
HAL Id: halshs-00476576
https://shs.hal.science/halshs-00476576

Submitted on 27 Apr 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

OpAC : Opérateur d’analyse en ligne basé sur une
technique de fouille de données

Riadh Ben Messaoud, Sabine Loudcher Rabaseda, Omar Boussaïd, Fadila
Bentayeb

To cite this version:
Riadh Ben Messaoud, Sabine Loudcher Rabaseda, Omar Boussaïd, Fadila Bentayeb. OpAC : Opéra-
teur d’analyse en ligne basé sur une technique de fouille de données. 4èmes Journées Francophones
d’Extraction et de Gestion des Connaissances (EGC 04)., 2004, France. pp.35-46. �halshs-00476576�

https://shs.hal.science/halshs-00476576
https://hal.archives-ouvertes.fr


� ��� � � � � �
	���
�����	 � ��������������� ��� � � !���� "#����� ����	 �����

���$&%'��� ()��� �'� *,+���� � � � ��� ��+����������

-�.0/21436587:96;<7>=?=?/A@2BC1
∗ DFE /AGH.I9H7J-K/AGC/2=L7>1H/

∗∗MON /APQ58@2BC=?=?/A.01
∗∗ DSR /214.IT0/)587:9VUW/YX27ZG

∗

[\-�]?^ _a`K9H.Ib27ZPW=L.cU?dfegB N .Ih:P?7fegX2@29<i
j D /kbl7:9mBH7�no.I7:P?P?7f;<7:9C14h>=�p R PW/A9Cq 7O_ar2s2rut,rv58P?@29 ^\7>147 wx_ R PW/A9Cq 73yULU?z {}|2|k7:P?.0qA~�BH9H.IbVp�TIX2@l9�i�~���P

∗ � P?G�7:9 N 7>=?=L@V/�BC1 �uG�7:9VUW/YXl7:G��A�O7:P?.0qA~�BH9H.IbVp�TIXl@l9�i4~���P
∗∗ � =?/AGH.I9H72~�PW/AGC/l=L7>1H/��uG�@2BC=?=?/A.01��A�OBH9H.IbVp�TIXl@l9�i�~���P

