Avariable abbreviationspecifies a new name fora variable. Consider

This abbreviationspecifies the name as the new name for . Also,consider the followingexample:

This abbreviation specifies the name for a component of the array . Allsubscript expressions used inan abbreviationmust be valid. The type ofthe abbreviated variablemust be the same as the data type specified, so in this example, has to be an array of . Other components of the array may be used onlyin abbreviations withinthe scope (page 39) of , but they must not include the component . Here are some more examples of abbreviations:

specifies a new name for specifies a name fora component of the array specifies a name fora segment of specifies the used part of an array

An abbreviation simplyprovides a name to identifyan existing variable. The name in the above example identifiesthe existingvariable . Inthe scope ofthe abbreviation, is an assignment to the original variable . A variable used in a subscript to select a component or components of an array may not be assigned to withinthe of the abbreviation. For example, no assignment or input can be made to withinthe scope of . As a result the abbreviation always refers to the same variable throughout its scope. This allowsvarious optimisationsto be performed, such as evaluating any expression withinthe abbreviated variable onlyonce. The originalvariable may not be used withinthe scope of the abbreviation .

The abbreviation of as a leading sub-array of a previously declared array of the same name is a common device for allocatingan array whose size is the upper bound of possible sizes and then onlyusing part of it in a particularscope.

The specifier can usually be omitted froman abbreviation, as the type can be inferred fromthe type of the variable. Aspecifier withone or more empty dimensions defines the abbreviationas being any array withcomponents of the specified type. The type of an array on the righthand side of an abbreviationwhose specifier has an empty dimension is said to be withthe specifier.

Where an abbreviation is of a component of an array no other reference may be made to any other part of that array, except in a furtherabbreviation. Consider the followingexample:

Alsoconsider the followingexample:

scope

type

compatible

4 Variables and values

4.5 Abbreviation of variables

    INT n IS m :

                            n m

    INT user IS lines[8] :

                            user lines

                      lines INT lines
                                             user
lines[8]

     x IS y : x y
     INT c IS a[i] : a
     []REAL32 s IS [a FROM 8 FOR n] : a
     []BYTE fname IS [fname FOR len] :

                                                               c
                      a[i] c := e
      a[i]
                                                                                i
               c

                               a[i] c

                fname

               []

    [60][72]INT page :
    ...
      first.line IS page[0] :
      last.line IS page[59] :
      SEQ
        first.line := last.line
        last.line := page[58] -- This assignment is INVALID!
        ...
        next.to.last.line IS page[58] : -- This abbreviation is valid
        last.line := next.to.last.line -- and so too, this assignment
        ...

    WHILE i < limit
      this.line IS page[i] :
      next.line IS page[i+1] :
      SEQ
        this.line := next.line
        ...
        i := i + 1 -- this assignment is INVALID!

The assignment in the above example is invalidas is used to select components of the array in an abbreviationwithinthe scope of the assignment. This is how the above should be written:

It is importantto ensure that all the components of an array remain identified by a single name withinany given . Identificationofany component ofan array by more than one name constitutes an invalidusage of the component, and it is especially importantto be aware of this of when abbreviating components of an array. Once any component of an array is abbreviated then reference to other components of the array must be made by furtherabbreviation. Checks are made to ensure that twoabbreviations whichidentifysegments fromthe same array do not overlap. When necessary a compilermay generate code to performthis check at run time. Further discussion on abbreviationis given in the chapter on procedures (page 69).

The syntax forabbreviations of variables is:

The abbreviationof a variable begins withan optionalspecifier, specifyinga data type. The name specified appears to the rightof the optionalspecifier followedby the keyword , the abbreviated variable appears to the rightof the keyword . The line on whichthe abbreviationoccurs may be broken after the keyword or at some legal pointin the variable. The type of the variable must be the same as the data type specified.

The last section described variable abbreviations. This section describes abbreviations of values. Consider the example:

Thisabbreviationspecifies the name forthe value 7. Thisconstruct is always used inoccam fornamed constants. Here are some more abbreviations forvalues:

specifies a name forthe current value of an expression specifies a name forthe current value of the variable

specifies a name fora table of values

The abbreviated value must be a validexpression, so itmust not overflow,and allsubscripts must be inrange. Variables used in an abbreviated expression may not receive new values by input or assignment withinthe (page 39) of the abbreviation. This ensures that the value of the expression remains constant for the scope of the abbreviation. For example, in the followingabbreviation

no assignment or inputmay be made to , , or withinthe scope of this abbreviationdefining . The effect of the abbreviationmay be obtained by replacing each occurrence of in its scope by the abbreviated value . Similarlyforthe followingabbreviationofthe value scope

abbreviation specifier name variable name variable specifier data.type specifier expression specifier

scope

4.6 Abbreviation of values

4.6 Abbreviation of values

= =

                                       i page

    WHILE i < limit
      SEQ
        this.line IS page[i] :
        next.line IS page[i+1] :
        SEQ
          this.line := next.line
          ...
        i := i + 1

                                      IS :
                       | IS :

                       | []
                       | [ ]

                                                   IS
                  IS IS

    VAL INT days.in.week IS 7 :

                            days.in.week

  VAL REAL32 y IS (m * x) + c :
  VAL INT n IS m : m
  VAL []BYTE vowels IS
  [’a’, ’e’, ’i’, ’o’, ’u’] :

    VAL REAL32 y IS (m * x) + c :

                              m x c y
                                                    y
((m * x) + c) [screen FROM line FOR length]

    VAL []INT scan IS [screen FROM line FOR length] :

no assignment or input may be made to , or withinthe scope of . The effect of the abbreviationis the same as each instance of being replaced by the abbreviated value, thus

is equivalent to

The syntax forabbreviations of values is:

The abbreviationofa value begins withthe keyword . Anoptionalspecifier (whichspecifies the data type of the abbreviation)appears to the rightof , followedby the name, and the keyword . The abbreviated value appears to the right of the keyword . Line breaks are permitted after the keyword . The type of the value must be compatible withthe specifier. The specifier can usually be omittedfromthe abbreviation, as the type can be inferred from the type of the value. An important exception to this is if the value is an undecorated literalconstant. The followingwillbe treated as equivalent by the compiler:

The choice between these is a matter forindividualpreference.

Abbreviationsmay be used to decompose an array into a number of disjointparts, so that each part may have a unique name in all or several processes in parallel. Components of each disjointpart may then be selected by a variablesubscript (a subscript whose value is dependent on a procedure parameter, a variable, or a replicatorindex whose base or count is not a constant value), forexample:

This example divides the array into two parts, and provides a name for those parts in each of the two parallelprocesses. These parts may then be selected by using variable subscripts.

abbreviation specifier name expression name expression

4 Variables and values

4.7 Disjoint arrays in parallels

=

                           screen line length scan
                                 scan

VAL []INT scan IS [screen FROM line FOR length] :
SEQ
  row := scan
  ...

SEQ
  row := [screen FROM line FOR length]
  VAL []INT scan IS [screen FROM line FOR length] :
  ...

                      VAL IS :
                   | VAL IS :

                                   VAL
                            VAL IS
                            IS IS

VAL REAL32 pi IS 3.14159(REAL32) :
VAL pi IS 3.14159(REAL32) :
VAL REAL32 pi IS 3.14159 :

frame1 IS [page FROM 0 FOR 512] :
frame2 IS [page FROM 512 FOR 512] :
PAR
  INT i :
  SEQ
    ...
    c1 ? frame1[i]
    ...
  INT j :
  SEQ
    ...
    c2 ? frame2[j]
    ...

                    page

1

programs act upon , and communicate using and . Avariable has a value, and may receive a new value in an or . Channels communicate values. Timers produce a value whichrepresents time.

This chapter describes communicationchannels, their declaration, the specification of the format and data type of communications,and the constructionof arrays of channels.

Variables (page 25) and timers (page 81) are discussed elsewhere in the manual.

ACommunicationchannel providesunbuffered, unidirectionalpoint-to-pointcommunicationofvalues between two concurrent processes, which are components of a parallel or of constructions which are themselves components of a parallel. The format and type of values passed on a channel is specified by the channel . The name and protocolof a channel are specified in a channel declaration.

The type of a channel is:

The keyword is always followedby the keyword whichis followedby a protocolaccording to syntax elaborated below (page 47). Channel types cannot be named, but protocols can.

Achannel is declared in the same way as variables are declared. Consider the followingexample:

This declaration introduces a channel named with a protocol of type . The protocol in this example specifies that each communicationon this channel must be a value of type . Anoutput on this channel could be:

Several channels withthe same protocolcan be declared together, forexample:

The type of the declarations is determined, and then the declarations are made.

The syntax of channel declarations is:

A channel declaration consists of the channel type, and a comma separated list of names to identifythe channels. The declaration appears on a single line, whichmay be splitafter any comma, and is terminated by a colon.

Arraysof channels can be declared in the same way as arrays of variables (see page 36). The following,for example, declares an array of channels:

occam

5 Channels and their protocols

{ } variables channels timers assignment input

protocol

channel.type protocol

declaration channel.type name

channel name

5.1 Channel type

5.2 Declaring a channel

5.3 Arrays of channels

=

= =

                      CHAN OF

      CHAN OF

CHAN OF BYTE screen :

                               screen BYTE
                                                           BYTE

screen ! ’H’

CHAN OF BYTE screen, keyboard :
CHAN OF INT from.a, from.b, from.c :

                                  , :

[4]CHAN OF BYTE screens :

This declaration introduces an array of fourchannels.

Multidimensionalarrays of channels are builtin the same way as multidimensionalarrays of variables, for example:

There is a subtle semantic distinctionto be made between an array of data type and an array of channels. Anarray of variables is itselfa variable, as it may receive a new value by assignment or input. However,an array of channels is not itselfa channel, as onlysingle components of the array may be used in input/output, but a means ofreferencinga number ofdistinctchannels identifiedby consecutive subscripts. Thisdistinction is not made in the descriptionof the syntax of channels.

Several arrays of the same type can be declared together. Consider the followingexample:

The type of the declarations is determined, and then the declarations are made.

The syntax of channel types is extended with:

Achannel type may be preceded by an expression in square brackets. The value of the expression must be a constant and is the number of components in arrays of the channel type.

Components and segments of channel arrays are denoted in the same way as components and segments of variable arrays.

Subscripted names select a component of an array. Suppose is declared as follows:

Consider the example:

the tenth component of the array , of type .

A segment of an array is itself an array. The segment has zero or more components, as shown in the followingexamples:

the tenth component of the array , of type . the tenth, eleventh and twelfthcomponents of the array , of type .

Asegment of an array has the same number of dimensions as the array.

The syntax is:

This syntax matches exactly the corresponding syntax forvariables (page 37).

channel.type expression channel.type

channel channel expression channel base count channel base channel count

5 Channels and their protocols

5.3.1 Channel array components and segments

=

=

                         screens

  [5][5]CHAN OF PACKETS node :

  [users]CHAN OF BYTE screen, keyboard :

                        [ ]

                                            user.in

  [12]CHAN OF MESSAGES user.in :

    user.in[9] user.in CHAN OF MESSAGES

[user.in FROM 9 FOR 1] user.in
                              [1]CHAN OF MESSAGES
[user.in FROM 9] user.in
                              [3]CHAN OF MESSAGES

                              [ ]
                     | [ FROM FOR ]
                     | [ FROM ]
                     | [ FOR ]

1

1

In occam 2, the count was input first and the parallel assignment rules did not apply. Some occam 2 programs are invalidatedby the new rule and implementorsmay providea compileroptionto accept programs writtenassuming the old definition.

A channel communicates values between two concurrent processes. The format and data type of these values is specified by the channel protocol. The channel protocolis specified when the channel is declared. Each input and output must be compatible withthe protocolof the channel used. Channel protocols enable the compiler to check the usage of channels, and to ensure the same effect whether the sending or the receivingprocess is ready to communicate first.

The simplest protocols consist of a data type. Examples of channels withbyte and integer protocols have already been given. A protocolwithan array or record type can be declared in the same way, for example, using types declared in chapter 3:

The first declarationintroduces a channel witha byte array protocolwhichis identifiedby the name . The protocolof this channel specifies that each communicationon the channel consists of a byte array with 36 components. The second declaration declares to be a channel on which are communicated file names of type , defined on page 31 to be arrays of 12 bytes. The third declaration declares a channel forcommunicatingcomplexnumbers, each constructed as a record of type (page 31).

