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Abstract i

Abstract

*OOPOI ETT w EOEwW OOOPOI ETT wPOUOwW EUI w Ol aw i EE
companies. This study devises an approach for increasing the performance of
knowledge work by shifting it towards a process orientation. Business process
management and workflow management are methods for structured and
predefined work but are not flexible enough to support knowledge work in a
comprehensive way. Casebased reasoning (CBR) uses the knowledge of
previously experienced casesin order to propose a solution to a problem. CBR
can be used to retrieve, reuse, revise, retain and store functional and process
knowledge. The aim of the researchwas to develop an approach that combines
CBRand process execution to improve knowledge work. The research goals are
a case description for knowledge work that can be integrated into a process
execution system and that contains both functional and process knowledge; a
similarity algorithm for the retrieval of functional and procedural knowledge;
and an adaptation mechanism that deals with the diff erent granularities of
solution parts. This thesis contains a profound literature framework and follows

a design science research(DSR) strategy. During the awareness phase of the
design science research process, an application scenario was acquired usinghe
case study research method, which is the admission process for a study
programme at a university. This application scenario is used to introduce and
showcase the combined CBR and process execution approach called ICEBERG

PE, which consists of a case mdel and CBR services. The approach is
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ii Abstract

implemented as a prototype and can be instantiated using the ICEBERGPE
procedure model, a specific procedure model for ontology -based, CBR projects.
The ICEBERGPE prototype has been evaluated using triangulated evaluation
data and different evaluation settings to confirm that the approach is transferable
to other contexts. Finally, this thesis concludes with potential recommendations

for future research.

Key terms: casebased reasoning; knowledge work; business process
management; workflow systems; enterprise ontology; enterprise architecture;
ontology -based casebased reasoning; experience management; knowledge-

intensive processes;process flexibility; semantic web.
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1 Introduction 1

1 Il ntroducti1l on

Currently , knowledge and knowledge work are the key factors of successful

companies ¢ there is a clear shift from routine work to knowledge work during

the current era (El-Farr, 2009) The term kOOP O1 ET 1 whpOUOw? Z6 ¢ wbOED
knowledge intensiveness of the current working tasks and the required abilities,

skills, qualifications and working conditions for employees to accomplish their

p O U QBl-Barr, 2009, p.3) Individuals who perform knowledge work act in

different roles and drive the innovation in companies. Davenport (2010, p.18has

stated that? PP UT OUUwWOOOPOI ET T whbOUOI UUOwWUT T Ul whbOUC
services, and no growth? &urther, he indicated that individuals who perform

OO0OPOI ETT whOUOWI EYI w26 wi BT T WETTUIT UwoOi wl
and the primary purpose of their jobs involves the creation, distribution, or

application of knowledge 7 (lDavenport, 2005b, p.10)

The following sections describe the background of the study and introduce the

underlying research questions.

1.1 Background

Conventional business process management has beemxceedingly successful for
routine work but has deficiencies in dealing with flexibility, which is needed to

perform knowledge work. Process models may not be in accordance with the real
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2 1 Introduction

work that must be done. Classical workflow : management systems are well

suited to supporting the execution of rigidly structured business processes but

fail to allow changes in unexpected situations (Adams, Edmond and ter

Hofstede, 2003) Van der Aalst et al. (2005, p.131)have stated that workflow

OEOET T Ol OUwUauUUIl OUwUUI i1 Uwi UOOWE faxdtBaE OwOi wi ¢
UOUUPOT wPUwUT 1 wOOOawol Efl EOPUOWEUDYDOT wUi I
required at both build -time and run -time (Dadam, Reichert and Rinderle-Ma,

2010) During build -time, it is desirable to be able to change a workflow definition

without major effort and during run -time it might be necessary to adapt and

determine the control flow as a reaction to unforeseeable events. For knowledge

workers, it is recommended to provide the flexibility to determine their processes

continuously + UT UU w? OE 0P AT BdUIT uhru@D®@ipWz Uwbp OUOwWOOUT wx U
focused, in addition to minimizing U1 I PUwUOUI UUWEOEwWEEBEUI EUDO
Farr, 2009, p.8)

Knowledge work cannot be represented sufficiently in traditional business

process management, where the work can be structured and described in

advance. It is especially difficult to predict upcoming tasks because knowledge

work deals with many different requirements simultaneously . Type and scope of

tasks are hard to determine in advance. Thesequenceof tasks may vary due to

already achieved results and unforeseeable events. Knowledge work is not

routinework ;2 €6 ¢ wUT T wUl gUI OETl woOi wEEUDPOOdfiose 1 x1 OEU
Ol wUT 1T wUPUUEUDPOOwWZO ¢ wdOl ET1 UUPUEUDOT wUT ECwx EL
b U U (SWdnsonuPalmer and Silver, 2011, p.8)It is not always possible to define

the entire structure including all elements of a knowledge -intensive process at

build -time or just before instantiation. This lack of definition becomes evident

when dealing with business process standardisation. Schafermeyer, Rosenkranz

and Holten (2012, p.268)have revealed UT E U w ? € 6 standhrd@iatioh effart

1 Workflow: whole or partial automation of a business process (Swenson, 2010)
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1 Introduction 3

cannot compensate for higher business process complexity to ensure business

processstandardization? 0

Conversely, routine work is well -defined and repeatable. It can be describedin
traditional business processes execution means. However, knowledge work can

benefit from business process managementt even in unstructured knowledge

work, it might be possible that a number of structured elements or process
fragments can be identified. Although it is not adequate to describe the entire
knowledge work using business process methodology, it certainly makes sense

to place knowledge work within a process -oriented direction. This process
orientation implies that a number of structured elements, which can exist in
knowledge work, can be captured as process fragments. Ths would make
structured elements and process fragments more efficient without losing the
necessary flexibility for non -routine and knowledge intensive activities. The

x UOETI UUw OUPI OUEUDPOOW ?2Zbguup BBOW OBOI w 9®OOEBOE
(Davenport, 2005a, p.4) Moreover, knowledge worker s? €6 ¢ wPb OUOE wET O1 | PU
the discipline and structure that a process brings, while remaining free to be

EUI EUDYI WEOEwWPOXxUOYDUEUDOOE @havehpbrO20®] EI UUE U:
p.19).

This study created an approach that improves knowledge work by placing it in

a process orientation regarding combining business process management and

knowledge work.

1.2 Probl em Staatde Raurtpose of the Study

Traditional workflow approaches do not pro vide the flexibility required in
executing knowledge work. There are several approaches for dealing with

flexibility. Examples of such flexible process executionz approaches, as

2 Process execution: manual or automatic execution of a business process
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4 1 Introduction

introduced by Endl et al. (1998) or more recently by Feldkamp et al. (2007),
attempt to overcome a lack of flexibility by using business rules. These process
execution approaches are asuitable way to provide more flexibility to certain
knowledge -intensive tasks where the actual sequence of work is unforeseeable.
However, the rules must be defined and approved, which still does not provide
the needed flexibility at run-time for new and unforeseen situations. They
typically do not place decision power into the hands of the knowledge worker.
Hence, flexibility in business processes using business rulesis addressedat build -

time by modifying the business rules and process model by a domain expert.

In a combined knowledge -intensive approach, routine and knowledge work can

exist with in the same process model (sed~igure 1.1). An example of a modelling

approach that named the knowledge-intensive portion of the process explicitly
was introduced by Hinkelmann et al. (2002) They defined these parts as
knowledge -intensive tasks based on the work of Abecker et al.(1998) The ad-hoc
element of BPMN 2.0 (OMG, 2011)offers the possibility to specify tasks and data
of knowledge work without determining the flow of work (see  Figure 1.1). The
remaining question regarding the knowledge -intensive processes isthen, to
which level of det ail the process structure can and should be determined and at

which time, i.e. at build -time or when instantiating the process.

In order to execute knowledge-intensive processes and tasksthis execution
requires knowledge, which is needed for process and task execution. This se
called functional knowledge includes skills and experience. It is common in

knowledge -intensive environments that individual sz functional knowledge is

either found with in the mind or written down in forms and documents (Nagele
and Schreiner, 2002) In addition to functional knowledge, the kn owledge
concerning the process itself (knowledge about the flow of the process, activities
and their relationships) is also necessaryknowledge -intensive processes. This

knowledge is called process knowledge and it is primarily represented in

© University of South Africa 2016



1 Introduction 5

business process models(Nagele and Schreiner, 2002) i.e.sequencesof tasks and

control constructs such asgateways and roles.

/ (Knowledge-intensive) Process \

Routine Work Knowledge Work
(process representation) (case representation)

Knowledge Work

SO0
. (%)NC)

. Task A 0
P

Figure 1.1: Knowledge -intensive Process containing Routine and Knowledge W ork

In a combined approach, functional and process knowledge needs to be captured
and provided for executing knowledge -intensive processes. Recent work (see
Section2.3) indicates that it is possible and worthwhile to capture functional and
process knowledge in a number of cases. These cases, describing functional and
procedural knowledge of process instances or instances of process fragments,
make it possibleto solve aOl Ppwx UOEOI OWEEUI EwOOwthaséd OE Uw? O
reasoning (CBR) uses the knowledge of previously experienced cases to propose
a solution to a problem. In order to retrieve, reuse, revise, retain and store
functional and process knowledge, case descmption is a critical issue. The
knowledge must be made explicit and represented in a way that allows for
machine processing as well asremain understandable (cognitively adequate) to
humans. The implication , then, is that the case description language should be as
natural as possible in order to gain wide acceptance from the end-user. On the
contrary, the case description should beable to be processed by acomputer using

similarity and adaptability mecha nisms during process execution.

When executing knowled ge-intensive processes, the context of the process

execution can beconsidered when assigning tasksto individuals , deciding on the

© University of South Africa 2016



6 1 Introduction

next tasks or executing the task itself. The context contains knowledge regarding

the process instance itself including information concerning used resources (such

as documents or system data), actions (activities or tasks), actors (people or

systems who execute the process or certain activities) and further workflow data.

When describing functional and process knowledge as cases and turning these

cases into execution, the process context can contribute to improving the retrieval

of these cases. Therefore, the case description should contain attributes whictare

linked to the context. 6 1 | OWEEExUDPOT wEOwW? O0Eemu&dadd] wUOOwUI
adaptation mechanism is needed. Such an adaptation mechanismmust deal with

a different granularity of process fragments (the solution parts) or sub -processes

that refer to other cases andonce moretrigger a case retrieval.

There is a gap between the literature and environmental requirements, such as
business needs,with regard to a comprehensive CBR and process execution
approach for knowledge -intensive work that incorporates knowledge from

enterprise models and architectures. Therefore, CBR and process execution
requires more attention concerning the integration of both parts. Thus, the
following requirements can overcome the se deficits when utilised within an

approach which :

1. allows for maintaining case descriptions that contain functional and
process knowledge, are cognitively adequate to humans and are computer

processable

2. provides CBR services that use the process execution context and

enterprise knowledge for similarity, adaptation and learning ;

3. provides an integration mechanism for existing enterprise knowledge

from enterprise models, architectures and repositories.
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1.3 Thé&bj ectande sGoal Sthwedy

The main purpose of this work is to investigate a new approach for supporting
the modelling and execution of knowledge -intensive processes in order to
improve knowledge work. It is the aim of the approach to support execution of
knowledge work and provide the needed structure and flexibility to knowledge

workers.

Knowledge Work

OO
‘00

[#]~

Process
execution

RQ1: Integration of Process Execution and Case-based Reasoning

RQ2: Case Description RQ3: Case-based Reasoning Services

Knowledge Work

Suggested
Solution

Case-based reasoning

o

Revise

Knowledge Work

©

Confirmed
Solution

Figure 1.2: Research Goalgand Research Questions) represented as a Betch

As mentioned in Section 1.2 it is possible and worthwhile to capture functional

and process knowledge in such cases. In order to retrieve and adapt caseswith in
a process execution environment in an automatic or semirautomatic way, a
process execution environment requires the inclusion of a CBRsystem. As such,
a CBR system provides the possibility to retrieve, reuse (and adapt), revise and

retain cases containing the functional and process knowledge of knowledge
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8 1 Introduction

intensive processes. However,CBRis not enough. It needs to be combined with
the facility of the process execution in order to attain the benefits of both

approaches.

This study investigates the adaptation of CBR in this means. Figure 1.2 shows a
sketch of the proposed approach including the research questions (seel.4.2
Research Questions. The figure displays both the process executionportion and
the CBR portion (represented as adapted CBRcycle, see Section 2.2). The
depicted process consists of structured and knowledge-intensive elements. The
knowledge -intensive portion is complemented by case recommendations- users

can choose to follow such recommendations.

The case description is an important aspectof the approach. It should consider
the process execution context (as describedwith in the previous section) and
contain functional and process related knowledge. Furthermore, the approach
considers the need for a userfriendly case description. However, the case

description should be processable by the CBR mechanisms.

Basedupon the research problem (see Sectionl.2), the main goal of this study is
to introduce a new approach, called ICEBERG-PE:, that combines and integrates

CBR and process execution in order to retrieve, reuse, revise, retain and

21 81 EUCI 2 wi UOE UDOOE Ow Eidgtavexkboyiedge)-litenshe O b O1 ET |

work .

A prototype system is developed as a proof-of-concept for evaluating and
demonstrating the approach including the sub -goals. In order to reach the main

goal, the following two sub -goals are addressed

1. The elaboration of a case description for knowledge -intensive processes

that contains functional and process knowledge, can be integrated into a

3 |CEBERG-PE:|nterlinked Case-based Reasoning for ProcessExecution
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1 Introduction 9

process execution system, considers tle process execution context, and is

machine processableand still cognitively adequate.

2. The investigation and development of casebased reasoning services

which can be usedfor the retrieval , adaptation and learning of functional

and procedural knowledge .

14 Thesis Statement and Research Ques

Based on the previous statements concerning research problem and goals,
researchquestions and a thesis statement are defined. Based orCreswell (2008)
qualitative researchersusually write at least one main research question and sub

guestions.

1.4.1 Thesis Statement

The following thesis statement guide s the research project:

"It is possible to improve knowledge work by using process execution context to retrieve,

reuse, revise, retain and store cases that contain functional and process knowledge."

1.4.2 Research Questions

To combine casebased reasoning and process executiont is necessaryto focus
on the main- and the three sub- research areas An approach will be developed
to show that the mentioned combination is possible. The approach consistsof (1)
an overall integration approach for case-based reasoning and process execution,
a (2)case description for knowledge-intensive work including a way to integrate
and access enterprise knowledge and (3) casebased reasoning services(see
Figure 1.2). Therefore, the researchis divided into three areas and the following

three researchquestions (RQ) are defined.
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10 1 Introduction

1.4.2.1 Integration of process execution and case-based reasoning

The main goal of this study is to introduce an approach to (RQ 1) integrate
process execution and casebased reasoning. Therefore, the following research

question is defined as:
RQ 1. How cancasebased reasonirggintegratedwith process execution?

This research question was used to guide the suggestion phaseduring the
construction of the approach and conceptual model. Based on this conceptual

groundwork the following research question could be addressed.

1.4.2.2 Case Description for Knowledge-intensive Work

The integration of process execution and casebased reasoning supports
knowledge work by describing functional and process knowledge as cases (RQ
2). The case description assist knowledge workers when they perform

knowledge intensive work. Therefore, it is needed to consider the needs and
requirements of the knowled ge worker as well. The following research question

was used to address this requirement:
RQ 2: What should theasedescriptionfor knowledgentensive workconsist o?

The case description might contain some elements from structured processes
and unstructured knowledge work and remains understandable (cognitively

adequate) to humans. Therefore, the following sub- question was defined:

RQ 2.1: How can functional and process knowledge be included in a case

description that is cognitively adequatentaman®

It might be required to capture and structure certain elements of the process
execution context for in the case description in an explicit way to allow

machine support. Therefore, the following research question was defined:

RQ 2.2: How can the pocess execution context be integrated into the case

descriptior?

© University of South Africa 2016
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1.4.2.3 Support of Process Execution by Case-based Reasoning Services

To retrieve, adapt and learn functional and process knowledge that has been
made available in cases cease based reasoning servies (RQ 3) are needed.

Therefore, the following research question was defined:
RQ 3: How can caséased reasonirggrvicesupportprocess execution?

The case retrieval (RQ 3.1) is the first step to provide knowledge or guidelines
to a specific problem. A similarity mechanism is needed to determine the
similarity between cases. Therefore, the following research question was

defined:
RQ 3.1: How can the similarity between cases for knowledge work be calculated?

Casebased reasoning uses domain knowledge for performing its tasks and
business process execution provides contextual information. Both pOUUDP OO U 7
domain knowledge and contextual information can be useful for the retrieval
of cases & well as the suggestion or adaptation of case file items. Potential
case file items, which can be considered, are information resources (such as
documents or emails), how-to knowledge objects (such as instructions or
guidelines) or plan items up to ad -hoc tasks. Therefore, the following research

guestion is defined:

RQ 3.2: How can domain knowledge and contextual information be used for

retrievalof cases and suggestionaolaptationof case iten¥s

15 Research Strategy

This researchis basedon the design science paradigm. This paradigm is adequate
for addressing the research problem by building artefacts and investigating them

based on relevant use cases or application scenarios
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12 1 Introduction

Such a design science based research approach based dfaishnavi and Kuechler
(2004) consists of five elementary and iterative phases: (1) awareness, (2)

suggestion, (3) development, (4) evaluation and finally (5) conclusion.

16 ScopeResear charmstiibmietcatsi ons

The following three subsections create the fixed framework of this study.

1.6.1 Scope of the Study

This study introduces an approach that deals with knowledgentensive workin a
process-oriented environment. This approach contains a case description for
capturing functional and process related knowledge, a similarity mechanism to

retrieve the provided knowledge and an adaptation mechanism to propose a

solution to the problem.

This study falls within the field of knowledge and process management and is
basedon an application scenario that was derived from a real-world scenario in

the public sector.

1.6.2 Research Subjects

The research subjects of this research werdwo organisations from the public
sector and software industry, which were acting as application partners. These
two organisations were involved either directly by serving the application

scenario and primary data or indirectly by providing first-hand secondary data.
Please refer tosubsection 3.3.2for a description of potential research methods for
the data collection and analysis, and to subsection3.4.2describing which research
subjects were involved to collect the data. The application data, which has been
acquired from the application partner, has been triangulated for the application

scenario (see sectior.1) and for the evaluation (see section9.1) as well.

1 The main research subject, whichwas coming from th e public section, was

the admission process of Master of Science (MSc) programmes at the
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school of business/FHNW University of Applied Sciences and Arts
Northwestern Switzerland. Two primary data collection techniques, (1)
interviews and (2) document and artefact study, were used to gain the
application scenario and evaluation data. The stakeholders of the
admission process were interviewed and selected because they work
with in the context of the process. Seven potential participants were
working within the context of the application scenario. Moreover, the

minimal interviewee sample size wasthree.

 The secondary research subjecithe $ +. w# BT DPUEOQw, viaEdnw" ' w &
application partner of the research project [sic!], in which a CBR system
for the offer process and project management of a software companywas
developed. Through this research subject inclusion, it was possible to
derive further requirements and to have access to firsthand secondary
data and primary data specifically for this thesis. The elicited offering and
project management scenario is used inthe confirmatory evaluation as

described in subsection9.4.1

1.6.3 Limitations

This research was conducted with two organisations and application partners
from the public sector and software industry. They were engaged as domain
specialistswith in the first three phases of the design researchprocess (se€Section
3.4) and were involved significantly with in the evaluation phase. In general,
there was a close relationship between the researcher and the domain specialist

for gaining relevant research resuilts. Further limitations are as follows:

9 Limitation on case characterisation retrieval: This study focuses on the
case characterisation rather than on the content in the similarity
perspective. Nevertheless, the demonstrator shows the potential of

providing knowledge items using a CBRapproach. The retrieval is based
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on the case characterisation exclusively and not on the case content.

Therefore, no process model graph similarity analysis is applied.

1 Limitation on flexibility: This study is limited to the flexibility dimensions

of processes and workflows as defined by Sadiq et al.(2001)

1 Workflow built -time adaptation: It is not intended to provide workflow
adaptation or any other changes to the workflow model or meta -model

during build -time. Much research has already been done (se&ection2.3).

1 Workflow technology: It is also not intended to investigate or modify the

used workflow technology.

1.7 Rationale of this Study

The results of this study provide a contribution to the process and knowledge

management community with in the business or academic fields.

Knowledge -intensive processes are critical for the success ofa company and
occur, for example, in strategic management, product innovation, planning and
whenever complex decisions need to be made. While the management of
structured business processes is routine fora majority of companies, it is still

challenging to deal with knowledge -intensive processes

Increased flexibility and agility, co -operation, continuous improvement and the

progress towards learning organisations are critical challenges for enterprises.
The results of this study assist in meeting these challenges The main artefact, the
ICEBERGPE prototype, is envisioned as a showcase for prospective and
interested companies regardlessof their domain. The outcomes of this research
can be generalised and adapted to other specific working environments. In

principle, the significance cannot be fixed to a specific sector of business but is

relevant for a company that runs knowledge -intensive work.
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1.8 Contri buti on

The main outcome (artefact) of this research work is an approach for knowledge-
intensive work which combines CBR and process execution approach. This
approach is then implemented in a prototype system. In addition , the approach
is divided into sub-artefacts; These are an ontology, a procure model, a case

model, CBR services and a prototype.

The proposed scientific contribution is a new approach to supporting the
execution of knowledge -intensive business processes byadopting CBR. It
consists of a description of the approach, a reatworld application scenario

including test data and a reusable prototype f or running further experiments.

From its inception, t his research work hasconsidered the real-world context. This
consideration ensures that the results contribute to the business practice. It is

expectedthat the results can be transferred to similar application areas.

This section lists the publications where results of this thesis have been

published.

1 Martin, Emmenegger and Wilke (2013) Martin, A., Emmenegger, S. and
Wilke, G., 2013.Integrating an enterprise architecture ontology in a case-
based reasoning approach for project knowledge. In: Proceedings of the First

International Conference on Enterprise Systems: ES 2€GEE, pp. 1 12.

1 Witschel, Martin, Emmenegg er and Lutz (2015) Witschel, H.F., Martin, A.,
Emmenegger, S. and Lutz, J., 2015A new Retrieval Function for
Ontology -Based Complex Case Descriptions. In:International Workshop

CaseBased Reasoning CBRD 2015. Hamburg: ibai-publishing.

1 Cognini, Hinkelmann and Martin (2016} Cognini, R., Hinkelmann, K. and
Martin, A., 2016. A Case Modelling Language for Process Variant
Management in Case-Based Reasoning. In: M. Reichert and A.H. Reijes,
eds., Business Process Management Workshops: BPM 2015, 13th International
Workshops, AdaptiveCM 2015: 4th International Workshop on Adaptive Case
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Management and other nemorkflow approaches to BPM, Innsbruck, Austria,
August 31 -- September 3, 2015, Reed Pa Cham: Springer International
Publishing, pp.30t42.

Martin, Emmenegger, Hinkelmann and Thonssen (2016) Martin, A.,

Emmenegger, S., Hinkelmann, K., and Thonssen, B., 2016A Viewpoint -
Based CaseBased Reasoning Approach Utilising an Enterprise
Architecture Ontology for Experience Management. Enterprise Information

Systems

Emmenegger et al. (forthcoming 2017): Emmenegger, S., Hinkelmann, K.,
Laurenzi, E., Martin, A., Thénssen, B., Witschel, H.-F. and Zhang, C., 2017.
An Ontology -based and Casebased Reasoning supported Workplace
Learning Approach. In: ModelDriven Engineering and Software
Development, Communidans in Computer and Information Science (CCIS), In

Press Springer Berlin / Heidelberg, p.23.

Structure of t he Thesi s

This section briefly describes the chapters and content of this thesis. The

interrelationships of the chapter s can be seenin Figure 1.3 ¢+ which is a thesis

chapter map. Before introducing the chapter map, it is necessary toclarify the

terms thesis and dissertation. The work described with in this propo sal is a

requirement for obtaining the academic degree of doctor of philosophy (PhD) in

information systems (IS) from the University of South Africa (UNISA). The work

is a requirement for reaching the NQF+ Level 10, and it is called a thesis. A

dissertation is generally recognised as a requirement for obtaining a Masterz U

degree in South Africa and other countries. There is no joint definition of the

4 NQF: The National Qualifications Framework (NQF) overseen by the South African
Qualifications Authority (SAQA)
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terms thesis and dissertation ¢ in Switzerland and a number of other countries,

thesewords mean the opposite.

This thesis is divided into ten chapters, three introduction chapters and seven

chapters of the main body.

1.

The Introduction chapter, as the name suggests, introduces the thesis
including the research objective and goals, research gestions and thesis

statement as well asa brief introduction to the topic in general.

The Theoretical Frameworkontains all relevant aspects of the literature

review. It is the theoretical basis used to answer the research questions.

The Research Methottigy and Desigrchapter contain several subsections,
which can be used as guideline and processfor conducting this research
work. These subsections are research philosophy, research approach,
research strategy, research design, data collection, analysis ad

triangulation and ethical considerations.

The Problem Relevance and Application Scenahapter summarises the
needs of practitioners and the scientific community concerning the topic
of this research. The application scenario is used as demonstration
material and source of requirements, which is addressed and described

with in the fol lowing implementation chapters.

The Ontology-based CBR and Process Execution Appraaelpter contains a
view on the proposed approach as a suggestion, based on the literature

study and the application scenario.

The Case Modelchapter contains the results of the creation and

development of the case model including content and its characterisation.

The Casebased Reasoning Servicdsapter contains a desciption of the
implemented CBR services (retrieval, adaptation and learning) that can be

used during process execution and case management.
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8. The chapter Ontology-based CBR and Process Execution Prototgflects the
results of the former chapters and describes a prototypical instantiation of

the approach including its system architecture description.

©

The prototype is evaluated during the evaluation phase and the results

and findings are presentedwith in the Evaluationchapter.
10.Finally, this thesis ends with a Discussion, Conclusion and Future Work

The described structure is visualised in Figure 1.3. Apart from the described

chapters, this thesis contains a bibliography chapter and appendices.

e Theoretical Framework

Introduction &

\ S
Research Methodology Awareness

and Design

Problem Relevance &
ApplicationScenario

e OntologybasedCBR & Process Execution Approach Suggestion

e CaseModel = HE Case_based Reasoning
Services
\é/ :

v Development

e OntologybasedCBR & Process Execution Prototype

e Evaluation
d Evaluation &
DiscussionConclusion Conclusior
and Future Work

Figure 1.3: Thesis Map
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2 Theoreti cal Fr ame

This chapter gives an outline of the theoretical framework of the thesis. It
introduces the three relevant aspects, which supporting this research work:
process execution and flexibility, casebased reasoning (CBR) and the proposed

combination of CBR and process execution to support flexibility .

21 Process Execution and Flexibility

Process execution refers to the accomplishment of roughly, partially or entirely
predefined processes by humans and/or information systems. According to the
Workflow Management Coalition (WfMC, 1995, p.7) a process definition or
OOEl OWPUWEW?Z868¢wWEOOXxUUI UPUIT EwUI xUI Ul OUE
manual E1 | POPUDPOOWEOEwWPOUOI OOPWET I PODPUDOO? 6 w3
since it defines that a process model has to be computerised at all. In the
following, this definition is extended:
Definitior2.1: Process Mod#Definition
A process modeldefinitios arepresentation dbasinesprocess that includes
manal workdefinitiomnd/ocomputerised workflow definition (adaptédNtGm
(1995, p.Y)
In addition to this, a ?Z 6 process model captures the activities to be executed,
their control and data flow, the organizational entities performing the activities,
EQEwUI I WEEUEWOENI EUUwWE OE w ERoieherCandWeben EEET UUI

2012, p.15) The process models can serve as the basis for the execution of the
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containing process logic. Since mostprocessoriented information systems ? 6 ¢ w
describe process logic explicitly regarding a process model providing the schema
[ OUw x UOET U U(Reicteit Bnd Wik 2012, p.4) The term process
execution is related to and used interchangeably with the term workflow, which
can bedefined as follows:
Definition2.2: Process Execution/Workflow
Process exation or workflow isffh@&cpmputerised facilitation or automation of a
busi ness pr oc@H8MC,1995mp.6whol e or parto
The computerised facilitation or automation of a business process, the process
execution, is usually done with the support of a workflow management system
Definition2.3: Workflow Management System
A workfle management systgme dompletely defines, manages and executes
Awor kfl owso through the exasduveiyan of sof't
computer representation dptbeesd] o WfM@ 1995, p.6)
The specific execution component, the coreelement, of a workflow management
system is called workflow engine or processexecution engine.
Definitior2.4: WorkflonEnginéProcesExecutiorEngine
A workflowngineor processxecutioengine is aoftware&omponerthatfi [ € ]
allows creating, executing, and managing prooess irdtded to the sam&o
di fferent (ReicletandWeben@@l2,p.33p
The introduced concept of processes execution and workflows exist since quite a
while. Moreover, trad itionally those workflow management systems are
focussing on rigid and stable business processes. Nevertheless, the workflow
concept has its legitimation but needs to be extended to support knowledge

worker in a more flexible manner.

2.1.1 Flexibility of Business Processes and Workflows

Traditionally, workflow management systems are focussing ? €0 ¢ wx Ul EPEUEEC
and repetitive business processes, which can be fully described prior to their
execution in terms of | OU O E O w x U O E (Réldbert Grid BVie@r) 2012, p.43)
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"OPI YIUOQw?2¢Zo6gdwi Ol RPEPOPUaAwWwPUwWUI gUPUTI EwUOWE
EUUDPOI UUw Reichéert abddWeber, @012, p.43)This flexibility especially

requir ed for business processes, which support knowledge workers perform

their knowledge -intensive tasks. Reichert and Weber (2012) identified the

following four major needs of business proces flexibility: variability, looseness,

adaptation, and evolution.

1. Processvariability : Process variability occurs when processes need tobe
handled in different process variants based on the current context during
x UOET UUwl BT EVUDPOOS wW?/ UOET UUWYEUPEOUUwWUa x
PIT 1T Ul EQUwUI | wEOOEUI Ul WEOUUUI wOi WEEUDOOWI ¢
(Reichert and Weber, 2012, p.45)
2. Process looseness:Process looseness refers to knowledgantensive
processes, which are regarded as unpredictable and emergent. "For
processes of this category, only their goal is known a priori" (Reichert and
Weber, 2012, p.46) An example of process loosenesss patient treatment
EEUI UOwpkPT T Ul w?2Z6¢wUT T wxEUEOI Ul UUwWET Ul UOH
are typically not known a priori and might change during process
I R1 E U (Reichértand Weber, 2012, p.46)Therefore, a predefined and
detailed process description is rather difficult and even impossible.

TN

and Weber, 2012, p.46)

3. Process adaptation: Process adaptation exsts when entire processes or
their structure need to be adaptedUOw? Ux | EPEOQwWUDPUUEUDOOU~» w
21 BEI x Ub ORdichem &nd Wéber12012)

4. Process evolution:/ UOET UUw?2¢Z6¢gwl YOOUUDPOOwWUI xUI UI ¢
process implemented [in a workflow management system] to change
PI 1T OQwUT 1T wWwEOUUI UxOOEDOT wReldndt@ndiMdhers UOET U UL
2012, p.47)
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As mentioned the processesand workflows of knowledge worker s tend to be

unpredictable and can be assigned0 O wUT | w? x UO& WA 8 W 8&cdath 6 U U

and Weber (Reichert and Weber, 2012, p.46arguethat? €6 ¢ wuD U wdPUwO OO0 wx OU
establish a set of process variants for theseprocesses,since the parameters

~ s A N A~ A

and Weber, 2012, p.46)

Therefore, there is a need for an approach and corresponding method to enhance a
workflow management system to deal with knowledge workprboyiding process

variants based contextual informatio

In the following related concepts and methods will be introduced as a potential

basis for the approach that will be presented in the research work.

2.1.2 Flexibility of Case Management

Case management provides the ability to manage cases (as the word sugges)s
which contains e.g. knowledge of previously experienced situations. This case
knowledge can be workflow related information. Van der Aalst, Weske and
Grunbauer (2005) propose case management as a paradigm shift in workflow
related environments - especially for knowledge -intensive processes. Case
management gives the workers more freedom, flexibility and provides the
awareness of the whole context of activities within a business process(van der

Aalst, Weske and Grunbauer, 2005) McCauley (2010, p.265) defines case

collaborative processes that require coordination of knowledge, content,

EOUUI UxOOEI OEl WEOEwWUI UOUUET UwUOWEET BI YI wE:
judgement is required in determining how to proceed, and the state of the case

canbe affedd | EwEa wli RUI UOEOwI YI OQUUGS »

Case management focuses on the whole case Whereas in workflow

management, the focus is on the current work item or activity the execution.

Workflow management makes only a small contribution towards accomplishing
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the goal of the entire case.Case handlingis driven by the data-flow instead of the
control-flow, and this is also true for knowledge -intensive processes where the
process is based on a collection of data objects (van der Aalst, Weske and
Grunbauer, 2005). This data-flow focus means that the data objects representing
the whole context are the key part in knowledge -intensive processes and case

management.

Swenson (2010) has taken up the topic of case management and introduced a
201 Pux WWEBIEGW O OUwOUDPI OUEUDPOOWZO6 ¢ WEUWEEEXxUDY
ZOwbi 1 Ul ¢wlOT 1 wE E @Wwenddry) 201000, 2)GBdnsoh(20L0)aefiGes U U2 w
", w Bz gydtems thatare able tosupport decision making and data capture
while providing the freedom for knowledge workers to app ly their
understanding and subject matter expertise to respond to unique or changing
Workflow Management Coalition (WfMC) has also taken up the ACM topic, in
the meantime several books (Swenson, Palmer and Silver, 2011; Swenson,
Palmer, Pucher and MD, 2012)were publi shed in association with the WfMC
concerning ACM. The adaptability feature of ACM has some similarities with the
casebased reasoning methodology. ACM includes mechanisms UOw UIT UUI wE Zo ¢
templates for initiating new cases, including the use of completed cases as
Ul OxOEUI UBwZod ¢ w2 Ow U liemplate Eod b new 0add itstanceE EOwW ET w
(Palmer, 2011, p.85)

2.1.3 Flexibility based on Experiential Knowledge

In knowledge -intensive environments, people learn from their experience.
However, the own field of activity is always limited. Therefore people try to learn
from others as well. Especially the so called procedural (Schumacher, Minor,
Walter and Bergmann, 2012)O U w ?-U O w O O O(Plark, R009)as part of the
experiential knowledge of people is a central aspect in knowledge intensive

processes.
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It is common in knowledge int 1 OUDPYIT wi OYPUOOOI OUUwWUT EVwUT T w
OUwW?UOPwOOOPOI ET T wbUwbOwUT | U wGiddrient® Uwpb UD U C
(Schumacher et al., 2012; Plaza, 2009Recent work of (Madhusudan, Zhao and
Marshall (2004)and Schumacher et al.(2012) has shown that it is possible and
worthwhile to capture procedural and process knowledge as cases. According to
Bergmann (2002),experiential knowledge can be divided into the three different

categories vocabulary, experiencebase,and reuse-related knowledge.

CBR definition according to Kolodner (1993, p.13)? E w Gskeahiextualised piece
of knowledge representing an experience that teaches a lesson fundamental to
EEI DI YPOT wUOT 1T wi OE @&dlodnéri (1993 pbints Wit Ehe Godtext) » 6 w
awareness of casest the context of the cases is described either explicit or

implicitly.

22 CaskRBasd&kkasoning

Casebased reasoning (CBR) carbe seenas Leake(1996, p.2)ET | DOl Uw?2 Ul EUOOE
Eaw Ul Ol OE(Lea@On996y p.2) OUw ?2UI EUOODPOT w 1 UOOw Ul
(Madhusudan, Zhao and Marshall, 2004) and as a technical independent

methodology (Watson, 1999)to humans and information systems. ? " Ehaded

reasonih WP UWEOUT wZ€o6 ¢ wli T whEaAaUwx1 OxOl wUUI wgEEUI U
OEOI wOEET b O (Koledh#t) 19980d.27)GCBR can be seen according to

Aamodt and Plaza (1994, p.)EU w? €6 ¢ EwUI1 E | ghoblemEsolwing @QitE T wU O w
Ol EUODOT 2 6 w etdlu(2009)tefibes Eaéehiased reasoning is a subfield

of artificial intelligence. The roots of CBR are cognitive science, machine learning

and know ledge-based systems(Bergmann et al., 2009)

Cognitive science strongly influences Casebased reasoningt the original idea
was derived from the results of several studies concerning the human brain
(Lopez de Mantaras et al., 2006) Schank and Abelson (1977, p.36 ff.)laid a
foundation for further case -based reasoning studies by their studies of how
humans understand stories and how the memory affects the understanding of
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particular stories. Schank (1982, p.83) introduced the concept of memory
organisation packets MOPs. These MOPs try to explain how humans organise
individual scenes in living that are linked to other MOPs and can be linked to a
specific context or major goal. Schank (1999, p.123)came up with a revised
definition of MOPs as follows: ?PA MOP consists of a set of scenes directedrtbtiee
achievement of a go&.MOP always has one major scene whose goal is the essence or
purpose of the eventsganizedE @ w U1 | (g use theeMOPs as a source for
reminding and adapting the memories to a new situation, Schank (1999, p.137)
arguedthat ? €6 ¢ wUT 1 Ul wOUUUWET wUUUUEOUUI UwUT EVwWEE
that occur in different domains These structures are introduced by Schank(1999,
p.137)as thematic organisation packets TOPsand contain abstract and domain-
independent information. MOPs are a basis for creating cases in a casbased
reasoning approach (Lopez de Mantaras et al.,2006)t a person who createscases
in a casebased reasoning system tries to describe individual (set) scenesMOPSs).
wxl UUOOwUUwWOI Ul OwEEOI w U ™MaPs)Un audifferend OOE OQw U
situation by abstracting existing information using TOPs#t this as a relationship
to casebased reasoning and a basic requirement to the CBR users and the

approach as well.

’ New Case ."._ / Old Case \\
) R
_ : Retrieval N \
New Problem e > Old Problem
{Similarity)
— i —
v
oy
:Adaptation
New Solution €< . Old Solution
: (Reuse) \ /
¢ ~—
........................ . /
Ay /

Figure 2.1: Casebased Reasoning Reuse Principle (adapted from Richter and Weber(2013)

Figure 2.1 depicts the basic reuse principle of casebased reasoning. Gisebased
reasoning (CBR) uses the specific knowledye of previously experienced
situations (cases containing old problems and old solutions) to propose a solution
(reuse) to a new situation (new problem). This suggestion is madeby comparing
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the new problem with old problems based on the similarity (Aamodt and Plaza,

1994; Richter and Weber, 2013) This principle refers to the underlying
EUUUOXxUDPOOWOi w"! 1wli EVUOWE ¢ 6 plutior"qWaisen) wx UOE Ol
2003, p.31) However, this also refers to one of the main chalenges in CBR: "If

similar problems have very different solutions, a case-based reasoner may give

inaccurate advice" (Watson, 2003, p.31)Using the traditional CBR terminology a

case consists of aproblem spacéproblem items/descriptions) that is used for

describing a certain solution spacésolution items) (Bergmann, 2002p w? wEE UI
based reasoner solves new problems by adapting solutions that were used to

solve O O E w x U O(Ri€sbeCkliamduSchank, 1989, p.25Apart from the reuse of

these historical cases, cas&« EUI EwUl EUOODOT WwEOUOwWxUOYDPEIT Uuw
EEUI U2 6 uNarBodtlarifl RI&r (11994)and Madhusudan, Zhao and Marshall

(2004)the generic CBR cycle (sed-igure 2.2) consists of the following steps: 1.

