INTERNATIONAL ISO
STANDARD 18629-1

First edition
2004-11-15

Industrial automation systems and
integration — Process specification
language —

Part 1:
Overview and basic principles

Systemes d'automatisation industrielle et intégration — Langage de
spécification de pfocedé —

Partie 1: Vue-d'ensemble et principes de base

e Reference number
= — ISO 18629-1:2004(E)

©1S0 2004


https://standardsiso.com/api/?name=f04d774bd9437f6e80955ab906ab1362

ISO 18629-1:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=f04d774bd9437f6e80955ab906ab1362

ISO 18629-1 : 2004 (E)

Contents Page

| 1T o RSOSSN 1
2. NOIMALIVE FEIETENCES ....eiiiuiiiiiiiiieiieciee ettt ettt e ettt e et e e sebeeeteeetbeeebesestseesaseeesseesseesnseeans 1
3. Terms, definitions and abDIEVIATIONS ............coovviiiuiiiieiieeiiiiiieeeeee e e eeeere e e e e e e eaaee e e e e e e e eearaaeeeeeeas 2
3.1 Terms and AefINITIONS ......eeiieiieiie ettt ettt e se e saesbeesbeebeesseesssesssesnseenseenseesseens 2
3.2 —Abbreviations—mmrrrmmemeoe0eo—222mDmDmDZDZDZDZDZDPm_m_m_mP_mm_mP——————m—0——0000mmmmm————————————— .- 8
4. | Overview Of ISO 186029 ...ttt sttt e ee e prace B .. 8
4.1 ISO 18629 GENETAL.......coeciiieiiieeiie ettt sre et e e e steeesaeesseessaeessseesnseeespaans} enns .. 8
4.2 The Process Specification Language (PSL) fundamental principles...........ccccveveeeepten v .10
4.3 Requirements for PSL eXtENSIONS ......cccveeiiieeriiiiiieeiieerieeeieeesreeereeeireesveeesee e EaCe e eneeenvaeans 11
43, NON-LOZICAl LeXICOM .. uiiiiiiiiieiiieiieciieiiete ettt see e sreebeebe e reesteeseaeseseee fErn s raesssesssesseens .11
4.3.p. Specification Of MOAEIS........ccvecvierieriiiierieeieee e b e e enreeeeeseesse e .12
4.3.B. AXIOMS OF the EXEENSIONS ....eiiviiiiiieiiieeeiie ettt eetee et e et e e e eeese e T e eetaeeeareeeeseesaveeesneas .12
4.3.4. Grammar for Process deSCIIPLIONS.......eecvierireeerieerrieereieerreesreeesioroToeesrreessseessesesseessseeans .12
4.3.0.  Format fOr XteNSIONS ....ccveevvierrierierreeieereereesreesieesseeseeesnesseefies b enseesseessnessesseessesssessseens .12
4.4 Organisation of the ISO 18629 Standard...........ccoceveevenenensmn e St .13
4.5 ISO 18629-1x series Core theories. .....cccereerierierienieeeee e dloN Nttt et .14
4501, ISO 18629-11 PSL-COTE ..ueevieieiieeieeeieeeieeee eS8 et .14
4.5.p. ISO 18629-12 OULET COTC ..cuvveeevieeiiieeiieeiieeeiee et b eeeieeesateesnteeeenreesseeessseesnseessnseesnseenns .15
4.5B.  ISO 18628-13 Time and ordering thEOTIES .........pm e teeuteriiriiiiniieiteienceee et .16
450, ISO 18629-14 ReSOUICE thCOTIES ....cvievieere et eiteieesieeereeereesveereeteestresereseseesseessaesseas .16
4.5.p. ISO 18629-15 Activity performance theori€s ..........ccecevereverrieereereeriesre e e e eeeeseee e .17
4.6.] ISO 18629-2x series External mappings .. ol .eeoeririenenieniininicnieneeeneetee e .17
4.7 IS0 18629-4x series Definitional EXtENSIONS ......cccverierierieriinieienieeiesieseeeie e seee e .17
AT, TSO 18629-41: ACLIVITIES. ...eeueeuieyeeNeeeteeieetteeestees e testeestesteeseeneesseeeestesseesesseeneensesneeneenne .17
4.7.p. ISO 18629-42: TIMeE and State . st uvieerieieieeeieeeeiieeeree ettt e et e eereeeteeesereesree e ereeesreeens .18
4.7.B. ISO 18629-43: Ordering..... L0 ceeeeeeeeeiie et e eieeeee et e eteeesteeebeeestreeesbaeessbeessseeessseessseeans .18
4.7.4. ISO 18629-44 RESOUICE LOICS...ccuvvieerieeiieeiieeiieeteeereeeireesteesseeessseesseesssseessseesssseessseenns .19
4.7.p. ISO 18629-45 Kinds 0fTESOUICE SELS.....ccviecvieiieiieiierie ettt ereesseensee s .19
4.7.6. ISO 18629-46 ProQesSOT ACHVITIES ....eeecviieiiieeiiieeeitie ettt et e eteeeetreeereeestreesreeereeeseveeesreeens .20
4.77J. ISO 18629-47 PLOCESS INLEML.....c..eiiiiiieiiieiiieeiie ettt ettt et ettt sttt .20
4.8 ISO 18629-2xx $enies Translator implementation guidelines ...........c.eccvevververveniencrenreeennenn .20
5. | Conformance teSting methodology and framework ...........c.cceceevireiiininiinininincececee .20
5.1 Conformance/of Applications with ISO 18629 ...........cccuvieiiiiiiiiiieee e .20
5.2 Conforrance of Ontologies With ISO 18629.........c.cccveviiiviieniienieierre e e .21
5.2[l.  Cenformance of user-defined EXtENSIONS .......c.eevveerieerieriiieirieriesieriesteereereeseeeseeeseresnneens .21
5.2.p. Conformance of external ONTOIOZIES .....c..eevcviiiiiiiiiie ettt e e aee e .21
5.3 ~ Conformance of fUtUre EXLENSIONS. ......cccviervieriieriierreeieeieerteesresresreesseeseesseesssesssesseesseesseenes .21
531 Qppr‘iﬁr\aﬁnn of Maodels 21
5.3.2. Verification Of the eXtENSIONS. .....c..eiiiiiiiiiiiiiiie ettt e e et estaeeseveeeaae e 22
Annex A (normative) ASN.1 Identifier of ISO 18629-1.......ccccviviiiiieiieiesiececre e 23
Annex B (informative) Background to the development of ISO 18629..........cccoeiiiiiiiiiniiniiiee 24
Annex C (informative) The Need for SemantiCs.........cccvvivvieiciiririie ettt esve e e sevee e 25
Annex D (informative) INteroperability ..........ccceccveiiiieiiiiiieiiereesee e ere e ere e ere et sreesenesesesrseesneenns 28
Annex E (informative) Architecture 0f PSL ......cccooviiiiiiiiiieeceeeee e 32

© ISO 2004 — All rights reserved iii


https://standardsiso.com/api/?name=f04d774bd9437f6e80955ab906ab1362

ISO 18629-1 : 2004 (E)

Figures :

