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Foreword

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 1SO
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
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
sk of technical committees is to prepare International Standards. Draft Interriational Stand
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1 was prepared by the European Committee for Standardization (CEN) Technical Comm
SO/TC 184, Automation systems and integration, Subcommittee SC 5, Interoperability, integrg
ctures for enterprise systems and automation applications, in accordance with the Agreemen
operation between ISO and CEN (Vienna Agreement). This part of ISO 11354 is based on
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The ability of an enterprise to interoperate with others is not only a recognized quality and advantage for
gaining competitiveness in today’s market, but is becoming a question of survival for many companies,
especially for small or medium size enterprises (SMESs). Enterprises require more interoperations during the
entire life cycle of a product to reduce cost and shorten delays. Increased interoperations enable an enterprise

to
ente
lead

Entgrprise interoperability as an engineering discipline is not yet well defined; interoperability is s
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barfiers, namely: conceptual, technological and organizational. Intergperability barriers need to be

ins

order to facilitate interoperability in design and implementation.forindustry.
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TOPOSE NEW Products for the market i a Network of organizatons. mMany Stakenolders
rprise interoperability is an area in which research can lead to outstanding results in terms of
ing to economic growth and employment (see Reference [16]).

cept that has many definitions and connotations in different sectors and ‘domains. Th
munication difficulties and misunderstandings. Consequently, it is essential -to define the
operability as relevant to enterprise interoperation.

prprise systems fail to interoperate because of barriers of various categories. Interoperability
efore an important concept, and this part of 1SO 11354 identifies.three categories of inte

andard ways and existing interoperability knowledge and solutions need to be related to thes

operability failure and solutions to overcome theprcan be identified and developed for ar
rprise. Therefore, 1SO 11354 considers enterprise interoperability to be an engineering
brating it from other business-related issues._dnteroperability is seen as a necessary suppo
ness collaboration, but interoperability is notthe business collaboration itself.
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11354 considers interoperability as a generic concept, and it is assumed that common problems of

y particular
discipline,
t to enable
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Scope

purpose of this part of 1ISO 11354 is to specify a Framework for Enterprise Interoperabilit
blishes dimensions and viewpoints to address interoperability barriers, their potential solutig
11354 applies to manufacturing enterprises, but can also apply’to other kinds of enterprises. If

munication technology for manufacturing enterprise process interoperability. It focuses on
Ficted to, enterprise (manufacturing or service) intergpgrability.

part of ISO 11354 specifies the following:

viewpoints for addressing stakeholder .concerns for the exchange of entities (information
physical objects) at the operational levels of enterprises at which interoperability is required,;

a framework for structuring these.stakeholder concerns (business, process, service, data),
relating to enterprise interoperability (conceptual, technological, organizational) and the ap
overcome barriers (integrated, unified, federated), with contents identifying the various kinds
available to enable intergperability.

part of 1ISO 11354Cdoes not specify the specific mechanisms for the exchange of entities
cts or physical olijects), nor the manner in which interoperability solutions are implemented.

be annexes.provide additional information. Annex A describes how existing interoperability
be related\to the concepts of this framework. Annex B shows examples of using the FEI to

theFEl can be used in an interoperability engineering project.
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the barriers
broaches to
of solutions

information

frameworks
dentify and

gorize«nteroperability barriers, knowledge and solutions. Annex C provides a methodological guideline on

Terms and definitions

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

enterprise interoperability
ability of enterprises and entities within those enterprises to communicate and interact effectively

NOTE

Interoperability is considered as significant if the interactions can take place in at least one of the

interoperability concerns: data, service, process and business.

© 1SO 2011 — All rights reserved
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2.2

interoperability barrier

incompatibility between entities within the enterprise that obstructs the exchange of information and other
entities, the utilization of services or the common understanding of exchanged items

NOTE This part of ISO 11354 defines three categories of barriers: conceptual, technological and organizational.
2.3

interoperability concern
aspect of interaction or interoperation that is of interest to an enterprise stakeholder

NOTE his part of ISO 11354 defines four areas of interoperability concerns: data, service, process and businesyg.
2.4
interoperability approach

manner in Which interoperability problems are solved and barriers are overcome

NOTE This part of ISO 11354 defines three interoperability approaches: integrated, unified and\federated.

3 Abbregviated terms

AIF ATHENA Interoperability FrameworkI(10]
ASA Adaptive Software Architecture
ASOA Advanced Service-Oriented Architecture

=
_—

ATHENA Advanced Technologies for Heterogeneous Enterprise Networks and their Applications!}

BIF Business Interoperability Framework[43!

CPD Collaborative Product Developmeént

EIF European Interoperability. FrameworkI(15]

FEI Framework for Enterprise Interoperability
FRISCD Framework ofthformation System Concepts[17]
ICT Information’ and Communication Technology
IS Information System

IT Information Technology

INTEROP Interoperability Research for Networked Enterprises Applications and Softwarel<Y!

LISI Levels of Information Systems Interoperability(22]
oSl Open System Interconnectionl®l

PPM Product Portfolio Management

PSL Process Specification Languagel®!

SCM Supply Chain Management

2 © 1SO 2011 — All rights reserved
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SME Small or Medium size Enterprise

SOA Service-Oriented Architecture

Conformity with this part of ISO 11354

1:2011(E)

In order to claim conformity with this part of 1ISO 11354, any particular interoperability product (including
methods and software) shall be able to be positioned within the FEI defined in this part of ISO 11354.

NO
bet

This

app
ider

relepjant interoperability approach identified.

NOTE 2  Annex A describes how existing interoperability frameworks can be related\to the concepts of thi
Examples of how such positionings can be achieved and documented are found-in Annex B. Annex (
methodological guideline on how the FEI can be used in an interoperability engineering project.