���u�>��� ���Oeo��/A9C/ATIX4=L7)7:9 TI.I�29H7 M e��Kn � �
�C���}�����¡ O��¢,�}£k¤��0¤¡¥8¦?§©¨W��¤W¤��ª��«>¬­7 U®T0/
��@2BH.ITITI7®147¯14@29H9Hd:7>=��±°²¢,³�¢�´<���C���u«>¬Q=L@29yUµ147:B4w6q¶3C/ N zC=·147JP?7>q¶3H7:PWq¶3H7J¸VBH.�@29yU
q @29H9uB D 147:z¹BH.0=º¸VBH7:T0¸VBH7>=&/A9H9Hd:7>= D 147>=�d:bl@2TIB4U?.»@29S=¼zC/APW/ATITIh:TI7>=½7 Uº.I9C14d:z�7:9C1H/A9yU?7>=:~
¾O7�P?d>q 7:9yU?7>=®d U?BC147>=v@29yU N @29VU?P?d�T±��. N z¿@2PLUW/A9CqÀ7�7 U¡T±��.I9VU?d:P?Á UÂ147'T±��/2=?=L@¹q .0/,U?.I@l9
7:9VU?P?7Oq 7>=\147:B4wÃ14@ N /A.I9H7>=Ä=?q .I7:9yU?.ÆÅ�¸VBH7>=:~m� TÇ��3H7ZBHP?7µ/2q�U?BH7:TITI7 D @29x/2=?=L.0=�U?7·ÈfT±��/2q�p
q P?@2.0=?=L7 N 7:9VU814BaG�7>=L@2.I9�1���BH9H7É/A9C/ATIX4=L7K7:9xTI.»�29¹7OzHTIBC=Êd:T0/AG�@2P?d:72~VËK@2BC=\z�7:9C=L@29C=
¸VBH7 TI7 q @2BHzHT0/A�27 7:9yU?P?7 M e��Kn 7 U6T0/ ��@2BH.ITITI7 147 14@29H9Hd:7>='z¿@2BHP?PW/ /AzHz¿@2PLU?7:P
147>=fP?d:z¿@29C=L7>=fÈ6q 7�G¿7>=L@2.I9g~�¾Ì/A9C=�q 7 Uv/APLU?.0q TI7 D 9H@2BC=­zHP?@2z¿@V=L@29C=�1���/214@2z4U?7:P¯q 7
q @2BHzHT0/A�27­7:9<b�B¹7®147®q P?d:7:PQBH9 9H@2BHbl7:TÍ@2z¿d:PW/,U?7:BHP D GC/Az4U?.0=Ld �½ÎS ®Ï � �½ÎSÐ ¦Ñ¢,³�� Ò4¦
ÓgÔ  \«A¦ÑÐ�«V¢,³±�Õ§,� ÎH¢,¦<Ï��I¢k¤W¤��×ÖÊ¨W¢,³Ø�Õ§��u¬ D 1���/A9C/ATIX4=L7²7:9 TI.I�29H7�147>=f14@29H9Hd:7>= N BHTÆU?.014.Æp
N 7:9C=L.I@29H9H7:TITI7>=:~S�½ÎS ®Ï)q @29C=L.0=�U?7ºzC/APLU?.0q BHTI.Ih:P?7 N 7:9yUÍ7:9fT±��/A�2P?d:�V/ÙU?.I@29�=Ld N /A9yU?.ª¸VBH7
147>= N @41H/ATI.ÆU?d>=O1���BH9¹7²14. N 7:9C=L.I@29 1���BH9 q BHG�7v147v14@29H9Hd:7>=Q7:9 =L7�GC/2=?/A9VUµ=LBHPOT0/
U?7>qW3H9H.0¸VBH7J147fT0/)q T0/2=?=L.ÆÅ�q:/,U?.I@29�/2=?q 7:9C1H/A9yU?7�3H.Id:PW/APWq¶3H.0¸VBH72~
Ú ÛCÜ>� Ý Þ®ßÕ�u� à\^\@2BHzHT0/A�27 D �K9C/ATIX4=L7)7:9 TI.I�29H7 D ^\BHG¿7>=J147x14@29H9Hd:7>= DÍR @2BH.ITITI7x147
14@29H9Hd:7>= D �·�2P?dZ�V/,U¶.I@l9 =Ld N /A9yU?.0¸VBH7 D M z¿dZPW/,U¶7ZBHPJ1á�â/A9S/AT»X4=L7 D ^\T0/2=?=L.ÆÅ�q:/,U?.I@29 /2=�p
q 7:9C1H/A9yU?7f3H.Id:PW/APWq¶3H.0¸VBH72~

