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1 THE OESIGN OF DIGITAL SYSTEMS

A COMPLETE SYSTEM FOR THE AUTOMATED DESIGN OF DIGITAL
SYSTEMS SHOULD BEGIN WITH AN ORIGINAL SPECIFICATION OF A
SYSTEM OPERATION AND CARRY THE DESIGN PROCESS THROUGH TO A
HARCWARE LAYOUT. IDEALLY THE SYSTEM SHOULD BE ABLE TO
FUNCTION WITHOUT OPERATOR INTERVENTION BUT PROVISIONS SHOULD
BE INCLUDED TO ALLOW THE DESIGNER TO MONITOR THE SYSTEM AS
THE DESIGN EVOLVES AND TO MODIFY THE RESULTS AT ANY POINT IN
THE DESIGN PROCESS,

IN ORDER TO ALLOW THE DESIGNER TO EXAMINEs CHECK» AND
MODIFY THE DESIGNe THE DESIGN AUTOMATION SYSTEM MUST PRODUCE
DESCRIPTIVE OUTPUTS AS THE DESIGN OF A SYSTEM PROCEEDS,
CONSIDERATION OF THE COMPLETE PROCESS OF DIGITAL SYSTEM
DESIGN INDICATES THAT THE PROCESS MAY BE BROKEN INTO FIVE
TASKS AS SHOWN IN FIGURE leloe

THE OUTPUT OF EACH DESIGN TASK IS A DESCRIPTION OF THE
SYSTEM THAT IS MEANINGFUL TO A DESIGNER. THE DESCRIPTION
PRODUCED AT ANY POINT CAN THEN BE ANALYZEDs» MODIFIED AND
USED AS THE INPUT TO THE NEXT DESIGN TASK«

lel CONCEPTUAL DESIGN

THE FIRST PHASE IN THE DESIGN OF A DIGITAL SYSTEM
BEGINS WITH THE RECCGNITION OF A PROBLEM TO BE SOLVED AND A
DECISION TO SOLVE THE PROBLEM BY DIGITAL TECHNIQUESe. THE
FIRST TASK OF THE DESIGNER IS TO DETERMINE A METHOD OR
CONCEPT OF SOLUTIONe THIS WILL CONSIST OF SPECIFYING SUCH
THINGS AS THE TYPE OF NUMBER REPRESENTATION TO BE USED» THE
NUMBER OF INTERNAL STORAGE REGISTERS TO BE PROVIDEDs AND THE
RELATION OF THE SYSTEM TO EXTERNAL INPUTS AND OUTPUTS.

THE TASK OF DESCRIBING THE OPERATION OF A DIGITAL
SYSTEM IS COMPLICATED BY THE FACT THAT UNITS SUCH AS
REGISTERSsy COUNTERSsy OR ADDERS ARE WUSED FOR OIFFERENT
PURPOSES AT DIFFERENT TIMES. INFORMATION IS TRANSFERRED TO
OR FROM VARIOUS REGISTERS DEPENDING ON THE PARTICULAR
OPERATION BEING CARRIED OUTe THE SEWUENCE OF OPERATICONS TO
BE PERFORMED WILL OFTEN DEPEND ON THE RESULTS OF PREVIOUS
OPERATIONS AS WELL AS THE CONDITION OF THE INPUTS TO THE
SYSTEM,

CONTROL LOGIC WILL EVENTUALLY BE USED TO SEQUENCE THE
OPERATIONS OF UNITS BUT DURING THE CONCEPTUAL DESIGN PHASE
THE DESIGNER SHOULD BE FREE TO CONCENTRATE ON THE OPERATION
OF THE SYSTEM AS A WHOLEe THME DETAILS OF CONTROL LOGIC AND
OPERATION TIMING SHOULD REMAIN UNSPECIFIED UNTIL THE OVERALL
STRUCTURE OF THE MACHINE IS DETERMINED. REPRESENTATION OF
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THE SYSTEM AS A PROCESS FLOW CHART IS AN EFFECTIVE WAY TO
FREE THE DESIGNER FROM CONSIDERATION OF THESE DETA.LS 1ND
STILL DESCRIBE THE RELATIONS BETWEEN INPUT» OUTPUT» AND
INTERNAL OPERATIONS IN A SEQUENTIAL MANNER.

THE ENTRIES IN EACH OPERATION BLOCK OF &~ FLOW CHART
DESCRIBE THE OPERATION OF THE ENTIRE SYSTEM AT A SPECIFIC
TIME {OR FOR A SPECIFIC STATE OF THE MACHINE)e THE PATHS
BETWEEN OPERATION BLOCKS AND THE CONDITIONAL BRANCH BLOCKS
CONTAIN THE INFORMATION THAT WILL EVENTUALLY BE TRANSLATED
INTC CONTROL LOGICe ALTHOUGH THE SEQUENCING OF OPERATIONS IS
SPECIFIEDs NO TIMING INFORMATION IS INCLUDED 1IN THE FLOW
CHARTe THE CESCRIPTION OF THE SYSTEMs UPCN COMPLETION OF THE
CONCEPTUAL DESIGN PHASEs CONSISTS OF A PROCESS FLOW CHART
SPECIFYING THE OPERATIONS TO BE PERFORMED BY THE SYSTEM AND
IMPLYING THE NECESSARY FUNCTIONS OF THE CONTROL LOGIC.

142 FUNCTIONAL DESIGN

THE SECOND PHASE OF THE DESISN PROCESS [INVOLVES THE
TASK O EXPRESSING THE IMPLIED (OINTROL LOGIC EXPLICITLY AND
LISTING THE OPERATIONS TO BE PERFORMED BY EACH UNIT
(REGISTER» COUNTERs ETCs) IN THE SYSTEMa COMPLETION OF THE
FUNCTIONAL DESIGN PHASE RESULTS IN A BLOCK DIAGRAM SHOWING
THE CONDITIONS (IN THE FORM OF BOOLEAN EQUATIONS} NECESSARY
FOR AN OPERATION TO BE PERFCRMED IN A GIVEN UNIT ANC A STATE
TABLE REPRESENTING THE CONTROL LOGIC OF THE SYSTEM.

143 LOGICAL DESIGN

THE BLOCKX DIAGRAM OF THE SYSTEM» SHOWING UNITS ANP THE
CONDITIONS FOR UNIT OPERATIONSs SERVES AS THE INPUT TO THE
DETAILED LOGICAL DESIGN PHASEs DURING THIS PHASE OF DESIGN A
PARTICULAR FAMILY OF LOGIC MUST BE SELECTED AND AN OPERATING
SPEED CETERMINED ON THE BASIS OF THE NUMBER OF OPERATIONS TO
BE PERFORMED AND THE TIME AVAILABLE.

THE STATE TABLE MUST BE REDUCEDs AND THE CONTRL LTATES
SPECIFIED MUST BE ASSIGNED 7O MEMORY ELEMENT COMFIGURATICNS
IN A REASONABLY EFFICIENT MANNERs IF THE BOOLEAN EWUATIONS
FROM THE BLOCK DIAGRAM ARE NOT IN MINIMAL FOkM FOR THE
PARTICULAR FAMILY OF L )JGIC CHOSEN» I7T 18 NECESSARY 70
MINIMIZE THEM. THE MINIMIZED BOOLEAN EQUATIONS MUST THEN BE
CONVERTED INTO CONNECTIUNS OF LOGIC ELEMENTS WiTH
CONSIDERATION BEING GIVEN TO PRCBLEMS OF TIMING AND THE
FAN=IN/FAN=OUT CAPABILITIES OF THE SARTICULAR LOCIC ELEMENTS
CHOSENs, COMPLETION OF THIS PHASE OF DESIGN ACTIVITY RESULTS
IN A DETAILED LOGIC DIAGRAM DESCRIBING THE SYSTEM.
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le4 IMPLEMENTATION DESIiGN

THE COMPLETE LOGIC CIAGRAM OF THE SYSTEM PROVIDES THE
INPUT TO THE IMTLEMENTATIONs OR HARDWARE DESIGN PHASE. AT
TRIS TIME THE DESIGNER MUST CONSIDER SUCH THINGS AS POWER
REQUIREMENTSs HEAT DISSIPATIONs METHOD OF CONSTRUCTION,
COMPONENT PLACEMENTe AND WIRE ROUTINGs COMPLETION OF THIS
PHASE OF THE DESIGN PROCESS WILL RESULT IN A HARDWARE LAYGUT
DESCRIPTION ANS A WIRING L1IST.

l1e5 CONSTTUCTION

ALTHOUGH CONSTRUCTION I& NOY NORMALLY CONSIDERED AS A
PART OF THE DESIGN PROCESS» IT IS INCLUGED HERE BECAUSE OF
THE APPLICATIONS OF AUTOMATION IN THE CONSTRUCTION OF
DIGITAL SYSTEMS. THE TECKNIQUES CF NUMERICALLY <CCONTROLLED
WIRE WRAPPING AND COMPONENT [NSERTION ARE WELL KNOWN AND
WIDELY APPLIED. CURRENT APPLICATION OF AUTOMATED
CONSTRUCTION IS LIMITED TO HiGH VOLUME DESIGNS BECAUSE OF
THE TIME AND EXPENSE REQUIRED TO GENERATE THE CONTROLLING
INETRUCTIONS AND TO DEBUG THE SYSTEMs MUCH OF THIS TIME AND
EXPENSE COULD BE ELIMINATES IF A COMPUTER AIDED DESIGN
SYSTEM PRODULCED THE INSTRUCTIONS (PUNCHEC PAPER TAPE GR
OTHER MEDIUM) AS THE FINAL DESCRIPTION OF THE SYSTEM BEING
CESIGNED.

1¢6 COMPUTER=AJDED DESIGN

THE FIRST ATTEMPTS IN THE APPLICATION OF COMPUTERS TO
THE PROBLEM OF DESIGN AVUTOMATION WERE IN THE AREAS OF
IMPLEMENTATION AND CONSTRUCTION. COMPUTER PROGRAMS ARE
CURRENTLY AVAILABLE TO PLACE LOGIC CARDS CR MODULES IN AN
ARRAY 30 AS TO MEET GIVEN CONSTRAINTS AND MAXIMIZE A GIVEN
CRITERIA FUNCTIONs PROGRAMS FOR CKRECKING THE LOADING ON
LOGIC ELEMENTS AND FOR PRODUCING PFAPER TAPE FOR A WIRE
HRAPPING MACHINE ARE ALSO AVAILABLEs WORK IS CONTINUING IN
THE AREA QOF PRINTED=CIRCUIT BOARD LAYOUT AND SOUME PROGRAMS
Qf THIS TYPE HAVE BEcN WRITTEN.

