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H<owl:CbhjectProperty rdf:about="1Is The Entry For":

<rdfs:domain rdf:resnurce="#Production_?lans“f}

<rdfs:range :df::esou:ce="#ScheduleProductionﬂﬂtivities_{m_ﬁ_s}“f>
-</fowl:0ObjectProperty>

Hxowl:0bjectProperty rdf:about="Is The Entry For">

<rdfs:domain rdf:resource="#S5cheduled Receipts"/>

<rdfs:range :df:resou:ce="#ScheduleProducticnﬁﬂtivities_jm_ﬁ_s}“f}
—</owliObjectPropercy>

H<owl:CbjectProperty rdf:about="Has An Output">

<rdfs:domain :df:resou:ce="#ScheduleProductionﬁﬂtivities_tm_ﬁ_s}“f}
<rdfs:range rdf::esnurce="#Production_;chedule“f}
~</fowl:ObjectProperty>

H<owl:0bjectProperty rdf:about="1Is Measured By">

<rdfs:domain rdf::esource=“#ScheduleProductionAﬂtivities_tm_t_s}"f>
<rdfs:range rdf:resource="#Cost to Schedule Production Activities"/>
-<fowl:CbjectProperty’>

Fl<owl:CbjectProperty rdf :about="Is Measured By">

<rdfs:domain rdf:resource="#S5cheduleProductionActivities (m & =)"/>
<rdfs:range :df::esou:ce="#Schedule_ﬂﬂhievement“f>
-</fowl:ObjectProperty>

Flxowl:8bjectProperty rdf:about="1Is Nesded By">

<rdfs:domain :df:resou:ce="#ﬂtilize_off_peak_shifts”f}

<rdfs:range :df::esou:ce=“#ScheduleProductionﬁﬂtivities_tm_t_s}“f)
—<fowl i ObjectProperty

H<owl:CbjectProperty rdf:about="Is Needed By">

<rdfs:domain :df::esou:ce=“#Cross_Training_;ertification"f>
<rdfs:range rdf:resource="#ScheduleProductionfctivities (m t =) "/ />
—<fowl:ObjectProperty>
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151x162mm (96 x 96 DPI)

URL: http://mc.manuscriptcentral.com/tandf/tcim Email:ijcim@bath.ac.uk



Page 17 of 55 International Journal of Computer Integrated Manufacturing

/" Entities/Classes (o il Individuals ™, | Eyem———

A
1537 . Deomains (intersection)
~ .
L i\ i  Hake
(make T7 or Deliver
Iy_y/) 1:r f I Ranges (intersection)
_ fp2) / i @ Source
e e N ;1 or Make
il i | | hasSource 1 jhasSource
[, Thing )<}—=2— Deliver <}=32— D3 | ; i
— ~— G, i
® b ]
‘J\!—a L b1 ) ; I
\ il ' I
\\ — ;‘ | Equivalent classes
= ]
; {18 )
\\_,. sy (N ! |' ' Make
Sl T N i ! and hasSource some (S1 or 52)
N B : i and hasSource only ($10r52)
=

(&2 ) —{CS

Example of incoherency detectable in SCOR/OWL
205x123mm (96 x 96 DPI)

URL: http://mc.manuscriptcentral.com/tandf/tcim Email:ijcim@bath.ac.uk



International Journal of Computer Integrated Manufacturing

An ontological approach for strategic alignment: a SCOR case study

O. Sakka*, P-A. Millet, V. Botta-Genoulaz
INSA-Lyon, LIESP, F-69621 Villeurbanne cedex, France

Postal address: INSA-Lyon, DISP-LIESP, bat Léonard de Vinci, 17, Av. Jean
Capelle, 69621 Villeurbanne cedex, France

Phone: +(33) (0) 4.72.43.62.91

Fax: +(33) (0) 4.72.43.83.14

E-mails: omar.sakka@insa-lyon.fr, pierre-alain.millet @insa-lyon.fr,
valerie.botta@insa-lyon.fr

(Received XX Month Year; final version received XX Month Year)

Firms cannot be competitive if their business and information technology
strategies are not aligned. Yet achieving strategic alignment continues to be a
major concern for business executives. A number of alignment models have
been proposed in the literature. Enterprise Modelling (EM) can deliver models
that are understandable by all participants and formalised enough to map the
Enterprise Engineering and Reengineering activities directly onto the business
process execution. However, models need terms (names, verbs...) to identify
and describe the constructs modelled in the EM language used. To share
business knowledge, a common modelling language is not sufficient. A
common business language is required to share the understanding of any
constructs used in the modelling language at a semantic level. The aim of this
paper is to present the importance of knowledge formalization for strategic
alignment. Our work is based on knowledge contained in a well-known
reference model for supply chain: SCOR model. To analyze this knowledge,
we transform this model into ontology. Finally, we will explore the respective
advantages of the different representations of SCOR model (original text, using
a business modelling language, ontology), and more generally, the contribution
of ontologies as they are becoming a major issue in business modelling.

Keywords: Strategic alignment, Business Process Modelling, SCOR model,
Supply Chain, OWL.

1. Introduction

Efficient Supply Chain Management (SCM) requires consistent exchange and sharing
of information, which is often hindered by semantic clashes among heterogeneous
applications. The literature suggests that firms cannot be competitive if their business
and information technology strategies are not aligned. Yet achieving strategic
alignment continues to be a major concern for business executives. To achieve this, a

number of alignment models and standards have been proposed in the literature.
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Furthermore, most enterprise application integration standards have adopted
eXtensible Markup Language (XML) technologies to support the information
integration of web-based SCM systems. XML standardizes the syntax of information

exchange by defining mark-ups and structures of documents using tags. However,

B { Deleted: the

2003). To share business knowledge, a common business language is required for
sharing, at a semantic level, the understanding of any constructs used in the modelling

‘ language. This business knowledge is now often formalized as_a “reference model”
which allows a “standard-based” business modelling for a common acceptance of the
models. They are defined in modelling frameworks as “generic enterprise models”
(Bernus and Nemes, 1996).

In addition, ontologies are becoming a main issue of business modelling for
the use of reference model in engineering projects. This allows building specific
models instantiated from generic models in a specific business context. Benefits of
using ontologies include reuse, sharing and portability of knowledge across platforms,
as well as improving documentation, maintenance, and reliability (Uschold and
Jasper, 1999).

