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/¶DQDO\VH� � H[HUJpWLTXH� VXU� GH� WHOV� V\VWqPHV� GH�WUDQVIRUPDWLRQ� GH� O¶pQHUJLH� WKHUPLTXH� HVW�SDUWLFXOLqUHPHQW� DGDSWpH�� VXUWRXW� DSUqV� OD� UpFHQWH�GpPRQVWUDWLRQ� GH�/H�*RII� HW� DO� ���� GpPRQWUDQW� TXH� OH�FKRL[� GH� OD� WHPSpUDWXUH� GH� UpIpUHQFH� 7�� Q¶LQWHUYHQDLW�SDV� GDQV� GH� WHOOHV� DQDO\VHV�� 7RXWHIRLV�� LO� QH� V¶DJLW� SDV�LFL� G¶DQDO\VHU� OHV� LUUpYHUVLELOLWpV� RX� OHV� SHUWHV�G¶H[HUJLHV�GHV�V\VWqPHV�TXH�O¶RQ�SHXW�PHWWUH�HQ�RHXYUH�HW� GRQW� OH� GHVLJQ� D� pWp� GpILQL� HW� UHWHQX� DX� SUpDODEOH��&¶HVW�DX�FRQWUDLUH�OD�UHFKHUFKH�GX�GHVLJQ�RSWLPDO�GH�OD�
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� WURLV� GRPDLQHV� GH� FRQFHQWUDWLRQ� GH� VROXWLRQ�� RX�WURLV� VROXWLRQV�� RX� HQFRUH� WURLV� VROLGHV� DFWLIV� �� LOV¶DJLW�GH�SURFpGpV�GLWV�j�UpVRUSWLRQ�'DQV� GH� WHOV� V\VWqPHV� GH� WUDQVIRUPDWLRQ� GH� O¶pQHUJLH�WKHUPLTXH�� GHX[� W\SHV� GH� SURFHVVXV� SK\VLTXHV�� VRLW�HQGRWKHUPLTXHV��D���VRLW�H[RWKHUPLTXHV��E��VRQW�PLV�HQ�°XYUH�D� �O¶pYDSRUDWLRQ� (� G¶XQ� JD]� HQWUDvQDQW� OH�SRPSDJH�G¶XQH�TXDQWLWp�GH�FKDOHXU�4( �� OD�GpVRUSWLRQ�'�G¶XQH�VROXWLRQ�ULFKH�HQ�JD]��RX� G¶XQ� VROLGH� FKDUJp� HQ� JD]� �FDV� GH�O¶DGVRUSWLRQ�RX�GH�OD�UpDFWLRQ�E� � OD� FRQGHQVDWLRQ� &� G¶XQ� JD]� HQWUDvQDQW� OD�SURGXFWLRQ�G¶XQH�TXDQWLWp�GH�FKDOHXU�4& �� OD� V\QWKqVH�6� �G¶XQH� VROXWLRQ� ULFKH�HQ�JD]�jSDUWLU� GH� OD� VROXWLRQ� SDXYUH�� RX� G¶XQ� VROLGH�FKDUJp�HQ�JD]�j�SDUWLU�G¶XQ�VROLGH�GpFKDUJp�HQ�JD]�/¶DIILQLWp�G¶XQH� VROXWLRQ�SDXYUH�RX�G¶XQ�VROLGH�SDXYUH�HQ�JD]�HQWUDvQH� O¶pYDSRUDWLRQ�HQGRWKHUPLTXH�GX�JD]�HW�OD�V\QWKqVH�H[RWKHUPLTXH�46�DYHF�OD�UHODWLRQ��'6(6 444 � ���R��4'6� �4' ± 4&���� 46  �4'  �U���O�����4(  �4&  �O��GDQV� OH� FDV�GH�SURFpGpV� LGpDX[� U� UHSUpVHQWH� OD� FKDOHXU�GH�PpODQJH��FDV�GH�VROXWLRQ��RX�GH�UpWLFXODWLRQ��FDV�GH�VROLGHV��� HW� O� OD� FKDOHXU ODWHQWH�� FRPPH� OH� GpFULW�1HVVHOPDQ������/D�PpWKRGRORJLH� UHWHQXH� FRQVLVWH� j� FDUDFWpULVHU� WRXWHV�OHV� SRVVLELOLWpV� GH� FRXSODJHV� SRVVLEOHV� HQWUH� pOpPHQWV�GX�SURFpGp��j�DSSOLTXHU�GHV�UqJOHV�G¶pOLPLQDWLRQ�RX�GH�SURPRWLRQV�GH�FRXSODJH��HQILQ�j�FDUDFWpULVHU��VXU OH�FDV�GH�OD�PLVH�HQ�°XYUH�GHV�V\VWqPHV�VROLGH�JD]�������1+�YLV� j� YLV� GH� %D&O� �� 6U&O� HW� 0Q&O��� OH� FKRL[� GHV�V\VWqPHV�OHV�SOXV�SHUIRUPDQWV�HQ�WHUPH�GH�UHPRQWpH�GH�QLYHDX� GH� WHPSpUDWXUH� G¶XQH� VRXUFH� DYHF� XQH�SURGXFWLYLWp� H[HUJpWLTXH� PD[LPDOH�� 2Q� pOLPLQHUD�� DX�FRXUV�GH�FHWWH�SUHPLqUH�pWXGH�� OHV�V\VWqPHV�LPSOLTXDQW�SOXVLHXUV� QLYHDX[� GH� WHPSpUDWXUH� GH� VRXUFHV� RX� GH�WHPSpUDWXUH� GH� WKHUPRWUDQVIRUPDWLRQ�� HW� FHX[�FRQGXLVDQW�j�OD�PLVH�HQ�°XYUH�GH�SURFpGpV�IRQFWLRQQDQW�j�SOXV�GH�WURLV�QLYHDX[�GH�SUHVVLRQ����(',),&$7,21�'(6�6<67(0(6�'(�7+(50275$16)250$7,21
/D�VRXUFH�WKHUPLTXH�TX¶LO�V¶DJLW�GH�UHYDORULVHU�HVW�PLVH�HQ�FRQWDFW�DYHF�XQ�pOpPHQW�HQGRWKHUPLTXH�GX�SURFpGp��VRLW� OH�GpVRUEHXU�'�RX�O¶pYDSRUDWHXU�(��VRLW�HQFRUH�FHV�GHX[�W\SHV�G¶pOpPHQWV��DORUV�TXH�O¶pOpPHQW�GH�V\QWKqVH�6� RX� OH� FRQGHQVHXU� &� �RX� HQFRUH� OHV� GHX[�� VRQW� OHV�VRXUFHV�GH�O¶pQHUJLH�WKHUPLTXH�YDORULVpH�/H� GpVRUEHXU� '� HVW� HQ� OLDLVRQ� DYHF� OH� FRQGHQVHXU� &�SRXU� DVVXUHU� OH� WUDQVSRUW� GX� JD]� SURGXLW�� HW� DYHF�O¶pOpPHQW� GH� V\QWKqVH� 6� DXTXHO� LO� FRPPXQLTXH� OD�VROXWLRQ�RX�OH�VROLGH�DSSDXYUL��'H�PrPH��'�SHXW�rWUH�HQ�OLDLVRQ� DYHF� GHX[� pOpPHQWV� 6�� O¶XQ� SRXU� DVVXUHU� OH�WUDQVSRUW� GX� JD]� SURGXLW� DX� FRXUV� GH� FHWWH� GpVRUSWLRQ��O¶DXWUH� SRXU� O¶DFFXHLO� GH� OD� VROXWLRQ� RX� GX� VROLGH�DSSDXYUL�� 'RQF� GH� PDQLqUH� VLPSOLILpH�� OHV� SDVVDJHV�G¶pQHUJLH�TXLWWDQW�XQ�pOpPHQW�HQGRWKHUPLTXH�VRQW��
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DVVXUDQW� OH� WUDQVSRUW� GH� OD� FKDOHXU� ODWHQWH� O� RX� GH� OD�FKDOHXU�GH�PpODQJH�RX�GH�UpWLFXODWLRQ�U�
0DLV� XQH� V\QWKqVH� 6� QH� SHXW� V¶HIIHFWXHU� TXH� VL� FHW�pOpPHQW�UHoRLW�VLPXOWDQpPHQW�OH�JD]�HW�OD�VROXWLRQ��RX�OH�VROLGH�� DSSDXYUL�� SRXU� HQ� HIIHFWXHU� OD� V\QWKqVH��'RQF��OHV� SDVVDJHV� G¶pQHUJLH� DWWHLJQDQW� XQ� pOpPHQW�H[RWKHUPLTXH�6�RX�&�VRQW��' 6D� E�
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&¶HVW� O¶HQVHPEOH� GHV� FRPELQDLVRQV� GHV� SDVVDJHV�G¶pQHUJLH� HQWUH� pOpPHQWV� HQGR� YHUV� pOpPHQWV�H[RWKHUPLTXHV�TX¶LO�V¶DJLW�G¶pGLILHU�7RXWHIRLV�� GHX[� W\SHV� G¶pOpPHQWV� SHXYHQW� rWUH� HQ�FRQWDFW� WKHUPLTXH� GLUHFW�� SHUPHWWDQW� OH� WUDQVIHUW� GH�FKDOHXU� G¶XQ� pOpPHQW� H[RWKHUPLTXH� YHUV� XQ� pOpPHQW�HQGRWKHUPLTXH�� 'RQF� OHV� WUDQVIHUWV� GH� FKDOHXU�V\PEROLVpV�SDU���D��&�� ' �E��6�� '
�F��&�� ( �G��6�� (���������� ����
VRQW�j�LQFOXUH�DX�FRXUV�GH�O¶pGLILFDWLRQ�GHV�V\VWqPHV�&¶HVW�DLQVL�TXH�OD�FRPELQDLVRQ�GHV�pOpPHQWV��D�HW��F�SHUPHW�GH�UHVSHFWHU�OD�UqJOH���D��' &6( ����
EDVH�GHV�PDFKLQHV�j�VRUSWLRQ�VLPSOH�HIIHW���GDQV�OH�FDV�GH�OD�SRPSH�j�FKDOHXU�R��O¶RQ�UHFKHUFKH�j�DPSOLILHU�OD�TXDQWLWp�GH�FKDOHXU�G¶XQH�VRXUFH�4' j�7'��HQ�SRPSDQW�GH� OD� FKDOHXU� 4( GDQV� XQ� SXLWV� LQILQL� j� 7( 7��� RQ�SURGXLW�46 HW�4& DX[�QLYHDX[�76 HW�7& UHVSHFWLYHPHQW�DYHF�7't76��7&!7(��'DQV�OH�FDV�GH�OD�PDFKLQH�j�IURLG��OHV�PrPHV�pOpPHQWV�VRQW�LQWHUFRQQHFWpV��PDLV�FHWWH�IRLV�46 HW�4& VRQW�UHMHWpV�GDQV�OH�SXLWV�LQILQL�7���SHUPHWWDQW��SDU� O¶DSSRUW� GH� FKDOHXU�4' j�7'�� OH� SRPSDJH�GH�4( j�7(�7��'DQV�OH�FDV�TXL�QRXV�LQWpUHVVH�LFL��OD�UHYDORULVDWLRQ�GH�ODFKDOHXU�GH�QLYHDX�7' 7( MXVTX¶j�76 HVW�SRVVLEOH�SDU�OD�GpJUDGDWLRQ�GH�O¶pQHUJLH�ODWHQWH�O�GX�QLYHDX�7' j�7& ��HQ�VXLYDQW�OH�VFKpPD������'¶DXWUHV� FRPELQDLVRQV� G¶pOpPHQWV� VRQW� SRVVLEOHV� GDQV�OHVTXHOV� FHWWH� IRLV�� OHV�SDVVDJHV�GLUHFWV�G¶pQHUJLH�HQWUH�pOpPHQWV� VRQW� FRPELQpV� SRXU� FUpHU� GHV� SDVVDJHV�G¶pQHUJLH�RULJLQDX[��'H�WHOV�SDVVDJHV�VRQW�LGHQWLILpV��HQ�UHVSHFWDQW� O¶RUGUH� VXLYDQW� DX� QLYHDX� GHV� pOpPHQWV�HQGRWKHUPLTXHV� j� SODFHU� DX� QLYHDX� GH� OD� VRXUFH� GH�FKDOHXU�j�UHYDORULVHU��D� �� SDVVDJHV� G¶pQHUJLH� GHSXLV� O¶HQWUpH�� VRLW�(�HW�(¶
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E� ��SDVVDJHV�G¶pQHUJLH�GHSXLV�O¶HQWUpH��VRLW�'�HW�(F� ��SDVVDJHV�G¶pQHUJLH�GHSXLV�O¶HQWUpH��VRLW�'��(�HW�(¶�RX�'�HW�'¶G� ��SDVVDJHV�G¶pQHUJLH�GHSXLV�O¶HQWUpH��VRLW�'��'¶�HW�(��QDWXUHOOHPHQW�LO�IDXGUD�SODFHU�OHV�pOpPHQWV�VXLYDQWV�j�OD�VRUWLH�� VDQV� SUpMXJHU� GHV� pOpPHQWV� j� SODFHU� HQWUH� OHV�HQWUpHV�HW�OD�VRUWLH�GH�FKDOHXU��L� 6�HW�&LL� 6�HW�&�HW�&¶LLL� 6�HW�6�UHVSHFWDQW�OH�SUHPLHU�SULQFLSH�V¶H[SULPDQW�SDU��4' ��4(  �46 ��4& ����RX4' ��4'�  �46 ��46� ����6HXOV� VRQW� GpFULWV� LFL� OHV� GHX[� FDV� D�� HW� E��� OHV� GHX[�GHUQLHUV�IDLVDQW�O¶REMHW�G¶XQH�SXEOLFDWLRQ�XOWpULHXUH����7+(50275$16)250$7,21�$9(&�/(6�(/(0(176�(�(7�(¶�3/$&(6�$�/$�6285&(� 7+(50,48(� $�5(9$/25,6(5
/HV�SDVVDJHV�G¶pQHUJLH�(�o 6�HW�(¶�o 6� VRQW�OHV�VHXOV�SRVVLEOHV�� SRXYDQW� HQJHQGUHU� OHV� WUDQVIHUWV� GH� FKDOHXU�HQWUH� OHV� pOpPHQWV�6�� '� HW�6� � '��(Q� HIIHW�� GHX[�pYDSRUDWHXUV� (� HW� (¶� QH� SHXYHQW� rWUH� PLV� HQ� FRQWDFW�TX¶DYHF�GHX[�pOpPHQWV�GH�V\QWKqVH�GLIIpUHQWV�6�HW�6¶� ��OH� FRQWDFW� GH� (�o &� Q¶HVW� SDV� SRVVLEOH� pWDQW� GRQQp�O¶K\SRWKqVH� GX� FKRL[� G¶XQ� VHXO� W\SH� GH� JD]�� $ILQ� GH�UHVSHFWHU� OHV� QDWXUHV� GHV� GHX[� pQHUJLHV� ODWHQWHV�G¶HQWUpH�� VHXOV� OHV� SDVVDJHV� GH� W\SH� �D� VRQW� SRVVLEOHV��FRQGXLVDQW� j� OD� UHSUpVHQWDWLRQ� GHV� SDVVDJHV� G¶pQHUJLH�GH� OD� )LJXUH� �D�� LPSOLTXDQW� OHV� SDVVDJHV� GH� O¶pQHUJLH�UpWLFXODLUH� GH� '� YHUV� 6� HW� '� YHUV� 6�� /¶� pQHUJLH� GH�PpODQJH�RX�UpWLFXODLUH�U�LVVXH�GH�'� HVW�WUDQVIpUpH�YHUV�6���$LQVL�GRQF�FH� W\SH�G¶pQHUJLH� U�FLUFXODQW�HQWUH�6��'�o 6�� '� o 6� SHUPHW� OH�SRPSDJH�GH�FKDOHXU�GX�QLYHDX� 7(  � 7(¶� SRXU� XQH� YDORULVDWLRQ� GH� O� j� 7&¶�� HQ�GpJUDGDQW� WRXWHIRLV� O� MXVTX¶j�7&��/HV�)LJXUHV��E�HW��F�LOOXVWUHQW� FHWWH� URWDWLRQ� GH� O¶pQHUJLH� GH� PpODQJH� RX�UpWLFXODLUH� GDQV� OHV� GLDJUDPPHV� �4�I T HW� GH�&ODXVLXV�&ODSH\URQ�� /¶H[HUJLH� 

