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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotech-
nical Commission) form the specialized system for worldwide standardization. National bodies
that are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organizations to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
take part in the work.

In the field of information technology, ISO and IEC have established a joint technical comnittee,
ISQ/IEC JTC 1. Draft International Standards adopted by the joint technical committee| are
cirqulated to national bodies for voting. Publication as an International Standard requires approval
by ht least 75 % of the national bodies casting a vote.

Int¢rnational Standard ISO/IEC 13886 was prepared by Joint Technical ommittee ISO/[EC
JTC 1, Information technology, Subcommittee SC 22, Programming langudges, their environments
and system software interfaces.

Anpexes A to D of this International Standard are for information¢only.
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Introduction

The purpose of this International Standard is to provide a common model for language standards for
the concept of procedure calling. It is an enabling standard to aid in the development of language-
independent tools and services, common procedure libraries and mixed language programming. In
mixed language applications, server procedures would execute on language processors operating
in server mode, and the procedures would be called from language processors operating in client
mode. Note that the languages need not be different, and if the processors are the same the model
collapses into conventional single processor programming.

Mojt programming languages include the concepts of procedures and their invocation. Thé ihain
varjance between the methods used in various programming languages lies in the ways paramé¢ters
are [passed between the client and server procedures. Procedure calling is a simple concept af| the
fungtional level, but the interaction of procedure calling with datatyping and program structure
along with the many variations on procedure calling and restrictions on calling that are appliefl by
varjous programming languages transforms the seemingly simple concept of procedure calling|into
a mjore complex feature of programming languages.

Thg need for a standard model for procedure calling is evident from’the multitude of variants of
profedure calling in the standardized languages. The existence of ‘this International Standard for
Language-Independent Procedure Calling (LIPC) does not require that all programming languhges
shoild adopt this model as their sole means of procedure-¢alling. The nominal requjrem:ft is
for [programming languages to provide a mapping to LIPC from their native procedure calling
medhanism, and to be able to accept calls from other programming languages who have defingd a
mapping to this International Standard.

This International Standard is a specification of 'a common model for procedure calling. It is|not
intended to be a specification of how an implementation of the LIPC is to be provided. Alsp, it
is itnportant to note that it does not address the question of how the procedure call initiated by
the|client mode processor is communicated to the server mode processor, or how the results are
retyrned. The model defined in this\International Standard is intended for use by languagds so
that they may provide standard mappings from their native procedure model. This Internatipnal
Stahdard depends on the International Standard for Language-Independent Datatypes, ISO/[EC
11404, for the definition of the datatypes that are to be supported in the model for LIPC that it
proyides.

vii
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Information technology —
Language-Independent Procedure Calling (LIPC)

1 | Scope

This International Standard specifies a model for procedure calls, and a reference syntax for map-

1 1 1 shinem N btz Ml
ping to and from the model. This syntax is referred to as the Interface Definition Notation. |The

moflel defined in this International Standard includes such features.as procedure invocation| pa-
rameter passing, completion status, and environmental issues relating to non-local references|and
state.

This International Standard does not specify:

e the method by which the procedure call initiated by the client mode processor is communi-
cated to the server mode language processor;

e the minimum requirements of a data_processing system that is capable of supporting an
implementation of a language processor to support LIPC;

o the mechanism by which programs written to support LIPC are transformed for use by a
data processing system,;

e the representation of a parameter.

NOTE - Originally(it)was the intention to align the definitions and concepts of this International
Standard with those'of the RPC standard (ISO/IEC 11578). Unfortunately, in a late stage of the
development process of the RPC standard it was decided to use for that standard a completely
different approach. Hence the intended alignment did not materialize.

Annex D \gives an overview of the differences between the concepts as defined by this Interna-
tional'Standard and the RPC standard.

2 —Normative References

The following standards contain provisions which, through reference in this text, constitute pro-
visions of this International Standard. At the time of publication, the editions indicated were
valid. All standards are subject to revision, and parties to agreements based on this International
Standard are encouraged to investigate the possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO maintain registers of current valid Interna-
tional Standards.
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IS0 2375:1985, Data processing — Procedure for registration of escape sequences.

3

3.1

For
3.1
ap
3.1
3.1
3.1
3.1

3.1
maj

3.1
to g

3.1

the
3.1

© ISO/IEC

ISO/IEC 10646-1:1993, Information technology — Universal Multiple-Octet Coded Character
Set (UCS) - Part 1: Architecture and Basic Multilingual Plane.

ISO/IEC 11404:1996, Information technology — Programming languages, their environments

and system software interfaces — Language-independent datatypes.

ISO/IEC 8824-1:1995, Information technology — Abstract Syntax Notation One (ASN.1):

Specification of basic notation.

[SO/IEC 8825-1:1995, Information technology — ASN.1 encoding rules: Specification of H
Encoding Rules (BER), Canonical Encoding Rules (CER) and Distinguished Encoding R
DER).

Definitions and Abbreviations

Definitions

the purposes of this International Standard, the following definitions apply.

1 actual parameter: A value that is bound to a‘formal parameter during the executid
rocedure.

2 association: Any mapping from a set of\symbols to values.

3 Dbox: A model of a variable or container that holds a value of a particular type.
4 client interface binding: Thepossession by the client procedure of an interface referd
5 client procedure: A seqtence of instructions which invokes another procedure.

6 complete procedure. closure: A procedure closure, all of whose global symbols
bped.

7 configuration: Host and target computers, any operating system(s) and software 1
perate a processon.
8 execution’ sequence: A succession of global states s;, s;, ... where each state bey

first is derived from the preceding one by a single create operation or a single write operaf

to

hich 'a value will be bound during execution.

asic

bules

n of

Tnce.

are

hsed

ond
ion.

19 formal parameter: The name symbol of a parameter used in the definition of a proceflure

3.1

.10 global state: The set of all existing boxes and their currently assigned values.

3.1.11 global symbol: Symbol used to refer to values that are permanently associated with a
procedure.

3.1.12 implementation defined: An implementation defined feature is a feature that is
left implementation dependent by this International Standard, but any implementation claiming
conformity to this International Standard shall explicitly specify how this feature is provided.
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3.1.13 implementation dependent: An implementation dependent feature is a feature which
shall be provided by an implementation claiming conformity to this International Standard, but
the implementation need not to specify how the feature is provided.

3.1.14 input parameter: A formal parameter with an attribute indicating that the corre-
sponding actual parameter is to be made available to the server procedure on entry from the client
procedure.

3.1.15 mput / output parameter. A formal parameter with an attribute indicating that the
conrespondi A ar-paran e-made-avatab O CSCI'VET PrOoCeEUUTI® OIl € Y OI1I ]_lent
prqcedure a.nd to the client procedure on return from the server procedure.

3.1.16 interface closure: A collection of names and a collectlon of procedure closures, wjth a
mapping between them.

3.1.17 interface execution context: The union of the procedure execution contexts for a
given interface closure.

3.1.18 interface reference: An identifier that denotes a particular-interface instance.

3.1.19  interface type: A collection of names and a collection-of procedure types, with a
majpping between them.

3.1.20 interface type identifier: An identifier that deniotes an interface type.

3.1.21 invocation association: The invocation association of a procedure closure <Image,
Asgociation> applied to a set of actual parameter values'is the association of the closure augmented
by [p mapping of all local symbols to values and all.formal parameter symbols to the corresponding
actpial parameter values. Thus it is a binding to\values of all symbols in the procedure imagg for
the duration of the invocation.

3.1.22  invocation context: For a\particular procedure call, the instance of the objects
referenced by the procedure, where thelifetime of the objects is bounded by the lifetime of the [call.

3.1.23 marshalling: A process of collecting actual parameters, possibly converting them,|and
asspmbling them for transfer.

3.1.24 output paraméter: A formal parameter with an attribute indicating that the c¢rre-
spanding actual parameter is to be made available to the client procedure on return from the sqrver
procedure.

3.1.25 parameter: A parameter is used to communicate a value from a client to a sdrver
procedure. The-value supplied by the client is the actual parameter, the formal parameter is fised
to identify the received value in the server procedure.

3.1,.26° ‘partial procedure closure: A procedure closure, some of whose global symbol are
not{mapped. Procedure closures may be complete, with all global symhals mapped or partial with
one or more global symbols not mapped.

3.1.27 procedure: The procedure value.
3.1.28 procedure call: The act of invoking a procedure.

3.1.29  procedure closure: A pair <procedure image, association> where the association
defines the mapping for the image’s global symbols and no others.
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NOTE - Procedure closures are the values of procedure type referred to in ISO/IEC 11404 -
Language-Independent Datatypes.

3.1.30 procedure execution context: For a particular procedure, an instance of the objects
satisfying the external references necessary to allow the procedure to operate, where these objects
have a lifetime longer than a single call of that procedure.

3.1.31 procedure image: A representation of a value of a particular procedure type, which
embodi eul £ . 1 :  wl ] jure is called

3.1{32 procedure invocation: The object which represents the triple: proceduréimage,
exefution context, and invocation context.

3.1133 procedure name: The name of a procedure within an interface type definition.

3.1{34 procedure return: The act of return from the server procedure witha specific tefmi-
natjon.

3.1135 procedure type: The family of datatypes each of whose members is a collectign of
opefations on values of other datatypes. Note, this is a different definition from procedure value.

3.1{36 procedure value: A closed sequence of instructions that is entered from, and retprns
control to, an external source.

3.1|137 processor: A compiler or interpreter working in combination with a configuration.
3.1/38 server procedure: The procedure which is,invoked by a procedure call.

3.1139 symbol: A program entity used to refer to a value.

3.1140 termination: A predefined status-related to the completion of a procedure call.

3.1141 unmarshalling: The pfocess of disassembling the transferred parameters, possibly
conyerting them, for use by the server-procedure on invocation or by the client procedure ypon
progedure return.

3.1142 value: The set Value:contains all the values that might arise in a program executidn.

3.2 Abbreviations

3.2l1 ASN.1:) Abstract Syntax Notation - One
3.212 IDN:) ‘Interface Definition Notation
3.2{3 LID: Language-Independent Datatypes, as defined in ISO/IEC 11404:1995.

3.2l4—~ LIPC: Language-Independent Procedure Calling |
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4

Conformance

6(E)

A language processor may conform to this International Standard by mapping its native procedure
calling mechanism to the LIPC model that this International Standard defines.

NOTE - The term “language processor” used in this clause may be extended to include
anything which processes information and contains a procedure calling mechanism.

4.

A

or

4.1

In

gugge to call procedures written in another language and supported by another processor, u

the
nat
As
to

4.1

In

language to call procedures_written in its language (i.e. it will accept and execute procedure

ger]

Modes of conformance

anguage processor claiming conformance to this International Standard shall conform in ef
both of the following ways.

.1 Client mode conformance

prder to conform in client mode, a language processor shall allow programs written in its
language-independent procedure calling (LIPC) as provided by clauses 5, 6 and 7 of this I
ional Standard. In this case it is said to conform in (and‘be able of operating in) client m
part of this, the language processor shall define a mapping from its own procedure calling m

the LIPC model.

NOTE - If a program using the LIPC facility\is to be portable between processors which
conform in client mode, the program and processors will also need to conform to the relevant
language standard and the relevant standards binding for that language to the LIPC and LID
standards.

.2 Server mode conformance
brder to conform in servef mode, a language processor shall allow programs written in ang

erated by another-processor which is executing in a program that is written in that ¢

ther

lan-
sing
hter-
ode.
odel

ther
calls
ther

1

uage and which-is-Operating in client mode, and return control to that client processor yipon
cotppletion), using the language-independent procedure calling (LIPC) as provided by cla.usejll

and 7 of this International Standard. In this case it is said to conform in (and be able of oper:
in)| server mode. As part of this, the language processor shall define a mapping from the I
mddel te.its own procedure calling model.

5,6
\ting
IPC

NOTES

1 It is also possible in principle for a client processor to use the model for procedure calls
defined in this International Standard to call procedures in the same language; executing on
a server processor in the same language, and if the processor conforms in both client and
server mode, it is even possible for it to serve itself using this model.

2 If a procedure is to be portable between processors which conform in server mode and the
procedure is still to be called by client processors and programs, the procedure, and the
processors, will also need to conform to the relevant language standard and the relevant
standards binding for that language to the LIPC and LID standards.
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5

5.1

A model of procedure calling: informal description

Model overview

© ISO/IEC

A procedure is defined to be a closed sequence of instructions that is entered from, and returns
control to, an external source.

The general structure of a procedure call can be described as a single thread of execution in

Prd
(sed
dat
cor

that is shared by both the client and the server procedure. After the data has been transmi

he

inator of the call is known as the client procedure and the procedure be
he server procedure.

ing called is referrq

NOTE 1 - It is possible for a server procedure to also be a client procedure if it makes a call
to another procedure in order to complete its desired function.

cedures have the ability to exchange data between the client and servervia'the use of param

5.2). In addition, client and server procedures may also share data through the use of gl
p (see 5.2.2). In order for the parameters specified by the client.procedure to be interps
rectly, the parameters are required to be marshalled (see 5.2,3)to a base form for transmij

server procedure must then unmarshall (see 5.2.3) the dats from the base form into datat]

t
th
In

Th

are defined in the server language or in the language binding to ISO/IEC 11404 - Langu
pendent Datatypes for that particular language.

