW STURED IN THE INPUT
BUFFER. THIS CHARACUTER 1S5 ASSUMED TU BE UNE OF TH: COMMAND IDENTIFICA-
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TigN LETTERS. AS DESCRIBED PHEVIOUSLY. THE LOUK UP TABLE IS5 SEARCHED BY
COMPARING THE CHARACTER ENTERED TO EVERY THIRD BYTE OF THE COMMAND “LOOX
Ur'" TABLE. THE FURMAT FOR THE "LOUK UP* TABLE IS5 ILLUSTRATED BELQOV.

ASCII CUDE FOR A COMMAND CHARACTER
LOW ADDR OF AS50C COMMAND ROUTINE
PAGE ADDR OF ASSOC COMMAND ROUTLNE
ASCI1l CODE FOR A COMMAND CHARACTER
LOW ADDR OF ASS0C COMMAND BOUTINE
PAGE ADDR OF AS50C COMMAND ROUTINE
ASCII CODE FOR A GOMMAND CHARACTER

BYTE N XXX
BYTE N+I YYY
BYTE Ne#2 ZZ2Z
BYTE N+3 MMM
BYTE N+4 HNNN
BYTE HN+5 000
BYTE N+& AAR

B B ¥ B K 2

REPEAT SEQUENCE TO END OF COMMAND LUOOK P TARLE

IF A MATCH 1S FOUND BETWVEEN THE CHARACTER ENTERED AND AN ENTRY IN THE
CoMmans LOOK UP TABLE, THE ADDRESS IN THE SUCCEEDING TWO BYTES OF THE
COMMAND LOOK TP TABLE ARE CGBTAINED AND TRARSFERRRD TU TWO SPECIAL LOCA-
TIONS ON PAGE 00. THESE LOCATIONS TFORM THE SECOND AND THIRD BYTES GOF A
FJUMPY O INSTRUCTION WHICH 15 THEN EXECUTED TO JUMP T THE COMMAND ROUTINL
AS SPECIFIED IN THE CUMMAND JUST RECLEIVED. 1ks HUWEVER, THERE I35 NO
MATCH FOUND IN THE LOUK UP TABLE, THIS 185 ASSUMED TU Bk AN ERRUR CUmDi~
TLON AND AN ERROR MESSAGE 1S OUuTPUT TU THE DISPLAY DEVIOR. THE PROGRAM
THEN RETURNS TU THE START UF THE CUMMAND INPUT HUUTINE TO RECEIVE 4 NIV
COMMAND ENTRY.

THE LISTING FOR THE CUMMAND YLUDK UPY TabBLEk FUOLLOWED BY THE COMManw
INPUT RUUTINE FUR THIS MUNITOR PRUGRAM IS PRESENTEL BERLUW. THE CUMMAND
YLOOK UPY TABLE RESIDES ON PAGE 00 STARTING AT LOCATION 2I0. THIS LOCA~
TION ALLUWS EXPANSION OF THE LOUK UP TABLLE SY SIMPLY ADDING THE ASCILI
CUDE FUR THE IDENTLFYING CHARAUTLER FUR Thbh CUMMAND TU Bk AUDED, FOLLUWVED
BY THE LOW AnD PAGE PORTIUN OF THE START ADDRESS OF THLE NEW CuMMANUD, AS
EXPLAINLED AHUOVE. THEN SIiMPLY INCREMENT THER "IMMEDIATE' PURTIUN OF THE
7*TH INSTRUCTION (LDI U11) 1IN THE COMMAND InPUT RUUTINE. ThE AUTUAL OP-
FPERATING PORTION OF THE CUMMAND INPUT RUUTINE ANDs THUS, THE MUNITOR
PROGRAM ITSELF: S5TARTS AT THE INSTRUCTIUN LABELED "inCMD.”

MNEMUONIC CUMMENTS

T AN A OR BE W S TR Am N R W W RO HE S R OT SR AR o WS o o e

/COMMAND LUOK UP TABLE
£

315 /MODI FY

150

a1s

304 /DUMP

275

ots

az7 /BULK WRITE
343

0is

aze /BULK READ

371

oLs

e /BREAKPOINT
377

015



MEEMONIC COMMENTS

S W L A e R IO A e AP om o op R B T E O W D

w07 FGC TO

330 / EXAMINE REGISTERS

06 dFILL MEM

322 /5 EARCH

24 /TRANZFER

SCOMMMAND INPUT ROUTINE
/
ORG 014 020

INCMD, LHI 000 ZSET PNTR TO HEADING M56
Li.i 130

CAL MsG /PRINT C/B. L/F, »

CAL CDIN JINPUT COMMAND FM KYEBD
LLI 340

Lan fFETCH COMMAND CHAR

LDl o1z /SET CHMND NMBR CNTR

LLI 210 ZRET CHMND TABLE PNTH
CHCHMD, CPM /F1% CHMND CHAR FOUND IN TBL?
JTZ O FOUND /YES, PROCESS COMMAND
INL /NG, ADUVANCE CMND TBL PNTR
1ML

INL

Do 15 LAST CMND CHECKED?
JFZ CKCMD /ND, CHECH NEXT

Enes CAL HDLE /YESs PRINT CFRs LAF
LAT 31t AILLEGAL ENTRY CODE
Chl. PRINT JPRINT ERBROR MG

JME INCMD /JINP NEXT COMMAND

/

FOUND, INL /ADYV CMND TBL PNTE

LD JFETCH CHMND LO ADDR

INL

LCH SFETCH CHND PG ADDH

LLI 156 /SET BHTH TO JMP INSTR.
LHI oo

LMD /LOAD LU ADDR OF CMND
INL

LMC /L0AD PG ADDE OF CMND
LLF

JMP 158 000 AJUMP TO CMND ROUTINE

A FLOW CHART OF THE ENMTIRE MONITOR PRUGRAM IN THIS MANUAL 1S PRE-
SENTED O THE FOLLOWING PAGE. I7T Can ACTUALLY BE THOuurT UOF AS & MORE
DETAILED VERSION OF THE COMMAND INPUT RUUTINE FLOW CHARTes SINCE IT DE=-
FINES FACH CUMMAND THAT IS SEARCHED FOR IN THE COMMAND IHPUT ROUTINE.
THE READER MAY DESIRE TO REFER TU THIS FLOW CHART FROM TIME~-TO-TIME TU
SEE HOY VARIQUS FUNCTIONS OF THE PROGHAM RELATE TU EACH OTHER.
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PRINT MEMORY

CONTENTS

CALL USER®S RQUTINE
TOOSTYRE SPRECIFLED
DATA ON BULK DEVICE

YES
Call USER'S RONTINE
T0 READ DATA FROM K
BULK DEVICE
fMMPTD
| ADDRESS lgd SET CPU
|SPECIFIED REG®S
I
I
L
YES
FILL BLOCK OF
MEM WITH DATA
SPECIFIED
YES

TRANSFER BLOCK

0F MEMORY TO
NEW LOC IN MEM

<
INPUT
COMMAND
YES
YES
PRINT MEM \\\
MODIFY? CONTENTS L - FINISHED?
SPECIFIED
NGO

NO

YES

PPINT ADDR OF
NXT MEM LOC

ZTORE NEV
MEM CONTENTS

d

ARKPT
RECVD

SAYE REG'S
AND FLACS

SET BRHKPT AT

RESTORE
LOCATION MEM
SPECIFIED | CONTENTS

YES

EXAMINE
REG ?

| DISPLAY UIRTUAL _
REGISTER WALUL s
YES

|

RO
STORE NEV VALUE
FO® VIRTUAL PEG
NG %L__________ga
YES '
SEARCH HEM FOR [ JPRINT aDDR'S
SEaPCH? DATA VALTE THAT MATCH
NO
NG PRINT
ERROR
M&g 2|

20 —




INPUT ROUTINE

THE INPUT ROUTINE IN THIS MONITOR PROGRAM 15 USED TO INPUT COMMANDS
FROM THE OPERATOR INPUT DEVICE. THE ROUTINE ACCEPTS INPUTS FROM AN EX-
TERNAL DEVICE BY CALLING THE "RCV” SUBROUTINE AND STORES THE CHARACTERS
iIN THE INPUT BUFFER RESIDING ON PAGE 00 UNTIL A TERMINATING CHARACTER IS
RECEIVED. THE ROUTINE ALLOWS THE CORRECTION OF INDIVIDUAL CHARACTERS
ENTERED AND THE CAPABILITY TO ABORT THE CURRENT INPUT AND RETURN TO THE
COMMAND MODE. ' ' '

THE FLOW CHART FOR THE INPUT ROUTINE 1S PRESENTED ON THE FOLLOWING
?A(iﬁg THE READER MAY REFER TO THIS DURING THE FOLLOWING 3%5(31,358&0!%

THE FIRST OPERATION PERFORMED BY THIS ROUTINE IS TO "CLEAR OUT™
THE INPUT BUFFER AREA. THIS 1S5S ACCOMPLISHED BY FILLING THE INPUT BUFFER
AREA WITH THE ASCII CUDE FOR A SPACE. '240°' OCTAL. THE START ADDRESS
OF THE INPUT BUFFER IS THEN SET UP TQO BEGIN STUORING CHARACTERS AS THEY
ARE ENTERED VIA THE “RCV® ROUTINE. AS EACH CHARACTER 15 ENTERED, IT 15
RETURNED TO THE INPUT ROUTINE IN THE ACCUMULATOR. THE CHARACTER 15 THEN
TESTED T0O DETERMINE IF IT IS5 ONE OF THE *CONTROLY CHARACTERS.

THE FIRST CONTROL CHARACTER TESTED FOR 15 THE “CONTROL/D." ASCII
CODE 204 OCTAL. THIS 15 GEWERALLY ENTERED BY SIMULTANEOUSLY DEPRESSING
THE *CONTROL"™ KEY AND THE “D"™ ON AN ASCII ENCODED KEYBOARD. RECEIPT OF
“CONTROL D™ INDICATES THE GPERATOR WISHES TO ABORT THE CURRENT INPUT AND
START A& NEW COMMAND INPUT. ' ' ‘

I1¥ THE CHARACTER IS5 NOT A “CONTROL/D."™ THE ROUTINE TESTS FOR ONE
OF TWO POSSIBLE “TERMINATING' CHARACTERS. THESE CHARACTERS ARE A CARRI-
AGE RETURN:. ASCII CODE 215 OCTAL, AND A YCONTROL/L.,™ ASCII CODE 214 0CT-
Al.» THE REASON FOR PROVIDING TWO TERMINATING CHARACTERS 15 TO ALLOW THE
OPTION OF EITHER CAUSING THE DISPLAY DEVICE TO PERFORM A CARRIAGE RE=-
TURN WHEN THE TERMINATING CHARACTER IS ENTERED, OR, TO MAINTAIN THE POS~-
ITION OF THE DISPLAY DEVICE AT THE END OF THE CURRENT LINE OF INPUT, AS
iS5 THE CASE WITH THE FIRST COMMAND INPUT FOR THE "MODIFY" ROUTINE AND
AFTER ENTERING THE "EXAMINE REGISTER™ COMMAND. ) ) '

THE FINAL CONTROL CHARACTER TESTED FOR BY THE INPUT ROUTINE IS THE
ASCII CODE 377 0CTAL, WHICH IS ASSIGNED TO THE "RUBOUT™ OR “DELETE"
FUNGCTION. RECEIPT OF THIS CHARACTER INDICATES TO THE INPUT ROUTINE THAT
THE PREVIOUS CHARACTER ENTERED BY THE OPERATOR IS5 TO BE DELETED FROM THE
INPUT BUFFER. THIS 15 ACCOMPLISHED BY BAGCKING UP THE INPUT BUFFER POIN-
TER ONE LOCATION AND INSERTING THE CODE FOR & *SPACE™ T0 EFFECTIVELY "E~-
BACE" ONE CHARACTER ENTRY FROM THE INPUT BUFFER. AN OPERATOR MAY ERACE
MORE THaAN ONE CHARACTER BY USING THE "RUBQUT™ FUNCTION SEVERAL TIMES IN
SUCCESS10N~ ’ C ‘ ‘

IF NONE OF THE PREVIOUSLY MENTIONED “CONTROL™ CHARACTERS ARE FOUND
BY THE INPUT ROUTINE, THE CODE FOR THE CHARACTER ENTERED WILL BE STORED
iN THE INPUT BUFFER AND THE INPUT BUFFER POINTER WILL BE ADVANCED. THIS
PROCESS WILL CONTINUE AS LONG AS CHARACTERS ARE ENTERED FROM THE PERA-
TOR INPUT DEVICE. HOWEVEM., ONCE THE INPUT BUFFER 13 FILLED, NO FURTHER
STORAGE WILL TAKE PLACE, PREVENTING THE OPERATOR FROM INADVERTANTLY EN-
TERING TOO MANY CHARACTERS AND OVERFLOWING ONTD PAGE Ql. THE INPUT BUF~
FER 15 CAPABLE OF HOLDING 32 CHARACTERS WHICH I8 LONGER THAN ANY OF THE
INPUTS REGUIRED BY THIS MONITOR PROGRAM. '

THE LISTING FOR THE INPUT ROUTINE FOLLOWS THE FLOWCHART. THE S5TART
OF THIS ROUTINE IS AT TﬁEv!&S’I“ﬁUCTJ’{GN LABELED "CDIN.™

.



FILL INPUT BUFFER
WITH SPACES

INPUT
CHAR

YES

£

RETURN TO
COMMAND MODE

YES

{

TERMINATOR
CHAR 72

RETURN TO
CALLING PGHM

RUBOUT?

IS INPUT
BUFFER
FULL ?

BACK UP INPUT
BUFFER PNTR AND
STORE & SPACE

STORE CHAR IN
INPUT BUFFER

INPUT ROUTINE FLOW CHART
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MNEMONIC

COINs, LLI 340
SPl, LMI 240
INL

COMMENTS

T A W W A NN D K AR e e e

/SET PNTR TO START OF INP BFR
/FILL INP BFR WITH SPACES
/INCR INP BFR PNTR

JFZ SPH ZDONE? NO., STORE MORE SPACES
LLI 3438 FSET INP BFR PNTR

N2, Cal ROV JINP CHAR FM INP DEVICE

Pl 204 ACHAR = CNT'L D7

JTZ INCHMD /YES, RET TO COMMAND MODE
Cpl 215 JCHAR = CAR RET?

RTZ SYES, ®HET TO CALLING PGM
Pl 214 /CHAR = CNT'L L7

RTZ /YESs RET TG CALLING pPGM
CP1 377 /CHAR = RUBOUT?

JTZ BOCR /YES, DELETE CHAR FM INP BFR
iNL 15 INP BFR FULL?Y

DCL

JTZ INZ FYESs DON'T STORE CHarm

LMA #/NOs, STORE CHARACTER

iNL JINCR INP BFR PNTR

JMp [N2 FINP NEXT CHAR

¢

BDCRs LAl J40 FSET ACC TO INP BFR S«fi.
LrL FANY CHARACTERS YET7?

JTZ INZ N0, CONTINUE INPUT

DCL 7YESs BACK UP INP BFR PNTR
LMI 240 FETORE SPACE QVER LAST CHAR
JHMP INZ2 FCONTINUE INPUT

s/

IT SHOULD BE EASY TO SEE THAT THE BEADER MAY ELECT TO ASSIGN DIFFER-
ENT CHARACTERS TO OPERATE AS "CONTROL™ CHARACTERS IN THE INPUYT ROUTINE.
THIS 15 READILY ACCOMPLISHED BY CHANGING THE IMMEDIATE PORTION OF THE
“CPIY INSTRUCTIONS IN THE INPUT ROUTINE. FOR EXAMPLE. IF THE USER DE-
SIRES TO HAVE THE CODE FOR “CONTROL 0° (217 0CTAL) SERVE AS THE CONTROL
CHARACTER FOR THE YRUBOUT* FUNCTION INSTEAD OF 377 0CTAL, THE USER SiMP-
LY SUBSTITUTES "217* FOR 377" IN THE *Cpi™ INSTRUCTION USED TO TEST FOR
THE *“*RUBOUT." ) S

ADDITICGHALLY, IF THE USER DESIRES TO ADD CTHER TYPES GF "CONTROLM
FUNCTIONS TO THE INPUT ROUTINE, IT COULD BE READILY DONE BY ADDING “CPIT
INSTRUCTIONS FOLLOWED BY APPROPRIATE CONDITIONAL "JUMPS'™ TO USER PROVID-
ED ROUTINES TO PERFORM THE DESIRED OPERATION. )

THE "“MODIFY"™ ROUTINE

THE "MODIFY™ ROUTINE 1S USED TO DISPLAY AND, IF DESIREDs MODIFY THE
CONTENTS OF MEMORY LOCATIONS FOR THE PURPOSE OF LOADING PROGRAMS USING
THE KEYBOARD A5 THE ENTRY DEVICE, OR CHANGING THE INSTRUCTIONS IN A& PRO-
GRAM OR EXAMINING AND REVISING DATA STORED IN HMEMORY. THIS ROUTINE
DISPLAYS ONE LOCATION AT A TIME, ALLOVING THE OPERATOR TO ENTER CHANGES
OR CONTINUE TO DISPLAY THE NEXT LOCATION OR TERMINATE THE OPERATION.