The followingoutputs use these channels:

The variable in the thirdexample must be an array of 12 bytes of type . Note that in the fourthexample it wouldbe possible to omitthe type decoration because the type of the record can be inferredfromthe type of the protocol.

It is often desirable to have a channel that willpass arrays of values, where the number of components in the array is not known untilthe output occurs. A special protocol,called a protocol,enables this kind of array communicationby passing a length and that number of components from the array. A declaration forsuch a channel looks likethis:

This declaration introduces a channel whichpasses an integer value and that number of components from the array. Anoutput on this channel willlooklikethis:

Thishas the effect ofoutputtingthe integer and then the string , the first bytes of the array. The associated inputcould looklikethis:

This input receives an integer value ( in this example), which is assigned to the variable , and that number of components, which are assigned to components of the array starting at . The assignments to and happen in parallel and therefore the same rules apply as for parallel assignment. That is, no name appearing to the leftof may be used in the array variableon its rightand . The inputis invalidifthe number of components in the destination array is less than the count value inputto .

counted array

vice versa

5.4 Channel protocol

5.4.1 Simple protocols

Counted array protocols

5.4 Channel protocol

CHAN OF [36]BYTE message : -- explicit array type
CHAN OF DOSFNAME fdir : -- named array type
CHAN OF COMPLEX32 imp : -- named record type

                                                                     message

                                   fdir
        DOSFNAME
                                                           COMPLEX32

message ! "The vorpal blade went snicker-snack."
fdir ! "AUTOEXEC.BAT"(DOSFNAME)
fdir ! sourcename
imp ! [cosx, sinx](COMPLEX32)

      sourcename DOSFNAME
                                               (COMPLEX32)

CHAN OF INT::[]BYTE message :

message ! 16::"The vorpal blade went snicker-snack."

                            16 "The vorpal blade" 16

message ? len::[buffer FROM start]

                        16 len
                                                           buffer[start]
        len buffer
                                  ::

  len

Allthe above protocolsare called , the syntax of these and of inputs and outputs using them is:

This syntax has extended the earlier syntax for and (page 6). Asimple protocolis either a data type or a counted array as described above. Acounted array is specified by the data type ofthe count (which may be either an integer or byte type), followedby a double colon, square brackets ( ), and the specifier indicatingthe type of the components.

Aninputis a channel followedby the symbol and an inputitem. Aninputitem may be either a variable, of any data type, or a variableof integer or byte type followedby a double colon ( ) and a variableof an array data type.

An output is a channel followedby the symbol and an output item. An output item may be either an expression, of any data type, or an expression of integer or byte type followedby a double colon ( ) and an expression of an array data type.

Aprotocolcan be given a name in a , as shown in the followingexample:

Achannel can now be declared withthe protocol , forexample:

Whilethe namingofsimpleprotocolsis optional,a protocoldefinitionmust be used ifmore complexprotocols, likethe described in the followingsection are required.

The syntax forprotocoldefinitionis:

Aprotocoldefinition defines a name forthe simple protocolor sequential protocol(described in the following section) whichappears to the rightofthe keyword . Asimpleor sequential protocoldefinitionappears on a single line,and is terminated by a colon. The linemay be broken after the keyword or after a semi-colon in a sequential protocol.

Simple protocols have been discussed earlier. Sequential protocols specify a protocol for communication whichconsists of a sequence of simple protocols. Consider the followingexample:

simple protocols

simple.protocol data.type data.type data.type input channel input.item input.item variable variable variable output channel output.item output.item expression expression expression protocol simple.protocol

input output

protocoldefinition

sequential protocol

definition name simple.protocol name sequential.protocol protocol name

5 Channels and their protocols

5.4.2 Naming a protocol

5.4.3 Sequential protocol

= = = = = =

= =

                   | ::[]
                            ?

                   | ::
                            !

                   | ::

                                                           ::[]

                              ?
                                                      ::

                                 !
                                                                       ::

PROTOCOL CHAR IS BYTE :

                                 CHAR

CHAN OF CHAR screen :

                      PROTOCOL IS :
                   | PROTOCOL IS :

                                 IS
                                                           IS

PROTOCOL COMPLEX IS REAL32; REAL32 :

1 1 1

Channels declared with this protocol ( ) pass pairs of values. An input or output on a channel withsequential protocolis a sequence of distinctinputs or outputs. An input on a channel withthe above protocol is shown below:

Each value is inputin sequence and assigned to each variable in turn.

It is importantto note the difference between this protocoland the simple protocol derived from the record data type declared on page 31. Communicationsusing a simple protocol derived from a single record type pass a complete record value of several fields in a single communication,but communications using a sequential protocol use a sequence of separate communications and so do not require either the outputtingor the inputtingprocesses to have declared variables of record type fromwhichand to whichthe data willbe communicated. There willbe situations in whicheach of these alternatives is the better choice of coding style.

Consider also the example:

Thisis a legal program, but the effect ofthe named protocoldefinitionis to introducea new meaning of as a protocoland so in the scope of that declaration it wouldnot be possible to declare new variables of the record type . Howevervariables of the record type whichwere declared before the protocoldefinitionare stillinscope after itand may be used inprocesses withinits scope. Inthe absence of the protocoldefinitionthe channel declaration wouldstillbe legal as itwouldreference the simple protocol derived from the type definitionof . In this case new variables of this type may be declared in the scope of the channel declaration.

Here are some more examples of sequential protocoldefinitions:

Declarations of channels withthese protocols wouldlooklikethis:

The syntax of sequential protocols, whichcan onlyappear in protocoldefinitions,is:

A sequential protocol is one or more simple protocols separated by semicolons. A communication on a channel witha sequential protocolis legal provided the type of each item input or output is compatible with the corresponding component of the protocol.

It is often convenient to use a single channel to communicate messages with different formats. A protocolspecifies a number ofpossible formatsforcommunicationon a singlechannel. Consider the following

occam

{ } { } { } sequential.protocol simple.protocol

input channel input.item

output channel output.item

5.4 Channel protocol

5.4.4 protocol

= = =

                           CHAN OF COMPLEX

          COMPLEX

  items ? real.part; imaginary.part

                                                            COMPLEX32

  COMPLEX32 z1, z2 : -- COMPLEX32 already declared as a record data type
  PROTOCOL COMPLEX32 IS COMPLEX32 : -- unnecessary protocol definition
  CHAN OF COMPLEX32 cz :
  PAR
    cz ! z1
    cz ? z2

COMPLEX32
                   COMPLEX32

                        COMPLEX32

  PROTOCOL DIR.ENTRY IS INT16; [14]BYTE :
  PROTOCOL INODE IS INT16;INT16;INT32;INT32;INT16;[7]INT16;INT16;INT16 :
  PROTOCOL LINE IS INT16::[]BYTE :

  CHAN OF DIR.ENTRY directory :
  CHAN OF INODE sys :
  CHAN OF LINE blocks :

                          ;

                              ? ;

                              ! ;

     CASE

                                                                           CASE

1

example:

This example defines a case protocolnamed . combines a number of , each of whichmay identifya tagged sequential protocol. The case protocoldefined here has six variants.

Achannel declared withthis protocolwouldlooklikethis:

A communicationon this channel first sends a tag to informthe receivingprocess of the format for the rest of the communication.So, forexample

first sends the tag followedby a value ( ). Consider the output:

This output sends onlythe tag and according to the above protocoldefinitionrequires no further output.

The syntax fora case protocoland the associated output is:

In a definitionof a case protocolthe name whichidentifies the protocolappears to the rightof the keyword , this is followedat an indentationoftwospaces by the keyword , whichinturn is followedon succeeding lines at a furtherindentationof two spaces by a number of tagged protocols. The definitionof a case protocolis terminated by a colon, whichappears on a line by itself,at the same level of indentationas the of the keyword . Atagged protocolis either a tag by itselfor a tag followedby a semi-colon, and a sequential protocol.

A name may be used as a tag withinmultipleprotocols in the same scope. A tag name may also be the same as a name defined in any other specification in the scope.

An output on a channel of case protocol is a tag by itself or a tag followedby a number of output items separated by semi-colons. The output is validonlyifthe tag and the associated output items are compatible withone of the tagged protocols specified in the definitionof the protocol.

Animplementationmay restrict the number of tags in a protocoldefinitionso that a tag may be represented by a value in a limitedrange, but this range must be at least 0 to 255.

{ }

{ } tags

definition name

tagged.protocol

tagged.protocol tag tag sequential.protocol tag name output channel tag channel tag output.item

5 Channels and their protocols

=

= = =

    PROTOCOL FILES
      CASE
        request; BYTE
        filename; DOSFNAME
        word; INT16
        record; INT32; INT16::[]BYTE
        error; INT16; BYTE::[]BYTE
        halt
    :

                                  FILES CASE

    CHAN OF FILES to.dfs :

    to.dfs ! request; get.record

              request BYTE get.record

    to.dfs ! halt

                       halt CASE

                          PROTOCOL
                            CASE

                          :

                       | ;

                                !
                       | ! ; ;

PROTOCOL CASE

   P PROTOCOL

So faronlyoutputon a channel withcase protocolhas been shown. Aspecial formofinputis required (called ) to provide for input on channels witha case protocol. The previous example is suggestive of a witha , and is a reminder that channels are unidirectional. So, for a user process to “listen to”the other side of this conversation, another channel must be declared, as shown below:

This example declares another channel with the protocol . The process which outputs , mightreasonably expect to receive a reply on a channel withthis protocol. Consider a more complete example of this conversation:

Illustratedin the above example is a case inputon the channel . This accepts a variant inputwith either the tag or the tag ; any other tag wouldbe invalidand the inputwouldbehave likethe primitiveprocess .

A special form of case input simply receives a tag from the channel named on the left of the case input symbol( ), and then compares the tag forequalitywiththe tag of the tagged listwhichappears to the rightof the symbol. Atag is input,then ifthe tags match the process next inputs the remainder of the tagged list. Ifthe tags do not match, the process next behaves likethe primitiveprocess . For example:

Thisprocess inputs a tag. Ifthe tag is the inputis completed, and a value assigned to the variable . Otherwise, no further input is performed, and the input behaves like the primitiveprocess (page 7). Acase inputis legal onlyifthe tagged lists are compatiblewithtagged protocols specified in the definitionof the case protocol.

Consider the following:

In this example the input willbehave likethe primitiveprocess as the tags do not match. The associated output willalso behave like , for although the output of the tag succeeds, the output does not. In this example the procedures and willnot be performed. Alsoconsider the following:

case input

conversation disc filingsystem

5.4 Channel protocol

Input on a channel with case protocol

    CHAN OF FILES from.dfs :

                                             FILES request;
get.record

    SEQ
      to.dfs ! request; get.record
      from.dfs ? CASE
        record; rnumber; rlen::buffer
          ... do whatever
        error; enumber; elen::buffer
          ... handle error

                                               from.dfs
          record error
             STOP

      ? CASE

                                                             STOP

    from.dfs ? CASE filename; name.buffer

                            filename
name.buffer
STOP

    PROTOCOL COMMS
      CASE
        packet;INT::[]BYTE
        sync
    :
    CHAN OF COMMS route :
    PAR
      SEQ
        route ! packet; 11::"Hello world"
        R ()
      SEQ
        route ? CASE sync
        S ()

                   route ? CASE sync STOP
                                           STOP packet
                11::"Hello world" R() S()

    PAR
      SEQ
        route ! sync
        P ()
      SEQ
        route ? CASE packet; length::message
        Q ()

1

Each communicationofa sequential protocol,or ofa tagged sequential protocolis in fact a sequence ofseparate communications. So, in the above example, the input willbehave likethe primitiveprocess because the tags do not match. However,the associated output willsucceed as the output of the tag has completed, and the variant requires no further output. Thus, the (page 69) willbe performed, and the procedure willnot be performed.

The syntax forcase inputis:

Aprocess whichis a case inputreceives a tag fromthe channel named on the leftofthe case inputsymbol( ), and then the tag is used to select one of the variants. These appear on the followinglines, indented by two spaces and optionallypreceded by local specifications. A tag is input, then ifa variant withthat tag is present the process next inputs the remainder of the tagged list, and an associated process, indented a further two spaces, is performed. If no variant with that tag is found the process next behaves like the primitiveprocess .

An input may contain the case input symbol followedby a single tagged list only, as shown in the earlier examples.

