1

1

1

These compute : result = cosine ( ) (inradians).

[ 1.0, 1.0] [0, Pi]

Allarguments outside the domain generate an .

These compute : result = tan ( ) (inradians).

[ Inf,Inf] [ Pi/2, Pi/2]

These compute the angular co-ordinate tan ( ) (in radians) of a point whose X and Y co-ordinates are given.

[ Inf,Inf]x [ Inf,Inf] ( Pi, Pi]

(0, 0) and ( , ) give .

−

−

−

X

X

Y/X

−

− −

− − − ± ±

M Elementary functions

Domain : Range :

undefined.NaN

Domain : Range :

Domain : Range :

Inf Inf undefined.NaN

M.9 Arccosine

M.10 Arctangent

M.11 Polar Angle

REAL32 FUNCTION ACOS (VAL REAL32 X)
  ...
:
REAL64 FUNCTION DACOS (VAL REAL64 X)
  ...
:

REAL32 FUNCTION ATAN (VAL REAL32 X)
  ...
:
REAL64 FUNCTION DATAN (VAL REAL64 X)
  ...
:

REAL32 FUNCTION ATAN2 (VAL REAL32 X, Y)
  ...
:
REAL64 FUNCTION DATAN2 (VAL REAL64 X, Y)
  ...
:

These compute : result = sinh(X).

[ Hmax, Hmax]= [ 89 4 89 4] = [ 710 5 710 5] ( Inf,Inf)

Hmax gives , and Hmax gives .

These compute: result = cosh(X).

[ Hmax, Hmax]= [ 89 4 89 4] = [ 710 5 710 5] [1.0, Inf)

Hmax gives .

These compute : result = tanh(X).

[ Inf,Inf] [ 1.0, 1.0]

. , . S, . , . D

X < X >

. , . S, . , . D

X >

− − − − − −

− − −

| |

− −

M.12 Hyperbolic sine

Domain : Range :

Inf Inf

Domain : Range : Inf

Domain : Range :

M.12 Hyperbolic sine

M.13 Hyperbolic cosine

M.14 Hyperbolic tangent

REAL32 FUNCTION SINH (VAL REAL32 X)
  ...
:
REAL64 FUNCTION DSINH (VAL REAL64 X)
  ...
:

REAL32 FUNCTION COSH (VAL REAL32 X)
  ...
:
REAL64 FUNCTION DCOSH (VAL REAL64 X)
  ...
:

REAL32 FUNCTION TANH (VAL REAL32 X)
  ...
:
REAL64 FUNCTION DTANH (VAL REAL64 X)
  ...
:

This functionreturns two results, the first is a real between 0.0 and 1.0, and the second is an integer. The integer, whichmust be used as the parameter in the next callto the function,carries a pseudo-random linear congruential sequence , and must be kept in scope for as long as the function is used. It should be initialisedbefore the first callto the functionbut not modifiedthereafter except by the functionitself. Consider the followingsequence:

In this example , , and are each assigned a pseudo-random value.

Integers [0.0, 1.0) x Integers kN

M Elementary functions

Domain : Range :

M.15 Pseudo-random numbers

REAL32, INT32 FUNCTION RAN (VAL INT32 N)
  ...
:
REAL64, INT64 FUNCTION DRAN (VAL INT64 N)
  ...
:

SEQ
  x, seed := RAN (8) -- initialise seed
  y, seed := RAN (seed)
  z, seed := RAN (seed)

        x y z

This appendix describes the standard libraryof string to value, value to string routines. The libraryprovides primitiveprocedures to convert a value to and from decimal or hexadecimal representations. High level input/outputroutinescan be easilybuiltusing these simpleprocedures, and a number willtypicallybe provided in an implementation.

The procedures described here provideconversion between integer values and theirdecimalor hexadecimal representations held as a string of characters, forexample:

The procedure returns the decimalrepresentation of in and the numberofcharacters in the representation in .

The procedure returns in the value represented by . is set to ifa non numericcharacter is foundin . or a are allowedin the first character position. willbe the value of the the portionof up to any illegalcharacter withthe conventionthat the value of an empty string is 0. is also set ifthe value of overflowsthe range of , in this case willcontain the low order bits of the binaryrepresentation of . is set to in all other cases.

The procedure returns the hexadecimal representation of in and the number of characters in the representation in . Allthe nibbles (a nibbleis a word4 bits wide)of are output so that leading zeros are included. The number of characters willbe the number of bits in an dividedby 4.

The procedure returns in the value represented by the hexadecimal . is set to ifa non hexadecimal character is found in . Here willbe the value of the the portion of up to the illegalcharacter withthe convention that the value of an empty string is 0. is also set to ifthe value represented by overflows the range of . In this case willcontain the loworder bits of the binaryrepresentation of . In all other cases is set to .

Similarprocedures are providedfor the types , and . These procedures use equivalent parameters of the appropriate type. The procedures are:

N Value, string conversion routines

N.1 Integer, string conversions

    PROC INTTOSTRING (INT len, []BYTE string, VAL INT n)
      ...
    :

           INTTOSTRING n string
                  len

    PROC STRINGTOINT (BOOL error, INT n, VAL []BYTE string)
      ...
    :

           STRINGTOINT n string error TRUE
                      string + - n
               string
    error string INT n
                               string error FALSE

    PROC HEXTOSTRING (INT len, []BYTE string, VAL INT n)
      ...
    :

            HEXTOSTRING n string
                          len n
                                                                 INT

    PROC STRINGTOHEX (BOOL error, INT n, VAL []BYTE string)
      ...
    :

           STRINGTOHEX n string error
  TRUE string n
string error
     TRUE string INT n
                                  string error FALSE

                                  INT16 INT32 INT64

            INTTOSTRING INT16TOSTRING INT32TOSTRING INT64TOSTRING
            STRINGTOINT STRINGTOINT16 STRINGTOINT32 STRINGTOINT64
            HEXTOSTRING HEX16TOSTRING HEX32TOSTRING HEX64TOSTRING
            STRINGTOHEX STRINGTOHEX16 STRINGTOHEX32 STRINGTOHEX64

2

The procedures described here provideconversion between boolean values and their textual representation “ ” and “ ”.