5 |Viewpoints addressed by the enterprise interoperability framework

5.1] General framework requirements

The| framework shall enable the representation of _theé viewpoints as defined in this clause t
congerns, barriers, and approaches relative to enterprise interoperability. The framework shall ¢

stru
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een entities of the same kind.

foaches. Additionally, the positioning shall also address the appropriate supplementary
tified in this part of ISO 11354 and demonstrate their conformance to the normative<requireme

ctures specified in Clause 6 to represent the +elationships between the viewpoints and their ele

operability viewpoints shall express the-needs of the enterprise stakeholder who is concern
wing:

identifying and resolving interoperability issues, and

the structured representdtion of those needs and their fulfilments.

latter can be achieved by the interoperability framework presented in this part of ISO 11354.
eholder needs for enterprise interoperability refer to the ability of enterprises (or part of them

necessaftysupport to enable business collaboration, but interoperability is not the business ¢
f.

positioning shall include the related interoperability barriers, interoperability concerns @nd int¢roperability

dimensions
hts for each

5 framework.
provides a

D represent
bmprise the
ments.

ed with the

to interact

Ligh the exehange of information and other entities, such as material objects, energy, etc. Int¢roperability

ollaboration

concepts of

rprise interoperability can apply to both inter- and intra-enterprise needs and includes the
%Wmmm,wu T ubsy ISE, Y disStributed,

etworked or

located in a single site, and whatever their production types (e.g. discrete, continuous), natures (e.g.
manufacturing, service) or company size.

NOTE

Enterprise interoperability is not an all or nothing situation. There are different extents and different kinds of

enterprise interoperability. It is not appropriate to say “enterprise A is interoperable but enterprise B is not”. It is important

toe

©Is

stablish how much interoperability is necessary, in terms of its extent and functionality.
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5.2 Interoperability concern viewpoint

5.2.1 Categories of interoperability concerns

The interoperability concern viewpoint shall describe the categories of concerns that are relevant for
enterprise interoperability. Although the descriptions are primarily related to ICT-based applications, they can
apply to non-computerized systems as well.

When considering enterprise interoperability, the following four categories of interoperability concerns shall be
identified, as illustrated in Figure 1:

— data,
— service,
— process$, and
— businegs.

Data are used by services. Services are employed by processes to realize the business of the enterprise.
From another perspective, the goal of an enterprise is to run its business. The\business is realized thrqugh
processes. Processes employ services that in turn need data to perform activities.

Enterprise A Enterprise B

Business Business Business

N

X%
Process Process -\" Process
O

Service S&@e Service

Data Intra ‘Data Inter bata
_ enterprisg enterprise
interoperability interoperability

NOTE Sofirce: ATHENAR,

Figure 1 — Interoperability concerns

NOTE Interoperability of communication is an essential condition to enable interoperability. However, for ICT systéms,
interoperability ef\communication is provided by communication protocols (e.g. from cable connection to the protocpl of
layers 1 to 4 “ofi the OSI model in ISO/IEC 7498-1), and interfaces (layers5 to 7 of the OSI model). Therefore,
interoperabilify 0f communicafions 1S Not Subject of Turther description n this part o1 15O 11354.

5.2.2 Data interoperability concern

Data interoperability refers to the ability of all kinds of entities to exchange data items. Therefore, concerns on
the incompatibilities between partner data systems shall be described prior to any active collaboration. Data
interoperability is crucial for most forms of enterprise interoperability because it is one of the following:

a) the substance of the exchange, or
b) a factual record of the exchange of entities, or

C) anecessary capability for exchange negotiation.

4 © 1SO 2011 — All rights reserved
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The concern extends to both non-electronic data (e.g. physical documents, human conversations) and
electronic data (e.g. data files, data stored in a database).

Dat
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spr
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bet\
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systems and different knowledge or information managément systems.

NOT
data|

5.2.

Ser

sery

Ser

Incq

diff

a interoperation occurs when either

a particular entity is capable of receiving and using needed data items provided by an external source, or

conversely,

an external source is capable of receiving and using needed data items from an entity within the

enterprise.

MPLE
dsheet files, or in a more or less continuous manner in the case of process interoperability or service\nt

incompatibilities can arise between cooperating or collaborating business entitiesthaving d
ems using different data schemas with different syntax and semantics, different data’models (&
archical, relational, etc.), different modes of control or different assignments)of respons
orizations for data systems, operation and change management. Concerns.about the inco
veen data systems shall be described prior to any active collaboration.

description shall include the detailing of the differing data exchange ‘feeds of each busines
led capabilities, and the explicit identification of all relevant responsibilities and authoriz
Cription shall also document the data exchange incompatibilities that-heed to be resolved.

data held in electronic form, data models and queries are-structured in accordance with sg
hbularies and sets of data structures) that are associated with particular applications. In th
Cription of the interoperability of data shall include ¢fihnding and mapping the schemas
rogeneous data structures, which can reside on different computing devices with differe

E Data interoperation is accomplished by reselving conceptual and any other differences betwes
systems (e.g. schema representation, differing responsibilities), as well as finding appropriate technology

B Service interoperability concern

ice interoperability refers to the ability of business entities to request, provide, and utilize g
ices.

ice interoperation occursswhen either

a particular service-is capable of requesting, receiving and using needed information pro
external service;or conversely,

an external\service is capable of requesting, receiving and using needed information from a sq
the enterprise.

mpatibilities can arise for cooperating or collaborating business entities that have different sery
rent modes of control and/or different assignments of responsibilities and authorization

Two enterprises exhibit data interoperation when they engage in exchanging data fles such as

roperability.
fferent data
.g. informal,

bilities and
mpatibilities

5 entity and
ations. The

hemas (i.e.
S case, the
of possibly
t operating

PN enterprise
solutions.

ach other’s

ided by an

rvice within

ice models,

for service

selection, operation and change management. Concerns about the incompatibilities between business entity
services that are to be employed in any exchange of entities shall be described prior to any active
collaboration, unless it is intended that the collaboration be achieved through the use of agent negotiation or
similar technology.