ALTHOUGH SOME RESEARCH HAS ALSO BEEN DOME ON THE
AUTOMATION OF THE INITIAL PHASES CF THE DESIGN PRUCESS» THE
RESULTS IN THIS AREA HAVE BREER LESS SATISFACTORY. SOMF  QF
THE TECHNIQUES IN USE (ORR AND SPITZE}s (AAKAUSs SEEMANs AND
PYAK) PERFORM LGGIC MINIMIZATION BUT REQUIRE THE INITIAL
DESCRIPTION OF THE SYSTEM TO BE ENTERED IN THE FORM OF
JOOLEAN EQUATIONSs THE TASK OF GENERATING 7THE BOOLEAN
EQUATIONS IS THUS LEFT TO THE OESIGNER.
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IN ORDER TC REDUCE THE AMOUNT OF PREPARATION REQUIRED
BEFORE THE COMPUTER AIDED PORTION OF DESIGN» SEVERAL
LANGUAGES FOR DESCRIBING THE OPERATION OF A DIGITAL SYSTEM
HAVE BEEN PROPOSED (PROCTOR)s (STHLAEPPI)» (SCHORRs H)e THE
PROPOSED LANGUAGES ARt TAILORED SPECIFICALLY FOR LARGE
STORED PROGRAM COMPUTER SYSTEMSe THE DESCRIPTION LANGUAGES
THEMSELVES ARE COMPOSED OF CONCEPTS MORE FAMILIAR TC
PROGRAMMERS THAN LOGIC DESIGNERS THUS REDUCING THE
APPLICATION OF THESE TECHNIGQUES.

SINCE THE FIRST AVAILABLE DESCRIPTION OF SYFTEM IS IN
THE FORM OF A FLOW <CHARTes THE INPUT LANGUAGE TO THE
COMPUTER=AIDED DESIGN SYSTEM SHOULD BE CAPABLE OF DESCRIBING
SUCH A FLOW CHARTe THE LANGUAGE SHOULD BE TAILORED TO THE
CONCEPTS AND TERMINOLOGY OF ENGINEERING DESIGNERS WITHOUT A
GREAT DEAL OF PRCGRAMMING EXPERIENCE. IN ADDITIGCNs THE
LANGUAGE SHOULD PERMIT THE IMPLICIT DESCRIPTION GF THE
ORPERATION OF A SYSTEM WITHCJUT EXPLICITLY DESCRIBING THE
CONTROL LOGIC AND OPERATION TIMINGe

THE COMPUTER AIDED DESIGN SYSTEM SMOULD TKEN BE ABLE TO
ACCEPT THE DESCRIPTION OF THE DESIRED SYSTEMy COMPILE THE
VERBAL DESCRIPTION INTO AN INTERNAL STRUCTURE OF LISTS AND
TABLESs AND PERFORM THE FOLLOWING FUNCTIONS

le SIMULATION OF THME DESCRIBED DIGITAL SYSTEM.
ALTHOUGH SIMULATION OF A SYSTEM DESCRIBEDC ON
THE FLOW CHART LEVEL WILL NOT DETECT HAZARDS
OR RACE CONGITIONS IT MAY BE USED TC VERIFY
THE DESCRIPTION ITSELF.,

2¢ TRANSLATION FROM A FLOW CHART DESCRIPTION TO
A BLOZK DIAGRAM DESCRIPTION. THIS WILL
PRODUCE THE STATE TABLE AND THE LOGICAL
OPERATION TABLE FOR THE SYSTEMe

3¢ TRANSLATION FROM A BLOZK DIAGRAM DESCRIPTION
TO A LOGIC DIAGRAM DESCRIPTIONe THIS REQUIRES
MINIMIZATION OF THE LOGIC EQUATIONS AND THE
SELECTION OF LOGIC ELEMENTS FROM A PARTICULAR
FAMILY OF LOGICo

4¢ TRANSLATION FROM A LOGIC DIAGRAM DESCRIPTION
TO A HARDWARE LAYOUT DESCRIPTION. THIS
INVOLVES ASSIGNING LOGIC ELEMENTS T0
PARTICULAR LOCATIONS AND GENERATING THE
WIRING LIST FOR THE CHOSEN METHOD OF
CONSTRUCTIONo
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le7 THE CADSS SYSTEM

THE PRESENT DEVELOPMENT OF THE COMPUTER AIDED DIGITAL
SYSTEMS SYNTHESIS (CADSS} SYSTEM REPRESENTS AN ATTEMPT TO
APPLY COMPUTER~AIDED DESIGN TECHNIQUES TO THE DESIGN OF
SEQUENTIAL LOGIC SYSTEMSe THE INITIAL SCOPE OF THE STUDY IS
LIMITED TO THE DEVELOPMENT OF A FLOW CHART DESCRIPTION
LANGUAGE AND THE PRODUCTION OF COMPUTER PROGRAMS FOR
SIMULATION AND TRANSLATION TO THE BLOCK DIAGRAM DESCRIPTION.
IN ORDER TO PROVIDE A FLEXIBLE SYSTEM» THE SIMULATION INPUT
AND OUTPUT AS WELL AS THE STATE AND UNIT OPERATION TABLES
WILL BE AVAILABLE ON EITHER THE LINE PRINTER OR THE DIGITAL
TELEVISION DISPLAY SYSTEM.

IT IS ANTICIPATED THAT FUTURE DEVELOPMENT WILL BE
DIRECTEC TOWARD COMPLETIOM OF THE CADSS SYSTEM ALONG THE
FOLLOWING LINES

le DEVELOPMERNT OF A PROGRAM TO REDLCE THE STATE
TABLE» ASSIGN STATES T0 MEMORY ELEMENT
CONFIGURATIONS» REDUCE THE BOOLEAN LOGIC EQUATIONS
AND ASSIGHN LOGIC FUNCTIONS TO PARTICULAR LOGIC
ELEMENTSs THIS WILL RESULT IN A DETAILED LOGIC
DIAGRAM FOR A PARTICULAR FAMILY OF LOGIC (PROBABLY
PHILCO WOL)oe

2+ DEVELOPMENT OF A PROGRAM 7O OQUTPUT THE LOGIC
DIAGRAM CN THE DTDS HARD COPIER OR THE GERBER
PLOTTERS

3. DEVELOPMENT OF A SIMULATCR TC VERIFY THE OPERATION
OF THE LOGIC DESIGNe AT THIS PHASE OF THE DESIGN
PROCESS MANY TIMING ERRORS CAN BE DOETECTED THAT
WILL NOT BE FOUND BY SIMULATION OF THE FLOW CHART
DSSCRIPTION,

4o SINCE THE DESIGNS GENERATED BY THE COMPUTER WILL
TEND TOWARD STANDARD LOGIC CONFIGURATIONS: IT WILL
3E DESIRABLE TO ALLOW AN EXPERIENCED DESIGNER TO
MODIFY THE DESIGHs CORRECTING ERRORS DETECYED BY
SIMULATION AND POSSIBLY REDUCING THE TOTAL AMOUNT
OF LOGICe THIS CAN BE DONE BY DISPLAYING THE
LOGIC OIAGRAM ON THE DTDS AND ALLOWING DELETION
AND INSERTION OF LOGIC ELEMENTS AND CONNETTIONS.
THE DESIGNER CAN THEN MODIFY THE DESIGN AS DESIRED
AND CHECK EACH MODIFICATION BY SIMULATION.
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5¢ A PROGRAM SHOULD BE DEVELOPED TO ASSIGN LOGIC
ELEMENTS TO PARTICULAR TRAY LOCATIONS AND GENERATE
A WIRING LISTe IF THE OUTPUT OF THIS PROGRAM IS
COMPATABLE WITH THE ADD INPUT FORMAT (ADD SYSTEM
USERS MANUAL}s THE THE PHMILCO ADD SYSTEM CAN BE
USED FOR DOCUMENTATION OF THE FIMAL SYSTEMe

THE COMPLETE GADSS SYSTEM™ D ABOVE WILL PROVIDE
A POWERFUL TOOL FOR THE DESIGN OF SEQUENTTAL—-SYSIEM5e MUCH
OF THE TEDIOUS DOCUMENTATION AND ANALYSIS WILL BE PERFORMED
AUTOMATICALLY THUS ALLOWING THE DESIGNER TO SPEND A GREATER
PART OF HIS TIME ON CREATIVE WORK,
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2 THE FLOW CHART DESCRIPTION LANGUAGE

THE STRUCTURE OF THE INPUT LANGUAGE FOR THE COMPUTER
AIDED DIGITAL SYSTEMS SYNTHESIS (CADSS) SYSTEM wAS DEVELOPED
WITHOUT REGARD TO LINGUISTIC ASPECTS. THE MOST IMPORTANT
FACTORS CONSIDERED DURING THE DEVELOPMENT OF THE LANGUAGE
ARE SUMMARIZED BELOW

le THE CADSS-——LANGUAGE MUST DESCRIBE THE
OPERATION OF A DIGITAL SYSTEM AT THE FLOW
CHART LEVEL»

2¢ THE CADSS LANGUAGE MUST BE TAILORED TO THE
CONCEPTS AND TERMINOLQGY OF DIGITAL SYSTEMS
ENGINEERING DESIGNERS WITHOUT A GREAT DEAL OF
PROGRAMMING EXPERIENCE.

3¢ IN ADDITION TO SPECIFYING THE OPERATION OF A
SYSTEMe THE CADSS LANGUAGE MUST SERVE AS THE
INPUT TO A SIMULATCRe THIS REQUIRES THE
INCLUSION OF SIMULATIGN CONTROL COMMANDS SUCH
AS PRINTs READs AND PAUSE,

4e SINCE MANY OF THE PROBLEMS IN DIGITAL SYSTEMS
DESIGN ARISE FROM INTERACTIONS OF SEPARATE
MACHINESs THE LANGUAGE MuUST BE CAPABLE OF
DESCRIBING TWO OR MORE CONCURRENT INTERACTING
SYSTEMS.

THE FLOW CHART DESCRIPTION LANGUAGE PRESENTED HERE IS A
MCDIFIED FORM OF A PREVIOUS ATTEMPT IN THIS AREA OF RESEARCH
{FRANKE AND MERGLER)s USE OF THE PREVIOUS DESIGN SYSTEM
BROUGHT TO LIGHT SEVERAL DEFICIENCES IN THE ORIGINAL
VERSICNs FURTHER APPLICATION OF THE CADSS LANGUAGE TO
DESIGN PROBLEMS IS NECESSARY TO DETERMINE HOW SUCESSFUL THE
MODIFICATIONS WILL BE.