In our work, we will attempt to present the importance of knowledge
formalization for strategic alignment. We will base our work on a well-known
reference model for supply chain: the Supply Chain Operations Reference' (SCOR)
model from the Supply Chain Council. The ability to use such a reference model in an
engineering project is a typical case study for semantic alignment. Our main
contribution is a characterisation of issues for transforming a business reference

model in a business ontology: we use the Web Ontology Language (OWL) proposed

" www.supply-chain.org/
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by the semantic Web community” (W3C) so as to represent the SCOR model in an
OWL ontology. Then, the OWL ontology can help highlight ambiguities between
business partners, thus improving business alignment. Different versions of the SCOR
model have been presented as texts. Therefore, representing the SCOR model in an
OWL ontology requires formalising the current text version.

The remainder of this paper is organized as follows. The next section
describes the literature related to strategic alignment. The SCOR model is introduced
in Section 3. In Section 4, we will present the transformation methodology used to
obtain our OWL ontology of the SCOR model. We will illustrate our approach by an
application in Section 5. Section 6 emphasizes the contribution of this paper by
putting it in context. Section 7 concludes.

2. Literature review

In this section, we will first expose strategic alignment concepts, specifically the
strategic alignment model (SAM) (Henderson and Venkatramen, 1989). Then, we will
focus on knowledge dimensions in SAM. Considering this semantic challenge, we
will present ontologies as potential approaches for alignment. Finally, we will
position this issue in the field of supply chain interoperability, based on the SCOR
model.

The literature suggests that firms cannot be competitive if their business and
Information Technology (IT) strategies are not aligned. The strategic alignment of IT
exists when business organization’s goals, activities, and processes are in harmony
with the information systems that support them (McKeen and Smith, 2003).
Achieving strategic alignment continues to be a major concern for business

executives. Strategic alignment positively influences IT effectiveness (Ciborra, 1997),

2 http://www.w3.org/TR/owl-features/
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leading to greater business profitability (Luftman et al., 1999). Some studies
(Labovitz and Rosansky, 1997; Corrall, 2000; Galliers and Newell, 2003) highlight
the importance of strategic alignment. In contrast to some other areas of IT research,
the literature provides little guidance on how to achieve alignment between business
and IT strategies. Moreover, there is debate in the literature about what alignment
actually is, why it is required, and how firms may organize their alignment process.

As a consequence of this debate, strategic alignment has many pseudonyms
(Avison et al. 2004). We can quote “linkage” (Henderson and Venkatramen, 1989),
“harmony” (Luftman, Papp et al., 1999), “bridge” (Ciborra, 1997), and “integration”
(Weill and Broadbent, 1998). The common point is the requirement to relate business
strategy and IT. In this sense, cooperation between the business and the IT department
to maximize investment in technology is vital, and with this in mind, IT investments
and business objectives have to be considered together (Avison et al., 2004).

The concept of strategic alignment is seen in various ways. Although
Jarvenpaa and Ives (1994) argue that, an over-tight fit between IT and business
strategy may reduce strategic flexibility, Smaczny (2001) asserts that IT is pervasive
in business and should not be considered as separable from business strategy.
Therefore, the need for alignment does not arise.

Having argued that alignment is usually viewed as beneficial, the following
relates to how firms may become aligned. It is important for firms to choose the
appropriate way and strategy to attain alignment. Bleistein et al. (2005, 2006a)
present a requirement analysis approach for verification and validation of
requirements in terms of alignment with and support for business strategy. This
approach combines the use of business strategy analytical tools and requirement

engineering techniques. Bleistein ez al. (2006b) demonstrate how to scope the context
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of a strategic organizational IT requirement problem. They based their work on the
strategic business modelling framework proposed by (Weill and Vitale, 2001) to
validate the alignment of requirements between business strategy and business
processes.

According to Luftman et al. (1999), understanding the alignment process leads
to consider what may enable or inhibit it. These authors quote some enablers
(executive support for IT, starting development in tandem...) and some inhibitors (no
close relationship between the IT department and the business, the IT department
neither knows its customers nor meets its commitments, resulting in little executive
support for IT...).

For Papp (1999), alignment considers both the links between strategy and
infrastructure, and a fundamental integration between business and IT.

More often, after the alignment achievement, environmental changes may
reduce this alignment because of over-emphasis, complacency and inertia,
engendering a need for revolutionary changes (Avison et al., 2004). Their results
demonstrate that some firms have low alignment or misalignment even during
evolutionary periods. A number of models of strategic alignment have been proposed.
Two approaches have attracted most attention from researchers, the MIT’90 (Morton,
1991) and the Strategic Alignment Model, SAM (Henderson and Venkatramen,
1989). According to Morton's MIT*90 framework (Morton, 1991), IT value is best
captured when aligned with business strategy, management processes, organizational
structure, and individuals and roles in the organization. Henderson and Venkatramen
(1989) recognize, in their Strategic Alignment Model, the potential of IT to both
support and shape business policy. They also elevate IT from the traditional role of a

support mechanism to a strategic role of business enabler. In this sense and in
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comparison with MIT’90 model, SAM makes a distinction between the external
perspective of IT (IT strategy) and the internal focus of IT (IT infrastructure and
process). This distinction implies two levels of integration: strategic integration
between IT and business strategy, which establishes the capability of IT at a strategic
level, and operational integration, the link between IT infrastructure and process and
organizational internal infrastructure and processes. SAM is based on the alignment of
four domains: business strategy, IT strategy, organization infrastructure and
processes, and IT infrastructure and processes. In order to support this alignment,
(Gudas et al., 2006) extended SAM by adding a knowledge-management level
represented by the two boxes in the middle of Figure 1, i.e., Business and IT
knowledge management. These authors propose that the company relies on its central
knowledge base, shared by the four original domains represented in the four corners.
They think that, for strategic alignment, the alignment of knowledge should become a
central focus.

We will focus on this assumption to present the importance of knowledge
formalization for strategic alignment. We are interested in the semantic techniques

based on ontologies because they lead to a better understanding of a field and to more

effective and efficient handling of information in that field. Because knowledge may

have different representations, we nowadays find several ontologies of an area for the
same field of application. Furthermore, applications may need to use ontologies from

various areas or from different views on one area. On the other hand, ontology
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builders may want to use existing ontologies as a basis for the creation of new

ontologies, by either extending these existing ontologies or combining knowledge

from different smaller ontologies. In each of these cases, it is important to know the

relationships between the terms in the different ontologies. It is, then, necessary to
have tools allowing one to make the link between the knowledge expressed in each
ontology. Thus, ontology alignment makes it possible to reconcile the opinions of
several experts (Bach and Dieng-Kuntz, 2004) from a semantic point of view.

