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Foreword

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

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

0.1 Background

This document prov1des guldance to those ertlng spec1f1cat10ns ofserv1ces and oflnterfaces toservices,
in a languag 5

ISO/IEC T

NOTE 1
“programmi

NOTEZ2 A

ere and throughout, “language”, on its own or in compounds like “language-independent”, m
hg language”, not “specification language” nor “natural (human) language”, unless‘éxplicitly sta

“language-independent” service or interface specification can be expressedyusing either or bg

a natural la)guage like English or a formal specification language like VDM-SL or Z.An"a sense, a specific

can be rega
otherwise, s
the service o

The develo
Report (IE
Methods, d

Fded as “dependent” on VDM-SL, for example. The term “language-independent” does not i
nce it refers only to the situation where programming language(s) catfvotherwise be used in def
r interface.

bment of this document was prompted by the existence“of’an earlier draft IEEE Tech
FE TCOS-SCC Technical Report on Programming Language Independent Specifice
raft 4, May 1991). The TCOS draft was concerned with specifications of services in a P

systems en

vironment, and as such contained much detailed’ POSIX-specific guidance; neverth

ary to
rices

eans
ted.

th of
htion

mply
ning

nical
tion
DSIX
bless

it was clear that many of the principles, if not the detail, were applicable much more genet
This docurhent was conceived as a means of providing such more general guidance. Becaus
the very different formats, and the POSIX-related detail in the TCOS draft, there is almost no d
correspondence between the two documents, except in the discussion of the benefits of a langu
independerit principles below. However, the spirittand principles of the TCOS draft were of great v
in developing this document, and reappear heréin, albeit in much altered and more general form.

ally.
e of
rect
age-
alue

NOTE3 T
activities in

he TCOS draft has not in fact been published, as the result of an IEEE decision to concenfrate

bther POSIX areas.

0.2 Principles

Service or |interface specifications that are independent of any particular language, particularly
when embddied in recognized standards, are increasingly seen as an important factor in promdgting
interoperatjion and substitution of system components, and reducing dependence on and consequent
limitations due to particular language platforms.

NOTE I is possible for a specification to be “independent” of a particular language in a formal sensg, but
still be depepdent.on it through inbuilt assumptions derived from that language which do not necessarily|hold
for other languages. The term “language-independent” here is meant in a much stronger sense than that, thpugh
complete independence from all inbuilt assumptions can be difficult if not impossible to achieve.

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

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

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

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

viii © ISO/IEC 2018 - All rights reserved
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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
when the specifications are dependent on different languages.

e - - - - 3 hips between
differentlanguage bindings to a common service (such as requirements for interoperahiljty between
npplications based on different languages that are sharing a common service implemejntation), by
providing a common reference specification to which all the languages can relate.

— A language-independent interface specification facilitates the definitigh~of relatiops between
bindings to multiple services, including the requirements on managementof multiple name spaces.

— A language-independent service or interface specification brings ©conomic benefits by reducing
the effort and resources needed to ensure compatibility and consistency of behaviour between
implementations of the same service in different languages.dr between applicatiors based on
different languages using the same interface.

© ISO/IEC 2018 - All rights reserved ix
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Information technology — Programming languages,

their environments and system software interfaces —
Guidelines for the preparation of language-independent

service specifications (LISS)

1 Scope

Thid document provides guidelines to those concerned with developing specifications’ of

techjnology services and their interfaces intended for use by clients of the seryices, in pj
external applications that do not necessarily all share the environment and-assumpt
partiicular programming language. The guidelines do not directly or fully gover all aspect
or infterface specifications, but they do cover those aspects required to achieve language ind
i.e. rlequired to make a specification neutral with respect to the language environment froy
servlice is invoked. The guidelines are primarily concerned with the interface between the
the ¢xternal applications making use of the service, including the:special case where the s
is alfeady specified in a language-dependent way but needs to bejinvoked from environme
languages. Language bindings, already addressed by ISO/IECZTR 10182, are dealt with b
advice on how to use the two documents together.

Thid document provides technical guidelines, rather than organizational or administrative
for the management of the development process, though in some cases the technical guidelin
orgdnizational or administrative implications.

2 Normative references

There are no normative references in_this document.

3 [erms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain(términological databases for use in standardization at the following a

— [SO Online hrowsing platform: available at https://www.iso.org/obp

— [EC Electropedia: available at http://www.electropedia.org/

3.1

nformation
irticular by
ons of one
s of service
lependence,
n which the
service and
brvice itself
nts of other
y providing

e guidelines
es can have

ddresses:

cliept

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

Note 1 to entry: The term “service user” (3.15) is often used in a similar sense, where “client” more often implies
the physical computer system on which the application is running, rather than just the application itself.

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

3.3
formal language
formal specification language (3.16)

© ISO/IEC 2018 - All rights reserved
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3.4
interface
mechanism by which a service user (3.15) invokes and makes use of a service (3.13)

3.5

language

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

3.6

language binding

specificatiofi of the Standard Interface to a Service (3.13), OT Set Of SErvices, for appiications writter] in a
particular programming language

3.7

language-dependent

state of making use of the concepts, features or assumptions of a particular programming languag¢

3.8

language-independent

state of not making use of the concepts, features or assumptions of ampy.particular programmming
language o1 style of language

39

language pgrocessor

entire computing system which enables a programming lariguage user to translate and execute
programs written in the language, in general consisting both.6f hardware and of the relevant associated
software

[SOURCE: IFO/IEC TR 10176:2003, 3.1, modified — the"words “denotes the” at the beginning of the
definition, gnd the two Notes to entry were deleted]

3.10

mapping

defined asspciation between elements (such as concepts, features or facilities) of one entity (such|as a
programming language, or a specificatioh, or a standard) with corresponding elements of another entity
Note 1 to enfry: Mapping when used aS averb is a process of determining or utilizing a mapping.

Note 2 to elltry: Mappings are usually defined as being from one entity into another. A language binding of a
language L ifto a standard S usually incorporates both a mapping from L into S and a mapping from S into L
Note 3 to enfry: Depending on what is being mapped, a mapping is not necessarily one-to-one. This meang that
mapping an glement E from system A into an element E' of system B, followed by mapping E' back into systgm A,
does not necpssarily.get back to the original E. In such situations, if a two-way correspondence is to be presefved,
the executio of thesmappings needs to include recording the place of origin and returning to it.

3.11

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 (3.12)

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

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

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

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

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

Note

3.13

2 to entry: Some programming languages use different terminology.

service

facil

'fy’ orsetof Fari]ifioc, made available to service users ('2 1 E.') fhrnngh an inl'arjfnr‘o (Q A.)

3.14
sery
sery
com
serv

Note
corr

Note

ice provider

er

puter system, or set of computer systems, that implements a service (3.13) dnd'makes it
ce users (3.15)

1 to entry: In this definition, “computer system” means a logical systémj not a physical sy
pspond to part of all of one or more physical computer systems.

2 to entry: The term “server” is often used in a similar sensg, though sometimes implyin

com

31

uter system that has no other function than to provide its service

seryice user
application (typically a program in some language) which makes use of a service (3.13)

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

3.1

speg¢ification language
al language for defining the semahtics of a service or an interface precisely and without ambiguity

for

3.17

unmarshalling

prog
preqg
Note

call,

Notg
valu
conc

ess of receiving and disassembling transferred parameters, and converting them if n
are the values for further use

1 to entry: This-process is carried out by the called procedure on receipt of the actual param
hnd by the caller'en receipt of the returned results of the call.

2 to entpyedUnmarshalling can be regarded as being performed by a service provider when re
s froma-service user, and by a service user when receiving results from a service providey
erned being regarded as the procedure being called.

available to

stem; it can

g a physical

the physical

pcessary, to

eters for the

Ceiving input
, the service

31

Z
<ma

Note

3.19
Z

thematics>complex numbers

1 to entry: See ISO/IEC 10967-1.

type of formal specification language (3.16)

Note

Note

1 to entry: It is pronounced “zed”.

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

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

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

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

RPC remote procedure call, as defined in [SO/IEC 11578:1996

5 Overvliew

5.1 Servijces, interfaces, service providers and service users

The concepf of a “service” is a very general one. In some contexts it is customary to use‘it in a restricted

sense, e.g. when talking about “service industries” as contrasted with “manufacturing industyies”.

Despite sug

h usages, almost any activity or behaviour can be regarded as a “sérvice”, if it serves s

ome

useful purgose to do so (for example, manufacturing spoons can be regarded as a service for those
needing spgons).
With the cpncept of a service come the concepts of a “service previder” and a “service user”.|The

provider pe
the service
model” incd

Between th
The service
informatior
service pro
additionali
or plastic s
in hardwar
subsumed i

This distin
to identifi

b
and possibally

distinct, se
some other

Hence, for ¢
other: each
itself; the p
part and a
respects.

for whom the service is performed. In the information technology field, the “client-sg
rporates these concepts: the server provides, theclient uses.

e service provider and the service user is aniinterface that allows them to communi
user communicates through the interface the’requirement for the service, and any rele

(e.g. not only the need for spoons, but the number and size of spoons required), ang
yider communicates through the interfaee the response to the order for the service, and
hformation or queries (e.g. the spoonscan be delivered in six days, do you want silver sp
poons?). In the information technology field, such interfaces are usually explicit, rea
e or software or both. In the world in general, they are sometimes explicit, but somet
h more general human or othier interactions.

le distinct entities, The distinction, and the service interface, can be purely noti
not normally theught of in that way. The service itself can similarly not correspond
barate activity,and again possibly not normally thought of as such; it can be subsume
activity or grieup of activities, and can possibly be implicit.

is a_client, and each a server. In another context, the provider is providing the servi
Foyvider is also the user. Though it is possible to subdivide the provider/user into a proy

xample/inta transaction between two parties, each one can be providing a service for

rforms the activity that constitutes the service; the useris the customer or the clienft for

rver

cate.
vant

the

any
bons
ized
mes

tion between providerland user (client and server) should not be assumed to correspond

bnal,
to a
d in

the
re to
ider

user part when considering provision of the service, this can be inconvenient in d

ther

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

5.2 Information technology services

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

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

This document has adopted this very general approach to the concept of “service”. It is therefore
important that, when using this document and the guidelines it contains, no presuppositions should be
made about what a service is, or about how and by what it is provided or how and by what it is used. The
guidelines should be interpreted and applied in that light.

Thid document does, however, carefully distinguish between the service itself, and the iterface used

toc
be e
logic

mmunicate with it. In some usages the term “service” includes the interface, and €he iy
Inbedded in the service and its specification (as in the phrase “all parts of the service’
ally they are distinct, and this logical distinction is maintained throughout this’"docum

Sery

are fisually consciously designed. They are also often built from explicit specifications, thou
devgloped ad hoc. Whichever the case, it is useful to make a clear logical distinction betw
providers, service users, and the interface between them, even if, whén implemented, ong
thesg distinctions are purely notional, and are not embodied in identifiable and separable a
partiicular hardware components or particular blocks of code. Indéeed, thinking about servid

ins
imp1

Thig
serv
and
inst
lang

5.3

The
sped
inte
itse
toe

NOT

machine languagé;-ahd so, is in a sense, “dependent” on that language, but that is not the sense inten

Also
is ei

}
vironments of particular languages.

ices in the most general sense often simply evolve naturally, but information technolg

ch a way, in an environment that is normally regarded\as a more integrated whole,
fove a specification, or at least to test it and verify its validity.

is especially so in the increasing number of casesihere information technology enviro
ices, though originally conceived as self-contairied, need to interact with external en|
services, many of which need the distinction between providers and users to be made
ince of direct relevance to this document,is where interacting entities are based up
uages and hence different sets of underlying assumptions.

