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6pFXULWp��ILDELOLWp��V�UHWp�GHV�V\VWqPHV�LQIRUPDWLVpV�

���5DSSHOV�PDWKpPDWLTXHV�
�
7KpRUqPH � =D∈∀ HW� 1Q∈∀ LO�H[LVWH� ���� =UT ∈ WHOV�TXH�D� �TQ���U�DYHF� QU <≤� �
T HVW�OH�TXRWLHQW�GH�OD�GLYLVLRQ�U  �D�PRG�Q�HVW�OH�UHVWH�GH�OD�GLYLVLRQ�GRQF D���Q�⇔ D PRG�Q� ���
�'pILQLWLRQ � VL�D�PRG�Q� �E�PRG�Q�RQ�pFULUD� ��PRGQED ≡ HW�RQ�GLUD�TXH�D�HVW�FRQJUX�PRGXOR�Q�
DXWUHPHQW�GLW� ��PRGQED ≡ VL�D�HW�E�SURGXLVHQW�OH�PrPH�UHVWH�TXDQG�RQ�OHV�GLYLVH�SDU�Q��
�'pILQLWLRQ � VRLW�=P  ^������«�P��`�XQ�HQVHPEOH�PXQL�GH�GHX[�RSpUDWLRQV���HW�
���FHOOHV�FL�VDWLVIRQW�OHV�UqJOHV�VXLYDQWHV���

� O¶DGGLWLRQ�HVW�LQWHUQH��� PP =ED=ED ∈+⇒∈ ����
� O¶DGGLWLRQ�HVW�FRPPXWDWLYH��� DEED=ED P +=+⇒∈ ����
� O¶DGGLWLRQ�HVW�DVVRFLDWLYH��� �������� � FEDFED=FED P ++=++⇒∈
� � HVW�QHXWUH�SRXU�O¶DGGLWLRQ��� DDD=D P =+=+⇒∈ ��
� O¶RSSRVp�GH�WRXW�D�GH�=P�HVW�P�±�D��� ����� =+−=−+⇒∈ DDPDPD=D P
� OD PXOWLSOLFDWLRQ�HVW�LQWHUQH��� PP =ED=ED ∈⇒∈ 
��� �

� OD PXOWLSOLFDWLRQ�HVW�FRPPXWDWLYH��� DEED=ED P 

��� � =⇒∈
� OD PXOWLSOLFDWLRQ�HVW�DVVRFLDWLYH��� �
�

�
����� � FEDFED=FED P =⇒∈
� � HVW�QHXWUH�SRXU�OD�PXOWLSOLFDWLRQ��� DDD=D P ==⇒∈ 
��

� OD�PXOWLSOLFDWLRQ�HVW�GLVWULEXWLYH�VXU�O¶DGGLWLRQ���

FEFDFED=FED P 


������ � +=+⇒∈

'pILQLWLRQ � RQ�GpILQLW�D�E�GDQV�=P FRPPH�pWDQW��D���P�±�E��PRG�P��([HPSOH � ���±����GDQV�=����� �����±���� �������PRG���� ����RU ���±���� ����G¶R�����PRG���� �����
'pILQLWLRQ � VRLW� P=D∈ � O¶LQYHUVH� GH� D� HVW� XQ� pOpPHQW� QRWp� P=D ∈−� 
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([HPSOH � FDOFXOHU�����GDQV�=���RQ FKHUFKH� ��=[∈ WHO�TXH� ����PRG��
 ≡[ � RQ�VDLW�TXH� �����PRG EDPPED −⇒≡
G¶R�� ����
���� =⇒− [[ GRQF����� ���
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�7KpRUqPH � D�GH�=P DGPHW�XQ�LQYHUVH�PRGXOR�P�VL�HW�VHXOHPHQW�VL�SJFG�D�P�� ����F¶HVW�j�GLUH�D HW�P�VRQW�SUHPLHUV�HQWUH�HX[���3URSULpWpV �
� �� −− =⇒= EDDE
� P SUHPLHU� P=D∈∀⇒ H[LVWH�HW�HVW�XQLTXH�

�'pILQLWLRQ � XQ�QRPEUH�SUHPLHU�HVW�XQ�HQWLHU�QDWXUHO�GLIIpUHQW�GH���TXL�Q¶HVW�GLYLVLEOH�TXH�SDU���HW�OXL�PrPH���7KpRUqPH � LO�H[LVWH�XQ�QRPEUH�LQILQL�GH�QRPEUHV�SUHPLHUV��3UHXYH � VXSSRVRQV�TX¶LO�H[LVWH�XQ�QRPEUH�ILQL�GH�QRPEUHV�SUHPLHUV�S��S��«�SQSRVRQV�P� �S� 
 S� 
 «�
�SQ � ��DORUV�P�!���HW�P�Q¶HVW�SDV�SUHPLHU�FDU�P�!�SL QL ����=∀
G¶R�� 1T∈∃ HW� { }QM ������∈ WHO�TXH�P� �T�
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RU� 1T∈ HW� 1S M ∉� GRQF�FRQWUDGLFWLRQ� LO�H[LVWH�XQ�QRPEUH�LQILQL�GH�QRPEUHV�SUHPLHUV��
�7KpRUqPH � WRXW�HQWLHU�Q�!���HVW�VRLW�XQ�QRPEUH�SUHPLHU�VRLW�OH�SURGXLW�GH�QRPEUHV�SUHPLHUV���

���,QGLFDWHXU�G¶(XOHU�
�'pILQLWLRQ � O¶LQGLFDWHXU�G¶(XOHU�QRWp� �S��HVW�OH�QRPEUH�G¶pOpPHQWV�LQYHUVLEOHV�GDQV�=S� F¶HVW�j�GLUH�OH�QRPEUH�G¶pOpPHQWV�LQIpULHXUV�j�S�HW�SUHPLHUV�DYHF�S���([HPSOH � ���� �&DUG^���`� ����� ���� �&DUG�^�������`� ����5HPDUTXH � VL�S�HVW�SUHPLHU�DORUV� �S�� �S�±�����3URSULpWpV �

� VL�S�HVW�SUHPLHU�DORUV� ���
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� VL S�HW�T�VRQW�SUHPLHUV�HQWUH�HX[�DORUV� �S
T�� � �S��
� �T��� VL G��«�GQ VRQW�OHV�GLYLVHXUV�GH�S�DORUV� �G�� ��«��� �GQ�  �S��
7KpRUqPH�G¶(XOHU � VL�D�HVW�LQYHUVLEOH�GDQV�=S � SJFG�D�S�� �����DORUV� ��PRG��� SD S ≡ϕ

3UHXYH � VRLW�$�O¶HQVHPEOH�GHV�pOpPHQWV�LQYHUVLEOHV�GDQV�=S � $� �^D��«�D �S�`
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$ HVW�ELHQ�V�U�XQ�HQVHPEOH�ILQL��,O�IDXW�UHPDUTXHU�TXH�$�HVW�VWDEOH�SRXU�OD�PXOWLSOLFDWLRQ�F¶HVW�
j�GLUH� $SED$ED ∈⇒∈ �PRG
���� � �
VRLW I���=S =S[ D
[� DYHF� $D∈ F¶HVW�j�GLUH�D�HVW�LQYHUVLEOH���I�[�� �D�
�[�
D HVW�LQYHUVLEOH�GRQF�OD�ELMHFWLYLWp�GH�I�HVW�pYLGHQWH�G¶R��I�$�� �$�FRQVLGpURQV�DORUV�OH�SURGXLW�0� �I�D�� 
�I�D�� «�I�D �S�� R�� �S��HVW�O¶LQGLFDWHXU�G¶(XOHU�RQ D�GRQF�0� �D�
�D� 
 D�
�D� « D�
�D �S�� �D �S��
��D� 
 D� « D �S��RU SDU�ELMHFWLYLWp�GH�I�RQ�VDLW�TXH�FKDTXH�pOpPHQW�GH�I�$��SRVVqGH�XQ�VHXO�DQWpFpGHQW�GDQV�$��5HPDUTXH �� VL�S�HVW�SUHPLHU�DORUV� �S�� �S�±���HW�GDQV�FH�FDV�DS��� ��PRG�S��� VL S� HW� T� VRQW� SUHPLHUV� DORUV� �ST��  � �S�� 
� �T��  � �S���� 
� �T���� HW� GDQV� FH� FDV����������������������D �ST�� ��PRG�SD��HW�D�S����T���� ��PRG�ST���7KpRUqPH�GH�)HUPDW�� VL�S�HVW�SUHPLHU�DORUV� 1D∈∀ DS D�PRG�S��
3UHXYH �VL SJFG�D�S��  � �� G¶DSUqV� OD� UHPDUTXH� RQ� D� DS��� ��PRG� S�� ⇒ DS��� 
� D� D�PRG� S��������������������
⇒ DS D�PRG�S��
VL SJFG�D�S�� �� �� GDQV� FH� FDV� S� �� D� FDU� S� HVW� SUHPLHU� HW� GRQF� D�PRG� S�  � ���� DS PRG� S�  � ������������
⇒ DS D �PRG�S��
�
7KpRUqPH�GH�%H]RXW�� VRLW� ���� =ED ∈ HW G� �SJFG�D�E��DORUV�G�HVW�OH�SOXV�SHWLW�HQWLHU�SRVLWLI�
YpULILDQW���D[���E\� �G� ���� =\[ ∈∀
3UHXYH � VRLW�V�OH�SOXV�SHWLW�HQWLHU�SRVLWLI�YpULILDQW�V� �D[���E\���LO�IDXW�PRQWUHU�TXH�V� �G���HQ�HIIHW�VRLW�T�OH�TXRWLHQW�GH�OD�GLYLVLRQ�GH�D�SDU�V�RQ�D�DORUV�D� �TV���U�GRQF�U� �D�±�TV� �D�PRG�V�LO YLHQW��D�PRG�V� �D�±�T��D[���E\�� �D����±�T[����E���T\�� �D;���E<�GRQF�D�PRG�V�HVW�DXVVL�XQH�FRPELQDLVRQ�OLQpDLUH�GH�D�HW�E�SXLVTXH�D�PRG�V���V�RU V�HVW�OH�SOXV�SHWLW�HQWLHU�YpULILDQW�D[���E\� �V���LO�V¶HQVXLW�TXH�D�PRG�V� ���GRQF�V���D��SDU�XQ�UpVRQQHPHQW�LGHQWLTXH�RQ�WURXYH�V���E���FRPPH�V���D�HW�V���E�DORUV�V�HVW�GLYLVHXU�FRPPXQ�GH D�HW�E��$LQVL�SJFG�D�E�� �G���V��
5DSSHO � VL�O���D�HW�O���E�DORUV�O���D[���E\� ���� =\[ ∈∀ ���
G¶DSUqV�����G� �SJFG�D�E����V� �D[���E\�GRQF�SJFG�D�E����V�
ILQDOHPHQW�G� �SJFG�D�E����HW�G���V�GRQF�G� �V�����HW�GRQF�G� �D[���E\� ���� =\[ ∈∀

