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IMPORTANT NOTICE 

OTHER THAN USING THE PROGRAM DETAILED HEREIN ON THE PURCHASER'S 
INDIVIDUAL COMPUTER SYSTEM. NO PART-OF THIS PUBLICATION MAY BE Rt-
PRODUCED. TRANSMITTED. STORED IN A RETR! EVAL SYSTEM. OR OTHERWISE 
DUPLICATED IN ANY FORM OR BY ANy MEANS ELECTRONIC, MECHANICAL. 
PHOTOCOPYING, RECORDING .. OR OTHERWISE.. WITHOUT THE PRIOR EXPRESS 
WRITTEN CONSENT OF THE COPYRIGHT OWNER. 

THE INFORMATION IN THIS MANUAL HAS BEEN CAREl'1JLLY REVIEWED AND IS 
BELIEVED TO SE ENTIRELy RELIABLE. HOWEVER.. NO RESPONSIBILITY IS 
ASSUMED FOR INACCURACIES OR FOR --THE SUCCESS OR FAILURE OF VARIOUS 
APPLICATIONS· TO WHICH THE INFORMATION CONTAINED . HEREIN MI GMt BE 
APPLI ED. 



ERRATA FOR THE 

'S008' MONITOR ROUTlI'IES 

OOPSII IN GENERATING THE LISTING USED FuR THIS 11A,.U ... "" ... i< INSTRUGTIv'~ 
WAS LEFT OUT OF THl:. "INSPCL" SU!:lRUUTI •• l:., ON PAGl:.S 1 b ... ,,1.. 49, .. nIGh 51:.TS 
THE INPUT BUFFER POINTER TO PAGE 000. THIS ERROR MAY BE GURR1:.l:TUl "IT;I
OUT RE-ASSEMBLING THE LISTll<G IN THE. B;\.CI{ Of THE tiO"" BY SINPLY ,,,.vIi.G 
THE OPERATOR INPUT ROUTINE, DESCRIBE.!) ON PAGE 5, Sl:.T Tnl:. VALUl:. uf REGIS
TER H TO ZERO BEFORE RETURNING TO THE l:ALLING PRUGRAM. THIS IIIL;.. NUT 
AFFECT THE OPERATION OF THE OTHER ROUTINE (CDIN) WnlCn ...... SO I;"",LS Tnl:. 
OPERATOR INPUT ROUTINE. SINCE TILlY BOTH I!>IPCT CHARACTl:.RS TO T11I:. 1;~PUT 

BUFFER WHICH IS LOCATED ON PAGE 000. 

IF THE PROGRAM IS TO BE RE-ASSEMBLED. TO BE ORIGINED ON A DIFFl:.RENT PAGE 
OR. TO MAKE REVISIONS TO THE PROGRAM, THE "lNSPCL" SUBROUTINE SHOULD IN
a..UDE AN "1.HI 000" INSTRUCTION AS THE SECOND INSTRUCTION OF THE SUBROU-
TINE. THE REVISED LISTING SHOULD APPEAR AS FOLLOWS: 

INSPC1.. L1.1 340 
1.111 000 
L.PIN. CAl. RCV 

••• 
• • • 



INTRODUCTION 

THE MONITOR PROGRAM IS A PROGRAM VHICH ENABLES THE COMPUTER OPERA
TOR TO UTILIZE A COMPUTER SYSTEM WITH GREATER EFfICIENCY AND EFFECTIVE-
NESS, BY TAKING ADVANTAGE OF THE INHERElIIT POWER OF THE COMPUTER. BAS-
ICALLY, THE MONITOR PROGRAM ALLOWS THE OPERATOR TO CONTROL THE COMPUTER 
TiN DIRECTING IT TO EXECUTt PROGRAMS STORED IN MEMORY, OPERATE PERIPHER
AL DtVICE$ FOR STORING AND RETRIEVING PROGRAMS AND DATA. AND EXAMINE 
ANDIOR MODI FY 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 
REGISTtRS AND STATUS FLAGS" AT THAT POINT IN THE PROGRAM IS A I'UNCTION 
THAT IS AS POWERFUL A DEBUGGING TOOL AS A GOOD OSCILLOSCOPE IS FOR THE 
HARDWARE TROUBLESHOOTER. 

THERE ARE SEVERAL FACTORS WHICH DETERMINE THE ABILITY TO OPERATE A 
COMPUTER SYSTEM' EFFECTIVELY .'ONE OF THESE FACTORS IS TO BE ABLE TO 
CONTROL ITS OPERATION FROM A SI!lJGLE LOCATION. THE MOST COMMON METHOD IS 
TO CONTROL THE COMPUTER FROM Its 'FRONT pANEL', THIS IS NORMALLY A MYR
IAD OF SWITCHES AND LAMPS WHICH ENABLE THE OP£!:tATOR TO LOAD AND EXAMINE 
MEMORY LOCATIONS. EXECUTE PROGRAMS STORED IN MEMORY AND. IN SOME OF THE 
MORE SOPHISTICATED FRONT PANELS. PERFORM SEVERAL PROGRAM DEBUGGING I'UNC-
TIONS. USING THE FRONT PANEL TO OPERATE THE COMPUTER IS AN EXCELLElIIT 
yAy TO INTRODUCE THE BEGINNER TO THE BASICS OF THE COMPUTER'S OPERATION .. 
BECAUS E" 1 T GIVES HIM fIRST-HAND EXPERI ENC E IN THE CONC EPTS OF LOADING 
MEMORY wITH A PROGRAM, "STEPPING THROUGH TH PROGRAM AND SEEING HOW THE 
COMPUTER " PROGRESSES FROM ONE INSTRUCTION TO ANOTHER. THAT'S fINE.. FOR 
THE BEG INNER I BUT ONC E THE 'THRILL' 0 t WATCHING THICCOMPUTER STEP THRO
UGH ONE OR TWO PROGRAMS IS (lON (ESPECIALLY SINCE THEY HAD TO BE LOADED 
SEVERAL TIMES TO GET THEM IN CORRECTLY). EVElII"THE BEGINNER FINDS OPER
ATING THROUGH THE FRONT PANEL SLOW. C~BERSOME AND OFTEN ANNOYING. 

AN ALTERNATIVE METHOD IS TO HAVE THE COMPUTER AID IN THESE BASIC 
FUNCTIONS BY P~OGRAMMING IT TO UTILIZE A MORE CONVENIENT 'CONTROL' DE
VICE.. NAMELY A KEYBOARD AND DISPLAy DEVICE. THE KEYBOARD-ElIITRY IS BY 
FAR A FASTER AND MORE ACCURATE MEANS OF" ENTERING MEMORY ADDRESSES AND 
DATA THAN THAT 0 I" TOGGLING THEM IN THROUGH THE FRONT PANEL SWITCHES. 
AND DISPLAYING THE INFORMATION AS OCTAL DIGITS ON AN ALPHANUMERIC DrS
PLAY,. WHETHER IT BE"A TTY PRINTER OR VIDEfj DISPLAY, IS MUCH EASIER to 
READ THAN DECODING THE BINARY PRESENTATION OF MEMORY ADDRESS AND CON-
TENTS ON THE FRONT PANEL" INDICATORS. MAKING USE OF THESE DEVICES IMPRO-
VES THE SYSTEM FROM THE 'HUMAN ENGINEERING' STANDPOINT .. SINCE THEY GIVE 
THE OPERATOR A FURM OF COMMUNICATION WITH 'l'HE COMPUTER THAT IS MORE CON-
VENTIONAL THAN FLIPPING SWITCHES AND WATCHING LIGHTS. THIS BRINGS UP 
THE SECOND FACTOR IN OPERATING AN EFFEX::TIVE COMPUTER""SYSTEM. THAT FACTOR 
IS USING A COMPUTER PROGRAM TO PERFORM AS MANy OF THE TASKS""AS POSSIBLE 
WHICH THE COMPUTER IS CAPABLE OF PERFURMING FASTER AND MORE ACCURATEl.Y 
THAN THE OPERATOR COULD EVER DREAM OF PERFORMING. 

SINCE THE PROGRAM VILL BE OCCUPYING SPACE IN MEMORY, IT IS NECESS
MY TO EVALUATE THE TYPE OF I'UNCTIONS IT IS TO PERFORM AND CHOOSE THE 
ONES WHICH WILL BE OF GREATEST IMPORTANCE TO THE OPERATOR. FIRST. THE 
FUNCTIONS OF"THE FRONT PANEL SHOULD BE REPLACED. ONE OF THESE I'UNCTIONS 
IS THE EXAMINATION AND MODI F1 CATION 0 F MEMORY ClrNTENTS. FOR LOADI NG AND 
REVISING PROGRAMS AND DATA IN MEMORY. AN EXPANSION OF THIS WILL"ALSO BE 
PROGRAMMED, THAT 0 F DISPLAyING A LARGE aLOCK 0 F MEMORY AT ONE TIME. 
THIS IS QUITE VALUABLE FOR CHECKING THAT A PROGRAM HAS BEEN LOADED'"COR
RECTLY AND. IN DEBUGGING. TO EXAMINE LARGE DATA STORAGE AREAS, 
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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 '0111.1. 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 
mOM THE BULK STORAGE DEVICE DIRECTLY INTO MEMORY TAKING ADVANTAGE OF 
ITS SPEED AND ACCURACY. AS OPPOSED TO KEYBOARD ENTRY. THIS PORTION OF 
THE PROGRAM 10111.1. HAVE TO BE CUSTOMIZ:ED TO THE USER 'S - SPECI FIC STORAGE 
DEVICE. AS 10111.1. 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 
PROGRA~MER DESIRES - TO STOP EXECUTION AND CHECK THE PROGRESS 0 F 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 IS REACHED. THE COMPUTER RETURNS CONTROL TO THE MONITOR WHERE 
THE BREAKPOINT ROUTINE 10111.1. 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 0 F 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. mOM THIS BASE. THE 
MONITOR CAN BE EXPANDED TO INCLUDE OPERATIONS OF SPECI FIC APPLICATION TO 
ONES OWN SET UP. SEVERAL POSSIBILITIES ARE PRESENTED AS PART OF THIS 
MONITOR PROGRAM -" THESE FUNCTIONS INCLUDE FILLING A BLOCK 0 F MEMORY WITH 
A SP EC I FI C DATA- -VALUE. SEARCHING MEMORY FOR A DATA PATT ERN AND SHI FT I NG 
BLOCKS OF DATA FROM ONE SECTION OF MEMORY TO ANOTHER. 

THE PURPOSE OF THE MANUAL IS 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 'CONVENI ENCE' FUNCTIONS NEEDED TO CONTROL A 
COMPUTER SYSTEM ALONG WITH TH£ POwtR IT AFFORDS THE PROGRAMMER IN DEBUG
GING PROGRAMS MAKES IT A 'MUST' FOR THE SERIOUS COMPUTER OWNER. 
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THE BASIC FUNCTIONS AND CAPABlI .. ITIES OF A "MONITOR" PROGRAM 

GENERALLY. A MONITOR PROGRAM CONSISTS Of A VARIETY OF COMMANDS WHtCH 
ENABLE THE COMPUTER OPERATOR TO CONTROL THE OPERAT10N OF THE COMpUTER
AND ITS RELATED PERIPHERAL DEVICES. THIS 15 ACHIEVED BY ENTERING COM
MANDS ON A KEYBOARD-DEVICE WHICH DIRECT-THE COMPUTER TO DISPLAY ANOIOR 
MODIFY THE CONTEliITS Of MEMORY-LOCATIONS. pERtoRM DATA STORAGE AND RE
TRIEVAL ON AVAILABLE 'SULK' 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 GENERALLY"-SpEGI F1 ED IN THE COMMAND 
INPUT. THE NUMBER OF DIFfERENT COMMANDS ONE SETS UP IN A MONITOR"PRO-
GRAM VILL 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 tlESIRED TO CONTROL WITH THE MONITOR. 

THE SPECIFIC 110 <INPUT/OUTPUT) DEVICES USED TO OPERATE THE MONITOR 
PROGRAM VILL NAtuRALLY VARY tROM ONE SYStEM TO ANOTHER. FOR THIS REASON 
THE 1/0 PORTION Of THE MONITOR IS SET UP TO CALL 'USEl'f"pROVIDED' 1/0 
DRI vtl'i ROUT IN ES TO I' ERFORM THE ACT\JI\L 1 NPUTTI NG AND OUTPUTTtNG a F COM
MANDS AND DATA IN RESPONSE TO THE COMMANDS. "THE REQUIREMENTS OF THE 1/0 
DRIVERS WILL !IE" DESCRIBED IN THE NEXT SECTION. THIS ApPROACH ENABLES" 
THE READER TO "CUSTOMIzE" tHE MONITOR PROGRAM""TO THE SPECII'"IC DEVICES A
VAILABLE ON ONE'S COMPUT~ SYSTEM-WITHOUT CHANGING THE INStRUCTIONS OF 
THE MONITOR PROGRAM PRESENTED HEl'!EIN. 

THE MONITOR PROGRAM PRESENTED IN THIS MANUAL IS CAPABLE OF PERFORM
ING THE FUNCtIONS MENTIONED WHILE OPERATING IN AN 'S008' BASED MINICOM
PUTER SYSTEM WITH AT LEAST 1.51< SYTES OF"MEMORY. f. A !;HORTEl'I VERsIoN 
IS DESIRED. THt FUNCTIONS DEEMED LESS VALUABLE 'f0 tHE USER CAN BE Dt
L£TED." EACH FUNCTION"AND ITS ASSOCIATED ROUTINE(S) IS EXPLAINED IN DE
TAIL '1'0 ENABLE THE READER to UNDERstAND THE OPERATION 0 F THE" PROGRAM. 
MARY Of THE ROUTINES DESCRIBED MAY 13E APPLICABLE TO OTHER TYPES OF fUNC-
TIONS WHICH ONE MAY DESIRE-TO INCLUDE IN ONE'S MONITOR PROGRAM. OR. 
THEY MAY" BE UTILIZED HJ DEVll.OPING OTHER pRO'IiRAMS~ AS EACH RO'UTINE IS 
PRESENtED A DETAILED. "HIGHLY COMMENTED LISTING IS fll'!OVIDED. A COMPLETE 
ASSEMBLED LISTING OF THE MONITOR PROGRAM" IS THEN PRESENTED~' TO IIHICH THE 
READER MAY ADD-THE CUSTOM 1/0 DRIVER ROUTINES AND IMPLEMENT THE MONITOR 
PROGRAM ON AN 'SOOS' !lASED-SYSTEM. (READERS THAT DESIRE TO IMPLEMENT 
THIS 1'1'tOGl'tAM Oli! OTHER TYPES OF SYSTEMS SHOULD FIND THE INFORMATION CON
TAINED IN THIS MANUAL OF CONSIDERABLE VALUE. FOR EXAMPLE.. IMPL!':MENtiNG 
SUCH A PROGRAM ON AN 'SOSO' !lASED SYSTEM WOtlLD !!'EQUIRE THE MERE TRANS
LAtlON Of THE SOtmCE J:ISTlliIG TO THE EQUIVALENT '8080' lNSTRUCTlONS.) 

1/0 <I NPUT/OUTPUT) CONSIDERATIONS FOrt THE MONITOR PROGRAM 

BEFORE DISCUSSING THE ACT\JI\L ROUTINES WHICH MAKE UP THE MONITOR 
PROGRAM. IT IS NECESSARY TO"MENTION SEVERAL POINTS ABOUT THE CHARACTER 
SET uSED AND DESCRIBE THE REQUlR!':MENTS FOR THE- 1/0 PROGRAMMING. 

- -

THE CHARACTEl'! CODE USED !!IY THE MONITOR PROGRAM FOR ENTERING COM
MANDS AND OUTPUTTING CHARACTERS TO THE DISPLAY DEVICE IS ASSUMED TO BE 
"ASCII" ENCODED CHARACTERS. THE "ASCll"" CHARACTER" SET" CONSIST OF A 7-
BIT CODE WHICH IS CAPABLE O'F DEFINING UP TO 126 "CHARACtEl'!S;" THE MON
ITO!!. PROGRAM DESCRIBED HEREIN UTILI Z ES A SUl'IS ET 0 I'" tHI S CODl': CONS 1 STING 
OF 31 DIFFERENT CHARACTERS;;' 15 "uPPER CASE" LETTERS Of THE ALPHABET; 
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THE NUMERALS a - " AND SEVERAl.. SYMBOLS AND PUNCTUATION MARKS. OF'rENI 
WHEN COMMUNICATING WITH AN ASCII ENCODED 1/0 DEVICE.. ~AN S'TH SIT IS ADD
ED TO THE SEVEN-SIT ASCII CODt~- THIS 8'TH~BIT IS OFTEN R£rERRED TO AS 
THE "PAIUTY" BIT aECAUSt IT cAN BE USED-TO smvt AS AN ERROR DETECTING 
BIT_ ~Y I/O~DEVICts ARt DtsIGNED TO OPERATE WITH EIGHT BITS OF IliIFOR-
MATION, REGARDLESS OF WHETHER-OR NOT "PARITY" ERROR CHECKING METHODS 
A!\E~!!IE1NG UTILIZED. THE MONITOR PROGRAM DESCRIBED HEREIN ASSUMES THAT 
THE "pAI'!ITY"~pOSITION IS ALWAYS IN A LOGIC ONE- STATE. tHE "ASCII" CHAR
ACTER COtlESUSED-BY THt MONItOR AREPRtstliiTED BELOW nONG WITH THE CODES 
tOR OTHER "ASCII" CHARACTERS GENERAl..I..Y PROVIDED BY "ASCll" ENCODED DE
VICES. FOR I/O DEVICES WHICH 00 NOT UPERATE WITH THE "ASCIl"CHAMCTER 
5£1', 'I'HE Pl'tO:BLEM OF CODE CONVERSION 15 EASILY TAKEN CAI'IE OF-BY PROGRAM
MING THE 1/0 DI'tIVEl't TO MAKE THE IlECESSARY CONVERSION BETWEEN THE ASCI I 
CODE DEFINED IH1tE TO THE CODE UTiLIZED BY tHE DEVICE. -

CHARACTERS 
SYMBOLIZED 

A 
B 
C 
D 
E 
r 
G 
H 
1 
J 
K 
1.. 
M 
N 
o 
P 
Q 
R 
S 
T 
U 
V 
1,1 

X 
Y 
Z 
[ 

\ 
j 

t 

SPACE 
CTRL 0 
CTRI.. I 

LINE FEED 
CTRI.. L 
CAR-RET 

BINARY 
CODE 

II 000 001 
11 000 010 
II 000 011 
I I 000 100 
11000101 
II 000 110 
11 000 111 
11 001 000 
11 001 001 
11 001 010 
11 001 011 
11 001 100 
11 001 101 
11001110 
11 001 III 
II 010 000 
II 010 001 
11 010 010 
II 010 all 
II 010 100 
11010101 
11010110 
11010 III 
11011000 
11 011 001 
II all 010 
11011011 
11011100 
11011101 
11011 110 
11 all III 
11 100 000 
10 000 100 
10 001 001 
10 001 010 
10 001 100 
10 001 101 

OCTAL 
REP 

301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
313 
314 
315 
316 
317 
320 
321 
322 
323 
324 
325 
326 
327 
330 
331 
332 
333 
334 
335 
336 
337 
240 
204 
211 
212 
214 
215 

CHARACTERS 
SYMBOLIZED 

# 
S 
% 
&. 

"' + 

I 
o 
I 
2 
3 
4 
5 
6 
7 
a 
9 

; 

'" = ,. 
? 
I 

CTRL N 
CTRL 5 
CTRL T 
CTRL U 
RUB OUT 

74 CHARACTER ASCII SuBSET 
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BINARY 
CODE 

10 100 001 
10 100 010 
10 100 011 
10 100 100 
10 100 101 
10100110 
10 100 111 
10 101 000 
10 101 001 
10 101 010 
10 101 011 
10 101 100 
10 101 101 
10101110 
10101 III 
10110 000 
10 110 001 
10110010 
10 110 011 
10 110 100 
10110101 
10 110 110 
10 110 III 
10 111 000 
10 III 001 
10 111010 
10 III all 
10111100 
10 111101 
10 III 110 
10 111 111 
11 000 000 
10001110 
10 010 all 
10 010 100 
10 010 101 
11 II! III 

OCTAL 
REP 

241 
242 
243 
244 
245 
246 
247 
250 
251 
252 
253 
254 
25S 
256 
257 
260 
261 
262 
263 
264 
265 
266 
267 
270 
271 
272 
273 
274 
275 
276 
277 
300 
216 
223 
224 
225 
377 



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 US ER TO INCORPORATE WHATEVER 1/0 DRIVER 
ROUTINES MAY BE REQUIRED FOR THE SPECI FIC DEVICES AVAILABLE WITHOUT DIS
TURBING THE LOGIC OF THE OpERATING PROGRAM. THE USER MUST SIMPLY FOLLOW 
THE RULES TO BE PRESENTED NEXT WHEN FORMING THE 1/0 ROUTINES TO GUARAN~ 
TEE THAT THE 1/0 DRIVER WILL PROVIDE THE NECESSARY FUNCTION WHILE I1AIN-
TAWING THE INTEGRETY OF THE OPERATING PROGRAM. 1 F. FOR EXAMPLE, THE 
PRINTER DEVICE TO BE USED IN ONE'S SYSTEM REQUIRES BAUDOT CODE.. RATHER 
THAN ASCII, THE PRINTER OUTPUT ROUTINE MUST I~AKE THE CONVERSION FROM THE 
ASCII CODE SENT BY THE PROGRAM TO THE EQUIVALENT BAl'DOT CODE EXPE.CTED BY 
THE PRINTER. 

THERE ARE FOUR SEPARATE 1/0 DRIVER ROUTINl":S REQt:IRED BY THE MONITOR 
PROGRAM AS PRESENTED. THESE ROUTINES SHOULD BE PREPARED AS SUBROUTINES 
WHICH "'ILL BE CALLED BY THE OPERATING PROGRAM. TVO 0 F THE ROUTINES ARE 
USED TO COMMUNICATE BETWEEN COMPUTER AND OPERATOR FOR ENTERING COMMANDS 
AND DATA AND DISPLAYING THE COMMANDS AS ENTERED AND ALSO THE RESULTANT 
OUTPUT AS REQUESTED BY THE COMMAND. THE OTHER TWO ROUTINES WILL CONTROL 
THE STORAGE AND RETRIEVAL OF DATA ON THE SYSTEl1 '!:lUl,.K' STORAGE DEVICE, 
THE REQUIREMENTS FOR THESE 1/0 ROUTINES, AS FAR AS THIs MONITOR PROGRAM 
IS CONCERNED. ARE PRESENTED BELOW. 

OPERATOR INPUT 

THE OPERATOR INPUT ROUTINE "'HEN CALLED MUST INPUT A SINGLE CHARAC
TER FROM A DEVICE. SUCH AS A KEYBOARD, AND RETURN TO THE OPERATING PRO
GRAM WITH THE ASCII CODE FOR THE INPUTTED CHARACTER IN THE ACCUMULATOR 
REGISTER OF THE CPU. THIS ROUTINE.. CREATED BY THE USER, IS rllEE TO USE 
CPU REGISTERS "A" THRU "E" FOR ITS PROCESSING. IF Rt.GISTERS "H" Arm "L" 
tlUST BE USED (TO POINT TO A CONVERSION TABLE. FOR EXAMPLE) THEIR CON
TENTS MUST BE SAVED AND THEN RESTORED TO THEIR ORIGINAL VALUE PRIOR TO 
RETURNING TO THE CALLING PROGRAM. THE OpERATOR INPUT ROUTINE IS REFER
RED TO IN THE MONITOR PROGRAM BY THE LABEL "RCV." THERE ARE TWO POINTS 
IN THIS MONITOR PROGRAM WHERE "CAL RCV" IS USED TO SIGNIFY A CALL TO THE 
"OPERATOR INPUT" SUBROUTINE. ONE IS AT THE INSTRUCTION LABELED "lN2" IN 
THE "INPUT" ROUTINl:, (TO BE PRESENTED LATER). THE OTHER LOCATION IIHICH 
CALLS THIS ROUTINE IS THE LOCATION LABELED "LPIW' IN THE "INSPCL" SUB
ROUT IN E. 

AN ADDITIONAL FUNCTION WHICH THE USER SHOUl,.D PROVIDE IN THE "OPER
ATOR INPUT" SUBROUTINE IS THE CAPABILITY TO "ECHO" THE CHARACTER RECEI
VED FROM THE INPUT DEVICE TO THE DISPLAY DEVICE. THAT IS, WHEN A CHAR
ACTER IS ENTERED ON THE KEYBOARD IT IS GENERALLY DESIRED TO HAVE THAT 
CHARACTER DISPLAYED FOR THE OPERATOR TO VERI FY THE ENTRY. FOR EXAMPLE, 
IF THE OPERATOR INPUT IS COMING FROM AN ELECTRONIC KEYBOARD WHICH IS 
COMPLETELY SEPARATE FROM THE DISPLAY DEVICE, IT WOUl,.D BE REQUIRED TO 
HAVE THE "RCV" ROUTINE OUTPUT THE CHARACTER CODE TO THE DISPLAY DEVICE 
AS EACH CHARACTER Is RECEIVED. OR, ONE MIGHT HAVE A SYST£"'liN 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 HARDIIARE 
INTERFACE TO AUTOMATICALLY ECHO THE KEYBOARD INPUT TO THE DISpLAY DE-
VICE. IN THIS CASE, THE "RCV-' SUBROUTINE WOULD HAVE TO ENABLE THE IN-
TERFACE TO ECHO THE CHARACTERS WHEN ENTERED. 
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DI SPl..AY OUTPUT 

THE DISPL.AY OUTPUT ROUTINE IS DISTINCT mOM THE "ECHO" ROUTINE DES
CRIBED IN THE OPERATOR INPUT ROUTINE ABOVE (ALTHOUGH, IN MANY CASES, THE 
"ECHO" FUNCTION OF THE "RCV" SUBROUTINE MAY SIMPL.Y BE OBTAINED BY CALL-
ING THIS DISPL.AY OUTPUT ROUTINE AS IT IS DEFINED HEREI) THE DISPl..AY 
OUTPUT ROUTINE WHEN CALL.ED BY THE 110NltOR PROGRAM MUST OUTPUT THE ASCII 
ENCODED CHARACTER CONTAINED IN THE ACCUMULATOR AT THE TIME THE ROUTINE 
IS CALl.ED TO THE DISPLAY DEVICE. THE ROUTINE IS mEE TO USE CPU REGIS-
TERS "a" THRU "E" FOR PROCESSING. THE CALLING ROUTINE EXPECTS THE AC-
CUMULATOR AND REGISTERS "H" AND "I." TO CONTAIN THE ORGINAL INFORMATION 
IIliEN THE SUBROUTINE IS EXITED. THE DISPLAY OUTPUT SUBROUTINE IS REFER-
ENCED IN THE MONITOR PROGRAM BY A "CAL. PRINT" INSTRUCTION. THERE ARE 
FIVE ROUTINES WHICH USE THE "CAL PRINT" COMMAND. THE "ERRUR" ROUTINE 
USES THE "PRINT" SUBROUTINE TO OUTPUT ERRUR MESSAGES TO THE OPERATOR. 
THE DISPl..AY OUTPUT ROUTINE IS ALSO CALLED BY THE SUBROUTINES LABELED 
"Msa" (TO PRINT VARIOUS MESSAGES>. "OCTOUT" (FUR PRINTING 3 DIGIT UCTAL 
NUMtlERS>, "COLON" (TO PRINT A :) AND "SPAC" (TO PRINT A SPACE). 