2¢1 GENERAL CONVENTIONS

THE INPUT MEDIUM FOR TME CADSS PROGRAMS IS PUNCHED
CARDSe ALL 80 COLUMNS OF A CARD MAY CCNTAIN [INFORMATION.
ANY CARD WITH A C IN THE FIRST COLUMN IS A COMMENT CARD.
COMMENT CARDS WILL BE PRINTED OUT WITH THE PROGRAM LISTING
BUT ARE OTHERWISE J1GNORED BY THE PROCESSORs COMMENT CARDS
MAY APPEAR ANYWHERE IN A PROGRAM,

ALL SYNTACTIC UNITS OF THE PROGRAM S.CH AS DECLARATICNS
OR STATEMENTS MUST BE TERMINATED BY A SPECIAL TERMINATION
CHARACTER ($)s STATEMENTS MAY BE CONTINUED FROM ONE TARD TO
THE NEXT BUT THE CONTINUATION MUST OCCUR AT A BLANKs Tsles
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NAMES» WORDSs AND NUMBERS MAY NOT BE DIVIDEDs SINCE THE END
OF A STATEMENT 1S MARKED BY A SPECIAL TERMINATION CHARACTER
IT IS NOT NECESSARY TO INDICATE CONTINUATION CARDSe WHEN A
TERMINATION CHARACTER APPEARS ON A CARD THE REMAINDER OF THE
CARD IS NOT PROCESSEDs THIS ALLOWS ADDITIONAL COMMENTS TO BE
PLACED ON A CARD AFTER THE TERMINATORy BUT THE NEXT
STATEMENT MUST BEGIN ON A NEW CARDe

EXCEPT AS NOTED ABOVE THE <CARDS ARE PUNCHED IN
FREE=FORMAT FORMe AT LEAST ONE BLANK IS REGUIRED AS A
SEPARATOR BETWEEN SYNTACTIC ELEMENTS SUCH AS WORDS OR
NUMBERS BUT ANY NUMBER OF BLANKS MAY BE USED.

IN THE DESCRIPTION OF THE LANGUAGE WHICH FOLLOWS THE
SLASH (/) IS USED INSTEAD OF LEFT AND RIGHT ANGLE BRACKETS
TC DENOTE METALINGUISTIC VARIABLES. SEQUENCES OF CHARACTERS
ENCLOSED BETWEEN SLASHES REPRESENT VARIABLES WHOSE VALUES
ARE ELEMENTS OF THE CADSS LANGUAGE . FOR EXAMPLEs THE
EXPRESSION

/UNIT TYPE/

IS A VARIABLE WHICH MAY HAVE AS ITS VALUE ANY OF THE UNIT
TYPES DEFINED IN THE CADSS LANGUAGE.

262 UNITS AND DECLARATIONS

THE UNITS OF A CADSS DESCRIPTION CORRESPOND TO
HARDWARE UNITS SUCH AS MEMORY ELEMENTS OR TO FUNCTIONALLY
CONNECTED GROUPS OF MEMORY ELEMENTS SUCH AS COUNTERS OR
REGISTERSe ALL UNITS OF A SYSTEM MUST BE DECLARED IN THE
FIRST SECTION OF THE CADSS PROGRAM. THE FORMAT OF THE
DECLARATION IS

/UNIT TYPE/e MAMEls NAMEZ» o o ¢ NAMEN S
THE DEFINED UNIT TYPES ARE

ls INPUT = INPUTS ARE THE ONLY UNITS WHICH MAY BE
CHANGED FROM QUTSIDE THE SYSTEM. THE SYSTEM IS
NOT ALLOWED TO CHANGE THE VALUE OF AN INPUTe

2¢ OUTPUT = OUTPUTS ARE TREATED AS MEMORY ELEMENTS
SUPPLYING INFORMATION FROM THE SYSTEMe.

3s REGIST =~ REGISTERS ARE GROUPS OF MEMORY ELEMENTS
THAT MAY BE SHIFTED RIGHT OR LEFTs SET TO ANY
DESIRED VALUEs, OR INCREMENTED OR DECREMENTED IN
BINARY SEQUENCE.
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4o DELAY = DELAYS ARE MEMORY ELEMENTS THAT MAY BE SET
BY AN INPUT AND WILL BE RESET AUTOMATICALLY AFTER
A SPECIFIED TIME INTERVALe THE TIME INTERVAL (IN
TENTHS OF MICROSECONDS) IS SPECIFIED AS A
SUBSCRIPT»

THE UNIT TYPE MUST BE FOLLOWED BY A COLON OR PERIOD.

FOLLOWING THE COLCN IS A LIST OF NAMES THAT ARE TO BE
DECLARED AS A PARTICUJLAR TYPE. A NAME CONSISTS OF A
SEQUENCE OF ALPHABETIC AND/OR NUMERIC CHARACTERS BEGINNING
WITH AN ALPHABETICe NAMES MAY BE OF ANY LENGTH BUT THE
FIRST SIX CHARACTERS OF ANY TWO NAMES MAY NOT BE THE SAME.

IF THE UNIT DECLARED CONSISTS OF MORE THAN ONE MEMORY
ELEMENT (OR IF IT CONSISTS OF SEVERAL INPUT/QUTPUT LINES
CONSIDERED AS ONE UNIT) THE NAME IS SUBSCRIPTED WITH THE
NUM3ER OF MEMORY ELEMENTS IN THE UNITe IN THE CASE OF
COUNTERS AND REGISTERS THKE LEAST SIGNIFICANT BIT 1Is BIT 1
AND IT IS LOC TED IN THE LEFTMOST MEMORY ELEMENT OF THE
UNITs THE NAMES IN A DECLARATION LIST ARE SEPARATED BY
COMMAS AND THE LIST IS TERMINATED 8Y A S,

EXAMPLES

INPUTe START» CLEARAs DATAINPUTI(B) §
OUTPUTe READYs DATAQUTI(10) s
REGISTs BUFFER(10)s BUSYs STATE(3) §

ALL DECLARATIONS MUST APPEAR IN THE HKEADING OF THC
CADSS FLOW CHART DESCRIPTIONe

203 CONDITION LISTS

THE BASIC ELEMENT OF A CADSS PROGRAM IS THE STATEMENT
WHICH IS COMPOSED OF A CONDITION LIST AND AN OPERATION LISTe
THE TWO LISTS WILL BE DISCUSSED FIRST AND THEN THE USE OF
THE LISTS IN THE FORMATION OF STATEMENTS WILL BE CONSIDERED.

THE CONDITION LIST IS A WELL FORMED BOCLEAN EXPRESSION
OF DEFINED UN!TS QOF THE SYSTEMs BOCLEAN LITERALSs AND THE
FOLLOWING OPERATCRS

le - LOGICAL NOT

20 + INCLUSIVE OR

3. * LO ICAL AND

bo = LOGICAL EQUALITY

S5¢ ' TRANSITION TO TRUE
'

Se - TRANSITION TO FALSE
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THE DEFINED UNITS OF THE SYSTEM MAY BE USED AS OPERANDS
IN THREE WAYS

le IF THE ENTIRE UNIT IS TO BE VUSED AS THE
OPERAND THE UNSUBSCRIPTED NAME IS USED

BUFFER

2e¢ AN OPERAND CONSISTING OF A SINGLE BIT OF A
UNIT IS INDICATED BY THE NAME WITH A SINGLE
SUBSCRIPT SUCH AS

BUFFER(1)

3¢ IF A SECTION (SEVERAL ADJACENT BITS) OF A
UNIT IS TO BE USED AS A SUBSCRIPT THIS 1S
INDICATED BY AN EXTENDED SUBSCRIPT: FOR
EXAMPLEs THE FIRST FOUR BITS OF BUFFER WCULD
BE REFERRED TO AS

BUFFER(1=4)

THE LOGICAL OPERATORS (=y)+9%) ARE USED IN THE
CONVENTIONAL MANNERs EACH OPERATOR REQUIRES TWO OPERANDS OF
ONE BIT EACHe THE LOGICAL EQUALITY (=) CPERATOR REQUIRES
TWO OPERANDS WHICH MAY BE EITHER BOOLEAN LITERALS OR DEFINED
UNITS OF THE SYSTEMe THE DIMENSIONS OF BOTH OPERANDS MUST BE
THE SAME. THE VALUE OF AN EQUALITY OPERATION ON TWwO
OPERANDS IS TRUE WHEN ALL THE CORRESPONDING BITS OF THE
OPERANDS ARE EQUALe FOR EXAMPLEs IF THE FIVE BIT REGISTER A
HAS BEEN SET»

(A = 00000)

HAS THE LOGICAL VALUE TRUEe AS AN ADDITIONAL EXAMPLEs IF C
AND D ARE ONE BITY UNITSs THEN THE EXPRESSION

-(C = D)
IS EQUIVALENT TO THE EXCLUSIVE- ZR QOPERATION ON C AND D

THE TRANSITIONAL OPERATORS (' AND ®=) ARE SPECIAL UNARY
OPERATORS WHICH ARE TRUE WHEN THE SINGLE ONE BIT OPERAND
CHANGES VALUE. THE USE OF THE TRANSITION OPERATORS IS
ILLUSTRATED IN THE FOLLOWING EXAMPLES

('CLEAR) TRUE WHEN CLEAR CHANGES FROM
FALSE TO TRUE

('=BUFFER(3)) TRUE WHEM THE THIRD BIT OF
BUFFER CHANGES FROM TRUE
TO FALSE
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THE NORMAL ORDER IN WHICH OPERATIONS ARE PERFORMED IN A
CONDITICN LIST IS

l¢ = EQUALITY OPERATION

2. ! TRANSITION TO TRUE OPERATION
3, '= TRANSITION TO FALSE OPERATION
by = NEGATIOM OPERATION

e ® AND OPERATION

6e + OR OPERATION

THE NORMAL PRECEDENCE ORDERING OF OPERATIONS MAY BE MODIFIED
BY PARENTHESIS AS DESIRED.

