UNIVERSITAY
Jaume-d

Titulo articulo / Titol article:

SCIF-IRIS Framework: A framework to
facilitate interoperability in supply chains

Autores / Autors

Revista:

Versioén / Versio:

Cita bibliogréfica / Cita
bibliografica (ISO 690):

url Repositori UJI:

Veronica Pazos Corellaa, Ricardo Chalmeta
Rosalena, David Martinez Simarro

International Journal of Computer
Integrated Manufacturing

Versi6 pre-print

PAZOS CORELLA, Veroénica; CHALMETA
ROSALEN, Ricardo; MARTINEZ SIMARRO,
David. SCIF-IRIS framework: a framework
to facilitate interoperability in supply
chains. International Journal of Computer
Integrated Manufacturing, 2013, vol. 26, no
1-2, p. 67-86.

http://hdl.handle.net/10234/90330




SCIF-IRIS Framework: A framework to facilitate inte roperability in supply
chains

Verodnica Pazos Corelld, Ricardo Chalmeta Rosalefi*, David Martinez Simaro**

*Grupo de Investigacion en Integracion y Re-Ingeaiele Sistemas (IRIS)
Universitat Jaume I. 12006 Castellén. Spain.
Tel:+ 34 964 728329 Fax: + 34 964 728435
** Information and Communication Technologies Departmen
AINIA Technological Center AINIA. Valencia. Spain

Abstract. One approach that allows improving the collaboratamong all
the enterprises within of a supply chain is intengbility. Interoperability
allows that enterprises in the supply chain colfab®in an efficient manner
while preserving their own identities and their oways of doing business
through mechanisms that act as facilitators. Howetleere are few real
practical examples of supply chain interoperabilitat can be used as a
reference. In this paper we present a framework ¢ha facilitate supply
chain interoperability and an example of how it dsm applied to a food
supply chain.

Keywords:Collaborative Network, Interoperability
1 Introduction

The Supply Chain (SC) can be defined as “a sehmafet or more entities (organizations or individyals
directly involved in the upstream and downstreamwf of products, services, finances, and/or
information from a source to a customer” [1]. Todagrrect Supply Chain Management (SCM) has
become a strategic goal in business managemensarmv seen as a key competitive factor [2] that is
essential to be able to compete in markets thainareasingly more global, dynamic and aggressi}e [
One of the fundamental aspects involved in accashplg correct SCM is to cut costs and improve
efficiency in the collaborations that the enterptigs with its stakeholders in the supply chain$ipply
chain collaboration consists in coordinating andicéyonizing the resources, decisions, methods,
business processes, employees and technology diftbeent stakeholders.

The prevailing conventional wisdom in SCM literatus that the more integration is achieved, the
better the performance of the supply chain will[Be The ideal situation, according to the Courdfil
Supply Chain Management Professionals, is for tiieeeprocess across the supply chain to be degigne
managed and coordinated as a unit. In an integrspgly chain, all the functions that make up the
supply chain are viewed as a single entity rathantas separate individual functions. This homoiggne
in their processes and systems implies a full (affdrtless) capacity to collaborate and exchange
information [6].

Yet, due to the high costs involved in integratj@h this is only cost-effective if the SC is statin
the sense that participating enterprises do noagghas time goes by and market requirements remain
constant. Thus, there are four possible scenariaghich integration is not feasible:

» If the market requirements often change, it wowddnecessary to adapt the business processes, and
not only those of the enterprises that are dirdotiplved, but also of the rest of the organizadiam
the chain, which will then have to integrate witiecanother again. The increases in competitiveness
that are gained would not make the high costsef&tltcessive integration projects worthwhile.

« If new enterprises enter the SC, they have to naageeat effort, both economically and in terms of
other resources, to homogenize processes, techndtagwledge, terminology, and so forth. This
also represents a barrier making it more diffi¢alt new partners to enter and can end up reducing
the competitiveness of the SC.
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e If the enterprises that already belong to the SCndb want to adopt an integrated way of
collaborating, that is to say, if they each wankeéep their independence, their own particular oy
doing things using heterogeneous systems, diffeteols and procedures, as well as different
concepts or languages.

« If an enterprise collaborates in more than oneiS€nnot be integrated in both of them at the same
time.

The concept of enterprise interoperability thusesgp as a solution to such problems [8]. Many
definitions of interoperability have been put fordaover the years [9]. Nevertheless, in this paper
enterprise interoperability is defined as the cépamnterprises and organizations have to collaieoira
an efficient manner while preserving their own itg#s and their own ways of doing business through
mechanisms that act as facilitators. In this cantpseserving their identity means that each eniszp
does not substantially modify its structure andcpsses in order to achieve compatibility with other
enterprises. Interoperability is considered to Haeten accomplished if efficient collaboration tagésce,
at least, in the business, processes, and infamatid communication technologies (ICT) layers, and
also considering aspects of semantics that compiethe previous three [10].

However, in many cases, enterprises are not dasignanteroperate with one another. Many of the
problems arise from proprietary technological depetents or ad hoc extensions, from the inexistence
excess of standards, as well as from the lack pemence and culture of the human resources. This
absence of interoperability therefore has to beged on from the organizational and technologicesdhs
Interoperability means that people, processes #feteht ICTs from different enterprises are capabi
interacting in a simple way.

In recent years different international initiatiiesve been carried out with the aim of improving th
capacity for interoperability of enterprises. Thgeejects have resulted in a remarkable amount of
progress being made in the three fundamental danwfinnteroperability: Enterprise Modeling (EM),
which deals with the representation of the intemoeked organization and considers how to ensure
interoperability between different models; Architee and Platform (A&P), which considers the
technology needed to implement interoperable agfitins; and Ontologies (ONTO), which ensures that
the semantics used can be understood by the twensy$6].

Yet, technological progress alone is not enough. dfterprises to be competitive and their growth
sustainable, the progress made in knowledge ahtarbperability must be transferred to applicatitors
use in the real economy. In this respect, two efrtain challenges that have to be overcome today in
order to improve the interoperability of enterpsisee:

(1) No frameworks with a holistic view have beersigaed to guide the process of improving
interoperability. Such frameworks must incorpor#tte different improvements proposed within the
different domains of interoperability; they mushealer different views of the enterprise other thast
technology, such as business, processes or hureaarces; and they must take into account financial,
social and environmental aspects, and in geneeafdhsibility of a project of this kind, which shew
enterprises that they are cost effective.

(2) There are few real practical examples thatbzmnsed as a reference and act as drivers, edpecial
in small and medium-sized enterprises.

Hence, there are a number of problems related evitbrprise interoperability that remain unsolved
and there is still room for a great deal of impnmest in both its theoretical aspects and its pratti
application. To solve the above problems, this pafescribes a holistic framework for supply chain
interoperability that is structured in six dimensoThis research started as an exploratory wadkuaad
a case study of the food supply chain sector towvstimt the conceptual model was feasible. The
framework is not only useful for dynamic supply ittsa They can be used by any type of collaborative
enterprise networks where participants changes sischirtual organizations and virtual enterprises,
defining them as “production system with mainlyépeéndent enterprises as single elements, which can
be dynamically insourced or outsourced dependinthemmarket demands” [11].

