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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies t

hat are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization 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 par

t in the
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[SO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintena
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria nee
the different types of document should be noted. This document was drafted in @coordance w
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the
pf patent rights. ISO and IEC shall not be held responsible for identifying any or all such
rights. Details of any patent rights identified during the development.6f'the document will b¢
[ntroduction and/or on the ISO list of patent declarations received (See www.iso.org/patents).

constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific ter
expressions related to conformity assessment, as well as information about ISO's adherencs
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the fo
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technicall Committee ISO/IEC JTC 1, Information tecH
Subcommittee SC 22, Programming languages, their environments and system software interfaces

This second edition cancels and replaces ISO/IEC TR 14369:1999 and ISO/IEC TR 14369:2014, o
it constitutes a minor revision.

The main changes compared to the previous edition are as follows:
— the reference section(has been corrected/updated;

— editorial changeshave been made to fully align with ISO/IEC Directives.
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Introduction

This document is dedicated to Brian L. Meek in grateful recognition of his leadership and vision in the
development of the concepts on programming language independent specifications, and his efforts in
producing a set of documents in this area. Without his commitment this document never would have
been published.

0.1 Background

This dorument provides guidance to those writing specifications of services, and of interfaces to services
in a language-independent way, in particular as standards. It can be regarded as complementary-to
ISO/IEC TR 10182, which provides guidance to those performing language bindings for such services
and thdir interfaces.

NOTE 1| Here and throughout, “language”, on its own or in compounds like “language-independent”, means
“programming language”, not “specification language” nor “natural (human) language”, unless,explicitly stated.

NOTE 2| A “language-independent” service or interface specification can be expressed-using either or both of
a naturgl language like English or a formal specification language like VDM-SL or Z.An“a sense, a specification
can be fegarded as “dependent” on VDM-SL, for example. The term “language-independent” does not imply
otherwise, since it refers only to the situation where programming language(s) can.otherwise be used in defining
the servjice or interface.

The deyelopment of this document was prompted by the existence,of-an earlier draft IEEE Technical
Report| (IEEE TCOS-SCC Technical Report on Programming Language Independent Specification
Methods, draft 4, May 1991). The TCOS draft was concerned with specifications of services in a POSIX
systemp environment, and as such contained much detailed*POSIX-specific guidance; nevertheless
it was [clear that many of the principles, if not the detail, were applicable much more generally
This dpcument was conceived as a means of providing such more general guidance. Because of
the verly different formats, and the POSIX-related detail in the TCOS draft, there is almost no direct
corresppondence between the two documents, excépt in the discussion of the benefits of a language
independent principles below. However, the spirit‘and principles of the TCOS draft were of great valug
in developing this document, and reappear herein, albeit in much altered and more general form.

NOTE 3| The TCOS draft has not in fact-been published, as the result of an IEEE decision to concentratg
activitigs in other POSIX areas.

0.2 Principles

Servicg or interface specifications that are independent of any particular language, particularly
when gmbodied in recognized standards, are increasingly seen as an important factor in promoting
interopleration and substitttion of system components, and reducing dependence on and consequent
limitations due to particular language platforms.

NOTE It is possible for a specification to be “independent” of a particular language in a formal sense, buf
still be flependention it through inbuilt assumptions derived from that language which do not necessarily hold
for othefr languages. The term “language-independent” here is meant in a much stronger sense than that, though
completle independence from all inbuilt assumptions can be difficult if not impossible to achieve.

Potential benefits from language-independent service or interface specifications include:

— Alanguage-independent interface specification specifies those requirements that are common to all
language bindings to that interface, and hence provides a specification to which language bindings
can conform.

— Alanguage-independent interface specification is a re-usable component for constructing language
bindings.

— A language-independent interface specification aids the construction of language bindings by
providing a common reference to which all bindings can relate. Through this common reference
it is possible to make use of pre-existing language bindings to language-independent standards

viii © ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=7eb8aedb4c52730e45db08e538fcc2ec

ISO/IEC TR 14369:2018(E)

for common features such as datatypes and procedure calls, and to other language-independent
specifications with related concepts.

— A language-independent service or interface specification provides an abstract specification of a
service in isolation from language-dependent extensions or restrictions, and hence facilitates more
rigorous modelling of services and interfaces.

— Language-independent service specifications facilitate the specification of relationships between
one service and another, by making it easier to relate common concepts than is generally possible

— A language-independent interface specification facilitates the definition of relationships between
differentlanguage bindings to a common service (such as requirements for interoperability between
applications based on different languages that are sharing a common service implémentatjon), by
providing a common reference specification to which all the languages can relate,

— A language-independent interface specification facilitates the definition of relations between
bindings to multiple services, including the requirements on management of multiple name|spaces.

— A language-independent service or interface specification brings €conomic benefits by r¢ducing
the effort and resources needed to ensure compatibility and eensistency of behaviour between
implementations of the same service in different languages”or’between applications bgdsed on
different languages using the same interface.

© ISO/IEC 2018 - All rights reserved ix
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Information technology — Programming languages,
their environments and system software interfaces —

Guidelines for the preparation of language-independent

service specifications (LISS)

1 Scope

This document provides guidelines to those concerned with developing specifications of infor
technology services and their interfaces intended for use by clients of the services, in partic
external applications that do not necessarily all share the environment and“assumptions
particular programming language. The guidelines do not directly or fully cover all aspects of
por interface specifications, but they do cover those aspects required to achieve language indepe
.e. required to make a specification neutral with respect to the language environment from w}
service is invoked. The guidelines are primarily concerned with the/interface between the sery
the external applications making use of the service, including the@pecial case where the servi
is already specified in a language-dependent way but needs to be‘invoked from environments

languages. Language bindings, already addressed by ISO/IEC'TR 10182, are dealt with by pr
pdvice on how to use the two documents together.

This document provides technical guidelines, rather than organizational or administrative gu
for the management of the development process, though in some cases the technical guidelines c
prganizational or administrative implications.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintainterminological databases for use in standardization at the following addre

— 1SO Online browsing platform: available at https://www.iso.org/obp

— 1EC Electrfepedia: available at http://www.electropedia.org/

3.1
client
application (typically a program in some language) which makes use of a service (3.13)

mation
ular by
of one
service
ndence,
tich the
ice and
re itself
f other
pviding

delines
hn have

sses:

Note 1 to entry: The term “service user” (3.15) is often used in a similar sense, where “client” more often implies

the physical computer system on which the application is running, rather than just the application itself.

3.2
datatype
set of values, usually accompanied by a set of operations on those values

3.3
formal language
formal specification language (3.16)
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3.4
interface
mechanism by which a service user (3.15) invokes and makes use of a service (3.13)

3.5

language

programming language, not specification language (3.16) or natural (human) language, unless otherwise
qualified

3.6
langunge binding

specifi¢ation of the standard interface to a service (3.13), or set of services, for applications writtenyin 3
particular programming language

3.7
language-dependent
state of making use of the concepts, features or assumptions of a particular programiing language

3.8
languenge-independent

state of not making use of the concepts, features or assumptions of any\particular programming
language or style of language

3.9
language processor

entire fcomputing system which enables a programming language user to translate and executg
programs written in the language, in general consisting both ofhardware and of the relevant associated
software

[SOUR(E: ISO/IEC TR 10176:2003, 3.1, modified — thie*words “denotes the” at the beginning of the
definition, and the two Notes to entry were deleted,]

3.10
mapping
defined association between elements (such'as concepts, features or facilities) of one entity (such as 3
prograjnming language, or a specificationyor a standard) with corresponding elements of another entity

Note 1 tp entry: Mapping when used as-a'verb is a process of determining or utilizing a mapping.

Note 2 fo entry: Mappings are usually defined as being from one entity into another. A language binding of 3
language L into a standard S u$ually incorporates both a mapping from L into S and a mapping from S into L.

Note 3 flo entry: Dependifg)on what is being mapped, a mapping is not necessarily one-to-one. This means that
mapping an element E-from system A into an element E' of system B, followed by mapping E' back into system A
does nof necessarily.gét back to the original E. In such situations, if a two-way correspondence is to be preserved
the exeqution of tdre mappings needs to include recording the place of origin and returning to it.

3.11
marshalling

rocess nF collactina tha qnh-q] naramatarc nead 1n o s di
P —Core et g tReActuar parametersHseaaproceatt

assembling them for transfer to the called procedure (3.12)

Note 1 to entry: This process is also carried out by the called procedure when preparing to return the results of
the call to the caller.

Note 2 to entry: Marshalling can be regarded as being performed by a service user when preparing input values

for a service provider, and by a service provider when preparing results for a service user, the service concerned
being regarded as the procedure being called.

2 © ISO/IEC 2018 - All rights reserved
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3.12
procedure
subprogram which can return a value

Note 1 to entry: A procedure that returns a value is sometimes called a subroutine, a procedure that does not

return a value is sometimes called a function.
Note 2 to entry: Some programming languages use different terminology.

3.13

service
facility, or set of facilities, made available to service users (3.15) through an interface (3.4)

3.14
service provider
server

service users (3.15)

correspond to part of all of one or more physical computer systems.

Note 2 to entry: The term “server” is often used in a similar sensepthough sometimes implying a
computer system that has no other function than to provide its service

3.15
Service user
hpplication (typically a program in some language) which makes use of a service (3.13)

Note 1 to entry: The term “client” (3.1) is often used.jn@ similar sense, though sometimes implying the
computer system on which the application is runningyrather than just the application itself.

3.16
specification language
formal language for defining the semantics of a service or an interface precisely and without am

3.17

unmarshalling

process of receiving and disassembling transferred parameters, and converting them if neces
prepare the values for further use

Note 1 to entry: This-process is carried out by the called procedure on receipt of the actual parameter
call, and by the caller"on receipt of the returned results of the call.

Note 2 to entpy:\Unmarshalling can be regarded as being performed by a service provider when receivi
values from-a‘service user, and by a service user when receiving results from a service provider, the]
concerned heing regarded as the procedure being called.

3.18
Z

computer system, or set of computer systems, that implements a service (3.13),and 'makes it available to

Note 1 to entry: In this definition, “computer system” means a logical systéni;“’not a physical systenp; it can

physical

physical

biguity

sary, to

5 for the

ng input
service

llldthcllldtibb)LUIIIPIUK llulll‘UUl S
Note 1 to entry: See ISO/IEC 10967-1.

3.19
Z
type of formal specification language (3.16)

Note 1 to entry: It is pronounced “zed”.

Note 2 to entry: See ISO/IEC 13568.
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4 Abbreviated terms

GPD general-purpose datatypes, as defined in [SO/IEC 11404:2007

LID language-independent datatypes, as defined in ISO/IEC 11404:1996; the LID specifications used
in this document are identical to the corresponding specifications in ISO/IEC 11404:2007 (GPD)

LIPC language-independent procedure calling, as defined in ISO/IEC 13886

RPC remote procedure cdll, as derined 1n I1SU/IEG 115761970

5 Overview

5.1 S[[arvices, interfaces, service providers and service users
(0]

The concept of a “service” is a very general one. In some contexts it is customary to Msé it in a restricted
sense, p.g. when talking about “service industries” as contrasted with “manuyfacturing industries”
Despitd such usages, almost any activity or behaviour can be regarded as a “séryice”, if it serves somg
useful purpose to do so (for example, manufacturing spoons can be regarded as a service for thosq
needing spoons).

With the concept of a service come the concepts of a “service provider” and a “service user”. Thq
provid¢r performs the activity that constitutes the service; the use€r is the customer or the client for
the seryice, for whom the service is performed. In the informatjon technology field, the “client-server
model”|incorporates these concepts: the server provides, the €lient uses.

Betwedn the service provider and the service user is ancinterface that allows them to communicate
The serfvice user communicates through the interface the requirement for the service, and any relevant
information (e.g. not only the need for spoons, but the number and size of spoons required), and thd
service|lprovider communicates through the interfa¢e the response to the order for the service, and any
additiopal information or queries (e.g. the spoons can be delivered in six days, do you want silver spoong
or plastfic spoons?). In the information technology field, such interfaces are usually explicit, realized
in hardware or software or both. In the world in general, they are sometimes explicit, but sometimes
subsunged in more general human or other interactions.

This diptinction between providersand user (client and server) should not be assumed to correspond
to idenftifiable distinct entities.\The distinction, and the service interface, can be purely notional
and pofsibly not normally thought of in that way. The service itself can similarly not correspond to 3
distincf, separate activity-and again possibly not normally thought of as such; it can be subsumed in
some ofher activity or group of activities, and can possibly be implicit.

Hence, ffor examplesina transaction between two parties, each one can be providing a service for the
other: ¢ach is a client, and each a server. In another context, the provider is providing the service to
itself; the proyider is also the user. Though it is possible to subdivide the provider/user into a provider
part anjd a @ser part when considering provision of the service, this can be inconvenient in other
respects;

In summary, “client” and “server”, are roles that are carried out, rather than elements that necessarily
need to be implemented separately. Though the term “client-server” is sometimes used in the
information technology field in ways that are more specific than it is used here, it is important not to
carry over assumptions from particular client-server models when reading this document. It is even
more important not to assume that implementation of any service, in the sense used here, needs to be
done using a client-server model.

5.2 Information technology services

The history of information technology has many instances of the technology, or a product, being used
for very different purposes and in very different ways from those originally envisaged. The kinds of
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service that information technology and products provide have continually expanded and diversified,
and this is still continuing.

It is as common in information technology as in the outside world for the term “service” in particular
contexts to be used in a rather specific way. The history of the technology suggests that, for the purposes
of formulating guidelines about services, the term should instead be used as generally as possible.

This document has adopted this very general approach to the concept of “service”. It is therefore
important that, when using this document and the guidelines it contains, no presuppositions should be

ouidelines should be interpreted and applied in that light.

N i - i /L r i -\ ...,

This document does, however, carefully distinguish between the service itself, and the finterfate used
Lo communicate with it. In some usages the term “service” includes the interface, and-the interface can
be embedded in the service and its specification (as in the phrase “all parts of the‘service”). Hpwever,
logically they are distinct, and this logical distinction is maintained throughout this’document.

Services in the most general sense often simply evolve naturally, but information technology services
are usually consciously designed. They are also often built from explicit sgecifications, though s¢me are
developed ad hoc. Whichever the case, it is useful to make a clear logical distinction between [service
providers, service users, and the interface between them, even if, when implemented, one or |pboth of
these distinctions are purely notional, and are not embodied in ideéntifiable and separable artefgcts like
particular hardware components or particular blocks of code. Iindeed, thinking about service prjovision
in such a way, in an environment that is normally regarded, as' a more integrated whole, can |help to
improve a specification, or at least to test it and verify its validity.

This is especially so in the increasing number of cases where information technology environmejnts and
services, though originally conceived as self-contaihed, need to interact with external enviropnments
and services, many of which need the distinction-bétween providers and users to be made explicit. An
instance of direct relevance to this document is ' where interacting entities are based upon djfferent
languages and hence different sets of underlying assumptions.

5.3 Services and language independence

The term “language-independent:service (or interface) specification” means “language-independent
specification of a service (or. interface)”, not “specification of a language-independent service (or
interface)”. Hence a language-independent specification of a service does not imply that the |service
itself is “language indepenhdent” in the sense intended here. The service specified can be relevgnt only
Lo environments of particular languages.

NOTE1 The implementation of a service which meets the specification uses some language or othef, if only
machine languagé;and so, is in a sense, “dependent” on that language, but that is not the sense intended here.

Also, a language-independent specification of an interface does not imply that the service interfaced to
is eitherdtself “language independent”, or specified in a language-independent way (though it can be).

A trivial instance is that of a language processor for a particular language providing a seryice by

language-independent interface specification can define the input and output in such a way that the
data can come from, and the results be returned to, some other system, in general using a different
language.

In a simple case like that, the user system and the interface are distinct and not closely coupled. The
interface can be implemented as a “black box” which acts in the same way that a human interpreter
would for two people with different languages conversing: it takes input from the client and translates
it into the equivalent input for the service, and takes the output from the service and translates it into
the equivalent output for the client.
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In the more general case, it is possible that the interface needs to be embedded in the client system so
that it appears to be integrated in that host environment. That environment can require invocations of
the service to be expressed in more meaningful terms, not limited to the data transmitted to it and the
results expected from it.

NOTE 2 One example involves the functional standards for graphics. In some languages the most suitable
invocation method is a procedure call to an external library, while in others the most suitable method is the use
of additional commands (keywords).