THE REQUIREMENT THAT ALL CONDITION LISTS BE WELL=FCRMED
BOOLEN EXPRESSIONS MEANS ESSENTIALLY THAT £ACH OPERATCR MUST
BE ASSOCIATED WITH THE CORRECT NUMBER OF OPERANDS IN THE
CORRECT CORDER. THIS IS [ILLUSTRATED BY THE FOLLOWING
EXAMPLES USING THE UNITS

INPUT. SWITCH(4) $
QUTPUTe A» Be C» D §
REGISTe AREG(10)» BREG(4) $

EXAMPLES OF CONDITION LISTS

A%B*(C+D)

SWITCH(1) * (BREG = 1001)

'SWITCH(4} * =AREGI(5)

A* (B+(CXSWITCH(1) )+(ACTR(1)=BREG(1))+('SWITCH(1)
*#(AREG(1)+BREG(1))))

2¢4 OPERATION LISTS

THE OPZRATION LIST IS A LIST OF COMMANDS SPECIFYING THE
OPERATION OF THE SYSTEM DURING SOME INCREMENT OF TIMEs THREE
TYPES OF COMMANDS ARE DEFINED IN THE CADSS INPUT LANGUAGE.
THE FIRST TYPE IS THE UNIT CONTROL COMMAND WHICH SPECIFIES
THE OPERATION OF A UNIT OF THE SYSTEMe THE DEFINED WUNIT
CONTROL COMMANDS ARE DESCRIBED BELOW

le SET /UNIT NAME/
ThIS SPECIFIES THAT THE UNIT NAMED IS TO BE
SET TO TRUE (ALL OIlES)

2e RESET /UNIT NAME/
THIS SPECIFIES THAT THE UNIT NAMED IS TO BE
RESET TO A LOGICAL FALSE VALUE (ALL ZEROS).
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3¢ RSHIFT /REGISTER NAME/ ADDING /BIT NAME/
THIS SPECIFIES THAT THE REGISTER NAMED IS TC
BE SHIFTED RIGHT ONE PLACEs THE VALUE OF THE
BIT NAMED IS SHIFTED INTU THE LEFTMOST
POSITION OF THE REGISTERe

4o LSHIFT /REGISTER NAME/ ADDING /BIT NAME/
THIS SPECIFIES THAT THE REGISTER NAMED IS 7190
BE SHIFTED LEFT ONE POSITIONe THE VALUE OF
THE BIT NAMED IS PLACED IN THE RIGHTMOST
PCSITION OF THE REGISTER.

S5e¢ INCREMENT /REGISTER NAME/
THIS SPECIFIES THAT THE REGISTER NAMED IS 7O
BE INCREMENTED IN BINARY SEQUENCE.

be DECREMENT /REGISTER NAME/
THIS SPECIFIES THAT THE NAMED REGISTER IS Tu
BE DECREMENTED IN BINARY SEQUENCE.

7« TRANSFER /NAME1l/ TO /NAME2/
THIS SPECIFIES THAT THE CONTENTS OF /NAMEL/
ARE TO BE TRANSFERRED TO /NAME2/s THE
DIMENSIONS OF THE NAMED UNITS MuST BE THE
SAME.

8« TRANSFER /BINARY LITERAL/ TO /NAME/
THIS SPECIFIES THAT THE VALUE OF THE UNIT
NAMED IS TO BE SET TO THE BINARY LITERAL.
THE DIMENSIONS OF THE OPERANDS MUST BE THE
SAME

ANY COMMAND WHICH ATTEMPTS TO CHANGE THE VALUE OF AR
INPUT 1S5 ILLEGALs NAMES USED IN THE COMMANDS MAY BE EITHIR
AN UNSUBSCRIPTED NAME INDICATING A COMPLETE UNITs A IMaME
WITH A SINGLE SUBSCRIPT INDICATING A SINGLE BIT OF A i
OR A NAME WITH AN EXTENDED SUEBSCRIPT INDICATING A SECTIOQN
A UNITe

THE SECOND TYPE OF COMMAND DEFINED IS USED FOR PRC:HL
SEQUENCE CONTROLe THE SINGLE COMMAND OF THIS TYPE IS

GO TO /LABEL/

TrlS SPECIFIES THAT THE NORMAL SEQUENCE OF SYSTEM OPERATICH
15 TO BE INTERRUPTED AND TRANSFERRED TO THE POINT IN Ti-
FROGRAM INDICATED BY THE LABEL (SEE SECTION 2661)
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THE THIRD TYPE OF COMMAND DEFINED IS USED FOR
SIMULATION CONTROLe SINCE THE SYSTEM IS TO BE SIMULATED IT
IS NECESSARY FQOR THE USER TO SPECIFY WHEN INPUTS ARE TO BE
CHANGED AND WHEN THE GONTENTS OF SPECIFIED UNITS ARE TO BE
PRINTEDC OUTe THE SIMULATION CONTROL COMMANDS DEFIMED ARE

le ACCEPT

THIS SPECIFIES THAT ONE DATA CARD Is TO BE READ
AND THE INFORMATICN ON THE CARD TRANSFERRED TO THE
UNITS DECLARED AS INPUTSe THE BINARY NUMBER IN
THE FIRST COLUMN OF THE CARD 1S TRANSFERRED TO THE
FIRST BIT DECLARED AS INPUTy THE NUMBER IN THE
SECOND COLUMN IS TRANSFERRED TO THE SECOND BIT»
ETCe IF ANY COLUMN OF THE CARD IS BLANK THE
CORRESPONDING INPUT IS NCT CHANGED.

2¢ DISPLAY
THIS SPECIFIES THAT THE <CONTENTS OF THE UNITS
NAMED IN THE PRINT LIST ARE TO BE PRINTED. THE

PRINT LIST IS A LIST OF UNIT NAMES ENTERED DURING
SIMULATOR INITIALIZATION WHICH MAY BE CHANGED
WITHOUT RECOMPILING THE PRCGRAMe

3¢ PAUSE

THIS SPECIFIES THAT THE SIMULATION PROCESS IS 71O
STOP UNTILL THE COMPUTER RUN SWITCH [S PRESSEDe IN
ADDITION TO NORMAL TERMINATION OF A SIMULATION
THIS MAY BE USED TO GIVE THE OPERATOR TIME TC
OBSERVE THE CURRENT CONDITION OF THE SYSTEM AND
PREPARE DATA CARDS ACCORDINGLY THIS 18

PARTICULARILY USEFUL WHEN THE SIMJULATED SYSTEM 1S
TO INTERACT WITH AN OPERATORy PROCESSs OR MACHINEs

AN OPERATION LIST IS CONSTRUCTED BY FORMING A SEWUENCE
OF COMMANDS SEPARATED BY COMMASs IF MORE THAN ONE COMMAND
AFPEARS IN A LIST THE ORDER IN WHICH THE COMMANDS ARE
EXECUTED IS

l» ALL UNIT CONTROL COMMANDS (SIMULTANEQUSLY)
2s ACCEPT CCMMAND

3¢ DISPLAY COMMAND

4o PAUSE COMMAND

5¢ SEQUENCE CONTROL (GO TO) COMMAND

IN ORDER TO ILLUSTRATE TKE FORMATION OF OPERATION LISTS
ASSUME THAT THE FOLLOWING UNITS ARE DEFINED

INPUTe SWITCH{&) &
QUTPUTe As By C: D §
REGISTs AREG(10)s BREG(%) $
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THEN EXAMPLES OF ORERATION LISTS ARE

SET As TRANSFER AREG(1=4) TO BREG» TRANSFER BREG TQ
AREG(1=4)s ACCEPTs DISPLAY

IN THIS CASE A IS SET TRUEs THE CONTENTS OF THE FIRST FOUR
ELEMENTS OF AREG ARE INTERCHANGED WITH THE CONTENTS OF BREG»
NEW VALUES ARE READ INTO THE FOUR ELEMENTS OF SWITCHs AND
THE CONTENTS OF THE UNITS SPECIFIED BY THE PRINT LIST ARE
PRINTED.

LSHIFT AREG ADDING AREG(1l)s INCREMENT BREGy RESET A

HERE AREG 1S CIRCULATED LEFT» BREG IS INCREMENTED IN BINARY
SEGUENCE AND 2 IS RESET.

FAUSEs GO TO L1ls SET Bs RESET AREGs DISPLAY

IN THIS EXAMPLE B IS SET AND ALL 10 BITS CF AREG ARE RESET.
THE CONTENTS OF THE PRINT LIST . £ THEN PRINTED DURING
SIMULATION AND THE COMPUTER SIMULATION PROCESS STOPS WHEN
THE RUN SWITCHM IS PRESSED SIMULATION WILL RESUME AT THE
POINT IN THE PROGRAM INUICATED B8Y THE LABEL Llo THIS
ILLUSTRATES THAT THE ORDER IN WHICH COMMANDS ARE EXECUTED IS
INDEPENDANT OF THEIR ORDER IN THE LIST-

245 STATEMENTS

THE UPERATION AND CONDITION LISTS MAY BE COMBINED TO
FORM TiikEE [YPES OF STATEMENTS. THE FORMAT OF THE
UNCONDITIONAL TYPE OF STATEMENT IS

THEN /OPERATION LIST/

THIS SPECIFIES OPEFATICNS THAT ARE T0 BE PERFORMED
REGARDLESS OF CONDITIONS EXISTING IN THE SYSTEM.

IF THE PERFORMANCE OF CERTATN OPERATIONS IS DEPENDANT
ON THE CONCI(ION OF THE SYSTEM» A CONDITIONAL STATEMENT MAY
BE USED

WHEN /CONDITION LIST/ THEN /OPERATION LIST/ §

IN THIS CASE TH: COMMANDS IN THE OPERATION LIST ARE EXECUTED
ONLY WHEN THE BOOLEAN CONDITION LIST IS TRUE.
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‘N MANY CASES A SYSTEM IS TC PERFORM EITHER OF TWO SETS
LF QPERATIONS WITrH THE PARTICQULAR SET BEING ODETERMINED BY
CSRITIONS  EXAISTING IN  THE SYSTEMe THIS SITUATION s
JCRIBED BY AN CGPTION STATEMENT

<
h}

(94
-

WHEN /CONDITION LIST/ THEN /OPERATION LIST/
ELSE /OPERATION LIST/ $

THUS [F THE CONDITION LIST IS TRUE THE COMMANDS IN THE FIRST
CPZRATION LIST ARE EXECUTEDe IF THE CONDITICON LIST IS FALSE
THE COMMANDS [N THE SECCOND OPERATION LIST ARE EXECUTED.

EXAMPLES OF STATEMENTS (USING UNITS CEFINED FOR
PREVIOUS EXAMPLES) .