To solve this problem, this paper describes a fraonke for supply chain interoperability that is
structured in six dimensions. In order to validared evaluate the applicability and benefits of this
proposal, a case example of applying the framewmtke food supply chain sector is outlined.



This paper is organized as follows: section 2 prissa review of the literature related with thejeab
dealt with in the paper. Section 3 presents thedmsork that was developed to facilitate interopaitgth
and thus enhance collaboration in supply chainsti®e4 outlines how it was applied in a real eptise.
Section 5 discusses practical aspects of this @i and finally, in section 6, conclusions antlife
work are shown.

2 Literature Review

Bearing in mind the importance of interoperabilitysearch groups and practitioners have made devera
efforts to solve interoperability problems and emte collaborations among enterprises. These efforts
have followed the lines of Enterprise Modeling (EMjchitecture and Platforms (A&P) and Ontologies
(ONTO) [6]. Frameworks have also been proposedhgatke full advantage of the advances in thigfiel
These frameworks attempt to help during the interability improvement project in a supply chain.
Although these frameworks have many good pointsy tto not completely solve all the problems found
in these kinds of projects. Here are some of thetiwell-known frameworks [12].

The Athena Interoperability Framework (AIF) [13]defines a set of meta-models and languages that
can be supported by tools and methods to constrigzbperability models.

The Global Supply Chain Forum (GSCF). It definesframework to improve supply chain
collaborations. This framework is focused on thepby chain business process. The following eight
supply chain management processes are includetheinGSCF framework: Customer Relationship
Management, Customer Service Management, Demanddéament, Order Fulfillment, Manufacturing
Flow Management, Supplier Relationship ManagemErmduct Development and Commercialization,
and Returns Management. Customer relationship nesmegt and supplier relationship management
form the critical links in the supply chain and thther six processes are coordinated through thech
of the eight processes is cross-functional andsefios [12].

The Supply-Chain Operations Reference-model (SCf2Reloped by the Supply Chain Council [14]
SCOR is a process reference model that has beefoged as the cross-industry standard diagnogiic to
for supply chain management. SCOR enables useaddress, improve and communicate supply chain
management practices among all interested paftiernodels five types of operations: Plan, Source,
Make, Deliver and Return [15].

The Design Chain Operations Reference-model (DCQE]) DCOR is a standard description of a
product design process that provides companies avitell-recognised language to communicate with
their customers and suppliers.

These frameworks propose different solutions toShpply Chain Management problem. But there is
a lack of knowledge about how to apply them tosapply chain interoperability problems. AIF does no
provide a methodology on how to solve interopeigbiproblems in the several phases of an
improvement project [17]. GSCF and SCOR are moprided on the integration of the supply chain
business processes than on their interoperabi@OR is oriented to improving only the design
processes inside the supply chain without considesther supply chain business processes.

3 Supply Chain Interoperability Framework

In order to carry out an interoperability supplyash development and implementation project
successfully, while at the same time reducing tagrele of complexity, it would be a great aid tcabée

to use a framework that defines, among other thitigstasks to be performed, the techniques tesbd,u
the modeling languages for representing the diffed®mains and the technological infrastructure tha
allows the supply chain to be interoperable.

With a view to solving this problem of a lack ofcbuframeworks for SC, since 2008 the Integration
and Systems Re-engineering (IRIS) Group at the éfsitat Jaume | in Castellon (Spain) has been
working on a project entitled “eSISA: Interoper#lilsolutions for the food industry”. The aim was t
develop and validate a framework (called SCIF-IRii®t allows a SC to be interoperable. Different
enterprises (including producers, manufacturergjera, packers and ICT) related with the food sect
took part in the eSISA project.



First of all, the literature dealing with this lired research was reviewed (especially works related
with interoperability and the food supply chainhi§ enabled us to gain a clearer vision and better
understanding of the topic. An initial version bétframework was then developed based on thetlitera
review and the previous research and practical wafrkhe members of the IRIS group in both
interoperability projects and on SCM and integmatid his initial version of the SCIF-IRIS was then
applied to the enterprises that collaborated in ¢##8#SA project with the aim of improving the
interoperability of their SC while at the same timeriching and validating the framework. The final
SCIF-IRIS framework is made up of six dimensionse($igure 1): Semantic Alignment, Models and
Modeling Languages, Techniques, Technology, Interalplity Measurement System and Methodology.
The Methodology dimension is the axis of the framsBwand represents the life cycle of the collabiveat
network. In the following subsections, each dimensif the SCIF-IRIS is explained.

Models and Modeling Languages

4 _~
Technologies ¥

Interoperability Measurement
System

Figure 1 SCIF-IRIS Framework

3.1 Semantic Alignment

Semantic Alignment is the method that is proposetié SCIF-IRIS to resolve the semantic and syiatact
conflicts that may arise between the terms usethbyarticipants. It involves the use of a techgiwal
platform that includes a thesaurus [18] and a $aintologies, implemented using Protégé [19]. The
difference between a thesaurus and an ontologyaisthe thesaurus does not contain any axioms that
allow any kind of automatic reasoning to be perfedm

The thesaurus is a hierarchical taxonomy in whioh terms used in the SC are classified. The
creation of the thesaurus makes it possible tolvessemantic conflicts and to characterize theweat
which the SC is created, thereby making it easieset up future collaborative networks in the same
sector. A semantic conflict is produced when twadally identical terms have different meaningssét
of concepts that are associated to one or morestamm classified in the taxonomy and each term is
associated to the participants that use it to desggthe concept to which it is associated. Leftehside
of Figure 2 shows the structure proposed by theFSRIS for the taxonomy of the thesaurus. The
content of the thesaurus depends on the sectorhichwthe SCIF-IRIS is being applied. The set of
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concepts shown in right-hand side of Figure 2 Ippsed as a starting point for the taxonomy. Model
Morphism (MoMo) [20] can be applied in order to aht the concepts of the thesaurus from the
enterprise models, if they exist. In this case Malapplied in the following way: a set of concefbtat
denote the elements of a model are extracted framdagel of one of the enterprises. Each elemerdaah e
enterprise model is then associated with a corexeghtthat concept is also linked to the terms wikticty

it is designated in the different business modetstay the participants that use them.

On the other hand, a syntactic conflict occurs wHgferent syntactic values are assigned to two
equivalent terms (for example, a product code dhatparticipant represents using numbers whilehemot
uses a series of characters).

Creating the axioms to resolve the syntactic cotsflof all the terms used by the actors for all the
relationships between all the actors is a task ghatvs exponentially with the number of actorsthis
case, it is necessary to create an ontology fdn ealtaboration that includes only the terms thatwased
in it, so that they are compatible and can be ms®@ on different computer systems. The structitieeo
axioms of the ontology is as follows: Let S be @teioperability scenario. Let T1 and T2 be twoesedf
terms that need to be compatible so that S caredermed. There is an axiom in the ontology likesth
T1 mustBeCompatibleWith T2 using, eghere op is the operation to be carried out entéims so that
they become compatible. In general they will bevensions between different types in order to resolv
possible syntactic conflicts. The reason for ugsintplogies is to ensure that the implementatiothefSC
is independent of the participants. Thus, if ondigipant changes or a new participant is introdiianly
the semantic alignment will have to be changedltovdt to be incorporated into the SC.

