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Abstract. Knowledge sharing and reuse are important factffesting the performance of supply chains.
These factors can be amplified in information systdy supply chain management (SCM) ontology. The
literature provides various SCM ontologies for aga of industries and tasks. Although many studies
make claims of the benefits of SCM ontology, ituisclear to what degree the development of these
ontologies is informed by research outcomes froenatfitology engineering field. This field has proeldic

a set of specific engineering techniques, whichsapgposed to help developing quality ontologieds Th
article reports a study that assesses the adoptioontology engineering techniques in 16 SCM

ontologies. Based on these findings, several irapbos for research as well as SCM ontology adaptio
are articulated.
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1 Introduction

The premise of supply chain management (SCM) it ttie performance of a single company depends
more and more on its ability to maintain effectiaad efficient relationships with its suppliers and
customers [1],[2]. Therefore, managerial tasksnao®ing from an organizational scale to a supplyircha
scale [3] and thus encompass the inter-organizatimtegration and coordination of dispersed supply
chain activities. Empirical research suggests Wmmwledge sharing and reuse between supply chain
participants are important determinants of supplgirt performance at both the strategic and operatio
level [4],[5]. The role of information systems topport this task is subject of much research [B]3F.

Knowledge sharing and reuse between supply chatrcipants face many organizational obstacles
such as confidentiality, trust, and norms. Howeti@ndamental prerequisites for knowledge sharimgg ar
means for exchanging, processing, and interpretiagelevant domain knowledge by using one or more
representations of this knowledge. Since such septations may be diverse and serve different
objectives, formal ontology has been proposed asngortant means to represent domain knowledge,
enhance communication between participants, angostpnteroperability of systems [9]. A formal
ontology formally captures knowledge through comsgepelationships and axioms, and can be regarded
as the conceptual model of a knowledge base [1.dpplication of ontology in SCM has led to a ¢arg
number of ontologies for various SCM tasks, e.tanping [11] as well as more generally representing
arbitrary supply chains [12].

Although researchers make use of ontology spetifita SCM, this stream of research seems to be
less connected with the ontology engineering (O&J fas it could be. Over the past 20 years, the OE
field made significant advances with regard tccdsstructs, models, methods, and tools, and comésb
specific techniques that assist ontology develop&s$,[14]. However, the extant literature does not
inform us sufficiently about the concrete linkadpetween OE and SCM ontology. In particular, litde
known to what extent the development of these ogtes is informed by the techniques available from
this field. The first steps to increasing our knegde about these ties were taken by Grubic and1=dn
who review six supply chain ontologies: Two ouffigé evaluation criteria used in their review conce
the methodological foundation as follows. “Scientffaradigm” studies the epistemological stancthef
ontology researcher. “Methodological approach” msdthe adoption of five general approaches to
ontology design that were proposed in [16]. Ouie@vcomplements and extends this research by (1)
studying the adoption of concrete techniques froen®@E literature and (2) reviewing a larger seinof
total 16 SCM ontologies of which three are alsafibin the study by Grubic and Fan [15].

While empirical research has contributed to undeding the applicability and usefulness of OE
techniques [17],[18], assessing their adoption amccete ontologies has received little attention.
Therefore, the objective of this article is to ewiand analyze current SCM ontologies with regard t
their methodological foundation, i.e., the adopt@nOE techniques. This study concerns the concrete
linkages between OE techniques and SCM ontology asrticular type of application ontology. It
contributes to understanding these linkages and/ates avenues of future research.

This article proceeds as follows. The theoretiGdKground to the review is described in section 2.
The review process and the relevant SCM ontolagjiegpresented in section 3. The review resultdean



found in section 4. The discussion of the findirgsl their implications for future research are drt
section 5. A summary of the research is given atice 6.

2 Theoretical Background

2.1 Formal Ontology

Originally, the term ontology has its roots in pisibphy. As a discipline of philosophy, ontology dies
“the science of what is, of the kinds and stru@we€objects, properties events, processes, aatiomd

in every area of reality” [19]. Starting in thedal980s and early 1990s, ontology gained increasing
awareness in Computer Science and Artificial ligefice (Al). Al requires formal representationsedl
world phenomena in order to reason about thesegphema. In a literal sense, Al research borrowed the
term ontology from philosophy and equipped it watcomputational meaning. As a result, Al coined the
term “formal ontology” (or computational ontologyllhe key characteristics of formal ontology aret par
of the definition coined by Studer et al. [20]: Glogy is “a formal, explicit specification of a gkd
conceptualization of a domain of interest”. Conaafization depicts an abstract representation ofeso
(real-world) phenomenon by having determined itéevant concepts, relationships, axioms, and
constraints. Further, explicit denotes the expli@ibt implicit) definition of the type of concepts,
relationships, axioms, and the constraints holdindgheir use. Formal indicates that the ontologyusth

be readable and interpretable by machines, thumsaloexcludes the use of natural language. Finally,
shared conceptualization requires the ontologyafiure consensual knowledge that is not privai@nto
individual person but accepted by a larger groundividuals.

SCM is a particular field of application for ontgp which results into SCM ontology. To
determine the scope of our analysis, it is necggsagualify this kind of ontology in more detaive
refer to the classification proposed by Guarino],[Mhich categorizes ontologies by the level of
generality into four types:

— Top-level ontology specifies a conceptualization that is independdna particular domain; for
instance, it concerns space, time, object, andteven

— Task ontology defines the vocabulary related to a particularetygf task such as planning,
diagnosing, or purchasing. This type of ontologyirdss the task knowledge that is required for
solving a particular type of task.

— Domain ontology defines the vocabulary related to a particular @omsuch as healthcare,
automotive, or machinery.

— Application ontology provides the vocabulary that depends both on ticpkarly task and domain,
e.g., clinical pathway design, general inspectiawrproduction planning.

Using this classification, SCM ontology belongsafplication ontology, with supply chain being the
domain and operations spanning a wide array ofstaslshould be noted that task ontologies have als
been proposed for supply chain planning. ThesedagNogies are, however, not subject of our stoaly
have been analyzed in prior research [21].