Figure D1: Interlingua ATCRItECIUIE —.........ceecieriieiiiriecie ettt eeseessaessaessnesnne e 30
Figgre D2 Imeroperabitity and PSE .31
Fig{re E1: The theories in the Outer Core of PSL. .......ccoviiiiiiiiiiiiececreee e 0N .33
Figyire E2: Definitional extensions 0f PSL.........cccociiiiiiiinieniecie e b .35

iv © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=f04d774bd9437f6e80955ab906ab1362

ISO 18629-1 : 2004

Foreword

(E)

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

As the use of information technology in manufacturing has matured, the necessity for software
applications to inter-operate has become crucial to the conduct of business and operations in
organisations. To be competitive and maintain good economic performance, manufacturing
organisations need to employ increasingly effective and efficient systems. Such systems should result
in the seamless integration of manufacturing applications and exchange of manufacturing processes
between apphcatlons Orgamsatlons should also be able to preserve and retrieve on demand the
kno, : and-ope ationa = ofthe-a ation d to
progluce and handle these processes.

inclpding manufacturing simulation, production scheduling, manufacturing process planrling,
workflow, business process reengineering, product realisation process modelling, and prgject
marjagement. However, each of these applications utilises process information in/a different way,|and
each representation of process information inherent to these applications-is ‘also different. Thus
inteyoperability is difficult to achieve. Consequently, these concerns have ded-to the development [of a
prog¢ess specification language (PSL) that complements the process ‘representations utilised in
marjufacturing engineering and business software applications. ISO 18629 provides a generic languiiage
for | process specifications applicable to a broad range of speecific process representationg in
marjufacturing applications.

MaLy manufacturing engineering and business software applications use process, information,

IS 18629 provides semantics to the computer-interpretable exchange of information relategl to
marnufacturing processes. Taken together, all the parts”contained in ISO 18629 a language| for
des¢ribing a manufacturing process throughout the ‘entire production process within the spme
indystrial company or across several industrialsectors or companies, independently from [any
parmcular representation model. The nature of this language makes it suitable for sharing progess
infgrmation related to manufacturing during all the stages of a production process.

The| process representations used by engineering and business software applications are influenced by
the [specific needs and objectives ©of the applications. Therefore, the use of the process specificgtion
language also varies from one application to another. A major purpose of the Process Specification
Lanjguage is to enable the intetoperability of manufacturing processes between software applications
that| utilise different process,models and process representations. As a result of implementing progess
intefoperability, economiies of scale are made in the integration of manufacturing applications.

Thi$ part and all.other parts of ISO 18629 are independent of any specific process representation or
model used ifi~a given application. Collectively, they provide a structural framework | for
intefoperability.

ISO 18629 describes what elements inter-operable systems should encompass, but not how a spegific

app ication implpmpnfc these elements. It is not the pULpose of ISO 18629 to enforce llnifnrmify in

manufacturing process representations. Objectives and design of software applications vary. Therefore
the implementation of an interoperable application must necessarily be influenced by the particular
objectives and processes of each specific application. This part of ISO 18629 provides an overview of
the principal concepts contained in ISO 18629, and guidance on selection and use of its parts.

vi © ISO 2004 — All rights reserved
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Industrial automation systems and integration —
Process specification language —

Part 1:

Overview and basic principles

1. [Scope

The scope of this part of ISO 18629 is the provision of an overview of the whole ISO 18629 anfd of
the [main underlying principles of the Process Specification Language. This part ofy ISO 18629 jalso
spe¢ifies the characteristics of the various series of parts in ISO 18629 and the~¢lationships amjong
therp.
Thel following are within the scope of this part of ISO 18629:

— | general overview of ISO 18629 and of the main principles useds

— |structure of ISO 18629 and relationships between the seri¢s of parts of which this standard is
composed;

— | definitions of terms used throughout ISO 18629;
— |conformance criteria for process-related applications;
— |conformance criteria for other ontologies;

— |conformance criteria for parts of ISO 18629.

j22]

Thelscope of this part of ISO 48629 includes providing explanations addressing the following item
— | Annex B: Backgroundto the development of ISO 18629;
— | Annex C: Neéd for semantics;

— | Annex.D:)Interoperability;

— | Annex E: Architecture of PSL.

2. Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

© ISO 2004 — All rights reserved 1
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— ISO/IEC 8824-1: Information technology — Abstract Syntax Notation One (ASN.1): Specification
of basic notation.

— ISO 10303-1: Industrial automation systems and integration — Product data representation and
exchange — Part 1: Overview and fundamental principles.

— ISO 10303-11: Industrial automation systems and integration — Product data representation and
exchange — Part 11: Description methods: The EXPRESS language reference manual.

— |ISO 15531-1: Industrial automation systems and integration — Industrial manufadtufing
management data — Part 1: General overview.

— [[SO 15531-31: Industrial automation systems and integration — Industrial. manufactuyring
management data — Part 31: Resource information model.

— [ISO 15531-32: —" Industrial automation systems and integration — Industrial manufactring
management data — Part 32: Conceptual information model for resources usage management
data.

— |ISO 15531-42:—? Industrial automation systems and integrdtion — Industrial manufactifring
management data — Part 42: Manufacturing flow management data — Time model.

3. |[Terms, definitions and abbreviations
3.1, Terms and definitions

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

3.1.01
axiom
wel|-formed formula in a formal language that provides constraints on the interpretation of symbols in
the |exicon of a language

3.1.p
conpervative definition
deﬁﬁlition that specifies necessary and sufficient conditions that a term shall satisfy and that doeg not
allov new inferences to be drawn from the theory

318
core theory
set of axioms for relation and function symbols that denote primitive concepts

Y To be published
2 To be published
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3.1.4

data

a representation of information in a formal manner suitable for communication, interpretation, or
processing by human beings or computers

[1SO 10303-1]

3.1.5
defmcd }UA;\/UII
set ¢f symbols in the non-logical lexicon which denote defined concepts

NOTE Defined lexicon is divided into constant, function and relation symbols.

EXAMPLE terms with conservative definitions.

3.1.6
def%\nitional extension

extgnsion of PSL-Core that introduces new linguistic items which can be completely defined in tgrms
of the PSL-Core

NO[E: Definitional extensions add no new expressive power toPSL-Core but are used to specify the
semantics and terminology in the domain application.

3.1
disdrete manufacturing
prodluction of discrete items

EXAMPLE Cars, appliances or computer.

[1SQ 15531-1]

3.18
duration
length of a period of tinfe;measured using a given unit of time

EXAMPLE 1 the 24,hours between Monday 1.00 p.m. and Tuesday 12.00 a.m.
EXAMPLE 2&very Monday of every week between January and July.

NOTE 4nterval of time measures the distance between two points in time. In that case it is the length of the ftime
dompain'that is bounded by the two points in time under consideration.

[1SO 15531-42]

3.1.9
extension
augmentation of PSL-Core containing additional axioms

NOTE 1 The PSL-Core is a relatively simple set of axioms that is adequate for expressing a wide range of basic

© ISO 2004 — All rights reserved 3
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processes. However, more complex processes require expressive resources that exceed those of the PSL-Core.
Rather than clutter the PSL-Core itself with every conceivable concept that might prove useful in describing one
process or another, a variety of separate, modular extensions need to be developed and added to the PSL-Core as
necessary. In this way a user can tailor the language precisely to suit his or her expressive needs.

NOTE 2 All extensions are core theories or definitional extensions.

