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FOREWORD

THIS TEMPORARY EDITION OF THE RPC PROGRAMMING MANUAL 1S BEING PUBLISHED
TO PROVIDE MATERJAL RELATIVE TO THE COMMAND REPERTOIRE AND MODES OF OP~
ERATION OF THE RPC~4000 FOR THOSE PERSONS WITH AN IMMED!IATE NEED FOR THIS
INFORMATION.

THE MANUAL, AS PRESENTED, 1S INCOMPLETE, CONSISTING OF FOUR OF AN EVENTUAL
SEVEN SECTIONS. THE COMPLETE MANUAL, TO BE PUBLISHED IN THE NEAR FUTURE,
WILL CONTAIN SECTIONS ON PROGRAMMING TECHNIQUES, MANUAL CoNTROLS AND 1/0
DEvICES, AND SUMMARY L1STS AND TABLES.



INDUSTRY 1S:NOT SURPRIESING WHEN “ITI'S “CONSIDERED THAT A VERY LARGE PART
TODAY'S TOTAL WORK EFFORT IS DEVOTED TO THE PROCESSING OF LENGTHY CALCULA-,
TIONS OR'VAST AMOUNTS or STATISTICAL DATA *

Lize @wGGNFUS1NGxARRAY»0F INTERRELATED INFORM“TION. ,,”

OF /J0B .THAT' CAN''BE’ HANﬁLED BeSv'ﬁ‘XN INTELLIéE’TLY

SINCE EARLIEST TINES, THE ‘DEVELOPMENT 0rw”comﬁdriﬁcfilﬁé HAS FOLLOWED TWO
SEPERATE PATHS, DEPENDING UPON THE MEANS EMPLOYED To RECOGN[ZE AND TOmRsﬁf
PRESENT . |Nr0RMAT|oN"'“ iGSE * : e

COMPUTERS.~ A FUEL GAUGE
OF: -A ‘P OINTER: I’
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VALUES . BOTH QUANTIT
UOUS: PHY-SI CAL! UNI T'SL- THsﬂABAcus E IN WHICH BEADS ,
ARE USED TO REPRESENT THE COUNTING UNITS. ° A ‘MORE COMPLEX AND MODERN, BUT
STILL NON-AUTOMATIC DIGITAL DEVICE |IS REPRESENTED BY THE DESK CALCULATOR.

THE AUTOMATIC DIGITAL COMPUTER

DEVICE»TO0 HOLD“THE" PR‘
DESK CALCULATOR HAS,'IN ABDITWON TO

SUCH" A8 ADD!TION alv1snon, ETC.”
TION'REQUERE THE ! CONSTANT szkv&ce
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AT 1§, AT 'MUSTSHAVE "THE - CAPABILITY ' 0
STEPS 0P A/ iCALCUEATION (ARE ‘PERFORMED?
SIGNALS WHICH ARE STORED WITHIN ITSELF.




{HE HISTORY OF THE AUTOMATIC DIGITAL COMPUTER GOES BACK TO THE YEAR 1822,
wusu AN -NGLI SHMAN Br THE NAME F CHARLES BABBAGE, WITH THE FINANCIAL BACK-
G OF THE BRI 1 AN Ji0N, WHAT HE CALLED A FULL SIZE
”@lrrsnzn E ENGINE'", " THI'S MA ' ED FOR THE PURPOSE OF CALCU~
HEMATICAL ! A, TOURELE "HE HUMAN OPERATOR OF THIS ROU~-
1oN. TEN YEARS LATER, AFTER AN EXPENDITURE oF 17,000 pPounDs,
T WAS ABANDONED. IN 1833 HE ELABORATED UPON HIS INITIAL EFFORTS,
TO DEVELOR: THE CONCEPT OF A UNIVERSAL COMPUTER WHICH HE CALLED AN "“ANALY-
TICAL ENGINE'". |T wAS DESIGNED TO BE FULLY AUTOMATIC AND EXTERNALLY PRO-
GRAMMED. IT INCORPORATED FACILITIES FOR lNPUT/OUTPUT, ARITHMETIC OPERA~-
TIONS, INTERNAL STORAGE AND AUTOMATIC PROGRAM CONTROL. UNFORTUNATELY, THE
STATE OF THE ENGINEERING ART WAS INSUFFICIENTLY ADVANCED TO PRODUCE A MA~-
;sALTHOUGH < A: :CONSIDERABLE "AMOUNT OF &
ACHINE <WAS NEVER: canPLsfsn : Tg

lC RELAYS AND MECHANICAL cpunrsns, ANB
, PATED NITH THE ~COMPUTERS::IN: -USE - TODAY. 2 THE"
5 To suasrlrurs ELECTRONIC .CLRCULTRY FOR,ELECTROMAGNETIC WAS
THE® ENIAC (ECECTRONIC NUMERICAL TOR A
PRIMARILY TO SOLVE BALLISTICS PROBLEMS. IT CONTAINED sone l8 000 VACUUN
}500 EL;CTRQ«AECHANtQAgnaELAvs¢

E L. A VWA ﬁ“,;o;m twpsswwnnwﬁkzs.
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IN ORDER THAT INFORMATION (BOTH INSTRUCTIONS AND OPERANDS) MAY BE SUPPLIED
TO THE ARITHMETIC ELEMENT AT A RATE COMPARABLE TO ITS INHERENT PROCESSING
SPEED, IT IS NECESSARY THAT THERE BE SOME FORM OF INTERNAL MEMORY ELEMENT.
THIS ELEMENT |'S GENERALLY USED TO STORE BOTH THE PROGRAM TO DIRECT THE PRO-
CESSING OPERATION, AND THE DATA TO BE PROCESSED. |T MUST PROVIDE FOR RAPID
ACCESS AND LOCATABILITY OF EACH PIECE OF INFORMATION ON A PROGRAM DEMAND
BASIS. WITHOUT THE MEMORY ELEMENT, THE SPEED OF A COMPUTER WOULD BE RE-
STRICTED TO A MECHANICAL INSERTION RATE, ° '

PRIOR TO BEGINNING A PROCESSING OPERATION, AND OFTEN DURING THE COURSE OF
AN OPERATION, INFORMATION FROM AN EXTERNAL SOURCE MUST BE ENTERED INTO THE
COMPUTER'S MEMORY, CONSEQUENTLY, THERE 1S REQUIRED AN INPUT ELEMENT TO
ACCOMPLISH THIS LOADING OF DATA.

CONVERSELY, AT THE COMPLETION OF, AND OFTEN DURING AN OPERATION, THE PRO-

_ CESSED DATA MUST BE EXTERNALLY PRESENTED IN A USABLE AND UNDERSTANDABLE
MANNER. THi s INTERNA'L; TO EXTERNAL TRANSFER OF DATA IS A FUNCTION OF 1"HE
OUTPUT ELEMENT, : : : ' '

FINALLY, AND VITAL TO THE AUTOMATIC FUNCTIONING OF THE COMPUTER, THERE MUST
BE A CONTROL ELEMENT TO COORDINATE THE ACTIVITIES OF THE OTHER FOUR ELE-
MENTS. |T IS RESPONSIBLE FOR THE PROPER SEQUENCING OF EACH ACTION WITHIN
THE COMPUTER. |IT IS THIS PRECISE SEQUENCING WHICH DETERMINES WHETHER A
PIECE OF INFORMATION STORED IN MEMORY IS TO BE USED AS AN INSTRUCTION OR
AS DATA TO BE PROCESSED. I|T IS THE ONLY WAY INWHICH THE COMPUTER CAN MAKE
THIS DISTINCTION.  DATA AND INSTRUCTIONS OCCUR INTERMIXED IN MEMORY, AND
IN THE SAME FORM. IN FACT, THE IDENTICAL PIECE OF INFORMATION MAY BE USED
IN BOTH WAYS IN DIFFERENT PARTS OF A PROGRAM. FURTHER, THIS CONTROL ELE~-
MENT MUST ACTIVATE INPUT -AND OUTPUT DEVICES, WHEN CALLED FOR, AND, IN GEN-
ERAL, DIRECT THE OVERALL PERFORMANCE OF A PROGRAM OR PROGRAM COMPLEX.

CONTROL
‘\ ELEMENT ‘

|
1 DATA ’ \ l<__Con1RoL
| TRANSFER o \ | S1GNAL
| ARITHMETIC \} I
| 'ELEMENT | '
: / |

- MEMORY
ELEMENT

OUTPUT
ELEMENT

INPUT
ELEMENT

FIGURE I.  LogicAL DiAGRAM OF AUTOMATIC COMPUTER



_GLOSSARY OF COMPUTER TERMS

ACCESS TIME---~THE TIME REQUIRED TO BRING A SELECTED WORD FROM STORAGE TO
THE POINT AT WHICH IT IS TO BE USED OR PROCESSED.

ACCUMULATOR===~THAT REGISTER, WITHIN THE ARITHMETIC. ELEMENT, IN WHICH ARE
' ' FORMED THE RESULTS OF ARITHMETICAL AND LOGICAL OPERATIONS.

ADDRESS=======-A CHARACTER, OR STRING or CHARACTERS, USED TO IDENTIFY A
LOCATION WITHIN THE COMPUTER MEMORY.

ADDRESS-===~====A LABEL, USUALLY NUMERIC, WHICH IDENTIFIES A LOCATION IN
(ABSOLUTE)  MEMORY RELATIVE TO THE INITIAL MEMORY LOCATION.

ADDRESS=======-A LABEL, CONSISTING OF ARBITRARILY cuos:n SYMBOLS YO REPRE~
(SymsoLic) SENT A LOCATION WITHIN A PROGRAM ROUTINE WHICH 1S INDEPEN-
DENT OF THE LOCATION OF THE ROUTINE 1IN MEMORY OR ITS INI=

TIAL LOCATION. :

ALPHA-NUMERIC--A SYMBOL SYSTEM IN WHICH ARE INCLUDED ALPHABETIC, NUMERIC
AND SPECIAL CHARACTERS. '

ARITHMETIC~~=~~THAT PART OF A COMPUTER IN WHICH ARITHMETIC AND LOGICAL
ELEMENT COMPUTATIONS AND DECISION MAKING FUNCTIONS ARE PERFORMED.

ASSEMBLER-----—A UTILITY PROGRAM WHICH ASSIGNS ABSOLUTE ADDRESS VALUES FOR
THE VALUES IN A SYMBOLICALLY ADDRESSED PROGRAM RouTiINE AND
SETS UP STORAGE ALLOCATIONS FOR ITS VARIOUS PARTS.

BASE========wwuc|N A NUMBER SYSTEM EMPLOYING POSITIONAL NOTATION, THE BASE
IS THE NUMBER OF COUNTS REQUIRED IN EACH POSITION TO CAUSE
A CHANGE IN THE NEXT MIGMER POSITION. IT IS ALSO THE NUM-
BER OF D!SCRETE NUMERIC CHARACTERS EMPLOYED IN THE svsrzn.

BlNARY-CODED---REPRESENTATION OF EACH DECIMAL CHARACTER IN A NUMBER BY A
DECIMAL PATTERN OF BINARY DIGITS.

BlTe=m==wewece—COMMON PROGRAMMING EXPRESSION FOR BINARY DiIGIT. THE SMALL-
EST MEANINGFUL UNIT OF INFORMATION IN THE COMPUTER. AN
. ANDIVIDUAL BIT IS RESTRICTED TO THE VALUES ''0'' Anp '™,

BLOCK=~=====eecA GROUP OF RELATED COMPUTER WORDS OR CHARACTERS PROCESSED
OR TRANSFERRED AS A UNIT.

BOOTSTRAP--~==~A PROCEDURE FOR ENTERING A PROGRAM INTO fH:‘CoMeurEn; THE
INITIAL FEW STEPS OF THE ROUTINE, NORMALLY ENTERED MANUALLY.,
ARE USED TO AUTOMAT]CALLY LOAD THE REMAINDER OF THE PROGRAM.



BUFFER-=~-~-=-==-AN INTERMEDIATE STORAGE DEV!ICE FOR COORDINATING THE TRANSFER
OF INFORMATION FROM ONE PART OF THE COMPUTER TO ANOTHER.

COMMAND--~------THE DIRECTIVE PORTION OF AN INSTRUCTION. THE SPECIFIED AC-
TION TO BE TAKEN BY THE COMPUTER,

COMPILER-=-====A UTILITY PROGRAM WHICH PRODUCES A MACHINE LANGUAGE PROGRAM
FROM A PROGRAM WHICH IS CODED INA PROBLEM ORIENTED LANGUAGE.
THE CODING FORM OF THE PROGRAM TO BE COMPILED ORDINARILY
WILL CLOSELY APPROXIMATE STANDARD ALGEBRAIC NOTATION.

COMPUTER--=-=-==AN ELECTRONIC DEVICE FOR. THE AUTOMATIC CALCULATION OF SE=-
(DiGgrrar) QUENCES OF ARITHMETIC AND LOGICAL OPERATIONS. QUANTITIES
AND VALUES ARE REPRESENTED BY PATTERNS OF BI-STABLE MAGNETIC

oR ELECTRONIC INDICATORS. :

CONSTANT--====- A VALUE WHICH 1S NOT SUBJECT TO CHANGE DURING AN OPERATION.

CONTROL=--v===- THAT PART OF A COMPUTER WHICH DIRECTS THE SEQUENCING AND
ELEMENT TIMING OF ITS ACTIONS,

DATA------ ===-=THAT INFORMATION USED AS OPERANDS IN THE ARITHMETIC AND LoO-

GICAL OPERATIONS OF THE COMPUTER.

DATA REDUCTION-THE PROCESSING OF LARGE vouunss OF RAW DATA SO AS TO CON-
DENSE AND SIMPLIFY IT TO A MORE MEANINGFUL PRESENTATION,

DEBUGGING-~~-~~THE PROCESS OF ELIMINATING: ERRpRS FROMA.PROGRAM BY INSPEC~-
TION OR MACHINE TESTING.

EXTRACT===~===-T0 CLEAR sstcrzo PORTIONS. oF A wono T0 z:no, LEAVING THE
REMAINING PORTIONS - INTACT.

FIELD-====----=A DEFINED SPACE wlvﬂnwACoanTzn WORD OR INFORMATION FORMAT
WHICH 1S ASSIGNED vo HOLD A SPECIFIED TYPE OR CLASS OF
INFORMATION. '

FIXED POINT----THAT SYSTEM OF PROGRAMMING AR)THMETIC IN WHICH THE LOCATION
OF THE DECIMAL OR BINARY POINT IN A COMPUTER WORD MUST BE
CONTROLLED AND MANIPULATED BY THE PROGRAMMER.

FLOATING POINT-THAT SYSTEM OF PROGRAMMING ARITHMETIC INWHICH THE LOCATION
OF THE DECIMAL OR BINARY POINT IN A COMPUTER WORD IS AUTO-
MATICALLY MANIPULATED AND CONTROLLED BY THE COMPUTER OR A
PROGRAM ROUTINE.

HEAD--=========THE ASSEMBLY FOR RECORDING OR REAOING ONE TRACK OF INFORMA-
TION ON A MAGNETIZED SURFACE.