Concept
Thing
L' | I 1
Rol Operation Products
1 oles Types Category

Ll L Actors LOperationsL Product

Participant+

Figure 2 Structure of the Thesaurus

3.2 Models and Modeling Languages

The dimension Models and Modeling Languages considt (1) a set of reference models of

interoperability best practices, which must be takd¢o account in order to make it easier to regteshe

SC bearing in mind how enterprises interoperatether networks; (2) the enterprise models of the

organizations participating in the SC that colleabwledge about different aspects of those entpri

such as products, services, organization, and gb;f(8) modeling languages which will be used to
represent the interoperability model, that is tg, $he model that describes the collaborationsiwithe
supply chain; (4) application of the MoMo technigwegenerate transformations and correspondences
among the original enterprise models and the ipenability model; and (5) the Model Driven

Interoperability (MDI) technique [21] to generateetinteroperability software from the interoperiypil

model. The languages that are used to represeBQhateroperability model within the SCIF-IRIS are

* I*[22]: which makes it possible to model the peiiants and the objectives that connect them in the
supply chain. Each participant has a set of gamfslfill, and there is a relationship among two or
more actors if the goal is achieved through coltabon among the related participants.

e IDEFO [23]: which is used to model the processdsatperformed through the collaborative network.
Even though, there are other business process mgdahguages, we choose IDEFO because it is
easy to read and understand for people that afamitarized with modeling languages.

* UML [24]: which is used to model the interactionm@ng the participants and the technological
platform, implemented as a support for the openadicthe collaborative network.



3.3 Techniques

The following techniques are used in the SCIF-IRISreate the supply chain:

Extraction of information: In order to extract information directly from thetors, we propose the
use of Open-Ended Interviews [25], in which thesimtewer poses a question and then the interviewee
answers.

Collaborative Work Sessions:In collaborative work sessions participants in tework meet to
share the progress that has been made in the SGlveepossible conflicts and coordinate the
performance of the next tasks to be carried out. fabt that representatives from the whole suppéirc
participate helps to ensure that: (1) all the pgréints feel responsible for the success of thptcsince
they were all involved in the decisions that weradm about how to do it and, therefore, (2) theyeal
comfortable during the creation of the network heseathey are all aware of exactly what stage in the
process of creation is being carried out at angmitime and how the tasks that they have performed
actually contribute to the final outcome.

Templates: Within the SCIF-IRIS a series of templates areduse represent the collaboration
scenarios among participants and to define thalgothtion processes in a homogenous manner.

3.4 Technology

Within the Technology dimension, two categories bandistinguished. The first covers the computer
tools that allow the Methodology included in SCRH to be carried out, while the second includes th
technologies that allow the processes associatddet®SC to be executed and monitored. In the first
category, word processors are used to write therdeats; TAOMAE [26] is utilized for modeling with
I*; case tools are employed for IDEFO; Eclipse [&/lised as the development platform; Java [28ser
as the programming language; and Protégé is ttaogyt management tool. Within the second category
the chief means of communication is the Interneesit allows data to be transferred directly,idap
and securely [16]. Furthermore, the Service Or@ndechitecture (SOA) [29] is used for software
development because it can be integrated easdyttiet Internet.

3.5 Interoperability Measurement System

An interoperability measurement system is a decisiopport system that uses a set of indicators to
analyze the capacity of enterprises to interoperaig a performance measurement system but wittén
area of interoperability. In the SCIF-IRIS, the @y model MM-IRIS [30] is used as the
interoperability measurement system. MM-IRIS in@sda set of parameters and a methodology that
guides the evaluation of the level of enterprisauniy in terms of interoperability. As the levef o
maturity in interoperability is not homogeneousotighout the whole enterprise, MM-IRIS defines six
different views of the enterprise that allow dei@ttof the levels attained in each case, i.e. Bassin
Process Management, Knowledge, Human Resourcesan@Bemantics.

3.6 Methodology

The main dimension of the SCIF-IRIS is a step-lgpshethodology which acts as a guide throughout the
interoperability improvement project, and which sisemponents from the other dimensions as supports
in its different phases. Table 1 shows the methagiolthat is proposed within the SCIF-IRIS. It is
arranged in sequential phases and the differeks tasd activities to be carried out, how to do therd
who should participate in them are indicated fochephase. Next, are explained the roles of the
participants in the execution of the methodology:

Promoter (P): This represents the promoter of the interopergbditthe SC. It is the person who
proposes the interoperability of the SC so as talide to satisfy a series of needs in the busimestel of
the enterprise that he or she represents.

Actors’ Representatives (AR):This refers to the set of people who work in theegprises involved
in the supply chain. These actors make up the Boifdive Network Management Group (CNMG) and



participate in the strategic tasks of the methoghplas well as the validation and verification bét
technological platform developed to support thepsuphain.

Domain Experts (DE): This refers to the set of people who are closdbted with the sector that the
supply chain belongs to and who have a holistisndéthe collaborations that are carried out. Theyst
be people who do not work in the enterprises insilygply chain and who offer a neutral point of view
about the collaborations that are carried out.

Requirements Engineers (RE)This refers to people who are specialized in regménts elicitation
and guide the development of the technologicalqat which must support the supply chain. This role
has been included as a participant because regtsrelicitation techniques have been applied taiob
the characteristics of the interoperable supplyircf@l]. These techniques are used to ascertairs’'use
needs and to make a documentary record of theratdhey can be shared among the different actors.
The aim of the analysis and requirements elicitatesk is to obtain knowledge about the final users
needs, surroundings and the rationale driving #aeekbpment or implementation of a computer system
[32]. Furthermore, it becomes more complex as ypelogy of the final users grows, since different

perspectives have to be taken into account sctlieadlifferent needs can be put together underglesin
technological platform that satisfies them all [33]
Developers and testers (DT)This refers to the people responsible for develp@nd testing the
technological platform.
Users (U): This refers to the set of users who are going tkentbrect use of the supply chain.

Table 1 Methodology of SCIF-Framework

Phase Tasks Activities How Who
Collaborative Network | Collaborative work | P, DE, RE
definition sessions with partnefsCNMG,
Diagnosis of the MM-IRIS RE, CNMG