3.1.10

grammar
spe¢ification of how logical symbols and lexical terms can be combined to make well-formed
forrhulae

3.1.11
infdrmation
factp, concepts, or instructions

3.1.12
language
conjbination of a lexicon and a grammar

3.1.13
lexicon
set ¢f symbols and terms

NOTE The lexicon consists of logical symbols (such as Boolean connectives and quantifiers) and non-logical
sympols. For ISO 18629, the non logical part of the lexicon consists of expressions (constants, function sympols,
and felation symbols) chosen to represent the basic'\concepts of the ontology.

3.1.14

manufacturing
fungtion or act of converting ortransforming material from raw material or semi-finished state to a
stat¢ of further completion

[1SO 15531-1]

3.1.15

manufacturing process
struptured setoftactivities or operations performed upon material to convert it from the raw materigl or
a semifinished state to a state of further completion

NOTE~Manufacturing processes may be arranged in process layout, product layout, cellular layout or fixed
posifion layout. Manulacturing processes may be planned to support make-to-stock, make-to-order, assemble-to-
order, etc., based on strategic use and placements of inventories.

[1SO 15531-1]

3.1.16
model
combination of a set of elements and a truth assignment that satisfies all well-formed formulae in a
theory

4 © ISO 2004 — All rights reserved
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NOTE 1 The word "model" is used, in logic, in a way that differs from the way it is used in most scientific and
everyday contexts [7] : if a sentence is true in a certain interpretation, it is possible to say that the interpretation
is a model of the sentence. The kind of semantics presented here is often called model-theoretical semantics.

NOTE 2 A model is typically represented as a set with some additional structure (partial ordering, lattice, or
vector space). The model then defines meanings for the terminology and a notion of truth for sentences of the
language in terms of this model. Given a model, the underlying set of axioms of the mathematical structures used
in the set of axioms then becomes available as a basis for reasoning about the concepts intended by the terms of
the language and their logical relationships, so that the set of models constitutes the formal semantics of the

ontolagy

3.7

ontplogy

a lexicon of specialised terminology along with some specification of the meaningCof terms in| the
lexipon

NOTE 1: structured set of related terms given with a specification of the meaning, of the terms in a foymal
language. The specification of meaning explains why and how the terms are relatéd-and conditions how the set
is pdrtitioned and structured.

NOTE 2: The primary component of a process specification language such as ISO 18629 is an ontology |The
prinjitive concepts is the ontology according to ISO 18629 are adequate for describing basic manufactufing,
engineering, and business processes.

NOTE 3: The focus of an ontology is not only on terms, but also on their meaning. An arbitrary set of terms is
inclyided in the ontology, but these terms can only be shared if there is an agreement about their meaning.|It is
the intended semantics of the terms that is being shared, ngt'simply the terms.

NOTE 4: Any term used without an explicit definition is a possible source of ambiguity and confusion.|The

challenge for an ontology is that a framework is needed for making explicit the meaning of the terms with

For [the ISO 18629 ontology, it is necessary fo provide a rigorous mathematical characterisation of prd
infofmation as well as a precise expressign of the basic logical properties of that information in the ISO 1
language.

3.1.118

Outer Core

set pf core theories thatZare extensions of PSL-Core and that are so generic and pervasive in {
applicability that theyhave been put apart

NOTE In practice;extensions incorporate the axioms of the Outer Core.

3.1.119

primitive concept

n it.
cess
629

heir

lexical term that has no conservative definition

3.1.20
primitive lexicon
set of symbols in the non-logical lexicon which denote primitive concepts

NOTE Primitive lexicon is divided into constant, function and relation symbols.

©IS
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3.1.21

process

structured set of activities involving various enterprise entities, that is designed and organised for a
given purpose

NOTE The definition provided here is very close to that given in ISO 10303-49. Nevertheless ISO 15531 needs
the notion of structured set of activities, without any predefined reference to the time or steps. In addition, from
the point of view of flow management, some empty processes may be needed for a synchronisation purpose
although they are not actually doing anything (ghost task).

[1SQ 15531-1]

3.1.p2

progess planning
analysis and design of the sequences of processes, resources requirements, needed-to produce goods
and|services

NOTE This definition applies to discrete part manufacturing and continuous processes.

[1SO 15531-1]

3.1.p3
profuct
a thjng or substance produced by a natural or artificial process

[IS® 10303-1]

3.1.p4
profduct information
factp, concepts, or instructions about.a product

[1SO 10303-1]

3.1.p5
propf theory
set ¢f theories andylexical elements necessary for the interpretation of the semantics of the language

NOTE It comsists of three components: the PSL-Core, the Outer Core and the extensions.

3.1.26
PSIIJ_CUI T
set of axioms for the concepts of activity, activity-occurrence, time-point, and object

NOTE The motivation for PSL-Core is any two process-related applications shall share these axioms in
order to exchange process information, and hence is adequate for describing the fundamental concepts of
manufacturing processes. Consequently, this characterisation of basic processes makes few assumptions about
their nature beyond what is needed for describing those processes, and the PSL-Core is therefore rather weak in
terms of logical expressiveness. In particular, PSL-Core is not strong enough to provide definitions of the many
auxiliary notions that become necessary to describe all intuitions about manufacturing processes.

6 © ISO 2004 — All rights reserved
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27

resource
any device, tool and means, excepted raw material and final product components, at the disposal of the
enterprise to produce goods or services

NOTE 1 Resources as they are defined here include human resources considered as specific means with a given
capability and a given capacity. Those means are considered as being able to be involved in the manufacturing
process through assigned tasks. That does not include any modelling of an individual or common behaviour of
human resource excepted in their capability to perform a given task in the manufacturing process (e.g.:

tran
are
idle

nly considered, as the other, from the point of view of their functions, their capabilities and their status
busy). That excludes any modelling or representation of any aspect of individual or common)«so

behgviour.

NOTE 2 This definition includes ISO 10303-49 definition but is included in the definition that applies for
18629-14 and ISO 18629-44 that includes raw materials and consumables.

[1S

3.1.
sati
ase

3.1.
sch
act,

[1S

3.1.
stry
con

3.1.

) 15531-1]

D8
kfiable
t of sentences is satisfiable if there exists a model for the senténces

29
bduling
function or result of planning occurrences 0f manufacturing activities

D 15531-1]

30
cture
bination of a set of elements;a set of functions, and sets of tuples for each relation

31

theory

set

NOT
whi

3.1

f axioms and,.definitions that pertain to a given concept or set of concepts

[E this definition reflects the approach of artificial intelligence in which a theory is the set of assumptior]
h the nieaning of the related concept is based.

formation of raw material or component, provision of logistic services). That means that human restrces

e.g.:
tialy

ISO

S on

32

translation definition
a KIF sentence of the form (iff P Q) in which P is a term in the application's non-logical lexicon and Q
uses only terminology from extensions in the ISO 18629 standard

NOTE iff is a KIF reserved word.

©IS
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3.2. Abbreviations

BNF Backus-Naur Formalism

CEN Comité Européen de Normalisation (European Committee for Standardisation)
EDI  Electronic Data Interchange

ENY___European Pre-standard

IDKEF3 ICAM DEFinition language 3 Process description capture method
KIF  Knowledge Interchange Format

JTC 1 Joint Technical Committee between ISO and IEC

MANDATE MANufacturing management DATa Exchange

MMS Manufacturing Message Services

MRP Material Requirement Planning

MRP II Manufacturing Resources Planning

P-IIB Parts Library

PS Process Specification Language

STEP STandard for the Exchange of Product'model data
UML Unified Modelling Language

NOTE For further information, sge\[2]

XML EXtensible Mark-up' Language

4. |Overviewof ISO 18629

4.1. <ISO 18629 general

ISO 18629 specifies a language and ontology for the specification of processes, that is focused on, but
not limited to the realm of discrete processes related to manufacturing, including all processes in the
design and manufacturing life cycle. Business processes and manufacturing engineering processes are
included in this work both to as certain common aspects for process specification and to acknowledge
the current and future integration of business and engineering functions.

ISO 18629 addresses information dealing with manufacturing processes (see ISO 15531-1), and makes

use of product and component descriptions (See ISO 10303-1 and ISO 13584-1). Process information
as specified in ISO 18629 are expected to be also consistent with process management data

8 © ISO 2004 — All rights reserved
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(ISO 15531). This requires that all the parts of ISO 18629 to be consistent with the related parts of
ISO 15531.

The purpose of this standard is to create a process specification language, not a process
characterisation language. The process specification language is composed of a lexicon, an ontology,
and a grammar for process descriptions, as further described. A process specification language
provides names, definitions and axioms for processes independently of the behaviours and capabilities
of the processes. A process characterization language describes the set of possible behaviours and
capabilities for processes.

NOT
incly
diffq
defi

NO]
VOCY
stan
155
prod
€SO
S€CQ

NOT
sem
axio
proy

The

EXA4

The

[E 1 A process specification language is a language needed to specify a process or a flow of-proce
1ding supporting parameters and settings. This may be done for prescriptive or descriptive purposes. T}
rent from a process characterisation language (also called process modelling language),"which ca
hed as a language describing the behaviours and capabilities of a process

[E 2 PSL is a language for specifying manufacturing processes based on a mathematically well def
bulary and grammar. As such, it is different from the schemas and product representations provided it
Hards ISO 10303, ISO 13584 and ISO 15926, it is also different from the representation provided by
1, but strongly related to it and complementary . In the context of an exchange of information between
esses, PSL specifies each process independently of its behaviour. Eor{éxample, an object viewed
nd process.

[E 3 PSL is based on first order logic; as such, it followssignificantly different methods for specif
hntics than those used in ISO 10303. The meaning of the ¢oncepts defined within PSL follows from se
ms and definitions provided within each extension of PSI-Core. A set of supporting notes and example

ided within each part to aid the understanding of the language.

following are within the scope of ISO 18629:

the specification of process informadtion related to discrete manufacturing processes;
AMPLE : activity decomposition,tprocess flow, duration

the exchange and sharing of process information within one industrial sector or through sey
industrial sectors.

following are oufside the scope of ISO 18629:
language, architecture and methodologies for the specification of an enterprise as a whole;

specification and exchange of product information;
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technical maintenance information.

EXAMPLE technical information included in devices repair, operation and maintenance manuals.
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4.2. The Process Specification Language (PSL) fundamental principles

The primary component of PSL is its terminology for classes of processes and relations for processes
and resources, along with definitions of these classes and relations. Such a lexicon of terminology
along with some specification of the meaning of terms in the lexicon constitutes what is known as an
ontology. Within the ISO 18629 standard, the ontology is the PSL ontology for processes.

NOTE 1 for further information, see [6]

NOTE 2 See note 3 of clause 3.3.13. The challenge is that some framework is needed for making explidit in
defipitions the meaning of the terminology for ontologies . All intuitions that are implicit are a possible-sour¢e of
ambliguity and confusion.

ISQ 18629 provides a rigorous mathematical characterisation of process information as well gs a
predise expression of the basic logical properties of that information in the PSL language. In provigling
the pntology, three notions are specified :

— |language;
— |specification of models;

— |proof theory (axioms and definitions)

A lgnguage is a lexicon (a set of symbols) and a grammar(a specification of how these symbols cap be
conjbined to make well-formed formulae). The lexicon consists of logical symbols (such as
conhectives, variables, and quantifiers) and non logical symbols. For PSL, the non logical part of the
lexifon consists of expressions (constants, function’symbols, and predicates) that refer to everything
neegled to describe processes.

The| underlying language used for PSL is-KIF (Knowledge Interchange Format).

NOTE 3 KIF is a formal language based on first-order logic developed for the exchange of knowledge among
diffgrent computer programs with~disparate representations. KIF (see Annex A) provides the level of figor
necgssary to define concepts(iir”the ontology unambiguously, a necessary characteristic to exchinge
manufacturing process inforpration using the PSL Ontology.

The]| specification of models of PSL provides a rigorous mathematical characterisation of the semantics
of the terminology, of’PSL.

NOTE 4 A model-theoretic semantics has two parts :

— | first, there is a representation of the events, properties and relations that make up the situation Heing
modelled. The model provides a description of the denotations of all the basic expressions in the object
language. This retlects the fact that human beings make statements 1n order to convey mformation about
some state-of-affairs. Although it is possible to know the meaning of a sentence without knowing what
specific situation is being talked about (by knowing its truth-conditions), the sentence conveys no
information unless it is associated with particular individuals and the relations that hold between them ;

— the second part of the model provides the rules for interpreting expressions in the object language with
respect to any arbitrary domain. In other words, the interpretation provides a specification of the truth-
conditions of the sentences in the object language. The truth-conditions as specified by the interpretation
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hold independently of particular models, but the interpretation of particular sentences may be carried out

only with respect to some model or other.

NOTE 5 In a correspondence theory of truth, a statement in some language (whether a natural language learnt
and spoken by human beings or an artificial language devised for specific purposes) is true if and only if it
corresponds to some state-of-affairs.

The proof theory of PSL provides a set of axioms (sentences in first-order logic) for the interpretation
of concepts in the ontology There are two types of sentences in this set: core theories and definitions.
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hitive concepts of the ontology, together with some set of axioms. The intended interpretatiof
hitive concepts are specified using the axioms in the core theories.

[E 6 This approach to primitive concepts follows the methodology of mathematical logic:

other terms in the ontology outside the lexicon of the core theories are given-definitions using
bf primitive concepts with axioms in the core theories. The set of models-for'defined concepty

he core theories characterise the semantics of the definitions.

oal of ISO 18629 is to facilitate application interopetability by means of the developmen
slators between the native formats of those applicatienis' and ISO 18629. To support this goal, ¢

dard will include the following:

.1. Non-logical Lexicon

ified using the models of the core theories. The classes of models thathave already been spect

of the standard will be composed of one or more,extensions to PSL-Core. For each extension

non-logical lexicon

specification of models

set of axioms

theorems for the verifieation of extension

grammar for process descriptions that use the terminology of the non-logical lexicon.

the
s of

the
are
fied

t of
ach
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and

are either constant, functlon or relatlon symbols in KIF.

ard

Each extension specifies a unique non-logical lexicon. Any term in the standard shall belong to the

non-

logical lexicon of a unique extension.
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4.3.2. Specification of Models

The specification of model for ISO 18629 provides a rigorous abstract mathematical characterisation
of the semantics of the terminology of ISO 18629. This characterisation defines the meanings of terms
with respect to some mathematical structures together with a notion of truth with respect to those
structures for sentences of the language.

4.3.3. Axioms of the extensions

Thel axioms of ISO 18629 is the set of KIF sentences that constrain the interpretation. of| the
ternmiinology in the non-logical lexicon of ISO 18629.

Thel axioms of ISO 18629 are organised into PSL-Core and a partially ordered setyof extensiorls to
PSIf-Core. An ISO 18629 extension provides the logical expressiveness to ¢xpress informgtion
invglving concepts that are not explicitly specified in PSL-Core.

All [extensions within ISO 18629 shall be consistent extensions of PSL-Core, and may be consigtent
extdnsions of other ISO 18629 extensions. However, not all extensions within ISO 18629 need be
mutually consistent.

EXAMPLE There may be an extension turning into axioms a discrete timeline and another extension tugning
into|axioms a dense timeline; although these are mutually inconsistent, they are both individually consistent with
PSI}-Core.

4.3l4. Grammar for process descriptions

The{underlying grammar used for ISO 18629-is that of KIF (Knowledge Interchange Format).

NOTE KIF is a formal language based on first-order logic developed for the exchange of knowledge among
diffgrent computer programs with disparate representations. KIF provides the level of rigour necessary to
unainbiguously define concepts in(the*ontology.

Progess descriptions shall bé sentences in KIF that use the non-logical lexicon of ISO 18629. In
particular, process desctiptions shall be restricted to sentences that are satisfied by elements in a mpdel
of the axioms of ISO.\18629. Process descriptions are not arbitrary sentences.

EXAMPLE the'process descriptions for deterministic activities will not contain disjunctive sentences over [sub-
actiyity occurcences.

Each &xtension shall have an associated BNF grammar for process descriptions, which extends the
BNE grammar associated with PST -Core

4.3.5. Format for extensions

All extensions within ISO 18629 will have the following header information:

— Extension name: Core theory names shall have a suffix of the form .th, and definitional extension
names shall have a suffix of the form .def;
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— Primitive lexicon;

— Defined lexicon;

— Core theories required by the extension: This is a list of PSL-Core theories, each of which is an
extension of PSL-Core. The given extension is an extension of the set of axioms which is the

union of all theories in the list, together with the axioms in the extension;

— Definitional extensions required by the extension: This is a list of definitional extensions, each of
which is an extension of PSL-Core.

The| content of any ISO 18629 extension is a set of KIF sentences. For core theories, there|is a s¢t of
arbitrary KIF sentences for the primitive lexicon of the set of axioms. For definitional extensions|and
termps in the defined lexicon of a Core theory, each term shall have a conservative definition | In
addjtion, each KIF sentence shall have corresponding text in English that summarises the |key
intuiitions captured by the sentence.

4.4. Organisation of the ISO 18629 Standard
Thel components of ISO 18629 are grouped into the following pafs;
a) Part 1: Overview and basic principles

There are two types of extensions within ISO 18629 core theories and definitional extensions.
b) Hart 1x series: Core theories

The| current contents of these series of partsladdresses:

— |Part 11: PSL-Core;

— | Part 12: Outer Core;

— |Part 13: Time and ordering theories;

— | Part 14: Resoutce theories;

— | Part 15; Agtivity performance theories.

Any new core theory shall be included in the Part 1x series.

¢) Part 2x series: External mappings.
The current expected content of this series of part includes:
— Part 21: EXPRESS;

— Part 22: XML;
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— Part 23: UML.

This set of mappings may evolve according to industry needs and technology changes.

d) Part 4x series: Definitional extensions

In addition to the core theories, ISO 18629 provides a series of definitional extensions that shall be

used to capture the semantics of process terminology in different applications. All definitions in these
extensions use the terminology of the core theories. The series currently includes:

=+

— | Part 41: Activities;

— | Part 42: Time and state;

— | Part 43: Ordering;

— | Part 44: Resource roles;

— |Part 45: Kinds of resource sets;
— | Part 46: Processor activities;
— | Part 47: Process intent.
Additional extensions are to be developed later aceording to industry needs by any standardisqtion
conjmittee. Any new extension that is a definitional extension of PSL-Core shall be included in the
Parf 4x series.

e)Pqrt 2xx series: Translator Implementation Guidelines

Parts of this series shall be developed according to industry needs and technology changes.

NOTE The numbering system/forthe parts of this standard has been made consistent with the system adgpted
for the other standards developed within ISO TC184/SC4.

4.5. ISO 18629-1x series Core theories

4.5.1. 1SO'18629-11 PSL-Core

Thel PSI -Core is based upon a prm‘iqe mathematical first-order theory that is a formal Innglmc e, a
precise mathematical semantics for the language, and a set of axioms that express the semantics in the
language.

The basic elements of the language are four primitive classes, two primitive functions, and seven
primitive relations of the ontology of the PSL-Core.

The primitive classes are activity, activity occurrence , timepoint, and object.
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The two functions are beginof and endof.

The seven relations are before, occurrence of, between, before-eq, between-eq, is-occurring-at,
participates-in, exist-at.

4.5.2. 1SO 18629-12 Outer Core

This set of extensions of PSL-Core is used in defining those extensions that shall be used in practice
for gy . AT o= oms in
18629-12 augment PSL-core but they are not expressive enough to specify the complexVi
d in practice. The extensions in ISO 18629-12 are more generic and pervasive in their
applicability than the rest of the extensions except PSL-Core in ISO 18629. The extengiofs in [[SO
186P9-12 are less generic than the PSL-core.

NOTE 1: The main difference is that PSL-Outer Core requires PSL-Core for its specifications whereas PSL-
Cor¢ does not require any other set of axioms for its specifications.

NOTE 2 : the extensions of outer-core address discrete manufacturing proceSses whereas another sgt of
extepsions to PSL-core may be built to support continuous manufacturing processes.

These extensions are:

— | Occurrence Trees;

— | Discrete States;

— | Subactivity;

— | Atomic Activity;

— | Complex Activity;
— | Activity Occurrences.
Thel Occurrence Treelextension introduces a tree structure over the set of possible activity occurrerices;
brariches in the tre¢\correspond to different sequences of primitive activity occurrences.
Thel DiscretetState extension specifies the basic concepts for states and their relationships to actfvity

occlirrencees. In particular, all discrete states are changed by activity occurrences, but they do|not
chapge’during an activity occurrence.

The Subactivity extension describes how activities can be aggregated and decomposed.
The Atomic Activity extension introduces the class of concurrent activities.

The Complex Activity extension specifies the relationship between occurrences of the subactivities of
an activity and occurrences of the activity itself.
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The Activity Occurrence extension defines relations that allow the description of how activity-
occurrences relate to one another with respect to the time at which they start and end.

These extensions, together with PSL-Core, provide much of the infrastructure for specifying the
definitions of terminology within ISO 18629. Every extension within the current version of ISO 18629
is an extension of one or more of these theories.

The following sets of theories define other extensions of the Outer Core, required by some, though not
all, definitional extensions within ISO 18629.

4.5.3. ISO 18628-13 Time and ordering theories

Thel extensions related to time and ordering theories are:
— | Duration;

— | Subactivity occurrence ordering.

The| duration extension introduces the concept of duration as & relationship among timepoint. |This
allofvs the introduction of quantitative concepts related to.time, as well as providing the basig for
defining the duration of activities, activity occurrences, and objects. This duration extension is| the
spe¢ification that is directly supported by the model ef. duration (also called interval of time in [[SO
155B1-42) defined by the time model of ISO 15831. ISO 15531-42 clause 3.1.10 provides| the
defxition of duration while ISO 15531-42 clause §¢5.1 provides its EXPRESS model (See ISO 10303-
11 flor EXPRESS specifications).

NOTE intuitively, duration are the "differenée™ between two timepoint in the timeline (see the NOTE of clause
3.1.9 of ISO 15531-42).

The| subactivity occurrence ordering extension specifies the relations required to represent varfious
kinds of partially ordered sets of-activities. This includes sequences, parallelism, AND splits/junctions,
and|OR splits/junctions.

4.5.4. 1SO 18629-14 Resource theories

The| extensions related to resource theories are:

— |Resource requirements;

— Resource sets.

The resource requirements extension turn into axioms the concept of resource as any object which is
required by an activity. That includes the resources as they are defined in ISO 15531-1 (See
ISO 15531-clauses 3.6.43 and 4.3) and modelled in ISO 15531-31 and ISO 15531-32 as well as other
means at the disposal of the enterprise to achieve its goals.
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In particular, resources are defined with respect to the possible interactions among activities, whereas
ISO 15531 resources management data model is independent of any kind of activity, assuming that the
relations between resources and activities are set up thru the application software or thru the process
specification using PSL (See ISO 15531-31 and ISO 15531-32 and especially ISO 15531-31 annex D).

The resource set extension turn into axioms the concept of a set of resources which as a whole also
satisfy the axioms for resources. Different kinds of resource sets are defined in Part 44, and they
include such concepts as resource pools (sets of machines) and buffers (sets of inventory resources).

4.5.5. ISO 18629-15 Activity performance theories

The| extension related to activity performance theories is:

— | Activity performance.

The| Activity performance extension turn into axioms the relationship that-holds between an activity
and|the actor (such as a human or machine) who performs the activity.

4.6. ISO 18629-2x series External mappings
In g4ddition to specifying the grammar for process descriptions, ISO 18629 also specifies mappings
between this grammar and languages used by other mamifacturing standards. In particular, there ghall
be mappings between the grammar of ISO 18629 and”"EXPRESS as specified in ISO 10303-11, to
facilitate interoperability with applications using IS© 10303, as well as mappings to XML and UM|L.

These other languages are used as alternative’ways of representing particular process descriptions,
rather than in the specification of the semantics of the terminology of ISO 18629.

4.7. ISO 18629-4x series-Definitional Extensions

4.7.1. 1SO 18629-41; Activities

The| extensions im) this part are defined with respect to the Outer Core extensions (Part 12). They
include:

— | Nonsdeterministic activities.

Thel_ngn-deterministicactivities extension defines different kinds of activities with respect to
constraints on the occurrence of subactivities. An activity is deterministic if all subactivities occur,
although they may occur in different orderings, whereas an activity is non-deterministic if not every
subactivity occurs when the activity itself occurs.
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4.7.2. 1SO 18629-42: Time and State

The extensions in this part are defined with respect to the Part 12 Outer Core and the Part 13 Time and
ordering theories. They include:

— Activity and occurrence duration;

— Interval activities;

— | State constraints.

The| activity and occurrence duration extension defines the concept of duration for activities [and
actiyity occurrences.

Thel interval activities extension considers kinds of activities that can be defined using the relations in
the [state constraints extension. In particular, it considers activities that have the property of bging
intefruptible or non-interruptible.
The state constraints extension defines relations between states/and activity occurrences. These

inclpde concepts such as preconditions and effects, as well as the notions of an activity achieving or
fals|fying various states.

4.7.3. 1SO 18629-43: Ordering

The| extensions in this part are defined with respect 'to the Part 12 Outer Core and the Part 13 Time|and
ord¢ring theories. They include:

— | Complex sequence ordering relations;
— | Ordering relations over activitics;

— | Temporal ordering consttaints.

The| complex sequence~ordering relations extension is restricted to non-deterministic activitiep. It
supports the specification of activities in which there is branching and conditional occurrence of fub-

actiyities.

The| orderifig® relations over activities extension is restricted to deterministic activities. It specjfies
different kinds of activities in which there is a partial ordering over sub-activity occurrences.

The temporal ordering constraints extension specifies relations among the occurrences of activities
with respect to the times at which they occur. These relations are particularly used within scheduling
applications.
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4.7.4. 1SO 18629-44 Resource roles

The extensions in this part are defined with respect to the Part 12 Outer Core and the Part 14 Resource
theories. They include:

Capacity-based concurrency;

Resource divisibility;

The
con
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Resource role;
Resource usage.

capacity-based concurrency extension defines different kinds of activities and/resources u
Currency constraints.

mulliple activities.
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resource roles extension defines various roles that resourcesplay with respect to activities; t
nde reusable, consumable, and renewable.

resource usage extension characterises constraints;on resources over the intervals in w
vities occur. That is also strongly related to resources usage management data as specifie

15531-1 (See clauses 3.6.43 and 4.3) and modelled in ISO 15531-31 and ISO 15531-32 with
fiction pointed out in clause 4.5.4 of this docunient.

.5. ISO 18629-45 Kinds of resource sets

extensions in this part are defined with respect to the Part 12 Outer Core and the Part 14 Reso
ries. They include:

Homogeneous resource’sets;
Inventory resource sets;
Resource pools;

ReSource set-based activities;

King

resource divisibility extension considers the different ways in which@esources can be shared by

NCSC
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Substitutable resources.

The primary purpose of these extensions is the set of axioms for discrete capacity resources for which
the discreteness of the resource arises from the fact that it is actually composed of a set of resources,

and

©IS

any activity requires or provides some subset of resources in this set.

Homogeneous sets define different kinds of substitutable resources.
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— Inventory resource sets are related to buffers.
— Resource pools are equivalent to discrete capacity resources.
— Resource set-based activities define kinds of activities which use resource sets.

— Substitutable resources make the distinction between sets of arbitrary resources and sets of
resources that can be substituted for others in an activity.

4.7.6. 1SO 18629-46 Processor Activities

The| extensions in this part consider a particular kind of activities that are defined with/respect tq the
roles of the resources required by the activities. This includes:

— |Processor actions;

— |Resource paths.

Progessor actions are actions that use some set of resources, consume some set of material resouices,
and[produce or modify some other set of material resources;

Respurce paths are partially ordered sets of processor agtions in which the output material resourde of
one|processor action is the input material of the next processor action.

4.77.77. 1SO 18629-47 Process intent

Thi$ number has been reserved for the development of appropriate extensions.

4.8. ISO 18629-2xx(series Translator implementation guidelines
Thel guidelines in the\200 series of ISO 18629 identify the different extensions within the ontology|that
are hecessary for{developing translators among applications in different manufacturing domains.

EXAMPLE; \ “process modelling, process planning, production planning, project management, schedufing,
simylationyprocess execution.

5. Conformance testing methodology and framework

5.1. Conformance of Applications with ISO 18629

A manufacturing process application is conformant to ISO 18629 if and only if the following
conditions hold:
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The non-logical lexicon of the manufacturing process application is specified;

NOTE 1 This is the set of terms used by the application that refer either to elements in the domain or relations
among these elements.

