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NOTE:

THIS THESIS wAS TYPED ON A TELETYFE UNIT
IN CONJUNCTION WITH A PDP-8 COMPUTER» USING
THE DEC 8-1-S-BIN FROGRAM « THIS PRO GRAM»
CALLED "SYMBOLIC TAFE EDITOR"> WAS DESIGVED
TO HELP THE PROGRAMMER EDIT FROGRAMS
WRITTEN IN SYMBOLIC LANGUAGE . IN OUR CASEs
THIS PROGRAM WAS USED TO STORE ONE PAGE OF
TEXT IN THE COMPUTER'S MEMORY» MODIFY THE
TEXT LINE BY LINE, WHEN REQUIRED, AND THEN
CUTPUT THE FINAL VERSION . THOUGH USEFUL»
THIS PROGRAM IS FAR FROM BEING IDEAL . A
PRO GRAM DESI GVED SPECIFICALLY FOR THE
PURPOSE OF EDITING WRITTEN TEXTS wWOULD BE
MOST DESIRABLE .

P



ACKNOWL.EDGEMENTS

I WISH TO THANK MY THESIS SUPERVISORs DRe JAAN
KRUUS, FOR HIS ADVICE AND PATIENCE, PROFESSOR THOMPSON

FOR HIS COUNSELLING AND HIS FINANCiAL HELF IN THE PURCHASE
OF THE INTEGRATED CIRCUITS USED, AS WELL AS ALL THE MEMBERS
OF THE ELECTRICAL ENGINEERING DEPARTMENT» BOTH STAFF AND
STUDENTS, FOR THEIR ASSISTANCE . THIS WORK WAS SUPPORTED
BY NRC RESEARCH GRANTS A-2580 AND A-3379 .




ABSTKRACH

TAls TdesSIs bears wlld Gilbk LESIGY &ML CoNSinuC-
TLON JF D COnauNlCATI N SYSThed FOR £ LIGLIAL Reul PN 1
CorrInATION FLE=-3 LIGLIAL Clvirulbx o  Tde  1desls  Flasi
SH1ILS TAE GENERAL JrExATION JF 14E COWrUlER AND idE
SFRCIFICATIING  JF Ik nbkbulket SYSTEG AL THEN
FRIOCEEUS TJ STULY VARLJILS FISSIBLE LeESI WIS wiHlCA CuouLy
cittkT TAdE SPECLEFICAIIINGS » drdb LESIGYS bnb COMFAKED AN
THAE ONE CoVSIveEnkeL BEST CAUSEY « 1rils CHAISEN UESI Gy Is
FURTARK FREVELIFEL ANL 1TSS [oAFLEAENTATION UEIWNG TN leGhRATED
CIRCUTTS IS 540wV LN Leiale. bk LESLIGY JF e SrSTikd IS
LISCUSSEL AS A FUNCTION DF T4E VARIJUS 1A3KS [dAl TdE

SUBESY STEAS viusST ACCLIFLT Sd.




TABLE OF CONTENTS
1 - I\”]N‘JUUC‘I‘)N ® 5 9 08000 LOLLEPIEPINOEOINDLILAIEOIEOIOIEDOEOLEEOEBDRGS 7

2- F!)P"d J}'E:}\ATI‘J«\‘ 4 & EE O E TS HE6EEP 000008000000 9
2.1 GENERAL OFERATION
202 ITNFUT/OJTRUT
2¢ 3 PROUGR&Y INTERKUGFT AND INPUT/ZQUTRUT SKILE

3 - Uh-b-[ }(h.b 5\(:}1&‘:; Ci'{{‘\k\'ACTERI b’II Cb s s 000 esreeans e 17
3e1 I LEAL REMOTE INTERFACE
3.2 PRACTICAL CONSIDERATIONS
3¢3 SFECIFICATIONS

4 - LATA TRANSMI Ssion SYSTE4S ® e 0 cesceovs 00800008000 z2e
4e 1  POSSIBLE DESIGYS
4e 2 RALIU
4¢3 PARALLEL WIRE TrANSAI SSIOW
4o & SERIAL WIRE TrRANSIISSION
4e 5  CHUSEN ZYSTEM
4e 6 AARUWAKE VERSUS SOFTWAKE IMPLEMENTATION

S - DESI GY LDEVRELOFaENT S s s s 0 s es s s s s st srsans ey 32
S 1 dArRLLARE CHOICE

5¢2 LJIGIC LEVELS AND RELATIONS

Se 3 TILHMING CONSIDERATIONS

& - LESI G I“K‘JCE.,JUI\E. ® s 0 e et 0reesseer s OGsREBSGEREBSE ki
' Ee 1 GENERAL DESIGY CINSILERATIONS
e 2 JLP=8 TrAVSHITTER

6e 3 REMGITE RECEI vex
6o 4 KREMITE TRANSHITTEKR
6e 5 FLDP-3 KECEI VEx
7 - C{)A)CLUSIJ“I ® 8 6806000000006 00000006000cs0c0s000e e D‘}

AFFENLIA
Ae ]l PDRF-3 INSTRUCTIONS
£e2 SYSTEYD PICTURES
Ae3 INTEGRATED CIRCUIT »IOUULES
Ae 4 LIGIC CIKCUIT ELESMENTS
£e 5 SYWBEILI GY




1o INTRODUCTI ON

TALS TARSLS wedALSs wlid A FROJECT BULILT Tu SATISFY
A LEFINITE NEED: TAE NEEL «AS HAT Ok usla G IdE FLE=3
DLGLTAL COMPUTERs LICATEL LN IrE ELECIKICAL ENGINEExING
LePARTAENT » AS AV JN=-LINE CONIRFLLEK FJik A AEAT ELCHAYGER
IN THE CAEMICAL ENGIWNEERING DEFAKTAENT. TAE DESIGY AVUL
CONSTRUCTIIN UF A REMIIE INTERFACE FJIR T4E rFDEF-8 BuibLl 14
SATISKFY TAde ABIVE NEEL IS LISCUSSED I 1418 TdEsLS »

A CINFUTERS 1D SERVE AS AN Ju-~LIWdE CIdTIRILLER
AUST SENSE LEVICES AND CuNIrIL A GIVEN SET 9F rAxAdGETENRS.
N THE PARTICULAL AFFLICATION Fux wiliCd Ide STSTE4 WAS
Jrl GINALLY kEulikbus SENSIKS AT 1dE SITE OF irk eAfFEr{ciENT
FROLUCE ANALIG \VILTAGES WiICA Cald wepARlnY Be CUNVERTED IN10
LEGLTAL FORrG BY AEAIS JF AN ANBLIG 19 LIGLIAL ¢ &/D ) Cun-
VERTER » A ULTIFLESER UGNIT ALlouws UNE CJ&vtnlah [J SkkvICH
AONY CHANNELS JF ANALIG LATA> LN DUk CASEs UF TJ 3 CAANNELS.
IT IS ALS) pISSIBLE FIik TAE EAPFERICGIENT 10 uSk SLerLE ON-OFF
CoNTrILS, AL TAESE ALSI  viudT BE SEISEU BY TdE COriruThExe.
IN TdrE JT4ER LIRECTIUN Tdk CldaFuIER dAs 19 CJMlhuL LEVICES,
SUCH AS VAL VES, BY @EANS JF ANALIG VWILTAGES « IAdbSE AJALUG
SIGIALS CAN EASILY BE FRILUCED BY «@eANS JF L1 GETAL 10
ANAL DG C L7640 ) CIONVERTERS o JdE CoviruTiEr CAN ALS) AAVE SJHE

SWETCAING TASAS, SuCd AS ACTIVALING A RELAY.




IN OKLER T3 ACCIMFLISH TAESE VARKIOUS TASKS, A KREADTE
TERIINAL AS SIMILAR AS PISSIBLE 1V THE FDPE=3 'S Fird GRAGMED
DATA ThOISFER INTERFACE 15 KewUInEDL o FURTHERGIRE » AVD OF
FoldARY CONSTUERATIIN, THE FroGkAndId e TNVOLVED Ia USING
Tt REGITE [NTEKFACE ©UST Bk AS SIkrLe AS FUSSIBLE .
TAUGT Tk ARAT EXCHAVGER Fon WiICA 1AE SrSTEY WAS URIGINALLY
CESIGIRL LIL 32T NEEL TAIS SYSTEM'S FuLL CAFACITLESs 11 wAS
FELT TAAT THE CIVSTRLCIION OF A GEVESAL FurbPOSE REVITE INTEKFACE
CAFABLE JF SERVICIAG #ANY REGITE LEVICES WIOUL L KENDER Idk
FRIJECT ALL TAE “IRE USErUL 10 THE ORIGINAL ANU 115 FUTUKRE

USEKE.




2« FDF-3 OFPERATION

2e 1 CENERAL DJFERATLON

THE LIGITAL EGUIRAENT CIRFIRATION ¢ DEC ) rbr-g
IS A SMALL GENERAL FURFOSE LI GITAL COWMPFUTER WHICH USES
12 BIT WEDS, TuW)'S CIMPLEENT ARITHUETLIC AND A 4496 Wonb
KAVL)M ACCESS CIOKE MEMIRY 1- Ik COMrutER dAS  FIur
LUPIRTANT KEGI STERS; 1718 JOFERATION MAY BE DESChIBEU BY
EAFLAINING THE FUNCTION OF EACH OF IdESE KEGISTERS .

TAE FRINCIFAL KEGISTER JF TdE @ACHINE IS8 THE
TWELVE EIT ACCUMULATIR ¢ AC Ja THE CIONTENTS UF 1dIS REGISTEK
dAY Be CAANGEL BY ARITASETIC AVL LIGIC OFERATIONS UNLER FhJ GixAd
CONTRIL o IT IS PISSIBLE TO L) IdE FOLLIOWING TO 1dE
CONTENTS JF THE ACULALLATIN:

LJGLCAL AJD Wl fA

LIGICAL Ox WITH

Twl 'S CoviPLECMENT ALD T

COMPLECENT

CEFJISIT IN CIOKE viEdiIrY

SALFT RIGIT Or LEFT

INCREMENT

CLEAR

1 - SHALL CIMPUTER HAANLBIIKs Fe 33 » LEC




AS WILL BE SEEN IN TdAE NEAT SECTION, Td& ACCUMULAIUR SEKVES
£S5 N VITAL INFUT/0UTFUT REGISTER AS WELL .

THE MEMORY BUFFER ¢ ¢B ) KEGISTER SEKVES AS AN
INTERFACE BETWEEN THE CORE MEGORY WIT AL THE KEST OF
TAE CIOMFUTER o ALL COMMBNICATIONS T0 AVL FROM 1HE MEMOKY
AUST G TARIUG THE “B « THE ADLRESS OF TAE LOCATION I
CIRE HMEMIKY BEING SERVICED IS AELD IN TAE MEMORY AULDKESS
¢ 4A ) REGISTER .

NI RMALLY > A FRIGRAM» COMFJISEL OF A SERIES OF
TWELVE BIT CODESs IS STOrEL LN SUCCESSIVE wiEvIKY LOCATIONS.
WAEN TAdE PrIGRAG IS BEING EAECUTEDs A REGISTErs THE FKJ GRAM
CowTer ¢ FC ) HILLS THE ADLRESS OF THE LOCATIUN FrOM #AICH

TAE NEXT INSTRUCTIVN IS T BE TAKEN .




