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Abstract. Developing or improving enterprise interoperabilinplies that the
degree of interoperability can be measured, andesaigdentified and analysed.
This paper aims at presenting an enterprise ingzadyility measurement
approach developed within the frame of the two nf&ainopean IST projects in
this field: INTEROP NoE and ATHENA IP. Having giveéhe basic concepts
on enterprise interoperability, the paper focusespesenting three kinds of
enterprise  interoperability measurements: interapiéty potentiality,
interoperability compatibility and interoperabiliggerformance. Future works
and perspective are discussed as part of conclusion
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1. Introduction

Interoperability is still a vague concept and hanyndefinitions and connotations to
different people in different sectors and domaiBtarting from a pure software
problem in the middle of 90’s, interoperabilitytaking on a wider meaning to cover
the many knowledge spaces, dimensions and layersingile and collaborating
enterprise. Since a decade, although some effate been made to develop
enterprise interoperability, especially in Euro@g [9], [14] where several research
projects have been launched under FP5/FP6, thestliso an overall satisfactory
solution on interoperability. Research in this aieastill fragmented. Most of
researches and developments are focused on theotegy aspect to solve
interoperability problems. Few approaches are dgesl to evaluate the degree of
interoperability. Although some works have beerfgened in this domain [3], [10],
[11], [12], [17], however it is difficult to definenetrics, mainly due to the difficulty to
identify the attributes to characterise the interapility. Thus, developing
interoperability measurement is becoming an imparthallenge.

This paper is concerned with the research undertak#hin INTEROP NoE and
ATHENA IP during the period of 2003-2007. The oltjee is to present enterprise
interoperability measurement concepts and prinsipléfter having given basic
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concepts on enterprise interoperability in sec@grthe paper discusses in detail in
section 3 the three basic interoperability measerdam (potentiality, compatibility
and performance). The three measurements proposewmsistent to and built on the
conceptual interoperability framework presentededntion 2. An illustration example
is outlined in section 4 to show how to identifyeroperability barriers through an
interoperability compatibility measure. Future werkre given as part of conclusion
at the end of the paper. It is to note that the@ggh proposed in the paper should be
considered as a basis. Detailed and operationahadelogy still needs to be
developed to guide users to carry out these measumts.

2. Basic concepts and definition

Generally speaking, interoperability is the caggbifor two (or more) systems to

exchange information [13] and to use reciprocdilirt functionality [19]. It has been

considered that: (i) Enterprises are not interdplerabecause of barriers to
interoperability; (ii) Barriers are incompatibilitpf various natures at different

enterprise levels; (iii) Barriers common to all@nprrises can be identified and tackled
[4], [14].

2.1 Interoperability barriers

Three categories of barriers (conceptual, techrnodbgand organisational) are
identified as follows [14]:

- The barriers of aconceptual nature which relate to the syntactic and semantic
differences of information to be exchanged. Themidrs concern the modelling at
the high level of abstraction (ex.: enterprise slef a company) as well as the
level of the programming (ex.: low capacity of setn@representation of XML).

- Technological barriers relating to the incompatibility of infoation technologies
(architecture & platforms, infrastructure...). Thdsariers concern the standards to
present, store, exchange, process and communiatteadd information through the
use of software systems.

- The barriers of anorganisational nature which relate to the definition of
responsibility and authority so that interoperapilcan take place under good
conditions. These can be seen as ‘human technslogi¢human factors’ and are
concerned with human and organisation behaviourgchwlkban be obstacles to
interoperability.

2.2 Interoperability concerns

This section defines the interoperations that ede tplace in the various areas of
concerns of the enterprise [14].

- The interoperability of datdt refers to make work together different datadeis
(hierarchical, relational, etc.) and of the differguery languages, to find and share
information coming from heterogeneous bases whiah enoreover reside on
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different machines with different operating systearsd data bases management
systems.

- The Interoperability of service# is concerned with identifying, of composingdan
making function together various services/applaati (designed and implemented
independently) by solving the syntactic and sencadififerences as well as finding
the connections to the various heterogeneous datsb

- The interoperability of processdsaims to make various processes work together.
Generally in a company, several processes rurténaations (in series or parallel). In
the case of the networked enterprise, it is alstesgary to study how to connect
internal processes of two companies to create armmprocess.