The procedure returns “ ”in if is and “ ”otherwise. contains the number of characters in the string returned.

The procedure returns in b iffirst 4 characters of are “ ”, iffirst 5 characters are “ ” and is undefined in other cases. is returned in if is not exactly “ ” or .

The procedures described here provide conversion between real values and their representation as strings, forexample:

These two procedures each take a string containinga decimal representation of a real number and convert itintothe corresponding real value. Ifthe value represented by overflowsthe range of the type then an appropriatelysigned infinityis returned. Errors in the syntax of are signalled by a Not-a-Number being returned and being set to . The string is scanned from the left as far as possible while the syntax is stilllegal. Ifthere any characters after the end of the longest correct string then error is set to , otherwise it is . For example if was then the value returned would be 12 34 10 with set to . Strings whichrepresent real values are those specified by the syntax for literals,forexample:

Further examples are given in the section on literalson page 27.

These twoprocedures return a string representing the value in the first s of . The format of the representation is determined by and . Free format is selected by passing in and into the

. × real

N Value, string conversion routines

N.2 Boolean, string conversion

N.3 Real, string conversion

 TRUE FALSE

    PROC BOOLTOSTRING (INT len, []BYTE string, VAL BOOL b)
      ...
    :

           BOOLTOSTRING TRUE string b TRUE FALSE len

    PROC STRINGTOBOOL (BOOL error, b, VAL []BYTE string)
      ...
    :

            STRINGTOBOOL TRUE string TRUE FALSE
              FALSE b TRUE error string
      TRUE "FALSE"

    PROC STRINGTOREAL32 (BOOL error, REAL32 r, VAL []BYTE string)
      ...
    :
    PROC STRINGTOREAL64 (BOOL error, REAL64 r, VAL []BYTE string)
      ...
    :

                                               string
                                                  string
               error TRUE

TRUE FALSE string "12.34E+2+1.0"
               error TRUE

     12.34
     587.0E-20
     +1.0E+123
     -3.05

    PROC REAL32TOSTRING (INT len, []BYTE string,
                         VAL REAL32 r, VAL INT m,n)
      ...
    :
    PROC REAL64TOSTRING (INT len, []BYTE string,
                         VAL REAL64 r, VAL INT m,n)
      ...
    :

                                             r len BYTE string
                              m n 0 m n procedure. Where possible a fixed point representation is used when this does not indicate more accuracy than is availableand does nothave more than 3 “ ”safterthe decimalpointbefore significantdigits. Otherwise exponential formis used. The number of characters returned in here depends on the input but will be no more than 15 in and 24 in . is leftjustifiedinfree format.

If is non-zero then ifpossible the procedure returns a fixed pointrepresentation of with digitsbefore the decimal pointand places after withpadding spaces being added when needed. Ifthis is not possible then an exponential representation is returned withthe same field widthas the fixed point representation would have had. If and are both very small then an exponential representation may not fit in the field widthso twospecial values “ ”and “ ”witha sign are returned to indicate a value under or over the representable fixed pointvalues. In allthese cases is padded withspaces so that itcontains ( + +2) characters - before the decimal point, after, as wellas the sign and decimal pointcharacters.

If is zero but is not then an exponential representation is returned where the number of digitsof fraction returned is . The form of the fraction is except when is 1. In this case the output is not a proper representation as the fractionwillbe of the form where the padding space is added due to the absence of a decimal point. For this reason the case = 0, = 1 should not be used in general. When is 0 willcontain ( +6) characters for and ( +7) for .

Each procedure returns a string“ ”preceded by a sign character forinfinitiesand a string“ ”forNot-a- Numbers. In free formata leading space on either string is dropped. Both these willbe padded on the right withspaces to fillthe field widthwhen free formatoutput is not being used.

digit.digits ‘’digit

N.3 Real, string conversion

                                   0
                                               string
               REALTOSTRING32 REALTOSTRING64 string

m r m
             n

         m n
              Un Ov
                           string m n
m n

m n
        n n

                                       m n m
string n REALTOSTRING32 n REALTOSTRING64

                       Inf NaN

Thisappendixdescribes some additionalroutinesthat have been added to implementationstoprovide support forthe programmer. For fullspecifications of these see documentation providedwiththe compiler.

In real time processing it is sometimes necessary to force the compilerto ensure that a process in a parallel suspends itself to give another process a chance to be executed. A call of willhave this effect.

This procedure is provided to enable the programmer to make assertions involvingthe variables of the program, to ensure that ifsuch an assertion is foundto be false at compiletime, then the compilerwillreport an error, or ifit is found to be false at run time then the program willstop at that point.

An instance of may usefullybe included as a “stub” at all places in a program under development that willeventuallybe replaced by suitable error checking code. The careful use of assertions is at the heart of defensive programming.

An implementationmay provide compiler options to control the action which occurs when an assertion is found to be false.

occam

O Programmingsupport routines

O.1 Rescheduling the processor

O.2 Assertion checking

                                                      RESCHEDULE()

PROC RESCHEDULE ()
  ...
:

PROC ASSERT (VAL BOOL assertion)
  ...
:

       ASSERT

Thisappendix enumerates the changes whichhave been made to 2 to derive the extended language 2.1, and the more prominent changes in the style and structure of this manual to facilitate the descriptionof the extended language.