WHEN SWITCr(1) THEN RSHIFT AREG ADDING Qs RESET A S
WHEN ~AsD#'=AREG(S5) THEN RESET BREG»TRANSFER 1001100100
TO AREGs SET EBe DISPLAY §
S#HEN Sw1TCH(Z2) THEN RESET AREGs GO TO L1 ELSE
INCREMENT AREG $
THEN RESET As RESET Bs SET Cy ACCEPTs DISPLAY¢ PAUSE S
THEN TRANSFER AREG(les4) TC BREG $

206 LABELS

A LABEL CON3!STS OF A SEGQUENCE OF ALPMABETIC 4ND
NUMERIC CHARACTERS BEGINNING WITH AN ALFHABETICe LABELS MAY
BE OF ANY LENGTH BUT THE FIRSET SIX CHARACTERS MUST FORM A
UNIQUE LABELe EITHER THE COLON OR PERICD 1S USED AS A LABEL
SEPARATORe A LABEL MAY BE ATTACHED TO ANY STATEMENT WITH THE
FORMAT

FLABEL/e /STATEMENT/

LABELS MAY BE USED AS SUBTITLES TO ENHANCE THE MEANING
CF A PROGRAMs ANY STATIMENT WwHICH S REFERRED TO BY A
SEQUENCE CONTROL COMMAND (GC TO) MUST BE LABELED. IN
ADDITION AN¢ STATEMENT WHICH IS 7C BZ THE "NITIAL STATEZMENT
IN THE DESCRIPTION OF A SYSTEM MUST BE LABELE., SO THAT 17
~AY BT REFERRED TQ CURING SIMULATOR INITIALIZATION.

247 PROGKAM BLOCK STRUCTURE

ThE STATEMENTS OF A CACSS PROGRAM CORRESPOND KOUGHLY
TO THE BLCCKS MAKING UP THE FLOW GHART OF THE SYSTEM GEZING
DESCRIBEDs IN THE CASE OF A FLOW CHART DESCRIRTION OF A
SYSTEM THE SEQUENCE OF CPERATIONS FOLLOWS FLOWw PATHS FROM
BLCCK TO BLOCK ST THAT AT A GIVEN TIME ONLY THE OFERATIONS



PAGE 17

CF ONE BLOCK MAY GQCL'Ke  THIS BLOCK MAY BE SAID TO BE ACTIVE
AT THAT PARTICKULAR TIME WHILE ALL OTHERS ARE [NACTIVE.

IN THE SAME WAY THE SEQUENCT OF OPERATIONS 1IN ANCACSS
PROGRAM FOLLOWS PATHS DEFINED BY THE STRUCTURE OF THE
PRCGRAMs AT A GIVEN TIME ONE (OR PREMAPS SEVERAL) OF THE
STATEMENTS ARE PERMITTED TO PERFORM OPERATIONS, THE
STATEMENTS THAT MAY PERFORM OPERATIONS AT A PARTICULAR TIME
ARE SAID TO BE POTENTIALLY ACTIVE AT THAT TIMEe THE ORDER IN
WHICH STATEMENTS BECOME POTENTIALLY ACTIVE [S DEFINED BY ThE
BLOCK STRUCTURE OF THE PROGRAM AND THE SEGUSNCE CONTROL
COMMANDS «

FOR PURPOSES OF DESCRIPTION IT IS WUSEFUL TO CONSIDER
THE STATEMENT OR STATEMENTS WHICH ARE POTENTIALLY ACTIVE AS
BEING IN CONTROL OF THE SYSTEMe 'CONTROL'! MAY BE CONSIDERED
AS A POINTER (OR POINTERS) wHICH MOVES THROUGH THE PROGRAM:»
ALWAYS SPECIFYING THE POTENTIALLY ACTIVE STATEMENT (OR
STATEMENTS)e THE TRANSFER OF CONTROL COMMAND (GO TOQ) MAY BE
INTERPETED AS SPECIFING THE LABEL OF THE NEXT POTENTIALLY
ACTIVE STATEMENT.

A BLOCK OF A CADSS PROGRAM CONSISTS OF ONE STATEMENT
wHICH MAY BE LABELED FOLLOWED BY ANY NUMBER OF UNLABELED
STATEMENTSe SINCE THREE DIFFERENT TYPES OF BLOCKS ARE
DEFINED IT IS NECESSARY TO INDICATE A CHANGE IN BLOCK TYPE
BY MEANS OF A BLOCK TYPE SPECIFICATIONe THE FORMAT OF A
BLOCK IS

/BLOCK TYPE/s /LABEL/e /STATEMINT/ S
/STATEMENT $
/STATEMENT/ $
/STATEMENT/ %

]
»
]

THE BLOCK TYPE SPECIFICATION MAY BE OMITTED IF THE TYPE IS
THE SAME AS THAT OF THE PRECEEDING BLOCK. IF THE TYPE
SPECIFICATION IS PRESENT THE STATEMENT LABEL MAY BE OMITTED,

THE END OF A BL2CK (AND THE BEGINNING OF THE FOLLCOWING
BLOCK! IS INDICATED BY A BLOCK TYPE SPECIFICATIONs A
STATEMENT LABELs OR BCTHe ONE OBVIOUS RESULT OF THIS METHOD
CF SPECIFING BLOCKS IS5 THAT NO BLOCK MAY CONTAIN ANOTHERS
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2+7s1 BCOOLEAN BLOCKS

THE BLOCK TYPE SPECIFICATION FOR A BOOLEAN BLfK IS
BOOLEANe

THE ONLY STATEMENTS PERMITTED IN A BOOLEAN BL2CK ARE BOOLEAN
STATEMENTS HAVING THE FORMAT

/UNIT NAME/ = /CONDITION LIST/ S

THE UNIT NAMED ON THE LEFT OF THE EQUAL SIGMN IS TRUE
WHENEVER THE CONDITION LIST IS TRUE AND FALSE WHENEVER THE
LIST IS FALSE. BOOLEAN STATEMEMNTS MAY BE USED TO DEFINE
SIGNALS TO BE USED IN THE SYSTEM OR TO DEFINE CONNECTIONS
BETWEEN REGISTERS AND QUTPUTS.

EXAMPLES OF BOOLEAN STATEMENTS

INPUTes SWITCH(&) $
OUTPUTs AsBsCaDsBOUTIH) S
REGISTe AREG(10):BREG(4) S
BOOLEAN
B80OUT = BREG $
THIS SPECIFIES THAT THE OUTPUT BUS BOUT IS
CONNECTED TO THE REGISTER BREGs
B = AREG{1)#AREG(2)#SWITCH{(l) §
THE QUTPUT LINE B IS FORMED BY ANDINGC THE
FIRST TWO BITS OF AREG AND THE FIRST BIT
OF SWITCHe
PARITY = =BREG(1)=BREGI2!=BREGI(3)=
BREG(5) $
THIS DEFINES A LINE CALLED PARITY WHICHK IS
1 WHEN THE NUMBER OF 1'S IN BREG IS ODDe

(aNaN ! (aN Al

Nnn

ONLY OUTPUTS OR PREVIOUSLY UNDEFINED UNITS (OF ONE BIT)
MAY APPEAR ON THE LEFT OF THE EQUAL SIGN OF A BOOLEAN
STATEMENT.

20722 SEQUENCED BLOCKS

THE BLOCK TYPE SPECIFICATION FOR A SEQUENCED BLOCK IS
SEQUENCED.

ONLY CONE STATEMENT IN A SEQUENCED BLOCK MAY BE POTENTIALLY
ACTIVE AT A GIVEN TIME. IF THE CONDITION LIST OF A
POTENTIALLY ACTIVE STATEMENT IS TRUE THE STATEMENT BECOMES
ACTIVE AND THE COMMANDS IN THE OPERATION LIST ARE EXECUTED.
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IF THE CONDITION LIST 1S FALSE THE STATEMENT REMAINS
POTENTIALLY ACTIVEe AFTER THE OPERATION LIST OF A STATEMENT
IS EXECUTEDs THE STATEMENT BECOMES INACTIVE AND THE NEXT
STATEMENT IN THE BLOCK BECOMES POTENTIALLY ACTIVE.

THUS IN THE ABSENCE OF ANY TRANSFER OF CONTROL COMMANDS
STATEMENTS BECOME POTENTIALLY ACTIVE IN SEQUENCE. WHEN THE
LAST STATEMENT OF A SEQUENCED BLOCK IS REACHEDs CONTROL
PASSES TO THE NEXT BLOCKe THIS NORMAL SEWUENCE OF CONTROL
WILL BE INTERRUPTEC WHEN AN OPERATION LIST CONTAINING A
TRANSFER OF CCNTROL COMMAND IS EXECUTED.

2:7¢3 CONCURRENT EBLOCKS

THE BLOCK TYPE SPECIFICATION FOR A CONCURRENT BLOCK iS
JTONCURRENT .

WNEN CONTROL IS 1InANSFERRED TO A CONCURRENT BLOCK ALL
STATEMENTS IN THE BLOCK BECOME POTENTIALLY ACTIVE. THE
CONDITION LISTS OF ALL POTENTIALLY ACTIVE STATEMENTS ARE
THEN CHECKED TO DETERMINE WHICH OF THE STATEMENTS ARE TO
BECOME ACTIVEs THE COMMANDS IN THE OPERATION LISTS OF THE
ACTIVE STATEMENTS ARE EXECUTED CONCURRENTLYe IF A TRANSFER
OF CONTROL COMMAND WAS NOT EXECUTED ALL STATEMENTS IN THE
8LOCK BECOME POTENTIALLY ACTIVE AND THE PROCESS Is
REPEATEDe CONTROL REMAINS AT A CONCURRENT BLOCK UNTIL A
TRANSFER OF CONTROL COMMAND IS EXECUTEDs

208 SERIAL BINARY MULTIPLIER EXAMPLE

A BINARY MULTIPLIER WAS SELECTED TO PROVIDE A SIMPLE
EXAMPLE OF THE CADSS LANGUAGE. THE MULTIPLIER IS TO BE
DESIGNED TO ACCEPT TWO SIGNED TEN BIT NUMBERS AND A START
SIGNALs IT IS THEN TC PERFORM THE MULTIPLICATICN AND
TRANSMIT A FINISH SIGNAL ON COMPLETIONe THE MULTIPLICATION
IS TO BE PERFORMED BY REPEATED SERIAL ADDITION SO TwO
INTERNAL COUNTERS ARE NECESSARY FOR CONTROLLING THE
OPERATICNSs A BLOCK DIAGRAM OF THE MULTIPLIER IS SHOWN IN
FIGURE 2e¢ls
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TR s
S8 — >l SISV —> S/GN
STRART ——»
R —> PRopucT
AIN ———> _(i‘zl
' @ —— F/NISH
B
BIN _—-'—é’(w) FCTRGH

