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1. Introduction

Empirical studies suggest that supply chain integration can provide better operational and business
performance. To exploit all the benefits associated with supply chain integration, businesses must change
their practices from information hoarding to information sharing. More and more researchers support the idea
of supply chain integration through the integration of information flows. Many business solutions are
promoted by IT vendors, ranging from packaged ERP solutions, best supply chain software, e-business
applications to web services. In this ecosystem of interacting business requirements and vendor offerings,
interoperability of information systems is critical. Themistocleous et al. revealed that 38 percent of
companies did not replace their legacy systems when they implemented ERP systems. After this they also
found that 58 percent of companies did not successfully integrate their ERP system with existing legacy
systems. In a similar study to compare the benefits and drawbacks of application integration, they found that
all the companies included in the study still integrated their legacy systems with their ERP systems. Also, the
majority of the 163 organizations surveyed (by Davenport et al.) are still in the implementation phase and
moreover they have not found a single company reported as complete. Sprott attributes this "to differences in
semantics and business rules between different applications that were never meant to collaborate" (p. 66). For
two applications to communicate and understand each other, they must have the same syntax and semantics.
ERP systems have become a standard tool for running a business. Chopra and Meindl argue that these
systems generate true value only if they support decision making across the company and its supply chain,
while (Themistocleous et al.) assert that ERP systems do not provide an integrated solution, ERP only further
reinforces the need for integration. The study results provide evidence that ERP systems do not adequately
support supply chain integration.

One reason is that these systems are not designed to address supply chain problems but to integrate
enterprises. The company's inherent focus is perceived by many as a major barrier to improving the
integration of information from the supply chain. Therefore, a so-called best breed supply chain system has
been proposed to address the lack of information integration across the supply chain. Compared to ERP
systems, these products promise to narrow and broaden their focus both upstream and downstream in the
supply chain. This upstream is achieved with SCM and Supplier Relationship Management (SRM) software;
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and downstream with Customer Relationship Management (CRM) software. Although there is evidence of
synergies between the ERP system and the new system, interoperability is still an issue. Pant et al. have
conducted two case studies to develop a framework that captures different information systems
implementation approaches. They conclude that the challenges of integrating different systems across the
supply chain are much greater than those faced by companies trying to integrate ERP systems.

2. Theoritical Review

2.1 Strategy Review

The proposed systematic literature review approach (by Tranfield et al.) was used to identify the current
supply chain ontology model. This approach was adopted because it promises the accuracy, completeness
and quality of the review results. It consists of three sequential stages: (1) planning the review; (2) conduct a
review; and (3) reporting and dissemination. The first stage defines the purpose of the review, the keyword
list and database, and inclusion and exclusion criteria, all of which provide the means for the second stage or
conduct of the review. In addition to the supply chain ontology model, it was also decided to include an
ontology model that addresses the problem of virtual enterprises and extended enterprises. The last two
organizational structures are sometimes used as synonyms for supply chains and the theory recognizes them
as similar inter-organizational arrangements. All ontology models that deal with aspects of collaborative
product design or development are excluded. Only ontology models that address the flow of materials,
services, and information across the supply chain are included in the review. According to Arlbjgrn and
Halldorsson[48] this school represents the core of the logistics discipline and therefore its basic unit of
analysis. All data, information or reference models that fall within the previously stated scope are also
excluded because they do not offer the same basis needed for subsequent analysis and synthesis
2.2 Supply chain ontology model

Six supply chain ontology models were selected from the literature reviewed, namely: (1) enterprise
ontology, (2) TOVE ontology, (3) model by Soares et al., (4) IDEON ontology, (5) manufacturing systems
engineering ontology, and (6) the model by Ye et al. Other models not selected can be read from the
extensive references provided. An overview of the selected models is given below as an introduction to their
evaluation presented in the fifth section.
2.3 Company ontology