ã ä �v
�	�+Â����$o
�� +��

e�/'�27>=�U?.I@29 147>=��2PW/A9C147>= N /2=?=L7>=�147Ã1�@29H9Hd:7>=�7>=�U�147:bl7:9mBH7ÂBH9H7¡UWå2q¶3H7�14.Ææxq .ITI7Â7 U¯/2=?=L7:ç
q @2è4U?7:BC=L7·È N /A.I9yU?7:9H.IP>~yeg7>=º7:9VU?P?7:z�éAUW=Ä147O14@29H9Hd:7>=·�±°²¢,³�¢ ê¡¢,¦?�WëH§,Òu¤:��¤L¬ì@29VUÊ/AzHz¿@2PLU?dK147>=Ä=L@Ap
TIB4U?.I@29C=í7 æxq:/2q 7>=íÈÂq 7­zHP?@2GHTIh N 7)î�]�9 N @29 Dðï s2s2r>ñ\î�ò�. N GC/ATIT Dðï s2s2r>ñ�~¹[o967 ó�7 U D B¹967Z9VU?P?7:z�éAU·147
14@29H9Hd:7>=�P?7:zHP?d>=L7:9yU?7\BH9H7
=�U?P?BCq�U?BHP?7\.I94��@2P N /,U?.0¸VBH7ôq 7:9yU?PW/ATI.0=Ld:7Ê1H/A9C=½T0/2¸VBH7:TITI7\7>=�U�7 N)N /A�V/2=L.I9Hd
BH9Ãbl@2T»B N 7K. N z¿@2PLUW/A9yU8147µ14@29H9Hd:7>=º3H.0=�U?@2P?.0=Ld:7>= D @2P?�V/A9H.0=Ld:7>=�zC/APÊ=LB�õö7 UW=Ä7 Uôq @29C=L@2TI.014d:7>=oÈ­zC/APLp
U?.IP�147�14.Ibl7:PW=L7>=8=L@2BHPWqÀ7>=Ê1���.»9���@2P N /,U?.»@29S=:~m[o9'zHTIBC=
147�=?/¯bl@¹q:/,U?.I@29a147�=�U?@¹q¶÷�/A�27 D BH9'7:9yU?P?7:z¿éAU
bu.0=L7O/ABC=?=L.CT±��7 w4zHTI@2.ÆUW/,U?.I@29x147>=Ê14@29H9Hd:7>=\1H/A9C=ÄBH9xzHP?@4q 7>=?=LBC=o1���/A9C/ATIX4=L7Q7:9xTI.I�29H7·7 Uô1���/A.ª1�7µÈJT0/
14d>q .0=L.I@29g~C¾O7>= N @414h:TI7>=�zC/APLU?.0q BHTI.I7:PW= D U?7:T0=O¸VBH7JTI7¯=?q¶3Hd N /)7:9<d U?@2.ITI7f@2B6TI7¯=?qW3Hd N /)7:9ùøC@¹q @29
147x9H7:.I�27 D @29VU®d U?d�q @29Cú BC=¯/,ÅC9 147xP?7:9C14P?7ÃTI7>=¯14@29H9Hd:7>=¯1���BH9 7:9yU?P?7:z¿éAU¯zHP?Á U?7>=¯È6TÇ��/A9C/ATIX4=L72~
^\7>= N @¹14h:TI7>=·z¿7:P N 7 ULU?7:9yUf147¡q P?d:7:PÉ147>=ObuBH7>= N BHTÆU?.014. N 7:9C=L.I@29H9H7ZT»TI7>=É147>=Ì14@29H9Hd:7>=Ì/AzHz¿7:TId:7>=
/ABC=?=L.ºq BHG�7>=f147Ã14@29H9Hd:7>=­14@29yUJT0/�bl@¹q:/,U?.I@29 7>=�UfT±��/A9C/ATIX4=L7²7:9 T».I�29H7 M e��Kn � �
�C�±û������v O��¢,�
�}£k¤��0¤f¥8¦Ñ§>¨¶��¤W¤����u«>¬Jî}^\3C/ABC143mBHP?.ð7 UO¾Ì/YXV/AT D�ï s2sut ñ�~��K.I9C=L. D T0/Â�2PW/A9C147Jq:/AzC/2q .ÆU?d¯147®=�U?@4qW÷�/A�27 D T0/



�½ÎS ®Ï { M z¿d:PW/,U?7:BHP�1���/A9C/ATIX4=L7É7:9ùTI.I�29H7­GC/2=Ldf=LB¹PQBH9H7ÉU?7>q¶3H9H.0¸VBH7�147�� @2BH.IT»TI7J147J14@29H9Hd:7>=

=�U¶P?BSq�U?BHPW/,U?.»@29 N BHTÆU?.014. N 7:9C=L.I@29H9H7:TITI7Q7 UoTI7>=&@2z¿d:PW/,U?7:B¹PW= M e��Kn ��@29VU\147�T±��7:9yU?P?7:z¿éAUºBH9H7�zHT0/,U?7 p
��@2P N 7í14d>q .0=L.I@29H9H7:TITI7
=L7:P?b�/A9yUìÈOT±��/A9C/ATIX4=L7 D T0/µbu.0=LBC/ATI.0=?/,U?.I@29¯7 UìT0/µ9S/kbu.I�V/,U?.I@29®1H/A9C=¼TI7>=¼�2PW/A9C147>=
N /2=?=L7>=í147�14@29H9¹d:7>=:~