Strategic situation
Definition Goals definition I*, Open-Ended CNMG,
Interviews, Scorecard DE, RE
Project Plan Project Memory DE, RE
Conceptual CNMG,
Definition Responsibility Collaborative work | DE, RE
definition sessions with CNMG,
artners, Templates
Collaborative - - D P
Process Relationships among | Templates DE,
o collaborative processes CNMG, RE
Definition .
and internal processes
Global Process | IDEFO Model IDEFO Modeling RE, CNMG
Modeling Tools
. Semantic Develop a thesaurus arjddocumentation DE, RE
Collaborative . . .
Alignment ontologies review
Network Definition of th Templat RE, CNMG
Modeling Collaborative efinition of the emplates, ,
. collaborative processeq UML
Scenarios .
Modelin as collaborative
9 scenarios (AS-1S)
Measurement of| Knowledge view MM-IRIS RE, CNMG
Diagnosis and the ability to -
Improvement | interoperate and| PTOCesS View
Proposals mterop_erablhty HR view
projects




definition ICT view
Definition of the future | Templates, UML RE, CNMG
Collaborative | collaborative processes
Scenarios as collaborative
Modeling scenarios (TO BE)
Business re-definition Managers’ RE, DT, U,
experience CNMG
Consultancy
Process re-engineering Reference Models|
Interoperability Workers’ experience
Implementation projects Consultancy
implementation [ HR management Managers’
experience
Consultancy
Platform Development SOA
. Sessions to explain to | Collaborative Work | RE, DT, U,
Collaborative .
. users how to use the | Sessions CNMG
. Work Sessions .
Implantation Technological Platform
Platform Commissioning Ad hoc applications RE, DT,
implantation CNMG
Definition of indicator | Technological DT, U, RE
Execution and Monitoring about the performance platform, speqial
monitoring System of the collaboration tools for creating
network reports [34]

3.6.1 PHASE I: Conceptual Definition:

The conceptual definition of the SC is divided it activities: the strategic definition of the $@d

the definition of the collaborative processes. Ehdwo activities are outlined in the following

subsections.

Strategic Definition: This activity is started by the network promoterdaits outcome is the
definition of the Project Plan. Each of the task$é carried out within this activity is explainedthe
following:

Collaborative Network DefinitionThe first task to be performed when carrying aoy project is to
define the project plan [35]. However, since diferenterprises are involved in the supply ch&ie first
task is to define the actors in it so that theyhalVe a say in defining the project plan and thasitens
that are made are agreed on by all. The activitid® carried out are as follows:

« Promoter: The promoter defines the mission of thppl/ chain interoperability and obtains
authorization to implement it from the enterprisenhich he or she works.

e To establish the collaborative network participaamtsl the work team (CNMG). They are led by a
project coordinator chosen from among the peopté thie greatest specific weight and experience
inside the partner enterprises and a collaboragneement is signed. The collaboration agreement
must contain a description of the resources thegaing to be allocated by each participant in orde
to define the interoperability supply chain and ithigal budget.

e To contact domain experts.

e To define the mechanisms that will be used to conioate the evolution of the interoperability
supply chain project.

« To define the characteristics of the interopergbdupply chain, such as the topology of the S@sor
stability or heterogeneity, among others. The togwplis represented using a conceptual map, which
is a graphical representation of the network pi@icts where the connections among them are
represented by arrows.



« To engage a group of requirements engineers wHdelipp the CNMG in the task of modeling and
with the extraction of the needs of the partnefsasupplied by the SC.

Diagnosis of the situatiorniThe strategic aspects of the enterprises in theh@t have repercussions
on their capacity to establish collaborations nfaigstneasured and evaluated. For instance, it isseane
to measure whether they follow Sustainability andlidy policies, their capacity/willingness to adlap
organizational, technological and social changesir tStrategy as regards the use of technologies as
support to aid in collaborations with other entexps, their Policies with respect to the use of
technological and information standards or theiidies on the (social, technological, etc.) evahmbf
possible partners prior to establishing relatidrtss is achieved using the parameters from theri&ssi
view of MM-IRIS.

Goals definition The next activity is to define the goals to béiaged for each participant in order
to reach the mission statement of the supply cim@moperability. This task is performed by the Cam
Experts and Requirements Engineers using Open-Endedviews. For each connection on the
conceptual map of the supply chain interoperabititey must ask the CNMG what specific goals are to
be achieved in the collaborations in order to fepomplish the mission of the SC. This task coretud
with the documentation of the goals. The SCIF-IRERs the Tropos Methodology [36] with I* and
TAOMA4E to identify goals. These goals are lateragéton an interoperability goals map. On this riep
goals are arranged in the six perspectives propbgatde MM-IRIS and their hierarchical relationg ar
established, in a similar way to the procedure uged strategic map in a performance measurement
system.

Project Plan The last task is the elaboration of the ProjdanPThe project plan is a document
drafted with the general consensus of the CNMG w/iadirthe information obtained in the previous task
and the action plan to be followed in the futuresirioe specified. The document must contain: Mission
Vision and Values of the SC; the agreement letggsed by the actors’ representatives on behailfsof
company; SC Topology and SC characteristics; giefiition and strategic map of collaboration goals
estimation of initial budget; results of the diagtio of the current situation and action plan: #ution
plan is elaborated according to the SCIF-IRIS phase

Collaborative Process Definition:The aim of this task is to define the collaborativecesses to be
carried out within the SC. To do so, the modelsluaternally by the enterprise, if any, are anatiyaed
a series of collaborative work sessions are held/hich the DEs and REs must guide the CNMG in
defining the collaborative processes that haveetadaried out in the SC in order to reach the $jgeci
goals set out in the project plan. The job of tHesiind REs is to make the CNMG think about which
processes have an effect on whether the objeabivee SC are fulfilled or not. Then, the relatibips
between the collaborative processes and the intproeesses of each participant must be descrided.
internal process is considered to be one thatawsingle participant is involved in.

The information obtained in this task is represéniising the template shown in Table 2. The
template makes it possible to define the collaldaggirocesses in terms of the participants (ficdtimin)
and the internal processes of those participantls which the collaborative process is related dre t
description of the relationship. In addition, thefidition of the inputs and outputs of the colladre
process and those responsible for them are altodieat in the template.

Table 2 Template for Collaborative Process Definition

Collaborative Process: Name

Participant 1 Internal Process 1 Relationship description
Inputs Input 1 Actor Responsible
Outputs Output 1 Actor Responsible

3.6.2 PHASE II: Collaborative Network Modeling



The second phase of the SCIF-IRIS methodology imadel the collaborative processes, that is to say,
the interoperability models defined in the tempdattheir semantic alignment and the design of their
collaboration scenarios. This task must be caroigidin collaboration with the requirements engiseer
who are usually experts in the use of models toessmt processes. This phase consists of thradiasti
Global Process Modeling, Semantic Alignment anda®alrative Scenarios Specification.

Global Process Modeling:This activity consists in the creation of a globaldel that includes all the
internal and collaborative processes involved itoawplishing the mission of the network from a hidis
point of view as they are performed at the pregane (AS-IS). In this subsection there are two
alternatives. If the enterprises already have n®delheir internal and collaborative processesMdo
techniques can be used to establish a correspoadesteveen those models and thus avoid having to
create new models. Otherwise, it will be necessargenerate models of the current situation. Is thi
case, IDEFO is proposed as the method with whidlkepoesent the processes, since it is easily utoders
by users who are not experts in the use of mo@3s [The process can also be modeled regardless of
who carries it out and the different activities ¢enconnected by means of procedure calls. Atptiist,
the first doubt to arise concerns the number ofaskpns to be represented with IDEFO. On this issue
must be borne in mind that the level of precisiarstrbe high enough to be able represent the irtenasc
of the supply chain with the internal processe@eefin the templates shown in Table 2.