THE "MODIFY* ROUTINE PERFORMS IN THE FOLLOVWING HANNER. o

FIRST, THE ADDRESS ENTERED IN THE COMMAND 1S5 CONVERTED AND STORED
IN THE DATA AREA AT LOCATION 166 AND |67 ON PAGE 00. THE "Mﬁﬁ;??" ROU~
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TINE THEN PRINTS THE CONTENTS OF THE DESIGRATED MEMORY LOCATION AND
GALLS THE "INSPCL"™ SUBROUTINE TO ALLOW THE QOPERATOR TO EWTER THE MODIFI-
CATION. IF A& "MOD“ IS ENTERED, THE "DCDNM'™ SUBROUTINE IS CALLED TO DE-
CODE THE NUMBER FROM THE INPUT BUFFER WHICH !5 THEN STORED AS THE NEW
CONTENTS OF THE SPECIFIED MEMORY LOCATION. WHEN THIS IS COMPLETE. OR IF
NO MODIFICATION WAS ENTERER, THE ADDRESS STORED FOR THIS COMMAND WILL BE
INCREMENTED AND THIS NEW ADDRESS WILL BE PRINTED ON A NEW LINE ON THE
DISPLAY DEVICE. THE PHOGRAM THEN LOOPS BACK TO PRINT AND MODIFY ThE
CONTENTS QF THIS LOCATION. THE LOOP IS TERMINATED BY THE OPELRATUOR EN-
TERING A CARRIAGE RETURN R aN INVALID OCTAL NUMBER FOR THE MODIFICaA-
TION. ‘ ) ’

THE LISTING FOR THIS "MODIFY"™ ROUTINE IS5 PRESENTED BELOW AND THE
FL.OW CHART OF ITS OPERATION FOLLOWS ON THE NEXT PASE.

MNEMONIC COMMENTS
MORLIFY., LLI 342 ZSET INP EBFR PNTR
AL QCTNM /FETCH ADRDR TO MODIFY
CAL SPAC fPRINT S5PACE
MODl. CAL MEMPRT /PRINT CONTENTS OF MEM LOC
Cal. COLON FPRINT COLON
CAL INSPCL ZInp MODIFICATION
L&l 3ad SWAS HMOD INTEMED?
CrlL.
JTZ NXLOC ANO» SET UP NXT LOC
LEA /YES, SAVE INP PNTR
CAL DCDMM JCOHYERT TO OOTAL NUMBER
LAB /SAVE O0CTAL NUMBER
LLEI 166 AEBET PNTR -T0 MEM ADDR STRAGE
LEM /FETCH MEHM PNTR
INL
LbM
Cal. SWITCH JSET PNTR TO MEM LOC
LMA /LOAD MEM WITH NEV VALUE
NxL.OC. LHI Q0 J5ET PNTR TO PG QO
LLYI 1éé /SET PNTR TO MEM ADLR STRAGE
Lt /FETCH LO HALF
CAL INCR ZINCR MEM ADDR
CAL MCONT JPRINT NXT ADDR TO MODIFY
JMP MODI
g
MCONT, CAL HDLN FPRINT C/Rs L/F
JMP PRTI 66 /PRINT ADDR TO MODIFY AND RET

/

THE "DUMP®” ROUTINE

THE MEMORY "DUMPY ROUTIWE ENABLES THE (PERATOR TO EXAMINE A LARGE
BLOCK OF MEMORY LOCATIONS WITH A SINGLE COMMAND ENTRY. A3 OPFOSED TO
HAVING TO ENTER A CHARACTER IN BETWEEN THE COMPUTER DISPLAYING EACH LO-
CATION, A% REQUIRED BY THE "“MODIFY™ ROUTINE. THIS ROUTINE WILL DISPLAY
AS MANY LOCATIONS AS DEFINED BY THE START AND END ADDRESSES SPECIFIED IN
THE COMMAND. i ‘
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COMMAND NO

VALLID 7

PRINT ADDR OF
NXT MEM LQC

WAS

PRINT
ERROR
MSG
PRINT MEMORY
CONTENTS
INP CHANGE
FM KYBD
YES
FINISHED? \4
W
RETURN TO

COMMAND MODE

NO

CHANGE

ENTERED
?

ND CHANGE

VALID?

STORE NEW
MEM CONTENTS

<

MEMORY

"MODIFY'" ROUTINE FLOW CHART




AFTER CONVERTING AND STORING THE ADRDDRESSES SPECIFIED IN THE COMMARND
EY CALLING THE “OCTNM™ SUBROUTINE, THE "DWP"™ ROUTINE PRINTS THE ADDRESS
OF THE FIRST LOCATION TO BE DISPLAYED. A COUNTER IS THEN SET UP WHICH
INDICATES THE NUMBER OF LOCATIONS T0 BE PRINTED ON THE CURRENT LINE.
THIS COUNTER IS5 SET FOR 20 OCTAL LOCATIONS PER LINE Il THIS PROGRANM aND
15 TEMPORARILY STORED ON PAGE 00. THE CONTENTS OF THE MEMURY LOCATIONS
ARE THEN PRINTED UNTIL EITHER THE LOCATION PER LINE COUNTER REACHLS ZERO
OR THE LAST LOCATION SPECIFIED HAS BLREN PRINTED. WHEN THE L/L COUNTER
REACHES ZERO, THE L/L COUNTER IS5 SET TO 20 AGAIN AND A NEW LINE IS
STARTED WITH THE ADDRESS OF THE NEXT LOCATION PRINTED FIRST FOLLOWED BY
THE CONTENTS OF THE NEXT 20 OCTAL LOCATIONS. THIS ROUTINE RETURNS TO
THE COMMAND MODE WHEN THE LAST LOCATION SPECIFIED IN THE COMMAND HAS
BEEN PRINTLED: '

THE DETAILED LISTING FOR THE “DUMP™ ROUTINE IS5 GIVEN BELOW WITH THE

FLLOW CHART PRESENTED ON THE FOLLOWING PAGE.

MNEMORIC COMMENTS
MOUMP, LLI 242 FS5ET PNTR TO INP BFR
CAL OCTNM /FETCH MEM DuMp LIMITS
CAL HDLN APRINT C/Rs LAF
MDMPis CAL MCONT /PRINT ADDR OF 15T LOC
Cal SPAC /PRINT S5PACE
MDMPR. LLI 164 /SET BNTR TO TEMP STRAGE
LMI 020 /SAVE LOC PER LINE CNTR
OUTAGNs Cal MIMPRT /PRINT MEM CONTENTS
CAlL. CHIND FCHECK FOR LAST LOC PRTD
CAaL sPAaC FPRINT S5PACE
LLI 164 ZS5ET PHTR TO LAL CNTR
LBM /FETCH ONTR
peE /DECR CNTR
LMB /SAVE CNTR. CNTR = (7
JTZ MDMPL /YESs START NEW LINE
JMP QUTAGN 80, PRINT MORE CONTENTS

THE "BULK WRITE" ROUTINE

THE “BULK WRITE"” ROUTINE PRESENTED IN THIS MONITUR PROGRAM SIMPLY
PROVIDES A SET UP FUNCTION FOR THE USER PROVIDED BULK WRITE OUTPUT ROU-
TINE. THE PURPOSE OF THIS FUNCTION IS 70 PROVIDE A MEANS OF STORING THE
CONTENTS OF MEMORY {({PROGRAMS OR BLOCKS OF DATAY ON A BULK STORAGE DEVICE
Vifi A COMMAND FROM THE MONITOR PROGRAM. THE USER'S BULK WRITE ROUTINE
IS CALLED BY THIS ROUTINE WITH THE START AND END ADDRESSES OF THE MEMORY
LOCATIONS., AS SPECIFIED IN THE COMMAND, STORED IN REGISTERS H AND L FOR
THE START LOCATIGN AND REGISTERS D AND E FOR THE ENDING LOCATION. THIS
IS5 DONE TO MAKE THE INFORMATION READILY AVAILABLE TO THE USER'S BULK
WRITE BOUTINE. THE ADDRESSES ARE ALSO CONTAINED IN THL DATA AREA ON
PAGE 00, LOCATIONS 166 THRU 17!« THE SHORT LISTING FOR THIS ROUTINE 15
GIVEN NEXT FOLLOWED BY SOME SUGGESTIONS FOR THE USER'S BULK WRITE QuTt-
PUT ROUTINE. ‘ . '
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COMMAND

vaLIn ¢

NO

M EMORY

PRINT
ERROR
MSE
FETCH START
& END ADDR
-
PRINT ADDR
0F 18T LOC
0F LINE
SET LOCALINE v
COUNTER
¥
|
PRINT MEM
CONTENTS
LAST LOC VES #f
“PRINTED?
RETURN TO

COMMAND MODE

YDUMPY™ ROUTINE FLOW CHART
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MNEMONIC COMMENTS

wwiITE, LLI 342 S2ET PNTR TO INP BFR

CaL OCTNM JFETCH START AND END ADDR
LLI 166 JEET BEG'S H AND L ¥WITH
LCHM /THE START ADDR AND

INL ZJREG'S D AND E WITH

1.BM ATHE END ADDR OF THE

InNL /BLOCK OF MzM 70 BE

L EM JWRITTEN TO THE BULK

INL SSTORAGE DEVICE.

LD

LHB

LLC

CAL PUNCH /G0 TO USER BULK WRITE RTN
JME INCMD ARET 10 COMMAND MODE

NOTES AND SUGGESTIONS FO® THE USER PROVIDED BULK STURAGE RUUTIWES

WHEN CREATING A BULK STORAGE OUTPUT ROUTINE, ONE SHOULD ALEP SEVER«
al. FACTORS i MIND. FIRSYT, THE DEVICE BEING USED TO STOHE THE DATA WILL
HAVE 10 BE CONSIDERED WHEN DEFINING THE FORMAT FOR STURING THE LATAS
FOR EXAMPLE: IF A PAPER TAPE SYSTEM 15 USED. THE DUTPUT ROUTINE SHUULD
PRECEED THE DATA VWITH A SEQUENCE OF “"LIAUER/TRAILERY™ COLE, TO GIVE THE
READER A PLACE TO START WHEN READING THL TAPE BACK., FOLLOWED BY ADDRESS-
ING INFORMATION AND THENW THE DATA FROM THE BPECIFIED MEMORY LOCATIUNS.
THE SERUENCE CAN BE TERMINATED BY EITHER LEADER/TRAILER OR Al YEWL-0F-
DATA"™ CODE AND THEN LEADER/TRAILER. THE LEADER/TRAILER CODE SHQULL BE
A CODE WHICH 18 UNIGUE TC THE OTHER DATA CODES TRANSBUITTED AND SHAOULD
PROVIDE ENQUGH LEADER AND TRAILER TO ALLOW EASE OF HMANDLIWNGs THE ADw
DRESSING INFORMATION CAN BE BOTH THE START aND END ADDRESSES OR ONLY THE
START ADDRESS WITH THE "END~OF-DATA"™ CODE OR TRAILER SIGNALING THE END
OF THE DATA ON THE TAPE. A SIMILAR FORMAT MAY BE USED FOR A MAGNETIC
TAPE BYSTEM»

ANOTHER FACTOR TO CONSIDER IS5 WHETHER ADDITIONAL INFORMATION IS5
HEEDED TG EFFECTIVELY USE THE STORAGE DEVICE. FOR EXAMPLE, & DISC UNIT
MAY REQUIRE THE SPECIFICATION OF TRACK AND/OR SECTOR nNUMBLR TUu STORE ThE
DATA. OR. THERE MAY BE SEVERAL DEVICES ON THE SYSTEM WHICH CAN BEL USED
FOR STORING THE DAaTA. THIS INFORMATION CAN EASILY BE DEFINED AT THE
TIME THE COMMAND IS ENTERED, SINCE THE COMMAND IN STILL AVAILABLE In THE
INPUT BUFFER AREA WHEN THE BULK STORAGE ROUTINES ARE CalLLLD. SUPPOSE
THERE ARE TWO TAPE UNITS ASSOCIATED WITH THE COMPUTER SYSTEM. ONE WILL
BE REFERRED TO A5 UNIT "AY AND THE OTHER AS UNIT “B."™ ONE COULD SELECT
EITHER TAPE UNIT "A&" OR "B"™ AT THE TIME THE READ OR WRITE COMMaAND 15 EN-
TERED BY INCLUDING & LETTER AT THE END OF THE COMMAND WHICH DESIGNATES
THE TAPE UNLIT TO BE USED. THE FORMAT FOR THE COMMAND MIGHT LOOK LIKE
THE FOLLOWING: '

W oMHH LLL-KXX YYY:A OR R.DB

FOR THESE COMMANDS., THE BULK WRITE ROUTINE WOULD WRITE TO TAPE UNIT A"
AMD THE BULK READ wOULD CALL UPON TAPE UNIT "B" TO RECEIVE THE DaATa.

THE USER PROVIDED BULK STCRAGE ROUTINES WOULD SIMPLY HaVE TO LOOK IN THER
INPUT BUFFER AREA FOR THE UNIT DESIGNATION TO DETERMINE WHICH IS 7O Bk
USED.

wggm



ANOTHER POSSIBILITY WOULD BE TO INCLUDE A "DISPLACEMENT™ ADDRESS I
THE BULK READ COMMAMND. THAT 1S5, WHEN THE ADDRESS INFORMATION 18 READ IN
FROM THE STORAGE DEVICE, THE "DISPLACEMENT ADDRESS WOULD BE “ADDED" T4
THE ADDRESS RECEIVED. THIS NEW ADDRESS WOULD BE USED AS THE POINTER Ik~
DICATING WHERE TO STORE THE DATA AS IT IS RECEIVED. THUS, DATA THAT was
WRITTEN TO THE BULK STORAGE FROM PAGE 0! COULD BE READ BACK AND STORED
I8 PAGE 03, FOR EXAMPLE: BY SPECIFYING A "DISPLACEMENT™ ADDRESS OF 002
GO0 -

ABOVE ALL, THE IMPORTANT FACTOR IN WRITING THE BULK STORAGE ROUTINES
15 THAT THE DATA VWRITTEM BY THE BULK WRITE ROUTINE MUST BE 1IN A FORMAT
THAT CAN BE READ IN BY THE ROUTINE CALLED BY THE BULK READ ROUTINE, DIS~
CUSSED WEXT.

THE “BULK READ"™ ROUTINE

THE "BULK READ"™ ROUTINE PRESENTED HERE SIMPLY CALLS THE USER PROVI-
DED BULK STORAGE READ ROUTINE TO READ IN THE DATA AVAILAHBLE AT THE 5Y-
STEM BULK STORAGE DEVICE. THE ONLY REAL FUNCTION 1T PERFORMS 1S THAT OF
PROVIDING A MEANS OF ACCESSING THE BULK INPUT DEVICE BY A COMMANLD FROM
THE KEYBOARD AND ALLOWING A RETURN TO THE MONITOR WHEN THE OPERATION 15
COMPLETE. ) o

MNEMONIC COMMENTS
RDBULK, CAL READ /G0 TO USER BULK READ RTN
JMP INCMD SRET TO COMMAND MUDE

THE ROUTINES PRESENTED TO THIS POINT REGUIRE ONLY Is2 K OF MEMORY
FOR THE CPERATING PORTION, NOT INCLUDING THE USER'S 1/0 ROUTINES ANE
OMITTING THE “ADRDTA"™ SUBROUTINE WHICH HaS NOT BLis CaLLED A5 YET. Tab
USER WITH A LIMITED AMOUNT OF MEMORY MAY DESIRE TO END THE MONITOR PRO-
GRAM HERE, SINCE THE ROUTINES INCLUDED ARE SUFFICIENT TCO BE USED AS A
SMALL SYSTEM MONITOR: FOR THOSE WITH AN ABUNDANCE OF MEMORY, THE FOL-~
LOWING ROUTINES WILL BE FOUND TO BE VERY HELPFUL IN PROGRAM DEVELUPMENT
AND GEMERAL SYSTEM OPERATION. i

THE "BREAKPOINT ROUTINE

ONE OF THE MOST DIFFICULT TASHS IN GPERATING A COMPUTER SYSTEM (5
THAT OF DEBUGGING PROGRAMS. FINDING OUT EXACTLY WHAT 15 HAPPENING TO
THIS REGISTER OR THAT MIMORY LOCATION WHEN A NEW PROGRAM 1S BEING TaI:D
OUT CAN BE VERY TIME CONSUMING IF ONE DOES NOT HAVE THE PHOPER TOOQLS TO
AID IN THE PROCESS. ONE "TOCL™ THAT CAN BE VIRY EFFECTIVE 15 A "BREAK-
POINT™ PROGRAM. A "BREAKPOINT” CAN BE SET AT A PARTICULAR POINT IN &
PROGRAM WHICH, WHEN ENCOUNTERED, WILL STOP EXECUTION OF THE PROGRAM,
RETURN TC THE MONITOR AND SAVE THE CONTENTS OF THE CPU REGISTERS AND
FLAG STATUS AT THE TIME THE BREAKPOINT WAS REACHED. THE PROGRAMMER MAY
THEN EXAMINE THE CPU REGISTER'S CONTENTS AND THE CFU FLAG STATUS AND
ALSO THE CONTENTS OF MEMORY LOCATIONS, WHICH WILL CONTAIN THEIR VALUES
AT THE TIME THE BREAKPOINT WAS ENCOUNTERED. THE BREAKPOINT ROUTINE PRE-
SENTED HERF PERFORMS THIS FUNCTION. ' '
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THIS BREAKPQINT ROUTINE IS WRITTEN TO STORE THE CPU REGISTERS IN
TW0 SEPARATE GROUPS. THE REASON BEING THAT THE BOOB INSTRUCTION SET
DOES WOT PROVIDE FOR THE STORAGE OF REGISTERS IN MEIMORY UNLESS REGISTERS
H AND 1. HAVE BEEN SET TO POINT TO THE S$TORACGE LOCATION. THEREFORE. AT
LEAST TWO REGISTER VALUES MUST BE SACKRIFICED WHEN A BHEAKPOINT IS EN~
COUNTERED. THIS ROUTINE ALLOWS THE SPECIFICATION OF TWQ TYPES OF BREAK-
POINTSs A "TYPE 1' BREAKPOINT WILL SAVE THE VALUES OF REGISTERS A, B’
AND C AND A "TYPE 2" BREAKPOINT WILL SAVE THE VALUES OF RELISTERS D. E
H AND L.