¾®�â/AB�U¶P?7¯zC/APLU D T0/Â��@2BH.ITITI7v147²14@29H9Hd:7>=®�±°²¢,³�¢x´<���C���u«>¬��Õ/A.ÆU�/AzHz¿7ZT¼Èa147>= N d U?3H@¹147>=µ1���/Az4p
zHP?7:9VU?.0=?=?/A�27Éz¿@2BHPQ.I9C14B¹.»P?7�147>= N @414h:TI7>=Q147¯q @29H9C/A.0=?=?/A9Cq 7>=87 w4zHP?. N d>=Q1H/A9C=Q147>=
��@2P N /ATI.0= N 7>=
b�/ATI.0147>=µ7 U�q @ N z¹P?d:3H7:9C=L.IGHTI7>=:~Í^\7:z¿7:9C1¹/A9VU D T0/x��@2BH.ITITI7¡7>=�U­BH9 N /A.ITITI@29 ¸VBH.�9H7¡z¿7:B4U­Á U?P?7Â1�.ª=�p
=L@¹q .IdÉ147ÌT0/²q¶3C/ � 9H7É147ÉT±��7 wuU?PW/2q�U?.I@29�147­q @29H9C/A.0=?=?/A9CqÀ7>=ÊÈ¯zC/APLU?.IP
147>=
14@29H9Hd:7>=µ{��ÌÏg° ����°Ì° �
�®��§��í�I� Ó «m�)°��0¤:¨W§��,� ¦�£ ��� °²¢,³ ¢
	W¢k¤:��¤L¬�~¼e�/ q @29S=�U¶P?BSq�U?.»@29 147ÂU?@2B4U N @414h:TI7a1���/AzHzHP?7:9yU?.0=?=?/A�27
147 N /A9C147'BH9 zHP?d U?PW/A.ÆU?7 N 7:9yU²7 U�147 N .0=L7'7:9 ��@2P N 7�147>=¡14@29¹9Hd:7>=:~¼[o9 7 ó�7 U D TI7>= N d U?3H@4147>=
1���/AzHzHP?7:9VU?.0=?=?/A�27�/AB4U?@ N /,U?.0¸VBH7®=L@29yUÉ=L7:9C=L.IGHTI7>=O/AB GHP?BH.ÆUÌ7 UÌ9H7®z¿7ZBHb27:9yUÌ@2z¿d:P?7:PO¸mB¹7²=LBHPÌ147>=
14@29H9Hd:7>=�@2G¿d:.0=?=?/A9yU·È)T0/²��@2P N 7�q T0/2=?=L.0¸VBH7J147©=íUW/AGHTI7>/AB4w �
��� Ó ���>� Ó Òu¤����F¢,¦��Õ¢
	 �I�À¤���~áe�/)zHP?.0=L7f7:9
q @ N z4U?7\147Äq 7>=ðzHP?@2zHP?.Id U?d>=ð14@29H9¹7\È
T±��7 wuU?PW/2q�U?.I@29f147>=Íq @29¹9C/A.0=?=?/A9Cq 7>=�T±��/2=Lz�7>q�U½1���BH9H7\14d N /APWq¶3H7
14d>q .0=L.I@29H9H7:TITI7�P?@2GHBC=�U?7 N /A.0=
TI@2BHPW147f1H/A9C=�=L@29#14d:zHTI@2.I7 N 7:9yU�î R /kXuXy/21 � ³í¢,�
� D�ï s2s2r>ñ�~

