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I?J9KMLMNPO�QRLMJ9SPQ�LMJ9OUT/VMVMW9J9OYX7Z[VR\]JY^_VMJ9\YX J9\`SPJba-J9c2J9VdKeT8^_\fNPg9LMSPNPJY^9X�^_W9h8i8SPLM\fNPi8VMVMJ9V�\DSPJ9Obj�i�kMJ9O&kMJ
g9iRjUj`LMVMNPgYT/\fNPi8V-kMJ9ODl9\�^_J9ODm�LejUT/NPVMODJ9\DSPJ9Le^&^]T/KMKeiR^n\�opSrqsNPV�t+iR^]jUT/\fNPi8V u#vwi�VxO]J9LMSyJYjzJ9VR\DSPJUVMiRj`ce^_J
kMJ-KeJY^_Ofi�VMVMJ9Ox{e|/}�~y��|/{M�?OfLe^�SyJ-a-J9c%OfLMNP\bLMVMJ-gY^_i�NyO]O�T/VMg9J�J9��Kei�VMJ9VR\fNPJ9SPSPJ8XwjUT/NPOpkMJxKMSPLMO�J9V�KMSyLMO
k qsNPVMkMNPhRNPkMLMO�KeT8^_\]Nyg9NPK�J9VR\pJ9LM�8��jzlYj�J�o�S�Td^_NPg3mMJ9OfOfJ�kML�a-J9c�J9V2gY^_WYT/V�\UkMJ9OUKeT/�8J9O�OfLe^`kMJ9ObOfLY�]J9\fO
J9�R\3^_lYj�JYj�J9V�\wkMNPh8JY^_OfN��eW9OYu��?NyVMO]N+X�KMSPLMOfNPJ9Le^_O&j�NPSPSPNyi�VMO&kMJ&VMi�LMh8J9SPSyJ9ODKeT��8J9OwOfi8V�\wgY^_W9W9J9O?Q�LMi8\fNPkMNPJ9VMVMJ3�
j�J9V�\wkeT/VMOwSPJ�jzi8VMkMJ8XMJ9\�T/L�jzi8NPVMO1T/LM\3T/VR\�Ofi8V�\�j�i�kMN��eW9J9OYXMSPJ&VMiRj`ce^_JD\]i8\�T/S�kMJ&KeT/�8J9O�OYq�W9SyJ9h/T/V�\�o
KMSPLMOfNPJ9Le^_O1jzNySPSPN�T8^_kMOYu

��i8LM\fJ9OUg9J9OpKeT/�8J9O�J9\USPJ9ObSPNPJ9VMO�mR��KeJY^n\fJ9�R\]J�QRLMNwSPJ9O�^_J9SPNPJ9VR\pSPJ9ObLMVMJ9O�T/LM�2T/LM\�^_J9O�triR^fjzJ9VR\�LMV
�R^fT/KMmMJ��#g�meT/Q�LMJ�KeT/�8J�a-J9c�J9O]\�T/OfO]iRg9NPW9JUo�LMV�O]iRjUj�J9\?J9\&SPJ9O&m���KeJY^_SPNPJ9VMO�J9VR\�^nJ�KeT��8J9ODa-J9c�Ofi�VR\
SPJ9O�T8^_g9ODkML��R^fT/KMmMJ8u#��J9\DW9VMiR^fjzJ&�R^fT�KMmMJ
�]i8LMJ�LMV�^_��SyJ�N�j�K�iR^_\�T/V�\?keT/VMODLMV��R^fT�VMk�VMiRj`ce^_J�k q�T/K��
KMSPNygYT�\fNPi8VMO7�#gY^_WYT�\fNPi8V�kMJbjzi8\fJ9Le^_OwkMJU^_J9g3mMJY^_g3mMJ�J3 bgYT/g9J9OYX�kMW9\fJ9g9\fNPi8V�kMJUg9iRjUj`LMVeT/LM\fW9O�XRJ9\]g8u ZrS¡J9Of\
g9J9KeJ9VMkeT/V�\wJ9��\�^_lYj�JYjzJ9VR\�kMN� bg9NPSPJ&kMJ&SY¢*W9\]LMkMNyJY^£Xeo`gYT/LMOfJDkMJDO�T�\3T/NPSySPJ`J9\wkMJDOfi8VpW9h8i8SPLM\fNPi8V�^fT�KMNykMJ8u