The description shall include the detailing of the business services themselves, and the detailing of their
assignment to different enterprise operational systems. It shall also include the detailing of those services that
identify, compose and operate applications that have been designed and implemented independently. The
description shall also document the service incompatibilities that need to be resolved.

NOTE 1  Service interoperation is accomplished by resolving conceptual and any other differences between enterprise
services (e.g. service granularity, differing responsibilities), as well as finding appropriate technology.

© 1SO 2011 — All rights reserved
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Service interoperation has three aspects:
service use by a requestor of service from a service provider,

service response from a service provider to a service requestor, and

A service is performed by a resource (computer type, machine type, human type) to provide an operation.

5.2.4 Process interoperability concerns

interconnecting different services to form a complex service (the last case is related to process interoperability as

Process intleroperability refers to the ability of business entities to exchange information and other, emlties

needed for

Process int

a partig
an extg

an ext
proces

Process in
process mad
process of
processes
collaboratio]
similar tech

The descrif
capabilities
authorizatig

NOTE 1 R
information 3

NOTE 2

translations
related to the
constituents
capability in
rather than a

I

Among the

brocess operation.
broperation occurs when either

ular process is capable of receiving and using needed information and other.entities provide
rnal process, or conversely,

brnal process is capable of receiving and using needed information-and other entities fro
5 within the enterprise.

compatibilities can arise for cooperating or collaborating business entities that have diffe

eration and change management. Concerns about .tie incompatibilities between busi
that are to be employed in any exchange of entities* shall be described prior to any a
h, unless it is intended that the collaboration be achieved through the use of agent negotiatio
hology.

tion shall include the detailing of the process-information and other entity exchange needs andg
of each business entity, and the explicit identification of all relevant responsibilities
ns. The description shall also include the-process incompatibilities that need to be resolved.

rocess interoperation is accomplished-by resolving conceptual and any other differences between pro
nd other entity exchange needs and offerings, as well as finding appropriate technology solutions.

eveloping process interopéerability means finding solutions to enable mapping, connecting, merging,
f possibly heterogeneous-process models and applications. For interoperability reasons, these solutiong
b points of interaction of-the processes, not with the processes as a whole or with the internal details o
of those processes.\Developing process interoperability can also involve characterization of pro
AN externally accessible form to enable process discovery and utilization, thereby supporting interoperal
fdressing the process concern directly.

entitiessassociated with process operation are process models. Process model interopera

shall be achieved-by linking different process descriptions to form a collaborative process model, which ¢
perform verification or simulation or execution of the overall process. These collaborative processes can

J

different pr

i by

M

rent

dels, different modes of control and different assignments, of.responsibilities and authorization for

ess
tive
h or

the
and

Cess

and
are
the
Cess
bility

Dility
buld
use

cess description languages and be defined in different process models for different purposes.

5.25 Bus

iness interoperability concerns

Business interoperability refers to the ability of enterprises to cooperate with partners for the conduct of
business through necessary interactions of their respective organizations.

Business interoperation occurs when a particular business is understood and shared without ambiguity among
interacting partners. Business interoperability is driven by value creation for participants and can rely upon
less formal relationships in addition to contractual obligations. Often it is the case that agreements at lower
organizational levels mirror those of business partners and thus appropriate business interoperability serves
as a precursor for other interoperability concerns.

© 1SO 2011 — All rights reserved
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Business incompatibilities can arise for partners that cooperate or collaborate, but have different business
models, modes of decision-making, methods of work, regulatory constraints, enterprise culture, commercial
approaches, etc. Concerns about the incompatibilities between partner businesses involved in any exchange
of entities shall be described prior to any active business interaction.

The description shall include the detailing of formal contracts, informal working arrangements, capabilities and
capacity of each party to exchange necessary information and other entities, and the explicit identification of
all relevant responsibilities and authorizations in partner organizations. The description shall also include the

business incompatibilities that need to be resolved.

NOTE

Business interoperation |s accompllshed by resolvmg conceptual and any other differences between business

5.3| Interoperability barrier viewpoint

5.3.l Categories of interoperability barrier

The| interoperability barrier viewpoint shall describe the incompatibilities and mismatches that gbstruct the
shafing and exchanging of information and other entities. Three categories of barriers shall be des¢ribed:

The
bety
inde
imp

NOT

attriputes, or particular access control regimes: In contrast, general barriers and problems of interopera

iden

5.3.

Con
item

Con
exc

conceptual,
technological,
and organizational.

notion of conceptual or technological comes also@om engineering design where one d

veen conceptual design and technical design. A ‘conceptual barrier describes incompatibilit
pendent from any technology, whereas technaelogical barriers specify mismatches that are
emented technology.

E Many interoperability issues are specific to particular application domains, and require support

ified, and many of them are already bging-addressed (see References [15] and [21]).

P Conceptual barriers

ceptual barriers relate_to-the differences in the expression, definition, and understanding of
s at various levels of-abstraction, e.g. mismatched enterprise models of a company.

ceptual barriers_6hall be detailed in terms of the syntactic, semantic, and semiotic incomp
hangeable items, particularly information and other knowledge assets.

