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Recommender Systems.
{�?�@i-0:<=P8P;%�B���9¢�DE:p1�4�-`1�Y�=>R�-_-0?�8>AEDBN-9:<=_DE23@�A(-923-04U=!?�=>DE1�4�:p1�Y�/01�AEA(?�Wi1�8!?�=>DEO�-3x6AB=>-98>DE4�LCW6?�:P-F5~8>-0/01�2QN23-9465�-\8]:<;7:<=>-023:0fw{�R�DE:�:<;7:<=>-02¤8>-0AEDE-F531�43=>R�-�-9�7@�AEDE/0DB=�1�@�DE4�DE1�4�:

1�Y_@i-01�@�AE-~Y+8>1�2 ?%/0AE1�:P-9NnH74�DB=a/01�232_T�4�DE=�;Uj:PT�/!R*?�:a?�4³1�3/0-K�1�8>HJL�8>1�T�@#f�«p1FK]-0O�-98Fjd8>-0/91�2323-04�5�-98M:<;7:<=>-02 Yo1�8`A(?�8>L�-C/01�2QN2`T�4�DB=>DE-0:w/F?�4Q4�1�=�5�-0@i-9465V1�4Q-F?�/\R_@i-98>:P1�4_HJ4�1FK�DE4�Lp=>R�-�1�=>R�-98>:0f��?^=>-98k1�4Q:P-0O�-98!?�AJ8!?�=>DE4�L�:<NnW6?�:P-053?�T�=>1�2Z?�=>-F5M8>-0/01�2323-9465�-\8d:<;7:<N=>-023:�K�-98>-`5�-0O�-0AE1�@i-F5�f�{�R�-��y8>1�T�@6��-04�:.8>-0:P-F?^8>/\R�:<;7:<=>-02µ� �U��j�^¡F¢�@�8>1^OJD(5�-0:]?V@�:P-0T6571�4U;7231�T�:�/91�AEA(?�Wi1�8!?^=>DEO�-yx�AE=>-\8>D(4�L_:P1�AET�=>DE1�4Yo1�8��y:P-04�-9=.4�-9K�:p?�465	231^OJDE-0:0f�,.DE4�L�1a� ����¢G?�465��yD+57-013,.-0/01�2QN23-04�5�-98p�E�F ^¢�?�8>-�-92Z?�DEA�?�4�5ZK]-0W�NnW6?�:P-F5Z:<;�:<=>-923:]=>R6?^=L�-04�-98!?�=>-8>-0/01�2323-0465�?�=>DE1�4�:�1�4I2`T�:PDE/p?�465b231^O7DE-0:�8>-9:P@i-0/9=>DEO�-0AB;Uf�� :P@i-\N/0D(?�A.DE:P:PT�-a1�YMe]1�232_T�4�DE/F?^=>DE1�4�:31�Y�=>R�-I�.e� � ���^¢y@�8>-0:P-04U=>:Z?4JT�2_Wi-98p1�Y�57DBz�-98>-04U=p8>-0/91�2323-04�5�-98y:<;7:<=>-023:0f[�.AE=>R�1�T�L�Ra=>R�-0:P-:<;7:<=>-023:�R�?^O�-QWi-0-04�:PT�/0/9-0:P:<YoT�AkDE4~=>R�-Q@6?�:<=Fj#=>R�-0DB8[K�D(5�-0:P@78>-F?�5T�:P-[R�?�:.-9�7@i1�:P-F5C:P1�23-[1�Yd=>R�-0DB8.A(DE23DB=!?�=>DE1�4�:.:PT�/!Ra?�:=>R�-[@78>1�W7NAE-023:M1�Y.:P@6?^8>:PDE=�;qDE4%=>R�-Z5�?�=!?a:P-9=FjG@�8>1�W�AE-023:_?�:P:P1U/0D(?^=>-F5�K�DB=>RR�DEL�Ru5�DE23-04�:PDE1�46?�AEDB=h;	?�4�5	:P1b1�4#f
	J@6?�8>:PDB=�;	@�8>1�W�AE-02 DE4	8>-0/01�2QN23-04�5�-98M:<;7:<=>-02 R6?�:_Wi-0-94%?�5�578>-0:P:P-F5qDE4}� �� Uj��^�^¢£f�{�R�-b@78>1�W7NAE-023:Z?�:P:P1U/9D+?^=>-F5sK�DB=>RsR�D(L�R±57D(23-94�:PDE1�4�?�AEDB=h;�DE4v8>-0/91�2323-04�5�-98:<;7:<=>-023:`R�?FO�-CWi-9-04s57DE:P/0T�:P:P-F5�DE4³�  F¢£j?�4�5v?�@�@�A(DE/F?^=>DE1�4s1�Y�57DBN23-04�:PD(1�46?�A(DB=�;±8>-F5�T�/9=>DE1�4±=>-0/!R�4�D(SJT�-0:Z=>1v?�5�5J8>-0:P:I=>R�-9:P-~DE:P:PT�-9:R6?�:�Wi-0-04IDE4JO�-0:<=>DEL�?�=>-F5IDE4q� ����¢£f

