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Abstract

Enterprises nowadays face multiple challenges while operating their businesses. These
result from the continuous change in the business environment, which has become more
complex and dynamic. Moreover, this environment is influenced by globalization, legal
changes, volatile markets, and technical progress. In this complex business world, the
integration of Business Intelligence (BI) systems in enterprises will help decision-
makers and management by providing them with important information at the right

time, enabling them to react quickly to dynamic changes in the market.

BI has been widely deployed in enterprises in order to help the employees in their
decision-making process at all levels. Statistics from Gartner Group show that
investment in the BI domain has recently been very high. On the other hand, different
studies and market researches show that the pervasiveness and the percentage usage rate
of BI are still very low. The reason behind this is the complexity of the use of BI
systems. Enterprise users often lack the analytical and technical skills required to use
these systems. Business users cannot get the needed information unless they ask for
support from IT or power users. The resulting large number of business user requests

leads to overload at the power users, who have become a bigger bottleneck than before.

To address the above-mentioned issues and to improve the usage rate of BI systems, a
new concept for self-service BI is proposed. Within this system, the knowledge (know-
how) of power users is extracted in form of analysis paths and stored in a knowledge
repository. This knowledge then is delivered to business users in form of
recommendations in real time while they use the BI system. This will enable business

users to get answers about their business questions at the right time.

This research is intended to support business users in enterprises to get the information
they need for their decision-making processes, without relying on the power users. First,
a new architecture of self-service BI systems is conceptualized and developed. After
that, a prototype is implemented as a proof of concept. Finally, in order to evaluate and
validate the benefits of the new architecture for business users, different business
scenarios are demonstrated using the prototype in several enterprises in form of
workshops. Within these workshops, the results are discussed with different BI roles

that include power users as well as business users.
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Zusammenfassung

Heutzutage stehen Unternehmen vor vielfiltigen Herausforderungen in der
Geschiftsausfilhrung. Diese  resultieren aus dem stindigen Wandel des
Geschiftsumfeldes, das komplexer und dynamischer geworden ist. Dariiber hinaus wird
dieses Umfeld durch Globalisierung, Gesetzesdnderungen, schwankende Mirkte und
technischen Fortschritt beeinflusst. In dieser komplexen Geschiftswelt wird die
Integration von  Business  Intelligence (BI) Systemen in Unternehmen
Entscheidungstragern und Management helfen, indem wichtige Informationen zum
richtigen Zeitpunkt zur Verfiigung stehen, um schnell auf dynamische Verdnderungen

im Markt zu reagieren.

BI wird breites weit verbreitet in Unternehmen eingesetzt, um die Mitarbeiter in ihrem
Entscheidungsprozess auf allen Ebenen zu unterstiitzen. Statistiken der Gartner Group
zeigen, dass in der letzten Zeit die Investitionen in den BI-Bereich sehr hoch waren.
Andererseits zeigen verschiedene Studien und Marktforschungen, dass die Verbreitung
und der prozentuale Nutzungsgrad von BI immer noch sehr gering sind. Ein Grund
dafiir ist die Komplexitdt der Nutzung von BI-Systemen. Unternehmensbenutzern
fehlen oft die analytischen und technischen Fihigkeiten, die zur Verwendung dieser
Systeme erforderlich sind. Business User konnen die benétigten Informationen nur
erhalten, wenn sie Unterstiitzung von der IT-Abteilung oder Power User anfordern. Die
daraus resultierende groe Anzahl von Business User Anfragen fithrt zu einer

Uberlastung der Power User, die zu einem groBeren Engpass werden.

Um die oben genannten Probleme zu behandeln und die Nutzungsrate von BI-Systemen
zu verbessern, wird ein neues Konzept fiir das Self-Service-BI vorgeschlagen. In diesem
System wird das Wissen der Power User in Form von Analysepfaden extrahiert und in
einem Knowledge Repository gespeichert. Dieses Wissen wird dann den Business
Usern in Form von Empfehlungen wihrend der Nutzung des BI-Systems in Echtzeit
vermittelt. Dadurch kénnen Business User zum richtigen Zeitpunkt Antworten auf ihre

Geschéftsfragen erhalten.