BULK STORAGE INPUT 

THE BULK STORAGE INPUT ROUTINE WHEN CALLED MUST INPUT DATA FROM THE 
BULK STORAGE DEVICE. THE FORMAT FOR READING THE DATA AND DETERMINING 
'\IHERt: THE DATA IS TO BE STORED IS ENTIRELY LEFT UP TO THE USER PROVIDED 
EULK INPUT ROUTINE. THE ONL.Y FUNCTION OF THE MONITOR PROGRAM FOR THIS 
COMMAND IS TO ALLOY THE INITIATION OF A BULK INPUT VIA THE KEYBOARD AND 
TO RETURN TO THE MONITOR PRO(iRAM UPON COMPLETION OF THE INPUT SEQUEIIlCE. 
THEREFORE.. THE BULK STORAGE INPUT ROUTINE IS FREE TO USE Al.L THE CPU RE
GISTERS VHILE PERFORMING ITS DATA INPUT. THE BULK STORAGE INPUT ROUTINE 
IS REFERENCED BY THE INSTRUCTION "CAL READ" WHICH IS LOCATED IN THE BULK 
READ ROUTINE OF THE MONITOR PROGRAM. 

BULK STORAGE OUTPUT 

THE EULK STORAGE OUTPUT ROUTINE WHEN CALLED MUST OUTPUT THE DATA 
INDICATED TO THE BULK STORAGE DEVICE. THE DATA TO BE STORED IS DELINE
ATED BY REGISTERS .. 1.. .. AND "H" FOR THE 1..0'\1 AND PAGE ADDRESS. RESPECTIVE
LY. FOR THE START ADDRESS AND REGISTERS "E" AND "0" FOR THE LOW AND PAGE 
ADDRESS, RESPECTIVELY. FOR THE ENDING ADDRESS OF THE BLOCK OF DATA TO EE 
OUTPUT. AS VITH THE BULK INPUT ROUTINE.. THE ACTUAL FORMAT AND PROCEDURE 
FOR OUTPUTTING THE DATA IS ENTIRELY CONTROLLED BY THIS ROUTINE. THE MON
ITOR PROGRAM SIMPLY SETS UP THE REGISTERS DESI GNATING THE LIMITS OF THE 
BLOCK TO BE OUTPUT. THIS BULK STORAGE OUTPUT ROUTINE IS CALLED EY THE 
BULK .TRITE ROUTINE BY THE INSTRUCTION "CAL PUNCH," 

I/O 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 AVARI ETY OF ERROR CHECKING TECHNIQUES POSSIBLE.. DEPEN-
DING ON THE TYPE OF DEVICE EEING USED IN THE SYSTEM. FOR EXAMPLE. A 

. USER WITH A PAPER TAPE READER SYSTEM MAY ELECT TO P!'!OVIDE FOR PARITY 
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CHECKING TECHNIQUES. SUCH TECHNIQUES MAY BE INPI..EMENTED USING "EVEN" OR 
"ODD" PARITY CONVEl'l'rIONS DEPENDING ON THE TYPE OF DEVICE, OR EVEN THE 
USER'S PREFERENCE. ANOTHER TYPE OF 1/0 DEVICE, SUCH AS A COMMERCIAl. 
MAGNETIC TAPE. OR DISC UNIT. MAY HAVE AUTOMATIC "BI..OCK" ERROR CHECKING 
CAPASII..ITI ES. IN WHICH CASE THE USER WOULD !JANT TO HAVE THE APPROPRIATE 
1/0 ROUTINE TEST FOR ERROR CONDITIONS AND TAKE APPROPROATE ACTION. THE 
USER MAY ELECT. IF ERROR CHECKING CAPABILITIES ARE IMPLE.'lENTED. 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 I F THIS PARTICULAR PUBI..ICATION AND 
WILL BE LEFT TO THE USER TO IMPLEMENT AS DESIRED. 

t~EMORY UTILIZATION OF THE MOtHTOR PROGRAM 

THE MONITOR PROGRAM PRESENTED IN THIS MANUAL i1AKES OPTIMUM USE OF 
THE 11EMORY BY UTILIZING EFFECT! VE PROGRAMMING TECHNIQUES WHICH TAKE AD-
VANTAGE OF THE '130013' INSTRUCTION SET. THE ACTUAl.. AMOU1~T 0 F MEl10RY USED 
BY THE MONITOR WILL VARY DEPENDING ON THE NUl1BER OF'COt·lilAt,DS ONE INCLU
DES IN ONE'S VERSION AND ON THE At·jQUNT OF PROGRAMMING REQUIRED TO CON-
TROL THE PERIPHERAL DEVICES. THE MEl10RY USAGE FOR THE VERSION PRESENTED 
IN THI S MANUAL I S AS FOLLOWS. 

THE OPERATING PORTION OF THE PROGRAM RESIDES HI PAGES 14 THROUGH 
PART OF PAGE 17. THE USER PROVIDED 1/0 ROUTINES MAY BE PLACED Qt.1 THE 
REr1AINDER OF PAGE 17, OR, I F MORE ROOM IS REQUIRED. THE USER MAY PUT 
THE 110 ROUTINES WHEREVER THEY WILL BE 110ST CONVIENENT (FOR EXAi'IPLL 
THE BULK STORAGE 1/0 ROUTINES MAY ALREADY RESIDE IN MEr10RY ON A "PRuW·). 
PORTIONS 0 F PAG E 00 AR E US ED AS A "SCRATCH PAD" AR EA fOR THE STORAGE 0 F' 
POINTERS, COUNTERS AND TEMpORARY DATA Ely THE- ,~ONITOR PROGRAM. THERE IS 
Al.SO A SECTION ON PAGE 00 WHICH CONTAINS "CANNED" MESSAGES A,~D THE LAST 
40 OCTAl. LOCATIONS ARE USED AS THE INPUT BUFFER FOR STORING TiiE CO:1-
MANDS AND DATA ENTERED ON THE KEYBOARD INPUT DEIIICE. ONE 0 F ThE- RESTART 
LOCATIONS (LOCATION 070; IS USED BY THE BREAKPOINT ROUTINE TO ALLOW A 
SINGLE RESTART INSTRUCTION TO BE USED TO SET A BREAKPOINT IN A PROGRAM 
BEING DEBUGGED. THE LOOK-UP TABLE FOR THE COMMAND ROUTINE HAS BEEN SET 
UP ON PAGE 00 TO ALLOW ROOM FOR EXPANSION, AS I/ILL BE L'{PLAINED LATER. 

THE LOCATION OF THE OPERAT!Nli pORTION OF THE; MONITOR PROGRAM FOR A 
SPECIFIC USER'S SYSTEM SHOULD BE H~ THE UPPER PURTION OF THE AVAILABLE 
MEMORY. THIS -ARRANGEMENT HAS BEEN FOUND TO BE MOST ADVANTAGEOUS FOR A 
MONITOR PROGRAM. AS IT LEAVES THE LOWER PORTION OF THE t1EMORY OPEN TO !31:. 
USED FOR PROGRAM DE,VaOPMENT. THE MEMORY MAP FOR THIS l10NlTUR PRuliRAM 
AS ORIGINED IN THIS MANUAL IS PRESENTED ON THE FOLLOWING PAGE. THE; EX-
ACT LOCATIONS USED FOR THE TEMPORARY STORAGE ON PAGE 00 WILL BE DETAILED 
IN THE ASSEMBLED LISTING. 

MONITOR COMMANDS 

THE MONITOR PROGRAM IS ESSENTIALLY A COLLECTION OF FUNCTIONS WHICH 
ENABLE THE OPERATOR OR PROGRAMMER TO CONTROL THE ovm-ALL OPERATION OF 
THE COMPUTER. THESE ~CTIONS ARE INITIATED BY THE, OPERATOR ENTERING 
"COMMANDS" ON THE "OPERATOR INPUT DEVICE." EACH COMMAND DIRECTS THE 
MONITOR PROGRAl:1 TO THE APPROPRIATE ROUTINE TO PERFORM THE FUNCTION IN-
DICATED. THE FORMAT FOR ENTERINll EACH COMMAND MAY VARY FROM ONE TO AN-
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PAGE 
00 

PAGE 
14 

AVAILABLE SPACE 

RESTART "7" FOR 
BREAKPOINT 

AVAILABLE SPACE 

POINTU<, COUNTER 
AND TEMPORARY 

STORAGE AREA 

COMMAND 
LOOK UP' 

TABLE 

INPUT BUFFU< 

AVAILABLE SPACE 

• . 
PAGES 01 

THRU 
13 

COMMAND INPUT 
ROUTl!liE 

INPUT ROUTINE 

-\~ .-",... -

~-
l'IlNlTOI' UTILITY 

SUBROUTINES 

l'IlDHY 
. 

DUMP 

\lR1 TE 

READ 

BIUAKPOI NT 

GO TO 

EXAMINE REGISTERS 

FILL 

SEARCH 

TRANSFER 

USER PROVIDED 
1/0 DRI VER 

ROUTINES 

OTHER, DEPENDING ON WHETHER THE COMMAND REQUIRES MEl10RY ADDRESSES OR DA
TA TO BE SPECIFIED. THE FOLLOWING IS A SUMMARY Or THE VARIOUS CiJN,·jAiWS 
PRESENTED IN THIS MONITOR PROGRAM ALONG WITH A BRIEr DESCRIPTION Or THE 
OP ERATI ON EACH PERFORMS. 

HBR EAKPO 1 N T" 

"M EMORY DUMP" 

(B) - USED TO EXAMINE THE OPERATlON Or A PROGRAM 
IN MEMORY AT THE LOCATION SPECIFIED IN THE 
COMMAND. WHEN THE PROGRA:1 REACHES THE 
"i3REAKPOHn," CONTROL RETURNS TO THE MONI
TOR PROGRAM AND THE CONTENTS OF THE SPEC
IFIED CPU REGISTERS AND F1...AG STATUS ARE 
SAVED. TWO TYPES Or BREAKPOINTS ARE poss-
IBLE. A TYPE "I" BREAKPOINT SAVES THE 
VALU'ES OF CPU REGISTERS A, BAND C AND THE 
FLAG STATUS. A TYPE '"2'" BREAKPOINT SAVES 
THE VALUES Or CPU REGISTERS D, E. HAND L 
AND THE FLAG STATUS. 

(Dl - OUTPUTS THE CONTENTS UF THl:. rlEMi.JRY LJC>I
TIONS SPEC! 1'1 ED TO THE DISPLAY DEVICE. 
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"MEMORY FILL" (FJ ~ FILLS THE MEMORY LOCATIONS SPECIFIED IIITH 
THE DATA INDICATED IN THE C011MAND. 

(Gl - STARTS EXECUTION OF A PROGRAM BY JUMPING 
TO THE ADDRESS SPECI FI ED IN THE COMMAND. 
TWO TYPES OF GO TO COMMANDS ARE POSSIBLE. 
A TYPE "I" GO TO COl1HAND ',;/ILL SET THE COt4-
TENTS OF CPU REGISTERS A, BAND C WITH 
PRE-DETERMINED VALUES BEFORE JU~lPING TO 
THE PROGRAt1. A TYPE "2" GO TO C0I1HAND 
WILL SET UP REGISTERS D, Eo. HAND L. 

"MEMORY MODI IT" (Hl - DISPLAYS THE CONTENTS 0 F THE MEMORY LOCA-

"BULK READ" 

"TRANSFER" 

"BULK IoIR I TEn 

TION SPECIFIED. THE OPERATOR NAY THE.N 
CHANGE THE CONTENTS BY ENTERING THE DESIR
ED VALUE. AFTER WHICH THE NEXT LOCATION 
WILL BE DISPLAYED, OR CONTINUE ON TO DIS
PLAY THE NEXT LOCATION WITHOUT CHANGING 
THE PREVIOUS ONE, OR RETURN TO THE COMMA!~D 
MODE. 

(I'll - CALLS THE USER PROVIDED BULl' STORAGE INPUT 
ROUTINE TO READ DATA IN FROM THE BULK STO
AGE DEVICE. 

(5) - SEARCHES THE MEMORY LOCATIONS SPECI Fl ED 
FOR THE 6 BIT DATA PATTERN ENTERED IN THE 
COMMAND AND PRINTS THE MEMORY ADDRESSES DF 
EACH LOCATION THAT ~lATCHES. 

(T) - TRANSFERS THE CONTENTS OF THE SECTION OF 
MEMORY SPECIFIED TO THE SECTION OF HEMORY 
INDICATED BY THE THIRD ADDRESS SPECIFIED 
IN TH E COMMAND. 

(W) - CALLS THE USER PROVIDED BULK STORAliE OUT
PUT ROUTINE TO WRITE A SPECI FI ED BLOCK OF 
t1EMORY OUT TO THE BULK STORAGE DEVICE. 

"EXAMINE REG'S" 00 - DISPLAYS THE CONTENTS OF THE SPECIFIED 
"VIRTUAL" CPU REGISTER OR FLAG STATUS· 
THE "VIRTUAL" CPU REGISTERS AND FLAG STA
TUS IS THEIR ACTUAL CONTE.NTS AT TiiE THIE A 
"BR EAKpOINT" IS ENCOUNT E!', ED, OR, AT THE 
TIME A "Go TO" IS ISSUED. THE VALUE OF 
THE "VIRTUAL" CPU REGISTERS (BUT i~OT THE 
FLAG STATUS) !-lAY BE ALTERED BY ThIS CO~l
MAiiID. 

EACH OF THE COMMANDS ARE ENTERED BY THE OPERATOR EIHERItlG THE LET
TER ILLUSTRATED IN THE PARENTHESIS FOLLOWED BY WHATEVER DATA IS REQUIRED 
TO DEFINE THE ACTION TO BE TAKEN. NOST OF THE COI1~lANDS REQUIRE THE SPE
CI HCATION I I' EITHER COMMAND TYP'E... MEMORY ADDRESS (OR ADDRESSES), OR DA
TA, OR A COMBINATION OF THESE TO DEFINE THE EXACT OPERATION OF THE COM-
MAND. THE FORMAT FOR ENTERING EACH COMMAND IS 5UH!1ARIZED ON THE FOLLOW-
ING PAuE. 
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COMMAND COMMAND FORMAT 

BREAKPOINT (TYPE 1) BI HHH L.L.L. 
BREAKPOINT (TYPE 2) B2 HHH L.L.L. 
MEMORY DUMP D HHH L.L.L.,MMM NNN 
MEMORY FI L.L. F HHH L.L.L.,MMM NNN.DDD 
GO TO (TYPE 1 ) Gl HHH L.L.L. 
GO TO (TYPE 2) G2 HHH L.L.L. 
MEMORY MO Dl FY M HHH LLL 
BULK READ R 
SEARCH S HhH LLL.Mt11~ N,."" DDIJ 
TRANS FER T HHH 1..LL.MI1M 1\1£\1[\1", 'iYY ZZZ 
BUL.K WR I T E W HHH LL.1..,MMM NNN 
EXAMIN E REGl ST ER XP 

WHERE "HHH 1..1..L". "Ml~M NNN". AND "YYY ZZZ" INDICATE IHMURY ADDRESS '5 AF
FECTED BY THE COMMANDS. "ODD" IS THE DATA VAL.Ul:. USED iN THE. (;UMMAtilD AND 
"P" IS THE REGISTER DESIGNATION IN THE EXAMINE REGISTER COMMAND. "P" 
IS REPL.ACED BY THE L.ETTERS "A" THRU "E", "H" OR "I.." TO INDICATE"THE 
"VIRTUAl." CPU REGISTE."R TO BE EXAMINED OR THE LETTER ")-" TO INDICATE THE 
FLAG STATUS IS TO BE DISPLAYED. 

THE MEMORY ADDRESS AND DATA INFORMATION SHOWN ABOVE USES GROUPS Of 
THREE OCTAL. DIGITS TO SPECIFY THE COMMAND'S OPl:~ATIUN. EACH GROUP HAS 
A POSSIBLE RANGE OF VAL.UES mOM 000 TO 377. MEMORY ADDRESSES ARE SPEC
IFIED BY TWO GROUPS, THE FIRST GROUP BEING··THE HIGH. OR PAGE.. ADDRESS. 
WHILE THE SECOND GROUP DEFINES THE LOW PORTION OF THE ADDRESS. THE DATA 
VAL.UE IS SPECIFIED BY A SINGl.E THREE DIGIT GROUPING. THIS NO'tATION WAS 
CHOSEN BECAUSE IT IS A uENERAL.L.Y ACCEPTED FORMAT FUR REPRESENTING 8-BIT 
BINARY INFORMATION. WHICH SHOUL.D BE FAMIL.IAR TO MOST MICROCOMPUTCR US-
ER'S. IT SHOULD BE NOTED THAT WHEN ENTERING A COMMAND. LEADING ZEROS 
MA? Ill:: DEl..ETEDJ HOWEVER, EACH GROUP MUST BE REPRESENTED BY AT LEAST UNE 
DIGIT. THAT IS. IF THE MEMORY l.OCATION 000 000 IS TO BE MODIFIED. THe 
COMMAND MAY BE ENTERED USING ONE OF THE FOLLOWING FORMS. 

M 000 000 
OR 

MOO 

THE MUNITOR PROGRAM 

GEN ERAL UTILI TY SUBROUTI N ES 

THERE ARE A GROUP OF SUBROUTINES USED BY THE MAJOR ROUTINES OF THE 
MONITOR PROGRAM WHICH PERFORM MANY OF THE COMMON TASKS REQUIRED BY THESE 
ROUTINES. SUCH SMALL. SEQUENCES OF INSTRUCTIONS ARE REFERRED TO AS 
"UTlLITY" St'BROUTlNES Bl:£AUSE OF THEIR BROAD, Gl:NERAL USAGE ThROUGhOUT 
THIS PROGRAM. THESE SUBROUTINES ARE PRESENTED IN THIS SECTION TO POINT 
OUT IMPORTAN't FACTORS RELATING TO THEIR OPERATION SO THAT THE READER MAY 
HAVE A GOOD UNDERSTANDING OF THE SUBROUTlNES WHICH FORM THE BASE Of THE 
MONITOR PROGRAM. ALTHOUGH THES E SUBROUTINES WERE WRITTEN FOR THE MONI-
TOR PROGRAM. THE READER MAY FIND MANY OF THEM USEFUL. IN APPLYING THEM 
TO OTHER PROGRAMS ONE MAY DEVEl..OP. 
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THE FIRST GROUP OF "UTILITY" SUBROUTINES PERFORM THE TYPE Of' UPER
ATIONS FOUND 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 .. 1.. .. WITH THE CUNTENTS OF REGISTtRS "0" AND .. E." .. RESPEC-
TIVEL.Y. THESE SUBROUTINES ARE QUITE BASIC BUT ARE NEVER-THE-LESS 11'1-
PO,ITAN,!, FOR MAINTAININli EFFICIENT USE OF MEMORY, AN ADDITIONAL SUBROU
TINE IS INCLUDED HERE LABEL.Eo "SETUP" WHICH SETS THE MEMORY POINTER RE
GISTERS "H" AND "L" TO THE CONTENTS OF MEMORY LOCATiONS 167 AND 166 ON 
PAGE 00 .. RESPECTIVEL.Y. THIS SUBROUTINE IS USED TU SET THE MEMORY POINT-
ER TO THE MEMORY LOCATION CURRENTLY BEING OPERATED ON BY THE COMMAND. 

MNEMONIC 

INMEM.. INL 
RFl 
INH 
RET 
I 
INCR, ADI 001 
W1A 
RFC 
INL 
LAM 
ADI 001 
LMA 
RET 
I 
SYITCH, LCH 
LHD 
LDC 
LCL 
LLE 
LEC 
'RET 
I 

SETUP, LHI 000 
LLI 166 
LCM 
INL 
LHM 
LLC 
RET 

COMMENTS 

I !NCR LO ADDIl 
II F NON ZERO .. RET 
IELSE. INCR PG ADDR 
IRET TO CALLING PGM 

IINCR CONTENTS OF MEM LOC 
IRESTORE MEM CONTENTS 
I I F NO CARRY, RET 
IEL.SE, FETCH NXT LOC 

IINCR MEr1 CONTENTS 
IRESTORE MEM CONTENTS 
IRET TO CALLING PGM 

ISYITCH THE PNTR IN 
IREG'S H AND L WITH 
ITH E PNTl1 IN REG' S D AN 0 E 

IRET TO CALI..!NG PGM 

/SET PNTR TO 00 166 
/ FETCH LO AODR 

I FETCH PG ADDR 
/S ET PNTR TO 11 EM LOC 
IRET TO CALLING PGM 

THE NEXT GROUP OF SUBROUTINES PRESENTED BELOY ARE USEO TU UUTPUT 
VARIOUS MESSAGES TO THE DISPLAY OUTPUT DEVICE. THREE OF THESE MESSAGE 
PRINTOUT ROUTINES OUTPUT A FIXED MESSAGE TO THE PRINTER. THE ROUTINE 
LABELED "SPAC" OUTPUTS A SPACE CHARACTER (ASCll CODE '240 ') AND THE ROU
TINE "COLOW" OUTPUTS A COLON (ASCll CODE '272') BY LOADING THE RESPEC
TIVE CODES IN THE ACCUMULATOR AND CALLING-THE-DISPLAY OUTPUT ROUTINE. 
"HDLW" SETS UP A POINTER TO THE "CANNED" MESSAGE "CARRIAGE-RETURN/LINE
FEED" AND THEN FALLS THROUGH TO THE SUBROUTINE "MSG" TO PRINT THE "eR-
LF" COMBINATION. THE "MSG" SUBROUTINE OUTPUTS A STRING OF CHARACTERS 
STORED IN MEMORY TO THE DISPLAY DEVICE UNTIL A "ZERO" BYTE IS ENCOUNTER-
ED. THE PROGRAM CAL.LING "MSG" SIMPLy SETS REGISTERS "H" AND "L" TO THE 
START ADDRESS OF THE MESSAGE TO BE PRINTED AND CALLS "I1SG," THIS SUB-
ROUTINE MAY BE OF USE TO THE READER IN DEVEL.OPING PROGRAMS WHIf'H REQUIRE 
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'rHE PRIN'rOUT Of "CANNED MESSAGES." THE SUBROUTINE LABELED "PRTI66" OUT-
PUTS THE MEMORY ADDRESS CONTAINED IN LUCATIONS 166 AND 167 ON PAGE 00. 
LOCATION 167, WHICH CON'rAINS THE HIGH PORTION Of THE ADDRESS. IS PRINTED 
FIRST· FOLLOWED BY A SPACE AND THEN THE LOW PORTION. CONTAINED IN LOCA-
TION 166. THIS IS USED BY SEVERAL ROUTINES. SUCH AS THE "MODI FY." 
"OUMp" AND "SEARCH" ROUTINES, TO PRINT THE AFfECTI VE MEMORY ADDRESSES. 
THIS ROUTINE CALLS THE SUBROUTINE "OCTOUT" TO PRINT EACH THREE DIGIT .. 
OCTAL NUMBER. "oeTOUT" SEPARATES EACH DIGIT FROM THE 6-BlT !lYTE;; FORMS 
THE ASCII COPE roR THE DIGIT AND CALLS THE DISPLAY OUTPUT ROUTINE TO 
PRINT IT. THE FINAL SUBROUTINE. LABELED "MEMpRT," PRINTS THE CONTENTS 
OF THE MEMORY LOCATION INDICATED BY THE POINTER AT LOCATION 166 AND 167 
ON PAGE 00. THIS ROUTINE USES THE SUBROUTINE "SETUP" TO SET THE MEMORY 
POINTER AND THEN CALLS "OCTOUT" TO PRINT THE MEMORY CONTENTS. 