Retrieve the most similar cases from the knowledge basel{aasecontaining previous

cases) based on the problem description of the new case (problem casg)mianiya

mechanism. Reusethe knowledge in the retrieved cas&gsolve the current problem

¢ adapt the historical knowledge to tew problen{adaptation. 3. Revise and test the

suggested solution e.g. by evaluating it under tbalworld problem évaluation). 4.

Retain useful experience (past solutions and failures) for future reuse and store a new

case in the knowledge basas@earning).

“Problem”

ous
Case

General
Knowledge

Confirmed Suggested
Solution Solution

Figure 2.2: The CBR Cycle (adapted from Aamodt and Plaza (1994)
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2.2.1 General Case Structure

The basic idea of the ‘case’ concept is to capture information forproblem -solving

as used in cognitive science(Bergmann, Kolodner and Plaza, 2005) Traditionally

a CBR systems casedescription consists of a problemand a solution part.

Bergmann (2002) extends the problem and solution view by the characterisation

the experience that are relevant for deciding whether the experience can be

reused in a certain U D U U E(Bddgin@nm, 8002, p.48) The characterisation part

contains eements that canbe seenas index or metadata to the case. In contrast to

regular index or metadata, the characterisation part is usually more detailed as it

must contain the whole context of a case. INCBR, the characterisation part can be

seen as problem space. Bergmann (2002, p.50) extends this view to the

that were not present in the problem-solving UPUUEUDPOOUwWZo ¢ 28 w31 1 wt
contains elements that are needed to describe the caséo enable the user to take

actionsbasal on the suggestion. Based on Secchi, Ciaschi and Spenc€l999)

Ul YI UEQWUXEE]T welT 1l OEPI UwWEI | POl UWEwWOI UUOOwWOU
understanding T ED Ol E wE a w(Webel, AhB an@Beterrafrernandez, 2000,

p.63). In traditional CBR terminology , the lesson part canbe seenas solution part.

Bergmann (2002, p.50) R UT OEUwUT PUwY DI PwEAwWUUDOT wOT 1 wUI
can contain information that is not the solution itself but useful to find a
udouUUPOO~ &

2.21.1 ACaseinCBR

Based on Bergmann, Kolodner and Plaza(2005, p.209p wE wE E U1 wbagad ¢ wb OwE E
reasoning is a contextualized x D1 E1 wOl wi Bx1 UDI OEl 2 dw3i 1 awEC(
form of the case should not be specified in advance ¢ therefore a general

definition is presented here:
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Definition2.5: Case in Casbased Reasoning
Acasein caséased reasoning consists of at leastmeréencknowledgétem
thatis contextusdid(adapted from Bergmaddoipdner and PIg2805)
Definition 2.5 explains the meaning and the purpose of cases in Casebased
Reasoningt a casetries to capture experience or fragments of it asthe basis for

future problems.

2.2.1.2 Elements of a Case in CBR

As mentioned at the beginning of this section, the traditional view of problem
and solution should be extended.! EUIT E w O O w*(1EBMErK) Baigmenm,

Kolodner and Plaza (2005, p.209)3escribe the following possible five elements of

a case structure:? PP AWEWUDUUEUDOOWEQGEwWwhUUwWl OEOCOwmpb b A

deriving it; (iii) the result of carrying it out; (iv) explanations of results; and (v) lessons

Ul EOWEEOQOWET woOl E U Olhéfaibwih@defimitldn | lists gdssibléjcase OE T 6 2

elements, which should be describedin cases of a caséased reasoning system.

Definition2.6: Case Elements

A casein caséased reasoning should contain the fodtements (1) the
situationincluding goalzr¢bler) (2) thapproachsolutiopanderivationof the
approach; (3) tihesult (or outcomeincludingxplanationsand (4) thkesson

learnedadapted from Bergmann, Kolodner an(RPGh)a

2.2.1.3 CBR Knowledge Containers

The distribution of knowledge in a case-based reasoning system has been
introduced by Richter (1995) In casebased reasoning, it is possible to identify
four containers of CBR knowledge (Richter, 1998) These "knowledge container"
are identified as shown in Figure 2.3: the vocabulary, similarity measure, solution

transformation and case base(Richter, 1998)
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Similarity Solution
Case Base Trans-
Measure formation

Vocabulary (Representation)

Figure 2.3: CBR Knowledge Containers (Bergmann and Schaaf, 2003)

The vocabularycontainer contains the background knowledgehich is "general and
x UOEOI OwbOEI x| OEIl OUwZo¢gFWEOEwWPT 1 OWwDPDUWEEZO ¢ L
domain it is also called contextual knowledg&Richter, 1998, p.4)

Definition2.7: Case Vocabulary

The case vocabularys used ta@ontextuak a casein caséased reasoning

(adapted from RicHtEI98)
The cases itselfare captured in a case basevhich is another knowledge container
in case-based reasoning (Richter, 198B). A similarity measurement is needed to
retrieve cases in a CBR system"A case baseCB is a set of cases which, for retrieval
purposes, is usually equipped with additional structures; structured case bases
also existunder the name of case memory" (Richter, 1998, p.6)

Definitior2.8: Case Base

A case basen casdased reasoning isteuctured st of casegadapted from

Richte(1998)
Bergmann and Schaaf(2003)described the knowledge containers of a structural
casebased reasoning system gee Section 2.2.2.3Structural CBR). In Figure 2.4
the elements are presented, which are relevant when describing Characterising)

knowl edge items (Bergmann and Schaaf, 2003)
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Vocabulary
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y \ describes
I \ relevant

Case Base

(' used to \ concepts of
Charac- represent \
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Knowledge
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Figure 2.4: CBR Knowledge Containers (Bergmann and Schaaf, 2003)

In this traditional terminology , the term knowledge item is used, which can be
seen as experience item as stipulated inDefinition 2.5. The knowledge item is
linked to a casecharacterisation, which describes to knowledge item using the
vocabulary knowledge container. As mentioned before, this vocabulary consists
of conceptsfor describing the knowledge items (Bergmann and Schaaf, 2003)

Definition2.9: CaseCharacterisation
In extension Befinitiod.5, theexperiencknowledgé&emsthatare linketb cases

are abstracted usintharacterisatiofadapted from Bergmann and S0
The case characterisation fA[é] describes
for deciding whether the experiente cansedh acertairs i t u(Bergmann, 0
2002, p.50)
As mentioned a similarity measureis needed in CBR to retrieve similar cases.
According to Richter (1998) this similarity measure is the another knowledge
container in CBR. "A similarity measure is a container which can store more or

less sophisticated knowledge about aproblem class” (Richter, 1998, p.8)

The solution transformatiorknowledge container contains knowledge that is used
during adaptation of a retrieved e xperience item to a new situation. This solution
transformation is sometimes called adaptation knowledge (Richter, 1995; Wilke,

Vollrath, Altho and Bergmann, 1997; Richter, 1998)
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2.2.1.3.1 CBR Characterisation and Metadata

The term metadata is often used to describe the relationship of data that describes
other data. Sometimes then, the question arises whether metadata ard
characterisation can be used interchangeably. "Metadata is often called data
about data or information aboutinf O U O E U b O @ripi@ ndetadata describes
a resource for purposes such as discovery and identification” (NISO, 2004, p.1)
This definition of the National Information Standards Organization (NISO) is
indeed a very general definition of metadata. Additionally , when using the
definition of Greenberg (2005)it possible to come to a conclusion that both terms
canbe usedPD OUI UET EOT 1 EEOCab6 wE3T T wll UOwOI UEEEVUEWE
that describe, provide context, indicate the quality, or document another object
(or data) characteristics" (Greenberg, 2005, p.20) Bergmann and Schaaf(2003)
investigated the relation of structural CBR and Ontology -Based Knowledge
Management and came to the conclusion that experience items (know ledge
DUl OUAWEUI wEOUT wEZO¢WEEUUUEEUI EwUOWEWET EUE
which are usedfor furthe r processing” (Bergmann and Schaaf, 2003, p.609Based

on that investigation, it is possible to use metadata and characterisation

interchangeably in structural CBR.

2.2.2 CBR Approaches

It is possible to distinguish three main approaches in case-based reasoning
(Bergmann et al., 2003) 1. Textual CBR(see e.g. Shimazu(1998) and Weber,
Ashley and Bruninghaus (2005) where the casesare recorded as or derived from
the free text. 2. Conversational CBRsee e.g. D. Ahaand Breslow (1997) D. Aha,
Maney and Breslow (1998)and Aha, Breslow, and Mufioz-Avila (2001) where
the case acquisition takes place in a conversational dialogue) manner. 3.
Structural CBR(see e.g. Yokoyama1990)and Aamodt (1991) where the casesare

described by using a certain vocabulary or domain model (Bergmann, 2002)
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2.2.2.1 Textual CBR

The textual caserepresentation approach is free text based (technically free texs
are usually strings). According to Bergmann (2002) textual caseapproaches are
appropriate for huge collections of existing free text documents and the reader of
the casescanreuse the information in the cases without any adaptation or further
processing. Text based casapproaches usefree text, which is more cognitively
adequate to humans it is possible to deduce, therefore, that more tetual
documents already exists and to is faster to acquire cases from existing
documents Bergmann (2002) Because no or only a simple pre processing steps
are needed to acquire initial cases from existing documents compared to other
approaches that will be explained in the following. To retrieve textual cases the
keyword matchin@pproach is often used (Bergmann, 2002) However, keyword
matching approaches have a core issuet according to Bergmann (2002, p.54
Ul ROUEOQwWUI UUDPI YEOQwWOI U1 OEUw?Zd6¢ WEUI wUl UOUBEL
mentions frequently asked questions documents as a prominent example for
textual cases where each case contains a problem represented as question and
solution part, which is usually written text. It is necessaryfor textual approaches
that the characterisation part is well described using distinguishable keywords.
According to Bergmann's (2002) conclusion, textual case approaches are

sufficient with only afew casescontaining precisely and discriminatingkeywords.

2.2.2.2 Conversational CBR

The idea behind the conversation case representation is to capture knowledge
that is gained during a conversation, similar to a person -system or person-person
dialogue. In contrast to other approaches conversation based systems do not use
a domain model or structure (Bergmann, 2002) An example of such a
conversational-based approach is a call-centre situation, where an operator asks
several questions to the clientto localise the problem and provide an appropriate
solution. The conversation contains several questions, which will be selected
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based on the course of the conversation. These questions can be answereldy

saying yes or now; or by selecting suggested options or by giving detailed

information such as product typesd w3 1 | WwEE UI U wl dedsiomtieadlltda) U E OO a wE
UOUUEOUUTI  WEOEwWUT T w"! 1w UauvUuil Ouiaogudss uET Uw U1
(Bergmann, 2002) According to Bergmann (2002, p.55) the conversation
ExxUQOEET w?2¢6¢dwhDUwYl UawlUI T UOwi OUWEOOEDOU W
x UOEOI OUwOUUUWET wUobOoYI EwET EPOWEOEWET EDPO? 6
2.2.2.3 Structural CBR

The structural case representation uses avocabularyto restrict the possible case

elements. The cases are usally represented technically as attribute-value pairgin

flat tables or object oriented classes), agraphsor it can be representedasformulae

that contain variables as in predicate logic (Bergmann, 2002) The definition of

the cases itself canbe seenas domain model (Bergmann, 2002) According to

Bergmann (2002, p.56)J 1 DU w? Z 0 ¢ wE énduesiainédrasks@ue of high

quality, EOEw UT T wOEDOUI OEOGET wi il OU0wPUwOOP2>Buw™"
conversational case approaches the structural case approach produces the best

results but on the other hand, this approach needs to biggest initial effort to create

the domain model (Bergmann, 2002)

2.2.2.4 Comparison of CBR Approaches

Bergmann (2002)made an analysisto compare the difference approaches deeply.
He also shares the experience of creating a case base in a company including the
difficulties they might occur. Further, he points out three main requirements and
efforts that should be taken into account when implementing a case-based
reasoning system: Frist theinitial material that is required to set up the case base.
Second the effort to maintainthe case baseMoreover, third the effort to control the

accuracyof the casebasedreasoning system.

When implementing a case-based reasoning system, thereusually exists no ideal

situation in a company, where the needed material is available and is in that
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structure that is requir ed. Most of the time a pre- processing step isneeded¢ here

the effort differs from one approach to another.

Based on the assessment of Bergmant§2002)it is possible to conclude that the
structural approach is appropriate for complex problem solving comparison to
the textual and conversational approaches. The structural approach enables a
more accurate retrieval as the textual approach, and the maintenance effort is
lower as it would need the conversational approach when scaling the case base

up (Bergmann, 2002)

2.2.3 Structural CBR Approaches

There exist several ways to represent casesin a structural manner. Bergmann
(2002) listed four main representation approaches for cases. In thdollowing , the

four main approaches are introduced.

2.2.3.1 Attribute-value Representation

The attribute -value representation of cases is a relationship between an attribute
and value that is restricted to a particular type, which defines t he value range of
the attribute. A case consists of at least one attributevalue pair. The assignment
of the attribute -value pairs to the casecan be fixed or differ from case to another

(Bergmann, 2002)

2.2.3.2 Object-oriented Case Representation

According to Bergmann (2002) the objectoriented case representation canbe

seenasan extension to the attribute -value representation of cases. It extends the

attribute -value pailw Ex x UOEET w PDUT w UlistEEOCEEwar@Ol w OUDI O
relations including the inheritancepossibility. The casesare representedas objects

that were instantiated from classes. These classes contain attributes, which also

realiseU T patdf? wUl E&H WO @ ud wo E NE £ W) 6 ierBdl sdbdtieU

inheritance principle of the object-oriented approach. Bergmann (2002)suggests
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the usage of an objectoriented case representation when cases with mixed

structures need to be represented

Plaza (1995) introduced a featureterm (sometimes called feature structurg
representation that enables to representcasesin a structured (sometimes called
objectcantered)way. This approach uses anti-unification and subsumption to

evaluate the similarity of cases.

2.2.3.3 Graph Representation

The graph representation can be seen as (attributed) directed graph and alsobe
seen as a tree structure (Bergmann, 2002) The attributed directed graph is
represented as triple. The attributed graph is used as the casedescription, and
the attribution of the graphs (nhode and edge descriptors) are restricted into a

certain vocabulary based on the domain model.

2.2.3.4 Predicate Logic Representation

According to Bergmann (2002) predicate logic case representation is useful for

planning experience and diagnosis related applications. For experience

management, Bergmann (2002, p.69E UT Ul UwUT EQwx Ul EPEEUI wOOT PE
x OEa wE wOb O éidaptdod Pdnning éxperience? 6 w( Owx Ul EPEEUI woO
representation (vocabulary) consists of functions and predicate symbols. Instead

of having several sets of ground formulas (function and predicate symbol), it is

possible to usea structured subsetof formulas. This structured subset gives the

possibility to representcharacterisation and lessonusing one set Apart from that

with a predicate logic based representation, it is possible to represent arbitrary

structures (Bergmann, 2002)

2.2.4 Case-Based Reasoning Processes

The methods for supporting the CBR process highly depend on the actual case

representation approaches as pesented in the sections before.
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2.2.4.1 CBR Similarity (Retrieve)

Casebased reasoninguses similarity measures to retrieve similar cases. Most of

the measures come from the research field of information retrieval. According to

Lopez de Mantaras et al.(2006) it is possible to distinguish case-based reasoning

applications using surface similarityand others using structure similarity also.

Surface similarity algorithms useti 1 wUUUI EET wi 1 EVUOUT Uw Ol wEWE
features of a case are those that are provided as part of its description and are

typically represented using attribute -Y E O U1 u(xopeR deMantaras et al., 2006,

p.219). According to Richter (1998, p.8p wubfae similarity considers only

state of the art work concerning CBR measurements and proposed taxonomy. He

stated feature-vector representation as the standard CBR methodology: ? 31T | w
standard methodology in CBR is to represent a case as a feature vector and then

to assess similarity based on thisfeature Y1 EUOU w U1 x YluthingbahE UD OO~ w
2009, p.1)

As mentioned before and in Mantaras et al. (2006) the most common approach
in CBR is the feature vector based representation. In feature vector based
representation, the surface similarity assessment is usually done using a local

similarity and a global similarity method.

The local similaritymeasurementis defined for every feature as sketched inFigure

2.5. According to Richter (1998, p.8p w? + O E E O weAld With Dé&valBed of au E

UDOT 01 wEUUUDPEUUI w b Vet islagslirie thhat théreuigoizeded t® E O x O1 O
distinguish patient medical files. The task would be to retrieve a historical case

of a specific disease using theInternational Classification of Di seases(ICD)

identifier (represented as text). It is possible to use an equal

function/measurement to assess the similarity between a case of given situation
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and the historical cases stored in the case basewhich indicates if ICD s identifier
is identical (equals) or not using the values 0 or 1. As a result, such a CBR system
would list all historical cases where the specific disease identifier is assignedas

value.

The global similarity(sometimes called object similarity) measurement is used to

combine several local similarity values and calculate an overall similarity value.

This global similarity calculation gives the opportunity to evaluate the similarity

of cases with more than one feature. According to Richter (1998, p.8) global
UPOPOEUPUaAawW?Zo6¢wUIl xUI Ul OUVUWEwW I (198D PEwW YDI |
described that global similarity could E1T w? ET UBDYIT E2 wi UOOwWUT 1T wood
Ol EUUUI Ohebdlntivé importance of attributes can be reflected by weights

but Additionally, the relative position in a hierarchy, as well as general

background knowledg | OwE E OwE | wHRidhiérl1998,p.B)A$ ittShown in

Figure 2.5, the global similarity (object similarity) is calculated over different local

similarity features. The weights are can pre-defined by domain experts or end -

users, or learned by an adaptive learning algorithm (Lopez de Mantaras et al.,

2006)

Query ] S Characterization
object similarity
t— — P

local similarity

rel. attr. rel. attr.

— rel. attr. rel. attr. —
object similarit
object oo > ] object

ref, ocal similarity of.

object similarit
' «----- it o
local similarity

< e
local similarity

Figure 2.5: Sketch of the Similarity Computation (Bergmann and Schaaf, 2003)

5 http://www.who.int/classifications/icd/en/
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In Figure 2.5it is possible to recognise certain (object) references t@another global
similarity  (object similarity) calculation . This referencing to other global
similarity elements represents a certain structure of the case characterisation,
which is called structural similarity. According to Richter (1998, p.8) in CBR the
term structural similarity has UP OWEDUUDPOEUwWOI EODPOT Uo w?. QwUT |
to consider structural aspects of the problems or cases compared.On the

contrary, it can also mean to consider the similarity of a whole setofcaJ 1 U+? 8

3T 1T wi OEOwWPUwWUT 1 w? EOOEIT xQEMEEXPRAGEEOUDEOUUE] | EuBOOERAIG:
(Cunningham, 2009) when defining certain features in case-based reasoning.
51 EOUOUWUXEETI wOOE]I OUWEOEwWUT I w ECumioghbrE UDOOw O
2009) methods is only one path to identify the similarities over several cases.
There exists a vast number of approaches for calculating similarities in case

based reasoning(Lopez de Mantaras et al., 2006)

Apart from feature -value based, hierarchical structure and graph-based
approaches, there exists other possibilities like transformation-based approaches
for string matching, furthe r information theoretic, ontology, taxonomy or

machine learning approaches (Cunningham, 2009) + see Section 2.2.5 (Multi -

Method CBR Approaches).

2.2.4.2 CBR Adaptation (Reuse)

The adaptation of historical knowledge to a new situation is an important task in

casebased reasoning.Alternatively, in the words of Hanney and Keane (1997,

p.3590 w? Meéspiacess of a CBR system often critically depends on its ability to adapt

the solutionof a previous case to suit a new situatiod w EEOUEDOT wUOw + O »
Mantaras et al. (2006) it is possible to identify two different dimensions of

E EE x UE Ub OGLohangedin thelretrieved solution and how the change is

EEI Pl Xddionally , Lopez de Mantaras et al.(2006)identified the following

three different adaptation methods: Substitution, transformation and generative

adaptation
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When executing substitution adaptation, the experience items of a retrieved case
will be manually or automatically re -instantiated to serve a new similar situation
(Lopez de Mantaras et al., 2006)

Definitior210  Substitution adaptation

Substitution adaptatieinstantiatethe selected experience items of the retrieved
case (based on Kolodi®©3and adapted from Lope Mantaras et (@006,

p.227)
In contrast to substitution adaptation, transformation adaptation changes the
structure of a potential solution using a certain transformation method (Lopez de
Mantaras et al., 2006)

Definitior211  Transformation adaptation

Transformation adaptatestructurethe solution and experience items (based on

Kolodnef1993and adapted from Lopez de Mantarg2@d@).p.227)
Generative adaptation does not change the retrieved case directlyt it replays the
procedure of a recent transformation. The actual modification of the potential
solution is usually don e using substitution or transformation adaptation (Lopez
de Mantaras et al., 2006)

Definitior212  Generative adaptation

Generative adaptatieplays the procedure (methfaallapting the retrieved case

to the new situation (adapted from Lopez de Mant@@86etmd.227 & 228)
Such procedures in generativeadaptation can be learned from the case base using
already acquired knowledge and imported knowledge such as domain
knowledge. One example of such a generative adaptation approach using

additional knowledge is introduced in the following section.

2.2.4.2.1 Examples of CBR Adaptation

Hanney and Keane (1997)argue that many systems use hand-crafted rules for
the adaptation task and identify adaptation algorithms based on featuredifferences
within cases (situation vs. lessons) as popular (Hanney and Keane, 1997) The

problem is that a knowledge engineer needs to understand the application
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domain and needs to able to create handcrafted rules based on this feature-
differences, apart from that the engineer has to predict the feature differences
that might occur in future (Hanney and Keane, 1997) As Hanney and Keane
(1997) propose, the learning of adaptation knowledge/rules would tackle this
issue. They introduced a rule learning system based onfeature differences within
an existing case base. Wilke, Vollrath, Altho and Bergmann (1997)went into the
same direction. They introduced a framework for learning adaptation knowledge
in case-based reasoning. Wilke, Vollrath, Altho and Bergmann (1997, p.235)also
argue thE U w thbdellin@ of appropriate adaptation knowledgdaBelnain challenge
in case-based reasoningt ?adaptation knowledge is in contrast to cases, not quickly
available and hard to acquirdbhe acquisition of the adaptation knowledge will be
madeusing Ew? OO0OOPO1 ET 1T wOPT T U2 WExxUOEET dw3T 1 wUI U
the knowledge that is already captured inside a casebased reasoning system,
which can be used to derive adaptation knowledge.
Definitior213  Knowledge Light Learning Algorithm
Aknowledge light learning algorithme f er s t o al gealreadtyh ms, whi c
acquired knowledge inside the system fodglvidke et al., 1997, p.26B)sor
values of parametefsr a certain task.
The proposed framework executes two main steps to extract adaptation

knowledge out of the case base.

similatity
measure inductive improved
preprocessor |—» > learning adaptation
algorithm knowledge
case base

examples

adaptation

Figure 2.6: Elaboration adaptation knowledge (Wilke et al., 1997)

© University of South Africa 2016



2 Theoretical Framework 41

Frist one, is apreprocessing steprhere a set of example will be selected. As a

second step, an inductive learning algorithmwill be applied. The algorithm uses

the example attributes, which were extracted in the pre-processing step. Wilke,

Vollrath, Altho and Bergmann (1997)showed in their work how this approach

could be successfully applied in rules-based, and optimisation -basedadaptation

knowledge approaches based on a case study.Wilke, Vollrath, Altho and

Bergmann (1997, p.240)came up with general issues when implementing

Knowledge Light Learning Algorithms. The first problem is the adequacyf the

learning algorithm and regards whether an algorithm can solve a learning task

the availability of data and the learning task itself have a major impact on the

EEI QUEEad w3l 1 wUI @exAEUED UIUD Qul el Oyiwhidhidéss OO Op Ol E
mainly with the selection, quality measurement and construction of the learning

data. The third PUUUT wl@WiUT UEBERD OO w O w Uritd am éxistied) O1 E wO O ¢
and already applied learning knowledge.

#7 QUDOOw+ DI E[Raa)dddssin thei WotkBhe issue of analogical

reasoning in casebased reasoning by extending OWL to represent adaptation

OO0O0OPOI ETT 6w xEUUwi UOOwWUT E W0e6presemded BWRY w+ D1 ET U
to use OWL retrieval for retrieval and adaptation. One issue was the acquisition
EEEXxUEUDPOOWOOOPOI ET T 8w Uwkee)didduced (derOET w# 7 ¢
a system for the elaboration of adaptation knowledge using case-based mining

techniques - this system is used in a real world scenario to support physiciansin

breast cancer treatment. The system applies algorithms from the datamining

domain and is using a light extension of OWL DL for the case base and the

domain knowledge.

2.2.4.3 CBR Evaluation (Revise)

The revision step of the CBR-cycle is often tightly connected to reuse step in case
based reasoning. Several research papersdescribe these two steps in an

interactive manner. For example, Lopez de Mantaras et al. (2006, p.227)escribe
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a possible and common interaction between adaptation and evaluation as

| OOO0OPUOG wW? E E h&usddbhetfeedbad® abBuddptbposed solution

indicates that a repair is needed; this is part of the revise stage in the CBR cycle 6

The explanation of Althoff (1997, p.177)goes into the direction that it becomes

clear that there is a tight information flow Ol wUT I wi EUOPIT UwUUI x U6 w "
found by, the earlier tasks and the knowledge structures may be controlled and

confirmed or repaired DI wUT 1 a WEOwWOOU wh 5 possible to sele hec | EUT E2
Ul YPUPOOwWUUI xwEUwW?Zo6 ¢ wEWxUI x EUD @lthofk UOET UU w
1997, p.177)

Aamodt and Plaza (1994) identified two main tasks in the revision step:

evaluation and reparationd w ? 8vhlliation task takes the result from applying

UTT wUOOUUDPOOwW BOw Ui(Aamodti aBdOrIata O™t 13)OThed U 2 w
implication is that the evaluation task takes often place outside he casebased

reasoning system. In the evaluation task, Aamodt and Plaza (1994) mentioned

three techniques: (1) evaluate byateacher, (2) evaluate inreality and (3) evaluate

using a model. The evaluation by a teacher can alsobe seenas evaluation by an

expert, and it is crucial that there be an expert available (Althoff, 1997). When

executing an evaluation in a real world, the system can guide the process in a

way that the system notif iesthat there are environmental changes (Althoff, 1997).

A model based evaluation can happen in two ways. The first is an identification

Of w?DOEOOUPUUI OEDPI UwbOwU a Ofich Garcavauéibn OU? O wE (
UUDPOT w? OUOIT U b HAtkpi AP pI1BB. T 2farvation task consists

of two main techniques (Aamodt and Plaza, 1994) (1) selfreparation and (2)
user-reparation. When execution the self-reparation technique, the system tries

to repair the solution by itself. This self-reparation can be done using domain

knowledge, or it is based on simulation results, or it is integrated into the

adaptation step (Althoff, 1997). Finally, the user-reparation is done, as the name

suggests, by the user himself and this is maybe also part of tre adaptation step

as well (Althoff, 1997).
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2.2.4.4 CBR Learning (Retain)

According to Richter (1998) UT | wUI UEDPODPOT wUUI xwbUwpki T Ul wOT
performed, and it is the final step of the original step in the CBR cycle of Aamodt
and Plaza (1994) "The task of learning (we use machine learning as a synonym)
IS to improve a certain performance using some experience or instructions"”
(Richter, 1998, p.9) Learning in CBR can be performed in different ways. Starting
with a simple storage of all fields of a revised case to sophisticated machine

learning algorithms and case-based reasoning maintenance approaches.

Most systems simply store the solution of a casein their case base with the
assumption that the solution was helpful, others add further information
concerning the problem and other fine -grained information about the solution

finding process (Lopez de Mantaras et al., 2006)

2.2.4.4.1 The Utility Problem

One prominent issue in casebased reasoring and its retention phase is the utility

x UOEOI O w?31T 1 wlUDPODUA w x bcCuEed iwhew EnGuledge EUOD OT w
Ol EUOI EwPOWEOWEUUI OxUwUOwhOxUOYI wEwUaUUIl Oz
(Houeland and Aamodt, 2010, p.142). This utility problem often counts for so-

called speedU x wOl EUOWHge OiuP @@ wUl Oz UwodOOPOI ETT wbUu
U7 1T wEOOUOUWOT wul EUOCODOT wYHoeklaml @ridAamodwUOOY T wl
2010, p.142. Some casebased reasoning systems canbe seen as speedup

learners. According to Houeland and Aamodt (2010, p.1422 €6 ¢ WEE Ul Uwb OwE w
system may be viewed as a form of speed-up knowledge, where storing,

retrieving, and adapting cases provides for more efficient problem solving than

first-principles or model -EE Ul EwO1 UT OE U? 6 4eBdd reasbnihg&ddi O wEE U
speed-up systems is to create a potential solution to a specific problem as fast as

possible under the assumption that a slower retrieval method already exists. Not

all case based reasonergount as speedup learning systems ¢ especially those

systems, which are using the case base as the only source for mblem knowledge
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(Lopez de Mantaras et al., 2006) Houeland and Aamodt (2010)calls casebased

Ul EUOOPOT WEUWEwWOEaawOl EUODPOT wExxUOEET 6w+E
regarding the solution of a problem will be postponed as long as possible until

the problem query is posedE OE WEUWOUET wbOi OUOEUDPOOWEUwx O
(Houeland and Aamodt, 2010, p.142). The following two main approaches can be

used to avoid the utility problem for lazy learners : first, an efficient indexing and

second the deletion of cases in retaining phase. As Houeland and Aamodt (2010)

argue, these two approaches are against the original idea of caseébased reasoning

because this is somehowa? OOOP Ol ET T wUI EVUEUDOO? wbBUT OUUwWC
case might have been useful in future or not. Therefore, simple indexing and case

deletion should be avoided in casebased reasoning. Houeland and Aamodt

(2010, p.154)have shownthat ? OEQa wx UEEUPEEOwW" ! 1wUauUi OUwWE
use of these eageroptimizations and can be limited by committing to decisions

x Ul OE U U Addithaadlyd,usmyth and Cunningham (1996) showed that

additional casescould reduce the efficiency of a casebased reasoningsystem, but

it increases the quality to a certain point. They also showed that the retrieval

efficiency decreases where at the same time the adaptation efficiency increases.

2.2.4.4.2 Problem-solving Competence

Despite the fact that case base enlargement has its positive side (as mentioned in
section before), the casebased reasoning community tries to use other artificial
intelligence and machine learning approaches to deal with harmful knowledge
and the utility problem in particular (Lopez de Mantaras et al.,, 2006) One
prominent technique used as coping strategys the nearest neighbour classification
to identify certain patterns - e.g. the condensed nearest neighbour rule (CNN
rule) approach by Hart (1968)for removing harmful examples from training data

(Lopez de Mantaras et al., 2006; Smyth and McKenna, 1999)

As mentioned in the former section, case deletion is an important technique when

dealing with harmful cases. Case deletion is one technique of thenformation
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filtering modelcalled selective retentiomtroduced by Markovitch and Scott (1993)
The model is a framework for information filteri ng to avoid harmful knowledge
in learning systems. The deletion of cases in casébased reasoning is related to
selective retention filtering model. Based on this, Smyth and Keane (1995)
introduced a competence modelr case deletion in casebased reasoning systems.
These competence model assegvery case how it affects the problem-solving
competence the case based reasoning system using certain criteria. The model
categorises the cases into four main classes: pivotal, spanning, supporting,
auxiliary. Pivotal casesshould not be deleted, because it would result in a
reduction of competence (knowledge loss). In contrary, auxiliary casesdo not
influence the competence level of a cag based reasoning systemt a deletion
would only reduce the efficiency of the system. Spanning casesct as links
between casest they do not directly influence to competence level. However,
they might become relevant if linked cases will be deleted. Finally, supporting
casesre a special form of spanning cased they often exist asagroup . This means
that each case within a group is somehow linked and related. The deletion of
some case®f such a group would not affect the competence level ¢ a deletion of
the whole group would reduce the competence level of a casebased reasoning
system. Smyth and McKenna (1999)evaluated such a competence model with the
result that such an approach works well compared to traditional techniques.
Nevertheless, Leake and Wilson (2000) showed that besides competence also

compactness andadaptation performance matters too.

2.2.4.4.3 Case-base Maintenance

Based on the former section it becomes cleathat researche s began torealise that
UT T Ul wDPUWEwWOI T Ewi OUWOEDOUI O Ebése maintehtee | UUT U we
implements policies for revising the organization or contents (representation,
domain content, accounting information, or implementation) of the case -baseto
i EEPOPUEUI wi UOUUI wuUl EVUOODPOT wi OUwHLeak&E UUDE UOE
and Wilson, 1998, p.197) Nowadays, casebased maintenanceis recognised asan
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essential element it the retaining step of casebased reasoning (Lopez de

Mantaras et al., 2006)

Leake and Wilson (1998)introduced a framework for characterising case -base

maintenance systems based on certainpolicies Later Wilson and Leake (2001)

improved this earlier work and applied the refined dime nsions to all knowledge

containerst U1 1 wUIl UUOUwWPUwWEwWI UEOI POUOQwbPI PET WEDOU
x UOE Ol O thaddd weksBnihg maintenance. As an example, one policy

category is called data collectiont 2 Ul PUwPUwUOT T wbOi OUOEUDOOwWUI
Leake, 2001, p.199) Such casebase maintenance policies are an important
elementtoday's casebased reasoning approaches. The work of Wilson and Leake

indicates the importance of casebased maintenance. As a consequence of this

direction of casebasedreasoning research and the growing importance Reinartz,

Iglezakis and Rotht Berghofer (2001) proposed an extension of the original case

based reasoning cycle ofAamodt and Plaza (1994)

e Maintenance Phase --===-—_ ommmmmmeee Application Phase --e--ee

Figure 2.7: The SixStep CBR Cycle(Reinartz, Iglezakis and Rotht Berghofer, 2001)

As shown in Figure 2.7, Reinartz, Iglezakis and Rotht Berghofer (2001)extended

the case based reasoning cycle with areviewand restoreU U1 x 3 w? 31T 1 wUI YDI P
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EOOUPEI UUwUT 1 wEVUUI OVUWUUEUT woOi wUi T wobOPOI EI
(Reinartz, Iglezakis and Rotht Berghofer, 2001, p.216)In the review step, certain
case properties ae used to evaluate the quality of the cases. These propertiesre
correctnessconsistencyuniquenessminimality and incoherend@ w? 31T 1T wUIl U0OOUIT w
Iglezakis and Rotht Berghofer, 2001, p.216) These modify operatorsare used to
increasing the quality of the case baset the potential modifications are: remove,

specialise, generalise, adjust, alter, combine, abstract, cross and join cases.

2.2.5 Multi- Method CBR Approaches

This section introduces the most prominent multi - method approach of case

basedreasoning.

2.2.5.1 Ontology-based CBR

It is advisable to provide the casebased reasoning system with domain

knowledge beforehand to reduce the knowledge acquisition bottleneck. ? 3 1T 1 w

more knowledges embeddeihto the system, the moeffetive D U¢ wDUwl R x1 EUI E
(Recio-Garcia, DiazAgudo and Gonzélez-Calero, 2008, p.54) This domain

knowledge embedding is where ontologies can come into place. Ontologies can

provide this knowledge. To use the power of ontologies in a Case-based

Reasoning system a combined ontology-based and casebased reasoning

approach is needed. Ontology-based systemscan benefit from structural CBR

and vice versa as discussed in Bergmann and Schaaf2003) and Bichindaritz

(2004) Ontology-based CBR? 6 ¢ WEEOWUEOI wEEYEQUET 1 woOi wUT E

P P

2008, p.54)

There exist several approaches (BelloTomas, GonzalezCalero and Diaz-Agudo
(2004) RecioGarcia, GonzalezCalero and Diaz-Agudo (2014) Roth-Berghofer
and Bahls (2008) Bach and Althoff (2012)0 w #-Aghdd and Gonzélez-Calero
(2001) Wang, Hu and Zhang (20030 w #-8gddb, Gonzéalez-Calero, Gomez-
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, EUU¢ OwE GF & @ddb)éihat implement a combined Ontology -based
CBR. Unfortunately only a limited number of approaches that go beyond
taxonomic CBR (Bergmann, 1998)including properties/relations in ontologies.
Such an approach has been introduced by Hefke (2004) which is part of the
Knowledge Management Implementation and Recommendation (KMIR)
Framework (see further: Ehrig, Haase, Hefke and Stojanovic, 2004; Hefke and

Abecker, 2006a; b; Hefke, Zabarias, Abecker and Wang, 2006; Hefke, 2008)

Chen and Wu (2003)introduced an RDF-based markup langua ge for casebased

reasoning called CaseML. They(2003, p.201pef O1 WEE Ul UWE U w? €6 ¢ wE OwC
PT T Ul w/ wbUwUT T wxUOEOI OWUxEETI WECEwW2whUwUT I
overcome the issues of traditional case languagest as there are: The lack of a

standard vocabulary for describing case&nable the interchange of cases among

different systems, of a global convention of integrating domain vocabularéxl of a

flexible case languader various CBR approaches (structured and unstructured).

As shown in Figure 2.8 the CaseML ontology contains a CaseBaseoncept, which

acts as a container for Cases A Caseis linked to Problems Solutions and

(adaptation) Rules

caseml:domainOntology
caseml:CaseBase » rdf:resource

caseml:hasSimi

. ityAssessement
rdfs:subClassOf caseml:measureMethod
rdfs:member

caseml:Similarity
Assessment

rdfs:subClassOf caseml:hasAd
caseml:hasProblem ’

caseml:hasSolution
caseml:Problem caseml:Solution
:me

aptationRule

caseml:hasDescription

Namespaces:
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:caseml="http://grid.zju.edu.cn/caseml#"

Figure 2.8: RDF Case Base Representation of CaseM[Chen and Wu, 2003)

© University of South Africa 2016



2 Theoretical Framework 49

As Fidjeland (2006)argued, CaseML defines only a small vocabulary with limited

expressiveness compared to other approaches. Fidjeland2006)introduced in his

master thesis an OWL vocabulary for Creek (see Section 2.2.6.10Q. Creek is a case

based reasoning system introduced by Aamodt (1991, 2004) The OWL

vocabulary (Fidjeland, 2006)contains basicelements for describing case concepts.

The basic concept ? EUIT | O0I"EEWW €£EUPEwW Ul OEUDPOOUwW OPOI
Fidjeland (2006)introduced a possibility for sharing the case base and the domain

model using an OWL representation. Fidjeland (2006)used Jena(McBride, 2001)

and jCreek for implementing the propo sed OWL vocabulary approach.