22 INFUT/0UTPUT ¢ 172 )

A LINKAGE EALISTS BETWEEN THE MACHINE ANL THE
QUTSIDE “WORLD. THIS LINKAGE IS COMPKISED OF [NrUT/0UTFUT
EQUIFMENT CONNECTEL T THE CIOMPUTER THRJIUGT THE COdFuTEx
INTERFACE « EQUIPMENT SUCH AS TELEIYFES, FUNCAES, TAFE
REABERS (AGVETIC LISCS AVD MAGIETIC 1AFES ARE ALL IN
TALIS GRIUF o Tdk CHAUNICATION SYSTEW JF ddls THESIS IS
ALSTY Al I/ UGEVICE.

A& DEVICE MAY Bk INTERFACEL [0 Td4E CidrUlbers BY
JNE OF Twd UDIFFERENT LINKAGES o TdE LATA LhEASS FACILITIES
ALLDW A DEVICE LInECT AVL EXIKEMELY ROAFIL AGCCESS TU AND
Fids TAE COGMPUTER'S HEAIRYs BUT TdE TRENSFER OF LATA LS
LINE INDEFENDENTLY OF Tdbk FROGRA BEING EAECUTED » THE
TRANSFER “MUST BE CONTwRILLED BY TAE EATERNAL DEVICE « sSINCE
JUR COMMUNICATION SYSTEA LID NOT xEGUIRE T GREAT SFEED
IF THIS FACILITY AVLs ¢iOREJVERs HAU 1) BE UWIDEK FKJGKAM
CONTRIL, TdAE ABOVE INTERFACING LINKAGE WAS LEEVMEDL
UNSATISFACTORY FOR Jdk FURFJSE .

TAE TEKS " FRIGRAMHEL LATA TRAJVSFEK"™ KEFEKS
T THE INFUT AND/OR QUTFUT JF DLATAs UVLEK FRJGRAT CINT=OL»
BETWEEN THE COWPUTER AND AN EATERNAL DEVICE « A& AC
SERVES AS AN I/0 REGISTER SINCE ALL FROGRAMMED DATA TrANS-

FERS “MUST 63 TARIUGT ITe TAE COcFUTER INTERFACE TARRKEFUKE

I




CONTAINS BOTH AN INPUT 10 AND AN ODUTPUT FROM EACH BIT OF

THE AC « THE INPUTS SERVE TO READ DATA INTO THE ACCUMULATOK

AND THE QUTPUTS ALLOW THE STATE OF THE AC TO BE READ BY AN

EXTERNAL DEVICE . THE COMPUTER INTERFACE ALSO HAS MB Out-

PUTS WHICH ARE ACTIVATED WHENEVEK AN I/0 INSTKUCTION HAS

JUST BEEN READ FROM CORE MEMORY « OTHER INTERFACE TERMINALS

INCLUDE THE SKIF AND THE INTERRUPT REQUEST INFUTS» TO BE

DISCUSSED LATERs AND OQUTFUTS FOR THREE 1/0 PULSES DESI GNATED

IOP 1, IOP 2, AND I0P 4 .

INPUT OUTFUT TRANSFEK ¢ IOT ) INSTRUCTIONS AKE
OF THE TYFES SHOWN BELO W

OFERATION DEVI CE

PRODUCES
CODE 6 SELECTION 10F 2
—A A ¢

BITWWBER [6f 1| 2] 3| 4] s

617189 18] 11

——FRODUCES Zrrapuces
10Fr 4 . fUOF 1

FIGe 22 -1 I0T INSTRUCTION BIT ASSIGNMENTS

AN UFERATION CODE OF 6 IN THE FIRST 3 BITS MEANS THAT 1T

IS AN IOT INSTRUCTION. WHEN SUCH AN INSTRUCTION IS ENCOWN-

TERED IN THE EXECUTION OF A PROGRAM THE MB OUTFUT TERMINALS

ARE ACTIVATED . THE NEXT SIX BITS CORRESPOND TO THE CODE




OF THE 1/0 DEVICE WITH WHICH THE INSTRUCTION DEALS « EACH OF

THE FINAL THREE BITS CAUSES THL GENERATION OF THE IOF FULSE
CORRESPONDING TO IT . THESE PULSES OCCUR AT 1 - MICKOSECOND
INTERVALS WITH IOP 1s IF BIT 11 IS A 1> OCCUKRING FIRST, I0F 2

IF BIT 19 IS A 1, OCCURING SECOND AND IQF 45 IF BIT 9 IS A

§ s o]

1> OCCURING THIRD.

10p 14
—/\ﬁame NAND SEC.

I0P 2 :
pe——— 1 MICROSEC.

I0P4 |

I‘«—— 1 MICROSEC.

FIG. 2.2 - 2 10P TIMING

T3 EACA I/0 DEVICE CORRESPONDS A DEVICE SELECTOR. EACH
DEVICE SELECTOR IS CONNECTED TO THE MB OUTFUTS IN SuCH
A wAY THAT IT IS ACTIVATED WHENEVER A CHOSEN DEVICE
SELECTION CODE IS PRESENT IN MB 3 TO MB 8 o WHEN ACTI VATED
THE DEVICE SELECTOR ENABLES THE IQP PULSES TO TRI GGER

FULSE AMPLIFIERS TO PRODUCE STANDARD PULSES WHICH ARE NOW
SFECIFIC TO THE DEVICE.

e S S5 o enrre e A ey



2¢3 PROGRAM INTERRUPT CPI) AND INFUT/0UTPUT
SKIP (I0S
IN GENERAL, A DEVICE ASSOCIATED WITH THE COMPUTER
HAS A FLIP-FLOP> CALLED A FLAGs WHICH THE DEVICE SETS WHEN
IT REQUIRES SERVICING BY THE COMPUTER . THE GENERATION OF

AN IOT PULSE CAN BE USED TO TEST THE STATUS OF A FLAGs AS
SHOWN IN FIG. 2.3-1.

FLAG

’ > TO COMPUTER'S SKIP INFUT

I0oT

FIGe 2.3-~1 SKIP UTILIZATION

THE OUTPUT OF THE GATE GROWNDS THE COMPUTER'S

SKIP INPUT WHEN THE COMPUTER PRODUCES THE FPROFER IOT
FULSE TO THE GATE AND WHEN THE FLAG IS SET « THE EFFECT
OF THIS GROUND PULSE ON THE SKIP INFUT CAUSES THE COMPUTEK

TO INCREMENT THE PROGRAM COUNTER AND SO SKIP THE NEXT

INSTRUCTION IN THE PROGRAM . PRO GRAMMIN G ASPECTS WILL

BE COVERED IN A LATER SECTION .




THE PROGRAM INTERRUFT (PI) FACILITY> WHEN ENABLED
BY THE PROGRAM, RELIEVES THE MAIN PROGRAM OF THE NEED FOK
REPEATED FLAG CHECKS BY ALLOWING THE FLAGS TO AUTOMATICALLY
CAUSE A PRO GRAM INTERRUPT « AN INTERRUPT OCCURS WHENEVER
THE FACILITY HAS BEEN ENABLED BY THE PROGRAM AND THE
COMPUTER'S INTERRUPT REQUEST LINE IS BROUGHT TO GROUND .
AN INTERRUPT CAUSES THE COMPUTER TO STORE THE PC IN LOCATION
0000 IN THE MEMORY CORE AND TO EXECUTE THE INSTRUCTION

IN LOCATION 9091 . A PROGRAM USING THE PRO GRAM INTERRUPT
FEATURE IS INCLUDED IN ANOTHER SECTION .

DEVICE 16
FLAG
NOR
GATE [~
DEVICE 34 —0- >
FLAG 7 TO PROGRAM INTERRUPT BUS
DEVICE 51
FLAG

FIGe 2.3-2 MULTIPLE INPUTS TO PI

THE FACT THAT ANY ONE OF THE FLAGS IN THE ABOVE

I5

S



e

DIAGRAM IS SET WILL CAUSE A PROGRAM INTERRUPT. NORMALLY »
THE COMPUTER WOU.D BE PROGRAMMED SO AS TO DETERMINE BY
MEANS OF THE SKIP FACILITY WHICH DEVICE GAVE THE

INTERRUPT AND TO SERVICE THAT DEVICE .
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3. DESIRED SYSTEM CHARACTERISTICS

3«1 IDEAL REMOTE INTERFACE

THE REMOTE INTERFACE WAS T0 BE USED T0 LINK
THE PDP-8 TO SOME EXPERIMENTS WHICH REQUIRED AN ON-LINE
CONTROLLER . TO BE ADEQUATELY SERVICED BY THE COMPUTER>
THESE EXPERIMENTS MUST MAKE USE OF AN INTERRUPT-LIKE
FACILITY . FURTHERMORE, THE SYSTEM WAS TO HAVE THE
ABILITY TO USE EXISTING EQUIPMENT NOW CONNECTED TO THE
COMPUTER'S INTERFACE WITH LITILE OR NO MODI FICATIONS TO
THAT EQUIPMENT . IN THE IDEAL CASE PRESENTED IN FI Ge
3+1-1, ALL INTERFACE CONNECTIONS USED IN PROGRAMMED
DATA TRANSFERS WOUW.D BE BROUGHT TO THE USER AT THE REMOTE
INTERFACE « THE IDEAL DATA LINK WOULD HAVE TO BE FAST

ENOUGY TO KEEP THIS REMOTE TERMINAL IN STEVP WITH THE
COMPUTER

THE COMPUTER INTERFACE HAS THE ABILITY TO
SERVICE UP T0 64 1/0 CHAVNELS . THE REQUIRED REMOTE INTERFACE
W WD, HOWEVER, NEVER HAVE TO SERVICE THAT MANY DEVICES .
IT WAS FELT THAT THE ABILITY TO PROVIDE 16 CHANNELS AT THE
REMOTE INTERFACE\A(’JULD BE ADEQUATE . FOR TAIS PURPOSEs
ONLY A FOUR BIT DEVICE SELECTION CODE IS REGQUIRED, A

SAVING OF TWO BITS - THIS WILL ALSO REDUCE THE HARDWARE
COST .
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3.2 PRACTICAL CONSIDERATIONS

THE DATA LINK BETWEEN THE REMOTE INTERFACE

AND THE COMPUTER WILL>, OF COURSE» HAVE CERTAIN SPEED
LIMITATIONS « IN THE CASE OF THE SYSTEM'S ANTICIPATED
USER THE ABILITY TO TRAVSMIT ONE MESSAGE PER SECOND
WWD BE MORE THAN ADEQUATE . IN ORDER TO SATISFY
ANTICIPATED FUTURE NEEDSs IT WAS DECIDED TO ESTABLISH
A MINIMUM RATE OF 1008 BITS PER SECOND .

THE DATA LINK WILL ALSO INTRODUCE SOME TIME
DELAY « LET US CONSIDER THE CASE OF AN 1,0 INSTRUCTION
USED TO READ DATA FROM A BUFFER AT THE REMOTE SITE .
IN THE IDEAL CASE, THE 1/0 INSTRUCTION AND ITS
CORRESPONDING IOP PULSES WOULD APPEAR AT BOTH THE
COMPUTER INTERFACE AND THE REMOTE INTERFACE AT THE SAME
TIME .