The followinggroups of changes have been made to 2:

1 Additionof named types. (page 26) 2 Additionof record and packed record types. (page 31) 3 New operators and . (page 65) 4 Arithmeticand other operations on values of type. (page 57) 5 Implicittypingof literalconstants. (page 29) 6 Functions returningresults of any fixed length type. (page 78) 7 Segments withoptional and . (page 37) 8 Reshaping of arrays. (page 88) 9 Scope of tags. (page 53) 10 Revised treatment of anarchic protocols. (page 53) 11 Channel retyping. (page 86) 12 Channel array constructors. (page 55) 13 Revised semantics of counted array communication.(page 47) 14 Restrictions on the positioningof allocations. (page 95)

The opportunityhas been taken in this revised manual to make some structuralchanges, and many detailed changes in style of presentation. The followingstructural changes have been made:

A new chapter on variables and values collects together material that was previouslyspread over the chapters on arrays and elements, scope and abbreviation. The chapter on timers has been delayed untilafter the more familiarprocedures and functionshave been introduced. Descriptionof priorityalternation has been moved fromthe appendix to the chapter on constructed processes. The description of retyping has been moved froman appendix to a new chapter together withthe new feature of reshaping. The complete syntax in the appendix is fullyannotated withcross references to the places in the text where the semantic restrictionsapplicable to each productionare defined.

occam occam

occam

P Changes fromoccam 2

• • • • •

P.1 Language changes

P.2 Manual changes

    BYTESIN OFFSETOF
                          BYTE

           FROM FOR

PROTOCOL

Anew appendix on implementationdependent features has been added. In additionto material defining and illustratingthe new extensions several revisions have been made to the detailed presentation of language syntax in the manual. In particular: The syntactic category has been dropped, to simplifythe separate handlingof , and , whichhave many syntactic similaritiesbut also some significantdifferences in how they are used.

The treatment of has been revised to emphasise its semantic closeness to . The syntactic categories and have been replaced by the categories , , and , each of whichmay be used forscalars and arrays.

The syntacticcategories , , , and whichserved no particularalyuseful syntactic purpose and had onlydescriptivevalue have been eliminated. The syntactic categories and have been explicitlydefined in the syntax, and the lexicallevel categories , , , and in the lexicalappendix.

•

element variable channel timer string table primitive.type array.type data.type channel.type timer.type port.type action function.body procedure.body valof

monadic.operator dyadic.operator name digits hex.digits character string

P Changes from occam 2

Anabbreviationspecifies a as an foran existing or or forthe value ofan . The meaning ofthe alias is defined by substitutionofthe abbreviated expression, variable, etc. Anaction is an assignment, an input,or an output. Aparameter used in an of a procedure or function.

Ensure all variables and channels are identifiedby a single name withina given . Place a , , , or at an absolute locationin memory. Combines a number of processes guarded by inputs, and performs the process associated with an inputwhichis ready.

Acomponent of an .

Aprotocolcompatiblewithany communicationusing a simple protocol. Aparameter used in an instance of a function.

Asequence of components of the same type stored in consecutive memory locations.

Evaluates an expression or list of expressions, and assigns each resulting value to a corresponding variable.

Anexpression defining the starting value of a or the subscript of the first component of a .

Operation on the individualbits in the representation of a value. Atruth value used in a guard or loop.

Logicaloperation on truth values.

Uses tag to select the protocolof an inputon a single channel witha case protocol.

Aprotocolcomprisinga collectionof tagged protocols. Unbuffered, uni-directionalpoint-to-pointconnection for communication between two processes executing in parallel. Anarray ofchannels expressed as a sequence ofcomponentchannels insquare brackets.

Aliteralvalue ofbyte type expressed alone between single quotes, or as part ofa stringindouble quotes. Acomponent of a conditional.

The collectionof processes in a .

The communicationofvalues between concurrentprocesses. Each communicationinvolves a rendezvous between an inputand an output.

Anarray is a sequence of components of the same type selected by an integer subscript. Two or more processes are concurrent ifthey may be executed at the same time. A construction ( ) which combines a number of processes each of which is guarded by a boolean. Behaves as the first to evaluate to true.

Configurationassociates the components of an program witha set of physical resources on one or more processors.

Aconstructioncombines processes. programs are builtfromprocesses, bycombining primitiveprocesses and other constructions to form constructions of ( ), ( ), ( ), ( ), ( ) or ( ).

Use of a type name as an operator to convert a value to an equivalent value of another type. An expression defining the number of replications in a or number of components in a .

occam

occam

Q Glossary of terms

name alias variable,channel, port timer expression

instance scope variable channel timer array port

alternation

replicationindex segment

construction

sequence conditional selection loop parallel alternation

replicator segment

Abbreviation

Action Actual parameter Alias check Allocation Alternation

Alternative Anarchic protocol Argument Array Assignment

Base

Bitwise operation Boolean Boolean operation

Case input Case protocol Channel

Channel array constructor

Character

Choice Combination Communication

Component Concurrency Conditional

Configuration

Construction

Conversion Count

               IF

                                                             SEQ
IF CASE WHILE PAR ALT

An array communicated on a channel, whose size is defined by an explicitcount communicated previously.

The data type of a variable defines whichvalues can be stored in that variable. The data type of a value defines whichoperations can be performed on the value.

Astate inwhichtwoor more concurrent processes can no longerproceed due to a communication interdependency.

Specifies the name, type and scope of a , , , or an array of one of these types.

The use of a type name in parentheses to define the type of a literalor table.

Aspecial whichwillwaituntilthe timerhas incremented beyond a specified time before terminating. Usefulforadding a simple delay in a process.

A specification introducing a name for a procedure, function, protocol, data type, retyping or reshaping.

Decimalor hexadecimal digitsas a component of a literalof a real, integer or byte type.

The representation of a value withina program. The data type of an expression can always be determined by the compiler.

Alistof expressions separated by commas; used in and .

A field is a component of a record type. A field is selected from a record by a in square brackets followingthe record variable or value. Parameter specified in the definitionof a procedure or function. Aformalparameter acts as an forthe used in an of the procedure or function.