FIGURE 291 MULTIPLIER BLOCK DIAGRAM

THE FLOW CHART DESCRIBING THE MULTIPLIER OPERATION IS
PRODUCED BY CONSIDERING THE SEQUENCE OF OPERATIONS THAT MUST
BE PERFORMECe UPON RECEIVING A START SIGNAL THE FOLLOWING
INITIALIZATION OPERATIONS MUST OCCURe.

le RESET FINISH SIGNAL
2e¢ ACCEPT SIGNALS ON INPUT LINES
AIN TO R{11=20) REGISTER
BIN TO B REGISTER
3¢ CLEAR UNUSED PART OF RESULT (R REGISTER)
4e SET SIGN BIT TO SIGN OF RESULT

s

Se INITIALIZE PRODUCT COUNTER TO 19

THESE OPERATIONS MAY OCCUR CONCURRENTLY AND SO ARE PLACED IN
ONE BLOCK OF THE FLOW CHART:

IT IS THEN NECESSARY 7O INITIALIZE THE ADD OPERATION BY
CLEARING TKE CARRY BIT AND DECREMENTING THE PRODUCT COUNTER.
THE ADD OPERATION IS PERFORMED ONLY IF BIT 11 OF THE RESULT
REGISTER (THE LEAST SIGNIFICANT BIT OF THE MULTIPLIER) IS 1,
IF AN ADDITION IS NECESSARY THE SHIFT COUNTER IS FIRST SET
TO 10 AND THE SUM AND CARRY ARE FORMEDe THE R REGISTER IS
SHIFTEDs THE SUM IS PLACED IN THE MOST SIGNIFICANT BIT AND
THE SHIFT COUNTER IS DECREMENTED. THIS PROCESS IS REPEATED
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UNTIL THE SHIFT COUNTER IS ZEROs FOLLOWING EACH ADDITION IT
IS5 NECESSARY TO RESTORE THE R REGISTER bBY 10 ADDITIONAL
SHIFTS.

AFTER EACH ADDITION ({(OR SKIPPED ADDITION} THE R
REGISTER IS SHIFTED ONE BITs THE PRODUCT COUNTER Is
DECREMENTEDs AND THE R(11) BIT EXAMINED TO DETERMINE IF AN
ADDITION IS TO BE PERFORMEDas WJPON COMPLETION (PCTR = Q) THE
FINISH SIGNAL IS SET ARD THE MULTI .IER RETURNS TO WAIT FOR
THE NEXT INPUTe THE FLOW CHART PR _DUCED IN ACCORDANCE WITH
THIS DESCRIPTION IS SHOWN IN FIGURE 2e2.

THE CADSS DESCRIPTION OF THE MULTIPLIER (FIGURE 2e3) IS
WRITTEN CIRECTLY FROM THE FLOW CHARTe FIRST ALL UNITS OF
THE SYSTEM ARE DEFINED AS IMPUTSs OQUTPUTSs OR REGISTEKS.
THE COMSBINATORIAL LOGIC USED TO GENERATE THE SUM» CARRY AND
SIGN AS WELL AS THE OUTPUT DEFINITION IS LISTED IN A BOOLEAN
BLOCKs THE OPERATION OF THE SYSTEM IS THEN DESCRIBED IN
SEQUENCED OR CONCURRENT BLOCKS.
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Sum = R(1) ® 5(1) @ Cagrry
| Nearry = R(1)-B{1) +R(1)*Carry + B(1)*C arry

RESET FINiSH

TRANSFER BIN TO B
RESET R(i-10)

SET SIGN T0 -(SR @ SB)
SET PCTR To 10

RANSFER RIN TO R (1 -20)

1
SHIFT R LEFT PLACING

e

A |
RESET CRRRY
DECREMENT PCTR

[ser SCTR TO /0

SUM IN 8IT R(20)

CIRCULATE B LEFT

TRANSFER NCARRY
TO0 CARRY

DECREMENT SCTR

FiGuRe 2.2 Pitp

SHIFT R LEFT
PLRACING CARRY
IN BIT R(20)

s

o SCTR=

o7

DECREMENT SCTR
CIRCULATE R LEFT

e .

SET SCTR TO 10

SHIFT R LEFT
PLRC 't #6 CARRY
v BIT R(0)

TeLier Frow CHART
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OQUTPUTe FINISH» SIGN» PRODUCT(Z20) $
INPUTe STARTs SA» SBy AINs BIN $
REGISTs R(20)s B(10)8 SCTR(4)s PCTR(4) s CARRY $

BOOLEAN.
SUM = (R(1)+B(1)#=CARRY + (R(1)+CARRY)#=B(1l) +
(B{1)+CARRY)®#=R(1) $
ALTERNATIVLY THIS COULD BE WRITTEN
SUM = R(1)=B(1)=CARRY §
NCARRY = RI(L)®#B{1) + R(1)#CARRY + B{l)#CARRY $
ISGN = (SA*SB)+(=SA*=SB) §
PRODUCT = R $
INITIALIZATION OCCURS WHEN A START SIGNAL IS RECEIVEDe

SEQUENCEDe STARTPOINT,
WHEN 'START THEN RESET FINISHe RESET R(1=10)»
TRANSFER AIN TO A(11=20)s TRANSFER BIN TO
By TRANSFER ISGN 7O SIGNs TRANSFER 0101
7O PCTR §
SET UP THE ADDITION AND CHECK TO SEE IF AN ADDITION
IS 70O BE PERFORMEDe

CONCURRENTe SKIPCHECK
THEN RESET CARRYs DECREMENT PCTR §
WHEN =R{11) THEM GO TO SKIP ELSE TRANSFER
0101 TO SCTRs GO TO ADD §

ADDe WHEN SCTR = 000C THEN GO TC SHIFT ELSE
LSHIFT R ADDING SUMs TRANSFER NCARRY TO
CARRY» DECREMENT SCTRy LSHIFT B ADDING B(l) $

AFTER SKIPPING AN ADDITION IT IS NECESSARY TO CHECK
THE PRODUCT COUNTER FOR COMPLETIONs

SEQUENCEDe SKIP.
WHEN =PCTR = Q0000 THEN LSHIFT R ADDING CARRY»
GO TO SKIPCHECK ELSE GO TO SHIFT §
SHIFTe THEN LSHIFT R ADDING CARRY $
WHEN PCTR = 0000 THEN SET FINISHs GO TO
STARTPOINT ELSE TRANSFER 0101 TO SCTR $
THE R REGISTER MUST BE RESTORED TO ITS CORRECT POSITION
AFTER EACH ADDITIONe

CONCURRENTs RESTOREs

WHEN SCTR = 0000 THEN GO TO SKIPCHECK ELSE LSHIFT
R ADDING R(1)» DECREMENT SCTR $

FIQURE 263 CADSS DESCRIPTION OF MULTIPLIER
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3 THE CADSS SYSTEM IMPLEMENTATION

IN GENERAL METHODS FOR PERFORMING THE DESIGN OF DIGITAL
SYSTEMS MAY BE SEPARATED INTO TwWO GROUPS

le OPTIMUM METHODS USING FUNDAMENTAL MATHEMATICAL
RELATIONS TO PRODUCE DESIGNS HAVING THE LEAST
POSSIBLE COMPONENT CQST.

2e HEURISTIC METHODS USING APPROXIMATIONS TO PRODUCE
DESIGNS WHICH WILL BE COMPRABLE IN COST TO THOSE
OF EXPERIENCED HUMAN DESIGNERSe

IN MANY CASES OPTIMUM METHODS ARE NOT KNOWN AND WHEN
THEY ARE KNOWN THEY REQUIRE A MUCH GREATER AMOUNT OF DESIGN
TIME THAN HEURISTIC METHODSe IN ADDITION HEURISTIC DESIGNSy
BEING SOMEWHAT REDUNDANTs» ARE USUALLY EASIER TO CHECK OUT
AND MAINTAIN AND ARE MORE RELIAGBLEe WHEN A LIMITED NUMBER
OF SYSTEMS ARE 70 BE CONSTRUCTED THE COMPONENT SAVING OF A
MINIMAL DESIGN IS USUALLY NCT SUFFICIENT TC JUSTIFY THE
INCREASED DESIGN AND CHECK OUT TIMEe FOR THESE REASONS THE
CADSS SYSTEM IS TO USE HEURISTIC DESIGN TECHNIQUES. IN
ORDER TO UTILIZE THE DESIGN EXPERIENCE OF THE ENGINEERING
DESIGNER THE CADSS SYSTEM witL PRODUCE MEANINGFUL
DESCRIPTIONS OF THE SYSTEM AS THE DESIGN PROGRESSESe THE
DESIGNER MAY THEN ANALYZE THESE DESCRIPTIONS OF THE

., PARTIALLY DESIGNED SYSTEM AND MODIFY THEM AS DESIREDs

IN ORDER TO PROVIDE AS MUCH . THINE [INDEPENDANGCE AS
POSSBILE THE PROGRAMS MAKING UP THE CADSS SYSTEM ARE TO BE
WRITTEN IN FORTRAN IVe SOME FUNCTIONS SUCH AS WORD PACKING
AND USE OF AUXILIARY STOQRAGE WILL BE MACHINE DEPENDANT.
THESE WILL BE WRITTEN AS SUBROUTINES TO FACILITATE
CONVERSIONe IN ORDER TO ACHIEVE MAXIMUM UTILIZATION
INPUT/QUTPUT ROUTINES ARE TO BE PROVIDED FOR CARDSy LINE
PRINTERSs GRAPHIC TERMINALS AND X=Y PLOTTERS.

THE COMPLETE CADSS SYSTEM WILL CONSIST OF 7 PROGRAMS
LINKED BY DATA STORAGE UN AUXILIARY MEMOQRY.