- The interoperability of businesk refers to work in a harmonised way at the Isve
of organization and company in spite of for examfhe different modes of decision-
making, methods of work, legislations, culture bt tcompany and commercial
approaches etc. so that business can be develodethared between companies.

2.3 Interoperability approaches

According to ISO 14258 (Concepts and rules for gmige models), there are three
basic ways to relate entities together to estalititgroperations [15]:

- Integrated approach: there exists a common fofanadll models. This format must
be as detail as models. The common format is nogssarily a standard but must be
agreed by all parties to elaborate models and Isystems.

- Unified approach: there exists a common formatdnmly at a meta-level. This meta-
model is not an executable entity as it is in thiedgrated approach but provides a
mean for semantic equivalence to allow mapping betwmodels and systems.

- Federated approach: there is no common format.edtablish interoperability,
parties must accommodate ‘on the fly’. Using fetetaapproach implies that no
partner imposes their models, languages and metfoasrk.

Fig. 1 describes formally the basic concepts ddfeigove and their relationships.

Interoperability
knowledge
* provides
Business Solution Conceptual
concerns wes /
Process I Interoperability Interoperability 1 Technological
concern barrier g
y uses
Interoperability
Service approach Organisational
Data Integrated Unified Federated

Fig. 1. Basic concepts of enterprise interoperability [6]
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3. Interoperability measurement

The fact that interoperability can be improved nsedmat metrics for measuring
interoperability can be defined. Measuring interapdity allows a company
knowing its strengths and weaknesses to interopesatl to prioritize actions to
improve the interoperability. Current state-of-dimtfocuses on solving some specific
interoperability problems at technological levedwf researches have been done to
deal with interoperability measuring problem. Exigtapproaches mainly focus on
maturity measure issues [7], [10], [11], [17], [1Blo approaches have been found in
the literature on interoperability compatibility esure and interoperability
performance measure. At the current stage of relsetiree kinds of interoperability
measurement can be considered: (i) interoperabpittentiality measure; (ii)
interoperability compatibility measure, and (iiitéroperability performance measure
[5], [8], [14]. These measures take into accourgxi$ting works in this area and are
based on the concepts of enterprise interopenapilésented in section 2.

3.1 Interoperability potentiality measure

The interoperability potentiality is concerned wahset of characteristics that have
impact on the ability to interoperate with a thixartner. The objective of this measure
is to evaluate the potential of a system to accodate dynamically to overcome
possible barriers when interacting with a partner.

We define thepotentiality as the fact that an enterprise possesses intrinsic
attributes related to interoperability, which makeasier to interoperate with other
enterprises, in the eventuality of a partnershippther words, potentiality is an intra-
enterprise evaluation without the need to knowititeroperating partner. The main
goal is to increase the capability of interoperatend decrease the risk to meet
problems during a partnership. Generally speakithgpough this measure the
potentiality for an enterprise to interoperate vatiinknown partner can be accessed,
such as for example, the use of standards, thébifiex of its organization, the
openness of its ICT infrastructure, the existerfaesa@nterprise models, etc.

Today few methods are developed for measuring aptmability potentiality.
Existing approaches mainly focus on maturity measiar examples the LISI (Levels
of Information Systems Interoperability) proposednaturity model for measuring
interoperability in five levels of maturity [3]: adated, connected, functional, domain,
enterprise; Other approaches based on LISI propss®dar models [7], [18];
ATHENA project has also elaborated for the manufidoy enterprise the EIMM
(Enterprise Interoperability Maturity Model) to adds interoperability issues at all
levels of the company [1].

The proposed enterprise interoperability potenyialmodel concerns the
evaluation of an enterprise according to the tleegegories of barriers that impact the
development of interoperability, and the four arehsoncern where interoperability
takes placei.e. business, processes, services and data. For atedory of barriers
and each concern, five levels are defined to cleriae the potentiality [8]:

(1) Isolated: total incapacity to interoperate;
(2) Initial: interoperability requires strong efforts that affée partnership;
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(3) Executable: interoperability is possible but the risk of enctarmg problems is
high;

(4) Connectable: interoperability is easy even if problems can apgea distant
partnership;

(5) Interoperable: which considers the evolution of levels of intengi@lity in the
enterprise, and where the risk of meeting problsmgeak.

Fig. 2 gives interoperability maturity model illusted at the business level.