NOTE 2 - An example of the process of marshalling and unmarshalling of parameters would be
if a Pascal client procedure made a call to a\Fortran server procedure passing a single character
parameter by value. The Pascal “char” [datatype would map to a LID character. In order to
have the LID character be transmitted to the server procedure, the LID character is marshalled
to an appropriate ASN.1 value, for €xample, which is a form that would be understood by both
the client and server procedures{ The ASN.1 value would then be transmitted to the server and
upon receipt it is unmarshalled into a LID character, which in turn maps to a “character*1” in
Fortran.

e following diagram Gutlines the basic components of the language-independent call model

The
d to

bters
obal
eted
fsion
tted,

ypes
age-
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Virtual
Contract
Client Procedure ---- - ) + Server Procedure
Marshalling Unmarshalling
Interface Interface
Actual
Contract

Client Provider —————~>©~———' Server Provider

Language-Independent Procedure Call Model

Thiis model illustrates how the client and server procedures communicate when their implemd

tio
ser

St3

pas
the

ns conform to this International Standard. The vittual contract between the client procedure
ver procedure is defined by the Interface Definition Notation contained within this Internat]
indard. Upon the instantiation of a call, the@marshalling interface marshalls the parameters
ses this information on to the client LIPC provider. The client LIPC provider is connectg

server LIPC provider via the actudl contract which is the transmissible form (e.g., AS]

Thie server LIPC provider then unmarshalls the data, via the unmarshalling interface, into a

tha
m3d

the

5.4

An
a fi
pai
da

t is compatible with the server procedure. Upon return, the process is reversed with thg
rshalling interface now being the marshalling interface and the marshalling interface now 1
unmarshalling interface. '

' Parameter-passing

y datatyperdéfined in ISO/IEC 11404 - Language-Independent Datatypes can be the dataty
brmal parameter of a language-independent procedure call. This International Standard d¢

enta-
and
onal
and
d to
N.1).

form

eing

pe of
fines

atype required by the call. The parameter passing model defined in this International St

ameterpassing solely on the passing of values. Therefore an actual parameter is any va.lu:zF‘the

ard

is

+ el tvrrnad o~ dal
STTOREry vy peaInoacs

NOTE 1 - Weak typing can be accomplished by relaxing association rules and adding implicit
datatype conversions in the language bindings to this International Standard.

The following notes relate the common parameter passing mechanisms that are found in existing
languages to the four defined parameter passing schemes that are defined in this International
Standard.


https://standardsiso.com/api/?name=7dcf7159f10f0644f98b0c9e04730226

ISO/IEC 13886:1996(E) © ISO/IEC

NOTES

2 Call by Value (In parameters): This is the simplest of all common parameter passing mech-
anisms and appears directly in LIPC as Call by Value Sent on Initiation (see 5.2.1.1). The
virtual contract is fulfilled by the client evaluating the actual parameter and sending the
value to the server procedure, and the server procedure accepting it. No further action is
required of the client procedure. The server procedure does what it likes with the received
value, but can make no further demands on the client with respect to the actual parameter
that generated the value.

3 Call hy Value Return (Out parameters): This common parameter passing mechanism is also
directly supported in LIPC by Call by Value Returned as Specified. The virtual contract for
this mechanism involves the concept of passing a parameter only as a means of receiving'.a
value. If in a specific language binding, a parameter is passed at the language processor level,
what is passed is an implicit pointer to a value of the datatype concerned, which the server
procedure contracts to set. The server procedure cannot access the value of the-datatype
prior to the call. Some languages, in their datatyping model, explicitly distinguish between
the datatypes of values held by variables and those of the variables themselyes, For example,
some languages have an explicit dereference (i.e., obtain the value of). FofJanguages without
such a model, the LIPC model allows that distinction to be made at the language binding
service contract level without disturbing the virtual contract model-

4 Call by Value Sent and Return (In-out parameters): This common parameter passing mech-

anism is an in/out mechanism where the actual parameter can be evaluated to a destination
for Call by Value Returned on Termination (see 5.2.1.3), However, in the LIPC model it is
regarded as a parameter with both that property and that(of Call by Value Sent on Initiation
(see 5.2.1.1). Equivalently, it can be expanded into two implicit parameters, one of each kind.
The actual parameter corresponding to a formal parameter of a given datatype “t” must be
capable, on evaluation, of yielding a destination'for such a value (i.e., an implicit or explicit
pointer to a value of datatype “t”). For the “in” part of the in/out specification, the current
value held in that destination on initiation<éf the call is retrieved by the client and relayed
to the server procedure. The destination itself is also recorded. In the virtual contract the
client receives the returned value, the"*out” part of the in/out specification, from the server
procedure and sends it to that destination.
Where the language binding lor) service contract passes the destination itself to the server
procedure as part of the copy-in/copy-out, the server procedure must contract to retrieve
the “in” value immediately on transfer and then to send the returned “out” value to the
destination on completion of the call. While the call is in progress, the client explicitly or
implicitly marks the destination as ‘read once only, write once only’ as far as the server
procedure is concetned and any attempt by the server procedure to violate that condition is
an error.

5 Call by Reference: In this case a formal parameter of datatype “t” is interpreted as an implicit
‘pointér-to “t”’ and the actual parameter must evaluate to such a pointer accordingly. This
poiiter to “t” is then passed by value as an “in” parameter.

The pointer is not passed as an in/out parameter since this would cause an extra level of

indirect addressing.

The virtual i< 4] he cli d ] he destinati Tl
destination is fixed, but the access path can be used by the server procedure both reading
and writing of values of datatype “t”. In the close-coupled case the service contract may well
involve passing the actual destination with the client needing to take no further action until
the call is complete. In a loosely-coupled service environment the service contract will involve
client action during the call, responding to requests by the server for a value of datatype
“t” to be read or written. In effect this would be reciprocal calls with the “in” and “out”
directions reversed.

These reciprocal calls implied by Call by Reference in a loosely-coupled environment represent
a potentially significant overhead, which may result in Call by Reference not being supported
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in such services.

5.2.1 Methods of parameter passing

There are four basic kinds of parameter passing defined in this International Standard:

1. Call by Value Sent on Initiation

5.2.1.1 Call by Value Sent on Initiation

THis is the simplest form of parameter passing. The formal parameter of the server procs
eives a value of the datatype concerned. The virtual contract:is*that the client evaluat} the

req
ac

procedure accepts this value and no further interaction takes place with respect to this para

Th
ac
th
if |
is

TH

W1

i]l be different.

2. Call by Value Sent on Request
3. Call by Value Returned on Termination

4. Call by Value Returned when Available

ual parameter and supplies the resulting value at the time of'transfer of control. The

NOTE - This type of parameter passing is commonly known as Call by Value.

2.1.2 Call by Value Sent on Request

e virtual contract for this type of parameter passing is that the client undertakes to evaluat]
ual parameter and supply the resulting value, but only upon receipt of a request to do so
b server procedure. The evaluatjonrand passing of the actual parameter takes place if and
he server procedure requests it. "This can be done at the beginning of the call, or while th
N progress.

e essential difference from Call by Value Sent on Initiation is that in some cases the value

NOTES

1 While,this mechanism is not common to programming languages as an explicit standards
requirement, it is an optimization mechanism for programming language implementations.

2 (An example of the use of Call by Value Sent on Request is when a client wishes the server
procedure to record a time, and wishes that to be done at a specific point during the execution

bdure

TVer
eter.

e the
from
only

b call

sent

of the rn"1 rather than at the initiation of the call

3 The use by the server of a parameter of the Call by Value Sent on Request type can be
regarded as a call of an implicit procedure parameter where the server procedure does the
evaluation one time. Any further reference in the server procedure to the formal parameter
simply uses that same value. The server procedure does not issue a further request for a
value.
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5.2.1.3 Call by Value Returned on Termination

In this type of parameter passing, the virtual contract is that at the completion of the call, the
server procedure will supply a value of the datatype of the formal parameter and the client will
accept it and send the returned value to the appropriate destination.

NOTE 1 - This type of parameter passing is better known as Call by Value Return and is
essentially the “out” equivalent of Call by Value Sent on Initiation.

Conlceptually the client and not the server procedure sends the returned value to the destimatjon,
becguse the client language or mapping determines the interpretation of the destination-and|the
progess of return.

NOTES

2 In a closely coupled environment where providing the actual destination/(pethaps even the
hardware address) to the server procedure is a trivial task, there is\no reason why the
actual service contract at the implementation level should not include providing the actual
destination to the server procedure, which then sends its returned ‘value directly there. This
is an additional service level function that the server procedure contracts to perform for the
client procedure, which does not affect the logical division<of responsibility at the virtual
contract level.

3 This kind of parameter passing also accommodates thé.return of a value for the procedure
as a whole, in the case of function procedures. Patameter passing utilizing Call by Value
Returned on Termination accommodates function-procedures through the use of an additional
anonymous parameter.

5.2.1.4 Call by Value Returned when)Available

In this type of parameter passing, the server procedure returns the parameter value at any tjme
aftef the returned value is available."It could be returned while the call is still in progress, at |the
completion of the call, or some time later. What time is chosen is determined by the binding of|the
LIP{ based service and is not defined by this International Standard. All the LIPC model requjres
is that this possibility can be accommodated. The virtual contract is that whenever the sefver
prodedure returns the value, the client will accept it and send the returned value to the approprjate
destnation.

NOTE _=\In this type of parameter passing, the possibility that the returned value will be
returnédvmore than once is not excluded.

5.2.2 “Global data

The term global data is used for data defined in a shared execution context that can be referenced by
another procedure executing in a different invocation context within the same execution context.
Conceptually, global data requires the marshalling/unmarshalling of global data into individual
information units. Implementations conforming to this International Standard may support an
implementation-defined mechanism for the sharing of global data and may support partitioning
of global data. Partitioning of data refers to the ability to insulate data from a procedure. It is

10
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recommended that implementations support global data via implicit parameters that are passed
on the call, but this may not be the only valid mechanism where the marshalling/unmarshalling
operations are known to be trivial.

NOTES

1 In the IDN, global data is represented as an explicit parameter to the procedure. In a
particular language mapping, these explicit parameters can be provided to the procedure
using such mechanisms as external variables and as such are implicit parameters.

2 Global data should be available to the server by the time it is needed (i.e., before invocation;
at invocation, before use is required, or at the time access is required).

3 The mechanism by which objects in the invocation context are associated to the.global
objects may be defined by the language, language mapping, or left to the implementation.

5.2.3 Parameter Marshalling / Unmarshalling

Data which is communicated between the client and server procedure néeds to be assembled|in a
trapsmissible form. This transmissible form will allow the client and server procedures to en¢ode
thejr LID mapped data into a form that is suitable for both language-independent calling o the
same system and remote procedure calls. The specification of this transmissible form is outsidd the
scope of this International Standard.

NOTE - The Abstract Syntax Notation - One is a suitable specification of a transmissible
form.

The¢ marshalling of data refers to what the cliénit procedure must do in order to transform its flata
intq a form for transmission to the server(procedure. Unmarshalling of data refers to what|the
seryer procedure must do in order to take the data passed by the client procedure and transform
thig into data suitable for the language:of the server procedure. Marshalling is not limited to calling
a pfocedure. Upon return, the server procedure must marshall any returned data into the form
shafred by the two procedures.<Unmarshalling of data is not limited to the server procedure, since
the|client procedure must be able to unmarshall any data that is returned by the server procedure.

Sinte marshalling and unmarshalling of data for procedure calls is often complex and degrades per-
formpance, an implementation may want to perform optimization of this process wherever possible.
Opfimizations will likely be available when the client and server systems are homogeneous and| the
languages involyveéd in the procedure call have the same data representation.

5.2]4 <Pointer Parameters

A Call by Value Sent on Initiation of a pointer allows access to the entity pointed to. The pointer
value itself cannot be changed by the server procedure in order for the pointer to refer to something
else after the call.

NOTE - For example, if the value sent is a pointer to a record, after the call the pointer still
points to the same record even though the values in the fields of the record may have changed.

11
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If changing what the pointer refers to is needed, then another level of indirect referencing has to
be invoked, either directly (as with call by reference) or indirectly (as with call by value-return).
An access path via pointer parameters implies access to all lower levels, including the primitive
datatype values referenced by the lowest level pointers.

5.2.

5.3

5.3.

An ]

anr‘

Qara

cedy

me

5.3.

terx;r:nated immediately, however terminations that‘are raised must not be ignored by the im

5 Private types

e Tre-

ord prior to the LID datatype in the IDN.

NOTE - A private type can be considered as an octet stream that can have no’pperations

Y SR .
performed on it.

Execution-time Control
I Terminations
mplementation conforming to this International Standard shall provide a method for rais

re call. Raising a termination does not necessarily’imply that the server procedure should

ation. Some examples of possible terminations include:

normal termination of a procedure invocation returning the output parameters, input/out|
parameters, and result (if any)

abnormal termination, in whichthe procedure itself detects an error or other unusual condif

external cancellation, in"which some other entity determines that the procedure should
minate

hardware or software detected events which may or may not be critical to the proper execuf
of the application

asynchroneus events or notification
type‘or*value mismatches in parameter passing or return

failure of the underlying invocation service itself.

be
ted

ing

handling terminations that occur during the initialization, execution, or completion of a pro-

be
ple-

put

ion

ter-

ion

1.1 Normal termination

A procedure completing normally raises a termination signifying a normal return. A procedure
may report additional terminations; e.g., at return from a synchronous procedure call, the proce-
dure may return two or more terminations; however, the first of these terminations must specify
whether termination is normal, abnormal, or via a cancel. If the procedure call is asynchronous,
the procedure may return an additional termination code before, during, or after termination.