HEXADECIMAL-~~=THE POSITIONAL NUMBER SYSTEM USING A BASE OoF |16. A NUMBER
SYSTEM WHICH EMPLOYS 16 DISCRETE NUMERIC CHARACTERS.

INDEX REGISTER~A REGISTER TO CONTAIN A QUANTITY WHICH MAY BE USED TO AUTO~-
"MATI.CALLY INCREMENT THE ADDRESS PORTION OF AN INSTRUCTION.

INPUT=======-=~|NFORMATION ENTERED INTO A COMPUTER'S MEMORY FROM AN EXTER-
NAL SOURCE.

INSTRUCTION=----A SET OR STRING OF CHARACTERS WHICH COMPLETELY SPECIFIES
ONE ACTION TO BE TAKEN BY THE COMPUTER.

LOAD--------Q--To ENTER INFORMATION INTO THE COMPUTER FROM AN EXTERNAL
SOURCE, ALSO, TO PLACE A VALUE INTO A REGISTER, SUCH AS
THE INDEX REGISTER,

LOOP~cememmmeun=A PROGRAMMING TECHNIQUE INWHICH A SEQUENCE OF INSTRUCTIONS
I'S REPEATED A SPECIFIED NUMBER OF TIMES BEFORE PROCEEDING
WITH THE REMAINDER OF THE PROGRAM,

MAGNETIC DRUM==A ROTATING CYLINDRICAL ODRUM USED FOR INFORMATION STORAGE,
RECORDING IS IN THE FORM OF MAGNETIZED SPOTS ON THE SURFACE
OF THE DRUM, : : :

MEMORY==m=====~THE WORKING STORAGE AREA OF A COMPUTER, GENERALLY, THE
STORAGE DEVICE PERMITTING THE MOST RAPID ACCESS TO ITS DATA.
IT IS FROM THIS STORAGE THAT INSTRUCTIONS ARE OBTAINED FOR
EXECUTIONS ~

MICROSECOND=~=~<~ONE MILLIONTH OF A SECOND.

MILLISECOND====0ONE TMOUSANDTH OF A SECOND.

MNEMONIC=======A CODE FORM OF [DENTIFICATION DEVISED SO AS TO ASSIST IN
THE REMEMBRANCE OF ITS MEAN{NG.

OPERAND========AN |TEM OF INFORMATION WHICH 18 TO BE OPERATED UPON, OR ONE
WHICH ENTERS INTO AN OPERATION,

OPTIMIZE=~===~==T0 CODE A ROUTINE IN SUCH ‘A WAY AS TO MINIMIZE THE TOTAL
MeMory Access TiIME,

OUTPUT=wwemcma=| NFORMATION TRANSFERRED FROM THE COMPUTER'S MEMORY TO AN
EXTERNAL DEVICE,

OVERFLOW====~==THE GENERATION, INA COMPUTER REGISTER, OF A QUANTITY BEYOND
THE CAPACITY OF THE REGISTER.

PARAMETER==~~~~AN ITEM WHICH MAY BE ASSIGNED ARBITRARY VALUES, ozhsuolus
UPON ITS USE IN A GIVEN RouTINE,



PARITY BIT~==~=~AN EXTRA BINARY DIGIT ADDED TO AN ITEM OF INFORMATION FOR
' VALIDITY CHECKING PURPOSES,

PARITY CHECK~=~A METHOD OF VERIFYING THE ACCURACY OF A DATA TRANSFER BY
COUNTING THE NUMBER oOF ''|" BITS IN THE TRANSFERRED ITEM,
INCLUDING THE PARITY BiTe AN'ACCURATE TRANSFER |S INDICATED
BY AN EVEN COUKY IN AN '"EVEN PARITY' SYSTEM, OR BY AN 0DD
COUNT IN AN 608 PARITY! SYSTEM,

PROGRAM==-===w=-A COMPLETE SEQUENCED SET OF COMPUTER INSTRUCTIONS DESIGNED
TO CARRY OUT A DESIRED PROCESSING FUNCTION, OR SOLVE A DE=
FINED PROBLEM, o

REGISTER=======THE HARDWARE FOR STORING ONE COMPLETE COMPUTER WORD,

ROUTINE==~==~~=A SEQUENCED SET OF COMPUTER INSTRUCTIONS, PART OF A PROGRAM,
FOR PERFORMING SOME WELL DEFINED FUNCTION.

SECTORe====www=THE SPACE ON A STORAGE DRUM, MEASURED ALONG THE CIRCUMFER=
ENCE, REQUIRED TO HOLD ONE COMPUTER WORD.

SUBROUTINE=====~A PROGRAM SUB=UNIT, USUALLY USED IN COMMON BY MORE THAN ONE
(CLosen) PROGRAM, WHICH IS ENTERED VIA A TRANSFER FROM THE MAIN PRoO-
GRAM AND EXITS VIA A TRANSFER BACK TO A SELECTED POINT IN

THE MAIN PROGRAM,

SUBROUTINE==~-~A PROGRAM SUB=UNIT, NOT ENTERED VIA A TRANSFER, WHICH 18
(oPen) INCLUDED IN THE NORMAL SEQUENCE OF A PROGRAM.

TRACK=====ewwe=THE PATH AROUND A STORAGE DRUM, TRACED OUT BY EACH HEAD OF
THE DRUM ASSEMBLY, ALSO, THE INFORMATION STORED ON A GIVEN
TRACK,

TRANSFER====m=u=T0 MOVE INFORMATION FROM ONE STORAGE AREA TO ANOTHER,

To DEPART FROM THE LINEAR SEQUENCE OF THE PROGRAM INSTRUC=-
TIONS BY SHIFTING CONTROL TO ANOTHER AREA OF THE PROGRAM,
THIS SHIFT 1S OFTEN CONDITIONAL UPON THE RESULTS OF A PRO~
GRAM TEST OF AN INDICATOR WORD. (CONDITIONAL TRANSFER)

UTILITY=-====—~-A PROGRAM DESIGNED TO ASSIST IN THE FULL UTILIZATION OF THE
PROGRAM COMPUTER, INCLUDED IN THIS CLASS ARE ASSEMBLY PROGRAMS,
CoMPILERS, INPUT/OUTPUT PRQGRAMS, ETC.

WORD==ewemwmwe=cA SET OR STRING OF SYMBOLS WHICH OCCUPJIES ONE COMPLETE
STORAGE REGISTER IN . THE CONPUTER, THIS WORD MAY BE TREATED
AS AN INSTRUCTION OR AS A DATA WORD, DEPENDING UPON THE
MANNER OF ITS OCCURRENCE IN A PROGRAM.



ARITHMETIC FOR
PROGRAMMERS -

THE CONCEPT OF NUMBER IS SO BASIC TO OUR EVERYDAY LIFE THAT THE AVERAGE
PERSON RARELY HAS OCCASION TO REFLECT ON THE MANY MEANINGS OF NUMBER, OR
ON THE MANY FORMS |IN WHICH NUMBERS ARE EXPRESSED., HOWEVER, THE ADVENT OF
THE ELECTRONIC COMPUTER HAS NECESSITATED A RECONSIDERATION OF NUMBER S8SYS~
TEMS, AND THEIR APPLICABILITY TO THE CONVEYANCE AND MANIPULATION OF INFOR=-
MATION THROUGH ELECTRONIC CIRCUITRY,

NUMBERS ARE USED, PRIMARILY, TO DENOTE QUANTITY OR AMOUNT. WE USE NUMBERS
YO STATE HOW MANY PILLS ARE IN A BOTTLE, OR HOW MANY POUNDS OF COFFEE ARE
IN A BAG, OR HOW MANY MILES BETWEEN HERE AND TIN Cup, COLORADO. BUT THERE
ARE OTHER WAYS OF USING NUMBERS., A NUMBER CAN ALSO BE USED TO REPRESENT
ONE MEMBER OF AN ORDERED SET OF SYMBOLS. A HOUSE NUMBER, FOR EXAMPLE,
SERVES TO IDENTIFY A PARTICULAR HOUSE AMONG A NUMBER OF HOUSES IN ITS SET.
IT FURTHER SERVES TO LOCATE THAT HOUSE WITH RESPECT TO THESE OTHER HOUSES.
WHEN A NUMBER IS USED FOR THIS DUAL PURPOSE OF LOCATION AND IDENTIFICATION,
IT IS GENERALLY REFERRED TO AS AN ADDRESS, FINALLY, A NUMBER WHICH SERVES
ONLY TO IDENTIFY, BUT WHICH HAS NO QUANTITATIVE OR LOCATIONAL SIGNIFICANCE,
I'S USUALLY CALLED A CODE NUMBER.,

ALL THREE OF THESE ASPECTS OF NUMBER~=~~QUANT{ITY, ADDRESS AND |DENTITY===ARE
VITAL TO THE DESIGN AND OPERATION OF A MIGH SPEED DIGITAL COMPUTER, How~
EVER, THE PRESENT DISCUSSION WILL CONCERN ITSELF, PRIMARILY, WITH THE QUAN-
TITATIVE ASPECT OF NUMBER.

NUMBER SYSTEMS

A NUMBER SYSTEM MAY BE CLASSIFIED BY THE NUMBER OF COUNTING SYMBOLS IT
EMPLOYSe THIS NUMBER |$S REFERRED TO AS THE BASE OPF THE SYSTEM. THE DECI~
MAL SYSTEM 1S A BASE~TEN NUMBRER SYSTEMj .THAT 1S, IT USES THE TEN- NUMERIC
CHARACTERS, O THRU 9, IT 1S FURTHER CNARACTERIZED BY ITS USE OF A POSI~
TIONAL NOTATION. WHEN COUNTING, JF ONE DIGIT POSITION PROGRESSES BEYOND 9,
IT ADDS A COUNT IN THE POSITION IMMEDIATELY TOo IT8 LEFT. THus, 9 pLus |
secoMEs 103 19 pLus | BECOMES 203 99 PLus | BECOMES 100, Evc. EACH POSI-
TION IN A DECIMAL NUMBER REPRESENTS AN INTEGRAL POWER OF |0, 80 THAT IN
THE NUMBER 456, YME 4 REPRESENTS 4 TIMES IOZ; THE 5 REPRESENTS 5 TIMES 101}
AND THE 6 REPRESENTS 6 TiMes 100, SIMILARLY, THE DECIMAL FRACTION .789
REPRESENTS 7 TiMES 10~ prLus 8 TiMES 1072 PLUS 9 TiMES [0-3,



|

OBVIOUSLY, WE ARE NOT RESTRICTED TO A BASE=TEN SYSTEM OF NUMBERS. THNE SAME
NOTATIONAL STRUCTURE APPLIES EQUALLY WELL TO OTHER BASES, AND, IN FACT,
IT HAS BEEN DETERMINED THAT TODAY'S ELECTRONIC DIGITAL COMPUTER FUNCTIONS
" MOST EFFICIENTLY USING A BINARY SYSTEM FOR 1TS INTERNAL FUNCTIONS. THIS
BASE~TWO SYSTEM FOLLOWS NATURALLY FROM THE FACT THAT THE COMPUTER CIRCU| TRY
IS MADE UP, IN LARGE PART, OF BI~STABLE DEVICES.

THE BINARY SYSTEM

THE BINARY SYSTEM IS, OF COURSE, A SYSTEM WHICH UTILIZES ONLY TWO NUMERIC
CHARACTERS, O AND |. THE PRINCIPLES OF COUNTING AND ARITHMETIC ARE EXACT-
LY THE SAME AS FOR DECIMAL NUMBERS, COUNTING PROCEEDS IN THE ORDER, |, |0,
1, 100, 101, 110, 111, 1000, 1001, ETC. WHEREAS, IN THE DECIMAL SYSTEM
EVERY TENTH COUNT INADIGIT POSITION CAUSES A CHANGE IN THE NEXT POSITION
TO ITS LEFTS IN THE BINARY SYSTEM EVERY SECOND COUNT STEPS THE NEXT HIGHER
DIGIT POSITION. EACH SUCCESSIVE POSITION TO THE LEFT REPRESENTS THE NEXT
HIGHER POWER OF TWo. THUS, THE BINARY NUMBER, [0I10, 1S EQUAL To | TIMES
24 pLus 0 TiMes 23 Prus | TiMes 22 PLus | TIMES 2| pLUs O TiMes 20, THis
IS EQUIVALENT TO THE DECIMAL NUMBER 22,

SIMILARLY, IN A FRACTIONAL BINARY NUMBER, THE POSITIONS TO THE RIGHT OF
THE BINARY POINT REPRESENT SUCCESSIVE NEGATIVE POMERS OF TWO0. THUS, THE
BINARY FRACTION, .10110, RePRESENTS | TiMeEs 2-! pLus O vimes 2-2 prus |
TiMES 273 pLus | TIMES 2-% pLus O TiMES 2-5. THis IS EQUIVALENT TO THE
DECIMAL, 1/2 PLUS 1/8 pLus 1/i6, oq /16,

IF WE WERE TO PERFORM ALL OUR MANUAL COHPUTAT!ONSINBINARY ARITHHETIC, WE
WOULD FIND THAT, ALTHOUGH THE INDIVIDUAL OPERATIONS ARE CHILDISHLY SIMPLE,
WE WOULD SOON BE DROWNING IN A SEA OF O's AND |'S, THE DECIMAL NUMBER,
. 999,999, IF REPRESENTED IN BINARY, quulnts 20 pi1GITS., THE COMPUTER, ON
THE OTHER HAND, FINDS 11 MUCH EAsasR To NANDLE A LARGE NUMBER OF DIGIT
POSITIONS THAN TO DEAL WITH MORE THAN TWO DIGIT VALUES. |N ORDER TO FACIL~-
ITATE COMMUNICATION BETWEEN THE PROGRAMMER AND THE COMPUTER, IT IS DESIR~
ABLE TO USE A NUMBER SYSTEM WHICH PROVID!S FOR BRIEF NUMERICAL NOTATION}
AND ONE WHICH PERMITS EASY CONVERSION TO AND FROM THE BINARY SYSTEN,

THE HEXADECIMAL SYSTEM

IF WE LOOK CAREFULLY AT THE BINARY SYSTEM, WE NOTE THAT FOUR DIGIT POSITIONS
~ARE SUFFICIENT TO HOLD |6 NUMERICAL VALUES FRoM O To 15, THE RPC~LOOO HAS
A WORD LENGTH oF 32 BITS (BINARY oncnrs), SO THAT ONE WORD CAN BE DIVIDED
EVENLY INTO EIGHT 4-BIT GROUPS, IF WE SELECT, FOR COMMUNICATION WITH THE
COMPUTER, A NUMBER SYSTEM TO A aAs;_or,ls, WE CAN REPRESENT A FULL COMPU=
TER WORD WITH JUST EIGHT CHARACTERS, AND EACH CHARACTER WILL CORRESPOND
EXACTLY WITH A UNIQUE PATTERN OF BINARY DIGITS,

THIS BASE-SIXTEEN SYSTEM IS KNOWN AS A HEXADECIMAL SYSTEM. [T IS THE SYS-
TEM USED FOR ALL DIRECT COMMUNICATION WITH THE COMPUTER., THE TABLE OF
HEXADECIMAL CHARACTERS AND THEIR DECIMAL AND BINARY EQUIVALENTS 1S AS
FOLLOWSS



