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S * C + none benign malignant
no 0.768 0.024 0.008

light 0.132 0.012 0.006

heavy 0.035 0.010 0.005
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CancerSmoking{ }heavylightnoS ,,∈

{ }malignantbenignnoneC ,,∈P(S=no) 0.80
P(S=light) 0.15
P(S=heavy) 0.05

Smoking
no light heavy

C=none 0.96 0.88 0.60
C=benign 0.03 0.08 0.25
C=malig 0.01 0.04 0.15

P(
� �����

•

S � C � none benign malignant
no 0.768 0.024 0.008

light 0.132 0.012 0.006

heavy 0.035 0.010 0.005
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Marginalization

S
�

C � none benign malig total
no 0.768 0.024 0.008 .80

light 0.132 0.012 0.006 .15

heavy 0.035 0.010 0.005 .05

total 0.935 0.046 0.019

P(Cancer)

P(Smoke)
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S � � � none benign malig
no 0.768/.935 0.024/.046 0.008/.019

light 0.132/.935 0.012/.046 0.006/.019

heavy 0.030/.935 0.015/.046 0.005/.019

Cancer= none benign malignant
P(S=no) 0.821 0.522 0.421
P(S=light) 0.141 0.261 0.316
P(S=heavy) 0.037 0.217 0.263
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Bayes
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features → class
�)�

classify
�

�$��*+�,�-�������

Vector1.�/10325476547874395:7074587;395476745674395<78745674=674385476547:3> Presence
Vector2.�/10385479547:74395:7674597?365476745674395@76745674=674395476547:3> Presence
Vector3.�/1:325476547:74A270745972325476745674395;72745674=674395476547:B> Presence
Vector4.�/10395479547874395:7@7458763:5476745674395:78745674=674385476547<B> Absence
Vector5.�/1@3<5479547:74395:7674587@3<5479745874395078745974365CD<74385479547<B> Absence
Vector6.�/1;365479547874395@7<7458703@547674587439507:745674=674395476547:B> Presence
Vector7.�/1@3<5479547074395:7874597?30547674587439567@745974385CD974385479547<B> Absence
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Bayes
• Assumption:
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• c�d�efehgji�elkGm�e O e/non�pEn PQN khqhnrn�e O�s0{ khd�plpht P�N�u�v LEs e v"HUP t
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Bayes

• Assumption:
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Algorithm

•
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– �CpEnle L khd k v|L t�t��� �

– estimate

• �CpEnle L khd L m�mn P�s q0m'e�� L/v q�e����¡p R e L khd L m�m n PQs q�m�e���
– estimate
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•
� ������!#��!���������! ���
���������
����� �3�
	�	����3����! ���0!�	������!��������	� ������	��
– E I KhqMt§k�p K�
 I mAI pLK KMplm I K�
le/i�eLK�
le KMmhp�En�q K K { KMpltGe��e GGe K u I]G�e K� v q

• � ������� ���������
	�	�� !#��� ������	%	��
������!�	�!���$��	���%�
���
– �_e Fht�p K��E� t � F v�v Klq �fs e/nlp�/i F/n.F � elm�e n�t

• # N0`�!_%<T��E%3^SN3# %"%3^"^�� +�W��! K+�T�+"�[!8%3!�T�& ` # %VY$&# "+�T�&*! X +8%3+"-(*+�W%$K!8%�T�!K+")5)��7&�%VT�+�W"$K!%� ^ X !K) &
– �_e Fht�p K'&_�)(_p K�* m KMehe�
�iln�p s F s I v I mAI|elt§m�p s ekGp/non�ehkGm+�0p K v|{ argmax

∏∏ =
i ici ic cxPcPcxPcP )|()(maxarg)|(ˆ)(ˆmaxarg

• , ���
���.-� �������0�����/������	�!�	 ��!���$3�����%�
�0�
	
• 1 ���������.- � ���
	�	�!#��!�������!���� ! ��� �3�0	��������2�����
	 	���	

• Examples:
–
v e FEn K } d$I|khdHKMe } t FEn�mAI k v elt FEn�e43 I K�m�eEn�eht�mAI K u65

–
v e FEn K]m'pfk v FltGt I7 { } e s i F u eht s0{ m�pEi I k

• � ��89���;:�������	 !�	 	����"����!�	�!���$��	� $
�����3��������!�	 � ��	��
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•
(%������� � -�(%���#��!��9������!������

binomial
– � KMe �e FlmqBn�e���� 'p/nBe Fhkjd } p/n 
 I K�
LI kGmAI|p K F/n {
� ���	�Im�n�qMe I K�
lphkhq � e KMm�
 I � F/ihiMe F/n�tHI K�

– ��F��,GGe�� F { elt assumption:

• ��# �0!�W_%<Y"! X ^"(�P �4!�W8%��5&>%'^" 0#5(*-"+" � "!K+�T�+�W"(*!$^�N�^�W"!7`�^�T X#
W X ^0(�P �4!�W*%=%3!")5)@&�P0&�W"^*%<Y"#�W $ +0 "^�P8% (�Y"+�W0(*!"& %VY"+8%+�W"^*%<Y"!�T"`�^�T X +" � "!K+�T�&

•
(%���������2-�(%���#��!������0!����
– � KMe �e FlmqBn�e���� �pEnle$Fjkhd } p n 
 I K 
jplkhq � e KMm

• N3!"+8%<P�T�!_�0+K)�P=!"&�+�T�!$+0)5)�` ^�T X &_#	W X #,(�%'#,^�WK+�T��
– � F v qMefp������I t§m d�e } p/n 
 I Kfi�pltJI m I pLK��
– ��F��,GGe�� F { elt assumption:

• ��# �0!�W_%<Y"! X ^"(�P �4!�W8%��5&>%'^" 0#5(*-8`b^�T X #�W$^�W0!  K^"&*# %'#,^�W4#
WX ^"(�P��$!�W8%0%'!")5),& P"& W"^8%VYK#�W"$$+" 0^�P8%K�0+")
P0! ^�N=` ^�T X &�#
W^8%VY"!�T  "^0&*# %3#5^�W"&
– E>eBk�p K)
 Flt�tCq � iMm I pLKE�

• `�^�T X +" " "!0+�T�+�W"(*! X ^K!"& W"^8% X !� "!�W X ^�W% "^"&*# %3#5^�W
)|()|( cwXPcwXP ji ===

N3^�T�+")5)# 0^"&*# %3#5^�W0& i,j - ` ^�T X w -"+�W X (*)5+0&*& c
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NVT�+0(�%�#@^�W4^ON X ^"(�P"�4!�W8%3&_^ONK%3^" "#@( cj#
W_` Y0#5(�Y_`�^�T X w +" " "!"+�T�&
• ��I K�p � I F vG� p�
he v �

•
� q v m I KMp � I]F v�� p�
le v �

– (�T�!"+¡%�#	W"$4+%�$!"$"+�� X ^"(�P"�4!�W¡%�N3^�T=%3^" "#@( j  ���(*^�W"(*+8%3!�WK+8%3#
W"$+")@) X ^"(�P"�[!�W8%3&_#	W1%�Y0#5&>%�^" 0#5(
– P"&*!�N<T�!���P0! W0(��_^ON w #	W �4!"$"+�� X ^"(�P�� !�W8%

== )|(ˆ
jw ctXP

NVT�+0(�%�#@^�W4^ONK%�# � !0&_#	W�`ZY"#5(�Y`b^�T X w +" " 0!"+�T�&+0(�T�^K&*&�+")5) X ^"(�P"�$!�W8%�&�^ONK%3^" "#5( cj

== )|(ˆ
ji cwXP

AutoYahoo!
• � v Flt�tJI  { �����
	�����/d�plp�� } e s i�� u eht�������>k�� e��Mk�e��thq s mn�eBe����Mm'p��
�� !�#"$"'eEn�e!��mBm'p/i
� k�t&%�d�� e/n'�/n�khd {  je i�m�d)(+*
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(CMU)

• � v �lt�t�� " { webpages "�n�p � � �  he/i��/n�m � e ��m�t�� �0m'pb�
– &�% ��� !��8%3-��'+"( � ) %��*-"(*^ ��� &*!"-	� � ^�
�!"(�%

WebKB

• � ����!��3�
������������3���
�����������
���������%�
�3����$���	
– �_p/n �Me v�v���� �htCd���� u m�p � ��� � c>ehg��jt �!� � tGk�p��Mt
� �

• " ���#�%�������%$�� ��	�	�!#�'&3� ���#� 	�! � � � " (%( )
• Results:

Student Faculty Person Project Course Departmt
Extracted 180 66 246 99 28 1
Correct 130 28 194 72 25 1
Accuracy: 72% 42% 79% 73% 89% 100%
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