O Instances
O Terms

CBR PROCESSES

e

N

=
=

&

d

THING BINARY=-TUPLE

| /A
5 @ ) o) Sl oo

d—o DOMAIN KNOWLEDGE O )

SERVER

Figure 2.9: CBRONto as Integration Layer of Domain K nowledge qp# ¢-Agado and Gonzalez -
Calero, 2001)

# ¢ EAgudo and Gonzélez-Calero (2001) proposed an ontology for describing
casebased reasoning processes in a domain in depended way called CBROnNto.
As depicted in Figure 29 CBRONto acts as an integration layer of domain

knowledge and case-based reasoning tasks.

Bichindaritz (2004) introduced a casebased reasoning framework called
Mémoire for biological and medical cases. That CBR system uses a semantic web
UUEOEEUEWEEUI EwPOUI UET EOTT wOEOT UETT OWEZO6 ¢ WE
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casebasedUl EUOODPOT wUaUUIlI OUwEI EPEE (Bickinddiit® wE wUD O1
2004, p.47) Bichindaritz (2004, p.61)pointed out the benefit of such an ontology -
based casebase and interchange possibility as follows: "The perspective of
unlimited cooperation between these systems is extremely promising for the
improvement of wi 1 EOUT EEUI wEOE wE b 00 thedefore@as Ul Ul EUE
surprising that the medical and clinical domain has been prominent in the recent
past. In the following four main research paths of recent studies, two domains
ECQEwWUPOwWOIl U1 OEU cuERGm listed: wr | OEwOIi w.
1. Medical and clinical domain: Shen et al. (2015) propose an OBCBR and

multi -agent-based clinical decision support system. The used ontology

PZ0¢wl OxO00aUwUI T WEOOEPOWOOOPOI ETT wUOwWI E

clinical cases and provide treatment suggestions to patients and

x T a Ub HEnenGethat., 2015, B07) Sene, KamsuFoguem, and Rumeau

(2015 propose an OBCBR approach based on the taxonomic reasoning for

telemedicine in the oncology domain with the inclusion of natural

language processing (NLP). Delir Haghighi et al. (2013) introduce a

development and evaluation of an OBCBR system in emergency medical

management.

2. Early warning and emergency domain: Ju et al. (2016) propose an
incentive-oriented early warning system (EWS) using OBCBR for
predicting co-movements of oil price shocks and the macroeconomy. They
underpinned the importance of havi ng a clear procedure model with an
end-user and expert involvement when implementing an OBCBR system.
Amailef and Lu (2013)introduce an OBCBR implementation for int elligent

m-Government emergency response services. It is notable that this

6 Some verbatim passages presented in this following section, which have been achievedin this
thesis project, have been published in the following own authored publication (Martin et al.,
2016)
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implementation gives end users the possibility to adjust extempore certain
similarity weights during retrieval phase and allows them to evaluate the

proposed solution (outcome) duri ng the retaining phase.

3. Semantic rule-based CBR: Bouhana et al.(2015) introduce an OBCBR
approach for personalised itinerary search systems for sustainable urban
freight transport with the inclusion of personalised rules. Bulu, Alpkocak,
and Balci (2012) describe a CBR approach for ontology-annotated
OEOOOT UExT Pl Ubw 37T 1 aw UU-knbabkcad Wb QEecO UDE w 0 U
Language (SQWRL) to process retrieval of similar masses from annotated
OEOOOT UExT awEOOOI (Bulb AitkocaR Gnd Baélch 2042,
p.11194) SQWRL enhances semantic web rule languages with? 2 0 + OD Ol w
Ox1 UEUDPOOU> wi OUwWUT T wUl OUPT YEOWDPOWEOwW. 6 +u
4. Fuzzy-ontology -oriented CBR: ElSappagh, Elmogy, and Riad (2015)
introduce a CBR approach using an OWL2 fuzzy ontology that is utiliz ed
in a diabetes diagnosis application scenario. The results are promising:
237 1T wUI UUOUDPOT wUauUUl OWEEOWEOUPRPIT UWEOOXOI T
semantic understanding of medical concepts and handling of vague
Ul U @E)l-3appagh, Elmogy and Riad, 2015, p.179) They successfully
compete against traditional CBR approaches. EtSappagh, EImogy, and
Riad (2015, p.206)EOOEOUET w UT E U w Csénamit) veteabd ¢ w i U4 &
algorithm outweighs all of the JCOLIBRI algorithms, and it covers their
ODOPUEUDOOU~ &
2.2.5.2 Contextual Case-based Reasoning

Ez @ WBkercand Napoli (2005)introduced an approach that addresses the
dif ficulties when integrating different domain specific ontologies as aknowledge
base in ontology-based casebased reasoning. The work uses COWL (Contextual
OWL) to map concepts in different ontologies representing different contexts or

viewpoints (Bouquet et al., 20045 w( OwUT PUWEEUI OwEOOUI RUUWEUI
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CEOQEwWOOUWUT EUI E¢ wOOET OUwUT E U w(BuiuétEtialE wx EU U a
2004, p1p w3 T I WExxUOEET woOl wEz Q20800 eprePentEl Uw EOQE
different viewpoint in the domain and adaptation knowledge.

Wang, Hu and Zhang (2003)introduced an approach to integrate an enterprise

based ontology into a case-based reasoning system. Thisenterprise ontology is

used as an integration layer of different knowledge containers in an enterprise

e.g. ERP or workflow systems.

2.2.5.3 A Case-based Reasoning Schema

Coyle, Hayes and Cunningham (2002)introduced a schema for describing cases

Ol w"!'1wUavUll OUwbOw7, +wEEOCOTI Ew" !, +8w?3pPOwWEOE
a case in CBML, thestructured document describes the internal format of a case,

and the case document contains the content of the case. The case structure

document describes the hierarchy and cardinality of the features that can exist in

E w E E(Odylé, Hayes and Cunningham, 2002, p.2)

CBML can represent two types of possible features. Theso-called simple feature
represents the feature-value (attribute -value) pair representation. The values of
the simple features canbe restricted to a specific type (such as number or string).
The complex feature type can be used to build a hierarchical structure that
contains again simple or complex features (Coyle, Hayes and Cunningham,
2002) Apart from that, Coyle, Doyle and Cunningham (2004) introduced an
approach to representing similarity measures in an XML format based on CBML

asan addition .

2.25.4 Semi-structured CBR

Recio et al. (2005) introduce an approach how to retrieve textual cases by
information retrieval techniques. Their work is demonstrated using the case -
based reasoning framework JCOLIBRI (Bello-Toméas, GonzalezCalero and Diaz-
Agudo, 2004) (Recio-Garcia, GonzalezCalero and Diaz-Agudo, 2014) (Recio-
Garcia, DiazAgudo and Gonzélez-Calero, 2008) The motivation to introduce a
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textual CBR is stated because the domain knowledge is written down in

unstructured textual documen ts.

Selected textual CBR (TCBR) approaches maps unstructured documents to
structured case descriptions or semtstructured cases(Recio et al., 2005)To map

the unstructured data to the cases several approachesuse domain ontologies.

Case

v

‘ attribute1: Integer ‘

‘ attribute2: Bool ‘

v

extracted
inf or mation

‘ attribute3: Concept,

A\

‘ attribute4: Concept; } ]

A\

[ ]
[ ]
[ ]

attribute5: text [L— ‘

I

attributeN:...

Figure 2.10: jJCOLIBRI Semi-structure Case Representation (Recio et al., 2005)

2.2.5.5 Hierarchical Case Representation

Hierarchical case representations are neededto represent cases on different
abstraction level6 WiHe basic idea behind [a hierarchical case representation] is to
representa case at multiple levels of detail, possibly using multiple vocabuolawes
(Bergmann, Kolodner and Plaza, 2005, p.211) Bergmann and Wilke (1996)
introduced a general framework for hierarchical cases. Figure 2.11 shows the

different kind of cases: cancrete abstractand hierarchicakase.
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hierarchical
case

abstract

abstraction Cases

abstraction

| | | | | conrete
L N J
Cases

Figure 2.11: Different Kind of C ases(Bergmann and Wilke, 1996)

Abstract cases contan combined and refined descriptions of possible solutions
from concretecases. Within abstract cases there can exist an abstract hierarchy
(e.g. represented asatree) ¢ abstractcases with a different abstraction. Bergmann
and Wilke (1996)showed that abstraction of casesin a casedbased reasoning

system could be successfully applied in configuration,designand planning

2.2.6 Case-based Reasoning Tools and Frameworks

There exist several frameworks for CBR inter alia COLIBRI (Bello-Tomas,
Gonzalez-Calero and Diaz-Agudo, 2004) and jCOLIBRI2 (Recio-Garcia,
Gonzalez-Calero and Diaz-Agudo, 2014), myCBR (Roth-Berghofer and Bahls,
2008)and (Bach and Althoff, 2012) or CAKE (Bergmann et al., 2006; Maximini
and Maximini, 2007). In the following , the most prominent frameworks are

introduced .

2.2.6.1 jCOLIBRI and jCOLIBRI2

jJCOLIBRI is a framework for creating CBR systems (Bello-Tomas, Gonzalez
Calero and Diaz-Agudo, 2004). The framework is available under the LGPL
(LGPLv2) license in version 2 and is implemented in Java (Recio-Garcia,
Gonzélez-Calero and Diaz-Agudo, 2014)3 w ? 3 1 1 god & HOOLIBRI2 is to
x UOYDPEI wEwWUI I 1T Ul OETl wxOEUI OU O wR«Lib@ateh,YI OOx DO
Gonzélez-Calero and Diaz-Agudo, 2014, p.3) jCOLIBRI2 is a multi-layer

application. There exist two main components ¢ the COLIBRI studio and the
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JCOLIBRI engine itself. The studio component can be used to design, construct
and configure a casebased reasoning application. The engine and the framework
also provide apart from the CBR core functionalities several extensions for
textual CBR including information extraction functionalitie s. Additionally , the
engine uses a persistence layer that provides connectors to relational databases,
plain text and ontologies using an ontology bridge (Recio-Garcia, Gonzéalez

Calero and Diaz-Agudo, 2014).

2.2.6.2 COBRA

COBRA (Conversational Ontology -based CBR plAtform) is a CBR application
platform using an eclipse based editor (Assali, Lenne and Debray, 2010) It aligns
the cases to a domainspecific ontology using inference rules. COBRA uses
certain parts of JCOLIBRI and Assali, Lenne and Debray (2010)added a layer to

support heterogeneouscasebases

2.2.6.3 CBR Shell

The AIAI CBR Shellisasystemfor? €6 ¢ WEUUOOEUPEwWx OOODPOT wdi wi F
to goal finding and the stochastic hill -climbing of ever -fitter combinations of field

weights? (Wheeler and Aitken, 2000, p.94) The tool is a closed source available

threshold retrieval, multiple diagnostic algorithms, genetic algorithm weight

learning and cross-platform implemen tation.

2.26.4 myCBR

Roth-Berghofer and Bahls (2008)introduced a CBR plugin to the ontology editor

Protégé called myCBR. The first version of the myCBR plug is designed as a rapid
prototyping tool and similarity retrieval engine (Roth-Berghofer and Bahls,
2008) myCBR consists of three main features and views: (1) The explanation
editor can be used to describe concepts, which will be used as case

characterisation; (2) the retrieval editor provides an interface to the conceptual
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and backward -explanations. The backward -explanations are a description of the
retrieval process, including the local and global similari ty features; (3) the
similarity measure editor provides a possibility for editing local and global

similarity measurements. Stahl and Roth-Berghofer (2008) used the myCBR
framework to configure a Web -based CBR application. The protégé based editor
can be usedto create XML files, containing the similarity and domain model,

which can be usedin a Web application containing a CBR engine (Stahl and Roth-

Berghofer, 2008)

The current version of myCBR is version 3. myCBR 3 is a new development and
iIs now OSGi based, which means that it can be integrated into existing OSGi
environments (Bach and Althoff, 2012). The myCBR 3 workbench is a rich client
platform (RCP) of the Eclipse development IDE (Roth-Berghofer et al., 2012)
myCBR 3 offers a software development kit written in Javato build its CBR
applications (Roth-Berghofer et al., 2012) This approach has been successfully
applied in decision support, configuration (computer settings), and diagnosis

and information composition (Bach and Althoff, 2012).

2.26.5 CReP

Manenti and Sartori (2010) presented Case Retrieval Platform (CReP), a
framework that provides tools to describe cases, similarity functions on case

description parts using a hierarchical structure and string matching.

2.26.6 |UCBRF

Bogaerts and Leake(2005)introdu ced an open source CBR framework written in
Java for developing modular CBR applications. The system was a basis for

several other CBR systems in the research community.

2.2.6.7 Empolis - Information Access Suite

Empolis have developed a commercially used CBR sysem. This system is one of

?the most widely usedw " -baked systems in Europe. The CBR component acts as
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E O wn@erlying methodologyw O w UT T w ( 61 OUOEUPOOwW EEIT UUw
Empolis. This Information Access Suite has been used in a wide range of

Pcommeri@l application domairss(@ergmann et al., 2009, p.3)

2.2.6.8 CAKE

Bergmann et al. (2006) introduced a generic collaboration support architecture
called Collaborative Agent -based Knowledge Engine (CAKE). The CAKE can be
used for the selection of agents and (sub) workflows with the usage of CBR
Ul Eil 606001 adw ?37TTw" *$w EUET PUI ECUUI Ow I OUw
technology, agent technology, and structural CBR to select appropriate agents
and workflows in knowledge -DOUI OUDPYI w ExxOPEEUDPOOwW EOOED

(Bergmann et al., 2009, p.3)

2.26.9 eXiT*CBR

eXiT*CBR is a CBR tool for medical prognosis(Lépez et al., 2011; Pla, Lépez, Gay

and Pous, 2013) Pla, Lopez, Gay and Pous (2013, p.)EZO ¢ wx UOx OUIl wEw U
friendly medically oriented tool for prognosis development syst ems and
experimentation under a case-based reasoning methodology"”. Besides several

generic CBR tools, e.g., JCOLIBRI, eXiT*CBR habeen developedunder the focus

of a particular purpose (medical prognosis) and domain (medicine). eXiT*CBR.v2

extends the isdated CBR system eXiT*CBR.v1 in such a way that collaborative

data canbe used

2.2.6.10 CREEK

Creek is a CBR system introduced by Aamodt (1991, 2004y wg & iidknowledge
intensive approach tqroblemsolving and learning (Aamodt, 1991, p.137) There
exists a Javabased implementation of CREEK called TrollCreek, which has been

used in the petroleum industry (Bergmann et al., 2009)
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23 Caslrased Riemgoaand Process Executi or

Casebased reasoning has been applied successfully in workflow and process
environments. Madhusudan, Zhao and Marshall (2004)and Kim, Suh and Lee
(2002)use CBR to support workflow design. The work of Kaster, Medeiros and
Rocha (2005)uses CBR in combination with a decision support system. Weber
and Wild (2005) enable ad-hoc modifications of workflows using CBR and
Rinderle, Weber, Reichert and Wild (2005)proposed a CBR system enabling ad
hoc modifications of workflows using sema ntic information. Van der Aalst et al.
(2005)proposed a casehandling system using explicitly and implicitly structured
cases. Wargitsch, Wewers and Theisinger (1997) proposed a system called
6 OUO! UEPOB wW3T PUwUaUUI OzUwDPETI EwPUwWUT T wi OFEE(
workflow elements or fragments ¢ called workflow building blocks. In this
approach CBR is used atthe beginning to configure the instance of the workflow

¢ it does not provide the flexibility to determine the process during runtime. Van
Elst, Aschoff, Bernardi and Schwarz (2003) describe a system, which hasbeen
elaborated during a research project called FRODO. InFRODO, they introduce a
task concept ontology for weakly structured workflows. These workflows can be
modified during run -time (instance level). Weber, Wild and Breu (2004)
introduc ed in their work a system called CBRFlow, which combines workflow
execution and conversational casebased reasoning (CCBR). CBRFlow uses a
casebased reasoning component to handle exceptions to business rules during
run-time ¢+ DO wl OEE O] Uw? ¢ @ Qédlé&ided WaEkBow Guél End to
xUOYDEI wbOEUI O OUE O weleE Wild Brd Breut Z084Ep486D D UDT U2 U
Bergmann et al.(2006)and Maximini and Maximini (2007)described a casebased
reasoning system architecture called CAKE (Collaborative Agent-Based
Knowledge Engine). CAKE can be used for the selection of agents and (sub)

workflows with the usage of CBR technology.
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2.3.1 CBR for Workflow Retrieval, Adaptation and ad-hoc Changes

Bergmann and Gil (2011) introduced an approach for retrieving existing
workflows based on a query. In contrast to other approaches, this approach the
workflows are graph based and semantically annotated (Bergmann and Gil,

2011)

Minor et al. (2010b, p.279)introduced a processoriented approach using case

EEUI EwlUl EUOOBOLWO x x OUUWUT 1T wUT UUIT wOi wel EOT 1T w

approach acts as workflow enactment service, which supports the workflow

modifications regarding ? € 6 ¢-ho& éhangesin order to fulfil change request

and late-OOE |1 O OQWifdr &tual., 2010b, p.294) Currently , the workflow

modification has to be donemanually + ? 26 ¢ wUT I wOUIl Uwl EVwUOOwWUUEO

i OUWEEExUDPOT wUT 1 wE Wnds et Q020100 p.ZB8)OOP wZ b ¢ 2 w
WEEUI w? goof aupaiOdd suBsBduent revisions of a workflow instance

Z 6 €Minor et al., 2010b, p.288) It is possible to identify a problem part,

containing a workflow instance before a modificatidmsbeen made and a solution

part containing the modified versiorof the workflow instance. Based on the case

description it is possible to run a query against the described workflow instances

when a modification needs to be made (Minor et al., 2010b).

An adequate case representation containing both parts o a workflow instance,
control flow and context needs to be defined to represent workflow instances as
cases Minor et al. (2010b, p.279)used two different ways to represent the two
parts in their approach. The contextof the workflow instance rep resented by
attribute -value pairs as known from structural case-based reasoning as
introduced by Bergmann (2002)(Minor et al., 2010b). Apart from that the context
is modelled in an OWL ontologyto describe the interdependencies (Minor et al.,
2010b) The similarity is assessed using local and global similarity calculation as
introduced in Section 2.2.4.1 The control flow of the workflow instances is

represented asgraphs, and the similarity assessment is based on weightedgraph
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edit distancegMinor et al., 2010b). Finally, the overall similarity is calculated by

aggregating the values of the control flow and the context (Minor et al., 2010b).

Minor, Bergmann, Gorg and Walter (2010a) introduced an approach for
automatic adaptation of workflows using a case -base containing previous
workflow adaption s. This approach has been implemented using the CBR engine

CAKE (see Section2.2.6.9.

2.3.2 CBR for Workflow Construction

The construction (modelling) of workflows is a knowledge intensive task ¢ it is

important for process engineers to be aware of the services that are available. The

work of Leake and Kendall -Morwick (2008)is a way to support scientist that are

EUI EUDOT wUEDI OUPI PEWPOUOI OOPUwW?Zo¢ WEAWUUT T 1
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Figure 2.12: Phala (Leake and Kendall-Morwick, 2008)

The approach of Leake and Kendall-Morwick (2008)is implemented as a plugin

to the Xbaya software, which is a graphical modeller for scientific workflows.
PhalaisacaseEE Ul EwUI EUOODOT wExx OPEEUDOOOwWPT PET w?
extensions, from a partially authored workflow to an incrementally more

developed b OU O @@&dke and Kendall-Morwick, 2008, p.273). Figure 2.12

shows the Phala Plugin when providing suggestions to users based on a current
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state of a workflow. The casescontain execution traces of previous workflows ¢
Ul PUwI RT EVUUDPOOwWUUEEIT &Jgu@Eud SUBDDUIIA0 @ [ussfOXIud U 1#0 E
Z06 ¢ WwE OO U U ODeake BND KdndalBNibewiak, 2008, p.273).

2.3.3 CBR for Workflow Monitoring

Kapetanakis et al. (2010) introduced a CBR-based monitoring system of

workflows. The system informs the process owner or managers about potential

issues and gives advice how to deal with the issue. The system is called CBR

Workflow Intelligent Monitoring System (CBR -6 ( , 2 AWEOEwW? €6 ¢ wUUI UwU
system to retrieve past useful experience about workflow problems occurred in

the past by retrieving similar sequences of events/actions and conext in the event

log for a given workflow (or workflow part) compared to the current state and

Ul ET O0wUI gUI1 OET woOi wi YI OUU~¥ EE UD®Letanak® wlUT I wo x
et al., 2010, p.397)

t
Figure 2.13: Graph Representation of temporal Relationships (Kapetanakis et al., 2010)

Such a representation of a temporal graphis illustrated in Figure 2.13. The used

event log uses time intervals based on general time theory (Kapetanakis et al.,

2010) The proposed system uses UML activity diagrams, which are mapped

using the BPMN specification to BPEL as execution and storage language
(Kapetanakis et al., 2010) The cases in the proposed system consist of the

Ol OUPOOI Ewl UExT wEEUI EwUIl xUI Ul OUEUDPOOWEOOUEE
EQEwWUT 1 PUwWUIT O x O Kepétandkis 6taIY BDEOOPBBA x U2 w

Montani and Leonardi (2012) introduced an approach to monitor business

processes by retrieving similar traces of previously executed business processes.
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Their work cooperates with the process mining toolkit ProM (Verbeek, Buijs, van

Dongen and van der Aalst, 2010).

2.3.4 CBR for Process Life Cycle Support

Weber et al.(2009)developed an approach to support process-aware information

systems (PAISs) using casebased reasoning (see Figure 2.14). This ProCycle

propagation of processUa x 1 w ET E O@WebdruegZa. ¢2B09, p.1) Process

participants canUl UUDI YT wEOEwWUI UUI wEOOUI RUUEOQWEZO ¢ w
performed changes. If similar instance deviations occur frequently, process

engineers will be supported in deriving improved process models from them"

(Weber et al., 2009, p.1)

@ Schema 8 — ‘
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e
=

@

Exception:
Delete (Il, E)

Create Instances
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Process administrator
Process ® o

I, (with instance-specific change) Execution
) W Execution || - —

VN

i

- 5]
v A —

o

— /| TR e
- (D} participant
N

Process
Monitering

Change

Figure 2.14: Process Life Cycle Support with Adaptive PAISs (Weber et al., 2009)

2.3.5 Business Processes and Business Rules

Business Rules are a possibility to make execution of knowledgeintensive
processes more fexible and even slightly adaptable (Endl, Knolmayer and
Pfahrer, 1998; W.itschel et al.,, 2010; Martin and Brun, 2010; Feldkamp,
Hinkelmann and Thonssen, 2007) These approaches follow the distinction of

process knowledge and functional knowledge, where process knowledge is
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represented in a process model while functional knowledge is represented as

business rules(Ross and Lam, 2011) Nevertheless, these approaches depend on

initial process models. An initial model meansthat a basic structure is given and

extended with knowledge -intensive tasks (Feldkamp, Hinkelmann and

Thoénssen, 2007) These knowledgeD O U1 OUBPYIT wUEUOUwW? 6 ¢ WwEUIT wox
El xI OEDPOT wOOwWhOI OUOEUDPOOwWUxI EDivscheleOU wUT 1 wt
al., 2010, p.3) This information can be application data, process data, functional

data, or further information about needed resour ces that are semantically

described (Brander, Hinkelmann, Martin and Thonssen, 2011b)

The use of business rules for process execution has been developed and
evaluated in the European funded research project FIT (Feldkamp, Hinkelmann
and Thonssen, 2007)and further developed in MATURE. One outcome of the
MATURE project was the agile business process management system KISSmir
(Martin and Brun, 2010). The system uses a personal task management fronend,
which allows the par ticipants to log all executed tasks and resources used. It also
allows adding new subtasks, which can be regarded as a rudimentary kind of
case description. The demonstrator is currently being evaluated based on a real
application scenario, namely the process of selecting students foradmission in
an academic programme. In this scenario, exceptional situations and knowledge-

intensive decisions are frequent.

24 Results and Discussion

As mentioned above, this chapter can give only a brief overview of the literat ure
that was investigated in-depth. The related work shows that there exist related
research efforts having the same overall topics or using the same basic
technologies, which gives the opportunity to rely on existing technologies and
methods. Apart from that, the preliminary literature review shows that this

research work is located in a highly relevant research direction.
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3 Research Met hodol

Desi gn

Scientific research needs tobe differentiated from solution development or
engineering with in the industry. Nevertheless, scientific information research
should have an impact upon the industry and society by following the principles
Ol waBsrattion, originality justification, E O E wx U E O®dseBdebad), Q01 0y
p.9).

This section deals with the underlying principles of research and the research
methodology itself. It begins with a general investigation of information systems
research (Section3.1), followed by a general investigation on meta-research
(Section 3.3). Both of these investigations guide the selection of the underlying
research strategy of design science research (Sectior8.2). Finally, the selected

research design and process (SectiorB.4) are described.

31 I nformati oReSyatr eins

The goal of the information systems (IS)research isto simultaneously impact

business and society and drive the innovation of those entities. In a widely

accepted memorandum of 10 authors, including 111 supporting full professors

from the European IS research community, it was stated that IS research needs to

El w?Zo¢ wEI Ol il PEDPEOwIi OU uctive and inrovativériainerE UU D O1 U L
(Osterle et al., 2010, p.7) Conversely, the more behaviouristic IS research
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approach, rooted in a primarily Anglo -Saxon business schoolculture, is more
focused on observations and user behaviour in a descriptive manner. In the
above-mention ed memorandum, Osterle et al. (2010)stipulated the European IS
view as design-oriented IS research. This design-oriented IS research has a
number of similarities to the design-scienceUl Ul EUET Owb | DErdewiEl EEOT w?
emerging branch of Anglo-2 ER OO w ( 2 w(Odtetld e &l.F4020)p.8). Both
design-oriented 1S and design science researchtry to pro duce scientific results

(artefacts) that are relevant to business and society.

3.1.1 Research Objects in Design-oriented IS Research

Osterle et al. (2010, p.8)defined the research objects in desigroriented IS as
i 00006PUOW?2( 2WEUI wUOEDOUI ET OPEEOwWHDOWOEUUUI u
namely people (i.e. human task bearers), information and communications
technology (i.e. technical task bearers) and organizational concepts (i.e. functions,
structures and processes) a wellasUT I wbOUI UUI OEUPOOUT bx UwET U
contribution of design -oriented IS research to the body of knowledge is made by
UEDI OUPI PEwWxUEOPEEUPOOUWEOCEW?Z6¢ wEAwWUT T wi R x
in business concerning IS, software products, organizational concepts, methods,

EOE wUO&abdlet al., 2010, p.8)

3.1.2 Research Objective in Design-oriented IS Research

The overall research objective of designOU DT OUI Ew( 2wUI Ul EUET wbUw"
EQEwxUOYDPEIT wbOUU U Uiathin® heldedigh ahdidgpErati®rmOaiZ 6 ¢ w

and innovative concepts within IS (instancesX tQsterle et al., 2010, p.8)Design-

oriented 1S researchtries U O w E U b ¢ uwPEEQOED x U fthénQorimathye 01T T U w
EOE Oa U b 6B UueUERDUsiish ash Oebaviauristic IS research (Osterle et al.,

2010)
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3.1.3 Results in Design-oriented IS Research

A result of a design-oriented IS research and design science research process

that researchers create certain artefacts such a® 6 ¢ WEOOUUUUEUUwl 81

Qu

Ul uOPOOOOT Pl UOWEOEWOEOT UETT UAOWOOET OUOwOI U
implemented prototypes) (Osterle et al., 2010 p.9). Such artefacts can then result
POwUxI1 EPI PEWOEOPI 1 UUEUPOOUWI OUwI 6T 6w?2¢Z6 ¢ WE
patents, software (with open source code), business models, enterprise startups

EOEwOUET (@€eiidet al.,.2010, p.9)
3.1.3.1 Research Process and Methods in Design-oriented IS Research

Design-oriented IS research and design science research have a common research

process with similar iterative phases (see the following Figure 3.1).

Desigroriented IS . - .
Design science A
research (1) Awareness (2) Suggestion (3) Development

Figure 3.1: Design-oriented IS Research and Design Science &earch

Osterle et al. (2010, p.9)defined the research process for desigroriented 1S
research using four phases called analysis, design, evaluation, and diffusion. The
design science research process model of Vaishnavi and Kuechler(2004 consists
of five phases namely awareness, suggestion, development, evaluation and
conclusion. The design science research process derived from Vaishnavi and
Kuechler (2004)was used in this study and is further explained in Section 3.2
The evaluation and diffusion phases in design-oriented IS research and the
evaluation and conclusion phases in design science research can be clearly
mapped. The awareness phase of the design science research fits into the analysi
phase of design-oriented IS research.Parts of the design science suggestion phase
may fit into the analysis phase of design-oriented IS research, but may also fit
into the design phase because auggestion can beconsidered a tentative design
of an artefact. Although the research phases are notentirely similar , both research

processesuse similar methods. Methods in the analysis phase? €6 ¢ wEUI wUUUYI a
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EEUI WOUUUEDI UOwl BRx1 U0wPOUI UYDI PUO(OE®IE w( 2 WEOE
et al., 2010, p.9) For the dePT OQw xT EUIl w?2¢Zo6¢ w EI OOOUUUEUDO
construction, modeling with CASE tools, reference modeling, and method
1 O1 pOI 1 UPOT ulstene etwulb) 20aD)pB)Mdneover, the evaluation can
be done using ?laboratory experiments, pilot applications (i.e., instantia tion of
prototypes), simulation procedures, expert reviews, and field experiments (i.e.,

instantiations in a number of user organizations X $Qsterle et al., 2010, p.9)

32 Design Science Research

Design science research (DSR) can be seen as an artefact creation and

investigation process. Such artefacts can be constructs, models, methods,
instantiations or design theories (Hevner and Chatterjee, 2010) Hevner and

Chatterjee (2010, p5)El | POl Ew ETl UPT Ow UEDPI OETl wUI Ul EUEI
paradigm in which a designer an swers questions relevant to human problems

via the creation of innovative artifacts, thereby contributing new knowledge to

Ul wWEOGEawOi wUEDI OUDr E artifactd &e GobhludetulZandl w ET UDT
i UOEEO]I OUEOwDHDOWUOET UUUEOE P OT crediidn Eptocess UOE Ol O8
generates and accumulates knowledge (Owen, 1998) 7?The fundamental

principle of design science research is thatkknowledge and understanding of a

design problem and its solution are acquired in the building and application of

E O wE U ({H elvrerfatiti«Chatterjee, 2010, p.5)

The general design science research methodology based on Vaishnavi and

Kuechler (2004)contains five steps (seeFigure 3.2): awareness of the problem, a

suggestion for a solution, the development of the artefact(s), the evaluation of the

artefact(s) and a conclusion. This work followed the methodology of design

science research (DSR) as introduced by Vaishnavi and Kuechler(2004) was

enhanced with elements from Peffers et al.(2007) As displayed in Figure 3.2, the

process begins with (1) an awareness phase in which the reseach problem is

addressed and motivated in a problem relevance description. The outcome of the
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(2) suggestion phase is a tentative design of the approach and the systemFor
iterative and agile development, it is suitable to execute the (3) development in
incremental cycles. Iterative and agile approachesdivide the requirements into
smaller portions and demonstrate the solution (also called increments) using
small use casegMétrailler, 2011). After performing the incremen tal development
phase, the artefact shouldbe evaluated as a wholewith in the (4) evaluation step.
Finally, the results are generally presented in scholarly and professional

publications in the (5) conclusion step.

Knowledge Flows Process Steps Outputs
1. Awareness of problem
= Identification & Motivation of > :robl_em_relevance
Research Problem Al
Knowledge v Inference
Contribution 2. Suggestion
Y p— Development of Suggestion; > Tentative design
Design of Artefact
v Theory
3.Development
c r= Development of Artefact; > Artefact
= Demonstration of Increments
(=1
o
¥
E v How to Knowledge
= 4. Evaluation
(=]
Demonstration & > Performance measures
Evaluation of Artefact
v Disciplinary Knowledge
Operational and SRGoncIaSion
oal knowledge
: < Communication of Artefact, Utility, > Re;l:_lts,_Scholarly
Novelty & Rigor Sl

Figure 3.2: General Methodology of Design Science Research(adapted from Vaishnavi and
Kuechler (2004)and enhanced with elements from Peffers et al. (2008)

33 Meta Research Methodol ogy

The meta-research methodology is the underlying basis for every research
project. In the following , this is described using a possiblemeta-researchlayering

model (adapted from Saunders, Lewis and Thornhill (2007)).
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Philosophies Positivism Objectivism

Realism Subjectivism
Interpretivism Pragmatism

Approaches Deductive > Inductive
Strategy Survey Case study Design research

Experiment > Action research

Method Choice Qualitative mono- / Quantitative mono- / Qualitative & quantitative
multi-method multi-method mixed-method

Time HOfiZOﬂS Cross-sectional Longitudinal

Data Data Collection & Data Triangulation Data Analysis
Sources

Figure 3.3: ResearchLayering (adapted from Saunders, Lewis and Thornhill (2007)

The researchlayering (see Figure 3.3), provides an overview of the different
aspects of a research design and possible philosophies, approaches and
strategies. It introduces layers ¢ beginning with philosophy, then the approach,
the strategy, the choicesand the time horizons ¢ to the research techniques and
procedures. The original research onion of Saunders,Lewis and Thornhill (2007)
was adapted with regards to the layering . It is therefore obvious that the layering
and underlying sequence are not determining factor s ¢ the research layering

provides a guideline for the research undertaking.

3.3.1 Theory and Research Strategy

As presented in Figure 3.4 and Figure 3.7, the research layeringwas divided into
two separate layerings. This section, along with the corresponding Figure 3.4,

focuses on the philosophy, approaches and strategy of a research project

Objectivism -> Design
Subjectivism

Phi/OSOphies Positivism

Realism

Inductive

Strategy Survey Case study - Design research
Experiment -> Action research

_}
9

Interpretivism -> Pragmatism
..>

Methods of Collection and Analysis

Figure 3.4: Theoretical Perspectives and Research Bategies (adapted from Saunders, Lewis
and Thornhill (2007)and Denzin and Lincoln (2011)

The method selection for the collection and analysis of data, insights and

knowledge , will be discussed in Section3.3.2
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3.3.1.1 Research Philosophy

According to Saunders, Lewis and Thornhill (2007)there are three majorthought

processes regardingresearch philosophies (basic beliefs):

oA~ s

knowledge in a field of study? (8aunders, Lewis and Thornhill, 2007,
p.102). The underlying question for epistemologybased on Guba and
Lincoln (1994, p.108) PU6 w? 6 T EVUwPUwWwUT T wi OUOWEOE W OE
therefore, what is there that be known about it?? In short, ?' OPwWEOw ( w
know ? (Durant -Law, 2005, p.14»

2. Ontology? 6 ¢ uDUWEOOET UOI EwbPbBUT wlekentitamn wOi wUI E
epistemological considerations, this raises questions of the assumptions
researchers have about the way the world operates and the commitment
held to particular views? (Baunders, Lewis and Thornhill, 2007, p.108)
The underlying question for ontologybased on Guba and Lincoln (1994,
p.108)PUO6 w? 6T ECwPUwWUT 1T wOEUUUIT wod @il U wdd ¢OuE U E
and what can be known?? In shortOw ? 6 T E B (Dur8nb-Laly, (2005,
p.14)?

3. Finally, axiologyis? €6 ¢ WEWEUEOET wOil wxT DOOUOxT awli E
about value. Although this may include values € g in the fields of
aesthetics and ethics, itisth wx UOET UUwOIi w UOEaDiE&su] OgdUD U:
Lewis and Thornhill, 2007, p.110). The underlying question for axiologyis
based on Vaishnavi and Kuechler (2004, p21» w? 61 EUw YEOUI UwEOI
DOEPYDPEUEOwWOU W UxinBhowy? ® © E wWku® B w®iEad EE O1 2
Law, 2005, p.14p
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It is often difficult to decide in which research

philosophy an entire research work, namely a

Epistemology
thesis, UEOI Uw x OEET wEOEwW?2UT 1 wEIl E
epistemology and ontology have had a
Phi_IosophicaI
A= competitive ring to them. The debate is often
Axiology Ontology

framed regarding a choice between either the
positivist or the interpretivist research
Figure 3.5: Philosophical Trinity x] DOOU CSaU‘hd@rS, Lewis and Thornhill,
(adapted from Durant-Law (2005) 2007, p.120) In practice, it is unrealistic to
choose one approach for an entire work. It is more important that a researcher
Ux OU~> wb Uaby Duraht tLaw (£006,p.15) as a philosophical alignment (see
Figure 3.54& w ? @idege uhe overlap between ontological, epistemological and
axiological positions is maximised? d w - I YI UUT T O1 UUOQwWUT T wi 660¢
research philosophies canbe identified :
Positivismdeals with the social reality, meaning thataresultof anE x x UOEET w? €06 ¢ u

can belaw-like generalisations similar to those produced by the physical and

natural scientists? (Remenyi and Williams, 1998, p.32)

1 The realismphilosophy canbe regardedas? Ul EUwpPT EQwUT T wUIl OUI U
EUwUI EOPUAwWPUWUT T wOUUUT Bwgd¢w3l lywOT 1 GUa
quite independent of the mind » (Baunders, Lewis and Thornhill, 2007,

p.104).

1 Researchersfollowing the interpretivism research philosophy argue that
2Z0¢ w0l 1 WUOEPEOwWPOUOGEWDPUwWI EUWUOOWEOOX OI
EI I POPUI ws OEPUz wUT | wUEOT whPEAWEUWUT T wx1 a
for the researcher to understand differences between humans in our role
as social actors. This emphasises the difference between conducting
Ul Ul EUET wEOOOT wx1 OxOl wWUEUT T UwUT EOWOENT EC
(Saunders, Lewis and Thornhill, 2007, p.106)
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! Objectivism?Z 6 paurays the position that social entities exist in reality

and Thornhill, 2007, p.108).

f Subjectivism ? & ¢ holds that social phenomena are created from the
perceptions and consequent actions of those social actors concerned with

UT 1 DU wl rsSBundgis, @é&nis and Thornhill, 2007, p.108)

1 In pragmatismthe research questionsare the most important element that
EI Ul UOPOI Uwbkpi PET wUI Ul EVUET wxi DOOUOxT awlTi O
philosophy] may be 'better' than the other for answering particular

questions? (Saunders, Lewisand Thornhill, 2007, p.110).

1 Besides the two prominent research philosophies (positivist and
interpretivist) in natural and social science, Gregg, Kulkarni and Vinzé
(2001) introduced, based on Guba and Lincoln (1994) socie
technologistdlevelopmentalisis a metaresearch assumption.Vaishnavi and
Kuechler (2004) adapted this assumption and denoted it as a design
research philosophy.

Table3.1: Major Research milosophies and Beliefs compared (adapted from Gregg, Kulkarni
and Vinzé (2001)and Vaishnavi and Kuechler (2004)

Positivism Interpretivism Design

Epistemology: What is the nature of knowledge?

Objectivity is important Subjectivityinteractivelink Objective interactive ar
Detached observer of trut between participag) and iterative construction with
researcher. Explicit valcont ext . n K

and findings. maki ngo.
Ontology: What is the nature of reality?

One reality. Knowledge b: Multiple social construc Known context multiple
on probability. realities. technical and socidy

constructed realities.
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Axiology: What is of value?

Truth universal and beaut Understandingsituated an Control; creation; progt
prediction. description. and improvin

understanding.

Methodology: What is the research approach for obtaining
the desired knowledge and understanding?