¤ T?j�W9\fmMi�kMJ��8W9VMWY^fT�SyJ�LM\fNPSPNyO]W9J¥K�i8Le^�J9�RKMSPiR^_JY^�SyJ��R^]T/KMmMJ�J9Of\ S�T?OfLMNPh5T�VR\fJ��9i8VDg9iRjUjzJ9VMg9J¥T�h8J9g�LMVMJ
Ke^_JYj�NP¦Y^_J�KeT/�8J�keT/VMO¡S�T�QRLMJ9SPSPJwi8V`g�mMJY^_g3mMJ§\]i8LMO7SPJ9O¡SPNyJ9VMO�mR��KeJY^n\fJ9�R\]J8uY��meT/g9LMV`kMJ¥g9J9O¡SPNPJ9VMO§Kei�NyV�\fJ�OfLe^
LMVMJwKeT/�8J8u8¨?Vp^_J9g9iRjUj�J9VMg9J�T/SPiR^_O�Srqsi8K�WY^fT/\fNPi8VUo?KeT8^n\fN�^ kMJwg3meT/g9LMVMJwkMJ�g9J9O�KeT/�8J9O�J9VUT/SPS�T/VR\�g�mMJY^ng�mMJY^
\fi8LMOwSPJ9OwSPNPJ9VMO?QRL qsJ9SPSPJ&g9i�VR\fNPJ9V�\YX8J9\?T/NPVMOfN kMJDOfLMNP\fJ8uM¤#JDKe^_i�g9J9OfOfLMOHOYq�T8^f^nl9\fJwQ�LeT/VMkbi�V�VMJD\�^_i8LMh8JHKMSyLMO
kMJwVMi8LMh8J9SPSPJ9O§KeT��8J9OYu��7h8J9gHg9J9\f\fJ¥jzW9\fmMiRkMJ8X/O]NMS+q�i8V�Kei8LMh/T/NP\§h�NyO]Ny\]JY^�j�NPSySPJ?KeT/�8J9O�KeT8^¡O]J9g9i8VMkMJ&©*keT/VMO�S�T
^_WYT/SPNP\fW?g8qsJ9Of\§KMSPLM\f��\§g9J9V�\�ª9X8NPS�t«T/LMke^fT/NP\�KMSPLMOwk qsLMVbjzi8NPO§Kei�Le^§g9i�VMVeT/¬P\�^_Jw\fi�LM\fJ9O�SPJ9O¥KeT��8J9O¥T/g9g9J9O]OfNPcMSyJ9O
kMJ9KMLMNPO�S�T�KeT/�8JUNPVMNP\fN�T/SPJbJ9\`g9J8X Q�LMJ9SPSyJpQ�LMJUOfi8NP\DS�T�KMLMNPOfO�T�VMg9JbkMJ9O�jUT/g3mMNyVMJ9ODLM\]NySPNPOfW9J9OYu�­¡J9VMkeT/V�\Dg9J
\fJYj�KMOYX�KMSPLMOfNPJ9Le^_OUg9J9V�\�T/NPVMJ9O�kMJ®j�NPSPSPNPi8VMObkMJpKeT/�8J9O�T/Le^_i8V�\&h�LdSyJ&�]i8Le^9X#J9\�kMJpVMiRj`ce^_J9LMOfJ9O�T/LM\�^_J9O
T/Le^_i8V�\wW9\fWDO]LMKMKe^_N�j�W9J9O�i�L�kMW9KMS�T�g9W9J9OYuA­�T�^�g9i8VMOfW9Q�LMJ9VR\HS+q�N�j�T/�8JDQ�L qsi8V�i8cM\fNPJ9V�\wJ9Of\?VMi8V�OfJ9LMSPJYj�J9V�\
KeT8^_\fNPJ9SPSPJ�jUT/NPOUT/LMOfOfN¯t[T�LMOfOfW9JUKeT8^`SrqsW9h8i�SyLM\]Nyi�V�kMLd�R^fT/KMmMJ8u¡¨?V�K�J9LM\�h8i8N�^`g9J9\f\fJUN�jUT/��JbkMLd�R^fT/KMmMJ
kML�a-J9c-g9iRjUj�J`LMVMJ�N�jUT��8J�^fT�keT8^ �MO]J9LMSyJ�LMVMJ�KeJ9\]Ny\]J�KeT�^_\fNPJ�kMLx��^fT/KMmMJ&J9O]\�g9i8VMV�LMJ�opLMV-NPVMOf\�T�VR\
kMi8VMVMWpJ9\&SPJ®^nJ9Of\fJ�W9h8i8SPLMJpKeJ9VMkeT/V�\&Q�L qsi8V�i�cMOfJY^_h8J�g9J9\f\fJ�KeJ9\fNP\fJUKeT�^_\fNPJ8u7Z[S§��T�LMVd�R^fT/VMk-VMiRj`ce^_J
k q�T/LM\�^nJ9O�Ke^_i8cMSP¦Yj�J9O§Q�LMNe^_J9VMkMJ9V�\�S�T&^_W9g9LMK�WY^fT/\fNPi8VUkML��R^fT/KMmMJ�kMLUa-J9cpN�jzKei8OfO]NycMSPJ?J9VUKe^fT/\]NyQ�LMJ8u8­�T8^
J9�RJYjzKMSyJ8X°OfNeLMVMJDKeT/��JwV qsJ9Of\�Kei�NyV�\fW9J?KeT8^�T/LMg9LMVMJDT/LM\�^_J8X�J9SySPJDVMJDOfJY^]T§�3T8jUT/NPO§kMW9g9i�LMh8JY^_\fJ�T�h8J9g?g9J9\f\fJ
j�W9\fmMi�kMJ8uMI?Jwt«T/±9i8VpKMSPLMOw�8W9VMWY^fT/SPJ8X�OfN#LMVMJDKeT/�8J?V qsJ9Of\�KeT/OwT/\f\fJ9NP�8VeT�cMSyJDo`KeT8^_\fN�^�kMJDS�T`KeT/�8J?NyVMNP\fN�T/SPJ
i8V�VMJ&S�T�\3^_i8LMh8JY^fT���T�jUT/NPOYu

