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

P (B)

g ÷1øIPih
���/ý�2;�/ý��<� ý%��01þ ý�þ:2;�/ý�*-�;&I�<�A*-�;��.1û�.-&I,)&I2½ü+SUTWVE[ g 2D�/ý�*-�D�<.1ûH.1&I,)&]2½ü�2D�1ûH2EVj��=%=b0-�
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� &)`�ý�B�2D�1ûH2¬û�2 ý�þ(2+�H8(û�*1û72;&2ý%B<2+��ý�þD0-,]2
þ�û!þ4*5�!þD&I2D&)`�ý�JÃþD�-�<0-,)F�6¾ýmF3&6ûHM�B1�!þ ýa2D�/ý*1ûH2D&�ý�Br2¾û�þ�.´ý%&IB1M�*p�Pþ(&I2D&)`�ýi�^�E2�{1�
þK2�þ(&)M��r2�û�,I�+�!þ(2¾û�,I,p*´ý%��*-,�ý#6E��0-,>F=þ û.ü�ü�ý�þ�.�ý%=�û�01þ ý2D�1ý�üC89���;M�ý�2Tûx`�ý%� üC&I�+*5���D2�û�B<29û�þD*´ýy=R24��8E2�ý�þ(2�þ%f+�/�PþK2o�H8�2D�/ýd2 ý�þK2
þ�û�� ýaB-��2�Py���r�=�ý%�(2
ûH&)Bdø:�|�/F3&�û�M�B-�Pþ#ý#2D�/ýU*1û72;&2ý%Br2�6�ý��1ûi`!ý�2D�o@rB1�76��1�76�M����3F+2D�/ý�2 ý�þK2�&�þ�ûHBpFa�-�76,6ûH�;M�ý/2D�/ý�=��1ûHB1=�ýa&�þ4�H8��1ûi`�&IB1M�=�ûHBp=�ý���ød}~8�6�ý�ûH��ý�þ(01*-*-,)&2ýyFe6�&]2;�e2D�/ý�þ#ý�`?û�,I0/ý�þ?6�ý=�û�B�=�û�,)=�0-,�ûH2 ý?2;�/ý4*1�D�<.1ûH.-&),)&]2½ü�SUTK���7�5�����DX��-�7�R�Z���Z�7��[�q?���1&�þG&�þ#2D�/ýo*-�;��.1û�.-&I,)&I2½üd2;�1û728û*1ûH2D&�ý�Br2G�1û!þG=�ûHB1=�ý��GM�&)`�ý�B�2D�/ýo8Kû�=b2�2D�´û72U2D�/ýo2 ý�þK2UM!ûi`�ý�û�*5�!þD&]2;&I`!ý4��ý�þD0-,]2�øU��01*-*p�Pþ#ý2D�1ýL89��,),I�76�&)B-M/*-�D�<.1ûH.1&I,)&]2;&2ý�þûH��ýLM�&)`�ý�B|f
• SUTK�;�H�5�����~[/���/ø ���<�
• SUT ¬ ���H�5���b�~[/���/ø 	�	Pù
• SUTI�-�7���Z���Z�7�;X~���7�u���b�~[+���/ø 	��
• SUT~�5�~�<�H���Z�7��X~�;�H�5�����~[+���1ø �Pù
• SUTI�-�7���Z���Z�7�;X ¬ ���7�u�;���~[a���/ø ��÷
• SUT~�5�~�<�H���Z�7��X ¬ ���H�5���b�~[a���/ø 	r 

¡ B-�76�&)B-M�2D�/ý�þ#ý^*-�;��.1û�.-&),I&I2D&�ý�þ+6�ýx=�ûHB¢=�û�,)=�0-,6û72 ý�SUTK���7�u�;���DX��1�i�R�Z���Z�7�K[�01þD&IB1MWú�û.ü!ý�þ�ÿ���/ý%����ý��7øA���-&�þ�M<&I`!ý�þ%f
P (cancer|positive) =

P (positive|cancer)P (cancer)

P (positive)

