Contents

Chapter 1
Advanced Modelling Paradigms in Data Mining ................ 1
Dawn E. Holmes, Jeffrey Tweedale, Lakhmi C. Jain
1 Introduction .........c.oiiiiiiiiniinin it iiinaninnes 1
2 Foundations ..........coiiiiiiiiiiiii i i i 1
2.1  Statistical Modelling . ......... oo, 2
2.2  Predictions Analysis ........oiiiiii it 2
23 DataAnalysis.......cooiiiiiiniin it 3
2.4  Chains of Relationships ........... ... ... oLl 3
3 Intelligent Paradigms ......... ..o, 4
3.1 Bayesian Analysis .........oviiiiiniiii i 4
3.2  Support Vector Machines..............ccvveiennn... 4
33 Learning ......covniiiiiiii i i e i e, 5
4  Chapters Includedinthe Book ............. ... ... .. ... 5
5  Conclusion ........couiiiiiiiiii i i et 6
References . ...t e e e 7
Chapter 2
Data Mining with Multilayer Perceptrons and Support Vector
Machines . .....oiniiiii i e e ettt 9
Paulo Cortez
1 Introduction ........ooeeiiineiin it iiiiiieriieeanenans 9
2  Supervised Learning ...................... e 10
2.1 Classical Regression .................. .o it 11
2.2 Multilayer Perceptron...........cooiieiieniinn... 11
2.3  Support Vector Machines..............coooiinann.. 13
3 DataMining ....coconnniiiiiiiiiiii ittt 14
3.1 Business Understanding ..............ooooiiiiiit, 14
3.2 DataUnderstanding . ............coiiiiiiiiiii... 14
3.3 DataPreparation..........cooiiiiiiiiiiiiiiiii... 15
34 Modeling ... ooueeieinniii ittt 15
35  Evaluation ..........iiiiiiiiiii i 18
36 Deployment .......couiiiiiiiiiiiiiiiiiiiieiiinn, 18

|
Bibliografische Informationen digitalisiert durch E A |1_E
http://d-nb.info/1013510593 PB IOTHE


http://d-nb.info/1013510593

VIII  Contents

4  Experiments .........oeiiiiiiriiiiii it 19

4.1  Classification Example . ............ ...t 19

42 RegressionExample ...........c.oiiiiiiiiiiii., 21

5  Conclusions and Further Reading........................... 23

References ... ..ottt i i i i e, 23
Chapter 3

Regulatory Networks under Ellipsoidal Uncertainty — Data
Analysis and Prediction by Optimization Theory and

Dynamical Systems ............c.iiiiiiiiiiiiiiiii ittt 27
Erik Kropat, Gerhard-Wilhelm Weber, Chandra Sekhar Pedamallu
1 Introduction ...t iin i e 27
2 Ellipsoidal Calculus....... ... i 30
2.1  Ellipsoidal Descriptions ........... ... ..., 30
2.2  Affine Transformations............coviiiiiienenn.. 31
2.3 Sums of Two Ellipsoids .............. oo, 31
24 Sumsof K Ellipsoids .........c.coiiiiiiiiinii., 31
2.5  Intersection of Ellipsoids .......... ...t 32
3  Target-Environment Regulatory Systems under Ellipsoidal
Uncertainty . .....ooviiiii i it i 33
3.1 The Time-Discrete Model ............. ... ... .. ... 33
3.2 Algorithm .......coiiiii i 37
4  The Regression Problem......... ..ot 40
4.1 The Trace Criterion ...........ceeeereennrnananeanns 43
4.2  The Trace of the Square Criterion .................... 43
4.3  The Determinant Criterion .......................... 44
4.4  The Diameter Criteriont ...............oooiii... 44
4.5 Optimization Methods ........... ... .. iiiin, 45
5  Mixed Integer Regression Problem.......................... 47
6 Conclusion . .......coieiiiiiiinnnieie i 49
References .....oooiiiiiiiiiii it et ie it 50
Chapter 4
A Visual Environment for Designing and Running Data
Mining Workflows in the Knowledge Grid ...................... 57
Eugenio Cesario, Marco Lackovic, Domenico Talia, Paolo Trunfio
1 Introduction ...... ...t i e 57
2 The Knowledge Grid .. .........cooi i, 58
3  Workflow Components .........cocoiiiniiiiiiiiiiiniennn. 60
4 TheDIS3GNO System .. ..ccoviiiinine i iiieniinaaneann 63
5 Execution Management ..............c.iiiiiiiiiiinaen.n, 65
6 UseCasesand Performance..............coivviiieninnnn. 67
6.1  Parameter Sweeping Workflow ....................... 67

