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A. MACHINE-AIDED DIGITAL SYSTEM DESIGN
LANGUAGE (DSL/1)

In the development of a computer-oriented language, it is often helpful to describe
the language in some standard form. We present the syntax of the Digital Specification
Language (DSL/1) in Backus-Naur form. See Table XVII-1.

A brief description of each of the items will help to clarify some requirements of
the language that are not easily specified in the syntax. The basic entities of the lan-
guage will be described.

1. Registers: A register corresponds to a physical storage unit within the subsys-
tem, or machine., In the declaration, the size (number of bits) is specified.

2. Subregisters: A subsection of a register may be used often enough to warrant
the use of another name to refer to the subsection. In the subregister declaration, the
parent register name is given, together with the start and end bits, which automatically
defines the subregister size.

3. Concatenated registers: When the designer wishes to refer to several register
sections or registers as one unit he may declare a name for the entire unit. The sub-
sections are concatenated left to right, with the least significant bit of the left-hand reg-
ister just to the left of the most significant bit of the right-hand register.

4. Booleans: This is a special case of a register, namely a one-bit value that may
be viewed as a logical quantity (TRUE or FALSE), or as a one-bit storage value (1 or 0).

5. Instants: The instant is the basic timing element. It has zero duration, and
divides the time region into two parts, the "before" region, and the "after" region.
Instants are separated from other instants by an interval of time.

6. Transitions: A method of detecting changes of state within a machine and then
actuating another action is based on a transition. The detection of the change is the
transition and, like an instant, it divides the time region into "before" and "after"

regions.

>kThis work was supported by the Joint Services Electronics Programs (U.S. Army,
U.S. Navy, and U.S. Air Force) under Contract DA 28-043-AMC-02536(E),
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Table XVII-1, DSL SYNTAX

<PESCRIFTICHD> ::= <SUESYSTEMND>|<KDESCRIPTIGN>KSUEBESYSTFU!>

<SUESYSTEM> ::= SUBSYSTEN <SUPSYSTEM IDENTIFIERDZ<KSUBSYSTEM EOLY> SYSEND

<SURBSYSTEY IDENTIFIERD> ::= <NAMED

<SUBSYSTEM BOLY> ::= <DECLARATICND> | <SUBSYSTEM BCLY><SURSYSTEE BCLY> |

<SUBSYSTEM BODY><SPECIFICATICN BLQCK>

<DECLARATICN> ::= <KCLCPAL REGISTER DECLARATION> % |
<REGISTER LCECLARATICND> 2% |
<SUBREGISTER CECLARATICND> $ |
<CCNCATEFNATED REGISTER DECLARATION> $ |
<GLCRBAL INSTANT CECLARATICN> I |
<INSTANT DECLARATICN> ¥ |
<TRANSITICN DECLAKATICHE> % |
<MEMOERY DECLARATICND> ¢ |

<GLCEAL BCCLEAN CECLAFATICKN> 5 |

s

<ECOLEAN DECLARATICN> § |
<GLCBAL CEFINE> § |
<CEFINE> § |

<COMNMENT>

<MEMOTY LFCLARATICND ::= MNEMORY <AFMOEY STRINGD> |

<MEMORY DECLARATIOND,<MEMORY STIRING>

<MEMCRY STRING> ::= <UEMORY IDENTIFIERD (KINTEGER>,KINTEGERD)

<MENOEKY ADDRESS REGISTER IDENTIFIER>
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<MEMORY TLENTIFIER> ::= <NAMED

<MEMORY ADLRESS REGISTER ICENTIFIER> ::= <REGISTER IDENTIFIER>

KRFGISTER ICENTIFIERD ::= <NAMNED

<GICRAL REGISTLK DECLARATICN> ::= GICEAL <REGISTER LECLARATION>

<RPEGISTER LECLARATION> ::= REGISTER <EREGISTER IUENTIFIERD (KIKTIFGER>)]

CFEGISTER CECLARATYCND ,KEFEGISTER TLENTIFTERD> (KINTEGERD)

<KNAME> ::= <ALPEABETD |<KNAMEDKALPHAEET>|<KNAME>LDIGIT>

<ALPHABET> ::= A|BICIDIEIFIGIH|T]IIIKILIMINICIEICIEB]ISITIUVIAIX]IY]Z

<DIGIT> ::= <OCTAL TIGIT>{8]9

<OCTAI LDIGIT> ::= 1]1213J4}516]17]10

CINTEGER> ::= (DECIMAL CONSTANT)|{OCTAL CONSTANT)

