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Abstract

Contemporary |[Enterprise Information Architecture (EIA)| design practice in the

industry still suffers from issues that hamper the investment in the [ETA] design. First
and foremost of these issues is the shortcoming of [ETA] design research to bridge
the gap between business and systems (or information) architectures. Secondly,
contemporary developed business process architecture methods, and in particular
object-based ones have not been fully exploited for [ETA] design and thus widening the
gap between business processes and systems. In practice, knowledge-driven approaches
have been thoroughly influencing [ETA] design. Thirdly, the lack of using knowledge
representation methods adversely affected the automation (or semi-automation) of
the design process. [Software Engineering (SE)| technologies and Knowledge

Representation using ontologies continue to prove instrumental in the design of

domain knowledge. Finally, current [ETA] development methods have often resulted in
complex designs that hampered both adopting and exploiting EIA in medium to large

scale organisations.

This research is aimed at investigating the derivation of the EIA from a given

semantic representation of object-based |Business Process Architecture (BPA)| and in

particular Riva-based [BPA] using the design science research-based methodology. The
key design artefact of this research is the development of the BPAOntoEIA framework
that semantically derives EIA from a semantic representation of Riva-based BPA of
an enterprise. In this framework, [ETA] elements were derived from the semantic Riva
BPA elements and associated business process models, with forward and backward
traceability from/to the derived to/from the original BPA. The BPAOntoEIA
framework has been evaluated using the semantic Cancer Care and Registration BPA
in Jordan. This framework has been validated using an authentic concern-based

evaluation framework employing both static and dynamic validation approaches.

The BPAOntoEIA framework contributes to bridging the gap between the business
and systems world by providing a business/IT alignment through the EIA derivation
process, and using the semantic knowledge of business processes within the resultant
ETA. A major novel contribution is the introduction of new evaluation metrics for
EIA design, which are quantitative, and are not only indicative of the quality of the

semantic EIA derivation from the associated BPA but also the extent of utilising



business process knowledge and traceability amongst EIA elements.

Amongst other novel contributions is the semantic EIA derivation process that

comprises a suite of the [Semantic Web Rules Language (SWRL)| rules applied on the

semantic BPA elements. The derivation scheme utilises the generic EIA (gEIAOnt)
ontology that was developed in this research and represents a semantic meta-model of
EIA elements of a generic enterprise. The resultant provides a highly coherent
semantic information model that is in-line with the theory of EIA design, semantically

enriched, and fully utilises the semantic knowledge of business processes.

Benefits of this research to industry include the semantic EIA derivation process
and a resultant information model that utilises the semantic information of business
processes in the enterprise. Therefore, this enables the enterprise strategic management
to plan for a single, secure and accessible information resource that is business process-
driven, and enabled in an agile environment. The semantic enrichment of the [ETA]is
a starting point for a simplistic design of a domain-independent semantic enterprise

architecture for the development of systems of systems in loosely coupled enterprises.
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Chapter 1
Introduction

Information, today, lies at the core of organisations and it is vital to collect and
model information such that quality information is available to entitled recipients at

the right time. To ensure this, the [ETA] design activity was introduced in the early

1980s as |Information Architecture (IA)|design and was defined as a high-level map

of the information requirements of an organization. It is a personnel-, organisation-,
and technology-independent profile of the major information categories used within
an enterprise, (Brancheau & Wetherbe 1986). For data as a preliminary form of
information, may be considered as an extension of enterprise data architecture,

with information being considered as data in a context (Rowley 2007).

The research community have long identified (Teng & Kettinger 1995) that recog-
nising the relationships between business processes of an enterprise and its enterprise
information architecture (EIA)) is vital for the success of the enterprise. This finding
was based on years of struggle in the design (or IA design in 1980s) and resulted
in recommended techniques such as James Martin’s seminal work in proposing
[formation Engineering (IE) methodology (Martin 1989, Martin 1990a, Martin 19900)

that suggested the development of an information strategy for the future enterprise

and demonstrated the use of business processes in constructing an information model

for an organisation. About a decade later, Thomas Earl in (Earl 2000) introduced

the Informations Systems [Information Systems (IS)| Strategy model for a modern

organisation (Figure , and was regarded as the most influential strategy model for
information systems. This model is based on four dimensions of [[§] strategy, the first

three being the systems strategy, technology strategy and management strategy.

Earl considered an organisation’s information as a vital resource in the information
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Figure 1.1: Earl’s (Earl 2009) IS Strategy Model, adapted by (Teubner 2013), used with
author’s permission.

age (Earl 2000). Whilst the [IS| systems strategy urges the organisation’s

[Technology (IT)| to be aligned with business needs, the organisation’s information

resource strategy and the knowledge management are vital for a firm’s competitive
advantage. Enterprise information architecture design practice is, therefore, a vital
design process that helps developing critical competences in the organisation by
modeling the information resources of the organisation (Earl 2000). This research is an
attempt to provide a bridge between Information Systems Strategy and Information
Resource Strategy by developing an [ETA] that uses the knowledge of business processes

and is derived directly from the organisation’s business process architecture.

This chapter aims to present the identification of the research problem by first
discussing issues and factors that motivated this research (Section [L.1)). Based on
these issues, we identify the research problem in Section [1.2] and discuss the aim and
research boundaries, i.e. what this research aims to accomplish, what it includes and
what it does not. Section |1.3| presents the research hypothesis and associated research

questions. Section discusses the thesis structure.



Motivating Factors Category

Information Silos A
Relationship between [[A|l and Business Process Redesign B
Alignment of Information Systems with Business Needs B
Information Management in the Contemporary Enterprise C
Contemporary Busines Intelligence C

Business Process Architecture as a Structured Approach B, C

Alignment of Business Processes and [ETA A, B, C

Table 1.1: Motivating Factors Behind this Research.

1.1 Motivation Behind This Research

The motivation factors for this research are classified into three main groups:

e A number of issues that hinder the maturity of an enterprise in relation to how

well this enterprise values and manages its information assets (Category A);
e Some classical findings about gains from [IA| design (Category B); and

e Recent technological advancements (Category C).

These motivation factors, in Table (not in any specific order), are discussed in the
following sub-sections. It is expected that these factors overlap. For example, the factor
that the BPA|design in the last two decades has transformed into a structured approach
and has hugely benefited from new approaches to business process identification as
well as modelling. Thus, this transformation of the design into a structured
approach classifies it as a motivating factor belonging to classical as well as modern

1ssues.

1.1.1 The Issue of Information Silos

The design of an enterprise-wide results in avoiding the persistent problem of
information silos (Category A), which refers to the classical problem of information
being present in a non-centralised manner in various sections of the same enterprise.

Moreover, various standalone applications of the same organisation use copies of the



same information stored in local computers. Design of [ETA] thus, provides a structured
solution to the consequent problems of information redundancy, poor information qual-

ity and, ensuring information security within the context of information management

(Vayghan, Garfinkle, Walenta, Healy & Valentin 2007).

1.1.2 Relationship between [A] and Business Process Re-

design

Amongst the activities of [Business Process Management (BPM), [Business Process Re-|

lengineering or redesign (BPR)|is considered an essential activity for an organisation to

rethink the design and implementation of its business processes (whenever necessary)
for reducing costs and maximizing profitability, and at the same time optimising
the use of organisational resources. Also, the benefits of an [ETA] for a firm’s [BPR]
efforts have been realised since the 1990s, with significant gains realised through the
analysis of the relationship between IA and BPR, (Teng & Kettinger 1995). However,
inherent time- and resource-related problems were attributed to the lack of leadership
interest and hence investment in the design of [ETAk lost its priority for the strategic

management of an organisation. As this is one of the classical findings, this factor is
in Category B (Table [L.1).

1.1.3 Alignment of Information Systems ([S|) with Business
Needs

Empirical studies in [Strategic Information Systems Planning (SISP)| revealed that

“aligning IS with business needs ” (from Category B of motivating factors) is the most
important objective for IS managers in their IS planning being the key benefit resulting
from the activity (Earl 2009). Studies like this provide a clear evidence that the
strategic management of an information-based enterprise realises the significance of the
fact that aligning [IS| with business needs is vital for the success of their organisations,
yet the most unsuccessful feature was resource constraints closely followed by [SISP| not
being fully implemented to realise gains of this fact. At the heart of this alignment is
the analysis of business information that should be supported by how well information
resources are designed and stored in a secure central location in the enterprise, and how
smoothly information can be made available to all enterprise sections without having

to create multiple copies of information and compromise its quality and availability.



1.1.4 Information Management in the Contemporary Enter-

prise

[Enterprise Information Management (EIM)|is the most strategic section of a business

enterprise where information is regarded as an asset. Challenges for [EIM] include
leadership, sustained data governance, and information value techniques, e.g. ability
to quantify the business value of information, management metrics, metadata man-

agement, focus on metadata delivery, information integration, [[A] usage and expanded

[Business Intelligence (BI)|support among others (Mosley 2010). Information lies at the
heart of the enterprise, and [[Alis at the heart of any system, (Flett 2011). Thus,

[ETA]is a significant information asset for an enterprise as it presents a rationalised

and optimised systemisation of information resources in order for all processes
and related units of an enterprise to access quality information in a timely manner

and also exploit such information to gain the competitive advantage.

Due to responsibilities of information governance and requirements of Business
Intelligence [BI] support, there is a considerable exchange of information as well as
service requirements from strategic management point of view. The service of [B]]
support is only possible once a systematic methodology of [ETA] design has been applied

for the structured representation of data and information.

1.1.5 Contemporary Business Intelligence

Business intelligence BI] deals with transforming data into meaningful and useful
information used to enable more effective strategic, tactical and operational
insights and decision-making, (Runciman 2014). It relies heavily on enterprise data
architecture and also on data management, data quality, data warehousing and other
technologies which fall within the responsibilities of [EIM] A [BI] solution needs to
satisfy the requirements of everyone in the organisation for analysing and reporting
on their business. The term everyone in an organisation refers to a range of people
from front-line workers to analysts to executives (Runciman 2014). This strengthens
emphasising the significance of smart enterprise information strategy and also of
enterprise data (information) architecture in the contemporary enterprise world that is
facing current challenges of large volumes of complex, varying data getting produced
in short time (velocity), (Ward & Barker 2013) and its associated uncertainties for

enterprises (veracity) (IBM 2014), commonly referred to as Big Data features.



1.1.6 Business Process Architecture Design as a Structured

Approach

Within the [Enterprise Architecture (EA)| domain, [Enterprise Business Architecture|
[(EBA)| and [ETA] domains are placed next to each other in the hierarchy of constituent
architectures of the [EA] of an enterprise, with [EBA] being at a higher level than [ETA]
(Hite 2003). The includes business process architecture that is a collection

of business processes of an enterprise, their interactions and their enactment within

this enterprise.

Empirical studies, such as (Dijkman, Vanderfeesten & Reijers 2011) have shown
that organisations are increasingly realising the potential significance of business
process architectural design. However, the popularity of a[BPA] design methodology is
subjective and depends upon the practitioners’ aims as well as their areas of expertise.
For instance, amongst [BPA] design approaches, the object-based approaches give rise
to objects which may be undesirable for business process architects having business
goals as the defining feature of a [BPA] One such object-based approach is the Riva
BPA method by (Ould 2005), which has been briefly explained in Section The
starting point of the Riva BPA]design method is the identification of essential business
entities which are at the basis of business for the organisation. Some, if not all, of these
business entities carry information, so these qualify to become objects (or entities)
from the point of view of IS design. This is why the Riva method qualifies to be called
an object-based [BPA| design approach. Although the Riva method constructs BPA of
an enterprise from only those entities for [BPA] design which qualify to become units
of work and give rise to business processes, yet the remaining (discarded) entities are

its useful by-product, as business objects (or business entities) are of vital importance

for the design of [Business Information System (BIS)|for this enterprise. Practitioners

not having an information systems background may not be able to recognise this,
hence resulting in a medium-ranked popularity of object-based [BPA] approaches in
(Dijkman, Vanderfeesten & Reijers 2014). This emphasises the view that some of the
contemporary [BPA] design approaches are inherently closer to the [[S design theories

and hence the need to exploit these inherent properties.
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Figure 1.2: Business-IT Alignment, adapted from (Hevner et al. 2004), Copyright (©)Regents
of the University of Minnesota. Used with permission.

1.1.7 Alignment of Business Processes and

Business process management is concerned with identifying, modelling, redesigning
(re-engineering) and updating business processes within an enterprise. Identifying
business processes leads to the design of business process architecture that
not only identifies business processes, but also specifies relationships between these
processes, and represents the way various processes interact (choreographed) to obtain

a desired business outcome.

Therefore, a BPA] design method that analyses business information and identifies
additional business information artefacts, along with information of business processes
and their interactions, is more beneficial for the derivation of a business process-
aware [ETA] as compared to those approaches that do not yield such useful enterprise
information architectural components. Such a[BPA]design approach will, consequently,
assist in bridging the gap between enterprise business architecture and enterprise
information architecture while supporting enterprise strategic aims and objectives.
This concept connects to the area of business-IT alignment which is relevant to this

research and is further discussed in Section .11l

This BPAHETA] alignment encourages the alignment between Business and IT
strategies as perceived by [[nformation Systems Research (ISR)| community. Figure
provides the conceived business-IT alignment in the m framework by (Hevner
et al. 2004) which was adapted from (Henderson & Venkatraman 1999). For an




effective alignment, it is suggested that extensive design activity is required at both
organisational infrastructure and infrastructure. The design of business process
architecture is an integral activity of organisational (business) infrastructure, whereas
the design of enterprise information architecture is an activity within the
infrastructure. Thus, an alignment between the design of these two architectures
will contribute towards a synergistic alignment between the business and the

infrastructures.

1.2 Research Aim and Objectives

This research aims to explore the design of Information Architecture from a given
semantic representation of business process architecture that follows a particular
methodology. Deriving [ETA] from a given [BPA] framework can unfold benefits of
bridging gaps between business and systems and creating [ETA] that is more aware of
business information and processes, capable of avoiding any redundant storage and
presentation of information within enterprise, and can support objectives as well

as enterprise business strategy.

Within the field of information management, the information model resides at
the heart of an enterprise. An enterprise information architecture, that is directly
derived from an organisation’s business process architecture, cannot only address the
issues mentioned in Section but can also provide a better alignment between
organisational infrastructure and the IS infrastructure. The synergy of such an
design approach is enhanced if the business process architecture leaves for the
[ETA] designers extra information that is vital to the design of an [ETA] Accordingly,
the research hypothesis and associated research questions set the following research

objectives:

e Develop a generic semantic [ETA] derivation technique to extract semantic [ETA]

elements from the semantic BPA] of an enterprise;
e Establish that the derived semantic [ETA]is consistent with the [ETA]design theory;

e Demonstrate that the derived semantic [ETAl makes effective use of the semantic

[BPA|] information;

e Demonstrate that the derived semantic [ETA] is business process-aware of the

organisation it is designed for; and



e Demonstrate that the derived semantic [ETA] meets the usability requirements.

1.3 Research Hypothesis and Questions

The research hypothesis in this thesis states that:

"Given a semantically enriched Riva-based [BPA, it is possible to automate the gen-

eration of a corresponding semantically enriched Enterprise Information Architecture.”

In Chapter [2| as part of the literature review, the reader is informed that the
approaches for designing enterprise information architecture, which rely on the semantic
business information, have so far struggled to win approval from strategic management
due to the lengthy processes of analysing business information and conducting time-
consuming interviews. This has resulted in the need for recently developed
[Representation (KR)| approaches that enable Enterprise Information Architecture
designers to overcome these constraints. This research proposes that the

semantic knowledge of a firm’s business process architecture can be valuable for

the design of enterprise information architecture (EIA|) using a semantic derivation

technique.

The Web Ontology Language variant OWL-DL (Smith, Welty & (Editors) 2004)
with its significant expressive power using Description Logics (Baader, Calvanese,
McGuineness, Nardi & Patel-Schneider 2007) suggests conceptualising the knowledge
of a domain to capture the semantic relationships between concepts using OWL-DL
properties. Thus, if the knowledge about the business process architecture
can be represented using ontologies, this semantic knowledge can be utilised for
semantically deriving Enterprise Information Architecture. The semantically derived
[ETA] thus, first needs to identify an effective BPA] methodology that can capture all
the features of the business of an enterprise and represent it as semantic information.
Second, it needs to identify an approach that can lead to semantically deriving [ETA]
from this semantic information of BPA] These two requirements enable us to form

our first research question (RQ1):

RQ 1. To what extent can a Business Process Architecture of an enterprise be utilised

to semantically derive an associated Enterprise Information Architecture?



The above two requirements also pose another need that leads to the second
research question. Business Process Architecture design approaches generally
focus upon identifying business processes and related elements for an enterprise and
hence they may not focus on other elements such as business entities (or objects).
A study in the use and usefulness of approaches by (Dijkman et al. 2014)
has suggested that object-based [BPA] design approaches extract and utilise business
information about related business entities and processes as the core business concepts
of an enterprise. An Enterprise Information Architecture has information entities and
information-related processes as its core concepts. While a [BPA] may also contain
some derived business concepts either in the form of business process models, or in the
form of views such as process architecture diagrams, the [ETA] has also some derived
concepts such as information views and diagrams to represent information flow from
various stakeholders’ viewpoints. Besides this, the [ETA] needs to be aware of, and
should support the processes of, the related disciplines of information management as
well as business strategy. As discussed in Chapter [2| and above, Description Logics in
OWL-DL provide rich capabilities to express the semantic knowledge of [BPA] and
we refer to this resulting [BPA] as semantically enriched [BPA] As this is also true for
the [ETA] there is a need to identify a semantic representation of the [ETA] and identify
the set of mappings that can lead to the semantic derivation of [ETA] from a semantic
representation of the given [BPA] So, this requirement can lead to the second research
question (RQ2):

RQ 2. What mappings are required to derive a semantic representation of an [ETA]
from the semantic representation of a given Riva-based [BPAJ

Furthermore, the derivation of enterprise information architecture may be automat-
able to a certain degree contributing towards saving time that would otherwise have
been consumed in conducting managers’ interviews and brainstorming the information
entities in relation to business processes. Once the input business process architecture
has determined its set of business entities and processes following a certain [BPA]
design method, the associated artefacts may automatically be derived from these
business entities and processes. This idea leads to the third research question that

addresses the extent of automating the [ETA] semantic derivation process:

RQ 3. To what extent can a semantic enterprise information architecture be automat-

ically derivable from a given Riva-based business process architecture of an enterprise?

Finally, this research needs to draw the conclusion whether a generic architectural
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framework can facilitate the semantic derivation of enterprise information architectures
from their associatied Riva-based business process architectures. And, hence the final

research question (RQ4) is formulated:

RQ 4. Can a generic architectural framework facilitate the semantic derivation of en-

terprise information architectures from given Riva-based business process architectures?

Based on the above research questions, a new approach for semantically deriving
an enterprise information architecture from semantically enriched business process
architecture has been introduced as shown in Figure (Section . This approach
uses the semantic knowledge of business process architecture of an enterprise

in order to derive a semantic representation of an associated enterprise information

architecture (EIA).

1.4 Thesis Structure

This thesis is structured as follows:

e In this Chapter (Chapter , we have introduced the foundations for the need of
this research by discussing the current issues in information management and
capability of enterprise information architecture, which is semantically derived
from enterprise business process architecture, in an attempt to resolve these
issues. The research hypothesis and associated research questions are presented

along with the research aim and the research boundaries are clearly identified.

e In Chapter[2] a detailed literature review of the theory of information architecture
design and issues that have so far hindered [ETA] design as recognized by strategic
management are presented. We have also discussed classical and contempor-
ary techniques for [ETA] design, methodological as well as non-methodological
approaches, and both semantic and non-semantic approaches. This chapter
provides both the relevance and rigour to this research for designing a research
artifact that suits the identified problem.

e Chapter [3| presents the research methodology followed by requirements and
features of the BPAOntoEIA Framework - the main research artifact - that
semantically derives the enterprise information architecture of an enterprise from

a given semantic representation of its business process architecture.

11



e Chapter [4] presents the foundations and design of the generic enterprise inform-

ation architecture [The Generic Enterprise Intormation Architecture Ontology|
ontology. In this chapter, we discuss the conceptualisation of
elements such as information entities and information-related processes, and
develop a generic meta-model of [ETA] which can be used to design [ETA] with
specific semantic links to enterprise information management-related tasks and
ones related to business strategy. The ontology can be adapted (or
extended) for deriving from a semantic representation of that is based
on a specific BPA] design method. Examples for the concepts and relation-

ships in this ontology are given using the [CEMS| Faculty Administration as an
organisation at the [University of the West of England (UWE)|

e Chapter [5| presents the extension of the Ontology to the
|Riva-based Enterprise Information Architecture Ontology (srEIAOnt)| ontology

so that the [ETA] of an organisation can be derived from semantic representation
of the Riva-based business process architecture method (Ould 2005) as the
[Semantic Riva-based Business Process Architecture Ontology (srBPA )| ontology
(Yousef & Odeh 2011). We have also proposed minor modifications to the
ontology that was originally developed in a previous research (Yousef
& Odeh 2011) as a partial attempt to complete the semantic representation of

Riva [BPA]in the ontology. The [CEMS]| Faculty Administration example
organisation example is used to exemplify the proposed changes to the

ontology and the proposed new concepts in the ontology.

e Chapter [6] presents a set of semantic derivation algorithms for deriving the
semantic representation of [ETA] using the ontology from the semantic
Riva-based |BPA|method represented by the extension to ontology (Yousef
& Odeh 2011). Examples from the Faculty Administration organisation
are given where possible. Moreover, a business processes-based piecewise EIA
derivation approach has also been briefly discussed along with a discussion on

integration overheads associated with this approach.

e Chapter [7| presents the instantiation of the BPAOntoEIA framework using the
|Cancer Care and Registration (CCR)| Process in Jordan, for a comprehensive
evaluation of the research artifact. A derived partial for one of the business

process has also been demonstrated in this chapter.

e Chapter |8 carries out the evaluation of the research carried out in this thesis.
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Results of framework instantiation in the previous chapter are evaluated using
the concerns-based approach by (Kotonya & Sommerville 2002) both for static
and dynamic evlauation of the resulting [ETA]is evaluated for its usability and

automatability:.

e Chapter [J] reflects upon the research in the light of research questions and
hypothesis, and presents conclusions for the research hypothesis. It also discusses

directions for further research.

1.5 Chapter Summary

This chapter has identified the main motivation behind this research, from the software

engineering research on the need for bridging the gap between business strategy and

systems, under the paradigm of design science research using the |Design Science

[Research Process (DSRP)| model by (Peffers, Tuure Tuunanen, Rossi, Hui, Virtanen
& Bragge 2006), which is briefly described in Section . The gap between business

and information systems infrastructures was identified leading to a research problem

of bridging this gap. The research problem was identified with expected positive
outcomes related to business{IT| alignment. This chapter covers the first step of the
[DSRP| model for identifying the research problem while drawing main motivations

from gaps that still exist between enterprise business and systems.

The next chapter presents a state-of-the-art review of the [ETA] design in literature
and identifies the issues and hurdles that the EIA design faces in the information-based

organisations.
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Chapter 2

Background and Literature Review

2.1 Introduction

Since the 1990s, experts of Business Process Re-engineering (BPR) have realized that
the information resources of a modern enterprise are a its strategic asset. However,
enterprise information architecture (EIA) needs to be designed such that these in-
formation resources can not only support business processes of the enterprise but also
facilitate any BPR effort including generation of new business processes. Based on
this rationale, this literature review presents current state-of-the-art in derivation of
information architecture from the business process architecture (BPA) of an enterprise.
This chapter presents background knowledge of the enterprise information architecture
and its related disciplines that are relevant to this research. This review starts with
fundamental definitions of architecture and in Section [2.3] leading to a focus on
[ETAl which is one of the constituent architectures of [EAL A review of classical as well as
contemporary attempts to derive information architecture from its BPA is presented

with EIA as the central theme in an information enterprise.