An enterprise ontology (EO) was developed as part of the Enterprise Project at the University of
Edinburgh to explore the value of ontology for enterprise modeling. A detailed description of EO along with
the methodology used for its construction and applications using the ontology exists (in Uschold et al). The
objectives of EO are threefold: (1) improving communication between people; (2) provides a basis for
determining end-user applications; and (3) supports interoperability. EO consists of five parts: (1) Meta-
Ontology and Time; (2) Activities, Plans, Capabilities and Resources; (3) Organization; (4) Strategy; and (5)
Marketing. It should be clarified that EO does not address any aspect of the supply chain. While some of the
concepts that make up EO (e.g. Activities, Machines, People, etc.) are generic to many organizations, other
concepts address enterprise constructs (e.g. Non-Legal Ownership, Legal Ownership, Employment Contracts,
etc.) that exist at a very high level. tall and abstract. Nevertheless, EO was included in the analysis for two
reasons. First, it is a pioneering work in the field of corporate ontology;
2.4 TOVE On Ontology

The TOVE ontology was developed as part of the Toronto Virtual Enterprise Project which aims to
create an enterprise infrastructure in the form of an Enterprise Model that will have the ability to infer
answers to questions about tasks in an industrial environment. Tasks have been defined in great detail and
include "supply chain management extending MRP to include logistics/distribution and concurrent
engineering looking at engineering design coordination issues." (p.124). A single company perspective is
taken and produces a set of ontologies. The ontologies developed are: resource ontology, cost ontology,
organizational ontology, product ontology, activity-state-time ontology and ontology for quality
management. Not all ontologies are relevant in the supply chain domain; hence only resource, organization,
and activity-state-time ontologies are included in the comparison. The resource ontology aims to capture the
resources in a manufacturing company while the organizational ontology captures the structural concepts of
the organization such as: objectives, divisions, subdivisions, agents, roles, and resources. The activity-state-
time ontology represents the foundation for the ontology and acts as a top-level ontology.
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2.5 Model by Soares

The ontology introduced (by Soares et al.) was developed to improve human communication and define
system requirements for production planning and control in a virtual enterprise environment. The ontology
developed is part of a trans European project involving several academic institutions and industrial
companies from the semiconductor industry sector. The concept is presented in the form of a natural
language definition and then conceptualized by an object model. These are grouped under three main
sections: (1) extended network/organization, (2) planning and (3) order management. The basis of this
ontology is EO; more specifically Meta-Ontology.

2.6 IDEON Ontology

The IDEON ontology was introduced (in Madni et al.) The purpose of this ontology is to provide a
foundation for designing, reinventing, managing and controlling collaborative and distributed enterprises.
The ontology is developed using four views that aim to capture the various concepts and relationships that
describe an enterprise. Each of these views is represented as a separate object-oriented model using the
Unified Modeling Language notation. The four views are: (1) Enterprise Context View; (2) Company
Organizational View; (3) Process View; and (4) Resource/Product View.

The purpose of the Enterprise Context View is to represent the interaction of an enterprise with its
environment. This view consists of several concepts related to observing and assessing the state of an
environment. The Corporate Organizational View concerns the structure of a company and deals with lower-
level concepts (eg Goals, Strategies, Goals, Processes, or People) than the Enterprise Context View. The aim
of Process View is to equip the ontology with the concepts needed to represent the (re)planning-execution-
control cycle. Process Concepts are further classified into three concepts: Process Planning, Plans and
Activities. Resource/Product View details several types of resources required for execution of a Process.

2.7 Manufacturing systems engineering ontology

The proposed manufacturing systems engineering (MSE) ontology (in Lin et al.) was developed to
support the implementation of the MSE Moderator in an extended/virtual enterprise environment. MSE
Moderator "is an intelligent support application designed to facilitate and improve engineering design while
increasing the level of awareness, cooperation and coordination among engineering team members." (p.
5100). The MSE ontology has seven top-level classes which are further detailed and classified in a hierarchy
of subclasses. Only the seven upper-level classes have been described in more detail in the references and
are: (1) Projects; (2) Flow; (3) Process; (4) Company; (5) Company_Expansion; (6) Resources; and (7)
Strategy. Project Class represents the Flow of physical and non-physical items during the operation of an
extended/virtual enterprise. The latter are linked by a Process class representing transformations which are in
turn activated by different resources modeled by the Resource class. The Enterprise class provides a structure
for managing processes and resources using the different items that belong to the Strategy class. The
Extended_Enterprise class represents a distinct aggregation of Enterprise objects.

