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Abstract

This thesis deals with the development of novel algorithms for the problems of binary and
multiclass classification. These algorithms are in the support vector machines framework,
which aims at minimizing an upper bound on the generalization error through maximizing the
margin between two disjoint parallel hyperplanes. Support vector machines (SVM) have
emerged to become a powerful paradigm for pattern classification in recent years. The
proposed algorithms in this thesis aim at fast training, knowledge incorporation and fast

testing of SVM and its variants.

Two formulations namely smooth twin SVM and least squares twin SVM have been
proposed to speed-up the training of twin SVMs. Twin SVM is a recently proposed variant of
conventional SVM that does binary classification using two non-parallel hyperplanes and has
received increased attention because of improved generalization and reduced computational
complexity. In smooth twin SVM and least squares twin SVM we attempt to solve primal
quadratic programming problems (QPPs) instead of dual QPPs usually solved in twin SVM.
Smooth twin SVM solves the primal QPPs by converting them into smooth unconstrained
minimization problems using Newton-Armijo algorithm. Least squares twin SVM solves the
modified primal QPPs as systems of linear equations. Both algorithms achieve significant
speed-up in training when compared to twin SVM. Applications to text categorization have

been reported with least squares twin SVM.

The problem of incorporating prior knowledge into SVM variants based on two non-parallel
hyperplanes has been addressed in the proposed knowledge based twin/least squares twin
SVM formulations. Here prior knowledge in the form of multiple polyhedral sets, each

belonging to one of the two classes is introduced into twin/least squares twin SVM



formulations with the use of theorems of alternative. Both formulations are capable of
generating non-parallel hyperplanes based on real-world data and prior knowledge.
Computational comparisons on applications such as breast cancer diagnosis and DNA
promoter recognition demonstrate the versatility of the proposed algorithm over other

existing approaches.

A novel idea is the introduction of hybrid SVM based decision tree classifiers to speed-up
testing of binary and multiclass SVMs. Here, using probabilistic outputs of binary SVM
classifiers, two algorithms namely decision tree based one-against-all for multiclass SVM
classification and hybrid SVM based decision tree for binary classification have been
proposed. Both algorithms reduce the average number of binary SVMs to be evaluated in
classifying a test dataset and thereby decreasing the testing time. A threshold parameter
introduced based on probabilistic outputs of binary SVM acts as a trade-off parameter
between classification speed and accuracy. Extensive computational comparisons show the

remarkable reductions achieved by both these algorithms.



Contents
Certificate . . ... ... .. i e e e
Acknowledgements . .. ........ ... ... ... e
ADStract . . ... e e e e
Contents . ... ... i e e
Listof Figures . . .. .. ... i e e e e
Listof Tables . .. .. ... ... ... i it
1. Introduction
LINOAONS . o vttt ettt it et e
1.2 Support Vector Machines . .. ...ttt
1.3 Generalized Eigenvalue Proximal Support Vector Machines . ..............
1.4 Twin Support Vector Machines . . ..............oiiiiniiinenennn...
1.5 Multiclass SVM Classification . .. ............co ...
1.6 Text Categorization using SVMS . .. .. ..ottt
1.7 Decision Trees . . .o oo ittt e i e
1.8 Thesis StrUCtUIe . . . . .ottt i et e
2. Smooth Twin Support Vector Machines
21 Introduction . . .. .o ottt e e
2.2 Smooth Twin Support Vector Machines .. ..............c.ivivennan..
2.3 STSVM with NonlinearKernel ... ........... ... ... o oot
2.4 Experimental Results and Discussion . ..............oiiiiiiinnenn..
2.5 Chapter ConcClusions . . . ....cvvein e eie it it ieeie e enaenaennnns
3  Least Squares Twin Support Vector Machines