Services and language independence

term “language-independent sérvice (or interface) specification” means “language-i
ification of a service (or (nterface)”, not “specification of a language-independent
face)”. Hence a languagerindependent specification of a service does not imply that
is “language independent” in the sense intended here. The service specified can be rg

1 The implementation of a service which meets the specification uses some language or

herdtself “language independent”, or specified in a language-independent way (though

iterface can
). However,
bnt.

gy services
bh some are
een service
e or both of
"tefacts like
e provision
can help to

ments and
ironments
explicit. An
bn different

hdependent
service (or
the service
levant only

bther, if only
ded here.

a language-independent specification of an interface does not imply that the service interfaced to

it can be).

A tr

vial instance is that of a I;mgu;lgp processor for a pm‘fi(‘n];\r I;mgn;lgp prnviding

service by

executing a program in that language. For one of the long-established languages (like Cobol or Fortran)
the interface is the provision of input data and the output of results. The language was designed for
particular forms of input and output media, presumed under the control of a human user. However, a
language-independent interface specification can define the input and output in such a way that the
data can come from, and the results be returned to, some other system, in general using a different
language.

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

NOTE 2

One example involves the functional standards for graphics. In some languages the most suitable

invocation method is a procedure call to an external library, while in others the most suitable method is the use

of additional

commands (keywords).

Both the simple and the general case are referred to as “binding” to the interface, though the binding is
much tlghter in the general case. A 1anguage bmdlng to the interface bmds a partlcular programmlng

language (i
programs ¥V
language u
official star

ISO/IEC TR
for them. T
language-in

A useful w3
elements of
computatio
sublevels, 1
computatio
elements, W
entities at t

NOTE3 T
of bitsand b

Uritten in that language can have access to the service. A good language blndmg al
ers to use a style of accessing the service which is familiar to them, and also acdoxds
dards for the language.

10182 provides guidance to those performing language bindings and writing stand
his document provides complementary guidance to those specifying service interfaces
dependent way, and writing standards for them.

y of looking at language independence is by considering levels,df abstraction. The var
programming languages can be regarded as existing at three levels of abstraction: abst
hal, or representational, where the middle, computational level can be divided into
nguistic and operational. The linguistic elements are «€garded as instantiations at
hal level of the abstract concepts, while the operationallevel deals with manipulation o
hich inevitably looks “downwards” to the realizatign of the elements in actual, proces
he representational level.

he representational level does not necessarily meanr the physical hardware level, or the logical
Ites; see the discussion in 5.5.2.

5.4 Lan

As the prdceding discussion has shown, <a\language-independent specification can be a sel

specificati
accessed by

This documn
the service
is likely to

on specificz
wished to g
a variety of
example, th
adapt them

age-independent specifications

, specifying the service itselfxor be an interface specification, specifying how the servi
clients. It can cover both.

ent is concerned primarily with specification of the interface to the service, rather th3
tself. The service cah.be predefined in a language-dependent way. How a service is spec
depend to some €xtent on the nature of the service and its application area, so guide
ition of the service are definitely outside the scope of this document. However, where

differentdanguages, then the guidelines presented can be useful, directly or indirectly
ey draw-attention to factors that should be borne in mind, and it can then be possib
to the,particular circumstances.

roduce a language-independent specification of a service, so that it can be implement¢

ethat
ows
with

ards
ina

ious
ract,
two

the

f the

sible

level

vice
ce is

in of
ified
ines
it is
din
For

le to

This docu

enttherefore prnvidpc gnidp]inpc :\pplir‘:\h]p inthe fn]]m/\ring cases:

specify
specify
specify
specify

specify

ing a service interface;

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

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

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

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

5.5.1 General

Producing a language-independent specification can present many problems, especially if starting from
an existing service which was not originally designed to be language independent - typically, a service

designed in and for a particular language environment. If a service is specified in the “wrong” way -
it can make producing a language-independent

poss

ible that it was not “wrong” in its original context —

itis

interface very difficult. In particular, it can depend on explicit or (more likely) implicit assumptions
about the language that appllcatlons using the service will be wrltten in. Languages that are similar in

chara
neeq
deve

NOT
etc.,

Such
mos
whe
assu
ever

5.5.]

Ani
lang

level,

s to be able to accommodate dlfferent language styles ThlS is one of the greatest-ch
loping language-independent specifications, whether for services or for interfaces:

E Examples of styles of language are: procedural, declarative, functional, interpretive, obj
hnd these are not necessarily mutually exclusive.

problems can still occur even if the service concerned is a new one yet to be deve
I service developers tend to come from a particular language envirohment, it is all to
h consciously attempting to produce a language-independent sp€cification, to carry o
mptions from that environment, simply because they are impli¢it and hence rarely qu
noticed.

A

Representational assumptions

mportant class of language-dependent assumptionsis that of representational assum
uages have explicit or implicit models of how language elements are represented at t
either physically or logically. Simple instances are storage of numerical values or 9

datatypes such as indexed arrays or character strings, or numbers of datatype Complex (ass

repi

Such
lang
take
a lay

Repi
leve
for 4

esented by two numbers of datatype Realyfor the cartesian real and imaginary parts).

models tend to become implicit fér those used to that language environment, eve
uage definition makes the model-explicit. Users of the language get so used to that mod
it for granted. It is all too easy for such assumptions to get carried over into what is int
guage-independent specificdtion.

esentational assumptions are not confined to the hardware level, but can occur at mq
s too; for example, aisupposedly “language-independent” specification can use an integ
value which logically is not, or need not be, an integer. The fact that virtually all lang

an integer datatyp€ or‘an equivalent is not relevant; it can be that the original language h

inte
whi
that

NOT

per datatypge‘because it was the best or only choice, but other languages can have
h the original language did not. A language-independent specification should avoid re
constrainhow things should be represented, and concentrate upon what should be rep

F It is possible for a language-independent specification to be developed which is explicit

with

10

pecification
nallenges in

pct-oriented,

ped. Since
easy, even
ver implicit
estioned or

ions. Some

hardware
f aggregate
umed to be

n when the
el that they
ended to be

re abstract
er datatype
uages have
as used the
hlternatives
quirements
resented.

y concerned

therepresentation of language elements. For such a specification, it is possible that not all t

he principles

outli

5.5.3

ned above apply, although some can still be relevant.

Implementation assumptions

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

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

6 Guide

lines on strategy

6.1 General

The discussion in Clause 5 above shows that a large number of factors need to be taken into account
when producing a language-independent service specification. This clause provides guidance on how to

go about th

e task.

The guideli
of the more
specific for
increases t
adaptation
contexts. It

6.2 Gene

hes that follow are divided into general guidelines (see 6.2) and more specific onés.-S

specific guidelines are in fact similar to one another, appearing in various modified
ms under various headings, and can become “general” guidelines. The apparefit,duplicg
he length of the document, but is intended to reduce the amount of interpretation
that are needed in particular circumstances, and to emphasize the relevance in partig
also allows different Notes, specific to the context, to be appended.

ral guidelines

6.2.1 Guideline: Dependence of the interface on the service

A service
interface in|

NOTE If
interface vef
applications

An examplg
the use of I¢

6.2.2 Gui
constraint|

Issues relaf
kinds can

nature of sy
designed la

NOTE 1
with which
constraints
example, if a

mind.

a service is specified in the wrong way, it can make the production of a language-indeper
y difficult, in particular when explicit or implicit;assumptions are made about the languages
that will use the service will be written in.

is assuming a particular method for invoking the service, e.g. the use of object classe
w-level procedure calls (i.e. using.only simple datatypes for parameters).

deline: What to do when there are interoperability, concurrency, or time
issues

ing to interoperability ‘with other services, or concurrency, or time constraints of @
hffect language-independent service and interface specifications. If this is the case
ch issues makes it yital that they be addressed first, with the remainder of the service b
Ler, around the'aspects handling those issues.

Igteroperability, concurrency, and time constraint issues can often cause difficulties, comp

bther issues are comparatively straightforward to deal with. They can also place requiremen|
n other aspects of the service. It therefore aids the design process to address those issues firs
seryiee is to have multiple clients, this is best taken into account very early on.

ome
and
tion
and
ular

pecification should be designed with the requirentents for the language-indepenident

dent
that

S, Or

ther
the
eing

ared
ts or
. For

NOTE 2

6.2.3

Guideline: Use of marshalling/unmarshalling

Guidelines on interoperability appear in Clause 10, and guidelines on concurrency appear in Clause 11.

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

NOTE

even when the service and its interface do not involve explicit procedure calling.

The marshalling/unmarshalling concept for communicating values is sufficiently general to be of use

© ISO/IEC 2018 - All rights reserved


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

ISO/IEC TR 14369:2018(E)

6.2.4 Guideline: Recruiting expertise from a variety of backgrounds

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

from outside the group designing the specification.

NOT

E

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

it is preferable to choose language experts who have some experience of binding to language-independent

spec

6.3

6.3.

It is
“sta

lang
requ
CoVe

agai

SEery

be p

6.3.]

Whe
assu

NOT

unsu

othe
is th

NOT

ques
aid ip interpreting the guideline in various contexts.

6.3.

6.3.

Whe
impl

req

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

What to do if starting from scratch

Il General

rare for the designer of a language-independent service or interface gpécification tc
't from scratch”, i.e. to be able to design without having to take into aceount an existing

uage-dependent) service or interface which is already in use (and, with which com
ired, or expected even if not required). However, for completeness, this document d
r the possibility. Furthermore, guidelines on what ideally shouldbe done can serve as a

ice or interface can have placed upon the design. In prineiple, they can even establish t
referable to treat the pre-existing version simply as a prietotype to be discarded.

A

Guideline: Avoidance of implementation assumptions

ndesigning alanguage-independent servicespecification, representational or otherimp
mptions should be avoided.

1 Languages differ greatly in charactér so a form of implementation suitable for one
itable for another. Furthermore somedanguages themselves make explicit or implicit repres

erefore best assisted by avoiding,all)such assumptions, however attractive they can be in other

.2 This guideline reappedrs in various more specific forms throughout this document ang
tion has already been introduced in 5.5. This has been done deliberately, both to stress its impoj

B Specifyingthe’service in language-independent form

8.1 Guideline: Allowing for different approaches

n specifying the service in language-independent form, it should not be ass
emefitations in every language will use the same approach, and implementations sh

be able to
and usually
patibility is
bes need to
benchmark

hst which to measure what has actually been possible, given' the constraints that a pre-existing

hat it would

ementation

fan be quite
bntational or

Fimplementation assumptions, not always consistent with those in other languages. Language-independence

Fespects.

the general
tance and to

umed that
puld not be

ired to-adopta particular approach-Instead; the specification should require only wh:

t is needed

for the service, or is needed to ensure that different implementations will be mutually consistent or (if
interoperability is required) interact with one another correctly.

NOT

E1 Itisnotnecessary to use animplementation model to specify requirements, whether thes

e are needed

to provide the service itself, to ensure mutual consistency, or to ensure interoperability. Such requirements are

best

NOT

expressed in an abstract, language-independent way.

E2  Guidelines on interoperability appear in Clause 10.

6.3.3.2 Guideline: Documenting external constraints and minimising their impact

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

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

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

NOTE3 S

metimes, the cost of an extra conversion interface is justified by gains elsewhere, for exam

le in

terms of res

6.3.3.3 G

urce, safety or reliability.

nideline: Allowing for different binding methods

When specifying the service in language-independent form, it should not be assumed that the inter

will use or §
to binding 1

6.3.4 Spe

When spec
thata parti
should not
the interfad

NOTE1 W

pecify a particular binding method; rather, the specification should be neutral with res
nethods.

cifying the interface to the service in language-independent form

cular binding method will be used by every language, and\seé of a particular binding me
be required. The specification should require of bindings only what is to be passed ac
e, not how it should be passed.

face
pect

fying the interface to the service in language-independent{form, it should not be assumed

thod
ross

fell-designed language bindings make maximum use of the facilities of the language. Assuming or

requiring a particular binding method can lead to suboptimalbindings to the service and in extreme case$ can
make it impgssible to specify an adequate binding.