2.8 The model by Ye et al.

The final supply chain ontology model to be reviewed here was developed and proposed by Ye et al.
[65]. This model aims to serve as Interlingua by enabling semantic integration between heterogeneous
information systems in the supply chain. The proposed ontology supply chain arrangement is a web-based or
virtual enterprise and not a closed supply chain system where partners have reached agreement on the
vocabulary to be used. In such an arrangement, supply chain partnerships are dynamically created and last
only for a short time. The ontology was developed without a specific industry focus and consists of the
following toplevel classes: Supply Chain, SC_Structure, Party, Role, Purpose, Activity, Resource,
Transfer_Object, Performance and Performance_Metric This is more specific although no information about
the lower level classes is provided. It was originally conceptualized in Protégé and later coded in OWL to
enable web-based supply chain integration. The ontology model by Ye et al. provides the semantic backbone
for the integration framework. This framework is then used in an imaginary supply chain scenario to solve
supply chain information integration problems.

3. Research Methods
This section presents the design of the comparative framework used to analyze the six selected supply
chain ontology models. This framework consists of seven evaluation criteria and their respective dimensions.

The criteria were developed from the literature analysis in the development of general ontology and SCM.
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Table 1
Evaluation framework.

Criteria Criteria dimension
Scientific conceptualization/paradigm Objectivist and subjectivist paradigms
Granularity level Strategic, tactical and operational
Methodological approach Inspiration, induction,  deduction,

synthesis, collaboration and hybrid;

evaluation

4, Research Results and Discussion

4.1 Scientific conceptualization or paradigm

This criterion aims to identify the scientific paradigm that underlies the supply chain ontology model.
There are significant similarities between conceptualizations as used and introduced in ontology research
(especially Al and information systems) and the notion of scientific paradigms as introduced in the history
and philosophy of science literature. Smith claims that one of the reasons why information systems
ontologies have failed is because they are treated as equals and it is not recognized that different
conceptualizations of information systems ontologies are committed to not only unequal qualities but also
mutually inconsistent. In his widely cited paper, (Gruber) defines an ontology as "an explicit specification of
conceptualization” (p. 199). This definition has been so widely adopted in such a short period of time that
ontology is sometimes mistakenly taken as a synonym for conceptualization. (Guarino) claims that ontology
and conceptualization are different and must be kept distinctly different. In a broad sense, conceptualization
always reflects a world view and this idea is often used as a synonym for a scientific paradigm that is
characterized by two dimensions of ontological and epistemological. The notion of conceptualization was
introduced (by Genesereth and Nilsson) which is often used to accompany and elaborate on higher-level
definitions of ontology. Conceptualization is defined as “objects, concepts and other entities that are
presumed to exist in some area of interest and the relationships between them.” According to Guarino the
main problem with this definition is the extensional interpretation of the conceptualization in which the latter
as he further claims must be understood as an intentional rather than an extensional artifact. The terms
extensional and intentional are terms used in set theory.

Mizoguchi defines the difference between an extensional and an intentional set wherein the former is
defined as consisting of an enumeration of all elements while the latter simply specifies necessary and
sufficient conditions for the elements. The definition of an intentional set introduced here resembles the
concepts of concept theory and classes from object-oriented programming. According to concept theory, a
concept is intentionally defined as a collection of properties while the instances possessing those properties
are extensions of them. The idea of class and categorization is central to the development of ontology. Thus,
Sowa claims that “the first step in designing a database, knowledge base, or object-oriented system is to
select an appropriate collection of ontological categories” (p. 670). Given that ontologies are always
committed to conceptualization and since the latter must be defined as a deliberate set by specifying
necessary and sufficient conditions for its elements, it is not difficult to imagine that different people would
define different conditions which would result in different categorizations. . The reason for this must be
found in the way people organize and structure their knowledge, i.e. epistemology, and not how the real
world is structured (ontology). According to Parsons and Wand, classification structures are not inherent in
the real world but constructed by us, that is, they claim that "things exist, but classes are constructed.”
(p.238). Furthermore, Parsons and Wand claim that the reasons why people use classification should be
sought in cognitive and linguistic psychology and not in ontology.