Euzenat et al. (2007) define “ontology matching” as the process of finding the
relations between ontologies, and ontology alignment as the result of the process in
which these relations are declaratively expressed.

Klein (2001) and Ehrig (2006) define the term “ontology alignment” as, given
two ontologies A and B, finding for an entity of A, a corresponding entity in B, which
has the same intended meaning.

These different approaches to ontology-matching or -alignment are currently
used to solve the “semantic challenge”. Some tools are being developed and some
specific problems can be solved but, generally speaking, knowledge-mapping is a
complex and unsolved problem. Our aim is to build a specific case, using normalized
knowledge on supply chains drawn from existing business models, and to study how
knowledge-mapping can help strategic alignment.

In the context of inter-organizational systems, alignment has to deal with

integration of product, process, and information flows within and across
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organizational boundaries. The global competitive business environment, complex
and rapidly changing customer demands, as well as advances in IT forced companies
to look for efficiency not only in their internal operations, but also in their coordinated
operations with their suppliers, partners and customers. Therefore, an alignment
challenge is required to use effectively information technologies in order to identify,
communicate and continuously improve extended enterprise processes. In this aim,
the Supply Chain Operations Reference (SCOR) model is one of the best-known
approaches to a technology-neutral enabler for process management.

The SCOR model allows one to establish the indispensable links between
operational performances, financial results and strategic objectives. The model
simultaneously, allows one to evaluate the effectiveness of the supply chain (SC), set
up best practices and align the different elements of the SC. Building an OWL-based
ontology of SCOR presents the advantage of expressing the knowledge of the SCOR
model as a set of interrelated concepts that can be analyzed by means of ontological
principles. This representation as an ontology enables one to study completeness and
consistency of the SCOR model without scrolling the hundreds of pages of its text
description. This helps us to understand the relations between some concepts included
in the SCOR model, such as processes, best practices and performance attributes, and
to verify that there are no contradictions or missing links.

3. SCOR reference model

The SCOR model was a grassroots initiative in the SCM. Around 69 industry
practitioners founded the Supply-Chain Council (SCC) in 1996 as a professional
forum on the emerging concepts of integrated management in the extended enterprise.
The SCOR model became the SCC’s key knowledge contribution to the field at a time

when the functional barriers were still a challenge for the operations. The membership
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of the Council has reached 700, mainly consisting of practitioners, along with
technology and consulting services providers, government and academic
organizations. The SCOR model is one of the well-known business reference models
(Stadler and Kilger, 2000; Huang et al., 2005; Roder and Tibken, 2006). It provides a
terminology and standardized processes enabling a general description of SCs and
their translation into process maps.

Rather than a vertical or technology-specific approach, the aim of the SCC is
to produce a high-level process model. Consequently, SCOR may be applied to any
product and information flow in the SC at a high-level of modelling, independently of
detailed organisational or technological choices.

Level 1 of SCOR is the strategic level using five process types: plan, source,
make, deliver and return (see Figure 2). This is the highest and the most aggregated
level. Level 2 (tactical) is the configuration level using process categories (Make-to-
stock, Make-to-order, etc.) taking into account SC typologies. In agreement with the
company's strategy, this intermediate level makes it possible to (re)configure the SC
from thirty sub-processes. Level 2 is the core level for SC modelling, level 3
(operational) is the core of process modelling, using process elements linked by
information and physical flows. Companies using the SCOR model for SC evaluation
or action can specify the activities of the sub-processes, the best practices, the
information flows, the functionalities of software and tools. Level 4, which is not
included in the reference model, is the implementation level and has to be defined
specifically for each SC.

The SCOR model is used to improve knowledge and usage of the SCM
system. It is more of a management framework. The SCOR model also has a number

of additional abilities. It can function as a performance model with four levels, which
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are in turn shaped like a pyramid. These four levels can literally guide a company
through each step of performance and through the model to analyze its SC. The
SCOR model helps companies to identify SC problems, create a SC road map, and

align business functions (Bauhof, 2004).

The model helps companies understand how the five processes are used

repeatedly, along the whole chain from the suppliers of suppliers to the customers of
customers. Each process is a critical link to manage a product flow successfully along
the implementation level. The pyramidal structure of processes, from level 1 to level 4
helps to insure the consistency of the SC management, and to align the different views
implemented in the model. An integrated and real-time enterprise SCOR view of an
enterprise enables managers to better align SC applications with their business
processes and strategic objectives, as well as support a more effective implementation

of SCM process improvement initiatives (Gulledge et al., 2001).

The original SCOR model in version 9.0 is a textual bookmarked 650 pages

file. It contains:

27 main processes (level 2) detailed in 171 elements of process (level 3),

274 information elements defined as input or output of process elements (level
3),

489 best practices identified at process levels 2 and 3, with 350 texts
describing features of the information system required for each best practice,
498 metrics used at levels 1, 2 and 3, classified in 5 performance categories
(cost, assets, reliability, agility, responsiveness).

To take advantage of the SCOR model and its knowledge, it would be interesting to

model the original versions of SCOR in other more usable forms than a text.

4. Different representations of SCOR

4.1. SCOR original model
The SCOR model is composed of the following constructs:

Process and process elements: standard descriptions of the individual elements
that make up the SC processes;
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e Metrics: standard definitions of key performance measurements;
e Best practices: descriptions of best practices associated with each of the
process elements;

Features: identification of software functionality that enables best practices;
e Input/output: identification of information exchanged between processes.

These elements represent a SCOR meta-model (see Figure 3), which highlights the
alignment between business view (metrics, processes and practices) and IT view
(information and features) of a SC.

This meta-model is a specific example of more generic enterprise modelling
meta-models as the ISO 19440 norm. It can be mapped to this norm and then be
considered as an illustrative case study of alignment model (Millet, 2008). Some
SCOR constructs play a key role in the interaction between 19440 viewpoints:
practices as organisational and resource viewpoints, and features as functional and
resource viewpoints. This reinforces the importance of studying the SCOR model as
an alignment tool.

With all these business concepts, the SCOR model organizes domain-specific
business knowledge, defined in a modelling language, and is easily mapped to the
ARIS language. Using only five modelling constructs, the SCOR model represents an
extensive formalization of this knowledge into a business language, which is well
known and recognized by supply chain experts.