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

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

6.4.1 General

The task of producing a language-independent service or interface specification from an exigting
language-dependent specifidation is one of “reverse engineering”. In general, it can be expected thaf the
original larljguage-dependent specification treats the service, the interface, and the language binding
as one, and does not, deliberately, keep the different aspects separate. For a language-independent

specification, whethex for a service or for an interface, it is necessary to ensure that these diffgrent

aspects are
provided ir

6.4.2:,"The conversion of language-dependent features to language-independent for|

addressed i

e kept separate. Guidelines on identifying significant language-dependent aspects| are

is

n.6.4.3, and 6.4.4 addresses the consequences for language bindings. In 6.4.5, the situation

is addressed where only the 1ntertace specirication but not the service specitication IS to be made

language in

NOTE

dependent.

If more than one language-dependent specification exists, the following guidelines still apply, but the

results for each binding should be checked against each other. Inconsistencies can be very helpful in reaching an
appropriate language-independent formulation

6.4.2 General guidelines

6.4.2.1 Guideline: Identifying implementation assumptions

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

10
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6.4.2.2 Guideline: Identifying language-dependent terminology

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

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

The language-dependent specification should be carefully reviewed for features which are specified
at a level 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
or implementation assumptions as discussed in 6.4.2.1, but arise from the way the servi¢e has been
condeived in the original language environment. Attention should, however, also be paid tp any at too
highfa level, which can take the form of features being left under-specified because the misging aspects
are faken for granted in that language environment, or because the language definition [leaves such
aspgcts implementation dependent.

NOTE1  The concept of levels of abstraction is discussed in 5.3.

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

NOTE 3 Anexample of too high a level is specifying a datatype without defining permitted or required ranges
of vallues of the datatype.

NOTE4  When rectifying inappropriate levels of abstraction, over-compensation is to be avoided.

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

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 feafures which
can pe difficult to provide in some other languages. Attempts should be made to discover how heavily
users of the original specification use these features.

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

NOTE 2 It is worthwhile' considering including features of this kind in the specific language binding for the
langpage concerned;theugh strictly inessential to the service, there can nevertheless be a continfjiing demand
for them from thatdanguage community, which cannot readily be satisfied in another way (e.g. by the provision
of separate services). If that is the case, it is assumed that the conformity rules permit bindings to include these
supplementaryfeatures, though maybe not for all languages.

NOTE 3, ( However, it is possible that such features are rarely used by users of the original speification, in
whidh.gase the opportunity can be taken to remove them, or to designate them as “obsolete”, to be removed at the
nextlrewsion:

6.4.2.5 Guideline: Identifying desirable but absent features

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

NOTE1 Such “absentee features” can occur because the original language can have been chosen for reasons
other than being ideal for the purpose of providing the service.
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NOTE 2
a feature.

NOTE 3

It is necessary to pay special attention to the binding to the original language.

The original language can be subject to revisions which remove the previous difficulties in providing

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

independe

nt form

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

While it is desirable and even necessary to use the original language-dependent specification as a guide

when deve
not necess
correct we
be seriousl
existing im
in the origi
if a change

NOTE1 T
considered f

NOTE2 W
the guideling

NOTE3 A
contemplate
of the origin

6.43.2 G

In the light
if necessary
nature of th

NOTE1 It
it at the sam

NOTE2 E
when a non-
is not, or ned

NOTE3 A
be specifyin
needed by sg

ping a language-independent specification from it, the detailed form and contentsh
rily be dictated by the detailed form and content of the original. In particular, changes
knesses in the original, and especially changes that enhance language independénce, sh

considered, and if possible included in the specification, with due regard for the impa
lementations using the original specification. However, change should be avoided if wh
al is adequate for the purpose, and does not adversely impact language independence,
vould appear to be an improvement.

he guidelines in 6.4.2 show how to identify aspects of the original (specification that are t
br changes.

(hen assessing the impact of changes on existing implementations’using the original specificd

s on revisions in Clause 18 can be helpful. See 6.4.3.5.

, if the development of the language-independent speéification is accompanied by a parallel revj
h] specification.

nideline: Recasting scope of specification

bf the results of following previous relevant guidelines, the scope of the specification sh

e service.

is possible that recasting the scope of the specification is not necessary: it can be sufficient to
b level of abstraction but te-rémove anything not at that level.

kamples of too low a level of abstraction would be specifying a representational model of int¢
epresentational one\is'sufficient, or specifying use of an integer datatype for a value which logi
d not be, an integer:

n example of\a‘level of abstraction higher than is consistent with the nature of the service W
b an integef.datatype without stating a minimum range of values, when such a minimum ran
rvicesforinteroperability purposes.

ould
that
ould
't on
atis
bven

o be

tion,

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

ision

uld,

, be recast at as high a level of abstraction as is possible while remaining consistent with the

keep

Pgers
cally

ould
ge is

6.4.3.3 G

nideline: 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. If not changed, they should be

clearly expl

NOTE 1

ained, for the benefit of those not familiar with the original language or specification.

of terminology are to be listed, and the reasons for the change explained.

NOTE 2

occur if language environments use a different term for the same or a similar concept.

12

For the benefit of those familiar with the original language-dependent specification, any such changes

If a term is particular to the original language and not encountered elsewhere, confusion can still
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6.4.3.4 Guideline: Conversion of datatypes and procedure calling

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

dependent.

NOTE1 Since all services handle data values of some kind, and many use procedure calling as a
converting these first can help the rest to fall into place more easily.

mechanism,

NOT
poss
poss

. 2 It is not sufficient merely to use a binding of the original language to LID and leavyéit
ble that a particular choice of datatype has been dictated by what the language had availal
ble that it is not be the best language-independent choice (see Clause 12).

NOT
choi

.3 For similar reasons, it is also insufficient to use a binding of the original language to LIP|
es of procedure parameters and passing mechanisms have been limited to thosethe language h

6.4.3.5 Guideline: Documenting language-dependent aspects

The
expl
reca
imp

relationship between the original and the language-independent specifications shot
pined (e.g. in an annex) and all language-dependent assgmptions or features that
st or removed should be documented. A migration path’to allow existing language
ementations to be revised in line with the language-independent version should be pro

NOT With suitable adaptation, the revision guidelinestin Clause 18 can be used to help in
migration path for existing implementations.

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

6.4.4.1 General

It is|possible in some cases that the interface to an existing service (language-independent

at that; it is
ble, and it is

C; particular
ad available.

hld be fully

have been
-dependent
vided.

specifying a

interface

or not) has

not previously been defined explicitly, but exists only in the form of a “binding” to one lanpguage, this

binding itself probably being implicit rather than explicit. This subclause provides guidang
witH that situation. Mostly,(the guidelines below are simply reinterpretations of previous
adapted to suit those particular circumstances.

6.4.4.2 Guideline: Aspects derived from the language

Any|aspects of,the language binding which are derived from the particular language,
dictated by the need to interface to the service, should be identified, and replaced by
independent.equivalents where appropriate.

e on coping
guidelines,

rather than
y language-

t interface, is

anguage-independen
ddttiorrs:

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

6.4.4.3 Guideline: Absent features

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

NOTE A feature can be absent from the binding simply because the language already contains that particular
feature as part of its own service. The revised binding, for the original language to the language-independent
interface, will still be able to continue to omit that feature, for the same reason.

6.4.4.4 Guideline: Identifying aspects not required by the service

Any aspects of the language binding which are inessential to providing an interface to the service
should be identified, reviewed, and considered for removal from the language-independent interface
specificati

NOTE though, in some cases, this guideline and guideline 6.4.4.2 overlap, the presumption.is normally
that inessential features are removed. The aspects referred to here are not so much “derived from-the/partitular
language” byit are service-related facilities seen to be of use to the language community concetned, or prise
from inbuiltjassumptions about how or why the service is used within that community. HoweVer, the possibility
exists that these “inessential” features, in some form, nevertheless prove of value to usersrom other language
communitie§, and are therefore not to be discarded without due consideration.

6.4.4.5 Guideline: Avoiding assuming the binding method

The language-independent interface specification should not be based ‘on the assumption that the
(explicit or jmplicit) binding method used for the original language wilPbe used for all other langugges.

NOTE1 Thebinding method used for the original language is inevitably chosen to suit that particular langpage,
and it is pogsible that it is not the most appropriate for all. In génheral, a well-written language-indeperdent
interface spdcification permits the use of any binding method.

NOTE2 I§0O/IEC TR 10182 provides guidance on binding methods.

6.4.5 Specifying a language-independent interface to a service whose specification is language-
dependen

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

NOTE service can be negcessarily 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 tprms
cannot sensibly be simulated-in another available language. It can be language-dependent in a less restrictive
sense when pnly a smallyminority 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)

6.4.5.1 Gpideline: Protecting bindings from language dependence

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 specifying the
limitations and assumptions arising from the language of the service, and providing the necessary
conversions within the interface separately, rather than propagating them to the bindings.
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7 Guidelines on document organization

7.1

General

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

NOTE 1

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

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

NOT
7.2

7.2.

The
that
part
futu
the s

NOT
“Par

7.2.]
)

2)

3)

4)

5)

2 Guidelines on document organization for language bindings are in 17.4 and 17.5.

Guideline: The general framework

Il General

language-independent service specification should be designed to include the partsint
follows in 7.2.2 (though it should not necessarily be confined to only to the parts liste
icular part seems not to be necessary in a given case, allowanceshould still be made for
re inclusion, e.g. as a result of a later change in the scope of the'specification, or of a dev
ervice concerned.

F Here the term “part” is used in the everyday general-Sense; it does not imply the need f
L” of a standard in the formal sense. See 7.3.

A

CheckKlist of parts for inclusion

[f the scope of the specification includes the semantics of the service, a definition of those
including rules for conformity of implemientations.

[f the scope of the specification doesmot include the semantics of the service, an explang
the semantics relate to the content of the document.

NOTE It is necessary to idclude a reference to the definition of the semantics, and per
nclude a brief summary of the-semantics, e.g. in an informative annex.

[f the scope of the specification includes the interface to the service, a definition of th
including rules forgonformity of implementations.

[f the scope of the specification does not include the interface to the service, an explana
the interfacexrelates to the content of the document.

In the\case of implementations of the interface, a specification of requirement
correspondence between names used in the interface specification and names used
pragram.

he checklist
d). Where a
its possible
elopment of

r a separate

b semantics,

ition of how

haps also to

ht interface,

tion of how

5 on name
in a calling

NOTE1 This part entails requirements on language bindings to the interface.

NOTE 2
correspondence requirements are still likely to be needed.

NOTE 3

Even when the application of LID and LIPC is sufficient to cover all functionality, name

A normative annex can be appropriate for specifying name correspondence requirements.

6) The specification of all further requirements on standard-conforming implementations (such
as fault detection, reporting and handling; provision of implementation options to the user;

documentation; validation; etc.), and of rules for conformity.

NOTE
the service and for implementations of the interface.
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7)
8)

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

A description, as well as a reference, and if necessary a complete specification, of any formal

specification language used in a) or c), and for each case an annex containing a summary of the

formal

9)

definitions.

One or more annexes containing an informal description of the service and of the interface, a

glossary, guidelines for service users (on implementation-dependent features, documentation

availab

NOTE 1

of the specification-and-is-includedin-the-document-However-itispossiblethatitisnotnecessaryfor
7 )i Y

le, etc.), and a cross-referenced index to the document.

In general, each informal description should appear even if its full definition is within the s

cope

some

simple §
NOTE 2
specific
than an
interfac
NOTE 3
10) An ann
11) Anann

12) An a

n 0
questiJns relating to the validation of conformity, and_any specific requirements relatirTg to

validat

13) Inthe g
an ann
old ver

14) Materid
can opf

7.3 Guid

Although 7.
separate do
(the servicq

NOTE1 T
would be pu

NOTE2 P
by including
understandi

eline: Production and publication

ervices.