Achannel whose name is a free name. Aname whichoccurs withina process, but is not specified withinthe process.

Avariable whose name is a free name.

Specifies a name fora value process or expression list.

Determines the execution of an associated process in a choice ( ) or alternative ( ). An offset fromthe left hand edge of the page. In indentation is critical,and serves to define the structure of processes. Indentationincreases by twospaces foreach nested construct in a program, and decreases by two spaces at the end of that construct.

When the compilerimplementsan instance of a procedure or functionby an explicitcopy of the body, withappropriate parameter substitutions, rather than by a closed subroutine.

Receive a value froma channel into a variable.

Aninputwhichguards an alternative in an alternation. Aprocess whichis a callofa procedure or an operand or expression listwhichis a callofa function.

A process whose behaviour has for some reason become undefined, and as a result may cause a system to stop.

See .

A procedure whose definitionis compiledseparately and whose compiledcode may be referenced withina program by an implementationdependent language extension. Aliteralis a textual representation of a knownvalue, and has a data type.

Adivergentprocess, one whichmay remain internallyactivebut not performfurthercommunication. A ( ) loop executes the associated process as long as the specified condition is true; if the

occam

variable channel port timer

timerinput

multipleassignment functions

field name

abbreviation actual parameter instance

boolean guard input guard

libraryprocedure

Q Glossary of terms

Counted array

Data type

Deadlock

Declaration

Decoration Delayed input

Definition

Digits

Expression

Expression list

Field

Formal parameter

Free channel Free name Free variable Function definition

Guard

Indentation

Inline

Input Input guard Instance Invalid process

Library function Library procedure

Literal Livelock Loop WHILE conditionis initiallyfalse the associated process is not executed.

A modulo operator performs its operation ( , , ) withno check for overflow. The value returned as a result is the cyclicvalue withinthe range of the operand type.

Asequence of letters (and digitsor dots) introducedin a specification as the name of a variable,field, tag, channel, timer,procedure, function,data type, protocol,etc. a networkconsists of a number of processing devices, microcomputersperhaps, withthe facilityto communicate witheach other.

The positionin memory of a field withina record.

Yields a value in an expression. Amonadic operator performsan operation on a single operand and a dyadicoperator performsan operation on two operands. Send the value of an expression to a channel.

Arecord in whichthe programmer explicitlydefines the order and implicitlythe offsets of all the fields.

Aconfigurationstatement whichplaces a process on a particularprocessing device. Amemory mapped peripheral controlregister fromwhichinput,or to whichoutput, may be directed.

Apredefined procedure or functionis one that may be used in a program withoutexplicitspecification. Animplementationmay define a set of such names and specify their formalparameters. Aprimitivedata type is a integer, boolean, byte or real type. Anamed type derived from such a type or an array or structured type is not a primitivetype. Prioritycan be given to the component processes of a parallel executing on a single processing device. Lowerpriorityprocesses on such a device may only continue when all higher priorityprocesses are unable to. The inputs whichguard alternatives inan alternationmay be givena selection priority.Iftwo or more inputs are ready, then the inputwiththe highest priorityis selected. Aprocedure definitionspecifies a name fora process. An instance of a procedure is a use of the procedure, and behaves likea substitution ofthe process named inthe procedure definition.The phrase “procedure call”is used inmany other languages, to indicate the use of a procedure, and has a similarmeaning. Althoughthe behaviour of an procedure is clearly defined as the substitution of the procedure body, a procedure may be implemented as either a substitutionor as a call to a closed subroutine. Aprocess starts, performs a number of actions, and then either stops withoutcompletingor terminates completely. programs are builtfrom the primitiveprocesses ( ), ( ), ( ), and . These primitivesare combined in , , , , and constructions.

The formatand ofvalues passed (communicated)on a channel, ora name defined torepresent such a format. Communication is valid only if the output and input are compatible; i.e. each communicationmatches the type(s) specified by the channel protocol.

Anumericalvalue represented according to the IEEEstandard forfloatingpointarithmetic.

The actual time taken for a physical process to occur. The time returned by a is directly related to real time. Arecord consists of a number of named each of whichhas a specified data type. Avalue of record type associates a value of appropriate type witheach of the fields.

The concrete representation of a record data type in store.

Arelationaloperation compares its operands and yields a boolean result. A replicator produces a number of similarcomponents of a construction, distinguished by the value of a .

occam

occam assignment input

output

type

timer

fields

replicationindex

Glossary of terms Q

Modulo operator

Name

Network

Offset Operand Operator

Output

Packed record

Placement Port Predefine

Primitive data type

Priority

Procedure definition Procedure instance

Process

Protocol

Real Real time

Record

Record layout Relational operation Replication

                                       PLUS MINUS TIMES

                                                                   :=
 ? ! SKIP STOP SEQ IF CASE WHILE PAR
ALT

A reshaping conversion changes the program’s view of the internal structure of a (multi-dimensional)array. A retyping conversion changes the data type of a bit pattern, from one data type to another. There are three kinds of retypingconversions: conversions whichchange the protocolof a channel, conversions which convert a variable, and conversions which convert the value of an expression. Data type retypinghas no effect upon the bit pattern, and differs from where a value of one type is converted into an equivalent value of another type.

The region of a program in whicha particularspecification of a name is valid.

A segment is one or more consecutive components of an array, defined by a base and a count. Anabbreviated segment may have a computed number of components whichmay be zero but not negative.

Aselection process ( ) executes a process froma listof associated options. The options are selected by matching a selector witha constant case expression associated withthe option.

Asequential process ( ) is one where one action followsanother.

A sequential protocolspecifies a sequence of simple protocols as the format of communicationon a channel.

Perform logicalshiftof the bit pattern of a value. Start, performno action and terminate immediately.

A specification is either a declaration, an abbreviation or a definitionand specifies a name whichmay be used withinthe associated scope.

