IVSTRUCTION seT cowt, 200 TE™ LINKAGE ~ AN s -8 @

i THE EXAMPLE SHOWS LINKAGE To AND ‘FROM ‘A’ SUBROVTINE FOR PINDING THE ABSOLUT,
e gaeoane of NS oF A ateent precd. Suoneutided B S 0Z) Ficaven'Tly Sace
‘ ‘ EAORY C NO THA v

56 PNz 5?33‘“ NEGATIVE OR | (NDIRECT ADDRESSING MAKES ACCESSING THE ARGUMENT FIELD %Ec; ng”g‘:ﬁ

57 B BRANCH ‘ LOCATWN CONTENTS MNEMONIC P ] COMMENTS
00 BF BRANCH FLAG H MAIN PROGRAM
0 ADPT 1500  Dolo CALLING FPROCRAM INSTRUCTION
BRANCH To THE INSTRU- {3?3 %%'35’3??.0 BAL z,saoa 2010 CALL ABSOLUTE VALUE | SUBROUTINE
CTION AMLSB p AUPR- Y i02% (500 ABDRESS OF ARGUMENT
€SS |F THERE I5 A 1030 24i5001300 C I1sc0 1300 CALLING PROGRAM INSTRUCTION
FLAG AmMLSE ® :
6l BNF Aggglsvgz NO FLAG SUBROUTINE To RIND ABSOLUTE VALVE OF INPUT ARG,

2000 322130000. SF 2113 0000 SET INDIRECT FLAG I¥ RETURN ADDRESS = ADDRESS
70 BAL BRANCH AND LINK OF ADDRESS OF ARGUMENT

THE CONTENT OF THE 2012 532050200 BPE 2062 2115  TEST SI6M OF ARGUMENT~ 2LEVEL INDIRECT ADDR,
INSTRUCTION ApDRESS |202% ze212721u8 MVF 2127 2u8  IF NEGATIVE, SAVE ARGUMENT
COUNTER (ADDRESS oF  J2036 222102115 V8 2UJ 210 ZERQ ORIGIONAL ARGUMENT

2050 2221102127 "9VB 21ng 2127 PLACE COMPLEMENT N ARGUMENT LOCATION
NEXT SEQVE/)Yr:?stRED 2062 112113800% ADDI 213 oo  ADD 4 TO RETURN ADDRESS
INSTRUCT 10 207% 3321130000 CF 2113 0000  CLEAR INDIRECT ADDRESS FLAG
AMLSB @ ADDRESS, 2106 476000 B 3000 P ADDReSS FILLED IN BY CALLING PROGRAM,
THEN A BRANCH IS RETURN TO MAIN
MADE TO THE P ADDREISIZIIH  Too0oeoo0000 RooM FoR VP 10 12 DIGIT ARGUMENT
vUsep TO LINK TO
SUBROVTINES, PROGRAMMING EXAMPLE — OCTAL TO DECIMAL CONVERSION SUBROUTINE
00 IND INPUT DIGITS LOCATION CONTENTS MNCMONIC P Q COMMENTS

01 INC INPUT CHARACTERS SUBROUTINE TO CONVERT oCTAL TO DECIMAL

30 ouD OUTPUT DIGITS MOVE 10 DIGIT FIELD TO BE CONVERTED To 1404
oUC oUTPUT CHARACTERS % CHARACTER OUYPUT FIELD IS AT %05 APDRESSED
31 DUMP MEMORY AS ON LEFT, LEADING ZEROES REPLACED By
35 e BLANKS, CHARACTER CoDE FOR DIGITS 0-4 15 20-3I
PIG-LTS5 PLAVK 15 40 @ ﬁvokesss:sw BAL 5HOULD BE 1460
161047007, VEI 1ok 000 SETY LEAD ZERO SUPPR%
OPERATION OF WWPuT/oureyT |1000 (EokTa0ke MUEL (0T OEe N TALiee Fower oF 10 PowTER
iNSTRUCTIONS DEPENDS ON VSER | o2y 16ti3T408 mvEl I3 T406 |IMTIALIZE OUTPUT FIELD POINTER
PREFERENCE AND Qmp‘m EMT' 1036 161117000 MVF| |4a7 00%0 |SET PIGIT BEING GENERATED TO ZERD OR BLANK
1050 22408167 SUB 404 1167 |SVUBTRACT A POWER OF 1o FROm OCTAL FIELD
IN MOVE DIGIT AND BRANCH | p¢2 tfangnoooo BPEl 1[76 0000 |BRAMCH IF AOT NEGATIVE RESULT
AND LINK, ONLY THE oCTAL 1074 211%04167 ADD ¥ob 167 [ADD POWER OF 10 BACK
DIGITS ARE MOVED OR STORED, |110¢ L%ﬁ‘vaooﬁa MVElL Cooo 000p |MOVE PECIMAL DIGIT 10 oUTPUT FIELD
FLAGS |N DESTINITION ARE {20 (Mili30052 ADPDI 113" 00d2 |oPTPUT FIELD POIWTER To NEXT CHARACTER POSIT
UNRLTERED. 4132 UlleZgo0  ADDI 1167 0004 |Te WEXT LOWER POWER OF 10
;{;my 14it]3Teze T (3~ T4h26 |TEST IF AT END 0F OUTPUT FIELD !
THE PROGRAMMWG EXAMPLES T0 || B2 1200000005 Bl 0000  Good RETURN A FWISHEDS @ A0DR IS POWER 10 POWTER
L AL il q?c (kG500 C1 1007 0ofo |vemt 1k DI SN CESRATED 15 A BLAWK
MINI COMPUTER'S INSTRUCTIoN | 1240 US124bogo0 BHPI 1246 0000 |BRANCH IF #aT
SElT C,?Hg PROGRAMS HAVE 222 1611170030 MVFI 1117 0020 |IF S0, CHANGE To THE CHARACTER BERD
o BEch TESTED AND PROBABLY 1234 |6lo470020 MVFI  |OW7  0OZ0 | CLEAR LEAD ZERO SUPPRESS
HAVE ONE OR MORE ERRORS 12%6  [LU170081 ADDI 117 0001 | INCREMENT DIGIT BEWG GENERATED
eAcH 1260 471050 8 loso - CONTINMNVE
POTENTIAL BUILDERs wip 1266 16113200 | \ouwe TOWER OF |0 TABLE
HAVE ACCESS To LARGER COMPUTE- (305 303200 10X %S
RS ARE PROBABLY USED To AN 1313 3342 C 0N )
ASSEMBLY OR COMPILER LANG- | 3.7 23320 ' ot
UAGE INSTEAD OF STRMGHT 30 1430 ‘ vl
MACHINE LANGUAGE As usep v | 334 LY s
PROBABLY NOT ENOVGH MEMORY |
To FIT AN Assembler PRocRAM |33y 1267 | AAPPRESS POWTERS T PoweRS OF 1o
INTO MWWI-MIN|, ASSEMBLERS 133 (304
HAvE HOWEVER BEEWN WRITTEN 13%7 131
| BoR OTHER SMALL COMPUTERS & | 1393 1315
FORTRAN AND RUN ON LARGER 1357 1320
SCALE HARDWARE, IF SOMEBopY 1363 1322
WouLD LIKE T0 WRITE AN 1367 1324 .
ASSEMBLER AND SHARE T wiTH } 1373 Qogongoooo . OCTAL IWPUT FIELD
OTHER BUILDERS, THEY WouLp 1405 0000000000000000 ' 8 CHARACTER OVTPUT FIELD