As outlined, there is a strong relationship between ontologies, conceptualizations and scientific
paradigms. Inconsistencies in ontologies can be attributed to the differences that exist between sometimes
even opposing scientific paradigms. The scientific paradigm is characterized by two dimensions: ontological
and epistemological; where the next two dimensions are characterized by two extreme poles. Ontological
according to: realism and nominalism; and epistemologically by: positivism and interpretivism. Realism
postulates that reality exists independently of the observer while nominalism postulates that reality is a
subjective construction. Epistemology is concerned with knowledge of reality and what can be considered
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valid knowledge of that reality. The positivistic epistemological stance centers on the identification of causal
relationships that explain observable phenomena. The interpretivist approach holds that understanding of
some domain depends on the observer's pre-understanding of that domain. Although these poles define
different paradigmatic positions, Klein and Hirschheim claim that only two are significant for data modeling:
the objectivist and the subjectivist paradigms. The former is defined by the realist-positivist position and the
latter by the nominalist-interpretivist position.

4.2 Granularity

Any domain, including supply chain, can be queried from different levels of conceptualization or detail.
The granularity criteria have been inspired by Guarino who proposes solutions to so-called interaction
problems coming from the Al community. According to Schreiber et al., the interaction problem states that
"control knowledge and domain knowledge are highly dependent—one cannot define domain knowledge".
without knowing what the task will be, and vice versa" (p. 33). Control knowledge is also called task solving
knowledge where the domain knowledge represents part of the relevant domain knowledge to use the task
solving knowledge. The issue of interaction has generated much academic debate. In his paper Guarino
strongly defends the thesis of independence between domain and problem solving knowledge and presents
several arguments. He did not recognize the interaction problem as a problem of dependence between domain
and task knowledge, what he saw as dependent on a particular task was the granularity of domain knowledge.
In the Al domain, it is common to use different levels of conceptualization to reflect the different
granularities of the domain. Falkenhainer and Forbus and Abu-Hanna and Jansweijer both use different
granularity representations of domain knowledge to solve engineering problems that demand different levels
of abstraction. in Hobbs, granularity has also been included as the first of the core theories of ontology,
where granularity is defined by an “indistinguishable” relationship or the equivalent of a set of closures (p.
821). Granularity as introduced in Hobbs resembles rheology or whole-part theory, especially if we consider
what Smith said about rheology: "Mereology allows ontologists to begin their investigations with complex
wholes as if they were at an intermediate level of reality, and to work into up and down from this, as
appropriate coarser and finer theories become available.” Viewed from this perspective, interaction problems
do indeed reduce to the level of conceptualization required to solve a particular task. Rudberg et al. claims
that SCM can be divided into two parts: supply chain planning and supply chain execution.

They further state that the only difference between the two is in their respective time horizons, the
former being more strategic and tactical, and the latter being more tactical and operational. A common view
within the SCM community is that the granularity of supply chain decisions extends beyond three levels —
strategic, tactical, and operational. Therefore this dimension has been adopted to characterize the level of
granularity criteria.

4.3 Methodological approach

These criteria aim to detect the underlying methodological approach adopted for the development of
supply chain ontologies. Gruber proposes a set of principles that should be used in ontology design to share
knowledge and Uschold and Gruninger present an elaborate introduction into ontology principles, methods,
and applications. Kishore et al. propose guidelines for ontology construction. They are based on two
premises: (1) no ontology is ever complete; and (2) no methodology is perfect. They further argue that the
best that can be done is to follow a set of guidelines.

Based on so-called three-layer guidelines, Mizoguchi also introduces an ontology development
methodology and Noy and McGuinness present a simple ontology development methodology intended for
use by both novice and inexperienced ontology developers. Due to the multifaceted nature of ontologies that
requires capturing different views on the domain, the development of collaborative ontologies has recently
gained wider interest. Holsapple and Joshi present a collaborative approach to ontology development in the
knowledge management discipline using the Delphi method.