Identifies the type of an name specified in an abbreviation,formalparameter, or definition. Start, performno furtheraction and do not terminate. Asequence of characters in double quotes equivalent to a table of bytes.

Aninteger expression in square brackets ( ) whichselects a component of an array.

An array of values of the same type, or a record of values of possibly different types, optionally decorated by a type name in parentheses, used in expressions.

Identifierof a protocolvariant specified in a definition. Used in an output or input.

Component of a variant in a .

Specifies a possible case protocolvariant, distinguished by its tag, for communicationon a single channel.

Atimeris a clockwhichcan be accessed by any number of concurrent processes.

Atimerinputinputs a value froma timer.

Atype conversion converts the value of an expression of one data type intoan equivalent value of another data type.

A usage check performed by a compilerensures that variables and channels are not shared illegallybetween parallelcomponents.

Avalue process produces one or more results, each of a data type. A variable is declared or abbreviated and may receive a new value by input or assignment. A variable normallyrequires the allocationof an addressable storage locationin the computer.

Alistof variables used in a .

A variable subscript is a subscript whose value depends on a variable, a procedure parameter, or the index of a replicator with a base or count which is not a constant or constant expression. A variant is a component of a consisting of a tagged list of variables and an associated process to be executed when the tag inputmatches the tag in the tagged list.

type conversion

case protocol case input

multipleassignment

case input

Q Glossary of terms

Reshaping conversion

Retyping conversion

Scope Segment

Selection

Sequence Sequential protocol

Shift operation Skip Specification

Specifier Stop String Subscript

Table Tag Tagged list Tagged protocol

Timer Timer input Type conversion

Usage check

Value process Variable

Variable list Variable subscript

Variant

CASE

  SEQ

                []

                                               CASE

Bowler,K.C,Kenway,R.D, Pawley, G.S. and Roweth, D Chartwell- Bratt 1989 ISBN0 86238 227 0 Brookes, Graham R Macmillan1989 ISBN0 333 45340 9 Burns, Alan Addison-Wesley 1987 ISBN0 201 17371 9 Carling,Alison Sigma 1988 ISBN1 85058 07 4 Cok, Ronald S Prentice-Hall1991 ISBN0 13 651480 4 Dowsing,R.L. Van Nostrand Reinhold1988 ISBN0 278 00059 2 East, I Pitman 1989 Ellison,David Sigma ISBN 1 85058 206 8 Galletly,J Pitman 1990 ISBN0 273 03067 1 Japanese edition: ISBN4-526-02874-6 Hoare, C.A.R Prentice-Hall1985 ISBN0 13 153271 5 Inmos Limited Prentice-Hall1984 ISBN0 13 629296 8 Japanese edition: ISBN4-7665-0133-0 Inmos Limited(tr Fontaine A.B) (inFrench) Masson 1989 Inmos Limited Prentice-Hall1988 ISBN0 13 629312 3 Inmos Limited Prentice-Hall1988 ISBN0 13 629320 4 Inmos Limited Prentice-Hall1989 ISBN0 13 929126 1 Inmos Limited Prentice-Hall1990 ISBN0 13 929068 0 Jones, Geraint Prentice-Hall1987 ISBN0 13 729773 4 Jones, G and Goldsmith,M Prentice-Hall1988 ISBN0 13 730334 3 Kerridge,J BlackwellScientific1987 ISBN0 632 01659 0 Pountain, D and May,D BlackwellScientific1987 ISBN0 632 01847 X Roscoe, A.W. OxfordUniversityComputingLaboratory,ProgrammingResearch Group 1986 ISBN0 902928 34 1 Wexler, John EllisHorwood1989 ISBN745 80394 6

Alarge number of these have been published by IOS Press: ISSN 0925-4986

R Occam Bibliography

Introductionto OCCAM2 Programming

Introductionto Occam 2 on the Transputer Programmingin Occam 2

Parallel Processing, Transputer and Occam Parallel Programs forthe Transputer Introductionto Concurrency Using Occam Parallel Processing: AFirst Course UnderstandingOccam and the Transputer : ThroughCompleteWorkingPrograms

Occam 2

CommunicatingSequential Processes Occam ProgrammingManual

Occam 2: Manuelde Reference Occam 2 Reference Manual CommunicatingProcess Architecture Transputer Technical Notes Transputer DevelopmentSystem, Second Edition Programmingin occam Programmingin Occam 2 Occam Programming: APractical Approach ATutorialIntroductionto Occam Programming

LawsofOccam Programming

Concurrent Programmingin occam2

R.1 Books

R.2 Conference Proceedings

Wiley1993- ISSN 1070-454X (formerly ) Published privatelyby the user group 1984-

Transputer Communications WoTUGNews OUGNewsletter

R Occam Bibliography

R.3 Journals, etc

, , 103 , , 103 , , 103 , , , , , , , 103 , , 103 , 28, 57, 73, 75, 103 , 28, 57, 73, 75, 103 , 59, , , , , , , , , , , , , , , , , 59, , 103 , 5, 35, 58, 73, 78, 103 , 59, , 103 , 103 , 59, , 103 , 59, , 103 , 103 , , 103 , , , 103 , , 103 , 59, , 103 , 59, , 103 , 59, , 103 , 59, , 103 , 59, , 103 , 59, , 103 , 59, , 103 , 59, , 103 , 59, , 103 , , 19, 47, 82, 96, 103 , , , 52 , , 32, 36, 39, 58, 103 , , 47, 103 , 59, , 103 , 59, , 103 , , 32, 36, 39, 58, 103 , 59, , 103

Abbreviation,26, , 85, 99, 151 channel, port, rules, timer, value, variable, , Absolute, , Action, Actualparameter, 69, , 76, 96, 151 Addition,59