Observation; prima Participation; prima Primarily developmer
guantitative, decontextual qualitative, hermeneutical Measure impact of an arte

and statistical. dialectical.

3.3.1.2 Research Approach

Saunders, Lewis and Thornhill (2007) distinguish ed N3 Inductive

between the two research approaches(s. Figure 3.6): Observation

<

Pattern

1 From the specific to the general (Trochim,
2006) Theinductiveapproach has its origin in c
the social sciences. It begins with an Tentative Hypothes

observation with the goal of identify ing

patterns based on causeeffect relationships. .
b Deductive

The data collection could be done, for

example,  through interviews.  After

collecting the data, the analysed datais used

to formulate a hypothesis and devise a

theory.

1 From the general to the specific (Trochim,
Figure 3.6: Induction and

2006) The deductive approach begins by Deduction (adapted from
Trochim (2006)

deducting a hypothesis from theory,

expressing the hypothesis in operational terms, making observations,

examining the outcome (confirmation or falsification) and if needed ,

modifying the theory (Robson, 2002)
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3.3.1.2.1 Research Approach in Design-oriented IS

Following a design -oriented (information systems) research strategy, e.g. design
science research, a deductive research approacls primarily applied. A formal

(using mathematics) or semi-formal (e.g. conceptual) deduction would be the

ideal situation (Osterle et al., 2010) However, in design-science research, it is
rarely the case that an artefact canbe evaluated formally (Osterle et al., 2010) It
is more likely UT E U wE ¢ 6gfiantEd |$)Bdedich takes advantage ofmatural -
language (i.e. argumentative) deduction, taking into account existing theories
and models" (Osterle et al., 2010,p.9). In contrast to this, a single case study
inferencing would be an example of an inductive approach with in design-science

research(Osterle et al., 2010)However, this is also rarely the case

3.3.1.3 Research Strategy

The research strategy canbe seenas a process or a plan for a research project.

as a plan of how a researcher will go about answering her or his research

Ul UUPOO? 6w 37T 1T wUIUI EUET w OEal UBitategesdDDUUUw U
experiment, survey, case study, action research, grounded theory, ethnography

and archival research. Of course, this is not an all-encompassing list and the

following paragraphs will only describe the most prominent ones.

Action researclnas beendefined by Avison, Lau, Myers and Nielsen (1999, p.94)

asthefollowin g:? EUDPOOwUI Ul EUET wEOOEDPOI UwUT 1 OUa wE O]
and practitioners) through change and reflection in an immediate problematic

situation within a mutually acceptable ethical framework » 8 w2 EUOET UUOuw+ 1 P D
Thornhill (2007) have identified four common sub-themes of action research.

First, it is research in action and conducted with those who experience the issues

directly. Secondly, there exists a partnership between practitioners and

researchers whereas the research can act as amternal or external consultant.

Thirdly, an iterative process of diagnosing, planning, taking action and
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evaluating occurs. Fourthly, the gained knowledge should be used to inform

other contexts (e.g.with in the organisation).

which involves an empirical investigation of a particular contemporary

xT 1 0001 O0O00OwppPUTI POWPUUWUI EOQwOPI T WwEOGOUI RUOwUL
Saunders, Lewis and Thornhill (2007) view case studes as explanatory and

exploratory research which use various data collection techniques. A case study

is ableto generate answers to the questiors? P 12a@ b EU?» wEOQE w? 1 Ob 2 8
Experimentscan be seenEUWE w? €60 ¢ WEOEUUPEEQuwi OUOwWOIT wul Ul
the natural science® (Saunders, Lewis and Thornhill, 2007, p.136) Experiments

tend to be used in exploratory and explanatory research and try to answer the

?how? and ?why? questions (Saunders, Lewis and Thornhill, 2007). Saunders,

Lewis and Thornhill (2007) have provided a summary of what experiments

typically involve: Experiments begin with a definition of a theoretical hypothesis.

A selection of samples from known populations are allocated to the conditions,

the experimental group and the control group. The variables are then

manipulated and controlled.

Design Science Resear@s described in Section 3.2 can be seenas an artefact
creation and investigation process in contrast to observations on existing
artefacts. This creation process carbe referred to as actions which generate and
accumulate knowledge (Owen, 1998) The artefact is the main object of

investigation and t he overall goal of the process.

3.3.2 Research Methods of Collection and Analysis

For conducting research, an adequate choice ofa research method is essential.
Examples (see Figure 3.8) of such research methods are experiments, testing,

simulations, observations, questionnaires, interviews and case studies.
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Method Choice = Qualitative mono- / Quantitative mono- / - Qualitative & quantitative
multi-method mult-method mixed-method

'ﬁme HOffZO ns — Cross-sectional Longitudinal

Data — Data Collection & Data Triangulation — Data Analysis
Sources

Figure 3.7: Reseach Methods of Collection and A nalysis (adapted from Saunders, Lewis and
Thornhill (2007)

Researchersmust make certain decisions (seeFigure 3.7) concerning, qualitative
and guantitative research methods, the time horizon, the data collection, sources

and analysis.

3.3.2.1 Research Method Classification and Choice

Quantitative

= C

= ) T

3 c 1% Qualitative
22 T E &
s E g g g g 2
o © X e .= ) — (7)) 8_ > g =
o .= o — > D S

= c T O 9o = S 0 T O 2 ©&
e 85 o 2 X 5 ¢S 2 5 = 8 §9
9 O ® ] o g Z =5 .= (%2} 0 g £ O
6 2= & 5 @ £ O o 2 o 3 2 58
) e} c = © "J)" (%) Qo QO (%2] O - (SEN )
H =2 O oL O F o O £ O L W 0Os
1 1 1 1 1 1 1 1 1 1 1 1 1

Positivist Interpretivist

Figure 3.8: Classification of Research Methods (adapted from De Villiers (2005)

As introduced in Section 3.3.], researchis based upon certain paradigms and
philosophical assumptions. Positivism deals with reality, meaning that the

results are generated using empirical methods and are regarded as absolute(De
Villiers, 2005). Interpretivism assumes that the reality is complex and depended
upon the given context. Therefore, the results of an interpretivistic research tend
to be subjective. Nevertheless, interpretivistic research is regarded as adequate
for investigating social and social-technical phenomena (De Villiers, 2005).

Qualitative methods produc e a smaller sample of data that is less quantifiable
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(Guba and Lincoln, 1994) and

qualitative  research has an : | ‘

S Qualitative & o
Quantitative quantitative Qualitative
Multimethod t Mixeemethod Multimethod

Figure 3.9: Method Choice (adapted from
Saunders,Lewis and Thornhill (2007)

(ET EOOCaAQWEZO¢wWw@UEOUDUEUD Yok viewed Bangblerd©®d UEUD Y 1 u

interpretive nature (De Villiers,
2005) In addition, qualitative
methods produce data based on
statistical methods (De Villiers,
2005) Nevertheless, the distinction

is not ideal, but limited and narrow.

a continuum, which in practice are often mixed" (Saunders, Lewis and Thornhill,

2015, p.165)

Figure 3.9 presents the method classification as adapted from Saunders, Lewis
and Thornhill (2007) which can be used to describe whether a research project
has a quantitative or qualitative method cho ice based on one method(mono-
method) or more than one method (multi -method). As previously mentioned, it
is also often the case that quantitative and qualitative methods are selected,

which is then known as mixed-method choice.

3.3.2.2 Time Horizons

Time horizons have beendistinguished , according to Saunders (2007,p.148), as

being between crosssectional and longitudinal. Crosssectional studiemvestigate
PEWXEUUDPEUOGEUwWXxT 1 OO0O0IT 000 wsihglef IO Euub O WilIEDE (¢
whereas longitudinal studiesinvestigate certain phenomenon at multiple time

points over a longer period.

3.3.2.3 Data Collection and Sources

Many researchers tend to use a more simplified explanation as to what the
difference is between primary and secondary data. Primary datais data that has
been or will be collected by the researchersthemselves using a quantitative or

qualitative data collection method. Secondary dats data that has been or will be
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collected by someone else and is a data source that already exists. The
differentiation focusseson whether the (secondary) datais collected second-hand
or (primary) data is collected and analysed first -hand. It appears that it is less
important how the data is collected regarding the research problem, method and
context. Although, the relia bility and trustworthiness of the data can be ensured
by the researchers themselves when the entire data collection processesis
controlled first-hand. Nevertheless, whether to use primary or secondary data
should be decided based on the research fit(tHox and Boeije, 2005) Based onHo x
and Boeije (2005) the differentiation between primar y and secondary data can be
defined in conjunction with Figure 3.10as follows:

Definition3.1: Primary an®econday Data

Primary data data that has been collected and analybeddifstr a specific

research problem and whtlsthandresearch methselection that fits the research

problemSecondary datadata that has been collected for a diffeschrgsal

and reused for a different research question or in a different context.
Researchers may work or have already worked on multiple research projects
with similar research problems and similar approaches for addressing these
problems. Such research pojects generally need certain datain order to create an
application scenario of the research as an applicationoriented character or
perform an evaluation if needed by the research design. It is, therefore, obvious
that the data that has been collected and analysed for similar research problems
with similar research questions in different contexts should be available. It is,
therefore, also obvious that such first-hand data can be beneficialto the current
research projectby providing data source triangulation. Such first -hand data can
be regarded as primary and secondary data. However, in order to avoid a
misunderstanding, the following definition defines first -hand secondary data as

an additional data type in conjunction wi th Figure 3.10.

© University of South Africa 2016



3 Research Methodology and Design 79

Definition3.2: Firsthand Secondaryaia
Firsthand secondary detalata that has been colleatel analysed finaind for
similar research problems with similar research questions in diffeegnt aontexts
research method selection that fits the similar research problem
First-hand secondary data may already be published in scientific publications or
project reports, or captured in the same time-frame as the research that uses the

first-hand secondary data.

Specific research proble

Primary data Selected research metho

4
’
. e
Firsthand secondary data €8
N R

Secondary data

Secondhand collection

Figure 3.10: Primary and Secondary Data

3.3.2.4 Data Triangulation and Analysis

Data triangulation ensures the validity of the

analysis of a phenomenon and helps to gain a

Method _Source_

deeper understanding of that phenomenon triangulatio

(Cohen and Crabtree, 2006) A triangulation

can be achieved by multiple data collection
Analyst

methods, sources, investigators or theoretical triangulatio

perspectives (Cohen and Crabtree, 2006% w? ! a w

combining multiple observers, theories, _ _ _
Figure 3.11: Data Triangulation

methods and data sources, [researchers] can

hope to overcome the intrinsic bias that comes from single-methods, single-

observer, and single-U T 1 O U a w (Deriik, 2009)»3d8). Based onCohen and

Crabtree (2006)and Patton (2015,p.661), the following types of triangulation are

identified :
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1. Method triangulation - multiple data collection methods.

2. Source triangulation - different data sources from different time horizons

or data capturing settings.
3. Analyst triangulation ¢ different observers and/or analysts.

4. Theory triangulation ¢ different theoretical perspectives (theory).

34 Research Design and Process

In previous sections, the general meta-research was described wherein the

following needed elements for this thesis are selected
1 Philosophy: Design
1 Approach: Inductive
1 Strategy: Design ScienceResearch Strategy
1 Method: Qualitative Multi -Method

The research wasconducted using the design scienceresearch cycles based on
Hevner, March, Park and Ram (2004)and the methodology based on Vaishnavi
and Kuechler (2004) ?Design-scienceresearch must produce a viable artefact in
findings were derived from the elaboration of these artefacts. These artefacts,
theories and processes were developed in design cycles (see Figure 3.12).
Additionally, requirements were gathered during the relevance cycleto ensure
the businessy Suitability in design science researchThe rigor cycle ensured that
the research work was well grounded using existing research work and

methodologies.

This research project usal the design, relevance and rigor cycles in conjunction
with the with the design science research methodology based on Vaishnavi and

Kuechler (2004)
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Environment Relevance  Design Science Research Rigor ~ Knowledge Base

?EOTIG Foundations
. 2: Zsbilities Develop / Build * Theories
. Chzracteristics * Theories * Frameworks
Organizations * Artifacts * Instruments
« Strategi Business * Processes Applicable| * Constructs
e d * Models
* Structure & Needs Knowledge
* Methods
Culture ds
/‘ * Instantiations
* Processes Design
Relevance Cycle s Rigor Cycle
* Requirements - Grounding

* Field Testing * Additions to KB

Evaluate
-_/ * Analytical \-' Methodologies

Technology
* Infrastructure

« Applications * Case Study * Data Analysis
+« Communications * Experimental . Technlques
Architecture * Field Study ¢ Formalisms

+ Simulation * Measures

* Devel t
evelopmen + Validation Criteria

Capabilities

Figure 3.12: Design ScienceResearch G/cles (adapted from Hevner and Chatterjee (2010)and
Hevner et al. (2010; 2004)

3.4.1 Research Methods, Strategy and Choice

This study was designed asa multi -method research choicet it involve d several
research and engineering methods (sometimes called research strategiest see

Saunders, Lewis and Thornhill (2007)). These were:

1 Design Science Research: As mentioned before, design science research is

the overall research method used with in this study.

1 Application scenario (case study): The case study provided the business
andreal-ODi 1 WEOOUI ROwWOI wOT PUwWUI Ul EUET wx UONI E
inquiry that investigates a contemporary phenomenon within its real -life
E O O U (YB 2008, p.13). The application scenario, which is called the
admission process,was created in the development phase. It was used in
the development phase to demonstrate the prototype system iter atively

and to act as a source ofrequirements. Finally, it was used in the

evaluation phase when the artefact was investigated.
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Requirements analysis (sometimes called requirements engineering):
Requirements analysis and engineering is an engineering method and part
of a software development process (Sommerville, 2011). Requirements
engineering consists of several techniques or methods, such as use case
analysis or personas (Cheng and Atlee, 2007) In this study, the
requirements analysis was the first step performed within the
development phase of the case model Chapter 6.4.1) and final prototype

development (Chapter 8) using the application scenario and interviews.

Literature review: The literature review provide d a theoretical basis for
this study; It ensured UT EUw UT PUw POUOW?EUI EUI U2 wUOC
literature review was linked the specific research objectivegBiggam, 2008)
and research questions. One outcome of the literature review was a
technical report, which was used as an introduction to casebased

reasoning (CBR)

Interviews: The goal of the interviews with in this study waU w? €6 ¢ wUOwil EUT |
YEOPEWEOE wUI O®durted, LewisaddETaoghdilé 2007, p.310)

and answer the research questions. According © Bingham and Moore

(19410 wWEOwWHOUI UY D UE Wb O OhmD B@tambukakh@dndOUIT 2 w
Cannell, 1957, p.97) The first interview(s) were conducted during the

awareness phasein order to elaborate upon and verify the application

scenario and describe the problem. Additionally, the interviews were a

data source for therequirement analysis of the case model Chapter 6.4.1),

casebased reasoning services Chapter 7) and final prototype

development (Chapter 8).

$Rx1 UPOI OUUoOw?3TT wxUUxOUI woOl wEOwI Rx1 UDC
(Saunders, Lewis and Thornhill, 2007, p.136) The experiments helped

answer the 21T Ob > wUI Ul E U BNithunzthid siudyp éxPedrients

were used in the evaluation phase.
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3.4.2 Data Collection, Sources and Analysis

The following research methods or strategies mentioned above were used for
data collection and analysis: The application scenario, requiremerdasalyss and
interviews provided qualitative and primary data from a real -life context. The

literature reviewwas used to obtain secondary data.

3.4.2.1 Types of Data and Sources

In this study, three types of data sources were used. The primary data source
type for this study was first -hand secondary data, which was the main data
source for the elicitation and design of the application scenario. In addition ,
secondary data sources, as well as literature and reports were also used.
Moreover, primary data gained from interviews and analysed c ase datwere also
used for this study. The application scenario was derived from real-world use
cases andthe literature. Pre-existing results, use cases and existing application
data from related research projects were transferred to and re-analysed for this

project.

1 Admission process scenario (main application scenario): The admission
process for the Master of Science programmes at the University of Applied
Sciences and Arts Northwestern Switzerland FHNW was a starting point
for the research. The applicaion scenario (see Section 4.2) was first
analysed during the research project MATURE". | was a member of the
project team and actively involved in developing the v arious use cases.
Even after the MATURE project was completed, the different stakeholders
acted as domain specialiss and application and evaluation partner sin this

research project

The Integrating Project MATURE was co-funded by the European Commission under the
Information and Communication Technologies (ICT) theme of the 7th Framework Programme
FP7 (contract no. 216356) mature-ip.eu
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{ Offering and project management scenario: Additional requirements were
derived from the research project [sic!]s, in which a CBR system for the
offer process and project management of a software company was
developed. | was the project leader for this research project, which had
almost the same duration as this dissertation. The [sic!] research project
ended in 2015. This research projectalso made it possible to derive
requirements and have access to firsthand secondary data and primary
data specifically for this thesis. This offering and project management
scenario is used n this thesis for the evaluation and is described in Section

94.1

1 Process learning scenarioFinally, the research project LearnPAd, where |
was a member of the project team, provided confirmatory evaluation
results based on a different application scenario - the e-learning support
of servants in public administrations. This research project delivered
additional first -hand secondary data for the evaluation phase of this
dissertation to underline the acceptance of the suggested and
implemented CBR approach. This process learning scenariowas used for

this thesiszemaluation and is described in Section9.4.2

3.4.2.2 Primary Data

As described in the method section, two primary data collection techniques, (1)

interviews and (2) document and artefact study, were used in this research work.

The qualitative interviews were conducted during the awareness phase of this
study in order to create the application scenario of the admission process, as well
as during the suggestion and implementation phases. The stakeholders of the
admission process were interviewed . The interview participants (domain

specialists) were selected because they workwith in the context of the process and

g[sic!] is funded by the Swiss Confederation's innovation promotion agency (CTI) .
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were chosen based on their availability. There were seven universal potential
participants working with in the context of the application scenario. Moreover,
the minimal sample size was three. The interviews beganwith a semi-structured
qualitative questionnaire followed by an open discussion concerning certain
aspects of the application scenario or the suggested approach. The questionnaire
iIs available in the appendix (see Appendix -C: Excerpt from the Interview
Documentation) of this study. The raw answers, including audio recordings , are

confidential but paraphrased with in this study. Interviews with stakeholders :

1 The overall description of the application scenario and the case datawere
verified by the dean of the study programme (process owner) during an
interview on the 5" December 2014. This interview was recorded and

freely transcribed.

1 The detailed process model and the initial version of the suggested
approach were verified by two processmembers during two interviews

one on the 3F March 2015 andthe other on the 10" April 2015.

The document and artefact study was applied as a qualitative research method
in order to gain case data and process datato create the application scenario
within the awareness phase. This study usd generalised, artificial and
anonymized data that was derived from student data (e.g. education, work
experience). Since therevas no need to identify real persons or relationships, the
data were able to be anonymized and made artificial without distorting the

research results. Additionally, the primary data collected was anonymized in
order to comply with the collective employment agreement and the federal act
on data protection, while the original raw data has not left the original storage

and must remain confidential.

3.4.2.3 Secondary Data

The admission processwas initially elicited based on the results of the MATURE

research project. As mentioned, | was a member of the project team and was
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actively involved in creating the underlying use case. Thus, | had access to the
raw data for this application scenario. The application scenario was made

publically available with in two deliverables of the MATURE research project:

1 Nelkner et al. (2011) Nelkner, T., Hu, B., Martin, A., Brander, S., Braun, S.,
Riss, U., Attwell, G., Hinkelmann, K. and Berrio de Diego, M., 2011. D2.3
/ D3.3 Design and Delivery of Prototype Version V2 of PLME / OLME

1 Cooketal. (2012} Cook, J., Schmidt, A., Bradley, C., Barnes, €A., Bimrose,
J., Brander, S., Braun, S., Brown, A., Kump, B., Kunzmann, C.Mazarakis,
A., Nelkner, T., Pearson, C. and Taylor, I., 2012D6.4 Summative Evaluation

Report

The case data and a process modelwere derived from real data. Written
recordings from interviews and notes from workshops were able to be usedin
this study. Everything was completely anonymized before storage in order to
comply with the regulations of the application partner and the federal act on data

protection. The following first -hand secondary datawere used for this study :
1 Initial process model and description

1 Case data (tasks, task descriptions, emails, documents, related process and

task patterns and concrete user data)
1 Written remarks from interviews with different stakeholders

1 Written remarks from workshops and written observations from

evaluations with end users

The CBR approach and the suggestionwere developed for two application

scenarios and usa casessimultaneously . Besidesthe admission process, the offer
process of a software companymade it possible to confirm the usefulness of the
suggested approach iteratively . The approach, as described in Chapter 5, was
developed in this dissertation project and was alsodeveloped and verified using

the application scenario of the [sic!] research project. This thesis projectused first -
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hand secondary data from a related research project, but no primary data were

used from the software company. The first-hand secondary data usedwere:

1 References to publications containing the suggested approach (called
ICEBERG) of this study, applied and implemented in a different

context/use case
1 References to evaluation results

Finally, in the research project Learn PAd, the suggested approach was
implemented in a different use case and evaluated with end-users of public
administrations. The main deliverable that describ es the implementation and

evaluation of the suggested approach of this study was:

1 Thonssen, Witschel, Hinkelmann and Martin (2016} Thonssen, B.,
Witschel, H.-F., Hinkelmann, K. and Matrtin, A., 2016. Experience Knowledge

Mechanisms and Representation

The evaluation results of the Learn PAd project were used in this study as first -
hand secondary data as an additional source regarding evaluation data
triangulation. Additionally, the results of the Learn PAd concerning this

approach were published in a delivarable (Thonssen et al., 2016)and will be
published in a book chapter (Emmenegger et al., 2017, In Press)The first-hand

secmdary data used from the Learn PAd research project were:
1 References to evaluation results

1 References to a publication containing the suggested approach of this

study applied and implemented in a different context and use case

3.4.3 Adherence to the Design-Science Research Guidelines

Hevner et al. (2004, p.83) has presented research guidelines for design-science
research projects.These guidelineswere used to evaluatewhether this thesis was
in adherence to designscience research.These guidelines and the responses to

these guidelines are presented(Hevner et al., 2004,p.83) below.
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Guideline 1 ¢+ Design as an Artefact ¢ ?Design-scienceresearch must produce a

This research work provides the follow ing viable artefacts: (1) the ontology-
based CBRand process execution approach asmodel, (2) the ontology-based
CBRand process execution implementation as instantiation, (3) a case model,
(4) casebased rea®ning services as instantiation, (5) an ontology as model

and instantiation and (6) a procedure model.

Guideline 2 ¢ Problem Relevancet ? 31 | wOE N1 E U-sriériceuésbamckisto D1 O
develop technology-based solutions to important and relevant business
x UOEOI OU» 0
The problem relevance description and application scenario, the summative
evaluation and the derived requirements ensure that the concepts of this
thesis are a solution to relevant business problems. In addition, the
implementation of the prototype indicates that the artefacts developed were
technology-based.
Guideline 3 ¢ Design Evaluation + ? 31T 1 wUUDPODPU A Oacpdl & dBidna wE OE wi
artifact must be rigorously demonstrated via well-executed evaluation
O1 U1 OEU-~ 0
The evaluation is a significant component of this thesis. The prototype was

demonstrated under real world circumstances.

Guideline 4 + Research Contributionst ? $ 1 1 1 E U B-3cienoéEréseafh dust

provide clear and verifiable contributions in the areas of the design artifact,

design foundation UOQOWE OE¥ OUWET UBPT Owolil U1 OEOGOOT Pl U~ 0
The research provided verifiable contributions as presented in Chapter 1.8

and mentioned as publications in Chapter 10.1.3
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Guideline 5 + Research Rigor ¢+ 7?Design-science research relies upon the
application of rigorous methods in both the construction and evaluation of the

design artifact? 0

This research was based on an extensive technical report and literature

framework , as presented inChapter 2.

Guideline 6 ¢ Design as a Search Process ?The search for aneffective artifact
requires utilizing available means to reach desired ends while satisfying laws in
UT T wxUOEOI OQwi OYPUOOOI OU=2 0
As presented in Chapter 3.4.4 the performed development step was highly
iterative. Apart from that, it was possible to run additional cycle sif the results

did not satisfy the expectation of the evaluation partners and requirements of

the application scenario.

Guideline 7 ¢ Communication of Research ¢ ?Design-scienceresearch must be
presented effectively both to technology-oriented as well as management-
OUbPI OUI EWEUVUEDI OEI U209
As explained in Chapter 1.8 and 10.1.3 several research publications were
created from this research Furthermore, the results of this thesis were

presented to business partners of the mentioned research projects inChapter

3.4.2

3.4.4 Research Procedure

The aforementioned methodology of design research guide d this research project
and ensured that the specific output of this design science approach was
generalizable. Figure 3.13 provides an overview of the research process and
shows the outcome of the main steps including three artefacts and the main

artefact (the ICEBERGPE approach and the prototype).
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| Relevance |

Design Science Research Process
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e
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Figure 3.13: An Overview of the Design Science Research lcessand Main O utputs

In detail, t he five design science researctstepsare defined as follows (seeFigure

3.14):

I. The awareness of the problem led to the theoretical framework presented
in Chapter 2 (the literature review). The application scenario of the
admission process was elaborated together with the domain specialists in
order to placethe research project in realworld context . This was done in
an iterative manner based on interviews. Moreover, the domain specialist

involvement supported the problem relevance of this work .

II. The suggestion phase was done based on the theoretical framework. The
main activity of this phase was the credion of the approach, which is
described in Chapter 4. This Chapter 4 contains a conceptual framework,

an ontology framework, and the underlying methodology .

[ll. The development phase was divided into three activities based on the
four research questions. The activities were not isolated because they
correlated with other activities. The development phase occurred over
several iterations. How the research questions (RQ) are addressed is

described as follows:

1 RQ 2 (Case description) ¢ Case Model The case description
Ul Ul EUET wgUl U U Db ghecaseobelhbpter Ban& wb O w?

was derived from the theoretical framework . The case model
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artefact was verified and demonstrated using the application

scenario.

T RQ 3 (Casebased reasoning service$ - Casebased Reasoning
Services The similarity, adaptation and learning mechanism was
derived from the theoretical framework and developed by the case

model. This is addressedin Chapter 7.

17 RQ 1 (Prototype) + Approach and Prototype: The new casebased
reasoning and process execution approachand prototype was the
main artefact of this design science research.The ICEBERGPE
approach was described as aconcept and instantiated with in a
prototypical system as a proof of concept. The implementation is
addressed in Chapter 8; The suggested approachis described in

Chapter 4.

This development phase runs as iterative development process. As
Sommerville (2011)suggests, he work was divided into smaller pieces

(sub-artefacts) and developed in an iterative way.

. The evaluation phase was used to observe and measure how well the

ICEBERGPE approachwas able to provide a solution to the problem . The

evaluation was done using an exploratory scenario ¢ the admission

process for a University programme ¢ together with the domain

specialists. The ICEBERGPE approach was evaluated in depth based on

the application scenario which contained objective criteria, within a
businessenvironment. The evaluation results indicate d whether to iterate

back or to continue to the conclusion.

Theconclusion EEUDPYDPUAwWDOEOUET UwxUIT Ul OUDPOT w? ¢
importance, the artefact, its utility and novelty, the rigor of its design,

and its effectiveness to researchers and other relevant audiences, such as

practicing x UO 1 1 U U(Bedr@EaBd Chatterjee, 2010p.30). Parts of it
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were communicated to relevant audiences of several journals and
conferencepapers (Martin, Emmenegger and Wilke, 2013; Witschel et al.,
2015; Cognini, Hinkelmann and Martin, 2016; Martin et al., 2016;
Emmenegger et al., 2017, In IRess) The communication activity was
executed during the entire study in order to involve the research
audience. This was achieved by presenting relevant results as soon as
they became available. In the end, the findings were summarised and the
dissertation was finalised by the conclusion which presentsthe possible

limitations and proposals for future research .

3.4.5 Validity, Reliability and Trustworthiness

As described in Section 1.4.2 this work attempted to answer three research
guestions during the creation of the design science researclartefacts (case model,
CBRUI UYDPEI UOwOOUOOOT Pl UWEOEWUT T WExxUOEET wb!
applied in order to ensure that this study was reliable and the results were valid :
1. Application scenario (case study technique): The admission process
application scenario was created based on existing and running
processes. Additionally , the application scenario was reviewed by
domain specialists. This was done to ensure that all of the research

guestions could be proven based on a realworld scenario.

2. Domain specialist involvement: Th e involvement of domain specialist

ensured that the researchwas addressing relevant business problems

3. Functional testing: The answers to the research questions were
validated during the development phase. This was done using test
data, elaborated upon during the requirement analysis based on the
application scenario and the theoretical framework .
4. $YEOUEUDOOO w31l 1 wOE b O waliityFréligbibt@dnd » wOT E U w

trustworthiness of a design science researchproject is the evaluation
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itself ¢+ explained in Section 3.4.4(Research Procedurg. The approach
was evaluated in this phase using the prototype (asa proof of concept).

The evaluation addressed research questionswo, three and four.

5. Research project cooperation: This regarch was conducted as part of
and in cooperation with research projects (see Section 3.4.2 ?PData

Collection, Sourcesand Analysis) with related research questions.

6. Intended scientific publications: It was intended that the results of this
thesis be further publish ed in scientific publications. This would
ensure the acceptance 6 this research work within the scientific
community , since itwould provide a further sign of validity, reliability

and trustworthiness .

3.4.6 Research Ethics

All activities of this research work were done in accordance with the UNISA
guidelines t all activities compl ied with the policy on research ethics (University
of South Africa, 2007). All sources were cited using the Harvard referencing style
in a correct, complete and consistent manner based on the Hanard referencing
guideline of the Anglia Ruskin University (2011) . The datawere collected from
the university information system of the University o f Applied Sciences and Arts
Northwestern Switzerland FHNW and were anonymized, from which artificial

caseswere generated. The collected datawas anonymized in order to comply
with the Federal Act on Data Protection (FADP) of the Swiss Confederation,
while the original raw data did not leave the original storage because it must
remain confidential. The data were anonymized in such away that any similarity

to persons and any relation to entities were purely coincidental and
unintentional. The artificial cas es were used during the interviews and for

evaluation purposes. Finally, this study received written approval from the

Research Ethics Review Committee of the School of Computing
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Figure 3.14: Research Rocedure
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4 Probl em Reanedv ance

Appl i cation Scena

This chapter introduces an application scenario that will be used through out the
entire thesis to illustrate the research problem, the suggested approach, the
implementation and the evaluation. In addition to the main application scenario,
two additional use caseswill be briefly introduced with in this chapter, which are

used with in the evaluation chapter in order to ensure data (source) triangulation.

41 Data SouAgxel ifowati on Scenari o

The first-hand secondary data from the

,/| Primary Data: Interviews w
/) stakeholde((CEBERBE \\

admission processwere complemented Application Scenario) |,

with primary data based on /

’ Method Source \

triangulationf§ triangulation|

interviews, documents and K

artefact studies to create an N
underlying application  /
Primary Data: Document
i i Firsthand Secondary Dataj: artefact studie§CEBERG
scenario for this StUdy’ Literatur§MATUREP) PE Application Scenario
______________ MATUREP)

referred to as theadmission
o Figure 4.1: Application Scenario Triangulation
process application

scenario.

The data source triangulation of the admission process application scenario, as

displayed in Figure 4.1, was ensuredby various methods (method triangulation :
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interview, document and artefact studies and literature), data sources (source
triangulation) and analys es (analyst triangulation : apart from myself, other

research project members supported the analysis).

The initial application process model was presented to the public in a research
project deliverable (Nelkner et al., 2011) Additionally, case data and remarks
from observations and workshop s with stakeholders were presented in a

research project celiverable (Cook et al., 2012)

The data that was captured and presented here asan application scenario and
process model, as presented in Figure 4.2 and Figure 4.3, were verified by
stakeholders of the application scenario. This was done using the following

interview sessions:

1. The data was verified by the process owner (the dean of the master
programme) during an interview on the 5" December 2014. This interview

was recorded and freely transcribed.

2. The process model was verified by two process members during two
interviews , one on the 3F March 2015 and a second one on the 10 April

2015.

Finally, the application scenario was partially published in the following own

authored publication by Cognini, Hinkelmann and Martin  (2016)

42 Applicati ont sAdemnmiasrsPipoonc e s s

The study admission of the Master of Science (MSc) programmes at the school of
business/FHNW University of Applied Sciences and Arts Northwestern
Switzerland served asthe main application scenario for this research work. The
admission process is a highly knowledge -intensive process thatwas performed
in Switzerland by each university individually. In this  scenario, knowledge -
intensiveness was expressed by the high variability of applicants coming from

diverse universities, countries and degrees.
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This admission process was used to verify the application of a prospective
student of the Master of Science (MSc) programme in the Business Information
Systems (BIS) programme based on the admission requirements The admission

requirements encompass the following elements:

1 Academic qualification : A prospective candidate must hold an academic

degreein compliance with the following requirements :

o Bachelor degree in a related field of study : A prospective
candidate must hold a Bachelor of Science or Bachelor of Arts in

Business Informatics, Information Systems, Computer Science,

s oA~ N

o Bachelor degree obtained from an accredited institution : The
candidate must hold a bached O Uz U w fioinTab ladcredited

institution .

o Good or excellent grades: Moreover, only candidates with good or

excellent grades will be accepted.

1 Working experience : Since the MSc BIS is located at a Swiss university of
applied sciences and arts, every progective student must have working

experience of at least one year, preferablywith in a related field of study .

1 Good linguistic abilities in English  : Since the MSc BIS programme is an
international programme with modules and courses taught in the English
language, it is expected that every prospective student have adequate

linguistic abilities in English .

Figure 4.2 shows a representation of the admission process of the Master of
Science (MSc) programme in Business Information Systems (BIS) in BPMN 2.0.
This representation was initially created by the de an of the MSc BIS programme
and then enhanced and verified during an interview (see Appendix -C: Excerpt
from the Interview Documentation). The admission process begins when a
x UOUx | E U D Ydpplidatibk dfrivedsUTheapplication is analysed during the
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first activity "prepare eligibility check”, where the stu dy assistant prepares the
eligibility check She or he collects albf the information needed to allow the dean
of the programme to check the eligibility of the candidate; This is then achieved
by the dean during the "check eligibility" activity. If the ca ndidate is eligible, she
or he is invited for an oral interview by the study assistant during the "invite for
interview" activity. Otherwise, a rejection letter is sent. The main goal of the
interview is to verify the eligibility of the applicant.  This eligibility validation
activity is highly knowledge -intensive. If, after the interview, the candidate is
accepted by the admission commission during the "decide for acceptance”
activity, the administration department determines the tuition fee during the
"determine tuition fee" activity. Finally, an acceptance letteris sent to the
candidate by the study admission during the "send acceptance letter" activity. If

the candidate is not eligible, a rejection letter is sent

e no Send rejection Candidate
@ Prepare eligibility @ —L letter rejected
check
Application ;
pa?'rived +H .Invne.for 2 Candidate Send acceptance -'
interview invited letter Candidate
accepted

Candidate
eligible?

yes

Check eligibility

Validate eligibility
(Interview)
~] no
decide for accepted?
acceptance

yes

Determine tuition
fee

Figure 4.2 FHNW MSc BIS Study Admission Process
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Although this process is modelled as a structured process, the activity "prepare

eligibility check" is modelled as a complex ad-hoc sub-process. As previously
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mentioned, the activities modelled in Figure 4.3 were identified in interviews

with the stakeholder .

Prepare eligibility check @

Prepare acceptance
Prepare rejection

GiZEs EEIEETEESEl (Check anabinj [Check enic—naric.net]

C Analyse application certificates
documents
Ask public authority
Analyse transcript Check grading system Check availability of
of records matriculation number Language
competence

2
2
g
e
-
5
3
2
]
2

Figure 4.3: Prepare eligibility check as described by the dean of the master programme

In this activity, it is determined whether the EEET 1 O O U ofthrapplitatti |

qualifies for the master programme. Because candidatesare international, they

represent a wide variety of degree and certificates. Ifthe EEET 1 OOUZsUWET T Ul
unknown, the tran script of record is analysed. This means that it is verified

whether the university, from which the candidate received hisorherEEET | OOUz Uuw

degree, is accredited.

Check Eligibility \
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accreditation i 3 Anabin
of university : database

‘ Analyse
application

r (3
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1 T - | Consult enic- |
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""" Bachelor Tttt 1 transcript of | | !
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Figure 4.4: Check eligibility as CMMN case®

9 Modelled by the MSc BIS dean.
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In case the university is unknown, the study assistant can access an academic
database containing qualification information known as Anabin. The Anabin
database, however, is incomplete. Moreover, there are several other databases
and on-line resources aswell. For example, enic-narci.net provides access to
resources in which many countries have listed their accredited universities. The
selection of this resource dependsupon the country where the applicant received
his or her certificates. If the university cannot be found with in any resource, the

study assistant can ask the public authority for confirmation.

Furthermore, the eligibility depends on the average grade of the bachelorz U
degree, which must be at leasta"B". If the average grade is not mentioned in the
transcript of record, it is calculated by the study assistant. For unknown grading
systems, one must discover their comparable Swiss grades. It is not clear in
advance which activity is not required, nor in which order they were executed.
For a number of activities, the entry criteria are known while other activities

depend upon the judgement of the performer.

Figure 4.4 shows the check eligibility activity , partially modelled using CMMN
(OMG, 2014, 2016) Thisfigure reveals the interdependencies of certin activities.
If the entry criteria of a task are known, the task is modelled with solid lines. If
the execution of a task depends on human judgement, it is modelled as a
discretionary task with dotted lines. Nevertheless, the potential activities are no t
final, nor is it pre-defined that the student assistant will perform certain activities .
The invocation of certain activities highly depends upon the actual application

case

43 Casend Process DARXe@acuti on

The data collected and presented in the following were anonymized to comply
with the collective employment agreement and the federal act on data protection.
Any similarity to persons and any relation to entities were purely coincidental
and unintentional. The original raw data did not leave the original storage and
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must be kept confidential. Table 4.1 shows the basic data of the application case

information is provided by the study assistant and performed activities during
this process instance. Finally, problems and solutions that can occur in gmilar
cases arealso listed. The problems and solutions were determined during an
evaluation with administration staff of FHNW. They were used as an initial
indication of casebased reasoning (CBR) problems and solutions and the

corresponding potential case model.

Table4.1: Basic Data- Case B

Name Susan Fisher
Nationality us
Degree Bachelor of business administration (BBA)agement»

Final degreeniversity  Davenport University, USA
Additionainformation ~ Student has been working in Switzerkpelaicsr

Performed activities Analyse Application, Check Approval, Prepare Re

(Acceptance)
Problems University is not in ligtr@birr website
Solutions Ask student for proof of accreditation or/an

swissuniversitiesSwiss ENIC

10 Anabin is a database of the standing conference of the ministers of education and cultural affairs
of the states in the federal republic of Germany for the recognition for foreign univ ersity
diplomas.

11 Swissuniversities is an association founded by the universities, universities of applied sciences
and universities of teacher education in Switzerland as replacement of the former conferences
CRUS, KFH and COHEP based on the "Federal Acton the Funding and Coordination of the
Higher Education Sector (Higher Education Funding and Coordination, HEdA)".

