Table of Contents

ADSHACL......cuceeneneieicicicnereeerene |
Zusammenfassung ... LW
Table of Contents .........ccoeecevreruiiennns IV
List of Abbreviations and ACTONYIMS ......c.cccouvueuiirinuiriiniiiiinniciseneeesesesssssaesessas VIII
LSt Of FIGUIES..c...vveniitencirecicceneictteecntees s s s b bes X
LiSt Of TabIES ....cuvviieniiiieiictettrcc e XII
1 INtrOAUCHION. ....cuiiiiciiicicte ettt 1
L1 MOBIVALION. ..ttt ettt ettt b e st b e be s b bt a b n e s sanenea 4
1.2 Problem Definition .........ccoceueurieirieinininieiniiiiiciiiice s 6
1.3 Main Research Goal and ObjJectiVes.........c.ceueueuererurucuerinreucnceiniecineneseisenesesinenen 8
1.4 TheSiS SIUCLUTE .....evvireiriiieieeieeteteeteee ettt et sse s s esesaesbesbe s s s sae s saens 10

2 Theoretical Foundation and Related Work...........ccoeeviviniiniiiinniciniicccccncicnnns 12
2.1 Main Approaches of Business Intelligence ............ccccevvvurrccevniiiiniereninienenennne. 12
2.1.1 Business Intelligence Definitions...........cccoeveiviiiinininiccininnnnennnen. .12

2.1.2 Architecture of Business Intelligence System..........ccocevievvieninne. .15

2.1.3 Business Intelligence Tools......c.ccccevvveerunnnee .17

2.1.4 Dimensional Model.........covueirieirieerieenininiinieie i 19

2.1.5 Typical OLAP OpErations..........ccccceeueueueucueunriunseresniesesesesesesesesesesesesesssesnes 22

2.1.6 Self Service Business Intelligence ..........c..cocvevuviviiiiiinininininenncieenns 24

2.1.7 Users of Business Intelligence Systems.........c.coceevcecvicrecrninnecrninninennnnns 26

2.2 Data MINING ...c.cvevieeveieieieieieieieieieieieeeteteseeeietssssiss s ssss s s 27
2.2.1 Data Mining TeChNIQUES ........cccoceureerviicuiiiiiiiiieieeseeeese e 27

2.2.2 Data Mining ProCess .........cccccevveuecrininiecniniiniiininncesisiessese e sesesens 29

2.2.2.1 Data CollECtiON ......cveveeeeeieieeieeieicteeerceeee ettt eseaeaeseees 29

2.2.2.2 Feature Extraction and Data Cleaning............c.cccoceuvuvururennnnniennnnnn 30

2.2.2.3 Analytical Processing and Algorithms ..........cccceeviviviiinininininnnnnnn. 30

2.2.3 Frequent Pattern Mining..........cccoveiviviininininiininienesessssneesssseenenes 30

2.2.3.1 Sequential Pattern Mining..........cccocecvvvivininineninneininnniisssssnnennns 32

2.3 Knowledge Management .............oocviiiiiininiiiienesessss e sssssseseseseseees 34
2.3.1 Tacit Knowledge vs Explicit Knowledge...........ccoovvvvruniininrireeneninnenenne. 34

2.3.2 The Modes of Knowledge COnversion............ccocveevruciviiunrinrereennsseresennnns 35

2.3.3 Knowledge Transfer Model ..o 36

2.4 RecommENder SYSLEIMS. ....couoveveeririereiririieiierisisieieiesssese st sse s ssssesasesasesssseseses 37
2.4.1 Goals of Recommender SYStemS...........cccovvuruereiniirieninieeesseneeeesisieenenes 37

2.4.2 Types of Recommender SYStemS .........cccoeeueueueueieeeinneeseieseisisisssisencnes 38

Bibliografische Informationen ‘E
http://d-nb.info/1194486002 digitalisiert durch 1
BLIOTHE