MN EMON I C 

SPAC. LAI 240 
JMP PRINT 
I 
COLON. LAI 272 
.JMP PRINT 
I 

HDLN. LLI 134 
LHI 000 
I 
MSG, LAM 
NOll. 
RTZ 
CAL PRINT 
CAL INMEM 
JMP MSG 
I 
PRT 166. LLl 167 
LHI 000 
LAM 
NDI 077 
CAL OCTOUT 
CAL SPAC 
1..1..1 166 
LAM 
CAL OCTOUT 
I 
I 
OCTOUT. LLA 
RLC 
RLC 
NO! 003 
ORl 260 
CAL PRINT 
LAl. 
RRC 
RRC 
RRC 
NDl 007 
ORI 260 
CAL PRINT 
LAL 
NDl 007 
ORI 260 
JMP I"RINT 

COMMENTS 

15ET ASCII CODE FOR SPACE 
IPRINT SPACE AND RET 

IS ET ASC I I CODE FOR I 

IPRINT COLON AND RET 

ISET PNTR TO C/R, L/F MSG 
If ALL THRU TO PRINT MSO 

If ETCH CHAR TO PRINT 
lEND OF MSG CHAR? 
IYES, RET TO CALLING PGM 
IND. PRINT CHAR 
IINCR MSG PNTR 
ICONTINUE PRINT OUT 

15ET P~TR TO PG ADDR 
10 F 1..0 ADD<l S TOR ED 
I FETCH PG ADDR 

IP~INT PAGE ADDR 
IPR INT A SPAC E 
IS ET PNTR TO 1..0 ADDR 
I FETCH 1..0 ADDR 
IPRINT 1..0 ADDR 
IFALL THRU TO PRINT SPACE 

ISAVE OCTAL NU!1i>l:-1l TO PRINT 
IPOSITION HUNDRED'S DIGIT 

IMASK OFF OTHER BITS 
lroRM ASCII CODE 
IPRINT DIGIT 
IFETCH OCTAL NUl'IBER 
IpOSITION TEN'S DIGIT 

IMASK OFf OTHER DIGITS 
I FORM ASC 11 CODE 
IpRINT DIGIT 
IFETCH OCTAL NUMBER 
IMASK OFF OTHER DIGlTS 
I FORM ASC I I CODE 
IPRINT DIGIT AND RET 
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MNEMONIC 

I 
MEMPRT. CAL 5 ETUP 
LAM 
JMP OCTOUT 
I 

CUMMENTS 

15 ET PNTR TO M EM LOC 
If ETCH CURRENT HEM CONTENTS 
IPR INT CONT ENTs AN D RET 

THE READER SHOULD NUW UNDERSTAND THAT THE MONITOR PROGRAM IS CON
TROLLED BY THE OPERATOR ENTERING COMt1ANDS ON THE OPERATOR INPUT DEVICE. 
ONCE THE COMMAND IS ENTERED AND RECOGNIZED. THE COMPUTER JUMPS TO THE" 
MAJOR ROUTINE TO PERFORM THE DESIGNATED FUNCTION. WHEN THE MAJOR RUU
TINE IS ENTERED. IT MAY BE NECESSARY TO RETRI EVE"-MORE INrURMATION FROM 
THE INPUT BUFFER IN ORDER TO PROCESS THE CUMMAND. THE ADDITIONAL DATA 
IS ALMOST ALWAYS IN THE FORM OF OCTAL DIGITS WHICH SPECI FY MEMO(!Y AD
DRESSES OR DATA. THIS INFORMATION IS STORED IN THE INPUT BUFFER AS A 
STRING OF ASCII-'CHARACTERS AND MUST DE TRANSLATED INTO ITS EQUIVALENT 
BINARY VALUE<S) BEFORE TH E NAJOR RO UTI NE CAN US E 1 T. 51 NC E THIS FUNC
T10N IS A COMMON PROCESS THE FOLLUWING ASCII TO UCTAL AND OCTAL TO BI-
NARY CONVERSIUN SUBROUTINES ARE USED TO pERFURM THE TRANSLATION. THE: 
SUBROUTINE "OCTNM" READS IN A MEMURY ADDRESS. CONVERTS IT TO THE BINARY 
VALUE AND STOR ES 1 TIN LOCATI ONS 166 AND 161 ON PAGE 00. 1 F A SECOND 
ADDRESS FOLLOWS THE FIRST IN THE INPUT BUFFER. THE SECOND ADDRESS WILL 
BE CONVERTED TO BINARY AN D STORED IN LO CATIONS 110 AND 111 UN PAGE 00. 
IF THERE IS NO SECOND ADDRESS. THE FIRST ADDRESS WILL BE STORED AGAIN"lN 
l.OCATIONS 110 AND 111. THE TWO ADDRESSES THUS STORED ARE THEN CHECKED 
AGAINST EACH UTHER TO"DETERMINE THAT THE flRST IS LESS THAN UR EQUAL TO 
TH SECOND. I r NOT. AN ERROR MESSAGE IS PRINTED AND CONTROL RElURNS TO 
THE COMMAND MODE. ALSO. AS THE CONVERSION IS BEING PERFORMED. THE INPUT 
IS CHECKED FOR PuSSIBLE ERRORS. SUCH AS INVALID OCTAL NUMBERS (1.E. 8,9) 
OR INVALID ENTRIES (I.E. ONLY ONE THREE DIGIT GROUP DEFINING AN AD;'; 
DRESS). IF SUCH ERROl'lS'-ARE FOUND, AN ERROR MESSAGE IS PRINTED AND CON-
TROL R'ETURNS TO THE COMMAND MODE. THE ACTUAL ASCII to OCTAL <"DCDNM", 
AND OCTAL TO BINARY <"OCT") ROUTINES ARE IN THE FURl'! OF SUBROUTINES TO 
ALLOIJ THEM TO BE CALLED SEPARATELY WHEN REQUIRED. 

MNEMONIC 

OCTNM, LEl. 
CAL OCTPR 
LLI 1 66 
LMB 
INL 
LMC 
LLE 
LAM 
Cp1 254 
.JFZ SGL 
INL 
LEI.. 
CAL OCTP? 
SGL, LLI 170 
LMB 
INL 
LMC 
LAC 

COMMENTS 

ISAVE INp EFR pNTR 
ICON VERT I ST OCTAL PAIR 
15ET PNTR TO LO ADDR STRAGE 
ISAVE LO HALf OF LO ADDR 

ISAVE pG HALF OF LO ADDR 
IR ES TOR E INP 13 FR PNTR 
I FETCH NXT CHAR 
ICHAR " COMMA? 
IND. ONLY ONE ENTRY 
IYES. INCH INP EFR PNTR 
ISAVE INP BrR PNTR 
ICONVERT 2ND OCTAL PAIR 
ISET PNTR TO HI ADDR STRAGE 
ISAVE LO HALf OF HI ADDR 

ISAVE PG HALF OF HI ADDR 
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MNEMONIC 

LLI 167 
CPM 
JTC ERR 
R FZ 
INL 
!..AM 
LLI 166 
CPM 
JTC ERR 
RET 
I 
OCTPR. CAL DCDNM 
LCa 
INE 
I 
I 
DCONM, LL.I 150 
LMH 
INL 
LMH 
INL 
LMH 
LLE 
LOOP, CAL mUM 
JTS CKLNH 
LAM 
LOL 
NDI 007 
LLI 150 
LBM 
LMA 
INL 
!..AM 
LMB 
INL 
LMA 
LLO 
INL 
JMP LOOP 
I 
CKLNH, LAL 
CPE 
JTZ ERR 
LEI. 
CAL OCT 
JFS ERR 
RET 
I 
mUM, LAM 
CpI 260 
RTS 
SUI 270 
ADI 200 
RET 
I 

COMM /:NTS 

lIS HI ADOR < LO ADDR? 

IYES, PRINT ERROR 
IIF PG HALF NOT '" l"ET 
lll.sEJ CHECK LO HALF 

lIS HI ADDR < LO ADDR? 

lyES, PRHIT E.RROR MSG 
INO, RET TO CALLING PGM 

IDECODE I ST OCTAL NUMBER 
ISAVE OCTAL. NUMBER 
IINCR INP BFR PNTR 

FALL TilRU TO OLCOOE. 2ND NriBR 

ISET PNTR TO DIGIT STRAGE TBL 
ICLEAR TaL BY STORING 000· 

IRESET INP EFR PNTR 
ICHECK !'OR VALID llltJMBER 
IIF NOT, CHECK CHAR CNT ~ 0 
IFETCH CHAR 
ISAVE INp EFR PNTR 
IMASK OFF 260 
ISTORE OCTAL NUMBER HI 
ITABLE AT LOC 150 PG 00 
lAND SlIl FT OTHER NUl1BERS 
IIlP THRU THE TABLE 

IR ES TOR I' MID I NCR I NI' B m pNTR 

I FETCH NXT NUMB ER 

lIS CHAR CNT " 07 
IYES, PRINT E.RROR MSG 
INO, SAVE. INP am PNTR 
IFETCH FINAL OCTAL NUMBER 
IIF INVALID, PRINT ERR ''1S'' 
IEL5E,; RET TO CALLING PGM 

115 CHAR A VALID .. UMBER? 

INO, RET VITli 5 FLAG SET 
ICHECK UPPER LIMIT BY 
ISETTING S FLAG TO PP.OpER 
ISTATE AND RETURN 
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MNEMUNIC 
-------_ ... _----

OCT, 1..1..1 152 
!..AM 
CPl 004 
RFS 
ND1 003 
RRC 
RRC 
LBA 
DCL 
!..AM 
RLC 
RLC 
RLC 
ADB 
DCL 
ADM 
LBA 
!..AI 200 
tJDA 
RET 

COMMENTS 

ISET PioJTn TO 3RD DIGIT 

lIS 3RD DIGIT> 31 
IYES, 1'1 ET WI TH S FLAG R E5 ET 
ICL EAli CARRY 
IPOSITION DIGIT 

ISAVE Ii< REG B 
IDEeR Pr.TR 
IFETCH NEXT DIGIT 
IPOSITION DIGIT 

IADD TO REG E 
IDECR Pl~TR 

ISAVE FINAL NUNBER 
ISET S FLAG TO INDICATE 
ITHAT THE NUt1BER IS VALID 
IRET TO CALLING PGM 

THE NFXT SUBROUTINE TO BE PRESENTED IS LABELED "CKEND." THIS SUB-
ROUTINE IS UTILIZED BY A NUMBER OF MAJOR ROUTINES WHICH OPERATE ON A 
GROUP OF MEMORY LOCATIONS, SUCH AS THE "DUMP," "FILL" AND "SEARCH" ROU-
TINES. THE BASIC FUNCTION I.JF THIS ROUTINE IS TO COMPARE THE VALUES Or' 
THE pOINTERS STORED IN THE DATA AREA ON PAGE 00 AT LOCATIONS 166 THRU 
171 WHICH WERE INITIALLY SET UP BY INPDTTING THE COMMAND. AS EACH LOCA-
TION IS OPERATED ON, THE TWO POINTERS ARE CHECKED TO DETERMINE I F THEY 
ARE EQUAL, INDICATING THE OPERATION IS C011PLETE. I F THEY ARE NOT EQUAL, 
THE pOINTEn AT LOCATION 166 AND 167 IS INCREMENTED AND THE PROCESSING IS 
CONTINUED. WHEN THEY BECOME EQUAL, THE PROGRAM RETURNS TO THE COMl'1ANU 
Mu i) t.,. 

Mi\lU'lONIC 

CKJ;;ND, LXI 000 
Ll..l 1 71 
LAM 
LI...1 167 
CPM 
v FZ GONT 
11'11.. 
LAM 
LLI 166 
CPM 
...ITZ INCMD 
1.1..1 166 
!.AM 
JMP INCR 

CvMNi:.NTS 

IS I::T Pl\iTR TO HI ADDR 
I FETCH 21,0 HALf 
ISET PNTR TO 2ND HALF L0 ADDR 
12ND HALfS EQUAL? 
11'10, CONTINUE PROCESS 

IFETCH 1ST HALF HI ADDR 
ISET pNTR TO 1ST HALF LO ADDR 
II ST HAL FS ill UAL 1 
IYES, RET TO CMND MODE 
INC, SET PNTR TO 1..0 ADDR 

IINCR La ADDR AND RET 
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THERE ARE SEVERAL ROUTINES IN THE MONITOR PROGRAM 10IHICH RE,"UIRl:. THE 
INPUT OF ADDITIONAL INFORMATION BY THl:. OPERATOR AFTER THE COl1NANlJ HAS 
BEEN ENTERED. FOR EXAMPLE.. THE MEMORY "MODI FY" ROUTINE 01 SPLAYS THl:. 
CONTENTS OF A ME110RY LOCATION AND THEN VAITS FOR THE OPERATuR TU INPUT 
EITHER A MODIFICATION TO THE MEMORY COtliTENTS OR A COMMAND TO DISPLAY THE 
NEXT LOCATION OR RETURN TO THE COMMAND MODE. THE ,"ORMAT FOR THIS EN-
TRY, AS \TILL BE DETAILED LATER, IS TERMINATED BY EITHER A SPACE OR A 
CARRIAGE RETURN. SINCE THE SPACE IS NOT DEfINED AS A TERMltIIATING Ci"lAP.-
ACTER IN THE INPUT ROUTINE.. \THICH WILL BE PRLSENTl:D SHORTLY, THl:. FOLLO"
!NG INPCT ROUTINE IS USED TO ENTER THE MODIFICATIONS FOR THE "t10DIFY" 
AND ALSO THE "EXAMINE REGIST1R" COMMAND. THIS SUBROUTINl:. IS LABELED 
"INSPCL." THIS ROUTINE CALLS THE OPERATOR INPUT ROUTllilE TO Fli..TCH Thl:. 
CHARACTERS ENTERED AT THE KEYBOARD. WHEN A SPACE IS ENTERED, THE SUBROU
TINE RETURNS TO THE CALLING PROGRAM VITH THE MODIFICATION STURED Ii. ThE 
INPUT BUF"nR ON PAGE 00. IF 1<0 ~lODI HCATION HAS BEEN ENTERI:.D. THl:. 
MEMORY POINTEB (REG'S H & L) WILL INDICATE THE START ADDRESS OF ThE" If.-
PUT BUFFER. OTHERWISE.. IT WILL INDICATE THE LOCATION IN THE II,P!:T BUFF-
ER IoIHICH CONTAINS THE TERMINATING "SPACE" CHARACTER. ViH .. , A GAF:RIAGE 
RETURN IS RECEIVED. THE "INSPCL" SUBROUTINE RETURNS TO THE COMMAND MODE. 

~lNEMONI C 

INSPCL, LLI 340 
LPIN, CAL RCV 
LMA 
CpI 240 
RTZ 
Cp I 2 I 5 
..lTZ INCMD 
INL 
..lTZ ERR 
Jt1P LPIN 

COMMENTS 

ISET PNTR TO S.A. OF" INP EFrt 
IINP CHAR 
ISTORE CHAR IN INP BFrt 
ICHAR ,. SPACE? 
IYES. RET TO CALLING PGM 
INO. CHAR R C/R1 
IYES, RET TO COMMAND MODE 
IND. INCR IN? BFrt ?NTR 
I INP ErR FULL? YES. ERROR 
INO. INP NXT CHAR 

THE SUBROUTINE LABELED "ADRDTA" IS USED BY SEVERAL Of THE ROUTIi.ES 
1.iIilCH REQUIRE THE SPJ:CIFICATION OF A PAIR OF NEMORY AJ;DRESSES fOLLOllE!) 
f3'( A DATA BYTE.. SUCH AS THE "FILL" AND "SEARCH" RO!:TINES. THI S SUBROU-
TINE CALLS "OCTNM" TO FETCH TH", flDDRJ:SSES FROM THE WPUT" BUFFER AND 
STORES THEM IN BINARY FORM IN THE DATA STORAGE AREA ON PAGE 00 AIW Thl:..\~ 

CALLS "DCDNM" TO FETCH THE DATA BYTE. WHICH IS RETURNED IN REGISTER B. 

MNU10NIC 

ADRDTA, LLI 342 
CAL OCTNI1 
INE 
JMP DCDNM 

COMM El-ITS 

ISET pNTR TO ADDR INp 
IINp START AND END ADDR 
IINCR TO DATA POSITION 
IFETCH DATA l'M INp BFR 
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MA~UR RUUTIN~S rOR TH~ MUNITOR PROURAM 

"COMMAl~D" INPUT ROUTINE 

THIS SECTWN l.lJ::SC)UBES THI:. MA.JUR UPERATING RUUTINJ::S USJ::U IN THE MUN-
ITOR PROllRAM PRJ::SENTJ::D H~REIN. THE nRST SUCH ROUTINE IN THIS CATl::GURY 
IS Ul::SIGNATED THE "COMMANil INl'lUT ROUTINJ::." THJ:: COMMAND INPUT HOUTINE 
IS SET" UP WITH A VERY Grn~1!AL. FORMAT Io/HICH MAY BE APPl.IED TO OTHl:.R PRO-
GRAMS THAT REQUIRE A CUMMAND "L.OOK UP" UPi:RATION. ESSENTIAL.L.Y, THE COM-
MANU INPUT RUUTINE ACCEPTS A COMMAND INPUT fHUM 'I'HE OPI:.RATUR INPUT DE
VICE AND DIRECTS THE COMPUTER TU THJ:: START ADDRESS OF THE ROUTIN!:: WHICh 
PER1'-ORMS THE ASSOCIATED OPERATION. THJ:: COMMAND INPUT ROUTll'l!:: IS /:ASIL.Y 
!:;l{PANDABI..l:: TO ACCOMODATE THE ADDI'i'lON Ut OTH~R l'iJNCTlUNS THE USER MAY 
DESIRE TO INCl..UDE IN THE MUNITUR PROGRAM. THE BASIC UPE1!ATINU PURTlON 
OF THIS ROUTINE IS THl:: SAME Rl::GARDl..ESS OF THE NUMBER OF" COMMANl.lS THERE 
ARJ:: IN THE PRUGRAM. TO CHANGE TH£ NUMBI:R U F COMMANDS AVAIl..ABL.E.. UNE 
MERl:::l...Y AUDS THE INFORMATIUN REQUIRED TU nil:: CUMMAND "L.OOK UP TAl;;L.~" AND 
INCREAS ES THE COMMAND CO UNT ER TO IND1 CATE nil:: TUTAl.. NUMB ER 0 f COMMANDS. 

THE FI..Ow CHART fOR THE COMMAND INPUT RUUT INE IS ll..L.USTRATED Bao",. 
AS THE FLOIo/ CHART INDICATES, THE BASIC CONCEPT OF THIS RUUTINJ:. IS QUl'l'l:. 
SIMPL.E AND STRAIGHT-fORWARD. 

PRINT 
E'lROR 

MSG 

NO 

INPUT 
COMMAND 

COMMAND 
FOUND? 

YES 

Fl..OIo/ CHART - CUMMAND INPUT ROUTINE 

JUMP TO 
COMMAND 
ROUTINE 

THE COMMAND INPUT ROUTINE STARTS BY DI SPL.AYING A "CUMMAND MUDE" 
SYMBOL. ON THE DISPl..AY DEVICE. nILs SYMBOl.. (DEF"lNEn AS A ">" MARIO INDI-
CATES TO THE OPERATUR THAT THE MONITOR PROGRAM Is CURRl:lJTL.Y IN THE COM-
MAND MODE. THE OPLRATOR INPUT ROUTH./E (TO BE DESCRIBED Nl:.:XT) IS TlH.N 
CAl.l.ED TO··INPUT TI"IJ:: COMMAND mOM THE OP£1!ATOR INPUT DEVICE. AfTER THE 
OPERATOR ENTERS THE COMMAND .. THE COMMAND l..OOK UP TAlll..E IS S"l:.ARt.:HED FOR 
A MATCH Io/ITH TH£ HRST CHARACTER IN THE COMMAND tIlO\il STURE.D IN THE. ItIlPUT 
SUffER. THIS CHARACTER IS ASSUMED TU BE ONE OF THE COMMAND 1 DENT I fICA-
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TlON LETTERS. AS DESCRIBED PREVIOUSLY. THE LOOK UP TABL!:: IS SEARCHl:.D I;lY 
COMPARING THE CHARACTER l::NTl::RED TO EVERy THIRD l:lYTE OF TH!:: GOM~lAND "LOOK 
UP" TABLE. THE FORMAT FOR THE "LOOK UP" TABLE IS ILLUSTRATED IHl.OW. 

BYTE N 
BYTE N+l 
BYTE N+2 
BYTE N+3 
BYTE N+4 
BYTE N+5 
BYTE N+6 

XXX" ASGll CODE FOR A COMMAND CHARACTl::R 
YYY ,. LOW ADOR OF ASSOC COMMAND ROUTlNl:: 
ZZZ = PAGE ADOR OF ASSOC COMMAND ROUTIN!:: 
1'11'11'1 • ASCII CODE FOR A COMMAND CHARACTl:.R 
NNN • LOwADDR OF ASSOC COMMAND ROUTINE 
000 = PAGE AODR OF ASSOC COMMAND ROUTINE 
AAA = ASCII CODE FOR A COMMAND CHARACTER 

• .. 
• 

REPEAT SEQUENCE TO lil\iD OF COMMAND LOOK UP TABLE. 

IF A MATCH IS FOUND BETWEEN THE. CHARACTER El\JTERl::D AND AN E.NTRY IN THE 
COMMAND LOOK UP TABl.J:;, THE ADDRESS IN THE SUCCEl::DINti TWO bYTl:.S OF THl:. 
COMMAND LOOK UP TABl.E ARE OBTAINl:.D AND TRANS H.:RRl:.D TO TWO SPECIAL LOCA
TIONS ON PAGE 00. THl:.Sl:. LOCAT10NS FORM THE SECOND AND THIRD !;IYTES OF A 
"JUMP" INSTRUCTION WHICH IS THEN EXECUTED TO JUMP TO THE COMMAND ROUTIN!:: 
AS SPECIFIED IN THE COMMAND JUST Rl:£1:.IVl:J.l. II'. HUWEVER, THl:.Rl:: IS NO 
MATCh FOUNI.l IN THE LOOK UP TIWLJ:;, THIS IS AS5Ut1ED TO 1:>1:. aN l::RRllR CUN1H~ 
nON AND AN ERROR MESSAGE IS OUTPUT TO Thl:. DISPLAY Dl:.ViCl::o THE PFiOGRAM 
THEN RETURNS Tll HiE START Uf THE COMMAND INPUT kOUTlNE TO Rl:£EI VI:: A N1:." 
COMMAN lJ E.NTRY. 

THI:. LISTING FOR THI:. CUMMANlJ "LUOK UP" TAl::iLl:. FULLOWED BY Th!:: CUMMANlJ 
INPUT RUUTiNE FUR THIS MONITOR PRuGRAM IS PRESJ:.NTE.l.J Bl:;LUW. Thl:. COMMAl'IIlJ 
"LOOK UP" TA!;ILE Rl::S I DES ON PAGl:: 00 START! Nt. AT LOCATION 210. THI S l.OCA~ 
TICm Al..LOWS l;.XPANSION OF THE. l.OUK UP TABl.!o. oY SIMPLY AUUINll THE ASGlI 
CU!)E ,OR Ttl!:: ll.JENTl ,y LNG CHARACT!::H rUR THl:: I.;OMMAl\ID TU oJ!. AUD.!:.U. FOLl.UWEI.l 
BY ThE LOW AND PAGE PORTION OF THl:: START AllDR!::SS OF TH!:: iii!:." CUMMANU. AS 
EXP!.AINU) Al:lUV!::. THEN SIMPLY INCREMENT TH!o. "IMMEDIATl::" PORTIUN OF THE 
7'TH iNSTRUCTION (l.UI 011) IN ThE COMMAND INPUT RUUTINl::. THI:. ACTUAL UP
pERATING PORT10N OF tHE COMMAND INPUT ROUTINE AND. THUS. THE MUNITOR 
PROGRAM ITSE!..t. STARTS AT THE INSTRUCTION l.Al::iE!..ED "lNCMD." 

MNEMONIC COMMENTS 

ICOMMAND LUOi< UP TAl;lL t; 
I 

315 
150 
015 
304 
275 
015 
327 
3<l3 
Oi5 
322 
371 
015 
302 
317 
015 

IMODI FY 

IDUMP 

IBULl< WRITE 

/BULK READ 

IBREAKPOINT 
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MNI:MONI C 

.... -------------
307 
220 
016 
330 
257 
016 
306 
005 
017 
323 
022 
017 
324 
061 
017 
I 

COMMENTS 

IGO TO 

I EXAMINE REGISTERS 

IFILl.. MEM 

ISEARCH 

ITRANSFER 

ICOMMMAND INPUT ROUTIN E 
I 
ORG 014 000 
INCMD. l..HI 000 
l..l..I 130 
CAl.. MSG 
CAl.. CDIN 
1..1..1 340 
l..AM 
I..Dl 012 
l..Ll 210 
CKCMD. CPM 
.JTZ FOUND 
INL 
INI.. 
INI.. 
DCD 
.JFZ CKCMD 
ERR. CAL HDI..N 
LAI 311 
CAL PRINT 
.JMP INCMD 
I 
FOUND. INI.. 
LDM 
INL 
I..CM 
LLI 156 
LHI 000 
l..MD 
IN!. 
l..MC 
l..l..E 
JMP 155 000 

15ET PNTR TO HEADING ~ISG 

IPRINT C/RI L/F. > 
11 NPUT COMMAN D FM KyaD 

I FETCH COMMAN D CHAR 
ISET CMND NMBR CNTR 
ISET CMND TABLE PNTR 
/IS CMND CHAR FOUND IN TBL? 
IYES. PROCESS COMMAND 
INO. ADVANC E CMND TBl.. PNTR 

115 LAST CiiND CHECKED? 
INO. CHECK NEXT 
IYES. PRINT C/R. LIF 
/ILl..EGAI.. ENTRY CODI: 
lPRINT ERROR MSG 
IINP NEXT COMMAND 

IADV CMND TBl.. PNTR 
I FETCH CI'IND 1..0 ADDR 

IF~TCH CMND PG ADDR 
ISET PNTH TO JMP INSTR. 

11..0AD 1..0 ADDR OF CMND 

I!.OAD PG ADDR 0 F CHN D 

IJUMP TO CMND ROUTINE 

A fLOW CHART OF THE ENTIRE MONITOR PRUuRAM IN THIS MANUAL IS PRE
SENTED ON THE FOI..I..UWING PAGE. IT CAN ACTUAl..l..Y BE THOUtil1T OF AS A MQRE 
D!:.IAII..ED VERSION OF THE COMMAND INPUT ROUTINE FLOW CHART. SINCE IT DE
FIlliES EACH COMMAND THAT IS SEARCHED FOR IN THE COMMAND INPUT ROUTINE. 
THE READER MAY DESiRE TO REFER TO THiS FLOW CHART FROM TIME-TO-TIME 'l'0 
SEE HOW VARIOUS F1JNCTlONS OF THE PROGRAM RELATE TO EACIl OTHER. 
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... _----_._--

fILL BLOCK OF 
ME."1 k'I TH DATA 

SPEC I n ED 

TRANSFER BLOCK 
OF MEMORY TO 

NEV LaC IN MEM 

YES 

YES 

NO 

F:XAMINE 
REG? 

NO 

fILL? 

NO 

<;E.APCH? 

Tr>ANSfER? 

20-

":ES 

YES 

NO 

fI:.llSHE;)? 

PPINT ADDR OF 
I NXT MEM' LOC 

l __ ... 

( H?KPi 
:fEC'}D 

YES 

SET B'"l.KPT AT 
LOCATION 

SPEC 1 VI ED 

DlSi'L..AY VI r.TUAL 
REG I ST ER \U;.:" UI:.. 

SEARCH !Hl'~ ro;"\ 
!:lATA VAL!'E. 

PFlIN 
ERRO 
MSG 

i 

,j, 
! 

SAllE REG'S 
AND F"LAGS 

I.l-

RES70".E 
1'1 EM 

CONTFJ'JTS 

~ 

C~A."\JGE 
INp? 

YE_S 

STOriE :-JEV HA!..lJE 
fOIO> 1/1 RrllAL PSG 

PFI~T ADDP. '5 
THAT MATCH 



INPUT ROUTINE 

THE INPUT ROUTINE IN THIS MONITOR PROGRAM IS USED TO INPUT COMMANDS 
mOM THE OPERATOR INPUT DEVICE. THE ROUTINE ACCEPTS INPUTS FROM AN EX
TERNAL DEVICE BY CAl.l.ING TH!;; "RCV" SUBROUTINE AND STORES THE CHARACTERS 
IN THE INPUT BUFFER RESIDING ON PAGE 00 UNtIl. A TERMINATING CHARActER IS 
RECEIVED. THE ROUTINE ALl.OWS THE CORRECTION OF INDIVIDUAL CHARACTERS" 
ENTERED AND THE CAPABIL! TY TO ABORT THE CURRENT INPUT AND RETURN TO THE 
COMMAND MODE. 

