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Foreword

014(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

the ISO list of patent declarations received. www.iso.org/patents

constitute an endorsement.

to Trade (TBT), see the following URL: Foreword - Supplementary information

SC 22, Programming languages, their environments and system software interfaces.

The procedures used to develop this document and those intended for its further maintehapce are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria-heeded| for the
different types of ISO documents should be noted. This document was drafted in accerdance with the

Attention is drawn to the possibility that some of the elements of this documént may be the supject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be inithe Introduction anfd/or on

Any trade name used in this document is information given for the,convenience of users and does not

For an explanation on the meaning of ISO specific tetms. and expressions related to conformity
pssessment, as well as information about ISO’s adherenceto the WTO principles in the Technical Barriers

The committee responsible for this document is ISO/IEC JTC 1, Information technology, subcommittee
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Introduction

This Technical Reportis 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 standards documents in this area. Without his commitment this Technical Report
never would have been published.

0.1 Background

This Telchnical Report provides guidance to those writing specifications of services, and of interfacesitg
services, inalanguage-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 serviceg
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 may be expressed-using either or both of 3
natural Janguage like English or a formal specification language like VDM-SL or Z; in a sénse, a specification might
be regarded as “dependent” on (say) VDM-SL. The term “language-independent” does'not imply otherwise, sincd
it refers|only to the situation where programming language(s) might otherwise be‘used in defining the service o
interfack.

The deyelopmentofthis Technical Reportwas prompted by the existence-ofan earlier draft IEEE Technical
Report|IEEE TCOS-SCC Technical Reporton Programming Language)lndependent Specification Methods
draft 4] May 1991). The TCOS draft was concerned with specifications of services in a POSIX systemg
environment, and as such contained much detailed POSIX-spécific guidance; nevertheless it was clear
that mgny of the principles, if not the detail, were applicable much more generally. This Technical Report
was coniceived as a means of providing such more general@uidance. Because of the very different formats
and thg POSIX-related detail in the TCOS draft, therelis almost no direct correspondence between thd
two dofuments, except in the discussion of the bénefits of a language-independent principles below
However, the spirit and principles of the TCOS draft were of great value in developing this Technical
Report|and reappear herein, albeit in much altered and more general form.

NOTE 3| The TCOS drafthasnotin fact beehpublished, as the result of an IEEE decision to concentrate activities
in othenfPOSIX areas.

0.2 Principles

Servicg or interface specifications that are independent of any particular language, particularly
when gmbodied in recognrized 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 Itis of course possible for a specification to be “independent” of a particular language in a formal sense
but stilljbe dependent on 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 may 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
may 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
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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.

— fort and resources needed to ensure compatibility and consiStency of behaviour between
implementations of the same service in different languages or,between applications bdsed on
different languages using the same interface.
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https://standardsiso.com/api/?name=6bd33fa081b5ec0939396ae51a934f69



https://standardsiso.com/api/?name=6bd33fa081b5ec0939396ae51a934f69

TECHNICAL REPORT ISO/IEC TR 14369:2014(E)

Information technology — Programming languages,
their environments and system software interfaces —
Guidelines for the preparation of Language-Independent
Service Specifications (LISS)

1 Scope

This Technical Report provides guidelines to those concerned with developing'specifications of
information technology services and their interfaces intended for use by clients.of the servjices, in
particular by external applications that do not necessarily all share the environment and assumpftions of
pne particular programming language. The guidelines do not directly or fully«over all aspects of|service
pr interface specifications, but they do cover those aspects required to achieve language independence,
.e. required to make a specification neutral with respect to the language environment from which the
service is invoked. The guidelines are primarily concerned with the/interface between the servjice and
the external applications making use of the service, including the@pecial case where the servige itself
is already specified in a language-dependent way but needs to be‘invoked from environments ¢f other
languages. Language bindings, already addressed by another Technical Report, ISO/IEC/TR 10182, are
dealt with by providing advice on how to use the two Techni¢al Reports together.

This Technical Report provides technical guidelines,\rather than organizational or adminigtrative
buidelines for the management of the development praecess, though in some cases the technical guidelines
may have organizational or administrative implications.

2 References

The following documents, in whole_or\in part, are normatively referenced in this document and are
indispensable for its application.. For dated references, only the edition cited applies. For yndated
references, the latest edition of thereferenced document (including any amendments) applies.

[SO 8807:1989, Information.processing systems — Open Systems Interconnection — LOTOS — A formal
fescription technique baséd on the temporal ordering of observational behaviour

[SO/IEC 9074:19971) Information technology — Open Systems Interconnection — Estelle: A| formal
fescription techniquébased on an extended state transition model Amendment 1)

[SO/IEC/TR 10084:1990, Guidelines for the preparation of conformity clauses in programming lqnguage
standards

[SO/IECGATR 10176:2003, Information technology — Guidelines for the preparation of progrgmming
Jangudge standards

SONEC/TR 10197 Informationtechnalooay Dyoarammminag laonayanoc +hoiy opyuiranmontc an system
SOUEC/TR10182:— Informationtechnolo Programming-langud eir-environments-and sy

o GHages—th
software interfaces — Guidelines for language bindings

ISO/IEC 10967-1:2012, Information technology — Language independent arithmetic — Part 1: Integer and
floating point arithmetic

ISO/IEC 11404:2007, Information technology — Programming languages, their environments and system
software interfaces — Language-independent datatypes

[SO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remote Procedure Call
(RPC)

1) Withdrawn.
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ISO/IEC 13719:1998, Information technology — Portable Common Tools Environment (PCTE)

ISO/IEC 13817-1:1996, Information technology — Programming languages, their environments and system
software interfaces — Vienna Development Method — Specification Language - Part 1: Base language

ISO/IEC 13886:1996, Information technology — Language-Independent Procedure Calling (LIPC)
ISO/IEC 14977:1996, Information technology — Syntactic metalanguage — Extended BNF

3 Teirms, definitions and abbreviations

For the|purposes of this document, the following terms and definitions apply.

3.1 Definitions

3.1.1
client
see seryice user

3.1.2
datatype
set of vplues, usually accompanied by a set of operations on those values

3.1.3
formalllanguage
formallspecification language
see specification language

3.14
interfelce
mechanism by which a service user invokes and nmiakes use of a service

3.1.5
langualge

unless ptherwise qualified, “language” means “programming language”, not “specification language” o
“naturgl (human) language”

3.1.6
language binding

specifi¢ation of the standatd)interface to a service, or set of services, for applications written in 3
particular programminglanguage

3.1.7
language-dependent
making use of the)concepts, features or assumptions of a particular programming language

3.1.8
language<independent
not making use of the concepts, features or assumptions of any particular programming language or
style of language

3.19

language processor

entire computing system which enables a programminglanguage user to translate and execute programs
written in the language, in general consisting both of hardware and of the relevant associated software

Note 1 to entry: This definition comes from ISO/IEC/TR 10176, Guidelines for the preparation of programming
language standards.
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3.1.10.1

mapping

(noun) defined association between elements (such as concepts, features or facilities) of one entity (such
as a programming language, or a specification, or a standard) with corresponding elements of another
entity

Note 1 to entry: Mappings are usually defined as being from one entity into another. A language binding of a
language L into a standard S usually incorporates both a mapping from L into S and a mapping from S into L.
31102

mapping
(verb) process of determining or utilizing a mapping

Note 1 to entry: Depending upon what is being mapped, a mapping is not necessarily one-to-onel\This mepns that
mapping an element E from system A into an element E’ of system B, followed by mapping Ei-back into system A,
Imay not necessarily get back to the original E. In such situations, if a two-way correspondence is to be preserved,
execution of the mappings must include recording the place of origin and returning to-it.

3.1.11

marshalling
process of collecting the actual parameters used in a procedure call,.conVerting them if necessary, and
assembling them for transfer to the called procedure

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 perfornied by a service user when preparing inpyt values
for a service provider, and by a service provider when prepating results for a service user, the service copcerned
being regarded as the procedure being called.

3.1.12

procedure
subprogram which may or may not return awalue (the former variant is sometimes called a subgoutine,
the latter is sometimes called a function]

Note 1 to entry: Some programming lafiguages use different terminology.

3.1.13
server
See service provider

3.1.14
service
facility or set of-facilities made available to service users through an interface

3.1.15

Service provider
computer system or set of computer systems that implements a service and makes it available tojservice
Lers

Note 1 to entry: In this definition, “computer system” means a logical system, not a physical system; it may
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 sense, though sometimes implying a physical computer
system that has no other function than to provide its service

3.1.16
service user
application (typically a program in some language) which makes use of a service

Note 1 to entry: The term “client” is often used in a similar sense, though sometimes implying the physical
computer system on which the application is running, rather than just the application itself.
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3.1.17
specification language
formal language for defining the semantics of a service or an interface precisely and without ambiguity

3.1.18

unmarshalling

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

Note 1 tp-en —hisprocessis-carriedoutbythecalled procedy
and by the caller on receipt of the returned results of the call

Note 2 fo entry: Unmarshalling can be regarded as being performed by a service provider when receiving input
values from a service user, and by a service user when receiving results from a service provider, the service
concerned being regarded as the procedure being called.

3.1.19.1
Z
<mathgmatics> e.g. ISO/IEC 10967-1:2012) the complex numbers

3.1.19.2
Z
<pronounced “zed” > formal specification language, see ISO/IEC WD 13568

3.2 Abbreviations

3.21
LID
language-independent datatypes, as defined in [SO/IEC. 11404:2007

3.2.2
LIPC
language-Independent Procedure Calling, as defined in ISO/IEC 13886:1996

3.2.3
RPC
remotelProcedure Call, as defined in ISO/IEC 11578:1996

4 Overview

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

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

With the concept of a service come the concepts of a “service provider” and a “service user”. The
provider performs the activity that constitutes the service; the user is the customer or the client for
the service, for whom the service is performed. In the information technology field, the “client-server
model” incorporates these concepts: the server provides, the client uses.

Between the service provider and the service user is an interface that allows them to communicate.
The service 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 the
service provider communicates through the interface the response to the order for the service, and any
additional information or queries (e.g. the spoons can be delivered in six days, do you want silver spoons
or plastic spoons?). In the information technology field, such interfaces are usually explicit, realized
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in hardware or software or both. In the world in general, they are sometimes explicit, but sometimes
subsumed in more general human or other interactions.

This distinction between provider and user (client and server) must not be assumed to correspond to
identifiable distinct entities. The distinction, and the service interface, may be purely notional, and
possibly not normally thought of in that way. The service itself may similarly not correspond to a distinct,
separate activity, and again possibly not normally thought of as such; it may be subsumed in some other
activity or group of activities, and may possibly be implicit.

lepeefor example nalransacten-bebween bwo partiescach-oncmay be providing aservice [or the
pther: each is a client, and each a server. In another context, the provider is providing the service to
itself; the provider is also the user. Though it may be possible to subdivide the provider/user into a
provider part and a user part when considering provision of the service, this may be_inconvefient in
pther respects.

[n summary, “client” and “server”, are roles that are carried out, rather than elements that nec¢ssarily
must be implemented separately. Though the term “client-server” is sometimeSused in the infoymation
technology field in ways that are more specific than it is used here, it is ifiportant not to carjry over
hssumptions from particular client-server models when reading this Technical Report. It is still more
important not to assume that implementation of any service, in the senseuSed here, has to be dorje using
a client-server model.

4.2 Information technology services

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

[t is as common in information technology aswin 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
pf formulating guidelines about services,.the term should instead be used as generally as possible.

important that, when using this-Technical Report and the guidelines it contains, no presuppdsitions

This Technical Report has adopted this very general approach to the concept of “service”. It is t‘r}erefore
hat it is

should be made about what a service is, or about how and by what it is provided or how and by
used. The guidelines should.be interpreted and applied in that light.

This Technical Report does, however, carefully distinguish between the service itself, and the irjterface
used to communicaté with it. In some usages the term “service” includes the interface, and the irjterface
may be embedded.inthe service and its specification (asin the phrase “all parts of the service”). Hpwever,
Jogically they areZdistinct, and this logical distinction is maintained throughout this Technical Report.