g&%}“t‘.{y APPRECIATE T, ASA
ASH NI
i’xouau? TBHS %oi"f%vsnvsn'f THE ABOVE SUBROUTINE VSES THE SWCESSIVE SUHPTRACTION OF POWERS OF 10
LANGUAGE TovAY. EVERY MeEpm| METHOD FOR CONVERSION. IN AN ACTUAL DESK CALCULATOR PROGRAM, iT WoULD
BAD LARGE . l PROBABLY BE€ O&SIRABLE To USe THE SUCCESSIVE DIVISION BY 10 METHOD
&% pis) SCALE ComPUTER SIME A DIVISION SUBROVUTINE WOVLD_ BE ALREAPY IN CLORE, THE SPACE
EPT IT. OCCUPIED BY THE TABLES wpyul) THEN BE FREE FOR OTHER USES.

|F THE INSTRUCTION 2600060007 OR (600100000 (S LOADEP INTO LOCATION ZERC AND

EXECUTED THE ENTIRE MEMORY WILL BE CLEAREP To ZEROES. TRY TO FIGURE ouT
How iT WORKS.
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NTRAL PROCESSING UNTT DEsi

SAVED N THE PAR AND GQAR.

i COMPLETE DETAILED PLANS FOR THE CENTRAL PRo-

CESSING UNIT CANNOT BE GIVEN FOR REAGONS
MENTIONED EARLIER, HOWEVER EACH PHASE

OF THE DESIGN PROCEOURE WILL BE DlocyssED
AND A PART OF THAT PHASIZ WORKED OUl TO
THE EQUATION OR CIRCUIT LEVEL, IT WILL
BE LEFT TO THE READER TO APPLY THE

SAME TECHMIQUE TO COMPLETE EACH PHASE.

e anpmuserasanei B

A MORE MORE GENERAL '‘AND
COMPLETE FLOWCHART 15 GIVEN
BElLow. NOTE THAT THE vALvE
OF £ CONTROLS ALL SEQUEN-
CING OF QPERATIONS. THE
VARIABLE 1Ay WHEN ¥ 04 cOV~
TROLS FETCHING OF \WDIRECT
ADPRESS5ES.

o

REGISTERS

EVEN THOUGH WO ACCUMVLATOR REGISTER Is
NEEDED, OTHER REGISTERS ARE REQUIRLD
To HoLD THE VARIOUS ADDRESSES, THERE 1S A
MEMORY ADDRESS REGISTER (mnkz“_or—‘ 12 BITS
(+ DIGITS) AND A MEMORY PATA REGISTER
(mOR) OF 4 BITS (IP161T WITH FLAG)ASSOCIATE b
WITH THE MEmMORY, 2 REGISTERS OF 12 BiTs
EACH WILL BE REQUIRED T HOLD THE P
ADDRESS (PAR) AND THE Q ADDRESS (RAR).
WE WILL NEED AN INSTRUCTION ADDRESS
REGISTER (IAR) OF 12 BIT5 T0 POINT TO
THE NEXT INSTRUCTION. AN OPERATION
REGISTER (0PR) OF 6 BITS WILL BE NEEDED
TO HoLD THE 6P CODE OF THE CURREANT
INSTRUCTLON, FINALLY A DIGIT BUFFER REG-
ISTER OF ONE DIGIT + FLAG WILL BE WNEeDED

TO SAVE A DIGIT BETWEEN 2 MEMORY Cycles,

THE ENTIRE QPERATION OF THE COMPUTER
INVOLVES THE CONTROLLED TRANSFER OF
PleITs AMONG THESE REGISTERS AND
THROVGH A 3 BIT PARALLEL ADDER AS
WELL AS CAUSING SOME OF THE REGISTERS
TO COUNT. WHAT could BE SIMPLER ?