}~2a�+&IM<�<2�þ ý�ý%� û�þ/&I8�SUTI�1�i�R�Z���Z�i�K[�&�þ+�+&6þ þD&)B-M1J�.-032+2D�-&6þa*-�;��.´ûH.-&),I&I2½ü£=�û�Bj.�ý7ý�û�þD&),2ü=�û�,)=�0-,6û72 ý�þ+.ZüÆþD0-�+�+&IB-M£01*¤SUTI�-�7���Z���Z�7� ∧ ���H�5���b�~[·ûHB1F¥SUTI�1�i�R�Z���Z�7� ∧ ¬ ���7�5�����~[�q���/ý�þ#ýU2K6E�/*1�D�<.1ûH.-&),)&]2;&2ý�þ�=�ûHBm.�ý�=�ûH,>=b01,�ûH2 ý%F�01þD&IB1Mo2;�/ý?*-�;�3F301=R2��;0-,�ý�f
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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
ð ¹�½ ¶ ª>¯U¯D¬%¸b½Dª)º�¹�»�¬o¬bÙ3Ò-±>©Hª)¹ ¶ º7»�½ ¶ ¬/¨G©Hª)«�¬/E©i®<¬%¯L°�±)©<¯D¯Dª]²p¬�³�»Eº�³;Ü3¯4ñ ò1×�Ó$ó-×Rô~§ µ�¶ ª)¯ª>¯E©o¯K½�©7½;ª)¯(½Dª>¸�©�±1½;¬%¸ ¶ ¹-ª>ßr·-¬G½ ¶ ©H½�¸%©H¹d¼5¬U·1¯(¬y¾a½;ºo¸b±>©�¯;¯Dª]¿9®a¾3º3¸b·1À/¬%¹r½;¯EªI¹r½;ºoÒ-³;¬%¾-¬b²1¹-¬y¾¸b±>©�¯;¯D¬%¯:·1¯DªI¹1ÑG½ ¶ ¬�»Eº�³�¾-¯:ªI¹/½ ¶ ¬#¾3º3¸b·-À+¬%¹<½�©<¯!¿9¬%©H½D·-³;¬%¯%§!õG¯:½ ¶ ¬�¹1©HÀ+¬�ª)¹1¾3ª>¸�©7½;¬%¯%Ó7½ ¶ ª)¯¸b±>©�¯;¯Dª]²1¬%³�·p¯(¬y¯E�©i®<¬%¯%Ú µ�¶ ¬%º�³;¬�Àö½;ºoÒ5¬�³D¿9º�³;Àö½ ¶ ª>¯�¸b±>©�¯;¯Dª]²p¸%©7½;ªIº<¹\§ µ�¶ ¬U³;¬%©<¯(º<¹�» ¶ ®aª]½ª>¯�¸�©�±I±)¬%¾^¹p©Hª)«�¬?ª>¯#¼5¬%¸�©�·1¯D¬�ª]½UÀa©HÜ�¬y¯�½ ¶ ¬o¯DªIÀ+Ò-±)ª]¿9®�ª)¹-Ñd©<¯D¯D·-À+Ò3½Dª)º�¹^½ ¶ ©7½U©H±)±\¿9¬%©H½D·-³;¬%¯©H³;¬�¸bº<¹1¾3ªI½Dª)º�¹1©�±I±)®dª)¹1¾3¬%Òp¬%¹1¾3¬%¹<½GÑ�ª)«�¬�¹^½ ¶ ¬4¸�±)©<¯D¯%§�÷�«<¬�¹^½ ¶ º�·-Ñ ¶ ½ ¶ ª>¯�©<¯D¯D·-À+Ò3½;ªIº<¹mº�¿ª)¹1¾3¬�Ò5¬�¹p¾3¬�¹1¸�¬�ª>¯�ºH¿Z½;¬�¹^¹-ºH½GÀ/¬�½%Ó-ªI½ ¶ ©<¯�¼5¬�¬�¹x¯ ¶ º7»�¹m½ ¶ ©H½�½ ¶ ¬o¨�©Hª)«�¬?�©i®�¬y¯�°�±)©<¯D¯DªIø²1¬%³�Ñ�ª)«�¬y¯�«�¬%³D®�Ñ�º�º3¾m³D¬y¯(·-±I½;¯�ªI¹�Ò-³;©<¸R½;ª)¸�¬�ñ ¦-×�ô~§�÷�¯(Ò5¬%¸�ª)©�±I±)®^¸bº�À+Ò1©�³D¬y¾�½Dº�Ào·1¸ ¶ À+º�³;¬¸bº<À+Ò-±I¬�Ù�¸b±>©�¯;¯Dª]²p¸%©7½;ªIº<¹dÀ+¬b½ ¶ º3¾-¯�ªI½#Òp¬%³(¿9º<³DÀa¯�³;¬�Àa©H³;Ü7©H¼-±)®a»�¬%±I±�§

µ�¶ ¬:¿9º<³DÀa©H±)ª)ù%©7½;ªIº<¹Gº�¿�½ ¶ ¬�¯Dª)À/Ò1±IªI¿9®�ªI¹-ÑG©�¯;¯(·-À+Ò3½;ªIº<¹L» ¶ ª)¸ ¶ ª>¯\Àa©�¾-¬:¿9º�³k¸�º�À+Ò-·3½;ªI¹1Ñ½ ¶ ¬�¨�©Hª)«�¬?�©i®�¬y¯�¸b±>©�¯;¯(ªI²1¬�³�ª>¯�©�¯E¿9º<±I±)º7»#¯�Ð