HEXADECIMAL DECIMAL BiNARY
S ————C———— T ——— T —————

0 0 0000
1 ! 0001
2 2 0010
3 3 0011
4 4 0100
5 5 o101
6 6 0110
7 7 o1l
8 8 1000
9 9 - 100/
A 1 3 1010
B 1 1011
c 12 1100
D I3 1101
E 14 1o
F 15 | 1y

BinNARY CobDED DECIMAL

FREQUENTLY ENCOUNTERED IN DISCUSSIONS OF PROGRAMMING AND COMPUTERS 1S AN-
OTHER, AND SOMEWHAT DIFFERENT, SYSTEM OF NUMBERS KNOWN AS BinAry CooED
DECIMAL, THIS IS ACTUALLY A SYSTEM BUILY ON TWO BASES, 2 AND |0, BASE 2
1S USED IN THE BINARY REPRESENTATION OF EACHM OF THE TEN NUMERIC CHARACTERS,
O THRU 9. NORMALLY, THE BINARY numsgRS, 0000 THRU 1001 ARE USED, AND EACH
L=BIT GROUP SIGNIFIES ONE DECIMAL CNARACTER. THE POSITIONAL NOTATION USED
1S THE SAME AS FOR DECIMAL NUMBERS IN THAT EACH SUCCESSIVE U=BiT BINARY
GROUP PROCEEDING TO THE LEFT OF THE UNITS POSITION REPRESENTS THE NEXTY

7 'MIGHER POWER OF TENs THUS THE DECIMAL NUMBER, 369, APPEARS IN BINARY CoDED

DEcIMAL ASOO}] O110 100], THE SAME NUMBER 1N BiwARY is wriTTEN 101110001,

THE USEFULNESS OF THM]S NUMBER SYSTEM IS IN PROVIDING A CONVENIENT FORM IN
WHICH TO PROCESS NUMERICAL DATA THROUGH THE Inrur/OUTPUT EQUIPMENT. ITvS
USE, HOWEVER, REQUIRES INPUT AND OUTPUT PROGRAM ROUTINES WHICH WILL MAKE
THE-‘CONVERSION TO AND FROM A TRUE BINARY REPRESENTATION.

CONMYERSION BETWEEN SYSTEMS

IN WORKING WITH PROGRAMS AND COMPUTERS, IT FREQUENTLY BECOMES NECESSARY TO
PERFORM A MANUAL CONVERSION FROM ONE MUMBER SYSTEM YO ANOTHER. THIS 1S
PARTICULARLY TRUE IN ODEBUGGING, WHERE A WORD DISPLAYED ON THE SCOPE FACE
MUST OFTEN BE VERIFIED AGAINST A SYNQOI;I.CALLY_ WRITTEN PROGRAM WORD,

CONVERSION OF A DECIMAL INTEGER INTO 1TSS BINARY OR HEXADECIMAL EQUIVALENT
MAY BE ACCOMPLISHED BY A SYSTEM OF SUCCESSIVE DIVISIONS OF THE DECIMAL
INTEGER BY THE BASE OF THE SYSTEM INTO WHICH WE ARE CONVERTING. FOR EXAM=
PLE, CONSIDER THE DECIMAL NUMBER, 229, Ir WE DIVIDE 8Y THE HEXADECIMAL



BASE, [6, WE GEY I4, WITH A REMAINDER OF 5, THE 5 REPRESENTS THE LEAST
SIGNIFICANT DIGIT OF THE HEXADECIMAL NUMBER WE ARE COMPUTING. IF 'WE Now
DIVIDE THE INTEGRAL QUOTIENT, I4, BY |6, We GET O, WITHA REMAINDER oF |4,
THE 14, EXPRESSED HEXADECIMALLY BY THE CHARACTER, E, REPRESENTS THE MOST
SIGNIFICANT DIGIT OF THE DESIRED NUMBER, $0 THAT THE HEXADECIMAL EQUIVALENT
OF 229 18 E5, TOoAVOID CONFUSION WHEN WORKING WITH NUMBER CONVERSIONS, THE
BASE OF A NUMBER |S USUALLY REPRESENTED BY A SUBSCRIPT, $O THAT THE ABOVE
NUMBERS WOULD BE MORE CLEARLY EXPRESSED AS 22910 AND E5jg. LET'S CONSIDER
ANOTHER EXAMPLE, THIS TIME SHOWING THE CONVERSION IN TABULAR FORMe THE
DECIMAL INTEGER [386 wWouLD BE CONVERTED AS FOLLOWS?

DECIMAL

NUMBER ¢+ 16 QUOTIENT WITH - REMAINDER
)

(LEAST SIGNIGICANT)

L}

1386)¢ 8610 Ae
86)0 510 616
(MOST SIGNIFICANT)
510 0 516

L e e Y
THE HEXADECIMAL EQUIVALENT oF [386]0 1S 56A,6. NOTE THAT THE YA IN THE

ABOVE EXAMPLE 1S USED AS A HEXADECIMAL NUMERAL, AND 1S THE EQUIVALENT OF
A DEciMAL 10,

DECIMAL INTEGERS MAY BE CONVERTED TO BINARY IN EXACTLY THE SAME FASHION,
CONVERSION OF 52| To BINARY PROCEEDS AS FOLLOWSS

DECIMAL

NUMBER + 2 = QUOTIENT WiTH REMA INDER
LA ——

(LEAST SIGNIFICANT)

52)9 - 2610 02

26)9 1310 02

1310 | 610 12

610 310 02

310 Lo 12
. (MOST SIGNIFICANT)

ho 010 12

THE BINARY EQUIVALENT OF 5219 1S SHOWN To BE 1101002. WITHA LITTLE PRAC-
TICE, A BINARY NUMBER CAN BE READILY CONVERTED TO DECIMAL BY INSPECTION OR
BY REFERRING TO A TABLE OF POWERS OF TWO0. CONVERTING THE ABOVE BINARY

?



VALUE To DECIMAL 1S JUST A MATTER OF ADDING 25 (32), 24 (16), AND 22 (u4)
TO ARRIVE AT THE VALUE, 52j0c FRACTIONAL VALUES MAY BE SIMILARLY HANDLED
BY USING NEGATIVE POWERS OF TWO. :

CONVERSION OF A DECIMAL FRACTION INTO HEXADECIMAL OR BINARY MAY BE ACCOM=-
PLISHED BY A SYSTEM OF SUCCESSIVE MULTIPLICATIONS BY THE BASE INTO WHICH
WE ARE CONVERTING, FOR EXAMPLE, CONSIDER THE FOLLOWING CONVERSION OF .912)p
INTO HEXADE CIMAL: :

DECIMAL INTEGRAL
NUMBER X 16 = PRODUCT WITH CARRY = HEXADECIMAL
9129 1445920 40 Ejs
.5‘92|o 9.472y0 %90 916
«472j0 7.552)¢ 1o N6

ETC.

s S G A R

IN THIS PROCESS, THE FIRST INTEGRAL CARRY REPRESENTS THE MOST SIGNIFICANT
DIGIT OF THE HEXADECIMAL FRACTION, AND THE FRACTION, .912)09, CONVERTS TO
«E97)g, COMPUTED TOo 3 PLACES.

SCALING

THE NUMBERS, .752y0, 7.52)0, 75.2)09, AND 752|9 ARE IDENTICAL IN APPEARANCE
EXCEPT FOR THE PLACEMENT OF AN INSIGNIFICANT LOOKING SYMBOL KNOWN AS A
DECYMAL POINT. YET THE USE OF THIS SYMBOL CAN MAKE A HUGE DIFFERENCE IN
THE MEANING OF THE NUMBER IN WHICH IT IS PLACED. WHEN WE WORK WITH NUMBERS
IN THIS FASHION, WE ARBITRARILY PLACE THIS POINT IN SUCH A WAY AS TO ESTAB=
LISH A DESIRED MAGNITUDE FOR THE NUMBER WE WISH TO REPRESENT, THE DIGITS
TO THE LEFT OF THIS POINT REPRESENT INTEGRAL VALUES, AKD THE DIGITS TO THE
RIGHT REPRESENT FRACTIONAL VALUES. IN ORDER TO PERFORM VALID ARITHMETIC
OPERATIONS WITH THESE NUMBERS, WE MUST NECESSARILY BE COGNIZANT OF THE LO-
CATION OF THE POINT IN ALL OUR OPERANDS.

THE RPC~-40O00 cCOMPUTER WORD 18 32 BINARY DIGITS IN LENGTH., FOR A DATA WORD,
THESE BITS PROVIDE FOR A SIGN BIT IN PoSiTION O, AND 3| MAGNITUDE BITS.
THE PRINCIPLES OF SCALING, OUTLINED ABOVE WITH RESPECT TO DECIMAL ARITHME=
" TIC, APPLY ALSO TO THE BINARY VALUES USED BY THE COMPUTER. THE BINARY
POINT DOES NOT ACTUALLY EXIST WITHIN THE COMPUTER. IT EXISTS OMLY IN THE
MIND OR ON THE PAPER OF THE PROGRAMMER. [T 18 H1S RESPONSIBILITY TO CON-
TROL THE PLACEMENT OF VALUES IN THE COMPUTER WORD SO THAT THESE IMPLIED
BINARY POINTS WILL FALL IN THE PROPER POSITIONS TO PRODUCE VALID ARITHMETIC
RESULTS.



THE BINARY POINT LOCATION BETWEEN BITS O AND | OF THE COMPUTER WORD, RE~-
FERRED YO AS THE MACHINE POINT, SERVES AS A REFERENCE POINT IN SPECIFYING
THE SCALE FACTOR FOR A VALUE IN THE WORD., THE SYMBOL, 1Q'"', HAS BEEN ESTAB~
LISHED BY CONVENTION TO DENOTE THE PLACEMENT OF THE IMPLIED BINARY POINT
WITH RESPECT TO THE MACHINE POINT. IF A YALUE 1S ENTERED INTO THE COMPUTER
AT A "Q" oF 5, THE BITS IN POSITIONS | THRU 5 REPRESENT THE INTEGRAL PoOR~-
TION OF THE VALUE, AND THE BITS IN POSITIONS 6 THRU 3| REPRESENT THE FRAC-
TIONAL PORTION.

TO PERFORM A VALID ADDITION OR SUBTRACTION [N THE COMPUTER, THE BINARY
POINTS MUST BE LINED UP THE SAME AS WE WOULD LINE UP THE POINTS IN PERFORM~-
ING THESE OPERATIONS WITH PENCIL AND PAPER., THAT IS, THE OPERANDS MUST BE
STORED IN THE COMPUTER AT THE SAME ''Q"'. A NUMBER AT A '@ oF 12, ADDED TO
ANOTHER NUMBER AT A ''Q'' OF 12, WILL PRODUCE A SUM WHICH IS ALSO AT A ''g"
or |2,

IN MULTIPLICATION HOWEVER, THE POINTS NEED NOT BE LINED UP, BUT MAY BE AT

ANY LOCATION WHICH WILL PRODUCE A PRODUCT AT THE REQUIRED ''Q'', THE "Q" oF
THE PRODUCT OF A MULTIPLICATION IS THE SUM OF THE Q'S OF THE MULTIPLICAND

AND THE MULTIPLIER. A NUMBER AT A "' OF 6, MULTIPLIED BY A NUMBER AT A

Q' or 3, WILL PRODUCE A PRODUCT AT A Y@ or 9,

THE RULES FOR PERFORMING A DIVISION IN THE COMPUTER ARE EQUALLY SIMPLE,
BUT REQUIRE ONE ADDITIONAL PRECAUTION ON THE PART OF THE PROGRAMMER. THE
"Q" OF THE QUOTIENT 1S DETERMINED BY SUBTRACTING THE ''Q'' OF THE DIVISOR
“FROM THE "'Q'' OF THE DIVIDEND. THE VALUE, 6, AT A "Q" oF 3, DIVIDED BY THE
VALUE, 2, AT A ''Q" OF 2, SHOULD PRODUCE A QUOTIENT, 3, AT A "g" or |. Bur
THE VALUE, 3, CAN NOT BE HELD AT A ''Q'" OF |, S0 TMAT A CONDITION KNOWN AS
A ''DIVIOE CHECK'" OCCURS. THIS, OF COURSE, PRODUCES AN OVERFLOW OUT OF THE
ACCUMULATOR WMICH WILL TURN ON AN INDICATOR, KNOWN AS THE BRANCH CONTROL.
To AVOID THIS SITUATION, THE PROGRAMMER MUST SCALE MIS OPERANDS SO THAT
THE QUOTIENT WILL FIT IN THE ACCUMULATOR., |N THE ABOVE EXAMPLE, SHIFTING
THE DAVIDEND, 6, To A "' OF 4, AND THEN DIVIDING BY 2 AT A Q" oF 2, wiLL
PRODUCE A QUOTIENT OF 3, AT A '"Q" oF 2, WHICH CAN BE CONTAINED WITHOUT
‘OVERFLOW. CONSIDERED FROM THE STANDPOINT OF TME COMPUTER WORD, ITSELF, AND
DISREGARDING THE IMPLIED BINARY POINT LOCATION, THME DIVISOR MUST ALWAYS
EXCEED THE DIVIDEND TO PERFORM A VALID DIVIDE OPERATION,

THE MEANS FOR CONTROLLING THE SCALING OF VALUES IN THE COMPUTER ARE PROVIDED
8Y A SHIFT INSTRUCTION, WHICH PERMITS THE PROGRAMMER TO ADJUST THE ''Q'' or
. _AMY VALUE BY SHIFTING THE ACCUMULATOR CONTENTS RIGHMY OR LEFT BY A PRESCRIBED
NUMBER OF BI1Y POSITIONS. (See paGe 38) It IMPORTANT, IN CODING A PROGRAM,
-To nov; on 7»: CODING SHEET THE ''Q'"' VALUES IN ALL ARITHMETIC OPERATIONS.
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THE CENTRAL
COMPUTER

A A\

THE BASIC UNIT OF INFORMATION IN THE COMPUTER 1S REFERRED TO AS A WoRp,
THE COMPUTER WORD IN THE RPC-4000 cownsisTs oF 32 BINARY DIGITS, COMMONLY .
CALLED "BiTS"., THIS 32 BIT PATTERN OF INFORMATION HAS A MEANING DEPENDENT
UPON THE CONTEXT IN WHICH IT IS USED. THAT IS TO SAY, THAT THE SAME WORD
FROM MEMORY MAY BE USED AS AN INSTRUCTION OR AS AN ARITHMETIC OPERAND, AND
THIS USAGE IS DETERMINED BY THE MANNER IN WHICH THE PROGRAM 1S wn|rr£n.k,