5HPDUTXH �
� VL�SJFG�D�E�� ���GDQV�FH�FDV� ���� =\[ ∈∃ WHOV�TXH�D[���E\� ���
� VL�O���D�HW�O���E�DORUV�O���SJFG�D�E���

7KpRUqPH�GH�*DXVV�� VRLW� ����� =FED ∈ � VL�SJFG�D�E�� ���DORUV�D���EF�⇒ D ��F�
3UHXYH � SJFG�D�E�� ���DORUV� ���� =\[ ∈∃ WHOV�TXH�D[���E\� ���⇒ D[F���E\F� �F�����
RU D���EF�⇒ D ��EF\�⇒ =∈∃α WHO�TXH�EF\� � D ��RQ�D�DXVVL�D���DF�⇒ D ��DF[�⇒ =∈∃β WHO�
TXH DF[� � D ����GH�����HW�����RQ�WLUH� D �� D  �F�⇒ F  �� � �D�⇒ D ��F�
�
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���$OJRULWKPH�G¶(XFOLGH�
�,O SHUPHW�GH�FDOFXOHU�UDSLGHPHQW�OH�SJFG�GH�GHX[�QRPEUHV�U� HW�U� DYHF�U� ! U� � LO�VH�IRQGH�VXU�OD�SURSULpWp�VXLYDQWH���7KpRUqPH � =Q∈∀ RQ�D�SJFG�D�E�� �SJFG�D�E���DQ��
�/¶DOJRULWKPH�G¶(XFOLGH�FRQVLVWH�j�HIIHFWXHU�OD�VXLWH�GH�GLYLVLRQV�VXLYDQWHV���U�  T� 
 U� � U� � ��U� � U�U�  T� 
 U� � U� � ��U� � U�«UP��� TP���
 UP���� UPUP��� �TP 
 UP � ���SJFG�U��U��  � SJFG�U��U� ± T�U��  � SJFG�U��U��  � SJFG�U��U� ± T�U��  � SJFG�U��U��  � «�  ������SJFG�UP���UP�  �UP
⇒ OH SJFG�GH�GHX[�QRPEUHV�U� HW�U� HQ�VXLYDQW�O¶DOJRULWKPH�G¶(XFOLGH�HVW�OH�GHUQLHU�UHVWH�QRQ�QXO GH�OD�GLYLVLRQ���([SORLWDWLRQ�GH�O¶DOJRULWKPH �
6RLW =ED �


��� ∈ HW�G� �SJFG�D�E����SRVRQV�D� �U� HW�E� �U�� RQ�D�OHV�UHODWLRQV�VXLYDQWHV���
�� OLJQH��� U�  T�U� � U� F¶HVW�j�GLUH� D�  � T�E �� U� ⇒ U�  D� ±� T�E GRQF� U� V¶pFULW� FRPPH��������������U�  D[� � E\� DYHF�[�  ��HW�\�  �T���� OLJQH��� U�  U� ± T�U�  E�±�T��D�±�T�E�� � �T�D ��E�����T�T��  �D[� � E\� DYHF�[�  �T� HW���������\�  ����T�T�«SRXU�FKDTXH�pWDSH�RQ�DXUD�D[N � E\N  UN ����HW�UN���± TN���
 UN��� UN ����HQ UHPSODoDQW�GDQV�����OHV�UN SDU�OHXUV�YDOHXUV�G¶DSUqV�����RQ�REWLHQW���D[N � E\N  D[N���� E\N���± TN���D[N���� E\N���LO�YLHQW��
[N  [N���±�TN���
 [N���HW�\N  \N���± TN���
 \N���
GRQF�RQ�SHXW�WURXYHU�[N HW�\N GH�OD�VXLWH�j�SDUWLU�GH�[�� [�� \�� \�GDQV�OD�SUDWLTXH�RQ�SRVH�[�  ���[�  ���\�  ���\�  ����$SSOLFDWLRQ�GH�O¶DOJRULWKPH �D��WURXYHU�[�HW�\�GDQV�OD�UHODWLRQ�GH�%H]RXW�E��WURXYHU�O¶LQYHUVH�G¶XQ�pOpPHQW�D�
VRLW ���� =ED ∈ DYHF SJFG�D�E�� ���GRQF�G¶DSUqV�%H]RXW� ��� \[∃ WHOV�TXH�D[���E\� ���
VL QRXV�SRVRQV�U�  D�HW�U�  E�GDQV�O¶DOJRULWKPH�RQ�DXUD�D[P � E\P  �� �UPGDQV�=E FHWWH�UHODWLRQ�GHYLHQW�D[P  ��PRG�E�FDU�E\P PRG�E� ���
⇒ [P HVW�O¶LQYHUVH�GH�D�GDQV�=E�
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&U\SWRJUDSKLH�

'pILQLWLRQ � XQ�V\VWqPH�FU\SWRJUDSKLTXH�HVW�XQ�TXLQWXSOHW��3�&�.�(�'��VDWLVIDLVDQW���� 3 HVW�XQ�HQVHPEOH�ILQL�GH�EORFV�GH�WH[WHV�FODLUV�� & HVW�XQ�HQVHPEOH�ILQL�GH�EORFV�GH�WH[WHV�FKLIIUpV�� . HVW�XQ�HQVHPEOH�ILQL�GH�FOHIV�� .N ∈∀ � LO� \� D� XQH� UqJOH� GH� FKLIIUHPHQW� HN GH� (� HW� XQH� UqJOH� GH� FKLIIUHPHQW�FRUUHVSRQGDQWH� GN GH� '��� RQ� D� HN � 3� & HW� GN � &� 3 WHOOHV� TXH� GN�HN�[���  � [�3[∈∀

3ULQFLSH � $OLFH� HW�%RE� FKRLVLVVHQW� VHFUqWHPHQW� XQH� FOp� N� TXL� GpILQLW� OHV� UqJOHV� GH� HN HW� GN�6XSSRVRQV TXH�$OLFH�VRXKDLWH�FRPPXQLTXHU�XQ�PHVVDJH�j�%RE��
&H PHVVDJH� pWDQW� XQH� FKDvQH�[� �[� [� « [Q 3[L ∈∀ � FKDTXH�[L� HVW� FKLIIUp� HQ�XWLOLVDQW� OD�
UqJOH HN� $LQVL�$OLFH�FDOFXOH�\L  HN�[L� [ ]QL ��∈∀ � OD�FKDvQH�FKLIIUpH�REWHQXH�\� �\� \� « \Q
HVW�HQYR\pH�j�%RE�TXL�GpFKLIIUH�OH�PHVVDJH�HQ�XWLOLVDQW�GN�\L�  �[L�

���&KLIIUHPHQW�56$��5LYHVW��6KDPLU��$GOHPDQ�±�������
�3ULQFLSH � VRLW�Q� �S
T�R��S�HW�T�VRQW�FKDFXQ�SUHPLHUV���3� �&� �=Q�2Q GpILQLW�.� �^�Q�S�T�D�E����Q� �S
T��D
E� ���PRG� �Q��DYHF� �Q��O¶LQGLFDWHXU�G¶(XOHU��

.N ∈∀ RQ�GpILQLW�HN�[�� [E �PRG�Q��HW�GN�\�� \D �PRG�Q�� ���� =\[ ∈∀ �
/HV�YDOHXUV�Q�E�VRQW�SXEOLTXHV�WDQGLV�TXH�D�S�T�VRQW�SULYpHV���

�����0LVH�HQ�°XYUH�GH�56$�
6L� %RE� GpVLUH� TXH� O¶RQ� SXLVVH� FRPPXQLTXHU� DYHF� OXL� GH� IDoRQ� GLVFUqWH�� LO� HIIHFWXH� OHV�RSpUDWLRQV�VXLYDQWHV���D�� %RE�HQJHQGUH�GHX[�JUDQGV�QRPEUHV�SUHPLHUV�S�HW�T��FI�WHVW�GH�SULPDOLWp��E�� %RE�FDOFXOH�Q� �S
T�HW� �Q�� � �S
T�� ��S�±���
�T�±����F�� %RE�FKRLVLW�XQ�E�DOpDWRLUH� WHO�TXH�����E��� �Q��HW�SJFG�E�� �Q��� ��� �FI�DOJRULWKPH�G¶(XFOLGH��G�� %RE�FDOFXOH�D� E����PRG� �Q���R��D
E� � �PRG� �Q����FI�DOJRULWKPH�G¶(XFOLGH��H� %RE�SXEOLH�E�Q�GDQV�XQ�UpSHUWRLUH�HW�JDUGH�D�S�T�TXL�IRUPHQW�OD�FOp�SULYpH��
6XSSRVRQV�TXH�$OLFH�YHXLOOH�HQYR\HU�OH�PHVVDJH�0�j�%RE��DORUV�HOOH�FDOFXOH�0E PRG�Q� �&�HW�
HQYRLH�&�j�%RE���LO�FDOFXOH�DORUV�&D PRG�Q� �0�SRXU�UHWURXYHU�OH�PHVVDJH�RULJLQDO��
3UHXYH
5DSSHO���VRLW�Q� �S
T�HW�S�T�SUHPLHUV�XQ�j�XQ��DORUV�RQ�D� >��@ QD∈∀ ��PRG������� QDD TS ≡−−+

SXLVTXH�SJFG�E� �Q��� ���HW�D�HVW�O¶LQYHUVH�GH�E�PRGXOR� �Q��DORUV�G¶DSUqV�OH�WKpRUqPH�GH %H]RXW� =∈∃α WHO�TXH�D
E��� 
 �Q�� ���
⇒ D
E� ���±� 
 �Q�� ����� 
 �Q��DYHF�  �
RQ�VDLW�TXH�&� �0E PRG�Q�
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GRQF�&D  0DE PRG�Q� �0�� �S����T����PRG�Q�RU RQ�D����� �S����T���� ������S����T������� ����S����T����G¶R��&D  0���S����T���
0� ����S����T����PRG�Q� �0
0� ����S����T����PRG�Q��  �0���� ����S����T����PRG�Q�
⇒ HQ�DSSOLTXDQW� ���IRLV�OH�UDSSHO�RQ�REWLHQW�&D  0�PRG�Q��
�

�����&RPPHQW�FKRLVLU�XQ�QRPEUH�SUHPLHU�
6XSSRVRQV�SRXU� OH�PRPHQW�TXH� O¶RQ�FRQQDLVVH�XQ�WHVW�SHUPHWWDQW�GH�GpWHUPLQHU�VL�XQ�JUDQG�QRPEUH�HVW�SUHPLHU���RQ�SRXUUDLW�FKRLVLU�DX�KDVDUG�XQ�JUDQG�QRPEUH�Q�HW�WHVWHU�V¶LO�HVW�SUHPLHU��6¶LO Q¶HVW�SDV�SUHPLHU�RQ�WHVWH�VL�Q���HVW�SUHPLHU��HW�DLQVL�GH�VXLWH�MXVTX¶j�FH�TXH�O¶RQ�WRPEH�VXU XQ�QRPEUH�SUHPLHU��1RXV�DOORQV�PRQWUHU�TXH�FH�Q¶HVW�SDV�XQH�ERQQH�PpWKRGH���7KpRUqPH � LO�H[LVWH�GHV�VXLWHV�DUELWUDLUHPHQW� ORQJXHV�GH�QRPEUHV�HQWLHUV�FRQVpFXWLIV�TXL�QH�VRQW�SDV�SUHPLHUV��(Q�HIIHW�VRLW�OD�VXLWH�VXLYDQWH���Q�����Q�����«��Q��Q�RQ�D� >��@ QT∈∀ S ��Q��HW�S���Q��S�FDU�Q�� �S
N�⇒ Q¶���S� �S
N���S� �S
�N������
�&RQFOXVLRQ � OD�ERQQH�WHFKQLTXH�GH�UHFKHUFKH�G¶XQ�QRPEUH�DOpDWRLUH�HVW�GH�WHVWHU�VD�SULPDOLWp���7KpRUqPH �UDUpIDFWLRQ�GHV�QRPEUHV�SUHPLHUV����VRLW�1�XQ�JUDQG�QRPEUH�DORUV�OH�QRPEUH��QRWp��1���G¶HQWLHUV�LQIpULHXUV�RX�pJDX[�j�1�HVW����

�OQ��� 1
11 =Π

&RQVLGpURQV� O¶HQVHPEOH�(� �^����«�1`�DYHF�1�XQ�JUDQG�QRPEUH��6L� O¶RQ�YHXW�SUHQGUH�GHV�
HQWLHUV�GH�����FKLIIUHV�RQ�YD�SUHQGUH�1� ������� GDQV�FH�FDV� ��OQ
���

��
�OQ��� ���

==Π 1
11 �

'RQF VL�O¶RQ�FKRLVLW�DX�KDVDUG�XQ�QRPEUH�Q��OD�SUREDELOLWp�TXH�Q�VRLW�SUHPLHU�HVW���
���
�

��OQ
���
�

OQ
�OQ��� ≈=== 11

11QSUHPLHU3 VRLW�XQH�FKDQFH�VXU�����
2Q SHXW�DPpOLRUHU�QRV�FKDQFHV�HQ�FKRLVLVVDQW�XQ�QRPEUH�LPSDLU���LO�VXIILW�GH�FKRLVLU�OH�FKLIIUH�GH OD�GHUQLqUH�GpFLPDOH�GDQV�O¶HQVHPEOH�^���������`��'DQV�FH�FDV�RQ�D�HQYLURQ�XQH�FKDQFH�VXU��� G¶REWHQLU�XQ�QRPEUH�SUHPLHU���&RQFOXVLRQ � ELHQ�TXH����VRLW�XQ�QRPEUH�UHODWLYHPHQW�SHWLW��LO�UHVWH�LPSRUWDQW�SDU�UDSSRUW�DX�WHPSV GH�FDOFXO�GX�WHVW�FKRLVL��G¶R��OD�QpFHVVLWp�G¶RSWLPLVHU�OHV�WHVWV�GH�SULPDOLWp���

�����7HVW�GH�SULPDOLWp�
7HVW�QDwI � SRXU�GpWHUPLQHU�VL�XQ�JUDQG�QRPEUH�Q�HVW�SUHPLHU��LO�VXIILW�GH�WHVWHU�VXFFHVVLYHPHQW�WRXV OHV�GLYLVHXUV�SRVVLEOHV�GH�Q���4XHVWLRQ � H[LVWH�W�LO�GHV�DVWXFHV�SRXU�UpGXLUH�FH�WHVW�"�
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�7KpRUqPH�� VL�Q∈1 V¶pFULW�FRPPH�XQ�SURGXLW�GH��D�E�∈1�� F¶HVW�j�GLUH�Q� �D
E�DYHF�D���E��
DORUV� QD ≤ �
3UHXYH �SDU� O¶DEVXUGH���� VXSSRVRQV�TXH� QD > RQ VDLW�TXH�E�!�D�GRQF� QQQED => 

 �
G¶R��D
E���Q�FH�TXL�Q¶HVW�SDV�SRVVLEOH�GRQF� QD ≤ �
&RQFOXVLRQ � SRXU� WHVWHU�VX�XQ�JUDQG�QRPEUH�Q�HVW�SUHPLHU�� LO� VXIILW�GH� WHVWHU� OHV�GLYLVHXUV�D�
WHOV TXH� QD ≤ �
5HPDUTXH � RQ�VDLW�TX¶XQ�QRPEUH�SUHPLHU�HVW�IRUFpPHQW�LPSDLU��GRQF�VL�����Q�DORUV�Q�HVW�SDLU�GRQF�Q�Q¶HVW�SDV�SUHPLHU���&RQFOXVLRQ � DSUqV�DYRLU�WHVWp����RQ�QH�WHVWH�TXH�OHV�QRPEUHV�LPSDLUV�⇒ OH�WHPSV�GH�FDOFXO�HVW�
GLYLVp�SDU�����$OJRULWKPH �
HQWUpH�Q�
VL�Q�PRG��� ���HW�Q�� ��
Q Q¶HVW�SDV�SUHPLHU�VLQRQ�SRXU��G� �����G� � Q���G� �G������VL�Q�PRG�G� ���Q Q¶HVW�SDV�SUHPLHU�ILQVL�ILQSRXU�Q HVW�SUHPLHU�ILQVL��

&RPSOH[LWp � FH�WHVW�GH�SULPDOLWp�H[pFXWH��VL�Q�HVW�SUHPLHU�� �
Q GLYLVLRQV��

([HPSOH � SRXU�GHV�HQWLHUV�FRGpV�VXU����ELWV��������OD�FRPSOH[LWp�HVW�GH� ���� ��
� = GLYLVLRQV��

�7HVW GH�)HUPDW � FH�WHVW�UHSRVH�VXU�OH�WKpRUqPH�GH�)HUPDW��
5DSSHO � VL�Q�HVW�SUHPLHU�DORUV� ] [QD ��∈∀ RQ�D�DQ��� � �PRG�Q��GRQF�RQ�VDLW�TXH���

D�� VL Q�HVW�SUHPLHU��RQ�D�WRXMRXUV�DQ��� � �PRG�Q��TXHOTXH�VRLW�OD�EDVH�D�FRPSULVH�HQWUH���HW�Q�E�� VL Q�Q¶HVW�SDV�SUHPLHU��LO�VH�SHXW�TXH�SRXU�FHUWDLQHV�YDOHXUV�GH�OD�EDVH�D��DQ��� � �PRG�Q��VRLW�TXDQG�PrPH�YpULILpH��7HVW � VRLW� 1Q∈ � RQ� FKHUFKH� j� GpWHUPLQHU�� DYHF� XQH� SUREDELOLWp� G¶HUUHXU� DXVVL� SHWLWH� TXH�
SRVVLEOH��VL�Q�HVW�SUHPLHU���D�� JpQpUHU�XQ�QRPEUH�DOpDWRLUH�GDQV�O¶HQVHPEOH�^����«�Q��`�E�� FDOFXOHU�DQ���PRG�Q���� VL DQ���PRG�Q�����DORUV�Q�Q¶HVW�SDV�SUHPLHU�� VL DQ���PRG�Q� ���DORUV�Q�D�GH�JUDQGHV�FKDQFHV�G¶rWUH�SUHPLHU��5HPDUTXH � LO� H[LVWH� GHV� QRPEUHV� Q� QRQ� SUHPLHUV� SRXU� OHVTXHOV� O¶pJDOLWp� HVW� YpULILpH� SRXU�FHUWDLQHV�YDOHXUV�GH�D���FH�VRQW�GHV�QRPEUHV�©�SVHXGR�SUHPLHUV�ª��([HPSOH � ����TXL�SDVVH�DYHF����PDLV�SDV�DYHF����
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5HPDUTXH � FHUWDLQV�QRPEUHV�QRQ�SUHPLHUV�YpULILHQW�PrPH�O¶pJDOLWp�SRXU�WRXW�D���FH�VRQW�GHV�QRPEUHV� ©�SVHXGR�SUHPLHUV� DEVROXV�ª� RX� GH� &DUPLFKDsO��� OH� SOXV� SHWLW� G¶HQWUH� HX[� HVW��������
�
������

�����7HVW�GH�/XFDV��FRPPHQW�IDEULTXHU�GHV�QRPEUHV�SUHPLHUV��
'pILQLWLRQ � OHV� QRPEUHV� GH� 0HUVHQQH� VRQW� OHV� QRPEUHV� 0S WHOV� TXH� 0S  �S ± �� DYHF� S�SUHPLHU���RQ�FRQVWUXLW�XQH�VXLWH�6Q HQ�SRVDQW�6�  ��HW�6Q  6Q��� ± ���7KpRUqPH � SRXU�S�!���RQ�D�0S HVW�SUHPLHU�VL�HW�VHXOHPHQW�VL�0S GLYLVH�6S
⇒ OH�SOXV�JUDQG�QRPEUH�SUHPLHU�GH�0HUVHQQH�HVW�0��������HW�LO�SRVVqGH���������FKLIIUHV����&DOFXO�UDSLGH�GH�D[ PRG�QVL�[�HVW�SDLU�DORUV�D[ PRG�Q� ��D��[���PRG�Q�VL [�HVW�LPSDLU�DORUV�D[ PRG�Q� �D
D[���PRG�Q� �D
�D���[������PRG�Q��$OJRULWKPH�GH�+|UQHU � VRLW�O¶pFULWXUH�GH�[�HQ�EDVH�����[� �[S��
�S�����[S��
�S�����«���[��� � OHV�[S SUHQQHQW�OHV�YDOHXUV���RX�����HQWUpH�D�[�Q�VRUWLH�D[ PRG�Q�VL�[S��� ��U  �D�VLQRQ�U� ���ILQVL�SRXU�L�GH�S�±���j���IDLUH�U  �U� PRG�Q�VL�[L  ��U  �U
D�PRG�Q�ILQVL�ILQSRXU��([HPSOH � ��� ���������

L ELWV� U�
� �� D�
� �� D� PRG�Q�
� �� �D���
D�PRG�Q� �D� PRG�Q�
� �� �D���
D�PRG�Q� �D���PRG�Q�
� �� �D���� PRG�Q� �D���PRG�Q�

&RPSOH[LWp � OH�QRPEUH�WRWDO�GH�PXOWLSOLFDWLRQV�HVW�pJDO�DX�QRPEUH�GH�FKLIIUHV�GH�O¶H[SRVDQW�[�HQ QXPpUDWLRQ�ELQDLUH�SOXV�OH�QRPEUH�GH�ELWV�pJDX[�j�����
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6LJQDWXUH�pOHFWURQLTXH�

8QH�VLJQDWXUH�LGpDOH�SRVVqGH�OHV�SURSULpWpV�VXLYDQWHV���� HOOH QH�SHXW�rWUH�LPLWpH�� HOOH Q¶DSSDUWLHQW�TX¶j�XQ�VHXO�GRFXPHQW�� OH GRFXPHQW�VLJQp�QH�SHXW�rWUH�PRGLILp�� HOOH SHXW�rWUH�FRQWU{OpH�SDU�XQ�WLHUV�� HOOH QH�SHXW�rWUH�UHQLpH�
2EMHFWLI � SUpVHQWHU�XQH�PpWKRGH�GH� VLJQDWXUH�pOHFWURQLTXH�DSSOLFDEOH�j�XQ�GRFXPHQW�HW�TXL�SRVVqGH�FHV���SURSULpWpV���'pILQLWLRQ � XQ�SURFpGp�GH�VLJQDWXUH�HVW�XQ�TXLQWXSOHW��3�$�.�6�9��YpULILDQW���� 3 HVW�XQ�HQVHPEOH�ILQL�GH�PHVVDJHV�� $ HVW�XQ�HQVHPEOH�ILQL�GH�VLJQDWXUHV�� . HVW�XQ�HQVHPEOH�ILQL�GH�FOpV�� SRXU� FKDTXH� N� GH� .� LO� \� D� XQH� IRQFWLRQ� GH� VLJQDWXUH� VLJN GH� 6� HW� XQH� IRQFWLRQ� GH�YpULILFDWLRQ�YHUN GH�9��� OHV� IRQFWLRQV�VLJN � 3� $ HW�YHUN � $� ^YUDL�IDX[`�YpULILHQW�SRXU�WRXW��[�\��GH�3
$��� YHU�[�\�� �YUDL�VL�\� �VLJ�[��YHU�[�\�� �IDX[�VL�\���VLJ�[���

���6LJQDWXUH�56$�
$OLFH�YHXW�HQYR\HU�OH�PHVVDJH�0�VLJQp�HW�FU\SWp�j�%RE������ HOOH FKRLVLW�VHV�FOpV�SXEOLTXHV��Q$�E$� HW�OD�FOp�SULYpH�D$��� HOOH�FDOFXOH�OD�VLJQDWXUH�\� �VLJ$�0�� �0D$�PRG�Q$ � F¶HVW�OD�VHXOH�SHUVRQQH�j�SRXYRLU�FDOFXOHU�\�SXLVTX¶HOOH�HVW�OD�VHXOH�j�FRQQDvWUH�D$��� HOOH�FKLIIUH��0�\��HQ�XWLOLVDQW�OD�FOp�SXEOLTXH�GH�%RE�E%��� OH WH[WH�FKLIIUp�]�HVW�WUDQVPLV�j�%RE���� j OD�UpFHSWLRQ�%RE�GpFKLIIUH�]�j�O¶DLGH�GH�VD�FOp�VHFUqWH�D% HW�REWLHQW��0�\����� LO�YpULILH� OD�VLJQDWXUH�\�G¶$OLFH�j�O¶DLGH�GH�VD�FOp�SXEOLTXH�E$ SDU�\E$�PRG�Q$ HW�GRLW�REWHQLU�0�

���&KLIIUHPHQW�HW�VLJQDWXUH�G¶(O�*DPDO�
/H�FKLIIUHPHQW�G¶(O�*DPDO�HVW�EDVp�VXU�O¶DOJRULWKPH�GH�FKLIIUHPHQW�GLVFUHW���RQ�GpFULW�G¶DERUG�OH SUREOqPH�GDQV�OH�FRUSV�=S R��HVW�S�HVW�SUHPLHU���5DSSHO � =S  ^����«�S��`�DYHF�=S
 O¶HQVHPEOH�GHV�pOpPHQWV�LQYHUVLEOHV�GDQV�=S

'pILQLWLRQ � VRLW�S�XQ�QRPEUH�SUHPLHU���XQ�QRPEUH�[�HVW�SULPLWLI�PRGXOR�S� VL�[L � ��PRG�S�
] [����� SSL ϕ=−∈∀ HW�[S��� � �PRG�S���

�



/285'�5RGROSKH� &RXUV�0,��� 3ULQWHPSV������

� � �����

3UREOqPH�GX�ORJDULWKPH�GLVFUHW � LQVWDQFH�GX�SUREOqPH�,� ��S�G�%��R��S�HVW�SUHPLHU�� GH�=SSULPLWLI�PRGXOR�S�HW� HVW�GDQV�=S
���4XHVWLRQ � WURXYHU�O¶XQLTXH�D�WHO�TXH� �� −≤< SD HW� D �PRG�S��
⇒ RQ�QRWH�FHW�HQWLHU�ORJ �
5HPDUTXHV �� FH SUREOqPH� HVW� SOXV� GLIILFLOH� j� UpVRXGUH� VL� S� HVW� FRQYHQDEOHPHQW� FKRLVL� �H[��� ����FKLIIUHV��� RQ QH�FRQQDvW�DXFXQ�DOJRULWKPH�SRO\QRPLDO�SRXU�UpVRXGUH�FH�SUREOqPH�

�����&KLIIUHPHQW�G¶(O�*DPDO�
%RE�FKRLVLW���� S SUHPLHU�WHO�TXH�OH�SUREOqPH�GX�ORJDULWKPH�GLVFUHW�VRLW�GLIILFLOH�GDQV�=S� SULPLWLI�PRGXOR�S�GDQV�=S HW�XQ�HQWLHU�D� �� −≤< SD WHO�TXH� D �PRG�S��
/HV�YDOHXUV��S� � � VRQW�SXEOLTXHV�HW�D�HVW�SULYpH��$OLFH�VRXKDLWH�WUDQVPHWWUH�OH�PHVVDJH�0�j�%RE���� HOOH�FKRLVLW�DX�KDVDUG�N�GH�=S��� FDOFXOH�\�  N PRG�S�HW�\�  0
 N PRG�S�� HOOH�HQYRLH�OH�FRXSOH��\��\�� j�%RE�� %RE�UHoRLW��\��\�� HW�FDOFXOH�\�
�\�D����HW�GRLW�REWHQLU�0�(Q�HIIHW�\�
�\�D����PRG�S� �0
 N
 �DN� �0
 DN
 �DN� �0���5HPDUTXH � OH� FKLIIUHPHQW� G¶(O� *DPDO� HVW� QRQ� GpWHUPLQLVWH� FDU� O¶RSpUDWLRQ� GH� FKLIIUHPHQW�GpSHQG�GH�0�HW�G¶XQH�YDULDEOH�FKRLVLH� DOpDWRLUHPHQW�SDU�$OLFH�� ,O�\� D�GRQF�SOXVLHXUV� WH[WHV�FKLIIUpV�TXL�FRUUHVSRQGHQW�j�XQ�PrPH�WH[WH�FODLU���$OLFH�VRXKDLWH�VLJQHU�XQ�PHVVDJH�FU\SWp�0���� HOOH FKRLVLW�VHV�FOpV��S$� $� $�D$� HW�%RE�IDLW�GH�PrPH��S%� %� %�D%�� HOOH�FKRLVLW�XQ�N�GH�=S��
 �SULYp���FDOFXOH�  N PRG�S�HW�  �&�±�D
 �
N���PRG�S���� HOOH�HQYRLH��&� � � j�%RE��&���PHVVDJH�FU\SWp��� %RE UHoRLW��&� � �� FDOFXOH� 
 PRG�S�HW�GRLW�WURXYHU� & �YpULILFDWLRQ�GH�OD�VLJQDWXUH��(Q�HIIHW� $ 
  $D$ 
 $N  $D$ 
 $N�&�D$ �N��� � $D$ �&�D$  $&�
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)RQFWLRQ�GH�KDFKDJH�

&¶HVW� XQH� IRQFWLRQ� TXL� WUDQVIRUPH� XQ� PHVVDJH� GH� ORQJXHXU� DUELWUDLUH� HQ� XQH� HPSUHLQWH�QXPpULTXH�GH�WDLOOH�IL[pH��&HOOH�FL�HVW�HQVXLWH�VLJQpH���D��PHVVDJH�[��ORQJXHXU�DUELWUDLUH��E��HPSUHLQWH�QXPpULTXH�]� �K�[��� ELWV�IL[pV��F� VLJQDWXUH�\� �VLJ.�]���3ULQFLSH � ORUVTXH�O¶RQ�YHXW�VLJQHU�XQ�PHVVDJH�[��RQ�FDOFXOH�G¶DERUG�O¶HPSUHLQWH�]� �K�[���SXLV�RQ VLJQH�DYHF�\�HW�RQ�WUDQVPHW��[�\����
���)RQFWLRQ�GH�KDFKDJH�j�FROOLVLRQV�GLIILFLOHV�
,O�IDXW�SUHQGUH�TXHOTXHV�SUpFDXWLRQV�SRXU�TXH�O¶HPSORL�GHV�IRQFWLRQV�GH�KDFKDJH�Q¶DIIDLEOLVVH�SDV�OD�VpFXULWp�GX�SURFpGp���'pILQLWLRQ � XQH�IRQFWLRQ�GH�KDFKDJH�HVW�j�FROOLVLRQV�GLIILFLOHV�VL�pWDQW�GRQQp�XQ�PHVVDJH�[��LO�HVW�GLIILFLOH�G¶REWHQLU�XQ�PHVVDJH�[¶���[�GH�PDQLqUH�FDOFXODWRLUH�DYHF�K�[¶�� �K�[����'pILQLWLRQ � 8QH�IRQFWLRQ�GH�KDFKDJH�HVW�j�VHQV�XQLTXH�VL�pWDQW�GRQQp�XQH�HPSUHLQWH�]��LO�HVW�GLIILFLOH�GH�WURXYHU�XQ�PHVVDJH�[�GH�PDQLqUH�FDOFXODWRLUH�WHO�TXH�K�[�� �]���
���&RQVWUXFWLRQ�
6XSSRVRQV�TXH��3�&�.�(�'��VRLW�XQ�V\VWqPH�FU\SWRJUDSKLTXH�DYHF�3� �&� �.� �=�Q � VRLW�[�XQ�PHVVDJH�GH�ORQJXHXU�Q���1RWDWLRQ � [�__�\�UHSUpVHQWH�OD�FRQFDWpQDWLRQ�GH�[�HW�\���2Q SHXW�DORUV�GpFRPSRVHU�[�HQ�OD�FRQFDWpQDWLRQ�VXLYDQWH���[� �[� __�[� __«__�[Q DYHF�[L ∈=�Q�/¶LGpH� GH� OD� FRQVWUXFWLRQ� FRQVLVWH� j� IL[HU� XQH� YDOHXU� J� HW� j� FDOFXOHU� VXFFHVVLYHPHQW�J��J��«�JP GH� WHOOH� VRUWH� TXH� JL  I�[L�JL��� R�� I� HVW� XQH� IRQFWLRQ� TXL� XWLOLVH� OD� UqJOH� GH�FKLIIUHPHQW���
⇒ OH�UpVXOWDW�ILQDO�GX�KDFKDJH�HVW�JP  K�[���
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7UDQVPLVVLRQ�HW�VpFXULWp�GH�O¶LQIRUPDWLRQ�

���,QFHUWLWXGH�
�'pILQLWLRQ � VRLW� ;� XQH� YDULDEOH� DOpDWRLUH� G¶XQ� QRPEUH� ILQL� G¶pYpQHPHQWV� ^[��[��«�[Q` ��O¶LQFHUWLWXGH�VXU�;�HVW�GpILQLH�SDU�O¶HQWURSLH����

��ORJ
���� �
�

L
Q

L
L [;3[;3;+ ==−= ∑

=

&HWWH�YDOHXU�HVW�DXVVL�DSSHOpH�TXDQWLWp�G¶LQIRUPDWLRQ��XQH�IRLV�O¶LQFHUWLWXGH�OHYpH���'pILQLWLRQ � VRLHQW� ;� HW� <� GHX[� YDULDEOHV� DOpDWRLUHV� DYHF� ;�  � ^[�«[Q` HW� <�  � ^\�«\Q` ��O¶LQFHUWLWXGH�FRQGLWLRQQHOOH�VXU�;�VDFKDQW�<�HVW�GpILQLH�SDU���
∑ =====
\[

\<[;3\<[;3<;+
�

� ���ORJ
������

(OOH�UHSUpVHQWH�O¶LQFHUWLWXGH�TX¶LO�UHVWH�VXU�;�ORUVTXH�O¶RQ�FRQQDvW�<���

���$SSOLFDWLRQ�j�OD�FU\SWRJUDSKLH�
�2Q SHXW�PRGpOLVHU�XQ�V\VWqPH�FU\SWRJUDSKLTXH�GH�OD�PDQLqUH�VXLYDQWH���� OH PHVVDJH�FODLU�0�HVW�GpILQL�FRPPH�XQH�YDULDEOH�DOpDWRLUH�j�YDOHXUV�GDQV�O¶HQVHPEOH�GHV PHVVDJHV�FODLUV�SRVVLEOHV�� OH PHVVDJH� FKLIIUp� &� HVW� GpILQL� FRPPH� XQH� YDULDEOH� DOpDWRLUH� j� YDOHXUV� GDQV�O¶HQVHPEOH�GHV�PHVVDJHV�FKLIIUpV�SRVVLEOHV�� XQ FU\SWDQDO\VWH� �DWWDTXDQW�� GRLW� REWHQLU� XQH� LQIRUPDWLRQ� GH� O¶RUGUH� GH�+�0�� SRXU�UHWURXYHU�OH�PHVVDJH�FODLU�0��7KpRUqPH � XQ�V\VWqPH�FU\SWRJUDSKLTXH�HVW�GLW�SDUIDLW�VL��

+�0�&�� �+�0��
$XWUHPHQW� GLW� OD� FRQQDLVVDQFH� GX� PHVVDJH� FKLIIUp� &� Q¶DSSRUWH� DXFXQH� LQIRUPDWLRQ� VXU� OH�PHVVDJH�FODLU���


