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P (A|B) =
P (B|A)P (A)

P (B)
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P (cancer|positive) =

P (positive|cancer)P (cancer)

P (positive)
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P (positive ∧ cancer) = P (positive ∧ cancer)P (cancer) = 0.0078

P (positive ∧ ¬cancer) = P (positive ∧ ¬cancer)P (¬cancer) = 0.0298

µ�¶ ¬y¯(¬A«7©H±)·-¬y¯\¸�©�¹U¹1º7»�¼5¬�¯(·1¼1¯K½;ª]½;·3½D¬y¾?ª)¹<½;º�½ ¶ ¬:¿9º<³DÀo·-±>©�©H¹1¾L¸�©�±)¸�·-±>©7½D¬�ÁUÂKÃ�Ä7ÅuÃ�ÆbÇDÈ�É1ÊiËRÌZÍ�ÌZÎiÆKÏ<Ð

P (cancer|positive) =
P (positive|cancer)P (cancer)

P (positive ∧ cancer) + P (positive ∧ ¬cancer)

=
0.98 ∗ 0.008

0.0078 + 0.0298

=
0.0078

0.0376
= 0.21

µ�¶ ª>¯�±)¬%©<¾-¯A½;º?½ ¶ ¬U¸bº<¹1¸b±)·1¯DªIº<¹o½ ¶ ©7½E©H±I½ ¶ º<·-Ñ ¶ ½ ¶ ¬#½;¬%¯(½�»E©<¯AÒ5º<¯Dª]½;ªI«<¬�Ó<½ ¶ ¬#Ò1³Dº<¼1©H¼-ª)±)ª]½K®½ ¶ ©7½a½ ¶ ¬�Ò1©7½;ªI¬%¹r½ ¶ ©�¯a¸%©H¹1¸�¬�³aª>¯4ÔKº<¹-±)®�Õ�Ö3×7Ø�§ µ�¶ ª)¯a¬�Ù-©HÀ+Ò-±)¬�¯ ¶ º7»#¯/½ ¶ ©7½d­�©i®<¬%¯%Úµ�¶ ¬%º�³;¬�ÀÛ¸�©H¹�¼5¬�«<¬�³;®j·1¯D¬b¿9·1±�¿9º<³d¸�©�±)¸�·-±)©H½Dª)¹-Ñ�·-¹1Ür¹1º7»�¹�Ò-³Dº<¼1©H¼1ªI±)ª]½;ªI¬y¯a» ¶ ¬%¹�½ ¶ ¬Ò-³;ªIº<³4©H¹p¾£¸b±>©�¯;¯�¸bº<¹1¾3ªI½Dª)º�¹1©�±�Ò-³;º�¼1©�¼-ªI±)ªI½Dª)¬%¯�©�³D¬aÑ<ªI«<¬�¹\§mÝ�¬�»�ªI±)±�¹1º7»_ª)¹r½D³;º�¾-·1¸b¬d©�¹©H±)Ñ�º<³DªI½ ¶ ÀÞ¼1©<¯(¬y¾£º�¹j­E©i®<¬%¯%Ú µ�¶ ¬%º�³;¬�ÀÞ½ ¶ ©H½/ª>¯�¿9³;¬%ßr·-¬%¹r½D±)®C·p¯(¬y¾e¿9º�³+¸b±>©�¯;¯(ªI²p¸%©7½Dª)º�¹|Ð½ ¶ ¬�¨�©Hª)«�¬?­�©i®�¬y¯#°�±)©<¯D¯Dª]²p¬�³y§
à�áDà âÞã4äRå�æèç�ã�é�æ�êìë�íbã4ê|ê|äbîmæ�ï
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P (X |C) =

n
∏

i=1

P (Xi|C) ú ¦-§ûÖ�ü
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P (C|X) =
P (X |C)P (C)

P (X)

=
P (C)

∏n

i=1
P (Xi|C)

P (X)

= P (C)

n
∏

i=1

P (Xi|C) 3 �	� �*4
��'$�5�6�5#(���7�"89��#	�:-"�*�;�<-"�18	�*=>��#	�@?
� 8	'*A:�18����5'*�7BDC�EGF@�"�<?
��'$H�H(��?I�@J�#	�"�D�/�D%K��L �$)��5�BMCNE�F7�/���"8�O��$�5�/��8��G�$LP��'*������-"->LP-/�$������� �QJR'@�$�����"!$8S��8T�18(�;�U��8�L �,��'@�6L -"�*�5��VW�D#��XO$�,�5'LP'*A:H	)
�5�Y�5#	�YH��5'*%���%	�"-"�Z�;[\BDC�EM]5^

j

F@_N'$�7���$LU#`H	����?
� 0�8	��?\L -"�*�5�a^
j bdc �YL���8eVG���Z����5#��"���*�

NBC = argmaxCj in C P (C)

n
∏

i=1

P (Xi|C) 3 �	� 
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ÓIÔgÕ×ÖMØQÔ Ù ÑkÆ.ÑWÌtÚYÛ
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ei = TF (wi, p) · IDF (wi)

Ó ï�Æ Ö Ê�ì�Æ#è
Ñ�Æ Ø È�Ç Ù ÉVÆ#Ê'Í Ô è
Æ�� Ù Æ�Ê+Ç9ÐdÇ#Ì"ÊJô+Æ�Ç�È�É0é Ù Í
Æ#ËJÌ�Ñeò�È�í�í�Ènî]Ñ�ë

IDF (wi) = log

( |P |
DF (wi)

)

Ó ï�ÆLÿQ÷ ÑkÍ
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Similarity(p1, p2) =