Services in:the most general sense often simply evolve naturally, but information technology services
pare usually consciously designed. They are also often built from explicit specifications, 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 both pfthese
distinctions will be purely notional, and will not be embodied in identifiable and separable artefgcts like
particular hardware components or particular blocks of code. Indeed, thinking about service provision
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 environments and
services, though originally conceived as self-contained, have to interact with external environments
and services, many of which will need the distinction between providers and users to be made explicit.
An instance of direct relevance to this Technical Report is where interacting entities are based upon
different languages and hence different sets of underlying assumptions.
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4.3 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 independent” in the sense intended here. The service specified may be relevant only to
environments of particular languages.

NOTE1 Theimplementation of a service which meets the specification will use some language or other, if only

i lonauaaga and co il in o cancabao “danandant” anthatlanguagg hatthatic motthao caoncaintandad bara
macnin
SHaEe; S-S AHHR-SeRSe-b eepeRaeit—oh-tratrahigSt +5HettRe-SeRSethtteRaeaner

Also, a Janguage-independent specification of an interface does not imply that the service interfaged-to
is eithef itself “language independent”, or specified in a language-independent way (though it may,be).

A trivial instance is that of a language processor for a particular language providing a-Sérvice by
executing a program in that language. For one of the long-established languages (like Cobol or Fortran)
the intg¢rface is the provision of input data and the output of results. The language was designed for]
particullar forms of input and output media, presumed under the control of a human*user. However, 4§
language-independent interface specification could define the input and output inysuch a way that the
data cgn 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
interfage 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 takesinput from the client and translates if
into the¢ equivalent input for the service, and takes the output from'the service and translates it into the
equivalent output for the client.

In the rore general case the interface might need to be emibedded in the client system so that it appearg
to be iptegrated in that host environment. That envirehment may require invocations of the service
to be ekpressed 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
invocatjon method is a procedure call to an external library, while in others the most suitable method is the us¢
of additlonal commands (keywords).

Both tHe simple and the general caséare referred to as “binding” to the interface, though the binding iy
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 thaf
programs written in thatlanguage can have access to the service. A good language binding allowg
language users to use a style of accessing the service which is familiar to them, and will also accord with
official[standards for thelanguage.

ISO/IEC/TR 10182,Guidelines for language bindings, provides guidance to those performing language
bindings and writing standards for them. This Technical Report provides complementary guidance tqg
those specifying service interfaces in a 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,
computational, or representational, where the middle, computational level can be divided into two
sublevels, linguistic and operational. The linguistic elements are regarded as instantiations at the
computational level of the abstract concepts, while the operational level deals with manipulation of the
elements, which inevitably looks “downwards” to the realization of the elements in actual, processible
entities at the representational level.

NOTE 3  The representational level does not necessarily mean the physical hardware level, or the logical level
of bits and bytes; see the discussion in 4.5.1 below.
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4.4 Language-independent specifications

As the preceding discussion has shown, a language-independent specification may be a service
specification, specifying the service itself, or be an interface specification, specifying how the service is
accessed by clients. It may of course cover both.

This Technical Report is concerned primarily with specification of the interface to the service, rather
than of the service itself. The service may be predefined in a language-dependent way. How a service
is specified is likely to depend to some extent on the nature of the service and its application area,
‘G:-"“‘G“i“ cattetroft-the—ser Fret—aretette ot st TE—S€OPE-o S echriea epOI‘t.
However, where it is wished to produce a language-independent specification of a service, so_that it can
be implemented in a variety of different languages, then the guidelines presented may be useful, directly
pr indirectly. For example, they may draw attention to factors that should be borne in mind, and it may
then be possible to adapt them to the particular circumstances.

This Technical Report therefore provides guidelines applicable in the following cases:

— specification of a service interface;

— specification both of a service interface and of the corresponding sérvice 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 possihle each
broup is independent, in the sense that they can be'referred to without necessarily working through
preceding groups. Any necessary cross-references.are provided.

4.5 Problems of language dependence and inbuilt assumptions

Producing a language-independent spetification can present many problems, especially if starting from
pn existing service which was not.originally designed to be language independent - typically, ajservice
designed in and for a particular language environment. If a service is specified in the “wrong” way|- it may
pf course not have been “wrong” in its original context - it can make producing a language-independent
interface very difficult. In_particular, it may depend on explicit or (more likely) implicit assurhptions
hbout the language that-applications using the service will be written in. Languages that are|similar
in character to the original one may not have many problems, but a language-independent irjterface
specification needs-te/be able to accommodate different language styles. This is one of the greatest
challenges in deyeloping language-independent specifications, whether for services or for interfaces.

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

Such problems can still occur even if the service concerned is a new one yet to be developedl. Since
Mmost 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 implicit
assumptions from that environment, simply because they are implicit and hence rarely questioned or
even noticed.

4.5.1 Representational assumptions

An important class of language-dependent assumptions is that of representational assumptions. Some
languages have explicit or implicit models of how language elements are represented at the hardware
level, either physically or logically. Simple instances are storage of numerical values or of aggregate
datatypes such as indexed arrays or character strings, or numbers of datatype Complex (assumed to be
represented by two numbers of datatype Real, for the cartesian real and imaginary parts).
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Such models tend to become implicit for those used to that language environment, even when the
language definition makes the model explicit. 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 intended to be
a language-independent specification.

Representational assumptions are not confined to the hardware level, but can occur at more abstract
levels too; for example, a supposedly “language-independent” specification may use an integer datatype
for a value which logically is not, or need not be, an integer. The fact that virtually all languages have
an integer datatype or an equivalent is not relevant; the original language may have used the integer
dataty i ITE; i i
the original language did not. A language-independent specification should avoid requirements that
constrdin how things should be represented, and concentrate upon what should be represented,

NOTE It is of course possible for a language-independent specification to be developed which ds explicitly
concerned with the representation of language elements. For such a specification the principles gutlined above
may nofall apply - though some may still be relevant.

4.5.2 (Implementation assumptions

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

Implenfentors of language-independent service specifications{ should not be required to adopt 4
particular implementation approach. Instead, the specification'should require only what is needed for]
the serjvice, or is needed to ensure that different implementations will be mutually consistent or (if
interoplerability is required) interact with one another.correctly.

5 Guidelines on strategy

The didcussion in clause 4 above shows that-a large number of factors need to be taken into account
when producing a language-independent'service specification. This clause provides guidance on how to
go abouyt the task.

The gujdelines that follow are divided into general guidelines (see 5.1) and more specific ones. Somsg
of the more specific guidelines™are in fact similar to one another, appearing in various modified and
specifi¢ forms under varioustheadings, and could have been made “general” guidelines. The apparent
duplicattion increases the length of the document, but is intended to reduce the amount of interpretation
and adpptation that willbbe needed in particular circumstances, and to emphasize the relevance in
particullar contexts,ltalso allows different Notes, specific to the context, to be appended.

5.1 (eneralguidelines

5.1.1 |Guideline: Dependence of the interface on the service

Aservice specification should be designed with the requirements for the language-independent interface
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 assumptions are made about the languages that
applications 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, or the
use of low-level procedure calls (i.e. using only simple datatypes for parameters).
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5.1.2 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
may affect language-independent service and interface specifications. If this is the case, the nature of
such issues makes it vital that they be addressed first, with the remainder of the service being designed
later, around the aspects handling those issues.

NOTE1 Interoperability, concurrency, and time constraint issues can often cause difficulties, compared
aith which other issues are rnmparafivn]y cfrnighffr\rurnrd to deal with Thny can-also plar‘n rnqnirn nents or
constraints on other aspects of the service. It will therefore aid the design process to address those i§syes first.
FFor example, if a service is to have multiple clients, this needs to be taken into account very early on.

NOTE 2 Guidelines on interoperability appear in clause 9, and guidelines on concurrency appear in clduse 10.

5.1.3 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 may prove useful.

NOTE The marshalling/unmarshalling concept for communicating values is sufficiently general to he of use
even when the service and its interface do not involve explicit procedure‘calling.

5.1.4 Guideline: Recruiting expertise from a variety of backgrounds

When developing a language-independent specificatioh, every attempt should be made to recfuit the
involvement of, or to obtain input from, language ‘experts from a variety of backgrounds, ahd 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
putside the group designing the specification,

NOTE Because of the particular nature of the problems involved in achieving language indepgndence,
t is preferable to choose language experts who have some experience of binding to language-independent
Epecifications, and/or who are familiafwith other languages than their own main language.

5.2 What to do if starting from scratch

[t is rare for the desigher of a language-independent service or interface specification to pe able
to “start from scrateh?, i.e. to be able to design without having to take into account an existing (and
usually language-depéndent) service or interface which is already in use (and with which compatibility
is required, or expected even if not required). However, for completeness this Technical Repdrt does
need to cover the possibility. Furthermore, guidelines on what ideally might be done can serjve as a
benchmark-against which to measure what has actually been possible, given the constraints that a pre-
existingservice or interface may have placed upon the design. In principle, they might even egtablish
that it would be preferable to treat the pre-existing version simply as a prototype to be discardgd.

2.1 General guidelines

5.2.1.1 Guideline: Avoidance of implementation assumptions

When designing alanguage-independent service specification, representational or other implementation
assumptions should be avoided.

NOTE1 Languages differ greatly in character so a form of implementation suitable for one may be quite
unsuitable for another. Furthermore some languages themselves make explicit or implicit representational or
other implementation assumptions, not always consistent with those in other languages. Language-independence
is therefore best assisted by avoiding all such assumptions, however attractive they may be in other respects.

© ISO/IEC 2014 - All rights reserved 9


https://standardsiso.com/api/?name=6bd33fa081b5ec0939396ae51a934f69

ISO/IEC TR 14369:2014(E)

NOTE 2  This guideline reappears in various more specific forms throughout this Technical Report and the
general question has already been introduced in 4.5. This has been done deliberately, both to stress its importance
and to aid in interpreting the guideline in various contexts.

5.2.2 Specifying the service in language-independent form

5.2.2.1 Guideline: Allowing for different approaches

Whenspecifyingtheserviceinlanguage-independentform,itshould notbeassumedthatimplementations
in every language will use the same approach, and implementations should not be required to adopt 4
particullar approach. Instead, the specification should require only what is needed for the service,.0x'19
needed| to ensure that different implementations will be mutually consistent or (if interoperability is
requirdd) interact with one another correctly.

NOTE 1| Itisnotnecessary to use an implementation model to specify requirements, whether these are needed
to provide the service itself, to ensure mutual consistency, or to ensure interoperability. Such requirements can
and shopld be expressed in an abstract, language-independent way.

NOTE 2| Guidelines on interoperability appear in clause 9.

5.2.2.2| Guideline: Documenting external constraints and minimising their impact

If ther¢ 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
interfage. The relevant aspects of the service should then be spgcified in a way which minimizes the
impactfof the constraints. The external constraints (includingthe rationale for their presence), and the
steps taken in the specification to cope with them, should berdocumented.

NOTE 1| Particular attention will be needed in the case ofi¢onstraints which seem to require things to be done
in accorfdance with some implementation model. In many.cases it should be possible to avoid passing on thesg
implemeéntational requirements by absorbing them into@®he 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
providef this can be done without compromising.either the integrity of the service or of language independence

NOTE 3| Sometimes, the cost of an extralconversion interface will be justified by gains elsewhere, for example
in resoyrce terms or in safety or reliability.terms.

5.2.2.3| Guideline: Allowingfor-different binding methods

When gpecifying the servicein language-independent form, it should not be assumed that the interface
will us¢ or specify a parficular binding method; rather, the specification should be neutral with respect
to bindjng methods,

5.2.3 |Specifying'the interface to the service in language-independent form

When gpecifying the interface to the service in language-independent form, 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 bindings only what is to be passed across the
interface, not how it should be passed.

NOTE1 Language bindings should be able to make maximum use of the facilities of the language. Assuming or
requiring a particular binding method can lead to suboptimal bindings to the service and in extreme cases could
make it impossible 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.
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5.3 What to do if starting from an existing language-dependent specification

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 will have treated the service, the interface, and the language
binding as one, and will not, deliberately, have kept the different aspects separate. For a language-
independent specification, whether for a service or for an interface, it is necessary to ensure that these
different aspects are kept separate. Guidelines on identifying significant language-dependent aspects
are provided in 5.3.1. The conversion of language-dependent features to language-independent form is
pddressed 1n i

nddressed where only the 1nterface specification but not the service spec1f1cat10n is to be madelanguage
independent.