4.2. SCOR/ARIS

ARIS is a framework designed by (Scheer and Schneider, 2005), which aims to
represent a system according to five complementary views: functional, data,
product/service view, organisational and process views. ARIS uses a modelling
language with various kinds of models. The model for business process is known as
Event-driven Process Chains (EPC), which is the centre of the “ARIS House”. It

connects all other views, and describes the dynamics of the business processes. The
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“ARIS House” represents a concept for comprehensive computer-aided Business
Process Management (BPM). Furthermore, ARIS House was developed to implement
business models in information systems. As ARIS connects applications with
functionalities, tasks and organizational units, it already represents an approach that is
closer to the requirement of alignment. There are links between the different points of
view at an operational level. The value chain representation supports a top-down
approach from strategic to operational alignment.

The SCOR reference model can be expressed thanks to the ARIS formalism
and included in a database as explained above. There is not only one way to create a
SCOR/ARIS model, as this transformation requires a certain interpretation of the
SCOR original models, and some choices to consider the SCOR knowledge required
in a modelling language. In the following, we describe the structure of a SCOR/ARIS
model provided by the Supply Chain Council.

The SCOR/ARIS model is organized in six main “ARIS groups”, and one
dedicated to the legend that defines the objects selected to model SCOR with ARIS as
summarized in Figure 4. The first three groups are dedicated to the description of the
strategic (top), tactical (configuration) and operational levels (process category). The
fourth directory comprises the performance attributes classified in five performance
categories (cost, assets, reliability, agility and responsiveness). The fifth directory
includes all the inputs and outputs of the processes recorded in a SCOR data overview
model. Finally, the sixth directory groups together all the best practices.

The links between the constructs of the SCOR meta-model, i.e., process,
metric, best practice, input and output, are expressed in the SCOR/ARIS model
through a specific kind of model, the Function Allocation Diagram shown in Figure

5. Those links described in the diagrams are all included in the database and allow one
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to question the model with requests such as: what are the processes that require such a
best practice to reach high performance attributes?

To build the SCOR/ARIS model, several choices have been made:

e SCOR/ARIS is structured in a hierarchy of groups, which gives a
classification of the different elements. This organisation is in itself an
interpretation of the original textual SCOR model index.

e The features of the original SCOR are not part of the SCOR/ARIS model.
Since the version 8.0 of SCOR, the features, that used to be linked with the
processes, have been included as attributes of good practices. Hence, they are
not formalised enough to be included in the SCOR/ARIS model.

Figure 6 gives an overview of the processes in levels 1 and 2, represented in the ARIS
formalism through a Value-Added Chain. The little sign in the bottom right corner of
each box indicates that the object (i.e., the process) is described in less detail using
one or several models, and allows easy navigation throughout the database. Hence, we
can open two models from the “Make-to-stock” process box: a Value-Added Chain
and a Function Allocation Diagram.

In the SCOR/ARIS model, there is no direct link between best practices and
metrics. Best practices are related to metrics through processes. We can imagine that
the adoption of one or several best practices for a particular process will have an
influence on one or several metrics related to that process; but this influence is not
obvious and has not been clearly formalised in the original model of SCOR.
Nevertheless, in the original paper version of SCOR, an effort is made to improve the
description of some of the best practices and to formalise how best practices influence
metrics. As an example, in the original SCOR model, the impact of the best practice
“Lean Methodology” is analysed on the global performance attributes such as
reliability, responsiveness, agility, cost and assets. The impact of this practice on costs

is described as follows: “Cost reduction is a typical impact of lean as non-value

added processes are removed and efficiency increases. Response times are also
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reduced which results in faster cash flow cycles” (Stephens, 2001). From this
description, we can deduce that there is a link between the “Lean Methodology” best
practice, and the “Cost to make”, “Make cycle time” and “Order fulfilment cycle
time” metrics. Those attributes will be improved if this recommended best practice is
applied to the “Make-to-stock” process (see Figure 7). However, this knowledge,
textually described in the original SCOR model, is not included in the SCOR/ARIS
model, as it has been interpreted from some textual knowledge of the original SCOR
model.
4.3. SCOR/OWL
OWL is an ontology language for the semantic web, developed by the W3C
organization. According to (Horrocks et al., 2003), OWL was initially designed to
represent information about categories of objects and how objects are interrelated —
the sort of information that is often called an ontology. OWL can also represent
information about the objects themselves — the sort of information that is often
thought of as data. It has three increasingly expressive sublanguages — OWL Lite,
OWL DL and OWL Full. OWL can be used when the information contained in
documents needs to be processed by applications, as opposed to situations where the
content only need to be presented to humans. OWL can be used to explicitly represent
the meaning of terms in glossaries and the relationships between these terms; in other
words, OWL can represent ontologies. Therefore, using OWL ontologies to share
knowledge among business partners should help them to better interpret, understand,
and benefit from that knowledge.

Business modelling and ontology are two existing approaches to formalize
enterprise knowledge. The SCOR model, like many business reference models was

first described textually, with some illustrative diagrams. It was, then, represented
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using a business modelling language. We have used the ARIS representation of the
SCOR model, as it can be process by computers. In this section, we will first show
how we can extract knowledge from SCOR/ARIS to create SCOR/OWL. Therefore,
the result version will be a subset of knowledge of the SCOR/ARIS version. Finally,
we will compare these two versions and see the differences in knowledge
management allowed by OWL in comparison with ARIS.

The transformation of SCOR/ARIS into SCOR/OWL can be summarised in
the following steps:

e Export SCOR/ARIS from ARIS into an ARIS XML file;

e Translate this ARIS XML file in OWL to obtain an OWL XML file;
Import this OWL XML file in Protégé to obtain the SCOR/OWL model.
(Protégé is a free, open-source platform with a set of tools to construct domain
models and knowledge-based applications with ontologies3).