­�T8^¡g9i�VMOfW9QRLMJ9V�\YX�S+q�W9\fLMkMJwkMLp�R^fT/KMmMJwkMLpa-J9cbKeT�OfOfJwKeT/O�S�T&^nW9g9LMKeWY^fT/\]Nyi�VUkMJw²e|/³3�r~+´¶µ·kML��R^fT/KMmMJ8X
SPJ9O&KMSPLMOD�R^fT/VMkMJ9O?J9\?SyJ9ODKMSPLMO�^_J9Ke^_W9OfJ9V�\�T/\fNPh8J9OHKei8OfO]NycMSPJ9OYu ¤�J9ODKe^_i8Ke^_NPW9\fW9OwkMJ�g9J9ODKeT8^n\fNPJ9O�Ofi�VR\DT/SPiR^_O
W9\fLMkMNPW9J9ODg9iRjUj�JDO�qsNPS OYq�T/��NyO]O�T/NP\wkML���^fT/KMmMJDJ9V�\fNPJY^9XejUT/NPO?NPS t«T/LM\w�RT�^_kMJY^�oUSrqsJ9OfKe^nNy\HQRLMJ`g9J&V qsJ9Of\HKeT/O
SPJ&gYT/OYu

¸



� � �DE�BwGp@����������
	��
���
���w@�������� C�E�� ��	
I?J9KMLMNPOwQ�LMJ9SPQRLMJ9O�T�VMVMW9J9OYXMSPJ9Owg3mMJY^_g�mMJ9Le^nO¥\]J9VR\fJ9V�\§k q�TYh�i8N�^§LMVMJDNPkMW9JDkMJDS�T�Of\3^_LMg9\fLe^_J?�8SPi8ceT/SPJDkML