WHEN USED AS NUMERICAL DATA, A WORD IS CONSIDERED AS CONSISTING OF A SIGN
BIT IN THE LEFT=~MOST POSITION, FOLLOWED BY 3| MAGNITUDE BlTSo

v

MAGNITUDE BITS

FiGURE 2. RPC-4000 DATA WORD FORMAT

WHEN USED AS AN INSTRUCTION, A WORD 1S CONSIDERED AS CONSISTING OF A COM=
MAND IN BITS O THRU 4, AN OPERAND OR AN OPERAND ADDRESS IN BITS 5 THRU
17, THE NEXT INSTRUCTION ADDRESS IN BITS |8 THRU 30, AND Tnt Inu:x TAG LB
BIT 31,

m

TRACK M§12 Secror

NEXT ADDRESS
TRACK HUJB SecTor

L

FIGURE 3, RPC-4000 INSTRUCTION WORD FORMAT

L]




IN CERTAIN CASES IT I8 CONVENIENT TO CONSIDER THE 32 BITS OF A WORD AS
EIGHT HEXADECIMAL CHARACTYERS, THES IS PARTICULARLY TRUE IN ENTERING INFOR~
MATION MANUALLY INTO THE COMPUTER OR IN ANALYZING CERTAIN COMPUTER OUTPUTS,

158is i

s nm

] ] LR |
v

FIGURE 4. RPC-4000 HEXADECIMAL WORD ForMAT

THE"MEMORY‘DRUM

INFORMATION IS STORED IN THE RPC~4000 ON A MAGNETIC DRUM WHICH ROTATES AT
THE RATE OF 3600 REVOLUTIONS PER MINUTE. THIS INFORMATION WiLL CONSIST OF
BOTH DATA WORDS AND INSTRUCTION WORDS. FEACH INDIVIDUAL BIT OF EACH WORD
STORED IN THE COMPUTER 1S IN THE FORM OF A DISCRETE MAGNETIZED SPOT ON THE
TRON OXIDE. COATED DRUM SURFACE. EACH BIT CAN EXIST IN ONE OF TWO MAGNETIC
STATES REPRESENTING THE BINARY VALUES, O (zERro) AND | (oNE). ALL INFORMA~
TION IN THE COMPUTER, INCLUDING ALL MEMORY REGISTERS AND ALL WORKING REG-
ISTERS, 1S REPRESENTED IN THIS MANNER,

THE COMPUTER WORDS ARE ARRANGED IN PARALLEL BANDS AROUND THE DRUM, EACH
BAND CONTAINING 64 WORD SOSITIONS, ASSOCIATED WITH EACH OF THESE BANDS 18
A MAGNETIC READ/WRITE MEAD (THOSE BANDS USED FOR DOUBLE ACCESS EACH MAVE
TWO READ/WRITE MEADS)e THE BAND OF INFORMATION TRACED OUT BY ANY GIVEN
HEAD IS REFERRED TO AS A TRACK. EACH OF THE 64 WORD POSITIONS AROUND THE
CIRCUMFERENCE OF THE ORUM IS REFERRED TO AS A SECTOR. ~

THe RPC-4O00 MENORY CONSISTS of 128 TRAEKs (NUMBERED 000 THAU 127) anp 64
SECTORS (NUMBERED 00 THRU 63), MENCE, THE LOCATION OF ANY WORD IN MEMORY
CAN BE SPECIFIED BY ITS TRACK AND SECTOR NUMBER. THIS NUMBER IS KNOWN AS
THE ADDRESS OF THE WORD IN QUESTION, : ;

TRACKS 000 THRU 122 OF TME MAGNETIC ORUM ARE THE MAIN MEMORY STORAGE AREA
_FOR THE RPC-400D. EACH TRACK WAS 6l ASSOCIATED SECTORS, EACH OF WHICH
 CONTAINS ONE COMPUTER WORD. THE TOTAL STORAGE CAPACITY OF MAIN MEMORY is

7872 woRrDS. - ANY WORD IN MAIN MEMORY MAY BE REFERENCED BY SPECIFYING ITs

TRACK AND SECTOR POSITION. THUS, 09843 REFERS TO THE WORD WHOSE ADDRESS
IS TRACK 098, SEcTor 43, = : ‘ » -

" MAXIMUM ACCESS TIME FOR A WORD N n.;n MEMORY 1S THE TIME REQUIRED FOR ONE
COMPLETE DRUM REVOLUTION, OR APPROXIMATELY |7 MILLISECONDS, AVERAGE ACCESS"
TIME 1S APPROXIMATELY 8.5 MILLISECONDS,



TRACKS
0 thru 122
A

oj1]2]3 19 1201121 122

SECTORS
o0 thru 63

FIGURE 5. RPC-4000 MAIN MEMORY STORAGE:

DuAL AcceSS TRACKS

IN ADDITION TO THE MAIN MEMORY JUST DISCUSSED, THERE - ARE TWO BANDS OF MEM- .
ORY STORAGE ON THE DRUM FOR WHICH DuAL-ACCESS 1S PROVIDED. EACH OF THESE
BANDS HAS TWO READ/NRITE HEADS, ADDRESSED -BY. THEIR:OWN INDIVIDUAL TRACK
NUMBERS. THE HEADS ADDRESSED AS TRACK 123 AND TRACK |25 SHARE THE SAME
STORAGE BAND.  THE TRACK 125 HEAD IS DISPLACED. SO AS TO BE 16 WORD TIMES .
LATER THAN THE TRACK 123 nEAo.,xTHEkEroRE, BOTH HEADS REFER TO THE SAME:
SET OF WORDS, AND THE WORD WHICH 1S ADDRESSED.BY 12301 1S THE SAME WORD AS
THAT ADDRESSED BY 12517, . . . .- . -

LIKEWISE, THE HEADS ADDRESSED AS TRACK |24 AND TRACK |26 SHARE THE SAME
SET OF WORD POSITIONS. |IN THIS CASE, THE TRACK 126 HEAD IS DISPLACED SO
AS TO BE 24 WORD TIMES LATER THAN THE TRACK |24 HEAD. THE WORD ADDRE SSED
BY 12401 1S THE SAME WORD AS THAT ADDRESSED .BY |2625,
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RANDOM ACCESS TIME FOR A WORD FROM THE DUAL ACCESS STORAGE AREA IS THE SAME
AS FOR A WORD FROM MAIN MEMORY. ToOTAL DUAL ACCESS STORAGE CAPACITY IS
128 worDS.

Irack -t Track Track ' : Track

Fi1GURE 6. DuUAL ACCESS STORAGE TRACKS

THE RECIRCULATING LINE

~ THERE ARE 8 ADD!ITIONAL WORDS OF MEMORY STORAGE ON THE DRUM IN WHAT 1S KNOWN
AS THE RECIRCULATING LINE. THE ASSOCIATED READ/NRITE HEAD 1S REFERRED TO
AS TRACK 127, AND THIS TRACK PROVIDES A SPECIAL FAST ACCESS STORAGE AREA.
THE FAST ACCESS CAPABILITY DERIVES FROM THE FACT THAT THESE 8 WORDS ARE
REPEATED 8 TIMES AROUND THE DRUM. THIS IS ACCOMPLISHED IN THE FOLLOWING
MANNER.

IN ADDITION TO. AND FLANKING THE NORMAL READ/WRITE HEAD ARE A SEPARATE
READ HEAD AND WRITE HEAD. THE READ HEAD IS PLACED SO AS TO TRAIL THE WRITE
HEAD BY 8 WORDS. THAT 1S TO SAY, THAT A WORD POSITION ON THE DRUM WiLL
REACH THE WRITE HEAD 8 WORDS BEFORE REACHING THE READ HEAD. CONSEQUENTLY,
AS EACH WORD IS READ BY THE READ HEAD, IT 1S IMMEDIATELY WRITTEN BACK ON
THE DRUM 8 WORD POSITIONS FARTHER ALONG ON THE DRUM. LIKEWISE, ANY NEW
WORD VALUE WRITTEN ON THE DRUM BY THE NORMAL READ/NRITE HEAD WILL BE PICKED
UP WHEN I T REACHES THE READ HEAD AND RECIRCULATED.

SINCE EVERY EIGHTH WORD AROUND THE DRUM ON TRACK 127 IS IDENTICAL, SECTOR
ADDRESSES WiLL BE MoDuLo ‘8, THE ADODRESSES 12701, 12709 aAND 12717 wiLL
ALL REFER TO THE SAME WORD INASMUCHAS THE SECTOR ADDRESSES DIFFER BY MUL=-
TIPLES OF 8, WITH 8 ACCESSES PROVIDED FOR EACH WORD EVERY DRUM REVOLUTION,
MAXIMUM ACCESS TIME FOR THE RECIRCULATING LINE 1S APPROXIMATELY 2 MILLI=
SECONDS, WITH AN AVERAGE ACCESS TIME OF ABOUT [ MILLISECOND.
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—~
READ : " READ/ WRITE HEAD
HEAD Track 127

FiGure 7. THE RECIRCULATING LINE

THE SeECTOR REFERENCE TIMING TRACK

ALTHOUGH THIS TRACK CANNOT BE READ DIRECTLY OR MODIFIED BY THE PROGRAMMER,
SOME EXPLANATION OF ITS FUNCTION MAY BE HELPFUL., THE SECTOR REFERENCE
TIMING TRACK CONTAINS THE SECTOR REFERENCE NUMBERS 00 THRU 63, WHICH ARE
- PERMANENTLY PRE~RECORDED AT THE TIME OF MANUFACTURE. THE TRACK HAS A READ
HEAD ONLY, WHICH SERVES TO LOCATE, BY REFERENCE TO THIS TIMING TRACK, ANY
SECTOR ADDRESS ON THE DRUM WHICH IS CALLED FOR IN A PROGRAM.

DURING A COMPARE INSTRUCTION (CME OR CMG) TME CONTENTS OF TMIS TRACK ARE
CONTINUALLY COPLED INTO BITS 25 THRU 30 oF THE INDEX REGISTER UNTIL A SuC-
CESSFUL COMPARISON 1S FOUND, OR UNTIL COMPLETION OF THE INSTRUCTION, AT
WHICH POINTS ANY FURTHER COPYING IS INHIBITED., CONSEQUENTLY, FOLLOWING A
SUCCESSFUL COMPARISON, THE SECTOR ADDRESS OF THE MEMORY WORD WH|CH COMPARES
CAN BE DETERMINED BY SUBTRACTING | FROM THE TIMING TRACK VALUE IN THE. INDEX
REGISTER, '

THE WORKING REGISTERS

A REGISTER MAY BE DESCRIBED AS THE HARDWARE FOR STORING A SINGLE COMPUTER
WORD., THOSE REGISTERS WHICH ARE USED TO PERFORM THE VARIOUS ARITHMETIC
AND CONTROL FUNCTIONS WITHIN THE COMPUTER ARE THE WORKING REGISTERS. THERE
ARE FOUR SUCH REGISTERS IN THE RPC~4000, EACH IN THE FORM OF A RECIRCULATING
LINE ON THE DRUM WITH A ONE WORD SPACING.

THESE FOUR WORKING REGISTERS TOGETHER COMPRISE WHAT IS REFERRED TO AS THE
COMPUTING CONTROL UNIT. AS SUCH, THEY EXECUTE ALL INTERNAL DATA PROCESSING,
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AND CONTROL INPUTS AND OUTPUTS TO AND FROM THE COMPUTER, THE REGISTERS
ARE KNOWN INDIVIDUALLY AS:

U-==--UPPER ACCUMULATOR
Le====lOWER ACCUMULATOR
C====-=-CoMMAND REGISTER
X===-==|NDEX REGISTER

THE UPPER ACCUMULATOR

GENERALLY SPEAKING, THE UPPER ACCUMULATOR IS THAT REGISTER IN THE COMPUTING
CONTROL UNIT WHICH HOLDS THE COMPUTER WORD TO BE OPERATED UPON. AT THE
COMPLETION OF AN ARITHMETIC OR LOGICAL OPERATION, T WILL NORMALLY HOLD
" THE RESULT OF THE OPERATION.

THE UPPER ACCUMULATOR IS THE PRIMARY WORKING REGISTER. |T CAN RECEIVE [N~

FORMATION FROM, OR SEND INFORMATION TO ANY REGISTER IN MEMORY, AND ANY
WORKING REGISTER EXCEPT THE COMMAND REGISTER., NORMALLY THESE ARE FULL WORD

TRANSFERS. HOWEVER, INFORMATION MAY BE SHIFTED FROM THE UPPER TO THE LOWER

ACCUMULATOR, OR FROM THE LOWER TO THE UPPER ACCUMULATOR ON A BIT=BY=BI|T

BASIS,

FOR ANY ARITHMETIC OPERATION, THE CONTENTS OF THE UPPER ACCUMULATOR ARE
CONSIDERED AS CONSISTING OF A SIGN BIT FOLLOWED Y 3| MAGNITUDE BITS AND
THE OPERATION WILL BE PERFORMED ACCORDING TO THE NORMAL LAW OF SIGNS,
FoLLowiINGg A MuLTiPLY (MPY) INSTRUCTION, THE UPPER ACCUMULATOR WILL CONTAIN
THE MOST SIGNIFICANT HALF OF THE DOUBLE WORD PRODUCT. BEFORE ADIVIDE (piv)
INSTRUCTION, THE UPPER ACCUMULATOR WILL .CONTAIN THE MOST SIGNIFICANT HALF
OF THE DOUBLE WORD DIVIDEND,

THE LOWER ACCUMULATOR

THE LOWER ACCUMULATOR MAY BE THOUGHT OF AS A SUPPLEMENT TO THE UPPER, PRO~-
VIDING AN ALTERNATE DATA HANDLING REGISTER, AND SERVING AS AN EXTENSION TO
THE UPPER FOR BIT MANIPULATION AND EXTRA PRECISION ARITHMET{C, Irs con-
TENTS MAY BE ADDED TO, SUBTRACTED FROM, AND TRANSFERRED DIRECT TO MEMORY,
IN THE SAME WAY THAT THESE OPERATIONS ARE PERFORMED WITH THE UPPER,

BEFoRE A Divioe (DIV) INSTRUCTION, THE LOWER ACCUMULATOR WILL CONTAIN THE
LEAST SIGNIFICANT HALF OF THE DIVIDEND. FoLLOWING A Divioe (DIV) or A
Divioe UpPer (DVU) INSTRUCTION, THE LOWER ACCUMULATOR CONTAINS THE REMAIN~
DER. FOLLOWING A MuLTiPrLY (MPY) INSTRUCTION, THE LOWER ACCUMULATOR CON=-
TAINS THE LEAST SIGNIFICANT HALF OF THE PRODUCT.

WHEN COMBINED WITH THE UPPER ACCUMULATOR TO FORM A DOUBLE LENGTH WORD, BIT

0" oF THE LOWER ACCUMULATOR IS CONSIDERED AS A DATA BIT. OTHERWISE; IT
1S CONSIDERED A SIGN BIT.

THROUGH THE USE OF A MODIFIER BIT IN THE ExcHANGE (EXC) INSTRUCTION, THE
LoWER ACCUMULATOR CAN BE SET TO EIGHT WORDS INSTEAD OF ONE. THESE EIGHT
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WORDS FUNCTION AS- INDIVIDUAL ACCUMULATORS, BUT ARE SUBJECT TO CERTAIN RE-
~ STRICTIONS IN THEIR USE.  FOR FURTHER DISCUSSION OF THIS MODE, SEE PAGE 2.