Our contribution lies in the translator (second step). To express SCOR/ARIS
knowledge in an OWL XML file, we have to decide, for each ARIS XML tag,
depending of an ARIS modelling object, how to represent it as an OWL XML tag.
The final result is a transformation rule of each ARIS XML elements into OWL XML
elements. Despite the apparent simplicity of this transformation, the following critical
questions were asked:
e The Document Type Definition of an ARIS XML file defines a rich structure
including graphical characteristics such as colours, positions, etc., and
authorisation information including owners, rights, etc. The aim of our

transformation is to capture the knowledge contained in the SCOR model.
Should all this information be considered as semantic contents? That is

obviously not the case for font or character set for example The graphical -~ { eleted: However,

these objects. In our work, we consider neither the graphical information of
models, nor model management information as authorisations, creation/update
dates, etc...

e Since ARIS is a business modelling language, it uses a meta-model containing

processes, organizational units, entities, etc.). The questions are how we can

? http://protege.stanford.edu/
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present this diversity of types into an ontology, using only the notion of
concept, and what class hierarchy we can build from the ARIS meta-model.

e ARIS organizes knowledge using models, which are partial “views” on the
knowledge, and groups which are a hierarchical structure of knowledge. We
have to decide whether to consider ARIS models as knowledge elements or
not. Taking them into account means that we consider that the decision of a
designer to create an ARIS model contains a semantic signification. The
“point of view” makes sense by itself. If we do not take models into account,
we consider that, irrespectively of the models used to present the knowledge,
all of the semantic content is included in the objects and relations presented in
the models.

e ARIS uses a hierarchical structure using the “association” between an object
and some models. An object may be detailed in others through a model.
However, it can also be a contextual model, which does not represent a
hierarchical structure. In our case, these associations may be implemented as a
hierarchy of concepts in OWL. This implementation is specific to the SCOR
model, but is not necessarily valid in other cases.

e Once the transformation rules to create OWL concepts and relations are clear,
we have to decide how we will choose the types of relations (transitive,
functional, symmetrical) to represent them in OWL. Moreover, some
restrictions can be defined on concepts in OWL. For example, two concepts
may be mutually exclusive. Unfortunately, this notion is not represented in
ARIS. Of course, “Plan process” is a concept which is very different from the
metric “cycle time”. On the other hand, the concepts “Make to Stock” and
“Make to order” cannot be considered as exclusive. They may both be used in
a middle-sized company where the production process is often heterogeneous
and variable, and is thus, both a « Make to stock » and a « Make to order ».

To answer these questions, we propose a meta-model of both ARIS and OWL
implementations to explain clearly the transformation rules. We, thus, ensure that
there is some genericity and extensibility in the designed transformation rules, even if
they are partially SCOR model dependent. The ARIS meta-model presented in Figure
8 contains “elements” which have many attributes.

As explained above, we will not take into account attributes regarding
graphical format or model management. Figure 8 shows that elements are groups
(used for the organization of objects in the ARIS application), models (used as groups
of objects presented from a certain view), objects (which support the main semantic
content), and object occurrences called ObjectOcc (which are the occurrence of an

object in a model). Groups are composed of groups, objects and models. Models are
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composed of object occurrences. An object can be associated with a model (which is a

particular description of the content or the context of this object). An object

occurrence is linked to the reference object. For a better understanding of this meta-

model, we add a rule contained in the ARIS application, and not in the XML export,

but which is essential to the model’s consistency. For each kind of model, only some

objects are allowed. Then, we add an association class linking models and an object

occurrence. In a conceptual meta-model, we would have to highlight the relations

between objects, but in the ARIS XML file, these relations are implemented as

attributes of objects.

The OWL meta-model described in Figure 9 is made of OWL classes and

properties4. Classes may be of different kinds (union, intersection, complement and

enumeration). Properties may be data properties or object properties.

Comparing the meta-models in Figures 8 and 9, some answers to our questions

may be proposed:

ARIS objects and groups are defined as concepts in OWL. Considering groups
as a concept can be discussed. It can be considered as information regarding
the management of formalized knowledge, and not the knowledge itself. In the
case of the SCOR model, we consider groups as a concept in order to be sure
to capture all the semantic knowledge regarding the grouping of objects, for
example, when grouping all metrics by categories of costs, assets, reliability,
etc. We consider that this decision is not SCOR dependant. Generally, model
designers propose a hierarchical classification that helps to understand the
structure of the knowledge embedded in the model.

ARIS associations are defined as a hierarchy of classes in OWL. Considering
the SCOR model, these associations are clearly used as a hierarchical
description. Each level 2 process has, for example, a Function Allocation
Diagram model, which describes the content of this process in terms of level 3
process elements. This hierarchy is clearly specific to the SCOR model. More
generally, association can be used to link different points of view on the same
concept, without any hierarchical structure between these views. For example,
the same object can be associated with a “Function Allocation Diagram”
model to describe a functional view, and with an “entity-relation” model to
describe an informational view.

* http://www.w3.org/TR/owl-features/
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e ARIS models will not be considered as concepts, but only as OWL objects.
Therefore, models are not considered as an element of knowledge but only as
a point of view on the knowledge. We consider this rule as a first step. If a
specific view on some objects contains more knowledge than the objects
themselves, this is an enrichment which cannot be decisive for the
understanding. Semantic content of a model is necessarily an “add-on” to the
semantic content of objects.

e Al ARIS relationships between ARIS objects will be represented as OWL
object properties. Other ARIS object attributes are transformed into OWL data
properties.

4.4. SCOR/ARIS to SCOR/OWL transformation process
To transform a SCOR/ARIS XML file to a SCOR/OWL file, we used the eXtensible

Stylesheet Language Transformations® (XSLT). XSLT is an official recommendation
of the World Wide Web Consortium (W3C). It provides a flexible, powerful language
for transforming XML documents into different documents types (HTML, XML
PDF...). XSLT documents are well-formed XML documents that describe how
another XML document should be transformed. For XSLT to work, it needs an XML
document (the SCOR/ARIS document in our case) and template rules to make the
transformation. In addition, parameters can be passed into XSLTs providing further
instructions on how to do the transformation. Figure 10 describes the transformation
process.

We have developed a XSLT-based tool to achieve the process transformation

p { Deleted: ¢

We have applied the transformation process twice. The first transformation is
to obtain a reduced XML file that contains only information representing knowledge
embedded in the model. For example, graphical data, creation/update date,... and

even some modeling objects or attributes like “models” for reasons explained in §4.3.

5 - { Formatted: Font: 10 pt
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The example shown in Figure 11 describes an XSLT rule to select the second level of
a hierarchy of groups.

The second step is to transform the new XML file SCOR/ARIS into OWL.
Thus, we defined the XSLT rules to search for different types of relationships
between objects of SCOR / ARIS, transform objects and groups to OWL concepts,
and create the hierarchy of the SCOR / OWL file. Figure 12 shows an XSLT rule to
manage the relationship type "Is Needed By" and figure 13 shows an example of

creating tags of the OWL file SCOR / OWL.