The concept of enterprise information architecture both in the context of classical
and contemporary EIA design practice is presented, and a discussion is carried out
on approaches using and not using the knowledge of business analysis information to
design EIA and have summarized the critical factors that have historically hampered
this inclusion. On the other hand, we have also discussed approaches that have
attempted this inclusion to varying extent and have reached an opinion about the

efficacy of these approaches.
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2.2 Chapter Objectives

This

chapter has following objectives:

Discuss preliminary definitions within the context of the enterprise architecture

of an organisation;

Discuss definitions of EIA and its related concepts in literature within the context

of enterprise information management;

Identify EIA design principles and present a literature review map for this

research;

Present a review of ontologies as knowledge representation mechanisms, including

ontology languages, development tools and ontology engineering approaches;

Present definitions of business processes, their modeling and business process
architecture. Identify a detailed critical review of semantic as well as non-

semantic business process architecture design methods;

Critically review the relationship between BPA and EIA in both classical as well

as contemporary literature;

Critically review the state-of-the-art in EIA design approaches; discuss the
classical as well as modern methodological ETA design approaches. Also, review

the semantic EIA design approaches;

Construct an enterprise-level view by reviewing [EA] design approaches and review
the EIA design within these methods;

Perform a research gap analysis to identify issues with modern EIA design
approaches in the context of semantic information modeling and the need for

the EIA to be business process-aware;

Identify approaches to evaluate EIA design and critically review their efficacy in

measuring the efficacy of the produced EIA’s.
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2.3 Preliminary Definitions

Although the word ‘Architecture’ refers to the fields of building and construction,
yet the concepts of architecture in software systems work in a similar fashion as
in the construction field. The IEEE 1470-2000 Standard (IEEE-1471 2000) defines

"Architecture’ in software systems as:

‘... the fundamental organisation of a system embodied in its components, their
relationships to each other, and to the environment, and the principle guiding

its design and evolution.’

This definition not only encompasses the overall design of the system but also doc-
uments the principles governing this design. According to (Lankhorst 2005), archi-
tecture ‘provides an integrated view of the system being designed or studied’. The
IEEE 1471-2000 Standard was suprseded by ISO/IEC/IEEE 42010-2011 Standard
(IEEE:42010 2011) that provides ‘the core ontology for the description of architec-

ture’and describes principles and the properties that architectural frameworks and

|Architecture Description Languages (ADLs)| are expected to possess.

This standard conceptualises a system that is situated in the environment and is
depicted by an architecture and is expressed by architectural descriptions which are
work products of describing architecture of systems and software. Another related
concept is that stakeholders who refer to ‘an individual, team, or organisation (or
classes thereof) with interests in, or concerns relative to, a system’(IEEE-1471 2000).
Purpose represents one form of concern and may be referred to as goals that interacting

elements of a system are organised to achieve (IEEE:42010 2011).

Following the definition of architecture in software systems, we focus on the the
definition of enterprise architecture (Lankhorst 2005):

4

- a coherent whole of principles, methods, and models that are used in
the design and realisation of an enterprises organisational structure, business

processes, information systems, and infrastructure’.

The enterprise architecture aims to maintain a holistic view of the enterprise with
respect to business startegy, strategy, the organisational sections of an enterprise,
the details of business processes in the form of and business process models,

models of information infrastructure and information systems.
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4

Paul Harmon (Harmon 2003) defines enterprise architecture as: ‘--- a compre-
hensive description of all of the key elements and relationships that make up an
organization.’, and mentions that enterprise architecture (EA) is used to align business
processes with information system (IS). Among different approaches to design EA for
an organization, the Zachman Framework is the most widely used and referenced EA
framework, (Zachman 1987, Sowa & Zachman 1992), although it was originally presen-
ted by the author as an Information Systems Architecture (ISA). Other EA design tech-
niques exist in literature, such as data-centric EA (Rajabi & Abade 2012), role-based
EA (Caetano, Silva & Tribolet 2009), FEAF (Hite 2004), TOGAF (TOGAF 2012)
and the semantic DEMO approach by (Dietz & Hoogervorst 2008). We shall discuss

some of these techniques in more detail in Section [2.10

There is a wide consensus among researchers about Paul Harmon’s assertion
that EA is instrumental in aligning business with IS/IT. According to (Ross 2006),
organisations go through four stage of architecture maturity on their way to maximize
benefits and impact of their strategies due to their IS/IT strategies. Concurring with
this view, (Alaeddini & Salekfard 2013) have used a benchmark maturity model for
assessment of organisations. They have discussed flaws in existing EA Frameworks

and proposed improvements.

Enterprise Information Architecture is an important component of the 4-layered
view of Enterprise architecture. The four layers of Enterprise Architecture are En-
terprise Business Architecture (EBA), Enterprise Information Architecture (EIA),
Enterprsie Application Architecture (EAA) and Enterprise Technology Architecture
(ETA), as shown in Figure [2.1] by (Kilpelainen 2007) referring to (Hite 2004). Business
process architecture is a component of Enterprise Business Architecture (EBA) and it
is evident that EBA and EIA are essential for business-IT alignment within enter-
prise architectural description, as mentioned in Section with Figure [I.2 Once
organisation’s information resources in EIA are modelled in such a way that makes
maximum use of business information in BPA (or EBA), this improves the organ-
isation’s business-IT alignment and ensures the long-awaited competitive advantage.
However, there are other sections of the enterprise architecture domain that become
relevant, such as business strategy and information governance within enterprise
information management discipline, which will be briefly discussed in Section [2.4.5]
The enterprise architecture frameworks have been discussed with a focus on in
Section 2. 10l
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Enterprise Architecture
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Enterprise Application Architecture
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Figure 2.1: Pictorial representation of (Hite 2004)’s the Four-Layered Enterprise Architec-
ture.

2.4 Enterprise Information Architecture (EIA)

2.4.1 Data, Information and Knowledge in the Enterprise

The understanding of what data, information and knowledge are, is fundamental to
how an information-based enterprise views ’information’. Among various theories,
one of the most widely used definitions of data, information and knowledge are those
by (Ackoff, 1989), which according to (Rowley 2007), are defined from information
systems (IS) perspective. These definitions suggest a hierarchy that places ‘Wisdom’at
the top and ‘Data’at the bottom level. More popularly, this hierarchy is called
‘data-information-knowledge-wisdom (DIKW) hierarchy’or ‘information hierarchy’or

‘Knowledge pyramid’or ‘wisdom hierarchy’. According to (Ackoff, 1989):
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e Data (pl. of datum) - are just observations or values without meaning.

e Information - is data with context (or meaning) attached to it. For example,
a data value of 30 does not mean anything unless it is specified in a particular

context such as average temperature in Celsius for a midlands town.

¢ Knowledge - is what makes possible transformation of information into in-

struction, it can either be learned from one another or from experience.

e Wisdom - increases effectiveness and uses a function called judgement.

Ackoff has suggested that each upper level includes its lower levels. This means
that wisdom includes knowledge, knowledge includes information and information
includes data. Although Ackoff has included ‘Understanding’to be between knowledge
and wisdom, majority of the researchers, who have discussed DIKW-hierarchy, have
considered understanding to be a separate issue from this hierarchy and that one
requires understanding for transition from lower level to the upper level in hierarchy;,
(Rowley 2007). Another addition to the DIKW-pyramid is an axis of meaning and
value by (Chaffey & White 2011) attached to the pyramid depicting the added value
from data to knowledge and reduced meaning from knowledge to data. This pyramid
is however limited from data to knowledge and does not include the next higher level,

i.e. “‘Wisdom’.

Among critics of the DIKW-hierarchical view, Kettinger and Li (Kettinger, Li 2010)
are of the view that there are issues with knowledge-hierarchy view. They acknowledge
that establishing the relationship between core concepts of data, information and
knowledge in information system domain is essential, and it can be described through
an extended infological equation, referring to an earlier work by (Langefors, 1973),
which described information as joint function of data and knowledge. This theory, ‘- - -
describes data as the measurement or description of states, whereas knowledge outlines
the relationship between concepts underlying those states. Information, representing a
status of conditional readiness for an action, is generated from the interaction between
the states measured in data and their relationship with future states predicted in

knowledge.’

Enterprise information architecture is related to the first three levels of DIKW-
pyramid, i.e. data-information-knowledge for an information-based enterprise that
has its value in its information assets. We concur with Ackoff’s position further
elaborated by Bellinger et al. (Bellinger, Castro & Mills 2004) that: “-- moving from
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data to information involves ‘understanding relations’, moving from information to
knowledge involves ‘understanding patterns’and moving from knowledge to wisdom

1mwvolves ‘understanding principles”.

2.4.2 Definitions of Enterprise Information Architecture

Information Architecture (IA) is defined as ‘a high-level map of the information require-
ments of an organisation. It is a personnel-, organisation- and technology-independent
profile of the major information categories used within the enterprise’, (Brancheau
& Wetherbe 1986). Information architecture provides a conceptual overview of how
information is organised to support business processes of an enterprise. It thus plays a
pivotal role in the over-all development of strategy because formalising the information
needs of an organisation with a knowledge of its business processes lays concrete

foundations for its success in terms of its coherent information systems strategy.

Information Architecture [[A] needs to be clearly differentiated from
[Systems Architecture (ISA)| which is composed of data architecture, application

architecture, communication architecture and technology architecture (Kim 1994).
The[[SAJhas thus a larger focus than[[A]because it relates to areas related to information
systems than the ’S focus that is limited to identifying and representing the
information needs of an enterprise. Another term often used previously is information
engineering referring to the design, building and implementing, and management of

information architecture (Martin 1989).

Evernden and Evernden presented the view that information-based architectures
‘include business architecture and enterprise architecture, which usually encompasses
data architecture, technology architecture and network architecture’, (Evernden &
Evernden 2003a). However, they have not attributed this to information architecture,
rather they have described characteristics of an information-based enterprise. Enter-
prise Information architecture, thus, presents an information map at an enterprise level.
Specialists of information management in contemporary enterprises use Enterprise
Information Architecture for an enterprise-wide information infrastructure that
is designed with specific regard to the business strategy of the enterprise and is within
the information management discipline that is also based on improved information

security and privacy, information sharing and governance with lower costs, hence

maximizing the [Return on Investment (ROI)l
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Information in today’s business is in all forms. It is in structured form as in
databases of classical data, images and videos. The unstructured form of data
originates from documents that are exchanged between or within business enterprises.
Modern XML-based technologies have facilitated the capture of semi-structured form
of data that can be represented by a conceptual tree-like structure where each data

item is represented by XML tags.

Godinez et. al. (Godinez, Hechler, Koenig, Lockwood, Oberhofer & Schroeck 2010)

define Information Architecture as:

"[The description of] principles and guidelines that enable consistent
implementation of information technology solutions, how data and inform-
ation are both governed and shared across the enterprise, and what needs

to be done to gain business-relevant trusted information insight.’(p. 28).

This view of information architecture signifies that information governance and inform-
ation sharing are key facts for the day-to-day functioning of information architecture
as every user of information within an enterprise gets timely and precise information
for the right duration of time. Information governance ensures that correct amount of
information is provided to the entitled personnel in enterprise. The timely sharing of

information is one of the design requirements for information architecture.

2.4.3 Data Architecture and Information Architecture

Based on definitions in Sections [2.4.1] and [2.4.2] it is now possible to distinguish

between data architecture and information architecture. As information represents
data with context or meaning, information architecture provides a structured repres-
entation of information rather than architecture of meaningless data values. Based
on this differentiation, classical TA design scientists have used the term ‘information
architecture’rather than ‘data architecture’. As the TA represents the information
value chain throughout the enterprise, meaning that it presents a structure of how
information flows and is changed within the enterprise, it is regarded in the con-
temporary businesses as ‘Enterprise Information Architecture (EIA)’instead of only

‘Information Architecture’.
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2.4.4 Information Architecture in Web Design

Literature search into the term ’Information Architecture’ indicates that Richard S.
Wurman coined this term in 1975 (Dillon & Turnbull 2005). It was needed ’--- to

J

transform data into meaningful information for people to use --- . However, this
term was regularly used in the context of website IA in 1990s and one of its definitions
is: 'The combination of organization, labelling, and navigation schemes within an
information system’, among others given by (Morville & Rosenfeld 2006). There is,
thus, a scope for confusion between the use of the term IA for design and modelling
of information resources of the enterprise, which this research is about, and for design

of TA for websites.

Dillon and Turnbull, in (Dillon & Turnbull 2005), have attempted to clarify the
difference between these two uses of the term by coining 'Big TA’ for the design of
enterprise information resources (referred to in this research) and 'Little TA’ for the TA
in website design. They postulate that Big IA should be seen as a top-down approach
as it deals with ’the process of designing and building information resources that are

’... 48 a more constrained

useful, usable and acceptable’. The Little IA, however,
activity that deals with information organization and maintenance, but does not get
involved itself in analysing the user response or graphical design of the information
space’. The Little TA is a bottom-up approach and it addresses 'the meta-data and
controlled vocabulary aspects of information organisation’. Analyzing these two
definitions leads us to opine that the Big IA is closer to the design of enterprise
information resources, which we term as Enterprise Information Architecture (EIA)

and use in this research.

However, fundamental principles in IA design, whether Big TA or Little, remain
the same, and IA is regarded as an umbrella term. The Information Architecture
(TA) community in website design, however, more directly deals with the issues of
scalability, personalisation, customization, dynamic content etc. and researchers are
of the view that website A design activity connects to the field of traditional building
architecture (Chiou 2003).

After drawing these lines, the reader can now concentrate upon the design of
Enterprise Information Architecture (EIA) which deals with modelling the information

assets of the enterprise that form the capital for today’s organizations.
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2.4.5 Enterprise Information Architecture in the Enterprise

Information Management (EIM) Domain

According to Collins (2006), information management is defined as: 'the process of
gathering, processing and interpreting data both from the firm’s external environment
and from inside the firm, generally using the information technology provided by
computers.” Information, with the advent of today’s technological advance and social
media, has proved to be a power because it is rife, it is considered both as a resource
and as a commodity, and it is not only affected by the environment but also very
much has a forceful role affecting the environment (Kirk 2005). Information is at the
core of the organizational resources, to an extent that has given birth to the concept
of "Information Economics’ or Infonomics underwritten by the sharing and exchange

of information both within and across businesses (Hillard 2010).

Information Management — ClO’s Domain

Links to Enterprise

Business Lin

Information B Architectuke Busi

Security

\
Validity : :
Information Business Process
Quality < Architecture

Information " legaland
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| Service-
ol Oriented
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Information as a Service

Figure 2.2: The Enterprise Information Management Domain.

Managing the information is, thus, at the heart of an enterprise and is as significant,
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if not more, as managing the financial information. Enterprise Information Architec-
ture is a critical piece within the information management (IM) puzzle (Figure
that interfaces with other pieces of the IM jigsaw such as strategy, security, quality and
also with business process architecture that constitutes business process information.
Therefore, it is vital to understand and maintain a view from Enterprise Informa-
tion Architecture with respect to its external environment within the Information

Management department.

Detlor in (Detlor 2010) defines information management as 'the management of
the processes and systems that create, acquire, store, distribute and use information.’
The goal of information management is to ’help people and organisations access,
process and use information efficiently and effectively.” Benefits of IM practice are
that organisations can operate more strategically, people involved are better informed

and enterprises obtain a competitive advantage due to their comprehensive IM practice.

As EIM is conceptualised as a process by some researchers, Detlor views this as

-+ a process model of information management should encompass all or some parts

of the information value-chain or lifecycle’, (Detlor 2010). Six discrete information

related processes are mentioned as part of this process view:
1. Identification of information needs - some researchers do not include it as an IM
process;
2. Acquisition of information to address those needs;
3. Organisation and storage of information;
4. Design and development of information products (business analytics);
5. Distribution of information; and
6. Information use - some researchers do not include it as an IM process.
The processes of acquisition, organisation and storage (processes 2 and 3 above) are

related to the EIA design, as has been referred to in Section [3.7.8| in the context of

this research.

Gartner in (Casonato, Beyer, Adrian, Friedman, Logan, Buytendijk, Pezzini,
Edjlali, White & Laney 2013) have embraced that information is the force behind

change in businesses today. They believe in enabling the technology infrastructure of
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the enterprises and transforming it into a modern information-based infrastructure.
They predict that enterprises that can quickly adopt information-based infrastructures
will be able to cope better with the high volume, velocity and variety of Big Data
that needs better information management skills and have proposed their Information

Capabilities Framework (Casonato et al. 2013).

2.4.6 EIA Design Principles

The enterprise information architecture design principles emanate from generic ar-
chitecture principles and therefore may need to be re-stated for the EIA design.
This generic nature is obvious because EIA is an integral component of enterprise
arhitecture. Godinez el. al. (Godinez et al. 2010, p. 41-42) have listed 22 generic
architecture principles, out of which we list, in Table 2.1} the ones that are directly
relevant to the boundaries of this research. We have omitted the principles that are
related to information security and cloud computing delivery for information services
as these areas are out of scope of this research. The first 10 principles (and the ones
not mentioned here) are also shared by Oracle Enterprise Architecture Framework
(OEAF), (Sun, Xu & Silverstein 2012). However, (Sun et al. 2012) have explicitly
emphasised the data stewardship to enable the responsibilities related to data items.
This principle is included in the list as the last principle. These design principles have
been used for evaluation of this research (Section [8.5.1)).

The literature map for this research represents a breadth of literature consulted
and is depicted in figures and[2.4] The topics of business process re-design, business
process modelling and enterprise architecture are the related research areas for this
research. Classical approaches to [[A] design and business process architecture are
areas which this research directly utilises to inform for the design of its research
artifact. The [ETA] design approaches are mainly divided into methodological and
non-methodological approaches. The methodological approaches include business
process-driven approaches including semantic and non-semantic methods. These also

include system- or requirement-driven approaches.
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ETA Design Principle

1. Deploy enterprise-wide metadata strategies
and techniques.

2. Exploit Real Time and Predictive Analytics
for business optimization.

3. De-couple data from applications enabling
the creation of trusted information which can
be shared across business processes in a timely
manner.

4. Deploy new levels of information lifecycle
management creating actionable information.

5. Deliver information with appropriate data
quality.

6. End-to-end inter- and cross-enterprise inform-
ation integration (EII).

7. Deliver operational reliability and service-
ability to meet business service-level agreement
(SLA) to ensure access to Structured and Un-
structured Data at all times.

8. EIA should reduce complexity and redund-
ancy and enable re-use.

9. Align IT solution with business.

10. Maximize agility and flexibility of IT assets.

11. Every data item has one person or role as
ultimate custodian

Brief description

Ontologies for ETA representation

Analytical data

application-independence of

mantically derived EIA

Sse-

Managing all information assets effi-
ciently through their life-cycle

Information quality
Capable to facilitate integration
from the point of information pro-

duction to customer.

Accessability of information

High modularity, loose coupling and
re-usability of information entities
and services

Alignment between information and
business strategies

Responding to distributed informa-
tion resources and related applica-

tions, can also relate to change.

Data Stewardship.

Table 2.1: EIA Design Principles, adapted from (Godinez et al. 2010).
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2.5 Ontologies for Knowledge Representation

The word ”ontology” comprises of two Greek words ontos, meaning “of a being”and
logos, meaning “word”. Thus, ontology is regarded as the study of being. John
Sowa (Sowa 2000) is of the view that philosophically, it is the study of categories of
things that may exist in some domain (topic or field under consideration). When we
consider a particular field or topic (called domain in computer science), we first need
to become familiar with its terminology, concepts of that topic, the classification and
taxonomy within concepts, non-taxonomic relations between concepts, and domain
axioms (Gasevic, Djuric & Devedzic 2006). The meanings of these terms are described
below, but first we understand a widely accepted definition of ontology within the

context of software engineering;:

“Ontology is an explicit specification of a conceptualisation”, (Gruber

1993).

By conceptualisation, it means an abstract, simplified view of the domain within
which things (or concepts) are defined. By specification, the concepts, their types
and relationships among them are explicitly (or clearly) defined in a formal and
declarative representation. In the context of software engineering and information
systems development, formal representation means that the knowledge represented by

ontologies should be machine-processable.

Gasevic et. al. (Gasevic et al. 2006) have quoted other definitions of ontology
from literature. These include definitions by (Guarino 1995, Hendler 2001) and
(Kalfoglou 2001). Breitman & Leite (Breitman & Leite 2003) have thus included some
of the features of these definitions to re-quote Gruber’s definition of ontology such
that it is “-- a formal explicit specification of a shared conceptualisation.” The word
shared means that ontology should capture and represent knowledge that is a result of

consensus among all the stakeholders or experts working in the same problem domain.

Knowledge in a particular universe of discourse (or domain) is characterised by
things or concepts, relationships among concepts and basic domain axioms (or rules).
Concepts are also called classes and have properties that are described through slots
(or roles). Concept properties have restrictions which are represented by facets (or role
restrictions). A knowledge-base consists of the ontology and a set of all instances of its

classes, (Noy & McGuiness 2001). Relationships among concepts are either tazonomic
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or non-taronomic. In the context of digital libraries, the relationship between a
‘Publication’concept and a ‘Journal Article’is that a journal article is also a publication
and has some additional properties. The ‘Journal Article’is sub-concept or subclass
of the ‘Publication’concept. This relationship is also called an is-a (or taxonomic)
relationship. In the context of object-oriented programming, the is-a relationship
is referred to as generalisation/specialisation relationship, whereby the specialised
class (such as ‘Journal Article’) is a subclass of the superclass (‘Publication’). The
is-a relationship is taxonomic in nature because it represents structure within the
knowledge domain. Non-taxonomic relationships within concepts represent ones that
are not of specialisation/generalisation type. For example, the concept ‘Author’is

related to the concept ‘Publication’such that the author writes a publication.

Ontologies can be classified into domain ontology, representing knowledge within
a domain, and task ontology representing tasks and processual knowledge (for more
details about the typology of ontologies, see (Gasevic et al. 2006, Sowa 2000, Mizoguchi,
Tijerino & Tkeda 1995, Mizoguchi, Vanwelkenhuysen & Tkeda 1995)).

2.5.1 Ontology Engineering Methodologies

Among ontology building methodologies, Noy and McGuiness (Noy & McGuiness 2001)
introduced the simplest methodology for building domain ontology. They have
demonstrated their methodology by eliciting and representing knowledge of the domain
of wines. Their methodology consists of the steps that are discussed in Section [4.3.2]
where we apply this method in our research. More sophisticated methodologies include:
METHONTOLOGY by (Fernandez-Lopez, Gomez-Perez & Juristo 1997), Language
Extended Lexicon (LEL) by Breitman & Leite (Breitman & Leite 2003), TOronto
Virtual Enterprise (TOVE) methodology by (Gruninger & Fox 1995, Gruninger,
Schlenoff, Knutilla & Ray 1997, Gruninger & Fox 1998, Gruninger, Atefi & Fox 2000)

are the most popular methodologies.