&5 NOTED IN THE FLOW CHART ON THE FOLLOWING PAGE, THE BREAKPOIRNT
ROUTINE IS5 ACTUALLY MADE UP OF TWO SEPARATE ROUTINES. THE FIRST ROU-
TINE SETS UP THE BREAKPOINT BY STORING A YRESTART T INSTRUCTION AT THE
LOCATEION SPECIFIED IN THE COMMAND AND SAVING THE CONTENTS OF THAT LOCa-
TION S0 THAT IT ¥WILL BE RESTOWED BACK TO ITS ORIGINAL VALUE AFTER THE’
BREAKPOINT 1S PERFORMED. THE “TYPE™ OF BREAKPQINT (I OR 2) 1S THEN DE-
TERMINED FROM THE COMMAND AND THE START ADDRESS FOR THAT TYPE (THE AD-
DRESS OF "BRXI®™ FOR A TYPE "1 BREAXPOINT. "BRK2Y FOR A TYPE 2" BREAK-
POINTY IS STORED AS THE SECOND AND THIRD BYTES OF A& JUMP INSTRUCTION AT
THE "RESTART 7 LOCATION, PAGE 00 LOCATION 070. IT I5 IMPURTANT T0 NOTE
THAT SHOULD THE BREAKPOINT BOUTINE BE GRIGINED IN A DIFFERENT LOCATION
THAN THE ASSEMBLED YERSION PRESENTED IN THIS MANUAL, THE FOUR INSTRUC~
TIONS WHICH HAVE THE COMMENTS STARTING ®ITH FQUR ASTERISK®S {wewm) MUST
HAVE THE IMMEDIATE PORTION OF THE INSTHUCTION CHANGED TO {NLICATE THE
NEW LOW ADDRESS AND PAGE ADDRESS OF THE INSTRUCTIONS LABELED "BRKIL" AND
"BRHE2." THIS FIRST ROUTINE IS5 LABELED “BREAK.*

THE SECOND ROUTINE SHOWN ON THE FLOW CHART 1S5 THE ROUTINE WHICH §5
ENTERED AT THE TIME THE BREAKPOINT IS REACHED. IF A TYPE 1" BREAKPOINT
WAS SET. THE CONTENTS OF REGISTER'S A, B AND C WILL BE STORED IM THE
YYIRTUALY CPU BREGISTER TABLE (PAGE 00 LOCATION 200 THRU 2063 FOH A
TYPE "2 BREAKPOINT, THE CONTENTS OF REGISTER'S Ds Es» H AND L WILL BE
STORED. THE EXPERI ENCED PROGRAMMER WILL OBSERVE THAT IN STORING THESE
REGISTERS, ONLY INSTRUCTIONS WHICH DO NOT AFFECT THE CONDITION CF THE
FLAG STATUS OF THE CPU ARE USED. THUS, ONCE THE REGISTER VALUES ARE
SAFELY STORED IN THE “VIRTUALY™ CPU REGISTER TABLF, THE CONDITION GF THE
FLAG STATUS MAY BE TESTED AND & SPECIAL BYTE IS FORMED AND STORED AT
PAGE 00 LOCATION 207 WHICH INDICATES WHICH FLAGS WERE SET AT THE TIME
THE BREAKPOINT WAS REACHED. THE FOLLOWING BITS WILL BE SET TO A *l" ¥FOR
A TRUE CONDITION OF THE RESPECTIVE FLAGS. BIT 0 INDICATES THE CONDITION
OF THE CARRY FLAG, BIT 3 INDICATES THE CONDITION OF THE ZERO FLAG, BIT &
INDICATES THE CONDITION OF THE PARITY FLAG AND BIT 7 INDICATES THE CON-
DITION DF THE SIGN FLAG. THE FINAL STEP IN THE BREAKPOINT PROCESS, BE~-
FORE RETURNING TO THE COMMAND MODE, 15 TO RESTORE THE INSTRUCTION AT THE
BREAKPOINT LOCATION TO ITS ORIGINAL CONTENTS.

THE LISTINGS FOR THE BREAKPOINT ROUTINES ARE PRESENTED NEXT.

MMEMOMIC COMMENTS
BREAK. CAL ANLYZ FBET UP ADDRESE OF mp
LLE
LHD
JTZ BY FDETERMINE 1F BI OR Be
Gpl 262
JFZ ERR AERROR IF NELTHER

s
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NQO
CoMMAND

VALID ?

FETCH MEM ADDR
FM COMMAND

PRINT
ERROR
M5G

SET UP
TYPE 2
BRKFT

1% BRKPT
TYPE 1 7

SET UP
TYPE |
BREKPT

RETURN TO

COMMAND MODE

SAVE REGTS
G: D & C

SAVE REG'S
Ds Es H & L

N

THE "BREAKPOINT™

e
W

SAVE
FLAG
S5TATUS

RESTORE
MEM
CONTENTS

|

RETURN TO
COMMAND MODE

]

ROUTINE FLOW CHART




VINEMONIC

R A PR RE AR OUE BR AR BEGE

Bz, CAL SETBK
LM1 176

LMI Q16
JMP FINEX

Bi., CAL SETBH
LMl 11z
INL

LMI 016
FINBK., IHL
LME

INL

LMD

INL

LHA

JMP INCMD
7

ANLYZ., LLI 343
CAL QCTNM
LLI 34l
LAM

LL1 186
LEM

Ll

LM

LLl 156
LHME

InNL

MDD

Cel 25}
RET

s

SETEK, LAM
LMiI 075
LEL

L.DH

LMl 000
LLYI 870
LHI 104
INL

HET

rd

BrREL. LEI 000
LLI 200
LMA

LL1I 201
LMy

LL1 202
BrRECOM, LHMC
FLAGT,» LAH
LEBaA

LCaA

JFL O NOG
Lal ¢01
NOCs JFZ NOZ
LBI Q10

COMMENTS

P L

ASET UP BP RST COMMAND
Fexxx STORE BP2 FND LA

s%%%% STORE BPZ FND PG
AT0 RESYT OF Bp SET P ATH

SEET UP BP RST CUMMAND
sk STORE BPI FND LA

SE%xx STORE Brl FND PG
£5TORE BY ORIG LOW ADDR
/STORE BP ORIG PG ADDR

FSTORE ORIG BP INSTRUCTICR

/SET PNTR TO BUFF SA
/FETCH ADDR INTO 166, 167
/RESTORE BUFF SA

FGET BP & OR 2 COMMAND
AGET BP LOW ADDR

JINTO “MET

/AND BP PAGE
SPHTR TO Jumpe COMMAND

FSET UP JUMP ADDRESS

JODETERMINE IF CMND 1 OR 2

FSAVE ORIG CUNTENTS OF BP
SINSERT BP RESTART INSTR
SCHANGE POINTERS

FSET PAGE 00
/SET PNTR TO RST 1 LOC
SSTORE JUMP INSTRUCTION

/EET PAGE 00
/CPU REGISTER STORAGE LOCS
FESAVE ACCUMULATOR

/88D CPU REGS B & C
AWITHOUT DISTURBING FLAGS
/SET UP TEMP REGS

/TEST FOR CARRY FLAG
FSET 1 IN ™A™ L1F CARRY TRUE
JTEST FOR ZERO FLAG

FSET 1 IN B™ IF ZERO TRUE
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MNFMONIC COMMENTS

e e e WR am owe an em wn e W e R R R RN R K e

NOZ, JFP NOP FTEST FOR PARITY FLAG

LGCI 100 FSET 1 IN "C™ IF PARITY 'T™
NOPs JFS NOS /TEST FOR S1GN FLAG

ADL 200 FASET M5B IF BIGN TRUE
NQOSs ADB

ADG /FORM FLAG STATUS BYTE
LLI 207

LMa /S5TORE FLAG STATUS

LL1 ©73 JPNTR TO ORriG Bp LOV ADDR
LEM JGET ORIG LOC OF Bp

iNL

LDM FAND ORIG PG OF BP

InL

LAM FAND ORIG BP INSTRUCTION
LLE /SET UP QRIGINAL

LHD FBREAK POINT POINTERS

LHA SRESTORE ORIG BHKPNT INSTH
JHMP [NOHMD ZBACK TO MOMITOR

/

BRKZ2., LBH ASAVE ORIG VALUL OF H & L
LGL

LHI GO0 FSET PNTR TO PAGE 00

LLI 203 /CPU REGISTER STORAGE LOCS
LMD FSAVE REGS D AND E

LLI 204 /A5 WELL A8 ORIG H AND L
LME

LLI 205 AWITHOUT DISTURBING FLAGS
LMB

LLI 206

JMp BRHCOHM /ZTO REST OF BREAKPT RTH

THE "GO TO*™ ROUTINE

THE "G0 70" ROUTINE PROVIDES A MEANS OF INITIATING EXECUTION OF A
PROGRAM IN MEMORY BY DIRECTING THE MONITOR TO JUMP T0 A SPECIFLED AD-
DRESS. AFTER FETCHING THE ADDRESS FROM THE COMMAND, THE ™G0 T0™ ROUTINE
DETERMINES WHICH “TYPE" OF G0 TO IS REQUESTED. THAT 1S, THE "GO T0"
FUNCTION ALLOWS THE SETTING OF A GROUP OF CPU REGLISTERS BEFORE JUMPING
TO THE PROGRAM. THE TW0 GROUPS ARE THE SAME AS THOSE FUR THE BREAKPOINT
ROUTINE. A TYPE ™1* "GO TO™ WILL SET THE VALUES OF REGISTERS A: B AND C
FROM THE “VIRTUAL™ CPU REGISTER TABLE WHILE A TYPE ™2" GO T0% WILL SET
THE VALUES OF REGISTERS D, E. H AND L. THE VALUES IN THE “VIRTUAL™ CPU
REGISTER TABLE ARE SET UP BY EITHER THE “BREAKPOINT® ROUTINE OR BY THE
“EXAMINE REGISTER" ROUTINE TO BE PRESENTED NEXT. THE "GO TO™ ROUTINE
STARTS AT THE LOCATION LABELED “GOTO." THE LISTING AND FLOW CHART ARE
PRESENTED ON THE NEXT PAGE. THE READER WILL NOTE THAT THE "ANLYZ" SUB-
ROUTINE OF THE BREAKPOINT ROUTINE IS ALSO USED BY GO TO™ TO FETCH THE
START OF EXECUTION ADDRESS AND FORM THE JUMP INSTRUCTION WHICH IS5 THE
FINAL STEP IN THE "GO TO" ROUTINE.
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MNEMONIC COMMENTS
GOTG. CAL ANLYYZ FSET UP ADDR OF GOTO
JTZ GOl /T80 SET UP CPU REGS A.-B.C
CP1 262
JFZ ERR FERNROR 1F NOT GI OR G2
/
G02, LLI 203 /%5ET UP CPU REGS D-EsH & L
1.0
INL
LEM
GOCOM, INL
LBM
INL
LCH
LLG
LHEB
JMP 15% 000
/
501, LLI 200 FSET UP CPU REGS A,B.C
LAM
JHP GOCOM
NG
COMMAND
VALID 2 ?l
PRINT
ERROR
SET UP JUMP MEG
INSTRUCTION é{
YES RETURN TO
{F TYPE 17 COMMAND MODE
SET UP REG'S NO
A, B & C
SET UP REG'S
D Fs H & %,
JUMP TO
ADDR IN
- COMMAND

THE "GO TO™ ROUTINE FLOW CHART
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THE "EXKAMINE REGISTER™ ROGUTINE

THE "EXAMINE REGISTER”™ ROUTIRE ALLOWS ONE TO EXAMINE THE CONTENTS
OF THE "VIRTUAL" CPU REGISTERS AND THL FLAG STATUS WHILH ARE STORED IN &
TAELE ON PAGE 00 AT LOCATIONS 200 THRU 207. THE CONTENTS OF REGISTERS
A THRU E ARE STORED IN LOCATIONS 200 THRU 204 RESPECTIVELY, REGISTER
IN 205, REGISTER L IN 206 AND THE FLAG STATUS BYTE IN 207« THE CONTENTS
OF THE “VIRTUAL" REGISTERS MAY BE MODIFIED BY ENTERING THE BEVISION AF-
TER THE CURRENT VALUE I5 PRINTED. HOWEVER., THE FLAG STATUS I5 DISPLAYED
SOLELY TO ALLOW EXAMINATION OF THE STATE OF THE FLAGS AT THE TIME THE
LAST BREAKPOINT WAS EXECUTED. ‘

THIS ROUTINE STARTS BY FETCHING THE REGISTER DESIGNATION FROM THE
INPUT BUFFER AND DETERMINING WHICH IS SPECIFIED. IF A& "VIRTuaL™ CPU RE-
GISTER 1S SPECIFIED, A POINTER 1S FORMED TO INDICATE WHICH LUCATION IN
THE TABLE I8 TQ BE DISPLAYED. THE CURRERT VALUE IS PRINTED, FOLLOWED BY
A COLCN, AND THEN THE “INSPCL® SUBROUTINE 1S CALLED TO INPUT ANY CHANGES
THE OPERATOR MAY DESIRE TO MAKE TO THE VALUE STORED FOR THAT REGISTER.
IF NO MODIFICATION 15 ENTERED, THE ROUTINE SIMPLY RETURNS TO THE COMMAND
MODE AND THE ORIGINAL CONTENT 15 MAINTAINED. IF & MODIFICATION IS5 EN-
TERED, THE “DCDNM* SUBROUTINE CONVERTS THE IBPUT TU BINARY FORM AND THE
NEW VALUE 1S STORED IN THE TABLE. IF THE FLAG STATUS 1S5 REGURSTLD, THE
VALUE CURRENTLY STORED AT LOCATION 207 ON PAGE 00 WILL BE PRINTED AND
THE ROUTINE AUTOMATICALLY RETURNS TO THE COMMAND MODE. IF THE REGISTER
DESIGNATION 1§ NOT VALID, THE ILLEGAL ENTRY ERROR MESSAGE IS DISPLAYED.

THE DETAILED LISTING FOR THE "EXAMINE REGISTER" ROUTINE IS PRESENT-
ED BELOW AND THE FLOW CHART IS5 ON THE FOLLOWING PAGE.

MNEMONIC COMMENTS
¥REG. LLI 34l ZSET INP BFR PHNTR
LAM ZFETCH REG LETTER
RGAGN, CPI 301 /15 REG VALID?
JTC OERH /4N0s PRINT ERROR
CrPl 306 FYES: 185 REG A THRU E?
JFC FHb, FHds TRY He L OR F
SuUl 101 ZSET UP mEG TBL PNTR
XCOM., LLI 164 FSAVE TBL PNTR IN TEIP STRAGE
LMA
LLA SSET PNTR TD BEG TBL LOG
CAL 5PAC /PRINT SPACE
LAM JFETCH CURBENT REG VALUE
CAL OCTOUDT ZPRINT CURRENT REGC VALUE
Cal. COLON SPRINT COLON
CAL INSPCL ZINP MODIFICATION
LEI 3ad FSET IND HFR PNTR
LAl
CPE FWAS MOD ENTERED?
JTZ INCHMD AN0, RET TO COMMAND MODE
CAL DODRM YESs DECODE OCTAL NIMBER
LLI 164 F5ET PNTR T0 TEMP STHRAGE
LLM JFETCH REG TBL PNTR
LMB AS5TORE NEW REG VALUE
JMP INCHD JRET TO COMMAND MODE
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FLAG N B0

" REGISTER ™S -
vaLin? STATUS 7
L%
pray vt || orrer mag
STATUS BYTE
W
INP CHANGE
FM  KYBD
VAS NO
CHANGE
ENTERED >
3
cuanoe W N9 7 /
val.iD? -
PRINT
ERROR
STORE NEW VALUE MSG
FOR VIRTUAL REG
RETURN TO
COMMAND MODE
THE “EXAMINE REGISTER" ROUTINE FLOW CHART
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MNEMONIC COMMENTS

- —— TR A MR R A Em WA e e W A R

rd

FHl.. CPL 310 /15 REG = H7?

JFZ LORF /NQ. TRY L OR F

LAI 208 /YE5. S5ET REG TBL PNTR
JMP XCOM ZINP MOD TO REG VALUE
e

LORF., CPI J1a F15 REG = L7

JFZL F N0, TRY F

LAI 2G6 FYESs SET REG TBL PNTR
JMP XCOM AINP MOD TO REG VALUE
s

F» CPI 306 /15 REG = F» FOR FLAGS?
JFZ ERR /ND, PRINT ERROUR

Cal spacl ZPRINT SpaCE

Ll 207 F5ET REG TEBL PNTR

Lan FFETCH FLAG WORD

AL GCTOUT ZPRINT FLAG WORD

JHMP INCHD FRET TG COMMAND MODE

THE THREE RQUTINES JUST PRESEHTED ARE ALL INTER~RELATED IN OME WAY
OR ANOTHER. THE “EXAMINE REGISTER™ ROUTINE SETS UP THE VALUES TO BE
LOADED IN THE CPU REGLSTERS AT THE TIME THE "GO0 T0% QPERATION 18 PER-
FORMED. THE "GO TO"™ ROUTINE MAY START THE EXECUTION OF A PROGRAM WHICH
WILL EVENTUALLY REACH A "BREAKPOINT® WHICH RETURNS TO THE “BREAKPOIST"
ROUTINE TO STORE THE CPU REGISTER VALUES AND THE FLAG STATUS, WHICH., IN
TURN MAY BE EXAMINED BY THE "EXAMINE REGISTER"™ ROUTINE. THIS COORDINA-
TION BETWEEN THESE ROUTINES MAKES THE INCLUSION OF THESE ROUTINES, AS A
GROUP, A CONVENIENT POINT TO COMPLETE OME'S HMONITOR PROGRAM. THE QPERA~
TING PORTION OF THE MONITOR PROGRAM PRESESTED T0 THIS POINT GUCUPIES
SLIGHTLY MORE THAN 3/4 K BYTES OF MEMORY. S0, IF ONE FEELS THAT THE
ROUTINES PRESENTED THUS FAR WILL BE SUFFICIENT FOR ONE'S MONITOR PRO-
GRAMs THE PROGRAM CAN BE ENDED HERE AND USED TO GIVE THE OPERATOR THE
HECESSARY BASICS FOR & GOOD "OPERATING SYSTEM™ AND "PROGRAM DEBUGGING™
MONITOR PROGRAM. THE FOLLOWING ROUTINES ARE PRESENTED TO GIVE THE READ-
ER aN IDEA FOR OTHER TYPES OF "CONVENIENCE"™ ROUTINES THAT MAY BE ADDED.

THE “FILL™ ROUTINE

THE MEMORY “FILLY ROUTINE IS5 USED T0 FILL A BLOGCH OF MEMORY WiTH
A SPECIFIC 8 BIT DATA VALUE. THIS ROUTINE IS5 USEFUL IN “ZERDING™ A
BL.OCK OF MEMORY BEFORE EXECUTING A& PROGRAM T0 DETERMINE WVHETHER THAT
PROGRAM 15 WRITING INTO THE SECTION OF MEMORY “ZEROED™ QUT GR NOT. A8
T™ME READER WwILL SEE FROM THE LISTING, THIS PROGRAM MAKES VERY EFFECTIVE
USE OF SUBROUTINES TO PERFORM ITS FUNCTION. THE “ADRDTA™ SUBROUTINE
FETCHES THE PERTAINENT INFORMATION FROM THE INPUT BUFFER. THE "sSETup»
SUBROUTINE SETS THE MEMORY POINTER TO THE MEMORY LOCATION TO RECEIVE THE
DATA BYTE,» AND THE "CXEND™ SUBROUTINE DETERMINES WHEN THE FInaL LOCATION
HAS BEEN LOADED. ‘ o T

THE PROGHAM LISTING AND FLOW CHART FOR THE "FILL" ROUTINE 15 PRE-
SENTED ON THE NEXT PAGE. '
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MNEMONIC

B e R R R TR WA W AR Y B W

FilLl, CAL
FL.l. CaL
LMB

Cal. CKEND
JMP FL

ADRDTA
SETUP

COMMENTS

R Y. L Y

ZINP ADDR AND DATA FH BFR
/SET UP MEM PBHTR

AFILL MEM LOC ¥ITH DATA
/DONE? YES, RET TO CHMND HMODE
FH0, CONTINUE VITH FILL

NO

VALID ?

[ vES

FETCH START PRINT
AND END ADDR ERBROR
AND DATA Man

=l

INCR MEM
PN TR

LOAD MEMORY
WITH DATA

NO

FINISHED?

i

RETURN TO
COMMAND MUODE

THE MEMORY “FILL® ROUTINE FLOW CHART
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THE "SEARCH™ ROUTINE

THE MEMORY "SEARCH"™ ROUTINE 15 USED TO SEARCH THE CONTENTS OF A
SPECIFIED BLOCK OF MEMORY FOR AN 8 BIT DATA PATTERN ENTERED IN THE COM-
MAND. EACH TIME [T FINDS A BYTE WHICH MATCHES THE PATTERN. THE ADDRESS
OF THE MATCHING BYTE 1S PRINTED ON THE DISPLAY DEVICE. THE ROUTINE FET-
CHES THE ADDRESS BLOCK AND SEARCH DATA FROM THE INPUT BUFFER BY CALLING
THE "ADRDTA™ SUBROUTINE. THE BLOCK OF DATA 15 SEARCHED BY COMPARING
FACH LOCATION IN THE BLOCK TO THE DATA PATTERN ENTERED AND, IF A MATCH
IS FOUND, THE "MCONT" SUBROUTINE, WHICH PRINTS A CARRIAGE RETURN, LIKE
FEED FOLLOWED BY THE MIEMORY ADDRESS STORED AT LOCATION 1&6 ON PAGE 00.
15 CALLED TO PRINT THE MEMORY ADDRESS WHICH CONTAINS THE MATCH. THE
PROCESS CONTINUES UNTIL THE LAST LOCATION SPECIFLED IN THE COMMAND IS
SEARCHED. ONCE AGAIN THE EFFECTIVENESS OF GOOD GENERAL SUBROUTINES IS
FVIDENCED BY THE BREVITY OF THIS ROUTIME. THE DETAILED LISTING IS ~
SHOWN BELOW AND THE FLOW CHART ON THE NEXT PAGE. “ T .

MNEMONI C COMMENTS

e pn e wmn G e e ws s W e e o e we sy e e w

SEARCH, CAl ADRDTA /INP ADDR AND DATA ™ BFR

LLI 165 /5ET PNTR TO SAVE DATA

LMB /SAVE SEARCH DATA Id HEM
SHl, LLI 165 /SET PNTR TO SRCH DATA

LA /FETCH SEARCH DATA

CAL SETUP FFETCH CONTENTS OF MEM

CPHM /DATA EQUAal SRCH DATA?

CTZ MCONT /YESs PRINT ADDR

CAL CKEND /DONE? YES, RET TO CMND MODE
JMP SHI /NG, CONTINUE SEARCH

THE "TRANSFER" ROUTIHNE

THE "TRANSFER"™ ROUTINE ALLOWS THE OPERATOR TO TRANSFER A BLOCK OF
MEMORY FROM ONE SECTION OF MEMORY TO ANOTHER, BY SIMPLY SPECIFYING THE
START AND END ADDRESS OF THE BLOCK TO BE HMOVED, FOLLOWED BY THE Stanrt
AUDRESS OF THE SECTION TC RECEIVE THE MEMORY CONTENTS IN THE COMMAND.
THE *TRANSFER™ ROUTINE THEN SETS UP & “FROM™ POINTER AND A "T0" POINTER
WHICH ARE USED T0 TRANSFER THE THE DATA "FROM™ THE ORIGINAL LOCATION
*TO™ THE NEY LOCATION. THIS ROUTINE USES A SUBROUTINE CALLED "Swap™ KOT
ONLY DURING THE ACTUAL TRANSFER OF THE DATA BUT ALSO TO TEMPOHARILY SAVE
THE ADDRESSES AS THEY ARE READ IN FROM THE INPUT BUFFER. THIS COMMAND
CAN BE USEFUL IN SAVING A BLOCK OF DATA IN GNE SECTICON OF MEMORY BEFORE
USING THE ORIGINAL DATA AREA AGAIN. AFTER THE SECOND USAGE, THE TWO
BLOCKS WILL BE AVAILABLE FOR EXAMINATION AND/OR COMFARISION. ANOTHER
POSSIBLE APPLICATION IS TUO RE-ORIGIN A PROGRAM FROM ONE AREA OF MEMORY
TO ANOTHER. OF COURSE, THE JUMP AND Call. INSTRUCTIONS wWOULD HAVE TO BE
CHANGED TO INDICATE THE NEW ADDRESSES, BUT THIS CAN BE ASSISTED BY USING
THE "SEARCH"™ ROUTINE 70 LOCATE THE JUMP AND CALL INSTRUCTIONS WITHIN THE
PROGRAM. THIS METHOD OF MOVING PROGRAMS CAN BE EFFECTIVE FOR PROGRAMS
WHICH ARE NOT T00 LONGs AS OPPOSED TO RE~ASSFMBLING THE PROGRAM. '

THE FLOW CHART AND LISTING FOR THE “TRANIZFER®™ ROUTIRE ARE PRESENTED
FOLLOWING THE "“SEARCH™ RO&?;&E FLOW CHART. o ‘ '
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YES

COMMAND

NO

VALID 7

FETCH START
ADDR AND
DATA

PRINT
ERROR
MSG

K

SEARCH MEM FOR
DATA PATTERN
SPECIFIED

[

PRINT
MEM ADDR

MATCH?

INCR MEM
PNTR

RETURN TO
COMMAND MODE

THE "SEARCH" ROUTINE FLOW CHART
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, HO
COMMAND

WwLib 7

SET UP 'TO' AND
*FROM® PNTRS

MOVE DATA
FFROM® "TO!

INCR *TO' AND
'FROM® PNTRS

T N

TRANSFER
COMPLETE?

PRINT
ERROR
MSG

RETURN 7O
COMMAND MUDE

THE MEMORY "TRANSFER™ ROUTINE FLOW CHART

MNEMONIC COMMENTS
TRNSFR, LLI 342 /SET PNTR TO ADDR INP
CAL OCTNM /FETCH ‘FROM® ADDR
LLY 168 /S5ET PNTR TO ADDR INP
LEE /SAVE INP BFR PNT
LEI 172 FSAVE °‘FROM'® IN TEMP STRGE
LDH )
SUSAs, CAL SVAP /MOVE ADDR TO TEMP STRGE
LALI 172 /18 XFrR COMPLETE?
CPL
JFZ SVUsSA /NG, CONTINUE MOVE




MNEMONIC COMMENTS
INB
LLB /RESTORE INP BFR PNTR
CAL O0CTNM /ZINP 'TO' ADDR
LLI 176 /SET PNTR TO SAVE 'TO' ADDR
LMB /SAVE LO ADDR -7
INL
LMC /SAVE PG ADDR
LLI 172 /SET PNTR TO TEMP STRGE
LEI 166 /SET TO MOVE '"FROM' BACK
LDH ) B
TFl1, CAL SWAP /XFR ‘'FROM®
LAI 176 - .
CPL /XFR COMPLETE?
JFZ TFIl /NO, CONTINUE
LEM /FETCH 'TO' PNTR
INL T
LDM
TF2, CAL SETUP /SET 'FROM' PNTR
CAL SWAP /SWAP MEM CONTENTS
CAL CKEND /DONE? YES, RET TO CMND MODE
JMP TF2 /N0, CONTINUE XFR
/
SWAP, LAM /FETCH BYTE TO XFR
CAL INMEM /INCR *FROM' PNTR
CAL SWITCH /CHANGE PNTRS
LMA /STORE BYTE IN NEW LOC
CAL INMEM /ZINCR 'TO' PNTR

JMP SWITCH /CHANGE PNTRS AND RET

PUTTING IT ALL TOGETHER - THE ASSEMBLED MONITOR PROGRAM

AND AFTER ALL IS SAID AND DONE, HERE IT IS! THE MONITOR PROGRAM
PRESENTED IN ITS FINAL ASSEMBLED FORM. THE ROUTINES DISCUSSED ARE NOW
LISTED WITH THEIR ADDRESSES AND MACHINE CODE TO PROVIDE THE READER WITH
A MONITOR PROGRAM THAT SIMPLY REQUIRES THE ADDITION OF THE I/0 DRIVERS
(DETAILED PREVIOUSLY) TO TURN ONE'S COMPUTER SYSTEM INTO A HIGHLY FUNC-
TIONAL "OPERATING SYSTEM!I"™ ' '

THE FIRST PART OF THE LISTING SHOWS THE LOCATIONS ON PAGE 00 WHICH
ARE USED BY THE MONITOR FOR STORING POINTERS, COUNTERS., TEMPORARY DATA.
THE COMMAND LOOK UP TABLE AND THE INPUT BUFFER. THE READER WILL NOTE
THAT SEVEN OF THE EIGHT RESTART LOCATIONS ARE AVAILABLE FOR THE USER'S
PROGRAMS . i T -

THE OPERATING PORTION OF THE MONITOR PROGRAM HAS BEEN ORIGINED ON
PAGES l4 THROUGH THE FIRST HALF OF PAGE 17, WITH THE EXPECTED STARTING
LOCATIONS OF THE USER PROVIDED I/0 DRIVERS ON THE SECOND HALF OF PAGE
17. THE READER MAY DESIRE TO RE-URIGIN THE OPERATIWNG PORTION TO THE
UPPER SECTION OF THE MEMORY AVAILABLE IN ONE'S SYSTEM. '

THE START OF EXECUTION ADDRESS FOR THE MONITOR PROGRAM., AS LISTED.
1S AT PAGE 14 LOCATION 000, '
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000 000 ORG 000 070

000 070 /
000 070 104 000 000 JMP 000 000 /JUMP INSTRUCTION FOR BRKPT
000 073 000 " 000 /BRKPT LOCATION - LOW ADDR
000 074 000 000 /BRKPT LOCATION - PG ADDR
000 075 000 000 7O0RIG. BRKPT INSTRUCTION
000 076 / '

000 076 /LOC. 076 THRU 127 AVAILABLE FOR USER

000 076 /

000 076 /JMONITOR MESSAGE TABLE

000 076 /

000 076 ORG 000 130

000 130 215 215 /CAR. RET.

000 131 212 212 /LINE FEED

000 132 276 276 /> 2

000 133 696 a7 000

000 134 2t+5 0~ 215 /CAR. RET.

000 135 2t2 4/ 212 : /LINE FEED

000 136 B66 .-~ 000

000 137 o097 /

000 139 /LOC« 13§ THRU 147 AVAILABLE FOR USER

000 139 / ‘

000 139 ORG 000 150

000 150 4

000 150 000 000 /DIGIT STORAGE

000 151 000 000 /FOR OCTAL NUMBER

000 152 000 000 /SUBROUTINE

000 153 000 000 /AVAILABLE

000 154 000 000 /AVAILABLE

000 155 /

000 155 /COMMAND AND GO TO JUMP INSTRUCTION

000 155 / '

000 155 104 000 000 JMP 000 000 /CMND RTiv FILLS IN ADDR
000 160 /

000 160 000 000 /AVAILABLE

000 161 000 000 /AVAILABLE

000 162 000 000 /AVAILABLE

000 163 000 - 000 7AVAILABLE

000 164 000 000 /TEMP STORAGE

000 165 000 000 /TEMP STORAGE

000 166 000 000 ' /LOW ADDRESS - LOW PORTION
000 167 000 000 /LOW ADDRESS - PAGE PORTION
000 170 000 000 /H1GH ADLRESS - LOW PORTION
000 171 000 000 /HIGH ADDRESS - PAGE PORTION
000 172 000 000 /TEMP STURAGEL i
000 173 000 000 /TEMP STORAGE

000 174 000 © 000 /TEMP STORAGE

000 175 000 000 /TEMP STORAGE

000 176 000 000 /TEMP STORAGE

000 177 000 000 /TEMP STORAGE

000 200 / '

000 200 000 000 /VIRTUAL CPU REG A"

000 201 000 000 7/VIRTUAL CPU REG "B"

000 202 000 000 /VIRTUAL CPU REG "C™

000 203 000 000 /VIRTUAL CPU REG ™D*

000 204 000 000 /VIRTUAL CPU REG "E"

000 205 000 000 /VIRTUAL CPU REG "H"

000 206 000 000 /VIRTUAL CPU REG “L"

000 207 000 000 /FLAG STATUS BYTE
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-

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
0l4
Ola
Olg
0l4
Ola
ol4
ol4g
Ola
0l4
0l4
0l4
014
0l4
0l4
Ola

210
210
210
211

2l2
213
2l4a
215
2leé
217
220
221

222
223
224
225
226
227
230
231

232
233
234
235
236
237
240
241

242
243
244
245
246
246
246
246
246
246
246
246
246
246
246
246
246
000
002
004
007
ol2
ot4
0l5
017
o021

oz22
025
026
027
030
031

315
150

304
2175
02
327
34y, .

322
371

302
3717
0}5
307
220

330
257
o6’
306
005
0y T 76
333
022

324
061

o¥7 /

056 000

066 130 4
106 155 044
106 066 014
066 340

307

036 012

066 210

277 p
150 047 OV4
060 ’
060

060

031 .
110 021 014

/COMMAND LOOK UP TABLE

/

315 /MODIFY
150 |

015

304 / DUMP

‘275

015

327 /BULK WRITE
343

0l5

322 /BULK READ
371

0l5

302 /BREAKPOINT
377 i
015

307 /G0 TO

220 '

016

330 /EXAMINE REGISTERS
257 '
0l6

306 /FILL MEM
005 '

017

323 / SEARCH

pz2 ‘

017

324 /TRANSFER
06l

017

/

/LOCs 246 THRU 337 AVAILABLE FOR
/USER OR TO EXPAND COMMAND TABLE

/
/LOC. 340 THRU 377 - INPUT BUFFER
‘- 72

/PAGES 01 THRU A3 AVAILABLE

/FOR USER'S PROGRAMS
, .

/

/COMMMAND INPUT ROUTINE

/

ORG 014 000

INCMD, LHI 000 /SET PNTR TO HEADING MSG
.LLI 130

CAL MSG /PRINT C/R, L/F, >

CAL CDIN /INPUT COMMAND FM KYBD
LLI 340

LAM /FETCH COMMAND CHAR

LDl 012 /SET CMND NMBR CNTR

LLI 210 /SET CMND TABLE PNTR
CKCMD, CPM /1S CMND CHAR FOUND IN TBL?
"JTZ FOUND /YES, PROCESS COMMAND

INL /NO,ADVANCE CMND TBL PNTR
INL

INL

DCD /15 LAST CMND CHECKED?
JFZ CKCMD /NO, CHECK NEXT



0l4
0l4
Ol4
0l4
Ol4
Ola
ol4
0l4
Ol4
Ol4
Ol4
Ol4
0lg
ol4
0l4
014
Ol4
014
0l4g
Ol4
Ol4
Ol4
ola
014
Oi4
ol4
Ol4
Ol4a
0l4
olg4
0l4
Olq
0l4
Ol4a
Ol4a
Ol4
Ol4
0l4g
0l4
ol4
0la
014
Ol4
Ola
0l4
0l4g
0l4
014
Ol4
Ol4g
0la
Ol4
Ola
014
014
014
0la
014
ol4
0l4

034
037
041
044
047
047
050
051
052
053
055
057
060
06l
062
063
066
066
070
072
073
076
100
103
105
110
112
113
LTS5
116
120
123
124
125
130
131
132
135
135
137
140
143
lag
146
151
151
153
155
155
156
157
1 60
163
166
171
171
172
173
174
175

106 151 04
006 311

106 309 017
104 000 0}4

060

337

060

327

066 156
056 000
373

060

372

364

104 155 000

066 340
076 240
060

110 070 014

066 340

074

150 000 0}4°

074 215

053

074 214

053

074 377 _
150 135 Qb4
060 '
06l

150 100 Ol4
370 )
060

104 100 qxﬂ‘

006 340
276

150 100
061 g
076 240

104 100 0)4

132
066 134
056 000

307
240

053 30

106 300 047

106 171

104 155 op£7

060
013
050
007

106 208 017"
120
‘JTZ

ERR, CAL HDLN
CAL PRINT
JMP INCMD
/

FOUND, INL
LDM

INL

LCM

LLI 156
LHI 000
LMD

INL

LMC

LLE

JMP 155 000
/

CDIN, LLI 340
SPl, LMI 240
INL

JFZ SPI

LLI 340

IN2, CAL RGU
CPI 304

INCMD

CPI 215

RTZ

CPI 214

RTZ

CPI 377

"JTZ BDCR

INL

DCL

JTZ 1INZ2
LMA

INL

JMP INZ
/
BDCR.
CPL
JTZ INZ2
DCL

LMI 240
JMP INZ2

LAI 340

v

HDLN, LLI 134
LHI 000
/

MSGs LAM

1. NDA
RTZ

CAL PRINT

"CAL INMEM
“JMP MSG

/
INMEM,
RFZ
INH
RET

/

INL
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/YES, PRINT C/R, L/F
/ILLEGAL ENTRY CODE
/PRINT ERROR MSG
/INP NEXT COMMAND

/ADV CMND TBL PRTR
/FLTCH CMND LO ADDR

/FETCH CHMND PG ADLR
/SET PNTR TU JMP INSTR.

/LOAD LO ADDR OF CMND
/LOAD PG ADDR OF CMND

/JUMP TO CMND ROUTInE

/SET PNTR TO START OF INP BFR

/FILL INP BFR WITH SPACES
/INCR INP BFR PNTR

/DONE? NO, STORE MURE SPACLS
/SET INP BFR PNTR

/INP CHAR FM INP DEVICE
/CHAR = CNT'L D?

/YES, RET TJ COMMANL MOLE
/CHAR = CAR RET?

/YES, RLT TU CALLING PGH
/CHAR = CNT'L L7

/YES, RET TO CALLING PGM
/CHAR = RUBOUT?

/YES, DELETE CHAR FM INP BFR
/1S INP BFR FULL?

/YES, DON'T STORE CHAR
/N0, STORE CHARACTER
/INCR INP BFR PNTR
/InNP NEXT CHAR

/SET ACC TUO INP BFR SsA.
/ANY CHARACTERS YET?

/NO, CONTINUE INPUT

/YES, BACK UP INP BFR PNTR
/S5TORE SPACE OVER LAST CHAR
/CONTINUE INPUT

/SET PNTR T0 C/R., L/F MSG
/FALL THRU TO PRINT MSG

/FETCH CHAR TU PRINT
/END OF MSG CHAR?

/YES, RET TO CALLING PGHM
/NOs PRINT CHAR

/INCR MSG PNTR
/CONTINUE PRINT UUT

/INCR LO ADDR

/1F NON ZERO., RET
/ELSE, INCR PG ADDR
/RET TO CALLING PGM



1Y 014 175 /

0l4 175 346 ~ OCTNM., LEL /SAVE INP BFR PNTR

014 176 106 250 O)47“CAL OCTPR /CONVERT IST OCTAL PAIR
0la 201 066 166 LLI 166 /SET PNTR TO LO ADDR STRAGE
014 203 371 LMB /SAVE LO HALF OF LO ADDR
0la 204 060 INL '

0la 205 372 LMC /SAVE PG HALF OF LO ADDR
0l4a 206 364 LEE /JRESTORE INP BFR PNTR

0l4 207 307 LAM /FETCH NXT CHAR

0l4 210 074 254 ., CPl 254 /CHAR = COMMA?

0la 212 110 222 0JAT"JFZ SGL /NO, ONLY ONE ENTRY

0la 215 060 INL /YES, INCR INP BFR PNTR

014 216 346 ¢ LEW /SAVE INP UFR PNTR

0la 217 106 250 O0)a’ 'CAL OCTPR /CONVERT 2ND OCTAL PAIR

Ola 222 066 170 SGL, LLI 170 /SET PNTR TO HI ADDR STRAGE
ola 224 371 LMB /SAVE LO HALF OF HI ADDR
014 225 060 INL

0la 226 372 LMC /SAVE PG HALF OF HI ADDR
0la 227 302 LAC

0la 230 066 167 LLI 167 /1S HI ADDR < LQ ADDR?

014 232 277 - CPM

Ol4a 233 140 034 0)y4,'JTC ERR /YES, PRINT ERROR

Ol4a 236 013 4 RFZ /1F PG HALF NOT =, RET

0l4 237 060 INL /ELSE, CHECK LO HALF

Ola 240 307 LAM

0l4a 241 066 166 LLI 166 /1S HI ADDR < LO ADDR?

0l4a 243 277 CPM

Ol4a 244 140 034 014 JTC ERR /YES, PRINT ERROR MSG

ola 247 007 ’ RET - /NO, RET TU CALLING PGM

0l4a 250 /

0l4 250 106 255 014 OCTPRs CAL DCDNM /DECODE 1ST OCTAL NUMBER
ola 253 321 LCB /SAVE OCTAL NUMBER

0l4a 254 040 INE /INCR INP BFR PNTR

0l4 255 / FALL THRU TO DECODE 2ND NMBR
0l4 255 /

0l4a 255 066 150 DCDNM, LLI 150 /SET PNTR TO DIGIT STRAGE TBL
0l4 257 375 LMH /CLEAR TBL BY STORING 000.
0la 260 060 INL '
014 261 375 LMH

0l4 262 060 INL

0la 263 375 LMH

Ola 264 364 . .LLE /RESET INP BFR PNTR

0l4 265 106 332 014 LOOP, CAL FNUM /CHECK FOR VALID NUMBER

Ol4a 270 160 315 0la " JTS CKLNH /1F NOT, CHECK CHAR CNT = O
014 273 307 LAM / FETCH CHAR

0l4a 274 336 LDL /SAVE INP BFR PNTR

0la 275 044 007 NDI 007 /MASK OFF 260

014 277 066 150 LLI 150 /STORE OCTAL NUMBER IN

0la 301 317 LBM /TABLE AT LUC 150 PG 00

0la 302 370 LMA /AND SHIFT OTHER NUMBERS
0l4 303 060 INL /UP THRU THE TABLE

0l4 304 307 LAM

0l4 305 371 LMB

Ola 306 060 INL

O0la 307 370 LMA

Ol4 310 363 LLD /RESTORE AND INCR INP BFR PNTR
Ol4a 311 060 - INL

Ola 312 104 265 0l4a  _JMP LOOP /FETCH NXT NUMBER

014 315 /
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7> 014
ol4
Ol4
0l4
0l4

| 0l4

| ola

| 014
0l4
Ol4
Ola
ol4
ola
ola
ola
ol14
0la
o0la
ola
ola
0la
Ola
0l4
014
ol4
ola
014
0la
0l4
ol4
ola
014
ola
ola
014
ol4
ol4
olg
014
ol4

" 015
0ls
015
015
015
015
015
ols
015
015
015
015
015
015
015
015
015
0ls
015

315
316
317
Jaz2
323
326
331

332
332
333
335
336
340
342
343
343
345
346
347
350
351

353
354
355
355
357
360
362
363
365
366
367
370
371

372
373
374
375
376
377
000
ool

003
004
005
005
006
007
010
011

o12
013
ol4
014
015
016
017
021

023

306
274

150 034 OL4

346

106 355 0)47"
120 034 OLA 7"

007

307
074 260
063
024 270
004 200
007

004 001
370
003
060
307
004 001
370
007

066 152
307
074 004
023
044 003
ol2
ol12
310
06l
307
ooz
002
co2
201
061
207
310
006 200
240
007

325
353
332
326
364
342
007

360
ooz
ooz
044 003
064 260

CKLNH, LAL
CPE

13 JTZ ERR

L EL

CAL OCT
JFS ERR
RET

/

FNUM., LAM
CPl 260
RTS

sul 270
ADI 200
RET

/

INCR., ADI 00l

LMA
RFC

INL
LAM

ADI 001
LMA
RET

/

OoCTt., LLI 152

LAM

CPI 004
RFS

NDI 003
RRC

RRC

LBA

DCL
LAM

RLC

RLC

RLC

ADB

DCL

ADM

LBA

LAl 200
NDA

RET

/

SWITCH, LCH

LHD
LDC
LCL
LLE
LEC
RET
/

0CTOUT-» LLA

RLC
RLC
NDI 003
ORI 260

106 306 0)7 £CAL PRINT

/30

T -
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/1S CHAR CNT = 07

/YES, PRINT ERROR MSG

/NO, SAVE INP BFR PNTR
/FETCH FINAL OCTAL NUMBER
/1F INVALID, PRINT ERR MSG
/ELSE, RET TO CALLING PGM

/15 CHAR A VALID NUMBER?

/NO, RET WITH S FLAG SET
/CHECK UPPER LIMIT BY
/SETTING S FLAG TO PROPER
/STATE AND RETURN

/INCR CONTENTS OF MEM LOC
/RESTORE MEM CONTENTS
/1F NO CARRY., RET

/ELSE, FETCH NXT LOC

/INCR MEM CONTENTS
/RESTORE MEM CONTENTS
/RET TO CALLING PGM

/SET PNTR TO 3RD DIGIT

/15 3RD DIGIT > 37

/YES, RET WITH S FLAG RESET
/CLEAR CARRY

/POSITION DIGIT

/SAVE IN REG B
/DECR PNTR

/FETCH NEXT DIGIT
/POSITION DIGIT

/ADD TO REG B
/DECR PNTR

/SAVE FINAL NUMBER

/SET S FLAG TO INDICATE
/THAT THE NUMBER IS VALID
/RET TO CALLING PGH

/SWITCH THE PNTR IN
/JREG'S H AND L WITH
/THE PNTR IN REG'S D AND E

/RET TO CALLING PGM

/SAVE OCTAL NUMBER TO PRINT
/POSITION HUNDRED:S DIGIT

/MASK OFF OTHER BITS
/ FORM ASCI1 CODE
/PRINT DIGIT



015 026 306 LAL /FETCH OCTAL NUMBER

015 027 012 RRC /POSITION TEN'S DIGIT
015 030 012 RRC ) :

015 031 012 RRC

015 032 044 007 NDI 007 /MASK OFF OTHER DIGITS
015 034 064 260 , ORI 260 / FORM ASCI1 CODE

015 036 106 -368 01/7,7CAL PRINT /PRINT DIGIT

015 041 306 !'*7 7+ LAL ‘ /FETCH OCTAL NUMBER

015 042 044 007 NDI 007 /MASK OFF OTHER DIGITS
015 044 064 260 - ORIl 260 /FORM ASCII CODE

015 046 104 366 04 £JMP PRINT /PRINT DIGIT AND RET

015 051 130 ™/

015 051 006 272 . COLON, LAI 272 /SET ASCI1 CODE FOR :

015 053 104 360 gy?;ganp PRINT /PRINT COLON AND RET

015 056 {30 § g’ ’

015 056 066 167 PRT166, LLI 167 /SET PNTR TO PG ADDR

015 060 056 000 LHI 000 /0F LO ALDLCR STORED

0ls 062 307 LAM /FETCH PG ADDR

015 063 044 077 . _NDI 077

015 065 106 0l4 opé?ﬂCAL 0CTOUT /PRINT PAGE ADLR

015 070 106 101 0157/ CAL SPAC /PRINT A SPACE

015 073 066 166 LLI 166 /SET PNTR TO LO ALDLR

015 075 307 LAM /FETCH LO ADDR

015 076 106 014 01577 CAL OCTOUT /PRINT LO ADDR

015 101 £ 7 /FALL THRU TG PRINT SPACE
0l5 101 7 '

015 101 006 240 ' ,SPAC, LAl 240 /SET ASCI1 CODE FOR SPACE
015 103 104 BBQTOJT}KJEB“EBLQQ_j&L /PRINT SPACE AND RET

015 106 (%5 >y ' '

015 106 056 000 SETUP, LHI 000

015 110 066 166 LLI 166 /SET PNTR TO 00 166

0ls 112 327 LCM /FETCH LO ADDR

015 113 060 INL ‘ '

015 1la 357 LHM /FETCH PG ADDR

015 115 362 LLC /SET PNTR TO MEM LOC

015 116 007 RET /RET TO CALLING PGM

015 117 /

015 117 056 000 CKEND, LHI 000

015 121 066 171 LLI 171 /SET PNTR TO HI ADDR

015 123 307 LAM / FETCH 2ND HALF

015 124 066 167 LLI 167 /SET PNTR TO 2nND HALF LU ADLDR
015 126 277 CPM /2ND HALFS EQUAL?