Lo 22 conceptual potentiality
Busi Isolated, Initial, Executable, Isolated, Initial, Executable, Isolated, Initial, Executabl
USIESS | Connectable, Interoperable| Connectable, Interoperable| Connectable, Interoperabl

Fig. 2. The enterprise interoperability potentiality modebusiness level

It is to note that the maximum potentiality does ingply full interoperability. Indeed,
the use of standard tools by an enterprise doegnmstre that a partner will use the
same ones. Hence, problems of interoperabilitystéirappear.

3.2 Interoperability compatibility measure

The interoperability compatibility measurement hasbe performed during the
engineering stage i.e. when systems are re-engideér order to establish
interoperability. In contrary to interoperability ofentiality measure, the
interoperability compatibility measure can only Iperformed when the two
partner/system of the interoperation is known. riteasure is done with respect to the
identified barriers to interoperability. The higheompatibility means there is no
barrier to interoperability. The inverse situatioreans the poorest compatibility for
interoperability.

As an example, Fig. 3 shows an illustration of ieasridentified at the moment
when company A and company B wish to establishraperability. In the figure,
‘+++' means that there exist an important barrietween the two enterprises, ‘+’
means weak barrier, ‘++' is in between, and ‘- me¢hat there is no barrier.

ompany A Company
lop CONCEPTUAL | TECHNOLOGICAL| ORGANISATIONAL] lo)
concerns concerns
Company A ausiNgss T+t +t 5 BUSINESS Company B
/ PROCESS - ++ +++ PROCESS
SERVICE +++ ++ - SERVICE
EEER
oo
oooo IIIIII DATA + +++ + DATA

Fig. 3. Compatibility measure matrix example

Identifying interoperability barriers is only comoed with those ‘things’ that need to
be shared and exchanged between two systems/campéarteroperability requires a
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common basis for those elements. Typically, nbbfthe information managed by
two systems is shared. Therefore, interoperabilguires identifying the shared
elements and possible barriers between these elemen

The compatibility measure can be performed with lietp of a questionnaire. For
example, regarding the three categories of intesipity barriers, following
guestions can be asked:

Conceptual compatibility: Syntactic: is the information to be exchanged
expressed with the same syntaS&®nantic: does the information to be exchanged
have the same meaning?

Organizational compatibility: Persons: are authorities/responsibilities clearly
defined at both sideOrganization: are the organization structures compatible?

Technological compatibility: Platform: are the IT platform technologies
compatibleZTommunications. do the partners use the same protocols of excRange

The measure can also be valued. If an incompatilididetected, the coefficient 1
is assigned to the interoperability concern and blaerier that are considered.
Conversely, the coefficient 0 will be given whemeaincompatibilities is detected.
Following this rule, the compatibility matrix (Fig) can be built.

Barriers Conceptual Organizational Technology
syntactic semantic authorities organization | platform | communication
Concern responsibilities
Business 1 1 0 1 0 0
Processes 1 1 1 1 1 1
Services 1 0 0 0 1 0
Data 0 0 0 1 1 1

Fig. 4 The valued compatibility measurement matrix

3.3 Interoperability performance measure

The performance measurement is to be done durstest or operation phase of two
interoperate enterprises. Criteria such as codgydend quality can be used to
measure the operational performance. Each kind edsorement can be evaluated
with local coefficients in order to get a globalefficient ranging from “poor
interoperability” to “good interoperability”.

331 Time of Interoperation

The time of interoperation corresponds to the domabetween the date when
information is requested and the date when theesigd information is used. The
time of interoperation can be decomposed in seypenabds of time. Fig. 5 proposes a
decomposition of the time of interoperation (addgtem Kasunic [11]).
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Request time

\ Treatment of

Time the request
fo use
0‘\ /
Return time
Enterprise 1 Enterprise 2

Fig. 5. Decomposition of the time of interoperation

The request time represents the duration betweeddte when a request is sent and
the date when the request is received by the paifhe treatment time of the request
corresponds to the time to treat the request. Eternm time corresponds to the
duration between the date when the requested iaftsmis sent back and the date
when the information is received. The time to wsgresents duration of latendye.
the duration between the date when the informadaeceived and the date when the
information is exploited.
Thus, the real value of the time of interoperattan be defined as the sum of all
the periods of time composing this one. This redl® can be noted as follow [2]:
tin(:;rf - Atreq + Attreat +Atret +tuse
Where:
et represents the real value of interoperation time
* At represents the request time
e Aty represents the time of treatment of the request
e At represents the return time
e Aty represents the time to use
The assessment of the time of interoperation cpomds to the comparison
between the real value of the time of interoperatimd the time expected by the
partners. If the time measured is longer than epledhen there is a deficiency in
terms of time of interoperation.