2.2 Ontology Engineering

Ontology engineering is a field within the knowledgngineering discipline. Whereas the latter is
concerned with knowledge-based systems, OE “inyat&s the principles, methods and tools for
initiating, developing, and maintaining ontologigg2]. Ontologies can be a component of knowledge-
based systems, but also provide a “common langut@etommunication between domain analysts,
developers, and users. The fundamental premiskais@QE as a collective, non-observable construct
positively affects the quality of the produced dofyy [23]. Through this quality, OE indirectly
contributes to the task performance of either kieolye-based systems or people who use the ontology
for specific tasks. The main impediment to meagutie supposed relationship between the OE conistruc
and task performance is that the quality of an logiois a complex, multi-facet property, which is
difficult and costly to asses or objectively naadile at all [24].

Ontology quality is still subject of much reseaiohOE [25]. Empirical studies that use concrete
measurements and involve ontology users are sdsl@s. research is concerned with the syntactic and
semantic dimensions of quality [26]. We believet timsights from conceptual modeling research may
provide a more appropriate theoretical foundatimmtlie purpose of our study. Specifically, Lindlagtd
al. [27] were the first to integrate syntactic, seic and pragmatic quality into a framework foality
of modeling scripts, which denote the outcome ef ittodeling activity. In the context of ontologyeth
activity is ontology development and the outcomehis ontology. The framework by Lindland et al.
draws on linguistics and semiotics theory. In gattir, pragmatic quality captures how well the [scri
respectively ontology — is understood by its usémagmatic quality can be assessed by means of
comprehension and problem solving tasks. Measuasde task accuracy and completion time as well
as user perceptions such as confidence in the@olamd user satisfaction. In the broader contédsk-
technology fit, it has been shown that user peropptare related to task performance [28].

The model of OE is shown in Figure 1. This moddicalates the dependencies between OE
techniques, user perceptions, and task performaieerestrict the supposed positive effect of OE on
pragmatic quality, which is being articulated Bgrceived Usefulness of Ontology (PUO), Perceived
Ease of Use of Ontology (PEUO). These are adoptions of two common constructsiger perceptions in
information systems evaluation. Since we will netfprm an empirical measurement, it is not necgssar
to specify these constructs in more detail. Thefmements could adopt extant frameworks for user
perceptions in conceptual modeling research; fetiaimce, Maes and Poels [29] propose a framewotk tha
reuses constructs and relationships of the infaomaystems success model of DeLone and McLean [30]
and its extension by Seddon [31]. The model coatsix independent, categorical variables that s
techniques of the OE field as constructs. Thesstoacts are supposed to positively affect the depet)
continuous variables PUO and PEUO, and therefeetakk performance.
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Fig. 1. Model of Ontology Engineering.

2.3 Constructs and M easur ements

OE research concentrates very much on novel deargjfacts for unsolved organizational and
computational problems. Only recently, empiricase@rch has progressed toward understanding the
effects of OE on ontology quality. Despite the laafkan original OE theory — which would supply
candidate constructs and relationships for ouryamsat we argue that the ontology development m®ce
provides an initial theoretical underpinning. Tipiocess is made of subsequent phases that ontology
engineers execute to produce the ontology. We atiatithese phases may also be subject of induirty,
contend that empirical studies in OE provide supgor their validity [17],[18]. These phases are
implemented through six construct®QE Methodology, Knowledge Acquisition, Ontology Design,
Ontology Specification, Ontology Evaluation, andOntology Delivery. Next, we will detail each construct
by describing its proposed measurements (Tabler3.prior survey of eight task ontologies for slypp
chain planning, these constructs and measuremgpésieed to be useful for assessing the adopti@tof
techniques [21]. We think that the constructs anehsorements can be applied to both task and
application ontology.



Table 1. Constructs and Measurements.

Construct M easur ement

Ontology New Development

Ontology Reengineering

OE Methodolo
% Ontology Merging and Alignment

Ontology Learning

Knowledge Source

K nowledge Acquisition . )
Knowledge Acquisition Technique

Ontology Design Principles
Ontology Design Ontology Design Patterns
Ontology Reuse

e . Ontology Language
Ontology Specification ) _
Knowledge Representation Paradigm

Ontology Evaluation Evaluation Method

) Documentation
Ontology Delivery

Availability

2.3.1 OE Methodol ogy

OE methodology is concerned with defining and s$tnieg the development process by means of process
models, activities, products, roles, and managernweis [23]. Many OE methodologies originate from
the knowledge engineering discipline but use elemdhat are common in software engineering.
Similarly to software engineering, a great numbeO& methodologies have been proposed. For the
purpose of our study, we rescind from concrete ggscmodels and their elements, but examine
similarities and differences on a higher level dbstaaction [32]. The literature distinguishes
methodologies folOntology New Development (process of creating a novel ontology without édyg
reusing an existing ontology)Pntology Reengineering (process of fundamentally rethinking the
conceptualization of a given ontology®ntology Merging and Alignment (process of unifying two
different, though overlapping conceptualizationstoinone new conceptualization, respectively
determining semantic equivalence between a leading a supplementing conceptualization) and
Ontology Learning (process of semi-automatically deducing a conedization from a given data set).

2.3.2 Knowledge Acquisition

Whereas OE methodology sets the overall developprexess and defines whether and to what extent it
draws on existing conceptualizations, knowledgeussitipn is a particular activity within this proge

This construct has two measurememtsowliedge Source represents the types and instances of sources
that are used for acquiring knowledge from the daned discourse. These types may include domain
experts, textbooks, technical articles, and spetifins.Knowledge Acquisition Technique is the means
how to elicit knowledge from these sources. ltseotiye is to identify and capture the relevant
knowledge. A variety of techniques such as textyasig structured interviews or brainstorming can b
applied to different knowledge sources. In paracudomain knowledge has close ties to a human’s
problem-solving capability and the execution ofktasThus, knowledge acquisition techniques must



effectively support the conversion and dissociatiériacit and procedural knowledge into explicidan
declarative knowledge [33].