Personalization in E-Commerce.
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Dimensionality Reduction.
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3.1 Traditional Data Mining: Association Rules
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Neighborhood formationRepresentation of input data Recommendation generation
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Proximity Measure.
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Different Neighborhood Types.
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Neighborhood Formed in Low-dimensional Space.
{�R�-Yo?�/9=_=>R6?^=_=>R�-bAE1FK®57DE23-04�:PDE1�4�?�Ak:P@6?�/9-CDE:`AE-0:P:_:P@6?^8>:P-b=>R�?�4qDB=>:R�DEL�R%57D(23-94�:PDE1�4�?�AG/01�T�4U=>-98>@6?^8P=VA(-05~T�:�=>1CYo1�8>2�=>R�-Q4�-9D(L�RJWi1�8PNR�1U1J5bDE438>-F57T�/0-F53:P@�?�/0-�fd��-.x�8>:<=�T�:P-�?V5�DE23-04�:PD(1�46?�A(DB=�;38>-F5�T�/9N=>DE1�4u=>-9/\R�4�D(SUT�- � -�f L�fEj 	JD(4�L�T�A+?^8��k?�AET�- � -9/01�23@i1�:PDE=>DE1�4 � 	 � � � �=>1�@�8>1J57T�/0-C?aAE1^K®5�DE23-04�:PDE1�46?�A�8>-9@�8>-0:P-04U=!?^=>D(1�4#j�=>R�-04qK]-IT�:P-O�-0/9=>1�8k:PDE23DEA+?^8>DB=h; � �>��¨>�o�i� �d=>1[/91�23@�T7=>-]=>R�-�@78>1^�7DE23DB=h;MWi-9=�K�-0-04/9T�:<=>1�23-\8>:y?�465bR�-04�/0-p=>1`Yl1�8>2®=>R�-�4�-0DEL�RJWi1�8>R�1U1J5�f