IDEALLY>, DATA READ FROM A DEVICE CONNECTED TO
THE REMOTE INTERFACE WOULD INSTANTANEOUSLY ‘BE TRANSFERRED
TO THE COMPUTER . IN REALITY, THERE WOULD BE DELAYS
IN BOTH DIRECTIONS OF COMMUNICATION . AN IDEAL SYSTE#4 OF
THE TYPE SHOWN IN FIG. 3.1-1 CAN ONLY FUNCTION IF
THE TOTAL DELAY FOR THE ABOVE IS LESS THAN 1 MICROSECOND.

TO GET THIS MEANS A BANDWIDTH OF SEVERAL MEGAHERTZ o




THE SYSTEM'S ANTICIPATED USER ONLY REQUIRES THE SYSTEM

TO HANDLE AT THE VERY MOST A FEW MESSAGES PER SECOND

S0 THAT 'THE USE OF SUCH A LARGE BANDWIDTH DATA LINK WOULD
SEEM RIDICULOUS « IT WAS DECIDED TO DESIGY FOR A RATE OF
1000 BITS PER SECOND FOR EACH DIRECTION OF THE DATA LINK .

WITH THE DIRECT UTILIZATION OF THE PDP-8 INTER-

FACE THE TIME REQUIRED TO IDENTIFY WHICH DEVICE HAS
PRODUCED AN INTERRUPT IS RATHER SHORT> ON THE AVERAGE,
ABOUT 192 MICROSECONDS IF FOUR DEVICES WERE CONNECTED .
WITH THE USE OF THE REMOTE INTERFACE> TO DO THE SAME
IDENTIFYING SUBROUTINE COUWD BE PROHIBITIVELY LONG DUE
TO THE TIME REQUIRED TO SEND MANY DEVICE INTERROGATION
CODES OVER THE COMMWNICATION CHANNEL . THE FINISHED
SYSTEM WAS THEREFORE CALLED UPCN TO ACHIEVE.  SOME FORM
OF INTERRUPT SERVICING ITSELF .

OF PRIMARY CONSIDERATION IS EASE OF PROGRAM-

MING « TO THE USER, THE USE OF THE DATA LINK MUST BE AS

SIMPLE AS POSSIBLE « THIS REQUIREMENT IS VITAL AND MUST BE

MET IF THE SYSTEM IS T0 BE OF ANY PRACTICAL USE .

20
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e & SKFECIFICATIONS

BASEL JN THE FrEVIOUS SECTION, WE ¢AY S1ATE
>Yoled SFRCIFICATIOND:
I= GIINDAUT TRANSALSSION RATR JF 1668 BITS PER SECINL
2= SIATEEY REGITE 173 CAANNELS.
3= INTERRUPT SEnVICING AT kREGOIE INTExFACE
= FRIGREGIING EASE .

Tl FIKST 1wl FIINTS Anbk CAlsEN AnBlTrlhILyY AS THE
GhALE JF SERVICE wb wISH Ty ACAIEVE. [T WAS FEL1 61 (dEst Le-
SEev JBRJECTIVES WERE KEALISTIC » CONSILERING TAE FUTURE USES
1) wlICd TALS FROJECT CIuLD BE AFFLIEL. TdE TAIxD SFeCIFICATION
EVILVEL Froi TdE FACT T4A1 Tdk nEMJ) TR INTERFACE LAS [0 Be AS
SlellfLAin As rosdSlble 1) Ide FLE=3 LNTEKFACE ANL TAAT1 T4E I[N IERRUF]
FEATUKE s gNe JF 115 reINCIiFAL CAARKACTESISILICSe COVBINING THIS
WITAd T4 FACT TAAT Td: UATA LINK wWILL Eb «iuCAd SLJ wen TAAY 1AE
Clirdler, 1T BECAGE EVICENT TAAT [N1ErkUFTS wIULD HAVE 1) bBE
LEALT wITd AT TAE REGITE INTERFACE Wwlid NO DIRECT COdrulbsn
LATERVENTLING. 13 EE OF ANY USE THE FINAL 3YSTEd “iusT BE As
Sheibt e TD USE AS rOSSIBLE, 1AUS A FirleArY GIAL OF PRI GRAAAING
SIAFLICITY WiLST BE ET bBY Trie SYSTE4de THIS FINAL SFECIFICATLON

GIUST BE GIET EVEN LF IT SEANS GREAT HAARDGARE CodirLexlivY.




4o UOTA TRANSHIZSION SYSTEMS

4.1 POSSIBLE DESI®GNS

ACHIEVE THE GI VEN SYSTEM SPFCIFICATIONS.

SHO WS THE ALTERNATIVES CONSI DERED.

MANY ALTERNATIVES WERE CONSIDERED IN ORDER TO

THE TABLE BELQW

IMPLEMENTED)

SINGLE TELEPHONE LINE
TW) TELEPHONE LINES

MANY TELEPHONE LINES

M0 DE CONDUCTOR MEANS

PARALLEL RADIO FREQUENCY MULTIFLEX
SERI AL SING.E COAXIAL CABLE TIME MULTIFPLEX

( SO FTWARE

IMPLEMENTED) TW COAXIAL CABLES DIRECT

SERI AL

(HARDWARE

FIGse 4e1-1

SECTIONS: 1) RADIO
2) PARALLEL WIRE TRANSMISSION
3) SERIAL WIRE TRANSMI SSION

THE ABOVE ALTERNATIVES CAN BE GROUPED INTO THREE

22

A S5 3085 A S i e



4.2 RADIO

THE POSSIBILITY OF USING A RADIO LINK BETWEEN THE

COMPUTER SITE AND THE REMOTE SITE WAS CONSIDERED. RADIO
TRANSMI SSION COUW.D USE TIME MULTIPLEXING TO SHIFT OUT THE

DATA SEQUENTIALLY OVER ONE CARRIER OR» ALTERNATI VELY»> FREQUENCY
MUWTIPLEXING USING MANY SUBCARRIER FREQUENCIES COULD BE USED.
THE USE OF A RADIVU CHANNEL WOW.D MEAN THE PURCHASE OF Tw
TRANCEI VERS, AT A COST OF SEVERAL HUNDREDS OF DOLLARS EACH.
EQUIPMENT AT EACH END OF THE RADIO LINK TO MULTIPLEX QUT-

GOING DATA AND RECONSTRUCT INCOMING DATA WOWL.D ALSO BE
REQUIRED. FOR OUR PURPOSES> THE TOTAL COST OF A RADIO CHANNEL

WAS CONSIDERED PROHIBITIVEs; THUS THIS POSSIBILITY WAS

RULED OUT.

4¢3 PARALLEL WIRE

ANOTHER WAY OF TRANSFERING DATA WOWLD BE TO USE
ONE CONDUCTUR PER BIT AND TRANSYMIT DIRECTLY. BY THIS, WE
MEAN THAT EACA OUTPUT WOULD HAVE A WIRE DIRECTLY CONNECTING IT

TO ITS CORRESFONDING OUTPUT TERMINAL AT THE REMOTE SITE.

23
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AS DISCUSSED IN THE FREVIOUS CHAFTER» WE HAVE A

TOTAL OF 19 LOGICALLY INDEPENDENT OUTPUTS 10 BE TRANSMITTED
g FROM THE REMOTE TO THE COMPUTER. THE COST OF RENTAL OR
. FURCHASE OF A CABLE WITH SUCH A LARGE NUMBER OF CONDUCTORS
WAS DEEMED RATHER HIGH FOR ANY BUT THE SHORTEST DI STANCES.
ADDITIONAL DIFFICULTIES WOULD OCCUR WITH THIS
SYSTEM DUE TO THE NEED TO COMPENSATE FOR TIME DELAYS ON
THE TRANSMISSION LINES. AS AN EXAMPLE WE CAN CONSIDER THE
EXECUTION OF READING DATA FROM A REMOTE DEVICE. THE COMPUTEK
WOUWD HAVE TO WAIT AFTER ASKING FOR DATA TO ALLOW FOR TIME
DELAYS IN THE LINE. IF INDEED THE DEVICE HAD NO DATA TO
SEND, THEN THE WAIT WOULD HAVE BEEN IN VAIN. THE DELAY OVER
TELEPHONE LINES WOULD BE IN THE ORDER OF 182 MICROSECONDS
OVER A 100 METER LENGTH. THE VERY FACT THAT fHE COMPUTER
FMUST WAIT TWICE THIS LENGTH OF TIME FOR EVERY 1/0 INSTRUC-
TION TO BE CARRIED OUT AT THE REMOTE AND THAT THIS MUST BE
ACCOMPLISHED USING SOME RATHER COMPLEX SOFTWARE»> REMOVES
MOST OF THE ADVANTAGES WHICH THIS SYSTEM MAY HAVE SEEMED TO
POSSESS. FURTHERMORE» DRIVING MANY FARALLEL WIRES CAUSES

BOTH DRIVING AND CROSSTALK PROBLEMS.




4e 4 SERIAL WIRE TRANSMI SSION

THE POSSIBILITIES NOT YET DISCUSSED ARE COAKIAL
CABLES AND TELEPHONE LINE PAiRS. ESSENTIALLY THE DIFFERENCE
BETWEEN THE TwlO IS ONE OF BANDWIDTH. THE HI GHER FREQUENCY
CAPABILITIES OF COAXIAL CABLES WOULD ENABLE VERY HIGH RATES
OF DATA TRANSYMISSION USING EITHER TIME MULTIPLEX OR FREQUENCY
MULTIPLEX. THOUGI OVER SHORT DISTANCES COAXIAL CABLE IS NOT
EXPENSIVE, RG/53-U COSTING ONLY $13.71000FT.» IT WAS FELT
THAT SINCE THERE WAS NO NEED FOR THE ADDED BANDWIDTH OF
COAXIAL CABLE» THE SYSTEM WOULD USE » AT LEAST INITIALLY »
REGULAR TELEPHONE LINE PAIRSs AND SERIAL TRANSMISSION. IF
EVER ANOTHER USER DESIRED FASTER TRANSMISSION RATES» COAAKIAL
CABLES COULD BE INSTALLED AND THE TRANSMISSION RATE INCREASED.
WE ARE LEFT WITH THE POSSIBILITY OF USING ONE
TELEPHONE LINE PAIR AND TRANSMITTING IN FULL DUPLEX MODE OR
USING TWO SEPARATE PAIRS, ONE FOR EACH DIRECTION OF DATA

FLOW> AND TRANSMITTING IN SIMPLEX MODE OVER EACH OnNE. TdE

LATTER WAS CHOSEN BECAUSE THE USE OF ONE TELEPHONE LINE PAIK IN

FU.L DUPLEX MODE WOULD ESSENTIALLY RENDER THE SERVICING OF
INTERRUPTS AT THE REMOTE SITE VERY DIFFICULT, WOULD HALVE
THE TRAVYSMISSION THROUGI-PUT RATE, AND WOULD GREATLY INCREASE

THE SYSTEM COMPLEXITY.
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4+ 5 CHOSEN SYSTEM

THUS» IT WAS DECIDED TO USE TW) TELEPHONE LINE PAIRS

AND TRANSMIT DATA SERIALLY OVER TAEMe AT THE REMOTE SITE
SOME FORM OF EQUIPMENT IS NECESSARY TO CONVERT THE INCOMING
DATA FROM SERIAL TO PARALLEL AND THE OUTGOING DATA FROM
PARALLEL TO SERIAL. AT THE COMPUTER SITE THESE TASKS COULD
BE ACHIEVED EITHER BY THE COMPUTER WITH ADDITIONAL SOFTWARE
OR BY ADDITIONAL HARDWARE. INDEED, THESE TASKS COULD BE
ACHIEVED USING SOME HYBRID FORM OF THE ABOVE. REGAKDLESS OF

THE ABOVE CHOICE, THE SYSTEM WILL POSSESS THE FOKM SHOWV IN
THE FOLLOWING DIAGRAM.