, 59, , 82, 102 Aliascheck, , 100, 151 Aliaschecking, 71 Alignment, , 86, 92 Allocation, , 95, 96, 151 , , , , 40, 102 Alternation,9, , 24, 151

priority, replicated, timerguard, Alternative, , 40, 41, 52, 151 Anarchicprotocol, , 151

, 59, , 102 Annotation,4 ANSI/IEEEstandard 754-1985, 25, 26, , 130, 137 , , 102 Arccosine,142 Arcsine,141 Arctangent,142 Argument, , 151 , Arithmetic

compiletime, 92 Arithmetic

complex,78 Arithmeticoperator, , 103 Arithmeticoverflow,28, 60, 122 Arithmeticshift,128 Array, , 47, 99, 151

allocation,95 assignment, 31, channel, component, data type, parallel, port, segment, subscript, table, timer, variable, Arrayprotocol, Arraysize, 59, , 65 ASCII,29,

national variant, 59 national variants, 104 , , ,

157

Index 6 27 27 91 91 91 91 91 19 27

60 103 104 104 104 104 104 105 104 104 104 104 105 104 104 104 60 60 60 61 47 47 5 49 63 62 63 63 63 63 61 63 62 6 82 51 30 43 60 61 30 61 40 54 96 99

83 43 42 130 130 142 5 73 64 99 33 94 139 139 19 19 23 21 82 19 53 63 98 53

76 134

60

30 38 45 36 30 44 96 36 36 58 81 36 47 64 103

128 128 141

!
"
#
#COMMENT
#INCLUDE
#OPTION
#PRAGMA
#USE
&
’
(
)
*
*"
*#
*’
**
*C
*L
*N
*S
*T
*c
*l
*n
*s
*t
+
,
-
--
/
/\
:
::
::[]
:=
;
<
<<
<=
<>
=
>
><
>=
>>
?
? AFTER
? CASE
[
[]
\
\/
]
~

                                           ABS

                                           ACOS

                                           AFTER

                                           ALOG
                                           ALOG10
                                           ALT

                                           AND

                                           ANY

                                           ARGUMENT.REDUCE

                                           ASHIFTLEFT
                                           ASHIFTRIGHT
                                           ASIN

, , 102 Assemblylanguage, , Assertion checking, 148 Assignment, , 29, 35, 38, 151 multiple, , 77 , , 102 , , Base, , 29, 37, 151 Base 10 logarithm,139 Bibliography, Bigendian, Bitoperation, , 103 Bitpattern, 85

, 59, , 102 , 59, , 102 , 59, , 102 Bitwiseand, 59, Bitwiseexclusive or, 59, Bitwisenot, 59, Bitwiseoperation, 151 Bitwiseor, 59, BNF,3, 106 Books on , 155

, , 29, 102 Boolean, , 63, 151 Boolean and, 59, Boolean expression, 11, 14, 19, Boolean literal, Boolean not, 59, Boolean operation, , 151 Boolean or, 59, Boolean to string, 146 Boolean type, , 27 , Built-intype, 25

, , 102 Byte arithmetic,60 Byte literal, Byte type, , 27

, 33, 59, 64, , 92, 102

Carriage return, 104

, , 40, , 102 Case expression, , 13, 30 Case input, , 151 Case protocol, , 151

, , 102 Channel, 6, , 99, 103, 151 abbreviation, array, array constructor, declaration, , 47, 49 protocol, type, Channel abbreviation,70 Channel retyping, Character, 103, , 151 Character set,

Checking usage, 99 Choice, , 40, 41, 151 Clock, Combination,151 Combiningprocesses, Comment, , 91 Communication,6, 15, , 47, 93, 151 Compatibletype, 42 Compilationhints, Compilerdirectives,91 Compileroption,47, , 101, 148 Complexarithmetic,78 Complexnumbers, 31 Component, , 151 Concurrency, 151 Concurrent process, 9 Conditional,9, , 151

replicated, Configuration, , 151 Constant, , 31 Constant

named, 26 Construction, , 151 Continuationline, Conversion, , 151 , , , Cosine, 141 Count, , 29, 37, 151 Counted array, 151 Counted array protocol, Counted loop, 10 Cyclicshift,129 , , , , , , , , 31 Data type, 5, 6, 25, , 152

name, 26 record, 31 Data type conversion, 57, , , , , , , Deadlock, 152 Declaration, , 40, 152

channel, port, timer, variable, Decoration, , 29, 32, 58, 59, 152 Defensive programming,148 Definition,26, , 48, 69, 85, 87, 88, 152

occam

INDEX

92 92 148 5 5 95 142 142 10 155 92 61 61 61 61 61 61 61 61

25 11 63 57 27 63 63 63 25 146 25 27 25 65

13 49 13 51 49 45 45 54 45 55 45 47 45 86 105 103

11 81 9 4 45 91 91

36

11 12 93 26

9 3 67 133 141 143 10 47

130 142 139 139 134 141 26 25

66 142 142 133 141 143 134 39 45 96 81 35 28 40

ASM

ASSERT

AT
ATAN
ATAN2

BITAND
BITNOT
BITOR

BOOL

BOOLTOSTRING

BYTE

BYTESIN

CASE

CHAN OF

                                           COPYSIGN
                                           COS
                                           COSH

                                           DABS
                                           DACOS
                                           DALOG
                                           DALOG10
                                           DARGUMENT.REDUCE
                                           DASIN
                                           DATA TYPE

                                           DATAN
                                           DATAN2
                                           DCOPYSIGN
                                           DCOS
                                           DCOSH
                                           DDIVBY2

Delayed input, , 152 , , , , Digits, , 152 Dimension

array, 36 empty, , 69, 86, 88 Directives

compiler,91 Disjointarray, , Distributedprocessor, 93 , Division,59 , , , , , , , , , , , , , Dyadicoperator,