2.3.3 Ontology Design

Ontology design supplies techniques that help titelogy engineer in determining the structure & th
ontology. These techniques are more specific th&n nethodology and have been influenced by
experiences acquired in prior ontology engineepirggects. Three types of techniques are propos#tein
literature:Ontology Design Principles are overarching quality criteria in terms of deséda, i.e., desired
properties that the ontology should exhibit, thotighir direct assessment is difficult and achiewimgm
completely is often not possible. Criteria suchcksity, modularity, and minimal encoding bias were
adopted from model quality resear€ntology Design Patterns provide basic ontological building blocks
for recurring issues of ontology structure, contamd representation [34],[35]. The rationale st
patterns is, again, influenced by patterns in saféwengineering, which first proposed patterns that
abstract from a concrete form and “keep recurnmgpecific nonarbitrary contexts” [3@Dntology Reuse
suggests the adoption of top-level ontologies pacdic ontologies [10], e.g., by specializing apdevel
ontology’s class with a new domain-specific class.

2.3.4 Ontology Specification

Ontology specification has two distinct, thoughem¢lated measurements. Fir€ntology Language
depicts the grammar or formal language used focifgeg the ontology. This language can be selected
from a large array of languages that originate fimth OE (specific languages for formal ontology)l a
conceptual modeling. The latter includes languagiesh as entity-relationship diagram, UML class
diagram, object constraint language (OCL), andhay derivates and extensions of these languages th
emerged over the past decades. OE research caesribusimilarly wide range of languages, e.g., KIF
(Knowledge Interchange Format), OCML (Operationain€ptual Modeling Language), DAML-OIL
(Darpa Agent Markup Language — Ontology Inferenagdr), and OWL (Web Ontology Language). The
main difference to conceptual modeling languagelsdshigher degree of formal semantics, which adlow
more advanced forms of reasoning on knowledge bé#siescharacteristic is also called expressivity o
the ontology language. Second, we Ks®wledge Representation Paradigm to indicate the underlying
paradigm that the ontology language implements. thilee most popular paradigms in OE research are
First-order Logic (FOL), Frame Logic (F-logic), ardescription Logic (DL) [37]. Each ontology
language implements one of those paradigms; fearee, OWL is an implementation of DL. Languages
from conceptual modeling rely upon other paradigonsh as algebra of sets. The rationale for hawviag t
separate measurements is that the relationshipebatknowledge representation paradigm and ontology
language is one-to-many; hence, when a particuitol@gy adopts a KR paradigm, then it actually may
use two or more languages for specification purpose

2.3.5 Ontology Evaluation

Ontologies must be evaluated with respect to tilgyuprovided for the class of tasks addressede Th
evaluation should be integrated into the develognmeacess, prior to handing the ontology over to
prospective users. Therefore, OE stresses thaitility of the ontology must be demonstrated thioug



well-executed evaluation methods. The ontology @i@dn construct is measured througbel uation
Method. Evaluation first requires the definition of appriate metrics, for which respective evaluation
methods subsequently can be applied. These metocsern, as discussed in section Il, syntactic,
semantic, and pragmatic quality. Syntactic quatiy be assessed by analytical (formal) methods that
determine the syntactic correctness of the ontoleidly respect to the ontology language used. Sémant
guality concerns the correspondence between tlobogigtand its domain; it can be studied by desimept
evaluation methods, i.e., constructing detailechades around the ontology to demonstrate itstygtior
providing informed arguments that ground on priesearch. Pragmatic quality is subject to the
correspondence between the ontology and the uise€ipretation; thus, respective evaluation methods
involve users by means of a case study, field stodyxontrolled experiment. Alternatively, simutati
could be used that processes artificial data asgaites for users; this data must be justifiedughovalid
assumptions about the ontology’s users.

2.3.6 Ontology Delivery

Prospective ontology users need sufficient detagriable the ontology to be used, i.e., implemeirted
the user’s organizational context. Thus, this aostrepresents the extent and means how the giyto
provided by the engineer. This construct has twonmeeasurementfocumentation concerns the types

of supplementing documents that are available fdology users. These documents should help users in
assessing the ontology’s applicability, understagdihe ontology’s content, and correctly using the
ontology.Availability states whether and in what form a machine-praglesspecification is provided to
the user (making the ontology available throughieathat can be downloaded at a web site, e.g.ligub
ontology repository).

3 Review Process

A structured approach was employed to identify tekevant SCM ontologies in the literature. A
systematic search was used to retrieve publicatlmatsdescribe SCM ontologies. We used citatiomtou
as a proxy measure to identify probable core patitbos. Since filtering based on citation count may
exclude some relevant ontologies, an exploratopraach was used to find additional publications on
supply chain ontologies. The latter approach altbws to identify and include some very recent gtsidi
[38],[39]. We describe the search approach below.

3.1 Search for SCM Ontologies

Online databases were used for a keyword-basedtseé@ecause SCM is an interdisciplinary field, this
search included journals and proceedings fromadlateas such as Operations Management, Information
Systems (IS), Conceptual Modeling, and Knowledggifigering. Scopus was used for its good coverage
of journals and Google Scholar for its comprehemsioverage of journals, proceedings, and books. The
initial search query of “supply chain” AND “ontolgy yielded a total of 274 documents (Scopus),
respectively more than 17,400 documents (Googlel&gh The sample was too extensive for an in-depth
analysis and contained a large number of docuntbatsare not relevant, e.g., do not report a sjecif
SCM ontology as defined in section 2.1. Therefdre,search was performed in an iterative way by bot
reducing the list of search results (e.g., addimgstraints to the search query) as well as expgntiie



list (e.g., adding alternative terms to the seayaodry).