5. Illustration and discussion

5.1. The three forms of SCOR model
We may distinguish three forms of representations of the SCOR model, as

summarised in Table 1:

e Original SCOR (SCOR/text). The textual model of SCOR proposed by the
Supply Chain Council is the reference for our work. We consider this model as
the complete knowledge standardised by business practitioners. We
investigate the advantages and drawbacks that other kinds of representations
may have in comparison with this textual model.

e SCOR/ARIS. We call SCOR/ARIS the representation of SCOR using the
ARIS language, a representation provided by the Supply Chain Council. This
language uses a proprietary meta-model described in Figure 8. This
representation provided by ARIS is not the only one of its kind. Some efforts
have also been made to normalize knowledge embedded in the SCOR/text
using only a spreadsheet to manage lists of concepts. Other representations
using modelling tools exist. In all cases, the transformation is an interpretation
of the knowledge. The capability of ARIS to express various points of view in
modelling is a key-point to make this SCOR/ARIS as a reference for SCOR
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model computerizable representation. This capability may contribute to an - { Deleted: computable ]

alignment study between different points of view.

e SCOR/OWL. We call SCOR/OWL, our version of SCOR/ARIS transformed
into an OWL representation. This transformation is discussed in Section 4.3.
Consequently, the semantic included in the SCOR/OWL version is a subset of
the semantic in SCOR/ARIS. Figure 14 shows the different concepts of
SCOR/OWL presented in Protégé.

To compare the SCOR/ARIS model with its SCOR/OWL representation, we present

an example of level 3 of the “make to stock” process: “production schedule
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activities”. Relations between input/output, best practices, metrics and_the “schedule
production activities” process are presented as a graph of concepts in Figure 15 and as
an OWL file generated by our translator in Figure 16.

5.2. The Supply Chain Example

Using these generated OWL concepts and properties, we consider the ability of the

SCOR ontology for support reasoning_ on SCOR knowledge. For example, a reasoner

can test whether or not one class is a subclass of another class. By performing such

tests on the classes into an ontology, a reasoner can compute an “inferred” ontology

p { Deleted: For

class hierarchy. To use that, we need to complete the SCOR/ARIS with constraints, -

which are not formalized in SCOR/ARIS but described, even implicitly, in SCOR
documentation. For example, the S3 process (Source Engineer-to-Order) must supply
an M3 process (Engineer-to-Order) and cannot supply an M1 process (Make-to-
Stock). The consequence is that, from a semantic point of view, some SCOR/ARIS
relations are restrictions to be defined in OWL as properties. In the previous example,
a restriction can be expressed as follows: “a to-order process has to supply a to-order
and not a to-stock process” or “a to-order process has as its source a to-order or a to-
stock process”. However, because this type of constraint is not formalized in the
ARIS meta-model, we have to add it manually in SCOR/OWL, or to define some
specific transformation rules to create OWL restrictions, depending on the ARIS
relations. This is a clear example that a generic transformation of an ARIS model into
an OWL model is not sufficient. For each ARIS model an expert has to define the
restrictions that can be added, at the meta-model level, and even sometimes at the

detailed model level. The properties added in the SCOR/OWL are used to classify

concepts of a custom SCOR model and to check inconsistency of this custom model.

For example, we can check that an instance of a process is not a “Make To Order”
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process, because of a particular property which is not allowed in the SCOR/OWL for

this “Make To Order” concept.

The Figures 17 illustrate a supply chain example, a small case using three processes
created as individuals added to the SCOR ontology. The reasoner is able to detect
inconsistencies in this case. SCOR/ARIS provides the tree of processes of levels 1, 2
and 3 in the left part of figure 17 (e.g., Deliver, Make, Make-to-Stock, etc.). The case
is in the right part of figure 17 and includes one Make-to-order process (called CM for
Case Make), which is linked to two Source processes by a hasSource relationship

(inverse of supply): one Make-to-order Source (called CS for Case Source) and one

p /{ Deleted: In order to allow for J
Engineering-to-Order Source (called CCS for second Case Source). the -7 reasoning ¢

B { Deleted: his ontology J
SCOR/OWLwas enriched with restrictions suchas: _________________________ -

e a Make-to-order process (M2) “hasSource” only a Source Stoked Product (S1)
or a Source Make-to-order process (S2)
e a Make-to-order process (M2) “supplies” only the Deliver Make-to-order (D2)
or Deliver Engineering-to-order process (D3).
These restrictions were manually added in the ontology, using two inverse OWL
properties: hasSource and supplies. The left side of figure 17 shows the input and
output of hasSource properties and the lower picture in the right of figure 17
illustrates the rule that gives a restriction between M2 (thus, its individual CM) and
S1 or S2 by a hasSource property.
5.3. Comparison between different representations
We now compare, side by side, each one of the considered representations of the
SCOR model. These representations are formally different, but share the same
knowledge, and can be used by both a modelling engineer, and a business practitioner

in an alignment project. Therefore, we consider a comparison from a user’s point of

view:
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SCOR/text vs. XML-based SCOR: We may refer to SCOR/ARIS and
SCOR/OWL together as XML-based SCOR. In short, this comparison
emphasises the drawbacks and advantages of knowledge that computers can
understand. The advantages stem from the automation of knowledge
management with XML-based SCOR while the drawbacks come from their
incomplete representation of knowledge. This is the consequence of the XML
modelling process, which has to decide from a textual description to exclude
some imprecise content of the SCOR/text. For example, formalising some
SCOR/text description requires external tacit knowledge. Concerning the
advantages, much knowledge is already managed informally by computers
(e.g., e-mails), but cannot be used by them. Computers, in particular, may
store and manipulate (copy/paste, search for strings, etc.) electronic versions

- { Deleted: spreadsheet

manipulate the knowledge inside. On the other hand, XML-based SCOR
allows computers to pretend they understand the representation of the model

of a supply chain. For that purpose, XML proposes tags, which can be uysed by - { Deleted: are

others computers tools to infer new knowledge. With these tags, computers
tools can check the consistency of some models of supply chains represented
with OWL, or the consistency of the SCOR model with exchange standards
such as EDI or OAGIS. On the other hand, representing the SCOR model in
XML also has a few drawbacks, which all seem to come from the poorer

information represented. In fact, formalising everything yequires making - peleted: forces onc
everything explicit. Computers cannot handle implicit knowledge, unlike "~ { Deleted: 10 make
humans. Making knowledge explicit js always a filter process, which reduces ~~{ peleted: sincec
the knowledge spectrum. This process yemoves some knowledge from the text - {"pejeted: requires