a-J9c u§­¡i8Le^�T/\f\fJ9NPVMke^_Jpg9J9\�i8cR�]J9g9\fN�tnX�\�^_i8NPOUT/KMKe^_i�g3mMJ9O&Ke^_NPVMg9NPKeT/SPJ9Obi�VR\�W9\fWpLM\fNPSPNyO]W9J9O7��LMVdKei8NPV�\UkMJ
hRLMJ&j�T/gY^_i8Ofg9i�KMNyQ�LMJwi���i�V®^_J9��T8^_kMJwSPJD�R^fT�KMmMJ��_kMJDSPi8NPV���XMJ9\�i8VpOYqsNPV�\fWY^_J9OfOfJDo`O�T`Of\�^_LMg9\]Le^_J�o`�R^fT/VMkMJ
W9g�mMJ9SPSPJ8X#LMV-Kei8NPV�\�kMJ`hRLMJ�j�NPgY^_i8Ofg9i�KMNyQ�LMJDi���i8Vx^_J9g3mMJY^_g3mMJDkeT/VMO?SyJ`�R^fT/KMmMJ`kMJ9O�K�J9\fNP\fJ9O?Of\�^_LMg9\fLe^nJ9O
QRLMN�OfJ�^_W9K�¦9\fJ9V�\¥O]i8LMh8J9V�\YX�J9\wJ9V��eV�LMVMJ�T/KMKe^_i�g�mMJDOf\3T/\fNPOf\fNPQ�LMJ�i���i�V�gYT/SPg9LMSyJ�g9JY^_\3T/NPVMJ9OwOf\�T/\]NyO]\fNPQRLMJ9O
KeJY^_\]NyVMJ9V�\fJ9OwO]Le^�SPJ&�R^fT�KMmMJ8u
� �!�!"$#&%('*),+.-�%/"$#�01%/#��!24365!)87:9wVMJdW9\fLMkMJ�^nW9g9J9VR\fJ<;>=@?zT2Ke^ni8Kei8O]W�S�T�kMJ9O]gY^_NPKM\fNPi8V OfLMNPh5T�VR\fJdkML

��^fT/KMmMJUkMLda-J9c u§ZrS�OfJY^fT�Ny\`g9iRj�K�i8OfWUkMJpQRLeT�\�^_J A9i8VMJ9O�kMNPOf\fNPVMg9\fJ9O¡� LMVd�R^_i8O`VMi/�RT/L�keT/VMO`SPJ3�
Q�LMJ9Sei�VUKeJ9LM\�T/SPSyJY^¯kMJ�V q�N�jzKeiR^_\]J¥Q�LMJ9SPSPJ�KeT/��J�o?V qsN�j�Kei�^_\fJwQ�LMJ9SPSyJDT/LM\�^nJ¥J9V�OfLMNPh5T/V�\§kMJ9O�SyNPJ9VMOYX
LMV�J9VMOfJYj`cMSyJHkMJwKeT/�8J9O�kMJ9KMLMNPO§SPJ9OfQ�LMJ9SPSPJ9Owi8V�KeJ9LM\�T/SPSyJY^¯keT/VMO§SPJwVMi/�RT�L�jUT/NPO�QRLMNMV qsJ9O]\�KeT/O§T/g3�
g9J9O]OfNPcMSyJDkMJ9KMLMNPOwg9JDkMJY^nVMNyJY^£X8LMV�\�^_i�NyO]Ny¦YjzJwJ9VMOfJYj`cMSPJDQRLMN�J9Of\wT/g9g9J9OfOfNPcMSPJDkMJ9KMLMNPOwSPJDVMi5��T/LUjUT/NPO
o�KeT8^_\fN�^?kMLMQ�LMJ9S§i8V�VMJUKeJ9LM\`KeT/O�T/\]\fJ9NPVMke^_J�SyJpVMi/�RT/L X�J9\D�eVeT/SPJYj�J9V�\&LMV��R^fT/VMk-VMiRj`ce^_J�kMJ
KeT��8J9O¥o?KeT8^n\fN�^�kMJ9OfQ�LMJ9SPSyJ9O�i8V�VMJwKeJ9LM\�KeT/O§T/\]\fJ9NPVMke^_JwSPJ�VMi/�RT�L�J9\�Q�LMNeVMJ?Ofi8V�\�KeT/O§T/g9g9J9O]OfNPcMSyJ9O
o`KeT8^n\fN�^§kMJ?g9JDVMi/�RT/L u�I?J�KMSPLMOYX�g9J9OwQ�LeT/\�^_JHKeT8^_\fNPJ9O�i8V�\¥T/KMKe^_i/��N�jUT/\fNPh8JYj�J9V�\�S�TUj�lYj�JH\�T/NPSPSyJ8u
�
J9\f\fJ?Of\�^_LMg9\fLe^nJ1T�^_J9±9L�SPJ&VMi�j kMJDVCBDLMk�KeT/KMNPSPSyi�V6©+h8i8N�^ED NP�8Le^_J ¸ ª9u