Where the full definition of either the service or the interface is not within the sgope o
htion, and hence does not appear in the document, an informative clause can be more approp
annex, if only to emphasize its importance. This is particularly the case for the specification d
e when the specification of the service appears elsewhere, and in the case of language bindings
A normative annex can be appropriate for specifying name correspondence requirements.

ex containing one or more checklists of any implementation-defined features.

ex providing guidance to users of the language-independent service specificati

on contained in 1), 3), 5) and 6) above.

ase where the language-independent service specification is a revision of an earlier ver

tion and the new version.

|l that forms a tutorial commentary céntaining examples that illustrate the use of the ser
ionally be included as an annex or\be published as a separate document.

2 does not imply that the “parts” of the specification should be in a number of physi
cuments, for a very complex service this should be considered, especially if different asp
, the external sepvice, language bindings, etc.) are likely to be implemented separately.

his means thatia language-independent service specification published as an International Stan|
blished as arset of separate Parts.

ublicationrin a set of separate documents implies a need for careful cross-referencing, pog
in each one informative summaries or extracts from others that are relevant, or neede
hgThis implies some duplication, the need to keep changes and revisions consistent across th

X containing guidelines for implementors, including short examples where appropriatg.

f the
riate
f the

on

sion,

bx containing a detailed and precise descriptien of the areas of incompatibility between the

vice

cally
ects

dard

sibly
1l for
b set,

and conseq
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against the advantages of dividing the whole into more manageable pieces.

7.4 Guid

eline: Document organization when starting from a language-specific

specification

hed

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

NOTE1 Factors to be considered include the extent of use of the original language-specific specification and
hence the volume of review expected from those familiar with the original version, and how soon the original
specification is replaced by a binding of the language-independent specification to the language concerned.
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It can help to apply similar criteria to those in Clause 18 on revisions, when deciding wh
much to change the document organization from the original.

See also 6.4.4.2 (in particular NOTE 2), 17.4 and 17.5.

8 Guidelines on terminology

8.1

General

ether and by

The careful and precise use of terminology is important for any kind of specification, particularly a

stan|

8.2

The
ever

dard specification, but 1t 1s especially importantior language-independent service sped

Guideline: The need for rigour

terminology used in a language-independent service specification should,be defined
where it is believed that a term is generally well understood. Differernt usages ¢

ternjinology (and unspoken assumptions that possibly do not hold) commenly encountered

com

NOT
for s
impd

NOT
over

NOT
term

munities should be pointed out.

.1 Languages vary greatly in terminology, using same or similar words for very differe
ightly different things, and different words for same or slightly-different things, which mak
rtant to be very precise in their use.

.2 Slight variations of meaning can cause more trouble than large ones, simply because the
0ok, sorigour, in the sense of completeness as well as accdracy, is especially important where thd

.3 The use of a formal specification language can help to eradicate insufficiently rigorous
inology, even if not used normatively, since the formal definitions can be used to check the inte

ifications.

rigorously,
f the same
in language

nt things, or
b it critically

 are easy to
Se can occur.

definition of
I'pretation of

natufal language terms.

NOTE4  Annex B contains a glossary of language-independent terms that can be used as a starting point.

8.3 | Guideline: The need for consistency

All pormative terms and phrasés, once defined rigorously in accordance with 8.2, shoyld be used
congistently throughout the language-independent service specification, with the precise meaning as
defiped.

NOTE See NOTE 3 pf8:2 also.

8.4 Guideline: Use of undefined terms

All yises of.undefined terms in the language-independent service specification should he carefully
chedkedtoensure that they cannot lead to normative ambiguity:.

NOT

1. In any specification, undefined terms whose meaning is assumed to be understood, need

to be used at

some point, but providing definitions, either directly or by reference, is not necessary when the resulting lack of
rigour is not relevant to the specification.

NOTE 2

8.5

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

Guideline: Use of ISO 2382

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

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

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

8.7 Guideline: Terminology used in bindings
Language bindings should be explicitly required to address and explain fully any differéncgs of

terminology between the language and the language-independent service specification.

9 Guidellines on use of formal specification languages

9.1 Guideline: Use of a formal specification language

Serious conjsideration should be given to the use of a formal specification Janguage to define the segvice
semantics.

NOTE1 The use of a formal specification language reduces the risk of divergence and incompatibility betyeen
bindings anfl implementations in different languages, arising from (differing connotations and under|ying
assumptiong in the use of natural-language terms.

NOTE 2 Al formal specification language often makes it possible to carry out automatic checks for erjrors,
omissions apd inconsistencies in definitions, which can be difficult to spot with natural-language methods
(e.g. an incopsistency between two requirements that are-widely separated in the document text). It remajins a
human respg@nsibility to ensure that the resulting compléte, consistent and precise definition is of the semalntics

intended.

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

NOTE4  Gfeat care is needed in using more than one formal language for specifying semantics, espegially
for parts of [the specification that,are not well separated. This applies equally to the use of formal langyages
mentioned here and the IDL as defined in LID and LIPC (see Clauses 12 and 13).

9.2 ChedKlist of formal specification languages

9.2.1 General

Services vafyéso greatly that it would serve no useful purpose for this document to recommend theg use
of one formal cpnrifirafinn ]nngnngn or-even gne cfy]o of formal cpnrifirnfinn ]angnagn Howevar, to
assist those using this document, 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.

9.2.2 Estelle

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

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

because of the detailed nature of those specifications.

9.2.

Lotos

Lotg
a co
of C
alge
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Datg
defiy
how

through which the process can communicate with other processes, and a behaviour expj

defi

Lotd
sped
alge

9.2.

The
rich
and
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the 5

Glob
com
appt
vari
opel

s (ISO 8807) is a standardized formal specification language. The Lotos language
mmbination of the ACT-ONE specification language with a process algebra based on tl
CS and CSP. Lotos semantics are based either on abstract datatype specifications or
bras, depending on which part of the language was employed. A system is modelled as
ocesses that communicate potentially complex data objects synchronously‘over given {

objects can be defined in the ACT-ONE part of Lotos. Their defifiition consists of 3
ning the syntax of the operations used to manipulate the data object, and a set of rules
the operations interact with each other. Processes are define@’by a header that namg¢

1es the allowable behaviours (as seen through interactions-gn the ports) of the process.

s was originally designed to specify communication services and protocols, but has b

bra component means that it can be used in any<ireumstance where either would be ap

i VDM-SL

Vienna Development Method Specification Language (VDM-SL, ISO/IEC 13817-1) is
set of basic and compound types with syntax that allows the definition of functions, g
operations that can modify the state. VDM-SL semantics are based on denotational sf
hlus. A system is modelled as a.collection of global state variables and the operations use
tate and other functions.

al state variables modél the state of the system and are defined by constructions of

pound types of VDM-SL. Invariants can be added to the types of the state variable
opriate constraints.*Operations and functions are defined by a header that defines

hbles will be accessed, and a pre-condition and a post-condition that define the behay
ation.

s based on
he concepts
on process
a collection
orts.

n interface
that define
s the ports
ession that

cen used to

ify other types of system. That Lotos comprises both@an abstract datatype component aind a process

propriate.

based on a
rlobal state,
yle lambda
d to modify

the basic or
5 providing
which state
Viour of the

In addition (to,*specification by pre- and post-conditions, VDM-SL has programming-lapguage-like

cony
used

tructs:te describe iteration and assignment, and has a well-defined refinement process
to refine datatypes or function or operation definitions.

that can be

VDM

sequential (and some concurrent) system specifications.

9.25 Z

-SL was Tirst developed for the specification of compiler semantics, but has been used for many

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

Schema definitions have two parts, either of which can be optional. The first part is declarative and
introduces the variables for which a relationship is to be defined. The second part is the predicate
part, and defines the relationship that needs to hold between the variables defined in the scope of the

© ISO/IEC 2018 - All rights reserved 19


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

ISO/IEC TR 14369:2018(E)

schema. Schemas can be used to define complex data objects, or types with or without invariants, or to
define operations or functions. Z provides powerful mechanisms for composing schemas to construct
larger specifications from smaller components.

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

9.2.6 Extended BNF

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

A syntactic|metalanguage can also be sensibly used whenever a clear formal description and,definjtion
is required| e.g. the format for references in papers submitted to a journal, or the instiruction$ for
performingla complicated task.

Extended BNF (ISO/IEC 14977) is general purpose, and its adoption saves time by‘avoiding the need
to choose ¢ne of several suggested notations, which then needs to be amendéd to overcome their
limitations,

9.3 Guideline: Using formal specifications from the outset

Once the dg¢cision has been made to use a formal specification langutage, and the particular langhage
has been selected, the chosen specification language should be used from the outset, all participanits in
the project peing required to submit proposals and drafts usingformal rather than informal semarntics.

NOTE Fprmal methods, especially for defining semantics,axre at present not widely known or used amophg IT
practitioners, despite their known advantages. Experience Has)shown that using the agreed formal specification
language frdm the start is much easier than trying to introduce one later on when participants have be¢ome
used to discyissing issues relating to the project in infortal terms. Early progress can be slower than it has been,
through initfal unfamiliarity with the formal language; but any lost time is usually recovered in due course §ince
ambiguities pnd errors are less likely to occur and.are easier to detect.

9.4 Guideline: Use of operational semantics

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

NOTE1 Inp operational semantics, the definition of the semantics is made in terms of the operation ¢f an
“abstract mgchine” which _implements that semantics. There is a consequent danger of providing a detpiled
implementation model, especially with a formal specification language capable of operational semantics [with
translation ihto an exegutable (even if inefficient) actual implementation. Other formulations, such as axiomatic
or denotatiohal semahntics, do not rely on such an implementation model.

NOTE 2  If the specification is derived from an original implementation based on a particular programming
language, thereis the added danger of the “abstract machine” reflecting the character and inbuilt assumptigns of
that language.

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

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

20 © ISO/IEC 2018 - All rights reserved


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

ISO/IEC TR 14369:2018(E)

10 Guidelines on interoperability

10.1 General

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

aSso

ciated guidelines for language-independent service specifications.

10.1.1 Interoperability with what?
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If infteroperability is with other instantiations of the same service, that becomes one of]
irements of the language-independent service specification, and while this' can add to the difficulty
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Foperability issues arise when a service is required to interoperate with other serj
se of providing its own services to an external user. The other services concerhed c
intiations of the same service, or be different services, or both.

fining the specification, it is a relatively straightforward situation todeal with.

F Questions of interoperability can be very complicated for a distributed system, whi
rent implementations on the same or different types of computers (supporting interfaces in

. In such a case, it is important to be clear and agreed on just what forms of interoperability are

eroperability is with different services, then the extent.of the difficulty of defining the s
nds upon whether these are being specified at the same time, or pre-existing servi
hdy specified.

neral, the effect of interoperability requirements is to add constraints to the specificati
the strategic guideline 6.2.2 recommendsthat they be dealt with first, along with any g
irements (see Clause 11), when developing a specification. When constraints arise in
other instantiations of the same sefvice, or different services being specified at the
gh they exist, they are not necessarily especially troublesome. Constraints are likely
e severe when interoperability-is required with an existing, already specified servic
ibility to alter the specification of that service to make interoperability easier is unlil

be li

In the worst cases, the~constraints can create pressure to compromise the aims of th

ind

aboyt exchange walues, or makes other implementation assumptions which have an
interoperationnThey can even create pressure to compromise the aim of language indepen
needs handling'with great care, and preservation of language independence can require som
Thig subclatise provides some guidelines on dealing with such situations.

Sevdre<constraints can also occur if there is a need for synchronicity, or at least some

pecification of that servigé.is being revised, the scope for adjustment to ease interope
ited, or even non-existent.

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

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

Interoperation can be master-slave, slave-master, or peer-peer. In a master-slave relationship,
the language-independent service invokes the other service, but needs to do no more than state its
requirements, expecting the other service to deliver what is required. In a slave-master relationship,
the language-independent service is invoked by the other service, and needs to deliver what that other
service requires. In a peer-peer relationship, the services cooperate to deliver what the external user
requires.

The master-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-master situation
can be tredted as 1f the other, ‘master , Service 1s another external user, with 1ts own interiace} the
main problems arising if the other service is pre-defined and imposes requirements involving severe
constraints| The peer-peer situation can also involve severe constraints if the other serwice is|pre-
defined, angl can pose tricky design problems.