332 Quality of Interoperation
The quality of interoperation takes in considemattbree kinds of quality: (1) the
quality of exchange, (2) the quality of use and,tki@ quality of conformity.

The quality of exchange draws up if the exchangeoisectly performed.e. if
information sent to a partner succeeds. The quafityse represents the number of
information received by a partner in comparisonhwite number of information
requested. A number of information received super(difficulty to teat all
information) or minor (shortage of information) thhe number of information
requested means a deficiency. The quality of conityr corresponds to the
exploitation of the informatione. if the information received is exploitable or not.
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Thus the quality of interoperation can be definedttee sum of the three kinds of
quality. The quality of interoperation can be nossdollow [2]:

qin = Aqex + ‘Aqut‘ + ACIconf

*  Gin the quality of interoperation
e AQe, the quality of exchange
e |4qyl, the absolute value of use
e AQeont, the quality of conformity
The assessment of the quality of interoperatiorresponds to the comparison
between the real value of the quality of interofieraand the quality expected by the
partners. A difference means a deficiency in teofripuality of interoperation.

Where:

333 Cost of Interoperation
The cost of interoperation is defined by the castticed by the removing of the
barriers and the modification of the systems t@ivb& satisfying time and quality of
interoperation. It is defined as [2]:
C =C_+C
n ex ut

Where:

e G, the cost of interoperation

* Cg, the cost of exchange, i.e. the cost to exchamigenation

e Cy, the cost needed to make the information exchangatle

The assessment of the cost of interoperation quorels to the comparison

between the real value of the cost of interopematiod the cost expected by the
partners. If the cost measured is higher than xpeaed cost, it means a deficiency
in terms of cost of interoperation.

4. Anillustration example

This section presents an illustration example based Carrier-Shipper Scenario to
show the use of the compatibility measure to dgtessible interoperability barriers.
The case was provided by SAP and used in ATHENApASect [2]. In the scenario,

a set of needs and objectives for new solution® Heen defined from the point of
view of an SME shipper. For examples, (Semi-) auwaiticnintegration of Carrier
Services, data and process mapping, user intenfaedefined and easy configurable
adapters, and configuration etEig. 6 shows the internal process of the three
companies and cross companies interoperations betwe three processes. The
targeted interoperations take place at the all fotaroperability concerns (business,
process, service, and data).
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Carrier A - Shippe Carrier B

3
by E®
N\

Sales Order

Calculate Rate

Delivery

Picking

Calculate Rate |

Generate Routing

Generate Routing .

Code

Generate Label Generate Label |

Fig. 6. Scenario mapped with interoperability barriers [2

To analyze existing situation and identify possililarriers between the three
companies, interoperability compatibility measuas been performed.

Fig. 7 shows an illustration example of the measure. aold methods used in
two companies in the four areas of interoperabitipncerns were identified and
compared, and their compatibilities assessed. Frample, different data
models/formats with different semantics are usedhigytwo companies, resulting in
important conceptual barriers at data level. A txtgpwas developed in the project to
document more in detail the barriers encounteredpaential solutions that may be
used to overcome the barriers. An example of #ngplate is shown table 1.

Conceptial Technolagical | Oryanizational .
++4+4  Critical
Busitie s Fo= MPGE ++ Censiderable
+ Weak
Process BPUN \ - None
Serwices PIM45S0A
E CONCEPTUAL TECHNOLOGICAL ORGANISATIONAL
Data EXPREES
BUSINESS - +++ -
Concephual Technlogical | Organizational _
++ -
Business Proprietary
++ - -
Process
Seruices REST /
Dala GCustom
ML Schema

Fig. 7. Compatibility measure illustration example
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Table 1. Excerpt of the template description [2]

Template elements Description

Interoperability concerns Data, Service

Interoperability barriers Conceptual barrier - Imggatible syntactic and
semantic representation of data at each interagting
partner