fortement connexe
Noyau

Origine

Composantes déconnectées

Extrémité

Branches

21,5 %

21,5 %

21,5 %

8,3 %

27,2 %

F�GIH�J ¸LKNM ´���³f|]²�O ´QP/RTSU´$U }$RNV
W/X�XU´8R�{x{�YZRCP ²°|]²#~\[I[]W/{

�¡h5T�VR\Dg9J9\f\]J�W9\]LMkMJ8X#i8V-KeJ9VMO�T/NP\DQ�L qsi8V-Kei�LMh5T/NP\�T�SySPJY^`opKeJ9L�Ke^_¦9ODkMJ�V qsN�j�K�iR^_\fJ�Q�LMJ9SPSyJpKeT/�8J
a-J9c�o`V qsN�j�K�iR^_\fJwQ�LMJ9SPSPJ&T/LM\�^_JwJ9V�O]LMNyh/T/V�\¥SPJ9O�SPNPJ9VMOYue��J?V qsJ9Of\�KeT/O�kMLb\fi�LM\§SPJDgYT/O7�/Q�LeT/VMkpi8V
KeT�^_\Dk qsLMVMJUKeT/��J�a-J9cdkML�VMi/�RT/L�kML�VCBDLMk�KeT�KMNySPSPi8V X¡i8V-VMJUK�J9LM\�T/\f\]J9NyVMke^nJ�Q�LMJN[�|^X W/~)�r~`_
kMJ9OHKeT/�8J9O�kML�a-J9c:aeI?J?KMSPLMOYXMSPJ9O?OfLMNP\fJ9OwkMJDSPNPJ9VMO1^_J9SPN�T/V�\wSPJ9O�KeT��8J9O�axJ9c�J9VR\3^_J�J9SPSPJ9O?KeJ9LMh8J9V�\
l9\3^_Jb\3^_¦9O�Syi�VM�8LMJ9Ox©*KMSPLMOUkMJNb�cdc�g9SPNPg9OpkMJ�Ofi8Le^_NPOUK�i8Le^�T/SPSyJY^�k qsLMVMJpKeT/�8J�o�Srq�T/LM\�^nJYª9X g9J�Q�LMN
g9i�VR\�^nJ9kMNy\�odVMi8LMh8JYT�L�SPJ9O�OfLMKMKei�OfNP\fNPi8VMO�T/V�\fWY^_NPJ9Le^_J9OYue9HVMJ�T/LM\�^_J�NPV�t+iR^]jUT/\fNPi8V�N�jzKeiR^_\3T/VR\]J8X
jzNyO]JDJ9V�W9hRNPkMJ9VMg9J&KeT�^§S�T�O]\�^_LMg9\fLe^_JHkMJDVCBDLMk�KeT/KMNPSPSPi8V XMJ9Of\wS�T�Ke^nW9OfJ9VMg9J�k q�LMV�g1BDLe^�kMJDKeT/�8J9O
a-J9c \3^_¦9O�SPNyW9J9O�J9VR\3^_J-J9SySPJ9OYXHQRL q�i8V%N�j�T/�8NPVeT/NP\�ceJYT/LMg9i�LMK KMSPLMO��R^_i�O*f�J9V�t«T/NP\YX�g9J-g1BDLe^�VMJ
g9i�VMOf\fNP\fLMJY^fT/NP\�Q�L qsLMV�QRLeT�^_\�kML�axJ9c u