INSTRUCTION DIAGRAMMING

BEFORE WE CAN DECIDE WHAT OPERATIONS EACH
REGISTER SHOULD BE CAPABLE OF PERFORMING
AND WHAT KIND oF YRANSFER CIRCUITRY 1S
REQVIRED, WE NEED A DIAGRAM OF THE FETCH
AND EXECUTION PHASE OF EACH INSTRUCTION,
FOR EXAMPLE, CONSIDER THE FETCH OF TH:
INSTRUCTIoN 2101000200, WE NEED TO GET
THE 21 INTO OPR, THE ©l00 1#TO PAR, AND
THE 0200 INTO QAR. THE (AR SHOULD BE
INCREMENTED BY 10 TO POINT TO THE NEXT
INSTRUCTION ., BELOW 1S A FLOWCHART OF
THE FEYCH OF THIS INSTRUCTION,

T0 EXECUTE

THE VARIABLE F 1S A COUNTER THAT CouwTs
FETCH CYCLES AND CONTROLS DATA TRANSEERS.
THE OPR4PAR, AND QAR ARE SHIFT REGISTERS THAT
SHIFT 3 BITS (o¥€ DIGIT) LEFT BEFORE THEY ARE
LOADED WITH A NMEW DIGIT o# THE RIGHT END,
AT THE END OF THE PROPER WUMBER OF FETCH
CYCLES, EACH REGISTER HAS ITS DIGITS N
THE RIGHT PLACE, IF THE INSTRVCTION BEING
gETCSHHEILLIS AN IMME DIATE INSTRUCTLON, THE
AR OVLD BE LOADED INSTEAD WITH THE
APDRESS OF THe RIGHTMOST pi6iT OF THE @
SZDRESS WHICH 15 AvalLABLE FRom THE (AR
EN F=9, INDIRECT ADDRESSES WIL( ALso
HAVE To Be RESOLVED DURING INSTRUCTION
FETCH SINCE THE INDIRECT FLAG IS5 NOT

N LGN 2 AR ]
H AT

}Lﬂfjii:*l ~>MAR

WiR-
T€s aoz;;gué'#
X IFRET AT
OFcRAND
— 5

GE-AE 56 Pz ofrize )

fon n?}ié%}
i

QAR ~j 2041

THE [NSTRUCTION FETCH FLOWCNAR
ABOVE 1S GENERAL IN THAT (T wn&
WORK FOR ANY OPERATION covc, A4
SEPERATE FLOWCHART WILL BE Aeeysy
FOR THE EX&CUTION PHASE oF 6Ack
INSTRUCTION, AFTER THEY HAve
BEEN STUDIED, THEY CAN BE MERGE,
INTO A GENERAL CHART AS ABOVE,
THE MERGING PROCESS WILL GE
EASIER K {T 1S DONE M 2 STEPS
WITH THE FIRST STEP BEING PAR~
TIAL MERGING BY INSTRUCTION
TYPE, FOR EXAMPLE, ADD,5UB,(,
ADDI, SUBI, AND CT ARE EASILY
MERG-ED BECAUSE OF THEIR SiM-
ILARITY, THE FLOWCHART FOR AIR
IS GIVEN BELOW.

IN THE ABoVE FLOWCHART, E CONTROLS THE REGISTER TRANSRERS, FLAG
PREVENTS THE Q FIELD FROM BEING TGRMINATED BY A FLAG IN THE RIGHT~

MOST DIGIT, SGN 1S THE MACHINE
RESUWT. 0=0y I=ty2=~,
FOR SUBTRACT

INDICATOR THAT SHOWS THE SIGH OF THE
NoTe THAT THE SAME FLOWCHART COULD Bg yset
IF THE BLOCK THAT SeTs CARRY =0 1S5 CHANG-ED TO SET

Ra@—AS—HAM

CARRY =1 §
THE B8Lock

; A¥p

DBREMOR > MPR INSTEAD VSES THE 7'S COMPLEMENT OF DER
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P

ARE NOW IN A POSITION TO SPECIFY
THE OFERATIONS PERFORMED §Y EACH
REGISTER AND THE TRANSFER PATHS
BETWLEN REGISTERS, THE MAR WILL
HAVE Y0 DE ABLE To COUNT UP AND
ACCEPT A PARALLEL 12 BIT ADDRESS.
THE MDR HAS TO RCCEPT A 3 BT DIGIT
AND FLAG INDEPENDENTLY, THAT 15,WHEN
A DIGIT 15 STORED A5 I¥N MOVE DIGIT,

| THE FLAG IN THAT MEMORY LOCATION

KAVING DIAGRAMMED THE wsrwucrwﬂs,ywé‘

¢ PARALLEL LOAD 4 _ PARALLEL Lopp g )

"
B
—-DSQ —o *a e _{o3q 4
Coons c, @ CR§ cC g C R-é >
RESET

i SHoULD NoT BE ALTERED, THE PAR WILL
. HAVE Yo Be ABLE 10 SHIFT LEFT 3 BITS
AT A TIME, ACCEPT 3 BITS IN PARALLEL
AT NS RIGHT BNDy AND COUNT DOWN.
THE QAR 15 THE SSME EXCEPT THAT IT
wWiLl. ALSO BE ABLE To ACCEPT A 12 BT
ADDRESS IN PARALLEL IN THE cASE oF
IMMEDIATE \NSTRUCTIONS. THE OPR Is
. PROBABLY THE SIMPLEST REGISTER, IT
ONLY HAS TO ACCEPT 3 BITS 1IN PARALLEL
AND SHIFT LEFT, THE |AR MUST CouNT
VP AND ACCEPT A 12 BIT APDRESS FOR
THE BRANCH INSTRUCTIONS, THE ReEG-

THE 4 LOW ORDER BITS OF THEZ 1AR_ARE SHOWN ABOVE. TO MAKE THE IAR
CoUMT, IT IS ONLY NECESSARY TO APPLY A PULSE TO THE COUNT INPUT,
THE PARALLEL LOADING OF 12 BITS IS ACCOMPLISHED A4S WITH THE QAR
EXCEPT THAT THE RESET SIGNAL AND LOAD SIGNAL SHOULD BE OF AT
LEAST 200 NSEC DURATION SO THAT TRANSIENTS FROM THE CounTING-
HOOKUP CAN DIE OUT,

BELOW IS A DIAGRAM OF THE 3 BITY PARALLEL ADDER THAT (S5 NEEDED
FOR THE ARITHMETIC INSTRUCTIONS, TO VUSE THE ADDER, IT IS WECES-
SARY ONLY TO APPLY THE 2 DIGITS TO Bg ADDEDy A AND By ALONG-
WITH THE CARRY N BIT; WHIT 200 NSEC OR MORE § AND LOAD THE
SUM OUTPUT AND CARRY OUT BIT INTO SoME REGISTER, M ClLOcks

OR TIMING 15 NEEDED FOR THE ADDER.