12 Swiss ENIC is a service centre of swissuniversities that issues recommendations of recognition
for foreign university diplomas.
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Table 4.2 lists the remarks or suggestions EOOE 1 UOD O deriwed Gromu ? ! 2 w
intervi ew notes initially described in Cook et al. (2012) They were remastered

and re-analysed for this thesis.

Table 4.2: Remarks/Suggestionst Case B

Remarks or suggestions

Remark about process model: should start with «check approval» because this

critical andif university is not apprévgaickly leads to closing the casedjettion)

Participant states that she has created her form for capturing criteriberdisciessk

in interview and that later allow to trace and justify decisions (e.g. about semest

Table430DPU0UWUT T wWEEUDYDUDI U wkeénpérioroéibythewn EE UT w?
process participants including the problems and solution that might have been

identified , resources and certain observations or remarks during the execution of

the process. In the appendix of this documents further potential cases are

described that has been used to evaluate the ICEBERGE approach (see

Appendix -A: Case Datg.

In addition to the potential case datg Table 4.4 lists the data and documents that
were submitted by the applicants. This case data carbe regarded as data thatwas

available during workflow initialization .
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Table4.3: Case Datat Case B
Activity Role Problem Solution Resources Observations, remarks
1. Analyse application Study
documents assistant
2. Check approval of Study University not anabin Call Swiss ENIC
gualification/accreditatio assistant list Ask student fi
of university proof o
accreditation
3. Prepare acceptance Study
assistant
4. Determine tuition fee Administratic Workflow proposes 7! Enhance th
TE How to tell tt flexibility of tr
system that 700 woulc system. Exter
correct? descoftask
5. Accept application Study Acceptanc Interviewee always sentittarto
formally assistant letter students that confirms receipt o

template

application documents; then
case is doubthecked with tt
dean before sending accept

letter
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Table 4.4:

Data and Documents from Applicant

Personal Details

Academic Qualifications

Secondary School Professional Experience Documents

Gender

Lastand Firdlame(s)
Street and Number
Post Code and Town

State/Canton

Country

Date of Birth

Place of Birth

Country of Birth

Mother Tongue languag
Marital status
Nationality

AHV No

Phone

E-mail

BSc Degree (Name)
University/institution (BS
Place/Country (BSc)

Matriculation No
BSc Degree Award Date

Grade BSthesis

Average Grade (BSc)

MSc Degree

University/institution (MS

Place/Country (MSc)
MSc Degree Award Date
Grade (MSc)

Additional Qualifications
Linguisti@bilities
(certificate)

Function/Role Letter of Motivation
Enterprise/Organisation BSc Degree
Place/Country (Professic Transcript of Records fo
Experience) BSc Degree

Date of Award (Seconda Duration (Professional Documentary evidence (

School name
Place/Country
Qualification obtained

School) Experience) required level in English
Place of Residengwon  Research Experience  Copy of

Graduation Passport/Residence Per
Post codand Town (Plac Copy of Secondary Schc
of Residenagon Education

Graduatign
Canton/State (Place of
Residencepon
Graduation)
Place/Country (Place of
Residencepon
Graduation)

Curriculum vitae

Photograph

Certificate of
employment/proof of wo
References
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4.4 Scenar ibataandAnal ysi s

As mentioned in Section 4.2, the process begins by checking an application
formally in two knowledge intensive tasks prepare eligibility check executed by
the study assistant and the eligibility check itself executed by the dean of the
programme. This formally check results in a pre -selection of whether a candidate
will be invited for interview or  not. This (prepare) eligibility check phase consists
of knowledge intensive tasks where knowledge workers try to learn and perform

these tasks using prior experiences which are possibly available.

Up to now the admission process has been performed using convemional
infrastructures such as paper based dossier including hard-covered case files,a
computer based file system, a university administration application and a
standard content management system.This means that the application case data
is physically and electronically available, without a significant number of
metadata items. Some structured data is usually transferred to the university
administration application after completion of the application. However, the
prior case data can be accessed using flitext search using conventional
information retrieval techniques only. As a result, the experience management is
performed by the knowledge worker itself by gaining experiences while
performing one case after the other ¢ there is no experience management
software implemented up to now. Nevertheless, the knowledge workers are
performing their file based experience management while capturing their
learned procedures using notes added to a caseHowever, the admission process
has been in place since the masteprogram began and has been improved upon
each year. Nevertheless, the stakeholders of the admission process expecthat
the implementation of an experience management software would improve the

effectivity and efficiency of the admission process.
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4.4.1 Variety of Cases

Since the Master of Science in Business Information Systems (MSc BIS) is
recognised as an international programme with students from all over the world,
it is an inviolable principle that all applications are treated as equal as possible,

regardless if it is a foreign or a local application.

The study administration, the dean of the programme and the admission
commission, is exposed to cases with a different composition. Although the
variety of the cases is enormous, it is possible to identify similarities when
comparing certain sub-elements of certain cases or when abstracting certain
elements. This variety becomes evident when analysing the randomly selected
sample of 66 case®f previous applications to the MSc BIS programme (seeFigure

4.5):
1 Sample size: 66 cases
1 Applicant's nationalities: 30 countries
1 Bachelor degreesubjects: 33 different subjects
1 Bachelor degree generalised subjects: 2 different subjects
1 Bachelor degree institutions: 48 universities
1 Bachelor degree institutions located: 26 countries
1 Working experience: 64 different jobs or internships

The sample of 66 cases shows that the variety of the cases in this sample is
significant. The applicants have 30 different nationalities, and they denoted 33
different EE ET 1 O O U #fdy ooffitlehtidlirdasons only 25 generalised degree
subjects are listed inFigure 4.5) received from 48 different universities located in
26 different countries. Besides, the variety of the working experience is almost
the same the sample size of the cases itself. Unfortunatey, it was not possible to
list the denotations of the working experience due to confidential reasons. Based

on a deeper analysis considering a vast number of applications gathered over the
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recent years, it is possible to process difficult cases in a more #icient way using

the content of previous similar cases.

Bachelor Subject (25)

University Country (26

AAfghanistan AAdministration and AAGH University of Science and Technology AAustria
AAustralia Marketing AAHikmah University ABangladesh
AAustria ABus!ness Administration AAMA Computer College AcCanada
ABangladesh ABusiness Economics ABadenNuerttemberg Cooperative State University ACroatia
ABrazil ABusiness Engineering ABern University of Applied Sciences ACosta Rica
AcCanada ABusiness Information ABZU Multan ADenmark
ACosta Rica Systems ACity University of Seattle AFinland
ACroatia AIComme_rce ?réd ) ACopenhagen Business School AGeorgia
AEcuador Agternattlong i ACovenant University AGermany
AFinland AEompu €r science AFederal Polytechriiaro AGermany
AGermany AE;:or:qmllcE L AFHS StGallen AGuatemala
AGhana AEIec rical nglgeerlng AGeneva School of Business Administration Alndia
AGuatemala c oenitr?m?:azgn s AHESSO Valais ALebanon
Alndia AFinance and Banking Algbinediot/niversity,Okada AMacedonia
AKosovo Alstanbul Technical University ANepal
AFood and Health e e
ALebanon ) AJagannathiniversity ANigeria
AGlobal Business , -
ANepal Management AKalaidogachhochschule APakistan
ANigeria Alndustrial Physics and AKurukshetra University APhilippines
APakistan Electronics ALadokeAkintolaJniversity of Technology APoland
APhilippines Alnformatics Engineer ALucerne University of Applied Sciences and Arts ARussia
APoland Alnformation Science AMartir_uthetUniversity HaNittenberg Aswitzerland
ARussia Alnternational Management ~ AOxford Brookes University ATurkey
Aserbian AJournalism APunjab Technical University AUnited Arab Emirates
ASlovakia AMarketing APurbanchalniversity AUnited Kingdom
ASpain AMathematics Engineering ARobert Gordon University Aberdeen AUSA
ASri Lanka AMechatronic Engineer ASagessMniversity AVietnam
Aswitzerland APolitical Sciences ASouth East European University
ATurkey AProject Management and ASwiss ManagemesnteitUniversity
ATanzania IT ATurku University of Applied Sciences
Avietnam APublic Relations AUniversidad Nacional de Costa Rica

ATourism

AUniversity of Aberdeen
AUniversity of Applied Science Vienna

AUniversity of Applied Sciences ardofttisiester®witzerland

AUniversity of Berne

AUniversity of British Columbia
AUniversity of Econontie&Chi Minh City
AUniversity of Georgia

AuUniversity of London

AUniversity of Swat

AUniversity of the Valley of Guatemala
AUniversity of Wollongong in Dubai
AUtah Valley University

AUttar Pradesh Technical University
AvVidyasagddniversity

Avisvesvaraya Technological University
AVoronezh State University

AZagreb University of Applied Science
AZurich University of Applied Sciences

Figure 4.5: Variety of 66 Randomly Selected Admission Cases

The case content consists of documents and data provided by the applicant as
listed in Table 4.4. This case content is the primary source for processing a new
application. Primary elements are university certificates including a transcript of
records, catificate of employment and further documents serving as proof of the
authenticity of the provided information. Apart from that, the knowledge
workers of the admission process (study assistant, Dean of the programme,
interviewees and commission members) are already implementing a data file

based experience management system. These data files contain experience items

such as the problem and solution items including procedural information as
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showed in Table 4.3. Although there is not electronic experience management
system implemented and linked to a workflow management system, it is possible

to process demanding cases as shown in the next suksection.

4.4.2 Case-based Inferencing

As mentioned in Section4.2, the aim of the admission process and the initial tasks

IS to verify whether an applicant fulfils the basic admission crite ria. These criteria

are working experience, good linguistic abilities in English and an acceptable

academic qualification, which includes a EEET I OO U @ uekated field df

study obtained from an accredited institution and good or excellent grades. A

number of elements of the basic requirements are compensable while others

have to be fulfiled. For instance, it is not possible to be enrolled in the

programme without the required linguistic abilities in English, since the

programme is entirely in English. The EEET | OOUz UwEI T UI I UWEOQOEwPO
EUI wWUEUIl EwOOWEWUEEOI wUDT OPi abOl w?21I BEIT 001 O
2EI OObPw EYI UET I 2 w E O EuUsiry QhisUsecalg & &sl podsiBlE @1 » & w
compensate a slight subject mismatch of theE E E 1 1 de@rébgvithua subject

match in the work experience if the duration of the job is significant. Such an

analysis and compensation are accomplished during an instantiation of the

admission process. Evaluation and preparations concerning a valid bachelorz U

degree and acceptable grades are done at the beginning of the admission process

during the eligibility check tasks , as described in Section4.2 This verification of

the academic qualification encompasses a rating of the institution, a conversion

of the grade(s) and comparisons of the curriculum's content.

1 Demanding Example : As revealed by the application sample analysis
(Figure 4.5), the study assistantwas confronted with a wide variety of
different academic institutions located all over the world. If a new
application arrives, the study assistant must verify the accreditation of the

institution where the candidate obtained hisorherEEET | OOU.ZThewET T UT |
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standard procedure is to consult the anabin database, which contains
ratings of institutions. If the new application contains a university which

is not listed in anabin, the study assistant needs to discover the level of
accreditation based on an alternate path. If the institution of a new
application was previously verified by the study assistant, he or she
should be able to retrieve a previous case containing the result of the
previous analysis. Assuming that the new application contains an

institution th at has not been verified and is not listed in any database, it
would be helpful if certain characteristics can be used to find similar cases.
An application case from an applicant holding a degree from the "ABC

University" located in the USA might contain similarities to case "B", as
presented in Table 4.1. It may be possible that the presented procedural

description in case "B" canalso be applied when assessing the curent case

The mentioned example indicated that it is possible to learn from previous cases,

which can later be adapted to future situations. The scenario and datarevealed

that the retrieval and adaptation of previous cases can be done directly or using

casebased inferences. This caséased inferencing can be considered analogical

and similarity -EEUT EwDOiI 1 Ul OEPOT wUUDOT wUT T wUBET UOa
when a new situation 2 is similar to an old situation 1 then we can plausibly

predict that an outcome 2 similar to outcome 1 is correct” (Plaza, 2009, p.18)

45 Prdem Rel evance and Objectives

Through an analysis of cases of the application scenario describedwith in the
previous section and based on interviews with the stakeholder of the application
scenario, it was possible to derive generalised objectives for theapproach and the

modelling of the case content and characterisation.

The application scenario indicated that such a process canbe supported by a
particular way of process execution, business process management or process
modelling. In this context, CMMN is more expressive than BPMN for modelling
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non-structure process parts. For example, activities are executed because of
human judgement and activities dependent upon the case situation can be
distinguished between. New instances of a process might lead to wnforeseen
situations that require new activities, which cannot be modelled in advance.

Therefore, an adaptive approach is necessary

A casebased reasoning system can provide the required functionalities based on
the casebased reasoning cycleretrieve, reuse, revive and retain. The application
canbe regarded as a case. The a¢hoc process carbe regarded as a case model. If
a case requires additional activities, these canbe added to the casemodel. The
objectives for casecontent and casecharacterisation were determined from the

application's scenario and are summarised in the following paragraphs .

As a hypothesis, the case content is a representation of the process that is
executedin order to deal with a certain situation (a new application of a potent ial
student). In the terminology of CBR, the content can also be referred to as the
solution or lesson space (Bergmann, 2002) Based on the admission process
application scenario, the following high -level objectiveswere defined for the case

content:

1 Maintenance: The case content should reflect an update functionality in

order to capture ad-hoc knowledge from previous situations.

I Resources:The case content should contain information resourcessuch as

documents and data objects.

1 Representation: The case content shouldbe presentedin an adequate way.
Often this is referred to as a graphical representation using a graphical
modelling language. However, this is highly debatable in both practice

and research if a graphical representation is required at all.

The case characterisation enrichd the case model with additional information

which served as a processable basis for a similarity measure. Based on the
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admission process application scenario, the following objectives for the case

characterisation were derived :
1 Structure: The cases need tde describedin a structured way.

1 Reusability: The case characterisation shouldbe describedwith a reusable

vocabulary, which can be provided in an enterprise ontology.

1 Process execution information: To assign tasks to appropriate performers,
the case characterisation should include process infomation such as

variables or roles.

In essence, based on the admission process application scenaridhere is a need for
a certain process execution flexibility, information availability and access to previous
cases containing case meta & well asinformation about performed activities,

decisions and the decisions paths

It is not claimed that the objectives derived from the admission process
application scenario are complete at all. As an example and as previously
mentioned, it is highly debatable in both practice and research, whether a

graphical representation of a model is even required.

An approach was suggested based on this application scenario,which will be
discussed further in subsequent sections and if necessary, more accurate

objectives are listed for the specified chapters answering the research questions

© University of South Africa 2016



112 5 Ontology-based CBR and Process Execution Approach

5 0Ont ol-magsyed aCBdR
Process Executi on

Appr o-ach

This chapter concernsthe main conceptual artefact of this thesis - the suggested
approach. Simultaneously, the main research question guides the investigations
as well as the suggestion in this chapter. As a result, the following research

guestion can be answered conceptually:
RQ 1. How cancasebased reasoningintegratedwith process execution?

This research question is answered conceptually within this chapter after

introducing related work and devising an approach and a methodology.

51 I ntroducti on

Retrieving and maintaining existing knowledge and experience is an important
aspect for different entities. This is especially the case when knowledge-intensive
and agile activities occur, as described in the admission process application

scenario. A powerful experience management system proved that it is possible

13 Some verbatim passages presented in this following section, which have been achieved in this
thesis project, have been published in the following own authored publication (Martin et al.,
2016)
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to reuse experiential knowledge and discover past decisions, which can be crucial
for a process success. Casdased reasoning (CBR) can be an adequate method
for retrieving experiential knowledge in an experience management system

(Bergmann, 2002)

The admission process application scenario (seeChapter 4) indicated that the
accessibility of previous cases containing experiential knowledge is crucial for an
entity such as describedwith in the scenario. Moreover, the application scenario
revealed that different individuals performing different roles have different

perceptions of previous cases in a casebased research repository. We derived the
requirement by presenting relevant information according to the varying

concerns of different individuals as well as with in the analysis of the order

process in a software company (Martin et al., 2016).

Based on the analysis of the two application scenarios a caséased reasoning
approach (called ICEBERG)was developed together with a demonstrator, which

was applied at a software company (seeMartin, Emmenegger and Wilke (2013)
Witschel et al. (2015)and Martin et al. (2016). The acronym ICEBERG hasbeen
derived from interlinked case-based reasoning similar to the commonly used
metaphor in applied psychology, pedagogic and interpersonal communication.

The metaphor has been described by Ernest Hemingway (1932)and reflects the
Pareto principle (80/20). Sigmund Freud also used the iceberg metaphor to
explain the differences between conscious and unconscious human action(Ruch
and Zimbardo, 1974). Withi n this thesis project, however, the metaphor was used
to describe the notion and goal of the approach: Using interlinked (ontology -
based) casebased reasoning to bring hidden knowledge to the surface for

supporting process execution.

The ICEBERG approach was introduced together with an extension for process
execution called ICEBERGPE, which consists ofthe four following elements as

depicted in Figure 5.1:
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The caserepository is a central feature of the ICEBERGPE approach and

it contains retained and learned cases.

The casebased reasoning services provid e the automatic retrieval of
previous casesas well as semi-automatic re-use and adaptation of the
previous cases to the current situation using rules, manual revision of new
cases by the userslt also provides the automatic retention of caseswith

regard to adding the case to the case repository

The ontolo gy is used for CBR configuration, storage of the enterprise and
domain ontology and is simultaneously the vocabulary of the CBR

approach.

The process execution element is the instantiation of a business process

based workflow engine running a workflow defi nition.

ICEBER@E ApproachElements

CaseRepository

Casebased Reasoning Service: Ontology

Process Execution

Figure 5.1: High -level View of the ICEBERG-PE Approach

In the following section, related work concerning enterprise ontologies and

ontology -based CBR is presented. In the subsequent sections the fauelements,

as depicted in Figure 5.1, are introduced. The ontology element is introduced

with in this chapter and, as part of the case model description, in Chapter 6 as

well. The casebased reasoningservicesare described in detail in Chapter 7. The

case repository and the process execution will be displayed as part of the

demonstrator in Chapter 8.
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52 Rel ated Work

The ICEBERGPE approach relies on structural CBR, which uses existing
knowledge (sometimes called background, contextual or domain knowledge) as
vocabulary to describe a case (Richter, 1998) In this section, enterprise

architecture is introduced that can be usedas a sourceof background.

5.2.1 Enterprise Architecture

Enterprise architectures contain relevant aspects of an enterprise-business
structures, IT structures and their relationships (Ross, Weill and Robertson, 2006;
Lankhorst, 2009). Lankhorst (2009, p.3)hasE I r ddn enterprise architecture as
PZ0¢ WEWEOT 1 Ul 00 w bniethdds andrhodets thax @rie Bsedin the O w
design and realisation of an enterprise's organisational structure, business

processes,nformation systems,and® O UEUUUUEUUUI 2 6

Using the ISO/IEC/IEEE 42010 (2011) conceptual model it is possible to
distingui sh between architecture descriptions, frameworks and description
languages:
f UET DBPUI EOUUI wETl UEUDxUDPOOwp #Aow? OwWEUEIT
artifact that expresses an architecture. Architects and other system
stakeholders use Architecture Descriptions to understand, analyze and
EOOxEUI w UE (ISoAECMEEE] Bd11) AnuAD is what is written
down as a concrete work product. It could be a document, a model
repository or a collection of artefacts. An enterprise-specific architecture
description (EAD) can act as a source of background knowledge in this
approach.
)| UET DUl EOUUT wi UEOGTI POUOwWp %Aow? OwWEUET DU
common practice for creating, interpreting, analysing and using
architecture descriptions within a particular domain of application or

UUEOI T O0EIT UwBOdEO8EED $0al) Enterprise architecture
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framework s (EAF) guide and support the creation and interpretation of a

concrete EAD. Matthes (2011) has described OOUT wUT EQwr I Uawli OUI
EAFs. One prominent example is the Zachman Framework (Zachman,

E Jo?] total set of descriptive representations relevant for describing an

I OUI U %Zadbroah, 2008, p.1) Another example of such an EAF is The

Open Group Architecture Framework (TOGAF) (The Open Group,

2009b)

q Architecture descripti OOw OEOT UET T weop #+Aow? Ow #+wbh
I BxUI UUPOOwI OUwWUUIT wb O WEUECIEER,I2ED BT wET UEL
example of an enterprise ADL is ArchiMate (Lankhorst, Proper and
Jonkers, 2009; The Open Group, 2009a, 2012Jhere are also description
OEOT UETT Uwi OUwUxI1 Ebr E witedukbuctud83BRMEO w1 OUI U
(OMG, 2011) for business process modelling or BMM (OMG, 2008) for

business motivation modelling .

Enterprise ADs are a valuable source of background knowledge for the
enterprise. Nevertheless, an enterprise AD needs to be created and maintained.
If an enterprise decides to omit an EAF, selected enterprise modelssuch as
business process models or organisation models can be considered alternative
sources for background knowledge. Enterprise models contain valuable
knowledge concerning the enterprise itself and pro vide adequate representations

i OUWEDFT UI OUwWUUEOI T OOEI LU

5.2.2 Enterprise Ontologies

As described in Section2.21.3 in CBR the casesare described using a specific
vocabulary (Richter, 1998) This vocabulary can be derived from existing
knowledge sources (sometimes called background, contextual or domain
O0OPOI ET 1 A6 w? 5 Gbte Ednceidiand relatidhships (also referred
UOwemisgg& wUUI EwWUOWET UEUDPEIT wE OE wWBCs 20120) OUWE Ow
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'EUT EwOOwWUIT 1T wOUDT b OaDy) BtuderOEeh)dnidOandHens& UUET U w
(1998, p.184) an ontology iUw? Z6 g wWEwWI OUOEOOwWI RxOPEPUwWUXI |
conceptualiU E U DA, Rtbere is no clear division between what is referred to
EUwYOEEEUOEUDI WYwse2&120dpuway«d, CPihdtiend s uo use the

word ontology for more complex, and possibl y quite a formal collection of terms

Z & ¢W3G, 2012b)

Bergmann and Schaaf(2003) have investigated the relation between ontology -
based approaches for knowledge management and structural CBR. They have
concluded that a structural CBR vocabulary is quite similar to an ontology with
regardto OOOP Ol ET 1 wOEOET I O1 OUB w?! OUT wEUI wi OUOEC
possible interpretations of metadata annotations thereby providing the necessary
background knowledge for semantic-based EEET UUw UOw OOOPOI ET 1 w

(Bergmann and Schaaf, 2003p.621).

Withi n the enterprise domain, several enterprise ontologies were introduced in

order UOWET UEUDPET wl OUI UxUDBUI wOOET OUwd&BEwEUET DU
enterprise ontology is to promote the common understanding between people

across enterprises, as well as toserve as a communication medium between

x] Ox Ol WEOEWEXxxODPEEUDOOUOWE O E(ueppbngr? 200D WE DF 1 U
p.273) The Toronto Virtual Enterprise (TOVE) project introduced two

foundational (activity and resource) and numerous business (organization,

product and requirements, quality and activity -based costing) ontologies (Fox,

Barbuceanu and Gruninger, 1996; Fox, Barbuceau, Gruninger and Lin, 1998).

Other prominent ontologies include the enterprise ontology (Uschold, King,

Moralee and Zorgio s, 1998) the organisational memory (Abecker et al., 1998)and

the context-based enterprise ontology (Leppanen, 2007)

5221 ArchiMEO

As mentioned in Section 5.2.1, enterprise architecture descriptions are valuable

sources of enterprise knowledge that canbe usedin CBR. To use the knowledge
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of enterprise ontologies, architectures and models, Kang et al. (2010)
Hinkelmann, Merelli, and Thonssen (2010) Thénssen(2010)and Hinkelmann et
al. (2015) have all suggested interlinking or relating enterprise ontologies with

enterprise architectures and making these ontologies available in away that is

machine-readable.

The enterprise ontology ArchiMEO was developed by the University of Applied
Sciences and Arts Northwestern Switzerland FHNW. ArchiMEO is an enterprise
ontology based on the ArchiMate, an enterprise architecture modeling language
developed by The Open Group (Lankhorst, Proper and Jonkers, 2009; The Open
Group, 2009a, 2012pnd the Zachman Framework (Zachman, 1987, 2008)and is
extended with selected concepts from other enterprise ontologies: TOVE (Fox,
Barbuceanu and Gruninger, 1996; Fox et al., 199®w s Ul T wi OUIT UxUDBUI w(
(Uschold et al., 1998)and the context-based enterprise ontology (Leppénen,
2007) The foundation of the ArchiM EO ontology was laid during the
development of the linked enterprise models and objects (LEMO) approach by
Martin (2010)and Brun (2010) ArchiMEO has been successfully applied in risk
management (Emmenegger, Laurenzni and Thonssen, 2012) contract
management (Thonssen and Lutz, 2012)and CBR (Martin, Emmenegger and

Wilke, 2013).

5.2.3 Ontology-based CBR and Conclusion

Chapter 2.2.5.1introduce d ontology -based CBR and lised the most prominent

approaches and application domains. These approaches, frameworks and tools
emphasisedthe potential of accessing and utilising an ontology -based repository.

This literature chapter indicated that CBRBDUUI O WwWEEOwWE | Odoasdédwi UOOwO

vocabularies. Specifically, Potes Ruiz, KamsuFoguem, and Noyes (2013)as wee

14 ArchiMEQ is licensed under a Creative Commons Attribution -ShareAlike 3.0 Unported License
and available for download: h ttp://www.ikm -group.ch/archimeo
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asKamsu-Foguem and Noyes (2013)have expressedthat an ontology -based CBR

approach can support the sharing of lessons learned by collaborative experts.

As describedwith® OwUT PUwUTl EUDOOOwI OUT UxUBPUI wOOUOOOI
architecture and models. Therefore, with regard to business applications, the use

of an enterprise ontology in an ontology -based CBR approach canbe regarded as

the Ol RUwWOOT PEEOQwWUUI x6w4 O OUUUOEN f® deeu OOw UDT
paid to ontology -based CBR concerning the inclusion of enterprise ontologies,

the reflection of the different viewpoints and concerns of the stakeholders and

the support of process execution. For this reason, a new CBR approach is

introduced with in the following section .

53 I ntegrated CBR Approach

As previously mentioned, CBR is a common methodology used by humans and
systems to solve problems. The literature review in the Chapter 2 and the related
work in the Section 5.2 has revealed that CBR methodology implemented in in
information systems can successfullybe applied in business and is an adequate
methodology for experience management (Bergmann, 2002; Bergmann et al.,
2003) During the analysis of the admission process application scenario, it was
observed that individuals tend to apply a certain CBR method implicitly while
performing knowledge -work oriented tasks. Therefore, it is reasonable to
conclude that individuals are already familiar with this type of problem -solving

method.

As mentioned with in the theoretical framework (see Section2.2), CBR reliesupon

knowledge gathered in advance or based on previous cyclic iterations. This

knowledge is stored in a CBR system using a certain case structure in a case

repository, which is also referred to as acasebase. Bergmann(2002)hasregarded

structural CBR as best suited for experience management and knowledge-

intensive tasks and aspreviously O1 OUDPOOI EOwUUUUEUUUEOwW" ! 1 wE

ontology -based knowledge representation. Bergmann and Schaaf(2003) have
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suggested a "knowledge container" to represent background and domain

knowledge. Approaches that do not cOOUDPE] UWEEEOT UOUOGEwWOOOPOI |
often isolated and closed in the sense that theyare not developed with respect to

EOOxT UEUPOOQwPPUT wOUT T U wthasedCBR) sydtemn@ celg an, O U U wg C
proprietary, sometimes even XML compliant, languages for the vocabulary and

the cases but do not faciltate the exchange of knowledge" (Bergmann and Schaaf,

2003, p.622)

Consequently, this work suggests a structural ontology-based CBR approachfor
exploiting the full potential of an existing enterprise architecture and ontology,
and this enables the utilization of existing domain knowledge during the

execution of the CBR cycle

Interlinked Case-based Reasonirg (ICEBERG)

Modelling:Enterprise
Architecture & Models

VocabularyEnterprise &
Domain Ontology

Method: Ontology-based
Ci i Reasoning (OBCBR)

is formalized in———>

<— uses fro

Solved Case

o e b ; on

[ Xoa? 0 i : H i Characterisation

E B < H H
Enterprise architecture ," New Case

concepts 8 ¥ NIl | i Characterisation

: Learning §i [H i
Domain- and company- B H - H
specif concspts A teamed

3 b4

more generic
more specific

Learning

Figure 5.2: Interlinked CBR A pproach

The ICEBERGapproach developed in this thesis used the same technology (i.e.
ontologies) for both the case repository and the knowledge container. It used an
enterprise ontology ArchiMEO for its purposes, which was based on W3C
standards and recommendations. The Figure 5.2 shows the interlinked CBR

approach and lists its three main elements:
1. Enterprise architecture and enterprise models resulted from modelling.
2. Enterprise and domain ontology used as vocabulary .

3. Ontology -based casebased reasoning asan underlying method.
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As mentioned in Chapter 5.2.1, (enterprise) architecture frameworks are
commonly used to model enterprise-Ux |1 EBr Ewl Ol Ol OUUWEOEwWHOUI
models into a coherent architectural description. ArchiMEO is a for malisation of
such an architectural description. Since ArchiMEO interlinks enterprise
ontologies with enterprise architectures and makes it possible to formalise
descriptions of enterprise architectures or models, formalised enterprise
architectures can ddiver existing domain knowledge that improves CBR. The
ontology -based CBR system canthen use these formalised descriptions of
enterprise architectures or models. An enterprise architecture and further
modelled enterprise models are formalised in an enterprise and domain ontology
based on ArchiMEO. This ontology serves as a vocabulary for the ontology-based
CBR system. Respectively, the ontologybased CBR method uses elements from

the ontology .

54 Ont ol ogy Framewor k

This ICEBERGPE approach utilises an ontology which relies on the following

structure, as depicted in Figure 5.3. As previously stated, there is no clear

differentiation between the term vocabulary and on tology (W3C, 2012b), which

is also valid within the field of " ! 2wbi 1 Ul wUOT 1 wECOZfWEODPOEDEI
YOEEEUOEUa wEOE wWE OwOOU O qBetgmanang SFEhadf, P ET wOE U]
p.622) The ICEBERGPE approach follows the work of Bergmann and Schaaf

(2003, p.622) "Neglecting the fact that an ontology typically serv es many

purposes one can say that a [CBR] vocabulary is an ontology of the domain of

discourse underlying the [CBR] application".

The ontology structure in Figure 5.3 shows the dependencies (imports) of the
corresponding ontologies which build, as a result, one ICEBERGPE ontology
instantiation. The ICEBERGPE ontology is an extension of the ArchiMEO
OOUOOOT aOwbl PET WEOOUPUUUWOI (e OfeE Graug,UwET r O1
2012) and ISO/IEC/IEEE (2011) 42010 enhanced with concepts from other
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enterprise ontologi es.The ICEBERGPE ontologieswere formalised in RDFSPIus

(Allemang and Hendler, 2008) which is expressedin RDF(S) (W3C, 2014a; cand

extended with certain resources with in the OWL namespace (W3C, 2012a)

Additionally , it is serialised using the RDF 1.1 Turtle (W3C, 2014b)format.

4 N

o Process Execution
Slmllanty Ontology| |
ICEBER®E Onto Ogy

Ontology

structure:
< imports Domain Appllcatlon
Ontology Ontology Ontology

Enterprise OntologA{chiMEQ

including elements fAmchiMatandISO/IEC/IEEE 42010
J

Figure 5.3: Ontology Structure of the ICEBERG-PE Approach

As depicted in Figure 5.3, the following three ontologies were built while reusing

or importing concepts from ArchiMEO .

T

The CBR ontology contains concepts for configuring the retrieval and the

CBR systemitself.

The gmilarity ontology contains concepts for creating a similarity model ,

according to structural CBR approaches.

The domain ontology contains enterprise-Ux | EDr EWEOOEDOQwWOOOPOI
an application scenario or use case.

The process execution ontology contains the required concepts for

interacting with a process execution engine and storing workflow relevant

data.

The application ontology specialises the domain ontology with respect to

an enterprise idiosyncrasy (van Heijst, Schreiber and Wielinga, 1997).
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Figure 5.4 shows the case viewpoint model (Martin et al., 2016) which we
developed for the order process application scenario (seeSection 3.4.2.). This
model served the need for different views and viewpoints. The case viewpoint

model was an essential part of this research work since it allowsfor conceptual
interlinkage to process execution. It also answers research question 1 partial ly
answers research question 2.2 and in conjunction with the ICEBERG -PE
ontology structure , answers research question 3.2. he link between the process
executionandtheOOOP O1 ET | unkedatiéhi nibzhe working environment

is described in Section5.5.

In addition to the mentioned technical integration, it was recognised that
different stakeholders have dif ferent concerns and therefore have diverse
interests regarding experienced case knowledge (Martin et al., 2016). It was also
recognised that a single case characterisation with similarity measures and the

corresponding weights cannot support all of the OOOP O1 ET | udiffédedtOl U Uz

interests.
1.* f
has Thing of «refers Case
Stakeholder —ieeqs Interest =z
in »
1.* 1.* !
. «identifies A
8 describes
X « identifies
1. !
. r « identifies Case
necern isati
o= Characterisation
1.*
A
frames 4 addresses
L 1.*
~ governs p %%
Viewpoint 1 1 view

Figure 5.4: Case Viewpoint M odel (Martin et al., 2016)

As emphasised by The Open Group (2012) the problem of how to satisfy the
needs of different stakeholders has been researchedsince the 1990sAccording to

ISO/IEC/IEEE 42010 an architecture viewpoint represents the interest of one or
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OOUI wUUEOI T OOEI UUOwPIT I Ul EUWEWYDI pwl BxUI UUI U
of Interest from the perspective of one ormore sSUE O1 T OOEI UUwWwUOwWEEEUI U
" O0EI1 UOWSOMEEHEERL2011) The notion of views was introduced by the

CIMOSA EAF (ESPRIT Consortium AMICE, 1989) ArchiMate (The Open Group,
2012,p.74) has E1 r dd view PEVWEwWxEUOwOi wEOQWEUET PUI EUU
addresses a set of related concerns ands addressedto a set of stakeholders. A

YD1 bwb Uuby meéafsDIVIDE LR x OPOUwWEZo ¢ w2DOx 0a wsed) UOWE wY |
and a viewpoint PUwPT T Ul wa OU wE Ulhewas® Gewvpodi modellod® O2 6 w
ICEBERG (Martin et al., 2016) consists of the following elements, which were

derived from ISO/IEC/IEEE (2011)

1 Thing of interest: The thing of interest is something in which a stakeholder
has interest and is described as part of a case lesson or case
characterisation. It can be a system, experiential knowledge or information

need. This term is used as a placeholder.

§ Case lessoicontent: The case lessonalso called case contentZE €6 ¢ wEE Ow

e oA~ AN

U OO U U D O@Bergwiang, 202, p.50) including links to information
sources containing previous solutions UT EU wWE UT wU Gobldtidh@®wuw U Owr OE w
the current situation.

N NN A AN N NN oA A

about the experience that are relevant for deciding whether the experience

can be reusedin a certain U B U U E(Begthénm, 2002, p.50)
T 20EOI 1T OOET Uow?22U0EOI T OOE| WU argarisationdd OEDY D E |
| OCOEDPOT WEOOGET UOU Wi OUsWECNEEEDB)YOT woil wbOUI L
1 Concern: A concern is any interest in the experiential knowledge system
or thing of interest.
T "EUIl wYDPI PxODPOUOw wWEEUI wYDI PxODPOUwHUwW ?C
interpreting, using and analysing one type of 06 ¢ » Eview bnd is
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derived from an architectural viewpoint (ISO/IEC/IEEE, 2011) A case
YDl PxODPDOUwWI UEOT UWEwWUx1 EDr EwUIl UwoOi weOOEI L
1 Case view: A case view expresses the case (including the lesson) of the

U1 POT wOil wbOUI Ul U0w?Z6¢ wi UOOWUT T wikl UUx1T EC

—

order UOWEEEUI UUwUx1 EBDr EWEOOET UOUwWUUDOT wUIT
YD1 b x Q8GECIEEE, 2011)

Knowledge Work

Sudy Assistant

o O

7

8 N)

e lm00

8

2| 00

<

E

o D

Y

\ob§
193

" similarity properties:
_— - function

~ similarity properties: =
- Weight

- function
- weight

\\\\\ Case-
Characterisation

Figure 5.5: Example Views on Case Characterisation (adapted from Martin et al. (2016)

Figure 5.5 depicts an example of different concerns leading to different
viewpoints and views on the case characterisations based on the roles (person
performing a role or process roles) of various stakeholders. A different view
means that part of the case characterisations (classes and relations), the similarity
measures (functions) and the weights of the properties (simple and relational
ones) differ depending on the corresponding viewpoint and concern s. On the left
in Figure 5.5, a snippet of the process is exhibited. If a stakeholder who is
performing a role consults the CBR system while performing a user or a manual
task, the similarity service will be invoked under the usage of the corresponding
view. If invocation happens without direct stakeholder involvement using a

service task, then the CBR systenwill attempt to identify the current context and
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choose the corresponding view. For retrieval based on a similarity service, a
Uxl EBr Ew ET EUEEUIT UBisE be® GlivgenY dnd Porly) BHOse w
characterisation elements assigned to the corresponding view should be used to

formulate a query statement.

55 Concept uawo rFk a me

The ICEBERBE Approach

Caca A
Caca A

Case
Repository

Case
ECharacterisatioan Content/Lessoél

@ ' . Similarity Ontology| ‘ Process IIExecutlon
3] A . : SemiAutomatic ICEBER®E Ontology
ES utomatiRetrieval R lebased ot
- (similariy eusgru ebase ntology Ly L L 7y
L adaptation 3 structure:
% = % < imports CBR Domain Application
25 AutomatiBetention 5 Ontology Ontology Ontology
O g ManuaRevision (casdearningaddin - . . )
& (evaluatign the case to the cas
base) Enterprise OntologAchiMEQ
including elements fAmchiMatandISO/IEC/IEEE 42010
T
<]
3 N TaskB
g<.) Knowledge Work
u . A 0 ~OO)
2 OO0
8 Ye TaskC ~
a

Figure 5.6: Elements of the ICEBERGPE Approach

This ICEBERG-PE approach consists of four main elements (as depicted inFigure
5.6) which combine CBR and process executionin order to support knowledge

work. In the following sections these four elements will be introduced on a
conceptual level. In the corresponding chapters, these elements will be presented

on the technical level and asa prototypical implementation.

5.5.1 Ontology

Ontology is the core element of the ICEBERGPE approach. As previously
described with in Section 5.4, the ICEBERGPE ontology was used to define,

configure and describe various aspects of the introduced approach itself. The
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ontology was used for the CBR configuration, storage of the enterprise and
domain ontolo gy and was simultaneously the vocabulary of the CBR approach.
The ontology element of the approach allow ed for semantic correctness, avoiced
redundancy, ensured accessibility, and allowed the usersto orientate themselves

basedon their enterprise vocabulary and individual perceptions.