∑

w∈W (ep1,w · ep2,w)
√

∑

w∈W e2
p1,w ·

√

∑

w∈W e2
p2,w

Ó ï�Æ0ê�è
Æ#Ì"Í�Æ#èAÍ
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Æ�è
É0Î;Ê�Æ.Ë`Ã#"AÊ�Ì�Ë�ì)Ì�Ê'Í
Ì"ê�Æ
È"òeÍ�ï�Æ%$'&(& Ì"í�ê�È�è�Î;Í�ï�É Î�ÑQÍ
ï�ÌnÍ�Ê�È�Ì�Ë�Ë�Î;Í�Î�È�Ê+Ì"íbË�Ì"Í
Ì�ÑkÍ�è Ù Ç>Í Ù è�Æ.Ñ-Ì"è
Æ0Ê�Æ�Æ.Ë�Æ#Ë`Ã Ó ï�Î�Ñ
Î�ÑfÎ�ÊðÇ9È�Ê'Í
è
Ì�ÑMÍfÍ�ÈJÍ�ï�Æ)&fÌ"Î�ì�Æ�*HÌ)Ð�Æ#Ñ'+/í�Ì�Ñ�Ñ�Î!�+Æ�èQîIï�Æ�è
ÆVÌCì�È�Ç#Ì"ô Ù í�Ì"è
Ð�È"ò/Ì�í;íGîeÈ�è6Ë�ÑfÎ�Ñ
Ç9È�Ê�ÑkÍ�è Ù Ç>Í
Æ#Ëðò�È�è�Æ#Ì�Ç6ï Ù Ñ�Æ�è�îIï�Î�Ç6ï%è�Æ.Ñ Ù í;Í
Ñ�Î�Êsï�Î�ê�ï�Æ#è�É0Æ�É0È�è�Ðóè�Æ�� Ù Î;è
Æ�É0Æ#Ê�Í6Ñ�Ã,"]Ê Õ
È"Í
ï�Æ�èVÌ�Ë�ìnÌ�Ê�Í6Ì"ê�Æ
Î�Ñ�Í�ï+ÌnÍ�Í
ï�Æ�è
ÆdÎ�Ñ�Ê�ÈåÍ
è
Ì�Î;Ê�Î�Ê�ê�Í
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Ì�Ë�ì)Ì�Ê'Í
Ì"ê�Æ-Î�ÑAÍ�ï�ÆVÇ#ÌnÍ�Æ#ê�È�è�Î.-#Ì"Í�Î�È�ÊCÍ�Î�ÉVÆVôYÆ�Î�Ê�êdí�Î;Ê�Æ#Ì"èfÍ�ÈdÍ�ï�ÆVÌ"É0È Ù Ê�ÍQÈ"òSÍ
è
Ì�Î;Ê Õ
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è
Ì�Î;Ê�Î;Ê�ê�é+Ì"ê�Æ�Ñ�ï�È Ù í�ËóôYÆdÇ9È�ÉVé+Ì"è
Æ#Ë îIÎpÍ
ïsÌ�Ê�Æ�î Ù Ê�Ñ�Æ�Æ#Ê
é�Ì�ê�Æ�Ã0/óÆ-îIÎ;í�íOÊ�Ènî�ô�è�Î�Æ21+ÐdË�Î�Ñ�Ç Ù Ñ�ÑIÑ�È�É0ÆLÈ"Í
ï�Æ�èHÍ
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Ç9È�Ê'Í�Æ�Ê'Í Õ ô�Ì�ÑkÆ.Ë
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ÝÑÔDÝ�à	ÔùèøÐoêc�
êLÐ�ð�ÞaÛ	åbÝ�à	ÏÑÔ�ÔûÒ	ÏÑÐoò]Ü
ò]ÞaêLÞdÝ�ÞaÔ[Ó�ë
XoÌ

P (vp1 ∧ vp2 ∧ ... ∧ vpn|up)
ð�à	ÞNØ�à�ÞNÓ�Ý�à	Ô�Ò	Ï�Ð�òBÜ
ò	ÞLêaÞaÝpþ×ÝÑà]Ü
Ý�Ý�à	Ô�Ò]Ü�å�Ô[Ó

vp1 ∧
vp2 ∧ ... ∧ vpn

ð�ÞLêaê,òBÔDé:ÞNÓ�ÞaÝÑÔ[Õ×åoÞaéoÔ�ÛÈÝÑà	ÔûèPÜoØzÝ�ÝÑàBÜ�Ý�Ò]Ü�å�Ôd����ÞLÓ�é:ÞNÓ�ÞaÝÑÔ[Õ?Ì



eCf g@fChjilk>mFkPn�o�p�q`o�r�k>s)sdo�t7p@u8vxwYk>t"y�o�r{z7t@w�|P}@o�n ~>g

�@f
P (up) � z@w�r{z"w�n�vlz@o�m7ilw�k+i�m@ixk+�7u+�@w��YwYvU��vlzFu8v`m7u��>od��� � wY�����-o��Pw�nlwcvxo�p�f

g7f
P (vp1 ∧ vp2 ∧ ... ∧ vpn) � z@w�r{zOw�n�vlz@o�m@ixwYk>i�m7ilk>�7u��@w���wcvU��vlzFu8vHvlz@o�m7u+�+o�n
vp1 ∧ vp2 ∧ ... ∧ vpn

u+iloa�.w�nlwcvxo�p�vlk>�+o�vlz@o�i�f
� t7r�o � o��Pt7k � vxz@o�nlo`vlz7ilo�o�m@ixk+�7u+�@wY��wYvlw�o�n�� � o��.t@k � vxz@o�m-k>n�vlo�ilw�k+ijm@ilk>�7u��7wY��wcvU�>f�y�z@o��u+n�v�v � k�m@ilk>�7u��7wY��wcvxwYo�n�u�ixo`�Au+wYix�Y��o�u>n���vlk�r�k+sdm@}Cvxo�}7nlw�t@��vlz7o
u[�8u�w���u+�@��o�n�o�nlnlwYk>t�p@u8v{uu�tFpEvxz@o�ixo��Mk>ilo � o � wY���jn�vxu�ilv � wcvxz^o��Cm@��u�w�t@w�t@�Hz@k � vxz@o��=u�ixodr�k+sdm@}Cvxo�p=�-o��Mk+ixo � ovxu+�+o�k+t�vlz7o��7ixn�v`m@ixk+�7u+�@wY��wYvU�+f

y�z@oam@ixwYk>i�m7ilk>�7u��@w���wcvU�
P (up)

o��Cm@ixo�nxnlo�njvlz@o�m@ixk+�7u+�@w��YwYvU�dvlz7u�v�vlz@w�n�m7u��>o � w������Fo�.w�nlwYvlo�p��.��u=}7n�o�i � z@k��.w�n�wYvxn�vxz@o � o���nlwcvxo+f��@k+i)vxz@o�z@k+sdo"m7u��>o�k+�
u � o���nlwcvxo+�vlz7w�n)m@ixk+�7u+�@w��YwYvU� � wY�����Fo"�+o�il��z@w��+z�u>n�u+�YsdkPnUv�u�����}Fn�o�ixn�o�tPvlo�i)u � o���nlwcvxo��.w�u�wYvxnz@k>s)o)m7u+�+o+f � vxz@o�iam7u��>o�n � z@w�r{z�u�ixo��7}@ilw�o�p�pCo�o�mEw�t�vxz@o � o��=n�wYvlo � w��Y�L�-o��.w�n�wYvlo�pi{u�ixo����=u+t7p�z7u[�>o�u�t�u+r�r�k+i{pCw�t@�+������k � m@ixk+�7u+�@w��YwYvU�+f� �k � r�u�t^vxz@w�n)m@ixk+�Fu��@w��YwYvU���Fo
r�k>sdm@}Cvlo�p7¡�y�z@o3u+t7n � o�i�w�n`nlwYsdm@��o+¢�r�k+}@tPv`�.�\z@k � s�u+tP���Pw�nlwcvxk+i`n�o�nlnlw�k+t7n�vlz7o�m7u��>o
� u+nau+r�r�o�nxn�o�pEu+t7pEpCw��.w�p@o�pEvlz@w�natP}7s��-o�i��.��vlz@o�vlk+vxu+�1tP}7s��-o�i�k��j�.w�n�wYvlk>i�n�o�nlnlwYk>t7n�fy�z@w�n��+w��+o�njvlz7o
m-o�i{r�o�t>v{u��>o�k��4n�o�nlnlwYk>t7n�wYt � z@w�r{z�vlz@o��>wY�>o�t\m7u+�+o � u>n�u>r�r�o�nlnlo�p�f�£b�Lum7u+�+o3w�n�u>r�r�o�nlnlo�p"w�tEu�����m7ilo��Pw�k+}Fn�nlo�nxn�w�k+t7n�� � o3s�u[�Hr�k+tFr���}7pCo�vxz7u8v
vlz@o3m7ilk>�7u��@w���wcvU�vlzFu8v�vlz7o)mFu��+o � w��Y���-o\u+r�r�o�nlnlo�pEwYt�vlz@o�t7o � nlo�nxnlwYk>tEw�nd¤�¥+¥.¦�f)§�k>ilo��Mk+ixs�u����Y�>� � o�+o�v�¢

P (up) =
count(sessions which visited up)

count(sessions)

¨ e@f gP©
y�z@oHt@o��Pv\m7ilw�k+i)m@ixk+�7u+�@wY��wYvU�^w�n�u=��wcvlvl��o��@wcv\zFu�i{pCo�i)vlk^r�k+sdm@}CvxoHu>ndn�o��+o�i{u���m7u+�+o�n
u�ixo\w�t.�+k+���+o�p�wYt�vlz@oHr�k>s)m7}Cvxu�vlw�k+t�f=y�z@o�r�k+sdm@}Cv{u8vlw�k+t�w�n�z@k � o��+o�i�nlwYsdw���u+i3vlkEvlz@om@ixo��.w�k+}7n)k+t7o+f�y�k�o�n�vlw�s�u8vlo�vlz7w�n�m7ilk>�7u��@w���wcvU�>� � oHr�k>}@tPvdvlz@oHt.}@s��-o�i�k+�anlo�nxn�w�k+tFnw�t � z@w�r{z�vlz@o�n�oHm7u+�+o�n)u+iloHu+r�r�o�nlnlo�p�vlk+�>o�vxz@o�i�u�tFp�pCw��.w�p@o�vxz@w�n�t.}@s��-o�i\u+�>u�w�t��.�
vlz7o3vlk+vxu+��t.}@s��Fo�i�k����.w�n�wYvlk>i
nlo�nxn�w�k+tFn�f�y�z@w�n � w�����ixo�nl}@�Yv
w�t��Yk � o�i�m@ilk>�7u��7wY��wcvxwYo�n�u+t7pnlo�ix�+o�n�u>navlz@o�t@k+ixs�u���wYª�u8vlw�k+t��Au+r�vlk>i��Mk+i�vxz@o\m-k>n�vlo�ixw�k+i�m@ixk+�7u+�@wY��wYvU�+f�y�z7w�n���o�u>p@navlk
vlz7o��Mk+���Yk � w�t@��«¬�Mk>ils�}@��u8­{¢

P (vp) = P (vp1 ∧ vp2 ∧ ... ∧ vpn)

=
count(sessions which visited all pages in vp)

count(sessions)

¨ e@f ®.©
y�z@o��7i{nUv4m@ilk>�7u��7wY��wcvU��w�t3vxz@o�u+�Fk8�>o���w�n�v4w�n�vlz@o�z7u+ixpCo�nUv4k+t@ojvlkar�k+sdm@}@vlo+fLy�k
r�k>sdm@}Cvlo
vlz7o)m7ilk>�7u��@w���wcvU�

P (vp1 ∧ vp2 ∧ ... ∧ vpn|up)
� � z@w�r{zEw�n�u���n�k"r�u+�Y��o�p�vlz@od��wY�>o���wYz@k.kCp��

� o � w��Y��u+nxnl}@sdo�vlzFu8v�m7u��>o��.w�nlwYvxn�u�ixo�w�t7pCo�m-o�tFpCo�tPv�k���o�u+r{z�k�vxz@o�i�f1y�z@w�njw�n�vlz@o�nlu+sdot7u+wY�>oau>nlnl}@sdmCvlw�k+t � z@w�r{z � oa}7n�o�p\�Mk>i�vlz@o�¯
u�w��+o�°�u[�+o�nlw�u�t"±���u+nxn�wY�7o�i�w�t�r{z7u�mCvxo�i`g@f£bv�² nar���o�u�i
vlzFu8v�vxz@w�n
w�nau��Au���nlo�u+nxn�}7s)m@vlw�k+tEu>n�m7u+�+o3�.w�n�wYvxnau�ixo�pCo��7t@wYvlo��Y��ixo���u8vxo�p"vlk
o�u>r{z�k+vlz@o�i�f4³ju+r{z�m7u��>o � z7w�r{zdua}7n�o�iL�Pw�nlwcv{nLw�n1pCo�mFo�t7pCo�t>v�k>t3vxz@o�r�}@ixixo�tPv4mFu��+o�u+n4z@or�u+t3k+t7�Y���.w�nlwYv�vlz7ojm7u+�+o�n � z@w�r{z�u�ixojixo�u>r{z7u��@��oL�Mixk+s]vlz@o�r�}@ixixo�tPv�m7u+�+o ¨ w%f o+f��Mk+i � z@w�r{zu��Yw�t@��o��.w�n�vxn
�Milk>s´vlz@o\r�}@ixilo�t>vam7u��>o�©�f�µ=odu+�Yixo�u>pC�Hsdo�tPvlw�k+t@o�p�w�t=r{zFu�mCvxo�i�g\vxz7u8v
u��Yvlz7k+}@�>z�vxz@w�n�t7u�w��+o�u+nxnl}@sdmCvlw�k+tHk��¶vxo�t�pCk.o�nlt�² v�z@k+��p��CwYv��+w��+o�n��+k.kCp�ixo�nl}@�Yvxn�f�·�nlwYt7�
vlz7w�njt7u�w��+o`u+nxnl}@sdmCvlw�k+t��Pr�u+��r�}@��u�vlw�t@��vlz7o`m@ilk>�7u��7wY��wcvU�

P (vp1∧vp2∧ ...∧vpn|up)
r�u+t

t@k � �Fo � ixwcvlvlo�tHu>n�¢

P (vp1 ∧ vp2 ∧ ... ∧ vpn|up) = P (vp1|up) · P (vp2|up) · ... · P (vpn|up)̈
eCf¸e+©



¹Cº »@ºC¼j½l¾>¿F¾PÀ�Á�Â�Ã`Á�Ä�¾>Å)ÅdÁ�Æ7Â@Ç8ÈxÉY¾>Æ"Ê�Á�Ä{Ë7Æ@É�ÌPÍ@Á�À Î+Ï

Ê�Ë@Á�Ä�Ç+Ð�Ä�Í@Ð�Ç8ÈlÉ�¾+Æ�É�ÀaÈxË@Á�½xÁ�ÑM¾>½lÁ)½xÁ�ÂCÍ7Ä�Á�ÂEÈl¾"Ò7Æ7Â@ÉYÆ@Ó�Ç"Ó+¾.¾CÂ�Á�À�ÈlÉ�ÅdÇ�Èl¾>½a¾+Ñ
P (vpx|up)¾+½�ÈxË@Á\¿@½x¾+ÔFÇ�Ô@É�ÐYÉYÈUÕ�ÈxË7Ç8È�¿FÇ�Ó+Á

vpx Ö É�ÐYÐ�ÔFÁ�×PÉ�ÀlÉcÈxÁ�Â=Ó+É�×+Á�ÆEÈxË7Ç8È�¿FÇ�Ó+Á up
É�À�×.É�À�ÉYÈlÁ�Â�º

Ø Á3Ä�Ç�Æ"Í7ÀlÁ�ÈlË@Á�Ç[×8Ç�É�Ð�Ç�Ô@Ð�Á�À�Á�ÀlÀlÉY¾>Æ�Â@Ç�ÈxÇ�Èl¾�Á�ÀUÈxÉYÅ�Ç�ÈlÁaÈlË@É�À`×8Ç�Ð�Í@Á�Ç+À�ÑM¾>ÐYÐ�¾ Ö À�Ù

P (vpx|up) =
count(sessions which visited both vpx and up)

count(sessions which visited up)

Ú ¹@º ÛPÜ
Ø Á3Ë7Ç[×+ÁaÆ@¾ Ö Ó>Ç�ÈlË@Á�½lÁ�Â�Ç+ÐYÐ�¿7½l¾>Ô7Ç�Ô@É�Ð�ÉcÈxÉYÁ�À�Æ@Á�Á�ÂCÁ�Â�Èl¾\Ä�¾+Åd¿@ÍCÈxÁ)ÝaÞbß�à@á%â�à>ã8º�Ê�Ë@Á�Õ"Ç�½xÁ
Ç�Ð�Ð�Ô7Ç>À�Á�ÂH¾+ÆHÁ�×.É�ÂCÁ�ÆFÄ�Á+ä7ÈlË@Á�Ç[×[Ç+ÉYÐ�Ç�Ô7ÐYÁ�ÀlÁ�ÀxÀ�É�¾+Æ�Â@Ç�ÈxÇ@ä Ö Ë@É�Ä{Ë�É�À`ÈxË@Á�Æ�ÍFÀ�Á�Â�Èx¾\Å�Ç�å>Á3Ç¿@½xÁ�ÂCÉ�ÄæÈxÉY¾>Æ"Ç+ÔF¾>ÍCÈ�Ç�Æ"Í@Æ.×.É�ÀlÉYÈlÁ�Â�¿7Ç+Ó+Á�ÉYÆ"ÈxË@Á Ö Á�Ô"ÀlÉYÈlÁ+º
ç
è�é@ê^ëLìAíHîFï�éEëjî-ð�ñ�íPò8óAîFò�ë�ò8îFô4éCôLóAì%óMñ{õ�ö>îFê^ëL÷�ñ�éCñ�óAî-ø
Ê�¾aÓ>ÉY×>Á�Ç�ÂCÁ�Á�¿-Á�½1É�Æ7ÀlÉYÓ>Ë>È1É�ÆdË@¾ Ö ÈlË7Á`¿F¾PÀUÈxÁ�½xÉY¾>½4¿7½l¾>Ô7Ç�Ô@É�Ð�ÉcÈUÕ�É�À1Ä�¾>Å)¿7ÍCÈlÁ�Â�É�Æ)¿@½xÇ>ÄæÈxÉ�Ä�Á
Ö Á Ö É�ÐYÐùÆ@¾ Ö Ó>ÉY×>Á�Ç)À�É�Åd¿@ÐYÁaÁ�ú@Ç+Å)¿7ÐYÁ>º Ø Á Ö ÉYÐ�Ð�Ç�Ó>Ç+ÉYÆ�ÍFÀ�Á
ÈlË@Á Ö Á�Ô�ÀlÉYÈlÁ�¾+Ñ-ûlÊ�Ë@ÁaÃ�Á�Äæü¾+ÅdÅdÁ�ÆFÂCÁ�½{À¬ý3Ç�ÆFÂ�ÉYÈxÀ
À�Á�ÀlÀlÉ�¾+Æ�Â@Ç8È{Ç)Èl¾�É�ÐYÐ�Í7À�Èl½{Ç8ÈxÁ�ÈlË@Á�Ä�¾+Åd¿@Í@ÈxÇ8ÈxÉY¾>ÆH¾�ÑLÈlË@Á�¿F¾PÀUÈxÁ�½xÉY¾>½
¿@½x¾+Ô7Ç+Ô@É�ÐYÉYÈUÕ+ºLÊ�Ë@Á�¿F¾PÀUÈxÁ�½xÉY¾>½j¿@½x¾+ÔFÇ�Ô@É�ÐYÉYÈUÕ Ö ÉYÐ�ÐùÔFÁ�Ä�¾+Åd¿@ÍCÈxÁ�Â\É�ÆHÂCÁ�È{Ç�É�ÐFÑM¾>½jÈxË@Á�û�Ê�¾+Í7½Uý¿7Ç+Ó+Á�¾�Ñ�ÈlË@Á Ö Á�ÔHÀ�ÉYÈlÁ>º

þ ¾>½LÈlË@Á�Ä�¾+Åd¿@ÍCÈ{Ç8ÈxÉY¾>Æ)¾+ÑFÈxË@Á�¿-¾>À�ÈlÁ�½lÉ�¾+½L¿@½x¾+Ô7Ç+Ô@É�ÐYÉYÈUÕ3¾�Ñ-ÈlË7Á�û�Ê�¾+Í7½Uý�¿FÇ�Ó+Á>ä Ö Á�Æ@Á�Á�ÂÈl¾�ÈxÇ+å+ÁaÉYÆ"Ç+Ä�Ä�¾+Í7Æ>È�ÈlË7Á
¿7Ç+Ó+Á�À Ö Ë@É�Ä{Ë�ËFÇ[×+Á�Ç�Ð�½lÁ�Ç+ÂCÕ)ÔFÁ�Á�Æ"×.É�ÀlÉcÈxÁ�Â�ÔPÕdÈxË@Á�Í7ÀlÁ�½�ÉYÆ�ÈlË@ÁÄ�Í7½l½xÁ�ÆPÈ3À�Á�ÀlÀlÉ�¾+Æ�º þ ¾+½�ÈlË7Á�×PÉ�ÀlÉcÈx¾+½�¾�Ñ`ÀlÁ�ÀxÀ�É�¾+Æ�ÿ�ÈlË@É�À3Ç�½xÁ)ÈlË@Á�û���¾>ÅdÁ�¼LÇ+Ó+Á>äFû���Á Ö ÀUý{äû���É�¾+Ó>½xÇ+¿@Ë.Õ>ý�Ç+Æ7Â�ÈxË@Á3ûU¼�Ë7¾�Èl¾>Ó+½{Ç�¿@Ë.Õ>ý�¿7Ç�Ó>Á�À�º Ø Á�ÈlË@Á�½lÁ�ÑM¾+½xÁ�Æ@Á�Á�ÂEÈl¾HÄ�¾>Å)¿7ÍCÈlÁ�ÈlË@Á
¿@½x¾+Ô7Ç+Ô@É�ÐYÉYÈUÕ�ÈlËFÇ8È�ÈxË@Á
ûlÊ�¾>Í@½Uý�¿7Ç�Ó>Á Ö ÉYÐ�Ð�Ô-Á3×.É�À�ÉYÈlÁ�Â�Ó>ÉY×>Á�ÆHË@É�À`Ô@½x¾ Ö À�É�Æ@ÓdË@É�ÀUÈx¾+½xÕ Ú É%º Á+ºÈlË7Á�Ï�Æ@¾�ÈxÁ�À�Ç+ÐY½xÁ�Ç>ÂCÕ=×PÉ�ÀlÉcÈxÁ�Â^É�Æ�ÈxË@É�À)ÀlÁ�ÀxÀ�É�¾+ÆFÜ�º���Õ^ÀlÍ@Ô7À�ÈlÉYÈlÍCÈxÉYÆ@ÓEÈlË@Á�À�Á"¿7Ç+Ó+Á�À�ÉYÆPÈx¾
Á�ÌPÍ7Ç�ÈlÉ�¾+Æ�¹Cº�� Ö Á�Ó+Á�È�Ù

P (T |HP ∧ N ∧ B ∧ P ) =
P (HP ∧ N ∧ B ∧ P |T ) · P (T )

P (HP ∧ N ∧ B ∧ P )

Ê�¾�Ä�¾>Åd¿@ÍCÈlÁ�ÈlË@Á"¿-¾>À�ÈlÁ�½xÉ�¾+½3¿@½x¾+ÔFÇ�Ô@É�ÐYÉYÈUÕ+ä Ö Á Ö É�ÐYÐ�Ò7½{À�È)Ä�Ç+Ð�Ä�Í@Ð�Ç8ÈlÁ\ÈlË@Á�ÈlË@½xÁ�Á�¿@½x¾+Ô7Ç�üÔ@É�ÐYÉYÈlÉ�Á�À�É�Æ�ÈxË@Á)ÑM¾+½xÅ�Í@Ð�Ç"À�Á�¿7Ç�½{Ç8ÈxÁ�Ð�Õ+º Ø Á Ö É�ÐYÐ�À�ÈxÇ+½�È Ö ÉYÈlË�ÈlË@ÁdÁ�Ç>À�É�Á�À�È
¾>Æ@Á+Ù P (T )
¾+½

ÈlË7Á3¿@½x¾+Ô7Ç+Ô@ÉYÐ�ÉYÈUÕ\ÈlËFÇ8È�ÈxË@Á
ûlÊ�¾>Í@½Uý�¿7Ç�Ó>Á Ö ÉYÐ�Ð�Ô-Á3×.É�À�ÉYÈlÁ�Â�º`Ã`Á�Ä�Ç�Ð�Ð�Á�ÌPÍ7Ç�ÈlÉ�¾+ÆE¹Cº » Ö Ë@É�Ä{ËÄ�Ç+Ð�Ä�Í@Ð�Ç8ÈlÁ�À�ÈlË@É�À�¿@½x¾+Ô7Ç+Ô@É�ÐYÉYÈUÕùÙ

P (T ) =
count(sessions which visited T )

count(sessions)

Ø Ë@Á�Æ Ö ÁaÀlÍ@Ô7À�ÈlÉYÈlÍCÈxÁaÈlË@Á�Ç[×8Ç�É�Ð�Ç+Ô@ÐYÁ�ÉYÆCÑM¾>½lÅ�Ç�ÈlÉ�¾+Æ Ö Á�ÒFÆ7Â�É�Æ\È{Ç�Ô@Ð�Á�¹Cº��Cä Ö Á�Ä�Ç+Æ�Ä�¾>Å�ü¿@ÍCÈxÁ�ÈlË@Á�×8Ç+ÐYÍ@Á�¾+Ñ�ÝaÞ	�@ã3Á�Ç>À�É�Ð�Õ-Ù

P (T ) =
count(sessions which visited T )

count(sessions)

=
4

8
= 0.5

Ê�Ë@Á�Æ@Á�ú.È\¿@½l¾>Ô7Ç�Ô7ÉYÐ�ÉcÈUÕ Ö Ë@É�Ä{Ë Ö Á Ö ÉYÐ�Ð�Ä�¾+Åd¿@ÍCÈxÁ�É�À P (HP ∧ N ∧ B ∧ P )
¾+½dÈxË@Á

¿@½x¾+Ô7Ç+Ô@É�ÐYÉYÈUÕ`ÈlËFÇ8È�ÈxË@Á�ÀlÁ1Ï`¿7Ç�Ó>Á�À Ö É�ÐYÐ>ÔFÁj×PÉ�ÀlÉcÈxÁ�Â
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P (HP ∧ N ∧ B ∧ P ) = P (vp)

=
3

8
= 0.375
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P (HP ∧ N ∧ B ∧ P |T ) ` Q�/%)2�0/�)2�>��1�3%&('*)+��#�
���
 ` QW�E9�	'$K

P (HP ∧ N ∧ B ∧ P |T ) = P (HP |T ) · P (N |T ) · P (B|T ) · P (P |T )

a �5�$&I#b#��(Qc3%���-'�/��-FG�9�* N3%:2&
P (vpx|up)
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P (HP |T )
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P (HP |T ) =
count(sessions which visited both HP and T )

count(sessions which visited T )

=
4

4
= 1
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P (N |T ) =
4

4
= 1

P (B|T ) =
3

4
= 0.75

P (P |T ) =
3

4
= 0.75

nW�9 "��3�'�)2#�E
P (HP ∧ N ∧ B ∧ P |T )
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P (HP ∧ N ∧ B ∧ P |T ) = 1 · 1 · 0.75 · 0.75 = 0.5625
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¤ √ √ √ √ √ √
¥ √ √ √
z √ √ √ √ √
¦ √ √ √ √ √ √ √ √ √ √
x √ √
� √ √ √ √ √ √ √ √ √
§ √ √ √ √ √ √ √
� √ √ √ √ √ √ √ √
¨ √ √ √ ¥9x √ § x z�z � § ¤$©9© z9z � § �9z
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P (T |HP ∧ N ∧ B ∧ P ) =
P (HP ∧ N ∧ B ∧ P |T ) · P (T )

P (HP ∧ N ∧ B ∧ P )

=
0.5625 · 0.5

0.375
= 0.75
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P (un|vn) =
P (vn1 ∧ vn2 ∧ ... ∧ vnn|un) · P (un)

P (vn1 ∧ vn2 ∧ ... ∧ vnn)
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P (vn1 ∧ vn2 ∧ ... ∧ vnn|un)
Þaî ï0í�äaã0áDâ
{�ë"{0íZ��í�ì �1í�ähì8ï�ñ%ä�í�ê�è�áDå[é{å[ê}|

ìDë
���Z�ºè�â#é�ã%ñ-ì8å2æ�~���â:á\å�ë:è�ïo�Aí«ä8ílìDå�æºê0â-æ-å
vnx � P (vnx|un)

í�ä�è�â#é�|
ã0ñ-ìDå�æ.ë:ê%æÃé¨ñ��lìDí�ã	��í�å�æ�{k��ì8ï0åp��ë
��ñ0å¨â"�gì8ï0å���������ë:á8í«ë"{	��å��Pï0í«è�ïÃí�ä
í�ê0ílìDí�ë
���Z�4�#ÞE�Éï0å[êÁì8ï%å��2�"�;���
������â�â:ãÁå[ê%æ0ä � ��å1ï%ë��:åYì8ï0å'è�â#á8áDå�è�ì
��ë"��ñ0å�â"�������-Þ

◦ � ùa��������� ��åjê%â��Kï�ë��:åYë
����ì8ï0áDå[åjã%á8âT{%ë"{0íZ��ílìDí�å2äªáDå�ðAñ0í�á8å2æCìDâCè�â#é{ã0ñ-ì8å
ì8ï%åYã"â#ävì8å[áDí�â:á¨ã%á8âT{%ë"{0íZ��ílì �#ÞCî ï0í«äªã"â#ävì8å[áDí�â:á¨ã%á8âT{%ë"{0íZ��ílì �3í�äªì8ï0å�êGÿ%ê�ë"�Z���
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{%ë
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��å¢�#å�ì�~

P =
PHu · Pu
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�#å[á�ì8ï�ë_ê¼ì8ï%å{ì8ï0áDå�ä8ï0â
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è�ñ�ä8ä�ï0â��Éé{â#ävì�â
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ë�Ù;Ü	Ò
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ÕIÕIÎ
Þ	×]Ù�Ù;Ü�ÒºØ
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Í
Ñ;Ò�Ý]Þ	ÒI×]ÙLÚZØ á Ñ Ù�Ø�ÙLÒIÖ�ÒI×]ÙLÑ�õ}ÙLÜ	ÒSÕ2ÎTÖ�Ï á ÒIì}ÚµÙ ç�Î
ë�Ù;Ü	Òpå±Î}Ó}çºÎ
ë�Ù;Ü	Ò$î2ï"ð;ñ�ò
ó�ô á ÎkÎ
Ï�ÎT× á ÚZ×	Ò�Ñ�"û¢ÙLÎ�É"ü�ÚÁÑ�Ö©Ø"ì�þJý¬þ��
�*õ]ý¬þ�� · � ÿ����§ê�Ü	ÚZÕ�Ü©ÚÁÑ�ÎTåkö]ÚZÎ
ÞÐÑ á ç¬ý¬þ�� · � ÿ��*ÊTÛ½Ü	ÚZÑ«Í;Ò�Ñ�Þ á Ù�Ñ�ÚZ×�Ø
Õ2ÎTÖ�Ï á ÒIì}ÚµÙ ç�Î
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ÍLÚµÙLÜ	Ö�Ê
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· N
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Û½Ü	Ò¬ö�Ø á Þ	Ò�Î
ë«å±Î"Ù;Ü��&ÿ Ø"×�Ó � ÿ ÕIØ
× å±Ò©Ø�Ù¸Ö�Î]Ñ Ù N
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ÊpÛ½Ü	ÚZÑ¢ÚÁÑ¸Ù;Ü	Ò©ÕIØTÑ�Ò�ê�Ü	ÒI× Ù;Ü	Ò
×kÞ	ÖSå±ÒIÍ�ökÚÁÑ�Ú�Ù;Ò�ÓoØ"×ÐÓEÞ	×kökÚZÑ;Ú�Ù;Ò�ÓoÏ�Ø ã Ò�Ñ�ÚZÑ¬Ò�ÝTÞÐØ á Ê é Ü�ÒI×	Ò�ö
ÒIÍ¬ÙLÜ	Ò�Ñ;Ò(ö�Ø á Þ	Ò�Ñ�Ø
Í;Ò(Þ	×}è
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Ù;Ü8ö�Ø á Þ	Ò�Ñ�ê�Ú áZá åÐÒ á Ò�Ñ;Ñ¢ÙLÜ�Ø"× N

2
· N
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×�åkçRÙ êgÎ©ÚZÑ¸Ú�ÍLÍLÒ á ÒIö�Ø"×]Ù�ëAÎ
ÍPÙ;Ü	Ò
Þ	Ï	Ï±ÒIÍ«åÐÎTÞ	×�Ó�Ê�Û½Ü	ÚÁÑ�êxÎTÍLÑ�Ù�ÕIØ
Ñ;Ò½Þ	Ï	Ï±ÒIÍ�å±Î
Þ	×ÐÓ�Ö�Ò�Ø"×�Ñ§ÙLÜ�Ø�Ù�ÙLÜ	Ò�Í;Þ�×	×	ÚZ× ã Î"ë�ÙLÜ	ÚÁÑ�Ø áZã Î
è
ÍLÚµÙLÜ	Ö ÚÁÑ�Ö�Î
ÍLÒpÓ}ÒIÏ±ÒI×ÐÓ}ÒI×]Ù$Î
×RÙLÜ	Òp×kÞ	ÖSå±ÒIÍPÎ"ë�×	Î}Ó}Ò�Ñ½ÙLÜ�Ø"×RÙLÜ	Ò�Í;Þ�×	×	ÚZ× ã Ù;ÚZÖ�ÒpÎ"ë§Ù;Ü	Ò
â¬×	Ò�Ø
Í;Ò�Ñ Ù«×�ÒIÚ ã ÜkåÐÎTÞ	Í á Ú�×�â�ÍLÒ�ÕIÎ
Ö�Ö�ÒI×�Ó	Ø"Ù;ÚZÎ
×�Ø á�ã Î
ÍLÚµÙLÜ	Ö ê�Ü	ÚÁÕ�Ü©ê½Ø
Ñ�Ö�Î
ÍLÒPÓ}Ò�ÏÐÒ�×�Ó}Ò�×TÙ
Î
×(Ù;Ü�Ò�×]Þ�ÖSå±ÒIÍ$Î
ë§Ñ;Ò�ÑLÑ�ÚZÎ
×�Ñ�Ê

é ÒPê�Ú á�á ×	Î�êÄÓ}ÚZÑLÕ2ÞÐÑ;ÑxÑ�ÎTÖ¬Ò¸Ò2ìkÙ;Ò�×�Ñ;Ú�ÎT×�Ñ�Ø"×ÐÓ�Õ�Ü�Ø"× ã Ò�Ñ�ê�Ü	ÚZÕ�Ü(ÕIØ"×©ÍLÒ�Ó	Þ�Õ2Ò�ÙLÜ	ÒPÍLÞ	×}è
×	ÚZ× ã Ù;ÚZÖ�Ò©Î"ë«ÙLÜ	Ò�Ø áZã ÎTÍ;Ú�Ù;Ü�Ö Ø"×�Ó Ú�×ÐÕ2ÍLÒ�Ø
Ñ;Ò�Ù;Ü	Ò�Ý]Þ�Ø á Ú�Ù ç�Î"ëxÙ;Ü	Ò�Î��±Ò�Í;Ò�Ó á Ú�×�â ÍLÒ�Õ2ÎTÖ¬è
Ö�ÒI×�Ó�Ø�Ù;ÚZÎ
×ÐÑIÊ�� áZá Ù;Ü	ÒSÒ2ìkÙ;Ò�×�Ñ�ÚZÎ
×ÐÑ½ê�Ü	ÚZÕ�Ü�êgÒ�Ï	ÍLÎ
Ï±ÎTÑ;Ò�Ó(ëAÎ
Í½ÙLÜ	Òpâº×�Ò�Ø"ÍLÒ�Ñ�Ù�×	ÒIÚ ã Ükå±Î
Þ	Í
á Ú�×	â�ÍLÒ�ÕIÎ
Ö�Ö�ÒI×�Ó�Ø�Ù;ÚZÎ
×�Ø á�ã Î
ÍLÚµÙLÜ	Ö Ø"ÍLÒ�Ø á Ñ;ÎºØ"Ï�Ï á ÚÁÕIØ
å á ÒSÎ
× Ù;Ü	ÚÁÑ�Ø áZã ÎTÍ;Ú�Ù;Ü	Ö�Ê é Ò¬ê�Ú á�á
×	Î
Ù á ÚÁÑ�Ù�Ù;Ü	ÒSÑLØ"Ö�ÒpÕIÎkÓ	ÒSØ"×�Ó�ØTÓ}ö�Ø"×]ÙLØ ã Ò�Ñ½Î
ë�ÙLÜ	Ò�Ñ;ÒpÒIì]ÙLÒI×�Ñ;ÚZÎ
×�Ñ$Ø ã Ø
Ú�×RÚ�×�ÙLÜ	ÚÁÑPÑ;Ò�Õ*ÙLÚ�ÎT×
å±Ò�ÕIØ
Þ�Ñ;Ò�Ù;Ü�Ø"ÙPêxÎTÞ á Ó(å±ÒpÍLÒ�Ó}Þ�×�Ó	Ø"×]Ù�Ê é Ò�ê�Ú áZá ÎT× á çRÓ}ÚÁÑ;ÕIÞ�Ñ;Ñ$Ü	Î�êmÙLÜ	ÒSØ á�ã Î
ÍLÚµÙLÜ	Ö ÕIØ
×
å±Ò�Ò2ìkÙ;Ò�×�Ó}Ò�ÓRê�Ú�Ù;ÜRÙ;Ü�Ò�Ñ;Ò�Õ�ÜÐØ"× ã Ò�Ñ�Ê
� ×�Ñ�Ò�Õ*Ù;ÚZÎ
×�É}Ê Ë	ÊZà
Ê ��õ]ÙLÜ	Ò�ëAÎ áZá Î�ê�ÚZ× ã Ò2ìkÙLÒI×�Ñ;Ú�ÎT×�Ñ½êgÒIÍLÒ¸Ï	ÍLÎ
Ï±ÎTÑ;Ò�Ó��
àTÊ��xÞ}Ù�ÙLÚ�× ã Ó	Î�ê�×ºÙLÜ	Ò�×kÞ	ÖSå±ÒIÍ�Î
ë§Ñ;Ò�ÑLÑ�ÚZÎ
×�Ñ�Ê

þDØ
�(ægç�Î
× á çRÕ2Î
×ÐÑ�ÚÁÓ}ÒIÍLÚZ× ã ÙLÜ	Ò á Ø
Ñ�Ù���Ñ�Ò�Ñ;Ñ;Ú�ÎT×�Ñ�Ê
þAå��Rægç�Î
× á çRÕ2Î
×ÐÑ�ÚÁÓ}ÒIÍLÚZ× ã ÙLÜ	ÒpÑ;Ò�ÑLÑ�ÚZÎ
×�Ñgê�Ú�Ù;ÜRÙ;Ü�ÒpÑ;Ø
Ö¬Ò�Ø
Þ�Ó}ÚZÒI×�ÕIÒ�Õ á ØTÑ;Ñ�Ê

�	Ê��xÞ}Ù�ÙLÚ�× ã Ó}Î�ê�×8Ù;Ü	Ò(×kÞ	ÖSå±ÒIÍ�Î"ë�Í;Ò�Õ2ÎTÖ¬Ö�Ò�×�Ó	Ø"å á Ò�×�ÎkÓ	Ò�ÑpåkçnÎ
× á ç8Õ2Î
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Sven Casteleyn

  
Room: 6 G 305 (C)
Telephone: +32 2 629 37 54
Fax: +32 2 639 37 54
Email: Sven.Casteleyn@vub.ac.be
Homepage: Sven Casteleyn’s homepage
 

HTML

XML

<member name="Sven Casteleyn">
    <room> 6 G 305 (C) </room>
    <telephone> +32 2 629 35 54 </telephone>
    <fax> +32 2 639 37 54 </fax>
    <email> Sven.Casteleyn@vub.ac.be </email>
    <homepage>
        <link linktext="Sven Casteleyn’s homepage">
            http://wise.vub.ac.be/Members/Sven
         </link>
     </homepage>
 </member>

 
    
    

DTD

<!ELEMENT member (room, telephone, fax, email, homepage)>
<!ATTLIST member name CDATA #REQUIRED>
<!ELEMENT room (#PCDATA)>
<!ELEMENT email (#PCDATA)>
<!ELEMENT telephone (#PCDATA)>
<!ELEMENT homepage (link)>
<!ELEMENT link (#PCDATA)>
<!ATTLIST link linktext CDATA #REQUIRED>

XSLT

<xsl:template match="member">
    <b> <xsl:value-of select="@name"/> </b> </br> </br>
     Room : <xsl:value-of select="room"/> <br/>
     Telephone: <xsl:value-of select="fax"/> <br/>
     Email: <xsl:value-of select="email"/> </br>
     Homepage:  
            <a href="{homepage/link}">
                <xsl:value-of select="homepage/link/@linktext"/>
            </a>
 </xsl:template>
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Graph

public  addNode()

public  addEdge()

public  deleteNode()

public  deleteEdge()

public  getEdges()

public  getNodes()
Node

public  getLabel()

public  setLabel()

Edge

public  getSourceNode()

public  getTargetNode()

public  setSourceNode()

public  setTargetNode()

WSDMGraph

public  addWSDMNode()

public  addWSDMChunk()

public  addWSDMLink()
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