-THE COMMAND REG1STER

THE COMMAND REGISTER IS THAT REGISTER WHICH HOLDS AN INSTRUCTION WORD DUR-
ING THE TIME THAT IT 1S BEING INTERPRETED AND OPERATED BY THE COMPUTER.
THE INSTRUCTION WORD CONSISTS OF FOUR LOGICAL PARTS OR' FIELDS, EACH OF
WHICH IS CONSIDERED WHEN AN‘leTnucrlou IS PERFORMED:

l. . THE COMHAND Fievo (s:rs 0 THRU u)---Tuls FIELDIN THE COMMAND REG-

" ISTER WILL CONTAIN THE NUMERICAL CODE REPRESENTING THE OPERATION
TO BE PERFORMED. [T SERVES ONLY TO IDENTIFY THE REQUIRED OPERATION
AND HAS NO QUANTETATIVE SIGNIFI)CANCE, .

2, THE DATA ADDRESS FIELD (BITS 5 THRU 17)===FOR MOST |NSTRUCTIONS,

‘ THIS FIELD WILL CONTAIN A MEMORY ADDRESS SIGNIFYING THE LOCATION
OF THE OPERAND. FOR SOME INSTRUCTIONS, THIS FIELD WILL CONTAIN A
SET OF LOGICAL MODIFIERS WHICH SERVE TO FURTHER DEFINE THE OPERA~-
TION OF A BASIC COMMAND. AND FOR A FEW INSTRUCTIONS, THE CONTENTS
OF THIS FIELD ARE USED AS THE OPERAND,

3. THE Next ApoRess FIeLp (B1Ts 18 THRU 30)-~=THIS FIELD WILL CONTAIN
A MEMORY ADDRESS SIGNIFYING THE LOCATION OF THE INSTRUCTION WHICH
IS TO OPERATE IMMEDIATELY FOLLOWING THE ONE CURRENTLY IN THE CoM-
MAND REGISTER. THE ONLY EXCEPTION TO THIS i S THAT, UPON ENCOUNTER-
ING AN ACTIVE TRANSFER INSTRUCTION, THE NEXT INSTRUCTION WILL BE
TAKEN FROM THE ADDRESS SPECIFIED IN THE DATA ADDRESS FIELD. o

4, THe INDEX Tac FIELD (BIT 3| )===A "|" BIT IN THIS FIELD WILL CAUSE
THE COMPUTER TO APPLY INDEXING TO THE INSTRUCTION WHEN IT IS PLACED
IN'THE COMMAND REGISTER., THISMEANS THAT THE DATA ADODRESS FIELD IS
INCREMENTED BY THE CONTENTS OF BITS 5 THRU |7 OF THE INDEX REG}S~
TER. |F THE INDEX TAG IS SET T0 "0", INDEXING IS NOT APPLIED, AND
THE DATA ADDRESS FIELD IN THE COMMAND REGISTER WILL BE IDENTICAL
WITH THE CORRESPONDING INSTRUCTION. IN MEMORY,

THe INDEX REGISTER

'THE INDEX REGISTER PERFORMS SEVERAL IMPORTANT FUNCTIONS IN -THE RPC- 4000,

ITS PRIMARY USE IS FOR ADDRESS MODIFICATION AND, FOR THIS PURPOSE, BITS 5
THRU 17 OF THE INDEX REGISTER SERVE TO HOLD A VALUE BY WHICH THE DATA Ap~-
DRESS FIELD OF AN INSTRUCTION MAY BE INCREMENTED., THIS INCREMENTAL VALUE
MAY BE PLACED IN THE INDEX REGISTER BY MEANS oF A LoAp INDEXx (LDX) IN-
STRUCTION, AND CAN BE USED BY INCLUDING AN INDEX TAG IN THE APPROPRIATE
INSTRUCTION,

Bivs 18 THRU 24 oF THE INDEX REGISTER ARE usso TO HOLD THE REPEAT COUNT
FOR ANY INSTRUCTION WHICH IS OPERATED IN THE REPEAT MODE. (SEE PAGE 22).
THIS COUNT IS LOADED BY A LoAD COUNT (Lpc) INSTRUCTION IMMEDIATELY RRECED-
ING THE INSTRUCTIDN TO BE REPEATEB. s '
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BiTs 25 THRU 30 oF THE INDEX REGISTER ARE USED IN' CONJUNCTION WETH THE

CoMPARE MEMORY EQUAL (CME) AND THE COMPARE MEMORY GREATER (CMG) 1NSTRuc-

TIONS. AT THE BEGINNING OF A CQMPARE INSTRUCTION,- THE SECTOR REFERENCE

TIMING TRACK 1S COPIED INTO BITS 25 THRU 30 JF THE INDEX REGISTER. IF THE -
INSTRUCTION IS EXECUTED IN THE REPEAT MODE, THIS COPYING OCCURS PRIOR TO

EACH ITERATION UNTIEL A SUCCESSFUL COMPARI SON IS MADE OR UNTIL THE SPECIFLED

NUMBER OF REPEATS IS COMPLETED. |F ANO- WHEN A SUCCESSFUL COMPARISON OCCURS,

ANY FURTHER COPYING OF THE TIMING TRACK IS INHIBITED. THE INDEX REGISTER

WILL THEN CONTAIN A VALUE ONE SECTOR GREATER THAN THE SECTOR LOCATION OF
THE MEMORY WORD WHICH COMPARED SUCCESSFULLY.

IN ADDITION TO THE ABOVE FUNCTIONS, TME FULL WORD INDEX REGISTER MAY. BE
USED AS A RAPID ACCESS STORAGE LOCATION AND MAY BE EXCHANGED WITH THE UPPER
ACCUMULATOR THROUGH THE USE OF THE EXCHMANGE (EXC) INSTRUCTION,

» THE BRANCH CONTROL

ALTHOUGH IT 1S NOTAREGISTER, THERE |'S ANOTHER INFORMATION HANDLING DEVICE
WITHIN THE COMPUTER WHICH SHOULD BE MENTIONED HERE, THIS 1S AN ENTERNAL
TOGGLE . SWITCH CONSISTING OF ONLY ONE BIT AND KNOWN AS THE BRANCH CoNTROL
TOGGLE., |T IS AUTOMATICALLY TURNED ON WHEN AN OVERFLOW CONDITION OCCURS.
IT MAY BE SET BY THE INSTRUCTIONS, SNS, CXE, CME, AND CMG. IT MAY BE
SENSED BY THE INSTRUCTION, TBC (TRANSFER ON BRANCH CONTROL).

PROGRAMMED OPERATING MODES

THERE ARE CERTAIN MODIFICATIONS WHICH CAN BE MADE UNDER PROGGRAM CONTROL,
‘WHICH WILL ALTER THE NORMAL OPERATING PROCEDURES FOR THE CENTRAL COMPVUTER.
THEY ‘ARE CONCERNED, FOR THE MOST PART, WITH THE PROCESSING OF MULTI=WORD
BLOCKS OF INFORMATION OR TABLES OF ASSOCIATED DATA. THE FIRST OF THESE
MODIFICATIONS PROVIDES THE ABILITY TO CHANGE THE FORM OF THE LOWER AcCuMyu=-
LATOR FROM ONE WORD TO EIGHT INDIVIDUAL LOWER ACCUMULATORS. THE SECOND
ENABLES AUTOMATIC REPETITION OF AN INSTRUCTION FOR A SELECTED NUMBER OF
TIMES USING CONSECUTIVE STORAGE LOCATIONS,

THE ‘EIGRT WoRD LOWER ACCUMULATOR

THE LOWER ACCUMULATOR CAN BE SET TO EIGHT WORDS OR BACK TO ONE WORD BY
MEANS OF TWO CONTROL BITS WHICH ARE A PART OF THE ExcHANGE (EXC) INsTRuC-
TION WORD, THE EFFECT OF SETTING THE LOWER TO EIGHT WORDS IS THAT, INSTEAD
OF THE SAME VALUE BEING RECIRCULATED INTO ALL 64 WORD POSITIONS, THERE ARE
EIGHT SEPARATE VALUES CONSIDERED, EACH OF WHICH IS RECIRCULATED INTO EIGHT
WORD POSITIONS, IN THIS RESPECT, THE EIGHT WORD LOWER IS THE SAME FORMAT
AS THE RECIRCULATING MEMORY LINE, TRACK 127, ' ’

WHEN AN INSTRUCTION INVOLVING THE EIGHT WORD LOWER IS EXECUTED, THE ACCU-
MULATOR WORD LOCATION USED WILL CORRESPOND TO THE SECTOR ADDRESS OF  THE
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INSTRUCTION'S OPERANDo TO PUT IT ANOTHER WAY, IF WE LET Lo, Ly, Loseesly
DESIGNATE THE EIGHT LOWER ACCUMULATORS, THEN AN INSTRUCTION WITH A DATA
ApprRess ofF 10300 wouLD USE OR AFFECT Lg, AS wouLp 10308, 10316, Evce LIKE-
WISE, AN INSTRUCTION WITH A DATA ApDDRESS oF 02703,wouLD USE OR AFFECT L3,
AS wouLp 05403, 06711, 11819, ETC.

IF OVERFLOW OCCURS IN A LOWER ACCUMULATOR WORD, IT HAS NO EFFECT ON THE
OTHER SEVEN WORDS OF THE LOWER, NOR DOES IT AFFECT THE UPPER ACCUMULATOR,
IT DOES, HOWEVER, TURN ON THE BRANCH CONTROL TOGGLE.

THE EIGHT WORD LOWER ACCUMULATOR CANBE USED WITH THE [NPUT (INP) INSTRUC-
TION TO RECEIVE UP TO 64 4-BIT CHARACTERS OR 42 6-BIT CHARACTERS. INPUTS
ENTER INTO THE LEAST SIGNIFICANT END OF LO), AND EACH SUCCEEDING CHARACTER
CAUSES THE PRECEDING CHARACTERS TO BE SHIFTED LEFT UNTIL ALL EIGHT ACCU-
MULATORS ARE FILLED. |F THE NUMBER OF INPUT CHARACTERS EXCEEDS THE CAPAC=-
ITY OF THE EIGHT WORD LOWER, CHARACTERS WILL BE LOST OUT OF THE MOST SIG~
NIFICANT END OF L7,

THE AUTOMATIC REPEAT MODE

THE. EXECUTION PHASE OF AN INSTRUCTION OPERATED IN THIS MODE MAY BE EXTEND-
ED TO ANY DESIRED NUMBER OF WORD TIMES, NOT TO0 EXCEED 128, A WORD TIME
IS THAT TIME REQUIRED FOR ONE SECTOR OF THE DRUM TO PASS BENEATH THE READ/
WRITE HEAD. IT 1S APPROXIMATELY 25 MILLISECONDS. THUS, THE NUMBER OF
REPETITIONS OF AN INSTRUCTION WILL BE A FUNCTION OF THE REPEAT COUNT AND
THE WORD TIMES REQUIRED TO COMPLETE ONE EXECUTION., MOST INSTRUCTIONS RE~
QUIRE ONLY ONE WORD TIME FOR COMMAND EXECUTION AND, THEREFORE, THE NUMBER
OF REPETITIONS BEYOND THE INITIAL EXECUTION WILL BE EQUAL TO THE SPECIFIED
REPEAT COUNT,

THE REPEAT MODE IS INITIATED BY A LoAD CoUNT (LDC) INSTRUCTION, WHICH PLACES
THE REPEAT COUNT IN THE REPEAT CONTROL FIELD OF THE INDEX REGISTER (BiTs
I8 THRU 24), THE INSTRUCTION IMMEDIATELY FOLLOWING THE LDC INSTRUCTION
WILL BE THE ONLY ONE AFFECTED. IT WILL BE PLACED IN THE COMMAND REGISTER
AND, WHERE APPROPRIATE, THE DRUM WILL BE SEARCHED FOR ITS DATA ADDRESS AS
IN NORMAL OPERATION. BUT 1TS EXECUTION PHASE WILL BE CONTINUALLY REPEATED
UNTIL THE REPEAT COUNT IN THE INDEX REGISTER RUNS OUT., FOR EACH REPETITION,
THE DATA ADDRESS USED WILL BE THE ONE BENEATH THE HEAD AT THE TIME OF EXE~
CUTION. WHEN THIS OPERATION CONTINUES BEYOND SECTOR 63, IT PROCEEDS WITH
. SEcTor 00, O!, ETC., OF THE SAME TRACK. TRACK SWITCHING 1S NOT POSSIBLE
DURING A REPEAT MODE OPERATION,

THE REPEAT COUNT IN THE INDEX REGISTER DOES NOT DEFINE THE NUMBER OF REPE~
TITIONS OF AN INSTRUCTION WHOSE EXECUTION PHASE REQUIRES MORE THAN ONE
"WORD TIME. THE NUMBER OF REPETITIONS 1S DETERMINED BY DIVIDING THE NUMBER
OF WORD TIMES IN THE EXTENDED EXECUTION PHASE BY THE WORD TIMES REQUIRED
FOR ONE EXECUTION. |T SHOULD BE UNDERSTOOD THAT AN IMPROPER REPEAT COUNT
SET BY THE LDC INSTRUCTION, CAN RESULT IN AN INCOMPLETE EXECUTION OF THE
REPEATED INSTRUCTION,



ANY INSTRUCTION EXCEPT LDC CAN BE OPERATED IN.THE REPEAT MOoDE. HOWEVER,
ITS USE WITH SOME INSTRUCTIONS LEADS TO RATHER UNPREDICTABLE RESULTS. ITS
PRIMARY USE 1S WITH THE ARITHMETIC INSTRUCTIONS FOR BLOCK PROCESSING OR
'BLOCK TRANSFERS, AND WITH THE COMPARE INSTRUCTIONS, CME AND CMG., FOR TABLE
SEARCH., :

A SPECIAL CASE OCCURS WHEN A CONDITIONAL TRANSFER iNSTRUCTION, TBC cRrR THIi,
IS OPERATED IN THE REPEAT MOOE. IF THE TRANSFER 1S INACTIVE, NO ACT!ON 1$
TAKEN AND THE EXECUTION PHASE MERELY DELAYS PROCEEDING TO THE NEXT INSTRUC~
TION UNTIL THE REPEAT COUNT RUNS 0UT. [F THE TRANSFER IS ACTIVE, THE NOR-
MAL EXECUTION PHASE 1S NEVER REACHED., CONSEQUENTLY, THE REPEAT COUNT RE~
MAINS INTACT AND CAUSES THE REPETITION OF THE INSTRUCTION TO WHICM THE
TRANSFER 1S MADE, THIS IS THE ONLY INSTANCE IN WHICH THE REPEATED INSTRUC~
TION DOES NOT IMMEDIATELY FOLLOW THE LDC INSTRUCTION.