eo��/A9C/ATIX¹=L7O7:9'TI.I�29H7Ì7 UíT0/¯��@2B¹.»TITI7­147­14@29H9HdZ7>=
=L@29VU�q @29C=L.014d:P?d:7>=8q @ N)N 7�147:B4w'q¶3C/ N zC=í147
P?7>qW3H7:PWq¶3H7Ì=Ld:zC/AP?d>=Ê¸VBH.á@29yUQqÀ@29H9uB�zC/APW/ATITIh:TI7 N 7:9yUí147>=8d:bl@2TIB4U?.I@29C=Ê.I9C14d:z�7:9C1H/A9VU?7>=:~4� T±� 3¹7:BHP?7
/2q�U?BH7:TITI7 D 9H@2BC=ìz�7:9C=L@29C=º¸VBg��BH9Ãq @2BHzHT0/A�27
7:9yU?P?7�TI7>=o147:B�wÂ/AzHzHP?@4qW3H7>=¼z¿@2BHP?PW/A.ÆU&z¿7:P N 7 ULU?P?7íBH9H7
/A9C/ATIX¹=L7v7:9 TI.I�29H7)zHTIBC=­d:T0/AG�@2P?d:7¡14d:zC/2=?=?/A9yU­T0/#=L. N zHTI7)7 w4zHTI@2PW/,U?.I@29 147>=fq BHG�7>=f147Ã14@29H9Hd:7>=:~
e�/fP?@2GHBC=�U?7>=?=L7Q147·T0/É��@2BH.ITITI7µ147O14@29H9Hd:7>=º7 UÊT0/ N /A9H.0/AGH.ITI.ÆU?dO147KT0/�=�U?P?BCq�U?BHPW/,U?.I@29 N BHTÆU?.014. N 7:94p
=L.»@29¹9H7:TITI7®z¿7:BHbl7:9yUf/AzHz�@2PLU?7:PÌ147>=É/ N d:TI.I@2PW/,U?.I@l9C=·/AB4w q:/AzC/2q .ÆU?d>=µ147vT±� M e��Kn /,ÅC9 1���7 wuU?PW/A.IP?7
147>=aq @29H9C/A.0=?=?/A9Cq 7©=ÂÈ zC/APLU?.IPa147>=xq BHG¿7>=x147 14@29H9Hd:7>=:~\ËK@AU?P?7<GHB4U�7>=�U�1���7:9HP?.0qW3H.IPÃT±��/A9C/ATIX4=L7
N BHTÆU?.014. N 7:9C=L.I@29H9H7:TITI7�zC/APKBH9H7¯9¹@2BHb27:TITI7­� @2P N 7¯1���/A�2P?d:�V/ÙU?.I@29�d:T0/AG¿@2P?dZ7­GC/2=Ld:7�=LBHP·BH9H7fU?7>q¶34p
9H.0¸mB¹7x147)��@2BH.ITITI7x147Ã14@29H9Hd:7>=:~ðnoP?7:9C/A9yU�7:9 qÀ@ N z4U?7�T0/6=�U?P?BCq�U?BHP?7 N BHTÆU?.014. N 7:9C=L.I@29H9H7ZT»TI7x147>=
14@29H9Hd:7>=ô7 U�TI7ÉG¿7>=L@2.I9�147�TI7>=ô.I9yU?d:�2P?7:Pí1H/A9C=ôBH9�zHP?@¹q 7>=?=LBC=81���/A9C/ATIX4=L7µzHTIBC=
z�@2BC=?=Ld D 9H@AU?P?7�14d p
N /APWqW3H7Jq @29C=L.0=�U?7JÈ�14d:b27:TI@2zHz�7:PQBH9<9H@2BHbl7:Tg@2z¿d:PW/,U?7:BHPQ1���/A�2P?d:�V/ÙU?.»@l9 M e��Kn D GC/Az4U?.0=Ld �½ÎS ¯Ï
�Z��ÎSÐ ¦Ñ¢,³�� Ò4¦ ÓgÔ  \«A¦ÑÐ�«V¢,³±�Õ§,�<ÎH¢,¦ùÏ��I¢k¤W¤��×ÖÊ¨W¢,³±�Õ§,�u¬ D GC/2=Ld²=LBHPÉT0/ N d U?3H@¹147 Ï� �� ��^\T0/2=?=L.ÆÅ�q:/,U?.I@29
�µ=?qÀ7:9C1H/A9VU?7��K.Id:PW/APWq¶3H.0¸VBH7k¬·î�e�/A9Cq 7�7 U�� .ITITI.0/ N = Dðï s2rut ñ�~