For knowledge representation, we need a formal language with appropriate express-
ive power to capture and represent logic hidden within the natural language semantics.
Various representations of ontologies include conceptual graphs (Sowa 2000), descrip-
tion logics (Baader, Calvanese, McGuiness, Nardi & Patel-Shneider 2003), XML-based
representation (Bray, Paoli, Sperger-McQueen, Maler, Yergeau & (Editors) 2004) and
a simple hierarchy of concepts within Ontology (Ding & Foo 2002).
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2.5.2 Ontology Languages

Gasevic et al (Gasevic et al. 2006) have classified Ontology representation languages
according to the rise of the eXtensible Markup Language (XML). The languages
before XML belong to the collection are regarded as pre-XML (or early) languages,
whereas the XML-based languages are known as Web-based languages (also called
Semantic Web languages). The revolutionary concept of Semantic Web (Berners-Lee,
Hendler & Lassila 2001) utilizes XML for transmission of data in an interoperable
way across the Web for processing data for useful purposes. A complete discussion
on ontology representation language can be found in (Gasevic et al. 2006). These
languages include Resource Development Framework (RDF) (W3C-RDF 2009), RDF
Schema (RDFS) (W3C-RDFS 2004), (Bechhofer, Horrocks, Goble & Stevens 2001),
DARPA Markup Language (DAML), DAML+OIL (Cost, Finin, Joshi, Yun, Nicholas,
Soboroff, Chen, Kagal, Perich & Youyong 2002).

The Web Ontology Language (OWL) is currently the most popular ontology
representation language, (Smith et al. 2004) and is a revision of DAML+OIL lan-
guage. It goes beyond the set of facilities that the above Semantic Web languages,
such as XML, XML Schema, RDF and RDF Schema, provide. It facilitates more
vocabulary for describing classes and their properties, relations between classes (such
as symmetry, equivalence and transitive), cardinality, equality, richer properties and

their characteristics, and enumerated classes (Smith et al. 2004).

2.5.3 Ontology Development Tools

In order to deal with the design and development of a new ontology, and / or deal with
the issues for existing ontologies, such as merging, mapping between ontologies from
heterogeneous sources, maintenance, integration of ontologies, converting ontologies
into different language formats, ontology learning (as discussed in the previous sub-
section), researchers have developed Ontology development environments of varying

capabilities and supportive features from the above list.

Protege is the most popular open source ontology development editor and knowledge
acquisition framework. It is based on Java and ontologies developed in Protege can
converted into RDF(S), OWL and XML Schema. It has an extensible architecture
that enables it to integrate with diverse tools, applications, knowledge bases and

storage formats through plug-ins. The latest detail of compatible plug-ins for Protege
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is available at (Protege 3 User Documentation 2006). Protege 4.0 and later versions

support OWL 2.0 specification.

Other (relatively classical) ontology environments include OilEd that is an ontology
editor to build ontologies using DAML+OIL (Bechhofer et al. 2001) designed to
encourage the use of OIL language. It does not support ontology integration or
alignment and is used for teaching and research purposes. Reasoning support in
OilEd is provided by the FaCT (fast classification of terminologies) inference engine.
OntoEdit is a commercial tool comprising three stages of requirements, refinement and
evaluation. Chimera is used to support the creation and maintenance of distributed
ontologies, merging multiple ontologies, loading knowledge-bases, resolving naming
conflicts and browsing ontologies (McGuinness, Fikes, Rice & Wilder 2000). Ontology
visualization techniques are extensively used for design, management and browsing of
ontologies that has led to revolutionary developments in information retrieval from
documents using the Semantic Web. A well-informed survey of ontology visualization
techniques by (Katifori, Halatsis, Lepouras, Vassilakis & Ginannopoulou October
2007) has presented a detailed classification of these methodologies using the 2D and
3D perspectives.

Ontology-based (semantic) knowledge representation is being extensively used in
the fields including geographic information systems (Wiegand & Gara 2007), database
systems, eCommerce, law (Corcho, Fernandez-Lopez, Gomez-Perez & Lopez-Cima
2005), social care ((Hammer & McLeod 1981, Kavakli & Loucopoulos 1999)), enterprise
information systems management, for example (Fox, Barbeceanu & Gruninger 1995,
Gruninger & Fox 1998, Han & Park 2009, Huang & Diao 2008), bioinformatics, business
process modelling (Aslam 2006), business process re-engineering and management
(Haller, Gaaloul & Marmolowski 2008, Haller, Oren & Kotinurmi 2006, M., Kim,
Paulson & Park 2008, Lee & Goodwin 2006), and software engineering (Kossmann,
Gillies, Odeh & Watts 2009, Yousef & Odeh 2011, Khan, Odeh & McClatchy 2006)

apart from the current research.

Researchers at the University of the West of England, Bristol have developed
Ontology-driven Requirements Engineering Methodology (OntoREM) and implemen-
ted this methodology in cooperation with Airbus. This project focuses on the funda-
mental shift of requirements engineering practice from process-driven to knowledge-
driven requirements engineering (Kossmann, Wong, Odeh & Gillies 2008). Process-
driven requirements engineering (RE) is based on process steps for defined deadlines

resulting in immature deliverables. In OntoREM, requirements documents are released
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and a rework’ is definitely needed once information is available. Knowledge-driven
RE, however, focuses on the knowledge needed and the documents emerge from this
approach which may not need a rework avoiding delays and associated costs. This
requires the creation and maintenance of ontologies as knowledge repositories and
use of inference and decision engines to capture requirement conflicts. They have
followed the approach by (Noy & McGuiness 2001) to build a meta-model of OntoREM
using Protege-OWL. Besides OntoREM, the ontology based SOA in grid environment
(Khan 2009) and ontology-based framework for identifying services from business
process architecture (BPMOntoSOA) (Yousef, Odeh, Coward & Sharieh 20094, Yousef
& Odeh 2011, Yousef & Odeh 2013) are the recent applications of knowledge-based

techniques in software engineering.

2.5.4 Ontologies vs Databases

Ontologies have developed in the last decade into an important alternative to the
database modelling, especially relational database modelling. Although ontologies
appear to be a better alternative because these convey enriched meaning and are more
useful in the Semantic Web, there is, however, a debate about the usefulness of the

two data models in literature.

2.5.4.1 OWL TO Entity-Relationship Translation

Relational database modelling technique has, indeed, been the choice of database
modelers for some decades. Among studies that have been carried out for translat-
ing ontologies to various conceptual modelling techniques (including relational DB
modeling) and vice versa, (Wand, Storey & Weber 1999) have studied conceptual
modelling techniques to provide an ontological analysis of the relationship construct
in relational databases. Their analysis was based on the concept of ontology pos-
tulated by (Bunge 1977, Bunge 1979). The mapping of ontological constructs such
as attribute representing an intrinsic property is represented as an attribute of an
entity in relational model. On the other hand, an attribute representing a mutual
property is modeled as a binary or n-ary relationship in relational databases. However,
(Martinez-Cruz, Blanco & Vila 2012) hold the view that the ontologisation of database
modelling has resulted in richer information, although at the expense of increasingly

complex models.
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The Web Ontology Language OWL is seen as a key language in Semantic Web
that is described to use classes or entities and relationships, as information is modeled
in the form of ontologies which are machine-processable. Several researchers, such as
Stojanovic et. al. (2002), Shen et. al. (2006) cited in (Bagui 2009), have provided
rules to map relational databases into ontologies. Some tools, such as D20Mapper by
Xu et al.(2004), cited in (Bagui 2009), were also developed to map relational databases
into ontologies. A mapping from OWL to entity relationship (ER) and extended entity
relationship (EER) models was put forward by (Bagui 2009). This mapping provided
rules to map OWL construct to ER and EER modeling constructs.

The OWL to entity-relationship mapping is a direct transformation from OWL-
based ontology to ER form. This means that a particular information model is
represented in OWL format and it is required to translate this OWL-based model into
an ER model. This research is, however, focused upon the semantically represented
BPA of a generic organisation and derive a semantic EIA of that organisation. This
involves the use of general-purpose ontologies to represent BPA of a generic enterprise,

as will be discussed in detail in the next chapter.

2.6 Business Process Architecture (BPA)

2.6.1 Business Process - Definition

A business process is defined as ™ - - a set of logically related tasks performed to achieve
a defined business outcome.’, (Davenport & Short 1990). Weske in (Weske 2007) has
defined it as: ’A business process consists of a set of activities that are performed in
coordination in an organisational and technical environment.” These activities jointly

realize a business goal.

Processes may conceptually be categorised depending upon the type of tasks they
perform. Two types of processes are generally mentioned in business process literature.
Operational processes carry out the normal business activities which the enterprise
fundamentally deals in for its customers. Organisational processes perform tasks at the
strategic level of enterprise (Weske 2007). This categorisation, although, helps building
a process architecture that clarifies responsibilities at all levels of the enterprise and
has inherent information for the enterprise information architecture department when

sharing information and analytics based on information at the right organisational

34



level. Yet, this categorisation lacks the inclusion of intermediary management processes

which are above operational but below organisational (strategic) processes.

2.6.2 Business Process Modelling

Business process modelling is a method to improve organisation performance by
identifying efficient connections between activities within a process. It provides a
visual perspective, and hence opportunities to improve processes on a conceptual
level before processes are executed. Modelling processes is useful because business
processes are complex and a careful design helps in their analysis and enactment
(Aburub 2006, Ken Lunn & Vaarama 2003). Within the organisational setting,
people have different roles and they interact or communicate in complex ways. While
informal interactions cannot be completely modelled, yet process models can capture
formal interactions to provide a reasonably comprehensive view of how an organisation

performs its processes.

Role activity diagrams RADs (Ould 2005) are one of the notations for process
modelling. RADs employ roles and their interactions along with activities, events and
states. Unified Modeling Language (UML) activity diagrams (ADs) also facilitate
process modelling (Booch, Rumbaugh & Jacobson 1999). The Business process
modelling notation (BPMN) is now a global standard in process modelling. and
has rich constructs to model business processes at enterprise levels (OMG 2011).
Its mapping with Business Process Execution Language (BPEL) has made it a
standard test for modern business environments (White 2004). Various attempts to
translate UML ADs into RADs, for example (Odeh, Beeson, Green & Sa 2002, Odeh
& Kamm 2003), and RADs into BPMN, for example (Yousef, Odeh, Coward &
Sharieh 2009b) have provided useful insights for automating the translation of process

models into semantic process knowledge such as ontologies.

2.6.3 Business Process Architecture

Business process architecture (BPA) contains an overall structure that informs on
what processes a business has and how processes inter-relate and interact with one
another during their enactments. Ould in (Ould 2005) defined business process
architecture as a conceptual *-- picture that says what process types there are in the

organisation and what their dynamic relationships are.” Process architecture is not
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merely a division of an enterprise into its functional departments because a business
process, from its initiation to completion, can span more than one department. An
example is a customer ordering process which starts with the customer browsing and
searching for a desired product, selecting, paying for the product and authorisation
of payment followed by confirmation of purchase. In an online order, the ordering
process is completed by packing and despatch of the product to customer’s desired
destination. Various departments involved in such an ordering process may include
Order-processing, accounts and despatch departments. This means that a business

process may span more than one department in carrying out its task.

In today’s enterprise, a well-defined collection of business processes along with
their mutual interaction to depict an enterprise’s day-to-day work for completing its

task in an efficient manner is of paramount importance. According to Gartner.com:

Business process management (BPM) is the discipline of managing pro-
cesses (rather than tasks) as the means for improving business performance
outcomes and operational agility. Processes span organizational boundar-
ies, linking together people, information flows, systems and other assets to

create and deliver value to customers and constituents. (Gartner.com 2014)

The above definition suggests that a business process manager is responsible for
managing processes which may be intra-organisational or inter-organisational processes.
Some of the tasks in business process management are vital for this research. We shall

identify these tasks as this research progresses.

2.7 BPA Design Approaches

2.7.1 Non-semantic Methods

Among the approaches to construct business process architecture (Table , Visible
System Model (VSM) for business process architecture classifies processes into five
categories. The VSM approach is described as ... a structure of interacting behaviours
(process appropriate to the on-going sustainability of an organisation within its envir-
onment)’ (Snowdon 2003). In Enterprise Knowledge Development (EKD) approach
(Kavakli & Loucopoulos 1999), process architecture is organised around the goals of

an organisation and activities designed to satisfy particular sub-goals. The sub-goals
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are then mapped onto a goal-dependency graph whose main objective is the goal of
the main process. Lunn et al (Ken Lunn & Vaarama 2003) have proposed a process
architecture based on process map based on a three-level hierarchy of processes. This
is a top-down approach that facilitates the derivation of processes at the top-level and

the subsequent levels.

2.7.1.1 The Riva BPA Design Method

Martyn Ould (Ould 2005) argued that process architecture should be built in such a
way that the business entities and processes are identified along the natural fault lines
within the business rather than by creating some artificial hierarchy of functions or
departments. Well-structured business process architectures are based on processual
understanding of an enterprise. Ould’s proposed Riva business process architecture
method (Ould 2005) starts by identifying the boundary of an organisation. This
essential first step helps identifying the BPA elements relevant to the defined boundary
which may either comprise only a part or whole of the organsiation. This approach is
fundamentally based on the thesis that an organisation deals in, what are referred to
as, essential business entities (EBEs), some of these EBEs have a lifetime and such
EBEs are called units of work (UoWs) and that processes within an organisation fall in
one of the three process categories: a Case Process (CP), a case management process
(CMP), and a case strategy process (CSP). Every process (or an activity) starts as
an instance of a case process. Instances of a case process are managed by a case
management process. Management of case processes includes planning, scheduling,
resource allocation and monitoring. Case strategy process takes a strategic view of the
case processes and case management processes. Main concerns of case strategy process
include changes in business and their effects on a particular unit of work (UOW, a
business entity having a lifetime) and possible improvement of case processes and
case management processes. Ould also acknowledged that an organisation may have
entities that are specific to it and that exist only because the organisation has chosen
to work in a specific way to perform a business activity (Ould 2005). Such entities
are known as designed business entities (DBEs) and corresponding units of work are
called designed units of work (DUOW).

The Riva BPA design method was demonstrated with the help of the [CEMS]
Faculty Administration example organisation. The [CEMS| was a former faculty in
the [WE] and this example was studied extensively to develop BPA for the [CEMS
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Define the boundary of whatever an “organization” is under a particular study. This could
be a specific part of an enterprise or the whole enterprise.

Identify boundary of

the organization
\ under study

) p Identify the main entities that the organization deals in; call the ones that are crucial for
Find Business organization’s existence as essential business entities (EBEs); Call other entities as
EBEs and designed business entities (DBEs), these entities are there such that the organization

has chosen to complete its tasks in a certain way.
From the collection of business entities, find those entities that have a lifetime, i.e. having
a beginning and an end. Call these as units of work (UoWs). The UoW selected from Select Units of Work
EBEs are called Essential UoWs (EUoWs), and the ones selected from DBEs are called »
designed UoWs (or DUoWs).
Construct a Uo! Identify dynamic relationships among units of work. These relationships may be
Diagram “generate” relationships from one unit of work to the other, or its synonyms such as

“calls for” or “demands” or “requires”. Construct a unit of work (UoW) diagram.
For every unit of work, generate one case process (CP) to represent the set of tasks it Generate Processes
performs, one case management process (CMP) that manages the flow of CP instances, CPs, CMPs & CSPs

and one case strategy process (CSP) to maintain a strategic view of the corresponding
UoW, the CP and the CMP.

4
Construct 15t C Construct the 15t cut process architecture (PA) diagram using the UoW diagram and the
Process Ari dynamic relationship between UoW. The relationship among CPs and CMP are either
Diagram task-force or service relationships.

L 2
Apply heuristics to fold those CPs and CMPs which can be folded together with other CPs Construct 2" Cut

and CMPs. This yields a simplified process architecture that is called the 2" Cut process Process Architecture
architecture (PA) Diagram. This diagram represents the overall business process ‘ SearEn
architecture of the organization. 9

Figure 2.5: Steps in the Riva Business Process Architecture Method by (Ould 2005).

organisation, (Green & Ould 2004, Green, Beeson & Kamm 2007, Yousef 2010). The
resultant BPA elements were generated that are documented in Annexure [A.1]

While other business process architecture (BPA) design approaches exist (Dijkman
et al. 2014, Green & Ould 2005), the Riva BPA method is more akin to information
systems (IS) area because of its approach to understanding the business of organisation
and extracting vital business information. This method results in BPA elements that
automatically conform to EIA-related elements, e.g. object or entities. Due to this
inherent characteristic, the Riva BPA method is regarded as an object-based BPA
design approach, (Dijkman et al. 2011). Other BPA design methods focus on business
goals, for example (Kavakli & Loucopoulos 1999, Ken Lunn & Vaarama 2003), or
actions such as (Dietz 2006) and are not required to construct business entities
or objects. The Riva method constructs the crux of the required information of
business processes and their inter-relationships, and produces a set of supplementary

information of business entities, which can be vital for EIA design. However, it lacks
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the important component of goals for the business processes. These goals should be
translated from strategic goals and requirements at the top management level, which
has recently been addressed by a parallel research at UWE, (Odeh 2015). Evaluation
of BPA design approaches is discussed in Section 2.7.1.2]

Among Function-based methods, Architecture of Integrated Information Systems
(ARIS) is 'composed of the four levels of process engineering, process planning and
control, workflow control and application systems’ (Scheer & Nuttgens 2000). It claims
to cover the whole life-cycle from business process design to information technology
deployment. ARIS is a comprehensive conceptual framework in which reference models
are used to model and optimize business processes. ARIS architecture consists of
four dimensions for enterprise; these are represented as control flow, organizational,
data and functional perspectives. Operational data in ARIS is managed by database
systems and object-oriented approach is used to handle workflow system using message
passing between object. Processes in ARIS are event process chains (EPCs) which

carry out the process from start to completion.

2.7.1.2 Evaluation of Non-Semantic BPA Design Methods

The object-based BPA design techniques have been reported by empirical research,
such as (Dijkman et al. 2011), to have an average score within a study that investigated
the usefulness and the use of BPA methodologies. For evaluating process architectures,
Green and Ould presented a framework (Green & Ould 2005) to evaluate process
architecture methods in order to decide which process architecture aligned better
with the business of the organisation. Their framework derives from the scheme
that is scenario-based and proposes that process architectures should be assessed
from four view-points (or perspectives), each having multiple textual facets that
need answers to specific questions from a specific perspective. These perspectives
are form, content, purpose and life-cycle perspectives. They conclude that it was
straight-forward to apply this framework to Riva process architecture. However, this
framework was not applied to process architecture methods proposed by (Kavakli &
Loucopoulos 1999, Ken Lunn & Vaarama 2003, Snowdon 2003) for a full comparison.
The evaluation framework by (Green & Ould 2005) also indicates the opportunity for
reusing the process architecture for organisations that are in the same business. Green
et al (Green et al. 2007) studied the possibility of reusing Riva process architecture
for two higher education institutions in the United Kingdom. They concluded that a

process architecture built from EBEs of a business may be a ’starting point’ for reuse
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and organisation-specific DBEs and DUOWSs could be added to the architecture if
necessary. This ’cataloguing’ and reuse would result in reduction of time, effort and

costs involved in developing process architectures.

2.7.2 Semantic BPA Approaches
2.7.2.1 The Semantic Business Process Management (SBPM) Project

The Semantic Business Process Management (SBPM) project, also known as Project
SUPER (SUPER 2009), has attempted to resolve the automation problems in ARIS
architecture by using ontology languages and Semantic Web Services frameworks
(Hepp & Roman 2007). SBPM methodology proposes a set of ontologies for each of
the four ARIS perspectives, i.e. Organisation, Data, Control and Function. For each
of these sets, SBPM has an Upper Level Ontology to derive more detailed Ontologies
from. This approach helps in both automation and interoperability because common
subsets of data are defined for heterogeneous data sources. For including SBPM
related tasks, additional spheres of process, process modeling, organization, corporate
strategy, constraints, business functions, and transactional and customizing data are
also added to construct a complete semantic enterprise. However, an explicit suite
of EIA artefacts is not provided which would be a foundation stone for representing

organisation’s information resources.
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The SUPER project provides a semantic representation of event processing chains
through sEPC Ontology and semantic representation of business process modelling
notation through sSBPMN Ontology. These two provide variations of business process
modelling and are unified into a Business Process Modelling Ontology (BPMO) in
SUPER.

2.7.2.2 The BPAOntoSOA Framework

Researchers at the University of the West of England have proposed the generic
BPAOntoSOA Framework (Yousef et al. 20094, Yousef 2010) that identifies services
from a semantically enriched business process architecture of an enterprise using
the Riva methodology. The semantic enrichment of Riva BPA is carried out using
the BPAOnt Ontology. This ontology is constituted of the SBPMN ontology by
(SUPER 2007) that provides a semantic representation of business process models
using BPMN and the stBPA ontology (Yousef & Odeh 2011) that provides elements of
semantic Riva BPA conceptualisation. This semantic Riva representation is reverse-
engineered (Yousef & Odeh 2013) from the process models generated as Riva activity
diagrams (RADs) in an earlier case-study research (Aburub 2006, Aburub, Odeh,
Beeson, Pheby & Codling 2008). The BPAOntoSOA framework paves way for the
business information managers to not only construct a business process architecture but
also provide vital semantic business information for deriving semantic representation
of enterprise information model of its organisation’s information resources, which is
the foundational discipline of this research. The BPAOntoSOA framework continues to

identify services from the semantic BPA representation using business process models.

The instantiation of BPAOntoSOA framework for a given organisation is carried
out in two layers, as shown in Figure 2.6 In the BPAOnt Ontology Instantiation
layer, the Riva BPA elements are represented in the srBPA ontology. This ontology
is then instantiated once the BPAOntoSOA framework is instantiated for the given
organisation. Also the associated BPMN process models for that organisation are
read into the sSBPMN ontology. These two instantiated ontologies are then merged
into the instanitated BPAOnt ontology. In the Software Service Identification layer, a
clustering approach is employed to identify candidate services and subsequently their

entity service definitions are obtained including their service capabilities identified.
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Figure 2.6: The BPAOntoSOA Frameowrk for the Semantic Riva-BPA Representation
and Service Identification by (Yousef et al. 2009a). Used with author’s permission.

43



2.8 Relationship between BPA and EIA

Within the broader area of organisational change, there has been a sustained focus
on research into the issues of BPR over the last 20 years or so. The significance of
BPR has its roots in industrial engineering, which had witnessed a relatively meagre
improvement in efficiency of industrial processes due to ad-hoc changes introduced in
response to the technological developments in pre-1990s industry. A paradigm shift
with BPR revolutionized this change and introduced the need in organisations, at
the management level, to rethink their business processes and identify factors that
ensured efficiency and effectiveness of business processes. This included not only
the improvement of the existing processes to maximise the BPR targets but also the

design of new processes whenever required to meet these targets.

Hammer, in (Hammer 1990), put forward fundamental principles to perform the
redesign processes which included ’capture information once and at the source’ and
‘subsume information processing work into the real work that produces information.’
Researchers such as (Davenport & Stoddard 1994) attempted to clear myths about
BPR that were present due to the novelty of the idea and suggested that a clean
slate approach was required to redesign business processes from scratch as opposed
to incremental ‘tweakings’ in total quality management (TQM). In a survey of late
1980s (F. Niederman & Wetherbe 1991), developing an information architecture
and making an effective use of data resource ranked the top two critical issues in
information systems (IS) management for the 1990s as IA was beginning to prove of

vital importance for successful business process redesign.