015 127 110 laz Qré??drz CONT /NO, CONTINUE PROCESS

015 132 060 INL ) o

015 133 307 LAM /FETCH 1ST HALF HI ADDR
015 134 066 166 LLI 166 /SET PNTR TU 1ST HALF LO ADDR
0ls 136 277 CPM /1S 1ST HALFS EQUAL? ‘
015 137 150 000 OJA?3JTZ INCMD /YES, RET TO CMND MODE
015 142 066 166 CONT, LLI 166 /NO, SET PNTR TO LO ADDR
015 laa 307 LAM ' /INCR LO ADDR

015 145 104 343 gyuf‘dmp INCR

015 150 /

015 150 066 342 .. MODIFY, LLI 342 /SET INP BFR PNTR

015 152 106 175 O¥4 ,CAL OCTNM /FETCH ADDR TO MODIFY

015 155 106 101 0457 CAL SPAC /PRINT SPACE

015 160 106 266 quﬁfM001, CAL MEMPRT /PRINT CONTENTS OF MEM LOC
015 163 106 051 0)}57 CAL COLON /PRINT COLON '
015 166 106 24l O)S‘JCAL INSPCL /INP MODIFICATION

015 171 006 340 LAI 340 /WAS MOD ENTERED?

015 173 276 CPL
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015
015
015
015
015
015
015
015

¢ 015

015
015
015

. 015

015
015
015
015
015
0l5
015
015
ols
01s
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
015
0l5
015
015
015
015

174
177
200
203
204
206
207
2lo
211

2l4
215
217
221

222
225
230
233
233
236
241

241

243
246
247
251

252
254
257
260
263
266
266
271

272
275
275
277
302
305
310
313
315
317
322
325
330
332
333
34
335
340
343
343
345
350
352
353
354
355

150
340
106
301
066
347
060
337
106
370
056
066
307
106
106
104

106
104

066

106 260

370
074
053
074
150
060
150
104

106
307
104

066
106
106
106
106
066
076
106
106
106
066
317
ol1

371

150
104

066
106
066
327
060
317
060

215
255

166

005S

000
166

343
233
160

151
056

340

g0

240

215
000

034
243

106

342
175
151
233
101
l 64
020
266
117
101
164

305
317

342
175
166

Marz

LEA
“ CAL

LAB
LLI
L EM
INL
LDM

/ CAL

LMA

NXLOC

DC DNM

166

SWITCH

NXLOC, LHI 000

LLI

LAM
0}4730AL
yé JMP

s

0147

014

166

INCR
MCONT
MODI

‘MCONT. CAL HDLN
”JMP PRT166

L)

INSPCL, LLI 340
LPIN, CAL RCV

LMA
CPI
RTZ
CPI

PJTZ

CINL

0Ls™

015

' MEMPRT,

tUTZ

JMP
/

LAM

" JMP

0l4

04

015
015

015
 CAL

015

01357

035

qyﬂ}

/

240

2ls
INCMD

ERR
LPIN

OCTOUT

MDUMP, LLI 342

CAL
CAL

OCTNM
HDLN

MDMP1l, CAL MCONT

CAL

SPAC

MDMP2, LLI 164
- LMI 7

OUTAGN.

CAL
LLI
L BM
DCB

./ LMB
05

L ITL
" JMP

/

020

CKEND
SPAC
164

MDMP1
OUTAGN

WRITE, LLI 342

> CAL

LLI
LCM
INL
LBM
INL

OCTNM"
166
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CAL SETUP

CalL MEMPRT

/ND, SET UP NXT LOC

/YES, SAVE INP PNTR

/CONVERT TO OCTAL NUMBER
/SAVE OCTAL NUMBER

/SET PNTR TO MEM ADDR STRAGE
/FETCH MEM PNTR

/SET PNTR TO MEM LQGC

/LOAD MEM WITH NEW VALUE
/SET PNTR TO PG 00

/SET PNTR TO MEM ADDR STRAGE
/FETCH LO HALF

/INCR MEM ADDR

/PRINT NXT ADDR TO MODIFY

/PRINT C/R» L/F
/PR;NT ADDR TO MODIFY AND RET

/SET PNTR TO S.A. OF INP BFR
/INP CHAR

/STORE CHAR IN INP BFR

/CHAR = SPACE?

/YES, RET TO CALLING PGM
/N0, CHAR = C/R?

/YES, RET TO COMMAND MODE
/NO, INCR INP BFR PNTR

/INP BFR FULL? YLS, ERRUR
/NO, INP NXT CHAR

/SET PNTR TO MEM LOC
/FETCH CURRENT MEM CONTENTS
/PRINT CONTENTS AND RET

/SET PNTR TO InP BFR
/FETCH MEM DUMP LIMITS
/PRINT C/Rs L/F

/PRINT ADDR OF 1ST LOC
/PRINT SPACE '
/SET PNTR TO TEMP STRAGE
/SAVE LOC PER LINE CNTR
/PRINT MEM CONTENTS
/CHECK FOR LAST LOC PRTD
/PRINT SPACE

/SET PNTR TO L/L CNTR
/FETCH CNTR

/DECR CNTR

/SAVE CNTR. CNTR = 07?
/YES, START NEW LINE
/NO, PRINT MORE CONTENTS

/SET PNTR TO INP BFR

/ FETCH START AND END ADDR
/SET REG'S H AND L WITH
/THE START ADDR AND
/REG'S D AND E WITH

/THE END ADDR OF THE
/BLOCK OF MEM TO BE



At/ 015

015
015
015
015
015
015
015
015
0l5
015
015
0le6
olé6
016
oleé
0lé
016
oleé
016
016
ole6
Ole6
016
o116
oleé
0le6
016
0lé6
0le
oleé
oL6
olé6
olé6
ole
0le
Ole6
0l6
ole6
0lé
ole
016
016
Ol16
016
ol1é
016
ol16
016
o16
016
olé
0le
016
016
Ole
0le
ole6
016
216

356
357
360
36l
362
363
366
371
371
374
a7
377
ooz
003
004
007
ol1
014
014
017
021
022
024
027
027
032
034
035
037
040
04l
042
043
044
045
050
050
052
055
057
060
062
063
064
065
067
070
071
072
074
075
075
076
100
101
102
104
106
110
i1l

347 L EM

060 INL

337 L DM

351 LHB

362 pELC X
106~3ﬂ6'0k77 CAL PUNCH/

104 000 O}4 JWP INCHD

B /
2,.,.1 )

106 240 Q777 RDBULK, CAL READ K

104 000 OL&a’”JMP INCMIL ———

/
106 050 OL€7° BREAK, UAL ANLYZ
364 LLE
353 ~ _LHD
150 027 0467 JTZ BI
074 262 . CPI 262
110 034 014" JFZ ERR
/
106 075 0}67°B2, CAL SETBK
076 176 LMI 176
060 INL
076 016 LMI 016

104 037 0L€/7JMP FINBK
/

106 075 046 “Bl, CAL SETBK

076 112 LMI 112

060 INL

076 016 LMI 016

060 FINBK., INL

374 LME

060 INL

373 LMD

060 INL

370 LMA

104 000 O}W "JMP INCMD
/

066 343 . ANLYZ., LLI 343

106 175 0L477CAL OCTNM
066 341 ~ LLI 34l

307 LAM

066 166 LLI 166
347 L EM

060 INL

337 LDM

066 156 LLI 156
374 LME
060 INL

373 LMD

074 261 CPl 261
007 RET

/

307 SETBK., LAM
076 075 LMI 075
346 LEL

335 LDH

056 000 LHI 000
066 070 LL1 670
076 104 LMI 104
060 INL

007 RET
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/WRITTEN TO THE BULK
/STORAGE DEVICE.

/G0 TO USER BULK WRITE RTN
/RET TO COMMAND MODE

/G0 TO USER BULK READ RTN
/RET TO COMMAND MODE

/SET UP ADDRESS OF BP

/DETERMINE IF Bl OR B2
/ERROR IF NEITHER

/SET UP BP RST COMMAND
/*%%% STORE BP2 FND LA

/*%%% STORE BP2 FND PG
/TO REST OF BP SET UP RTN

/SET UP BP RST COMMAND
/*%%xx STORE BPl FND LA

/*xxx STORE BPl FND PG
/STORE BP ORIG LUW ADDR
/STORE BP OR;G PG ADDR
/STORE ORIG BP 1NSTRUCT§ON
/SET PNTR TO BUFF SA
/FETCH ADDR INTO 166, 167
/RESTORE BUFF SA

/GET BP 1| OR 2 COMMAND
/GET BP LOW ADDR

/INTO IIEH ¢

/AND BP PAGE
/PNTR TO JUMP QOMHAND

/SET UP JUMP ADDRESS
/DETERMINE IF CMND | OR 2
/SAVE ORIG CONTENTS OF BP
/INSERT BP RESTART INSTR
/CHANGE PO;NTERS i

/SET PAGE 00

/SET PNTR TO RST ! LOC
/STORE JUMP ;NSTRUCT;ON



n

016
016
016
016
0leé
016
ole
o0leé
016
016
olé
ol16
016
0leé
oleé
oleé
0l6
ole6
016
0le
O0le6
016
0le
0le6
oleé
016
0l6
ol16
Ole
016
ole6
0leé
0l6
016
0lé6
o016
0l6
016
016
0leé6
016
ole
0le6
0lé
olé6
016
0leé
olé6
016
0l6
016
ole
016
0le6
0l6
ol6
Ole
0lé6
016

112
112
114
116
117
121

122
124
125
126
127
130
133
135
140
142
145
147
152
154
155
156
160
161

163
164
165
166
167
170
171
172
173
176
176
177
200
202
204
205
207
210
212
213
215
220
220
ees
226
230
233
233
235
236
237
240
241

242
243

056
066
370
066
371

066
372
305
310
320
100
006
110
016
130
026
120
004
201

202
066
370
066
347
060
337
060
307
364
353
370
104

315
326
056
066
373
066
374
066
371

066
104

106
150
074
110

066
337
060
347
060
317
060
327

/
000 BRK1, LHI 000
200 LLI 200
LMA
201 LLI 2073
LMB
202 LLI 202
BRKCOM, LMC
FLAGT, LAH
LBA '
- LCA
135 01&1° JFC NOC
001 _LAI 001
142 046! NOC, JFZ NOZ
010 LBI 010
147 0161° NOZ, JFP NOP
100 LCI 100
154 o;ﬁﬁﬂnop. JFS NOS
200 ADI 200
NOS, ADB
ADC
207 LLI 207
LMA
073 LLI 073
L B4
INL
LDM
INL
LAM
LLE
LHD
 LMa
000 0)A71>JMP INCMD
/
BRK2, LBH
LCL
000 LHI 000
203 LL! 203
LMD
204 LLI 204
LME-
205 LLI 205
LMB
206 ~ LLI 206
124 O)6 JMP BRKCOM
iad
050 O)6 GOTO, CAL ANLYZ
251 Q)6 JTZ GOl
262 CPI 262
034 OL4;3JFZ ERR
/
203 GO2, LLI 203
L DM
INL
L BEM
GOCOM, INL
LBM
INL
LcM

~ 51

/SET PAGE 00
7CPU REGISTER STORAGE LOCS
/SAVE ACCUMULATOR

/AND CPU REGS B & C

/WI1THOUT DISTURBING FLAGS
/SET UP TEMP REGS '

/TEST FOR CARRY FLAG

/SET 1 IN "A"™ IF CARRY TRUE
/TEST FOR ZERO FLAG

/SET | IN "B"™ IF ZERO TRUE

/TEST FOR PARITY FLAG

/SET 1 IN “C"™ IF PARITY *"T"
/TEST FOR SIGN FLAG )
/SET MSB IF SIGN TRUE

/FORM FLAG STATUS BYTE
/STORE FLAG STATUS

/PNTR TO ORIG BP LOW ADDR
/GET ORIG LOC OF BP

/AND ORIG PG OF BP

/AND ORIG BP INSTRUCTION
/SET UP ORIGIRAL =~
7BREAK POINT POINTERS
/RESTORE ORIG BKPNT INSTR
/BACK TO MONITOR '
/SAVE ORIG VALUE OF H & L
/SET PNTR TO PAGE 00

/CPU REGISTER STORAGE LOCS
/SAVE REGS D AND E

/AS WELL AS ORIG H AND L

/WITHOUT DISTURBING FLAGS

/TO REST OF EREAKPT RTN

/SET UP ADDR OF GOTO
/TO SET UP CPU REGS A.,B.C

/ERROR 1F NOT Gl OR G2

/SET UP CPU REGS D,EsH & L



016
016
016
0lé6
016
0le6
0lé
0lé
| 016
L 016
. ole6
| ole
ole6
016
016
016
016
016
oleé
ol16
016
ol16
016
0l6
0l 6
ol6
016
016
016
ol6
016
ol6
ole6
oleé
ol6
ol6
016
0l6
016
016
016
016
016
016
0l6
016
016
ol6
016
76 017
017
L 017
[ 017
017
017

} 017
017

244
245
246
251

251

253
254
257
257
261

262
264
267
271

274
276
300

301

302
305
306
311

3l4a
317
3zl

3aze
323
326
331

333
334
335
340
340
342
345
347
352
352
354
357
361

364
364
366
371

374
376
377
002
005
005
0l0
013
Ol4
017
022

362
351
104

066
307
104

066
307
074
140
074
100
024
066
370
360
106
307
106
106
106
046
306
274
150
106
066
367
371
104

074
110
006
104

074
110
006
104

074
110
106
066
307
106
104

106
106
371

106
104

155

200

240

341

301
034
306
340
101
164

101

0l4
051
241
340

000
255
164

000

310
352
205
276

314
364
206
276

306
034
101
207

Ola
000

050
106

117
010

LLC
LHB
JMP
/
GO1.,
. LAM
0161° JMP GOCOM
/
XREG.
LAM

~ RGAGN.
01477 JTC ERR

_,CPI 306
0167 JFC FHL
' Sul 101

XCOM, LLI
LMA

Ly LLA
015" CAL

;’1J LAM
015" caL
0151 CAL
0457 caL

LEI
Ll
CPE
oL uTZ
0p41% CAL
LL1
LLM

. . LMB

Oya'’ Jup
/
 FHL, CPI 310

016"7 JFZ LORF

~ _LAI 205
0167 JMP XCOM

’ /

. LORF,
016" JFZ F
LAl 206
016" JMP XCOM

/

., F» CPI1 306
O)4a’ ,JFZ ERR
0157 CAL SPAC

LLI 207

.4 LAM
015 CAL OCTOUT
0147% JMP INCMD

R

000 155 000

LLI 200

LLI 34l

Cpl 301

164

SPAC

OCTOUT
COLON
INSPCL
340

INCMD
DCDNM
l 64

INCMD

CPl 314

017',FILL, CAL ADRDTA

0157 FL1, CAL SETUP
' 4 LMB

015’ CAL CKEND
0171, JMP FLI

’ /

/SET UP CPU REGS A,E,C

/SET INP BFR PNTR
/FETCH RLG LETTEX

/1S REG VaLID?

/NO, PRINT ERROR

/YES., 1S5 REG A THRU E?
/NO, TRY H, L OR F
/SET UP REG TbL PWNTR

/SAVE TBL PNTR IN TEMP STRAGE

/SET PNTR TO REG Tbi LOC
/PRINT SPACE

/FETCH CURRENT REG VALUE
/PRINT CURRENT REG VALUL
/PRINT COLORN

/INP MOLDIFICATION

/SET INP BIR PNTR

/WAS MOD ENTERED?
/N0, RET TO COMMAND MOUDE
/YES, DECODE OCTAL KNUMBER
/SET PNTR TO TEMP STRAGE
/FETCH REG TBL PNTR
/STORE NEW REG VALUL
/RET TO COMMAND MODE

/15 REG = H?

/NO, TRY L GR F

/YESs SET REG TBL PWTR
/INP MOD TO REG VALUEL

/15 REG = L?