H[QX( UHSUpVHQWpH� SDU�OD�VXUIDFH�������������Q¶HVW�SDV�XWLOLVpH���VHXOH�O¶H[HUJLH�UHSUpVHQWpH� SDU� OD� VXUIDFH� ���������������� HVW�WUDQVIRUPpH� HQ� H[HUJLHV� UHSUpVHQWpHV� SDU� OHV� VXUIDFHV�������������HW�������������OH�SDVVDJH�G¶pQHUJLH�(�o &¶�QpFHVVLWH�OHV�SDVVDJHV�GLUHFWV�VXFFHVVLIV�(�o 6���SXLV�6�� '�o &��SRVVLEOH�SDU�OHV�SDVVDJHV�GLUHFWV�VXFFHVVLIV�(¶�o 6�� '� o &�� /H� GLDJUDPPH� GH� OD� )LJXUH� �F�UHSUpVHQWH� FHV� SDVVDJHV� G¶pQHUJLH� GDQV� OH� GLDJUDPPH�FODVVLTXH� GH� &ODXVLXV�&ODSH\URQ�� 'DQV� FHWWH�UHSUpVHQWDWLRQ��RQ�VXSSRVH�TXH�O¶XWLOLVDWHXU�VRXKDLWH�XQ�QLYHDX� GH� WHPSpUDWXUH� 7&¶ �� VL� OH� QLYHDX�7&X¶ VRXKDLWp�pWDLW�LQIpULHXU�j�7&¶ O¶H[HUJLH� � �X
&
&
&