Both the simple and the general case are referred to as “binding” to the interface, though the binding i
much tighter in the general case. A “language binding” to the interface binds a particular programming
language (in general not the same programming language as the one used by the server), so-that
prograns written in that language can have access to the service. A good language binding’ allows
language users to use a style of accessing the service which is familiar to them, and also aceords with
official[standards for the language.

ISO/IEC TR 10182 provides guidance to those performing language bindings and writing standards
for them. This document provides complementary guidance to those specifying sefvice interfaces in 3
language-independent way, and writing standards for them.

A usefyl way of looking at language independence is by considering levels of\abstraction. The various
elements of programming languages can be regarded as existing at three levels of abstraction: abstract
compuftational, or representational, where the middle, computationak level can be divided into two
sublevdls, linguistic and operational. The linguistic elements are régarded as instantiations at the
computational level of the abstract concepts, while the operationallevel deals with manipulation of the
elements, which inevitably looks “downwards” to the realization of the elements in actual, processible
entitieq at the representational level.

NOTE 3| The representational level does not necessarily mean the physical hardware level, or the logical leve
of bits and bytes; see the discussion in 5.5.2.

5.4 Ijanguage-independent specifications

As the| preceding discussion has shownpja language-independent specification can be a service
specifi¢ation, specifying the service itself,:0r be an interface specification, specifying how the service is
accessdd by clients. It can cover both.

This ddcument is concerned primatily with specification of the interface to the service, rather than of
the servyice itself. The service can be predefined in a language-dependent way. How a service is specified
is likely to depend to some extént on the nature of the service and its application area, so guidelineg
on spegification of the servicé are definitely outside the scope of this document. However, where it is
wished|to produce a langprage-independent specification of a service, so that it can be implemented in
a variety of differentlanguages, then the guidelines presented can be useful, directly or indirectly. Foy
example, they draw<attention to factors that should be borne in mind, and it can then be possible tg
adapt them to the)particular circumstances.

This ddcumerit therefore provides guidelines applicable in the following cases:

—  specifyding aservice interface:

— specifying both of a service interface and the corresponding service itself, together;
— specifying from scratch (i.e. without anything pre-existing to base it on);

— specifying on the basis of an existing (probably language-dependent) service;

— specifying on the basis of an existing (language-dependent) binding.

Guidelines are grouped under various headings, dealing with different aspects. As far as possible each
group is independent, in the sense that they can be referred to without necessarily working through
preceding groups. Any necessary cross-references are provided.
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5.5 Problems of language dependence and inbuilt assumptions

5.5.1 General

Producing a language-independent specification can present many problems, especially if starting from
an existing service which was not originally designed to be language independent - typically, a service
designed in and for a particular language environment. If a service is specified in the “wrong” way - it is
possible that it was not “wrong” in its original context - it can make producing a language-independent
interface very difficult. In particular, it can depend on explicit or (more likely) implicit assumptions
hbout the language that applications using the service will be written in. Languages that aresiilar in
character to the original one can have less problems, but a language-independent interface specification
needs to be able to accommodate different language styles. This is one of the greatestchallenges in
developing language-independent specifications, whether for services or for interfaces.

NOTE Examples of styles of language are: procedural, declarative, functional, interpretive, object-driented,
ptc., and these are not necessarily mutually exclusive.

Such problems can still occur even if the service concerned is a new one yet to be developedl. Since
most service developers tend to come from a particular language environment, it is all too eagy, even
when consciously attempting to produce a language-independent specification, to carry over jmplicit
pssumptions from that environment, simply because they are implieit and hence rarely questipned or
even noticed.

5.5.2 Representational assumptions

An important class of language-dependent assumptions, is that of representational assumptionf. Some
languages have explicit or implicit models of how latiguage elements are represented at the hajrdware
level, either physically or logically. Simple instanges are storage of numerical values or of aggregate
datatypes such as indexed arrays or character strings, or numbers of datatype Complex (assumégd to be
represented by two numbers of datatype Realfor the cartesian real and imaginary parts).

Such models tend to become implicit for those used to that language environment, even when the
Janguage definition makes the modelexplicit. Users of the language get so used to that model that they
take it for granted. It is all too easy.for such assumptions to get carried over into what is intendg¢d to be
0 language-independent specification.

Representational assumptiens are not confined to the hardware level, but can occur at more gbstract
levels too; for example, a-supposedly “language-independent” specification can use an integer datatype
for a value which logically is not, or need not be, an integer. The fact that virtually all languagps have
An integer datatype.or'an equivalent is not relevant; it can be that the original language has ujsed the
integer datatype-because it was the best or only choice, but other languages can have alternatives
which the original language did not. A language-independent specification should avoid requirements
that constrairhow things should be represented, and concentrate upon what should be represented.

NOTE It is possible for a language-independent specification to be developed which is explicitly copcerned
with the representation of language elements. For such a specification, it is possible that not all the piinciples
putlined above apply, although some can still be relevant.

5.5.3 Implementation assumptions

Representational assumptions are a specific form of implementation assumption, though not all
implementation assumptions are language-dependent. Service designers make implementation
assumptions when they take it for granted that a particular implementation approach will be adopted.
A simple example is the assumption that the service will be invoked by a procedure call or, even more
specifically, will use procedure calls using a parameter passing mechanism of a particular kind.

Implementors of language-independent service specifications should not be required to adopt a
particular implementation approach. Instead, the specification should require only what is needed for
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the service, or is needed to ensure that different implementations will be mutually consistent or (if
interoperability is required) interact with one another correctly.

6 Guidelines on strategy

6.1 General

The discussion in Clause 5 above shows that a large number of factors need to be taken into account
when producing a [anguage-independent service specification. This clause provides guidance on how{0
go aboyt the task.

The gujdelines that follow are divided into general guidelines (see 6.2) and more specific ones."Somg
of the more specific guidelines are in fact similar to one another, appearing in various médified and
specifi¢ forms under various headings, and can become “general” guidelines. The apparent-duplication
increades the length of the document, but is intended to reduce the amount of interpretation and
adaptafion that are needed in particular circumstances, and to emphasize the relevaiice in particulay
contexts. It also allows different Notes, specific to the context, to be appended.

6.2 (eneral guidelines

6.2.1 | Guideline: Dependence of the interface on the service

A servjce specification should be designed with the requirements for the language-independent
interfag¢e in mind.

NOTE If a service is specified in the wrong way, it can make the production of a language-independent
interface very difficult, in particular when explicit or implicit@ssumptions are made about the languages thaf
applicatfions that will use the service will be written in.

An example is assuming a particular method for invoking the service, e.g. the use of object classes, of]
the use|of low-level procedure calls (i.e. using.only simple datatypes for parameters).

6.2.2 | Guideline: What to do when there are interoperability, concurrency, or time
constraint issues

Issues relating to interoperability,with other services, or concurrency, or time constraints of other
kinds ¢an affect language-independent service and interface specifications. If this is the case, the
nature jof such issues makestyital that they be addressed first, with the remainder of the service being
designegd later, around thelaspects handling those issues.

NOTE 1| Interoperability, concurrency, and time constraint issues can often cause difficulties, compared
with which other issu€s are comparatively straightforward to deal with. They can also place requirements oj
constra|nts on other(aspects of the service. It therefore aids the design process to address those issues first. For
examplg, if a service is to have multiple clients, this is best taken into account very early on.

NOTE 2| ,~Guidelines on interoperability appear in Clause 10, and guidelines on concurrency appear in Clause 11

6.2.3 Guideline: Use of marshalling/unmarshalling

When specifying the way that values are communicated across the interface between the application
using the language binding and the service, the marshalling/unmarshalling approach used in LIPC in
relation to passing of parameters can prove useful.

NOTE The marshalling/unmarshalling concept for communicating values is sufficiently general to be of use
even when the service and its interface do not involve explicit procedure calling.
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6.2.4 Guideline: Recruiting expertise from a variety of backgrounds

When developing a language-independent specification, every attempt should be made to recruit the
involvement of, or to obtain input from, language experts from a variety of backgrounds, and also
experts in language-independence issues. In any event, before the language-independent specification
is finalized, arrangements should be made to get a complete draft reviewed by experts of that kind
from outside the group designing the specification.

NOTE Because of the particular nature of the problems involved in achieving language independence,

t is nreferable to chogse language experts whago have some experience of binding tg language-independent
T = hshat o) 5 = hahat o}

Kpecifications, and/or who are familiar with other languages than their own main language.

6.3 What to do if starting from scratch

6.3.1 General

[t is rare for the designer of a language-independent service or interface specification to be|able to
‘start from scratch”, i.e. to be able to design without having to take into aceount an existing (and jusually
language-dependent) service or interface which is already in use (and with which compatibility is
required, or expected even if not required). However, for completeness, this document does need to
cover the possibility. Furthermore, guidelines on what ideally should be done can serve as a benfhmark
pgainst which to measure what has actually been possible, given the constraints that a pre-gxisting
cervice or interface can have placed upon the design. In prineiple, they can even establish that if would
be preferable to treat the pre-existing version simply as a prototype to be discarded.

6.3.2 Guideline: Avoidance of implementation assumptions

When designing alanguage-independent service spécification, representational or other implementation
pssumptions should be avoided.

NOTE 1  Languages differ greatly in charagter so a form of implementation suitable for one can be quite
unsuitable for another. Furthermore somectanguages themselves make explicit or implicit representatiional or
pther implementation assumptions, notalways consistent with those in other languages. Language-indeppndence
s therefore best assisted by avoiding-all)such assumptions, however attractive they can be in other respé¢cts.

NOTE 2 This guideline reappears in various more specific forms throughout this document and the|general
question has already been introduced in 5.5. This has been done deliberately, both to stress its importande and to
hid in interpreting the guidéline in various contexts.

6.3.3 Specifyingthe service in language-independent form

6.3.3.1 Guideline: Allowing for different approaches

When specifying the service in language-independent form, it should not be assumgd that
implementations in every language will use the same approach, and implementations should| not be
required to adopt a particular approach. Instead, the specification should require only what is needed
forthe service, or is needed to ensure that different implementations will be mutually consistent or (if
Nteroperability 1S Tequired ) interact with one another correctly.

NOTE1 Itisnotnecessary touse animplementation model to specify requirements, whether these are needed
to provide the service itself, to ensure mutual consistency, or to ensure interoperability. Such requirements are
best expressed in an abstract, language-independent way.

NOTE 2  Guidelines on interoperability appear in Clause 10.

6.3.3.2 Guideline: Documenting external constraints and minimising their impact

If there are external constraints which the service is required to satisfy, these should be carefully
examined to assess their impact, whether on implementation strategies for the service, or on the
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interface. The relevant aspects of the service should then be specified in a way which minimizes the
impact of the constraints. The external constraints (including the rationale for their presence), and the
steps taken in the specification to cope with them, should be documented.

NOTE1 Particular attention is needed in the case of constraints which seem to require things to be
done in accordance with some implementation model. In many cases it is possible to avoid passing on these
implementational requirements by absorbing them into the service, for example by internal conversions.

NOTE 2  In general, it is preferable to leave as much as possible to implementations to handle as best they can,
provided this can be done without compromising either the integrity of the service or of language independence.

NOTE 3| Sometimes, the cost of an extra conversion interface is justified by gains elsewhere, for example 'in
terms of resource, safety or reliability.

6.3.3.3| Guideline: Allowing for different binding methods

When gpecifying the service in language-independent form, it should not be assumed that the interface
will us¢ or specify a particular binding method; rather, the specification should be netitral with respect
to bindjng methods.

6.3.4 |Specifying the interface to the service in language-independentform

When gpecifying the interface to the service in language-independentiform, it should not be assumed
that a particular binding method will be used by every language, and use of a particular binding method
should [not be required. The specification should require of bindifigs only what is to be passed acrosg
the int¢rface, not how it should be passed.

NOTE 1| Well-designed language bindings make maximum useof the facilities of the language. Assuming or
requirinjg a particular binding method can lead to suboptimal‘bindings to the service and in extreme cases carn
make itfimpossible to specify an adequate binding.

NOTE 2| Language bindings are also designed for many different purposes, and it can create many problems if
a binding to one service is required to be markedly different from other bindings.

6.4 What to do if starting from an existing language-dependent specification

6.4.1 | General

The task of producing a language-independent service or interface specification from an existing
language-dependent specification is one of “reverse engineering”. In general, it can be expected that the
original language-dependent specification treats the service, the interface, and the language binding
as one| and does not, deliberately, keep the different aspects separate. For a language-independent
specifi¢ation, whetherfor a service or for an interface, it is necessary to ensure that these different
aspecty are keptiseparate. Guidelines on identifying significant language-dependent aspects arg
provid¢d in 6.4:2) The conversion of language-dependent features to language-independent form is
addressed in.6.4.3, and 6.4.4 addresses the consequences for language bindings. In 6.4.5, the situation
is addressed*where only the interface specification but not the service specification is to be madg
languageiindependent.

NOTE If more than one language-dependent specification exists, the following guidelines still apply, but the
results for each binding should be checked against each other. Inconsistencies can be very helpful in reaching an
appropriate language-independent formulation

6.4.2 General guidelines

6.4.2.1 Guideline: Identifying implementation assumptions

Any representational or other implementation assumptions in the original language-dependent
specification should be carefully reviewed, and any which are derived from the particular language
used, rather than dictated by the semantics of the service, should be identified.
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6.4.2.2 Guideline: Identifying language-dependent terminology

The terminology used in the original language-dependent specification should be carefully reviewed
from the language-independent point of view, to see if it is derived from the terminology of the
particular language rather than from the service.

6.4.2.3 Guideline: Identifying aspects specified at the wrong level of abstraction

The language-dependent specification should be carefully reviewed for features which are specified
AT a level oI abstraction that Is Inappropriate for the language-independent version. I1€ |review
should in particular search for those at too low a level which do not involve overt representational
or implementation assumptions as discussed in 6.4.2.1, but arise from the way the sepvice has been
conceived in the original language environment. Attention should, however, also be paid'‘to any at too
high a level, which can take the form of features being left under-specified because ghemissing pspects
pre taken for granted in that language environment, or because the language definition leaves such
hspects implementation dependent.

NOTE 1  The concept of levels of abstraction is discussed in 5.3.

NOTE 2  An example of too low a level is specifying the service in terms of\independent entities whep in fact
they naturally form fields of a Record datatype.

NOTE 3  An example of too high a level is specifying a datatype without defining permitted or required ranges
pf values of the datatype.

NOTE 4  When rectifying inappropriate levels of abstractiofi) 0ver-compensation is to be avoided.

6.4.2.4 Guideline: Identifying aspects derived from the language rather than inherent to the
service

The language-dependent specification should be carefully reviewed for features which are not ipherent
Lo the service, but whose inclusion seems.to0 have been prompted by the nature of the implementation
Janguage and its facilities. Particular attention should be paid to any such inessential feature$ which
can be difficult to provide in some other languages. Attempts should be made to discover how |heavily
users of the original specification‘use these features.

NOTE1  Sometimes it is useful to include such features because they are useful elsewhere in the langage, for
purposes unrelated to the service itself.

NOTE 2 It is worthwhile/considering including features of this kind in the specific language binding for the
anguage concerned;-though strictly inessential to the service, there can nevertheless be a continuing demand
for them from thatlanguage community, which cannot readily be satisfied in another way (e.g. by the pfovision
pf separate serviegs). If that is the case, it is assumed that the conformity rules permit bindings to inclufle these
supplementary.features, though maybe not for all languages.

NOTE 3 .<_However, it is possible that such features are rarely used by users of the original specification, in
which case the opportunity can be taken to remove them, or to designate them as “obsolete”, to be remov¢d at the
hext revision.

6.4.2.5 Guideline: Identifying desirable but absent features

The language-dependent specification should be carefully reviewed to see if there are any features
which would be desirable, but which are in fact absent from the original (e.g. because it was not possible
to provide it conveniently or efficiently in the original language, or where they are implicit in that
language and did not need to be spelled out). Any such features should be studied, to see if they should
now be added, either as options or as mandatory requirements.

NOTE1 Such “absentee features” can occur because the original language can have been chosen for reasons
other than being ideal for the purpose of providing the service.

© ISO/IEC 2018 - All rights reserved 11


https://standardsiso.com/api/?name=7eb8aedb4c52730e45db08e538fcc2ec

ISO/IEC TR 14369:2018(E)

NOTE 2  The original language can be subject to revisions which remove the previous difficulties in providing
a feature.

NOTE 3 Itis necessary to pay special attention to the binding to the original language.