P (X |C) =

n
∏

i=1

P (Xi|C) ú ¦-§ûÖ�ü
ð ¹�½ ¶ ª>¯E¿9º�³;À4·-±>©-Ó-ý'ª)¯�©o¿9¬%©H½D·-³;¬G«<¬%¸b½Dº�³�¸�º�¹r½;©�ªI¹-ª)¹-Ñ4½ ¶ ¬U¿9¬%©H½D·-³;¬%¯/Â9ý4þ3ÿ������Iÿ!ý Å Ï�©�¹1¾� ª>¯4©�¸�±)©<¯D¯%§ ð ½/¯(½;©H½D¬%¯�½ ¶ ©H½�½ ¶ ©7½4½ ¶ ¬dÒ1³Dº<¼1©H¼-ª)±)ª]½K®�ºH¿�º�¼1¯D¬�³;«�ªI¹1Ñ^½ ¶ ¬d¸�º�¹��K·1¹1¸R½;ªIº<¹ºH¿?¿9¬y©7½;·-³D¬y¯mý þ ÿ������Iÿ/ý Å ª>¯d½ ¶ ¬CÒ-³Dº3¾3·p¸R½�º�¿?½ ¶ ¬CÒ-³;º�¼1©�¼-ª)±IªI½Dª)¬%¯�ºH¿?½ ¶ ¬�ª)¹1¾3ª)«�ª)¾-·1©H±¸b±>©�¯;¯A¸bº<¹1¾3ªI½Dª)º�¹1©�±-Ò-³;º�¼1©�¼-ª)±IªI½Dª)¬%¯:º�¿p½ ¶ ¬%¯D¬�¿9¬%©H½D·-³;¬%¯%§ µ�¶ ª)¯�©<¯D¯D·-À+Ò3½;ªIº<¹/Àa©�Ü�¬%¯:ªI½�Ào·1¸ ¶¬%©<¯(ª)¬�³4½Dºe¸bº<À/Ò1·3½D¬�ÁUÂ9ýGÈ � Ï7§AÝ�¬^¸�©�¹�¹-º7»z·1¯D¬�½ ¶ ª>¯+©�¯;¯(·-À+Ò3½;ªIº<¹£½Dºe¸�©�±)¸�·-±>©7½D¬d½ ¶ ¬Ò-³;º�¼1©�¼-ª)±IªI½K®m½ ¶ ©H½LÑ<ªI«<¬�¹C©�¿9¬y©7½D·1³D¬/«�¬y¸R½Dº<³%Ó\©�¹�ª)¹1¯(½;©H¹p¸b¬/¼p¬%±Iº<¹-Ñ<¯G½Dº^©m¸b¬�³D½;©�ªI¹C¸b±>©�¯;¯�§µ�¶ ª>¯#¸�©�¹�¼5¬�¾3º<¹-¬L·1¯(ª)¹-Ña�©i®�¬y¯�Ú µ�¶ ¬%º�³;¬�À^Ð
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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
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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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Á�Ù�Â2ÅT¾�º%Â�Þ�Ù à ¼�Ý�Û$Ù�¼ ¼"¿�·
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â]ÓÑÔ�Õ÷èøÐ�Ï_ÝÑà]ÔÚØ�Ð�ÙÚÒ	â�Ý�ÞaÛ]åÈÝ�à	ÔÚÞaÛ�ÝÑÔ�ÏÑÔ[ÓpÝ�ÞaÛ]å�Û	Ô[ÓÑÓ�Ð
è�Ü
êLê6ÒBÜ
å�Ô[Ó�Ý�à	ÔÚé:ÞLÓÑÞdÝ�Ð�Ïûà]ÜoÓ�Û]Ð
ÝDþ�Ô�Ý
é:ÞLÓÑÞaÝÑÔ�ÕGÌ�ß�à]ÞLÓ�ÓÑÔSÝñÐ
è?â	Û:é:ÞLÓÑÞdÝ�Ô�ÕÚÒ]Ü�å�Ô[ÓeÞLÓ0ÓpÝ�Ð�Ï�Ô�ÕbÞaÛ��GîúÌoß�à]Ô�Û	Ô��:Ý�ÝpðúÐDêLÞaÛ	Ô[Ó0Ø�Ü
êNØSâ	êNÜ�Ý�Ô
ÝÑà]Ô#Ò\ÐoÓ�ÝÑÔ�ÏÑÞLÐ�Ï�Ò]ÏÑÐoò]Ü
ò	ÞLêLÞdÝpþ��=èøÐ�Ï&Ô[Ü�Ø�à�â]Û]Ó�Ô�Ô�Û�ÒBÜ
å�Ô����=ÞLÛæÝÑà]ÔbÓÑÔSÝ_Ð
è�â	Û]ÓÑÔ�Ô�Û÷Ò]Ü�å�Ô[Ó
â]ÓÑÞaÛ]å�	�Ü�þ�Ô[Ó�
\ß�à	Ô�ÐoÏÑÔ�Ù�Ì�µà	Ô�Û÷ÝÑà	Ô#Ò	Ï�Ð�ò]Ü�ò	ÞaêLÞaÝpþ×Ð�èñÜ
Û�â]Û]Ó�Ô�Ô�Û�ÒBÜ
å�Ô�ÞLÓ_êNÜ
Ï�å�Ô�Ï�ÝÑà	Ô�Û
ÝÑà]Ô�ÝÑà	Ï�Ô�ÓÑà	ÐoêLÕ?ó,ÝÑà	ÔÈÒ]Ü
åoÔ�ÞLÓDÏ�Ô�Ø�Ð�ÙÚÙÚÔ�Û]Õ	Ô�ÕýÝÑÐæÝ�à	Ôgé:ÞNÓ�ÞaÝÑÐoÏ�Ì��&Ð
Ý�Ô�ÝÑà]Ü
ÝùÝÑà]ÔgÓ�Ô[ÓÑÓÑÞaÐoÛ
Õ	Ü
Ý�Ü9í¤ÞLÓÚÜ�êLÓÑÐ�â]ÓÑÔ�ÕÄèøÐ�Ï#ÝÑà	Ô�Ø�Ü
êNØSâ]êLÜ
ÝÑÞLÐ�ÛÄÐ�è�ÝÑà	Ô×ÒBÐ�ÓpÝ�Ô�Ï�ÞaÐoÏ�Ò	Ï�Ð�òBÜ
ò	ÞLêaÞaÝpþ=ò:þ�	�Ü�þoÔ�Ó�

ß�à	Ô�Ð�Ï�Ô�Ù(ÜoÓ�ðñÔûð�ÞLêaê,ÓÑÔ�ÔûÞLÛæÜbÓÑà	ÐoÏ�Ý�ð�à	ÞLêaÔoÌ

ß�à	ÔgÜ�òBÐ�éoÔ#Ò]ÓÑÔ�âBÕ�Ð�� ØSÐ�Õ�ÔÚÞNÓùÜ
Û=Ð�é�Ô�Ï�� ÓÑÞaÙÚÒ	êLÞdçBÔ�Õ�éoÔ�Ï�Ó�ÞLÐ�ÛýÐ
èúÝÑà	Ô×Ü
êLå�Ð�Ï�ÞaÝÑà	Ù ÜoÓûÞdÝ
Õ�Ð:Ô�ÓÑÛ�
 Ý&Ó�Ò\Ô�Ø�Þdèøþ�à	Ð�ð¶ÝÑà	Ô�Ò	ÏÑÐoò]Ü
ò]ÞaêLÞdÝ�ÞaÔ[Ó�Ü
Ï�ÔDØ�Ü
êNØSâ]êLÜ
ÝÑÔ�Õ�Ü�Û]Õ�ÙbÔ�ÏÑÔ�êaþ�Ó�à]Ð�ð�ÓúÝÑà	ÔùòBÜ�ÓÑÔ
Ó�ÝÑÏ�â]ØzÝ�â	ÏÑÔ�Ð
è�ÝÑà	ÔbÜ
êLå�ÐoÏÑÞaÝÑà	Ù�Ì�ß�à	ÞNÓ�ÒBÓ�Ô�â]Õ�Ð�� ØSÐ�Õ�Ô#Ó�à	Ð�ð�Ó�ÝÑà]Ü
Ý&ÝÑà]ÞLÓ�ò]Ü�ÓÑÔ�Ó�ÝÑÏ�â]ØzÝ�â	Ï�ÔDÞLÓ
é�Ô�ÏÑþýÓ�ÞLÙÚÒ	êaÔgÜ�Û]ÕýÝÑà]Ü
Ý�Ü
êLê�Ð
èúÝÑà]ÔgØSÐ�ÙÚÒ	â	Ý�Ü�Ý�ÞaÐoÛ=êaÞLÔ�ÓDð�ÞaÝÑà]ÞaÛ=Ý�à	ÔgØ�Ü�êLØ�â	êLÜ
ÝÑÞLÐ�ÛFÐ
èúÝÑà	Ô
Ò	Ï�Ð�ò]Ü�ò	ÞLêaÞaÝÑÞLÔ�Ó@â]ÓÑÞaÛ	å�	�Ü�þ�Ô[Ó�
[ß�à	Ô�ÐoÏÑÔ�Ù�Ì���Ô�ÛBØSÔ�óoÜ
êLêoÐoâ	ÏeØSÐ�ÛBØSÔ�Û�Ý�Ï�Ü
ÝÑÞLÐ�ÛDð�ÞLêaê:ò\Ô0èøÐ�ØSâBÓ�Ô[Õ
Ð�Û÷ÝÑà	Ô�Ø�Ü
êNØSâ	êNÜ�Ý�ÞaÐoÛ÷Ð
èñÝÑà	ÔÚÒ]Ü�å�Ô#é�ÞLÔ�ð Ò	Ï�Ð�ò]Ü�ò	ÞaêLÞaÝÑÞLÔ�Ó�â]Ó�ÞLÛ	å�	�Ü�þ�Ô[Ó�
\ß�à	Ô�ÐoÏÑÔ�Ù ÞaÛýÝÑà	Ô
Û	Ô���Ý&ÓÑÔ�ØSÝÑÞLÐ�ÛGÌ
�������������  "!�#%$�&�')(+*-,.!+/10324,.5768,.9;:�5=<>(@?A<>B�?%(C:�,ED4(7&F,HG�#%,>IJD�685FK4(CKL#A?%#M:�#A,.!