H[H 4( T�T VHUDLW�SURGXLWH� HQ� H[FqV�� $XFXQH� H[HUJLH� WUDQVIRUPpH� HW�LQH[SORLWpH�Q¶HVW�SURGXLWH�,FL�

� �((&&H 4��4�[ TT� ���D��HZ  ���E�HW � �((&&H\L 4��4�[ TT�  K ���F�'DQV�OH�FDV�UHWHQX�R��OHV�VHOV�6U&O� HW�0Q&O� VRQW�PLV�HQ� °XYUH� YLV� j� YLV� GH� O¶DPPRQLDF�� SRXU� UpDOLVHU� OD�WKHUPRWUDQVIRUPDWLRQ� G¶XQH� VRXUFH� j� ���&� YHUV� OH�QLYHDX� GH� ����&�� OD� WHPSpUDWXUH� GH� O¶HQYLURQQHPHQW�pWDQW� 7� ���&�� � [H  �K\L  ������ FDU�7& ���&�GDQV� FH�FDV��/D�UHODWLRQ��
(&L\L &2$� TT� K ����

SHUPHW�G¶LGHQWLILHU�OH�FRHIILFLHQW�G¶DPSOLILFDWLRQ�GH�FKDOHXU�LGpDO�&2$L G¶XQ�WHO�V\VWqPH���&2$L ����6L� O¶RQ� UpGXLW� OH� QLYHDX� GH� VRUWLH� XWLOH� j� ����&� SRXU�FRPSDUHU� FH� V\VWqPH� DX[� VXLYDQWV�� WRXW� HQ� SURGXLVDQW�GH�OD�FKDOHXU�j�����&��OD�GpJUDGDWLRQ�GH�QLYHDX�FRQGXLW�j�HZ �����HW�GRQF�j�K\L ��������7+(50275$16)250$7,21�$9(&�/(6�(/(0(176�'�(7�(�3/$&(6�$�/$�6285&(�7+(50,48(�$�5(9$/25,6(5
����&DV�R��'�HVW�OLp�j�6�HW�&/D� )LJXUH� �D� SUpFLVH� OHV� WUDMHWV� G¶pQHUJLH� GH� OD�FRQILJXUDWLRQ� FODVVLTXH� GX� WKHUPRWUDQVIRUPDWHXU�� /D�UHSUpVHQWDWLRQ�� GDQV� OH� GLDJUDPPH� �4�I T �)LJXUH��E��� GHV� H[HUJLHV�PLVHV� HQ� MHX�� SHUPHW O¶LGHQWLILFDWLRQ�GH� O¶H[HUJLH�HQWUDQWH�(¶��� LO V¶DJLW�GH�OD�VXUIDFH�����������FRPSOpWpH�SDU�OD�VXUIDFH��������������� O¶H[HUJLH�WUDQVIpUpH�DX�FRQGHQVHXU�DX�QLYHDX�GH�T&�� ����������� O¶H[HUJLH� ���������� Q¶pWDQW� GRQF� SDV�XWLOLVpH��� O¶H[HUJLH�UHYDORULVpH�GX�QLYHDX�T' DX�QLYHDX�T6 ������������ LVVXH� G¶XQH� SDUW� GH� O¶pYDSRUDWHXU�� SDU�WUDQVIHUW�GH� OD�FKDOHXU�ODWHQWH�O��G¶DXWUH�SDUW�GH�OD�FKDOHXU�GH�PpODQJH�RX�UpWLFXODLUH�U�LVVXH�GH�'�'RQF � �> @((''&&H 44�4�[ T�TT� ���D��HZ  ���E�HW�LFL H\L [ K ���F�/D� UHSUpVHQWDWLRQ� GDQV� OH� GLDJUDPPH� GH� &ODXVLXV�&ODSH\URQ� HVW� FODVVLTXH� �)LJXUH� �F��� 'DQV� OH� FDV� GX�FRXSOH�6U&O� � DPPRQLDF��XQH�VRXUFH�j�QLYHDX�GH����&�QH� SHXW� rWUH� UHYDORULVpH� TXH� MXVTX¶j� ����&�� HQ�GpYDORULVDQW� OD�FKDOHXU�ODWHQWH�O�DX�FRQGHQVHXU�j����&��K\L� �[H� ����DYHF�&2$L� ������/H� WUDQVIHUW� GH� FKDOHXU� G¶XQ� pOpPHQW� YHUV� XQ� DXWUH�VXLYDQW������FRQGXLUDLW�j��� &�� '� �� O¶pOpPHQW� '� HVW� OXL�PrPH� j� UHOLHU� j�GHX[�DXWUHV�pOpPHQWV�FRPPH�6¶�HW�&��RX�6¶�HW�6���FH�TXL�QpFHVVLWH�G¶DXWUHV�pOpPHQWV�G¶HQWUpH��FH�TXL�HVW�FRQWUDLUH�j�O¶K\SRWKqVH�GH�FH�FDV��� 6�� '����FRPPH�FL�GHVVXV��G¶DXWUHV�pOpPHQWV
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G¶HQWUpH�VHUDLHQW�QpFHVVDLUH��TXH�'� VRLW�OLp�j�6� HW�&��RX�6¶�HW�6� �� &�� (� �� XQ� WHO� WUDQVIHUW� QpFHVVLWHUDLW� OD�PLVH� HQ�°XYUH�GH�GHX[�W\SHV�GH�JD]�DFWLI���XQ�WHO WUDQVIHUW���F�HVW�GRQF�H[FOX��� 6�� (¶���OH�SDVVDJH�G¶pQHUJLH��F�(¶o 6� LPSOLTXH�GHV�HQWUpHV�QRXYHOOHV��QRQ�UHWHQXHV�LFL���OH�SDVVDJH��G�(¶�o &¶�HVW�j�pOLPLQHU��FRPPH�FL�GHVVXV�

(Q� FRQFOXVLRQ�� VHXO� OH� FDV� UHSUpVHQWp� )LJXUH� �� HVW�SRVVLEOH��,O�IDXW�QRWHU�LFL�TXH�OH�SDVVDJH�GH�O¶pQHUJLH�GH�UpWLFXODWLRQ� U� GH� '� YHUV� 6� SHUPHW� G¶XQ� SDUW� OD�GpJUDGDWLRQ�GH�OD�FKDOHXU�ODWHQWH�GH�7' j�7&��HW�O¶DSSRUW�GH�FKDOHXU�ODWHQWH�GX�QLYHDX�7(  �7' DX�QLYHDX�76�
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FHWWH� GRXEOH� UHPRQWpH� GH� QLYHDX� GH� WHPSpUDWXUH� GH�7' 7( j�76��6L�FHWWH� IRLV�(�HW�'� VRQW�HQ�FRQWDFW�DYHF� OD�VRXUFH�GH�FKDOHXU� j� UHYDORULVHU�� OH� PrPH� UDLVRQQHPHQW� FRQGXLW�FHWWH� IRLV� j� OD� UHSUpVHQWDWLRQ�GHV�)LJXUHV� �D�� E� HW� F�� ,O�IDXW� QRWHU� OHV� IDLEOHV� SHUIRUPDQFHV� GH� FH� W\SH� GH�

SURFpGp�j�FDVFDGH�j�VLPSOH�VDXW�WKHUPLTXH��HQ�WHUPH�GH�QLYHDX� GH� UHYDORULVDWLRQ�� DLQVL� TXH� OHV� TXDQWLWpV�LPSRUWDQWHV�G¶H[HUJLH�LQXWLOLVpH��(Q�HIIHW��VXU�O¶H[HPSOH�GHV�FRXSOHV�%D&O� � 6U&O� DYHF�1+���[H ������HZ ��HW�GRQF�K\L �����DYHF�&2$L �����

' (
&

6� '�
6�

' (
&

6� '�
6�

4

6
'(
U

� �

�� �

�

���

��

��

�� �

�� � � �'�
6�

�

�

OO
�

�

T

&
�� 4

6
'(
U

� �

�� �

�

���

��

��

�� �

�� � � �'�
6�

�

�

OO
�

�

T

&
��

OQ3

���7
'&

( 6

6�'�

OQ3

���7
'&

( 6

6�'�
D�

E� F�

)LJXUH� �� �� 5HSUpVHQWDWLRQ� GHV� SDVVDJHV� G¶pQHUJLH� ODWHQWH� �WUDLWV� ILQV�� HW� GH� PpODQJH� RX�UpWLFXODLUH� �WUDLWV� pSDLV��GDQV�XQ� V\VWqPH�GH� WKHUPRWUDQVIRUPDWLRQ�EDVp� VXU� OH� FRQWDFW�G¶XQ�GpVRUEHXU� HW� G¶XQ� pYDSRUDWHXU� DYHF� OD� VRXUFH� pQHUJpWLTXH� �D�� �� UHSUpVHQWDWLRQ� GDQV� OH�GLDJUDPPH� T�T� � �I�4�� G¶XQ� WHO� V\VWqPH� �E�� HW� UHSUpVHQWDWLRQ� GDQV� OH� GLDJUDPPH�GH�&ODXVLXV �&ODSH\URQ��F���&DV�GX�V\VWqPH�j�FDVFDGH�j�GRXEOH�VDXW�WKHUPLTXH�
' (

&6� '
�

6

�
' (

&6� '
�

6

�

4

T 6

'(
U

 �'

O �O
U

&
(
&

O

�
U

6
� � �� �

����
� ��

���������� ��

4

T 6

'(
U

 �'

O �O
U

&
(
&

O

�
U

6
� � �� �

����
� ��

���������� ��

���7

OQ3 '&
(

6

6�

'� ���7

OQ3 '&
(

6

6�

'�

OQ3 '&
(

6

6�

'�
D�

E�
F�

)LJXUH� �� �� 5HSUpVHQWDWLRQ� GHV� SDVVDJHV� G¶pQHUJLH� ODWHQWH� �WUDLWV� ILQV�� HW� GH� PpODQJH� RX�UpWLFXODLUH� �WUDLWV� pSDLV��GDQV�XQ� V\VWqPH�GH� WKHUPRWUDQVIRUPDWLRQ�EDVp� VXU� OH� FRQWDFW�G¶XQ�GpVRUEHXU� HW� G¶XQ� pYDSRUDWHXU� DYHF� OD� VRXUFH� pQHUJpWLTXH� �D�� �� UHSUpVHQWDWLRQ� GDQV� OH�GLDJUDPPH� T�T� � �I�4�� G¶XQ� WHO� V\VWqPH� �E�� HW� UHSUpVHQWDWLRQ� GDQV� OH� GLDJUDPPH�GH�&ODXVLXV �&ODSH\URQ��F���&DV�GX�V\VWqPH�j�FDVFDGH�j�VLPSOH�VDXW�WKHUPLTXH�
���',6&866,21�(7�&21&/86,21
/¶DQDO\VH�GHV�WKHUPRWUDQVIRUPDWHXUV�EDVpH�VXU�FHOOH�GX�FDUDFWqUH� GH� O¶H[HUJLH� HQWUDQWH� IDLW� DSSDUDvWUH� TX¶XQH�SDUWLH� GH O¶H[HUJLH� HVW� GpJUDGpH� MXVTX¶j� XQ� QLYHDX� GH�WHPSpUDWXUH�TXL��V¶LO�Q¶HVW�SDV�pJDO�j� OD� WHPSpUDWXUH�GH�O¶HQYLURQQHPHQW� 7��� HVW� j� O¶RULJLQH� G¶XQ� IDFWHXU� GH�FRQYHUVLRQ� �RX� GH� WUDQVIRUPDWLRQ�� [H� LQIpULHXU� j� �� ��O¶DXWUH� SDUWLH� GH� O¶H[HUJLH� HQWUDQWH� YRLW� VRQ� SRWHQWLHO�UHYDORULVp� �� LO� QH� V¶DJLW� SDV� G¶H[HUJLH� GH� WUDQVLW� FDU� FH�IOX[� SDUWLFLSH� UpHOOHPHQW� j� OD� WUDQVIRUPDWLRQ�pQHUJpWLTXH�GDQV�OH�SURFpGp�

/HV� TXDWUH� V\VWqPHV� pGLILpV� j� SDUWLU� GHV� UqJOHV� pPLVHV�LOOXVWUHQW� OHV� WUDMHWV� GLIIpUHQWV� GHV� pQHUJLHV� ODWHQWHV� HW�GHV� pQHUJLHV� GH� PpODQJH� RX� UpWLFXODLUHV�PLVHV� HQ� MHX��SHUPHWWDQW� OD� UHYDORULVDWLRQ� GX� QLYHDX� GH� WHPSpUDWXUH�G¶XQH� VRXUFH� GH� FKDOHXU�� /D� VRXUFH� j� UHYDORULVHU� GRLW�QpFHVVDLUHPHQW� rWUH� UHOLpH� j� GHX[� pOpPHQWV�HQGRWKHUPLTXHV�GRQW�OHV�SDVVDJHV�G¶pQHUJLH�FRQGXLVHQW��G¶XQH� SDUW� j� XQ� pOpPHQW� H[RWKHUPLTXH� GpOLYUDQW� VRQ�pQHUJLH� WKHUPLTXH� j� SOXV� KDXW� QLYHDX�� G¶DXWUH� SDUW� j�SOXV� EDV� QLYHDX� WKHUPLTXH�� SRXU� UHVSHFWHU� OH� VHFRQG�SULQFLSH��/HV�pOpPHQWV�(�HW�'�HQGRWKHUPLTXHV�GRLYHQW�WURXYHU�GHV�pOpPHQWV�H[RWKHUPLTXHV�6�HW�&��/D PLVH�HQ�°XYUH� GH� FKDOHXU� GH� PpODQJH� RX� UpWLFXODLUH� U�
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DFFRPSDJQH� GRQF� QpFHVVDLUHPHQW� OHV� FKDOHXUV� ODWHQWHV�DSSDUDLVVDQW� GDQV� O¶pOpPHQW� '� HQ� FRQWDFW� DYHF� OD�VRXUFH�/HV�WUDMHWV�GHV�pQHUJLHV�U�VRQW�� 6
'�

6�
'

6
'D� E� ����
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D� E� ����
LOOXVWUpV�UHVSHFWLYHPHQW�VXU�OHV�FDV�GHV�)LJXUHV���HW����'�GpOLYUDQW�OD�FKDOHXU�ODWHQWH�O�j�XQ�FRQGHQVHXU�DX�QLYHDX�GH�WHPSpUDWXUH�GH�UHYDORULVDWLRQ�3RXU�O¶HQVHPEOH�GH�FHV�FDV��OD�FKDOHXU�ODWHQWH�O�LVVXH�GH�OD� VRXUFH� HVW� G¶XQH� SDUW� GpYDORULVpH�� G¶DXWUH� SDUW�UHYDORULVpH���GDQV�OHV�FDV�����D�HW�E��HW���D��OHV�pOpPHQWV�'� VRQW� HQ� FRQWDFW� DYHF� OD� VRXUFH� j� UHYDORULVHU� �� HQ�SDUWLFXOLHU�GDQV� OHV�FDV����� OD�FKDOHXU� UpWLFXODLUH�RX�GH�PpODQJH� U� HVW� DXVVL� UHYDORULVpH�� WDQGLV�TXH�GDQV� OH� FDV���D�� HOOH� HVW� GpYDORULVpH�� &HWWH� GLVWLQFWLRQ� LQGXLW� XQH�GLIIpUHQFLDWLRQ�GDQV� OH�FKRL[�GHV�SURFpGpV� �� OHV�FDV����SULYLOpJLHQW�OD�UHPRQWpH�G¶XQH�IRUWH�TXDQWLWp�GH�FKDOHXU�j� XQ� QLYHDX� PR\HQ�� DORUV� TXH� OH� FDV� ��D� SHUPHW� GH�UHOHYHU� XQH� TXDQWLWp� SOXV� IDLEOH�PDLV� j� XQ� QLYHDX� WUqV�pOHYp�/H�FDV���E�HVW� LQWpUHVVDQW�GDQV�OD�PHVXUH�R��O¶pOpPHQW�'� Q¶HVW� SDV� HQ� FRQWDFW� DYHF� OD� VRXUFH� WKHUPLTXH� �� OD�FKDOHXU�GH�PpODQJH�RX UpWLFXODLUH�U�QH�IDLW�TXH�FLUFXOHU�HQWUH� OHV� pOpPHQWV�'� HW�6�� SRXU� SHUPHWWUH� OD� UHPRQWpH�GH� O� WRXW� HQ� QH� GpYDORULVDQW� TX¶XQH�PrPH� TXDQWLWp� GH�FKDOHXU�/HV� H[HPSOHV� UHWHQXV� SRXU� UHYDORULVHU� XQ� QLYHDX� GH�FKDOHXU� GH� ���&�j� ����&� LOOXVWUHQW� OD�PpWKRGRORJLH�HWOH�FKRL[�RSWLPDO�GX�V\VWqPH�LGpDO�j�PHWWUH�HQ�°XYUH�GH�PDQLqUH� SUDWLTXH�� /¶DSSURFKH� GH� OD� WKHUPRG\QDPLTXH�HQ� WHPSV� RX� WDLOOH� ILQLH� SHUPHW� HQVXLWH� GH� FDUDFWpULVHU�SRXU� XQH� SXLVVDQFH� GRQQpH�� OH� &2$� GX� SURFpGp�HQGRUpYHUVLEOH�UHWHQX�
5()(5(1&(6
>�@ 3�� %LWWULFK� HW� '�� +HEHFNHU�� &ODVVLILFDWLRQ� DQG�HYDOXDWLRQ� RI� KHDW� WUDQVIRUPDWLRQ� SURFHVVHV��5HY��*pQ��7KHUPLTXH��W����Q����SS���������������>�@ *�� $OHIHOG� HW� 5�� 5DGHUPDFKHU�� +HDW� FRQYHUVLRQ�V\VWHPV��&5&�3UHVV��%RFD�5DWRQ�������>�@ 3�� /H� *RII�� $�� /RXLU�� 7� &DFKRW� HW� -�0�� +RUQXW��4XHOOH� WHPSpUDWXUH� GH� UpIpUHQFH� FKRLVLU� GDQV� OH�FDOFXO�GH�O¶H[HUJLH��(QWURSLH��j�SDUDvWUH�>�@ %�� 6SLQQHU�� 0�� 6RULQ� HW� '�� 6WLWRX�� ,QWHUQDO� IORZ�DQDO\VLV� ZLWKLQ� D� VLQJOH� HIIHFW� KHDW� SXPS�� ,�-��5HIULJHUDWLRQ���������SS����������������>�@ 0��6RULQ��%��6SLQQHU�HW�'��6WLWRX��&KHP��(QJ��6FL���VRXV�SUHVVH�

>�@ 0�9�� %URG\DQVNL�� 0�� 6RULQ� HW� 3�� /H� *RII�� 7KH�HIILFLHQF\�RI� LQGXVWULDO�SURFHVVHV��([HUJ\�DQDO\VLV�DQG�RSWLPL]DWLRQ��(OVHYLHU�������>�@ 3��/H�*RII��7��&DFKRW��$��/DVVDOH�HW�0�6��5DKEDU��&RPPHQW� pYDOXHU� OD� SHUIRUPDQFH� G¶XQ�FRQYHUWLVVHXU�G¶H[HUJLH���UHQGHPHQW��RX�HIILFDFLWp��RX�HIIHFWLYLWp�"�3URF��-(7&,9��1DQF\��)UDQFH���SS�����������VHSW�������>�@ 3�� /H� *RII�� 5�� 'DRXGL� HW� $�� /DRXLU�� ([HUJ\�DQDO\VLV� RI� VRUSWLRQ� KHDW� SXPSV�� D� JUDSKLFDO�PHWKRG�� 3URF�� $E�6RUSWLRQ� ���� 0RQWUpDO��&DQDGD���SS��������������>�@ 3�� *UDVVPDQQ�� =XU� DOOJHPHLQHQ� 'HILQLWLRQ� GHV�:LUNXQJVJUDGHV��&KHP��(QJ��7HFKQLN������SS�������������>��@ '��6WLWRX��%��6SLQQHU�HW�0��6RULQ��$�QHZ�DGYDQFHG�H[HUJ\� DQDO\VLV� RI� VRUSWLRQ� V\VWHPV��FKDUDFWHULVDWLRQ� RI� WUDQVLWLQJ� H[HUJ\� DQG� H[HUJ\�\LHOG� FRQFHSW�� 3URF�� ,6+3&��0XQLFK� �*HUPDQ\���SS����������������PDUFK������>��@ 0�� 6RULQ�� %�� 6SLQQHU� HW� '�� 6WLWRX�� 6\QWKHVLV� RI�VLQJOH� HIIHFW� VROLG�JDV� WKHUPRFKHPLFDO�UHIULJHUDWRUV�� 7UDQV�� ,�� &KHP�� (��� YRO� ���� SDUW� $��SS���������������>��@ 3�� .XPDU� HW� 6�� 'HYRWWD�� 6WXG\� RI� DQ� DEVRUSWLRQ�UHIULJHUDWLRQ� V\VWHP� IRU� VLPXOWDQHRXV�FRROLQJ�DQG�KHDWLQJ��$6+5$(�7UDQV����������Q�������SS����������������>��@ 5�0��7R]HU� HW�5��:�� -DPHV��7KHUPRG\QDPLFV� RI�DEVRUSWLRQ� UHIULJHUDWLRQ� �� LGHDO� F\FOHV�� 3URF�� ,QW��$EV��+HDW�3XPS�&RQI���$(6�� YRO������$60(��SS����������������>��@ )�� 0HXQLHU�� 3�� 1HYHX� HW� -�� &DVWDLQJ�/DYLJQRWWH��(TXLYDOHQW� &DUQRW� F\FOHV� IRU� VRUSWLRQ�UHIULJHUDWLRQ��,5-���������SS����������������>��@ .�1HVVHOPDQ�� =�� JHV�� .lOWHLQGXVWULH� ���� SS���������������>��@ 9��*RHW]��)��(OLH�HW�%��6SLQQHU��7KH�VWUXFWXUH�DQG�SHUIRUPDQFH� RI� VLQJOH� HIIHFW� VROLG�JDV� FKHPLFDO�KHDW� SXPSV�� +HDW� 5HFRYHU\� 6\VWHPV� DQG� &+3���������SS��������������
120(1&/$785(&2$ FRHIILFLHQW� RSpUDWLRQQHO� G¶DPSOLILFDWLRQ� GH�FKDOHXU' GpVRUSWLRQ( pYDSRUDWLRQ& FRQGHQVDWLRQ6 V\QWKqVH'H[ SHUWH�G¶H[HUJLH��-�(H[ H[HUJLH��-�4 TXDQWLWp�GH�FKDOHXU��-�7 WHPSpUDWXUH��.�µ HQWUpH© VRUWLHT IDFWHXU�GH�&DUQRWKH[ UHQGHPHQW�H[HUJpWLTXHKLQ UHQGHPHQW�LQWULQVqTXHK\ HIILFDFLWp�H[HUJpWLTXHKHII HIIHFWLYLWp�H[HUJpWLTXHH H[FqV
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LQ LQH[SORLWpHL LGpDOWU WUDQVLW
X XWLOHQX QRQ�XWLOLVpH