PARALLEL
] OUTPUTS
SING.E PAIR
OUTPUT > 4 SHIFT-REGI STEK |
HARDWARE
PDP-8
INTER-
FACE
PARALLEL
INPUTS
SING.E FAIK
INPUT v
K—{HARDWARE — { SHI FT-REGI STER
——]

GENERAL SYSTEM FORM FIGe 4.5-1




4 6 HARDWARE VERSUS SOFTWARE IMPLEMENTATION

AS MENTIONED IN THE PREVIOUS SECTION» TWO WAYS

OF IMPLEMENTING THE REQUIRED FUNCTIONS AT THE COMPUTER SITE
ARE POSSIBLE: HARDWARE OR SOFTWARE. WE WILL FIRST CONSIDER

THE TRANSMISSION OF A MESSAGE FROM THE PDP-8 TO THE REMOTE
INTERFACE.

AS DISCUSSED IN THE SYSTEM CHARACTERISTICS OF SECTION

3«1 » A COMPLETE TRANSMISSION WOULD CONSIST OF 12 ACCuMuU-
LATOR BITS» 3 BITS TO PRODUCE IOP PULSES AT THE REMOTE »

AND A 4 BIT REMOTE DEVICE CODE. THEY COULD, AND INDEED ARE»

SENT QUT AS DESCRIBED IN THE FOLLOWING DIAGRAM.

AC FARTI AL MB
DEVICE CODE USED FOR
10P PUWSES
A A
{ YA N\

AC|ACJAC|ACAC|AC |AC |AC |AC|AC|AC|AC |l MB |MB|MB|MB|MB|MB|MB
Bl 1} 2| 3} 41 S| 6] 7] 8| 911011} S| 6| 7| 81 9l10]11

LAST C19TH) FIRST
DATA BIT DATA BIT
TRANSMITTED TRANSMITTED

MESSAGE FORM FIGe 4. 6-1
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USING HARDWARE IMPLEMENTATION THE COMFUTER

WOULD READ TWICE INTO AN EXTERNAL SHIFT REGISTER. ONCE
FOR THE AC SECTION AND ONCE FOR THE MB SECTION .« A
SUBROUTINE TO DO THE ABOVE IS PRESENTED IN THE FOLLOWING
CHAFTER . THE TOTAL EXECUTION TIME OF THE SUBROUTINE IS
ABOUT 20 MICROSECONDS -«

USING SOFTWARE IMPLEMENTATION, THE SERIALIZING
COULD BE DONE BY THE COMPUTER AT A RATE DETERMINED BY
AN INTERRUPT PRODUCING CLOCK . THE ONLY NEW HARDWARE
REQUIRED wULD BE THE CLOCK», A SINGLE BUFFER FLIP-FLOF
CONNECTED TO THE LINE AND A FEW GATES SO THAT THE FOLLOWING
CODES wWOUWLD FUNCTION AS DESCRIBED:
6121 /7 SKIP ON CLOCK FLAG
6122 / START CLOCK»> CLEAR FLAG> READ AC 11 INTO LINE BUFFER
6124 7/ STOP CLOCK» CLEAR FLAG» CLEAR BUFFER
¢ GIVEN THAT DEVICE NUMBER 12 HAS BEEN ALLOCATED TO THE
UNIT « )

SUBROUTINES> WRITTEN IN PAL III, TO IMPLEMENT
THE SERIALIZING, ARE GIVEN IN FIGe 4.6-2 « ESSENTIALLY>
FOR EVERY MESSAGE SENTs THE COMPUTER wWOULD HAVE TO DO
SUBROUTINE ™"TRANS!'" ONCE» THIS TO INITIATE THE TRANS-
MISSION, AND THEN DO SUBROUTINE "TRANS2' 19 TIMES TO
SHIFT OQUT THE DATA . EXECUTION TIME OF '"TRANSLI" IS

ABOUT 25 MICROSECONDS AND OF °**TRANS2™ 1S ABOUT 30
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LEROS

TRANS1,

M 7s
M19,»
TRAN S2,

/ MAIN PRO GRAM

JMS TRANS1

bXL

*

/ MESSAGE TO BE SENT
/ THE MAIN PROGRAM CUNTINUES

/7 SUBROUTINES

2000
6121

JMP TRANS2

0000
DCA T1

/7 INTERRUPT SERVICE

/ TRANSMIT SUBROUTINES

/7 STORE AC

TAD I TRANS}

DCa T2
IAC
6122
cLAa
TAD M7
DCA C1
TAD M19
pbca Cc2
TAD Ti

/ STORE DXL

/ SEND INITIALIZING BIT

/ MINUS 7

/7 MINJUS 19

JMP I TRANSI

7771
7755
pbcAa T3
RAL
DCA T4
TAD T2
6122
RAL
bDCa T2
ISz C1
JMP «+3
TAD T1
DCA T2
I1s8Z C2
JMPe+3
6124
JMP «+2
6122
TAD T4
RAR
TAD T3
ION

/7 SAVE AC
/7 SAVE LINK

/ SEND OUT DATA
/ SHIFT

/ AC PLACED IN T2
/ END ?

/7 STOP CLOCK
/7 START CLOCK

/7 RESET LINK
/ RESET AC

JMP 1 Z ZERO

ZCFI Ge 4e 6~2)
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Transl Subroutine
( called from main progran )

Store nex'c instruction
Trom cellin~ nrosrom .
i

l Send initislizinz bit.

—t

eturn to calling
Drogran

m e gl Tqe Y qm
Trans?2 Subhirouting

( called by interrunt

!

| Save regiziers .

Reset

Return

was in

o ,
Fig. L.0-2a

Programn ilow-granh




MICROSECONDS « TOTAL EXECUTION TIME FOR ONE TRANSMISSION

IS THUS ABOUT 680 MICROSECONDS . IN OTHER WORDS, THE

COMPUTER MUST BE AWAY FROM THE MAIN PROGRAM FOR A TOTAL OF

680 MICROSECONDS DURING TAE PROCESS OF A SINGLE

TRAVSMISSION

AT A TRANSMISSION RATE OF 10K BITS/SECOND, A

FULL TRANSMISSION WOULD TAKE 1.9 MILLISECONDS « AT THIS

SPEED THE COMPUTER IS ALREADY BUSY 1/3 OF THE TIME TO

SERVICE THE TRANSMITTER WIT . ALLOTING AN EQUAL AMULUNT

OF TIME FOR SERVICING THE RECEIVER UNIT AND ON THE AVERAGE

8 MICROSECONDS TO DETERMINE WHICH OF THE TWO WITS, THE

TRANSMITTER OR THE RECEI VER» CAUSED THE INTERRUPT, WE FIND THAT

THE COMPUTER IS BUSY 108% OF THE TIME AT A TRANSMISSION

RATE OF 10K BITS PER SECOND AND CANNOT DO ANYTHING ELSE .

%Z OF COMPUTER
TIME AVAILABL

FOR OTHER
USES «

E

F1 Ge

100

R )

1K 18K

TRANSMI SSION RATE
RATE BI1TS/ SEC.
4e 6-3 COMPUTER TIME UTILIZATION

30




THE SYSTEMy USING SOFTWARE IMPLOMENTATION, wWOULD

HAVE AN UPPER BOUND OF 104 BITS FER SECOND o THE TrANS-

31

MISSION RATE . EVEN AT A RATE OF 1K BITS PER SECOND, ALREADY

19% OF THE COMPUTER TIME IS TAKEN BY THE SUBROUTINES . BECAUSE

OF THE ABOVE REASONS, AND SINCE THE DATA LINK WAS Ty BE AS
SIMPLE AS POSSIBLE FROM A SOFTWARE FOINT OF VIEW IT WAS
DECI DED TO USE HARI WARE RATHER THAN SOFTWARE TO IWMPLEMENT
THE REQUIRED FUNCTIONS AT THE COMPMUTER SITE « THE PrICE

PAID FOR SOFTWARE SIMPLICITY IS HARDWARE COMPLEXITY .
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S DESIGN DEVELOPMENT

' 5.1 HARDWARE CHOILCE

THE CHOSEN DESI GV MAKES USE OF A TOTAL OF FOUR SHIFT-
REGISTERS AND A LARGE AMOWNT OF REQUIRED CONTROL LOGIC. BECAUSE
OF THE AMOWT OF EQUIPMENT TO BE BUILT» IT WAS DECIDED TO USE
INTEGRATED CIRCUITS € I.C. 'S > TO ACHIEVE IMFORTANT SAVINGS AND
TO GAIN EXPERIENCE IN USING THESE NEw DEVICES. MOTOROLA MCR30P
SERIES> USING DIODE-TRANSISTOR LOGIC (MDTL)s> I.Ce 'S WEKE CHOSEN
ON A BASIS OF COST AVD AVAILABILITY. TdIS DECISION WAS TAKEN IN
EARLY 1267. AT PRESENT THE PURCHASE OF I.C. MODULES, AVAILABLE
FROM MANY SOURCES, INCLUDING DEC» AT QUITE REASONABLE COST» WOUuLD
DEFINITELY BE A MUCH WISER DECI SION.

AT THAT TIME HOWEVERs THE CHOICE wWAS BETWEEN THE CHO-
SEN I.Ce 'S AND STANDARD LEC R SERIES UWITS. A $ 10.00 SAVING
PER FLIP-FLOP WAS REALIZED BY BUYING THE I-C- 'S RATAER THAN THE
DEC EQUIPHMENT . IT WAS FELT THAT THIS PRICE ADVANTAGE WOULD MORE
THAN OFFSET ANY ADDITIONAL COSTS», SUCH AS THAT OF LOGIC LEVEL
CONVERTERS, WHICH WOULD BE INCURRED BECAUSE OF THE USE OF I.C.'S.
THERE ARE> IN THE FINAL SYSTEM» A LITTLE OVER 188 FLIF-FLOPS S0

THAT JUST IN TAQSE WNITS A SAVING OF $ 1000.00 WAS REALIZED.

i b PP A+ £t e R
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5«2 LOGIC LEVELS AND RELATIONS

BELOW ARE SHOWN THE DIFFERENT SYMBOLS USED TO REPRE-
SENT DIFFERENT LOGIC LEVELS.

MOTOROLA MCB3BFP SERIES

<> : LOW LEVEL

@ TO P05 VOLTS
;> LOW PULSE

¢ HIGi LEVEL

2.6 TO 5 VOLTS
} HI Gl PULSE

THE VOLTAGES ABOVE ARE WITH REFERENCE TO THE NEGATIVE OF THE

I.C» 'S POWER SUPPLY-.

DEC MODULES

<> LOW LEVEL
@ TO ~1.0 VLTS
> LOW PULSE
DS HI @i LEVEL
-1.5 TO -3.80 WLTS
B HIGi PU.SE

THE DEC VWLTAGES ARE WITH RESPECT TO GROUND.