This widely-spread process of BPR, from moderately improved processes to radic-
ally designed new business processes, recognised the central place of organisation’s
information architecture to ascertain BPR objectives (Teng, Kettinger 1995). Re-
searchers in information architecture development techniques, such as (Brancheau &
Wetherbe 1986), (Brancheau, Schuster & March 1989), and (Wetherbe & Davis 1983),
had already demonstrated the success of process-oriented approach to IA development.
The central idea of BPR was to use computers to redesign, and not just automate, the
existing business processes. The seminal work by (Teng & Kettinger 1995) provided
an explicit focus to the relationship between BPR and information architecture by
addressing three main concerns: 1. how IA supports BPR; 2. how the lack of TA
can hinder BPR; and 3. an approach to IA that can effectively facilitate BPR. They

presented the view that TA supports the improvement of existing business processes
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in BPR, and also facilitates the engineering of new business processes.Goodhue et al
(Goodhue, Kirsch, Quillard & Wybo 1992) realised the organisational scope of [[A| and
defined [Strategic Data Planning (SDP)| one of IA’s classical design approaches as:

‘a formalised, top-down, data-centered planning approach that builds a
model of the enterprise, its functions, its processes, and its underlying data
as a basis for identifying and implementing an integrated set of information
systems that will meet the needs of the business.’(Goodhue et al. 1992).

Research of 1990s indicates that the difficulties associated with SDP efforts were
based on the methods of modelling the entire organisation needing huge amount of
details and unrealistic time requirements (Teng & Kettinger 1995). However, the
modern view of enterprise and its strucuture, the latest technological developments
such as XML-based technologies, knowledge representation using ontologies, and the
techniques of modelling the organisation around its 'natural fault lines’, for example
in the Riva BPA method (Ould 2005), provide a fresh impetus for strategic planning

of an organisation’s information resources.

Modern enterprises have somewhat realized information resources as their stra-
tegic assets. Furthermore, the acceptance of BPR among leading businesses is also
complemented by the revolutionary developments in information technology, shared
databases, and client-server architectures. These developments have assisted in the
BPR experts to rethink organisational processes that span different departments
within the enterprise, (Grover, Kettinger & Teng 2000). Work force reduction cannot
be carried out under the guise of BPR as it is not strategically driven. Besides,
more recent developments such as enterprise resource planning (ERP), the concept
of distributed enterprise with a service-oriented architecture (SOA) and use of Web
services have radically changed ways in which a modern enterprise works. This, in
turn, has driven a change in how BPR works. A firm’s processes, rather than merely
its functional departments, have now become the focal point. Because of this change in
thinking, Business Process Change (BPC) and Business Process Management (BPM)
have now become more relevant recognising process-driven thinking at the core of

business strategy.

Some researchers in BPR and information systems (IS), such as (Weerakkody &
Currie 2003), held the view that BPR and IS/IT are tightly coupled. This means
that business process re-engineering activities generate a need for their organisations

to reconsider their supporting IS/IT systems. They also assert that for a design of
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a new IS, the IS design team would need to monitor the implications of the new IS
design on business processes of the enterprise. As the BPR and IS Re-engineering go
together, the notation of BP&ISR was defined as: ’--- the fundamental rethinking
and radical redesign of an organisation’s business processes and the redesign of legacy
information systems or implementation of new information systems with an aim
to achieve significant improvements in quality and service, and optimize costs and
productivity.” This and similar studies, however, completely ignore the importance
of information assets of the enterprise while researching the mutual coupling of BPR

activity and the corresponding IS re-engineering.

Surveys such as (Brancheau & Wetherbe 1986) identified issues that hamper the
central place of information resources at the heart of organization. Too many inter-
views, technological limitations and inappropriate expertise of information architecting
professionals lead to a lack of interest from strategic management in 1980s. The
review by (Teng & Kettinger 1995) put forward the case for information architecture
in the most effective manner using lessons from the industry (Goodhue et al. 1992).
Realising the importance of information as a resource in modern enterprise, (Evernden
& Evernden 2003a) classified information architecture into three generations depending
upon the focus, inspiration and content of these methodologies. The first generation
[As (1970s and 1980s) consisted of systems as standalone applications within an
organization for increasing functionality and sophistication. They consisted of simple
2D diagrams similar to those drawn for building architecture. The second generation
TA methodologies (1990s) viewed systems as an integrated set of components in a
single organization as the driving forces that caused this migration were increase in
complexity, independence and a demand for reuse. Third generation TA (2000s) started
viewing information as a strategic resource with the support of new technologies,
inspired from Internet, development of B2B applications and independence among
organisations. These architectures were rooted in systems thinking with explicit
design principles, background theory and detailed information value chains across the

organization.
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2.9 Enterprise Information Architecture Design

Approaches

Information Architecture is a structured representation to manage information for
maximising an organisation’s productivity and profitability and minimising redundancy
in data as well as the associated costs. It is much more than a traditional E-R database
modelling in that the information architect must be aware of the business processes
of the organisation, and the IA must be able to support the re-design of important
processes and facilitate engineering of new processes. We capture, however, the IA
design approaches with both non-business process centric and business process-centric

philosophies.

2.9.1 Information Modelling and Information Systems View-
Point

According to John Mylopoulos (Mylopoulos 1998), information modelling 'is concerned
with the construction of computer-based symbol structures which capture the meaning
of information and organize it in ways that make it understandable and useful to
people’. We briefly discuss below information modelling techniques found in computer

science literature for information systems development:

Physical information models were used in applications in terms of data struc-
tures like arrays, strings, records, lists, trees etc. The main drawback of these models
was that the choice of these models was carried out with computational efficiency in

mind rather than the application itself.

Logical information models offered mathematical symbols, such as sets, relations
etc., for modelling data. The relational model (Codd 1970) for databases is an example
of a logical data model, having its symbol structures as table, tuple and domain.
Logical data models hide implementation details from the modeller. However, logical
symbol structures are flat and modellers are restricted to make intuitive uses of logical

data models.

Conceptual information models provide the most expressive facilities for
conceptual modelling (El-Ghalayini 2007) such that they offer semantic terms and
abstraction mechanisms which have their bases in cognitive science (Mylopoulos 1998).

These abstraction mechanisms include generalisation, aggregation and classification
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etc. While conceptual data models represent data and their semantics, process-oriented
models capture enterprise activities that utilise domain entities and create new data

entities.

Conceptual data modelling techniques vary in their expressiveness of semantic
terms and of abstract mechanisms. Examples include the entity-relational (ER)
model (Chen 1976) which facilitates database modeller with Entity-Relationship
symbol structure to model data. This technique however lacked the expressiveness of
abstraction mechanisms such as generalisation (is-a) which was later supported by
Enhanced-Entity-Relationship (EER) notation (Elmasri & Navathe 2007, El-Ghalayini
2007). However, a fully semantic database model was proposed by Hammer and
McLeod in (Hammer & McLeod 1981) with provision of generalisation/specialisation

and aggregation.

Object-oriented modelling was launched as the second major conceptual data
modelling technique which researchers attribute to the development of Simula lan-
guage, (Mylopoulos 1998). The rise and popularity of object-oriented (OO) modelling
revolutionised the thinking style of information architects who could not only en-
capsulate data and its behaviour into classes but also use the abstract mechanisms
(Atkinson 1990) of data semantics such as generalisation/specialisation, aggregation,
polymorphism and model them using class diagrams of Unified Modelling Language
(UML) (Booch et al. 1999) for static views; and use-case diagrams, activity diagrams

and sequence diagrams for the dynamic views of information.

2.9.2 Classical Process-Centric IA Design Approaches

Douglas T. Ross postulated in 1977 his Structured Analysis and Design Technique
(SADT) as one of the first approaches that decomposed a subject matter (domain)
into things (data entities) and happenings (activities) and provided a structured
analysis (SA) language for communicating ideas, (Ross 1977). This technique provided
a structured way of defining and analysing a domain at what is now known as
requirements engineering phase of software engineering, enabling the requirements
analyst (or engineer) produce a good requirements documentation using a systematic
methodology, (Ross & Jr. 1977).

Origins of information architecture can be found in Information Engineering (1E)

that assumes that every organisation has a relatively stable group of data (information)
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entities which support its information processing needs. According to James Martin,
the architect of IE methodology, it can be defined as (Martin 1989, p. 1):

‘The application of an interlocking set of formal techniques for the
planning, analysis, design, and construction of information systems on an

enterprise-wide basis or across a major sector of the enterprise.’

Information Engineering is presented as a top-down approach, it manages to evolve
a repository of enterprise knowledge, its data models, process models and system

designs. It consists of four stages:

1. Information Strategy Planning phase is concerned with top management
goals and critical success factors of the enterprise, use of technology to create
competitive advantages. Here, a high level view of the enterprise is created along

with its functions, data and information needs.

2. Business Area Analysis phase is concerned with what (business) processes
are needed to run a specific business area, how (business) processes inter-relate

and what data is required by these (business) processes.

3. System Design Phase maps the business processes onto implementable pro-
cedures in information system. Martin suggested direct user involvement in the

design of procedures.

4. Construction Phase implements the above designed procedures and this
link with design phases is established through prototyping. At that time, the
suggestion was to construct information system using code generators, fourth

generation languages and end-user tools.

The IE methodology is represented in the form of the Information Systems Pyramid,
which horizontally divides the 2D pyramid into four stages as described above and is

vertically divided into two halves, namely: Data and Activities.

Martin suggested putting an encyclopedia at the heart of his IE methodology.
According to him (Martin 1989, p. 14), “-- The encyclopedia is a computerized
repository which steadily accumulates information relating to the planning, analysis,
design, construction, and later, maintenance of systems.” He suggested two types

of repository: 1. A dictionary, to contain 'names and descriptions of data items
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and processes’, and 2. An encyclopedia to contain ’this dictionary information

and a complete, coded representation of plans, models, and designs’, in order to

"understand” the design whereas a simple dictionary does not. For [Computer-Aided|

[Software Engineering (CASE)| the encyclopedia would be a vital tool for an automatic

code generation. For computerized information engineering, he re-defined Information

Engineering as (Martin 1989, p. 1):

‘An interlocking set of automated techniques in which enterprise models,
data models, and process models are built up in a comprehensive knowledge

base and are used to create and maintain data processing system.’

Strategic Data Planning (SDP) is one of the information engineering methodologies
having two ’critical phases - organizational analysis and the strategy-to-requirements
transformation’ (Hackathorn & Karimi 1988). This methodology focuses ’on defining
the underlying shared data used by organization’s many functions, and by definition of
a data architecture’ (Goodhue et al. 1992). The SDP methodology was closely related
to the top three issues in information management surveys such as (F. Niederman
& Wetherbe 1991), which include developing an information architecture, making

effective use of the data resource and improving IS strategic planning.

Despite many positive aspects of this methodology, there is evidence in empirical
research that SDP has more problems than successes. The study by (Hackathorn &
Karimi 1988) about the effectiveness of SDP approach in the context of organisation’s
intended planning objectives concluded that SDP may not be the best way to develop a
data architecture even though there is a required level of commitment, cost and a high
level of abstraction of results. The study was carried out using nine case studies from
industry and came up with 15 propositions. SDP-based techniques were found to run
into serious problems rather than having success stories. Problems included limited
management support, user resistance, inadequate resources and lack of alignment with
corporate goals and strategies. In some case-study applications, even the methodology

was not fully implemented.

The earliest IA approach by (Wetherbe & Davis 1983) proposed long-range in-
formation architecture as the product of a detailed information requirements analysis
of organisation within management information systems (MIS) planning. Their meth-
odology was a combination of business systems planning (BSP) approach, ends/means
(E/M) analysis and critical success factors (CSFs) by (Rockart 1979). The main reason

for the success of this approach was that it was independent of organisational structure,
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personnel, and hardware and software. Brancheau et al’s information architecture
design method (Brancheau et al. 1989) focused on identifying information categories
in an enterprise, and a series of interviews with managers and staff to determine which

information sub-categories were used by different processes.

IBM'’s Business Systems Planning (BSP) approach is an SDP technique and
is effective only when systems are strategically important and centrally controlled.
According to a review of A approaches, carried out by (Brancheau & Wetherbe 1986),
the BSP approach, and also E/M analysis and CSF approaches to a lesser extent,
contained a huge amount of questions for interviews and this was a major reason
for the lack of their popularity in management as the time requirement for these
techniques was immense. Other classical IE methodologies have been studied by

(Hackathorn & Karimi 1988) and details can be found in their review paper.

Wang’s object-oriented IA analysis technique (OOIA Analysis) was based on
Object-Oriented Design (OOD), which merged six descriptions (columns) of Zachman’s
information systems architecture (Sowa & Zachman 1992) into four descriptions by
combining the what (data), how (process) and when (time) within a single descrip-
tion of a business process (Wang 1997). The other three descriptions included why
(motivations or goals), who (actors) and where (network, client/server architecture).
Based on the analyst/designer’s view, business process (data, process and timing)
is categorised into three object types based on informational (data), behavioural
(time) and functional (process) perspectives of a business process. Elements of the
object-oriented paradigm, such as encapsulation and message passing between objects
provided a natural facilitation to describe goals and their sub goals as objects that were
linked with other object through messages. The methodology proposed actor object
to have organisational, technical and cognitive attributes, and listed control, execution
and communication as some examples of methods (operations), (Wang 1997). This
methodology proposed four object types for client-server descriptions, namely: client,
server, genuine, virtual and user interface object. A typical task can be divided into to
sub-tasks in client-server architecture. The proposed OO approach facilitated this such
that an object would be created as genuine on a server machine to carry out server-
related sub-processes whereas their corresponding virtual object would be created on
client machines to carry-out client-side sub-tasks. Wang proposed a synthesis process
in order to model the TA using four descriptions of business process, goals, actors and
network within the organisation. This synthesis process was used to produce final

visual representation of organisation’s information architecture, (Wang 1997).
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2.9.3 Contemporary Process-Centric IA Design Approaches

All process-driven approaches to IA development can be classified into methodological
and non-methodological (ad-hoc) approaches. Methodological approaches are sub-

classified into semantic and non-semantic (more recent) approaches.

2.9.3.1 Methodological Approaches

Classical methodologies for IA development, as discussed in Section [2.9.2) emphasized
that organization’s business processes should be studied for information architecture
development depending on how these viewed a business process. These and some of
the later approaches proposed until 2001 can be regarded as non-semantic approaches.
The advent of Semantic Web (Berners-Lee et al. 2001) and related technologies
has provided an opportunity to freshly consider the research topic of information
architecture design; the IA techniques based on semantic web are classified as semantic

approaches.

2.9.3.1.1 Non-Semantic Approaches: There is an abundance of literature
reporting the design of information architecture with varying emphasis on utilising
information about business processes of the enterprise. This emphasis has been less
explicit during the first and second wave of business process re-engineering, mostly
due to absence of business process modelling techniques. In the early TA design
frameworks (such as discussed in (Brancheau & Wetherbe 1986) and (Brancheau
et al. 1989)), information architects relied heavily on interviews to understand business
processes and data classes used by these processes to build information architecture
of the organisation based on ER models. Apart from the amount of time invested in
these techniques, this reliance on interviews resulted in knowledge about processes
in tables such as process / data class matrices which was not easy to maintain for
medium and large-scale enterprises. Reference architectures such as Zachman’s
information systems architecture (Zachman 1987, Sowa & Zachman 1992) had
clearly compartmentalised the knowledge of what (data) an enterprise information
system needs to maintain and how (processes) it should utilise its information asset
to create new information. The initial framework presented three elements what,
how and where (i.e. data, process and network respectively) at five different levels in
order to create a 15-cell table as a high-level representation. Sowa and Zachman later

included three more columns for when (time), why (goals) and who (actors) at five
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levels increasing the table to a 30-cell structure. One criticism for Zachman’s ISA was
a large number of cells which the information architects had to fill. Other reference
architectures of the first wave of BPR view data and processes in more or less the

same way as the methodologies discussed in the above paragraph.

Roger Evernden presented the Information Framework (IFW) in 1996 to emphasize
that information system architectures have more than two dimensions (Evernden 1996).
Similar to Zachman’s ISA, the IFW was also enterprise-class architecture and had
50 cells (10 columns and 5 rows) in a grid structure with different perspectives with
a focus on information having organization, business and technical views. Evernden
answered to the criticism of a large number of cells in Zachman’s framework with the
view that it is more important to include all matters in the framework than restrict
number of cells. Although Evernden’s IFW presented three views for various stake-
holders’ perspective, yet these architectures were only two-dimensional. Evernden,
in 2003, reviewed his information framework and asserted that third generation
information architectures were increasingly multi-dimensional which made them
fully capable of presenting all stakeholders’ perspectives on organisation’s information

resources (Evernden & Evernden 2003b).

Roger and Elaine Evernden presented eight essential factors (known as Essential
Eight) as a framework for integrating knowledge and information architecture for
business advantage. These eight factors are Categories, Understanding, Presentation,
Evolution, Knowledge, Responsibility, Process and Meta-Levels (Evernden & Evernden
2003a). These eight factors provide information architects with directions at the
enterprise level in an implementation-independent way. The most relevant to our
research questions is the first factor of Categories which refers to classifying information
into categories as information is not only data. Information can be structured (as
conceptual data models), semi-structured (such as documents) or unstructured (such
as news, facts or knowledge). For a summary of these approaches, the reader is referred
to Table 2.3l The Essential Eight included the knowledge of business domain to be
represented in an effective way and the framework has thoroughly discussed, along
with issues of data semantics, essentials of how to obtain and represent knowledge
without suggesting which knowledge representation (KR) mechanisms the information
architects need to imply. However, the framework is limited in providing a depth of
discussion for capturing process semantics, which may be due to the fact that this
framework can be used for any information-related architecture and refrains from

following any particular process modelling notation or BPA design method.
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2.9.3.1.2 Semantic EIA Design Approaches: Table[2.4|refers to a summary of
semantic EIA methodologies. Knowledge representation approaches, TOronto Virtual
Enterprise (TOVE) ontologies ((Fox et al. 1995, Gruninger & Fox 1998, Gruninger
et al. 2000)) present a suite of ontologies for production systems at three levels:
core, derivative and enterprise. Core ontologies ’capture generic characteristics of
enterprises’, whereas derivative ontologies represent specializations of some of core
ontologies. Enterprise ontologies consist of business process ontology, project ontology,
material ontology and enterprise design ontology. These ontologies are, however, not
process-centric and are represented in Knowledge Interchange Format (KIF) language,

which cannot be easily translated into semantic web languages such as Web Ontology
Language (OWL), (Smith et al. 2004).

Semantic interoperability issues in the Open Group Architecture Framework
(TOGAF) have been addressed using the Universal Data Element Framework (UDEF),
which is based on concepts of ISO 11179 and integrated with W3 Consortium’s Resource
Description Framework (RDF), (UDEF 2009). It is claimed that UDEF provides a
universal categorization of data, thus it can facilitate alignment of various ontologies
which may have different categorizations of data. The cost of programming is also
reduced when different information stores and applications of an enterprise use the

same categorization standard for data using this framework.

Kilpelinen (Kilpeldinen 2007) presented Genre and Ontologies based Business
Information Architecture Framework (GOBIAF) with the motivation that con-
temporary enterprise architecture have a very high cohesion between business processes
and information, thus providing an opportunity to approach EA development from
process / information perspective. Due to this high cohesion, they define Business
Information Architecture as ’aimed to define business processes, information flows
and information object needed to perform business functions within and between
organisations.” This definition seems to describe their methodology as they perceive
the business process architecture and information architecture as Business Information
Architecture having BPA and IA as its sub-architectures. They have studied the use
of Genres in communication research to support BIA development with a view to
obtain a generalized framework of enterprise architecture. The combining of BPA
and EIA into Business Information Architecture provides a degree of business/IT
alignment. However, this work lacks any attempt to derive enterprise from an

associated enterprise BPA.

In ‘An Ontological Model of an Information System’and related studies (Wand
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Concepts in Bunge-Wand-Weber Ontology
* The world is composed of things.

* Things have properties. Forms are properties of things.

* Things are grouped into systems.

* Every thing changes.

* Nothing comes out of nothing and no thing reduces to nothingness.

* Every thing abides by laws, which are restrictions on or invariant relations
among properties.

* Intrinsic property is a property on one thing.

* Mutual property involves two things.

* Things can be composed to form composite things.

* Composite things hold emergent properties that are not held by its parts.
* A state function describes a propery of a thing.

* A functional schema or Model is a set of state functions describing things.
* A state is a value vector assigned to state functions of a schema.

* A set of things adhering to a set of laws is known as a Natural kind and this
set of laws is a common behaviour of those things.

Table 2.5: Ontological concepts of Bunge-Wand-Weber Information Systems Model, adapted
from (Wand 1989, Evermann & Wand 2005).

1989, Wand & Weber 1990), Yair Wand and Ron Weber carried out an extensive
analysis of information systems concepts on the basis of set theory, (Wand 1989). Based
on Bunge’s ontological concepts Table and now named as Bunge-Wand-Weber
(BWW) Ontology, this study aimed at constructing an ontological foundation for
information system modeling that would lead to bridge the gap between the business
concepts and information system (IS) concepts. Formalising the IS concepts of object
and their properties led to some useful breakthroughs in fields of IS development such
as IS decomposition (Paulson & Wand 1992) and object-oriented domain modeling
(Evermann & Wand 2005).

The Design and Engineering Methodology for Organizations (DEMO) Methodo-
logy (Dietz 2006) was developed to bridge the gap between business processes and
information systems using Language/Action (or L/A) Perspective, which ‘assumes

that communication is a kind of action in that it creates commitments between the
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communicating parties’, (Dietz 1999). The DEMO methodology is rooted in y-theory
and the Enterprise Ontology provides an integration of three aspects of organisations,
namely: B-organisation (business), [-organization (information) and D-organization
(document). However, this methodology also limits itself to translate information
entities, attributes and relationships from y-theory to develop Enterprise Information
Architecture (Gomes 2011) and lacks the derivation of EIA from the BPA. We discuss
the Enterprise Ontology further in Section [2.10}

Most recently, Pascot et. al. (Pascot et al. 2011) have proposed a methodology
(we call it Pascot et al’s methodology) for a complex information system and placed
the information architecture at the heart of enterprise architecture. Its information
architecture is based on the core components including reusable Field Actions (FAs),
which represent non-contextual persistent information, a common canonical Conceptual
Data Model (CCDM) that captures all data of the organisation and Views or sub-
schemas to represent information for various stakeholders of the organisation. Pascot
et al have applied their methodology to create information architecture and enterprise
architecture of Quebec’s healthcare network. Filed Actions have been designed to
contain information about business processes across the organisation which connect
the business architecture with information architecture through FA views which hold
the persistent information about the business. This persistent information may be
scattered across multiple information systems or business units of the organisation.
One FA can feature in many business processes, conversely one business process may
have more than FA. Thus, there is a many-to-many relationship between FAs and

business processes.

The Corporate Conceptual Data Model (CCDM) in Pascot’s methodology is a
fully normalised data model and its views are subschemas of data, so they are also
normalised. The CCDM connects different models/views, which consist of the FA views
that represent the information about actions and decisions, business process views
that represent data relevant to project as well as business processes and activities,
systems/databas views that represent views of databases and services, and messages
views used by systems (Pascot et al. 2011). The enterprise-level features of the

proposed methodology are discussed in Section [2.10}

Pascot’s methodology has been applied to Quebec Healthcare System with the
first step to identify Field Actions (FAs) and find business processes. The structure
of an FA contains a code for each FA and precise information about the business

process and which actors have a role in this FA. The information architecture and the
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collection of business processes are iteratively collected by identifying FAs, and hence
leading to the development of CCDM having all the concepts in the organisation.
The application of this methodology to Quebec healthcare system includes integration
of HL7 v3 onotlogy information (Orgun & Vu 2006) to provide standard view of
shared electronic health information (EHR). These records are of both clinical and

administrative in nature.