N Û×ÝÑà	ÞNÓ�Ó�Ô[ØzÝ�ÞaÐoÛÈðúÔ�ð�ÞLêaêGÓÑà	Ð�ðµà	Ð�ðO	úÜ�þoÔ�Ó�
�ß�à]Ô�Ð�Ï�Ô�Ù Ø�Ü
Û×òBÔûâ]ÓÑÔ�ÕgÝÑÐÚØ�Ü
êNØSâ]êLÜ
ÝÑÔ_Ò]Ü
åoÔ
é:ÞaÔ�ðsÒ	Ï�Ð�ò]Ü�ò	ÞaêLÞaÝÑÞLÔ�Ó�ð�à	ÞLØ�à÷ð�ÞaêLê�òBÔbâ]ÓÑÔ�Õ�ÜoÓ�Ü�Û�ÞaÛBÕ�ÞLØ�Ü�Ý�ÞaÐoÛ�Ð
èeÝ�à	Ô#ÞLÛ�ÝÑÔ�ÏÑÔ[ÓpÝ�ÞaÛ	åoÛ	Ô�Ó�Ó�Ð�è
Ò]Ü�å�Ô�Ó�ÌÚß�à	ÔbÝÑÔ�Ø�à]Û	ÞLá�â	ÔÚð�à	ÞNØ�àFðñÔÚð�ÞLêaê�Õ�Ô[ÓÑØ�ÏÑÞLò\ÔbÞNÓDÜ�ÙÚÔ�ÙÚÐ�Ï�þP� ò]ÜoÓ�Ô[Õ÷Ø�Ð�êLêLÜ�òBÐoÏ�Ü
ÝÑÞLé�Ô
Ï�Ô�ØSÐoÙÚÙbÔ�Û]Õ	Ü
ÝÑÞLÐ�ÛÚÝÑÔ[Ø�à	Û	ÞNá�â	Ô&ÞLÛ�ÝÑà]Ô�ÓÑÔ�Û]ÓÑÔ�Ý�à]Ü�ÝúÞdÝúâ]Ó�Ô[Ó�Ý�à	Ô�ÓÑÔ�Ó�ÓÑÞaÐoÛgÕ	Ü�Ý�ÜùÐ
èGÒ]ÏÑÔ�é�ÞLÐ�âBÓ
é:ÞLÓÑÞaÝÑÐ�Ï�Ó�ÓpÝ�Ð�Ï�Ô�Õ×ÞaÛ�ÙÚÔ�ÙÚÐoÏÑþ�Ý�Ð�Ø�Ü
êNØSâ]êLÜ
ÝÑÔ_ÝÑà	ÔDÞLÛ�ÝÑÔ�ÏÑÔ[ÓpÝ�ÞaÛ	åoÛ	Ô�Ó�ÓúÐ
è�Ò]Ü
åoÔ�Ó�Ì

N ÛûÝÑà]Ô�ÞaÛ�Ý�ÏÑÐ�Õ�â]ØSÝÑÞLÐ�ÛGó[ðúÔ0Ü
êLÏÑÔ[Ü�Õ�þ&ÙbÔ�Û�ÝÑÞLÐ�Û	Ô[Õ_ÝÑà]Ü
Ý@ðúÔeð�ÞaêLêoØ�Ü
êNØSâ	êNÜ�Ý�ÔeÝÑà	Ô0ÒBÐ�ÓpÝ�Ô�Ï�ÞaÐoÏ
Ò	Ï�Ð�ò]Ü�ò	ÞLêaÞaÝpþæî�QR���7S%TU�PV�â]Ó�ÞLÛ	å"	úÜ�þoÔ�Ó�
Bß�à	Ô�Ð�Ï�Ô�Ù�Ì�ß�à]ÞLÓ_Ò\ÐoÓ�ÝÑÔ�Ï�ÞLÐ�Ï&Ò]ÏÑÐoò]Ü
ò	ÞLêLÞdÝpþ�Ø�Ü�Û�òBÔ
ð�Ï�ÞdÝÑÝÑÔ�Û�ÙÚÐ�Ï�Ô_Ò	ÏÑÔ[ØSÞNÓ�Ô�êaþ×Ü�ÓúèøÐ�êLêLÐ�ð�Ó�ë