NOTE If more than one language-dependent specification exists, the following guidelings-still apply} but the
results for each binding should be checked against each other. Inconsistencies can be very.helpful in rea¢hing an
hppropriate language-independent formulation

5.3.1 General guidelines

5.3.1.1 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.

5.3.1.2 Guideline: Identifying language-dependent-terminology

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

5.3.1.3 Guideline: Identifying aspeé¢ts specified at the wrong level of abstraction

The language-dependent specification should be carefully reviewed for features which are specified
at a level of abstraction that is” inappropriate for the language-independent version. The |review
should in particular search for those at too low a level which do not involve overt representational
pr implementation assumiptions as discussed in 5.3.1.1, but arise from the way the service has been
conceived in the originallanguage environment. Attention should, however, also be paid to any at too
high a level, which may/take the form of features being left under-specified because the missing aspects
pre taken for granted in that language environment, or because the language definition leaves such
hspects implementation dependent.

NOTE 1  Theconcept of levels of abstraction is discussed in 4.3.

NOTE 25 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.

1T D A 1 £4 Lol 1 1 3Fex3 dotot 3l FHDS PN I ol H H
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of values of the datatype.

NOTE4  When rectifying inappropriate levels of abstraction, care needs to be taken not to over-compensate.

5.3.1.4 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 inherent
to the service, but whose inclusion seems to have been prompted by the nature of the implementation
language and its facilities. Particular attention should be paid to any such inessential features which
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could 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 Some such features may in fact be included because they are useful elsewhere in the language, for
purposes unrelated to the service itself.

NOTE 2 It may be appropriate to include features of this kind in the specific language binding for the language
concerned; though strictly inessential to the service, there may nevertheless be a continuing demand for them
from that language community, which cannot readily be satisfied in another way (e.g. by the provision of separate
services). If that is the case, the conformity rules should permit bindings to include these supplementary features,
though they should not require them for all languages.

NOTE 3| However, itis possible that such features are rarely used by users of the original specification, in‘'which
case thg opportunity could be taken to remove them, or to designate them as “obsolete”, to be removed at'thé next
revisior].

5.3.1.5| Guideline: Identifying desirable but absent features

The language-dependent specification should be carefully reviewed to see if there are any featureg
which would be desirable, but which are in fact absent from the original (e.g¢because they could not
convenfently or efficiently be provided 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.

NOTE 1| Such “absentee features” can occur because the original langdage may have been chosen for reasons
other than being ideal for the purpose of providing the service.

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

NOTE 3| Itwill be necessary to pay special attention to the'binding to the original language.

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

5.3.2.1] Guideline: Avoiding undue deépendence on the original language-dependent version

While if is desirable and even necessary to use the original language-dependent specification as a guidd
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 oeriginal, and especially changes that enhance language independence, 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 adéquate for the purpose, and does not adversely impact language independence, even
if a chapge would.appear to be an improvement.

NOTE 1| The.guidelines in 5.3.1 show how to identify aspects of the original specification that should b
consideredfer' changes.

NOTE 2  When assessing the impact of changes on existing implementations using the original specification,
the guidelines on revisions in clause 17 may be helpful - see Guideline 5.3.2.5.

NOTE3 A change that does not correct a weakness but “would appear to be an improvement” can of course be

contemplated if the development of the language-independent specification is being accompanied by a parallel
revision of the original specification.
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5.3.2.2 Guideline: Recasting scope of specification

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

NOTE1 It may not be necessary to recast the scope of the specification: it may be sufficient to keep it at the
same level of abstraction but to remove anything not at that level.

NOTE 2 Examples of too low a level of abstraction would be specifying a representational model of integers
when a non-representational one is sufficient, or specifying use of an integer datatype for a value which Jogically
s not, or need not be, an integer.

NOTE 3 An example of a level of abstraction higher than is consistent with the nature of the-service would be
pecifying an integer datatype without stating a minimum range of values, when such a minipiuim range i§ needed
by services for interoperability purposes.

5.3.2.3 Guideline: Revising language-dependent terminology

[Language-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.1f not changed, they shiould be
clearly explained, for the benefit of those not familiar with the original language or specificatiox).

NOTE 1  For the benefit of those familiar with the original language=dependent specification, any such changes
pf terminology should 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 fan still
pccur if language environments use a different term for the.same or a similar concept.

5.3.2.4 Guideline: Conversion of datatypes and procedure calling

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

NOTE 1  Sinceall services wilbhandle data values of some kind, and many use procedure calling as amedhanism,
converting these first may helpithe rest to fall into place more easily.

NOTE 2 Itis notsufficient merely to use a binding of the original language to LID and leave itat that; a pgrticular
Choice of datatype may,have been dictated by what the language had available, and may not be the best language-
ndependent choige(s€e clause 11).

NOTE 3  Fot/similar reasons it is also insufficient to use a binding of the original language to LIPC; pqrticular
choices of-procedure parameters and passing mechanisms will have been limited to those the langulage had
bvailable,

5:3.2.5 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 have been
recast or removed should be documented. A migration path to allow existing language-dependent
implementations to be revised in line with the language-independent version should be provided.

NOTE With suitable adaptation, the revision guidelines in clause 17 can be used to help in specifying a
migration path for existing implementations.

5.3.3 Converting an existing implicit interface into an explicit language-independent interface

It is possible in some cases that the interface 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 language, this
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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 guidelines,
adapted to suit those particular circumstances.

5.3.3.1 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-independent
equivalents where appropriate.

NOTE 1| It is likely that the revised binding, for the original language to the language-independent interfacé
will be 3ble to continue to include these aspects, if only as optional language-specific additions.

NOTE 2| Language-dependent aspects can include things like the structure of the binding document, as wel
as simply the features of the language concerned. Language independence may involve complete restructuring
includirlg the revised binding for the original language. In that case extra guidance may be needed, €.g. in the form
of an informative annex.

5.3.3.2|] Guideline: Absent features

The larjguage binding should be carefully checked, or rechecked, to see if there are any aspects of thd
service| relevant to the interface, which are in fact absent from it (e.g. becausethey could not convenientlyj
or efficlently be accessed from the language concerned, or because they @ere irrelevant for the language)

NOTE A feature may be absent from the binding simply because thedanguage already contains that particular
feature fas part of its own service. The revised binding, for the original’language to the language-independent
interfack, will of course still be able to continue to omit that feature;for the same reason.

5.3.3.3| Guideline: Identifying aspects not required-bythe service

Any aspects of the language binding which are.in€ssential to providing an interface to the service
should |be identified, reviewed, and considered for removal from the language-independent interface
specifi¢ation.

NOTE Though there will in some cases\be’some overlap between this guideline and guideline 5.3.3.1, the
presumption will normally be that inessentidl features will be removed. The aspects referred to here are not sd
much “derived from the particular language” but are service-related facilities seen to be of use to the languagd
commuxity concerned, or arise fromivinbuilt assumptions about how or why the service is used within that
commuhity. However, the possibility.must also be held in mind that these “inessential” features, in some form
will neyertheless prove of value te’users from other language communities, and they should therefore not be
discard¢d without due consideration.

5.3.3.4| Guideline; Avoiding assuming the binding method

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

should | ermlt the use of any blndlng method

NOTE 2  ISO/IEC/TR 10182 Guidelines for language bindings provides guidance on binding methods.

5.3.4 Specifying a language-independent interface to a service whose specification is language-
dependent

It is quite possible that the existing service for which a language-independent interface is needed is
itself specified in one particular language and is therefore, at least potentially and possibly necessarily,
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language dependent. This subclause provides guidance on coping with that situation. The guidelines
below are primarily logical extensions or adaptations to others elsewhere in this Technical Report.

NOTE A service may be necessarily language dependent when it depends on specialist facilities which are
available only in one specialist language (for example the database facilities in SQL) and which in practical terms
cannot sensibly be simulated in another available language. It may be language dependent in a less restrictive
sense when only a small minority of languages have suitable facilities (for example knowledge-based systems that
can be implemented readily in languages such as Prolog or Lisp but only with great difficulty in others).

The language-independent interface should be specified in a way that protects language-bindings as
much as possible from the language dependence of the service. This can be done by .specifyjing the
limitations and assumptions arising from the language of the service, and providing) the nefessary
conversions within the interface separately, rather than propagating them to the bindings.

6 Guidelines on document organization

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

NOTE 1  If the document structure of bindings is intended to follow that of the language-independen{ service
specification, it is necessary to consider how to keep them in line-during revision.

NOTE 2 Guidelines on document organization for language bindings are in 16.3 and 16.4.

6.1 Guideline: The general framework

The language-independent service specification should be designed to include the parts in the checklist
that follows in 6.1.1 (though it should not necessarily be confined to only to the parts listed). Where a
particular part seems not to be necessary in a given case, allowance should still be made for its possible
future inclusion, e.g. as a result of a latetr 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 general sense: it does not imply the need for a geparate
‘Part” of a standard in the forinal sense. See 6.2 below.

6.1.1 Checklist of parts for inclusion

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

b) Ifthe-seope of the specification does not include the semantics of the service, an explanation of how
the'semantics relate to the content of the document.

NOTE It will of course be necessary to include a reference to the definition of the semantics, and may be
necessary to include a brief summary of the semantics, e.g. in an informative annex.

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

d) Ifthe scope of the specification does not include the interface to the service, an explanation of how
the interface relates to the content of the document.

e) In the case of implementations of the interface, a specification of requirements on name
correspondence between names used in the interface specification and names used in a calling
program.

NOTE1 This part will entail requirements on language bindings to the interface.
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NOTE2 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 may be appropriate for specifying name correspondence requirements.

f) Thespecification ofall 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 will probably be necessary to specify such further requirements separately for implementations
of the service and for implementations of the interface.

g) The conformity rules of the language bindings to the language-independent service specification.

h) A description, as well as a reference, and if necessary a complete specification, of any formal
spécification language used in (1) or (3), and for each case an annex containing a summary of the
forimal definitions.

i) Onpormoreannexescontaininganinformal description of the service and of theihtérface, a glossary,
gulldelines for service users (on implementation-dependent features, documentation available, etc.)
andl a cross-referenced index to the document.

NO[FE1 Ingeneral, each informal description should appear even if its fulldefinition is within the scope of
the|specification and is included in the document, though this may not be fiecessary for some simple 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 may be more appropriate
than an annex, if only to emphasize its importance. This is particularly the case for the specification of thd
int¢rface when the specification of the service appears elsewheére, and in the case of language bindings.

NO[FE3 A normative annex may be appropriate for specifying name correspondence requirements.
j)  An|annex containing one or more checklists of any implementation-defined features.
k) An|annex containing guidelines for implemeéntors, including short examples where appropriate.

1)  An| annex providing guidance to users of the language-independent service specification on
qué¢stions relating to the validation of conformity, and any specific requirements relating to
valiidation contained in (1), (3), {5)-and (6) above.

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

n) Malerial that formrs,atutorial commentary containing examples that illustrate the use of the servicq
can optionally bedncluded as an annex or be published as a separate document.

6.2 Guideline: Production and publication

Thoughl guideline 6.1 does not imply that the “parts” of the specification should be in a number of
physicc Hy separate documrents, for—= Very LUIIIPICA service—this—shoutdbe—considered; cbpct,ian_y t
different aspects (the service, the external service, language bindings, etc) are likely to be implemented
separately.

NOTE1 This would mean that a language-independent service specification published as an International
Standard would be published as a set of separate Parts.

NOTE 2  Publication in a set of separate documents implies a need for careful cross-referencing, possibly
by including in each one informative summaries or extracts from others that are relevant, or needed for
understanding. This implies some duplication, the need to keep changes and revisions consistent across the set,
and consequently an increase in overall length and of effort involved. Such costs need to be carefully weighed
against the advantages of dividing the whole into more manageable pieces.
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6.3 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 may 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
£l 1 £ H tad £ 1o £, HH atla 1l P 1 3 1o 1 1l L b f
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the original specification is replaced by a binding of the language-independent specification to thejlainguage
concerned.

NOTE 2 It may help to apply similar criteria to those in clause 17 on revisions, when decidiigywhethel and by
how much to change the document organization from the original.

NOTE 3  Seealso 5.3.3.1 (in particular Note 2), 16.3 and 16.4.