6.4.3 Converting an existing language-dependent specification of the service into language-
independent form

6.4.3.1 Guideline: Avoiding undue dependence on the original language-dependent version

While if is desirable and even necessary to use the original language-dependent specification as a guide
when developing a language-independent specification from it, the detailed form and content/should
not nedessarily be dictated by the detailed form and content of the original. In particular, changes that
correctfweaknesses in the original, and especially changes that enhance language independernoce, should
be seripusly considered, and if possible included in the specification, with due regard for the impact on
existing implementations using the original specification. However, change should be avoided if what iy
in the griginal is adequate for the purpose, and does not adversely impact language4ndependence, even
if a chapge would appear to be an improvement.

NOTE 1| The guidelines in 6.4.2 show how to identify aspects of the original-specification that are to be
considered for changes.

NOTE 2| When assessing the impact of changes on existing implementatiens using the original specification
the guidelines on revisions in Clause 18 can be helpful. See 6.4.3.5.

NOTE 3| A change that does not correct a weakness but “would/ appear to be an improvement” can b
contemplated, if the development of the language-independent specification is accompanied by a parallel revision
of the original specification.

6.4.3.2| Guideline: Recasting scope of specification

In the light of the results of following previous relevant guidelines, the scope of the specification should
if necegdsary, be recast at as high a level of abstraction as is possible while remaining consistent with thd
nature jof the service.

NOTE 1| Itis possible that recasting the scope of the specification is not necessary: it can be sufficient to keep
it at the[same level of abstraction but toremove anything not at that level.

NOTE 2| Examples of too low adevel of abstraction would be specifying a representational model of integer{
when a hon-representational one is’sufficient, or specifying use of an integer datatype for a value which logically
is not, of need not be, an integer.

NOTE 3| An example_ofa/level of abstraction higher than is consistent with the nature of the service would

be speclfying an integerdatatype without stating a minimum range of values, when such a minimum range if
needed py services foriinteroperability purposes.

6.4.3.3| Guideline: Revising language-dependent terminology

Langudgé-dependent terms used in the original specification should be changed if necessary, e.g. if
they are likely to be misinterpreted in a different language environment. If not changed, they should be
clearly explained, for the benefit of those not familiar with the original language or specification.

NOTE 1  For the benefit of those familiar with the original language-dependent specification, any such changes
of terminology are to be listed, and the reasons for the change explained.

NOTE 2  If a term is particular to the original language and not encountered elsewhere, confusion can still
occur if language environments use a different term for the same or a similar concept.
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6.4.3.4 Guideline: Conversion of datatypes and procedure calling

A suggested strategy for converting a language-dependent specification into language-independent
form is to start by converting the datatypes of values used, together with all the required operations
on the data, including input-output. If any procedure calling appears in the original specification,
conversion of that should then follow. Conversions should be based on what the service needs, rather
than what was chosen in the original specification, since those choices are likely to be language-
dependent.

IJOTE 1 Sineca 2ll caorvicac o dlo doro olinc of coron i d oo d ooy e neacn dura callia
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converting these first can help the rest to fall into place more easily.

eghanism,

NOTE 2 It is not sufficient merely to use a binding of the original language to LID and leavé|it-at that; it is
possible that a particular choice of datatype has been dictated by what the language had available, and it is
possible that it is not be the best language-independent choice (see Clause 12).

NOTE 3  For similar reasons, it is also insufficient to use a binding of the original language to LIPC; pgrticular
choices of procedure parameters and passing mechanisms have been limited to thoge\the language had ayailable.

6.4.3.5 Guideline: Documenting language-dependent aspects

The relationship between the original and the language-independent specifications should be fully
explained (e.g. in an annex) and all language-dependent assumptions or features that haye been
recast or removed should be documented. A migration pathito allow existing language-dependent
implementations to be revised in line with the language-indépendent version should be providef.

NOTE With suitable adaptation, the revision guidelings in Clause 18 can be used to help in spedifying a
migration path for existing implementations.

6.4.4 Converting an existing implicit interface into an explicit language-independent int¢rface

6.4.4.1 General

[t is possible in some cases that the ifiterface to an existing service (language-independent or not) has
not previously been defined explicitly, but exists only in the form of a “binding” to one langualge, this
binding itself probably being implicit rather than explicit. This subclause provides guidance on coping
with that situation. Mostly, the'guidelines below are simply reinterpretations of previous guiflelines,
ndapted to suit those particilar circumstances.

6.4.4.2 Guideline:Aspects derived from the language

Any aspects of.\the language binding which are derived from the particular language, rather than
dictated by<the’ need to interface to the service, should be identified, and replaced by language-
independentequivalents where appropriate.

NOTEI\" Itis likely that the revised binding, for the original language to the language-independent intqrface, is
hblelto continue to include these aspects, if only as optional language-specific additions.

NOTE 2 Language-dependent aspects cam INciude tings (ke the SIructure of the binding documernt, as well
as simply the features of the language concerned. Language independence can involve complete restructuring,
including the revised binding for the original language. In that case, extra guidance can be needed, e.g. in the
form of an informative annex.

6.4.4.3 Guideline: Absent features

The language binding should be carefully checked, or rechecked, to see if there are any aspects of the
service, relevant to the interface, which are in fact absent from it (e.g. because it was not possible to
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access them conveniently or efficiently from the language concerned, or because they were irrelevant
for the language).

NOTE A feature can be absent from the binding simply because the language already contains that particular

feature as part of its own service. The revised binding, for the original language to the language-independent
interface, will still be able to continue to omit that feature, for the same reason.

6.4.4.4 Guideline: Identifying aspects not required by the service

should |be identified, reieed, and considered for removal from the language-independent interface

from inbuilt assumptions about how or why the service is used within that community. Howeyer, the possibility
exists that these “inessential” features, in some form, nevertheless prove of value to users‘frem other languagsg
commupities, and are therefore not to be discarded without due consideration.

6.4.4.5| Guideline: Avoiding assuming the binding method

The laiguage-independent interface specification should not be based“on the assumption that thg
(explicit or implicit) binding method used for the original language willbe used for all other languages.

NOTE 1| Thebinding method used for the original language is inevitably chosen to suit that particular language
and it i$ possible that it is not the most appropriate for all. In general, a well-written language-independent
interface specification permits the use of any binding method.

NOTE 2| ISO/IEC TR 10182 provides guidance on binding miethods.

6.4.5 |[Specifying a language-independent interface to a service whose specification is language-
dependent

It is qufite possible that the existing seryiCe'for which a language-independent interface is needed ig
itself specified in one particular languageand is therefore, at least potentially and possibly necessarily,
language dependent. This subclause provides guidance on coping with that situation. The guidelines
below 4re primarily logical extensions or adaptations to others elsewhere in this document.

NOTE A service can be necessarily language-dependent when it depends on specialist facilities which arg
available only in one specialistlanguage (for example the database facilities in SQL) and which in practical termg
cannot fensibly be simulated-in another available language. It can be language-dependent in a less restrictivg
sense when only a smallsminority of languages have suitable facilities (for example, knowledge-based system{
that canj be implementedreadily in languages such as Prolog or Lisp but only with great difficulty in others).

6.4.5.1| Guideline: Protecting bindings from language dependence

The la)jguage-independent interface should be specified in a way that protects language bindings as
much ds possible from the language dependence of the service. This can be done by specifying th
limitations and assumptions arising from the language of the service, and providing the necessary
conversions within the interface separately, rather than propagating them to the bindings.
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Guidelines on document organization

7.1 General

A language-independent service specification can be a very complex document, depending on the
complexity of the service and the scope of the specification. This subclause provides guidance on how
to organize the material needing to be covered.

NOTE1 If the document structure of bindings is intended to follow that of the language-independent service

Kpecification, it is necessary to consider how to keep them in line during revision.

NOTE 2 Guidelines on document organization for language bindings are in 17.4 and 17.5.
7.2 Guideline: The general framework

7.2.1 General

7.2.2 ChecKlist of parts for inclusion

The language-independent service specification should be designed to include the parts in the checklist
that follows in 7.2.2 (though it should not necessarily be confined to onlj“to the parts listed). Where a
particular part seems not to be necessary in a given case, allowance §hould still be made for its possible
future inclusion, e.g. as a result of a later change in the scope of the-Specification, or of a development of
the service concerned.

NOTE Here the term “part” is used in the everyday generalsense; it does not imply the need for a eparate
‘Part” of a standard in the formal sense. See 7.3.

1) Ifthe scope of the specification includes the semantics of the service, a definition of those semantics,
including rules for conformity of implementations.

) Ifthe scope of the specification doesnot include the semantics of the service, an explanation of how
the semantics relate to the content of the document.
NOTE It is necessary to inglude a reference to the definition of the semantics, and perhapq also to
include a brief summary of.the semantics, e.g. in an informative annex.

3) If the scope of the specification includes the interface to the service, a definition of that inferface,
including rules for conformity of implementations.

4) If the scope ofithe specification does not include the interface to the service, an explanation of how
the interfaeerelates to the content of the document.

£) In thegpcase of implementations of the interface, a specification of requirements or name
correspondence between names used in the interface specification and names used in a|calling
program.
NOTE1 This partentails requirements on language bindings to the interface.
NOTE 2 Even when the application of LID and LIPC is sufficient to cover all functionality, name
correspondence requirements are still likely to be needed.
NOTE3 A normative annex can be appropriate for specifying name correspondence requirements.

6) The specification of all further requirements on standard-conforming implementations (such

as fault detection, reporting and handling; provision of implementation options to the user;
documentation; validation; etc.), and of rules for conformity.

NOTE It is probably necessary to specify such further requirements separately for implementations of
the service and for implementations of the interface.
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7) The conformity rules of the language bindings to the language-independent service specification.

8) A description, as well as a reference, and if necessary a complete specification, of any formal
specification language used in a) or c), and for each case an annex containing a summary of the
formal definitions.

9) One or more annexes containing an informal description of the service and of the interface, a
glossary, guidelines for service users (on implementation-dependent features, documentation
available, etc.), and a cross-referenced index to the document.

NO[FE1 In general, each informal description should appear even if its full definition is within the scaps
of the specification and is included in the document. However, it is possible that it is not necessary for-sonie
sinjple services.

NO[FE2  Where the full definition of either the service or the interface is not within the-scope of the
spdcification, and hence does not appear in the document, an informative clause can be more-appropriats
thajn an anney, if only to emphasize its importance. This is particularly the case for the specification of the
int¢rface when the specification of the service appears elsewhere, and in the case of language bindings.

NO[FE3 A normative annex can be appropriate for specifying name correspondencé requirements.
10) Anjannex containing one or more checklists of any implementation-defined features.
11) An|annex containing guidelines for implementors, including short examples where appropriate.

12) An| annex providing guidance to users of the language-ind€pendent service specification on
questions relating to the validation of conformity, and any’ specific requirements relating tq
validation contained in 1), 3), 5) and 6) above.

13) In the case where the language-independent service specification is a revision of an earlier version
anjannex containing a detailed and precise description of the areas of incompatibility between the
old version and the new version.

14) Mafterial that forms a tutorial commentary containing examples that illustrate the use of the servics
can} optionally be included as an annex or'be published as a separate document.

7.3 QGuideline: Production and publication

Although 7.2 does not imply that-the “parts” of the specification should be in a number of physically
separate documents, for a veryeomplex service this should be considered, especially if different aspects
(the sefvice, the external service, language bindings, etc.) are likely to be implemented separately.

NOTE 1| This means that'alanguage-independent service specification published as an International Standard
would ble published as arset-of separate Parts.

NOTE 2| Publicatipn*in a set of separate documents implies a need for careful cross-referencing, possibly
by inclyding in.gach one informative summaries or extracts from others that are relevant, or needed for
understpnding:“This implies some duplication, the need to keep changes and revisions consistent across the set
and conlseqtiently an increase in overall length and of effort involved. Such costs are to be carefully weighed
against fhe-advantages of dividing the whole into more manageable pieces.

7.4 Guideline: Document organization when starting from a language-specific
specification

Where a language-independent service specification is being developed, which is based on an existing
language-specific specification, and changes to the original document organization seem desirable in
the language-independent case, the benefits of such changes should be weighed against the value of
maintaining a close correspondence between the two, to aid comparison and review.

NOTE1 Factors to be considered include the extent of use of the original language-specific specification and

hence the volume of review expected from those familiar with the original version, and how soon the original
specification is replaced by a binding of the language-independent specification to the language concerned.
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NOTE 2 It can help to apply similar criteria to those in Clause 18 on revisions, when deciding whether and by
how much to change the document organization from the original.

NOTE3  Seealso 6.4.4.2 (in particular NOTE 2), 17.4 and 17.5.

8 Guidelines on terminology

8.1 General

The careful and precise use of terminology is important for any kind of specification, particj:larly a
standard specification, but it is especially important for language-independent service specifications.

8.2 Guideline: The need for rigour

The terminology used in a language-independent service specification should be defined riggrously,
even where it is believed that a term is generally well understood. Differént usages of the same
terminology (and unspoken assumptions that possibly do not hold) commenly encountered in language
communities should be pointed out.

NOTE1 Languages vary greatly in terminology, using same or simjlac_words for very different things, or
for slightly different things, and different words for same or slightly different things, which make it gritically
mportant to be very precise in their use.

NOTE 2 Slight variations of meaning can cause more troublethan large ones, simply because they arg easy to
pverlook, so rigour, in the sense of completeness as well as acctivacy, is especially important where these cgn occur.

NOTE 3  The use of a formal specification language can*help to eradicate insufficiently rigorous defipition of
Lerminology, even if not used normatively, since the forimal definitions can be used to check the interpretfation of
hatural language terms.

NOTE 4  Annex B contains a glossary of language-independent terms that can be used as a starting point.

8.3 Guideline: The need for consistency

All normative terms and phrases, once defined rigorously in accordance with 8.2, should he used
consistently throughout the language-independent service specification, with the precise meahning as
defined.

NOTE See NOTE 3 of 8:2 also.

8.4 Guideliné:-Use of undefined terms

All uses of unidefined terms in the language-independent service specification should be carefully
checked to,énsure that they cannot lead to normative ambiguity.

NOTE\r~ In any specification, undefined terms whose meaning is assumed to be understood, need to bg used at
somespoint, but providing definitions, either directly or by reference, is not necessary when the resulting lack of
igauris not relevant to the specification

NOTE 2  Again, the use of a formal specification language (NOTE 3 of 8.2) can be helpful.

8.5 Guideline: Use of ISO 2382

As far as possible, the language-independent service specification should use the terminology given in
the appropriate parts of ISO 2382, taking into account common practice in the community providing
and using the service, and in the various language communities concerned, and also the possible costs
of transfer to new terminology. ISO 2382 terminology should nevertheless be used in preference to
terminology specific to one particular implementation or binding language. Additional terms not
covered by ISO 2382 should be defined in a specific section of the standard.
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8.6 Guideline: Use of definition by reference

Though definition of terms can be by normative reference rather than detailed exposition, the language-
independent service specification should in general include the text of the referenced definitions, atleast
for information, and it should be made clear that, since usages vary, users of the language-independent
service specification should not assume (without having explicitly checked) that their habitual use of a
term is identical to that given.

NOTE This applies to all referenced terms, including those in ISO 2382.

8.7 Quideline: Terminology used in bindings

Langudge bindings should be explicitly required to address and explain fully any differences of
terminplogy between the language and the language-independent service specification.

9 Guidelines on use of formal specification languages

9.1 (uideline: Use of a formal specification language

Serioud consideration should be given to the use of a formal specification language to define the servicg
semantics.

NOTE 1| The use of a formal specification language reduces the risk of divergence and incompatibility between
bindings and implementations in different languages, arising from\differing connotations and underlying
assumpfions in the use of natural-language terms.

NOTE 2| A formal specification language often makes it possible to carry out automatic checks for errors
omissiops and inconsistencies in definitions, which can beCdifficult to spot with natural-language methods
(e.g. an [nconsistency between two requirements that are\widely separated in the document text). It remains 3
human fesponsibility to ensure that the resulting complete, consistent and precise definition is of the semanticy
intendegl.

NOTE 3| It can be worthwhile producing complete or partial formal semantics even if the final specification is
completely non-formal, focusing discussion, hélping to avoid misunderstandings among the specification team
improving the quality of the final specification, and possibly saving time.

NOTE 4| Great care is needed in using more than one formal language for specifying semantics, especially
for partls of the specification that are not well separated. This applies equally to the use of formal languageq
mentiorfed here and the IDL as defined in LID and LIPC (see Clauses 12 and 13).