6.2  Ensemble Learning Workflow .......... ... . ... .. ... 70



Contents
7 Related Work ... ... e i
8  Conclusions. .....ooviveiir ittt e
References .......cuniiiiiii i i i e e
Chapter 5
Formal Framework for the Study of Algorithmic Properties of
Objective Interestingness Measures .................coviiiiunn..
Le Bras Yannick, Lenca Philippe, Stéphane Lallich
1 Introduction ..........coiiiiiiiniiiiniiinineennennenns
2  Scientific Landscape .. .....ciiiiii i
201 Database........iiiiiiiii i i et
2.2 AssociationRules .......... ... .. i,
2.3  Interestingness Measures ...............coiiiiin.,
3 A Framework for the Study of Measures.....................
3.1 Adapted Functions of Measure .......................
3.2  Expression of a Set of Measures ......................
4  Application to Pruning Strategies .............. ... ... ...
41  All-Monotony .......ooueiiiiiniiiiiiiiiniaiaean.
4.2  Universal Existential Upward Closure .................
4.3  Optimal Rule Discovery ...........cooiviiiiiiiionn.
4.4  Properties Verified by the Measures...................
Conclusion . ...t e e
1) 053 L LT
Chapter 6

Nonnegative Matrix Factorization: Models, Algorithms and
Applications ....... ...ttt i i e
Zhong-Yuan Zhang

1
2

Introduction ...t e
Standard NMF and Variations ..................o.ooii.n.
2.1 Standard NMF . ......ooiii ittt
22 Semi-NMF ([22]) ....cooviii
2.3  Convex-NMF ([22]) .. .oovviiiii
24  TH-NME ([23]) . cee i
25 Kemel NMF ([24]) ..ovnviiiiiiii e
2.6  Local Nonnegative Matrix Factorization,

LNMF ([25,26]) .. oovviieiiii e
2.7  Nonnegative Sparse Coding, NNSC ({28})..............
2.8  Spares Nonnegative Matrix Factorization,

SNMF ([29,30,31]) v vvvvieeini i e
2.9  Nonnegative Matrix Factorization with Sparseness

Constraints, NMFSC ([32]) ..o,
2.10 Nonsmooth Nonnegative Matrix Factorization,

psNMF ([15]) ..o e

2.11 Sparse NMFs: SNMF/R, SNMF/L ([33]) ..............



X Contents
2.12 CUR Decomposition {[34])......... ..ot
2.13 Binary Matrix Factorization, BMF ([20,21]) ...........
3 Divergence Functions and Algorithms for NMF...............
3.1 Divergence Functions ...........coiiiiiiiiiiinn.,
3.2  Algorithmsfor NMF ... ... . ... .o i ..
4  Applications of NMF . ...ttt iinaeennn.
4.1 Image Processing ............ ...,
4.2  Clustering ... i e
4.3  Semi-supervised Clustering ................ccooonn...
44  Bi-clustering (co-clustering).....................u...
4.5  Financial Data Mining . ....... ... ..o,
5  Relations with Other Relevant Models ......................
5.1  Relations between NMF and K-means ................
5.2  Relations between NMF and PLSI....................
6  Conclusions and Future Works ...,
ApPendix ..o ve i e e e et
References . ...t e
Chapter 7
Visual Data Mining and Discovery with Binarized Vectors . .....
Boris Kovalerchuk, Florian Delizy, Logan Riggs, Evgenii Vityaev
1  Introduction ........... .ot e
2 Method for Visualizing Data ................ ...,
3  Visualization for Breast Cancer Diagnistics ..................
4  General Concept of Using MDF in Data Mining ..............
5  Scaling Algorithms ........... ... .. i
5.1  Algorithm with Data-Based Chains ...................
5.2  Algorithm with Pixel Chains.........................
6  Binarization and Monotonization ............ ... ... ...
7  Monotonization ........... . i e
8  ConClusion ... ....c.iiiuiiie i it e
References ... .o i i e e
Chapter 8