AT THE REMOTE INTERFACE IT WAS FELT THAT IT MAY BE

DESIRABLE TO USE THE INTERFACE IN THE FUTURE WITH BOTH DEC R

SERIES AND WITH EQUIPMENT USING INTEGRATED CIRCUITS. THE INTER-

FACE WAS CONSTRUCTED IN SUCH A wAY THAT IT COULD BE USED WITH

BOTH TYPES. THIS CHOICE WAS FORTUNATE IN VIEW OF THE SUBSEQUENT

AVAILABILITY OF DEC ¥ SERIES MODULES AND OTHER EQUIPMENT USING

I.Ce 'S « ALSO» SINCE THE REMOTE TERMINAL MAY BE AT A VERY ELEC-

TRICALLY 'NOISY"™ SITE> THE USE OF STANDARD DEC MODULES WAS
DEEMED A SAFER DESI G¥.

THE PART OF THE COMMUNICATION SYSTEM AT THE PDP-8
END> HOWEVER, HAD ONLY TO BE COMPATIBLE WITH THE STANDARD DEC
LOGIC LEVELS, NOMINALLY © AND -3 VOLTS. DIRECT LOGIC LEVEL
CON VERSION WAS ACHIEVED BY OFFSETTING THE I.C. 'S‘POWER SUFPLY

FROM GROWND> AS SHOWN BELOW

+ 2 Ve
I.C. POWER
19 0AMS
SUPFLY ,
sy 15 OHMS
5 Ve + OR - 5% N
-3\/0

FIGe S.2-1
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TdE PREVIODUS CInCulT IS Slelrbr A WLIAGE LI VIbkEK

CIONNECTED TJ A WORIUNUED Sukrlys TdE Gnuudl CONNECTION (N

1dE Ll VIDER PrRJIDUCES TAE ABUVE VILIAGES wIid wESFECT 10 GrouNU.

WO FRIBLEMS HAVE BEEN EAFERIENCED Wl id Ik USE UPF Jdl> OrbkoE1
FOWER SUFFLY.
THE FREVIOQUS CIRCULT YIELDS TdE FILLIOWING LIGIC

LEVEL KELATIONSALES:

DEC LEVELS LeUe LbVELS

@ - 4>

<> - %
Lol G LEvel RELATIONS FLIGe 5e2-2

A SEILaR RELATEONSATE AJLDS FJK FULDED.

THE FLP-3°'5 JUTFUT LINES CAN EAbIL( brl VE jdk
INTEGRATED CIRCULTS 53 TdAl Quliruls FrdM Tdbe Chirulir Axk
CoNNECTEL DIKECILY 19 1dE IN1TEWkATEDL CIkCulld [NiFUlS

INFUTS TJ FLP-8"'S ARE wIRES CINNECIEL 1IJ -3 \wJLI
cife CLAGKFEL LIADS IN TAE COdirUTERe AN LaFUT JCCLnD BY Unlvlido
A LINE TJ GRIUNDLe TdE I.Ce 'S Lo NIT FISOEDS idE CunkbEll
LRIVING CAPABILITY 10 LI 1dls; IdERKEFIKE TAE FoLLUwING
CIRCUIT wAS USEL TJ) KREAU INTO 1dE PLF-8 'S AC FrJ Lk

[eCe 'S o

[em——



PDF-8
% -3 WLTs

FRIM I+Ce 'S 4# I/

MFES 3639ﬁ

+2 WLIS

[NFUT CIRCULIT = FIGe 5.2 -3

BECAUSE OF TdE I1.C. 'S POWER SUFFLY UFFSET, C(SEE
FIGse S5.2-1)s TdE TRANSISTUOR BASE IS AT EiTdERk + 2 VOLTSs InN
WwilCd CASE TdE TRANSISTOR DOES NOT CIONDUCI» UK A'i - 3 WLTS,
I[N wlICHd CASE THE TRANSISTIK CONDUCTS ANL BRINGS 1AE FDF-8

INPUT LINE TJ GROWLNL.

36




5¢3 TIMING CONSIDERATIONS

WHEN A TRANSMI SSION OCCURS», THE KRECEIVER WNIT
INVWILVED GENERATES A LOCAL CLOCK PULSE TO SHIFT-IN
THE INCOMING DATA « SINCE THE TRANSMITTER AND RECEI VER
CLUOCK FREGQUENCIES CAN NEVER BE EXACTLY THE SAME, TrE
EFFECT OF Tﬂls MUST BE STUDIED .

LET US CONSIDER A MESSAGE CONSISTING OF THE
6052 I/0 INSTRUCTION AND THE (AC) CONTAINING
101610101010 « THE MESSAGE AS SENT IN THE FORM SHO W
IN FIGe 4¢S5 =1 AND ITS CORRESPONDING TRANSMI TTER
CLOCK PULSES GIVEN IN FIG. 543 -1 o ALSO GIVEN ARE
THE NECESSARY RECEI VER CLOCK PULSES . THE RECEI VER
MUST SHIFT IN THE DATA IN THE MIDDLE OF THE '"TIME SLOT"™
ALLOCATED TO A GIVEN BIT IN ORDER TO MINIMIZE THE
FOSSIBILITY OF READING TAdE WRONG MESSAGE « FOR A 2B
BIT MESSAGE, IT “MEAVS THAT THE RECEIVER CLOCK #usil
READ IN THE FINAL DATA BIT AT THE RIGHIT TIME . THIS
REQUIRES THAT THE Tw) CLOCKS IN ONE CHANNEL MUST BE
WITHIN 5% IN FREQUENCY OF ONE ANOTAHER -

A MIORE STRICT LIMIT MUST BE USED HOWEVEKR.
SINCE THE SYSTEM DJES NOT HAVE A PARITY BIT TO0 DETECT

ERRORS IN TRANSMISSION « A MAXIMUM FREQUENCY DIFFERENCE
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OF 3%2 IS A MORE REALISTIC LIMIT TO ACHIEVE ANY RELIABILITY.
THIS IS 'NOT DIFFICULT TO ACHIEVE WITH FIKED CLOCKS WITH
VERY LIMITED FREQUENCY ADJUSTMENT BUT BECOMES MOKRE

DIFFICULT WITH VARIABLE CLOCKS USING RC CIRCUITS .

: A

st | L B

1

! MESSAGE
7
@ 11 |2 13 la|s |e |7 18 |9 liel11 slel 7218 ]|9 |10l11 .
¢ AC) . ¢ MB D
INITIALIZING |
BI1 :
{
RECEI VER | !
CLOCK /2!

C

FIGs 5¢3 =1 TIMING

IN FIG. 5«3 -1, IT MAY BE NOTICED THAT THE
TRANSMITTER CLOCK HAS ONE EXTRA CLOCK PULSE AT THE
END OF TRANSMISSION « THE TIME TAKEN FOR THIS EXTRA
FULSE SERVES TO CLEARLY SEFARATE MESSAGES WwiEN THE
COMFUTER IS TRANSMITTING DATA CONTINOUSLY + THE TRANS-
M1 SSION OF DATA FROM THE REMOTE TO THE COMPUTER FOLLOWS

SIMILAR TIMING RULES -
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6« DESI GV PROCEDURE
61 GENERAL DESI GV CONSIDERATIONS
ON THE BASIS OF ITS FUNCTIONS, THE SYSiEd MAY BE
PIVILED INTO FOUR SUBSYSTEMS. THE REAOTE INTERFACE 15 TO0 BE
AS SIMILAR AS POSSIBLE TO THE PDF-8 INTERFACE. THE VARKIOJUS
FUNCTIONS OF TdE SYSTEY AND TAE SUBSYSTEMS ARE GIVEN BELQ W2
FLEF=-8 TRANSAL TTEr
1o INFUT. KECEIVES PARALLEL DATA Frodi COMPUTER
INTERFACE.
D¢ QUIFUTs TikANSWUITS DATA SERIALLY 10 TdE REIJITE
KECEI VEKe.
3. CONTRIL. STATUS IS ONITUKED BY THE COMPUTER.
KREGI TE RECEL VER
1. InNFULT.e KECEIVES SERIAL DA]A‘FKOA T™HE FEF-3
TAISHI TTER UNIT,
2. JLTPULT. OUTFUTS FPARALLEL DATA 1O THE nREMJITE
LEVICES.
Fe CIITHILe FrIODUCES IJF PuULSES TJ ACTIVATE TH:

REAGITE LEVICES.

“0




REMOTE TRANSHITTEK
le INPUT. RECEIVES PAKALLEL DATA FROM REMOTE DEVICES
WDER ITS 0w CONTROL.
2. QUTPFUT. TRANSMITS SExIAL DATA 10 TdE FDr-3
RECEI VERK UNITe
3. CONTROL. IS CONTROLLED BY REMOTE INTEKRAUPT
SI GVAL s.
PDFF-3 RECEI VER
le INPUTe KECEIVES SERIAL LATA Fridi REMOTE TrRANIEI TT1EK
UNITe.
2¢ JUTFUTe QUTFUTS FAKALLEL UATA 10 IdEk COurulkxe
3. CINTKOLe. STATUS IS MONITOKED BY COWFPUTER.
Fizdi THE BASIC FWCTIONS WHICH EACH SUBSYSTEM viudSi LWFLEGENT
IT &S DECIDED THAT =ACH SUBSYSTEM SHOULD HAVE I I7T A SALFT-
REGISTERe IN THE CASE OF & TRANSMITTER WIT » DATA sSHOULL BE
ENTERED I+ FARALLEL INT) THE SHIFT-REGISTER AVD sEAD QuT SExIALLY
FrRO4 TAE SHIFT-REGISTER. IN TAE CASE OF A KECEIVER uwNIT, LDATA
IS T3 BE ENTERED SERIALLY INTY [TS SHIFT-REGISTEx AJL I1 Is 1J
BE AVAILABLE FOk PAKALLEL READ OUT.
THE TRANSISSION OF DATA TAKES FLACE FrOvi THE TRANSMITTER WIT
AT ONE END OF TAE DATA LINK TO TAE KECEIVER WIT AT Trle JTHER

ENLe SOME GENERAL DESIGNY DECISIONS dAVE TO BE MAUE BEFUKE




DESI GVING SPECIFIC SUBSYSTE4S. IT IS REGUIKRED THAT EACA
SUBSYSTES HAVE 6 CLOCK T3 PrRIODUCE SHIFT PULSES FOr TdE 5dl F'I’-j
KEGISTER IN THAT SUBSYSTEW. ALL CLJOCKS ARE 1J BE INDEFENUESNT
T) ALLOW INDEPEVOENT TRANS4ISSION OF DATA. [T wAS DECIDED 10
DESI GY CLOCKS OF SUFFICIENT STABILITY SO TdAT FOk THE DurATION
OF A VMESSAGE BETWEEN A TRANSHITTER UNIT AND A KECEIVER WL
TAE TW) CLOCKS WOULLD KEMAIN SUFFICIENTLY SYNCHKRINISED. TdLS
ASFECT IS LISCUSSED IN TdE TINING SECTION. IN OrDEK TJ ACAIEVE
INITIAL SYNCARONIZATION AT THE BEGINNING OF & ESSAGE, Tdk
TRAVSAITTER UNIT SENLS A"START OF WESSAGE' pUl.SE BEFURE
SENUING ACTUAL DATA. THE RECELIVER UNIT USES THE BEGINNING
JF £ USTAKRT JOF WESSAGE'" FULSE AS AN INDICATION TA4AT 11 SAOULD
START SALFTING IN DATA.