9.2 (hecKlist of formial specification languages

9.2.1 | General

Servicds varysse-greatly that it would serve no useful purpose for this document to recommend the usg
of one formal specification language or even one style of formal specification language. However, to
assist those using this document, there follows a list of formal specification languages which have been
made thesubjectof Internmationat Standards, together with a brief indication of their styte and of thet
range of applicability.

9.2.2 Estelle

Estelle (ISO 9074) is a standardized formal specification language. The Estelle language is based on a
stripped-down version of Pascal that has been extended with a notion of modules and communication
between those modules. Estelle semantics are based on extended finite state automata. A system is
modelled by a set of module instances that communicate messages asynchronously over given channels.
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Modules are defined by a body and a header. The body defines, in a Pascal-like way, the behaviour of the
module, and the header defines the external interface. Channels are defined by two roles (one for each
end of the channel), where each role definition defines the messages that can be sent.

Although Estelle was originally designed to specify communication services and protocols, it can be
used to specify other systems. The module definition appears to map well onto the notion of specifying
internal services and external interface separately. However, the Pascal-like nature of the module
body language is liable to exert strong bias on any implementations developed from the specification,
because of the detailed nature of those specifications.

0.2.3 Lotos

[Lotos (ISO 8807) is a standardized formal specification language. The Lotos language’is bgsed on
b combination of the ACT-ONE specification language with a process algebra based on the cpncepts
pf CCS and CSP. Lotos semantics are based either on abstract datatype specifications or on process
plgebras, depending on which part of the language was employed. A system is.modelled as a co]lection
pf processes that communicate potentially complex data objects synchronously over given portg.

Data objects can be defined in the ACT-ONE part of Lotos. Their defihition consists of an irterface
defining the syntax of the operations used to manipulate the data object; and a set of rules that define
how the operations interact with each other. Processes are defined-by a header that names the ports
through which the process can communicate with other processes, and a behaviour expression that
defines the allowable behaviours (as seen through interactions(n the ports) of the process.

[.otos was originally designed to specify communication-services and protocols, but has been psed to
pecify other types of system. That Lotos comprises both an abstract datatype component and a process
hlgebra component means that it can be used in anycibcumstance where either would be appropriate.

0.2.4 VDM-SL

The Vienna Development Method Specification Language (VDM-SL, ISO/IEC 13817-1) is bas¢d on a
rich set of basic and compound types with syntax that allows the definition of functions, globgl state,
and operations that can modify the state. VDM-SL semantics are based on denotational style Jambda
calculus. A system is modelled as acollection of global state variables and the operations used tojmodify
the state and other functions.

Global state variables modelithe state of the system and are defined by constructions of the basic or
compound types of VDM-SL. Invariants can be added to the types of the state variables prpviding
pppropriate constraints-Operations and functions are defined by a header that defines whigh state
variables will be aecessed, and a pre-condition and a post-condition that define the behaviour of the
pperation.

[n addition €6-$pecification by pre- and post-conditions, VDM-SL has programming-language-like
constructs to describe iteration and assignment, and has a well-defined refinement process that can be
used to refine datatypes or function or operation definitions.

VDM:SL was first developed for the specification of compiler semantics, but has been used folr many
equential (and some concurrent) system specifications.

9.25 Z

Z is a specification language currently undergoing international standardization as ISO/IEC 13568. Z
is based on a typed set theory where the types of the values are well defined and can be relations.
Z semantics are provided in a denotational style using a specially developed relational algebra. A system
is modelled in Z as a collection of schemas that define desirable properties that the system needs to
exhibit.

Schema definitions have two parts, either of which can be optional. The first part is declarative and
introduces the variables for which a relationship is to be defined. The second part is the predicate
part, and defines the relationship that needs to hold between the variables defined in the scope of the
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schema. Schemas can be used to define complex data objects, or types with or without invariants, or to
define operations or functions. Z provides powerful mechanisms for composing schemas to construct
larger specifications from smaller components.

Z has been used in a variety of software and system specifications such as transaction processing
systems or heart pacemakers. Z has also been used to specify the semantics of some of the POSIX
standards.

9.2.6 Extended BNF

A syntdctic metalanguage is a notation for defining the syntax of a language by a number of rules. /Thé
concepts are well known, but many slightly different notations are in use.

A syntdctic metalanguage can also be sensibly used whenever a clear formal description and;definition
is requfired, e.g. the format for references in papers submitted to a journal, or the instriictions for
perforrping a complicated task.

Extended BNF (ISO/IEC 14977) is general purpose, and its adoption saves time by avoiding the need
to chogse one of several suggested notations, which then needs to be amended to overcome their
limitatjons.

9.3 (Quideline: Using formal specifications from the outset

Once the decision has been made to use a formal specification lariguage, and the particular languagsg
has begn selected, the chosen specification language should be used from the outset, all participants in
the project being required to submit proposals and drafts using formal rather than informal semantics

NOTE Formal methods, especially for defining semantics, are at present not widely known or used among IT]
practitipners, despite their known advantages. Experience hds'shown that using the agreed formal specification
language from the start is much easier than trying to introduce one later on when participants have becomsd
used to discussing issues relating to the project in informal terms. Early progress can be slower than it has been
througH initial unfamiliarity with the formal language, but any lost time is usually recovered in due course sincg
ambigulties and errors are less likely to occur anddrke easier to detect.

9.4 Quideline: Use of operationalsemantics

Care sHould be taken if using operational semantics for formal definition of a language-independent
service|specification, to avoid appearing to provide an implementation specification.

NOTE 1| In operational semantics, the definition of the semantics is made in terms of the operation of an
“abstra¢t machine” which jmplements that semantics. There is a consequent danger of providing a detailed
implemeéntation model, eSpecially with a formal specification language capable of operational semantics with
translatfion into an exetutable (even if inefficient) actual implementation. Other formulations, such as axiomatig
or denotational semantics, do not rely on such an implementation model.

NOTE 2| If theispecification is derived from an original implementation based on a particular programming
language, thete-s the added danger of the “abstract machine” reflecting the character and inbuilt assumptions of
that language.

NOTE 3 Depending on the nature of the service being defined, it can be possible to provide an operational
semantics at a sufficiently high level of abstraction to avoid these dangers.

NOTE4  There can be cases where external constraints or other considerations mean that the use of
operational semantics, at a level implying an implementation model, is nevertheless indicated. In such cases, the
assumptions of the model are spelled out, and guidance is given on alternative forms of implementation where
those assumptions are invalid or inappropriate. It is especially important that such a specification be reviewed
by experts familiar with a variety of language environments and implementation strategies, to minimize the risk
of inbuilt bias.
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10 Guidelines on interoperability

10.1 General

The term interoperability is used in many contexts, sometimes in a very vague and general way, and is
sometimes confused with the related but distinct concept of portability. This introduction is intended
to clarify the concept of interoperability in the context of service specifications, as a preliminary to the
associated guidelines for language-independent service specifications.

10.1.1 Interoperability with what?

Interoperability issues arise when a service is required to interoperate with other serviced in the
course of providing its own services to an external user. The other services concernted can be other
instantiations of the same service, or be different services, or both.

[f interoperability is with other instantiations of the same service, that becomes one of the| design
requirements of the language-independent service specification, and while this'can add to the difficulty
pf defining the specification, it is a relatively straightforward situation todeal with.

NOTE Questions of interoperability can be very complicated for a distributed system, which cqn allow
different implementations on the same or different types of computers{supporting interfaces in the fame or
different languages) interoperating at various levels, e.g. exchangingdata, sharing a database, or invok{ng each
pther. In such a case, it is important to be clear and agreed on just what forms of interoperability are reqpired.

[f interoperability is with different services, then the extentof the difficulty of defining the specification
depends upon whether these are being specified at the‘same time, or pre-existing services that are
hlready specified.

[n general, the effect of interoperability requiremeénts is to add constraints to the specification, which is
why the strategic guideline 6.2.2 recommends.that they be dealt with first, along with any concyrrency
requirements (see Clause 11), when develefing a specification. When constraints arise in conpection
with other instantiations of the same service, or different services being specified at the samje time,
though they exist, they are not necessarily especially troublesome. Constraints are likely to be much
more severe when interoperabilityis required with an existing, already specified service, sipce the
possibility to alter the specification of that service to make interoperability easier is unlikely.|Even if
the specification of that service is being revised, the scope for adjustment to ease interoperability can
be limited, or even non-existent.

In the worst cases, the_c¢onstraints can create pressure to compromise the aims of the language-
independent service'specification, for example if another service makes representational assurhptions
hbout exchange -values, or makes other implementation assumptions which have an impact on
interoperation~They can even create pressure to compromise the aim of language independenge. This
needs handlingwith great care, and preservation of language independence can require some ingenuity.
This subclause provides some guidelines on dealing with such situations.

Severe constraints can also occur if there is a need for synchronicity, or at least some guaranteed
response time. If the service being specified needs to meet such a requirement for an external user, the
need to interact with some other service can create complications. Alternatively, if the other|service
demands synchronicity or other forms of time constraint, this can potentially affect the ability of the
service to respond to its own external users. In general, how services can handle time constraints is
outside the scope of this document. It should be noted however that languages vary very greatly in their
ability to handle synchronicity and time constraints, which can place severe difficulties in the way of
defining the service itself, or language bindings, in a truly language-independent way.

Though the nature of the other services is the most important factor affecting interoperability, two
other factors can be important: the nature of the interoperation, and how it is invoked.
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10.1.2 The nature of the interoperation

Interoperation can be master-slave, slave-master, or peer-peer. In a master-slave relationship,
the language-independent service invokes the other service, but needs to do no more than state its
requirements, expecting the other service to deliver what is required. In a slave-master relationship,
the language-independent service is invoked by the other service, and needs to deliver what that other
service requires. In a peer-peer relationship, the services cooperate to deliver what the external user
requires.
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of invoking the other service and being able to handle its various responses. The slave-master situation
can beftreated as if the other, “master”, service is another external user, with its own interfacg;,thq
main pfoblems arising if the other service is pre-defined and imposes requirements involving seversg
constrdints. The peer-peer situation can also involve severe constraints if the other service' is pre
defined, and can pose tricky design problems.

10.1.3 | How interoperation is invoked

Interoperation can be invoked by the external user (e.g. by exercising am,option or selecting a3
paramgter) or take place in the background, solely within the service, so that\the external user is nof
directly concerned with it (and can even not be aware of it).

Neithey of these situations should present too many problems, provided that it is clearly understood
which form of interoperation is involved, and it is handled in the appropriate way. Where interoperation
is involted by the external user, this can be treated as part of thejinterface like any other feature of thd
servicel Where interoperation takes place solely in the background, depending on the nature of the
interoplerating service it can be appropriate to define an explicit further interface, separate from the
interfage to the external user, to handle the interactions. Rifficulties are likely to occur only when these
two sitpations are confused, or not kept clearly separate;

10.2 Guidelines on interoperability with other instantiations of the same service

Where finteroperability is required with other instantiations of the same service, it is probable that thd
relatiopship will be peer-peer. The guidelines that follow are therefore devised on that assumption
Circumfstances can be envisaged in which this is not the case. In this case, the guidelines in 10.3 for thg
masterf-slave relationship need to be appropriately adapted.

10.2.1 | Guideline: Identifying features affecting interoperability

All aspects of the service that affect interoperability with other instantiations of the service should bg
identified, and the specification should ensure that these are clearly distinguished from other aspects.

10.2.2 | Guideline#Precise definition and rigorous conformity requirements

All aspects of the service that affect interoperability with other instantiations of the service should be
preciselly defined, and conformity requirements should be made rigorous enough to ensure that the
ability [toSinteroperate is always maintained, whatever combination of options and implementation
defined choices are used by this and the other instantiations.

NOTE1 Experience shows that interoperability between standard-conforming implementations is often
prevented because conformity rules are not strong enough to ensure it.

NOTE 2  Over-specification of the requirements - e.g. making rigid representational requirements - simply to
make absolutely sure that interoperability is always possible, is not necessary. It is sufficient to keep the scope of
the specification and its level of abstraction clearly in mind, and that strict adherence to the conformity rules is
necessary.

NOTE3  Theuseof formal definitions to eliminate ambiguity is particularly useful in relation to interoperability
requirements.
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10.2.3 Guideline: Importance of exchange values

In specifying interoperability requirements, particular attention should be paid to the datatypes used
for exchange values, and to the exact ranges of validity of data values needed for interaction.

NOTE1 The LID standard includes facilities for specifying precise ranges of values in a language-independent
way, so representational requirements are not needed unless the service itself is at a representational level of
abstraction.

NOTE 2  Itis possible, without breaching this guideline, to allow values outside the specified range of validity
for interaction to be used in situations where that value is actually not acted upon, but only used “for comp|eteness
Kake”. This, however, is a risky practice, and is probably best avoided unless a strong rationale existsitopermit it.

10.3 Guidelines on interoperability with other services

10.3.1 General

Where interoperability is required with other services, it is possible that the‘relationship will he peer-
peer, but more likely that it will be master-slave or slave-master. A peer-peeér relationship is most likely
to occur when specifications for the two (or more) services are being devéloped together. Mastegr-slave
pr slave-master relationships can occur with specifications being ‘developed together, but it {s more
likely that the “slave” service will be defined first and the “master®service is specified later to mpke use
pf it. However it can happen that a “master” service is defined and then (for example at a revisiofi which
extends the service) requires a “slave” service which it can ifivoke.

The guidelines that follow therefore cover the two main<ases, of services (whatever the relatipnship)
being developed together, and of a service being developed to interoperate (whatever the relatipnship)
with some pre-defined service.

NOTE Where more than two services are involved, it is possible that there is a “mixed” situation wHere two
pr more services are being developed together, to interoperate with one or more services already definegl. Those
faced with that task are encouraged to apply-the guidelines below as much as possible, to meet the needs of the
particular case.

10.3.2 Guideline: Interoperability' with other services being defined at the same time

Where interoperability is required with other services which are also being defined at the sane time,
the services should be regarded as a single “super-service” in respect of the interoperability 4spects,
and the guidelines in 10.2)should then be applied to that “super-service”.

NOTE 1  Care is needed, with duplication of definitions if necessary, to ensure consistency across the different
components of th€-super-service”, taking into account the possibility that these different component gervices
can be implemefnted using different languages.

NOTE 2 _~Treating two or more services as a single “super-service” for the purposes of specification is|simpler
Lo arrapge.if the same group is responsible for all of them. A high level of liaison, cooperation, and mutual trust is
calledfor if more than one group is involved.

10-3-3—Gui
Where interoperability is required with another service which is already defined, all aspects of the
pre-defined service that affect interoperability with the service now being defined should be identified,
particular note being made of those which impose pre-defined requirements. If these requirements are
specified in a language-dependent way, they should be re-specified in language-independent form. An
interface should then be defined which allows the language-independent service to appear to the pre-
defined service as if it were a service in the same language. All definitions should be made precise, and
conformity rules should be made rigorous, especially for this interface, particular attention being paid
to exchange values.
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11 Guidelines on concurrency issues

11.1 General

Concurrency issues, i.e. issues concerning whether actions should take place serially or in parallel, can
arise within the specification of the service, in the way the interface with users of the service operates,
or in what the service, through its interface, requires from the user.

In general, the processes of a service can be divided into three groups: essentially serial, optionally
concurfent, and essentially concurrent. A process that is essentially serial needs to have its pagts
carried out in a specified sequence if it is to function correctly. A process that is essentially concurtent
can haye its parts carried out in parallel if it is to function correctly (though the parallelism can often
be simyilated by a serial process achieving the same end result, if there are no external constraints tq
make that impossible). A process that is optionally concurrent functions correctly, whether-or not itg
parts are carried out in parallel (since the parts are not interdependent in any way that affects thd
procesg).

NOTE 1| The logical fourth possibility, optionally serial, is identical to optionally concurrent.

NOTE 2| The replacement of the values a,b,c of the sequence (a,b,c) by the values.X,y,z, giving (x,y,z), is an
example¢ of an optionally concurrent action. However, their replacement by thevalues c,a,b to give (c,a,b) is an
example¢ of an essentially concurrent action, since changing the values one at a time does not, in general, produce
the reqfiired result. The essentially concurrent action can, however, be simulated serially by making copies of
values that would otherwise be lost, and using them when needed.

In this flause, the term “concurrency requirement” is used to dénote any requirement relating to any of
these three possibilities; in particular it can mean either or,bath of a requirement to perform tasks in 4
given sequence or of a requirement to perform tasks in parallel.

In genefal, the effect of concurrency requirements is to,add constraints to the specification, which is why
the strategic guideline 6.2.2 recommends that theybe dealt with first, along with any interoperability
requirgments (Clause 10), when developing a specification.