Apart from this approach which can be characterized as less formal or detailed, the literature also
recognizes other approaches that are more formal and more detailed. These ontology development
methodologies differ in various ways, such as: the level of formality proposed, the chosen approach, the
domain for ontology development, the portion of the ontology life cycle handled by the methodology, the
maturity of the methodology, and the inheritance of a methodology. However, some authors claim that
ontology development is still an art rather than a science that has not yet matured enough to ensure a valid
ontology construction process. This paper builds on five general approaches to Holsapple and Joshi's
ontology design: (1) inspiration; (2) induction; (3) reduction; (4) synthesis; and (5) cooperation. The
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inspirational approach aims to capture the individual's point of view about the domain while the induction
approach involves the use of exploratory strategies. Deduction builds on theoretical principles related to the
domain of interest while the synthesis approach aims to identify and integrate existing ontologies to
characterize some aspects of the domain that are not covered by the ontology being developed. The
collaborative approach recognizes the existence of multiple views on the domain and attempts to capture
and/or reconcile them. The sixth approach proposed further here is a hybrid or combinatorial approach
consisting of at least two or more approaches. In addition to these six approaches.

4.4 Supply chain ontology model analysis

This section reports on the analysis using the comparison framework. The analysis presented here
provides insight into gaps in existing supply chain ontology research.
4.5 Enterprise Ontology (EO)—analysis

The way EO selects and defines its constructs demonstrates the use of the objectivist paradigm. It was
said earlier that EO does not handle any aspect of the supply chain so no level of detail is attributed. The
methodology proposed by Uschold and King[93] has been used in its development. This methodology
consists of two parts: informal and formal ontology development. The informal section deals with the
identification and development of relevant concepts and definitions of natural language; while the formal
section converts it to the definition of Ontolingua. Ontolingua was developed for use as an interchange
format and is based on first-order logic and allows for an object-oriented style of representation. The
identification of relevant concepts in the informal section is based on brainstorming so it can be said that an
inspirational approach is used. EO (both informal and formal) consists of five sections, of which the first
section (Meta-Ontology and Time) defines the general terms Entities, Relationships and Roles which are the
basic constructions for the development of terms that make up the other four sections.

Therefore, it can be said that a synthetic approach was used. Ontologies are judged on the basis of their
actual use to their original purpose. It is used in four different applications with different purposes and
results. Most applications (three out of four) aim to improve human communication within an organization.
In applying the lens of 'philosophy of science' in this analysis, EO equates ontology with knowledge of a
company which shows some ontological 'lack’ that may arise from placing too much emphasis on knowledge
of the company rather than ontology of the company. An example is the definition of the concept of the
Meta-Ontology of Roles. This concept is one of the founding concepts and is used extensively in EO. It has
been represented in Ontolingua as Role-Class and it represents the way Entities participate in Relationships
which are in turn modeled as Entities. The concept of Entity is defined as "fundamental in the domain being
modeled." (p. 43). The 'philosophical’ question is: is a Relationship an Entity and does it exist in the corporate
domain or in other domains in general? It is stated here that Relationship is a property of the Entity and
therefore cannot exist independently of it.[102].

4.6 TOVE ontology—analysis

Only the TOVE ontology of resources and organizations are relevant in the supply chain domain and
are analyzed here. Similar to EO, the TOVE ontology also adopts an objectivist paradigm. This is best
observed in the premise of shared goals and no self-interest between agents. Also, both ontologies describe
general and high-level concepts structured into taxonomies. We conclude that the level of strategic detailing
is adopted without specific industry sectors being addressed. Since the activity-state-time ontology acts as a
top-level ontology, it can also be said that a synthesis approach was taken when developing both ontologies.
In addition to adopting the activity-state-time ontology, the methodology proposed by Griininger and Fox is
followed. This methodology states that the ontology requirements will be defined in the form of competency
questions posed by the ontology developer. Since no guidelines for defining questions are provided, it can be
said that their definitions are a function of the experience and prior knowledge of a developer and therefore
an inspirational approach was followed. The strong legacy of Al manifests throughout the TOVE ontology,
as the goal of the ontology is to infer answers to questions. This results in a strong emphasis on knowledge,
rather than reality. There are instances in the organizational object taxonomy where some of the objects
introduced have no ontological basis (e.g. Skill objects that cannot exist independently of their holder).