http://d-nb.info/1194486002

Table of Contents

2.5.2 Distribution of Business Intelligence Knowledge...........ccoovvvvverrrrvvec 40
2.5.3 Recommender System’s and TEL’s Related Work..........cc..covvvurrverruennens 41
2.6 SUIINATY ......ooevrreiniareeie s eeeeeseseeeese s eas e seas s seeseessessasesssssaseesanes 43
3 ReSarch MethOOIOZY .........vevuerveveeeiieeeeeeeeeee e eeeee e ees e e eeeeeeseereseeseeeeeeee 44
3.1 INETOQUCHON........coeceerten et se s ssesseessseees 44
3.2 Design Science Research in Information SyStems .............oo..coverveereereeneenrvenen. 45
3.3 Guidelines for Design Science in Information Systems Research ...................... 48
3.4 Memorandum on Design-Oriented Information Systems Research.................... 50
3.5 SUMMALY ..ottt ettt se st s s s st eenaees 52
4 System Requirements and Conception of the New SSBI Architecture....................... 53
4.1 Basic Idea and Knowledge FIOW ..........cccevevueruervenneceeciensinsensiessee s sessessessenons 53
4.2 System REQUITEIMENLS .........ccrururierrerrerieriereessessesssesaesees s sessesaesss s seseeseseasees 55
4.2.1 General Requirements of the Main Concept.............c.cooeveveveerevrerererrenncnnnn. 55
4.2.2 Requirements of the Extraction of PUs’ Knowledge ...........cc.coocuvvmruenee.e. 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
4.3.2 Evaluation of BI SYStemS........c..ceeeveurrureenirnrnninininsresesiessssssesseseseesse e e
4.4 Conception of the New SSBI ArChiteCture............oevrvereereeverrrrerssersecerseseeseeeanens 62
4.4.1 Tracing MOQUIE ......coovouivereeereecteeeeee ettt eenas 64
4.4.2 Analysis MOGUIE ......c.ccccoueuiiririniiieeeietee et 65
4.4.3 Knowledge Repository Database .. ....66

4.4.4 Recommender System...................

4.5 Knowledge Transfer Model WOrKfIoWs.............ccovoveruruevererevevererceerevereeersnscenens 67
4.5.1 Power User Knowledge EXtraction............coceceveueeeeieineneseneeeeerenssssssnnnnas 67
4.5.2 Analysis Path Recommendation for Business USers............c.cccccererrrrnennnes 68

4.6 SUIMIMAIY ....o.oiiviiiiiiiiciisice ettt sttt se ettt sessesessesessnsnans 69

5 Knowledge Transfer based Self-Service Business Intelligence ............ccocoveeeevernunne 70

5.1 Tracing Module .........cccouvivieieeirinirineeeeireeee e nes
5.1.1 Types of User Interaction Data
5.1.2 Data Collection in Human-Web Interactions Domain...............cccoeveenneneene 71

5.1.2.1 Server-Side Data Collection..........c.coccururerueueerireerererenneresaesererenenns 72

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

5.1.3 ANalysis Phase.........cooeueueiiuririniiicieieriinenccciceieeeietseseeseeesesessssssesesssenns 73
5.1.3.1 Analysis of Logging Mechanisms...............ccccovuveecicrcnrcrninnnccenns 74

5.1.3.2 Analysis of User Interfaces ..........cccovuruevevceriruneenencrenineecrencrnnnnnns 75

5.1.4 Conception of the Tracing Module ........ccoceeveeviienrenenineninininereneennes 80
5.1.4.1 User Interactions Catalog ...........ccoevuivviriniiiiciccrennieenineiceneeenns 81

5.1.4.2 Requirement Definition ..........cccceiviviniriiiiiinininiccccnieeeeccceneenn 82

5.1.4.3 Tracing Module ArchiteCture ..........cccceeveuevieeeeeenennennenienennenenes 83

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

\%



Table of Contents

5.2.1 Problem Formulation of Analysis Module.............cococeuemivceiuiierceciennnee. 88
5.2.2 Phases of the Analysis Module ..........cccccoevevininrevieeneeeeeeceereeeeenne 91
5.2.3 Factors Catalog of Analysis Module............coeuvverereerereeeeireececceeececeeaes 93
5.2.3.1 Preparation of the Input Data (Phase 1) .......cc.ccccevuerevererererrrennnne. 94

5.2.3.2 Configuration of the Algorithm (Phase 2)...........ccceevevereevererennnee.. 95

5.2.3.3 Algorithm Execution (Phase 3) ........cccccouveverriereerenecreeeeereeeeenen 97

5.2.3.4 Post-Preparation of the Resulting Patterns (Phase 4)..................... 98

5.2.3.5 Storage of Analysis Paths (Phase 5).....c..cccccecvevererenreecenncrereiennnen. 99

5.2.4 Requirements of the Analysis Module..........ccceceverruereevineeecerercreeen. 100
5.2.5 Design and Conception of the Analysis Module............cccevvererererererenens 102
5.2.5.1 Model-View-Controller Design Pattern ............cocceuveeeurunierunenenns 102