THE Fl.OW CHART FOR THE INPUT ROUTINE IS PRESDlTED ON THE FOLLOWING 
PAGE. THE READER MAY REFER TO THIS DURING THE FOl.l.OWING DISCUSSION. 

THE FIRST OPERATION PERFORMED BY THIS ROUTINE IS TO "Cl.EAR OUT" 
niE INPUT BUFFER AREA.· THIS IS ACCOMPLISHED BY FILLING THE INPUT BUFFER 
AREA WI TH THE ASCII CODE FOR A SPACE.. • 240' OCTAL. THE STARt ADDRESS 
OF THE INPUT BUFFER IS THEN SET UP TO-SEGIN STORING CHARACTERS AS THEY 
ARE El-lTERED VIA THE "RCV" ROUTINE. AS EACH CHARACTER IS ENTERED. IT IS 
RETURNED TO THE INPUT ROUTINE IN THE ACCUMULATOR. THE" CHARACTER I S THEN 
TESTED TO DETERMINE 1 I' IT IS ONE OF THE "CONTROL" CHARACTERS. 

THE FIRST CONTRPL CHARACTER TESTED FOR IS THE "CONTROL/D," ASCII 
CODE 204 OCTAL. THIS IS GENERALLY El-lTERED BY SIMULTANEOUSl.Y DEPRESsING 
niE "CONTROL" KEY AND THE "D" ON AN ASCI I ENCODtD KEYBOARD. RECEIPT" Of 
"CONTROl. D" INDICATES THE OPERATOR WISHts TO ABORT THE CUR~ENT INPUT AND 
START A NEW COMMAND INPUT. 

IF THE CHARACTER IS NOT A "CONTROL./D." THE ROUTINE TESTS FOR ONE 
OF TWO POSSIBl.E "T ERMINATING" CHARACTERS. TH ESE CHAMCT ERS ARE A CARRI
AGE RETURN. ASCII CODE 215 OCTAL.. AND A "CONTROL./L.," ASCll CODE 214 OCT
AL. THE REASON FOR PROVIDING TWO TERMINATING CHARACTERS Is TO AL.L.OW THE 
OPTION OF EITHER CAUSING TfiE DISPL.AY DEVICE TO PERfORM A CARRIAGE RE-
TURN WEN THE TERMINAtING CHARACTER IS ENtERED. OR. TO MAINTAIN THE POS
ITION OF THE DISPLAY DEVICE AT THE END OF THE CURRENT LINt OF INPUT. AS 
IS THE CASE WITH THE FIRST COMMAND INPUT FOR THE "MODIN" ROUTINE AND 
AFTER ENTERING THE "EXAMINE REGISTER" COMHAND. 

THE FINAL. CONTROL. CHARACTER TESTED FOR BY THE INPUT ROUTINE IS THE 
ASCII CODE 377 OCTAL. WHICH IS ASSIGNED TO THE "RUBOUT" OR "Dl::l.E;ft" 
FUNCTION. RECEIPT OF THIS CHARACTER INDICATES TO THE INPUT ROUTINE THAT 
niE PREVIOUS CHARACTER ENTERED BY THE" OPERATOR IS TO BE DELETED tROM TaE 
INPUT BUFFER. THIS IS ACCOMPLISHED BY BACKING UP THE INPUT BUFFER POIN
TER ONE L.OCATION AND INSI::RTING THE CODE FOR A "SPACE" to EFFECTI VELY "E
RACE''' ONE CHARACTER ENTRY FROM THE INPUT BUFFER. AN OPERATOR MAy ERACE 
MORE THAN ONE CHARACTER BY USING THt "RUBOUT" FUNCtiON sEVERAl. tIMES IN 
SUCCESSION. " 

IF NONE OF THE PREVIOUSL.Y MENTIONED "CONTROL." CHARACTERS ARE roUND 
BY niE INPUT ROUTINE. THE CODE FOR tHE CHARACTER ENTERED WIl.l. 8E STORED 
IN THE INPUT BUFFER AND THE INPUT BUFFER POINTER WIL.L. BE ADVANCED. THIS 
PROCESS WILL CONTINUE AS l.ONG AS CHARACTERS ARE ENtERED FROM THE iJPERA;' 
TOR INPUT DEVICE. HOWEVER. ONCE THE INPUT BUFFER 15 FILl.ED. NO FURTHER 
SToRAGE WIL.L. TAKE PLACE.. PREVENTING THE OPERATOR FROM INADVERTANTL.Y EN-
TERING TOO MANY CHARACTERS AND OVERFLOWING ONTO PAGE 01. THE INPUT BUF-
FER IS CAPABL.E OF HOLDING 32 CHARACtERS-WHICH IS L.ONGER' THAN ANY OF THt 
INPL~S REQUIRED BY THIS MONITOR PROGRAM. 

THE L.ISTING FOR THE INPUT ROUTINE FOl.LOWS THE FLOWCHART. THE START 
OF THIS ROUTINE IS At THE INSTRUCTION l.ABELED "CDIN." 
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RETURN TO 
COMMAND MODE 

RETURN TO 
CALLING PGM 

FILL INPUT BUFFER 
WITH SPACES 

YES 

YES 

INPUT 
CHAR 

NO 

YES 

NO 

INPUT ROUTINE FLOW CHART 
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STORE A SPACE 

STORE CHAR IN 
INPUT BUFFER 



MNEMONI C 

I 
COIN. 1..1..1 340 
SPI. LMI 240 
INL 
JFl S?I 
LL! 340 
IN2. CAL RCV 
CPI 204 
JTZ INCMD 
CPl 215 
RTZ 
Cpl 214 
RTl 
CpI 377 
JTZ BDCR 
INL 
DCI.. 
JTZ IN2 
LMA 
INL 
JMP IN2 
I 
BDCR. LAl 340 
CPL 
JTl IN2 
DCL 
LMI 240 
JMP IN2 
I 

COMMENTS 

ISET PNTR TO START OF IN? 8FR 
IFILL IN? am WITH SPACES 
IINCR INP ErR PNTR 
iDONE1 NO. STORE MORE SPACES 
IS ET INP EFf! ?NTR 
IINP CHAR I'M INP DEVICE 
ICHAR = CNT'1.. 07 
IYES. RET TO COMMAND MODE 
ICHAR " CAR RET? 
IYES. RET TO CALLING PGM 
ICHAR " CNT'L 1..1 
IYES, RET TO CALLING ?ili'! 
ICHAR '" RUEOUT? 
iYES. DELETE CHAR I'M INP Ern 
/IS INP BFf! FULL1 

IYES. DON'T STORE CHAR 
INO. STORE CHARACTER 
IINCR INP BFf! PNTR 
lIN? NEXT CHAR 

ISEi ACC TO INP BFf! S.A. 
IANY CHARACTERS YET? 
INO. CONTINUE INPUT 
IYES. BACK UP INP EFf! PNTR 
ISTORE SPACE OVER LAST CHAR 
ICONTINUE INPUT 

I T SHOULD BE EASY TO SEE THAT TH E READER MAY EL ECT TO ASSI GN 01 FFUl
ENT CHARACTERS TO OPERATE AS "CONTROL" CHARACTERS IN" TH!:: INPUT ROUtINE. 
THIS IS READILY ACCOMPLISHED BY CHANGING tHE IMMEDIATE"PORTION OF THE" 
"CPI" INSTRUCTIONS IN THE INPUT ROUTINE. FOR EXAMPLE. I F THE US£R DE
SIRES TO HAVE THE CODE FOR "CONTROL 0"(217 OCTAL) SERVE AS THE CONTROL 
CHARACT£R FOR THE "RUSOUT" FUNCTION INSTEAD 0. 377 OCTAL. THE USER SIMP
LY SUBSTITUTES "217" FOR "377" IN THE "cpt" INSTRUCTION USED TO TEST FOR 
THE "RUSOUT." 

ADDITIONALLY, IF THE USER DESIRES TO ADD OTHER TYPES OF "CONTROL" 
FUNCTIONS TO THE INPUT ROUTINE. IT COULD Bt READILY DONE BY ADDING "CPI" 
INSTRUCTIONS FOLLOWED BY APPROPRIATE CONDITIONAL" "JUMPS" TO USER PROVID
ED ROUTINES TO PERFORM THE DESIRED OPERATION. 

THE "MODI FY" ROUTINE 

THE "MODIFY" ROUTINE IS USED TO DISPLAY AND. IF DESIRED. MODIFY THE 
CONTENTS OF MEMORY LOCATIONS FOR THE PiJRPOSE OF LOADING PROGRAMS USING 
THE KEYBOARD AS THE DiTRY DEVICE. OR CHANGING THE INSTRUCTIONS IN A PRO-
GRAM OR EXAMINING AND REVISING DATA STORED" IN MEMORY. THIS ROUTINE 
DISPLAYS ONE LOCATION AT A TIME. ALLOWING THE OPERATOR TO ENTER CHANGES 
OR CONTINUE TO DISPLAY THE NEXT LOCATION OR TERMINATE THE OPERATiON. 
THE "MODI FY" ROUTINE PERFORMS IN THt FOLLOWING MANNER. ' 

FIRST, THE ADDRESS ENTERED IN THE COMMAND IS CONVERTED AND STORED 
IN THE DATA AREA AT LOCATION 166 AND 167 ON PAGE 00. TH E "MODI FY" ROU-
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TINE THEN PRINTS THE CONTENTS OF THE DESIGNATED MEMORY LOCATION AND 
CALLS TH E "INSPCL" SUBROUTI NE TO ALLOW TH E OP mATOR TO ENTER THE MODI FI-
CATION. IF A "MOD" IS ENTERED. THE "DCDNM" SUBROUTINE IS CALLED TO D£-
CODE THE NUMBER FROM THE lNPUT BUFFER WHICH IS THEN- STORED AS THE NEW 
CONTENTS OF THE SPECIFIED MEMORY LOCATION. WHEN THIS IS COMPLETE... OR IF 
NO MODIFICATION WAS ENTERED. THEADDRl::SS STORED FOR THIS COMMAlIlD WILL BE 
INCREMENTED AND THIS NEW ADDRUS \JILL BE PRINTED ON A NEW LINE ON THE 
DISPLAY DEVICE. THE PROGRAM THEN LOOPS BACK TO PRINT AND MODI FY ThE 
CONTENTS OF THIS LOCATION. THE LOOP 1 S TERMINATED BY THE OPl:RATOR EN-
TE111NG A CARRIAGE RETURN OR AN I NVALl D OCTAL NUt1BER FOR THE MODI FlCA-
TION. -

THE LISTING FOR THIS "MODIFY" ROUTINE IS Pf'I:SENTED BELOW AND THE 
FLOW CHART OF I TS OPERATION FOLLOWS ON THE NEXT PAGE. 

MNEMONIC 

'WDIFY. LLI 342 
CAL OCTNM 
CAL SPAC 
MODI. CAL MEMl"RT 
CAL COLON 
CAL INSPCL 
LAI 340 
CpL 
JTZ NXLOC 
LEA 
CAL DCDNM 
LAB 
LLI 166 
LEM 
Ii'lL 
LDM 
CAL SWITCH 
LMA 
NXLOC. LHI 000 
LLl 166 
LAM 
CAL INCR 
CAL MCONT 
JMl" MODI 
I 
MCONT. CAL HDLN 
JMP l"BTI66 
I 

COMMENTS 

ISET Ii'll" BrR PNTR 
I FETCH ADDR TO MO 01 FY 
IPRINT SPACE 
IPRINT CONTENTS OF 1'11'1'1 LOC 
IPFlINT COLON 
IINl" MODIFICATION 
IWAS MO DENT ER ED? 

INO. S £T UP NXT LOC 
IYES, SAVE IN? ?NTR 
ICONVERT TO OCTAL NUMBER 
ISAVE OCTAL NUMBER 
ISET PNTR'TO 111'1'1 ADDR STRAG£ 
I FETCH 1'11'1'1 PNTR 

IS ET PNTR TO 111'1'1 LOC 
ILOAD M1'1'I WITH NEW VALUE 
IS ET PNTR TO l"G 00 
IS £T PNTR TO MEM ADDR STRAGE 
I FETCH LO HAL F 
IINCR M1'1'I ADDR 
IPRINT NXT ADDR TO MODIFY 

IPRINT C/R; L/F 
IPRINT ADDR TO MODIFY AND HIT 

TH.E "DUMP" ROUTINE 

THE MfMORY "DUMP" ROUTINE ENABLES THE OPERATOR TO EXAMINE A LARGE 
BLOCK OF M1'1'I0RY LOCATIONS WITH. A SINGLE COMMAND ENTRY. AS OPPOSED TO 
HAVING TO ENTER A CHARACTER IN BETWEEN THE COMPUTER DISPLAYING EACH LO
CATION. AS REQUIRED BY THE "MODI FY" ROUTINE. THIS ROUTINE WILL DISPLAY 
AS MANY LOCATIONS AS DEFINED BY- THE START AND END ADDRESSES SPECI.l ED IN 
THE COMMAND. 
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PRINT ADDR OF 
NXT MEM LOC 

NO 

NO 

PR INT MEMORY 
CO NTENT S 

INP CHANGE 
FM KYBD 

NO 

STORE NEW 
MEM CONTENTS 

NO 

YES 

PR INT 
ERROR 

MSG 

RETURN TO 
COMMAND MODE 

MEl10RY "MODI IT" ROUTINE FLOW CHART 
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AFTER CONVERTING AND STORING THE ADDRESSES SPECI FI ED IN THE COMMAND 
BY CALLING THE "OCTNM" SUBROUTINE" THE "DUMP" ROUTINE PRINTS TilE ADDRESS 
OF THE FIRST LOCATION TO BE DISPLAYE.D. A COUNTER IS THEil SET UP WHICH 
INDICATES THE NUMBER OF LOCATIONS TO BE PRINTED ON THE CURRENT LINE. 
THIS COUNTER IS SET FOR 20 OCTAL LOCATIONS'PER LINE IN THIS PROGRAt1 AND 
IS TEMPORARILY STORED ON PAGE 00. THE CONTENTS OF THE MEMORY LOCATI01'lS 
ARE THEN PRINTED UNTIL EITHER THt: LOCATION PER L!!JE COUNTER REACIH.S ZERO 
OR THE LAST LOCATION SPECIFIED HAS BEEN PRINTED. WHEN THE L/L COUNTER 
REACHES ZERO. THE L/L COUNTER IS SET TO 20 AGAIN AND A NEW LINE IS 
STARTED WITH THE ADDRESS OF TilE 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 SPECl Fll:.D IN THE COMMAND HAS 
BEEN PRHoITED. 

THE DETAILED L1 STI NG FOR TH E "DUMP" RO UTIN E IS GI VEN BELOW WITH TH 1'. 
FLOW CHART PRESENTED ON THE FOLLOWING PAGE, 

MNEMONI C 

MDUMp, LLI 342 
CAL OCTNM 
CAL HDLN 
MDMP1, CAL MCONT 
CAL SPAC 
MDMP2. LLl 164 
LMI 020 
OUTAGN, CAL MEMPRT 
CAL CKEND 
CAL SPAC 
LLI 164 
LBM 
DCB 
LMB 
JTZ "IOMP 1 
JMP OUTAGN 

COMMENTS 

ISET pNTR TO INP BFR 
IFETCH MEM DUMp LIMITS 
IPRINT C/F!, L/F 
IPRINT ADDR 0 .. 1ST LOC 
IPRINT SPACE 
ISET PNTR TO TEl1P STRAGE 
ISAVE LOC PER LINE CNTR 
IPRINT MEM CONTENTS 
ICHEeK FOR LAST LOC PRTD 
I Pl'll NT SPAC E 
ISET PNTR TO L/L CNTR 
I FETCH CNTn 
IDEeR CNTn 
ISAVE GNTR. GNTR " 01 
Iy ES, STAR'!' NEW LI N E 
7NO, PRINT MORE CONTEI'ITS 

THE "BULK WRITE" ROUTINE 

THE "BULK WRITE" ROUTINE PRESENTED IN THIS MONITOR PROGRAM SIMPLY 
PROVIDES A SET UP FUNCTION FOR THE USER PROVIDED BULK WRITE OUTPuT ROU
TINE. THE PURPOSE OF THIS FUNCTION IS TO PROVIDE A MEANS OF STORING THE 
CONTENTS OF MEMORY (PROGRAMS OR BLOCKS OF DATA) ON A BULK STORAGE'DEVICE 
VIA A COMMAND FROM THE 110NITOR 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 HAND L FOR 
THE START LOCATION AND REGISTERS D AND E FOR THE EI-JDING LOCATION. THIS 
IS DONE TO MAKE THE INFORMATION RFADILY AVAILABLE TO THE USER'S BULK 
lIRi TE ROUTINE. THE, ADDRESSES ARE ALSO CONTAINED IN THE DATA AREA ON 
PAGE 00, LOCATIONS 166 THRU 171. THE SHORT LISTING FOR THIS ROUTINE IS 
GIVEN NEXT FOLLOWED BY SOME SUGGESTIONS FOR THE USER'S BULK WRI OUT~ 
PUT ROUTINE. 
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NO 

COMMAND 
VAL I D 7 

FETCH START 
& END ADDR 

PRINT ADDR 
OF 1ST LOC 

OF LINE 

SET LOC/LINE 
COUNTER 

PRINT ME!'! 
CONTENTS 

PRINTED? 

NO 

YES 

PRINT 
ERROR 

MSG 

RETURN TO 
COMMAND MODE 

MEMORY "DUMP" ROUTINE FLOW CHART 
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MNEMONI C 

V1"ITE" 1.1.1 342 
CAL OCTNM 
1.1.1 166 
LCM 
INL 
LBM 
INL 
LEM 
INL 
LDM 
LhB 
LI.C 
CAL PUNCh 
JMP INCMD 

COMM ThTS 

ISET PNTR TO INP BFR 
IFETCH START AND END ADDR 
ISET REG'S H AND L WITH 
ITHE START ADDR AND 
11".EG'5 D AND E IoIITH 
ITHE END ADDR Or THE 
IBLOCR Or 11EM TO BE 
11iIRITTEN TO ThE BULK 
ISTORAGE DEllI C E. 

100 TO US ER Bt'l.K WR I T E RTN 
IRLT TO COMMAND MODE 

NOTES AND SUGGESTIONS FOR THE USER PROIiIDED BULK STORAGE. RUUTU"ES 

WHEN CREATING A BULK STORAGE: OUTPUT ROUTINE.. ONE: SHOULD '(EEP SEIIEP-
AL FACTORS IN MIND. fIRST, THE DEIIICE BEING USED TO STORE THE DATA IIILI. 
HAilE TO BE CONSIDERED WHEN DEFINING THE FORMAT FOR STORING THI:. LATA. 
FOR EXAMPLE.. Ir A PAPER TAPE SYSTE1'1 IS USE.D, ThE. OUTPUT ROUTINE SriUUl..D 
PRECEED THE DATA !.11TH A SEQUENCE OF "LEADER/TRAILER" CODE, TO lilliE THE. 
READER A PLACE TO START WHEN READING THE TAPE BACK, FOLLO!.lED BY ADDRE:SS
ING INFORMATION AND THEN THE DATA FROM THE SPECIFIED MEMORY LOCATIONS. 
TH E S EQUENC E: CAN BET ERM 1 NAT ED BY E:I TH E:R LEAD ERI TRAI L I:.R 0 R A,,, "E\"D-O F
DATA" CODE AND THEN LEADER/TRAILER. THE: LEADER/TRAILER CODI:. SHOULD BE 
A CODE WHICH IS UNIQUE TO THE OTHER DATA CODE.S TRANStHTTED AND SHOULD 
PROVIDE ENOUGH LEADER AND TRAILE:R TO ALLOW EASE OF HAI'WLING. THE AD
DRESSING INFORMATION CAN BE BOTH THE START AND END ADDRI:.SSES OR ONLY THE 
START ADDRESS WITH THE "END-Or-DATA" CODE OR TRAILER SIGNALING THI:. iND 
Of THE DATA ON THE TAPE. A SIMILAR FORMAT MAY BE. USED FOR A J1AGNETIC 
TAPE SYSTEM. 

ANOTHER FACTOR TO CONSIDER IS WHETHER ADDITIONAL INFOR~lATION IS 
NEEDW TO EFFECTIIiELY USE THe. STORAGE DEVICe.- FOR EXAMPLE.. A DISC UNIT 
MAY REQUIRE THE SPECIFICATION OF TRACK ANDIOR SECTOR I~UMJ::ll:.R TU STORE ThE. 
DATA. OR, TH ERE MAY BE SEVERAL DEllI C ES ON TH E: SY ST EM WHI CH CAN BE US ED 
FOR STORING THE DATA. THIS INFORMATION CAN EASILY BE: DEfINED AT THL 
TIME THE COMMAND IS ENTERED, SINCE: THE COMMAND H. STILL AVAILABLE liv ;HI:. 
INPUT BUFrER AREA !.IHEN THE BULK STORAGE ROUTlNES ARE CALLLD. SUPPOSE 
THERE ARE TWO TAPE UNITS ASSOCIATLD !.11TH THI:. COMPUTER SYSTEM. ONE !.IILL 
BE REFERRED TO AS UNIT "A" AND THE OTHER AS UNIT "E." (JivE COULD Sl:LECT 
EITHER TAPE UNIT "A" OR "S" AT THE TIME THE READ OR· !.IRITI:. COt1NAND IS I:.N
TERED BY INCLUDING A LETTER AT THE END OF THE COMMAND WHICH DESIGNATES 
THE TAPE UNIT TO BE USED. THE FORMAT FOR THE COMMAlIID MIGHT LOOK Lin!:. 
THE FOLLOWING! 

!.I HHH LLL,XXX YYY,A OR 

FOR THESE COMMANDS, THE BULK WRITE ROUTINE !.IOULD !.IRITL TO TAPE U£dT "A" 
AND THE BULK READ !.IOULD CALL tJPON TAPE UNIT "B" TO RECEIVE ;HE DHTA. 
THE USER PROVIDED BULK STORAGE ROUTINES WOULD SIMPLY HAilE TO LOOK W THI:. 
INPUT BUFFER AREA FOR THE UNIT DESIGNATION TO DLTERt11NE WHICH IS ;0 81:. 
USED. 
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ANOTHER POSSIBILl TY WOULD BE TO INCLUDE A "DISPLACEMENT" ADDRESS 111 
THE BULK READ COt1MAND. THAT IS, WHEN THE ADDRESS INFORMATION IS RE.AD IN 
FROM THE STORAGE DEVICE, THE "DISPLACEMENT" ADDRESS WOULD BE "ADDED" TO 
THE ADDRESS RECEIVED. THIS NEW ADDRESS WOULD BE USED AS THE POINTER IN
DICATING WHERE TO STORE, THE DATA AS 1 T IS R<'CEI V<'D. THUS, DATA THAT WAS 
WRITTEN TO THE BULK STORAG<' FROM PAGE 01 COULD BE READ BACK AND STORED 
IN PAGE 03, FOR EXAMPLE.. BY SPECI FYING A "DISPLACl'l1ENT" ADDRESS OF 002 
000. 

ABOVE ALL. THE IMPORTANT FACTOR IN WRITING THE BULK STORAGE ROUTINES 
IS THAT THE DATA WRITTEN BY THE BULK WRITE ROUTINE t-ruST BE IN A FORHAT 
THAT CAN BE READ IN BY THE ROUTINE CALLED BY THE BULK READ ROUTINE.. DIS
CUSSED NEXT. 

THE "BULK READ" ROUTINE 

THI:~ "BULK READ" ROUTINE PRESENTED HERE SIMPLY CALLS THL USl:.R PROVI
DED BULK STORAGE READ ROUTINE TO READ IN THE DATA AVAILABLE AT THE SY-' 
STEM BULK STORAGE DEVICE. THE ONLY REAL FUNCTION IT PERFORt~$ IS THAT OF 
PROVIDING A MEANS OF ACC'ESSING THE BULK INPUT DEVICE BY A COl':~lAND FROM 
THE KEYBOARD AND ALL.OWING A RETURN TO THE MONITOR IoIHtJII Tli<:OPERATION IS 
COt1PLETE. 

MN Et10NI C 

RDBUL.K, CAL READ 
JMP INCMD 

COMMENTS 

/GO TO US Ell BULK READ RTN 
/l'l ET TO COMMAND MODf 

THE ROUTINES PRESENTED TO THIS POINT REQUIRE ONLY 1/2 K OF MEt10RY 
FUR THE OPERATING PORTION, NOT INCLUDING THE USER'S I/O ROUTINES AND 
OMI TTWG THE "ADRDTA" SUBROUTINE WHICH liAS NOT BEl:... CALLEG AS YlcT. Tnt 
USER wITH A LIMITED AMOUNT OF MEMORY MAY DESIRE TO END THE MONITOR PRO
GRAt1 HERE. SINCE THE ROUTINES INCLUDED ARI;, SUFFlCI ENT TO BE USED AS A 
SMALL SYSTEM MONITOR. FOR THOSE WITH AN ABUNDANCE OF MEI10RY, THE FOL-
LOWING ROUTINES WILL BE FOUND TO BE VERY HELPFUL IN PROGRA~l DEVELOPME.\lT 
AND GENERAL SYSTE!-1 OPERATION. 

THE "BREAKPOINT" ROUTINE 

ONE OF THE MOST DIFFICULT TASKS IN OPERATING A CO~lPUTER SYSTEI1 IS 
THAT OF DEBUGGING PROGRAMS. FINDING OUT EXACTLY WHAT IS HAPPENING TO 
THIS REGISTER OR THAT MEMORY LOCATION WHEN A NEW PROGRAM IS BEING TRILD 
OUT CAN BE VERY TIME CONSUMING I F ONE DOES NOT HAVE THE PROPER TOOLS TO 
AID IN THE PROCESS. ONE "TOOL" THAT CAN BE VERY EFFECTIVE 15 II "BREAK-
POINT" PROGRAM. A "BREAKPOINT" CAN BE SET AT A PARTICUL.AR POINT IN A 
PROGRAM WHICH, WHEN ENCOUNTERED, WILL STOP EXECUTION-OF THE PROGRAM, 
RETURN TO THE MONITOR AND SAVE THE CONTENTS OF THt CPU REGISTERS AND 
FLAG STATUS AT THE TIME THE BREAKPOINT WAS REACHED. THE PROGRAMMER MAY 
THEN EXAMINE THE CPU REGISTER'S CONTElHS AND THE CPU FLAG STATUS AND 
ALSO THE CONTENTS OF MEMORY LOCATIONS, VHICH WILL' CONTAIN THtlR VALUES 
AT THE TIME THE BREAKPOINT WAS fl\ICOUNTERED. THE BREAKPOINT ROUTINE PRE-
SENTED HERE PERFORMS THIS FUNCTION. 