{CECIKAL CCNSTANTI> ::= <DECIMAL STRILG> | <DECIVAL STRING>D

KTCECIMAL STEING> ::= <LCIGIT>|<KDECIN¥AL STHEING>LLIGIT>

KOCTAL CCNSTAET> ::= <CCTAL STETNGDDR

<GCTAL STFING> ::= <OCTAL DIGIT>|<CCTAL STRING><CCTAL DIGIT>
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FAGE 2
<SUERLEGISTER TECIARATIOND> :1:= SREGISTER <REGISTER IDENTIFIERD=

KBEGISTER ITEN>|

<SUBEIGISTEKR LECLARATICND>,<HREGISTFR ILENTIFIERD>D=<REGISTER ITEM>

KREGISTER ITFM> ::= <RFGISTER IDENTIFIER>]<REGISTER TIDENTIFIER> (KINTECGEER>) |

<REGISTER ILDENTIFIER> {KINTEGER>,<KINTEGFER>) | <ECOLEAN ILENTIFIER>
<CONCATENATELD REGISTER DECIALATICN> :z:=
CREGISTER <QEGISTER TLCENTIFIEED=<REGISTEF STRING>|
<CCNCATENATEL RECISTER DECLAFATIOND,<REGISTER ILENTIFIERD>=
<EEGISTER STRING>
<REGISTER STRING> ::= <KREGISTEF ITEM>D|<EEGISTER STRING>'<REGISTER STRING>

<GIQEAL TINSTANT TECLARATION> ::= GLCBAL <INSTANT LECLARATICN>

KINSTANT LECLAEATIOND> ::= TINSTANT <INSTANT IDENTIFIER>{<KINSTANT DECLARATICN>,

INSTANT TCENTIFIERD

<GICEAL BCCLEAN TECLARATICND> ::= GICBAL <BCOLEAN IECLARATION>

<BCCLEAN DECLAFATIOND> ::= EOOLEAN <ECOLEAN IDENTIFIERD|

<ECCLEAN DECILARATICN> ,<ECCLEAN ILCENTIFIERD>

KPCCLEAN TITENTIFIER> ::= <KAMED

<BCOLEAN ITEM> ::= <FOCIEAN TLENTIFIER>|[<KREGISTER ILENTIFIERD {(CINTEGERD)

<GICEAL CETFINF> ::= GLCBAL <LCEFINE>
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EACGE 4
<DEFINE> t:= DEFINE <DTYPL> <DRELCCK>

<CTYPE> ::= RECISTEE | FOCIFAN | INSTEAT

<DELCCK> ::= <FEGISTER ILFNTIFIER> = <REGISTER EXERESSICYX> |
<ECOLEAN TLENTIIFIFR> = <ECOLEAN EXPRESSICHND> |
KINSTANT IDENTIFIERD> = <TNSTANT EXPEESSICN> |
<LBICCK>,<CRICCK>

<INSTANT TLCENTIFIERD ::= <KNAMED

<SPECIFTICATICN ELCCK> ::= <SPECIFICATICX BLCCK ECLY> 3

<SPFCIFICATICKN ELCCK BOLY> ::= AT <IKSTANT EXPRESSICN> LC <ASSIGNMENT ECGLY>|
IF <FCCLEAN EXPRFSSION> THEN <SPECIFICATICN BLCCK BCDY> IFENL |
IF <FCCLEAN EXPRESSICK> THEN <SFECIFICATICN ELOCK BCDY> ELSE

<SPECIFICATION BICCK ECLCY> IFEND

<INSTANT EXPRESSION> ::= <INSTANT TLDENTIFIERD|[<TEANSITICN IDENTIFIEERD]
<TRANSITIOND |KINSTANT EXPRESSICND> AND <BCCLEAN EXFRESSICND]
<PCCLFAN EXPRESSICAK> ANL <INSTANT EXDPRESSICND> |
<INSTANT EXPRESSICHN> CR <INSTANT EXPRESSICN>|

{<IXSTANT EXPRESSIOND) |KIKSTANT EXPRESSICN> + <INTERVAL>

<PTRANSITICHND> $:= <ECCLEAN EXPRESSIOND 2?2 <BOOLEAN CCNSTANT> |

KECCLEAY EXPRESSTCN> => <ECCIEAN CCNSTANTD

CTRANSITICN CECIAEATICGHD ::= TRANSITION <TRANSITICN IDENTIFIEED>=
(KTFANSTTIICUD) |
<TEANSITICM DECIARATICND ,KTREANSITION ILENTIFIERD=