THE
INSTRUCTION LIST

THE BASIC INSTRUCTIONS WHICH MAKE uUP THE RPC~4000 INSTRUCTION LIST ARE
DESCRIBED [N THE FOLLOWING PAGES, THESE ARE ''MACHINE LANGUAGE' INSTRUC-
TIONS, EACH OF WHICH SPECIFIES A PARTICULAR ACYION TC BE TAKEN BY THE COM-
PUTER., PSEUDO~INSTRUCTIONS FUR COMMUNICATIIN WiTH YTHE RUAR ASSEMBLY PRO=-
GRAM ARE ~OT JNCLUDED (N THIS SECTION.

A DRAWING OF THE INSTRUCTION WORD FORMAT ACCOMPANIES EACH DOESCRIPTION,
TH1S DRAWING CONTAINS THE NUMERICAL COMMAND CODE AND ILLUSTRATES THE FIELD
ALLOCATION FOR EACH COMPONENT OF THE INSTRUCTION. THE MNEMONIC DESIGNATOR
FOR EACH COMMAND 1S SMOWN IN BOLD TYPE AT THE TOP OF EACH DESCRIPTION.

IN MANY INSTANCES, DIAGRAMS HAVE BEEN INCLUDED TO SUPPORT AND CLARIFY THE
TEXT EXPLANATIONS OF THE ACTIONS TAKEN BY THE INSTRUCTIONS, THESE DIAGRAMS
INDICATE THE TRANSFER AND MODIFICATION OF THE CONTENTS OF THE VARIOUS RE~
GISTERS WHICH ARE INVOLVED IN THE INSTRUCTION OPERATION.

THE '""MINIMUM TIME' REFERRED TO IN THESE PAGES INCLUDES THE MINIMUM TIME TO
COMPLETE ALL FOUR PHASES OF THE OPERATION, FROM THE BEGINNING OF THE SEARCH
FOR THE |NSTRUCTION WORD TO THE BEGINNING OF THE SEARCH FOR THE NEXT [N=-
STRUCTION WORD.

)]



INSTRUCTION WORD FORMAT

Command D-Seclor N-Track N-Sector

00 (Any)

THE COMPUTER WILL HALT WITH THE INSTRUCTION WORD IN THE COMMAND REGI STER.

IF INDEXING IS SPECIFIED, IT SHOULD BE NOTED THAT ANY INDEX VALUE WHICH

RESULTS IN A NON-ZERO VALUE IN THE D-TRACK FIELD WILL EFFECTIVELY PRODUCE
A SNS INSTRUCTION. (SEE NEXT PAGE.)

MINIMUM TIME==m===e-=l} WORD TIMES
OVERFLOW=======c=ce-=NOT A FACTOR
BRANCH CONTROL-======NOT AFFECTED

REGISTERS AFFECTED-=-=-NONE



e ONS
INSTRUCTION WORD FORMAT

D-Track N-Trach N-Sscter

1—127 (Next A;ﬂuss)

THE INITIAL ACTION OF THE INSTRUCTION IS TO TURN OFF THE BRANCH CONTROL.
THIS INSTRUCTION WILL SENSE THE CONDITION OF CERTAIN MANUAL SWITCHES AS
RELATED TO THE D-TRACK VALUE. IF ONE OR MORE D-TRACK BITS CORRESPOND TO
A DEPRESSED SENSE SWITCH, OR IF D=-TRACK > 64)Q, THE INSTRUCTION WILL TURN
ON THE BRANCH CONTROL,

NOTE THAT ANY INDEX VALUE WHICH MODIFIES THE VALUE OF THE D~TRACK WILL AL~
TER THE LOGICAL CORRESPONDENCE OF THE D-TRACK BITS AND THE SENSE SWITCHES.
MINIMUM TIME-=-==-===4 WORD TIMES
OVERFLOW=========ea=-NOT A FACTOR
BRANCH CONTROL-=~===-CONDITIONALLY SET ''ON"

REGISTERS AFFECTED-~-~NONE



COMPARE INDEX EQUAL CXE

INSTRUCTION WORD FORMAY
D-Track ) ) D-Sector N-Trach N-Sscter

(Data V'alln) (Next Ad'dnss)

THE INITIAL ACTION OF THIS INSTRUCTION IS TO TURN OFF THE BRANCH CONTROL.
THE DATA VALUE IN THE INSTRUCTION 1S THEN COMPARED WITH BITS 5—> {7 of
THE INDEX REGISTER. |F THERE IS A ONE-TO-ONE CORRESPONDENCE, THE BRANCH
CoNTROL 1S TURNED ON. |F NOT, THE BRANCH CONTROL REMAINS OFF.

IF INDEXING IS SPECIFIED IN THIS INSTRUCTION, A DATA VALUE OF ZERO WilLL
TURN ON THE BRANCH CONTROL, REGARDLESS OF THE INDEX VALUE. THIS OCCURS
BECAUSE THE ZERO DATA VALUE, WHEN INDEXED, BECOMES IDENTICAL WITH THE |N=-
DEX VALUE. CONVERSELY, ANY DATA VALUE OTHER THAN ZERO WILL TURN OFF THE
BRANCH CONTROL, REGARDLESS OF THE INDEX VALUE, INASMUCH AS ANY NON-ZERO
VALUE, WHEN INDEXED, BECOMES GREATER THAN THE INDEX VALUE.

MINIMUM TIME~=======-4 WORD TIMES

OVERFLOW==e==ccmem- --NOT A FACTOR

BRANCH CONTROL======-CONDITIONALLY SET ''ON'' OR "OFF'"

REGISTERS AFFECTED---NONE

INSTRUCTION

. COMPARE BITS WITH INDEX
REGISTER

TURN

BRANCH CONTRO

TURN
BRANCH CONTROL
ON

YES

0
;[ NEXT INSTRUCTION _

2]



RESET AND ADD TO UPPER RAU

INSTRUCTION WORD FORMAT
- Command D-Track D-Sector N-Track N-Sector -

(Data Address) (Next Address)

THE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS WILL RE-
PLACE THE CURRENT CONTENTS OF THE UPPER ACCUMULATOR.,

THe DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME~======~= L4 WORD TIMES

OVERFLOW==emreoemmene NOoT A FACTOR
BRANCH CONTROL=====-~- NOoT AFFECTED

REGISTERS AFFECTED---UPPER ACCUMULATOR

INITIAL CONTENTS FINAL CONTENTS

MeEMORY REGISTER MEMORY REGISTER

ACCUMULATOR '
A

UpPER ACCUMULATOR

I,

Y
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RESET AND ADD TO LOWER RAL

INSTRUCTION WORD FORMAT

TﬁE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS WILL RE-
"PLACE THE CURRENT CONTENTS OF THE LoWER ACCUMULATOR.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME==e=cme== 4 WORD TIMES

OVERFLOWs=-wemcnnraa= NOT A FACTOR
BRANCH CONTROL=mer=m=- NOT AFFECTED

REGISTERS AFFECTED---LOWER ACCUMULATOR

INITIAL CONTENTS FINAL CONTENTS

MEMORY REGISTER MeMORY REGISTER

[ V[

LowER ACCUMULATOR




STORE ADDRESS FROM UPPER SAU

INSTRUCTION WORD FORMAT

~~ Cemmand "~ D-Track D-Secter < N-Traek 1 Nesector

. | §
(Data Atiduss) -~ (Next Address)

STORES BITS S=>17 OoF THE UPPER ACCUMULATOR INTO BITS 5= |7 OF THE MEM- .
ORY LOCATION SPECIFIEDBY THE DATA ADDRESS, REPLACING THE CURRENT CONTENTS
OF THESE BITS. THE REMAINDER OF THE MEMORY WORD 1S LEFT UNCHANGED.

.THe DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME=mormee== L WORD TIMES
OVERFLOW=====ommmm——— NoT A FACTOR
BRANCH CONTROL-=—===—= NoT AFFECTED

REGISTERS AFFECTED---SPECIFIED MEMORY LOCATION

INITIAL CONTENTS FINAL CONTENTS

MEMORY REG1STER

UpPER | ACCUMULATOR

MEMORY REGISTER
£

A

UPPER ACCUMULATOR

7




MASKED STORE MS T |

INSTRUCTION WORD FORMAT

Command D-Track | D-Secter N-Traeh N-Sector

(Data Address) | (Next Address)

STORES SELECTED BITS FROM THE LOWER ACCUMULATOR INTO THE MEMORY LOCATION.
SPECIFIED BY THE DATA ADDRESS, AS MASKED BY THE UPPER ACCUMULATOR. WHERE
‘THE UPPER ACCUMULATOR CONTAINS 'S, STORES THE CORRESPONDING LOWER ACCUMU-
LATOR BITS tNTO THE MEMORY WORD. WHERE THE UPPER ACCUMULATOR CONTAINS O's,
LEAVES THE CORRESPONDING MEMORY WORD B!TS UNALTERED.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME>r=emcwe- 4 WORD TIMES
OVERFLOW-==m=mtmem——— NoT A FACTOR
BRANCH CONTROL======= NOT AFFECTED

REGISTERS AFFECTED---SPECIFIED MEMORY LOCATION

INITIAL CONTENTS . FINAL CONTENTS
MEMORY REGISTER " MeMoORY REGISTER
A > >1  Combined ALC
UPPER ACCUMULATOR ' UPPER ACCUMULATOR

/)

LoweR ACCUMULATOR LoweR ACCUMULATOR

K}



LOAD COUNT LBC
INSTRUCTION WORD FORMAT

I Command | 0 Track I 0O-Sector I N-Trach I N-Sactor I X-Tag l

06 (Data At;dnss} (Next Address) . /1

Loaps BITS |&—>24 OF THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS
INTO BITS |8—>24 0oF THE INDEX REGISTER, REPLACING THE CURRENT CONTENTS
OF THESE BITS. THE REMAINDER OF THE INDeEX REGISTER 1S LEFT UNCHANGED.

CAUSES THE NEXT INSTRUCTION TO BE EXECUTED IN THE EXTENDBED MODEj; THAT IS,
THE INSTRUCTION CONTAINED IN THE MEMORY .LOCATION SPECIFIED BY THE NEXT AD-
DRESS WILL BE REPEATED AS MANY TIMES AS THE NUMBER PLACED IN BITS |8—>24
OF THE INDEX REG! STER.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

OVERFLOW=-==emmemcmem— NoT A FACTOR
BRANCH CONTROL======-= NoT AFF?CTED
- REGISTERS AFFECTED--~-INDEX REGISTER
© INITIAL CONTENTS | FINAL CONTENTS
_ MEMORY . REGISTER MEMORY RsegsTER ”
~ INDEX REGISTER I NDE X REG'STERM__:m

T 18 24

w1y )

B = NUMBER OF TIMES FOLLOWING INSTRUCTION IS REPEATED

k)



L0AD:-INDEX | LDX
INSTRUCTION WORD FURMAT

Command 0-Track: : D-Secter , N-Traeh © o N-Secler

(Data Value) (Next Address)

LOADS THE DATA VALUE IN THE INSTRUCTION WORD INTO B81TS 5—>17 OF THE IN~
DEX REGISTER, REPLACING THE CURRENT CONTENTS OF THESE BITS. THE REMAINDER -
OF THE INDEX REGISTER IS LEFT UNCHANGED., ~

THE DATA VALUE MAY BE MODIFIED BY INDEXINGs, THIS WILL SERVE TO INCREMENT
THE INDEX VALUE BY THE NUMBER IN THE DATA VALUE FIELD,. SR :

MINIMUM TIME-=rocmee- 4 WORD TIMES
OVERFLOW-~=memem——- ==-NOT A FACTOR
BRANCH CONTROL=====w= NoT AFFECTED

REGISTERS AFFECTED--~|NDEX REGISTER

5 17 5

3



o |NP

INSTRUCTION WORD FORMAT

‘Command D-Track m N-Sector

000 or 064 ’//////////////////1 (Next Address)

IF THE D-TRACK OF THE INSTRUCTION WORD CONTAINS 000, READS 4-BIT CHARAC-
TERS INTO THE ACCUMULATOR. |7 THE D-TRACK CONTAINS 064, READS 6-BIT CHAR-
ACTERS INTO THE ACCUMULATOR. Mo othsv addvess fs paviittrd (i 4he O-hack

IF THE LOWER ACCUMULATOR IS SET AT |-WORD LENGTH, THE CHARACTERS WILL BE
READ INTO THE DOUBLE LENGTH ACCUMULATOR (COMBINED UPPER AND LOWER). IF
THE LOWER ACCUMULATOR IS SET AT 8-WORD LENGTH, THE CHARACTERS WILL BE READ
INTO THE LOWER ACCUMULATOR ONLY. :
READ-1IN BEGINS WITH THE LOW ORDER CHARACTER POS!ITION OF THE LOW ORDER AC-
CUMULATOR WORD AND, AS SUBSEQUENT CHARACTERS ARE READ IN, THE EXISTING AC-
CUMULATOR CONTENTS ARE SHIFTED LEFT ONE CHARACTER POSITION.
THE D-TRACK VALUE MAY BE MODIFIED BY INDEXING, HOWEVER, CARE SHOULD BE
TAKEN THAT THIS DOES NOT RESULT IN A VALUE OTHER THAN 000 or O064.
MINIMUM TIME-=======-DEPENDENT ON THE NUMBER OF CHARACTERS READ
OVERFLOW-======emu===NOT A FACTOR

BRANCH CONTROL====~==~NOT AFFECTED

REGISTERS AFFECTED---UPPER AND/OR LOWER ACCUMULATORS



sowee  EXO

INSTRUCTION WORD FORMAT

Command = D-Track ‘ D-Secter N-Trach N-Sector

(Any) (Next Address)

TH1S INSTRUCTION PERFORMS ONE OR MORE OF THE FOLLOWING FUNCTIONS, IN AC-
CORDANCE WITH THE LOGICAL BIT PATTERN IN THE D-TRACK FIELD,

IF BIT 6 | ,~====w===SET THE LOWER ACCUMULATOR TO |=-WORD LENGTH.

lF BIT 7 | ,-========SET THE LOWER ACCUMULATOR TO 8-WORD LENGTH.

(THE ABOVE TWO FUNCTIONS ARE MUTUALLY EXCLUSIVE.)

IF BIT 8 = | ,~========REPLACE THE CONTENTS OF THE UPPER ACCUMULATOR WITH
: THE CONTENTS OF THE INDEX REGISTER.
IF BIT 9 = | ,~========REPLACE THE CONTENTS OF THE INDEX REGISTER WITH THE
CONTENTS OF THE UPPER ACCUMULATOR.
IF BIT 10 = | ,mmmmmeen REPLACE THE CONTENTS OF THE UPPER ACCUMULATOR WITH
THE CONTENTS OF THE LOWER ACCUMULATOR.
Ir BT Il = |,~rreeme- REPLACE THE CONTENTS OF THE LOWER ACCUMULATOR WITH

THE CONTENTS OF THE UPPER ACCUMULATOR."
(ANY OR ALL OF THE ABOVE EXCHANGES MAY BE EXECUTED WITH THE SAME IN-
STRUCTION. IF BITS 8 AND |0 ARE BOTH SET, THE UPPER ACCUMULATOR WILL
RECEIVE THE LOGICAL SUM OF THE CONTENTS OF THE INDEX REGISTER AND THE
LOWER ACCUMULATOR.)