7 Guidelines on terminology

The careful and precise use of terminology is important for any Kind of specification, particfilarly a
standard specification, but it is especially important for language=independent service specifications.

7.1 Guideline: The need for rigour

The terminology used in alanguage-independent service specification should be defined rigorougdly, even
where it is believed that a term is generally well undérstood. Different usages of the same termjinology
(and unspoken assumptions that may not hold) comimonly encountered in language communitieqd should
be pointed out.

NOTE1 Languages vary greatly in terminolégy, using same or similar words for very different things, or
for slightly different things, and different words for same or slightly different things, which make it dritically
mportant to be very precise in their use,

NOTE 2 Slight variations of meaning can cause more trouble than large ones, simply because they arg easy to
pverlook, so rigour, in the sense of cempleteness as well as accuracy, is especially important where thege might
pccur.

NOTE 3  The use of a fofmal specification language can help to eradicate insufficiently rigorous defipition of
terminology, even if not-uséd normatively, since the formal definitions can be used to check the interprefation of
hatural-language tepms:

NOTE 4  AnnexB-0of this Technical Report contains a glossary of language-independent terms that can|be used
hs a starting peint.

7.2 Guideline: The need for consistency

Allnormative terms and phrases, once defined rigorously in accordance with 7.1 above, should used
1ot £l + 1 1o £ el o1 s | | 4 3 1£3 43 3l 41 3 i
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defined.

NOTE Note 3 of 7.1 applies here also.

7.3 Guideline: Use of undefined terms

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

NOTE1 Inany specification, undefined terms, whose meaning is assumed to be understood, will at some point

have to be used, but providing definitions, either directly or by reference, should stop only when the resulting lack
of rigour is not relevant to the specification.
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NOTE 2  Again, the use of a formal specification language (Note 3 under 7.1) may be helpful.

7.4 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.

7.5 (QGuideline: Use of definition by reference

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

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

7.6 (QGuideline: Terminology used in bindings

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

8 Guidelines on use of formal specification.languages

8.1 (Guideline: Use of a formal specificationdanguage

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 will reduce the risk of divergence and incompatibility
between bindings and implementations'in differentlanguages, arising from differing connotations and underlying
assumpfions in the use of natural-lafiguage terms.

NOTE 2| A formal specification language will often make it possible to carry out automatic checks for errors
omissiops and inconsistencigs-inf definitions, which with natural-language methods may be difficult to spot (e.g
an incorsistency betweentwo requirements that are widely-separated in the document text). It of course remaing
a humai responsibility4£oensure that the resulting complete, consistent and precise definition is of the semanticy
intendefl.

NOTE 3| It can.be'worthwhile producing complete or partial formal semantics even if the final specification is
comple:Fly nen=formal, focusing discussion, helping 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 [anguage for specifying semantics, especially
for parts of the specification that are not well separated. This applies equally to the use of formal languages
mentioned here and the IDL as defined in LID and LIPC (see clauses 11 and 12).

8.2 ChecKlist of formal specification languages

Services vary so greatly that it would serve no useful purpose for this Technical Report to recommend
the use of one formal specification language or even one style of formal specification language. However,
to assist those using this Technical Report, there follows a list of formal specification languages which
have been made the subject of international standards, together with a brief indication of their style and
of their range of applicability.
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8.2.1 Estelle

Estelle (ISO 9074:1997) 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.

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

ndaofthao chanan ol yaharen aoc h vola dofinition dAafionc tha mmaccagnc thaot oy bha cant
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Although Estelle was originally designed to specify communication services and protocols, it jnay be
used to specify other systems. The module definition appears to map well onto the notioh|of specifying
internal services and external interface separately. However, the Pascal-like nature of the modulle body
Janguage is liable to exert strong bias on any implementations developed from the spegification, hecause
pf the detailed nature of those specifications.

8.2.2 Lotos

[Lotos (ISO 8807:1989) is a standardized formal specification language:The Lotos language is baged on a
combination of the ACT-ONE specification language with a process algebra based on the concept} of CCS
and CSP. Lotos semantics are based either on abstract datatype specifications or on process algebras,
depending on which part of the language was employed. A systemis modelled as a collection of prpcesses
that communicate potentially complex data objects synchrofiously over given ports.

Data objects may be defined in the ACT-ONE part of.Letos. Their definition consists of an irjterface
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 may communicate with other processes, and a behaviour expression that
defines the allowable behaviours (as seen thretigh interactions on the ports) of the process.

[.otos was originally designed to specify eemmunication services and protocols, but has been psed to
specify other types of system. That Lotes-comprises both an abstract datatype component and a process
plgebra component means that it may:be used in any circumstance where either would be apprdpriate.

8.2.3 VDM-SL

The Vienna Development(Method Specification Language (VDM-SL, ISO/IEC 13817-1:1996) is based on
p rich set of basic and compound types with syntax that allows the definition of functions, global state,
and operations that may modify the state. VDM-SL semantics are based on denotational style Jambda
calculus. A systeniis'modelled as a collection of global state variables and the operations used tojmodify
the state and other functions.

Global statervariables model the state of the system and are defined by constructions of the basic or
compound/ types of VDM-SL. Invariants may be added to the types of the state variables prpviding
pppropriate constraints. Operations and functions are defined by a header that defines whidh state
variables will be accessed, and a pre-condition and a post-condition that define the behaviouf of the

peration

In addition to specification 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 may 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 for many
sequential (and some concurrent) system specifications.

824 1Z

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 may be relations. Z
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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 must exhibit.

Schema definitions have two parts, either of which may 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 must hold between the variables defined in the scope of the schema.
Schemas may 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.

Zhasbg¢enusedinavariety 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:

8.2.5 |Extended BNF

A syntdctic metalanguage is a notation for defining the syntax of a language by a numbér of rules. Thd
concepfs are well known, but many slightly different notations are in use.

A syntgctic 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 journaly'et the instructions for
perforrping a complicated task.

Extendpd BNF (ISO/IEC 14977:1996) is general-purpose, and its adoption will save time by avoiding
the nedd to choose one of several suggested notations, which mustthen be amended to overcome their
limitatjons.

8.3 (Quideline: Using formal specifications from the outset

Once the decision has been made to use a formal specification language, and the particular language
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 definingsemantics, are at present not widely known or used among IT]
practitipners, despite their known advantages Experience has shown that using the agreed formal specification
language from the start is much easier thantrying to introduce one later on when participants have become used
to discussing issues relating to the projectyin informal terms. Early progress may be slower than it might have
been, tﬂ:ough initial unfamiliarity withithe formal language, but any lost time is usually recovered in due coursg
since ambiguities and errors are lesslikely to occur and are easier to detect.

8.4 (uideline: Use of operational semantics

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

NOTE 1| In opé€rational semantics, the definition of the semantics is made in terms of the operation of an
“abstra¢t machine” which implements that semantics. There is a consequent danger of providing a detailed
implemeéntatign model, especially with a formal specification language capable of operational semantics with
translatfien-into an executable (even if inefficient) actual implementation. Other formulations, such as axiomatig
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NOTE 2  If the specification is derived from an original implementation based on a particular programming
language, there is 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 may be possible to provide an operational
semantics at a sufficiently high level of abstraction to avoid these dangers.
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NOTE4 There may 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 should be spelled out, and guidance 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.

8.5 Guidelines on interoperability

8.5.1 Introduction

The term interoperability is used in many contexts, sometimes in a very vague and generalbway, and is
sometimes confused with the related but distinct concept of portability. This introduction is ifjtended
Lo clarify the concept of interoperability in the context of service specifications, as a;preliminarj to the
hssociated guidelines for language-independent service specifications.

8.5.2 Interoperability with what?

[nteroperability issues arise when a service is required to interoperate with other serviceqg in the
course of providing its own services to an external user. The other-services concerned may ble other
instantiations of the same service, or may be different services, or@f)course 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 may add to the difficulty
pf defining the specification, it is a relatively straightforward situation to deal with.

NOTE Questions of interoperability can be very complicated for a distributed system, which might 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. exchanging data, 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 extent of the difficulty of defining the specification
will depend upon whether these are being specified at the same time, or pre-existing services that are
hlready specified.

[n general, the effect of interoperability requirements is to add constraints to the specification, which is
why the strategic guideline 5i1.2 recommends that they be dealt with first, along with any conciirrency
requirements (see clause(10), when developing a specification. When constraints arise in conpection
with other instantiatiots) of the same service, or different services being specified at the same time,
though they will exist they may not be especially troublesome. Constraints are likely to be mudh more
severe when intergperability is required with an existing, already specified service, since it is ynlikely
that it will be pgssible to alter the specification of that service to make interoperability easier.|Even if
the specification of that service is being revised, the scope for adjustment to ease interoperabiljty may
be limited,'or'even non-existent.

[n the Worst cases, the constraints may create pressure to compromise the aims of the language-
indépendent service specification, for example if another service makes representational assurptions
pbout exchange values, or makes other implementation assumptions which have an impact on
interoperation. They may even create pressure to compromise the aim of language independence. This
needs handling with great care, and preservation of language independence may 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 has 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 Technical Report. It should be noted however that languages vary very greatly
in their ability to handle synchronicity and time constraints, which may place severe difficulties in the
way of defining the service itself, or language bindings, in a truly language-independent way.
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Though the nature of the other services is the most important factor affecting interoperability, two
other factors may be important: the nature of the interoperation, and how it is invoked.

8.5.3 The nature of the interoperation

Interoperation may be master-slave, slave-master, or peer-peer. In a master-slave relationship,
the language-independent service invokes the other service, but has 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 has to deliver what that other service
requirgs. In a peer-peer relationship, the services cooperate to deliver what the external user requires.

The mdster-slave situation should cause relatively little difficulty, the first because it is a matter only
of invoking the other service and being able to handle its various responses. The slave-mastersitiation
can beltreated as if the other, “master”, service is another external user, with its own interface, the
main pfoblems arising if the other service is pre-defined and imposes requirements invelving severg
constrdints. The peer-peer situation may also involve severe constraints if the other service is pre-
defined, and may pose tricky design problems.

8.5.4 |How interoperation is invoked

Interoperation may be invoked by the external user (e.g. by exercising an opfion or selecting a parameter)
or may|take place in the background, solely within the service, so thatthe external user is not directly
concerned with it (and may not even be aware of it).

Neither 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-the interface like any other feature of the
servicel Where interoperation takes place solely in the.background, depending on the nature of the
interoplerating service it may be appropriate to define*an explicit further interface, separate from thg
interfage to the external user, to handle the interactions. Difficulties are likely to occur only when these
two sithations are confused, or not kept clearly separate.

8.6 (Guidelines on interoperability with other instantiations of the same service

Where [interoperability is required with-ether instantiations of the same service, it is probable that the
relatioship will be peer-peer. The'guidelines that follow are therefore devised on that assumption
Circumistances can be envisaged(inywhich this is not the case, in which case the guidelines in 9.3 for the
masterfslave relationship will heed to be appropriately adapted.

8.6.1 |Guideline: Identifying features affecting interoperability

All aspegcts of the sefvice that affect interoperability with other instantiations of the service should bd
identified, and the\gpecification should ensure that these are clearly distinguished from other aspects.

8.6.2 |[Guideline: Precise definition and rigorous conformity requirements

All aspects of the service that affect infnrnpprnhi]ify with other instantiations of the service should bd
precisely defined, and conformity requirements should be made rigorous enough to ensure that the
ability to interoperate will always be 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 The temptation to overspecify the requirements - e.g. making rigid representational requirements
- simply to make absolutely sure that interoperability will always be possible, should be avoided. 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.
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NOTE3  Theuseof formal definitions to eliminate ambiguity is particularly useful in relation to interoperability
requirements.

8.6.3 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
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pf abstraction.

NOTE 2 It is 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 compjeteness
ake'. This, however, is a risky practice, and is probably best avoided unless a strong rationalelexists to permit it.

8.7 Guidelines on interoperability with other services

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:peer relationship is most likely
to occur when specifications for the two (or more) services are being developed together. Mast¢r-slave
pr slave-master relationships can occur with specifications beingdeveloped 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 revisiof which
extends the service) requires a “slave” service which it caninvoke.

The guidelines that follow therefore cover the two main cases, 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 of course possible that there is a “mixed” dituation
where two or more services are being developed together to interoperate with one or more services|already
defined. Those faced with that task will needyto apply the guidelines below as best they can, to meet the heeds of
the particular case.