A case input may also be used as an input in an alternation (chapter 2, page 19). Consider the following example:

Thisalternationaccepts inputfromeither ofthe twochannels ( and ). These inputs are explained in the previous section. This alternation could have included a mix of case inputs, and the alternatives described on page 19. The syntax forcase inputs in an alternative is:

{ }

{ }

{ } { } procedure

case.input channel variant

variant tagged.list process specification variant tagged.list tag tag input.item

process case.input

input channel tagged.list

alternative channel variant boolean channel variant

5 Channels and their protocols

Variants in alternatives

= =

= = =

=

                                             route ? CASE packet; length::message
                            STOP
route ! sync
                             P() Q()

                                ? CASE

                       |

                       | ; ;

                                ? CASE

                                                                                ?
CASE

             STOP

    ALT
      from.dfs ? CASE
        request; query
          ... do query
        error; enumber; elen::buffer
          ... handle dfs error
        record; rnumber; rlen::buffer
          ... accept record

      from.network ? CASE
        request; query
          ... do query
        error; enumber; elen::buffer
          ... handle network error
        record; rnumber; rlen::buffer
          ... accept record

                                              from.dfs from.network

                                ? CASE

                       | & ? CASE

Acase input as an alternative is either a case input withvariants as described in the earlier syntax, or such a case inputpreceded by a boolean guard and an ampersand ( ) to the leftof the channel name. The case inputis not considered by the alternation ifthe boolean guard is false.

Aname may be used as a tag withinmore than one case protocolin the same scope. For example:

It is possible for a tag name of a tagged protocolto be used again in a specification or as a field name in a record duringthe scope of the protocol. For example:

However, it is stillpossible to use the name to denote a tag of the protocol in outputs and inputs on channels withprotocol . Consider the followingsimple program:

The name is used to denote the variant tag in both the inputand the output. The name is also used to specify the destination of the input. Confusingusages such as this are usually better avoided.

Insome situationsitmay be necessary to specifya channel protocolwhere the formatofthe protocolforsome reason cannot be defined. Such situations are rare, and are likelyto occur only when communicatingwith

5.4 Channel protocol

Scope of tag names

5.4.5 Anarchic protocol

                                               &

    PROTOCOL LINES
      CASE
        aline; INT::[]BYTE
        eof
    :
    PROTOCOL HEATING
      CASE
        kettle; KETTLE
        heater; HEATER
        eof
    :
    CHAN OF LINES document:
    CHAN OF HEATING installation:
    PAR
      ...
      SEQ
        ...
        document ! eof -- eof of LINES
        ...
        installation ! eof -- eof of HEATING
        ...

    PROTOCOL COMMS
      CASE
        packet;INT::[]BYTE
        sync
    :
    [4]BYTE packet :

                                  packet COMMS
CASE COMMS

    PROTOCOL COMMS
      CASE
        packet;INT::[]BYTE
        sync
    :
    [4]BYTE packet :
    CHAN OF COMMS c :
    INT len :
    PAR
      c ! packet; 3::"xyz"
      c ? CASE packet; len::packet

        packet

1 1

an external device such as a printer,terminalor other device controller.Such a device can be considered an where the protocolforcommunicationwiththat process is dictated by the nature of the device.

A special protocolexists whichallows the input and output of any format withoutchecking. The protocolis specified by the keyword , as illustratedin the followingexamples:

The keyword may be used directlyin a channel declaration such as that of above, or it may be used as a simple protocolas in the definitionof .

A channel witha protocoldefined to be in either of these ways can onlyinput or output data values. It cannot handle case protocols. The effect of an output on a channel withan protocol is that the value is mapped down into its constituent bytes, and output as an array of bytes. An input on a channel withany protocolinputs the array of bytes and converts (by retypingconversion, see page 85) the value to the type of the receivingvariable.

A protocol defined to be may be redefined to have any other protocol by a channel retyping definition (page 86). Such retypingsare necessary whenpassing a channel withanarchic protocolas a actual parameter to a procedure whose corresponding formalhas any other protocol.

The syntax extends that of simple protocol:

Channel abbreviations are similarto variable abbreviations (see page 42). A channel abbreviationspecifies a new name fora channel or a channel array. Consider the followingexamples:

This introduces the name for the constructed array shown. It then introduces as the new name for and and fornon-overlappingsegments ofthe array . The syntax of channel abbreviationis:

The specifier must specify a channel type but may be omittedwhenever the type of the abbreviationcan be inferred fromthe type of the channel. Channel abbreviations are subject to the same usage restrictions as variable abbreviations. These are summarised in appendix E.

{ } { } alien process

simple.protocol

abbreviation specifier name channel name channel specifier name channel name channel

specifier channel.type specifier expression specifier

5 Channels and their protocols

5.5 Abbreviation of channels

=

=

=

                   ANY

    CHAN OF ANY mouse:
    PROTOCOL PRN IS ANY :
    CHAN OF PRN printer :

          ANY mouse
                                    PRN

                              ANY
                                                          ANY

ANY

                   ANY

                          ANY

    []CHAN OF INT clients IS [from.a, from.b, from.c, from.d, from.e] :
    CHAN OF INT client2 IS clients[2] :
    clients01 IS [clients FOR 2] :
    otherclients IS [clients FROM 3] :

                    clients client2
           clients[2] clients01 otherclients
clients

                                      IS :
                       | IS :
                       | IS [ , ] :
                       | IS [ , ] :

                       | []
                       | [ ]

In the syntax above it can be seen that a channel array in an abbreviationmay be constructed as a table of individualchannels. Consider the example:

The three channels originallydeclared separately have been constructed into an array which can then be named in an abbreviationso that it may be subscripted or segmented. This can be particularlyuseful when is the replicationindex of a replicated alternation, and the construction is being used to receive input on one of a group of channels of the same protocol.

This example shows how the constructor mightbe used to combine an arbitrarycollectionof channels of the same protocolforuse by a process whichlistens to all of them:

This example has been so simplifiedthat the need for a constructor is not immediatelyobvious. The need becomes greater ifthe individualchannels are allocated to non-contiguous hardware addresses (page 94).

The channels combined in a channel array constructor must all be used in the same direction. Channel array constructors can only be used withinchannel abbreviations (and as actual parameters to procedure instances, see page 70).

5.5 Abbreviation of channels

5.5.1 Channel array constructors

    sources IS [from.a, from.b, from.c] :
    sources[i] ? x

i

    CHAN OF BYTE from.a, from.b, from.c:
    PAR
      SEQ
        ... process a
        from.a ! ’A’
        ...
      SEQ
        ... process b
        from.b ! ’B’
        ...
      SEQ
        ... process c
        from.c ! ’C’
        ...
      sources IS [from.a, from.b, from.c]:
      [3]BYTE bb:
      SEQ j = 0 FOR 3
        ALT i = 0 FOR 3
          sources[i] ? bb[i]
            SEQ
              ...

56 5 Channels and their protocols

This chapter is about , and describes the range of provided by . The chapter also describes and .

An expression is evaluated and produces a result. The result of an expression has a value and a data type. The simplest expressions are literals and variables. More complex expressions are constructed from , and . Anoperand is a (page 35), a literal,a table, or an expression in parentheses. An operator performs an operation, for example an addition, upon its operand(s). The followingare all validexpressions:

a literalvalue a variable multiplicationof two literaloperands multiplicationof two variable operands shiftof a variable operand by a literal comparison of two variable operands a boolean expression

Anexpression in parentheses may itselfbe an operand in an expression. In this way larger expressions are built,as shown in the followingexamples:

subtract fromthe result of multiplythe results of the expressions and

There is no operator precedence and so the hierarchicalstructure of a large expression must be defined by parentheses. Withthe exception of shiftoperations, where the number of bits to be shiftedmust be indicated by a value of type , the data type of the two operands in a dyadic expression must be of the same type. In an assignment the value of the expression must be of the same data type as the variable to whichit is to be assigned. Consider in detail the followingexample:

Each of the variables in this example ( , , and ) must be of the same data type. The value of an expression is of the same type as its operand(s). The expression in this example - - has two operators. The parentheses indicate that the expression is an operand of the operator , and thus must be evaluated before the operation can be performed.

The right hand second operand of a shift operator must always be, or be converted to be, of the explicit type . Apartfromthis, where an operator is defined in this chapter to operate on operands of a particular primitivedata type, it may be assumed also to operate on operands of a named type derived from that underlyingtype. The two operands of a dyadic operator (excludingshifts) must both be of the same type, and so must be explicitlyconverted (see page 66) to the same type ifthey are declared as, or computed to be, of different types.

The syntax forexpressions includes:

occam

6 Expressions

expressions operators tables data type conversions

operands operators parentheses variable

expression monadic.operator operand operand dyadic.operator operand operand conversion operand variable literal table expression variable name monadic.operator dyadic.operator

=

=

= = =

                 5(INT64)
                 x
                 6 * 4
                 x * y
                 y << 2
                 x = y
                 NOT TRUE

    (1 + 2) - 1 1 (1 + 2)
    (x * y) * (w * z) (x * y) (w * z)

          INT

y := (m * x) + c

                           y m x c
                                                          (m * x) + c
                                       (m * x) +
                   +

INT

                   |
                   |
                   |

                   |
                   |
                   | ( )

                      - | MINUS | ~ | BITNOT | NOT | SIZE
                      + | - | * | / | \ | REM | PLUS | MINUS | TIMES
                   | /\ | \/ | >< | BITAND | BITOR | AND | OR
                   | = | <> | < | > | >= | <= | AFTER

A monadic operator precedes its one operand. A dyadic operator appears between its two operands. Tables, operators and conversions are detailed in the followingsections. Variables (page 35) and literals (page 27) have been explained earlier. An operand whichis a table can only be used where an array may be used. Conversions are decribed on page 66.

Atable constructs an array ofvalues froma number ofexpressions whichmust yieldvalues ofthe same data type. A string is a compact representation of a table of bytes. The value of each component of the array is the value of the corresponding expression. Consider the followingexample:

This example constructs an array withthree components, each of type . Here are some more examples:

a table of three bytes (equivalentto ) a table of three values a table withtwo component values a table witha single component a table of two integers a string literal a string literalof a named type

A table that is not a string is one or more expressions of the same data type, separated by commas, and enclosed in square brackets, optionallyfollowedby the type name of an array or record type in parentheses. Linebreaks are permitted after a comma.

A table is a value of an array type. Ifthe variables , and are of type , then the table is an expression whose type is . is an expression whose type is , and so on.

Atable may be subscripted or segmented likean array variable (page 35).

Ifa table appears in a context where its type is known,the type of its components are then knownand may be untyped literals (page 29) whose type is implicitlydetermined. However if a table appears in a context where its type is not knownthe type ofits components willbe inferredfromthe first component foundto have a knowntype. Consider:

The type of is determined from the specifier . The type of is determined from its first component which is an explicitlydecorated literal. The type of is determined from its second component which is an explicitlydecorated literal. The type of cannot be determined and so the abbreviationis illegal.The type of is determined by the explicitdecoration of the table, whichmust be done by a type name rather than a type specifier includingsubscript brackets.

A string is a sequence of characters enclosed in double quotes. A string of a named byte array type may be decorated witha type name in parentheses. Note that though a string is lexicallya literalconstant, it is treated syntacticallyas a table of bytes.

The type of a string is an array of type . The string is an array of type . Each component of the array is the ASCIIvalue of the corresponding character in the string.

Special character sequences allow certain control values such as Tabulation and Carriage Return to be includedin strings. Fulldetails of the character set and special characters are given in the appendix (page 103).

occam

6 Expressions

6.1 Tables and strings

    [1, 2, 3]

                                                     INT

           [’a’, ’b’, ’c’] "abc"
           [x, y, z]
           [x * y, x + 4]
           [(m * x) + c]
           [6(INT64), 8888] INT64
           "occam"
           "RUNHELLO.BAT"(DOSFNAME)

                                      m x c INT [(m * x) +
c] [1]INT [’a’, ’b’, ’c’] [3]BYTE

    VAL []REAL32 tab1 IS [0.0, 1.1] :
    VAL tab2 IS [2.0(REAL32), 2.1, 2.2] :
    VAL tab2a IS [1.9, 2.0(REAL32), 2.2] :
    VAL tab3 IS [3.0, 3,1] : -- ILLEGAL
    DATA TYPE VEC2 IS [2]REAL32 :
    VAL tab4 IS [4.0, 4.1](VEC2) :

          tab1 []REAL32 tab2
                                                    tab2a
                                                  tab3
                          tab4

                                []BYTE "zen" [3]BYTE

1 1

A string may be broken over several lines by terminating broken lines with an asterisk, and starting the continuationon the followinglinewithanother asterisk. The indentationof the continuationshould be no less than the current indentation,as illustratedin the followingexample:

The syntax fortables and strings is:

A table is either a string or is a sequence of expressions separated by commas inside a pair of square brackets. It may optionallybe decorated by a an array data type name in parentheses. A table may be subscripted or segmented in the same way as an array variable (see page 37). Asegmented or subscripted table may not be decorated.

