
,167,787�1$7,21$/�32/<7(&+1,48(�'(�*5(12%/(
1��DWWULEXp�SDU�OD�ELEOLRWKqTXH_BB�BB�BB�BB�BB�BB�BB�BB�BB�BB�

7+(6(
3RXU�REWHQLU�OH�JUDGH�GH
'2&7(85�'(�/
,13*

6SpFLDOLWp ��� $XWRPDWLTXH��3URGXFWLTXH��
SUpSDUpH�DX�/DERUDWRLUH�G©$XWRPDWLTXH�GH�*UHQREOH

GDQV�OH�FDGUH�GH�O
(FROH�'RFWRUDOH� (OHFWURQLTXH��(OHFWURWHFKQLTXH��$XWRPDWLTXH��7pOpFRPPXQLFDWLRQV��6LJQDO��
SUpVHQWp�HW�VRXWHQXH�SXEOLTXHPHQW

SDU-HDQ�)UDQoRLV�'8/+267(/H����1RYHPEUH�����7LWUH �
&2175,%87,21�$�/$�&200$1'(121�/,1($,5(�'(�6<67(0(6'©,55,*$7,21

'LUHFWHXU�GH�WKqVH ��'LGLHU�*(25*(6&R�HQFDGUDQW ��*LOGDV�%(6$1d21
-85<0��*X\�%251$5'� �3UpVLGHQW0��*HRUJHV�%$67,1� �5DSSRUWHXU0��+DVVDQ�+$00285, �5DSSRUWHXU0��'LGLHU�*(25*(6� �'LUHFWHXU�GH�WKqVH0��*LOGDV�%(6$1d21 �&R�HQFDGUDQW0��;DYLHU�/,75,&2� �([DPLQDWHXU





�

5555((((0000((((5555&&&&,,,,((((0000((((111177776666
&HWWH�WKqVH�D�pWp�SUpSDUpH�DX�VHLQ�GH�O
pTXLSH�*UDQG�6\VWqPHV��*6<6��GX�/DERUDWRLUH�G
$XWRPDWLTXHGH�*UHQREOH�SHQGDQW�OD�SpULRGH�FRPSULVH�HQWUH�VHSWHPEUH������HW�RFWREUH������
-H�YRXGUDLV�WRXW�G
DERUG�H[SULPHU�PD�JUDWLWXGH�j�0RQVLHXU�'LGLHU�*(25*(6��PRQ�GLUHFWHXU�GH�WKqVH�SRXU�O
DFFXHLO�TX
LO�P
D�RIIHUW�GDQV�VRQ�pTXLSH��SRXU�VHV�TXDOLWpV�KXPDLQHV�HW�SRXU�O
HIILFDFLWp�GDQV�ODGLUHFWLRQ�GHV�PHV�WUDYDX[�GH�UHFKHUFKH�
-H�YRXGUDLV�DXVVL�UHPHUFLHU�0RQVLHXU�*LOGDV�%(6$1d21��FR�HQFDGUDQW�GH�PD�WKqVH��TXL�P
D�VRXWHQXVFLHQWLILTXHPHQW�GDQV�OHV�SDUFRXUV�TXRWLGLHQV�GX�WUDYDLO�GH�WKqVH��-H�WLHQV�j�OH�UHPHUFLHU�DXVVL�SRXU�VDFRPSUpKHQVLRQ��VD�GLVSRQLELOLWp�HW�VHV�TXDOLWpV�KXPDLQHV�
-H� UHPHUFLH� WRXWH� O
pTXLSH�GX� ODERUDWRLUH��SHUPDQHQWV� HW�GRFWRUDQWV�� SRXU� VRQ�DFFXHLO�DPLFDO� HW�SRXUO
DPELDQFH�DJUpDEOH�TXL�UqJQH�GDQV�OH�ODERUDWRLUH�
-H�WLHQV�j�UHPHUFLHU�OHV�PHPEUHV�GX�MXU\��
� 0RQVLHXU�*X\�%251$5' SRXU�DYRLU�DFFHSWp�G
rWUH�OH�SUpVLGHQW�GX�MXU\�
� 0RQVLHXU�*HRUJHV�%$67,1 SRXU�DYRLU�DFFHSWp�G
rWUH�UDSSRUWHXU�
� 0RQVLHXU�+DVVDQ�+$00285, SRXU�DYRLU�DFFHSWp�G
rWUH�UDSSRUWHXU�
� 0RQVLHXU�;DYLHU�/,75,&2 SRXU�DYRLU�DFFHSWp�G
rWUH�H[DPLQDWHXU�
-
H[SULPH�PD�UHFRQQDLVVDQFH�HQYHUV�/
8QLYHUVLWp�GHV�$QGHV�j�0pULGD��9HQH]XHOD��TXL�P
D�ILQDQFp�HWSHUPLV� GH� YHQLU� FRPSOpWHU� PD� IRUPDWLRQ� HQ� )UDQFH�� HW� SOXV� SDUWLFXOLqUHPHQW� j� PHV� FROOqJXHV� GXGpSDUWHPHQW�GH�6FLHQFHV�7KHUPLTXHV�GH�O
pFROH�GH�0pFDQLTXH�TXL�P
RQW�VRXWHQX�HW�HQFRXUDJp�GDQV�FHSURMHW�� -H� VXLV� pJDOHPHQW� UHFRQQDLVVDQW� SRXU� O
DSSRUW� GX� &21,&,7�� TXL� D� FRPSOpWp� OH� ILQDQFHPHQWQpFHVVDLUH�SRXU�PD�IRUPDWLRQ�GRFWRUDOH�
(W��M
DL� ODLVVp�SRXU�OD�ILQ�OHV�SOXV� LPSRUWDQWV��PD�IDPLOOH��HW�SOXV�SDUWLFXOLqUHPHQW�PRQ�pSRXVH�0DUtD$QJpOLFD�HW�PHV�ILOOHV�'LDQD�HW�9HUyQLFD��TXL�P
RQW�DLGp��DFFRPSDJQp��VRXWHQX��HQFRXUDJp�HW�DLPp�WRXWDX�ORQJ�GH�FHV�DQQpHV�SDVVpHV�HQ�)UDQFH��&H�WUDYDLO�HVW�SRXU�YRXV�
$�YRXV�WRXV��PHUFL�GH�WRXW�PRQ�F£XU�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

�



�

7777$$$$%%%%////(((( ''''((((6666 0000$$$$7777,,,,((((5555((((6666
5HPHUFLHPHQWV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
7DEOH�GHV�PDWLqUHVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
5pVXPp BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
0RWV�FOpV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
3XEOLFDWLRQV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
,QWURGXFWLRQ� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
6\VWqPHV�GH�GLVWULEXWLRQ�G©HDXBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�����,QWURGXFWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
��������5pVHDX[�VRXV�SUHVVLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������5pVHDX�JUDYLWDLUH�GH�FDQDX[�j�VXUIDFH�OLEUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������&DQDX[�j�VXUIDFH�OLEUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�������&ODVVLILFDWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XLYDQW�O
RULJLQHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XLYDQW�OD�VWUXFWXUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������*pRPpWULH�G©XQ�FDQDO�D�VXUIDFH�OLEUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������(FRXOHPHQW�GDQV�OHV�FDQDX[�j�VXUIDFH�OLEUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������9DULDELOLWp�GH�O
pFRXOHPHQW�GDQV�OH�WHPSV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������9DULDELOLWp�GH�O
pFRXOHPHQW�GDQV�O
HVSDFH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������5pJLPHV�G
pFRXOHPHQWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������0RGqOHV�PDWKpPDWLTXHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������&ODVVLILFDWLRQ�VXLYDQW�OD�PpWKRGH�G
REWHQWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��0RGqOH�GH�UHSUpVHQWDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��0RGqOH�GH�FRQQDLVVDQFH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������&ODVVLILFDWLRQ�VXLYDQW�OH�W\SH�GH�UHSUpVHQWDWLRQ�VSDWLDOH BBBBBBBBBBBBBBBBBBBBBBBBB ��0RGqOH�GH�GLPHQVLRQ�LQILQLH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��0RGqOH�GH�GLPHQVLRQ�ILQLH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������(TXDWLRQV�GH�%DUUp�GH�6DLQW�9HQDQW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�������)RUPXODWLRQ�HQ�YLWHVVHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

�
�������)RUPXODWLRQ�HQ�GpELW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������7HUPH�GH�IURWWHPHQW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������&RQGLWLRQV�DX[�OLPLWHV�HW�FRQGLWLRQV�LQLWLDOHVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������3ULVHV�/DWpUDOHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������(TXDWLRQV�GH�6DLQW�9HQDQW�j�O©pTXLOLEUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������2XYUDJHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�������(TXDWLRQ�GHV�RXYUDJHV�G
LQWHUFRQQH[LRQ�GH�ELHIV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������'pYHUVRLU�HW�9DQQH�GH�IRQGBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������'pYHUVRLU�HW�2ULILFHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XUYHUVH� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������&RQGLWLRQV�GH�IRQFWLRQQHPHQW��GHV�RXYUDJHV�G
LQWHUFRQQH[LRQ�GH�ELHIVBBBBBBBBBBBBB ��
�������2XYUDJHV�SRXU�SULVHV�ODWpUDOHV�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������3ULVH�ODWpUDOH�SDU�FDQDO�VHFRQGDLUH� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������3ULVH�SDU�VWDWLRQ�GH�SRPSDJH� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������$XWRPDWLVDWLRQ�G
XQ�FDQDO�G
LUULJDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�������2EMHFWLI�GH�O
DXWRPDWLVDWLRQ�G
XQ�FDQDO�G
LUULJDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������&ODVVLILFDWLRQ�GH�OD�FRPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XLYDQW�OHV�YDULDEOHV�GH�FRQWU{OH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������9DULDEOHV�FRQWU{OpHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������9DULDEOHV�PHVXUpHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������&RPPDQGHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XLYDQW�OD�ORJLTXH�GH�FRQWU{OH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XLYDQW�OH�PRGqOH�XWLOLVp BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������6XLYDQW�OD�PpWKRGH�GH�V\QWKqVH�GH�OD�FRPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��0pWKRGHV�/LQpDLUHV�0RQRYDULDEOHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��0pWKRGHV�/LQpDLUHV�0XOWLYDULDEOHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��0pWKRGHV�1RQ�/LQpDLUHVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������2EMHFWLIV�HW�OLPLWHV�GH�OD�WKqVH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��

0RGpOLVDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�����,QWURGXFWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�����(TXDWLRQV�GH�%DUUp�GH�6DLQW�9HQDQW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
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�����0RGqOH�GH�'LPHQVLRQ�)LQLH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�������,QWURGXFWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������0pWKRGH�GHV�GLIIpUHQFHV�ILQLHV�H[SOLFLWH�HQ�WHPSV�GHV�(TXDWLRQV�GH�6DLQW�9HQDQW BBBB �����������'LVFUpWLVDWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������&RQGLWLRQV�DX[�OLPLWHVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��&RQGLWLRQV�DX[�OLPLWHV�4�DPRQW� HW�4�DYDO BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��&RQGLWLRQV�DX[�OLPLWHV�4�DPRQW� HW�K�DYDO BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�4�DYDO BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�K�DYDO BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�4�DPRQW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������&RQVLGpUDWLRQV�ILQDOHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������0pWKRGH�GHV�GLIIpUHQFHV�ILQLHV�LPSOLFLWH�HQ�WHPSV�GHV�(TXDWLRQV�GH�6DLQW�9HQDQWBBBB �����������'LVFUpWLVDWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������,QWURGXFWLRQV�GHV�FRQGLWLRQV�DX[�OLPLWHV�,QWHUQHV�RX�GHV�SULVHV�ODWpUDOHV BBBBBBBBBBBB ��
�������6ROXWLRQ�GHV�(TXDWLRQV�GH�6DLQW�9HQDQW�SDU�OD�PpWKRGH�GH�FROORFDWLRQBBBBBBBBBBBBB �����������3ULQFLSH�GH�OD�PpWKRGH�GHV�UpVLGXV�SRQGpUpV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������5pVROXWLRQ�GHV�(TXDWLRQV�GH�6DLQW�9HQDQW�SDU�&ROORFDWLRQ BBBBBBBBBBBBBBBBBBBBBB �����������0LVH�HQ�£XYUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������)RQFWLRQV�GH�IRUPH�XWLOLVpHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������/RFDOLVDWLRQ�GHV�SRLQWV�GH�FROORFDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������,QWURGXFWLRQV�GHV�FRQGLWLRQV�DX[�OLPLWHV�GX�V\VWqPH BBBBBBBBBBBBBBBBBBBBBBBB �������������8WLOLVDWLRQ�G
XQ�QRPEUH�GH�SRLQWV�Q GLIIpUHQW�SRXU�K HW�4 BBBBBBBBBBBBBBBBBBBB ��
�������0RGqOH�GH�FRPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������9DOLGDWLRQ�GX�0RGqOH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
�������3RLQWV�G
pTXLOLEUH�GX�PRGqOH�GH�FROORFDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��
�������9DOLGDWLRQ�GHV�DOJRULWKPHV�GH�VLPXODWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������&RPSDUDLVRQV�GHV�VLPXODWLRQV�REWHQXHV�SDU�&ROORFDWLRQ�DYHF�FHOOHV�GX�PRGqOH�GH3UHLVVPDQQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �����������&RPSDUDLVRQ�GHV�YDOHXUV�SURSUHV�GX�PRGqOH�OLQpDULVp�HW�GLVFUpWLVp�REWHQXHV�SDUFROORFDWLRQ�HW�SDU�3UHLVVPDQQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB �������������/LQpDULVDWLRQ�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW�PRGLILpHV�SDU�FROORFDWLRQ BBBBBBBBB �������������0RGqOH�GH�3UHLVVPDQQ�/LQpDULVp BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��������������&RPSDUDLVRQ�GHV�YDOHXUV�SURSUHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
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���������&RPSDUDLVRQ�GH�OD�0pWKRGH�GH�&ROORFDWLRQ�DYHF�OD�0pWKRGH�GH�'LIIpUHQFHV�)LQLHV�SDU'LVFUpWLVDWLRQ�([SOLFLWH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��������&RQFOXVLRQV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���

&RPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�����,QWURGXFWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�����0RGqOH�GH�EDVH�SRXU�OD�FRPPDQGHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�����&RPPDQGH�SDU�OLQHDULVDWLRQ�HQWUpH�VRUWLH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�������&RPPDQGH�SDU�UHWRXU�G©pWDW�OLQpDULVDQW�VWDWLTXH BBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������&RPPDQGH�SDU�UHWRXU�G©pWDW�OLQpDULVDQW�G\QDPLTXHBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������7KpRUqPH �BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������3UHXYH�� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���6WDELOLWp�GH�OD�G\QDPLTXH�UpVLGXHOOH� �< BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������0LVH�HQ�¢XYUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������9DULDQWH�GH�OD�FRPPDQGH�SDU�UHWRXU�G
pWDW�OLQpDULVDQW�G\QDPLTXH�DYHF�HVWLPDWHXU�GHO
LQILOWUDWLRQ�T BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���

�����&RPPDQGH�SDU�XQH�PpWKRGH�%DFNVWHSSLQJ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�������7KpRUqPH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������3UHXYH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������&RPPDQGH�GH�� �K DYHF� �8 SDU�SODFHPHQW�GH�S{OHV��BBBBBBBBBBBBBBBBBBBBBBBBBB ������������&RPPDQGH��GH� �4 HW�+ DYHF �8 SDU�%DFNVWHSSLQJ�� BBBBBBBBBBBBBBBBBBBBBBBB ���3UHPLqUH�pWDSH ���FRPPDQGH�GH� �4 DYHF�+ � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���GHX[LqPH�pWDSH ���FRPPDQGH�GH�+ SDU� �8 �BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������0LVH�HQ�¢XYUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��������9DOLGDWLRQ�GHV�FRPPDQGHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
������3UHPLqUH�pWDSH ��PRGqOH�SDU�FROORFDWLRQ�j�WURLV�SRLQWV BBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������'HX[LqPH�pWDSH ��PRGqOHV�SOXV�SUpFLV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������7URLVLqPH�pWDSH ��0RGqOH�DYHF�pTXDWLRQV�G©RXYUDJHVBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������5HMHW�GH�SHUWXUEDWLRQVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������,QILOWUDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
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�
���������3ULVHV�ODWpUDOHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���

�������&RQFOXVLRQVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��������2EVHUYDWHXU�GH�GpELW�HW�LQILOWUDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�������,QWURGXFWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������2EVHUYDWHXU�OLQpDLUH�SRXU�T BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���3URSRVLWLRQ�� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������2EVHUYDWHXU�j�JUDQG�JDLQ�SRXU� �4 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���3URSRVLWLRQ�� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���3UHXYHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������&RXSODJH�GHV�GHX[�REVHUYDWHXUVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������&RXSODJH�2EVHUYDWHXU�&RPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���3URSRVLWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��������9DOLGDWLRQ�GX�FRXSODJH�2EVHUYDWHXU�&RPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�������9DOLGDWLRQ�GH�O©REVHUYDWHXUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������9DOLGDWLRQ�GH�OD�FRPPDQGH�DYHF�REVHUYDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������5HMHW�GH�SHUWXUEDWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������5HMHW�GH�SHUWXUEDWLRQ�G©LQILOWUDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������5HMHW�GH�SHUWXUEDWLRQ�GH�SULVHV�ODWpUDOHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������&RQFOXVLRQVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ��������&RPPDQGH�GH�ELHIV�LQWHUFRQQHFWpVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
�������,QWURGXFWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������0RGqOH�SRXU�XQ�V\VWqPH�j�GHX[�ELHIVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������'pWHUPLQDWLRQ�GH�OD�FRPPDQGH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������&DV�SDUWLFXOLHU�GH�OD�FRPPDQGH�SDU�O©DPRQW BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������3RLQWV�G
pTXLOLEUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������6LPSOLILFDWLRQ�GX�V\VWqPH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ������������$QDO\VH�GH�VWDELOLWp BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���
�������9DOLGDWLRQ�GH�OD�FRPPDQGH�VXU�ELHIV�LQWHUFRQQHFWpV BBBBBBBBBBBBBBBBBBBBBBBBBBB ������������9DOLGDWLRQ�VXU�PRGqOH�SDU�FROORFDWLRQ�j�WURLV�SRLQWV BBBBBBBBBBBBBBBBBBBBBBBBBBB ������������9DOLGDWLRQ�VXU�PRGqOH�GH�3UHLVVPDQQ�j����VHFWLRQV BBBBBBBBBBBBBBBBBBBBBBBBBBB ���
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���������5HMHW�GH�SHUWXUEDWLRQ�SDU�SULVHV�ODWpUDOHVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���

�������&RQFOXVLRQVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���&RQFOXVLRQV�HW�SHUVSHFWLYHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���&RQFOXVLRQV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���3HUVSHFWLYHV BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ���%LEOLRJUDSKLHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���
%LEOLRJUDSKLH�FRPSOHPHQWDLUH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB���



��

5555((((666688880000((((
&H�UDSSRUW�GH� WKqVH�D�SRXU�EXW�GH� UpVXPHU� OH� WUDYDLO�GH� UHFKHUFKH� VXU� OD� FRPPDQGH�QRQ� OLQpDLUH�GHFDQDX[�j�VXUIDFH�OLEUH��EDVp�VXU�XQ�PRGqOH�GH�GLPHQVLRQ�ILQLH��REWHQX�SDU�XQH�PpWKRGH�GH�FROORFDWLRQRUWKRJRQDOH�
,O�HVW�GLYLVp�HQ�WURLV�JUDQGHV�SDUWLHV��8QH�SUHPLqUH�SDUWLH�SUpVHQWH�OHV�V\VWqPHV�GH�GLVWULEXWLRQ�G©HDX�HQJpQpUDO��DLQVL�TXH�TXHOTXHV�QRWLRQV�G
DXWRPDWLVDWLRQ�HW�XQ�pWDW�GH�O
DUW�VXU�OH�VXMHW�
/D�GHX[LqPH�SDUWLH�SUpVHQWH� OD�PRGpOLVDWLRQ�GH�ELHIV� GH� FDQDX[�RXYHUWV� SDU� OHV� pTXDWLRQV� GH�6DLQW�9HQDQW��DLQVL�TXH�WURLV�PpWKRGHV�G
LQWpJUDWLRQ�QXPpULTXH�GH�FHV�pTXDWLRQV��/HV�PpWKRGHV�SUpVHQWpHVVRQW�GHX[�PpWKRGHV�GH�GLIIpUHQFHV�ILQLHV��XQH�H[SOLFLWH�HW�XQH�DXWUH� LPSOLFLWH�GLWH�GH�3UHLVVPDQQ��HWXQH��WURLVLqPH�HVW�OD�PpWKRGH�GH�FROORFDWLRQ�RUWKRJRQDOH��XWLOLVpH�SDU�OD�VXLWH�SRXU�OD�FRPPDQGH�
/D�WURLVLqPH�SDUWLH�HVW�GpGLpH�DX�GpYHORSSHPHQW�GH�ORLV�GH�FRPPDQGH�QRQ�OLQpDLUHV�SRXU�OH�PRGqOH�GHFDQDO�j�VXUIDFH�OLEUH�REWHQX�SDU�OD�PpWKRGH�GH�FROORFDWLRQ�RUWKRJRQDOH��7URLV�PpWKRGHV�VRQW�XWLOLVpHVLFL� SRXU� OD� FRPPDQGH� �� OLQpDULVDWLRQ� HQWUpH�VRUWLH�� OLQpDULVDWLRQ� HQWUpH�VRUWLH� G\QDPLTXH� HWEDFNVWHSSLQJ��'H�SOXV�DILQ�GH�V
DIIUDQFKLU�GH�OD�QpFHVVLWp�GH�PHVXUHU�WRXV�OHV�pWDWV��XQ�REVHUYDWHXU�GHGpELW�HW�LQILOWUDWLRQ�D�pWp�GpYHORSSp��(QILQ��TXHOTXHV�DYDQFpHV�VXU�OD�FRPPDQGH�GH�ELHIV�LQWHUFRQQHFWpVVRQW�SUpVHQWpHV�

0276�&/(6
+\GUDXOLTXH�GH�FDQDX[�RXYHUWV��PpWKRGHV�GH�FROORFDWLRQ��FRPPDQGH�QRQ�OLQpDLUH��OLQpDULVDWLRQ�HQWUpHVRUWLH��EDFNVWHSSLQJ��REVHUYDWHXUV�QRQ�OLQpDLUHV�
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� 'LGLHU�*HRUJHV� �� -HDQ�)��'XOKRVWH� HW�*LOGDV�%HVDQoRQ� 0RGHOOLQJ� DQG� FRQWURO� RI�ZDWHU� IORZG\QDPLFV�YLD�D�FROORFDWLRQ�PRGHO��0716������3HUSLJQDQ��)UDQFH��MXLQ������
� -HDQ�)�� 'XOKRVWH�� *LOGDV� %HVDQoRQ� HW� 'LGLHU� *HRUJHV� 1RQ�OLQHDU� &RQWURO� RI� :DWHU� )ORZ'\QDPLFV� E\� ,QSXW�2XWSXW� /LQHDUL]DWLRQ� EDVHG� RQ� D� &ROORFDWLRQ� 0HWKRG� 0RGHO�� (XURSHDQ&RQWURO�&RQIHUHQFH��(&&�������3RUWR��3RUWXJDO��VHSWHPEUH������
� *LOGDV� %HVDQoRQ�� -HDQ�)�� 'XOKRVWH� HW� 'LGLHU� *HRUJHV� $� 1RQ�OLQHDU� EDFNVWHSSLQJ� OLNHFRQWUROOHU� IRU� D� WKUHH�SRLQW� FROORFDWLRQ� PRGHO� RI� ZDWHU� IORZ� G\QDPLFV�� ,(((� &RQIHUHQFH� RQ&RQWURO�$SSOLFDWLRQV��&&$������0H[LFR��VHSWHPEUH �����
� -HDQ�)�� 'XOKRVWH�� 'LGLHU� *HRUJHV�� *LOGDV� %HVDQoRQ�� -HDQ�&�� 'XOKRVWH� &RPSDUDFLyQ� GHFRQWURODGRUHV�GH�QLYHO�SDUD�FDQDOHV�DELHUWRV�EDVDGRV�HQ�XQ�PRGHOR�SRU�FRORFDFLyQ��$FFHSWp DX4XLQWR� &RQJUHVR� ,EHURDPHULFDQR� GH� ,QJHQLHULD� 0HFiQLFD�� &XDUWR� &RQJUHVR� 1DFLRQDO� GH,QJHQLHULD�0HFiQLFD��0pULGD��9HQH]XHOD��RFWREUH������
� *LOGDV�%HVDQoRQ�� -HDQ�)��'XOKRVWH� \�'LGLHU�*HRUJHV��1RQOLQHDU�2EVHUYHU�'HVLJQ� IRU�:DWHU/HYHO�&RQWURO�LQ�,UULJDWLRQ�&DQDOV��$FFHSWp j�,(((�FRQIHUHQFH�RQ�'HFLVLRQ�DQG�&RQWURO��2UODQGR�86$��GpFHPEUH �����
� -HDQ�)��'XOKRVWH��'LGLHU�*HRUJHV�\�*LOGDV�%HVDQoRQ� 0RGHOOLQJ�DQG�QRQOLQHDU�FRQWURO�RI�RSHQFKDQQHO�ZDWHU�IORZ�G\QDPLFV� 3URSRVp j�¦-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ��$6&(�GLYLVLRQ§��HQMDQYLHU�������&RUUHFWLRQV�HQ�FRXUV�GH�UpDOLVDWLRQ�
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/
HDX�HVW�XQH�UHVVRXUFH�QDWXUHOOH�TXL�SRVVqGH�XQH�WUqV�JUDQGH�LPSRUWDQFH�SRXU�OH�GpYHORSSHPHQW�G
XQHJUDQGH�TXDQWLWp�G
DFWLYLWpV�SURSUHV�GH�O
KRPPH���(W�ELHQ�TXH�FHOOH�FL�VRLW�VL�LPSRUWDQWH��VD�GLVWULEXWLRQJpRJUDSKLTXH�HW�WHPSRUHOOH�Q
HVW�SDV�WRXW�j�IDLW� OD�PHLOOHXUH��/
KRPPH�D�GRQF�GHSXLV�GH�QRPEUHXVHVDQQpHV�PLV�HQ�£XYUH�FHV�FDSDFLWpV�SRXU�IDLUH�IDFH�j�FHV�GLIILFXOWpV��HW�SRXU�TXH�FHWWH�UHVVRXUFH�SXLVVHrWUH�PLHX[�XWLOLVpH��FHFL�HQ�FRQVWUXLVDQW�GHV�V\VWqPHV�K\GUDXOLTXHV�GH�GLVWULEXWLRQ�G©HDX�
,O� \� D� WURLV� JUDQGV� JURXSHV� G
DFWLYLWpV� TXL� XWLOLVHQW� GH� O
HDX� �� O
DJULFXOWXUH�� O
LQGXVWULH�� HW� OHV� XVDJHVGRPHVWLTXHV��/©DJULFXOWXUH�HVW�O©DFWLYLWp�TXL�FRQVRPPH�OH�SOXV�JUDQG�YROXPH�>0DODWHUUH������@��GH�OjO©LQWpUrW�SRUWp�VXU�OHV�V\VWqPHV�GH�GLVWULEXWLRQ�G
HDX�j�GHV�ILQV�G©LUULJDWLRQ�
/HV� V\VWqPHV� GH� GLVWULEXWLRQ� G©HDX� j� GHV� ILQV� G©LUULJDWLRQ� SRVVqGHQW� GLYHUVHV� FDUDFWpULVWLTXHV� WUqVSDUWLFXOLqUHV��OHV�SOXV�LPSRUWDQWHV�VRQW�OHV�VXLYDQWHV��
8QH�SUHPLqUH�FDUDFWpULVWLTXH�HVW� O
DVSHFW�GLVWULEXWLRQ�JpRJUDSKLTXH��FDU�XQ� UpVHDX�G
LUULJDWLRQ�V
pWHQGVRXYHQW�VXU�SOXVLHXUV�GL]DLQHV�GH�NLORPqWUHV��&HFL�HQ�IDLW�GHV�V\VWqPHV�GH�JUDQGH�WDLOOH�RX�OHV�WHPSV�GHUpSRQVH�VRQW�WUqV�JUDQGV��'H�Oj�O©LPSRUWDQFH�GH�SUHQGUH�HQ�FRPSWH�OHV�QRQ�OLQpDULWpV�TXL��VH�SUpVHQWHQW�&HV� QRQ�OLQpDULWpV� SHXYHQW� rWUH� SULVHV� HQ� FRPSWH� GH� GHX[� IDoRQV� GLIIpUHQWHV�� OD� SUHPLqUH�� SOXVFRXUDPPHQW� XWLOLVpH�� HVW� GH� UHSUpVHQWHU� OH� V\VWqPH� FRPPH� XQ� V\VWqPH� OLQpDLUH� DYHF� UHWDUGV�� HW� ODVHFRQGH� HVW� GH� UHSUpVHQWHU� OH� V\VWqPH� FRPPH� XQ� V\VWqPH� QRQ� OLQpDLUH� GLVWULEXp�� GRQF� j� WUDYHUVG©pTXDWLRQV� DX� GpULYpV� SDUWLHOOHV� QRQ� OLQpDLUHV�� 1RXV� DYRQV� FKRLVL� FHWWH� VHFRQGH� RSWLRQ� SRXU� ODPRGpOLVDWLRQ�GH�QRWUH�V\VWqPH�FDU�QRXV�SHQVRQV�TXH�F©HVW�FHOOH�TXL�UHSUpVHQWH�PLHX[�OH�V\VWqPH�
8QH�GHX[LqPH�FDUDFWpULVWLTXH�HVW�OD�JUDQGH�KpWpURJpQpLWp�GHV�V\VWqPHV�UHQFRQWUpV ��UpVHDX[�JUDYLWDLUHVGH�FDQDX[�j�VXUIDFH�OLEUH�FRPSRUWDQW�GHV�UpVHUYHV��UDFFRUGpV�j�XQ�UpVHDX�GH�FDQDOLVDWLRQV�VRXV�SUHVVLRQDVVXUDQW�OH�WUDQVSRUW�HW�OD�GLVWULEXWLRQ�GH�O
HDX�DX[�XVDJHUV�SDU�O
LQWHUPpGLDLUH�GH�VWDWLRQV�GH�SRPSDJH�&HFL�IDLW�TXH�OH�V\VWqPH�VRLW�WUqV�FRPSOH[H�j�DQDO\VHU�GDQV�VD�WRWDOLWp��HW�F©HVW�SRXU�FHWWH�UDLVRQ�TXHQRXV�DYRQV�IDLW� OH�FKRL[�G©pWXGLHU�XQH�VHXOH�SDUWLH�GH�FH�V\VWqPH��FHOOH�FRUUHVSRQGDQW�DX[�FDQDX[�jVXUIDFH�OLEUH��'H�SOXV�F©HVW�OD�SDUWLH�SOXV�GLIILFLOH�j�FRPPDQGHU��HW�FHOOH�TXL��HQ�JpQpUDO��SRVH�OH�SOXV�GHSUREOqPHV�GH�JHVWLRQ��'H�Oj�O©LQWpUrW�GH�GpYHORSSHU�XQ�V\VWqPH�GH�FRPPDQGH�SHUIRUPDQW�SRXU�FHWWHSDUWLH�GX�V\VWqPH�GH�GLVWULEXWLRQ�G©HDX�
$FWXHOOHPHQW�OD�FRPPDQGH�GH� OD�PDMRULWp�GHV�FDQDX[�G©LUULJDWLRQ�HVW�IDLWH�HQ�RSpUDQW�PDQXHOOHPHQWOHV�RXYUDJHV�GH�UpJXODWLRQ��3RXU�DPpOLRUHU�OD�JHVWLRQ�GH�FHV�V\VWqPHV�LO�HVW�LPSRUWDQW�GH�SRXYRLU�OHVDXWRPDWLVHU�G©XQH�IDoRQ�SHUIRUPDQWH�HW�V�UH��/H�EXW�SULQFLSDO�GH�FHWWH�FRPPDQGH�HVW�GH�VDWLVIDLUH�ODFRQVRPPDWLRQ� G©HDX� j� FKDTXH� VWDWLRQ� GH� SRPSDJH�� (W� FHOD� SDVVH� SDU� PDLQWHQLU� XQ� QLYHDX� G©HDXDGpTXDW�� SRXU� VDWLVIDLUH� FHWWH� FRQVRPPDWLRQ� VDQV� GpERUGHPHQW� QL� GLPLQXWLRQ� WURS� LPSRUWDQWH� GX
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QLYHDX�� HW� FHOD� GDQV� FKDFXQH� GHV� VHFWLRQV� HW� UpVHUYHV� FRQVWLWXDQW� OH� V\VWqPH�� /HV� DYDQWDJHV� G©XQV\VWqPH�DXWRPDWLVp�VRQW���G©DERUG�GHV�pFRQRPLHV�GDQV�OD�FRQVWUXFWLRQ��SRXU�GHV�V\VWqPHV�QHXIV���FDUOH� EHVRLQ� GH� UpVHUYHV� LQWHUPpGLDLUHV�� TXL� VRQW� XWLOLVpHV� SRXU� FRPSHQVHU� OHV� YDULDWLRQV� GH� ODFRQVRPPDWLRQ�� GLPLQXHQW�� HW� HQVXLWH� XQH� pFRQRPLH� GHV� UHVVRXUFHV� K\GUDXOLTXHV�� GRQF� XQ� LQWpUrWpFRORJLTXH��FDU�O
HDX�QRQ�FRQVRPPpH�SHXW�rWUH�ODLVVpH�GDQV�VRQ�pFRV\VWqPH�QDWXUHO�
/H�GpYHORSSHPHQW�G©XQ�WHO�V\VWqPH�GH�FRPPDQGH�SDVVH�SDU�SOXVLHXUV�pWDSHV�LPSRUWDQWHV��/D�SUHPLqUHHVW�OD�FRPSUpKHQVLRQ�GX�IRQFWLRQQHPHQW�GX�V\VWqPH�HQ�JpQpUDO��HW�GRQF�UHTXLHUW�XQH�pWXGH�FRPSOqWHGH�WRXV�FHV�FRPSRVDQWV��/HV�FRPSRVDQWV�G©XQ�FDQDO�j�VXUIDFH�OLEUH�VRQW�PXOWLSOHV���FHX[�FL�SRVVqGHQWHQ� JpQpUDO� SOXVLHXUV� ELHIV� DYHF� GHV� JpRPpWULHV� SDUWLFXOLqUHV�� HW� GHV� RXYUDJHV� G©LQWHUFRQQH[LRQ�� OHVTXHOV�SHUPHWWHQW�OD�UpJXODWLRQ�GX�V\VWqPH�
8QH�VHFRQGH�pWDSH�HVW�OD�PRGpOLVDWLRQ�GX�V\VWqPH�VRXV�XQH�IRUPH�VLPSOH�PDLV�VXIILVDPPHQW�SUpFLVH�HW� F©HVW� SHXW� rWUH� LFL� RX� VH� WURXYH� OD� GLIILFXOWp� PDMHXUH�� /D� PRGpOLVDWLRQ� GH� FH� W\SH� GH� V\VWqPHVGLVWULEXpV� SHXW� VH� GLYLVHU� HQ� GHX[� JURXSHV�� OHV� PRGqOHV� GH� GLPHQVLRQ� LQILQLH� HW� OHV� PRGqOHV� GHGLPHQVLRQ�ILQLH��'DQV�OHV�PRGqOHV�GH�GLPHQVLRQ�LQILQLH�RQ�WURXYH�SULQFLSDOHPHQW�GDQV�OD�OLWWpUDWXUH�OHVDXWHXUV�TXL�XWLOLVHQW�GLUHFWHPHQW�GHV�PRGqOHV�QRQ�OLQpDLUHV�FRPSOH[HV�>&KHQ�����@�>&RURQ�HW�DO�����@�/H�PRGqOH�XWLOLVp�LFL�HVW�SULQFLSDOHPHQW� OH�V\VWqPH�G©pTXDWLRQV�DX[�GpULYpHV�SDUWLHOOHV�QRQ� OLQpDLUHV�GLWHV�GH�6DLQW�9HQDQW�>6DLQW�9HQDQW�����@�>*UDI�HW�$OWLQDNDU������@��V\VWqPH�GRQW�RQ�QH�FRQQDvW�SDV�jFH�MRXU�GH�VROXWLRQ�H[SOLFLWH��VDXI�GDQV�GHV�FDV�WUqV�SDUWLFXOLHUV�HW�WUqV�UHVWULFWLIV��
'DQV�OHV�PRGqOHV�GH�GLPHQVLRQ�ILQLH�RQ�WURXYH�GDQV�OD�OLWWpUDWXUH��OHV�DXWHXUV�TXL�XWLOLVHQW�GHV�PRGqOHVOLQpDLUHV� GpFULWV� SDU� IRQFWLRQV� GH� WUDQVIHUW� LVVXV� GH� O©LGHQWLILFDWLRQ� GX� V\VWqPH� >/LWULFR�����@>(O)DZDO�����@�RX�GH�O©XWLOLVDWLRQ�G©XQ�PRGqOH�OLQpDLUH�DSSUR[LPDWLI�>6NHUWFKO\�HW�0LOHV�����@��,O�HVWSRVVLEOH�DXVVL�GH�WUDQVIRUPHU�OHV�pTXDWLRQV�GH�6DLQW�9HQDQW�HQ�GHV�PRGqOHV�GH�GLPHQVLRQ�ILQLH��SRXUFHOD�RQ�GRLW�XWLOLVHU�GHV�PpWKRGHV�G
LQWpJUDWLRQ�QXPpULTXH�G©pTXDWLRQV�GLIIpUHQWLHOOHV��OHV�SOXV�FRQQXHVVRQW�OHV�PpWKRGHV�GH�GLIIpUHQFHV�ILQLHV�>6WHONRII�����@��HW�FHOOHV�GHV�pOpPHQWV�ILQLV�>&ROOH\�����@��/HVVROXWLRQV�REWHQXHV�SDU�FHV�PpWKRGHV�VRQW�HQ�JpQpUDO�HQFRUH�WURS�FRPSOH[HV�SRXU�XQH�XWLOLVDWLRQ�GLUHFWHSRXU� OD� FRPPDQGH�� GRQF� HQ� JpQpUDO� FHV� VROXWLRQV� VRQW� HQFRUH� VLPSOLILpHV� HQ� OHV� OLQpDULVDQW>0DODWHUUH�����@�
/H� SUHPLHU� JURXSH� �PRGqOHV� GH� GLPHQVLRQ� LQILQLH�� HVW� HQ� JpQpUDO� WURS� FRPSOH[H� SRXU� SRXYRLUDSSOLTXHU�GHV�WHFKQLTXHV�GH�FRPPDQGHV�DXMRXUG
KXL�VXIILVDPPHQW�ILDEOHV�SRXU�rWUH�XWLOLVpHV�GDQV�XQV\VWqPH� UpHO�� WDQGLV� TXH� OH� VHFRQG� �PRGqOHV� OLQpDLUHV� GH� GLPHQVLRQ� ILQLH�� D� OH� GpIDXW� GH� SDUW� ODVLPSOLFLWp� GHV�PRGqOHV� GH� QH� SDV� JDUDQWLU� XQH�PRGpOLVDWLRQ� SUpFLVH� GHV� SKpQRPqQHV� QRQ� OLQpDLUHV�FRPPH�OD�GpSHQGDQFH�GHV�UHWDUGV�GH�WUDQVSRUW�HQ�IRQFWLRQ�GHV�GpELWV��3RXU�FRPEOHU�OHV�KDQGLFDSV�GHFHV� PRGqOHV�� XQ� PRGqOH� PDWKpPDWLTXH� GH� GLPHQVLRQ� ILQLH� EDVp� VXU� XQH� PpWKRGH� GH� FROORFDWLRQRUWKRJRQDOH�DYHF�XQH�DSSUR[LPDWLRQ�IRQFWLRQQHOOH�SDU�SRO\Q{PHV�GH�/DJUDQJH�HVW�SURSRVp�GDQV�FHWWHWKqVH� >*HRUJHV� HW� DO�� ����@��&HWWH�PpWKRGH� IDLW� SDUWLH� G©XQ� DXWUH� JURXSH� GH�PpWKRGHV� GH� FDOFXO� GH



,QWURGXFWLRQ

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
VROXWLRQV� DSSURFKpHV� G©pTXDWLRQV� GLIIpUHQWLHOOHV� QRPPp� PpWKRGH� GHV� UpVLGXV� SRQGpUpV>)OHWFKHU�����@��PpWKRGH�XWLOLVpH�FRXUDPPHQW�SRXU�OHV�V\VWqPHV�SK\VLTXHV�RX�FKLPLTXHV�>9LOODGVHQ�HW0LFKHOVHQ�����@�>'RFKDLQ�HW�DO�����@�PDLV�UDUHPHQW�XWLOLVpV�j�FH�MRXU�SRXU�OHV�V\VWqPHV�K\GUDXOLTXHV�RQ� SHXW� FLWHU� FHSHQGDQW� >$ODP� HW� %KXL\DQ�����@� TXL� RQW� XWLOLVp� XQH� PpWKRGH� G©pOpPHQWV� ILQLV� SDUFROORFDWLRQ�� /H� PRGqOH� REWHQX� SDU� FHWWH� PpWKRGH� HVW� VLPSOH� HW� GH� GLPHQVLRQ� ILQLH� PDLV� UHVWH� QRQOLQpDLUH��,O�JDUDQWLW�FHSHQGDQW�XQH�JUDQGH�SUpFLVLRQ�GDQV�XQ�GRPDLQH�GH�IRQFWLRQQHPHQW�VXIILVDPPHQWODUJH�HW�XQH�VLPSOLFLWp�G©XWLOLVDWLRQ�SRXU�OD�FRPPDQGH�
8QH�WURLVLqPH�pWDSH�GDQV�OH�GpYHORSSHPHQW�G©XQ�V\VWqPH�GH�FRPPDQGH�SRXU�XQ�FDQDO�G©LUULJDWLRQ�HVWGH�GpYHORSSHU�HW�DSSOLTXHU�GHV�PpWKRGHV�GH�FRPPDQGHV�DX[�PRGqOHV�XWLOLVpV��/H�EXW�GH�FH�WUDYDLO�HVWGH� GpYHORSSHU� GHV� ORLV� GH� FRPPDQGH� VXIILVDPPHQW� VLPSOHV� HW� SUpFLVHV� SRXU� rWUH� GqV� PDLQWHQDQWXWLOLVDEOHV�VXU�GHV�V\VWqPHV�UpHOV�
3OXVLHXUV�PpWKRGHV�GH�GpYHORSSHPHQW�GH� ORLV�GH� FRPPDQGH� VRQW� HQYLVDJHDEOHV� LFL�� RQ� SHXW� WURXYHUGDQV�OD�OLWWpUDWXUH�VXUWRXW�GHV�WUDYDX[�EDVpV�VXU�GH�WHFKQLTXHV�GH�FRPPDQGH�OLQpDLUH�WHOOHV�TXH�OH�3,'>6NHUWFKO\� HW�0LOHV�����@�� OD� FRPPDQGH� OLQpDLUH� TXDGUDWLTXH� >%DORJXQ� HW� DO�����@� >0DODWHUUH�����@>5HGG\�����@� >/LWULFR� HW� *HRUJHV�����@�� OD� FRPPDQGH� SUpGLFWLYH� >6DZDGRJR�����@�� &H� VRQW� GHVPpWKRGHV� DSSOLTXpHV� j� GHV�PRGqOHV� OLQpDLUHV� HW� GRQF� YDOLGHV� VHXOHPHQW� j� SUR[LPLWp� G©XQ� SRLQW� GHIRQFWLRQQHPHQW�� ,O�H[LVWH�DXVVL�GHV� WUDYDX[�EDVpV�VXU�GHV�PpWKRGHV�GH�FRPPDQGH�QRQ� OLQpDLUH� WHOOHVTXH�OD�FRPPDQGH�RSWLPDOH�QRQ�OLQpDLUH�>&KHQ�HW�*HRUJHV�����@�RX�GHV�PpWKRGHV�GH�/\DSXQRY�>&RURQHW�DO�����@��/D�SUHPLqUH�DSSURFKH�HQFRUH�GLIILFLOHPHQW�DSSOLFDEOH�j�GHV�V\VWqPHV�UpHOV�HQ�UDLVRQ�GH�VDFRPSOH[LWp��HW�OD�VHFRQGH�DSSURFKH�HVW�YDOLGH�TXH�SRXU�GHV�FDQDX[�KRUL]RQWDX[�VDQV�IULFWLRQ�
'DQV�OH�EXW�GH�WURXYHU�GHV�ORLV�GH�FRPPDQGH�SOXV�IDFLOHV�j�DSSOLTXHU�HW�XWLOLVDEOHV�VXU�XQH�SODJH�GHIRQFWLRQQHPHQW�SOXV� ODUJH��GHV�PpWKRGHV�QRQ� OLQpDLUHV�RQW� pWp�XWLOLVpHV�SRXU�REWHQLU�XQH�FRPPDQGHSDU�UHWRXU�G©pWDW�j�SDUWLU�GX�PRGqOH�SDU�FROORFDWLRQ��3OXVLHXUV�PpWKRGHV�RQW�pWp�GpYHORSSpHV�GDQV�FHWWHWKqVH�� j� VDYRLU� OD� PpWKRGH� GH� OLQpDULVDWLRQ� HQWUpH�VRUWLH� SDUWLHOOH� >,VLGRUL�����@�� XQH� YDULDQWHG\QDPLTXH�GH�FHOOH�FL�HW�XQH�PpWKRGH�GH�%DFNVWHSSLQJ�>.ULVWLF�HW�DO�����@��'H�SOXV�HQ�YXH�GH�SRXYRLUIDLUH� XQH� FRPPDQGH� DYHF� OH� PRLQV� GH� PHVXUHV� SRVVLEOHV�� XQ� REVHUYDWHXU� QRQ� OLQpDLUH� >%RUQDUG� HW+DPPRXUL�����@� GH� GpELW� HW� LQILOWUDWLRQ� D� pWp� GpYHORSSp�� GH� FHWWH� IDoRQ� OD� FRPPDQGH� D� EHVRLQVHXOHPHQW�GH�OD�PHVXUH�GHV�QLYHDX[�GX�FDQDO��3RXU�OD�YDOLGDWLRQ�GH�WHOV�PRGqOHV�SOXVLHXUV�VLPXODWHXUVGH�ELHI�GH�FDQDX[�RXYHUWV�RQW�pWp�XWLOLVpV�HW� OHV�pTXDWLRQV�GHV�RXYUDJHV�G©LQWHUFRQQH[LRQ�TXL�QH�VRQWSDV�SULV�HQ�FRPSWH�LQLWLDOHPHQW�GDQV�OH�PRGqOH�RQW�pWp�DMRXWpHV�j�FHV�PRGqOHV�
)LQDOHPHQW�TXHOTXHV�WHQWDWLYHV�GH�FRPPDQGH�SRXU�SOXVLHXUV�ELHIV�LQWHUFRQQHFWpV�RQW�pWp�UpDOLVpHV��/HVUpVXOWDWV�REWHQXV�VRQW�SRXU�O©LQVWDQW�SUpOLPLQDLUHV�
&H� UDSSRUW� GH� WKqVH� D� SRXU� EXW� GH� UpVXPHU� OH� WUDYDLO� GH� UHFKHUFKH� VXU� FH� VXMHW� SHQGDQW� OHV� WURLVGHUQLqUHV�DQQpHV��HW�LO�HVW�RUJDQLVp�HQ�WURLV�JUDQGV�FKDSLWUHV�FRPPH�VXLW�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
8Q� SUHPLHU� FKDSLWUH� HVW� GpGLp� j� OD� SUpVHQWDWLRQ� GHV� V\VWqPHV� GH� GLVWULEXWLRQ� G©HDX� HQ� JpQpUDO�� &HFKDSLWUH� WUDLWH� GHV� VXMHWV� JpQpUDX[� VXU� OHV� V\VWqPHV� G©LUULJDWLRQ� HW� OHV� FDQDX[� j� VXUIDFH� OLEUH� HQSDUWLFXOLHU�� WHO� TXH� OHXU� VWUXFWXUH� HW� FRPSRVDQWV�� OHXU� FODVVLILFDWLRQ�� OHV� pFRXOHPHQWV� HW� PRGqOHVPDWKpPDWLTXHV� TXL� OHV� GpFULYHQW�� ,O� WUDLWH� DXVVL� GHV� RXYUDJHV� G©LQWHUFRQQH[LRQ� GH� ELHIV�� GH� OHXUVIRQFWLRQV�HW�GHV�W\SHV�G©RXYUDJHV��&©HVW�LFL�TXH�VRQW�LQWURGXLWHV�OHV��QRWLRQV�G©DXWRPDWLVDWLRQ�G©XQ�WHOV\VWqPH�� OHV� REMHFWLIV� VRQW� GpFULV�� XQH� SHWLWH� FODVVLILFDWLRQ� HVW� SURSRVpH� HW� XQ� EUHI� pWDW� GH� O©DUW� GHVPpWKRGHV� GH� V\QWKqVH� GH� ORLV� GH� FRPPDQGH� HVW� SUpVHQWp�� 3RXU� FRQFOXUH� FH� FKDSLWUH� OHV� REMHFWLIV� HWOLPLWHV�GH�FHWWH�WKqVH�VRQW�SUpFLVpV�
8Q� GHX[LqPH� FKDSLWUH� HVW� GpGLp� j� OD� PRGpOLVDWLRQ� GH� ELHIV� GH� FDQDX[� RXYHUWV�� SDU� XQ� PRGqOH� GHFRQQDLVVDQFH� HW� SOXV� SUpFLVpPHQW� SDU� OHV� pTXDWLRQV� GH� 6DLQW�9HQDQW�� 6RQW� SUpVHQWpV� LFL� SOXVLHXUVPpWKRGHV�G
LQWpJUDWLRQ�QXPpULTXH�GH�FHV�pTXDWLRQV��/HV�PpWKRGHV�SUpVHQWpHV�VRQW�GHX[�PpWKRGHV�GHGLIIpUHQFHV� ILQLHV�� XQH� H[SOLFLWH� HW� XQH� DXWUH� LPSOLFLWH� GLWH� GH� 3UHLVVPDQQ� >3UHLVVPDQQ�����@>0DODWHUUH�����@�� PpWKRGHV� TXL� VRQW� ELHQ� FRQQXHV� GDQV� OH� GRPDLQH� GH� O©K\GUDXOLTXH�� /D� WURLVLqPHPpWKRGH�SUpVHQWpH�HVW�OD�PpWKRGH�GH�FROORFDWLRQ�RUWKRJRQDOH��FHOOH�FL�pWDQW�O©DSSRUW�SULQFLSDO�GH�FHWWHWKqVH�VXU�OD�PRGpOLVDWLRQ�GH�FH�W\SH�GH�V\VWqPHV��3RXU�FRQFOXUH�FH�FKDSLWUH�XQH�YDOLGDWLRQ�GX�PRGqOHREWHQX�SDU� OD�PpWKRGH�GH�FRORFDWLRQ�HVW�SURSRVpH��FHWWH�YDOLGDWLRQ�VH�IDLW�HQ�FRPSDUDQW� OHV�UpVXOWDWVREWHQXV� SDU� FHWWH�PpWKRGH� DYHF� OHV� GHX[� DXWUHV�PpWKRGHV�� FRQQXHV� HW� VHUYDQW� GH� UpIpUHQFH� GDQV� OHGRPDLQH�
8Q�WURLVLqPH�FKDSLWUH�HVW�GpGLp�j�OD�FRPPDQGH�GH�V\VWqPHV�GH�FDQDX[�RXYHUWV��'DQV�FH�FKDSLWUH�VRQWUpVXPpHV�OHV�pWXGHV�UpDOLVpHV�HQ�YXH�GH�OD�FRPPDQGH�G©XQ�V\VWqPH�G©LUULJDWLRQ�EDVpH�VXU�OH�PRGqOH�GHFROORFDWLRQ��,O�HVW�WUDLWp�LQLWLDOHPHQW�OH�GpYHORSSHPHQW�GH�OD�FRPPDQGH�G©XQ�ELHI�SDU�XQH�PpWKRGH�GHOLQpDULVDWLRQ� HQWUpH�VRUWLH�� OLQpDULVDWLRQ� HQWUpH�VRUWLH� G\QDPLTXH� HW� SDU� EDFNVWHSSLQJ�� WRXWHV� OHV� WURLVpWDQW�EDVpHV�VXU�OH�PRGqOH�SDU�FROORFDWLRQ��,O�HVW�SURSRVp�SDU�OD�VXLWH�XQH�YDOLGDWLRQ�GHV�FRPPDQGHV�HQOHV�XWLOLVDQW� VXU� GHV� VLPXODWHXUV� FRQoXV� j� SDUWLU� GHV�PRGqOHV� GH� FROORFDWLRQ� HW�GH� GLIIpUHQFHV� ILQLHV�&HWWH�YDOLGDWLRQ�HVW�FRPSOpWpH�SDU�O©XWLOLVDWLRQ�GH�FHV�PrPHV�FRPPDQGHV�VXU�XQ�PRGqOH�SOXV�FRPSOHWTXL�LQFOXW�OHV�pTXDWLRQV�GHV�RXYUDJHV��$�ILQ�GH�V
DIIUDQFKLU�GH�OD�QpFHVVLWp�GH�PHVXUHU�WRXV�OHV�pWDWV��XQREVHUYDWHXU�GH�GpELW�HW�LQILOWUDWLRQ�D�pWp�GpYHORSSp��8QH�YDOLGDWLRQ�GH�FHW�REVHUYDWHXU�HVW�SUpVHQWpH�jVRQ�WRXU�DLQVL�TXH�OD�YDOLGDWLRQ�GH�OD�FRPPDQGH�DYHF�XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV��3RXU�FRQFOXUHFH�FKDSLWUH�TXHOTXHV�DYDQFpHV�VXU�OD�FRPPDQGH�GH�ELHIV�LQWHUFRQQHFWpV�VRQW�SUpVHQWpHV�
(QILQ�GDQV�XQH�GHUQLqUH�SDUWLH��QRXV�SUpVHQWRQV�OHV�FRQFOXVLRQV�JpQpUDOHV�GH�FH� WUDYDLO�DLQVL�TXH� OHVSHUVSHFWLYHV�TXL�VH�SUpVHQWHQW�SRXU�OD�VXLWH�GHV�UHFKHUFKHV�VXU�OH�VXMHW�



��

&KDSLWUH��
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�����,1752'8&7,21
&H�FKDSLWUH�HVW�GpGLp�j�OD�SUpVHQWDWLRQ�GHV�V\VWqPHV�GH�GLVWULEXWLRQ�G©HDX�HQ�JpQpUDO��,O�WUDLWH�SRXU�FHODOHV�VXMHWV�JpQpUDX[�VXU�OHV�V\VWqPHV�G©LUULJDWLRQ�HW�OHV�FDQDX[�j�VXUIDFH�OLEUH�HQ�SDUWLFXOLHU��HQ�HVVD\DQWGH�SUHQGUH�HQ�FRPSWH�WRXV�OHV�DVSHFWV�j�FRQQDvWUH�SRXU�SRXYRLU�GpYHORSSHU�OD�FRPPDQGH�DYHF�VXFFqV�
3DUPL�FHV�VXMHWV��TXL�RQW�pWp�FRQVLGpUpV�LPSRUWDQWV�SRXU�OD�FRQQDLVVDQFH�GHV�FDQDX[�G
LUULJDWLRQ��VRQW�jFLWHU�OHXUV�VWUXFWXUHV�HW�FRPSRVDQWV��OHXU�FODVVLILFDWLRQ��OHV�pFRXOHPHQWV�HW�PRGqOHV�PDWKpPDWLTXHV�TXLOHV� GpFULYHQW�� ,O� HVW� DXVVL� LPSRUWDQW� GH� SDUOHU� GHV� RXYUDJHV� G©LQWHUFRQQH[LRQ� GH� ELHIV�� GH� OHXUVIRQFWLRQV� HW� W\SHV� G©RXYUDJHV�� &©HVW� LFL� TXH� VRQW� LQWURGXLWHV� OHV� QRWLRQV� G©DXWRPDWLVDWLRQ� G©XQ� WHOV\VWqPH�� OHV� REMHFWLIV� VRQW� GpFULWV�� XQH� SHWLWH� FODVVLILFDWLRQ� HVW� SURSRVpH� HW� XQ� EUHI� pWDW� GH� O©DUW� GHVPpWKRGHV� GH� V\QWKqVH� GHV� FRPPDQGHV� HVW� SUpVHQWp�� (W� SRXU� FRQFOXUH� OHV� REMHFWLIV� HW� OLPLWHV� GH� FHWUDYDLO�VRQW�SUpFLVpV�LFL�

5pVHUYH

5pVHUYH

9DQQH&DQDO�SULQFLSDO

&DQDO�VHFRQGDLUH

3ULVH�G
HDX 5pVHDX�VRXV�SUHVVLRQ

6WDWLRQ�GH�SRPSDJH
8Q� V\VWqPH� K\GUDXOLTXH� GHGLVWULEXWLRQ� G
HDX� j� GHV� ILQVG
LUULJDWLRQ� HVW� KDELWXHOOHPHQWFRQVWLWXp� G
XQ� UpVHDX� JUDYLWDLUH� GHFDQDX[� j� VXUIDFH� OLEUH� FRPSRUWDQWGHV�UpVHUYHV��UDFFRUGp�j�XQ�UpVHDX�GHFDQDOLVDWLRQV� VRXV� SUHVVLRQ� DVVXUDQWOH�WUDQVSRUW�HW�OD�GLVWULEXWLRQ�GH�O
HDXDX[� XVDJHUV� SDU� O
LQWHUPpGLDLUH� GHVWDWLRQV�GH�SRPSDJH�

)LJXUH����� 5pVHDX�GH�GLVWULEXWLRQ�G
HDX&HV�V\VWqPHV�GH�GLVWULEXWLRQ�G©HDX�SHXYHQW�VH�GLYLVHU�HQ�GHX[�VRXV�V\VWqPHV�� OD�SDUWLH�GHV�FDQDX[�jVXUIDFH�OLEUH�HW�OD�SDUWLH�GHV�UpVHDX[�VRXV�SUHVVLRQ�
&HSHQGDQW�RQ�GRLW�QRWHU�TXH�OHV�V\VWqPHV�GH�GLVWULEXWLRQ�G©HDX�QH�SRVVqGHQW�SDV�REOLJDWRLUHPHQW�OHVGHX[�SDUWLHV��DLQVL�RQ�WURXYHUD�XQH�JUDQGH�TXDQWLWp�G©DTXHGXFV�XUEDLQV�IRUPpV�VHXOHPHQW�G
XQ�UpVHDXVRXV�SUHVVLRQ��WDQGLV�TX
LO�H[LVWH�HQFRUH�GH�QRPEUHX[�V\VWqPHV�G
LUULJDWLRQ�FRQVWLWXpV�XQLTXHPHQW�GH



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
FDQDX[�j�VXUIDFH�OLEUH��FRPPH�F
HVW�OH�FDV�HQ�JpQpUDO�GHV�V\VWqPHV�DQFLHQV��&HOD�SHXW�QRXV�FRQGXLUH�jSDUOHU�SOXW{W�G©XQH�FODVVLILFDWLRQ�GHV�V\VWqPHV�GH�GLVWULEXWLRQ�G©HDX�
��������5pVHDX[�VRXV�SUHVVLRQ
/HV� UpVHDX[� VRXV� SUHVVLRQ� VRQW� GHV� V\VWqPHV� FRQVWLWXpV� GH� WX\DX[� IHUPpV� FRQQHFWpV� HQWUH� HX[�� TXLWUDQVSRUWHQW�O©HDX�VRXV�SUHVVLRQ�GHSXLV�XQH�VRXUFH�RX�UpVHUYH�MXVTX©DX[�XWLOLVDWHXUV��/©HDX�VH�GpSODFHG©XQ� HQGURLW� j� O©DXWUH� VRXV� O©HIIHW� GH� OD� GLIIpUHQFH� GH� SUHVVLRQ� TXL� HVW� SURGXLWH� SDU� GHV� VWDWLRQV� GHSRPSDJH�RX�SDU�O©HIIHW�GH�OD�IRUFH�GH�JUDYLWp�
'DQV�GH�WHOV�V\VWqPHV�OHV�YDULDEOHV�VRQW�OD�SUHVVLRQ�HW�OD�YLWHVVH��GpELW��GX�IOXLGH�GDQV�OHV�WX\DX[��HWFHOOHV�FL� GpSHQGHQW� GH� OD� JpRPpWULH� GX� V\VWqPH�� GH� OD� SXLVVDQFH� XWLOLVpH� GDQV� OH� SRPSDJH� HW� GHVFRQVRPPDWLRQV�
�������5pVHDX�JUDYLWDLUH�GH�FDQDX[�j�VXUIDFH�OLEUH
/HV�UpVHDX[�JUDYLWDLUHV�GH�FDQDX[�j�VXUIDFH�OLEUH�VRQW�GHV�V\VWqPHV�FRQVWLWXpV�SDU�GHV�FDQDX[�RXYHUWV�TXL� WUDQVSRUWHQW� GH� O©HDX� DYHF� OD� VXUIDFH� j� SUHVVLRQ� FRQVWDQWH�� JpQpUDOHPHQW� j� OD� SUHVVLRQDWPRVSKpULTXH��GHSXLV�XQH�VRXUFH�RX�UpVHUYH�MXVTX©DX[�XWLOLVDWHXUV��/©HDX�VH�GpSODFH�G©XQ�HQGURLW�j�XQDXWUH� VRXV� O©HIIHW� GH� OD� IRUFH� GH� JUDYLWp�� HW� SDU� O
LQWHUPpGLDLUH� GH� OD� SHQWH� GX� FDQDO�� HQ� FKHUFKDQWWRXMRXUV�j�IRUPHU�XQ�SODQ�G©HDX�j�OD�SDUWLH�OD�SOXV�EDVVH�GX�FDQDO�
'DQV�GH�WHOV�V\VWqPHV�OHV�YDULDEOHV�VRQW�OH�QLYHDX�GX�FDQDO��VHFWLRQ��HW�OD�YLWHVVH��GpELW��GX�IOXLGH�GDQVOH�FDQDO��HW�FHOOHV�FL�GpSHQGHQW�GH�OD�JpRPpWULH�GX�FDQDO��GHV�DSSRUWV�G©HDX�GHSXLV�OHV�VRXUFHV�HW�GHVFRQVRPPDWLRQV�
/
LQWpUrW�GH�FH�SURMHW�VHUD�IL[p�VXU�OD�SDUWLH�GHV�FDQDX[�j�VXUIDFH�OLEUH�HW�SRXU�FHWWH�UDLVRQ�VHURQW�WUDLWpVSDU�OD�VXLWH�OHV�SRLQWV�LPSRUWDQWV�SRXU�OHV�FDQDX[�j�VXUIDFH�OLEUH��HQ�ODLVVDQW�GH�F{Wp�WRXWH�OD�SDUWLH�GHVV\VWqPHV�G
LUULJDWLRQ�FRUUHVSRQGDQW�DX[�UpVHDX[�VRXV�SUHVVLRQ�
�����&$1$8;�$�685)$&(�/,%5(
8Q�FDQDO�j�VXUIDFH�OLEUH�HVW�XQ�V\VWqPH�GH�WUDQVSRUW�GH�IOXLGH�R��OD�VXUIDFH�HVW�VRXPLVH�j�XQH�SUHVVLRQFRQVWDQWH��HQ�JpQpUDO�OD�SUHVVLRQ�DWPRVSKpULTXH�
�������&ODVVLILFDWLRQ
,O�H[LVWH�GLYHUVHV�FODVVLILFDWLRQV�SRXU�OHV�FDQDX[�D�VXUIDFH�OLEUH��RQ�YD�FLWHU�LFL�GHX[�G©HQWUH�HOOHV�
���������6XLYDQW�O
RULJLQH
,OV�SHXYHQW�VH�FODVVHU�HQ�GHX[�JURXSHV �



&KDSLWUH����6\VWqPHV�GH�GLVWULEXWLRQ�G·HDX�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
� /HV�FDQDX[�QDWXUHOV��OHV�FDQDX[�H[LVWDQW�GDQV�OD�QDWXUH��HW�TXL�SRVVqGHQW�HQ�JpQpUDO�XQH�JpRPpWULHWUqV� LUUpJXOLqUH�� GH� PrPH� SRXU� VHV� FDUDFWpULVWLTXHV� K\GUDXOLTXHV�� 3DU� H[HPSOH� OHV� UXLVVHDX[�ULYLqUHV��IOHXYHV��HWF�
� /HV�FDQDX[�DUWLILFLHOV��FRQVWUXLWV�SDU�O©KRPPH��HW�TXL�SRVVqGHQW�HQ�JpQpUDO�XQH�JpRPpWULH�HW�GRQFGHV� FDUDFWpULVWLTXHV� K\GUDXOLTXHV�� SOXV� UpJXOLqUHV�� 3DU� H[HPSOH� OHV� FDQDX[� GH� QDYLJDWLRQ�G©LUULJDWLRQ��GH�GUDLQDJH��OHV�pJRXWV��HWF�
���������6XLYDQW�OD�VWUXFWXUH
,OV�SHXYHQW��VH�FODVVHU�HQ�GHX[�JURXSHV��)LJXUH�������
� /HV� FDQDX[� GpFRXYHUWV�� FRQVWUXLWV� DX� UDV� GX� VRO�� HW� GRQW� OD� VXUIDFH� GH� O©HDX� HVW� j� SUHVVLRQDWPRVSKpULTXH��3DU�H[HPSOH�OHV�FDQDX[�GH�QDYLJDWLRQ��G©LUULJDWLRQ��GH�GUDLQDJH��ULYLqUHV��HWF�

&DQDX[�QDWXUHOV

&DQDX[�DUWLILFLHOV'pFRXYHUW &RXYHUW

� /HV� FDQDX[� FRXYHUWV�� FRQVWUXLWV� VRXV� WHUUH� HWGRQW� OD� VXUIDFH� GH� O©HDX� HVW� HQ� JpQpUDO� DXVVL� jSUHVVLRQ� DWPRVSKpULTXH�� PDLV� SHXW� VRXVFHUWDLQHV�FRQGLWLRQV�rWUH�VRXPLVH�j�GHV�SUHVVLRQVGLIIpUHQWHV��3DU�H[HPSOH�OHV�pJRXWV��V\VWqPHV�GHGUDLQDJH�� ULYLqUHV� VRXWHUUDLQHV�� HWF�� 'DQV� OH� FDVR�� OD� SUHVVLRQ� VXELH� Q
HVW� SDV� OD� SUHVVLRQDWPRVSKpULTXH�� OD� VHXOH� GLIIpUHQFH� DYHF� XQUpVHDX�VRXV�SUHVVLRQ�HVW�TXH� OD�VHFWLRQ�GX�FDQDOQ
HVW� SDV� FRPSOqWHPHQW� SOHLQH� G
HDX� �RX� G
XQDXWUH�OLTXLGH��
)LJXUH����� &ODVVLILFDWLRQ�GHV�FDQDX[

�������*pRPpWULH�G©XQ�FDQDO�D�VXUIDFH�OLEUH
/D� JpRPpWULH� G
XQ� FDQDO� HVW� GpILQLH� SDU� GLYHUV� pOpPHQWV� TXL� SHXYHQW� rWUH� REVHUYpV� VXU� OD� VHFWLRQWUDQVYHUVDOH�HW�OD�VHFWLRQ�ORQJLWXGLQDOH�GX�FDQDO��)LJXUH������
/D�VHFWLRQ�WUDQVYHUVDOH�HVW�XQH�FRXSH�GX�FDQDO��SODQH�HW� �QRUPDOH�j�OD�GLUHFWLRQ�GH�O
pFRXOHPHQW��6XUFHWWH�FRXSH�VRQW�GpILQLHV�GLYHUVHV�YDOHXUV�JpRPpWULTXHV�WHOOHV�TXH�OD�KDXWHXU�RX�QLYHDX�G
HDX��K ��� ODODUJHXU�j�OD�VXUIDFH��% ���OD�VHFWLRQ�� 6 ��DSSHOpH�DXVVL�VXUIDFH�PRXLOOpH�HW�TXL�FRUUHVSRQG�j�OD�SRUWLRQGH�VHFWLRQ�RFFXSpH�SDU�OH�OLTXLGH��3RXU�XQ�FDQDO�GH�VHFWLRQ�UHFWDQJXODLUH�OD�VHFWLRQ�� 6 ��VHUD�pJDOH�j%K ��PDLV�FHOD�Q
HVW�SDV�OH�FDV�SRXU�GHV�VHFWLRQV�GH�IRUPH�GLIIpUHQWHV��2Q�SHXW�GpILQLU�G
DXWUHV�YDOHXUVJpRPpWULTXHV�VXU�FHWWH�VHFWLRQ�WUDQVYHUVDOH�WHOOHV�TXH���OH�SpULPqWUH�PRXLOOp���3 ��TXL�FRUUHVSRQG�j�ODORQJXHXU�GH�OD�OLJQH�VXU�OD�VHFWLRQ�HQ�FRQWDFW�DYHF�OH�OLTXLGH��OH�UD\RQ�K\GUDXOLTXH�� K5 ��GpILQL�SDU�OD
UHODWLRQ� 36 ��OD�SURIRQGHXU�K\GUDXOLTXH�� K' ��GpILQLH�SDU�OD�UHODWLRQ� %6 �
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XQ�FDQDO�j�VXUIDFH�OLEUH3RXU�GHV�IRUPHV�UpJXOLqUHV�GH� OD�VHFWLRQ� WUDQVYHUVDOH�LO�H[LVWH�GHV�UHODWLRQV�HQWUH� OHV�GLYHUV�pOpPHQWVJpRPpWULTXHV��UpVXPpHV�SRXU�OHV�VHFWLRQV�WUDQVYHUVDOHV�OHV�SOXV�FRXUDQWHV�GDQV�OH�WDEOHDX������>*UDI�HW$OWLQDNDU������@�
7DEOHDX����� eOpPHQWV�JpRPpWULTXHV�SRXU�GLIIpUHQWHV�VHFWLRQV�GH�FDQDX[
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6 %K � �KPKE � �PK � � ��� VLQ 'TT � %K��3 K% �� ��� PKE �� ��� PK � 'T�� %K% ����
K5 K%%K�� � � ��� PKE KPKE �� � ��� PPK� '¹̧·©̈§ � TTVLQ��� ��

��� � K% K%�'K K � �PKE KPKE ��� K�� ��VLQVLQ '¸̧¹·¨̈©§ � T TT %K��

3RXU�OD�SDUDEROH�OHV�YDOHXUV�LQGLTXpHV�VXU�OD�WDEOH�VRQW�YDODEOHV�VRXV�OD�FRQGLWLRQ� ��� d� %K ��HW�VL�� !%K RQ�SHX�GpILQLU�OH�SpULPqWUH�PRXLOOp�GH�OD�IDoRQ�VXLYDQWH �
� � � � � �� � � � � � ¹̧·©̈§ ¹̧·©̈§ ���� �� ���OQ����� %K%K%K%K%3 �����

/D�VHFWLRQ�ORQJLWXGLQDOH�HVW�XQH�FRXSH�SODQH��YHUWLFDOH�HW�SDUDOOqOH�DX�VHQV�GH�O
pFRXOHPHQW��VXU�FHWWHVHFWLRQ�VRQW�GpILQLHV�G
DXWUHV�YDOHXUV�JpRPpWULTXHV�WHOOHV�TXH�OD�ORQJXHXU�GX�ELHI�� / ��HW� OD�SHQWH�GXIRQG�� , ��� OD�GHUQLqUH� pWDQW� HQ�JpQpUDO� H[SULPpH�HQ� IRQFWLRQ�GH� O
DQJOH� �D ��TXH� IRUPH� OH� IRQG�DYHFO
KRUL]RQWDOH� �� DD VLQWDQ # , �� O
DQJOH� �D �� pWDQW� HQ� JpQpUDO� SHWLW�� &HSHQGDQW� LO� HVW� SOXV� XVXHO
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
G©XWLOLVHU� OD� YDOHXU� GH� O©DQJOH� HQ� SRXUFHQWDJH�� HQ� UHPDUTXDQW� TXH� FHOD� HVW� DXVVL� YDOLGH� FDU� SRXU� GHVDQJOHV� LQIpULHXUV� j� ���� �| ����� OD� YDOHXU� DQJXODLUH� HQ� GHJUpV� HVW� DSSUR[LPDWLYHPHQW� OD� YDOHXU� HQSRXUFHQWDJH���4XDQG�OD�VHFWLRQ�WUDQVYHUVDOH�G
XQ�FDQDO�QH�YDULH�SDV�VXU�OD�ORQJXHXU��OH�FDQDO�SUHQG�OHQRP�GH��FDQDO�SULVPDWLTXH��
8Q�GHUQLHU�pOpPHQW�TXL�GpILQLW�OD�JpRPpWULH�G
XQ�FDQDO�HVW�OD�UXJRVLWp��&HW�pOpPHQW�GpSHQG�GX�PDWpULHOHW�GH�OD�IRUPH�FRPPH�HVW�FRQVWUXLW�OH�FDQDO��HW�D�XQH�LQIOXHQFH�LPSRUWDQWH�VXU�OHV�IRUFHV�GH�IULFWLRQ�TXLVH�JpQqUHQW�GDQV�OH�PRXYHPHQW�GX�IOXLGH�
/D�YDOHXU�GH� OD� UXJRVLWp� HVW�GpILQLH�SRXU�FKDTXH� W\SH� GH�PDWpULDX[�GH� FRQVWUXFWLRQ� HW� GH� JpRPpWULHG©XQH� IDoRQ� H[SpULPHQWDOH� HW� D� GRQQp� OLHX� j� GLYHUV� FRHIILFLHQWV� VHORQ� OD�PRGpOLVDWLRQ� GH� OD� IULFWLRQFRUUHVSRQGDQWH��/HV�FRHIILFLHQWV�OHV�SOXV�FRQQXV�SRXU�OHV�V\VWqPHV�j�VXUIDFH�OLEUH�VRQW�OHV�FRHIILFLHQWVGH�0DQQLQJ��Q ���GH�6WULFNOHU� �. ��HW�GH�.XWWHU�� NP �� >*UDI�HW�$OWLQDNDU������@��PDLV� LO�H[LVWH�DXVVLG©DXWUHV�FRHIILFLHQWV��WHOV�TXH�OH�FRHIILFLHQW�GH�&Kp]\��& ��RX�OH�FRHIILFLHQW�GH�IURWWHPHQW�GH�O©pTXDWLRQGH�:HLVEDFK�'DUF\�� I ���FH�GHUQLHU�pWDQW�XWLOLVp�SOXW{W�SRXU�GHV�WX\DX[�FLUFXODLUHV�j�SUHVVLRQ�>)R[�HW0F'RQDOG������@�HW�REWHQX�SDU� OH�GLDJUDPPH�GH�0RRG\�6WDQWRQ�RX�SDU� O©pTXDWLRQ�GH�&ROHEURRN�HW:KLWH�SRXU�OHV�pFRXOHPHQWV�WXUEXOHQWV���/H�WDEOHDX������>*UDI�HW�$OWLQDNDU������@�SUpVHQWH�OHV�YDOHXUVGH�FRHIILFLHQWV�GH�6WULFNOHU� HW�GH�.XWWHU�SRXU�GLYHUV� W\SHV�GH� FDQDX[�D� VXUIDFH� OLEUH�� VDFKDQW�TXH� OHFRHIILFLHQW� GH�0DQQLQJ� HVW� O©LQYHUVH� GX� FRHIILFLHQW� GH� 6WULFNOHU� � .Q � ��� HW� TXH� OH� FRHIILFLHQW� GH&Kp]\�SHXW�rWUH�FDOFXOp�j�SDUWLU�GH�OD�IRUPXOH�GH�%D]LQ�RX�GH�.XWWHU �� �KN 5P& � � ��� �����

7DEOHDX����� &RHIILFLHQW�GH�6WULFNOHU�HW�GH�.XWWHU
&RHIILFLHQW�GH�6WULFNOHU���P���V��� &RHIILFLHQW�GH�.XWWHU��P����0DWpULHO��3OXV�UXJXHX[��0RLQVUXJXHX[� 3OXV�UXJXHX[ 0RLQV�UXJXHX[ 3OXV�UXJXHX[ 0RLQV�UXJXHX[&DQDX[�QDWXUHOV��JDOHWV��JUDYLHU� �� �� � ����&DQDX[�HQ�WHUUH �� �� ���� �����3LHUUH�EUXWH��PDoRQQHULH� �� �� ��� ����%pWRQ��UXJXHX[��OLVVH� �� �� � ����$FLHU��ULYp��VRXGp� �� ��� ���� �%RLV��QRQ�GUHVVp��GUHVVp� �� �� ���� ����)RQWH��YLHLOOH��QHXYH� �� �� ���� ����$VEHVWH��YDULpWp�G
DPLDQWH� �� �� ���� ����9HUUH��39& �� ��� ���� �
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�������(FRXOHPHQW�GDQV�OHV�FDQDX[�j�VXUIDFH�OLEUH

7DEOHDX����� 7\SHV�HW�UpJLPHV�G
pFRXOHPHQW�SRXU�XQ�FDQDO�j�VXUIDFH�OLEUH
7\SHV�G
pFRXOHPHQW9DULDELOLWp�GDQV�O
HVSDFH 5pJLPHV�G
pFRXOHPHQW9DULDELOLWp�GDQV�OHWHPSV 7\SH�GH�YDULDWLRQ 4XDOLWp�GH�ODYDULDWLRQ 6XLYDQW1��5H\QROGV 6XLYDQW1��)URXGH8QLIRUPH�1RQ�YDULDEOH� *UDGXHOOH

/DPLQDLUH5H����� )OXYLDO)U��3HUPDQHQW�1RQ�YDULDEOH� 1RQ�XQLIRUPH�RXYDULp�9DULDEOH� 5DSLGH
8QLIRUPH�1RQ�YDULDEOH��5DUH�

7UDQVLWLRQ�����5H����� &ULWLTXH)U �
*UDGXHOOH

1RQ�SHUPDQHQW�RXWUDQVLWRLUH�9DULDEOH� 1RQ�XQLIRUPH�9DULDEOH� 5DSLGH 7XUEXOHQW5H!���� 7RUUHQWLHO)U!�,O�H[LVWH�GLYHUV�W\SHV�G
pFRXOHPHQW�TXL�SHXYHQW�VH�SURGXLUH�GDQV�XQ�FDQDO�j�VXUIDFH�OLEUH�� LO�HVW�GRQFSRVVLEOH�GH�IDLUH�GLYHUV�W\SHV�GH�FODVVLILFDWLRQ��OHV�SOXV�FRXUDQWHV�pWDQW�UpVXPpHV�GDQV�OH�WDEOHDX����>*UDI�HW�$OWLQDNDU������@��/HV�QRWLRQV�GH�YDULDELOLWp GDQV�OH�WHPSV�HW�GDQV�O
HVSDFH��FRPPH�OHV�UpJLPHVG
pFRXOHPHQW� VRQW� SUpFLVpV� GDQV� OHV� SDUDJUDSKHV� TXL� VXLYHQW�� ,O� HVW� j� QRWHU� TXH� OHV� GLYHUV� UpJLPHVG
pFRXOHPHQW� SHXYHQW� VH� SURGXLUH� VXU� Q
LPSRUWH� TXHO� W\SH� G
pFRXOHPHQW�� HW� TXH� GDQV� OD� QDWXUH� OHVpFRXOHPHQWV�VRQW��VDXI�TXHOTXHV�H[FHSWLRQV��GH�W\SH�WXUEXOHQW�
���������9DULDELOLWp�GH�O
pFRXOHPHQW�GDQV�OH�WHPSV

W W�GW

)LJXUH����� (FRXOHPHQW�QRQ�SHUPDQHQW

/
pFRXOHPHQW�GDQV�XQ�FDQDO�YDULH�HQ�JpQpUDOGDQV� OH� WHPSV� �)LJXUH� ������ QpDQPRLQV� LOH[LVWH� GHV� FRQGLWLRQV� R�� OD� YDULDWLRQWHPSRUHOOH� HVW� OHQWH� GDQV� OH� WHPSV� RX� WUqVSHWLWH� GDQV� O
HVSDFH� �SDU� H[HPSOH� SRXU� GHVYDJXHV� GH� WDLOOH� QpJOLJHDEOH�� RX� FHWWHYDULDWLRQ�SHXW�rWUH�DXVVL�QpJOLJHDEOH��GDQV�FHFDV� O
pFRXOHPHQW� HVW� FRQVLGpUp� FRPPHSHUPDQHQW�
3OXV�VSpFLILTXHPHQW� O
pFRXOHPHQW�HVW�FRQVLGpUp�FRPPH�SHUPDQHQW�TXDQG�OHV�YDULDWLRQV�GH� OD�YLWHVVHPR\HQQH�8 �� GH� OD� YLWHVVH� SRQFWXHOOH� X �� HW� GH� OD� SURIRQGHXU� K VRQW� QpJOLJHDEOHV� HQ� WHPSV� HW� HQ



&KDSLWUH����6\VWqPHV�GH�GLVWULEXWLRQ�G·HDX�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
HVSDFH��SRXU�XQH�FDUDFWpULVDWLRQ�VWULFWH�WKpRULTXH�GX�UpJLPH�SHUPDQHQW��FHV�YDULDEOHV�VRQW�FRQVWDQWHV��'DQV�FH�FDV�OH�GpELW�HVW�FRQVWDQW�GDQV�OH�WHPSV��(Q�JpQpUDO�OHV�H[SUHVVLRQV�SRXU�XQ�UpJLPH�SHUPDQHQWVRQW�XWLOLVpHV�SRXU�OH�FDOFXO�GHV�GLPHQVLRQV�GH�FDQDO�QpFHVVDLUHV�SRXU�pFRXOHU�XQH�FHUWDLQH�TXDQWLWp�GHIOXLGH�
'DQV� OH� FDV� FRQWUDLUH�� V©LO� H[LVWH� XQH� YDULDWLRQ� QRQ� QpJOLJHDEOH� G
XQH� GHV� YDULDEOHV� LQGLTXpHV�� OHVH[SUHVVLRQV� SRXU� XQ� UpJLPH� WUDQVLWRLUH� GRLYHQW� rWUH� XWLOLVpHV�� &©HVW� ELHQ� HQWHQGX� OH� FDV� SRXU� ODFRPPDQGH��FDU�LO�HVW�TXHVWLRQ�GH��JpUHU�GHV�YDULDWLRQV�GH�GpELW�HW�QLYHDX�
���������9DULDELOLWp�GH�O
pFRXOHPHQW�GDQV�O
HVSDFH
'H� PrPH� TXH� GDQV� OH� FDV� GH� OD� YDULDELOLWp� GDQV� OH� WHPSV�� O
pFRXOHPHQW� GDQV� XQ� FDQDO� YDULHJpQpUDOHPHQW�GDQV�O
HVSDFH��F
HVW�j�GLUH�TXH�OD�SURIRQGHXU�G
HDX� K Q
HVW�SDV�OD�PrPH�GDQV�WRXWHV�OHVVHFWLRQV� GX� FDQDO�� SULQFLSDOHPHQW� HQ� UDLVRQ� GH� OD� YDULDWLRQ� JpRPpWULTXH� G
XQH� VHFWLRQ� j� XQH� DXWUH�)LJXUH� ������0DLV� LO� HVW� GH� PrPH� SRVVLEOH� GH� FRQVLGpUHU� FHV� YDULDWLRQV� FRPPH� QpJOLJHDEOHV� GDQVFHUWDLQHV�FRQGLWLRQV�
3OXV�SUpFLVpPHQW� O
pFRXOHPHQW�HVW�FRQVLGpUp�FRPPH�XQLIRUPH�VL� OD�YDULDWLRQ�GH� OD�SURIRQGHXU� K HVWQpJOLJHDEOH�G
XQH�VHFWLRQ�j�XQH�DXWUH�GX�FDQDO��3RXU�XQH�FDUDFWpULVDWLRQ� WKpRULTXH�VWULFWH�� LO�V
DJLW�GXFDV�R��OD�SHQWH�GX�IRQG�QH�YDULH�SDV��HW�TXH�OD�VXUIDFH�OLEUH�GX�IOXLGH�HVW�SDUDOOqOH�DX�IRQG�GX�FDQDO�
'DQV� OH� FDV� FRQWUDLUH� VL� OD� YDULDWLRQ� GH� OD� SURIRQGHXU� K Q
HVW� SDV� QpJOLJHDEOH� O
pFRXOHPHQW� HVW� QRQSHUPDQHQW�RX�YDULp��HW�GDQV�FH�FDV�OD�VXUIDFH�OLEUH�GX�IOXLGH�Q
HVW�SDV�SDUDOOqOH�DX�IRQG�GX�FDQDO�

XQLIRUPH QRQ�XQLIRUPH XQLIRUPH XQLIRUPHQRQ�XQLIRUPHJUDGXHO�GpFpO� UDSLGH JUDGXHO�GpFpO� UDSLGH�GpFpO� UDSLGH�DFFpOpUp
GHYHUVRLU UHVVDXW FKXWH

)LJXUH����� (FRXOHPHQWV�SHUPDQHQWV3RXU�XQ�pFRXOHPHQW�QRQ�XQLIRUPH�� ORUVTXH� OD�YDULDWLRQ�G
XQH�VHFWLRQ�j�O
DXWUH�HVW�SHWLWH� O
pFRXOHPHQWHVW�GLW�JUDGXHOOHPHQW�YDULp��HW�GDQV�FH�FDV�LO�SRVVLEOH�GH�FRQVLGpUHU�TXH�O
pFRXOHPHQW�HVW�TXDVL�XQLIRUPHGDQV�XQ�SHWLW� WURQoRQ�GH�FDQDO��4XDQG� OD�YDULDWLRQ�GH� OD�SURIRQGHXU�HVW� UDSLGH��FH�TXL� VH�SURGXLW� HQJpQpUDO�DX�YRLVLQDJH�G
XQH�GLVFRQWLQXLWp� �GpYHUVRLU�� FKDQJHPHQW�EUXVTXH�GH�SHQWH��� O
pFRXOHPHQW� HVWUDSLGHPHQW�YDULp�
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���������5pJLPHV�G
pFRXOHPHQW
/H� UpJLPH� G
pFRXOHPHQW� GDQV� XQ� FDQDO� j� VXUIDFH� OLEUH� GpSHQG� GHV� IRUFHV� PLVHV� HQ� £XYUH� GDQV� OHPRXYHPHQW�GX�IOXLGH��&HV�IRUFHV�VRQW��
� 8QH�IRUFH�TXL�HQJHQGUH�OH�PRXYHPHQW���OD�IRUFH�GH�JUDYLWp�
� 'HX[�IRUFHV�TXL�V
RSSRVHQW�DX�PRXYHPHQW���OHV�IRUFHV�G
LQHUWLH�HW�GH�IURWWHPHQW�
/D� FODVVLILFDWLRQ� GX� UpJLPH� G
pFRXOHPHQW� VH� SURGXLW� VXLYDQW� OD� YDOHXU� REWHQXH� SRXU� GHX[� QRPEUHVDGLPHQVLRQQHOV��TXL�IRQW�OH�UDSSRUW�HQWUH�OHV�IRUFHV�HQJHQGUpHV�GDQV�OH�PRXYHPHQW�G
XQ�IOXLGH��
� /H�1RPEUH�GH�)URXGH��TXL�HVW�XQ�UDSSRUW�HQWUH�OHV�IRUFHV�GH�JUDYLWp�HW�OHV�IRUFHV�G
LQHUWLH��,O�V
pFULWHQ�JpQpUDO�SRXU�XQ�FDQDO�j�VXUIDFH�OLEUH�FRPPH��

K
K J'8J'8)U   UU � �����

/D� YDOHXU� GX� QRPEUH� GH� )URXGH� SHUPHW� GH� IDLUH� XQH� FODVVLILFDWLRQ� GX� UpJLPH� G
pFRXOHPHQW� HQIDLVDQW� OH� UDWLR� HQWUH� OD� YLWHVVH� G
pFRXOHPHQW� HW� XQ� LQGLFDWLI� GH� OD� VHFWLRQ� GX� FDQDO�� FDU� SRXU� XQPrPH�FDQDO� LO� HVW�SRVVLEOH�G
REWHQLU�XQ�PrPH�GpELW�DYHF�GHX[�YLWHVVHV�GLIIpUHQWHV�� VHORQ�TXH� OHUpJLPH� HVW� WRUUHQWLHO� RX� IOXYLDO�� VDXI� GDQV� OH� FDV� FULWLTXH� RX� OHV� YDOHXUV� VH� UHMRLJQHQW�� /DFODVVLILFDWLRQ�HVW�OD�VXLYDQWH��
x (FRXOHPHQW�IOXYLDO�SRXU� ��)U ��SHWLWH�YLWHVVH�HW�JUDQGH�VHFWLRQ�SRXU�XQ�GpELW�4 �
x (FRXOHPHQW�FULWLTXH�SRXU� � )U ��XQH�VHXOH�YLWHVVH�HW�VHFWLRQ�SRVVLEOH�SRXU�XQ�GpELW�4 �
x (FRXOHPHQW�WRUUHQWLHO�SRXU� �!)U ��JUDQGH�YLWHVVH�HW�SHWLWH�VHFWLRQ�SRXU�XQ�GpELW�4 �

� /H�QRPEUH�GH�5H\QROGV��TXL�HVW�XQ�UDSSRUW�HQWUH�OHV�IRUFHV�GH�IURWWHPHQW�HW�OHV�IRUFHV�G
LQHUWLH��,OV
pFULW�HQ�JpQpUDO�SRXU�XQ�FDQDO�D�VXUIDFH�OLEUH�FRPPH��
� �� � QPUP U 858558 585H KK

K
K ���� �    �����

$YHF��P  �YLVFRVLWp�G\QDPLTXH�HW�Q  �YLVFRVLWp�FLQpPDWLTXH�
/H�QRPEUH�GH�5H\QROGV�SHUPHW�GH�IDLUH�XQH�FODVVLILFDWLRQ�GX�UpJLPH�G
pFRXOHPHQW�HQ�IDLVDQW�XQUDWLR� HQWUH� OHV� GHX[� IRUFHV� V
RSSRVDQW� DX� PRXYHPHQW� GX� IOXLGH�� O
LQHUWLH� HW� OH� IURWWHPHQW�� /DFODVVLILFDWLRQ�HVW�OD�VXLYDQWH�

x (FRXOHPHQW�ODPLQDLUH�SRXU� �����5H ��WUqV�UDUH�GDQV�GHV�FDV�UpHOV�
x 5pJLPH�GH�WUDQVLWLRQ�SRXU� �������� �� 5H �
x (FRXOHPHQW�WXUEXOHQW�SRXU� ����!5H �



&KDSLWUH����6\VWqPHV�GH�GLVWULEXWLRQ�G·HDX�

(TXLSH�*6<6��/DERUDWRLUH�G
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��
�������0RGqOHV�PDWKpPDWLTXHV
3RXU� OD� FRPPDQGH� GH� FDQDX[� RXYHUWV� LO� HVW� QpFHVVDLUH� G
DYRLU� XQ� PRGqOH� PDWKpPDWLTXH� SRXU� XQpFRXOHPHQW�XQLGLPHQVLRQQHO�QRQ�SHUPDQHQW��JUDGXHOOHPHQW�YDULp��,O�H[LVWH�SOXVLHXUV�SRVVLELOLWpV�SRXUREWHQLU� XQ� PRGqOH� VRXV� FHV� FRQGLWLRQV�� HW� GHX[� FODVVLILFDWLRQV� VRQW� LFL� SRVVLEOHV� �� 8QH� SUHPLqUHFODVVLILFDWLRQ�VXLYDQW�OD�PpWKRGH�G
REWHQWLRQ�GX�PRGqOH��RQ�SDUOH�LFL�GH�PRGqOH�GH�UHSUpVHQWDWLRQ�RX�GHPRGqOH� GH� FRQQDLVVDQFH��(W� OD� GHX[LqPH� FODVVLILFDWLRQ� VXLYDQW� OH� W\SH� GH� UHSUpVHQWDWLRQ� VSDWLDOH� GXPRGqOH��RQ�SDUOH�LFL�GH�PRGqOH�GH�GLPHQVLRQ�LQILQLH�RX�GH�PRGqOH�GH�GLPHQVLRQ�ILQLH�
���������&ODVVLILFDWLRQ�VXLYDQW�OD�PpWKRGH�G
REWHQWLRQ
0RGqOH�GH�UHSUpVHQWDWLRQ
8Q� PRGqOH� GH� UHSUpVHQWDWLRQ� �ERvWH� QRLUH�� HVW� XQ� PRGqOH� GX� V\VWqPH� REWHQX� SDU� LGHQWLILFDWLRQ� GXSURFHVVXV�j�FRQWU{OHU��8Q�PRGqOH�GH�FH� W\SH�SRVVqGH� O
DYDQWDJH�G
rWUH�VLPSOH��GRQF� LO�HVW�HQ�JpQpUDOIDFLOH�j�XWLOLVHU�SRXU�OD�FRPPDQGH��3DU�FRQWUH�OHV�SDUDPqWUHV�XWLOLVpV�Q
RQW�SDV�GH�VHQV�SK\VLTXH��VRQGRPDLQH�G
DSSOLFDWLRQ�HVW�HQ�JpQpUDO�UHVWUHLQW�j�GHV�V\VWqPHV�GRQW�OD�G\QDPLTXH�SHXW�rWUH�DSSURFKpHSDU�GHV�PRGqOHV� VLPSOHV�� HW� OD�SUpFLVLRQ�HVW� VRXYHQW� OLPLWpH�� FH� TXL� HVW� OH� FDV� SRXU� OHV� V\VWqPHV� GHFDQDX[�RXYHUWV�
,O� H[LVWH� SOXVLHXUV� WUDYDX[� GH� FRPPDQGH� GH� FDQDX[� G©LUULJDWLRQV� EDVpV� VXU� GHV� PRGqOHV� GHUHSUpVHQWDWLRQ�RQ�WURXYH�SDU�H[HPSOH���/HV�WUDYDX[�GH�>%HDXPH�����@�RX�XQ�PRGqOH�GH�UHSUpVHQWDWLRQSRXU�XQ�FDQDO�HVW�REWHQX�D�SDUWLU�GH�O
LGHQWLILFDWLRQ�GH�IRQFWLRQV�GH�WUDQVIHUW�HQWUpHV�VRUWLHV�GX�V\VWqPHSULVHV�HQ�IRUPH�GpFRXSOp��HW�EDVpHV�VXU�XQH�IRUPH�FDQRQLTXH�GH�O
HVSDFH�G
pWDW��&H�PRGqOH�j�pWp�XWLOLVpj�OD�VXLWH�SDU�>.RVXWK�����@�SRXU�OD�FRPPDQGH�RSWLPDOH�GH�FDQDX[��2Q�SHXW�FLWHU�DXVVL�OHV�WUDYDX[�GH>(O)DZDO� HW� *HRUJHV�����@� R�� HVW� UpDOLVpH� XQH� PRGpOLVDWLRQ� PL[WH� EDVpH� VXU� XQH� LGHQWLILFDWLRQUpFXUVLYH�GHV�G\QDPLTXHV�GX�ELHI�SDU�ILOWUH�GH�.DOPDQ��DYHF�XQ�PRGqOH�SRO\QRPLDO�GH�W\SH�$5;��MRLQWj�GHV�PRGqOHV�GH�FRQQDLVVDQFH� VXU� OHV� DXWUHV� pOpPHQWV� GX� FDQDO��7RXW� FHOD� SRXU� OD�PRGpOLVDWLRQ� GXFDQDO� GH� OD� %RXUQH�� 3DU� OD� VXLWH� >(O)DZDO�����@� D� GpYHORSSp� GHV� PRGqOHV� GH� UHSUpVHQWDWLRQSRO\QRPLDX[�GH�W\SH�$5;�HW�$50$;��SRXU�FH�PrPH�FDQDO�GH�OD�%RXUQH��SDU�LGHQWLILFDWLRQ�DYHF�XQHPpWKRGH� GH� PLQLPLVDWLRQ� G
HUUHXU� GH� SUpGLFWLRQ�� XQH� PpWKRGH� GH� YDULDEOHV� LQVWUXPHQWDOHV�� XQHPpWKRGH�UpFXUVLYH�GH�ILOWUH�GH�.DOPDQ�HW�XQH�PpWKRGH�GH�VRXV�HVSDFHV��,O�HVW�DXVVL�GpYHORSSp�VXU�FHWUDYDLO�XQ�PRGqOH�GH� UHSUpVHQWDWLRQ�QRQ� OLQpDLUH�GH� W\SH�1$5;��8Q�DXWUH� WUDYDLO� j� FLWHU�HW�FHOXL�GH>/LWULFR�����@�R�� LO� HVW� SURSRVp� XQ�PRGqOH� GH� UHSUpVHQWDWLRQ� QRQ� OLQpDLUH� SRXU� XQ� V\VWqPH�EDUUDJH�ULYLqUH�� HQ� XWLOLVDQW� XQH�PpWKRGH� G
LGHQWLILFDWLRQ� SDU�PLQLPLVDWLRQ� GH� O
HUUHXU� GH� VRUWLH�� LQVSLUpH� GHVPpWKRGHV�G
RSWLPLVDWLRQ�SDU�UHOD[DWLRQ�
0RGqOH�GH�FRQQDLVVDQFH
8Q�PRGqOH�GH�FRQQDLVVDQFH�HVW�XQ�PRGqOH�REWHQX�j�SDUWLU�GHV�ORLV�SK\VLTXHV�GX�V\VWqPH�� ,O�SRVVqGHO
DYDQWDJH� TXH� VHV� SDUDPqWUHV� RQW� XQ� VHQV� SK\VLTXH�� GRQF� SUpVHQWH� GHV� LQIRUPDWLRQV� ULFKHV� HW� XQ



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
GRPDLQH� GH� YDOLGLWp� HQ� JpQpUDO� ODUJH�� 3DU� FRQWUH� FHV�PRGqOHV� VRQW� HQ� JpQpUDO� WUqV� FRPSOH[HV�� GRQFG
XWLOLVDWLRQ�GLIILFLOH��'H�IDLW�FHV�PRGqOHV�VRQW�HQ�SUDWLTXH�VLPSOLILpV�HQ�SRVDQW�FHUWDLQHV�UHVWULFWLRQV�GHIRQFWLRQQHPHQW���FH�TXL�OHXU�IDLW�SHUGUH�XQH�SDUWLH�GX�GRPDLQH�G
DSSOLFDWLRQ�HW��GDQV�OD�SOXSDUW�GHV�FDV�XQH�SDUWLH�GH�OHXU�SUpFLVLRQ�
/H�PRGqOH�GH�FRQQDLVVDQFH�HVW��SRXU�OHV�FDQDX[�RXYHUWV�HQ�UpJLPH�QRQ�SHUPDQHQW��FHOXL�GHV�pTXDWLRQVGH� %DUUp� GH� 6DLQW�9HQDQW� >6DLQW�9HQDQW�� ����@�� &H� VRQW� GHV� pTXDWLRQV� DX[� GpULYpHV� SDUWLHOOHV�K\SHUEROLTXHV��QRQ�OLQpDLUHV��GX�SUHPLHU�RUGUH��,O�H[LVWH�XQH�PXOWLWXGH�GH�WUDYDX[�VXU�OH�VXMHW�GRQW�ODSULQFLSDOH�GLIIpUHQFH�HVW�OD�PpWKRGH�XWLOLVpH�SRXU�UpVRXGUH�FHV�pTXDWLRQV�HW�OHV�YDULDEOHV�FKRLVLHV��2QSHXW�FLWHU� LFL�TXHOTXHV�RXYUDJHV�TXL�SUpVHQWHQW�GHV�YHUVLRQV� OpJqUHPHQW�GLIIpUHQWHV�GHV�pTXDWLRQV�GH6DLQW�9HQDQW�DLQVL�TXH�OHV�PpWKRGHV�FODVVLTXHV�GH�UpVROXWLRQ�>&XQJH��HW�DO������@�>*UDI�HW�$OWLQDNDU����@�� 4XHOTXHV� PRGqOHV� GpYHORSSpV� j� SDUWLU� GH� VROXWLRQV� GH� FHV� pTXDWLRQV� VRQW� SUpVHQWpV� GDQV>6WUHONRII�����@�DYHF�XQ�PRGqOH�QXPpULTXH�REWHQX�SDU�GLIIpUHQFHV�ILQLHV��>.HXQLQJ������@�HW�>&ROOH\HW�0RLQ� ����@� DYHF� GHV� PRGqOHV� REWHQXV� SDU� GHV� PpWKRGHV� G
pOpPHQW� ILQLV�� >.DWDSRGHV� ����@� TXLXWLOLVH� XQ� VFKpPD� GLVVLSDWLI� GH� *DOHUNLQ�� >$ODP� HW� %KXL\DQ� ����@� TXL� XWLOLVHQW� XQH� PpWKRGH� GHFROORFDWLRQ� SDU� pOpPHQWV� ILQLV� HW� HQILQ� >%DXPH� HW� 0DODWHUUH� ����@� TXL� XWLOLVHQW� XQ� VFKpPD� GHGLIIpUHQFHV�ILQLV�LPSOLFLWH�GH�3UHLVVPDQQ�SRXU�GpYHORSSHU�XQ�PRGqOH�SDU�UHSUpVHQWDWLRQ�G
pWDW�OLQpDLUH�
,O� HVW� SRVVLEOH� DXVVL� GH� FRQVWUXLUH� GHV�PRGqOHV� DSSUR[LPDWLIV� GX� V\VWqPH�� FH� TXL� SHXW� rWUH� IDLW� SDUDQDORJLH�DYHF�XQ�DXWUH�V\VWqPH�FRPPH�O
pTXDWLRQ�GH�%XUJHU�SDU�H[HPSOH�>2QL]XND�HW�1LL�2GDL�����@RX� G
DXWUHV� PpWKRGHV� FRXUDQWHV� HQ� DXWRPDWLTXH� WHOOHV� TXH� OD� WUDQVIRUPpH� GH� /DSODFH>6FKXXUPDQV�����D@�RX�OHV�UpVHDX[�GH�3HWUL�>&RUULJD�HW�DO�����@�
���������&ODVVLILFDWLRQ�VXLYDQW�OH�W\SH�GH�UHSUpVHQWDWLRQ�VSDWLDOH
0RGqOH�GH�GLPHQVLRQ�LQILQLH
8Q�PRGqOH� GH� GLPHQVLRQ� LQILQLH� HVW� XQ�PRGqOH� TXL� UHSUpVHQWH� OH� V\VWqPH� G
XQH� IDoRQ� FRQWLQXH� VXUWRXWH�VD�GLPHQVLRQ�VSDWLDOH��OD�ORQJXHXU�GDQV�OH�FDV�G
XQ�FDQDO�G
LUULJDWLRQ��/H�PRGqOH�SUHQG�HQ�JpQpUDOOD� IRUPH�G
pTXDWLRQV�DX[�GpULYpHV�SDUWLHOOHV��FRPPH�SDU�H[HPSOH� OHV� pTXDWLRQV�GH�6DLQW�9HQDQW��'HIDLW� OHV� pTXDWLRQV� GH� 6DLQW�9HQDQW� RQW� GpMj� IDLW� O
REMHW� G
DSSURFKHV� HQ� GLPHQVLRQ� LQILQLH� SRXU� ODFRPPDQGH�>&RURQ�����@�>&KHQ�����@�
0RGqOH�GH�GLPHQVLRQ�ILQLH
8Q� PRGqOH� GH� GLPHQVLRQ� ILQLH� HVW� XQ� PRGqOH� TXL� UHSUpVHQWH� OH� V\VWqPH� GH� IDoRQ� GLVFUqWH� VXU� ODGLPHQVLRQ� VSDWLDOH�� OD� ORQJXHXU� SRXU� XQ� FDQDO� G
LUULJDWLRQ�� (Q� G
DXWUHV� WHUPHV�� LO� UHSUpVHQWH� OHVYDULDEOHV�GX�FDQDO�HQ�GHV�SRLQWV�SUpFLV��UpSDUWLV�VXU�WRXWH�VD�ORQJXHXU��/HV�PRGqOHV�GH�GLPHQVLRQ�ILQLHVRQW�HQ�JpQpUDO�GHV� WUDQVIRUPDWLRQV�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW�j� O
DLGH�GH�PpWKRGHV�QXPpULTXHVWHOOHV� TXH� OHV� GLIIpUHQFHV� ILQLHV�� OHV� pOpPHQWV� ILQLV� RX� OHV� UpVLGXV� SRQGpUpV�� TXHOTXHV� H[HPSOHV� GHPRGqOHV� GH� GLPHQVLRQ� ILQLH� LVVXV� GH� FHV�PpWKRGHV� RQW� pWp� FLWpV� DX� SDUDJUDSKH� VXU� OHV� PRGqOHV� GH



&KDSLWUH����6\VWqPHV�GH�GLVWULEXWLRQ�G·HDX�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
FRQQDLVVDQFH��6XU� O
XWLOLVDWLRQ�GH�PRGqOHV�GH�GLPHQVLRQ� ILQLH�SRXU� OD� FRPPDQGH� OD�PpWKRGH� OD�SOXVFRXUDPPHQW� XWLOLVpH� HW� FHOOH� GHV� GLIIpUHQFHV� ILQLHV� WDQW� GDQV� VD� YHUVLRQ� H[SOLFLWH�� RX� RQ SHXW� FLWHU>%DORJXQ�HW�+XEEDUG�����@�>5HGG\�����@��TXH�GDQV�VD�YHUVLRQ�LPSOLFLWH�DYHF�O
XWLOLVDWLRQ�GX�VFKpPDGH�3UHLVVPDQQ�>.KDODGL�����@�>0DODWHUUH�����@�
�����(48$7,216�'(�%$55(�'(�6$,17�9(1$17
/H�PRGqOH�FKRLVL�GDQV�FH�WUDYDLO�HVW�OH�PRGqOH�GH�FRQQDLVVDQFH�GX�V\VWqPH�j�SDUWLU�GHV�pTXDWLRQV�GH%DUUp�GH�6DLQW�9HQDQW�>6DLQW�9HQDQW�����@��/D�IRUPXODWLRQ�GH�FHV�pTXDWLRQV�YLHQW�GH�O
DSSOLFDWLRQ�GHGHX[�ORLV�GH�OD�PpFDQLTXH�GHV�IOXLGHV��

� /D�FRQVHUYDWLRQ�GH�OD�PDVVH��FRXUDPPHQW�DSSHOpH�pTXDWLRQ�GH�FRQWLQXLWp�
� /D�FRQVHUYDWLRQ�GH�OD�TXDQWLWp�GH�PRXYHPHQW��FRXUDPPHQW�DSSHOpH�pTXDWLRQ�G\QDPLTXH�

&HV�pTXDWLRQV�VRQW�REWHQXHV�VRXV�OHV�K\SRWKqVHV�VXLYDQWHV��
� /
pFRXOHPHQW�HVW�PRQR�GLPHQVLRQQHO�
� /D�SHQWH�GX�FDQDO�HVW�IDLEOH�
� /D�GHQVLWp�GH�O
HDX�� U ��HVW�FRQVLGpUpH�FRQVWDQWH�
� /D�UpSDUWLWLRQ�GH�SUHVVLRQ�HVW�K\GURVWDWLTXH�
� /HV�HIIHWV�GH�OD�YLVFRVLWp�LQWHUQH�VRQW�QpJOLJHDEOHV�SDU�UDSSRUW�DX[�IURWWHPHQWV�H[WHUQHV�

,O�H[LVWH�SOXVLHXUV�IRUPXODWLRQV�SRVVLEOHV�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW�VXLYDQW�OHV�YDULDEOHV�FKRLVLHV�HW�WHUPHV�SULV�HQ�FRPSWH��/HV�SOXV�UHSUpVHQWDWLYHV�VRQW�FHOOHV�HQ�YLWHVVH�HW�HQ�GpELW�SUpVHQWpV�FL�DSUqV�
�������)RUPXODWLRQ�HQ�YLWHVVH
/D� IRUPXODWLRQ� HQ� YLWHVVH� FRPPH� VRQ� QRP� O©LQGLTXH�� HVW� XQH� IRUPXODWLRQ� TXL� SUHQG� HQ� FRPSWH� ODYLWHVVH�HW�OD�VHFWLRQ�FRPPH�YDULDEOHV�SULQFLSDOHV��'DQV�FH�FDV�OHV�pTXDWLRQV�VRQW �
(TXDWLRQ�GH�FRQWLQXLWp��� � � � � � � � � � � ������  ww�ww�ww W W[K%[ W[6W[8[ W[8W[6 �����
(TXDWLRQ�G\QDPLTXH���� � � � � � � � � � � � � �� �W[6W[8-[ W[][ W[K[ W[8J W[8W W[8J ��������� �ww ww�ww�ww �����
$YHF � W ��YDULDEOH�GX�WHPSV�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
[ ��YDULDEOH�G
HVSDFH�GDQV�OH�VHQV�GH�O
pFRXOHPHQW�
6 ��VHFWLRQ�WUDQVYHUVDOH
- �� 7HUPH� G©LQWURGXFWLRQ� GHV� IRUFHV� GH� IURWWHPHQW� �VHUD� WUDLWp� HQ� GpWDLOSRVWpULHXUHPHQW�] ��FRWH�DEVROXH�GH�OD�VXUIDFH�K ��QLYHDX�G
HDX�DX�IRQG�GX�FDQDO��RX�WLUDQW�G
HDX��YRLU�)LJXUH������J ��DFFpOpUDWLRQ�GH�JUDYLWp�
8 ��YLWHVVH�G
pFRXOHPHQW�

K6% ww ��/DUJHXU�GX�FDQDO
&HV�pTXDWLRQV�SHXYHQW�VH�VLPSOLILHU��SRXU�PRGpOLVHU�XQH�SDUWLH�RX�FRQGLWLRQ�SDUWLFXOLqUH�G
pFRXOHPHQW�$LQVL�LO�HVW�SRVVLEOH�GH�VFKpPDWLVHU�VXU�O
pTXDWLRQ�G\QDPLTXH�>*UDI�HW�$OWLQDNDU������@��GLIIpUHQWV�FDV��

-[][K[8J8W8J �ww ww�ww�ww�
2QGH�FLQpPDWLTXH2QGH�GLIIXVLYH2QGH�G\QDPLTXH�TXDVL�SHUPDQHQWH2QGH�G\QDPLTXH2QGH�VLPSOH

�����

�������)RUPXODWLRQ�HQ�GpELW
/D�IRUPXODWLRQ�HQ�GpELW�FRPPH�VRQ�QRP�O©LQGLTXH��HVW�XQH�IRUPXODWLRQ�TXL�SUHQG�HQ�FRPSWH�OH�GpELW�HWOD�VHFWLRQ�FRPPH�YDULDEOHV�SULQFLSDOHV��'DQV�FH�FDV�OHV�pTXDWLRQV�VRQW �
(TXDWLRQ�GH�FRQWLQXLWp�� � � � � ���  ww�ww [ W[4W W[6 �����
(TXDWLRQ�G\QDPLTXH���� � � � � �� � � � � � � � � � � � � � � �� �W[6W[4-W[6[ W[]W[6[ W[KW[6[ W[6W[4JW W[4J �������������� � � ww�ww�ww�ww �����
$YHF � 4 ��'pELW
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
,O� HVW� SRVVLEOH� G©DMRXWHU� j� FHV� pTXDWLRQV� XQ� WHUPH� TXL� SUHQG� HQ� FRPSWH� O©LQILOWUDWLRQ� �T �>0DODWHUUH�����@�HW�GH�Q
XWLOLVHU�TXH�GHV�pOpPHQWV�GH�QLYHDX[�UHODWLIV�DX�IRQG�GX�FDQDO��'DQV�FH�FDV�OHVpTXDWLRQ�SHXYHQW�V©pFULUH�FRPPH �
(TXDWLRQ�GH�FRQWLQXLWp��� � � � � � �WT[ W[4W W[6  ww�ww �� ������
(TXDWLRQ�G\QDPLTXH���� � � � � �� � � � � � � � � �� � � � � �W[9WTNW[6W[4-,[ W[KW[J6[ W[6W[4W W[4 T ���������� �  ¹̧·©̈§ ��ww�ww�ww ������
&DU �

,[K[][K[] IRQG �ww ww�ww ww ������
$YHF � T ��GpELW�ODWpUDO�SDU�XQLWp�GH�ORQJXHXU��� �!T SRXU�DSSRUWV�� ��T SRXU�SHUWHV�

9 ��YLWHVVH�GH�O
pFRXOHPHQW�� 649  
� TN VL� �!T �� HW� � T. VL� ��T �� ,O� HVW� VXSSRVp� DLQVL� TXH� OHV� DSSRUWV� VRQWSHUSHQGLFXODLUHV�DX�VHQV�GH�O
pFRXOHPHQW�HW�Q
DSSRUWHQW�SDV�GH�TXDQWLWp�GH�PRXYHPHQW�SOXLH� SDU� H[HPSOH��� HW� TXH� OHV� SHUWHV� VRQW� SDUDOOqOHV� DX� VHQV� GH� O
pFRXOHPHQW� HWGLPLQXHQW�OD�TXDQWLWp�GH�PRXYHPHQW��LQILOWUDWLRQ�HW�pYDSRUDWLRQ�SDU�H[HPSOH��, �� 3HQWH� GH� IRQG�GX� FDQDO� �GRQW� OH� VLJQH� ���� GDQV� O
pTXDWLRQ� LQGLTXH� OH� IDLW� TXH� ODSHQWH�HVW�QpJDWLYH��F
HVW�j�GLUH�TXH�SDU�OD�VXLWH� , HVW�SRVLWLI�TXDQG�OH�FDQDO�GHVFHQG��

'©DXWUH�SDUW�� HW� YX�TXH� OD�SOXSDUW�GHV� FDQDX[�G©LUULJDWLRQ� VRQW�SULVPDWLTXHV�� LO� HVW� DXVVL� SRVVLEOH� GHVLPSOLILHU�FHV�pTXDWLRQV�HQ�VSpFLILDQW� OD� VHFWLRQ� WUDQVYHUVDOH�GX�FDQDO�� VL�FHOOH�FL�HVW� UpJXOLqUH��$LQVLSDU�H[HPSOH�SRXU�XQ�FDQDO�UHFWDQJXODLUH�OHV�pTXDWLRQV�GH�6DLQW�9HQDQW�SHXYHQW�V©pFULUH��
(TXDWLRQ�GH�FRQWLQXLWp��� � � � � � �WT[ W[4W W[K%  ww�ww �� ������
(TXDWLRQ�G\QDPLTXH���
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�������7HUPH�GH�IURWWHPHQW
/H�WHUPH�GH�IURWWHPHQW� - SHXW�rWUH�pYDOXp�GH�GLYHUVHV�IDoRQV��
� (TXDWLRQ�GH�:HLVEDFK�'DUF\��WUqV�XWLOLVpH�SRXU�GHV�VHFWLRQV�FLUFXODLUHV��

J85I- K ��� � ������
$YHF�g FRHIILFLHQW�GH�IURWWHPHQW��TXL�GpSHQG�GX�QRPEUH�GH�5H\QROGV�HW�GH�OD�UXJRVLWp�UHODWLYH���,OSHXW�rWUH�REWHQX�DYHF� OH�GLDJUDPPH�GH�0RRG\�6WDQWRQ�RX��SRXU� OHV�pFRXOHPHQWV� WXUEXOHQWV��SDUO
pTXDWLRQ�GH�&ROHEURRN�HW�:KLWH�>*UDI�HW�$OWLQDNDU������@�

� (TXDWLRQ�GH�&Kp]\��
J85&J- K ���� �

� ������
$YHF�& FRHIILFLHQW�GH�&Kp]\�TXL�SHXW�rWUH�FDOFXOp�DYHF�OHV�IRUPXOHV�GH�%D]LQ�RX�FHOOH�GH�.XWWHU��� �KN 5P& � � ��� ������
/H�FRHIILFLHQW�GH�.XWWHU� NP GpSHQG�GH�OD�UXJRVLWp�GHV�SDURLV��HW�GRQF�GX�PDWpULHO��YRLU�7DEOHDX�����

� (TXDWLRQ�GH�0DQQLQJ�6WULFNOHU��
��� Q5 88- K ������

$YHF� Q FRHIILFLHQW�GH�0DQQLQJ�� NQ � �� N FRHIILFLHQW�GH�6WULFNOHU���OH�FRHIILFLHQW�GH�0DQQLQJGpSHQG�GH�OD�UXJRVLWp�GHV�SDURLV��YRLU�7DEOHDX������
&HWWH�pTXDWLRQ�SHXW�V©pFULUH�DXVVL��SRXU�XQH�IRUPXODWLRQ�HQ�GpELW��FRPPH �

���
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2X�HQ�XWLOLVDQW�OH�FRHIILFLHQW�GH�6WULFNOHU�FRPPH �
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(QILQ�HOOH�SHXW�V
pFULUH�HQ�XWLOLVDQW�OD�GpELWDQFH�GX�FDQDO��. ��FRPPH�VXLW��

�.88-  ������
$YHF��� 6N5. K �� 

�������&RQGLWLRQV�DX[�OLPLWHV�HW�FRQGLWLRQV�LQLWLDOHV
$� FHV� pTXDWLRQV� LO� IDXW� DMRXWHU� OHV� FRQGLWLRQV� OLPLWHV� HW� FRQGLWLRQV� LQLWLDOHV�� /HV� FRQGLWLRQV� OLPLWHVH[SULPHQW�OHV�SURILOV�WHPSRUDLUHV�GHV�YDULDEOHV�DX[�YDOHXUV�H[WUrPHV�GHV�FRRUGRQQpHV�VSDWLDOHV��HW�OHVFRQGLWLRQV�LQLWLDOHV�H[SULPHQW�OHXUV�SURILOV�VSDWLDX[�j�O
LQVWDQW�LQLWLDO�
3RXU� OHV� pTXDWLRQV� GH� 6DLQW�9HQDQW�� HW� GDQV� GHV� FRQGLWLRQV� SK\VLTXHV� UpHOOHV�� LO� H[LVWH� SOXVLHXUVSRVVLELOLWpV�SRXU�OHV�FRQGLWLRQV�OLPLWHV��QRWDPPHQW�VHORQ�OH�UpJLPH �
3RXU� XQ� FDQDO� j� SHQWH� IDLEOH� �UpJLPH� IOXYLDO�� RQ� GRLW� XWLOLVHU� XQH� FRQGLWLRQ� OLPLWH� j� O
DYDO� HW� XQHFRQGLWLRQ�OLPLWH�j�O
DPRQW��HW�GRQF�TXDWUH�SRVVLELOLWpV�VH�SUpVHQWHQW��� � ����� ���� � W4W/[4 W4W[4

Q    RX� � � ����� ���� � WKW/[K W4W[4
Q    RX�� � � ����� ���� � W4W/[4 WKW[K

Q    RX� � ����� ���� � WKW/[K WKW[K
Q    ������

3RXU�XQ�FDQDO�j�IRUWH�SHQWH��UpJLPH�WRUUHQWLHO��RQ�GRLW�XWLOLVHU�GHX[�FRQGLWLRQV�OLPLWHV�j�O
DPRQW��FDU�ODFRQGLWLRQ�DYDO�QH�SHXW�SDV�VH�WUDQVPHWWUH�GDQV�OH�FDQDO�YHUV�O
DPRQW��GDQV�FH�FDV�OD�VHXOH�SRVVLELOLWp�HVW�� � ������ ����
�
� WKW[K W4W[4     ������

3RXU�OHV�FRQGLWLRQV�LQLWLDOHV��RQ�SRVH �� � � �� � � � > @/[4[4 K[K ����� ��� ��  ������
�������3ULVHV�/DWpUDOHV
/HV� FDQDX[� G
LUULJDWLRQ� VRQW� VRXYHQW� VXMHW� j� GHV� SULVHV� G
HDX� ODWpUDOHV� �)LJXUH� ����� DXVVL� DSSHOpHVFRQGLWLRQV�OLPLWHV�LQWHUQHV��FH�TXL�SHUPHW�OD�GLVWULEXWLRQ�GH�O
HDX�DX[�XWLOLVDWHXUV�
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&DQDO�3ULQFLSDO
&DQDO�6HFRQGDLUH
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3RXU� PRGpOLVHU� FHV� SULVHV� LO� IDXW� DMRXWHUXQH� FRQGLWLRQ� OLPLWH� LQWHUQH�� HW� VpSDUHUDLQVL� OH� V\VWqPH� G
pTXDWLRQV� HQ� GHX[SDUWLHV�� 'DQV� FH� FDV� DX� SRLQW� RX� LO� VHSURGXLW� OD� SULVH� RQ� DMRXWH� OHV� pTXDWLRQVVXLYDQWHV�SRXU�FRQQHFWHU�OHV�GHX[�SDUWLHV�� )LJXUH����� 3ULVH�G
HDX�ODWpUDOH
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/HV� SRLQWV� G
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8QH� LQILQLWp� GH� SRVVLELOLWpV� G©pTXLOLEUH� VH� SUpVHQWHQW� GRQF� LFL�� HW� TXHOTXHV� FDV� SDUWLFXOLHUV� VRQWLQWpUHVVDQWV��6L�O©LQILOWUDWLRQ�HVW�QXOOH��RQ�REWLHQW�OHV�FRQGLWLRQV�G
pTXLOLEUH�VXLYDQWHV �� �
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pFRXOHPHQW�HVW�XQLIRUPH��RX�OH�WLUDQW�G
HDX�HVW�FRQVWDQW� DORUV��� � � ww [[KH ������
(W�GDQV�FH�FDV�O©pTXLOLEUH�VH�IDLW�SRXU�XQ�GpELW�G
pTXLOLEUH�FRQVWDQW� H4 WHO�TXH �



&KDSLWUH����6\VWqPHV�GH�GLVWULEXWLRQ�G·HDX�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
� � ,K4- HHH  � ������

2Q�QRWHUD�TX
LO�Q
HVW�SDV�SRVVLEOH�G
DYRLU�XQ�pTXLOLEUH�DYHF�XQ�pFRXOHPHQW�XQLIRUPH�HW�XQH�LQILOWUDWLRQQRQ�QXOOH��HQ�HIIHW�GDQV�FH�FDV�OHV�pTXDWLRQV�GH�6DLQW�9HQDQW�GHYLHQQHQW��� �
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2U� FHFL� HVW� XQH� VLWXDWLRQ� LPSRVVLEOH�� FDU� OD� SUHPLqUH� pTXDWLRQ� LQGLTXH� TXH� OD� YDULDWLRQ� GX� GpELW� HVWFRQVWDQWH�pJDOH�j�T ��WDQGLV�TXH�OD�GHX[LqPH�QH�SHXW�rWUH�YpULILpH�TXH�SRXU�XQ�GpELW�FRQVWDQW��GRQF�XQHYDULDWLRQ�GX�GpELW��QXOOH�
�����2895$*(6
/HV�RXYUDJHV�VRQW� OHV�pOpPHQWV�GHV� FDQDX[�j�VXUIDFH� OLEUH�TXL�SHUPHWWHQW��/D�FRQQH[LRQ�HQWUH�GHX[FDQDX[��RX�HQWUH�XQ�FDQDO�HW�XQ�DXWUH�pOpPHQW�GX�V\VWqPH�GH�GLVWULEXWLRQ� WHO�TX
XQH�SULVH�G
HDX��XQHUpVHUYH�RX�XQH�FRQQH[LRQ�DYHF�XQ�UpVHDX�VRXV�SUHVVLRQ�
&HV� RXYUDJHV� SUpVHQWHQW� FHUWDLQHV� FDUDFWpULVWLTXHV� TXL� SHXYHQW� rWUHV� WUDGXLWHV� SDU� OHV� pTXDWLRQVG
RXYUDJH��TXL�H[SULPHQW�PDWKpPDWLTXHPHQW�OD�UHODWLRQ�HQWUH�O
pWDW�G
XQ�FHUWDLQ�RXYUDJH�HW�OH�GpELW�TXLOH� WUDYHUVH��HW�SDU�GHV�FRQGLWLRQV�GH�IRQFWLRQQHPHQW�GH�FHV�RXYUDJHV�TXL� WUDGXLVHQW�OD�IDoRQ�GRQW�XQRXYUDJH�SHXW�SDVVHU�G
XQ�pWDW�j�XQ�DXWUH�
�������(TXDWLRQ�GHV�RXYUDJHV�G
LQWHUFRQQH[LRQ�GH�ELHIV
,O�H[LVWH�SOXVLHXUV�W\SHV�G
RXYUDJHV�TXL�SHUPHWWHQW�O
LQWHUFRQQH[LRQ�GH�ELHIV�HW�OD�GLIIpUHQFH�HQWUH�HX[YD� GpSHQGUH� GHV� FDUDFWpULVWLTXHV� JpRPpWULTXHV� HW� GHV� FRQGLWLRQV� G
pFRXOHPHQW�� 2Q� SHXW� QpDQPRLQVUHSUpVHQWHU�OD�SOXSDUW�GH�FHV�RXYUDJHV�SDU�OD�)LJXUH�����
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)LJXUH����� 6FKpPD�G
RXYUDJH�WUDQVYHUVDO�GH�FDQDO/HV�RXYUDJHV�SHXYHQW�VH�FODVVLILHU�VXLYDQW�OHV�YDOHXUV�JpRPpWULTXHV�LQGLTXpHV�VXU�OD�)LJXUH������HW�GDQVFKDTXH�FDV�O
pTXDWLRQ�GH�O
RXYUDJH�HVW�GLIIpUHQWH��&HFL�IDLW�TXH�VXLYDQW�OHV�FRQGLWLRQV�G
pFRXOHPHQW�XQRXYUDJH�SHXW�SDVVHU�G
XQ�W\SH�j�XQ�DXWUH��HW�TX
LO�HVW�GLIILFLOH�G
DVVXUHU�OD�FRQWLQXLWp�HQWUH�XQH�FRQGLWLRQGH� UpJLPH�HW�XQH�DXWUH�� ,O� H[LVWH�SRXU� FHOD�SOXVLHXUV� IRUPXODWLRQV�PDWKpPDWLTXHV�GHV�RXYUDJHV� HW� ODIRUPXODWLRQ� UHWHQXH� LFL� HVW� FHOOH� GH� OD� QRWH� WKpRULTXH� GX� ORJLFLHO� 6,&� >%HDXPH� HW�0DODWHUUH�����@�&HOOH�FL�SUpVHQWH�OD�SDUWLFXODULWp�GH�ELHQ�JDUDQWLU�OH�SDVVDJH�G
XQ�pWDW�GH�IRQFWLRQQHPHQW�j�XQ�DXWUH�GHOD�YDQQH��VDQV�SHUWH�GH�FRQWLQXLWp�
8QH� FODVVLILFDWLRQ� VXLYDQW� OD� QRWH� WKpRULTXH� GX� ORJLFLHO� 6,&�� DFFRPSDJQpH� GHV� pTXDWLRQV� G
RXYUDJHFRUUHVSRQGDQWHV�HVW�SUpVHQWpH�FL�DSUqV�
���������'pYHUVRLU�HW�9DQQH�GH�IRQG
2Q�SDUOH�G
RXYUDJH�GH�W\SH��GpYHUVRLU�RX�YDQQH�GH�IRQG��TXDQG�OD�SHOOH �YDULDEOH� 3 GDQV� OD�)LJXUH�����HVW�IDLEOH��� ��� || 33 ��'DQV�FH�FDV�O©pTXDWLRQ�G
RXYUDJH�SHXW�V©pFULUH�FRPPH�LO�VXLW �� �� �������� :KNKNJ%4 ED �� ������

$YHF �
��� PP )E)D NNNN   ������

2Q�GLVWLQJXH�HQWUH�GpYHUVRLU�HW�YDQQH�GH�IRQG�VHORQ�OH�UDSSRUW�HQWUH�O
RXYHUWXUH��: ��GH�OD�YDQQH�HW�ODKDXWHXU�DPRQW�� �K ���YRLU�)LJXUH�����
� 3RXU� :K d� � 'pYHUVRLU�

������   ENP
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(W�OH� )N GpSHQG�GX�UpJLPH��QR\p�GpQR\p���VHORQ�OD�YDOHXU�GH� �� � KK SDU�UDSSRUW�j�D �
x 5pJLPH�GpQR\p�VL� Dd�� � KK �

� )N
x 5pJLPH�QR\p�VL� D!�� � KK ���

)N HVW�XQ�FRHIILFLHQW�GH�UpGXFWLRQ�GH�GpELW�QR\p�� VD�YDOHXU�j�pWp�DMXVWpH�H[SpULPHQWDOHPHQWFRPPH�LO�VXLW��
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:K������� D ������
x 5pJLPH�GpQR\p��VL� � � Dt�� KK �

��   )) NN
$YHF�OHV�FRHIILFLHQWV�GH�GpELW��

� � ¸̧¹·¨̈©§ �� 
|¸̧¹·¨̈©§� 

��

��

�����
�������

�

�
:K
:K

PP
PPP ������



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
x 5pJLPH�SDUWLHOOHPHQW�QR\p��VL� ����dD �
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$YHF� )N FDOFXOp�FRPPH�SRXU�XQ�GpYHUVRLU�GH�SHOOH�IDLEOH�

x 5pJLPH�WRWDOHPHQW�QR\p��VL� � �:KK ���� � DD ��! �
::K �� �� �����D ������

/D� IRUPXODWLRQ� GH� �)N HVW� OD�PrPH�TXH� SRXU� )N HQ� UHPSODoDQW� �K SDU� :K �� HW� �K SDU:K �� SRXU�OH�FDOFXO�GH� [ HW�D �
���������'pYHUVRLU�HW�2ULILFH
2Q�SDUOH�GH��GpYHUVRLU�RX�RULILFH��TXDQG�OD�SHOOH�HVW� LPSRUWDQWH�� �� !!3 RX� �� !!3 ��'DQV�FH�FDVO
pTXDWLRQ�G
RXYUDJH�GpSHQG�GX�W\SH�GpYHUVRLU�RX�RULILFH�VHORQ�OH�UDSSRUW�GH� �K j�: �
� 3RXU� :K �� � 'pYHUVRLU�

'DQV�FH�FDV�O
pTXDWLRQ�GLIIqUH�VHORQ�OH�UpJLPH�FRPPH�VXLW��
x 5pJLPH�GpQR\p��VL� �� �� KK d �

���� KJ%4 )P ������
$YHF�� ��� )P &RHIILFLHQW�GH�GpELW�SRXU�XQH�IRUPXODWLRQ�FODVVLTXH�GH�GpYHUVRLU�GpQR\p�

%  �ODUJHXU�GH�O
RXYUDJH�
x 5pJLPH�QR\p��VL� �� �� KK t � � � ������ KKKJ%4 6 � P ������

$YHF� )6 PP ��� &RHIILFLHQW�GH�GpELW�SRXU�XQH�IRUPXODWLRQ�FODVVLTXH�GH�GpYHUVRLU�QR\p�
� 3RXU :K t� � 2ULILFH�

'DQV�FH�FDV�RQ�GLVWLQJXH�WURLV�W\SHV�GH�UpJLPHV��
x 5pJLPH�GpQR\p��VL� �� �� KK d � � �� �������� :KKJ%4 �� P ������
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$YHF� )PP  &RHIILFLHQW�GH�GpELW�
&HWWH�IRUPXODWLRQ�V
DSSOLTXH�ELHQ�DX[�RULILFHV�UHFWDQJXODLUHV�GH�JUDQGH�ODUJHXU�

x 5pJLPH�SDUWLHOOHPHQW�QR\p��VL� ����� ��� :KKK ��� �
� �� � � � »¼º«¬ª ��� ������������ :KKKKJ%4 )P ������

x 5pJLPH�WRWDOHPHQW�QR\p��VL� ��� �� :KK �! �� � :KKJ%4 �����
 � P ������
$YHF� 6PP  
 &RHIILFLHQW�GH�GpELW�SRXU�XQH�IRUPXODWLRQ�FODVVLTXH�G
RULILFHV�QR\p�

���������6XUYHUVH�
,FL�RQ�PRGpOLVH�XQH�FRQGLWLRQ�SDUWLFXOLqUH�GH�IRQFWLRQQHPHQW�G
XQH�YDQQH��FRUUHVSRQGDQW�DX�FDV�R�OH�QLYHDX�G
HDX�DPRQW�HVW�VXSpULHXU�j�OD�KDXWHXU�GH�OD�YDQQH��HW�GRQF�LO�H[LVWH�XQ�GpELW�SDU�GHVVXVGH�OD�YDQQH��&H�GpELW� 64 GRLW�rWUH�DMRXWp�j�O
pTXDWLRQ�GH�OD�YDQQH�
x 5pJLPH�GpQR\p��VL� �� �� KK d � � � ���� 6)6 K:KJ%4 �� P ������

$YHF� 6K OD�KDXWHXU�GH�OD�YDQQH�HW
��2)  P &RHIILFLHQW�GH�GpELW�SRXU�XQH�IRUPXODWLRQ�FODVVLTXH�GH�GpYHUVRLU�GpQR\p�

x 5pJLPH�QR\p��VL� �� �� KK t �� � � �666 K:KKKJ%4 ��� ������P ������
$YHF� )6 PP ��� &RHIILFLHQW�GH�GpELW�SRXU�XQH�IRUPXODWLRQ�FODVVLTXH�GH�GpYHUVRLU�QR\p�

'DQV� OD� SOXSDUW� GHV� FDV� G
pWXGHV� WKpRULTXHV�� OD� IRUPXODWLRQ� UHWHQXH� HVW� XQH� IRUPXODWLRQ� VLPSOLILpHFRUUHVSRQGDQW� j� XQ� RULILFH� WRWDOHPHQW� QR\p�� 3RXU� XQH� pWXGH� FRPSOqWH�� LO� IDXGUDLW� FRQVLGpUHU� ODIRUPXODWLRQ� FRUUHVSRQGDQWH� j� FKDTXH� FRQGLWLRQ� GH� IRQFWLRQQHPHQW�� 'DQV� FH� WUDYDLO� OD� IRUPXODWLRQFRPSOqWH�VHUD�UHWHQXH�SRXU�OD�FRQVWUXFWLRQ�GX�VLPXODWHXU�SRXU�rWUH�OH�SOXV�SURFKH�SRVVLEOH�GH�OD�UpDOLWp�
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�������&RQGLWLRQV�GH�IRQFWLRQQHPHQW��GHV�RXYUDJHVG
LQWHUFRQQH[LRQ�GH�ELHIV
/HV� DXWUHV� FDUDFWpULVWLTXHV� j� SUHQGUH� HQ� FRPSWH� SRXU� OHV� RXYUDJHV� VRQW� OHV� FRQGLWLRQV� GHIRQFWLRQQHPHQW� GHV� YDQQHV�� HQ� HIIHW� O©RXYHUWXUH� HW� OD� IHUPHWXUH� GH� FHOOHV�FL� VRQW� VXMHWWHV� j� GHVFDUDFWpULVWLTXHV�SK\VLTXHV�ELHQ�FRQQXHV��HW�WURLV�FRQWUDLQWHV�VRQW�DLQVL�FRQVLGpUpHV�LFL �
� /D� SUHPLqUH� VXU� OHV� YDOHXUV�PD[LPDOH� HW� PLQLPDOH� G©RXYHUWXUH�� TXL� GpSHQG� GHV� GLPHQVLRQV� GHO©RXYUDJH���OD�YDQQH�V©RXYULUD�DX�SOXV�VHORQ�VD�WDLOOH�PD[LPDOH��HW�DX�PRLQV�G
XQH�YDOHXU�QXOOH�

PD[� :: �d ������
� /D�GHX[LqPH�FRQGLWLRQ�SRUWH�VXU� OD�YLWHVVH�G©RXYHUWXUH�GH�OD�YDQQH��TXL�GpSHQG�GH� OD�YLWHVVH�GXPRWHXU�TXL�O©DFWLRQQH��'RQF�LO�H[LVWH�XQH�YLWHVVH�PD[LPDOH��DX�GHOj�GH�ODTXHOOH�OD�YDQQH�QH�SHXWSDV�VH�GpSODFHU�

PD[PD[ ZZ dd� GWG: ������
$YHF� PD[Z IRQFWLRQ�GH�OD�YLWHVVH�PD[LPDOH�GX�PRWHXU�

� /D�WURLVLqPH�FRQGLWLRQ�SRUWH�VXU�OD�G\QDPLTXH�GX�PRWHXU�TXL�DFWLRQQH�OHV�YDQQHV��GRQW�O©HIIHW�VXUO©RXYHUWXUH�GH�OD�YDQQH�SHXW�rWUH�DSSURFKp�SDU�XQ�VHFRQG�RUGUH �
G:::: �� ��� WWW  �� ��� ������

$YHF�  W FRQVWDQWH�GH�WHPSV�GH�OD�UpSRQVH�GX�PRWHXU�HW� G:  �O
RXYHUWXUH�GpVLUpH�GH�OD�YDQQH�
6RLW��VRXV�IRUPH�G©pWDW �

®̄­  � 
::

::: &[\ %X$[[� ������
$YHF ��

G:::: :XGWG:[:\[     �� ��

> @�������� ��
��  »»¼
º««¬

ª »»¼
º««¬

ª �� &%$ WWW
������

,O� HVW� FODLU� TXH� OD� G\QDPLTXH� GX�PRWHXU� HVW� ELHQ� SOXV� FRPSOLTXpH� TXH� FHOD�� HOOH� HVW� GH� SOXV� QRQOLQpDLUH��PDLV� FH�PRGqOH� HVW� ELHQ� VXIILVDQW� SRXU� QRWUH� pWXGH�� &HWWH� G\QDPLTXH� pWDQW� EHDXFRXS� SOXV
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��
UDSLGH�TXH�FHOOH�GH� OD�SDUWLH�K\GUDXOLTXH�� HOOH�SRXUUDLW� G
DLOOHXUV� rWUH�QpJOLJpH�GDQV�QRWUH� pWXGH� VDQVJUDQGHV�FRQVpTXHQFHV�
/HV�pTXDWLRQV�SUpVHQWpHV�VRQW�DXVVL�YDODEOHV�SRXU� OD�FRQQH[LRQ�GHV�ELHIV�DX[�SULVHV�G
HDX� WHOOHV�TXHEDUUDJHV�HW�UpVHUYHV�
�������2XYUDJHV�SRXU�SULVHV�ODWpUDOHV�
/HV�SULVHV�ODWpUDOHV�VRQW�OHV�pOpPHQWV�TXL�SHUPHWWHQW�TXH�OHV�XWLOLVDWHXUV�SXLVVHQW�SUpOHYHU�XQ�GpELW�VXUOH�ELHI��,O�H[LVWH�SULQFLSDOHPHQW�GHX[�IRUPHV�GH�SUpOqYHPHQW��
���������3ULVH�ODWpUDOH�SDU�FDQDO�VHFRQGDLUH�
'DQV�FH�FDV� OD�SULVH�FRUUHVSRQG�j� OD�)LJXUH������ HW� O
pTXDWLRQ�GH�FHWWH�SULVH�HVW� VLPLODLUH� j�FHOOH�GHVYDQQHV�GH�IRQG��,O�H[LVWH�FHSHQGDQW�OD�SRVVLELOLWp�TXH�OHV�YDQQHV�QH�VRLHQW�SDV�UHFWDQJXODLUHV��GDQV�FHFDV�LO�IDXW�FDOFXOHU�OD�VHFWLRQ�SRXU�XQH�RXYHUWXUH�UHFWDQJXODLUH�pTXLYDOHQWH�

:
KS

KV

=S
=V

4

&DQDO�3ULQFLSDO
&DQDO�6HFRQGDLUH

KG
)LJXUH����� 3ULVH�ODWpUDOH�SDU�FDQDO�VHFRQGDLUH/
pTXDWLRQ�SHXW�VH�UpVXPHU�FRPPH�� � �� ������� :KSNKSNJ%4 ))/ �� �PP ������

$YHF��� ��  )N SRXU�UpJLPH�SDUWLHOOHPHQW�QR\p�
��  )N HW� � )N SRXU�UpJLPH�GpQR\p�

8QH� DXWUH� SDUWLFXODULWp� HVW� TXH� SRXU� WHQLU� FRPSWH� GX� SRVVLEOH� HQQR\DJH� GHV� SULVHV�� WURLV� W\SHV� GHFRQGLWLRQV�DYDO�GX�FDQDO�VHFRQGDLUHV�VRQW�PRGpOLVDEOHV��
x 8QH�FRWH�DYDO�IL[H�
x 8QH�FRWH�DYDO� 6K YDULDQW�FRPPH�OD�FRWH�DPRQW�G
XQ�GpYHUVRLU�GpQR\p��� � � � ��� KGKVJ%KV4 / � P ������
x 8QH�FRWH�DYDO�VXLYDQW�XQH�FRXUEH�GH�WDUDJH��
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��
� � QKGK KGKV4KV4 ¸̧¹·¨̈©§ �� �� ������

���������3ULVH�SDU�VWDWLRQ�GH�SRPSDJH�
'DQV� OH� FDV� G
XQH� SULVH� SDU� VWDWLRQ� GH� SRPSDJH�� FRPPH� VXU� OD� )LJXUH� ����� OH� GpELW� GpSHQG� GHVFDUDFWpULVWLTXHV�GH�OD�SRPSH��GX�UpVHDX�VRXV�SUHVVLRQ�HW�GX�QLYHDX�G
HDX�GDQV�OH�FDQDO��&HOD�SHXW�rWUHPRGpOLVp�SDU�O
pTXDWLRQ�GH�%HUQRXOOL�FRPPH�VXLW��

KWJ93J=WKSJ93J=S WW33 ��� ��� �� �� UU ������
$YHF��

O
LQGLFH� S TXL�LQGLTXH�OHV�YDOHXUV�VXU�OD�VXUIDFH�GX�FDQDO�
O
LQGLFH� W j�OD�VRUWLH�GX�V\VWqPH�VRXV�SUHVVLRQ�
3K SXLVVDQFH�GH�OD�SRPSH
WK OHV�SHUWHV�SDU�IULFWLRQ�GDQV�OHV�WX\DX[�

KS
=S 4&DQDO�3ULQFLSDO

)LJXUH����� 3ULVH�ODWpUDOH�SDU�VWDWLRQ�GH�SRPSDJH/H�FDOFXO�GX�GpELW�VH�IDLW�HQ�WHQDQW�FRPSWH�GHV�FRQVLGpUDWLRQV�VXLYDQWHV��
� 3= VL�OHV�FRWHV�VRQW�UHODWLYHV�j�OD�VXUIDFH�GX�FDQDO�
� 33 SRXU�GHV�SUHVVLRQV�PDQRPpWULTXHV�
� 39 FDU�OD�YLWHVVH�GX�IOXLGH�j�OD�VXUIDFH�GX�FDQDO�HVW�RUWKRJRQDOH�DX�GpELW�GDQV�OH�WX\DX�
� W3 FDU�OHV�VRUWLHV�GHV�WX\DX[�VH�WURXYHQW�j�SUHVVLRQ�DWPRVSKpULTXH�

WW 649  DYHF��� W6 OD�VHFWLRQ�GX�WX\DX�j�O
HQWUpH�GH�OD�SRPSH�
)LQDOHPHQW�O
pTXDWLRQ�SRXU�OH�GpELW�GH�SRPSDJH�VH�WUDQVIRUPH�HQ��
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��
� � J=WKWKS64 W �� U � ������

� �J=WKWKS64 W �� U ������
2Q�YRLW�TXH�OH�GpELW�QH�GpSHQG�TXH�GH�OD�SXLVVDQFH�GH�OD�SRPSH�HW�GHV�FDUDFWpULVWLTXHV�GX�V\VWqPH�VRXVSUHVVLRQ�� GRQF� OH� GpELW� SHXW� rWUH� FRQVLGpUp� FRPPH� FRQVWDQW� SRXU� OD�PRGpOLVDWLRQ� GH� OD� SULVH� VXU� OHFDQDO�
�����$8720$7,6$7,21�'
81�&$1$/�'
,55,*$7,21
/HV� FDQDX[� G
LUULJDWLRQ� IRQFWLRQQHQW� DXMRXUG
KXL� SULQFLSDOHPHQW� GH� IDoRQ�PDQXHOOH�� (W� ELHQ� TXH� FHIRQFWLRQQHPHQW� PDQXHO� QH� SRVH� SDV� GH� JURV� SUREOqPHV� HQ� VRL�� LO� HVW� FODLU� TXH� OH� IDLW� GH� SRXYRLUDXWRPDWLVHU� OHXU� IRQFWLRQQHPHQW� SUpVHQWH� EHDXFRXS� GH� EpQpILFHV� >0DODWHUUH�����@� >)UDPML� HW9HUGLHU�����@�
'DQV�OHV�EpQpILFHV�TXH�SUpVHQWH�XQ�WHO�V\VWqPH�G
DXWRPDWLVDWLRQ�LO�\�D�ELHQ�VXU�XQ�LQWpUrW�pFRQRPLTXHSRXU�SOXVLHXUV�UDLVRQV��/D�SUHPLqUH�HVW�OH�IDLW�GH�OLEpUHU�O
KRPPH�G
XQH�WkFKH�R��LO�QH�VHUDLW�SDV�D�SULRULLQGLVSHQVDEOH��GRQF�XQH�pFRQRPLH�GH�PDLQ�G
£XYUH��PDLV�LO�\�D�DXVVL�XQH�SRVVLELOLWp�G
pFRQRPLH�GDQVOHV�FR�WV�G
LQYHVWLVVHPHQW�SDU�OD�GLPLQXWLRQ�GX�QRPEUH�GH�UpVHUYRLUV�WDPSRQV���0DLV�FHFL�Q
HVW�SDV�OHVHXO�EpQpILFH��LO�HVW�DXVVL�SRVVLEOH�GH�SUpWHQGUH�j�XQH�pFRQRPLH�GHV�UHVVRXUFHV�QDWXUHOOHV�RX�DX�PRLQV�jXQH� XWLOLVDWLRQ� SOXV� SHUIRUPDQWH�� RQ� SHXW� SDUOHU� LFL� G
XQ� PHLOOHXU� UHQGHPHQW�� &H� UHQGHPHQW� HVW� GHO
RUGUH� GH� ���� D� ���� SRXU� GHV� FDQDX[� PDQXHOV� HW� GH� ���� j� ���� SRXU� GHV� FDQDX[� DXWRPDWLVpV>/LWULFR�����@�>&HPDJUHI�����@�>3OXVTXHOOHF�����@��'H�SOXV�RQ�SHXW�SDUOHU�DXVVL�G
XQH�DPpOLRUDWLRQ�GHOD� TXDOLWp� GX� VHUYLFH� SRXU� OHV� XVDJHUV� HW� XQH� IDFLOLWDWLRQ� GH� OD� JHVWLRQ� SRXU� OHV� JHVWLRQQDLUHV�� HWILQDOHPHQW�XQ�JDLQ�HQ�VpFXULWp�SRXU�OH�V\VWqPH�HVW�ELHQ�V�U�HQYLVDJHDEOH�
3RXU� WRXWHV� FHV� UDLVRQV�� SOXVLHXUV� pWXGHV� SRXU� OH� GpYHORSSHPHQW� GH� V\VWqPHV� DXWRPDWLTXHV� GHFRPPDQGH� GH� FDQDX[� G
LUULJDWLRQ� RQW� pWp� UpDOLVpHV� GHSXLV� OHV� DQQpHV� ���� DYHF� GHV� PpWKRGHVPpFDQLTXHV� RX� pOHFWURPpFDQLTXHV�� HW� GHUQLqUHPHQW� GLYHUVHV� pWXGHV� VRQW� DSSDUXHV� DYHF� OHGpYHORSSHPHQW�GH�QRXYHOOHV�PpWKRGHV�GH�FRPPDQGH��'DQV� WRXV� FHV� WUDYDX[� LO� H[LVWH�XQH�PXOWLWXGHG
DSSURFKHV�GLIIpUHQWHV��0DLV�FHV�V\VWqPHV�QH�VRQW�SDV�WUqV�VLPSOHV��GRQF�OHV�PpWKRGHV�XWLOLVpHV�WHQWHQWGDQV�WRXV�OHV�FDV�GH�VLPSOLILHU�G
XQH�IDoRQ�RX�G
XQH�DXWUH�OD�PRGpOLVDWLRQ�GX�V\VWqPH��QRWDPPHQW�HQQpJOLJHDQW�FHUWDLQHV�YDULDEOHV�TXL�UHQGHQW�O
pWXGH�FRPSOH[H��FH�TXL�IDLW�TX
LO�H[LVWH�WUqV�SHX�GH�WUDYDX[TXL�RQW�DERXWL�j�XQH�DSSOLFDWLRQ�VXU�XQ�V\VWqPH�UpHO�
&HWWH� SDUWLH� GX� WUDYDLO� WHQWH� G
H[SOLTXHU� OHV� SRLQWV� SUDWLTXHV� LPSRUWDQWV� SRXU� OD�PLVH� HQ� SODFH� G
XQV\VWqPH� GH� FRPPDQGH� DXWRPDWLTXH� SRXU� XQ� FDQDO� G
LUULJDWLRQ�� HW� GRQQHUD� XQ� EUHI� pWDW� GH� O
DUW� GHVPpWKRGHV�XWLOLVpHV�GDQV�FHUWDLQV�WUDYDX[�UpFHQWV�
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��
�������2EMHFWLI�GH�O
DXWRPDWLVDWLRQ�G
XQ�FDQDO�G
LUULJDWLRQ
/
REMHFWLI� LGpDOLVp� GH� O
DXWRPDWLVDWLRQ� G
XQ� FDQDO� G
LUULJDWLRQ� HVW� GH� SHUPHWWUH� OH� IRQFWLRQQHPHQW� GXFDQDO��VDQV�O
LQWHUYHQWLRQ�PDQXHOOH�GH�O
KRPPH��HW�FHOD�SRXU�WRXWHV� OHV�FRQGLWLRQV�GH�IRQFWLRQQHPHQWSRVVLEOHV�GX�FDQDO��HW�HQ�SUpVHQFH�GH�WRXWHV�OHV�SHUWXUEDWLRQV�LPDJLQDEOHV�
%LHQ� V�U� FHW� REMHFWLI� HVW� ELHQ� DPELWLHX[� HW� OHV� FRQQDLVVDQFHV� DFWXHOOHV� VXU� OH� VXMHW� VRQW� ORLQ� GHSHUPHWWUH� XQ� WHO� QLYHDX� G
DXWRPDWLVDWLRQ�� &HOD�� FDU� OH� V\VWqPH� HVW� HQ� VRL� WUqV� FRPSOH[H�� HW� VRQIRQFWLRQQHPHQW�LPSOLTXH�OD�PDvWULVH�GH�GHX[�QLYHDX[�GH�JHVWLRQ�UDWLRQQHOOH�>/LWULFR�����@�
8Q�SUHPLHU� QLYHDX� FRUUHVSRQG� j� OD� JHVWLRQ� SURSUHPHQW� GLWH�� DSSHOpH� DXVVL� JHVWLRQ� VWUDWpJLTXH�� DYHFODTXHOOH� OHV� FRQVLJQHV� GX� FDQDO� VRQW� pWDEOLHV�� 3RXU� FHOD� LO� IDXW�SUHQGUH� HQ� FRPSWH� XQH�PXOWLWXGH� GHYDULDEOHV�WHOOHV�TXH�OHV�SUpYLVLRQV�PpWpRURORJLTXHV��OHV�HVWLPDWLRQV�GH�SUpOqYHPHQW�GHV�FRXUV�G
HDX��ODGLVSRQLELOLWp�GH�OD�UHVVRXUFH��HWF�>3DUHQW�����@��&H�QLYHDX�VH�IDLW�j�XQH�pFKHOOH�UpJLRQDOH�HW�DYHF�GHVJUDQGV�SDV�GH�WHPSV�
/H�GHX[LqPH�QLYHDX�FRUUHVSRQG�j� OD�FRPPDQGH��DSSHOpH�DXVVL�JHVWLRQ� WDFWLTXH��SRXU�GpWHUPLQHU� OHVFRPPDQGHV� QpFHVVDLUHV� GH� IDoRQ� j� VDWLVIDLUH� OHV� FRQVLJQHV� pODERUpHV� GDQV� OD� SUHPLHU� QLYHDX>7DUGLHX�����@��&H�QLYHDX�VH�IDLW�j�XQH�pFKHOOH�ORFDOH�HW�DYHF�GH�SHWLWV�SDV�GH�WHPSV�
,O� HVW� FODLU� TXH� OD� SOXV� JUDQGH� GLIILFXOWp� SRXU� O
DXWRPDWLVDWLRQ� VH� VLWXH� DX� SUHPLHU� QLYHDX�� HW� GH� IDLWEHDXFRXS� GH� JHVWLRQQDLUHV� SHQVHQW� TXH� FHOD� Q
HVW� SDV� HQYLVDJHDEOH�� FDU� GpSHQGDQW� VRXYHQW� GHSDUDPqWUHV�VXEMHFWLIV��HW�LO�HVW�GLIILFLOH�G
REWHQLU�XQ�PRGqOH�ILDEOH�HW�VXIILVDPPHQW�VLPSOH��3DU�FRQWUH�OHGHX[LqPH� QLYHDX�� ELHQ� TXH� FRPSOH[H�� HVW� SOXV� VLPSOH� j� DXWRPDWLVHU� FDU� LO� GpSHQG� VHXOHPHQW� GHYDULDEOHV� ORFDOHV�� HW� LO� HVW� SRVVLEOH� GH� GpYHORSSHU� GHV� PRGqOHV� PDWKpPDWLTXHV� TXL� OHV� PHWWHQW� HQUHODWLRQ�RX�G
XWLOLVHU�GHV�PRGqOHV�GpMj�H[LVWDQWV��VXU�OHVTXHOV�SRXUURQW�rWUHV�DSSOLTXpHV�GHV�PpWKRGHVGH�FRPPDQGH�PRGHUQH�
,O�HVW�GRQF�VRXKDLWDEOH��GH�QRV� MRXUV��GH�VLPSOLILHU� O
REMHFWLI�G
DXWRPDWLVDWLRQ�pQRQFp�DX�GpEXW�GH�FHSDUDJUDSKH�� HW� GH� OH� OLPLWHU� j� O
DXWRPDWLVDWLRQ� GH� OD� FRPPDQGH� �JHVWLRQ� WDFWLTXH�� G
XQ� FDQDOG
LUULJDWLRQ��&H�GHUQLHU�VHUD�GRQF�O
REMHFWLI�G
DXWRPDWLVDWLRQ�SRXUVXLYL�GDQV�FHWWH�WKqVH�
�������&ODVVLILFDWLRQ�GH�OD�FRPPDQGH
,O�H[LVWH�XQH�JUDQGH�GLYHUVLWp�G
DSSURFKHV�SRVVLEOHV�HW�LPDJLQDEOHV�SRXU�GpYHORSSHU�OD�FRPPDQGH�G
XQFDQDO� G
LUULJDWLRQ�� /HV� GLIIpUHQFHV� HQWUH� OHV� DSSURFKHV� GpSHQGHQW� GH� SOXVLHXUV� IDFWHXUV� WHOV� TXH� OHVYDULDEOHV� GH� FRQWU{OH� XWLOLVpHV� SRXU� OD� FRPPDQGH�� OD� ORJLTXH� GH� FRQWU{OH�� OD� PpWKRGH� GH� V\QWKqVHXWLOLVpH�HW�OH�W\SH�GH�PRGqOH�XWLOLVp�SRXU�FHWWH�V\QWKqVH�
8QH�FODVVLILFDWLRQ�UpFHQWH�GH�FHV�DSSURFKHV�D�pWp�pWDEOLH�GDQV�>0DODWHUUH�HW�DO������@�HW�LO�H[LVWH�XQHPXOWLWXGH� GH� FODVVLILFDWLRQV� PRLQV� UpFHQWHV� GRQW� LO� HVW� SRVVLEOH� GH� FLWHU� >0DODWHUUH�����@
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��
>*RXVVDUG�����@� >$QNXP�����@� >.KDODGL�����@� >'HOWRXU�����@� >&KHYHUHDX�����@� >%X\DOVNL�����@>=LPEHOPDQ�����@�
'DQV�OD�VXLWH�HVW�SUpVHQWp�XQ�UpVXPp�GH�FODVVLILFDWLRQ�GH�FHV�V\VWqPHV�
���������6XLYDQW�OHV�YDULDEOHV�GH�FRQWU{OH
/HV� YDULDEOHV� GH� FRQWU{OH� VRQW� GH� WURLV� W\SHV�� OHV� YDULDEOHV� FRQWU{OpHV�� OHV� YDULDEOHV�PHVXUpHV� HW� OHVFRPPDQGHV�
�����������9DULDEOHV�FRQWU{OpHV
/HV�YDULDEOHV�FRQWU{OpHV�VRQW�OHV�YDULDEOHV�TXH�OH�V\VWqPH�DXWRPDWLVp�GRLW�UpJXOHU��&H�VRQW�OHV�YDULDEOHVVXU�OHVTXHOOHV�VRQW�DVVLJQpHV�OHV�FRQVLJQHV�HW�HOOHV�VRQW�FRQVLGpUpHV�FRPPH�VRUWLHV�GX�V\VWqPH��,O�HVWSRVVLEOH� G
XWLOLVHU� SRXU� OHV� FDQDX[� j� VXUIDFH� OLEUH� WURLV� YDULDEOHV� SK\VLTXHV� FRPPH� YDULDEOHVFRQWU{OpHV��OHV�GpELWV��OHV�FRWHV�HW�OHV�YROXPHV�
/HV�GpELWV
/H�GpELW�HVW�OD�YDULDEOH�TXL�H[SULPH�QDWXUHOOHPHQW�OHV�EHVRLQV�GHV�XVDJHUV�GHV�FDQDX[�G
LUULJDWLRQ��HWGRQF� HVW� OD� YDULDEOH� TXL� QDWXUHOOHPHQW� GRLW� rWUH� FRQWU{OpH� SDU� OH� V\VWqPH� DXWRPDWLVp�� &HFL� G
XQHPDQLqUH� GLUHFWH� RX� LQGLUHFWH�� 2Q� SDUOHUD� GH� FRPPDQGH� HQ� GpELW� TXDQG� FHWWH� YDULDEOH� HVW� FRQWU{OpHGLUHFWHPHQW��/HV�DXWUHV�YDULDEOHV�FRQWU{OpHV�pWDQW�HQ�IDLW�GHV�YDULDEOHV� LQWHUPpGLDLUHV�SRXU�FRQWU{OHULQGLUHFWHPHQW�OH�GpELW�
&HWWH�YDULDEOH�GH�FRQWU{OH�HVW�XWLOLVpH�IUpTXHPPHQW�SRXU�GHV�V\VWqPHV�EDUUDJH�ULYLqUH��,O�HVW�SRVVLEOHGH� FLWHU� FRPPH� H[HPSOH� GH� FRPPDQGH� GLUHFWH� GHV� GpELWV� >&KHYHUHDX�����@� >6DZDGRJR�����@>5RGHOODU�����@�>6DZDGRJR�HW�DO�����@�>/LWULFR�����@
/HV�9ROXPHV
/
XWLOLVDWLRQ� GHV� YROXPHV� FRPPH� YDULDEOH� FRQWU{OpH� HVW� XQH� PDQLqUH� SOXV� VRXSOH� GH� GpILQLU� XQHFRPPDQGH� HQ� GpELW�� FDU� OH� YROXPH� FRUUHVSRQG�j� O
LQWpJUDOH� GX� GpELW� VXU� XQH� SpULRGH� GH� WHPSV�� /HVUpVXOWDWV� REWHQXV� VRQW� HQ� JpQpUDO�PRLQV� VHQVLEOHV� DX[�SHUWXUEDWLRQV�PDLV� OHV� WHPSV� GH� UpSRQVH� VRQWDXJPHQWpV�
/D�FRPPDQGH�XWLOLVDQW�FHWWH�YDULDEOH�GH�FRQWU{OH�QpFHVVLWH�GH�JURV�YROXPHV�GH�VWRFNDJH��,O�HVW�SRVVLEOHGH� FLWHU� FRPPH� H[HPSOH� GH� FRPPDQGH� HQ� YROXPH� >'HOWRXU�����@� >%X\DOVNL�����@� >/LX� HW� DO�����@>5HGG\�����@�>6HDW]X�����@�
/HV�FRWHV
/HV� FRWHV� VRQW� OHV� YDULDEOHV� OHV� SOXV� XWLOLVpHV� FRPPH� YDULDEOH� FRQWU{OpH�� (Q� HIIHW� VXU� XQ� FDQDOG
LUULJDWLRQ� LO� HVW� ELHQ� SOXV� IDFLOH� GH�PHVXUHU� OHV� FRWHV� TXH� OHV� GpELWV� HW� GH� SOXV� LO� H[LVWH� FHUWDLQHV
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��
FRQWUDLQWHV� VXSSOpPHQWDLUHV� VXU� OHV� FRWHV� WHOOHV� TXH� OH� ULVTXH� GH� GpERUGHPHQW�� OD� OXWWH� FRQWUH� OHGpYHORSSHPHQW�GH�SODQWHV�DTXDWLTXHV��OHV�FRQWUDLQWHV�G
DOLPHQWDWLRQ�GH�SULVHV�JUDYLWDLUHV��HWF�
,O�HVW�j�QRWHU�GH�SOXV�TXH�SRXU�XQ�FDQDO�HQ�pWDW�G
pTXLOLEUH��DYHF�OD�VXUIDFH�GH�O
HDX�SDUDOOqOH�DX�IRQG�GXFDQDO��OD�YDOHXU�GX�GpELW�HVW�GLUHFWHPHQW�SURSRUWLRQQHOOH�j�OD�FRWH��PLVH�j�SDUW�OD�SRVVLELOLWp�G
rWUH�HQUpJLPH� IOXYLDO� RX� WRUUHQWLHO�� 'RQF� GDQV� FH� FDV�� OD� UpJXODWLRQ� GX� QLYHDX� LPSOLTXH� LQGLUHFWHPHQW� ODUpJXODWLRQ�GX�GpELW��FDU�SRXU�JDUDQWLU�XQ�GpELW�GRQQp��LO�VXIILW�GH�FKRLVLU�XQH�FRQVLJQH�GH�QLYHDX�G
XQHYDOHXU�pJDOH�j�FHOOH�FRUUHVSRQGDQW�DX�GpELW�GpVLUp��&HWWH�FRQGLWLRQ�SRXU�OHV�FDQDX[�G
LUULJDWLRQ�HVW� ODSOXV�SHUIRUPDQWH�HQ� WHUPH�G
pFRQRPLH�GH� OD�UHVVRXUFH�HDX��FDU�GDQV�FH�FDV�OH�GpELW�HVW�RSWLPDO� VDQVYROXPH�GH�VWRFNDJH�DGGLWLRQQHO��,O�HVW�GRQF�IDFLOH�GH�YRLU�TXH�VRXV�FHUWDLQHV�FRQGLWLRQV�OD�FRPPDQGHGHV�FRWHV�HVW�pTXLYDOHQWH�j�OD�FRPPDQGH�GHV�GpELWV��PDLV�DYHF�TXHOTXHV�JDUDQWLHV�GH�IRQFWLRQQHPHQWVXSSOpPHQWDLUHV�
'LYHUVHV�FRQILJXUDWLRQV�VRQW�SRVVLEOHV�SRXU�XQH�FRPPDQGH�HQ�FRWH��)LJXUH�������
/
XWLOLVDWLRQ�GH� OD�FRWH�DPRQW�GX�ELHI�SHUPHW�GH� UpSRQGUH� UDSLGHPHQW� DX�GHPDQGHV� LPSUpYXHV�HW�GHVWRFNHU�GH�O
HDX�HQ�FDV�GH�GLPLQXWLRQ�GH�FRQVRPPDWLRQ��FHOD�SDU�OD�IRUPDWLRQ�G
XQ�YROXPH�GH�VWRFNDJHHQWUH� OH� GpELW� PD[LPXP� HW� OH� GpELW� QXO�� 3DU� FRQWUH� VRQ� XWLOLVDWLRQ� Q
HVW� HQYLVDJHDEOH� TXH� SRXU� GHVFDQDX[�j�EHUJHV�KRUL]RQWDOHV��FH�TXL�HVW�FR�WHX[�HQ�JpQLH�FLYLO��'HV�H[HPSOH�GH�FHWWH�FRPPDQGH�VRQWGLVSRQLEOHV�GDQV�OHV�WUDYDX[�GH�>=LPEHOPDQ�����@�>*RXVVDUG�����@�
/D�FRWH�DYDO�GX�ELHI�SHUPHW�TXDQW�j�HOOH�G
rWUH�XWLOLVpH�VXU�GHV�FDQDX[�DYHF�OD�EHUJH�SDUDOOqOH�j�OD�SHQWHQDWXUHOOH�GX�WHUUDLQ��PDLV�QH�SHUPHW�SDV�GH�UpSRQGUH�j�XQH�GHPDQGH�LPSUpYXH�QL�GH�VWRFNHU�O
HDX�QRQFRQVRPPpH��'HV�H[HPSOH�GH�FHWWH�FRPPDQGH�VRQW�GLVSRQLEOHV�GDQV�OHV�WUDYDX[�GH�>=LPEHOPDQ�����@>'HOWRXU�����@�>*RXVVDUG�����@�
8QH�FRWH� LQWHUPpGLDLUH�GX�ELHI�SHUPHW�XQ�FRPSURPLV�HQWUH� OHV�GpIDXWV�HW�DYDQWDJHV�GHV�GHX[�DXWUHVGLVSRVLWLRQV�� ,O� HVW�DXVVL�SRVVLEOH�G
XWLOLVHU�XQH�FRPELQDLVRQ� OLQpDLUH�GH� OD�PHVXUH�GH�SOXVLHXUV�F{WHVPDLV�DYHF� O
LQFRQYpQLHQW� VXSSOpPHQWDLUH�GH�GHYRLU� UpDOLVHU�SOXVLHXUV�PHVXUHV��'HV�H[HPSOH�GH� FHWWHGHUQLqUH�FRQILJXUDWLRQ�VRQW�GLVSRQLEOHV�GDQV�>=LPEHOPDQ�����@�>&KHYHUHDX�����@�
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&RQWU{OH�FRWH�DPRQW
$PRQW $YDO $PRQW $YDO $PRQW $YDO

&RQWU{OH�FRWHLQWHUPpGLDLUH &RQWU{OH�FRWH�DYDO

K K4 � 4 �40$; 40$;
40$;

)LJXUH������ 3RVLWLRQ�GHV�FRWHV�FRPPDQGpHV
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
)LQDOHPHQW�LO�IDXW�QRWHU��TXH�VRXV�FHUWDLQHV�FRQGLWLRQV��LO�HVW�SRVVLEOH�GH�FRQWU{OHU�VLPXOWDQpPHQW�OHVGHX[� H[WUpPLWpV� GX� ELHI�� &HOD� HVW� SRVVLEOH� WHFKQLTXHPHQW�� DX� PRLQV� SRXU� XQ� ELHI�� HW� HQ� SOXV� GHSUpVHQWHU�XQ�FRPSURPLV�HQWUH�OHV�DYDQWDJHV�HW�GpVDYDQWDJHV�GH�O
XWLOLVDWLRQ�GH�OD�FRWH�DYDO�RX�DPRQW�SHUPHW� GH� IDLUH� IRQFWLRQQHU� OH� ELHI� HQ� FRQILJXUDWLRQ� GpELW� PD[LPXP�� HW� GRQF� SHUPHW� GH� IDLUH� XQHFRPPDQGH�HQ�GpELW�GH�IDoRQ�LQGLUHFWH�
/H�WUDYDLO�GH�FHWWH�WKqVH�XWLOLVH�FHWWH�FRQILJXUDWLRQ��HW�DXFXQ�DXWUH�H[HPSOH�GH�FHWWH�FRQILJXUDWLRQ�Q
DpWDLW�WURXYp�GDQV�OD�OLWWpUDWXUH��/H�GpVDYDQWDJH�GH�FH�FKRL[�GH�YDULDEOHV�FRQWU{OpHV�HVW�OD�GLIILFXOWp�GHFRQWU{OHU�SOXVLHXUV�ELHIV�LQWHUFRQQHFWpV��FRPPH�RQ�OH�YHUUD�SOXV�HQ�GpWDLOV�SDU�OD�VXLWH�
�����������9DULDEOHV�PHVXUpHV
/HV�YDULDEOHV�PHVXUpHV�VRQW�OHV�HQWUpHV�GX�V\VWqPH�GH�FRPPDQGH��'DQV�OHV�FDQDX[�RXYHUWV�LO�SRVVLEOHGH�PHVXUHU�GLYHUVHV�YDULDEOHV�GH�IRQFWLRQQHPHQW��WHOOHV�TXH�OHV�QLYHDX[��HQ�DPRQW�� �K ���j�O
DYDO�� QK �RX� j� XQH� SRVLWLRQ� LQWHUPpGLDLUH� � LK ��� XQ� GpELW� WUDYHUVDQW� �4 �� XQ� RXYUDJH�� DLQVL� TX
XQH� YLWHVVH� GH
PRXYHPHQW�j�XQ�FHUWDLQ�SRLQW�GX�FDQDO�� L9 ���DYHF�ODTXHOOH�LO�HVW�SRVVLEOH�GH�FDOFXOHU�OH�GpELW�j�FH SRLQW
� L4 ���(W�ILQDOHPHQW�LO�HVW�SRVVLEOH�GH�PHVXUHU�OD�SRVLWLRQ�GH�OD�YDQQH�G
XQ�RXYUDJH�GH�UpJXODWLRQ��: ��
%LHQ�TXH� WRXWHV�FHV�YDULDEOHV�SXLVVHQW�rWUH�WHFKQLTXHPHQW�PHVXUpHV��GDQV� OD�SUDWLTXH� OHV�PHVXUHV�VHOLPLWHQW�j�GHV�QLYHDX[�j�FHUWDLQV�HQGURLWV�GX�FDQDO��FDU�OHV�DXWUHV�PHVXUHV�UHSUpVHQWHQW�HQ�JpQpUDO�GHVFR�WV�DGGLWLRQQHOV�pOHYpV�HW�VRQW�VRXYHQW�PRLQV�SUpFLVHV��/D�SRVLWLRQ�GHV�RXYUDJHV�HVW�TXDQW�j�HOOH�ELHQFRQQXH�FDU�LPSRVpH�SDU�OD�FRPPDQGH�
�����������&RPPDQGHV
/HV� FRPPDQGHV� VRQW� OHV� YDULDEOHV� VXU� OHVTXHOOHV� VRQW� HIIHFWXpHV� OHV� DFWLRQV� GH� FRQWU{OH�� SRXUFRPPDQGHU�OHV�YDULDEOHV�FRQWU{OpHV��&H�VRQW� OHV�VRUWLHV�GX�V\VWqPH�GH�FRPPDQGH�� ,O�HVW�SRVVLEOH�GHSDUOHU�LFL�GH�VHXOHPHQW�GHX[�W\SHV�GH�FRPPDQGHV��VHORQ�TXH�OHV�RXYUDJHV�VRQW�RX�SDV�SULV�HQ�FRPSWHGDQV� OD� FRPPDQGH� >0DODWHUUH� HW� DO�����@� �� OHV� GpELWV� �4 �� RX� O
RXYHUWXUH�GHV� YDQQHV� �: ���'DQV� OHSUHPLHU�FDV�XQ�DOJRULWKPH�GRLW�WUDQVIRUPHU�OH�GpELW�GH�FRPPDQGH�HQ�XQH�YDOHXU�G
RXYHUWXUH�GH�YDQQH�FDU�F
HVW�GDQV�XQ�V\VWqPH�UpHO�OD�VHXOH�YDULDEOH�GH�FRPPDQGH�GX�ELHI�
,O� HVW� DXVVL� LPSRUWDQW� GH� QRWHU� OHV� SRVVLELOLWpV� H[LVWDQWHV� SDU� UDSSRUW� j� OD� SRVLWLRQ� GH� OD� YDULDEOH� GHFRPPDQGH��6XU�XQ�ELHI�GH�FDQDO� WURLV�FRQILJXUDWLRQV�VRQW�SRVVLEOHV� �� O
XWLOLVDWLRQ�GH� OD�YDQQH�DPRQWFRPPH� FRPPDQGH� �DSSHOp� FRPPDQGH� SDU� O
DYDO��� O
XWLOLVDWLRQ� GH� OD� YDQQH� DYDO� FRPPH� FRPPDQGH�DSSHOp�FRPPDQGH�SDU�O
DPRQW��RX�O
XWLOLVDWLRQ�GHV�GHX[�YDQQHV��DSSHOp�FRPPDQGH�PL[WH���YRLU�)LJXUH�����
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&RWH�FRQWU{OpH

&RPPDQGH�SDU�O
DYDO
$PRQW $YDO $PRQW $YDO $PRQW $YDO&RPPDQGH�PL[WH &RPPDQGH�SDU�O
DPRQW

44 4
&RWH�FRQWU{OpH &RWH�FRQWU{OpH

)LJXUH������ &RQILJXUDWLRQ�GHV�FRPPDQGHV/D�FRPPDQGH�HQ�FRWH�SDU�O
DYDO�SUpVHQWH�OD�SDUWLFXODULWp�GH�FRQGXLUH�LQGLUHFWHPHQW�j�XQH�FRPPDQGHHQ� GpELW�� 'DQV� >&KHYHUHDX�����@� >'HOWRXU�����@� >/LWULFR�����@� >&KHQ�����@� VRQW� SUpVHQWpV� GHVH[HPSOHV�GH�FH�W\SH�GH�FRPPDQGH�
8QH�FRPPDQGH�SDU�O
DPRQW�SDU�FRQWUH�QH�FRQGXLW�SDV�LQGLUHFWHPHQW�j�XQH�FRPPDQGH�HQ�GpELW��HW�GRLWrWUH� FRPSOpWpH� SDU� XQH� FRPPDQGH� HQ� GpELW� >0DODWHUUH�����@��'HV� H[HPSOHV� GH� FHWWH� FRPPDQGH� VHWURXYHQW�GDQV�>%X\DOVNL�����@�>&DUGRQD�HW�DO�����@�>&RPSDV�HW�3DJHV�����@�>$NRX]�HW�DO�����@�
/D�FRPPDQGH�PL[WH�TXDQW�j�HOOH�JDUGH�OD�SDUWLFXODULWp�GH�FRQGXLUH�LQGLUHFWHPHQW�j�XQH�FRPPDQGH�HQGpELW�� 4XHOTXHV� H[HPSOHV� UpFHQWV� GH� FH� W\SH� GH� FRPPDQGH� VH� WURXYHQW� GDQV� >5HGG\� HW� DO�����@>*DUFLD� HW� DO�����@� >0DODWHUUH�����@� >0DODWHUUH�����@� >6DZDGRJR� HW� DO�����@� >0DODWHUUH� HW5RGHOODU�����@�>$NRX]�HW�DO�����@�
���������6XLYDQW�OD�ORJLTXH�GH�FRQWU{OH
6XLYDQW�O
DXWRPDWLTXH�FODVVLTXH�GHX[�SRVVLELOLWpV�GH�ORJLTXH�GH�FRQWU{OH�VH�SUpVHQWHQW���OD�FRPPDQGHHQ� ERXFOH� RXYHUWH� RX� OD� FRPPDQGH� HQ� ERXFOH� IHUPpH�� 'DQV� OH� FDV� GH� OD� FRPPDQGH� GH� FDQDX[G
LUULJDWLRQ�OHV�GHX[�DSSURFKHV�LQGpSHQGDQWHV�QH�VRQW�HQ�JpQpUDO�SDV�VXIILVDQWHV�
3RXU� OD�ERXFOH�RXYHUWH� OD�FRPPDQGH�HVW�FDOFXOpH�j�SDUWLU� GHV�FRQVLJQHV� &< HW�XQH�HVWLPDWLRQ�GH� OD
SHUWXUEDWLRQ� 3Å �� FHOOH� FL� SRXYDQW� GH� FHWWH� IDoRQ� FRPSHQVHU� OHV� UHWDUGV� GX� V\VWqPH� HQ� DQWLFLSDQW� OHVEHVRLQV� GHV� XVDJHUV�� &HV� EHVRLQV� GRLYHQW� rWUHV� HVWLPpV� HQ� IRQFWLRQ� GHV� GRQQpHV� FOLPDWLTXHV�DJURQRPLTXHV�� VRFLRORJLTXHV� HW� GH� VWDWLVWLTXHV� GH� OD� FRQVRPPDWLRQ�� /D� ERXFOH� RXYHUWH� Q
HVWJpQpUDOHPHQW�SDV�VXIILVDQWH�FDU�OHV�SHUWXUEDWLRQV�VRQW�HQ�JpQpUDO�WUqV�GLIILFLOHV�j�HVWLPHU�
/D� ERXFOH� IHUPpH� TXDQW� j� HOOH� SHUPHW� G
pWDEOLU� XQH� FRPPDQGH�8 HQ� IRQFWLRQ� GH� O
HUUHXU� HQWUH� OHVYDULDEOHV�PHVXUpV� < HW� OHV�FRQVLJQHV� &< ��0DLV�FRPPH�GDQV�FH�FDV� OHV�SHUWXUEDWLRQV�VRQW�SULVHV�HQFRPSWH�DSUqV�DYRLU�DIIHFWp�OH�V\VWqPH��HW�TXH�GDQV�OHV�V\VWqPHV�GH�FDQDX[�RXYHUWV�OHV�UHWDUGV�VRQW�WUqVJUDQGV��DORUV�OD�FRPPDQGH�HQ�ERXFOH�IHUPpH�Q
HVW�SDV�VXIILVDQWH�QRQ�SOXV�
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6\VWqPH�HQ�%RXFOH�2XYHUWH

6\VWqPH�HQ�%RXFOH�IHUPp
)LJXUH������ /RJLTXH�GH�FRQWU{OH�ERXFOH�RXYHUWH�ERXFOH�IHUPpH

&
HVW�SRXU�FHOD�TXH�GDQV�OHV�V\VWqPHV�G
LUULJDWLRQ�LO�HVW�HQ�JpQpUDO�QpFHVVDLUH�GH�PHWWUH�HQ�£XYUH�OHVGHX[�ORJLTXHV�HQ�PrPH�WHPSV�FRPPH�OH�PRQWUH�OD�)LJXUH����� >0DODWHUUH�HW�DO�����@��0DLV�LO�HVW�DXVVLSRVVLEOH�GH�GpYHORSSHU�GHV�FRPPDQGHV�j�GHX[�pWDSHV��HW�GH�FHWWH�IDoRQ�IDLUH�YDULHU�OD�FRQVLJQH�GH�ODFRPPDQGH� HQ� ERXFOH� IHUPpH� &<Å HQ� IRQFWLRQ� GHV� EHVRLQV� HVWLPpV� 3Å �� FHOD� DYHF� XQH� FRPPDQGH� HQERXFOH�RXYHUWH��&HWWH�FRQILJXUDWLRQ�HVW�SUpVHQWpH�VXU�OD�)LJXUH�������2Q�SHXW�UHPDUTXHU�TX
DYHF�FHWWHFRQILJXUDWLRQ�OH�V\VWqPH�UHYLHQW�QDWXUHOOHPHQW�DX[�GHX[�pWDSHV�GH�JHVWLRQ��OD�ERXFOH�RXYHUWH�SRXU�ODJHVWLRQ�VWUDWpJLTXH�HW�OD�ERXFOH�IHUPpH�SRXU�OD�JHVWLRQ�WDFWLTXH�RX�FRPPDQGH�>/LWULFR�����@�

6<67(0(&200$1'(%)&200$1'(%2
3
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&< � �

6\VWqPH�HQ�%RXFOH�2XYHUWH 6\VWqPH�HQ�%RXFOH�)HUPp

&<Å

)LJXUH������ /RJLTXH�GH�FRQWU{OH�ERXFOH�RXYHUWH�ERXFOH�IHUPpH�j�GHX[�pWDSHV
,O�HVW�SRVVLEOH�GH�FLWHU�FRPPH�H[HPSOHV�UpFHQWV�GH�FH�W\SH�GH�FRPPDQGH��SRXU�OD�FRPPDQGH�HQ�ERXFOHIHUPpH� >&KHYHUHDX�����@� >6DZDGRJR�����@� >.KDODGL�����@� >'HOWRXU�����@� >5RGHOODU� HW� DO�����@>/LX�����@� >/LWULFR�����@� >(O)DZDO�����@� >&KHQ�����@� HW� SRXU� OD� FRPPDQGH� HQ� ERXFOH� RXYHUWH>&KHYHUHDX�����@�>6DZDGRJR�����@�>.KDODGL�����@�>=LKXL�HW�0DQ]�����@��>%HDXPH�HW�DO�����@�
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���������6XLYDQW�OH�PRGqOH�XWLOLVp
/HV�PRGqOHV�XWLOLVpV�SRXU�OD�FRPPDQGH�SHXYHQW�rWUH�GH�SOXVLHXUV�W\SHV��HW�RQW�GpMj�pWp�WUDLWpV�GDQV�OHVSDUDJUDSKHV�SUpFpGHQWV��,O�VHUD�VLPSOHPHQW�QRWp�LFL�TXH�OD�FRPPDQGH�SHXW�rWUH�GpYHORSSpH�j�SDUWLU�GHVW\SHV� GH�PRGqOHV�PHQWLRQQpV� �GHV� H[HPSOHV� RQW� GpMj� pWp� GRQQpV��� PDLV� SHXW� DXVVL� VH� UpDOLVHU� VDQVPRGqOH�� FRPPH� SDU� H[HPSOH� SRXU� XQH� FRPPDQGH� 3,'� FRPPH� F
HVW� OH� FDV� GDQV� >6NHUWFKO\� HW0LOHV�����@�
���������6XLYDQW�OD�PpWKRGH�GH�V\QWKqVH�GH�OD�FRPPDQGH
/D�PpWKRGH�GH�V\QWKqVH�GH� OD�FRPPDQGH�HVW� OD�PpWKRGH��FKRLVLH�SDUPL� OHV�PpWKRGHV�GH�FRPPDQGHGpYHORSSpHV�SDU� OHV�DXWRPDWLFLHQV��HW�DSSOLTXpH�DX� V\VWqPH�G
LUULJDWLRQ� pWXGLp� LFL��&
HVW� VXU� FH� VXMHWTX
LO� \� D� OH� SOXV� GH� WUDYDX[� GLIIpUHQWV�� FDU� F
HVW� LFL� TXH� VH� FRQFHQWUH� HQ� JpQpUDO� OH� VDYRLU�IDLUH� GHVDXWRPDWLFLHQV��,O�HVW�SRVVLEOH�GH�FODVVLILHU�RX�UHJURXSHU�OHV�PpWKRGHV�GH�V\QWKqVH�HQ�SOXVLHXUV�JURXSHVWHOV� TXH� ��PpWKRGHV�PRQRYDULDEOHV� HW�PXOWLYDULDEOHV��PpWKRGHV� OLQpDLUHV� HW� QRQ� OLQpDLUHV��PpWKRGHVFRQWLQXHV�HW�GLVFUqWHV��PpWKRGHV�DQDO\WLTXHV�HW�PpWKRGHV�QXPpULTXHV��,O�H[LVWH�GHV�H[HPSOHV�GH�WRXVFHV�W\SHV�GH�PpWKRGHV��HW�XQH�OLVWH��QRQ�H[KDXVWLYH��GHV�WUDYDX[�UpFHQWV�HVW�SUpVHQWp�FL�DSUqV�
0pWKRGHV�/LQpDLUHV�0RQRYDULDEOHV
� 0pWKRGHV�KHXULVWLTXHV�EDVpHV�VXU�O
+\GUDXOLTXH�>=LPEHOPDQ�����@��>%XUW�����@�
� 0pWKRGHV�HPSLULTXHV�>5RX[�����@�>0DU]RXNL�����@�
� 3,�>&KHQWRXI�HW�DO�����@�>;X�HW�6DOOHW�����@�
� 3,'�>/LWULFR�����@�>6NHUWFKO\�HW�0LOHV�����@�>.KDODGL�����@�
� 3,5�>6DQILOLSSR�����@�>'HOWRXU�����@�
� 3ODFHPHQW�GH�S{OHV�>/LWULFR�����@�
� &RPPDQGH� SUpGLFWLYH� PRQRYDULDEOH� >$NRX]� HW� DO�����@� >&RPSDV� HW� SDJHV�����@>6DZDGRJR�����@�>5RGHOODU�HW�DO�����@�>/LQNHQV�HW�0DKIRXI�����@�>6RHWHUERHN�����@�
� &RPPDQGH�SUpGLFWLYH�DGDSWDWLYH�OLQpDLUH�>&DUGRQD�HW�DO�����@�
� 'pFRXSODJH�HQ�GLYHUV�V\VWqPHV�PRQRYDULDEOHV�>6FKXXUPDQV�����@�
� &RPPDQGH�IORXH�>9RURQ�HW�%RXLOORW�����@�>3DUULVK�����@�>6WULQJDP�HW�0HUNOH\�����@�
0pWKRGHV�/LQpDLUHV�0XOWLYDULDEOHV
� 5HWRXU�GH�VRUWLH�>&KHYHUHDX�����@�>/LX�HW�DO�����@�
� 5HWRXU�G
pWDW�>/LX�HW�DO�����@�
� 2SWLPLVDWLRQ�OLQpDLUH�>6DEHW�����@�



&KDSLWUH����6\VWqPHV�GH�GLVWULEXWLRQ�G·HDX�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
� 5pJXODWHXU� OLQpDLUH� TXDGUDWLTXH� >&RUULJD� HW� DO�����@� >%DORJXQ�����@� >+XEEDUG� HW� DO�����@>*DUFLD�����@�>5HGG\�HW�DO�����@�>0DODWHUUH�����@�>.RVXWK�����@�>6DZDGRJR�HW�DO�����@�
� &RPPDQGH�5REXVWH�OLQpDLUH�>6FKXXUPDQV�����E@�>/LWULFR�����@�
� &RPPDQGH�SUpGLFWLYH�PXOWLYDULDEOH�OLQpDLUH�>0DODWHUUH�HW�5RGHOODU�����@�>6DZDGRJR�HW�DO�����@>&RPSDV�HW�3DJHV�����@�
� $SSURFKH�SDU�VHPL�JURXSHV�>%RXQLW�HW�DO�����@�>&KHQ�����@�
0pWKRGHV�1RQ�/LQpDLUHV
� 2SWLPLVDWLRQ�QRQ� OLQpDLUH�HQ�ERXFOH�RXYHUWH� >7RPLFLF�����@� >.KDODGL�����@�>/LQ� HW�0DQ]�����@>*HQQDGLL�HW�DO�����@�
� &RPPDQGH�SDU�XQH�PpWKRGH�GH�/\DSXQRY�HQ�GLPHQVLRQ�LQILQLH�>&RURQ�HW�DO�����@�
� &RPPDQGH� RSWLPDOH� QRQ� OLQpDLUH� HQ� ERXFOH� IHUPpH� >&KHQ� HW� *HRUJHV�����@� >&KHQ� HW*HRUJHV�����E@�>&KHQ�����@�
� &RPPDQGH�UREXVWH�QRQ�OLQpDLUH�>&KHQ�HW�*HRUJHV�����D@�>&KHQ�����@�>&KHQ�HW�*HRUJHV�����@�
� /LQpDULVDWLRQ�HQWUpH�VRUWLH�HQ�GLPHQVLRQ�ILQLH�>'XOKRVWH�HW�DO�����@�
� %DFNVWHSSLQJ�HQ�GLPHQVLRQ�ILQLH�>%HVDQoRQ�HW�DO�����@�
7RXV�FHV�PRGqOHV�RQW�OHXU�SDUWLFXODULWp�GH�IRQFWLRQQHPHQW��DYHF�GHV�DYDQWDJHV�HW�GpVDYDQWDJHV�OHV�XQVSDU�UDSSRUW�DX[�DXWUHV��OHV�GpWDLOV�VRQW�WUqV�QRPEUHX[�HW�SRXU�FHOD�QH�VHURQW�SDV�SUpFLVpV�LFL�
/HV� SULQFLSDOHV� UHPDUTXHV�� TXL� SHXYHQW� VH� IDLUH�� VRQW� TXH� OHV� FRPPDQGHV� EDVpHV� VXU� GHV�PpWKRGHVOLQpDLUHV�SUpVHQWHQW�O
DYDQWDJH�G
rWUH�VLPSOHV��PDLV�O
LQFRQYpQLHQW�GH�Q
rWUH�YDOLGHV�TXH�VXU�XQH�SHWLWHSODJH�GH�IRQFWLRQQHPHQW��SURFKH�GX�SRLQW�GH�IRQFWLRQQHPHQW�R��D�pWp�FDOFXOp�OH�PRGqOH�OLQpDLUH�
1RWRQV� TXH� OH� FRPSRUWHPHQW� GHV� V\VWqPHV� K\GUDXOLTXHV� j� VXUIDFH� OLEUH� HVW� PDUTXp� SDU� OD� IRUWHGpSHQGDQFH� GHV� UHWDUGV� GH� SURSDJDWLRQ� HQ� IRQFWLRQ� GX� GpELW�� &HWWH� FDUDFWpULVWLTXH� IRUWHPHQW� QRQOLQpDLUH�OLPLWH�VRXYHQW�OD�YDOLGLWp�GHV�PRGqOHV� OLQpDLUHV�XWLOLVpV�SRXU�GpFULUH�OH�FRPSRUWHPHQW�GH�FHVV\VWqPHV�
'
XQ�DXWUH� F{Wp� OHV�FRPPDQGH�pWDEOLHV� j� SDUWLU� GH�PpWKRGHV�QRQ� OLQpDLUHV�� VRQW�� j� FH� MRXU�� VRLW� WURSFRPSOH[HV� SRXU� HQYLVDJHU� XQH� DSSOLFDWLRQ� UpHOOH�� VRLW� EDVpHV� VXU� GHV� PRGqOHV� QRQ� OLQpDLUHV� WURSVLPSOLILpV��FRPPH�SDU�H[HPSOH�XQ�FDQDO�VDQV�SHQWH�QL�IULFWLRQ�
'H�QRV�MRXUV�VHXOV�VRQW�DSSOLTXpHV�VXU�GHV�V\VWqPHV�UpHOV�GHV�PpWKRGHV�VLPSOHV��GX� WLSH�3,��3,'�RX3,5��TXHOTXHV�H[HPSOHV�VH�WURXYHQW�GDQV�>%R]DNRY�HW�/D\FRFN�����@�>5XL]�HW�DO�����@��,O�H[LVWH�DXVVLGHV�PpWKRGHV� GLWHV� LQIRUPDWLTXHV� WHOOHV� TXH� >5RJHUV�����@�� GHV�PpWKRGHV� GH� VXSHUYLVLRQ� WHOOHV� TXH>+DQVHQ�HW�3XJK�����@�HW�GHV�PpWKRGHV�GH�FRPPDQGH�OLQpDLUH�GH�W\SH�567�>'XPXU�HW�DO�����@�
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�����2%-(&7,)6�(7�/,0,7(6�'(�/$�7+(6(
&HWWH�WKqVH�VH�SODFH�GDQV�OH�FDGUH�GH�O
DSSOLFDWLRQ�GH�PpWKRGHV�GH�V\QWKqVH�GH�FRPPDQGH��(OOH�SUHQGUDGRQF�VHXOHPHQW�HQ�FRPSWH�OD�SDUWLH�GH�OD�JHVWLRQ�G
XQ�FDQDO�G
LUULJDWLRQ�FRUUHVSRQGDQW�j�OD�FRPPDQGH�JHVWLRQ�WDFWLTXH���FH�TXL�UpGXLW�O
pWXGH�j�O
XWLOLVDWLRQ�G
XQH�ORJLTXH�GH�FRPPDQGH�HQ�ERXFOH�IHUPpH�
/HV�REMHFWLIV�VRQW�GH�GpYHORSSHU�XQH�FRPPDQGH�TXL�SXLVVH�SDOOLHU�OHV�GpIDXWV�GHV�PpWKRGHV�H[LVWDQWHV�F
HVW�j�GLUH�XQH�PpWKRGH�VXIILVDPPHQW�VLPSOH�HW�SUpFLVH�SRXU�SRXYRLU�rWUH�DSSOLTXpH�VXU�XQ�V\VWqPHUpHO��3RXU�FHOD�OH�FKRL[�HVW�SRUWp�VXU�O
XWLOLVDWLRQ�GH�PpWKRGHV�QRQ�OLQpDLUHV��TXL�VRQW�OHV�SOXV�DSWHV�jJDUDQWLU�XQH�SODJH�GH�IRQFWLRQQHPHQW�VXIILVDPPHQW�ODUJH�
3RXU� SRXYRLU� UpDOLVHU� FHOD� LO� HVW� QpFHVVDLUH� G
DYRLU� XQ� PRGqOH� QRQ� OLQpDLUH� VXIILVDPPHQW� VLPSOH�/
REWHQWLRQ�GH�FH�PRGqOH�HVW�OD�SUHPLqUH�SDUWLH�GH�FHWWH�pWXGH��FDU�OHV�PRGqOHV�H[LVWDQWV�VRQW�VRLW�WURSFRPSOH[HV�SRXU�DSSOLTXHU�GHV�PpWKRGHV�QRQ�OLQpDLUHV��VRLW�WURS�DSSUR[LPDWLIV��/H�FKRL[�V
HVW�SRUWp�VXUO
XWLOLVDWLRQ�G
XQ�PRGqOH�GH�GLPHQVLRQ� ILQLH�� REWHQX�SDU� OD� UpVROXWLRQ�GHV�pTXDWLRQV� GH�6DLQW�9HQDQWDYHF�XQH�PpWKRGH�GH�FROORFDWLRQ�
$�SDUWLU�GX�PRGqOH�REWHQX�VRQW�DSSOLTXpHV�GHV�PpWKRGHV�QRQ�OLQpDLUHV�GH�FRPPDQGH��HW�QRWDPPHQWGHX[�W\SHV�GH�PpWKRGHV�GLWHV�JpRPpWULTXHV���OD�PpWKRGH�GH�OLQpDULVDWLRQ�HQWUpH�VRUWLH��HW�XQH�PpWKRGHGH�%DFNVWHSSLQJ��/HV�YDULDEOHV�FKRLVLHV�SRXU�OH�GpYHORSSHPHQW�GH�OD�FRPPDQGH�VHURQW���/HV�QLYHDX[SRXU� OHV� YDULDEOHV� FRQWU{OpV� HW� OHV� GpELWV� SRXU� OD� FRPPDQGH�� (W� GDQV� XQ� VRXFL� GH� PHLOOHXUHDSSUR[LPDWLRQ�GH� OD� UpDOLWp��RQ�DMRXWHUD�XQ�PRGqOH�SRXU� OHV�pTXDWLRQV�G
RXYUDJH�DX[�DOJRULWKPHV�GHVLPXODWLRQ�
4XDQW�DX[�YDULDEOHV�PHVXUpHV��LO�VHUD�FRQVLGpUp�GH�PDQLqUH�UpDOLVWH�TXH�VHXOV�OHV�QLYHDX[�VRQW�PHVXUpV�FH� TXL� SURGXLUD� SDU� OD� VXLWH� OH� EHVRLQ� G
XQ� REVHUYDWHXU� SRXU� OHV� DXWUHV� YDULDEOHV� QpFHVVDLUHV� j� ODFRPPDQGH��4 HW�T ���&HW�REVHUYDWHXU�VHUD�DXVVL�GH�W\SH�QRQ�OLQpDLUH��SOXV�SUpFLVpPHQW�XQ�REVHUYDWHXUj�JUDQG�JDLQ�
3RXU�ILQLU��TXHOTXHV�LGpHV�SRXU�UpVRXGUH�OH�SUREOqPH�GH�O
LQWHUFRQQH[LRQ�GH�ELHIV�VHURQW�SUpVHQWpHV�



��

&KDSLWUH��
00002222''''((((////,,,,6666$$$$7777,,,,22221111
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3RXU�OD�FRPPDQGH�GH�FDQDX[�RXYHUWV�LO�HVW�QpFHVVDLUH�G
DYRLU�XQ�PRGqOH�PDWKpPDWLTXH�GpFULYDQW�XQpFRXOHPHQW� XQLGLPHQVLRQQHO� QRQ� SHUPDQHQW�� JUDGXHOOHPHQW� YDULp�� /H� FKRL[� GH� FH PRGqOH� HVW� WUqVLPSRUWDQW� FDU� GH� OXL� GpSHQG� HQ� JUDQGH� SDUWLH� OD� SUpFLVLRQ� HW� OD� VLPSOLFLWp� GH� OD� FRPPDQGH� TXL� VHUDGpYHORSSpH�SDU�OD�VXLWH�
&RPPH� LO� D� pWp� GLW� DX� FKDSLWUH� SUpFpGHQW� OD�PRGpOLVDWLRQ� GHV� FDQDX[�RXYHUWV� SHXW� VH� IDLUH� GH� GHX[IDoRQV� GLIIpUHQWHV�� OD� SUHPLqUH� HVW� O©XWLOLVDWLRQ� G©XQ� PRGqOH� GH� UHSUpVHQWDWLRQ� HW� OD� GHX[LqPH� HVWO
XWLOLVDWLRQ�G
XQ�PRGqOH�GH�FRQQDLVVDQFH��/H�FKRL[�D�pWp�SRUWp� LFL�VXU�OHV�(TXDWLRQV�GH�6DLQW�9HQDQW>6DLQW�9HQDQW�����@��TXL�FRQVWLWXHQW�OH�PRGqOH�GH�FRQQDLVVDQFH�GH�EDVH�SRXU�FH�W\SH�GH�V\VWqPHV��/DFRPSOH[LWp� GH� FHV� pTXDWLRQV� HW� O
DEVHQFH� j� FH� MRXU� G©XQH� VROXWLRQ� DQDO\WLTXH�� UHQGHQW� WUqV� GLIILFLOHO©XWLOLVDWLRQ�GLUHFWH�GHV�FHV�pTXDWLRQV�SRXU�OD�FRPPDQGH��HW�F©HVW�SRXU�FHOD�TXH�VHUD�SURSRVp�XQ�PRGqOHGH�GLPHQVLRQ�ILQLH�EDVp�VXU�FHV�pTXDWLRQV�
'LYHUVHV�PpWKRGHV�H[LVWHQW�SRXU�UpVRXGUH�OHV�pTXDWLRQV�GH��6DLQW�9HQDQW�HW�SRXU�OHV�WUDQVIRUPHU�HQ�XQV\VWqPH�GH�GLPHQVLRQ�ILQLH��7URLV�GH�FHV�PpWKRGHV�VHURQW�SUpVHQWp� LFL� ��8QH�TXL� VHUD�XWLOLVpH�SDU� ODVXLWH�SRXU�REWHQLU�OH�PRGqOH�GH�EDVH�SRXU�OD�FRPPDQGH�HW�TXL�FRUUHVSRQG�j�XQH�PpWKRGH�GH�UpVLGXVSRQGpUpV� >)OHWFKHU�����@�� QRPPpH� �PpWKRGH� GH� FROORFDWLRQ� RUWKRJRQDOH��� DYHF� XQH� IRUPXODWLRQYDULDWLRQQHOOH� TXL� XWLOLVH� OHV� SRO\Q{PHV� GH� /DJUDQJH� FRPPH� IRQFWLRQV� GH� EDVH� >9LOODGVHQ� HW0LFKHOVHQ�����@�� HW� GHX[� DXWUHV� TXL� VHURQW� XWLOLVpHV� FRPPH� UpIpUHQFHV� SRXU� YDOLGHU� OD� SUHPLqUH� HWpYDOXHU� VHV� SHUIRUPDQFHV�� ,O� V
DJLW� GH� GHX[�PpWKRGHV� GH� GLIIpUHQFHV� ILQLHV�� O
XQH� H[SOLFLWH� HW� O
DXWUHLPSOLFLWH��FHWWH�GHUQLqUH�HVW�FRQQXH�VRXV�OH�QRP�GH�PpWKRGH�GH�3UHLVVPDQQ�>3UHLVVPDQQ�����@�
�����(48$7,216�'(�%$55(�'(�6$,17�9(1$17
/D�IRUPXODWLRQ�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW�XWLOLVpH�GDQV�FH�WUDYDLO�VHUD�OD�IRUPXODWLRQ�HQ�GpELW��DYHFSULVH�HQ�FRPSWH�GX�WHUPH�G©LQILOWUDWLRQ�>0DODWHUUH�����@��'H�SOXV��GDQV�XQ�VRXFL�GH�VLPSOLILFDWLRQ��FHWUDYDLO�QH�FRQFHUQHUD�TXH�O©pWXGH�TXH�OHV�FDQDX[�j�VHFWLRQ�UHFWDQJXODLUH�
/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�SRXU�XQH�VHFWLRQ�UHFWDQJXODLUH�GH�FDQDO�VRQW��
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$�FHV�pTXDWLRQV�LO�IDXW�DMRXWHU�GHV�FRQGLWLRQV�OLPLWHV�HW�GHV�FRQGLWLRQV�LQLWLDOHV�
/HV�FDQDX[�G©LUULJDWLRQ�pWDQW�HQ�JpQpUDO�GH�IDLEOH�SHQWH��HW�IRQFWLRQQDQW�GRQF�HQ�UpJLPH�IOXYLDO��VRXVFULWLTXH��RQ�GRLW�XWLOLVHU�XQH�FRQGLWLRQ� OLPLWH� j� O
DYDO� HW�XQH� FRQGLWLRQ� OLPLWH� j� O
DPRQW� GH� VRUWH� TXHTXDWUH�SRVVLELOLWpV�VH�SUpVHQWHQW��� � ����� ���� � W4W/[4 W4W[4

Q    RX�� � � ����� ���� � WKW/[K W4W[4
Q    RX� � � ����� ���� � W4W/[4 WKW[K

Q    RX� � � ����� ���� � WKW/[K WKW[K
Q    �����

(W�OHV�FRQGLWLRQV�LQLWLDOHV � � � � �� � � � > @/[4[4 K[K ����� ��� ��  �����

�����02'(/(�'(�',0(16,21�),1,(
�������,QWURGXFWLRQ
$�SDUWLU�GX�PRGqOH�DQDO\WLTXH�UDSSHOp�GDQV�OD�VHFWLRQ�SUpFpGHQWH��HW�GRQW�OD�VROXWLRQ�DQDO\WLTXH�Q©HVWSDV� FRQQXH� j� FH� MRXU�� VDXI� SRXU� GHV� FDV� SDUWLFXOLHUV� WUqV� VLPSOHV�� LO� IDXW� GpYHORSSHU� XQ�PRGqOH� GHGLPHQVLRQ� ILQLH�� 3RXU� FHOD� RQ� YD� XWLOLVHU� GHV� PpWKRGHV� QXPpULTXHV� TXL� SHUPHWWHQW� G
REWHQLU� XQHVROXWLRQ� DSSURFKpH� GHV� pTXDWLRQV� GH� 6DLQW�9HQDQW�� ,O� H[LVWH� GLYHUVHV�PpWKRGHV� QXPpULTXHV� SRXU� ODUpVROXWLRQ� GH� V\VWqPHV� GH� FH� W\SH�� OHV� SOXV� FRQQXHV� pWDQW� OD�PpWKRGH� GHV� FDUDFWpULVWLTXHV� >*UDI� HW$OWLQDNDU�����@��OHV�PpWKRGHV�G©pOpPHQWV�ILQLV�>&ROOH\�HW�0RLQ�����@�>.HXQLQJ�����@�� OHV�PpWKRGHVGH� GLIIpUHQFHV� ILQLHV� >3UHLVVPDQQ�����@� >&XQJH�����@� >6WHONRII�����@� HW� OHV� PpWKRGHV� GH� UpVLGXVSRQGpUpV�>9LOODGVHQ�HW�0LFKHOVHQ�����@�>)OHWFKHU�����@�



&KDSLWUH����0RGpOLVDWLRQ

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
/HV�PpWKRGHV�OHV�SOXV�XWLOLVpHV�SRXU�OD�FRPPDQGH�GH�FDQDX[�RXYHUWV�VRQW�OHV�PpWKRGHV�GH�GLIIpUHQFHVILQLHV�� FDU� FH� VRQW� OHV� SOXV� VLPSOHV� HW� ELHQ� DGDSWpHV� j� XQH� PRGpOLVDWLRQ� XQLGLPHQVLRQQHOOH�� 'HX[SRVVLELOLWpV�VH�SUpVHQWHQW�GDQV�FH�W\SH�GH�PpWKRGHV���O
XWLOLVDWLRQ�G
XQH�GLVFUpWLVDWLRQ�H[SOLFLWH�HQ�WHPSV>%DORJXQ� HW� +XEEDUG�����@� >5HGG\�����@� � HW� O
XWLOLVDWLRQ� G
XQH� GLVFUpWLVDWLRQ� LPSOLFLWH� HQ� WHPSV>.KDODGL�����@�>0DODWHUUH�����@��/D�SUHPLqUH�RSWLRQ�HVW�XQH�VROXWLRQ�SOXV�VLPSOH��PDLV�OD�VWDELOLWp�GHOD�VROXWLRQ�GpSHQG�GX�FKRL[�GH�OD�SpULRGH�GH�WHPSV��OD�GHX[LqPH�RSWLRQ�HVW�SOXV�FRPSOH[H�HW�UHTXLHUWSOXV� GH� WHPSV� GH� FDOFXO�� PDLV� HVW� LQFRQGLWLRQQHOOHPHQW� QXPpULTXHPHQW� VWDEOH�� 5DSSHORQV� TXH� ODPpWKRGH� GH� GLVFUpWLVDWLRQ� GH� 3UHLVVPDQQ�� TXL� HVW� OD� SOXV� XWLOLVpH� SRXU� OD� PRGpOLVDWLRQ� GH� FDQDX[RXYHUWV�j�XQH�GLPHQVLRQ��HQWUH�GDQV�FH�GHX[LqPH�FDV��/HV�UpVXOWDWV�REWHQXV�DYHF�FHWWH�PpWKRGH�VRQWWUqV�ERQV��PDLV�LO�HVW�GLIILFLOH�GH�O©XWLOLVHU�SRXU�OD�FRPPDQGH�FDU�HOOH�LQGXLW�XQ�PRGqOH�DYHF�XQ�JUDQGQRPEUH�G
pWDWV�HW�GH�SOXV� OH� V\VWqPH�REWHQX�HVW� LPSOLFLWH�GX� W\SH� ����� �  � WWW X[[+ ��&HSHQGDQW� FHW\SH�GH�PRGqOH�D�GpMj�pWp�XWLOLVp�SRXU�OD�FRPPDQGH�GH�IDoRQ�GLUHFWH�>&KHQ�����@�RX�HQ�VH�UHVWUHLJQDQWj�O
pWXGH�GX�OLQpDULVp�WDQJHQW�>0DODWHUUH�����@�
/
LQWpUrW�GX� SUpVHQW� WUDYDLO� HVW� G
pWXGLHU� XQH� DXWUH�PpWKRGH� GH� UpVROXWLRQ�� WUqV� SHX� XWLOLVpH� SRXU� GHVV\VWqPHV� K\GUDXOLTXHV�� PDLV� TXL� HVW� DXVVL� VLPSOH� HW� ELHQ� DGDSWpH� SRXU� GHV� VLPXODWLRQVXQLGLPHQVLRQQHOOHV��&HWWH�PpWKRGH�HVW�OD�PpWKRGH�GH��FROORFDWLRQ�RUWKRJRQDOH���DYHF�XQH�IRUPXODWLRQYDULDWLRQQHOOH� SDU� SRO\Q{PHV� GH� /DJUDQJH�� (OOH� IDLW� SDUWLH� GH� OD� IDPLOOH� GHV� PpWKRGHV� GH� UpVLGXVSRQGpUpV�� HW� D� SULQFLSDOHPHQW� pWp� XWLOLVpH� HQ� FKLPLH� >9LOODGVHQ� HW� 6WHZDUW�����@� >0LFKHOVHQ� HW9LOODGVHQ�����@�>*HRUJDNLV�HW�DO�����@�>'RFKDLQ�HW�DO�����@�>/HIqYUH�HW�DO�����@��PDLV�WUqV�SHX�SRXUGHV� V\VWqPHV� K\GUDXOLTXHV�� 4XHOTXHV� H[HPSOHV� H[LVWHQW� FHSHQGDQW� FRPPH� GDQV� >$ODP� HW%KXL\DQ�����@�TXL�XWLOLVH�XQH�PpWKRGH�G
pOpPHQWV�ILQLV�SDU�FROORFDWLRQ�SRXU�PRGpOLVHU�XQH�UXSWXUH�GHEDUUDJH��
&L�DSUqV� VRQW� SUpVHQWpHV� OHV� EDVHV� GHV� GHX[� PpWKRGHV� GH� GLIIpUHQFHV� ILQLHV� LQGLTXpHV� HW� OHGpYHORSSHPHQW�FRPSOHW�GH�OD�PpWKRGH�GH�FROORFDWLRQ�SRXU�OD�VROXWLRQ�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW�
/D� PpWKRGH� GH� GLVFUpWLVDWLRQ� GH� 3UHLVVPDQQ� VHUD� XWLOLVpH� SDU� OD� VXLWH� SRXU� YDOLGHU� OH� PRGqOH� SDUFROORFDWLRQ�� HW� OD� PpWKRGH� GH� GLVFUpWLVDWLRQ� H[SOLFLWH� SRXU� FRPSDUHU� VHV� SHUIRUPDQFHV� DYHF� FHOOHVREWHQXHV�SDU�OD�PpWKRGH�GH�FROORFDWLRQ�
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�������0pWKRGH�GHV�GLIIpUHQFHV�ILQLHV�H[SOLFLWH�HQ�WHPSV�GHV(TXDWLRQV�GH�6DLQW�9HQDQW
���������'LVFUpWLVDWLRQ

L�������������L� L��'[ '[/D�GLVFUpWLVDWLRQ�VSDWLDOH�VH�IDLW�VXLYDQW�OHVFKpPD�GH�OD�)LJXUH�����
$YHF� OHV� DSSUR[LPDWLRQV� HWVLPSOLILFDWLRQV�GH�QRWDWLRQ�VXLYDQWHV�� )LJXUH����� 6FKpPD�GH�GLVFUpWLVDWLRQ�VSDWLDOH

� � � � LLL KWKW[K  # �� QLYHDX�j�O
DEVFLVVH�VSDWLDOH�G
LQGLFH�L� � � � LLL 4W4W[4  # �� GpELW�j�O
DEVFLVVH�VSDWLDOH�G
LQGLFH�L� � � � LLL KW WKW W[K � ww#ww �� YDULDWLRQ�WHPSRUHOOH�GH�QLYHDX�j�O
DEVFLVVH�VSDWLDOH�G
LQGLFH�L
� � � � LLL 4W W4W W[4 � ww#ww �� YDULDWLRQ�WHPSRUHOOH�GH�GpELW�j�O
DEVFLVVH�VSDWLDOH�G
LQGLFH�L

�����
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�
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LL K%%KK%N 44- � ������

(Q�OHV�UpRUJDQLVDQW�HOOHV�SHXYHQW�V
pFULUH�FRPPH�pTXDWLRQV�GH�OD�IRUPH��
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/
XWLOLVDWLRQ�GHV�GLIIpUHQFHV�ILQLHV�j�JDXFKH�� LL [[ ��� ��RX�j�GURLWH�� ��� LL [[ ���GpSHQG�GHV�FRQGLWLRQVDX[�OLPLWHV�XWLOLVpHV��/HV�SRVVLELOLWpV�VXLYDQWHV�VH�SUpVHQWHQW��
���������&RQGLWLRQV�DX[�OLPLWHV
$YHF� 1V VHFWLRQV�GH�GLVFUpWLVDWLRQ�
&RQGLWLRQV�DX[�OLPLWHV�4�DPRQW� HW�4�DYDO

������� ������ ������� 1V�������1V��KL4L L�������������L� L��'[ '[
3RXU� OHV� QLYHDX[�� OHV� YDOHXUV� DSSURFKpHV� DX[1V VHFWLRQV�GH�GLVFUpWLVDWLRQ�GRQQHQW� ��1VpWDWV� ������� �1V[[ �� 3RXU� OHV� GpELWV� OHV� GHX[
YDOHXUV�DX[�H[WUpPLWpV� �4 HW� ��1V4 VRQW�SULVHVFRPPH� FRPPDQGHV� �X HW� �X �� HW� OHV� ��1VYDOHXUV� UHVWDQWHV� GRQQHQW� � ��1V pWDWV

1V1V [[ �� ������ � )LJXUH����� &RQGLWLRQV�DX[�OLPLWHV�4DP ��4DY

/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�GLVFUpWLVpHV�VRQW��� �
� � 1VL%K4TN-,[ KKJ%K[ K4K4%4
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&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH
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&RQGLWLRQV�DX[�OLPLWHV�4�DPRQW� HW�K�DYDO

������� ������ ������� 1V�������1V��KL4L L�������������L� L��'[ '[
3RXU�OHV�QLYHDX[��OHV�YDOHXUV�DSSURFKpHV�DX[� 1VVHFWLRQV� GH� GLVFUpWLVDWLRQ� GRQQHQW� 1V pWDWV

1V[[ ������ ��DYHF�OD�YDOHXU�j�O
H[WUpPLWp�DYDO� ��1VKSULVH� FRPPH� FRPPDQGH� �X �� 3RXU� OHV� GpELWV� ODYDOHXU� j� O
H[WUpPLWp� DPRQW� �4 HVW� SULVH� FRPPHFRPPDQGH� �X �� HW� OHV� 1V YDOHXUV� UHVWDQWHVGRQQHQW��1V pWDWV� 1V1V [[ �������� � )LJXUH����� &RQGLWLRQ�DX[�OLPLWHV�4DP ��KDY
/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�GLVFUpWLVpHV�VRQW��� �
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&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�4�DYDO
������� ������ ������� 1V�������1V��KL4L L�������������L� L��'[ '[

3RXU�OHV�QLYHDX[��OHV�YDOHXUV�DSSURFKpHV�DX[� 1VVHFWLRQV� GH� GLVFUpWLVDWLRQ� GRQQHQW� 1V pWDWV
1V[[ ������ ��DYHF� OD�YDOHXU�j� O
H[WUpPLWp�DPRQW� �KSULVH� FRPPH� FRPPDQGH� �X �� 3RXU� OHV� GpELWV� ODYDOHXU� j� O
H[WUpPLWp� DYDO� ��1V4 HVW� SULVH� FRPPHFRPPDQGH� �X �� HW� OHV� 1V YDOHXUV� UHVWDQWHVGRQQHQW��1V pWDWV� 1V1V [[ �������� � )LJXUH����� &RQGLWLRQV�DX[�OLPLWHV�KDP ��4DY

/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�GLVFUpWLVpHV�VRQW��� �
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�
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&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�K�DYDO