ISTERS ARE BEST IMPLEMENTED WITH
THE TYPS 7474 DUAL D FLIP-FLOP, OR
WHERE A SIGNIFICANT REDUCTION IV
EXTLanAL GATES CAN Be REALIZED,
THE 7473 OR 7%7¢ DpUAL J-K FLIP~
FLoPs, THE LATTER AL SD HAS DIRECT
9ET INPUTS AND COSTS MORE, AS AN
EXAMPLE OF FLIP-FLOP VSAGE IN
REGISTER DESIGN, CONSIDER THE DIA~
GRAM BELOW WHICH CAN BE VSED AS
THE OPR.

RIGHT
~fog
[[15;5
l2

by I

DATA N ¢
TYPE 7474 OUAL D FLIP-FLOPS ARE
USED, TO OPERATE THE REG.ISTER, THE
DIGIT T0 BE INSERTED |NTO THE REG -
ISTER 15 PRESENTED YO THE 3 DATA
IN LINES, AFTER A CoNDITIONING DeLay|
OF 100 NSEC OR MORE, ALTO | TRANS-
ITION ON THE SHIFT LINE WILL CAUSE
THE INFORMATION CVURRENTLY W THE
REGISTER TO BE SHIFTED LEFT, LO2SING
THE LEFT PIGIT AND INSERTING THE
PATA INTO THE RIGHT DIGIT. A MORE
COMPLEX REGISTER 15 THE QAR~ EACH
CELL oF THE RLEGISTER HAS To ACCEPT]
INFORMATION FRoM 3 “SaJRCES': |2
BIT PARALLEL |NRyT, THE N#TE-3 CerL

SKIFT  7474's

CARRY
4 SUM,

- - S~ o — - =
Cc Af BB A2h,; BB, Ay ALByBy SUMy
TN 1111 111t 3 BiT
PARALLE(

ADDER

—

l
[
1 CARRY
ouT

2 INPUT NAND 1400
b ¥4 PACKAGES I PACKAGE

3INPUT NAND THlp INVERTER 7404

5/ PACKAGE

FOR SHIFTING, AND A LOGIC NETWORK
FOR COUNTING, THE SHIFT NG AND
COUNTING MUST BE Doyg WITH THE
SYNCHRONOVS INPUTS BUT THE 12 BIT
PARALLEL LOAD MAY BE Dove wWITH
THE DIRECT SET AN CLEAR INPUTS.,
TO MAKE THE REGISTER SMIFT IN THe
DIGIT FROomM THE DiG T 1w LINES, AcT-
IVATE THE SHIFT CONTROL LINE AND
ABOUT 100 NSEC OR MORE LATER, PRO-
VIDE A O TO | TRANSITION oN The op-
ERATE LINE. TO COUNT DOWN, AcTivaTg
THE CouNT LINE, WAIT 500 NSEC, AND
RIT THE OPERATE LINE. TO Do 4
PARALLEL LOAD, APPLY A O To THe
RESET LINE FOR 50 NSEC OR MORE AND
THEN ACTIVATE THE LOAD LINE AFTER
ReMoVING THE RESET SIGNAL. Do
NoTHING- WITH THE OPERATE LINE,
7473 FLIP-FLOPS CAN BE USED IN THE
PAR SINCE PARALLEL LOADING
CAPABILITY 1S NOT NECESSARY.

[

RIGHT &ND FF-7476
® SHIFT IN | ¢ SHFT IN 2 ¢ SHIFT (VN %

PARALLEL IN | PARALLEL in2 PARAUEL ¥ 4
9 (] [ ]