P (up|vp) = P (up|vp1 ∧ vp2 ∧ ... ∧ vpn) W Ë	ÌYX[Z
ß�à	ÞNÓ&Ô���Ò	ÏÑÔ[ÓÑÓÑÔ�Ó�ÝÑà	Ô#Ò	Ï�Ð�ò]Ü�ò	ÞaêLÞaÝpþ×Ý�à]Ü�Ý�ÝÑà	Ôbâ	Û:é:ÞLÓÑÞaÝÑÔ�Õ�Ò]Ü
åoÔ\���=ð�ÞLêLê@ò\Ô#é:ÞNÓ�ÞaÝÑÔ[Õæå�ÞLé�Ô�Û
ÝÑà]Ô÷Ó�Ô�ÝgÐ
èDé:ÞLÓÑÞaÝÑÔ�ÕÒ]Ü�å�Ô[Ó W vp1 ∧ vp2 ∧ ... ∧ vpn

ZSÌ]�&Ð
ÝÑÞNØSÔ�Ý�à]Ü�Ý×ðñÔæâ]ÓÑÔ^T��ºÜ�ÓÈÜ
ÓÑà	Ð�ÏÑÝÑà]Ü�Û]ÕFÛ	Ð
Ý�Ü�Ý�ÞaÐoÛ=èøÐ�ÏùÝ�à	ÞNÓ#ÓÑÔSÝ�Ð�è�é�ÞNÓÑÞdÝ�Ô�Õ9Ò]Ü�å�Ô[Ó�Ì�_&ÓÑÞLÛ	åæÝÑà]Ô�èøÐ�Ï�Ù�â	êNÜæÐ�è`	�Ü�þoÔ�Ó�

ß�à	Ô�Ð�Ï�Ô�Ù�ó:ÝÑà	ÔDÒ\ÐoÓ�ÝÑÔ�ÏÑÞLÐ�Ï�Ò	Ï�Ð�òBÜ
ò	ÞLêaÞaÝpþgØ�Ü�Û×ò\ÔùØ�Ü�êLØ�â	êNÜ�ÝÑÔ[ÕÈÞLÛ�ÝÑà	ÔûèøÐoêaêLÐ�ð�ÞLÛ	åÚÙÚÜ�Û	Û	Ô�Ï�ë

P (up|vp) = P (up|vp1 ∧ vp2 ∧ ... ∧ vpn)

=
P (vp1 ∧ vp2 ∧ ... ∧ vpn|up) · P (up)

P (vp1 ∧ vp2 ∧ ... ∧ vpn)
W Ë	Ì ä>Z

ß@ÐÈØSÐoÙbÒ]â�ÝÑÔùÐ�è�ÝÑà	ÔùÒ\ÐoÓ�ÝÑÔ�ÏÑÞLÐ�Ï&Ò	ÏÑÐoò]Ü
ò]ÞaêLÞdÝpþæîaQb���@S%T��>V�ó.ðñÔDàBÜ�é�ÔûÝÑÐÈÔ�Ó�ÝÑÞLÙÚÜ
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@��vlz7ou[�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�njvlz7om-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�vxz7u8vvlz@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>inlo�nxn�w�k+tFn�f�y�z@w�n � w�����ixo�nl}@�Yvw�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�kr�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�ivlzFu8v�vxz@w�nw�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
çè�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�ÁÈlË@Á Ö Á�Ô�ÀlÉYÈlÁ�¾+Ñ-ûlÊ�Ë@ÁaÃ�Á�Äæü¾+ÅdÅdÁ�ÆFÂCÁ�½{À¬ý3Ç�ÆFÂ�ÉYÈxÀÀ�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@ÁûlÊ�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�È¾>Æ@Á+Ù P (T )
¾+½

ÈlË7Á3¿@½x¾+Ô7Ç+Ô@ÉYÐ�ÉYÈUÕ\ÈlËFÇ8È�ÈxË@ÁûlÊ�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�ÂÈl¾>Ó+Á�ÈxË@Á�½�ÉYÆ�¾+Æ7Á�À�Á�ÀlÀlÉY¾>Æ�º�Ê�Ë@ÁLÑM¾>½lÅ�Í@Ð�Ç
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'��5���� "��3�'��6'�/%)2�7���*�98%&98�)2:+)+'<;�)=�>&9�7��)2 "��:2�!&��?'*/��"�����$@A)+��3%�?��#��9�CBA3�8��<'*)D'*3�'�)2#�E-'�/��
���$�*��)2�9#�)+#�FG���� H&I'�)2�9#-)+#�'��H��1�3%&('*)+��#5
�� J!E9)2@9���	K

P (HP ∧ N ∧ B ∧ P ) = P (vp)

=
3

8
= 0.375

,L/��M:2&��<'L ")2�*��)2#�EC�%)+�����7)2��'�/��7���*�98%&98�)2:+)+'<;N'*/%&('O'�/%�$���PJN��&IE9���RQ�)2:+:S8T�M@A)=��)+'����HE9)2@9�$#
'�/%�?FU&9��'R'�/�&('�'*/��WV�,X��3���YL�%&9E9�?)=��&9:+�*�$&���;N@A)=��)+'����Z�\[P��)+#�EN'�/��?FG�9�* N3�:=&]QO�?/%&^@9�?���	�$#
'��_�	�9 "��3�'*�6'*/��"���*�98%&98�)+:2)+'<;

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)

'��d���9 "��3�'��5�$&��0/e�IFP'�/��f
g���$ "&9)+#%)+#�E
���*�98%&98�)2:+)+'�)2�$�$� a �]Q�)2:2:h�9#�:2;i��/��(Qj/%�(Qk)+'?)2�P���9 "��3�'��$��FG���L'�/��>l%�0��'?�9#��>�IFm'�/%�]:+)=�<'
8T�$�	&93%���P)+'O)=�W&9:+QL&^;��\'�/%�7�*&I "�?���*���������$�onW�� "��3�'�)2#�E

P (HP |T )
3%��)2#�EN��1�3�&('�)2�9#i
�� p

E9)2@9���	K

P (HP |T ) =
count(sessions which visited both HP and T )

count(sessions which visited T )

=
4

4
= 1

���	'��*)+�$@�)2#�E�'�/�)=�])2#�FG�5)2�]��)2 !�%:+��KM'0&I8�:2�q
�� 5��/��(Q?�M'*/%&('>'�/%�	�*�"&9���!J_��������)2�9#%�MQ�/�)=�0/
/%&^@��M@A)=��)+'����i8T�I'*/i'*/��PV�rP�9 "�>�o&IE9��YP�%&IE��]&I#%�q'�/��PV�,X��3���YP�%&IE��9�o,L/��	�*�]&I�*�7&9:2���!J
���$�*��)2�9#%�PQ�/�)=�0/g@A)2��)+'��$�f'�/��]V�,X��3��<YC�%&9E9�!&I#%�f'�/��$���	FG�9�*�C�	@��	�*;5���$�*��)+��#5'�/%&I'7@A)=��)+'����
'�/%�iV�,.�93���Y��%&9E9�5&I:=����@A)2��)+'��$�b'*/��qV�rP�9 "�5�\&9E9��Y��%&IE��9�s,L/�)=�" H&It9�5���	#%���_&9�"QO�
��'*&('*�$�"��&I�*:+)2�	�o��#6'*/%&('W�$&9�0/"@A)=��)+'����R�	#�'��$�*�o'�/��?QO�	8H��)D'*�?@A)2&7'*/��WV�r?�� !�P�\&9E9��YO�%&9E9�9�
u �9)2#�E!'�/��C�*&I "�7FG�9�?&9:+:Z�9'�/��$��JH������8%&I8%)+:2)D'*)+���OQW�>E9�	'�'�/��>FG��:+:2�(Q�)2#�E6@(&9:+3����	K

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 )

)=�L#��(Qk�$&9��;SK

P (HP ∧ N ∧ B ∧ P |T ) = 1 · 1 · 0.75 · 0.75 = 0.5625

a ��#��(Q�/%&^@9�\'*/��R@(&I:23����h�IF�&9:+:9'�/��*�	�R�%����8%&I8�)2:2)D'*)+���Z#��	�����$�7'*�P���� "��3�'��R'�/��W�����<'*�	�*)+���
���*�98%&98�)2:+)+'<; ` &I:2:%QO�P#��$�$�"'*�6���6)2��'��!��3%8%�<'*)D'*3�'��M'�/%�$���P@(&I:23��$�W)2#�'*�6vL&^;9���	w�,L/��	�����$ -�,L/%&I'?������3�:+'*�L)2#hK



x�y z�y�{�|�}�~�}�������������}��!�"�$�%���(�*�+}��-�.�$�0�%���2������� ���

���������G���5�m���T�A�
� �A���$�����m� � { �   ¡ { �  L¢  O£  O{ {W¢ {�£ {R{

¤ √ √ √ √ √ √
¥ √ √ √
z √ √ √ √ √
¦ √ √ √ √ √ √ √ √ √ √
x √ √
� √ √ √ √ √ √ √ √ √
§ √ √ √ √ √ √ √
� √ √ √ √ √ √ √ √
¨ √ √ √ ¥9x √ § x z�z � § ¤$©9© z9z � § �9z