11.2 Guidelines on concurrency withinthe service specification

11.2.1 | Guideline: Avoidance of unnecessary concurrency requirements

A langhage-independent serviee_specification should avoid concurrency requirements other than
any whHich are absolutely necessary to provide the service; in particular it should not require serial
procesging when parallel/precessing can achieve the required, nor should it require actual parallel
procesging (as opposed.to simulated parallel processing) unless this is demanded by external
constrdints or the nature of the service. Every apparently necessary concurrency requirement should
be exarpined closelyito see if there is a way of avoiding it, so that the number that eventually remains in
the spefificationistkept to a minimum.

NOTE 1| Unpecessary concurrency requirements, whether for serial processing or parallel processing, is an
example of over-specification arising from the inclusion of implementation assumptions.

NOTE 2  Requirements to handle a number of service users simultaneously (see 11.3) can entail some degree
of parallelism, but this guideline still applies.

11.3 Guidelines on concurrency of interaction with service users

11.3.1 General

Depending on the nature of a service, it can be necessary to deal with one user at a time. In that case,
it can be that the service is not able to accept a request from another user until the current one has
been dealt with, or it can be able to support a queuing system, where incoming calls on the service are
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accepted as they arise, but are still dealt with one at a time. Alternatively, it can be able to handle a
number of service users simultaneously.

11.3.2 Guideline: Handling of concurrent service requests

A language-independent service specification should explicitly state whether an implementation needs
to be capable of handling concurrent service requests and, if so, whether the services need to be provided
concurrently, or can be queued and the service provided to the users in the queue one at a time.

11.3.3 Guideline: Number of concurrent service requests handled

Where handling of concurrent service requests is required, either through simultaneous provisi¢n or by
0 queuing system, the language-independent service specification should state the minimum number of
such requests that it needs to be possible to handle simultaneously, and require thexmaximum pumber
that can be handled to be documented.

NOTE It is possible that a service is able to handle a certain number of users Simultaneously, buf also to

maintain a queue of those unable to be dealt with immediately. This guideline then applies, separately| both to
the simultaneous provision and to the queue.

11.3.4 Guideline: Order of processing of service requests

A language-independent service specification should explicitlystate whether an implementation needs
to handle service requests in order of arrival, or can prioritize requests, or needs to prioritize rgquests.

11.3.5 Guideline: Criteria for prioritizing service requests

Where a service needs to or can prioritize requests, the language-independent service specification
should explicitly define the criteria which need to'or can govern prioritizing decisions, or at a mjnimum
specify constraints which need to be met.

NOTE An example of a constraint is: whatever other criteria apply, no request is made to wait for m¢re than
h specified period of time.

11.4 Guidelines on concurrency requirements on bindings

11.4.1 General

[n a language-independeént service specification, requirements on users are expressed as requirements
pn language bindings, through the service interface. This subclause provides guidelines for handling
concurrency issues that can arise in the specification of such requirements.

11.4.2 Guideline: Avoidance of concurrency requirements

A language-independent interface of a service specification should explicitly be neutral with regpect to
concurrency, i.e. it should place no requirements on whether an implementation of a language pinding

1ses-a serial or a parallel approach or any combination of the two.

NOTE1 Languages vary greatly in their capability for handling parallelism. Requiring concurrency of a
binding can create severe problems for implementing it efficiently, or even at all, or can force implementors to
adopt solutions which do not conform to the language standard.

NOTE2 Some languages are very well equipped to handle parallelism. Requiring a serial form of
implementation can place unnecessary constraints on implementors using that language; a far more efficient
and natural form of binding can be possible using language features supporting parallelism, and is not to be
precluded.

NOTE 3  This guideline does not imply that a particular language binding should not impose concurrency

requirements on implementations of that binding; the semantics of certain language features can mean that, for
an implementation to be correct, certain concurrency requirements need to be met.
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11.4.3 Guideline: Specification of unavoidable concurrency requirements

Where a language-independent interface of a service specification cannot be neutral with respect to
concurrency, e.g. through external constraints, the unavoidable concurrency requirements should be
specified fully, but in as general a way as possible so as to place the fewest possible constraints on
bindings. In particular, no explicit or implicit assumptions should be made about how a language can
support parallelism.

12 G

12.1 General

Probablly without exception, all service specifications make use of the concept of data)and any
specifi¢ation needs to define the data to which it applies. The clearest and most commoniway of doing
this is by means of datatypes: a data value which belongs to the relevant defined datatype is covered
by the §pecification, while a data value which does not belong to the relevant defined ‘datatype is not sg
covered (and in general an attempt to use such an incorrect value constitutes an error).

This clquse provides guidelines for the selection and use of datatypes in language-independent service
specifi¢ations.

12.2 Guideline: Use of ISO/IEC 11404 General-Purpose Datatypes (GPD)

The dafatypes used in the language-independent service specificdtion should be selected from those
defined in ISO/IEC 11404 either by direct adoption, or using. the methods it defines for generating
furtherf datatypes from those directly provided in the standard.

NOTE LID provides a wide variety of primitive datatypes suitable for direct adoption, and a variety of
methodp for generating further datatypes from these. .These methods include various forms of aggregation
(includipg Set, List, Array, Record, and Table datatypes)’and of other forms of derivation (including “new” for
clone datatypes which have the same set of data yaltles but are logically distinct from the original, Choice tg
merge geparate datatypes into a single one, Pointer’for indirect referencing, and various forms of subsetting
see 12.3).

12.3 Guideline: Specification of datatype parameter values

For ea¢h selected datatype forwhich LID defines parameters, the language-independent servicg
specifi¢ation should specify all‘ef the parameter values, either directly, or by placing a requirement to
do so upon a conforming implementation of the specification.

NOTE 1| For most datatypes, the set of data values is either potentially infinite or, though finite, of arbitrary
size. (Fqr example thete are by definition an infinite set of values of datatype Integer, but a logically finite though
arbitraifily large set>ef values of an Enumerated datatype.) LID defines parameters for such types, to allow
subtypds to be défined, including subtypes of known finite size. The language-independent service specification
needs elther to's€lect the parameter values (e.g. specify what range of data values is to be supported) or requirg
a confoymirig implementation to do so (in which case it is desirable to specify constraints, e.g. “at least...” and /o]
“at most..%as appropriate).

NOTE 2  LID allows arbitrary sets of data values to be constructed, as well as contiguous ranges (where that
concept has meaning), by explicit inclusion or exclusion of specified values. (An example is Range -10:+10 of
Integer excluding 0 but extended to include values -20 and +30.) While allowing for such “unusual” values is
generally best avoided, because of the implementation overhead, where they are critical to the application this
can be a suitable means for the language-independent specification to highlight their presence in a rigorous way.

NOTE 3  Aggregate datatypes in LID have parameters governing the structure and size of the aggregate,

e.g. number of dimensions and index ranges for Array datatypes, number and datatypes of fields for Record
datatypes, length of CharacterString datatypes, etc.
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12.4 Guideline: Treatment of values outside the set defined for the datatype

The language-independent service specification should specify how a conforming implementation is
required to handle data values encountered which are outside the defined set of values for the relevant
datatype.

NOTE1 The way disallowed values are handled needs careful thought, and would be precisely and
unambiguously defined in the language-independent service specification, since much depends on the
consequences. In some contexts, it can be sufficient simply to ignore such values, as if they were not there. More
1sually, at least a warning is needed, and commonly some exception handling mechanism need to be invoked. In
critical cases, the presence of such a value indicates a breakdown, and a need to abort the service.

NOTE 2  Where the language-independent service specification takes a “permissive” attitude-to rgnges of
supported values of given datatypes, and allows the implementation to decide, there is a danger that users who
hre familiar with an implementation allowing a wide range of values can encounter this problém when mpving to
h more limited one. (This can become critical when interworking between implementations is likely.) Hepce, this
consequence of a “permissive” approach when defining the specification is always to be‘borne in mind,|and the
exception handling designed accordingly.

12.5 Guideline: Specification of operations on data values

For each datatype, the language-independent service specificationshould specify the operations on its
data values required to be supported, and, where relevant, whethet"and under what conditions ffurther
pperations are permitted in a conforming implementation of the)specification.

NOTE 1  LID defines “characterizing operations” for its datatypes, which are not normative and also not
hecessarily exhaustive (they are included to aid identification of the most suitable match for language|binding
purposes). Hence, a complete language-independent service specification lists which operations, whether
‘characterizing” in LID or not, are required for the application.

NOTE 2 In general, a complete definition for the\operation is needed, since details can vary from language to
anguage. For example, it is not enough to say.that addition is needed for a Range of Integer datatype; it is also
hecessary to specify things such as what happens if the result of an addition is “out of range”. (Note that LID does
nclude a Modulo datatype, if that is the restlt required.)

12.6 Guideline: Recommended basic set of datatypes

The datatypes used in the lahgluiage-independent service specification should, as far as practicable, be
selected from the following basic set, which are generally supported directly, or able to be sirthulated
without major binding problems, by a wide variety of languages: the primitive datatypes Boolgan, Bit,
Integer, Character, andjthe aggregates Array, Record and CharacterString.

12.7 Guideline:'Specification of arithmetic datatypes

With respeetto arithmetic datatypes, the language-independent service specification should tgke into
hccountthe provisions of the ISO/IEC 10967 series, in particular ISO/IEC 10967-1.

NOTE1 Problems can occur with arithmetic datatypes, especially because of the approximate nfture of
values and operations on values of datatype Real (in LID) and its counterpart in actual programming lafnguages.
ISO/IEC 10967-1 gives precise specifications for these arithmetic operations, to predictable accuracy, and its
study will help determine how important the accuracy of arithmetic is to the application.

NOTE 2  For many applications the correct functioning of the service does not depend on, or is insensitive to,
the detailed behaviour of Real values and operations. In such cases, it suffices to rely on the native arithmetic
of the host language and implementation environment. However, even in this case a statement of the arithmetic
requirements, however modest, would be included, since a future revision of the specification can become
more demanding, and mention of the arithmetic requirements is a safeguard against these being overlooked or
unwisely taken for granted.
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NOTE 3  For other applications the correct functioning of the service is dependent on arithmetic being carried
out to given accuracy requirements. Though it can be believed that all likely host languages and implementation
environments meet those requirements, by including them here there can be no doubt over what the
requirements are.

NOTE4  For some applications the correct functioning of the service is critically dependent on arithmetic
being carried out to high accuracy. In such cases, it is strongly recommended that the requirements be
rigorously specified, preferably using the ISO/IEC 10967 series by direct citation or, failing that, by using the
same techniques, and that meeting those requirements be made formally mandatory for conformity to the
specification.

12.8 Guideline: Approach to language bindings of datatypes

The larjguage-independent service specification should provide clear guidance on the appreach that g
language-independent service language binding should take to binding the various datatypes-tequired
Particullar care should be taken in the case of complicated abstract datatypes which many languages
need tq represent through simpler and less abstract datatypes, and, in some cases,it_is possible that
mandafory requirements need to be included to ensure that the integrity of the language-independent
service|is protected.

NOTE 1| Itis desirable to allow maximum flexibility for the language-independent\service to be implemented
efficienly and in a way which fits in well with the host language or enviroament. Hence, requirements orn
language bindings are best kept to the minimum needed to protect the integrity of the language-independent
service.|On the other hand, implementors are helped if requirements are explicit and the limitations on flexibility
are made clear, rather than a matter for interpretation.

NOTE 2| In many cases, it can be that the use of abstract datatypes are helpful to implementors and those
defining language bindings, in that it increases flexibility to bind¢o'the most appropriate datatype available.

12.9 Guideline: Avoidance of representational definitions

When defining the datatypes used in the language:independent service specification and the operations
to be sypported, any explicit or implicit dependence on or assumptions about the form of representation
of the datatype values should be avoided as far as possible, the definitions being in terms of abstract
properties only. When dependence on seme form of representation is unavoidable (e.g. because thg
language-independent service entails (interworking with some other service which does require 3
particular representation) then theépresentation requirements should be made explicit, and kept tg
the mirfimum necessary for the language-independent service to be performed correctly. The language
indepepdent service specification“should also address the issues relating to conversions from and tq
other forms of representation,

NOTE 1 In this subclause,the term “representational” includes indirect forms as well as direct forms. An
exampl¢ of an indirect/form is assuming that a value of datatype Complex, approximating to a value in the
mathenfatical complex:domain, is represented as a pair of values of datatype Real, approximating to values in
the mathematical realdomain, which are approximations to the (mathematical) real and imaginary parts of the
corresppnding (mathematical) complex number.

NOTE 2| 4n the case of datatype Real, for most applications it is usually safe to make the assumption that values
are replesented in floating point form. Use of ISO/IEC 10967-1 entails that assumption, without any further
assumptions e.g. about the radix used, or machine representation for storage or transmission of values. For some
applications, however, it can be desirable for the language-independent service specification to address issues
relating to the use instead of some other form, such as fixed point (datatype Scaled in LID).

13 Guidelines on specification of procedure calls

13.1 General
This clause provides guidelines on how to specify procedure calls in language-independent service

specifications. Many (perhaps most) service specifications find it convenient to define certain actions
or functions of the service in terms of procedure calls; indeed, some services can conveniently be
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defined entirely in terms of procedure calls and the data on which they act. In particular, any required
operations on data values (see 12.5), which not all actual languages necessarily provide, can well be
best defined in that way.

13.2 Guideline: Avoidance of unnecessary operational assumptions or detail

The language-independent service specification should define each procedure call in terms of the
overall effect achieved by the call in relation to the service, not in terms of how that overall effect is to
be achieved.

NOTE1  The concept of “procedure call”, though a very general one and by no means confined ito-sp-called
‘procedural languages”, is often interpreted in terms of specifying things procedurally, i.e. howan effpct is to
be achieved. To make the service specification truly language independent, it is necessary to/bear in mfind that
many languages are “non-procedural” (i.e. the underlying procedural aspects do not appear-at the levgl of the
source code, and hence are not directly under the control of the programmer). It is worth noting also that even
the procedural languages can vary in the way that they achieve certain effects, and if the/specification defines the
‘how” as well as the “what” of a procedure call, the binding for languages who achieyé the same effect diffferently
hre not the most effective or efficient one.

NOTE 2 This guideline implies that it is undesirable that the language-inidependent service specification
requires or expects that alanguage binding necessarily implements a procedyre call in the language-independent
service specification as a procedure call in the language.

NOTE 3  This guideline implies that it is undesirable that the language-independent service specification
Kpecifies higher-level procedures in terms of calls of lower-level procedures, unless this is unavoidable pecause
pf external constraints (i.e. requirements imposed by the environment in which the service operates).

NOTE 4  This guideline encapsulates the concept sometimes referred to as “the right level of abstractlion™: i.e.
that the right level of abstraction is not the operational level, but a higher and more abstract level which leaves
put the operational detail.

NOTE 5  This guideline implies that it is undesirable to specify a language-independent service ip terms
pf operational semantics, since this can easily~imply an implementation model for the service, including its
constituent procedures (see Clause 9).

13.3 Guideline: Use of ISO/IEC 13886 procedure calling model

The language-independent tservice specification should, for its procedure calling model, use
[SO/IEC 13886.

NOTE The advantage.of using LIPC as the model is that any LID datatype can be used as a paranjeter (or
for the returned value) of any LIPC procedure, which greatly simplifies the language-independent| service
Kpecification and rediices the chance of clashes with other related language-independent service specifjcations.
Use of LIPC and¢hevery wide range of datatypes available for parameters also maximises freedom to implement
the service in‘the’'way that best suits the language used, using the relevant language bindings to LIPC andl LID.

13.4_Guidelines on the use of ISO/IEC 13886

13.4.1 General

ISO/IEC 13886 defines a language-independent model of procedure calling of sufficient abstraction to
allow the procedure calling facilities of many languages to communicate by mapping them to and from
the LIPC facilities, the mapping being defined by the bindings of the languages concerned to LIPC. The
model allows for various modes of parameter passing.

An LIPC parameter can be of any datatype definable via [ISO/IEC 11404. No distinction is made between
“function” procedures that return a value through the procedure name (and hence can be called to
provide values to expressions directly), and “subroutine” procedures that do not return a value in such
a way (though they can return results through setting values of suitable parameters). The language
syntax used to invoke a procedure is a matter for the language concerned, and of no relevance to LIPC.
If the language allows for “function” procedures, the language binding maps the return through the
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procedure name of the evaluated value of the function into an additional parameter of the corresponding
LIPC invocation.