As constraints we used citation count (threshol@i@f source type (journal, proceedings), language
(English), and subject area. We used alternativest¢o reflect the actual use of various termgHerkey
concepts as follows: “supply network”, “supply amamanagement”, “logistics”, “data model”,
“information model”, “knowledge model”, “semanticaael”, “conceptual model”, “ontology model”.
This approach led to a much shorter list, which thes manually inspected by analyzing the abstracts
and skimming the content, resulting in 16 publimasi. Each publication makes an original contributm
the field, i.e., proposes a specific and formabtgy for SCM. For instance, we removed the ontglog
proposed by Lin and Harding [40] as they proposexanomy dedicated to the domain of manufacturing

for knowledge sharing across engineering teams.

3.2 Coding

Each publication was carefully examined by the @uhors who independently coded each reported
ontology according to all the constructs and messents of ontology engineering (section 1l). The
coders discussed conflicting codes until a mutgaéement was reached. Five criteria complement the
measurements to capture the focus of each ontaledgilows:

— Usersis concerned with the group of users who use tielagy. User could be either a person that
uses the ontology for a problem-solving task (esgsfem design) or an application system that uses
the ontology for retrieving, processing and tramgig knowledge by accessing the knowledge base
(run-time).

- Scope is concerned with the branch of industry, sectormarket for which the ontology is to be
used. If the publication does not mention a spedifinitation, then we assume that the ontology’s
scope is not restricted but that of supply chain.

— Application is concerned with the type of problem-solving tiekwhich the ontology is to be used.
These tasks span a wide range of applications dlmmdjfe-cycle of a supply chain (e.g., design,
planning, and control).

— Szeis concerned with the number of concepts, relakipssand axioms that constitute the ontology.
Retrieving this information depends on the avaligbof either a formal specification or sufficient
details described in the respective articles. ésthare incomplete or missing, we will give a lower
bound of each number, if possible at all.

—  Key concepts is concerned with the top-level concepts that ardral to each ontology. We will list
at least six key concepts to provide some indioatibthe focus of each ontology. It must noted,
though, that a deeper content analysis of SCM ogyoivould require much more effort and also
resolve terminological differences, which are dusape of our survey.

3.3 ldentified Supply Chain Ontologies

The search process yields 16 ontologies. Sinceof@alogies have a distinct name, we will refer aale
ontology by the respective publication. Table &lihese ontologies in chronological order and shihwe
values for the criteria users, scope, and apptinati



Table 2. Users, Scope, and Application of Iderdif@ntologies.

Author Users Scope Application

Soares et al., | Software developers Microelectronics | Production planning and control in the
2000 [41] supply chain semiconductor industry

Madni et al., Application systems Supply chain (1) Crisis actitenning and execution
2001 [42] (2) Integrated product process

development

Pawlaszczyk ef

End-users, software

Mass customization

Agent-based supply chain simulation

PSS

al., 2004 [43] | developers, domain supply chains

experts, consultants
Fayez et al., People Supply chain Supply chain simulation
2005 [44]
Matheus et al.,| Application systems Logistics Monitoring of spai@ts logistics
2005 [45]
Chandra and | Knowledge workers, Supply chain Decision support for scheduling in tinu
Tumayan, software engineers, and state steel manufacturing processes
2007 [11] decision makers
Gonnet and People Supply chain None
Vegetti, 2007
[46]
Leukel and Customers and suppliers Logistics (1) Reconstyaply chain from
Kirn, 2008 knowledge base, (2) Aggregating proce
[47] fragments
Ye et al., 2008 | Application systems Supply chain Mapping of twoibhass document
[48] standards to the ontology
Chi, 2010 [49] | Application systems Supply chain ding of suppliers and inbound freigh
Grubic etal., | People Supply chain Modeling and quantitative agialgf
2011 [50] supply chain processes
Sakka et al., People Supply chain Transforming SCOR models
2011 [51]
Zdravkovic et | People Supply chain Designing visual supply chaidefs
al., 2011 [12]
Anand et al., | Software developers, City logistics Automated categorization, query
2012 [38] application systems answering, modeling and simulation
Scheuermann | Service-oriented Logistics Logistics vocabulary, interoperability
and Hoxha, application systems and integration
2012 [52]
Lu et al., 2013 | Application systems Supply chain Integrating pradoformation into
[39] supply chain

Users are equally segmented into design-time amdime, with only one ontology addressing both
users, we found more specific graafps

[38]. Whereas five publications very generally stgieople” as

people involved in systems design in other pulbiboet

Ten ontologies are concerned with supply chaiménltroadest sense, and two ontologies restrict the
scope to specific types of supply chain. Logistind SCM are closely related terms, though theslitee

still provides different interpretations for botls avell as for their differentiation. We follow the
perception that SCM is a broader concept with darits tasks and objectives; this interpretation

appropriate to classify all three logistics ontaésgaccordingly.
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The range of applications is rather wide, spanrsngport of diverse tasks such as modeling,
planning, scheduling, simulation, and informatiotegration. These tasks correlate with the adddesse
groups of users, e.g., end-users perform simula&xperiments, or application systems create praztuct
plans.

Table 3 lists the results for criteria ontologyesand key concepts. The majority of ontologies is
rather small, with only three ontologies exceedll®d@ concepts and relationships. Retrieving theahctu
size exactly or giving an approximation was madécdit by the form of documentation and ontology
delivery, which often provides only a snapshothef éntire ontology or unspecified ‘blank’ relatibrgs.
The ontologies proposed by Zdravkovic et al. [124 &akka et al. [51] are formal specifications of a
reference model from industry but give no cleaoiinfation about the ontology’s coverage of this nhode
thus it was not possible to deduce the number eé&ots and relationships contained in the ontology.

The ontologies provide varying key concepts thatgea between six and 12. These concepts
incorporate different levels of domain and spettifi¢e.g., process, resource, and objective vdsling
service, logistics resource, and logistics KPI)eTgranularity of the ontologies in terms of a g,
tactical, or operational focus cannot be determunegmbiguously.