10.1.3 How interoperation is invoked

Interoperatiion can be invoked by the external user (e.g. by exercising an{ Option or selectihg a
parameter)|or take place in the background, solely within the service, so that,the external user i$ not
directly corjcerned with it (and can even not be aware of it).

Neither of fhese 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 invoked By the external user, this can be treated as part of the interface like any other feature of the
service. Where interoperation takes place solely in the backgrfound, depending on the nature of the
interoperatfing service it can be appropriate to define an e¥plicit further interface, separate from the
interface tolthe external user, to handle the interactions. Difficulties are likely to occur only when these
two situatigns are confused, or not kept clearly separate;

10.2 Guidelines on interoperability with othér instantiations of the same service

Where intefoperability is required with otheriinstantiations of the same service, it is probable thaf the
relationship will be peer-peer. The guidelines that follow are therefore devised on that assumpfion.
Circumstarices can be envisaged in which this is not the case. In this case, the guidelines in 10.3 for the
master-slaye relationship need to be\appropriately adapted.

10.2.1 Guideline: Identifying features affecting interoperability

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

10.2.2 GuidelinerPrecise definition and rigorous conformity requirements

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

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

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

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

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

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

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

10.3 Guidelines on interoperability with other services

10.3.1 General

Whe
peer
too
or s
likelly that the “slave” service will be defined first and the “master'service is specified later

of it However it can happen that a “master” service is defined and‘then (for example at a rey
extends the service) requires a “slave” service which it can inveoke.

re interoperability is required with other services, it is possible that the'relationship v
but more likely that it will be master-slave or slave-master. A peer=p€er relationship is
fcur when specifications for the two (or more) services are beingdeveloped together. M

The[guidelines that follow therefore cover the two maifccases, of services (whatever the r
beinlg developed together, and of a service being develaped to interoperate (whatever the r
witll some pre-defined service.

NOT Where more than two services are involyed, it is possible that there is a “mixed” situatio
or mpre services are being developed together £g interoperate with one or more services already dg
faced with that task are encouraged to apply.the guidelines below as much as possible, to meet the
part]cular case.

10.3.2 Guideline: Interoperability with other services being defined at the same time
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re interoperability is required with other services which are also being defined at the

the guidelines in 10.2'should then be applied to that “super-service”.

NOTE1 Careis needed, with duplication of definitions if necessary, to ensure consistency across
components of the \‘super-service”, taking into account the possibility that these different compor
can e implemented using different languages.

NOTE 2 _‘Treating two or more services as a single “super-service” for the purposes of specificati
to arrapge.if the same group is responsible for all of them. A high level of liaison, cooperation, and m

vill be peer-
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aster-slave

ave-master relationships can occur with specifications being’developed together, but it is more
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n where two
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same time,

services should be regarded as a single “super-service” in respect of the interoperability aspects,

the different
ent services

bn is simpler
itual trustis

calledfor’if more than one group is involved.

10.3.3 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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11 Guidelines on concurrency issues

11.1 General

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

In general, the processes of a service can be divided into three groups: essentially serial, optionally
concurrent, and essentially concurrent. A process that is essentially serial needs to have its parts

carried out

ina cpprifipd sequence ifitisto function r‘nrrpr‘ﬂy A process thatis pccpnfin]]y concurrent

can have its
be simulatd

parts carried out in parallel if it is to function correctly (though the parallelism cafig
d by a serial process achieving the same end result, if there are no external constrain

make that impossible). A process that is optionally concurrent functions correctly, whether,or ng

parts are c
process).
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hrried out in parallel (since the parts are not interdependent in any way that affects

he logical fourth possibility, optionally serial, is identical to optionally concubrent.

he replacement of the values a,b,c of the sequence (a,b,c) by the valdes x,y,z, giving (x,y,z),

n optionally concurrent action. However, their replacement by the valites c,a,b to give (c,a,b)

In essentially concurrent action, since changing the values one at a-time does not, in general, pro
result. The essentially concurrent action can, however, be simulated serially by making copi
fould otherwise be lost, and using them when needed.

e, the term “concurrency requirement” is used to dénote any requirement relating to a
possibilities; in particular it can mean either or beth of a requirement to perform tasks
nce or of a requirement to perform tasks in parallel.

he effect of concurrency requirements is to,add constraints to the specification, which is
c guideline 6.2.2 recommends that theybe dealt with first, along with any interoperal]
ts (Clause 10), when developing a spegification.

elines on concurrency within the service specification

11.2.1 Guideline: Avoidance of unnecessary concurrency requirements
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NOTE 2
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of parallelism, but this guideline still applies.

11.3 Guid

elines on concurrency of interaction with service users

11.3.1 General

Requirements to handle a number of service users simultaneously (see 11.3) can entail some degree

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

11.3.2 Guideline: Handling of concurrent service requests

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

11.3.3 Guideline: Number of concurrent service requests handled

Whdre handling of concurrent service requests is required, either through simultaneous prevision or by
a qupuing system, the language-independent service specification should state the minimum number of
sucH requests that it needs to be possible to handle simultaneously, and require the maximum number
that|can be handled to be documented.

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

mairjtain a queue of those unable to be dealt with immediately. This guideline then applies, separgtely, both to
the gimultaneous provision and to the queue.

11.3.4 Guideline: Order of processing of service requests

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

11.3.5 Guideline: Criteria for prioritizing service fequests

Where a service needs to or can prioritize requests, the language-independent service specification
shoyld explicitly define the criteria which need,to or can govern prioritizing decisions, or atja minimum
spedify constraints which need to be met.

NOTE An example of a constraint is: whatever other criteria apply, no request is made to wait fpr more than
a spgcified period of time.

11.4 Guidelines on concurrency requirements on bindings

11.4.1 General
In a Janguage-independent service specification, requirements on users are expressed as relquirements

on language bindings, through the service interface. This subclause provides guidelines fpr handling
condurrency isstes that can arise in the specification of such requirements.

11.4.2 Guideline: Avoidance of concurrency requirements

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

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

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

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

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

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

support parallelism.

12 Guidelines on the selection and specification of datatypes

12.1 Gengral

Probably without exception, all service specifications make use of the concept of data, -and|any
specification needs to define the data to which it applies. The clearest and most commorniway of doing
this is by njeans of datatypes: a data value which belongs to the relevant defined datatype is covered
by the spec|fication, while a data value which does not belong to the relevant defined datatype is npt so
covered (and in general an attempt to use such an incorrect value constitutes an error).

This clause[provides guidelines for the selection and use of datatypes in language-independent service
specifications.

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

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

NOTE L
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(including S
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D provides a wide variety of primitive datatypes suitable for direct adoption, and a varie
generating further datatypes from these, These methods include various forms of aggreg
bt, List, Array, Record, and Table datatypes) and of other forms of derivation (including “new
pes which have the same set of data yalites but are logically distinct from the original, Choi
ate datatypes into a single one, Pointer’for indirect referencing, and various forms of subsett

eline: Specification of datatype parameter values

blected datatype for which LID defines parameters, the language-independent ser

h conforming impleémentation of the specification.

br most datatypes, the set of data values is either potentially infinite or, though finite, of arbi
ymple there'are by definition an infinite set of values of datatype Integer, but a logically finite th
irge sethof values of an Enumerated datatype.) LID defines parameters for such types, to §

ty of
htion
" for
ce to
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be défined, including subtypes of known finite size. The language-independent service specific

htion

needs either|to'select the parameter values (e.g. specify what range of data values is to be supported) or re
a conformingt i i i Ht i : : i »
“at most...” as appropriate).

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

NOTE 3  Aggregate datatypes in LID have parameters governing the structure and size of the aggregate,
e.g. number of dimensions and index ranges for Array datatypes, number and datatypes of fields for Record
datatypes, length of CharacterString datatypes, etc.
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12.4 Guideline: Treatment of values outside the set defined for the datatype

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

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

NOTE 2  Where the language-independent service specification takes a “permissive” attitude
supported values of given datatypes, and allows the implementation to decide, there is a dangerth
are fpmiliar with an implementation allowing a wide range of values can encounter this problem wh
amoyre limited one. (This can become critical when interworking between implementatiofs,is likely

to ranges of
ht users who
Pn moving to
) Hence, this

consequence of a “permissive” approach when defining the specification is always to belborne in njind, and the
exception handling designed accordingly.

12.% Guideline: Specification of operations on data values

tions on its
ons further

For gach datatype, the language-independent service specificationshould specify the oper4
data values required to be supported, and, where relevant, whether and under what condit
opeifations are permitted in a conforming implementation of the specification.

ind also not
hage binding
ns, whether

NOTE1 LID defines “characterizing operations” for its datatypes, which are not normative
necepsarily exhaustive (they are included to aid identification of the most suitable match for lang
purposes). Hence, a complete language-independent sérwice specification lists which operatid
“chartacterizing” in LID or not, are required for the application.

NOTE 2 In general, a complete definition for theoperation is needed, since details can vary fronj
langphage. For example, it is not enough to say that addition is needed for a Range of Integer dataty
necepsary to specify things such as what happéns if the result of an addition is “out of range”. (Note 4
inclyde a Modulo datatype, if that is the restlt required.)

language to
pe; it is also
hat LID does

12.¢ Guideline: Recommended basic set of datatypes
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datatypes used in the language-independent service specification should, as far as pr4
‘ted from the following basic set, which are generally supported directly, or able to b
out major bindingproblems, by a wide variety of languages: the primitive datatypes E
ber, Character, and the aggregates Array, Record and CharacterString.

12.7 Guideline: Specification of arithmetic datatypes

With respect to arithmetic datatypes, the language-independent service specification should take into
account the provisions of the ISO/IEC 10967 series, in particular ISO/IEC 10967-1.

NOTET 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 gives precise specifications for these arithmetic operations, to predictable accuracy, and its
study will help determine how important the accuracy of arithmetic is to the application.

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

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

12.8 Guideline:

The langua
language-in
Particular

need to rep
mandatory
service is p

NOTE1 If
efficiently a
language bir
service.On t
are made clg

NOTE 2
defining lang

dependent service language binding should take to binding the various datatypesrequ
are should be taken in the case of complicated abstract datatypes which niany langu
resent through simpler and less abstract datatypes, and, in some cases,itds possible

rotected.

is desirable to allow maximum flexibility for the language-independent service to be implems
nd in a way which fits in well with the host language or environtent. Hence, requiremenf
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he other hand, implementors are helped if requirements are explicit and the limitations on flexil
ar, rather than a matter for interpretation.

In many cases, it can be that the use of abstract datatypes are helpful to implementors and {
Fuage bindings, in that it increases flexibility to bind#4e‘the most appropriate datatype availabld.

12.9 Guidgline: Avoidance of representational definitions

When definfing the datatypes used in the language-independent service specification and the operat
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in indirect’form is assuming that a value of datatype Complex, approximating to a value ip the
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NOTE2 1

thetaseof datatype Real, for mostappiications itisusuatty safe to make the assumption tirat values

are 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 can be desirable for the language-independent service specification to address issues
relating to the use instead of some other form, such as fixed point (datatype Scaled in LID).

13 Guidelines on specification of procedure calls

13.1 General

This clause provides guidelines on how to specify procedure calls in language-independent service
specifications. Many (perhaps most) service specifications find it convenient to define certain actions
or functions of the service in terms of procedure calls; indeed, some services can conveniently be

28 © ISO/IEC 2018 - All rights reserved


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

ISO/IEC TR 14369:2018(E)

defined entirely in terms of procedure calls and the data on which they act. In particular, any required
operations on data values (see 12.5), which not all actual languages necessarily provide, can well be
best defined in that way.