The aim of this phase is to determine the pointnduthe overall process at which the interactions
among the elements of the SC take place, sincedfidties that are carried out in the interactiorils be
used as the basis on which to accomplish the gbaisvere identified in the first phase. On finrgithe
model, two questions must be checked: (1) whether human resources (mechanisms in IDEFO
terminology) associated to each collaborative-tgpecess coincide with those defined in the template
for the definition of processes; and (2) whethes thternal processes related to the collaborative
processes of the IDEFO model coincide with the ahes were set out in the templates for defining
collaborative processes. Should either of the tuestjons fail to coincide in the templates andrtioelel,
both of them will have to be reviewed and any clearntfpat might be necessary must be introduced.

Semantic Alignment: At this point the first part of the semantic aligent is performed, the
thesaurus. From now on, the language to be uséukinest of the activities will consist mainly inet
concepts defined within it. The creation of thestinigrus must be guided by the domain experts aretibas
on the enterprise models. Yet, the enterprises tmighhave any models. In this case, this taskbman
performed by reviewing the documentary materialceoning the sector on which the collaborative
network is working and extracting the nouns thairesent it. Generally speaking, the documentary
material to be reviewed consists of the externguliagions or laws regarding the sector, the interna
regulations of the participating enterprises and ttocuments generated throughout the process of
implementing the methodology. Moreover, the useanfontology that contains axioms like those
described in 3.1 is recommended to resolve semantisyntactic conflicts.

Collaborative Scenarios Specification:The next step is to specify the collaboration aces in
detail [38]. If the enterprises already have dethinodels of their internal and collaborative psses,
MoMo techniques can be used to establish a cornelgmze between those models and thus avoid the
need to create new models. Otherwise, it will beessary to generate new models using the IDEFO
technique. These models must reflect the way incwhhe participants in the network currently
collaborate. For each collaboration process thatefined, one or more collaboration scenarios &l
specified; these can be extracted from the glolmalahusing the following heuristics:

Let there be two processesand p. p, and p are linked if an output of;ps used as an input, control
or mechanism ofp

A collaboration scenario exists between two proesegsand p from the IDEFO model if, and only if,

p; and p are linked and there is a mechanism of p; that represents an actor (either a human or a
computer system) and a mechanisptimat represents an actor (either a human or a cot@psystem)
and m is different from mand belongs to different participants.

A collaboration scenario exists if two differentahanisms that represent an actor (either a human or
a computer system) and belong to different pargiotp participate in the same IDEFO process.

Applying the first heuristic produces a list of yaiof activities in which some collaboration is
produced. With the second one, collaborative pse®are obtained. Note that the result of applilieg
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second heuristic should be the collaborative pmeeslefined in the previous phase. However, applyin
the first one makes it possible to detect othenfsain which collaborations take place and whi¢hhe
network is very extensive, may have gone unnotieden the collaborative processes were being
defined. Furthermore, it also allows the points paftential collaboration among participants to be
identified.

The next step is to represent these collaboratisnsollaboration scenarios. Collaboration scenarios
are a textual and graphical representation of tiatworations that take place among the actorstiaeyl
allow additional information about the scenariosb® included. Such information includes the pre-
conditions or the post-conditions of the collabimatprocess. The SCIF-IRIS recommends using the
template shown in Table 3. for the textual represt@m. This template is based on the Requirements
Elicitation Methodology [39].

Table 3. Template for Collaboration Scenarios Specification

Scenario ID Collaboration scenario identification number.

Name Name assigned to it.

Description Description of the scenario.

Actors Actors involved in it.

Pre-conditions Conditions that must be fulfilled before the scémés executed.

Post-conditions Conditions that must be fulfilled after the sceadras been executed.

Scenario Textual and graphical representation of the scen&imploying UML use
cases).

Alternative Scenario | Other possible representation of the scenario (idbestin text form).

Notes Considerations to be taken into account.

I* model elements Elements in the involved objectives diagram.

IR (Information Requirements) Data needed to exeti@estenario.

Associated IDEF Activities represented by means of IDEFO associteithe use case. It may be
specific to a particular use case or cover sewdrdiem. T

3.6.3 PHASE llI: Diagnostic and Improvement Proposals

The third phase is to diagnose the ability of tletipipants in the SC to interoperate and identify
improvement projects. This phase consists of twoities: Measurement of the ability to interoperat
and Collaborative Scenarios Specification (TO-BE).

Measurement of the ability to interoperate: Using the methodology and the parameters proposed
in MM-IRIS makes it possible to measure and evaluhé level of interoperability in each collabooati
within the supply chain, taking into account aspectlated to Business, Process Management,
Knowledge, Human Resources and ICT. Examples ofadpects that are measured include: for the
Business view, whether there is a policy of usitesndards. For the Process view, whether the presess
are identified, documented, modeled or planned. #a Knowledge view, whether there is a
Collaborative Knowledge Management System. ForHReview, whether there is a well-defined and
documented structure with assigned roles and filiyilto exchange jobs. For the ICT view, whetltas
easy to develop ad hoc applications to connegpdinécipants with the technological platform of tB€.

This diagnosis is then used to define the improvenpeojects and they are arranged in order of
priority using a feasibility study that takes trig@hal cost/benefits into account, although orgatdanal,
technical and operational aspects should also bsiadered.

Collaborative Scenarios Specification TO-BE): The second activity is the specification of the
future collaborative scenarios, the interoperabifitodels, taking into account the AS-IS model, the
interoperability improvement projects and the refime models of the second dimension of the SCIF-
IRIS. Specification is performed using the samepiates as those used for the AS-IS model (Table 3,
but now the actor Technological Platform appealithe scenarios.
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3.6.4 PHASE IV: Implementation

The fourth phase of the SCIF-IRIS is the developnudrprojects to improve the interoperability ofth
supply chain. These projects may involve, for exampedefining strategic aspects, the culture, the
mission, the vision, the values or the economicjadand environmental policies of the organizagion
(Business View); redesigning the processes cawigdby the enterprise, identifying possible ways of
improving work methods (and therefore improvemeatproductivity and cost reduction) based on an
efficient interaction with the processes of othateeprises, with a special emphasis on processds th
generate sustainability (Process View); restruotutiuman resources in order to adapt them to the ne
situation, bearing in mind that the employees’lskdbilities, roles, culture, collaborative capgcand so

on can improve interoperability (HR View); or thewelopment of the technological platform, which
must provide automatic interconnection among theliegtions, data and communication components
that are needed to support the execution of thialmmiations scenarios that were modeled in phase I
(ICT View).