/NO, TRY F

/YES, SET REG TEL PNTR
/INP MOL TO REG VALUEL

/15 REG = F, FOR FLAGS?
/NO, PRINT ERROR
/PRINT SPACE

/SET REG TBL PNTR
/FETCH FLAG WORD
/PRINT FLAG WORD

/RET TO COMMAND MODE

/INP ADDR AND DATA FM BFR
/SET UP MEM PNTR

/FILL MEM LOC WITH DATA
/DONE? YES, RET TO CMND MODE
/N0, CONTINUE WITH FILL



1l

017
017
017
017
017
017
017
017
017
017
017
017
017
o017
017
017

017
017

017
017
017
017
017
017
017
017
017
017
ol17
ol7
017
017
017
017
017
o017
017
017
017
017
017
017
017
017
017
017
017
017
017
017
017
017
o017
017
o017
017

oz2
oz22
025
cz27
030
032
033
036
037
042
045
050
050
052
055
056
06l
061
063
066
070
071
073
074
077
101
102
105
106
107
l12
114
115
116
117
121
123
124
127
131
132
135
136
137
140
143
146
151
154
154
155
160
163
164
167
172

106
066
371

066
307
106
2717
152
106
104

066
106
040
104

066
106
066
314
046
335
106
006
276
110
010
361

106
066
371

060
372
066
046
335
106
006
276
110
347
060
337
106
106
106
104

307
106
106
370
106
104

050
165

165
106
233
117
030

342
175

255
342
175
166
172

154
172

074

175
176

172
166

154
176

124

106
154
117
140

171
005

171
005

/
094§ESEARCH. CAL ADRDTA

LLI
LMB
SH1,
+ ,LaM
015" caL
_jCPM
ové,~CTz
oLs' caL
0 1776 JMP
/
_ . ADRDTAs LLI 342
oya'’ CAL OCTNM
_INE
0147 JMP DCDNM
T
. TRNSFRs LLI 342
OLA47 CAL OCTNM ~
LLI 166
LBE
LEI
LDH
0¥77 SVSA, CAL SWAP
LAl 172
~ CPL
0177 JFZ SVSA
INB
_LLB
0}4"" CAL O0CTNM
LLI 176
LMB
INL
LMC
LLI
LEL
LDH
Oy7 " TFL,
LAl
- CPL
O)71= JFZ TFI

L EM
INL
.4 LDM
0y5 TF2, CAL SETUP
011" CAL SWAP

0)5" CAL CKEND
0177 JMP TF2

165
LLI 165
SETUP

MCONT

CKEND
SHI

172

172
166

CAL SWAP
176 '

/
E SWAP., LAM
O¥4  CAL INMEM
OL5™ CAL SWITCH
~ LMA
0)a’” CAL INMIM
SWITCH

0’1/5"*'JMP

/1NP ADDR AND DATA FM BFR
/3ET PNTR TO SAVE DATA
/SAVE SEARCH DATA IN MEM
/S5ET PNTR TO SRCH DATA
/FETCi SEARCH DATA

/FETCH CONTENTS OF HMEM

/DATA EQUAL SRCH DATA

/YES, PRINT ADDR

/DONE? YES, RET TO CMND MODE
/N0, CONTINUE SEARCH

/SET PNTR TO ALDDR INP
/1NP START AND END ADLR
/INCR TO DATA POSITION
/FETCH DATA FM INP EFR

/SET PNTR TO ADDR IWP
/FETCH 'FROM' ADDR’

/SET PNTR TO ADDR INWP
/SAVE INP BFR PNT

/SAVE 'FROM' IN TEMP STRGE

/MOVE ADDR TO TEMP STRGE
(J:-S XFR COMPLLTE?

/NO, GONTINUE MOVE

/RESTORE INP BFR PNTR

ZINP *TO' ADDR

/SET PNTR TO SAVE 'TO' ADLR
/SAVE LU ALDLR -

/SAVE PG ADDR

/SET PNTR TO TEMF STRGE
/SET TO MOVE 'FROM' BACK
/XFR *'FROM®
/XFR COMPLETE?

/NO, CONTINUE
/FETCH 'TO' PNTR

/SET 'FROM' PNTR

/SWAP MEM CONTENTS

/DONE? YES, RET TO CMND MODE
/NO, CONTINUE XFR '

/FETCH BYTE TO XFR
/INCR 'FROM®' PNTR
/CHANGE PNTRS

/STORE BYTE IN NEW LOC
/INCR 'TO' PNTR ’
/CHANGE PNTRS ARND RET



,7‘."/
7€ 1 00
047206~ RC V., /USER DEFINLD INPUT RUUTIWNE
/FOR OPERATOR INPUT LEVICE

017 240 (Rom) READs [ rost ¢t 0 ) /USER DEFINED INPUT ROUTINE
e ' ' /FUR BULK STORAGE DEVICE
7 [ /
D360 PRINT, /USER DEFINED OUTPUT ROUTINE
/FOR DISPLAY DEVICE
/
~017 340- PUNCH, ! v¢ " ' JUSER DEFINED OUTPUT ROUTINE

/FUR BULK STURAGE DERVICE

OPERATING THE MONITOR PRUGRAM

AS A REVIEW OF THE MONITOR PROGRAM FUNCTIONS AND., ALSO, TO SERVE AS
AN OPERATOR'S GUIDEs, THE OPERATION OF EACH OF THE HMONITOR CUOMMANDS WILL
NOWw BE DESCRIBED.

THE "MODIFY"™ CUMMAND

THE "MODIFY" COMMAND 1S INITIATED BY TYPING IN THE "M"™ COMMAND FOL-
LOWED BY THE ADDRESS TO BE MUDIFIED, IN THE FOLLOWING FORMAT:

M HHH LLL (CTRL/L)

WHERE ""HHH" IS THE PAGE ADDRESS AND "LLL"™ IS THE LOW ADDRESS (IN OCTAL)
OF THE RAM MEMORY ADDRESS WHERE ONE DESIRES TO BEGIN EXAMINING AND/OR
MODIFYING THE CONTENTS OF MEMORY LOCATIONS. THE OPERATOR SHOULD NUTE
THAT A SPACE SHOULD BE INSERTED BETWEEN THE "M"™ AND THE PAGE ADDRESS AS
WELL AS BETWEEN THE PAGE ADDRESS AND THE LOW ADDRESS WHEN ENTERING THE
COMMAND STRING.

WHEN THE OPERATOR DEPRESSES THE "CTRL/L"™ COMBINATION TO EXECUTE THE
*M'"" COMMAND, THE FOLLOWING WILL OCCUR. THE OUTPUT DEVICE WILL LISPLAY
THE FOLLOWING INFORMATION:

HHH LLL XXX:

THE "XXX'" IS THE CURRENT CONTENTS OF THE MEMORY LOCATION SPECIFILD. THE
PROGRAM WILL THEN WAIT FOR THE OPERATOR TO SELECT EITHER A "MODIFY" OP-
TION, OR TAKE THE OPTION OF NOT MODIFYING THE CURRENT LOCATIUN BLING
DISPLAYED BUT CONTINUE TO DISPLAY THE NEXT LOCATIOi., OR TERMINATE THE
"M SEQUENCE. TO ELECT TO MODIFY THE CONTENTS OF THE WEMORY LOCATION
BEING DISPLAYED, THE OPERATOR SIMPLY TYPES IN THE DESIRED OCTAL CONTENTS
IMMEDIATELY FOLLOWING THE *:™ SIGN AND THEN DEPRESSES THE "SPACLE" BAR.
THE NUMBER INTERED WILL BECOME THE NEW VALUE FUR THE MEMORY LOCATION AWND
THE PROGRAM WILL PROCEED TO DISPLAY THE ADDRESS AND CONTENTS OF THL NEXT
SEQUENTIAL MEMORY LOCATION. ’

IF THE OPERATOR DOES NOT WISH TO MOLDIFY THE CONTENTS OF A LOCATION,
BUT DOES DESIRE TO EXAMINE THE CONTENTS OF THE NEXT MEMURY LOCATIOwN,
THEN IT IS ONLY NECESSARY TO DEPRESS THE 'SPACE" BAR. THE PROGRAM WILL
PROCEED TO DISPLAY THE MEMORY ADDRESS AND CONTENTS OF THE NEXT MEMORY
LOCATION.

_5“_



IF THE OPERATOCR DESIRES TC TERMINATE THE “MODIFY' PRUCESS, THEN THE
“CARRIAGE RETURN' 15 ENTERED AND THE PROGRAM WILL RETURN TC THE MONITUR
COMMAND MODE AND DISPLAY THE "> MONITOR "HEADY' CHARAUTER. '

IT I5 IMPORTANT TO NOTE THAT WHEN ELECTING TO MODIFY A MEMORY LOCA-
TION. THE “SPACE"™ CHARACTER WUST BE ENTERED AFTER ENTERING THE OCTaL
NUMBER THAT I5 T0O BE THE NEW VALUE IN THE MEMUORY LOUATIONY  THIS Wikl
CAUSE THE NEYW VALUE TO BE PLACED IN THE MEMORY LOCATION AND AUTOMATICAL~
LY CAUSE THE NEXT LOCATION IN MEMORY TC BE DISPLAYED. HITTING THE
TC/RY O IMMEDIATELY AFTER INTERING A& NEW VALUE FOR A MTMORY LOCATION wILL
CAUSE THE PROGRaM TO RETURN TO THE MOWNITOR AND WILL N 20 T RESULT 1w
THE VALUE BEING PLACED IN MEMORY! THIS FORMAT ALLOWS THE OPEFATUOR TO E-
LECT NOT T0O CHANGE A MEMORY LOCATION LEVEN AFTER HAVING TYPED IN A UVALUER.
IF, HOWEVER, THE RULE 15 NOT REMEMBERED, THE OPERATOR MEY INADVERTENTLY
FAIL TO INSERT THE DESIRED CHANGES.

CORRECTING ERRORS WHEN IN THE MONITOR COMHMAWD MODE

IF THE OPERATOR HMAKES A TYPING MISTAKE WHILE ENTERING A COMMAND
SEGQUENCE 70 THE MONITOR, THE CURRENT COMMARD CAN BE ERASED BY ENTERING
THE CHARACTER “CONTROL/D." THIS WILL CAUSE THE PROGRAM TO G0 BACK TO
THE INITIAL YREADY™ CONDITION (*>* DISPLAYED) TO AWALIT A NEW ENTRY. IF
GHRLY ONE OR TwD CHARACTERS ARE ENTERED IN ERROR, THE "RUBOUTY™ CHARACTER
MAY BE ENTERED TO DELETE ONE CHARACTER T3 THE LEFT FOR EACH EUBOUT EN-
TERED. '

SHOULD THE OPERATOR INADVERTENTLY ENTER AN INVALID COMMAND QR COM~
MAND SEQUENCE, THE PROGRAM WILL CAUSE THE LETTER “I" (ILLIGAL COMMAND)
TO BE PRINTED ’ ’

THE MEMORY “DUMP"™ COMMAND

THE MONITOR MEMUORY “DUMP™ COMMAND IS5 INITIATED BY TYPING I TRE "DV
COMMAND IN THE FOLLOWING FORMAT:

D HHH LLL.MMM HHEN (CTRLASLD

WHERE “HHH" AND "LLL" S5IGNIFIES THE STARTING ADDRESS (OUTAL) ARND “HHM"
AND “NNN'* INDICATE THE ENDING ADDRESS OF THE BLOCK OF MEMORY THAT ONE
DESIRES TO HAVE DISPLAYED. WHEN THE "CTRLAL'M™ {0Rs "C/R™ MaY BE USEDR: IS
ENTERED, THE PROGRAM WILL PROGCEED TO DISPLAY THE CONTENTS OF THE MIMORY
LOCATIONS SPECIFIED. THE QUTPUT FORMAT VWILL BE THE FOLLOWING:

MHH LLL XXX XXX KKX XXX KK XXX XXX XXX XX HKR KX 83 XRX REX XEX KEA
HHH+020 XXX XXX XXX XXE AEX XXK ZxX XXX XXX AL KXKR XXX XXX XXX XXX XWX
HHH+0A0 XXX XXX XXX XXX BEX XXX XXX XXX XXX XXX XXX XXX XXX XEy XXX KRH

FACH LINE PRINTED STARTS WITH THE ADDRESS OF THE FIRST LOUCATION DISPLA-
ED FOLLOWED BY THE CONTENTS OF THE NEXT 20 (OCTALY LOCATIONS IN MEMORY.
THE PROCESS CONTINUES UNTIL THE LAST LOCATION SPECIFIED IN THE COMMAND
HAS BEEN PRINTED.



THE T"WRITE"™ COMMAND

THE “WRITE"™ COMMAND 1S INITIATED BY THE OPERATOR ENTERING THE vuw»
COMMAND IN THE FOLLOWING FORMAT:

W HHH LLL., MMM NNN (CTRL/LD

WHERE "HHH" AND "LLL* INDICATE THE START ADDRESS AND YMMM"™ AND *RNN" IN-
DICATE THE EMDING ADDRESS OF THE BLOCK TO BE WRITTEN TO THE BULK STORAGE
DEVICE. NATURALLY. THE OPERATOR MUST MAKE WHATEVER PREPARATIONS ARE NE-
CESSARY FOR THE BULK STORAGE DEVICE TO RECEIVE THE DATA BEFURE THE COM-
MAND [5 IS35UED (BY ENTERING THE "CTRL/L™ (OR "C/R"33. AT THE CONCLUSION
OF THE DATA TRANSFER. IT IS ASSUMED THAT THE BULK STURAGE OUTPUT ROUTINE
WiLL RETURN TO THE MONITOR COMMAND MODE. )

THE “READ™ COMMAND

THE "READ™ COMHMAND 15 INITEATED BY THE OPERATOR ENTERING THE “R©”
COMMAND IN THE FOLLOWING FUOBMAT: )

R (CTRL/LY

THE IS5UANCE OF THIS COMMAND CALLS THE BULK STORAGE INPUT ROUTIRE TO BE-
GIN READING IN THE DATA FROM THE BULK STORAGE DEVICE. ADDRESSING INFOR-
MATION 1S5 ASSUMED TO BE EITHER SET UP BY THE BULK STORAGE INPUT ROUTINE
OR RECEIVED FROM THE DATA AS IT 15 READ IN. THE OPERATOR MUST SET UP
THE BULK STORAGE DEVICE PRIOR TO ENTERIRG THIS COMMAND OR AS IS REQUIRED
BY THE BuULX INPUT ROUTINE. ) ’ )

THE "BREAKPOINTY™ COMMAND

THE MONITOR “BREAHPUOINT” COMMANDS ARE INITIATED BY TYPING IN UNE
OF THE FOLLOWING COMMANDS: ) i

Bi HHH LLL (CTRL/LD
OR
BZ HHH LLL (CTRL/L

WHERE "HHH LLL"™ DESIGNATES THE MEMORY ADDRESS AT WHICH THE BREAKPOINT 1S
T BE INSERTED. ’

NOTIGCE

IN CASES WHERE A BREAKFOINT IS TO BE INSERTED IN A MULTI-BYTE
INSTRUCTION, SUCH AS “IMMEDIATE.*™ “JUMP®™ QR "CALL™ INSTRUC-
TIONS. THE ADDRESS INDICATED MUST BE THE ADDRESS OF THE FIRST
BYTE Ih THE INSTRUCTIONI

THE TW0O TYPES OF BREAKPOINT INSTRUCTIONS, “BI' AND "B2" REFER TO THE
OPTION OF HAVING THE STATUS OF THE “A.,™ “BY AND “C* CPU REGISTERS (Bl>
OR THE *"D,* *"E,* "H'" AND "L" CPU REGISTERS (B2) SAVED IN THE VIRTUAL CPU
REGISTER LOCATIONS, ALONG WITH THE FLAG STATU3s AT THE TIME THE BREAK-
POINT 15 ENCOUNTERED. THUS» THE OPERATOR MAY INSERT &4 BREAKPOINT IN A

- BE -



PRUGRAM BEING TESTED TU ASCERTAIN WHETHER PRUGRAM UPERATION 1S5 ALTUALLY
REACHING A CERTaIN PUINT, OR TO VALIDATE THL STATUS UF THE SELECTEL CPY
REGISTERS AT GLVEN POINTS WITHIN A PROGRAM UNDER DRVELOPMENT. VWHER THE
PROGRAM BEING TEST:D REACHLRS THE ADDRESS AT WHICH A BRLAKPUINT HAS BEEN
INSERTED., CONTROL WILL REVERT TO THE MONITOR A N D THE ORIGINAL 1=
STRUCTION IN THE PROGRAM WILL BE RESTORED AT THE BREAKPUINT ALDRESS!

CaUTION

WHEN UTILIZIRG THE BREAKPOINT FACILITY THERE ARk SEVERAL (CUn-~
SIDERATIONS THAT THE (UPLRATOR MUST KEEP IN MIND:

1. THE PROGHAM BEING TESTEL MAY NEVER REACH THE ZELECTED
BREAKPOINT ADDRESS IN WHICH CASLE THE OPERATOR HAY HAVE TU Man-
UALLY STOP THE PROGRAM AND RHESTART THE MUNITUR PRUGRAM. IF
THIS OCCURS, THE OPLRRATOR SHUULD USE ThHE "MODIFY"™ FuwlCTIlUn TO
REMOVE THE "BREAKPOINT INSTRUCTION FROM THE LOCATION ThHaT IT
WAS INSERTEDR (WHICH WILL AFFEAR A5 Al 075" CODE} ARD RESTURE
THE GRIGINAL EINSTRUCTION CODE TG THE PROGRAM UMLER TEST. THE
OPERATOR WOULD MOST LIKELY THRn CONTINUE TG “DEBUGY THE PRO-
GRAM BY SELECTING A BREAKPUINT AT SUME OTRER LUCATION.