- 29 -



THIS BREAKPOINT ROUTINE IS 1iJRITTEN TO STORE THE CPU REGISTERS IN 
TVO SEPARATE GROUPS. THE REASON BEING THAT THE B008 INSTRUCTION SET 
DOES NOT PROVIDE FOR THE STORAGE OF REGISTERS IN MEI10RY UNI..ESS REGISTERS 
H AND I.. HAVE BEEN SET TO POINT TO THE STORAGE L.OCATION. THEREFOR~ AT 
I..EAST T1iJO REGISTER VALUES MUST BE SACRIFICED \liHEN A BREAKPOINT IS EN~ 
COUNTERED. THIS ROUTINE ALI..OYS THE SP IFICATION OF TWO TYPES Of BREAK-
POINTS. A "TYPE X" BREAKPOINT 10111..1.. SAVE~TflE VALUES Of REGISTERS A. B~ 
AND C AND A "TYP E 2" BREAKPOINT WILl.. SAVE THE VALUES 0 I" REGI STERS D. E. 
HAND L. 

AS NOTED IN THE FLOW CHART ON THE fOLLOWING PAGE. THE BREAKPOINT 
ROUTINE IS ACTUALLY MADE UP OF TWO SEPARATE ROUTINES. THE FIRST ROU-
TINE SETS UP THE BREAKPOINT BY STORING A "RESTART 7'" INSTRUCTION AT THE 
LOCATION SPECIFIED IN THE COMMAND AND SAVING THE CONTENTS OF THATl.OCA
nON so THAT IT 1011l.L BE RESTORED BACK TO ITS ORIGINAL VALUE AFTER THt' 
BREAKPOINT IS PERFORMED. THE "TYPE" OF BREA1CPOHJT (l OR 2) IS THEN DE-
TERMINED FROM THE COMMAND AND THE START ADDRESS FOR THAT TYPE (THE AD
DRESS OF "BRKI" FOR A TYPE "I" BREAKPOINT, "BRK2" FOR A TYPE "2"~ BREAK
POINT) 15 STORED AS THE SEDOND AIm THIRD BYTES OF A JUl1P IN5TIWCTION AT 
THE "RESTART 7" LOCATION. PAGE 00 LOCATION 070, IT IS IMPORTANT TO NOt£ 
THAT SHOULD THE BREAKPOINT ROUTINE BE ORIGINED IN A DIFFERENT LOCATION 
THAN THE ASSEMBLED VERSION PRESE1iITED IN TlUS MANUAL, THE FOUR INSTRUC
TIONS WHICH HAVE TH£ COMMENTS STARTING WITH FOUR ASTERISK'S '****> MUST 
HAVE THE IMMEDIATE PORTION OF THE INSTRUCTION CHANGED to INDICATE. THE 
NEW LOW ADDRESS AND PAGE ADDRESS OF THE INSTRUCTIONS LABELED "BRKI"~AND 
"BRK2." THIS FIRST ROUTINE IS LABEI..ED "SREAK," 

THE SECOND ROUTINE SHOWI. ON THE FLOW CHART IS THE ROUTINE WHICH IS 
ENTERED AT THE TIME THE BREAKPOINT IS REACHED. IF A TYPE "I" BREAKPOINT 
WAS SET. THE CONTENTS OF REGISTER'S A. BAND C WILL BE STORED II. THE 
"VIRTUAL." CPU REGISTER TABL.E (PAGE 00 LOCATION 200 THRU 206). FOR A 
TYPE "2" BREAKPOINT. THE CONTENTS OF REGISTER'S D. E. HAND L WILL BE 
STORED. THE EXPERI ENCED PROGRAMMER WILL OBSERVE THAT 1111 STORING THESE 
REGISTtRS, ONLY INSTRUCTIONS \lHICH DO NOT AFFECT THt CONDITION OF THE 
FLAG STATUS OF THE CPU ARE USED. THUS. ONCE THE REGISTER'VALUES ARE 
SAFEI..Y STORED IN THE "VIRTUAL" CPU REGISTER TABLE.. THE CONDITION Of THE 
FLAG STATUS MAY BE TESTED AND A SPECIAL BYTE IS FORMED AND STORED AT 
PAGE 00 LOCATION 207 I./HICH INDICATES~ WHICH FLAGS WERE SET AT THE TIME 
THE BREAKPOINT WAS REACHED. THE FOl.l.OWING BITS WILL BE SE1' TO A "I" FOR 
A TRUE CONDITION OF THE RESPECTIVE FLAGS. BIT 0 INDICATES THE COll/DITION 
OF THE CARRY FLAG. BIT 3 INDICATES THE CONDITION OF THt ZERO FL.AG. BIT ('> 

INDICATES THE CONDITION OF THE PARITY FLAG AND BIT 7 INDICATES THE CON
DITION OF THE. SI GN FLAG. THE FINAL STEP IN THE BREAKPOINT PROCESS, BE.
FORE RETURNING TO THE COMMAND MOD£. IS TO ~ RESTORE THE INSTRUCTION AT THE 
BREAKPOINT LOCATION TO ITS ORIGINAL CONTENTS. 

THE l.I STINGS FOR THE BREAKPOINT ROUTiNES ARE PRESENTED NEXT. 

MNEMONI C 

BREAI{, CAL. ANLYZ 
LLE 
l..HD 
.JTZ BI 
CP I 262 
.JFZ ERR 
I 

COMMENTS 

IS ET UP ADDR OF SP 

IDfTERMINE IF 81 OR 132 

IERROR IF NEITHER 
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SET UP 
TYPE 2; 

BRKPT 

TYPE I 
BRKPT 
START 

I 
SAVE REG'S 

A. B '" C 

T ~ 

NO 

COMMAND 
VAL I D ? 

FETCH MEM AD DR 
FM COMMAND 

IS BRKPT 
TYPE 

.'lET UP 
TYPE 1 
BRKPT 

, -
~.J; 

SAVE 
FLAG 

STATUS 

I 
RESTORE 

MEM 
CONTENTS 

I 
RETURN TO 

COMMAND MODE 

NO 

PRINT 
ERROR 

MSG 

RETURN TO 
COMMAND MODE 

TYPE 2; 

BRKPT 
START 

I 
SAVE REG'S 
D. E. H '" L 

I 

THE "BREAKPOINT" ROUTINE: FLOW CHART 
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MNEMONIC 

B2, CAL S ETBK 
LMI 176 
lNL 
LMI 016 
JMP FINBK 
I 
81. CAL S ETSK 
LMI 112 
1NL 
LMl 016 
FINSK, INL 
LME 
INL 
LMD 
INL 
LMA 
JMP INCMD 
I 
ANL.YZ, L.L.I 343 
CAL. OCTNM 
L.L.I 341 
LAM 
L.L.l 1 66 
LEM 
t:~L 

LDM 
L.L.I 156 
LM£ 
INL. 
L.MD 
CPt 261 
RU 
I 
SETBK, LAM 
L.MI 075 
L.a 
L.DH 
L.HI 000 
LL.l 070 
LMI 104 
INL 
RET 
I 
BRKI. LHI 000 
LLI 200 
LMA 
LLI 201 
LMS 
LLI 202 
BRKCOM, LMC 
FLAGT, L.AH 
LBA 
L.CA 
.JFC NOC 
LAI 00 I 
NOC • ..I FZ NOZ 
LSI 010 

COMMENTS 

ISET UP Bp RST COMMAND 
1**** STORE BP2 rnD LA 

1***"" STOR E BP2 rnD PG 
ITO REST OF BP SET UP RTN 

ISET UP BP RST COMMAND 
1**** STOR E BP I rnD LA 

1**** STORE BPI rnD PG 

ISTORE BP ORIG L.OW ADDR 

ISTORE B? ORIU pG ADDR 

ISTORE ORIG Bp INSTRUCTION 

IS ET pNTR TO BUff SA 
I FETCH ADDR INTO 166. 167 
IRESTORE BUFI' SA 
IGET BP I OR 2 COMMAND 
IGET BP LOW ADDR 
IINTO "E" 

lAND Bp PAGE 
IPNTR TO JUMP COMMAND 

IS ET UP ..I UMP ADDR ESS 

IDETERMINE IF CMND I OR 2 

ISAVE ORIG CONTENTS OF BP 
!INSERT BP RESTART INSTR 
ICHANGE POINTERS 

ISET PAGE 00 
ISET PNTR TO RST 1 L.OC 
ISTORE JUMP INSTRUCTION 

IS ET PAGE 00 
ICPU REGISTER STORAGE LOCS 
ISAVE ACCUMULATOR 

lAND CPU REGS B "' C 

IWITHOUT DISTURBING FLAGS 
ISET UP TEMP REGS 

ITE5T FOR CARRY FLAG 
15ET I IN "A" I F CARRY TRUE 
ITEST FOR ZERO FLAG 
ISET 1 IN US" 1 F ZERO TRUE 
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MNEMONIC 
--------------

NOt, JFP NOP 
LCI 100 
NOP, JFS NOS 
ADI 200 
NOS, ADB 
ADC 
LLI 207 
LMA 
LL1 073 
LEt-! 
INL 
LDM 
INL 
LAM 
LLE 
LHD 
LMA 
JMP INCMD 
I 
BRK2, LBH 
LCL 
LH! 000 
LLI 203 
LIm 
LLI 204 
LME 
LL1 205 
LMB 
LL1 206 
JMP BRKCOM 

COMMENTS 

ITEST FOR PARITY nAG 
IS ET I IN "C" I F PAR I TY "T" 
IT EST FOR 5 1 GN nAG 
ISET MSB IF SIGN TRUE 

IFORM FLAG STATUS BYTE 

ISTORE nAG STATUS 
IPNTR TO ORIG Bp LOV ADDR 
IGET ORIG LOC OF BP 

lAND ORIG PO OF BP 

lAND ORIG BP INSTRVCTION 
ISET UP ORIGINAL 
IBREAK POINT POINTERS 
IRESTORE ORIG BKpNT INSTR 
IBACl{ TO MON I TOR 

ISAVE ORIG VALUE OF H /I. I.. 

IS ET PNTR TO PAGE 00 
ICPU REGISTEfl STORAGE LOCS 
ISAIlE REGS D AND E 
lAS WELL AS ORIG H AND I.. 

IWITHOUT DISTURBING FLAGS 

ITO REST 0 I' BR EAKPT RTN 

THE "GO TO" ROUTINE 

THE "GO TO" ROUTINE PROVIDES A MEANS OF INITIATING EXECUTION OF A 
PROGRAM IN MEMORY BY DIRECTINQ THE MONITOR TO JiJMp TO A SPECIFlED AD-
DRESS. AFTER FETCHING THE ADDRESS FROM THE COMMAND, THE "GO· TO" ROUTINE 
DETERMINES WHICH "TYPE" OF GO TO IS REQUESTED. tHAT IS, THE "GO TO" 
FUNCTION Al...LO'llS THE SETTING OF A GROUP OF CPU REGISTERS BEFORE JUMPING 
TO THE PROGRAM. THE TWO GROUPS ARE THE SAME AS THOSE FOR THE BREAKPOINT 
ROUTINE. A TYPE "X" "GO TO" WILl. SET THE VAl...UES OF REGISTERS A, BAND C 
fROM THE .. VIRTUAl... .. CPU REGISTER TAB1.E WIl..E A T'\:'PE·· .. 2 .. "GO to" 10111.1. SE, 
TIiE VAl.UES OF REGISTERS D, E. HAND 1.. THE \iAl...UES IN THE "VIRTuAl." CPU 
REGISTER TAl3l.E ARE SET UP BY EITHER THE "BREAKPOINT" ROUTINE· OR BY-TliE 
HEXAMINE REGISTER" ROUTINE TO BE PRESnlTtD NEXT.' THE "GO TO" ROUTINE 
STARTS AT THE LOCATION !..ABll.ED "GOTO," THE 1.IS'I'ING AND nolol CHART ARE 
PRESENTED ON THE NEXT PAGE. THE READER 10111.1. NOTt THAT THE "ANl.YZ" SUB-
ROUTINE OF THE BREAKPOINT HOUTlNE IS Al...SO

c 

USE.D BY "GO TO" TO FETCH THE 
START OF EXECUTION ADDRESS AND FORM THE .JUMP INSTRUCTION WHICH IS· THt 
FINAl... STEP IN THE "GO TO" ROUTINE. 
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MNEMON! C 

GOTO. GAL ANLYZ 
JTZ GOI 
CPI 262 
JFZ ERR 
I 
G02. LLI 203 
LDl'l 
INL 
LEM 
GOCOM, INL 
LBI'! 
INL 
LCM 
LLC 
LHB 
JMP 155 000 
I 
GOI, LLI 200 
LAM 
JMP GOCOM 

SET UP REG' S 
A, B & C 

COMMENTS 

ISET UP ADDR OF GOTO 
ITO SET UP CPU REGS A,B,C 

IERROR I F NOT GI OR G2 

IsET UP CPU REGS D, E.M I. L 

SET UP JUMP 
INSTRUCTION 

SET UP REG'S 
D, E. Ii e. L 

JUMP TO 
ADDR IN 

. COMMAND 

NO 

THE "GO TO" ROUTINE Fl...01i CHART 
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ERROR 

MSG 

RETURN TO 
COMMAND MODE 



THE ".l:XAMINE REGISTER" ROUTINE 

THE "EXAMINE REGISTER" ROUTINE AL.LO'o'S ONE TO EXAMINE THE. CONTENTS 
OF THE "VIRTUAL." CPU REGISTERS AND THE FLAG STATUS WHICH Ai'll:. STORED IN A 
TABLE ON PAGE 00 AT LOCATIONS 200 THRU 207. THE CONTENtS OF REGISTl:.RS 
A THRU E ARE STORED IN LOCATIONS 200 THl'lU 204 RESPl:.CTIVl:.LY. REGISTER Ii 
IN 205. REGISTER L IN 206 AND THE FLAG STATUS BYTE IN 207. THE CONTENTS 
OF THE "VIRTUAL." REGISTI:RS MAY BE MODIFIED BY ENTl'.RiNG THl. RI:.VISI0N AF-
TER THE CURRENT VAL.UE IS PRINTI.D. HOIJEVI:.R. THE FLAG STATUS IS DISPLAYED 
SOLELY TO ALLOW EXAMINATION Of THE STATE Ot' THE FLAGS AT THE TIME. THE. 
LAST BREAKPOINT WAS EXECUTED. 

THIS ROUTINE STARTS BY FETCHING THE REGISTE.R DESIGNATION FROM THE 
INPUT BUFFER AND DETERMINING WHICH IS SPECIFIED. IF A "VIRTUAL." CPU RE-
GISTER IS SPECIFIED. A POINTER IS FORMED TO INDICATE WHICH LOCATION IN 
'THE TABLE IS TO BE DISPl.AYED. THE CURRENT VAL.Ul;: IS PRINTED. FOl.l.OWED BY 
A COl.ON. AND THEN THE ·'INSPC1.." SUBROUTINE IS CAL.Lto TO INPUT ANY CHANGES 
'THE OPERATOR MAY DESIRE TO MAKE TO THE VAl.UE STORED ,'OR THAT Rl'.GIStER. 
IF NO MODIFICATION IS ENTERED. THE ROUTINE. SIt1PLY RETURNS TO THE COMI1.i-lND 
MODE AND THE ORIGINAL. CONTENT IS MAINTAINED. IF A MODIFICATION IS EN
TERED. THE "DCDNM" SUBROUTINE CONVERTS THE UIPUT Tv BINARY FORM AND THE 
NEW VAL.UL IS STORED IN THE-TABLE. IF THE FLAG STATUS'IS REQUl;.STLD, THE 
VALUE CURRENTLY STORED AT LOCATION 207 ON PAGE 00 - WIl.l.' BE PRINTED AND 
mE ROUTINE AUTOMATlCAL.LY RETURNS TO THE COMMAND MODE. 11' THE REGISTER 
DESIGNATION IS NOT VAL.ID. THE Il.LEGAL. ENTRY DlROR MESSAGE IS DISPLAYED. 

THE DETAILED LISTING FOR THE "EXAMINE RE.GISTER" HOUTlNE IS PRE.SENT
ED BELOW AND THE FLOW CHART IS ON THE FOLl.OWING PAGE. 

MNEMONIC 

>:REG. l.LI 341 
l.AM 
RGAGN, CPI 301 
JTC ERR 
CP I 306 
J fC FilL 
SUI 101 
XCOM, l.LI 164 
l.MA 
l.LA 
CAl. SPAC 
LAM 
CAl. OCTOUT 
CAl. COl.ON 
CAl.. INSPCL 
l.EI 340 
LAL 
CPE 
JTZ INCMD 
CAL DCDNM 
Ll.I 164 
l.LM 
LMB 
JM? INCMD 

COMMENTS 

/SET IN? BFR PNTR 
/FETCH REG l.ETTER 
/1 S REG VAl. I D1 
/1'10. PRINT ERROR 
/YES. IS REG A THRU 1.1 
/NO. TRY H. I.. OR I' 
/SET UP REG TEl. PNTR 
/SAVE TEl. PNTR IN TEMP 5TRAGE 

/SFT PNTR TO REG TBl. l.OC 
/PR INT S?AC E 
/FETCH CURRENT REG VALUE 
/PRINT CURRENT REG VALUE 
/PRINT COLON 
/INP MODIFICATION 
/5FT IN? BFR PNTR 

/WAS MOD ENTERED? 
/1'10, RET TO COMMAND t10DE 
/YES. DECODE OCTAL NUMBER 
/SET PNTR TO TEMP STRAGE 
)YETCH REG TBl. PNTR 
/STORE NEW REG VALUE 
IRFT TO COMMAND MODE 
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NO 

VALID? 

YES 

DI SPLAY VIRTUAL 
REGISTER VALUE 

INP CHANGE 
FM KYBD 

NO 

NO 

STORE NEW VALUE 
fOR VIRTUAL REG 

RETURN TO 
COMMAND MODE 

YES 

01 SPl.AY FLAG 
STATUS BYTE 

IIlO 

PRINT 
ERROR 

MSG 

TIlE "EXMlINE REGISTER" ROUTH,jE fLO\> CHART 
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MNEMONIC 

/ 
Flil •• CPI 310 
JFZ l.ORF 
l..AI 205 
JMP XCOM 
/ 
l.ORF. CPI 314 
JFZ I" 
l..AI 206 
JMP XCOM 
I 
F. CPI 306 
JFt. ERR 
CAl. SPAC 
l.l.1 207 
l..AM 
CAl. OCTOUT 
JMP INCMD 

COMMENTS 

lIS REG - H? 
INO. TRY l. OR I" 
IY ES. SET 1'1 EG TSl. PIIITR 
IINP MOD TO REG VAl.UE 

lIS REG" l.1 
INO. TRY I" 
IYES. SET REG TBl. PIIITR 
IINP MOD TO REG VALUE 

lIS REG .. F. FOR FLAGS? 
INO. PRINT ERROR 
IPR INT SPAC E 
ISET REG TSl. PNTR 
IFETCH FLAG WORD 
IPRINT FLAG WORD 
IRET TO COMMAND MODE 

THE THREE ROUTINES JUST PRESENTED ARE ALl. INTER-REl..ATED IN O.!H- WAY 
OR ANOTHER. THE "EXAMINE REGISTER" ROUTINE SETS UP THE VAl.UES TO EE 
l.OADED IN THE CPU REGISTERS At THE TIME THE "GO TO" OPERATION IS PER
FORMED. THE "GO TO" RoUTINE MAY START THE liXli.CUTION OF A PROGAAM WHICH 
WIl.l. EVENTUALl.Y REACH A "BREAKPOINT" WHICH RETURbi5 TO THE "BREAKPOINt" ~ 
ROUTINE TO STORE THE CPU REGIST&.R VALUi:;$AND THE FLAG STATUS. WHICH. IN 
TURN MAY BE EXAMINED BY THE "EXAMINE REGISTER" ROUTINE. THIS COORilINA
TION BETWEEN THESE ROUTINES MAKES THE INCl.USION OF tHESE ROtJTUiES. AS A 
GROUP. A CONVENI ENT POINT TO COMPl.ETE ONE'S MONITOR PROGRAM. - THE OPERA
TING PORTION OF THE MONITOR PROGRAM PRf.SEQTED TO THIS POUIT"OCCUPIES 
SLIGHTLY MORE THAN 3/4 K BYTES OF MEMORY. SO. IF ONE FEtLS THAT tHE 
ROUTINES PRESENTED THUS FAR WILl. BE SUFFICIENT FOR ONE'S MONITOR PRO
GRAM. THE PROGRAM CAN BE DlDED HERE AND tJsto TO GIVE. THE OPEl'iATOR THE 
NECESSARY BASICS FOR A GOOD "OPERATING SYSTaI" AND "PROGRAM DtBUGGUilG" 
MONITOR PROGRAM. THE FOLLOWING RoutINES ARE PRESENTED TO GIVE THE-READ-
ER AN I DEA FOR OTHER TYPES 01' "CONVENl ENCE" ROUTINES THAT MAY BE ADDEll. 

THE "Fll.L .. 1'10 UT I N E 

THE MEMORY "FILL" ROUTINE IS USED TO 1"11.1. A BLOCK OF MEMORY WITH 
A SPECIFIC 8 BIT DATA VALUE. THIS ROUTINE IS USEFUl. IN "ZEROING" /It 
BLOCK OF MI1lS0RY BEFORE EXECUTING A PROGRAM to DEtERMINE WHETHtR THAT 
PROGRAM IS WRITING INTO THE S£CTI0N OF MENORY "Z.EROED" out OR NOT~· AS 
THE READER WIL.l. ~ SEE FROM THE LISTING. THIS PROGRAM MARES VERY EFFECTIVE 
USE OF SUBROUTINES TO PERFORM lTS FUNCTION. THE "ADRDTA" SUBROUfINE~ 
FETCHES THE PERTAINDIT INFORMAtION mOM· THE INPUT-SUFfER; THE "stTup .. 
SUBROUTINE SETS taE MEMORY POINtER TO TKEMD'lORY LOCAtION TORECElIlE THE 
DA.TA BYTE.. AND THE "CKEND" SuBROUTINE DETERMINES WEN tHE FINAL LOCATION 
HAS BEEN l.OADED. ~ 

THE PROGRAM LISTING AND n.01i CHART FOR THE .. FIl.L .. ROUTINE IS PRE
SENTED ON THE NEXT~PAGE. 
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MNEMONI C 

FILL. CAL ADRDTA 
nI, CAL SETUP 
LMB 
CAL CKEND 
JMP FLI 

INCR MEM 
PNTR 

C0i1MENTS 

IINP ADDR AND DATA FM ErR 
ISET UP MEM PNTR 
IFILL MEM LOC WITH DATA 
IDONE? YES, RET TO CMND MODE 
INO. CONTINUE \11TH FILL 

NO 

FETCH START 
€<ND END ADDR 

AND DATA 

LOAD MEMORY 
WITH DATA 

RETURN TO 
COMMAND MODE 

NO 

PRINT 
ERROR 
Msa 

THE MEMORY "FILL" ROUTINE now CHART 
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THE "SEARCH" ROUTINE 

THE MEMORY "SEARCH" ROUTINE IS USED TO SEARCH THE CONTENTS OF A 
SPECIFIED BLOCK OF MEMORY FOR AN S BIT DATA PAtTERN ENTERED IN THE COM
MAND. EACH TIME IT FINDS A BYTE WHICH MATCHES THE PATTERN, tHE ADDRESS 
OF THE MATCHING BYTE IS PRINTED ON tHE DISPLAY DEVICt. THE ROUTINE fET-
CHES THE ADDRESS BLOCK AND SEARCH DATA mOM THE INPUT'BUfFER BY CALLING 
THE "ADRDTA" SUBROUTINE. THE BLOCK OF DATA IS SEARCHED BY COMPA!UNG' 
mCH LOCATION IN THE BLOCK to THE DATA PATTERN ENTERED AND •. IF A MATCH 
IS FOUND. THE "MCONT" SUBROUTINE. IilHICH PRINTS A CARRIAGE RETURN, LUiI!: 
FEED FOLLOWED BY THE MEMORY ADIlRl'SS stORED' AT LOCATION' 166 ON PAGE 00. 
IS CALLED TO PRINT THE MEMORY ADDRESS WHICH CONTAlNS THE MATCH. THE 
PROCESS CONTINUEs UNtIL THE LAST LOCATION SPECI Fl ED IN THE COMMAND IS 
SEARCHED. ONCE AGAIN THE EFFtCTIVENESS OF GOOD GEiIIEl'W. SUBROUTINES'IS 
EVIDENCED BY THE BREVITY OF THIS ROUTINE.. THE DEtAILED LISTlNG' IS 
SHOWN BELOW AND THE FLOW CHART ON THE NEXT PAGE. ' 

MNEMONI C 

SEARCH. CAL ADRDTA 
l..LI 165 
!..MB 
SHI, LLI 165 
LAM 
CAL SETUP 
CPM 
CTZ MCONT 
CAL CKEND 
JMp SHI 

COMMENTS 

IINP ADDR AND DAtA FM Bm 
ISET PNtR TO SAUE DATA 
ISAVE SEARCH DATA IN MEM 
ISET PNtR to SRCH DAtA 
IFETCH SEARCH DAtA 
IFETCH CONtENTS Of MEM 
IllAtA EQUAL SRCH DATA? 
IYES. PRINT ADDR 
IDONE? YEs. RET TO CMND MODE 
IND. CONtINUE SEARCH 

tHE "TRANSFER" ROUtINE 

THE "tRANSFER" ROUTINE ALLOWS THE OPERAtOR TO TRANSFER A BLOCK OF 
MEMORY FROM ONE SECTION OF MEMORY TO ANOtHER. BY SIMPLY SPECIfYING TilE 
StARt AND END ADDRESS OF THE BLOCK TO BE MOVED, FOLLOWED BY TKE" StART 
ADDRESS OF tHE SECTION TO RECEI VE tHE MEMORY CONTENtS IN tHE COMMAI'ID. 
THE "TRANSFER" ROUTINE THEN SETS UP A "FROM" POINTER AND A "TO" POINTER 
WHICH ARE USED TO TRANSFER THE THE DATA "FROM" 'tHE ORIGINAL LOCATION 
'"TO" THE NE\! LOCAtION. tHIS ROUtINE USES A SUBROUTINE CALLED "SVAP" NOt 
ONLY DURING tHE ACTUAL TRANSFER OF tHE DATA BUT ALSO TO' 'tEMPORARILY SAVE 
THE ADDRESSES AS tHEY ARE READ IN FROM THE INPut BUFFER. THIS COMMAND 
CAN BE USEFUL IN SAVING A BLOCK'OF DATA IN ONE SECTION OF MEMORY BEFORE 
USING THE ORI GINAL DATA AREA AGAIN. AFTER THE SECOND UsAGE. THE T\lO 
BLOCKS WILL BE' AVAILABLE FOR EXAMINATION ANDIOR COMPARISION. ANOTHER 
POSSIBLE APPLICAtION IS to RE-OfUGIN A PROGRAM mOM ONt AREA OF MEMORY 
to ANOtHER. OF COURSE. THE JUMP AND CALL INSTRUCtIONS VOULD HAVE TO BE 
CHANGED to INDICATE tHE NEW ADDRESSES. BUT nus CAllI BE ASSIStED BY USING 
THE "SEARCH" ROutINE TO LOCAtE THE JUMP AND CALI.. INSTRUCTIONS WITHIN THE 
PROGRAM. tHIS MEtHOD OF MOVING PROGRAMS' CAN BE EFFECTIVE' fOR PROG!'tAMS 
WHICH ARE NOT TOO LONG. AS OPPOSED TO RE-ASSEMBLING tHE PROGRAM. 