Element size, 59 Elementary function,138 Elementary functionlibrary,118 , 13, 102 Endianness, 85, Equal operation, 59, Errorhandling,101 Errormode, , Exponent

decimal, 28 floatingpointnumber, Exponential,139 Expression, 5, 26, 44, , 152 array size, 31 base, 10 boolean, 11, 14, 20 case, 13 count, 10, 18 output, 48 retyping,85 selector, 13 subscript, 37 table, 57 Expression list, , 152

functionresult, 78 value process, 75 External device, 96

, 102

Farm, 20, 21 Fast divide,134 Field, , 152

offset, 33 size, 33 Fieldname, Filingsystem, 91 Floatingpoint,25, 26, 98, 117 Floatingpointarithmetic,136 Floatingpointfunction, , , , 37, 59, 102 Formal array size, 64 Formal parameter, , 73, 152 Format

protocol, , Free channel, 152 Free name, , 76, 100, 152 Free variable, 152

, , 59, 102 , 78, 102 Function,26, 30, , 100

multipleresult, 77 Functiondefinition,76, 152 Functionheader, 78 Functioninstance, 5, 78 Functions

library,116

Greater than, 59, Guard, 11, , 152 Guarded alternative, Guarded choice,

Haltsystem mode, Hexadecimal, 85

character representation, Hexadecimal digits, , Hiding,41 Hyperbolicfunctions,143

IEEEarithmetic,117, , , , , , , 98 , , 40, 102 Illegal, Implementationdependence, Implementationrestrictions,91 Indentation, , 40, 152

, , 102 Inline,152 Input, , 35, 47, 51, 52, 82, 96, 152 Inputguard, 152 Inputitem, , 52 Instance, 152

INDEX

82 139 132 135 137 105

42

44 131 134 132 132 134 133 133 140 144 131 140 143 131 141 143 58

92 63 101 139

132 57

5

31

31

130 132 10 69 47 135 40 37 75

63 21 21 11 101 104 105 145

130 136 136 136 136 137 11 4 91 3 91 6 48

DEXP
DFLOATING.UNPACK
DFPINT
DIEEECOMPARE

DISNAN

DIVBY2

DLOGB
DMINUSX
DMULBY2
DNEXTAFTER
DORDERED
DPOWER
DRAN
DSCALEB
DSIN
DSINH
DSQRT
DTAN
DTANH

ELSE

EXP

FALSE

                                           FLOATING.UNPACK
                                           FOR

                                           FPINT

                                           FROM
                                           FUNCTION

                                           HEXTOSTRING

                                           IEEE32OP
                                           IEEE32REM
                                           IEEE64OP
                                           IEEE64REM
                                           IEEECOMPARE
                                           IEEEOP
                                           IF

                                           INLINE

, , , , 29, 92, 102 , , 102 , , 102 , , 102 Integer, 25 Integer arithmetic,60 Integer literal, Integer range, 65 Integer to decimal string, 145 Integer to hexadecimal string, 145 Integer type, , 27 , Invalidprocess, 7, , 152 , 102 , Keyword,4, 41, 91, 102,

Later than, 59, Legal, Length byte, Less than, 59, Less than or equal, 59, Lexicalanalysis, 4, 58 Lexicalunit, Library,116 Libraryfile inclusion, Libraryfunction,152 Libraryprocedure, 152 Libraryroutine, 41 Linebreak, , 105 Literal,26, , 29, 57, 152 Littleendian, Livelock,152 Localscope, Logarithm,132, 139 , Logicalshift,62, 125 , , , , , , Loop,9, , 152

counted, 10

Memory

allocation,96 Memoryallocation, Memorymap, 94 Memorymapped device, 96 , 59, , 82, 102 , Modulo

addition,59 multiplication,59 subtraction, 59 Modulooperator, , 153

Monadicoperator,

, , 102 , , 102 , Multipleassignment, , 75, 77 Multiplelength integers, 120 Multiplication,59

Name, 4, , 153 Named constant, 26, Named data type, Named process, 69 Named protocol, Network,20, 153 Newline,104 , Non-terminalsymbol,3 , , 59, , 102 Not equal operation, 59, Not-A-Number, , 131, 138 Notation

syntax, 3 , Object file inclusion,

2, 1 Offset, , 153

, 33, , 92, 102 Omission of type decoration, 29 Operand, , 153 Operation, , 65 Operator, , 153

dyadic, monadic, Operator precedence, 57 Option, , 40, 41

, 59, , 102 , OUG,156 Output, , 29, 47, 96, 153 Output item, Overflow,92

arithmetic,60 Overflowchecking

suppression, 61

, 92, 102 , Packed record, 33, 153 Padding, 66 Padding bytes,

, , 102 Parallel, 9, , 93, 94

array, disjointness, placed, priority, replicated, usage, , 99, 100 Parameter

occam

INDEX

78 69 25 25 25 25

27

25 145 101 131 102 64 4 105 63 63 3 91

3 27 92 40 132 122 123 124 124 123 122 14

94

61 132

61

58 65 65 134 5

105 43 26 48

133 127 63 63 130

131 91 65 65 57 59 57 58 58 13 63 133 6 48

33

33 15 15 44 16 93 94 16 16

   FUNCTION
   PROC
INT
INT16
INT32
INT64

INTTOSTRING

IS
ISNAN

LOGB

LONGADD
LONGDIFF
LONGDIV
LONGPROD
LONGSUB
LONGSUM

MINUS
MINUSX

                                           MOSTNEG
                                           MOSTPOS
                                           MULBY2

                                           NEXTAFTER

                                           NORMALISE
                                           NOT

                                           NOTFINITE

                                           OFFSETOF

                                           OR
                                           ORDERED

                                           PACKED
                                           PACKED RECORD

                                           PAR actual, 73, 76 formal,73, 76 Parentheses, 57 Physical resource,

, , 96, 102 , 102 , Placed parallel,93 Placement, , 153

, 59, , 82, 102 Point-to-point, Polar angle, 142

, , 102 Port, 96, , 99, 153

abbreviation, allocation,96 retyping, Port type, , Precedence

operator, 57 Predefine, 116, 148, 153

, 102

, 23 , 94 Primitivedata type, 25, 153 Priority, , 94, 153

alternation, execution, level, parallel, , , 102 Procedure, , 100 Procedure definition, , 153 Procedure instance, , 153 Procedures

library,116 Process, , 40, 41, 95, 153 constructed, named, 69

, , 102 Processor allocation,93 Production, Programmingsupport, 119, 148 , , 102 Protocol, 29, 45, , 48–50, 153 , case, definition, name, sequential, simple, tagged, variant, Protocol definition, , 49 Pseudo-random number, 144 , Real, 153 Real arithmetic,60, 61, 136 Real comparison, 137