Diese Forschung soll Business User in Unternehmen dabei unterstiitzen, die
Informationen zu erhalten, die sie fiir ihre Entscheidungsprozesse benétigen, ohne die
Power User einzubinden. Zunichst wird eine neue Architektur fiir Self-Service BI-

Systeme konzipiert und entwickelt. Danach wurde ein Prototyp als Proof of Concept
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implementiert. Um die Vorteile der neuen Architektur fiir Business Usern zu bewerten
und zu validieren, werden verschiedene Geschiftsszenarien anhand des Prototyps in
mehreren Unternehmen in Form von Workshops demonstriert. Im Rahmen dieser
Workshops werden die Ergebnisse mit verschiedenen BI-Rollen diskutiert, die sowohl

Power User als auch Business User umfassen.

1



Table of Contents

Table of Contents
ADSIIACE ...ttt ettt ettt ettt ne e I
ZUSAMMENTASSUNG ....c.venviiiiieiieteteeet ettt ettt ettt ettt et e sttt ese st s enesbeneas 1I
Table Of CONENLS ...c..ueviieiiitiieiieteeet ettt v
List of Abbreviations and ACIONYIMS ........ccceereirerieinirieieenet et VIII
LiSt Of FIGUIES ..ottt X
LSt OF TADLES ..ttt ettt ettt ettt et e b e sne e eneeneas XII
I INErOAUCHION. ...ttt ettt 1
LT MOTIVALION. ¢.ceiteteitete ettt ettt b ettt b et ebe bbb e ebe b eneeneesens 4
1.2 Problem Definition ................ ....6
1.3 Main Research Goal and ObjJectives............ccceoiviiiiiiiiiiininiciinccccceeene 8
1.4 TRESIS SIUCLUIE ..ottt ettt 10
2 Theoretical Foundation and Related Work ..........cccocoviniiinininncninccncccene 12
2.1 Main Approaches of Business INtelligence ...........cccoeeveerenirinenincnenencneenns 12
2.1.1 Business Intelligence Definitions........c.ceceeeveieinienieineniereiecseeeeeee 12
2.1.2 Architecture of Business Intelligence System.............cccooeveinininineccnnnne. 15
2.1.3 Business Intelligence TOOIS.........ccooirieiriinieieiiieieieiee e 17
2.1.4 Dimensional Model...........coeiiiniiiiniiiiniieeeeeeeeeee e 19
2.1.5 Typical OLAP Operations .22
2.1.6 Self Service Business Intelligence ........ .24

2.1.7 Users of Business Intelligence Systems... .26

2.2 Data MINING ....c.ooveiiiiiieiiiiinieiieieseetet ettt ettt sttt sttt 27
2.2.1 Data Mining TeChniqUes ..........ccceoveirieieirieieinieie e 27
2.2.2 Data MiIning ProCeSss ........ccoueiririeiriinieinicietnicteence et 29
2.2.2.1 Data ColleCtioN .........cueuiveeueiiieiciciiieieiieeeeeeeeeeeee s 29

2.2.2.2 Feature Extraction and Data Cleaning.
2.2.2.3 Analytical Processing and Algorithms ...

2.2.3 Frequent Pattern Mining.............

2.2.3.1 Sequential Pattern Mining ...........cocceverveneneneniniinenineneeecseeenens 32
2.3 Knowledge Management .............cceeeerieirienieinienieceieiee ettt 34
2.3.1 Tacit Knowledge vs Explicit Knowledge..........ccooeiririeinineiiieiene 34
2.3.2 The Modes of Knowledge COonversion............cccveeveereieeneieenenseneenene 35
2.3.3 Knowledge Transfer Model
2.4 RecOMMENAET SYSLEIMS. ....ccuirieuiitiieiieteieteetet ettt ettt sttt etesae e eeeseeneeeens
2.4.1 Goals of Recommender SYStemS..........ccocevueieririeieiinieiererieeeresieeeeeieeene 37
2.4.2 Types of Recommender SYStemS .........c..cccveirireinineieineieeneeeseneene 38
2.5 Related WOTK ....c.cooviiiiiiieiiiiccccee et 40
2.5.1 Knowledge-based Business Intelligence for Business User Information Self
SEIVICE ...cuiitiiiietctretet ettt ettt 40