THE FLOW CHART AND LISTING FOR THE "TRANSFER" ROUTINE ARE PRESENTED 
FOLLOWING THE "SEARCH" ROutINE FLOW CHART. 
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PRINT 
MEM ADDR 

YES 

FETCH START 
ADDR AND 

DATA 

SEARCH MEM FOR 
DATA PATTERN 

SPECIFIED 

YES 

RETURN TO 
COMMAN D MO DE 

NU 

NO 

INCR MEM 
PNTR 

THE "SEARCH" ROUTINE FLOW CHART 
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PRINT 
DlROR 
MSG 



INCR 'TO' AND 
'FROM' PNTRS 

NO 

SET UP 'TO' AND 
'FROM' PNTRS 

MOVE DATA 
'FROM' 'TO' 

YES 

RETURN TO 
COMMAND MODE 

NO 

PRINT 
ERROR 

M5G 

THE MEMORY "TRANSFER" ROUTINE Fl..O\i CHART 

{1NEMONI C 

TRillS Fl'l. LLI 342 
CAL OCTNM 
LLI 166 
LBE 
LEI 172 
LDH 
SVSA. CAL SVA? 
LAI 172 
C?L 
JFZ SIlSA 

COMMENTS 

ISET PNTR TO ADDR INp 
I FETCH 'FROM' ADD!'! 
ISET ?NTR TO"ADDR INp 
ISAVE INp BFR pNT 
ISAVE 'FROM' IN TEM? STl'IGE 

IMOVE ADDR TO TEMp STRGE 
115 XFR COMpLETE? 

INO. CONTINUE MOVE 
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INB 
1..1..B 

MN EMON 1 C 

CAl. OCTNM 
l.l.I 176 
l..MB 
INl.. 
l..MC 
1..1..1 172 
l..EI 166 
l..DH 
TFI. CAl.. S"AP 
!..AI 176 
CPl.. 
JFZ TFI 
1.. EM 
INl.. 
l..DM 
TF2. CAl.. SETUP 
CAl. SWAP 
CAl.. CK El'J D 
JMP TF2 
I 
SWAP. !..AM 
CAl.. INMEM 
CAl.. S"ITCH 
l..MA 
CAl.. INMEM 
JMP SWITCH 

COMM El'lTS 

IRESTORE INP BI'R PNTR 
IINP 'TO' ADDR 
ISET PNTR TO SAVE 'TO' ADDR 
I SA VE 1..0 ADDR 

ISAVE PG ADDR 
ISET PNTR TO TEMP STRGE 
ISET TO MOVE '!'ROM' BACK 

IX!'R '!'ROM' 

IX I'R COMPl.. ET E? 
INO. CONTINUE 
IFETCH 'TO' PNTR 

ISET '!'ROM' PNTR 
ISWAP MEM CONTEl'JTS 
IDONE7 YES. RET TO CMND MODE 
INO. CONTINUE XI'R 

II' ETCH BYT E TO X!'R 
IINCR '!'ROM' PNTR 
ICHANG! PNTRS 
ISTORE BYTE IN NEW 1..0C 
IINCR 'TO' PNTR 
ICHANGE PNTRS AND RET 

PUTTING IT Al.l.. TOGETHER - THE ASSEMBl..ED MONITOR PROGRAM 

AND AFTER Al.l.. IS SAID AND DONE. HERE IT 151 THE MONITOR PROGRAM 
PRESENTED IN ITS FINAl. ASSEMBl..ED FORM. THE ROUTINES DI SCiJSSED ARE NO" 
l..ISTED WITH THEIR ADDRESSES AND 11ACHINE CODE TO PROVIDE THE REAOER "ITH 
A MONITOR PROGRAM THAT SIMPl..Y REQUIRES THE ADDITION OF THE 1/0 DRIVERS 
(DETAIl..ED PREVIOUSl..Y) TO TURN ONE'S COMPUTER SYSTEM INTO A HIGHl..Y FUNC
TIONAl. "OPERATING SYSTEMI" 

THE FIRST PART OF THE 1..1 STING SHOWS THE 1..0CATIONS ON PAGE 00 WHICH 
ARE USED BY THE MONITOR FOR STORING POINTERS. COUNTrnS. TEMPORARY DATA. 
'!liE COMMAND 1..00K UP TABl..E AND THE INPUT BUFFER; THE READER "IL.l.. NOtE 
11lAT SEVEl'J OF THE EIGHT RESTART 1..0CATIONS ARE AVAIl..ABl..E FOR THE USER'S 
PROGRAMS. 

THE OPERATING PORTION OF THE MONITOR PROGRAM HAS BEEl'l ORIGINED 0 ... 
PAGES 14 THROUGH THE FIRST liAJ..F OF PAGE 17. WITH THt <XPE.CTED STARTING 
1..0CATIONS OF THE USER PROVIDED 1/0 DRIVERS ON " THE SECOND HAl..F Ot PA(;E 
17. THE READER MAY DESIRE TO RE-ORIGIN THE OPERATING PORTION TO THE 
UPPER SECTIOl~ OF THE MEMORY AVAIl..ABl..E IN ONE'S SYSTEM. 

THE START OF EXECUTION ADDRESS FOR THE MONITOR PROGRAM. AS LISTED. 
IS AT PAGE 14 1..0CATION 000. 
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000 000 
000 070 
000 070 
000 073 
000 074 
000 075 
000 076 
000 076 
000 076 
000 076 
000 076 
000 076 
000 130 
000 131 
000 132 
000 133 
000 134 
000 135 
000 136 
000 137 
000 13(l 
000 13 g 
000 13g 
000 150 
000 150 
000 151 
000 152 
000 153 
000 154 
000 155 
000 155 
000 155 
000 155 
000 160 
000 160 
000 161 
000 162 
000 163 
000 164 
000 165 
000 166 
000 167 
000 170 
000 171 
00 a 172 
000 173 
000 174 
000 175 
000 176 
000 177 
000 200 
000 200 
000 20 1 
000 202 
000 203 
000 204 
000 20 5 
000 206 
000 20 7 

104 000 000 
000 
000 
000 

215 
212 
276 
~w7 
-e-1-5- 0 0·') 

1!T2 "15 
-etli} 'J.1 'J.. 
0 00 

000 
000 
000 
000 
000 

104 000 000 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

000 
000 
000 
000 
000 
000 
000 
000 

ORG 000 070 
I 
JMP 000 000 
000 
000 
000 

IJUMP INSTRUCTION fOR BRKPT 
IBRKPTLOCATION - LOW ADDR 
IBRKPT LOcATION - PG ADDR 
iORIG. BRKPT INSTRUCTION 

I 
ILOC. 076 THRU 127 AVAILABL E Fa R USER 
I 
IMONITOR MESSAGE TABLE 
I 
ORG 000 130 
215 I CAR. RET. 
212 ILINE FE.ED 
276 I> 
000 
21 5 I CAR. RET. 
212 ILINE FEED 
000 
I 

~1 
'). 

ILOC. 1311 THRU 147 AVAILABLE FOR USER 
I 
ORG 000 150 
I 
000 
000 
000 
000 
000 
I 

IDIGIT STORAGE 
I FOR OCTAL NUMBER 
I SUBRO UTI N E 
IAVAILABLE 
IAVAILABL E 

ICOMMAND AND GO TO JUMP INSTRUCTION 
I 
JMP 000 000 ICMND RTN FILLS IN ADDR 

IAVAILABLE 
iAVAILABLE 
IAVAILABLE 
IAVAILABLE 
ITEMP STORAGE 
ITU1P STORAGE 

( . ... 

I 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
I 
000 
000 
000 
000 
000 
000 
000 
000 

ILOW ADDRESS - LOW PORTION 
iLOW ADDRESS - PAGE PORTION 
IHIGH ADDRE.SS - LOW PORTION 
IHIGH ADDRESS - PAGE PORTION 
IT EMP STORAG E. 
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ITEMP STORAGE 
ITEMP STORAGE 
ITEMP STORAGE 
ITEMP STORAGE 
ITEMP STORAGE 

IVIRTUAL CPU REG "A" 
iviRTUAL CPU REG "S" 
IviRTUAL CPU REG "e" 
iVlRTUAL CPU REG "IJ" 
IVIRTUAL CPU REG "E" 
IVIRTUAL CPU REG "Ii" 
IviRTUAL CPU REG "L" 
IFLAG STATUS BYTE 



000 2 10 
000 210 
000 210 
000 21 1 
000 212 
000 213 
000 214 
000 215 
000 216 
000 217 
000 220 
000 221 
000 222 
000 223 
000 224 
000 225 
000 226 
000 227 
000 230 
000 231 
000 232 
000 233 
000 234 
000 235 
000 236 
000 237 
000 240 
000 241 
000 242 
000 243 
000 244 
000 245 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 
000 246 

l "l 014 000 
014 002 
014 004 
014 00 7 
014 012 
014 014 
014 015 
014 017 
014 021 
014 022 
014 025 
014 026 
014 027 
014 030 
014 031 

315 
150 
00 1 '1 
304 

~;?1~ 
327 
343 . 
0 0' 11/ 

322 
371 
~ ]\1 

37 ~ 
0)'5 1" 
30 7 
220 
o y6r7 ~; 

330 
257 
0¥6 1' 
306 
005 
0 )--7"7£, 
323 
022 
0y7 7 b 
324 

O~.!: 
O,Y I 1" 

056 000 
066 130 
106 J 55 
106 066 
066 340 
307 
036 012 
066 2 J 0 
277 
150 047 
060 
060 
060 
031 
110 021 

ICOMMAND LOOK UP TABLl: 
I 
315 IMODI FY 
150 
015 
304 IDUMP 

' 275 
015 
327 IBULK WRIT~ 
343 
015 
322 IBULl( Rl:AD 
371 
015 
302 IBREAKPOINT 
377 
015 
30 7 I GO TO 
220 
016 
330 IEXAMIN~ REGISTE.RS 
257 
016 
306 IFILL MEM 
005 
017 
323 I SEARCH 
022 
017 
324 ITRAiliSfER 
061 
017 
I 
ILOC. 246 THRU 337 AVAILABLl: !'OR 
IUSER OR TO EXPAND COMMAND TABL ~ 
I 
ILOC. 340 THRU 377 - INPUT BUffER 
I 7~ 
IPAGES 01 THRU.r.f AVAILABLE 
IfOR USER·S PROGRAMS 
I 

I 
ICOMMMAND INPUT ROUTINE. 
I 
ORG 014 000 
INCMD. LHI 000 ISET PNTR TO HEADIillG MSG 

/ l"\LL I 130 
OP. CAL MSG 
014111 CAL CDIN 

LLI 340 
LAM 

IPRINT C/R. L/F. > 
I I NPUT COMMAND FM KY5D 

I fETCH COMMAND CHAR 
IS ET CMND NMBR CNTR 
ISET CMND TABLE PNTR 

LDI 012 
LLI 210 
CKCMD. CPM 

0,,4 7'3 JTZ FOUND 
, INL 

INL 
INL 
DCD 

Ol4 -" JfZ CKCMD 
/ , 
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lIS CMND CHAR FOUND IN TBL? 
IY~S. PROCESS COMMANb 
INO.ADVANC~ CMND TBL PNTR 

II S LAS T CMN D CH ~CK ED? 
IN O. CHk.CK NEXT 



014 034 
014 031 
014 041 
014 044 
014 041 
014 041 
014 050 
014 051 
014 052 
014 053 
014 055 
014 051 
014 060 
014 061 
014 062 
014 063 
014 066 
014 066 
014 010 
014 012 
014 013 
014 016 
014 100 
014 103 
014 105 
014 110 
014 112 
014 113 
014 115 
014 116 
014 120 
014 123 
014 124 
014 125 
014 130 
014 131 
014 132 
014 135 
014 135 
014 131 
014 140 
014 143 
014 144 
014 146 
014 151 
014 151 
014 153 
014 155 
014 155 
014 156 
014 151 
014 160 
014 163 
014 166 
014 111 
014 111 
014 172 
014 113 
014 114 
014 115 

106 151 0 1,-.4 ~ ERR. CAL HDLN 
006311 - ' > LAI311 
106 ~~. 0 .1--7 ) CAL PRINT 
104 0-00 0.14 - JMP INCMD 

060 
331 
060 
321 
066 156 
056 000 
313 
060 
312 
364 

I 
FOUND. Ii'lL 
LDM 
INL 
LCM 
LLI 156 
LHI 000 
LMD 
IIIIL 
LMC 
LLE 

104 155 000 JMP 155 000 
I 

066 340 CDIN. LLI 340 
016 240 SPI. LMI 240 
060 INL 
I I 0 0 10 0 1 (~ J FZ S P I 
066 340 LLI 340 

106 '?(9;- ~.1-~? 1(,1 N2. ~J.~-t: 
014 204 - CPI 204 
150 000 01 '4 " ' JTZ INCMD 
014 215 CPI 215 
053 RTZ 
014 214 CPI 214 
053 RTZ 
014 311 CPI 311 
150 135 0,J-1i'· JTZ BDCR 
060 

,/ 

061 
150 100 01.4 

INL 
DCL 
JTZ IN2 

310 .' LMA 
060 INL 
104 100 01* ' JMP IN2 

006 340 
216 
150 100 01'4 
061 / 
016 240 
104 100 014 

I 
BDCR. LAI 
CPL 
JTZ IN2 
DCL 
LMI 240 
JMP IN2 

340 

13, ... " .... I 
066 ) ,3'4 (.0 HDLN. LLI 134 

: j-~ 

056 000 I ' LHI 000 , ' I 
301 MSG. 
240 _._,. NDA 
053 ( HTZ 
106 ~ oMr CAL 
I 0 6 I 11 0 lA'" CAL 
104 155 0i£! 1 JMP 

I 

LAM 

PRINT 
INMEM 
MSG 

060 
013 
050 
001 

INMEM. INL 
RFZ 
INH 
RET 
I 
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IYES. PRINT C/R. 1..1 F 
I II..L EGAI.. ENTRY CO DE 
IPRINT ERROR MSG 
IINP NEXT COMMAND 

IADV Ci1ND TBI.. PNTR 
IFETCM CMND LO ADDR 

IFETCH CMND PG ADDR 
ISET PNTR TO JMP INSTR. 

ILOAD LO ADDR OF CMND 

ILOAD PG ADDR OF CMND 

IJUMP TO CMND ROUTINE 

ISET PNTR TO START OF INP BfR 
IFILL IIIIP BFR WITh SPACES 
IINCR INP BfR PNTR 
ID0 1'1::7 NO. STORE MORl::. SPAC!:.S 
ISET INP BFR PNTR 
IINP CHAR FM ItvP DEVICE 
ICHAR = CNT'L D? 
IYES. RET TO COMMANU MODE 
ICHAR = CAR RET? 
IYES. RLT TO CALLING PG11 
I CHAR = CN T 'i. L? 
IY ES. RET TO CALLING PGt1 
ICHAR ~ RUBOUT? 
IYES. DEL!:.T!:. (;HAR FM INP 8FR 
I I SIN P B FR FULL? 

IYES. DON'T STORE CHAR 
IND. STORE CHARACT!:.R 
IINCR INP BFR PNTR 
IINP iHXT ChAR 

ISET ACC TO INP "F'R S.A. 
IMY ChARACTERS YLT? 
IND. CONTINUE INPUT 
IYES. BAC~ UP INP BFR PNTR 
iSTORE SPACE OVER LAST CHAR 
ICONTlNUE INPUT 

ISET PNTR TO C/R. LIF MSG 
IFALL THRU TO PRINT ' MSG 

IFETCh CHAR TO PRINT 
lEND OF MSG CHAR? 
IYES. RET TO CALLING PGM 
INO. PRINT CHAR 
IINCR MSG PNTR 
ICONTINUL PRINT UUT 

IINCR 1..0 ADDR 
II F NON ZERO. RET 
I ELSE. INCR Pc, ADDR 
IRET TO CALLING PGM 



f) 014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 

, 014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 
014 

175 
175 
176 
201 
203 
204 
205 
206 
207 
210 
212 
215 
216 
217 
222 
224 
225 
226 
227 
230 
232 
233 
236 
237 
240 
241 
243 
244 
247 
250 
250 
253 
254 
255 
255 
255 
257 
260 
261 
262 
263 
264 
265 
270 
273 
274 
275 
277 
301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
315 

346 
106 
066 
371 
060 
372 
364 
307 
074 
1 10 
060 
346 
106 
066 
371 
060 
372 
302 
066 
277 
140 
013 
060 
307 
066 
277 
140 
007 

106 
321 
040 

066 
375 
060 
375 
060 
375 
364 
106 
160 
307 
336 
044 
066 
317 
370 
060 
307 
371 
060 
370 
363 
060 
104 

I 
OCTNM, LEI. 

250 0y4 7.3 CAL OCTPR 
166 LLI 166 

LMB 
INL 
LMC 
LLE 
LAM 

254 CPI 
222 0y£1;; JFZ 

INL 
LEI. 

254 
SGL 

250 O~7.7, CAL 
170 SGL, 

OCTPR 
LLI 170 

LMB 
INL 
LMC 
LAC 

167 LLI 

, ./ CPM 
034 0)'4:'> JTC 

RFZ 
INL 
LAM 

166 LLI 
CPM 

034 01 '4 JTC 
, RET 

I 

167 

ERR 

166 

ERR 

255 01 '4 OCTPR, CAL DCDNM 
LCB 
IN E 
I 
I 

150 DCDNM, LLI 150 
LMH 
INL 
L11H 
INL 
LMH 

.. LLE 
332 014 LOOP, CAL mUM 
315 014 '- JTS CKLNH 

LAM 
LDL 

007 NDI 007 
150 LLI 150 

LBM 
LMA 
INL 
LAM 
LMB 
INL 
LMA 
LLD 
INL 

265 014 .JMP LOOP 
I 
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ISAVE INP BFR PNTR 
ICON VERT 1ST OCTAL PAIR 
ISET PNTR TO LO ADDR STRAGE 
I SA VE LO HAL F 0 F LO ADDR 

ISAVE PG HALF 0 F LO ADDR 
IR ESTOR E 1 NP B FR PNTR 
I FETCH NXT CHAR 
ICHAR ~ COliMA? 
INO, ONLY ONE ~~TRY 
IY ES, 1 NCR 1 NP B FR PNTR 
ISAVE INP VFR PNTR 
ICONVERT 21~D OCTAL PAIR 
ISET PNTR TO HI ADDR STRAGE 
ISAVE LO HALF U F HI ADDR 

ISAVE pG HALF OF HI ADDR 

115 HI AUDR < LO AD DR? 

IYES, PRINT ERROR 
11 F pG HALF NOT ~, RET 
I El.S E. CH ECK LO HAL F 

115 HI ADDR < LO ADDR? 

IYES, PRINT ERROR MSG 
INO, RET TU CALLING PGM 

IDECODE 1ST OCTAL NuMBER 
ISAVE OCTAL NUMBER 
IINCR INP BFR PNTR 

FALL THRU TO DECODE 2ND NMB'l 

ISET PNTR TO DIGIT STRAGE TBL 
ICLEAR TBL BY STORING 000. 

IRESET INP BFR PNTR 
ICHECK FOR VALID NU11BER 
11 F NOT, CHECK CHAR C,~T ~ 0 
I fETCH CHAR 
ISAVE INP BFR PNTR 
IMASK 0 H 260 
ISTORE OCTAL NU11BER IN 
ITABLE AT LUC 150 pG 00 
lAND SHI FT OTHER NUliBERS 
IUP THRU THE TABLE 

IRESTORE AND INCR INP BFR PNTR 

I FETCH NXT NUMBER 



1"'; 014315 
014 316 
014 317 
014 322 
014 323 
014 326 
014 331 
014 332 
014 332 
014 333 
014 335 
014 336 
014 340 
014 342 
014 343 
014 343 
014 345 
014 346 
014 347 
014 350 
014 351 
014 353 
014 354 
014 355 
014 355 
014 357 
014 360 
014 362 
014 363 
014 365 
014 366 
014 367 
014 370 
014 371 
014 372 
014 373 
014 374 
014 375 
014 376 
014 377 

_, 015 000 
015 001 
015 003 
015 004 
015 005 
015 005 
015 006 
015 007 
015 010 
015 011 
015 012 
015 013 
015 014 
015014 
015 015 
015 016 
015 017 
015 021 
015 023 

306 
274 
150 034 
346 
106 355 
120 034 
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 
012 
012 
310 
061 
307 
002 
002 
002 
201 
061 
207 
310 
006 200 
240 
007 

325 
353 
332 
326 
364 
342 
007 

CKLNH. LAL 
CPE 

o I}h' JTZ ERR 
, LEL 

0;-4 7-' CAL OCT 
01,4 T) J F'S ERR 

I RET 
I 
mUM. LAM 
CPI 260 
RTS 
SUI 270 
ADI 200 
REt 
I 
INCR. ADI 00 I 
LMA 
R F'C 
INL 
LAM 
ADI 001 
LMA 
RET 
I 
OCT. 1.1.1 152 
LAl1 
CPI 004 
R F'S 
NDI 003 
RRC 
RRC 
LBA 
DCL 
LAM 
RLC 
RLC 
RLC 
ADB 
DCL 
ADM 
LBA 
LAI 200 
NDA 
RET 
I 
SWITCH. LCH 
LHD 
LDC 
LCL 
LLE 
LEe 
RET 
I 

360 OCTOUT. LLA 
002 RLC 
002 RLC 
044 003 NDI 003 
064 260 j&RI 260 
106 ~ OV7 tl AI. PRINT 

/ 30 / 
1'-' 

- 47 -

lIS CHAR CNT • O? 
IYES. ,PRINT ERROR MSG 
INO. SAVE INP BF'R PNTR 
If ETCH FINAL OCTAL NUMBER 
11 F' INVALI D. PRINT ERR MSG 
IELSE. RET TO CALLING PGM 

lIS CHAR A VALl D NUMBER? 

INO. RET WITH S FLAG SET 
iCHEeK UPPER LIMIT BY 
ISETTING S FLAG TO PROPER 
ISTATE AND RETURN 

IINCR CONTENTS OF MEM LOC 
IRESTORE MEM CONTENTS 
11 F NO CARRY. RET 
IELSE. FETCH NXT LOC 

IINCR MEM CONTENTS 
IRESTORE MEM CONTENTS 
IRET TO CALLII~G PGM 

ISET pNTR TO 3RD DIGIT 

lIS 3RD DIGIT> 37 
IYES. RET WI TH S FLAG RE.S ET 
ICL EAR CARRY 
IPOSITION DIGIT 

ISAVE IN REG B 
IDECR PNTR 
I FETCH NEXT DI GI T 
IPOSITION DIGIT 

IADD TO REG B 
IDEeR PNTR 

ISAVE fINAL NUMBER 
ISET S FLAG TO INDICATE 
ITHAT THE NUMBER IS VALID 
iRET TO CALLING PGl1 

ISWITCH THE PNTR IN 
IR EG' SHAND I. WI TH 
ITHE-PNTR IN REG'S D AND E 

IR ET TO CALLI NG PGM 

ISAVE OCTAL NUMBER TO PRINT 
IPOSITION HUNDRED'S DIGIT 

IMASK Off OTHER BITS 
lFORM ASCll CODE 
IPRINT DIGIT 



1~ a I 5 
0.15 
0.15 

\, 
a IS 
0.15 

I 
a I 5 
0.15 

I a IS 
0.15 
0.15 

I a IS 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

, 0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

/

' 0.15 
0.15 

I 0.15 
I 0.15 

0.15 

0.26 
0.21 
0.30. 
0.31 
0.32 
0.34 
0.36 
0.41 
0.42 
0.44 
0.46 
0.51 
0.51 
0.53 
0.56 
0.56 
0.60. 
0.62 
0.63 
0.65 
0.10. 
0.13 
0.15 
0.16 
10. I 
10. I 
I a I 
10.3 
10.6 
10. 6 
110. 
112 
113 
114 
115 
116 
111 
111 
121 
123 
124 
126 
121 
132 
133 
134 
136 
131 
142 
144 
145 
ISO. 
ISO. 
152 
155 
160. 
163 
166 
111 
173 

30. 6 l.AL 
0.12 RRC 
0.12 RRC 
0.12 RRC 
0.44 0.0.1 NDI 0.0.1 
0.64 260. . L aRI 260. 
la6.-d{}B- ayV CAL PRINT 
3 a 6 UP 1~' LAL 
0.44 0.0.1 NDI 0.0.1 
0.64 260. , aRI 260. 
10.4 -~ ay7'~JMP PRINT 

13" 7~ I 

0.0.6 212 r caLON, LAI 
10.4 3{)(T a P(JMP PRINT 

1M 1 ~1 

212 

0.66 
0.56 
30.1 
0.44 
10.6 
I a 6 
0.66 
30. 1 
10. 6 

161 
0.0.0. 

PRT 166, LLI 161 
LHI 0.0.0. 