3.2.3 Generation of Recommendation{�R�-3x�46?�Ak:<=>-0@%1�Y.?�e���NnW6?�:P-F5�8>-0/01�2323-04657-98V:<;7:<=>-02 DE:M=>15�-\8>D(O�-`=>R�-b�n�\²�ef� 8>-9/01�2323-04�5�?^=>D(1�4�:pY+8>1�2�=>R�-Q4�-0DEL�R7Wi1�8>R�1U1J51�Yy/0T�:<=>1�23-98>:0fu�q-Z@78>-0:P-04U=`=�K�1�5�DBz�-98>-04U=M=>-0/!R�4�D(SUT�-3Yl1�8Q@i-\8PNYo1�8>23DE4�L`=>R�-p=!?�:PHif
H!4 $�"#!5� &C��	76���	+�-!98K!#	 � ()	+*,$-�.��	+��/���!J��$�� AE1U1�H7:dDE4U=>1=>R�-G4�-0DEL�R7Wi1�8>R�1U1J5 Z ?�4�5pYo1�8w-F?�/\RV4�-9D(L�RJWi1�8#:P/F?�4�:#=>R�8>1�T�L�RR�DE:kj�R�-98�@�T�8>/!R6?�:P-y5�?^=!?V?�465Q@i-\8PYo1�8>23:]?�Yl8>-FSUT�-94�/9;`/01�T�4J=1�Y�=>R�-.@�8>1J5�T�/9=>:0fG��Yl=>-98�?�AEAi4�-0DEL�RJWi1�8>:?�8>-y?�/0/91�T�4U=>-F5QYl1�8Fj=>R�-3:<;7:<=>-02 :P1�8P=>:V=>R�-3@78>1J5�T�/\=>:_?�/0/01�8!5�DE4�La=>1	=>R�-9DE8VY+8>-9NSJT�-04�/\;Q/01�T�4U=?�4653:PDE23@�AB;Q8>-9=>T78>4�:k=>R�-Q� 231�:<=kYl8>-FSUT�-94J=@�8>1J5�T�/9=>:_?�:`8>-0/91�2323-04�5�?�=>DE1�4�=>R6?^=`R�?^O�-b4�1�=_;U-9=_Wi-0-04@�T�8>/!R6?�:P-F5CWU;Z=>R�-�?�/9=>DEO�-[T�:P-98Ff
H! "J"#$I* ��� !J��$�� ( ��L�	:� M���"#	+/ ()	+*,$-�.��	+��/���!J��$��¥DE:�W6?�:P-F51�4�=>R�-Z?�:P:P1U/0D(?�=>DE1�4�8>T�AE-9NnW6?�:P-05v�n�\²�ef� 8>-9/01�2323-04�5�?^=>D(1�4=>-0/\R�4�D(SUT�-y5�-0:P/\8>D(Wi-05CDE4I:P-0/\=>D(1�4 � #(��«p1FK�-0O�-98Fj7D(4�:<=>-F?�5b1�YT�:PDE4�La=>R�-Z-04U=>DB8>-Z@i1�@�T�A(?�=>DE1�4�1�Yp/0T�:<=>1�23-98>:V=>1uL�-04�-98!?�=>-8>T�AE-0:0j[=>R�DE:	=>-0/!R�4�D(SJT�-�1�4�AB;*/01�4�:PD+57-98>:a=>R�-�X_4�-0DEL�RJWi1�8>:K�R�DEAE-pL�-94�-98!?^=>D(4�L_=>R�-.8>T�A(-9:0fG¦p1�=>-.=>R6?^=�/01�4�:PD(5�-98>DE4�L`1�4�AB;?VYl-9K³4�-0DEL�R7Wi1�8>:�2Z?0;Q4�1�=L�-04�-98!?^=>-p:<=P8>1�4�LM-04�1�T�L�RC?�:P:P1�N/0D(?�=>DE1�4I8>T�AE-0:DE4I@�8!?�/9=>DE/0-�j7K�R�DE/!Ra?�:�?M/01�4�:P-FSUT�-04�/0-�j�2Z?F;8>-0:PT�AB=kD(4`D(4�:PT 3/9D(-94J=�@78>1J5�T�/\=>:G=>1�8>-9/01�2323-04�5�f�{�R�DE:�/F?�4Wi-p?�T�L�23-94J=>-05QWJ;QT�:PDE4�L_?[:P/\R�-023-.K�R�-98>-y=>R�-.8>-9:<=1�Y�=>R�-@�8>1J5�T�/9=>:0j�DEY64�-0/0-9:P:>?�8P;Uj�?�8>-�/01�23@�T7=>-F5MWU;VT�:PD(4�Ly=>R�-]231�:<=Yl8>-FSUT�-94J=�DB=>-02 ?�AEL�1�8>DB=>R�2	f

4. EXPERIMENTAL EVALUATION
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Neighborhood sensitivity study (entire data set )
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Neighborhood sensitivity study (train data set only)
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Dimension sensitivity study (ML data set)
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Dimension sensitivity study (EC data set)
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Experimental  
data set 

Representation  Most frequent item  
Center-based 
nbrhood (F1 metric) 

Association rule based  
Center-based nbrhood 
(F1 metric) 

High dimensional 
 

0.21393  0.20711 MovieLens data 

Low dimensional 
(k = 20) 

0.22009  0.21479 

High dimensional 
 

0.16654  0.16654 E-commerce data 

Low dimensional 
(k = 300) 

0.12158  0.13209 
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Experimental  
data set 

Representation  Most frequent item  
Center-based 
nbrhood (F1 metric) 

Most frequent item 
Aggregate nbrhood 
(F1 metric) 

High dimensional 
 

0.21393  0.18928 MovieLens data 

Low dimensional 
(k = 20) 

0.22009  0.20211 

High dimensional 
 

0.16654  0.11726 E-commerce data 

Low dimensional 
(k = 300) 

0.12158  0.08579 
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4.3.3 Experiments with the recommendation genera-
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4.3.4 Experiments with the neighborhood formation
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