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3UpVHQWpH�SDU

Emmanuel PROMAYON

3RXU�REWHQLU�OH�WLWUH�GH�GRFWHXU�GHO·8QLYHUVLWp�-RVHSK�)RXULHU�²�*UHQREOH���DUUrWpV�PLQLVWpULHOV�GX���MXLOOHW������HW�GX����PDUV������

�6SpFLDOLWp�,1)250$7,48(�

0RGpOLVDWLRQ�HW�6LPXODWLRQ�GH�OD�5HVSLUDWLRQ

'DWH�GH�OD�VRXWHQDQFH�� ���QRYHPEUH�����
&RPSRVLWLRQ�GX�MXU\�� -DFTXHV�'(021*(27 3UpVLGHQW

'RPLQLTXH�%(&+0$11 5DSSRUWHXU'DQLHO�7+$/0$11 5DSSRUWHXU
3LHUUH�%$&211,(5 'LUHFWHXU&ODXGH�38(&+ &R�GLUHFWHXU

7KqVH�SUpSDUpH�DX�VHLQ�GX�ODERUDWRLUH�7,0&�,0$*�



/D� PpFDQLTXH� GX� WURQF� HVW� XQ� SUREOqPH� VLPSOH� GDQV� VRQ� HVVHQFH� HW� GHYLHQW� FRPSOLTXp
VHXOHPHQW�GH�SDU�OD�QDWXUH�YDULpH�HW�FRPSOH[H�GHV�VWUXFWXUHV�HW�PDWpULDX[�FRPSRVDQW�OH�WURQF�
/·DSSOLFDWLRQ� VHQVpH� GHV� SULQFLSHV� G·LQJpQLHULH� HW� GHV� WHFKQLTXHV� LQIRUPDWLTXHV� QRXV
SHUPHWWURQW�GH�PDvWULVHU�FHV�GpWDLOV�HW�GH�FRPSUHQGUH�FRPPHQW�OH�WURQF�IRQFWLRQQH�

6�+��/RULQJ��(�1��%UXFH���/RULQJ�HW�%UXFH�������
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-H�WLHQV�j�UHPHUFLHU«
3,(55(� %$&211,(5�� VD� GLVSRQLELOLWp� HW� VHV� FRQVHLOV� RQW� pWp� G·XQH� JUDQGH� DLGH� GDQV� PRQ
WUDYDLO�GH�WKqVH��6RQ�DSSURFKH�P·D�WRXMRXUV�pWp�WUqV�HQULFKLVVDQWH�
&/$8'(�38(&+��SRXU�DYRLU�DFFHSWp�G·rWUH�OH�FR�GLUHFWHXU�GH�FHWWH�WKqVH�
3+,/,33(�&,148,1�TXL�DFFHSWD�HQ������GH�P·DFFXHLOOLU� DX� VHLQ�GH� O·pTXLSH�*HVWHV�0pGLFR�
&KLUXUJLFDX[�$VVLVWpV�SDU�2UGLQDWHXU�
'20,1,48(�%(&+0$11�HW�'$1,(/�7+$/0$11��SRXU�O·LQWpUrW�TX·LOV�RQW�SRUWp�j�PRQ�WUDYDLO
HW�OHV�UHPDUTXHV�TXL�RQW�FRQWULEXpHV�j�O·DPpOLRUDWLRQ�GH�FH�GRFXPHQW�
-$&48(6� '(021*(27�� SRXU� P·DYRLU� DFFXHLOOL� DX� ODERUDWRLUH� 7UDLWHPHQW� G·,PDJHV
0RGpOLVDWLRQ�HW�&RJQLWLRQ��G·DYRLU� DFFHSWp�GH� IDLUH�SDUWLH�GX� MXU\�HW�SRXU� O·DWWHQWLRQ�TX·LO� D
SRUWpH�j�FH�WUDYDLO�
-H�UHPHUFLH�DXVVL�OHV�PHPEUHV�GH�O·pTXLSH�*0&$2��SHUPDQHQWV�DXVVL�ELHQ�TX·pWXGLDQWV��DLQVL
TXH�0$5,%(/�&+(1,1�SRXU�OHXUV�DLGHV�HW�OHXUV�VRXWLHQV�WRXW�DX�ORQJ�GH�FHWWH�WKqVH�
«



5 H P H U F L H P H Q W V � ´ S D U W L F X O L H U V µ

,O�PH� UHVWH� HQFRUH� j� UHPHUFLHU� WRXV� FHX[� TXL� P·RQW� pOHYp� HW� VXSSRUWp� SHQGDQW� WRXWHV� FHV
DQQpHV� G·pWXGHV�� /D� OLVWH� HVW� ORQJXH�� SRXUWDQW� FKDFXQH� GH� FHV� SHUVRQQHV� PpULWH� WRXWH� PD
JUDWLWXGH��3DUFH�TX·XQH�WKqVH�FH�Q·HVW�SDV�TXH���DQV�GH�WUDYDLO��
<YRQQH� HW� *X\�� )ORUHQFH� �´PRQ� VHXO� GRXEOH� DX� PRQGHµ��� /RUHOLQH� � ��� 2FpDQH� �OD
PLUJXHWWH��� )ORULDQ� �O·HVNHrOOOHQW� )ORULDQ��� 3DVFDOH� HW� -HDQ�&KULVWRSKH� �GDQV� O·RUGUH� LQYHUVH
G·DSSDULWLRQ�GDQV�PRQ�OH�PRQGH���*LOORX��0H�*LOOHV���5LTXHW��0&�0DUFHO���6WHIOHW��*XLQQHVV
%URWKHU���-HDQ�0DUF��JRXYHUQHXU�0DPDF����GDQV�O·RUGUH�XVN�OORPpWULTXH��&RPLF�0HWDO�LV�WKH
ODZ���7RI��6WHSKDQH� �0H�&KLZDZD���/DXUHQW�� -HDQ�&KDUOHV�� �DYHF�5LTXHW�� OHV� GHVWUXFWHXUV�GH
7DsULN���%%��FROR�GLFWDWHXU���-XMX��JpQLDOH���6HUJLR��WURS�IRUW���**��E]]�E]]��HW�9LQGVV��SLQJ�
SRQJ�PDQ���335LVWLTXHPHQW�YRWUH���$UOHHQ��OD�URXVVH���5XWKLH��OD�EUXQH���6KDURQ��OD�EORQGH��
�OHV�*XLQQHVV�6LVWHUV�����-HN�HW�$GULHQ��DYHF�*LOORX��´PHV�DPLVµ�GHV�KHXUHV�KHXUHXVHV���HW�HQILQ
'HOSKLQH��PRQ�H[�VHFUpWDLUH�SDUWLFXOLqUH�«
0HUFL� DXVVL� j� WRXV� FHX[� TXL� VRQW� YHQXV� PH� VXSSRUWHU� GH� OHXUV� DPLWLpV� HQ� FH� OHQGHPDLQ
PpPRUDEOH�GX�EHDXMRODLV�QRXYHDX������ �DFFHVVRLUHPHQW�� MRXU�GH�PD� VRXWHQDQFH��� -H�SHQVH
QRWDPPHQW� j�%HUQW�	� 6LONH��%RERQH��&ROHWWH� HW�0LFKHO��&\ULO��'MLEL��(GLWK�� ,VDEHOOD�� -HDQ�
%DSWLVWH�	�4XHQWLQ�	�0DULH�/DXUH��.ULVWRI��/DXUH��0DXULFH�	�&ROHWWH��1DGqJH�	�0DQX8�
1LFR�	�9pUR�	�%UXQR��3LHUUDO��3-��5DEDD��OD��qPH��HW�6DQWL��6FUR��O·DPEDVVDGHXU��	�6pYULQH�
7LWRXDQ�	�/pR�	�%HQRLW�	�6DQGULQH��9LQFHQW��:DOWHU��;�WLQH�«�4XH�OD�IDUFH�VRLW�DYHF�YRXV
�HW�DYHF�YRWUH�HVSULW��
9RXV�HQWUH]�PDLQWHQDQW�GDQV�OH�PRQGH�PHUYHLOOHX[�GX«



7DEOH�GHV�PDWLqUHV
,1752'8&7,21 ���
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&RPSUHQGUH� HW� DQDO\VHU� O·LQFRQQX� VRQW� GHV� FRPSRUWHPHQWV� DQFUpV� DX� SOXV� SURIRQG� GH� OD
FRQVFLHQFH� KXPDLQH�� &HV� FRPSRUWHPHQWV� VRQW� H[DFHUEpV� ORUVTXH� F·HVW� OH� SURSUH
IRQFWLRQQHPHQW�GH�O·KXPDLQ�TXL�HVW�HQ�MHX��8Q�GHV�SURFHVVXV�GH�UHSUpVHQWDWLRQ�FRJQLWLYH�GHV
SKpQRPqQHV� QDWXUHOV�� SDVVH� SDU� O·LQWHUPpGLDLUH� GH� OD� FUpDWLRQ� GH� VFKpPDV� PHQWDX[�� &HWWH
UHSUpVHQWDWLRQ� PHQWDOH� HVW� VRXYHQW� VLPSOLILpH� PDLV� TXDOLILH�� GDQV� VHV� JUDQGHV� OLJQHV�� OH
SKpQRPqQH�REVHUYp�� /D� VFLHQFH� SHUPHW� G·DIILQHU� FHWWH� UHSUpVHQWDWLRQ� HW� GH� GpWHUPLQHU� VHV
FDUDFWpULVWLTXHV�DXVVL�ELHQ�TXDQWLWDWLYHV�TXH�TXDOLWDWLYHV��2Q�DERXWLW�DORUV�j�XQ�PRGqOH�GRQW
O·REMHFWLI� HVW� GH� VLPXOHU� OH� SKpQRPqQH� UHSUpVHQWp�� &HWWH� LQWURGXFWLRQ� YD� QRXV� SHUPHWWUH
G·pODERUHU�OH�SURFHVVXV�GLUHFWHXU�GH�FH�PDQXVFULW�

�� 0RGpOLVDWLRQ�HW�VLPXODWLRQ
'DQV�OH�FDGUH�GH�VD�UHSUpVHQWDWLRQ�FRJQLWLYH��XQ�SKpQRPqQH�ELRORJLTXH�HVW�YX�DX�WUDYHUV�GH
QRV� VHQV� FRPPH� DJLVVDQW� SDU� O·LQWHUPpGLDLUH� HW� VXU� GHV� FRUSV�� ©�V\VWqPHV� YLYDQWV�ª�� &HWWH
SHUFHSWLRQ� HVW� WUDGXLWH� GDQV� XQ�PRGqOH� FRJQLWLI� GDQV� OHTXHO� OHV� FRUSV�PLV� HQ� MHX� VRQW� GHV
REMHWV� TXH� O·RQ� PDQLSXOH�� &H� PRGqOH� HVW� GH� SOXV� FDUDFWpULVp� SDU� OHV� REMHFWLIV� TX·LO� YHXW
DWWHLQGUH��3RXU�FHOD�� LO�QH�UHWLHQW�TX·XQ�FHUWDLQ�QRPEUH�GH� ORLV�GH�FRPSRUWHPHQW�GHV�REMHWV
PDQLSXOpV�HW�QH�SUHQG�HQ�FRPSWH�TX·XQ�FHUWDLQ�QRPEUH�GH�VFpQDULRV��F·HVW�j�GLUH�XQ�FHUWDLQ
QRPEUH� GH� VLWXDWLRQV� j� DQDO\VHU� RX� H[SOLTXHU��� ,O� HQ� YD� GH� PrPH� SRXU� OH� PRGqOH
PDWKpPDWLTXH�RX�SRXU� OH�PRGqOH� LQIRUPDWLTXH��YRLU�)LJXUH�����2Q�SHXW�GRQF�FRQVLGpUHU� OH
PRGqOH�FRPPH�XQ�RXWLO�GH� UHSUpVHQWDWLRQ�� UHIOHW� GX�PRQGH� UpHO��&HW�RXWLO�� HQ�XWLOLVDQW�GHV
REMHWV�UHSUpVHQWDWLIV�GHV�FRUSV��YD�VLPXOHU�OHXUV�FRPSRUWHPHQWV�DX�WUDYHUV�GH�VFpQDULRV�
/D�)LJXUH���UHSUpVHQWH�XQ�H[HPSOH�GH�UHSUpVHQWDWLRQ�G·XQ�SKpQRPqQH�DX�WUDYHUV�G·XQ�PRGqOH
FRJQLWLI��&H�PRGqOH�FRJQLWLI�VH�FRQVWUXLW�DXWRXU�G·XQ�RXWLO�G·DQDO\VH��,FL�RQ�QH�FRQVLGqUH�TXH
OHV�PRGpOLVDWLRQV�LQIRUPDWLTXHV��/H�PRGqOH�j�SURSUHPHQW�SDUOp�HVW�XQ�HQVHPEOH�GH�PRWHXUV
DJLVVDQW�j�SDUWLU�GH� ORLV�GH�FRPSRUWHPHQW�HW�GH� UHSUpVHQWDWLRQV�GH�VLWXDWLRQV�VXU�GHV�REMHWV
UHSUpVHQWDWLIV� GHV� FRUSV� PRGpOLVpV�� /RUVTX·XQ� SKpQRPqQH� G\QDPLTXH� HVW� PRGpOLVp� GH� OD
VRUWH��OH�PRGqOH�LQIRUPDWLTXH�IDLW�DSSHO�j�XQH�ERXFOH�GH�VLPXODWLRQ�
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6LWXDWLRQV

5HSUpVHQWDWLRQ
GHV�VFpQDULRV

2EMHWV��UHSUpVHQWDWLIV
�QRXPqQH�

/RLV�GH
FRPSRUWHPHQW 02'Ë/(
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2EMHWV�LQIRUPDWLTXHV
UHSUpVHQWDQW�OHV�FRUSV

PRGpOLVpV

&RUSV

3+e120Ë1( 02'Ë/(
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&RUSV0RQGH�UpHO

0RQGH�GH�OD�UHSUpVHQWDWLRQ

%RXFOH�GH�VLPXODWLRQ

GpFDODJH

)LJXUH����0RGpOLVDWLRQ�LQIRUPDWLTXH�

/D�PRGpOLVDWLRQ�GHV�V\VWqPHV�ELRORJLTXHV�HW�O·XWLOLVDWLRQ�GH�PHVXUHV�UpHOOHV�SRXU�HVWLPHU�GHV
YDOHXUV� GH� SDUDPqWUHV� VRQW� GHV� RXWLOV� SRWHQWLHOOHPHQW� SXLVVDQWV� SRXU� O·DQDO\VH� HW� OD
FRPSUpKHQVLRQ�GH�FHV�V\VWqPHV��3RXUWDQW��OD�SKDVH�GH�PRGpOLVDWLRQ�GRLW�rWUH�HIIHFWXpH�DYHF
VRLQ��(Q�HIIHW��XQH�IRLV� OH�PRGqOH�FRQVWUXLW�� LO�VHUD�GLIILFLOH�GH�GpJDJHU�FH�TXL�HVW�XQH�HUUHXU
GXH�j� OD�PRGpOLVDWLRQ� �VLPSOLILFDWLRQ� WURS�JUDQGH�GX�SKpQRPqQH��GH�FH�TXL�SURYLHQW�SOXW{W
G·XQH�HUUHXU� LQWHUQH�GX�PRGqOH� �PDXYDLVH� UHSUpVHQWDWLRQ���/H�PRGqOH�SHUPHW�GH� UpGXLUH� OH
QRPEUH�GH�GRQQpHV�EUXWHV�SRXU�DIILQHU�O·DQDO\VH�G·XQ�SKpQRPqQH��PDLV�ORUVTXH�OH�PRGqOH�HVW
WURS�VLPSOH�VRQ�XWLOLWp�HVW�DPRLQGULH�
8Q�PRGqOH� D\DQW� XQ� QRPEUH� UpGXLW� GH� SDUDPqWUHV� QH� SHXW� SUHQGUH� HQ� FRPSWH� WRXWHV� OHV
GRQQpHV��VLWXDWLRQV�HW�FRUSV��SRVVLEOHV�� ,O�HVW� LPSRUWDQW�GH�FRQQDvWUH� OHV� OLPLWHV�GH� UpDOLVPH
G·XQ�PRGqOH�LQIRUPDWLTXH��1RWUH�GpPDUFKH�VH�GRLW�GRQF�DXVVL�GH�GpWHUPLQHU�OD�OLPLWH�DX�GHOj
GH� ODTXHOOH� LO�\�D�GpFDODJH�HQWUH� OD�SHUFHSWLRQ�GX�SKpQRPqQH�HW� OH� UpVXOWDW�GX�PRGqOH� �YRLU
)LJXUH����
'H�FHV�UHPDUTXHV�GpFRXOH�XQH�PpWKRGRORJLH�SOXV�JpQpUDOH�SRXU� OD�PRGpOLVDWLRQ��F·HVW�FHOOH
TXH�M·DL�VXLYLH�WRXW�DX�ORQJ�GH�FHWWH�WKqVH��
•  eWDSH�����FKRLVLU�OHV�VWUXFWXUHV�LQWHUQHV�HW�OHV�SULQFLSHV�JRXYHUQDQW�OH�FRPSRUWHPHQW�GX

SKpQRPqQH�j�PRGpOLVHU�
•  eWDSH�����FRQVWUXLUH�OH�PRGqOH�j�SDUWLU�GHV�PpFDQLVPHV�j�PRGpOLVHU�
•  eWDSH� ���� pWXGLHU� OH� FRPSRUWHPHQW� GX� PRGqOH� HQ� IRQFWLRQ� G·XQ� SHWLW� QRPEUH� GH

SDUDPqWUHV�HW�GH�GRQQpHV�ODLVVpV�OLEUHV��OHV�DXWUHV�pWDQW�IL[HV��SRXU�REWHQLU�XQH�SUHPLqUH
YDOLGDWLRQ�TXDOLWDWLYH�GH�OD�PRGpOLVDWLRQ�

/RUVTXH�O·DGpTXDWLRQ�HQWUH�PRGpOLVDWLRQ�HW�REMHFWLIV�HVW�DWWHLQWH��OH�PRGqOH�SHXW�rWUH�DIILQp�HQ
UHSDUWDQW�GH�O·pWDSH���SRXU�OH�FRPSOH[LILHU��3RXU�FHOD��OHV�pOpPHQWV�LJQRUpV�VRQW�H[DPLQpV�HQ
SURIRQGHXU�GDQV�OH�PRGqOH�VLPSOH��OH�QLYHDX�G·DQDO\VH�HVW�DORUV�UHGpILQL�



,QWURGXFWLRQ �

,O�VH�SHXW�DXVVL�TXH�OHV�SULQFLSHV�IRQGDPHQWDX[�VRLHQW�ELHQ�DQDO\VpV��PDLV�TXH��PDOJUp�WRXW��OD
GLVFUpWLVDWLRQ� HW� OD� GLVWULEXWLRQ� GH� FHV� SULQFLSHV� HQ� XQ� QRPEUH� ILQL� G·XQLWpV� LQWURGXLVH� XQH
HUUHXU��'DQV�FH�FDV�OH�EHVRLQ�GH�FRQWU{OH�VXU�OH�PRGqOH�GRLW�rWUH�SOXV�LPSRUWDQW��/H�PRGqOH
GRLW�rWUH�FRQWUDLQW�SOXV�IRUWHPHQW�
6HORQ�O·REMHFWLI�GpILQL� ORUV�GH�OD�SUHPLqUH�pWDSH�� OHV�VRUWLHV��FRQVpTXHQFHV�GX�PRGqOH��REMHWV
UHSUpVHQWDWLIV�� SHXYHQW� YDULHU�� 'DQV� OH� FDGUH� GH� FHWWH� WKqVH�� QRXV� QRXV� OLPLWHURQV� DX[
FRQVpTXHQFHV�YLVLEOHV��REMHWV�JUDSKLTXHV�UHSUpVHQWDWLIV���1RWUH�PRGpOLVDWLRQ�VH�IL[H�SRXU�EXW
G·REWHQLU� XQH� VRUWLH� JUDSKLTXH� DQLPpH� DXVVL� SURFKH� TXH� SRVVLEOH� GH� OD� UpDOLWp
�JpRPpWULTXHPHQW� HW� FLQpWLTXHPHQW��� /·REMHFWLI� GH� FHWWH� WKqVH� HVW� GRQF� OD� IDEULFDWLRQ� G·XQ
RXWLO�� VRXV� IRUPH� GH� PRGqOH� LQIRUPDWLTXH�� SHUPHWWDQW� G·DWWHLQGUH� FH� EXW�� HW� OD� YDOLGDWLRQ
TXDOLWDWLYH�GH�FHW�RXWLO�

�� &DGUH�HW�PRWLYDWLRQ
/H� SKpQRPqQH� TXH� QRXV� FKHUFKRQV� j� PRGpOLVHU�� GH� PDQLqUH� SOXV� SDUWLFXOLqUH�� HVW� OD
UHVSLUDWLRQ� GH� O·rWUH� KXPDLQ��'H� QRPEUHXVHV�PRGDOLWpV� DXMRXUG·KXL� GLVSRQLEOHV� SHUPHWWHQW
XQH� DQDO\VH� WULGLPHQVLRQQHOOH� GHV� VWUXFWXUHV� PpFDQLTXHV� GH� OD� UHVSLUDWLRQ��� O·LPDJHULH� SDU
UpVRQDQFH� PDJQpWLTXH� HW� OD� WRPRGHQVLWRPpWULH� SHUPHWWHQW� O·DQDO\VH� JpRPpWULTXH� GHV
VWUXFWXUHV�GX�WKRUD[��O·DFTXLVLWLRQ�YLGpR�GH�PDUTXHXUV�SODFpV�j�OD�VXUIDFH�GH�OD�SHDX�SHUPHW�OD
VXUYHLOODQFH� HW� OH�PRQLWRULQJ� GHV�PRXYHPHQWV� GX� WURQF�� /·LQWHUSUpWDWLRQ� GH� WHOOHV� GRQQpHV
QpFHVVLWH� O·XWLOLVDWLRQ� GH� QRXYHDX[� PRGqOHV�� 8Q� WHO� PRGqOH�� XQH� IRLV� pWDEOL� HW� YDOLGp�
SHUPHWWUDLW�GH�IRXUQLU�GHV�GLDJQRVWLFV�QRQ�LQYDVLIV�GH�FHUWDLQHV�SDWKRORJLHV�
&RPPH�QRXV�QRXV�DWWDFKRQV�j�OD�UHSUpVHQWDWLRQ�JUDSKLTXH�GX�SKpQRPqQH��QRWUH�EXW�GHYLHQW
OD�PRGpOLVDWLRQ�GHV�PRXYHPHQWV�GX� WURQF�SHQGDQW� OD� UHVSLUDWLRQ��&HWWH�PRGpOLVDWLRQ�SDVVH
SDU�OH�GpYHORSSHPHQW�G·XQ�V\VWqPH�LQWHUDFWLI�GH�PDQLSXODWLRQ�GHV�REMHWV��VLPXODWLRQ��
/D� PRGpOLVDWLRQ� GHV� PRXYHPHQWV� GX� WURQF� VHUD� SUpVHQWpH� FRPPH� OD� PRGpOLVDWLRQ� HW� OD
VLPXODWLRQ�GHV�PRXYHPHQWV�G·XQ�REMHW�FRPSOH[H��HQVHPEOH�IRUPp�SDU�OH�GLDSKUDJPH��OD�FDJH
WKRUDFLTXH��OHV�SRXPRQV�HW�O·DEGRPHQ��
&HW� REMHW� FRPSOH[H�� FRPSRVp� GH� SDUWLHV� HW� UpJLRQV� DX[� SURSULpWpV� HW� FRPSRUWHPHQWV
GLIIpUHQWV��HVW�LVVX��
•  GH� GRQQpHV� DQDWRPLTXHV� IL[HV� �QH� IDLVDQW� LQWHUYHQLU� TXH� GHV� SRVLWLRQV� UHODWLYHV� GH

VWUXFWXUHV�HQ�PRXYHPHQW��
•  GH� GRQQpHV� IRQFWLRQQHOOHV� �SURSULpWpV� PpFDQLTXHV� SDVVLYHV� HW� DFWLYHV�� QRUPDOHV� RX

SDWKRORJLTXHV��
•  GH� VLWXDWLRQV� RX� VFpQDULRV� IDLVDQW� LQWHUYHQLU� GHV� FRQWUDLQWHV� DSSOLTXpHV� DX� V\VWqPH

�SRVLWLRQ�GX�VXMHW��YHQWLODWLRQ�DVVLVWpH��SDUROH��PDUFKH«��
/D�PRWLYDWLRQ�G·XQH�WHOOH�pWXGH�HVW�OD�SURGXFWLRQ�GH�VpTXHQFHV�DQLPpHV�GX�WURQF�DX�FRXUV�GH
OD�UHVSLUDWLRQ�DILQ�G·HQ�FRPSUHQGUH�OH�SKpQRPqQH�
8Q�DXWUH�REMHFWLI�VH�VLWXH�GDQV�OH�FDGUH�SOXV�JpQpUDO�GH�OD�VLPXODWLRQ�GH�O·KXPDLQ�j�O·LQWpULHXU
GH� PRQGHV� YLUWXHOV� HW�RX� LQWHUDFWLIV� �%DGOHU�� ������� �7KDOPDQQ�� ������� /D� UHSUpVHQWDWLRQ
YLUWXHOOH�GH�SHUVRQQDJHV�KXPDLQV�D�SRXU�REMHFWLI�OD�VLPXODWLRQ�GH�OD�SUpVHQFH�GH�FHV�KXPDLQV
j�GHV�ILQV�G·HUJRQRPLH��GH�FRQFHSWLRQ��RX�GH�FRPPXQLFDWLRQ��$XMRXUG·KXL�OH�UpDOLVPH�GH�FHV
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SHUVRQQDJHV�YLUWXHOV�HVW�GHYHQX�SULPRUGLDO��,O�\�D�TXHOTXHV�DQQpHV�HQFRUH�XQH�VLPXODWLRQ�pWDLW
MXJpH�ERQQH�ORUVTX·HOOH�pWDLW�©�JUDSKLTXHPHQW�FRUUHFWH�ª��2Q�YHXW�PDLQWHQDQW�DOOHU�SOXV�ORLQ���LO
V·DJLW�GH�FRQVWUXLUH�GHV�SHUVRQQDJHV�GRQW�OHV�FRPSRUWHPHQWV�VRQW�LQGLYLGXHOV�HW�DXWRQRPHV�
TXL� VRQW�FDSDEOHV�GH� UpDJLU�j� OHXU�HQYLURQQHPHQW��'DQV�FH�FDGUH��RQ�V·RULHQWH� DFWXHOOHPHQW
YHUV�GHV�VLPXODWLRQV�FRPSRUWHPHQWDOHV��/H�PRGqOH�LQIRUPDWLTXH�GpYHORSSp�DX�FRXUV�GH�FHWWH
WKqVH�VH�YHXW�XQH�FRQWULEXWLRQ�j�FHWWH�SUREOpPDWLTXH�
2Q�SHXW�HQFRUH�GpILQLU�G·DXWUHV�REMHFWLIV��j�SOXV�ORQJ�WHUPH��
•  FRXSOp�j�XQ�DSSDUHLO�G·DFTXLVLWLRQ�G·LPDJHV�PpGLFDOHV�SDU� O·LQWHUPpGLDLUH�GH�FDSWHXUV�� OH

PRGqOH�SHUPHWWUDLW�GH�SLORWHU�O·DFTXLVLWLRQ�j�SDUWLU�GH�OD�SKDVH�UHVSLUDWRLUH�
•  FRXSOp� j� GHV� FDSWHXUV� GH� SRVLWLRQ�� OH� PRGqOH� SRXUUDLW� VHUYLU� DX� UHFDODJH� �PLVH� HQ

FRUUHVSRQGDQFH��GH�GLIIpUHQWHV�PRGDOLWpV�G·LPDJHULH� �GDQV� OH�FDGUH�GH� OD�SUREOpPDWLTXH
GHV�JHVWHV�PpGLFR�FKLUXUJLFDX[�DVVLVWpV�SDU�RUGLQDWHXU��&LQTXLQ�HW�DO���������

•  HQ� VXUYHLOODQFH� GDQV� GHV� XQLWpV� GH� VRLQ� LQWHQVLI�� OH� PRGqOH� SHUPHWWUDLW� GH� PLQLPLVHU
O·HUUHXU� FRPPLVH� SDU� GHV� FDSWHXUV� GH� W\SH� WRPRJUDSKLH� j� LPSpGDQFH� pOHFWULTXH� HQ
IRXUQLVVDQW�XQH�PHVXUH�GH�O·H[SDQVLRQ�GH�OD�FDJH�WKRUDFLTXH�DX�FRXUV�GHV�PHVXUHV���$GOHU
HW�DO��������FRQVLGqUH�TXH�O·HUUHXU�GHV�FDSWHXUV�GXH�j�FHWWH�H[SDQVLRQ�YDULH�DFWXHOOHPHQW
HQWUH���HW�����

�� &RQWULEXWLRQV�HW�RUJDQLVDWLRQ�GX�GRFXPHQW
&H�PDQXVFULW�VXLW�GDQV�VHV�JUDQGHV�OLJQHV�O·RUGUH�FKURQRORJLTXH�GDQV�OHTXHO�FHWWH�WKqVH�V·HVW
SUpSDUpH��&HW� RUGUH� FRUUHVSRQG� DXVVL� DX[� pWDSHV� VXFFHVVLYHV� GX� SURFHVVXV� GH�PRGpOLVDWLRQ
GpFULW�DX�SDUDJUDSKH����OHV�WURLV�pWDSHV�VH�WUDGXLVDQW�SDU�OHV�WURLV�SDUWLHV�GH�FH�PDQXVFULW�
3DUWLH�����pWXGH�GX�SKpQRPqQH�HW�UHSUpVHQWDWLRQ�GHV�FRQQDLVVDQFHV
/D� SUHPLqUH� pWDSH� VXLW� XQ� FKHPLQHPHQW� ORJLTXH� UpSRQGDQW� VXFFHVVLYHPHQW� DX[� TXHVWLRQV
VXLYDQWHV��
•  &RPPHQW�IRQFWLRQQH�OH�V\VWqPH�UpHO�"
•  4XHOV�VRQW� OHV�SULQFLSHV��PpFDQLVPHV�HW�FRQVpTXHQFHV�GX�SKpQRPqQH�j� LQVpUHU�GDQV� OH

VFKpPD�GH�PRGpOLVDWLRQ��GpILQLWLRQ�GHV�REMHFWLIV��"
•  'H� TXHOOHV� GRQQpHV� UpHOOHV� GLVSRVH�W�RQ�"� 4XHOV� GHJUpV� GH� SHUWLQHQFH� SHXW�RQ� OHXU

DWWULEXHU�"
•  4XHOV�VRQW�OHV�SDUDPqWUHV�j�SUHQGUH�HQ�FRPSWH�SRXU�DWWHLQGUH�OHV�REMHFWLIV�"
•  4XHOV�VRQW�OHV�REMHWV�LQIRUPDWLTXHV�UHSUpVHQWDWLIV�j�XWLOLVHU�RX�IDEULTXHU�SRXU�DWWHLQGUH�OHV