THE D-TRACK AND D~SECTOR VALUES MAY BE MODIFIED BY INDEXING.

MINIMUM TIME~-==== mm==l WORD TIMES
OVERFLOWm====m==mw==w=NOT A FACTOR
BRANCH CONTROL-===-=~==NOT AFFECTED

REGISTERS AFFECTED--~INDEX REGISTER AND BOTH ACCUMULATORS
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DIVIDE UPPER Dvu

INSTRUCTION WORD FORMAT

Command D-Track D-Secter N-Traek N-Secter

(Data A&dnss) (Next Address)

THE CONTENTS OF THE UPPER ACCUMULATOR ARE DIVIDED BY THE CONTENTS OF THE
MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS. THE QUOTIENT 1S LEFT IN
THE UPPER ACCUMULATOR, AND THE REMAINDER IS LEFT IN THE LOWER ACCUMULATOR.
THE REMAINDER 1S ALWAYS A POSITIVE VALUE, REGARDLESS OF THE SIGN OF THE
QUOTIENT, SO THAT THE DIVIDEND MINUS THE REMAINDER WILL ALWAYS EQUAL THE
DIVISOR TIMES THE QUOTIENT.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME========= 70 WORD TIMES
OVERFLOWm=rermemem— = TURNS ON BRANCH CONTROL
BRANCH CONTROL=-====u= TURNED ON BY OVERFLOW

REGISTERS AFFECTED---UPPER AND LOWER ACCUMULATOR

INITAL CONTENTS FINAL CONTENTS

MEMORY REGISTER

e



INSTRUCTION WORD FORMATY

Command D-Track 0-Sector N-Trach N-Ssctor

(Data Address) (Next Address)

THE CONTENTS OF THE DOUBLE LENGTH ACCUMULATOR (cOMBINED UPPER AND LOWER)
ARE DIVIDED BY THE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY THE DATA
ADDRESS. THE QUOTIENT IS LEFT IN THE UPPER ACCUMULATOR, ANDTHE REMAINDER
I'S LEFT IN THE LOWER ACCUMULATOR. THE REMAINDER | S ALWAYS A POSITIVE VALUE,
REGARDLESS OF THE SIGN OF THE QUOTIENT, SO THAT THE DIVIDEND MINUS THE RE-
MAINDER WILL ALWAYS EQUAL THE DIVISOR TIMES THE QUOTIENT,

THe DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME=======-70 WORD TIMES
OVERFLOW==-==~-~=~==TYRNS 0N BRANCH CONTROL
BRANCH CONTROL=====-=TURNED ON BY OVERFLOW

"REGISTERS AFFECTED~-UPPER AND LOWER ACCUMULATOR

CoMBINED UPPER AND LoweR ACCUMULATOR UPPER ACCUMULATOR

. B+A

LOWER ACCUMULATOR

> e ‘4 Remalnder

3



SHIFT RIGHT OR LEFT SRI-

INSTRUCTION WORD FURMAT

Command D-Track D-Secter N-Track N-Secter

12 000 on 001 | (Smiftcount) | (Next Address)

IF THE D-TRACK FIELD OF THE INSTRUCTION WORD CONTAINS 000, SHIFTS THE CON~
TENTS OF THE DOUBLE LENGTH ACCUMULATOR (COMBINED UPPER AND LOWER) TO THE
RIGHT BY THE NUMBER OF BIT POSITIONS SPECIFIED IN THE SHIFT COUNT. BITS
SHIFTED OUT OF THE LOW ORDER BIT POSITION ARE LOST.
IF THE D-TRACK FIELD CONTAINS ooj, SHIFTS THE CONTENTS OF THE DOUBLE LENGTH
ACCUMULATOR TO0 THE LEFTY BY THE NUMBER OF BIT POSITIONS SPECIFIED IN TKE
SHIFT COUNT. |IF OVERFLOW OCCURS, TURNS ON BRANCH CONTROL. BITS SHIFTED
OUT OF THE SIGN POSITION ARE LOST.
THE SHIFT COUNT ANO/OR DIRECTION OF SHIFT MAY BE MODIFIED BY INDEXING.
MINIMUM TIME-======~-7 WORD TIMES PLUS | FOR EACH BIT POSITION
SHIFTED.
OVERFLOW-===~==cc----TURNS ON BRANCH CONTROL

BRANCH CONTROL-=~====TURNED ON BY OVERFLOW

REGISTERS AFFECTED-=--UPPER AND LOWER ACCUMULATORS

RIGHT SHIFT

UPPER ACCUMULATOR LOWER ACCUMULATOR
S >
L BiTs
LEFT SHIFT - | Losr
UPPER ACCUMULATOR LOWER ACCUMULATOR
BiTs 0's

LosT



SHIFT LEFT AND COUNT SLC

INSTRUCTION WORD FORMAT

Command D-Track N-Sector

s L cve waaress)

]y

THE VALUE CONTAINED IN THE DOUBLE LENGTH ACCUMULATOR (COMBINED UPPER AND
LOWER) 1S SHIFTED TO THE LEFT UNTIL IT IS IN NORMALIZED FORMj; THAT IS,
UNTIL BIT | CONTAINS THE FIRST SIGNIFICANT MAGNITUDE BITe FOLLOWING THE
SHIFT, THE LOWER ACCUMULATOR 1S CLEARED TO ZERO, AND THE NUMBER OF BIT

POSITIONS SHIFTED 1S PLACED IN BITS 5=»]7 0oF THE LOWER ACCUMULATOR. ‘The
D-~sectev addvess wmuy + be 2Ee+0 )

INDEXING 1S MEANINGLESS WITH THIS INSTRUCTION.,

MINIMUM TIME===mem=—= 7 WORD TIMES PLUS | FOR EACH BIT POSITION
SHIFTED

OVERFLOW==memecmmmm——— NoT A FACTOR

BRANCH CONTROL===e==w- NoT AFFECTED

REGISTERS AFFECTED~~=-UPPER AND LOWER ACCUMULATORS

"INITIAL CONTENTS FINAL CONTENTS

CoMBINED UPPER AND LOWER ACCUMULATOR UPPER ACCUMULATOR

——

LowER ACCUMULATOR

———

3



wrery  MPY
INSTRUCTION WORD FORMAT A

"D-Sector T NTraek N-Secter

~ Command » ' !H’mk

(Data Address) * (Next Address)

THE CONTENTS OF THE UPPER ACCUMULATOR ARE MULTIPLIED BY - THE CONTENTS OF
THE MEMORY LOCATION SPECIFIED BY THE\DATA ADDRESS. THE RESULTING DOUBLE
LENGTH PRODUCT 18 HELD IN THE COMBINED UPPER AND LOWER ACCUMULATORS.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME=========T70 WORD TIMES
OVERFLOW===m=rmmm————— NOT A FACTOR

BrAaNCH CONTROL-==~====NOT AFFECTED

REGISTERS AFFECTED=--UPPER AND LOWER ACCUMULATORS

INITIAL CORTENTS FINAL CONTENTS

MEMORY REGISTER MeMORY REGISTER

CoMBINED UPPER AND LOWER ACCUMULATOR

. (A.X B) J

£



MILTIPLY BY TEN MPT

INSTRUCTION WORD FORMAT

Command i D Track g 0-Secter : N-Trach N Sector T ,
e 00 or 064 77777777774 (Next Address) 0/1

o]y ‘ uhe s T b1 ol w

IF THE D-TRACK-FIELD OF THE INSTRUCTION WORD CONTALNS 000, MULTIPLIES THE
. CONTENTS OF THE UPPER ACCUMULATOR BY' 10y, RETAINING THE PRODUCT IN THE
UPPER ACCUMULATOR. o ~ ’

IF THE D-TRACK FIELD OF THE INSTRUCTION WorD conTAINS 064, MULTIPLIES THE
CONTENTS OF THE LoOwer-AccumuLaTor 8Y 10/4, RETAINING THE PRODUCT IN THE
LOWER ACCUMULATOR. : . o

THE D-TRACK VALUE MAY BE MODIFIED BY INDEXING.

MINIMUM TIME-==-=--===l WORD TIMES

OVERFLOW-=====om====" NoT A FACTOR
BRANCH CONTROL-w===-- NoT AFFECTED

REGISTERS AFFECTED~---UPPER OR LOWER ACCUMULATOR

A



PRINT FROM D-ADDRESS PRD

. INSTRUCTION WORD FORMAT

Command : . D-Sector . N-Track - N-Sector

(Any) (Next Address)

IF THE D-TRACK FIELD "OF THE INSTRUCTION WORD CONTAINS 000063, PRINTS
THE CHARACTER 1T REPRESENTS ON THE SELECTED OUTPUT DEVICE. -

IF THE D=TRACK FIELD CONTAINS 064-—»127, SELECTS THE INPUT AND/OR OUTPUT
DEVICES IT REPRESENTS. (SEE -SELECTION TABLE BELOW)' i

THE I/0 INTERLOCK WILL BE TURNED QN, PREVENTING THE EXECUTION OF ANOTHER
PRINT INSTRUCTION UNTIL COMPLETION OF THE CURRENT ONE, IF THE D-SECTOR
FIELD CONTAINS ANY SECTOR OTHER THAN THE FIRST OPTIMUM SECTOR (insTRUCTION
LOCATION + 2). |F THIS SECTOR IS SPECIFIED, THE INTERLOCK WILL BE BYPASSED.

‘THE.D-TRACK AND D-SECTOR VALUES MAY BE MODIFIED BY INDEXING.

MiINIMUM TIME=========l WORD TIMES
OVERFLOW mcmcw=mem====NOT A FACTOR
BRANCH CONTROL=======NOT AFFECTED

REGISTERS AFFECTED---NONE

INPUT/OUTPUT SELECTION CODES

D-TRACK

64 READER INPUT

, 65 READER INPUT~====PUNCH OUTPUT

66 READER INPUT-=~=~TYPEWRITER OUTPUT

67 READER INPUT-===-=PUNCH AND TYPEWRITER OUTPUT
68 TYPEWRITER INPUT '
69 TYPEWRITER INPUT=-PUNCH OUTPUT

70 TYPEWRITER INPUT--TYPEWRITER OUTPUT

71 TYPEWRITER INPUT=~PUNCH AND TYPEWRITER OUTPUT
72 PHOTO~READER, FQRWARD AND SEARCH



INPUT/OUTPUT SELECTION CODES (cONTINUED)

THE PREVIOUS

73 PHOTO-READER, REVERSE AND SEARCH
T4 PHOTO~READER, FORWARD
75 PHOTO-READER, REVERSE
76-94 AVAILABLE FOR ADDITIONAL UNITS
95 MASTER RESET (RESET ALL UNITS)
96 AVAILABLE
97 "PUNCH ouTPUT
98 TYPEWRITER OUTPUT
99 PUNCH AND TYPEWRITER OUTPUT
100 AVA| LABLE
101 PUNCH OUTPUT
102 " TYPEWRITER OUTPUT
103 PUNCH AND TYPEWRITER OUTPUT
104, 105 SEARCH MODE ‘
106-~124 AVAILABLE
125 CoPY MODE ON
126 CoPY MODE OFF
127 RESET OUTPUT UNITS
NOTES:
. SELECTION OF A NEW INPUT DEVICE AUTOMATICALLY RESETS
ONE. ONLY ONE INPUT DEVICE MAY BE IN THE SYSTEM AT A TIME.
2. ANY COMBINATION OF OUTPUT DEVICES MAY BE INCLUDED IN THE SYSTEM AT
ONE TIME. A RESET COMMAND 1S NECESSARY TO DROP AN OUTPUT DEVICE
FROM THE SYSTEM. L



PRINT FROM UPPER PRU

INSTRUCTION WORD FORMAT o ‘
N-Traeh 1 N-Sector

- Command . - - D-Sector

(Any) . (Next At;dnss)

I'F THE D-TRACK FIELD OF THE INSTRUCTIONWORD CONTAINS 000 —>-063, PRINTS THE
" CHARACTER REPRESENTED BY THE COMBINATION OF BITS 6 AND 7 FROM THE INSTRUC -
TION WORD: FOLLOWED BY THE HIGH ORDER FOUR BITS OF THE UPPER,AccuMULhTOR,

IF THE D’fRAcx FIELD CONTAINS 064 —> 127, PRINTS THE CHARACTER REPRESENTED
BY THE ﬁlGH onosn SIX BITS or THE UPPER ACCUMULATOR. .

THE I/O INTERLOCK WILL BE TURNED ON, PREVENTING THE EXECUTion OF ANOTHER
PRINT INSTRUCTION, UNTIL COMPLETION OF THE CURRENT ONE, LF THE D-SECTOR

FIELD CONTAINS ANY SECTOR OTHER’ THAN THE FIRST OPTIMUM SECTOR (INS"KRUCTION
LOCATION + 2’ e« |F THIS SECTOR IS SPECIFIED, THE INTERLOCK WILL BE BYPASSED.

. THE D-TRACK AND D-SECTOR.VALUES MAY BE MODIFIED BY [NDEX|NG.
MINIMUM TIME-======-= L worD TIMES
OVERFLOW==wmommeeeu==NOT A FACTOR

BRANCH CONTROL~=-~--~--=~NOT AFFECTED

- REGISTERS AFFECTED---NONE



EXTRACT EXT
INSTRUCTION WORD FORMAY

Command D-Track D-Secter a N Imb N-Ssctor

(Data Address) ' (Next Address)

PRODUCES, IN THE UPPER ACCUMULATOR, THE.LOGICAL PRODUCT OF THE CONTENTS OF
THE UPPER ACCUMULATOR AND THE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY
~THE DATA ADDRESS. _THE RESULTANT PRODUCT WILL CONTAIN 'S 1IN ONLY THOSE
BIT POSITIONS WHICH ARE SET To | 1IN BOTH THE Upper ACCUMULAToR AND THE
MEMORY WORD. ' :

THE DATA ADDRESS MAY BE MODIFIED BY INDEXINGe

MINIMUM TiIME~=rermen= L WORD TIMES
OVERFL O = o mmmm e s e e NOT A FACTOR
BRAMCH CONTROLmmmum==NOT AFFECTED

REGISTERS AFFECTED-~~UPPER ACCUMULATOR

INITIAL CONTENTS ‘ o FINAL CONTENTS

MeMoRry REG STER

UPPER ACCUMULATOR

Legical (AXB)




MASKED MERGE LOWER MML

" INSTRUCTION WORD FORMAT
N-Traci. N-Sector °

(Next Address)

D -Track

(Data Ac;dnss*;

s , 14:2 : :

Command G-Sector

s : . N X . . . £ .
THE CONTENTS OF 'THE MEMORY LOCATION:- SPECIFIED BY THE DATA ADDRESS ARE

" MERGED  WITH THE CONTENTS OF THE LOWER ACCUMULATOR UNDER CONTROL OF THE
UPPER ACCUMULATOR. ~IN THOSE "BIT POSITIONS WHERE THE UPPER ACCUMULATOR
CONTAINS O'S, THE LOWER ACCUMULATOR IS RETAINED. - IN THOSE BIT POSITIONS
WHERE THE UPPER ACCUMULATOR CONTAINS |'S, THE CONTENTS OF THE -MEMORY. WORD
REPLACE THE CORRESPONDING. CONTENTS OF THE LowerR ACCUMULATOR. . '

"THE DATA ADDRESS MAY. BE Moolkleo BY INDEXING.