B IntrodUCHION .« . . vttt et e e e e e



3.2 Least Squares Twin Support Vector Machines . .........................
3.3 LSTSVM with NonlinearKernel .. .............. ... ... oo,
3.4 Experimental Results on Standard Datasets . .. .........................
3.5 Application to Multilabel Text Categorization . .........................
3.5.1 Document representation . . ... ......ovuiitniitineie .
3.52Datacollections .. ...ovie i e e e
3.5.3 Evaluation methodology .. ...........coi i,
354 Experimental results . .. ... e
3.6 Chapter ConcCluSIONS . . . o oot ittt ittt et e et en et et ieeneneeenns
Knowledge Based Least Squares Twin Support Vector Machines
41 Introduction . . . ..ottt e e e
4.2 Knowledge based Proximal SVM .. ........ .. .. i,
4.2.1 Original formulation and Solution .. ............................
422 Analternate solution . .. ...ttt e
4.3 Knowledge Based Twin SVM .. .. .. ... ittt it ii e
4.4 Knowledge Based Least Squares Twin SVM . ................covvvn....
4.5 Experimental Results and Discussion . ...............ccoviuiiiienenn..
4.6 Chapter ConcClusions . . . ....ovuitt ittt ittt et
One-Against-All Multiclass SVM Classification: Comparison Studies and
Improvements
5.1Introduction. . .. ..o vt et e e
5.2 Improvements to OAA andOAO . ... ... ittt
5.2 1 DAGS VM . . e e

522BTSandc-BTS ...



vii

5.2 3 A e 89
5.3 Empirical Comparison on Unilabel Text Categorization.................. 90
5.3.1 Document representation . . . ... vvv vt in e 90
53.2Datacollections .. .......ovuuiititi i e e 91
5.3.3 SVM hyper-parameter optimization . . ..............coveueiinn... 92
5.3.4 Experimental results and discussion . .. ............coviiiiina.. 93
54 Decision Tree Based OAA . .. ... ... i 103
5.5 Experimental Results and Discussion . ..............coiiiiiinennenn.. 109
5.6 Chapter ConclusSions . . . ...vv i ttn it ittt it it e s eieeeaennns 114
Hybrid SVM Based Decision Tree .. ............. ... .. ... iiiiiienan... 117
6. 1Introduction . ... ..ottt e 118
6.2 A Comparison Study on SVMandDT............ ... ..., 119
6.3 Hybrid SVM Based Decision Tree . .. .......coiiitnnninnnennennnn. 122
6.3.1 Motivation and formulation................. ... ... ool 122
6.3.2 SVM DT .. ittt 125
6.3.3 ClOSENESS MEASUIE . . . . o v oo v eieeeene e e eeeeeneeeneennnenns 128
6.34SVMDTalgorithm ........... ... ... 129
6.3.5 Significance of the threshold . ............ ... .. ... ..o a.t. 130
6.3.6 Over-sampling for improved representation of 6—region............. 131
6.4 Experimental Results . . ........... .. .. i 133
641 Adultdatasets .. .......coviiiiiii i e e 133
6.4.2 Checkerboarddataset. ............. ... .. oo, 142
6.43 Otherbinary datasets . .. ..........ccovuiininiineinnnennnn.. 143

6.5 Chapter ConcluSionS . . ..o vt ittt it it i ittt et it et i ieeeennns 144



7  Thesis Conclusions and Future Research ............................... 147
7.1 Smooth Twin Support Vector Machines . . .................oiiiniaan.. 148
7.2 Least Squares Twin Support Vector Machines . ......................... 148
7.3 Knowledge Based Least Squares Twin Support Vector Machines . . ......... 149

7.4 One-Against-All Multiclass SVM Classification: Comparison, Studies and

Improvements . . ... ...ttt i e et 150

7.5 Hybrid SVM Based Decision Tree . .. ......cooiveneinneinennnnn... 151

7.6 SUMMATY . . . oottt ettt ettt ettt e 152
Appendix I: Datasets Description . . ........... ... .. ... ... .. i ... 155
References . ... ... ... i i i i i e 165
Listof Publications. . ............ ... .. .. i i 177



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