Tables are syntacticallyvery similarto record literals,(page 32), the difference being that all components of a table must be of the same type, and so the application of the rules of literaltype inference are different withina table.

Anoperationevaluates itsoperand(s) and produces a result. The resultofan operationhas a value and a data type. These are the operators whichoperate on values, whichare defined in related groups in subsections below:

addition subtraction multiplication division remainder moduloaddition modulosubtraction modulomultiplication bitwiseand bitwiseor bitwiseexclusive or bitwisenot array size shiftright shiftleft boolean and boolean or boolean not equal not equal less than greater than less than or equal greater than or equal later than element size

Some operators are symbols, others keywords. Those symbols whichuse characters whichmay be absent in some national variants of ASCII(i.e. or ) have alternative representations as keywords.

{ } { } table string string name

expression expression name table expression table base count table base table count

6.2 Operations on values

6.2 Operations on values

= occam := "Beware the jabberwock my son, the jaws that bite, the*
         * claws that catch, beware the jubjub bird, and shun the*
         * frumious bandersnatch."

                   | ( )
                   | [ , ]
                   | [ , ] ( )
                   | [ ]
                   | [ FROM FOR ]
                   | [ FROM ]
                   | [ FOR ]

          +
          -
          *
          /
          \ REM
          PLUS
          MINUS
          TIMES
          /\ BITAND
          \/ BITOR
          ><
          ~ BITNOT
          SIZE

                                      >>
                                      <<
                                      AND
                                      OR
                                      NOT
                                      =
                                      <>
                                      <
                                      >
                                      <=
                                      >=
                                      AFTER
                                      BYTESIN

                          \~

The arithmeticoperators are:

addition subtraction multiplication division remainder

Arithmeticoperators perform an arithmeticoperation upon operands of the same real, integer or byte type (not on booleans), forexample:

produces a value of 42 produces a value equal to produces a value of 42 produces a value of 42 produces an approximationto 2 produces a value of 42 produces a value of 2

The final example in this list may also be written: . The symbols and both signify the remainder operation. A remainder operation produces a value whichis the remainder of the divisionof the twooperands. The sign of an integer remainder operation is the sign of the lefthand operand (except where the result is zero) regardless ofthe sign ofthe righthand operand. The result ofan integer divisionis rounded toward zero (i.e. truncated), forexample:

produces a value of 1 produces a value of 1 produces a value of 2 produces a value of 1

The operator is also a monadic negation operator, whichhas the effect ofnegating the value ofits operand whichmust be of an integer or real type, forexample:

has the value (0 ) minus 5 minus one million

Anarithmeticoperation produces a result of the same data type as the operands. Anarithmeticoperation is not validifthe resulting value cannot be represented by the same data type as the operands, for example where the result of a multiplicationof two large integers produces a value which exceeds the range of the type (arithmeticoverflow). Divisionby zero is also treated as invalid.

Remainder operations, on both integers and reals, obey the followinglaw:

(( ) )+( ) =

Here are some examples of real expressions, in which is a value of , and is a value of : produces a value of 42 0 of type produces a value of 36 0 of type produces a value of 117 0 of type produces a value of 13 0 of type produces a value of 0 0 of type π

x/y y x y x

. . . . .

− − −

−

∗

6 Expressions

6.2.1 Arithmetic operators

                                +
                                -
                                *
                                /
                                \ REM

                39 + 3
                ’T’ + 32 ’t’
                45 - 3
                6 * 7
                2.0(REAL32) * 3.14159
                126 / 3
                128 REM 3

                                        128 \ 3 REM \

                          3 / 2
                          (-3) / 2
                          (-9) / 4
                          (-9) REM 4

          -

                       - x x
                       - 5
                       - 1.0E+06(REAL32)

                                          REM

                                          x 39.0(REAL32) y
3.0(REAL32)

                    x + y REAL32
                    x - y REAL32
                    x * y REAL32
                    x / y REAL32
                    x REM y REAL32

The result of a real arithmetic expression (which is considered to be infinitelyprecise) is rounded to the nearest value whichcan be represented by the type. That is, the value willbe adjusted, ifnecessary, to fit into the representation of its type. The precision of an operation is that of the type of the operands.

It is possible forthe result of a real remainder operation to be negative. Consider the followingexample:

The result ofthis expression is ( 0 5). If and are real values, the result of is ( ( )), where is the result of dividing and rounded toward zero. Applyingthis to the above example, is 0 75 rounded to the nearest integer (1), leaving : (1 5 (2 0 1))= ( 0 5).

Fulldetails of IEEEroundingmodes are given in the appendix (page 98).

The moduloarithmeticoperators are:

moduloaddition modulosubtraction modulomultiplication

These modulo arithmetic operators perform an operation upon operands of the same integer or byte data type (noton reals or booleans). Whilstthe effect ofthese operations is similarto the corresponding arithmetic operations, no overflowcheckingtakes place, and thus the values are cyclic.For example, adding one to the most positive integer willproduce a value equal to the most negative integer (i.e. ( 1) = ), and subtracting one from the most negative integer willproduce a value equal to the most positiveinteger (i.e. ( 1) = ). Consider these examples:

causes an arithmeticoverflow. produces the value 32768. causes an arithmeticoverflow. produces the value 32767. causes an arithmeticoverflow. produces the value 3392 causes an arithmeticoverflow. produces the byte value 0 produces the byte value 128

is also a valid monadic operator. is always equivalent to and so if is of a byte type then it is equal to .

Bitwiseoperators perform operations on the bit pattern of a value of an integer or byte type. The bitwise operators are:

bitwiseand bitwiseor bitwiseexclusive or bitwisenot

. x y x y x y n n x y n . . . .

MOSTP OS MOSTNEG MOSTNEG MOSTP OS

− − ∗ − ∗ −

−

6.2 Operations on values

Rounding the results of real operations

6.2.2 Modulo arithmetic operators

INVALID!

INVALID!

INVALID!

INVALID!

6.2.3 Bit operations

    1.5(REAL32) REM 2.0(REAL32)

                                                           REM

                             PLUS
                             MINUS
                             TIMES

                                                                         PLUS

                          MINUS

         32767(INT16) + 1(INT16)
         32767(INT16) PLUS 1(INT16)
         (-32768(INT16)) - 1(INT16)
         (-32768(INT16)) MINUS 1(INT16)
         20000(INT16) * 10(INT16)
         20000(INT16) TIMES 10(INT16)
         255(BYTE) + 1(BYTE)
         255(BYTE) PLUS 1
         128(BYTE) TIMES 3

MINUS MINUS z 0 MINUS z z
                     256 - z

                           /\ BITAND
                           \/ BITOR
                           ><
                           ~ BITNOT’

Here are some example expressions using the bitwiseoperators. The results shown are correct ifthe value of is , and the value of is , and their type is :

produces a result produces a result produces a result produces a result

The operands of , and must both be of the same integer or byte type. The followingtable illustrates how each bit of the result is produced fromthe corresponding bits in the operand.

1 0 = 1 1 0 = 0 1 0 = 1 0 0 = 0 0 0 = 0 0 0 = 0 1 1 = 0 1 1 = 1 1 1 = 1 0 1 = 1 0 1 = 0 0 1 = 1

The bitwisenot operator ( ) has a single operand whichmust be of an integer or byte type. Each bit of the result is the inverse of the corresponding bit in the operand, as shown in the followingtable:

~1= 0 ~0= 1

The result ofa bitwiseoperationis ofthe same integer or byte type as the operand(s). The keywords , and are equivalentto , , respectively,and are includedespecially forimplementations whichhave a restricted character set.

The shiftoperators performa logicalshifton a value of an integer or byte type. The shiftoperators are:

shiftright shiftleft

The shiftoperators shiftthe bitpattern ofa value ofany integer or byte type bya number ofplaces determined by a count value whichmust be of type . For example, ifthe value of is , and of type :

produces a result produces a result

The result is ofthe same integer or byte type as . The bits vacated by the shiftbecome zero, the bits shifted out of the pattern are lost. The left shift operator shifts toward the most significant end of the pattern, the rightshiftoperator shifts toward the least significantend of the pattern.

Consider these furtherexamples, where is a value of type :

produces the value produces the value produces the value 0 produces the value 0

Ashiftby a negative value, or by a value whichexceeds the number of bits in the representation, is invalid.

>< / / >< / / >< / / >< / /

\ \ \ \ \ \ \ \

6 Expressions

6.2.4 Shift operations

  pixel #1010 pattern #FFFF INT16

                   pixel /\ pattern #1010(INT16)
                   ~ pixel #EFEF(INT16)
                   pixel \/ pattern #FFFF(INT16)
                   pixel >< pattern #EFEF(INT16)

             /\ \/ ><

                   ~

                                                                          BITAND
BITOR BITNOT /\ \/~

                                   >>
                                   <<

                              INT n #FFFF INT16

                        n << 4 #FFF0(INT16)
                        n >> 4 #0FFF(INT16)

                                    n

                              n INT32

                            n << 0 n
                            n >> 0 n
                            n >> 32
                            n << 32

The boolean operators operate on operands of boolean type, and produce a boolean result. The boolean operators are:

boolean and boolean or boolean not

The followingtable shows the results foreach operation:

= = = = = = = = = = The operand to the leftofa boolean operator is evaluated, and ifthe result ofthe operation can be determined evaluation ceases. This differs fromthe behaviour of other expressions. Consider the followingexample:

Note that parentheses may be omitted between expressions containingadjacent or operators. The evaluation of the boolean expression ceases if the expression is false, in whichcase the evaluation of the expression does not take place. Ifthe result is true, the expression to the rightof is not evaluated. The rule is that evaluation of a boolean expression willcease ifthe operand to the left of is false, or ifthe operand to the leftof is true.

The relationaloperators performa comparison oftheiroperands, and produce a boolean result. The relational operators are:

equal not equal less than greater than less than or equal greater than or equal

Here are examples of relationalexpressions using and . In these examples the operands, and , can be any primitivedata type:

is true ifthe value of is equal to the value of the result is false otherwise is true ifthe value of is not equal to the value of the result is false otherwise f alse tr ue f alse f alse tr ue tr ue f alse tr ue f alse f alse f alse f alse f alse f alse tr ue f alse tr ue f alse f alse tr ue f alse tr ue tr ue tr ue tr ue tr ue tr ue tr ue

6.2 Operations on values

6.2.5 Boolean operations

6.2.6 Relational operations

                                 AND
                                 OR
                                 NOT

              AND OR NOT
              AND OR NOT
              AND OR
              AND OR

    IF
      ((ch >= ’a’) AND (ch <= ’z’)) OR ((ch >= ’A’) AND (ch <= ’Z’))
        ...
      (ch = cr) OR (ch = down) OR (ch = up)
        ...
      ((ch = escape) AND shift)) OR ((ch = escape) AND control))
        ...

                                                             AND OR
                             ((ch >= ’a’) AND (ch <= ’z’)) (ch
>= ’a’) (ch <= ’z’)
                      ((ch >= ’A’) AND (ch <= ’Z’)) OR
                                                                 AND
                OR

                              =
                              <>
                              <
                              >
                              <=
                              >=

                                      = <> x y

                 x = y x y

                 x <> y x y

The followingare examples using the other relationaloperators. In these examples the operands, and , can be an integer, byte or real type, but may not be a boolean:

is true ifthe value of is less than the value of the result is false otherwise is true ifthe value of is greater than the value of the result is false otherwise is true ifthe value of is less than or equal to the value of the result is false otherwise is true ifthe value of is greater than or equal the value of the result is false otherwise

The special modulo operator performs a comparison operation, and returns a boolean result, for example:

This expression is true if is later in a cyclicsequence than , just as one o’clock can be considered later than eleven o’clock . The first operand is considered the starting point on a “clock face” of integer values. Ifthe shortest route to the value of the second operator is clockwise,then the value is later than the first operand and the result of the expression is true. Ifthe shortest route to the value of the second operand is anticlockwise,or the routes are equal in length, then the value of the second operand is earlier, and the result of the expression is false.