4 Analysis of SCM Ontologies

This section presents the review results. We teféne model of ontology engineering (constructs,
measurements) that was discussed in section 2e&dn measurement, we check if the publication
contains a statement or indication about how thasmeement materializes in the ontology, respegtivel
the reported development process. If no referendeund, we code the measurement as “not reported”.
Due to the wide time range (2000 to 2013), notnadlasurements are applicable to all ontologies.
Ontology design patterns were proposed in 2005 [B4¢ World Wide Consortium (W3C) recommended
OWL in late 2004, thus after the publication dateableast three ontologies. In this case, we ntlagk
measurement as not applicable (N/A). Next, we pi##sent the results for each of the six constructs.
Table 4 summarizes the coding for the first threestructs, while Table 5 provides the results & t
latter three constructs.
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Table 3. Size and Key Concepts of Identified Orgis.

Author Size Key Concepts
#concepts | #relationships | #axioms

Soares et al., 2000 [41] 45 N/A N/A Organizatiodait, Plan, Resource,
Order, Product, Activity

Madni et al., 2001 [42] 28 46 N/A Enterprise, PEgeResource, Objective
Plan, Activity

Pawlaszczyk et al., 2004 118 13 N/A Activity, Plan, Product, Organization,

[43] Time, Event, Transfer-Object, Flow,
Performance

Fayez et al., 2005 [44] >34 N/A N/A Functional UniProcesses, Materials,
Objects, Information, Information
Resources, Schemas, Performance
Measures, Practices, Resources,
Decisions, Views, Tiers

Matheus et al., 2005 [45] >11 >14 N/A Airbases chaft, Parts, Facilities,
Remote Supply Depots, Event Object
Attribute

Chandra and Tumayan, >21 >20 N/A Agent, Input, Output, Environment,

2007 [11] Objectives, Functions, Processes,
Products

Gonnet and Vegetti, 69 90 N/A Organizational Unit, Process, Resourge,

2007 [46] Plan, Source, Make, Deliver, Return,
Enable

Leukel and Kirn, 2008 >42 >44 N/A Process, Process Type, Good, Company,

[47] Metric, Best Practice, Information

Ye et al., 2008 [48] >43 >22 N/A Party, Role, PuppActivity,
Resource, Transfer_Object, Objective,
Performance, Performance Metric

Chi, 2010 [49] 16 38 N/A Enterprise, Product, Pratdiype,
Selection Criteria, Location,
Competence, TechLevel

Grubic et al., 2011 [50] 62 N/A N/A Asset, Coordioa, Location, Metric,
Process/Activity, Buyer, Flow, Person,
Supplier, System

Sakka et al., 2011 [51] >8 N/A N/A Top Level, Canfration Level, Process
Category Level, SCOR Performance
Attributes, Input/Output, Best Practices,
Model Legends

Zdravkovic et al., 2011 >6 N/A N/A Actor, Input, Output, Process Element,

[12] Performance Attribute, Process Type

Anand et al., 2012 [38] 263 108 1,84%  Stakehold@kgectives, KPI,
Resources, Measures, Activity, R&D

Scheuermann and 18 19 N/A Logistics Actor, Logistics Role,

Hoxha, 2012 [52] Logistics Service, Logistics Object,
Logistics KPI, Logistics Resource,
Logistics Location

Lu et al., 2013 [39] N/A N/A N/A ProcessCategoryp&essElement,

ProcessType, BestPractice, Feature,
InputEntity, OutputEntity, Metric,
PerformanceAttribute
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Table 4. Methodology, Knowledge Acquisition, andsiga.

Knowledge Acquisition

Ontology Design

OE Metho-
Authors Knowledge | KA o
dology . Principles Patterns | Reuse
Source Technique
Soares et al., | Uschold Not reported | Not Not reported N/A Enterprise
2000 [41] and King reported Ontology,
[1995] Plan
Ontology
Madni et al., Not Not reported | Not Neutrality, N/A Not reported
2001 [42] reported reported extensibility,
complementarity,
interoperability
Pawlaszczyk et Custom SCOR Document| Not reported N/A Enterprise
al., 2004 [43] analysis Ontology
Fayez et al., Custom SCOR Document | Not reported N/A Not reported
2005 [44] analysis
Matheus et al.,| Custom Not reported  Not Not reported N/A Not reported
2005 [45] reported
Chandra and | Custom Not reported  Not Not reported Not Not reported
Tumayan, reported reported
2007 [11]
Gonnet and Gruninger | SCOR Document | Not reported Not Not reported
Vegetti, 2007 | and Fox ANSI/ISA analysis reported
[46] [1995] 95
Leukel and Custom SCOR Document | Not reported Not Not reported
Kirn, 2008 analysis reported
[47]
Ye et al., 2008 | Uschold SCOR, Document | Not reported Not Enterprise
[48] and King logistics analysis reported | Ontology
[1995] literature
Chi, 2010 [49] | Custom Experts, casénterview, Not reported Not Not reported
studies, document reported
literature analysis
Grubic et al., | Noy and SCOR, Automatic | Not reported Not Checked, but
2011 [50] McGuiness | GSCF term reported | no reuse
[2001] extraction,
manual
synthesis
Sakka et al., Custom SCOR Document | Not reported Not Not reported
2011 [51] analysis reported
Zdravkovic et | Custom SCOR Document | Not reported Not TOVE
al., 2011 [12] analysis reported
Anand et al., | Uschold Not reported | Not Not reported Not Not reported
2012 [38] and reported reported
Gruninger
[1996]
Scheuermann | Uschold Literature, Workshop, | Modularization, Not Various
and Hoxha, and standards, | document | reusability, reported
2012 [52] Gruninger | domain analysis, extensibility,
[1996] experts interview maintainability
Lu et al., 2013 | Custom SCOR Document | Not reported Not SCOR-KOS,
[39] analysis reported | ONTO-PDM
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4.1 OE Methodology

All 16 publications report on ontology new develanmt) thus, we did not find instances of reengimegri
merging, alignment, and learning. The authors gf @iblications state that they adopted a specific
method, i.e., process model. These methods stem tine mid 1990s or early 2000s and have been
widely applied in ontology developments projects3][B4],[55],[56]. Each method defines a
straightforward development process that consisetivities, roles, and products. Nine publicatalo

not report the use of such a pertinent methoddeatribe a custom process model; these models may
have been influenced by one of the extant methioolsgh. All these custom process models are more
coarse-grained and less complex than those foutigeistandard methods. Only one ontology proposal
does not provide any information about the develpnprocess [42]; this finding, however, could be
explained by the fact that the article appearsniroatlet that mainly serves a practitioner’s reabigr,
which might pay less attention to the use of sje@E techniques.