One of the greatest advantages of an organizational ontology is the formal introduction of the concept of
Empowerment which models an agent's right to perform some state change act. This concept — very similar
to the concept of Authority in EO — is used to link organizational structure and behavior. The application of
the TOVE ontology is the TOVE Testbed which was developed as an environment for analyzing enterprise
ontologies.
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4.7 Model by Soares et al.—analysis

Since this ontology is built on top of EO (more specifically MetaOntology), it is concluded that an
objectivist paradigm is adopted. When compared with the TOVE ontology, the ontology by Soares et al. are
at the same level of granularity. This leads to the conclusion that the ontologies reviewed here are
characterized at a strategic level. A threefold hybrid methodological approach was adopted. The generic
technoorganizational requirements of a semiconductor virtual company were first identified by reviewing the
literature related to virtual enterprises, using a deductive approach. The overall methodology used is that
proposed by Uschold and King [93] and was used in the development of the EQO. Since this methodology is
characterized by the use of brainstorming techniques to derive ontology requirements, an inspirational
approach is also used. The basis of this ontology is the EO Meta Ontology; therefore a synthetic approach
was also followed. No formal evaluation is presented but since a methodology for EO development is used, it
is possible that a similar evaluation approach is followed. Although the authors mention that their approach is
being tested, no application of the ontology has been reported in this paper.

4.8 IDEON ontology—analysis

The IDEON ontology uses an objectivist paradigm because the idea of companies collaborating to
achieve a common goal is a real world phenomenon. This ontology was developed using four perspectives to
capture the various concepts and relationships that describe a company. Its related views and concepts aim to
address strategic levels of supply chain detail. The IDEON ontology deals with virtual enterprises and
corresponds to the scope of the inter-business network of the supply chain. The ontology was developed
without a specific industry sector focus although the authors claim that the IDEON ontology is easily
expandable to accommodate a wide range of application domains from healthcare to military command and
control.

Only two of the many enterprise applications that the authors claim that the IDEON ontology is used to
support have been briefly mentioned. The first is the planning and implementation of crisis actions and the
second is the development of integrated product processes. In both cases the ontology developed is used to
provide the underlying conceptual framework. No information was provided about the methodological
approach used or the ontology evaluation. It is assumed that the inspirational approach is followed that the
ontology is largely based on "knowledge and experience" rather than rigorous ontological analysis. This may
be the reason for the many ontological deficiencies present in the model. For example, the Enterprise Context
View covers the concepts of Assessment and Observation while the Resource/Product View covers the
concepts of Roles. It is said that these concepts do not exist independently in reality; rather they should be
modeled as properties.

4.9 Manufacturing system engineering ontology (MSE) -analysis

Only seven upper-level classes of the MSE ontology have been detailed, which represent a rather high
level and generic construct, it is concluded that the objectivist paradigm and the level of strategic granularity
have been adopted. Apart from referring to the manufacturing system information model as an input to the
MSE ontology no further information is provided about ontology development. It is said that a synthetic
approach is used. Lin and Harding offer an MSE ontology application that functions as a mediation ontology
to enable information interoperability for collaboration between companies. To this end they have introduced
scenarios (assume imaginary) to resolve information interoperability conflicts between different MSE
software systems in a virtual manufacturing setting in the electronics industry sector. The developed MSE
ontology functions as an Interlingua by enabling mapping between individual ontologies. The Resource
Description Framework (RDF), RDF Schema and Web Ontology Web Language (OWL) were used to
facilitate mapping. From a ‘philosophy of science' view, there are two main problems with the MSE ontology.
The first relates to the strong emphasis placed on solving terminological problems using the MSE ontology
as a mediator to enable mapping between different software systems.