12
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1.2 Abnormal Termination
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A procedure completing abnormally raises a termination as a result of some condition other than
an external cancel command. The usual reason a procedure abnormally terminates is that the
procedure encounters some condition that makes it impossible to continue or impossible to complete
successfully the function(s) requested by the client procedure. The client procedure is notified by
the implementation defined termination raising mechanism. Abnormal terminations can be divided

into

two cases:

Io a procedure detects an abnormal termination as part of its logic and executes ancexj

A special case of abnormal termination of a procedure is the case whéré one or more of the ad
parpmeter values in the procedure call are incorrect, e.g., a valueis of the wrong datatype f
given parameter or of the right datatype but outside the requiredrange. It is possible to disting

o an abnormal termination occurs during execution of the procedure, causing-a/fault at

abort procedure as a result

level lower than that of the procedure logic; the fault causes control to go'to some ge

licit

me
eric

fault-handling routine within the procedure that terminates the procedure as in the previous

case.

tual
pbT a
ish

her¢ between parameter values that violate the advertised réquirements of the procedure interface

as gpecified in the IDN and values (or combination of Values) that violate application spe
conptraints that cannot be specified in the IDN formalishi'and hence must be checked explicitl
the [procedure itself. However, from the point of view of the client procedure, the only differe
between the two cases is that in the first case, the.error specified is one of a predefined set speci
in this International Standard (see 5.3.1.4). In the second case, it is an apphcatlon-specxﬁc condi
codg specified in some other, perhaps application-specific, standard.

5.3

A procedure terminates by external cancellation if a command is issued from outside the proced

whi

sou

In bioth cases, thie client procedure receives a notification via an implementation defined termina

rais]

5.3,

1.3 External Cancellation

cific
Y by
bnce
fied
tion

Jure
th causes the procedure to terminate, or be terminated, in an orderly way. In the cask of
an gsynchronous call, the) cancellation may come from the client procedure. Whether the
1s synchronous or asynchronous, the command to cancel a procedure may come from an out

call

side

ce, i.e., outsidethe LIPC model. The two cases are indistinguishable to the server procedjire.

ng mechanism.

1¢4, " Predefined conditions

tion

As a minimum, implementations conforming to this International Standard should report the fol-
lowing terminations during a procedure call:

e server procedure unavailable, call not executed

o client or server procedure does not have defined mapping to IDN

13


https://standardsiso.com/api/?name=7dcf7159f10f0644f98b0c9e04730226

ISO/IEC 13886:1996(E) © ISO/IEC

value out of range for parameter datatype
cancellation of call

insufficient resources available to complete call

e normal completion of call

5.4

Execution Control

5.4.

The
this

in

5.4.

The
cedu

6

Thiq clause provides a model of procedures, variables, name bindings, execution environme

and
prog

6.1

The
the

114(
(see

calj An implementation can choose whether or not to limit the number of threads of execut

I Synchronous and Asynchronous Calling

issue of whether of not a call executes synchronously or asynchronously is outsideythe scop
[nternational Standard. The LIPC model does not prohibit either synchronous or’asynchron|

y particular call environment.

2 Recursion

re calling is outside the scope of this International Standard.

NOTE - Implementors should be aware that optimization considerations for LIPC calls need
to take recursion into account.

A model of procedure calling: formal description

invocation. A series of newtdatatypes are introduced. Some of these directly correspond
ramming concepts (like variables), and some are used merely to support further definition

Value

set Value contains all the values that might arise in a program execution. Value containg
values definable using the datatypes, type generators, and definitional mechanisms of ISO/]

6.6.

b of
ous
ion

LIPC model does not prohibit recursion. How an implemeéntation implements recursive pro-

nts,
| to

all
EC

4 - Language-Independent Datatypes. Value will also contain boxes and procedure closures

6.2

Boxes and global state

A box is a generic term for a container that holds a value of a particular datatype, for example
what, in some contexts, would be called a ‘variable’. Boxes exist and are manipulated at execution-
time. They may be named by identifiers in some program text, but they are distinct from any such
syntactic notion. Boxes do not imply any particular implementation mechanism such as storage.
There are three operations defined on boxes:

14
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create: — Value
write: Box x Value —
read: Box — Value

The above three lines are called signatures. Each signature lists the name of an operation, the types
of the inputs (if any) of that operation, and the types of its outputs (if any). An * (the cartesian

pro

Thd

The
chaj

global state; the operation Create and the operation Write produce a new'global state.

seq
pre

6.3

As
pro
durj

fUct Operator) Separates input (Or output) types.

global state is the set of all existing boxes and their currently assigned valués.~Tt is the unj
racteristic of boxes that their operations involve global state: the operation Read accesses

NOTE 1 - The global state exists as a modelling concept only. \No individual program,
executing on a particular machine, can access all parts of the global state. It is a characteristic
of distributed systems that each part of the system can only acces$s a few ‘local’ boxes, and must
ask other ‘remote’ parts of the system to read or write ‘remote’ boxes.

BO)leS also imply a notion of time, modelled as a point in an execution sequence. An execufion

ence is a series of global states sy, sy, ... where:éach state beyond the first is derived from
eding one by a single create operation or a single write operation.

NOTE 2 - In cases of concurrent processing, the series of global states making up the execution
sequence cannot necessarily be determinéd by examining the program text and may vary from
execution to execution.

Symbol

ymbol is a reference in)a program text to a value of a particular datatype (including boxes
redure closures). These referenced values are the values that the procedure can access dire
ng execution./The symbols of a particular procedure fall into three disjoint categories:

p Global’symbols are used to refer to values that are permanently associated with the proced
(e.g.;other procedures, non-local variables, or ‘own’ variables).

operation Create brings a new box into existence. The operation Write associates a new value
with a given box. The operation Read returns the last value written to a given box: If read is
appllied to a box that has never been written, the value returned is unspecified.

que
the

the

and
ctly

lure

p (Local symbols are used to refer to values that exist only for the duration of a single invoca

tion

(e.g., the local ‘stack frame’ variables).

e Parameter symbols are the formal parameters used to refer to values that are the actual

parameters for a particular invocation.

NOTES

1 Local symbols and parameter symbols of one procedure may be global symbols of another
procedure (e.g., nested procedures).

15
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6.4

A procedure image is the abstraction of a procedure text. Implicit in a procedurg image is
bdure-type, the global, local, and parameter symbols used within the procedure text, and

proc
algol
imag

Gsyins returns the global symbols of the image. Lsyms, psyms, and spec return (respectively)

local

6.5

9 How references to values in a program text in a particular language are expressed is defined
by the rules of the language, including its scoping rules. For example, the means of reference
may be an identifier and the same identifier may relate to two different references in different
program contexts (because of scoping rules). The identifier would thus correspond to two
different “symbols” in the sense of this subclause.

3 By binding global symbols to boxes, these global symbols can (indirectly) refer to values
created at arbitrary times, and be associated with the given procedure for arbitrary periods.
Thus the phrase “permanently associated” above is not a substantive restriction to what can
be modelled.

© ISO/IEC

Procedure image

the
the

ithm to be executed by the language processor. There are four operations defined on procedpre

es:

gsyms: Image — Sequence(Symbol)
lsyms: Image — Sequence(Symbol)
psyms: Image — Sequence(Symbol)

spec: Image — Procedure Type

NOTE 1 - The ordering within the sequence produced by gsyms and Isyms is seldom relevant,
however the ordering within the sequence.produced by psyms is important (see 6.11).

symbols, parameter symbels; and the procedure type.

NOTE 2 - Procedure, iinages are created by the language processor. How a procedure image
is created is outsidé-the scope of this International Standard.

Association

An jssociation is any mapping from a set of symbols to values.

the

—AT Symbol — value

Associations are typically partial, being defined only on the symbols used by a particular procedure
image. Let x be a symbol, y a value, and A and B be associations.

16

[x - y] denotes the association that maps the symbol x
to the value y and maps no other symbols
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6.8 Procedure closures

not mapped.

6.

A

wh

D
In

wh

—range—{A)—denotes—the—set—of—valuves{ AL —x—is—indomainti)—}
InNCHRT

A pprocedure closure is a pair <I,A> where I is a procedure image and A is an association maj
the global symbols of I, and no others. In particular, the local and parameter symbols haj
mlf)pings. Procedure closures are the values of procedure type referred to in ISO/IEC 11404 -
L

complete procedure closure is a procedure closure for which all ¢he global symbols of the i

A
ar¢ mapped.
A

partial procedure closure is a procedure closure for which\at least one of the global symb

7 Boxes, pointers, values, and datatypes

A+ B denotes an association that satisfies

(A+B)(x) = B(x) if B is defined on x

A(x) otherwise

domain (A) denotes the set of symbols x for which A(x) is defined

guage-Independent Datatypes.

NOTES

1 An example of a partial procedure closure-is the value of a procedure A nested within a
procedure B before procedure B is invoked! This is partial because references from A to B’s
local variables cannot be mapped until the invocation of B.

2 Procedure closures are typically, constructed as part of compilation, or during execution,
according to the rules of the particular programming language involved.

ose values are references to other values; in particular, a value of datatype pointer-to-D,
is a datatype,ds\a'reference to a value of datatype D.

ISO/IEC 13886:1996(E)

bping
e no

Mmage

ols is

pointer datatype, as defined in ISO/IEC 11404 - Language-Independent Datatypes, is a datatype

here

the LIPC ‘tnodel, the datatype of a box is a pointer datatype as defined in ISO/IEC 11

of

04 -

Language-Independent Datatypes Every box has a value which is a reference to some other value.
If p boxis used (e.g., in a LIPC mapping) to model the concept of “a variable of datatyp¢ D”,
ich, some languages have, then it “holds” a value of datatype D (see 6.2) and the box is a palue

datatype pointer-to-D.

NOTE 1 - An entity called “a variable of datatype D” cannot literally be a value of datatype
D because such values cannot vary, any more than an “integer array” can literally be a value of
datatype integer (since those are single values only).
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In ISO/IEC 11404 - Language-Independent Datatypes, “dereference” is defined as a characteriz-
ing operation of all pointer datatypes. When this operation is applied to a value P of datatype
pointer-to-D, the result is the value V of datatype D that P references. In the LIPC model, the
corresponding operation on a box is Read. The Create and Write operations for boxes (see 6.2) are
not characterizing operations defined in ISO/IEC 11404 - Language-Independent Datatypes, but
correspond respectively to situations where new objects of pointer datatype can be created, and
when the value V of datatype D referenced by a particular pointer-to-D value P is replaced by a
new value. Both of these operations are needed for boxes in the LIPC model though neither are

necegsarity Tequired for all objectsof pointer datatype imatt circumstances:
NOTES

2 The operation Write on a box corresponds to the concept in many languages of “assigning
a value”. Changing the value of datatype D referenced by a box does not change(the box
itself, only its contents, just as assigning a new value to a variable X in a language does not
change X itself, which is still the same variable with the same name.

3 The concept of “pointer variables”, sometimes referred to as “indirect addzessing”, exists in
some languages. ISO/IEC 11404 - Language-Independent Datatypes-defines the datatype
of such an object as pointer-to-pointer-to-D. It references a value of-datatype pointer-to-D,
(i-e., an object of another pointer datatype). That object references a value of datatype D.
In the LIPC model this corresponds to a box which holds a reference to another box, which
in turn holds a value of datatype D.

In this way, the LIPC model supports parameter passing/of pointer datatypes, which some
languages support directly or indirectly, and both the LID and LIPC standards support
indirect addressing of any required depth.

4 In some discussions of programming languages.the concept “instances of values” is used. In
LIPC terms an instance of a value can be thought of as a value being held in a box, which
allows modelling of situations where multiple’instances of the same value exist simultaneously.
It is possible in the LIPC model for more than one entity to have access to the same box (e.g.,
it has been passed as an actual paramieter whose formal parameter is of a pointer datatype).
The entities than have access to the same instance of the value; furthermore, if the box is
modified (i.e., the value it holds'is changed through use of a Write operation), then this
modification is visible to both entities and hence may affect subsequent behavior in either or
both. In environments in.which such multiple accesses cannot be supported directly, some
implementation defined mechanism must be provided to simulate it, for example by creating
duplicate boxes, and-providing means of ensuring that any change in one is automatically

applied to the other, either immediately or at least before any event occurs which uses the
value held in the-box.

A procedure datatype, as defined in ISO/IEC 11404 - Language-Independent Datatypes, i$ in
gengral a composite (though not an aggregate) datatype which incorporates within its specificaion
the datatype'of all of its parameters (including any notional parameters used to return resultp to
“furjction” procedures). In the LIPC model, a procedure closure is an entity whose datatyple is
somg LID procedure datatype, but also encompasses the concept of Global State.

NOTE 5 - By this means, matching of procedure datatypes in the LIPC model automatically
ensures matching of the number and datatypes of parameters.

6.8 Interface closure

An interface closure is a collection of names and a collection of procedure closures, with a mapping
between them. This is modelled as an association that maps the set of names to procedure closures.
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NOTE - For example, if Sue, Mary, and Sam are procedure names (symbols), and X, Y, and
Z are procedure closures, then
I=1[Sue — X] + [Mary — Y] + [Sam — Z]

is an interface closure. domain(I) = {Sue, Mary, Sam} (see 6.5). Thus, domain(I) is the set
of procedure names in the interface closure I. The procedure closure in I named by Mary is
denoted I(Mary).

ISO/IEC 13886:1996(E)

n 0 T__ 4 _ £ oA

6.9 Interface type

An|interface type is a collection of names and a collection of procedure types, with 'a mapping
JIr i JEY) } oo iy (=4

betiween them. This is modelled as an association that maps a set of procedure typés-to names.

6.1

Th
the

spe

and
andg

NOTES
1 An interface type is not a datatype.

2 For example, if Sue, Mary, and Sam are procedure names, if X, Y, )and Z are procedure
closures of the corresponding procedure types XT, YT, and ZT respectively, then

IT = [Sue — XT] + [Mary — YT] + [Sam — 2ZT]

is the interface type corresponding to the interface clostite'I introduced in the preceding
sub-clause.

0 Specifications

image. Thus,
spec: Image — Procedure:Type
c is generalized to procedute-closures by

spec: Procedure_Closure — Procedure_Type
spec\{<image,assoc>) = spec (image)

| spec isdurther generalized to interface closures by the following where P is a procedure |
| I is an. interface_closure:

b LIPC model defines the operation spec on‘procedure images to return the procedure type of

type

For I = [name; — P;] + ... + [name, — P,],

spec (I) = [name; — spec(P;)] + ... + [name, — spec(P,)]

The operation spec on interface_closures returns an association between names and procedure types.
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6.11 Basic procedure invocation

Basic procedure invocation is an operation on complete procedure closures described as follows:

invoke: Procedure Closure * Sequence(Value) — Status x Sequence(Valu
where Status is the set of termination identifiers ( (s€e ISO/IEC 11404: ;995, clause 93) The first
sequence of values represents the input parameters to the invocation. The second sequence of
valugs represents the values resulting irom the invocation. The status represents the terminatjon
condjtion, including the “normal” termination.

Applying invoke to the procedure closure <Image,Association> and input values <Vj,...Vy| >
resulfs in the following actions:

Let <Aj,...A;, > = psyms(Image)
<Li,...Lm > = 1lsyms(Image)

For i = 1 to m, do
LB; = create()
Define invocation association Q by:
Q = Association + [A; — Vi1 + ... + [A, — ¥l
+ [Ll — LBlj + ... 4+ [Lm =y L'Bm]
Then

‘‘Execute Image in the context of association Q’’

Exeduting an image in a context is a primitive notion defined by the programming language prodes-
sor (pr standard) for the language in which Image is written. When execution terminates, a vallue
in Stlatus x Sequence(Value) will result, and the association Q is lost.

NOTE - The boxes created in forming Q are no longer accessible unless the programming
language permits them _to-be “returned” in some fashion (see 6.13)

6.12 Type correctness

It is mot meaningful to apply the invoke operation to any procedure closure C and any sequenc¢ of
inpup values;<Vy,...V, >. Invocation is meaningful only if its parameters are type correct.

Let spe¢(C) be

PROCEDURE ( a;: ATy, ... aan: ATan )
RETURNS ( r;: RT;, ... Tm: RTm )
SIGNALS ( E;, ... Ee )

where a; through a,, are the input parameters (in order), r; through r,;, are the output parameters
(in order), and E; through E., are the non-normal terminations.

Invocation of C on <V;,...V,, > is type correct if
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n = an (the number of parameters is correct)

and

For i = 1 to n,
V; is a value of type AT; (the types of the parameters are correct)

When the invocation of C on <Vi,...V, > terminates, it produces a result of the form

< status, <Wy,...Wp > >

If the closure C is a member of the procedure type to which it has been mapped, then the following
infdrmation is known about the above result.

status = ‘‘normal’’ or status = E; for some i in 1..en
If status = ‘‘normal’’ then

m = rn, and

W; is a value of type RT; (for all j in 1..m)
Elself status = E;, and E; is declared to have{structure

T £ . BT
riy, ... Ifg: Flfy

£q:
then
m = fn, and

W; is a value of type FT; (for all j in 1..m)

6.13 Associates

In g¢rder to be able to discussithe set of global variables shared by two procedures, or to dgfine
poimter (or parameter) aliasing, it is necessary to know when one value is “referenced by” qr is
“acgessible from” anotheér)value. X is a simple associate of Y if X can be obtained from Y by
follpwing pointers or exfracting the elements of aggregate values. X is a generalized associate ¢f Y
if X| can be obtained-from Y by combinations of the above actions and by invocating procedures.

Thq next two clauses formalize these two concepts.

6.18.1° Simple Associates

The concept of simple associates is embodied in two functions.

The first such function is Immediate Associates. IAssoc(x) is defined as follows:

IAssoc: Value — Set(Value)

e If x is a value of some non-aggregate type defined in ISO/IEC 11404 - Language-Independent
Datatypes, then IAssoc(x) is the empty set.
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e If x is a value of some aggregate type defined in ISO/IEC 11404 - Language-Independent
Datatypes, then IAssoc(x) is the set of all elements of the aggregate.

e If x is a box which currently holds a value v,
IAssoc(x) = the set consisting of the single value Vv
e If x is a procedure closure,

IAssoc(x) = the empty set

The| second associates function is Transitive Associates:
Assoc: Value — Value

For [any value x, Assoc(x) is the smallest set satisfying

x is in Assoc(x)

If y is in Assoc(x), then all elements of IAssoc(y) afe in Assoc(x).

NOTE 1 - Intuitively, Assoc(x) consists of all values that ¢an'be extracted from x by applying
various extraction operations on aggregates and read operations on boxes. Since read depends
on the current state, IAssoc and Assoc depend on the current state as well.

When a procedure closure <I,A> is invoked on inpuits <Vj,...Vy >, it has immediate and direct
access to all the values in

range(A) J {Vi,...Vn}
and (with some computation) direct aécess to all the values in

Z = Assoc ( range(A) UJ({Vi,...Vn} )
The|invocation of <I,A> on £€Vj,...V, > can potentially read or write any box in Z and no otHers.

NOTES
2 It can also cfeate new boxes.

3 The set/Z 'does not include values that can only be accessed by invoking other procedure
closurés:

6.13.2 Generalized Associates

The concept of generalized associates includes values that can be obtained with the help of other
procedures. Again, two functions are needed.

Generalized Immediate Associates is defined as follows:
GIAssoc: Value — Value
If x is a procedure closure <I,A>,
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If x

GIAssoc(x) = range(A).
is any other value,

GIAssoc(x) = IAssoc(x).

Generalized Transitive Associates is defined as:

6.1

Th
the

GAssoc: Value — Value

any value x, GAssoc(x) is the smallest set satisfying
is in GAssoc(x)

If y is in GAssoc(x), then all elements of GIAssoc(y) are in GAssoc(x).

NOTE - Intuitively, GAssoc(x) consists of all values that can be extracted from x by applying
various extraction operations on aggregates, read on boxes, and procedure invocation.

When a procedure closure <I,A> is invoked on inputs <Vj,...V, %) let
GZ = GAssoc ( range(A) U {Vi,...Va} )

With the help of other procedure.closures, this invocationycan access any value in GZ. The only
elements of the global state that the invocation of <;A> on <Vj,...V, > can access or modify
are those which are boxes in GZ.

It is assumed that for a procedure closure <I,AS to invoke another procedure closure <J,B>,
<J,B> must be one of the following alternatives:

1. in range(A) (the most common case)

2. accessible from an input parameter,

3. J is in the range of the invocation association of <I,A> and B can be constructed from
accessible values.

4 Execution and Invocation contexts

execution context of the procedure closure <Image,Association> is the set of all boxe}
Assoc(range(‘Association)). The invocation context of a particular invocation of the procedure

ISO/TEC 13886:1996(E)

in

closure <Image,Association> is the set of all boxes in the Assoc(range(Q)) where Q is the invocation

ass(

ciationof this invocation of <Image,Association>.

execution of Image.
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6.15 Parameter translations

When a procedure invocation is required to cross between execution contexts, it may not be possible
to pass the parameter and return values directly between these contexts. Consider the following

two examples.

In the first example, a program written in programming language L1 calls a procedure written in
la.nguage L2. If L1 a,nd L2 have different datatypes, this call may require translating L1 input

ts. On return a reverse translation may be needed.

In the second example, a program calls a procedure written in the same language (thus needingno
datafype translation), but in a separate address space. Assume that pointers are implemented in a

“equjvalent” pointers tied to the procedure’s address space. Again, on return a reyerse translatjon

Parajmeter translations can lose information (e.g., when translating between\different floating pojnt

Parameter translations are modelled in the following way. Let € be an arbitrary procedure closyre,
and let TF and TB be procedure closures that do parameter translations for C. Then we will define

wrap (TF, C, TB)
to bg a procedure closure that (when invoked) does the following:

1.| invokes TF to translate the input parameters
2.| invokes C with the translated parameters, and

3.| invokes TB to translate the-returned values back again.

The [following describes how ‘the wrap function aids in modelling cross execution context calls.
X1 gnd X2 be execution-contexts.

NOTE 1 —=“Itdoes not matter what an execution context is, just that some sort of translation
is necessary to call from one to the other.

Let {1'be'the procedure closure representing the target procedure in its native context X1. THh

Let

en,

C2 = wrap (TF, C1, TB)

is the procedure closure which is actually called in context X2. In many cases, calling C2 will h
visibly different effects from calling C1.

A more precise definition of wrap would be:

24
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wrap: Procedure_Closure * Procedure Closure * Procedure_Closure
— Procedure_Closure

wrap (TF, C, TB) = <IM, [pre—TF] + [main—C] + [post—TB]>

For convenience, assume that TF and TB take a single Sequence(Value) input and produce a single
Sequence(Value) output. This allows TB in particular to be invoked on output sequences of differing
length.

Wh G i Sequence € image IM caugey the
follbwing steps to occur:

1. TF is invoked on <V>, producing <E, W>

(1.1) If E -= ‘‘normal’’, IM terminates with <E, W>
(1.2) If E = ‘‘normal’’, W is a singleton <W; >

2. C is invoked on W;, producing <F, X>
3. TB is invoked on <X>, producing <G, Y>

(3.1) If G == ‘‘normal’’, IM terminates with <G, Y>
(3.2) If G ‘‘normal’’, Y is a singleton <Y; >

4. IM terminates with <F, Y; >

Usipg procedure closures to do the parameter-and result translations allows the full computatipnal
power of the model to be used in expressing these translations. TF and TB can communifate
with each other via shared boxes, andcan access arbitrary other parts of the global state if their
assgciation maps are defined accordingly. However in typical usage, TF and TB are expectefl to
be quite simple.

NOTE 2 - TF and TB are the only places where Value (the union of all datatypes) is used in
a conceptual context.

Example: —model of a remote procedure call from a client address space
(CAS) to,a server address space (SAS). Let P be a procedure in SAS.

Let ME be the client side marshalling code, and UC be the client side
unmarshalling code. MS and US are the corresponding codes on the server
side. The procedure closure

PW = wrap (US, P, MS)

represents procedure P as exported to the outside world. PW takes
‘‘wire format’’ data as input and returns ‘‘wire format’’ data as output.
The procedure closure

PC = wrap (MC, PW, UC)

represents procedure P as imported into CAS. PC’s inputs and outputs are
appropriate for CAS.
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6.16 Defining Translation Procedures

Translation procedures typically need to take a composite value V and replace only certain portions
of V, leaving the rest of V as in the original. An example is replacing all boxes in V with new ones
while preserving the sharing structure within V. Expressing this as an algorithm can be somewhat
complex. However there are a number of concepts that can help describe the intended result (leaving
the algorithmic details to the implementors).

The following definitions are not used in this International Standard, but will help shorten defini-

tions in binding standards.

Let [T be some mapping from values to values:

T: Value — Value

T is|an identity on datatype Q if for all values v of datatype Q,
T(v) = v

Let F be a characterizing operation of datatype Q, and F’ be a characterizing operation on datatype
Q’ with the same number of parameters as F. T maps F to F/'if for all values vy,...vy in the input
domain of F,

T( F(vy...vp) ) = F2( T(vy), ... Ty

If T|maps all the characterizing operations of Q-to corresponding ones in Q’, we say that “T maps

Q mto Q.

T preserves datatype Q if T maps each(characterizing operation of Q to itself.

NOTE - As an example ofshow the above concepts can be used, assume that we need to define
a translation procedure TF that replaces all boxes in a value V with new ones while preserving
the sharing structure within V TF invoked on input sequence V operates as follows:

1. Compute\ the set
{B1,<%+Bn} = Assoc (V) [) Boxes
2. Fori =1 ton,
Ci = create()
3" Let Z be a function Z: Value — Value satisfying
For any box B;, Z(B;) = C;
| - 7 preserves all aggregate datatypes except Box
Z is an identity on all non-aggregate datatypes
4. Finally, set TF(V) = Z(V).
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7 Interface Definition Notation

The Interface Definition Notation is the means defined in this International Standard for specify-
ing declarations for procedures, procedure parameters, datatypes, and attributes. This concrete
notation supports the datatypes defined in ISO/IEC 11404 - Language-Independent Datatypes.