Ifthe type ofthe operands is a (signed) integer type ( ) produces the same value as ( ) 0.

If the type of the operands is a byte type (which is unsigned) ( ) produces the same value as (( ) 1) 127.

The special operator may have a single operand of any array type, and produces an integer value of type , equal to the number of components in the array. For example, if is an array of type , then:

produces the value 8

If is of type (see page 31), then:

produces the value 8 produces the value 4 produces the value 12

Thisoperator is most oftenused to determine the size ofan array passed as a formalparameter ina procedure or function(pages 69 and 76). The operator may also be applied to named array data types (page 65).

The operation of on operands is discussed below together withits operation on types (page 65).

a b a b > a b a b < pm am

6 Expressions

(later than)

6.2.7 (number of components in an array)

6.2.8 (bytes occupied by implementation of array element)

                                                                          x y

             x < y x y

             x > y x y

             x <= y x y

             x >= y x y

AFTER

                       AFTER

    (a AFTER b)

                   a b

                                        AFTER MINUS

                                                   AFTER
  MINUS MINUS

       SIZE

                SIZE
    INT a [8]INT

                            SIZE a

 b [8][4]DOSFNAME

                         SIZE b
                         SIZE b[1]
                         SIZE b[0][0]

                                 SIZE

       BYTESIN

             BYTESIN

Anoperation on a type produces a result based on a propertyof the implementationof allvalues of the type. The result of an operation on a type has a value and a data type.

most negative most positive

The operator produces the most positivevalue of an integer or byte type. The operator produces the most negative value of a (signed) integer type, and the value 0 for an (unsigned) byte type. The type of the result is the same as the operand. Consider the followingexamples:

has the value 255 has the value 32767 has the value 2147483647 has the value 9223772036854775807 has the value 0 has the value 32768

The syntax forthese operators extends that of , and is:

The keyword( or ) appears to the leftof the name of an integer or byte data type.

array size

The operator may have a single operand whichis an array data type, and produces an integer value of type , equal to the number of components in arrays of that type. For example, if is a name defined as an array of type , then:

produces the value 12

The syntax for applied to types extends that of , and is:

where the data type is any array data type. The operator may also be applied to arrays, see page 64.

bytes in a record offset of record field

It is sometimes necessary to discover how the compilerhas mapped the fields of a record data type onto the computer’s memory. The mapping may be determined by applying the operator to discover

− expression

expression data.type data.type

expression

expression data.type

6.3 Operations on types

6.3.1 and (integer range)

6.3.2 (number of components in an array type)

6.3.3 and (field positions in records)

6.3 Operations on types

=

=

  MOSTPOS MOSTNEG

                         MOSTNEG
                         MOSTPOS

     MOSTPOS MOSTNEG

             MOSTPOS BYTE
             MOSTPOS INT16
             MOSTPOS INT32
             MOSTPOS INT64
             MOSTNEG BYTE
             MOSTNEG INT16

                    MOSTPOS
                 | MOSTNEG

     MOSTPOS MOSTNEG

  SIZE

                            SIZE

     SIZE
INT DOSFNAME
               [12]BYTE

                   SIZE DOSFNAME

      SIZE

                    SIZE

                                     SIZE

  BYTESIN OFFSETOF

                      BYTESIN
                      OFFSETOF

                                                    BYTESIN the total number of bytes occupied by a variable of the record type, and the operator to a pair of names to discover the offset of a field withinvariables of a particular record type. The values returned by these operators are of type .

The operator may be applied to any data type or to any expression yieldinga value of that type and returns the number of bytes that wouldbe occupied by a component of that type in an array. This takes account of any need to add padding at the end of a record to meet implementationdependent alignment restrictions. This impliesthat: = Itis illegalto apply to an object whose size cannot be represented as an integralnumber of bytes.

The operator is applied to two operands in parentheses. The first operand must be the name of a record data type and the second operand the name of a field declared in the definitionof that type. The value returned is the offset in bytes fromthe start of the record in memoryand the start of the field indicated.

is invalidif its first operand is not the name of a record or packed record type, or if its second operand is not a field of that record type. It is invalidto apply to a field whose offset cannot be represented as an integralnumber of bytes.

Let us assume that the followingrecord type meets any restrictionson alignmentimposed by the implementation and that the compilerhas not needed to force the insertionof padding bytes. Ifso the operations yield the results indicated:

The syntax foroperands using these operators is:

The operand of maybe syntacticallyeitheran operand orany data type. The operands of must be names, the first of a structured data type and the second of a field of that type. Note that and its operand in parentheses and and its operands in parentheses are treated syntacticallyas operands, as ifthey were functioninstances, see page 78.

Withthe exception of logicalshifts (where the number of bits to shiftmust be of type ), the types of the operands inan expression must be ofthe same type. Operands may explicitlyhave theirdata type converted.

n n ∗ type type

operand operand data.type name field.name

6 Expressions

6.4 Data type conversion

=

                                                         OFFSETOF

                     INT

    BYTESIN

    BYTESIN([ ] ) (BYTESIN( ))

              BYTESIN

   OFFSETOF

OFFSETOF
                                               OFFSETOF

    DATA TYPE MIXED
      PACKED RECORD
        BYTE b1, b2:
        INT16 i1:
        REAL32 r1:
        REAL64 r2:
        DOSFNAME n1:
    :
    MIXED m1 :
    INT a, b, c, d, e, ob1, ob2, or2, on1 :
    SEQ
      a := BYTESIN (MIXED) -- 28
      b := BYTESIN (m1) -- 28
      c := BYTESIN (m1[r1]) -- 4
      d := BYTESIN (m1[n1]) -- 12
      e := BYTESIN (m1[n1][0]) -- 1
      ob1 := OFFSETOF (MIXED, b1) -- 0
      ob2 := OFFSETOF (MIXED, b2) -- 1
      or2 := OFFSETOF (MIXED, r2) -- 8
      on1 := OFFSETOF (MIXED, n1) -- 16

                          BYTESIN ( )
                       | BYTESIN ( )
                       | OFFSETOF ( , )

            BYTESIN OFFSETOF
                                                                          BYTESIN
                           OFFSETOF

                                                                INT

A data type conversion permits a value of any non-array data type to be converted to a numericallysimilar value of another non-array data type. A data type conversion produces the value of its operand as a value of the specified data type, forexample:

The value of in this example is converted to a value of type . Note that is a literal value of type , whereas is a data type conversion of the value of .

The syntax fordata type conversions is:

The data type must be a primitivedata type, or a named type derived froma primitivedata type and appears to the left of the operand. A data type conversion which includes the keyword as described by the syntax, produces a value rounded to the nearest value of the specified type. Where two values are equally near, the value is rounded toward the nearest even number. A data type conversion which includes the keyword as described by the syntax, produces a value truncated (rounded toward zero) to a value of the specified type. A real value of appropriate magnitude can be rounded or truncated to a value of type . Aconversion between any ofthe integer types, and conversions between those types and type , is valid onlyifthe value produced is withinthe range ofthe receivingtype. Byteand integer values may be converted to boolean values iftheir value is one or zero. The boolean value is true ifthe value is one, and false ifthe value is zero. That is:

evaluates to evaluates to evaluates to 1 evaluates to 0

Conversions from integer or byte values to real values, and vice versa, must specify whether the result is to be rounded or truncated. A value of type can be extended to an exact value of type . Values of type can be converted to values of type , providingthe value is in the range of the type. The conversion must specify if the value is to be rounded or truncated. Consider these examples, where , and are integers of type , and has a value 255 and has a value 3:

produces a byte value 255 produces a value 255 0 produces a value 255 0 produces a value 765 0 produces a value 765 0

Conversions may be applied to operands of the same type, but willhave no effect. The truncation and roundingof integer types to real types occurs where the integer cannot be exactlyrepresented as a value of the real type. Consider the followingexample:

The value in this example has been chosen specificallyto illustratethe behaviour of explicitlyrounding an integer value whichcannot be directlyrepresented in the floatingpointrepresentation of . The value of after this sequence is 33554436 0, and the value of is 33554432 0. For , the twoleast significantbits of the integer representation have been lost (they had held the value 3). For the value of those bits has been rounded to the next nearest representable value. Further detail of roundingis given in the appendix on page 98.

. . . .

. .

conversion data.type operand data.type operand data.type operand

6.4 Data type conversion

=

    j := (k * 4.5(REAL64)) * (REAL64 n)

          n REAL64 4.5(REAL64)
          REAL64 (REAL64 n) n

                       | ROUND
                       | TRUNC

                                                            ROUND

       TRUNC

BYTE

                                                                       BYTE

                           BOOL 1 TRUE
                           BOOL 0 FALSE
                           INT TRUE
                           INT FALSE

                                  REAL32 REAL64
           REAL64 REAL32
   REAL32
             n m INT64 n m

          BYTE n
          REAL32 ROUND n REAL32
          REAL64 TRUNC n REAL64
          REAL64 ROUND(n * m) REAL64
          (REAL64 ROUND n) * (REAL64 ROUND m) REAL64

    SEQ
      i := 33554435 (INT32) -- hex #2000003
      a := REAL32 ROUND i
      b := REAL32 TRUNC i

                                                                  REAL32
  a b b
                                                           a

Conversion of real values to integers has the effect illustratedby the followingexamples:

produces a value of 1 produces a value of 0 produces a value of 0 produces a value of 0

Consider these examples, where , and are type , has a value 3 5, has a value 2 5.:

produces the value 2, truncated produces the value 2, rounded to nearest even produces the value 4, rounded to nearest even produces the value 1 produces the value 40 produces the value 3 5

Afullexplanation of the IEEEroundingmodes is given in the appendix (page 98).

Type conversions may be needed if named types have been introduced to improve type abstraction in a program. For example ifthe types and (page 26) have been defined withreal underlyingtypes then it may be necessary to convert expressions of this type ifthey are to be used as actual parameters of calls to mathematical functions:

This example shows a named type being used as a conversion operator. As the conversion from to may not be exact then a roundingoperator must also be used.

Similarlyifa named integer type has been defined then conversions willbe needed incontexts whichexplicitly require a value of type . Consider:

. .

.

6 Expressions

                   INT32 ROUND 0.75(REAL32)
                   INT32 ROUND 0.25(REAL32)
                   INT32 TRUNC 0.75(REAL32)
                   INT32 TRUNC 0.25(REAL32)

                         x y REAL32 x y

           INT16 TRUNC y y
           INT16 ROUND y y
           INT32 ROUND x x
           INT16 TRUNC (x / y)
           (INT ROUND x) * 10
           REAL64 x

                          AREA LENGTH

    AREA a:
    LENGTH b:
    b := LENGTH ROUND (DSQRT (REAL64 a))

                                                                         REAL64
LENGTH

                 INT

    DATA TYPE INDEX IS INT :
    INDEX i :
    VAL INDEX max IS 8192 :
    [INT max]INT heap : -- explicit conversion for array size
    SEQ
      i := max - 3 -- 3 is an implicitly typed INDEX
      heap [INT i] := 4 -- explicitly converted INDEX
      ...

Thischapter describes in . Aprocedure definitionin defines a name fora process. Consider the followingexample:

This example defines as the name for the process, . of a procedure are specified in parentheses after the procedure name. In this example, is a formalparameter, and its specifier is the type . The procedure may be used as shown inthe followingexample:

Aformalparameter is an of the used in an of a procedure. The type of the actual parameter matches the type of the corresponding formalparameter.

An of a procedure has the same effect as the substitutionof the process named in the procedure’s definition. This instance of can be expanded to show its effect:

whichis equivalent to

Here is a furtherexample:

This procedure takes a channel ( ) and an array value ( ) as parameters, and outputs the components of the array to the channel. Note the use of the operator (page 64) on the formalto obtain the number of components in the actual parameter when the specifier of a formalhas an empty dimension.

Aninstance of the procedure looks likethis:

The type of the second actual parameter is compatible(page 42) withthe specifier of the formalparameter.

Again,this instance can be expanded to show the effect:

occam occam

7 Procedures

procedures

Formal parameters

abbreviation actual parameter instance

instance

PROC increment (INT x)
  x := x + 1
:
             increment x := x + 1
                                                          x
                INT increment

INT y :
SEQ
  ...
  increment (y)
  ...

                increment

INT y :
SEQ
  ...
  x IS y : -- variable abbreviation
  x := x + 1
  ...