(<TRANSITICND)
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FAGE S

CTRANSITICN ILENTIFTIER> ::= <NAMED

<ECCLEAN EXFRESSION> ::= <ECOLEAN CCNSTANTD>|<ECCLEAN ITEM> |
KEEGISTER FXPRESSION> <KEIATTCNAL OFERATCRD> <REGISTER EXPRESSION>|
<ECCLEARN EXPRESSION> <BCCLEAN CPERATOR> <FCCLEAN EXFRESSICN> ]
NCT <ECCLEAN EXPRESSICN> | ~<EGCOLEAN EXPEESSIOND|

(CECCLEAN EXERESSICND)
<ECCLEAN CCNSTANT> ::= TRUE|FALSE]1]0
<REFIATICNAI CFEFATOEF> ::= ECINF]CT[LTIGEILEI=]<> > |<|<=|>=
<BOCLEAN CPEFATOE> ::= AND|OR|XCR].
<ASSIGNHMENT EOLY> ::= <TRANSFERD|<INSTANT ACTIVATICND> |
TF <EGCLEAN EXPRESSTON> THEN <ASSIGNMENT LECDY> IFENC)
TF <POOLEAN FXPRESSION> THEN <ASSTGNMENT RCDY> FISF
<ASSTGNMENT LCLY> IFEND |

<ASSIGNMENT BCDY>,<ASSIGNEENT BODY>

KTRANSFERD> ::= <REGISTFR STRTING>=<REGISTER EXPRESSICND> |

<BGCLTAN ITEM>=<ECOLFAN FXTRFSSIOND>

<INETAMT ACTIVATIOND ::= <KIXSTANT JTLDENTIFIERD= * 4 <INTERVALD

CINTFEVALD>  :1:= <REDML CCNSTANTY>

<RIAL CCNSTANT> ::= KTECIKAL CCESTANT>, |

<LECI¥AL CCNSTANI>.<KDECIMNAET CONSTANT> | <LECTMAL CCMSTART>
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PAGE €

CREGISTER EXPRESSICN> ::= <RIGISTFE STRING> | <EEGISTER CCHSTIANTI> |
<ECCLFAN EXPRESSICN> | NCT <FEGISTER EFXPRESSICND> |
-~ <REGISTER EYPRESSIOCND> |
<REGISTER EXPRESSICK> <LCGICAL OPERATICY¥> <REGISTEE EXPRESSICND]
CRECISTER EXPEFSSIOND <ARITHMETIC OPTEATCED> <REGISTER EXPRESSICHN> |

(CREGISTER EXERFSSICHND)

KREGISTER CONSTANTI> ::= LINTEGEERD

<1CGICAL CEBEERATICE> ::= AXNL | CF | ¥Ck | .

<ARITHMETIC CPEBATOE> ::= ADD | SUR | + | -

<CHARACTEE> ::= <ALPFABET>|<DIGIT>|<TERMINATOER>

KTEREINATORY s:= =)<l 21 %1 2151 (Y 1+18121"1?21/1-1.1,1%

7. Memory: A memory system is a collection of equal-size registers grouped
together under a single name, and for which only one element may be referenced at any
one time. The addressing scheme is accomplished through a memory address register,
whose declaration appears in a register declaration statement.

8. Specification block: This group of statements specifies the actual operation of
the machine. Its component parts are the following.

(a) The instant activation phrase that determines at what time this block is to be
executed,

(b) The Boolean condition that specifies what state the system must be in to enable
execution,

(c) Assignment body containing the transfer-path specifications and generation of

new instants.
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9. Globals: To allow the communication of data and machine states to the external
observer, the designer specifies what registers, booleans and instants are to appear at
the interface. If a register is contained within subsystem A and is used in subsystem B,
it is declared internal global to A, and external global to B.

10. Subsystem: The set of declarations and specification blocks defining the opera-
tion of a machine is termed a subsystem, and is given a name by the designer.

11. Description: A description is a collection of subsystems that, when taken as
an entire group, performs a macrofunction. An example would be a computer descrip-
tion, as opposed to an arithmetic subsystem.,

Further information about the implementation of a modified subset of DSL/1 may be
obtained from a thesis by John B. Kasarda.1 This thesis describes a subset of the
DSL/1 presented here, the compiler and simulation system, and gives an example of
output produced by the system.

F. F. Lee
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