8.7.1 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 sanpe time,
the services should be regdrded as a single “super-service” in respect of the interoperability 4spects,
and the guidelines inf9.2 should then be applied to that “super-service”.

NOTE1 Care will\be needed, with duplication of definitions if necessary, to ensure consistency acfoss the
different compadnerits of the “super-service”, and allowance will need to made for the possibility that these
different component services may be implemented using different languages.

NOTE 2 ~\Treating two or more services as a single “super-service” for the purposes of specification is sijnpler to
arrangeiif the same group is responsible for all of them. A high level of liaison, co-operation, and mutual tfust will
be called for if more than one group is involved.

8.7.2 Guideline: Interoperability with a pre-defined service

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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9 Guidelines on concurrency issues

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
concurrent, and essentially concurrent. A process that is essentially serial has to have its parts carried
out in a specified sequence if it is to function correctly. A process that is essentially concurrent has to
have it . i o . )

simulated by a serial process achieving the same end result, if there are no external constraints to maksg
that impossible). A process that is optionally concurrent will function correctly whether or not its‘parts
are carfied out in parallel (since the parts are not interdependent in any way that affects the procéss).

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,/8iving (x,y,z), is an
examplg¢ of an optionally concurrent action. However, their replacement by the values c,ab to give (c,a,b) is an
examplg of an essentially concurrent action, since changing the values one at a time will in general not produce
the reqiiired result. The essentially concurrent action can, however, be simulated sexially by making copies of
values that would otherwise be lost, and using them when needed.

In this glause, the term “concurrency requirement” is used to denote any requirement relating to any of
these three possibilities; in particular it may mean either or both 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 5.1.2 recommends that they be dealtwith first, along with any interoperability
requirgments (clause 9), when developing a specification.

9.1 Guidelines on concurrency within the service specification

9.1.1 |Guideline: Avoidance of unnecessary concurrency requirements

A langyage-independent service specification should avoid concurrency requirements other than any
which dre absolutely necessary to providethe service; in particularitshould notrequire serial processing
when parallel processing can achievie the required, nor should it require actual parallel processing (as
opposefd to simulated parallel processing) unless this is demanded by external constraints or the natursg
of the service. Every apparently necessary concurrency requirement should be examined closely, to seq
if therelis a way of avoiding it,)so that the number that eventually remains in the specification is kept to
a minirhum.

NOTE 1| Unnecessary~concurrency requirements, whether for serial processing or parallel processing, is an
examplg of overspecification arising from the inclusion of implementation assumptions.

NOTE 2| Requiréments to handle a number of service users simultaneously (see 10.2) may entail some degree
of parallelismybut this guideline still applies.

9.2 Guidelines on concurrency of interaction with service users

Depending on the nature of a service, it may necessarily have to deal with one user at a time. In that
case it may be possible that the service will not be able to accept a request from another user until the
current one has been dealt with, or it may be able to support a queuing system, where incoming calls on
the service are accepted as they arise, but are still dealt with one at a time. Alternatively, it may be able
to handle a number of service users simultaneously.
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9.2.1 Guideline: Handling of concurrent service requests

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

9.2.2 Guideline: Number of concurrent service requests handled

Where handling of concurrent service requests is required, either through simultaneous provision or by
A qUEUIng System, the language-independent Service specitication snould state the minimum number of
such requests that it must be possible to handle simultaneously, and require the maximum number that
can be handled to be documented.

NOTE A service may of course be able to handle a certain number of users simultaneously, but 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.

D.2.3 Guideline: Order of processing of service requests

A language-independent service specification should explicitly state whether an implementatign must
handle service requests in order of arrival, or may prioritize requests,/Jor must prioritize requesfts.

0.2.4 Guideline: Criteria for prioritizing service requests

Where a service must or may prioritize requests, the language-independent service specification should
explicitly define the criteria which must or may goveriiprioritizing decisions, or at a minimum specify
constraints which must be met.

NOTE An example of a constraint is: whatever other criteria may apply, no request should be made to|wait for
more than a specified period of time.

0.3 Guidelines on concurrency requirements on bindings

[n a language-independent 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 may,arise in the specification of such requirements.

0.3.1 Guideline: Avoidance of concurrency requirements

A language-independent interface of a service specification should explicitly be neutral with regpect to
concurrency, i.e{tshould place no requirements on whether an implementation of a language pinding
uses a serial of.a@ parallel approach or any combination of the two.

NOTE 1 Languagesvary greatly in their capability for handling parallelism. Requiring concurrency of ajbinding
may create’severe problems for implementing it efficiently, or even at all, or may force implementors fo adopt
olutions which do not conform to the language standard.

NOTE 2 Somelanguagesareverywell equipped to handle parallelism. Requiringa serial form ofimplementation
may place unnecessary constraints on implementors using that language; a far more efficient and natural form of
binding may be possible using language features supporting parallelism, and should not 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 may mean that, for
an implementation to be correct, certain concurrency requirements have to be met.

9.3.2 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
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bindings. In particular, no explicit or implicit assumptions should be made about how a language may
support parallelism.

10 Guidelines on the selection and specification of datatypes

Probably without exception, all service specifications will make use of the concept of data, and any
specification will need to define the data to which it applies. The commonest and clearest way of doing
this is by means of datatypes: a data value which belongs to the relevant defined datatype is covered
by the A T N . . "

covere(

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

10.1 Guideline: Use of ISO/IEC 11404:2007 General-Purpose Datatypes (GPD)

The dafatypes used in the language-independent service specification should be selected from those
defined in ISO/IEC 11404:2007 either by direct adoption, or using the methods it'defines for generating
furtherf datatypes from those directly provided in the standard.

NOTE LID providesawide variety of primitive datatypes suitable for directadoption, and a variety of methods
for gendrating further datatypes from these. These methods include various forms of aggregation (including Set
List, Artay, Record, and Table datatypes) and of other forms of derivation, (iricluding “new” for clone datatypes
which Have the same set of data values but are logically distinct from the original, Choice to merge separate
datatypgs into a single one, Pointer for indirect referencing, and various forms of subsetting - see guideline 11.2)

10.2 Guideline: Specification of datatype parameter values

For ea¢h selected datatype for which LID defines\parameters, the language-independent service
specifi¢ation should specify all of 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 there are by definition an.infinite set of values of datatype Integer, but a logically finite though
arbitraifily large set of values of an Enumerated datatype.) LID defines parameters for such types, to allow
subtypds to be defined, including subtypes of known finite size. The language-independent service specification
needs elther to select the parametervatues (e.g. specify what range of data values is to be supported) or requirg
a confoyming implementation to do se (in which case it is desirable to specify constraints, e.g. “at least...” and /o1
“at most...” as appropriate).

NOTE 2| LID allows arbitrary sets of data values to be constructed, as well as contiguous ranges (where that
conceptlhas meaning), bysexplicit inclusion or exclusion of specified values. (An example might be Range -10:+10
of Integpr excluding @ bt 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 thig
may be f 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
numberjofdimensions and index ranges for Array datatypes, number and datatypes of fields for Record datatypes
length of €hraracterString datatypes, etc-
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10.3 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 Thewaydisallowedvaluesarehandled needs careful thought,and mustbe preciselyand unambiguously
defined in the language-independent service specification, since much may depend on the consequences. In some
contexts it may be sufficient simply to ignore such values, as if they were not there. More usually, at least a warning
will be needed, and commonly some exception handling mechanism will need to be invoked. In critical cases the
presence of such a value will indicate 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
are familiar with an implementation allowing a wide range of values may encounter this problémi when mpving to
h more limited one. (This can become critical when interworking between implementatiohs-is likely.) Hgnce this
consequence of a “permissive” approach when defining the specification needs always to.be borne in mjind, and
the exception handling designed accordingly.

10.4 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 the language-independent service spegification needs to specify which operations, whether
‘characterizing” in LID or not, are required for the application.

NOTE 2 Ingeneral, a complete definition for the @pération will be needed, since details can vary from language
Lo language. For example, it is not enough to saythat addition is needed for a Range of Integer datatype; |t is also
hecessary to specify things such as what happeéns if the result of an addition is “out-of-range”. (Note that LID does
nclude a Modulo datatype, if that is the restlt required.)

10.5 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.

10.6 Guideline:'Specification of arithmetic datatypes

With respeetto arithmetic datatypes, the language-independent service specification should tgke into
pccountthe provisions of ISO/IEC 10967, Language independent arithmetic, in particular Part 1,[Integer
nnd floating point arithmetic.

NOTE 1 _ Problems can occur with arithmetic datatypes, especially because of the approximate nature of
values and operations on values of datatype Real (in LID) and its counterpart in actual programming languages.
ISO/IEC 10967-1:2012 gives precise specifications for these arithmetic operations, to predictable accuracy, and
should be studied to help determine how important the accuracy of arithmetic will be to the application.

NOTE 2  For many applications the correct functioning of the service will not be dependent on, or will be
insensitive to, the detailed behaviour of Real values and operations. In such cases it will suffice to rely upon
the native arithmetic of the host language and implementation environment. However, even in this case it is
recommended that a statement of the arithmetic requirements, however modest, be included, since a future
revision of the specification may 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 will be dependent on arithmetic being
carried out to given accuracy requirements. Though it may be believed that all likely host languages and
implementation environments will meet those requirements, they should be included, so that there can be no
doubt over what the requirements are.

NOTE4  For some applications the correct functioning of the service will be 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 ISO/IEC 10967 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.

10.7 Guideline: Approach to language bindings of datatypes

The larjguage-independent service specification should provide clear guidance on the approach|that 4
language-independent service language binding should take to binding the various datatypes‘required
Particular care should be taken in the case of complicated abstract datatypes which manyylanguagesg
will have to represent through simpler and less abstract datatypes, and in some cases mandatory
requirgments may need to be included to ensure that the integrity of the language-independent service
is protgcted.

NOTE 1| It is of course desirable to allow maximum flexibility for the language-independent service to be
implemented efficiently and in a way which fits in well with the hostlanguage or envirenment. Hence requirements
on langyage bindings should be the minimum needed to protect the integrity of thedanguage-independent service
On the pther hand, implementors are helped if requirements are explicit and the limitations on flexibility are
made clgar, rather than a matter for interpretation.

NOTE 2| In many cases, it may be that the use of abstract datatypeswill actually be helpful to implementor{
and thofe defining language bindings, in that it increases flexibility to bind to the most appropriate datatypsg
available.

10.8 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
will be represented 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 may 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).

11 Guidelines on specification of procedure calls

This clause provides guidelines on how to specify procedure calls in language-independent service
specifications. Many (perhaps most) service specifications will find it convenient to define certain
actions or functions of the service in terms of procedure calls; indeed, some services may conveniently
be defined entirely in terms of procedure calls and the data on which they act. In particular, any required
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operations on data values (see 11.4) which not all actual languages necessarily provide may well be best
defined in that way.

11.1 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.

OTET The concept of "procedure call’, though a very general one and by no means coniined tq sp-called
‘procedural languages”, is often interpreted in terms of specifying things procedurally, i.e. how an. effect is to
be achieved. To make the service specification truly language independent, it is necessary to beakt in mjind that
many languages are “non-procedural” (i.e. the underlying procedural aspects do not appear at the level of the
source code, and hence are not directly under the control of the programmer). It should be 1pted 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 achieve the Same effect differently
will not be the most effective or efficient one.

NOTE 2 This guideline implies that the language-independent service specification should not require or
expect that a language binding will necessarily implement a procedure call in‘the language-independent service
Kpecification as a procedure call in the language.

NOTE 3  This guideline implies that the language-independent servicespecification should not specify higher-
evel procedures in terms of calls of lower-level procedures, unless this is unavoidable because of ¢xternal
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 abstractfion™ i.e.
that the right level of abstraction is not the operational leyelbut a higher and more abstract level which lepves out
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 easilyimply an implementation model for the service, inclyding its
constituent procedures (see Clause 8).

11.2 Guideline: Use of ISO/IEC 13886:1996 (LIPC) procedure calling model

The language-independent serwvice specification should, for its procedure calling model, use
[SO/IEC 13886:1996 Language-Independent Procedure Calling (LIPC).