Syntacti€_incompatibility occurs whenever different people or systems use different exp
represent information and knowledge. For example, service syntactic incompatibility occurs w
a difference in the syntax used for the description of the service required and provided.

stinguishes
es that are
due to the

for particular

pility can be

exchanged

atibilities of

ressions to
nen there is

NOTE I Standards such as 1S0O 19440 aim 10 OVercome syntactic incompatbility by proviaing a ne
enable mapping between different enterprise models built using different forms of syntactic expression.

ral model to

Semantic incompatibility occurs whenever the meaning of exchanged items is not sufficiently similar. In
this case, there is no clearly defined common meaning to enable unambiguous interpretation of the
information content. For example, process semantic incompatibility occurs when there is a difference in

the semantics used in different process modelling languages.

Semiotic incompatibility occurs when participating entities interpret the exchanged items, concerning both
artefacts and relationships, differently in different contexts. For example, business semiotic incompatibility
occurs when there is a difference in the partners’ business vision and culture, value expectations or

operational concepts.

© 1SO 2011 — All rights reserved
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NOTE 2 Semantic refers to the meaning of concepts in general. Semiotic as used here refers to the interpretation
of concepts. Semantic does not involve the presence of an observer or user, nor its own interpretation.

Conceptual barriers are the most significant barriers to interoperability because of the need for the exchange
of entity content.

5.3.3 Technological barriers

Technological barriers relate to one or more technological discontinuities somewhere along the item exchange
path. In the use of ICT to communicate and exchange information, a significant technological barrier for
enterprise interoperation _involves incompatible interfaces between the different _systems, which can be
enterprises| human-being interactions or computer systems. These incompatibilities often result from diffdrent
choices ampng standardized technologies that prohibit the sharing and exchanging of information betweer] the
systems involved.

NOTE 1  Technological barriers can include exchange assurance barriers, such as the inability to validate the facf that
what was seft is what was received, and that what was sent was actually provided by the assumed sender.

Technologig¢al barriers shall be detailed in terms of the technological incompatibilities-that adversely affec{ the
ability to exghange entities.
The following are examples of technological barriers:

— physical manifestations barriers, e.g. different part and product handling*due to dimensions and matefials
of fixtufes, magazines and packing materials;

— power |conversion and consumption barriers, e.g. different\line voltage and power transformgtion
technology;

— materigl logistics barriers, e.g. different storage and transportation requirements;

— commynication barriers, e.g. incompatibility of thie’ protocols used to exchange information or to seg@rch
and digcover a service provider;

— inform3tion barriers, e.g. different techniques used to represent information, or incompatibility in the tpols
used tq encode/decode the information.being exchanged;

— infrastrpcture barriers, e.g. use jof different incompatible middleware platforms, different dataljase
technologies and coding technigques, incompatible process execution engines and platforms, differefjces
in ICT infrastructure suppart;

NOTE 2  Technological barriers are additional barriers with respect to conceptual barriers. This part of 1SO 11354
primarily addresses technglogical barriers, and then focuses on the ICT characterization of those barriers and to solutions
primarily in the manufacturing domain.

5.3.4 Orgpnizational barriers

Organizational barriers relate to the allocation of responsibility and authority, and the execution or regulation
of decision-making and operational activities. When responsibility in an enterprise is not clearly and explicitly
defined, interoperation between two systems is more difficult or obstructed completely. Without defining who is
authorized to create, modify and maintain exchange content, assurance of the integrity of data, processes,
services, etc., is almost impossible. These barriers are related to human and organizational behaviour. Indeed,
when two enterprises have different organizational structures (e.g. hierarchical versus matrix authority) and
decision processes, mappings are likely to be needed before the two enterprises can interoperate.

The organizational barriers shall be detailed in terms of the incompatibilities of organizational structures,

management techniques and policies implemented in the enterprises attempting to interoperate. The following
are examples of organizational barriers:

8 © 1SO 2011 — All rights reserved
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responsibility incompatibility occurs when interaction participants are unable to identify the person or
organizational unit associated with an exchanged item (e.g. who is to be called if the data transmission is

not received within the specified time frame?);

authority incompatibility occurs when interaction participants are unable to identify the
organizational unit capable of committing exchange resources or qualifying exchange results;

decision-making incompatibility occurs when the decision processes of interaction partici
different time horizons or different decision parameters with respect to the exchange items;

person or

pants have

NOT
proh
from

5.4

5.4.

The)

The)
will
pro

NOT
contj

5.4.

policy incompatibility occurs when enterprises have different and incompatible policies affecti

their interaction, e.g. different database management, different security policies or different
management of service provision;

process organizational incompatibility occurs when enterprises have different “process
mechanisms, configurations and managements, or different process granularities and scopes;

regulatory incompatibility is a kind of barrier that involves interaction withna third party who

constrains some aspect of exchange authority; this control can dictateywhich items of ex
necessary or required for a particular interaction between two enterprises.

lems) and technological barriers (associated with computational preblems), organizational barriers of
human-related issues but have an impact on the interoperation of JICT.systems.

Interoperability approach viewpoint

1 Categories of approaches

Fe are three approaches to achieve enterprise interoperability:

integrated,

unified,

and federated.

interoperability appfoach viewpoint shall state which of these three categories of approaches
be used to address-a specific problem of interoperability of entities within or between ente

ide further detdils about that approach, as described in 5.2.2 to 5.2.4.

E These three approaches were first identified in ISO 14258, intended for withdrawal with integratid
ent intodSO715704.

P CAntegrated approach

ng areas of
policies for

structuring

controls or
change are

E Organizational barriers are additional barriers. Compared with cenceptual barriers (centred o information

ten originate

is being or
rprises and

n of relevant

In the integrated approach a common form shall be used to represent the exchanged entities. This common
form shall be sufficiently expressive to capture those details that affect interoperability of the items to be
exchanged, rather than the process or system as a whole. The common form is not necessarily an
International Standard, but needs to be agreed by participating enterprises in order to elaborate these entities

and

EXAMPLE

build systems accordingly.