NOTE - For a language processor conform to this clause of this International Standard (see 4),
it is necessary that a binding be specified between the procedure calling mechanism for that
anguage processor an € enmed 1 this clause. This binding will need to incorporate
inward and/or outward mappings for the datatypes of that language to the datatypes defined
in ISO/IEC 11404 - Language-Independent Datatypes, depending on the mode of conformity
(client, server, or both) that is required.

7.1 Definitional Conventions

7.111 Character Set

letter abcdefghijklmnopgqrstauvwxyaz

digit 0123456789

special O {} <> . ,
(parentheses) (braces) (angle-brackets) (full stop) (comma)
: ; = / * -
(colon) (semicolon) (equals).(solidus) (asterisks) (minus)

hyphen -

apostrophe ’

quote "

escape !

space

Thg character space is required to. be bound to the “space” member of ISO/IEC 10646-1:1993,|but
it oply has meaning within character-literals and string-literals.

A bound-character is defined to be a letter, digit, hyphen, special, apostrophe, space, or quotd. A
bound-character is required to be associated with the member having the corresponding symb¢l in
any| character-set derived from ISO/IEC 10646-1:1993, except that no significance is attached to
the|“case” of theletters.

A Hound-character and the escape character are required in any implementation to be associgted
with particular members of the implementation character set

An |added-character is a character not defined in this International Standard. An added-charakter
is any other member of the implementation character-set which is bound to the member having the
corresponding symbol in an ISO/IEC 10646-1:1993 character set.

7.1.2 Formal Syntax

This International Standard defines a formal representation for datatype declaration and identi-
fication. The following notation, derived from Backus-Naur form, is used in defining that formal
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representation. In this clause, the word marks is used to refer to the characters used to define
the formal mechanism, while the word character is used to refer to the characters used in forming
procedure and datatype declarations and identifications.

A terminal symbol is a sequence of characters delimited by two occurrences of the quotation-mark
("), the first of which precedes the first character in the terminal symbol, and the second of which
follows the last character in the terminal symbol. A terminal symbol represents the occurrence of
a sequence of characters.

3 Tinbol IS 3 SEqUEICE O ArKS, €4 of—wi rserther—te o re-hvohen—mark
d by the first mark which is neither a letter nor a hyphen. A non-terminal symbol

-bracket ([) and a close-bracket (]). The sequence of symhols so enclosed is permitted to ogcur
oncq at the place where the optional sequence occurs, but is\not required to occur at all.

An plternative sequence is a sequence of terminal and/or non-terminal symbols preceded by |the
vertjcal stroke mark (|) and followed by either a vertical stroke mark or a full-stop mark (.). [The
seqyence of symbols so delimited is permitted to occur instead of the sequence of symbols preceding
the first vertical stroke.

A production defines the validsequences of symbols which a non-terminal symbol represents| A
simple production has the form:

non-terminal-symbol = valid-sequence.

where valid-sequence is any’sequence of terminal symbols, non-terminal symbols, optional se-
quefces, repeated sequences and alternative sequences. The equal-sign mark (=) separates|the
nonfterminal symbol being defined from the valid-sequence which represents its definition. [The
fullistop mark terminates the valid-sequence.

7.1)3 Whitespace

A se¢quence of one or more space characters, except within a character-literal or string-literal, ghall
be considered whitespace. Any use of this International Standard may define any other characters
or sequences of characters to be whitespace, such as horizontal and vertical tabulators, end of line
and page indicators, etc.

A comment is any sequence of characters beginning with the sequence “/*” and terminating with the
first occurrence thereafter of the sequence “*/”. Every character of a comment shall be considered
whitespace.
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Any two objects which occur consecutively may be separated by whitespace, without affect on

the

interpretation of the syntactic construction. Whitespace shall not appear within lexical objects.

7.2 Interface Type Declarations

interface-type = "interface" [interface-synonym ":"]
[interface-identifier] "begin" interface-body "end".

- = 3 ifiar

interface-identifier = object-identifier.
interface-body = {import} {declaration ";"}.

declaration = value-decl | type-decl | procedure-decl | termination>decl.

NOTE - An interface type definition contains the declaration of various interface entities, such
as constants, datatypes, components of generated types (e.g., fields of a.técord), etc. These
declarations associate an identifier with the interface entity given in the/declaration. The usage
of this identifier is called its defining occurrence. When this identifier is used elsewhere in
the interface type definition, it refers to the entity associated withiits defining occurrence. In
order to avoid ambiguity as to which entity a reference identifier réfers to, rules governing the
uniqueness of defining identifiers and rules governing how to\tesolve reference identifiers are
provided in the appropriate clauses.

The interface-synonym in the interface-type declaration is an optional human readable namse

for

an nterface type. The interface-identifier of this production is an object-identifier that unigely

identifies the interface type definition.

All |interface-synonyms shall be unique within the immediately containing interface-type.

7.2{1 Type references

In 3n interface body, an identifier in an interface type definition used to refer to a type-specifir is

called a type-reference (see(7.7).

A type-reference matches-a' type-decl if the type-identifier of the type-decl is the same as the ident,
comjponent of the tgpe-reference. The following rules govern the use of type-references withir
intdrface-type.

ifier

| an

If the interface-synonym component of the type-reference is absent then the type-reference ghall

either mateh a type-decl in the immediately containing interface-type or match a type-decl w

hich

is imported into the immediately containing interface-type (either explicitly as an import-sy

bol

or implicitly by importing an entire interface type definition). If the type-reference matches a

type-decl in the immediately containing interface-type, then it refers to the immediately contained
type-specifier of that type-decl. Otherwise, the type-reference shall match at most one imported
type-decl, and the type-reference refers to the immediately contained type-specifier of that type-decl.

NOTE - If the type-identifier of an imported type-decl is the same as a type-identifier defined
in the immediately containing interface-type or is the same as a type-identifier of a type-decl
imported from a different interface type definition, then it may only be referenced using its
associated interface-synonym.
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If the interface-synonym component of the type-reference is present then the type-reference shall
match a type-decl in the interface type definition denoted by the interface-synonym. The type-
reference refers to the immediately contained type-specifier of this type-decl.

7.2.2 Value References

In an interface body, an identifier in an interface type definition used to refer to a value is called a

value-reference Avalue-reference shall refer ta either:

Thd

mi

7.3

The
defi
nte
syn
bod

Ead
or &

(a) value-ezpression used in an value-decl; or
(b) an enumeration-identifier; or

(c) a field within a record-type; or

(e) a return-arg within a procedure-decl or procedure-type; or

(f) a formal-value-parm of a parameterized-type-decl.

tion.

Import Declarations
import = "imports" ["("import-symbol-list")"] "from"
[interface-synonym ":"] object-identifier.

import-symbol-list = import-~symbol {"," import-symbol}.

import-symbol = identifier:

pnym in the tmport production, if present, may be used within the scope of the current inter,
) as a prefix<wheén referencing the imported symbol.

h impori-symbol shall be an identifier that is defined by a value-decl, a type-decl, a procedure-

value of a value-reference may be known statically, if it refers to a value-ezpressiop or
emjrneration-identz'ﬁer. Otherwise, it is determined at the time of procedure invocation or
a

ter-

tmport declaration shall-be used to allow the current interface-body to reference identifiers
ned in other interface\type declarations. The object-identifier in the import statement is| the
rface-identifier of the interface type definition in which the symbols are defined. The inter}ace-

ace-

lecl,

| terrunation-decl in the interface-body of the interface type definition denoted by the obpect-

identifier in the import statement. Only those import-symbols that appear in the tmport-symbof-list
sh!gl withint] £ 4 - terfoce—bodv—El .  tedwith the

tmport-symbol is that which it has in its defining interface type definition. If no import-symbol-list
is present, then the entire interface is imported. This is equivalent to explicitly importing (as an
import-symbol) every identifier defined by a value-decl, type-decl, procedure-decl, and termination-
decl in the referenced interface type definition.
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7.4 Value Declarations

value-decl = "value" value-identifier ":"
constant-type-spec "=" value-expression.

value-identifier = identifier.

integer-type | real-type | character-type |
boolean-type | enumerated-type | state-type |
ordinal-type | time-type | bit-type | rational-type |
scaled-type | complex-type.

constant-type-spec

value-expression = value-reference | procedure-reference
integer-literal | real-literal | character-literal
boolean-literal | enumerated-literal | state-literal |
ordinal-literal | time-literal | bit-literal |
rational-literal | scaled-literal | complex-literal
void-literal.

A walue-decl declares an identifier to be equal to a constant valueof a given datatype. This identifier
ma} then be used wherever a value-ezpression of that datatypé may be used in the interface {ype
definition (e.g., in declaring the bounds of an array).

All| value-identifiers shall be unique within the immiédiately containing interface-type. A vplue
expression is either a literal (immediate value) of'the specified type or a value-reference. This
val{e-reference shall refer to a value-ezpression declared in another value-decl or to an enumeraltion
literal (if the specified datatype is an enumeration).

7.5 Datatype Declarations

Pajagraphs in this clause which refer for a formal interpretation to ISO/IEC 11404|are
included for completeness-and assistance to the reader, and are considered to be informdtive
partts of this International Standard.

type-decl = "type" type-identifier "=" type-specifier
parameterized-type-decl.

type-identifier = identifier.

nsed

A datatype declaration declares an identifier to be a specific type. This identifier may then be
Wh(, CF—a '-’-‘"'i"""‘i DE€—11S€4G A he—in eErrace >ry ~a o—aGerne Fe—aata FPe o 3 pPDa eter
in a procedure declaration). The syntax and semantics of the parameterized-type-decl is given in
clause 7.6.

All type-identifiers shall be unique within the immediately containing interface-type.

The semantics of all datatypes given in this document are consistent with the semantics of the
datatypes as defined in ISO/IEC 11404 - Language-Independent Datatypes.
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type-specifier = primitive-datatype | generated-datatype | defined-datatype.

defined-datatype = type-reference [subtype-spec] .

The type-reference in the defined-datatype production shall refer to a type-specifier. The type-
identifier defined in the immediately containing type-declis a synonym for the type-specifier referred
to by the defined-datatype. If the type-reference refers to an integer-type, real-type, or an enumerated-
type then an optional subtype-spec may be included. If the type-reference refers to a real-type and
a subtype-spec is included, that subtype-spec shall only include a single range of real values.

7.5.1 Primitive Datatypes

primitive-datatype = integer-type | real-type | character-type |
boolean-type | enumerated-type | octet-type |
procedure-type | state-type | ordinal-type |
time-type | bit-type | rational-type |
scaled-type | complex-type | void-type.

7.51.1 Integer

Inteper is the mathematical datatype comprising the exact.integral values. Syntax:

integer-type = "integer".

integer-literal = ["-"]digit{digit}:

The|interpretation of the syntax is fofma]ly defined in ISO/IEC 11404.

7.5J1.2 The real datatype

Real is a family of datatypes'which are computational approximations to the mathematical datatype
comprising the “real numbers”. Specifically, each real datatype designates a collection of mathe-
matjical real values which are known to certain applications to some finite precision and must be
dist{nguishable to atJeast that precision in those applications. Syntax:

real-type = "real" [ "(" radix "," factor ")" ].

radix = value-expression.

factor = value-expression.

real-literal = integer-literal ["."digit{digit}] [["-"] "E" digit{digit}].

The interpretation of the syntax is formally defined in ISO/IEC 11404.
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7.5.1.3 The character datatype
Character is a family of datatypes whose value spaces are character-sets. Syntax:

character-type = "character" ["(" repertoire-list")"].
repertoire-list = repertoire-identifier {"," repertoire-identifier}.
repertoire-identifier = value-expression.

character=literal = "’"character'’"

character =
The value of character shall be any character drawn
from the character set identified by the repertoire
identifier in the production character-type, or from the
default character set if the repertoire identifier is
absent.

Thd interpretation of the syntax is formally defined in ISO/IEC 11404.

7.5J1.4 The boolean datatype
Bodlean is the mathematical datatype associated with two-valued logic. Syntax:

boolean-type = "boolean".

boolean-literal = "true" | "false":

The|interpretation of the syntax is formally defined in ISO/IEC 11404.

7.5/1.5 The enumerated datatype

En:Lnerated is a family of(datatypes, each of which comprises a finite number of distinguished
s

values having an intrinsic ordering. Syntax:
enumerated<type = "enumerated" "(" enumerated-value-list ")".
enumerated-value-list = enumerated-literal {"," enumerated-literal}.

enumerated-literal = identifier.

The|interpretation of the syntax is formally defined in ISO/IEC 11404.

[¢]

7.5.1.6 The octet datatype

octet-type = "octet".