NOTE The advantage~of-using LIPC as the model is that any LID datatype may be used as a pafameter
(or for the returned value) of any LIPC procedure, which greatly simplifies the language-independent] service
specification and reduces the chance of clashes with other related language-independent service specifications.
Use of LIPC and the very 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.

11.3 Guidelines on the use of ISO/IEC 13886:1996 (LIPC)

The ISO/IEC 13886:1996 Language-Independent Procedure Calling (LIPC) standard defines a la
independent model of procedure calling of sufficient abstraction to allow the procedure calling facilities

; . Hities; g being
defined by the bindings of the languages concerned to LIPC. The model allows for various modes of
parameter passing.

An LIPC parameter may be of any datatype definable via ISO/IEC 11404:2007. 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 may 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
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return through the procedure name of the evaluated value of the function into an additional parameter
of the corresponding LIPC invocation.

NOTE 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.

LIPCactsasabridge between the procedure calling facilities of differentlanguages. Alanguage 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 formofthe r‘m‘rpcpnnding prnr‘pdnrp callin the ]nnglmgp on its side using the LIPC hinding for that

language.

b

NOTE 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 [facilities 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 thd
service|client side.

LIPC spfecifies four abstract modes of parameter passing (see, 12.3.2), and explains how the common formsg
of parameter passing found in languages can be expressed with them. As a guide for those defining and
implemnenting LIPC services, an abstract model of thesexecution of a procedure call is provided. There is
no reqyirement to implement this execution modéliitself, which is provided solely to aid understanding
and reduce the risk of incompatibilities through.differences in assumptions being made by people with
different language backgrounds.

11.3.1 |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 definitionalpurposes into simpler ones for specifying operations, simply because i
is known that most languages,will not be able to pass as a parameter a value of a complicated datatype
The definition of the procediire should be made at the highest level of abstraction possible (see 12.1) tg
enable pindings of the language-independent service specification to exploit language features to theiry
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,

11.3.2 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, will probably need to be included for bindings of the language-
independentservice specification to languages which do not specify “call by value”, or “in”, as arequired 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 whatis 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, will probably need 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 adequately for
Fhe language-independent service specification 1n 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 might' be preferred
n some cases. In fact, if the specification is at a high enough level of abstraction, use of either;method rhight be
possible, depending on available language features.

11.3.3 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 will be needed to cover cases where a binding to LIPC to the lainguage
used does not exist.

11.4 Interfacing via remote procedure calling (RPC)

A service for which a language-independent specifieation is required may be intended for use wholly or
primarily across a network. In consequence, any:procedure call from the service user will be trangmitted
Lo the service provider through a communication channel. Thus the values corresponding to th¢ actual
parameters supplied by the service user, dnd results returned by the service provider, will negd to be
encoded in the appropriate transmission protocol. The need for encoding of values for transmission
jmposes constraints on the datatypes of the encoded values, and the parameter passing mode ufed.

However, the service will still need 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 netwark, will
therefore be reflected wholly in the language-independent specification of the interface. Thete is no
logical problem in this/because the remote procedure call constraints apply only to the interfacg.

A specific standard deals with procedure calls operating under such constraints: ISO/IEC 11578:1996
Remote procedure call (RPC). The constraints referred to above are reflected in the facilitjes this
standard provides.

This subclause provides some general guidelines for specifying an interface under remote pracedure
call‘constraints, including use of the RPC standard.

11.4.1 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 Thelanguage-independent service specification will give the formal definition of the procedures, and
the datatypes and passing modes for parameters need to be those most appropriate for the service. This allows
implementors of the service maximum freedom to exploit the facilities of the language used for implementation.

NOTE 2  For some services the LIPC datatypes and passing modes for parameters equivalent to those in RPC
will in fact be the most appropriate. In such cases this problem will not arise.
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NOTE 3  The LIPC standard contains an annex summarizing its relationship with RPC, which can be consulted
if necessary.

11.4.2 Guideline: Specification of RPC interface

A language-independent interface specification with remote procedure call constraints should define
the usual LIPC marshalling and unmarshalling appropriate to the case and then a further stage of
marshalling, from LIPC into RPC form, and an additional stage of unmarshalling from RPC into LIPC
form before the usual unmarshalling from LIPC to the service provider language form is carried out.

NOTE 1| Where calling might take place non-remotely as well as remotely, the usual LIPC-based interface,wil
be needpd. Even when calling will only take place remotely, specification of marshalling and unmarshalling {h,twd
stages if desirable for documentation purposes: for example, it makes clear which transformations are caused
by moving between language-dependent and language-independent forms, and which are the result.of remotg
procedyre call constraints.

NOTE 2| This does not imply that implementations of the interface will be required to use atwo-stage process
On the dontrary, implementations should be free to optimize the marshalling and unmarshalling transformations
within ghe limitations of the languages concerned and the remote procedure call constraints.

NOTE 3| Language bindings to LIPC can of course also provide for the case wheh remote procedure cal
constrajnts are present.

11.4.3 |Guideline: Use of subsets

In som¢ cases, a language-independent service specification may‘be best defined in terms of an LIPC-
based flull service, with a more restricted RPC-based service.as a subset. If this is done, it should bd
ensurefl that the restricted service is a fully conforming subset of the full service.

NOTE 1| The temptation should be resisted of using the subset approach for speed or simplicity, because of thd
well-knpwn attendant disadvantages of including levels and options in standards.

NOTE 2| A formal specification method should be used to demonstrate the full conformity of the subset, if at al
possibld.

11.4.4 |Guideline: Use of ISO/IEC 11578:1996 (RPC)

For some services where remote procedure call constraints may apply, it may be necessary or desirable
to male use of features in ISO/IEC 11578:1996 Remote procedure call in addition to those with
corresponding features of ISO/IEC 13886:1996 Language-Independent Procedure Calling. In general any
such language-independent interface specification should be reviewed in the light of ISO/IEC 11578:1996
RPC, sq that the maximum benefit may be obtained from use of that standard.

NOTE RPC is defined’ at a more concrete level of abstraction than LIPC, and hence addresses issues outsidg
the scopje of the LIPC;standard which may still be relevant to the service being specified.

11.5 Guideline: Guidance concerning procedure calling to those defining language
bindings te 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.

The difficulty for those defining a language binding to an external service is that the service probably
will 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
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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
underlying assumptions of that used for the service. It is recommended that this be done in each case by
first separating the three concepts of defining the procedure; invoking it; and the delivery of its results
back to the point of call, and then doing detailed comparison of each of the three.

However, this Technical Report recommends throughout that relating the procedure calling inpdels of
the service and the target language by using the common reference point provided by LIPC; whjch was
designed for that purpose. Ifthe language-independent service specification was produced in accqrdance
with the guidelines in this Technical Report, it, and the interface to which the binding-will relgte, will
use the LIPC model, at least as a reference if not for the detail of the specification (see 12.2). Evgn if the
Kervice specification is language dependent, a language-independent interface preduced in accardance
with the guidelines will present the service using the LIPC model - in other words it will act as & buffer
between the service’s internal assumptions, and the outside world in which those assumptions may not
hold.

[f the target language already has a defined LIPC binding, in a standard or, failing that, an authofitative
document, then those defining the language binding can use that:Jf not, they will need to deffne one
pf their own, covering at least enough to meet the needs of binding to the service concerned. L[PC has
hn annex, titled How to do an LIPC binding for a language, which provides guidance for that. Of|course,
before embarking on this, a search should be made to determine if others in a similar situatign have
produced partial bindings.

NOTE The danger that different partial LIPC bindings will be incompatible shows the importance for a
anguage community of agreeing on a definitive standard binding to LIPC.

For some services, however, an existing LIP€-binding may not be enough, since it will primarily cover
invocation and return of results. While -this will in many cases be adequate, there may be|a need
for a common understanding of what(happens during execution - for example, when questions of
interoperability arise (see clause 9).ln such cases, Clause 6 of LIPC should be studied, becayse that
provides an abstract formal model:of procedure execution for use in such situations.

12 Guidelines on specification of fault handling

During the invocation-oréxecution of a service, faults may occur. The term “fault” is used here in p broad
kense, to mean any occurrence which prevents, delays or changes the way in which the service would
normally operate.-For a service to be reliable, it is important to foresee the kinds of fault that mgy arise,
hnd to determing how they will be handled when they do.

Some faults(will be internal to the service itself (i.e. will occur on the service side of the interfgce). If a

fault canbe completely handled on the service side so that, with appropriate fault recovery procedures,

the service is unaffected, it will not be 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 sfopped,
qa] A | 4 3 +1 +la tad +l +1 £ 1e -y Lot £33
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through the interface, and the language-independent service specification may need to address it.

Some faults will 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 will
need to address such faults.

Some faults will be specific to the binding. The language-independent service specification may need 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 alanguage-independent service
specification.
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12.1 Guideline: Fault detection requirements

Requirements should be included covering fault detection, reporting and handling, with appropriate
conformity clauses. The language-independent service specification should specify a minimum set of
faults which a conforming implementation must detect (in the absence of any masking faults); minimum
level of accuracy and readability of fault reports; whether a fault is fatal or non-fatal; and, for non-fatal
faults, the minimum recovery action to be taken.

When considering requirements in this area, drafters of language-independent service specifications

may w
some i
will be
differin
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Drafter
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is fatal
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nevertheless benefit from the availability of a warning message from the implementation.
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nplementations, or some languages to which the language-independent service specification
bound. A possible way of dealing with conflicting priorities (e.g. between speed and safety) for
g uses of the service could be to specify that implementation options should be available to.allow
] and extent of fault checking to be controlled.

(1hecklist of potential faults
|

owing is a list of typical faults which can arise in the invocation and execution of a service
s of language-independent service specifications should check all of the following for relevance
" service, and the specification produced should address all that are\appropriate, plus others
to the service concerned. This listis not to be considered either as@xhaustive or as prescriptive

ises the language-independent service specification should specify whether the fault concerned
or non-fatal. Depending on the nature of the service, it may occur that a particular fault does
stitute a problem (whereas it would in another service)“but that users of the service would

12.2.1 |Invocation faults

a) unknown or misspelt command.

b) duplicate user-defined name.

¢) invalid syntax of numerical value (e.g. two decimal points).

d) call for unknown service function or‘other named facility.

e) wrpng number of parameterssupplied in call.

f) wrpng datatype of parameter supplied in call.

g) symbol supplied notinSupported character repertoire.

12.2.2 |Executionfdaults

a) attpmpt te-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.

d) invalid string or list operation, e.g. overflow upon concatenation, attempt to perform an operation
undefined for an empty string or list.

e) operation undefined for value.

f) attempt to perform operation on an undefined value.
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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.
j) attempt to open file thatis already open.
NOTE Perhaps non-fatal though it may indicate incorrect file naming by the service user.

RN

y—ittegatfiterame:

NOTE File names may be generated dynamically.

[) attempt to access (for input or output) file to which access is unauthorized.
NOTE Itis advisable not to require in the language-independent service specification the provisjon of an
unnecessary amount of information or lower levels of security than provided by,the host environmgnt. Any
message should be aimed at a legitimate user who has merely omitted to unlo€ka protected file forjread or
write access, and who will be able to obtain the needed information and take the necessary action [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 file (e.g.
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 (e.g. memory) available for specified operation.
) time limit exceeded.

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

) use of non-standard dynamicimplementation-defined extension.

12.3 Guideline: Recovery from non-fatal faults

Where the specification_permits recovery mechanisms from fault conditions, the required repults of
the actions to be taken'by the implementation (when such a recovery mechanism is invoked) shiould be
defined as fully as\are defined the normal features of the service.

13 Guidelines on options and implementation dependence

Dptions present a special problem for service specifications in general (as indeed for other things), and
for-lahguage-independent service specifications in particular. Optional aspects of the service, which
sonie implementations have but others do not, can harm interoperability, and can create difficulties for
applications using the service, which may 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 interface, or
in bindings, can create uncertainties and difficulties, and may 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 will therefore provide the identical service. However, in some environments,
providing everything may be technically difficult, prohibitively expensive or actually impossible. A
partial service could 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
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some purposes, providing everything may be indeed unnecessary; parts would never be used yet the
costs of them would remain.