13.2 Guideline: Avoidance of unnecessary operational assumptions or detail

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

NOTE 1 _ The concept of “procedure call”, though a very general one and by no means confined to so-called
“progedural languages”, is often interpreted in terms of specifying things procedurally, i.e. howyah effect is to
be aghieved. To make the service specification truly language independent, it is necessary to_bear [in mind that
many languages are “non-procedural” (i.e. the underlying procedural aspects do not appearat th¢ level of the
sourfe code, and hence are not directly under the control of the programmer). It is wortlnhhoting also that even
the grocedural languages can vary in the way that they achieve certain effects, and if the 'specificatiop defines the
“how” as well as the “what” of a procedure call, the binding for languages who achievé.the same effe¢t differently
are rjot the most effective or efficient one.

NOTE 2  This guideline implies that it is undesirable that the language-independent service ppecification
requfires or expects that a language binding necessarily implements a procedure call in the language{independent
servjce specification as a procedure call in the language.

NOTE 3 This guideline implies that it is undesirable that the daniguage-independent service ppecification
specjfies higher-level procedures in terms of calls of lower-level procedures, unless this is unavoidpble because
of extternal constraints (i.e. requirements imposed by the environment in which the service operates).

NOTE4  This guideline encapsulates the concept sometimes referred to as “the right level of absfraction”: i.e.
that the right level of abstraction is not the operational lével, but a higher and more abstract level which leaves
out the operational detail.
NOTES5  This guideline implies that it is undesirable to specify a language-independent servjce in terms

of operational semantics, since this can easily imply an implementation model for the service, [ncluding its
constituent procedures (see Clause 9).

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

The| language-independent~service specification should, for its procedure calling model, use
ISO/IEC 13886.

The advantage of using LIPC as the model is that any LID datatype can be used as a parameter (or
e returned value) of any LIPC procedure, which greatly simplifies the language-independent service

Use ¢f LIPC anddthe very wide range of datatypes available for parameters also maximises freedom fo implement
rvice in(the way that best suits the language used, using the relevant language bindings to LIP[C and LID.

13.4 Guidelines on the use of ISO/IEC 13886

13.4.1 General

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

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

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

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

LIPC binding for that language.

NOTE2 T
the procedu
code in the 1

A language
procedure,

he semantics of the procedure once called (sometimes termed the procedure body as distir¢t
e head) can be defined in various ways, e.g. in language-independent form, or by program-sq
inguage on the service provider side.

processor offering LIPC client facilities (i.e. on the service user side) can theh invoke
n terms of the language on that side. The actual parameters are convertedby the LIPC ¢

facilities from the local datatypes to the LID datatypes required for the formal parameters, using

LID binding

Transmissi
implemente

for the language; this process is termed marshalling.

pbn of the procedure invocation and parameters to the servige’ provider side is a sy:
tion matter outside the scope of LIPC. Once received by the-service provider side, the

server facilities unmarshal the marshalled actual parameters fromcthe LID datatypes into the

datatypes U
performed
service clie

LIPC specif]
forms of p:
defining an
provided. T
to aid unde
made by pe

sed by service provider mapping of the LIPC procedure call definition. Return of resu
by a reverse process of marshalling on the service provider side and unmarshalling or
ht side.

ies four abstract modes of parameter passing\(see 13.4.3), and explains how the com
irameter passing found in languages can be’expressed with them. As a guide for t
d implementing LIPC services, an abstrdct model of the execution of a procedure c3
here is no requirement to implement, this execution model itself, which is provided s
standing and reduce the risk of incompatibilities through differences in assumptions b
pple with different language backgrounds.

13.4.2 Guideline: Selection of datatypes of parameters

Care should
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The defini‘g

enable bin
best effect.

NOTE T|
informative

be taken in the selection’ of datatypes of parameters, to avoid breaking down complid
[sed for definitionaltpurposes into simpler ones for specifying operations, simply bec
that most languages are unable to pass as a parameter a value of a complicated datat
on of the procedure should be made at the highest level of abstraction possible (see 13.]
ings of the language-independent service specification to exploit language features to {

his dees not preclude the language-independent service specification from including, e.g. §
annex;y advice to implementors and those defining language bindings of the language-indeper
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13.4.3 Guideline: Selection of parameter passing modes

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

NOTE 1

“call by value”, or “in”.

NOTE 2
users, and is

30

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

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

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

13.4.4 Guideline: Use of bindings to LIPC

The [language-independent service specification should require that anyimplementation of|the service
or lgnguage binding to the language-independent service specificatiomr standard conforms ip respect of
prodedure calling to the relevant requirements of the relevant bindingto LIPC, where one ekists.

NOT Special rules for implementors are needed to cover casesswhere a binding to LIPC to the language
used|does not exist.

13.% Interfacing via remote procedure calling (RPC)

13.53.1 General

A sefvice for which a language-independentsp€cification is required can be intended for uge wholly or
primarily across a network. In consequenge, any procedure call from the service user is trapsmitted to
the g$ervice provider through a commuumnication channel. Thus, the values corresponding tp the actual
pargmeters supplied by the service-user, and results returned by the service provider,|need to be
encdded in the appropriate transmission protocol. The need for encoding of values for tjansmission
imp@ses constraints on the datatypes of the encoded values, and the parameter passing mofe used.

However, the service still heeds to be capable of interoperating with other (non-remote) services,
meaping that it is still appropriate for the language-independent specification of the sdrvice to be
expijessed in the most'general terms possible, using LIPC for procedures as recommended |earlier. The
congtraints imposed by the need for service users to call procedures remotely, across a network, are
thergfore reflected.wholly in the language-independent specification of the interface. There fis no logical
prohilem in this;because the remote procedure call constraints apply only to the interface.

A specifie'standard deals with procedure calls operating under such constraints: ISO/IEC|11578. The
congtrdints referred to above are reflected in the facilities this standard provides.

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

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

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

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

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

13.5.3 Guideline: Specification of RPC interface

A language-independent interface specification with remote procedure call constraints should define
the 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 beford
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tricted service is a fully conforming subsetof the full service.

is better to avoid using the subset approach for speed or simplicity, because of the well-k
sadvantages of including levels and options in standards.

possible, it is advisable to use a*formal specification method to demonstrate the full conform
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e of featurestin ISO/IEC 11578 in addition to those with corresponding feature
B86. In general, any such language-independent interface specification should be revie
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13.6 Guid

eline: Guidance concerning procedure calling to those defining language

bindings to the language-independent service specification

Procedure calling is a well-known concept, and exists in some form in all programming languages, or at
least all those likely to wish to bind to a language-independent service specification. It is also a simple
concept, at least at the level of provision of functionality. However, because procedure calling interacts
with other parts of the language concerned, there are many detailed variations between one language
and another, not just at the syntactic level, which is relatively easy to deal with, but in terms of the
underlying operational model used. Languages vary, sometimes greatly, in their underlying structure
and design assumptions, and this can often be reflected in the procedure calling model.
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The difficulty for those defining a language binding to an external service is that the service probably
does not have exactly the same procedure calling model. There is obvious danger of mismatches, faults,
and unexpected behaviour arising because those defining the service made unspoken assumptions
about procedure calling while those defining the binding made different unspoken assumptions. This
is especially true when those concerned are particularly expert in one language but not very familiar
with others.

Hence the first necessity for those defining a language binding is to examine carefully the underlying
assumptions of the procedure calling model of the “target” language, and compare these to the
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.

models of
LIPC, which
roduced in

However, this document recommends throughout that relating the procedure calling
the pervice and the target language by using the common reference point provided by 1
was|designed for that purpose. If the language-independent service specification was

dance with the guidelines in this document, it, and the interface to whicl the binding
the LIPC model, at least as a reference if not for the detail of the specification (see 13.3)
ice specification is language-dependent, a language-independent interface produced in
the guidelines presents the service using the LIPC model - in~aother words, it acts
een the service's internal assumptions, and the outside world<in which those assumpf

will relate,
. Even if the
accordance
as a buffer
ions do not

ssarily hold.

hthoritative
one of their
IS an annex,
embarking
iced partial

The danger that different partial LIPCbindings are incompatible shows the importance f¢r alanguage

unity of agreeing on a definitive standard binding to LIPC.

b invocation
a common
foperability
ecause that

ome services, however, an existing LIPC binding is not enough, since it primarily cover
return of results. While this.is adequate in many cases, there can be a need for
brstanding of what happensduring execution - for example, when questions of inte
e (see Clause 10). In such-cases, ISO/IEC 13886:1996, Clause 6 should be studied, b

provyides an abstract formal model of procedure execution for use in such situations.

14 [Guidelines on specification of fault handling

14.1 General

Duringtheinvocation or execution of a service, faults can occur. The term “fault” is used herfe in a broad
sengento'mean any occurrence which prevents, delays or changes the way in which the sefvice would
normally operate. For a service to be reliable, it is important to Toresee the kinds of Tault that can arise,
and to determine how they should be handled when they do.

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

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

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

14.2 Guideline: Fault detection requirements

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 wlich a conforming implementation needs to detect (in the absence of any masking failts);
minimum lgvel 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 consdidering requirements in this area, it is possible that drafters of language-independent
service specifications need to take execution overhead into account, which can be>considerabl¢ for
some serviges, some implementations, or some languages to which the language;independent sejvice
specification is bound. A possible way of dealing with conflicting priorities (&.g: between speed|and
safety) for differing uses of the service can be to specify that implementation 6ptions should be available
to allow thq level and extent of fault checking to be controlled.

14.3 Chedklist of potential faults

The following is a list of typical faults which can arise in the/invocation and execution of a serice.

Drafters of
to their ser
specificto

In all cases
is fatal or 1
not constit

language-independent service specifications should check all of the following for relev
vice, and the specification produced should address all that are appropriate, plus of

the language-independent service specificdtion should specify whether the fault conce
on-fatal. Depending on the nature ofithe service, it can occur that a particular fault
ite a problem (whereas it would.imr;another service) but that users of the service w

hnce
hers

he service concerned. This listis not to be considered either as exhaustive or as prescriptive.

rned
does
ould

neverthelegs benefit from the availability of awarning message from the implementation.
14.3.1 Invpcation faults

a) unknown or misspelt command:

b) duplicafte user-defined nante.

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

d) call forjunknowmnyservice function or other named facility.

e) wrong humiber of parameters supplied in call.

f) wrong tatatypeof parametersupptied-incalt:

g) symbol supplied not in supported character repertoire.

14.3.2 Execution faults

a) attempt to divide by zero.

b) numeric overflow on arithmetic operation (any numeric datatype, Real, Scaled or Integer).

c¢) numeric underflow on operation yielding datatype Real value.
NOTE It is possible to specify an implementation option, to permit the service user to treat such an
exception as non-fatal, replacing the underflow value by zero and continuing, or as fatal, which would be the
default.
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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.

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)

k)

D)

14.4
Whe

httempt to open file that is already open.

NOTE Perhaps non-fatal though it can indicate incorrect file naming by the service user.
illegal file name.

NOTE File names can be generated dynamically.

httempt to access (for input or output) file to which access is unauthorized.

NOTE It is advisable not to require in the language-independent service specification the
bn unnecessary amount of information or lower levels of security-than provided by the host 4
Any resulting message is only meaningful for a legitimate user'who has merely omitted to unloc
file for read or write access, and who is able to obtain the needed information and take the necq

without direct assistance from the implementation.

pttempt to input from an output-only file (e.g. prifiter stream) or to output to an input-
keyboard).

httempt to create an item that already exists.

pttempt to replace a non-existing item.

pttempt to close file already closed.

insufficient system resource;{e.g. memory) available for specified operation.
time limit exceeded.

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

use of non-standard dynamic implementation-defined extension.

| Guideline: Recovery from non-fatal faults

re/the specification permits recovery mechanisms from fault conditions, the require

provision of
nvironment.
k a protected
ssary action

nly file (e.g.

d results of

the

ctions to be taken hy the imp]pmpnfafinn (v\rhpn such a recovery mechanism is invoked

) should be

defined as fully as are defined the normal features of the service.

15 Guidelines on options and implementation dependence

15.1 General

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

From that point of view, the best course of action is to eliminate options altogether. All implementations,
interfaces and bindings therefore provide the identical service. However, in some environments,
providing everything can be technically difficult, prohibitively expensive or actually impossible. A
partial service can be offered but it would not conform to the specification and (if the specification is
embodied in a standard) users of it would hence not be able to rely on the assurance that conformity to
the standard (possibly backed up by testing and certification) would bring. In some environments or
for some purposes, providing everything can be indeed unnecessary; parts would never be used yet the
costs of them would remain.

As for imp
some syste
measured 4
characteris
Yet, a situa
higher level

jflmentation dependence, removing it altogether can make implementation impossiblL: on
s.In contrast, itis possible that some systems are able to provide a better level ofservice (as
y, say, speed or capacity) than that specified, but would be prevented from doing'so. Where
fics so measured need to be identical to permit interoperability, this can-bé& tnavoidpble.
[ion can arise in which implementation, interface, binding and applicationall operate|at a
, without affecting anything outside, but doing so would be precluded.

that
[tion,
bly a

Services, th
there can b
such as a st
compromis

e way they are used, and the circumstances in which they are-used, vary so much
e no general rule covering every case. Those responsible for developing the specifical
andards committee, need to weigh all the various factors and\make a decision - proba
e — accordingly. The guidelines in this clause are aimed at helping them to do that.

15.2 Guidgelines on service options

15.2.1 Guideline: Optional service features

Inclusion wjithin the language-independent service specification of optional features of the servig
offered thrgugh the interface to users whether as gptional additions or as optional alternatives, sh
be minimizpd. Ideally, the aim should be to have no optional features at all.

e, as
ould

NOTE In general, optional features harm interoperability, and they can create difficulties for applicafions

using the seyvice, especially those that deal with different implementations of the service.

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

When detefmining whether tp ‘allow a feature of a service to be optional, the fewest assumptiot]
possible shguld be made abottyhow or for what purpose the service will be used.

IS as

NOTE1 E
or is require
period wher

kperience shows-that options often arise because it is assumed that a certain feature is rarely
H only for eértain expected uses of the service. Problems are thereby created during the transit
e many jmplementations omit the option until experience has shown that it is more widely used

anticipated by the designers of the service.

NOTE2 E
possible cou

kpérience can also show that features made mandatory are in fact used only rarely. In this c3

1sed,
onal
than

[Se Ol action Is to make the reature optional in a ruture revision (see LIause 13]).

15.2.3 Guideline: Use of query mechanism

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

15.2.4 Guideline: Management of optional service features

Where com

plete avoidance of service options is impracticable:

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

the language-independent service specification should require that every implementation omitting

any optional features provides, either internally or through the interface, a defined response to any
service user request for a feature not provided by that implementation.

15.2.5 Guideline: Definition of optional features

If at|all possible, any optional (or higher level) features of the service should be defined fur

ter
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3 Guidelines on interface options

.1 Guideline: Completeness of interface

service interface specification should allow bindings and user applications access to all 1
e service that are offered externally.

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

res of the service, some applications can have unforeseen-uses of those features, and a W
face will allow for such uses (see 15.2.2).

.2 Guideline: Interface to service with options

re the interface is to a service that has optional features, the interface specification sh
but still be able to handle invocations pf those features by user applications, and
opriate response.

F Adopting this strategy makes it(easier to update the interface in case these unimpleme
Ime available later.

| Guidelines on binding options

.1 Guideline: Completeness of binding

ss unavoidable; ‘a/language binding to the service interface specification should

app(iléjcations access 1o all the features of the service, whether mandatory or optional, that a

gh the interface. If omissions are unavoidable, they and the reasons for them sho
mented.

E 1, (_A'well-designed language binding makes no assumptions about how or for what purpose
endn the language will use the service (see 15.2.2).

ctionally in

he features

uire certain
ell-designed

puld reflect
provide an

nted options

allow user
Ire available
hld be fully

applications

NOTE 2

Omitting features can be unavoidable though, for example, if the interface assumes the presence of a

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

15.4.2 Guideline: Binding to a service with options

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

reflecting the service options in options in the binding;

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

15.4.3 Guideline: Binding to a language with optional features

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

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

— an alternative binding, where possible, is provided in cases where the preferred binding uses an
optiondT Tanguage facility which 1s absent irom a standard-conforming language processor_which
omits that option (e.g. a subset language implementation);

— such alfernative binding is totally equivalent to preferred binding as far as providing-aceess t¢ the
servicelfeature is concerned.

NOTE1  Fpr some languages, the “full power” includes the ability to add user-defined datatypes, operatjions,
modules etc| Exploitation of this full power gives maximum benefit for those languagedusers needing accejss to
the service.

NOTE 2  Sfrictly speaking, this guideline does not belong in this document. bt in ISO/IEC TR 10182) The
guideline is however kept in the spirit of this document.

15.5 Guidglines on implementation dependence

15.5.1 Guideline: Completeness of definition

The numbe} of aspects within its scope that the language-independent service specification leaves$ not
completely |[defined should be minimized (and preferably eliminated altogether). Where full definjtion
is impractigable, in general such aspects should *be*required to be implementation-defined, subject
where appijopriate to specified minima or othertlimits, rather than left as implementation-dependent
or undefingd. In this case, a complete checklist’should be provided of all such implementation-defiined
features, ghidance should be provided for.implementors, required limits, as appropriate, should be
specified, apd the documentation accompanying the implementation should be required to providg for
the user a fpll specification of the implémentation definitions used.

NOTE The crucial phrase above-is “within its scope”. It is important to avoid over-specifying requirenpents
by going beypnd the scope of thespecification by specifying how results are achieved as well as what resultss are
achieved. Su¢h over-specification bften means that, for languages with facilities other than those envisaged, eiither
instead or inaddition, implementations are pointlessly constrained, and can be less efficient than they can be.

15.5.2 Guideline: Provision of implementation options

The language-independent service specification should specify implementation options required fo be
provided by-a{conforming implementation, including in each case a specification of standard default
settings of theoptiom amd the formr or forms i which the implementatiomr options are to be thade
available to the service interface, bindings, and user applications.

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

15.5.2.1 Checklist of potential implementation options

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

15.5
Min

advice on choice of actual levels and be specified intappropriate circumstances, namely whe

a)

b)

15.5

Examples of features forywhich it can be appropriate to specify minimal limits in specificati

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;

pperating modes;

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

the rounding or truncation of arithmetic operations;

the precision and accuracy of representation and of arithmetic, as apppopriate;
the default settings of service parameter values;

in the case where the specification is a revision of an earlier specification, the de
reporting, of usage incompatible with the old specification;

.3 Guideline: Implementation-defined limits

mum guaranteed service levels to be supplied’by conforming implementations sho

it is probable that user service demands encounter implementation-defined lin
pxecution; and

such limits can be expressed in<terms of the nature of the demand (rather tk
implementation issues which can be unpredictable or variable, such as resource capacit

.3.1 Checklist of potentialimplementation-defined limits

length of user-supplied or internally-generated character strings handled;
range of integers;
internal\precision of values of datatype Real;

magnitude of values of datatype Real;

tection and

1ld provide
re:

hits during

lan service
y).

pns are:

number of user files which can be open simultaneously;

complexity of service requests that can be handled.

15.5.3.2 Actual values of limits

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

recommending specific values;
recommending minimum useful values;

recommending maximum useful values;
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sharply;

executi

setting

on,;

forth other criteria appropriate to the specific service.

recommending that limits should depend on implementation thresholds where efficiency changes

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

In each case, the reasons for the recommendations should be explained. Different recommendations

can be appr

It should be noted that appropriate implementation-defined limits need to he made accessible to u

opriate for different limits.

SErS,

in particuldr for those performing conformity testing, as well as being documented. Where this)ig not
available thirough service facilities (such as user “help” facilities), appropriate guidance to implemerjtors
should be pfovided.

16 Guidelines on conformity requirements

16.1 Gengqral

If the specification (of the service, the interface, or a binding) is to be iricldded in a formal standard,

then forma

NOTE1 M

Even if the
containing
unnecessar

The guideli
If the circu
in general,
service, sta

What kinds
conformity,
guidelines

nature of the specifications, the consequent relationship with actual languages, and what this im

for conform

There are
independen
incorporati

Implements3
provided to

conformity rules are required. This clause provides guidelines on how to do this.

uch of this clause is based on the guidelines in ISO/IEC TR 10034.

it needs to make clear what is required to nieet the specification. However, it can
y to make the conformity requirements as strict as those in a formal standard should b

hes here are based on the assumption that’strict and formal conformity rules are requ
mstances are regarded as less demanding, then some relaxation can be possible. How
h rigorous definition of what is required is helpful to both implementors and users of
hdardized or not, since there cannotthen be any doubt.

of entity are expected to conform to the specification, and the rules to be laid down for
depends greatly upon the(nature of the service being specified, and in that respect t

ity rules, these guidelines can be more specific.

three kinds of ‘possible relationship between a programming language and a langu
t service specification, which can be summarized as implementation, invocation,
D1

tiod means that the language is used to implement the service. At its simplest, the servi
théuser as an executing program. The user, in general, does not know, and should not

specification is not being designed with formal-standardization in mind, any document

feel

D

red.
bver,
any

such
hese

fan do no more than ifidicate general principles. In respect of the language-independent

blies

age-
and

ceis
need

to know, wl

NOTE 2

at language the program is written im.

This relationship is relevant for a specification of the service. Though the specification of services in

general is outside the scope of this report, specification in respect of language independence is in scope, and is
covered in 16.2.

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

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

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

Conformity rules need to cover all these three cases, and are different in general. Those covering
implementation conformity are the ones which most depend on the nature of the service. The guidelines
nciples and
!|Conformity
rulep covering invocation and incorporation are rules for conformity of the language bipdings. The
guidelines for specifying conformity of language bindings (see 16.4) address how te-avoid making undue
assumptions about the nature of the binding or the language being bound to,‘and how o make the
language bindings as simple as possible. The general guidelines for specifying the'service address those
quegtions, but they also need to be addressed here, since it is possible for a,good language-independent
spedification to be subverted by undue assumptions in the conformity rulés.

16.2 Guidelines for specifying conformity of implementations of the service

16.2.1 Guideline: Avoidance of assumptions about the implementation language

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

16.2.2 Guideline: Avoidance of representational assumptions

The| conformity of implementations shouwld not depend on representational requirements, or
reqUirements that make representationaltassumptions.

16.2.3 Guideline: Avoidance of implementation model

The| conformity requirement§o’'on implementations should not assume or require [an explicit
implementation model.

16.2.4 Guideline: Requiring end results rather than methods

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

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

16.3_Guidelines for cpprifying rnnfnrmity of implementations of the interface

16.3.1 Guideline: Requirements on implementation-defined aspects

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

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

16.4.1 Guideline: Propagating requirements to conforming bindings

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

16.4.2 Guideline: Adherence to defined semantics

The conformity rules of a language-independent service specification should require that|any
conforming language binding shall adhere strictly to the defined semantics of the service.

NOTE1 SpeNOTE1in17.3.

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

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

17.1 Gendral

Guidelines pn the development of language bindings can be found in ISO/IEC TR 10182. The following
additional guidelines are recommended for use when binding to a language-independent interfface
specification.

17.2 Guidgline: Use of bindings to LID and LIPC

Language bindings to a language-independent service specification should make maximum| use
of existing|bindings for the language to-the language-independent standards ISO/IEC 11404|and
ISO/IEC 13$86.

NOTE1  Spe Clauses 12 and 13.
NOTE 2  Fpr some services whose invocation can be expressed completely in terms of procedure call§ and
associated parameters and foyTanguages whose bindings to LID and LIPC are complete, it can be possihle to

produce a very simple, near-dutomatic binding which simply lists the service's datatypes and procedures anf the
correspondipg bindings.

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

17.3 Guidrline: Adherence to defined semantics

A language binding to a language-independent service specification should adhere strictly to the
defined semantics of the service, even when the conformity rules for the service specification do not
make such a requirement.