������� ������ ������� 1V�������1V��KL4L L�������������L� L��'[ '[
3RXU�OHV�QLYHDX[��OHV�YDOHXUV�DSSURFKpHV�DX[� 1VVHFWLRQV� GH� GLVFUpWLVDWLRQ� GRQQHQW� ��1V pWDWV

������� �1V[[ �� FDU� OHV�YDOHXUV�DX[�H[WUpPLWpV� �K HW
��1VK VRQW� SULVHV� FRPPH� FRPPDQGH� �X HW� �X �3RXU� OHV� GpELWV� OHV� ��1V YDOHXUV� UHVWDQWHVGRQQHQW�� ��1V pWDWV� 1V1V [[ �������� � )LJXUH����� &RQGLWLRQV�DX[�OLPLWHV�KDP ��KDY

/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�GLVFUpWLVpHV�VRQW��� �
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&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�4�DPRQW&H�GHUQLHU�FDV�FRUUHVSRQG�j�XQH�FRQGLWLRQ�SDUWLFXOLqUH�GH�FDQDX[�DYHF�XQ�pFRXOHPHQW�WRUUHQWLHO��F
HVW�jGLUH�XQ�QRPEUH�GH�)URXGH�VXSpULHXUH�j�XQ��FH�TXL�HVW�OH�FDV�HQ�JpQpUDO�SRXU�XQ�FDQDO�DYHF�XQH�IRUWHSHQWH�RX�XQH�ULYLqUH�TXL�QH�SRVVqGH�SDV�G
RXYUDJH�j�O
DYDO�
������� ������ ������� 1V�������1V��KL4L L�������������L� L��'[ '[

3RXU�OHV�QLYHDX[��OHV�YDOHXUV�DSSURFKpHV�DX[� 1VVHFWLRQV� GH� GLVFUpWLVDWLRQ� GRQQHQW� 1V pWDWV
1V[[ ������ ��DYHF� OD�YDOHXU�j� O
H[WUpPLWp�DPRQW� �KSULVH� FRPPH� FRPPDQGH� �X �� 3RXU� OHV� GpELWV� ODYDOHXU� j� O
H[WUpPLWp� DPRQW� �4 HVW� SULVH� FRPPHFRPPDQGH� �X �� HW� OHV� 1V YDOHXUV� UHVWDQWHVGRQQHQW��1V pWDWV� 1V1V [[ �������� � )LJXUH����� &RQGLWLRQV�DX[�OLPLWHV�4DP���KDP

/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�GLVFUpWLVpHV�VRQW��� �
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&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
���������&RQVLGpUDWLRQV�ILQDOHV
/
LQWURGXFWLRQ�GHV�FRQGLWLRQV�OLPLWH�LQWHUQHV�VH�IDLW�SRXU�FH�V\VWqPH�FRPPH�LO�HVW�GpFULW�DX�SDUDJUDSKH��������F
HVW�j�GLUH�TX
LO�IDXW�VpSDUHU�OH�V\VWqPH�HQ�GHX[�DX�SRLQW�GH�OD�SULVH�ODWpUDOH��HW�OH�WUDQVIRUPHUHQ�GHX[�V\VWqPHV��HQ�DMRXWDQW�OHV�pTXDWLRQV�GH�OLDLVRQ�
/H� V\VWqPH�REWHQX�SDU�GLVFUpWLVDWLRQ� VSDWLDOH�� HVW�XQ�HQVHPEOH� G
pTXDWLRQV� GLIIpUHQWLHOOHV� RUGLQDLUHV�QRQ� OLQpDLUHV�� GHX[� pTXDWLRQV� SRXU� FKDTXH� VHFWLRQ� GH� GLVFUpWLVDWLRQ�� &H� QRXYHDX� V\VWqPH� SHXW� rWUHUpVROX�QXPpULTXHPHQW�SDU�GHV�PpWKRGHV�FODVVLTXHV�GH�UpVROXWLRQ�G
pTXDWLRQV�GLIIpUHQWLHOOHV�WHOOHV�TXHOD�PpWKRGH�GH�5XQJH�.XWWD�
/H�V\VWqPH�HVW�REWHQX�DYHF�XQ�VFKpPD�H[SOLFLWH��F
HVW�j�GLUH�TXH�VL�SRXU�XQ�WHPSV� W OHV�YDOHXUV�GH� K HW4 VRQW�FRQQXHV�DORUV�LO�HVW�SRVVLEOH�GH�FRQQDvWUH�OHV�YDOHXUV�GH�K HW� 4 SRXU�XQ�WHPSV� WW '� �
/H� V\VWqPH� REWHQX� SDU� FHWWH� PpWKRGH� GH� GLVFUpWLVDWLRQ� HVW� QXPpULTXHPHQW� VWDEOH�� F
HVW�j�GLUH� TXHO
HUUHXU� � �[W�H WHQG�YHUV���TXDQG�OH�WHPSV� W WHQG�YHUV�O
LQILQL��VL�OD�FRQGLWLRQ�GH�&RXUDQW�HVW�VDWLVIDLWH�j�VDYRLU��

� � � �JK%K4 [F8 [W �' �'d' ������
$YHF��� W' SDV�GH�WHPSV�XWLOLVp�GDQV�OD�PpWKRGH�GH�UpVROXWLRQ�
&HOD�FRQWUDLQW�HQ�JpQpUDO�j�O
XWLOLVDWLRQ�GH�SDV�GH�WHPSV�SHWLWV�SDU�UDSSRUW�j�FHX[�DGPLVVLEOHV�GDQV�OHVPpWKRGHV�LPSOLFLWHV�
,O�HVW�j�QRWHU�TXH�OD�GLVFUpWLVDWLRQ�IDLWH�HVW�VHXOHPHQW�VSDWLDOH��DYHF�SRXU�EXW�O
REWHQWLRQ�G
XQ�V\VWqPHFRQWLQX�GDQV�OH�WHPSV��O
REMHFWLI�pWDQW�GH�GpILQLU�GHV�ORLV�GH�FRPPDQGHV�FRQWLQXHV��0DLV�HQ�JpQpUDO�RQGLVFUpWLVH�SOXW{W�HQ�WHPSV�HW�HQ�HVSDFH�GH�VRUWH�TXH�OH�V\VWqPH�UpVXOWDQW�VRLW�FRPSOqWHPHQW�GLVFUHW�



&KDSLWUH����0RGpOLVDWLRQ

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
�������0pWKRGH�GHV�GLIIpUHQFHV�ILQLHV�LPSOLFLWH�HQ�WHPSV�GHV(TXDWLRQV�GH�6DLQW�9HQDQW
���������'LVFUpWLVDWLRQ

L�������������L� L��'[ '[

M��
M

M�� 'W
'W

W

[

3
���I�I

���T�T

,O� H[LVWH� SOXVLHXUV� VFKpPDV� SRXU� ODGLVFUpWLVDWLRQ�LPSOLFLWH�GHV�pTXDWLRQV�GH6DLQW�9HQDQW�� OH� VFKpPD� XWLOLVp� LFL� HVWFHOXL�GH�>3UHLVVPDQQ�����@��TXL�HVW�WUqVXWLOLVp� GDQV� OD� OLWWpUDWXUH� SRXU� FHVpTXDWLRQV�
&H�VFKpPD�D�OD�SDUWLFXODULWp�GH�SURGXLUHXQH�VROXWLRQ�QXPpULTXHPHQW�VWDEOH�SRXUQ
LPSRUWH� TXHOOH� SpULRGH� GH� WHPSV� GHFDOFXO��DYHF�XQH�JUDQGH�SUpFLVLRQ���PDLVLO� HVW� SDU� FRQWUH� SOXV� GLIILFLOH� jUpVRXGUH� )LJXUH����� 6FKpPD�GH�GLVFUpWLVDWLRQ�GH�3UHLVVPDQQ
/D�PpWKRGH�GH�GLVFUpWLVDWLRQ�SHXW�rWUH�GpFULWH�GH�OD�IDoRQ�VXLYDQWH��
3RXU�XQH�IRQFWLRQ� I WHOOH�TXH�OH�GpELW�4 RX�OH�QLYHDX� K ��LO�HVW�SRVVLEOH�GH�IDLUH�XQH�DSSUR[LPDWLRQ�GHFHWWH� IRQFWLRQ� HW� VHV� GpULYpHV� HQ� HVSDFH� HW� HQ� WHPSV�� VXLYDQW� OH� VFKpPD� GH� OD� )LJXUH� ����� &HWWHDSSUR[LPDWLRQ��DYHF�OD�QRWDWLRQ� � �MLML W[II � ��HVW�GRQQpH�SDU��� �� � � � � �� �MLMLMLML IIIIW[I IITIIT ������# ���� ������ ���� ������� � � �� �� �MLMLMLML IIII[[ W[I ����'#ww ���� ���� ����� TT ������

� � � �� �� �MLMLMLML IIIIWW W[I ����'#ww ���� ���� ����� II ������
/HV�FRHIILFLHQWV�GH�SRQGpUDWLRQ��WHPSRUHO��T ��HW�VSDWLDO��I �� SUHQQHQW�GHV�YDOHXUV�HQWUH���HW���FRPPHRQ�SHXW�OH�YRLU�VXU�OD�)LJXUH������HW�GH�OD�YDOHXU�GH�T GpSHQG�OH�GHJUp�G
LPSOLFLWp�GX�VFKpPD��$LQVL��

� 3RXU� � T ��OH�VFKpPD�HVW�H[SOLFLWH�
� 3RXU� ��� T ��OH�VFKpPD�FRUUHVSRQG�DX�FDV�FODVVLTXH�GH�3UHLVVPDQQ��FHQWUp�j�TXDWUH�SRLQWV�
� 3RXU� � T ��OH�VFKpPD�HVW�FRPSOqWHPHQW�LPSOLFLWH�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH
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'H� FH� GHJUp� G
LPSOLFLWp� GpSHQG� DXVVL� OD� VWDELOLWp� QXPpULTXH� GH� OD� VROXWLRQ�� OH� V\VWqPH� VHUDLQFRQGLWLRQQHOOHPHQW� VWDEOH� VL� ���� ��T �� HW� VHUD� LQFRQGLWLRQQHOOHPHQW� LQVWDEOH� VL� ����T>0DODWHUUH�����@��&HOD�LQGpSHQGDPPHQW�GHV�YDOHXUV�GH� W' HW� [' ��FH�TXL�SHUPHW�XQH�JUDQGH�OLEHUWpGDQV�OH�FKRL[�GH�FHV�YDOHXU��/H�SDV�GH�WHPSV�SDUWLFXOLqUHPHQW�SHXW�rWUH�FKRLVL�WUqV�JUDQG�SDU�UDSSRUWDX[�SDV�GH� WHPSV�XWLOLVpV�DYHF�XQH�PpWKRGH�H[SOLFLWH��/D�YDOHXU�GH� ���� T HVW� UHFRPPDQGpH�SDU>/LJJHWW�HW�&XQJH�����@�SRXU�TXH�OH�VFKpPD�UHVWH�QXPpULTXHPHQW�VWDEOH�HW�SUpFLV��/D�YDOHXU�GH�I SHXWrWUH�TXHOFRQTXH��XQH�YDOHXU�GH�����pWDQW�SOXV�FRQIRUWDEOH�SRXU�OH�FDOFXO�
(Q�FKDTXH�SRLQW�GH�GLVFUpWLVDWLRQ�OHV�pTXDWLRQV�GH�6DLQW�9HQDQW�GHYLHQQHQW��
(TXDWLRQ�GH�FRQWLQXLWp�� � � � �� � ���� ��������  �»¼º«¬ª '���'��»¼º«¬ª '��'� �������� T[44[44WKKWKK% MLMLMLMLMLMLMLML TT ������
(TXDWLRQ�G\QDPLTXH� � �

� � � �� �> @ � � � � � �
� � �����

�����
����

�
��

�

��������

�
�

����
�

�����

 »»¼º««¬ª ¸̧¹·¨̈©§ ¹̧·©̈§�¹̧·©̈§��¸̧¹·¨̈©§ ¹̧·©̈§�¹̧·©̈§
�¸̧¹·¨̈©§ ��»¼º«¬ª '���'�����

�»»¼
º««¬

ª ¸̧¹
·¨̈©

§ ¸̧¹·¨̈©§�¸̧¹·¨̈©§'��¸̧¹
·¨̈©

§ ¸̧¹·¨̈©§�¸̧¹·¨̈©§'�»¼º«¬ª '��'�

�
��

�

��������
�

��
�

����

M
L

M
L

M
L

M
L

T

MLMLMLMLMLMLMLML

M
L

M
L

M
L

M
L

MLMLMLML

K4K4K4K4%TN
-,[KK[KKKKKKJ%
K4K4[K4K4[%W44W44

TT
TTTT

TT
������

$YHF�� � � � �� �� �� � � �� �> @ � � � �� �> @� � � �� �> @ »»»
»»
¼
º

«««
««
¬
ª

¸̧¹·¨̈©§ ����� ����u»»¼º««¬ª ���� ���� 
����
��������

���� ��
����
����������

��������

����� ���
MLMLMLML
MLMLMLMLMLMLMLML

MLMLMLML
KKKK% KKKK%KKKK%N 4444-

TT TTTT TT ������
/HV�pTXDWLRQV�GH�6DLQW�9HQDQW�VRQW�DLQVL�WUDQVIRUPpHV�HQ�XQ�V\VWqPH�G
pTXDWLRQV�GLVFUqWHV�LPSOLFLWHVQRQ� OLQpDLUHV�� 3RXU� OD� UpVROXWLRQ� G
XQ� WHO� V\VWqPH� LO� IDXW� XWLOLVHU� XQH� PpWKRGH� G
RSWLPLVDWLRQ�� SDUH[HPSOH�OD�PpWKRGH�GH�*DXVV�1HZWRQ�RX�FHOOH�GH�/HYHQEHUJ�0DUTXDUGW��RX�G
DXWUHV�PpWKRGHV�GH�ODPrPH�IDPLOOH����1RXV�DYRQV�XWLOLVp�GDQV�QRV�VLPXODWLRQV�OD�PpWKRGH�GH�/HYHQEHUJ�0DUTXDUGW�
/HV� FRQGLWLRQV� DX[� OLPLWHV� SRVVLEOHV� VRQW� GDQV� FH� FDV� OHV� PrPHV� TXH� FHOOHV� XWLOLVpHV� SRXU� XQHGLVFUpWLVDWLRQ�H[SOLFLWH��PDLV�FHWWH�IRLV��FRQWUDLUHPHQW�j�OD�GLVFUpWLVDWLRQ�H[SOLFLWH��OHV�pTXDWLRQV�UHVWHQWLQFKDQJpV�TXHOTXH�VRLW�OH�FKRL[�GH�FRQGLWLRQV�OLPLWHV��,O�VXIILW�VLPSOHPHQW�G
LQGLTXHU�GDQV�O
DOJRULWKPHGH�VLPXODWLRQ�OD�YDOHXU�GH�OD�FRQGLWLRQ�HW�OD�YDULDEOH�j�ODTXHOOH�HOOH�FRUUHVSRQG�
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��
��������� ,QWURGXFWLRQV� GHV� FRQGLWLRQV� DX[� OLPLWHV� ,QWHUQHV� RX� GHV� SULVHVODWpUDOHV
/
LQWURGXFWLRQ� GHV� FRQGLWLRQV� DX[� OLPLWHV� LQWHUQHV� VH� IDLW� SRXU� FH� V\VWqPH� FRPPH� LO� HVW� GpFULW� DXSDUDJUDSKH��������,O�HVW�j�QRWHU�FHSHQGDQW�TXH�FHOD�QH�SHXW�VH�IDLUH�TXH�VXU�OHV�Q£XGV�GHV��pOpPHQWV�GHGLVFUpWLVDWLRQ��GH� VRUWH�TX
j� FKDTXH�Q£XG�GRLW�rWUH� DMRXWpH� OD� VRPPH�GH� WRXWHV� OHV� SULVHV� ODWpUDOHV� jO
DPRQW�GX�Q£XG���F
HVW�j�GLUH�� ¦ ��  � LSL 444 ������
&RPPH� OH� QLYHDX� UHVWH� FRQVWDQW� HQ� FH� SRLQW�� LO� Q
\� D� SDV� SDU� FRQWUH� GH�PRGLILFDWLRQ� j� IDLUH� VXU� OHVpTXDWLRQV�TXL�JRXYHUQHQW��OH�QLYHDX�
�������6ROXWLRQ�GHV�(TXDWLRQV�GH�6DLQW�9HQDQW�SDU�OD�PpWKRGH�GHFROORFDWLRQ
/D� PpWKRGH� GH� FROORFDWLRQ� DSSDUWLHQW� j� XQ� JURXSH� GH� PpWKRGHV� GLWHV� GH� UpVLGXV� SRQGpUpV>)OHWFKHU�����@�� TXL� VRQW� GHV� PpWKRGHV� GH� UpVROXWLRQ� QXPpULTXH� G©pTXDWLRQV� GLIIpUHQWLHOOHV�� PRLQVSRSXODLUHV� TXH� OHV� DXWUHV� SRXU� OHV� V\VWqPHV� K\GUDXOLTXHV��2Q�SHXW� DXVVL� OHV� FRQVLGpUHU� FRPPH� XQHPpWKRGH�GH�UpGXFWLRQ�GH�PRGqOH�GH�V\VWqPHV�HQ�GLPHQVLRQ�LQILQLH�
���������3ULQFLSH�GH�OD�PpWKRGH�GHV�UpVLGXV�SRQGpUpV
2Q�FRQVLGqUH�XQH�pTXDWLRQ�GLIIpUHQWLHOOH�GpILQLH�SDU�O
RSpUDWHXU� / �� � � X/ ������
2X� HQFRUH� SOXV� JpQpUDOHPHQW� XQH� pTXDWLRQ� DX[� GpULYpHV� SDUWLHOOHV� QRQ� OLQpDLUHV� GpILQLHV� VXU� XQGRPDLQH�: �
$YHF� OHV� FRQGLWLRQV� LQLWLDOHV� � � � X, �� HW� OHV� FRQGLWLRQV� DX[� OLPLWHV� � � � X6 GDQV� OH� FDV� G
XQHpTXDWLRQ�DX[�GpULYpHV�SDUWLHOOHV�
/H�SULQFLSH�JpQpUDO�G
XQH�PpWKRGH�GHV�UpVLGXV�SRQGpUpV�HVW�OH�VXLYDQW��
���,O�V
DJLW�GH�FKRLVLU�XQH�DSSUR[LPDWLRQ�IRQFWLRQQHOOH�GH�OD�VROXWLRQ�X VRXV�OD�IRUPH�JpQpUDOH��

� � � � � � � �¦ � 1
M MMRD [WDW[XW[X ��� I ������

DYHF �
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��
MI ��GHV�IRQFWLRQV�DQDO\WLTXHV�FRQQXHV�DSSHOpHV�FRXUDPPHQW�IRQFWLRQV�GH�IRUPH��PRGDOHV�RXWHVWV���HQ�DQJODLV��WULDO�IXQFWLRQV���
MD ��FRHIILFLHQWV�j�GpWHUPLQHU� �W[XR � ��pYHQWXHOOHPHQW�LQWURGXLW�SRXU�VDWLVIDLUH�OHV�FRQGLWLRQV�LQLWLDOHV�HW�DX[�IURQWLqUHV�

���(QVXLWH�RQ�JpQqUH�XQ�UpVLGX�5 GH�O
pTXDWLRQ������� HQ�\�LQMHFWDQW�OD�VROXWLRQ�DSSURFKpH������� �� � 5X/ D  ������
���(QILQ�LO�IDXW�GpWHUPLQHU�OHV�FRHIILFLHQWV� MD TXL�UHQGHQW�OH�UpVLGX�QXO�RX�PLQLPDO�DX�VHQV�GH��������� �� � QN[:5 N ����� �  ������
2� � � �[:N IRQFWLRQ�GH�SRQGpUDWLRQ

(W�OH�SURGXLW�LQWHUQH�HVW�GpILQLH�FRPPH��� � ³ ' G\G[JIJI � ������
/D�UHODWLRQ���������G
R��OD�PpWKRGH�SUHQG�OH�QRP��HVW�DQDORJXH�j�OD�IRUPH�IDLEOH�GH�O©pTXDWLRQ��� � � �� � ��  [:X/ N ������
3RXU�GpWHUPLQHU�OHV�FRHIILFLHQWV� MD LO�HVW�QpFHVVDLUH�G©DYRLU�GHV�UHODWLRQV�LQGpSHQGDQWHV��HW�SRXU�XQH
IRUPH�DQDO\WLTXH�GHV� � �[:. LO�HVW�SRVVLEOH�GH�FKRLVLU�GHV�UHODWLRQV�LQGpSHQGDQWHV�
8QH�FODVVLILFDWLRQ�GH�OD�PpWKRGH�SHXW�VH�IDLUH�VXLYDQW�OH�W\SH�GH�UpVLGX�REWHQX�>&ROODW]������@��

�L� /©pTXDWLRQ�GLIIpUHQWLHOOH�HVW� VDWLVIDLWH�H[DFWHPHQW� � � 5 ��j� O
LQWpULHXU�GX�GRPDLQH� �OHV�PpWKRGHV�VRQW�GpQRPPpHV�0pWKRGHV�DX[�IURQWLqUHV��%RXQGDU\�0HWKRGV��
�LL� /HV�FRQGLWLRQV�DX[�IURQWLqUHV�VRQW�VDWLVIDLWHV�H[DFWHPHQW�� � E5 ����OHV�PpWKRGHV�VRQWDSSHOpHV�0pWKRGHV�,QWpULHXUHV��,QWHULRU�0HWKRGV��
�LLL� /H�UpVLGX�V
DQQXOH�QXOOH�SDUW�RQ�SDUOH�DORUV0pWKRGHV�0L[WHV�

/HV�PpWKRGHV� GHV� UpVLGXV� SRQGpUpV� VRQW� GpILQLHV� HQ� JpQpUDO� SRXU� OHV�PpWKRGHV� LQWpULHXUHV�� FRPPHGDQV� OH� FDV� GH� O
DSSUR[LPDWLRQ� �������� PrPH� VL� OHV� PpWKRGHV� DX[� IURQWLqUHV� HW� PL[WHV� QH� VRQW� SDVH[FOXHV�



&KDSLWUH����0RGpOLVDWLRQ
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��
,O�H[LVWH�GLYHUVHV�PpWKRGHV�TXL�IRUPHQW�SDUWLH�GH�OD�IDPLOOH�GHV�PpWKRGHV�GHV�UpVLGXV�SRQGpUpV��HOOHV�VHGLIIpUHQFLHQW�HQWUH�HOOHV�SDU�OH�FKRL[�GHV�IRQFWLRQV�GH�SRQGpUDWLRQ� N: ��OHV�SOXV�FRQQXV�VRQW��
� /D�PpWKRGH�GH�*DOHUNLQ��,FL�OHV�IRQFWLRQV�GH�SRQGpUDWLRQV�VRQW�FKRLVLHV�GDQV�OD�PrPH�IDPLOOH�TXHOHV�IRQFWLRQV�GH�IRUPH� � � � � QN[[: NN ����  I ������

'DQV�FHWWH�PpWKRGH�OHV�FRQGLWLRQV�VXLYDQWHV�VRQW�SRVpHV�VXU�OH�FKRL[�GHV�IRQFWLRQV �
�L� /HV�IRQFWLRQV�GH�SRQGpUDWLRQ�VRQW�FKRLVLHV�GDQV�OD�PrPH�IDPLOOH�TXH�OHV�IRQFWLRQVGH�IRUPH
�LL� /HV� IRQFWLRQV� GH� SRQGpUDWLRQ� HW� GH� IRUPH� GRLYHQW� rWUHV� OLQpDLUHPHQWLQGpSHQGDQWHV�
�LLL� /HV�IRQFWLRQV�GH�SRQGpUDWLRQ�HW�GH�IRUPH�GRLYHQW�rWUHV�OHV� 1 SUHPLHUV��pOpPHQWVG©XQH�EDVH�GH�IRQFWLRQV�
�LY� /HV�IRQFWLRQV�GH�IRUPH�GRLYHQW�VDWLVIDLUH�H[DFWHPHQW�OHV�FRQGLWLRQV�DX[�IURQWLqUHV�

&HWWH� PpWKRGH� HVW� j� OD� EDVH� GHV� PpWKRGHV� PRGHUQHV� WHOOHV� TXH� OHV� PpWKRGHV� GH� *DOHUNLQVSHFWUDOHV�HW�OHV�PpWKRGHV�G
pOpPHQWV�ILQLV�GH�*DOHUNLQ�
� /D� PpWKRGH� GH� *DOHUNLQ� JpQpUDOLVpH�� ,FL� OHV� IRQFWLRQV� GH� SRQGpUDWLRQV� VRQW� VLPLODLUHV� DX[IRQFWLRQV�GH�IRUPH�� � � � �[3[: NN  ������

'DQV�FH�FDV� � �[3. HVW�XQH�IRQFWLRQ�DQDO\WLTXH�VLPLODLUH�j� NI PDLV�DYHF�GHV�WHUPHV�RX�IDFWHXUVDGGLWLRQQHOV�SRXU�LPSRVHU�GHV�FRQGLWLRQV�j�OD�VROXWLRQ�
� /D�PpWKRGH�GHV�0RPHQWV��,FL�OHV�IRQFWLRQV�GH�SRQGpUDWLRQ�VRQW�GpILQLHV�FRPPH��� � QN[[: NN �������   ������
� /D�PpWKRGH�GHV�0RLQGUHV�&DUUpV� � � NN D5[: ww ������

2X� ND UHSUpVHQWH�OHV�FRHIILFLHQWV�j�GpWHUPLQHU�GDQV�O
H[SUHVVLRQ��������
� /D�PpWKRGH�GHV�6RXV�'RPDLQHV��,FL�OH�GRPDLQH�HVW�GLYLVp�HQ� Q VRXV�GRPDLQHV� M' ��TXL�SHXYHQWVH�VXSHUSRVHU��OHV�IRQFWLRQV�GH�SRQGpUDWLRQ�VRQW�DORUV�GpILQLHV�FRPPH��
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��
� � ®̄­ GHKRUV�GDQV� NN '[: ������

$YHF�FHWWH�IRUPXODWLRQ�OD�PpWKRGH�GHYLHQW�OD�PrPH�TXH�OD�PpWKRGH�GHV�YROXPHV�ILQLV�
� /D�PpWKRGH�GH�&ROORFDWLRQ��,O�V
DJLW�HQ�IDLW�G
XQH�YDULDQWH�GH�OD�PpWKRGH�GHV�VRXV�GRPDLQHV��RX�OHVVRXV�GRPDLQHV� VRQW� GHV� SRLQWV�� DSSHOpV� SRLQWV� GH� FROORFDWLRQ�� 'DQV� FH� FDV�� OHV� IRQFWLRQV� GHSRQGpUDWLRQ�VRQW�GH�OD�IRUPH�� � � �� NN [[[: � G ������

2�� G LQGLTXH� OD� IRQFWLRQ� LPSXOVLRQ� RX� GHOWD� GH� 'LUDF�� HW� Q[[ ������ FRUUHVSRQGHQW� DX[FRRUGRQQpHV�GHV�SRLQWV�GH�FROORFDWLRQ�UpSDUWLV�VXU�OH�GRPDLQH�
'DQV�FH�FDV������� VH�UpGXLW�j XQ�HQVHPEOH�G
pTXDWLRQV��� � � � N[5
8Q� SRLQW� LPSRUWDQW� GDQV� FHWWH� PpWKRGH� HVW� OH� FKRL[� GHV� SRLQWV� GH� FROORFDWLRQ�� >9LOODGVHQ� HW6WHZDUW�����@� RQW� PRQWUp� TXH� OD� VROXWLRQ� pWDLW� SOXV� SUpFLVH� SRXU� XQ� FKRL[� GHV� SRLQWV� GHFROORFDWLRQ�SODFpV�DX[�UDFLQHV�GHV�SRO\Q{PHV�GH�-DFREL��&HWWH�PpWKRGH�HVW�DSSHOpH��0pWKRGH GH&ROORFDWLRQ�2UWKRJRQDOH��

8QH�FRPSDUDLVRQ�VXEMHFWLYH�GH�TXHOTXHV�XQHV�GH�FHV�PpWKRGHV�j�pWp�UpDOLVpH�SDU�>)OHWFKHU�����@��HW�VHUpVXPH�GDQV�OH�7DEOHDX�����
7DEOHDX����� &RPSDUDLVRQ�VXEMHFWLYH�GHV�GLIIpUHQWHV�PpWKRGHV�GH�UpVLGXV�SRQGpUpV�

0pWKRGH *DOHUNLQ 0RLQGUHV�&DUUpV 6RXV�'RPDLQHV &ROORFDWLRQ
3UpFLVLRQ 7UqV�JUDQGH 7UqV�JUDQGH *UDQGH 0RGpUpH)DFLOLWp�GHIRUPXODWLRQ 0RGpUpH 3DXYUH %RQQH 7UqV�ERQQH
5HPDUTXHVDGGLWLRQQHOOHV (TXLYDOHQWH�j�ODPpWKRGH�GH�5LW]�VLDSSOLFDEOH

1RQ�DGpTXDWH�SRXUGHV�SUREOqPHV�GHYDOHXUV�SURSUHV�RXpYROXWLRQV
(TXLYDOHQWH�j�ODPpWKRGH�GHYROXPHV�ILQLV�ERQQH�SRXU�GHVIRUPXODWLRQV�GHFRQVHUYDWLRQ

&ROORFDWLRQRUWKRJRQDOH�GRQQHXQH�JUDQGHSUpFLVLRQ
,O�HVW�DXVVL�QRWp�SDU�>9LOODGVHQ�HW�6WHZDUW�����@�TXH�OD�PpWKRGH�GH�FROORFDWLRQ�RUWKRJRQDOH�SHXW�VH�YRLUFRPPH�XQH�PpWKRGH�DQDORJXH�GLVFUqWH�GH�OD�PpWKRGH�GH�*DOHUNLQ��/HXUV�HVVDLV�RQW�PRQWUp�TXH�FHOOH�FLGRQQH�XQH�SUpFLVLRQ�SUHVTXH�LGHQWLTXH�j�OD�PpWKRGH�GH�*DOHUNLQ��WRXW�HQ�pWDQW�SOXV�VLPSOH�j�PHWWUH�HQ£XYUH�
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��
���������5pVROXWLRQ�GHV�(TXDWLRQV�GH�6DLQW�9HQDQW�SDU�&ROORFDWLRQ
/D�PpWKRGH�GH�FROORFDWLRQ�DSSOLTXpH�DX[�(TXDWLRQV�GH�6DLQW�9HQDQW�UHYLHQW�j�FKRLVLU�XQ�QRPEUH� Q GHSRLQWV�GH�FROORFDWLRQ� L[ HW��SRXU�FKDTXH�SRLQW��j�IDLUH�O©DSSUR[LPDWLRQ �

� � � � � �¦  Q
M LMMLD [1WKW[K �� ������

� � � �¦  Q
M LMMLD [1W4W[4 � ��� ������

2� � ^ `��W44 M HW� ^ `��WKK M VRQW�OHV�FRHIILFLHQWV�j�FDOFXOHU
/HV� �� LM [1 GpVLJQHQW�OHV�IRQFWLRQV�GH�IRUPH�FKRLVLHV�pYDOXpHV�HQ� L[ �

3RXU�VLPSOLILHU�OHV�QRWDWLRQV��RQ�QRWH��� � � DLLD KW[K  � �� � � DLLD 4W[4  � �� � � MM KWK  HW� � � MM 4W4  �
/
LQWURGXFWLRQ� GH� FHV� DSSUR[LPDWLRQV� GDQV� OHV� pTXDWLRQV� GH� 6DLQW�9HQDQW� GRQQH� DORUV� SRXU� FKDTXHSRLQW�GH�FROORFDWLRQ�� L[ �
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UDSSRUW�j� [ VXU�XQH�PDWULFH� ML1 
 �
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��
1RXV�DYRQV�GRQF� WUDQVIRUPp� OH� V\VWqPH�GH��� pTXDWLRQV�QRQ� OLQpDLUHV� DX[�GpULYpHV� SDUWLHOOHV� DYHF� �LQFRQQXHV��HQ�XQ�V\VWqPH�GH� Q� pTXDWLRQV�GLIIpUHQWLHOOHV�RUGLQDLUHV�DYHF� Q� LQFRQQXHV��,O�UHVWH�DORUVj� UpVRXGUH� FH� QRXYHDX� V\VWqPH� DYHF� XQH� PpWKRGH� WUDGLWLRQQHOOH� GH� VROXWLRQV� G©pTXDWLRQVGLIIpUHQWLHOOHV��WHOOH�TXH�OD�PpWKRGH�GH�5XQJH�.XWWD�SDU�H[HPSOH�
,O�IDXW�QRWHU�GH�SOXV��TX
DYHF�FHWWH�PpWKRGH�OH�QRXYHDX�V\VWqPH�REWHQX�HVW�H[SOLFLWH��GRQF�OD�VWDELOLWpQXPpULTXH� GH� OD� VROXWLRQ� HVW� VXMHWWH� j� OD� FRQGLWLRQ� GH� &RXUDQW�� FRPPH� SRXU� OD� PpWKRGH� GHGLVFUpWLVDWLRQ�VSDWLDOH�H[SOLFLWH��,O�VHUD�GRQF�QpFHVVDLUH�GH�FKRLVLU�XQH�YDOHXU�SRXU�OD�SpULRGH�GH�WHPSVGH�VLPXODWLRQ�DGpTXDWH�
���������0LVH�HQ�£XYUH
'DQV�OD�PLVH�HQ�£XYUH�GH�OD�PpWKRGH�GH�FROORFDWLRQ�LO�H[LVWH�SOXVLHXUV�SRLQWV�LPSRUWDQWV�j�QRWHU���/HVIRQFWLRQV�GH�IRUPH�XWLOLVpHV�� OD�ORFDOLVDWLRQ�GHV�SRLQWV�GH�FROORFDWLRQ�HW� O
LQWURGXFWLRQ�GHV�FRQGLWLRQVOLPLWHV�LQWHUQHV�HW�H[WHUQHV�GX�V\VWqPH�
�����������)RQFWLRQV�GH�IRUPH�XWLOLVpHV
/H�FKRL[�GHV�IRQFWLRQV�GH�IRUPH�HVW�HQ�SULQFLSH�VRXPLV��HQ�WKpRULH��j�OD�VHXOH�FRQGLWLRQ�G©rWUH�XQ�MHXGH�IRQFWLRQV�OLQpDLUHPHQW�LQGpSHQGDQWHV��PDLV�GDQV�OD�SUDWLTXH�LO�HVW�LQWpUHVVDQW�G©XWLOLVHU�GHV�IRQFWLRQVTXL�SXLVVHQW� UHQGUH�SOXV� VLPSOH� OH�FDOFXO�GH� OD� VROXWLRQ�� HW�TXL� SHUPHWWHQW� HQ� SOXV� O©REWHQWLRQ� G©XQHVROXWLRQ�SOXV�SUpFLVH�HW�SOXV�UREXVWH�
(Q�IRQFWLRQ�GHV�REMHFWLIV�LQGLTXpV��OHV�IRQFWLRQV�GH�IRUPH�FKRLVLHV�VRQW�OHV�IRQFWLRQV�G©LQWHUSRODWLRQ�GH/DJUDQJH�>5DSSD]�HW�3LFDVVR�����@�>)RUWLQ�����@��/
LQWpUrW�GHV�IRQFWLRQV�G
DSSUR[LPDWLRQ�GH�/DJUDQJHHVW� O
REWHQWLRQ�GH� FRHIILFLHQWV� � �WK M HW� � �W4M FRUUHVSRQGDQWV�DX[�YDOHXUV�SK\VLTXHV�GHV�KDXWHXUV� HWGHV�GpELWV�DX[�SRLQWV�GH�FROORFDWLRQ�
(WDQW�GRQQp�XQ� HQVHPEOH� GH� SRLQWV�GH� FROORFDWLRQ� QL [[ ����� �� FHV� IRQFWLRQV� GH� IRUPH� VH� FRQVWUXLVHQWDYHF�OD�UpFXUUHQFH�VXLYDQWH �

� � �
z �� Q
LML LM

LM [[ [[[1 � ������
6RLW�VRXV�OD�IRUPH�GpYHORSSpH �



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
� �� � � �� �� �� � � �� �� �� � � �� �� �� � � �� �
� �� � � �� �� �� � � �� �����

����
�������

����
�������

����

��
��

�
�
�
�

���� ���� 
���� ���� ���� ���� 

QQQQQQ
QQQ

QQ
QQ
QQ

QQ

[[[[[[[[ [[[[[[[[1
[[[[[[[[ [[[[[[[[1 [[[[[[[[ [[[[[[[[1

��
��
��
�

������

&H�W\SH�GH�IRQFWLRQ�GH�IRUPH�SUpVHQWH�O©DYDQWDJH�GH�SURGXLUH�GHV�YDOHXUV�GH���SRXU�OD�YDULDEOH�DYHFO
LQGLFH� FRUUHVSRQGDQW� DX� SRLQW� GH� FROORFDWLRQ� HW� ]pUR� SRXU� OHV� DXWUHV� YDOHXUV�� GRQF� RQ� REWLHQW� XQHPDWULFH�XQLWDLUH�SRXU�OHV� ML1 ��F
HVW�j�GLUH��
®̄­ z  LM LM1 ML VL� VL� ������

$LQVL�LO�H[LVWH�XQH�UHODWLRQ�GLUHFWH�HQWUH�OHV�FRHIILFLHQWV�j�FDOFXOHU�GDQV�OHV�QRXYHOOHV�pTXDWLRQV�HW�OHVYDOHXUV�SK\VLTXHV�UpHOOHV��L�H� � � � � �� � � �W4[W4 WK[WK
LLD

LLD   �� ������
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�����������/RFDOLVDWLRQ�GHV�SRLQWV�GH�FROORFDWLRQ
(Q�SULQFLSH� OD�PpWKRGH�GH� FROORFDWLRQ� QH� SRVH� SDV� GH� FRQGLWLRQV� VSpFLILTXHV� VXU� OD� ORFDOLVDWLRQ� GHVSRLQWV� GH� FROORFDWLRQ�� FHSHQGDQW� FHWWH� ORFDOLVDWLRQ� HVW� WUqV� LPSRUWDQWH� GDQV� FHWWH� PpWKRGH� SRXU� ODSUpFLVLRQ�GX�UpVXOWDW��,O�HVW�j�QRWHU��TXH�OD�VROXWLRQ�GHV�pTXDWLRQV�GLIIpUHQWLHOOHV�SDU�FHWWH�PpWKRGH�HVWXQH�DSSUR[LPDWLRQ�GH�OD�VROXWLRQ�SDU�LQWHUSRODWLRQ�SRO\QRPLDOH��HW�GRQF�SUpVHQWH�OHV�FDUDFWpULVWLTXHV



&KDSLWUH����0RGpOLVDWLRQ

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

��
SURSUHV�j�FHV�PpWKRGHV�G
DSSUR[LPDWLRQ��HQ�SDUWLFXOLHU�YLV�j�YLV�GX�QRPEUH�HW�GX�FKRL[�GHV�SRLQWV�GHFROORFDWLRQ�
,O�HVW�ELHQ�FRQQX�GDQV�FHV�PpWKRGHV�TXH�SRXU�REWHQLU�XQH�VROXWLRQ�DFFHSWDEOH�LO�HVW�QpFHVVDLUH�G
XWLOLVHUXQ�FHUWDLQ�QRPEUH�GH�SRLQWV��HW�TXH�TXDQG�OH�QRPEUH�GH�SRLQWV�GHYLHQW�WUqV�pOHYp�DYHF�XQH�UpSDUWLWLRQpTXLGLVWDQWH�� OD� VROXWLRQ� SUpVHQWH� GHV� RVFLOODWLRQV� >7KpRGRU�����@�� &HV� RVFLOODWLRQV� DSSDUDLVVHQWSULQFLSDOHPHQW�VXU�OHV�ERUGV��HW�VRQW�GXHV�j�O
RUGUH�pOHYp�GX�SRO\Q{PH�G
LQWHUSRODWLRQ�
3RXU�pYLWHU�FH�SUREOqPH�LO�HVW�DORUV�QpFHVVDLUH�GH�GLVSRVHU�OHV�SRLQWV�GH�FROORFDWLRQ�VXLYDQW�OHV�UDFLQHVGH�SRO\Q{PHV�RUWKRJRQDX[��GH�VRUWH�TXH�OHV�SRLQWV�VRQW�SOXV�UDSSURFKpV�VXU�OHV�ERUGV�UpGXLVDQW�DLQVLOHV�RVFLOODWLRQV�
,O� H[LVWH� SOXVLHXUV� WUDYDX[� VXU� OH� FKRL[� GHV� SRLQWV� GH� FROORFDWLRQ� SDUPL� OHV� TXHOV� RQ� SHXW� FLWHU� OHVWUDYDX[� GH� >9LOODGVHQ� HW� 0LFKHOVHQ�����@� HW� >/HIqYUH� HW� DO�����@�� 'DQV� OH� SUHPLHU� WUDYDLO� LO� HVWGpPRQWUp�TX
XQ�WUqV�ERQ�FKRL[�GHV�SRLQWV�GH�FROORFDWLRQ�HVW�GRQQp�SDU�OHV�UDFLQHV�GHV�SRO\Q{PHV�GH-DFREL��GDQV�XQ�GRPDLQH�QRUPDOLVp�HQWUH���HW����DX�VHQV�R��OD�VROXWLRQ�GHYLHQW�SUHVTXH�LGHQWLTXH�j�XQHVROXWLRQ� SDU� OD� PpWKRGH� GH� *DOHUNLQ�� FRQQXH� SRXU� rWUH� WUqV� SUpFLVH�� &HV� SRO\Q{PHV� SHXYHQW� VHFRQVWUXLUH�VXLYDQW�OD�UpFXUUHQFH��
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$YHF���D HW� E GHV�FRHIILFLHQWV�SRVLWLIV�
8Q�FDV�SDUWLFXOLHU�GHV�SRO\Q{PHV�GH�-DFREL�HVW�FHOXL�GHV�SRO\Q{PHV�GH�/HJHQGUH��FRQVWUXLWV�DYHF� D HWE pJDX[�j�]pUR��GH�VRUWH�TXH�OD�UpFXUUHQFH�GHYLHQW��
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&HV� SRO\Q{PHV� RQW� pWpV� XWLOLVpV� DYHF� VXFFqV� SDU� >$ODP� HW� %KXL\DQ�����@�� SRXU� OD� UpVROXWLRQ� G
XQSUREOqPH�GH�UXSWXUH�GH�EDUUDJH��DYHF�XQ�PRGqOH�G
pOpPHQWV�ILQLV�SDU�FROORFDWLRQ�j�SDUWLU�GHV�pTXDWLRQVGH�6DLQW�9HQDQW�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
8Q�UpVXOWDW�SOXV�FODVVLTXH�VXU�OHV�PpWKRGHV�QXPpULTXHV�PRQWUH�TXH�SRXU�REWHQLU�XQH�HUUHXU�PLQLPDOH�SRXU�XQH�LQWHUSRODWLRQ�SRO\QRPLDOH�GH�/DJUDQJH��OH�PHLOOHXU�FKRL[�SRXU�OD�ORFDOLVDWLRQ�GHV�SRLQWV�GHFROORFDWLRQ� HVW� FHOXL� GHV� UDFLQHV� GHV� SRO\Q{PHV� GH� 7FKHE\FKHII� >7KpRGRU�����@�� &HV� SRO\Q{PHVSHXYHQW�VH�FRQVWUXLUH�DYHF�OD�UpFXUUHQFH��
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,O�IDXW�QRWHU�TX
DXFXQH�GHV�UDFLQHV�GH�FHV�SRO\Q{PHV�QH�GRQQH�GHV�SRLQWV�DX[�H[WUpPLWpV�GHV�ELHIV��GHVRUWH� TX
LO� IDXGUD� DMRXWHU� DX[�SRLQWV� FDOFXOpV� GHX[� SRLQWV� DX[� H[WUpPLWpV� SRXU� SRXYRLU� VDWLVIDLUH� OHVFRQGLWLRQV� OLPLWHV� GX� V\VWqPH�� &HFL� Q
HVW� SDV� QpFHVVDLUH� SRXU� WRXW� W\SH� GH� V\VWqPH� SK\VLTXH�)LQDOHPHQW� � LO� IDXGUD� WRXMRXUV� FDOFXOHU� OHV� UDFLQHV� G
XQ� SRO\Q{PH� GH� GHJUp� ��Q �� SRXU� REWHQLU� QSRLQWV�GH�FROORFDWLRQ�
'DQV� OH� VLPXODWHXU� UpDOLVp� DX� FRXUV� GH� FHWWH� WKqVH� GLYHUV� W\SHV� GH� SRVLWLRQQHPHQW� GHV� SRLQWV� GHFROORFDWLRQ�VRQW�GLVSRQLEOHV��QRWDPPHQW�XQ�SRVLWLRQQHPHQW�pTXLGLVWDQW��XQ�SRVLWLRQQHPHQW�DX[�UDFLQHVGHV�SRO\Q{PHV�GH�/HJHQGUH�RX�HQFRUH�DX[�UDFLQHV�GHV�SRO\Q{PHV�GH�7FKHE\FKHII�
�����������,QWURGXFWLRQV�GHV�FRQGLWLRQV�DX[�OLPLWHV�GX�V\VWqPH
$YHF�OHV�IRQFWLRQV�GH�IRUPH�GH�/DJUDQJH��O©LQWURGXFWLRQ�GHV�HQWUpHV�HVW�WUqV�VLPSOH���OD�UHODWLRQ�GLUHFWHHQWUH� OHV� YDOHXUV� SK\VLTXHV� HW� OHV� YDULDEOHV� j� FDOFXOHU� SHUPHW� HQ� HIIHW� GH� VXEVWLWXHU� GLUHFWHPHQW� OHVYDOHXUV�GHV�HQWUpHV�GDQV�OH�V\VWqPH��$�QRWHU�TX
LO�H[LVWH�LFL� OHV�PrPHV�SRVVLELOLWpV�SRXU�OH�FKRL[�GHVFRQGLWLRQV� OLPLWHV� TXH� GDQV� OHV� PpWKRGHV� DQWpULHXUHV�� HW� TXH� GDQV� FHWWH� PpWKRGH� LO� IDXW� pOLPLQHUO
pTXDWLRQ�FRUUHVSRQGDQW�j� OD� FRQGLWLRQ� OLPLWH� FKRLVLH��(Q�GpILQLWLYH� OH� V\VWqPH� VHUD�GRQQp�GH� IDoRQGLIIpUHQWH�VHORQ�OHV�FRQGLWLRQV�OLPLWHV�FKRLVLHV��
&RQGLWLRQV�DX[�OLPLWHV�4�DPRQW� HW�4�DYDO

������� ������ ������� Q������������QKL4L L�������������L� L��
3RXU� OHV� QLYHDX[�� OHV� YDOHXUV� DSSURFKpHV� DX[� QSRLQWV� GH� FROORFDWLRQ� GRQQHQW� Q pWDWV� Q[[ ������ �3RXU� OHV� GpELWV� OHV� GHX[� YDOHXUV� DX[� H[WUpPLWpV

�4 HW� Q4 VRQW� SULVH� FRPPH� FRPPDQGHV� �X HW
�X ��HW�OHV� ��Q YDOHXUV�UHVWDQWHV�GRQQHQW�� ��QpWDWV� �������� �� QQ [[ � )LJXUH����� &RQGLWLRQV�DX[�OLPLWHV�4DP ��4DY

/H�QRXYHDX�V\VWqPH�HVW��
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�
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1RWRQV� FHSHQGDQW� TXH� SRXU� FH� FKRL[� GH� FRQGLWLRQV� DX[� OLPLWHV� LO� H[LVWH� XQH� UHODWLRQ� HQWUH� OHV
pTXDWLRQV� GHV� G\QDPLTXHV� GHV� QLYHDX[� WHOOH� TXH� ¦  Q

L LLK� ��D �� FH� TXL� FRQGXLW� j� XQ� pWDW� QRQ
FRPPDQGDEOH�VXU�OH�V\VWqPH�REWHQX�
,O�HVW�SRVVLEOH�GH�FRQWRXUQHU�FH�SUREOqPH�HQ�XWLOLVDQW�PRLQV�GH�SRLQWV�SRXU�O
DSSUR[LPDWLRQ�GX�QLYHDXTXH� SRXU� O
DSSUR[LPDWLRQ� GX� GpELW�� OHV� SRVVLELOLWpV� H[LVWDQWHV� SRXU� FHWWH� VROXWLRQ� VRQW� SUpVHQWpHV� DXSDUDJUDSKH������������TXL�WUDLWH�GH�O
XWLOLVDWLRQ�G
XQ�QRPEUH�GH�SRLQWV�GLIIpUHQW�VXU�K HW�4 �
&RQGLWLRQV�DX[�OLPLWHV�4�DPRQW� HW�K�DYDO

������� ������ ������� Q������������QKL4L L�������������L� L��
3RXU� OHV� QLYHDX[�� OHV� YDOHXUV� DSSURFKpHV� DX[� QSRLQWV� GH� FROORFDWLRQ� GRQQHQW� � ��Q pWDWV

������� �Q[[ �� DYHF� OD� YDOHXU� j� O
H[WUpPLWp� DYDO� QKSULVH� FRPPH� FRPPDQGH� �X �� 3RXU� OHV� GpELWV� ODYDOHXU� j� O
H[WUpPLWp� DPRQW� �4 HVW� SULVH� FRPPHFRPPDQGH� �X �� HW� OHV� ��Q YDOHXUV� UHVWDQWHVGRQQHQW�� ��Q pWDWV� ������� �QQ [[ � )LJXUH����� &RQGLWLRQ�DX[�OLPLWHV�4DP���KDY
/H�QRXYHDX�V\VWqPH�HVW��
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&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

��
&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�4�DYDO

������� ������ ������� Q�����������QKL4L L�������������L� L��
3RXU� OHV� QLYHDX[�� OHV� YDOHXUV� DSSURFKpHV� DX[� QSRLQWV� GH� FROORFDWLRQ� GRQQHQW� � ��Q pWDWV

������� �Q[[ ��DYHF�OD�YDOHXU�j�O
H[WUpPLWp�DPRQW� �KSULVH� FRPPH� FRPPDQGH� �X �� 3RXU� OHV� GpELWV� ODYDOHXU� j� O
H[WUpPLWp� DYDO� Q4 HVW� SULVHV� FRPPHFRPPDQGH� �X �� HW� OHV� ��Q YDOHXUV� UHVWDQWHVGRQQHQW�� ��Q pWDWV� ������� �QQ [[ � )LJXUH������ &RQGLWLRQV�DX[�OLPLWHV�KDP ��4DY

/H�QRXYHDX�V\VWqPH�HVW��
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&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�K�DYDO
������� ������ ������� Q����������QKL4L L�������������L� L��

3RXU� OHV� QLYHDX[�� OHV� YDOHXUV� DSSURFKpHV� DX[� QSRLQWV� GH� FROORFDWLRQ� GRQQHQW� � ��Q pWDWV
������� �Q[[ ��DYHF�OHV�YDOHXUV�DX[�H[WUpPLWpV� �K HW

QK SULVHV�FRPPH�FRPPDQGHV� �X HW� �X ��3RXU�OHVGpELWV� OHV� Q YDOHXUV� UHVWDQWHV� GRQQHQW� Q pWDWV
�������� �� QQ [[ � )LJXUH������ &RQGLWLRQV�DX[�OLPLWHV�KDP ��KDY

/H�QRXYHDX�V\VWqPH�HVW��
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&RQGLWLRQV�DX[�OLPLWHV�K�DPRQW� HW�4�DPRQW&H�GHUQLHU�FDV�FRUUHVSRQG�j�XQH�FRQGLWLRQ�SDUWLFXOLqUH�GH�FDQDX[�DYHF�XQ�pFRXOHPHQW�WRUUHQWLHO��F
HVW�jGLUH�XQ�QRPEUH�GH�)URXGH�!���FH�TXL�HVW�OH�FDV�HQ�JpQpUDO�SRXU�XQ�FDQDO�DYHF�XQH�SHQWH�IRUWH�RX�XQHULYLqUH�TXL�QH�SRVVqGH�SDV�G
RXYUDJH�j�O
DYDO�



&KDSLWUH����0RGpOLVDWLRQ

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�
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������� ������ ������� Q�����������QKL4L L�������������L� L��

3RXU� OHV� QLYHDX[�� OHV� YDOHXUV� DSSURFKpHV� DX[� QSRLQWV� GH� FROORFDWLRQ� GRQQHQW� � ��Q pWDWV
������� �Q[[ ��DYHF�OD�YDOHXU�j�O
H[WUpPLWp�DPRQW� �KSULVH� FRPPH� FRPPDQGH� �X �� 3RXU� OHV� GpELWV� ODYDOHXU� j� O
H[WUpPLWp� DPRQW� �4 HVW� SULVH� FRPPHFRPPDQGH� �X �� HW� OHV� ��Q YDOHXUV� UHVWDQWHVGRQQHQW�� ��Q pWDWV� ������� �QQ [[ � )LJXUH������ &RQGLWLRQV�DX[�OLPLWHV�4DP���KDP

/H�QRXYHDX�V\VWqPH�HVW��
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/
LQWURGXFWLRQ�GHV�FRQGLWLRQV�OLPLWH�LQWHUQHV�VH�IDLW�SRXU�FH�V\VWqPH�FRPPH�LO�HVW�GpFULW�DX�SRLQW��������F
HVW�j�GLUH�TX
LO�IDXW�VpSDUHU�OH�V\VWqPH�HQ�GHX[�DX�SRLQW�GH�OD�SULVH�ODWpUDOH��HW�OH�WUDQVIRUPHU�HQ�GHX[V\VWqPHV��HQ�DMRXWDQW�OHV�pTXDWLRQV�GH�OLDLVRQ�
�����������8WLOLVDWLRQ�G
XQ�QRPEUH�GH�SRLQWV�Q GLIIpUHQW�SRXU�K HW�4
,O� H[LVWH� FHUWDLQHV� FRQGLWLRQV� SDUWLFXOLqUHV� GH� OD� PpWKRGH� SRXU� OHV� TXHOOHV� LO� HVW� SRVVLEOH� �HW� GDQVFHUWDLQV�FDV�VRXKDLWDEOH��G
XWLOLVHU�XQ�QRPEUH�GLIIpUHQW�GH�SRLQWV�GH�FROORFDWLRQ�SRXU�K HW� SRXU 4 �
'HX[�FDV�VRQW�GRQF�LFL�SRVVLEOHV��
3UHPLHU�FDV��
8WLOLVHU�XQ�QRPEUH�GH�SRLQWV�GLIIpUDQW�PDLV�DYHF�OHV�SRLQWV�LQWpULHXUV�VXU�OHV�PrPHV�FRRUGRQQpHV��3OXVSUpFLVpPHQW��LO�HVW�SRVVLEOH�GH�Q
XWLOLVHU�OHV�SRLQWV�DX[�H[WUpPLWpV�TXH�SRXU�OD�YDULDEOH�VXU�OD�FRQGLWLRQOLPLWH�XWLOLVpH��HW�GRQF�QH�SDV�SUHQGUH�HQ�FRPSWH�O
pTXDWLRQ�SRXU�O
DXWUH�YDULDEOH��3DU�H[HPSOH�SRXU��
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&RQGLWLRQV�DX[�OLPLWHV�4 DPRQW� HW�4 DYDO
,FL� ��� � QQ ��DYHF�OHV�SRLQWV�LQWpULHXUV�FRPSOHWV�
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3RXU� OHV�QLYHDX[�� OHV�YDOHXUV�DSSURFKpHV�DX[� �QSRLQWV�GH�FROORFDWLRQ�GRQQHQW�� �Q pWDWV� ������� Q[[ �
3RXU� OHV� GpELWV�� OHV� YDOHXU� DX[� H[WUpPLWpV� �4 HW

�Q4 VRQW� SULVH� FRPPH� FRPPDQGH� �X HW� �X �� HW
OHV� YDOHXUV� DSSURFKpV� DX[� �� �Q SRLQWV� GHFROORFDWLRQ� UHVWDQWV� GRQQHQW� � �� �Q pWDWV

����� ����� ��� QQQ [[ ��
)LJXUH������ &RQGLWLRQV�DX[�OLPLWHV�4DP ��4DY� QGLIIpUHQWV�SRXU�K HW� 4
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&RQGLWLRQV�DX[�OLPLWHV�K DPRQW� HW�K DYDO
,FL� ��� � QQ ��DYHF�OHV�SRLQWV�LQWpULHXUV�FRPSOHWV�

������� ����� ������� Q������������Q�KL4L ����� ������� Q�
3RXU�OHV�QLYHDX[��OHV�YDOHXUV�DX[�H[WUpPLWpV� �K HW

�QK VRQW� SULVHV� FRPPH� FRPPDQGH� �X HW� �X �� HW
OHV� YDOHXUV� DSSURFKpHV� DX[� �� �Q SRLQWV� GHFROORFDWLRQ� UHVWDQW� GRQQHQW� � �� �Q pWDWV

�������� �Q[[ �� 3RXU� OHV� GpELWV�� HW� OHV� YDOHXUVDSSURFKpHV�DX[� �Q SRLQWV�GH�FROORFDWLRQ�GRQQHQW
�Q pWDWV� ����� ����� ��� QQQ [[ �

)LJXUH������ &RQGLWLRQV�DX[�OLPLWHV�KDP ��KDY�Q GLIIpUHQWVSRXU�K HW� 4
/H�QRXYHDX�V\VWqPH�HVW��
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8WLOLVHU�XQ�QRPEUH�GH�SRLQWV�GLIIpUDQW�DYHF�OHV�SRLQWV�VXU�GHV�FRRUGRQQpHV�GLIIpUHQWHV��&HFL�HVW�OH�FDVSOXV�JpQpUDO��PDLV�LO�LQWURGXLW�GHV�FDOFXOV�VXSSOpPHQWDLUHV�FDU�LO�IDXGUD�FDOFXOHU�OHV�YDOHXUV�DSSURFKpHVGHV�YDULDEOHV�DX[�SRLQWV�FRUUHVSRQGDQW�SRXU�FKDTXH�pTXDWLRQ��3DU�H[HPSOH�SRXU��
&RQGLWLRQV�DX[�OLPLWHV�4 DPRQW� HW�4 DYDO

������ ���� Q�KL4L ������� ����� �����������Q�����������Q�
(W�VL�RQ�FKRLVLH�DUELWUDLUHPHQW�TXH� ��� � QQ �
3RXU� OHV�QLYHDX[�� OHV�YDOHXUV�DSSURFKpHV�DX[� �QSRLQWV�GH�FROORFDWLRQ�GRQQHQW�� �Q pWDWV� ������� Q[[ �3RXU� OHV� GpELWV�� OHV� YDOHXU� DX[� H[WUpPLWpV� �4 HW

�Q4 VRQW�SULVH�FRPPH�FRPPDQGH� �X HW� �X � )LJXUH������ &RQGLWLRQV�DX[�OLPLWHV�4DP ��4DY� QGLIIpUHQWV�SRXU�K HW� 4
HW� OHV� YDOHXUV� DSSURFKpV� DX[� �� �Q SRLQWV� GH� FROORFDWLRQ� UHVWDQWV� GRQQHQW� �� �Q pWDWV
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2X�LO�HVW�QpFHVVDLUH�GH�FDOFXOHU�OHV�YDOHXUV�GHV�QLYHDX[�FRUUHVSRQGDQWV�DX[�SRLQWV�GH�FROORFDWLRQ�SRXUOH�GpELW�DYHF�OD�UHODWLRQ��
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Q
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&HW�H[HPSOH�HVW�OD�UHSUpVHQWDWLRQ�JpQpUDOH�GX�PRGqOH�XWLOLVp�SDU�OD�VXLWH�SRXU�OD�FRPPDQGH�
,O� H[LVWH� GDQV� FH� GHX[LqPH� FDV� G
DXWUHV� FRQILJXUDWLRQV� SRVVLEOHV� WDQW� HQ� QRPEUH� GH� SRLQWV� TX
HQFRQGLWLRQV�OLPLWHV�TXH�QRXV�QH�GpWDLOOHURQW�SDV�
�������0RGqOH�GH�FRPPDQGH
/D�FRPPDQGH�HVW�EDVpH�VXU�XQ�PRGqOH�GH�GLPHQVLRQ�ILQLH�REWHQX�SDU�OD�UpVROXWLRQ�GHV�pTXDWLRQV�GH6DLQW�9HQDQW�HQ�XWLOLVDQW�OD�PpWKRGH�GH�FROORFDWLRQ�j�WURLV�SRLQWV�pTXLGLVWDQWV�SRXU�OH�GpELW�� ��  Q ��HWGHX[� SRLQWV� DX[� H[WUpPLWpV� GX� ELHI� SRXU� OH� QLYHDX� � ��  Q ��� /HV� FRQGLWLRQV� DX[� OLPLWHV� XWLOLVpHV�YDULDEOHV�GH�FRPPDQGH��VRQW�OHV�GpELWV�DPRQW�HW�DYDO�
/H�FKRL[�GH�FH PRGqOH�HVW�G��DX�IDLW�TXH�SRXU�OD�FRPPDQGH�LO�HVW�QpFHVVDLUH�GH�VH�EDVHU�VXU�XQ�PRGqOHVXIILVDPPHQW� SUpFLV�� PDLV� DXVVL� DVVH]� VLPSOH� SRXU� QH� SDV� rWUH� REOLJp� GH� IDLUH� XQH� PXOWLWXGH� GHPHVXUHV�� HW�SRXU� DYRLU�GHV�DOJRULWKPHV�GH�FRPPDQGH�SOXV�VLPSOHV�HW�GRQF�TXL� UHTXLqUHQW�PRLQV� GHWHPSV�GH�FDOFXO�
/H�FKRL[�GHV�YDULDEOHV�GH�FRPPDQGH�HVW�G��j�GHV�UDLVRQV�SK\VLTXHV��FDU�OD�FRPPDQGH�G
XQ�FDQDO�UpHOSRUWH�VXU�O©RXYHUWXUH�GHV�YDQQHV��GRQF�VXU�OHV�GpELWV�
'DQV�OH�FDV�SDUWLFXOLHU�GH�QRWUH�PRGqOH� DYHF�FRPPH�FRPPDQGH�X � OH�GpELW�G
HDX�DX[�GHX[�H[WUpPLWpVGX�ELHI�GH�FDQDO��L�H�� �� 4X  � �� 4X  �YRLU�)LJXUH��������HQ�WHQDQW�FRPSWH�GHV�LQILOWUDWLRQV�GX�FDQDO�HQ�LQWURGXLVDQW�OH�WHUPH�GH�IULFWLRQ��HW�OHV�FRPPDQGHV��OH�V\VWqPH�V
pFULW��
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)LJXUH������ &RQGLWLRQV�OLPLWHV� DYDP 44 �

/H�QLYHDX�DX�PLOLHX�GX�ELHI��TXL�HVW�QpFHVVDLUH�SRXU�O
pTXDWLRQ�VXU�OH�GpELW�HVW�REWHQXH�SDU�OD�UHODWLRQ��� � � � � ������������ �� KK[1K[1KK // �  �  ������
(Q�HIIHW�� � � � � /[[[[ [[[1[[ [[[1   �� �� ����
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'H�PrPH�SRXU�OHV�GpULYpV�GH�IRQFWLRQV�GH�IRUPH�QpFHVVDLUHV�VXU�O
pTXDWLRQ�GX�GpELW��� � � � /[[[1/[[[1 ��
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� ������  � � � ������
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�������3RLQWV�G
pTXLOLEUH�GX�PRGqOH�GH�FROORFDWLRQ
/HV�SRLQWV�G
pTXLOLEUH�GX�PRGqOH�REWHQX�SDU�FROORFDWLRQ�V
REWLHQQHQW�SRXU��
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&HV�GHX[�FRQGLWLRQV�G
pTXLOLEUH�FRUUHVSRQGHQW�j� FHOOHV�REWHQXHV�SRXU� OHV� pTXDWLRQV�GH�6DLQW�9HQDQW�pTXDWLRQ������DX�SDUDJUDSKH��������
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&H� VRQW� GHV� FRQGLWLRQV� G
pTXLOLEUH�TXL� FRUUHVSRQGHQW� j� FHOOHV� REWHQXHV� SRXU� OHV� pTXDWLRQV� GH� 6DLQW�9HQDQW��pTXDWLRQ��������
(W�SRXU�XQ�UpJLPH�XQLIRUPH�FRUUHVSRQGDQW�j�� � � � ww [[KH ������
&H�TXL�HVW�DXVVL�YpULILp�GDQV�OH�PRGqOH�SDU�FROORFDWLRQ�FDU�GDQV�FH�FDV��
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��

�
�  ¦ QM MLMH1K � HMH
HMH

MH KKKK
MK  �°¿
°¾½z 

� 
�RX � FDU�� �
�  ¦ QM ML1 ������

'DQV�FH�FDV�� OH�GpELW�G
pTXLOLEUH�FRQVWDQW� H4 HVW�GRQQp��FRPPH�SRXU� OHV�pTXDWLRQV�GH�6DLQW�9HQDQW�pTXDWLRQ�������SDU�� � � ,K4- HHLH  � ������
,O�Q
HVW�SDV�SRVVLEOH�GH�WURXYHU�XQ�UpJLPH�G
pTXLOLEUH�XQLIRUPH�SRXU�XQH�LQILOWUDWLRQ�QRQ�QXOOH��FHOD�GHIDoRQ�LGHQWLTXH�DX[�pTXDWLRQV�GH�6DLQW�9HQDQW��FDU�GDQV�FH�FDV�OHV�pTXDWLRQV�GHYLHQQHQW�
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(W�GDQV� FH�FDV� OD� VHFRQGH�pTXDWLRQ�QH� VH�YpULILH�TXH�TXDQG� OH�GpELW� HVW�FRQVWDQW� VXU� WRXV� OHV� SRLQWV
VLWXpV�OH�ORQJ�GX�FDQDO� HLH 44  ��HW�LO�Q
HVW�SDV�SRVVLEOH�G
DYRLU� T14 Q

M MLH  ¦ � 
 FDU� �
�  ¦ QM ML1 �
&HOD�JDUDQWLW�GRQF�OD�FRQVLVWDQFH�GX�PRGqOH�REWHQX�SDU�OD�PpWKRGH�GH�FROORFDWLRQ�
&HSHQGDQW� OH� FKRL[� GX� QRPEUH� GH� SRLQWV� GH� FROORFDWLRQ� DLQVL� TXH� OHV� FRQGLWLRQV� OLPLWHV� SHXYHQWSHUWXUEHU�FHWWH�FRQVLVWDQFH��$LQVL��VL�RQ�SUHQG�O
H[HPSOH�GX�PRGqOH�GH�FRPPDQGH��pTXDWLRQ���������OHVFRQGLWLRQV�G
pTXLOLEUH�V
REWLHQQHQW�SDU��
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'HV�GHX[�SUHPLqUHV�pTXDWLRQV�RQ�REWLHQW��
T/ XX  � �� ��� T/ X4  � ��� ������

&H�TXL�HVW�FRKpUHQW�DYHF � � T[ [4H  ww ������
'H�OD�TXDWULqPH�pTXDWLRQ�RQ�REWLHQW��
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&H� TXL� FRUUHVSRQG� ELHQ� j� O
pTXLOLEUH� REWHQX� DYHF� O
pTXDWLRQ� GH� 6DLQW�9HQDQW� �pTXDWLRQ� ������ DYHFO
DSSUR[LPDWLRQ�� � � / KK[[KH �� �|ww ������
/HV�pTXDWLRQV�G
pTXLOLEUH�VRQW�GDQV�OH�FDV�G
XQH�LQILOWUDWLRQ�QXOOH��

���  �/ XX ��� �� ��  �/ X4
� � � � �������

����  »¼º«¬ª ������� -,/ KKJ%K%/K KK4 ������
,FL�OH�UpJLPH�G
pTXLOLEUH�FRUUHVSRQG�DXVVL�j�FHOXL�GH�O
pTXDWLRQ�GH�6DLQW�9HQDQW�
3RXU�XQ�UpJLPH�G
pFRXOHPHQW�XQLIRUPH�RQ�REWLHQW��

,-  � ������
&H�PRGqOH�VHPEOH�DXVVL��j�SUHPLqUH�YXH��FRQVLVWDQW�
0DLV�GDQV�FH�FDV�LO�HVW�ELHQ�SRVVLEOH�G
DYRLU�XQ�UpJLPH�XQLIRUPH�� ��� KKK   ��DYHF�XQH�LQILOWUDWLRQQRQ�QXOOH��HQ�HIIHW�GDQV�FH�FDV�OHV�pTXDWLRQV�GHYLHQQHQW��

T/ XX  � �� ��� T/ X4  � ���
> @ � � �

��� � %K4TN-,J%K T � �� ������
(W� LO� H[LVWH� ELHQ� GHV� GpELWV� G
pTXLOLEUH� TXL� YpULILHQW� FHV� pTXDWLRQV� SRXU� WRXW� QLYHDX� G
pTXLOLEUH

��� KKKKH    FKRLVL�DUELWUDLUHPHQW�
5HPDUTXH� ��'DQV� FH� FDV� O
LQFRQYpQLHQW� SURYLHQW� GH� O
DSSUR[LPDWLRQ� GH� OD� YDULDWLRQ� GX� QLYHDX�GDQVO
HVSDFH������� TXL�HVW�WUqV�LPSUpFLVH�FDU�REWHQXH�SDU�XQH�GLIIpUHQFH�ILQLH�GX�SUHPLHU�RUGUH�FRQVWUXLWH�jSDUWLU�GHV�SRLQWV�H[WUpPDX[�GX�ELHI��'RQF�OD�OLJQH�TXL�UHSUpVHQWH�OD�VXUIDFH�GH�O
HDX�VHUD�XQH�GURLWH�GHSHQWH� FRQVWDQWH�� 'DQV� FH� FDV� OHV� GLIIpUHQFHV� GH� QLYHDX� G
XQ� SRLQW� j� XQ� DXWUH� GX� FDQDO� GXHV� j� XQHFRXUEXUH�GH�OD�OLJQH�TXL�UHSUpVHQWH�HQ�UpDOLWp�OD�VXUIDFH�GH�O
HDX�QH�SHXYHQW�SDV�rWUH�UHSUpVHQWpHV�
$ FDXVH�GH�FHWWH�LPSUpFLVLRQ��O
pTXDWLRQ�j�O
pTXLOLEUH�JDUDQWLW�VHXOHPHQW�TXH�OHV�SRLQWV�G
pTXLOLEUH�GHVQLYHDX[�DX[�H[WUpPLWpV�FRUUHVSRQGHQW�j�FHX[�GH�O
pTXDWLRQ�GH�6DLQW�9HQDQW��/HV�SRLQWV�G
pTXLOLEUH�GHVQLYHDX[�j�O
LQWpULHXU�GX�ELHI�SHXYHQW�rWUH�GLIIpUHQWV�GHV�SRLQWV�G
pTXLOLEUH�SK\VLTXHV�UHSUpVHQWpV�SDU�OHVpTXDWLRQV�GH�6DLQW�9HQDQW��HW�VHURQW�SODFpV�VXU�OD�OLJQH�GURLWH�WUDFpH�HQWUH�OHV�QLYHDX[�DPRQW�HW�DYDO�
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$XWRPDWLTXH�GH�*UHQREOH�
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3RXU�FH�PRGqOH�OHV�SRLQWV�G
pTXLOLEUH�VHURQW�ELHQ�UHSUpVHQWpV�VHXOHPHQW�GDQV�OH�FDV�G
XQH� LQILOWUDWLRQQXOOH�DYHF�XQ�UpJLPH�XQLIRUPH�
&HWWH�UHPDUTXH�QRXV�LQGLTXH�TXH�OH�PRGqOH�GH�FRPPDQGH�HVW�LQVXIILVDQW�SRXU�XQH�VLPXODWLRQ�SUpFLVHG
XQ�ELHI�GH�FDQDO��SDU�FRQWUH�VRQ�XWLOLVDWLRQ�SRXU�OD�FRPPDQGH�Q
HVW�SDV�H[FOXH�SRXU�DXWDQW��(W�LO�VHUDPRQWUp�DX�FKDSLWUH���TX
DYHF�XQ�FKRL[�GHV�VRUWLHV�TXL�WLHQW�FRPSWH�GH�FHWWH�LPSUpFLVLRQ�LO�HVW�SRVVLEOHGH�GpYHORSSHU�GHV�FRPPDQGHV�VDWLVIDLVDQWHV�
�������9DOLGDWLRQ�GHV�DOJRULWKPHV�GH�VLPXODWLRQ
/HV� VROXWLRQV� SUpVHQWpHV� GDQV� OD� VHFWLRQ� SUpFpGHQWH� RQW� pWp�PLVHV� HQ� £XYUH�� HQ� XWLOLVDQW� SRXU� FHOD0DWODE�HW�6LPXOLQN�
7URLV�DOJRULWKPHV�RQW�pWp�PLV�HQ�SODFH�SRXU�OD�VLPXODWLRQ�GH�FDQDX[�RXYHUWV��HQ�XWLOLVDQW�FRPPH�EDVHOHV� pTXDWLRQV� GH� 6DLQW�9HQDQW� UpVROXHV� SDU� WURLV� PpWKRGHV� QXPpULTXHV� �� 'LIIpUHQFHV� ILQLHV� DYHF� OHVFKpPD� GH� 3UHLVVPDQQ�� GLIIpUHQFHV� ILQLHV� DYHF� OH� VFKpPD� GH� GLVFUpWLVDWLRQ� H[SOLFLWH� HW� PpWKRGH� GHFROORFDWLRQ�RUWKRJRQDOH�
/HV� WURLV� PpWKRGHV� IRQFWLRQQHQW� VXU� OD� EDVH� G
XQ� VFKpPD� 6LPXOLQN� VLPLODLUH�� UHSUpVHQWp� GH� IDoRQVLPSOLILpH�SDU�OD�)LJXUH������

0RGqOH�GXFDQDO6LPXODWLRQ�GXFDQDO
1LYHDX[�K
'pELWV�4

9DULDEOHV�GHVRUWLH
4 DPRQWK DYDOFRPPDQGH

)LJXUH������ 6FKpPD�GH�VLPXODWLRQ/H� VFKpPD� 6LPXOLQN� GH� EDVH� SHUPHW� G
LQWURGXLUH� WRXWHV� OHV� YDULDEOHV� HW� VLJQDX[� G
HQWUpH� SRXU� ODVLPXODWLRQ�� GH� IDLUH� DSSHO� DX[� DOJRULWKPHV� GH� FDOFXO� GH� OD� VROXWLRQ� HW� GH� SUpVHQWHU� OHV� UpVXOWDWV� GHVLPXODWLRQ�
/HV� DOJRULWKPHV� VRQW� IDLWV� SRXU� GHV� ELHIV� GH� FDQDX[� HQ� UpJLPH� IOXYLDO� �VRXV�FULWLTXH�� HW� DYHF� ODSRVVLELOLWp�G
XWLOLVHU�OHV�TXDWUH�RSWLRQV�GH�FRQGLWLRQV�OLPLWHV�H[LVWDQW�SRXU�XQ�WHO�UpJLPH��&HOD�SHUPHWG
XWLOLVHU� SDU� OD� VXLWH� O
XQH� GH� FHV� SRVVLELOLWpV� GH� FRQGLWLRQV� OLPLWH� DX� FKRL[� VXLYDQW� OD� FRPPDQGHLQWURGXLWH�
/
LGpH�LFL�HVW�GH�FRPSDUHU�OHV�UpVXOWDWV�REWHQXV�SDU�OD�PpWKRGH�GH�FROORFDWLRQ�j�FHX[�REWHQXV�DYHF�GHVPpWKRGHV�SOXV��UHFRQQXHV��GH�IDoRQ�j��YDOLGHU��XQ�PRGqOH�SDU�FROORFDWLRQ��3RXU�FHWWH�YDOLGDWLRQ�GHX[PpWKRGHV�VRQW�XWLOLVpHV��OD�SUHPLqUH�HVW�OD�FRPSDUDLVRQ�HQWUH�OHV�UpVXOWDWV�GH�VLPXODWLRQ�REWHQXV�SDU�OD
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PpWKRGH� GH� FROORFDWLRQ� HW� OHV� UpVXOWDWV� REWHQXV� SDU� OD� PpWKRGH� GH� GLIIpUHQFHV� ILQLHV� TXL� XWLOLVH� ODGLVFUpWLVDWLRQ�GH�3UHLVVPDQQ��&HWWH�GHUQLqUH�HVW�XWLOLVpH�LFL�FRPPH��PpWKRGH�GH�UpIpUHQFH���FDU�HOOH�HVWWUqV�UpSDQGXH�SRXU�OD�UpVROXWLRQ�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW��HW�D�GpMj�pWp�YDOLGpH�SDU�GH�PXOWLSOHVDXWHXUV��/D�GHX[LqPH�PpWKRGH�GH�YDOLGDWLRQ�HVW�OD�FRPSDUDLVRQ�GHV�YDOHXUV�SURSUHV�GX�V\VWqPH�REWHQXSDU�OD�PpWKRGH�GH�3UHLVVPDQQ�DYHF�FHOOHV�GX�PRGqOH�OLQpDULVp�HW�GLVFUpWLVp�REWHQX�SDU�FROORFDWLRQ�
'H�SOXV�XQ�WHVW�GH�SHUIRUPDQFH�HVW�UpDOLVp�SDU�OD�FRPSDUDLVRQ�GHV�UpVXOWDWV�REWHQXV�SDU�OD�PpWKRGH�GHFROORFDWLRQ�DYHF�FHX[�GRQQpHV�SDU�OD�PpWKRGH�GH�GLVFUpWLVDWLRQ�H[SOLFLWH��HOOH�DXVVL�ODUJHPHQW�UpSDQGXHGDQV�OD�OLWWpUDWXUH�
3RXU� FHWWH�YDOLGDWLRQ� OHV� FRQGLWLRQV� DX[� OLPLWHV� GH� GpELW� j� O
DPRQW� �4 HW� QLYHDX�j� O
DYDO� QK RQW� pWpFKRLVLHV��FDU�HOOHV�SHUPHWWHQW�XQH�YLVXDOLVDWLRQ�SOXV�VLPSOH�GHV�YDULDWLRQV�GH�FHV�FRQGLWLRQV�HW�TXH�FHVRQW�OHV�FRQGLWLRQV�OLPLWHV�OHV�SOXV�VRXYHQW�XWLOLVpHV�SRXU�OD�FRPPDQGH�GDQV�OD�OLWWpUDWXUH�pWXGLpH�
���������&RPSDUDLVRQV�GHV�VLPXODWLRQV�REWHQXHV�SDU�&ROORFDWLRQ�DYHF�FHOOHV�GXPRGqOH�GH�3UHLVVPDQQ

7HPSV

&RQGLWLRQ�OLPLWH

9DOHXU�jO
�pTXLOLEUH
9DOHXUPD[LPXP

3RXU� FHWWH� SUHPLqUH� �YDOLGDWLRQ�� GX� PRGqOH�RQ�FKRLVLW�GH�OH�VRXPHWWUH�j�XQH�YDULDWLRQ�GHVFRQGLWLRQV� DX[� OLPLWHV� GDQV� OH� WHPSV�� HWREVHUYHU� OD� UpSRQVH� WUDQVLWRLUH� HW� VWDWLRQQDLUHGX� V\VWqPH�� 3RXU� FHOD� LO� IDXW� IDLUH� GHVVLPXODWLRQV�VXU�XQ�WHPSV�VXIILVDPPHQW�ORQJ�HWFKRLVLU� GHV� HQWUpHV� �FRQGLWLRQV� DX[� OLPLWHV�FRQYHQDEOHV� )LJXUH������ (YROXWLRQ�GH�OD�FRQGLWLRQ�OLPLWH��DPRQW�GDQV�OHWHPSV/H� FKRL[� GH� OD� FRQGLWLRQ� j� OD� OLPLWH� DPRQW� �4 RX� HQWUpH� GX� V\VWqPH� HVW� XQH� YDULDWLRQ� WHPSRUHOOHFRQVWDQWH� GDQV� OH� WHPSV� �UDPSH�� HQWUH� GHX[� YDOHXUV� �� XQH� YDOHXU� G
pTXLOLEUH� SRXU� TXH� OH� V\VWqPHGpPDUUH�FRQYHQDEOHPHQW�HW�XQH�YDOHXU�PD[LPXP�TXL�SHXW�rWUH�DVVLPLOpH�j�XQH�VDWXUDWLRQ�GH�YDQQH�SDUH[HPSOH� �)LJXUH� ������� /
REMHFWLI� G
XQ� WHO� FKRL[� HVW� GH� SRXYRLU� LQWHUSUpWHU� IDFLOHPHQW� OHV� UpVXOWDWVREWHQXV�FDU�F
HVW�XQH�HQWUpH�SURFKH�G
XQ�pFKHORQ�PDLV�PRLQV�EUXVTXH��,O�IDXW�QRWHU�GH�SOXV�TXH�GDQV�ODUpDOLWp�O
RXYHUWXUH�GHV�YDQQHV�GDQV�XQ�FDQDO�HVW�WUqV�SURFKH�GH�FH�W\SH�G
HQWUpH��/D�FRQGLWLRQ�j�OD�OLPLWHDYDO� QK D�pWp�ODLVVpH�FRQVWDQWH��HW�pJDOH�j�XQH�FRQGLWLRQ�G
pTXLOLEUH��'H�FHWWH�IDoRQ�O
REVHUYDWLRQ�GHVHIIHWV�VH�VLPSOLILH�FDU�LOV�VRQW�GXV�j�OD�YDULDWLRQ�G
XQH�VHXOH�GHV�FRQGLWLRQV�DX[�OLPLWHV�
,O�HVW�LPSRUWDQW�GH�QRWHU�TXH�GHV�WHVWV�RQW�pWp�IDLWV�SRXU�OHV�TXDWUH�W\SHV�GH�FRQGLWLRQV�DX[�OLPLWHV�HWG
DXWUHV�YDULDWLRQV�VXU�OHV�YDOHXUV�GH�FHV�FRQGLWLRQV�DX[�OLPLWHV��/HV�UpVXOWDWV�REWHQXV�VXU�FHV�WHVWV�VRQWVLPLODLUHV�j�FHX[�SUpVHQWpV�SDU�OD�VXLWH��TXL�VH�OLPLWHQW�DX[�FDV�pQRQFpV�DX�SDUDJUDSKH�SUpFpGHQW�
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/D�YDOLGDWLRQ�D�pWp�IDLWH�DYHF�GHV�ELHIV�GH�FDQDO�UHFWDQJXODLUHV��SRXU�GLYHUVHV�ORQJXHXUV��DILQ�REVHUYHUOH�QRPEUH�GH�SRLQWV�QpFHVVDLUH�SRXU�PRGpOLVHU�OHV�GLYHUVHV�ORQJXHXUV�GH�FDQDO�SRVVLEOHV�
,O�HVW�j�QRWHU�TXH�OH�QRPEUH�GH�VHFWLRQV�SULVHV��SRXU�OD�VLPXODWLRQ�DYHF�OD�PpWKRGH�GH�3UHLVVPDQQ��HVWWRXMRXUV�VXSpULHXUH�DX�QRPEUH�PLQLPDO�JDUDQWLVVDQW�XQH�VLPXODWLRQ�FRQYHQDEOH�SRXU�rWUH�SULVH�FRPPHPpWKRGH�GH�EDVH��3DU�FRQWUH�O
REMHFWLI�GH�OD�PpWKRGH�GH�FROORFDWLRQ�HVW�GH�SRXYRLU�REWHQLU�XQ�PRGqOHVLPSOH�HW�GRQF�IDFLOH�j�PDQLSXOHU��FH�TXL�LPSOLTXH�G
XWLOLVHU�OH�PRLQV�GH�SRLQWV�SRVVLEOH��HW�SRXU�FHODVHXOV�VRQW�SUpVHQWpV�OHV�UpVXOWDWV�VDWLVIDLVDQWV�DYHF�FH�QRPEUH�PLQLPXP�GH�SRLQWV�
'DQV�OD�YDOLGDWLRQ�GX�PRGqOH�LO�HVW�LPSRUWDQW�GH�SUHQGUH�HQ�FRPSWH�OH�PHLOOHXU�FKRL[�SRVVLEOH�SRXU�ODORFDOLVDWLRQ�GHV�SRLQWV�GH�FROORFDWLRQ��HW�SRXU�FHOD�OD�SUHPLqUH�FRPSDUDLVRQ�HVW�IDLWH�VXU�OD�VLPXODWLRQDYHF�OHV�WURLV�W\SHV�GH�ORFDOLVDWLRQ�GH�SRLQWV�GH�FROORFDWLRQ�UHWHQXHV�DX�SDUDJUDSKH������������SRXU�XQPrPH�QRPEUH�GH�SRLQWV�GH�FROORFDWLRQ��XQH�JpRPpWULH�GH�FDQDO�LGHQWLTXH��HW�VDQV�LQILOWUDWLRQ�
/D�)LJXUH����� PRQWUH�OD�VLPXODWLRQ�VXU�OHV�H[WUpPLWpV�HW�PLOLHX[�GX�ELHI�SRXU�XQ�ELHI�GH������P��HQXWLOLVDQW�OHV�WURLV�W\SHV�GH�ORFDOLVDWLRQ�SRXU�OHV�SRLQWV�GH�FROORFDWLRQ��/H�7DEOHDX������PRQWUH�OD�YDOHXUGH� OD� PR\HQQH� GH� O
HUUHXU�� OD� PR\HQQH� GH� O
HUUHXU� QRUPDOLVpH�� HW� OD� YDOHXU� PD[LPDOH� GH� O
HUUHXUQRUPDOLVpH�� SRXU� FHWWH�PrPH� VLPXODWLRQ�� YDOHXUV� pWDEOLHV� j� SDUWLU� GH� GRQQpHV� GH� VLPXODWLRQ� VXU� ��VHFWLRQV�GX�ELHI�

7DEOHDX����� &RPSDUDLVRQ�GHV�HUUHXUV�SRXU�GLIIpUHQWV�W\SHV�GH�ORFDOLVDWLRQ�GHV�SRLQWV�GHFROORFDWLRQ�
7\SH�GH�SRLQW 0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K
(TXLGLVWDQW ������� ������ ���� ������ ���� ����
/HJHQGUH ������� ������ ���� ������ ���� ����
7FKHE\FKHII ������� ������ ���� ������ ���� ����
/HV� UpVXOWDWV�PRQWUHQW� TXH� OH�PHLOOHXU� FKRL[� SRXU� OD� ORFDOLVDWLRQ� GHV� SRLQWV� GH� FROORFDWLRQ� VRQW� OHVUDFLQHV�GHV�SRO\Q{PHV�GH�/HJHQGUH��FDV�SDUWLFXOLHU�GHV�SRO\Q{PHV�GH�-DFREL���PrPH�VL�GDQV�OHV�WURLVFDV�O
HUUHXU�UHVWH�SHWLWH�HW�SHXW�rWUH�FRQVLGpUpH�FRPPH� WROpUDEOH��'
DXWUHV� WHVWV�RQW�pWp�IDLWV�DYHF�GHVORQJXHXUV�HW�QRPEUH�GH�SRLQWV�GH�FROORFDWLRQV�GLIIpUHQWV��FRQGXLVDQW�DX[�PrPH�FRQFOXVLRQV�
8QH� IRL� pWDEOLH� OH� FKRL[� GH� OD� ORFDOLVDWLRQ� GHV� SRLQWV� GH� FROORFDWLRQ� LO� HVW� SRVVLEOH� GH� YDOLGHU� OHVUpVXOWDWV�REWHQXV�SDU�FHWWH�PpWKRGH�SRXU�GLYHUVHV�ORQJXHXUV�GH�ELHIV��/D�YDOLGDWLRQ�D�pWp�IDLWH�SRXU�GHVELHIV�GH�VHFWLRQ�UHFWDQJXODLUH�DYHF�GHV�ORQJXHXUV�DOODQW�GH�����P�j����.P��HW�XQ�WLUDQW�G
HDX�GH�����P�HW�XQH� ODUJHXU�GX�ELHI�GH���P��3RXU� WRXWHV� OHV� VLPXODWLRQV� OD� SHQWH� HVW� GH� �����HW� OH� FRHIILFLHQW� GH6WULFNOHU�GH����
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'X�7DEOHDX���� DX�7DEOHDX������HW�GH�OD�)LJXUH����� j�OD�)LJXUH����� VRQW�SUpVHQWpV�OHV�UpVXOWDWV�SRXUOHV�VLPXODWLRQV�GH�ELHIV�G
XQH� ORQJXHXU�GH�����P������P�������P��������P�� HW�������P�� DYHF�GHVFRQGLWLRQV� OLPLWHV� HQ�GpELW� j� O
DPRQW� HW� HQ� QLYHDX� j� O
DYDO�� 3RXU� FKDTXH� ORQJXHXU� VRQW� SUpVHQWpV� OHVUpVXOWDWV�SRXU�WURLV�QRPEUHV�GH�SRLQWV�GH�FROORFDWLRQ��&HV�UpVXOWDWV�PRQWUHQW�TXH�OD�PpWKRGH�GRQQH�GHWUqV�ERQV�UpVXOWDWV�VL�OH�QRPEUH�GH�SRLQWV�GH�FROORFDWLRQ�HVW�VXIILVDQW��OD�SOXSDUW�GHV�HUUHXUV�PR\HQQHVGHV�VLPXODWLRQV�PRQWUpHV�VRQW�LQIpULHXUHV�j�����GH�OD�YDOHXU�GH�OD�YDULDEOH���/H�FKRL[�GH�FH�QRPEUH�GHSRLQWV�YDULH�VHORQ�OD�ORQJXHXU�GX�ELHI��HW�GpSHQG�GH�OD�YDOHXU�WROpUpH�SRXU�O
HUUHXU���SDU�H[HPSOH�VL�ODWROpUDQFH�VXU�O
HUUHXU�PD[LPXP�HVW������LO�IDXGUD�FKRLVLU���SRLQWV�SRXU�����P����SRXU��������SRXU�����P��HWF��/D�YDULDWLRQ�LPSRVpH�VXU�OHV�FRQGLWLRQV�DX[�OLPLWHV�HVW�FHOOH�LQGLTXpH�DX�SDUDJUDSKH�SUpFpGHQW�
/
XWLOLVDWLRQ�GHV�DXWUHV�SRVVLELOLWpV�SRXU�OHV�FRQGLWLRQV�DX[�OLPLWHV��GpELW�DPRQW�HW�DYDO��QLYHDX�DPRQWHW�GpELW�DYDO��HW�QLYHDX�DYDO�HW�DPRQW��GRQQHQW�GHV�UpVXOWDWV�GH�VLPXODWLRQ�VLPLODLUHV��F
HVW�j�GLUH�TXH�ODPpWKRGH� SHXW� rWUH� FRQVLGpUpH� FRPPH� YDOLGH� SRXU� WRXWHV� OHV� SRVVLELOLWpV� GH� FRQGLWLRQV� DX[� OLPLWHVLQGLTXpHV�DX�FKDSLWUH�SUpFpGHQW��&HV�VLPXODWLRQV�QH�VRQW�SDV�PRQWUpHV�LFL�SRXU�QH�SDV�WRPEHU�GDQV�GHVUpSpWLWLRQV�MXJpHV�QRQ�QpFHVVDLUHV�
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)LJXUH������ &RPSDUDLVRQ�G
XWLOLVDWLRQ�GH�W\SHV�GH�SRLQW�pTXLGLVWDQWV��UDFLQHV�GH�/HJHQGUH�HW�UDFLQHV�GH7FKHE\FKHII
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7DEOHDX����� &RPSDUDLVRQ�GHV�HUUHXUV�SRXU�GLIIpUHQWV�QRPEUHV�GH�SRLQWV�GH�FROORFDWLRQ�/� �����PWV
1RPEUH�GHSRLQWV 0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K

� ������� ���� ���� ������� ���� ����
� ������� ���� ���� ������� ���� ����
� ������� ���� ���� ������� ���� ����

7DEOHDX����� &RPSDUDLVRQ�GHV�HUUHXUV�SRXU�GLIIpUHQWV�QRPEUHV�GH�SRLQWV�GH�FROORFDWLRQ�/� �����PWV
1RPEUH�GHSRLQWV 0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K

� ������� ���� ���� ������� ���� ����
� ������� ���� ���� ������� ���� ����
� ������� ���� ���� ������� ���� ����

7DEOHDX����� &RPSDUDLVRQ�GHV�HUUHXUV�SRXU�GLIIpUHQWV�QRPEUHV�GH�SRLQWV�GH�FROORFDWLRQ�/� ������PWV
1RPEUH�GHSRLQWV 0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K

� ������� ���� ���� ������� ���� ����
� ������� ���� ���� ������� ���� ����
� ������� ���� ���� ������� ���� ����
7DEOHDX����� &RPSDUDLVRQ�GHV�HUUHXUV�SRXU�GLIIpUHQWV�QRPEUHV�GH�SRLQWV�GH�FROORFDWLRQ�/� �������PWV

1RPEUH�GHSRLQWV 0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K
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'DQV�FH�FDV�OHV�S{OHV�RQW�WHQGDQFH�j�VH�UHJURXSHU�WRXV�DX�YRLVLQDJH�GX�SRLQW�������HW�FHOD�SRXU�OHV�GHX[PRGqOHV��DYHF�XQH� WHQGDQFH�ELHQ�SOXV�PDUTXpH�SRXU� OH�PRGqOH�GH�FROORFDWLRQ��$� �QRWHU�TXH�GDQV� ODGHUQLqUH� ILJXUH� OH� SDV� GH� WHPSV� GW FRUUHVSRQG� DX� SDV� GH� WHPSV� XWLOLVp� SRXU� OHV� VLPXODWLRQV�� &HODLQGLTXH�TXH�SRXU�OHV�GHX[�PRGqOHV��j�PHVXUH�TXH�OH�QRPEUH�GH�FRXUDQW�GHYLHQW�SHWLW�VHXOHV�OHV�JUDQGHVORQJXHXUV�G
RQGH�VRQW�UHSURGXLWHV�FRUUHFWHPHQW�
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)LJXUH������ 9DOHXUV�SURSUHV�GHV�PDWULFHV�$�SRXU�VFKpPDV�OLQpDULVpV��3RXU�XQ�ELHI�GH�FDQDO�VDQV�SHQWH�� ���� THW� ���&U �/D�)LJXUH����� PRQWUH�OHV�YDOHXUV�SURSUHV�REWHQXHV�SDU� OHV�GHX[�PRGqOHV�SRXU�XQ�ELHI�GH�����P�GHORQJ� � / ��� ��P� GH� ODUJH� �% �� HW� ����P� GH� WLUDQW� G
HDX� � HK �� DYHF� XQH� SHQWH� GH� ����� � , ��� XQ� GpELW
FRUUHVSRQGDQW� j� XQ� UpJLPH� XQLIRUPH� VXLYDQW� OD� UHODWLRQ� � � ,K4- HH  � �� HW� FHOD� SRXU� �� YDOHXUVGpFURLVVDQWHV� GX� QRPEUH� GH� FRXUUDQW� HW� ���� T �� &HFL� FRUUHVSRQG� j� XQ� GHV� ELHIV� XWLOLVpV� GDQV� OHVVLPXODWLRQV�� 2Q� REVHUYH� LFL� GHV� FRQFOXVLRQV� VLPLODLUHV� DX� FDV� VDQV� SHQWH�� F
HVW�j�GLUH� TXH� SRXU� OHPRGqOH�GH�FROORFDWLRQ�LO�H[LVWH�SOXV�GH�GLVSHUVLRQ�GH�PRGHV�TXH�GDQV�OH�PRGqOH�GH�3UHLVVPDQQ��$YHFOD�SDUWLFXODULWp�TXH�O
H[LVWHQFH�GH�OD�SHQWH�UHQYRLH�OHV�S{OHV�j�O
LQWpULHXU�GX�FHUFOH��GRQF�OH�PRGqOH�VHUDSOXV�VWDEOH�
)LQDOHPHQW�LO�HVW�SRVVLEOH�GH�FRQFOXUH�TX
LO�H[LVWH�FHUWDLQHV�GLIIpUHQFHV�HQWUH�OH�PRGqOH�GH�FROORFDWLRQOLQpDULVp�HW� OH�PRGqOH�GH�3UHLVVPDQQ� OLQpDULVp��(Q�JpQpUDO� OH�PRGqOH�GH�FROORFDWLRQ�VHUD�PRLQV�ERQ�SUHPLqUHPHQW�SDUFH�TXH�OH�SKpQRPqQH�GH�GLVSHUVLRQ�HVW�SOXV�LPSRUWDQW��HW�GHX[LqPHPHQW�SDUFH�TXH�OHIDLW� G
rWUH� XQ�PRGqOH� H[SOLFLWH� �DYHF� XQH� VWDELOLWp� OLpH� DX� QRPEUH� GH� FRXUDQW��� REOLJH� j� XWLOLVHU� GHVYDOHXUV� SHWLWHV� SRXU� OH� QRPEUH� GH� &RXUDQW�� SRXU� OHVTXHOOHV� OH� SKpQRPqQH� GH� GLVSHUVLRQ� HVW� SOXVLPSRUWDQW���&HSHQGDQW�RQ�YHUUD�TXH�OH�PRGqOH�GRQQH�GH�WUqV�ERQV�UpVXOWDWV�SRXU�OD�FRPPDQGH��GH�SOXVRQ� GRLW� VH� UDSSHOHU� TXH� O
LQWpUrW� GH� FHWWH� WKqVH� HVW� O
XWLOLVDWLRQ� SRXU� OD� FRPPDQGH� GX� PRGqOH� SDUFROORFDWLRQ�QRQ�OLQpDLUH��HW�QRQ�OH�PRGqOH�OLQpDULVp XWLOLVp�SRXU�FHWWH�FRPSDUDLVRQ�
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)LJXUH������ 9DOHXUV�SURSUHV�GHV�PDWULFHV�$�SRXU�VFKpPDV�OLQpDULVpV��3RXU�XQ�ELHI�GH�FDQDO�DYHF�SHQWH��� ���� THW�TXDWUH�YDOHXUV�GH� ��&U ���������� &RPSDUDLVRQ� GH� OD� 0pWKRGH� GH� &ROORFDWLRQ� DYHF� OD� 0pWKRGH� GH'LIIpUHQFHV�)LQLHV�SDU�'LVFUpWLVDWLRQ�([SOLFLWH
'HV�WURLV�PpWKRGHV�GH�FDOFXO�GH�OD�VROXWLRQ�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW�PHQWLRQQpHV�FL�GHVVXV�� ODPpWKRGH�GHV�GLIIpUHQFHV�ILQLHV�SDU�GLVFUpWLVDWLRQ�H[SOLFLWH�HVW�XQH�GHV�SOXV�VLPSOHV�HW�GHV�SOXV�FRQQXHVGDQV�OH�GRPDLQH�GH�O
K\GUDXOLTXH��/HV�SULQFLSDX[�GpIDXWV�GH�FHWWH�PpWKRGH�VRQW�G
XQH�SDUW��OD�FRQGLWLRQGH�&RXUDQW�TXL�FRQGLWLRQQH� OD� VWDELOLWp�GH� OD� VROXWLRQ�HW�� G
DXWUH� SDUW� OD�QpFHVVLWp� G
XWLOLVHU� XQ� JUDQGQRPEUH�G
pOpPHQWV�GH�GLVFUpWLVDWLRQ�SRXU�REWHQLU�XQH�VROXWLRQ�VXIILVDPPHQW�SUpFLVH�
1RWUH�LQWpUrW�GDQV�FHWWH�FRPSDUDLVRQ�HVW�GH�YRLU�ODTXHOOH�GHV�GHX[�PpWKRGHV��FROORFDWLRQ�HW�GLIIpUHQFHVILQLHV�H[SOLFLWH��SUpVHQWH�GH�PHLOOHXUHV�SHUIRUPDQFHV�YLV�j�YLV�GX�QRPEUH�GH�SRLQWV�GH�GLVFUpWLVDWLRQQpFHVVDLUHV� SRXU� REWHQLU� XQH� SUpFLVLRQ� VLPLODLUH�� &HV� FRPSDUDLVRQV� VHURQW� UpDOLVpHV� DYHF� GHVFRQGLWLRQV�GH�VLPXODWLRQ�LGHQWLTXHV�j�FHOOHV�H[SULPpV�DX�SDUDJUDSKH���������SRXU�OD�FRPSDUDLVRQ�HQWUHOD�PpWKRGH�GH�FROORFDWLRQ�HW�GH�3UHLVVPDQQ�
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7DEOHDX������ &RPSDUDLVRQ�GHV�HUUHXUV�HQWUH�PpWKRGH�GH�FROORFDWLRQ�HW�PpWKRGH�GHGLIIpUHQFHV�ILQLHV�H[SOLFLWH�SRXU�GLYHUV�QRPEUH�GH�SRLQWV��/� ������P
0pWKRGH1RPEUH�GHSRLQWV

0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K
&ROORF��� ������� ���� ���� ������� ���� ����
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7DEOHDX������ &RPSDUDLVRQ�GHV�HUUHXUV�HQWUH�PpWKRGH�GH�FROORFDWLRQ�HW�PpWKRGH�GHGLIIpUHQFHV�ILQLHV�H[SOLFLWH�SRXU�GLYHUV�QRPEUH�GH�SRLQWV��/� �������P
0pWKRGH1RPEUH�GHSRLQWV

0R\HQQHHUUHXU�4 0R\HQQH��HUUHXU�4 PD[LPXP��HUUHXU�4 0R\HQQHHUUHXU�K 0R\HQQH��HUUHXU�K PD[LPXP��HUUHXU�K
&ROORF���� ������� ���� ��� ������� ���� ����
([SOLFLWH��� ������� ���� ����� ������� ���� �����
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/HV�UpVXOWDWV�REWHQXV�PRQWUHQW�TXH�SRXU�REWHQLU�XQH�VROXWLRQ�G
XQH�SUpFLVLRQ�VLPLODLUH�LO�IDXW�XWLOLVHU�SRXU� OD� PpWKRGH� GHV� GLIIpUHQFHV� ILQLHV� SDU� GLVFUpWLVDWLRQ� H[SOLFLWH�� XQ� QRPEUH� GH� SRLQWV� DX� PRLQVTXDWUH�IRLV�VXSpULHXU�DX�QRPEUH�GH�SRLQWV�XWLOLVp�SRXU�OD�PpWKRGH�GH�FROORFDWLRQ��&HOD�LQGLTXH�TXH�ODPpWKRGH�GH�FROORFDWLRQ�HVW�SOXV��SHUIRUPDQWH��TXH�OD�PpWKRGH�GH�GLIIpUHQFHV�ILQLHV�SDU�GLVFUpWLVDWLRQH[SOLFLWH��&HOD�SUpVHQWH�GHX[�HIIHWV� IDYRUDEOHV�SRXU�OD�VLPXODWLRQ� ��8Q�SUHPLHU�HIIHW� IDYRUDEOH�HVW� ODSRVVLELOLWp�TXH�OHV�VLPXODWLRQV�VRLW�SOXV�UDSLGHV�FDU�O
XWLOLVDWLRQ�GH�PRLQV�GH�SRLQWV�LPSOLTXH�PRLQV�GHWHPSV�GH�FDOFXO��(W�OH�VHFRQG��TXL�HVW�XQH�FRQVpTXHQFH�GX�SUHPLHU��HVW�OD�SRVVLELOLWp�G
XWLOLVHU�GHV�SDVGH�WHPSV�SOXV�JUDQGV�SRXU�OD�VLPXODWLRQ�SRXU�XQ�PrPH�QRPEUH�GH�FRXUDQW��FDU�OHV�VHFWLRQV�VRQW�SOXVODUJHV�
,O� IDXW� WRXW� GH� PrPH� UHODWLYLVHU� FH� GHUQLHU� SRLQW�� FDU� SRXU� OD� PpWKRGH� GH� FROORFDWLRQ� OD� WDLOOH� GHVVHFWLRQV�YDULH�VHORQ�OD�PpWKRGH�XWLOLVpH�SRXU�FDOFXOHU�OHV�SRLQWV��$LQVL��VL�OHV�SRLQWV�VRQW�SODFpV�VXLYDQWOHV�SRO\Q{PHV�GH�/HJHQGUH��OHV�VHFWLRQV�VHURQW�ELHQ�SOXV�SHWLWHV�VXU�OHV�ERUGV�TX
DX�FHQWUH�GX�ELHI��HW�OHQRPEUH�GH�&RXUDQW�GRLW�rWUH�FDOFXOp�HQ�IRQFWLRQ�GH�OD�ORQJXHXU�GH�OD�SOXV�SHWLWH�VHFWLRQ�
�����&21&/86,216
)LQDOHPHQW� LO� HVW� SRVVLEOH�GH� FRQFOXUH� j�XQH�FHUWDLQH�YDOLGDWLRQ�GX�PRGqOH�GH� FROORFDWLRQ��ELHQ� TXHFHOXL�FL�VRLW�PRLQV�SUpFLV�TXH�OH�PRGqOH�GH�3UHLVVPDQQ�
&H�PRGqOH�SUpVHQWH�OHV�SULQFLSDX[�DYDQWDJHV�VXLYDQWV��
� ,O�QpFHVVLWH�PRLQV�GH�VHFWLRQV��GRQF�PRLQV�GH�WHPSV�GH�FDOFXO��G
DXWDQW�SOXV�TX
LO�HVW�H[SOLFLWH�HQWHPSV�
� 2Q�REWLHQW�XQ�PRGqOH�QRQ�OLQpDLUH�G
RUGUH�UpGXLW��GRQF�j�SULRUL�DGpTXDW�SRXU�O
XWLOLVDWLRQ�SRXU� ODFRPPDQGH�
� 6HV�SHUIRUPDQFHV�VRQW�VXSpULHXUHV�DX�PRGqOH�GH�GLIIpUHQFHV�ILQLHV�H[SOLFLWH�
/HV�SULQFLSDX[�LQFRQYpQLHQWV�GH�FH�PRGqOH�VRQW��
� 8QH�SUpFLVLRQ�LQIpULHXUH�DX�PRGqOH�GH�3UHLVVPDQQ��VXUWRXW�HQ�UDLVRQ�GX�SKpQRPqQH�GH�GLVSHUVLRQSOXV�LPSRUWDQW��VXU�OH�PRGqOH�OLQpDULVp��
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�����,1752'8&7,21
'DQV�FHWWH�SDUWLH�RQ�SUpVHQWH�OH�GpYHORSSHPHQW�GH�OD�FRPPDQGH�GHV�FDQDX[�G©LUULJDWLRQ�EDVpH�VXU�XQPRGqOH� SDU� FROORFDWLRQ�� /
REMHFWLI� GH� OD� FRPPDQGH� pWDQW� OD� UpJXODWLRQ� GX� QLYHDX� OH� ORQJ� GX� FDQDODXWRXU� G
XQ� UpJLPH� G
pTXLOLEUH� GpILQL� FRPPH� OH� SOXV� XQLIRUPH� SRVVLEOH� �YRLU� SDUDJUDSKH� �������� 8QUpJLPH� GH� FH� W\SH� SHUPHW� G
REWHQLU� XQ� GpELW� PD[LPDO� SRXU� XQ� FDQDO� GH� JpRPpWULH� GRQQpH� WRXW� HQJDUDQWLVVDQW� GHV� FRQGLWLRQV� GH� IRQFWLRQQHPHQW� VDWLVIDLVDQWHV�� WHOOHV� TX
pYLWHU� OHV� GpERUGHPHQWV� RXO
DVVqFKHPHQW�GX�ELHI�
'DQV�XQH�SUHPLqUH�SDUWLH�RQ�UDSSHOOH�HQ�GpWDLOV�OH�PRGqOH�GH�EDVH�j�XWLOLVHU�SDU�OD�VXLWH�
8QH� VHFRQGH� SDUWLH� WUDLWH� GX� GpYHORSSHPHQW� GH� ORLV� GH� FRPPDQGH� EDVpHV� VXU� FH� PRGqOH�� 'HX[PpWKRGHV�VRQW�XWLOLVpHV�j�FH�VXMHW � 8QH�PpWKRGH�GH�OLQpDULVDWLRQ�HQWUpH�VRUWLH�>,VLGRUL�����@��DYHF�XQHYDULDQWH�G\QDPLTXH��HW�XQH�PpWKRGH�GH�%DFNVWHSSLQJ >.UVWLF�HW�DO�����@��&HV�PpWKRGHV�VHURQW�YDOLGpHVHW�FRPSDUpHV�EULqYHPHQW��HQ�OHV�XWLOLVDQW�VXU�GLYHUV�VLPXODWHXUV��/H�SUHPLHU�VLPXODWHXU�VHUD�OH�PRGqOHH[DFW� XWLOLVp� SRXU� OH� GpYHORSSHPHQW� GH� OD� FRPPDQGH�� HQVXLWH� VHURQW� XWLOLVpV� GHV� VLPXODWHXUV� SDUFROORFDWLRQ�DYHF�SOXV�GH�SRLQWV��HW�GHV�VLPXODWHXUV�GH�W\SH�3UHLVVPDQQ��)LQDOHPHQW�OD�YDOLGDWLRQ�VH�IHUDVXU�XQ�PRGqOH�SOXV�SUpFLV�TXL�LQFOXW�OHV�pTXDWLRQV�GHV�YDQQHV�HW�VHV�FRQGLWLRQV�GH�IRQFWLRQQHPHQW�
8QH�WURLVLqPH�SDUWLH��DXVVL�LPSRUWDQWH�SRXU�OD�FRPPDQGH��HVW� OH�GpYHORSSHPHQW�G©XQ�REVHUYDWHXU�GHGpELW�HW�G©LQILOWUDWLRQ��DYHF�SRXU�EXW�OD�UpDOLVDWLRQ�GH�OD�FRPPDQGH�DYHF�OHV�VHXOHV�PHVXUHV�GH�QLYHDX�&HOXL�FL�VHUD�UpDOLVp�HQ�GHX[�SDUWLHV��XQH�SDUWLH�SRXU�OH�GpELW�HQ�XWLOLVDQW�GHV�WHFKQLTXHV�G©REVHUYDWHXUVQRQ�OLQpDLUHV�j�JUDQG�JDLQ�>*DXWKLHU�HW�DO�����@��HW�XQH�GHX[LqPH�SDUWLH�SRXU�O©LQILOWUDWLRQ�HQ�XWLOLVDQWGHV� WHFKQLTXHV�G©REVHUYDWHXUV� OLQpDLUHV��&HW� REVHUYDWHXU� VHUD� j� VRQW� WRXU� YDOLGp� VXU� VLPXODWHXU� DLQVLTXH�O©XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV�SRXU�OD�FRPPDQGH�
)LQDOHPHQW�TXHOTXHV�PRWV�VHURQW�GLWV�VXU�OHV�SHUVSHFWLYHV�GH�PLVH�HQ�SODFH�GH�FRPPDQGH�SRXU�GLYHUVELHIV� LQWHUFRQQHFWpV��&HWWH�SDUWLH�HVW�HQFRUH�j� O
pWXGH�HW� VHXOV�TXHOTXHV� UpVXOWDWV�SUpOLPLQDLUHV� VHURQWSUpVHQWpV�
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/D�FRPPDQGH�HVW�EDVpH�VXU�XQ�PRGqOH�GH�GLPHQVLRQ�ILQLH�REWHQX�SDU�OD�UpVROXWLRQ�GHV�pTXDWLRQV�GH6DLQW�9HQDQW�HQ�XWLOLVDQW�OD�PpWKRGH�GH�FROORFDWLRQ�j�WURLV�SRLQWV�pTXLGLVWDQWV�SRXU�OH�GpELW�� ��  Q ��HWGHX[�SRLQWV�DX[�H[WUpPLWpV�GX�ELHI�SRXU�OH�QLYHDX�� ��  Q ��
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/HV� FRQGLWLRQV� DX[� OLPLWHV� XWLOLVpHV� �YDULDEOHV� GHFRPPDQGH�� VRQW� OHV� GpELWV� DPRQW� HW� DYDO� L�H�� �� 4X  �

�� 4X  �)LJXUH������� )LJXUH����� &RQGLWLRQV�OLPLWHV� DYDP 44 �&H�PRGqOH�GH�FRPPDQGH�V©pFULW��> @> @� � � �
� �

°°°
°°°
°

¯

°°°
°°°
°

®

­

»»»
»»
¼
º

«««
««
¬
ª

¸̧¹·¨̈©§ �
�����

������� 
��� 
��� 

��
�

�����
�����

�
���

����
�

����
����
����

�

�
��� ���

K%%KK%N
4,/ KKJ%K

K4%TN%/K KK4%/K XX44
XX4T/%/K
XX4T/%/K

T�
�
�

�����

$YHF��
� ��� KKK � �����

�����&200$1'(�3$5�/,1($5,6$7,21�(175((�6257,(
1RXV� WUDGXLVRQV� QRWUH� REMHFWLI� GH� FRPPDQGH� HQ� FKHUFKDQW� j� UpJXOHU� OH� FDQDO� DXWRXU� G
XQ� UpJLPHG
pTXLOLEUH�GpILQL�SDU��

HHH KKK ��   �� T/XX HH � �� ��� T/X4 HH ���� � �����
$�FHWWH�ILQ��pWDQW�GRQQp�TXH�OH�PRGqOH�SRVVqGH�GHX[�YDULDEOHV�GH�FRPPDQGH��RQ�FKRLVLW�GH�FRQWU{OHUGHX[�VRUWLHV�GH�IDoRQ�j�DOOHU�GDQV� OH�VHQV�GH� O
REMHFWLI�FRQVLGpUp��j�VDYRLU� �� OHV�pFDUWV�GH�QLYHDX�DX[GHX[�H[WUpPLWpV�GX�FDQDO�SDU�UDSSRUW�j�OD�YDOHXU�GpVLUpH��VRLW��



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���
»¼º«¬ª ��  H

HKK KKK\ �
�a �����

&RPSWH�WHQX�GX�PRGqOH������ HW�GHV�VRUWLHV�FRQVLGpUpHV������ OH�V\VWqPH�SHXW�rWUH�UppFULW�GH�IDoRQ�jPHWWUH�HQ�pYLGHQFH�OH�GHJUp�UHODWLI�GH�FKDTXH�VRUWLH�FRPPH�VXLW��

� �
°°°¯
°°°®
­

� �  
¸̧¹·¨̈©§�¸̧¹·¨̈©§�¸̧¹·¨̈©§� ¸̧¹·¨̈©§

H
HKK\ KK\ TXK4I4 %TXX04%/KK

��
��

��
�
���

�
��� �����

��
�

�����

$YHF �
»¼º«¬ª �� �� ���%/0 �����

� � � � � � � �
�
���

�
�����

�������
����

�
����

�
���� K4%TNK%%KK%N

4,/ KKJ%K%/K KK4%/K XX4TXK4I T�
»»»
»»
¼
º

«««
««
¬
ª

¸̧¹·¨̈©§ �
��������� �����

(W�RQ�QRWH�K ��X HW� \ OHV�YHFWHXUV�IRUPpV�SDU�OHV�FRPSRVDQWHV�UHVSHFWLYHV� LK �� LX HW� L\ �
3DU�OD�VXLWH��HW�VDXI�PHQWLRQ�FRQWUDLUH��RQ�SUHQG�OHV�K\SRWKqVHV�VXLYDQWHV��
� /HV�pWDWV�VRQW�PHVXUpV�
� /
LQILOWUDWLRQ�T HVW�FRQQXH�HW�FRQVWDQWH�
�������&RPPDQGH�SDU�UHWRXU�G©pWDW�OLQpDULVDQW�VWDWLTXH
'
DSUqV� ������������� LO� HVW� IDFLOH� G
REVHUYHU� TXH� OH� GHJUp� UHODWLI� GH� FKDTXH� VRUWLH� HVW� ��� � HW� GRQFFODVVLTXHPHQW�>,VLGRUL�����@�LO�H[LVWH�XQ�UHWRXU�G
pWDW�GH�OD�IRUPH� ��� 4KX M OLQpDULVDQW�OH�V\VWqPHG
XQ�SRLQW�GH�YXH�HQWUpH�VRUWLH��PDLV�VHXOHPHQW�SDUWLHOOHPHQW�OD�UHSUpVHQWDWLRQ�G
pWDW�������
(Q�HIIHW�HQ�FKRLVLVVDQW�X VRXV�OD�IRUPH��

»¼º«¬ª »¼º«¬ª�»¼º«¬ª��»¼º«¬ª ��� »¼º«¬ª � �����
�
���

�
� %T%/4KK KK.0XX H

H �����
3RXU�WRXWH�PDWULFH� �. V\PpWULTXH�GpILQLH�SRVLWLYH��RQ�REWLHQW�SRXU� \ O
pTXDWLRQ�G
XQ�V\VWqPH�OLQpDLUHDV\PSWRWLTXHPHQW�VWDEOH�VRXV�OD�IRUPH��
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&HWWH�ORL�GH�FRPPDQGH�LQGXLW�QpDQPRLQV�XQH�G\QDPLTXH�QRQ�REVHUYDEOH�GH�OD�IRUPH�� �TXK4I4 �����  � ������
2��X HVW�GRQQpH�SDU�������
,O�IDXW�GRQF�pWXGLHU�FHWWH�G\QDPLTXH�SRXU�SURXYHU�OD�VWDELOLWp�LQWHUQH�GX�V\VWqPH��1RWRQV�SRXU�O
LQVWDQWTXH�OHV�UpVXOWDWV�GH�VLPXODWLRQ�DYHF�FHWWH�FRPPDQGH�VRQW�SRVLWLIV��PDLV�TX
LOV�SHXYHQW�rWUHV�DPpOLRUpVSDU� XQ� UHWRXU� G
pWDW� WRXMRXUV� EDVp� VXU� XQH� OLQpDULVDWLRQ� HQWUpH� VRUWLH�� PDLV� FRQVWUXLW� GH� IDoRQG\QDPLTXH��/HV�GpWDLOV�GH�FHWWH�DIILUPDWLRQ�VHURQW�GRQQpV�DX�SDUDJUDSKH��������RX� LO�HVW�PRQWUp�TXHFHWWH�FRPPDQGH�PHW�HQ�£XYUH�SOXV�G
pQHUJLH�TXH�OD�YHUVLRQ�G\QDPLTXH�SRXU�XQ�UpVXOWDW�VLPLODLUH��FHTXL� SURGXLWV� GHV� RVFLOODWLRQV� LPSRUWDQWHV� VRXV� FHUWDLQV� VLPXODWHXUV�� � /
pWXGH� FRPSOqWH� GH� OD� YHUVLRQG\QDPLTXH� GH� FHWWH� FRPPDQGH� HVW� SUpVHQWpH� DX� SDUDJUDSKH� VXLYDQW�� 1RWRQV� DX� SDVVDJH� TXH� OHVG\QDPLTXHV������� VHURQW�UHWURXYpHV�GDQV�OD�YHUVLRQ�G\QDPLTXH�
�������&RPPDQGH�SDU�UHWRXU�G©pWDW�OLQpDULVDQW�G\QDPLTXH
2Q�DMRXWH�LFL�XQ�LQWpJUDWHXU� YX  � GH�VRUWH�TXH��OH�V\VWqPH������ GHYLHQW��
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$�SDUWLU�GH�FH�V\VWqPH�LO�HVW�SRVVLEOH�GH�IDLUH�O©pQRQFp�VXLYDQW �
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*DUDQWLW�TXH�� � � � � HWW KWKWK   fofo �� OLPOLP ������
(W�TXH� � �W4� UHVWH�ERUQp�HW�FRQYHUJH�YHUV�XQH�YDOHXU�VDWLVIDLVDQW�OHV�FRQGLWLRQV�G
pTXLOLEUH�GH��������
$�QRWHU�TXH�OHV�FRQGLWLRQV�LQLWLDOHV�VXU�OHV�QLYHDX[�SHXYHQW�rWUH�TXHOFRQTXHV�GDQV�OH�GRPDLQH�UpDOLVWHGH�IRQFWLRQQHPHQW�GX�FDQDO��WDQGLV�TXH�FHOOH�GX�GpELW�FRUUHVSRQG�VLPSOHPHQW�j�XQ�VHQV�G
pFRXOHPHQWLQLWLDO�GRQQp��RQ�SRXUUDLW�DQQRQFHU�XQ�UpVXOWDW�V\PpWULTXH�SRXU�OH�VHQV�FRQWUDLUH��
/D�FRQGLWLRQ������� HVW�XQH�FRQWUDLQWH�VXU�OHV�GpSDVVHPHQWV�DGPLVVLEOHV�GDQV�OHV�V\VWqPHV�GH�VHFRQGRUGUH� TXL� SHXW� rWUH� JDUDQWLH� SDU� XQ� FKRL[� DSSURSULp� GHV� JDLQV� �. HW� �. �FKRL[� GX� IDFWHXUG
DPRUWLVVHPHQW�[ ���&HOOH�FL�JDUDQWLW�OD�VWDELOLWp�LQWHUQH�GX�V\VWqPH�ERXFOp��HW�FRQVLVWH�VLPSOHPHQW�j
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$YHF�OH�FKDQJHPHQW�GH�FRRUGRQQpHV�JOREDO�VXLYDQW��
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(W�FRPPH�OHV�G\QDPLTXHV� �< HW� �< VRQW�VWDELOLVpV�SDU�OD�FRPPDQGH�DORUV�OD�G\QDPLTXH�UpVLGXHOOH�SHXWV
pFULUH�FRPPH�� � � � � � ��� � � � � �< J W < J W < J W � �� ������
$YHF� �J �� �J HW� �J ERUQpHV�SDU�UDSSRUW�j� W �
1RWRQV�LFL�TXH�OHV�H[SUHVVLRQV�GHV� LJ � TXL�SURYLHQQHQW�GHV�pTXDWLRQV����������������DYHF�OHV�FRQGLWLRQVGH������� LPSOLTXHQW�TXH�SRXU�WRXW� W � � �� �J W � HW�� � �� �J W t � ������
/D�SUHPLqUH�FRQGLWLRQ�GH������� �
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'©XQ�DXWUH�F{Wp��DYHF�O©DXWUH�FRQGLWLRQ �
,/KK d� �� � � � ����� t»¼º«¬ª �� ,/KKJ%KJ ������

3RXU� WRXW� W�� OH� F{Wp� GURLW� GH� ������ D� GHX[� UDFLQHV� UpHOOHV� GH� VLJQH� RSSRVp� � � � �W<W< HH �� � tt �� TXL
GpSHQGHQW�GH� ���<< �
$ORUV� FRPPH� �� �J �� LO� HVW� FODLU� TXH� � �W< H� HVW� DWWUDFWLYH�� HW� � �W< H� HVW� UpSXOVLYH�� HW� GRQF� VL� � � �� �� � �H< <t t �� � �W<� WHQG� YHUV� � �W< H� OHTXHO� WHQG� j� VRQ� WRXU� YHUV� XQH� FRQVWDQWH� FDU� ���<<FRQYHUJHQW�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ
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�������0LVH�HQ�¢XYUH
3RXU�OD�PLVH�HQ�£XYUH�GX�FRQWU{OHXU��OHV�pTXDWLRQV�GpYHORSSpHV�FL�GHVVXV�RQW�pWp�LQWURGXLWHV�GDQV�XQH6�)XQFWLRQ�GH�6LPXOLQN��TXL�VHUD�SDU�OD�VXLWH�XWLOLVpH�FRPPH�FRPPDQGH�VXU�OH�VFKpPD�GH�VLPXODWLRQSUpVHQWp�DX�FKDSLWUH�,,�
/H�FDOLEUDJH�GHV�SDUDPqWUHV� L. GH�OD�FRPPDQGH�GX�V\VWqPH�REWHQX��pTXDWLRQ���������HVW�OD�SDUWLH�SOXVGpOLFDWH�� HW� SUpVHQWH� GHV� SDUWLFXODULWpV� SK\VLTXHV� LPSRUWDQWHV� j� SUpFLVHU�� 8Q� SUHPLHU� SRLQW� SRXUVLPSOLILHU� OH� FDOLEUDJH� HW� DYRLU� XQH� QRWLRQ� SOXV� SK\VLTXH� GX� V\VWqPH� HVW� G
pFULUH� O
pTXDWLRQ� VRXV� ODIRUPH��

�� �  �� \\\ QQ Z[Z ��� ������
/D�SUHPLqUH�SDUWLFXODULWp�SURYLHQW�GHV�FDUDFWpULVWLTXHV�SURSUHV�GX�V\VWqPH�K\GUDXOLTXH��SRXU�OHTXHO�ODIUpTXHQFH�QDWXUHOOH�� QZ ��GRLW�YDULHU�VHQVLEOHPHQW�HQ�IRQFWLRQ�GH�OD�ORQJXHXU�GX�ELHI��3OXV�OH�ELHI�VHUDORQJ�HW�SOXV�OD�IUpTXHQFH�GRLW�rWUH�SHWLWH�SRXU�pYLWHU�GHV�RVFLOODWLRQV�WURS� LPSRUWDQWHV��/H�FRHIILFLHQWG
DPRUWLVVHPHQW�SHXW�rWUH� UpJOp�SRXU� JDUDQWLU� OHV� FRQGLWLRQV� ��������&DU� VXU� OH� V\VWqPH� pFULW� FRPPHVXLW �
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,O�HVW�IDFLOH�G©REVHUYHU�TX©LO�SHXW�rWUH�WUDQVIRUPp�HQ�O
pFULYDQW�HQ�IRQFWLRQ�GH�OD�VRPPH�HW�OD�GLIIpUHQFHGHV�YDULDEOHV�FRPPH�� � � � � � �� � � � � � �����������
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3RXU�FH�QRXYHDX�V\VWqPH�LO�HVW�IDFLOH�G©H[SULPHU�OHV�FRQWUDLQWHV�JUDSKLTXHPHQW�
/D�FRQWUDLQWH������� SRUWH�VXU�OD�GLIIpUHQFH��SUHPLqUH�pTXDWLRQ�GX�V\VWqPH���������HW�SHXW� V
H[SULPHUJUDSKLTXHPHQW�FRPPH�VXLW��
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)LJXUH����� 5HSUpVHQWDWLRQ�JUDSKLTXH�GH�OD�FRQWUDLQWH� ������
&RPPH�OHV�JDLQV�VRQW�pJDX[�SRXU�OHV�GHX[�YDULDEOHV�FHOD�LQGLTXH�TX
LO�VXIILW�GH�UpJOHU� OH�FRHIILFLHQWG
DPRUWLVVHPHQW�[ SRXU�JDUDQWLU�TXH�OD�FRQWUDLQWH�VRLW�ELHQ�VDWLVIDLWH��HW�ELHQ�V�U��TXH� OH�V\VWqPH�QHVRLW� SDV� LQLWLDOHPHQW� KRUV� GX� GRPDLQH� GH� VWDELOLWp�� 'H� SOXV� OH� FRHIILFLHQW� G
DPRUWLVVHPHQW� SHXW� rWUHDXJPHQWp�DYHF�OD�ORQJXHXU�SRXU�GLPLQXHU�O
DPSOLWXGH�GHV�RVFLOODWLRQV�
/HV�FRHIILFLHQWV�j�FDOLEUHU�VRQW�DORUV �

GQ ,. [Z��  HW� GQ ,. �� Z ������
$YHF� G, PDWULFH�LGHQWLWp�
/H�FDOLEUDJH�GH�FHV�SDUDPqWUHV�HQ�IRQFWLRQ�GH�OD�ORQJXHXU� / D�pWp�IDLW�GH�IDoRQ�HPSLULTXH�SDU�HVVDLVGH�VLPXODWLRQ�VXU�GHX[�YDOHXUV�GH�ORQJXHXU����.P�HW����.P���HQ�JDUDQWLVVDQW�SRXU�OH�FKRL[�GH�[ OHVFRQGLWLRQV�VXU�OHV�GpSDVVHPHQWV�WROpUpV���������3DU�OD�VXLWH�XQH�ORL�D�pWp�pWDEOLH�SDU�XQH�LQWHUSRODWLRQOLQpDLUH�HQWUH�FHV�GHX[�YDOHXUV�GH�ORQJXHXU�HW�XQ�DMXVWDJH�SRXU�GHV�ORQJXHXUV�LQWHUPpGLDLUHV��/HV�ORLVREWHQXHV�VRQW�OHV�VXLYDQWHV��

� �/Q � �����Z ������
� �� ������������ u� /[ ������

�������9DULDQWH�GH�OD�FRPPDQGH�SDU�UHWRXU�G
pWDW�OLQpDULVDQWG\QDPLTXH�DYHF�HVWLPDWHXU�GH�O
LQILOWUDWLRQ�T
6L�O
RQ�VXSSRVH��SDU�VRXFL�GH�UpDOLVPH��TXH�O
K\SRWKqVH�GH�FRQQDLVVDQFH�GH�O
LQILOWUDWLRQ��T ��HVW�UHOD[pH�LO�HVW�SRVVLEOH�GH�GpYHORSSHU�XQH�ORL�GH�FRPPDQGH�SDU�UHWRXU�G
pWDW�OLQpDULVDQW�G\QDPLTXH�HQ�DMRXWDQWXQ�HVWLPDWHXU�GH�FHWWH�LQILOWUDWLRQ��3RXU�FHOD�OH�V\VWqPH�HVW�pFULW�VRXV�OD�IRUPH�QRUPDOH��
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2��O
LQILOWUDWLRQ��T ��HVW�VXSSRVpH�LQFRQQXH�HW�DYHF� �� K<  �
2Q�XWLOLVH�OD�FRPPDQGH�� � � � �> @������� Å� <.<.T<X<0Y ���� � MM ������
2��TÅ HVW�XQ�HVWLPp�GH�T ��G
R��� � �T<<.<.< a������ M ��� � � �T<%$;; a�M� � ������
$YHF� TTT Åa � �� �� �� !.. HW

»¼º«¬ª �
�<<; �� »¼º«¬ª �� ��

� .. ,$ G ��� »¼º«¬ª G,% � ������
3RXU�FRQVWUXLUH�O
HVWLPDWHXU�GH�O
LQILOWUDWLRQ�RQ�LQWURGXLW�OD�IRQFWLRQ�GH�/\DSXQRY�FDQGLGDWH��

� � ��� a����a�� T3;;T<<9 7 J� ��� ��� !! J9 ������
2�� �! 733 HVW�WHOOH�TX
LO�H[LVWH� �! 744 �� WHOOH�TXH� 43$3$7 � � �� �RQ�XWLOLVH�OH�IDLW�TXH������  �� <.<.<� HVW�DV\PSWRWLTXHPHQW�VWDEOH�SRXU�WRXW� �� �� !.. �
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/D�GpULYpH�GH�OD�IRQFWLRQ�GH�/\DSXQRY�FDQGLGDWH�VHUD�GRQF��

� � TT;3;3;;T<<9 77 ���� aa����a�� �� J�� 
� � � �� � � �� � TTT<%$;3;3;T<%$;T<<9 77 �� aaa��a��a�� ���� JMM ���� ������

2U� TT �� Åa � FDU�T HVW�VXSSRVpH�FRQVWDQWH��G
R���
� � � �� �T3;%<T4;;T<<9 777 �� Åa��a�� ��� JM ��� ������

,O�VXIILW�TXH��
� � 3;%<T 77���Å M � ������

4XL�UHSUpVHQWH�XQ�HVWLPDWHXU�GH�T SRXU�TXH��
� � ���a�� �� d� 4;;T<<9 7� ������

'RQF� Ta HVW� ERUQpH�� VXLYDQW� OH� OHPPH� GH� %DUEDODW� >.KDOLO�� ����@�� TToÅ Q
HVW� YpULILp� TXH� VRXVO
K\SRWKqVH�GH�SHUVLVWDQFH�GH�O
H[FLWDWLRQ� � � �� z<M �
/D�ORL�GH�FRPPDQGH�PRGLILpH�HVW�� � � � �> @� � � �°̄°®
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/
DQDO\VH�GH�OD�G\QDPLTXH�UpVLGXHOOH�UHVWH�OD�PrPH�TXH�SRXU�OD�FRPPDQGH�VDQV�HVWLPDWHXU�
&HWWH�YHUVLRQ�GH�OD�FRPPDQGH�QH�VHUD�SDV�XWLOLVpH�SRXU�OHV�VLPXODWLRQV��FDU�SDU�OD�VXLWH�XQ�REVHUYDWHXUG
LQILOWUDWLRQ�VHUD�SURSRVp��FH�TXL�SHUPHW�VDWLVIDLUH�OH�PrPH�REMHFWLI�DYHF�HQ�SOXV�O
HVWLPDWLRQ�GX�GpELW

�4 �
�����&200$1'(�3$5�81(�0(7+2'(�%$&.67(33,1*
1RXV� WUDGXLVRQV� QRWUH� REMHFWLI� GH� FRPPDQGH� HQ� FKHUFKDQW� j� UpJXOHU� OH� FDQDO� DXWRXU� G
XQ� UpJLPHG
pTXLOLEUH�GX�PRGqOH�GH�FRPPDQGH�GpILQL�SDU��

HH KK  � �� T/X4 HH ���� � ��� T/XX HH � �� ������
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pTXLOLEUH�SK\VLTXHV�
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$�SDUWLU�GH�FHWWH�UHSUpVHQWDWLRQ�RQ�SHXW� WURXYHU�XQH� IRUPH�GH� W\SH� �IHHGEDFN� VWULFW��TXL�SHUPHW�XQHVROXWLRQ�SDU�%DFNVWHSSLQJ�
3RXU�FHOD�RQ�YD�GpILQLU�OHV�QRXYHOOHV�YDULDEOHV�FRPPH�VXLW �
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6RXV� FHWWH� IRUPH�� RQ� YRLW� G
XQH� SDUW� TXH� �K SHXW� rWUH� FRPPDQGp� SDU� �8 �� '
DXWUH� SDUW� RQ� SHXWUHPDUTXHU�G
DSUqV������� TXH�D HVW�OLp�DX�QRPEUH�GH�)URXGH�TXL�FDUDFWpULVH�FH�W\SH�G
pFRXOHPHQW��YRLUSDUDJUDSKH����������HW�TXH�SRXU�XQ�pFRXOHPHQW�IOXYLDO� ��D �
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'RQF�SRXU�FH�W\SH�G
pFRXOHPHQW��pWDQW�GRQQp�OD�IRUPH�GH��������� �4 HW� + SHXYHQW�rWUH�FRPPDQGpVSDU�%DFNVWHSSLQJ�SDU� �X �
2Q�REWLHQW�OHV�UpVXOWDWV�VXLYDQWV�
�������7KpRUqPH
3RXU� OH� V\VWqPH�G©pTXDWLRQ� ������ DYHF� ��D �� pWDQW�GRQQpHV� HK� HW� H4� OH� FKRL[�GHV�YDULDEOHV�GHFRPPDQGH�� � � /TKK%/.8 H ��� ���� ������

� � � �HGG +GWG%/4%/K4D4+.%/8 ����� ������ ��� ������
$YHF �

HG
HG +++ 444 � � �� ������

� � � � � �> @T8K4I4.K4D+ GH ����� ������� �� ������
(W�SRXU�WRXW� �. �� ��. HW� ��. �SRVLWLIV��UHQG�OH�V\VWqPH������� VWDEOH�DYHF �� � HW KWK  fo �OLP HW� � � HW 4W4 ��OLP  fo ������
�������3UHXYH
���������&RPPDQGH�GH�� �K DYHF� �8 SDU�SODFHPHQW�GH�S{OHV��
$�SDUWLU�GH� O©pTXDWLRQ�GH� �K� �� HW� DYHF�SRXU�REMHFWLI� � �HKK.K ���� �� � DYHF� �� !. �� OD� FRPPDQGHVHUD�DORUV � � � /TKK%/.8 H ��� ���� ������
&H�TXL�JDUDQWLW�TXH � � � HW KWK ��OLP  fo ������
'H�SOXV��VL� � ���K HW� HK� VRQW�SRVLWLIV�� � �WK� UHVWH�SRVLWLI�FH�TXL�pYLWH�OHV�VLQJXODULWpV�GX�PRGqOH�
���������&RPPDQGH��GH� �4 HW�+ DYHF �8 SDU�%DFNVWHSSLQJ��
'DQV�FH�FDV�OD�SDUWLH�UHVWDQWH�GX�V\VWqPH�j�FRPPDQGHU�HVW �



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

���
� � � �> @°̄°®

­ � � 
��

������ �� ���� 84%/+ T8K4I+K4D4�� ������
3UHPLqUH�pWDSH ���FRPPDQGH�GH� �4 DYHF�+ �
3RXU� FHOD�j�SDUWLU� GH� O©pTXDWLRQ�GH� �4� �� HW� DYHF� SRXU� REMHFWLI� � �H44.4 ����� �� � DYHF� ��� !. HW

H4� j�FKRLVLU�SOXV�WDUG��O
pYROXWLRQ�GH�+ GHYUDLW�rWUH�WHOOH�TXH �
� � � � � �> @ HH +T8K4I44.K4D+  ���o ������ ��������� ������

&HFL�JDUDQWLW�TXH � � � HW 4W4 ��OLP  fo ������
GHX[LqPH�pWDSH ���FRPPDQGH�GH�+ SDU� �8 �
6RLW�OH�FKDQJHPHQW�GH�YDULDEOHV�VXLYDQW �

� � � � � �> @T8K4I4.K4D++++ 444
GHG

HG ����� �������
�� �� � � ������

/H�V\VWqPH�GHYLHQW�DORUV � � � � �> @ � �°̄°®
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3RXU�GpWHUPLQHU�OD�FRPPDQGH� �8 TXL�JDUDQWLW�OD�VWDELOLWp�GH� G+ HW�GRQF�GX�V\VWqPH�XQH�PpWKRGH�GH/\DSXQRY�HVW�XWLOLVpH��/D�IRQFWLRQ�FDQGLGDWH�FKRLVLH�HVW �
�� ���� GG +49 � ������

6D�GpULYpH�HVW �
� � � �� � > @ � �¹̧·©̈§ ���� � HGGGGGGGG +GWG84%/+4.+K4D4++449 ������ ������ ������

> @ � � � �¹̧·©̈§ ����� HGGG +GWG4K4D84%/+4.9 ������� ���� ������
,O�HVW�SRVVLEOH�GH�FKRLVLU�XQH�YDOHXU�GH� �8 WHOOH�TXH �

> @ � � � � GHG +.+GWG4K4D84%/ ������ ��� � ��� SRXU� ��� !. ������
L�H�� � � � �HGG +GWG%/4%/K4D4+.%/8 ����� ������ ��� ������

&HOD�JDUDQWLW�TXH�OH�V\VWqPH�HVW�VWDEOH��FDU �
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'RQF� H44 �� o HW� � �HHH K4+KK ���� �o�
)LQDOHPHQW� OH� FRQWU{OHXU� GpYHORSSp� IDLW� WHQGUH� OHV� YDULDEOHV� �� �K4 YHUV� GHV� FRQVLJQHV� SUpGpILQLHV

HH K4 �� � HW� JDUDQWLW� TXH� OHV� YDULDEOHV� ���KK WHQGHQW� YHUV� OHXUV� YDOHXUV� ILQDOHV� TXL� GpSHQGHQW� GH
HH K4 �� � �
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5HPDUTXH� �� LO HVW� pJDOHPHQW� SRVVLEOH� GH� UHOD[HU� O
K\SRWKqVH� GH� FRQQDLVVDQFH� GH� O
LQILOWUDWLRQ� T HQLQWURGXLVDQW�XQH�WHFKQLTXH�G
HVWLPDWLRQ�GH�T �
�������0LVH�HQ�¢XYUH
'H�PrPH�TXH�SRXU�OH�FRQWU{OHXU�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH��SRXU�OD�PLVH�HQ�£XYUH�GX�FRQWU{OHXUFL�GHVVXV��OHV�pTXDWLRQV�GpYHORSSpV�DXSDUDYDQW�RQW�pWp� LQWURGXLWHV�GDQV�XQH�6�)XQFWLRQ�GH�6LPXOLQN�TXL�VHUD�SDU�OD�VXLWH�XWLOLVpH�FRPPH�FRPPDQGH�GDQV�OH�VFKpPD�GH�VLPXODWLRQ�SUpVHQWp�DX�FKDSLWUH�,,�
4XDQW�DX�FDOLEUDJH�GHV�SDUDPqWUHV��LO�SRVH�LFL�SOXV�GH�SUREOqPHV�FDU�LO�Q©H[LVWH�SDV�GH�FRUUHVSRQGDQFHGLUHFWH�HQWUH�OHV�SDUDPqWUHV�j�FDOLEUHU�HW�OHV�YDOHXUV�SK\VLTXHV�GX�V\VWqPH��/H�FDOLEUDJH�D�GRQF�pWp�LFLSOXV� GLIILFLOH� HW� VHXOV� OHV� YDOHXUV� FRUUHVSRQGDQW� j� XQ� ELHI� GH� ��.P�GH� ORQJ� VRQW� SUpVHQWpHV� GDQV� OHWDEOHDX�����

7DEOHDX����� &DOLEUDJH�GX�FRQWU{OHXU�%DFNVWHSSLQJ
/RQJXHXUV�GH�ELHI .� .�� .������� ����� ���� �����
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(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���
�����9$/,'$7,21�'(6�&200$1'(6
/D�YDOLGDWLRQ�GHV�FRPPDQGHV�VH�IDLW�HQ�SOXVLHXUV�pWDSHV��/D�SUHPLqUH�pWDSH�FRUUHVSRQG�j�OD�YDOLGDWLRQGH�OD�FRPPDQGH�DYHF�XQ�VLPXODWHXU�EDVp�VXU�OH�PRGqOH�XWLOLVp�SRXU�OH�GpYHORSSHPHQW�GHV�FRPPDQGHV�F©HVW�j�GLUH� XQ� PRGqOH� SDU� FROORFDWLRQ� j� WURLV� SRLQWV�� (QVXLWH�� GDQV� OH� EXW� GH� WHVWHU� OD� YDOLGLWp� GHVFRPPDQGHV�GDQV�GHV�FRQGLWLRQV�SOXV� UpDOLVWHV��HW�GRQF� OD� UREXVWHVVH�GHV� FRPPDQGHV�SDU� UDSSRUW� DXPRGqOH�� OHV� FRPPDQGHV� VHURQW� DSSOLTXpHV� j� GHV� PRGqOHV� SOXV� FRPSOHWV�� &HOD� SHUPHWWUD� XQHFRPSDUDLVRQ�GH�FHV�FRPPDQGHV�
/D�GHX[LqPH�pWDSH�VHUD�OH�WHVW�GHV�FRPPDQGHV�VXU�GHV�PRGqOHV�SOXV�SUpFLV ��XQ�PRGqOH�SDU�FROORFDWLRQDYHF�SOXV�GH�SRLQWV��FKRLVLV�VXLYDQW�OD�ORQJXHXU�GX�ELHI��HW�XQ�PRGqOH�GH�GLIIpUHQFHV�ILQLHV�LPSOLFLWH�3UHLVVPDQQ��
/D�WURLVLqPH�HW�GHUQLqUH�pWDSH�VHUD�OH�WHVW�GHV�FRPPDQGHV�VXU�XQ�PRGqOH�SOXV�UpDOLVWH��TXL�SUHQG�HQFRPSWH�OHV�pTXDWLRQV�HW�FRQGLWLRQV�GH�IRQFWLRQQHPHQW�GHV�RXYUDJHV�G©LQWHUFRQQH[LRQ�GHV�ELHIV�
/D� )LJXUH� ��� UHSUpVHQWH� OH� VFKpPD� GH� VLPXODWLRQ� FRPSOHW� GX� V\VWqPH� PLV� HQ� £XYUH� VRXV�0DWODE6LPXOLQN�SRXU�OD�YDOLGDWLRQ�GX�V\VWqPH�SDU�VLPXODWLRQ��2Q�QRWH�TXH�GDQV�FH�PRGqOH�LO�HVW�SRVVLEOH�GHSUHQGUH� HQ� FRPSWH� RX� QRQ OHV� UHVWULFWLRQV� HW� pTXDWLRQV� G©RXYUDJH�� HW� G©XWLOLVHU� DX� FKRL[� OH� W\SH� GHPRGqOH�SRXU�OH�V\VWqPH�DLQVL�TXH�OH�PRGqOH�GH�OD�FRPPDQGH�

0RGqOH�GXFDQDO(TXDWLRQV�GHVRXYUDJHV6LPXODWLRQ�GX�FDQDO
5HVWULFWLRQV�VXURXYUDJHV

4K:

4:
1LYHDX[�K
'pELWV�4

9DULDEOHV�GHVRUWLH0RGqOH�GH�ODFRPPDQGH&DOFXO�GH�OD�FRPPDQGH
4(TXDWLRQV�GHVRXYUDJHV 1LYHDX�GpVLUp�KH&RQVLJQH

)LJXUH����� 6FKpPD�GH�VLPXODWLRQ$ILQ� GH� YDOLGHU� OD� FRPPDQGH�GHV� WHVW� VRXV� GLYHUVHV� FRQILJXUDWLRQ� RQ� pWp� UpDOLVpV�� HW� RQ� D� FKRLVL� GHSUpVHQWHU� LFL� VHXO� OHV� UpVXOWDWV� GHV� VLPXODWLRQV� OHV� SOXV� LOOXVWUDWLYHV� GHV� FRQFOXVLRQV� REWHQXHV�� /HVVLPXODWLRQV�PRQWUpHV�SDU�OD�VXLWH�VRQW�IDLWHV�SRXU�XQ�FDQDO�DYHF�VHFWLRQ�WUDQVYHUVDOH�UHFWDQJXODLUH�GHJpRPpWULH� FRQVWDQWH� DYHF� XQH� ODUJHXU� � % P�� XQH� SHQWH� ��� , �� HW� XQ� FRHIILFLHQW� GH� 6WULFNOHU�� N �� HW� SRXU� SOXVLHXUV� ORQJXHXUV� GH� ELHI� DOODQW� GH� �� .P� D� � ��� .P�� 'HX[� W\SHV� GH� WHVW� VRQWSURSRVpV�� /H� SUHPLHU� HVW� XQH� YDULDWLRQ� GH� FRQVLJQH� GH� ���� � ��� K P� j� ��� K P�� SRXU� WHVWHU� ODFDSDFLWp�GH�OD�FRPPDQGH�j�DWWHLQGUH�XQH�YDOHXU�GH�QLYHDX�GRQQpH�j�SDUWLU�G©XQH�DXWUH�YDOHXU�GH�QLYHDX�/H�GHX[LqPH�HVW�XQ� WHVW�GH� UHMHW�GH�SHUWXUEDWLRQ�� DYHF�DMRXW� G
LQILOWUDWLRQ� RX� GH� SULVH� ODWpUDOH�� ,O� HVW



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

���
LPSRUWDQW� GH� QRWHU� LFL� TXH� OD� SULVH� ODWpUDOH� Q
HVW� XWLOLVpH� TXH� SRXU� OH� VLPXODWHXU� GH� 3UHLVVPDQQ�� HQUDLVRQ�GH�OD�QRQ�YDOLGDWLRQ�GH�OD�VLPXODWLRQ�GHV�SULVHV�ODWpUDOHV�SRXU�OH�VLPXODWHXU�SDU�FROORFDWLRQ�
������3UHPLqUH�pWDSH ��PRGqOH�SDU�FROORFDWLRQ�j�WURLV�SRLQWV
'DQV� OD� SUHPLqUH� pWDSH� GH� OD� YDOLGDWLRQ� LO� V©DJLW� GH� YpULILHU� TXH� OHV� ORLV� GH� FRPPDQGH� GpYHORSSpHVIRQFWLRQQHQW�FRPPH�SUpYXH�� HW� HOOHV� VRQW�GRQF� WHVWpHV� HQ� VLPXODWLRQ�VXU� OH�PRGqOH�XWLOLVp�SRXU� OHXUFDOFXO�
&HSHQGDQW� LO�HVW�j�QRWHU� TXH� OH�PRGqOH� j� WURLV� SRLQWV� SRVVqGH� XQH�SUpFLVLRQ� OLPLWpH�� HW� QH� SHXW� rWUHFRQVLGpUp�FRPPH�VXIILVDPPHQW�SUpFLV�TXH�SRXU�GHV�ELHIV�UHODWLYHPHQW�FRXUWV��'H�SOXV�FH�PRGqOH��HQUDLVRQ�GH�VRQ�pTXDWLRQ�XQLTXH�VXU�OH�GpELW��QH�SHUPHW�SDV�GH�UHSUpVHQWHU�O©LQILOWUDWLRQ�FRUUHFWHPHQW��HWOHV� VLPXODWLRQV� DYHF�RX� VDQV� LQILOWUDWLRQV� VRQW� LGHQWLTXHV��3RXU�FHOD� OHV� WHVWV�GDQV� FHWWH� pWDSH� VHURQWOLPLWpV�j�GHV�ELHIV�GH������P�GH�ORQJ�VDQV�LQILOWUDWLRQ�
/D� )LJXUH� ��� PRQWUH� OHV� VLPXODWLRQV� SRXU� GHV� ELHIV� GH� �����P� GH� ORQJ�� DYHF� XQH� YDULDWLRQ� GH� ODFRQVLJQH�GH�����VDQV� LQILOWUDWLRQ��SRXU� OHV� WURLV�PpWKRGHV�GH� FRPPDQGH��&HV� VLPXODWLRQV�PRQWUHQWTXH� OHV� WURLV�PpWKRGHV� SUpVHQWHQW� GH� ERQV� UpVXOWDWV�� HW� OH� QLYHDX� DWWHLQW� ELHQ� OD� YDOHXU� GH� UpIpUHQFHGpVLUpH��/D�PpWKRGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�VHPEOH�OD�SOXV�SHUIRUPDQWH�FDU�OD�YDOHXUGH�UpIpUHQFH�HVW�DWWHLQWH�SOXV�UDSLGHPHQW��HW�ELHQ�TXH�FHOD�GpSHQG�GHV�UpJODJHV� LO�HVW�j�QRWHU�TXH� OHVWURLV�FRQWU{OHXUV�RQW�pWp�DMXVWpV�DYHF�OHV�PrPHV�FULWqUHV�
�������'HX[LqPH�pWDSH ��PRGqOHV�SOXV�SUpFLV
&HWWH�SDUWLH�D�SRXU�EXW�GH�WHVWHU�OD�UREXVWHVVH�GHV�FRPPDQGHV�GpYHORSSpHV�SDU�UDSSRUW�DX[�LQFHUWLWXGHVGX�PRGqOH��HW�SRXU�FHOD�GHV�PRGqOHV�GH�SOXV�HQ�SOXV�SUpFLV�VHURQW�XWLOLVpV��,QLWLDOHPHQW�VHUD�XWLOLVp�XQPRGqOH�SDU�FROORFDWLRQ�DYHF�XQ�QRPEUH�GH�SRLQWV�DSSURSULp�j�OD�ORQJXHXU�GX�ELHI��HW�SDU�OD�VXLWH�XQHLQILOWUDWLRQ�VHUD�DMRXWp��)LQDOHPHQW�OHV�VLPXODWLRQV�VHURQW�IDLWHV�DYHF�XQ�VLPXODWHXU�GH�3UHLVVPDQQ��FHODDYHF�XQ�QRPEUH�GH�SRLQWV�LPSRUWDQW�SRXU�JDUDQWLU� OD�SUpFLVLRQ��/D�)LJXUH���� PRQWUH�OHV�VLPXODWLRQVSRXU�OHV�WURLV�W\SHV�GH�FRPPDQGH�SRXU�XQ�ELHI�GH���.P�DYHF�XQ�PRGqOH�GH�FROORFDWLRQ�j���SRLQWV��,OHVW� j� QRWHU� LFL� TXH� OHV� WURLV� FRPPDQGHV� IRQFWLRQQHQW� FRUUHFWHPHQW�� HW� OD� YDOHXU� GX� QLYHDX� DWWHLQWHIIHFWLYHPHQW�OD�YDOHXU�GH�OD�QRXYHOOH�UpIpUHQFH�
/D� )LJXUH� ��� PRQWUH� XQH� VLPXODWLRQ� VLPLODLUH� SRXU� XQ� ELHI� GH� �� .P� GH� ORQJ�� HW� SRXU� OHV� GHX[FRPPDQGHV� SDU� OLQpDULVDWLRQ� HQWUpH�VRUWLH�� ,O� HVW� SRVVLEOH� G©REVHUYHU� TXH� OHV� UpVXOWDWV� VRQW� SUHVTXHLGHQWLTXHV�VXU�FHV�ILJXUHV��HW� LO� HVW�GLIILFLOH�VXU�FHWWH�EDVH�GH�GLUH� ODTXHOOH�GHV�GHX[�HVW�PHLOOHXUH�� ,OH[LVWH�FHSHQGDQW�XQH�GLIIpUHQFH� QRWDEOH� HQWUH� OHV� UpVXOWDWV� GHV� GHX[�PpWKRGHV�� FHWWH� GLIIpUHQFH� SHXWV©REVHUYHU�VXU�OHV�YDOHXUV�GX�GpELW�



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���

D��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH

E��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH

F��&RPPDQGH�SDU�%DFNVWHSSLQJ
)LJXUH����� 6LPXODWLRQ�SRXU�XQ�ELHI�GH���.P�HW�PRGqOH�GH�FROORFDWLRQ�j���SRLQWV�DYHF�YDULDWLRQ�GH�FRQVLJQH�GH�����VDQV�LQILOWUDWLRQ
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LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

���

D��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH

E��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH

F��&RPPDQGH�SDU�%DFNVWHSSLQJ
)LJXUH����� 6LPXODWLRQ�SRXU�XQ�ELHI�GH���.P�HW�PRGqOH�GH�FROORFDWLRQ�j���SRLQWV�DYHF�YDULDWLRQ�GH�FRQVLJQH�GH�����VDQV�LQILOWUDWLRQ



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���

D��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH

E��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH

F��&RPPDQGH�SDU�%DFNVWHSSLQJ
)LJXUH����� 6LPXODWLRQ�SRXU�XQ�ELHI�GH���.P�HW�PRGqOH�GH�FROORFDWLRQ�j���SRLQWV�DYHF�YDULDWLRQ�GH�FRQVLJQH�GH�����VDQV�LQILOWUDWLRQ



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ

-HDQ�)UDQoRLV�'XOKRVWH

���

D��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH

E��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH
)LJXUH����� 6LPXODWLRQ�SRXU�ELHI�GH���.P�HW�PRGqOH�GH�FROORFDWLRQ�j���SRLQWV�DYHF�YDULDWLRQ�GH�FRQVLJQH�GH������VDQVLQILOWUDWLRQ,O�HVW�SRVVLEOH�GH�YRLU�VXU�FHWWH�ILJXUH�TXH�O©pQHUJLH�XWLOLVpH�SRXU�IDLUH�YDULHU�OH�QLYHDX��UHSUpVHQWp�LFLSDU�OH�GpELW�4 ��HVW�ELHQ�LQIpULHXUH�SRXU�OD�YHUVLRQ�G\QDPLTXH�GH�OD�FRPPDQGH��HW�FHOD�SRXU�REWHQLU�XQUpVXOWDW�VLPLODLUH��'H�SOXV�FHWWH�pQHUJLH�Q©HVW�SDV�YUDLPHQW�GLVSRQLEOH�HQ�UpDOLWp��SXLVTXH�SRXU�OD�YDQQHDYDO�OH�GpELW�GHYLHQW�QpJDWLI�
&HOD�LQGLTXH�TXH�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�HVW�SOXV�VDWLVIDLVDQWH�GX�SRLQWGH�YXH�pQHUJpWLTXH��/D�)LJXUH���� SUpVHQWH�OD�VLPXODWLRQ�GX�PrPH�ELHI��VRXV�OHV�PrPHV�FRQGLWLRQV�GHIRQFWLRQQHPHQW� PDLV� DYHF� OH� PRGqOH� GH� 3UHLVVPDQQ� j� ��� VHFWLRQV�� /D� ILJXUH� PRQWUH� TXH� SRXU� FHPRGqOH� GHV� RVFLOODWLRQV� DSSDUDLVVHQW� DX� GpEXW� GH� OD� VLPXODWLRQ�� FHV� RVFLOODWLRQV� RQW� XQH� FDXVHQXPpULTXH��HW�SRXU�OHV�GLPLQXHU�LO�VXIILW�G©DXJPHQWHU�OH�QRPEUH�GH�VHFWLRQV��PDLV�LO�HVW�j�QRWHU�TXH�GXIDLW�GH�O©pQHUJLH�PLVH�HQ�MHX��FHV�RVFLOODWLRQV�VRQW�GH�SOXV�JUDQGH�LPSRUWDQFH�SRXU�OD�FRPPDQGH�HQWUpHVRUWLH�VWDWLTXH�TXH�SRXU�VD�YHUVLRQ�G\QDPLTXH��'H�IDLW�SRXU�GHV�ELHIV�SOXV�ORQJV�OH�QRPEUH�GH�VHFWLRQVQpFHVVDLUHV�SRXU�REWHQLU�XQH�VLPXODWLRQ�FRUUHFWH�DYHF�FHWWH�FRPPDQGH�F©HVW�DYpUp�WUqV�JUDQG��!�����



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���

D��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH

E��&RPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH
)LJXUH����� 6LPXODWLRQ�SRXU�ELHI�GH���.P�HW�PRGqOH�GH�3UHLVVPDQQ�j����VHFWLRQV�DYHF�YDULDWLRQ�GH�FRQVLJQH�GH�����VDQV�LQILOWUDWLRQ/D�FRPPDQGH�SDU�%DFNVWHSSLQJ�SDU�FRQWUH�QH�IRQFWLRQQH�SDV�FRUUHFWHPHQW�SRXU�GHV�ELHIV�ORQJV��3RXUFHWWH�FRPPDQGH�DXFXQH�VLPXODWLRQ�VDWLVIDLVDQWH�SRXU�GHV�ELHIV�G
XQH�ORQJXHXU�VXSpULHXUH�D���.P�Q©DSX�rWUH�UpDOLVpH��3RXU�FHV�UDLVRQV�OD�FRPPDQGH�SDU�%DFNVWHSSLQJ�QH�VHUD�SOXV�SULVH�HQ�FRPSWH�SDU�ODVXLWH��FDU�QRV�FRQFOXVLRQV�RQW�PRQWUp�TX©HOOH�Q©HVW�SDV�UREXVWH�SDU�UDSSRUW�DX�PRGqOH�XWLOLVp�
/D� FRQFOXVLRQ� j� UHWHQLU� GH� FHV� REVHUYDWLRQV� HVW� TXH� OD� FRPPDQGH� SDU� OLQpDULVDWLRQ� HQWUpH� VRUWLHG\QDPLTXH� VHPEOH� rWUH� OD� PHLOOHXUH� GHV� WURLV� FRPPDQGHV� WHVWpHV�� HW� SRXU� FHOD� VHXOH� FHOOH�FL� VHUDXWLOLVpH�SDU�OD�VXLWH�
/D�)LJXUH���� HW� OD�)LJXUH����� UHSUpVHQWHQW�GHV�VLPXODWLRQV�SRXU�GHV�ELHIV�SOXV�ORQJV�����.P�HW���.P�
&HV�VLPXODWLRQV�PRQWUHQW�TXH�OD�FRPPDQGH�UHVWH�YDOLGH�SRXU�GHV�ELHIV�WUqV�ORQJV��FHOD�LQGLTXH�GRQF�ODJUDQGH� UREXVWHVVH� GH� FHOOH�FL� SDU� UDSSRUW� DX� PRGqOH� XWLOLVp�� HW� SUpVHQWH� GRQF� GH� WUqV� ERQQHVSHUVSHFWLYHV�HQ�YXH�GH�O©XWLOLVDWLRQ�VXU�XQ�V\VWqPH�UpHO�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
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���

)LJXUH����� 6LPXODWLRQ�GH�FDQDO�ORQJ�GH����.P��VLPXODWHXU�3UHLVVPDQQ�j����VHFWLRQV�VRXV�XQH�YDULDWLRQ�GH�ODFRQVLJQH�GH������DYHF�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH

)LJXUH������ 6LPXODWLRQ�GH�FDQD�ORQJ�GH����.P��VLPXODWHXU�3UHLVVPDQQ�j����VHFWLRQV�VRXV�XQH�YDULDWLRQ�GH�ODFRQVLJQH�GH������DYHF�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH

�������7URLVLqPH�pWDSH ��0RGqOH�DYHF�pTXDWLRQV�G©RXYUDJHV
'DQV�FHWWH�SDUWLH�VHUD�IDLWH�OD�YDOLGDWLRQ�GH�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH��HQO©DSSOLTXDQW�VXU�XQ�V\VWqPH�SOXV�UpDOLVWH�TXL�LQFOXW�OHV�pTXDWLRQV�HW�OHV�FRQGLWLRQV�GH�IRQFWLRQQHPHQWGHV�RXYUDJHV�G©LQWHUFRQQH[LRQ�GHV�ELHIV��WHO�TX
LOV�VRQW�SUpVHQWpV�DX�SDUDJUDSKH��������6HXO�OH�PRGqOHGH�3UHLVVPDQQ�VHUD�XWLOLVp�j�SUpVHQW��/H�PRGqOH�GHV�RXYUDJHV�HW�OHV�FRQWUDLQWHV�VXU�OHXU�IRQFWLRQQHPHQW�SDUDJUDSKH� ������� VHURQW� DMRXWpHV� VXFFHVVLYHPHQW� GH� IDoRQ� j� DQDO\VHU� FKDFXQ� GH� FHV� HIIHWV� VXU� OHIRQFWLRQQHPHQW�GX�V\VWqPH�



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���

D��6DQV�pTXDWLRQV�GH�YDQQHV

E��$YHF�pTXDWLRQV�GHV�YDQQHV

F��$YHF�pTXDWLRQV�GHV�YDQQHV�HW�UHVWULFWLRQV�VXU�OH�IRQFWLRQQHPHQW

G��$YHF�pTXDWLRQV�GHV�YDQQHV��UHVWULFWLRQV�VXU�OH�IRQFWLRQQHPHQW�HW�ILOWUH�VLPXODQW�G\QDPLTXH�GX�PRWHXU
)LJXUH������ 6LPXODWLRQ�GH�OD�YDULDWLRQ�GH�QLYHDX�SRXU�XQ�FDQDO�RXYHUW�GH������P�GH�ORQJ�SRXU�XQH�FRPPDQGHSDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�VRXV�XQH�YDULDWLRQ�GH�OD�FRQVLJQH�GH�����
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���
/D�)LJXUH����� SUpVHQWH�OHV�UpVXOWDWV�GH�VLPXODWLRQ�SRXU�XQ�FDQDO�GH������PqWUHV�GH�ORQJ�VRXPLV�j�XQHYDULDWLRQ� GH� OD� FRQVLJQH� GH� ����� VDQV� SULVH� HQ�FRPSWH� GHV� pTXDWLRQV� G©RXYUDJHV� �D��� DYHF� SULVH� HQFRPSWH�GHV�pTXDWLRQV�G©RXYUDJH��E���DYHF�SULVH�HQ�FRPSWH�GHV�UHVWULFWLRQV�VXU�OH�IRQFWLRQQHPHQW�GHVYDQQHV��F��HW�DYHF�SULVH�HQ�FRPSWH�GX�PRGqOH�GX�PRWHXU��G��
/D�)LJXUH����� PRQWUH�TXDQW�j�HOOH�O©RXYHUWXUH�GHV�YDQQHV�VRXV�OHV�WURLV�FRQGLWLRQV�GH�IRQFWLRQQHPHQWGHV�YDQQHV�LQGLTXpHV�SUpFpGHPPHQW�
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E��6DQV�UHVWULFWLRQV�VXU�OHIRQFWLRQQHPHQW F��$YHF�UHVWULFWLRQV�VXU�OHIRQFWLRQQHPHQW G��$YHF�UHVWULFWLRQV�VXU�OHIRQFWLRQQHPHQW�HW�ILOWUH�VLPXODQWG\QDPLTXH�GX�PRWHXU
)LJXUH������ 2XYHUWXUH�GHV�YDQQHV�SRXU�VLPXODWLRQ�VXU�FDQDO�GH���.P�GH�ORQJ�DYHF�����GH�YDULDWLRQ�VXU�ODFRQVLJQH/D�UHVWULFWLRQ�GH�YLWHVVH�GHV�YDQQHV�VH�IDLW�HQ�IL[DQW�OH�WHPSV�QpFHVVDLUH�SRXU�XQH�RXYHUWXUH�FRPSOqWHGH�OD�YDQQH�j���KHXUH��FH�TXL�FRUUHVSRQG�j�XQH�RXYHUWXUH�WUqV�OHQWH��PDLV�SOXV�RX�PRLQV�HQ�DFFRUG�DYHFOHV�YDOHXUV�UpHOOHV�SRXU�FH�W\SH�GH�V\VWqPHV��YRLU�FDQDO�GH�OD�%RXUQH�SDU�H[HPSOH��

,O�HVW�LPSRUWDQW�GH�QRWHU�LFL�TX©DX�YX�GH�OD�SpULRGH�G©pFKDQWLOORQQDJH�XWLOLVpH�SRXU�OD�VLPXODWLRQ����V��OD�FRQVWDQWH�GH�WHPSV�SRXU�OHV�PRWHXUV��W ��YRLU�FKDSLWUH�,��GRLW�rWUH�DX�PLQLPXP�GH�FHWWH�YDOHXU��IDXWHGH�TXRL� O©LQWpJUDWLRQ� QXPpULTXH� QH� FRQYHUJH� SDV�� DORUV� TXH� OD� G\QDPLTXH� UpHOOH� GHV�PRWHXUV� HVW� HQJpQpUDO�SOXVLHXUV� IRLV� SOXV� UDSLGH� TXH� FHWWH� YDOHXU� �ELHQ� V�U� FHWWH� YDOHXU� GpSHQG� GHV� GLPHQVLRQV� GHO©RXYUDJH���3RXU�FHOD�OHV�FRQFOXVLRQV�SRUWDQW�VXU�O©LQWURGXFWLRQ�RX�QRQ�GX�ILOWUH�GX�PRWHXU�VRQW�G
XQHFHUWDLQH�IDoRQ�H[DJpUpHV��FDU�O©LQIOXHQFH�GH�FHOXL�FL�Q©HVW�SDV�DMXVWpH�j�OD�UpDOLWp�GH�FHV�V\VWqPHV�
/HV� VLPXODWLRQV� SUpVHQWpHV� VXU� FHV� ILJXUHV� PRQWUHQW� TXH� OD� ORL� GH� FRPPDQGH� GpYHORSSpH� HVWVXIILVDPPHQW�UREXVWH�SRXU�IRQFWLRQQHU�FRUUHFWHPHQW�VXU�XQ�V\VWqPH�WUqV�UpDOLVWH�TXL�SUHQG�HQ�FRPSWHOHV�FRQGLWLRQV�GH�IRQFWLRQQHPHQW�UpHOOHV�WHOOHV�TXH�OHV�pTXDWLRQV�HW�UHVWULFWLRQV�GH�IRQFWLRQQHPHQW�VXUOHV�YDQQHV��HW�FHOD�VXU�XQ�PRGqOH�GX�V\VWqPH�FRQVLGpUp�FRPPH�ELHQ�SUpFLV�
(Q�REVHUYDQW�HQ�GpWDLOV�OHV�VLPXODWLRQV�RQ�SHXW�DSSUpFLHU�TXH �
� ,O�H[LVWH�SHX�GH�GLIIpUHQFHV�HQWUH�OD�VLPXODWLRQ�DYHF�HW�VDQV�OHV�pTXDWLRQV�G©RXYUDJH�
� /©LQIOXHQFH�GHV�UHVWULFWLRQV�VXU�OH�IRQFWLRQQHPHQW�GHV�YDQQHV�HVW�TXDQW�j�HOOH�ELHQ�SOXV�LPSRUWDQWH�HW� HOOH� DIIHFWH� VHQVLEOHPHQW� OH� WHPSV� QpFHVVDLUH� SRXU� DWWHLQGUH� OD� QRXYHOOH� YDOHXU� GH� UpIpUHQFH�&HOD�HVW�G��DX�WHPSV�GH�UpSRQVH�SURYHQDQW�GH�OD�OHQWHXU�GH�IRQFWLRQQHPHQW�GH�YDQQH�



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���
� /©LQIOXHQFH� GX� ILOWUH� GX� VHFRQG� RUGUH� TXL� VLPXOH� O©pTXDWLRQ� GX� PRWHXU� GHV� YDQQHV� HVW� DXVVLLPSRUWDQWH��PrPH�VL�FRPPH� LO�D�pWp� LQGLTXp�FHV�UpVXOWDWV� VRQW�XQ�SHX� IDXVVpV��'DQV�FH� FDV�GHVG\QDPLTXHV�VRQW�DMRXWpHV�DX�V\VWqPH�HW�VH�WUDGXLVHQW�SDU�XQ�WHPSV�GH�UpSRQVH�SOXV�ORQJ�SRXU�OHVYDQQHV�� FH� TXL� SURGXLW� XQH� DXJPHQWDWLRQ� GH� O©DPSOLWXGH�GHV� RVFLOODWLRQV�� HW� GH� FH� IDLW� OH� WHPSVSRXU�DWWHLQGUH�OD�QRXYHOOH�YDOHXU�GH�UpIpUHQFH�HVW�HQFRUH�DXJPHQWp�
3RXU� GHV� ELHIV� SOXV� ORQJV� O©LQIOXHQFH�GHV� YDQQHV� HW� GHV� FRQGLWLRQV� GH� IRQFWLRQQHPHQW� HVW� EHDXFRXSSOXV� OLPLWpH�� OD� )LJXUH� ���� PRQWUH� OHV� VLPXODWLRQV� SRXU� XQ� ELHI� GH� ���.P� DYHF� HW� VDQV� pTXDWLRQVG©RXYUDJHV�HW�FRQGLWLRQV�GH�IRQFWLRQQHPHQW�

D��6DQV�pTXDWLRQV�GHV�YDQQHV

F��$YHF�pTXDWLRQV�GHV�YDQQHV�HW�UHVWULFWLRQV�VXU�OH�IRQFWLRQQHPHQW
)LJXUH������ 6LPXODWLRQ�GH�OD�YDULDWLRQ�GH�QLYHDX�SRXU�XQ�FDQDO�GH����.P�GH�ORQJ��DYHF�OH�PRGqOH�GH�3UHLVVPDQQ�j���VHFWLRQV�VRXV�XQH�YDULDWLRQ�GH�OD�FRQVLJQH�GH����/©REVHUYDWLRQ�GH�FHV�ILJXUHV�PRQWUH�XQH�GLIIpUHQFH�WUqV�SHWLWH�HQWUH�O©XWLOLVDWLRQ�RX�QRQ�GHV�YDQQHV�HWOHXUV� FRQGLWLRQV� GH� IRQFWLRQQHPHQW�� (Q� IDLW�� LO� VHPEOH� TXH� O©XWLOLVDWLRQ� GHV� YDQQHV� VRLW� LFL� SOXW{WDYDQWDJHXVH�FDU�HOOH�D�WHQGDQFH�j�ILOWUHU�OHV�SHWLWHV�RVFLOODWLRQV�QXPpULTXHV��&HWWH�SHWLWH�LQIOXHQFH�HVWORJLTXH�FDU�SRXU�GHV�ELHIV�GH�FH�W\SH�OHV�WHPSV�GH�UpSRQVH�VRQW�SOXV�ORQJV��GRQF�OH�IDLW�GH�UDOHQWLU�ODUpSRQVH�GHV�FRPPDQGHV�Q©HVW�SDV�WUqV�LPSRUWDQW�



&RQWULEXWLRQ�j�OD�FRPPDQGH�QRQ�OLQpDLUH�GH�V\VWqPHV�G
LUULJDWLRQ
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���
�������5HMHW�GH�SHUWXUEDWLRQV
'HX[� W\SHV�GH�SHUWXUEDWLRQV�SHXYHQW� VH�SUpVHQWHU� VXU�XQ�ELHI�GH�FDQDO�� XQH� LQILOWUDWLRQ�RX�XQH�SULVHODWpUDOH�
���������,QILOWUDWLRQ
3DUPL�OHV�LQILOWUDWLRQV�RQ�SHXW�FRQVLGpUHU�WURLV�W\SHV�GH�SKpQRPqQHV���XQH�SHUWH�G©HDX�SDU�LQILOWUDWLRQSURSUHPHQW�GLWH�� XQH�SHUWH�G©HDX�SDU�pYDSRUDWLRQ�RX�XQ�JDLQ�G©HDX�SDU�XQH�SOXLH��/D� SUHPLqUH� SHXWVRXV�FHUWDLQHV�FRQGLWLRQV�rWUH�HVWLPpH�VXLYDQW�OH�W\SH�GH�PDWpULHO�GRQW�HVW�FRQVWUXLW�OH�FDQDO��PDLV�OHVGHX[�DXWUHV�VRQW�WUqV�GLIILFLOHV�j�HVWLPHU��FDU�HOOHV�GpSHQGHQW�GHV�FRQGLWLRQV�FOLPDWLTXHV��HW�FRQVWLWXHQWGRQF� XQH� YUDLH� SHUWXUEDWLRQ�� ,O� HVW� GRQF� LPSRUWDQW� GH� VDYRLU� VL� OD� FRPPDQGH� HVW� FDSDEOH� VRXV� GHVFRQGLWLRQV�G©LQILOWUDWLRQ�GH�SRXYRLU�UDPHQHU�OH�QLYHDX�j�FHOXL�pWDEOL�SDU�OD�FRQVLJQH�
/D�)LJXUH����� PRQWUH�OD�VLPXODWLRQ�G©XQ�ELHI�GH�FDQDO�GH���.P�GH�ORQJ�HQ�SUpVHQFH�G©XQH�LQILOWUDWLRQGH�����H�� P��V��/H�EXW�LFL�HVW�GH�PDLQWHQLU�FRQVWDQW�OH�QLYHDX�GX�ELHI�j�����P�HW�WURLV�FDV�GH�ILJXUHV�VRQWSUpVHQWpV���XQ�SUHPLHU�DYHF�XQ�ELHI�VDQV�FRPPDQGH��F©HVW�j�GLUH�DYHF�OHV�YDQQHV�HQ�SRVLWLRQ�IL[H��XQGHX[LqPH�DYHF�XQH�FRPPDQGH�SDU� OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH��FDOFXOpH�VDQV�FRQQDLVVDQFHGH�OD�YDOHXU�GH�O©LQILOWUDWLRQ��LQILOWUDWLRQ�pJDOH�j�]pUR�SRXU�OD�FRPPDQGH���HW�XQ�WURLVLqPH�FDV�GH�ILJXUHDYHF�XQH�FRPPDQGH�EDVpH�VXU�OD�PrPH�PpWKRGH�PDLV�FDOFXOpH�DYHF�FRQQDLVVDQFH�GH�O©LQILOWUDWLRQ�
/©DQDO\VH�GHV�ILJXUHV�PRQWUH�TXH�OD�FRPPDQGH�HVW�ELHQ�FDSDEOH�GH�UHMHWHU�OHV�SHUWXUEDWLRQV�GXHV�j�XQHLQILOWUDWLRQ��FDU�HIIHFWLYHPHQW�OH�QLYHDX�FKHUFKH�j�UHWURXYHU�OD�YDOHXU�GH�OD�FRQVLJQH��WDQGLV�TXH�SRXU�ODVLPXODWLRQ� DYHF� OHV� YDQQHV� VDQV� FRPPDQGH� OH� QLYHDX� GLPLQXH� GH� IDoRQ� WUqV� LPSRUWDQWH�� ,O� H[LVWHFHSHQGDQW�XQH�HUUHXU�j�O©pTXLOLEUH�GDQV�OH�FDV�GX�ELHI�FRPPDQGp��HW�FHWWH�HUUHXU�HVW�PRLQV�LPSRUWDQWHGDQV�OH�FDV�RX�O©LQILOWUDWLRQ�HVW�FRQVLGpUpH�FRQQXH��'H�IDLW�GDQV�FH�GHUQLHU�FDV�FHWWH�O
HUUHXU�SHXW�rWUHFRQVLGpUpH�FRPPH�SUHVTXH�QXOOH��FDU�OHV�YDULDEOHV�FRQWU{OpHV�TXL�VRQW�OHV�QLYHDX[�DX[�GHX[�H[WUpPLWpVVRQW�TXDVLPHQW�j�OHXU�YDOHXU�GH�UpIpUHQFH�HW�VHPEOHQW�UHVWHU�VWDEOHV�
,O�HVW�j�UHPDUTXHU�LFL�O©LPSRUWDQFH�GH�SRXYRLU�HVWLPHU�OD�YDOHXU�GH�O©LQILOWUDWLRQ��SRXU�SRXYRLU�IDLUH�XQHFRPPDQGH� SUpFLVH��&HFL� SHXW� VH� IDLUH� GH� SOXVLHXUV� IDoRQV�� VRLW� HQ� HVWLPDQW� FHOOH�FL� SDU� GHV� FDOFXOVWKpRULTXHV�HQ�IRQFWLRQ�GX�PDWpULHO�GH�IDEULFDWLRQ�GX�FDQDO�HW�GHV�FRQGLWLRQV�FOLPDWLTXHV��SOXYLRPpWULHHW� FKDOHXU��� VRLW� HQ� FRQVWUXLVDQW� XQ� REVHUYDWHXU� SRXU� FHWWH� YDULDEOH�� /D� GHUQLqUH� RSWLRQ� VHUD� FKRLVLHGDQV�FH�WUDYDLO��HW�VHUD�SUpVHQWpH�SDU�OD�VXLWH�



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���

0 10 20 30 40 50 60
0.15

0.2

0.25

0.3

0.35

W
 (

m
)

Ouverture vanne amont

0 10 20 30 40 50 60
0.15

0.2

0.25

0.3

0.35

t (min)

W
 (

m
)

Ouverture vanne aval

6DQV�FRPPDQGH

0 10 20 30 40 50 60
0.15

0.2

0.25

0.3

0.35

W
 (

m
)

Ouverture vanne amont

0 10 20 30 40 50 60
0.15

0.2

0.25

0.3

0.35

t (min)

W
 (

m
)

Ouverture vanne aval

&RPPDQGH�VDQV�FRQQDLVVDQFH�GH�OD�YDOHXU�G©LQILOWUDWLRQ

0 10 20 30 40 50 60
0.15

0.2

0.25

0.3

0.35

W
 (

m
)

Ouverture vanne amont

0 10 20 30 40 50 60
0.15

0.2

0.25

0.3

0.35

t (min)

W
 (

m
)

Ouverture vanne aval

&RPPDQGH�DYHF�YDOHXU�G©LQILOWUDWLRQ�FRQQXH
)LJXUH������ 6LPXODWLRQ�GH�UHMHW�GH�SHUWXUEDWLRQ�SRXU�XQ�ELHI�GH���.P�VRXPLV�j�XQH�LQILOWUDWLRQ�GH����H �� P��V���������3ULVHV�ODWpUDOHV

/HV� SULVHV� ODWpUDOHV�� ELHQ� TX©HOOHV� SXLVVHQW� SK\VLTXHPHQW� rWUH� PHVXUDEOHV�� QH� OH� VRQW� SDV� GDQV� OHVV\VWqPHV�UpHOV��HW�SRXU�FHOD�GRLYHQW�rWUH�FRQVLGpUpHV�DXVVL�FRPPH�GHV�SHUWXUEDWLRQV��(Q�IDLW�FH�VRQW�HQJpQpUDO�OHV�SHUWXUEDWLRQV� OHV�SOXV�LPSRUWDQWHV�GX�V\VWqPH��FDU�RQ�QH�PHVXUH�SDV� WRXMRXUV� OD�TXDQWLWp
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G
HDX�XWLOLVpH�SDU�OHV�XVDJHUV�HW�GH�SOXV��FRPPH�FHOD�GpSHQG�EHDXFRXS�GHV�FRQGLWLRQV�FOLPDWLTXHV�� LODUULYH�VRXYHQW�TX©XQ�JURXSH�G©XVDJHUV�HQ�IDVVH�XVDJH�HQ�PrPH�WHPSV��GH�VRUWH�TXH�GHV�SHUWXUEDWLRQVLPSRUWDQWHV�SHXYHQW�VH�SURGXLUH�
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&RPPDQGH�HQ�ERXFOH�IHUPp
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/HV�VLPXODWLRQV�DYHF� OD�FRPPDQGH�PRQWUHQW�TXH�FHWWH�GHUQLqUH� UpXVVLW�ELHQ�j� UHMHWHU� OD�SHUWXUEDWLRQLQWURGXLWH��PDLV�DYHF�XQH�HUUHXU�TXL�SHXW�rWUH�D�SULRUL�FRQVLGpUpH�FRPPH�DVVH]�LPSRUWDQWH��&HWWH�HUUHXUVHUD� SOXV� LPSRUWDQWH� SRXU� GHV� SULVHV� ODWpUDOHV� SURFKHV� GX� FHQWUH� GX� ELHI��0DLV� LO� HVW� j� QRWHU� TXH� ODVRPPH� GHV� HUUHXUV� DX[� H[WUpPLWpV� HVW� SURFKH� GH� ]pUR�� $XVVL� LO� HVW� SRVVLEOH� GH� FRQFOXUH� TXH� ODFRPPDQGH�UHMHWWH�DVVH]�ELHQ�OHV�SHUWXUEDWLRQV�
/D� WURLVLqPH� ILJXUH� HVW� XQ� WHVW� G©DPpOLRUDWLRQ� GHV� SHUIRUPDQFHV� GH� UHMHW� GH� SHUWXUEDWLRQ�� (Q� IDLW� ODVLPLODULWp�HQWUH�O©HIIHW�GH�O©LQILOWUDWLRQ�HW�GHV�SULVHV�ODWpUDOHV�IDLW�SHQVHU�j�HVVD\HU�GH�FRUULJHU�O©HUUHXU�HQDMRXWDQW� DX�FRQWU{OHXU� XQH� LQIRUPDWLRQ� LQGLTXDQW�XQH� LQILOWUDWLRQ� ILFWLYH�� HW� DYHF� XQH� FRQVRPPDWLRQG©HDX� GDQV� O©DEVROX� LGHQWLTXH� j� OD� SULVH� ODWpUDOH�� &©HVW� FHOD� TXL� D� pWp� IDLW�� HW� RQ� REVHUYH� SHX� GHGLIIpUHQFH�GDQV�FH�FDV��PDLV�LO�HVW�j�UHPDUTXHU�TXH�OD�VRPPH�GHV�HUUHXUV�DX[�GHX[�H[WUpPLWpV�GX�ELHIHVW�GDQV�FH�FDV�HQFRUH�SOXV�SURFKH�GH�]pUR��'RQF�OD�FRQFOXVLRQ�HVW�TXH�V
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� /HV�UpVXOWDWV�GH�VLPXODWLRQ�REWHQXV�PRQWUHQW�TXH�OD�FRPPDQGH�REWHQXH�j�SDUWLU�G©XQ�PRGqOH�SDUFROORFDWLRQ�j�GHX[�SRLQWV�VXU�OH�QLYHDX�HW�WURLV�SRLQWV�VXU�OH�GpELW�HVW�VDWLVIDLVDQWH�
� 'HV�WURLV�PpWKRGHV�GH�V\QWKqVH�WHVWpHV�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�HVWFRQVLGpUp�FRPPH�OD�PHLOOHXUH�
� /HV�SHUIRUPDQFHV�GH�FHWWH�FRPPDQGH��WHVWpHV�HQ�VLPXODWLRQ��VRQW�VDWLVIDLVDQWHV��FHFL�WDQW�GX�SRLQWGH�YXH�GH�OD�SRXUVXLWH��FKDQJHPHQW�GH�OD�YDOHXU�GH�OD�FRQVLJQH���SRXU�ODTXHOOH�HOOH�HVW�FDSDEOH�GHUpDOLVHU�GHV�FKDQJHPHQWV�GH�JUDQGH�DPSOLWXGH��������TXH�GX�SRLQW�GH�YXH�GX�UHMHW�GH�SHUWXUEDWLRQ�LQILOWUDWLRQ�HW�SULVHV�ODWpUDOHV��
� /H�IRQFWLRQQHPHQW�GH�OD�FRPPDQGH�DSSOLTXpH�j�XQ�PRGqOH�REWHQX�SDU�XQH�PpWKRGH�GLIIpUHQWH�HWTXL�LQFOXW�OHV�pTXDWLRQV�GHV�RXYUDJHV�LQGLTXH�XQH�ERQQH�UREXVWHVVH�GH�OD�FRPPDQGH�
� 2Q�SHXW�GRQF�FRQFOXUH�j�XQH�YDOLGDWLRQ�VDWLVIDLVDQWH�GH�OD�FRPPDQGH�
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XWLOLVDWLRQ� G
XQHHVWLPDWLRQ�SURYHQDQW�G©XQ�REVHUYDWHXU�
'DQV�FHWWH�SDUWLH�VHUD�GRQF�WUDLWp�OH�GpYHORSSHPHQW�G©XQ�REVHUYDWHXU�GH�GpELW�HW�G©LQILOWUDWLRQ�SRXU�XQELHI�GH�FDQDO�G©LUULJDWLRQ��HW�FHW�REVHUYDWHXU�VHUD�EDVp�VXU�OH�PRGqOH�SDU�FROORFDWLRQ�j�WURLV�SRLQWV�VXU�OHGpELW�HW�GHX[�SRLQWV�VXU�OH�QLYHDX�GHV�pTXDWLRQV�GH�6DLQW�9HQDQW��pTXDWLRQ���������GpMj�XWLOLVp�SRXU�OHGpYHORSSHPHQW�GH�OD�FRPPDQGH�
,O� VHUD�PRQWUp� SDU� OD� VXLWH� TXH� GDQV� OH� FDV� R�� �tT �� OH� GpELW� �4 HW� O©LQILOWUDWLRQ� T SHXYHQW� rWUHHVWLPpV�SDU�GHX[�REVHUYDWHXUV�LQGpSHQGDQWV ��XQ�REVHUYDWHXU�GH�W\SH�JUDQG�JDLQ�>*DXWKLHU�HW�DO������@SRXU�O©REVHUYDWHXU�GH�GpELW� �4 HW�XQ�REVHUYDWHXU�OLQpDLUH�FODVVLTXH�SRXU�O©HVWLPDWLRQ�GH�O©LQILOWUDWLRQT ��'©XQ�DXWUH�F{Wp�GDQV�OH�FDV�R�� ��T LO�HVW�DXVVL�SRVVLEOH�G©REWHQLU�XQ�REVHUYDWHXU�HQ�DSSOLTXDQWOHV�WKpRULHV�SRXU�REVHUYDWHXUV�j�JUDQG�JDLQ�PXOWL�VRUWLHV�>%RUQDUG�HW�+DPPRXUL�����@�
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�������2EVHUYDWHXU�OLQpDLUH�SRXU�T
,O�HVW�SRVVLEOH�G©REVHUYHU� T HQ�QH�FRQVLGpUDQW�T
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2��OD�PDWULFH� 6 �GpSHQG�GX�JDLQ�T �GH�O©REVHUYDWHXU�VXLYDQW�O©pTXDWLRQ�/\DSXQRY �

6&&6$6$ 77 T��� ��� ������
3UHXYH
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$� FH� VWDGH�� RQ� GLVSRVH� G
XQH� FRPPDQGH� SDU� UHWRXU� G©pWDW� DYHF� OD� JDUDQWLH� TXH� FHOXL�FL� VWDELOLVH� OHV\VWqPH� ����� VRXV� FHUWDLQHV� FRQWUDLQWHV� ������ HW� XQ� GpELW� VXSpULHXU� RX� pJDO� D� ]pUR�� 2Q� GLVSRVHpJDOHPHQW�G
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)LJXUH������ 9DOHXUV�UpHOOHV��4�HW�T��HW�REVHUYpHV��4REV�HW�TREV��ILOWUp���HW�HUUHXUV��4�4REV�HW�T�TREV���SRXU�PRGqOHGH�3UHLVVPDQQ�j����VHFWLRQV�DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GH�ODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU���&DQDO���.P�0DLV�FHWWH�HUUHXU�UHVWH�FHQWUpH�VXU�OD�YDOHXU�UpHOOH��GRQF�LO�HVW�SRVVLEOH�GH�FRQFOXUH�TXH�O©REVHUYDWHXUGRQQH�DXVVL�SRXU�GHV�ELHIV�ORQJV�XQ�UpVXOWDW�SUHVTXH�VDWLVIDLVDQW��,O�HVW�DXVVL�SRVVLEOH�GH�ILOWUHU�OD�YDOHXUG©LQILOWUDWLRQ� REVHUYpH� SRXU� GLPLQXHU� O©HIIHW� GX� EUXLW� GH� PHVXUH�� FHOD� FDU� F©HVW� FHWWH� YDULDEOH� TXLSUpVHQWH�OD�SOXV�JUDQGH�HUUHXU��/D�)LJXUH����� PRQWUH�OH�UpVXOWDW�REWHQX�HQ�ILOWUDQW�OD�YDOHXU�REVHUYpHGH�O©LQILOWUDWLRQ�SDU�XQ�ILOWUH�GX�SUHPLHU�RUGUH�GH�FRQVWDQWH�GH�WHPSV�����V�
/©HUUHXU� LFL�D�GLPLQXp�HQYLURQ���� IRLV��HW� OD� UpSRQVH� OHQWH�GH� O©HVWLPDWLRQ�GH� OD�YDOHXU�Q©DIIHFWH�SDVO©REMHFWLI� G©REVHUYDWLRQ� FDU� F©HVW� XQH� YDULDEOH� TXL� FKDQJH� QDWXUHOOHPHQW� OHQWHPHQW�� (Q� FRQFOXVLRQO©REVHUYDWHXU� GH� GpELW� HW� G©LQILOWUDWLRQ� GRQQH� GHV� UpVXOWDWV� VDWLVIDLVDQWV�� DYHF� XQH� FHUWDLQH� GLIILFXOWpSRXU�GHV�ELHIV�G©XQH�ORQJXHXU�DSSUpFLDEOH�
�������9DOLGDWLRQ�GH�OD�FRPPDQGH�DYHF�REVHUYDWLRQ
8QH� IRLV� YDOLGp� O©REVHUYDWHXU�� LO� UHVWH� j� YDOLGHU� OH� FRXSODJH� GH� O©REVHUYDWHXU� HW� OD� FRPPDQGH� SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�
/H�SUHPLHU�UpVXOWDW�GH�WHVW�HVW�SUpVHQWp�VXU�OD�)LJXUH����� TXL�PRQWUH�OHV�UpVXOWDWV�G©XQH�VLPXODWLRQ�GHOD� FRPPDQGH� GX� ELHI� SRXU� XQ� REVHUYDWHXU� DYHF� HUUHXUV� GH� PRGqOH� HW� EUXLW� GH� PHVXUH� FRXSOp� j� ODFRPPDQGH�VXU�XQ�PRGqOH�SDU�FROORFDWLRQ�j���SRLQWV��OD�)LJXUH����� PRQWUH�OHV�UpVXOWDWV�FRUUHVSRQGDQWVSRXU� XQH� FRPPDQGH� DYHF� OHV� YDOHXUV� PHVXUpHV�� /HV� UpVXOWDWV� REWHQXV� VRQW� WUqV� VDWLVIDLVDQWV� FDU� ODGLIIpUHQFH�HQWUH�OHV�GHX[�VLPXODWLRQV�HVW�WUqV�SHWLWH�
3DU�OD�VXLWH�VRQW�IDLWV�GHV�WHVWV�GH�UREXVWHVVH�GH�FH�FRXSODJH�REVHUYDWHXU�FRPPDQGH�HQ�O©DSSOLTXDQW�jGHV�PRGqOHV�SOXV�SURFKHV�GX�V\VWqPH�UpHO��'HX[�VLPXODWLRQV�VRQW�SUpVHQWpHV�LFL�� OD�SUHPLqUH��)LJXUH������PRQWUH�OD�VLPXODWLRQ�DYHF�OD�FRPPDQGH�FRXSOpH�j�O©REVHUYDWHXU�DYHF�EUXLW�HW�HUUHXUV�GH�PRGqOHVXU�XQ�PRGqOH�GH�3UHLVVPDQQ�j����VHFWLRQV�HW�OD�GHX[LqPH�VXU�XQ�PRGqOH�GH�3UHLVVPDQQ�D����VHFWLRQV
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���
DYHF� pTXDWLRQ� GHV� YDQQHV� �)LJXUH� �������/D�)LJXUH� ���� HW� OD�)LJXUH� ���� PRQWUHQW� TXDQW� j� HOOHV� ODPrPH�VLPXODWLRQ�DYHF�XWLOLVDWLRQ�GH�OD�FRPPDQGH�HW�YDULDEOHV�PHVXUpHV�

)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GHFROORFDWLRQ�j���SRLQWV�DYHF�YDULDWLRQ�GH�����VXU�FRQVLJQHHW�LQILOWUDWLRQ��&DQDO���.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GHFROORFDWLRQ�j���SRLQWV�DYHF�YDULDWLRQ�GH�����VXU�FRQVLJQHHW�LQILOWUDWLRQ�HW�XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV�DYHFEUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GH�ODUJXHXU�HWFRHIILFLHQW�GH�6WULFNOHU��&DQDO���.P�/HV� UpVXOWDWV� LFL� VRQW� WUqV� VDWLVIDLVDQWV� FDU� OHV� UpVXOWDWV� REWHQXV� DYHF� RX� VDQV� OH� FRXSODJH� GHO©REVHUYDWHXU�DYHF�OD�FRPPDQGH�VRQW�WUqV�VLPLODLUHV��HW�FHOD�PrPH�HQ�SUpVHQFH�GH�EUXLW�GH�PHVXUH�HWG©HUUHXUV�SDUDPpWULTXHV��/D�VHXOH�GLIIpUHQFH�j�QRWHU�HVW�OD�SUpVHQFH�GH�TXHOTXHV�RVFLOODWLRQV�FKDRWLTXHVGH� SHWLWH� PDJQLWXGH� DX[� H[WUpPLWpV� GX� ELHI�� FHOD� SURYHQDQW� SULQFLSDOHPHQW� GH� O©HIIHW� GX� EUXLW� GHPHVXUH�

)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�DYHF�YDULDWLRQ�GH�����VXUFRQVLJQH�HW�LQILOWUDWLRQ��&DQDO���.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�DYHF�YDULDWLRQ�GH�����VXUFRQVLJQH�HW�LQILOWUDWLRQ�HW�XWLOLVDWLRQ�GHV�YDULDEOHVREVHUYpHV�DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GHODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU��&DQDO���.P�



&KDSLWUH����&RPPDQGH�

(TXLSH�*6<6��/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH�

���

)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH�HW�LQILOWUDWLRQ��&DQDO���.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH�HW�LQILOWUDWLRQ�HW�XWLOLVDWLRQ�GHV�YDULDEOHVREVHUYpHV�DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GHODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU��&DQDO���.P�/HV� ILJXUHV� VXLYDQWHV� PRQWUHQW� GHV� WHVWV� SRXU� XQ� ELHI� ORQJ� ���� .P��� /D� )LJXUH� ���� PRQWUH� ODVLPXODWLRQ�GH�O©pYROXWLRQ�GX�QLYHDX�DYHF�FRXSODJH�REVHUYDWHXU�FRPPDQGH�HQ�SUpVHQFH�GH�EUXLW��ILOWUp�HW�G©HUUHXUV�SDUDPpWULTXHV�� WDQGLV�TXH� OD�)LJXUH����� PRQWUH� OD�PrPH�VLPXODWLRQ�SRXU� OD�FRPPDQGHDYHF�OHV�YDULDEOHV�PHVXUpHV�

)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH��LQILOWUDWLRQ�SRVLWLYH�HW�FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH��&DQDO����.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH��LQILOWUDWLRQ�SRVLWLYH�HW�FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�DYHF�XWLOLVDWLRQ�GHVYDULDEOHV�REVHUYpHV���T ILOWUp��DYHF�EUXLW�GH�PHVXUH�HWHUUHXU�VXU�PHVXUH�GH�ODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU�&DQDO����.P�/D�ILJXUH�PRQWUH�TXH�OD�UHPDUTXH�IDLWH�GDQV�OD�SDUWLH�FRUUHVSRQGDQWH�j�OD�YDOLGDWLRQ�GH�O©REVHUYDWHXU�VHSUpVHQWH�j�QRXYHDX�LFL��F©HVW�j�GLUH�O©HUUHXU�G©REVHUYDWLRQ�GHYLHQW�LPSRUWDQWH�SRXU�GHV�ELHIV�ORQJV��HWGRQF� ORJLTXHPHQW� LQIOXH� VXU� OH� UpVXOWDW� GX� FRXSODJH� REVHUYDWHXU�FRPPDQGH�� ,O� HVW� j� QRWHU� WRXW� GHPrPH� TXH� FHWWH� HUUHXU� HVW� VXUWRXW� LPSRUWDQWH� VXU� O©HVWLPDWLRQ� GH� O©LQILOWUDWLRQ� HW� HOOH� HVW� GXHSULQFLSDOHPHQW� DX� EUXLW�� UDLVRQ� SRXU� OD� TXHOOH� OD� YDOHXU� GH� O©LQILOWUDWLRQ� REVHUYpH� D� pWp� ILOWUpH� SRXUUpGXLUH� O©HUUHXU� TX©HOOH� SUpVHQWH�� 7KpRULTXHPHQW�� FHOD� GHYUDLW� GLPLQXHU� O©DPSOLWXGH� GHV� RVFLOODWLRQV
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SUpVHQWHV�GDQV�OD�YDOHXU�REVHUYpH�GH�O©LQILOWUDWLRQ��HW�GRQF�DLGHU�DX�FRXSODJH�REVHUYDWHXU�FRPPDQGH�SDU� FRQWUH� XQ� FKDQJHPHQW� UDSLGH� GH� OD� YDOHXU� G©LQILOWUDWLRQ� QH� VHUDLW� DSSUpFLpH� TX©DYHF� XQ� UHWDUGLPSRUWDQW��&H�GHUQLHU�SRLQW�Q©HVW�SDV�WUqV�LPSRUWDQW�HQ�YXH�GX�W\SH�GH�YDULDWLRQ�W\SLTXH�GH�OD�YDOHXU�GHO©LQILOWUDWLRQ��'HX[�W\SHV�GH�YDULDWLRQV�VH�SUpVHQWHQW�JpQpUDOHPHQW�VXU�FHWWH�YDULDEOH���OH�SUHPLHU�W\SHHVW� XQ� FKDQJHPHQW� OHQW� GH� OD� YDULDEOH�� F
HVW� OH� FDV� SDU� H[HPSOH� G
XQH� GpWpULRUDWLRQ� GH� OD� FRXFKHLPSHUPpDEOH� GX� IRQG� RX� GHV� FKDQJHPHQWV� GDQV� OHV� WDX[� G
pYDSRUDWLRQ�� /H� GHX[LqPH� W\SH� HVW� XQFKDQJHPHQW�EUXVTXH�PDLV�RX�OD�YDULDEOH�JDUGHUD�SDU� OD� VXLWH�XQH�YDOHXU�UHODWLYHPHQW�FRQVWDQWH�SRXUXQH�SpULRGH�GH�WHPSV�FRQVLGpUDEOH��F
HVW�OH�FDV�SDU�H[HPSOH�SRXU�XQ�RUDJH�
8QH�DXWUH�UHPDUTXH�LPSRUWDQWH�j�IDLUH�VXU�FHV�VLPXODWLRQV�HVW�TX
HQ�SUpVHQFH�G
LQILOWUDWLRQ�OHV�UpVXOWDWVPRQWUHQW�XQH�HUUHXU�VWDWLTXH�LPSRUWDQWH��REVHUYpH�VXUWRXW�VXU�GHV�ELHIV�ORQJV��&HWWH�HUUHXU�SURYLHQW�GHO
DSSUR[LPDWLRQ�IDLWH�SRXU�OH�QLYHDX� �K VXU�OH�PRGqOH�GH�FRPPDQGH�HW�HOOH�SHXW�rWUH�REVHUYpH�VXU�OHVVLPXODWLRQV� DYHF� HW� VDQV� REVHUYDWHXU�� ,O� HVW� SRVVLEOH� G
DPpOLRUHU� FHV� UpVXOWDWV� GH� FRPPDQGH�� HWGLPLQXHU�GH�EHDXFRXS�FHWWH� HUUHXU� VWDWLTXH� HQ�XWLOLVDQW� XQH�PHVXUH� SRXU� OH� QLYHDX� �K DX� OLHX� GH� ODYDOHXU�DSSURFKpH�GX�PRGqOH�GH�FRPPDQGH��/D�)LJXUH����� HW�OD�)LJXUH�������TXL�FRUUHVSRQGHQW�j�GHVVLPXODWLRQV� VLPLODLUHV� j� OD� )LJXUH� ���� HW� OD� )LJXUH� ���� UHVSHFWLYHPHQW�PDLV� DYHF� OD� YDOHXU� GH� �KPHVXUpH� SRXU� O
REVHUYDWHXU� HW� OD� FRPPDQGH�� PRQWUHQW� ELHQ� TXH� GDQV� FH� FDV� O
HUUHXU� VWDWLTXH� HVWEHDXFRXS�PRLQV�LPSRUWDQWH��GRQF�FHWWH�PRGLILFDWLRQ�SHUPHW�GH�PLHX[�UHVSHFWHU�OHV�FRQVLJQHV�

)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH��LQILOWUDWLRQ�SRVLWLYH�HW�FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�DYHF� �K PHVXUp�&DQDO����.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH��LQILOWUDWLRQ�SRVLWLYH�HW�FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�DYHF�XWLOLVDWLRQ�GHVYDULDEOHV�REVHUYpHV���T ILOWUp��DYHF�EUXLW�GH�PHVXUH�HWHUUHXU�VXU�PHVXUH�GH�ODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHUHW�DYHF� �K PHVXUp��&DQDO����.P�

)LQDOHPHQW�RQ�SHXW�GRQF�FRQFOXUH�j�XQH�YDOLGDWLRQ�GX�FRXSODJH�REVHUYDWHXU�HW�FRPPDQGH�OLQHDULVDQWHG\QDPLTXH�
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)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH��LQILOWUDWLRQ�QpJDWLYH�HW�FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH��&DQDO���.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�YDULDWLRQ�GH����VXU�FRQVLJQH��LQILOWUDWLRQ�QpJDWLYH�HW�FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�DYHF�XWLOLVDWLRQ�GHVYDULDEOHV�REVHUYpHV�DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXUPHVXUH�GH�ODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU��&DQDO��.P�8Q�SRLQW�ODLVVp�GH�F{Wp�GDQV�OD�SDUWLH�WKpRULTXH�HVW�OD�SUpVHQFH�G©LQILOWUDWLRQ�QpJDWLYH��TXL�HVW�HQ�IDLWSOXV� VRXYHQW� SUpVHQWH� GDQV� OD� UpDOLWp� �pYDSRUDWLRQ�� LQILOWUDWLRQ� SDU� OH� VRO���/D� )LJXUH� ���� PRQWUH� ODVLPXODWLRQ� GH� OD� YDULDWLRQ� GH� QLYHDX� G©XQ� ELHI� HQ� SUpVHQFH� G©LQILOWUDWLRQ� QpJDWLYH� HW� DYHF� FRXSODJHREVHUYDWHXU�FRPPDQGH�OLQpDULVDQWH�G\QDPLTXH��WDQGLV�TXH�OD�)LJXUH����� PRQWUH�OD�PrPH�VLPXODWLRQSRXU�XQH�FRPPDQGH�DYHF�PHVXUHV�GX�GpELW�HW�LQILOWUDWLRQ�

/H� FRPSRUWHPHQW� LFL� VHPEOH� rWUH� LGHQWLTXH� DX� FDV� GH� O©LQILOWUDWLRQ� SRVLWLYH�� GRQF� LO� HVW� SRVVLEOH� GHFRQFOXUH�j�OD�YDOLGDWLRQ�GX�FRXSODJH�REVHUYDWHXU�FRPPDQGH�HQ�SUpVHQFH�G©LQILOWUDWLRQ�QpJDWLYH�
�������5HMHW�GH�SHUWXUEDWLRQ
'DQV� FHWWH� SDUWLH� GH� OD� YDOLGDWLRQ� VHURQW� UHJURXSpV� GHV� WHVWV� SRUWDQW� VXU� OH� UHMHW� GH� SHUWXUEDWLRQ� GXFRXSODJH�GH�O
REVHUYDWHXU�HW�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH��HW�FHOD�SRXU�GHX[W\SHV�GH�SHUWXUEDWLRQ��O©LQILOWUDWLRQ�HW�OHV�SULVHV�ODWpUDOHV�
���������5HMHW�GH�SHUWXUEDWLRQ�G©LQILOWUDWLRQ
/D� VHFWLRQ� ������� GpGLpH� j� O©pWXGH� GX� UHMHW� GH� SHUWXUEDWLRQ� GH� OD� FRPPDQGH�� D� PRQWUp� TXH� ODFRQQDLVVDQFH�GH�OD�YDOHXU�GH�O©LQILOWUDWLRQ�DLGH�j�PLHX[��UHMHWHU�OD�SHUWXUEDWLRQ�GXH�j FHWWH�LQILOWUDWLRQ�HW� FRPPH� FRQFOXVLRQ� LO� D� pWp� QRWp� TXH� OD� SUpVHQFH� G©XQ� REVHUYDWHXU� SRXUUDLW� GRQF� SHUPHWWUHG©DPpOLRUHU�FH�UHMHW�GH�SHUWXUEDWLRQ��FDU� OD�PHVXUH�GH�FHOOH�FL�HVW� WUqV�GLIILFLOH��&HWWH� VHFWLRQ�D�GRQFSRXU�EXW�GH�YpULILHU�FHWWH�DIILUPDWLRQ��HW�SRXU�FHOD�OD�)LJXUH����� PRQWUH�OD�VLPXODWLRQ�GH�O©pYROXWLRQGX� QLYHDX� G©XQ� ELHI� HQ� SUpVHQFH� G©LQILOWUDWLRQ� QpJDWLYH�� FHWWH� PrPH� pYROXWLRQ� PDLV� DYHF� OD� YDOHXUG©LQILOWUDWLRQ�PLVH�j�]pUR�SRXU�OD�FRPPDQGH�pWDQW�SUpVHQWpH�j�OD�)LJXUH������
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)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�SHUWXUEDWLRQ�SDULQILOWUDWLRQ�QpJDWLYH�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpHVRUWLH�G\QDPLTXH��&DQDO���.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�SHUWXUEDWLRQ�SDULQILOWUDWLRQ�QpJDWLYH�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpHVRUWLH�G\QDPLTXH�DYHF�XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV��T ILOWUp��DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GHODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU��&DQDO���.P�&HWWH�VLPXODWLRQ�PRQWUH�TX
HIIHFWLYHPHQW�OD�YDOHXU�GX�GpELW�REVHUYp�SHUPHW�GH�GLPLQXHU�O©HUUHXU�VXU�ODFRPPDQGH�GHV�QLYHDX[�DPRQW�HW�DYDO�GX�ELHI��EXW�GH�OD�FRPPDQGH���PrPH�VL�GHV�SHWLWHV�RVFLOODWLRQVVRQW� SUpVHQWHV� VXU� FHV� QLYHDX[�� ,O� DSSDUDvW� GRQF� ELHQ� TXH� O©REVHUYDWHXU� SHUPHW� G©DPpOLRUHU� OHVSHUIRUPDQFHV�GH�UHMHW�GH�SHUWXUEDWLRQ�GH�OD�FRPPDQGH�SRXU�XQH�SHUWXUEDWLRQ�SDU�LQILOWUDWLRQ�

,O� HVW� FHSHQGDQW� LPSRUWDQW� GH� QRWHU� LFL� TXH� OD� YDOHXU� GH� O©LQILOWUDWLRQ� REVHUYpH� D� pWp� ILOWUpH� SRXUGLPLQXHU�OHV�RVFLOODWLRQV�SUpVHQWHV�GDQV�OD�VLPXODWLRQ��TXL�SRXU�XQH�LQILOWUDWLRQ�QRQ�ILOWUpH�pWDLHQW�WUqVLPSRUWDQWHV�
���������5HMHW�GH�SHUWXUEDWLRQ�GH�SULVHV�ODWpUDOHV
'H�PrPH�TXH�SRXU�XQH�LQILOWUDWLRQ�GDQV�OD�VHFWLRQ�������LO�D�pWp�VLJQDOp�TX©LO�pWDLW�SRVVLEOH�GH�UHMHWHUXQH�SHUWXUEDWLRQ�SDU�SULVH�ODWpUDOH�HQ�LQGLTXDQW�XQH�SHUWXUEDWLRQ�ILFWLYH�j�OD�FRPPDQGH��GH�PDJQLWXGHDEVROXH�LGHQWLTXH�j�OD�YDOHXU�GH�OD�SULVH�ODWpUDOH��(W�GRQF�LFL�O©XWLOLVDWLRQ�G©XQ�REVHUYDWHXU�SHXW�V©DYpUHUWUqV�LQWpUHVVDQWH�FDU�HQ�HVWLPDQW�XQH�SHUWH�G©HDX�SDU�OH�ELDLV�GH�O©HVWLPDWLRQ�GH�O©LQILOWUDWLRQ��PDLV�VDQVFRQQDvWUH�D�SULRUL�V©LO�V©DJLW�G©XQH�LQILOWUDWLRQ�RX�G©XQH�SULVH�ODWpUDOH��DORUV�LO�VHUDLW�SRVVLEOH�GH�UHMHWHUOHV�SHUWXUEDWLRQV�SUpVHQWHV�
/D�)LJXUH����� LOOXVWUH�O©pYROXWLRQ�GX�QLYHDX�GDQV�XQ�ELHI�GH���.P�GH� ORQJ�HQ�SUpVHQFH�G©XQH�SULVHODWpUDOH�GH�����P��V�HW�DYHF�FRXSODJH�REVHUYDWHXU�FRPPDQGH� OLQpDULVDQWH�G\QDPLTXH�HQ�SUpVHQFH�GHEUXLW� HW� HUUHXUV�SDUDPpWULTXHV�� WDQGLV�TXH� OD� ILJXUH�)LJXUH����� PRQWUH� OD�PrPH�pYROXWLRQ�SRXU� XQHFRPPDQGH�DYHF�PHVXUHV�GH�GpELW�HW�LQILOWUDWLRQ��,O�HVW�FODLU�LFL�TXH�PrPH�DYHF�OD�SUpVHQFH�GHV�SHWLWHVRVFLOODWLRQV�GH�QLYHDX�VXU�OHV�H[WUpPLWpV�GX�ELHI��OH�UpVXOWDW�GH�UHMHW�GH�SHUWXUEDWLRQ�HVW�ELHQ�PHLOOHXUDYHF�OD�SUpVHQFH�GH�O©REVHUYDWHXU��TXH�VDQV�FRQQDLVVDQFH�GH�OD�TXDQWLWp�G©HDX�SHUGXH�
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)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�SHUWXUEDWLRQ�SDUSULVH�ODWpUDOH�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLHG\QDPLTXH��&DQDO���.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�SHUWXUEDWLRQ�SDUSULVH�ODWpUDOH�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLHG\QDPLTXH�DYHF�XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV��� TILOWUp��DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GHODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU��&DQDO���.P�/D�)LJXUH����� PRQWUH�XQH�VLPXODWLRQ�VLPLODLUH�SRXU�XQ�ELHI�GH����.P�GH�ORQJ��HW�OD�)LJXUH����� IDLWGH�PrPH�SRXU�OD�FRPPDQGH�DYHF�PHVXUHV�GH�GpELW�HW�LQILOWUDWLRQ��FH�TXL�PRQWUH�ELHQ�TXH�OD�FRQFOXVLRQUHVWH� YDOLGH� PrPH� SRXU� GHV� ELHIV� ORQJV�� ,O� HVW� FHSHQGDQW� j� QRWHU� TXH� GDQV� OHV� GHX[� VLPXODWLRQVSUpVHQWpHV�LFL�OD�YDOHXU�GH�O©LQILOWUDWLRQ�HVWLPpH�D�pWp�ILOWUpH�SRXU�GLPLQXHU�OHV�RVFLOODWLRQV�

)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�SHUWXUEDWLRQ�SDULQILOWUDWLRQ�QpJDWLYH�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpHVRUWLH�G\QDPLTXH�DYHF�XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV�T ILOWUp���&DQDO����.P�
)LJXUH������ (YROXWLRQ��GX�QLYHDX��SRXU�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV�HW�YDQQHV�DYHF�SHUWXUEDWLRQ�SDULQILOWUDWLRQ�QpJDWLYH�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpHVRUWLH�G\QDPLTXH�DYHF�XWLOLVDWLRQ�GHV�YDULDEOHV�REVHUYpHV�T ILOWUp��DYHF�EUXLW�GH�PHVXUH�HW�HUUHXU�VXU�PHVXUH�GHODUJXHXU�HW�FRHIILFLHQW�GH�6WULFNOHU��&DQDO����.P�&RPPH� FRQFOXVLRQ� FHV� VLPXODWLRQV�PRQWUHQW� ELHQ� TXH� O©REVHUYDWHXU� SHUPHW� G©DPpOLRUHU� OH� UHMHW� GHSHUWXUEDWLRQ�GH�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�
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�������&RQFOXVLRQV
/HV� FRQFOXVLRQV� VXU� OD� YDOLGDWLRQ� GX� V\VWqPH� FRXSOp� REVHUYDWHXU�FRPPDQGH� SHXYHQW� VH� UpVXPHUFRPPH�VXLW �
� /©REVHUYDWHXU�GRQQH�GH�ERQV�UpVXOWDWV��PrPH�DSSOLTXp�j�XQ�PRGqOH� UpDOLVWH�� FH�TXL� LQGLTXH�XQHFHUWDLQH� UREXVWHVVH�� 6HXOH� XQH� SHWLWH� GLIILFXOWp� VH� SUpVHQWH� SRXU� GHV� ELHIV� ORQJV� R�� O©HUUHXUG©REVHUYDWLRQ� GH� O©LQILOWUDWLRQ� HVW� LPSRUWDQWH�� PDLV� FHOD� SHXW� rWUH� DPpOLRUp� SDU� OH� ILOWUDJH� GH� ODYDOHXU�
� /H�FRXSODJH�REVHUYDWLRQ�FRPPDQGH��TXL�SHUPHW�GH�FRPPDQGHU� OH�V\VWqPH�DYHF�VHXOHPHQW�GHX[PHVXUHV�GH�QLYHDX��IRQFWLRQQH�DXVVL�ELHQ�HW�V©HVW�DYpUp�WUqV�UREXVWH�SDU�UDSSRUW�DX�PRGqOH�XWLOLVpSRXU�OD�VLPXODWLRQ�
� /©XWLOLVDWLRQ� GH� O©REVHUYDWHXU� FRXSOp� j� OD� FRPPDQGH� OLQpDULVDQWH� G\QDPLTXH�� VHPEOH� SRVVLEOHFRQIRUPpPHQW�DX[�UpVXOWDWV�GH�VLPXODWLRQ�
� /©REVHUYDWHXU�SHUPHW�G©DPpOLRUHU�OHV�SHUIRUPDQFHV�GH�UHMHW�GH�SHUWXUEDWLRQ�GH�OD�FRPPDQGH��WDQWSRXU�XQH�LQILOWUDWLRQ�TXH�SRXU�XQH�SULVH�ODWpUDOH�
�����&200$1'(�'(�%,()6�,17(5&211(&7(6
�������,QWURGXFWLRQ
/D� FRQILJXUDWLRQ� FODVVLTXH� GHV� FDQDX[� G
LUULJDWLRQ� VH� SUpVHQWH� VRXYHQW� VRXV� OD� IRUPH� GH� ELHIVLQWHUFRQQHFWpV�� &HWWH� LQWHUFRQQH[LRQ� GH� ELHIV� HVW� j� O
RULJLQH� GH� SUREOqPHV� DGGLWLRQQHOV� SRXU� ODFRPPDQGH��HQ�HIIHW� OD�FRPPDQGH�GpYHORSSpH�SRXU�XQ�VHXO�ELHI�Q
HVW�SDV�GLUHFWHPHQW� WUDQVSRVDEOH�jGHV� ELHIV� LQWHUFRQQHFWpV�� GDQV� OD� SOXSDUW� GHV� FDV�� ,O� HVW� GRQF� LPSRUWDQW� GH� SRXYRLU� pWXGLHU� OHFRPSRUWHPHQW� GH� FH� W\SH� GH� V\VWqPHV� FDU� VHXOV� OHV� FRPPDQGHV� TXL� FRQVLGqUHQW� FHWWH� FRQILJXUDWLRQVRQW�HQYLVDJHDEOHV�SRXU�XQ�V\VWqPH�UpHO�
/D� FRPPDQGH� GpYHORSSpH� GDQV� OHV� FKDSLWUHV� SUpFpGHQWV� SUpVHQWH� XQ� SUREOqPH� DGGLWLRQQHO� TXL� HVWO
XWLOLVDWLRQ�GHV�GHX[�YDQQHV�SRXU�OD�FRPPDQGH�GX�ELHI��V\VWqPH�0,02���(Q�HIIHW�VL�SRXU�XQ�ELHI�LO�\�DELHQ�GHX[�YDQQHV�XWLOLVDEOHV�SRXU�OD�FRPPDQGH��SRXU�GHX[�ELHIV�LO�Q
\�HQ�D�TXH�WURLV��HW�LO�HQ�IDXGUDLWTXDWUH�SRXU�WUDQVSRVHU�GLUHFWHPHQW�OD�FRPPDQGH�
'DQV�OD�SOXSDUW�GHV�GpYHORSSHPHQWV�GH�FRPPDQGH�pWXGLpV�GDQV�OD�OLWWpUDWXUH�FH�SUREOqPH�QH�VH�SRVHSDV�� FDU� OD� FRPPDQGH� HVW� UpDOLVpH� j� SDUWLU� G
XQH� VHXOH� YDQQH� SRXU� FKDTXH� ELHI� �V\VWqPH� 6,62��FHSHQGDQW�LO�HVW�FODLU�TXH�OD�SRVVLELOLWp�G
XWLOLVHU�OHV�GHX[�YDQQHV�SRXU�FKDTXH�ELHI�GRLW�SHUPHWWUH�XQHPHLOOHXUH�SHUIRUPDQFH�GH�OD�FRPPDQGH��DWWHLQGUH�SOXV�UDSLGHPHQW�OH�QLYHDX�GpVLUp�SDU�H[HPSOH��
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3OXVLHXUV�VROXWLRQV�VRQW�HQYLVDJHDEOHV�SRXU�SDOOLHU�FH�SUREOqPH��XQH�SUHPLqUH�HVW�GH�GpYHORSSHU�GHVORLV�GH�FRPPDQGH�VSpFLILTXHV�j�GHV�ELHIV�LQWHUFRQQHFWpV���SRXU�XQ�FDQDO�j�GHX[�ELHIV�SDU�H[HPSOH��LOV
DJLW�G
pWXGLHU�OH�V\VWqPH�FRPSOHW�GHV�GHX[�ELHIV�HW�WURLV�YDQQHV�HW�GpYHORSSHU�GHV�ORLV�GH�FRPPDQGHSRXU� OHV� WURLV�YDQQHV��&HWWH�RSWLRQ�SUpVHQWH� OH�SUREOqPH�GH� GHYRLU� pWXGLHU� XQ� V\VWqPH� FRPSOH[H�� HWG
rWUH�SDUWLFXOLqUH�j�FKDTXH�V\VWqPH�GH�FDQDX[�LQWHUFRQQHFWpV��8QH�DXWUH�RSWLRQ�HVW�GH�GpYHORSSHU�GHVQRXYHOOHV�ORLV�GH�FRPPDQGH�SRXU�XQH�VHXOH�YDQQH�SDU�ELHI��FRPPH�F
HVW�JpQpUDOHPHQW�OH�FDV�GDQV�ODOLWWpUDWXUH��HQ�GpYHORSSDQW�SDU�H[HPSOH�XQH�FRPPDQGH�SDU�O
DPRQW�RX�SDU�O
DYDO��'DQV�FHWWH�GHX[LqPHRSWLRQ�OH�JDLQ�GH�SHUIRUPDQFH�OLp�j�OD�FRPPDQGH�GHV�GHX[�YDQQHV�G
XQ�ELHI�Q
H[LVWH�SOXV��GH�SOXV�DYHFXQH�VHXOH�YDQQH�LO�Q
HVW�SRVVLEOH�GH�FRPPDQGHU�TX
XQ�VHXO�QLYHDX�G
XQ�ELHI��WDQGLV�TXH�OHV�FRPPDQGHVGpYHORSSpHV�SHUPHWWHQW�OD�FRPPDQGH�VLPXOWDQpH�GH�GHX[�QLYHDX[�
8QH�WURLVLqPH�RSWLRQ�HQYLVDJHDEOH�HVW�G
XWLOLVHU�OHV�FRPPDQGHV�GHV�GHX[�YDQQHV�GpYHORSSpHV�SRXU�XQVHXO� ELHI�� HW� SRXU� OHV� YDQQHV� HQWUH� GHX[� ELHIV�� SRXU� OHVTXHOOHV� GHX[� FRPPDQGHV� RQW� pWp� FDOFXOpHV�XWLOLVHU� XQH� SRQGpUDWLRQ� GH� FHV� GHX[� FRPPDQGHV�� DYHF� XQ� FULWqUH� j� FKRLVLU�� &HWWH� GHUQLqUH� RSWLRQSUpVHQWH�FRPPH�SULQFLSDO�SUREOqPH�OD�GLIILFXOWp�GH�JDUDQWLU�OD�VWDELOLWp�GX�V\VWqPH�LQWHUFRQQHFWp�DLQVLFRPPDQGp��FDU�OD�SUHXYH�GH�VWDELOLWp�pWDEOLH�SRXU�FKDTXH�ELHI�QH�JDUDQWLW�SDV� OD�VWDELOLWp�GX�V\VWqPHFRPSOHW��HW�HQ�SOXV�OHV�FRPPDQGHV�DSSOLTXpHV�QH�FRUUHVSRQGHQW�SDV�DX[�FRPPDQGHV�TXL�JDUDQWLVVHQWOD� VWDELOLWp� GX� V\VWqPH�� SXLVTX
HOOHV� GpSHQGHQW� GHV� ELHIV� FRQWLJXV�� 3DU� FRQWUH� FHWWH� GHUQLqUH� RSWLRQSUpVHQWH� O
DYDQWDJH� GH� GpYHORSSHU� XQH� FRPPDQGH� VHPL�LQGpSHQGDQWH� SRXU� FKDTXH� ELHI�� TXL� VHUDLQWHUFRQQHFWpH�QDWXUHOOHPHQW�GX�IDLW�TX
HOOH��SUHQG�HQ�FRPSWH�OH�ELHI�VXLYDQW�
/D�GHUQLqUH�RSWLRQ�VHUD�XWLOLVpH�SDU� OD� VXLWH��FDU�HQ�SOXV�GHV�DYDQWDJHV�QDWXUHOV�TX
HOOH�SUpVHQWH�� HOOHSHUPHW�G
DSSOLTXHU�GLUHFWHPHQW�OHV�ORLV�GH�FRPPDQGH�GpYHORSSpHV�j�XQ�V\VWqPH�LQWHUFRQQHFWp��FH�TXLHVW�OH�EXW�SULQFLSDO�GH�FHWWH�SDUWLH�GX�WUDYDLO�
�������0RGqOH�SRXU�XQ�V\VWqPH�j�GHX[�ELHIV

/ /E
%LHI��D�

%LHI��E�
K� K� K� K�

4� 4�

)LJXUH������ &RQILJXUDWLRQ�V\VWqPH�j�GHX[�ELHIV
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3RXU�O
pWXGH�GH�FH�SUREOqPH�G
LQWHUFRQQH[LRQ�VHUD�XWLOLVp�SDU�OD�VXLWH�XQH�FRQILJXUDWLRQ�GH�FDQDO�j�GHX[ELHIV� WHO� TXH� VXU� OD� )LJXUH� ������ FRQVLGpUDQW� TXH� FHV� UpVXOWDWV� SRXUURQW� rWUH� H[WUDSROpV� j� GHVFRQILJXUDWLRQV�DYHF�XQ�QRPEUH�VXSpULHXU�GH�ELHIV�
/H� PRGqOH� XWLOLVp� VHUD�� FRPPH� SRXU� OD� FRPPDQGH� G
XQ� VHXO� ELHI�� XQ� PRGqOH� GH� GLPHQVLRQ� ILQLHREWHQXH� SDU� XQH�PpWKRGH� GH� FROORFDWLRQ� j� WURLV� SRLQWV� SRXU� FKDFXQ� GHV� ELHIV�� WHO� TXH� OH�PRQWUH� OD)LJXUH������

K� K� K�4� 4� 4� 
K� K� K�4� 4� 4�

2Q�FRQVLGqUH�TXH�OH�EXW�GH�OD�FRPPDQGH�HVWOD� UpJXODWLRQ� GX� QLYHDX� OH� ORQJ� GX� FDQDO�DXWRXU� G
XQ� pWDW� G
pTXLOLEUH ��� HH 4K SRXU� OHSUHPLHU�ELHI�HW� ��� HEHE 4K SRXU�OH�VHFRQG�
/HV�FRPPDQGHV�GDQV�FH�FDV�VRQW � )LJXUH������ &RQGLWLRQV�OLPLWHV�4DP ��4DY��SRXU�GHX[�ELHIV

������� �� 4X44X4X     �������
/H�V\VWqPH�V
pFULW�GDQV�FH�FDV�SDUWLFXOLHU��HQ�WHQDQW�FRPSWH�GHV�LQILOWUDWLRQV�GX�FDQDO��HW�HQ�LQWURGXLVDQWOH�WHUPH�GH�IULFWLRQ��DLQVL�TXH�OHV�FRPPDQGHV��SRXU�OH�SUHPLHU�ELHI��
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$YHF� � ������ KKK � HW�FRPPH�VRUWLHV��
®̄­ � � 

HE
HEKK\ KK\

��
�� �������

$�QRWHU�TXH�OHV�FRHIILFLHQWV�JpRPpWULTXHV�SHXYHQW�rWUH�GLIIpUHQWV�SRXU�OHV�GHX[�ELHIV��O
LQGLFH�E LQGLTXHOHV�SDUDPqWUHV�JpRPpWULTXHV�GX�VHFRQG�ELHI�
�������'pWHUPLQDWLRQ�GH�OD�FRPPDQGH
/H�FDOFXO�GH�OD�FRPPDQGH�VH�IDLW�GH�IDoRQ�LQGpSHQGDQWH�SRXU�FKDFXQ�GHV�GHX[�ELHIV��HQ�XWLOLVDQW�XQHGHV�GHX[�PpWKRGHV�GH�OLQpDULVDWLRQ�HQWUpH�VRUWLH��/D�YHUVLRQ�VWDWLTXH�VHUD�XWLOLVpH�SDU�OD�VXLWH�GDQV�XQVRXFL�GH�VLPSOLFLWp��PDLV�OD�YHUVLRQ�G\QDPLTXH�VHUD�DXVVL�WHVWpH�HQ�VLPXODWLRQ�
'DQV�FH�FDV�OHV�FRPPDQGHV�FDOFXOpHV�LQGpSHQGDPPHQW�SRXU�FKDTXH�ELHI�VHURQW��SRXU�OH�SUHPLHU�ELHI�D���

� � � �¹̧·©̈§ ����� HH KK.KK.%/T/4X ������ ������
� � � �¹̧·©̈§ ����� HHD KK.KK.%/T/4X ������ ������

�������
6RXV�OHV�FRQWUDLQWHV � � � � � %NJ/W\W\W ����� ��t� HW�� � � � � /,W\W\ d� �� �������
3RXU�OH�GHX[LqPH�ELHI��E���

� � � �¹̧·©̈§ ����� HEEHEEEEEEE KK.KK./%/T4X ������ ������ �������
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� � � �¹̧·©̈§ ����� HEEHEEEEEE KK.KK./%/T4X ������ ������

6RXV�OHV�FRQWUDLQWHV � � � � � EE
E%NJ/W\W\W ����� ��t� HW � � � � EE ,/W\W\ d� �� �������

/H�FDOFXO�GH�OD�FRPPDQGH�FRPPXQH�X��HVW�SURSRVp�FRPPH�XQH�SRQGpUDWLRQ�GH�OD�IDoRQ�VXLYDQWH �� � � � ED XISXISX ��� ��� �������
2X�IS HVW�XQ�IDFWHXU�GH�SRQGpUDWLRQ�DYHF�XQH�YDOHXU�FRPSULVH�HQWUH���HW���
'RQF�

� � � � � �
� � � � � � ¸̧¹·¨̈©§ ¹̧·©̈§ �������

¸̧¹·¨̈©§ ¹̧·©̈§ ����� 
HEEHEEEEEE

HH
KK.KK./%/T4IS

KK.KK.%/T/4ISX
�����
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������ �������

'HX[�FDV�SDUWLFXOLHUV�VH�SUpVHQWHQW�LFL��
�� 3RXU� XQ� IDFWHXU� GH� SRQGpUDWLRQ� pJDO� j� ��� DXX ��  �� GRQF� OD� FRPPDQGH� GX� SUHPLHU� ELHI� HVWLGHQWLTXH�j�OD�FRPPDQGH�SRXU�XQ�ELHI�VHXO��HW�OH�GHX[LqPH�ELHI�VHUD�DORUV�FRPPDQGp�SDU�VD�YDQQHDYDO�� OD�FRPPDQGH�GH� OD�YDQQH�FHQWUDOH� pWDQW�SRXU� OXL�XQH�SHUWXUEDWLRQ��&H�FDV�FRUUHVSRQG�j� ODFRPPDQGH�GLWH�SDU� O©DPRQW��1RWRQV� LFL�TXH� OD� VWDELOLWp�GX�SUHPLHU�ELHI�Q
HVW�SDV�DIIHFWpH�SDU� OHGHX[LqPH��WDQGLV�OH�GHX[LqPH�ELHI�VH�WURXYH�GDQV�OD�FRQILJXUDWLRQ�OD�SOXV�FULWLTXH�SRXU�OD�VWDELOLWpFDU�LO�FRQVHUYH�XQH�VHXOH�GH�FHV�GHX[�FRPPDQGHV�
�� '©XQ�DXWUH�F{Wp�SRXU�XQ�IDFWHXU�GH�SRQGpUDWLRQ�pJDO�j�]pUR�� EXX ��  ��DORUV�FH�VHUD�OH�GHX[LqPHELHI� TXL� VHUD� FRPPDQGp� SDU� OHV� GHX[� YDQQHV�� HW� OH� SUHPLHU� SDU� VD� YDQQH� DPRQW�� FH� FDVFRUUHVSRQGDQW�j�OD�FRPPDQGH�GLWH�SDU�O©DYDO��'H�OD�PrPH�IDoRQ�TXH�SRXU�OH�SUHPLHU��OD�VWDELOLWp�GXVHFRQG�ELHI�QH�VH�YRLW�SDV�DIIHFWpH�� WDQGLV�TXH� OH�SUHPLHU�ELHI�VH� WURXYH�GDQV� OD�FRQILJXUDWLRQ�ODSOXV�FULWLTXH�
$ILQ� GH� GRQQHU� XQH� LGpH� SOXV� SUpFLVH� GX� FRPSRUWHPHQW� j� DWWHQGUH� GH� FH� W\SH� GH� FRPPDQGHV�� RQSURSRVH�GDQV�FH�TXL�VXLW�XQH�pWXGH�GH�VWDELOLWp�FRUUHVSRQGDQWH�DX�SUHPLHU�FDV��IS ���
�������&DV�SDUWLFXOLHU�GH�OD�FRPPDQGH�SDU�O©DPRQW
2Q�FRQVLGqUH�LFL�OH�FDV� IS  ���
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2Q�SHXW�REWHQLU�SDU�H[HPSOH�XQH�UHODWLRQ�HQWUH�OH�QLYHDX�G
pTXLOLEUH�DPRQW�HW�DYDO��� �
E

HEEEHEH . K..K.K �
����� �� ��� �������

0DLV� LFL� OHV�SRVVLELOLWpV� VRQW� LQILQLHV�FDU� OHV� UHODWLRQV�REWHQXHV�SRXU� FHV� YDULDEOHV� VRQW� OLQpDLUHPHQWGpSHQGDQWHV�HQWUH�HOOHV�
'DQV�OHV�SRVVLELOLWpV�H[LVWDQWHV�RQ�D�SDU�H[HPSOH� HEH KK  � HW�GDQV�FH�FDV� HEH KK  � ��TXL�LQGLTXH�TXH�ODFRQVLJQH� GH� QLYHDX� HEK SHXW� rWUH� XQ� SRLQW� G
pTXLOLEUH�� 3DU� FRQWUH� LO� HVW� DXVVL� SRVVLEOH� TXHG� HEH KK� ��R��OH�WHUPH� G LQGLTXH�XQ�pFDUW�SDU�UDSSRUW�j�OD�YDOHXU�G
pTXLOLEUH�YRXOXH��GDQV�FH�FDV

GEEHEH ..KK �
�� �� ��(Q�VXSSRVDQW�TXH� EE .. ��  ��FH�TXL�HVW�OH�FDV�SRXU�OHV�VLPXODWLRQV�IDLWHV��FHOD

UHYLHQW�j� G�� � HEH KK �
'
XQ�DXWUH�F{Wp�OHV�pTXDWLRQV�PRQWUHQW�TXH�OH�GpELW�HVW�j�O
pTXLOLEUH�SRXU��

T//T44 EEHHE ���� �� �������
&
HVW�OD�YDOHXU�QpFHVVDLUH�SRXU�VDWLVIDLUH�O
pTXDWLRQ�GH�FRQWLQXLWp�GHV�GHX[�ELHIV�j�O
pTXLOLEUH�
/D�YDOHXU�GH� HK� HVW�GH�VRQ�F{Wp�SOXV�GLIILFLOH�j�pYDOXHU�FDU�HOOH�GpSHQG�GH�O
pTXDWLRQ�GH�OD�G\QDPLTXHGX�GpELW��OD�VHXOH�FKRVH�IDFLOH�j�LQGLTXHU�HVW�TX
HOOH�GpSHQG�GH�O
LQILOWUDWLRQ�HW�SHXW�GRQF�rWUH�GLIIpUHQWHGHV�GHX[�DXWUHV�
(WDQW� GRQQp� TX
DXFXQH� SUHXYH� GH� VWDELOLWp� JOREDOH� Q
D� SX� rWUH� pWDEOLH� MXVTX
j� SUpVHQW� RQ� pWXGLHUD� ODVWDELOLWp� ORFDOH��DXWRXU�G
XQ�SRLQW�G
pTXLOLEUH�JpQpUDO� HEHH 4KK �� �� ��HW�SRXU� VLPSOLILHU� OHV�H[SUHVVLRQV�OHV�UHODWLRQV�PRQWUpHV�SUpFpGHPPHQW�VHURQW�XWLOLVpHV�
���������6LPSOLILFDWLRQ�GX�V\VWqPH
2Q�XWLOLVH�OH�FKDQJHPHQW�GH�YDULDEOH�� � ���� �� KKK ��� � �������

�� KK+ ��� � �������� � � � � ���� ���� KKKK++ ���� �������
6L�OH�V\VWqPH�HVW�LQLWLDOHPHQW�j�O
pTXLOLEUH
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&RQGLWLRQ�TXL�UHVWH�YUDLH�VHXOHPHQW�SRXU�GHV�LQILOWUDWLRQV�GH�IDLEOH�DPSOLWXGH�
6L� �zG �� RQ� REVHUYH� G
DSUqV� ������� TXH� VL� ��G �� DORUV� OD� FRQGLWLRQ� GH� VWDELOLWp� HVW� SOXVIDFLOHPHQW�JDUDQWLH��WDQGLV�TXH�VL� �!G ��OD�FRQGLWLRQ�HVW�PRLQV�IDFLOHPHQW�JDUDQWLH��2Q�SHXWGRQF�FRQFOXUH�TXH�FHWWH�FRQGLWLRQ�SHXW�rWUH�VDWLVIDLWH�VHORQ�O
DPSOLWXGH�GH�O
LQILOWUDWLRQ� ET SDUUDSSRUW� j� OD� FRQILJXUDWLRQ� G
pTXLOLEUH� FRQVLGpUp� GX� FDQDO� �HW� QRWDPPHQW� O
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2Q�REVHUYH�VXU�OD�FRQGLWLRQ�TXH�VL� � G DORUV�WRXV�OHV�WHUPHV�GH�GURLWH�VRQW�SRVLWLIV��FH�TXLLQGLTXH� TXH� OHV� FRQFOXVLRQV� LFL� VRQW� DQDORJXHV� j� OD� SUHPLqUH� FRQGLWLRQ�� F
HVW�j�GLUH� TXH� ODFRQGLWLRQ�HVW�VDWLVIDLWH�SRXU�GHV�LQILOWUDWLRQV�SRVLWLYHV�RX�QpJDWLYHV�GH�IDLEOH�DPSOLWXGH��'
XQDXWUH� F{Wp� OH� WHUPH� G D� OH� PrPH� HIIHW�� F
HVW�j�GLUH� TXH� GHV� YDOHXUV� QpJDWLYHV� WHQGHQW� jIDYRULVHU�OD�VWDELOLWp�GX�V\VWqPH�HW�GHV�YDOHXUV�SRVLWLYHV�j�OD�GpIDYRULVHU�
(Q�FRQFOXVLRQ�j� FHWWH� DQDO\VH�GH�VWDELOLWp�RQ�SHXW� GLUH�TXH� OH� VHFRQG�ELHI� FRPPDQGp�SDU� XQH� VHXOHFRPPDQGH�UHVWH�VWDEOH�ORFDOHPHQW�DXWRXU�G
XQ�SRLQW�G
pTXLOLEUH��VRXV�FHUWDLQHV�FRQGLWLRQV�SUpFLVHV�GHUHODWLRQ�HQWUH�O
LQILOWUDWLRQ�HW�FHW�pTXLOLEUH��$�SURSRV�GH�FHW�pTXLOLEUH��LO�HVW�SRVVLEOH�G
DMRXWHU�TXH�SOXVOD�SHQWH�GH�OD�VXUIDFH�GH�O
HDX�VHUD�IRUWH��SOXV�OH�V\VWqPH�DXUD�WHQGDQFH�j�VH�VWDELOLVHU��SDU�FRQWUH�TXDQGOD�VXUIDFH�GH� O
HDX�GHYLHQW�SODQH� OD� VWDELOLWp�HVW�PRLQV�JDUDQWLH��&H�TXL� V
DSSURFKH�GHV�FRQGLWLRQV�GHVWDELOLWp�FDOFXOpHV�SRXU�XQ�ELHI� VHXO� �R��RQ�DYDLW� XQH�FRQGLWLRQ� VXU� OD�GLIIpUHQFH�GH�QLYHDX[�GDQV� OHPrPH�VHQV���'H�SOXV�LO�HVW�ORJLTXH�GH�SHQVHU�TXH�V
LO�H[LVWH�XQH�LQILOWUDWLRQ�QpJDWLYH�JUDQGH��DORUV�RQ�DEHVRLQ�GH�SOXV�G
HDX�j�O
DPRQW�SRXU�FRPSHQVHU�FHWWH�LQILOWUDWLRQ��GRQF�FHWWH�FRQGLWLRQ�YD�GDQV�OH�VHQVGHV�FDUDFWpULVWLTXHV�SK\VLTXHV�GH�FH�V\VWqPH�K\GUDXOLTXH�
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,O�HVW�DXVVL�LPSRUWDQW�GH�QRWHU�TXH�PrPH�VL�OH�V\VWqPH�SRVVqGH�XQH�PXOWLSOLFLWp�GHV�SRLQWV�G
pTXLOLEUH�SRXU�XQ�SRLQW�G
pTXLOLEUH�GRQQp�OD�YDOHXU�GX�QLYHDX�j�O
DPRQW�GLIIpUHUD�GH�OD�YDOHXU�GX�QLYHDX�j�O
DYDOGDQV�GHV�SURSRUWLRQV�LQYHUVHV��&HOD�LQGLTXH�TXH�SRXU�WRXW�SRLQW�G
pTXLOLEUH��OH�QLYHDX�VXU�XQ�SRLQW�GXFDQDO�VHUD�FHOXL�LQGLTXp�SDU�OD�FRQVLJQH��HW�FH�SRLQW�VHUD�SODFp�SOXV�RX�PRLQV�DX�����GH�OD�ORQJXHXU�HQSDUWDQW�GH�O
DPRQW��3DU�FRQWUH�RQ�UHYRLW�LFL�OH�IDLW�TX
LO�QH�VRLW�SDV�SRVVLEOH�GH�FRQWU{OHU�H[DFWHPHQW�OHQLYHDX�DX[�GHX[�H[WUpPLWpV�GX�ELHI�DYHF�XQH�VHXOH�FRPPDQGH�
�������9DOLGDWLRQ�GH�OD�FRPPDQGH�VXU�ELHIV�LQWHUFRQQHFWpV
3RXU�YDOLGHU�OD�FRPPDQGH�VXU�GHV�ELHIV�LQWHUFRQQHFWpV�OH�SURFpGp�VHUD�VLPLODLUH�j�FHOXL�XWLOLVp�SRXU�OHVYDOLGDWLRQV�SUpFpGHQWHV��'DQV�XQ�SUHPLHU�WHPSV�GHV�VLPXODWLRQV�VHURQW�IDLWHV�SRXU�XQ�V\VWqPH�j�GHX[ELHIV�LQWHUFRQQHFWpV�DYHF�OH�PRGqOH�XWLOLVp�SRXU�GHV�FDOFXOV�WKpRULTXHV��HQVXLWH�VHURQW�IDLWHV�OHV�PrPHVVLPXODWLRQV�SRXU�XQ�PRGqOH�SOXV�SUpFLV��3UHLVVPDQQ���HW�VHURQW�DMRXWpHV�OHV�pTXDWLRQV�GHV�YDQQHV��OHVYDOHXUV�REVHUYpHV�HW�OD�FRPPDQGH�G\QDPLTXH��WRXW�FHOD�HQ�SURGXLVDQW�XQH�YDULDWLRQ�GH�OD�FRQVLJQH�GHQLYHDX[� GHV� GHX[� ELHIV�� (QVXLWH� VHUD� WHVWpH� OD� FDSDFLWp� GH� UHMHW� GH� SHUWXUEDWLRQ� GX� V\VWqPH� HQLQWURGXLVDQW�XQH�SULVH�ODWpUDOH�VXU�XQ�GHV�ELHIV�HW�HQ�REVHUYDQW�OD�YDULDWLRQ�TXL�DSSDUDvW�VXU�OHV�QLYHDX[�HQ�FRPSDUDLVRQ�DYHF�XQ�PRGqOH�VDQV�FRPPDQGH��RXYHUWXUH�GHV�YDQQHV�IL[H��
���������9DOLGDWLRQ�VXU�PRGqOH�SDU�FROORFDWLRQ�j�WURLV�SRLQWV
/HV� ILJXUHV� VXLYDQWHV� PRQWUHQW� OHV� UpVXOWDWV� GH� VLPXODWLRQ� SRXU� XQ� V\VWqPH� GH� GHX[� ELHIVLQWHUFRQQHFWpV�GH���.P�GH�ORQJ�FKDFXQ����P�GH�ODUJH������GH�SHQWH�HW�XQ�FRHIILFLHQW�GH�6WULFNOHU�GH����FHV�YDOHXUV�VHURQW�XWLOLVpHV�SRXU�WRXWHV�OHV�VLPXODWLRQV�GH�FHWWH�SDUWLH���&HV�GHX[�ELHIV�VHURQW�VRXPLV�jXQH�YDULDWLRQ�GH�FRQVLJQH�GH�������HQ�XWLOLVDQW� OD� FRPPDQGH�SDU� OLQpDULVDWLRQ�HQWUpH�VRUWLH� VWDWLTXHGRQW�OD�YDOHXU�GH�OD�YDQQH�GX�PLOLHX�VHUD�SRQGpUpH�FRPPH�LQGLTXH�GDQV�OD�VHFWLRQ��������7URLV�YDOHXUVGX�IDFWHXU�GH�SRQGpUDWLRQ�VHURQW�XWLOLVpHV�LFL����������HW���
/D� )LJXUH� ���� PRQWUH� O
pYROXWLRQ� GX� QLYHDX� SRXU� OH� V\VWqPH� pQRQFp� HQ� XWLOLVDQW� XQ� IDFWHXU� GHSRQGpUDWLRQ�SRXU�OD�FRPPDQGH�GH����FH�TXL�FRUUHVSRQG�j�XQH�FRPPDQGH�SDU�O
DYDO��F
HVW�j�GLUH�TXH�OHELHI�DYDO�VHUD�FRPPDQGp�DYHF�OHV�GHX[�YDQQHV�HW�OH�ELHI�DPRQW�VHUD�FRPPDQGp�SDU�VHXOHPHQW�VD�YDQQHDPRQW��� /HV� UpVXOWDWV� REVHUYpV� FRUUHVSRQGHQW� ELHQ� DX[� DWWHQWHV� FDU� OD� VLPXODWLRQ� GX� ELHI� DYDO� HVWLGHQWLTXH�j�FHOOH�G
XQ�ELHI�VHXO��WDQGLV�TXH�SRXU�OH�ELHI�DPRQW�OHV�WUDQVLWRLUHV�VRQW�SOXV�ORQJV��VXUWRXWVXU�OH�QLYHDX�SURFKH�GH�OD�YDQQH�FHQWUDOH�
/D�)LJXUH����� PRQWUH�TXDQW�j�HOOH� O
pYROXWLRQ�GX�QLYHDX�SRXU�FH�V\VWqPH�HQ�XWLOLVDQW�XQ� IDFWHXU�GHSRQGpUDWLRQ�SRXU�OD�FRPPDQGH�GH�������GDQV�FH�FDV�OHV�GHX[�ELHIV�DWWHLJQHQW�OD�QRXYHOOH�FRQVLJQH��GHIDoRQ�UHODWLYHPHQW�VLPLODLUH�
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���

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�YDULDWLRQ�GH�FRQVLJQH�GH�QLYHDX�GH������DYHF�PRGqOHSDU�FRORFDWLRQ�j���SRLQWV�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH�HW�IDFWHXU�GH�SRQGpUDWLRQ����FRPPDQGHSDU�O
DYDO��

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�YDULDWLRQ�GH�FRQVLJQH�GH�QLYHDX�GH������DYHF�PRGqOHSDU�FRORFDWLRQ�j���SRLQWV�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH�HW�IDFWHXU�GH�SRQGpUDWLRQ�����

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�YDULDWLRQ�GH�FRQVLJQH�GH�QLYHDX�GH������DYHF�PRGqOHSDU�FRORFDWLRQ�j���SRLQWV�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH�HW�IDFWHXU�GH�SRQGpUDWLRQ����FRPPDQGHSDU�O
DPRQW��/D�)LJXUH����� PRQWUH�DORUV�OD�PrPH�VLPXODWLRQ�HQ�XWLOLVDQW�XQ�IDFWHXU�GH�SRQGpUDWLRQ�GH����'DQV�FHFDV�OD�FRPPDQGH�FRUUHVSRQG�j�XQH�FRPPDQGH�SDU�O
DPRQW��HW�GH�IDoRQ�DQDORJXH�j�OD�FRPPDQGH�SDU
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���
O
DYDO�OH�UpVXOWDW�GX�ELHI�DPRQW�HVW�LGHQWLTXH�j�FHOXL�G
XQ�ELHI�VHXO��WDQGLV�TXH�OH�ELHI�DYDO�DWWHLQW�SOXVOHQWHPHQW�OD�QRXYHOOH�FRQVLJQH�
,O� HVW� GRQF� SRVVLEOH� GH� FRQFOXUH� TXH� OH� V\VWqPH� j� GHX[� ELHIV� LQWHUFRQQHFWpV�� FRPPDQGp� SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH��VDWLVIDLW�GH�IDoRQ�DFFHSWDEOH�OHV�FKDQJHPHQWV�GH�FRQVLJQH�LPSRVpV�'H�SOXV�RQ�UHWURXYH�LFL�OHV�FDUDFWpULVWLTXHV�DWWHQGXHV�VXLYDQW�OH�IDFWHXU�GH�SRQGpUDWLRQ�XWLOLVp��F
HVW�j�GLUH��GDQV�OD�FRPPDQGH�SDU�O
DPRQW�OH�SUHPLHU�ELHI�DWWHLQW�SOXV�UDSLGHPHQW�OD�QRXYHOOH�FRQVLJQH��GDQVOD�FRPPDQGH�SDU�O
DYDO�F
HVW�OH�VHFRQG�TXL�DWWHLQW�SOXV�UDSLGHPHQW�OD�QRXYHOOH�FRQVLJQH��HW��SRXU�XQHFRPPDQGH�TX
RQ�DSSHOOHUD�LQWHUPpGLDLUH�OHV�GHX[�ELHIV�UpSRQGHQW�DYHF�GHV�YLWHVVHV�VLPLODLUHV��$�QRWHUDX�SDVVDJH�TXH�F
HVW�SRXU�FHWWH�GHUQLqUH�TXH�O
HUUHXU�GHV�WUDQVLWRLUHV�HVW�OD�SOXV�SHWLWH�VXU�OHV�GHX[�ELHIV�
'DQV�XQ�VRXFL�GH�VLPSOLILFDWLRQ�GX�WH[WH��HVW�GH�FRUUHVSRQGDQFH�DYHF�OHV�pWXGHV�WKpRULTXHV�UpDOLVpHV�VHXOV�OHV�UpVXOWDWV�REWHQXV�DYHF�OD�FRPPDQGH�SDU�O
DPRQW��IS ���VHURQW�SUpVHQWpV�SDU�OD�VXLWH�
���������9DOLGDWLRQ�VXU�PRGqOH�GH�3UHLVVPDQQ�j����VHFWLRQV
/H�EXW�GH�FHWWH�VHFWLRQ�HVW�GH�PRQWUHU� OD� UREXVWHVVH�GH� OD�FRPPDQGH��YLV�j�YLV�GX�PRGqOH�XWLOLVp�HQVLPXODWLRQ�HW�GHV� HUUHXUV�GH�PHVXUH�RX�HVWLPDWLRQ�� DLQVL� TXH� WHVWHU� O
XWLOLVDWLRQ� GH� OD� FRPPDQGH�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�TXL�HOOH�Q
D�SDV�pWp�DQDO\VpH�WKpRULTXHPHQW�
/D�)LJXUH����� SUpVHQWH�OD�VLPXODWLRQ�GX�PrPH�ELHI�DYHF�OH�VLPXODWHXU�GH�3UHLVVPDQQ�j����VHFWLRQV�DYHF�XQH�FRPPDQGH�SDU�O
DPRQW��&HWWH�VLPXODWLRQ�PRQWUH�GHV�UpVXOWDWV�VLPLODLUHV�j�FHOOH�GX�VLPXODWHXUSDU�FROORFDWLRQ���RQ�REVHUYH�ELHQ�LFL�TXH�OH�ELHI�DPRQW�DWWHLQW�OD�QRXYHOOH�YDOHXU�GH�UpIpUHQFH�FRPPHXQ�ELHI�VHXO��WDQGLV�TXH�OH�VHFRQG�ELHI�SUpVHQWH�GHV�WUDQVLWRLUHV�SOXV�ORQJV�HW�GH�SOXV�JUDQGH�DPSOLWXGH�PDLV�DWWHLQW�WRXW�GH�PrPH�OD�QRXYHOOH�FRQVLJQH��&HOD�QRXV�PRQWUH�TXH�OD�FRPPDQGH�HVW�ELHQ�UREXVWHSDU� UDSSRUW� DX� PRGqOH� GH� VLPXODWLRQ� XWLOLVp�� HW� LO� HVW� SRVVLEOH� GH� SHQVHU� j� OD� SRVVLELOLWp� GH� VRQXWLOLVDWLRQ�VXU�XQ�V\VWqPH�UpHO�

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�YDULDWLRQ�GH�FRQVLJQH�GH�QLYHDX�GH������DYHF�PRGqOHGH�3UHLVVPDQQ�j����VHFWLRQV�HW�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�VWDWLTXH�HW�IDFWHXU�GH�SRQGpUDWLRQ���FRPPDQGH�SDU�O
DPRQW��
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���
3DU�OD�VXLWH�SOXVLHXUV�DXWUHV�WHVWV�RQW�pWp�IDLWV�WRXMRXUV�SRXU�pYDOXHU�OD�UREXVWHVVH�GH�OD�FRPPDQGH��HQDMRXWDQW�SOXV�RX�PRLQV�GH�UpDOLVPH�DX�VLPXODWHXU��/D�)LJXUH����� UpVXPH�WRXW�FHOD��FDU�HOOH�SUpVHQWH�ODVLPXODWLRQ�GX�PrPH�ELHI�DYHF� OH� VLPXODWHXU�GH�3UHLVVPDQQ�j����VHFWLRQV��DYHF�SULVH�HQ�FRPSWH�GHVpTXDWLRQV�GH�YDQQHV��HW�XWLOLVDWLRQ�GH�O
REVHUYDWHXU�GH�GpELW�HW�LQILOWUDWLRQ�HQ�SUpVHQFH�G
HUUHXUV�HW�GHEUXLW�GH�PHVXUH��/
HVWLPDWLRQ�GH�O
LQILOWUDWLRQ�D�pWp�ILOWUpH�FRPPH�GDQV�OH�FDV�GHV�VLPXODWLRQV�SRXU�XQELHI�VHXO��HW�OH�WRXW�HVW�FRPPDQGp�DYHF�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�G\QDPLTXH�

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�YDULDWLRQ�GH�FRQVLJQH�GH�QLYHDX�GH������DYHF�PRGqOHGH�3UHLVVPDQQ�j����VHFWLRQV��pTXDWLRQV�GHV�YDQQHV��REVHUYDWHXU��DYHF�HUUHXU�HW�EUXLW���FRPPDQGH�SDU�OLQpDULVDWLRQHQWUpH�VRUWLH�G\QDPLTXH�HW�IDFWHXU�GH�SRQGpUDWLRQ����FRPPDQGH�SDU�O
DPRQW��/H� UpVXOWDW�REWHQX�HVW� WUqV� VDWLVIDLVDQW��$�QRWHU� TXH� OD� QRXYHOOH� FRQVLJQH� HVW� DWWHLQWH� GDQV�XQ� WHPSVSURFKH�GH�FHOXL�GH�OD�VLPXODWLRQ�DYHF�XQ�PRGqOH�SOXV�VLPSOH�HW�TXH�O
DPSOLWXGH�HW�GXUpH�GHV�WUDQVLWRLUHVVRQW� DFFHSWDEOHV��2Q�REVHUYH� LFL�GHV�SHWLWHV� RVFLOODWLRQV� UpVLGXHOOHV� GXHV� SULQFLSDOHPHQW� j� O
HIIHW� GXEUXLW�GH�PHVXUH�VXU�O
REVHUYDWHXU��FRPSDUDEOHV�DX�FDV�G
XQ�ELHI�VHXO�
(Q�FRQFOXVLRQ�LO�HVW�ELHQ�SRVVLEOH�GH�FRPPDQGHU�GHX[�ELHIV�GH�FDQDO�HQ�XWLOLVDQW�OHV�FRPPDQGHV�SDUOLQpDULVDWLRQ�HQWUpH�VRUWLH��GRQW�OD�YDOHXU�GH�OD�FRPPDQGH�FRPPXQH�HVW�SRQGpUpH��HW�FHWWH�FRQFOXVLRQVHPEOH�SRXYRLU�V
pWHQGUH�j�XQ�SOXV�JUDQG�QRPEUH�GH�ELHIV��0LV�j�SDUW�OH�IDLW�TXH�OHV�FRQGLWLRQV�VXU�ODVWDELOLWp�GHYLHQQHQW�GH�SOXV�HQ�SOXV�FRPSOH[HV�j�PHVXUH�TXH�GHV�ELHIV�VRQW�DMRXWpV�
4XHOTXHV�UHPDUTXHV�VRQW�FHSHQGDQW�j�IDLUH�LFL��/D�SUHPLqUH�HVW�TXH�OH�FKRL[�GH�OD�YDOHXU�GX�IDFWHXU�GHSRQGpUDWLRQ� HVW� j� SUHQGUH� HQ� FRPSWH� SRXU� XQH� H[WHQVLRQ� j� SOXV� GH� ELHIV�� FDU� VL� SRXU� GHX[� ELHIV� LOVHPEOH�TXH�WRXWH�YDOHXU�GH�IDFWHXU�GH�SRQGpUDWLRQ�HQWUH���HW���HVW�XWLOLVDEOH��PLV�j�SDUW�TXH�VHXO�O
pWXGHWKpRULTXH�SRXU� � IS D� pWp� UpDOLVpH��� SRXU�SOXV� GH� ELHIV� FHOD� Q
HVW� SDV� IRUFHPHQW� YUDL�� 3UHQRQV� SDUH[HPSOH� OH� FDV� GH� WURLV� ELHIV� HW� XQ� IDFWHXU� GH� SRQGpUDWLRQ� GH� ���� �� GDQV� FH� FDV� OH� ELHI� FHQWUDO� VHUDFRPPDQGp�SDU�GHX[�GHPL�FRPPDQGHV��SDU�FRQWUH�OH�FKRL[�G
XQ�IDFWHXU�GH�SRQGpUDWLRQ���RX�� SHUPHWG
DYRLU�DX�PRLQV�XQH�FRPPDQGH�SDU�ELHI�
/D�VHFRQGH�UHPDUTXH�HVW�TXH�TXHOTXHV�SUREOqPHV�VRQW�DSSDUXV�ORUV�GH�OD�VLPXODWLRQ�HQ�SUpVHQFH�GHVpTXDWLRQV� GHV� YDQQHV� DYHF� XQ� IDFWHXU� GH� SRQGpUDWLRQ� ]pUR�� &HV� SUREOqPHV� VRQW� VHPEOH�W
LO
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SULQFLSDOHPHQW�GXV�D�OD�VWUXFWXUH�VLPSOLILpH�GX�VLPXODWHXU�GHV�YDQQHV��,OV�DSSDUDLVVHQW�HQ�HIIHW�TXDQGOH�QLYHDX�GX�ELHI�DYDO�HVW�WUqV�SURFKH�GX�QLYHDX�GX�ELHI�DPRQW��FDV�SRXU�OHTXHO�OHV�pTXDWLRQV�GHV�YDQQHVVLPXOpHV�QH�VRQW�SDV�VXIILVDPPHQW�SUpFLVHV�
���������5HMHW�GH�SHUWXUEDWLRQ�SDU�SULVHV�ODWpUDOHV
&HWWH�GHUQLqUH�VHFWLRQ�HVW�GpGLpH�j�O
pWXGH�GH�O
HIIHW�G
XQH�SHUWXUEDWLRQ�VRXV�IRUPH�GH�SULVH�ODWpUDOH�VXUOH�V\VWqPH��3RXU�FHOD�OD�)LJXUH����� PRQWUH�OD�VLPXODWLRQ�GH�O
pYROXWLRQ�GX�QLYHDX�GX�V\VWqPH�GH�GHX[ELHIV��DYHF�XQH�SULVH�ODWpUDOH�DX�VHFRQG�ELHI�HW�OHV�YDQQHV�HQ�SRVLWLRQ�IL[H��OHVTXHOOHV�SURFXUHQW�OH�GpELWQpFHVVDLUH�SRXU�OH�V\VWqPH�j�O
pTXLOLEUH���'DQV�FH�FDV�OHV�QLYHDX[�DX[�H[WUpPLWpV�GX�VHFRQG�ELHI�� �K HW
�K ��GLPLQXHQW�SURJUHVVLYHPHQW�MXVTX
j�XQH�DXWUH�YDOHXU�G
pTXLOLEUH�LQIpULHXUH�

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�SULVH�ODWpUDOH�DX�VHFRQG�ELHI��DYHF�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV��VDQV�FRPPDQGH��SRVLWLRQ�IL[H�GHV�YDQQHV��

)LJXUH������ (YROXWLRQ�GX�QLYHDX��VXU�GHX[�ELHIV�VRXPLV�j�XQH�SULVH�ODWpUDOH�DX�VHFRQG�ELHI��DYHF�PRGqOH�GH3UHLVVPDQQ�j����VHFWLRQV��pTXDWLRQV�GHV�YDQQHV��REVHUYDWHXU��DYHF�HUUHXU�HW�EUXLW���FRPPDQGH�SDU�OLQpDULVDWLRQHQWUpH�VRUWLH�G\QDPLTXH�HW�IDFWHXU�GH�SRQGpUDWLRQ����FRPPDQGH�SDU�O
DPRQW��
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/D�)LJXUH����� PRQWUH�TXDQW�j�HOOH� O
pYROXWLRQ�GX�QLYHDX�VXU� OH�PrPH�ELHI�HW� OD�PrPH�SULVH�ODWpUDOHDYHF� OH� QLYHDX� GX� ELHI� UpJXOp� SDU� OD� FRPPDQGH� SDU� OLQpDULVDWLRQ� HQWUpH�VRUWLH� G\QDPLTXH�� HW� DYHFO
REVHUYDWHXU�GH� GpELW� HW� LQILOWUDWLRQ��'DQV�FH� FDV� OHV� QLYHDX[� DX[� H[WUpPLWpV� GX� VHFRQG� ELHI� UHVWHQWFRQVWDQWV��HQ�UHVSHFWDQW�OD�FRQVLJQH�GH�QLYHDX��&HOD�PRQWUH�ELHQ�OD�FDSDFLWp�GH�OD�FRPPDQGH�j�UHMHWHUOHV�SHUWXUEDWLRQV�GXHV�DX[�SULVHV�ODWpUDOHV��,O�IDXW�HQ�SOXV�UHPDUTXHU�OH�IDLW�TXH�OD�SULVH�ODWpUDOH�j�pWpYRORQWDLUHPHQW�SODFpH�VXU�OH�ELHI�FRPPDQGp�SDU�XQH�VHXOH�YDQQH�
�������&RQFOXVLRQV
/HV� FRQFOXVLRQV� VXU� OHV� pWXGHV� GX� V\VWqPH� GH� ELHIV� LQWHUFRQQHFWpV� DYHF� XQH� FRPPDQGH� SRQGpUpSHXYHQW�VH�UpVXPHU�FRPPH�VXLW��
� /D�VWDELOLWp�G
XQ�WHO�V\VWqPH�HVW�FRQGLWLRQQpH�SDU�OD�YDOHXU�GH�O
LQILOWUDWLRQ�SDU�UDSSRUW�j�O
pTXLOLEUHFRQVLGpUp��&HFL�SHXW�G
XQH�FHUWDLQH�IDoRQ�VHPEOHU�SpQDOLVDQW�PDLV�VHPEOH�QpDQPRLQV�UHMRLQGUH�OHVOLPLWDWLRQV�SK\VLTXHV�SURSUHV�GX�V\VWqPH�
� /HV�VLPXODWLRQV�PRQWUHQW�TXH�OH�FRPSRUWHPHQW�GH�OD�FRPPDQGH�HVW�VDWLVIDLVDQW�� WDQW�GX�SRLQW�GHYXH�G
XQ�FKDQJHPHQW�GH�FRQVLJQH��TXH�GH�FHOXL�GX�UHMHW�GH�SHUWXUEDWLRQ�
� /H� V\VWqPH� HVW� UREXVWH� FDU� LO� IRQFWLRQQH� ELHQ� VXU� XQ� VLPXODWHXU� UpDOLVWH� HW� DYHF� OH� FRXSODJH� GHO
REVHUYDWHXU�DYHF�OD�FRPPDQGH�
� /HV� FRQFOXVLRQV� REWHQXHV� VXU� XQ� V\VWqPH� j� GHX[�ELHIV� VHPEOHQW� SRXYRLU� V
pWHQGUH� j� XQ� QRPEUHVXSpULHXU�GH�ELHIV��PDLV�LO�IDXW�DQDO\VHU�DYHF�DWWHQWLRQ�OH�FKRL[�GX�IDFWHXU�GH�SRQGpUDWLRQ�
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%LHQ� TXH� OHV� FRQFOXVLRQV� SDUWLFXOLqUHV� j� FKDTXH� SRLQW� DLHQW� pWp� GpMj� LQGLTXpHV�� LO� VHUD� IDLW� LFL� XQHUpFDSLWXODWLRQ�GHV�FRQFOXVLRQV�OHV�SOXV�LPSRUWDQWHV�GH�O
pWXGH�UpDOLVpH��(W��SDU�OD�VXLWH�VHURQW�LQGLTXpHVOHV�PXOWLSOHV�YRLHV�TXL�VH�VRQW�RXYHUWHV�FRPPH�VXLWH�GH�FH�VXMHW�
&RQFOXVLRQV
'HX[�SRLQWV�RQW�pWp�JOREDOHPHQW�pWXGLpV��OD�PRGpOLVDWLRQ�G
XQ�V\VWqPH�K\GUDXOLTXH�SDU�XQH�PpWKRGHGH�FROORFDWLRQ�HW�OD�FRPPDQGH�GX�PRGqOH�REWHQX�SDU�GHV�PpWKRGHV�QRQ�OLQpDLUHV�
/D�PRGpOLVDWLRQ�G
XQ�V\VWqPH�K\GUDXOLTXH�GH�FDQDX[�RXYHUWV�SDU�XQH�PpWKRGH�GH�FROORFDWLRQ�j�SDUWLUGHV�pTXDWLRQV�GH�6DLQW�9HQDQW��HVW�PRWLYpH�SDU�O
LGpH�G
REWHQLU�XQ�PRGqOH�VLPSOH�HW�GH�GLPHQVLRQ�ILQLH�WRXW�HQ�UHVWDQW�QRQ�OLQpDLUH��'H�FH�IDLW�LO�pWDLW�TXHVWLRQ�GH�IDLUH�XQH�VRUWH�GH�UpGXFWLRQ�GH�PRGqOH�SRXUREWHQLU� XQ� PRGqOH� VXIILVDPPHQW� VLPSOH� SRXU� SRXYRLU� DSSOLTXHU� GHV� PpWKRGHV� GH� FRPPDQGH� QRQOLQpDLUHV��,O�V
HVW�DYpUp�SDU�OD�VXLWH�TXH�OHV�HVSRLUV�IRQGpV�VXU�FHWWH�PpWKRGH�pWDLHQW�ELHQ�VDWLVIDLWV��FDU�OHPRGqOH�REWHQX�HVW�SOXV�VLPSOH�TXH�GHV�PRGqOHV�REWHQXV�SDU�G
DXWUHV�PpWKRGHV� WRXW� HQ� pWDQW� HQFRUHVXIILVDPPHQW�SUpFLV�SRXU�O
XWLOLVDWLRQ�SRXU�OD�FRPPDQGH�
%LHQ� V�U� OD� YDOLGDWLRQ�HQ� GpWDLO� GH� FH�PRGqOH�� SDU� FRPSDUDLVRQ� DYHF� OH�PRGqOH� ELHQ� FRQQX�GDQV� OHGRPDLQH��REWHQX�SDU�OH�VFKpPD�GH�GLVFUpWLVDWLRQ�GH�3UHLVVPDQQ��HQ�D�PRQWUp�TXHOTXHV�FDUDFWpULVWLTXHVELHQ� SDUWLFXOLqUHV� �� OD� SUHPLqUH� HVW� TX
LO� D� EHVRLQ� GH� PRLQV� GH� VHFWLRQV� GH� GLVFUpWLVDWLRQ� TXH� GHVPRGqOHV�SDU�GLIIpUHQFHV�ILQLHV��XQ�TXDUW�VL�RQ�SDUOH�GH�OD�PpWKRGH�GH�GLVFUpWLVDWLRQ�H[SOLFLWH�HQ�WHPSVRX�TXHOTXH�SRXUFHQWDJH�������SDU�UDSSRUW�j�OD�PpWKRGH�GH�3UHLVVPDQQ��0DLV��GH�FH�SRLQW�GH�YXH�GH�ODUpGXFWLRQ�GX�QRPEUH�GH�VHFWLRQV�GH�GLVFUpWLVDWLRQ�� OH�SRLQW� OH�SOXV� LPSRUWDQW� HVW�TXH�PrPH�SRXU�XQQRPEUH� WUqV�SHWLWV�GH�VHFWLRQV� �GHX[�DX�PLQLPXP�� OHV� UpVXOWDWV� UHVWHQW�SURFKHV�GH� OD�VROXWLRQ�UpHOOH�WDQGLV�TXH�SRXU�OHV�PpWKRGHV�GH�GLIIpUHQFHV�ILQLHV�LO�H[LVWH�XQ�QRPEUH�GH�VHFWLRQV�HQ�GHVVRXV�GXTXHOOHV�UpVXOWDWV�SHXYHQW�rWUH�WRXW�j�IDLW�HQ�GHKRUV�GH�OD�UpDOLWp��(W�FHWWH�FDUDFWpULVWLTXH�HVW�WUqV�DSSUpFLDEOHSRXU�OD�FRPPDQGH�� ,O�D�pWp�PRQWUp�TXH�GDQV�QRWUH�FDV�XQ� �PRGqOH�j� WURLV�SRLQWV� �GHX[�VHFWLRQV��HVWVDWLVIDLVDQW�SRXU�OD�FRPPDQGH�
8QH�DXWUH�FDUDFWpULVWLTXH�LPSRUWDQWH�GX�PRGqOH�REWHQX�SDU�FROORFDWLRQ�HVW�TX
LO�UHVWH�XQ�PRGqOH�QRQOLQpDLUH�WRXW�HQ�pWDQW�VLPSOH��/H�IDLW�G
rWUH�QRQ�OLQpDLUH�HVW�WUqV�LPSRUWDQW�SRXU�OD�PRGpOLVDWLRQ�GH�FHVV\VWqPHV�TXL�VRQW�PDUTXpV�SDU�XQH�IRUWH�GpSHQGDQFH�GHV�UHWDUGV�GH�SURSDJDWLRQ�HQ�IRQFWLRQ�GX�GpELW�XQH� FDUDFWpULVWLTXH� IRUWHPHQW� QRQ� OLQpDLUH� TXL� OLPLWH� VRXYHQW� OD� YDOLGLWp� GHV� PRGqOHV� OLQpDLUHVFRXUDPPHQW� XWLOLVpV�� (W� OD� VLPSOLFLWp� HVW� ELHQ� VXU� XQ� DWRXW� LPSRUWDQW� SRXU� OH� GpYHORSSHPHQW� GH� ODFRPPDQGH�
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,O�HVW�YUDL�G
XQ�DXWUH�F{Wp��TXH�FH�PRGqOH�UHVWH�PRLV�SUpFLV�TXH�OH�PRGqOH�REWHQX�SDU�GLIIpUHQFHV�ILQLHVHQ�XWLOLVDQW�OH�VFKpPD�GH�GLVFUpWLVDWLRQ�GH�3UHLVVPDQQ��VXUWRXW�GX�IDLW�GX�SKpQRPqQH�GH�GLVSHUVLRQ�SOXVLPSRUWDQW� REVHUYp� VXU� OH� PRGqOH� OLQpDULVp�� 0DLV� FHOD� HVW� j� UHODWLYLVHU�� FDU� VL� GDQV� OHV� VLPXODWLRQVREVHUYpHV� LO� H[LVWH� WRXMRXUV� XQH� GLIIpUHQFH� HQWUH� OHV� GHX[� PRGqOHV�� HW� ELHQ� TXH� OH� PRGqOH� GH3UHLVVPDQQ�VRLW�GpMj�ODUJHPHQW�FRQVLGpUp�FRPPH�XQH�UpIpUHQFH��DXFXQ�WHVW�Q
j�SX�rWUH�IDLW�SRXU�VDYRLUOHTXHO�GHV�GHX[�PRGqOHV�HVW�SOXV�SUpFLV� VRXV�GHV�FRQGLWLRQV�GH� IRQFWLRQQHPHQW� UpHOOHV�G
XQ�V\VWqPHK\GUDXOLTXH� GH� FDQDX[� j� VXUIDFH� OLEUH�� &HSHQGDQW� LO� H[LVWH� XQH� FDUDFWpULVWLTXH� GX� PRGqOH� SDUFROORFDWLRQ��TXL�OH�UHQG�PRLQV�VLPSOH�j�XWLOLVHU�SRXU�OD�VLPXODWLRQ���RQ�QH�SHXW�SDV�VLPXOHU�GLUHFWHPHQWOHV�SULVHV�ODWpUDOHV�VDQV�VFLQGHU�OH�V\VWqPH�HQ�GHX[��FRQWUDLUHPHQW�DX�PRGqOH�GH�3UHLVVPDQQ�R��LO�HVWVLPSOH�G
LQWURGXLUH�XQH�SULVH�ODWpUDOH�HQ�DMRXWDQW�XQH�FRQGLWLRQ�VXU�XQ�Q£XG�HQWUH�GHX[�VHFWLRQV�
/
REMHFWLI� HQ� WHUPH� GH� GpYHORSSHPHQW� GH� OD� FRPPDQGH� pWDLW� TXDQW� j� OXL� G
REWHQLU� GHV� ORLV� GHFRPPDQGH�QRQ� OLQpDLUHV� VRXV�IRUPH�H[SOLFLWH�SRXU� DQDO\VHU� VL�FHOOHV�FL� pWDLHQW� FDSDEOHV�GH�SDOLHU� OHSUREOqPH�GHV� IRUWHV�QRQ�OLQpDULWpV�GX�V\VWqPH�� HW�GRQF�GH�SUpVHQWHU�GH�PHLOOHXUHV�SHUIRUPDQFHV�SDUUDSSRUW�DX[�FRPPDQGHV�GpYHORSSpHV�j�SDUWLU�GH�PpWKRGHV� OLQpDLUHV�� ,O�V
HVW�DYpUp�SDU� OD� VXLWH�TXH� ODVWUXFWXUH� GX� PRGqOH� REWHQXH�� DYHF� GHX[� SRLQWV� GH� FROORFDWLRQ� VXU� OH� QLYHDX� HW� WURLV� SRLQWV� GHFROORFDWLRQ�VXU�OH�GpELW�HW�GHV�FRQGLWLRQV�DX[�OLPLWHV�VXU�OHV�GpELWV�DX[�H[WUpPLWpV��pWDLW�DGpTXDW�SRXUO
DSSOLFDWLRQ�GH�WHFKQLTXHV�GH�OLQpDULVDWLRQ�HQWUpH�VRUWLH�HW�GH�%DFNVWHSSLQJ�
'HV�GHX[�PpWKRGHV�WHVWpHV��OD�SUHPLqUH��OD�OLQpDULVDWLRQ�HQWUpH�VRUWLH��D�GRQQpH�GH�WUqV�ERQV�UpVXOWDWVVRXV� GLYHUVHV� FRQGLWLRQV� GH� IRQFWLRQQHPHQW� WDQGLV� TXH� OD� VHFRQGH�� OD� PpWKRGH� GH� %DFNVWHSSLQJ�� DIRQFWLRQQp� FRUUHFWHPHQW� TXH� VXU� GHV� VLPXODWLRQV� SRXU� XQ� ELHI� FRXUW� RX� DSSOLTXp� DX� PRGqOH� GHFRPPDQGH�
3OXV� SUpFLVpPHQW�� OD� FRPPDQGH� SDU� %DFNVWHSSLQJ� D� pWp� YLWH� ODLVVpH� GH� F{Wp�� FDU� PrPH� VL� OHIRQFWLRQQHPHQW�D�pWp�VDWLVIDLVDQW�SRXU�GHV�ELHIV�FRXUWV��LO�Q
D�SDU�PDUFKp�FRUUHFWHPHQW�VXU�GHV�PRGqOHVSUpFLV�SRXU�GHV�ELHIV�ORQJV��SRXU�OHVTXHOV�UDSLGHPHQW�OD�VLPXODWLRQ�D�GLYHUJp��&HOD�LQGLTXH�XQ�PDQTXHGH�UREXVWHVVH�GH�FHWWH�FRPPDQGH�YLV�j�YLV�GX�PRGqOH�XWLOLVp�
'H�VRQ�F{Wp�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�UpVXOWDQW�G
XQ�PRGqOH�SDU�FROORFDWLRQ�j�WURLVSRLQWV� D�pWp�GpYHORSSpH�VRXV�GHX[�YHUVLRQV�� XQH� VWDWLTXH�TXL� UHQG� OD� UpSRQVH� GX� V\VWqPH� HQ� ERXFOHIHUPp�VHPEODEOH�j�FHOOH�G
XQ�V\VWqPH�OLQpDLUH�GX�SUHPLHU�RUGUH�HW�XQH�G\QDPLTXH�TXL�UHQG�OD�UpSRQVHGX� V\VWqPH� HQ� ERXFOH� IHUPp� VHPEODEOH� j� FHOOH� G
XQ� V\VWqPH� OLQpDLUH� GX� VHFRQG� RUGUH��'H� FHV� GHX[YHUVLRQV��OD�SUHPLqUH�GRQQH�GH�ERQV�UpVXOWDWV�VL�HOOH�HVW�DSSOLTXpH�j�XQ�PRGqOH�SDU�FROORFDWLRQ�HW�j�XQPRGqOH�GH�3UHLVVPDQQ�SRXU�GHV�ELHIV�FRXUWV��(Q�UHYDQFKH��SRXU�GHV�ELHIV�ORQJV�VLPXOpV�DYHF�OH�PRGqOHGH� 3UHLVVPDQQ�� OHV� VLPXODWLRQV� SUpVHQWHQW� GHV� RVFLOODWLRQV� LPSRUWDQWHV� HW� RQW� EHVRLQ� GH� O
XWLOLVDWLRQG
XQH�GLVFUpWLVDWLRQ�WUqV�ILQH�SRXU�SRXYRLU�IRQFWLRQQHU�
'
XQ�DXWUH�F{Wp��OD�YHUVLRQ�G\QDPLTXH�GH�OD�FRPPDQGH�SDU�OLQpDULVDWLRQ�HQWUpH�VRUWLH�HVW�GH�ORLQ�FHOOHTXL�D�PRQWUpH�OHV�PHLOOHXUV�UpVXOWDWV�GH�VLPXODWLRQ��HW�FHOD�WDQW�GX�SRLQW�GH�YXH�GH�OD�SRXUVXLWH�G
XQH
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FRQVLJQH� TXH� GX� UHMHW� GH� SHUWXUEDWLRQV� GXHV� DX[� LQILOWUDWLRQV� RX� SULVHV� ODWpUDOHV�� 6XU� OHV� WHVWV� GHSRXUVXLWH� GH� OD� FRQVLJQH� LO� D� pWp� REVHUYp� TXH� FHWWH� FRPPDQGH� HVW� FDSDEOH� GH� VXSSRUWHU� GHVFKDQJHPHQWV�GH�JUDQGH�DPSOLWXGH� ������DX�QLYHDX�GX�FDQDO�� HW� FHOD�PrPH� VXU� GHV� ELHIV� WUqV� ORQJV�MXVTX
j� ��� .P�� VLPXOpV� DYHF� OH� PRGqOH� GH� 3UHLVVPDQQ� HW� DYHF� SULVH� HQ� FRPSWH� GHV� pTXDWLRQV� HWFRQGLWLRQV� GHV� RXYUDJHV�� FH� TXL� LQGLTXH� OD� JUDQGH� UREXVWHVVH� GH� OD� PpWKRGH�� /HV� WHVWV� GH� UHMHW� GHSHUWXUEDWLRQV�RQW�PRQWUp�TXDQW�j�HX[�TXH�OD�FRPPDQGH�pWDLW�HQ�HIIHW�FDSDEOH�GH�FRPSHQVHU�OHV�HIIHWVGH� FHV�SHUWXUEDWLRQV�� HW� OH� UpVXOWDW�REWHQX�HVW� G
DXWDQW�PHLOOHXU� TXDQG� LO� HVW� SRVVLEOH� GH� FRQQDvWUH� ODYDOHXU�GH�FHV�SHUWXUEDWLRQV��FH�TXL�QRXV�D�PHQp�j�SHQVHU�j�O
XWLOLVDWLRQ�G
XQ�REVHUYDWHXU�SRXU�HVWLPHUFHV�SHUWXUEDWLRQV�
8QH� GHV� GLIILFXOWpV� VXSSOpPHQWDLUH� SUpVHQWpH� SDU� FHWWH� PpWKRGH� GH� FRPPDQGH� HVW� OH� EHVRLQ� GHFRQQDvWUH�OHV�YDOHXUV�GH�SOXVLHXUV�YDULDEOHV��QLYHDX[��GpELWV�HW� LQILOWUDWLRQ���HW�SRXU�XQ�FDQDO�VHXO� OHVQLYHDX[�VRQW�IDFLOHPHQW�PHVXUDEOHV��&HWWH�GLIILFXOWp�D�pWp�UpVROXH�SDU�O
XWLOLVDWLRQ�G
XQ�REVHUYDWHXU�QRQOLQpDLUH�GH�GpELW�HW�G
LQILOWUDWLRQ��GpYHORSSp�DXVVL�j�SDUWLU�GX�PRGqOH�SDU�FROORFDWLRQ��FH�TXL�PRQWUH�XQHJUDQGH� DSSOLFDELOLWp� GH� FH� PRGqOH�� FDU� DYHF� FHOXL�FL� OH� ELHI� HVW� FRPPDQGp� DYHF� VHXOHPHQW� GHX[PHVXUHV�GH�QLYHDX�
&HW� REVHUYDWHXU� D� pWp� UpDOLVp� HQ� GHX[� SDUWLHV�� XQ� REVHUYDWHXU� OLQpDLUH� SRXU� O
LQILOWUDWLRQ� HW� XQREVHUYDWHXU� QRQ� OLQpDLUH� D� JUDQG� JDLQ� SRXU� OH� GpELW�� /HV� UpVXOWDWV� GH� VLPXODWLRQ� REWHQXV� DYHF� FHWREVHUYDWHXU�VRQW�j�OHXU�WRXU�WUqV�VDWLVIDLVDQWV��DLQVL�TXH�VRQ�IRQFWLRQQHPHQW�FRXSOp�DYHF�OD�FRPPDQGH�HW�FHFL�PrPH�HQ�SUpVHQFH�GH�EUXLW�GH�PHVXUH�HW�G
HUUHXU�SDUDPpWULTXHV�VXU�OH�PRGqOH�GH�O
REVHUYDWHXU�&HSHQGDQW�LO�D�pWp�UHPDUTXp�VXU�OHV�VLPXODWLRQV�TXH�O
HVWLPDWLRQ�GH�O
LQILOWUDWLRQ�HVW� WUqV�VHQVLEOH�DX[EUXLWV�GH�PHVXUH��FHOD�VH�UHPDUTXH�SULQFLSDOHPHQW�VXU�GHV�ELHIV�ORQJV��&H�SUREOqPH�D�pWp�UpGXLW�SDU�OHILOWUDJH�GH�FHWWH�HVWLPDWLRQ��HW�FHOD�VDQV�SHUWH�G
DSSOLFDELOLWp�SRXU�FHW�REVHUYDWHXU�
$X�VXMHW�GX�FRXSODJH�REVHUYDWHXU�FRPPDQGH��OHV�VLPXODWLRQV�RQW�PRQWUp�DXVVL�GH�WUqV�ERQV�UpVXOWDWV�FHOD�PrPH� HQ� SUpVHQFH� GH� EUXLW� GH�PHVXUH� HW� G
HUUHXUV� SDUDPpWULTXHV�� FH� TXL� LQGLTXH� XQH� FHUWDLQHUREXVWHVVH�� )LQDOHPHQW� LO� D� DXVVL� pWp� YpULILp� O
K\SRWKqVH� VHORQ� ODTXHOOH� O
XWLOLVDWLRQ� GH� O
REVHUYDWHXUSHUPHW�G
DPpOLRUHU�OH�UHMHW�GH�SHUWXUEDWLRQ�GH�OD�FRPPDQGH��HW�FHOD�WDQW�SRXU�XQH�LQILOWUDWLRQ�TXH�SRXUXQH�SULVH�ODWpUDOH�
/H� GHUQLHU� VXMHW� pWXGLp� GDQV� FHWWH� WKqVH� HVW� OH� SUREOqPH� GH� O
LQWHUFRQQH[LRQ� GHV� ELHIV�� /HV� UpVXOWDWVPRQWUpV� LFL� VRQW� VHXOHPHQW� XQ�DYDQW�JR�W� GHV� SRVVLELOLWpV� H[LVWDQWHV�� HW� LO� UHVWH� HQFRUH� EHDXFRXS� GHFKRVHV� j� pWXGLHU� VXU� FH� VXMHW��/
RSWLRQ� FKRLVLH� LFL�� HVW� GH� WHVWHU� O
XWLOLVDWLRQ� GLUHFWH� GH� OD� FRPPDQGHGpYHORSSpH�SRXU�XQ�ELHI��VXU�XQ�V\VWqPH�j�GHX[�ELHIV��HQ�XWLOLVDQW�XQH�SRQGpUDWLRQ�VXU�OD�FRPPDQGHFRQMRLQWH� GHV� GHX[� ELHIV�� %LHQ� V�U� FHWWH� RSWLRQ� Q
HVW� SDV� QpFHVVDLUHPHQW� OD� PHLOOHXUH� HW� LO� UHVWHEHDXFRXS�GH�FKRVHV�j�pWXGLHU�VXU�FH�VXMHW��PDLV�FHOD�QRXV�D�SHUPLW�G
pWHQGUH�G
XQH�FHUWDLQH�IDoRQ�OHVUpVXOWDWV�REWHQXV�SRXU�XQ�VHXO�ELHI�
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/
DQDO\VH�WKpRULTXH�GX�PRGqOH�OLQpDULVp�G
XQH�GHV�FRQILJXUDWLRQV�SRVVLEOHV�SRXU�XQ� WHO�V\VWqPH��SOXVSUpFLVpPHQW�OH�FDV�RX� OH�SUHPLHU�ELHI�HVW�FRPPDQGp�FRUUHFWHPHQW�HW� OH� VHFRQG�VH� UHWURXYH�DYHF�XQHVHXOH� FRPPDQGH�� D� PRQWUp� TXH� OD� VWDELOLWp� G
XQ� WHO� V\VWqPH� HVW� FRQGLWLRQQpH� SDU� OD� YDOHXU� GHO
LQILOWUDWLRQ� HW� SDU� OD� SRVLWLRQ� GX� SRLQW� G
pTXLOLEUH� LQLWLDO�� &HWWH� FRQFOXVLRQ� SHXW� D� SULRUL� VHPEOHUSpQDOLVDQWH�PDLV�VHPEOH�UHMRLQGUH�OHV�OLPLWDWLRQV�SK\VLTXHV�SURSUHV�GX�V\VWqPH��FH�TXL�GRQQH�GH�ERQVHVSRLUV�j�VRQ�DSSOLFDWLRQ��/HV�VLPXODWLRQV�TXDQW�j�HOOHV�VRQW�WUqV�HQFRXUDJHDQWHV��FDU�HOOHV�PRQWUHQW�XQERQ�IRQFWLRQQHPHQW�G
XQ�V\VWqPH�GH�GHX[�ELHIV�LQWHUFRQQHFWpV�FRPPDQGp�GH�FHWWH�IDoRQ��HW�FHOD�WDQWGX� SRLQW� GH� YXH� GH� OD� SRXUVXLWH� G
XQH� FRQVLJQH� FRPPH� SRXU� XQ� UHMHW� GH� SHUWXUEDWLRQ�� 'H� SOXV� OHIRQFWLRQQHPHQW� HVW� WUqV� VDWLVIDLVDQW� PrPH� DYHF� XQ� VLPXODWHXU� UpDOLVWH� HW� DYHF� OH� FRXSODJH� GHO
REVHUYDWHXU�VXU�OD�FRPPDQGH�
)LQDOHPHQW�LO�HVW�SRVVLEOH�GH�SHQVHU�TXH�OHV�UpVXOWDWV�REWHQXV�SHXYHQW�V
pWHQGUH�j�XQ�QRPEUH�VXSpULHXUGH�ELHIV��PDLV�LO�IDXW�DQDO\VHU�DYHF�DWWHQWLRQ�OH�FKRL[�GX�IDFWHXU�GH�SRQGpUDWLRQ��HW� OHV�FRQGLWLRQV�GHVWDELOLWp�TXL�SHXYHQW�DSSDUDvWUH�
3HUVSHFWLYHV
&RPPH�GDQV�OD�SOXSDUW�GHV�WUDYDX[�GH�UHFKHUFKH��FHOXL�FL�D�GRQQp�GHV�RSWLRQV�GH�VROXWLRQ�j�TXHOTXHVSUREOqPHV��PDLV�D�DXVVL�RXYHUW�GHV�YRLHV�G
pWXGH�LQWpUHVVDQWHV�TXL�RQW�pWp� ODLVVp�SRXU�GHV�UHFKHUFKHVIXWXUHV��IDXWH�GH�WHPSV��3DUPL�FHV�SHUVSHFWLYHV��LO�HVW�LPSRUWDQW�GH�QRWHU�TXH��
� &H� WUDYDLO� UHSRVH� VXU� WRXWH� XQH� VpULH� GH� WHVWV� IDLWV� HQ� VLPXODWLRQ�� LO� VHUDLW� GRQF� LQWpUHVVDQW� GHSRXYRLU� YDOLGHU� FHV� UpVXOWDWV� VXU� XQ� EDQF� G
HVVDLV� H[SpULPHQWDO�� HW� FHOD� SRXU� OHV� WRXWV� OHV� SRLQWVpWXGLpV� LFL�� D� VDYRLU� OD�PRGpOLVDWLRQ�� OD� FRPPDQGH�� O
REVHUYDWLRQ� HW� OHV� V\VWqPHV� LQWHUFRQQHFWpV�3RXU�FHOD�XQ�EDQF�G
HVVDLV�HVW�DFWXHOOHPHQW�HQ�FRQVWUXFWLRQ�j� O
(FROH�6XSpULHXUH�G
,QJpQLHXUV� HQ6\VWqPHV�,QGXVWULHOV�$YDQFpHV��,13*��9DOHQFH��
� ,O� VHUDLW� DXVVL� LPSRUWDQW�� SRXU� DYRLU� XQH� LGpH� SOXV� SUpFLVH� GHV� SHUIRUPDQFHV� GH� OD� FRPPDQGHREWHQX��GH�SRXYRLU�FRPSDUHU�OHV�UpVXOWDWV�REWHQXV�DYHF�FHX[�LVVXHV�G
DXWUHV�W\SHV�GH�FRPPDQGHVGpYHORSSpV� SDU� G
DXWUHV� DXWHXUV�� FRPPH� SDU� H[HPSOH� XQ� 3,'�� UHWRXU� G
pWDW� OLQpDLUH�� RX� XQHFRPPDQGH�RSWLPDOH�� HWF��'H�SOXV� LO� HVW� HQYLVDJHDEOH� G
XWLOLVHU� OHV�%HQFKPDUNV� GH� O
$6&(� SRXUDYRLU�XQ�PHLOOHXU�SRLQW�GH�YXH�VXU�FHWWH�FRPSDUDLVRQ�
� /HV�VLPXODWLRQV�RQW�PRQWUp�TXH�OHV�FRPPDQGHV�HW�O
REVHUYDWHXU�REWHQXV�pWDLHQW�UREXVWHV�YLV�j�YLVGX�PRGqOH�XWLOLVp��PDLV�DXFXQH�pWXGH�WKpRULTXH�D�pWp�UpDOLVpH�j�FH�VXMHW��,O�VHUDLW�GRQF�LQWpUHVVDQWGH�UpDOLVHU�XQH�pWXGH�WKpRULTXH�GH�UREXVWHVVH�SOXV�FRPSOqWH��HQ�SUHQDQW�SDU�H[HPSOH�GHV�PRGqOHVSOXV�SUpFLV�WHOV�TXH�OD�FROORFDWLRQ�j���SRLQWV�RX�SOXV��HW�RX�DYHF�O
DMRXW�G
LQFHUWLWXGHV�SDUDPpWULTXHVVXU�GHV�YDULDEOHV�WHOOHV�TXH�OH�IURWWHPHQW��HWF�
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� 'H�PrPH�O
REVHUYDWHXU�D�pWp�GpYHORSSp�HQ�VH�EDVDQW�VXU�GHV�WUDYDX[�H[LVWDQWV�VXU�O
DQDO\VH�GH�VDVWDELOLWp��PDLV�LO�VHUDLW�LQWpUHVVDQW�GH�UpDOLVHU�XQH�pWXGH�WKpRULTXH�SOXV�ULJRXUHXVH�GH�VD�VWDELOLWp�HWVXUWRXW�GH�OD�VWDELOLWp�GX�FRXSODJH�REVHUYDWHXU�FRPPDQGH�GDQV�OH�FDV�SUpFLV�pWXGLp�LFL�
� 8Q�DXWUH�SRLQW�LPSRUWDQW�j�UDSSHOHU�HVW�TXH�FHWWH�WKqVH�j�pWp�UpDOLVpH�VXU�OD�EDVH�GH�PRGqOHV�G
XQFDQDO� GH� VHFWLRQ� UHFWDQJXODLUH�� LO� VHUDLW� GRQF� LQWpUHVVDQW� G
pWHQGUH� GHV� UpVXOWDWV� j� GHV� FDQDX[� GHVHFWLRQ�GH�JpRPpWULH�GLIIpUHQWH��SDU�H[HPSOH�WUDSp]RwGDOH�TXL�HVW�OD�SOXV�XWLOLVpH�GDQV�OHV�V\VWqPHVG
LUULJDWLRQ�
� )LQDOHPHQW� OH� SRLQW� RIIUDQW� OH� SOXV� GH� SHUVSHFWLYHV� HVW� O
pWXGH� GH� OD� FRPPDQGH� GH� ELHIVLQWHUFRQQHFWpV�� ,O� VHUDLW� G
XQ� FRWp� LQWpUHVVDQW� GH� SRXYRLU� IDLUH� XQH� pWXGH� SOXV� FRPSOqWH� GH� ODPpWKRGH�WHVWpH�LFL�SRXU�OD�FRPPDQGH�GH�FH�W\SH�GH�V\VWqPHV��FHOD�HQ�IDLVDQW�XQH�pWXGH�GH�VWDELOLWpQRQ�OLQpDLUH�SDU�H[HPSOH��&HWWH�pWXGH�D�ELHQ�pWp�HVVD\pH�GDQV�FHWWH�WKqVH��PDLV�DXFXQ�UpVXOWDW�Q
DSX� rWUH� REWHQX� MXVTX
j� SUpVHQW�� ,O� VHUDLW� DXVVL� LPSRUWDQW� G
pWHQGUH� O
pWXGH� IDLWH� SRXU� XQH� GHVFRQILJXUDWLRQV�SRVVLEOHV�j�XQ�FDV�SOXV�JpQpUDO�SRXU�XQH�FRQILJXUDWLRQ�TXHOFRQTXH�
� 8QH� DXWUH� YRLH� GDQV� O
pWXGH� GH� ELHIV� LQWHUFRQQHFWpV� VHUDLW� OH� GpYHORSSHPHQW� G
XQ� DXWUH� W\SH� GHFRPPDQGH� SRXU� XQ� ELHI� TXL� SXLVVH� rWUH� DSSOLTXp� GLUHFWHPHQW� j� XQ� V\VWqPH� LQWHUFRQQHFWp�� VDQVO
DUWLILFH� GH� OD� SRQGpUDWLRQ� XWLOLVp� LFL�� (W� ILQDOHPHQW� LO� HVW� DXVVL� HQYLVDJHDEOH� GH� GpYHORSSHUGLUHFWHPHQW�GHV�ORLV�GH�FRPPDQGH�SRXU�XQ�V\VWqPH� LQWHUFRQQHFWp�SDUWLFXOLHU��RSWLRQ�TXL� VHPEOHrWUH�OD�SOXV�FRPSOH[H�
%LHQ�V�U�OHV�SHUVSHFWLYHV�pQRQFpV�FL�GHVVXV�VRQW�VHXOHPHQW�OHV�FRQVpTXHQFHV�GH�O
XWLOLVDWLRQ�GX�PRGqOHREWHQX�SDU� FROORFDWLRQ�� VDFKDQW�TX
HQ� GHKRUV� GH� FH� FRQWH[WH� LO� H[LVWH� HQFRUH� XQH� LQILQLWp� G
pWXGHV� HWGpYHORSSHPHQWV�LPDJLQDEOHV�SRXU�OD�FRPPDQGH�G
XQ�FDQDO�G
LUULJDWLRQ�
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>�@ $NRX]�.���%HQKDPPRX�$���0DODWHUUH�3�2��HW�'DKKRX�%�� 3UHGLFWLYH�FRQWURO�RI�DQ�LUULJDWLRQFKDQQHO��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RI�UHVHDUFKDQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>�@ $ODP�0�0��HW�%KXL\DQ�0�$��&ROORFDWLRQ�ILQLWH�HOHPHQW�VLPXODWLRQ�RI�GDPEUHDN�IORZV��-RXUQDORI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ�$6&(��9RO�������1R�����SS����������������
>�@ $QNXP� 3�� &ODVVLILFDWLRQ� RI� IORZ� FRQWURO� V\VWHPV� IRU� LUULJDWLRQ�� &ROORTXH� �$GYDQFHV� LQ3ODQQLQJ��GHVLJQ�DQG�0DQDJHPHQW�RI�,UULJDWLRQ�6\VWHPV�DV�5HODWHG�WR�6XVWDLQWDEOH�/DQG�8VH��pGLWp�SDU�IH\HQ�HW�DO���S����������/RXYDLQ��6HSWHPEUH������
>�@ %DORJXQ�2�6� 'HVLJQ� RI� UHDO� WLPH� IHHGEDFN� FRQWURO� IRU� FDQDO� V\VWHPV� XVLQJ� OLQHDU� TXDGUDWLFUHJXODWRU�WKHRU\� 3K�'��GLVVHUWDWLRQ��8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV�������
>�@ %DORJXQ� 2�6��� +XEEDUG�0�� HW� 'H9ULHV� -�-� $XWRPDWLF� FRQWURO� RI� FDQDO� IORZ� XVLQJ� OLQHDUTXDGUDWLF�UHJXODWRU�WKHRU\��-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R����SS���������������
>�@ %DXPH�-�3��HW�0DODWHUUH�3�2� 6,&��6LPXODWLRQ�GHV�FDQDX[�G©LUULJDWLRQ��9RO�,,�JXLGH�WKpRULTXH&(0$*5()��'LYLVLRQ�,UULJDWLRQ��1RYHPEUH�������
>�@ %HDXPH� -�3��� 6DOO\� +��� 0DODWHUUH� 3�2�� HW� 5H\� -��'HYHORSPHQW� DQG� ILHOG�LQVWDOODWLRQ� RI� DPDWKHPDWLFDO� VLPXODWLRQ� PRGHO� LQ� VXSSRUW� RI� LUULJDWLRQ� FDQDO� PDQDJHPHQW�� 'RFXPHQW� GHUHFKHUFKH�GX�,,0,�HW�&HPDJUHI�������
>�@ %HVDQoRQ�*��� 'XOKRVWH� -�)� HW� *HRUJHV� '� $� 1RQ�OLQHDU� EDFNVWHSSLQJ� OLNH� FRQWUROOHU� IRU� DWKUHH�SRLQW� FROORFDWLRQ� PRGHO� RI� ZDWHU� IORZ� G\QDPLFV�� ,(((� &RQIHUHQFH� RQ� &RQWURO$SSOLFDWLRQV��&&$������0H[LFR�������
>�@ %RUQDUG�*��HW�+DPPRXUL�+� $�KLJK�JDLQ�REVHUYHU�IRU�D�FODVV�RI�XQLIRUPO\�REVHUYDEOH�V\VWHP�,(((�&'&�&RQI��%ULJKWRQ��(QJODQG�������
>��@ %RXQLW�+���+DPPRXUL�+��HW�6DX�-��5HJXODWLRQ�RI�DQ�LUULJDWLRQ�FDQDO�WKURXJK�WKH�VHPLJURXSDSSURDFK��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RI�UHVHDUFKDQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ %R]DNRY� 3��� /D\FRFN� $� 7KH� 3HKXU� KLJK� OHYHO� FDQDO� ¤� ILUVW� VWHSV� WRZDUG� DXWRPDWLRQ� RI3DNLVWDQ©V�FDQDO�V\VWHP��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKHDUW�RI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
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>��@ %XUW�&�0� 5HJXODWLRQ�RI� VORSLQJ�FDQDO�E\�DXWRPDWLF�GRZQVWUHDP�FRQWURO� 3K�'��GLVVHUWDWLRQ�'HSW�RI�$J��(QJLQHHULQJ��8WDK�VWDWH�XQLYHUVLW\�������
>��@ %X\DOVNL� &�3� &DQDO� V\VWHPV� DXWRPDWLRQ� PDQXDO�� 9ROXPH� ���$�:DWHU� 5HVRXUFHV� 7HFKQLFDOSXEOLFDWLRQ��8�6��'HSDUWPHQW�RI�,QWHULRU��%XUHDX�RI�UHFODPDWLRQ��'HQYHU�2IILFH�����S�������
>��@ &DUGRQD� -��� *RPH]� 0�� HW� 5RGHOODU� -�� $� GHVFHQWUDOL]HG� DGDSWLYH� SUHGLFWLYH� FRQWUROOHU� IRULUULJDWLRQ�FDQDOV��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RIUHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ &HPDJUHI� 5pJXODWLRQ�HW�JHVWLRQ�GHV�FDQDX[�j�VXUIDFH�OLEUH��,QYHQWDLUH�GHV�FDQDX[�G
LUULJDWLRQj�VXUIDFH�OLEUH�GDQV�OH�VXG�GH�OD�)UDQFH��(QTXHWH�HW�pWXGH�GHV�SUDWLTXHV�GH�UpJXODWLRQ�HW�GHVSHUIRUPDQFHV�GHV�FDQDX[�D�EXW�DJULFROH� 5DSSRUW�'(5)��&HPDJUHI���0LQLVWqUH�GH�O
$JULFXOWXUHHW�GH�OD�3qFKH�������
>��@ &KHQ�0�/��&RPPDQGHV�RSWLPDOH�HW�UREXVWH�GHV�pTXDWLRQV�DX[�GpULYpHV�SDUWLHOOHV�UpJLVVDQW�OHFRPSRUWHPHQW� GHV� V\VWqPHV� K\GUDXOLTXHV� j� VXUIDFH� OLEUH� 7KqVH� GH� 'RFWRUDW� GH� O
,13*�/DERUDWRLUH�G
$XWRPDWLTXH�GH�*UHQREOH��MXLOOHW������
>��@ &KHQ�0�/��HW�*HRUJHV�'� 1RQOLQHDU�FORVHG�ORRS�UREXVW��FRQWURO�RI�DQ�RSHQ�FKDQQHO�K\GUDXOLFV\VWHP�EDVHG�RQ�DQ�LQILQLWH�GLPHQVLRQDO�PRGHO� (XURSHDQ�&RQWURO�&RQIHUHQFH��(&&©����3RUWR�3RUWXJDO��6HSWHPEHU������
>��@ &KHQ�0�/��HW�*HRUJHV�'� 1RQOLQHDU�UREXVW�FRQWURO�RI�DQ�RSHQ�FKDQQHO�K\GUDXOLF�V\VWHP�EDVHGRQ�DQ� LQILQLWH�GLPHQVLRQDO�PRGHO�� ,)$&�&RQIHUHQFH� RQ�&RQWURO�$SSOLFDWLRQ� RI�2SWLPL]DWLRQ�6DLQW�3HWHUVEXUJ��5XVVLD���YRO����SS�������������D��
>��@ &KHQ� 0�/�� HW� *HRUJHV� '� 'LVFUHWH�WLPH� QRQOLQHDU� RSWLPDO� FRQWURO� RI� DQ� RSHQ�FKDQQHOK\GUDXOLF��,)$&�&RQIHUHQFH�&RQWURO�6\VWHP�'HVLJQ��%UDWLVODYD��6ORYDN��SS�������������E��
>��@ &KHQ�0�/�� HW� *HRUJHV� '� 1RQOLQHDU� RSWLPDO� FRQWURO� RI� DQ� RSHQ�FKDQQHO� K\GUDXOLF� V\VWHPEDVHG�RQ�DQ�LQILQLWH�GLPHQVLRQDO�PRGHO��7KH���qPH�,(((�&RQIHUHQFH�RQ�'HFLVLRQ�DQG�&RQWURO�3KRHQL[��86$��SS������������������
>��@ &KHQWRXI�%���;X�&�=���0DODWHUUH�3�2��HW�6DOOHW�*� (WXGH�GHV�UpJXODWHXUV�3,�VWDELOLVDQWV�SRXUXQ� V\VWqPH� K\GUDXOLTXH� GH� GLPHQVLRQ� LQILQLH�� &RQIpUHQFH� ,QWHUQDWLRQDOH� )UDQFRSKRQHG
$XWRPDWLTXH��/LOOH��-XLOOHW�������
>��@ &KHYHUHDX�*��&RQWULEXWLRQ�j�O
pWXGH�GH�OD�UpJXODWLRQ�GDQV�OHV�V\VWqPHV�K\GUDXOLTXHV�j�VXUIDFHOLEUH��7KqVH�GH�'RFWRUDW�GH�O
,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH�������
>��@ &ROODW]�/� 7KH�QXPHULFDO�WUHDWPHQW�RI�GLIIHUHQWLDO�HTXDWLRQV��6SULQJHU�9HUODJ��%HUOLQ������
>��@ &ROOH\� 5�/�� HW� 0RLQ� 6�$� )LQLWH� HOHPHQW� VROXWLRQ� RI� 6DLQW�9HQDQW� HTXDWLRQV�� -RXUQDO� RI+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R��+<���SS����������������
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>��@ &RPSDV�-�0���3DJHV�-�&�� 5HJXODWLRQ�E\�SUHGLFWLYH�FRQWURO�DQG�HPEHGGHG�NQRZOHGJH�EDVHGPRGHOV��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI� WKH�DUW�RI� UHVHDUFKDQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ &RUULJD�*���*LXD�$��HW�8VDL�*� 3(75,�QHW�PRGHOLQJ�RI�LUULJDWLRQ�FDQDO�QHWZRUNV��,QWHUQDWLRQDOZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV�0DUUDNHFK��0RURFFR�������
>��@ &RUULJD� *��� 6DQQD� 6�� HW� 8VDL� *� 6XE�RSWLPDO� FRQVWDQW� YROXPH� FRQWURO� IRU� RSHQ� FKDQQHOQHWZRUNV� $SSO��0DWK��0RGHOOLQJ��9RO����SS����������������
>��@ &RURQ� -�0��� '©$QGUHD�1RYHO� %�� HW� %DVWLQ� *� $� /\DSXQRY� DSSURDFK� WR� FRQWURO� LUULJDWLRQFDQDOV�PRGHOOHG�E\�6DLQW�9HQDQW�HTXDWLRQV� (XURSHDQ�&RQWURO�&RQIHUHQFH�(&&
����.DUOVUXKH�*HUPDQ\�������
>��@ &XQJH�-��$�� (WXGH�G©XQ�VFKpPD�GH�GLIIpUHQFHV�ILQLHV�DSSOLTXp�j�O©LQWpJUDWLRQ�QXPpULTXH�G©XQFHUWDLQ� W\SH� G©pTXDWLRQV� K\SHUEROLTXHV� G©pFRXOHPHQW� 7KqVH� GH� OD� )DFXOWp� GH� 6FLHQFHV� GH*UHQREOH�����S�������
>��@ &XQJH� -�$���+ROO\� )�0�� HW� 9HUZH\�$� 3UDFWLFDO� DVSHFWV� RI� FRPSXWDWLRQDO� ULYHU� K\GUDXOLFV�3LWPDQ�$'9$1&('�3XEOLVKLQJ�3URJUDP�����S�������
>��@ 'HOWRXU� -�/�� /D� UpJXODWLRQ� GHV� V\VWqPHV� G
LUULJDWLRQ� '($�� (FROH� 1DWLRQDOH� 6XSpULHXUHG
+\GUDXOLTXH�GH�*UHQREOH�������
>��@ 'HOWRXU�-�/��$SSOLFDWLRQ�GH�O
DXWRPDWLTXH�QXPpULTXH�j�OD�UpJXODWLRQ�GHV�FDQDX[��3URSRVLWLRQG
XQH�PpWKRGRORJLH� G
pWXGH��7KqVH� GH�'RFWRUDW�� ,QVWLWXW�1DWLRQDO� 3RO\WHFKQLTXH� GH�*UHQREOH����S�������
>��@ 'RFKDLQ�'���%DEDU\�-�3��HW�7DOL�0DDPDU�1� 0RGHOLQJ�DQG�DGDSWDWLYH� FRQWURO�RI� QRQOLQHDUGLVWULEXWHG�SDUDPHWHU�ELRUHDFWRU� YLD�RUWKRJRQDO� FROORFDWLRQ� $XWRPDWLFD��9RO�� ����1R�� ��� SS���������������
>��@ 'XOKRVWH�-�)���%HVDQoRQ�*�� HW�*HRUJHV�'� 1RQ�OLQHDU�&RQWURO�RI�:DWHU�)ORZ�'\QDPLFV�E\,QSXW�2XWSXW� /LQHDUL]DWLRQ� EDVHG� RQ� D� &ROORFDWLRQ� 0HWKRG� 0RGHO�� (XURSHDQ� &RQWURO&RQIHUHQFH��(&&�������3RUWR��3RUWXJDO��6HSWHPEHU������
>��@ 'XPXU� '��� /LEDX[� $�� HW� %RXFKHU� 3� 5REXVW� 567� FRQWURO� IRU� �%DVVH�,VqUH�� UXQ�RI�ULYHUFDVFDGHG� K\GUR�HOHFWULF� SODQWV� (XURSHDQ� &RQWURO� &RQIHUHQFH� �(&&����� 3RUWR�� 3RUWXJDO�6HSWHPEHU�������
>��@ (O�)DZDO�+��0RGpOLVDWLRQ�HW�JHVWLRQ�RSWLPDOH�G©XQ�V\VWqPH�G©LUULJDWLRQ�FRPSOH[H ��/H�FDQDO�GH/D�%RXUQH��7KqVH�GH�GRFWRUDW�GH�O©,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��)UDQFH�������
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>��@ (O� )DZDO� +� HW� *HRUJHV� '� 0RGHOOLQJ� DQG� LGHQWLILFDWLRQ� RI� WKH� � &DQDO� GH� OD� %RXUQH��LUULJDWLRQ� V\VWHP�� $SSOLFDWLRQ� WR� D� SUHGLFWLYH� FRQWURO� VWUDWHJ\�� ,QWHUQDWLRQDO� ZRUNVKRS� RQUHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV�� 0DUUDNHFK�0RURFFR�������
>��@ )OHWFKHU�&�$�-� &RPSXWDWLRQDO�*DOHUNLQ�PHWKRGV��6SULQJHU�6HULHV� LQ�&RPSXWDWLRQDO�3K\VLFV�6SULQJHU�9HUODJ�������
>��@ )RUWLQ�$� $QDO\VH�QXPpULTXH�SRXU�LQJpQLHXUV� (G��GH�O©pFROH�SRO\WHFKQLTXH�GH�0RQWUpDO�������
>��@ )R[�5��HW�0F'RQDOG�$��,QWURGXFFLyQ�D�OD�PHFiQLFD�GH�IOXLGRV��3UHQWLFH�+DOO�������
>��@ )UDPML�.�.���9HUGLHU�-� (WDW�GH�O
DUW�Q����,UULJDWLRQ��GUDLQDJH�HW�PDLWULVH�GHV�FUXHV� &KDSLWUH���/
DXWRPDWLTXH�GDQV�O
LUULJDWLRQ��S����������,&,'��1HZ�'HOKL�������
>��@ *DUFLD� $� &RQWURO� DQG� UHJXODWLRQ� RI� RSHQ� FKDQQHO� IORZ��0DVWHU� RI� 6FLHQFH�� 8QLYHUVLW\� RI&DOLIRUQLD���'DYLV�������
>��@ *DUFLD�$���+XEEDUG�0��HW�'H9ULHV�-��-� 2SHQ�FKDQQHO�WUDQVLHQW�IORZ�FRQWURO�E\�GLVFUHWH�WLPH/45�PHWKRGV��$XWRPDWLFD��9RO������1R�����SS����������������
>��@ *DXWKLHU� -3��� +DPPRXUL� +�� DQG� 2WKPDQ� 6�� $� VLPSOH� REVHUYHU� IRU� QRQOLQHDU� V\VWHPV� ¤$SOLFDWLRQ�WR�ELRUHDFWRUV��,(((�7UDQVDFWLRQV�RQ�DXWRPDWLF�FRQWURO������SS����������������
>��@ *HQQDGLL�(�*���$WDQRU�$�� HW�:RUN�3�$��9DULDWLRQDO�SUREOHP�RI�ZDWHU�OHYHO� VWDELOL]DWLRQ� LQRSHQ�FKDQQHO��-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO��������1R�����SS���������������
>��@ *HRUJDNLV�&���$ULV�5��HW�$PXQGVRQ�1�5� 6WXGLHV�LQ�WKH�FRQWURO�RI�WXEXODU�UHDFWRUV�,��JHQHUDOFRQVLGHUDWLRQV�� &KHPLFDO�(QJLQHHULQJ�6FLHQFH��9RO������SS�������������3HUJDPRQ�3UHVV�/7'�2[IRUG�������
>��@ *HRUJHV�'���'XOKRVWH�-�)��HW�%HVDQoRQ�*�0RGHOOLQJ�DQG�FRQWURO�RI�ZDWHU�IORZ�G\QDPLFV�YLD�DFROORFDWLRQ�PRGHO��0716������3HUSLJQDQ��)UDQFH�������
>��@ *UDI�:�+�� HW�$OWLQDNDU� +\GUDXOLTXH�)OXYLDOH�� 7RPH� ,�� (FRXOHPHQW� SHUPDQHQW� XQLIRUPH� HWQRQ� XQLIRUPH�� &ROOHFWLRQ� WUDLWpH� GH� JpQLH� FLYLO�� (FROH� SRO\WHFKQLTXH� IpGpUDOH� GH� /DXVDQQH�3UHVVHV�SRO\WHFKQLTXHV�HW�XQLYHUVLWDLUHV�5RPDQGHV�������
>��@ *UDI� :�+�� HW� $OWLQDNDU� +\GUDXOLTXH� )OXYLDOH�� 7RPH� ,,�� (FRXOHPHQW� QRQ� SHUPDQHQW� HWSKpQRPqQHV� GH� WUDQVSRUW�� &ROOHFWLRQ� WUDLWpH� GH� JpQLH� FLYLO�� (FROH� SRO\WHFKQLTXH� IpGpUDOH� GH/DXVDQQH��3UHVVHV�SRO\WHFKQLTXHV�HW�XQLYHUVLWDLUHV�5RPDQGHV�������
>��@ *RXVVDUG�-��/
DXWRPDWLVDWLRQ�GHV�UpVHDX[�G
LUULJDWLRQ�HQ�FDQDX[��&RPLVLRQ�,QWHUQDWLRQDOH�GHV,UULJDWLRQV� HW� GX� 'UDLQDJH�� *URXSH� GH� WUDYDLO� VXU� OD� &RQVWUXFWLRQ�� OD� 5pKDELOLWDWLRQ� HW� OD0RGHUQLVDWLRQ�GHV�SURMHWV�G
,UULJDWLRQ�����S�������
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>��@ +DQVHQ�5��'�� HW�3XJK�&��$��/RZ�FRVW� VRODU� ¤SRZHU� FDQDO� DXWRPDWLRQ ��8WDK©V� H[SHULHQFH�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ +HQGHUVRQ�)�0� 2SHQ�&KDQQHO�)ORZ��0DF0LOODQ�������
>��@ +XEEDUG�0��� 'H9ULHV� -�-�� HW� %DORJXQ� 2�6� )HHGEDFN� FRQWURO� RI� RSHQ� FKDQQHO� IORZ� ZLWKJXDUDQWHHG�VWDELOLW\��$,5+�&RQJUHV�,$5+��/DXVDQQH��SS����������������
>��@ ,VLGRUL�$� 1RQ�OLQHDU�FRQWURO�V\VWHPV��6SULQJHU�9HUODJ�%HUOLQ���UH�HGLWLRQ�������
>��@ .DWDSRGHV� 1�'� $� GLVVLSDWLYH� *DOHUNLQ� VFKHPH� IRU� RSHQ� FKDQQHO� -RXUQDO� RI� +\GUDXOLFDO(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R�����SS����������������
>��@ .HXQLQJ� '�� +� $SSOLFDWLRQ� RI� ILQLWH� HOHPHQW� PHWKRG� WR� RSHQ� FKDQQHO� IORZ� -RXUQDO� RI+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R��+<���SS����������������
>��@ .KDODGL�$� *HVWLRQ�DXWRPDWLTXH�GHV�WUDQVIHUWV�G©HDX�HQ�UpVHDX[�K\GUDXOLTXHV�PDLOOpV�D�VXUIDFHOLEUH ��DSSOLFDWLRQ�DX�UpVHDX�GH�:DWHULQJV� 7KqVH�GH�GRFWRUDW��(FROH�FHQWUDOH�GH�/\RQ�������
>��@ .KDOLO�+�.� 1RQOLQHDU�V\VWHPV� 6HFRQG�pGLWLRQ��3UHQWLFH�+DOO��,QF�������
>��@ .RVXWK� 3� 7HFKQLTXHV� GH� UpJXODWLRQ� DXWRPDWLTXH� GHV� V\VWqPHV� FRPSOH[HV� �� DSSOLFDWLRQ� DX[V\VWqPHV�K\GUDXOLTXHV�D�VXUIDFH�OLEUH�7KqVH�GH�GRFWRUDW�GH�O
,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH7RXORXVH��&HPDJUHI�/$$6�&156�����S�������
>��@ .UVWLF� 0��� .DQHOODNRSRXORV� ,�� HW� .RNRWRYLF� 3�� 1RQOLQHDU� DQG� $GDSWLYH� &RQWURO� 'HVLJQ�:LOH\�,QWHUVFLHQFH��������
>��@ /HIqYUH� /��� 'RFKDLQ� '��� )H\R� GH� $]HYHGR� 6�� HW� 0DJQXV� $�� $QDO\VLV� RI� WKH� RUWKRJRQDOFROORFDWLRQ� PHWKRG� ZKHQ� DSSOLHG� WR� WKH� QXPHULFDO� LQWHJUDWLRQ� RI� FKHPLFDO� UHDFWRU� PRGHOV�&RPSXWHUV�DQG�&KHPLFDO�(QJLQHHULQJ�����������SS�����������������
>��@ /LJJHWW� -�� HW� &XQJH� -� 1XPHULFDO� PHWKRGV� RI� VROXWLRQ� RI� WKH� XQVWHDG\� IORZ� HTXDWLRQV�� ,Q�8QVWHDG\�IORZ�LQ�RSHQ�FKDQQHOV���.��0DKPRRG�HW�DO��(G���:DWHU�5HV��3XEO���)RUW�&ROOLQV��&2�86$�������
>��@ /LQ� =�� HW� 0DQ]� '�+�� 2SWLPDO� RSHUDWLRQ� RI� LUULJDWLRQ� FDQDO� V\VWHP� XVLQJ� QRQOLQHDUSURJUDPPLQJ� �� G\QDPLF� VLPXODWLRQ� PRGHO�� &HPDJUHI�,,0,� ,QWHUQDWLRQDO� :RUNVKRS�0RQWSHOOLHU��2FWREUH������
>��@ /LQNHQV� '�$�� HW�0DQIRXI�0� *HQHUDOL]HG� SUHGLFWLYH� FRQWURO� ZLWK� IHHGIRUZDUG� �*3&)�� IRUPXOWLYDULDEOH�DQDHVWKHVLD��,QW��-��&RQWURO��YRO�����Q����������
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>��@ /LWWULFR� ;�� 0RGpOLVDWLRQ�� LGHQWLILFDWLRQ� HW� FRPPDQGH� UREXVWH� GH� V\VWqPHV� K\GUDXOLTXHV� jVXUIDFH�OLEUH��7KqVH�GH�GRFWRUDW�GH�O©(FROH�1DWLRQDOH�GX�*pQLH�5XUDO��GHV�(DX[�HW�)RUrWV��&HQWUHGH�0RQWSHOOLHU�������
>��@ /LWULFR� ;��� *HRUJHV�� '� 5REXVW� RSWLPDO� FRQWURO� RI� D� GDP�ULYHU� V\VWHP� ZLWK� LQWHUPHGLDWHPHDVXUHPHQWV��(XURSHDQ�&RQWURO�&RQIHUHQFH�(&&
����.DUOVUXKH��*HUPDQ\�������
>��@ /LWULFR� ;��� *HRUJHV�� '��1RQ� OLQHDU� LGHQWLILFDWLRQ� RI� DQ� LUULJDWLRQ� V\VWHP� ZLWK� ZLWKGUDZDOV�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV�� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ /LX�)��)H\HQ�-��HW�%HUODPRQW�-� &RPSXWDWLRQDO�PHWKRG�IRU�UHJXODWLQJ�XQVWHDG\�IORZ�LQ�RSHQFKDQQHOV��-RXUQDO�RI�LUULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ��9RO������Q������SS��������������
>��@ /LX�)��)H\HQ�-��HW�%HUODPRQW�-� 'RZQVWUHDP�FRQWURO�DOJRULWKP�IRU�LUULJDWLRQ�FDQDOV���-RXUQDORI�LUULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ��9RO������Q�����SS���������������
>��@ /LX� )� $QDO\VLV� RI� FRQWURO� DOJRULWKPV� IRU� ZDWHU� GHOLYHU\� LQ� LUULJDWLRQ� FDQDOV� EDVHG� RQK\GURG\QDPLF�VLPXODWLRQ��3K�'��WKHVLV�.DWKROLHNH�8QLYHUVLWLHW�/HXUHQ�%HOJLXP�������
>��@ /LX�)���&KLG]XQJX�(��HW�)H\HQ�-��$�FRQVWDQW�YROXPH�FRQWURO�PHWKRG� IRU�RSHQ�FKDQQHO� IORZ�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV�� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ 0DODWHUUH�3�2� 0RGHOLVDWLRQ��DQDO\VH�HW�FRPPDQGH�/4*�G©XQ�FDQDO�G©LUULJDWLRQ��3K�'��7KHVLV/$$6�&156�(1*5()�&HPDJUHI��,6%1���������������������
>��@ 0DODWHUUH�3�2� 3,/27(��RSWLPDO�FRQWURO�RI�LUULJDWLRQ�FDQDOV��)LUVW�LQWHUQDWLRQDO�FRQIHUHQFH�RQZDWHU�UHVRXUFHV�HQJLQHHULQJ��6DQ�$QWRQLR��86$��$R�W�������
>��@ 0DODWHUUH�3�2�� HW�5RGHOODU� -� 0XOWLYDULDEOH� SUHGLFWLYH� FRQWURO� RI� LUULJDWLRQ� FDQDOV�� 'HVLJQDQG�HYDOXDWLRQ�RQ�D���SRRO�PRGHO�� ,QWHUQDWLRQDO�ZRUNVKRS�RQ� UHJXODWLRQ�RI� LUULJDWLRQ�FDQDOV �6WDWH�RI�WKH�DUW�RI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ 0DODWHUUH�3�2�� 5RJHUV�'�&�� HW� 6FKXXUPDQV� -� &ODVVLILFDWLRQ� RI� FDQDO� FRQWURO� DOJRULWKPV�-RXUQDO�RI�LUULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ���������������������
>��@ 0DU]RXNL� 7�=� /H� V\VWqPH� K\GUDXOLTXH� GH� OD� ULYLqUH� /DUFLV� �EDUUDJHV�� ULYLqUH�� SpULPqWUHVLUULJXpV��� 0RGpOLVDWLRQ� K\GUDXOLTXH�� DQDO\VH� HW� DPpOLRUDWLRQ� GH� OD� JHVWLRQ�� &HPDJUHI�(1*5()��&$5$�������
>��@ 0LFKHOVHQ� 0�/�� HW� 9LOODGVHQ� -�� $� FRQYHQLHQW� FRPSXWDWLRQDO� SURFHGXUH� IRU� FROORFDWLRQFRQVWDQWV� &KHPLFDO�(QJLQHHULQJ�-RXUQDO��1R�����SS��������������
>��@ 2QLNX]D�.�� HW�1LL�2GDL� 6� %XUJHUV
�(TXDWLRQ�0RGHO� IRU�8QVWHDG\�)ORZ� LQ�2SHQ�&KDQQHOV�-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ��$6&(�'LYLVLRQ��9RO�����1����������
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>��@ 3DUHQW�(� (ODERUDWLRQ� GHV� FRQVLJQHV� GH� JHVWLRQ� GHV� EDUUDJHV� UpVHUYRLUV��7KqVH� GH� GRFWRUDW�(13&���&(5*5(1(�������
>��@ 3DUULVK�-� $XWRPDWLRQ�RI�VORSLQJ�FDQDOV�XWLOL]LQJ�D�SRRO�YROXPH��SRRO�LQIORZ�FRQWURO�KLHUDUFK\�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ 3OXVTXHOOHF�+� ,PSURYLQJ�WKH�RSHUDWLRQ�RI�FDQDO�LUULJDWLRQ�V\VWHPV��$Q�DXGLRYLVXDO�SURGXFWLRQ�7KH�HFRQRPLF�'HYHORSPHQW�,QVWLWXWH�DQG� WKH�$JULFXOWXUH�DQG�5XUDO�'HYHORSPHQW�'HSDUWPHQWRI�WKH�:RUOG�%DQN�������
>��@ 3UHLVVPDQQ�$��'LIILFXOWpV� UHQFRQWUpHV� GDQV� OH� FDOFXO� GHV� RQGHV� GH� WUDQVODWLRQ�j� IURQW� UDLGH���qPH FRQJUqV�,$+5��/HQLQJUDG��9RO���������
>��@ 5DSSD]� -�� HW� 3LFDVVR� 0�� ,QWURGXFWLRQ� D� O©DQDO\VH� QXPpULTXH� 3UHVVHV� SRO\WHFKQLTXHV� HWXQLYHUVLWDLUHV�5RPDQGHV�������
>��@ 5HGG\�-�0� 'HVLJQ�RI�JOREDO�FRQWURO�DOJRULWKP� IRU� LUULJDWLRQ� FDQDOV�� -RXUQDO� RI�+\GUDXOLFDO(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R�����SS����������������
>��@ 5HGG\� -�0�� &RQWUROOHG�YROXPH� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV�� ,QWHUQDWLRQDO� ZRUNVKRS� RQUHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV�� 0DUUDNHFK�0RURFFR�������
>��@ 5HGG\�-�0���'LD�$��HW�2XVVRX�$� 'HVLJQ�RI�FRQWURO�DOJRULWKP�IRU�LUULJDWLRQ�FDQDOV��-RXUQDO�RI,UULJDWLRQ�DQG�'UDLQ�(QJLQHHULQJ��'LYLVLRQ�$6&(��9RO�������1R�����SS����������������
>��@ 5RGHOODU�-���*RPH]�0��HW�%RQHW�/� &RQWURO�PHWKRG�IRU�RQ�GHPDQG�RSHUDWLRQ�RI�RSHQ�FKDQQHOIORZ�� -RXUQDO�RI� ,UULJDWLRQ�DQG�'UDLQ�(QJLQHHULQJ��'LYLVLRQ�$6&(��9RO�������1R�� ��� SS�� ��������������
>��@ 5RJHUV�'��&�� $XWRPDWLF� FRQWURO� RQ� WKH� 'RORUHV� SURMHFW�� 'HYHORSPHQW� DQG� LPSOHPHQWDWLRQ�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ 5RX[�$��*HVWLRQ� GHV� pWLDJHV� GH� ULYLqUH� SDU� OHV�PpWKRGHV� GH� O
DXWRPDWLTXH�� $SSOLFDWLRQ� j� ODULYLqUH�'URS��&HPDJUHI��(1,7576�������
>��@ 5XL]�9��*XLWHUUHV�&��HW�'H�/HRQ�%�� 0RGHUQL]DFLRQ�RI�WKH�PDLQ�ZDWHU�GLVWULEXWLRQ�QHWZRUN�RIWKH�%HJRxD�GLVWULFW��0H[LFR��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RIWKH�DUW�RI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>��@ 6DEHW�0�+�� &RH�-�4���5DPLUH]�+�0��HW�)RUG�'�7��2SWLPDO�RSHUDWLRQ�RI�&DOLIRUQLD�$TXHGXFW�-RXUQDO�RI�:DWHU�5HVRXUFHV�3ODQQLQJ�DQG�0DQDJHPHQW��9RO������Q�����SS���������������
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>��@ 6DLQW�9HQDQW� �GH�� %DUUp� $�� -�� &� 7KpRULH� GX� PRXYHPHQW� QRQ�SHUPDQHQW� GHV� HDX[� DYHFDSSOLFDWLRQ� DX[� FUXHV� GHV� ULYLqUHV� HW� j� O©LQWURGXFWLRQ� GHV�PDUpHV� GDQV� OHXU� OLW��$FDGpPLH� GH6FLHQFHV�GH�3DULV��&RPSWHV�UHQGXV�9������S������������������������
>��@ 6DQILOLSR� )� $SSOLFDWLRQ� GX� UpJXODWHXU� 3,5� DX� FDV� GHV� FDQDX[� D� IRUWH� SHQWH�� '($� GHO
8QLYHUVLWp�&ODXGH�%HUQDUG��/\RQ�������
>��@ 6DZDGRJR� 6� 0RGpOLVDWLRQ�� FRPPDQGH� SUpGLFWLYH� HW� VXSHUYLVLRQ� G©XQ� V\VWqPH� G©LUULJDWLRQ�5DSSRUW�GH�WKqVH�8QLYHUVLWp�3DXO�6DEDWLHU��7RXORXVH��1�����������S��UDSSRUW�/$$6�1��������$YULO�������
>��@ 6DZDGRJR� 6���0DODWHUUH�� 3�2�� HW�.RVXWK�� 3��0XOWLYDULDEOH� RSWLPDO� FRQWURO� IRU� RQ� GHPDQGRSHUDWLRQ�RI�LUULJDWLRQ�FDQDOV� ,QWHUQDWLRQDO�MRXUQDO�RI�V\VWHP�VFLHQFH��9RO������1R�����SS����������������
>��@ 6DZDGRJR� 6��� 0DODWHUUH� 3�2��� 1LDQJ� $�� HW� )D\H� 5��0XOWLYDULDEOH� JHQHUDOL]HG� 3UHGLFWLYHFRQWURO�ZLWK�IHHGIRUZDUG�IRU�RQ�GHPDQG�RSHUDWLRQ�RI�LUULJDWLRQ�FDQDOV��,QWHUQDWLRQDO�ZRUNVKRSRQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV��0DUUDNHFK�0RURFFR�������
>��@ 6FKXXUPDQQV� -�� 5REXVW� GHFHQWUDOLVHG� FRQWURO� RI� RSHQ� FKDQQHOV�� , �0RGHOLQJ��� ,QWHUQDWLRQDOZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV�0DUUDNHFK��0RURFFR�������D��
>��@ 6FKXXUPDQQV� -�� 5REXVW� GHFHQWUDOLVHG� FRQWURO� RI� RSHQ� FKDQQHOV�� ,, �� &RQWURO� GHVLJQ�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������E��
>��@ 6FKXXUPDQQV� -�� &RQWUROOHU� GHVLJQ� IRU� D� 5HJLRQDO� 'RZQVWUHDP� &RQWUROOHG� &DQDO�� 'HOI8QLYHUVLW\�RI�WHFKQRORJ\��/DERUDWRU\�IRU�0HDVXUHPHQW�DQG�&RQWURO��������
>���@ 6HDW]X�&��'HVLJQ�RI�GHFHQWUDOL]HG�FRQVWDQW�YROXPH�FRQWUROOHUV�IRU�RSHQ�FKDQQHOV�E\�VROYLQJ�DOHDVW�VTXDUHV�SUREOHP��,QWHUQDWLRQDO�MRXUQDO�RI�6\VWHP�6FLHQFH����������SDJHV���������������
>���@ 6NHUWFKO\� 0��� /�� HW� 0LOHV�� -�3� &RQWURO� RI� DQ� LUULJDWLRQ� FDQDO�� -RXUQDO� RI� +\GUDXOLFDO(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R�����SS����������������
>���@ 6RHWHUERHN� 5��3UHGLFWLYH� FRQWURO�� D� XQLILHG� DSSURDFK�� 3K'� GLVVHUWDWLRQ�� 'HOI� 8QLYHUVLW\� RI7HFKQRORJ\�������
>���@ 6WUHONRII�7� 1XPHULFDO�VROXWLRQ�RI�6DLQW�9HQDQW�HTXDWLRQ��-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ�'LYLVLRQ��$6&(��9RO������1R��+<���SS����������������
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>���@ 6WULQJDP�%�/��HW�0HUNOH\�*�3��)X]]\�FRQWUROOHU�VLPXODWLRQ�IRU�ORFDO�GRZQVWUHDP�ZDWHU�OHYHOFRQWURO�LQ�FDQDOV��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RIUHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ 7DUGLHX�+� $XWRPDWLF�GDP�PDQDJHPHQW�DQG�ULYHU�UHJXODWLRQ�IRU�LUULJDWLRQ�SXUSRVHV��,UULJDWLRQDQG�GUDLQDJH�V\VWHPV��������������������
>���@ 7HHO�$��HW�3UDO\�/� *OREDO�VWDELOL]DELOLW\�DQG�REVHUYDELOLW\�LPSO\�VHPL�JOREDO�VWDELOL]DELOLW\�E\RXWSXW�IHHGEDFN��6\VWHPV�DQG�&RQWURO�/HWWHUV������33����������������
>���@ 7KpRGRU�5� ,QLWLDWLRQ�D�O©DQDO\VH�QXPpULTXH��0DVVRQ������
>���@ 7RPLFLF�%��$� JHQHUDO� RSWLPL]DWLRQ�PRGXOH� IRU� UHDO�WLPH� FRQWURO� RI� VXUIDFH� ZDWHU� UHVRXUFHV�0DVWHU� RI� 6FLHQFH�� 7KH� ,QWHUQDWLRQDO� ,QVWLWXWH� IRU�+\GUDXOLF� DQG� (QYLURQPHQWDO� (QJLQHHULQJ�'HOI�8QLYHUVLW\�������
>���@ 9LOODGVHQ� -�9��� HW�0LFKHOVHQ�0�/� 6ROXWLRQ� RI� GLIIHUHQWLDO� HTXDWLRQV� PRGHOV� E\� SRO\QRPLDODSSUR[LPDWLRQ��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1�-��������
>���@ 9LOODGVHQ� -�9�� HW� 6WHZDUW� :�(�� 6ROXWLRQ� RI� ERXQGDU\�YDOXH� SUREOHPV� E\� RUWKRJRQDOFROORFDWLRQ�� &KHPLFDO� (QJLQHHULQJ� 6FLHQFH�� 9RO�� ���� SS�� ����������� 3HUJDPRQ� 3UHVV� /7'�2[IRUG�������
>���@ 9RURQ�%��HW� �%RXLOORW�$�3��$SSOLFDWLRQ�RI� WKH� IX]]\� VHW� WKHRU\� WR� WKH�FRQWURO�RI� ODUJH�FDQDOV�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ ;X�&�=��HW�6DOOHW�*� 3URSRUWLRQDO�DQG�LQWHJUDO�UpJXODWLRQ�RI�LUULJDWLRQ�FDQDO�V\VWHPV�JRYHUQHGE\�WKH�6DLQW�9HQDQW�HTXDWLRQ��3URFHHGLQJV�RI�WKH����WK�:RUOG�&RQWURO�&RQJUHVV��%HLMLQJ�������
>���@ =LKXL� /�� HW� 0DQ]� '�+� 2SWLPDO� RSHUDWLRQ� RI� LUULJDWLRQ� FDQDO� V\VWHPV� XVLQJ� QRQOLQHDUSURJUDPPLQJ� �� G\QDPLF� VLPXODWLRQ� PRGHO�� &HPDJUHI�,,0,� ,QWHUQDWLRQDO� :RUNVKRS�0RQWSHOOLHU��2FWREUH������
>���@ =LPEHOPDQ� '�'� 3ODQQLQJ�� RSHUDWLRQ�� UHKDELOLWDWLRQ� DQG� DXWRPDWLRQ� RI� LUULJDWLRQ� ZDWHUGHOLYHU\�V\VWHPV��3URFHHGLQJV�RI�D�V\PSRVLXP�$6&(��3RUWODQG��86$��-XO\������
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>���@ $�*�+�7�0��/HV�VWDWLRQV�GH�SRPSDJH�G©HDX��/DYRLVLHU�7HF��	�'RF�������
>���@ $EERWW�0�%� &RPSXWDWLRQDO�K\GUDXOLFV��HOHPHQWV�RI� WKH� WKHRU\�RI� IUHH�VXUIDFH� IORRG��3LWPDQ�/RQGRQ�������
>���@ $NRX]�.� 0RGpOLVDWLRQ�HW�FRPPDQGH�G©XQ�FDQDO�G©LUULJDWLRQ��5DSSRUW�GH�WKqVH��)660��)DFXOWpGH�6FLHQFHV�6HPDOLD��8QLYHUVLWp�&DGL�$\\DG�0DUUDNHVK�0RURFFR��-XLQ������
>���@ $\UHV�)�� (TXDWLRQV�GLIIpUHQWLHOOHV�������
>���@ %DXPH� -�3� 5pJXODWLRQ� GHV� FDQDX[� G©LUULJDWLRQ �� (WXGH� GH� VRXV� V\VWqPH� ELHI� DYHF� YDQQH�&(0$*5()�(1*5()��'(�1DWLRQDO�G©+\GURORJLH�GH�O©867/�0RQWSHOOLHU�������
>���@ %DXPH�-�3�� HW� 6DX� -��6WXG\�RI� LUULJDWLRQ� FDQDO� G\QDPLFV� IRU� FRQWURO� SXUSRVH� ,QWHUQDWLRQDOZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV�0DUUDNHFK��0RURFFR�������
>���@ %RQQHW�%���'RFKDLQ�'��HW�6WH\HU�-�3��0RGpOLVDWLRQ�G©XQ�GLJHVWHXU�DQDpURELTXH�D�OLW� IOXLGLVp�-RXUQpHV�GHV�WKpVDUGV�VXU�O©DXWRPDWLTXH�HW�O©HQYLURQQHPHQW�1DUERQQH�����PDUV������
>���@ %R\DQRY�%� $QDOLWLFDO�GHVFULSWLRQ�DQG�VWXG\�RI�WKH�G\QDPLF�EHKDYLRXU�RI�D�GRZQVWUHDP�OHYHOVWDELOL]DWLRQ�V\VWHP�ZLWK�$9,2��$9,6��UHJXODWRU\�JDWHV��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RILUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RI UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ %ULqUH�)�*� 'LVWULEXWLRQ�HW�FROOHFWH�GHV�HDX[� (GLWLRQV�GH� O©HFROH�SRO\WHFKQLTXH�GH�0RQWUHDO������
>���@ %URQVRQ�5� (TXDWLRQV�GLIIpUHQWLHOOHV��PpWKRGHV�HW�DSSOLFDWLRQV��6+$80������
>���@ &KDXGU\�0�+� 2SHQ�FKDQQHO�IORZ� 3UHQWLFH�+DOO��,QF���(QJOHZRRG�&OLIV��1�-��������
>���@ &KHQ�<�+���:DWHU�DQG�VHGLPHQW�5RXWLQJ�LQ�5LYHUV��LQ�0RGHOLQJ�RI�ULYHUV��(G ��%\�+�:�6KHQ�-RKQ�:LOH\�DQG�6RQV��,QF��SS������������������
>���@ &KHYHUHDX� *��� /HEORQG� %�� HW� *KDOL� $�� $QDO\VLV� RI� WKH� FRQWURO� SUREOHPV� LQ� DQ� H[LVWLQJQHWZRUN �WKH�0RXORX\D�LUULJDWLRQ�VFKHPH�LQ�0RURFFR��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RILUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ &KRZ�9�7� 2SHQ�&KDQQHO�+\GUDXOLFV�0F*UDZ�+LOO�%RRN�&R��,QF��1HZ�<RUN�������
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>���@ &OHPHQV�$���%DXWLVWD�(���*RRFK�5�� HW� 6WUDQG�5��6DOW� 5LYHU� SURMHFW� FDQDO� DXWRPDWLRQ� SLORWSURMHFW�� ,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI� WKH�DUW�RI� UHVHDUFKDQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ &OHPHQV� $�-��� .DFHUHN� 7�)��� *UDZLW]� %�� HW� 6FKXXUPDQV� 7HVW� FDVHV� IRU� FDQDO� FRQWURODOJRULWKPV��-RXUQDO�RI�,UULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ��$6&(�'LYLVLRQ���������������
>���@ &OHPHQV�$�-��HW�5HSORJH��-��$� &RQWURO�RI�LUULJDWLRQ�FDQDO�QHWZRUNV� -RXUQDO�RI�,UULJDWLRQ�DQG'UDLQ�(QJLQHHULQJ��'LYLVLRQ�$6&(��9RO�������1R�����SS��������������
>���@ &RKHQ�*�� HW� /L�� =KX�'DR 'HFRPSRVLWLRQ� FRRUGLQDWLRQ� PHWKRGV� LQ� ODUJH�VFDOH� RSWLPL]DWLRQSUREOHPV�� WKH� QRQ� GLIIHUHQWLDEOH� FDVH� DQG� WKH� XVH� RI� DXJPHQWHG� /DJUDQJLDQV��$GYDQFHV� LQODUJH�VFDOH�V\VWHPV��9RO�����SS����������������
>���@ &RPROHW�5� 0pFDQLTXH�H[SpULPHQWDOH� GHV� IOXLGHV�� 7RPH� ,�� VWDWLTXH� HW� G\QDPLTXH� GHV� IOXLGHVQRQ�YLVTXHX[0DVVRQ�������
>���@ &RPSDV� -�0� 5LYHU� GHYHORSPHQW� VFKHPHV� UHJXODWLRQ� E\� SUHGLFWLYH� FRQWURO�� &RPSDJQLHQDWLRQDOH�GX�5K{QH��$6&(�PHHWLQJ�DW�$L[�HQ�3URYHQFH��)UDQFH����S��2FWREUH�������
>���@ &RUULJD� *��� 6DQQD� 6�� HW� 8VDL� *� 6XERSWLPDO� OHYHO� FRQWURO� RI� RSHQ� FKDQQHO� 3URFHHGLQJVLQWHUQDWLRQDO�$06(�&RQIHUHQFH�0RGHOLQJ�	�6LPXODWLRQ�9RO����SS��������������
>���@ &RUULJD�*���)DQQL�$���6DQQD�6��HW�8VDL�*� $�FRQVWDQW�YROXPH�FRQWURO�PHWKRG�IRU�RSHQ�FKDQQHORSHUDWLRQ� ,QWHUQDWLRQDO�MRXUQDO�RI�0RGHOOLQJ�	�6LPXODWLRQ��9RO�����1R�����SS���������������
>���@ &UHPHU�0��HW�<X�-�6� $�G\QDPLF�PRGHO�IRU�WKH�WUDQVSRUWDWLRQ�RI�SROOXWLRQ� ORDGV� LQ�KDUERXUFKDQQHO�QHWZRUNV� $,3$&��SS���������������
>���@ 'HPDLOO\�-�3� $QDO\VH�QXPpULTXH��pTXDWLRQV�GLIIHUHQWLHOOHV������
>���@ (O�+DOODQL�(� +���(O�$PJKDUL�0�� HW�&RHXUHW�&��'\QDPLF� UHJXODWLRQ�RQ�5RFDGH� FDQDO�DQG1©)LV�FDQDO��7HQ�\HDUV�UHSRUW�DQG�RQ�JRLQJ�GHYHORSPHQWV��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQRI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ (UOLFK�0��HW�/H)UDQFRLV�2� $XWRPDWLF�FRQWURO� LQ�FDQDO� UHJXODWLRQ��DQDO\VLV�RI�VRPH�SLWIDOOV�$,5+�&RQJUHV�,$5+��/DXVDQQH��SS����������������
>���@ )D\H�5���0RUD�&DPLQR�)��HW�$FKDLERX�$� $GDSWLYH�RSWLPL]DWLRQ�DSSURDFK�IRU�WKH�VXSHUYLVLRQRI�DQ�LUULJDWLRQ�V\VWHP��,)$&�,),3�&RQIHUHQFH�RQ�0DQDJHPHQW�DQG�&RQWURO�RI�3URGXFWLRQ�DQG/RJLVWLFV��&DPSLQDV��%UpVLO���SS���������5DSSRUW�/$$6�1R���������$R�W����6HSWHPEUH������
>���@ )D\H�5���0RUD�&DPLQR�)�� HW�$FKDLERX�$� 7KH� FRQWULEXWLRQ� RI� LQWHOOLJHQW� V\VWHPV� WR�ZDWHUUHVRXUFH� PDQDJHPHQW� DQG� FRQWURO�� -RXUQpHV� +LVSDQR�)UDQoDLVHV� �6\VWqPHV� ,QWHOOLJHQWV� HW&RQWU{OH�$YDQFp���%DUFHORQH��(VSDJQH����S��5DSSRUW�/$$6�1R������������1RYHPEUH�������
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>���@ )D\H�5���0RUD�&DPLQR�)��HW�6DZDGRJR�6� $Q�LQWHOOLJHQW�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�LUULJDWLRQV\VWHP� PDQDJHPHQW� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6\VWHPV� 0DQ� DQG� &\EHUQHWLFV�60&
�����6DQ�'LHJR��86$���5DSSRUW�/$$6�1R�������2FWREUH�������
>���@ )D\H�5���0RUD�&DPLQR�)��$FKDLERX�$��HW�3HUHLUD�$�/� $�NQRZOHGJH�EDVHG�DSSURDFK�IRU�WKHVXSHUYLVLRQ�RI�DQ�LUULJDWLRQ�V\VWHP� 5DSSRUW�/$$6�1����������S���-DQYLHU�������
>���@ )LOLSRULD�9�� HW�0LORVHYLF�=� '<1� PHWKRG� IRU� RSWLPDO� FRQWURO�ZDWHU� IORZ� LQ�RSHQ� FKDQQHOV�-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO��������1R�����SS�����������������
>���@ )UDQNH�&�� HW� 6FKDEDFN�5� 6ROYLQJ� SDUWLDO�GLIIHUHQWLDO� HTXDWLRQV� E\� FROORFDWLRQ� XVLQJ� UDGLDOEDVLV�IXQFWLRQV��$SSOLHG�PDWKHPDWLFDO�DQG�FRPSXWDWLRQ��������SS��������������
>���@ *DWHV� 7�.�� HW� $O�=DKUDQL�$� 6WDWLRWHPSRUDO� VWRFKDVWLF� RSHQ�FKDQQHO� IORZ� ,��0RGHO� DQG� LWVSDUDPHWHU� GDWD�� -RXUQDO� RI�+\GUDXOLFDO� (QJLQHHULQJ��'LYLVLRQ� �$6&(��9RO�� �����1R�� ���� SS���������������
>���@ *DWHV� 7�.�� HW� $O�=DKUDQL� $� 6WDWLRWHPSRUDO� VWRFKDVWLF� RSHQ�FKDQQHO� IORZ� ,,�� 6LPXODWLRQ([SHULPHQWV��-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R������SS����������������
>���@ *HRUJHV�'� 1RQ� OLQHDU�PRGHO� LGHQWLILFDWLRQ�DQG�VWDWH�REVHUYHUV�GHVLJQ� IRU�ZDWHU�GLVWULEXWLRQV\VWHPV� &RQWURO�����SS���������&RQIHUHQFH�SXEOLFDWLRQ�1R�������,((��0DUV�������
>���@ *HRUJHV�'� 6ROXWLRQ� RI� QRQ� OLQHDU� RSWLPDO� UHJXODWRU� DQG�+f FRQWURO� SUREOHPV� YLD�*DOHUNLQPHWKRGV� (XURSHDQ�-RXUQDO�RI�&RQWURO��9RO���������
>���@ *UDI�:�+��HW�$OWLQDNDU��+\GURG\QDPLTXH��(\UROOHV��3DULV��)UDQFH������
>���@ *XR� /��� 6FKRQH� $�� HW� 'LQJ� ;� &RQWURO� RI� K\GUDXOLF� URWDU\� PXOWL�PRWHU� V\VWHPV� EDVHG� RQELOLQHDUL]DWLRQ��$XWRPDWLFD��9RO������1R�����SS������������������
>���@ +DULUL� $� 0RGpOLVDWLRQ� HW� FRPPDQGH� RSWLPDOH� GH� SURFHVVXV� K\SHUEROLTXHV�� $SSOLFDWLRQ� DX[SURFHVVXV� WKHUPLTXHV� j� FRQWUH� FRXUDQW� 7KqVH� GH� GRFWRUDW� /$$6�1�� ������8QLYHUVLWp� 3DXO6DEDWLHU��7RXORXVH�)UDQFH�������
>���@ +HUUHUR� 0�$�� HW� =XD]XD� (�� 5HFHQW� DGYDQFHV� LQ� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQV�� -�� :LOOH\�0DVVRQ�������
>���@ +ROGHQ�$�3��HW�6WHSKHQVRQ�'� )LQLWH�GLIIHUHQFH�IRUPXODWLRQV�RI�NLQHPDWLF�HTXDWLRQV�� -RXUQDORI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R�����SS����������������
>���@ +XJ�0��0pFDQLTXH�GHV�IOXLGHV�DSSOLTXpH��(\UROHV�3DULV�������
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>���@ -HKDQQR� 3�� %HUQDUG� 3�� HW� 2GH\HU� &�� 1HZ� HVQD� EDUUDJH� �(J\SW�� ZDWHU� OHYHO� UHJXODWLRQV\VWHP�� ,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI� LUULJDWLRQ�FDQDOV ��6WDWH�RI� WKH� DUW� RI� UHVHDUFKDQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ .RVXW�3���+XUDQG�3��DQG�7URXYDW�-�/��$XWRPDWLF�FRQWURO�RI�ULYHU�IORZV ��FRPSOH[�DUFKLWHFWXUHVZLWK� LQWHUPHGLDWH� IORZ� PHDVXUHPHQW� DQG� FRQWUROOHU� UREXVWQHVV� IDFLQJ� YDU\LQJ� WLPH� GHOD\V�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ .RWDU� 2QL]XND� HW� 6DPXHO� 1LL� 2GD %XUJHU©V� HTXDWLRQ� PRGHO� IRU� XQVWHDG\� IORZ� LQ� RSHQFKDQQHOV��$6&(��-RXUQDO�RI�K\GUDXOLF�HQJLQHHULQJ��9RO������Q���SS����������������
>���@ .XSHU�0��� �/LWULFR�;��HW�+DELE�=�� �$QDO\VLQJ�WKH�LPSDFW�RI�DOWHUQDWLYH�RSHUDWLRQDO�UXOHV�RQZDWHU�GLVWULEXWLRQ��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUW�RIUHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ .ZDVQLRN�$� 2SWLPDO�*DOHUNLQ�DSSUR[LPDWLRQV�RI�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�XVLQJ�SULQFLSDOLQWHUDFWLRQV�SDWWHUQV� 3K\VLFDO�UHYLHZ��(�YRO����Q����������
>���@ /DSLGXV�/��HW�3LQGHU�*��)��1XPHULFDO�VROXWLRQ�RI�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�LQ�VFLHQFH�DQGHQJLQHHULQJ��-RKQ�:LOH\�DQG�VRQV��,1&��������
>���@ /DUHQGKRPPH� 5� $QDO\VH� LQILQLWpVLPDOH �� EDVH� GX� FDOFXO� GLIIpUHQWLHO� HW� pTXDWLRQVGLIIpUHQWLHOOHV������
>���@ /H� 3RXUKLHW� $� 5pVROXWLRQ� QXPpULTXH� GHV� pTXDWLRQV� DX[� GpULYpHV� SDUWLHOOHV�� 8QH� SUHPLqUHDSSURFKH��&ROOHFWLRQ�/D�5HFKHUFKH��&HSDGXHV�pGLWLRQV�7RXORXVH�������
>���@ /LX�)���0DODWHUUH�3�2���%DXPH�-�3���.RVXWK�3��HW�)H\HQ�-� (YDOXDWLRQ�RI�D�FDQDO�DXWRPDWLRQDOJRULWKP�&/,6�� )LUVW� LQWHUQDWLRQDO� FRQIHUHQFH� RQ�ZDWHU� UHVRXUFHV� HQJLQHHULQJ�� 6DQ�$QWRQLR�86$����S���$R�W�������
>���@ /LX� )��� 6XMDPRNR� HW� )H\HQ� -�� 5REXVW� DQDO\VLV� RI� FDQDO� DXWRPDWLRQ� DOJRULWKP� &/,6�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ 0DF'RQDOG�,���%DLQHV�0�-���1LFKROV�1�.��HW�6DPXHOV�3�*� $QDO\WLF�EHQFKPDUN�VROXWLRQV�IRURSHQ�FKDQQHO�IORZV��-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R������SS���������������
>���@ 0DODWHUUH�3�2� /D�UpJXODWLRQ�GHV�FDQDX[�G©LUULJDWLRQ��FDUDFWpULVDWLRQ�HW�FODVVLILFDWLRQ��-RXUQDOOD�+RXLOOH�%ODQFKH��9RO�������SS��������������
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���
>���@ 0DODWHUUH� 3�2�� HW� %DXPH� -�3�� 6,&� ����� D� VLPXODWLRQ� PRGHO� IRU� FDQDO� DXWRPDWLRQ� GHVLJQ�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ 0HVHOKH� (�$�� HW� +ROO\� )�0� 1XPHULFDO� VLPXODWLRQ� RI� WUDQVFULWLFDO� IORZ� LQ� RSHQ� FKDQQHOV�-RXUQDO�RI�+\GUDXOLFDO�(QJLQHHULQJ��'LYLVLRQ��$6&(��9RO�������1R�����SS����������������
>���@ 0RUWRQ� .�:�� HW� 3DUURWW� $�.�� *HQHUDOL]HG� *DOHUNLQ� PHWKRGV� IRU� ILUVW� RUGHU� K\SHUEROLFHTXDWLRQV��-RXUQDO�RI�FRPSXWDWLRQDO�SK\VLFV��1R������SS����������������
>���@ 2X]LDX[�5��HW�3HUULHU�-� 0pFDQLTXH�GHV�IOXLGHV�DSSOLTXpV��'XQRG�8QLYHUVLWp�������
>���@ 3DGHW�-��)OXLGHV�HQ�pFRXOHPHQW��0DVVRQ�3DULV�)UDQFH�������
>���@ 3DJHV�-�&���&RPSDV�-�0��HW�6DX�-��3UHGLFWLYH�FRQWURO�EDVHG�FRRUGLQDWHG�RSHUDWLRQ�RI�D�VHULHVRI�ULYHU�GHYHORSPHQWV��,QWHUQDWLRQDO�ZRUNVKRS�RQ�UHJXODWLRQ�RI�LUULJDWLRQ�FDQDOV ��6WDWH�RI�WKH�DUWRI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ 3HGUR]D�(��HW�*DUFLD�1�� 7ZR�DSSOLFDWLRQV�RI�DQ� LUULJDWLRQ�FDQDO�VLPXODWRU ��WKH�DXWRPDWLRQ<DTXL©V�FDQDO��DQG�WKH�RSHUDWLRQV�SUREOHPV�RI�WKH�0DLQ�+XPD\D�FDQDO��,QWHUQDWLRQDO�ZRUNVKRSRQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV��0DUUDNHFK�0RURFFR�������
>���@ 4XHYHGR�-���&RUWLQD�-��$� /DERUDWRU\�SURFHVV�IRU�DVVHVVPHQW�RI�LUULJDWLRQ�FRQWURO�DOJRULWKP�,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ 5DPLUH]�/XQD� -��� 6DX� -���0DUTXHW�2�� %DXPH� -�3�� HW� 7HERXO� (��$� QXPHULFDO� DQDO\VLV� RIG\QDPLF� EHKDYLRU� RI� WKH� VHOI�OHYHOLQJ� �*(&� $/67+20�� JDWHV�� $0,/� 	� $9,2� �$9,6��,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQGDSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
>���@ 5DPLUH]�/XQD� -��� 6DX� -���0DUTXHW�2�� %DXPH� -�3�� HW� 7HERXO� (��$� QXPHULFDO� DQDO\VLV� RIG\QDPLF�EHKDYLRU�RI�WKH�VHOI�OHYHOLQJ��*(&�$/67+20��JDWH��0,;7(� ,QWHUQDWLRQDO�ZRUNVKRSRQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV��0DUUDNHFK�0RURFFR�������
>���@ 5DR�*��+�9�� HW�0LVUD� 5��+RZ� HIIHFWLYH� DUH� WKH� FDQDO� FRQWURO� PHWKRGRORJLHV�� ,QWHUQDWLRQDOZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �� 6WDWH� RI� WKH� DUW� RI� UHVHDUFK� DQG� DSSOLFDWLRQV�0DUUDNHFK��0RURFFR�������
>���@ 5HGG\� -�0��.DOPDQ� ILOWHULQJ� LQ� WKH� FRQWURO� LUULJDWLRQ� FDQDOV�� ,QW�� -RXUQDO� DSSOLFDWLRQ� PDWKPRGHOLQJ��9RO������QR�����SS����������������
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���
>���@ 5HGG\� -�0� /RFDO� RSWLPDO� FRQWURO� RI� LUULJDWLRQ� FDQDOV�� -RXUQDO� RI� ,UULJDWLRQ� DQG� 'UDLQ(QJLQHHULQJ��'LYLVLRQ�$6&(��9RO�������1R�����SS����������������
>���@ 5RPLHX�3��5RXOW�'� 7KH�&58(�VRIWZDUH ��D�NQRZOHGJH�EDVHG�HPEHEGHG�PRGHO�DQG�WRRO�NLW�IRUK\GUDXOLF� GHVLJQV� DQG� UHJXODWLRQ�� ,QWHUQDWLRQDO� ZRUNVKRS� RQ� UHJXODWLRQ� RI� LUULJDWLRQ� FDQDOV �6WDWH�RI�WKH�DUW�RI�UHVHDUFK�DQG�DSSOLFDWLRQV��0DUUDNHFK��0RURFFR�������
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