eo��/APLU¶.0q TI7K7>=�UÊ@2P?�V/A9H.0=LdK147OT0/­�Õ/2ú @29a=LBH.Ib,/A9VU?72~m¾Ì/A9C=ÄT0/¯=L7>q�U?.I@29'i D 9H@2BC=Ä7 w4z¿@V=L@29C=ìBH9ad UW/,U
147JT±��/APLU·147>=K/AzHzHP?@¹q¶3H7>=í147¯q @2BHzHT0/A�27�7:9yU?P?7fT0/v��@2BH.ITIT»7�147�14@29H9Hd:7>=�7 U·T±��/A9C/ATIX4=L7�7Z96TI.I�29H72~Ce�/
=L7>q�U?.I@29 �ùzHP?d©=L7:9VU?7)TI7>=­@2G4õö7>q�U?.Æ�Õ=�147�T±��@2z¿d:PW/,U?7:BHP#�½ÎS ®Ï�~�ËK@2BC=
õöBC=�U?.ÆÅC@29C= D 1H/A9C=­T0/6=L7>q�U?.I@29
� D TI7Jq¶3H@2.Æw�147­T0/ Ï� �� q @ N)N 7ÌU?7>qW3H9H.0¸VBH7J1���/A9C/ATIX4=L7É7:9ùTI.I�29H72~HËK@2BC=Q14dZb27:TI@2zHz�@29C= D 1¹/A9C=íT0/
=L7>q�U?.I@29 j D BH9H7���@2P N /ATI.0=?/,U?.I@29 14d>q P?.Ib�/A9VUJTI7>=¯q @29Cq 7:z4UW=�U?3Hd:@2P?.0¸VBH7>=J147ÃT±��@2z¿d:PW/,U?7:BHP D 9H@AUW/ N p
N 7:9VUf=?/ÃzHP?.0=L7®7:9 q¶3C/AP?�27®147>=É14@29H9¹d:7>= N BHTÆU?.014. N 7:9C=L.I@29H9H7:TITI7>=:~áe�/�=L7>q�U?.I@29 rx7>=�U­q @29C=?/2q P?d:7
È²TÇ��. N zHTId N 7:9yUW/,U?.I@29<1���BH9ùzHP?@AU?@AU�Xuz�7f¸VBH.�b�/ATI.0147�9H@AU?P?7f/AzHzHP?@4qW3H72~ R .I9C/ATI7 N 7:9VU D Tª/)=L7>q�U?.I@29 t
q @29Cq TIB4UQT±�â/APLU?.0q TI7É7 UKd:bl@¹¸VBH7ÉTI7>=íd:bl@2TIB4U?.I@29C=
z�@V=?=L.IGHTI7>=�147Jq 7ÉU?PW/Yb�/A.IT±~

� � ��� �f����	�+�$�%���� ��� $8+����#� ��!�� ���®
�	�� � � *,+���� � � � ��� ��+����
������� �8
 �2��������������� ��� � � !����

n�7:B 147 U?PW/Yb�/AB4w 147 P?7>q¶3H7:PWq¶3H7 U?PW/A.ÆU?7:9yUùTI7 q @2BHzHT0/A�27 7:9yU?P?7 T0/ ��@2BH.ITITI7 147 14@29¹9Hd:7>=�7 U
TÇ��/A9C/ATIX4=L7�7:9­TI.I�29H72~k^\7>q .2=:� 7Àw¹z¹T».0¸VBH7ìzS/APgT0/
zHP?.I@2P?.ÆU?dì/2q:q @2PW14d:7ìÈ
T±��/ N d:TI.I@2PW/,U?.I@29É147>=áU?7>q¶3H9H.0¸VBH7>=
147>=Q147:B4wù14@ N /A.I9H7>=�=Ld:zC/AP?d N 7:9yU>~�^\7:z�7:9C1H/A9VU D U?P?@2.0=
�2PW/A9C147>=
/AzHzHP?@4qW3H7>=87 w4.0=�U?7:9yU�{