NOTE1 Hence, the LIPC equivalent of the square root function sqrt(x), provided in many languages, would be
of the form sqrt(x,y), y being set to the square root of x.

LIPC acts as a bridge between the procedure calling facilities of different languages. A language
processor offering LIPC server facilities for a procedure (i.e. on the service provider side, in the present
context), maps the LIPC procedure call definition, including the number and datatypes of formal
parameters,_into the form of the r‘m‘rpcprmding prm‘pdnrp call in the ]nngnngp on its side using the

LIPC bipnding for that language.

NOTE 2| The semantics of the procedure once called (sometimes termed the procedure body as distingt from
the prog¢edure head) can be defined in various ways, e.g. in language-independent form, or by program-sourcg
code in the language on the service provider side.

A langyage processor offering LIPC client facilities (i.e. on the service user side) can.then invoke that
procedfire, in terms of the language on that side. The actual parameters are convertedby the LIPC client
facilitigs from the local datatypes to the LID datatypes required for the formal parameters, using the
LID binding for the language; this process is termed marshalling.

Transnjission of the procedure invocation and parameters to the serviee.provider side is a system
implententation matter outside the scope of LIPC. Once received by the service provider side, the LIPQ
server [acilities unmarshal the marshalled actual parameters from the LID datatypes into the local
datatypes used by service provider mapping of the LIPC proceduré<«all definition. Return of results ig
performed by a reverse process of marshalling on the service provider side and unmarshalling on thg
service|client side.

LIPC specifies four abstract modes of parameter passing,(see 13.4.3), and explains how the common
forms ¢f parameter passing found in languages can‘be*expressed with them. As a guide for those
defining and implementing LIPC services, an abstract model of the execution of a procedure call iy
provid¢d. There is no requirement to implement:this execution model itself, which is provided solely
to aid ynderstanding and reduce the risk of incompatibilities through differences in assumptions being
made bly people with different language backgrounds.

13.4.2 | Guideline: Selection of datatypes of parameters

Care should be taken in the selection of datatypes of parameters, to avoid breaking down complicated
datatypes used for definitional-purposes into simpler ones for specifying operations, simply because
it is knpwn that most languages are unable to pass as a parameter a value of a complicated datatype
The definition of the procediuire should be made at the highest level of abstraction possible (see 13.2) tg
enable pindings of the language-independent service specification to exploit language features to theiy
best effect.

NOTE This dees not preclude the language-independent service specification from including, e.g. as an
informdtive anneXyadvice to implementors and those defining language bindings of the language-independent
service [specifijeation on possible methods of breaking down complicated datatypes for parameter passing
purpossgs,

13.4.3 Guideline: Selection of parameter passing modes

As far as possible, the language-independent service specification should use the LIPC parameter
passing mode “call by value sent on initiation” for each parameter.

NOTE1 The LIPC parameter passing mode “call by value sent on initiation” is what is commonly called simply
“call by value”, or “in”.

NOTE 2  Experience shows that “call by value” is the parameter passing mode which causes least confusion to
users, and is least prone to unwanted side effects.
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NOTE 3  Special rules, or at least guidance, might be considered to be included for bindings of the language-
independent service specification to languages which do not specify “call by value”, or “in”, as a required
parameter passing mode, unless these are already covered adequately for the language-independent service
specification in an LIPC binding standard.

NOTE4  LIPC permits the use of “call by reference” in this mode, by passing the value of a “pointer” datatype.
The advantage of this is that it makes precise the concept of “call by reference”, by making it clear what is allowed
to change and what is not. This is the recommended method for returning values to the calling environment.
Special rules, or at least guidance, might be considered to be included for bindings of the language-independent
service specification to languages which are less precise in this respect, unless these are already covered
hdequately for the [anguage-independent service specification in an LIPC binding standard.

NOTES5  An alternative, for the return of results, to the use of a pointer datatype called “by yvalue”, {s use of
hnother LIPC parameter passing mode, “call by value return on termination”, i.e. “out”. This can be preferred in
Kome cases. In fact, if the specification is at a high enough level of abstraction, it can be possible to use ¢f either
method, depending on available language features.

13.4.4 Guideline: Use of bindings to LIPC

The language-independent service specification should require that any implementation of the|service
pr language binding to the language-independent service specification\standard conforms in regpect of
procedure calling to the relevant requirements of the relevant binding/'to LIPC, where one existg.

NOTE Special rules for implementors are needed to cover cases;where a binding to LIPC to the lainguage
used does not exist.

13.5 Interfacing via remote procedure calling (RPC)

13.5.1 General

A service for which a language-independent specification is required can be intended for use wholly or
primarily across a network. In consequence;any procedure call from the service user is transmijitted to
the service provider through a commumication channel. Thus, the values corresponding to the actual
parameters supplied by the service user, and results returned by the service provider, neefl to be
encoded in the appropriate transmiission protocol. The need for encoding of values for transission
imposes constraints on the datatypes of the encoded values, and the parameter passing mode uped.

However, the service stillsheeds to be capable of interoperating with other (non-remote) services,
meaning that it is still-appropriate for the language-independent specification of the service to be
expressed in the most.general terms possible, using LIPC for procedures as recommended earljer. The
constraints imposed by the need for service users to call procedures remotely, across a netwqrk, are
therefore reflected'wholly in the language-independent specification of the interface. There is nd logical
problem in this, because the remote procedure call constraints apply only to the interface.

A specifiesstandard deals with procedure calls operating under such constraints: ISO/IEC 115}8. The
constraints referred to above are reflected in the facilities this standard provides.

Thisssubclause provides some general guidelines for specifying an interface under remote pracedure
alf constraints, in{‘]nding use of the RPC standard

13.5.2 Guideline: Avoid limiting the service specification because of constraints on the interface
specification

Remote procedure call constraints on the interface should not be carried over into the language-
independent service specification.

NOTE1 The language-independent service specification give the formal definition of the procedures, and
the datatypes and passing modes for parameters that are the most appropriate for the service are specified.
This allows implementors of the service maximum freedom to exploit the facilities of the language used for
implementation.
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NOTE 2  For some services the LIPC datatypes and passing modes for parameters equivalent to those in RPC
are in fact the most appropriate. In such cases, this problem does not arise.

NOTE 3  The LIPC standard contains an annex summarizing its relationship with RPC, which can be consulted
if necessary.

13.5.3 Guideline: Specification of RPC interface

A language-independent interface specification with remote procedure call constraints should define

the usuy= r\] IIDP W\ﬂ!"(‘l"\’\]]]“ﬂ f\nA unmarcshalling annraneiata +0 tha cacg and than o furthar ctaggq o
..................................... PP opTote o thre -ttt trre o rar e ota g e

marshdlling, from LIPC 1nto RPC form, and an additional stage of unmarshalling from RPC into LIP€
form be¢fore the usual unmarshalling from LIPC to the service provider language form is carried gut.

NOTE 1| Where calling can take place non-remotely as well as remotely, the usual LIPC-based dnterface is
needed|Even when calling only takes place remotely, specification of marshalling and unmarshallihg in twd
stages i desirable for documentation purposes: for example, it makes it clear which transformations are caused
by moving between language-dependent and language-independent forms, and which are the results of remote
procedyre call constraints.

NOTE 2| This does not imply that implementations of the interface are required to use a‘two-stage process. On
the confrary, implementations are free to optimize the marshalling and unmarshalling transformations within
the limifations of the languages concerned and the remote procedure call constraints.

NOTE 3| Language bindings to LIPC can also provide for the case when remate procedure call constraints arg
present

13.5.4 | Guideline: Use of subsets

In some cases, a language-independent service specification'is best defined in terms of an LIPC-based
full service, with a more restricted RPC-based service.ds'a subset. If this is done, it should be ensured
that the restricted service is a fully conforming subset.of the full service.

NOTE 1| It is better to avoid using the subset approach for speed or simplicity, because of the well-known
attendapt disadvantages of including levels and options in standards.

NOTE 2| If possible, it is advisable to use aformal specification method to demonstrate the full conformity of
the subget.

13.5.5 | Guideline: Use of ISO/IEC;11578

For sorne services where réemote procedure call constraints apply, it can be necessary or desirable
to maKe use of featuresin ISO/IEC 11578 in addition to those with corresponding features of
ISO/IE( 13886. In general; any such language-independent interface specification should be reviewed
in the light of ISO/IEC.11578, so that the maximum benefit is obtained from use of that International
Standard.

NOTE RPGCsis*defined at a more concrete level of abstraction than LIPC, and hence addresses issues outsidg
the scope oftthe LIPC standard which can still be relevant to the service being specified.

13.6 Guideline: Guidance concerning procedure calling to those defining language
bindings to the language-independent service specification

Procedure calling is a well-known concept, and exists in some form in all programming languages, or at
least all those likely to wish to bind to a language-independent service specification. It is also a simple
concept, at least at the level of provision of functionality. However, because procedure calling interacts
with other parts of the language concerned, there are many detailed variations between one language
and another, not just at the syntactic level, which is relatively easy to deal with, but in terms of the
underlying operational model used. Languages vary, sometimes greatly, in their underlying structure
and design assumptions, and this can often be reflected in the procedure calling model.

32 © ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=7eb8aedb4c52730e45db08e538fcc2ec

ISO/IEC TR 14369:2018(E)

The difficulty for those defining a language binding to an external service is that the service probably
does not have exactly the same procedure calling model. There is obvious danger of mismatches, faults,
and unexpected behaviour arising because those defining the service made unspoken assumptions
about procedure calling while those defining the binding made different unspoken assumptions. This
is especially true when those concerned are particularly expert in one language but not very familiar
with others.

Hence the first necessity for those defining a language binding is to examine carefully the underlying
assumptions of the procedure calling model of the “target” language, and compare these to the
ndertyingassumptions of thatused forthe service: ttisTecommended that thisbedome ireacircase by
first separating the three concepts of defining the procedure; invoking it; and the delivery of it3|results
back to the point of call, and then doing detailed comparison of each of the three.

However, this document recommends throughout that relating the procedure calling models of
the service and the target language by using the common reference point provided by LIPC| which
was designed for that purpose. If the language-independent service specification was prodpced in
pccordance with the guidelines in this document, it, and the interface to whiéh-the binding wil| relate,
uses the LIPC model, at least as a reference if not for the detail of the specification (see 13.3). Evgn if the
ervice specification is language-dependent, a language-independent interface produced in accqrdance
with the guidelines presents the service using the LIPC model - in‘other words, it acts as g buffer
between the service's internal assumptions, and the outside world-in‘which those assumptiong do not
necessarily hold.

[f the target language already has a defined LIPC binding, iné@ standard or, failing that, an authofitative
document, then those defining the language binding can usethat. If not, they need to define one|of their
pwn, covering at least enough to meet the needs of binding to the service concerned. LIPC has an annex,
titled How to do an LIPC binding for a language, which*provides guidance for that. Before embarking
pn this, a search should be made to determine ifiothers in a similar situation have produced|partial
bindings.

NOTE The danger that different partial LIRGbindings are incompatible shows the importance for a language
community of agreeing on a definitive standard binding to LIPC.

For some services, however, an existing LIPC binding is not enough, since it primarily covers invpcation
and return of results. While this\is adequate in many cases, there can be a need for a cpmmon
understanding of what happens-during execution - for example, when questions of interopefrability
prise (see Clause 10). In suc¢h cases, ISO/IEC 13886:1996, Clause 6 should be studied, becayse that
provides an abstract fornralmodel of procedure execution for use in such situations.

14 Guidelines onspecification of fault handling

14.1 General

During the/invocation or execution of a service, faults can occur. The term “fault” is used here in p broad
ense;,to mean any occurrence which prevents, delays or changes the way in which the servic¢ would
normally operate. For a service to be reliable, it is important to foresee the kinds of fault that can arise,
and to determine how they should be handled when they do. a[n

Some faults are internal to the service itself (i.e. they occur on the service side of the interface). If a fault
can be completely handled on the service side so that, with appropriate fault recovery procedures, the
service is unaffected, it is not visible outside, so a language-independent service specification covering
only the service interface need not address it. However, if the service is affected, e.g. is stopped, or
delayed, or acts in a way other than expected, then the fault, or a manifestation of it, is propagated
through the interface, and it can be necessary for the language-independent service specification to
address it.

Some faults occur at the interface, e.g. arising from a mismatch between what the service user invokes
and what the service provider expects. The language-independent service specification needs to
address such faults.
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Some faults are specific to the binding. It can be necessary for the language-independent service
specification to address such faults, for example, by identifying them, and saying that they are a matter
for the binding.

This clause provides guidelines on how to approach all these aspects of a language-independent service
specification.

14.2 Guideline: Fault detection requirements

Requirfmenfs should be included covering fault detection, reporting and handling, with appropriatg
conformity clauses. The language-independent service specification should specify a minimumnset
of fauls which a conforming implementation needs to detect (in the absence of any masking faults)

minimym level of accuracy and readability of fault reports; whether a fault is fatal or non-fatat;arid, for
non-fatpl faults, the minimum recovery action to be taken.

When fonsidering requirements in this area, it is possible that drafters of language-independent
service| specifications need to take execution overhead into account, which can be{considerable for
some services, some implementations, or some languages to which the language-independent servicg
specifi¢ation is bound. A possible way of dealing with conflicting priorities (é:g"’between speed and
safety)[for differing uses of the service can be to specify that implementation-eptions should be available
to allow the level and extent of fault checking to be controlled.

14.3 (1hecklist of potential faults
|

The following is a list of typical faults which can arise in the{invVocation and execution of a service
Drafteifs of language-independent service specifications should check all of the following for relevancsg
to their service, and the specification produced should address all that are appropriate, plus others
specifi¢ to the service concerned. This list is not to be considered either as exhaustive or as prescriptive

In all cgses the language-independent service specification should specify whether the fault concerned
is fatal{or non-fatal. Depending on the nature of the service, it can occur that a particular fault does
not corjstitute a problem (whereas it would.imyanother service) but that users of the service would
nevertheless benefit from the availability of.a warning message from the implementation.

14.3.1 | Invocation faults

a) unknown or misspelt command:.

b) duplicate user-defined name.

c) invalid syntax of numierical value (e.g. two decimal points).
d) call for unknown-sérvice function or other named facility.
e) wrpng number of parameters supplied in call.

f) wrpngidatatype of parameter supplied in call.

g) syInbotsuppiied Mot T SUpported CTaracter TEPErtoire.

14.3.2 Execution faults
a) attempt to divide by zero.
b) numeric overflow on arithmetic operation (any numeric datatype, Real, Scaled or Integer).

c¢) numeric underflow on operation yielding datatype Real value.

NOTE It is possible to specify an implementation option, to permit the service user to treat such an
exception as non-fatal, replacing the underflow value by zero and continuing, or as fatal, which would be the
default.
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invalid string or list operation, e.g. overflow upon concatenation, attempt to perform an op
undefined for an empty string or list.

eration

e) operation undefined for value.

f) attempt to perform operation on an undefined value.

g) attempt to delete a non-existent item.

h) unable to execute call (e.g. named service function unavailable).

i) attempt to open file that cannot be found.

) attempt to open file that is already open.
NOTE Perhaps non-fatal though it can indicate incorrect file naming by the servicé’user.

k) illegal file name.
NOTE File names can be generated dynamically.

|) attempt to access (for input or output) file to which access is unauthorized.
NOTE It is advisable not to require in the language-independent/service specification the proy
an unnecessary amount of information or lower levels of securjty.than provided by the host envir
Any resulting message is only meaningful for a legitimate user who has merely omitted to unlock a pf
file for read or write access, and who is able to obtain the neéded information and take the necessan
without direct assistance from the implementation.

m) attempt to input from an output-only file (e.g. printer stream) or to output to an input- only
keyboard).

n) attempt to create an item that already exiSts.

p) attempt to replace a non-existing item:

p) attempt to close file already closed.

q) insufficient system resource-fe.g. memory) available for specified operation.

) time limit exceeded.

5)  limit on complexity (€.g. depth of recursion) exceeded.

) use of non-standard dynamic implementation-defined extension.

14.4 Guideline: Recovery from non-fatal faults

Wheresthé specification permits recovery mechanisms from fault conditions, the required re
theactions to be taken by the implementation (when such a recovery mechanism is invoked) shjould be
déefined as fully as are defined the normal features of the service.

rision of
bnment.
otected
ly action

ile (e.g.

sults of

15 Guidelines on options and implementation dependence

15.1 General

Options present a special problem for service specifications in general (as indeed for other things), and
for language-independent service specifications in particular. Optional aspects of the service, which
some implementations have but others do not, can harm interoperability and create difficulties for
applications using the service. These applications can need the options and rely on them to be present,
or at least need to know (possibly in advance) whether they are there or not. Options in the service
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interface, or in bindings, can create uncertainties and difficulties, and damage interoperability of
applications using different implementations of the service.