Implementation of the technological platform mustlmased on architectures that can be integrated
into the Internet easily, such as the SOA, andzetd development approach that is guided by pusiyo
obtained models (MDI). Left-hand side of Figuret®ws the architecture of the technological platform
based on the SOA structure. This architecture bas layers: (1) Persistence layer: This is the aye
where the data needed by the supply chain aredstirean be implemented using any relational datab
management system. A minimum requirement of theldese is that it should be designed in such a way
as to allow storage of both the inputs and the wtstfrom the collaboration scenarios that were ifpét
phase Il. (2) Application layer: This is the laybat implements the collaborative processes. |S@A
setup, they are Web services that can be consumeeinote clients and there will be at least one web
service for each collaboration scenario; this serwill allows the exchange of information needegd b
actors to be able to collaborate or, if the collation can be automated, to perform the collabeeati
tasks and send the results to the actors invol{@dCommunication layer: The application layer must
take into account the Semantic Alignment dimensioms to be able to communicate with each actar in
way that is coherent with the terminology that heslee uses. For this reason a communication lag®r h
been included within the application layer. Righnt side of Figure 3 shows the architecture of this
communication layer and it has the following compats. ThesaurusThis is the representation of the
taxonomy produced in phase @1...0n:These are the ontologies that contain the axiamstlze terms
needed to resolve the syntactic and semantic ctfliranslations ManagerReceives the requests from
Service Request and invokes the Operation compo©getration: Given an operation and a set of terms,
it runs the operation and returns the result obthfirom running itService RequesGiven a set of terms,
the ID number of an axiom and the ID number of kaboration scenario, it retrieves the operatiotvéo
carried out on the terms from the correspondinglogly and invokes the operations module. (4) Users’
Application Layer: The layer that allows users (@himay be both human and other systems) to have
access to the services offered by the technologlagfiorm.

The last task in this phase is to generate therdents concerning the use of the services that enabl
the collaboration to be carried out.
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Figure 3 Architecture of the Technological Platform

3.6.5 PHASE V: Implantation

Once the interoperability projects have been deelp they must be implanted. At this point
collaborative work sessions must be held so thatsusan be told about the new way the enterpris&svo
and how to use the technological platform. Finalg platform is started up and the computer systeim
the participating enterprises are connected uginigpa applications.

3.6.6 PHASE VI: Execution and monitoring

The methodology ends by including a continuous awpment system that identifies new requirements
related with the interoperability of the SC.

4 Case Example

This section describes a case example in whictS@--IRIS is applied. The case example focuses on
the collaboration of different enterprises in ortteproduce table olives. Because they are ensapiin
the agro-food sector, ensuring quality, hygiene saiegty at each stage of the food production clin
essential, not only in this case but around theldydroth in industrialized and in developing coiggr
Furthermore, the crises involving or related todstoiffs over the last decade, such as mad cowstisea
triggered a change of direction in consumer praiacind food safety policies. The purpose of tlisec
study was to improve the collaboration among emiggp involved in the production of table olives in
Spain in order to strengthen and stabilize theabaolfations within the supply chain so that the
information generated in the process of transfogrtime raw material (in this case olives) is always
available. By so doing, should there be any kinghblem, such as a contaminated can of olives, it
possible to trace the path taken by that can arat Wwhtches may be contaminated, instead of hawing t
withdraw all the goods from points of sale.

In order to improve collaborations, a technologigktform was developed for a supply chain made
up of a set of enterprises with very different pesfand which find it difficult to collaborate eftively
with one another. This reduced the risk of thegaitives being affected by some kind of food hazard
the following, the profiles of the different enteiges involved in the case study are outlined.

Producer: This is the grower, i.e. the actor responsiblecimltecting the olives from the groves and
delivering them to the manufacturer's facilities.

Manufacturer: This is the processing plant responsible for ngriiarvested olives into olives that
are ready to be packed. In this case this is theank promoter.

Carrier: This is the actor that performs operations invajvcollecting logistic units of the product
from one actor and delivering them to another.

Packer: This is the actor who is responsible for carrying the packing processes in order to prepare
finished product units that are ready to be markete
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Dealer: The actor in charge of distributing the logistiaita of packed table olives to the points of
sale to the final consumers.

Supplier (linked): A supplier who is subcontracted by the manufactiog@rocess the olives.

Supplier 1 (laboratory): The actor responsible for carrying out quality ttohanalyses on the
batches of processed and packed olives in ordensoire the product meets the health standards, by
guaranteeing that the olive from the groves is eany kind of phytosanitary defect or that thekzd
olives have undergone the processes of pasteworizsitrilization in a satisfactory manner.

Supplier 2 (Auxiliary materials/ingredients): This actor is responsible for supplying the aaxili
materials needed in the curing processes (e.g. tlye)packing processes (e.g. the brine componeats)
well as the ingredients to be used in manufactutiegpacked product (e.g. anchovies, red peppers).

Supplier 3 (Packing): This is the actor who provides the packing thatfthished product will be put
into, and may consist of cans, jars, cartons oebpix their different formats and materials.

Before creating the supply chain, the participateady collaborated on a local scale, that isaig s
each actor only collaborated with the actors wittom they had a direct relationship. Thus, inforovati
about the quality controls carried out by the mantifrer was not available to the dealer. Through th
technological platform developed for the SC, thscare linked to each other by means of the métwo
and can share the food safety management stangéaetgpody has access to the information concerning
a product, and production processes become trarpdihis section explains how the SCIF-Framework
was applied in the supply chain. The example foguse the collaboration with laboratories so that a
phytosanitary certificate can be issued to proeg tie processed olives comply with health starsdard

4.1  PHASE I: Conceptual Definition

Strategic Definition:

Collaborative Network DefinitionThe conception of supply chain interoperabilityins when the
manager of the manufacturer's quality control dmpant (in this case the promoter) sees the need to
improve interactions with different collaborators arder to ensure the quality of the table olived a
defines the mission of the supply chain: “To endine transparency of the information regarding the
quality controls carried out on the table olivectighout its entire life cycle”. Once he or she hasn
given the go-ahead by the managers of the enterptie Promoter contacts the enterprises that they
collaborate directly with, i.e. producer, linkedoplier, laboratory, auxiliary material supplier apalcker.

In addition, in this case, the packer proposesttt@atiealer should also be included, since thisasactor

who closes the table olive’s life cycle beforegaches the point of sale and the consumers. Orce th

participants, who represent the CNMG, have beesbéshed, they get in contact with the DE, who in
this case is represented by the authorities tHateriify the quality of the table olive.

The next step is to hold a collaborative work sassn which the communication mechanisms to be
used in the supply chain are defined, the concéptaa of the actors is created and the charadt=rist
the supply chain are defined. In the following, thiicomes of each of these tasks are outlined.

Communication mechanisms: For each task that ifoqpeed, a deliverable stating the activities
carried out in each task must be created and sat¢ctronic form to each of the participants.

Characteristics of the supply chain: Figure 4 shtvesconceptual map of the participants in the SC.
The characteristics of the SC are as follows:

e The supply chain is made up of eight different exto

« Geographical dispersion: Geographical dispersiauigcon two levels: (1) The actors are located in
different physical places; and (2) one actor camehlis or her facilities distributed in different
locations.

* A high degree of outsourcing: The number of sew/tt@t are outsourced is undefined. For example,
the manufacturer can outsource the fermentatioit,roay be part of his or her processes. The supply
chain is dynamic and must be ready to make changés roles of the actors smoothly and swiftly.