2.9.3.1.3 Non-methodological Approaches: Non-methodological approaches
to IA development include informal data integration implementations including some
semantic approaches. There is some evidence of semantic integration of data access
found in literature, such as Ontology Based Data Access OBDA by (Rodriguez-
Muro, Lubyte & Calvanese 2008) implemented in the field of financial capital mar-
ket instruments. The OBDA plug-in has been designed for Protg 4.1 (Protege 4.3
Installation 2013) and uses Customer’s Business Process Ontology CuBPO. The ODBA

tool uses a DL-LiteA description logic (DL) reasoner for demonstrating their plug-in.

2.10 Enterprise-Level Approaches

The Open Group Architecture Framework (TOGAF)| provides two definitions of
Enterprise Architecture, (TOGAF 2012):

1. A formal description of a system, or a detailed plan of the system at component

level to guide its implementation.

2. The structure of components, their inter-relationships, and the principles and

guidelines governing their design and evolution over time.

Researchers at Centre of Excellence in Enterprise Architecture (CEiSAR) remark on
TOGAF’s definition that Enterprise Architecture means Approach and Structure.
According to TOGAF, it is “-- a global approach which coordinates evolution s of
independent domains like Transformation of Organisation, Process Modeling, Mas-
ter Data Management, Human Resource Management, Information Systems, and
Transformation methodologies to provide a competitive advantage to the Enterprise.’
(CEiSAR 2008). The static part of EA concerns with the enterprise model through

which enterprise works. The enterprise model covers actors (people and systems
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in organization), actions (processes and functions) and information. The dynamic
part deals how to transform the enterprise to move to the target model in line with
enterprise strategy. A classification with respect to enterprise-class architectures not
only provides the enterprise-level knowledge but it may also assist in a top-down

approach to understand the information value chain with the organization.

Lankhorst (Lankhorst 2005) suggested that enterprise architecture can be decom-
posed into five heterogeneous, architectural domains and the efficacy of [EA] depends
upon the compositionality of these architectural domains. These domains are described

in the form of the following constituent architectures:

1. Process architecture
2. Information architecture

3. Product architecture

W

. Application architecture

5. Technical architecture

The ’abstract and unambiguous conception’ of each of these architectural domains is
called a model, which can be classified into symbolic and semantic models (Lankhorst
2005). In symbolic models, properties of an architecture are expressed in symbols that
refer to reality, whereas the semantic model interprets the meaning of symbols in the
architecture. Semantic models provide an abstraction of the architecture and thus

need to be translated to symbolic models of architecture.

Cardwell’s map of the entire enterprise architecture (EA) places information archi-
tecture within business architecture that drives the need for information architecture
with a feedback loop that supports business process management efforts with the help
of IA (Cardwell 2007). While reviewing the architectural frameworks in literature,
experts have also classified frameworks into enterprise-class and application-class
frameworks. According to Greefhorst et. al. (Greefhorst, Koning & Vliet 2006),
enterprise-level frameworks tend to have multiple dimensions and model information
at the level of business units and organisations. Due to their multiple dimensions, they
have a number of architectural models. Examples of these enterprise-level architectures
include Zachman’s Information Systems Architecture (ISA) (Zachman 1987, Sowa &
Zachman 1992), the Information Framework (IFW) (Evernden 1996), The Open Group
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Architectural Framework (TOGAF), (TOGAF 2012), Federal Enterprise Architecture
Framework (FEAF) (Hite 2004) and Strnadl’s 4-layer process-driven organisational
architecture (Strnadl 2006).

Strnadl (Strnadl 2006) termed the IA as organisation’s I'T infrastructure (or I'T
architecture) and has called it the “nervous system”of the organisation. IT architecture
has a tight coupling with business processes of the enterprise and ‘- - - the I'T function
is driven by the same dynamics as the enterprise itself’. Based on this motivation, he
has presented a four-layered process-driven architecture model for the organisation
at both business and I'T managers’ levels. The first layer is a process layer with an
objective to optimize business processes. The second layer is an information layer
that presents a single view of business information. The third layer, the services layer,
is used to create and manage business services. The fourth layer is the technology

integration layer to use and leverage existing resources.

Application-class frameworks have more fine-grained information as they present
the architecture of a typical application (software system). This classification enables
an information architect to build application-class framework and then focus upon the
general lessons learnt to formulate an enterprise-class framework at the enterprise, or
even at the business domain, level. This literature review, however, tends to classify
an architectural framework according to whether it focuses on the enterprise-level
or whether it is limited to information categories. Two example architectures from
enterprise-level architectural framework are discussed in more detail and also two
information architectures in the next section. Table [2.6[summarises the enterprise-level
approaches with their semantic or non-semantic focus for the enterprise modelling.
In this table, data and process semantics refer to the identification of whether the
approach employs semantic and/or knowledge representation mechanisms like
ontologies, or otherwise, to store and use knoeldge of data ad processes. The use of

specific semantic technologies, if any, is also noted in these approaches.
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Pascot et. al. (Pascot et al. 2011) proposed a 4-layered enterprise architecture
for their information architecture. This enterprise architecture consists, from top to
bottom, a business layer, a functional layer, a systems layer and a technology layer.
The top two layers, business and functional layers, are vertically divided into business
architecture and information architecture which are connected through FAs in business
architecture and FA views in information architecture in the business layer.

The Open Group Architecture Framework is a general enterprise
architecture building framework. Starting with preliminary phase of initiating the
design of a new enterprise architecture, TOGAF’s Architecture Development Cycle
seeks to complete all phases of [EA] design and is divided into eight phases. Phase A is
about forming the Architecture Vision that aims to get clear approval of its Architecture
Development Cycle by defining the cycle, its scope, business stakeholders, business
goals and strategic business drivers leading to the articulation of key performance

indicators and by securing formal approval.

Phase B in [Achitecture Development Method of TOGAF (ADM)| cycle consists

of developing a business architecture (Business Architecture (BA)|) to support the

architecture vision developed in Phase A. The business architecture design starts by
designing a baseline architecture followed by design of a detailed target business archi-
tecture. The existing architecture descriptions, if they exist for an organization, act
as the baseline architecture. In the absence of such descriptions, baseline information
is gathered in every possible form. The target business architecture is then defined
including product (and/or service) strategy, business goals and organizational, process
and other information-related aspects of the business. These target BA descriptions
are compared against the baseline BA descriptions. TOGAF recognizes that any
architecture activity in the domains of data, application and technology requires an
architecture at business processes level. Using business scenarios, business models
are developed which include business process models, use-case models, class models
(which are similar to logical data models), node connectivity diagrams and information

exchange matrices (entities, activities and information flow).

The Phase C addresses the design of information systems architectures which
support four architectural domains within the overall enterprise architecture frame-
work. These are business architecture, data architecture, application architecture
and technology architecture. The business architecture ’defines business strategy,
governance, organisation and key business processes’. The TOGAF Architecture
Development Method (ADM) forms the core of the framework and describes the
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TOGAF method to develop enterprise architecture. The Version 9 of TOGAF utilizes
a reference library of business architecture resources such as the Resource-Event-Agent
(REA) (Gailly & Poels 2007) ontology for business process. These resources are first
searched for architectural components and resources that are already available in

the reference library. Business process modelling is carried out using the Integrated
Computer-Aided Manufacturing (ICAM) DEFinition (IDEF) or BPMN.

Data architecture definition documents of TOGAF contain business data model,
logical data model, data management process model, data entity / business function
matrix, interoperability requirements and any other reports or graphics generated to
demonstrate key views of the architecture (TOGAF 2012). Data architecture actually
defines our enterprise information architecture and contains IA artifacts. The Open
Group also provides a mapping between TOGAF’s Architecture Development Model
(ADM) and Zachman’s ISA through its Architecture Governance Framework and
Architecture Contracts to validate TOGAF’s delivered solution to meet business needs

(TOGAF 2012).

CEiSAR’s Enterprise Model views the as having static as well as dynamic
aspects, (CEiSAR 2008). The static aspect has 'Operations’ business processes
while the dynamic aspect of the EA has 'Transformations’ Processes. This model is
based on three main business concerns, namely enterprise complexity (splitting real
world execution from its model), increasing agility (splitting Operations processes
from Transformations processes) and finding synergy (balance between centralization
and decentralization). Their concepts of Enterprise Actions have four types: (a)
End to End Process, (b) Organised Process, (c¢) Activity, (d) Function (sometime
called Rule). Operations processes are further classified into three levels, namely:
Primary, Resources and Management Processes. The three dimensional cube presents
the CEiSAR’s enterprise architecture the factors of complexity, synergy and agility
(CEiSAR 2008). This cube can conceptually be divided into eight smaller cubes which

describe how the organization can run its business.

The Enterprise Ontology by (Dietz 2006) is based upon the following definition
of ontology:

"The ontological model of a world consists of the specification of its

state space and its transition space.” (Dietz 2006, p. 42).

The state space means the set of allowed or lawful states as suggested by BWW

ontological model in (Wand 1989), and the transition space means the set of allowed

64



or lawful sequences of transitions. The theory is based on y-theory for modelling
the organisation, as discussed in Section [2.9.3.1.2l The ontological model builds
the organisation with four constituent models, namely the Construction Model, the
State Model, the Process Model and the Action Model. This technique is based on a
technique in enterprise engineering called the [Design and Engineering Methodology]
ffor Organisations (DEMO)|

Parallel to the realisation of the significance of information as enterprise capital,
strategic information management researchers identified the need for alignment between
business and information infrastructures, the next section presents a brief overview of

the business-IT alignment.

2.11 Business-IT Alignment

The term [Business and I'T Alignment (BIA)|was coined about two decades ago and

was characterised by (Luftman & Brier 1999) as the issue of *-- applying IT in
an appropriate and timely way and in harmony with business strategies, goals and
needs.” While it was understood at the strategic level that the need was to align
business with [[T] as well as to align [[T] with business, little attention was given to
how to achieve this. Almost parallel to this research, some researchers such as (Teng
& Kettinger 1995) had recognised a strong relationship between business processes
and enterprise information architecture, which provided a well-founded insight in
how to achieve the [Business-IT (BIT)|alignment. The idea was to construct the [EIA]

that would facilitate business process re-engineering and also assist the design of

new business process. While researchers in [BIA] recognised 'IT involved in strategy
development’, "IT understands business’ and ’buisness/IT partnership’ (Luftman &
Brier 1999), the actual implementation of the objective remained elusive at the
strategy level. Lack of available technologies and the resultant lack of interest in
strategic management for investing time and resources in the design of [ETA] was an
additional factor contibuting to the neglectance of this link between alignment needs

and the ways how these needs could be met.

The advent of XML-based technologies revolutionised the areas of (Section[2.5)),
business process modeling and design. With the XML-based BPMN 2.0 (OMG
2011) being the de-facto standard of business process modeling, process modeling and

[BPA] design facilitated the ontologies-based machine readibility to business knowledge.
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Examples of recent semantic business process architecture and management approaches
such as the BPAOntoSOA framework (Yousef et al. 20094, Yousef 2010), discussed
in Section , and semantic (SUPER 2009), discussed in Section ,
are among the numerous attempts to utilise [KR] mechanisms for business processes
architecture and management. Parallel to this Phd research, (Odeh 2015) took the
alignment of startegy with [BPA]one step further by introducing goals into business

processes.

Contemporary researchers such as (Ullah & Lai 2013) have referred to the as
.« the optimized synchonization between dynamic business objectives/processes and
respective technological support by [I1]. Tronically, the disablers of achieving [BIA] are
a lack of [[T] belief, sturctural differences between business and [[T] a lack of system
support, rapid changes in business goals, and strategic as well as planning differences
between business and [[T] and, more interestingly, a lack of methodologies to manage
business processes. Numerous attempts at measuring the alignment between business
process and systems were made, these included coarse-grained metrics by (Aversano,
Grasso & Tortorella 2010) such as technological coverage (TC) and technological
adequacy (TA) their goal quality management (GQM) model in order to provide a
measure of alignment between stratgy and business. On the other hand, researchers
such as (Pereira & Sousa 2003) proposed measurement of misalignment between
business and IT and defined the alignment between these two paradigms as:

)

- the implementation of information technology (IT) in the integration and

development of business strategies and corporate goals’.

They sub-categorised business-IT alignment within the enterprise architecture into

alignment between:

1. Business Architecture and Information Architecture;
2. Application Architecture and Information Architecture; and

3. Business Architecture and Application Architecture.

The evaluation metrics for the Business Architecture and Information Architecture

are relevant for this research and are given in Table for further discussion.
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2.12 Evaluation Methods for EIA Design

Evaluation approaches for EIA design methodologies mostly demand drilling down
evaluation approaches from enterprise architecture level down to the EIA level. As
is an integral part of the enterprise architecture, the top-down approaches

include evaluation of the EIA design within that of the overall enterprise architecture

(EA). Other approaches have compared the [EA] the [Enterprise Information Systems|
|Architecture (EISA)[with the [Software Architecture (SA)| which can be used to extract

evaluation metrics for the ETA design. Researchers in knowledge-based systems have

also suggested the evaluation measures from non-functional requirements in the

software systems.

2.12.1 Evaluation Methods for Enterprise Level Architectures

Rosser at Gartner Inc. (Rosser 2006) regards measuring the EA’s value to be essential
for gauging EA performance. This value context facilitates measurement of two
metrics: these are the IT metrics, business metrics (qualitative) which includes relative
ease of access to information as a metric relevant to the EIA. This metric can be
considered as accessibility of information. The I'T and business metrics are measured
before and after the EA is deployed and are converted to measure the return on
investment of the enterprise.

Magoulas et. al., in (Magoulas, Hadzic, Saarikko & Pessi 2012), have used align-
ment as the evaluation attribute for enterprise architecture and have sub-categorised
it into socio-cultural, functional, structural, infological and contextual alignments at
enterprise architecture (EA) level. This evluation study, however, lacks specificity on
how any of these alignment may lead to evaluation of enterprise information archi-
tecture (EIA). In their scenario-based evaluation approach for enterprise information
systems architecture, (Niu, Xu & Bi 2013) have used non-functional requirements
(NFRs) as key evaluation attributes. These NFRs are software- and business-driven
requirements, and among these, integration and extensibility (or scalability) are
business-driven NFRs associated with EIA evaluation attributes. Integration means
linking and coordinating business processes over systems which requires business
process-aware EIA, and extensibility means that EIA should be enterprise-wide scal-
able. Software-driven NFRs include security, testability (or reviewability) and
usability that are also linked to those for EIA evaluation. All of these NFRs related

to EIA evaluation, however, need to be specified with full clarity.

67



A review of critical success factors (CSFs) for enterprise architecture (EA) by
(Nikpay, Selamat, Rouhani & Nikfard 2013) has listed the CSFs after analysing a
number of approaches. These CSFs can lead to maturity of the EA as well as positive
features of evaluation attributes. Although this study limits itself to review the CSFs
and specifying evaluation metric for EIA (or even EA), yet some of the CSFs may
point to obtain higher scores for EIA evaluation attributes. From their list, the CSF
that is concerned with EIA is business-driven approach, which can be translated
down to the EIA level so that the EIA design is supportive to business strategy. This
study is a high-level approach for EA design and it does not focus upon the factors
concerned with constituent architectures. In a comprehensive measurement framework
for enterprise architectures, (Dube & Dixit 2011) have carried out a detailed evaluation
of six of the enterprise architecture approaches using three sets of evaluation measures.
These sets are titled as higher order goals, NFR support and Input and Outputs. The
evaluation measures that are directly related to EIA evaluation are summarized in
Figure 8.3

2.12.2 Evaluation Methods by Comparison of EA, EISA and
SA

These evaluation methods list evaluation metrics for the enterprise architecture and
hence include metrics for EIA as well. The CEO evaluation framework by (Vasconcelos,
Sousa & Tribolet 2007) for ISA modelling discusses a three levels framework comprising
goals, process and system. Three architectural levels comprise an ISA: the Information
Architecture, Application Architecture and Technological Architecture. For evaluation
of information systems based on an ISA, (Vasconcelos et al. 2007) have proposed ISA
metrics that conform to a structural template consisting of uniform attributes such
as name, computation (formula for computing the metric), scale (possible values of
metric) and architectural levels (relevant to a metric) among others. The metrics

directly related to EIA evaluation include:

1. NE - The number of entities (of an ISA), computed by counting the number of

information entities;

2. NIIFE - Average number of (different) implementations of an information entity,
computed with the help of NE (above) and the number of low-level information

entities;
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3. NR - Number of relations, obtained by counting the number of relations between

information entities; and

4. NUIFEA - Average number of Unused Information Entity Attributes, computed
by counting number of attributes in information entities that are not used in

any Read (R) operation;

Besides, a few other metrics are used by (Vasconcelos et al. 2007) to measure some
inter-architectural levels. This list provides useful metrics for evaluation for the
designed EIA and are unique in EIA literature found so far. It may be useful to note
that these metrics are quantitative in nature. We discuss this further in Section [8.8|in
the context of this research how quantitative metrics can point towards qualitative

metrics for EIA given in Figure [8.3]

As discussed in Section [2.11], The evaluation metrics for measuring the alignment
between business architecture and suggested by (Pereira & Sousa 2003) are
tabulated in Table 2.7, We have adapted these metrics into percentages to compare
these metrics along with other evaluation metrics discussed later. The first three
of these metrics corresponds to the three rules that (Pereira & Sousa 2003) have

prescribed, as follows:

1. All entities are created by only one process;
2. All processes create, update and/or delete (CUD) at least one entity;

3. All entities are read (R) by at least one process.

The first metric in Table measures the goodness of how the create operation
performs for every EIA entity over all business processes, and it is linked to rule 1 as
stated above. A high percentage of entities conforming to this rule is desirable to get
this measure as close to as 100% as possible. The second metric measures the number
of business processes that create, update or delete at least one entity over the number
of all business processes. The third metric measures the number of entities that are
read at least one process over the number of all entities. While these metrics measure
the CRUD operations on entities by business processes, these do not, however, reflect
upon how well the business-IT alignment has been achieved. We shall further discuss

this in the context of this research in Section [R.8]
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Pop = "ﬁcEP x 100 Percentage of number of entities created (C) by only
one business process (nEcP) to the total number of en-
tities (ntFE), business-IT alignment metric by (Pereira
& Sousa 2003).

Ppp = (%) x 100 Percentage of number of (business) processes (nPFE)

that create, update or delete (CUD) at least one
entity to the total number of (business) processes
(ntP), business-IT alignment metric by (Pereira &
Sousa 2003).

Prp = ("ﬁ’"EP ) x 100 Ratio of the number of entities (nErP) that are read

(R) by at least one process to the total number of en-
tities (ntE), business-IT alignment metric by (Pereira
& Sousa 2003).

Pave = <w) The measure of alignment between business architec-
ture and information architecture using the above three

metrics, (Pereira & Sousa 2003) have named this metric
as AlinAN_Al.

Table 2.7: Metrics for Alignment between Business Architecture and [ETA] adapted from
(Pereira & Sousa 2003).

2.12.3 Evaluation of Knowledge Based Systems or KBSs

Juristo and Morant (Juristo & Morant 1998) have reviewed the definitions of valida-

tion, verification and testing to put forward a common framework for evaluation of

I[Knowledge Based Systemss (KBSs)[and conventional software systems. This is because

knowledge engineering is different from conventional software engineering in that there
is no requirement specification at the start of developing a[KBS| This is because of
the very nature of the KBSs that their required tasks can not be defined at the start
of their construction. In knowledge engineering, the evaluation comprises of validation
and verification. Verification ‘- - - confirms that the expert system is logically consistent
but does not guarantee that its domain-dependent knowledge agrees with that of the
human expert.’As requirements may not be present in KBSs, validation (according to
one view) ‘- -+ should unfold as a sequence of stages paralleing the different stages of
KBS development life-cycle.’Based upon this, (Juristo & Morant 1998) propose that
the verification task should involve finding structural errors or errors of form, and
that the validation task should involve finding ‘errors of substance in the system or

knowledge’.

In software engineering, verification refers to building the system correctly (Boehm
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1984). This means that the focus of verification is the process of building system and
it establishes whether a system has been built to its specification. Validation, on the
other hand, refers to establishing whether the correct system has been built. The focus
of validation is, thus, the product that has been produced in KE activity (Boehm 1984).
In conventional software engineering, IEEE standard 729-1983 requires specifications
of each software component and demands adherence to those specification. The
requirement specifications, thus, act as reference point for validation and verification
in convential software systems. Evaluation in conventional software comprises of
correctness, validity, usability and usefulness of the produced software is carried
out. This evaluation follows the procedural steps of approach (with sub-steps of
objective, standard, criteria, technique and workload), examination, judgement and
decision. The common framework proposed by (Juristo & Morant 1998) provides
evaluation framework that decides which type of evaluation to be applied. This is
based on the understanding that many common terms exist in evaluation of both
knowledge-base and conventional software systems, albiet with different meanings

attached to these terms.

2.12.4 Methods for EIA Evaluation

EIA design approaches such as (Janssen 2007) have addressed the evaluation of EIA
and have specified metrics of adaptability and accountability to be critical for
EIA value. Martin et al, in (Martin, Dmitriev & Akeroyd 2010) consider qualitative
metrics for the EIA, namely: information quality that leads to metrics such as
storage and retrival, searchability, findability, accessability and security as
critical aspects. These qualitative aspects form a collection of valuable metrics for

EIA evlauation.

2.13 Research Gap Analysis for EIA Design

Information architecture development approaches in the past have suffered from nu-
merous factors that have led to their failures let alone the fact that BPR managers in
enterprises have only begun to grasp the critical place of IA development in order to
support organisation’s strategic goals. Classical IA methodologies such as E/M ana-

lysis, critical success factors (CSF), the long-range information architecture technique
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and the like suffered from too many interviews to be carried for understanding organ-
izational processes and associated information categories due to lack of appropriate

technologies, hence they lost the support from the strategic management.

The evolution of distributed computing and geographically distributed enterprises
has completely transformed the way strategic management of organisation used to
perceive their information resources. BPR executives now acknowledge the centrality
of information architecture for any success in improving their business process for
supporting a competitive strategy of their enterprise. IA is now getting its place in

big information management projects from eCommerce to eGovernment.

The understanding of a firm’s business processes, and hence of the organisational
structure itself, has tremendously changed over time. Modern business process
architecture methodologies, and process modelling techniques and technologies have a
promising capability to reduce the time and effort of modelling the enterprise, a major
caveat that was previously viewed as detrimental ((Teng & Kettinger 1995, Goodhue

et al. 1992)) for managers to support IA development at the enterprise level.

The Object-Oriented IA Analysis methodology provides useful insight into the
use of the Object-Oriented methodology in IA design, yet it is limited by aspects
that are vital to the contemporary technologies such as service-oriented architecture
(SOA), knowledge representation (KR) mechanisms and Semantic Web (Berners-Lee
et al. 2001, Hendler 2001). It also lacks elaboration of using other abstract mechanisms
such as generalisation and inheritance, aggregation etc. In the era of distributed
enterprises and agile businesses which interact heavily with other organisations, there
is an ever-growing need for structures of commonly shared knowledge of entities,
concepts and processes so that everyone talks the same language, and ambiguities are

minimised.

Ontologies provide this shared knowledge of a business domain. These are know-
eldge representation mechanisms that facilitate interoperability and are machine
processable (Gasevic et al. 2006). Among the process-oriented approaches for enter-
prise modeling, Architecture of Integrated Systems (ARIS) was limited not only in its
expressiveness and formality in models but also has limitations in links within models.
The automation of business process management is, thus, limited and this restricts
its access to enterprise at a semantic level (Hepp & Roman 2007). These weaknesses
were removed in the Semantic Business Process Management (SBPM) project (also
known as Project SUPER), which provides a formal basis for ARIS methodology and

the whole enterprise was modeled using Ontologies including the process modeling
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using EPCs in ARIS methodology. The SBPM project is, however, lacks a coherent

explicit approach for developing enterprise information architecture.