� �!�!"$#&%('*),+.24%/"(#g01%/#6�*2`365*)h7hi¯V�^_J9��T8^_keT/V�\ekMJ�KMSyLMO�Ke^n¦9O SPJ¥��^fT/KMmMJ¡kML&a-J9c X/i8V&^_JYjUT�^_QRLMJ¡SrqsJ9��NyOn�
\]J9VMg9JDkMJDKeJ9\fNP\fJ9OwO]\�^_LMg9\fLe^_J9O�Q�LMN T/KMKeT8^fT/NPOfO]J9VR\�t«^_W9QRLMJYj�j�J9VR\�u8­�T8^fj�N�g9J9SySPJ9O_�«g9N¡i8V�K�J9LM\w\�^_i8L��
h�JY^§kMJ9OHg9i8LMKMSPJ9Owk qsJ9VMOfJYj`cMSPJDkMJDKeT/�8J9O�a-J9c�\fJ9SPOwQ�LMJD\fi8LM\fJ9O�SyJ9OHKeT/�8J9O�kML�Ke^_JYj�NPJY^�J9VMOfJYj`cMSPJ

=



K�i8NPVR\]J9VR\ h�JY^_O \fi8LM\]J9O SPJ9O7KeT/��J9O7kML`OfJ9g9i8VMk X9SPJ9O¡KeT/�8J9O kML`OfJ9g9i8VMk&J9VMO]JYj&cMSPJ�VMJ§Kei�NyV�\�T/V�\ KeT/O¡SPJ9O
LMVMJ9O?OfLe^�SPJ9ODT/LM\�^_J9O�u �
J9\f\fJ?Of\�^_LMg9\fLe^nJDg9iR^f^_J9OfK�i8VMk�o�LMVMJ&g9iRj�j&LMVeT�LM\fW�g9J9V�\�^_W9J&T�LM\fi8Le^�k qsLMV
O]LY�fJ9\`kMJUKe^_W9kMNPSPJ9g9\fNPi8V ; � ?M�eSPJpKe^_JYj�NPJY^DJ9VMO]JYj&cMSPJUg9i�VR\fNPJ9V�\DSPJ9O�KeT��8J9ODkMJ:� t«T/VMO ��Q�LMN¥jzJ9\f\fJ9V�\
kMJ9OHSyNPJ9VMO?h8JY^_OwSPJ9Le^_OZ�_Of\�T8^_O �`©+h8i8N�^ED NP�8Le^_J�=8ª9u

fans
stars

F GIHEJ�= K^M ~+´£{�µ1³f´@[y~r|/{M�Z[�´¶µ��Y|/{�µ&´9�Z[�´¶µ�µ3�«|/³fµ

­�T�^�J9��JYj�KMSPJ8XDkMJ9O-KeT/OfOfNPi8VMVMW9O-kMJ2h8i8NP\fLe^nJ9O�Kei�NyV�\fJY^_i�VR\�\fi8LMO-h8JY^_O�SyJ9O�KeT/�8J9O-kMJ9O-�R^fT/VMkMO
g9i�VMOf\�^_LMg9\fJ9Le^nOYX/QRLMN#J9LM�UVMJ?Kei�NyV�\fJ9V�\�KeT/O�SyJ9O�LMVMO�OfLe^�SPJ9O�T/LM\�^nJ9O§KMLMNPOfQ�L qsNPSyOHOfi8V�\§g9i8VMg9Le^f^nJ9VR\fO�u
¤�TD^_J9g�mMJY^ng�mMJ�kMJ¥g9JH\���KeJ�kMJwj�NPgY^_i/�«Of\�^nLMg9\fLe^_J9O K�J9LM\§KeJY^]j�J9\f\�^_J�kMJ�\�^ni8LMh8JY^ T/LM\]iRjUT/\fNPQ�LMJYj�J9V�\
kMJ9OHJ9VMOfJYj`cMSyJ9O�kMJDKeT/��J9O¥a-J9c�Q�LMN#\�^fT/NP\fJ9V�\§k qsLMV�jzlYj�J�O]LY�fJ9\Yu�I�q�T/LM\�^nJ9O§\_�RK�J9O�kMJDOf\�^_LMg9\fLe^nJ9O
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