There exists a BNF grammar for the process descriptions of the application;

— There exists an implemented bi-directional syntactic translator between ISO 18629 process

descriptions and the application process descriptions;

NO/
with

NOJT
sam

5.2

5.2

An
186

ternmpinology in the non-logical lexicon of those extensions in ISO 18629.

The
PSL

5.2

An

with a subset of extensions in ISO 18629 if it is consistent with the axioms in those extensions.

EX4

There exist translation definitions for each term in the application's non-logical lexicon,-and t
definitions are consistent with the axioms of PSL-Core and a subset of the set of exfension
ISO 18629;

PSL-Core.

b set of ISO 18629 extensions.

. Conformance of Ontologies with ISO 18629

.1. Conformance of user-defined extensions

extension consisting of a user-specific set of ¢encepts that are used in conjunction with the
P9 standard shall be conformant with a subset of extensions in ISO 18629 if it uses only]

axioms in any extension that introduces new primitives shall be consistent with the axiom
-Core.

.2. Conformance of éxternal ontologies

external ontologycthat includes its own set of axioms of process-related terminology is conforn]

AMPLE The'axioms in any external ontology of time shall be consistent with the axioms of PSL-Core.

5.3 ~ “Conformance of future extensions

hese
s in

[E 2: An application need not be conformant with all extensions of ISO 18629, but.it'shall be conformant

['E 3: From the point of view of ISO 18629 two applications can interoperate, ifthey are conformant with the

[SO
the

s of

hant

This clause specifies the conditions that shall be satisfied by any future extensions to the ontology of
ISO 18629.

5.3

.1. Specification of Models

For each extension, there shall be a technical document that includes a specification of the models of
the axioms within the extension. This specification shall contain the following:
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— definition of a set of mathematical structures, including the underlying set of elements, the
functions and relations on this set of elements, and any distinguished elements of the set;

— for each constant, function and relation symbol in the lexicon, a specification of which
substructures are isomorphic to the extension of the constant, function, or relation that is denoted
by the symbol;

— a classification of the structures up to isomorphism, and a proof that shows this classification is
correct with respect to the definition of the class of structures

5.3[.2. Verification of the extensions

Thig is a demonstration that the extensions are correct with respect to the specifications of models in
the fechnical document precribed by clause 5.3.1.

For|each extension of ISO 18629, the accompanying technical document shall contain proofs of the
follpwing two theorems:

— |every structure in the set of structures associated with the extension is a model of the axionis in
the extension;

— |every model of the axioms in the extension is isomorphi¢\to some structure in the set of structures
associated with the extension.
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Annex A
(normative)

ASN.1 Identifier of ISO 18629-1

To provide for unambiguous identification of an information object in an open system, the
object identifier

is a
desq(

iso standard 18629 part 1 version 1

isigned to this part of ISO 18629. The meaning of this value is defined in ISO/IEC 8824-1 ar
ribed in ISO 18628-1.
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Annex B
(informative)

Background to the development of ISO 18629

ISO 18629 is one outcome of the PSL project at the National Institute of Standards and Technology.
The approach in developing the language involved five phases: requirements gathering, existing

prog
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reptiesentations were identified as candidates for analysis by the development team and analysed
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ess representation analysis, language creation, pilot 1mplementation and validation,
equirements for specifying manufacturing processes [11]. In the second phase, twenty¢six’pro

ect to the phase one requirements [8]. Nearly all of the representations studied-focused on|
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Annex C
(informative)

The Need for Semantics

Existing approaches to process modelling lack an adequate specification of the semantics of the
process terminology, which leads to inconsistent interpretations and uses of information. Analysis is
hindered because models tend to be unique to their applications and are rarely reused. Obstacles to
intefoperability arise from the fact that the systems that support the functions in many enterprises,ywere
credted independently, and do not share the same semantics for the terminology of their\progess
models.

Thel ideal case that we are striving for is guaranteed complete semantic integration:) This means [that
softfvare applications can automatically exchange information among themselves;and we can proyide
guarantees that the applications completely share their semantics.

For|software applications to be semantically integrated, it is required that/all of the terms that|one
application uses have the same meaning as terms used by the othersystem. From the receiying
application’s perspective, the actual meaning of the terms is exactly‘what is specified by the axioms in
the pending application’s ontology. It cannot know what was in‘the/mind of the human who designed
the ppplication’s ontology. For successful semantic integration.to take place, this actual meaning |of a
termp has to be the same as the meaning that was interided by the designer of the applicatipn’s
ontglogy. For convenience instead of the cumbersome phtase: ‘the meaning that was intended by the
designer of the application’s ontology’, we will simply say ‘the intended semantics of the applicatipn’s
ontglogy’. Thus, to achieve complete semantic integration, we need to enable the automated exchgnge
of Information between software applications~int such a way that the intended semantics of| the
applications’ ontologies are preserved by thewéceiving application.

Thel key idea is that we must somehow guarantee that the intended semantics of an ontology i the
samle as the actual semantics of the. ontology. The actual semantics is defined by the axioms of the
ontglogy in conjunction with the.semantics of the ontology representation language. We must
therefore explore the ramifications of explicit formally specified semantics and the requirements |that
this|approach imposes on both/the ontology designer as well as the application designer. We negd to
chafacterize the relationship between the intended semantics of an application’s terminology and the
actyal semantics of theapplication’s ontology that must hold to support complete semantic integration.

Tw¢ software applications can be completely integrated only if they share the semantics of| the
ternpinology. Omne approach to identify semantics is to examine the behavior of the application. [The
behavior ofithe application is completely dependent on the inferences it makes, which in tumn is
conjpletely~dependent on the semantics of its axioms. In effect, an application’s behavior is
conptfained by the semantics of its ontology, because any inferences made by the application must
conform to IN¢ semantics of its internal knowledge together with any information acquired by the
application from the environment or other applications. If an application does not do the right thing, or
retrieve the right information, or make correct inferences, then it does not share its semantics with
other application.

In this operational characterization of semantics, we must make the link between inference and the
semantics of the application’s ontology. An application’s behavior can be characterized by the
inferences that it makes, that is, the sentences that can be deduced from its knowledge or the sentences
that are consistent with its knowledge.
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We now will make the idea of complete semantic integration more precise. Most often, the languages
for formal ontologies are closely related to mathematical logic, in which the semantics are based on
the notion of an interpretation. An interpretation consists of three parts:

— aset of elements (known as the domain or universe of discourse);

— a meaning function that associates symbols in the language with individual elements and sets of
elements in the domain (intuitively this specifies what the symbols mean);

— |a truth function that associates truth values with sentences in the language.

NOTE For an excellent introduction to logic see [1].

If a|sentence is true in the interpretation, we say that the sentence is satisfied by-the interpretatiop. If
every axiom in the ontology is satisfied by the interpretation then the interpretation is a called a mpdel
of the ontology. With a formal ontology, the application’s knowledge is specified as a theory, so that a
sen]ence is consistent if there exists a model of the theory that satisfies’ the sentence and that a
senfence can be deduced if it is satisfied by all models of the theonyy*Therefore, the applicatipn’s
behgvior (and hence the semantics of the application’s terminoldgy) can be characterized by [this
impllicit set of models, which we will call the set of intended models:

Given this framework, we can say that two applications ¢Ompletely share semantics if their sefs of
intended models are equivalent. However, applications.cdnhot exchange the models themselves — they
canfonly exchange sentences in the formal language, that they use to represent their knowledge.| We
mugt be able to guarantee that the inferences. made with sentences exchanged in this way| are
equjvalent to the inferences made with respect to-the application’s intended models — given some ifiput
the ppplication uses these intended models toxdnfer the correct output.