Table of Contents

2.5.2 Distribution of Business Intelligence Knowledge............ccceoereiriniecnnne. 40
2.5.3 Recommender System’s and TEL’s Related Work...........ccooeivieieininnnns 41
2.6 SUIMIMATY ...ttt ettt sttt ettt a ettt eb et ebeees 43
3 Research MethOdOIOZY ......cc.eeieieriieiieieiese ettt 44
3.1 INtrOQUCHION. .....cviiiiiiiiiicccce e 44
3.2 Design Science Research in Information Systems ...........ccccceueueeee .45
3.3 Guidelines for Design Science in Information Systems Research ...................... 48
3.4 Memorandum on Design-Oriented Information Systems Research.................... 50
3.5 SUIMIMATY ..ottt ettt ettt ettt b et e e be b e e bt estebesbeebeeneensenaeee 52
4 System Requirements and Conception of the New SSBI Architecture....................... 53
4.1 Basic Idea and Knowledge Flow
4.2 System ReqUITEMENTS ........cceoieuirieieiiiieieiieieiet ettt
4.2.1 General Requirements of the Main Concept ...........cceeveeereieninienieenienns 55
4.2.2 Requirements of the Extraction of PUs’ Knowledge ........c.ccooeeveiriniene 55
4.2.3 Requirements for Applying or Transferring of Knowledge to BUs........... 56
4.3 Analysis of Available BI Systems and the System Choice for this Research .....56
4.3.1 Selection Model of BI SYStemS.........ccevieuirieirieieiieieieieeieie e 57
4.3.2 Evaluation of BI SyStems...........ccceciviiiiiininiiiiicirecceceeeeeeeeeenne 59
4.4 Conception of the New SSBI Architecture...........cocecevvevieinieninineneineecneee 62
4.4.1 Tracing Module .........ooeiiiriiiiiieee e 64
4.4.2 Analysis Module .........c.cccceee. .65
4.4.3 Knowledge Repository Database ...........coevveererieiinienieinienieeseecsceeee 66
4.4.4 Recommender SYSTEIM .. ....ccueiruirieiririeieiinieiceieteic ettt 66
4.5 Knowledge Transfer Model Workflows ..........cccoueiiinieiiinieiinieneicceceeee 67
4.5.1 Power User Knowledge EXtraction ...........cccocueeievenieinienieenienieinieieeeienene 67
4.5.2 Analysis Path Recommendation for Business Users............c.ccccccoeeuiunnnn. 68
4.0 SUIMIMATY ...ttt ettt ettt ettt ettt s bt et e e st bt et et et e sbeebeensensenneas 69
5 Knowledge Transfer based Self-Service Business Intelligence ............ccccoeevenenncnne. 70
5.1 Tracing MOQUIE ......c.ooviiiiiiiiieiiiee ettt et 70

5.1.1 Types of User Interaction Data ..
5.1.2 Data Collection in Human-Web Interactions Domain ..

5.1.2.1 Server-Side Data Collection.. .72

5.1.2.2 Client-Side Data ColleCtion...........c.cccvueueuerinieueeeneereeninereeneieneenen 73

5.1.3 Analysis Phase........ccooeiiirieiiiieieieeee et 73
5.1.3.1 Analysis of Logging Mechanisms...........cccccecevereninenciencncnennenn 74

5.1.3.2 Analysis of User Interfaces ...........cccoceveereneninenenncnencsceeene 75

5.1.4 Conception of the Tracing Module ...........ccecereiiinieiinineieeeee 80
5.1.4.1 User Interactions Catalog ..........c.ceeveieverieieenieieenieieieieeeeeieens 81

5.1.4.2 Requirement Definition .........c.coceeveiveniciineneincncncnceeesceeenne 82

5.1.4.3 Tracing Module Architecture ...........cccocevuevirenieeneneesieceeece 83

5.2 Analysis Module and Sequential Pattern Algorithm ............ccccooeeiiiniiinincnnn. 87

v



Table of Contents

5.2.1 Problem Formulation of Analysis Module............cccceoeiriiiininininee 88

5.2.2 Phases of the Analysis Module ...........ccoooieiiiniiiiinieiiieecee 91

5.2.3 Factors Catalog of Analysis Module...........c.ccooeioniiiinininniiien. 93
5.2.3.1 Preparation of the Input Data (Phase 1) ........ccccceveveinenerincneens 94
5.2.3.2 Configuration of the Algorithm (Phase 2).........cccccceirievininieennne. 95
5.2.3.3 Algorithm Execution (Phase 3) ........cccoceoeveneniriininniincnieincneene 97
5.2.3.4 Post-Preparation of the Resulting Patterns (Phase 4).........c..c.c..... 98
5.2.3.5 Storage of Analysis Paths (Phase 5)....