-KË��
]\pÄ[ pôi



-f~C587:96;<7>=?=?/A@2BC1x7 UO/AT±~

����� �����
	���
������ ��	�
 �����������
	���� 
 ! "$# %
]�Tá=:��/A�2.ÆUô1���BH9H7�/AzHzHP?@4qW3¹7·.I9C=�U?P?B N 7:9yUW/ATI7µzHP?.I9Cq .IzC/ATI7 N 7:9yUí14BH7É/AB4w)U?PW/Yb�/AB4w�147 �O/A9 D /AB�pU?7:BHPô14B�=LX4=�U?h N 7É°'&
´<����� ¦Qî �O/A9 Dðï s2sut ñ�~H^\7>=ºU?PW/Yb�/AB4wÂq @29C=L.0=�U?7:9yUôÈfd U?7:9C14P?7·TI7OT0/A9H�V/A�27K147>=

P?7>¸VBHÁ U?7>= M e��Kn z¿@2BHPô=L. N BHTI7:P
147>=oU?7>q¶3H9H.0¸VBH7>=ô147·��@2BH.ITITI7·U?7:TITI7>=ô¸VBH7OTª/¯14d U?7>q�U?.I@29�1�7>=ÊP?h:�2TI7>=
1���/2=?=L@4q .0/,U¶.I@l9 D T0/¡q:/APW/2q�U?d:P?.0=?/ÙU?.I@l9�1���/,ULU?P?.IGHB4UW= D T0/¡q T0/2=?=L.ÆÅ�q:/,U?.I@29 D T0/vz¹P?d>14.0q�U?.I@29 D 7 UWqA~�^\7:z¿7:94p
1H/A9yUìTI7>=¼P?d ��d:P?7:9Cq 7>=½P?7:T0/,U¶.Ibl7>=¼È­°'&
´<����� ¦Êî �O/A9 Dðï s2sut ñgî �O/A9 Dðï s2s)(>ñC14d>q P?.Ibl7:9VU&zHTIB4U?éAUìTI7�q éAU?d
��@29Cq�U?.I@29H9H7:T¹147íq 7í147:P?9H.I7:P�7 Uì9H7í14@29H9H7:9yUìzC/2=�/2=?=L7:çô1���d>q T0/A.IPW/A�27>=½=LBHP�TI7>=¼z¹P?@¹q d>14d>=½7 N zHTI@ÙX2d>=:~
¾Ì/A9C=Qî �O/A9 � ³í¢,�
� D�ï s2s)(>ñ�@29Âd:bl@¹¸VBH7�T0/ÉU?7:P N .I9H@2TI@2�2.I7�147KT0/ �+*À§,Ò4��� �I�J� ���}�Æ«A��� �\� �\û� Ì´ �&�
�C�
û������Q O��¢,�}£,³±�Õ¨¶¢,�F´<���C���u«>¬o14d>=L.I�29C/A9yUÄTI7 N d>q:/A9H.0= N 7Q@),ÂTI7>=&U?7>q¶3H9H.0¸VBH7>=\1���/AzHzHP?7:9yU?.0=?=?/A�27�=L@29VU
B4U?.ITI.0=Ld:7>=®1H/A9C=�T±��/A9C/ATIX4=L7�7:9 TI.I�29H72~ì^\3H7:9 D ¾Ì/kXy/ATÄ7 U¡/AT±~�zHP?@2z¿@V=L7:9yU�BH9 zHP?@AU?@AU�Xuz�7a147'=LBH.Ibu.
147>=í3C/AGH.ÆU?BC147>=K147�q @29C=L@ N)N /,U?.I@29ù=LBHPQTI7.-Ê7:Gg~�^\7fzHP?@AU?@AUöXuz¿7ÉB4U?.IT».0=L7fTI7>=í@2z¿d:PW/,U?7:BHPW= M e��Kn
z�@2BHP¯�2dZ9Hd:P?7:P¯147>=JP?h:�2TI7>=J1���/2=?=L@4q .0/,U¶.I@l9 È6zC/APLU?.IP¯147xzHTIBC=L.I7:BHPW=�=L7:P?b27:BHPW= M e��Kn 14.0=�U?P?.IGHBHd>=
î}^\3H7:9 � ³í¢,�
� D�ï s2s2s>ñ&î}^\3H7:9 � ³í¢,�
� D i0/)/)/>ñ�~�eg7>=\P?d>=LBHTÆUW/,UW=8147Éq 7>=\P?h:�2TI7>=\=L@29yUí=�U?@4qW÷ld>=Ê1H/A9C=8147>=
q BHG�7>=²=Lz¿d>q .ÆÅ�¸VBH7>='�� Ì¤W¤:§©¨ �Õ¢,³±�Õ§,� ¦�Ò4�I�6¨ Ò 	¶��¤L¬�~21Ì@2.IT87 Ua^\3H@2BC143S/AP?X =LBH�2�2h:P?7:9VU¯T±��7 wuU?PW/2q�U?.I@29
147>=�q @29H9C/A.0=?=?/A9Cq 7>=OÈazC/APLU?.IP­1���BH9 q BHG�7Â147Â14@29¹9Hd:7>=Ì7:9 7 w4zHTI@2.ÆUW/A9VUÉTI7>=O��@29Cq�U?.I@29H9C/ATI.ÆU?d>=�147>=
@2z�d:PW/,U?7:BHPW= M e��Kn î31Ì@2.ITð7 U�^\3H@2BC143C/AP?X D i0/)/ ï ñ�~�eg7:BHPº/AzHzHP?@4qW3H7ô=:��7>=�U¼��@4q:/ATI.0=Ld:7
=LBHP�T0/É14dÀU¶7©q�p
U?.I@29 147>=KP?hZ�2T»7©=Q1���/2=?=L@¹q .0/,U?.I@29#È�14.Æó�d:P?7:9VUW=Q9H.Ib27>/AB4w#1���/A�2P?d:�V/ÙU?.I@29#147©=O14. N 7:9C=L.I@29C=K14B q BHG¿7
î31Ì@2.ITð7 UÉ^\3H@2BC143C/AP?X Dáï s2s)(Yñ�~