A New Approach and Its Applications for Time Series

Analysis and Prediction Based on Moving Average of
nth-Order Difference ...............cvuiiiiniiiiiiiiiiaiaaaenan..
Yang Lan, Daniel Neagu

1
2
3

4

Introduction . ..... ... i et
Definitions Relevant to Time Series Prediction ...............
The Algorithm of Moving Average of nt*-order Difference for
Bounded Time Series Prediction................ ..t
Finding Suitable Index m and Order Level n for Increasing

the Prediction Precision . .........c.coiiiiiiiiiii ...
Prediction Results for Sunspot Number Time Series ..........



Contents

6  Prediction Results for Earthquake Time Series ...............
7  Prediction Results for Pseudo-Periodical Synthetic Time
LS 1= e
8  Prediction Results Comparison........... .. ... eiiea. ..
9 ConCIUSIONS . . .ottt e e e
10 AppendixX . .coivniniii i e e e
References ....oooivviii i i e i e e
Chapter 9
Exceptional Model Mining ........... ... ... ... .. i L.
Arno Knobbe, Ad Feelders, Dennis Leman
1 Imtroduction ............. ittt it
2  Exceptional Model Mining ........c.oocviinnnnnennennnnn.
3 Model Classes . .o ovnr e e iieiie i iie it ieeaetienenennenns
3.1 Correlation Models ........... ...t
3.2 RegressionModel ......... ... il
3.3 Classification Models ..........ccooiiiiiiininennn..
4 EXperiments .....ooeuiiiiin i iie ittt
4.1  Analysisof Housing Data.....................oooht.
4.2 Analysis of Gene ExpressionData ....................
5  Conclusions and Future Research ...........................
References . .....ooiiiiiii it i it e e e
Chapter 10
Online ChiMerge Algorithm ......... ... .. ... ... .. .. ... ...
Petri Lehtinen, Matti Saarela, Tapio Elomaa
1 Introduction ..........cooieiiiieiniiiiiieeiinennennnenns
2 Numeric Attributes, Decision Trees, and Data Streams ........
2.1  VFDT and Numeric Attributes ......................
2.2  Further Approaches ..........c.coiiiiiiiiieninn..
3 ChiMerge Algorithm ........ ... il
4  Online Version of ChiMerge................oiiiiiiiinnna...
4.1  Time Complexity of Online ChiMerge.................
4.2  Alternative Approaches ........... ... ...,
5 A Comparative Evaluation ...................cciiniinaan..
6  Conclusion .......couiiiiiiiii it et
References . ...ooiiiiiiiii i i i i e e et e e
Chapter 11
Mining Chains of Relations .............. ... .. .. ool

Foto Afrati, Gautam Das, Aristides Gionis, Heikki Mannila,
Taneli Mielikdinen, Panayiotis Tsaparas

1
2
3

5917 0076 40 (o175 (o)« N AN
Related WorK ..ottt e e e e it et e iaeaas
The General Framework .. .o oo oo in i iie it ien i ieieinane,

X1



XII

Contents
3.1 Motivation .....viviiiiiii ittt et i e e 222
3.2 Problem Definition .......ccoiiiiiiiiiiiiiinn.. 223
3.3  Examples of Properties............... ..o oL 225
3.4 Extensions of the Model.............. ... .. .. ...... 227
4 Algorithmic Tools ...ttt 229
4.1 A Characterization of Monotonicity................... 230
4.2  Integer Programming Formulations ................... 231
4.3 Case Studies . .. ..o it 233
5  Experiments ...........i it i e 238
5.1 Datasets . ..ottt et e e e it e 238
5.2 Problems . ..o ov it e e e e e 239
6 ConCIUSIONS . o v ottt e et e e e e e 241
Referemees .o ovi it i e e e e e 243

Author Index. ... e et 247