�m�Iª%«+�Nx�y §�¬ �L�%�>���$�*���+}��-���I�*�!��A�*�	�%�����-®��D�*�-~T}������$|��2}9|L~�|*}9ª��Iª��2«+�+���2�$�$y

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

�L���7~�|*}9ª%�9ª��+«2�+�<¯6�*�%�(�O���%�L°��X}���|�±P~%�I²��P®��2«+«SªT�7³A�=���+�����q²��+³��	�H�*��� ¦ ³A�2���+���$�i~%�I²��$���2�
���A�%� § x�´iyMµs���$�g®O�6��}i�����"�*�I�"�C¶G}�|7�9«+«m}I�*���	|7���A³A�2���D�*�$�_~��I²9���	·T®O�6�	�9�f|*�	~�«=�9�	�
���%�P�����$�����2}9�H�H�I|*¸��o�2�"�*�Iª%«+�Mx�y z>®��+���q�����?~T}������$|��2}9|�~�|�}�ª%�Iª%�+«2�D�*�+���\�����(�R�*���$���P~%�9²9���
®��2«+«oªT�6³A�=���+�����ZyN�L���H���$�*���2}9�¹���(�0�q¶G}�|M�*���!®W�$ª¹���D�*�!}9¶R���%�]°��L���"���$�	}9�"�"�	�%���	|0�º±
��A�*�	�%�����-®��D�*�5�����]~T}������$|��2}9|L~�|*}9ª%�9ª��2«+�+���2�$�L�	A~%|��������$���+�5~T�	|0���$���0�I²��$�O¶G}9|����9�0�-����»
³A�2���+���$�-~%�9²9�7�+�-�*���]���2���*�_���������+}��-�$�I�-ª��C���	�$���2�-�*�9ª�«+�Cx�y § y

�L���=�h�0�Iª�«2�L����}(®?�h���%�I�.�*���o°� O�2}P{o�I��«D±�~%�9²9��²����0�m�P~�|*}9ª%�9ª��+«2�+�<¯M}9¶X¤$©�©�´j~��$|*�	�	���$y
�L���=�X�=�.ª����	�I�����������W³��=���D�*}9|.���$�*���+}��%�h®����=�0�N�9«2��}?³A�2���+���$�]�����L���9�"�R~%�I²��$�.�9�Z�*���O���+���*�
³A�2���+��}9|>���$�*���2}9�h·h�9«+«\³A�=���+�����_���%�]°� O�+}�{o�I��«D±6~%�9²9�9yNµ¹�!®��+«2«o����9�!�2���6�����"�%�I����|*�N}9¶
���%�2�?�9«+²�}9|*�D�*���¼�"}9|*�>~�|�}9¶G}9������«+¯i�+�_���$�½�*�+}��5x�y z%y ¥�y ¦ y

¾h¿2ÀX¿=Áh¿2À ÂCÃ �f��Ä�����Å(�G� Ã.Æ ��ÇZ�mÅ(��������ÈÉ���ËÊ �hÌ
Í �_�*���2�7���$�½�*�+}��_®W�6®��+«2«m���~�|*�$�*�L�����! L�^¯9�$���=�I�5«+�2��¸5|*�$��}��"�!�$�%���I���2}9�f�I«2²9}�|��+���%�Î�2�
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bXc dXc�e�fhgXikj�fhj1l2m�n l�opm�qXj�rts�u�vwr;j1xys0nzm�j {1|2|
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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()

public  addWSDMSessionLink()

public  addWSDMConnection()

public  deleteWSDMNode()

public  deleteWSDMLink()

public  deleteWSDMSessionLink()

public  deleteWSDMConnections()

public  getWSDMNodes()

public  getWSDMChunks()

public  getWSDMLinks()

public  getWSDMConnections()

public  ...()

WSDMNode

public  getAudienceClass()

public  setAudienceClass()

WSDMChunk

public  getChunkFile()

public  getXSLFile()

public  setChunkFile()

public  setXSLFile()

WSDMLink

public  getLinkText()

public  setLinkText()

WSDMConnection

public  getChunk()

public  getNode()

public  setChunk()

public  setNode()

WSDMPage

public  getLabel()

public  getNodes()

public  getTemplate()

public  addNode()

public  deleteNode()

public  setLabel()

public  setTemplate()

WSDMPages

public  getPages()

public  getPageWithNode()

WSDMSessionLink

public  getSessionID()

public  getRank()

public  setSessionID()

public  setRank()
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