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ABSTRACT 

POST OPERATIVE PROGNOSTIC PREDICTION OF ESOPHAGEAL 
CANCER CASES USING BAYESIAN NETWORKS AND SUPPORT 

VECTOR MACHINES 
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VEKTÖR MAKİNALARI KULLANILARAK AMELIYAT SONRASI 

PROGNOSTİK TAHMİNİ
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CHAPTER 1 

�

1. INTRODUCTION 

1.1. Motivation 
�

Data mining and Machine Learning Techniques 

-B)%)&02� 6-!(�#$*� 0&0#$!0� )'%� (*-1*)!0� )*$� -'$� -,� #.$�%$9$+-($%� ,"$+%0� "'�
)*#","6")+�"'#$++"1$'#�#.)#�%$0"1'$%�#-�.$+(�#-�$D($*#0�B.$*$�#.$�.�!)'�5'-B+$%1$�
)*$� "'9)+"%� )'%� "#� "0� '-#� $'-�1.3� �.$*$� )*$� 0-!$� #*$'%0� "'� !$%"6)+� %$6"0"-'�
0&0#$!�#.)#�0.-B0�#.$�'$$%�#-�- #)"'�,-*!)+�)'%�+-1"6�*$)0-'"'12�,-*�#."0�(�*(-0$�
�0"'1� "'#$++"1$'#� %)#)� )')+&0"0� 0&0#$!0� )*$� �0$,�+� ,-*� $D#*)6#"-'� -,� 0#)#"0#"6)+�
5'-B+$%1$�,*-!�()#"$'#S0�%)#)�#.)#�#.$&�)*$�0-*#$%�"'�!$%"6)+�*$6-*%0�Q�R3�

�)#)�!"'"'1�"0�)�(*-6$00�#-�$D#*)6#�#.$�!$)'"'1+$00�%)#)�,*-!�.�1$�%)#)�0$#03�
'�
+)0#�&$)*S0�*$0$)*6.$*0�)'%�%-6#-*0�#*&�#-�0-+9$�!)'&�!$%"6)+�)')+&4"'1�(*- +$!0�
 &�%)#)�!"'"'1�)((*-)6.$02�,-*�#."0�(�*(-0$�#.$&�.)9$�#-��'%$*0#)'%�#.$�0#*�6#�*$�
-,�#.$�!)"'�)'%�*$)+�%)#)�)'%�0#)#"0#"6)+�9"$B�(-"'#�-,�!-%$+3�

�.$*$�)*$� #$6.'"/�$0� #-�6*$)#$�$D($*#�0&0#$!0� +"5$�%$6"0"-'� #.$-*&�Q�R�0&! -+"6�
*$)0-'"'1� #$6.'-+-1&�QCR� )'%� (*- ) "+"0#"6�  $+"$,� '$#B-*50�Q�R� )'%� !)6."'$�
+$)*'"'13��+�0#$*"'1�"0�)'-#.$*�#$6.'"/�$�,-*�"'#$++"1$'#�%)#)�)')+&0"03�

�$�6)'�6+)00",&�!)6."'$�+$)*'"'1�!$#.-%0�"'#-�#.*$$� *)'6.$0�0�6.�)0>�

�)##$*'��$6-1'"#"-'�!$#.-%0�.)9$�!)'&�"!(-*#)'#�*-+$�"'�!)6."'$�+$)*'"'1�0�6.�
)0� O�G'$)*$0#� '$"1. -*0� )'%� �)&$0")'� 6+)00","$*0� Q=R� )'%� Q<RP� )'%� $�*)+�
$#B-*50�Q?R�)'%�%$6"0"-'�#*$$0�QFR3�

�$� 6)'� �0$� !)6."'$� +$)*'"'1� !$#.-%0� #-� "!(*-9$� !$%"6)+� %$6"0"-'0�  $6)�0$�
#.$0$�!$#.-%0� 6)'� $� )((+"$%� #-�!-0#�!$%"6)+�%-!)"'0� 0�6.�)0�%")1'-0#"6� )'%�
(*-1'-0#"6�6)0$0�"'�-'6-+-1&�Q@R�$0-(.)1�0�6)'6$*�Q��R�)'%�!)'&�-#.$*�%"0$)0$03�
�&� +$)*'"'1� #.$� ()0#� $D($*"$'6$0� B$� 6)'� "!(*-9$� %")1'-0"0� )'%� (*-1'-0"0�
(*- +$!03��

�*-1'-0#"6�!-%$+0�)*$�"!(-*#)'#�#--+0�"'�!$%"6"'$3��"9$'�)�0$#�-,�()#"$'#�0($6","6�
()*)!$#$*02�#.$&�(*$%"6#�#.$�,�#�*$� "'6"%$'6$�-,�)�!$%"6)+�$9$'#�-*�-�#6-!$�,-*�
0($6","6�%"0$)0$0�O$313�$D($6#$%�0�*9"9)+�,-*�6)*%"-9)06�+)*�%"0$)0$0�)'%�6)'6$*P3 
�.$� !-%$+0� )*$� �0$%� ,-*� (*$%"6#"-'� (�*(-0$03� �*$%"6#"-'0� .$+(� %-6#-*0� )'%�
()#"$'#0� #-�!)5$� #*$)#!$'#�6.-"6$03 �*-1'-0#"6�!-%$+0�%$06*" $� #.$�*$+)#"-'0."(�
 $#B$$'�(*$%"6#-*�)'%�-�#6-!$�9)*") +$03��.$�0#)'%)*%�!$#.-%-+-1&�#-�)6."$9$�
)'�- A$6#"9$�$D(+)')#"-'�-,�#."0�*$+)#"-'0."(�#-� �"+%�(*$%"6#"9$�!-%$+0�,*-!�)�0$#�



   

2 
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!)5$�,$B$*�!"0#)5$03�
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1.2. Goal 
�


'�-*%$*�#-�-(#"!"4$�#.$�%-6#-*S0�)'0B$*0�,-*�#.$0$�5"'%0�-,�/�$0#"-'0�B$��0$�#B-�
!$#.-%0�T��((-*#�9$6#-*�!)6."'$V�)'%�T�)&$0")'�$#B-*50V�#-�.$+(�#-�%-6#-*0�
,-*�#.$"*�%$6"0"-'0�)'%�0#)#"0#"6)+�)')+&4"'13�

Medical applications of Support Vector Machine and Bayesian Networks 
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1.3. Outline of Thesis 
�
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�)6."'$V� )'%� T�)&$0")'� $#B-*50V� "0� "'#*-%�6$%� #.)#� B$� )((+"$%� ,-*�
6+)00","6)#"-'�-'�$0-(.)1�0�6)'6$*�%)#) )0$3�	'-#.$*�#-("6�#.)#�B$�!$'#"-'$%�"'�
#."0� 6.)(#$*� "0� ) -�#� 0-,#B)*$� #.)#� )00"0#0� �0� #-� 6+)00",&� %)#)� )'%� )')+&4$� #.$�
*$0�+#0�)0�)�0#)#"0#"6)+�9"$B�(-"'#3��
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CHAPTER 2 

�

�

2. BACKGROUND AND RELATED WORKS 
�

2.1. BACKGROUND OF DISEASE 
�


'�$)*+&�#B$'#"$#.�6$'#�*&2�06"$'#"0#0�.)9$� $$'�"'#$*$0#$%�"'�$0-(.)1$)+�6)*6"'-!)3�
�("%$!"-+-1"6�0#�%"$0�.)9$�0.-B'�#.$�T$0-(.)1$)+�6)'6$*� $+#V�B."6.�.)0�1$'$*)#$%�
)� %*)0#"6� 6-'6$*'� "'� $#"-+-1&� )'%� -#.$*� *"05� ,)6#-*0� Q��R3� �&� 6-! "'"'1� %",,$*$'#�
#.$*)(&� !-%)+"#"$0� )'%� "'#*-%�6"'1� '$B� )1$'#0� 0"!"+)*� #-� T.&($*#.$*!")V� )'%�
T "-+-1"6� *$0(-'0$� !-%","$*V2� )((*-)6.$0� #-� #*$)#!$'#� .)9$� #)5$'� +-'1� 0#$(03�
�-'#*)*&�#-�#.$0$�$,,-*#02� #.$�-9$*)++�(*-0($6#0�-,�0�*9"9)+�"'�$0-(.)1$)+�6)*6"'-!)�
*$!)"'�1*"!�Q��R�)'%�Q�CR3�


'#$*')#"-')+� 9)*")#"-'0� "'� #.$� -66�**$'6$� -,� 0/�)!-�0� 6$++� 6)*6"'-!)� -,� #.$�
$0-(.)1�0�)*$�($*.)(0�1*$)#$*� #.)'�)'&�-#.$*� #�!-�*3� 
#�%-$0�'-#�0(*$)%��'",-*!+&�
)6*-00�#.$�B-*+%3�	0��"1�*$��3��*$(*$0$'#02�"'�#.$��'"#$%��#)#$0�)'%��*"#)"'��3��E�-,�
($-(+$�)*$�0�,,$*"'1�,*-!�#.$�6)*6"'-!)�-,�#.$��0-(.)1�02�#."0�'�! $*�"'6*$)0$0�#-�
�3�<E� "'� ()*#0� -,� �-�#.� 	,*"6)� )'%� #.$� �-')'� �*-9"'6$� -,� �."')� )'%� *$)6.$0� #-�
�3=�E�"'�#.$���*"$9�%"0#*"6#�-,��)4)5.0#)'3�Q��2��=R�

Figure 2.1:��$-1*)(."6�9)*")#"-'�"'�%"0#*" �#"-'�-,�$0-(.)1$)+�6)'6$* 

0

5

10

15

20

25

30

35

Ra
te

 p
er

 1
00

,0
00

 (m
al

es
) 



   

6 
 

�.$�1$-1*)(."6)+�9)*")#"-'�"'�$0-(.)1$)+�6)*6"'-!)�"0�(*- ) +&�*$+)#$%�#-�9)*")#"-'�
"'�+",$�0#&+$3�
'�B$0#$*'�6-�'#*"$02�#B-�!)"'�)66$(#$%�,)6#-*02�B."6.�)*$�+"'5$%�B"#.�
6)*6"'-!)� -,� #.$� �0-(.)1�02� )*$� 0!-5"'1� )'%� )+6-.-+� 6-'0�!(#"-'3� �.$� *"05� ,-*�
6)*6"'-!)�"'�($-(+$�B.-�/�"#�0!-5"'1�"0�*$%�6$%3��.$�)!-�'#�0!-5$%�)+0-�0$$!$%�
#-� 6-**$+)#$�B"#.� *"053��$1�+)*� %*"'5$*02� %$,"'$%� )0� #.-0$�B.-� %*"'5�  $$*2�B"'$� -*�
0(*"#0�)#�+$)0#�-'6$�)�B$$5�)++�0.-B$%�)�0"1'","6)'#�%-0$G*$(-'0$�*$+)#"-'0."(�Q�<R3�

�#.$*� ,)6#-*0� 0�0($6#$%� )0�  $"'1� "!(-*#)'#� "'� $0-(.)1$)+� 6)*6"'-!)� )*$� %"$#� )'%�
'�#*"#"-'3��#�%"$0�0.-B�$D"0#$'6$�-,�'"#*-0-G�6-!(-�'%0�"'�+-6)+�,--%0#�,,02�4"'6�)'%�
!-+& %$'�!�%$,"6"$'6&�6-�+%�"'6*$)0$�#.$�*"05�-,�$0-(.)1$)+�6)*6"'-!)3��$+$'"�!�
6-'6$'#*)#"-'�)'%�."1.� -%&G"*-'�0#-*$0�.)9$�)+0-� $$'� *$(-*#$%�)0�)� *"05� ,)6#-*� "'�
6)*6"'-!)3� 	� *$6$'#� 0#�%&� *$(-*#$%� #.)#� �'0)#�*)#$%� ,)##&� )6"%0� "',+�$'6$%� #.$�
%$9$+-(!$'#� -,� 6.$!"6)++&� "'%�6$%� #�!-*0� "'� #.$� 1)0#*-"'#$0#"')+� #*)6#� -,�
$D($*"!$'#)+�)'"!)+�!-%$+0�Q�?R3�

�66�()#"-')+� ,)6#-*0� 6)'�  $� *$+)#$%� #-� $0-(.)1$)+� 6)*6"'-!)3� �#�%"$0� 0.-B0� #.)#�
+-'1G#$*!�-66�()#"-')+�O)#�+$)0#��@�&$)*0P�$D(-0�*$�#-�!$#)+�%�0#�O'"65$+2� $*&++"�!�
)'%�6.*-!"�!P�.)0�)�0$*"-�0�%$($'%$'6&�#-�6)*6"'-!)�-,�$0-(.)1�03��.$�"',+�$'6$�
-,� #.$�1$'$#"6�,)6#-*0�-'�$0-(.)1$)+�6)*6"'-!)�.)0� $$'�*)*$+&�*$(-*#$%3��-B$9$*2�
#.$�*"05�-,��(($*�1)0#*-"'#$0#"')+�6)*6"'-!)�"0�"'6*$)0$%�"'�()#"$'#0�B"#.�#.$�,)!"+")+�
(-+&(-0"0�0&'%*-!$�Q�FR3�

�$1)*%"'1�#.$�)1$�)'%�0$D�)0�"',+�$'#")+�,)6#-*02�'-'$�-,�*$(-*#$%�6)0$0�0$$!0�#-� $�
)1$� -*� 0$D� +"'5$%3� 
'��*"#)"'2� #.$�!)+$W,$!)+$� *)#"-� "0� �?>�2�B.$*$)0� "'� #.$� ."1.�
"'6"%$'6$�)*$)0�-,�
*)'�#.$�*)#"-�"0�*$9$*0$%X�Q�@R��

�

2.2. DIMENTIONALITY REDUCTION (PCA): 

�*"'6"()+� �-!(-'$'#� 	')+&0"0� B)0� ,"*0#� "'#*-%�6$%�  &� �)*+� �$)*0-'� O�@��P. �$�
,-�'%�+"'$0�)'%�(+)'$0�B."6.� $0#�,"#�)�0$#�-,�(-"'#0�"'�(G%"!$'0"-')+�0()6$�#.)#�"0�#.$�
B)&�#-�-(#"!"4$�1$-!$#*"6�#-("603��)*-+%��-#$++"'1�O�@CCP�*$"'9$'#$%�"#�"'�%",,$*$'#�
(-"'#� 9"$B2� ,-*� #."0� (�*(-0$� .$� (� +"0.$%� )� ()($*� -'� Journal of Educational 
Psychology #.)#�"#�,-6�0�-'�)+1$ *)"6�-(#"!"4)#"-'3��-#$++"'1�6.--0$�6-!(-'$'#0�#-�
!)D"!"4$�#.$"*�0�66$00"9$�6-'#*" �#"-'�#-�#.$�#-#)+�9)*")'6$�Q��R3

��	� "0� )� (-B$*,�+� #--+� ,-*� )')+&4"'1� %)#)3� 
#� 6-!(*$00$0� #.$� %)#)�  &� *$%�6"'1� "#0�
%"!$'0"-'0�)'%�*$!-9$�0-!$��''$6$00)*&�"',-*!)#"-'3��.$�1-)+�-,���	�"0� #-�,"'%�
!-*$�"!(-*#)'#�%)#)�,*-!�%)#)�0$#3�
#�%$06*" $�"'�#.$� $##$*�B)&� &�6*$)#"'1�'$B�%)#)�
0$#� &�6)+6�+)#"'1�$"1$'9$6#-*0�)'%�$"1$'9)+�$0�,*-!�-*"1"')+�!)#*"D3�

�"*0#� 0#$(� "0� #-� 6)+6�+)#$� �-9)*")'6$� !)#*"D2� 0"'6$� $"1$'9$6#-*0� )'%� $"1$'9)+�$0�
$D#*)6#$%� ,*-!� 0/�)*$� 0&!!$#*"6� !)#*"D3� �-9)*")'6$� !)#*"D� "0� !Y!� 0&!!$#*"6�
!)#*"D2�#.$�%")1-')+�-,�#."0�!)#*"D�"0�#.$��)*")'6$�-,�9$6#-*0�)'%�-#.$*�'�! $*0�)*$�
6-9)*")'6$3��."0�!)#*"D� "0��0$%� #-�!$)0�*$� #B-�*)'%-!�9)*") +$0�,*-!�%)#)0$#� #.)#�
.-B�!�6.�#.$�%"!$'0"-'0�"0�9)*&�,*-!�!$)'3��-9)*")'6$�$D#*)6#0�0-!$�,$)#�*$0�#.)#�
#.$"*�6-**$+)#"-'�"0�'$)*�#-1$#.$*�)'%�"'0#$)%�-,�#.$!�"#�6*$)#$0�'$B�,$)#�*$� )0$%�-'�
,-++-B"'1�,-*!�+)>�

����-9OD2�&P�Z � O�3�3�P�
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'�#."0�$/�)#"-'� �"0�!$)'�-,�#.$�D�)'%� �"0�!$)'�-,�#.$�&�)'%��"0�%"!$'0"-'�-,�#.$�
%)#)0$#3��-9OD2�&P�!)#*"D�0� #*)6#0�#.$�!$)'�-,�$)6.�0)!(+$�0-� &�#."0�-($*)#"-'�%)#)�
6$'#$*$%�-'� #.$�!$)'3�	,#$*� #."0� -($*)#"-'� $"1$'9$6#-*0� )'%� $"1$'9)+�$0� )*$� *$)%&�
,-*�)')+&4"'13��"*0#�$"1$'9$6#-*0�0.-�+%�-*%$*� &�$"1$'9)+�$0�,*-!�."1.$0#�#-�+-B$0#3�
�.$�$"1$'9$6#-*�B"#.� #.$�."1.$0#�$"1$'9)+�$�"0� #.$�,"*0#�(*"'6"(+$�6-!(-'$'#�-,� #.$�
%)#)� 0$#� O���P� )'%� 0$6-'%� (*"'6"()+� 6-!(-'$'#� "0� #.$� $"1$'9$6#-*� B"#.� 0$6-'%�
."1.$0#�$"1$'9)+�$�O���P3��.$�'$D#�0#$(�"0�%$+$#"'1�#.$�+$00�"!(-*#)'#�6-!(-'$'#0�#-�
.)9$� ,$B$*�%"!$'0"-'0� #.)'�-*"1"')+�%)#)0$#3��.$*$,-*$2�'$B�%)#)0$#�)*$�6)+6�+)#$%�
 &�!�+#"(+&"'1�$)6.�*-B�-,�#.$�$"1$'9$6#-*0�B"#.�#.$�0-*#$%�$"1$'9)+�$03�	,#$*�#.)#�
(*"'6"()+� 6-!(-'$'#0�!�+#"(+&"'1�B"#.� #*)'0(-0$� -,� -*"1"')+� %)#)� )'%� '$B� %)#)� "0�
6*$)#$3�

�.$� $0#�B)&�#-�#$0#�!"'"!)+�$**-*� $#B$$'�#.$�-*"1"')+�%)#)0$#�)'%�#.$���	�*$0�+#�"0�
#-�6)+6�+)#$�,-++-B"'1�,-*!�+)>�

�

�2�Oᶿ �"0��3@=P� O�3�3�P�

�

�$*$2���"0�'$B�%)#)0$#S0�%"!$'0"-'�)'%��"0�-*"1"')+�%)#)0$#S0�%"!$'0"-'�)'%�ᶿ �"0�)�
#.*$0.-+%2�⅄�"0�)'�$"1$'9$6#-*0�-,�#.$�6-9)*")'6$�!)#*"D3��

�

2.3. SUPPORT VECTOR MACHINES 
�

History of SVM


'��@C<2��3�	3��"0.$*� 0�11$0#$%� #.$� ,"*0#� )+1-*"#.!�,-*�()##$*'� *$6-1'"#"-'� Q��R2� 
'�
�@=?��*)'5��-0$' +)##�"'9$'#$%�)�+"'$)*�6+)00","$*�6)++$%�#.$�($*6$(#*-'�#.$�0"!(+$0#�
5"'%� -,� ,$$%� ,-*B)*%� '$�*)+� '$#B-*53� 	,#$*� 0"D� &$)*0� 	"4$*!)'2� �*)9$*!)'� )'%�
�-4-'-$*�"'#*-%�6$%�#.$�1$-!$#*"6)+�"'#$*(*$#)#"-'�-,�#.$�5$*'$+0�)0�"''$*�(*-%�6#0�
"'� )� ,$)#�*$� 0()6$3� 
'� �@<�2�  &� #.$�()00)1$� -,� #"!$� #.$� '$6$00"#&� -,� $D#"0#)'6$� #.$�
 $##$*�)+1-*"#.!�+$)%�#-�%$9$+-(!$'#�-,��#.$��$'$*)+"4$%��-*#*)"#�)+1-*"#.!�T��((-*#�
�$6#-*� � �)6."'$0VB."6.� B)0� "'#*-%�6$%�  &� �+)%"!"*� �)('"5� )'%� �.$*9-'$'5"0�
Q��R3�
��((-*#� 9$6#-*� !)6."'$0� O���P� )*$� "!(-*#)'#� "'� !)6."'$� +$)*'"'1� )'%� ()##$*'�
*$6-1'"#"-'�!$#.-%0� ,-*� 6+)00","6)#"-'3� �+)00","6)#"-'� "0� -'$� -,� #.$�!-0#� "!(-*#)'#�
#)050� -,� %)#)� !"'"'1� "'� -�*� %)&03� �9$*&� %)&� #.$� %)#)� '�! $*0� )*$� "'6*$)0"'1�
#.$*$,-*$2�#.$�'$$%�-,��0$�-,�6+)00","6)#"-'�"0�."1.+&�"!(-*#)'#3��"#.�+)*1$�'�! $*�-,�
%)#)� 0$#� #.$� ,"*0#� 0#$(� "0� #-� 6*$)#$� #*)"'"'1� 0$#�B"#.� ,$)#�*$02� #.$� 1-)+� "0� #-� 6+)00",&�
�'0$$'�%)#)�B"#.�)�!-%$+�#.)#�"0�*$+") +$3�����B)0�)((+"$%�"'�!)'&�%",,$*$'#�)*$)0�
0�6.�)0�%)#)�!"'"'13��

�.-�1.�����#.$-*&�"0�)66$(#$%2�0-!$��'(*$%"6#) +$�*$0�+#0�B$*$�0.-B'�%�*"'1�%)#)�
6+)00","6)#"-'�  &� #."0� )+1-*"#.!3� 
'� -#.$*�B-*%2� "'� 0-!$� )((+"6)#"-'02� %)#)�  $6-!$�
"'6*$)0"'1+&�+)*1$�)'%�����0�,,$*0�,*-!�+)*1$2�'-"0&�)'%��' )+)'6$%�%)#)3�
'�-*%$*�
#-� 0-+9$� 0�6.� (*- +$!02� ���� B)0� $D()'%$%� #-� *- �0#� ���� #.)#� 6-'#)"'0� '-'G
+"'$)*+&�0$()*)#"-'�)'%�!�+#"6+)00�6+)00","6)#"-'3��
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�

�

2.3.1. Two Class Linearly Separable 

��((-*#�9$6#-*� +$)*'"'1�!)6."'$�!$)'0� #-�%$#$*!"'$� ,�'6#"-'0� #.)#�6)'� $��0$%� #-�
6+)00",&� %)#)� (-"'#03� �)#)� (-"'#0� )*$� 9"$B$%� )0� )'� 'G%"!$'0"-')+� 9$6#-*0� )'%� -�*�
/�$0#"-'�"0�#-�5'-B�.-B�B$�6)'�0$()*)#$�(-"'#0�B"#.�'G��%"!$'0"-')+�.&($*�(+)'$03�
�-*�#."0�*$)0-'�#."0�#&($�-,�����6)++$%�)�+"'$)*�6+)00","$*3�

�.$*$� )*$�!)'&� .&($*� (+)'$0H� .-B$9$*2� #.$�  $0#� -'$� "0� #.$� -'$� #.)#� *$(*$0$'#� #.$�
+)*1$0#�!)*1"'� $#B$$'�#.$�#B-�6+)00$03�

�.$�6)0$�B$�)*$� +--5"'1�,-*� "0� #.$�.&($*�(+)'$�B"#.�!)D"!�!�%"0#)'6$� $#B$$'�"#�
)'%�'$)*$0#�%)#)�(-"'#�-'�$)6.�0"%$3�


'�,-*!�+)��3C3�3�2�[ \�"0�-�*�%)#)�0$#�-*�#*)"'"'1�0$#�)'%� �"0�
#.$�6+)00�+) $+�-, 3�

�

� O�3C3�3�P�
�

�)'&� %$6"0"-'�  -�'%)*"$0� 6)'� 0$()*)#$� #.$0$� #B-� 6+)00$03� 
'� ,-*!�+)� �3C3�2� "0�
+"'$)*�%$6"0"-'� -�'%)*&�,�'6#"-'�B.$*$�B�"0�%$6"0"-'�.&($*�(+)'$�'-*!)+�9$6#-*3���
"0�6+)00�-,�-�*�%)#)0$#�O]�2�G�P�)'%�N�"0�%)#)0$#>�

�

OxP�>� ]�b Z��� ��������O�3C3�3�P�
�

�

Figure 2.2:��)D"!�!G!)*1"'�.&($*�(+)'$�)'%�!)*1"'0�Q�CR�
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�.$�-(#"!)+�%$6"0"-'� -�'%)*&�0.-�+%� $�)0�,)*�)B)&�,*-!�#.$�%)#)�-,� -#.�6+)00$0�
)0�(-00" +$3��.$�%$6"0"-'� -�'%)*&�0.-�+%�6+)00",&�)++�(-"'#0�6-**$6#+&�O�"1�*$��3�P3�
�0"'1�)00�!(#"-'0�-,�0#)#"0#"6)+�+$)*'"'1�#.$-*&�#.$�%$0"*$%�6+)00","$*�.)9$�#-�%$,"'$�
)0� $+-B>�

�

B3 G ^�]��
�
	'%�
�
B3 G ^�G��
�

�
O�3C3�3CP�

� �
�&��0"'1�1$-!$#*&2�#.$�%"0#)'6$� $#B$$'�#B-�.&($*�(+)'$0�"0� �)'%�#.$�(�*(-0$�"0�
#-�!"'"!"4$�__B__3��-!$�%)#)�(-"'#�!)& $�,)++"'1�"'#-�#.$�!)*1"'�0-�B$�*$B*"#$�) -9$�
,�'6#"-'0�+"5$�)0�,-++-B"'1>�

�-*�$)6.�i>�

B3 G ^�]������������,-*� �-,�#.$�,"*0#�6+)00�
�
B3 G ^�G�������������,-*� �-,�#.$�0$6-'%�6+)00�

O�3C3�3�P�

2.3.2. Two Class Non-Linearly Separable 
�


'� 0-!$�6)0$0�%)#)�(-"'#0� 0(*$)%�'-'G+"'$)*+&2� "#� %-$0'S#�!$)'� #.)#� #.$*$� "0'S#� )'&�
B)&�#-�6+)00",&�#.$�%)#)3��&��0"'1�(-+&'-!")+�6�*9$0�)'%�6"*6+$0�"#�!"1.#� $�$)0"$*�#-�
6+)00",&�%)#)3��-B$9$*�"#�"0�%",,"6�+#�"'�0-!$�6)0$0�#-�,"'%�-(#"!)+�6�*9$0�-*�6"*6+$03�

'��@@���$*'.)*%��3��-0$*�)'%��)+%"!"*�3��)('"5�$#�)+32�,"'%�)�B)&�#-�6+)00",&�'-'G
+"'$)*�%)#)0$#� &��0"'1�5$*'$+�#*"653�

�.$� 1$'$*)+� "%$)� "0� #.$� -*"1"')+� ,$)#�*$� 0()6$� 6)'� )+B)&0� #*)'0,$*� #-� �(($*�
%"!$'0"-')+� ,$)#�*$� 0()6$3� �"1�*$� �3C� 0.-B0� 0(*$)%"'1� #.$� %)#)� "'� )� ,$)#�*$� 0()6$�
Q�CR3�

� �
Figure 2.3:��$()*)#"'1�#.$��)#)�"'�)��$)#�*$��()6$�Q�CR
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�-�%-�#."02� #.$� +"'$)*�6+)00","$*�*$+"$0�-'�"''$*�(*-%�6#� $#B$$'�9$6#-*0���Ox"2�xAP�Z�
x"

TxA�

	,#$*�!)(("'1�)++�%)#)�(-"'#0� &�`>��x →�aOxP�#*)'0,-*!)#"-'�"'#-�."1.�%"!$'0"-')+�
0()6$2�#.$�"''$*�(*-%�6#0� $6-!$0>�

�

��Ox"2�xAPZ�φOx"P TφOxAP� O�3C3�3�P�

Kernel functions:

�"'$)*��$*'$+>���Ox"2�xAP�Z�x"
TxA�

�)(("'1�`>����x → aOxP2�B.$*$�φOxP�"0�x�"#0$+,�

�

�-+&'-!")+�-,�(-B$*�(>�K�Oxi2 xjP�Z�O�]�xi
TxjP p�

�)(("'1�`>����x → aOxP2�B.$*$�φOxP�.)0������������������%"!$'0"-'0��

�

�)�00")'��$*'$+>�KOxi2xjP�Z�

�)(("'1� `>� � x → φOxP2� B.$*$� φOxP� "0� "',"'"#$G%"!$'0"-')+>�
$9$*&�(-"'#� "0�!)(($%�#-�a ,�'6#"-'�O)��)�00")'PH�6-! "')#"-'�
-,�,�'6#"-'0�,-*�0�((-*#�9$6#-*0�"0�#.$�0$()*)#-*3�

�

2.3.3. Multi Class SVM 
���� ,*)!$B-*5� B-*50� ,-*�  "')*&� O]�2G�� -*� �2� �P� )'%� !�+#"� 6+)00� (*- +$!03� �.$�
!)"'�"%$)�,-*�!�+#"6+)00�6+)00","6)#"-'�(*- +$!�"0�#-�%$6-!(-0$�"'#-�!�+#"(+$� "')*&�
6+)00","6)#"-'�(*- +$!03��.$*$�)*$�0"!(+$� �#�$,,$6#"9$�)((*-)6.$0>�

One-against-all (OvA) 

�.$� ,"*0#� 0-+�#"-'� ,-*� b�� 6+)00$02� � ���� 6+)00","$*0� )*$� 6-'0#*�6#$%3�
�.$� �6+)00�)0�)�#*)"'�0$#�+) $+$%�#.$�0)!(+$0�)0�(-0"#"9$�$D)!(+$0�)'%�
)++�#.$�*$0#�)0�#$0#�0$#�+) $+$%�)0�'$1)#"9$�$D)!(+$03�

�.$� %"0)%9)'#)1$� -,� #."0� (*-6$00� "0� #.$� 6-!(+$D"#&� -,� #*)"'"'1� 0$#2� #.$�
'�! $*�-,�0)!(+$0�"'�#*)"'"'1�0$#�"0�+)*1$�)'%�$)6.�-,�#.$��6+)00","$*0�"0�
#*)"'$%��0"'1�)++�)9)"+) +$�0)!(+$0�Q��R3���

One-against-One (OvO) 

�."0� 0#*)#$1&� )+0-� 5'-B'� )0� T()"*B"0$� 6-�(+"'1V2� #."0� )+1-*"#.!� B-*50�
� � #B-G6+)00�6+)00","$*03��)6.�6+)00","$*� #*)"'$%�,"*0#�6+)00�)0�(-0"#"9$�

$D)!(+$0� )'%� #.$� 0$6-'%� 6+)00� )0� '$1)#"9$� $D)!(+$03� �.$� )%9)'#)1$� -,�
#."0� !$#.-%� "0� #.$� +-B$*� '�! $*� -,� "'0#)'6$0� #.)#� 6)�0$0� +-B$*�
'-'+"'$)*"#&2� *$0�+#"'1� "'� 0.-*#$*� #*)"'"'1� #"!$3� �.$� %"0)%9)'#)1$� -,� #."0�

�������
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pd
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� �
ji

e
xx xx



   

11 
 

!$#.-%�"0�"'�#.$�#$0#�0)!(+$0� $6)�0$�$9$*&�#$0#�0)!(+$0�.)0�#-�(*$0$'#�#-�
#.$� +)*1$� '�! $*� -,� 6+)00","$* 3� �."0� *$0�+#0� "'� 0+-B$*� #$0#"'12�
$0($6")++&�B.$'�#.$�'�! $*�-,�#.$�6+)00$0�"'�#.$�(*- +$!�"0� "1�Q��R3�

�

2.4. BAYESIAN NETWORKS 

�)&$0")'�$#B-*50�O�P�B$*$�,"*0#�"'#*-%�6$%�"'�#.$��@F�0�)0�)�(*- ) "+"0#"6�!-%$+�
-,�#.$�(*- +$!�Q�=R3��$)*+�$#�)+3�"'��@F=�"'%"6)#$%�#.)#�#.$&�6)'�05$#6.�)�1*)(.�#.)#�
#.$�'-%$0�6-�+%� "'%"6)#$� *)'%-!�9)*") +$03��.$0$�'-%$0�)*$�%*)B'�+"5$�6"*6+$0� #.)#�
)*$� +) $+$%�  &� #.$"*� ')!$0� )'%� +"'50� -*� $%1$0� B."6.� *$(*$0$'#� %"*$6#� %$($'%$'6$�
)!-'1�#.$�9)*") +$03��-*$-9$*2�"#�B)0�0�11$0#$%�#.)#�#.$�'$#B-*5�6-�+%� $�"!(*-9$%�
 &� 1"9$'�B$"1.#0� #-� +"'50� #.)#� .-+%� -�#� #&($� )'%� (-B$*� -,� %$($'%$'6"$0�  $#B$$'�
6-''$6#"-'0�Q�=R3��.$0$�B$"1.#0�)*$�#-� $��0$%�)0�6-'%"#"-')+�(*- ) "+"#"$0�+)#$*3�


'�$)*+&��@@�02�*$0$)*6.�.)0� $$'�,-6�0$%�-'�,"1�*"'1�-�#�(*- ) "+"#"$0�-,�#.$�1*)(.0�
"'� #.$�!$%"6"'$�%-!)"'3��*-!�!)6."'$�+$)*'"'1�!-%$+02��)&$0")'�$#B-*5�6)'� $�
6-'0"%$*$%� )0� )�  $'$,"6")+� !-%$+� -,� #."0� 1*-�(3� �.*-�1.� #.$� �0)1$� -,� �)&$0")'�
$#B-*50S� #--+02�!$%"6)+�)')+&0"0�6)'� $�$)0"$*�%�$� #-� #.$�,)6#�-,� #.$��0$*�,*"$'%+&�
%$0"1'� -,� "#0� #--+03� �.$*$� )*$� #.*$$� 0#$(0� ,-*� 6*$)#"'1� )�!$)'"'1,�+� 0#*�6#�*$3� �"*0#�
0#$(� *$(*$0$'#� #.$� *$)0-'� �'%$*� �'6$*#)"'#"$0� "'� #.$�!$%"6)+� (*- +$!H� )0� )� *$0�+#02�
9)*") +$0� -,� '$#B-*5� 0.-�+%� ()*#"#"-'� "'#-� #.*$$� #&($0>� /�$*&2� $9"%$'6$� )'%�
"'#$*!$%")*&�9)*") +$03���$*&�9)*") +$0�)*$��0$%�,-*�*)"0"'1�/�$0#"-'0�) -�#�9)*") +$�
#-� 6-!(�#$� "#0� (-0#$*"-*�  -*%$*3�	'� $9"%$'6$� 9)*") +$� "0� )� 9)*") +$� #.)#� 0.-B0� #.$�
)00$*#"-'� -,� #.)#� $9"%$'6$3� �"')++&2� )'� "'#$*!$%")*&� 9)*") +$� "0� �0$%� ,-*� - #)"'"'1�
!-*$�%$#)"+�) -�#�*$+)#"-'0."(� $#B$$'�$9"%$'6$�)'%�/�$*&�9)*") +$0�0-�"#�"0�'$"#.$*�
/�$*&�'-*�$9"%$'6$3�

�-++-B"'1�#.$�,"*0#�0#$(2�#.$�0$6-'%�0#$(�"0� $"'1��0$%�)'%�1*)(.0�6)'� $�,-*!$%3��.$�
6-++$6#"9$�"',-*!)#"-'�) -�#�#.$�1*)(.�"0�9$*&��0$,�+�0"'6$�#.$�$%1$�-,�'$#B-*5�6)'�
 $� %$#$*!"'$%� )'%� (*-9"%$0� )'� $,,$6#"9$� *$)0-'� ) -�#� +"'503� 
'� #."0� 0#$(2� $)6.�
9)*") +$�ONP�,*-!�#.$�'$#B-*5�6)'� $�)')+&4$%3��

�."*%� 0#$(2� 6)+6�+)#$� #.$� %$($'%$'6"$0� -,� *$+)#"-'0�  $#B$$'� ,$)#�*$0� )'%� 9)*") +$0�
#.)#�%$,"'$�)0�����O�-'%"#"-')+��*- ) "+"#&��) +$P3��-*�)�%"*$6#$%�!-%$+�-,�1*)(.�B$�
!�0#� *$(*$0$'#$%� (*- ) "+"#"$0� )0� )� #) +$� ",� #.$� 9)*") +$0� )*$� %"06*$#$3� �9$*&� 6."+%�
'-%$� #)5$0� #.$� (*- ) "+"#&� #.)#� "#� "0� )� 6-! "')#"-'� -,� 9)+�$0� -,� "#0� ()*$'#03�
�-'0"%$*"'1�)++� 6)0$0� #.$�9)+�$�-,� +) $+� "'�)++�'-%$0�)*$�%",,$*$'#� 0�6.�)0� O�*�$�-*�
�)+0$P2� O�� -*� �P2� O&$0� -*� '-P2� -*� 0-!$� '-%$0� !"1.#� .)9$� 0$9$*)+� 0#)1$02� ,-*�
$D)!(+$ 2 2M2� 2��)'%�0-�-'3�

�)&$0")'�$#B-*5�"0�)�%"*$6#�)6&6+"6�1*)(."6)+�O�	�P�*$(*$0$'#)#"-'� )0$%�-'��)&$0�
#.$-*&3�	++�#.$�+"'50�)*$�%"*$6#$%�B"#.-�#�)'&�6&6+$2�B."6.�!$)'0�"#�"0�'-#�(-00" +$�#-�
#*)9$*0$�,*-!�#.$�+)0#�'-%$�#-�#.$�0#)*#�(-"'#�-,�#.$�1*)(.3�

�"1�*$��3�2�"++�0#*)#$0�)�%"*$6#$%��)&$0")'�1*)(.3��."0�"0�)��	��1*)(.� $6)�0$�)++�#.$�
$%1$0�)*$�%"*$6#$%�)'%�)0�!$'#"-'$%2� #."0� "0�)'�)6&6+"6�1*)(.�OB.$'�&-�� +$)9$�-'$�
'-%$�&-��6)''-#�6&6+$� )65�#-�#.$�-*"1"')+�9$*#$DP3�
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Figure 2.4:�	��)&$0")'�$#B-*5�


'�#.$�) -9$�,"1�*$�B$�6)'�0$$�$%1$0� $#B$$'�	2���)'%�	2���0-�0$#�-,�$%1$0�"0��Z�
[O	2��P2�O	2��P\�Q�R3�
'�#."0�$D)!(+$�#.$�A-"'#�%"0#*" �#"-'�-,�9)*") +$0�"0�0.-B'�"'�
#.$�,-++-B"'1�,-*!�+)>�


'�#-#)+�%"*$6#$%�$%1$02�",�-'$�$%1$�,*-!�N�9$*#$D�1-$0�#-�)'-#.$*�9$*#$D��2�B$�6)++$%�
N� "0� �S0� ()*$'#3� �)6.� '-%$� .)0� 6-'%"#"-')+� %"0#*" �#"-'� (*- ) "+"#&� #.)#� 0.-B0�
'�!$*"6)+�"',+�$'6$0�-,�-#.$*�()*$'#�'-%$0�#-�#."0�'-%$3�

�O P� O�3�3�P�
�

�$�)00�!$�#.)#�#.$*$�)*$��)'�"'%$($'%$'#�'-%$02�NZ 2�#.$'�)66-*%"'1�#-�
#.$� chain rule "'� (*- ) "+"#&� 6)'� $D(*$00� )'&� 0#)#"0#"6)+� %"0#*" �#"-'� ,-*� �)&$0")'�
$#B-*5�)0>�

�������������������������fODP�Z� � �
O�3�3CP�

�D()'0"-'�-,�) -9$�,-*!�+)�"0>�

�O P�Z�
�O P�O PM�O P�O P�

O�3�3�P

�

�&� 6-!()*"'1� ,-*!�+)� O�3�3CP� B"#.� O�3�3�P� B$� 6)'� 6-'6+�%$� #.)#� B.$'� �)&$0")'�
'$#B-*5�"0�$/�)+�#-�0#)#"0#"6)+�%"0#*" �#"-'�B."+$�,-*�$)6.�9)*") +$� �"'�'$#B-*5�B$�
.)9$>�

�
Z��O �

�
O�3�3=P�

�


,� B$� %$'-#$� #.)#� #.$� ()*$'#0� -,� $)6.� 9$*#$D� � "'� #.$� 1*)(.�  & 2�
[ \2�B$�6)'�*$B*"#$�O�3�3�P�)0�QCR>�

�
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�&��0"'1�#."0�$/�)#"-'�#.$*$�"0�'-�'$$%�#-�%$,"'$�)'%�6)+6�+)#$�,�++�!�+#"G%"!$'0"-')+�
%$'0"#&� ,�'6#"-'0� $6)�0$�-'+&�6)+6�+)#$%� #.$�6-'%"#"-')+�%$'0"#&� ,�'6#"-'� ,-*�$)6.�
� "0� $'-�1.3� 
#� "0� 0-� $)0"$*� #.)'� #-� 6)+6�+)#$� #.$� -9$*)++� %"0#*" �#"-'3� �-6)+�

%"0#*" �#"-'� ,�'6#"-'� "0� %$#$*!"'$%� )'%� 6)+6�+)#$0� #.$� 1+- )+� %"0#*" �#"-'� ,�'6#"-'�
#--3�

�

Different areas of use for a Bayesian Network in Medicine 

�0)1$� -,� �)&$0")'� $#B-*5� 6)'�  $� "'� 0$9$*)+� 0$6#-*0� "'6+�%"'1� �$%"6"'$� )'%�
�$)+#.6)*$3� �.$� !)"'� ,"$+%0� -,� �)&$0")'� $#B-*5� )*$� �")1'-0#"62� �*-1'-0#"6� )'%�
�*$)#!$'#�0$+$6#"-'3��.$�$D(+)')#"-'�,-*�.-B�$)6.�'$#B-*5�"0��0$%�"'�#.*$$�,"$+%0�-,�
!$%"6"'$�0$6#-*�B"++� $�1"9$'3�

�

Diagnostic reasoning 


'� %")1'-0#"6� *$)0-'"'1� ,"$+%� #.$��)&$0")'� '$#B-*5� ,"$+%� "0� �0$%� ,-*� $0#"!)#"-'� -,�
.)9"'1� 6$*#)"'� %"0$)0$�  )0$%� -'� #.$� (*- ) "+"#&� #.)#� $)*'�  &� - 0$*9)#"-'0� -,�
0&!(#-!02�0"1'0�)'%�#$0#�*$0�+#03��.$�'$#B-*5�-�#(�#�B"++� $�#.$�(*- ) "+"#&�#.)#�#.$�
()#"$'#�B"#.�#.$0$�0"1'0�.)0�)�6$*#)"'�%"0$)0$�-*�'-#2�#."0�!$)'0�#.)#�#$0#�*$0�+#�'$9$*�
6-!$�)0�)'�$D)6#�(*- ) "+"#&�0�6.����E�-*��E�(*- ) "+"#&3���

�.$� *-�#"'$� -,� %")1'-0#"6� "'��)&$0")'� '$#B-*5� "0� *$/�"*"'1� )� #$0#� ,-*� %$6*$)0$� #.$�
'�! $*� -,� �'6$*#)"'#&� -,� %"0$)0$3�	,#$*� #."0� 0#$(� '$#B-*5�B"++�  $�B)"#"'1� ,-*� #$0#�
*$0�+#�)0�)'�"'(�#�#.)#�$'#$*"'1� &��0$*3��)0$%�-'�*$0�+#�-,�#$0#�#.$�'$B�(-00" "+"#"$0�
B"++� $�6)+6�+)#$%3�

Prognostic reasoning 

�*-1'-0#"6�*$)0-'"'1�"0�#.$�5'-B+$%1$�-'�)�6$*#)"'�,)6#0�,-*�!)5"'1�(*$%"6#"-'�) -�#�
B.)#�B"++� $�.)(($'�"'�#.$�,�#�*$3��."0�,"$+%�"0�+$00�6$*#)"'�6-!()*$%�B"#.�%")1'-0#"6�
 $6)�0$�(*$%"6#"-'�%$($'%0�-'�#.$�)9)"+) +$�%)#)�)'%�"',-*!)#"-'�) -�#�()#"$'#�)'%�
#.$*$�)*$�'-�,)6#0�) -�#�#.$�,�#�*$�-,�%"0$)0$3��.$�*-�#"'$�-,�#."0�,"$+%�"0�#-�(*$%"6#�#.$�
-�#(�#�-,�0($6","6�()#"$'#� &�6-++$6#"-'�%)#)�)'%�0�11$0#�#.$�#*$)#!$'#03�

Treatment selection 

�)&$0")'�'$#B-*5� &�"#0$+,�6)''-#�(*-9"%$�)�%$6"0"-'�"'�-#.$*�B-*%2�!)5"'1�(*-6$00�
#-�%$6"%$�B."6.�!$#.-%�"0�#.$� $0#H�.-B$9$*2�"#�"0�)�6-! "')#"-'�-,�,"*0#�()*#�#.)#�"#�
')!$%�%")1'-0#"6�()*#�B"#.�6)+6�+)#"-'�#.$�(*- ) "+"#&�-,�$)6.�#*$)#!$'#2�#.$�-(#"!)+�
#*$)#!$'#�)+#$*')#"9$0�6-!$0�-�#3�

�
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2.5. Previous Work 
�

�.$� 1-)+� -,� #."0� *$9"$B� "0� #-� "%$'#",&� )*#"6+$0� %$)+"'1� B"#.� #.$� �0$� -,� �)&$0")'�
'$#B-*50�)'%���((-*#��$6#-*��)6."'$�!-%$+0�#-�%")1'-0"0�)'%�(*$%"6#"-'�-,�6)'6$*�
)'%�!$%"6)+�6)0$03�
�B"++�'-#$�#.$�0#*$'1#.0�)'%�!$#.-%0�-,�)*#"6+$0�B*"##$'�#-�)%%*$00�
#."0� (*- +$!3��.$� *$0$)*6.� %$06*" $%� +)#$*� "'� #."0� #.$0"0�B"++� *$(*$0$'#� )'� $,,-*#� #-�
)%%*$00�#.$�1)(0�#.)#�)*$�"%$'#","$%�"'�#.$� -%&�-,�()0#�*$0$)*6.3��

	,#$*� #.$� *$0$)*6.� ) -�#� 6+)00","6)#"-'�-'�%"0$)0$2� -'$�-,� #.$� ,"*0#� $D)!(+$� )*#"6+$0�
(*-9"%$%�  &� �-!"'"5� 	*-'50&� )'%� �$#$*� c3�)�12� "'� B."6.2� #.$&� (*$0$'#$%� #.$�
%$9$+-(!$'#�)'%�#.$�$9)+�)#"-'�-,�)��)&$0")'�'$#B-*5�,-*�%")1'-0"0�-,�6-!!�'"#&�
)6/�"*$%�('$�!-'")3��-*�#*)"'�)'%�#$0#�#.$�'$#B-*5�#.$&�$D#*)6#$%�C�2����$!$*1$'6&�
*--!�()#"$'#0� ,*-!� #.$� 6+"'"6)+� "',-*!)#"-'� 0&0#$!�-9$*� )� ($*"-%� -,� �� &$)*0� Oc�'$�
�@@=Gc�'$� �@@?P3� �."0� '$#B-*5� ($*,-*!$%� B$++� ,-*� )++� 5"'%� -,� %"0$)0$� )'%� #.$&�
)6."$9$%� )� ."1.� 0$'0"#"9"#&� ) -�#� @=E� )'%� )*$)� �'%$*� #.$� 6�*9$� O	��P�B)0� �3@F3�
�."0� 0#�%&�%$!-'0#*)#$%� #.)#��)&$0")'�'$#B-*5� "0� )�(*-($*�!$#.-%� ,-*�('$�!-'")�
()#"$'#S0�%$#$6#"-'�Q�<R3�

�)0"+"-��"$**)�)'%��$%*-��)**)G')1)�.)9$�*$(-*#$%�%",,$*$'#�!$#.-%0�-,�"'%�6#"-'�-,�
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2.6. WEKA and SAMIAM  
�

� Waikato Environment for Knowledge Analysis 

�
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� Sensitivity Analysis, Modeling, Inference and More
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CHAPTER 3 

�

�

3. MATERIAL AND METHODS

3.1. DATASET 
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3.2. METHODS 

3.2.1. CLASSIFICATION 
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3.2.1.1. The use of PCA  
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3.2.1.2. The use of SVM at this study 
�
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3.2.1.3. The use of Bayesian network at this study 
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0�*9"9)+� "'� $0-(.)1�0� 6)'6$*� #.)#� �'%$*B$'#� 6�*)#"9$� 0�*1$*&�B"#.-�#�(*$-($*)#"9$�
6.$!-#.$*)(&�)'%�-�*�*$0�+#0�)'%�'$#B-*5� &�6-',$*$'6$�B"#.�$D($*#�)'%�0$)*6.�"'�
B$ 0"#$0�) -�#�(*-1'-0"02�%")1'-0"0�)'%�#*$)#!$'#�-,�%"0$)0$�6-',"*!�#.$�"!(-*#)'6$�
-,����,)6#-*0�)'%�6-''$6#"-'�)!-'1�'-%$0�!)&�),,$6#�(*-1'-0"03�

	�#&("6)+�6+"'"6)+�/�$0#"-'�!"1.#� $�B.-�+"9$�0.-*#$*�-*�+-'1$*�#.)'�=�&$)*0U��-*�
)'0B$*"'1�0�6.�/�$0#"-'0�0-!$�,)6#-*0�.)9$�#-� $�6-'0"%$*$%�#.)#�),,$6#0�#.$�*$0�+#0�
-,�#."0�/�$0#"-'3��.$�!-0#�*$+)#$%�,)6#-*0�#-�#.$�(*-1'-0"0�"0�6-!!-'�,-*�)++�6)0$02�
#.$0$�)*$�)1$2�0$D2��&0(.)1")2��%&'-(.)1")2�+-0#�B$"1.#�)'%�9-!"#�)'%�')�0$)3�
�#.$*�"!(-*#)'#�,)6#-*0�,-*�#."0�5"'%�-,�%"0$)0$�)*$�#.$�*$0(-'0$�-,�()#.-+-1"6)+�2��2�
����2�#�!-*�1*)%$2�#�!-*�+$'1#.3�

�.$�,"*0#�()*#�-,�,$)#�*$0�0�!!)*"4$%�)0��) +$�C3�>�

�

�

      Table 3.2:��$)#�*$0�)'%��) $+0�

FEATURES LABELS

Age
�

�=GC=2�C<G�=2��<G==2�=<G<=2�<<G?=2�?<GF=�

Sex�
�

�-!$'�2��$'�

Dysphagia, Odynophagia
�

�$0�2�-�

Vomit and Nausea
�

�$0�2�-�

Lost weight
�

�G=2�<G��2���G�=2�b�<�
�

�

�

�

�

�
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Tumor Length

��!-*�+$'1#.�"0�-'$�-,�#.$�!-0#�"!(-*#)'#�,)6#-*0�"'�$0-(.)1�0�6)'6$*2�#.$�+$'1#.S0�
�'"#�"0�!"++"!$#$*0�O!!P�)'%�B$�%"9"%$�"#�"'#-����B"#.��3=�1)(�,-*�$)6.�()*#�+"5$�)0�
O�G�3=PM�O��G��3=P3�

Forced Expiratory Volume in 1 second (FEV1) 


#�!$)0�*$0�#.$�9-+�!$�-,�)"*�"'�+"#$*0�#.)#�()#"$'#�1"9$�-�#�%�*"'1�#.$�-'$�0$6-'%2�
#.$'�,-*�6)+6�+)#$�#.$�*)#"-�"#�"0�6-'9$*#$%�#-�#.$�($*6$'#)1$3�	9$*)1$�-,�����%$($'%0�
-'�)1$�)'%�0$D�-,�()#"$'#03�


,������"0�1*$)#$*�#.)'�F�E�"#�"0�'-*!)+� �#�+$00�#.)'���E�"0�(*$%"6#$%�$D#*$!$�
- 0#*�6#"-'3��$�%"9"%$%�#."0�,)6#-*�"'#-�=�()*#0�0�6.�)0�O�3�G�3@PM�O=3�G=3@P3�

Cancer Staging 

�.$�0#)1$�-,�6)'6$*�$D(+)"'0�#.$�$D#$'0"-'�-,�#.$�6)'6$*�"'�()#"$'#S0� -%&3�
#�%$($'%0�
-'�.-B�,)*�#.$�6)'6$*�.)0�1*-B'3�
0�"#�*$)6.$%�'$)* &�0#*�6#�*$�-*�"0�"#�0(*$)%�#-�#.$�
+&!(.�'-%$0�-*�-#.$*�-*1)'0U��.$�!-0#�$,,$6#"9$�,)6#-*0�"'�(*-1'-0"0�)'%�#*$)#!$'#�
-(#"-'0�)*$�%$#$*!"'"'1�#.$�0#)1$�-,�6)'6$*3��

�.$*$�)*$���#&($0�-,�0#)1"'1�Q�CR>�

Clinical stage2�%$#$*!"'$� &�%-6#-*S0�- 0$*9)#"-'0�-,�%"0$)0$� )0$%�-'�#.$�
*$0�+#0�-,�(.&0"6)+�#$0#0�-*�)'&�"!)1"'1�06)'03�
Pathological stage2�%$#$*!"'$� &�B.)#�"0�,-�'%�)0�)�*$0�+#0�-,�#.$�0�*1$*&�
)'%�(+�0�#.$�0)!$�0"1'0�)0�#.$�6+"'"6)+�0#)1$3�

�.$*$�)*$�0-!$�%",,$*$'6$0� $#B$$'�#B-�0#)1$02�"'�0-!$�6)0$0�%�*"'1�#.$�0�*1$*&�#.$�
%-6#-*0�,"'%�-�#�)66�*)#$�#�!-*0�(+)6$�"'�0-!$�)*$)0�#.)#�"!)1"'1�#$0#�%-�'-#�) +$�#-�
*$6-1'"4$3��-�!)'&�%-6#-*0�)'%�()#"$'#0�(*$,$*�#-�()#.-+-1"6)+�0#)1$� $6)�0$�"#�
)++-B0�#.$�%-6#-*�#-�1$#�)�,"*0#.)'%�($*6$(#"-'�-,�#.$�$D#$'#�-,�#.$�%"0$)0$3�

(TNM) Staging System

���0#)1"'1�0&0#$!�"0�#.$�-+%�0&0#$!�,-*�%$06*" "'1�#.$�$D#$'#�-,�6)'6$*3��."0�
0&0#$!�.)0� $$'�)66$(#$%� &�#.$�	!$*"6)'�c-"'#��-!!"##$$�-'��)'6$*�O	c��P�)'%�

'#$*')#"-')+��)'6$*��-'#*-+�O�
��P�Q��R3�

�.$����"0�%$#$*!"'$%� &�C�,)6#-*0�#.)#�B$��0$�"'�#."0�'$#B-*5>��2�2�)'%��3�

TZ�+-6)#"-'�)'%�0"4$�-,���!-*H�%$06*" $0�.-B�)'%�B.$*$�#.$�!)"'�#�!-*�.)0�1*-B'�
"'�#.$�B)++�-,�#.$�$0-(.)1�03�
NZ�%"0(+)6$0�#.$�#�!-*0�'$)* &�+&!(.�'-%$0H��&!(.�-%$0�)*$�0!)++�6"*6+$G0.)($%�
'-%$0�#.)#�*$0"0#)'6$�"'�,*-'#�-,�"',$6#"-'03�
MZ�0.-B0�B.$#.$*�#.$�6)'6$*�.)0�+$)($%�O�$#)0#)0$0P�#-�-#.$*�()*#�-,�#.$� -%&3��

�! $*0�)'%�+$##$*0�),#$*����"0�,-*�!-*$�%$#)"+02�"'�,-++-B"'1�#) +$�0.-B0�#.$�
1*-�("'1�0#)1$�-,����0&0#$!>�

�

�

�
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Table 3.3: �#)1$��*-�("'1

Stage Tumor Regional Lymph 
Nodes

Distant 
Metastases

Stage 0 �"0� �� ���

Stage IA �� �� ���
Stage IB ��

��2�C�
�� ���

Stage IIA ��2�C� �� ���
Stage IIB ��2�C�

��2���
��
��

���
���

Stage IIIA ��2���
�C
��)�

��
��
��

���
���
���

Stage IIIB �C �� ���
Stage IIIC ��)�

�� 
	'&���

�2��
	'&��
C�

���
���
���

Stage IV 	'&��� 	'&�� ���
�

�#)1$�1*-�("'1�"0�0#)*#$%�,*-!�0#)1$���#-�0#)1$�
�2�%�$�#-��) +$�C3CH�$)6.�+$##$*�.)0�
"#0�-B'�%$06*"(#"-'� &�'�! $*0�B."6.�B$�B"++�$D(+)"'� $+-B>�

T categories: 

TXZ�#.$�$)*+&�#�!-*�6)''-#� $�$9)+�)#$%3�

T0Z�#.$*$�"0�'-�"'%"6)#"-'�-,�(*"!)*&�#�!-*3�

TisZ�#.$�6)'6$*�"0�"'�#.$�,"*0#�+$9$+3�
#�6)'� $�0$$'�6)'6$*�6$++0�"'�#.$��(($*�+)&$*�
-,�6$++0�+"'"'1�$0-(.)1�03�

T1Z�#.$�6)'6$*�6$++0� *"'1�-'�"'#-�#.$��'%$*+&"'1�#"00�$3��

T2Z�#.$�6)'6$*�6$++0� *"'1�-'�"'#-�#.$�#."65�#"00�$�O!�06+$�+)&$*P3�

T3Z�#.$�6)'6$*�6$++0� *"'1�-'�"'#-�#.$�-�#�6-*#$D�-,�$0-(.)1�03�

T4Z�#.$�6)'6$*�6$++0� *"'1�-�#�"'#-�'$)* &�-*1)'03�

T4aZ�#.$�6)'6$*�6$++0�"0�6-9$*"'1�#.$�+�'12�.$)*#�)'%�%")(.*)1!�)'%�
6)'� $�*$!-9$%� &�0�*1$*&3�
T4bZ�#.$�6)'6$*�6$++0�6-9$*"'1�!)"'�()*#�-,�)-*#)2�0("'$�)'%�-#.$*�
6*�6")+�-*1)'03�

�

�
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N categories: 

 NX= 0�**-�'%"'1�+&!(.�'-%$0�6)''-#� $�$9)+�)#$%3�

� N0Z�#.$�6)'6$*�6$++0�.)0�'-#� *"'1�-�#�#-�)*-�'%�+&!(.�'-%$03�

� N1Z�#.$�6)'6$*�6$++0�"0�,-�'%�'$)* &���-*���+&!(.�'-%$03�

� N2Z�#.$�6)'6$*�6$++0�"0�,-�'%�'$)* &�C�#-�<�+&!(.�'-%$03�

M categories: 

 M0=�#.$�6)'6$*�.)0�'-#�%"0#*" �#$�#-�-#.$*�-*1)'0�-,� -%&3�

 M1= #.$�6)'6$*�.)0�%"0#*" �#$�#-�-#.$*�-*1)'0�-,� -%&3�

�

Grade 

�.$�%$06*"(#"-'�-,�1*)%$�"0�.-B�6)'6$*�6$++�+--50�+"5$�'-*!)+��'%$*�#.$�!"6*-06-($3�
�"1.�'�! $*�-,�1*)%$�"0�#$'%�#-�6)'6$*�1*-B�,)0#$*�#.)'�+-B$*�1*)%$3�

GXZ�#.$�1*)%$�6)''-#� $�$9)+�)#$%3�

G1Z�6$++0�)*$�6-!(+$#$+&�0$()*)#$%�)'%�#.$&�+--50�+"5$�#-�'-*!)+�6$++03�

� G2Z�)+!-0#�6$++0�)*$�%",,$*$'#�)'%�"#�0.-B0�!-*$�) '-*!)+3�

� G3Z�6$++0�)*$� )*$+&�%"0#"'1�"0.) +$�)'%�"#�"0�9$*&�) '-*!)+3�

Prognosis

�.$�1*)(."6�-,��)&$0")'�'$#B-*5�"0�,-*�6+)00",&"'1�()#"$'#� )0$%�-'�(*-1'-0"0�-,�
0�*9"9)+�),#$*�C��%)&02�<G��G�F�!-'#.0�)'%�CG=�&$)*03�

�.$�(*-1'-0"0�*$0�+#0�"0�#.$�)'0B$*0�#-�()#"$'#0�B.-�B)'#�#-�5'-B�#.$�$D($6#)'6&�-,�
#.$"*�+"9$0�),#$*�0�*1$*&3�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
CHAPTER 4 

�

4. RESULTS AND DISCUSSION 

4.1. Overview 

'� #."0� 6.)(#$*� B$� (*$0$'#� 6+)00","6)#"-'0� ($*,-*!)'6$� )'%� /�)+"#&� *$0�+#0� -,�
!$#.-%0�B$*$�$D(+)"'$%�"'�6.)(#$*�C3��.$�*$0�+#0�-,�!$#.-%0�*$(-*#$%�.$*$�B$*$�
6)**&"'1�-�#�-'�#.$�$0-(.)1�0�%)#)�0$#2�B."6.�B)0�(*$9"-�0+&�%$06*" $%�"'�%$#)"+3�
�

4.2. Results of SVM 

4.2.1. PCA
�$�)((+"$%�(*"'6"()+�6-!(-'$'#�)')+&0"0�,$)#�*$�$D#*)6#"-'�!$#.-%�#-�#.$�#*)"'"'1�
%)#)�0$#3��.$�6-$,,"6"$'#0�6)+6�+)#$%�,-*�%)#)�0$#� &��0"'1��$5)S0�#--+3��$�0.-B�
#.$��G��(+-#0�-,�#.$�6-!(-'$'#02�B."6.�#.$&�.)9"'1�#.$�+)*1$0#�$"1$'�9)+�$03��$�
6)'� - #)"'�  $##$*� 6+)00","6)#"-'� B"#.� !-*$� (*"'6"()+� 6-!(-'$'#0�  �#� "#� "0� '-#�
(-00" +$�#-�0.-B�#.$�0$()*)#"-'�B"#.�!-*$�#.)'���6-!(-'$'#03�
'�-*%$*�#-�- 0$*9$�
#.$�0$()*)#"-'�-,���	�)((+"$%�#*)"'"'1�%)#)�B$�(*$0$'#$%�#.$��G��(+-#0�-,�#.$�,"*0#�
#B-�(*"'6"()+�6-!(-'$'#0�"'��"1�*$��3�3��

�

�

Figure 4.1:���	�*$%�6$%�6-!(-'$'#0
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'��"1�*$��3��B$�6)'� 0$$� #.$�%"0#*" �#"-'�-,�%)#)� 0$#3��.$0$�%)#)0$#� "0� %$,"'$%���@�
"'0#)'6$0� )'%� ��� )##*" �#$03� 
',-*!)#"-'� ) -�#� #.$� 0$+$6#$%� )##*" �#$� "0� 1"9$'�  &�
."0#-1*)!�%$("6#0�#.$�)##*" �#$�%"0#*" �#"-'3��) $+0�)*$�%$("6#$%� &�#.$�0$9$'�6-+-*0�
"'�#.$�."0#-1*)!3��

�

Figure 4.2:��)#)��$#��"0#*" �#"-'�B"#.�0$9$'�+) $+0�

�"1�*$��3C�*$(*$0$'#0�%"0#*" �#"-'�-,�#B-�)##*" �#$0�)'%�#.$"*�+) $+03��$�6)'�0$$�#.)#�
%)#)�"0�'-#�+"'$)*+&�%"0#*" �#$�B"#.�#B-�)##*" �#$03��-�0-+9$�)�'-'+"'$)*�6+)00","6)#"-'�
(*- +$!�B"#.� )� +"'$)*� 6+)00","$*� )++� B$� .)9$� #-� %-� "0� #-� #*)'0,$*� ,$)#�*$0� #-� �(($*�
%"!$'0"-'� �#��-!(�#)#"-'0�"'�#.$��(($*�,$)#�*$�0()6$�6)'� $�#"!$�6-'0�!"'12�%�$�
#-� #.$�,)6#� #.)#�B-*5"'1�"'�."1.$*�%"!$'0"-'�"0�$D($'0"9$3��&��0"'1�����5$*'$+�)0�
!$'#"-'$%�"'�(*$9"-�0�6.)(#$*�B$�6)'�0-+9$�#."0�(*- +$!3�

�

Figure 4.3:��$(*$0$'#)#"-'�-,�	1$�)'%��$D�	##*" �#$0�
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Linear Kernel with PCA and without PCA 42 Attributes (Multiclass) 