OASIS/UNCEFACT ebXMLI[14],

© 1SO 2011 — All rights reserved
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The integrated approach assures consistency and coherence of the interoperating subsystems by focusing on
the components that need to interact. These components are then designed and implemented using a
common form (or standard) so that interoperability is seen as a designed-in quality. Interoperation between
these various components is therefore obtained a priori without any interfacing effort. Subsystems that are
integrated in this way have distinct and individual structure, behaviour, or boundaries, but their combined
behaviour is perceived to be as one entity and is achieved by collaboration and coordination through the use

of the common form.

5.4.3 Unified approach

In the unified approach, a common meta-model, which is applicable for the participating entities and used

as a

common re
model prov
an executa
entities. Us
translation
extensions

NOTE 1

enterprises.
neutral meta;
over the intg
situation whg
company; to
coordination

1

NOTE 2 |
mapping fun

erence to map existing models’ syntax and semantics, shall be identified and detailed. Thisnm
des at least a reference vocabulary, but could be a complete ontology. Such a meta-model IS
Dle entity. Instead, it shall provide a means for semantic equivalence to enable mapping betw
ng this meta-model, a translation between the constituent entities is then possible. However,
Mmight involve the loss of some information because the participating entities can<have diffe
Dr instantiations of the same meta-model.

he unified approach is particularly suitable when developing interoperability for-collaborative or netwg

eta-

not
een
that
rent

rked

I'0 be interoperable with networked business partners, a new company maps its.ewn model or system t¢ the

model without the necessity to make changes on its own model or system. This’approach has an advan
grated approach because of the reduced efforts, time and cost in implementation. It is also suitable

re a large company needs to interoperate with SMEs. Normally an SME works with more than one |
interoperate with different companies, the unified approach can b€ a suitable solution in that it facilif
without requiring conformance to potentially conflicting processes orenvironments.

h the re-engineering situation, syntactic alignment can be achieved through a unified approach that us|
tion to create missing elements of the exchange items, but.seémantic alignment between partners can be

difficult. The

5.4.4 Fed

In the fedsd
interaction

terminologi¢

common u
their own

To establis
supported K
or by emplg
establishing
outputs. Int
entities an
interventio

This appro
negotiation

efore, re-engineering is more applicable to developing intra-enterprise interoperability.

rated approach

rated approach, there is no sufficiently capable common form or meta-model to guide
petween enterprises that need to interoperate. The lack of capability is often related to diffe
s or methodologies that need to be/resolved by business entity interaction. While there can
derstanding between the business entities, in the federated approach, no business entity impg
odels, languages and metheds of work.

interoperability, parties.Shall accommodate and adjust their operations. Interoperation car
y providing a priori_ififormation about the capabilities of the entities to be involved in the excha
ying agents to diseover the needed information. Support for the a priori case can be provide
entity capability)profiles that hold syntactic and semantic information on both entity inputs
roperability ‘ean be established by mapping corresponding input and output information of]
0 identifying inconsistencies. Any remaining inconsistencies shall be resolved by mal

>

companies combine thelr resources and knowledge to manufacture a product for a limited duratlon

NOTE

tage
or a
arge
ates

Ps a
very

the
rent
De a
ses

be
nge
i by
and
the
hual

Using the federated approach to develop enterprise interoperability is most challenging. A main research area

is development of a mapping factory that can generate on-demand customized “anybody-anywhere-anytime” mapping
agents among existing systems. It is worth noting that a specific support for the federated approach is seen in entity
profiles, which identify particular entity characteristics and properties relevant for interoperation (e.g. 1SO 15745 and
ISO 16100).
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5.4.5 Applicability of approaches

All three approaches enable the establishment of interoperability between enterprises’ systems. The federated
approach is considered as the most challenging one for achieving interoperability. The choice depends on the
context and requirements of interaction. When the need for interoperability comes from re-engineering existing
entities within an enterprise, the integrated approach can be the most suitable because it does not necessitate
fundamental changes in existing operational models. If the need for interoperability arises from a merger or
long-term collaboration, the unified approach is a possible solution since the expense of establishing
interoperability is amortized over the entire collaboration. The common meta-model across business entities
facilitates semantic equivalence and reduces the need for cross-business entity interpretation of
communication elements. Finally, the federated approach will yield the most satisfactory results for a short-
termp collaboration, ranging from a single transaction to a virtual enterprise, where a dynamiq adaptation
amang business entities is achieved by an on-line negotiated agreement.

5.5] Example of relationships between interoperability viewpoints

Tabje 1 illustrates how interoperability concerns, barriers and approaches are interrefated for the|example of
an grder (as a data object) being passed from one enterprise to another.

Table 1 — Example interoperability viewpoint relationships for order

N i ; i Interoperability apprfoach
Interoperability Okt])Ject . Example Interkc))perablllty Mismatoh
concern exchange arrier Integrated Unified || Federated
Identification of Unknown Alian
Business Data object Order responsibility . n . - -
. authority | organization
and authority.
Different Identif
Process Data object Order Version_control time - - relatio?l/
stamps
Different Order
Service Data object Order Object structure element - - manbin
order Pping
D Data item Order Semantic, Different Ontology
ata ) structure - - -
(file/element) number syntax or format mapping

5.6] Representation of interoperability viewpoints

Intefoperability \eencepts as presented above can be formally modelled using ontology techmiques (see
Reference [26]). Figure 2 illustrates a conceptual model representing the basic concepts of enterprise
intefoperability. The primary concepts, which are represented with their different aspects as subtypes, are the
folldwing:

a) interoperability concern,

b) interoperability barrier, and

c) interoperability approach.