INT y :
SEQ
  ...
  y := y + 1
  ...

PROC writestr (CHAN OF BYTE stream, VAL []BYTE string)
  SEQ i = 0 FOR SIZE string
    stream ! string[i]
:
                      stream string
                                                SIZE

                  writestr

SEQ
  ...
  writestr (screen, "Hello world!")
  ...

SEQ
  ...
  CHAN OF BYTE stream IS screen : -- channel abbreviation
  VAL []BYTE string IS "Hello World!" : -- value abbreviation
  SEQ i = 0 FOR SIZE string
    stream ! string[i]
  ...

To show the use of a user defined named type this example may be rewrittento use the type defined on page 31, together withthe use of the operator on such a type (page 65):

This procedure has the same effect as but is restricted in its application to strings of type . Aninstance of the procedure looks likethis:

Again,this instance can be expanded to show the effect:

The correspondence between formalparameters and actual parameters is defined in terms of abbreviations. There are three kinds of abbreviation: value abbreviations (page 43), variable abbreviations (page 42) and channel abbreviations (page 54) and procedure parameters may also be of these three kinds (they may also be timers, page 83).

If the formal is qualified by , then it is a value parameter and the corresponding actual must be an expression as the abbreviationis a value abbreviation(page 43). Ifthe formalis a data type not qualifiedby , then the actual must be a variablewhichcan receive a value by inputor assignment as the abbreviation is a variable abbreviation(page 42).

A name which is in the body of the procedure (page 40) is staticallybound to the specification of the name in scope at the positionof the procedure definition,forexample:

The free variable , in scope when the procedure was defined, is to the occurrence of the name in the procedure . The rules of ensure that distinctnames identifydistinct objects. The second declaration of a variable with the name introduces a distinct new name. This means that in the example, the scope and binding of the variables can be seen more clearly by making

occam

free

bound

7 Procedures

                                                                         DOSFNAME
                                           SIZE

    PROC writefname (CHAN OF BYTE stream, VAL DOSFNAME string)
      SEQ i = 0 FOR SIZE DOSFNAME
        stream ! string[i]
    :

                                writestr
DOSFNAME

                      writefname

    SEQ
      ...
      writefname (screen, "autoexec.bat"(DOSFNAME))
      -- the decoration (DOSFNAME) could have been omitted here!
      ...

    SEQ
      ...
      CHAN OF BYTE stream IS screen : -- channel abbreviation
      VAL DOSFNAME string IS "autoexec.bat" : -- value abbreviation
      SEQ i = 0 FOR SIZE DOSFNAME
        stream ! string[i]
      ...

                      VAL

VAL

    INT step :
    SEQ
      step := 39
      PROC next.item (INT next, VAL INT this)
        next := this + step
      :
      INT g, step :
      SEQ
        step := 7
        next.item (g, 3)
        ... -- at this point the value of g is 42

             step next.item
                       next.item
                                               step systematic changes of name. Once this is done, the example is equivalent to:

Inthistransformationofthe earlierexample, itcan be seen that the variableused inthe instance of is the variable named declared before the procedure definition of , and not the second variable declared withthe same name.

Further rules for procedure parameters followfromthose for abbreviations (see appendix E). The principal purpose of these rules is to ensure that at any one point in a program there is only one name that refers to any one variable. is the name given to the checks performed by a compilerto ensure the absence of illegal .

The rules for abbreviations (page 99) lead to restrictions on the actual parameters which may be used in procedure instances. Consider the procedure:

Andnow consider the followingequivalences of instances that may appear in the scope of the procedure:

is equivalent to:

is equivalent to:

is equivalent to: whichis

is equivalent to: whichis

Here it can be seen how the meaning of each procedure parameter is defined in terms of an abbreviation, the ordering of parameters corresponds to a sequence of abbreviations. is illegal because the variable is used inthe expression , after ithas been abbreviated, and the example is illegalas has already been used in the previous abbreviationof the variable (and the rules state that a variable used in such an abbreviation may not be used withinthe associated scope). Noticealso the effect withthe order of parameters used in changed:

Aliaschecking aliases

Procedures 7

ILLEGAL!

ILLEGAL!

INT step :
SEQ
  step := 39
  INT g, curb : -- name step changed to curb
  SEQ
    curb := 7
    INT next IS g : -- expand instance of next.item
    VAL INT this IS 3 :
    next := this + step
    ... -- at this point the value of g is 42

                                                                    next.item
              step next.item

INT x, y, step :
PROC next.item (INT next, VAL INT this)
  next := this + step
:

next.item (x, y) INT next IS x :
                                   VAL INT this IS y :
                                   next := this + step

next.item (x, step) INT next IS x :
                                   VAL INT this IS step :
                                   next := this + step

next.item (step, x) INT next IS step :
                                   VAL INT this IS x :
                                   next := this + step

next.item (x, x) INT next IS x :
                                   VAL INT this IS x :
                                   next := this + step

                                                   next.item (step, x)
            step next := this + step
         next.item (x, x) x
      x
                                                       next.item

INT x, y, step :
PROC next.item (VAL INT this, INT next)
  next := this + step
:

Withthis re-ordering, is stillillegal,although now fora different reason, as follows:

is equivalent to: whichis

is illegalhere as there is an assignment to (via ) withinthe scope of the first abbreviation. Nowconsider the followingexample:

This procedure should leave the value of the variable used as the actual parameter for , unchanged, as the followingexpansion shows:

is equivalent to:

and by substitution:

The value of after this instance is , as mightbe expected. However,the followinginstance is illegal,which is just as well,as the effect is non-intuitive:

is equivalent to: whichis

and by substitution: a non-intuitiveeffect!

The value of after this instance, ifitwere legal, wouldbe 0, whichis counterintuitive.The followingexample highlightsthe problem further.

is equivalent to: whichis

and by substitution: a non-intuitiveeffect!

If this instance were legal, the value of after the instance of would be difficult to predict, as in each of the assignments willprobably reference a different component of , as the value of the subscript may be changed by the first assignment.

7 Procedures

ILLEGAL!

ILLEGAL!

ILLEGAL!

                next.item (x, x)

       next.item (x, x) VAL INT this IS x :
                                       INT next IS x :
                                       next := this + step

next.item (x, x) x next

    PROC nonsense (INT x, VAL INT y)
      SEQ
        x := x + y
        x := x - y
    :

                                                                 x

                nonsense (n, 3) INT x IS n :
                                                 VAL INT y IS 3 :
                                                 SEQ
                                                   x := x + y
                                                   x := x - y

                                                 SEQ
                                                   n := n + 3
                                                   n := n - 3

          n n

       nonsense (n, n) INT x IS n :
                                        VAL INT y IS n :
                                        SEQ
                                          x := x + y
                                          x := x - y

                                        SEQ
                                          n := n + n
                                          n := n - n

          n

     nonsense (i, v[i]) INT x IS i :
                                          VAL INT y IS v[i] :
                                          SEQ
                                            x := x + y
                                            x := x - y

                                          SEQ
                                            i := i + v[i]
                                            i := i - v[i]

                               i nonsense
                      v[i] v
       i

0

1 1

0

The syntax fora procedure definitionis:

The keyword , the name of the procedure, and a formal parameter list enclosed in parentheses is followedby a process, indented twospaces, whichis the body of the procedure. Anydata type may be used as a specifier following , any type as a specifier otherwise. The procedure definitionis terminated by a colon whichappears on a new line at the same indentationlevel as the start of the definition.

The syntax fora procedure instance is:

An instance of a procedure is the procedure name followedby a list of zero or more actual parameters in parentheses. Anactual parameter is a variable, channel, timeror expression. The listof actual parameters must correspond directlyto the list of formalparameters used in the definitionof the procedure. The actual parameter listmust have the same number of entries, each of whichmust be compatiblewiththe kind( or non- ) and type of the corresponding formalparameter. In a program in whichall names are distinct, an instance of a procedure behaves likethe substitutionof the procedure body. Noticethat allprograms can be expressed in a form in which all names are made distinct by systematic changes of name. A channel parameter or free channel may onlybe used forinputor output (not both) in the procedure.

Procedures in cannot be recursive as the procedure name is not defined untilthe end of its body and so cannot itselfbe used inside it. It is, however, possible to produce the effect of recursion, to a fixed maximumdepth, by means of multipledefinitionsof the same procedure, in each of whicha reference to the procedure name identifies the immediatelypreceding definition.

Aninstance of a procedure defined withzero parameters must be followedby empty parentheses. Where a number of parameters of the same type appear in the formalparameter list, a single specifier may specify several names. For example:

This example, is equivalent to:

The optimisationof procedure instances by generation of inlinecode is discussed in appendix A.

occam

{ }

{ } { }

{ } definition name formal process

formal specifier name specifier name

proc.instance name actual

actual variable channel timer expression

process proc.instance

Procedures 7

=

=

= =

=

                      PROC ( , )

                      :
                               ,
                   | VAL ,

       PROC

              VAL

                           ( , )

                   |
                   |
                   |

                                                                          VAL
 VAL

PROC snark (VAL INT butcher, beaver, LENGTH boojum, jubjub)
  ...
:

PROC snark (VAL INT butcher, VAL INT beaver,
            LENGTH boojum, LENGTH jubjub)
  ...
:

74 7 Procedures

( ) 1

=0

The previous chapter discusses named processes (called ). This chapter describes in . A functiondefines a name for a special kind of process, called a . A value process produces a result of any data type, and may appear in expressions. Value processes may also produce more than one result, whichmay be assigned in a multipleassignment. functionsare free fromall side effects, as they are forbiddento communicate or to assign to free variables. This helps to ensure that programs are clear and easy to maintain.

Avalue process performs an enclosed process and produces a result. Consider the followingexample:

In the example shown here, the value process produces the sum of the array , and is equivalent to

[ ]

The syntax of value processes is:

A value process consists of zero or more specifications which precede the keyword , followedby a process at an indentation of two spaces, and the keyword at the same indentation. The keyword is followedby an expression list on the same line. The expressions in this list may be of any fixed size data type. The line may be broken after a comma, or at a legal point in an expression. An operand of an expression may consist of a left parenthesis, a value process, and a right parenthesis. The structured parentheses appear at the same indentationas each other, and are equivalentto the lefthand and righthand parentheses of a bracketed expression respectively. So, where the value process produces a single result, the upper bracket may be preceded by an operator, or the lowerbracket may be followedby an operator.

occam

occam

8 Functions

SI Z E v

i

− v i procedures functions value process

value.process process

expression.list specification value.process

operand value.process

expression.list value.process

8.1 Value processes

=

= =

    total := subtotal + (INT sum :
                         VALOF
                           SEQ
                             sum := 0
                             SEQ i = 0 FOR SIZE v
                               sum := sum + v[i]
                           RESULT sum
                        )

                                                          v

                          VALOF

                            RESULT
                       |

                          (
                          )

                          (
                          )

                                                                VALOF
                                             RESULT
RESULT

∑

Morecommonlythe value process is the body of a functiondefinition,as illustratedin the followingexample:

This functiondefinitiondefines the name forthe associated value process. The type of the result of this functionis . The result type or types, whichmay be any explicitor named fixed size data types appear in a comma separated listbefore the keyword .

Just as the behaviour of procedure instances is defined by the substitutionof the procedure body, instances of functions behave likea substitutionof the functionbody. In fact the value process is introduced into the language for the purpose of providinga clean definitionof functioninstances in terms of substitution,rather than as a construct that willnormallybe used in its own right. It followsthat the example whichstarts this chapter is an expansion of the following:

Afunctiondefinitionmay also define a name foran expression listwhichdoes not need a value process for its evaluation, so that simple, single line functionscan be defined in the followingfashion:

Each of these functions returns a single byte or boolean result. The definitionof the function is equivalent to the following:

A number of rules apply to functions to ensure they are free from side effects. As for procedures, the correspondence between the formaland actual parameters of a functionis defined in terms of , and followsthe associated scope rules. However,an argument of a functionmay onlybe a value parameter. Onlyvariables declared withinthe body of a value process or functionmay be assigned to. There may be no parallels withina value process. There can be no inputs, outputs or alternations withina value process. The evaluation of a functioncan therefore never be explicitlydelayed by the action of another process running concurrently.