0.11 
0.14 
I a I 
166 

0.14 

LAM 
NDI 0.11 

0.147 '1 CAL aCTaUT 
OlA11 CAL SPAC 

LL I 166 
LAM 

a!i5 " CAL aCTaUT 
/ I 

i 
0.0.6 24a ~/ sPAC' LAI 240. 
I a 4 -;300< a 1;7 yo J !'Il' __ PJi,U:[[, -F 

1>£) / 1-"'1 
0.56 0.0.0. SETUP, LHI 0.0.0. 
a 66 166 LLI 166 
321 LCM 
0.60. I NL 
351 LHM 
362 LLC 
0.0. 1 RET 

0.56 0.0.0. 
0.66 111 
30. 1 
a 66 161 
211 
110. 142 
0.60. 
30. 1 
0.66 166 
211 
150. 0.0.0. 
0.66 166 
30.1 
10.4 343 

0.66 342 
10.6 115 
10.6 10.1 
I a 6 266 
10.6 0.51 
10.6 241 
0.0. 6 340. 
216 

I 
CKEND, LHI 0.0.0. 
LLI 111 
LAM 
LLI 161 

/ CPM 
aX5 1'/ J FZ caNT 

INL 
L.AM 
LLI 166 

./ CPM 
aY4 73 JTZ INCMD 

caNT, LLI 166 

" /. LAM 
~1l }' ~MP INCR 

. >MaDI IT, LLI 342 
o}'1J 'f CAL ' OCTNM 
0.)--5 I CAL SPAC 
aj1d MoDI , CAL MEMPRT 
ayS7i CAL caLaN 
a;,sl!cAL INSPCL 

LAI 340. 
CPL 
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I FETCH a C TAL NUMB ER 
IPaSITIaN TEN'S DIGIT 

IMASK OFF OTHER DIGITS 
IFap.M ASCII caDE 
IPRINT DIGIT 
IFETCH aCTAL NUMBER 
IMASK DFF OTHER DIGITS 
IFORM ASCII caDE 
IPRINT DIGIT AND RET 

ISlT ASCII c a DE fOR: 
IPRINt COLON AND RET 

ISlT PNTR TO. PG ADDR 
laF LO ADDR STaRED 
I FETCH PG ADDR 

IPRINT PAGE AOCR 
IPRINT A SPACE 
ISfT PNTR TO. ' La AODR 
I F ETCH La .. DDR 
IPRINT La ADDR 
I FALL THRU TO PRINT SPAC E 

ISET ASCII caDE FaR SPACE 
IPRINT SPACE AND RET 

ISET PNTR TO. 0.0. 166 
I FETCH La ADDR 

I FETCH P G ADDR 
ISET PNTR TO MEM LOC 
IRET TO. CALLING PGM 

ISET PNTR TO. HI ~DDR 
I FETCH 2ND HALF 
ISET ' PNTR TO. 2ND HALF La ADDR 
12ND HAL FS UOUAL 7 
INa, caNTINUE PRaCESS 

IFETCH 1ST HALF HI ADDR 
15ET PNTR TO 1ST HAL.F La ADDR 
lIS 1ST HALFS EQUAL? 
iYES, RET TO. CMND MODE 
INa, SET PNTR TO. LO ;'DDR 
i I NCR La ADDR 

ISET INP BFR PNTR 
I FETCH ADDR TO. Ma 01 IT 
IPRINT SPAC E 
IPRINT caNTENTS OF MEM Lac 
IPRINT COLaN 
IINP MaDIFICATION 
I WAS Ma 0' DilT ERED? 



015 
015 
015 

\

' 015 

015 
015 
015 

I 
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 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 

174 
177 
200 
203 
204 
206 
207 
210 
21 1 
214 
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 
334 
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 

215 

255 

160 

005 

000 
166 

343 
233 
160 

106 151 
104 056 

000 
100 
370 
074 
053 
074 
150 
060 
150 
104 

340 
~ 
/0 

240 

215 
000 

034 
243 

106 

O~ ?,'JTZ 
LEA 

o 1A13 CAL 
/ ' LAB 

LLI 
LEM 
INL 

NXLOC 

DCDNM 

166 

LDM 
0I i )¥ CAL SWITCH 
7~ LMA 

NXLOC. LHI 
LLI 166 
LAM 

0J4 7 :l CAL INCR 
01-171, CAL MCONT 
o y:> 7y JMP MO D1 

000 

I 
oJ4'" MCONT. CAL HDLN 
o VS 7if JMP PRT 166 

I 
"'6/NSPCL. LLI 340 

o VI) LP I N. CAL R_C V JR 
• LMA 

/" CPI 240 

RTZ 
CP I 215 

Of4 71 JTZ INCMD 
INL 

" '\ 
014,' JTZ ERR 
Ot5 ",1 JMP LPIN 

I 
015 '1 MEMPRT. CAL SETUP 

, LAM 
106 
307 
104 014 01 '5 ,1 JMP OCTOUT 

066 342 
106 175 
106 151 
106 233 
106 101 
066 164 
076 020 
106 260 
106 117 
106 to 1 
066 104 
317 
01 1 
371 
150 305 
104 317 

066 342 
106 175 
066 166 
327 
060 
31 7 
060 

I 
, MDUMP. LLI 342 

014 ' CAL OCTNM 
01"4," CAL HDLN 
O'IS oJ MDMPI. CAL MCONT 
015 ' CAL SPAC 

MDMP2. LLl 164 
,/ LMI 020 

015./ 0UTAGN. CAL M.EMPRT 
01 5 CAL CKEND 
015 "'1 CAL SPAC 

LLI 164 
LBM 
DCB 

, ( LMB 
01'5 ' JTZ MDMP1 
or5''; JMP OUTAGN 

, I 

, WRITE. LLI 342 
o ~");, CAL 0 CTNM -

, LLI 166 
LCM 
INL 
LBM 
lNL 
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INU. SET UP NXT LOC 
IYES. SAVE INP PNTR 
ICONVERT TO OCTAL NUMBER 
ISAVE OCTAL NUMSER 
I SET PNTR TO MEM ADDR STRAGE 
I fETCH M.EM PNTR 

ISET PNTR TO MEM LOC 
ILOAD MEM loll TH NEW VALUE 
ISEt PNTR TO PG 00 
ISET PNTR TO MEM ADDR STRAGE 
I FETCH LO HALF 
IINCR MEM ADDR 
IPRINT NXT ADDR TO MODIFY 

IPRINT C/R. LI F 
IPRINT ADDR TO MODI FY AND RET 

ISET PNTR TO S.A. Of ll~P BFR 
IINP CHAR 
ISTORE CHAR IN INP EFR 
ICHAR = SPACE.? 
IYES. RET TO CALLING PGM 
INO. CHAR = CI R7 
IY ES. RET TO COMMAND MO DE 
INO. INCH INP EfR PNTR 
IINP EFR FULL? YES. ERROR 
INO. INP NXT CHAR 

ISET PNTR TO MEM LOC 
I FETCH CURRENT M.EM CONTENTS 
IPRINT CONTlliTS AND RET 

ISET PNTR TO INP BFR 
IFETCH Ml:.M DUMP LIMITS 
IPRINt C/R. L/F 
IPRINT ADDR ot 1ST LUC 
IPRINT SPACE 
ISET PNTR TO TEMP STRAGE 
ISAVE LOC PER LINE CNtR 
IPRINT MEM CONTt:NTS 
ICHECK FOR LAST LOC PRTD 
IPRINT SPACE 
ISET PNTR TO L/L CNTR 
IFETCH CNTR 
IDECR CNTR 
ISAVE CNTR. CNTR = 07 
IYES. START NEW LINE 
INO. PRINT MORE CONTLNTS 

ISET PNTR TO INP Bm 
I FETCH START AND END ADDR 
ISETREG'S HAND L WITH 
ITHE START ADOR AND 
IREG' 5 D AND E WI Ttl 
iTHE-END ADDR OF - THE 
I BLO CK 0 F ' M EM TO BE 



'"l t/ 015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
015 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
01 6 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
016 
'116 

356 
357 
360 
361 
362 
363 
366 
371 
371 
374 
:177 

377 
002 
003 
004 
007 
o I I 
014 
014 
017 
021 
022 
024 
027 
027 
032 
034 
035 
037 
OLlO 
041 
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 
lOLl 
106 
110 
I I I 

347 I..El'I 
060 INI.. 
337 I..DM 
351 I..HB 
362 loC LI..I..C _If 
106 -~" OY7,lICAl.. PUNCM7' 
104 000 0 y£ :, Jl'IP I NCM1i 

"300 I 
106 ~ o.rr17 RDBUI..K, CAl.. RFAD-j<. 
104 000 0l4" /3 JMP INCr-i)l._ 

I 
106050 Ou;'l, BRFAK, G#U. ANI..YZ 
364 I..I..E 
353 I..HD 
150027 OY6 15 JTZ BI 
074 262 CPI 262 
I 10 034 0yt{1~ J FZ ERR 

106 
076 
060 
076 
104 

075 
176 

I 
Oy?S B2, CAl.. SETBK 

I..MI 176 

106 
076 
060 
076 
060 
374 
060 
373 
060 
370 
104 

016 
037 

075 
I 12 

016 

000 

066 343 
106 175 
066 341 
307 
066 166 
347 
060 
337 
066 156 
374 
060 
373 
074 261 
007 

307 
076 075 
346 
335 
056 000 
066 070 
076 104 
060 
007 

Ii'll.. 
I..MI 0 16 

0y67> JMP F"lNBK 
" I 

oy6"iBI, CAl.. SETBK 
I..MI I 12 
Ii'll.. 
L.M I 0 I 6 
F"lNBK, Ii'll.. 
I..ME 
Ii'll.. 
I..MD 
INI.. 

/. I..MA 
OY4'/~ JMP INCMD 

I 
, ANI..YZ, 1..1..1 

o ~4 73 CAl.. 0 C TNM 
/ 1..1..1 341 

I..AM 
1..J..,I 166 
l..~ 
Ii'll.. 
I..DM 
1..1..1 156 
I..ME 
INI.. 
L.MD 
CPI 261 
RET 
I 
SETBK, I..AM 
I..MI 075 
1..EI.. 
I..DH 
I..HI 000 
1..1..1 070 
I..Mi 104 
INL. 
RET 

343 
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iWRI TT EN TO TH E BULK 
ISTORAGE DEVICE. 

lGO TO USER BULK WRITE RTN 
iRET TO COMMAND MODE 

IGO TO USER BUI..K READ RTN 
IRET TO COMMAND MODE 

ISET UP ADDRESS OF BP 

IDETERMIN ElF BI OR B2 

IERROR IF NEITHER 

ISET UP BP RST COMMAND 
1**** STORE BP2 FND I..A 

1**** STORE BP2 FND PG 
ITO REST OF BP SET UP RTN 

ISET UP BP RST COMMAND 
1**** STORE BPI FND I..A 

1**** STORE BPI FND PG 

ISTORE BP ORIG I..OW ADDR 

ISTORE BP ORIG PG ADDR 

ISTORE ORIG SP INSTRUCTION 

ISET PNTR TO BUFF SA 
iFETCH ADDR INTO "166, 167 
IREStORE BUFf SA 
IGET BP I OR 2 COMMAND 
IGET BP 1..0W ADDR 
IINTO "E" 

lAND SP PAGE 
IPNTR TO JUMP COMMAND 

ISET UP JUMP ADDRESS 

10 ET ERM I N ElF CMN 0 lOR 2 

ISAVE ORIG CONTENTS OF BP 
iINSERT SP RESTART INSTR 
ICHANGE POINTERS 

ISET PAGE 00 
ISET PNTR TO RST I 1..0C 
ISTORE JUMP INSTRUCTION 



., 1, 016 112 
I 016 112 

016 114 
016 116 
016 117 
016 121 
016 122 
016 124 
016 125 
016 126 
016 127 
016 130 
016 133 
016 135 
016 140 
016 142 
016 145 
016 147 
016 152 
016 154 
016 155 
016 156 
016 160 
016 161 
01 6 163 
016 164 
016 165 
016 166 
016 167 
016 170 
016 171 
016 1 72 
016 173 
016 176 
01 6 176 
016 177 
016 200 
016 202 
016 204 
016 205 
016 207 
016 210 
016 212 
016 213 
016 215 
016 220 
016 220 
016 223 
01 6 226 
016 230 
016 233 
016 233 
016 235 
016 236 
016 237 
016 240 
016 241 
016 242 
016 243 

056 000 
066 200 
370 
066 201 
371 
066 202 
372 
305 
310 
320 
100 135 
006 001 
1 10 142 
016010 
130 147 
026 100 
120 154 
004 200 
201 
202 
066 207 
370 
066 073 
347 
060 
337 
060 
307 
364 
353 
370 
104 000 

315 
326 
056 000 
066 203 
373 
066 204 
374 
066 205 
371 
066 206 
104 124 

106 050 
150 251 
074 262 
110 034 

066 203 
337 
060 
347 
060 
317 
060 
327 

I 
BRK1. I.HI 000 
1.1. I 200 
I.MA 
1.1. I 201 
I.MB 
1.1. I 202 
BRKCOM. I.MC 
Fl..AGT. I.AH 
I.BA 
I.CA 

0 1'61 > JFC NOC 
I.AI 001 

0)'6'1~ NOC. J FZ NOZ 
I.BI 010 

o ~'6'I S NOZ. J FP NOP 
, I.CI 100 

00'~ NOP. JFS NOS 
ADI 200 
NOS. ADB 
ADC 
1.1.1 207 
I.MA 
1.1. I 073 
1.El1 
INI. 
I.DI'! 
INI. 
I.AM 
1.1. E 
I.HD 

. / I.MA 
0V4 1::' JMP INCMD 

I 
BRK2. I.BH 
I.CI. 
I.HI 000 
1.1.1 203 
I.MD 
1.1. I 204 
I.ME 
1.1. I 205 
I.MB 
1.1. I 206 

o)li" JMP BRKCOM 
, I 

OY6': GOTO. CAl.. ANI.YZ 
0X6 " JTZ G01 

CPI 262 

0r 73 ~FZ ERR 

G02. 1.1. I 203 
I.DM 
INI. 
I. EM 
GOCOM. INI. 
I.BM 
INI. 
i.CM 
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ISE.T PAGE. 00 
icPU REGI ST E.R STORAGE. I.OCS 
iSAVE. ACCUMUI.ATOR 

lAND CPU RE.GS B & C 

IWITHOUT DISTURBING FI.AGS 
iSET UP TEMP RE.GS 

IT E.ST FOR CARRY Fl.AG 
ISE.T I IN "A" IF CARRY TRUE. 
iTEST FOR ZERO Fl..AG 
IS£T 1 IN "B" 1 F ZERO TRUE. 
ITEST FOR PARITY FI.AG 
ISET 1 IN "C" IF PAtllTY "T" 
iTEST FOR SI GN Fl.AG 
iSET !'ISB IF SIGN TRUE 

lFORM FI.AG STATUS BYTE 

ISTORE Fl..AG STATUS 
iPNTR TO ORIG BP I.OW ADDR 
IGET ORIG I.OC OF BP 

lAND ORIG PG OF BP 

lAND ORIG BP INSTRUCTION 
ISET UP ' ORIGINAl.. 
iBREAK POINT ' POINTERS 
IRESTORE ORIG BKPNT INSTR 
IBACK TO MONITOR 

ISAVE ORIG VAI.UE OF H & I. 

ISET PNTR TO PAGE 00 
ICPU REGISTER STORAGE I.OCS 
ISAVE REGS D AND E 
lAS WEl.l. AS ORIG H AND I. 

IWITHOUT DISTURBING Fl.AGS 

ITO REST 0 F BREAKPT RTN 

ISET UP ADDR OF GOTO 
iTO SET UP CPU REGS A.B.C 

IERROR 1 F NOT Gl OR G2 

ISET UP CPU REGS D. E.H .. I. 



7'; 016 244 
01 6 245 
016 246 
01 6 251 
016 251 
016 253 
016 254 
016 257 
016257 
016 261 
016 262 
016 264 
016 267 
016 271 
016 274 
016 276 
01 6 300 
016 301 
016 302 
016 305 
016 306 
016 311 
016 314 
016 317 
01 6 321 
01 6 322 
016 323 
016 326 
016 331 
016 333 
016 334 
016 335 
016 340 
016 340 
01 6 342 
016 345 
01 6 347 
016 352 
016 352 
016 354 
016 357 
016 361 
016 364 
016 364 
016 366 
016371 
01 6 374 
016 376 

·016377 
/ v 017002 

, 017005 
01 7 005 
017 010 
017 013 
017 014 
017017 
017 022 

362 LLC 
351 LHB 
104 155 000 JMP 155 000 

066 200 
307 
104 240 

066 341 
307 
074 30 I 
140 034 
074 306 
100 340 
024 10 I 
066 164 
370 
360 
106 101 
307 
106 014 
106 051 
106 241 
046 340 
306 
274 
150 000 
106 255 
066 164 
367 
371 
104 000 

I 
GO I, LLl 200 

, LAM 
0 1"( 1) JMP GOCOM 

I 

lCREG, LLI 341 
LAN 
RGAGN, CP I 30 I 

OY4 1) J TC ERR 
< CP1306 

o 1r6~I ' J FC FHL 
5 UI 101 
XCOM, LLI 164 
LNA 
LLA 

o 1~ 5'1~ CAL 

~LAM 
015

' 
CAL 

o 15 1 ~ GAL 
o '.l .. !j 1" CAL 

LEI 
LAL 
CPE 

SPAC 

OCTOUT 
COLON 
INSPCL 
340 

0y4'; JTZ INCMD 
0y411 CAL DCDNM 

LL I I 64 
LLM 

, LMB 
o }4. 1 '! JMP BJCMD 

I 
074 310 FHL, CPI 310 
110 352 OpS11 JFZ LORF 
006 205 LAI 205 
104 276 O y 6 1S JMP XCOM 

I 
074 314 • , LORF, CPI 314 
110 364 OV6') JFZ F 
006 206 LAI 206 
104 276 Oy 6 7' JMP XCOM 

074 306 
110 034 
106 101 
066 207 
307 
106 014 
104 000 

106 050 
106 106 
371 
106 117 
104 010 

I 
, ) F, CP I 306 

0',4. JJ FZ ERR 
01, 5 1 CAL SPAC 

LLI 207 

O 1 5
11( LCAMAL 

OCTOUT 
01 .4 1} JMP INCMD 

, r.. I 
017 ~ FILL, CAL ADRDTA 
0}.5 FLI, CAL SETUP 

LMB 
015

'
<1 CAL CKENO 

o yf1(, JMP F'L 1 
I 
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IS ET UP CPU REG S A, 8, C 

ISET INP :OFn PNTR 
IH.TCH R~G LETTEr. 
I IS R E.G VAL I D? 
INO, PRllH ERROR 
IY £OS, I S REG A THRU E7 
INO, TRY H, L OR F 
ISET UP REG TbL Pi~TR 
ISAVE TBL PNTR W TEMP STRAGE 

ISET PNTR TO REG Tb~ LO~ 
IPRINT SPACE 
IFETGH CURRENT REG VALU!:. 
IPRINT CURRWT RI:.G VALUi:. 
IPRINT COLON 
IINP MODIFICATION 
ISET INP B~P. PNTR 

IIiAS 1100 ENT ERED? 
INO, RET TO COMMAND MODE 
IYES, DECODE OCTAL 1;U,·jEER 
ISET PNTR TO TEMP STRAGI:. 
IFETCH REG TaL PNTR 
ISTORE NEil REG VALU~ 
IRET TO COMMAND MODE 

lIS REG = H? 
INO, TRY L OR F 
IYES, SET REG 'tBL PJ-HR 
IINP MOD TO REG VALUE. 

lIS REG = L? 
INO, TRY F 
IYES, SET REG TBL PNTR 
IINP MOD TO REG VALUE 

lIS REG: F, FOR FLAGS? 
INO, PRINT ERROR 
IPRINT SPACE 
ISE1' RE.G TEL PNTR 
I FETCH FLAG WORD 
IPRIIH FLAG WORD 
IRE1' TO COMMAND MODE. 

IINP ADDP. AND DATA FM BFR 
15ET UP MEM PNTR 
I FILL HEM LOC IIITI1 DATA 
100NE? YES, RET' TO CMl\lD NODE. 
INO, CONTINUE IIITH FILL 



'10 017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 

/ 
017 
017 
017 
017 
017 , 

I 

I 

017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
01 7 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 

022 
022 
025 
027 
030 
032 
033 
036 
037 
042 
045 
050 
050 
052 
055 
056 
061 
061 
063 
066 
070 
071 
073 
074 
077 
101 
102 
105 
106 
107 
112 
114 
115 
I I 6 
I 17 
121 
123 
124 
127 
131 
132 
135 
136 
137 
140 
143 
146 
I 51 
154 
154 
155 
160 
163 
164 
167 
172 

106 050 
066 165 
371 
066 165 
307 
106 106 
277 
152 233 
106 117 
104 030 

066 342 
106 175 
040 
104 255 

066 342 
106 175 
066 166 
314 
046 I 72 
335 
106 I 54 
006 172 
276 
110 074 
010 
361 
106 175 
066 176 
371 
060 
372 
066 172 
046 166 
335 
106 154 
006 176 
276 
110 124 
347 
060 
337 
106 106 
106 I 54 
106 117 
104 140 

307 
106 171 
106 005 
370 
106 171 
104 005 

i 
o yi7 b SEARCH, CAl. ADRDTA 

LLI 165 
LMB 
SHI, LLI 165 
LAM 

001
'/ CAL 5 ETUP 

I CPM 
0v5" 1 CTZ MCONT 
O~~' CAL CKmD 
o yh(, JMP SH I 

I 
" ADRDTA, LLI 342 

OY41 ' CAl. OCTNM 
INE 

o 1,A 1~ JMP DCDNM 
/ I 

, TRNSFR, LLI 34<! 
o ViJ ' ) CAl. 0 C TII/M , , 

LL 1 166 
LBE 
LEI 172 
LDH 

01-77" 5 V SA, CAl. 5 IIAP , 
LAI 172 
CPL 

OVi1b JFZ SVSA 
INB 
LLB 

o J1!"?> CAl. 0 C T NM 
LLI 176 
LMB 
INL 
LMC 
LLI 172 
LEI 166 
LDH 

0f+~ TFI, CAL SWAP 
LAI 176 

, CPr.. 
o )'4hir J FZ T FI 

LEM 
INL 

~ tDM 
on,l TF2, CAl. SETUP 
o ¥t1~ CAl. 5 \lAP 
00;" CAL CKmD 
Oy7 l1o JHP 1F2 

I 
, SIIAP, LAM 

o )/,£!" CAl. I NM lM 
o ys l ~ CAL Sill TCH 

LMA 
o )'i(~ CAl. I NM EM 
0y 1~ JHP SIiITCH 
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IINP ADDR AND DATA FM BrR 
15 Ei PNTR TO SAVE DATA 
ISAVE SEARCH DATA IN HEM 
IS ET PNTR TO SRCH DATA 
i FETCH 5 EARCH DATA 
IFETCH CONTENTS OF ~lEM 
IDATA EQUAl. SRCH DATA 
IYES, PRINT ADOR 
iDONE7 YES, RET TO CMND ii0DE 
INO, CONTINUE SEARCH 

ISH PNTR TO ADDR INP 
II NP START AN b ElH) ADDR 
11NCR TO DATA POSIT10N 
iFEICH DATA HI IN P BFR 

ISET PNTR TO AD OR ItvP 
If ETCH 'FROli' ADDR 
ISET PNTR TU"ADDR I l~P 

ISAVE INP B FR PNT 
ISAVlo • FROM' IN T lol-IP STRG E 

I I'IOVE AOD Fi TO TEMP STRGE 
lIS XFR COi1PLI:.TE? 

INO, CONTINUE MOVE 

IRESTORE IN? BfR PNTR 
i I NP • TO' ADDn 
ISET PNTl'l TO SAVE 'TO' ADDR 
iSAVE LO ADDR 

ISAVE PG ADOR 
iSET PNTR ' TO Taw STRGE 
ISET TO MOVE' FROM' BACK 

IXFR • FRO M ' 

I X FR COMPLETE? 
iNO, CONTINUE 
i FETCH • TO' PNTR 

15ET 'FROM' PNTR 
iSIiAP - MEM CONTWTS 
IDONE7 YES; REi TO CMlIID MODE 
iNO, CONTINUE XFTI 

IFETCH BYTE TO XFR 
IINCR ' 'FROM' PNTR 
ICHANGE PNTl'ls 
iSTORE BYTE IN NEW LOC 
iINCR 'TO' PIHR 
ICHANGE PNTRS AND RET 



-7 "L<

~IOO 
017 eo(}-

'/ .. ~O" 
-017 340·· 

RCV. 

I 

READJ (L",r. f- t ", ' 1'1I'{~) 

I 
PRINT. 

I , 
PUl\ICHJ,' Ij n·· ~ "" --t. ; 

'. 

IUSER DHINLD INPUT ROUTli~E 

I FOR OPERATOR ll\iPCT CEVI CE 

IUS ER DEF HI ED H,P UT RO UTII, L 
IFOR BULK STORAGL DEVICE 

IUSER DLFlNED OUTPUT ROUTlln 
IFOR DISPLAY DEVICE 

IUSLR DEFINED OUTPUT ROUTINE 
IFOR EULi{ STORAGE DEVICE 

OPERATING THE MONITOR PROGRAM 

AS A REVIEW OF THE MONITOR PROGRAM FUNCTIONS AND. ALSO. TO SERVE AS 
AN OPERATOR'S GUIDE. THE OPERATION OF EACH OF THE 110NITOR C011MANDS WILL 
NOW BE DESCRIBED. 

THE "MODI FY" COMMAND 

THE "110DIFY" COMMAND IS INITIATED BY TYPING IN THL "M" COMMAND FOL
LOWED BY THE ADDRESS TO BL MODlFi ED. IN THE FOLLOlolll~G FORMAT: 

M HHH 1.1.1. (CTRL/L) 

\o1HERE "HHH" IS THE PAGE ADDRESS AND "1.1.1." IS THE LOlol ADDRLSS (IN OCTAL) 
OF THE RAM MEMORY ADDRESS WHERE ONE DESIRES TO BEGIN EXANINING AND/OR 
MODIFYING THE CONTENTS OF l1EMORY LOCATIONS. THE OPERATOR SHOULD NOTE 
niAT A SPACE SHOULD BE INSERTED BETWEEN THE "M" AND THE PAGE ADDRESS AS 
WELL AS BETIolEEN THE PAGE ADDRESS AND THE LOw ADDRESS WHEN UHERING THE 
COMMAND STRING. 