���4� # ���5���
��������� ��	�
 
)�
� ��67������	�
 8 ��9:���;���;8 	���
<�=������	�9�9:	�

^\7 ULU?78/AzHz¹P?@¹q¶3H7ºbu.0=L7oT±��/21H/Az4UW/,U?.I@29J147>=½14@29H9Hd:7>= N BHTÆU?.014. N 7:9C=L.I@29H9H7:TITI7>=�/,ÅC9�147\TI7>=gP?7:9C14P?7

.I9yU?7:TITI.I�2.IGHTI7>=ízC/AP�TI7>= N d U?3H@4147>=Q147É��@2BH.ITITI72~C¾O7:B4w#=�U?PW/,U?d:�2.I7>=
=L@29yUQzHP?@2z�@V=Ld:7>=Ì{
e�/)zHP?7 N .Ih:P?7Jq @29C=L.0=�U?7�È)B4U?.ITI.ª=L7ZP·TI7>=·/Yb�/A9yUW/A�27>=í147>= E 1�5
¾Ì; �Ø=LX4=�U?h N 7>=K147J�27>=�U?.I@29<147>=

GC/2=L7>=�147'14@29H9¹d:7>= N BHTÆU?.014. N 7:9C=L.I@29H9H7:TITI7>=W¬­z¿@2BHPv/A.0147:P�T±��/ATI�2@2P?.ÆU?3 N 7x1���/AzHzHP?7:9yU?.0=?=?/A�27Âz¿7Z94p
1H/A9yUxT0/ q @29C=�U?P?BCq�U?.I@29 147 =L@29 N @¹14h:TI7 147 q @29H9C/A.0=?=?/A9Cq 7>=Z~ìe�/ABHP?7:9VU�7 U�/AT±~ºzHP?@2z¿@V=L7:9yU�BH9H7
q @u@2z¿d:PW/,U?.I@l9v7:9yU?P?7íBH9 E 1�5
¾Ì; � �
¦?¢2¨ �I� �?>ÀÎ¿¦?��¤W¤ ¬ D 1�@AU¶dQ1���BH9H7Kq:/AzC/2q .ÆU?d�147Kq:/AT0q BHTS147>=º/A�2P?d p
�V/,UW=¼q @ N zHTI7 w47>= D /Yb27>qÄBH9²TI@2�2.0q .I7:T�1���/AzHzHP?7:9yU¶.0=?=?/A�27µ�:@ð¢,�I¢BACA�	

ô
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