Contemporary semantic IA methodologies struggle to adopt a coherent approach to
model and use the knowledge of business processes and derive enterprise information
architecture that is in line with enterprise strategy. The TOGAF framework (TOGAF
2012) now facilitates the use of Resource-Event-Agent (REA) Ontology (Gailly &
Poels 2007) for ontologising the organization. For information categories, the use of
universal data element framework (UDEF) does not provide semantic knowledge of
data definitions for an automated use to construct enterprise information architecture.
Besides, the knowledge of business process lacks robustness for a better information
management. Zachman’s ISA also lacks a semantic link between information and
processes, although their technique may be re-described using knowledge representation

(KR) mechanisms.

The TOronto Virtual Enterprise (TOVE) Ontologies framework was designed in
Knowledge Interchange Format (KIF) which is not compatible with Web Ontology
Language (OWL). The process knowledge is saved in process ontologies using process
interchange format (PIF). The GOBIAF framework by (Kilpeldinen & Nurminen 2007)
views the business process architecture as business information architecture (BIA).
Several studies have been carried out using the BWW ontology for information
systems. However, these struggle to provide a generalized semantic framework to
derive enterprise information architecture from enterprise knowledge of business
entities and processes. One exception is the methodology by Soffer et al (Soffer,
Kaner & Wand 2008) that attempts to model Off-the-Shelf Information systems
Requirements (OSIR) based on the BWW ontological model. The OSIR methodology
has been applied to the Object-Press Methodology (OPM) to assist the development
of modeling tools for the selection, implementation and integration of commercial
off-the-shelf software packages. This technique is yet to be applied for developing a
general [A-derivation framework. The CEiSAR’s Enterprise Model (CEiSAR 2008)
is comprehensively designed for business processes and entities. Although it urges a
strong link between entities and activities, yet it lacks links between the two using

knowledge representation mechanisms.

Knowledge representation (KR) techniques such as Ontologies in recent research
have been instrumental in representing consensual knowledge and shared understanding
of information resources. Ontologies are machine understandable. Domain ontologies

can capture semantic relationships in data within a business domain with the help of
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inference rules that define taxonomic or non-taxonomic relationships in information
entities. Researchers have successfully represented knowledge of business processes in
the form of business process ontologies in healthcare, E-business, collaborated learning,
law, eGovernement etc. Ontologies have been used for business process management
(e.g. in (SUPER 2009)), but a semantic approach to enterprise information architecture

development is yet to be seen.

The DEMO Methodology and Enterprise Ontology by (Dietz 2006) has a complex
structure, although based on sound theoretical foundations. This may be a main
barrier to its usefulness as the strategic management and enterprise architecture would
need more user-friendly model to work with in order to optimize the costs and benefits
of developing comprehensive enterprise architecture. This technique lacks direct
derivation of enterprise information resources from business analysis information,
although it seems to construct basic building blocks of information from simple use

cases of flow charts.

Pascot et al (Pascot et al. 2011) have used HL7 ontology (Orgun & Vu 2006) for
application of their EA methodology to healthcare. This methodology, however, uses
Field Actions to represent processes and activities and hence lacks use of a semantic
process knowledge which could provide a foundation for knowledge and management
of information. This methodology makes an independent semantic model of the
enterprise and constructs the above-mentioned models of the enterprise components.
However, there is a complex relationship between business processes and enterprise
information resources. Gomes has reported (Gomes 2011) to have constructed EIA on

the basis of this ontological model.

A study into enterprise architecture approaches in Section [2.10] suggested that
abstractions and derivations of architectural domains within the enterprise architecture
can synergize their inter-relationships. However, these derivations are dependent upon
the underlying approaches that have been used to model these architectural domains.
This research is directed towards exploring the semantic relationship between two of
the architectural domains in the enterprise architecture, which are business process
architecture and enterprise information architecture. Research in semantic approaches
have so far lacked the use of business process knoweldge in the design of information
architecture. More specifically, the semantic derivation of EIA from an enterprise’s
BPA has not been explored in EIA design research so far. Such a derivation can
produce not only a semantic meta-model of EIA that is has the knowledge of business

processes of a firm but also contributes to enhance bridging the gap between the
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business (EBA]) and systems (represented by [EIA)) layers of an enterprise.

2.14 Chapter Summary

Enterprise Information Architecture (EIA) design is known to be essential for
information-based organisations for decades and has a pivotal status within the
enterprise architecture (EA). It is an integral activity within Enterprise Information
Management (EIM) that deals all the issues of information modelling, its storage,
security and governance. The emergence of Big Data has forced the strategic manage-
ment to review their information related capabilities, eGovernment is therefore a field

where EIM issues are realized at their best.

This study of literature has established the following points:

1. Although the TA community has historically been placing business processes
of an enterprise at the centre of its IA-building activity, yet this focus has not
met a coherent explicit treatment from the strategic management due to time

requirements for ETA design activity.

2. Contemporary enterprises suffer from the information syndrome caused by
an unprecedented volume of Big Data and organisations dealing with fast,
voluminous and heterogeneous data are now forced to review their information

infrastructures.

3. A review of classical as well as contemporary attempts to derive information
architecture from its BPA has identified opportunities for further research in
attempts to bridge the gap between these two concepts. This has been due to
involvement of huge time scales, resulted in lack management support. However,
new technologies such as XML and Semantic Web (SW) based technologies have

helped modelling both structured and semi-structured information.
From the above observations, we conclude the following:

1. Business process architecture design activities can be applied virtually upon all
sections of enterprise in a piecemeal manner and all the BPAs designed in a
piecemeal setting may be integrated in which information will be represented

at various meta-levels. For example, the business process may be considered
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a process at one level, while it may be considered as a business entity at the

enterprise architecture level.

2. Current semantic techniques have not exploited the business analysis information,
resulted from business process architecture design activity, to its full. Hence,

the design of a business process-aware EIA remains elusive.

3. An automatic (or semi-automatic) semantic derivation of enterprise information
architecture from business process architecture will assist in exploiting full
information from business analysis and can lay the foundations of a semantic
design of information infrastructure which is scalable to meet the future needs

of enterprise.

This chapter has provided a review of the state-of-the-art in the EIA design as a
vital aid towards finding the salient gaps between enterprise business and information
systems, particularly the gap between business process architecture and the EIA
as the core asset of the enterprise. This study has not only assisted in providing
a knowledge-base to identify the problem, but has also paved the way for design
of a research artifact tht can propose a solution to these problems. Consequently,
this chapter is linked to both steps 1 (Problem Identification and Motivation) and
2 (Objectives of a Solution) in the model by (Peffers et al. 2006) for design
science research. Step 1 is the 'Problem Identification and Motivation’ phase and step

2 deals with identifying the objectives of a solution.

The next Chapter presents the research methodology for this thesis within the
design science research context. The BPAOntoEIA Framework, the main research
artifact in this research, is presented to semantically derive enterprise information
architecture from business process architecture. Also, the significance and need of this
framework in the context of conclusions drawn from our literature review and will

suggest further research contributions to the completion of this research artifact.
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Chapter 3

Research Design

3.1 Introduction

Following the detailed review of the state-of-the-art literature in Chapter [2| regarding
the [ETA] design, it was concluded that [ETA] design approaches using semantic informa-
tion integration techniques are only beginning to take off in practice, and that the
ones that use semantic approaches suffer from either or both of the problems, namely:
(1) reliance upon business information analysis techniques that lead to complex m
design, and/or (2) not making full use of knowledge provided by the enterprise’s
business process architecture. The first problem undermines the simplicity of the
EIA design process and hence strategic management does not give proper significance
to design due to lack of time for understanding these techniques. The second
problem results in an design that is based on an insufficient knowledge of the
associated business processes and/or the enterprise’s BPA. Besides, due to its limited
usefulness in an information-based enterprise, the resulting [ETA] cannot support future
information requirements emerging from the changes which are initiated from business
strategy or business requirements. Mitigating these issues can result in an improve-
ment of enterprise information strategy implementation as well as a better business{IT]
alignment that constructs a viable bridge between business processes and enterprise
information resources. Moreover, a business process-aware strengthens the align-
ment between organisation and information systems infrastructures, as depicted using
(Earl 2009)’s strategic alignment model in Chapter [I]

In a step towards resolving these issues, the research methodology is proposed for

this research to be conducted in the context of design science research methodology
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(Hevner et al. 2004, Peffers et al. 2006, Hevner 2007). The BPAOntoEIA Framework,
proposed in this research, is driven by the semantic derivation of enterprise information
architecture from a given enterprise’s Riva business process architecture. The aim is to
demonstrate that it is possible to derive a meta-model of an from the meta-model
of a for a given organisation following the Riva BPA design method.

3.2 Chapter Objectives

This chapter has the following objectives:

e Identify the boundaries of this research;

e Present the research methodology followed in this research with a brief intro-

duction to the design science research paradigm;

e Set the requirements for the research artifact of this research (the BPAOntoEIA
framework) in the context of the [DSRP| model;

e Identify the required characteristics that the BPAOntoEIA framework needs to

POSSESS]

e Present the BPAOntoEIA framework with detailed activities in its layers to
attain the research objectives set out in Section [I.2]

3.3 Boundaries of This Research

This research is limited to the proposition that the semantic derivation of an enterprise
information architecture can be carried out from a semantic representation of a
that is based on the Riva method (Ould 2005), and hence removing
the bottlenecks of long manager interviews by using the knowledge of enterprise
information resources. This research does not expand to other areas of the enterprise
information management discipline, such as information security and information

governarnce.
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3.4 The Design Science Research Paradigm - A

Brief Review

The design science in information systems research paradigm was put forward by
(Hevner et al. 2004) and is based on creating innovative design artifacts. The design
science is aimed at defining and developing ’ideas, practices, technical capabilities and
products’ with an objective to analyse, design, implement, manage and use the inform-
ation systems for their optimum effectiveness and efficiency. This is a paradigm where
solutions of complex problems are suggested developing I'T artifacts using 'intellectual
as well as computational tools’. The design science in[[S|research was motivated by the
need for business alignment, which according to (Hevner et al. 2004), was possible
through an ’extensive design activity’ within the organisational infrastructure as well
as information infrastructure (Figure [1.2). Within the context of this research, one of
the design activities at the organisational infrastructure side may be the design of a
business process architecture that details business processes in the organisation, their
interaction and orchestration. The design activity at information infrastructure side
is the information system design, for which the enterprise information architecture

design is a vital sub-activity, as depicted in Figure

Problem Objectives of
Identification | aSolution (m)

1_I

Initial Design

Design Demonstrate Communicate

Figure 3.1: Phases of the Design Science Research Model by (Peffers et al. 2006), Adapted
for this Research.

The design science research process [DSRP| model is a conceptual model based on

principles of design science paradigm (Hevner et al. 2004) that views design both
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as a product and as a process. The product is the research artifact, which in this
research is, the BPAOntoEIA framework (described in Section for semantically
deriving an organisation’s EIA from its associated Riva-based BPA. The process is
the design activity that has a number of phases, also known as the phases of [DSRP)
model (Figure . These phases are:

1. Problem Identification and Motivation - define the specific research problem and
the motivation drawn from the literature review as well as possible techniques

that could lead to a solution;

2. Objectives of a Solution - Identify possible solutions and select the best out of

those, derive objectives of a solution from problem identification phase;

3. Design - Develop the design of the solution, this can include constructs, models,
methods and instantiations. As depicted in Figure [3.1] this phase was sub-
divided into two phases, namely the Initial Design phase and the Detailed Design
and Prototyping phase;

4. Demonstrate - Demonstrate that the design solution is efficient and meets its

objectives. This can be in the form of simulations, a case-study or a proof;

5. Fvaluate - Observe how effective and efficient the design artifact is, which
represents the design solution. Use results from demonstration phase, metrics

and analysis to evaluate the designed solution;

6. Communicate - Publish the findings in professional publications.

The next section presents the research methodology for this research in line with the

phases of the DSRP| model as described above.

3.5 Research Methodology

As described above, the DSRP| model guided the design of this research. Moreover,
this research aims to determine the extent to which the derivation process can be
automated to achieve the research artifact. Figure details all steps of our research
methodology indicating the corresponding phases of the DSRP|model in order to reach

our research objectives.
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3.5.1 Problem Identification and Motivation

In this phase, we identify the main motivation for this research and define the research
by stating the research hypothesis and identifying a set of associated research questions
while clearly stating the research aim and objectives. A comprehensive literature
survey is also conducted in this phase. The literature review (Chapter [2) provides the
relevance (Hevner et al. 2004, Hevner 2007) to this research and helps identifying a
solution space for our research problem, which encourages proposing a solution in the
initial design phase. The research hypothesis, along with associated research questions
defined in Sections [1.3] and research objectives in Section [3.5.2] inform the evaluation
of our research. Defining the associated research questions led to a methodological
approach to determine the extent to which the research hypothesis is true, and the

extent to which the research artifact is effective.

In the literature review presented in Chapter [2] both classical and contemporary
approaches were critically reviewed for enterprise information architecture design
and the use of ontologies for semantic enterprise information architecture design
frameworks. This provided for the rigour for the design (Hevner et al. 2004,
Hevner 2007), which is based on past EIA design practices in the literature. Business
process architecture methodologies were reviewed with a rationale presented on how
and whether these methodologies bridge the gap between business process architecture
and enterprise information architecture, which is a step closer to information systems
design. Moreover, a wider review of the Enterprise Architecture discipline was
performed, which identified how enterprise information architecture is placed within
the overall architecture of the enterprise. In this effort, disciplines of information
management were also identified, which are most relevant to the enterprise information

architecture.
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3.5.2 Objectives of a Solution

As the second step in the[DSRP|model identifying the objectives of a solution comprises
identifying the guiding principles that guide the research undertaken. In the context

of this research, these guiding principles have been identified in Section [1.2

3.5.3 Design and Development - Initial Design

From the design science research perspective, we search for a solution to the problem
identified in Section by designing an artifact that iteratively finds a solution
as detailed in the research methodology (Section . Our design artifact is the
BPAOntoEIA framework that provides semantic mappings and guidelines for deriving
an organization’s from the semantic meta-model of its Riva business process
architecture. This is further expanded later in this chapter. For the sake of practicality,
we have divided this phase of the DSRP| model into an initial design phase and a
detailed design phase.

Conducting a comprehensive literature review of the state-of-the-art in enterprise
information architecture design has enabled the researcher propose a solution that helps
finding answers to our research questions. In proposing a framework to semantically
derive [ETA] from an organisation’s [BPA] the researcher relied on the semantically
enriched business process architecture defined in the previous research work of
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(Yousef 2010) which introduced the BPAOntoSOA framework. The BPAOntoSOA
Framework constructed the semantic BPA]in the form of the ontology, specified
using OWL-DL (Smith et al. 2004) that embodies the ontological representation of
BPA| using the Riva design method, (Ould 2005).

Accordingly, we have identified certain modifications to Yousef’s BPAOntoSOA
framework (Yousef et al. 2009a) to facilitate the semantic derivation of processes
which are then capable of interfacing with other processes of information manage-
ment as well as business strategy. However, how these [ETA] processes interface with

management or business strategy processes is beyond the scope of this research.

The initial design phase starts with proposing the generic [ETA] ontology. As
enterprise information architecture has its own set of concepts, the generic
ontology is developed (Ahmad & Odeh 2014) that semantically represents
generic concepts of an [ETA] and the semantic relationships between those concepts.
Developing this ontology includes conceptualisation of [ETA] elements as well as defining
attributes, restrictions/axioms and rules that set relations between concepts (or classes)
to complete the formal representation of elements in OWL DL (specification 1.0
as well as 2.0). This should provide semantic knowledge for the enterprise information
architecture of the fundamental elements of information entities and information-
related processes to traceability matrices and information views. We identify design
decisions in this phase that are required to perform our research. This includes deciding
what an enterprise information architecture is comprised of and what a contemporary
EIA|is, which is semantically enriched (Chapter [4)) and is directly derivable from the
semantically enriched business process architecture (discussed in the next Section)

taking into consideration the concerned stakeholders in the enterprise.

As the ontology semantically represents elements of a generic [ETA] it
requires modification so that it can semantically represent some special [ETA] elements

derived from the semantically enriched Riva [BPA] This modified form of the
ontology is named as the ontology and additional semantic elements in this
ontology, namely the srEIAOnt: IEMP and srEIAOnt: IESP concepts (Section |5.4.2)),

can hold some of the derived concepts from the Riva BPA]semantically represented

by this extended [srEIAOnt| ontology (Figure .

For an on-going demonstration, we test our approach for the semantic derivation of
[ETA] from a given Riva-based [BPA]using the [CEMS| Faculty Administration example of
an organisation (see Section . The initial design phase also invloves proposing
extensions to the ontology by (Yousef 2010, Yousef & Odeh 2011) in their

84



BPAOntoSOA framework (described in Section to complete the semantic
model of the Riva [BPA] design method. The Riva [BPA] method was introduced by
(Ould 2005); it is object-based as described in Section . The ontology
semantically represents almost all (except one) generic concepts of Riva and the

relationships between them. This research has suggested to include the remaining

Riva concept, which is the |[Case Strategy Process (CSP)| concept, in an extended
ontology. Consequently, this lays foundation for the structure of the new
BPAOntoEIA framework that provides semantic mappings and guidelines for the

semantic [ETA] derivation from the semantic representation of a given Riva business
process architecture of an enterprise. The BPAOntoEIA framework is the main artifact
of this research and is further described in Section This phase also outlines the

inputs, main activities and characteristics, and outputs of this framework.

After suggesting extensions to the sifBPA] ontology and the design of the
and ontologies, the wnitial design phase implements these suggestions to
extend the [srBPA| ontology and designs the initial sketch of the BPAOntoEIA frame-
work - our intended research artifact. The ontology (Yousef & Odeh 2011)
is extended to complete the semantic representation of the Riva elements and
identify the additional information required for each of the business entities. This ad-
ditional information may assist in identifying information entities during the semantic
derivation of [ETA] and classifying these entities according to their nature. We name
the outcome of this extension as the extended ontology.

3.5.4 Detailed Design and Prototyping

In the detailed design phase, the semantic approach for deriving the enterprise
information architecture from Riva-based business process architecture is specified.
To this end, we define algorithms that derive [ETA] entities, processes and other [ETA]
elements while utilising the semantic representation of the Riva-based BPA]in the
form of ontology as well as semantic representation of [ETA]in the form of the
ontology. Business process models used for case-study are given in the
[Business Process Modeling Notation, Specification 2.0 (BPMN 2.0)| (OMG 2011) and
are semantically represented using the ontology by (Natschlager 2011).

In the remainder of this thesis, we shall follow a naming convention to mention
concepts and properties in various ontologies. As our initial design was carried out
using the Protege-OWL tools (Protege 3 User Documentation 2006), and this tool
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uses aliases for ontologies imported or designed in a project, these aliases provide
readability when referring to the ceoncepts and properties of loaded ontologies in this
tool. Throughout this thesis, the same aliases are used as these provide conciseness to

the text, and are defined in Table [3.1] below.

The [srBPA| Ontology pl
The Extended |srBPA| Ontology P2
The gEIAOntl Ontology p3
The erIAOntl Ontology p4
The BPMN 2.0| Ontology p5

Table 3.1: Aliases for Ontologies Used in this Research.

3.5.5 Demonstration

In the design science research, demonstration of the research artifact means testing
the quality and usefulness of the research artifact. The case-study approach is the
most effective way of demonstration once an example is available that meets the
requirements for testing all the components of the developed research artifact, (Hevner

et al. 2004).

Although the on-going example of the example paves the way to describe
the components of the BPAOntoEIA framework and ordering of its activities such
that the framework is ready to be instantiated, yet this example does not represent a
real case-study as it can not validate all the aspects of the BPAOntoEIA framework.
Consequently, a robust [CCR] case-study is used in the demonstration phase, as depicted
in Figure for a comprehensive evaluation. The use of a demonstrative organisation
such as [CEMS]| before instantiating the BPAOntoEIA framework case-study helps
refining the design artifact in an iterative style, where vital reflective information is
fed into the framework to make amendments to its desgin prior to evaluating the

research design artifact for a case-study organisation.

The [CCR] case-study provides a complete example organisation which was used
by previous research (Yousef et al. 2009a) and (Odeh 2015) using the semantically
enriched Riva BPA method. The demonstration for this research, using the [CCR]
case-study, results in important evaluation data that can point the researcher to a
degree of efficacy that the BPAOntoEIA framework produces to derive EIA from BPA
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and help meeting the research objectives and answering research questions in this

research.

3.5.6 Evaluation

In the evaluation phase, we apply the BPAOntoEIA Framework using the
case study (Aburub 2006, Yousef 2010) in order to obtain a corresponding [ETA]
The evaluation framework that we adopted in this research is a 3-phased process.
Firstly, the evaluation of [gETAOnt| and [srETAOnt| ontologies is statically carried

out using ontology evaluation framework by (Juristo & Morant 1998). Secondly,

the evaluation of the semantic derivation is carried out through dynamic validation
of the the resultant enterprise information architecture using the evaluation
methodology by (Juristo & Morant 1998) that also includes static validation, usability
and usefulness checking of the resultant EIA. Finally, the concern-based evaluation
(Kotonya & Sommerville 2002) is employed as it has been utilised by earlier researchers
(Khan 2009), (Kossmann 2010), (Yousef 2010) and (Munir 2010) to reflect upon the

research questions bottom-up before answering their respective research hypotheses.

3.5.7 Communication

The communication phase in the model (Peffers et al. 2006) encourages re-
searchers to discuss their solution to the community for their valuable comments and
possible suggestions to remove any bottlenecks faced during this research. Our initial
research has resulted in three publications (listed in the start of this thesis), whereas

the research outcomes need to be published in further research papers.

In the following section, we list requirements for the BPAOntoEIA framework, the

main design science research artifact for this research.

3.6 Requirements for the BPAOntoEIA Framework

This section will describe the rationale for the BPAOntoEIA framework that we
propose in this research for semantic derivation of enterprise information architecture

from a given business process architecture. The research questions and objectives,
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defined respectively in Sections and [3.5.2] suggest two essential requirements to
realise the BPAOntoEIA framework:

1. Semantic Enrichment of the Enterprise Information Architecture

This requirement needs to be satisfied to design a semantic approach for deriving
the enterprise information architecture from a semantic [BPA] This involves

the development of a generic ontology (called the |gETAOnt| ontology)

that conceptualises the elements of enterprise information architecture and
can be used to derive [ETA] from any [BPA] methodelogy design approach. The
semantic derivation is carried out so long as the formal representation of [BPA]
elements in the selected [BPA] design approach is provided in such a way that
semantic mappings can be developed for constructing [ETA] elements from those
BPA] elements. The ontology thus facilitates the automation of the

derivation process for enterprise information architectural elements.

It was discussed in Section that no direct semantic approach exists that is
used to derive [ETA] from a given [BPA]l However, both classical and contemporary
approaches to [ETA] design determine a set of elements that enterprise information
architecture (EIA|) must have in order to organize enterprise information resources
for a competitive and strategic business advantage. These EIA design elements
are detailed in Section [£.3.1] which the [gETAOnt]ontology utilizes to conceptualise

elements of a generic EIA.