From that point of view, the best course of action is to eliminate options altogether. All implementations,
interfaces and bindings therefore provide the identical service. However, in some environments,
providing everything can be technically difficult, prohibitively expensive or actually impossible. A
partial service can be offered but it would not conform to the specification and (if the specification is
embodied in a standard) users of it would hence not be able to rely on the assurance that conformity to
the standard (possibly backed up by testing and certification) would bring. In some environments or
for sonfepurpuses,; providing everything cam be imdeed unmecessary; parts woutd mever be used yet th
costs of them would remain.

As for jmplementation dependence, removing it altogether can make implementation impossible on
some systems. In contrast, itis possible that some systems are able to provide a better level ofiservice (as
measutfed by, say, speed or capacity) than that specified, but would be prevented from doing so. Where
characteristics so measured need to be identical to permit interoperability, this can be unavoidable
Yet, a sfituation can arise in which implementation, interface, binding and applicatién-all operate at 3
higher |evel, without affecting anything outside, but doing so would be precluded.

Services, the way they are used, and the circumstances in which they are\used, vary so much that
there chn be no general rule covering every case. Those responsible for developing the specification
such ag a standards committee, need to weigh all the various factors and make a decision - probably 3
comprqgmise - accordingly. The guidelines in this clause are aimed at helping them to do that.

15.2 Guidelines on service options

15.2.1 | Guideline: Optional service features

Inclusign within the language-independent service speeification of optional features of the service, ag
offered|through the interface to users whether as optional additions or as optional alternatives, should
be min|mized. Ideally, the aim should be to have ne‘optional features at all.

NOTE In general, optional features harm intetoperability, and they can create difficulties for applications
using the service, especially those that deal with different implementations of the service.

15.2.2 | Guideline: Avoidance of assumptions about the use of the service

When dletermining whether to"allow a feature of a service to be optional, the fewest assumptions ag
possible should be made about how or for what purpose the service will be used.

NOTE 1| Experience showsthat options often arise because it is assumed that a certain feature is rarely used
or is redquired only for cértain expected uses of the service. Problems are thereby created during the transitiona
period where many implémentations omit the option until experience has shown that it is more widely used than
anticipdted by the.deSigners of the service.

NOTE 2| Experience can also show that features made mandatory are in fact used only rarely. In this case, 4
possiblg cotixse of action is to make the feature optional in a future revision (see Clause 18).

15.2.3 Guideline: Use of query mechanism

The language-independent service specification should recommend that that every implementation
of that service should provide a mechanism by which the application can determine which optional
features are available.

15.2.4 Guideline: Management of optional service features
Where complete avoidance of service options is impracticable:

— they should be organized in a consistent manner, and the number of different levels should be
minimized;
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— if an implementation provides a conforming optional service feature that is not required
subset for which conformity to the language-independent service specification is claime

for the
d, then

the specification should require that, nevertheless, the implementation provides that feature in

accordance with the requirements of the specification;

— the language-independent service specification should require that every implementation omitting
any optional features provides, either internally or through the interface, a defined response to any

service user request for a feature not provided by that implementation.

15.2.5 Guideline: Definition of optional features

[f at all possible, any optional (or higher level) features of the service should be defined functio
terms of mandatory (or lower level) features.

15.3 Guidelines on interface options

15.3.1 Guideline: Completeness of interface

The service interface specification should allow bindings and user applications access to all the f}
pf the service that are offered externally.

NOTE Even when the interface is conceived to be for a given, limited purpose not seeming to require

features of the service, some applications can have unforeseens uses of those features, and a well-d
nterface will allow for such uses (see 15.2.2).

15.3.2 Guideline: Interface to service with options

Where the interface is to a service that has optional features, the interface specification should
this but still be able to handle invocations of ‘those features by user applications, and pro
pppropriate response.

NOTE Adopting this strategy makes it(éasier to update the interface in case these unimplemented
become available later.

15.4 Guidelines on binding options

15.4.1 Guideline: Completeness of binding

Unless unavoidable,\a language binding to the service interface specification should allo
applications access to all the features of the service, whether mandatory or optional, that are ay
through the interface. If omissions are unavoidable, they and the reasons for them should 1
documented;

NOTE 1 <\ A well-designed language binding makes no assumptions about how or for what purpose appl
written'in the language will use the service (see 15.2.2).

NOTE 2  Omitting features can be unavoidable though, for example, if the interface assumes the prese
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acility that 1s not available in that language. [ T1is 1S at least as 1iKely to be the result of the Service spec
not being sufficiently language independent as it is to be the result of a shortcoming in the language.)

15.4.2 Guideline: Binding to a service with options

fication

Where the language binding is to a service that has optional features, the following possibilities should

be considered:
— reflecting the service options in options in the binding;

— requiring certain options to be available before binding is possible;
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— usingsuitablelanguage facilities to provide enquiry functions, allowinglanguage users to determine,
in a given environment, whether a given option is available or not.

15.4.3 Guideline: Binding to a language with optional features

Where the language binding is to a language that has optional features, the binding should make use of
the full power of the language, provided

— it does not require syntax additional to that allowed by the standard for the full language;

— an[alternative binding, where possible, is provided in cases where the preferred binding uses ‘amn
optional language facility which is absent from a standard-conforming language processor which
onits that option (e.g. a subset language implementation);

— sugh alternative binding is totally equivalent to preferred binding as far as providing access to the
sernvice feature is concerned.

NOTE 1| For some languages, the “full power” includes the ability to add user-defined datatypes, operations
module$ etc. Exploitation of this full power gives maximum benefit for those language(users needing access td
the serice.

NOTE 2| Strictly speaking, this guideline does not belong in this document-but in ISO/IEC TR 10182. The
guidelirje is however kept in the spirit of this document.

15.5 Guidelines on implementation dependence

15.5.1 | Guideline: Completeness of definition

The number of aspects within its scope that the language=independent service specification leaves nof
completely defined should be minimized (and preferably eliminated altogether). Where full definition
is impifacticable, in general such aspects should be 'required to be implementation-defined, subject
where pppropriate to specified minima or other-limits, rather than left as implementation-dependent
or und¢fined. In this case, a complete checklistshould be provided of all such implementation-defined
features, guidance should be provided forimplementors, required limits, as appropriate, should b
specifi¢d, and the documentation accompanying the implementation should be required to provide for
the uselr a full specification of the implenientation definitions used.

NOTE The crucial phrase abové is*“within its scope”. It is important to avoid over-specifying requirements
by going beyond the scope of the §pecification by specifying how results are achieved as well as what results arg
achievedl. Such over-specificationjoften means that, for languages with facilities other than those envisaged, either
instead pr in addition, implemenitations are pointlessly constrained, and can be less efficient than they can be.

15.5.2 | Guideline: Provision of implementation options

The larljguage-independent service specification should specify implementation options required to b
provid¢d by.asconforming implementation, including in each case a specification of standard default
settingp of\the option and the form or forms in which the implementation options are to be made
availabjéto the service interface, bindings, and user applications.

NOTE There is also the possibility of the language-independent service specification leaving some things
undefined to be defined by the binding, or for the binding to decide whether to define something or leave it to
the implementation to do so. All such things should be explicitly stated in the language-independent service
specification.

15.5.2.1 Checklist of potential implementation options

Writers of language-independent service specifications should consider all of the following features as
potential areas for specifying implementation options, and the specification produced should address
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all that are appropriate for the service and for the kinds of implementation and binding language
covered:

the handling of non-standard features;
the use of system-dependent or implementation-dependent features;
the type(s) of optimization;

the handling of faults and warning messages;

)

b)

the handling of overflow and similar range checking;

operating modes;

the use of pre-connected files and their status on termination;

the rounding or truncation of arithmetic operations;

the precision and accuracy of representation and of arithmetic, as appropriate;

the default settings of service parameter values;

in the case where the specification is a revision of an earlier specification, the detectjon and

reporting, of usage incompatible with the old specificationg

15.5.3 Guideline: Implementation-defined limits

Minimum guaranteed service levels to be supplied:by conforming implementations should
hdvice on choice of actual levels and be specified imvappropriate circumstances, namely where:

it is probable that user service demands encounter implementation-defined limits
execution; and

such limits can be expressed initerms of the nature of the demand (rather than
implementation issues which cahtbe unpredictable or variable, such as resource capacity).

15.5.3.1 Checklist of potential implementation-defined limits

Examples of features for-which it can be appropriate to specify minimal limits in specifications

length of user-supplied or internally-generated character strings handled;
range of intégers;

internal'precision of values of datatype Real;

magnitude of values of datatype Real;

number of user files which can be open simultaneously;

brovide

during

service

Hre:

complexity of service requests that can be handled.

15.5.3.2 Actual values of limits

When advising implementors on considerations involved in setting the actual values of implementation-
defined limits, note that such advice can do one or more of:

recommending specific values;
recommending minimum useful values;

recommending maximum useful values;
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— recommending that limits should depend on implementation thresholds where efficiency changes
sharply;

— recommending that limits should depend on resource availability, which can fluctuate during
execution;

— setting forth other criteria appropriate to the specific service.

In each case, the reasons for the recommendations should be explained. Different recommendations
can be appropriate for different limits.

It should be noted that appropriate implementation-defined limits need to be made accessible to users
in partjcular for those performing conformity testing, as well as being documented. Where this)is’not
availabje through service facilities (such as user “help” facilities), appropriate guidance to implementorg
should pe provided.

16 Guidelines on conformity requirements

16.1 General

If the specification (of the service, the interface, or a binding) is to be included in a formal standard
then fofmal conformity rules are required. This clause provides guidelines on how to do this.

NOTE 1| Much of this clause is based on the guidelines in ISO/IEC TR 10034.

Even if| the specification is not being designed with formalistandardization in mind, any document
contairling it needs to make clear what is required to meet the specification. However, it can feel
unnecessary to make the conformity requirements as striet as those in a formal standard should be.

The guldelines here are based on the assumption that\strict and formal conformity rules are required
If the cjrcumstances are regarded as less demandifg, then some relaxation can be possible. However;
in gendral, a rigorous definition of what is required is helpful to both implementors and users of any
service} standardized or not, since there cannotthen be any doubt.

What kfinds of entity are expected to conform to the specification, and the rules to be laid down for such
conformity, depends greatly upon the nature of the service being specified, and in that respect these
guidelines can do no more than indicate general principles. In respect of the language-independent
nature [of the specifications, the consequent relationship with actual languages, and what this implieg
for conformity rules, these guidelines can be more specific.

There pre three kinds ofpossible relationship between a programming language and a language-
indepepdent service specification, which can be summarized as implementation, invocation, and
incorpqration.

Implenfentatiormeans that the language is used to implement the service. At its simplest, the service iy
provid¢d to the user as an executing program. The user, in general, does not know, and should not need
to know, what language the program is written in.

NOTE 2 I'his relationship is relevant for a specification of the service. Though the specitication of services in
general is outside the scope of this report, specification in respect of language independence is in scope, and is
covered in 16.2.

Invocation means that the user of the language is able to call upon the service from a program in that
language. The term reflects the familiar simple case of a user invoking a procedure from a procedure
library. The essence in this case is that the service is logically external to the language, but language
users can invoke it. The implementation language for the service is not necessarily the same as the
language from which it is called.

Incorporation means that the service is provided by the language. That is, the service is internal to
the language - it is included in the language definition. This does not mean that the language is also
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the implementation language: languages designed for particular applications domains are often
implemented in other languages designed for systems implementation.

Both invocation and incorporation require language bindings to the service, which, in general, are rather
different in style. Furthermore, for a particular service and language, invocation and incorporation are
not necessarily totally mutually exclusive. Normally, a language has only one binding to the service,
which is an invocation-style binding, an incorporation-style binding, or a mixture (since, for a particular
service and language, invocation and incorporation are not necessarily totally mutually exclusive).

ontormiby rules need to cover all these three cases and are diflerent in general Thase covering
implementation conformity are the ones which most depend on the nature of the service. The guidelines
for specifying conformity of implementations (see 16.2 and 16.3) are confined to general princigles and
how to avoid making undue assumptions about the nature of the implementation language: Conformity
rules covering invocation and incorporation are rules for conformity of the language bindings. The
puidelines for specifying conformity of language bindings (see 16.4) address how to.avoid making undue
pssumptions about the nature of the binding or the language being bound to,’and how to make the
Janguage bindings as simple as possible. The general guidelines for specifyingthe service addregs those
questions, but they also need to be addressed here, since it is possible for a.good language-independent
specification to be subverted by undue assumptions in the conformity rules.

16.2 Guidelines for specifying conformity of implementatiomns of the service

16.2.1 Guideline: Avoidance of assumptions about the imiplementation language

The conformity requirements on implementations showld not make assumptions about the §tyle or
mode of provision of facilities of the implementation language.

16.2.2 Guideline: Avoidance of representatienal assumptions

The conformity of implementations shofild not depend on representational requiremepnts, or
requirements that make representational-assumptions.

16.2.3 Guideline: Avoidance of implementation model

The conformity requirements on implementations should not assume or require an xplicit
implementation model.

16.2.4 Guideline: Requiring end results rather than methods

The conformity elauses for implementations of the service should make very clear that is the end result
that matters, nothow it is achieved.

NOTE The same holds, of course, for the normative text of the specification.

16,3 \Guidelines for specifying conformity of implementations of the interface

16.3.1 Guideline: Requirements on implementation-defined aspects

Conformity requirements for implementations of the interface should address implementation-
defined aspects of the service (e.g. maxima or minima of implementation- defined values), even if the
specification of the service does not.

NOTE Such requirements assist in defining language bindings to the interface, since they help to determine
the minimum level of service that a language user can expect from a binding.
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16.4 Guidelines for specifying conformity of bindings

16.4.1 Guideline: Propagating requirements to conforming bindings

The conformity rules for the service should include requirements on the conformity rules that
language bindings apply to their implementations, in order to propagate requirements of the interface
to conforming bindings and ensure an adequate level of consistency between bindings for different
languages.

16.4.2 | Guideline: Adherence to defined semantics

The cdnformity rules of a language-independent service specification should require that-any
confortning language binding shall adhere strictly to the defined semantics of the service.
NOTE 1| SeeNOTE 1in 17.3.

NOTE 2| Other guidelines in this document make it clear, however, that conformity rules,ar€ discouraged from
imposirlg on bindings inflexible requirements that are inessential to the correct functioning of the service.

17 Guidelines on specifying a language binding to a language-independent
interface specification

17.1 General

Guidelipes on the development of language bindings can be found in ISO/IEC TR 10182. The following
additiohal guidelines are recommended for use when binding to a language-independent interfacs
specifi¢ation.

17.2 Guideline: Use of bindings to LID and LIPC

Langugge bindings to a language-independent service specification should make maximum use
of exisfing bindings for the language to-the language-independent standards ISO/IEC 11404 and
ISO/IE( 13886.

NOTE 1| See Clauses 12 and 13.

NOTE 2| For some services whose-invocation can be expressed completely in terms of procedure calls and
associaled parameters and for-languages whose bindings to LID and LIPC are complete, it can be possible td
producd a very simple, near-autematic binding which simply lists the service's datatypes and procedures and thg

corresppnding bindings.

NOTE 3| However, itis'possible that name correspondence requirements still be necessary: see 7.2.2 e).

17.3 Guideline! Adherence to defined semantics

A langyiage“binding to a language-independent service specification should adhere strictly to the
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make such a requirement.

NOTE1 If different semantics exist for different bindings, this causes confusion among users, possibly
resulting in errors that are difficult and expensive to put right. Strict adherence to the defined semantics is
clearly important when interoperability is required between applications using different languages and language
bindings, but even when interoperability between one language platform and another is not an issue, portability
and consistency of the same application between different language platforms is jeopardized if the defined
semantics are departed from.

NOTE 2 It can be appropriate to include in the language binding specification the specification of the service

itself (clearly shown as informative, not normative), either as a separate section or annex, or interleaved with
related binding definitions.
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NOTE 3  Abinding which redefines the semantics of a service, hence contrary to this guideline, has sometimes
been termed a “thick” binding, as opposed to a “thin” binding which adheres to the defined semantics as this
guidelines recommends. However, the terms “thick” and “thin” in relation to bindings have tended to cause much
confusion and misunderstanding, and are best avoided.