KEEPING IN @IND TIE VARIOUs LESIGY DECE SIOD&b HADE I N TdIS

SECTIJN wE CAN FrJICEELD TJ LESIGY TdE VARIOUS SUBSYSTEM>.

6e 2 FDP=-3 TRANSHITTIER WNIT
Fikori TAE PREVIOUS SECTION WE KNOW TAAT THE TrRAJOHITIER UVLT
RECUIRES A SHIFT-REGISTER LONG ENOUGT TU CONTAIN ALL INFORGATION

pAL CH GWAKES LP A COWFLETE MESSAGE TJO TdAE KRE4GOTE INTERFACE. Irils
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Beel

vzee
€23
Bw2v4
©2ns
B206
0ep7
p21e
v2ll

v212
0213

©300
v301

p3p2
03063
2304
@305
0306
0397
8310

1000
10O
000
000
7000
1600
4300
6053
000
7000
DoY
7000

o)1 530]
6101
5301
6182
7200
1708
6104
2300
5720

NOP
NOP
NOP
NOP
NOP
NQ P
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/MAIN FKOGRAM USING TRANSWMIT SUBROUTINE
*200

/IS REPRESENTS THE MAIN BODY QF THE FROGKANM

JMS TRANSMIT

DAL
NOP
NOP
NOP
NOP

7THLS INSTUCTION IS 1O BE CARRIED OUT AT REMUTE

/THE MAIN FROUGRA® CARKIES ON

/TRANSMIT SUBROULTINE
* 3006

TRAN SMI T> 9000

STF /SKIP ON TRANSMITTER READY FLAG
Jl"]F o‘l
LTAC /LOAD TRANSMITTER A.Ce.
CLA
TAD I TRANSMIT
L TMB /DAL INSTRUCTION LOADED> TRANSMI SSION STAKTED.
1SZ2 TRANSMLIT
JiMP I TRANSMIT /RETURN TO ™Al FRO GRAM
FIG 6.2-1

TRAVSMI TTER UTILIZATION
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TN FORMATION CIONSISTS OF:

TCONTENTS OF AC 12 BI1S
REMITE LEVICE CubE 4 BITS
IOF GENERATION 3 BITS
TI TAL 19 LATA BITS

IT [S ALS) NECESSARY TO SENUD A "START OF HESSAGE" INDICATION
10 THE REMOTE RECEI VERe BY ALDING TwWO widnk SAIFI-REGISTEK
STAGES [W FRONT OF T4E DATA BITS AVD INITIALIZING TAESE
FRIPERLY wE CAN MAKE THE CONTENTS OF 1dE FIks>i STAGE OF Trik
SHI FT-REGISTER CAAVGE FRIG & TO 1 AFTER TdE FInST SALFT FULSE.
THE FPRIOFER INITIALAZATION OF TdE SAIFT-nEGISTER CONSISTS IN

CLEARING TAE FIRST STAGE AND SETITING Tdbk SECIND.

TAE PLP-8 TRAVSHITTER UNIT IS A I/0 WIT CONNECTED 13 TdE
COMPUTER INTERFACE. & DEVICE SELECTURs DEC MODULE W1G3s AbS
PREVIOUSLY DISCUSSED IN SECTION 2.2, JdAS BEEN ASSIGIED 10 1415
LNITe DEVICE CODE 1 HAS BEEY ARBITRARILY ASSIGIED 10 THE PLFP-S
TRANSHITTER UNIT. THE DEVICE SELECTOx IS SUCA THAT wlEN 115
LEVICE CODE» IN THIS CASE 10> 1S FRESENT I & Tdbk ¥B TAEN 1T
WILL ALLOW THE IOF FULSES TO TRI GEEk PULSE GENERATIRS IN TdE
W1G3 MODULE. THESE GEJERATORS THEN FrRIDUCE 10T PULSES WiICd

AKE SPECIFIC TO TAIS LEVICE.




THUS IN THLS CASE TidE FOLLOWING INSTRUCTIONS PRIDUCE THE

FOLLD WING I3T PLLSES:

fott Iore I0T4
610L1 1 17} 0
6162 e 1 9]
6163 1 1 [
6104 { B 1
6105 1 & 1
&1 6 ¢ 1 1
6167 1 1 1
TIHIAG Buiwmey 101 FULSES FROLUCEDL BY OWE INSTRUCTION 1o Tdie

SadE AS TAAT JF TAE IJF PULBES SHO WY I FIGe 2e2-2. 1T wWho
CECIDED TO L)AL DATA IN1Y THdE AC SECTION OF 14E SAI Fi-nEGI sTER.
Trdus I8N T4AE FrdGRAG OF FILGe 642-15 Ay 610E 18 EARCUTLEL IrlE
AC CIONTAINS TAE LATA wE IS4 TO TrANSAIT. 1T wAS LECIDED TU Lst
I3T4 TO LJAL TAE &8 SECTLON JF THE SAIFT-nREGISTER AND INITIARIE
A TRANSHI SSI)N. TdUS wHEY 6lws IS EARCULIED Tde AC IS T CONTAIN
TAR INSTRUCTION WE ISH T3 TRANSHIT.

[ ORLER T WAKE ¢iOKE EFFICIENT wSE OF TIME 1T wAS DECILRD
T3 SEND THE AC SECTION JF TAE SdlFI-REGISTER JaLY iy Iore

LAS T) BE EAECUTEL AT THE KECITE. BUT THIS LWFIRAARTION IS 1IN

t7




48

AC1E WiEN 6104 1S EXECUTED. THUS USING GATES 2 AND 3 IN FIGe 6f2f2

WE CAN USE I0T4 T GATE THE CONTENTS OF AC1O IN A "DATA" FLIiF-

FLOP TJ CONTROL THE LENGIT OF A ThANSHISSION CYCLE. A TrRANSMISSION

CYCLE I8 REPRESENTED BELJWS

o 9 21 TIME I
] ) 1
CLUOCK PULSES
| STOF
TRAN S41 SSION
STIF LF N9
DATA STIOP IF
LAtA
BUSY | = = <IF DaTA)Y
|
1LLE — — 1 DA — —
TI4E AT wHICA SYSTEM
INITLALIZEL F)h

TRANSAL 8510

POF=-3 TRANSMITTER TLdaING

TAE REGUIRED TIMING SIGIALS AkE JBTAINEL BY COJNTING NHE

SHIFT PLLSESe A COUNTERs A5 INTROLUCED IN TAE FrEVIOUS CHAFTEKR

S USED FJR TAIS FURFISE. TiIS COuwTER IS ACTIVATED BY THE

(o]




TRAILING EDGES OF CLOCK FULSES SINCE ACTIONS ARE TO BE TAKEN
AFTER A FULSE HAS OCCURED. A "FLAGY FLIP=-FLOF I NECESSARY
FOR TAE ClapdreEr T2 SENCE  HETAER Tdx TrRANSHITTER 1S BUSY

JR NO0Te IN FIGe 6e2-2, GATE 5 CLEANS THE FLAG AFTER THE

JFH CLOCK FULSEs IF NO DATA IS 19 BR SENT: OTHERWI SE GATE 4
DIES IT AFTER Tdi 2157 CLUCK rFULSE. CLEARING Tk FLAG STOFS
TRASSMI SSION SINCE TdE CLall Is5 ENABLED BY Tk FLAG. WE

CAN FRODUCE &N INFUT 10 TAE COMPUTRER 'S oXI[F INPUT BY GATING
IDT 1 AND TAE FLAG'S QUulPUT TARIUGH GATE 1e IF 1371 15
FEROLUCED Al THE FLAG IS SET, TdEI A SIr wllbh kEzULT. 1F

TAEN N0 FulsIng I9F TdE CoviruTEn's

i

TdE FLAG WERE 2T SE
SLIP INFUT &ULL FILLOWe WE CAY 1d4US ASCERTAIN TAE STATE JOF TdE
FLA&Ge I5T1 IS FrILUCEL #HENEVER 6161 Is EK&CUTED IN A FRIGRA.

TAE COUJdTER CAV BE ¢rlibnlY CLEARED BY 1AE FLAG WIEY WO HESSAGE

IS BELNG SENT.

IN FILGe 6e2-2 TAE SUBDIVISIOWNS JF 1AE sHIFT-R®EGISTER ARE DUE
T3 TAE LIAITED SdusiikEr JF PINS FaK CORD JON wdICd TdEsE SAIrT-

REGISTER LIl Ts WERE LUILT.

19




60 3 KEMOTE WECEL VER

AT THE RE4DTE KECEIVER THAE CIRCUIT MUST nECELI VE

INFORCMATION AS SENT LY TdE PDF-8 TRAVSHI TTER WNIT AND

REPKODUCE £S CLOSELY AS PosbsibLe THe FLUPF=-8 INTERFACE. i

T4E FULF=8 TRANSAOITTER WE KECEI VE FIRST A "START OF MESSAGE"

EIT, TAEY 7 BITS CORRESPONDING To 1HE ¥b AND THEN AN JPTIONAL

12 BITS CIORKRESFINUING TJd TdE AC. BECAUSE OF TAIS VARIABLE SECTION
WE GUST AAVE Tw) SEFa&xATE SALFT-REGI STERS, JNE FOR TdE @B AdD
INE FOR TAE ACe TAE INITIALIZING £IT FUST START THE RECMOTE

KECEI VERe OAFI1ER 48T THE @ SECTION JF fd e MESSAGE iUST BE
SAIFFEL [410 ITS SALFT-REGI STEre AT Tdls FIINT A DECISION IS

AALE N TAE BASIS JF TdE CONIENTS OF wiBlle AS 10 wklHdEx DATA 1S
FORTACOMAINGs [F @ElE CONTALAS & © Tdoy 10%2 WILL MJT BE FrRIDUCED
AND 8D By TJAE LLISCUSSIOY OF THAE pPrEVIOLS SECTION W) DATA I35 CoMlNG.
IF IJF16 IS A 1 dAJdWEVERs WE AUST SALFT 14 12 {dxE BITS OF DATA.
T CONTENTS JF THE sig ¢luST nREGALN LNCAANGED DURING THIS AJWEVER.
TAUUS LURLING T4E RECEFTIIN OF A CESSAGE WITH LATRs, ALTHOUGT 20
CLICK FULSES ARE REGUIkeD T) SALIFY IN THE DATAs LY TAE FIRST 3