We|can use this characterization to evaluate the adequacy of the application’s ontology with respe¢t to
thege intended models. We will say that an ontology is verified if and only if the set of models of the
axigms of the ontology is equal ¢o\the set of intended models for the application’s terminology. [[n a
language such as first-order logic) this is equivalent to saying that every sentence that is provable from
the jJaxioms of the ontology ‘is’ also an inference that the application makes, and conversely, eyery
inference that the applicatien makes is provable from the axioms of the ontology.

These properties .6f )an ontology allow us to make the claim that any inferences drawn by| the
application using'the ontology are faithful to the application’s semantics. If an ontology is not verified,
ther} it is possible to find sentences that the application infers based on its intended models, but which
are hot provable from the axioms of the ontology. For example, automated inference cannot be usdd to
detgrminefthat two applications can in fact be completely semantically integrated. In the next section,
we [will consider in some detail the challenges that must be addressed in achieving semdntic
integration with unverified ontologies.

There are several analogies that we can use to illustrate the relationship between the ontology, the
intended models, and the domain in which the application is operating. Physicists use various classes
of differential equations to model different phenomena. However, they do not use ordinary linear
differential equations to model heat diffusion, and they do not use second-order partial differential
equations to model the kinematics of springs. If physicists wish to model some phenomena using a
class of differential equations, they can use the equations to predict behaviour of the physical system,;
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if the predictions are falsified by observations, then we have an inappropriate set of equations.
Similarly, in our case, we can use some class of intended models to predict the inferences that an
application makes; if there is no physical scenario in the domain that corresponds to these inferences,
then we intuitively have an inappropriate set of intended models.

Another analogy is with software engineering. The ontology corresponds to the program and the set of
intended models intuitively corresponds to the requirements specification for the program. Verification
of the program consists in demonstrating that the output of the program satisfies all of the
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only when the intended models of both applications’ ontologies are-te same.

Vetjified Ontology — A verified ontology is one that has the following property: what actuall
represented in the ontology is exactly what the ontology designer intended to represent. Form:

this

Verffied ontologies are required to guarantee complete semantic integration.

The

the

jirements in the specification; a verified program is then analogous to a verified ontology
'se, it may be the case that the requirements specification does not reflect all of the condit
pssary for some domain; analogously, the set of intended models for an ontology may-no|
Fopriate for some domain of application, but in such a case, one may argue that the ontology i
bt appropriate.

immary, we have defined the following important concepts:

ications completely understand each other. Formally, complete semantic integration can o

means that the actual models of an ontology are exagtly the same as the intended models.

broblem of requiring that applications share the semantics of their ontologies.

Oof
ions
t be
tself

can
the
Ccur

y is
hily,

upshot of this is that we have in effect, reduced the problem of complete semantic integration, to
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Annex D
(informative)

Interoperability

the problem of generating such mappings, determining that they are correct, and providinga velicle
for gxecuting the mappings, thus translating terms from one ontology into another.

Welare considering the applications to be operating in an open environment. For siplicity, we [will
congider just two applications (Alice and Bob). They are attempting to communigate with each other,
but have never interacted before. This is a different and more general case than a'more closed scerario
in which a fixed group of partners (such as a consortium or divisions within:an enterprise) attempfs to
estaplish interoperability among their software, a priori.

Thefre are a variety of architectures that may be used to achieve semiantic integration. The differences
depgnd on the origins of the semantic mappings, whether there i§/a mediating ontology, and the depree
of ggreement that exists among the anticipated communityof interacting applications. Diffdrent
arcllitectures can be distinguished and compared to one “another by considering the folloying
queptions:

1. Who is generating and testing the semanticZinapping?
a. application designer
b. ontology designer, applications’are reusing them
c. applications themselves, dynamically at application-interaction time
2. When are the mappings created that make the link between one application’s ontology and the
other one’s ontology.
a. Mappings are pre-defined; the applications execute them to achieve transldtion
between theirontologies.
b. Mappings—do not exist a priori, they are dynamically generated and executed to
achieve(dranslation;
3. What is the topology of the architecture?
a. Mapping is done point-to-point between the applications;
b. {Mapping is mediated by a third ontology (or set of ontologies).
4. What.is the degree of agreement between the applications?
a. Single agreed ontologies within a community, possible merged from existing ones
b. Alignment — could be loose or strong.
¢ No a priori agreement

In the case of manual mapping, the human application designers must specify the semantic mappings
between Alice’s and Bob’s ontologies prior to their interaction; Alice and Bob themselves do not
generate the mapping. Further, these mappings are generated point-to-point between the applications.
There is no a priori agreement about semantics between the applications.

In the Interlingua architecture, Alice’s designer specifies the semantic mapping between Alice’s
ontology and a standard interchange ontology, and Bob’s designer specifies the semantic mapping
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between Bob’s ontology and the same interchange ontology. When Alice and Bob first interact, they
use these previously specified mappings to automatically generate the semantic mappings between
each other’s ontologies. In this case, the interlingua ontology mediates the mapping between the
application ontologies. The applications that wish to participate in this architecture, must agree a
priori to use the interlingua ontology.

The interlingua architecture is a generalization of the Manual Mapping architecture. Its distinguishing
feature is the existence of a mediating ontology that is independent of the applications’ ontologies, and

whi

ch is used as a neutral interchange ontology [3]. The semantic mappings between application
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rlingua ontology are manually generated and verified prior to application interaction time,]|
process of creating the mapping between the application ontology and the interlingua ontelog
tical to the process of creating a mapping directly between two application ontologies,, whig

prated with the interlingua ontology.

ications and the creation and maintenance of mappings becomes unmanageable. For example
r need to specify one mapping for each application ontology, whercas the manual map
itecture requires a mapping for each pair of application ontologies. The existence of the

matic generation of the point-to-point mapping betweencthe applications’ ontologies. If
ication’s ontology changes, then only one mapping need\be affected, rather than one for §
ication. New applications can subscribe to the community of applications using this interlix
cly by creating a mapping to and from the interlingua:®With no changes to their own mappingg
r applications now can translate between their ontology, and the new application’s ontology.
not possible in the manual mapping case becatse every point to point mapping has to be
ified.

rlingua ontologies. In the interlinguasapproach, there are two steps in translation: the executio]
mapping from the application ontology to the interlingua, and from the interlingua to the g
ication’s ontology. The translation can be accomplished by applying deduction to the axiom
interlingua ontology and-the’ formal mapping rules. If these rules have already been verifie
erve semantics between-the application and interlingua ontologies, we are guaranteed
slation between the applications also preserves semantics. In effect, a direct mapping rule from|
ications ontology torthe other applications ontology is inferred from the two separate rules. If
translation efficiency is important, then the point to point mapping rules could be cache
icit rules; othérwise they need only be implicit. When they are implicit, then the otherwise dis
esses of Creating and executing a mapping is conflated — it happens at the same time, rather

poiTt and interlingua approaches.
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