GATES 7%00,7410 LEFT-

PA R:?LLEL N ¢

PARAs 1NV
count

QAR

L

ﬁ
<y
[~
L)
~ Y
L2

1T

x

D1
1

RESET
SHIFT,
QPERATE




DATA MOVEMENT AND REGISTER MULTKL_LEJ(ORS
rﬁs MENTIONLD EARLIER, THE ENTIRE
| orﬁ*zﬂnroé\:m?s‘:r r;g %ocf?%neﬁ ‘RSE BASED oV -
LR STWey . N
?g THE MINI-miat CaMPl:TAL/R rﬁ’é%es TIMING
ARG TWO TYPLS OF DATA,THE 3 B AND
DICIT AND THE 12 BIT ADDRCSS, THE TRANSFER |
PAR AND QAR HANDLE BOTH TYPES, THE
OTHER REGISTERS HANDLE ONLY | FYPE. CONTROL 1
A LOOK AT THE [INSTRUCTION FLOWCHARTS suFr QPR o
WILL REVEAL ALL THE VARIOUS TRANS- = L——j—j
FERS THAT ARE NEEDED, A DATA TRANS-
FER 15 DEFI/NED BY SPECIFYING A
SOVRCE AND A DESTINATION REGISTER, ) ! |
IN ORDER TO REDUCE THE NUMBER OF [ awT am QAR
GATES REQUIRED, TWO DATA BUSSES TJ
WILL BE USED, ONE FOR DIst1S AND QAR SOVRCE SeLier
ONE FOR ADIRESSES, IN A DATA BUS Tr
SYSTEM ALL DESTINATION RTGISTER'S ADDRESS
INPUTS ARE CONNECTED TO THE DATA ) PAR MULTIPLEXOR
BUs. A PARTICULAR REGISTCR RECEIVES lsmm' cowr  PAR
DATA FROM THE BUS %HCEA/ !r75 "LOADY OR Her iy I
IpE RATE" LINE S ACTIVATED, THe ,
BUS 15 DRIVEN BY AGATING NETWORK & R8s T
CALLED A MULTIPLEXOR, THE QUTPUTS : *
Rl Commieres 19 %5 ariocRs
< $ e - . M LPLEXO A ]
14PUTS. OTHCR MULTIPLEXOR wpursR |C*"er v TAR ok 1¥
ALLCW THL D.TA FRom A PARTICULAR
SOURCE REGISIER TO BE PLACED ow
THE DATA BUS, AS A RESULT, A DATA —
TRANSFESR 15 AfvcgnzPLnosuso BY ] IL
SIMPLY SELLCT) SOURCE REGISTE
WITH THE MULT!‘IPLEXOR-,‘fvm'rwG ,QR L__‘ [cawr LAD  AMAR R W J
SHORT TIME y AND ACTIVATING THE DES-
IRED DESTINATICN REGISTER. N THe
DIGIT BVS SYSTEM THERE ARE ¢ OISTINCT
SOURCES S DBRyMDRyTHE 2'S CuMPLEMENT LLY MDR
OF MDRy ADDER SUM QUTPUT, AND 2 MEMORY LF >
EXTERNAL 1NPYT SOVRCES; AND 7 uamtt m
OESTINATIONS . DPBR, MOR, DiGIT INPUT L4000 OCTAL >
OF QAR, PAR, AND OPR,AND 2 EXTERNAL DFlmrs WiTH 2|
OUTPUT REGISTERS, THE 7'S COMPLE- LAGS ,
MENT OF MDR SQURCE WILL BE NEgeven L
FOR THE SUBTRACT INSTRUCTIONS, &
THE ADDRESS BUS SYSTEM HAS 3 ‘
SOURCES § PAR, QAR, 1AR; AND 3 DES-
TINATIONS: RAR, 1AR, MAR, THE DIFIT
MULTIPLEXOR 'S SHOWN DELOW, THE
ADDRESS MULTIPLEXOR IS5 SMILIAR BUT | y,
NEEDS ONLY 3 SOVURCE INPUTS AND < ) .
ONLY THE TRUE OUTPUT FOR THE BVS. 2 X 7 A 8
; IFAI,:’?'/? 5‘5?:%3 BIT AD
| { oEvices Ap AR R Sk :
OBR T UBRZ - oeRy ceren PAR udl CARRY
—;D'— :D'— :D'_ T CARRYW__our_
M ggwoczgsrur
mo«'TD._ M@—- ’“@'_T € 9-
m—.FD_ "m—;f-D'— P —— SINGLE BITS OR CoNTROL SIGNAL
[ DigiT pATA Ho(.oy
sumT}j}—- sJMﬂ}— sumy ==  ADDRESS DATA FLIP~FLOP
THE TIMING AND TRANSFER CONTROL BLOCK ABoVE 15 RESPHN F -
E""‘T‘;D" 5"—“;(} ExTas) p: MENTING THE INSTRUCTION FLOW CNARTS DRAWN EARLIERS.'B%t?E VOARRI%ELE
CONTROL SIGNALS IT GENERATES ARE ALL A FUNCTION OF THE OPR
€xr g ! EXT 6 2 AL CONTENTS 4 THE FLAG BIT, AND THE INTERNAL MACHINE CYCLE COVNTERS
SUKCH AS THE FyXy AND E COUNTERS (N THE FLOWCHARTS. EVENTS
OCCURRING DURING A SINGLE MEMORY CYCLE CAN BE COORDINATED
T‘ BY THE VARIOUS MEMORY TIMING SIGNALS THAT WILL BE AVAILABLE.
SOURCE UNFORTUNATELY, No SPECIFIC DETAILS CONCERNING THIS BOX CAN BE
SELECT GIVEN WITHOUT HAVING ACTUALLY CONSTRUCTED ONEC. THIS 1S AN AREA
LINES OF THE MACHINE WHERE THE BUVILDER CAN DEMONSTRATE HIS
i T 2 3 3 3 INGENUITY ) S50 FAR MoST OF THE HARD-TO-FiyD SPECIFICS HAVE
BEEN GIVEN, THE REST |5 RELATIVELY STRAIGHTFORWARD.
,Z,,',',"f ;“‘rgg DiGIT BUs

FANL=MIN

ML L I ame
2 4

ComPUTER FUNCTIONAL BLOCK DIAGRAM

Go To T}




M INI~MINI

COMPUTER

THG

IWEORMATION ON THIS AMD THE NEXT FEw
SHEETS 35S A SKETCHY DESCRIPTION oF A
SMALL ¢ GENERAL PURPOSE COMPUTER BUILT
AROUNMD A STACK OF 4 MEMORY PLANES,
ORIGIONALLY FROM A 140l COMPUTER,
AVAILABLE QUITE CHEAPLY FROM MIKE
QUIVN ELECTRONICS. WHERE SPECIFIC LIG(C
DIAGRAMS OR BOOLEAN EQUATIONS ARE cliey
THEY ARE DESIGNED ARQUND THE 7400 SERIES
oF TTL INTEGRATED CIRCUITS, ALS0 AVAIL®
ABLE FROM MIKE QUINNV AT SURPLUS
FRICES. THESE SHEETS ARE INTENDPED TO
START THE FLow OF PEAS N AM AMBITI0Us
EXPERIMENTER AND SUPPLY HARD-TO-FIND
INFORMATION, PARTICULARLY ON MEMORY
DRIVE CIRCUITS AND INSTRUCTION SET
PESIGA., CONSTRUCTIONAL INFGRMATION AS
FOUND IN POPULAR ELECTRONICS WoULD
l. REQUIRE A FULL LENGTH B00K4 2. REQUIRE
THAT THE AUTHOR HAVE BVILT THE MACHINE
EXACTLY AS DESCRIBED.( THE AVTHOR HAS
BUILT A COMPUTER BUT 1T IS SIMEWHAT
LARGER THAN THE ONE PESCRIBED HERE.)
PETAILS CONCERNING COMBIWWATIONAL
LOGIC PESIGN AND SEQUENCING OF OPER-
ATIONS ARE AVAILABLE 1N ANY 600D TEXT
Book OR MANVFACTURER'S LITERATURE.
IT 15 HOPED THAT THE MACHINE DESCRIBED
CLAN BE BUILT FOR %300 NoT INCLVUDING
WER SUPPLIES OR X/G EQUIPMENT, A
PENETRATING SEARCH OF THE SURPLUS
MARKET SHOULD PRODUCE A TELETYPE
MACHINE WITH PAPER TAPE, AN IDEAL
I/0 DEVICE, WITH A GOob DESK CALC-
ULATOR PROG-RAM, THIS SMALL COMPUTER
SsHoULD OVTPERFORM ELECTRON|C DESK
CALCULATORS N THE $3K To $5K RANGE,
HOIWEVER, BEING A GENERAL PURPOSE
COMPUTER, KEB ITS APPLICATIONS ARE
LIMITED ONLY BY QNES IMAGINATION,
PROGRAMMING SKILLy AVND THE MACHINE'S
MEMORY CAPACITY (I\N THAT ORDER),
ADDRESS ANY COMMEWNTS OR CRITICISMS
ABaL:qT Jnesg SHEETS TO, HAL CHAMBERLINV
123 ASHE AVE, RALELGH NORTH CAROLIN.
27605. IF ANYBoDY BVILDS OWNE OF LTHE@E
AND WoULD LIKE To HELP FORM A VSER'S