JAAY EBE AFFLIEL TO TdE Wb SECTION. 1dk END JF 14E WECEFTION OF A

50
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AESSAGE @UST ALSY RESWT Id TdE FRODUCTION OF IOF FULSES. A

TLAING CAART L[S GIVEN BELOWe

KECEPTION OF
vgraRT OF ESSAGE"
CAARACTEK

1 2 3 20 TIME IN
L1 ! ! CLJUCK FULSES
YES CLUCK FULSE
ENABLED 10
NO WME SECTION

END OF MESSAGE
AD 10F FRODUCED

IF S0 LATA [+ LATA
REAQTE RECEIVER TINING

[AE RECEFTION OF A START JF W@ESSAGE FULSE SHoULL AGIIVALL
THE REGEIVEK. TAIS IS DONE BY HAVING TAE IJFUT SET A FLAG
oy MEALS OF GATE Se TAE FLAG I TUKY IS USED TJ INITIATE 1dE
CL3CK. TAE FIRST 3 CLICK PLLSES SAIFT TAE START FuLsE TdRIUG
THE 4B SECTION AND LEAVE TAE ORIGLNAL B SECTION OF TdE rbi=d
FRANSAITTER UNIT L4 THIS #B SECTION. AFIER THE 3Td CLICC FLLSE
THE 3 FLIF-FLOP 15 SEl. EY GATING THE SAIFT FULSES TO THE 1B
CECTION wITA4 TAE STATE OF TAE 8 FLIF-FLOF L4 GATES 1 Avb2  be
Chd FROTECT TAE CONTENTS OF 1dE @B FrOd BEING vODIFLED BY ddb

REAAINING SHIFT FU SES. Tw) POSSIBLE CoNbITIONS EXI ST 10 EiU
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6 MESSAGE: 8T FULSE OVER AYL O DATA » IR 20TH FULSE QO VEKR.
14K Tw) CONDLTIONS ARE "ORED'™ IN GATE 7 4ND USED TO CLEAK THE
FLAG RY GEANS JF GATE 6. AT THE SAVE TIvE THIS CLEAR SIGIAL IS
USED 10 INITIALIZE A FULLSE CIRCUIT WAICHs GATING WITH ©iB 9,10
ANE 11 I GATE 11s 12 AND 13 FrOUUCE THE REQGUIRKED IOP PULLSES.
AFTER CONVERTING TAESE FULSES 10 LEC STANDUAKD PULSES BY vRANS
JF CONVERTERS ¢ LEC 512 AL Lé4l il DL ks ) FROPER DELAY
CAARACTERISTICS » A5 Sddwd [N FLG. 2.2-2» Ak INTRODULCED bY
AEANS OF A LEC K32 MIDULE. TAE CLEARED FLAG I8 TURN CLEARS

TAE 3 FLIP-FLOP AND TAE COULITER BY MEANS UF GATES 3 AND 4.

Ge &4 REAOTE TRANSHITTER WNIT

THE KEIDTE TRAVSAL TTer WWIT tiusT ACT A% AV INPUT
[JTERFACE Flr TAE REMITE LEVICES. IT IS AT 4I5S FOINT THAT

LI FFERENCES BETWLESN TdE ORIGINAL rLP-8 INTERFALE AND TdE
KESDTE INTERFACE «iUST BE JAUE. HEREAS FIK INTERRUFI-PRIDUCING
LEVICES LICATED AT TAE ClwirUTEr STie o TAEI K STATE CAN BE
SENSEL DIKECILY» FIR LEVI CES. LOCATED AT TAE REAOTE SITE TdE
CIAPUTER COWLD NOT L0 TAIS WITAJIUT uslNG A Ph’t)HIBI"iI VELY LARGE
a0UNT OF REAL TIME. A ALTERNATE oY STEM OF DECIDING WilCH
WEMITE DEVICE IS IN TAE STATE 139 TRANSMIT DATA 10 THE CovFuTER

LAS ESTADLISHELD. IT wAS DECILED T TRANSMIT THAE REMOTE DEVICE
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CODE ALONG WITH I1S LATA. W THA THIS INCREASE EAGH REATE DEVICE
NOW SEND £ TOTAL OF 16 LATA BITS TO THE COMPUTER. REMOTE DEVICES
Ay HAVE DATA READY T3 DBE SENT Wiy THE REMOTE TRANSALITTEKR IS
ALREADY BUSY TRAVSMI TTING JTHER LATA. TAEREFORE A PULSE FIRIDLUCED
By THE REMDTE TRANSMITTER WIT IS REGUIKED wideN 171 IS FIREE &ND
SERVICE 1S REQUIRED B A KEAOTE LEVICE. Tdus AN INFUT » CALLED
By ANALIGY TV Tee CIFPUTER [NTERFACE AN "INTERRUPT REGUEST INFLT"
GLST BE FROVIDEDL Fl)k DEVICES 10 KEQUEST SERVICE Fraw IHk TRAN 5=
Gl TTESe AN OUTFUT SIGNAL CALLEDL A "READ rulsE" IS NECESSARY T2
wEfL THE DEVICE'S DATA AND CODE NudbkEx INTI TAE ThAISALT TER
GdIY A% sSJo0N AS 1T 15 AVATLABL E. TAE SAIFT-xEGISTER CINBISIS
JF 12 STAGES 10 Adobn idk GEVICE DATAs 4 STAGES FOom Tdk bEVICE
COLEs AND 2 LEADING STAGES 19 FIODUCE A START OF MESSAGE ITaDI-
CATION AS DI SCUSSED FrEVIY USLY .

4% CIsCuUlT DESIGY IS RATAER ELEGANT I THAT IT USES N QTAEN
GEGIRY ELEAENTS IN TAE CONTrIL SECTION TdAd 1TAJSE REQUIREU BY
TAE CIUNTERe £ CleirLeTe TRANSAGI SSION REGUIRES 18 CLOCK PULSES.
LFTER TAE 1374 CLICK iUl SE Tk JUTPUT OF GATE 1 CHANIGES STATE.
T4I & LISABLES TAIE CLICK ANU CTIPS TRANSHISSION. IF AN IWNTERRUFT
REGUEST SIGIAL 306 JCCURS AT T4E INFUT 70 6ATE 4 IT wILL ENAELE
TAdE PU-SE CIkCUIT BY HbEANS I F GATE 3. WERE Trif CIKCUIT BUSY
dILEVER AD TAE COWTER N3T AT 13, TAE INTERRUFT REGUEST S5IGNAL

CoULD NJT PRIDUCE A nEAD FLLSE WTIL TAE TredsSHl TTEx BRUANLE I DL i
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THAE USER UTILIZES THE READ FULSE T0 niEAD THE DEVICE DATA AND
14E DEVICE CODE INT) TdE SAIFT-REGISTEhe INTERNALLY, 1dld FuULSE

INITLIALIZES fHE LEADING STAGES OF 1TdE SALFT-KEGISTER AND CLEAKS

TAE COWTERe TAUS THE GATE 1 OUTPUT CAANGES AND ENABLES ik CLUCK.

60 & PLP=8 RECEI VER WIT

THIS UNIT RECEIVES FROWM TAE KREAOTE TrANEMITTER & START

JF CIESSAGE BIT AND TAEN 16 BITS OF DATA. THE START OF JESSAGH
HIT MUST START TdE RECEIVER AL THdIS Is ACHIEVEL BY SETTING A
FOY PLIF=FLOF WITd THE INFUT BY HHEANS OF GATE 2+ TdIS FLIP-FLUOF
I4 TURWN, INITIATES Tdk CLuCK tHICA SAIFTS DATA INTY TdE SALIFT-
REGISTERe AFTER 17 CLOCK PULSES » THE DAT& IS FULLY ENTERED ANvp
T4E CLJICK HUST BE STIPFED. GATE 1 STOFS THE CLOCK BY Twal GGenING
TAE wUd Flle=bLdrF WHICd HAS & SIGVAL O IT1S CLEAK IirUTe. Tdk
COBUTER HUST AdJw wHEN 14E RECRIVER WIT AAS DATA TO SUFFLYS
EATA 1S AVAILAELE TO THE COMPUTEK I«@GEDIATELY AFTER THE 1714
CLICK FULSE.

P SES T READ TAE CONTENTS OF TdE SAIFT-REGISTER NDEk
FRIGRAD CINTROL ARE FPRODUCED BY A& W13 «<UbubkE  AND DEVICE Cobk

11 A8 BEEN LLLOCATEL T3 TAIS DEVICE. 1072 WAS uskD TJd &

{7

AD THdte
WEAGITE LEVICE'S DATS INTI TAE AC ANL [0T4 19 nEAD THdE wEOTE

LEVICE COLE INTI THE AC.
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A FLAG FLIP=-FLOF MUST BE SET AFTER THE 17T CLOCK FULSE 19
SEGNAL THE COMPUTER THAAT THE RECEI VER WNIT HAS DATA AVALLABL K.
TAIS FLAG IS SET AFTER [HE 17TH CLOCK PFULSE BECAUSE 1 E QuTrUT
DF GATE 1 TRIGGERS IT AND AN INPUT IS ALWAYS PRESENT AT Tk
FLIF-FLOP'S SET TERIINAL. THE FLAG IS CLEARED BY MEANS JF 1074,
[E: WEY THE COGPUTER HAS READ THE DATA. wiEN TAE FLAG IS SET
IT PRILUCES & COWPUTER INTERRUPT REQUEST « THE COMPUTER
CAN TEST TAIS WIT'S STATUS BY #MEANS OF I0Tle TdE STATE OF [HE
FLAG AVL [0OT1 AKE GATED TIGETAER ONTY Id& SKIF INFUT BY “EANS
OF GOATE 3e THE CAFUTER KRECEIVES A FULSE O THE SKIP Iodrul AFTEK
FRIDUCING £0T1 Onby IF THE FLAG IS SET.

IN SUSHARY THIS SURSYSTEW RECEIVES SERIAL DATA AND MAKES IT
AVAILABLE IN FARALLEL FOhii FIOR TAE COMFUIER. wAEN Tk UATA IS
AVAILABLE » IT rPRODULCES AN INTERRUFT SIGQAL WwHICAs BY AFPROFKIA-
TE PRIGRAMMING LEADS TO UTILIZATION OF THE DATA FRIODUCED BY 1da

~REAITE LEVICE.
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7. CONCLUSION

THE DESIGV AND CONSTRUCTION OF THE VARIQUS
SHIFT REGISTERS WITH THEIR ASSQCIATED READ-IN OR READ-QUT
CIRCUITS WAS QUITE STRAI HTFORWARD. NO FPROBLEMS WERE
EXPERIENCED WITH THEIR OPERATION. PARTICULARLY GRATIFYING
WAS THE FACT THAT THE FOWER SUPFLY OFFSET USED TO DI RECTLY
CONVERT LOGIC LEVELS AT THE PDF-8 TERMINAL FUNCTIONED
FLAWESSLY. NO NOISE PROBLEMS DUE TO THIS OFFSET HAVE
BEEN ENCOUNTERED.

PROBLEMS WERE ENCOWTERED HOWEVER IN THE LOGIC
ASSOCIATED WITH THE COMMUNICATION SYSTEM AS WELL AS WITH
THE CLOCKS: THESE WERE MAINLY DUE TO WIRING ERRORS.
FREQUENCY INSTABILITY AND PU.SE TO PULSE JITTER- THE FINAL
CLOCK CIRCUIT DOES OPERATE PROPERLY AT RATE&% IN THE RANGE
FROM 1KHZ TO 2KHZ.