5.5.2 Case-Repository and Cases

As a central feature of this work , the CBR approach contained a case base.r this
research work, the term case repositoryas used to avoid misunderstandings.
Definitiorb.1: Case Rpository
A case repository is an instantiation of the case bas®ebnite.§), which
containsetained cases.
In contrast to traditional structural or object oriented CBR approaches, the
repository in ICEBERG-PE was implemented using a graph database using
Semantic Web standards. This made it possible to describe the cases using the
vocabulary, whi ch is derived from the ontology framework. This description is
referred to as case characterisatiqsee Definition 2.9). It contained features and

values which are linked to the ICEBERG-PE ontology.

The case contentsometimes called case lesson, captures the lesson learnt,
experiential knowledge, process fragments and the related information resources
of previous solutions or lessons that are useful for r Oikg a solution for the
current situation.
Definitionb.2: Case @Gntent
A @se content/lesson is amantigttion of the experience/knowledge item Boncept.
casecontent contains "J[ é] information that

s ol ut i(Bemgmapné 3002, p.&AY links to information sources containing

previous solutions thatusefut o ynd a sol uatonon f or the <cu

The case model is investigated and described inChapter 6.
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5.5.3 Case-based Reasoning Services

The CBR services are the main application logicwithin this research work . The
elements depicted in Figure 5.6 are the four main CBR supporting categories of
the ICEBERGPE services. These supporting categories aregelated to the CBR-
cycle. The ICEBERGPE services provide automatic retrieval of previous cases,
semi-automatic reuseand adaptation of the previous cases to the current situation
using rules, manual revisionof new cases by the users and automaticretenion of
cases regarding adding the case to the case repository (case base). The ICEBERG

PE services are investigated and described inChapter 7.

5.5.4 Process Execution

In order to combine a CBR approach with a workflow management system and
answer the first research question 1 by an implementation (apart from the

conceptual investigation), an interface between these two components was
realized. This interface between the workflow management system and the CBR
system was built from the user's perspective based on the task management
component. A task management component can also be referred to asatask list
(OASIS, 2012)or worklist (Wohed et al., 2009) This CBR interface to task
management system needs tobe integrated into the working environment of the

knowledge and/or process worker. In doing so, this approach reflects the

following two settings:

1. Stand-alone CBR system: The standalone option can be seenas the typical
usage of a CBR system, where every user retrieves imilar cases after
entering search criteria. The user describes the problem, current situation
or current task using a casevocabulary as case characteristics. In this

setting, the task enactment is then done by the userhim self.

2. Invocable CBR system: Theinvocation option is implemented as a service
that is invoked during the execution of a process or workflow. In this

setting, the CBR systemis interlinked with the task list of the workflow
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management system. The ICEBERGPE component incorporates with the
workflow engine and pre -populates the case characterisation using

workflow and case -relevant data.

// ) Case Repository \ KnowICedjge&ojrk
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Figure 5.7: Interface to Casebased Reasoning(adapted from Martin et al. (2016)

Figure 5.7 shows how a query case is compared (based on a similarity mechanism
and configuration as described in Chapter 7.2) to existing cases based on the
ontology -based case characterisation. The query caseis either manually or

automatically defined depending upon the aforementioned settings.

56 Met hodol ogy

The following methodology consist s of two procedure models depicting how the
ICEBERG approach and theprocessexecution extension were instantiated based
on an application scenario or use case. Ju et al(2016) has emphasised the
importance of having a clear procedure model with an end -user and expert

involvement.

The initial model was calledthe ICEBERG procedure model and was elaborated
upon with three application scenarios: the admission process (seeSection 4.2),
the offering and project management of a software company (see Section 3.4.2
and 9.4.1) and the process learning of the Learn PAd project (seeSection3.4.2and
9.4.2. Atfter the first incremental design science researchcycle, the generalised
procedure model was instantiated, refined and concretized specifically for

process execution (seeSection5.6.2.
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5.6.1 General Procedure Model

| 1. Situation Analysis |

‘ 2. Stakeholder, Concern 3. Case Content/Lesson

& Thing of Interest

4. Case Characterisatior{

1 5. MentabBimilarity/AdaptatiabModels |

8. CBR Configuration
& Data Import

[ 6. Similarity Model ’ ‘ 7. Adaptation Model ] [

Figure 5.8: Interlinked Case-based Reasoning Procedure Mbdel (adapted from Martin et al.
(2016)

This general procedure was elaborated on during the first iteration of this
research project.Figure 5.8 presents the general proedure model containing the

following eight steps:

1. Situation analysis: In order to fully understand the use case for the CBR
ExxUOEET Ow Ew r UUU ucad Bh& peEdinied.OReghiGEedta U D U w
elicitation and creativity techniques are applied. It is advisable that the
situation analysis can be donein a focus group or workshop -like setting.

It was possible to observe that story-telling can be adequate to achieve
impressive results. However, it is advisable that an additional and

profound process analysis be elaborated. It is also advisable to consult
existing enterprise architecture descriptions, from which further use cases

can be derived.

2. Stakeholders, concerns and things of interest Based on the situation

analysis the elements UUE Ol T OOET UUOWEOOEI UOUWEOGEwWr O
interest can bederived. 31T DU wH E T Ovill BherEde UsedddCelaborate
the mental models of the different stakeholders in order to derive the view

and viewpoint -based similarity model as introduced in Section5.5.

3. Case lessons/content: Based upon the situation analysis, the case

lessons/content can be elaborated together with the stakeholders It is
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advisable that exemplary cases with initial data be createdand discussed.
Additionally, it is advisable UOWET r O wi ObpwUi PUwDOPUDPEOQuWE

imported.

4. Case characterisation: In conjunction with the case content, a generalised
case characterisationis created. At this stage, it is essential that an existing
enterprise architecture be used to build an initial case characterisation

vocabulary.

5. Mental similarity/Adaptation models: When implementing CBR, it is the
ultimate goal to represent mental similarity and a daptation models in a
EOOUOOPEEUI Ewi OUOWEUWEWEOOr T UUEEOI wOOET C
UUET wEwWEOOr 1 U U ERE iniplem@ridd,l tieuv&ieud mental
models need to be elicited and consolidated from the stakeholders. The
mental models will be consolidated but are still dependent upon the

stakeholders and their concerns.

6. Similarity model: Based on the stakeholder dependent mental models and
model dependent upon the views and viewpoints and use an existing
enterprise ontologyd w3 T PUWEOOr T UUEUDPOOWPUWEOOT wE a w
local similarity functions and assigning weights.
7. Adaptation model: In addition to the similarity model, the adaptation
EI T EYDPOUUwWD U wE GRGxpdrtadielE ThE ICEHBERGapproach
currently supports manual or semi-manual adaptation rules.
8. "! 1w EOOr T UUEUPOOwW EQEwW EEUEW POxOUUO w %b O]
EOOr 1 UUI E wekparuaBdiritial data is imported .
This general procedure model can beapplied to all type s of projects with CBR
involvement with a number of modifications. The flowing section introduce d a

modification and extension of this general procedure model with respect to

process execution.
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5.6.2 Procedure Model for Process Execution

The generalised procedure model, aspresented with in the previous section, was
instantiated and concretized for process execution after the first incremental
design science researcttycle with the usage of the admission process application
scenario. The concreized procedure model for process execution reflects, in
particular, the process fragment modelling as a required additional step. The
researchfrom Sections6.1, 6.2and 6.3indicate that a deeper analysis concerning
process fragments and the used modelling language needs tobe conducted when
instantiating the ICEBERG-PE approach in practice. Therefore, the procealure

model was extended for the process execution as follows (sed~igure 5.9):

1. Situation analysis: To fully understand the current use caseE wr UUUwUPUUEUD
analysis is performed. Requirement elicitation and creativity techniques
are applied. It is advisable that the situation analysis can be donein a focus
group or workshop -like settings. Moreover, it is advisable to consult
existing enterprise architecture descripti ons, from which further use cases

can be derived.

2. Stakeholders, concerns and things of interest Based on the situation
EOEOCaAaUPUOwWUUEOI T OOETl UUOwWUT T PUWEOOET UOUw
EUI wEI UDPYI ESw31 PUwWPET OUDr EEdtme®entab DOOwWUT |
OOEI OUw Ol wUiT Tl weEPiilTUul OUWUUEOI T OO0ET UUwW U
viewpoint -based similarity model as introduced in Section 5.5

3. Process Model: After the situation analysis has been performed and the
stakeholders are identified, a generalised and overall process model is
elaborated. It is not required to end up with a detailed process model that
can be implemented in process execution. It should provide an overview
and is a basis for a later process execution configuration Moreover, based

on this initial process model, a decision needsto be maderegarding which

option of CBR process execution (seeSection5.5.4 would be applied.
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4. Casecontent: Based on the situation analysisand process model, the case
content can be elaborated together with the stakeholders. It is advisable
that exemplary cases with initial data be created and discussed.
Additionally, itis advisable UOWET r O wi OpwUi PUwDOPUDPEOWE
imported. This will then guide the process fragment model creation in the

next step.

5. Process Fragment Model: Since this approach reflects process»acution
and procedural knowledge, an initial analysis concerning process
fragments need to be done. The process fragmentmodel should be created
based on an initial decision on complexity (see Section 6.2) and how the
complexity will be assessed (see Section 6.3.1, feature comparison,
empirical, theoretical or conceptual evaluations). Finally, a case modelling
language (graphical or textual) or a subset of modelling language (see
Section 6.3) should be selected o tailored according to the previous
complexity analysis, which is used as a process fragment modelling

language.

6. Case characterisation: In conjunction with the case contentand the process
fragment model, a generalised case characterisationis created. At this
stage, it is essential that enterprise specific elements such as enterprise
models, enterprise specific conceptualization or nomenclature, or even an
enterprise architecture can be used to build an initial case characterisation
vocabulary, which may lead already to a domain/application ontology
(step 8). These enterprise specific elements, which can be used as case

characterisation input can be accessible implicitly or explicitly.

7. Mental similarity/Adaptation models: When implementing CBR, it is the
ultimate goal to represent mental similarity and adaptation models in a
EOOUOOPEEUI Ewli OUOWEUWEWEOOr T UUEEOI wOOEI C
UUET wEwWEOOr 1T UU EWE Gmplenm@riidd | teuvieu® wental
models need to be elicited and consolidated from the stakeholders. The
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mental models are consolidated but are still dependent to the stakeholders

and their concerns.

8. Domain/Application Ontology: A specific application and domain
ontology is elaborated for a process execution instantiation, which is based
on an enterprise ontology including application and domain concepts.
This domain/application ontology creation is suggested with stakeholder
involvement. It is debatable whether this creation step should be made
explicit or the creation of a domain/appli cation ontology will be done
seamlessly during the case content and characterisation creation.
However, eventually a domain/application ontology needs to be available

before the creation of the similarity model (step 9).

9. Similarity model: Based on the stalkeholder dependent mental models,
generalised case characterisation and the ontology, a CBR expert
EOOr T UUI Uw 0T 1 w UbODPOE Udpbha the Ovidlis énai ET x 1 OE |
YPI PxOPOUUBwW3T PUWEOOr T UUEUPOOWPUWEOOT wE
similarity functions and ass igning weights.

10. Adaptation model: Apart from the similarity model, the adaptation
EITEYDPOUUWPUWEOOrTUUI EWEaAaWEwW" '"REWT Rx1 UU
approach currently, supports manual or semi -manual adaptation rules.

11." 1 TwEOOr 1 UUE UP OO wEubsEquetilf the @BRGys®r S o w
EOOr 1T UUI E wekparwdndutitial Data is imported .

12.Process Execution Configuration: Finally, the CBR system is integration
with the process execution environment. A process engineer creates an
executable and generalised proces model if required and a possible
process execution services. These process execution services interlink the

CBR system with the process execution system.
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Interlinked Caskased Reasoning for Process Executlrocedure Model
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Figure 5.9: Interlinked Case-based Reasoning Procdure Model for Process Execution
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This chapter introduced the overall ICEBERG-PE approach, which was

implemented and evaluated in order to answer the overall research question. The

approach was derived from related work in conjunction with the ad mission

process application scenario.

The chapter provided a conceptual answer to the following research questions,

which is showcased by the implementation of the prototype (Chapter 8) and

evaluated by triangulated data sources (Chapter 9).

1 The conceptual framework of the approach depicted how casebased

reasoning canbe integrated with process execution (RQ 1), in conjunction

with the ontology framework.

1 The ontology framework , referred to as the ICEBERGPE ontology,

provide d a partial and conceptual answer for how domain knowledge and

contextual information c ould be used for the retrieval of cases and

suggestion or adaptation of case items (RQ 3.2).
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1 The case viewpoint model, as part of the ontology framework , delineated
how the process execution context ould be integrated into the case

description (RQ 2.2).

The next chapter describes the investigation of the case model and conceptually

answers research questions 2, 2.1 and 2.2.
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6 Thé€asModel

The case model represents the concept, which is referredo as an instantiation in
the following as the case itself. An instantiated case consists of a case
characterisatiomnd a casecontent(seeDefinition 2.9 and Definition 6.1).
Definition.1: CaseModel
Acase modelonsists @description tifecasecharacterisatiddd(finitio2.9) and
thecase conte(Definitio.1).
In the following a case characterisation and a potential casecontent is described
that has been elicited using the application scenario. This characterisation has
been verified by two stakeholders (process members of the admission process
application scenario; seeSection4.2). Apart from that, the case-based reasoning
configuration has been created in collaboration with the stakeholders of the
application scenario and is based on the ICEBERG casebased reasoning

approach introduced here.
This chapter answers the following research questions (seeSection1.4.2:
RQ 2: What should theasedescriptionfor knowledgentensive workconsist o?

RQ 2.1: How can functional and process knowledge be included in a case

description that is cognitively adequatehieman®

RQ 2.2: How can the pocess execution context be integrated into the case

descriptior?
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This chapter starts with an investigation concerning process execution context,
followed by a description of complexity and cognitive adequacy, then potential
case content modelling languages are presented and finally the case model of the

ICEBERGPE approachis introduced .

6.1 Caslescriipndclomdi ng Process Executic

Abecker et al. (1998)defined the concept of contextintensive knowledge supply
by differentiat ing three types of ontologies: enterprise, domain and information

ontology:

f The enterprise ontology provides contextual information. ( UwDUWE Z6 ¢ wUUI
to describe the creation context and the intended utilization context of

knowledge items" (Abecker et al., 1998, p.44)
1 The domain ontology contains a content description of an enterprise.

1 The information ontology provides structure and access to information
OENT EOUBw(UwREZOFWEOOXxUPUI UwEOOWEUXxI EUU
sources that are not contentspecific" (Abecker et al., 1998, p.44)

As an initial hypothesis, a concise case description is needed to support

knowledge -intensive work and to reflect the process execution context.

6.1.1 What is Context?

The following research question refers to the process execution context:

RQ 2.2: How can the pocess executiaontext beintegrated intathe case

descriptior?

The definition of context can be regarded as a difficult undertaking (Thonssen
and Wolff, 2012). Ben Mena et al.(2007, p.58)argue thatitisnotx OUUDE Ol wUOOwE ¢
speak about context in an absolute way". Instead, Mena et al. (2007, p.58)state

that context depends closely on the domain and its application nature.
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A reason for identifying context and a definition of it has been provided by Dey
and Abowed (1999) as follows:
Definitior6.2: Context
"Context is any information that can be used to characterise the situation of an entity"
(Dey and Abowd, 1999, p.3; Dey, 2001, p.2)
Such an entity can be everything of concern. Thonssen and Wolff (2012) list
several types of context data rdated to business entities. There are business
processes workflow relevant data ; business constraints and application,
resource, social and geographical contexts. They came to the conclusion that an
EZogwl OUI UxUDUI WEUET DUI E U W lofuthe @iterpBsE | Uw UT T u
context data" (Thonssen and Wolff, 2012, p.343) Thonssen and Wolff (2012)
further suggest the use of ontologies for modelling context.
Definition6.3: Enterprise Context

Enterprise contagtthe conceptualion of all elements affecting enterprise object

and characterising the situattberaf

6.1.2 What is Process Execution Context?

RQ 2.2: How can theprocess executioncontext beintegrated intathe case

descriptior?

Business process management is primarily focused on the flow. "BPM involves
the flow of control and the sequencing of state changes" (Palmer, 2011, p.79)
whereas adaptive case management (ACM) (see 2.1.2 Flexibility of Case
Management) considers the context when knowledge workers execute

knowledge -intensive tasks and thus is contextaware (Palmer, 2011)

According to Palmer (2011, p.82pw ", wbUwUIl 1 wEExUUUDOT woOi wE O
i POT UOwWUI EQUEUWOUWOOUUWOI U1 OwopOoUwlOwlT T w
(metadata, audit trail, as well as the context of decisions and actions). "Case
management, by its definition, is a system of record of what happened. It

captures the context as well as links the information as the case evolves'(Palmer,
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2011, p.83) Moreover, it provides a"[6 ¢ w O®r@irecord of how work is done"

(Palmer, 2011, p.86)

The flow of a process, what is predetermined in structured business processes, is
sometimes denoted asprocess logic(von Halle and Goldberg, 2009; Hinkelmann,
2014) Process logic can refer to knowledge about processes (such as process flow,

roles or resources) and is contained in the process modelHinkelmann, 2016).

The information about how something is done (know how), is denoted as

business logic. It canrefer to knowledge in processes (skills, experience and know
how) at runtime (Hin kelmann, 2016) Apart from that, business logic represents
business thinking about the way important business decisions are made (von

Halle and Goldberg, 2009, p.6)

Contextual elements need to be reflected by considering additional conceptual
modelling methods to include more than only the flow of a process (process
logic) in a case description. The process logic explains whathas happened. Based
on an analysis of contextual information , it is possible to identify how a certain
situation has been reached. Business logic can provide contextual information
explaining how a certain situation has been reached and frames knowledge, used
in process logic, which explains why a certain situation has been reached and

why a certain situation exists.

The Workflow Management Coalition (WfMC, 1995) identified three types of
data: workflow control data, workflow relevant data (also called case data) and
application data. Thonssen and Wolff (2012)considered workflow relevant data
as contextual data, and they showed that many processoriented, casebased
reasoning frameworks support the usage of this data type. Workflow relevant
data is application data that is accessible from the process execution (also called
workflow) engine, and can be created and updated by the engine. In contrast, the
application data can only be manipulated by the application itself; even this

application is invoked by the execution engine (WfMC, 1995).
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Definition6.4: Process Execution Context
Process execution context is enterprise coniexistidhly a process execution
engingDefinitior2.4) denoted as workflow relevaatatat business logic that is

used by knowledge warker

6.1.3 How Can Context be Integrated into the Case Description?®

Another aspect of the following research question is the integration of context in

the case description:

RQ 2.2: How can theprocess execution context bentegrated into the case

descriptior?

In CBR, a case contains elements of concern (the case content) and a descriptive
part (characterisation). For this, existing knowledge (sometimes called
background, contextual or domain knowledge) can be used as vocabulary to

describe caseqRichter, 1998)

Vocabularies consist of concepts and relatimships (also called terms), which can
be used to describe "an area of concern(W3C, 2012b) Such a vocabulary needs
to be acquired in advance, and this is a demanding task in time consumption and
knowledge worker involvement, which can lead to an expensive situation for
enterprises in particular. To overcome this, several studies suggest the utilisation
of ontologies (Diaz-Agudo and Gonzalez-Calero, 2000; RecieGaria and Diaz-
Agudo, 2007; Gao and Deng, 2010)and the use of enterprise architecture
descriptions. The underlying idea is the re -use of already existing and agreed-
upon conceptualisations of (enterprise) entities using an accepted and machine

processable format that additionally provides reasoning capabilities.

Enterprise ontologies can provide a vocabulary for enterprise -specific case

descriptions (Martin, Emmenegger and Wilke, 2013) Moreover, such an

15 Some verbatim passages presented in this following section, which have been achievedin this
thesis project, are published in the following own authored publication : Martin et al. (2016)

© University of South Africa 2016



142 6 The Case Model

enterprise ontology should be rooted on existing enterprise -specific
conceptualisation. The alternative, however, would be building such an
enterprise ontology from scratch or using an arbitrary, not specified and not
accepted enterprise ontology, which could lead to enterprise vocabulary

inconsistency.

To overcome this, Kang et al. (2010) Hinkelmann et al. (2010) Thénssen(2010)
and Martin et al. (2013) have suggested formalising enterprise architecture
descriptions and enterprise models (such as business process models or
organisational charts) in an enterprise ontology. An enterprise architecture is a
EI UEUDPxUDPOOwWO! wEOWEZS6Z wl OUI UxUPUI AUwOUT EOD
information systems, and infrastructure” (Lankhorst, 2009, p.3) and is an
excellent source of enterprise-specific knowledge to describe cases. Apart from
the enterprise architecture description, selected enterprise models are potential
sources of enterprise vocabulary and knowledge. Both enterprise architecture
and enterprise ontologies allow the reuse of existing vocabulary without storing

it redundantly, which avoids possible inconsistencies and additional

maintenance effort.

Apart from general enterprise -specific knowledge, which is based on enterprise
architecture descriptions, Thonssen and Wolff (2012) suggest the use of an
ontology -based representation of context. In the past several context ontologies
have been introduced, including SUMO (Niles and Pease, 2001)CONON (Xiao
Hang Wang, Da Qing Zhang, Tao Gu and Hung Keng Pung, 2004) and SOUPA
(Chen, Perich, Finin and Joshi, 2004)

Therefore, the processes execution context, which is enterprise context
(Definition 6.4), can be integrated using information derived from an enterprise
ontology and with the usage of a vocabulary that is linked to the same enterprise
ontology. The ontology framework of the ICEBERGPE approach (seeSection5.4)
provides such an ontology to include process execution context in an adequate
manner.
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6.2 Compl exi @ogrinAdlievgeu acy

When using cases in a caséased system, the case description should be made
explicit and represented in a way that allow s machine processing; in parallel, it
should remain understandable (cognitively adequate) to humans. The
implication is that the case description language should be as natural as possible
to gain a wide acceptance from the end user. Therefore, in this section, the
cognitive adequacy and potential complexity of cases is investigated with the

guidance of the following research question:

RQ 2.1: How can functional and process knowledge be included in a case

description that igognitively adequate to human®

The cognitive load theory (see Chandler and Sweller, 1991; Sweller, van
Merrienboer and Paas, 1998)is an instructional theory that explains how
cognitive resources canbe concentratedon the actual learning tasks rather than

the preliminaries for the learning task itself.

"The theory assumes a limited capacity working memory that includes partially

independent subcomponents to deal with auditory/verbal material and visual/2 -
or 3-dimensional information as well as an effectively unlimited long -term
memory, holding schemasthat vary in their degree of automation™ (Sweller, van

Merrienboer and Paas, 1998, p.251)

The cognitive load theory assumes that the working memory is limited and a
working memory overload results in a decrease of learning (schema

construction), quality and tim e consumption of an individual.
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Rehearsal
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Figure 6.1: Structure of the Memory System (based on Atkinson and Shiffrin, 1968; Claes,
Gailly and Poels, 2013)

Figure 6.1 shows the structure of the human memory system based onAtkinson
and Shiffrin (1968)and with the terminology of Claes, Gailly and Poels (2013)
Based on Atkinson and Shiffrin (1968) the human memory system consists of
three structural components:
1. 21 OUOUa woOi 6O6Ua o6 w? ( OE OO gifputyl first énted tha wb O OUC
sensory register [(sensory memory)], where it resides for a very brief
period oftime QwUT I OwE | E E AtkingerCaBAShit in(1668, p.90)
The information will then automatically be transferred to the working

memory, based on anattention-based selection process.

2. Working memory: The working memory receives the selected information
from the sensory memory. ? ( O O U O Ehe éhdrt@endsivre [{working
memory)] decays completely and is lost within a period of about 30
seconds, but a control process called rehearsal can maintain a limited
EOOUOUwW O1 whOi OUOGEUPOOwWPOwW UT PUwWwUUOUIT wEU
(Atkinson and Shiffrin, 1968, pp.90491). The information in the working
memory will be enhanced and completed with information, which is

retrieved from the long -term memory (Claes, Gailly and Poels, 2013)
3. Long-Ul UOwOI O0OU a demrpsiie [(lang-r@nimemory)] is afairly
permanent repository for information, information which is transferred

[(encoded and copied)] from the short-term store Z ppb OUOD OT w Ol OOUa K
(Atkinson and Shiffrin, 1968, p.91).
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The working memory has a limited capacity. The limit of the human working

Ol OOUawDPUwi UUPOEUI EwEaw?2U01 1 wOET PEEOwWwOUOEI
2ET UOOU? woOi (vi&®,i1Be)DEVDIOIOWE OOUOU wWOi wbOi OUOEUD
cd UOOWEIT xI OEUwWOOwWUT T wi BxT UUPUI (@whésuBailyl wUUENI
and Poels, 2013, p.170) This means that experts can access more existing

information and already constructed schemas, which leads to more efficient

chunking. Expl UOUw? 206 ¢ WEEQwWUUOUI wOOUI wbOi OUOEUDOO!
memory (one schema of an expert provides access to more information than a

OOYPEI z Uualkes, GaiymaAdkPaels, 2013, p.170)

To adapt this to the initial research question, Ew? €6 ¢ WEEUI wEI UEUDx UP
EOT OPUDPYI OQAawEE]I UEUT wUOOwWT UOEOU? wPUWEWEEUT wk
capacity of the working memory. This reflection of the limited working memory

can be gained by heading towards a cognitive fit as described in the following

section.
Prior Knowledge F=============-= |
1
.................... x :
v v
4 A
Task Material Menta! Problem-Solving
. Representation for
Representation . Performance
Task Solution
. S
4 ) T
Problem-Solving
Task
. S

Figure 6.2: Cognitive Fit in Problem Solving (adapted from Shaft and Vessey(2006)

The cognitive fit theory assumes that a representation that fits an individual
reduces the cognitive load. In other words, the best fit between the (problem-
solving) task and the (problem) representation is requested to maximise the
(problem -solving) performance (see Figure 6.2).?2 31T 1 wEOT OPUDYIT wi PO wWUT

that when the task material representation fits with the task to be executed
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people tend to be more effective EOE wOOUT wi i 1 PEDPI O0UwbhOwI RT EUI
(Claes Galilly and Poels, 2013, p.171)
Claes et al.(2015)combined the several cognitive theories (cognitive load theory,

cognitive fit theory and human memory theory) and integrated them into a

conceptual framework.

. Problem- Prior Knowledge in
Material / Problem . S
. . Solving Task infinite Long-term =[G =============
Representation Fit Complexity Memory
f . A%\ ()

R ——

Extraneous Cognitive I . Germane Cognitive
[ Load ] + [Intrlnsm Cognitive Load ] -+ [ Load ]

Cognitive Load in Capaci{tklimited Working Memory
/\J\ H

1
1

i

Prablem-Solving Schema i

. 1

Performance Construction (F======== ¢

Figure 6.3: Causal Model of Cognitive Load in Working Memory (adapted from Claes et al.
(2015)

Figure 6.3 shows an adapted version of the causal model of Claes et al. (2015)
explaining the cognitive load in human working memory.
T Extraneouscognitb Y1 wOOEEO w? $RUUEOI OUUWEOT 6PUDYI u
Ul T wbOxUUwWOEUI UPEOwWUI xUI Ul OUEUDPOOwi pUw¢g
EOT Ob U D YClaessGOd E2015, p.13)A higher fit occurs when the
material, including models and documents, represents the current
problem.
T (OUUPOUPEWEOT OPUPY!I wOOEEow?31 1 wbOUUDPOUDI
complex tasks and decreases in case thdindividual] possesses more

Ul 01 YEOU wx UDP O UL @6t RS, p. 1B)Rridrgknowledge
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can bedomain knowledge, modelling language expertise or methodical
knowledge.

T &1 UOEOI wEOT OPUDPYI wOOEEOwW? &I UOEOI wEOT OPU
information in working memory for the construction of cognitive

schemas, which is not a prerequisite for the task, but rather the result of

Ol E U ®4des et al., 2015, p.13)

6.2.1 What is Cognitive Adequacy?

If the working memory does not overload, as a result of the cumulative loads,
then the problem-solving p erformance is adequate and new schema can be
constructed (learning). Therefore, the following definition can be s tipulated
concerning cognitive adequacy of the knowledge worker .

Definitione.5: CognitiveAdequacy

Cognitivadequacy can be reached by redunciogtingingthe cognitive load (the

amount of mental effort in the working memory) of the knowledge worker.
From the perspective of this study, only the extraneous cognitive load can be
influenced in a short time. This causal model implies that the material/problem
representational fit needs to be maximised. For doing so, the complexity of the
representation needs to be optimised. Therefore, in the following section,
complexity is defined and finally the similarity and complexity fit is introduced

as an evolution of the material/problem representational fit.

6.2.2 What is Complexity?

A widely used definition of complex ity is defined by the IEEE (1991, p.46)as
follows: "The degree to which a system or component has a design or
implementation that is difficult to understand and verify". This degreeis difficult
to evaluate. Nevertheless, Saltzer and Kaashoek(2009, pp.10 11) identified five

signs of complexity:
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5.

A large number of componenihe number of elements can affectwhether

a system is regarded ascomplex or not.

A large number of interconnectianSimilar to the number of elements, a
large number of existing or possible interconnections can be regarded as

a "chaotic" system.

Many irregularities Irregularities can be considered to be a huge amount
of exceptions in arranging components or non-repetitive

interconnections.

A long description A description of a system can be regarded as adequate
if it explains every aspect and detail of a system. In contrast, a reduction
of a description to the shortest specification focusing on the core elements
can be more efficient, even if this would be a loss of information. Whether
an adequatedescription should be long, compressed without information

loss (Kolmogorov complexity) or reduced is relative to understa nding.

A team of designers, implementers or maintainegks system not being
understandable by just one person can be regarded as a fundamental
issue, because maintenance and construction may require expertise,

coordination and communication with different stakeholders.
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6.2.3 Reducing Cognitive Load

Based on the previously described investigation concerning cognitive adequacy,
cognitive load and complexity, Figure 6.4 shows two elements which ensure

cognitive adequacy in this ICEBERG-PE approach.

Previous Case Material / Previous Case Material

Current Problem Representation
Similarity Complexity
)

sV
Germane Cognitive Extraneous Cognitive L .
[ Load ] -+ [ Load ] + [ Intrinsic Cognitive Load ]

Cognitive Load in Capacirtklimited Working Memory

Problem-Solving
m n more A > less B Performance m’ n more A -> more B

Figure 6.4: Similarity and Complexity Fit R educing (Extraneous) Cognitive Load

The "previous case material / current problem similarity” can be ensured using a
sufficient CBR similarity mechanism, which will be introduced in Chapter 7. The
"previous case material representation complexity” needs to be reduced using a
less complex way to describe previous cases. The case material refers to the case
content and focuses on the process execution context and its graphical
representation possibilities (modelling languages). The following chapter will

continue with the complexity investigation concerning modelling languages as a

potential case content element that is cognitively adequate.
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6.3 Pot enGaisael Content Modelling Languac

This section descibes the investigation concerning potential modelling
languages with regard to the cognitive adequacy and complexity as described in
the previous chapter. Therefore, the following research question will be

addressed here:

RQ 2.1: How can functional and process knowledge be included in a case

description that is cognitively adequatentaman®

The chapter starts with a description of how the complexity of modelling
languages can be assssed which is followed by a delineation of related case

content languages under the consideration of complexity and usage.

6.3.1 Complexity of Modelling Languages

Recker et al. (2009) underlined the importance of analysing the conceptual
modelling languages from a complexity point of view. A reduction in complexity
could affect the learnability and ease of use of a modelling approach (Recker et
al., 2009) This result could increase the overall usage, longevity and success of
implemented modelling approaches (Recker et al., 2009) "Even though the
measure of complexity may not be perfectly accurate, a rough estimate of a

method complexity is better than no information” (Recker et al., 2009, p.2)

Siau and Rossi (2011) analysed several evaluation techniques for modelling
languages and came up with the following three main categories: feature
comparison, theoretical and conceptual evaluation, and empirical evaluation

(Recker et al., 2009)

1 Feature comparison can involve a checklistbased evaluation comparing

certain modelling features or requirements.

1 Empirical evaluation involves surveys, laboratory experiments or case

studies.
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1 Theoretical and conceptual evaluations can contain methods from the
metamodelling domain and further techniques from ontology -based
evaluation or metrics analysis. Theoretical and conceptual evaluations do
not involve empirical data, are considered to be objective and are not

biased by a concrete usage scenario.

Recker et al.(2009)presented a mmplexity evaluation (see Table 6.1) of UML and
BPMN based on a metrics analysis(Rossi and Brinkkemper, 1996) They rely on
the cognitive load theory of Chandler and Sweller (1991) by presenting the
hypothesisti EOWEZo ¢ wOT 1T wx Ul Ul OET wOi wOOUI wOOEI 60O

~ s s e oA

harder to learn and with more difficult rules to follow" (Recker et al., 2009, p.4)

Table 6.1: Complexity Metrics Evaluation Results (Recker et al., 2009)

Method Objects Relationships Properties Prop/Obj Prop/Rel Total

(Obj))  (Rel) (Prop) Complexity
BPMNULL  90.00 6.00 143.00 1.52 1.33 169.07
BPMN 57.00 6.00 74.00 1.19 1.33 93.60
CONCRETE
UMLFULL  57.00 53.00 72.00 1.26 1.36 106.00
UML 8.00 5.00 6.00 0.75 0.20 11.18
Activity
diagrams
UML State 10.00 4.00 11.00 1.00 0.50 15.39
diagrams

Table 6.1 shows the complexity analysis of Recker et al. (2009) based on the
metrics of Rossi and Brinkkemper (1996) The results indicate that a BPMN
subset, BPMN-CONCRETE, consisting of graphical instantiations only as
defined by Recker et al. (2009) has a similar complexity as UML-FULL.

Unsurprisi ngly, UML activity and state diagrams are less complex than both
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BPMN sets. Recker et al(2009, p.6)E UT Ul wUOT EQwUT T w? 26 ¢ wEOEOaUD!
Uil OUl UPEEOQWEOOxOI RPUawlOi w!/, - wbUwiBTTTU0wWU
UUET T wEOOxOI RPUAWOT wa, +wEOCEwW! /, - wOEawdhOuwi
xUEEUDPEI 2 8 w%U U @009, p.6)A U TEOI wwull BuuwEOBay wuOOUwWwE OO u
are used all the times and not all the constructs are equally importaO U2 6 w31 PUw
means that such a theoretical complexity analysis can only complement a

practical analysis. To conduct a comprehensive and holistic complexity analysis,

the practical complexity should be considered in addition to the theoretical

EOOxOI RPUASwW?( UwPPOOWET woOl awlUOWEUUDY I wE U WE (
a modeling method is theoretically possible to be used (the theoretical

EOOxOI RPUAAOQWEUUWEOUOwWT OpPwbUwPUWEEUUEOOAWE
(Recker et al., 2009, p.6)The following section presents the BPMN modelling

language as a potential language for the case contentwith consideration of the

practical complexity.

6.3.2 Complexity of BPMN

This section describes the modelling language BPMN with the consideration of

practical complexity. Based on BPMN version 1.0, zur Muehlen and Recker (2008)

made an analysis of the distribution of modelling element usage. They analysed

126 BPMN diagrams from different practitioners (consultants, seminar

participants and online sources) and presented the result as shown in Figure 6.6.

After grouping the elements (see Figure 6.5), they came to the conclusion that the
FZOFfWEYI UET T wUUEUI OwoOiw!/, -wUUI EwbOwUI I UI
different symbols" (zur Muehlen, 2008). This means that only approximately 20

percent of the whole BPMN 1.0 element set has been used by common users.
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Parallel Gateway 24

Data-based XOR 10
Figure 6.5: Grouping of BPM N 1.0 Hements (Muehlen and Recker, 2008)

The grouping has been elaborated by looking to the cooccurrence of certain
elements and calculating the frequencies (as depicted in Figure 6.5 by the

numbers in the edges). The detiled results are depicted in Figure 6.6.
Zur Muehlen (2008)came to the conclusion that:
1. The common core set of different BPMN elements is in average small .

2. There are two types of modellers . One group "represent[s] organizational
responsibility for tasks" with pools and lanes, and another group

"represent[s] the control flow rules of the process in detail" with gateways.

Overall Zur Muehlen (2008)suggested, thatF UUEOEEUEUI OEOI UUwUT OU:
whether a more complete, but also more complex language is a desirable result

of the standardization process”. This suggestion was made before the BPMN

specification 1.1 was released. The blog postfrom zur Muehlen (2008)and the

underlying research paper from zur Muehlen and Recker (2008)initialized an

intense debate about the expressiveness ofthe next BPMN specification (zur

Muehlen and Recker, 2013)
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0% 25% 50% 75% 100%

Normal Flow

Task

End Event

Start Event / Event
Pool

BPMN Specialist Set

Figure 6.6: Frequency Distribu tions of BPMN Construct Usage(zur Mu ehlen, 2008)

Additionally , Robert Shapiro (2010)introduced in a webina r of the Workflow
Management Coalition (WfMC) a concept of sub-classes (seerigure 6.7) just

before the BPMN specification was released.

COMPLETE
DODAF
@PLE DESCRIPTIVE \ Plus 50 elements
Plus 29 elements

Pool
sequenceFlow Lane

Task (none) messageFlow
subProcess(embed) userTask
exclusiveGateway | serviceTask

parallelGateway Re-Usable subProcess
startEvent (none) dataObject
endEvent (none) datalnput
dataOutput
textAnnotation
Association
dataAssociation
dataStore
messageStartEvent
messageEndEvent
timerStartEvent
terminateEndEvent

J )

Figure 6.7: Sub-Classes within Process Modelling (Shapiro, 2010)

//
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The OMG specified in the BPMN 2.0 standard (OMG, 2011)three conformance
subclasses/levels based on the suggestionsf Silver (2011)and the suggestions of
Shapiro (2010) These conformance subclasses/levels apresent subsets of the
BPMN modelling elements for the following different use cases (seeFigure 6.8):

descriptive, analytical and executable.

1 The descriptive level contains a limited set of modelling elements for

different stakeholders in the business.

1 The analytical level extends the desciptive subset with additional

elements such as additional event types and exceptions.

1 The executable level containselements that are needed to support the

execution of a BPMN process.

The mentioned proposals and analyses clearly set out that a specific siset is
relevant in practice to avoid practical complexity. Unfortunately, based on the
proposals, it is not possible to ultimately define an adequate subset Therefore,
the case model of ICEBERGPE should provide the possibility of selecting any

subset ofa modelling language according to the user's needs.

Sub Prozes s (expandsd)

bbb

Full class :
‘ Descriptive subclass}

Figure 6.8: BPMN 2.0 SubclasseSEEE x Ul Ewi U @0iay OOEO8 D

subclass
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6.3.3 Flexibility of CMMN

As mentioned in Section2.1.2 case management provides the ability to manage
cases and gives the knowledge workers more freedom and flexibility. The
xUI EI | DOl Ewl OEOCEDOT wOi wOMG, 204Op6PThiSearis | wx 1 Ul O
that only limited parts of the work to be performed is modelled during design
time. Nevertheless, planning during runtime is an important aspect of case

management.