17.4 Guideline: Binding document organization

Alanguage binding to a language-independent interface specification should be designed to include the
following parts (though it should not necessarily be confined to only to the parts listed).

NOTE In general, a binding to a language-independent interface specification is a simpler documtnt than
the specification itself, however, the relation of the intended structure of the bindings to that of ¢the'language-
ndependent service specification is to be carefully considered. There are advantages in keeping‘them ag similar
hs possible. The list below is therefore a shortened and adapted form of the checklistin 7.2.2,

1) A definition of the binding of the language to the interface, including rules for conformity of
implementations.

2) The specification of all further requirements on standard-conforming implementationg of the
binding (such as fault detection, reporting and handling; provisiofivof implementation opgions to
the user; documentation; validation; etc.), and of rules for conformity.

B) One or more annexes containing an informal description ‘ef’'the service and of the inferface,
a glossary (including an explanation of any differences(between the terminology used| in the
language-independent interface specification and that-iSed in the language standard), guldelines
for service users (on implementation-dependent features, documentation available, etc.), and a
cross-referenced index to the document.

1) An annex explaining the name correspondence,between names used in the interface specification
and names used in a calling program.

5) An annex containing one or more checklists of any implementation-defined features.
) An annex containing guidelines forithplementors, including short examples where appropriate.

7) An annex providing guidance-té users of the binding on questions relating to the validation of
conformity, and any specific.requirements relating to validation contained in (1) and (2) abgve.

B) In the case where the binding is a revision of an earlier version, an annex containing a detailed and
precise descriptionofthe areas of incompatibility between the old version and the new vergion.

NOTE Where'the revision has been prompted by a revision of the language standard rather than of the
service, it cap-be-sufficient to summarize the relevant equivalent information given in the revised language
standard, together with a summary of any new language features used in the binding.

D) An anfiex which forms a tutorial commentary containing examples that illustrate the us¢ of the
service from within the language.

17.5 Guideline: “Reference card” binding documents

Consideration should be given to production of a “reference card” style of binding document, consisting
simply of a listing of the elements of the interface and the corresponding syntax in the language
concerned.

NOTE1 This can be provided in various ways: as a separate document for purposes of quick reference, as an
informative annex to a full binding, as a normative binding with the detailed material in informative annexes, or
even (e.g. in very simple cases) as the entire binding document.

NOTE 2  The reference card form of documentation has been shown to be popular and effective for commercial
products, and the semantics can always be found by reference to the language-independent specifications.
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18 Guidelines on revisions

18.1 General

The revision of any specification can create problems for users accustomed to the previous version, and
always needs to be carried out with care. In the case of a language-independent service specification, a
revision of the service specification, interface specification, language binding, or language of a language
binding can occur.

Only a revision of a language binding can be done without, in principle, potentially affecting the othexs
Revisign of a language can require revision of the corresponding language binding. Revision of"thg
interfage specification can require revision of some if not all language bindings. Revision of the Servicq
specifi¢ation can require revision of the interface specification and hence to language bindings:

The gulidelines in this clause are intended to assist in the planning of revisions in €ach of thesd
categorjies.

NOTE Since the principles that apply to the revision of standards and specifications are much the same
whatev¢r the detailed subject matter, many of these guidelines are based on ISO/IEC PR10176:2003, 4.5.4, with
appropifiate adaptation.

18.2 Kinds of change that a revision can introduce

18.2.1 | General

In this pubclause, “feature” is used neutrally, to denote any aspect of the specification, which is visible
to the gervice user, and/or service implementor.

18.2.2 [ Addition of a new feature
A new feature is added to the specification without affecting existing features.

NOTE In the service specification, such a change can for example add a further facility to the service. In the
interfack specification, it can offer to users-afdcility of the service not previously visible (e.g. additional faulf
informadtion). In a language binding, it can‘offer to users from that language community a facility of the servicg
not preyiously made available.

18.2.3 | Change to the specification of a well-defined feature

A change is made to the specification of a feature that is defined reasonably precisely in the previoug
versior]. The feature remains available, but has changed in some way.

NOTE In the service specification, such a change to the semantics of a feature can mean that invoking the
feature [through the(interface can produce results different from before. In the interface specification, it can
specify that a particular service facility (which can have remained unchanged) is now invoked in a different way
In a language'binding, it can alter the way that the service is invoked, or the context in which such invocation is
permittpd:

18.2.4 Deletion of a well-defined feature
A feature which was well defined in the previous version is rendered invalid by the new specification.

NOTE Deletion of such a feature can imply that attempts to invoke it, now produce a fault condition, in
whichever specification (service, interface, binding) it appears.

18.2.5 Deletion of ill-defined feature

A feature, which was not well defined in the previous version, is rendered invalid by the new
specification.
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18.2.6 C(Clarification of ill-defined feature

A feature, which was not well defined in the previous version, so that its interpretation was open to
question, is properly defined in the new specification.

NOTE Though this can be regarded as correcting a defect in the previous version of the specification, it is

possible that some past interpretations are not compatible with that in the revised version and so have a similar
effect - in those cases - to changing the specification of a well-defined feature as in 18.2.3.

A feature designated in the previous version as obsolescent is deleted or changedcin®the new
specification.

18.2.8 Change of level definition

A level of service previously defined in the specification (whether servicefinterface, or binding) is
hltered in the new version.

18.2.9 Change of specified limit to implementation-defined value

A specified limit (maximum or minimum) in the previous versior, for a value left implementation-
defined by the specification, is changed in the new version.

18.2.10Change of other implementation requirement

An implementation requirement in the previous version is deleted or changed in the new specifjication,
pr a new implementation requirement is added in.the new version.

18.2.11Change of conformity clause

A change in the conformity clause can iritroduce a change in the behaviour of an implementation.
18.3 General guidelines applicable to revisions

18.3.1 Guideline: Revision-compatibility

For each proposed addition, deletion or modification that represents a potential incompatibility from
an earlier version of the specification:

— the rationalefor the proposed change should be stated;

— the way~in which the proposed change affects the original feature should be determined, in
accordance with the classifications in 18.2 above;

— Athe difficulty of converting any affected clients of the service should be assessed;
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— all the above should be documented, and conversion guidance should be provided in the relevant
part of the language-independent service specification.

18.4 Guidelines on revision of the service specification

18.4.1 Guideline: Determining impact on interface and language bindings

Before any revision of the service specification is undertaken, potential changes should be reviewed and
the consequent effect on the interface and on the dependent language bindings should be determined.
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18.4.2 Guideline: Minimising impact on interface and language bindings

Any changes resulting from a revision of the service specification should be specified in such a way as
to minimize the difficulty of revising the specifications of the interface and of the dependent language
bindings.

18.4.3 Guideline: Use of incremental approach to revision

Because of possible effects on interface and dependent bindings, the revision of a service specification
should [if possible be carried out in small SteEPs, COITecting, INCrementing or modilying a part ot tag
specifi¢ation at a time, to allow similar correcting, incrementing or modifying of the dependent
specifi¢ations.

18.5 Guidelines on revision of the service interface

18.5.1 | Guideline: Buffering unrevised bindings from changes

If possible, a revision of the service should be specified in order to absorb the changes, to ensure that
unreviged language bindings still work.

NOTE 1| Techniques include the provision of conversion facilities or optionalforms, which can be marked as
“obsolefle”, to be removed at the next revision. This allows time for the language binding specifications to catch
up with|the revised service.

NOTE 2| It is advisable to revise the interface to provide specialdi€lp to calls from applications still using
outdatefl bindings.

18.5.2 | Guideline: Use of incremental amendments

Where [the revision of the service takes the form of additional features, an incremental amendment for
language bindings should be specified, to allow thé-new features to be accessible to applications.

NOTE An incremental amendment to a bindingis in general quicker and simpler to provide than a completg

revisiorn]. The additional features can be integrated with the others at some future time when a full revision ig
warranted.

18.6 Guidelines on revision pflanguage bindings following revision of the service
interface

18.6.1 | Guideline: Buffering application programs from changes

When { language binding is revised in response to a revision of the service interface, it should as far ag
possible shield application programs dependent on the service from any changes to the interface.

NOTE A chiange to an implementation of a language binding which allows application programs using it td
remain finaltered can avoid costly and time-consuming modifications to many such programs.

18.6.2 Guideline: Use of incremental amendments

Where revision of the service interface adds to the functionality available to application programs,
an incremental amendment to the language binding to accommodate invocation of the new features,
without invalidating invocation not using those features, provides the benefits to new or revised
application programs without requiring modification of all such programs.
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18.7 Guidelines on revision of a language binding following revision of the language

18.7.1 Guideline: Use of new language features
When a language binding is revised in response to a revision of the language specification, relevant

new language features should be exploited to allow new or revised application programs full advantage
of those new features.

18.7.2 Guideline: Rnffm'ing “lpgary" application programs from rhangpc

Where application programs not yet revised are expected to continue in use, the revised I:Inguage
binding should where necessary make use of the “backward compatibility” provisions of|the language
revision to allow old “legacy” programs to continue to work.

NOTE It is common practice when revising language definitions either to make themfully compatiple with
the previous definition, or to make special provision for legacy programs.

18.7.3 Guideline: Buffering application programs by use of options

[f necessary, the revised language binding should specify a user option‘to allow application prpgrams
to continue using the old form of invocation, even if the language revision itself makes no provipion for
legacy programs.

NOTE 1  This implies that implementation of the binding contains the necessary conversions that ar¢ absent
from the revised language definition.

NOTE 2 Since it is undesirable for language bindings«to)remain out of step with the language defin]tion for
any longer than necessary, it is desirable to mark such-a user option as obsolescent, to be removed at the next
revision of the binding.
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Annex A
(informative)

Brief guide to language-independent standards

A.1 Ijanguage-independent arithmetic

ISO/IEC 10967-1 (Language independent arithmetic Part 1, Integer and floating point arithmetic, heréaftery
“the LIA-1 standard”) provides rigorous definitions of the basic arithmetic operations on-juteéger and
floating point values. It is at a higher level of abstraction than IEC 559 (IEEE 754), which.specifies an
abstradt representational and implementation model; though for mathematical reasons it adopts 3
floating-point notation for definitions relating to “real” (i.e. approximate) values,dt‘does not require
or assume that a floating-point representation will be used in implementations./The relationship with
[EC 559 is clearly described, for convenience of use with systems that make usé€,of that implementation
model. [[EC 559 systems can conform to the LIA-1 standard, and many de;'\but the requirements of
IEC 559 are less rigorous, primarily because of the presence of options, so €onformity with IEC 559 doeg
not gugrantee conformity with LIA-1.

ISO/IEC 10967-2 covers elementary numerical functions. ISO/IEC30967-3 covers complex arithmetic
and prqcedures).

A.2 Ijanguage-independent datatypes

The pulrpose of ISO/IEC 11404 is to define a set ofidatatypes suitable for use as “common ground’
betwegn a wide variety of programming languages, @nd other things which use the concept of “datatype’
explicitly or implicitly. The set defined is very rich, far wider than is usual in programming languages
to accommodate the needs of many very different languages and allow them to find LID datatypes
corresponding to their own datatypes withrthe minimum distortion. For the similar reasons, operations
on the yalues are “characterizing”, i.e. typical of the datatype concerned, but are not normative, since
which ¢perations are provided in a given context, and which are not, are very much dependent on thq
envisaged field of applications. Again; in almost all cases the datatypes are “purely computational”, i.e
concerned with pure values, without any particular semantic or applicational connotations, and capable
of use Tn a wide variety of application fields. In this, LID follows the mainstream tradition of general-
purposg languages, as canrbe-seen from the choice of primitive datatypes, though provision is made for]
the conjstruction of furtheér-datatypes which, if necessary, can be application-oriented.

The LID standard follows the common practice of starting with a number of primitive datatypes and
then uging these-toconstruct others. There are three main kinds of constructed datatypes: subtypes
generated datatypes, and aggregates. (In fact aggregates are technically also generated datatypes, but
important efieigh to deserve separate classification.)

Primitive_datatypes are datatypes whose values are regarded fundamental - not subject to any
reduction. Many primitive LID datatypes are also generic, in the sense that they have an unlimited
number of values, and hence the datatypes often used in practice are confined to a finite subset of them.
The reason that they are used, rather than “actual” achievable datatypes, is threefold: it is a convenient
way to identify a class of datatypes which is infinite in extent; language definitions commonly use them,
thus simplifying the binding between the LID datatypes and the ones used by specific languages; and it
allows for the possibility of actually supporting them if a language is designed to do so.

The LID primitive datatypes are Boolean, State, Enumerated, Character, Ordinal, Date-and- time,
Integer, Rational, Scaled, Real, Complex and Void - a much longer list than most languages support,
for the reasons stated above. Note that Date-and-time is the only one with particular semantic
connotations; the exception was made partly because time is so universal a concept, and partly because
some mainstream general-purpose languages include it.
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Subtypes are created by modifying the value-space of a “base” datatype in various ways - specifying a
range or size; selecting values; excluding values; extending the value-space; or defining explicitly how
the value-space is constructed from that of a “base” datatype. Any combination of these is possible
too. This carries the implication that a subtype can have a wider value space than its base datatype.
However, any datatype can be used as the base, not just the primitive ones, and in that context extension
is a useful subtype constructor, e.g. you can make a new subtype by extending an existing one.

The (non-aggregate) generated datatypes in the LID standard are Pointer, Procedure, and Choice
datatypes, produced from other datatypes by the methods familiar from languages that include them.

The main kinds of aggregate in the LID standard are Bag, Set, Record, Sequence, Array, and Table. Bag
is the most general form of aggregate datatype, capable of containing anything; additional,prgperties
pr constraints are then used to identify various kinds of aggregate datatype that arelencoyntered
computationally. These properties and constraints are not all mutually orthogonal;théy can interact
with others, in various ways. The particular mix of properties used for a givenwaggregate datatype
depends on the envisaged computational uses of the datatype and its values. The D standard provides
h way of constructing aggregates as needed, by appropriate mixing and matéhing of a relatively small
number of properties. These include homogeneity, size, and the ability for.components to be exftracted
by tagging, keying or indexing. Multidimensionality is allowed for.

Finally, the LID standard allows for new datatypes to be produded'from existing ones (copies, or
‘clones”) and for further datatypes and datatype generators to be.derived from the basic primitive and
venerated ones - Tree, CharacterString and BitString are examples. Non-aggregate derived datatypes
include Bit, Modulo, and Timelnterval.

NOTE Some of the above text has been adapted from thie article A taxonomy of datatypes publjshed in
Reference [18].

A.3 Language-independent proceduré-calling

[SO/IEC 13886 defines a language-independent model of procedure calling of sufficient abstra¢tion to
hllow the procedure calling facilities of many languages to communicate. An LIPC parameter can be of
any datatype definable via ISO/IEC 11404. No distinction is made between “function” procedutes that
return a value through the procedure name (and hence can be called to provide values to expriessions
directly), and “subroutine” procedures that do not return a value in such a way. If the languagg allows
for “function” procedures, the language binding maps the return through the procedure namg¢ of the
evaluated value of the function into an additional parameter of the corresponding LIPC invocatipn.

A language processor,offering LIPC server facilities for a procedure maps the LIPC procedyre call
definition, includingthe number and datatypes of formal parameters, into the form of the corresgonding
procedure call in the language on its side, using the LIPC binding for that language. A language
processor offeting LIPC client facilities can then invoke that procedure, in terms of the language|on that
cide. The actual parameters are converted by the LIPC client facilities from the local datatypes to the
LID datatypes required for the formal parameters, using the LID binding for the language; this process
is ternred marshalling.

Transmission of the procedure invocation and parameters to the service provider side is outgide the
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marshalled actual parameters from the LID datatypes into the local datatypes used by service provider
mapping of the LIPC procedure call definition. Return of results is performed by a reverse process of
marshalling on the service provider side and unmarshalling on the service client side.

LIPC specifies four abstract modes of parameter passing: call by value sent on initiation; call by value
sent on request; call by value returned on termination; and call by value returned when available. In
combination with the datatyping facilities in LID, these four modes cover all of the logical possibilities
that binding standards or those implementing standards-conforming language services are likely to
need. The standard explains how the common forms of parameter passing found in languages can be
expressed with them.
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The standard also provides an abstract model of the execution of a procedure call. There is no normative
requirement for this execution model to be implemented; it is included as a guide for those defining
and implementing LIPC services, to aid understanding and reduce the risk of incompatibilities between
language bindings and implementations of client-side and server-side facilities in language processors.
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