According to ISO/IEC 11404 - Language-Independent Datatypes, the octet datatype is the derived
datatype: array (1..8) of (bit).
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7.5.1.7 The procedure datatype

Procedure generates a datatype, called a procedure datatype, each of whose values is an operation
on values of other datatypes, designated the argument datatypes. That is, a procedure datatype
comprises the set of all operations on values of a particular collection of datatypes. All values of a
procedure datatype are conceptually atomic. Syntax:

procedure-type = "procedure" "(" [argument-list] ")"
["returns™ "(" return-argument ")"]
{"raises” "(*" termination-list )" J.

argument-list = argument-declaration {"," argument-declaration}.
argument-declaration = direction argument.

direction = "in" | "out" | "inout".

argument = argument-name ":" ["restricted"] argument-type:
argument-type = type-specifier.

argument-name = identifier.

return-argument = [argument-name ":"] argument-type.
termination-list = termination-reference {","{términation-reference}.

termination-reference = [interface-synonym-"::"] identifier.

A procedure-declaration associates one name with a procedure-type, as part of the interface-fype
assgciation (see 6.9).

All termination-references shall be unique within the immediately containing interface-type.
7.541.7.1 Procedure parameters

An grgument-type may designate'any datatype. The argument-names of arguments in the argunt:t-
list shall be distinct from each other and from the argument-name of the return-argument, if pny.
The| termination-references in the termination-list, if any, shall be distinct.

7.5J1.7.2 Procedure values

The| values of a procedure-type are procedure closures, as defined in clause 6.6. An argument in| the

(3300 )}

argymént-list is said to be an input argument if its argument-declaration contains the direction [‘in
or ‘WMWMJMMQL&LW » i i - ignated

by the argument-types of all the input arguments. An argument is said to be a result argument
if it is the return-argument or it appears in the argument-listand its argument-declaration contains
the direction “out” or “inout”. The normal result space is the cross-product of the value spaces of
the datatypes designated by the argument-types of all the result arguments, if any, and otherwise
the value space of the void datatype. When there is no termination-list, the result space of the
procedure datatype is the normal result space, and every value p of the procedure datatype is a
function of the mathematical form:
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P:  IpxIgx...xI; —RpxRyi*xRox.. xRy

where Iy is the value space of the argument datatype of the kth input argument, Ry is the value
space of the argument datatype of the kth result argument, and Rj, is the value space of the
return-argument.

When a termination-list is present, each termination-reference is associated, by some termination-
declaration, with an alternative result space which is the cross-product of the value spaces of the

datatypes designated by the argument-types of the arqum i 3 - - Let

AJ be the alternative result space of the jth termination. Then:

M=EjxEh% . . B
whgre E’k is the value space of the argument datatype of the kth argument in_the termination-
argyment-list of the jth termination. The normal result space then becomes(the alternative result
spafe associated with normal termination (A%), modelled as having termindtion-identifier “*por-
mal”’. Consider the termination-references, and “*normal”, to represent)values of an unspecified
stafe datatype St. Then the result space of the procedure datatype is:

ST (A% |al | A% ... [aN),

whdre A is the normal result space and A is the alternative result space of the kth terminatiion;
and| every value of the procedure datatype is a function of the form:

p:  IpxIpk...xI, —Sp+(AC [A1| A2 ... |ANY,
Any of the input space, the normal result«$pace and the alternative result space corresponding to

a given termination-identifier may be empty. An empty space can be modelled mathematically by
substituting for the empty space the value space of the datatype Void.

The value space of a procedure ‘datatype conceptually comprises all operations which conforn to
the labove model, i.e. those which operate on a collection of values whose datatypes correspond to
the [input argument datatypes and yield a collection of values whose datatypes correspond to|the
argyment datatypes of thenormal result space or the appropriate alternative result space. The tfrm
corresponding” in this regard means that to each argument datatype in the respective product
spage the “collection of values” shall associate exactly one value of that datatype. When the input
spage is emptyythe value space of the procedure datatype comprises all niladic operations yielding
valdes in thé.result space. When the result space is empty, the mathematical value space conthins
only onetvalue, but the value space of the computational procedure datatype may contain
distjnct ‘values which differ in their effects on the “real world”, i.e. physical operations outsidg of
the informationspace—Valuesyntax:

procedure-declaration =
"procedure" procedure-identifier "(" [argument-list] ")"
["returns" "("return-argument")"]
["raises" "("termination-list")"].

procedure-identifier = identifier.

procedure-reference = procedure-identifier.

35


https://standardsiso.com/api/?name=7dcf7159f10f0644f98b0c9e04730226

ISO/IEC 13886:1996(E) (© ISO/IEC

A procedure-declaration declares the procedure-identifier to refer to a (specific) value of the procedure
datatype whose type-specifieris identical to the procedure-declaration after deletion of the procedure-
identifier.

7.5.1.7.3 Procedure subtypes

For two procedure datatypes P and Q:

p P is said to be formally compatible with @ if their argument-lists are of the same lenEth,
the direction of each argument in the argument-list of P is the same as the corrésponding
argument in the argument-list of @, both have a return-argument or neither does, and|the
termination-lists of P and Q, if present, contain the same termination-references.

p If Pis formally compatible with @, and for every result argument of (), the argument datafype
of the corresponding argument of P is a (not necessarily proper) subtype of the argument
datatype of the argument of @, then P is said to be a result-subtype of Q. If the return
argument datatype and all of the argument datatypes in the drgument-list of P and () are
identical (none are proper subtypes), then each is a result-subtype of the other.

p If Pis formally compatible with @, and for every input argument of @, the argument datafype
of the corresponding argument of P is a (not necessarily proper) subtype of the argument
datatype of the argument of @; then @ is said to be'an input-subtype of P. If all of the input
argument datatypes in the argument-lists of P and, Q are identical (none are proper subtypes),
then each is an input-subtype of the other.

7.5{1.8 The state datatype

State is a family of datatypes, each of-which comprises a finite number of distinguished but|un-
ordered values with no characterizing operations, except Equal. Syntax:

state-type = "state". (" state-value-list ")".
state-value-list ¥ state-literal {"," state-literal}.

state-literal.+ identifier.

Th¢ interpretation of the syntax is formally defined in ISO/IEC 11404.

7.5/1.9\ 'The ordinal datatype

Ordinal is the datatype of the ordinal numbers, as distinct from the quantifying numbers (datatype
Integer). Ordinal is the infinite enumerated datatype. Syntax:

ordinal-type = "ordinal".

ordinal-literal = digit {digit}.
The interpretation of the syntax is formally defined in ISO/IEC 11404.
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7.5.1.10 The time datatype

Time is a family of datatypes whose values are points in time to various common resolutions: year,
month, day, hour, minute, second, and fractions thereof. Syntax:

time-type = "time" "(" time-unit ["," radix "," factor]")".

time-unit = "year" | "month" | "day" | "hour" | "minute" | "second" |

parametric-value:
time-literal = digit{digit} ["."digit{digit}].

Thgq interpretation of the syntax is formally defined in ISO/IEC 11404.

7.5{1.11 The bit datatype

Bit §s the datatype representing the finite field of two symbols designated “0”, the additive idenfity,
and| “1”, the multiplicative identity. Syntax:

bit-type = "bit".
bit-literal = "0" | "1".

Thelinterpretation of the syntax is formally defined in ISO/IEC 11404.

7.5{1.12 The rational datatype

Ratjonal is the mathematical datatype comprising the “rational numbers”. Syntax:

rational-type = "rational".

rational-literal =\["-"] digit{digit} ["/" digit{digit}].

The|interpretation of the syntax is formally defined in ISO/IEC 11404.

7.5.1.13 The scaled datatype

Scalpd s a family of datatypes whose value spaces are subsets of the rational value space, epch

indiyidual datatype having a fixed denominator, but the s | of

approximate value. Syntax:

scaled-type = "scaled" "(" radix "," factor ")".
scaled-literal = ["-"] digit{digit} [fraction].
fraction = "." digit{digit}.

The interpretation of the syntax is formally defined in ISO/IEC 11404.
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7.5.1.14 The complex datatype
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Complex is a family of datatypes, each of which is a computational approximation to the mathemat-
ical datatype comprising the “complex numbers”. Specifically, each complex datatype designates a
collection of mathematical complex values which are known to certain applications to some finite
precision and must be distinguishable to at least that precision in those applications. Syntax:

complex-type = "complex" ["(" radix "," factor ")"].

The

7.5.

Void
but

The

7.5

7.54

Rec

complex-literal = "(" real-part "," imaginary-part ")".
real-part = real-literal.

imaginary-part = real-literal.

interpretation of the syntax is formally defined in ISO/IEC 11404.

1.15 The void datatype

| is the datatype representing an object whose presence is syntactically or semantically requi
carries no information in a given instance. Syntax:

interpretation of the syntax is formally defined<in ISO/IEC 11404.

{2 Generated datatypes

generated-datatype = record=type
| choice-type
| ‘array-type
) pointer-type.

2.1 The record datatype

brd generates(a datatype, called a record datatype, whose values are heterogeneous aggregat

of values of component datatypes, each aggregation having one value for each component datat

keys

d by afixed “field-identifier”. Syntax:

record-type = "record" "of" "("field-list")".

red,

jons
ype,

field-list = field {"," field}.
field = field-identifier ":" field-type.
field-identifier = identifier.

field-type = type-specifier.

All field-names shall be unique within their immediately containing record-type or choice-type.

The
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7.5.2.2 The choice datatype

ISO/IEC 13886:1996(E)

Choice generates a datatype called a choice datatype, each of whose values is a single value from
any of a set of alternative datatypes. The alternative datatypes of a choice datatype are logically
distinguished by their correspondence to values of another datatype, called the tag datatype.

choice-type = "choice" "("tag-type")" "of" "("alternative-list")".

tag-type = type-specifier.

Thé

alternative-list = alternative { "," alternative} [default-alternativel.
alternative = tag-value-list ":" alternative-type.

default-alternative = "default" ":" alternative-type.

alternative-type = type-specifier.

tag-value-list = select-list.

select-list = select-item {"," select-item}.

select-item = value-expression | select-range.

select-range = lowerbound ".." upperbound.
lowerbound = value-expression | "*".

upperbound = value-expression | "*".

interpretation of the syntax is formally defined:in ISO/IEC 11404.

7.5{2.3 The array datatype

Array generates a datatype, called anCarray datatype, whose values are associated between

pro;tuct space of one or more finite datatypes, designated the index datatypes, and the value Sp
of the element datatype, such that every value in the product space of the index datatypes associ

to ekactly one value of the element datatype. Syntax:

array-type = "array" "("index-type-list")" "of" "("element-type")".
index-type-1ist = index-type {"," index-type}.

index-type-= type-specifier | index-lowerbound ".." index-upperbound.
index<lowerbound = value-expression.

index-upperbound = value-expression.

the
ace
htes

¢lement-type = type-specifier.

The

interpretation of the syntax is formally defined in ISO/IEC 11404.
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7.5.2.4 The pointer datatype
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Pointer generates a datatype, called a pointer datatype, each of whose values constitutes a means of
reference to values of another datatype, designated the element datatype. The values of a pointer
datatype are atomic. Syntax:

Poi

a 1ne

poi

A p¢
stat]
effic;

of ap inout restricted pointer was changed as a result of executing the server procedure.

A pq

Box

7.5.

A subtype-spec conisists of a list of elements, where each element is either a value-ezpressio

the

in a

formal-value-parm.

pointer-type = "pointer" "to" "("element-type")".

ans of reference to values of a.nother datatype de51gnated the element-type The va.lues
er datatype are boxes, as defined in clause 6.7.

binter with the “restricted” attribute is a pointer that never has the null label @nd is neif
cally nor dynamically aliased with any other pointer. Restricted pointers can’be suppor
ently; however, due to the optimized protocol it is impossible to determine whether the 13

binter value is said to be statically aliased at a procedure invocation if there is more that
which contains it among the generalized associates of the invocation association at initiat

NOTE - Static aliasing is a property of the closure, while dynaric aliasing is a property of the
invocation. The above definitions make the assumption that‘a formal parameter becomes a Box
in the invocation association containing the actual parameter value. Since this is not actually
required, the notion Box must be extended to includé the instantiation of the formal/actual
parameter bindings for the purposes of the above definition only.

3 Subtypes

subtype-spec = "select" "("sg¢lect-element {"," select-element}")".
select-element = value-expression | range.

range = lower-bound ".!" upper-bound | ".." upper-bound | lower-bound "..".

lower-bound = value-expression.

upper-bound = valué-expression.

specified datatype or a range of values of the specified type. The value-ezpressions that o
subtype<spec must refer to either a literal (immediate value), an enumeration literal, or

itwtes

of a

her
ted
tbel

one
on.

n of
Fcur
oa

7.6

40

Parameterized Types

parameterized-type-decl =
"type" type-identifier "("formal-value-parms")" "=" type-specifier.

formal-value-parms = formal-value-parm {"," formal-value-parm}.
formal-value-parm = identifier ":" value-param-type-spec.

value-parm-type-spec = 'type-specifier .
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A parameterized-type-decl introduces a partial specification of a datatype. It associates a type-
tdentifier and a set of formal parameters, called formal-value-parms, with a type-specifier. Each
formal-value-parm is itself an identifier that can be referenced from within the type-specifier. Ref-
erences to these formal-value-parms can only be used in place of value-ezpressions within the
type-specifier (e.g., in place of an array bound).