,,,,,,,,,,,,,,,,,,,,,,, -~ ‘[ Deleted: , as the filter

example the properties added in the example (see §5.2) can be considered as S { Deloted: |
i in

(N, N

an “implicit” knowledge in the textual SCOR model, and has been ‘filtered”
during the modelling process of transforming SCOR/text into SCOR/ARIS. In
addition, interpretation may be required to transform the original SCOR model
into some XML-based SCOR representation. In fact, formalising the SCOR
model requires the removal of ambiguities. These are made obvious among
people in different parts of a supply chain, who have their own interpretation
of the original reference model. In summary, XML-based SCOR allows
computers to carry out much more reasoning than humans could do with the
original model, but with poorer information.

SCOR/ARIS vs. SCOR/OWL: As noted above, both representations of the
SCOR model are consistent. More precisely, SCOR/OWL is a subset of
SCOR/ARIS, but with the ability to add semantic knowledge using the
benefits of ontologies. The main difference is that SCOR/OWL is described by
means of a more generic meta-model and is used to build domain specific
knowledge. In contrast, SCOR/ARIS is described by means of a specific meta-
model dedicated to business models, and is (sometimes) used to model
standard business knowledge. The OWL meta-model is domain-independent
while the ARIS meta-model is domain-dependent. In addition, SCOR/ARIS is
mainly used in_an enterprise engineering project, to support decision-making,
change management, and communication, while SCOR/OWL is used in
enterprise knowledge management projects, to support knowledge mapping
and alignment. The SCOR/ARIS models are “user-oriented” while
SCOR/OWL models are mainly “expert-oriented”. SCOR/ARIS helps to make
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decisions on organisations, processes, and roles, while SCOR/OWL helps a
knowledge expert to decide about specific concepts, glossaries, and
classifications_of a specific case, using standard knowledge of SCOR/OWL.

Even if these two representations are computerizable, we use SCOR/ARIS to - { Deleted: computable ]
simulate and evaluate metrics, and we use SCOR/OWL to define and check - { Deleted: validate ]
concepts classification, first step towards adding semantic ruleg tothe _ - peleted: ]
knowledge, In fact, both SCOR/OWL and SCOR/ARIS can use XML-based _____ { peleted: by reasoners )

tools (XSLT transformations, etc.), but only SCOR/OWL can use OWL
specific tools (reasoner, Protégé plug-ins such as the inference engine, etc.).

‘ Using one or two representations depends on the user’s needs. Enhancement of the

SCOR model knowledge is always informal, using mainly text to identify and

B { Deleted: computable J

engineering projects. Knowledge engineering is best supported by SCOR/OWL while
organizational engineering requires SCOR/ARIS. Business models and ontologies are
complementary for enterprise engineering. Alignment is a semantic issue requiring
ontologies, and an informational issue requiring business models.

Conclusion

Effective and efficient supply chain management needs to integrate heterogeneous
applications in supply chains based on common representation and exchange of
information semantics. Current related researches are not adequate to address the
problem because they do not deal with knowledge interoperability (Ye et al., 2008). A
key contribution of this work is to transform the Supply Chain Operations Reference
(SCOR) model into an ontology. We use the Web Ontology Language (OWL) in
order to benefit from advantages of ontologies, which can make easier collaboration
in a supply chain by transmission of information, and which can be used to assist the
alignment of business processes with standard e-commerce (Seng and Lin, 2007).
Such a modelling in OWL requires formalising the SCOR model from its original text

version.
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The ontology of the SCOR model presented in this paper is the first step of a
work on the use of ontologies in supply chains, and on the strategic alignment
problem. We have described the way we have created our ontology and compared it
with two other representations of the SCOR model. This work is a basis for semantic
alignment studies with the following approach; alignment requires business

knowledge elicitation, and this knowledge can be contained in business model, e.g.

A )

U U (N

p { Deleted: can
the SCOR model. To properly interpret this knowledge, we can take advantages of .-
B { Deleted: ¢
using ontologies mapping or merging approaches and for that, we aieed to transform .~ { Deleted: then
o ‘[ Deleted: have
this model into an ontology. This formalization should also help to study the
consistency of the SCOR model with other existing models previously transformed
into ontologies, or study the alignment between the SCOR model and exchange
p { Deleted: from
norms. Finally, some research focused on an operational point of view of Supply L
/{ Deleted: , an
Chain are using an ontology of SCOR as a starting point for simulations, by relying .~ { Deleted: i
: :\\ ‘[ Deleted: good
on amodel built by and for the industy. .. —{Deleted: s
. . X L . o ‘[ Deleted: famous
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Table 1. The three representations of SCOR model

| Name of the Form  Advantages Source - {Formatted Table ]
representation

| Original Text Complete SCC
SCOR
SCOR/ARIS XML  Computerizable = SCcC - { Deleted: Computablc )
SCOR/OWL OWL  Computerizable gs __ - { Deleted: Computable ]
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e Figure 1. Strategic Alignment Model complemented with knowledge
management components (Gudas, Saulius et al., 2006)

Figure 2. SCOR Model - Supply Chain Council (SCC, 2009)

Figure 3. SCOR meta-model (Millet and Botta-Genoulaz, 2006)
Figure 4. Tree of the SCOR/ARIS model

Figure 5. ARIS concepts supporting SCOR/ARIS

Figure 6. SCOR level 1 and 2 process overview

Figure 7. Function Allocation Diagram of the Make-to-stock process
Figure 8. ARIS meta-model export