2. ONLY UNE BREAKPOINT SHOULD BE ESTABLISHED AT ONE TIME.
ATTEMPTING TO ESTABLISH MORE THAN ONE BREAKPOINT WILL RESULT

IN THE FIRST BREAKPOINT ENCOUNTERED BEING RESTORED WITH THE IN-
STRUCTION CODE CONTAINED IN THE ORIGINAL PROGHAM AT THE LAST
PUOINT AT WHICH A BREAKPOINT WAS ESTABLISHED. THIS MIGHT NOT BE
APPROPRIATE. ' ’

3. A TYPE "I BREAKPOINT SHOULD NOT BE CHANGEDR TO A TYPE "2©
BREAKPOINT (OR VICE~VERSA) UNTIL THE BREAKPOINT HAS ACTUALLY
BEEN ENCOUNTERED. ATTEMPTING TO DU S0 WILL RESULT IB AN 075
CODE BEING INCORRECTLY RESTORED TO THE ORIGINAL EBREAKPOINT.

1T SHOULD BE APPARENT. THAT 1F UNE DESIRES TUO EXAMINE ALL THE CPU
REGISTERS AT A GIVEN PUIRT IN A PRUGRAM'S UPLRATION, UNE WILL WEED TO
OPERATE THE PROGRAM TVWICE - ONCE WITH A "Bl BREAKPOINT ESTabLlSnEl, Aul
QNCE WITH A VB2 BREAKPUINT E3TABLISHED AT THE 3AME &DDRESS.

SINCE THE "VIRTUALY CPU REGISTERS ARL UNLY UPDATED WHEN A BREAK-
POINT 15 REACHED (OR WHEN THE OPERATOR SPECIFICALLY SETS Tdbd UP) IT IS
POSSIBLE TO REVIEW THE STATUS OF THE TWl GROUPS UF CPU RLEGISTERS aT SkU-
ERAL DIFFERENT POINTS 1IN A PROGRAM. FOR INSTANCE, ONL CUULD SET UP &
YBIY TYPLE BREAKPOINT AT LOCATION ™A," HAVE THE BREAKPOINT ENCOUNTERED
AND THE ASSQCLATED “"A," vBY AND "C" CPU REGISTERS SAVLRD I TAE VIRTUAL
LOCATIONS, THEN INSERT A TYPE B2 BREAKPOINT AT LOCATION "B."™ HAVE IT
ENCOUNTERED, AND THEN REVIEW THE STATUS GF THE CPU RLOISTERS USING THE
XY TYPE COMMANDS. ONE COULD CONTINUE. 35aY, TU INSERT AnD ENCOUNTER
MORE TYPE B2 BREAKPOINTS WHILE STILL SAVING THE ORIGINAL "A." "B AND
"0 VALUES FOR REVIEW. (PARTICULARLY VALUABLE FOR THUSE THAT HAVE SHURT
MEMORIES WHEN WORKING ON DEBUGGING A CUMPLEX PROGRaAMID

THE *GU TO" COMMAND

THE G0 TO" COMMANDS ARE INITIATED BY TYPING IN OUNE GF THE FOL-
LOWING COMMANDS:

w BF w



Gl HHH LLL (CTRL/LD
R
G2 HHH LLL (CTRL/L)D

WHERE “HHH LLL' REPRESENTS THE MEMORY ADDRESS AT WHICH PROGRAM OPLRA-
TION 1S TO COMMENCE WITH THE "A.™ *B* AND (' REGISTERS FOR "Gl OR THE
“De® YE,®™ “H™ AND L™ REGISTERS FOR "G2' INITIALIZED TQ THE VALUES RE-
SIDING IN THE VIRTUAL CPU REGISTER STORAGE LOCATIONS. IN MANY CASESs
WHERE THE QPERATOR DOES NOT CARE WHAT THE STATUS OF THE CPU REGISTERS
ARE WHEN PROGRAM OPERATION BEGINS, THE SELECTION OF THE ™Gl® OR " Ga-
TYPE "GO TO™ COMMAND IS PURELY AREBITRARY. HOWEVER. WHEN DESIRED. THE
OPERATOR MAY SET UP EITHER GROUP OF CPU REGISTERS TO CONTAIN SPECIFIC
VALUES (USING THE "X COMMAND) PRIOR TO EXECUTING THE "GO TO" COMMAND.
THOSE VALUES WILL BE PLACED IN THE CPU REGISTERS WHEN THE &0 TO™ CCH-
MAND 135 EXECUTED AND THE PROGRAM WILL THEN JUMP TO COMMENCE PROGRAMMED
OPERATION AT THE ADDRESS SPECIFIED IN THE "GO TOY CumMMabD. (NOTE THAT
SINCE A BREAKPOINT 15 ENCOUNTERED A F T ER A "GO TO™ CUMMAND HAS BEEN
EXECUTED, SETTING UP THE DESIRED VALUES IN CPU REGIETERS FOR A "GO TOY
COMMAND WILL NOT EFFECT THE BREAKPOINT PROCESS OF “SAVINGY” THE CONTENTS
OF A GROUP OF CPU REGISTERS VHIN A BREAXPUINT IS ENCOUNTERED.)

THE "EXAMINLE REGISTER"™ COMMAND

THE "EXAMINE REGISTER" COMMANDS ARE INITIATLD DY TYPING IN ONE OF
THE FOLLOWING COMMANDS: '

XA (CTRL/LD
XB (CTRLAL)
XC (CTHLALS
XD (CTRL/LD
XE (CTRLALD
XH (COTHLALD
XL (CTRL/LS
XF (CTRLAL:

VHERE THE LETTER FOLLOWING THE X" INDICATES THE "VIRTUAL®" (PU HREGISTER
TC BE DISPLAYEDe THE TOTRL/LY MUST BE USED IN THIS COMMAND AS THE TERM-
INATING CHARACTER 70 HAINTAIN THE DISPLAY DEVICE AT THE POSITION FOLLUW-
ING THE "XR™ COMMAND. THE CONTENTS OF THE SPECIFILED REGISTER WILL BE
DISPLAYED IN THE FOLLOWING FOURMAT: '

XR XXX:

FOR ALl BUT THE "XF" LOMMAND. THE COPERATOR THEN HAS THE CHOICE OF MODL-
FYING, OR NOT MODIFYING., THE CONTENTS OF THE VIRTUAL REGISTER. IF IT IS
NOT DESIRED TO MODIFY THE CONTENTS AS DISPLAYED, THE OPERATOR SIMPLY DE-
PRESSES THE SPACE BAR AND THE PROGRAM RETURNS TO THE MORITOR COMMAND
MODE.

I1F IT 15 DESIRED TGO MODIFY THE CONTENTS OF A VIRTUAL REGISTER. THE
OPERATOR TYPES IN THE DESIRED OCTAL VALUE AND DEPRESSES THE S?QCE BARf

I1F THE OPERATOR SHOULD TYPE IN A NEW QCUTAL VALUE AND THEN DECIDE
THAT 1T 15 NOT DESIRABLE TO CHANGE THE ORIGINAL VALUE. THE OPERATOR MAY
STRIKE THE “C/R™ KEY TO RETURN TO THE COMMAND MODE, IN WHICH CASE THE
ORIGINAL VALUE WILL REMAIN UNCHANGED.

THE "XF" COMMAND CAUSES THE STATUS OF THE CPU FLAGS (A5 THEREY WERE
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YHICH THE LAST BREAKPOINT WAS ENCOUNTERED) TO BE DISPLAYED ACCORDING TO
THE FOLLOWING ARRAMGEMENT.

BT BSs B B4 B3 B2 Bl B

THE FOUR FLAGS CONNECTED WITH THE CPU HAVE BEEN ASSIGNED TU THE FOLLUW-
ING POSITIONS IN THE EIGHT BIT GROUP.

B7 = SIGN FLAG
B6 = PARITY FLAG
B3 = ZERD FLAG
BO = CARRY FLAG

THE FlLAG WAS SET IF THE CORRESPONDING BIT PUSITION HAS A VALUER OF 7l."
SINCE THE FLAG STATUS IS5 DISPLAYED AS AN OCTAL VALUE, THE OPERATOR MUST
INTERPRET THE OCTAL CODE DISPLAYED TU DETERMINE THE SETTING OF EACH CPU
FLAG. FOR INSTANCE, IF THE VALUE 300" WAS DISPLAYED IT WOULD MEAN THE
SIGN AND PARITY FLAGE WERE "SET™ AND THE: ZERU AND CARRY FLAGS WLRE 1IN
THE CLEARED CONDITION. THE VALUE 011" WOULD INDICATE THAT THE SIGN AND
PARITY FLAGS WERE IN THE ZERO STATE (FBLSE) WHILE THE ZERC AND CARRY
FLAGS WERE TRUE (IN THE ONE CONDITION). THE VALUE "201Y wOULD BE INTER-
PRETED TO INDICATE THAT THE SIGN AND CARRY FLAGS WERE SET WHILE THE PAR-
ITY AND ZERO FLAGS WERE NOT- ' ’

THE “FILL" COMMAND

THE “FILL" COMMAND IS INITIATED BY TYPING IN THE “F" COMMAND I THE
FOLLOWING FORMAT: "

FPHHH LLL.MMM NNN,DDD (CTRLZLI

WHERE “HHH LLL"™ 1& THE START ADDRESS AND MMM NNN™ IS5 THE END ADDRESS OF
THE SECTION OF MEMORY THAT IS TO BE FILLED WITH THE DATA BYTE "DDD.™
WHEN THE CTRL/L (0OR C/R) IS ENTERED, THE PROGRAM WILL PROCEED TO LUAD
THE MEMORY LOCATIONS SPECIFIED WITH THE & BIT DATA BYTE ENTERED I THE
COMMAND AT THE CONCLUSION, THE PROGRAM RETURNS TO THE MONITOR COMMAND
MG DES ) ! '

THE *"3EaARCH™ COMMAND

THE SEARCH COMMAND IS INITIATED BY TYPING IN THE "S$'" COMMAND IN THE
FOLLOWING FORMAT: ) "

5 HHH LLL.,MMM NNN.DDD (CTRL/ZL?

WHERE "HHH LLL"™ S5IGNIFIES THE S5TART ADDRESS AND "MMM NNN*" INDICATE THE
ENDING ADDRESS {OF THE BLOCK OF MEMORY TO BE SEARCHED FOR THE DATA PAT-
TERN “DDD." WHEN THE OPERATOR ENTERS THE CTRL/L (OR C/R)s, THE PROGRAM
BEGINS SEARCHING THE DESIGNATED HMEMORY LOCATIONS FUR THE DATA PATTERN
SPECIFLED IN THE COMMAND AND EACH TIME A MATCH IS5 FOUND, THE ASS0CIATED
MEMORY ADDRESS IS QUTPUT TC THE DISPLAY DEVICE, PRECEEDED BY A C/R.

L/F COMBINATION TO START EACH ADDRESS OUTPUT ON A NEV LINE. THE PROGRAM
RETURNS TO THE COMMAND MODE WHEN THE ENTIRE BLOCK HAS BEEN SEARCHED.
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THE “"TRANSFER' CUMMAND

THE '"TRANSFER" COMMAND IS INITIATED BY TYPING IN THE "T'" COMMAND IN
THE FOLLOWING FORMAT: ’

T HHH LLL,MMM NNN,YYY ZZZ (CTRL/L)

WHERE '"HHH LLL' SPECIFIES THE START ADDRESS AND "MMM NNN'" THE END AD-
DRESS OF THE BLOCK OF MEMORY THAT IS TO BE TRANSFERED TO THE SECTION OF
MEMORY WHICH STARTS AT LOCATION "YYY ZZZ.'™ WHEN THE CTRL/L (OR C/R)> IS
ENTERED, THE PROGRAM BEGINS THE TRANSFER BY FETCHING THE CONTENTS OF THE
MEMORY LOCATION "HHH LLL" AND STORES THAT VALUE IN THE LOCATION "YYY
ZZZ+" THE CONTENTS OF "HHH LLL+1"™ IS THEN TRANSFERRED TO "YYY ZZZ+1"
AND SO ON» UNTIL THE CONTENTS OF THE LAST LOCATION "MMM NWNN' HAS BEEN
TRANSFERRED. THE PROGRAM THEN RETURNS TO THE COMMAND MODE.

PUTTING THE MONITOR PROGRAM ON "PROMS"™

ONCE THE MONITOR PROGRAM PRESENTED IN THIS MANUAL HAS BEEN "CUS-
TOMIZED'" TO THE READER'S PARTICULAR SYSTEM, BY MODIFYING OR EXPANDING
THE PROGRAM TO MEET THE REQUIREMENTS OF ONE'S SYSTEM», IT CAN BE EASILY
ADAPTED FOR PERMANENT STORAGE ON “PROMS'" TO ALLOW THE COMPUTER TU BE
"ON-LINE" ONCE THE POWER IS TURNED ON BY SIMPLY JUMPING TO THE START AD-
DRESS OF THE MONITOR PROGRAM. THIS IS MADE POSSIBLE BY HAVING ALL TEM-
PORARY DATA STORED IN THE FIRST 256 LOCATIONS OF RAM MEMORY. IF ONE IS
TO PUT THE MONITOR PROGRAM ON "PROMS"™ THERE ARE SEVERAL FACTS THAT MUST
BE BROUGHT OUTe. FIRST, THE PROGRAM SHOULD BE LOCATED IN THE UPPER-MOST
SECTION OF MEMORY THAT THE SYSTEM IS CAPABLE OF ADDRESSING. NEXT, THE
COMMAND LOOK UP TABLE AND CANNED MESSAGES SHOULD BE MOVED TU BE INCLUDELD
IN THE PROM SECTION OF THE PROGRAM. THIS REQUIRES THAT THE POINTERS TO
THESE TWO AREAS., IN THE "COMMAND INPUT'" ROUTINE AND THE "HDLN" SUBROU-
TINE, BE CHANGED TO INDICATE THE NEW START ADDRESSES. ALSU, IN TRHE COM-
MAND INPUT ROUTINE, WHEN THE START ADDRESS OF THE CTOMMAND TO BE EXECU-
TED IS STORED AT LOCATIONS 156 AND 157, THE PROGRAM SHOULD ALSO STORE
THE "104" PORTION OF THE JUMP INSTRUCTION AT LOCATION 155, TO SET UP THE
JUMP INSTRUCTION PROPERLY WHEN THE FIRST COMMAND IS ENTERED. AND FINAL-
LY, BEFORE PUTTING THE PROGRAM ON "PROMS.,'" MAKE SURE THAT EACH FUNCTION
1S CHECKED OUT T H O RO U G H L Y, THEREBY, DECREASING THE LIKELYHOOD
THAT THE PROMS WILL HAVE TO BE RE-PROGRAMMED TO CORRECT SOMETHING THAT
WAS OVERLOOKED ON THE INITIAL PROGRAMMING.

HAVING THIS TYPE OF PROGRAM ON PROM HAS SEVERAL IMPORTANT ADVAN-
AGES. AS MENTIONED ABOVE., IT ALLOWS IMMEDIATE "ON-LINE" CAPABILITY.
IT ALSO PREVENTS A PROGRAM BEING DEBUGGED FROM "WIPING IT OUT." SHOULD
THE NEW PROGRAM HAVE A NEVER-ENDING LOOP IN IT WHICH TRIES TO STORE SOME
DATA IN EVERY MEMORY LOCATION THE COMPUTER CAN ACCESS. FINALLY, THEL
SUBROUTINES OF THE MONITOR PROGRAM WILL ALWAYS BE AVAILABLE FUR OTHER
PROGRAMS TO CALL AS THEY REQUIRE.

THE MONITOR PROGRAM 1S AN EXTREMELY USEFUL TOOL, AS ANYONE WILL AT-
TEST TO THAT HAS WORKED ON A COMPUTER WITH AND WITHOUT A MONITOR. IT IS
HOPED THAT THIS MONITOR PROGRAM WILL GET THE READER OFF ON THE RIGHT
FOOT TOWARDS TRANSFORMING ONE'S COMPUTER SYSTHEM FROM A BUX THAT MLRELY
BLINKS ITS LIGHTS TO A FULLY FUNCTIONAL OPERATING SYSTEM THAT WILL PER-
FORM MANY OF THE TASKS EXPECTED OF IT.