Each formal-value-param has a value-param-type-spec associated with it, specifying the datatype
of the formal-value-param. This type shall be a datatype that a value-ezpression may have in an
interface type definition.

Theq type-identifier introduced by a parameterized-type-decl can be used anywhere a type-spedifier
can|be used in the interface, as long as actual values are provided for the formal-value-parms of the
parg¢meterized-type-spec. Hence, whenever this type-identifier is referenced, it shall be Treferencefl as
a pgrameterized-type-reference.

A pprameterized-type-decl shall not directly reference itself (via a parameterized-type-reference)|nor
shall it reference itself indirectly (via a parameterized-type-reference to a different parameterjzed
typ¢ the directly or indirectly references this parameterized type).

All [formal-value-parms shall be unique within the immediately containing parameterized-type-decl.

7.7 Identifiers

object-identifier = "{"ObjectIdComponent {ObjectIdComponent}"}".

ObjectIdComponent = identifier | digit*| identifier "("digit {digit}"')".
The| syntax for object-identifier is that of an ASN.1 ObjectIdentifierValue, as defined in ISO 8824.

type-reference = [interface-synonym "::" ] identifier |
parameterized-type-reference.

parameterized-type-reference = [interface-synonym "::"]
identifier "("actual-value-parm
{"," actual-value-parm}")".

actual-value-parm = value-reference.
Wherever a-parameterized-type-reference is used in the interface-type, it shall reference the type-
specifierof a parameterized-type-decl. An actual-value-parm must be supplied for each formal-vafue-
parm of the parameterized-type-decl. The datatype of an actual- - as
the datatype of the corresponding formal-value-parm. The semantics of the resulting type-specifier

is that obtained by replacing each formal-value-parm reference within the type-specifier by the
corresponding actual-value-parm.

value-reference = [interface-synonym "::"] identifier {"." identifier}.

identifier = letter {pseudo-letter}.
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7.7]1 Value references to fields

A

If a| value-reference matches a field, then the, first identifier of the value-reference refers to

fiel

mo!
the

The (i+1)th identifier of the valuereference refers to the field associated with the field-nam

the

identifiers, then the value-referenice refers to this field.

7.7

A vplue-referenceinatches a parameter (return-arg) if:

42

<

letter = "A"I"B"I"C"I"D"I"E"'"F"I"G"I"H"l"I"I"J"|"K"I"L"|"M"l"N"l"D"l
"P"|"Q"]"R"|"S"|"’I‘"|"U"|"V"|"W"I"X"I"Y"]"Z"|
ngn "b"l"C" ndnlnenln.fnlnguluhn "i"l"j"l"k"l"l" nmnlnnn!non
upnluqn "r"|"s"|"t"]"u"|"v"l"w"|"x"|"y" LA

pseudo-letter = letter | digit | underline.
dlglt = nou‘nln|n2n|u3n|n4nInsn’u6n|n7nln8n|n9u-

underline = "_".

© ISO/IEC

nlue-reference matches a field if:

(a) the field is immediately contained within a record-type R; and

(b) the value-reference is contained within R; and
field; and

and

(e) there is no record-type R2 such that R2 is contained within R, and a), b), ¢) and d
true when substituting R2 for R.

d. If the ith identifier of a value-reference'refers to a field and the value-reference consist
de than i identifiers, then the field that the ith identifier refers to shall be a record-type,
(i+1)th identifier of the value-reference shall be the same as a field-name of this record-

ith identifier of a value-reference refers to a field and the value-reference consists of exac

(a) the’/value-reference does not match a field; and

(b) the parameter (return-arg) is immediately contained within a procedure-decl or proced

(c) the first identifier component of the value-reference is the same as the field-name of| the

(d) the value-reference is not contained within a procedure-type that is contained within R;

are

that
s of
and

ype.
. If

tly i

2 Value references to parameters, return-args, or to fields contained within them

ure-

type P; and

(c) the value-reference is contained within P; and

(d) the first identifier component of the value-reference is the same as the parameter-name

(tdentifier) of the parameter (return-arg); and

(e) the walue-reference is not contained within a procedure-type (distinct from P) that is

contained within P.
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If a value-reference matches a parameter (return-arg) and the value-reference consists of a single
identifier, then the value-reference refers to that parameter (return-arg). Otherwise, the parameter
(return-arg) must be a record-type and value-reference shall refer to a field, following the rules given
in clause 7.7.1.

7.7.3 Value references to formal-value-parms

A value-reference matches a formal-value-parm if:

(a) the value-reference does not match a field, a parameter, nor a return-arg; and
(b) the formal-value-parm is immediately contained within a parameterized-type-decl; ahd

(c) the value-reference is contained within the type-specifier of this paraméterized-typeldecl
and is the same as the formal-value-parm.

If a| value-reference matches a formal-value-parm then it refers to that formal-value-parm.

7.714 Value references to value-expressions

A yalue-reference matches a value-decl if the value-identifiép of the value-decl is the same as|the
tdentifier component of the value-reference.

If tHe interface-synonym component of the value-refereniceis absent, and the value-reference mat¢hes
a vglue-decl in the immediately containing interface-type, and the value-reference does not match
a field, a parameter, a return-arg, nor a formal-value-arg, then the value-reference refers to|the
immediately contained value-ezpression of that value-decl. Otherwise, if the interface-synofym
component of the value-reference is absent,-and the value-reference matches exactly one impofted
valz]e-decl, and the value-reference does 16t match a field, a parameter, a return-arg, nor a formal-

valde-parm, then the value-reference refers to the immediately contained value-ezpression of fhat
valde-decl.

NOTE - If the valué-identifier of an imported value-decl is the same as a value-identifier
defined in the immediately containing interface-type or is the same as a value-identifier of a
value-decl imported from a different interface type definition, then it may only be referenced
using its associdatéd interface-synonym.

If the interface:synonym component of the value-reference is present and value-reference matchbs a
value-decl in'the interface type definition denoted by the interface-synonym, then the value-referdnce
refers tg the immediately contained value-ezpression of this value-decl.

7.7.5 Value references to enumeration-identifiers

When the type-identifier component of the value-reference is present, a value-reference matches an
enumeration-identifier of an enumerated-type if the type-identifier of the value-reference is the same
as an enumeration-identifier of the enumerated-type. If the type-identifier is not present, a value-
reference matches an enumeration-identifier of an enumerated-type if the tdentifier component of
the value-reference is the same as an enumeration-identifier of the enumerated-type.
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If the interface-synonym component of the value-reference is absent, and the value-reference matches
exactly one enumeration-identifier in the immediately containing interface-type, and the value-
reference does not match a field, a parameter, a return-arg, a formal-value-parm, nor a value-
ezpression, then the value-reference refers to the matching enumeration-identifier. Otherwise, if
the interface-synonym component of the value-reference is absent, and the value-reference matches
exactly one imported enumeration-identifier, and the value-reference does not match a field, a
parameter, a return-arg, a formal-value-parm, nor a value-ezpression, then the value-reference refers
to the imported matching enumeration-identifier.

If the interface-synonym component of the value-reference is present, and the wvalue-referepce
matdhes exactly one enumeration-identifier in the interface type definition denoted by the interfdce-
synopym, and the value-reference does not match a value-ezpression in the definition denoted|by
the dnterface-synonym, then the value-reference refers to the matching enumeration-identifier.

7.7.6 Termination references

The pules governing the resolution of termination-references are identical to the rules governing fhe
resoljtion of type-references.
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Annex A
(informative)

Procedure Parameters

The syntax for the language-independent calling mechanism allows for a procedure to be a parame-

ter pfamotier procedure—There are three different cases that result from the procedure paramdters

featjure.

A.1 LIPC Reference / Local Access

In this case, procedure A in language X calls procedure B in language Y and passes to procedure
B a|pointer to procedure C which is also in language Y. There shall exist away for language X to
refefence procedure C in order to generate a pointer to pass to procediire B. This reference to C
shall be referred to as the lipc-reference. After B has begun execution, it will eventually call C,[but
this|is simply a local call therefore no lipc-access is necessary.

NOTE - Procedure B must understand how to call procedure C “locally” based on the lipc-
reference information it was passed.

Language X Language Y
A: begin B: begin
B(C); C;
end end
C: begin
end

A.2 LIPC'Reference / LIPC Access

In this“case, procedure A in language X calls procedure B in language Y and passes to procedure
B a pointer to procedure C which which is in language X. Eventually, B will call C and in this
case the call to C must use lipc-access since the call crosses the boundary. In addition to this for
B to call C, it must have the lipc-reference of C. This information is obtained from that which was
passed from procedure A.
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Language X

A: begin
B(C);

end

C: begin
end

Language Y

B: begin
G

end

© ISO/IEC

A.3| Local Reference / Local Access

In this case, procedure A in language X calls procedure B in language Y ard passes to procedur¢ B
a pojnter to routine D in language X. Eventually, B will call procedure C in language X and pfass
to procedure C the pointer to routine D. C will then call D, but in this case both the reference gnd
accegs of D by C are local. Therefore it is not necessary for the)pointer information describing D
to be a lipc-reference, but it must be in a form that allows.the transformation to B’s environmgent

and pack to its original state.

Language X

A: begin
B(D);
end
C: begin
D;
end
D: begin
end

Language Y

B: begin
C(D);

end
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Annex B

(informative)

Interface Definition Notation Syntax

This annex contains the complete IDN syntax, for reference only.

Prdductions of the IDN Normative fext page

actiual-value-parm = value-reference.

alternative = tag-value-list ":" alternative-type.

altlernative-list = alternative { won alternative} [default-alternative] .

alternative-type = type-specifier.
argument = argument-name ":" ["restricted"] argumént<type.

argpment-declaration = direction argument.

arghment-list = argument-declaration {"," argument-declaration}.

arghment-name = identifier.

arghment-type = type-specifier.

array-type = "array" "("index-type-list")" "of" "("element-type")".
bitrliteral = "0" | "1,

bitttype = "bit".

boolean-literal = "true" | "false".

boolean-<type = "boolean".

character—=
The value of character shall be any character drawn
from the character set identified by the repertoire
identifier in the production character-type, or from the
default character set if the repertoire identifier is absent.

character-literal = "’"character"’".

41
39
39
39
34
34
34
34
34
39
37
37
33
33

33

33
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character-type = "character" ["(" repertoire-list")"]. 33
choice-type = "choice" "("tag-type")" "of" "("alternative-list")". 39
complex-literal = "(" real-part "," imaginary-part ")". 38
complex-type = "complex" ["(" radix "," factor ")"]. 38
cons = = =1 i 31

boolean-type | enumerated-type | state-type

ordinal-type | time-type | bit-type |

rational-type | scaled-type | complex-type.
decllaration = value-decl | type-decl | procedure-decl | termination-decl. 29
default-alternative = "default" ":" alternative-type. 39
defined-datatype = type-reference [subtype-spec]. 32
digilt = "O"|"1n|m2n|n3v|ngn| BT en T Y| g | 9", 42
dirdction = "in" | "out" | "inout". 34
elenent-type = type-specifier. 39
enunerated-literal = identifier. 33
enunjerated-type = "enumerated" "('lenumerated-value-list ")". 33
enunerated-value-list = enumerated-literal {"," enumerated-literal}. 33
factor = value-expression. 32
field = field-identifier ":" field-type. 38
field-identifierv= identifier. 38
field-1list ®/field {"," field}. 38
field-type = type-specifier. 38
formal-value-parm = identifier ":" value-param-type-spec. 40
formal-value-parms = formal-value-parm {"," formal-value-parm}. 40
fraction = "." digit{digit}. 37
generated-datatype = record-type | choice-type | array-type | pointer-type. 38
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identifier = letter {pseudo-letter}.
imaginary-part = real-literal.

import = "imports" ["("import-symbol-list")"] "from"
[interface-synonym ":"] object-identifier.

im:[rt-symbui—=—idantifie1.
index-lowerbound = value-expression.

index-type = type-specifier | index-lowerbound ".." index-upperbound
index-type-list = index-type {"," index-type}.

index-upperbound = value-expression.

integer-literal = ["-"]digit{digit}.

intpger-type = "integer".

intprface-body = {import} {declaration ";"}.

intprface-identifier = object-identifier;

impprt-symbol-list = import-symbol {*)," import-symbol}.
intprface-synonym = identifier:

intprface-type = "interface" [interface-synonym ":"]
[interface-identifier] "begin" interface-body "end".

letter = "A"|"B"|"C"I"D"l"E"|"F"I"G"I"H"I"I"I"J"’"K"I"L"I"M"I"N""'U"I
"P"]"Q"l"R"l"S"l"T"|"U"I"V"I"W"|"X"|"Y"I"Z"|
fngn nbn'ncnlndnlnen nfulngn|nhn|niulnjnlnknlnlnlnmn|nnnluon
npn|nqn|urnlnsnlntulnunlnvnlnwnlnxnlnyu "ot

lowerbound = value-expression |"*".

lower-bound = value-expression.

ObjectIdComponent = identifier | digit | identifier "("digit {digit}")".
object-identifier = "{"ObjectIdComponent {ObjectIdComponent}"}".

octet-type = "octet".