The interoperability approach defines a relationship concerning the interoperating systems. These concepts

provide a prerequisite for classifying or characterizing interoperability solutions. A solution shall be classified
with respect to categories of concern, barrier and approach.

© 1SO 2011 — All rights reserved 11
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Problem Knowledge System
T-solves
-identifies -between
-requires \L
Incompatibility e Solution Relation
-detailed as -defines
-overcomes _addresses _uses
Barrier caoncern Apprnnr‘h
aN aN yaN -relates to % T i % A A A
Business Process Service Data
F 1 A
Conceptual Technological | | Organizational Integrated Unified Federated
Figure 2 — Conceptual model for enterprise interoperability
6 Framework for enterprise interoperability
6.1 Framework as a structuring mechanism
The term “framework” refers to a mechanism thattcategorizes concepts from a particular domain. The|FEI
presented in this part of ISO 11354 provides a-framework that structures the concepts and viewpoints relgting

to enterpris

interop

interop

interop

The frame

brability concerns,
brability barriers, and

brability approaehes.

b interoperability. The framework.has three dimensions:

vork is also~complemented by supplementary dimensions. Three supplementary dimensjons

(interoperalbyility engineering, interoperability measurement and interoperability solutions) are defined in|this

part of ISO

6.2

11354-and others can be defined and added to the FEI.

6.2.1 Categorization of interoperability barriers and concerns

Interoperability concerns and interoperability barriers dimensions

Using the concepts, definitions and viewpoints presented in Clause 5, the first two dimensions of the FEI can
be used to categorize different categories of barriers and concerns, as illustrated in Figure 3.

12
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Interoperability
W
Interoperability

concerns

CONCEPTUAL

TECHNOLOGICAL

ORGANIZATIONAL

BUSINESS

PROCESS

The)
con

Figy

SERVICE

DATA

Figure 3 — First two dimensions of the FEI

re 4 gives three examples of classifying solutions into subcategories.

categories shown in Figure 3 can be further detailed into subcatedgories, as shown in Figure 4, e.g.
Ceptual barriers into syntax barriers and semantic barriers.

CONCEPTUAL {4

(\QECHNOLOGICAL

ORGANIZATIONAL

Interoperability
W
Interoperability

SYNTAX SEMA@S
A\

%

=

concerns
BUSINESS
PROCESS A PSL
) A
M C
O UEM 2
servicE (U] |Vaof [| 8
[ax ; =
" I

v

Figlre 4 — Use of the framework to define the domain and to structure knowledg¢

6.2.

Populating the FEI

Solutions are relevant to the resolution of interoperability difficulties if they contribute to overcoming one or
more barriers. Such solutions can address more than one barrier and be associated with more than one
concern. Figure 4 shows an example of how the FEI can classify solutions, and relate those to interoperability
barriers. Figure 4 shows how PSL (see ISO 18629-1) contributes to overcoming both syntactic and semantic
barriers for the process concern category only. Semantic conceptual solutions are provided by annotation and
by the A* annotation tool (a development from ATHENA[L1]),

© 1SO 2011 — All rights reserved
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NOTE The three categories of barriers (conceptual, technological and organizational) can impact interoperability at
all four concern categories. Conceptual and organizational barriers can be considered as more important in the business
and process categories, while technological barriers (e.g. barriers due to the use of ICT) can impact data and service
categories more.

6.3 Interoperability approaches dimension

The third dimension of the framework provides a representation of the three interoperability approaches
described in 5.4. The interoperability approaches dimension provides a means for capturing and structuring
interoperability knowledge and solutions with more precision. Using the example shown in Figure 4, the
language of PSL can contribute to overcoming conceptual barriers (both syntax and semantics) concerning
processes through a unified approach.

6.4 Dimensions of the FEI

6.4.1 Replresentation of the FEI

The three djmensions of the FEI are illustrated in Figure 5.

Interoperability

barriers
Interoperability
approaches Integrated
Unified
Federated /
/ Interoperability
Business // concerns
Process /
Service /
Data
conceptual Organizational

Technological

Figure 5 — Three dimensions of the FEI

6.4.2 Example usage of the framework

Figure 6 illustrates the classification of the PSL solution (see ISO 18629-1) in the framework.
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Interoperability
approaches

Interoperability
concerns

Interoperability
barriers

Business

To lelp in capturing relevant knowledge, as well.agpartial or complete solutions, and classifying
framework, a template can be used to deseribe the barriers and relevant knowledge/solutig
frates a simplified example of using the template to describe the PSL solution.

the
illus

Service

Data |Unified|

Figure 6 — Classification of PSL in the framework

Table 2 — Template and simplified example of collected knowledge for the PSL solu

/

Integrate

Federated

Conceptual | Technological™Organizational

o

hose within
ns. Table 2

on

Name of solution Process Specification Language (PSL)

Interoperability concern Process level

Interoperability barrier Conceptual (syntax and semantics)

Interoperability appreach Unified approach

Interoperability problem Different models use different process languages and are not interoperpble

Interoperability\knowledge Apply a neutral PSL and related ontology as a meta-model to enaljle mapping
between different process models

Expmple (optional)

Remarks Initially proposed by Mark Fox and Mike Gruninger at the Universitylof Toronto,
further developed at NIST, now moved to standardization at ISO level.

References ISO 18629-1:2004
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6.5 Supplementary dimensions for interoperability

6.5.1 Categories of supplementary dimensions

Supplementary dimensions characterize aspects of solutions that can differ for each of the three
interoperability approaches. The following three are defined in this part of ISO 11354

interoperability engineering;

interoperability measurement;

interop

Other supp

6.5.2 Sup

This dimen

two enterpilises (or any two business entities). These can be based on the life\cycle phases define

ISO 15704:
cycle phase

a)
b) design
c) implem
In using thi
identify how

the interop
overcome t

requirements definition;

brability solutions.

ementary dimensions may be defined by the user for particular purposes.

plementary dimension for interoperability engineering
5ion identifies a set of life cycle phases associated with the engineering of interoperability betw

P000, Annex A. Figure 7 illustrates this supplementary dimension using just three of those
s, as follows:

specification;
bntation.