VARIOUS OTHER INTERESTING PROBLEMS OCCURRED. AS
AN EXAMPLE, IN THE FIRST TESTS OF THE SYSTEM THE COMPUTER
WWD SOMETIMES GO COMFLETELY OUT OF CONTROL AND DESTROY
ALL OPERATING SYSTEMS IN ITS MEMORY. THE CAUSE WAS SIMPLE:
AN INT‘ERMITTENT SHORT CIRCUIT TO GROUND ON A WIRE CONNECTED
TO THE COMPUTER'S SKIP INPUT. FINDING THE CAUSE WAS NO
EASY TASK SINCE THE COMPUTER WAS CONTINUALLY BEING PJT

QUT OF ACTION.
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TRANSMI SSION WAS ATTEMPTED USING TRANSFORMER
COUPLING TO THE LINES IN ORDER TO AWID GROWD LOOPS.
THE TRANSFORMERS, HOWEVER»> INTRODUCED A CERTAIN AMOUNT
OF DISTORTION AND RINGING AT CERTAIN FREQUENCIES. THE
FINAL SYSTEM USES DsCe COUPLING TO THE LINES. NO GROUND
LLOOP PROBLEMS HAVE BEEN EXPERIENCED.
THE BELL TELEPHONE COMPANY OF CANADA WOULD
NOT ALLOW US TO USE THEIR LINES WLESS WE USED AN
A.C. CARRIER SYSTEM SUCH AS THE ONE THEY NORMALLY RENT
FOR DATA TRANSMI SSION. THAT BEING AGAINST THE SPIRIT OF
THIS THESIS, PRIVATE LINES» ELECTRICALLY SIMILAR TO
STANDARD AUTONOMO US TELEPHONE LINES WERE SET UPe. THE
DISTANCE BETWEEN THE COMPUTER AND THE REMOTE TERMINAL
IS ABOUT 125 METERS.
THOUGH INITIALLY DESIGNED TO FULNCTION AT A
CLOCK RATE OF 1KHZ» THE SYSTEM WAS FOWD TO FUNCTION
JUST AS WELL AT 2KHZ, THE MAXIMUM FREGQUENCY OF THE

CLOCKS USED.

6O




IT WAS F-"ELT THAT THE SYSTEM COULD OPERATE AT A CLOCK RATE OF
joKHZ OVER THE EXISTING LINES WITH NEW CLOCKS DESI GNED
SPECIFICALLY FOR THAT FREQUENCY. WITH THE USE OF PROPERLY
MATCHED COAXIAL CABLES AND FAST CLOCKS, THE SYSTEM COULD

BE EXPECTED TO FWCTION AT MUCH HIGER SPEEDS.

6l




AFPFENDIA

fie 1 FbF=-3 INSTRUCTIONS
MNEMONT C JF. CILE JEFERATION

AND Y © LOGICAL AND Y Wl Td CONTENTS OF
ACs LEAVE KESULT IN AC.

TAD Y 1 T 'S COUPLEMENT ALU TolE CINTENTS
JF Y W THOSE OF AC. nESULT IN AC.

Is¢ v Z ITNCREGENT LOCATIOUN Yo SKIF NEXKT
INSTRUCTION IF (ESWT e

V107N ¢ 3 LEPOSIT CONTENTS JUF AC AT ¥ AND
CLEAR AC.

Jus oY 4 CONTENTS JF FC LbErISITED AT Y
NEAT INSTruCTION TAKEY FrJe f rlud 1.

Jeik Y o NEAT I321TnuClIoN

TAKEN FROvi LOCATION Y.

JFPERATION CIOLE 6 IS Usklr Fox IAFUT - Oulrll INSTRUCTIONS

AND JFPERATIIN COLE 7 Fon OTHAER IHNSTRULCTIOINS SUCH Ab:

ALT 402 AaLd
cLa T2 CLiefin AC.
Caa T4 Covrbicigdt AC.

I146C TEwl TNCKREviEYT AC,
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FIG. A. 2-1
VARIABLE CLOCK
t TO 2 KHZ

FI1G. A. 2-2
1t BIT SHIFT REGISTER
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A3 INTEGKRATED CIKCULIT MODULES

THE MDIL [+Ce 'S USEL WERE EITHEK POSITIVE LEVEL NAND
GATES UK FLIF=FLIOESe THE CONFIGurATIGN FIK ONE 2-INFUT NAND

GATE IS GIVEN BELOW « 1

+

VW
s

A e d—
B —a—

¥

174 MC 846F FIG. A.3-1

INn TdE ABOVE CIKCull, IF BOTA A AND B ARE CONNECTED
T3 A POSITIVE LOGIC WLTAGE Ok LEFT WCONNECTED » TAEN THE

TRANSISTORS CONDUCT AND TAE QUTFUT WLTAGE IS5 NEAR TAdE NEGATIVE

Jf Tdk I«Ce SUFFLY. IF EITAER INFUT IS CONNECTEED 19 THE NEGATIVE

OF TdE le«Ce SUFFLY> TdE TRANSISTORS DJ N31 CONDUCT AND 1dAE
JUTPUT IS AT A AIGI VWLTAGE. INFUT AND QUTFUT CIKCUI TKY
FOR FLIF-FLOPS ARE SIMILAK TO THE ABOVE.

1- SEMICONDUCTOR DATA BJJK» MUTOKILA SEMICONDUCTOR FRODUCTS
INCes» 19665 Fe13-180
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[:‘C-_'"‘_l‘”-
<5

8

MC 38 3uF

8

DUAL 4-1NFUT GATE

N

4 2=-1INFUT GATES

THE CIRKCUIT OF FIGe Ae3=1 IS KEFKESEN1TED IN FIGeAes3-2.

NAND GATE FIGeA.3-2

THE DIFFERENT NAVU GATE MODULES USED ARE GI VEN BELO e

AV

!
|
l‘
!

el sl

-

MC 832F
DUAL BUFFEK

Al !
.}_J—_CS——L:B

C

235

7 T3]
H
8P ? 113 mf
|§ i' I I
] ! )
gié 8 8lé 8
MC 3 46F vMC g e62F

TRIFPLE 3-INPUT GATE

U .. |

FIG. A«3-3

NOTES: 1. POWIR SUPFLY 5Ve +/-5%. FOSITIVE TO FIN 145 NEGe 10
2. NUMBER AT ENUD OF TERMINALS INDICATES LUADING UNITS.
3« UNIT LJAD: -1.4 MA.




THE FLIP-FLOPF MOLULE USED IS SAJdwN BELOW.

2 \/

/3 24 2/3
/3 -t 2/3
) 1 C

—
1 ] }1
2 2. 10 2
n e 2 1
FEGe A-3-4

MC B8483F CLUCKEL FLIP=-FLOF

NOTES: 1+ FINS 3» 4» 11 &12 ARE Tl GGEREL iNFUTS.
2. DIREC1 CLEAR INFUT ON FIN 5 AND DLKECT SET UN
FIN 18 HAVE PRECEDENCE JVER Tki GGERED LNFUTS.

USING THE FOLLOWING NOTATION

1 wWiEN FIN I IS HAIGA

XCI) =
}
L 0 wlEN FIN I IS LOW
AND
1 wiEN FIN 2 GIES FrOW
HlGi TU LOW '
1 =

B OTHERWISE

TdE SET (S) AND CLEAR (C) FUNCTIONS AKE:




5 ACLB) + AC(3) * AC4) *x ]

1]

C RKES)Y  +AC11) x KC12)% 1

FrROM THE ABUOVE WE SEE TdAT A LOw VOLTAGE ON FIN
10 SETS THE FLIF-FLOF AND A LOWw VWLTAGE QN FIN S CLEAKS TdE
M FLIP-FLOP. THE ABOVE ARE SAIP TJ BE AsSYNCARINOUS INFUTS

' SINCE THEY FUNCTION INDEFENDENTLY OF THE TKIGGEKs




«4 LOGIC CIRCUIT ELEMENTS

1 STAG

CLO CK
FULSE

SHIFT
1 LDIRECTION

«NN

A

3 1]

NEXT STAGE

SHIFT REGLSTER FIGe Aed-1
Read
Pulse

from AC

-—

FIGs Ae4-2
REAL=IN CIRCULT FRUM PLF-8 10
SHIFI-KREGISTER (1 BID

b MC BE: P

I
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MCB848P 2 MC B46 P

A
10 % |
G C LO6IC LEVEL

{ONVERTER
DEC WE03

FROM I.C |
CIRCUITS

FI1Ge R.4-3

KEAD-J U1 CIRCULT FROM SHIFT-kKEGISTEK

Y m—

10 PLF =8 (AQ

MC 848P v M(832FP

LOGIC LLEVEL

COMVERTES
DEC w2

FI Go Ao 4= 4
INPUT CIRCULIT FRUM REMOTE
INTERFACE TV SHIFI-REGISTEK

Lt



\V 4

2
MCEH8 P

\/

2
Mnce48p

4 il ¢
S

.

MC 848P

4 n <
S .

CLEAK

'y

PU.SES TJU BE
Couwl1Ey

FI GeA. 4~5
BiNARY UF-CIOUNITER

NOTE: SAIFT-KEGISTER CONNECTIONS WNOT SAOwY IN
FI1Ge Ae 4=2 TIFL Ge A 4=5 [NCLUSIVELY.
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MmcC848pP
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FIGe Aes4-6
FULSE CIRCUIT
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A+ 5 FURTHER SYMBOLOGY

THE SAIFT REGISTERS USED ARE ALL MADE UF OF
STAGES INTERCONNECTED AS SHOWN IN FIGe +4-1 AND HAVING
ASSOCIATED WITH EACH STAGE A CIRCUIT 10 KEAD INTU Ok

FROM TAE SHIFT REGISTER

= SHIFT REGISTER =—— =

READ
FUL SE = — READ CIRCUITS —]
AC AC ‘ ‘AC
© 1 11

FI1G A.5 ~1

TAE ABOVE SHOWS A SHIFT REGISTER wlTd KEAD GATES
WilCd USE A COMMIN READ PULSE « EACA INDIVIDUAL FLIP-FLOF

IN TAE SALFT REGISTER HAS ASYNCARONOUS SET AND CLEAR INFUTS .

| S



CONNECTIONS TO ONE OF THESE INFPUTS ON A FLIP-FLOF MAY

BE FRESENIED BY

lr _?
WHERE S STANDS FOR SET AND C STANDS FOR CLEAK
IT IS POSSIBLE T0 FURTHER SIMPLIFY THE

PREVIOUS REFRESENTATION OF A SHIFT REGISTER TO YIELD

FIGe AeS =2 o

S C

’* TT

FIGe A5 =2

TAE ABOVE IS A 9 BIT SHIFT KEGISTER o SAIFI DIRECTION
IS FROM LEFT TO RIGIT - PULSE A KEPRESENTS THE KEAD
PULSE COMMON TO ALL STAGES OF THE SHIFT KEGISTER e
FULSE B IS A SET SIGVAL FOR THE SECOND STAGE FROM THE
RIGAIT AND PULSE C IS A CLEAK FULSE TO THE FINAL
STAGE .«

SYMBOLICALLY>, A COWNTER AS SHOWN IN FI Ge

A-4 -5 MAY BE REFPRESENTED BY THE FIGs A¢S -3
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CLEAR
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PULSES TO BE COWTED

F1G. A.5 -3

THE PULSE CIRCUIT OF FIGe A4 -6 MAY BE REFRESENTED BY

FIG. .5-4.

FLULSE

—
CIRCUIT ——}

ENABLE o
~

FIG' A-S -4

THE VARIOUS CIRCUIT REPRESENTATIONS GIVEN ABOVE AKRE
USED IN THE FINAL DESIGN PRESENTATION FOR BOTH

GRAPHAICAL AND EXPLANATORY EASE .
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