Although ontologies can greatly reduce the problems created by inconsistent and varied vocabulary, this
is not the ultimate and ultimate goal. The second is the methodological approach of developing MSE
ontology. TheMSE ontology is heavily based on the use of different manufacturing systems information
models. The research presented in this shows the potential for erroneous requirements and the lack of
rigorous analysis inherent in the information model development process. Therefore, it is not surprising that
the MSE ontology model inherits some of the ontological shortcomings introduced from the source model.
4.10 The model by Ye et al. - analysis
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Based on the view that supply chain partners have the same goals and objectives without selfish and
antagonistic behavior, an objectivist paradigm is adopted. Comparing the top-level class in the model with
other supply chain ontology models that have the same scope (model by Soares et al., IDEON ontology,
MSE ontology), the granularity level corresponds to the strategic level. The methodology used is a
combination of: inspiration, synthesis and deduction. EO is used as the main backbone for this ontology
model. It is quite reasonable to conclude that the same methodological approach was followed, thus
inspiration and synthesis.

The deductive approach is identified based on the use of the Supply Chain Operations Reference model.
This model is used as a source to capture the supply chain performance elements of the ontology model.
Ontologies provide the semantic backbone for the integration framework. This framework is then used in an
imaginary supply chain scenario to solve supply chain information integration problems. From a 'philosophy
of science' point of view, this supply chain ontology has two main issues. The first relates to the perception
that ontology development is only to solve terminology problems. The second issue concerns the ontological
deficiency of the model. These flaws include not only the intrinsic flaws in the EO that forms the backbone
of the model, but also some of the newly created ones. An example for this is the Service class which is a
subclass of Material_Object. This explains that every Service object is a Material Object which does have an

ontological basis.

Table 2
Material Objects
Suoolv chain Criteria
Pply Conceptualization/scientific Level of Methodological approach
ontology model - .
paradigm granularity
Enterprise Obijectivist paradigm Not applicable Hybrid: inspiration and synthesis;

ontology

TOVE ontologies ~ Objectivist paradigm

Model by Soares et  Objectivist paradigm
al. (since EO is the
founding ontology)

IDEON ontology Obijectivist paradigm

Manufacturing Objectivist paradigm
system engineering
ontology

Model by Ye etal.  Objectivist paradigm

Strategic

Strategic

Strategic

Strategic

Strategic

evaluation: there is no formal
evaluation although the ontology was
assessed based on its actual uses
against the original purposes.

Hybrid: inspiration and synthesis;
evaluation—there is no formal
evaluation yet the ontology developed
should comply to the competency
questions posed at the beginning
Hybrid: deduction (generic techno-
organizational requirements),
inspiration (since methodology by
Uschold and King was followed) and
synthesis (since EO was thoroughly
used); evaluation—probably similar as
with the evaluation of EO.

Inspiration (assumed); evaluation—
there is no evidence on any formal or
informal evaluation.

Synthesis built on the experiences and
knowledge of published manufacturing
system information models. Evaluation
no formal evaluation is introduced.
Hybrid: inspiration and synthesis since
the same methodology for the
development of EO was used; also
deduction (limited extent) since SCOR
model was used for supply chain
performance; evaluation probably
similar as with the evaluation of EO.
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5. Conclusions

Important for solving information system interoperability problems. To inform future supply chain
ontology research, this paper sets out to review and analyze existing supply chain ontology models. An
extensive literature review was conducted which identified six supply chain ontology models together with
the three criteria that form the framework for comparison. After applying a framework has been identified
which should provide insight into potential future research. The general conclusion is that we are far from
using ontologies to solve information system interoperability problems. Our analysis has shown that too
much emphasis is placed on the organization and structure of human knowledge of supply chains than on
understanding supply chain realities. Seen from a 'philosophy of science' perspective, all the models reviewed
have ontological flaws. More rigorous and theoretical analysis is needed if a more realistic and robust supply
chain system is to be developed. We urge supply chain ontology researchers to consider philosophical
ontologies especially new developments such as: formal ontology, rheology, and topology. More effort
should be invested in achieving a closer relationship between reality and our representation of that reality.
Following logic one might doubt whether supply chains as we know them exist. And some argue that the
supply chain as an ontological concept or "thing" does not exist and is mistakenly considered a unit of
analysis. What really exists is the flow of materials, information, and services between supply chain
companies.
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