4.2 Knowledge Acquisition

The most frequently used knowledge source is thplguChain Operations Reference Model (SCOR)
[57], which was found in nine publications. Beingracess reference model, SCOR is actively promoted
by a stellar group of firms from various industriaad thus has become a widespread modeling taghniq
for supply chain design. In addition, SCM researtkes use of SCOR for designing both descriptive
and analytical methods for various supply chairbf@ms. As such, it provides a common terminology, a
comprehensive set of supply chain processes, amorp@nce metrics. The adoption of SCOR by SCM
ontologies is diverse. For instance, Sakka e64l s well as Gonnet and Vegetti [46] only borsyme
core concepts such as Make, Deliver, Source, Bleecute and Enable and then integrate these cancept
into a custom conceptualization. As opposed tq thah Leukel and Kirn [47] and Zdravkovic et dl2]
deduce their proposed ontology from a rigor subE&COR; this form of deduction is also referreciso
“ontologizing”. Apart from SCOR, the authors of élrontologies explicitly state that the literattnem
SCM, logistics, or operations management was censitias knowledge sources. Surprisingly, only two
publications note that domain experts were pawdiaig in the knowledge acquisition activity.

The choice of knowledge acquisition techniques ddpevery much on the type of knowledge
source. Therefore, document analysis is the prim@ghnique for retrieving knowledge from
specifications such as SCOR (interview and worksfuspdomain experts). Grubic et al. [50] briefly
describe the process of automatically extractingisefrom textual specifications and using thesmseas
candidates for concepts. If we assume that thehvadd depth of the SCM field mirrors in a variety o
different types of knowledge sources, then we mos$¢ that only two out of 16 publications repor th
combination of two or more knowledge acquisitiochigiques to appropriately deal with this variety
[49],[52].

4.3 Ontology Design

As can be seen from Table 4, 14 out of 16 pubbicatihave no discernible design principles pregent.
possible explanation is the universal validity eimpiples that are applicable to many design tasks;
similar principles can also be found in the literaton conceptual modeling and software designugho
terminology and coverage are partly different. Bldeption of ontology patterns was neither found nor
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could be traced backed from studying the semi-foanad formal specifications (to the extent posgible
For the third measurement, the level of adoptiomigh higher: Six ontologies reuse the following
existing formal ontologies: Enterprise Ontology][a8d TOVE [59] are concerned with singles firm and
intra-organizational integration; SCOR-KOS is asilof the ontology proposed by [12]; ONTO-PDM is
a product ontology [60]; and three other ontolodi@s units of measurement , hazardous cargo, and
airline codes [52]. In one case, existing ontolegiere assessed but disregarded for reuse [50].

Table 5. Specification, Evaluation and Delivery.

Authors Ontology Specification Ontology Delivery
Ontology
) Documen- Availa-
Language KR Paradigm | Evaluation _ -
tation bility
Soares etal., | Thesaurus, UML Algebra of sets  Not reported Article Not
2000 [41] class diagram reported
Madni et al., UML class diagram Algebra of sets  Application Algic Not
2001 [42] reported
Pawlaszczyk et| Frames F-Logic Not reported Conference| Not
al., 2004 [43] Proceedings | reported
Fayez et al., OWL DL Not reported Conference | Not
2005 [44] Proceedings | reported
Matheus et al., | OWL, SWRL DL Application Conference | Not
2005 [45] Proceedings | reported
Chandra and Algebra, XML Algebra of sets Scenario Article Not
Tumayan, 2007| Schema reported
[11]
Gonnet and OWL (UML) DL Scenario Book Chapterl  Not
Vegetti, 2007 reported
[46]
Leukel and OWL DL Scenario Conference | Not
Kirn, 2008 [47] Proceedings | reported
Ye et al., 2008 | OWL DL Scenario Article Not
[48] reported
Chi, 2010 [49] OWL, SWRL DL Case study Article Not
reported
Grubic et al., Frames F-Logic (1) 3 case studies, | Article Not
2011 [50] (2) scenario reported
Sakka et al., OwWL DL Scenario Article Not
2011 [51] reported
Zdravkovic et | OWL DL Scenario Article Not
al., 2011 [12] reported
Anand et al., OWL DL (1) Informed Article Not
2012 [38] argument, (2) 2 case reported
studies
Scheuermann | OWL DL (1) Experiment, (2) | Conference Not
and Hoxha, scenario Proceedings | reported
2012 [52]
Luetal, 2013 | OWL, SWRL DL Scenario Article Not
[39] reported
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4.4 Ontology Specification

Our analysis suggests that OWL is the standardlamtoanguage for SCM ontologies: Once OWL
became a W3C Recommendation, all but two ontolddigk[50] use OWL. This language is actually a
family of three sub-languages (in OWL 1.0/1.1) edjvely profiles (in OWL 2.0), which provide
different expressivity. In our analysis, howeveg would not find any evidence for using sub-langsag
or profiles. Three ontologies complement the sjEatibn with rules that process ontology instances
[49],[39],[45]; these rules are being describedhggshe Semantic Web Rule Language (SWRL), which is
still a W3C member submission. Gonnet and Vegé6] [llustrate the ontology’s structure by means of
UML class diagrams; the reason is that OWL laclkstamdard graphical notation. Therefore, ontology
engineers must often either rely on notations éhatimplemented in particular OWL editors, or ergplo
notations that are not specifically made for orggldDue to the diffusion of OWL, description logi@s
found as the dominating KR paradigm.