INSTRUCTION FORMAT
ALL OPERATIONS ARE MEMORY-T0- MEMORY
ON A SERIAL BY OCYAL DIGIT BASIS, _
THEREFQRE N0 COMPLICATED ACCUMULATORS
ARE NEEDED, REDUCING HARPWARE To A
MINIMUM . NUMBERS MAY BE AS SHORT As
2 DIGITS OR AS LONG AS NEEDED. EACH

INSTRUCTION CONSISTS OF 10 OCTAL DIGITS.

THE OP CODE 15 2
PIG1TS IV LENGTH

[2]ekais {7 [if2Tolel3]
Tod o A7 THE Q ADDRESS

P ADDRESS Q APPRESS SPEC|FIES THE

OF A SOURCE FIELD,
A DESTINATION FIELD.

oo
MEMORY ADDRESS
AND THE P APDRESS,
IF THESE ADDRESSES ARE MADE FLELDS
BY PUTTING R FLAG IN THE LEFTMOST DIG-(T,
THEY MAY BE MODIFIED BY OTHER INSTRUCT-
loNS. A FLAG ?,N THE RIGHTMOST DIGIT OF

RESS:: SPE
ﬁy w”JTZH g‘rsma STRING OF & oroT:'ri nonnssssm
N THE LEFT BY THE INDIREC DDRESS
gne USED INSTEAD FOR THE ADDRSSG. AS A"A/
EXAMPLE, CONSIDER THE INSTRUCTION ADD",
THE FIELD AT THE MEMORY LOCATION SPEC-
IFIED BY THE Q ADDRESS S ADDED DIGIT-
BY BIGIT. TO THE FIELD AT THE MEMORY
LOC/H‘MA/ SPECIFIED BY TH
THE LEFTMOST PIG1Y OF THE Q@ FIELD HAS
BEEAN ADDED. IF THE CORRESPONDING P
DIGIT 0Ib NoT HAVE A FLAG, 7'5 OR 0's ARE
3%‘75 Tna F‘ZAG t5 FOUND IN THE P FIELD.
THE SUM IS STORED DicIT~BY-DIGIT AS 1T
15 FORMED IN THE P EIELD, NOTE THAT
THE LENGTH OF THE P FleLD MUST Be
EQuAL To OR GREATER THAN THE LENGTH
OF THE @ FIELD.

THE RESULTS OF AN ADD, SUBTRACT, OR

COMPARE INSTRUCTION WILL SET THE +y=, ANP

ZERO INDICATORS WHICH CAN BE TE
ALPHAMERIC CHARACTERS CBAN BSETED
REPRESENTED AS A PAIR OF DIGLTS,
SOME INSTRVCTIONS WILL NMoT USE THE @
ADPRESS FOR ANYTHING BVT THEY LOADIT
INTO THE @ ADDRESS REGISTER ANYWAY,
THESe UNUSED Q FLELDS CAN HIOWEVER
BE VSED TO STORE ConsTANTS, €TC.

CIFIES INDIRECT APDRESSING

€ P ADDRESS VaTIL

D1GITS DEPENDING ON Q°S SIGN

25 MW

15 MVDL

1GAf

21 AP

32 SF

INSTRUCTION SET
26 MVE MOVE FIELD
| MOVED TO MLSSE
THE DIGIT AmLS
TO THE DIGIT
{6 MVFI  MoVE FIELD
IS MoVED TO ThE
MOVE RIGIT
DiGT OF THE @
AMLSB P ADPR,
@ ADDRESS |5
ADPRESS, RESULT |
11 ADDI ADD IMMEDIATE
SET FLAG-
33 CF CLEAR FLAG
Q@ ADDRESS IS
P ADDRESS. THE

G-ROUP FOR PROGRAM SHARING, WRITE ME !