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

NOTE 2 It can be appropriate to include in the language binding specification the specification of the service
itself (clearly shown as informative, not normative), either as a separate section or annex, or interleaved with
related binding definitions.
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NOTE 3  Abinding which redefines the semantics of a service, hence contrary to this guideline, has sometimes
been termed a “thick” binding, as opposed to a “thin” binding which adheres to the defined semantics as this
guidelines recommends. However, the terms “thick” and “thin” in relation to bindings have tended to cause much
confusion and misunderstanding, and are best avoided.

17.4 Guideline: Binding document organization

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

NOTE In general, a binding to a language-independent interface specification is a simpler document than
the gpecIrication Itsell, NOWevVer, thne relation or the mtended SIructure or tne pindings to that of the language-
independent service specification is to be carefully considered. There are advantages in keeping them as similar
as pgssible. The list below is therefore a shortened and adapted form of the checklist in 7.2.2,

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

2) [The specification of all further requirements on standard-conforniing implementations of the
binding (such as fault detection, reporting and handling; provisiofinof implementation} options to
the user; documentation; validation; etc.), and of rules for conformity.

3) Pne or more annexes containing an informal description~of the service and of thle interface,
b glossary (including an explanation of any differences-between the terminology fised in the
Jlanguage-independent interface specification and that@sed in the language standard), guidelines
for service users (on implementation-dependent features, documentation available, fetc.), and a
cross-referenced index to the document.

4) An annex explaining the name correspondence.between names used in the interface specification
hnd names used in a calling program.

5) JAn annex containing one or more checklists of any implementation-defined features.

6) JAn annex containing guidelines forimplementors, including short examples where appiopriate.

7) An annex providing guidanceto users of the binding on questions relating to the vplidation of
conformity, and any specifierequirements relating to validation contained in (1) and (2) above.

8) [n the case where the binding is a revision of an earlier version, an annex containing a detailed and
precise description &f 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 rathqr than of the
Kervice, it can be.Sufficient to summarize the relevant equivalent information given in the reviged language
standard, together with a summary of any new language features used in the binding.

9) JAn annex which forms a tutorial commentary containing examples that illustrate th¢ use of the
Kepvice from within the language.

17.5 Guideline: “Reference card” binding documents

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

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

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

18.1 General

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

Only a revision of a language binding can be done without, in principle, potentially affecting the others.

Revision of.a ]nnclmop can require revision of the rnrrpcnnndmu Innmmop hlndlnc Revision of the
interface sp ecification can require revision of some if not all language blndlngs Revision of the sejfvice
specification can require revision of the interface specification and hence to language bindings,

The guidellnes in this clause are intended to assist in the planning of revisions in-each of these
categories.

NOTE SInce the principles that apply to the revision of standards and specificatiens are much the $ame
whatever th¢ detailed subject matter, many of these guidelines are based on ISO/IEC ZR<10176:2003, 4.5.4,|with
appropriate pdaptation.

18.2 Kinds of change that a revision can introduce

18.2.1 General

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

18.2.2 Addlition of a new feature

A new featyre is added to the specification without affecting existing features.

NOTE In the service specification, such a change can for example add a further facility to the service. Ih the
interface spg¢cification, it can offer to users afacility of the service not previously visible (e.g. additional [fault
information]. In a language binding, it can‘dffer to users from that language community a facility of the sefvice
not previougly made available.

18.2.3 Change to the specification of a well-defined feature

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

NOTE In the seryice specification, such a change to the semantics of a feature can mean that invoking the
feature through the interface can produce results different from before. In the interface specification, if can
specify that p particular service facility (which can have remained unchanged) is now invoked in a differentjway.
In a languagp birding, it can alter the way that the service is invoked, or the context in which such invocation is

permitted.

18.2.4 Deletion of a well-defined feature

A feature which was well defined in the previous version is rendered invalid by the new specification.

NOTE

whichever specification (service, interface, binding) it appears.

18.2.5 Deletion of ill-defined feature

Deletion of such a feature can imply that attempts to invoke it, now produce a fault condition, in

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

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

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

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

18.2.7 Change or deletion of obsolescent feature

A fgaturedesigmated i the previous version as obsofescent s deleted—or thranged—jn the new
spedification.

18.2.8 Change of level definition

A leyel of service previously defined in the specification (whether service, linterface, or|binding) is
altered in the new version.

18.21.9 Change of specified limit to implementation-defined valué

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

18.2.10Change of other implementation requirement

An implementation requirement in the previous version is deleted or changed in the new specification,
or ajnew implementation requirement is added in-the new version.

18.2.11Change of conformity clause

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

18.3.1 Guideline: Revision ¢compatibility

For pach proposed addition, deletion or modification that represents a potential incompatfibility from
an efprlier version of the specification:

— the rationalefor the proposed change should be stated;

— the way-in which the proposed change affects the original feature should be det¢rmined, in
hccordance with the classifications in 18.2 above;

3oyl A F \yzaprdine oy o000 At 1iondt £+l erzd o ldbho o 4
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— 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.

18.4 Guidelines on revision of the service specification

18.4.1 Guideline: Determining impact on interface and language bindings

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

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

18.4.3 Guideline: Use of incremental approach to revision

Because of possible effects on interface and dependent bindings, the revision of a service specification
should if possible be carried out in small steps, correcting, incrementing or modifying a part of the
specification_at a time, to allow similar correcting, incrementing or modifying of the dependent
specifications.

18.5 Guidelines on revision of the service interface

18.5.1 Guideline: Buffering unrevised bindings from changes

If possible, p revision of the service should be specified in order to absorb the changes, to ensure|that
unrevised lpnguage bindings still work.

NOTE1  Tgchniques include the provision of conversion facilities or optional forms, which can be marked as
“obsolete”, t¢ be removed at the next revision. This allows time for the language' binding specifications to ¢atch
up with the fevised service.

NOTE 2  If is advisable to revise the interface to provide special’help to calls from applications still yising
outdated bindings.

18.5.2 Guideline: Use of incremental amendments

Where the revision of the service takes the form ofiadditional features, an incremental amendmerft for
language bindings should be specified, to allow the new features to be accessible to applications.

NOTE A incremental amendment to a bindingis in general quicker and simpler to provide than a complete
revision. The additional features can be integrated with the others at some future time when a full revision is
warranted.

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

18.6.1 Guideline: Buffering application programs from changes

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

NOTE Al chdnge to an implementation of a language binding which allows application programs using it to

i id ekl and +3 Aificati P
remain unalteredcanaveid €OStryaheatHRe Uonsummg et catesto-Many- SHerPprograins:

18.6.2 Guideline: Use of incremental amendments

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

18.7

.1 Guideline: Use of new language features

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

of th

ose new features.

18.7.2 Guideline: Buffering “legacy” application programs from changes

d language
e language

patible with

h programs

Whegre—-application—programs—not-yetrevised—are—expected—to—continue—inuse—therevisq

binding should where necessary make use of the “backward compatibility” provisions oftl

revigion to allow old “legacy” programs to continue to work.

NOTE It is common practice when revising language definitions either to make them-fully conf

the grevious definition, or to make special provision for legacy programs.

18.7.3 Guideline: Buffering application programs by use of options

If ndcessary, the revised language binding should specify a user option to allow applicatio

to c¢ntinue using the old form of invocation, even if the language rewision itself makes no pfovision for
legafy programs.

NOTE1 This implies that implementation of the binding contains the necessary conversions th

from

NOT
any
revis

the revised language definition.

.2 Since it is undesirable for language bindings<to'Yemain out of step with the language ¢
onger than necessary, it is desirable to mark sucliza user option as obsolescent, to be remove
ion of the binding.

it are absent

efinition for
1 at the next
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A.1 Language-independent arithmetic

ISO/IEC 109
“the LIA-1 s
floating poi
abstract re
floating-po
or assume f{
IEC 559 is ¢
model. IEC
IEC 559 are
not guarant

ISO/IEC 10
and proced

A.2 Lang

The purpos
betweena
explicitly o

Annex A
(informative)

Brief guide to language-independent standards

67-1 (Language independent arithmetic Part 1, Integer and floating point arithmetic,here
tandard”) provides rigorous definitions of the basic arithmetic operations on intéger
nt values. It is at a higher level of abstraction than IEC 559 (IEEE 754), whichrspecifig
presentational and implementation model; though for mathematical reason’s it adoy
nt notation for definitions relating to “real” (i.e. approximate) values, jitvdoes not req
hat a floating-point representation will be used in implementations./The relationship

learly described, for convenience of use with systems that make usé‘of that implementz
559 systems can conform to the LIA-1 standard, and many dg, but the requiremen
less rigorous, primarily because of the presence of options, so.cenformity with IEC 559
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D67-2 covers elementary numerical functions. ISO/IEC$10967-3 covers complex arithn
ires).
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vide variety of programming languages;and other things which use the concept of “datat
" implicitly. The set defined is very riéh, far wider than is usual in programming languz
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corresponding to their own datatypes withrthe minimum distortion. For the similar reasons, operat
on the valups are “characterizing”, i.e. typical of the datatype concerned, but are not normative, s
which operptions are provided in a given context, and which are not, are very much dependent ot
envisaged flield of applications. Again, in almost all cases the datatypes are “purely computational
concerned yith pure values, without any particular semantic or applicational connotations, and cap
of use in a wide variety of application fields. In this, LID follows the mainstream tradition of gen
purpose larjguages, as can®e-seen from the choice of primitive datatypes, though provision is mad
the construlction of further-datatypes which, if necessary, can be application-oriented.

and
pes,
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The LID stgndard follows the common practice of starting with a number of primitive datatypes
then using fhesetoconstruct others. There are three main kinds of constructed datatypes: subty
generated datatypes, and aggregates. (In fact aggregates are technically also generated datatypes
important gnaugh to deserve separate classification.)

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

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

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

The main kinds of aggregate in the LID standard are Bag, Set, Record, Sequence, Array, and Table. Bag
is the most generat form of aggregate datatype, capable of containing any | properties

or cpnstraints are then used to identify various kinds of aggregate datatype that are‘é
computationally. These properties and constraints are not all mutually orthogonal;~they
withl others, in various ways. The particular mix of properties used for a given-dggrega
depg¢nds on the envisaged computational uses of the datatype and its values. The 1kID stand

ncountered
an interact
te datatype
d provides

r
a wdy of constructing aggregates as needed, by appropriate mixing and matching of a rel:l:ively small

number of properties. These include homogeneity, size, and the ability for-components to b
by tagging, keying or indexing. Multidimensionality is allowed for.

Finally, the LID standard allows for new datatypes to be produced’from existing ones
“clofes”) and for further datatypes and datatype generators to be'derived from the basic p
gendrated ones - Tree, CharacterString and BitString are examples. Non-aggregate derive
include Bit, Modulo, and Timelnterval.
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F Some of the above text has been adapted from<he article A taxonomy of datatypes
Fence [18].
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Language-independent procedure-calling

[EC 13886 defines a language-independent model of procedure calling of sufficient ab
v the procedure calling facilities of miany languages to communicate. An LIPC paramet
datatype definable via ISO/IEC 14404. No distinction is made between “function” prog
Irn a value through the procedure name (and hence can be called to provide values to
Ctly), and “subroutine” procedures that do not return a value in such a way. If the lang
function” procedures, thelanguage binding maps the return through the procedure 1
lated value of the function into an additional parameter of the corresponding LIPC inva
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nition, including the number and datatypes of formal parameters, into the form of the cor
edure call inithe language on its side, using the LIPC binding for that language.

The actual parameters are converted by the LIPC client facilities from the local datat
Hatatypes required for the formal parameters, using the LID binding for the language; 1
Finied marshalling.
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Transmission of the procedure invocation and parameters to the service provider side is outside 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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The standard also provides an abstract model of the execution of a procedure call. There is no normative
requirement for this execution model to be implemented; it is included as a guide for those defining
and implementing LIPC services, to aid understanding and reduce the risk of incompatibilities between
language bindings and implementations of client-side and server-side facilities in language processors.
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