5 supplementary dimension in an interoperability project, the requirements definition phase s
to address barriers to interoperability that exist between two enterprises (or business entities)
erability concerns. The design specification phase shall develop interoperability solution
e barriers. The implementation phase-shall implement and test the solutions.

Interoperability concerns

- Business
<+ Process
-+ Service
< Data
, Interoperability barriers
H ) ) 1)
Requirements Conceptual  Organizational

een
0 in
life

hall
and
5 to

Design (redesign) Technological

16

Implementation

Interoperability engineering phase

Figure 7 — Supplementary dimension for interoperability engineering
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6.5.3 Supplementary dimension for interoperability measurement

The extent of interoperability is a measure that characterizes the capability for interoperation between two
enterprises (or business entities). Three categories of interoperability measurements shall be identified, as
illustrated in Figure 8:

a)
b)

c)

potentiality measurement;
compatibility measurement;

performance measurement.

The
mod

Thig

Interoperability concerns

- Business

- Process

= Service

- Data

, , Interoperability barriers

) ) )
Conceptual _<Organizational
Compatibility measurement Technological

Potentiality measurement

Performance measurement

Interoperability measurement

Figure 8 — Supplementary dimension for interoperability measurement

potentiality measurement shalkidentify a set of enterprise or system properties (e.g. flexibility
ularity) that express the general level of interoperabilityof the enterprises.

openness,

measurement shall be“performed on one enterprise or business entity without knowing its inferoperation

D overcome

ed to assess

eroperating

parther. The objective.6f)this measurement is to assess the general potentiality of a system t
possible barriers.

NOTE The futtire ISO 11354-2 will specify a maturity model for enterprise interoperability that can be ug
an enterprise’s’general level of interoperability.

The| compatibility measurement shall identify the extent to which barriers exist between in
bus|néss entities. This measurement shall be performed during the engineering stage when the pa
inte L o : ) > ™

rtner of the

The performance measurement shall evaluate interoperations between two cooperating enterprises. This
measurement shall be performed during the test or operation phase, for criteria such as cost of exchange,
delay in response and quality of service.

Each category of measurement shall be evaluated with local coefficients that are then aggregated in order to
determine a global coefficient.

© 1SO 2011 — All rights reserved
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6.54 Sup

This part of

plementary dimension for interoperability solutions

ISO 11354 identifies two categories of engineering solution, as illustrated in Figure 9:

a) conceptual, and

b) technological.

Interoperability concerns

A conceptd
concretize
existing tec|
represented

A technolog
conceptual
choice is m

NOTE \
this solution

With this di
more precis

=+ Business
-+ Process
T Service
T Data
, , Interoperability bartiers
] T T
Conceptual Conceptual  Organizational

Technological

Technological

Interoperability solutions

Figure 9 — Supplementary dimension for.jnteroperability solutions

al solution describes the ideas that enable one to solve a problem without specifying ho

hnical solution. In this case, only generic aspects of the solution (e.g. functions) are filtered
without specific technological details:

hde at the technical design-stage.

Vhile one solution tointeroperability might be a change in organizational structure for one or more part
s not considered anehgineering discipline solution within this part of ISO 11354.

mension, ittis-possible to classify interoperability knowledge and solutions in the framework

v to

r implement the ideas. Such a conceptual-solution can also be a conceptual representation gf an

and

ical solution describes the technology implemented for removing the identified barrier. For a gjven
solution, there can exist several different technologies to implement the solution. The technojogy

mers,

in a

e way. Fop each category of approach and each category of barrier (conceptual, technologjcal,

organizatiofal), solutions can be conceptual, technological or both. For example, the semantic annotgtion

method (a ¢
shown in Fi

onceptual solution) and the A* tool developed in the ATHENA project[11] (a technological solu
ufe 4 are both ways to remove semantic barriers concerning all four concern categories.

lion)

6.6 Example of using the FEI

This subclause provides two examples for which using the FEI is or is not appropriate. A more detailed

example of

EXAMPLE 1

using the FEI is given in Annex B.

Two enterprises, A and B, exchange order and invoice data. The two systems involved are not

fully

interoperable because of some semantic mismatch. In the exchanged data files, the two enterprises use different terms to
represent the same objects. Table 3 shows examples of the semantic mismatch.

18
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Table 3 — A semantic mismatch of data

Enterprise A

Enterprise B

order customer order
due date delivery date
product item
price unit price
total amount price

This|problem is an interoperability problem that is classified within the FEI, as shown in Table 4.

Table 4 — Classification of this semantic mismatch

Interoperability concern

data

Interoperability barrier

conceptual (semantic)

Interoperability solution

semantic annotation of data‘using ontology

EXAMPLE 2 Two enterprises, A and B, have a collaboration partnership. Enterprise B works for entefprise A as a
subgontractor to provide a mechanical part. The problem encountered is\that the delivery delay required of erfterprise B by
enterprise A is often too short, because it is only at the last minute, that ‘enterprise A knows if the subcontractifg is needed.