31 COMPILATION

THE PURPOSE OF THE COMPILER PROGRAM IS TO TRANSLATE THE
ENGLISH DESCRIPTION OF A SYSTEM INTO A TABLE AND LIST
STRUCTURE FOR FURTHER COMPUTER PROCESSINGe THE INPUT TO THE
COMPILER CONSISTS OF PUNCHED CARDSe THE COMPILER PROGRAM
GENERATES NAME AND LABEL TABLESs PROCESSES THE CONDITION AND
OPERATION LISTSe AND PRODUCES DIAGNOSTIC MESSAGESs THE
GENERATED TABLES AND LISTS DESCRIBING THE OPERATION OF THE
SYSTEM ARE PLACED ON AUXILIARY MEMORY AND MAY BE PRINTED AS
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A USER OPTIONe AFTER COMPILATION THE FLOW CHART SIMULATOR OR
THE TABLE GENERATOR PROGRAMS MAY BE RUNe

342 FLOW CHART SIMULATION

THE PURPOSE OF THE FLOW CHART SIMULATOR IS TO VERIFY
THAT THE DESCRIPTION OF THE ODOESIRED SYSTEM CPERATION IS
ACCURATEs THE INPUT TO THE SIMULATOR CONSISTS OF THE TABLES
GENERATED BY THE COMPILER AND A DESCRIPTION OF THE INPUT
SIGNALS FOR WHICH THE SIMULATION IS TO BE RUNe THE INPUTS
MAY BE ENTERED ON CARDS OR GRAPHICALLY AND THE DESIRED
QUTPUTS MAY BE OBTAINED ON THE LINE PRINTER OR ON A GRAPHIC
DISPLAYe AFTER ANALYSIS OF THE OUTPUTS THE DESIGNER CAN
EITHER MODIFY THE ORIGINAL DESCRIPTION OF THE SYSTEM AND
REPEAT COMPILATION OR PROCEED TO THE GENERATION OF THE STATE
AND UNIT OPERATION TABLESe

3s3 TABLE GENERATION

THE PURPOSE OF THE TABLE GENERATOR PROGRAM IS TO
TRANSLATE FROM A TIME ORIENTED FLOW CHART DESCRIPTION OF A
SYSTEM TC A UNIT ORIENTED BLOCK DIAGRAM DESCRIPTIONe THE
TABLE GENERATOR READS THE LISTS AND TABLES FROM AUXILIARY
MEMORY AND GENERATES THE STATE AND UNIT OPERATION TABLE3S FOR
THE SYSTEM.

THE STATE TAL.E 1S GENERATED B8Y ASSIGMING STATES TO
GROUPS QOF STATEMENTS AND THEN ANALYZING THE STATEMENTS TO
DETERMINE THE NEXT ACTIVE STATEMENT IN EACH CASEe GENERATION
OF THE UNIT OPERATION TABLE IS PERFORMED BY SORTING THE
OPERATION LISTS SO THAT ALL OPERATIONS ON THE SAME UNIT ARE
GROUPED TOGETHER. THE CONDITIONS NECESSARY FOR THE
PERFORMANCE OF EACH OPERATION ARE THEN OR'ED TO FORM A
BOOLEAN EXPRESSION SPECIFYING WHEN EACH PARITICULAR
OPERATICUN [S TO OCCURe

THE PROGRAM WILL DISPLAY THE TABLES GENERATED (LINE
PRINTERy DIGITAL TELEVISION DISPLAY SYSTEM OR PLOTTER) AND
WILL ACCEPT MODIFICATIONSe ANY MODIFICATIONS ENTERED WILL
CAUSE ALL TABLES AND LISTS DESLRIBING THE SYSTEM TO BE
UPDATEDs UPON COMPLETION OF TABLE GENERATION THE WUSER CAN
PROCEED TO THE STATE ASSIGNMENT PROGRAM.
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344 STATE ASSIGNMENT

THE STATE ASSIGNMENT PROGRAM READS THE STATE TABLE FROM
AUXILIARY MEMORY AND ASSIGNS MEMORY ELEMENT CONFIGURATIONS
TO STATESs ALTHOUGH SOME TECHNIQUES EXIST FOR OPTIMUM STATE
ASSIGNMENT IT IS DIFFICULT T0 GENERALIZE T0 THE
MULTI=INPUT/MULTI=OUTPUT CASEe 1IN ADDITION THE DESIGN TIME
REQUIRED USUALLY PROHIBITS TKE USE OF AN OPTIMUM METHODe

THE COST OF THE CONTROL LOGIC OF A SYSTEM IS DETERMINED
3y

le THE NUMBER OF MEMORY ELEMENTS USED.

2¢ THE AMOUNT QOF LOGIC REQUIRED TO GENERATE CONTROL
SIGNALS TO THE FUNCTIONAL UNITS OF THE SYSTEM.

3. THE AMOUNT OF LOGIC REQUIRED TO GENERATE THE INPUT
EQUATIONS DETERMINING THE NEXT STATE
CONFIGURATIONS o

4o THE AMOUNT OF TIME REQUIRER TO DESIGN THE CONTROL
LOGICe.

THE MINIMUM NUMBER OF MEMORY ELEMENTS WILL BE USED IF
THE STATES ARE MAPPED INTO A BOOLEAN N=CUBE. THE LOGIC
REQUIRED TO GENERATE THE CONTROL SIGNALS WILL BE MINIMIZED
IF THE MAPPING IS SUCH THAT THE OCCURANCE OF A GIVEN
CONDITION IN ANY STATE OF A MAXIMAL SUB=CUBE LEADS T2 THE
SAME SET OF CONTROL SIGNALSe THE LCGIC REQUIRED FOR THE
NEXT STATE SIGNALS WILL BE MINIMIZED IF THE MAPPING IS SUCH
THAT ALL TRANSITIONS FROM STATES OF A SuB=CUBE GO TO
CORRESPONDING STATES OF OTHER SUB=CUBESe

IN GENERAL IT WILL NOT BE POSSIBLE TO MINIMIZE BOTH THE
CONTROL LOGIC AND THE NEXT STATE LOGIC WITH THE SAME STATE
ASSIGNMENTe IT WILL THEN BE NECESSARY TO CONSIDER SEVERAL
POSSIBLE ASSIGNMENTS IN ORDER TO PICK TKE BEST ONE.

ONE HEURESTIC METHOD OF STATE ASSIGNAENT THAT MAY BE
EMPLOYED 1S TO GROUP STATES KAVING THE SAME SET OF CONTROL
SIGNALS FOR THE SAME SYSTEM CONDITIONS TOGETHER AND TO
WEIGHT STATE PAIRS BY THE NUMBER OF TRANSITIONS BETWEEN
PAIRED STATESs STATES MAY THEN BE ASSIGNED TC MEMCRY
ELEMENT CONFIGURATIONS BY STARTING WITH THE STATES HAVING
THE GREATEST WEIGHT AND FOLLOWING THE PROCEDURE BELOWs

le FIND THE STATE MOST CONNECTED TO A PREVIOUSLY
ASSIGNED STATE.
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2¢ ASSIGN THAT STATE TO A CONFIGURATION A UNIT
HAMMING DISTANCE AWAY FROM THE OTHER STATE OF THE
PAIRs

3¢ IF THE NEW STATE IS IN ONE OF THE GROUPS OF STATES
ASSIGN ALL STATES IN THE GROUP SO AS TO FORM A
SUB=CUBE AND MARK THE ASSIGNED STATES AND MEMORY
ELEMENT CONFIGURATIONE »

4o REPEAT UNTIL ALL STATES ARE ASSIGNED.

THE ASSIGNMENT PRODUCED IN THIS WAY WILL USE THE MINIMUM
POSSIBLE NUMBER OF MEMORY ELEMENTSe THE AMOUNT OF LOGIC
REQUIRED WILL BE REDUCED (BUT NOT MINIMIZED).

IT IS POSSIBLE TO ARRIiVE AT A DIFFERENT APPROACH TQ THE
STATE ASSIGNMENT PROBLEM BY (HE FOLLOWING REASONINGe

Ae CONTROL LOGIC MAY BE REDUCED IF FCR SEVERA.. STATES
AND THE SAME SYSTEM CONDITIONS THE SAME CONTROL
SIGNALS ARE REQUIRED AND THE SAME BITS OF THE
MEMORY ELEMENTS ARE TO BE CHANGEDe IN THIS CASE
STATES ARE ASSIGNED TO SUB+CELLS OF THE N=CUBE AND
IT IS NOT NECESSARY TO DECODE ALL STATES
COMPLETELY

8¢ IN TYPICAL SYSTEMS HAVING SEVERAL INPUTS»
REGISTERSs COUNTERSs ETCs THERE WILL BE MANY
DIFFERENT SYSTEM CONDITIONS AND MANY DIFFERENT
CONTROL SIGNALS.

Ce THUS IN A TYPICAL SYSTEM NEARLY ALL STATES WwILL
HAVE TO BE <COMPLETELY DECODED AND VERY LITTLE
LOGIC REDUCTION WILL BE POSSIBLEs

De IN CURRENT INTEGRATED CIRCUIT LOGIC FAMILIES THE
COST OF MEMORY ELEMENTS IN BUFFER REGISTER
CONFIGURATIONS IS COMPARABLE TO THAT OF GATES.

Es« THEREFORE IT MAY BE PREFERABLE TC MINIMIZE THE
LOGIC REWUIRED TO DECODE THE STATES RATHER THAN TO
MINIMIZE THE NUMSER OF MEMORY ELEMENTS REQUIREDs

ONE METHOD OF MJ“IMITING THE DECODE LOGIC REQUIRED IS
TO USE ONE MEMOURY ELE~“.'1 FOR EACH STATE: THIS WILL
ELEMINATE ALL LOGIC REQUIRED TO DECODE THE STATES AND WILL
GREATLY REDUCE THE DESIGN TIMEe THE ADDITIONAL LOGIC FOR
GENERATING THE CONTROL AND NEXT STATE SIGNALS WILL DEPEND ON
THE PARTICULAR SYSTEM BUT SHOULD BE ROUGHLY COMPARABLE TO
THAT REQUIRED FQR THE PREVIOUS METHOD. A  PRELEMINARY
ANALYSIS OF THIS TECHNIQUE CF STATE ASSIGNMENT INDICATES
THAT THE COST QOF LOGIC ELEMENTS AND CONSTRUCTION WILL ALMOST
ALWAYS BE LESS THAN FOR THE MINIMUM MEMORY ELEMENT METHOC.
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SINCE THE DESIGN TIME wllL ALWAYS BE LESS AND SINCE ThIs
IYPLEMENTATION #ILL 3t EASIER TC TROUBLESHOCT IT APPEARS TO
SE PREFERABLE. !