4.5 Ontology Evaluation

Three of the very early ontology proposals supmyspecific information to demonstrate the ontolaegy’
utility, but merely provide claims about this impamt property. With regard to syntactic quality, no
publication elaborates on this dimension; this olzg@n can be attributed to the assumption that an
ontology must be syntactically correct; in additiamtology engineering tools provide means for
guaranteeing the syntactic correctness. Theretbee,authors could have omitted reporting about its
assessment.

Two proposals report about an application systeahukes the ontology; however, the level of detalil
found in these reports is rather low, e.g., bopores lack sufficient data on the application arglieitly
defined metrics. Scenario-based evaluation is tbst finrequent method; typically, the authors descdb
supply chain setting and then show how the ontoliggysed to represent this setting, respectively it
assists in solving a particular task. In two ins&s) the authors assert to provide a “case study;[#6],
but they actually construct a scenario (abstractioractual firm). Therefore, semantic qualitytis focal
point of evaluation in nine publications. Pragmajitality was subject in four evaluation procedures:
Three papers contain case studies, which, howed@rnot provide quantitative data about user
interpretations, but qualitative findings. One dogly was evaluated through a class-room experiment,
which involved ten university students and ten fitiaoers from the logistics domain [52].

4.6 Ontology Delivery

The 16 ontologies are published in various appboatriented scientific outlets that mainly spaarjuals
(10) and conference proceedings (5). Surprisinglysingle ontology is supplemented by material that
may assist users in implementing the ontology (@ser's manual, web page). Similarly to this firgli
each ontology lacks the provision of a machine-pssible specification. Only Matheus et al. [45] &fed

et al. [48] use the article’'s annex to make avaldabe formal specification (in OWL DL and SWRL).
Thus, the problem with most ontologies is that fi@ading the respective paper it is difficult tagp the
formal specification sufficiently. Very often, thevel of description is rather high and thus ladksails
that cannot be taken from the graphical illustrat{cmodeling scripts such as class diagrams), verbal
descriptions, and code fragments.
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5 Discussion

In this section, we discuss the findings by reirgiteach construct of the research model and draw
implications from our review.

5.1 OE Methodology

Our analysis indicates that ontology developersnaakedge the importance of OE methodology. In
contrast to this, an earlier study among developgerted (1) that 60% do not use any method and (2
much greater spectrum of specific methods for #maining 40% of respondents [17]. While our
observation is encouraging, we did not find speciiasoning on how to select an appropriate mefhrod
the SCM domain. It was our expectation that the alaims diversity of stakeholders and multiplicity of
theoretical perspectives mirrors in domain-specdi@racteristics, e.g., placing greater emphasis on
collaborative knowledge acquisition techniques theggrate these stakeholders and perspectivegelas

as procedures for resolving conflicting and intéiggpoverlapping conceptualizations. Thus, we ssgge
future research to study the applicability of cotieative OE methods [61], [62] to the SCM domaimg a
assess its utility compared to standard methodss @atenue of research could help answering the
following question:

Research Question 1: How to design collaborative OE methods effectively for SCM ontol ogy?

5.2 Knowledge Acquisition

We observe that very few ontologies are groundedpatific SCM frameworks, conceptual models, or
theories. A similar finding was reported in thedstipy Grubic and Fan [15] (denoted as Gap 9). Ttings,
rich archival knowledge of SCM has been widely igatb by the ontology developers; at least, the
publications fail to make the deduction visibldlte reader.

An important observation is the dominance of SCGRaa authoritative source of knowledge.
Whereas the SCM literature also suggests the metevaf SCOR, we found different degrees of adoption
as well as various knowledge acquisition technigubese degrees range from inspiration to strict
deduction that maintains the original conceptutiima and terminology of SCOR. However, all
respective publications provide very few detailswtithe acquisition process, if problems occureed]
what measures the developers implemented to ge&dhat the ontology correctly reflects the SCOR
model. The difficulty with SCOR is that it lacksf@mal specification, but is described by a handboo
that is targeted for the business audience. Thadyang the conceptualization is not trivial, bedjuires
domain expertise and is also in danger of inteimgethe documentation falsely. These problems are
caused by the nature of the documentation (sennitsired, serving domain experts) and thereforeccoul
exist for other domain models as well. We recommidadl future research rigorously applies acquisitio
methods for these knowledge source by increasiagntrolvement of domain experts, assessing the leve
of mutual interpretation of these sources througkasuares for inter-coder reliability, and explicitly
denoting those parts of the ontology that were deddrom a domain source.

5.3 Ontology Design

Unlike business process design [63] and softwarkiteicture modeling [64], the idea of patterns yets
not received appreciation by SCM ontologies. Howe@# researchers undertake remarkable efforts to
creating design patterns and providing them inlagtees that contain both comprehensive documentatio
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and formal specification (OWL code fragments). Gdesng the gap between extant patterns and their
adoption, we advocate a shift from inventing nowetology patterns (design science research) towards
studying the practical use and potential utilitytbése patterns in realistic SCM contexts that lvevo
subjects of SCM stakeholders (behavioral research):

Research Question 2; What design patterns are most effective for SCM ontology?

Ontology reuse depends foremost on the availahilithigh-quality ontologies that can easily be
integrated into the overarching SCM ontology. Weno fulfillment of this constraint for firm-level
ontologies, i.e., the Enterprise Ontology and TOZErrent research takes these popular ontologies fo
granted. What we would expect is that the conceptmy firm-level ontology can be traced backed or
mapped to constructs of relevant firm-level theari@ this way, either the firm-level and supphairh
level ontology would reflect findings from the doims that they conceptualize. Concerning the firm-
level, IS research makes a specific contributiorionm of the so calleBunge-Wand-Weber ontology
(BWW ontology) [65], which is widely studied in theonceptual modeling field. Unfortunately, the
BWW ontology is still not available in OWL. We supge that the BWW ontology could also serve as
top-level ontology and thus provide some kernekepits for SCM ontology, and suggest future research
to explore the links between this ontology and $umhain. In addition, Wand and Weber provide a
representational model for assessing the effeds®nof models (i.e., by measures for construct
redundancy, overload, deficit, and excess):

Research Question 3: What top-level ontology is most effective for reuse by SCM ontol ogy?