The|production planning system used in enterprise A is not adequate to predict the needs of subcontracting
the peeded data. Evidently, this is an internal production plannifg problem that is only concerned with ente

prollem is therefore not an interoperability problem and so cannot be positioned within the FEI.

d to provide
prise A. This
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Annex A
(informative)

Mapping of existing interoperability frameworks
to this part of ISO 11354

Six existing interoperability frameworks (AIF[10 BIF[13] |IDEASI!8] EIF from iDABCI!S] nehtal?4l and LISI

from the U$ DODI22]) have been compared to the FEI developed in this part of ISO 11354. Comparisen
shown one|fundamental difference between the first six and the FEI: barrier and concern dimensions

defined onl
explicitly, b

A second d

three apprgaches (integrated, unified and federated), ATHENA in its AIF focuses, on “solutions thrg

integration

interoperab
iDABC EIF.
information

Solution typ
The FEI de
technologic
and data fo
provided by
application)
close relatig

As shown i
this part of
engineering
related dim

In Tables A
provided in

in this part of ISO 11354. None of the other frameworks identify the interoperability) ‘probl
t rather they define areas of solutions, as shown in Table A.1.

ifference is in the way each addresses interoperability. Whereas this part of 1S0/11354 ident

pnly and defines categories of solutions in its BIF. EIF and nehta define aspects and type
lity that cover the same areas, with a particular emphasis on the information semantics for
Levels of interoperability are defined by both IDEAS and the LISI, with.the latter restricting itse
systems only.

es are identified for all frameworks, however, with varying degrees of detail, as shown in Table
fined in this part of ISO 11354 identifies only a very high:level of solution types (conceptual
hl) and is similar in this respect to the LISI, which uses.procedures, infrastructures, applicat
[ solution types in the information system domain. Theymost detailed definition of solution type

IDEAS, which details its first level further (i.e. in‘terms of business, data, communication
and defines a second level of solution types foreach first level solution type. However, there
n to the dimension of concern defined in this part of ISO 11354.

N Table A.3, almost all frameworks (the only exception being EIF) identify what are referred {
SO 11354 as supplementary dimensions. These dimensions are of two kinds: quality related

bnsions define phases of engineering life cycles (FEI and BIF) or interoperability profile (AIF).

.1 to A.3, the AIF column (is)split into two subcolumns in order to reflect different interpretat
the literature.

has
are
JuS

fies
ugh
s of
the
If to

A.2.
and
ons
s is
and
is a

0 in
and

related. Whereas the quality-related dimensions all define very similar items, the engineefing-

ons
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Annex B
(informative)

Example of use of FEI to identify and categorize interoperability barriers,

knowledge and solutions

Current interoperability solutions are rather fragmented because they were developed by various institutions in

various cof
contribute i
precisely tg

available solutions for interoperability into one consistent framework for easy reuse becomespan”impo

challenge ir

In accordary
interoperab
framework

problems. A
at least ong

Figure B.1
implemente

barrier (technological) and a specific interoperability concern (data):to)a specific solution (FRISCOI17]) and

particular a|

This knowl

container has the pieces of knowledge that can be furthet-déscribed in detail using a template.

The compl
INTEROP

Figure B.2
identifying k

The model

barriers and to identify the areas where further work is needed. The collected knowledge pieces addres

levels of thq

texts for various purposes. Most of them were not dedicated to interoperability at large,
n different degrees to improve interoperability. Moreover, it is difficult to relate these selut
the types of interoperability barriers they can solve. Consequently, classifying and-structy

developing interoperability.

ce with the three dimensions of FEI described in this part of ISO 11354 (intereperability conce
lity barriers and interoperability approaches), interoperability solutions can_be*positioned withir]
hnd related to barriers, so that they can be more easily searched and used/to solve interopera
methodology, service or product is considered to be an interoperabhility-solution if it can overc
barrier for one concern using one of the three approaches (integrated, unified, federated).

from the INTEROP NoE project shows a snhapshot from ah. interoperability solution repos
d in accordance with the FEI using the METIS tooll23]. The‘example shows linkage of a spe

pproach (federated approach).

pdge repository model supports the analysis ofithe knowledge pieces collected. The solut
bte modelling of the set of solutions_jdentified in workpackage DI, Domain of Interoperal
NOE[20], and their relationships are (shown in Figure B.2. The density of connecting line
llustrates the complexity of these felationships and hence the need for a tool to assist the usg
nowledge relevant to particular concerns and barriers.
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Figure B.1 — FEIl and collected solutions implemented in Metis tool
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Figure B.2 — Classification of knowledge forovercoming interoperability barriers

Specific quégries may be run on the knowledge model. The result of the query can be shown as a filtered yiew
of the model, where only the objects and relationships of interest are highlighted. Two examples are gjven
below:

— Figure B.3 shows a simplified example of a query to find the technologies in the “process condern,
technological barrier” area of the.FElI;

— Figure B.4 shows a simplified example of a query to find the concerns and barriers for which a spdcific
technology [Platform-~dependent Model for Service-Oriented Architecture (PIM4SOA)I23]] can proyide
solutiofs, as charactérized by the template description given in Table B.1.

Queries caf be performed to support any additional analysis of the enabling technologies that could addfess
concerns held by different stakeholders.

The model 6 N the
FEI, but is also a support for potential users to search and find solutlons when their |nteroperab|llty barriers
and concerns are identified. Publishing the collected interoperability knowledge and associated FEI on the
World Wide Web could enable a wider dissemination of available solutions and facilitate access to these
solutions.

Figure B.4 shows that one solution can cover more than one interoperability concern (here process and
service) and contribute to overcoming more than one interoperability barrier (in this example: conceptual and
technological barriers). In some cases, an interoperability solution might be implemented using more than one
approach. For example, PIM4SOA can be used as an integrated approach for developing enterprise model
interoperability. It can also be used as a neutral metamodel (unified approach) to enable mapping of two
enterprise models built using two different languages.
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Figure B.3 — Highlighting technologies for the <process concern, technological barrjer>
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Figure B.4 — Highlighting the concerns and barriers addressed by the PIM4ASOA technology
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