AMLSER

AT THE Algm ocC F
=57 ﬂm‘_f ORY LOCATION SPECIFIED

9TA5e Apwic  OPERATION
THE FIELD AMLS
Q ADDRESS S
P ADDRESS
IMOVE DIGT 4
Q@ ADDRESS 1S
MOVED WITH FLAG
PoOSITION AMLSB
P ADDRESS
IMAEDIATE
THE Q ADDRESY
FIELD AMLSE P
ADDRESS,
IMAEDIATE
THE RIGHTMOST
ADORESY 15 (0
THE DIG\T PosIT
ADD |
THEe FIELD AMLSE |
ADPDED TO THE )
FIELD AMLSB p |
AMLSB P ADDR. |
22 SUB SUBTRACT |
12 SUBL SUBTRACT
IMMEPIATE
A FLAG 15 SET
AMLsp P ADUR.
24 C COMPARE |
THE FIELD AMLSR
SUBTRACTED FRom
THE FIELD AMLSB
DIFFERENCE 1S
D1SCARRED,

. ADPRESS

MACHINE ORGANIZATION

THE MEMORY HOLDS @0Oco o D . {
BIT INEACH DIGIT LOCAT!OA/Cchﬁ ng,‘:lsg; ”wﬁf’é’,f‘o””‘
DEFINES BOUNDARIES BE1WEEN GROUPS OF DIGITS
CALLED FIELDS, THE FLAG CANM ALSO BE USED To
SPECIFY AN INDIRECT AOQDRESS IN AN INSTRUCTION.
CIVEN A MEMORY ADPRESS, THE FIELD AT THAT
IS FOUND BY MOVING LEFT (T0 LoweR
ADPRESSES) VNTIL A DIGIT WITH THE FLAG SET IS

INSTRVCTION EXAMPLES
ASSUME MEMORY CONTAINS.

RIET Blziz]z]7l6[ef2[3lole]7 ]

§§§oigsgsazezszrst
ARARAFIAIRZIIRRRA

THE INSTRVCTION 2630033017 15 DONE
MEMORY NOW CONTAINS: '

I CI COMPARE IMMEDIA
40 NOP NO OPERATION

w1 BPI BRANCH POsSITIVE
INDICATOR

42 BZI BRANCH Z€RO
INDICATOR

43 gpzT TOR O

FOUND. FIELDS ARE TREATED AS OCTAL NUMBERS. i5101017l‘7‘171717lvlb"IoI.IﬁloIBJzJ 4% BNI BRAMCH NEGATWE
NEGATIVE OCTAL NUMBERS ARE STORED IN 8's §§§ e Ey:sys2Es s INDICATOR
COMPLEMENT FORM. A FIELD 1S NEGATIVE IF THE | MR8 S R IR R 8 08 7m 70 " Jog pypr  +OR-
! LEFTMOST DIGIT LS A %,5,6,0R7, TO ComPLEMENT THE INSTRUCTIgN (13003 0002 '8 DoANE eNzr ~ORZ
A_NUMBER, SUBTRACT EACH DIGIT FRom 7 ANp A0D | MEMORY Now CONTAINS: ‘:" . z SR
T T . = -y =g
EampLess e FISLD B EEEE FBRRERRE {7 8
. LEFT A PIECE OF MEMORY RIGHT 88888y s sy 2 £ ,§ g3 ZTZRES ;ingoNluoz-
L 5 ST = — —~ - MAMAMS 2@ mmimn m e o
+ [lslsla /e 3[7[I7[7]¢ [s 1113 [5 [o]ofslool: 3] | THE INSTRUCTION 22 30053013 15 DONE BRANCH TO WNSTRUCTH
L epMpre2rSRY?ITRS sz C %’é;fﬂr"ﬁrgpy”””esﬁ IS IMDIRECT, P 15 AMLSB P ADDRESS,
|22 gpeelinEEsmTE T T E T T MEMOC:Y NOVgo“ HicH '9fm DIRECT, 50 NOP NO OPERATION
| THE FIELD™10724 |S 0534 =40, CONTAINSS 5| BP BRANCH POSITLV
! THE FIELD AT 1071¢ IS 056 =510 Bleli [1[7[z]7[7 [7[2lo]z ]3]0l 017 | BRANCH TO THE
THE FIELR AT 1073g 1S 0532,=344, ScnoyinssszurZifer hﬁﬁgt)c;m/v Res:
. THE FIELD AT 1025¢ 1S 2765 =190, SEIIRIRIRRINRISR A 2 T“% ngpfp .
: THE FiELd AT “06. ls 65‘38=—|st’ :-6‘{3,0 THE INSTRVCTION 45(‘,6500000 witlh AMLSB a ADDRE5
, THE FIELD AT 1102 IS 77774 =-000l, = ~,, RESULT IN A BRANCH TO 4650 IS POSITIVE.
i THE FIELD AT IS, IS ©000lg=1, BECAVSE THE RESULT OF THE LAST 52 Bz BRANCH ZERO

§

THE FIELD AT 1077, I5 374 = 3,

ARITHMETIC OPERATION WAS NOT ZERO,

53 BPZ2 BRAMCH +oR &
5% BN BRANCH NEGATIV

CONTINVED? ***




CENERAL
THE MEMORY UMIT CAN BE BUILT FRom A

SHACK OF & (HOlL MEMORY PLANES AVAIL™
ABLE, FOR 33 THESE PLANES HAVE Y000
CORES oV A 50X B0 MATRIX., L SENSH
LINES THRCAD 2000 CORES EACH ON A
40 @Y 49 MATRIX. 2 INHIBIT LINES PARA-
LLEL THE 2. SENSE LINGS. THE 2
TMHIBIT LINES MARY B CONNECYED W SERIES
BUT EACH SENSE LIME SHoulb HAVE 1TS
WA SENSE AMPLIFIER.
WH{QLF-SEI.ECT CURRENT (s 250-300MmaA,
THE So Mmil 0D. CORES SWITCH WITHIN
| A SEC OF APPLICATION OF FULL SELECT
“URRENT. SENSE SIGNAL IS ABOVT 30MV,
, Poryodq™ Fomypries .
Freasd Loll 4t LG.50 to 6.95
cneh on $25 Lo Li4-4 i

e
13

e e
{ eyiLe TIAE ¢
Liakr Rl gzl udstel 7)ol 1|
CReAp sovtce o L. =

{ ReAD SNk
* READ SOVRE
' READ StAK

LY WRITE SKC.
%y WRITE 54K

LT
oo N T
T e T
N I8
==

I .
I//—-_‘-\

N CURREHT & et e T
LENSE QUTTUT

; §TRoE TN N V.
- G

X CURRENMT

10412+ 494

S¢

—

E0

VRCES

El. €2 €3 E%

e HH B '

AMEMDORY UNIT ~%000 WORDS OF % BITS EACH

S 50Y
-8 1hol
St I S Shs s
F -
580X STACK  gox m__:
o[ MK g 6=
o IO L3
L 1 402 50 Y " 7‘”0"3
- Ll 4 ) 8
5 taar (6) 5# !Ig ) wak dak o
i
I 3 THE SYMBoL L\r—,
MAR (1) DENITES THE T
- COMmBIVATION OF A READ AMD
- A WRITE DRIVER WITH The
% PRESENCE OF TIMING
B SIGNALS V NDERSTOOD,
F3
Fy SN s

et
ATG FoR WRITE Jg L
PHBIT CVRRCA T e N et e
' G = GROUND FOSITIVE CURRENT IS
i READ.