3,5 LOGIC GENERATION

oD

TME PURPOSE OF THE LOGIZ GENLRATOR PROGRAM IS TO

- TRANSLATE THE BOOLEAR LOGIC EGWUATIONS GENERATED BY THE

“"BREVIOUS PRGCGRAMS INTO A LOGIT DIAGRAMe THE PROGRAM READS

THE STATE AND UNIT QPERATION TABLES AND THE STATE ASSIGNMENT

. FROM AUXILIARY MEMORYs THE PROGRAM ALSO  ACCEPTS A

DESCRIPTION OF THE LOGIC ELEMENTS AVAILABLE FROM CARDS OR

AUXILIARY MEMORY- THE SYSTEM IS THEN IMPLEMENTED USING THE
-DESCRIBED LOGIC ELEMENTS.

THE GENERAL PROBLEM OF FINDING A MINIMUM HARDWARE
IMPLEMENTATION USING A SPECIFIC GROUP OF LOGIC ELEMENTS AND
MULTILEVEL GATING IS UNSOLVEDe THE APPROACH TO BE TAKEN IN
THE CADSS SYSTEM IS TO FACTOR OUT THE MOST USED FUNCTIONS
IMPLEMENT THESE AND REPEAT. IT 1S ANTICIPATED THAT THE
RESULTS wILL 3E NEAR MINIMAL BECAUSE OF THE NATURE OF THE
CONDITION LISTS IN THE ORIGINAL DESCRIPTIONe

AFTER A DESIGN IS COMPLETED IT WILL BE DISPLAYED (DTDS
OR GERBER! TO ALLOW THE USER TO ANALYZE THE RESULTSs IN MOST
CASES THE USER WILL BE ABLE TO REDUCE THE LOGIC OR [IMPROVE
THE SYSTEM IN SOME WAYs THE CADS3S SYSTEM wWILL THEN ACCEPT
ANY DESIRED MODIFICATIONS AND UPDATE THE INTERNAL LOGIC
DESCRIPTION ACCORDINGLYe THE RESULTING LOGIC DIAGRAM MAY
ALSO BE DISPLAYED.

30o% LOGIC SIMULATICON

AFTER A LOGIC DIAGRAM IS OBTAINED THE LOGIC SIMULATOR
PROGRAM MAY BE USEC TO VERIFY THE OPERATION QF THE SYSTEM,
THE LOGIiC SIMULATOR READS THE DESCRIPTION OF THE LOGIC
DIAGRAM FROM AUXILIARY MEMORY AND ACCEPTS A DESIRED INPUT
SEQUENCE FROM THE USERes THE SYSTEM WILL THEN BE SIMULATED
BY STANDARD TECHNIWUES AND THE DOESIRED OUTPUTS DISPLAYED,
AFTER Si1mMuLlATION THT USER MAY RETURN TO THE LOGIiC GENERATION
PROGRAM TO MAKE ADDIT.ONAL MODIFICATIONS IO THE SYSTEM OR
PROCEED TO THE LOGIC PLATEMENT PROGRAMs
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3¢7 LOGIC PLACEMENT AND WIRE LiIST GENERATION

THE LOGIC PLACEMENT PROGRAM READS THE LOGIC DIAGRAM
PRODUCED BY THE LOGIC GENERATOR PROGRAM AND ACCEPTS A
DESCRIPTION OF THt HARDWARE CONFIGURATION FROM THE USER.
THE SYSTEM wILL ALLOW ANY DESIRED ELEMENTS 70 BE
PREPOSITIONED OR GROUPED TOGETHER.

THE CADSS PROGRAM WILL THEN POSITION THE REMAINING
ELEMENTS FOLLOWING A HEURISTIC PROCEDURE TO REDUCE THE TOTAL
WIRE LENGTH SUBJECT TO CONSTRAINTS SUCH AS THE NUMBER OF
CONNECTIONS TO A TERMINAL AND THE MAXIMUM ALLOWABLE LENGTH
OF A SIGNAL PATHe AFTER COMPLITION THE LOGIC PLACEMENT WILL
BE DISPLAYED AND MAY BE MCDIFIED BY THE USERs

WHEN AN ACCEPTABLE PLACEMENT IS FOUND THE CADSS SYSTEM
WILL LIST THE LOGIC MODULES WHICH ARE TO BE PLACED IN EACH
LOCATION AND wILL PRINT THE W.RE CONNECTION LIST FOR THE
SYSTEMe
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4 THE CADSS MODEL OF A DIGITAL SYSTEM

, CONSIDERABLE INSIGHT (INTO THE PROBLEM OF LOGIC
< L GENERATION MAY BE OBTAINED BY ANALYZING THE DIGITAL SYSTEM
© !MODEL ASSUMED BY THE CADSS SYSTEMe

“2 THE MOST COMMON MODEL OF A CIGITAL SYSTEM IS OBTAINED
BY SEPARATING THE MEMORY (STATE) ELEMENTS AND THE
(.. COMBINATORIAL LOGIC ELEMENTS AS SHOWN IN FIGURE &4sl.«

2 INPITS Fcouamnomm_ OUTFI T
% — S====—tr=
o C LoGic
3 —L  ELEMENTS |—
‘ﬁ.
AT
7
S | MEMoRY
| 1 (STRTE) |
' ELEMENTS

FIGURE 4.1 FIRST MODEL CF A DIGITAL SYSTEM

DIGITAL SYSTEMS OF TYPICAL COMPLEXITY NORMALLY CONTAIN
A GROUP OF MEMORY ELEMENTS FUNCTIONALLY CONNECTED AS UNITS
SUCH AS REGISTERS OR COUNTERSe WHILE THESE FUNCTIONAL UNITS
MAY HAVE SOME PART IN DETERMINING THE OVERALL STATE OF THE
SYSTEM (FROM THE VIEWPOINT OF AUTOMATA THEORY) THEY ARE NOT
GENERALLY CONSIDERED AS STATE ELEMENTSe IF THE FUNCTICNAL
UNITS ARE SHOWN SEPARATELY A SECOND MODEL OF A DIGITAL
SYSTEM IS OBTAINED AS SHOWN IN FIGURE 4«2



PAGE 31

FUNCTIONAL e A
Ourputs
UNITS
FuncTionAL UniT OpERATION
Unit Ourpurs ConTROL L-#NES
= ® COMBINATORIAL 3
ANPUTS LO6IC " Ol PuTS
PRESENT _ i— NEXT STATE
STATE LINES Lﬂ 'KVCONT‘ROL sts
\_ STATE
ELEMENTS

FIGURE 4,2 SECOND MODEL OF A DIGITAL SYSTEM

IN THIS MODEL THE COMBINATORIAL LOGIC RECIEVES INPUTS
FROM EXTERNAL SOURCESs THE STATE ELEMENTS AND THE FUNRITIONAL
UNITSe THE <COMBINATORIAL LOGIC GENERATES THE SIGNALS
DEFINING THE NEXT STATE OF THE SYSTEMe THE WUNIT GPERATION
COMMANDS (RESET» SHIFTs INCREMENT» ETC! AND ANY OUTPUTS NOT
TAKEN DIRECTLY FROM THE FUNCTIONAL UNITS.

THE THIRD MODEL IS FORMED BY SEPARATING THE
COMBINATORIAL LOGIC INTO TWO LEVELS AS SHOWN IN FIGURE 4ae3,
THE OUTPUTS OF THE FUNCTIONAL UNITS ARE FIRST COMBINED WITH
THKE EXTERNAL INPUTS TG FORM SIGNALS DEFINING THE CONDITION
OF THE SYSTEMs IN THE SECOND LEVEL OF LOGIC THE CONDITICN
DEFINING SIGNALS ARE COMBINED WITH THE STATE OUTPUTS TO
GENERATE THE UNIT OPERATIONs NEXT STATEs AND OUTPUT SIGNALS.
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THE THIRD MCODEL CAN BE RELATED TO THE CADSS DESCRIPTION
OF A DIGITAL SYSTEM IN THE FOLLOWING WAYS

1 THE INPUT LINES CORRESPOND T0 THE INPUT
DEFINITIONS OF THE CADSS DESCRIPTION

2 THE CUTPUT LINES OF THE MODEL CORRESPOND TO THE
DEFINED QUTPUTS OF THE CADSS DESCRIPTIONe BOOLEAN
STATEMENTS ARE USED TO SPECIFY THE UNITS CONNECTED
TO THE QUTPUTS (A OUTPUTS!) OR THE GATING REQUIRED
TQO GENERATE THE OQUTPUT (E QUTPUTS)

3 THE SYSTEM CONDITION LINES OF THE MODEL CORRESPOND
TC THE CONDITION LISTS OF THE CADSS DESCRIPTIONe
THERE WILL BE ONE CONDITION LINE FOR EACH
DIFFERENT CONDITION L1iST»

4 THE UNIT OPERATION CONTROL LINES CORRESPOND TO THE
COMMANDS IN THE UNIT OPERATION LISTS OF THE CADSS
DESCRIPTICNe THE BOOLEAN EQUATION FOR EACH
OPERATION CONTROL LINE MAY BE OBTAINED BY 'ANDING?
THE CONDITION LIST WITH THE STATE FCR EACH
STATEMENT CONTAINING THE COMMAND AND THEN 'ORING!
THE FUNCTIONS SC FORMED»

5 THE NEXT STATE LINES OF THE MODEL DO NOT APPEAR
EXPLICITLY IN YHE CADSS DESCRIPTION OF A SYSTEM
BUT MAY BE DETERMINED FROM THE GENERATED STATE
TABLEs - THE BOOLEAN EQUATION FOR EACH NEXT STATE
“INE IS OBTAINED BY 'ANDING' THE STATE WITH THE
CONDITION FOR EACH STATEMENT CONTAINING A TRANSFER
TO THE PARTICULAR NEXT STATE UNDER <CONSIDERATIONe
ALL CF THE FUNCTIONS FORMED IN THIS WAY ARE THEN
"ORED' TC FORM THE COMPLETE EQUATION FOR THAT
PARTICULAR NEXT STATE LINE.

ALTHOUGH THIS MODEL IS USED IN THE INITIAL TRANSLATION
FROM THE CADSS DESCRIPTION TO THE BCGOLEAN EQUATIONS
DESCRIBING THE SYSTEM THE FINAL LOGIC DESIGN WILL NOT BE
PARTITIONED IN THE SAME WAYs LOCIC REDUCTION BY FACTORING
WILL REMOVE THE DISTINCTION BETWEEN THE TwO LEVELS OF LGGIC
GATINGe SOME STATE ASSIGNMENTS WILL RESVULT IN 'BIT CHANGE
LiNES! RATHER THAN NEXT STATE LINESe THE MODEL SERVES ONLY
AS A TOOL IN TRANSLATING THE INITIAL DESCRIPTICN INTO A
MATHEMATICAL FORM.
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