5.2.5.2 Analysis Module Architecture.............cooevereriirererenrsneneeressnnnnnne 103

5.3 Knowledge REPOSILOTY ........coceevirieeririreiinireierieiseesessesesssssssssssssssssssssssenes 105
5.3.1 Knowledge Repository Representation Schema...........cccocoerevereverenernnen. 105
5.3.2 Domain Knowledge.........c.cocoeeueemirieieiiceeneeeeesseeteeseesesesesesenens 107

5.4 RecoOmMMENdEr SYSEIM .....c.eveurrrereierirerieerisieesesieseeesaeseessesesessesesesssesesessssnes 107
5.4.1 Requirement Definition.................. ....108
5.4.2 Recommender System Architecture... ....109
5.4.2.1 Presentation Layer............... ....110

5.4.2.2 Application Layer..... 111

5.4.2.3 Data Layer............ ...115

5.5 SUMIMALY ...coovevieiieiiicniirieeeeetre ettt see sttt et et et eb et sesesteseses e esaesesentssesesesensns 116

6 Prototypical Implementation and Evaluation ............cccccceceeueueneerenuerennenisnniennenenns 117

6.1 Implementation Aspects of the Prototype.........cccoceveueererineeerereeerenneneerennenenes 117

6.1.1 Tracing Module (BI-TTACET).......c.ccvruererenieirieeiereeesesesesesseseesssesesesesnens 117

6.1.1.1 Implementation and Technologies .............cccoceueveerurinerereniererreenns 118

6.1.1.2 Mapping of Interactions Catalog...........ccoeveveerirreeeerenereerereninennen 119

6.1.1.3 Prototype of BI TTaCET......c.cccouveruriririeieierieieerieieeesseseeesesaevenas 119

6.1.2 Analysis MOAUIE ..........cceieuiieirieiiicieee ettt 120

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

6.1.2.2 Parsing the Trace Files ......c..cccoecreeveeireicneeeereeeeeeeee e 122

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

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

REPOSIEOTY....ceciiieiiiiieieicttrieteentee ettt ettt 124

6.1.4 Recommender SYStEIM.......c.ccceueueuirinieueuirerecrerinrereseeriesereesseseseesesseseseenee 126

6.1.5 Datasets Used for Building Business Scenarios............ccccoeveeecrrererennnnen. 128

6.2 EVAlUALION ......ouiuiiiciiiiiiiecctrice ettt ettt ettt ee 130

6.2.1 Functional EValuation ...........ccccceeueueueueinuerererenereeeeeieieseseieseeeseseseseesesssens 131

6.2.2 Use Case Evaluation..........ccceueueeririereeniniecninieeecrtneereeeseseesesenssesesessennne 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...................... 140

6.2.2.3 Implications for the Partner Companies...........cccoceeverercruerevecsnnns 142

VI



Table of Contents

6.2.2.4 SSBI Application GUIdanCe ............cceereeeeeecmevemeneueinuenscseesnnsenenes 145
6.2.3 Argumentative EValUuation.............cccoveveverevereeneeereiesennesiessessssessssnensnens 153
6.2.4 Utilization of Knowledge-based Recommendations in Smart Cities
APPLCALIONS ....eeeevvrececeeve ettt eae st s ss s s s s s anss s sesesene 153
6.2.4.1 Problem Definition ... ...154
6.2.4.2 St CItIeS ....cucvueneeececieiceetei ettt eeereesese s s ssesenne 156

6.2.4.4 Discussion

6.3 SUIMMATY .....ooviiiieiiereininietiesie ettt be sttt ettt se bbbt eseaesesens
7 Conclusion and OULIOOK .........c.cccucueueurieerinieericieineeeeise s eeseaeeeeseeeseescsensens 162
7.1 Summary of the ReSEarch............cccevueieivieirereieeeeeieieisienieee e enens 162
7.2 Outlook
REFEIEIICES ...ttt ettt s s setoes
PUDLICALIONS ..ottt ettt sttt s et sesases
APPENAIX ..ottt bbbt 182
A. Excerpt of User Interactions Catalog..........ccceveveveeeereereeueereresreneseeenenecesensesenene 182
B. Questionnaire-based EXpert INTEIVIEW ........cc.oueveueueeniniereieuenirinieeeeeeeneieeenensesennee 184

VII