THE FENSE WINPING RUAMS PARALLEL To THE ¢go
0 ORIVE LIAYG . ThE Y READ CURKENT 1S STAG-
'irraRED 145 S0 THAT NOISE COVPLED TO™THE
NENSE LINE PROM X SWITCHING WiLl BIE ouT
GEFORE Thi CORE V5 SWITCHED BY THE Full SELECT
CUKRENT, THE READ ANP WRITE SINKS ARC LEFT
on 1M ARTER THE CORRESPONDING SOURCES ARE
SWITCHED OFF S0 THAT THE INDUCTIVE ENERGY
STORED IV THE PRIVE LINE CAN UQISSIPATE
ITSELE IN THE SOURCE LUAD RESISTOR.

THE CYCLE TIME CAN BE REDVCED To GMS

SGENS‘E
LEVY &
RK 02112V jyuy

TYPICAL MEMORY PATA REGISTER BIT

INHIBIT
TIMING

INHIBIT

PRIV

INHIBIT DRIVER

ER

(F THE ORIYE VOLTAGES ARE INCREASED PATA  warte DATA
AND G-REAT CARE 15 TAKEM IN  GATE ouT
. SENSE LEVEL
A ESSING TRE SCVRCES AND SINKS ARE LOAD LINE | SHOWN SELECTED FOR REA
5 1§ N‘%QR Sbl» P A v ARRANGED IN A RECTANGULAR [, RESISTORS
SINCE 101 NES ARE NOT 64 BY 64 WITH 4096 §A% Showk 1o THE Rlott, | St
COPES, SOME COMBINATWNAL LOGIC 15 NECESSARY To Té‘rm—-xf ASARE WMAIN DRIVE * | x® Reao ¥
CONVERT THE 12 BIT ADDPRESS (¥ THE MEMORY ADD- LJNES -’g:le e e e THE | © souree ) 3
RESS REGISTER (MAR) TO AN X AND Y LiNE seLecTion, | X621 0% selecTen For READ |+% write 1 ;2
THE LOGIC SHOULD BE SucH THAT ADDRESSES ore 3qqq“ BY DRIVING ONE READ SOURCE "h?
(0000 To 7457¢) ARE YUNIQUE AND CONTIGVOUS. To +i5V. AMD DRIVING ONE X me
ADPRESIGS HOOZ To 4095 SHOULD PRODUCE ZEROES. JREAD SINK TO G-ROUND. DRIVINGE *
'BY FACTORING THE 2°'S FRoM THE NUMBER OF x |The CORRESPONDING WRITE
AND Y DRIVE LINES AND ASSIGHING THEM To MAR lsouRces AND SINKS SELECTS
- Brs -1y THE COMBINATIONAL LOGIC 1S REDUCED THE SAME DRIVE LINE BUT s A
TO 7 VARIABLES. L&T T:mnﬁ(o),u:MAR(n),u:Mna(z)' DRIVES CURRENT (¥ THE e Jreap Yo
W= MAR(3)y X S/MAR(4), Y=MAR(S), AND Z=MAR(6), ~|REVERSE "”‘54‘,:‘,?;2’5‘57 gﬁgs =3
THE TOTAL LOGIC WNETWORK L5 AND~CR~NAND ARE xz Lfﬁé&; AA/E oW eoR v I3 SOURCE 2 4
WHICH 15 REALIZABLE WITH ALL MAND GATES. ;gg S OURCes AN SINKS Are” 9% weite
PEFINE 1“6‘5 V‘R‘ABLE& M,AZ,AQ}BI,BZ,B&-;Q,Q Y - M TED AS SPDT SWITCHES, T el SINKZ
WHICH ARE G-ENE Y REPRESENTE \ X N
{ ARE | EVERATED BY THE FIRST 2 LEVELS AND ReAD ff o WHRITy ReaDy ¥ wRIT g
DEFINE Vo,0(,0228 p3, D4 [€0,€1,£2,E3,€4; Fo,FI,F2, F3 B Les L ws L otis T 48
F4 WHICH ARE GENERATED BY The T“I»“?D LEVGI'.- ARd) o o
AITVEVXeTUTX tVXZ, 1 po= 21 43 Ay |€3=B1 B2 Bi g .
AZ:I;“"‘“V‘V"‘:f“VY*MVXY Dl:ﬂl ﬁs IW Elf:é-l. B—é BY
;(,:T+U'vitdv+ufx D2= A1 A2 A% - 3564 0 |iseq
B1=TXx+UVx+TuVz +Tuwz [03=A1 A2 A} |Fo=Cl 2 C#
B2=TW+UVW+TUVY +UWY lpg=A) A2 A% |Fi=Ct &2 Y READ - WRITE
By =T+ tUWE — — __ |F2=21 c2 ¥ 4355 4355
Cci=TE+UZ VWX R €o=B1 B2 BY |F3=c1 2 &F froalivog Y
€2=Ty+Uy+VWXy El=81 B2 BY |Fy=7| T2 C4 3K TRANSISTORS
S Cyz /U vy €228 Bz BY d ngxxx
10
. - rcan  SELECT o~ 5‘?9‘;6;23" Hcl:GH Rean st g7 WRITE