5.4 Ontology Specification

Based on the sample of SCM ontologies reviewed, Q¥Vthe most popular ontology language. This
finding, however, was expected, since it reflebtstiistorical development, which first had led &mious
proposals and then saw a concentration on the W&@irglard language. At the same time, the maturity
of OWL-based editors, reasoners, query languagelss@rages as well as adoption by industry inettas
greatly. Closer examination revealed that no pabbo discusses OWL profiles, thus does not elabora
on the ontology’s expressiveness that must be edvéy the language used. Expressiveness is an
important property of ontology, since it affectse tinderlying semantic infrastructure. Despite this
importance, the literature does not inform us orellef expressiveness is required for SCM ontology.
More specifically, it is yet not known which SCM riiructs necessitate the use of particular OWL
constructs. For instance, OWL was extended inuteeat version 2 by constructs for qualified caaiiy
restrictions, property chains, and keys. Whethesahadvanced constructs are helpful for SCM omyolog
is unclear. Most current ontologies, however, dbexploit the expressivity of OWL but are confinid
defining class hierarchies (taxonomies), few refahips, and thus addressing terminological proklem
This observation reinforces a finding reportedhie study by Grubic and Fan [15] (denoted as Gapd8 a
9). Therefore, we argue that future research shatidly the relationship between SCM domain
constructs and ontology language constructs. Adagnour understanding in this regard could also be
useful for choosing respectively designing the appate semantic infrastructure for ontology-based
SCM applications. We address this research gapéfotlowing research question:

Research Question 4: What ontol ogy language constructs and expressivity are required by SCM
ontology?
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5.5 Ontology Evaluation

Our review shows that most researchers tend to dstnade the utility of SCM ontology by means of
descriptive evaluation methods, i.e., constructdwefailed, though rather small-scale scenarios, or
reporting on applications that use the ontology.atMk missing are well-defined evaluation metricat t
measure semantic and pragmatic quality. Notabileeigpaucity of user experiences and user perception
in carrying out the evaluation. From a methodolabigerspective, our findings suggest that ontology
evaluation in current SCM ontology research isrirearly stage and poorly treated. Since evaluadiam
essential task within the research process, weendrthat future research on SCM ontology shouldemor
carefully select and apply rigorous evaluation radth Although the maturity of these methods for
syntactic and semantic quality progressed in OFamrh, researchers should also be informed by
empirical evaluation methods that are being usecbimceptual modeling research. We believe that this
field can contribute well-defined evaluation medriguidelines for experimentation and data analysis
well as a stronger theoretical underpinning of ekerall evaluation approach and procedure [66],[67]
and thus addresses the pragmatic quality gap thatriiculate as follows:

Research Question 5: What empirical evaluation methods and metrics are most effective for
demonstrating the pragmatic quality of SCM ontology?

5.6 Ontology Delivery

None of the 16 ontologies is available on the Weebam be fully retrieved from reading the publioati
This finding was not anticipated given the factttbatology research was greatly propelled by the
Semantic Web vision [68]; it postulates that onids will (1) form the backbone of this extensidrile
current Web and (2) become public, reusable, aber-limked conceptualizations. While it is often
stressed that we are still far away from such a &h our finding has an immediate implication for
conducting research: The absence of any accesS{tlé ontology prevents other researchers to reuse,
extend, integrate, and evaluate these IT artifae$sa consequence, the consistency, soundness; and
most importantly — utility of these ontologies hawa been fully tested. To overcome this shortagge,
argue that researchers should disseminate their 8@idlogies into the communities via ontology
libraries, which are specifically designed for a®r audience [69].

6 Conclusion

This article provides an in-depth review of thesérig literature on SCM ontology. To assess therext

of linkages between OE techniques and this typentdlogy, a systematic process was used to classify
the literature along salient OE constructs. We tified 16 SCM ontologies, which we analyzed for six
constructs and 14 measurements. The review enablés succinctly describe the proposed ontologies,
assess their adoption of OE techniques, and outim@genda for future research by articulating five
specific research questions. We found a relatiwe, lthough increasing, degree of adoption of OE
techniques. In particular, few proposals (1) reesisting conceptualizations, thus draw little frahe
SCM literature and previous efforts for ontologywekl®pment, (2) exploit the expressiveness of ogiplo
languages, and (3) demonstrate the ontology’styutily thorough metrics and through well-executed
evaluation methods. These findings are similahtisé reported in a prior survey of task ontolodigs
supply chain planning [21], though SCM ontologyofsbroader scope and also a more active research
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area. The identified methodological shortcomingsldde mitigated by at least two advancementst,Firs
we suggest aggravating empirical research thatieted OE artifacts in SCM settings. Second, endesavo
to SCM ontology should be more informed by the emteal modeling literature, which might strengthen
the theoretical foundation of OE in an organizaticontext.

The review is limited in several ways. First, thev@y may be incomplete due to the search process
that relied on specific databases and selectideriarifor quality. Second, due to the absence of an
original OE theory, the research model must be tcocted from the literature, and thus might be
incomplete or lack supporting empirical evidenchkird, since no ontology supplies a machine-readable
formal specification, we could neither inspect tmtologies by applying formal analysis techniques n
assess the proposed conceptualizations in gredit. destead, it was necessary to restrict theyesigko
studying the publications for instances of all g@nstructs, respectively measurements. Once SCM
ontologies become available on the Web, researchidrde able to directly using these artifacts for
conducting experimental and empirical research.
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