Interoperability problem Different models adopted Ihe companies

makes data exchange difficult as enterprises
cannot exchange their data automatically
ATHENA solutions identified | - Conceptual solutiomsnnotation of proprietary
models according to common ontology to allow
data reconciliation

- Technical solutions: A3 tools, WSDL Analyze

5. Discussion

The proposed work is related to existing researghd®e following ways:

Existing works [11], [3], [17] etc. mainly focus aie technology aspect and
maturity measure. The approach proposed extendmtiperability measurement
to interoperability compatibility measure and iofeerability performance measure.
The interoperability potentiality measure concemippsed in the paper generalizes
and extends the maturity concept to potentialitpoept which includes not only
maturity aspect but also other aspects such asnepsnflexibility, configurability,
adaptability (not dealt explicitly in the paperg.et

The proposed potentiality measure model allows rehtey the LISI maturity
model (dedicated to information systems) to covez four areas of enterprise
interoperability concerns (data, service, procéssiness) and three categories of
interoperability barriers (conceptual, technologicaganizational).

The interoperability compatibility measure can lmel only if the two systems in
guestion are known. At the current stage, the nreass performed using
guestionnaire to collect the information on thetasys and applications used at the
both sides and possible incompatibilities deterchibg experts of the domain. For
example, if two ERP systems use two different tetmslesignate customer orders
(ex. Order and Command) then there is semantianpedibility.

The interoperability performance measurement is ardy concerned with the
technology aspect (IT systems) but also human agah@ational ones. For example,
the time measure covers not only possible datafimition transmission time by IT
systems which is quite small, but also delay cadsettuman factors (such as rigid
and centralized organization, long human reactielayd etc.). The interoperability
concept itself considered in the paper takes intmant both IT and human aspects.

The calculation of metrics for interoperability potiality and compatibility
measurements is done through human judgment andagiem. Knowledge-based
system can be built for these measures in thedutur
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The use of these measures depends on the contexribattive of the companies.
Generally speaking, the potentiality measure candeel at any time in a company to
evaluate its interoperability potential. A questiaire can be elaborated to help
collect relevant information. The compatibility nseae can be used in an
interoperability project: at the beginning to detgre existing interoperability degree
and identify existing barriers between two entesprsystems; and at the end of the
project to measure the interoperability degree eadd and improvement. The
performance measure is used after the project whersystems are in interoperation
so that operational performance (time, quality, eost) can be accessed.

Interoperability solutions can be categorized adicay to their ability to overcome
interoperability barriers and linked to interopeliép problems identified by these
measures. An interoperability solution repositoan @e built based on the conceptual
interoperability framework presented in section 2.

6. Conclusions

This paper has presented basic concepts and appmoat enterprise interoperability
measurement. The paper also contributed to edtahliscience base of enterprise
interoperability considered in the roadmap for gwise interoperability by the
European Commission [16]. The basic concepts ofrprise interoperability
presented in section 2 served as basis by Europeantlardisation Committee CEN
TC310/WGL1 to elaborate an international standardoifaboration with ISO TC184
SC5/WG1: CEN/ISO 11354 (Framework for Enterprigedoperability).

The three kinds of enterprise interoperability nueaments allows considering the

three aspects of interoperability evaluation: méaguhe set of intrinsic properties of

the system for interoperability (potentiality meseu detecting barriers between two
particular enterprises (compatibility measure); ppdormance evaluation during the

operational phase (performance measure). The theasures are complementary and
consistent with respect to enterprise interopeitgtmbncepts.

Concerning interoperability potentiality measuremethe approach presented
mainly focused on the maturity measure. Other systeperties that have impact on
interoperability such as openness, flexibility ttange and to adapt, configurability
(not only for IT system, but also organizationausture), etc. need to be investigated
and explicitly considered.

Relating to compatibility measurement, it is toentttat the measure can be used
in an interoperability engineering project to ewfu both existing interoperability
degree at the beginning of the project and theexeli degree at the end of the project
so that improvement of interoperability can be assd.

For interoperability performance measurement, threasuares proposed at this
stage of research are rather straightforward aed te be tested in more industrial
cases for refinement and validation. It is alsontde that the criteria used (time,
quality and cost) are also used in other approathessaluate industrial system'’s
performance in general.
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