MINIMUM TIME========= 4 WORD TIMES

OVERFLOW- === mm e e e NoT A FACTOR -
_ BRANCH CONTROL-=-=---NOT AFFECTED

9

- REGISTERS AFFECTED---NONE -

[ MEMORY R:GISTER ]—_— | |
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COMPARE MEMORY EQUAL CME

INSTRUCTION WORD FORMAT

Command D-Track D-Sector ~ N-Tracq: | N-Sector

(Data A(;drcss’; (Next Address)

PRIOR TO PERFORMING THE SPECIFIED COMPARISON, THE BRANCH CONTROL IS TURNED
OFFy AND THE SECTOR REFERENCE TIMING TRACK IS COPIED INTO BITS 25==—> 30 gFf
THE INDEX REGISTER. THIS WILL ALWAYS BE ONE SECTOR AHEAD -OF THE DATA
ADDRESS BEING COMPARED.

SELECTED BITS OF THE UPPER ACCUMULATOR ARE THEN COMPARED WITH CORRESPOND=-
ING BITS IN THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS. ONLY THOSE
BIT POSITIONS INDICATED BY I's IN THE LOWER ACCUMULATOR MASK ARE COMPARED.
IF THE SELECTED VALUES ARE IDENTICAL, THE BRANCH CONTROL 1S TURNED ON TO
INDICATE A SUCCESSFUL COMPARI SON,

IF THE INSTRUCTION IS BEING EXECUTED IN THE REPEAT MODE, THE SECTOR REFER-
ENCE TIMING TRACK IS COPIED INTO BITS 25 —>30 oF THE INDEX REGISTER BE-
FORE EACH COMPARISON UNTIL A SUCCESSFUL COMPAR|SON 1'S: MADE OR UNTIL CoM-
PLETION OF THE REPEAT FUNCTION. A SUCCESSFUL COMPARISON INHIBITS ANY
FURTHER COPYING OF THE TIMING TRACK. THE MEMORY LOCATION CONTAINING THE
VALUE WHICH COMPARES SUCCESSFULLY MAY THEN BE DETERMINED BY REFERENCE TO
THE INDEX REGISTER. '

THE. DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME~emececaoy WORD TIMES
OVERFLOW=-==-mmua -=-=NOT A FACTOR
BRANCH CONTROL-======CONDITIONALLY SET '"ON'' orR 'YQFFM

REGISTERS AFFECTED=-~|NDEX REGISTER
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COMPARE MEMORY GREATER CMG

INSTRUCTION WORD FORMAT
N-Trach,

L
“(Next  Address)

Command D-Sector N-Sector

D-Track
(Data »At;dvuss)

PRIOR To PERFORMING THE SPECIFIED COMPARISON, THE BRANCH CONTROL IS TURNED
OFF, AND THE SECTOR REFERENCE TIMING TRACK IS COPIED INTO BITS 25 =230 oFf
THE INDEX REGISTER. THIS WILL ALWAYS BE ONE SECTOR AHEAD OF THE DATA
ADDRESS BEING COMPARED. S

SELECTED BITS OF THE UPPER ACCUMULATOR ARE THEN COMPARED WITH CORRESPOND~
ING BITS IN THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS. ONLY THOSE
BIT POSITIONS INDICATED BY I'S IN THE LOWER ACCUMULATOR MASK ARE COMPARED.
IF THE SELECTED VALUE IN MEMORY IS GREATER THAN, OR EQUAL TO THE SELECTED
UPPER ACCUMULATOR VALUE, THE BRANCH CONTROL IS TURNED ON.

IF THE INSTRUCTION iS BEING EXECUTED N THE REPEAT MODE, THE SECTOR REFER~-
ENCE -TIMING TRACK IS COPIED INTO BITS 25— 30 OF THE INDEX REGISTER BEFORE
EACH COMPARISON UNTIL A MEMORY VALUE EQUAL TO, OR GREATER THAN THE ACCUMU~
LATOR VALUE IS FOUND, OR UNTIL COMPLETION OF THE REPEAT FUNCTION. |F SUCH -
A VALUE IS FOUND, ANY FURTHER COPYING OF THE TIMING TRACK 1S INHIBITED,
THE MEMORY LOCATION WHICH CONTAINS THIS VALUE CAN THEN BE DETERMINED BY
.REFERENCE TO THE INDEX REGISTER.

- THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME==cmeeeeely WORD TIMES
OVERFLOW-=======lowcaNOT A FACTOR
BRANCH CONTROL-==--=-CONDITIONALLY SET "N orR 'MOFF!

REGISTERS AFFECTED=--|NDEX REGISTER
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TRANSFER ON MINUS

INSTRUCTION WORD FORMAT
. N-Track T N-Sector

Command ° 1 DSecter

If THE UPPER ACCUMULATOR IS NEGATIVE (A "™ N BIT POSITION ZERO), CONTROL

1S TRANSFERRED TO THE INSTRUCTION SPECIFIED BY THE TRANSFER ADDRESS. IF

THE VALUE 1§ POSITIVE, THE INSTRUCTION HAS NO EFFECT, AND THE NEXT INSTRUC-

TION 1S THAT SPECIFIED IN THE NEXT ADDRESS FIELD.

THE TRANSFER ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME=========4 WORD TIMES
OVERFLOW====rr=ee====NOT A FACTOR
BRANCH CONTROL-~~--=~NOT AFFECTED

REGISTERS @FFECTED--~NONE



TRANSFER ON BRANCH CONTROL TBC

INSTRUCTION WOR FORMAT
D-Traek D-Sacter ‘ ’ " H-Secter

(Transter Address) (Next Address)

IF THE BRANCH CONTROL IS ON, CONTROL 1S TRANSFERRED TO THE INSTRUCTION
SPECIFIED BY THE TRANSFER ADDRESS, AND THE BRANCH CONTROL 1S TURNED OFF.
IF THE BRANCH CONTROL 1S OFF, THE INSTRUCTION HAS NO EFFECT, AND THE NEXT
INSTRUCTION IS THAT SPECIFIED IN THE NEXT ADDRESS FIELD.

THE TRANSFER ADDRESS MAY BE MODIFIED ‘BY INDEXING.

MINIMUM TIME~=~====~=-L WORD TIMES
OVERFLOW-~==r~=wcw=~ua=NOT A FACTOR
BRANCH CONTROL===~==~=SET TO "'OFF"

™

REGISTERS AFFECTEO--~NGNE

¥
b



STORE UPPER STU

INSTRUCTION WORD FORMAT

STORES THE CONTENTS OF THE UPPER ACCUMULATOR INTO THE MEMORY LOCATION SPE-
"CIFIED BY THE DATA ADDRESS, REPLACING ITS CURRENT CONTENTS.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME====eme=a= 4 WORD TIMES
OVERFLOW=============NOT A FACTOR
‘BRANCH CONTROL======= NOTFAFFECTED :

. REGISTERS AFFECTED--—SPECIFIIE_D MEMORY LOCATION

INITIAL CONTENTS | | FINAL CONTENTS

~ MEMORY REGISTER ' MEMORY REGI STER

W)

UPPER ACCUMYLATOR

Ly
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STJRE LOWER STL

INSTRUCTION WORD FORMAT

Command : D-Track D-Secter - : N-Ssctor

(Data A(;d ressr) (Next Address)

STORES THE CONTENTS OF THE LOWER ACCUMULATOR INTO THE MEMORY LOCATION SPE=-
CIFIED BY THE DATA ADDRESS, REPLACING ITS CURRENT CONTENTS.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME=====m===~ L4 WORD TIMES

OVERFLOW==mmm=m= =~===NOT A FACTOR
BRANCH CONTROL-m=mme=mm NOT AFFECTED

REGISTERS AFFECTED-==SPECIFIED MEMORY LOCATION

LOWER ACCUMULATOR ‘



CLEAR UPPER c L §§

INSTRUCTION WORD FORMAT

Command D-Track - D<Secter N-Traen N-Sector

. N .
(Data A-t;dnss) 1 (Next Address)

STORES THE CONTENTS CF THE UPPER ACCUMULATOR INTO THE MEMORY LOCATION SPE-
CIFIED BY THE DATA ADDRESS, REPLACING THE CURRENT CONTENTS. 'CLEARS THE
UPPER ACCUMULATOR TO ZERO.

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TiIMEcmrernen- 4 WORD TIMES
OVERFLOW--mmemmememann NoT A FACTOR
BRANCH CONTROL====-~ ~NOT AFFECTED

REGISTERS AFFECTED=-=~SPECIFIED MEMORY LOCATION AND UPPER
ACCUMULATOR

INITIAL CONTENTS , FINAL CONTENTS

. MEMORY REGISTER MEMORY REG!STER

UPPER ACCUMULATOR

53



CLEAR LOWER c I_I.

INSTRUCTION WORD FORMAT

Command . D-Track © p-Sector » N-Trach N-Sactor

(Data An;dnss) | (Next Address)

STORES THE CONTENTS OF THE LOWER ACCUMULATOR INTO THE MEMORY LOCATION SPE-

CIFIED. BY THE DATA ADDRESS, REPLACING THE . CURRENT CONTENTS. CLEARS THE
LoweR ACCUMULATOR TO ZERO.

THE DATA ADDRESS MAY BY MODIFIED BY INDEXING.

MINIMUM TIME====<=====L WORD TIMES

OVERFLOW-==-=--==m=—- NoT A FACTOR
BRANCH CONTROL===mmm=w NOT AFFECTED

REGISTERS AFFECTED-~=SPEC!FIED MEMORY LOCATION AND LOWER
ACCUMULATOR

INITIAL CONTENTS FINAL CONTENTS

M REG1STER : MeMoRY REGISTER

- LOWER ACCUMULATOR
B

LOWER ACCUMULATOR

000 —




Command D-Track

O-Sector

INSTRUCTION WORD FORMAT

ADD TO UPPER

ADU

N-Tracr N-Sactor

28 (Data At;duss‘;

R NS

(Next Address)

¢/

e

A-lay &

znlzs

ADDS THE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS To

THE CONTENTS OF THE UPPER ACCUMULATOR.
MULATOR.

RETAINS THE SUM IN THE UPPER Accu-

THE DATA ADDRESS MAY BE MODIFIED BY INDEXING.

MINIMUM TIME=========l4 WORD TIMES
OVERFLOW-==m=rmremm——— TURNS ON BRANCH CONTROL
BRANCH CONTROL-====== TURNED ON BY OVERFLOW

REGISTERS AFFECTED-~-=~UPPER ACCUMULATOR

INITIAL CONTENTS

MEMORY REGISTER

UPPER ACCUMULATOR

FINAL CONTENTS

MeMORY REGISTER

UPPER ACCUMULATOR
A+ 8B

)



ADD TO LOWER ADL

INSTRUCTION WORD FORMAT

Command i D-Track : B-Secter N-Traek N-Sector

(Data 'Ad'dnss) (Next Add‘ress)

ApDDS THE CONTENTS OF THE MEMORY LOCATION SPECIFIED BY THE DATA ADDRESS TO
THE CONTENTS OF THE LOWER ACCUMULATOR. RETAINS THE SUM IN THE Lower Accu-
MULATOR. '

THE DATA ADDRESS MAY BE MODIFIED BY. INDEXING.

MINIMUM TIME=-====-=~~~= 4 WORD TIMES
OVERFLOW======== w====-TURNS ON BRANCH CONTROL
BRANCH CONTROL=====-~ TURNED ON BY OVERFLOW

- REGISTERS AFFECTED---LOWER ACCUMULATOR

INITIAL CONTENTS FINAL CONTENTS




SUBTRACT FROM UPPER SBU

CINSTRUCTION  WORD FORMAT: = =»

Command = - ~ O-Traek’ Cp beseior T h T Ntraew

SUBTRACTS THE CONTENTSOF THE MEMORY LOCATION SPECIFIEDBY THE DATA AnDREss
FROM THE CONTENTS OF THE UPPER ACCUMULATOR. RETAINS THE DIFFERENCE IN THE
UPPER ACCUMULATOR. : o . S s o

T

THE DATA Aooktss MAY BE MODIFIED BY INDEXING.

MINIMUM‘TIME'--""';QlNORD TIMES
OVERrLow—--g--r?—é---Tukés”dn BRANCH CONTROL
BRANCH CONTROL-===-~-TURNED ON BY OVERFLOW

REGISTERS AFFECTED-~-UPPER ACCUMULATOR

INITIAL CONTENTS ~ FINAL CONTENTS
‘Memory REGisTER © i B ¥ 7 " MEMoRY Recister T

/7///////}%/////////4 |

UPPEﬁ‘ACCQMULATOR
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 SUBTRACT FROM LOWER

%NSTRUCﬂﬁN WORB mam .

' 8 Sema ’ N. nm

S S SR TS
N Sacm X-Tag é

(Next Admess) S

Y T

. (Dala Addmss' ERRE |

SUBTRACTS THE CONTENTS OF THE MEMORY Lbcﬁvtou'sngﬂtntsb BY THE DATA ADDRESS
- FROM THE CONTENTS OF THE LOWER: Accunutaron. RETAINS THE OIFFERENGE IN THE
LOWER AcqunuLAtoa. . ‘ :

- THE. DA7¢ Aooa;ss nav o; n@ﬁlrzza av INDEXING ;-
Maunmun Tqmsw-v---r—u WORD vamss‘
.OVERPL0"?-'7"9*vy9-TURns oN. BaAucn ConTROL
‘BrRANCH anrno&--~q--runxgo oN BY OVERFLOU’

© REGISTERS Affic?EO’PLOVER’ACCUMULATOR‘

L OWER ACCUMULATOR

Lawre Acevnutavan

U‘.!

I

5—‘1
w7




To RPC -4000 ADDENDUM Programming Manual

April 1960 Edition

Page 34 - If the D-track field of the INP imstruction contains a value
other than 000 or 064, the character which enters the Lower
accumulator will be the logical product of the incoming tape
character and the corresponding bits from the D-track field
of the instruction word.

Page 39 - The description of the SLC instruction shoudl read as follows:

The value contained in the double length accumulator
(combined Upper and Lower) is shifted to the left

until bit 1 contains the first significant magriitude
Jbit, or until the sum of_th4Dasectonhyaluewotﬁgg%m%‘ i e
instruction word and the number of bit positfons shifted
equals 64, Following the shift, the Lower accumulator

is cleared to zero, and the sum of the D-sector value

and the number of shifts is placed in Lower accumulator
bits 12 through 17, modulo 64. That is, a sum of 64

will appear in the Lower as zero.

The Data address may be modified by indexing,

Page 41 - The MPT instruction may cause an overflow out of the left
end of the affected accumulator but this overflow will not
turn on Branch Control,

The addition of two dlodes to the logic board can
make this command funcglion as a Shift LeftliPer3 bits
in 4 word times . In this case The D-track value

will be some other value than 000 of 064,
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