	0�B$�!$'#"-'$%� "'� 6.)(#$*� C2� #.$�1-)+� "0� #-� +$)*'� #.$� (-00" "+"#"$0� -,,$*$%�  &� #.$�
�$5)� 0-,#B)*$� ,-*� )�!-%$+� #.)#�B$� .)9$�  �"+#3� �.$� *$0�+#� -,� )((+&"'1� #.$� 6.-0$'�
6+)00","$*�B"++� $�#$0#$%�)66-*%"'1�#-�#.$�6*-00�9)+"%)#"-'�B."6.�.)0�)+0-� $$'�0$#� &�
%$,)�+#���G�,-+%3��)9"'1����,-+%�6*-00�9)+"%)#"-'�!$)'0�@�E�-,�)++�%)#)�0$#�"0��0$%�
,-*�#*)"'"'1�)'%����E�"0�,-*�#$0#�!-%$+�"'�$)6.�,-+%�#$0#3��.$'�B$�6.--0$����,-+%�"#�"0�
#.$� 0)!$� )0� B$� �0$� #*)"'"'1� 0$#� B."6.� !$)'0� 6*-00� 9)+"%)#"-'� (*-%�6$� )� ,)"*�
($*,-*!)'6$�-,�#$0#�0$#3�
=G,-+%� 6*-00� 9)+"%)#"-'�!$)'0� "#� 6-'#)"'0� F�E� -,� %)#)0$#� )'%� 0-!$#"!$0� "#� B-*50�
B$++3��)9"'1�!-*$�#.)'����,-+%0�(*-%�6$�(*- +$!0�B"#.�0!)++�%)#)0$#3�

�
�.$� +)*1$*� %)#)0$#� '$$%$%� #.$� ,$B$*� ,-+%0� #-� (*-%�6$� )� *- �0#�!-%$+3�	0� -�*� ,"*0#�
- 0$*9)#"-'�B$�6.--0$�+"'$)*�5$*'$+�B."6.�B)0�#$0#$%�B"#.�)'%�B"#.-�#���	�-'�%)#)�
0$#3��.$�-�#(�#�,*-!�!-%$+�,-*�#."0�()*#�"0�0.-B'�"'��) +$��3�3�

Table 4.1:��+)00","6)#"-'��$0�+#0�-,������+)00","$*� &��0"'1��"'$)*��$*'$+�B"#.�
)'%�B"#.-�#���	G�-#)+��)#)���+#"��+)00��+)00","6)#"-'�

�)#)��$#� ��+#"�
�+)00�
�+)00",
"$*�

�-**$6#+&�
�+)00","$%�

'0#)'6$0�


'6-**$6#+&�
�+)00","$%�

'0#)'6$0�

�"!$�
#)5$'�
O�$6-'%0P�

�$6)++� �)+0$�
!$)0�*$�

	66�*)6&�

�

Total 
Data

(PCA)�

�
�

�9	�

�
�
���
�

�
�

<��

�

�
�

�3C@�

�
�
�3CF� �3C��

�
�

C@3��E�

OvO 48 57 0.63 0.36 0.35 45.71%

�
�

�-#)+�
�)#)�

OB"#.-�#�
��	P

�
�

�9	�

�
�
C?�
�

�
�

<F�

�

�
�

�3��

�
�
�3C=� �3C=�

�
�

C=3�CE�

�
�9��
�

�
C?�

�
<F�

�
�3<��

�
�3C=� �3C=�

�
C=3�CE�

	 -9$�#) +$�0.-B0�#.$�*$0�+#�-,�����6+)00","$*�),#$*�)'%� $,-*$��0"'1���	�"'�!�+#"�
6+)00� %)#)0$#2� )0� B$� !$'#"-'$%� "'� 6.)(#$*� �2� #.$*$� )*$� #B-� 0-+�#"-'0� ,-*� !�+#"�
6+)00","6)#"-'�(*- +$!0�T-'$�)1)"'0#�)++V�)'%�T-'$�)1)"'0#�-'$V3��$*$2�B$�#*&� -#.�-,�
#.$!�#-�0$$�B."6.�-'$�"0�1--%�,-*�#."0�#&($�-,�%)#)�0$#3��.$� $0#�*$0�+#�-9$*�)++�#.$�
*$0�+#0�"0�."1.+"1.#$%�"'� -+%3�
�
�.$� *$0�+#0� 0.-B� #.)#��9��B-�+%� $� 0-!$.-B�0+-B$*� #.)'��9	3��.-�1.��9�� "0�
0+-B$*2�"#�6+)00","$%�!-*$�6-**$6#+&�"'0#)'6$0�-'�#.$�%)#)0$#3��."0�*$0�+#0�"0� $6)�0$�-,�
!$#.-%0�0#*�6#�*$�#.)#�"0�%"06�00$%�"'�,-++-B"'1�()*)1*)(.3��
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�9	� 0$+$6#� -'$� 6+)00� )0� )� #*)"'� 0$#� )'%� +) $+$%� )0� (-0"#"9$� )'%� )++� #.$� *$0#� )0�
'$1)#"9$� 0)!(+$0� ,-*� #$0#� 0$#3�� 9"-�0+&�'$1)#"9$� 0)!(+$0� )*$�!-*$� #.)'�(-0"#"9$�
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RBF kernel with and without PCA 42 Attributes (Multiclass) 

�$��0$�����5$*'$+�#.)#�B$�%$06*" $%� $,-*$�"'�6.)(#$*�C�)0�0$6-'%�5$*'$+3��$*$2�B$�
)1)"'�#*&�#B-�6+)00","$*0�#-�0-+9$�!�+#"�6+)00","6)#"-'�(*- +$!3��.$�."1.$0#�)66�*)6&�
-,�#."0�!-%$+�"0�,-*��9��6+)00","$*�B"#.��0"'1���	3��.$�)66�*)6&�"0��=3?�E�)'%�#."0�
($*6$'#)1$� 0.-B0� #.)#� ��	� ),,$6#0� *$0�+#0� B.$'� ���� "0� �0$%� )0� )� 5$*'$+H� #."0� "0�
 $6)�0$�-,���	�#.)#�*$%�6$�#.$�"'(�#�()*)!$#$*0�)'%�0"!(+",&�#.$�6+)00","6)#"-'�,-*�
����5$*'$+3�

�

Table 4.3:��+)00","6)#"-'��$0�+#0�-,������+)00","$*� &��0"'1������$*'$+�B"#.�)'%�
B"#.-�#���	G�-#)+��)#)���+#"��+)00��+)00","6)#"-'�

�)#)��$# ��+#"�
�+)00�
�+)00",
"$*�

�-**$6#+&�
�+)00","$%�

'0#)'6$0�


'6-**$6#+&�
�+)00","$%�

'0#)'6$0�

�"!$�
#)5$'�
O�$6-'%0P�

�$6)++� �)+0$�
!$)0�*$�

	66�*)6&�

�

Total 
Data

(PCA)�

�
�

�9	�

�
�
�<�
�

�
�

=@�

�

�
�

�3���

�
�
�3�C�

�
�

�3���

�
�

�C3F�E�

OvO 48 57 0.09 0.45 0.44 45.71%

�
�

�-#)+�
�)#)�

B"#.-�#�
O��	P�

�
�9	�

�
�
CF�
�

�
�

<?�

�

�
�

�3���

�
�
�3C<�

�
�

�3C<�

�
�

C<3�@E�

�
�9��
�

�
C=�

�
?��

�
�3�F�

�
�3CC�

�
�3CC�

�
CC3CCE�

�
�'$�)1)"'0#��'$�!�+#"�6+)00�6+)00","$*�.)0���O�G�Pf�� "')*&�!-%$+0�0�6.�#.)#�5�"0�#.$�
'�! $*�-,�6+)00$03��.$*$�)*$�#B-�B)&0�,-*�0$+$6#�()*)!$#$*>�
�
�3 �"*0#2�,-*�)'&�#B-�6+)00$0�)�()*)!$#$*�0$+$6#"-'�(*-6$00�"0�6-'%�6#$%3��"')++&�$)6.�

%$6"0"-'�,�'6#"-'�,"'%0�"#0�-B'�-(#"!)+�()*)!$#$*03�
�3 �-*� )++��� O�G�Pf��  "')*&�!-%$+0� #.$� 0)!$�()*)!$#$*0� )*$� 0$+$6#$%� )'%��0$%� ,-*�

6+)00","6)#"-'� (*- +$!03� �.$� ()*)!$#$*0� B."6.� )6."$9$� #.$� ."1.$0#� -9$*)++�
)66�*)6"$0�)*$�0$+$6#$%3�

�
�)6.�B)&�.)0�"#0�-B'�)%9)'#)1$0�)'%�%"0)%9)'#)1$0H�-,#$'�#.$0$�#B-�!$#.-%0�0.-B'�
0"!"+)*�($*,-*!)'6$� �#� ,"*0#�!$#.-%� "0�'-#�)+B)&0�1--%�6.-"6$2�-'$�()*)!$#$*�0$#�
!)& $� "0�'-#�1--%�,-*�)++���O�G�Pf��)'%�!)&� +$)%� #-�-9$*G,"##"'13��-*� #."0�(�*(-0$�
0-,#B)*$��0�)++&��0$�0$6-'%�)((*-)6.� &�6-'0"%$*"'1�#.$�0)!$�()*)!$#$*3��
�
	0�B$� 6)'� 0$$� "'��) +$� �3C2� #."0� (*- +$!�!)&� $� -66�**"'1� "'� %)#)�B"#.-�#���	3�
�9�� )66�*)6&� "0� +-B$*� #.)'� �9	� B."+$� "'� #-#)+� - 0$*9)#"-'� �9�� 0.-B0�  $##$*�



   

36 
 

)66�*)6&3� 
'� #."0� (*- +$!� �9�� 6+)00","$*� 6)''-#� 0$#� -(#"!)+� ()*)!$#$*� ,-*�
6+)00","6)#"-'3�
�

'� �) +$� �3�� 0.-B0� 6-',�0"-'� !)#*"D� #.)#� #.$� *$0�+#0� 0#"++� "0� '-#� 1--%�  $6)�0$� "#�
0.-B0�#.)#�#."0�!-%$+�6)''-#�%$#$6#�)'%�6+)00",&�#*�$�6+)00$03�

Table 4.4:��-',�0"-'��)#*"D�-,�����5$*'$+� &��0"'1��9��B"#.-�#���	�O���
	##*" �#$02���+#"6+)00P�

C��
�)&0�

<�
�-'#.�

���
�-'#.�

�F�
�-'#.�

C�
�$)*0�

=�
�$)*0�

�+)00","$%�
)0�

�� �� �� �� �� �� C���)&0�

C� @� <� �� �� �� <����-'#.�

C� �� �F� �� �� �� ����-'#.�

�� �� �� C� �� �� �F��-'#.�

�� �� =� �� ��� �� C���$)*0�

�� �� �� �� �� �� =���$)*0�

�
�)0$%�-'�#.$�)66�*)6&�)'%�6-**$6#f�"'6-**$6#�6+)00","$%�"'0#)'6$0�B$�6)'�0)&�#.)#�#."0�
!-%$+�"0� $##$*�#.)'�+"'$)*�5$*'$+0�!-%$+3�-B�B$�6)'�%*)B��-6�6�*9$�)1)"'�)'%�0$$�
#.$�($*,-*!)'6$�-,�!-%$+3�

�
�

�� �

Figure 4.6:��$6$"9$*��($*)#"'1��.)*)6#$*"0#"6�6�*9$�,-*������+)00","$*� &��0"'1�
�����$*'$+�B"#.���	�,-*�C��%)&02�<�!-'#.0�)'%�C2�=�&$)*0�+"9$�()#"$'#03�

0

0,2

0,4

0,6

0,8

1

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Tr
ue

 P
os

iti
ve

 R
at

e 

Flase Positive Rate 

30 Days

6 Months

3 years

5 Years



   

37 
 

�
�
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Linear kernel with and without PCA with 9 Attributes(Multiclass) 
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Linear Kernel With and Without PCA with 9 Attributes(Binary class) 
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Table 4.13:��-!()*"0-'�-,�#.$�%",,$*$'#��$*'$+0�)'%��)#)0$#0�"'�����

Data Set Accuracy
OvO/OvA

Kernel Type PCA
W/O PCA

Total Data
Multi Class

C=3�CfC=3�C�
�

�"'$)*� �f����	�

CC3CCfC<3�@� ���� �f����	�

�=3?�fC@3���
�

�"'$)*�� ��	�
�

45.71/43.80 RBF PCA

9 Attributes
Multi Class

C�3CFfC�3�?� �"'$)*� �f����	�

34.28/38.09 RBF W/O PCA

C�3CFfC=3�C� �"'$)*� ��	�

CC3CCfC<3�@� ���� ��	�

Total Data
Binary Class

?C3@�� �"'$)*� �f����	�

?C3@�� ���� �f����	�

74.78 Linear PCA

?C3��� ���� ��	�

9 Attributes
Binary Class

?�3��� �"'$)*� �f����	�

<@3?�� ���� �f����	�

?�3CF� �"'$)*� ��	�

72.38 RBF PCA
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4.3. Results of Bayesian Network  
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First Bayesian Network Model
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Fourth Bayesian Network Model 

 

Figure 4.26:��*)(."6)+��$(*$0$'#)#"-'�-,��-*#.�$#B-*5��-%$+�

�"1�*$��3�<� "0� 0.-B'�1*)(."6)+� *$(*$0$'#)#"-'�-,��-�*#.�'$#B-*5�B."6.� "#� "0�)g9$�
�)&$03��$*$2� )##*" �#$0� -,� 6+)00� )*$� "'%$($'%$'#� 0-� 6*$)#$�)g9$��)&$0� '$#B-*5� "0�
+-1"6)+�)'%�#."0�0#*�6#�*$�"0�'$)*�#-�,"*0#�$#B-*5�B."6.�"0�0�11$0#$%� &�$D($*#3��.$�
)66�*)6&� #.)#� �) +$� �3��� 0.-B0� "0� <?3��E� #.)#� "#� "0� ."1.� ,*-!� ,"*0#� '$#B-*5� )'%�
6-',�0"-'�!)#*"D�"'��) +$��3���0.-B0�#.)#��*�$��-0"#"9$�)'%��*�$�$1)#"9$�'�! $*�
"0�."1.$*� #.)'�,"*0#�'$#B-*53��.$�����6�*9$�-,� #."0�!-%$+�)0�B$�6)'�0$$� "'� ,"1�*$�
�3�<�"0� $##$*�#.)'�-#.$*�$#B-*50� $6)�0$�-,��)+0$��-0"#"9$�)'%��*�$��-0"#"9$��)#$3�

�-!()*"0-'� $#B$$'��."*%�)'%��-�*#.�'$#B-*5�0.-B0��02�#."*%�'$#B-*5�.)0�."1.$*�
)66�*)6&� #.)'� ,-*#.� '$#B-*5�  �#� ,-*� %-6#-*0� #.$� 0#*�6#�*$� -,� '$#B-*5� "0� !-*$�
"!(-*#)'#� $6)�0$�#.$�-'$�)##*" �#$2�,-*�$D)!(+$�T	1$V�0"'1+&�"',+�$'6$�T�*-1'-0"0V�
"'�#."0�#&($�-,�6)'6$*2� �#�"'��."*%�'$#B-*5�T	1$V�A�0#�"',+�$'6$�T�-0#�$"1.#V�)'%�
 )0$%�-'�#.$�$D($*#�-("'"-'�	1$�"0�-'$�-,�#.$�$,,$6#"9$�,)6#-*�,-*�(*-1'-0"03��$�6)'�
0)&�#.$�0)!$�#."'10�,-*�)++�-#.$*�'-%$0�0-�B$�6)'�)66$(#��-*#.�'$#B-*5�)0�-�*�,"')+�
!-%$+3��

 

Table 4.21:���+)00","6)#"-'��$0�+#0�-,��)&$0�$#��+)00","$*� &��0"'1��."*%�$#B-*5G
@�	##*" �#$0��"')*&�6+)00�

�	����
���

�-**$6#+&�
�+)00","$%�

'0#)'6$0�


'6-**$6#+&�
�+)00","$%�

'0#)'6$0�

�"!$�
#)5$'�
O�$6-'%0P�

�$6)++� �)+0$�
!$)0�*$�

	66�*)6&�

@�
	##*" �#$0�
O�"')*&�
6+)00P�

�
�
F��
�

�
�

C@�

 

�
�

�3�C�

�
�
�3<?��

�
�

�3<?<�

�
�

<?3��E�



   

63 
 

Table 4.22:��-',�0"-'��)#*"D�-,��-*#.�$#B-*5�

�--%� �)%� eZ��+)00","$%�
)0�

C�� �=� �--%�

��� �F� �)%�

 

        

Figure 4.27:���$6$"9$*��($*)#"'1��.)*)6#$*"0#"6�6�*9$�,-*��)&$0�$#��+)00","$*� &�
�0"'1��-*#.�$#B-*5�

�$+$6#"-'�#.$�-(#"!)+�#.*$0.-+%��'%$*�)�%"9$*0"#&�-,�6+"'"6)+�0"#�)#"-'02�6)'� $�%-'$�
#.*-�1.�����)')+&0"0�B."6.�6-�+%� )+)'6$�#.$�"'.$*$'#�#*)%$-,,0�)!-'1�0$'0"#"9"#&�
)'%�0($6","6"#&3� 
'� #."0�6)0$�B$�6)'�0$$� ,*-!��"1�*$��3�?� #.)#� #."0�!-%$+�)6#�)0�)'�
-(#"!)+�6)0$�,-*�6+"'"6)+��0)1$3��.$�)*$)�-,��--%�6+)00�"0�."1.$*� #.)'� )0$+"'$�)'%�
#.$�."1.$0#�(-"'#�-,�1--%�6+)00�-66�*0�B.$'�,)+0$�(-0"#"9$�"0�$/�)+�#-��3�3��

 

 

 

 

 

 

 

 

 

 

0

0,2

0,4

0,6

0,8

1

0 0,2 0,4 0,6 0,8 1

Tr
ue

 P
os

iti
ve

 R
at

e 

False Positive Rate 

Good



   

64 
 

�"1�*$��3�F� 0.-B0� #.$� 6-!()*"0-'�-,� ,-�*�'$#B-*503��-*� #.$� )')+&0"0�-,�%"06�00$%�
$#B-*50�#.$��0-(.)1�0�%)#)�0$#�.)0� $$'��0$%�B"#.���@�"'0#)'6$0�)'%�@�)##*" �#$03�
�*-!��"1�*$� �3�F2� "#� "0� 6+$)*� #.)#� )66�*)6&� -,�first� '$#B-*5� "0� #.$� ."1.$0#�  �#� #.$�
)')+&0"0�-,�)'-#.$*�()*)!$#$*0�)'%�'$#B-*5�0#*�6#�*$�,-*!$%� &�)g9$��)&$0�"0�#.$�
 $0#�)!-'1�#.$0$3�
#� "0�)+0-�0$$'�#.)#�)66�*)6&�-,�)g9$��)&$0�"0� $##$*�#.)'�-#.$*0�
B.$'�#.$�%)#)0$#�"0�0!)++3�

�

Figure 4.28:��-!()*"0-'�-,�$#B-*50�	66�*)6&�

�


'� #."0� #.$0"0� B$� (*$0$'#$%� ��((-*#� �$6#-*� �)6."'$� )'%� �)&$0")'� '$#B-*5�
6+)00","6)#"-'�!$#.-%0�%$9$+-($%�,-*�!$%"6)+�%$6"0"-'�!)5"'1�(*- +$!0�#-�,"'%�#.$�
!-0#� )((*-(*")#$� 0#*�6#�*$�-,� #.$�!-%$+3��-!()*"'1� #.$� ,"*0#� )'%� 0$6-'%� )((*-)6.�
0.-B0�#.)#�#.$�*$0�+#0�)*$�6-!()*) +$�"'�#$*!0�-,�($*,-*!)'6$3�

�"*0#+&2�"#�6)'� $�- 0$*9$%�#.)#�#.$��)&$0")'�'$#B-*50�($*,-*!$%� $##$*�#.)'��"'$)*�
��((-*#��$6#-*��)6."'$� �#���((-*#��$6#-*��)6."'$�B"#.�����5$*'$+�- #)"'�."1.$*�
(*$%"6#"-'� )66�*)6&� #.)'� �)&$0")'� '$#B-*53� 
#� .)0� #-�  $�!$'#"-'$%2� #.)#� )+#.-�1.�
 $##$*�)66�*)6&�"0�1)"'$%�-'����2�"#�%-$0'S#�'-#�)++-B�"'#$*(*$#)#"-'�-,�(*$%"6#"-'2�
B."+$� �0� %-2� )'%� "'#$*(*$#)#"-'� "'� ,-�*#.� '$#B-*5� 6-'0#*�6#$%� )0� ) -9$2� 6)'�  $�
%-'$�$,,"6"$'#+&3�

�� 0$/�$'#+&2�"'6*$)0"'1�#.$�'�! $*�-,�%)#)�%-$0'S#�$,,$6#�-'�#.$�����($*,-*!)'6$�
 $6)�0$� "#� A�0#� 6*$)#$0�  -�'%)*"$0� )!-'1� %)#)� *$1)*%"'1� #.$"*� 6+)00$02�  �#� B."+$�
�)&$0")'�'$#B-*50�)*$�"'9-+9$%�B"#.�(*- ) "+"#&�-,�%)#)�0-�#.$&�%$!-'0#*)#$� $##$*�
)66�*)6&�B.$'�#.$�'�! $*�-,�%)#)�"0�"'6*$)0$%3�

�.$�!-0#�0#*"5"'1�)%9)'#)1$�-,��)&$0")'�'$#B-*50�"'�6-!()*"0-'�B"#.�����"0�#.)#�
�)&$0")'�'$#B-*50�6)'�6-'#"'�$�#-�6+)00",&�$9$'�",�#.$*$�"0�!"00"'1�%)#)�"0�-66�**$%2�
B."+$� #.$� 0#)'%)*%� ,-*!�+)#"-'� -,� ��((-*#� �$6#-*� �)6."'$� %-$0� '-#� )++-B� ,-*�
!"00"'1�9)+�$0�,-*�)'&�)##*" �#$0�#-�6+)00","$%�,-*�0-+9"'1�#."0�(*- +$!�#.$*$�)*$�0-!$�
(*$(*-6$00"'1�!$#.-%0�#-�(*$()*$�%)#)�0$#0�,-*��0$� &�)'����3�

�

73,1 

44,53 

71,42 
67,22 

0

20

40

60

80

Network 1 Network 2 Network 3 Network 4



   

65 
 

�

CHAPTER 5 

�

5. CONCLUSION AND FUTURE STUDIES 
�

5.1. Conclusion 
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5.2. Future Work 
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