Asforimplementation dependence, removingitaltogether may make implementation impossible on some
systems. In contrast, some systems might be able to provide a better level of service (as measured by,
say, speed or capacity) than that specified, but would be prevented from doing so. Where characteristics
so measured have to be identical, to permit interoperability, this may be unavoidable, but a situation
could arise in which implementation, interface, binding and application could all operate at a higher
level, 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 thepg
can be|no general rule covering every case. Those responsible for developing the specification such
as a stgndards committee, will need to weigh all the various factors and make a decision - probably 3
comprdmise - accordingly. The guidelines in this clause are aimed at helping them to do that

13.1 Guidelines on service options

13.1.1 |Guideline: Optional service features

Inclusign within the language-independent service specification of optionalfeatures of the service, ag
offered|through the interface to users whether as optional additions or as-eptional alternatives, should
be minjmized. Ideally, the aim should be to have no optional features atall.

NOTE In general, optional features harm interoperability, and they<€an create difficulties for applicationg
using thle service, especially those that deal with different implementadbions of the service.

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

When ¢letermining whether to allow a feature of a service to be optional, the fewest assumptions as
possible should be made about how or for what purpese the service will be used.

NOTE 1| Experience shows that options often arise because it is assumed that a certain feature will rarely
be used| or will be required only for certain expected uses of the service. Problems are thereby created during
the trarfsitional period where many implementations omit the option until experience has shown that it is morg
widely ysed than anticipated by the designérsof the service.

NOTE 2| Experience can also show.that features made mandatory are in fact used only rarely. In that case 4
possiblg course of action is to makethe'feature optional in a future revision (see clause 17).

13.1.3 |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 avajlabte.

13.1.4 |Guideline: Management of optional service features

Where nmp]nfn avoidance of service r\ph'r\hc 1S imprnrﬁrah]n-

— they should be organized in a consistent manner, and the number of different levels should be
minimized;

— if an implementation provides a conforming optional service feature that is not required for the
subset for which conformity to the language-independent service specification is claimed, then the
specification should require that, nevertheless, the implementation must provide that feature in
accordance with the requirements of the specification;

— the language-independent service specification should require that every implementation omitting
any optional features must provide, either internally or through the interface, a defined response to
any service user request for a feature not provided by that implementation.
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13.1.5 Guideline: Definition of optional features

If at all possible, any optional (or higher level) features of the service should be defined functionally in
terms of mandatory (or lower level) features.

13.2 Guidelines on interface options

13.2.1 Guideline: Completeness of interface

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

NOTE Even when the interface is conceived to be for a given, limited purpose not seeming(te requirg certain

features of the service, some applications may have unforeseen uses of those features, andsthe interfac¢ should
hot prevent that happening (see 14.1.2).

13.2.2 Guideline: Interface to service with options

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

NOTE Adopting this strategy will make it easier to update the interface should these unimplemented| options
ater become available.

13.3 Guidelines on binding options

13.3.1 Guideline: Completeness of binding

Unless unavoidable, a language binding- to, the service interface specification should allow user
hpplications access to all the features of the ‘service, whether mandatory or optional, that are ayailable
through the interface. If omissions are-unavoidable, they and the reasons for them should be fully
documented.

NOTE1  The language binding should not make assumptions about how or for what purpose applications
written in the language will uséthe service (see 14.1.2).

NOTE 2 Omitting features-may be unavoidable though. For example, if the interface assumes the pres¢nce of a

facility that is not availablein that language. (This is at least as likely to be the result of the service specification
hot being sufficiently-language independent as it is to be the result of a shortcoming in the language.)

13.3.2 Guideline: Binding to a service with options

Where the\language binding is to a service that has optional features, the following possibilitieq should
be considéred:

—_ reflecting the service options in options in the binding;

— requiring certain options to be available before binding is possible;

— usingsuitablelanguage facilities to provide enquiry functions, allowinglanguage users to determine,
in a given environment, whether a given option is available or not.

13.3.3 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;
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— an

alternative binding, where possible, is provided in cases where the preferred binding uses an

optional language facility which is absent from a standard-conforming language processor which

om

its that option (e.g. a subset language implementation);

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

NOTE 1

For some languages the “full power” will include the ability to add user-defined datatypes, operations,

modules etc. These should be exploited for the maximum benefit of those language users needing access to the

service.

NOTE 2
Guidelin

13.4 G

13.4.1

The nu
comple
is impy
where

or undé
feature
specifig
the use

NOTE

require
as what
than th
efficient

13.4.2

The lar
providg
setting
availab

NOTE

undefin
the imp
specific

13.4.2.

Writers

Strictly speaking this guideline does not belong in this Technical Report but in ISO/IEC/TR 10182:—
es for language bindings. The guideline is however kept in the spirit of this document.

uidelines on implementation dependence

Guideline: Completeness of definition

mber of aspects within its scope that the language-independent service specification leaves not
tely defined should be minimized (and preferably eliminated altogether). Where full definition
acticable, in general such aspects should be required to be implémentation-defined, subject
hppropriate to specified minima or other limits, rather than left'as/implementation-dependent
fined. In this case, a complete checklist should be provided of@ll such implementation-defined
s, guidance should be provided for implementors, required limits, as appropriate, should b
d, and the documentation accompanying the implementation should be required to provide for
I a full specification of the implementation definitions.used.

The crucial phrase above is “within its scope”. The,temptation must be avoided of over-specifying
nents by going beyond the scope of the specification\by specifying how results must be achieved as wel
results must be achieved. Such over-specification\often means that, for languages with facilities other
se envisaged, either instead or in addition, implementations are pointlessly constrained, and may be less
than they could be.

Guideline: Provision of implementation options

guage-independent service specification should specify implementation options required to bd
d by a conforming implementation, including in each case a specification of standard defaul
5 of the option and the fonm or forms in which the implementation options are to be madg
le to the service interface) bindings, and user applications.

There is also the“ppssibility of the language-independent service specification leaving some things
bd to be defined Bythe binding, or for the binding to decide whether to define something or leave it tg
lementation todo so. All such things should be explicitly stated in the language-independent servicq
htion.

1 ChecKlist of potential implementation options

6flanguage-independent service specifications should consider all of the following features as

potenti

al areas for specitying implementation options, and the specitication produced should address al

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;

— the handling of overflow and similar range checking;
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operating modes;

the use of preconnected 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;

reporting, of usage incompatible with the old specification.

13.4.3 Guideline: Implementation-defined limits

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

suchlimitscanbeexpressedintermsofthe nature of the demand.(ratherthanserviceimpleme
issues which may be unpredictable or variable, such as resource’capacity),and

provide advice on choice of actual levels.

13.4.3.1 Checklist of potential implementation-defined limits

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

length of user-supplied or internally-generatéed character strings handled,
range of integers,

internal precision of values of datatype Real,

magnitude of values of datatype Real,

number of user files which can be open simultaneously,

complexity of serviceirequests that can be handled.

13.4.3.2 Actualvalues of limits

recommending specific values;

Minimum guaranteed service levels to be supplied by conforming implementation$.should be specified
in appropriate circumstances, namely where

during

ntation

are:

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

recommending minimum useful values;

recommending maximum useful values;

recommending that limits should depend on implementation thresholds where efficiency changes

sharply;

recommending that limits should depend on resource availability, which may fluctuate
execution;

setting forth other criteria appropriate to the specific service.

during

In each case the reasons for the recommendations should be explained. Different recommendations may
be appropriate for different limits.
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It should be noted that appropriate implementation-defined limits need to be made accessible to users,
in particular for those performing conformity testing, as well as being documented. Where this is not
available through service facilities (such as user “help” facilities), appropriate guidance to implementors
should be provided.

14 Guidelines on conformity requirements

If the specification (of the service, the interface, or a binding) is to be included in a formal standard, then
formal anformiturulac unll ba waoiend Thic clasicn o dac gnnidalinac o bovz 0 Ao +hic
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NOTE Much of this clause is based on the guidelines in ISO/IEC/TR 10034:1990, Guidelines for the preparation
of conformity rules in programming language standards.

Even iff the specification is not being designed with formal standardization in mind, any{document
contairling it will need to make clear what is required to meet the specification, though lit may be felt
unnecessary to make the conformity requirements quite so strict as those in a formalstandard should
be.

The guldelines here are based on the assumption that strict and formal conforfity rules are required
If the cjrcumstances are regarded as less demanding, then some relaxation-may be possible. However,
in genefal both implementors and users of any service, standardized or nat,will be helped by a rigorous
definition of what is required, since there cannot then be any doubt.

What Kiinds of entity will be expected to conform to the specification, and the rules to be laid down for
such conformity, will depend greatly upon the nature of the seryice’being specified, and in that respect
these ghidelines can do no more than indicate general principlés. In respect of the language-independent
nature [of the specifications, the consequent relationship with actual languages, and what this implies
for conformity rules, these guidelines can be more specifie:

There are three kinds of possible relationship between a programming language and a language
indepepdent service specification, which can belsummarized as implementation, invocation, and
incorpg@ration.

Implenjentation means that the language is-used to implement the service. At its simplest, the service is
provided 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 This relationship is relevant for a specification of the service. Though the specification of services in
generallis outside the scope of this report, specification in respect of language independence is in scope, and if
covered|in 15.1 below.

Invocaflion 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 procedurs
library] The essencélin this case is that the service is logically external to the language, but languagg
users dan invoke\it. The implementation language for the service is not necessarily the same as thg
language fromwhich it is called.

ration means that the service is provided by the language. That is, the service is internal ta

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 will be
rather differentin style. Furthermore, for a particular service and language, invocation and incorporation
will not necessarily be totally mutually exclusive. Normally, a language will have only one binding to
the service, which will be an invocation-style binding, an incorporation-style binding, or a mixture
(since, for a particular service and language, invocation and incorporation will not necessarily be totally
mutually exclusive).
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Conformity rules need to cover all these three cases, and in general will be different. Those covering
implementation conformity will be the ones which most depend on the nature of the service. The
guidelines for specifying conformity of implementations (see 15.1 and 15.2) will be confined to general
principles and how to avoid making undue assumptions about the nature of the implementation language.
Conformity rules covering invocation and incorporation will be rules for conformity of the language
bindings. The guidelines for specifying conformity of language bindings (see 15.3) will address how
to avoid making undue assumptions about the nature of the binding or the language being bound to,
and how to make the language bindings as simple as possible. The general guidelines for specifying
the service will of course address those questions, but they also need to be addressed here, since it is
possible for a good Tanguage-independent specification to be subverted by undue assumption} in the
conformity rules.

14.1 Guidelines for specifying conformity of implementations of the service

14.1.1 Guideline: Avoidance of assumptions about the implementation language

The conformity requirements on implementations should not make assumptions about the style or
mode of provision of facilities of the implementation language.

14.1.2 Guideline: Avoidance of representational assumptions

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

14.1.3 Guideline: Avoidance of implementation model

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

14.1.4 Guideline: Requiring end resultsrather than methods

The conformity clauses for implementations of the service should make very clear that is the end result
that matters, not how it is achieved.

NOTE The normative text of the specification needs to be equally clear in this respect.
14.2 Guidelines for specifying conformity of implementations of the interface

14.2.1 Guideline:Requirements on implementation-defined aspects

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

NOTE Such requirements will 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.

14.3 Guidelines for specifying conformity of bindings

14.3.1 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.
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14.3.2 Guideline: Adherence to defined semantics

The conformity rules ofalanguage-independent service specification should require thatany conforming
language binding shall adhere strictly to the defined semantics of the service.

NOTE1 SeeNOTE1in 16.2.

NOTE 2  Other guidelines in this Technical Report make it clear, however, that conformity rules should avoid
imposing on bindings inflexible requirements that are inessential to the correct functioning of the service.

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

Guidelipes on the development of language bindings may be found in ISO/IEC/TR 10182:+,(Guidelines
for language bindings. The following additional guidelines are recommended for use whendinding to 4
language-independent interface specification.

15.1 Guideline: Use of bindings to LID and LIPC

Langudge bindings to a language-independent service specification shodld*make maximum use of
existing bindings for the language to the language-independent standdrds ISO/IEC 11404:2007 and
ISO/IE( 13886:1996.

NOTE 1| See Clauses 11 and 12.

NOTE 2| For some services whose invocation can be expressediecompletely in terms of procedure calls and
associafed parameters and for languages whose bindings to LIBxand LIPC are complete, it may be possible td
producd a very simple, near-automatic binding which simply lists the service’s datatypes and procedures and thd
corresppnding bindings.