- Different types of collaboration: The health safatgnagement of the table olive is not a process in
itself, but instead the result of controlling atlet processes that are carried out on the olives, th
ingredients, the packing or how they are transporéenong other things. In the study case, these
processes were grouped in three types: procurenviith is the set of activities that must be catrie
out to obtain the auxiliary material (ingredients gacking); transformation of the raw material,
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which includes the activities required to transfdim olive that comes from the groves into table
olives; and quality control. The process of quatintrol refers to the specific activities that are
carried out with the aim of ensuring the qualitytié final product. These activities are performed
throughout the whole process of transforming tlieechnd ensure that not only the minimum quality
conditions required by law are satisfied, but dtsmse imposed by manufacturers and packers. The
first quality control is to check that the oliveathis brought from the grove fulfils the business
agreement established between the producer andmtmmifacturer, where parameters are set
regarding size or the percentage of defects, anodingr features. The next control consists in an
analysis of a sample of the green olives condubteé specialized laboratory. The olive is then
controlled throughout the fermentation process &asdly, once it has been packed.

This activity finishes with the engagement of teguirements engineers.

Diagnosis of the situatioriThe next step is to perform the diagnosis ofdheent situation. In this
case the diagnosis jgoor interoperability since the relationships between different paréiois are
carried out by following tacit agreements, makimgephone calls and exchanging documents whose
format and contents are not governed by any kindgopéement among the participants. The situation is
repeated in all the perspectives, as the collaimgragnterprises have not considered the idea of
collaborating with the other participants in areetfive way until now.

Goals definition In this case study, the CNMG decided to use thepds methodology for this
activity. The DE and RE held Open-Ended Interviewmith the participants in order to obtain these
objectives. The questions that were asked, amdmgrsatdealt with the relationships that they hath wi
participating enterprises, why they thought theghiuo be in the supply chain and what they shalald
to favor accomplishment of the mission of the symtiain. Left-hand side of Figure 5 the strategialg
of the supply chain network that were defined feilog the interviews. Once the objectives of the CN
have been identified, the relationships betweendifferent objectives must be evaluated in order to
detect the dependencies among them.

Linked
Supplier

Auxiliary
Material
Provider

Y
Auxiliary - N
Material Carrier Packer Carrier Deder
Provider

A

Laboratory

Figure 4 Participants Conceptual Map of the SC

Manufacturer

Project Plan This task concludes with the redaction of thejgmbplan. The document must contain
all the information obtained in the Strategy task.
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Figure 5 I* Model and Strategic Goals Definition for the SC
Collaborative Process Definition; Table 4 shows the definition of the collaboratiw®cess “To
evaluate sample”. This process is carried out deoto obtain the quality certificate for the presed

olive from the manufacturer.

Table 4 To certificate sample Collaborative Scenario défin

Collaborative To evaluate olive Sample
Process:
Manufacturer / | Olive processing The olive sample is sent to theodatory after the
Link provider processing.
To send Olive The olive is sent if and only if thive has the quality
certificate.
Packer To receive Olive The olive is received if and oiilythe olive has thg
quality certificate.
To pack olive The packing of olives is done if andy if the olive has
the quality certificate.
Laboratory To evaluate Sample The laboratory makes the quatigjysis to the sample|.
Inputs Olive sample Manufacturer / link Supplier
Sample data Manufacturer / link Supplier
Outputs Certificate quality Laboratory

4.2  PHASE II: Collaborative Network Modeling

The first activity in this phase is Global Procédsdeling. Figure 6 shows an excerpt from the global
model. Specifically, it shows the part relatedhe tollaborative process “To evaluate Sample”.
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Figure 6 Collaborative Process Model

The next activity is the semantic alignment of ttega exchanged in the interaction. A conceptual
representation of an excerpt from the taxonomytaadaxioms to resolve semantic and syntactic cugfli
in the identification of the sample are shown beldtwshould be noted that GLN stands for Global
Location Number [40].

Concept: Traceability Information

Terms: Origin = Producer GLN, Land ID, Date (Manafarer); Identification: Producer GLN + “-”
Land ID + “/” + Date + “~" + Manufacturer GLN (Laboratory)

Axiom: Origin mustBeCompatibleWith Identificatiosing Concatenation

Operation: Concatenation: = Identification = Procg®©rigin) + “-” + Manufacturer GLN

Operation Process(origin) return Producer GLN + “+’and ID + “/* + Date

In this case, for the concept Traceability Inforimat the Manufacturer uses the term Origin,
consisting of Producer GLN, Land ID and Date, wiiile Laboratory uses the term Identification, which
comprises the same data plus the Manufacturer Gl taxonomy allows us to resolve semantic
conflicts between origin and identification and theéom allows us to resolve syntactic conflictsmiist
be pointed out that it is not necessary to creafielaal ontology for all the business processesaesl in
all the participants. In this case, we define amlogy for each interoperability point that made th
correspondences between the elements of the imeroifity point and solves the syntactic and semant
conflicts.

Finally, the collaborative scenarios are specifiéyl.applying the heuristics described in 3.6.2he t
process shown in Figure 6, four collaborative sdesaan be detected: between Al and A2; between A2
and A3; between A2 and A4; and, between A3 and2ath scenario is specified using templdtes.

4.3 PHASE lll. Diagnostic and improvement proposals

In this phase the MM-IRIS is applied to measure Hislity of enterprises to interoperate. The
collaborative scenarios are then specified takirig account the technological platform. Table 5vaho
the template for the “To evaluate olive sample’h\dist (empty rows were avoided).

Table 5 Collaborative Scenario Model for "To evaluate ®@lisample”

Scenario ID CS QC 1

Name To evaluate Olive Sample.

Description This scenario represents the interactions amontptieratory, the manufacturer
and the packer to evaluate an olive sample androbtQuality Certificate.

2 It must be pointed out that C1 control is a cdrfooall the activities.
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Actors Manufacturer, Laboratory, Packer.

Pre-conditions The sample sent to the laboratory must be processed
The sample data must contain the information abdmiprocessing of the sample
and traceability information.

Post-conditions The result of the analysis must be communicateétdegananufacturer through the
technological platform.
Scenario CS_QC_1 1: To insert the sample data in the teolgiea! platform and send

the sample to the laboratory.

CS_QC_1 2: To confirm receipt of the sample.

CS_QC_1 3: Perform the analysis.

CS_QC_1 4: Toinsert the analysis results intgothform and upload quality
certificate.

CS_QC_1 5: To download quality control certificate.

<<Associate>> CS_QC_1_4a: If the quality contraias approved, the
manufacturer will send another sample.

<<Associate>> CS_QC_1 b5a: If the quality contradpgproved, the
manufacturer can make the analysis results visibtke packer.

4,/ .
- es.qe11 —
—
il
o o
/
/ —
\,
csQc12 \
Manufacturer
\\
~—_
N
h csQc13
/ - Laboratory
/
.. SB550CAN
€s_QC_1_4a €s_QCc_1.4

£5_Qc_1_5a £s.Qc_1.5
Packer

I* model elements Manufacturer, Laboratory, Packer, To obtain thelQu&ertificate.
IR Olive Sample, Sample Data
Associated IDEF Activity A2, A3, Ad

4.4  PHASE IV: Implementation

The fourth phase is the implementation of the improents projects in the Business, Process,
Knowledge and HR views, and the development oft#uhinological platform. For the Business view,
Manufacturer and Packer establish the minimum guali the olives and the kind of analyses to be
performed by the Laboratory.