Design-time phase Run-time phase

Modeling Plan Planning
Plan G D

ltems f
e g i Acase worker can add

one or more instances
— 7 of Candlor D to the plan

s, b LT 10 P
L 9 90 1 E) A
Discretionary This is the plan
Items fo be executed

Figure 6.9: CMMN 1.0 - Design Time PhaseM odelling and Runtime PhasePlanning (OMG,
2014)

CMMN , a model and notation for case management is currently released as
version 1.0 (OMG, 2014) and as beta 1.1 (OMG, 2016) from the Object
Management Group (OMG). As shown in Figure 6.9, case and knowledge
worker s can select existing tasksreorder the sequence and collaborate with other

case workers.

Nevertheless, the flexibility is limited in CMMN to only so -called discretionary
items, which are predefined during design time and can be added to the case
plan. In Section 6.4 a comparison between BPMN and CMMN in presented.
Based on this, a new case model is presented inSection 6.4 using a suggested
modelling language called BPFM (Cognini, Corradini, Polini and Re, 2015b; a;

Cognini, Hinkelmann and Matrtin, 2016) .
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64 Case Model od a Oand ceCrBifryo c e s s

Executi on

This section introduces the case model of the ICEBERGPE approach in
consideration of the previous research concerning complexity, potential case
content modelling languages and case description. Therefore, this section

addresses research question 2 as a wholdancluding its sub-questions:
RQ 2: What should theasedescriptionfor knowledgentensive workconsist o?

RQ 2.1: How can functional and process knowledge be included in a case

description that is cognitively adequatentaman®

RQ 2.2: How can the pocess execution context be integrated into the case

descriptior?

In the following section, the objectives fa the case model are introduced,
followed by a conceptual description of the case content and characterisation.
The implementation of the ICEBERG-PE approach, including the
implementation of the case model, is provided in Chapter 8 and showcased using

the admission process application scenario in the evaluation Chapter 9.

6.4.1 Objectives for Case Model
In this section, the objectives for the case model are introduced to answer the
following research question:

RQ 2: What should theasealescriptionfor knowledgentensive workconsist o?

The research objectives (RO) are derived from the admission process application
scenario and its case data with the help of the stakeholders during two

interviews , one on 31st May 2015 and a second one on 4th April 2015.

Objectives for case content: The case content should contain a representation of
certain process fragments, which can be manually executed and adapted. The

objectives for the case content are:
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Process fragments modelling: The cases should consist ofproces fragments

(RO-A), which can be modelled by the knowledge workers .

Representation: The case content should be presented using araphical

representation (REB).

Maintaining: The case content should have certainupdate functionality

(RO-C) to evolve the process fragments.

Modelling of information resources: The case content should contain
information resources (RO) such asdocuments; data objects are system

resources.

Modelling of variants: Despite the objective of the fragment modelling, the
application scenario stakeholders requested to model certainvariants (RG
E) of potential activities and flows within one case, which can be concrete

or generalised.

o Concrete process fragment case: It should be possible to model

process fragments as newconcrete cas€RO-F).

o Generalizable process fragment case: Additionally, the
stakeholders are requested to provide a possibility to manually
model certain process fragments asgeneralised cases (R&), which

can be updated.

Objectives for case characterisation: The case characterisation enriches the case

description with additional information which serves as a processable basis for a

similarity measure. The following objectives for the case characterisation have

been derived:

16 Process fragment: The term process fragment has been introduced by the author of this study
during the requirement analysis. The stakeholders referred this concept as loose and
unspecific fragmental element containing specifically performed activities, sub -process or
case datat the term is introduced in Section 6.4.2.1
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1 Structural: The cases need tde described in a structured (ROH) way.

1 Ontology-based The case characterisation should be described with a

reusable vocabulary which can be provided in an enterprise ontology (RO
1.

1 The inclusion of process execution informatidime case characterisation
should include process information (RQ) such as variables or roles to

assign tasks to appropriate performers.

6.4.2 Case Content containing Process Knowledge'’

Based on the derived requirements, the following case content case been
elaborated. This section stats with a short investigation concerning process
fragments followed by an introduction to a modelling language for the process

fragments. Finally, the case content model will be introduced.

6.4.2.1 Process Fragments

As mentioned in the objectives section above, knowledge workers requested a

certain process fragment possibility. They referred to this concept (see the

conceptual sketch in Figure 6.10) as a loose and unspecific fragmental element

containing specifically performed activities, sub -processes or case data.

Knowledge workers should be able to make decisions based on process

fragments, which can only be made by the knowledge workers themselves and

which can only be executed by humans (see human tasks of case management

model and notation). 7 UOET UUw | UET O1 OUUw EUI w Ul RI EUDC
intermit tent knowledge one modeller [or a knowledge worker] has at a certain

UDPOI wEEOUU wE w U %Ebeld Prigen bhb Ueyrizabind D@97 us99) For

knowledge workers, it seems useful to take approaches that allow them to

17 Some verbatim passages presented in this following section, which have been achieved related
to this thesis project, are have been published in the following co -authored publications
(Cognini, Hinkelmann and Martin, 2016; Martin et al., 2016)
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Process Fragment (PF) Repository

structure the

business process | <
in part as process

fragments  since

there are no fully

A AR SRV |

£ r A1 Ew c o, Figure 6.10: Process Fragment Repository

they can easily adapt or modify at runtime (Reichert and Weber, 2012) Therefore,
the followed case model focuses on the manrmade modelling of process
fragments without a reduced granularity depending on the variation of the

knowledge worker z situation.

6.4.2.2 Modelling Languages for Process Fragments

According to Swenson (2013) BPMN is suitable for representing cases in a case
management system as caseéased reasoning. Further, Swenson(2013)explains
why BPMN should not be used for modelling in the adaptive case management
(ACM) context, which is also valid for case-based reasoning approaches. End
users of a case management system, including CBR systemsjo not have enough
knowledge and skills to model or update a BPMN model. Knowledge workers
can describe the performed activities. Eventually they can describe alternative
activities as well, but they may struggle with describing the temporal order of
the alternative activities since the focus is on the current situation. Additionally,
modifying an existing BPMN diagram, which is modelled by someone else, can
produce similar difficulties as modifying software source code from someone
else. Finally, imperativ e languages have been designed to be completeensuring

the whole business process is modelled and not just parts.

To deal with the mentioned difficulties of BPMN , the OMG has introduced
CMMN, which is a declarative language. CMMN can be used to model part ially
structured and not necessarily repeatable business processes, which are not

necessarily predefined in advance. As shown in Table 6.2, with CMMN , it is not
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possible to model complex constraints. For instance, it is not possible to specify
that at least one activity in a model must be executed. Such constraints are needed
to create cases inthe CBR system, which are evolving over time and gaining a
higher quality a nd completeness. Additionally, the data representation is only
limited in CMMN. This limitation of data representation leads to limited
information about the type of data or document being available to the knowledge

workers as part of the modelled case cortent.

Table 6.2: Comparison of Modelling Languages (adapted from Cognini, Hinkelmann and
Martin (2016)

BPMN CMMN BPFM
For BP Modelling  Yes Yes Yes
Language Type Imperative Declarative Declarative
Depned 4 Full In Part In Part
Flow
Complex Constraint Yes No Yes
Data Representatiol Yes In Part Yes
Variants No No Yes
Representation

To deal with these issues, Cognini, Hinkelmann and Martin (2016)propose the

use of the Business Process Feature Model notatiofBPFM) (Cognini et al., 2015b;

A EUWEwWOOEI OOPOT wOEODT UET 1 wi OUwWUT 1 wEEUI WEOOUI
business actvities without specifying an execution order, and with considering

complex constraints and different types of data objects. Moreover, BPFM can be

Ul TEUETI EWEUWEWEOOr T UUEEOTI wxUOET UUwWOOET OuwE (
(variant representation) of process fragments. BPFM notation is explained in the

next subsection.
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6.4.2.3 Business Process Feature Model (BPFM) Notation

The business process feature

model (BPFM) consists of a

.............. Activity 2

0
Activity 1 Activity 3

Data Object 2

Activity 1.3 | h

tree of related activities

Activity 1.1 |

Activity 1.2 |

(Cognini et al., 2015a) As

Data Object 3

depicted in Figure 6.11, the

Activity 1.1.2 |

Activity 1.1.1 | Activity 1.3.1 |

Activity 1.3.2 |

root identifies the main

Data Object 1

services, and each internal _ _
Figure 6.11: Exemplary Business Process Feature Mode

(non_|eaf) activity denotes a (adapted by Cognini from Cognini, Hinkelmann and
Martin (2016)

sub-process that can be further

refined. The external (leaf) activity represents an atomic task. BPFM allows for

using the same meaning and graphical representation as BPMN 2.Q and for

defining constraints between activities.

l Mandatory Constraint _-4»._nclusive Constraint include,
. . or
l Domain Constraint _<>._One Optional Constraint include
_<&>»._One Selection Constraint
l Optional Constraint .
XOR Constraint
/O\ exclude 5
L Special Case Constraint /9\ XOR Selection Constraint

Figure 6.12: Business Process Feature Model Constraints (adpted by Cognini from Cognini,
Hinkelmann and Martin (2016)

Constraints (seeFigure 6.12) are used to expresswhether child activities can or
have to be selected in the configuration to be included in the BP variant, and
whether they can or have to be included in each execution path of the BP variant.
BPFM, as presented in Cognini, Hinkelmann and Martin (2016) consists of nine
different constraints. BPFM manages all types of BPMN 2.0 data objects,

including data object states, with the same modelling not ation. As shown in

Figure 6.130w! / %, wUUIl UwUOT 1 wEEVUEWOENI EOUwWwUOOwUI

process or process fragment.
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Activity | 1

'A\ | Acti:fity
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Activity 1 Activity 2 ACtiVity 3 fresssannnnd )Iﬁ Activity 1
Data Input Py A 4 Data Output | e ¥,
o< r_ .-"‘ '-._II :_: |
Data 3 i
Store | Data Object Data Object
Data Object Data Object [State 1] [State 2]
Collection |
(a) (e)

Figure 6.13: Data Object in BPFM (Cognini, Hinkelmann and Martin, 2016)

The final question of whether BPFM qualifies as a cognitively adequate case
content language can partially be answered. Based on an evaluation of Cognini
(2015) it is possible to conclude that BPFM is regarded as equal to BPMN

regarding the required abilities of the end users. With the usage of BPFM,

however, it is possible to model partial process fragments. BPFM-based process
fragments can be modelled with a subset of modelling elements compared to
BPMN. Therefore, it is possible to conclude that BPFM-based process fragments

lead to a lower complexity.

6.4.2.4 Case Content Model

The case content model is formalised in the ICEBERGPE ontology, which
contains elements for describing the case, the case content description ad further

case items.

The case content description of the ICEBERGPE approach consists of at least one
BPFM-based process fragment that contains experienced knowledge about the
work that has been done in a previous or current case. The knowledge worker
can model the current case freely without having strong restrictions or
limitations. In addition to the present case, the knowledge worker can include
certain options describing alternative activities or flows. Figure 6.14shows on the
left side of the ICEBERGPE system dialogue an example of a BPFMmodelled

case content description.
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- o x

» Case rerisation parent
Posecoten el related| - <g
=220 cbr:Case
Type

ted Modified child
O34z~ 20740 reused

.
Case B - Process OV Susan Fisher P

Fragment: Case Content
Description

archi:  ArchiMate® concepts

cbr: ICEBERG CBR concepts

eo: ArchiMEO concpets

foaf: Friend of a Friend concepts
mschis: MSc BIS Matriculation concepts

‘ chr:Caseltem

——

l Ebgibity Check

1 fuaf:Document| 1 archi:BusinessActor ‘ archi:BusinessRole ‘
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eo:LegalEntity

eo:OrganisationalUnit

Figure 6.14: Case Content Model Elements

The BPFM modelling language provides the expressiveness to tackle the
objectives for casecontent. In addition to the BPFM elements, the following case

content elements are used to describe case interrelationships:

1 Parent: The parent taskcase element is used to express a possible sub

task/caserelationship.
71 Child: The child task /caseelement is the inverse of the parent element.
1 Related: This element is used to express that thereare related tasks/cases.

1 Reused: The reused taskcaseelement is usedto list tasks, which have been

reused in the adaptation phase of the CBR cycle.

Based on the original notion of CBR, some researchers investigated the

generalisation and abstraction of cases(Maximini, Maximini and Bergmann,

2003). The generalisation can reduce the complexity of the cases, increase the

RI RPEDPOPUAWEOEwWODOPOPUI wlOI | wUbPal wOi wUi T WwEEU
(Bergmann and Wilke, 1996). Abstraction differs from generalisation. According

to Muller and Bergmann (2015, p.396Dw ? 26 ¢ WEEUUUEEUDOOWZo6 ¢ wb
Ul EUEDPOT wUOT 1T wOYI UEOOwWT U BeéslthékE &hB Gatatiténis)u P OUOR O

Z o ¢ This differentiation is particularly important when implementing an

generalised cases is aimed at this approach.
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Characterisation i| joined/generalised into a new case content
""""""""""" Content description. Figure 6.14 shows the mentioned

attributes (parent, child, related and reused) as

relations to the case concept, which can be used to

\mj build a hierarchical, relational and generalised case

structure. Additionally,

|
«C 2%» \
oo S . the reused cases (see
H Characterisation H

example in Listing 6.1)
can be kept as a reference

to the current case

(reusedCases) . If

during the execution of

Figure 6.15: CasesJoined/Generalised in a Sngle BPFM Model

the case content model
the model needs to be adapted, the dependency can be made explicit. In contrast,
standard CBR revises the case model and retains it as a new case. This new case
is independent of all the other cases and he information that it is a variant of an
already existing caseis lost. Instead of storing a new case, the user can adapt the
current case content model by adding the case property: parent, child, related or
reused. The mentioned elements can also be usedknowledge to realise the

generalisation and abstraction of cases.

Listing 6.1 shows the case content description
(cbrCaseHasSolutionDescription) property, which is i mplemented as
datatype property containing a markup language. This markup -based
description can be edited by the knowledge worker using an editor and alsolinks

the modelled BPFM fragment.
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Listing 6.1: Exemplary Case Contentt Reused Caseand Solution Description

mschis : MScBISAdmissionCase_B
rdf : type mschis : MScBISAdmissionCase
cbr : caseltem mschis  : case_item_MScBISAdmissionCase_B_Applicant ;
cbr : caseltem mschis  : case_item__CV_Susan_Fisher ;
cbr : cbrCaseHasSolutionDescription "<html><body>...</body></html>" ;
cbr : reusedCases mschis : MScBISAdmissionCase A ;

Figure 6.14 and Listing 6.2 shows the E E U $takdholders or collaborators. The
stakeholders are linked to the ArchiMEO concept Person , which is inherited
from BusinessActor , with Applicant , which is inherited from

BusinessRole

Listing 6.2 Exemplary Case Contentt Stakeholder

mscbhis : case_item_MScBISAdmissionCase_B_Applicant
rdf : type cbr : Caseltem ;
cbr : caseltemRepresentedBy mscbis : Susan_Fisher

mscbis : Susan_Fisher
rdf :type eo : Person ;

eo: personPerformsBusinessRole mschis . Applicant ;
foaf : personHasFamilyName  "Fisher" ;
foaf : personHasFirstName "Susan"

eo: personPerformsBusinessRole
rdf : type owl: ObjectProperty ;
rdfs : domain eo : Person ;
rdfs :range archi  : BusinessRole ;

As shown in Figure 6.14, eachcasecan be described by case itemsA caseitem
can be any element that has been attached to the case to describe the case content.
Basad on the admission process application scenario, documents and case
stakeholders are proposed here as case items. The case item document is a

concept from the FOAF vocabulary, as shown in Listing 6.3.

© University of South Africa 2016



6 The Case Model 167

Listing 6.3: Exemplary CaseContent + Document

mscbis : case_item__ CV_Susan_Fisher
rdf :type cbr : Caseltem
cbr : caseltemRepresentedBy mscbis : case_document__CV_Susan_Fisher

mscbis : case_document__CV_Susan_Fisher
rdf : type foaf : Document
eo: documentHasSubjectBusinessRole mschis . Applicant
cbr : documentHasFilePath "file_repository/" ;
elements : documentHasFormateo : pdf ;
elements : documentHasTitle "CV Susan Fisher"
elements : documentHasType eo : PDF ;
mscbis : Applicant
rdf : type cbr : Role

rdfs : comment "A new MSc BIS applicant"
rdfs :label "Applicant"

31T PUWEEUI wgOOUI OUwWOOEI OODPOT WExxUOEET WEOOOP
content model is linked to the ArchiMEO ontology and ensures that the
enterprise-specific concepts are included. The implementation of the case content

model is described in Chapter 8 and evaluated using the application scenario in

Chapter 9. Table 6.3 summarises the realisation of the stated objectives (see

Section6.4.]) for the case content model.

Table 6.3: Case Content Model Objectives and Realisation

Objectives Realisation

Process fragmeni The process fragments are included using the BPFM modellii
(RGA) as part of the case content description.

Graphical A graphical representation is provided by the inclusion of
representation  modelling notatidiis not restricted to BRP&MW modelling langus
(RGB) can be used.

Update The update functionality is given by the possibdihgand updang

functionality (RO the case content during the CBR cycle. It is even possible

C) content froralreadyearned cases through a special feature
prototypelthough this is highly controversial.

Information The information resources arefpidne case content and repres
resources (RD) as document resources. Further information elements can be

the case content description or in the context of the BPFM m:
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Variants (R®) The variants can be modelled in atiZREM content descripiging
the BPFM constraints.

Concrete cases The concrete cases are the usual way to describe the current
(RGF) work that has been done in the case content-aso@Blfed proce

fragments.

Generalised case If required, the knowledgeker can create generalised cases bz
(ROG) previous cases using the ontology properties and tbent®R!

modelling language as presented.

6.4.3 Case Characterisation describing Process Knowledge?!®

This section introduces the case characterisation that desribes the process
knowledge. As mentioned in Chapter 5, this ICEBERGPE approach relies on
ontology -based CBR and uses an underlying ontology (see the ontology structure
in Chapter 5). The ICEBERGPE case characterisation is used to describe
(characterise) the case itself and to assess the similarity between cases using a
retrieval mechanism and method. The configuration of the retrieval mechanism,
the similarity model (see Section7.2), using the case viewpoint model (seeSection
54), defines the case characterisation from an implementation/instantiation

perspective and is described in Chapter 7.

Section 5.5.4 describes how a CBR approach can be combined with process
execution. If the CBR system is used as a standilone system (see option 1 in
Section 5.5.4 certain workflow relevant data is needed to replicate a task
management system. Therefore, the web service human task specification has
been analysed, anda human task ontology has been extracted. Web services
human task (WS-HumanTask) is a web service specification (OASIS, 2012)for

delegating and assigning tasks to human actors. The specification has been

18 Some verbatim passages presented in this following section, which have been achieved related
to this thesis project, are have been published in the following co -authored publications
(Cognini, Hinkelmann and Mart in, 2016; Martin et al., 2016)
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published as a draft by the OASIS BPEL4People technical committee as an
extension to the web service business process execution language (WBPEL)
(OASIS, 2007) Figure 6.16 shows the extracted and remodelled human task
ontology, which is included in the process execution ontology (see Section 5.4).
The presented elements are usually used by a workflow engine and the
corresponding task/work list. This is particularly the case if the CBR system is
used as aninvocable system. As mentioned in Section 5.5.4 this approach is
demonstrated using a workflow management system. Therefore, only a limited
set of the human task ontology elements will be used in this instantiation , as

presented in Chapter 8.

hto:Task
m hto:hasDeadline : hto:Deadline
[ hto:hasDelegationFrom : hto:Role
M hto:taskHasPeopleAssignement : hto:Role
[ hto:taskHasSubtask : hto:Task hto:l
M hto:outcome : string htost
B hto:priority : integer
m htoitaskName : string

hto:Role

! N\r-w- fanHaRBacgitpiesghemer
N jasPeoy

/ ‘ hto:Notification |
b- vhasDeadlir [ htonotificationHasPeopleAssignement : hto:Role
m htonotificationName : string

=

hto:Escalation
[ hto:ecalationHasNotification : hto:Notification
[ hto:escalationHasPeopleAssignement : hto:Role
[ hto:escalationHasPeopleReassignment : hto:Role
I htoescalationName : string

hto:Deadline
M hto:deadlineHasEscalation : hto:Escalation
m hto:deadlineName : string
M hto:for : dateTime

hto:CompletionDeadline ]
M htowuntil : dateTime

‘ hto:StartDeadline

Figure 6.16: Human Task Ontology

Figure 6.17 shows a partition of an exemplary case characterisation and

configuration including elements of the process and domain knowledge using

the ICEBERGPE ontology structure. Thus, it is possible to enrich the case-based

reasoning system with domain knowledge, which improves the reflectivity of the

system and reduces the effort to acquire the vocabulary (Recio-Garia and Diaz-

Agudo, 2007; Gao and Deng, 2010) With the inclusion of an ontology structure

in a CBR system it is possibleto? 26 ¢ WUEOI wWEEYEOQUET I wOi wlOT DU w

s £ oA

Calero, 2008, p.54)
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The ICEBERGPE approach (as an extension of the ICEBERG approach; see
Chapter 7 and Martin et al. (2016)for details on implementation) provides a wide
range of similarity functions for retrieval and adaptation. As shown in  Figure
6.17, the case characterisation will be defined at the time the similarity
configuration of the retrieval mechanism ¢ the similarity model (see Section 7.2),
using the case viewpoint model (see Section5.4) ¢ is created. The vocabulary for
describing the cases is domain specific and therefore different from one

application scenario to another.

po:haslaskobjecﬁve—_’ -w: > Vfd&?laher ;
weight: 10 [y T

function: average c.. weight: 1

function: levenshtein

weight: 1
{ chr:Case function: softTFIDFlaroWinkler ™,
xsd:string
] mschis:hasCaseApplication mschis:applicationAdditionalinformation
weight: IS e - - -
function: average I ,mSEbWS:App“Ea“Qn,
mschis:applicationToProgramme [ :velg:t: 1 I

po: ICEBERG-PE Process Execution e T et Lt il fafilua s

cbr: ICEBERG CBR

mschis: MSc BIS Matriculation
rdfs: RDF schema

xsd: XML datatype

weight: 10

! mschis:MScBISProgramme !
function: average x

mscbis:.. _- -r;:lfsz\abéi-_

mscbis:AdmissionView

Figure 6.17: Exemplary Configuration of a Case Characterisationincluding View 19

From the application scenario, the case characterisation objectives and the results
of the task management system KISSmir introduced by Martin et. al. (2010)and
Brander et. al. (2011a) the following process execution related elements have

been derived and are required:

1 Task objective: The task objective element describes the goal of the task
itself. This element has somesimilarities to the name and/or description of

a BPMN activity.

1 Taskrole: The task role element is used to describe the role of the person

involved in the task. Through the inclusion of an enterprise or domain

19The ontology structure has been simplified, and the corresponding element denotation has been
abbreviated to fit the figure.
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ontology, it is possible to reuse an existing enterprisespecific

role/organisational model.

1 Task user: The task user elements are used to indicate the person who

described the case.

Listing 6.4: Exemplary Case Characterisation ¢ Task Objective

mscbhis : MScBISAdmissionCase_B
rdf : type mschis : MScBISAdmissionCase
mschis : mscBISAdm|SS|onCaseIsCharacterlzedByTaskObJectlve
mschis : TaskObjective_Eligibility_Check
hscbis : TaskObjective_Eligibility Check
rdf : type po : TaskObijective
rdfs :label "Eligibility Check" @en ;
bo: TaskObjective

rdf : type owl: Class
rdfs : subClassOf po : ProcessExecutionElements

Listing 6.4 shows an excerpt of an exemplary case characterisation including
elements from the ICEBERGPE ontology structure. The listing shows how a case
(MScBIS - AdmissionCase) gets characterised by a &sk objective

(TaskObjective)

The following Table 6.4 summarises the realisation of the stated objectives (see

Section6.4.]) for the case content model.

Table 6.4: Case Characterisation Model Objectives and Realisation

Objectives Realisation

Structural (RE) The structural case characterisation objecheernasverday the
inclusion of structural CBR.

Ontologhased  The case characterisation can be described using elements, ¢
(RQI) relationships from the enterprise ontology ArchiME® atulonfies

Process executir Process execution informadioaflectetly concepts of the proc

information (RI). executioand human task ontologies.
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65 Concl usi on

This chapter introduces the case model, which has been derived based on related
work in conjunction with the admission process application scenario.
Additionally, this chapter provides a conceptual answer to the following research
questions, which are showcased by the implementation of the CBR services in the
next chapter, implementation of the ICEBERG prototype and evaluation of the

triangulated data sources:

1 The research of the process execution context (RQ 2.2) laid the basis for the
case characterisation. The processes execution context, which is enterprise
context, can be integrated usng information derived from an enterprise
ontology and with the usage of a vocabulary that is linked to the same

enterprise ontology.

1 The investigation of complexity and cognitive adequacy builds the
foundation for answering research question RQ 2.1. Base&l on the
complexity investigation, potential case content modelling languages are
presented. As a result of this investigation, the general procedure model
(see Section 5.6.1) has been extended asa procedure model for process
execution (seeSection5.6.2 in a next incremental design science research

cycle.

1 Finally, based on the objectives (RQ 2) for a case model, a case content
model containing process knowledge is introduced (RQ 2.2). The case
content model consists of elements from the ICEBERGPE ontology
structure and a potential case content modelling language BPFM with an

acceptable level of complexity (RQ 2.1).

The next chapter describes the investigation of the CBR services and conceptally

answers research questions 3, 3.1 and 3.2.
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/{ Caslrased Reasoni

Services

The casebased reasoning (CBR) services execute in the figurative sense the CBR
cycle as introduced in Section2.2 They are the interface between the conceptual
and model-based investigation of the previous chapters, the ICEBERGPE
approach and the case model. The CBR services are presented in this secin as a

conceptual description, the similarity mechanism, and as a technical description.

This chapter gives an answer to the following research questions stated at the

beginning of the thesis:
RQ 3: How can caséased reasonirggrvicesupportprocess execution?
RQ 3.1: How can the similarity between cases for knowledge work be calculated?

RQ 3.2: How can domain knowledge and contextual information be used for

retrieval of cases and suggestionaolaptationof case itents

The chapter starts with an introduction that gives an overview of the service s and
how they are used. Section7.2 gives answers to research questions 3.1 and 3.2.
Sections 7.3 and 7.4 close the CBR cycle and give a further answer to research

guestion 3.2.

© University of South Africa 2016

ryY .. %



174

7 Case-based Reasoning Services

7.1

l ntroducti on

Figure 7.1 shows the ICEBERGPE CBR cycle including the functions and abilities

of the CBR services. The ICEBERG&E CBR approach, as presented here in this

thesis, provides the following main CBR cycle functions:

1. The similarity mechanism uses a new query case to compare the

characterisations of the casesin the case repository. This comparison or
similarity evaluation is done automatically. As a result, a similarity value

is assignedto each potential previous case

The knowledge worker can adapt the knowledge from the retri eved cases
to the current case by either adding the information manually or running
an adaptation mechanism. This adaptation mechanism executes the
default mechanism of transferring the case content of the retrieved case to
the current one. This default mechanism can be controlled and modified
by predefined semantic rules. This combination of manual and rule-based
adaptation can be regarded as a senmdautomatic adaptation. As a result,
the knowledge worker receives a potential solution, which later can be

determined to be asolved case.

. The knowledge worker can revise the solved case based on the work tha

has been doneor the gained insights and finally create a revised case.

. The revised case is then ready for retention. The knowledge worker can

trigger the retention mechanism, and the case will then be added to the

case repository asa learned casewhich is available for the next cycle.

In the following section, the retrieval service is amalgamated with the CBR

similarity, which is the main contribution of the ICEBERG approach (Martin et

al., 2016)to the ontology-based CBR, the CBR adaptation and finally CBR

learning.
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Figure 7.1: ICEBERGCycle including Service Functions

7.2 Cas&® i milxarity

As mentioned previously , retrieval is usually the starting point of the CBR cycle.
Figure 7.2 shows the cycle of the ICEBERGPE approach where a new case will
be stipulated and transferred to a query case. This query case will then be used
for retrieval (similarity computation) and la ter in the reuse phase (adaptation).
The retrieval is based on the case characterisation exclusively and not on the case

content. Therefore, no process model graphsimilarity analysis is applied.

As mentioned in the previous chapter, the characterisations of cases are

I BxUl UUl EwWEAWEWET r Ol EwxEUO WOl wOT 1T wl 00T UxUBbL
knowledge is used for the comparison of a query case with learned casesin the

CBR retrieval phase, as shown inFigure 7.3. In this retrieval phase, the applied

similarity measures use this explicit knowledge structure to compute the

similarity among learned cases and query case.

20 Some verbatim passages presented in this following section, which have been achievedin this
thesis project, have been published in the following own authored publication (Martin et al.,
2016; Martin, Emmenegger and Wilke, 2013)
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Figure 7.2: ICEBERGCycle including Query Case

To define the concepts and properties that belong to the case characterisation
including the corresponding similarity functions and weights of the concepts and
properties, the ICEBERG similarity ontology is used, which is based on OWL
annotations. The ICEBERG similarity ontology can be referred as the similarity
vocabulary for configuration as known from structural CBR systems. In this way,
it is possible to configure the similarity model and ultimately th e CBR system
entirely within an ontology and with concepts and relations from an existing
ontology. Such an ontology-based similarity approach has the advantage that
explicit enterprise and domain knowledge can be modelled together with
similarity measures and that a standard ontology development environment can

be used to model the case characterisations.

The ontology language OWL provides a scheme containing different properties,
which are used to determine the similarity model configuration. With the

ICEBERG similarity ontology , it is possible to specify and select similarity
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measures, functions and weights for annotation, datatype and object properties,

as well as for classes of the case characterisation.

As shown in Figure 7.3, either the knowledge worker or the invoking process
execution system creates a case query based on the configured case
characterisation structure and elements for the retrieval and ranking of learned
cases. The query case is compared with all characterisations of the learned cases
in the case repository. As a result, the similarity service returns a ranked list of

learned cases assigned with a similarity value between 0 and 1.

) . ) - Knowledge Work
/‘ | Case Repository \ § ‘ s OO .
3 OO
Learned Case g [#~
7}

-

— *> Sudy Assistant Concern & Viewpoint
e N I'N :
. - s -
Characterisation i New||Case @
. -

Query Case
Q&)ﬁj
oS

Figure 7.3: Query Case Characterisation used for Comparison (adapted from Martin et al.
(2016)

Compare

/

7.2.1 Similarity Computation

As mentioned previously , the computation of the similarity of cases is the main
task when applying the CBR method. In the structural ICEBERG approach, the
instances and relations representing the case characterisations of the learned
cases and the query case are comparedlhe similarity measure of the query case
with each learned case is computed. The similarity measureis a value between 0

and 1 (see7.1):
i Qb dYo mp RN Y ( 71 )

The computation of the similarity in the ICEBERG approach is based on the
global-local principle (Bergmann, 2002) The global similarity measures are
defined on class level, and the local similarity measures are defined at the

attribute level. In essence, the primitive attributes of the class instances in the
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UEOI woOl YI OwEUI wEOOxEUI EwWEaAawbOEDPYPEUEOOa wWEI 7
global similarity measure aggregates all local similarity values into one value. As
an example, the global similarity measure can be computed by aggregating the
local similarity measures according to a defined aggregation function , as shown

in 7.2:
[ QIOHO o6 i Qf M MH Qf§ M ( 72 )

where 0 is the aggregation function, "O the query case instance,"Othe case
instance in the case repository where the query case instance is compared and)

the properties of the instances that are compared.

All attributes are individually weighted, and  primitive attributes are represented
by annotation and datatype properties with value types such as Integer or String.
Object properties represent relational attribut es Since relational attributes might
lead to a comparison of multiple referenced instances in the query case as well as
in the learned cases the global similarity function must be used as a set function,
as proposed in Hefke and Abecker (2006a) The ICEBERG approach contains a
cosine set function, as found in several frameworks (Recio-Garcia, Gonzalez
Calero and Diaz-Agudo, 2014; Hefke and Abecker, 2006a) and a more
sophisticated similarity function , as commonly used in information retrieval

(Cohen, Ravikumar and Fienberg, 2003; Witschel et al., 2015)

Staab (2011) identified two criteria based on which a similarity measurement

should be chosen The first criterion concernsthe entity that should be compared.

Staab (2011) mentionedobjects conceptsor ontologiesas possible entities. The

second criterion is the goal of the assessment. It isshe question whether it is a

numeric similarity or a preference ordering assessménitring the configuration of

the similarity model, as described in the next section, the mentioned criteria can

be applied. The( " $! $1 &wUDPOPOEUPUA wi UEOI POUOwWPUWRI BB

with new global and local similarity functions. Besides the global -local similarity
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knowledge, the object-oriented case characterisation might contain taxonomic

knowledge, which can be considered in a local similarity measure as well.

7.2.2 Similarity Configuration

The similarity model configuration in the ICEBERG approach is done in
conjunction with the definition of concrete case characterisation dependent on
the views and viewpoints (see Section5.4). Figure 7.4 shows an exemplary
similarity model configuration where the case viewpoints are omitted for

simplification.

. ——3p{ po:TaskObjective | T
ObjectPropertySim po:rl:fsTaskOhJectws —e — ,r,(j_f?:‘a,b_g,‘ 3 AnnotationPropertySim
weight:10 e 0 pon T o . weight: 1
function: average . TTte-i-s function: levenshtein
Clases Dam':ypiPropeny&m annotationProperty: label
T . > weight: I - - language: en
function: average =% _cbr:Case function: softTFIDFJaroWinkler xsd:string ik
ObjectPropertySim | mschis:hasCaseApplication mschis:applicationAdditionallnformation Am7utatioanpErty51m
weight:1 =~ seeesesmememTT - — weight: 1
function: average _mscbis:Application e function: equals .
) . et tationP ty:
mschis:applicationToProgramme ___.--=" Ia;m:: I:anper Y:ahe
po: ICEBERG-PE Process Execution | oo oo N eee” ] SUaBe &Y
cbr: |CEBERG CBR YA A ) _mschis:MScBISProgramme .
. . . weight: 10 .
mschis: MSc BIS Matriculation . ——
function: average nschis < rdfs:label

rdfs: RDF schema
xsd: XML datatype

Figure 7.4: Exemplary Similarity Model Configuration 2

As mentioned previously, the similarity model configuration is done in an
ontology using elements from the similarity ontology. The ICEBERG approach
and its instantiation provide a basic set of global-local functions. The following

local similarity functions are currently available:

1 Levenshtein: This function is a recursive field matching algorithm using
Levenshtein edit-distance (Cunningham, 2009), which is the amount of

edit operations required when changing one string into another.

1 Equals: Equals is a strict equality of the values comparison.

21 The ontology structure has been simplified, and the corresponding element denotation has been
abbreviated to fit the figure.
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1 JaroWinkler: The JarcWinkler token-matching function, which is not
basedon edit-distance, performs well for short strings (Cohen, Ravikumar

and Fienberg, 2003)

1 SoftTFIDF: This is a TFIDFbased distance metric, which is extended with

2 UOI1 U ~>mattiing (CBhen, Ravikumar and Fienberg, 2003)

Listing 7.1 shows the mentioned possible local similarity functions ( see

rdfs:range element of the owl:ObjectProperty sim:local -
SimilarityFunction ). This local similarity function with the corresponding

Pl DT T UWEEOWET w?EUUEET T E?2 wUOwwhaEUt bdJw EUwWEO
considered for calculation by sim:AnnotationPropertySimilarity . If the
to-be-considered property is a datatype property, the lo cal similarity function
DOEOUEDPOT w Ul T w pPIPTTUOw EEOw EIl w ?2EUUEETIE
sim:DatatypePropertySimilarity

Listing 7.1: Local Similarity Functions of the ICEBERG Approach

sim : localSimilarityFunction
rdf :type owl: ObjectProperty
rdfs : domain
rdf : type owl: Class
owl : unionOf (
sim : AnnotationPropertySimilarity
sim : DatatypePropertySimilarity
) .

rdfs :range
rdf :type owl: Class
owl : oneOf (
sim : equals
sim : levenshtein
sim : jaroWinkler
sim : softTFIDFJaroWinkler

)

rdfs subPropertyOf sim : similarityFunction

The following global similarity functions are currently available in the ICEBERG

approach:

1 Average: The average global similarity function is defined based on the

weighted arithmetic mean, as shown in 7.3:
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“'_B—' (73)

where ¢ is the number of characterisation concepts (attributes)
considered, 0 is the weight of attribute "Qand i is the value of the

calculated local similarity that ranges between 0 and 1.

1 Cosine: The cosine global similarity function is defined as proposed by

Hefke et al. (2006)

1 Probabilistic.: The probabilistic global similarity function by Witschel,
Martin, Emmenegger and Lutz (20150 w E U w E 1 74,Ggiega Olocal

simil arities in a more conjunctive way than other functions.

0 "xB0 00 D ( 74 )
where 0 are the set of instances that are linked to instance’Qand the
weights| Ul RI EQ wUTubu@R UG EEE YwOi wul OEUBOOUT Px w
determining the overall similarity.
Listing 7.2 shows the possible global similarity functions (see rdfs:range  of the
owl:ObjectProperty sim:globalSimilarityFunction ). This global
similarity functon PBUT w UT 1 w EOQUUI Ux OOEPOU KEH 11 812 TwD WORLE
properties using sim:ObjectPropertySimilarity . This encapsulates the
global similarity function for object properties and allows for apply ing different
similarity functions for the aggregation of multiple instances and local similarity
measures The root similarity annotation, the sim:RootCaseClass -
Similarity , marks the start case class of the characterisation tree and
PEUUEET T U2 wOT 1 wOYIT UEOOQwW! OOEEOQwWUDPOPOEUDUA wi C
Table 7.1 shows an exemplary similarity computation based on the exemplary
similarity model configuration as shown in Figure 7.4 using the admission

process application scenario (without real case data for simplification). The

example contains two learned cases (1 and 2) is a simplified manner and a query
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case.The computation starts, using the corresponding weights and functions,
from the leaves and ends at the root with an overall similarity value for each of

the learned cases

Listing 7.2: Global Similarity Functions of the ICEBERG Approach

sim : globalSimilarityFunction
rdf : type owl: ObjectProperty ;
rdfs : domain
rdf :type owl:Class ;
owl : unionOf  (
sim : ObjectPropertySimilarity
sim : RootCaseClassSimilarity

)

rdfs : range
rdf :type owl:Class ;
owl : oneOf (
sim : average
sim : probabilistic
sim : cosine

)

rdfs subPropertyOf sim . similarityFunction ;
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Table 7.1: Exemplary Similarity Computation

Instance
taskObijective
$_gueryCase caseApplication
$casel taskObjective $caselTask 10,00 average 0’140 21
caseApplication $caselApp 1,00 average 0,96 '
taskObijective $case2Task 10,00 average 1,00 . .
SERE caseApplication $case2App 1,00 average 0,08 0,93
$_queryTask label "Eligibility Chec
$caselTask label "Eligibility Histo 1,00 levenshtein 0,140,14
$case2Task label "Eligibility Chec 1,00 levenshtein 1,001,0C
string "é FHNWé"
$_queryApp toProgramme $_queryPro
string "édText FQQ ésoftTFIDFIW 0,57
$caselApp toProgramme $caselPro 10,00 average :|_,0(]0’9E
string " éFHS GéL'00 softTFIDFIW 0,84
R toProgramme $case2Pro 10,00 average 0,0(]0’0E
$_queryPro label "MSc BIS"
$caselPro label "MSc BIS" 1,00 equals 1,001,0C
$case2Pro label "MSc IM" 1,00 equals 0,000,0C

Value/Referen{Weigh Function

Sim #1| Sim #2| Sim #3
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7.3 Casldaptati on

The case adaptation is usually the second step of the CBR cyclerigure 7.2 shows
the cycle of the ICEBERGPE approach, where a new case is stipulated and
transferred to a query case.This query caseis used, after the retrieval (similarity

computation) step, in the reuse phase (adaptation).