WHEN THE OPERATOR DEPRESSES THE "CTRL/L" COMBINATION TO EXECUTE THE 
''M'' COMMAND. THE FOLLOWING IoliLL OCCUR. THE OUTPUT DEVICE WILL DISPLAY 
niE FOLLOWING INFORMATION: 

HHH 1.1.1. XXX: 

THE "XXX" IS THE CURRENT CONTENTS OF THE MEMORY LOCATION SPECII'lLD. THE 
PROGRAM WILL THEN WAIT FOR THE OPERATOR TO SELECT EITHER A "MODIFY" OP
TION. OR TAKE THE OPTION OF NOT MODIFYING THE CURRENT LOCATION BEING 
DISPLAYED BUT CONTINUE TO DISPLAY THE NEXT LOCATIO/,. OR TERMINATE THE 
"M" SEQUENCE. TO ELECT TO MODI FY THE CONTENTS OF THE i1E.HORY LOCATION 
BEING DISPLAYED. THE OPERATOR SIMPLY TYPES IN THE DESIRED OCTAL CONTENTS 
IMMEDIATELY FOLLOWING THE ":" SIGN AND THEN DEPRESSES TilE "SPACE" BAR. 
THE NUMBER INTERED IoliLL BECOME THE NEW VALUE FOR THE MEMORY LOCATION AND 
THE PROGRAM WILL PROCEED TO DISPLAY THE ADDRESS AND CONTENTS OF THL NEXT 
SEQUENTIAL MEMORY LOCATION. 

IF THE OPERATOR DOES NOT WISH TO HODIFY THE CONTENTS OF" LOCATION. 
BUT DOES DESIRE: TO EXAMINE THE CONTENTS OF THE NEXT MEMURY LOCATIO,~. 
THEN IT IS ONLY NECESSARY TO DEPRESS THE "SPACE" BAR. THE PROGRAM WILL 
PROCEED TO DISPLAY THE: MEMORY ADDRESS AND CONTENTS OF THE NEXT MUlORY 
LOCATION. 
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I F THE OPERATOR DESIRES TO TERl1lNATE THE "NODI rY" PROCESS. THl:.N THE 
"CARRIAGE RETURN" IS ENTERED AND THE PROGRAN WILL RETURN TO THE. NONITUR 
COMMAND MODE AND DISPLAY THE ">,, MONITOR "READY" CHARACTER. 

IT IS IMPORTANT TO NOTE THAT WHEN ELECTING TO MODIFY A Mil-lORY LOCA
TION. THE "SPACE" CHARACTER MUST BE ENTERLD AfTER LNTERING THE OCTAL 
NUMBER THAT IS TO BE THE NEW VALUE IN THE NEMORY LOCATIONl THIS WIl.L 
CAUSE THE N.!'.\! VALUE TO BE PLACED IN THE MEMORY LOCATlON AIVD AUTOMATICAL-
l.Y CAUSE THE NEXT l.OCATION IN MEMORY TO BE DISPl.AYED; HITTING THE 
"C/R" IMMEDIATELY AFTER INTERING A NEW VALUE FOR A M"EMORY LOCATION \."ll.L 
CAUSE THE PROGRAM TO RLTURN TO THE MONITOR AND WILL NOT RESULT IiII 
THE VALUE BEING Pl.ACED IN MEMORY! THIS FORMAT ALLOWS THE OPEPATOR TO E
LECT NOT TO CHANGE A MEMORY LOCATION !,VEN AFTER HAVING TYPED l!~ A VALUl:.. 
IF. HOWEVER. THE RULE IS NOT REMEMBERED. THE OPLRATOR t1EY INADVERTLNTLY" 
FAIL TO INSERT THE DESIRED CHANGES. 

CORRECTING ERRORS WHEN IN THE MONITOR CONI1AiW NODE 

IF THE OPERATOR MAKES A TYPING MISTAKE WHILE ENTERING A COMMAND 
SEQUENCE TO THE MONITOR. THE CURRENT COMMAND CAN BE ERASED BY Ei'JTERH~G 

THE CHARACTER "CONTROL/D." THIS WILL CAUSE THE PROGRAM TO GO BA(;i( to 
THE INITIAL "READY" CONDITION C">" DISPLAYED) TO AWAIT A NEW LNTI'tY. IF 
ONLY ONE OR TWO CHARACTERS ARE ENTERED IN ERROR, THE "RUBOUT" CHARACTER 
MAY BE ENTERED TO DELETE ONE CHARACTER TO THE LEFT F"OR EACH EUEOUT EN
TERED. 

SHOULD THE OPERATOR INADVERTENTLY ENTER AN INVALID COMMAND OR COM
MAND SEQUENCE.. THE PROGRAM WILL CAUSE THE LETTER "I" OLLIGAL COM11ANDl 
TO BE PRINT ED. 

THE MEMORY "DUMP" COMMAND 

THE MONITOR MEMORY "DUMP" COMMAND IS INITIATED BY TYPING li', TlH, "D" 
COMMAND IN THE FOLLOWING FORMAT! 

D HHH LLL.MMM NNN (CTRL/L) 

WHERE "HHH" AND "LLL" SIGNIFIES THE STARTING ADDRE-SS (Q(;TAL) AND "MMM" 
AND "NNW' INDICATE THE ENDING ADDRESS OF THE BLOCK OF MEMORY THAT ONE. 
DESIRES TO HAVE DISPLAYED. WHEN THE "CTRL/L" (OR. "e/R" MAY BE USEDl IS 
ENTERED. THE PROGRAM WILL" PROCEED TO DISPLAY THE CONTENTS OF THE MEMORY 
LOCATIONS SPEC! 1'1 ED. THE OUTPUT FORMAT WILL BE THE. FOLLOWING: 

HHH Ll.L XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 
HHH+020 XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 
HHH+040 XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 

mCH LINE PRINTED STARTS WITH THE ADDRESS OF" THE FIRST LOCATION DISPLA
ED FOLLOWED BY THE CONTENTS OF THE NEXT 20 (OCTAL) LOCATIONS IN MEMORY. 
THE PROCESS CONTINUES UNTIL THE LAST LOCATION· SPECI FI ED IN THE COMMAND 
HAS BEEN PRINTED. 
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THE "WRITE" COMMAND 

THE "WRITE" COMMAND IS INITIATED BY THE OPERATOR ENTERING THE "W" 
COMMAND IN THE fOl:..LOWING FORMAT. 

W HHH LLL. MMM NNN (CTRL/L) 

WHERE "HHH" AND "LLL" INDICATE THE START ADDRESS AND "MMM" AND "NNN" IN
DICATE THE ENDING ADDRESS OF THE BLOCK TO BE WHITTEN TO THE BULK STORAGE 
DEVICE. NATURALLY, THE OPERATOR MUST MAKE WHATEVER PREPARATIONS ARE NE
CESSARY FOR THE BULK STORAGE DEVICE TO RECEIVE. THE DATA BEFORE THE COM
MAND IS I SSUED (BY ENTERING THE "CTRL/L" (OR "C/R"». AT THE CONCLUSION 
OF' THE DATA TRANSfER. IT IS ASSUMED THAT THE BULK STORAGE OUTPUT ROUTH,E 
WILL RETURN TO THE MONITOR COMMAND MODE. 

THE "READ" COMMAND 

THE "READ" COMMAND IS INITIATED ElY THE OPERATOR WTERING THE "H" 
COMMAND IN THE FOLLOWING FORMAT: 

R (CTRL/L) 

THE ISSUANCE OF' THIS COMMAND CALLS THE BULK STORAGE INPUT ROUTUIE TO BE
GIN READING IN THE DATA FROM THE BULK STORAGE DEVICE. ADDRESSING INFOR
MATION IS ASSUMED TO BE EITHER SET UP BY THE BULK STORAGE INPUT ROUTINE 
OR RECEIVED FROM THE DATA AS IT 15 READ IN. THE OPERATOR HUST SET uP 
THE BULK STORAGE DEVICE PRIOR TO ENTERING THIS COMMAND OR AS IS REQUIRED 
BY THE BULK INPUT ROUTINE. 

THE "BREAKPOINT" COMMAND 

THE MONITOR "BREAKPOINT" COMMANDS ARE INI TIATED BY TYPING IN ONE 
OF THE FOLLOWING COMMANDS: 

BI HHH LLL (CTRL/L) 
OR 

B2 HHK LLL (CTRL/L) 

WHERE "HHH LLL" DESIGNATES THE MEMORY ADDRESS AT WHICH THE BREAKPOINT IS 
'!'O BE INSERTED. 

NOTICE 

IN CASES WHERE A BREAKPOINT IS TO BE INSERTED IN A t1ULTI-BYTE 
INSTRUCTION, SUCH AS "IMMEDIATE." "JUMP" OB "CALL" INSTRUC
TIONS. THE ADDRESS INDICATED MUST BE THE ADDRESS OF THE FIRST 
BYTE IN THE INSTRUCTION! 

THE TWO TYPES OF BREAKPOINT INSTRUCTIONS. "Bl" AND "B2" REfER TO THE 
OPTION OF HAVING THE STATUS OF THE "A," "B" AND "c" CPU REGISTERS (lOl) 
OR THE "D," "E." "H" AND "L" CPU REGISTERS (B2) SAVED IN THE VIRTUAL CPU 
REGISTER LOCATIONS. ALONG WITH THE FLAG STATUS, AT THE TIME THE BREAK~ 
POINT IS ENCOUNTERED. THUS. THE OPERATOR MAY INSERT A BREAKPOINT IN A 
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PRO GRAM BEl N G TEST E.D TO ASC ERTA 1 N W!iU!i ER PRO GRAM OP ERRT 1 all! 1 S AC TUALLY 
REACHING A CERTAIN POINT. OR TO VALIDAT!:. THE STATUS Of THE SELECTJ:.,)) CPU 
REGISTERS AT Gl \/EN POINTS 1.'ITHIN A PROGRAM UNDER Dl!.VI:J...OPMl:.l,T. WHE.N THE 
PROGRAM BEING TEST!::D REACHlcS TH!:. ADDRESS AT WHIC!i A BR!:AKPOINT HAS bE.Ei~ 

INSERTED. CONTROL WILL REVERT TO THE MONITOR AND THE. ORIGH-IAL IN· 
STRUCTION IN THE PROGRAM WILL BE RESTOR!:.D AT THE. BRl:JiKPOINT ADDRESSl 

C AUT ION 

WHEN UTILIZING THE BREAKPOINT FACILITY THERE ARI:. SEVERAL CO,;I
SIDEP.ATIONS THAT THE OPE.RATOR MUST KEEP IN MIND: 

I. THE PROGRAM BEING TESTED MAY N!:.VUl REACH TH!:. SI:J...!:.CTE.D 
BREAKPOINT ADDRE.SS IN WHICH CAS!:. THE OPERATOR tolAY HAVE TO HAN-
UALLY STOP THE PROGRAl-l AND fU.5TART THE MONITOR PRUGRPu'j. IF 
THIS OCCURS, THE OP1::.RATOR SHuULD USE THE. "MODI IT" Hi"CTIu,. Tu 
REMOVE. THE "BREAKPOINT" INSTRUCTION FROM THE LOCATION THAT IT 
WAS INSERTED (WHICH WILL APPEAR AS AN "075" CODE) A.-H.I RESTORE. 
THE ORIGINAL INSTRUCTION CODE TO THE PROliRAl'l UNDER TEST. THE 
OPERATOR \<JOULD MOST LIKELY THUl CONTINUE. TO "DEBUG" THE PRO
GRAM BY SELECTING A BREAKPOINT AT SOl'll:. OThER LOCATION. 

2. ONLY ONE BREAKPOINT SHOULD BE ESTABLISHED AT ONE TIME. 
ATTEHPTING TO ESTABLISH MORE. THAN ONE BIUAKPOll1lT WILL RESULT 
IN THE FIRST BREAKPOINT UlCOUNTEl'lED lill:.ING RESTORED WITH TH!:: IN
STRUCTION CODE CONTAINED IN THE ORIGINAL PROGRA!1 AT THE LAST 
POINT AT WHICH A BREAKPOINT WAS ESTABLISHED. THIS MIGHT NOT BE 
APPROPRIATE. 

3. A TYPE "I" BREAKPOINT SHOULD NOT BE CHANGED TO A TYPE "2" 
BREAKPOINT (OR VICE-VERSA) UNTIL THE BREAKPOINT HAS AL:TUALLY 
BEEN ENCOUNTERED. ATTEHPTING TO DO SO WILL RESULT li~ AN "075" 
CODE BEING INCORRECTLY RESTORED TO THE ORIGINAL BREAKPOINT. 

IT SHOULD BE APPARE.NT, THAT If UNE DESIRES TO EXAMINE ALL THE. CPU 
REGISTERS AT A GIV»! POINT IN A PROGRAl-I'S UPI:.RATlON. UNE. ;;ILL NEl::D TO 
OPERATE THE PROGRAM TWICE - ONCE T,,'ITH A "131 l:IREAKPOlhlT l::STrlcLISnEJ:.;, A .. D 
OOCE VITH A "B2" BREAKPOINT ESTABLISHED AT THE SANE ADDRESS. 

SINCE THE "VIRTUAL" CPU REGISTERS ARE ONLY UPDJ.;TE.D WHl:..!\I A BREAK
POINT IS REACHED (OR WHEN THE OPERATOR SPECIFICALLY Sl::TS THl:.M UP) IT IS 
POSSIBLE TO RE.VIEIoI THE STATUS OF THE TWO GROUPS Or CPU Rl::GISTERS AT SE.V
ERAL 01 FYERENT POINTS IN A PROGRAM. FOR INSTANC!:.. UNL CUUl .. 1) S!:.T UP rl 
"Bl" TYPE BREAKPOINT AT LOCATION "A," HAVE THE BREAKPOINT l:..!'JCOU,liTERE.!J 
AND THE ASSOCIATED "A," "B" AND "C" CPU REGISTERS SAVl::D 11. TnE VIRTUkL 
LOCATIONS. THEN INS ERT A TYP I. "B2" BREAKPO INT AT LOCATION "B," HAVE. IT 
ENCOUNTERED, AND THEN REVIEW THE STATUS OF THE CPU RE.GISTERS USINt; THl:: 
"X" TYPE COMMANDS. ONE COULD CONTINUL SAY. TO INSE.RT AND ~.COUi.TER 
MORE TYPE "B2" BREAKPOINTS I.1HILE STILL SAVING TI1I:. ORIGI,\jAL "A," "B" AND 
"C" VAl..UE.S FOR REVI E\ri. (PARTICULARLY VALUABLE. FOR TnOSE TnAT HAVE. SHORT 
MEMORIES WHEN WORKING ON DEBUGGING A COMPLEX PROGRAM!) 

THE "Gu TO" COMMMD 

THE "GO TO" COMMANDS ARE INITIATE.D BY TYPING IN ONE Or THE FOL~ 
LOWING COMMANDS: 
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GI HHH ~~~ (CTR~/~) 
OR 

G2 HHH ~~~ (CTR~/~) 

WHERE "HHH LL~" REPRESENTS THE MEMORY ADDRE.SS AT WHICH PROGRAM OPERA
TION IS TO COMMENCE WITH THE "A," "B" AND "C" REGISTERS FOR "Gl" OR TH)":; 
"D," "E," "H" AND "~ .. REGISTERS FOR "G2" INITIA~IZED TO THE VALUES RE.
SIDING IN THE VIRTUAL CPU REGISTER STORAGE ~OCATIONS. IN MANY CASES. 
WHERE THE OPERATOR DOES NOT CARE WHAT THE STATUS OF THE CPU REGISTERS 
ARE WHEN PROGRAM OPERATION BEGINS. THE SELECTION OF THE "Gl" OR "G2" 
TYPE "GO TO" COMMAND IS PURELY ARBITRARY. 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 P~ACED IN THE CPU R)":;GISTERS WHE.N THE "GO TO" COI'I'
MAND IS EXECUTED AND THE PROGRAM WIL~ THu.-JUMP TO COMNI:lJCE PROGRAMt1ED 
OPERATION AT THE ADDRESS SPECIFIED IN THE "GO TO" CU!1MAND. (NOTE THAT 
SINCE A BREAKPOINT IS ENCOUNTERlsD AFT ERA "GO TO" COMMAND HAS BEEN 
EXECUTED. SETTING UP THE DESIRED VALUES IN CPU REGISTERS FOR A "GO TO" 
COMMAND WIL~ NOT EFFECT THE BREAKPOINT PROCE.SS OF "SAVING" THE.. CONTENTS 
OF A GROUP OF CPU REGISTERS WHEN A BREAKPOINT IS I:.NCOUh'TERED.) 

THE "EXAMINE REGISTER" COMMAND 

THE "EXAMINE REGISTER" COMMANDS ARE INITIATloD BY TYPING IN ONE UF 
THE FOLLOWING COMMANDS: 

XA (CTRL/~) 

xa (CTRL/~) 

XC ( CTRL/L) 
XD ( CTRL/L) 
XE ( CTRL/L) 
XH (CTRL/L) 
Xl.. ( CTRL/l..) 
XF (CTRL/l..) 

WHERE THE LETTER FOLLOWING THE "X" INDICATES THE "VIRTUAL" CPU REGISTER 
TO BE DISPLAYED. THE "CTRL/L" riUST BE USED IN nils COMMAND AS THE TERM
INATING CHARACTER TO MAINTAIN THE DISPLAY DEVICE AT THE POSITION FO~LO\J-

ING THE "XR" COMMAND. THE CONTENTS OF THE SPECIFIED REGISTrn \JILL fiE 
DISP~YED IN THE FOLLOWING FORHAT: 

XR XXX: 

FOR ALL BUT THE "XF" COMMAND. THE OPERATOR THEN HAS THE CHOICE OF MODI
FYING. OR NOT MODIFYING. THE CONTfJ\lTS OF THE VIRTUAL REGiSTER. IF IT IS 
I>KJT DESIRED TO MODIFY THE CONTENTS AS DISPLAYED. THE OPERATOR--SIMPLY DE
PRESSES THE SPACE BAR AND THE PROGRAM RETURNS TO THE. 110NITOR COMHAND 
MODE. 

IF IT IS DESIRED TO MODIFY THE CONTE.!IITS OF A VIRTUAL REGISTER. THE 
OPERATOR TYPES IN THE DESIRED OCTAL VALUE. AND DEPRESSES THE SPACE.. l:lAR. 

IF THE OPERATOR SHOULD TYPE IN A NEW OCTAL VALUE AND THEN DECIDE. 
THAT IT IS NOT DESIRABLE TO CHANGE THE ORIGINAL VALUE. THE OP.tJlATOR MAY 
STRIKE THE "C/R" KEY TO RETURN TO THE COMMAND MODE. IN WHICH CASE THE. 
ORIGINAL VALUE WILL REMAIN UNCHANGED. 

THE "Xl"" COMMAND CAUSES THE STATUS OF THE. CPU FLAGS 'AS THEY !JERI:. 
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'o/HICH TH.E L.AST BREAKPOINT WAS ENCOUNTERED) TO BE DI SPL.AYED ACCORDING TO 
THE FOL.L.OWING ARRANGEMENT. 

B7 B6 B5 B4 B3 B2 BI BO 

THE FOUR FL.AGS CONNECTE:D WITH THE. CPU HAVE BEEN ASSIGNED TU THE fOL.L.O\>
ING POSITIONS IN THE EIGHT BIT GROUP, 

B7 = SI GN FLAG 
86 = PARITY FL.AG 
B3 ~ ZERO FLAG 
BO a CARRY FLAG 

THE FLAG WAS SET IF THE CORRESPONDING BIT POSITION HAS A VALUE OF "I," 
SINCE THE FLAG STATUS IS DISPL.AYED AS AN OCTAl.. VAI..UE... THE OPERATOR MUST 
INTERPRET THE OCTAL. CO DISPL.AYED TO DETEP.MINE THE SETTING OF EACH CPU 
FLAG. FOR INSTANCE... IF THE VALUE "300" WAS DISPL.AYED IT WOUL.D MEAN THE 
SIGN AND PARITY FLAGS WERE "SET" AND TH!:. ZE,RO AND CARRY fl.AGS IH.RE IN 
THE CI.EARED CONDITION. THE VAI..UE "011" WOUL.D INDICATE THAT THE SIGN AND 
PARITY FI.AGS WERE IN THE ZERO STATE (FALSE) WHIL.E. THE. ZERO AND CARRY 
FLAGS WERE TRUE (IN THE ON];, CONDITION). THE VALUE. "201" WOUI.D BE INTER
PRETED TO INDICATE THAT THE SIGN AND CARRY FLAGS WERE SET WHIL.E TH.!:. PAR
ITY AND ZERO FLAGS WERE NOT. 

TH E .. Fl L.L." COMMAND 

THE "1'lL.1." COMMAND IS INITIATED BY TYPING IN THE uFu COMMAND IN THE 
FOL.LOWING FORMAT: 

F HHH I..I..I..MMM NNN.DDD (CTRl./L.l 

WHERE "HHH L.L.L." IS THE START ADDRESS AND "1'11'11'1 NNW' IS THE END ADDRESS OF 
'!HE SECTION OF MEMORY THAT IS TO BE FILLED WITH THE~DATA BYTE. "DOD," 
WHEN THE CTRl./1.. (OR C/Rl IS ENTERED. THE PROGRAM 10111..1.. PROCEED TO 1..0AD 
'!HE MEMORY 1.0CATIONS SPECIFIED WITH THE 8 BIT DATA BYTE ENTERED IN THE 
COMMAND. AT THE'CONCI..USION. THE·PROGRAM RETURNS TO THE MONITOR COMMAND 
MODE. 

THE "SEARCH" COMMAND 

THE SEARCH COMMAND IS INITIATED BY TYPING IN THE "s" COMMAND IN THE 
FOI.1.0WING FORMATI 

S HHH L.I.I..MMM NNN.DDD (CTRL./I..) 

WERE "HHH I.L.I." SIGNIFIES THE START ADDRESS AND "MMM NNN" INDICATE THE 
ENDING ADDRESS OF THE BL.OCK OF MEMORY TO BE SE,ARCHED FOR THE DATA PAT~ 
TERN "ODD." WHEN THE OPERATOR ENTERS THE CTRI./I. <OR C/Rb THE PROGRAM 
BEGINS SEARCHING THE DESIGNATED MEMORY 1.0CATIONS FOR THE DATA PATTERN 
SPECIFl ED IN THE COMMAND AND EACH TIME A MATCH IS fOUND. THE ASSOCIATED 
MEMORY ADDRESS IS OUTPUT TO THE DISPL.AY DEVICE. PRECEEDED BY A C/R~ 
I../F COMBINATION TO START EACH ADDRESS OUTPUT ON A NEW I.INE. TM PROGRAM 
RETURNS TO THE COMMAND MODE WHEN THE ENTIRE BI.OCK HAS BEEN· SEARCHED. 

- 59 -



 

THE "TRANSFER" COMMAND 

THE "TRANSFER" COMMAND IS INITIATED BY TYPING IN THE "T" COMMAND IN 
TH E F01.1.0 WIN G FORMAT I 

T HHH 1.1.1.,MMM NNN,YYY ZZZ (CTR1./1.) 

WHERE "HHH loLl." SPECI FI ES THE START ADDRESS AND "MM1-1 NNW' 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 THl:, CTR1./L (OR C/R) IS 
ENTERED, THE PROGRAM BEGINS THE TRANSFER" BY FETCHING THE CONTENTS " OF THE 
MEMORY LOCATION "HHH loLl." AND STORES tHAT VALUE IN THE LOCATION "YYY 
ZZZ," THE CONTENTS OF "HHH 1.1.1.+1" IS THEN TRANSfERRED TO "YYY Z1:1:+1" 
AND SO ON, UNTIL THE CONTENTS OF THE LAST LOCATION "11M11 NNN" HAS BEEN 
TRANSFERRED. THE PROGRAM THEN RETURNS TO THE COMMAND 110DE. 

PUTTING THE MONITOR PRO GRAN ON "PRO~lS" 

ONCE THE MONITOR PROGRAM PRESENTED IN THIS MANUAL HAS BEEN "CUS
TOMIZED" TO THE READER'S PARTICULAR SYSTEM, BY MODI FYING 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 TO BE 
"ON-LINE" ONCE THE POWER IS TURNED ON BY SIt1P1.Y JUMPING TO THE START AD
DRESS OF THE MONITOR PROGRAM. THIS IS MADE POSSIB1.E " BY HAVING ALL TEM
PORARY DATA STORED IN THE FIltST 256 LOCATIONS OF RAM MEMORY. IF ONE IS 
TO PUT THE MONITOR PROGRAM ON "PROMS" THERE ARE SEVERAL FACTS THAT 11UST 
BE BROUGHT OUT. 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 TO BE INCLUDED 
IN THE PROM SE-CTION OF THE PROGRAM. THIS REQUIRES THAT THE POINTERS TO 
THESE TWO AREAS, IN THE "COMMAND INPUT" ROUTINE AND THE "HDLN" S UBROU-
TINE, BE CHANGED TO INDICATE THE NEW START ADDRI:.SSES. ALSO, IN THE C01~ -

MAND INPUT ROUTINE. WHEN THE START ADDRESS OF THE COMMAND TO BE " <.XECU
TED IS STORED AT LOCATIONS 156 AND 157, THE PROGR~J SHOULD ALSO STORE 
THE "104" PORTION OF THE JUMP INSTRUCTION AT LOCATION ISS, TO SET UP THE 
JUMP INSTRUCTION PROPERLY WHEN THE FIRST COMMAND IS ENTERED. AN D FI NAL
LY, BEFORE PUTTING THE PROGRAM ON "PR011S," t1AJ(E SURE THAT EACH FUNCTION 
IS CHECKED OUT " T H 0 R 0 UGH 1. y, THEREBY, DECREASING THE LIl(ELYHOOD 
THAT THE PROMS WILL HAVE TO BE RE-PROGRAMMED TO CORRECT SOMETHING THAT 
WAS OVERLOOKED ON THE INITIAL PROGRAMMING. 

HAVING THIS TYPE OF PROGRAI1 ON PR011 HAS SEVERAL IMPORTANT ADVAN-
AGES. AS MENTIONED ABOVE. IT ALLOWS IMMEDIATE "ON-LINE" CAPABILITY. 
IT ALSO PREVENTS A PROGRAM BEING DEBUGGED FROM "WI P ING IT "OUT,'-' SHOUL D 
THE NEW PROGRAM HAVE A NEVER-ENDING LOOP IN IT WHtCH T RIES TO STORE S Ot-IE 
DATA IN EVERY MEMORY LOCATION THE COMPUTER CAN ACCESS. FINALLY, THl:. 
SUBROUTINES OF THE MONITOR PROGRAM WILL ALWAYS BE AVAILABLE " FOR OTHER 
PROGRAMS TO CALL AS THEY REQUIRE. 

THE MONITOR PROGRAM IS 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 PROGRAt1 WILL GET THE READER on ON THE RlGHT 
FOOT TOWARDS TRANSFORMING ONE'S COMPUTER SYSTI:M FROM A BO X TH AT flLREl.Y 
81.1 NKS ITS l.I GHTS TO A FULLY tUNCT I ONA1. OP ERA TIN G SY STEM THAT " WILL P ER
FORM MANY OF THE TASKS EXPECTED OF IT. 
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