41

38

30

30

39

39

39

39

32

32

29

29

30

29

29

42

39

40

41

33
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ordinal-literal = digit {digit}.

ordinal-type = "ordinal".

parameterized-type-decl =

"type" type-identifier "("formal-value-parms")" "=" type-specifier.

parameterized-type-reference = [interface-synonym "::"]

pointer-type = "pointer" "to" "("element-type")".

primitive-datatype = integer-type | real-type | character-type |

PToq

PTo¢
prog

PToq

pseydo-letter = letter | digit | underline.

tedure-declaration =

fedure-identifier = identifier.
tedure-reference = procedure-identifier.

tedure-type = "procedure" "(" [argument-list] ")"

1del Tfier E aetuat-vatue Pum ! ’ ECCIIET'VETIIE-paImf , .

boolean-type | enumerated-type | octet-type |
procedure-type | state-type | ordinal-type |(time-type |
bit-type | rational-type | scaled-type | complex-type |
void-type.

"procedure" procedure-identifier "(" [argument-list] ")"
["returns" "("return-argument")"]
["raises" "("termination~list")"].

["returns" " (/" return-argument ")"]
["raises" "(" termination-list ")" ].

radix = value-expression.

range = lower<betnd ".." upper-bound | ".." upper-bound | lower-bound "..".
ratjonal-literal = ["-"] digit{digit} ["/" digit{digit}].

rational-type = "rational".

real-literal = integer-literal ["."digit{digit}] [["-"] "E" digit{digit}].
real-part = real-literal.

real-type = "real" [ "(" radix "," factor ")" ].

record-type = "record" "of" "("field-list")".
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repertoire-identifier = value-expression.

repertoire-list = repertoire-identifier {"," repertoire-identifier}.

return-argument = [argument-name ":"] argument-type.

scaled-literal = ["-"] digit{digit} [fraction].

scahed-type = "scaled" "(" radix "," factor ")".
selpct-element = value-expression | range.

selpct-item = value-expression | select-range.

selpct-list = select-item {"," select-item}.

selpct-range = lowerbound ".." upperbound.

stafe-literal = identifier.

state-type = "state" "(" state-value-list ")".

state-value-list = state-literal {"," state-literal}.

subtype-spec = "select" "("select-element {"," select-element}")".

tagftype = type-specifier.

tagrvalue-list = select-list.

termination-list = termination-reference {"," termination-reference}.

termination-reference = [interface-synonym "::"] identifier.

timg¢-literal = digit{digit} ["."digit{digit}].

timg¢-type = "time" "(" time-unit ["," radix "," factor]")".

timg-unit = "year" | "month" | "day" | "hour" | "minute" | "second" |
parametric-value

type-decl = "type" type-identifier "=" type-specifier

parameterized-type-decl.
type-identifier = identifier.

type-reference = [interface-synonym "::" ] identifier

33

33

34

37

37

40

39

39

39

36

36

36

40

39

39

34

34

37

37

37

31

31

41
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parameterized-type-reference.

type-specifier = primitive-datatype | generated-datatype | defined-datatype. 32

underline = "_". 42

upperbound = value-expression | "*". 39

upper~bound—value-expression- 40

value-decl = "value" value-identifier ":" 31
constant-type-spec "=" value-expression.

value-expression = value-reference | procedure-reference | 31

integer-literal | real-literal | character-literal |
boolean-literal | enumerated-literal | state=Yiteral |
ordinal-literal | time-literal | bit-literal|
rational-literal | scaled-literal | complex-literal |
void-literal.

value-identifier = identifier. 31
value-parm-type-spec = type-specifier. 40
value-reference = [interface-synonym "::"]\\identifier {"." identjfier}. 41
void-literal = "nil". 38
void-type = "void". 38
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Annex C
(informative)

How to do an LIPC binding for a language

The LIPC model is based upon the familiar “client-server” concept: a client program calling a
ser i i i i jure

* )
(serper) side agrees to provide the service (of executing the procedure), and the programc(¢li
side| agrees to provide the necessary calling information (i.e. the actual parameters) in accords
withh the parameter passing methods required.

Thelbinding of a programming language to LIPC must therefore consists of two parts;one specify

serviice and the client side of the virtual contract, and on the server’s‘EIPC service and the ser

side|of the virtual contract. They must be separate and self-contained, since a particular langu

ent )
Ince

ring
ire,
[ an
[PC
ver
age

progessor may have available only one or other LIPC service or Both; i.e. it may be able to act as a

client but not as a server, as a server but not as a client, or aseither. However, the bindings mus

congistent; an LIPC call to a procedure written in the samelaniguage must be indistinguishable ft

a difrect call, subject only to processor-dependent variations permitted by the language stand
and|any implementation constraints imposed by the particular LIPC service.

One| thing to bear in mind when specifying the'bindings is that languages may be conceiy
designed and used with a much more integrated-view of a procedure and its call than is feasible
perhaps even desirable) in an LIPC environiment. This can be reflected in the language stand:

t be
om

ard,

red,
(or
hrd,

whi¢h will need to be examined in case\it contains any inbuilt assumptions, that are not stdted

explicitly, about what it means to call'a procedure. The decoupling of the client and server s

des

of a[procedure call may need to be more complete than in the language standard, which may tlake

explicit in the binding standard than has hitherto been customary in the language community

a mlfre close-coupled view. Hénce aspects may be uncovered which will need to be made njore

The|decoupling therefore-needs to be accompanied by a conscious search for such implicit assup-

tions. Care will need-t6 be taken, when making these explicit in the binding standard, that
prodess remains faithful to the view of procedure calling familiar to language users.

C.1] Lioking the client and the server

this

Languages vary greatly in the way that i i ate

any procedures called by a program. Strictly block-structured languages may require “declaration
before use”, or at least that the procedure be declared in the same block, or some surrounding

block, from where the call originates. Languages with a more disjoint structure, designed

for

separate compilation of procedures, may assume the existence of a “link editor” - left undefined
or implementation-dependent in the language standard - to make the connections. Some require

explicit invocation of required libraries or modules, either within the program text, or through

use

of processor directives or options outside the program itself. Some make the procedure heading
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separable from the procedure body, so the specification of the formal parameters etc. can appear
explicitly in the text of the calling (client) program.

In the block-structured case, external procedures can be provided by assuming the existence of a
“super-block”, surrounding the outermost block of the program itself, in which all needed proce-
dures are “declared”. In the disjoint case, it is up to the (implementation-dependent) link editor
to find the missing blocks, e.g. by pre-processor commands or compiler directives.

Such matters are often rega.rded by the responsxble committee as outside the scope of the la.nguage

contains any inbuilt assumptions, but subject to fhaf they can be left out of the language bingding
sta da.rd as well - though it should be stated explicitly that they are left out, and why.” Qnly
when the language standard explicitly addresses access to modules or procedure librariés may it be

nec¢ssary to say something in the binding standard about accessing LIPC procedures.

Thrpughout, the essential principle to maintain is that the call of an LIPC procedure from within
a cljent program must be indistinguishable in the program text from the call-of a native langnage
(extiernal) procedure. The user of the client program will need to know how to access the required
pro¢edure, but that is the case for any external procedure. Nothing extra should be needed for an

LIPIC procedure.

If the language standard address exception handling, then regardless of how the language deals with
extgrnal procedures, the binding standard should cover any exception conditions particular to LIPC
calls (e.g. unable to locate external procedure, no binding available for ..... datatype parameter).
Inclusion of such exception reporting may be worth considering even when the language standard
itself does not address exceptions.

C.2 Client mode binding

For| a language processor acting in_client mode, the client LIPC service first needs to magshal
the|actual parameters (including the returned result, considered as an extra “out” parameter)
intq LIPC form. Marshalling intludes, for each actual parameter, both identifying the parameter
passing method, and mapping the local datatype into the corresponding LID datatype. The binfing
standard does not need to provide the datatype mappings, which can be established by refergnce
to the language’s LID binding. However, it does need to cite explicitly any constraints that{ the
language imposes on-the allowed datatypes for parameters (including the returned result).

NOTE —{Jt'may be felt desirable to include “allowed extensions” of the datatypes permitted for
parameters, to widen the range of LIPC procedures that can be called, e.g. to allow aggregates
to be'passed as parameters. However, in that case it would be logical to permit the extensions
for server mode too, in which case it would seem better to include the parameter extensions in

an separate addendum - optional or mandatory - to the language standard, rather than confine
it to the LIPC context.

As well as datatypes of actual parameters, the binding standard should cite the parameter passing
mechanisms supported by the language standard and relate them to the parameter passing modes
of the LIPC standard, together with the rules for marshalling parameters of each kind. In every
case it must be made explicit whether the mechanism is allowed, recommended, or required. For
the purpose of LIPC binding it may be thought desirable to be stricter than in the purely local
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case, to promote efficiency: for example, a language standard may in the general case allow either
“call by reference” or “copy in copy out” for an “out” parameter, but for an LIPC call the binding
could recommend, or even require, use of “copy in copy out”, assuming that the server procedure
itself can accept that mechanism in the virtual contract.

The client mode binding will of course also need to allow for the reverse unmarshalling of returned
results (out parameters) as a result of the call.

C.g—Server mode binding

Superficially it might appear that the server mode binding would be symmetrical to the elient thode
biriiing, a kind of mirror image. However, this is not quite the case; the apparent symmetfy is
dedeptive. It is the server side which primarily determines the virtual contract; the definitign of
the| server procedure specifies the number and datatypes of the parameters, including the returned
valfie if any. The server side also determines the allowable methods of parameter passing: if the
clignt cannot pass a parameter by the required method, then the call cannot take place.

NOTE 1 - LIPC does not and cannot ensure that any valid procedure in any language can be
called by a valid procedure invocation in any other language.

For a language processor acting in server mode, the server ‘LIPC service needs to unmarshal from
thel incoming LIPC form into the form which would be‘required for the call if it were from] the
seryer’s own language. This will require a datatype mapping, provided by the LID standard,|and
posgsibly also a datatype conversion.

The standard for the server language may alreddy allow some automatic datatype conversions| For
exdmple, if a formal parameter called by value (on initiation) is of datatype real; then the stanflard
maly permit also an actual parameter of datatype integer, the integer value being converted|into
(say) floating point form. Therefore,.if the server’s LIPC server receives such an actual paramfter,
it can map it from LID Integer to server integer and pass in the value. The binding standard heed
say| nothing about the consequeht datatype conversion, since that will be handled inside the s¢rver
prdcessor just as it is were it part of an ordinary, non-LIPC call.

Hopwever, suppose that (the incoming actual parameter is of LID datatype Scaled - e.g. becpuse
the] client language does'not support floating point or other approximate real datatype, or proyides
fix¢d-point as wellas’floating point? The binding standard does now need to specify whetheg the
conjversion of LID-Scaled to server real is permitted, and if so how it is to take place.

NQTE*2 - Hence datatype conversions in an LIPC call are in general of two kinds - within
the\LIPC service during unmarshalling, which are specified in the binding standard, and within
the server processor during procedure initialising, which are not. Some actual parameters may
indeed go through conversions of both kinds. The calling client sees no difference.

The binding standard for server mode therefore needs to specify not just the LID mappings for
parameter datatypes, but also, explicitly, allowed conversions from LID datatypes without direct
equivalents in the server language.
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NOTE 3 - The LID binding standard may specify, or allow, or suggest such conversions, but
the LIPC binding must revisit the subject in the light of the particular context of parameter
passing, which may (and in many languages does) impose additional restrictions on allowed
datatypes.

Mention was made, in respect of client mode binding, of the allowed parameter passing modes
within the language. This holds also on the server side, of course. The binding standard should
ensure that there is no inconsistency between the two.

C.4

Procedure parameters

If tHe server procedure has a formal parameter of a procedure datatype, this means that the
server procedure, during execution, will call the actual procedure supplied as the actual paramefer.

The
and

server procedure may, depending on the language, specify (directly or indirectly) the number
datatypes of parameters for the supplied actual procedure, or be able to treat the (formal)

procpdure parameter generically. Since LID procedure datatypes carry information about fthe

number and datatypes of the procedure’s parameters, the*two LIPC services, on the client
servgr sides, will be able to communicate the necessary information through the LID mappi

of the procedure parameter, to decide whether thé<actual procedure parameter supplied can| be
called by the server. If the server specifies the number and datatypes of parameters for the actual

procedure, the unmarshalling can check that the incoming procedure parameter is acceptable.

In géneral, the call itself will be one of three kinds:

The
In ¢

It may be of a procedure local'to the server side
It may be of a procedure-local to the client side

It may be a procedure local to neither the client nor the server, but residing on another seryer.

binding standard will need to cover all three cases.

hse 1, the server can simply call the procedure normally, and continue.

In chse 2, where the procedure referenced by the procedure parameter is local to the client sjde,

the

ralldamounts to a “reverse call” from the server side (acting in client mode for this procedure

datdtype parameter) to the client side (acting in server mode for the same procedure parameter).
Thus procedure parameters cannot be supported unless the processors in both sides can act in both
modes, and the conformity rules for the LIPC binding standard will need to reflect this.
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NOTE - Note that, since both sides conform in both modes, the two LIPC sexrvices can agree
parameter passing modes for calls of actual parameters of procedure datatype, as well as for the
original call.

Note that the passing mode “call by value sent on request”, and references in the server pro-
cedure body to pointer parameters, can all be treated as if they were reverse calls of “mini
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