Real literal,28 Real number, 25, 26 Real time, 148, 153 Real to string, 146 Real type, , 27

, , 102 , , , , , , 102 , , , , , , 136 , 136 , , 102 Record, , 153 Record fields, Record layout, , 153 Record literal,30, Relationaloperation, , 103, 153 , 59, , 102 Remainder, 59 Replicated alternation, Replicated conditional, Replicated parallel, Replicated sequence, Replication, , 10, 12, 16, 21, 153 Replicationindex, , 26 Replicator, Representation, 26 , Rescheduling, Reserved word,91, , 116 , , 102 Reshaping, Reshaping conversion, 153

, 75, 102 , 85, 92, 102 Retyping

port, Retypingconversion, , 154 , , , , 102 Rounding, , 61, , 135 , Scope, , 42, 43, 49, 76, 85, 154 Scope

field name, 32 protocoltag, 50, 53 Search

bounded, 14 Segment, , 37, 154 Selection, , 154 , Selector, 13

INDEX

93 95 93 93 61 6 96 96 96 97 96 140

23 23 94 94 94 69 69 69 69

5 9 93 3 48 47 53 49 48 48 48 47 49 49 48 144

25 25 137 137 136 136 25 137 137 136 136 146

31 31 39 31 32 63 60 21 12 16 10 9 10 10 148 148 102 87 87

97 85 129 129 67 26 98 131 39

36 13 13

PLACE
PLACED
PLACED PAR

PLUS

PORT

POWER

PRI
PRI ALT
PRI PAR

PROC

PROCESSOR

PROTOCOL

   ANY

RAN

                                           REAL32
                                           REAL32EQ
                                           REAL32GT
                                           REAL32OP
                                           REAL32REM
                                           REAL64
                                           REAL64EQ
                                           REAL64GT
                                           REAL64OP
                                           REAL64REM
                                           REALnnTOSTRING
                                           REALOP
                                           REALREM
                                           RECORD

                                           REM

                                           RESCHEDULE

                                           RESHAPES

                                           RESULT
                                           RETYPES

                                           ROTATELEFT
                                           ROTATERIGHT
                                           ROUND

                                           SCALEB

                                               CASE

, , 102 Sequence, 9, , 154

replicated, Sequential protocol, , 48, 154 Shiftleft,59, Shiftoperation, 29, , 154 Shiftright,59, , , Simple protocol, , Sine, 140 , , 59, , 65, 102 , , 102 Skip, 154 Source file inclusion, Space, 104 Specification, 39, , 40, 154 Specifier, , 73, 78, 85, 88, 154 , Square root, Standard library,116

, , 101, 102 Stop, 154 Stop process mode, String, 58, , 154

length byte, String to boolean, 146 String to integer

decimal, 145 hexadecimal, 145 String to real, 146 String to value conversion, 145 , , , , Structured type, Subscript, 29, , 99, 154 Subscripting, Substitution

procedure body, 69 value process, 76 Subtraction, 59 Symbol, , 103 Syntactic category, 3, 106 Syntactic notation, 3 Syntax, 3, , 106 System requirement, 93

TAB,3, 104 Table, 30, 57, , 154 Tag, , 51, 154

scope, Tagged list, , 154 Tagged protocol, , 154 , Tangent, 141 , Terminalsymbol,3

Timeout,

, , 102 Timer, , 99, 154

abbreviation, alternation, 82 array, declaration, Timer input,81, , 154 Timer type,

, 59, , 102 Transputer, 92

, 12, 102 , , 102 Twos complement, , Type, 25 Type abstraction, 27 Type conversion, , 154 Type definition, Type equality,27

Undefined mode, Underlyingtype, 27, 57 Usage

parallel, Usage check, , 100, 154 User defined type, 26 User group, 156 Using the manual, 1

, , 73, 85, 87, 102 , , 102 Valof, 41, Value, 25 Value abbreviation,29, , 70 Value process, 29, 40, , 100, 154 Value to string conversion, 119, 145 Variable, 5, 25, 26, , 37, 57, 99, 154 abbreviation, array, 31 declaration, Variable abbreviation,70 Variable list, , 154 Variable subscript, 44, 154 Variant, 40, 41, , 154 Variant input, , 52 Variant protocol,

, , 102 Word length, Word rotation,129 WoTUG,156

INDEX

9 9 10 48 62 62 62 126 125 47 140 143 64 7 91 40 43 131 131 7 101 105 105

146 145 145 146 31 36 36

103

106

58 50 53 52 49 141 143

82 81 81 83 81 81 82 81 61

67 25 26

66 26

101

16 99

43 75 75 43 75 35 42 35 5 52 51 49 14 92

SEQ

SHIFTLEFT
SHIFTRIGHT

SIN

SINH
SIZE
SKIP

SQRT

STOP

STRINGTOBOOL
STRINGTOHEX
STRINGTOINT
STRINGTOREALnn

TAN

TANH

                                           TIMER

                                           TIMES

                                           TRUE
                                           TRUNC

                                           TYPE

                                           VAL
                                           VALOF

                                           WHILE