Anyprocedure used withina functionmust also be free fromside effects on variables outside the function. A variablewhichis free withinthe result listor value process (Scope, page 39) can be used onlyinexpressions withinthe value process or function body; it may not receive new values by assignment. Consider the following:

abbreviations

8 Functions

8.2 Functions

INT FUNCTION sum (VAL []INT values)
  INT accumulator :
  VALOF
    SEQ
      accumulator := 0
      SEQ i = 0 FOR SIZE values
        accumulator := accumulator + values[i]
    RESULT accumulator
:

                           sum
    INT
                             FUNCTION

total := subtotal + sum (v)

BYTE FUNCTION noparity (VAL BYTE ch) IS (ch /\ #7F) :
BOOL FUNCTION lowercase (VAL BYTE ch) IS (ch >= ’a’) AND (ch <= ’z’) :
BOOL FUNCTION uppercase (VAL BYTE ch) IS (ch >= ’A’) AND (ch <= ’Z’) :
BOOL FUNCTION isletter (VAL BYTE ch) IS uppercase (ch) OR lowercase (ch) :

                                                                   isletter

BOOL FUNCTION isletter (VAL BYTE ch)
  VALOF
    SKIP
    RESULT uppercase (ch) OR lowercase (ch)
:

[]THING stack:
INT stack.pointer:
SEQ
  ...
  THING FUNCTION read.top.of.stack () IS stack[stack.pointer] :
  BOOL FUNCTION empty () IS (stack.pointer = 0) :

and are free in the definitionof and in the definitionof , but can be used in expressions in those definitions.

Avalue process may produce more than one result, whichmay then be assigned using a multipleassignment. Consider the followingexample:

This value process searches the byte array for the character . The result is produced fromthe expression list whichfollows , and is then assigned to , and . This value process can be given a name in a functiondefinition,as follows:

This example finds the positionof in the string . Afterthe multipleassignment in this example, the value of willbe , and the value of willbe .

Single line functionswithmultipleresults may also be defined:

Thisfunctionproduces the quotientand remainder when is dividedby . Ifan error occurs withina function or value process, itwillbehave likethe primitiveprocess . This behaviour is equivalentto the behaviour of a numerical overflow in an arithmetic expression (see page 101 for details of the behaviour of invalid

8.2 Functions

stack stack.pointer read.top.of.stack stack.pointer
         empty

    point, found := (VAL BYTE char IS ’g’ :
                     VAL []BYTE string IS message :
                     BOOL ok :
                     INT ptr :
                     VALOF
                        IF
                          IF i = 0 FOR SIZE string
                            string[i] = char
                              SEQ
                                ok := TRUE
                                ptr := i
                          TRUE
                            SEQ
                              ok := FALSE
                              ptr := -1
                        RESULT ptr, ok
                    )

                                 string ’g’
                      RESULT point found

    INT, BOOL FUNCTION instr (VAL BYTE char, VAL []BYTE string)
      BOOL ok :
      INT ptr :
      VALOF
        IF
          IF i = 0 FOR SIZE string
            string[i] = char
              SEQ
                ok := TRUE
                ptr := i
          TRUE
            SEQ
              ok := FALSE
              ptr := -1
        RESULT ptr, ok
    :
    VAL message IS "Twas brillig and the slithy toves" :
    INT point :
    BOOL found :
    SEQ
      point, found := instr (’g’, message)
      ...

                          ’g’ message
         point 11 found TRUE

    INT, INT FUNCTION div.rem (VAL INT x, y) IS x / y, x REM y :

                                          x y
                                          STOP

0 1

1 0

0

processes). Consider the behaviour of an instance of the followingfunction:

This functionwillbehave likethe primitiveprocess if is less than zero, or ifan overflowoccurs in the evaluation of the factorial. In either case the behaviour is equivalent to the behaviour of any other in valid expression (page 101).

The syntax forfunctionsis:

A functionheader consists of the keyword , followedby the name of the functionand a formal parameter listenclosed in parentheses. Afunctiondefinitionconsists of a comma separated listof the types of the result(s) produced by the function,followedby a functionheader. This is followedby a value process, indented two spaces, whichforms the body of the function. The functiondefinitionis terminated by a colon which appears on a new line at the same indentation level as the start of the definition. Alternatively,a function definition may consist of the result type list and function header followedby the keyword , an expression list,and a colon, on the same line. The linemay be broken after the keyword , a comma, or at a legal pointin an expression.

Aninstance ofa functionis an operand and consists ofa functionname followedby a listofactual parameter expressions in parentheses. Anoperand that is a functioninstance or value process returninga single result of an array or record type may be subscripted by an expression or a field name respectively. An instance of a functiondefined to have zero parameters must be followedby empty parentheses. Where a number of parameters of the same type appear in the formalparameter list, a single specifier may specify several names. For example, using the type declared on page 31:

This example is equivalent to:

Afunctionmay return results ofa record type such as . For example the multiplicationofcomplex

{ } { }

{ } { } { } function.header name formal

definition data.type function.header value.process

data.type function.header expression.list

operand name expression operand subscript

expression.list name expression

8 Functions

= =

= =

INT FUNCTION factorial (VAL INT n)
  INT product :
  VALOF
    SEQ
      product := 1
      SEQ i = 1 FOR n
        product := product * i
    RESULT product
:

                                  STOP n

                      FUNCTION ( , )

                        ,

                      :
                   | , IS :

                           ( , )
                   | [ ]

                           ( , )

                             FUNCTION

                                                                        IS
                                                              IS

                        COMPLEX32

INT FUNCTION alice (VAL COMPLEX32 tweedle.dum, tweedle.dee,
                    VAL INT cheshire.cat)
  ...
:

INT FUNCTION alice (VAL COMPLEX32 tweedle.dum,
                    VAL COMPLEX32 tweedle.dee,
                    VAL INT cheshire.cat)
  ...
:

                                    COMPLEX32 numbers may be expressed by this function:

The final example of a functionshows both the use of a named array type as a result type and the use of two results to return two values. Anexplicitarray type could have been used here instead of a named one. Givenan array ofprogram names separated by commas this functionwillselect one ofthese names, append to it and return it withits length:

Use of this functionto select a name froma listand then use of that name as a parameter to a procedure is shown in this example:

Note that the expression listreturned as a functionresult cannot be used directlyas an actual parameter list, but must be assigned to a variable list(or used after or in another functiondefinition).

The optimisationof functioninstances by generation of inlinecode is discussed in appendix A.

8.2 Functions

    COMPLEX32 FUNCTION cmul (VAL COMPLEX32 z1, z2)
      COMPLEX32 z :
      VALOF
        SEQ
          z[real] := (z1[real] * z2[real]) - (z1[imag] * z2[imag])
          z[imag] := (z1[real] * z2[imag]) + (z1[imag] * z2[real])
        RESULT z
    :
    COMPLEX32 w1, w2, w3 :
    SEQ
      ...
      w1 := cmul (w2, w3)
      ...

".exe"

    INT, DOSFNAME FUNCTION exename (VAL[]BYTE names, VAL INT j)
      -- extract (j-1)’th name from comma separated names and append ".exe"
      DOSFNAME fname :
      INT n :
      VALOF
        INT m, s :
        SEQ
          m, s := 0, 0
          SEQ i = 0 FOR j
            SEQ
              WHILE names [m] <> ’,’
                m := m + 1
              s := m + 1 -- names [s] starts next name
              m := s
          WHILE isletter (names [m]) -- instance of FUNCTION isletter
            m := m + 1
          n := m - s -- n is length of j’th name
          [fname FOR n] := [names FROM s FOR n]
          [fname FROM n FOR 4] := ".exe"
        RESULT n + 4, fname
    :

    VAL prognames IS "oc,occonf,ilink,icollect,imakef,":
    DOSFNAME tool :
    INT len :
    SEQ
      len, tool := exename (prognames, 2)
      callprog ([tool FOR len])

                                        IS RESULT

80 8 Functions

1

Timers produce a value which represents the time, and allow processes to be delayed until the time has reached or passed a particularvalue. The use of timers is essential in most real time controlsystems.

This chapter describes timers, the declaration of timers, and access to them.

Syntacticallytimers have many similaritiesto channels (discussed on page 45).

Atimerprovidesa clockwhichcan be accessed byany number ofconcurrentprocesses. The relationshipbetween the timereturned byan timerand real timeis not defined bythe language, i.e. implementations may differ in the granularityof timers and consequently in their cycle period.

The type of a timeris:

Timer arrays have type similarto channel arrays, forexample:

The syntax of timerarray types is:

Atimeris declared in a manner similarto channels and variables. Consider the followingexample:

This declaration introduces a timer whichis identifiedby the name . Several timers may be declared together, forexample:

The type of the declarations is determined, and then the declarations are made. Timer arrays are declared in the same way as other arrays, forexample:

Components and segments of timer arrays are denoted in the same way as components and segments of variable arrays (page 36) and channel arrays (page 46).

The syntax of timerdeclarations is:

Avalue inputfroma timerprovides an integer value of type representing the time. The value is derived froma clock, whichchanges by an increment at regular intervals. The value of the clock is cyclic( when

occam

9 Timers

{ } timer.type

timer.type expression timer.type

declaration timer.type name timer name timer expression timer base count timer base timer count

ie

9.1 Timer type

9.2 Declaring a timer

=

=

= =

                      TIMER

[10]TIMER

                      [ ]

TIMER clock :

                                              clock

TIMER clockA, clockB :

[10]TIMER clocks :

                               , :

                   | [ ]
                   | [ FROM FOR ]
                   | [ FROM ]
                   | [ FOR ]

                                         INT the value reaches the most positive integer value, an increment results in the most negative integer value). The special operator can be used to compare times even though the value may have crossed from most positive to most negative, just as one o’clock may be considered later than eleven o’clock . If and are successive inputs from the same timer, then the expression is true if is later than . This behaviour is onlysensible ifthe second value ( ) is inputwithinhalfa cycle of the timer.

is also explained in the chapter on expressions (page 57).

The rate at which a timer is incremented is implementationdependent, and may depend on the priorityat whicha process is run (see page 94).

Timers are accessed by special forms of called , whichare syntacticallysimilarto channel inputs, forexample:

This example inputs a value fromthe timer and assigns the value to the variable . Unlikechannels, inputs fromthe same timermay appear in any number of components of a parallel.

Another special timer input (called a ) specifies a time, after which the input terminates, for example:

Thisinputwaits untilthe value ofthe timer is later than the value of . Inother words, if is the value of the timer , then the inputwillwaituntil is true. The value of is unchanged.

Adelay can be caused by this sequence:

The first input inputs a value representing the current time and assigns it to the variable . The second (delayed) input waits untilthe value input from is later than the value of . (page 61) is a . Note that because of the cyclicnature of timers it is importantto use and when adding and subtracting integers derived froma timer.

The syntax fortimerinputs is:

Atimerinputreceives a value fromthe timernamed on the leftofthe inputsymbol( ), and assigns that value to the variable named on the rightof the symbol. Adelayed inputwaits untilthe value of the timernamed on the leftof the inputsymbol ( ) is later than the value of the expression on the rightof the keyword .

Timer inputs and delayed inputs may be used as guards in alternations. This gives a simple way in which to program timeouts wherein a process waits for one or more inputs on communicationchannels for up to pm am

input timerinputs

delayed input

modulooperator

input timer.input delayed.input

timer.input timer variable delayed.input timer expression

9 Timers

9.3 Timer input

9.4 Timers in alternations

= = =

                AFTER

t1 t2 t1 AFTER t2 t1
       t2 t2
AFTER

    clock ? t

                                clock t

    clock ? AFTER t

                                clock t c
         clock (c AFTER t) t

    SEQ
      clock ? now
      clock ? AFTER now PLUS delay

                                                                   now
                                    clock now PLUS delay PLUS
                                                                             PLUS
   MINUS

                       |

                              ?
                              ? AFTER

                                                              ?

                     ? AFTER some maximumtime and performs some other action ifno inputwas received. Consider the process:

In this example, the process sends a request to a server and notes the time at whichthe request was sent. When the process is ready to receive the reply, it waits alternativelyfor the server to become ready with the reply or for the timeout period to pass. If the server has not become ready to reply before the end of the timeout period, then the process willexecute the branch of the alternation associated withthe delayed input. Noticethat the timeoutperiod starts fromthe time of the timerinputfollowingthe request, not fromthe beginningof the alternation.

Timers may be abbreviated inthe same wayas variables (page 42) and channels (page 54). The same rules, summarised in appendix E, apply to abbreviated timer names as apply to abbreviated variable or channel names. Timers may be used as actual parameters in procedure instances.