Input problem

Problem
description
space

Solution
space

Situation assessment maps

B = description of new problem to solve from an input problem to
set of indices describing
O = descriptions of problems solved previously the problem
i I E— ot searches fe o
O = stored solutions Retrieval searches for the

case with the most similar
problem description

@ = new solution resulting from adaptation of stored solution
—  Adaptation transforms the
solution of the most similar
problem into one that fits
new circumstances

Figure 7.5: Adaptation Process in CBR (Leake, 1996)

Figure 7.5 shows the adaptation process in CBR. This adaptation transforms the
case content (solution) to the query case (current problem). Using the ICEBERG
approach, the knowledge worker can adapt the knowledge from the retrieved
cases to thecurrent caseby either adding the information manually or running
the adaptation mechanism. The default behaviour of the ICEBERG approach can
be regarded as substitution adaptation (Definition 2.10). The adaptation
mechanism can be extended in any direction, since the ICEBERG approach

executes any pre-defined semantic adaptation rule of the current domain and
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application ontol ogy. Even the default behaviour is a pre-defined rule , as shown

in Listing 7.3, which can be extended in any direction.

Listing 7.3: Default ICEBERG Adaptation Rule

# LEVEL 2 Rule: Copy all case file items from selected source case,
but exclude replaced or removed items based on a previous rule
CONSTRUCT

?newCase cbr : caseltem ?caseFileltem

?newCase cbr : reusedCases ?case

WHERE
?newCase cbr : _automaticAdaptFromCase ?case
?case cbr : caseltem ?caseFileltem
OPTIONAL

?newCase cbr : caseltem ?newCaseFileltem
?newCaseFileltem cbr : replacesCaseltemThroughAdaptionRule
?caseFileltem

FILTER (! bound ( ?newCaseFileltem ))

Listing 7.3 shows a default rule behaviour where the rule copies all case file items
from the retrieved and selected case (defined by the property
cbr:_automaticAdaptFromCase ) to the current query case, which becomes
the solved case. The ICEBERG rule adaptation approach uses rule chaining as
shown in Listing 7.3, where certain case content items are replaced or remoed

based on apreviously executed rule, as shown as an example inListing 7.4.

Listing 7.4 shows an exemplary adaptation rule based on the admission process
application scenario. Although this rule concerns stakeholders as case file items,
it is not restricted to stakeholders only. Any item of the case content can be
modified, extended, added or deleted. It is even possible to change the case
characterisation as well since the case characterisation and content is ontology
based and can be accessed by a semantic ruJeas shown in Listing 7.4. The
exemplary rule assesses if the previous case is an MSc IM case, if a specific
stakeholder was responsible and if the current case is an MSc BIS case. Hmn the
rule replaces the stakeholder with the responsible person of the MSc BIS
application process. When applying an adaptation rule, it is important that the
knowledge worker obtains a reasonable explanationfor why something has been
changed automatically. This explanation can be provided using the
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cbr:adaptionRuleBasedComment property, which is presented in the

ICEBERG user interface to the knowledge worker.

Listing 7.4: Exemplary Adaptation Rule

# LEVEL 1 Rule: The previous case is an MSc IM case, Sarah was

responsible, and the current case is an MSc BIS case. - > Replace Sarah
with Neyyer, because he is responsible for MSc BIS.
CONSTRUCT,

?newCase cbr : caseltem ?newCaseFileltem

?newCaseFileltem cbr : caseltemRepresentedBy mschis : Neyyer_Admin

?newCaseFileltem cbr : replacesCaseltemThroughAdaptionRule
?caseFileltem

?newCaseFileltem cbr : adaptionRuleBasedComment "The previous case
is an MSc IM case. However, the current case is an MSc BIS
case. Therefore, Neyyer is responsible instead of Sarah."

WHERE
?newCase cbr : _automaticAdaptFromCase ?case
?case mschis : mscBISAdmissionCaselsCharacterizedByApplication
?application
?application mscbis : applicationToProgramme mscbis - MScIMProgramme .

?newCase mschis : mscBISAdmissionCaselsCharacterizedByApplication
?queryApplication

?queryApplication mschis : appli cationToProgramme
mscbis : MScBISProgramme .

?case cbr : caseltem ?caseFileltem

?caseFileltem cbr : caseltemRepresentedBy mscbis : Sarah_Admin
BIND (URI( CONCAT"http://ikm -
group.ch/MScBISOntology#case_item_infered_Neyyer_ Admin" )) AS

?newCaseFileltem )

74 CaskEvaluatiLcemmramd g

The case evaluation and learning are usually the final two steps of the CBR cycle
and are triggered by the knowledge worker itself. The outcome of the previous

adaptation step is a potentially solved case as shown in Figure 7.6. This solved
case will be evaluated and revised by the knowledge worker , leading to a revised
case. This revised case then can be assed on to the case repository using the

automatic retention. This retention , by adding the case to the case repository can

22The concepts and implementation presented in this section have not been published previously.
The results in this section have been achieved by S. Emmeneggef{sic!] project researcher)and
A. Martin (author of this thesis).
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be regarded as case learning. Finally, the case is ready for the next CBR cycle as

alearned case.

Figure 7.6 shows an extended CHR cycle. This ICEBERG cycle extension enables
the knowledge worker to control the case editing process. Any solved, revised
and even learned case can be transferred to an editable query case. This case
transfer means that even a learned case can be editedt a later stage. This CBR
cycle extension enables extended editing possibilities, as might be used during

creation and extension of a generalised case (se8ection6.4.2.9.

Automatic
Retrieval
(similarity)

/Case Reposno‘y

Learnea_ I
Case: N ] SemiAutomati
% . Edltable.
, Reusgrule
— . Case ., based
ernpnns N adaptation)
Automatic ““ g .
Retention . : Edltable:
learning; addi '-.’ Solved:
( J J Case :

¥
’--l mn?®

to case repo.

Manual
Revision
(evaluation)

Figure 7.6: ICEBERGCycle Extension

Listing 7.5 shows the possible case states, whichare assigned to the cases:
adaptation, revision and learned. Once a case receives the learned state
cbr:Learned_CaseState , the case is available for retieval. Otherwise, the

case is just stored in the case repository but not available for retrieval.
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Listing 7.5: ICEBERG Case States

cbr : CaseState
rdf :type owl: Class ;
rdfs :label "Case state" @en ;
rdfs : subClassOf cbr : Element ;

cbr : Adaptation_CaseState
rdf :type cbr : CaseState ;
rdfs :label "Casein adaptation state" @en ;

ébr : Revision_CaseState
rdf : type cbr : CaseState ;
rdfs :label "Case in revision state" @en ;

cbr : Learned_CaseState

rdf :type cbr : CaseState ;
rdfs :label "Learned case" @en ;
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75 Concl usi on

This chapter introduces the CBR services, which are used to run the ICEBERG
PE approach. Additionally , this chapter provides a conceptual answer to the
following research questions, which are showcased by the implementation of the

ICEBERG prototype and evaluated by the triangulated data sources:

1 The case similarity section provides an answer to how the similarity of
knowledge work can be calculated (RQ 3.1). The introduced similarity
mechanism uses case characterisation, which characterises the knowledge

work description.

1 The case adaptation sections explain how domain knowledge and
contextual information are used for retrieval and adaptation (RQ 3.2).
Through the inclusion of enterprise ontology, the ontology -based
similarity model and the semantic adaptati on rules, domain knowledge

and contextual information can be seamlessly integrated.

1 Finally, this chapter closes with an innovative approach that allows the
knowledge worker to control the CBR cycle and enables related or

generalised case creation.

The next chapter describes the prototypical implementation of the ICEBERG-PE

approach and answers research questions 1 and 3.
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8 Ont ol-maygyed aCBdR

Process Executil on

This chapter provides an answer to the following research questions from a

profound technical perspective:
RQ 1. How cancasebased reasonirggintegratedwith process execution?
RQ 3: How can caséased reasonirggrvicesupportprocess execution?

The chapter starts with a delineation of the prototype environment, which
consists of third-party software components and tools. Finally, the chapter shows
the prototypical implementation of the ICEBERG -PE approach as described in

the previous chapters.

81 Pototype Environment

The 'prototype environment' is composed of existing and third party software
components, which are used to realize the approach and to develop and to embed

the demonstrative artefact.

The selection of software components is sustained am grounded on certain
constraints. This selection of environmental components affects the entire
software architecture of the instantiation. To ensure the quality of a software
architecture Zorner (2012) and Hruschka (2012) suggest relying on certain

constraints, which are made explicit, based on the arc42 guidelines (Starke and
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Hruschka, 2011) and template (Starke and Hruschka, 2012) for software
architecture. These constraints will justify the selection of environmental
EOOx OOl OUUWEOGEwWiI UEOT wUOT 1T w2l Ul l EOmerdi wEI UDI
x U O E (Sthtke and Hruschka, 2012) In the flowing the general (required and
optional) constraints for the selection of environmental components are listed in

Table 8.1:

Table 8.1: Constraints for Environmental Software C omponents (SC)

Constraint Explanation

SCG1. Source code acce To ensure debugging deep capability, component

(recommended) should providellf access to source code (pré&fevpbr
source)
SG2: License The instantiation of the thesignustie available for futi

work Thereforéis advisethat all software comporemet
basedn a public license (preferably open source).

In addition to the general constraints for environmental components, the
following constraints frame software components, which will be
coupled/integrated into the environment by library linking or source code

compiling:

Table 8.2: Constraints for Environmental an d Coupled Software Components (CSC)

Constraint Explanation

CSCL: JVM base Software components should run on a Java Virtua
(recommended) (JVM).

CSG2: Java API Software componentsist provide a Java API to Ar

operatingith the CBR component.

CSG3: Programmir To ensure maintainabitliy source code should be ave

language (recommended) in the Java programming language
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Besides the general constraints for all environmental software components,

additional contestants for a workflow management system are listed in the

following:

Table 8.3: Constraints for W orkflow Management System (WMS)

Constraint

Explanation

WMSL:BPMN compatibility

WMS2: Execution engine

WMS3: TasHKist

WM&A: User and groups

WMSb: Instance
managemetecommended

WMS6: Runtime container

WMS7:Java EE integratior
(recommended)

A potential workflow engias part of a workfl
management systamgeds to provide BPMN compa

and native support to reflect the application scenaric

It is advisabtbata workflow engjress part of a workfl
management systaranexecutBPMN process diagre
without a manual or samtomatic conversion into

executable representation.

A workflowmanagement systemeeds to prie an
extendableask list to demonstrate the possible
involvement when consulting a CBR approach.

Auserand group managenaetequiredo demonstrate

different user involvement.

To enhance the development process, debugging
and runtime inspection, a workflamagement systt

should provide the inspectiprooéss instances

A servebased implementation is requirach a workflc
management system in a-osdtienvironmeAdditionall
it is advisedhat a workflow engias part of workfl
management systesnaccessible using an HTTP inte
and it provides an HTML based interface. Therefo

server (servlet can&) is required.

Ttis recommendétht a workflow engiaes in aJava EE

environmef reduce the implementation effort.
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8.1.1 Workflow Management System: Camunda Engine, Tasklist, Cockpit
and Admin

As mentioned before, the decision for choosing a workflow management system

has been made by qualitative criteria (certain (boundary) constraints) from the

given application scenario and the technical requirements for imple menting the

introduced approach.

Business Analyst / Operator
Developer End User (technical/business)  Administrator
. } Custom : . .
Modeler Tasklist i - ; Cockpit Admin
' Application !

[ e | \ I

REST REST / Java REST REST

\—'_1

REST / Java API

oot H Engine
! File Repository ; (BPMN, CMMN, DMN)

Figure 8.1: Architecture of Camunda BPM 23

Camunda BPM is an open source workflow management system and a fork of
the BPM project Activiti . It is mainly driven by a German consulting and software
company called Camunda were the name roots. Camunda BPM reflects the
constraints for a workflow management system, since it is a BPMN -based (WMS
1) workflow engine (complies WMS -2) and contains a task list (complies WMS
3), an administration component for the user and group management (complies
WMS-4) and a cockpit for runtime process instance inspection (complies WMS-
5). Apart from that, the Camunda engine runs in a servlet based container
(complies WMS-6) and in a Java EE environment (complies WMS7). Finally,

Camunda BPM is JVM based (compliesCSC-1), written in Java (complies CSG-3)

2 Retrieved from [16-03-2016]: https://camunda.org/features/
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and provides and Java based API (compliesCSC2). The source code is hosted
and available (complies SCG1) from GitHub ¢ based on the Apache license
(complies SG-2). Figure 8.1 shows the architecture of the whole Camunda BPM
suite containing the components mentioned before including a modelling

environment (see Section8.1.2.

8.1.2 Workflow Modelling: Camunda Modeler

The Camunda Modeler (see Figure 8.1) is a modelling tool for ex ecutable BPMN
process models. It provides certain workflow specific extensions for the
Camunda engine. Beside the BPMN modelling the tool also can be used for DMN
modelling and is licensed under an open sourceMIT license (complies SC-2) and
a JavaScript lased modelling engine. The code itself is hosted on GitHub 2

(complies SC-1).

& Camunda Modeler - [m] X
File Edit Window Help
0O- = =]
MScBISProcess bpmn x +
[E Pool_MScBISProcess
\\"‘m [ —
A g % = Check General | Extensions
T E hec
S g Initialise
e =2 @ basic
i :: 2 admission case completeness General
1 Application Id
=
£ arrived
._‘ ‘* H Pool_MScBISProcess x
o
Y Name
FHNW MSc BIS Admission Process P
O = prepare Additional o d
E eligibility check arrived Process Id
© 2 MScBISProcess x
2
= ) Process Name
O 2 Aditional " Invite ot MScEISProcess P
requested Jes ~ interview
All documents on ¥ Executable
: H yes —
§ Job Configuration
g ~
D E; [t Job Priority
s|&
@ Check eligibility
&= ala gibility X
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= le
zZ|s h 4
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ﬁ E E A
2
E Date of interviex
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Figure 8.2: Screenshot of the Camunda BPMN Modeler

24 https://github.com/camunda/camunda -bpm-platform

25 https://github.com/camunda/camunda -modeler
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8.1.3 Semantic Framework: Jena

Jena(McBride, 2001)is a semantic web framework developed in Java, which is
open source, originally developed by the HP Labs and now maintained by the
Apache Software Foundation. The framework provides an API for creating an
abstract model from RDF graphs, which can be queried by SPARQL 1.1 queries.
Additionally, Jena provides partial (not OWL full) OWL reasoning support and

can be enhancedwith external reasoners. The source code is hosted onGitHub 2

(complies SG-1) and released under an Apache License (complies S€2).

8.1.4 Ontology Modelling: TopBraid Composer

The TopBraid Composer is a modelling environment for ontologies and a
commercial industry -level product of the TopQuadrant company. The composer
is closed source and available in three versions (free, standard andmaestro).
Since the modeller is fully W3C compliant and uses Jena (see 8.1.3 for
maintaining ontology models internally , source code access is not needed the
modeller can be exchangedwith any other W3C compliant ontology modelling
environment. The modelling environment is used for the ontology engineering,

CBR configuration , and data integration.

8.1.5 Ontology Inferencing: TopBraid SPIN API

The TopBraid SPIN API is a Javabased software component for executing SPIN
rules. SPIN isan SPARQL-basedrule and constraint notation for W3C Semantic
Web ontologies, and it is a W3C member submission (Knublauch, Hendler and
Idehen, 2011) The source codeof the SPIN API is distributed under an Apache
License (complies SG-2) and available (complies SG-1) from a private repository 27
of TopQuadrant. The SPIN API is used by the ICEBERG (sed.2.1) component in

the retrieval computation and semi -automatic adaptation tasks.

26 https://github.com/apache/jena
27 http:/topquadrant.com/re pository/spin/
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8.1.6 Process Fragment Modelling: OMILAB bpFM Modelling Toolkit

In Section 6.4.2.3 BPFM s introduced as a possible way to model process
fragments, which can be used as case content. When modelling process
fragments, the bpFM modelling toolkit 2¢ (seeFigure 8.3) can be used. This bpFM
modelling toolkit is an OMILAB project and affiliated with the University of

Camerino, and provides the knowledge worker with a compliant way to model

BPFM based process fragments.

P busness process Feature Model: Modeling Toolkit (Admin) - fesl (bpFM Moded)]

&

5] Mode! Eant Is  bpFM Festures Extray  Windc He

P e aw meEng ) (B T OF nE BHE af@s o &S
Explorer - Model groups
Bads #@H0e T3
o Models
et

{ Urw. Registration

—_— s > s ©
........ > —=a kcg:ﬂabﬂn System | -
T o o 4 Bill

/ \
/ / t Fill the Form [ Retum the Form
via Secretary 1 ‘ via Web Site . ) A
L

Figure 8.3: Screenshot of the bpFM Modelling Toolkit 29

82 | CEBERB Approach I nstantiation

This section describes the prototypical instantiation of the ICEBERG-PE

approach of this thesis asa toolkit .

The integrated casebased reasoning (ICEBERG) toolkit is the core CBR
instantiation of the described approach in this thesis. It has been developed by

the author of this thesis and researchers of the applied research project [sic!]

28 http://austria.omilab.org/psm/content/bpfm

29 http://austria.omilab.org/psm/content/bpfm/info?view=details
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based on the conceptualfoundations of this thesis. The  etriove
demonstrator has been named as ICEBERG toolkit,
branded using a logo as shown in Figure 8.4, and part of
the source code has been madeoublicly available = and

licensed under the Apache License Version 2.0.

The system architecture in Figure 8.5 depicts the  Figure 8.4: ICEBERG
Toolkit Logo

ICEBERG and related components of this instantiation.

After the conceptual architectural description, two technical deployment

descriptions, one deployment diagram of the ICEBERG toolkit and one

deployment diagram of the process execution extension (ICEBERGPE), are

provided. The ICEBERGPE toolkit is an extensionto the ICEBERG toolkit for

process execution.

The ICEBERGtoolkit is structured on four layers: data, persistence, business and
presentation. The data layer consists of the ICEBERG trple store and a logical

representation of the file system.

1 File repository: The file repository element is a logical representation of a
server filesystem, which manages and maintains the document case items,
the modelled process fragments and the processmodels of the overall
workflow (process execution). The documents and the process fragments
can be attached to a casesing the ICEBERG GUI(graphical user interface)
and finally persisted in the file repository. The process models can be
created using a process modeller and storeddirectly in the file repository.
These process models are available for process executionn the process

engine.

30 https://bitbucket.org/account/user/ikmgroup/projects/ICEBERG
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Figure 8.5: ICEBERGPE System Architecture

© University of South Africa 2016



8 Ontology-based CBR and Process Execution Prototype 199

T

ICEBERG repository: The ICEBERG repository contains the ICEBERG
ontology including the cases of the CBR system and is an instantiation of
the Apache Jena Fuseki triplestore and SPARQL endpoint server.
However, the ICEBERG repository is not restricted to the Fuseki:
implementation. Any semantic graph database with an Apache Jena
interface can be used instead. Since the case model of the ICEBERG
approach is entirely ontology -based, all case datais stored in the triple
store, except the document files and a graphical representation of the

process fragments, which are storedin the file repository.

The persistence layer consists of a logical ICEBERG persistence component

which can be assessedfrom the ICEBERG core and ICEBERGPE BPM

components.

M

ICEBERG PersistenceThe ICEBERG persistence component ensures the
ontology and file access.The ontology access is based on Apache Jena and
used to access the ICEBERG repository. Théil e accesslement acts as a
data access object component, which ensures the file access from théle
repository. Moreover, the file access component is used to load and

transfer the executable process models to the process engine.

The business layer consiss of the ICEBERG core and the ICEBERGPE BPM

components. This business (logic) layer is an execution element of the CBR

methodology using a programmatic implementation.

T

ICEBERG Core: The ICEBERG core component encapsulates the core
implementation of a complete CBR cycle. The CBR- cycle services build
the heart of the ICEBERG core. These CBRcycle services contain a
retrieval component for the similarity computation of the cases. The

adaptation component executes the semantic rules (SPIN rules) during

31 https://jena.apache.org/documentation/fuseki2/
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case adaptation. Finally, the revision and retention component supports
the final life cycle stepsof the cases. Theserver presentation model is the
server part of a shared presentation model, which contains loaded and the
to be transferred case data. Thisserver presentation model is based on

OpenDolphin 32, which is a remoting framework.

1 ICEBERGPE BPM: The ICEBERGPE bpm component is the process
execution element of this CBR approach. The CBRPE servicescan access
the CBR-Cycle services fromthe ICEBERGcore component. This access is
realised by interfaces between the CBR components retrieval and
retention, and the process execution engine. The interface ismplemented
using contexts and dependency injection (CDI), which allows the injection
of workflow data to a service that invokes the CBR-Cycle services. The
process engine executes an executable process model. Thjgrocessengine
is based on Camunda BPM and executes BPMN, CMMN and DMN
models. The process engine an invoke the CBR-PE servicesusing CDI.
The invocation can be describedin an executable BPMN or CMMN model

using services tasks or other elements (listener based).

The presentation layer consists of the ICEBERG GUI and ICEBERGPE GUI
elements as well as of third party software. These presentation layer components
provide to the knowledge worker, the ontology engineer and the process

engineer various interfaces for their work.

1 ICEBERG GUI: The ICEBERG GUI is the user interface of thigrototype ,
which is basedon the JavaFX user interface framework. The knowledge
work er can access the cases using the case management Ul, which is also
written using the JavaFX user interface framework. The knowledge

worker can retrieve, reuse, revise and retain cases within the case

32 http://open -dolphin .org
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management Ul in conjunction with the CBR-cycle support component.
This CBR-cycle support component performs the retrieve, reuse, revise
and retain phases from the user interface perspective. Finally, the client
presentation model is the counterpart of the server presentation model

mentioned before.

1 ICEBERGPE GUI: The ICEBERGPE GUI is the user interface to the
process execution engine for the knowledge worker. This user interface is
HTML and JavaScript based and is maintained by the process engineer.
The ICEBERGPE GUI consists of web forms and a workflow task list, both
based on the Camunda BPM. The web forms provide the knowledge
worker an interface for assessing and manipulating workflow data. While
the task list provides th e knowledge worker with an overview over the

tasks, which need to be done.

1 Process Modeller: The process modeller is athird -party component from
Camunda for creating BPMN, CMMN and DMN models by the process

engineer. The created models will be storeddirectly in the file system.

1 Ontology IDE: The ontology IDE is a development environment for
maintaining and creating ontologies. The knowledge worker configures
the case model and maintains the domain and application ontology with
the help of the ontology engineer. The ontology IDE is also athird -party
application, the TopBraid composer. The ontology IDE can access the

ontologies from the ICEBERG repository .

1 Process Fragment Modeller: The process fragment modeller is a third -
party application, which is used for creating BPFM based process
fragments in an integrated environment. This process fragment modeller
is an instantiation of the OMILAB bpFM modelling toolkit, which is  used

by the knowledge worker. The knowledge worker can freely create new
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BPFM models and assign thesemodelsto a case asasecontent in the case

management Ul.

8.2.1 Integrated Case-based Reasoning (ICEBERG) Toolkit

In the following, the implementation and technical structure is depicted based
the UML deployment diagram as shown in Figure 8.6. The ICEBERG deployment
diagram consists of artefacts, execution environments and one component. The
artefacts are named with a .war (Web Application Archi ve) or .jar (Java Archive)
extension. These extensions are a technical definition expressing that such an
element is an archive, which contains Java class libraries.For an adequate
illustration and description, the artefact names might be slightly differe nt to the
ones used in the source code Moreover, some artefacts are grouped into one
artefact for an adequate illustration and description as well. The ICEBERG toolkit
consists of the three execution environments: repository, server and GUI. The
execution environment is a node element representing software on a device that

executes software code of the corresponding artefacts.

The ICEBERG repository is running on an Apache Tomcat servlet and web
container (broadly speaking a web server). This ICEBERG repostory is the
implementation of the ontology and case repository as introduced before
containing the ontology schema and instances,and the learned cases including

the cases, which are currently in process.

1 ICEBERG Ontology Triplestore: The ICEBERG ontology triplestore
artefact is a web archive containing the ICEBERG ontology structure and
imports the Apache Jena Fuseki library (third -party). As mentioned before
the ICEBERG toolkit can run using any triplestore that consists of a Jena
interface. In this case ICEBERG ontology triplestore artefact can be
deployed on any servlet container. This triplestore artefact can be
extended with the TopBraid SPIN API and further CBR mechanisms in

case server load balancing is required.
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The ICEBERG server is running on anApache Tomcat servlet and web container
as well. This ICEBERG server consists of the following own (not third -party

imported) artefacts, and one emphasised component:

1 CBR Core: The CBR core artefact is the main artefact of the whole toolkit
and contains all the source code for execution the similarity computation,
adaptation rule execution, case lifecycle and viewpoint management.
Since this ICEBERG approach is entirely ontology-based, the CBR core
element requires an ontology manipulation framework, which is, in this
case the Apache Jena(imported third -party artefact) framework for
building Semantic Web applications. TopBraid SPIN API is an additional
imported third -party artefact, which enables the CBR core element to
execute semantic rules written in the SPARQL Inferencing Notation
(SPIN). These semantic rules are used during semiautomatic case
adaptation and as a preparation for similarity computation. The
emphasised ICEBERG ontology TTL I/O component is depicted as an
alternative to the ICEBERG repostory during ontology engineering.
Through this component, it is possible to store and access the ontology
schema and instances using TTL (Turtle: Terse RDF Triple Language) files.
This TTL file access allows a simplified ontology engineering and a

concurrent ontology version control.

1 CBR Core Service: The CBR core service artefact encapsulates the CBR core
artefact as a service and provides an accessible interface. Moreover, the
CBR core service artefact provides serializable value objects (VO),
sometimes called data transfer objects (DTO), representing the complex

ICEBERG case data and schema structure.
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<<executionEnvironment>>
Apache Tomcat : ICEBERG Server
<<artifact>> EI . <<artifact>> B
<<executionEnvironment>> ICEBERG-Server-APP.war CBR-Core-Service.jar <<executionEnvironment>>
JRE : ICEBERG GUI , ? Apache Tomcat : ICEBERG Repository
<<artifact>> B <<artifact>> D
|CEBERG-Client <<artifact>> ] — <<artifact>> ] ICEBERG-Ontology-Triplestore.war
-Lllent.jar ICEBERG-Server.jar CBR-Core.jar ,
<<artifact>> D p D ; D <<artifact>> N B
ICEBERG-Shared.jar <<artifact>> <<artifact>> Apache-Jena-Fuseki.jar
ICEBERG-Shared.jar Apache-Jena.jar
<<component>> <<artifact>> D
ICEBERG-Ontology-TTL-/0 TopBraid-SPIN-API.jar

Figure 8.6: ICEBERG Deployment Diagram
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T

ICEBERG Server: The ICEBERG server artefact imports the CBR core
service artefact and acts as server part for the corresponding ICEBERG
GUI. Moreover, the ICEBERG server artefact contains server controller
actions, which are triggered by commands mainly fr om the ICEBERG
GUI. The server artefact implements the server presentation model
(OpenDolphin based), which is a self-contained model that contains the

data, states and actions of the user interface on the server side.

ICEBERG Shared: The ICEBERG shared #fact exists on the server as
well as the GUI instantiation. On the server side, it is imported by the
ICEBERG server and provides classes and configuration files, which is

used for sharing knowledge and definitions between client and server.

ICEBERG Sener APP: The ICEBERG server app exposes an application
servlet from the ICEBERG server artefact using an Apache Weld servlet
listener. The whole ICEBERG server app (war file package) including
Apache Weld can then be deployed on an Apache Tomcat acting as he
ICEBERG server. This ICEBERG server app can thelbe accessedrom the
ICEBERG GUI over HTTP(S).

The ICEBERG GUI runs on any device with a JRE (Java Standard Edition

Runtime Environment) execution environment and consists of the client and the

shared artefact.

T

ICEBERG client: The ICEBERG client artefact contains the graphical user
interface of the ICEBERG toolkit. This user interface provides to the
knowledge worker the possibility to manage the cases and access all CBR
cycle functionalities. The ICEBERG client artefact uses the ICEBERG
shared artefact for knowledge exchange between client and server as
mentioned before. Moreover, the ICEBERG client is developed using the

JavaFX framework for rich internet applications (RIAs) and is built as a
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single-click executable fat JAR (a JAR artefact containing all required

classes to execute).

8.2.2 ICEBERG for Process Execution (PE) Toolkit

The ICEBERGtoolkit, as it is designed and conceptualised based on thisthesis
and related research work (seeSection4.1and Section9.4.1), can be applied and
reused in different uses cases. The ICEBERGPE toolkit is an extension to the
ICEBERGtoolkit for process execution. In the following, the implementation and

technical structure of the ICEBERG-PE toolkit is described based on the UML
deployment diagram as shown in Figure 8.7. This section contains a description
of artefacts, which are new or modified compared to the ICEBERG toolkit (see

Section8.2.1for a description of the equivalent artefacts).

The ICEBERGPE toolkit consists of the four execution environments: repository,
core, BPM and GUI. The ICEBERGPE server core accesses the ICEBERG
repository to create and modify cases in the case repository and accesses the
ICEBERG ontology including schema and instances. The ICEBERGPE server
core is running on an Apache WildFly application server (a web server where the
Java EE application framework and further server management tools are
provided ). Unlike the ICEBERG-Toolkit, the ICEBERG-PE server core execution

environment consists of the ICEBERG-PE core artefact.

1 ICEBERGPE Core: The ICEBERGPE core artefact exposes an application
servlet from the ICEBERG server artefact. Moreover, the ICEBERGPE
core artefact imports the CBR core service atefact and exposes the service
interfaces specifically for the process execution. This separated structure
allows fine -grained services and autonomous modules running in their
own context, without losing the stateful, stateless or singleton EJB
capability and transaction management. The invocation can be done based
on JNDI API lookups, using a Web service implementation or any other

application server specific remoting implementation on the client side.
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The ICEBERGPE server BPM is running on an Apache WildFly application
server with a bootstrapped Camunda BPM instantiation. This bootstrapping is
depicted using the abstract Camunda BPM artefact. In fact, the Apache WildFly
Camunda BPM bootstrapping requires several configuration steps but enables
the Camunda tool stack like a task-list, the underlying process execution engine
or further process execution management tools (seeSection8.1.1). As mentioned,
the ICEBERGPE approachis not restricted to Camunda BPM - it is just a possible
implementation of a process execution environment. Nevertheless, the
ICEBERGPE BPM artefact of the ICEBERGPE server BPM is specific to
Camunda BPM.
1 ICEBERGPE BPM: The ICEBERGPE BPM atefact uses the CBR core
service artefact (relation not shown in Figure 8.7) and the Camunda API
(third -party) as an import for providing the following features. The
ICEBERGPE BPM artefact provides HTML/JavaScript-based user task
forms. Further, ICEBERG-PE BPM artefact provides an EJB client
implementation to access the ICEBERGPE server core with the CBR
functionality. Moreover, ICEBERG -PE BPM artefact provides CDI
managed services, which canbe invoked from BPMN service tasks or any
Camunda listener defined in a BPMN or CMMN model. The task forms
and the CDI managed services arespecific to an application scenario and
the corresponding business process.
The knowledge workers can interact with the ICEBERG-PE toolkit using a web
browser showing an HTML/JavaScript-based interface to a process execution
instantiation. The task forms contain workflow specific data, process execution
and case data thatare provided from the ICEBERG repository. The knowledge
worker can use the ICEBERG GUI to access the same cassgata but with the

extension of all the ICEBERG CBRspecific functionalities.
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<<executionEnvironment>>
Apache WildFly : ICEBERG-PE Server BPM

- - <<artifact>> sl >— <<artifact>> 0
<<executionEnvironment>> ICEBERG-PE-BPM.war Camunda-APl.jar
Webbrowser
<<artifact>> D
Camunda-BPM.war

<<executionEnvironment>>
Apache WildFly : ICEBERG-PE Server Core

<<executionEnvironment>> <<artifact>> O | <<artifact>> G - —
JRE : ICEBERG GUI ICEBERG-PE-Core.war CBR-Core-Service.jar <executionEnvironment>>
. Apache Tomcat : ICEBERG Repository

<<artifact>> O , ? <<artifact>> O

ICEBERG-Client.jar <<artifact>> 0 <<artifact>> N ICEBERG-Ontology-Triplestore.war
, ICEBERG-Server.jar CBR-Core.jar ,
<<artifact>> 0O , , <<artifact>> O
" Apache-Jena-Fuseki.jar
ICEBERG-Shared jar <<artifact>> 0 <<artifact>>  [J P d
ICEBERG-Shared.jar Apache-Jena.jar
<<component>> @ <<artifact>> D
ICEBERG-Ontology-TTL-//O TopBraid-SPIN-APL jar

Figure 8.7: ICEBERGPE Deployment Diagram
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83 Concl usi on

This chapter introduces the ICEBERG and ICEBERGPR toolkit, which act as an
instantiation and demonstrator of the ICEBERG-PE approach. Moreover, this
chapter provides a profound technical description of the prototype. Besides, this
chapter provides an answer from a technical perspective to the following
research questions, which are showcased and evaluated by the triangulated data

sources in the evaluation chapter next.

1 The CBRCycle and the CBRPE services show how CBR can support the
process execution (RQ3) from a technical perspective, although this is

further evaluated and showcased in the evaluation chapter next.

1 Finally, it is possible to conclude that the ICEBERG-PE server and the GUI

provide an integration of CBR and process execution (RQ 1).

The next chapter describes the overall evaluation of the ICEBERGPE approach

and the prototype as described in this chapter.
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O Eval uati on

This chapter concerns the evaluation of the introduced ICEBERG-PE approach
and the corresponding instanti ation. The chapter starts with a brief description

of the data sources for this evaluation and is followed by the summative

evaluation based on the ICEBERGPE procedure model and a showcased
example using the ICEBERGPE instantiation. Finally, the evaluati on chapter
contains a confirmatory evaluation using two related contexts. Based on this
evaluation, the answers (suggestion) to the research questions of this thesiss

confirmed and concluded in the Chapter 10.

91 Data SouEweael datri on

To ensure the validity of the evaluation,

)/ Summative Evaluation |
,/ | (Primary Datayith ICEBERG

evaluation data source triangulation PE Application Scenariof

has been applied. The data source

’ Method Source \

triangulation of the ICEBERG- ./ iangulatong ranguaton
PE approach, instantiation and
procedure model, as shown /

Confirmatory Evaluation Confirmatory Evaluation
i i i (Firsthand Secondary Datg) (Firsthand Secondary Dat
in Flgure 91’ is ensured by with Results from [sic!] with Results from Learn P

Research Project | oo oo Research Project

methods (method
. . Figure 9.1: Evaluation Data Triangulation
triangulat ion;

demonstration and qualitative interviews), data sources (source triangulation)
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and analysis (analyst triangulation; apart from myself, other research project

members supported the analysis).

The first and most comprehensive evaluation data source is the summative
evaluation based on the ICEBERGPE procedure model and a showcased
example using the ICEBERGPE instantiation, followed by two confirmatory

first-hand secondary evaluation data sources.?First-hand? means that the results
are gathered by the author of this thesis within a project team. Yet this data is
considered to be secondary data becauset was gathered in a different research
project with a similar application scenario. The confirmatory evaluation results

are coming from the [sic!] research project and the EU research project Learn
PAd. This confirmatory evaluation provides additional evidence and

confirmation of the validity of the ICEBERG approach itself , as well asconfirms

that the ICEBERG approach is generalised and transferable to otler contexts.

92 Summative Ev®rwatidoameoModel

This summative evaluation section is based on the ICEBERGPE procedure
model and is showcased using the admission process application scenario. This
procedure model based evaluation and demonstration starts with step 8, the
domain/application ontology, of the ICEBERG -PE procedure model. The
previous steps are described in the application scenario and the previous

chapters.

9.2.1 Domain / Application Ontology

The first step in this evaluation setting is the creation of the domain and
application ontology. This ontology has been derived from the application
scenario, the admission process. This domain/application ontology creation is
done with stakeholder involvement , as suggested in the proedure model. Figure
9.3 shows a visualisation of the domain/application ontology of the admission

process setting called "MSc BIS Ontology". The visualisation only cortains
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elements, concepts and properties from the "mschis" namespace, for readability
purposes. The "MSc BIS Ontology" imports elements from the ArchiMEO
ontology as well, such as elements from the "eo" (Enterprise Ontology), "top"
(Top Level Ontology) and "archi" (ArchiMate) namespaces. The appendix
Listing -Appx 1 contains the complete "MSc BIS Ontology", including its relations
to the ArchiMEO ontology. The "MSc BIS Orology" is interlinked with the
ArchiMEO ontology and contains elements for describing the admission process
scenario, such as the application and the applicant, which may have an academic
qualification and further personal data. Further, the academic qual ification may
be documented based on a certain bachelor degree, which has been awarded by
a university with a certain rating. Such an application ontology can exist
independent from an ICEBERG-based setting. The application ontology and the
ArchiMEO elements represent the enterprise ontology of admission process
entity (the MSc BIS programme) and serve as the basis for the caséased
reasoning characterisation vocabulary. The enterprise ontology does not define
the case characterisation, content and modeliself. This case model definition will
be done by annotating selected elements (classes and properties) of the

underlying enterprise ontology as described in the next section.

9.2.2 Similarity and Adaptation Model

The characterisation is defined by configuring the similarity model. This
configuration can be done by annotating the properties and classes as described
in Section 7.2.2 This configuration can be done using the similarity ontology of
the ICEBERG approach in conjunction with an ontology engineering editor , as
shown in Figure 9.2. The configuration reflects the viewpoint model as described
in Section5.4, which means that each similarity configuration belongs to a certain
case view, concern and finally , role. Figure 9.4 shows a visualisation of the case
model containing the initial case characterisation elements (depicted by the “"case

is characterised by" properties rooting from the admission case) and imported
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elements from the MSc BIS ontology. Listing -Appx 2 represents the case model
itself, which only contains a few elements, such as the case definition itseff (line
24 to 31), the case file items (line 40 to 44), the concerns (line 87 to 96), the initial
case characterisation elements (line 45 to 62) and finally the process execution
elements (line 32 to 39). As mentionedpreviously , the configuration is then done
using the viewpoint model. Figure 9.5 visualises a fragment of the MSc BIS case
similarity model configuration , as completely represented in Listing -Appx 3.
This exemplary similarity model configuration reflects two viewpoints
(eligibility and admission process view). The eligibility view is framing the vi ew
for the interview team and its task for verifying the eligibility of a prospective
student. The admission process view considers the need of the study assistant to
have an overview of the whole admission process since he or she is involved in
the entire process. Figure 9.5 shows how the configuration can be done by
annotating similarity values , such as functions and weights, to properties or

classes.

Figure 9.2: Similarity Model Configuration using an Ontology Engineering Editor (such as the
TopBraid Composer)
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