Figure 9. OWL meta-model

Figure 10. Transformation process

Figure 11. An XSLT rule

Figure 12.XSLT rule for “Is Needed by” relationship

Figure 13. XSLT rule for creating owl ObjectProperty

Figure 14. Representation of SCOR/OWL concept

Figure 15. An example of SCOR/OWL graph

Figure 16. An example of SCOR/OWL code

Figure 17. Example of incoherency detectable in SCOR/OWL

URL: http://mc.manuscriptcentral.com/tandf/tcim Email:ijcim@bath.ac.uk



International Journal of Computer Integrated Manufacturing

Table 1. The three representations of SCOR model

Name of the Form  Advantages Source
representation

Original Text Complete SCC
SCOR

SCOR/ARIS XML Computerizable SCC
SCOR/OWL OWL Computerizable Us
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Figure 1. Strategic Alignment Model complemented with knowledge management
components (Gudas, Saulius et al., 2006)
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Figure 4. Tree of the SCOR/ARIS model
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Figure 10. Transformation process
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<¥x3l:for-each select="Group/Group”
<x3l:element name="Groupl™:>
<¥sl:tedtre#l0;</ 3]l text>

<xal:textr>efl0;</Hsl:texts>
<¥3l:element name="Groupl">

<fxal:element>
Lfxal:element>

>

<¥x3l:call-template name="concept-group™/>

<x3livalue-of select="../attrDef/AttrValue™/>

Figure 11. An XSLT rule
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<xslwhen test="FCxnDef Type="CT I8 NEEDED EY™>
<xzl:attribute name="rdf:about">

<xslvalue-of selecE="concat(ls Needed By,
(translate(../ ArtrDef AttrValue " 7 /§2%p-£
"<EHC{@~
</xelattribute>
<ixsl-when>

W

Figure 12.XSLT rule for “Is Needed by” relationship

<xsl:for-each selecE="Group/ ObjDef">
- <xd for-each zelec="CanDef">
- <xdelement name="owl:Objec Property>
<xsleall-template name="recherche2" >
- <%=l -element name="rdf= domain">
- <x sl attribute name="rdf:resource ">
<xslvalue-of select="concal(’# , (translate(. /AtrDef AtrValue':; 7/ §%p-£
AT m
</xzlattribute>
<fuslelement>

Figure 13. XSLT rule for creating owl ObjectProperty
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Figure 15. An example of SCOR/OWL graph
<owl:CbjectProperty rdf:about="Is2 The Entry For">

<rdf=s:domain :df::Esn::ce=“#Productioq_?lans“fb
<rdfs:range :df::Esu::ce=“#ScheduleProductionhﬂtivities_tm_p_s}“f>
</owl:0bjectPropercys

El<owl:0bjectProperty rdf:about="I=s The Entry For":>

<rdfs:domain :df::esn::ce=“#Scheduled_ﬁeceipts“f>

<rdfs:range :df::Esu::ce=“#SchedulePrcducticnhﬂtivities_:m_p_s}“f}
-</owl:0bhjectProperty>

El<owl:0bjectProperty rdf:about="Has An Omtput">
<rdfs:domain :df::Esu::ce=“#SchedulePrcducticnhﬂtivities_:m_p_s}“f}
<rdf=:range rdf:reau:rce=“#Pruduutiuq_ﬁuhedule“f>

-<fowl:0bjectProperty>

H<owl:0bjectProperty rdf:about="Is Measured By">
<rdfs:domain rdf:reau:rce=“#SuhedulePruduutiunhﬂtivitie;_:m_q_s}“I>
<rdfs=:range :df::Esn::ce=“#Eost_tq_Schedulg_Eroductioq_ﬁﬂtivities“fb

-</owl:0bjectProperty>

<owl:CbjectProperty rdf:about="I= Measured By">

<rdfs:domain :df::Esn::ce=“#ScheduleProductionhﬂtivities_:m_P_s}“fb
<rdfs:range :df::Esu::ce=“#Schedulg_ﬁﬂhievement“f>
</owl:0bjectPropercys

<owl:CbjectProperty rdf:about="I= Needed By">

<rdfs:domain :df::Esu::ce=“#Utiliz:_pfﬁ_peah_shifts“f>

<rdfs:range :df::Esu::ce=“#SchedulePrcducticnhﬂtivities_:m_p_s}“f}
</owl:0bjectPropercys>

<owl:CbjectProperty rdf:about="Is Needed By">

<rdfs:domain :df::Esu::ce=“#ﬂrcss_Training_pertificaticn“f}
<rdf=:range rdf:reau:rce=“#SuhedulePruduutiunhﬂtivitie;_:m_q_s}“I>
</owl:0bjectProperty>
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Figure 16. An example of SCOR/OWL code
.f/_El'ti:iEEﬁ::EIEEEE i M:\l &
Mdsn{ e i : ﬂl'hh
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- - ¥
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o Jeaet TS ! i
| :Hln J:."‘_'—"-'—..E-HIN;-/E—E'—“—' B2 | ml' ﬁs‘w
* !f__; 4 .-.'—_,_I‘_.-Ea ] ‘I' ‘I or Make
S S P!
d i
"3 1) [
N - Pl Descrppon 2
— i
N L i :
-._ vah:e‘--r-.u—i 2 L HI ='J”"'|I;'r clagses
: VH‘H{-_-"---" 53. I&‘j &ME
s ~ || e @ and hasSource some ($1 or §2)
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Figure 17. Example of incoherency detectable in SCOR/OWL
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Dear professor,

We would like to thank you for your review and comments about our paper entitled “An ontological
approach for strategic alignment: a SCOR case study”. Your comments help to tighten and enhance
paper quality. We tried to apply them in our paper as possible.

In the following, we will answer some of your comment:

1/ XML and reasoning
Your remarks:

Please explain CLEARLY what you mean by this. As this reviewer remarked before, XML does not
allow neither reasoning nor inference

XML DOES NOT allow inference!!!! Please, look for the help of a knowledge engineer.

Our answer:
Of course, XML noes not allow any inference by itself, but is a prerequisite to use reasoning tools...

In fact, it's not really XML, but a "processable by computers" formalization of knowledge. In our
context, that means XML.

2/ SCOR/OwI and business expert...

Your remarks

What must the knowledge expert decide about ? If the OWL model is built, all the decisions about
concepts, glossaries and classifications are already made ! !

Our answer

Even if a standard knowledge exists and is used by a practitioner or a business expert, this standard
knowledge is discussed in the specific context of a particular enterprise.

That means that some concepts can be updated, specialized and become "customized" regarding the
standard.

The relation between a standard knowledge and a particular case is not only based on "instantiation"
of concepts in individuals, but also required to "adapt" the knowledge to the specific context.
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3/ industrial application
Our Answer:

Our approach is currently being applied on another R&D project, where the MES (Manufacturing
Execution System) business standard (ISA-95 / 1SO 62264) is transforming into an OWL ontology (but
this application was not the scope of this contribution).
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