The syntax of timerabbreviationis

This syntax is closely related to the corresponding syntax forchannels.

abbreviation specifier name timer name timer specifier timer.type specifier expression specifier

actual timer

9.5 Timer abbreviation

9.5 Timer abbreviation

= =

=

SEQ
  to.server ! request
  time ? request.time
  ...
  ALT
    from.server ? reply
      ... the server has replied in time
    time ? AFTER request.time PLUS time.out
      ... the server has missed the deadline

                                 IS :
                   | IS :

                   | []
                   | [ ]

84 9 Timers

Thischapter describes retypingconversions. Aretypingconversionis syntacticallya specification(a definition) in whose scope the data type of a bit pattern is changed from one data type to another. There are three kinds of retypingconversions: conversions whichconvert a variable, conversions whichconvert the value of an expression, and conversions whichchange the protocolof a channel. There is also the related reshaping conversion.

The length(i.e. the number ofbits)ofthe new type specified must be the same as the lengthofthe bitpattern being retyped. A retyping conversion has no effect upon the bit pattern, and differs from (page 66) where the value of one type is converted into an equivalent value of another type.

As retyping conversions are dependent on the exact mapping of types in the computer, the word size, the significance of the order of bytes in a word, etc., their use can lead to programs which are not portable between different target computer types. See also the discussion of wordsize on page 92 in appendix A.

The retypingconversion of a value may be used to specifya name fora particularbitpattern described by a hexadecimal constant. Consider the followingexample:

The advantage of the above conversion is that it has been possible to specify the exact representation of a value otherwise difficultto represent. Use of this conversion may be dependent on the target machine’s use of IEEEfloatingpointarithmetic. Consider also the followingexample:

The bitpattern forthe real representation ofthe value 42 0 is mapped to a name oftype . As for the (page 43) of expressions, no variable used in the expression may receive a new value by inputor assignment withinthe scope of the conversion.

The retypingconversion may also specify a name of a new type foran existingvariable of the same length. For example:

Inthis example, , a variableoftype , is made accessible as an array of8 bytes. Each byte is accessible via subscript, any change to the bit pattern as a result of an assignment or input willdirectly affect the value of the originalvariable.

The same rules apply to names specified by retypingconversions as apply to abbreviations (page 99). That is, no variable used in a subscript, base or count expression whichselects a component or segment of an array may receive a new value by input or assignment withinthe (page 39, the region of a program where use of the name is legal) of the conversion. The variable converted may not be used withinthe scope of the conversion.

The syntax forretypingconversion is:

Aretypingconversionis syntacticallya definition.The retypingconversionofa variablebegins witha specifier, followedby the name specified, and the keyword , the variable appears to the rightof the keyword . The retypingconversion of a value begins withthe keyword , a data type specifier appears to

10 Retypingand reshaping

.

type conversion

abbreviation

scope

definition specifier name variable specifier name expression

10.1 Retyping variables and values

=

    VAL REAL32 root.NaN RETYPES #7F840000(INT32) :

    VAL INT64 pattern RETYPES 42.0(REAL64) :

                                                            pattern INT64

    INT64 condition :
    ...
    SEQ
      [8]BYTE state RETYPES condition :
      ...

            condition INT64

                                      RETYPES :
                       | VAL RETYPES :

                                     RETYPES
RETYPES VAL the rightof , followedby the name specified, and the keyword ; the expression appears to the rightofthe keyword . The number ofbytes inthe representation ofvalues ofthe type ofthe specifier must be the same as in the variable or value retyped. The line on whicha retypingconversion occurs may be broken after the keyword , or at any legal pointin the expression.

A retyping conversion where the destination type is an array type may use a specifier withone empty dimension. The size of this dimension is determined fromthe size of the variable or value being retyped. For example:

Ifa variable being retyped is implemented withdifferent alignmentrequirements to the destination type then the retypingconversionis invalidunless itis determined that alignmentmismatches do not occur. Thiscan be importantwhen using retypingto pack binaryvalues intoa buffer forsending to a file. Consider the following example:

Animplementationmay reject an invaliddefinitionas above at compiletime or may cause the generation of code to reject it at run time.

The protocol of a channel is used by a compiler to check the format and content of messages that are communicated by inputs and outputs. Sometimes it is necessary to allowdifferent protocols to be used for communicationsusing the same channel at different places withina program.

10 Retyping and reshaping

10.2 Retyping channels

     VAL RETYPES
           RETYPES

                  RETYPES

[10]REAL64 w :
SEQ
  []BYTE bw RETYPES w :
  -- here we can send the binary array to a file
  ...
  [10][]INT iw RETYPES w :
  -- here we can look at each REAL as a bit pattern
  ...

[4096]BYTE diskbuff :
INT di :
DATA TYPE MYINT IS INT :
MYINT x :
SEQ
  ...
  MYINT db0 RETYPES [diskbuff FOR BYTESIN (MYINT)] :
  -- ok because start of array always aligned
  di := x
  []BYTE bx RETYPES x :
  [diskbuff FROM di FOR SIZE bx] := bx
  ...
  MYINT dbi RETYPES [diskbuff FROM di FOR BYTESIN (MYINT)] : -- INVALID!
  -- fails because value of di might cause misaligment
  ...

This may be achieved by using a retypingconversion applied to channels. Consider this example:

This is a trivialexample of a situation that sometimes arises in programming. The procedure represents an existing general purpose procedure that it is not convenient to rewrite. This happens to buffer single values. Similarlythe procedure has been writtento output complexnumbers as pairs of values using the protocol . As this is a sequential protocoleach value willbe sent as a single communicationand so willmatch one input in the buffer procedure. The use of channel retypingallowsthese separately writtenprocedures to be called withoutchanging either.

If channel retyping is used in only one of the processes that use a channel as here, then it is important to ensure that individualinputs and outputs remain compatible in terms of the numbers of bytes in each communication. Channel retypingmay also be used to change the protocolboth in the process that outputs on a channel and the process whichinputs on the channel. In this case there is no need to take special care about the details of implementationof communication.

Acommon use of channel retypingis to apply protocolchecking to the use of one or both ends of a channel that was declared withan anarchic protocol(see page 53).

The syntax of channel retypingis similarto variable retyping:

The specifier must be of the form protocol. Channel arrays may be retyped or reshaped (see below).

A special kind of retyping conversion may be used to change the interpretation of an array in terms of its subdivisioninto arrays of fewer dimensions. A reshaping conversion may increase or decrease the number of dimensions or may merely change the sizes of the dimensions. A reshaping conversion is independent of details of representation and therefore programs using them are portable to different target computer

occam

definition specifier name channel

10.3 Reshaping

10.3 Reshaping

=

    PROC real.buffer (CHAN OF REAL32 rin, rout)
      REAL32 r :
      WHILE TRUE
        SEQ
          rin ? r
          rout ! r
    :
    PROTOCOL COMPLEX IS REAL32; REAL32 :
    PROC generate.complex (CHAN OF COMPLEX c)
      ... process outputting complex values on c
    :
    PROC consume.complex (CHAN OF COMPLEX c)
      ... process inputting complex values on c
    :
    CHAN OF COMPLEX cin, cout :
    PAR
      generate.complex (cin)
      CHAN OF REAL32 crin RETYPES cin :
      CHAN OF REAL32 crout RETYPES cout :
      real.buffer (crin, crout)
      consume.complex (cout)

real.buffer
                                            generate.complex
                                         COMPLEX

                                      RETYPES :

                           CHAN OF architectures. Consider this example:

Inallthe reshapings shown the number ofcomponents ofthe array base type on the twosides ofthe keyword must be the same. One pair of brackets in the specifier on the left may be empty, and such a reshaping is valid if and only if there is an integer such that the product of the sizes of all dimensions on the left is equal to the number of base type components in the array on the right. The empty brackets may be in any position. In the example shown the type of willbe found by the compilerto be . The syntax forreshaping conversion is:

Areshaping conversionofa variablebegins witha specifier foran array type, followedby the name specified, and the keyword . The variable whichmust be an array builtfromcomponents of the same base type as the specifier appears to the rightof the keyword .

A reshaping conversion of a value begins withthe keyword , a data type specifier appears to the right of , followedby the name specified, and the keyword . The expression whichmust be of an array type builtfromcomponents of the same base type as the specifier appears to the rightof the keyword . A reshaping conversion of a channel begins witha specifier for a channel array type, followedby the name specified, and the keyword . The channel which must be an array builtfrom components of the same base type as the specifier appears to the rightof the keyword .

The line on which a conversion occurs may be broken after the keyword , or at any valid point in the variable or expression. Specifiers appearing in reshaping conversions may contain one empty pair of brackets (open dimension).

definition specifier name variable specifier name expression specifier name channel

10 Retyping and reshaping

=

    VAL [2][6]REAL32 nums IS [[0.0, 1.0, 2.1, 3.1, 4.2, 5.2]
                              [6.3, 7.3, 8.4, 9.4, 10.5, 11.5]] :
    SEQ
      -- here we want to use two arrays of six reals each
      ...
      VAL [6][2]REAL32 nums.6.2 RESHAPES nums :
      SEQ
        -- here we want to use six arrays of two reals each
        ...
      VAL [12]REAL32 nums.12 RESHAPES nums :
      SEQ
        -- here we want to use one array of twelve reals
        ...
      VAL [2][2][]REAL32 nums.2.2. RESHAPES nums :
      SEQ
        -- here we want a 3-dimensional subdivision
        ...

RESHAPES

                                            nums.2.2.
[2][2][3]REAL32

                                      RESHAPES :
                       | VAL RESHAPES :
                       | RESHAPES :

             RESHAPES
                                          RESHAPES

                                              VAL
  VAL RESHAPES

RESHAPES

                     RESHAPES
                                                   RESHAPES

                                                        RESHAPES

Appendices

90 Appendices

Asfaras possible an implementationof should place no unreasonable quantitativerestrictionson the components of an program. Ifany restrictionsthat impact the class of acceptable programs are imposed by a compilerthen they must be described in accompanying documentation. Examples of such limitsand restrictionswouldbe those concerningthe lengthofnames, lengthofformalparameter lists,number of tags in a protocolor requirements that certain constants be knownat compiletime.

An implementationof may need to extend the language in various ways to facilitatethe solutionof common software engineering problems such as source code management, optimisationsand interfacingto other software and special purpose hardware. Such extensions should always obey the spiritof in keeping things as simple as possible and should as far as possible be limitedto structures introduced by explicitkeywords easily recognised by a compileror human reader.

Directivesto a compiler which can occupy a line on their own should always do so and be introduced by a keyword whose first character is the special character . This should be the first lexical item on a line and should be allowed at any indentation consistent withthe surrounding source code. Allowable indentations match those for comments (page 4). Anysuch compilerdirectiveline must be allowed to end withan comment, and apart fromits interpretationat compiletime is treated as a comment.

These keywordsand others whichneed to be embedded within source should allobey the convention that no keywordcontains a lowercase letter.

It is not the purpose of this appendix to describe any such language extensions in detail, but to mention some of those that have been found useful in existingimplementations,and so reduce the likelihoodof new extensions being devised forsimilarpurposes when existingones could sensibly be reused. Readers should consult detailed documentation accompanying a particularcompilerfor details of the syntax and semantics of these extensions.

From the strict syntactic point of view compilerdirectives behave as comments and may appear wherever a comment can appear. They are interpreted by the compiler. Particular directives may be allowed by a compileronly in a more restricted set of positions, and their indentation may be significant ifthey introduce additionalspecifications, whose scope they willdetermine.

introduces (by name in some filingsystem or operating system name space) a source text file to be inserted at the current source line positionand indentation.

introduces an object file or libraryfile from which interface informationfrom a pre-compiled body of code is to be inserted at the current source line positionand indentation.

introduces a listof compilationoptions.

introduces further informationthat may influence what a compilerdoes to the source text during compilation. Versions of this directive have also been used to define interfacing to code compiled from languages other than , selective controlof usage checking, etc.

introduces a text string that is to be explicitlycopied to an object file. This may be needed to ensure that copyrightetc is identified.

This keywordmay be inserted before or to suggest to the compilerthat calls to the routine should be compiledto inlinecode rather than to a closed subroutine.

occam occam occam

occam

occam

occam

occam

occam

occam

occam

A Implementationdependent features

A.1 Compiler directives

A.2 Special keywords introducing language extensions

                                            #

#INCLUDE

#USE

#OPTION

#PRAGMA

#COMMENT

INLINE

                            PROC FUNCTION