,17(51$/�(1(5*<�)/2:�$1$/<6,6�,1�62537,21�7+(502�75$16)250$7,21
7KH� HQHUJ\� FRQYHUVLRQ� SURFHVV� LQWHJUDWLRQ� DQDO\VLV� LV�XVXDOO\�EDVHG�XSRQ�¾ WKH�DGHTXDF\�EHWZHHQ�HQHUJ\�VRXUFHV�DQG�VLQNV�RQ�WKH� RQH� KDQG�� DQG� HQHUJ\� GHPDQG� DQG� UHMHFW� RQ�WKH�RWKHU��¾ 7KH�LUUHYHUVLELOLW\�FKDUDFWHUL]DWLRQ�,Q� WKH� VSHFLDO� FDVH� RI� WKHUPDO HQHUJ\� WUDQVIRUPDWLRQ�SURFHVVHV�ZKHUH�RQO\�KHDW�HQHUJ\�IRUP�LV�FRQVLGHUHG�DW�WKH�GHPDQG�DQG�UHMHFW�OHYHOV��VXFK�DQ�DQDO\VLV�UHTXLUHV�GHHS� FRQVLGHUDWLRQ� EDVHG� XSRQ� DQ� H[HUJ\� DSSURDFK�RI�WKH� LQSXW� HQHUJ\� IORZV�� WKH� LQWHUQDO� SURFHVV�WUDQVIRUPDWLRQ��DQG�WKH�RXWSXW�IORZV��2QH�FDQ�GLVWLQJXLVK�¾ 7KH� SURFHVV� XQWDSSHG� H[HUJ\� �� LWV� OHYHO�LGHQWLILFDWLRQ�UHODWLYH�WR�DQ�LGHDO�SURFHVV�DOORZV�WR�GHILQH� DQ� H[HUJ\� FRQYHUVLRQ� HIILFLHQF\� [H ZKLFK�KDV�WR�EH�RSWLPL]HG�IRU�D�VSHFLILHG�V\VWHP�GHVLJQ�FRQVWUXFWLRQ���¾ 7KH� H[FHVV� SURGXFHG� H[HUJ\�� LW� LV� WKH� HQHUJ\�TXDOLW\�UHTXHVWHG��EXW�ZKLFK�LV�SURGXFHG�LQ�H[FHVV�E\�WKH�V\VWHP�¾ 7KH�SURGXFHG�H[HUJ\�ZKLFK�UHPDLQV�XQWDSSHG���DV�DQ�H[DPSOH�� WKH�RSHUDWLRQ� WHPSHUDWXUH� OHYHO� LV�RI�QR�LQWHUHVW�LQ�WKH�SURFHVV���7KHVH� ODVW� WZR� H[HUJ\� VLWXDWLRQV� DOORZ� WKH�GHWHUPLQDWLRQ� RI� D� VHOHFWLYLW\� SDUDPHWHU� �HZ�� �WKH� ODFN�RI� WKH� SURFHVV� TXDOLW\�� WKDW� KDYH� WR� EH� PLQLPL]HG�DFFRUGLQJ� WR� WKH� V\VWHP� GHVLJQ�� 7KH� WRWDO� V\VWHP�HIILFLHQF\�\LHOG�Q\ LV�REWDLQHG�IURP�VXFK�DQ�DQDO\VLV��

ZH[H< H'[ �� KZKHUH�'H[ LV�WKH�ORVW�H[HUJ\�LQ�WKH�SURFHVV��,Q�WKH�FDVH�RI�D�VRUSWLRQ�V\VWHP��JDV�OLTXLG�DEVRUSWLRQ��JDV�VROLG� DEVRUSWLRQ�RU� UHDFWLRQ�� WKH� RSWLPDO� GHVLJQ� LV�TXDQWLILHG�E\�PHDQV�RI�WKH���SDUDPHWHUV�GHILQHG�DERYH���V\VWHPV� ZKLFK� LPSO\� QXPHURXV� WUDQVIRUPDWLRQV� DUH�FRQVLGHUHG�KHUH���6XFK� V\VWHPV� DUH� EDVHG� XSRQ� WKH� LQWHUFRQQHFWLRQ�WKURXJK�WKH�YDULRXV�HQGRWKHUPLF�RU�H[RWKHUPLF�JDVHRXV�SKDVHV�LQYROYHG�LQ�WKH�SURFHVVHV�GHSHQGLQJ�RQ�ZKHWKHU�

WKH\�SURGXFH�RU�FRQVXPH�JDVHV��7KH\�DUH�HQGRWKHUPLF�IRU VROLGV� GHFRPSRVLWLRQ�� GHVRUSWLRQ� IURP� JDV� ULFK�VROXWLRQV� '�� OLTXHILHG� JDV� HYDSRUDWLRQ� (� 7KH\� DUH�H[RWKHUPLF� LQ� V\QWKHVLV� RI� VROLG� ULFK� JDVHV�� LQ�DEVRUSWLRQ� RI� JDVHV� LQ� VROXWLRQV� 6 DQG� LQ JDV�FRQGHQVDWLRQ�&��$OO�WKHVH�SKDVHV�FDQ�EH�LQWHUFRQQHFWHG�WURXJK� WKHUPDO� WUDQVIHU� EHWZHHQ WKH� H[RWKHUPLF� DQG�HQGRWKHUPLF�RQH��,QWHUFRQQHFWLRQV� UXOHV� DUH� IRUPXODWHG� WDNLQJ� LQWR�DFFRXQW�WKH�ODWHQW�KHDW�WUDQVIHU�RI�WKH�JDV�DV�ZHOO�DV�WKH�PL[WXUH� KHDW� JHQHUDWHG� LQ� VROXWLRQV��RU� UHWLFXODWLRQ� IRU�WKH�VROLG�FDVHV�U��$FFRUGLQJO\�� WKH� YDULRXV� HQHUJ\� WUDQVIHU� IURP� RQH�SKDVH�WR�WKH�RWKHU�UHTXLUHV�WKH�IROORZLQJV�' &6D� ' 66�E�
F� ( 6 G� ( &ZKLOH� WKH�SRVVLEOH�KHDW� WUDQVIHUV�SURFHVV�ZKLFK�FDQ�EH�LGHQWLILHG�DUH�&�� ' 6�� ' &�� ( 6�� (�)URP� WKLV� DQDO\VLV�� IRXU� V\VWHPV� FDQ� EH� LGHQWLILHG� IRU�ZKLFK� WKH�KHDW�WUDQVIRUPDWLRQ�RI� WKH�KHDW� LQSXW�FDQ�EH�DFKLHYHG�¾ ��(¾ (�DQG�'ZLWK�H[WUDFWLRQ�LQ���¾ �&����� �&�KLJK�7�DQG�&�ORZ�7�¾ 6�DQG�&� ��6�KLJK�7��&�ORZ�7�¾ &�DQG�6� ��&�KLJK�7��6�ORZ�7�7KH� GLDJUDPV� RI� � � �4I T DOORZV� WKH� LQSXW� DQG�RXWSXW� H[HUJ\� IORZ�DQDO\VLV� RI� WKH� YDULRXV� V\VWHPV�� DV�ZHOO� DV� WKH� LGHQWLILFDWLRQ� RI� WKH� XQWDSSHG� RU� H[FHVV�H[HUJ\��)RU� WKH� VROLG�JDV� FDVHV� XVLQJ� DPPRQLDFDWHV�� WKH� \LHOG�HYDOXDWLRQ�FKDUDFWHULVHV�WKH�PRVW�HIILFLHQW�SURFHVV�WR�EH�GHVLJQHG�DQG�FRQVWUXFWHG��
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