5.2.4 Requirements of the Analysis Module...........cccoceeveceniniinincincnccnene.

5.2.5 Design and Conception of the Analysis Module.............ccccceecvrieinnnnee 102
5.2.5.1 Model-View-Controller Design Pattern ...........c.ccooeveeneinennene. 102
5.2.5.2 Analysis Module Architecture...........cccoeveirenniiinieicieceee 103

5.3 Knowledge Repository .........cccceeeveinuennnne.
5.3.1 Knowledge Repository Representation Schema

5.3.2 Domain Knowledge... ..107

5.4 RecoOMMENAET SYSLEIM .....eeuiiiiiiitiieietiietieteiei ettt ettt eee 107

5.4.1 Requirement Definition.........cccveruereruieierienieseeiceieeeeeecee e 108

5.4.2 Recommender System ATChiteCtuIe..........ccevuevrerieirenieerenieencneceeenes 109

5.4.2.1 Presentation Layer.........cccoevevirinieininieiecneeeseeeeeeee s 110

5.4.2.2 Application LAYer ..........cceiiiirieiieiiieiieieieeeieee e 111

5.4.2.3Data LaYer .....ccoviriiiriiieirieniceeieeeeeeseee s 115

5.5 SUMMATY ..ottt ettt ene 116

6 Prototypical Implementation and Evaluation ..............ccccccoeeeiinniinncinnncenn 117

6.1 Implementation Aspects of the Prototype... 117

6.1.1 Tracing Module (BI-Tracer)...........c......... 117

6.1.1.1 Implementation and Technologies .. ...118

6.1.1.2 Mapping of Interactions Catalog...........ccccceevereirineinincnneneene. 119

6.1.1.3 Prototype of Bl Tracer........ccceovvirieirenieieineinceeceee e 119

6.1.2 Analysis MOAUIE .......c.cooeiiiiiiiieciee et 120

6.1.2.1 Component Interactions of the Analysis Module......................... 121

6.1.2.2 Parsing the Trace Files .......c..coceciniiiininieinincnceecccceee 122

6.1.2.3 Process Flow of the Analysis Module Prototype ..........ccccoeueueee. 123

6.1.3 Knowledge RePOSItOrY ......cooveuieiiieiieiiieieieieteieeeeie et 124
6.1.3.1 Storing the Analysis Paths with their Metadata in the Knowledge

REPOSIEOTY ...ttt 124

6.1.4 Recommender System...........ccccoeveeerueiecnuennnne. ....126

6.1.5 Datasets Used for Building Business Scenarios. ...128
6.2 EVAIUALION ....cuiiiiiieiiriee ettt 130
6.2.1 Functional Evaluation ...........c.coceoeririninniniineecceeceeeeeeeee 131
6.2.2 Use Case Evaluation.........c.cccovueeeireuciiinieieinineiceneneiceseievceseene e 135
6.2.2.1 Industry Partners for the Evaluation of this Research.................. 136
6.2.2.2 Feedback and Discussion of the Expert Interviews
6.2.2.3 Implications for the Partner Companies ...........cccceveeerenieeenennene.

VI



Table of Contents

6.2.2.4 SSBI Application GUIdance ............ccoeereeirienieieenieiereeeeeeeenes 145
6.2.3 Argumentative Evaluation.............ccccevinieiieiniininceeeeeeeee e 153

6.2.4 Utilization of Knowledge-based Recommendations in Smart Cities
APPIICALIONS ..ottt 153
6.2.4.1 Problem Definition .........c.coeueeririeueoeninicieinieiecnce e 154
6.2.4.2 SMATt CILIES ..veveniiirtiieirtetcerteste ettt 156
6.2.4.3 Architecture for Enabling and Adopting of Smart City Applications
...157
..................................................................................... 160
............................................................................................................ 161
7 Conclusion and OUIOOK ...........coeieiriiiiniiiirccce e 162
7.1 Summary of the Research..........ccoeoiiriiiiiniiiiiic e 162
7.2 OULIOOK ..t e 163
RETETEIICES ...ttt 165
PUDLICALIONS ...ttt ettt ettt ettt 181
AAPPEIIAIX ..ottt t bbbttt b et b b et et bt enas 182
A. Excerpt of User Interactions Catalog..........coceeieieriereeiienienieeeeeesee e 182
B. Questionnaire-based Expert INterview ..........c.cccoceivivviiiniiiininicinecceeene 184

VIl