For the Process view, they decide that the Manufactvhile notify the Packer when a sample is sent
to the Laboratory because this means that in alautveeks’ time the Packer will receive the lottttie
sample belongs to. Moreover, the Manufacturer alibw the Packer to see the results dispatchedhéy t
Laboratory directly on the technological platforithus, the Packer does not have to communicate with
the Laboratory to ensure that the quality certiBda legal. Lastly, the human resources of therpnises
are trained in this new way of working.

On the other hand, the implementation was perforomdg MySQL for the persistence layer, web
services for the application layer and HTML for usplications. We choose a Service Oriented
Architecture because the case example showed snpiduper is just a part of a bigger one, so it is
necessary to use technologies that support bigicapiphs are loose coupled and scalable [26]. The
MySQL database contains the tables needed to gtersnformation that is going to be exchanged and
processed in the web services. The web servicew alers to execute the collaborative scenariothi$n
case, there are web services to store the samfaetdaconfirm receipt of the sample, to store rmsult
of the analyses, and so on. Moreover, there are HThénts to introduce the data needed for each web
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service and to invoke them. It must be pointedthat each web service is in communication with the
ontologies in order to resolve semantic and syittainflicts. This phase ends with the draftingtiod
user manuals and the documentation about the tkxtfical platform.

4.5 PHASE V: Implantation

The fifth phase of the IRIS-Framework is the exegutand monitoring of the SC. The first task is to
organize training courses to show users how totlseplatform. In these courses, the developers give
demonstrations with data from real cases to shawsusow to use the platform with the HTML clients.
Ad-hoc applications can then be created to contieet participants’ information systems with the
platform automatically, sending the information tth& needed directly from the user’'s database to a
specific web service.

4.6 PHASE VI Execution and monitoring

Finally, the last activity is to put the monitorirgystem into operation in order to measure the
interoperability performance. This measure willesélve number of transactions that are carried acit e
day. The goal is to detect whether the number arisiactions is decreasing and, if so, to find oat th
reasons for the reduction. Another aim is to chebkther the SC fits the current situation or ifihass

is falling.

5 Discussion

The main difference of the SCIF-IRIS Framework wiggard to existing frameworks is that it provides
step-by-step methodology for the entire interopéitplimprovement project of the supply chain. This
methodology sets up the tools to be used in eaabgttaking into account the real characteristidh®
supply chain, and can be applied whether or narprise models and ontologies exist. Alternativitg,
Methodology can be applied using other modelingjleages and tools so that enterprises would use the
modeling languages they know without having torlemnew one.

According to [41] there are four dimensions of dladmrative network to reach a comprehensive
modeling framework. Table 6 shows a comparison betwhe SCIF Framework and the characteristics
to be modeled proposed in [41]. Although it is plolesto model every sub-dimension following the
SCIF-IRIS Framework, resources and controls arg iocluded as ICOMs of the IDEFO Diagram, so the
future challenge is to improve the SCIF-IRIS Frarodwto allow practitioners to model these aspetts i
detail.

Table 6 Comparison betwedgd 1] and SCIF Framework

Dimension Sub-Dimension SCIF-Framework
. . Actors/Relationships Actors conceptual Map
Structural Dimension
Roles Actors conceptual Map
Hardware/Software Resources IDEFO (Mechanisms)
Componential Dimension Human Resources IDEFO (Mechanisms)
Information/Knowledge Resources IDEFO (Mechanisms)
Ontology Resources Ontology / Thesaurus
Process IDEFO (Process)
Functional Dimension | Auxiliary Process IDEFO (Process)
Methodology IDEFO Diagram
Prescriptive Behavior IDEFO (Controls)
Behavioral Dimension Obligatqry Behavior _ IDEFO (Controls) .
Constraints and conditions Templates for CS Modelin
Contracts and cooperation agreements  Agreemerdrkett
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At the other hand, the expected result and duraifaime execution of the framework is variable. It
depends on the topology of the chain and the coritplef the process that have to collaborate.

Regarding to the case example, the execution offrdiraework took around a year. In this case,
companies using the framework application benefitteseveral aspects. The main benefit was that the
realize that to share information with other entisgs improves their own business processes without
putting the enterprise’s worth at risk. In fact,llaborative information transparency and availapili
increases enterprise’s worth because it allowsrgrises businesses to improve the synchronizatfon o
internal process with the internal processes ofother participants. This was not obvious to thértha
beginning of the project. Meanwhile, collaboratpu@cess execution time has decreased becausefeven
companies were collaborating before the establisiindé the collaboration network , their main
communication channels for the expedition of gyatiertificates and the communication between two
participants were the telephone, e-mail, fax andtglomail. Today, they collaborate through the
technological platform in which communications amemediate and, moreover, visible for as many
participants as the collaborative network requifidais, the manufacturer does not have to send sinaly
results to the packer because the packer can lpdkeuresults on the technological platform. Enisgs
of the case study have a pro-active attitude to t#ehnological platform. Information analysis
applications are being developed to extract thet inésrmation possible from the technological pbeth
with the view that this information guides decisimaking for enterprises. So, the SCIF-IRIS Framéwor
not only improves the ICT layer of interoperabilitporeover it helps to align the business processes
through process models and to solve the semanigmnaént at process, human resources and
technological levels.

Finally, it is important to point out that the faipating enterprises had held business relatiqsstur
decades, yet there was some reluctance to shanemizmion among them. Therefore, it is necessary to
validate the SCIF-IRIS Framework in other typesollaborative networks to verify that it adaptsatb
kind of relationships and collaborations among iiges.

6 Conclusion

Enterprise interoperability is a tool to improvepply chain efficiency. However, there are no
frameworks that guide the interoperability improwsr project of the supply chain with a holistic
approach. The SCIF-IRIS Framework presented inghjger is a step forward in the field of enterprise
interoperability. SCIF-IRIS takes into consideratithe different advancements from the academic
context in the interoperability field and offerseth to the supply chains. As a result, real charistits

and needs have been taken into account. The &saltrof the SCIF-IRIS Framework applied to a suppl
chain is an interoperability improvement from dletperspectives of the enterprise (business, ppces
technology, semantic). It facilitates the inclusmimnew partners in the chain as well as its adiptdo

new market requirements. Moreover, its applicati@nves as a reference to other supply chains to
identify the potential of interoperability as wal the tasks required to improve it. This shoulgpdiated

out to practitioners because there are not enoxghmgles about how to create an interoperable supply
chain.

From an academic point of view, SCIF-IRIS estaldshwo challenges: first, to validate its
applicability to other kinds of dynamic collaboxaginetworks apart from the supply chain and segondl
to improve the last phase (execution and continumpsovement) so that the long term operation ef th
collaborative network is taken into account. sorhallenges: first, to validate its applicability aoher
kinds of dynamic collaborative networks apart frira supply chain; secondly, to improve the lastsgha
(execution and continuous improvement) so thatidhg term operation of the collaborative network is
taken into account (a set of reference performamtieators should be defined); and finally, to msé
about the problem of the access rights and secpadtigies for both allowing the right partners (and
persons/roles) to have access to the necessaryniaifon (and only to this) and preventing not affelc
partners to have access to information that aragh®it business. To address this, a new dimensiay m
be added to the framework to ensure collaboratteork sustainability [42].
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