However, the developed ontology will adequately fit in with the semantic
derivation technique only if it responds well to the underlying BPA]design method
that has been semantically enriched as an input to the BPAOntoEIA framework.
This will require an extension of the ontology in order to align with the
input semantic In this research, the Riva method (Ould 2005) is the
underlying design method and its semantic enrichment is provided (Yousef
& Odeh 2011) as the stBPA ontology. Thus, an extension of the
ontology would be required so that the semantic EIA that emerges as a result
of semantic derivation from the semantically enriched Riva-based BPA in the

stBPA ontology.

Consequently, two sub-requirements emerged from the above requirement:

(a) The development of a semantic representation in the form of a generic
enterprise information architecture ontology (gEIAOnt|) that conceptualises
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generic [ETA| elements. This attempts to partly answer the third research
question RQ3 for identifying and semantically representing [ETA] elements.

(b) Development of an eztension strategy for the ontology so that
the extended ontology can facilitate semantic derivation from a particular
[BPA] design method. For this research, we call this extended ontology
as the (semantic and Riva-based) ontology, in order to derive

from Yousef’s semantic Riva-based (srBPA)) ontology (Yousef &
Odeh 2011).

The above two requirements partly answer the first and third research questions
RQ1 and RQ3 (Section that assess the extent of utilising BPA for EIA

derivation, and the extent of automating the semantic EIA derivation approach.

. The development of a semantic approach to derive the enterprise in-
formation architecture from Riva-based business process architecture

so that the resultant semantic EIA satisfies [ETA| design principles.

Following the review of state-of-the-art literature in Chapter [2] in relation to
the contemporary enterprise information architecture design, it has been
established that the EIA design needs to utilise knowledge management and
knowledge representation approaches in radical approach that derives EIA
directly from the BPA of an enterprise, so that the resultant EIA is business
process-aware. This radical approach places the information resources at the
centre of the enterprise as compared to the ad-hoc EIA design approaches that
design information models around business processes in the design practice.
This requirement is, thus, the result of the review of current research performed
so far, which is detailed in Chapter 2] Moreover, the information industry is
still suffering from problems of correct (and quality) information access to the
authorised personnel or agency at the right time. This is a fundamental feature
of enterprise information management. The use of knowledge management and
knowledge representation techniques are widely used techniques in artificial
intelligence. With these issues and opportunities in mind, a business process-
aware EIA not only holds a semantic knowledge of organisation’s business
processes and their interactions but also maintains a capability to sustain
business change. Such an EIA can sustain change by maintaining traceability
between all of the elements within EIA as well as traceability between EIA and
BPA elements.
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The semantic Riva-based ontology (srBPA)) provides a semantic repres-
entation of business process architecture of an enterprise using

ILogics-based Web Ontology Language (OWL-DL)| (Yousef & Odeh 2011) fol-
lowing the Riva method by (Ould 2005). The Riva method follows a

systematic approach to identify business entities that an enterprise deals with,

the units of work and dynamic relationships within them to identify processes
that are operational as well processes that are management and strategic. So,
business processes identified by the Riva method are independent of both organ-
isational hierarchy and culture. This independence from organisational hierarchy
is intuitive because a business process may involve two or more sections (or
departments) within an enterprise. This is depicted in Figure , which clarifies

the research contributions within this reseach.

Another advantage of the Riva method is the identification of business entities
right from the start of BPA] design. Although these business entities are only
relevant for developed leading to units of work (UoWs) and business
processes, these business entities form a baseline resource forming the set of core
information entities for the enterprise information architecture. As the Riva
method is regarded as an object-based approach with an average popularity
(Dijkman et al. 2011), yet it is an effective desgin approach from business
information systems view-point (Green & Ould 2004) and yields some useful
by-products relevant to the design of [ETA] Therefore, it is seen as a natural
candidate for our [ETA] derivation approach.

An approach that is based on the semantic derivation of enterprise informa-
tion architectural elements from business process architectural elements is a
structured representation of information that covers the processes of acquisition,
organisation and distribution of information to authorised recipients within the
information management processes (Detlor 2010) as mentioned in Section [2.4.5]
These features are highly supportive to the processes of designing information
models (semi-)automatically and leveraging the business intelligence of the

enterprise.

The generic semantic representation is developed as the ontology,
as mentioned in Requirement 1 (above), and the resultant is based on

elements that are directly derived from business analysis carried out during the

development process, conceptualised in the ontology by (Yousef &
Odeh 2011). For the purpose of the derivation, the [srEIAOnt{ ontology is
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used which is an extension of the ontology as mentioned in the details
of Requirement 1. This partly facilitates finding answers to research questions
RQI and RQZ| that necessitate judging the extent to which the use of semantic

business process architecture information can assist in deriving [ETA}related

information.

From this requirement, three further requirements emerged:

(a)

The semantic representation of Riva in the ontology needs to
be analysed for methodological completeness and modified (or extended)
to make it suitable for the [ETA] semantic derivation. This requirement
suggests that the semantic representation of the Riva [BPA] method should
be checked for completeness so that all the concepts of the Riva method are
semantically represented in the ontology. In addition, this semantic
representation should hold additional information about business process
architectural elements to facilitate the semantic derivation of [ETAl from
this semantic representation of the BPA] For example, the p1:EBE concept
in the stBPA ontology should have boolean properties for the business
analyst in order to identify for each instance of this concept whether it
carries information, and whether that instance is a concrete or a conceptual
entity, further details of this feature are provided in Section [5.3.3.3] For
this purpose, the existing semantic representation of [BPA]in the

ontology should be extended and modified, if necessary.

Use knowledge of business entities (called essential business entities or
EBEs), units of work (UoWs) and the dynamic relations between them
(these are called Riva relations), and the knowledge of business processes
(CPs, CMPs and CSPs) and of business process models (BPMs), to de-
velop a semantic [ETA] derivation approach. This derivation approach is
required to identify static elements, which are information entities and
information-related processes along with their traceability information. It
also constructs dynamic elements of [ETA] that present information views
comprising information flow within processes at varying granularity levels

for business stakeholders.

Using a representative case study so that the derivation approach can
be evaluated satisfying the [ETA] principles and that the shortcomings of
this approach can be identified for possible further enhancements of this

approach.
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These three requirements provide a collective guidance to find answers to research
questions RQI, RQ2 and RQF| stated in section [1.3]

Once the requirements for building this framework are identified, we can now identify
the desired characterstics of the BPAOntoEIA framework as presented this framework
in Section [3.8 In chapters [d] and [5] we shall discuss respectively the architecture of
the BPAOntdETA| Framework, which meets these requirements to make two major
new research contributions: (a) development of the ontology, and (b) the

semantic derivation of the [ETA] from Riva-based business process architecture using

the ontology that is the Riva-oriented extension of the ontology.

3.7 BPAOntoEIA Characteristics

3.7.1 [BPAlbased Derivation

The BPAOntoEIA framework is based on direct derivation of enterprise information
architecture from a given business process architecture. This direct derivation of
suggests and enables enterprise Information Architects (IAs) to be in close
contact with strategic management, business experts and business process modelers.
This close contact facilitates change management processes within the information
management department of the enterprise and also supports the issues of future
information requirements such as generation of new information based on new business
process architectural elements. The BPAOntoEIA framework generates the [ETA]
elements based on the Riva method by (Ould 2005). These elements
comprise a highly complete set of business information rather than only business
processes. Such business information includes knowledge of business entities, units of
work and dynamic relationships between them and all business processes that range
from operational level (case processes in Riva) to management (case management
processes) and strategic (case strategy processes) levels. This means that knowledge
of change in any business process architectural element enables better preparedness
for the [ETA] design team to timely perform a change impact analysis in order to
assess change in the [ETA] using the traceability information between EIA elements.
The traceability information between BPA and EIA elements may also be utilised,
particularly when analysing the impact of the change in EIA that is initiated from

change in organisation’s BPA.

92



3.7.2 Business Process-Aware

The enterprise information architecture (EIA|) that is derived from business process
architecture of the enterprise is particularly aware of business processes both at
operational and strategic levels. The BP-awareness of [ETA]brings significant advantages

to the enterprise. Firstly, the knowledge of units of work (UOWSs) along with their

inter-dependencies, |[Case Process (CP)| [Case Management Process (CMP)land Case
Strategy Process (CSPJ|) of Riva-based [BPA|and the knowledge of their process models
provide a diverse and large amount of process information for the [ETA] entities as

well as processes. This knowledge enables the to: (1) be responsive to
change management issues originated from change in [BPAl and (2) facilitate possible

interfaces with other information management sections such as information security,
quality, compliance and governance, as well as interfaces with business strategy. This is
possible by specifying special-purpose management- and strategy-level processes within
[ETA] design which can, if required, interface with information management section
and/or business strategy to implement their respective tasks. Secondly, the knowledge
of business processes also resolves, without extra effort, the problem of accessing
related information within the context of a particular business process as identified
by (Deng, Devarakonda, Rajamani & Zadrozny 2008). Thus, the BP-awareness and

the traceability information of enables it to provide the so-called
[Information Leverage (EIL)| solution not by organising information around processes,

as suggested by (Deng et al. 2008), but by designing EIA so that information is at the
core of enterprise and by making the right information accessible to every business

process as and when required.

3.7.3 Supportive of Business Strategy

The enterprise information architecture generated by the BPAOntoEIA framework
needs to be supportive of enterprise business strategy so that it can implement
the strategy requirements which impact business and/or information resources of
the enterprise. However, business goals, which are considered to represent business
strategy, are beyond the scope of this research. Nevertheless, the BPAOntoEIA
framework provides special-purpose [ETA] process concepts so that the decisions of
strategic management - that directly or indirectly affect [ETA] elements - can interface

with these processes in a possible future extension of this research.
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3.7.4 Ontology-based

The enterprise information architecture of an enterprise should use terms
and definitions of its elements that are commonly shared (consensual) and agreed
between stakeholders. This is essential because [ETA] follows generic design principles
so that organisations from various business sectors speak the same language when
designing their [ETAk. Accordingly, the BPAOntdETA] Framework in this research
proposes a generic enterprise information architecture ontology as one of
its major research contributions. This ontology conceptualises [ETA] elements and their
inter-relationships in order to provide a commonly shared knowledge of enterprise

information architectural elements for communication with stakeholders.

3.7.5 Domain Independent

The proposed framework in this research is domain-independent as it can be applied to
derive enterprise information architecture from a firm’s business process architecture
irrespective of its business domain. The use of abstract ontology
and an abstract derivation process provide a meta-model of information for
the information architectural elements and a process of deriving [ETA] from abstract
meta-model of BPA]such that these abstractions can be instantiated for a particular
business domain to identify the enterprise information architectural elements for that

business domain.

As the business process architecture can be developed for either a part or whole of
the organisation, boundaries of a business domain can be subjective. If the boundary
is set for only a part of organisation, then business and information architects can
construct Riva [BPA] of that section of the organisation and derive an associated
using the BPAOntoEIA framework. Moreover, this framework can be applied to any
domain because both Riva BPA method and its semantic categorisation by (Yousef
et al. 2009a) are domain independent. Consequently, the semantic representation
of generic EIA concepts in the ontology (Ahmad & Odeh 2013, Ahmad
& Odeh 2014), and the semantic EIA derivation in the BPAOntoEIA framework in
this research are also applicable to any business domain. The semantic derivation
approach in the BPAOntoEIA framework is first developed using the [CEMS| Faculty
Programme Administration (Green & Ould 2004) as a demonstrative example in

Chapter [5] The other case study is an example of a whole organisation dealing in

94



Cancer Care (called the case studay) at King Hussein Cancer Centre (KHCC)
in Jordan (Aburub 2006), used in Chapter

3.7.6 Technology Independent

The enterprise information architecture of an enterprise is, by definition,
independent of the technologies that are used to implement and deliver the enterprise
solutions to its clients. Accordingly, the maps of organisational information resources
are constructed such that these maps are independent of what technologies facilitate
the information flow at a particular instance. This independence is essential because
the conceptualisation of organisation’s information assets and their inter-dependencies,
and processes that facilitate the information flow within its value chain needs to
be designed separately from how it is implemented and what technologies can best
serve this implementation according to the specifications and expectations of all
stakeholders.

Therefore, the BPAOntoEIA framework proposed in this research is technology in-
dependent and generates a technology independent enterprise information architecture

that is derived from the enterprise’s business process architecture of the enterprise.

3.7.7 Adheres to [ETA] Design Principles

The BPAOntoEIA Framework adheres to the principles of [ETA] design set by the
contemporary as well as classical design research, particularly (Fisher 2004,
Evernden & Evernden 2003a, Brancheau et al. 1989), detailed in Sections and
respectively. This provides rigor (Hevner 2007) to the BPAOntoEIA framework
as the derived [ETA]is based on EIA design approaches published in previous literature.

3.7.8 Supports Information Management Objectives

The enterprise information architecture must support the information management
objectives. This is fundamental because otherwise the objective of the [ETA] design
is itself defeated. Although the processes of acquisition, organisation and storage
(processes 2 and 3) within the information management process detailed in Section
are related to the [ETA] design, yet the [ETA] needs to be supportive of processes 4,
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5 and 6 in that list, so that correct information is accessible for developing business
analytics and distributing of relevant information to authorised recipients (individuals

and/or organisations) is always possible (information accessibility and availability).

3.8 The BPAOntoEIA Framework

The Enterprise Information Architecture design is a discipline within the Enterprise
Information Management department of an enterprise which performs its
functions (as stated in Section following both business and IT strategies of the
enterprise as depicted in Figure 1.2 of Section|1.1.7, The Business Process Architecture
of an enterprise is designed within the Enterprise Business Architecture layer of
the Enterprise Architecture. The context of the BPAOntoEIA framework is depicted
in Figure [3.4] in which the perspective and true location of this research is shown
within the enterprise (represented as a sphere). This figure uses the ’organisational
infrastructure’ instead of [EBA] and we have adopted this term to be in line with
(Hevner et al. 2004).

In the context of design science paradigm (Hevner et al. 2004, Hevner 2007), the
BPAOntoEIA framework is the main design artifact of this research. As described
in Section [3.7.7 this artifact makes use of well-known constructs (vocabulary and
symbols) in the field of design. The development and use of ontologies provide
abstract models that represent enterprise information architecture. The semantic
derivation technique in this framework elaborates methods (algorithms) for deriving
a semantic model of [ETA] and the instantiation of this framework is carried out
for a case-study by designing a prototype that can assist in answering the main
research questions during evaluation. The design process for this framework is based
upon an iterative loop that builds and tests the instantiations of the framework and
recommends adjustments or changes to it before repeating the build-test loop (Hevner
et al. 2004).

Figure depicts the various elements of the Riva [BPA] method including the
traceability information within the [BPA] All of these elements except the case strategy
process concept were semantically represented by Yousef’s BPAOntoSOA
Framework (Yousef et al. 2009a) in their BPAOnt ontology (Yousef 2010), which
was the merger of Yousef’s srBPA ontology (Yousef & Odeh 2011) and the sBPMN
ontology by (SUPER 2007) (that represents the semantic enrichment of business
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Contextof this Research
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Figure 3.4: The Context of BPAOntoEIA Framework within Strategic Alignment Per-
spective referred to by (Hevner et al. 2004) depicted in Figure The sphere represents an
enterprise.

process modeling notation BPMN, specification 1.1). The BPAOntoEIA framework
in this research first proposes the extension of the ontology to include the

representation of followed by the development of semantic representation of the
[ETA] elements, which are derived from [BPA] elements as indicated in Figure [3.5

All of the concepts in this figure except the p4:IEMP and p4:IESP concepts are
represented in the generic [ETA| (gEIAOnt)) ontology, while its Riva-oriented extension
- the ontology - includes the additional concepts of p4:IEMP and p4:IESP,
which are directly derived from the Riva-based [BPA| concepts. These two process
concepts are described in Section [5.4.2.1] and [5.4.2.2] respectively. The extension of
ontologies is also described in Figure [3.3] of Section [3.5

In order to manage change, whether small or large-scale, change impact analysis
provides important information about the possible impact on various elements of the
and/or The traceability of architectural elements plays a pivotal role in the
seamless implementation of this change. The BPAOntoEIA framework proposes the

conceptualisation of various traceability matrices through a dedicated concept in the
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Figure 3.5: The BPAOntoEIA Framework vs the BPAOntoSOA Framework of (Yousef
et al. 2009q).

and ontologies as discussed further in detail in Sections
and

In Figure the BPAOntoEIA framework is further elaborated. It consists of
two layers, the first of which is called 'the semantic derivation layer’. This layer
suggests an extension to the srBPA ontology by (Yousef & Odeh 2011) in order to
include case strategy processes (CSP) of the Riva method (Ould 2005). It includes
representing the [ETA] architectural elements in the form of the ontology
using Description Logics-based Web Ontology Language . This layer also
defines and uses SWRL rules to perform the abstract derivation of [ETA] architectural
elements from architectural elements (detailed in Chapter |§[) The second layer,
called 'the instantiation layer for semantic derivation’, is used to instantiate the

BPAOntoEIA framework for initial validation as well as final evaluation.
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3.8.1 The Semantic Derivation Layer

In the first layer, [ETA] elements have been conceptualised in the ontology.
The semantic derivation identifies the set of abstract rules to describe this derivation
using [SWRL| (Horrocks, Patel-Schneider, Boley, Tabet, Grosof & Dean 2004) and
OWL-DL} (Smith et al. 2004). Steps in this layer are summarized in order as follows:

1. Define main concepts of Enterprise Information Architecture in the
ontology and describe relationships between these concepts using
[OWL-DIJ] Taxonomic relationships are manifested using sub-Concept hierarchy
within [OWL-DIJ and non-taxonomic relationships are defined using the semantic

representations of business process models of an enterprise and SWRI] rules

using the [Web Ontology Language (OWL)|object properties.

2. Suggest an extension to Yousef’s BPAOntoSOA Framework (Yousef et al. 2009a,
Yousef 2010) to include: (1) the case strategy process (CSP)) concepts of Riva
BPA| method, and (2) additional semantic information about business entities
(instances of EBE concept) in the ontology. These two extensions
are carried out to facilitate the semantic derivation of [ETA] elements from an

associated [BPAL

3. Adapt the ontology so that the semantic derivation of [ETA] can be
carried out by using the semantic Riva-based [BPA| (or [srBPA| ontology) as

extended in step 2 above. Name this adapted ontology as the
ontology.

4. Identify abstract semantic derivation rules and construct algorithms to derive

[ETA] elements using the extended srBPA and ontologies using the
semantic business process models of a generic enterprise.

3.8.2 The Instantiation Layer for Semantic Derivation

In this layer, an example organisation is used to instantiate the modified
ontology for [BPA] elements, which will be used for deriving the [ETA] elements in the in-
stantiated ontology using abstract derivation rules identified in the top layer
of the BPAOntoEIA framework. Similar to the modified ontology, the
ontology as well as the ontologies have been specified using [OWL-DI] This
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example case-study will assist in reflecting upon the correctness and completeness
of the resulting [ETA] derivation and suggest changes to the framework towards our
research objectives as stated in Section [1.2] This can also entail adjustments to the
ontological representations in the [gEIAOnt| and [srEIAOnt| ontologies, or to the
derivation approach. (Horrocks et al. 2004) has been used in initial validation
with SWRLTab and Jess (Java Expert System Shell) Rule Engine using JessTab
(Corsar & Sleeman 2006).

However, for the final evaluation of the BPAOntoEIA framework, a more repres-
entative case-study has been used as a more ‘complete’ semantic representation
of the BPA] as compared to the earlier example used for the intial validation. For this
case-study, the [srBPA| the [srEIAOnt| and [BPMN 2.0| (described below) ontologies
for a given case-study enterprise are used to derive the semantic derivation of
elements for that enterprise. The ontology by (Natschlager 2011) provides
semantic conceptualisation of business process models using specification
2.0 (OMG 2011) and the instantiation of this ontology for the case-study was
carried out using a developed tool instaBPMN20 using Java-based [OWT][Application|
[Programmable Interfaces (APIs)| (version 4.0.0). For a detailed discussion, the reader
is referred to Section [6.2.4]
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Figure 3.6: The Layered BPAOntoEIA Framework.

101



3.9 Chapter Summary

The proposed BPAOntoEIA Framework is a design artifact having the capability of
semantically deriving the [ETA] of an enterprise from its Riva [BPA] The input to this
framework is the semantic representation of the Riva BPA]of an enterprise building on
the research by (Yousef 2010) and in particular the BPAOntoSOA framework, where
a semantically enriched business process architecture was constructed with semantic

representation of the enterprise business process models.

In this chapter, the basic requirements for the BPAOntoEIA framework have been
specified according to research objectives in the light of conclusions drawn in Chapter
2l Correspondingly, the characteristics of the BPAOntoEIA framework have been
derived based on the research requirements, aims and objectives as well as the research
methodology that was presented in Section |3.5 using the design science research
paradigm. In other words, this chapter has outlined clear objectives of a solution
in design science research which is the second step in the model by (Peffers
et al. 2006). This has paved the way for describing the foundations of the BPAOntoEIA
framework as a generic framework to semantically derive the Enterprise Information
Architecture of an organisation from its associated Riva Business Process Architecture.
In addition, this framework adheres to design principles and supports enterprise
information management objectives.

The BPAOntoEIA Framework is a two-layered framework. The first layer is the
Abstract Semantic Derivation layer that comprises the design of generic ETA
ontology; its extension for the Riva BPA-based elements in the EIA, namely the
ontology; the extensions to (Yousef 2010)’s ontology, called the
extended ontology; and the semantic derivation rules that provide a seamless

derivation of the semantic meta-model of the EIA.

The second layer of the BAOntoEIA Framework is the instantiation layer where
the framework is instantiated for a particular organisation. This includes instantiation
of the extended ontology for the organisation and knowledge of the semantic
business process models as input for the semantic derivation scheme. The semantic
derivation rules derive the semantic EIA elements using the instantiated
ontology as the output EIA with full traceability both within its elements and across
to the semantic BPA elements. As a novel contribution, the BPAOntoEIA artifact,
when combined with other information management research artifacts, is expected to

enhance the enterprise’s information systems infrastructure and provide a vital bridge
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between the enterprise business and systems layers.

In Chapter [4 the semantic representation of generic enterprise information ar-
chitecture is designed. The outcome is the ontology that semantically

enriches the [ETA] of an a generic enterprise. The development of this ontology is one
of the major components in the semantic derivation layer of the BPAOntoEIA

framework.

103



Chapter 4

Design and Development of the
Generic Enterprise Information
Architecture (gEIAOnt) Ontology

After outlining the design of BPAOntoEIA Framework and describing its layers and
characteristics in Chapter 3, we embark upon presenting in this chapter a further
major contribution of this research, which is the design and development of the generic
Enterprise information Architecture ontology. Recall that we have divided
the design phase of the model into two sub-phases, called the ’initial design’
phase and the 'detailed prototyping’ phase. This chapter starts the initial design phase
in the adapted design science research model (Peffers et al. 2006) as mentioned in
Section [3.5.3] The gEIAOnt ontology conceptualises the general architectural elements
of the enterprise information architecture, hence providing a generic knowledge-base
of concepts and relations between them (Figure [1.1]). This knowledge can be
shared throughout an enterprise, and in particular, within departments of Information

Management, Enterprise Architecture and Business Strategy.

Recall that the concepts and properties in ontologies used in this research are rep-
resented through aliases, listed in Table [4.1} Particularly, the concepts and properties
in the gEIAOnt ontology are prefixed by p3 in this thesis.
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The [stBPA| Ontology pl
The Extended |srBPA| Ontology p2
The gEIAOntl Ontology p3
The erIAOntl Ontology p4
The [BPMN 2.0 Ontology p5

Table 4.1: Aliases for Ontologies Used in this Research.