NOTE 3| However, name correspondence requirementsymay still be necessary: see 6.1.1 item (5).

15.2 Guideline: Adherence to defined. semantics

Alanguage binding to alanguage-indepéndent service specification should adhere strictly to the defined
semantiics of the service, even when the conformity rules for the service specification do not make such
arequifement.

NOTE 1| Ifdifferent semantics exist for different bindings, this causes confusion among users, possibly resulting
in errorf thatare difficultand expensive to putright. Strictadherence to the defined semantics is clearly important
when ir(:[;eroperability isrequired between applications using different languages and language bindings, but even
when infteroperability between one language platform and another is not an issue, portability and consistency of
the samfe application between different language platforms is jeopardized if the defined semantics are departed
from.

NOTE 2| It may*be appropriate to include in the language binding specification the specification of the service
itself, eitheras@separate section or annex, or interleaved with related binding definitions. However, such included
materiar should be clearly shown as informative, not normative.

NOTE 3 A binding 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.
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15.3 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 will be a simpler document
than the specification itself, though the relation of the intended structure of the bindings to that of the language-
independent service specification should be carefully considered: there are advantages in keeping them as similar
as possible. The list below is therefore a shortened and adapted form of the checklistin 6.1.1:

1) Adefinition of the binding of the language to the interface, including rules for conformity of implemertations.

) The specification of all further requirements on standard-conforming implementations of the\bindipg (such
as fault detection, reporting and handling; provision of implementation options to the user;>decumentation;
validation; etc.), and of rules for conformity.

B) Oneormoreannexescontaininganinformaldescription ofthe serviceand oftheinterface;aglossary (including
an explanation of any differences between the terminology used in the language-independent ipterface
specification and that used in the language standard), guidelines for servieg users (on implementation-
dependent features, documentation available, etc.), and a cross-referenced index to the document.

#) Anannex explaining the name correspondence between names used intheinterface specification anfl names
used in a calling program.

5) An annex containing one or more checklists of any implementatioh-defined features.
b) An annex containing guidelines for implementors, includingshort examples where appropriate.

7) An annex providing guidance to users of the binding en _questions relating to the validation of confformity,
and any specific requirements relating to validation‘entained in (1) and (2) above.

B) In the case where the binding is a revision of afi€arlier version, an annex containing a detailed and precise
description of the areas of incompatibility between the old version and the new version.

NOTE Where the revision has been prompted by a revision of the language standard rather thap of the
Kervice, it may be sufficient to summarizethe relevant equivalent information given in the revised language
standard, together with a summary of any new language features used in the binding.

D) An annex which forms a tutorial commentary containing examples that illustrate the use of the servjce from
within the language.

15.4 Guideline: “Reference card” binding documents

Consideration shouldbe 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.

NOTE 1 _~This could be provided in various ways: as a separate document for purposes of quick referente, as an
nformative annex to a full binding, as a normative binding with the detailed material in informative anrjexes, 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 conjmercial
products, and the semantics can always be found by reference to the language-independent specifications.

16 Guidelines on revisions

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 might occur of the service specification, of the interface specification, of a language binding, or
of the language of a language binding.

Only a revision of a language binding can be done without, in principle, potentially affecting the others.
Revision of a language may require revision of the corresponding language binding. Revision of the
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interface specification may require revision of some if not all language bindings. Revision of the service
specification may require revision of the interface specification and hence to language bindings.

The guidelines in this clause are intended to assistin the planning of revisions in each of these categories.
NOTE Since the principles that apply to the revision of standards and specifications are much the same

whatever the detailed subject matter, many of these guidelines are based on subclause 4.5.4 of ISO/IEC/TR 10176
Guidelines for the preparation of programming language standards, with appropriate adaptation.

16 1 imndcecafchangathat o wavziciny ~oy st day
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In this $ubclause, “feature” is used neutrally, to denote any aspect of the specification, which is visible'to
the seryice user, and/or service implementor.

16.1.1 [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 may for example add a further fagcility to the service. In the
interfack specification, it may offer to users a facility of the service not previouslyvi§ible (e.g. additional faulf

informdtion). In a language binding, it may offer to users from that language community a facility of the servicg
not prevyiously made available.

16.1.2 |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
version. The feature remains available, but has changed in some way.

NOTE In the service specification, such a change to the.sefantics of a feature may mean that invoking the
feature fhrough the interface may produce results different to-before. In the interface specification, it may specify
that a pprticular service facility (which may not itself haye changed) must now be invoked in a different way. In

a langugge binding, it may alter the way that the serwvice is invoked, or the context in which such invocation if
permitted.

16.1.3 |Deletion of a well-defined feature
A featufe which was well defined inithe previous version is rendered invalid by the new specification.

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

16.1.4 |Deletion of ill-defined feature

Afeatufe, which wasdarot well defined in the previous version, isrendered invalid by the new specification

16.1.5 | Clarification of ill-defined feature

A featuré-which was not well defined in the previous version, so that its interpretation was open to
questiomn, IS property defined i the new specification.

NOTE Though this can be regarded as correcting a defect in the previous version of the specification, some
pastinterpretations may not be 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 17.1.2

16.1.6 Change or deletion of obsolescent feature

Afeature designated in the previous version as obsolescentis deleted or changed in the new specification.
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16.1.7 Change of level definition

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

16.1.8 Change of specified limit to implementation-defined value

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

16.1.9 Change of other implementation requirement

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

16.1.10 Change of conformity clause

A change in the conformity clause may introduce a change in the behaviout of an implementation.
16.2 General guidelines applicable to revisions

16.2.1 Guideline: Revision compatibility

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

— the rationale for the proposed change should be stated;

— the way in which the proposed change will affect the original feature should be determjned, in
accordance with the classifications in 171 above;

— the difficulty of converting any affecCted clients of the service should be assessed;
— an attempt should be made to:determine how widely the affected feature is used;

— all the above should be documented, and conversion guidance should be provided in the relevant
part of the language-independent service specification.

16.3 Guidelines ommrrevision of the service specification

16.3.1 Guideline: Determining impact on interface and language bindings

Before anyrevision of the service specification is undertaken, potential changes should be reviewed and
the conseguent effect on the interface and on the dependent language bindings should be deterrmined.

16.3:2 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.

16.3.3 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 steps, correcting, incrementing or modifying a part of the
specification at a time, to allow similar correcting, incrementing or modifying of the dependent
specifications.
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16.4 Guidelines on revision of the service interface

16.4.1 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
unrevised language bindings will still work.

NOTE1 Techniques include the provision of conversion facilities or optional forms, which can be marked as
“obsolete”, to be removed at the next revision. This allows time for the language binding specifications to catch up
with thgTevisedservice:

NOTE 2| Attheleast, the interface should be revised to provide special help to calls from applications stillusing
outdatef bindings.

16.4.2 |Guideline: Use of incremental amendments

Where [the revision of the service takes the form of additional features, an incrementalamendment fox
language bindings should be specified, to allow the new features to be accessible to applications.

NOTE An incremental amendment to a binding will in general be quicker and\simpler to provide than 4

complete revision. The additional features can be integrated with the others atSome future time when a ful
revisior] is warranted.

16.5 Guidelines on revision of language bindings followingrevision of the service
interface

16.5.1 |Guideline: Buffering application programs from changes

When d 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 change to an implementation of a language binding which allows application programs using it tq
remain pinaltered can avoid costly and time-consuming modifications to many such programs.

16.5.2 |Guideline: Use of incrementalamendments

Where [revision of the service interface adds to the functionality available to application programs
an incremental amendment tothe’'language binding to accommodate invocation of the new features
withouf invalidating invocationnot using those features, will provide the benefits to new or revised
application programs without requiring modification of all such programs.

16.6 Guidelines omrrevision of a language binding following revision of the language

16.6.1 |Guideline: Use of new language features

When 4 language binding is revised in response to a revision of the language specification, relevant new
languageféatures should be exploited to allow new or revised application programs full advantage of
those new features.

16.6.2 Guideline: Buffering “legacy” application programs from changes

Where application programs not yet revised are expected to continue in use, the revised language
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 them fully compatible with
the previous definition, or to make special provision for legacy programs.
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16.6.3 Guideline: Buffering application programs by use of options

If necessary, the revised language binding should specify a user option to allow application programs
to continue using the old form of invocation, even if the language revision itself makes no provision for

legacy programs.

NOTE1 Thisimplies thatimplementation of the binding will contain the necessary conversions that are absent

from the revised language definition.

NOTE 2 Since itis undesirable for language bindings to remain out of step with the language definition for any

onger than necessary, it is desirable to mark such a user option as obsolescent, to be removed at the next
pf the binding.

revision
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Annex A
(informative)

Brief guide to language-independent standards

A.1 Ijanguage-independent arithmetic

ISO/IE€ 10967-1, Language independentarithmeticPart1, Integerand floating pointarithmetic,hereaftery
“the LIA-1 standard”, provides rigorous definitions of the basic arithmetic operations on-jmteger and
floating point values. It is at a higher level of abstraction than IEC 559:1989 (IEEE 754:1985) Standard
for bingry floating-point arithmetic, which specifies an abstract representational and implementation
model; [though for mathematical reasons it adopts a floating-point notation for definitions relating
to “real” (i.e. approximate) values, it does not require or assume that a floating=point representation
will be[used in implementations. The relationship with IEC 559 is clearly deseribed, for conveniencd
of use Yith systems that make use of that implementation model. IEC 559 systems can conform to the
LIA-1 sfandard, and many do, but the IEC 559 requirements are less rigorous, primarily because of thg
presenge of options, so IEC 559 conformity does not guarantee LIA-1 conformity.

Further Parts of ISO/IEC 10967 Language independent arithmetie will cover elementary numerical
functiops (Part 2) and Complex arithmetic and procedures (Part3).

A.2 Ilanguage-independent datatypes

The putrpose of ISO/IEC 11404:2007 is to define a set«©f datatypes suitable for use as “common ground’
between a wide variety of programming languages,@nd other things which use the concept of “datatype’
explicitlly 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 withthe 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 construction of further-datatypes which, if necessary, could 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.)

Primiti€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 may 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,prqgperties
pr constraints are then used to identify various kinds of aggregate datatype that arelencoyntered
computationally. These properties and constraints are not all mutually orthogonal; ¢hey may interact
with others, in various ways. The particular mix of properties used for a given aggregate datatype will
depend on the envisaged computational uses of the datatype and its values. The I:ID 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 of course allowed/for:

Finally, the LID standard allows for new datatypes to be produced froin existing ones (copies, or “¢lones”)
and for further datatypes and datatype generators to be derived from the basic primitive and generated
pnes - Tree, CharacterString and BitString are examples. Non-aggregate derived datatypes inclpde Bit,
Modulo, and Timelnterval.

NOTE Some of the above text has been adapted from the‘drticle A taxonomy of datatypes published in ACM
Sigplan Notices (Vol 29 No. 9, September 1994, pp 159-167).

A.3 Language-independent proceduré-calling

[SO/IEC 13886:1996 Language-IndependentProcedure Calling (LIPC) defines a language-independent
model of procedure calling of sufficient-abstraction to allow the procedure calling facilities qf many
Janguages to communicate. An LIPC parameter may be of any datatype definable via ISO/IEC 1140[4:2007.
No distinction is made between “fuhé¢tion” procedures that return a value through the procedure name
(and hence can be called to providé values to expressions directly), and “subroutine” procedures|that do
not return a value in such a way:. If the language allows for “function” procedures, the language pinding
maps the return throughthe'procedure name of the evaluated value of the function into an adglitional
parameter of the corresponding LIPC invocation.

A language processor’offering LIPC server facilities for a procedure maps the LIPC procediyre call
definition, includingthe number and datatypes of formal parameters, into the form of the corresgonding
procedure calkin the language on its side, using the LIPC binding for that language. A language prpcessor
pffering LIPE client facilities can then invoke that procedure, in terms of the language on thiat side.
The actualyparameters 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
termed marshalling.

Tl Clllblllibbiull Uf thC lJl UdeulC iuvupatiuu Cllld you CllllCtClD tU thC OCI1 Vi\,C pl UVidCl DidU ib Ublt~. lde the
scope of LIPC. Once received by the service provider side, the LIPC server facilities unmarshal the
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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