4.1 Chapter Objectives

This chapter has the following objectives:

e Identify and elaborate upon the significance and scope of the ontology

for this research.

e Identify the elements of the [ETA] with reference to the previous EIA design

research.

e Select an appropriate ontology design methodology for the gEIAOnt ontology

and elaborate the rationale for this selection.

e Develop the gEIAOnt ontology elements by specifying both the high level as well
as the detailed concepts, their classification, proporties within the EIA concepts
defined in this ontology. Elaborate the rationale behind including every concept

in this ontology.

4.2 Significance and Scope

4.2.1 Significance

As discussed in Section [2.5] ontologies are knowledge representation tools that are
effective in representing domain concepts and their attributes. The knowledge repres-
entation paradigm has strong foothold in artificial intelligence for formal representation
of domain knowledge. The representation of domain knowledge in relation to enter-
prise information architecture concepts is therefore significant because the ontological
representation of EIA domain knowledge not only provides a consensual (shared and

agreed) set of concepts and relationships of EIA domain, but also underlines the
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opportunities for formal design of enterprise information architecture in order to

facilitate the reduction in effort and time investments required for ETA design.
As introduced in Section [3.6] the ontology provides a generic conceptual-

Specification of the gEIAOnt Ontology

What is the significance?

| What is the scope of the gEIACONt
ontology?

What are elements of Enterprise

The B Information Architecture?
gEIAONt
Ontology
Main Concepts of the gEIAONt
Ontology

Relationships within gEIAORNt
Concepts

Figure 4.1: The Design Discussion on the gEIAOnt ontology.

isation of enterprise information architectural elements and can serve any business
analysis approach so long as that approach provides a clear and complete collection of
entities and processes that are candidates for becoming the instances of EIA entity
and process concepts (discussed in Section . In Section , it was mentioned
that the business process information structured through Riva-based BPA method
(Ould 2005) used by (Yousef & Odeh 2011) is one such structured BPA approach that
will be used in this research. Thus, using the BPAOntoEIA framework, the ontological
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concepts of an enterprise information architecture are derived from the semantic Riva
BPA by using derivation rules written in [SWRI]

The ontological conceptualisation of generic enterprise information architecture is
designed and developed in this research as the ontology. An extension of
this ontology has been developed as the ontology to facilitate the semantic
derivation of EIA from the semantic representation of a particular business process
architecture method and will be detailed in the next chapter. This BPA method is
known as the Riva method (Ould 2005), briefly introduced in Section and its
semantic representation was carried out as the ontology by (Yousef 2010, Yousef
& Odeh 2011). The of an organisation represents the central position of its
information assets. It not only ensures the access of quality information to its
entitled users but also facilitates the modification of business processes as well as
the design of new business processes (Ahmad & Odeh 2013, Ahmad & Odeh 2014).
Consequently, the design of an EIA is anticipated to facilitate meeting targets for
an organisation’s customer management, change management, management of future

information requirements and strategic information management, etc.

4.2.2 Scope

In Section [2.3] it was mentioned that EIA is one of the constituent architectures of
according to the Federal Enterprise Architecture Framework, or FEAF by (Hite 2004).

The [EA] has four constituent architectures, namely:

1. Enterprise Business Architecture (EBAJ);

2. Enterprise Information Architecture (EIAJ);

3. [Enterprise Application Architecture (EAA)} and

4. |[Enterprise Technology Architecture (ETA)|

While the enterprise business architecture embodies the business process architecture
among other elements, the EIA presents how information resources are arranged
and stored within the enterprise. The scope of the generic enterprise architecture
ontology (gEIAOnt) is, thus, limited to conceptualise the architectural elements of
EIA. However, the interfaces within the above four constituent architectures may

necessitate and encourage information from the other three architectures, particularly
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from business architecture, in order for the EIA to provide a design of information

maps that is more business-aware.

The generic enterprise information architecture ontology (gEIAOnt) seems to have
a limited scope, yet it has the capability to provide a potential for the semantic
interfaces with the related disciplines of information management, information security
and business strategy. Moreover, the centrality of EIA within an information-based
enterprise places gEIAOnt ontology and its components at a central position for all

information-related sections of an enterprise.

4.3 The gEIAOnt Ontology Structure and Archi-

tectural Elements

4.3.1 Elements of Enterprise Information Architecture

Inspired from the seminal works of (Brancheau et al. 1989, Martin 1989, F. Niederman
& Wetherbe 1991, Evernden & Evernden 2003a, Fisher 2004), the following elements
comprise the enterprise information architecture of an organisation:

1. EIA entities or information entities

2. Information processes (or EIA processes)

3. Information views containing information flow diagrams for stakeholders

4. Traceability matrices

5. Business process models and

6. Business Domain Ontologies.
Apart from business domain ontologies, all the other elements constitute a standard
set of concepts that contribute to the design of the enterprise information architecture.
Domain ontologies, if they already exist, provide additional useful knowledge about
entities and/or processes with the business domain. However, if domain ontologies do

not exist, the EIA design activity may produce domain ontology as a by-product for a

specific business domain. The BPAOntoEIA framework is limited to only the first four

108



elements, and it uses the business process models of an organisation for the derivation
of these four EIA elements. The business process model activity is carried at the BPA
design stage and hence the knowledge of business process models is considered an
input to the BPAOntoEIA framework.

4.3.2 The gEIAOnt Design Methodology

In order to conceptualise the EIA architectural elements, we have used a knowledge
engineering method (Noy & McGuiness 2001) which provides a useful insight as to
how to incrementally add concepts and relationships by focusing upon how the EIA
functions and what information needs it is required to fulfil in the enterprise. Their

methodology is based upon three fundamental rules (Noy & McGuiness 2001):

1. There is no one correct way to model a domain - there are always viable
alternatives. The best solution almost always depends on the application that

you have in mind and the extensions that you anticipate.
2. Ontology development is necessarily an iterative process.

3. Concepts in the ontology should be close to object (physical or logical) and
relationships in the domain of interest. These are most likely to be nouns

(objects) or verbs (relationships) in sentences that describe your domain.

Rule 1 suits the design and development of the gEIAOnt ontology as the direct
conceptualisation process of EIA concepts and relationships. Because this process
demands a continuous reflection over the conceptualised classes and attributes, the
iterative process of developing the gEIAOnt ontology is the case for Rule 2 above. We
perceive that EIA elements in classical and contemporary EIA literature, as discussed
in Section [4.3.1} are well-defined and can be represented in the gEIAOnt ontology as

concepts such that they are close to objects as implied in Rule 3.

The ontology engineering method of (Noy & McGuiness 2001) consists of six steps
before the ontology is checked for consistency and instances of its concepts are created,
as depicted in Figure[4.2] This methodology is suitable for brainstorming concepts and
sub-concepts of a knowledge domain, define axioms and construct properties (slots)
for these concepts. After the ontology is designed, it is useful to check the consistency

of defined concepts and properties using an appropriate reasoner.
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Figure 4.2: Ontology Engineering by Noy and McGuiness, adapted from (Noy & McGuiness
2001).

4.3.3 Development of the gEIAOnt Ontology - Language and
Tools

The generic enterprise information architecture ontology (gEIAOnt) is specified using
OWL-DL (Web Ontology Language-Description Logic), (Smith et al. 2004). The
development of gEIAOnt ontology was carried out using Protege 4.3 ontology develop-
ment environment (Protege 4.3 Installation 2013) that uses the OWL-DL specification
2.0. This ontology can also be written using OWL specification 1.0. We initially used
OWL-DL 1.0 because it can use Protege 3.4.x and |[Java Expert System Shell (JESS)|
JessTab (Corsar, Sleeman 2006) for implementing SWRL rules to drive the process of

creating EIA concept individuals (instances) from BPA concept instances.

is a commercial user package and is provided with a free license only for
academic purposes. Protege 4.x which works with OWL-DL 2.0, does not support
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JESS and hence it limits the experimentation with the EIA derivation in this re-
search. However, for development of a standalone programme, this limitation is not
there because OWL Application Programmable Interfaces (APIs) provide sufficient
functionality to fully programme SWRL rules that are used in conjunction with the
gEITAOnt ontology. Moreover, JESS is not supported in Protege 4.x and one needs to

downgrade to Protege 3.4.x in order to carry out short experiments.

Due to these reasons, The development and verification of the BPAOntoEIA
Framework was subsequently moved to OWL specification 2.0 and Protege 4.3 due to

a number of other issues that will be discussed further in Chapter [7]

4.3.4 Design Specification of The gEIAOnt Ontology

In this section, we introduce the specification of the gEIAOnt Ontology which holds
conceptualisation of generic EIA elements, and is independent of any business process
architecture (BPA) methodology. This gEIAOnt Ontology is one of the original
contributions of this research and can be adapted for any specific BPA methodology

with minimal adjustments.

The class diagram for the ontology depicted in Figure [4.3] presents the
top-level EIA concepts. We shall discuss in detail the concepts of the gETAOnt referring

to this figure throughout this chapter. A further extension to the gEIAOnt ontology
will be introduced in Section [5.4]to the BPAOntoEIA framework when adapting to the
Riva BPA method of (Ould 2005). This new extension to the generic gEIAOnt ontology
has been named as the srEIAOnt ontology in relation to the semantic Riva-based

enterprise information architecture.

4.3.4.1 The EIA Entities (or Information Entities)

4.3.4.1.1 What is an EIA Entity? First, we focus on the definition of an EIA
entity. In order to ascertain what qualifies as an EIA entity (we call them information
entities from now on), from the business information systems perspective, we turn
towards the classical definition of an entity in the database literature. According
to (Chen 1976), ’an entity is a thing which can be distinctly identified.” Also, a
relationship is regarded as an association among entities. We must also remember
that whether something is to be called information entity or a relationship may vary,

depending upon the view-point of database designer. Also, an entity must carry some
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Figure 4.3: The Top-level EIA Concepts in the gEIAOnt Ontology.

information to qualify for being called an information entity. Because EIA elements
represent information which is synonymous with the data in context, we follow Chen’s
definition of entity for information entity because (1) it can be distinctly identified,

and (2) it carries data (or information).

Within the context of the BPAOntoEIA framework, we note that a set of candidate
information entities is provided by the set of business entities, which is one of the very
useful outputs from the business process architecture (BPA) design activity that is
produced when following a BPA design method. This necessitates asking a question
of every candidate information entity as to whether or not it qualifies to become
an information entity and what the criterion is for such qualification. This is also
influenced by the question of how complete and correct the process of identifying
business entities in the BPA design activity is. This is because identification of business
entities may be subjective due to analysts’ varying interpretations. So, it is possible
that the set of business entities, which acts as a set of candidate information entities
for the EIA, may contain a business entity that does not qualify to be an information

entity. At this stage, the input from an information professional may be essential
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to discard such a candidate from being classified as an information entity. While
this seems to be a hurdle in the automation of the process of identifying information
entities, such human input is vital in EIA design in order to minimise the inclusion
of unjustified information entities. Because of the need for human input to decide,
it is practicable to analyse every business entity as soon as these are identified in
the BPA design activity stage, by tagging them as candidate information entities,
and semantically indicating whether they qualify to become information entities or

otherwise.

Next, we propose a categorization of EIA entities and the rationale behind this
categorization. This categorization is a logical conclusion of the need for identifying
structured knowledge about things and happenings in a particular business domain
and this knowledge is shared with consensual descriptions of concepts and their

inter-relationships among all stakeholders of the enterprise under consideration.

4.3.4.1.2 Categorization of EIA Entities: The Knowledge Engineering com-
munity has so far developed a number of upper level ontologies for sharing and
exchanging knowledge (Mascardi, Corda & Rosso 2007). Upper level ontologies rep-
resent the high-level concepts that are essential for human being to understand world
(Kiryakov, Simov & Dimitrov 2001). These ontologies may be considered to be at a
higher level of conceptualisation than domain-specific ontologies, which are limited
to a certain market segment or a specific subject area. For business information
analysis and management, two relevant systems of categorisation are popular in the
Information Systems (IS) and Knowledge Representation (KR) literature. First of
those is an upper level ontology by John F. Sowa, called Sowa’s ontology (Sowa 2000).
The second is an ontology for information systems by Wand and Weber (Wand &
Weber 1990), which is based on the upper level ontology concepts by Mario Bunge
(Bunge 1977), thus called the Bunge-Wand-Weber (BWW) ontology. We discuss these

ontologies below in the context of this research.

Top-Level Classification by John F. Sowa: John F. Sowa in (Sowa 2000)
presented a top-level classification of things by an ontology lattice. This ontology lattice
classifies things with primitive distinctions into seven types, namely: (1) independent,
(2) relative, (3) physical, (4) mediating, (5) abstract, (6) continuant and (7) occurrent.
This classification is based upon logic, linguistics, philosophy and artificial intelligence.

It is not based upon fixed categories but upon a framework of distinctions as listed
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above. The Independent primitive refers to 'an entity characterised by some inherent
Firstness, independent of any relationships it may have to other entities’. An entity
in a relationship to some other entity is categorised as relative. An entity that
has a location in space-time is classified as physical. A mediating entity creates a
relationship between two other entities (for example, the ' MARRIAGE’ entity creates a
relationship between the 'HUSBAND’ and the "WIFE’ entities). The abstract entities
are characterised by having neither location in space nor in time. Continuants refer to
entities that endure in time, while Occurrents never fully exist at any given instant of
time; instead they unfold with time, e.g. processes or events. Objects are categorised

as Independent Physical Continuants (IPCs).

According to this classification, 'a physical continuant is an object and an abstract
continuant is a schema that may be used to characterize some object’, (Sowa 2000).
Although Sowa’s classification categorises abstractions such as situation, structure,
reason and purpose (or goals), yet it lacks a clear classification of entities such
as conceptual or abstract entities that exist in contemporary business information
systems. For example, in the Faculty Administration example organisation,
the conceptual entity of "MODULE” cannot be described through Sowa’s lattice from
a clear business information system perspective. Because "MODULE” is a conceptual
entity, this demands the need for independent abstract continuants (IACs) to be

defined as conceptual entities.

Moreover, Sowa’s ontology is not modular and has an encoding following the
Knowledge Interchange Format (KIF) with 30 classes and five relationships between
classes, and 30 axioms, (Mascardi et al. 2007). The KIF language uses first order
modal language whereas description logics only use a subset of the first-order logic
(FOL). Thus KIF cannot be downward translated to OWL-DL, which is the web

ontology language used in this research.

Bunge-Wand-Weber (BWW) Model of Information Systems: Mario
Bunge, in his philosophical study of real-world systems (Bunge 1977, Bunge 1979),
presented an ontological foundation of real world systems, which was adopted by
(Wand 1989) to present a formal model of objects (things that physically exist in the
real world). Table lists the terms used in Bunge’s ontology and their descriptions
by (Wand 1989, Wand & Weber 1990, Evermann & Wand 2005). Bunge suggested
that the world is made up of two kinds of things, namely concrete things, or entities or

substantial individuals, and conceptual things which do not have physical existence.
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Wand and Weber in (Wand & Weber 1990) used this model and presented the
ontological model of information systems, called the Bunge-Wand-Weber (BWW)
ontology for information systems. Every concrete entity or BWW-Thing can be
modelled as an object in object-oriented (OO-) modelling language such as the Unified
Modelling Language (UML), for example through mappings defined by (Evermann &
Wand 2005).

This raises the question about how to model conceptual (or non-physical) objects.
Business information systems do contain objects that are not necessarily always
concrete, yet these conceptual entities need to be modelled, a view that is agreed and
shared with (Guarino, Oberle & Staab 2009). Critics such as (Allen & March Dec. 9-
10, 2006) consider Bunge’s ontology to be inappropriate for modelling business systems
because BWW model is only concerned with material world (or physical things) and
does not account for conceptual entities such as corporations, educational institutions,
contracts, transactions etc. Business objects such as ORDER and ORDER-LINE
also fall in this category. On the contrary, in their model of information system,
(Wand & Weber 1990) have argued that BWW model supports concrete as well as
conceptual entities. According to them, ’all objects [BWW-Things| are things but
only some type of things are objects.” This establishes that conceptual entities can
also be modelled using BWW ontology. This ontology refers to objects or concrete

things as BWW-Thing, and both concrete and conceptual things as 'things’.

Significance of Concrete vs Conceptual Entity Categorisation: Within
the domain of business information analysis, the differentiation between concrete
and conceptual entities plays an important role in the business information system
that is designed with this classification taking into account its enterprise information
architecture. For all practical purposes, this classification is an effective enabler for the
user of business information systems and other stakeholders to take strategic as well as
operational decisions. This can be demonstrated by considering the order processing
of an online book-seller such as Amazon. For instance, if the item purchased by a
customer is an ebook, the entity is considered as a conceptual entity. On the contrary,
if the customer has placed an order for a print version, the entity is considered as
a concrete (or physical) entity and the information system adds delivery cost of the
printed book according to the delivery choice made by the customer. This classification
is further helpful when collecting daily or weekly summary of sales and appropriate

expectations can be made for the sales and delivery costs charged for selling physical
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(or concrete) and non-physical (or conceptual being electronic) stock. Thus, the
classification of entities between concrete and conceptual types is significant and

useful, although may not seem essential, in the design of an EIA.

InformationEntity
InformationEntity
| is-a is-a
ConceptualEntity ConcreteEntity
t‘[\‘ is-a
AbstractD erived Entity

Figure 4.4: Information Entity and Its Sub-Categorisation in the gEIAOnt ontology.

Abstract Derived Entities: The concept of abstract derived entities (or ADEs)
was introduced by (Richard D. Dettinger 2006). An ADE refers to

‘...a data object present in an abstract data model that may be
referenced by other entities in the abstract data model as though it were a

relational table present in a physical data source.’

For example, ‘DATE_OF_BIRTH’of a person is a conceptual entity in abstract
data model. An ADE with the name ’AGE’ can be derived from the primitive
'DATE_OF _BIRTH’ entity. Aggregate summary entities are other examples of ADEs,
which are derived from concrete and/or conceptual entities in the abstract data
model. Consequently, ADEs are always conceptual entities that are used to support

information summarisation purposes within the enterprise information architecture.

So, what are EIA Entities then? Implicit in the above discussion on how

entities are perceived in the top-level categorisation of entities, we find the BWW
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model conforming to an enterprise information architecture design activity. This is
because the BWW model in (Wand & Weber 1990) supports the formal base for both
concrete and conceptual entities, which exist side by side in enterprise information
models. Every EIA entity should be conceptualised using the p3:InformationEntity
concept. For the BPAOntoEIA framework, each business entity identified in the
business information analysis activity is considered first as candidate information
entity and needs to be tagged whether it qualifies to become EIA entity or not. This
is specified as a boolean property p3:isQualifiedIE of the p3:InformationEntity
concept, whose value is set to true if the business entity qualifies to become EIA entity

(or information entity), or false otherwise.

EBE Individuals InformationEntity Concept in ELIAOnt
(CCR Case-study)
InformationEntity
PAYMENT Ly
(Conceptual)
ConceptualEntity ConcreteEntity
(Non-physical) (BWW-Thing)

PATIENT
(Concrete)

Property: isConcreteEntity

—

e R Property: isConcreteEntity (tue) _—

Figure 4.5: Concrete and Conceptual Entity Sub-Concepts Using an Example from
Healthcare Domain.

Conceptual and concrete things are modelled in the gEIAOnt Ontology as
p3:ConceptualEntity and p3:ConcreteEntity sub-concepts respectively (Figure
. Regardless of which business analysis approach generates business information of
a given enterprise in the form of business entities and business processes, the informa-
tion architect will need to decide for the business entities whether each of them qualifies
to become an instance of p3:InformationEntity concept, and more specifically either
an instance of p3:ConceptualEntity sub-concept or of p3:ConcreteEntity sub-
concept. As an ADE is always a conceptual entity, the p3:AbstractDerivedEntity
subconcept of p3:ConceptualEntity conceptualizes ADEs in the EIAOnt ontology
with p3:isConcreteEntity boolean property to set false and isADE boolean property

to be set as true.
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InformationEntity C T Every base concept is a sub-concept of T,
the symbol T refers to the Thing concept.

ConcreteEntity C InformationEntity ConcreteEntity is a sub-concept of the
InformationEntity concept.

ConceptualEntity C InformationEntity ConcreteEntity is a sub-concept of the
InformationEntity concept.

ConcreteEntity M ConceptualEntity C L ConcreteEntity and ConceptualEntity
are mutually disjoint, the symbol L refers
to Nothing.

AbstractDerivedEntity C ConceptualEntity | AbstractDerivedEntity is a sub-concept
of ConceptualEntity

Table 4.2: Definition of p3:InformationEntity Concept and its Sub-Concepts in Descrip-
tion Logics.

The concept p3:InformationEntity and its sub-concepts in the gEIAOnt onto-
logy can also be described using OWL-DL. Recall that the p3:InformationEntity
concept is the sub-concept of the Thing concept denoted by T. Also, an informa-
tion entity can either be a concrete or a conceptual entity. Thus, the sub-concepts
p3:ConcreteEntity and p3:ConceptualEntity are mutually disjoint, meaning that
the intersection between these two sets is an empty set or nothing (denoted by
1). Abstract derived entities (ADEs) are a sub-type of conceptual entities, so that
p3:AbstractDerivedEntity is a sub-concept of the p3:ConceptualEntity concept
in the generic EIAOnt ontology. These facts are represented using description logics

in Table [4.2]

The hierarchy of the p3:InformationEntity concept and its sub-concepts is demon-
strated with an example in Figure from the healthcare sector. Two business
entities ' PAYMENT’ and 'PATIENT’ as candidate p3:InformationEntity individu-
als are classified such that 'PAYMENT" is a conceptual and 'PATIENT’ is a concrete
instance. Hence, the information architect classifies ' PAYMENT’ as an instance of
the p3:ConceptualEntity sub-concept and 'PATIENT’ as an instance of the the
p3:ConcreteEntity sub-concept.

The Boolean property p2:isPhysicalEntity distinguishes the concrete entities
from the conceptual ones. Furthermore, if an p3:InformationEntity is a conceptual
object, it may or may not be an abstract derived entity (ADE), and this can be
conceptualised using value attribute p3:isADE:Boolean, highlighting the fact that

only conceptual entities can be sub-classified as abstract derived entities (ADEs).
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Other OWL properties are introduced once we move on to other concepts (classes)
in the gEIAOnt ontology. Next, we present conceptualisation of EIA process concept

and its sub-concepts.

4.3.4.2 The EIA Processes

Every process in the enterprise information architecture is conceptualised in
The

p3:EIAProcess concept is sub-categorised into four sub-concepts p3: IECRUDProcess,

the gEIAOnt ontology as a sub-concept of the p3:EIAProcess concept.

p3:IEProcess, p3:EIAManagementProcess and p3:EIAStrategyProcess as depicted
in Figure We describe below each of these sub-concepts and the rationale for

their conceptualisation:

ElAProcess
ElAProcess
is-a isa is-a
| | ]
ElAM anagementProcess IEProcess ElAStrategyProcess
is-a
IECRUDProcess
isa is-a is-a I is-a
IECreateProcess IER eadProcess IEU pdateProcess IEDeleteProcess

Figure 4.6: The p3:EIAProcess Concept and its Sub-Concepts in the gEIAOnt Ontology.

4.3.4.2.1 The p3:IEProcess Sub-Concept:

cessing activities are performed by the instances of p3:IEProcess sub-concept. This

All the information related pro-

sub-concept is used to carry out tasks (a) that need to be carried out within a

business process as identified and 