REMHFWLIV�"
&H� FKHPLQHPHQW� HVW� SURSRVp� FRPPH� PpWKRGRORJLH� JpQpUDOH� SRXU� OD� PRGpOLVDWLRQ
LQIRUPDWLTXH� GH� SKpQRPqQHV�� /·pWXGH� GX� SKpQRPqQH� SK\VLRORJLTXH�� DILQ� G·HQ� GpJDJHU� OHV
QRWLRQV�HW� OHV�PpFDQLVPHV�HVVHQWLHOV��HVW�SUpVHQWpH�DX�FKDSLWUH����2Q�\�YHUUD�TX·XQ�PRGqOH
FRPSRUWHPHQWDO� WULGLPHQVLRQQHO� SUHQDQW� HQ� FRPSWH� XQ� HQVHPEOH� GH� FRQWUDLQWHV� �WHOOH� TXH
O·LQFRPSUHVVLELOLWp��HVW�QpFHVVDLUH��&HOD�QRXV�DPqQHUD�j�IL[HU�OH�FDGUH�GHV�UHFKHUFKHV�GHV�RXWLOV
LQIRUPDWLTXHV� j� XWLOLVHU��� OHV�PRGqOHV� JpQpUDWHXUV� EDVpV� VXU� OD� SK\VLTXH�� /H� FKDSLWUH� �� OLYUH
DORUV� XQH� pWXGH� GHV� FRQFHSWV� PpFDQLTXHV� VLPSOLILpV� HW� GHV� RXWLOV� LQIRUPDWLTXHV� GH
GpIRUPDWLRQ�SURSRVpV�GDQV�OD�OLWWpUDWXUH�LQIRJUDSKLTXH�GHV�PRGqOHV�JpQpUDWHXUV�



,QWURGXFWLRQ �

3DUWLH�����OH�PRGqOH�LQIRUPDWLTXH
/H� SURFHVVXV� GH� PRGpOLVDWLRQ� VH� SRXUVXLW� GDQV� OD� GHX[LqPH� SDUWLH� SDU� OD� FRQVWUXFWLRQ� GX
PRGqOH�SURSUHPHQW�GLW��/H�FKDSLWUH���SUpVHQWH�OHV�EDVHV�GX�PRGqOH�LQIRUPDWLTXH�GpYHORSSp
DX�FRXUV�GH�FHWWH�WKqVH��1RWUH�DSSURFKH�HVW�GH�FRQVLGpUHU�XQ�REMHW�FRPPH�pWDQW�FRQVWLWXp�GH
UpJLRQV� D\DQW� GHV� FRPSRUWHPHQWV� GLIIpUHQWV� HW� QpFHVVDLUHV� j� OD� FRQVWUXFWLRQ� GH
FRPSRUWHPHQWV�WULGLPHQVLRQQHOV�FRPSOH[HV��/·DVSHFW�JpQpUDO�GH�FHV�REMHWV�HVW� WRXW�G·DERUG
SUpVHQWp�� &HV� REMHWV� pWDQW� FRQVWLWXpV� GH� UpJLRQV� pODVWLTXHV�� GH� UpJLRQV� PXVFXODLUHV� HW� GH
UpJLRQV�VROLGHV��LQGpIRUPDEOHV���FHV�WURLV�DVSHFWV�VRQW�VXFFHVVLYHPHQW�H[SRVpV��/D�GpILQLWLRQ
G·XQ� SULQFLSH� JpQpUDOLVWH� FRQVLGpUDQW� XQH� IRUFH� HQJHQGUpH� SDU� XQ� SRLQW� G·DWWUDFWLRQ� HVW
HVVHQWLHOOH� GDQV� FH� FKDSLWUH�� /D� IRUPH� GHV� REMHWV� HVW� UHSUpVHQWpH� GH�PDQLqUH� RULJLQDOH� SDU
O·LQWHUPpGLDLUH� GH� WURLV� SDUDPqWUHV� ORFDX[�� &HV� SDUDPqWUHV� SHUPHWWHQW� GH� SURSRVHU� XQH
QRXYHOOH�IRQFWLRQ�SRXU�OD�PRGpOLVDWLRQ�GH�O·pODVWLFLWp�XWLOLVDQW�XQH�PpPRLUH�GH�IRUPH�ORFDOH�
&RPSDUpH�j�XQH�PpWKRGH�FODVVLTXH��PDVVH�UHVVRUW���HOOH�SURXYH�VRQ�HIILFDFLWp��WDQW�DX�QLYHDX
GH� OD� VWDELOLWp� TX·DX� QLYHDX� GH� OD� PRGpOLVDWLRQ��� 'DQV� XQ� GHX[LqPH� WHPSV�� OHV� UpJLRQV
PXVFXODLUHV� VRQW� GpILQLHV�� &HV� UpJLRQV� UHSURGXLVHQW�� GH� PDQLqUH� VLPSOH�� XQH� EDVH
FRPSRUWHPHQWDOH�GH� VLPXODWLRQ�GHV�PXVFOHV� �FRQWU{OH�GH� O·LQWHQVLWp�GH� OD� IRUFH�PRWULFH��GH
O·DFWLYDWLRQ��HW�GHV�GLUHFWLRQV�GH�FRQWUDFWLRQV���/HV�UpJLRQV�VROLGHV�VRQW�SUpVHQWpHV�HQ�GHUQLqUH
SDUWLH�GX�FKDSLWUH���
/D�GHVFULSWLRQ�GX�PRGqOH�VH�SRXUVXLW�SDU�O·pWXGH��DX�FKDSLWUH����GHV�FRQWUDLQWHV�TXH�O·RQ�GRLW
XWLOLVHU�SRXU�TXH�OH�PRGqOH�SXLVVH�UHSURGXLUH�WRXV�OHV�FRPSRUWHPHQWV�GLVWLQJXpV�GDQV�OD�SDUWLH
���3RXU�QRXV��LO�V·DJLW�GH�PRGpOLVHU�GHV�FDUDFWpULVWLTXHV�SK\VLTXHV��FRPPH�O·LQFRPSUHVVLELOLWp�
SDU�O·LQWHUPpGLDLUH�GH�FRQWUDLQWHV�VXU�OHV�REMHWV�
'DQV�FH�FKDSLWUH��RQ�GpYHORSSH�XQH�QRXYHOOH�PpWKRGH�GH� UpVROXWLRQ�GLUHFWH�GH�FRQWUDLQWHV
SHUPHWWDQW�GH�YpULILHU�GHV�FRQWUDLQWHV�ORFDOHV�HW�JOREDOHV�VDQV�XWLOLVHU�GH�PpWKRGH�LWpUDWLYH��/D
UpVROXWLRQ� GH� OD� FRQWUDLQWH� G·LQFRPSUHVVLELOLWp� LOOXVWUH� FHWWH� PpWKRGH� GH� UpVROXWLRQ�� /D
JpQpUDOLVDWLRQ�GH�QRWUH�PpWKRGH�GH� UpVROXWLRQ�GH� O·LQFRPSUHVVLELOLWp�SHUPHW�GH�GpJDJHU�GHV
SULQFLSHV�XWLOLVDEOHV�GDQV�G·DXWUHV�GRPDLQHV�
3DUWLH�����pWXGH�HW�YDOLGDWLRQ�TXDOLWDWLYH�GX�PRGqOH�LQIRUPDWLTXH
$X� FRXUV� GH� OD� GHUQLqUH� SDUWLH� �FKDSLWUH� ���� QRXV� IRXUQLURQV� XQH� YDOLGDWLRQ� TXDOLWDWLYH� GX
FRPSRUWHPHQW�GX�PRGqOH�JUkFH�j�GH�QRPEUHX[�H[HPSOHV�G·REMHWV��1RXV�\�GpYHORSSRQV�XQ
PRGqOH�GX�WURQF�HW�GH�VHV�PRXYHPHQWV�DX�FRXUV�GH�OD�UHVSLUDWLRQ�
/D� FRQFOXVLRQ� JpQpUDOH� IRXUQLW� XQ� UpFDSLWXODWLI� GHV� SRLQWV� RULJLQDX[� GH� FH� GRFXPHQW� DLQVL
TX·XQH�RXYHUWXUH�VXU�OHV�SHUVSHFWLYHV�GH�OD�PRGpOLVDWLRQ�LQIRUPDWLTXH�
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/H�V\VWqPH�YHQWLODWRLUH
,O�IDXW�FRPSUHQGUH�SRXU�PHVXUHU�HW�QRQ�PHVXUHU�SRXU�FRPSUHQGUH�*DVWRQ�%DFKHODUG

&H�FKDSLWUH�YD�QRXV�SHUPHWWUH�GH�FRPSUHQGUH�OH�SKpQRPqQH�GH�OD�UHVSLUDWLRQ��1RXV�DOORQVH[DPLQHU� FRPPHQW� FH� SKpQRPqQH� HVW� JpQpUp�� 7RXW� DX� ORQJ� GH� FHW� H[DPHQ� QRXV� QRXVDWWDFKHURQV� j� GpJDJHU� GHV� pOpPHQWV� HW� K\SRWKqVHV� SRXU� OD� FRQVWUXFWLRQ� GX� PRGqOH�� &HFKDSLWUH�HQWUH�GRQF�GLUHFWHPHQW�GDQV�OD�SKDVH�GH�SHUFHSWLRQ�HW�G·DQDO\VH�GH�OD�PRGpOLVDWLRQ�
'DQV� XQ� SUHPLHU� WHPSV�� QRXV� H[SORURQV� JOREDOHPHQW� OD� SK\VLRORJLH� UHVSLUDWRLUH�� 8QKLVWRULTXH�GHV�GpYHORSSHPHQWV�GH�FHWWH�VFLHQFH�SHUPHW�G·pWDEOLU� OHV�SUHPLHUV� MDORQV�GDQV� ODFRPSUpKHQVLRQ�GX�V\VWqPH��8QH�DQDO\VH�GHV�FRPSRVDQWHV�SULQFLSDOHV�GX�V\VWqPH�UHVSLUDWRLUHQRXV� IRXUQLW� HQVXLWH� XQ� GpFRXSDJH� pOpPHQWDLUH�� 1RXV� SDVVRQV� HQ� UHYXH� OHV� SULQFLSDX[LQVWUXPHQWV�GH�PHVXUH�GLVSRQLEOHV���FH�VRQW�PR\HQV�GH�YDOLGHU�QRV�K\SRWKqVHV�VXU�OH�PRGqOHHW� OHV� SDUDPqWUHV� GX� PRGqOH�� 1RXV� YR\RQV� HQVXLWH� SOXV� HQ� GpWDLO� OHV� FDUDFWpULVWLTXHV� GXV\VWqPH� YHQWLODWRLUH� �DXVVL� ELHQ� VWDWLTXHV� TXH� G\QDPLTXHV��� 1RXV� QRXV� DWWDFKRQV� HQILQ� jGpFULUH�OHV�PXVFOHV�PRWHXUV�GH�OD�UHVSLUDWLRQ�(Q�FRQFOXVLRQ��QRXV�pWDEOLVVRQV�OHV�EDVHV�GX�PRGqOH�/HV� EDVHV� ELEOLRJUDSKLTXHV� GH� FH� FKDSLWUH� SHXYHQW� rWUH� WURXYpHV� GDQV� �0DFNOHP� HW�0HDG���������5RXVVRV�HW�0DFNOHP����������7D\ORU�HW�DO����������HW��:HVW�������



� /H�V\VWqPH�YHQWLODWRLUH

�� $SHUoX�GX�V\VWqPH�PpFDQLTXH�YHQWLODWRLUH
/D�SK\VLRORJLH�GH�OD�YHQWLODWLRQ�GRLW�UpSRQGUH�j�OD�TXHVWLRQ�VXLYDQWH���FRPPHQW�O·DLU�HQWUH�W�LOHW�VRUW�LO�GHV�SRXPRQV�"�(OOH�V·LQVSLUH�j�OD�IRLV�GH�O·DUUDQJHPHQW�HW�GH�O·DFWLRQ�LQGLYLGXHOOH�GHVPXVFOHV� �G·DSUqV� O·REVHUYDWLRQ� HW� O·DQDWRPLH�� HW� GH� ORLV� SK\VLTXHV� �JUkFH� j� GHV�PHVXUHV� GHIRUFHV��GH�SUHVVLRQV��GH�YROXPHV�HW�GH�OHXUV�FKDQJHPHQWV�DX�FRXUV�GX�WHPSV��
��� +LVWRULTXH
1RXV� DOORQV� EULqYHPHQW� WUDFHU� XQ� KLVWRULTXH� GHV� GpFRXYHUWHV� GDQV� OH� GRPDLQH� GH� ODPpFDQLTXH�UHVSLUDWRLUH��2Q�QH�UHSUHQGUD�LFL�TXH�OHV�DYDQFpHV�PDMHXUHV�GH�FHWWH�VFLHQFH��SRXUSOXV� GH� GpWDLOV�� VH� UpIpUHU� j� �2WLV�� ������� � WUDYHUV� FHW� KLVWRULTXH� QRXV� GpFRXYULURQV� OHVpOpPHQWV�HVVHQWLHOV�j�SUHQGUH�HQ�FRPSWH�GDQV�OD�PRGpOLVDWLRQ�
������'H�O·DQWLTXLWp�MXVTX·DX�;9qPH�VLqFOH
/·pWXGH�GX�V\VWqPH�YHQWLODWRLUH�Q·HVW�SDV�XQH�VFLHQFH�UpFHQWH��(UDVLVWUDWXV�GH�&KLRV��FRQVLGpUpFRPPH� OH� SqUH� GH� OD� SK\VLRORJLH�� pFULW� HQ� ���� DYDQW� -&� TXH� ©� OH� GLDSKUDJPH� HVW� OH� VHXO� PXVFOH
UHVSRQVDEOH� GH� OD� UHVSLUDWLRQ�ª��*DOHQ� �a�������� DSUqV� -&�� SXLV� -��0D\RZ� ������������ IRQW� ODUHPDUTXH� TXH� ©� OH� SRXPRQ� VXLW� OH� PRXYHPHQW� GX� WKRUD[�ª�� 5�� 'HVFDUWHV� ������������ LQIOXHQFHIRUWHPHQW�OD�GLUHFWLRQ�GHV�UHFKHUFKHV�HQ�pQRQoDQW�OH�SULQFLSH�TXH�©�OD�PDWLqUH�YLYDQWH�HVW�VXMHWWH
DX[�ORLV�SK\VLTXHV�ª��O·KRPPH�HVW�XQH�PDFKLQH��
������/HV�PXVFOHV�UHVSLUDWRLUHV�HW�OHXUV�DFWLRQV
)��0DJHQGLH� ������������GpPRQWUH�TXH� ©� O·DEGRPHQ� DJLW� FRPPH� XQ� OHYLHU� HQ� UpSRQVH� j� O·DFWLRQ� GX
GLDSKUDJPH�ª��6LU�$��.HLWK�������������PDUTXH�OH�GpEXW�GH�OD�GHVFULSWLRQ�TXDOLWDWLYH�HW�SUpFLVHGH�O·DFWLRQ�GHV�PXVFOHV�UHVSLUDWRLUHV�
������9XH�LQWpJUDOH�GH�OD�PpFDQLTXH�YHQWLODWRLUH
)��5RKUHU�������������HVW�OH�SUHPLHU�j�IRXUQLU�XQH�IRUPXODWLRQ�TXDQWLWDWLYH�HW�DEVWUDLWH�GH�ODPpFDQLTXH� UHVSLUDWRLUH�� :�� 2�� )HQQ� ������������ PDUTXH� OH� GpEXW� GH� O·qUH� PRGHUQH� HQpODERUDQW�OHV�UHODWLRQV�HQWUH�SUHVVLRQ�HW�YROXPH�GX�V\VWqPH�UHVSLUDWRLUH��HW�OD�SK\VLRORJLH�GHVPXVFOHV�
/·LPSRUWDQFH�GHV�GpFRXYHUWHV�GRLW�rWUH�PLVH�HQ�SDUDOOqOH�DYHF�OHV�PpFDQLVPHV�HVVHQWLHOV�j� ODPRGpOLVDWLRQ� �OHV� SULQFLSHV� IRQGDPHQWDX[� VRQW� FHX[� GRQW� OHV� FRQVpTXHQFHV� VRQW� OHV� SOXVREVHUYDEOHV��� *UkFH� DX[� SURJUqV� GHV� WHFKQLTXHV� G·REVHUYDWLRQ� �DSSDUHLOV� GH� PHVXUH�� � HWLPDJHULH� PpGLFDOH��� OD� SK\VLRORJLH� UHVSLUDWRLUH� D� SX� FRQWLQXHOOHPHQW� DSSURIRQGLU� VDFRQQDLVVDQFH��1RWUH�PRGqOH�GHYUD�GRQF�SUHQGUH�HQ�FRPSWH� OHV�GpFRXYHUWHV� IRQGDPHQWDOHVVXU�OH�SODQ�PpFDQLTXH�HW�V\VWpPDWLTXH�GpFULWHV�FL�GHVVXV��1RXV�DOORQV�PDLQWHQDQW�GpFRPSRVHUOH�WURQF�HQ�pOpPHQWV�DFWLIV�DILQ�G·HQ�FRPSUHQGUH�OH�IRQFWLRQQHPHQW�



$SHUoX�GX�V\VWqPH�PpFDQLTXH�YHQWLODWRLUH �

��� /HV�FRPSRVDQWV
$YDQW� GH� UHQWUHU� GDQV� OHV� GpWDLOV�� FRQVLGpURQV� OH� V\VWqPH� YHQWLODWRLUH� FRPSRVp� SDU� TXDWUHpOpPHQWV�SULQFLSDX[��7D\ORU�HW�DO����������
•  XQH�SRPSH��

•  OH�GLDSKUDJPH�
•  OD�FDJH�WKRUDFLTXH�HW�VHV�PXVFOHV�
•  O·DEGRPHQ��HW�VHV�PXVFOHV��

•  8Q�pFKDQJHXU�GH�JD]���OHV�SRXPRQV�
/HV�GLIIpUHQWV�YROXPHV�SXOPRQDLUHV�VRQW�SUpVHQWpV�j�OD�)LJXUH���

&DSDFLWpLQVSLUDWRLUH

YROXPHUpVLGXHO�����O�

&DSDFLWpIRQFWLRQQHOOHUpVLGXHOOH��O�

5HVSLUDWLRQGH�UHSRV
&DSDFLWpYLWDOH����O�&DSDFLWp3XOPRQDLUH7RWDOH��O�

 t

)LJXUH� ���'\QDPLTXH� GHV� pFKDQJHV� JD]HX[� GX� SRXPRQ� DX� FRXUVGHV�GLIIpUHQWHV�SKDVHV�GH�OD�UHVSLUDWLRQ��/HV�TXDQWLWpV�LQGLTXpHV�HQOLWUHV�VRQW�GHV�PHVXUHV�PR\HQQHV��/HV�PHVXUHV�VH�IRQW�HQ�UHVSLUDQWDX� WUDYHUV� G·XQH� FORFKH�� HQ� PDQ±XYUHV� G·LQVSLUDWLRQV� HWG·H[SLUDWLRQV�IRUFpHV�

9R\RQV�G·DERUG�FRPPHQW�DJLVVHQW�FHV�GLIIpUHQWV�FRPSRVDQWV�DX�FRXUV�G·XQ�F\FOH�UHVSLUDWRLUH�



�� /H�V\VWqPH�YHQWLODWRLUH

��� 'HVFULSWLRQ�VRPPDLUH�G·XQ�F\FOH�UHVSLUDWRLUH
/D�PpFDQLTXH�UHVSLUDWRLUH�pWXGLH�OHV�IRUFHV�TXL�GpIRUPHQW�OHV�SRXPRQV�HW�GpSODFHQW�OD�SDURLWKRUDFLTXH�DLQVL�TXH�OHV�UpVLVWDQFHV�TXL�V·RSSRVHQW�j�FHV�IRUFHV��'HX[�SKDVHV�VRQW�GLVWLQJXpHV��
•  O·LQVSLUDWLRQ��� OH� PXVFOH� SULQFLSDO� GH� O·LQVSLUDWLRQ� HVW� OH� GLDSKUDJPH�� $X� FRXUV� G·XQHUHVSLUDWLRQ� QRUPDOH� OH� QLYHDX� GX� GLDSKUDJPH� VXELW� GHV� GpSODFHPHQWV� GH� O·RUGUH� GXFHQWLPqWUH��:HVW��������(Q�FDV�G·H[HUFLFH�HW�GH�PDQRHXYUHV�IRUFpHV��G·DXWUHV�PXVFOHV�VHPHWWHQW�HQ�DFWLRQ�HW�QRWDPPHQW� OHV�PXVFOHV�VFDOqQHV�HW� VWpUQR�FOpLGR�PDVWRwGLHQV� �SOXVFRPPXQpPHQW�DSSHOpV�VWpUQRPDVWRwGLHQV��pOHYDQW�OHV�GHX[�SUHPLqUHV�F{WHV�HW�OH�VWHUQXP�O·DPSOLWXGH�GHV�GpSODFHPHQWV�GLDSKUDJPDWLTXHV�SHXW�GDQV�FH�FDV�Oj�DWWHLQGUH����FP��
•  O·H[SLUDWLRQ��� O·H[SLUDWLRQ� GH� UHSRV� HVW� XQ� pYpQHPHQW� SDVVLI�� /·pQHUJLH� pODVWLTXH� VWRFNpHGDQV� OH� V\VWqPH� SHQGDQW� O·LQVSLUDWLRQ� HVW� JpQpUDOHPHQW� VXIILVDQWH� SRXU� SURGXLUH� XQHH[SLUDWLRQ� QRUPDOH� VDQV� EHVRLQ� VXSSOpPHQWDLUH� G·pQHUJLH� �FRPPH� XQ� EDOORQ� VHGpJRQIODQW���/H�SRXPRQ�HW�OD�FDJH�WKRUDFLTXH�WHQGHQW�j�UHYHQLU�j�OHXU�SRVLWLRQ�G·pTXLOLEUHDSUqV�DYRLU�VXEL�XQH�H[SDQVLRQ�DFWLYH�DX�FRXUV�GH�O·LQVSLUDWLRQ��&HSHQGDQW��Oj�DXVVL��HQ�FDVG·H[HUFLFH� RX� G·XQH� GHPDQGH� LPSRUWDQWH� GX� V\VWqPH� �FRPPH� GDQV� FHUWDLQV� W\SHV� GHPDODGLHV�SXOPRQDLUHV���G·DXWUHV�PXVFOHV�YLHQQHQW�DFFpOpUHU�FH�PRXYHPHQW��PXVFOHV�GH�ODFHLQWXUH�DEGRPLQDOH��PXVFOHV�LQWHUFRVWDX[���/·H[SLUDWLRQ�GHYLHQW�DORUV�DFWLYH�
&KDFXQ� GH� FHV� FRPSRVDQWV� D� GHV� SURSULpWpV� JpRPpWULTXHV� HW� SK\VLTXHV� �VWDWLTXHV� RXG\QDPLTXHV��GLIIpUHQWHV��([DPLQRQV�OD�JpRPpWULH�GX�V\VWqPH�DYDQW�GH�SDVVHU�j�O·REVHUYDWLRQHW�DX[�PHVXUHV�GH�VD�G\QDPLTXH��DX�SDUDJUDSKH����
��� 'HVFULSWLRQ�DQDWRPLTXH�GHV�FRPSRVDQWV

������/H�GLDSKUDJPH
/H�GLDSKUDJPH�HVW�XQ�PXVFOH�SODW��ILQ�HW�PXVFXORWHQGLQHX[���3HUURWLQ�HW�0RUHDX[��������6HV�ILEUHV�V·pOqYHQW�GH�GHX[�VRXUFHV�SULQFLSDOHV��
•  SDUWLH� FUXUDOH� �YHUWpEUDOH���� GH� OD� WURLVLqPH� YHUWqEUH� ORPEDLUH� HW� DUFKHV� DSRQHXURWLTXHV�VDQV�LQVHUWLRQ�GDQV�OD�SDUWLH�SRVWpULHXUH�GHV�F{WHV���
•  SDUWLH�FRVWDOH���GH�OD�VXUIDFH�LQWHUQH�VXSpULHXUH�GHV�VL[�F{WHV�OHV�SOXV�EDVVHV�(OOHV�VRQW�GLULJpHV�YHUV�OH�KDXW��SDUDOOqOHPHQW�j�O·D[H�GX�FRUSV�HW�VRQW�RSSRVpHV�GLUHFWHPHQW�jOD�VXUIDFH�LQWHUQH�GH�OD�SDUWLH�LQIpULHXUH�GH�OD�FDJH�WKRUDFLTXH��(OOHV�FRQYHUJHQW�SRXU�IRUPHU�OHWHQGRQ� FHQWUDO� �VHXOV� OHV� PDPPLIqUHV� HW� TXHOTXHV� HVSqFHV� G·RLVHDX[� RQW� XQH� VpSDUDWLRQFRPSOqWH�HQWUH�OHV�FDYLWpV�WKRUDFLTXHV�HW�DEGRPLQDOHV��
/D�IRUPH�GX�GLDSKUDJPH�HVW�XQ�F\OLQGUH�FRLIIp�G·XQ�G{PH��)LJXUH����



$SHUoX�GX�V\VWqPH�PpFDQLTXH�YHQWLODWRLUH ��

'{PH

$EGRPHQ

&DJHWKRUDFLTXH

=RQHG·DSSRVLWLRQ

)LJXUH����3RVLWLRQ�HW�IRUPH�GX�GLDSKUDJPH��HQ�FRXSH�GH�SURILO��HQSHUVSHFWLYH�GH�GHYDQW�HW�HQ�FRXSH�GH�IDFH��

������/D�FDJH�WKRUDFLTXH�HW�VHV�PXVFOHV
/D�FDJH�WKRUDFLTXH�HVW�FRQVWLWXpH��SRXU�FH�TXL�QRXV�SUpRFFXSH��G·XQH�FDJH�RVVHXVH��IRUPpHSDU�OHV�F{WHV������SDLUHV�GH�F{WHV�UHOLpHV�DX�VWHUQXP�SDU�GHV�FDUWLODJHV�HW�GHX[�SDLUHV�GH�F{WHVGLWHV�©IORWWDQWHV�ª��YRLU�)LJXUH����HW�GH�PXVFOHV�3DUPL�OHV�PXVFOHV��QRXV�QH�FRQVLGpURQV�TXH�OHV�PXVFOHV�LQWHUFRVWDX[��OHV�PXVFOHV�VFDOqQHV�HWOHV�PXVFOHV�VWHUQRPDVWRwGLHQV�
/HV�PXVFOHV�LQWHUFRVWDX[�IRUPHQW�GHX[�SODQV�ILQV�GH�ILEUHV�PXVFXODLUHV�RFFXSDQW�WRXW�O·HVSDFHLQWHUFRVWDO��2Q�GLVWLQJXH�OHV�LQWHUFRVWDX[�LQWHUQHV�HW�H[WHUQHV�SDU�OHXU�GLVSRVLWLRQ�SDU�UDSSRUWj�OD�VXUIDFH�GX�FRUSV��7RXV�GHX[�RQW�GHV�ILEUHV�REOLTXHV�HW�RULHQWpHV�YHUV� OH�EDV��PDLV�DORUVTXH�OHV�H[WHUQHV�VRQW�RULHQWpV�YHUV�O·DYDQW�GH�OD�F{WH�VXSpULHXUH�j�OD�F{WH�LQIpULHXUH��OHV�LQWHUQHVVRQW�RULHQWpV�YHUV�O·DUULqUH�
2XWUH�OHV�LQWHUFRVWDX[��XQ�FHUWDLQ�QRPEUH�GH�PXVFOHV�SDUWLFLSHQW�VRXV�FHUWDLQHV�FRQGLWLRQV�jO·DFWH� UHVSLUDWRLUH�� 3DUPL� WRXV� FHV� PXVFOHV�� DSSHOpV� ©PXVFOHV� DFFHVVRLUHV�ª� GHX[� VHXOHPHQWPRQWUHQW�XQH�DFWLYLWp�VLJQLILFDWLYH���OHV�VFDOqQHV�HW�OHV�VWHUQRPDVWRwGLHQV��/HV�VFDOqQHV�pOqYHQWOD�FDJH�WKRUDFLTXH�SHQGDQW�O·LQVSLUDWLRQ��,OV�VRQW�VRXYHQW�XWLOLVpV�ORUV�GH�OD�UHVSLUDWLRQ�GH�UHSRVHW�QH�GRLYHQW�SUREDEOHPHQW�SDV�rWUH�FRQVLGpUpV�FRPPH�GHV�PXVFOHV�DFFHVVRLUHV��,OV�SDUWHQWGHV�FLQT�YHUWqEUHV�FHUYLFDOHV� OHV�SOXV�EDVVHV�HW�V·pWHQGHQW� MXVTX·j� OD�VXUIDFH�VXSpULHXUH�GH� ODSUHPLqUH�HW�VHFRQGH�F{WH�



�� /H�V\VWqPH�YHQWLODWRLUH

��������
)LJXUH����/D�FDJH�WKRUDFLTXH���SDUWLH�RVVHXVH�GH�IDFH�HW�GH�SURILO�

������/·DEGRPHQ
/HV�PXVFOHV�GH�O·DEGRPHQ�TXH�QRXV�FRQVLGpURQV�VRQW�HVVHQWLHOOHPHQW�FHX[�GH�OD�SDURL�DQWpUR�ODWpUDOH��REOLTXHV�LQWHUQH�HW�H[WHUQH��WUDQYHUVXV�DEGRPLQL�HW�UHFWXV�DEGRPLQL��'HV�pWXGHV�UpFHQWHV�PRQWUHQW�TX·HQ�SOXV�GH�IDFLOLWHU� O·H[SLUDWLRQ�� OHV�DEGRPLQDX[� MRXHUDLHQWXQ� U{OH� GDQV� O·LQVSLUDWLRQ�� (Q� VH� FRQWUDFWDQW�� LOV� FRPSUHVVHQW� OH� FRQWHQX� DEGRPLQDO� HWPDLQWLHQQHQW� OHV� ILEUHV� GX� GLDSKUDJPH� GDQV� GHV� pWLUHPHQWV� SOXV� JUDQG� �FH� TXL� SHUPHWG·RSWLPLVHU� OD� FRXUEH� GH� ORQJXHXU�WHQVLRQ� GX� PXVFOH�� YRLU� )LJXUH� ��� SDUDJUDSKH� ������ /HPrPH� SKpQRPqQH� LQWHUYLHQW� ORUV� GH� FKDQJHPHQW� GH� SRVWXUH� FRXFKp�GHERXW� HW� ORUV� GHFHUWDLQV�H[HUFLFHV�
������/HV�SRXPRQV
/HV�SRXPRQV�MRXHQW�XQ�U{OH�SRXU�O·pFKDQJH�JD]HX[��PDLV�DXVVL�SRXU�OD�SDUROH�HW�OH�FKDQW���LOVRQW�GHV�HIIHWV�FDUGLR�YDVFXODLUHV��HW�GHV�IRQFWLRQV�PpWDEROLTXHV�/HV�SRXPRQV�VRQW�HQIHUPpV�GDQV�OHV�FDYLWpV�SOHXUDOHV��&KDTXH�SOqYUH�VH�GpFRPSRVH�HQ�GHX[FRXFKHV� GH� PHPEUDQHV� UHPSOLHV� GH� OLTXLGH�� &KDTXH� SRXPRQ� SRVVqGH� XQH� pODVWLFLWpFRQVLGpUDEOH��,OV�V·DGDSWHQW�j�OD�SDURL�GH�OD�FDYLWp�WKRUDFLTXH��/HXUV�PRXYHPHQWV�GpSHQGHQWGRQF�GH�O·DFWLRQ�PXVFXODLUH�DX�QLYHDX�GX�WURQF�,OV� VH� JRQIOHQW� HW� VH� GpJRQIOHQW� HQYLURQ� ��� IRLV�PLQXWH�� DYHF� XQH� PR\HQQH� GH���PO�UHVSLUDWLRQ��DLQVL�FKDTXH�MRXU�OHV�SRXPRQV�YHQWLOHQW�DX�PRLQV��������OLWUHV�G·DLU�������OLWUHV�GH�VDQJ�������OLWUHV�G·R[\JqQH�HW�����OLWUHV�GH�GLR[\GH�GH�FDUERQH�VRQW�DLQVL�WUDQVIpUpV��
������$XWUHV�PXVFOHV
,O� H[LVWH� G·DXWUHV� PXVFOHV� GX� WURQF� FRQQXV� RX� FRQVLGpUpV� SDU� FHUWDLQV� FRPPH� D\DQW� GHVDFWLRQV� UHVSLUDWRLUHV� �OHV� WUDSq]HV�� OHV� SHFWRUDX[� PDMHXUV� HW� PLQHXUV�� OHV� VHUUDWL� DQWpULHXUV�SRVWpULHXUV� VXSpULHXUV� HW� SRVWpULHXUV� LQIpULHXUV�� OHV� VDFURVSLQDOLV�� OHV� OHYDWRUHV� FRVWDUXP�� OHVWUDQVYHUVXV�WKRUDFLV�VXEFDOLXV��OHV�YLWLVVLPXV�GRUVL�HW�OHV�TXDGUDWXV�OXPERUXP��,OV�QH�VHURQW�SDV�WUDLWpV�GDQV�FH�GRFXPHQW�



0HVXUHU�OHV�SURSULpWpV�GX�V\VWqPH�YHQWLODWRLUH ��

��� &RQFOXVLRQ
/H� EHVRLQ� VH� IDLW� VHQWLU� GH� PRGqOHV� VWUXFWXUHOV� TXL� LPLWHQW� OHV
SULQFLSDOHV� FDUDFWpULVWLTXHV� GHV� UHODWLRQV� HQWUH� OHV� SUHVVLRQV�� OHV� IRUFHV
SDVVLYHV� HW� OHV� FKDQJHPHQWV� GH� JpRPpWULH� GH� O·HQVHPEOH� GH� OD� FDJH
WKRUDFLTXH� �6PLWK�HW�/RULQJ�������

�OD�OHFWXUH�GH�OD�OLWWpUDWXUH��RQ�VH�UHQG�FRPSWH�TX·KLVWRULTXHPHQW�XQH�pYROXWLRQ�WHFKQLTXH�DWRXMRXUV�SUpFpGp�XQH�pYROXWLRQ�GHV�GpFRXYHUWHV��$XMRXUG·KXL��OHV�WHFKQLTXHV�G·LPDJHULH�HW�GHPHVXUHV�VRQW�GH�SOXV�HQ�SOXV�ILQHV��3RXUWDQW��OHV�SK\VLRORJLVWHV�Q·RQW�SDV�HQFRUH�GH�PR\HQVG·DSSUpKHQGHU�HW�G·DVVLPLOHU�WRXWHV�OHV�GRQQpHV�GLVSRQLEOHV��,O�PDQTXH�DFWXHOOHPHQW�XQ�RXWLOFDSDEOH�GH�IRXUQLU�XQH�YXH�G·HQVHPEOH�PDLV�DXVVL�UDIILQpH�GH�OD�PpFDQLTXH�YHQWLODWRLUH�
$YDQW� G·H[DPLQHU� OHV� GLIIpUHQWHV� SURSULpWpV� GHV� pOpPHQWV� VWUXFWXUHOV� GH� OD� FDJH� WKRUDFLTXHQRXV�DOORQV�YRLU�PDLQWHQDQW�FRPPHQW�QRXV�SRXYRQV�PHVXUHU�FHV�SURSULpWpV�

�� 0HVXUHU�OHV�SURSULpWpV�GX�V\VWqPH�YHQWLODWRLUH
1RXV�GpFULYRQV�LFL�OHV�SULQFLSHV�HW�OHV�LQVWUXPHQWV�GH�PHVXUH�GLVSRQLEOHV�DILQ�GH�PRQWUHU�OHVPR\HQV�GH�YDOLGHU�XQ�PRGqOH�PDLV�DXVVL�G·H[SOLTXHU�OHV�EHVRLQV�GHV�SK\VLRORJLVWHV�
��� 3ULQFLSHV�IRQGDPHQWDX[
/HV�SK\VLRORJLVWHV�VH�VHUYHQW�GHV�PHVXUHV�SRXU�GpWHUPLQHU� OHV�RULJLQHV�� OHV�FRQVpTXHQFHV�HWOHV�VLJQLILFDWLRQV�G·XQ�SKpQRPqQH��&·HVW�VXU�OD�SKDVH�GH�PHVXUHV�TXH�UHSRVH�WRXWH�O·DQDO\VH�3RXUWDQW��OD�PHVXUH�HVW�HOOH�PrPH��SDU�SULQFLSH��HQWDFKpH�G·HUUHXU��
•  OD�FRQQH[LRQ�G·XQ�DSSDUHLO�GH�PHVXUH���HOOH�SHXW�HQWUDvQHU�XQH�PRGLILFDWLRQ�GH�OD�PHVXUH�
•  OD�UpSRQVH�GH�O·LQVWUXPHQW��� O·DSSDUHLO�GH�PHVXUH�D�GHV�SDUDPqWUHV� LQWULQVqTXHV�TX·LO� IDXWHVWLPHU�
•  OH�WUDLWHPHQW�GX�VLJQDO���OHV�WHFKQLTXHV�GH�WUDLWHPHQW�GX�VLJQDO�RQW�SRXU�REMHW�GH�IDFLOLWHUO·LQWHUSUpWDWLRQ�GHV�PHVXUHV�PDLV�HOOHV�DORXUGLVVHQW�SDUIRLV�OH�SURFHVVXV�GH�PHVXUH�
•  O·LQWHUSUpWDWLRQ� GHV�PHVXUHV��� HOOH� HVW� IRUWHPHQW� OLpH� j� OD� SUpVHQFH� HW� j� OD� MXVWHVVH� G·XQPRGqOH�(Q�FH�TXL�QRXV� FRQFHUQH��OHV�PHVXUHV� YRQW�QRXV� VHUYLU� GDQV�GHX[� FDV��'H�PDQLqUH�GLUHFWHHOOHV�IRXUQLVVHQW�XQH�HVWLPDWLRQ�GHV�SDUDPqWUHV�HW�GH�PDQLqUH�LQGLUHFWH�XQ�PR\HQ�GH�YDOLGHUGHV�K\SRWKqVHV�G·DQDO\VH�



�� /H�V\VWqPH�YHQWLODWRLUH

��� /HV�LQVWUXPHQWV�GH�PHVXUH
1RXV�GHYRQV� FRQQDvWUH� D� SULRUL� OHV�PR\HQV� GH� FRQVWUXLUH� HW� GH� YpULILHU� QRV� K\SRWKqVHV� GHPRGpOLVDWLRQ�� &RPPH� OD� GpPDUFKH� FODVVLTXH� GX� SK\VLRORJLVWH�� FHOOH� GX� PRGpOLVDWHXULQIRUPDWLTXH� GRLW� SUHQGUH� HQ� FRPSWH� OHV� PHVXUHV� GLVSRQLEOHV�� /D� OLVWH� VXFFLQFWH� GHVGLIIpUHQWHV�WHFKQLTXHV�XWLOLVpHV�SRXU�PHVXUHU�OHV�JUDQGHXUV�SK\VLTXHV�GX�V\VWqPH�UHVSLUDWRLUHHVW� VpSDUpH� LFL� HQ� GHX[� W\SHV��� FHOOHV� PHVXUDQW� OHV� TXDQWLWpV� SK\VLRORJLTXHV� �YDULDWLRQ� GHSUHVVLRQ��GH�YROXPH�RX�G·DFWLYLWp�PXVFXODLUH��HW�FHOOHV� OLpHV�DX[�SURSULpWpV�JpRPpWULTXHV�RXFLQpWLTXHV��GLPHQVLRQV��GpSODFHPHQWV��
������0HVXUHV�GHV�TXDQWLWpV�SK\VLRORJLTXHV
/HV�PHVXUHV�SK\VLRORJLTXHV�GLVSRQLEOHV�FRQFHUQHQW� OHV�YDULDWLRQV�GH�YROXPH�HW�GH�SUHVVLRQJOREDOH�RX�ORFDOH�GX�WURQF��JUkFH�j�GHV�VSLURPqWUHV��GHV�FDSWHXUV�GH�SUHVVLRQ��GHV� MDXJHV�GHFRQWUDLQWH��� OHV� LQGLFDWLRQV� GH� FRPPDQGH� �PHVXUpHV� SDU� (1*��� pOHFWURQHXURJUDSKLHV��� HWG·DFWLYLWpV�PXVFXODLUHV� �HQ�XWLOLVDQW�GHV�(0*��pOHFWURP\RJUDSKLH�HW� DSSDUHLOV�GH�PHVXUH�GHFRXUEH�IRUFH�WHQVLRQ��
������0HVXUHV�FLQpWLTXHV
'HX[�W\SHV�GH�PHVXUHV�FLQpWLTXHV�GRLYHQW�rWUH�GLVWLQJXpV���OHV�PHVXUHV�LQWHUQHV�HW�OHV�PHVXUHVH[WHUQHV�/HV�PHVXUHV�LQWHUQHV�VRQW�OHV�SOXV�GLIILFLOHV�j�REWHQLU��(OOHV�FRQFHUQHQW�OHV�GpSODFHPHQWV�GHVVWUXFWXUHV�LQWHUQHV��2Q�OHV�REWLHQW�SDU�,50�HW�SDU�WRPRJUDSKLH�j�UD\RQ�;��/D�SKDVH�G·DQDO\VHHW�GH�VHJPHQWDWLRQ�GHV�PRXYHPHQWV�LQWHUQHV�HVW�GpOLFDWH�HW�SHX�GH�GRQQpHV�VRQW�GLVSRQLEOHVGDQV�OD�OLWWpUDWXUH�/HV� V\VWqPHV� GH� PHVXUH� H[WHUQH� VRQW� HVVHQWLHOOHPHQW� GHV� V\VWqPHV� RSWLTXHV� DQDO\VDQW� OHVGpSODFHPHQWV�GH�PDUTXHXUV�SRVLWLRQQpV� j� OD� VXUIDFH� GX� WURQF� �)HUULJQR� HW� DO�� �������1RXVYHUURQV�GDQV�OD�SDUWLH���GH�FH�GRFXPHQW�OHV�GLIIpUHQWHV�PpWKRGHV�H[LVWDQWHV�HW�FHOOHV�TXH�QRXVXWLOLVHURQV�SDU�OD�VXLWH�SRXU�OD�YDOLGDWLRQ�GH�QRWUH�PRGqOH����)HUULJQR�HW�DO��������HW��&DUQHYDOLHW�DO��������/·LQWpUrW�GH�WHOOHV�PpWKRGHV�HVW�TX·HQ�PHVXUDQW�OHV�GLPHQVLRQV�GX�WURQF�RQ�SHXW�DXVVL�pWXGLHUOHV� YDULDWLRQV� GH� YROXPH�GH� OD� FDJH� WKRUDFLTXH� HW� GH� O·DEGRPHQ� QpFHVVDLUHV� j� O·pWXGH� GH� ODG\QDPLTXH� GX� WURQF�� /HV� PRXYHPHQWV� HW� OHV� GpIRUPDWLRQV� GX� WURQF� DX� FRXUV� GHV� SKDVHVUHVSLUDWRLUHV� QRXV� GRQQHQW� FHUWDLQHV� LQGLFDWLRQV� VXU� OHV� DFWLRQV� HW� OHV� DFWLYLWpV� GHV�PXVFOHVUHVSLUDWRLUHV�VSpFLILTXHV�RX�GH�JURXSHV�GH�PXVFOHV��YRLU�QRWDPPHQW��/RULQJ�HW�%UXFH�������HW��'H�7UR\HU�HW�/RULQJ��������'H� SOXV�� OHV� PHVXUHV� H[WHUQHV�� GRQF� QRQ� LQYDVLYHV�� VRQW� PRLQV� WUDXPDWLVDQWHV�� 8Q� DXWUHLQWpUrW�GX�PRGqOH��'�VHUDLW�GH�SHUPHWWUH�XQH�YLVXDOLVDWLRQ�GHV�PRXYHPHQWV�LQWHUQHV�j�SDUWLUGH�FHV�PHVXUHV�
�SDUWLU�GH�FHW�HQVHPEOH�GH�PHVXUHV�QRXV�DOORQV�PDLQWHQDQW�DQDO\VHU�OH�V\VWqPH�UHVSLUDWRLUHGH�PDQLqUH�SOXV�SUpFLVH�DILQ�GH�GpJDJHU�OHV�pOpPHQWV�LPSRUWDQWV�SRXU�OD�FRQVWUXFWLRQ�GH�QRWUHPRGqOH�



&RPSUHQGUH ��

�� &RPSUHQGUH
8QH�ERQQH�FRPSUpKHQVLRQ�HVW�QpFHVVDLUH�DYDQW�WRXWH�PRGpOLVDWLRQ��8QH�HUUHXU�GDQV�O·DQDO\VHULVTXH� G·LQGXLUH� XQH� HUUHXU� GDQV� OD� PRGpOLVDWLRQ�� 1RXV� H[DPLQHURQV� OH� FRPSRUWHPHQWVWDWLTXH��PpFDQLTXH�SDVVLI�HW�HQILQ�G\QDPLTXH�GX�WURQF�DX�FRXUV�GH�OD�UHVSLUDWLRQ�
��� &RPSRUWHPHQW�VWDWLTXH
3HQGDQW� OD� UHOD[DWLRQ� GHV� PXVFOHV� UHVSLUDWRLUHV� VRXV� FRQGLWLRQV� VWDWLTXHV�� OHV� SUHVVLRQVH[HUFpHV� SDU� OH� V\VWqPH� UHVSLUDWRLUH� GpSHQGHQW� GHV� GLIIpUHQWHV� IRUFHV� TXL� DJLVVHQW� VXU� OHVSRXPRQV��OD�FDJH�WKRUDFLTXH��OH�GLDSKUDJPH�HW�O·DEGRPHQ���OHV�IRUFHV�pODVWLTXHV��GH�VXUIDFH�HWG·DFFpOpUDWLRQ��FRPPH�OD�JUDYLWp��
������eWXGHV
/H�FRPSRUWHPHQW�VWDWLTXH�HVW�pWXGLp�j�WUDYHUV�OHV�UHODWLRQV�SUHVVLRQ�YROXPH��/·H[SpULHQFH�ODSOXV�FRPPXQH�HVW�G·LQVSLUHU�j�WUDYHUV�XQ�VSLURPqWUH�XQ�FHUWDLQ�YROXPH��SXLV�G·H[SLUHU��RX�GHUHOD[HU�OHV�PXVFOHV��SDU�XQH�YRLH�REVWUXpH��/D�PHVXUH�GHV�SUHVVLRQV�H[HUFpHV�GDQV�FHWWH�YRLHGRQQH�XQH�PHVXUH�GX�FRPSRUWHPHQW�VWDWLTXH��/HV�PHVXUHV�GH�OD�)LJXUH���VRQW�HIIHFWXpHV�HQYDULDQW�SHWLW�j�SHWLW�OH�YROXPH�SXOPRQDLUH�
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3RVLWLRQ�GH�UHSRV

FP+�2

)LJXUH� ��� &RXUEH� GH� SUHVVLRQ�YROXPH� VWDWLTXH� GX� V\VWqPHUHVSLUDWRLUH�� DGDSWpH� GH� �$JRVWLQL� HW�+\DWW�� ������� /H� YROXPH� HVWGRQQp� HQ� SRXUFHQWDJH� GH� OD� FDSDFLWp� YLWDOH� �&9��� /HV� IOqFKHVUHSUpVHQWHQW� OHV� IRUFHV� VWDWLTXHV� UHODWLYHV� H[HUFpHV� VXU� OH� V\VWqPHSDU�OD�FDJH�WKRUDFLTXH�HW�OH�SRXPRQ�
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2Q�SHXW�DXVVL�pWXGLHU�OHV�HIIHWV�GH�FKDQJHPHQW�GH�SRVWXUH�HW�GH�SRVLWLRQ��&HV�FKDQJHPHQWVVRQW�LPSRUWDQW�SRXU�O·DEGRPHQ��LQIOXHQFp�IRUWHPHQW�SDU�OD�JUDYLWp���&KH]�XQ�VXMHW�GHERXW��OHVPXVFOHV� UHVSLUDWRLUHV� UHOD[pV�� O·DEGRPHQ� VH� FRPSRUWH� FRPPH� XQ� UpFLSLHQW� GRQW� XQH� SDURLVHUDLW�H[WHQVLEOH��/D�SUHVVLRQ�GDQV�OD�SDUWLH�VXSpULHXUH�HVW�QpJDWLYH��&RXFKp��OH�GLDSKUDJPH�Q·DDXFXQH� DFWLYLWp� GDQV� OD� SKDVH� G·H[SLUDWLRQ� JUkFH� j� OD� FRPSHQVDWLRQ� DEGRPLQDOH� �GX� j� ODJUDYLWp��
������5pVXOWDWV
/·pWXGH�GX�FRPSRUWHPHQW�VWDWLTXH�GX�V\VWqPH�QRXV�SHUPHW�G·pWDEOLU�TXHOTXHV�UHPDUTXHV��
•  /H�YROXPH�GH�UHSRV�GX�SRXPRQ�HVW�LQIpULHXU�j����GH�OD�FDSDFLWp�YLWDOH��F·HVW�j�GLUH�PRLQVTXH�OH�YROXPH�UpVLGXHO���&HOXL�GH�OD�FDJH�WKRUDFLTXH�HVW�GH�����GH�OD�FDSDFLWp�YLWDOH�
•  'H� SOXV�� VL� RQ� RXYUH� O·HVSDFH� SOHXUDO� VXU� O·DLU� H[WpULHXU�� OHV� SRXPRQV� VH� FROODSVHQWFRPSOqWHPHQW��/HV�SRXPRQV�VRQW�GRQF�IRUWHPHQW�pODVWLTXHV�
•  /·pWXGH� GHV� FKDQJHPHQWV� GH� SRVWXUH� QRXV� SURFXUH� GHX[� UHQVHLJQHPHQWV� LPSRUWDQWV��O·DEGRPHQ� HVW� PpFDQLTXHPHQW� pTXLYDOHQW� j� XQ� UpFLSLHQW� UHPSOL� GH� OLTXLGH�� &RPPH� OHYROXPH� GHV� JD]� GH� O·DEGRPHQ� FKH]� O·KXPDLQ� HVW� QpJOLJHDEOH� SDU� UDSSRUW� DX� YROXPHSXOPRQDLUH��OH�YROXPH�GH�O·DEGRPHQ�HVW�FRQVLGpUp�FRPPH�FRQVWDQW�ORUV�GH�FKDQJHPHQW�GH�SUHVVLRQ�
•  /HV� UHODWLRQV� VWDWLTXHV� SUHVVLRQ�YROXPH� QH� GpSHQGHQW� SDV� VHXOHPHQW� GX� YROXPH�PDLVDXVVL�GH�VRQ�KLVWRULTXH��$X�FRXUV�GH�FHUWDLQV�H[HUFLFHV��RQ�YRLW�DSSDUDvWUH�FH�TX·RQ�DSSHOOHGHV�ERXFOHV�G·K\VWpUqVH���OH�V\VWqPH�Q·DUULYH�SDV�j�VXLYUH�OH�PrPH�WUDMHW�j�O·DOOHU��TXDQG�OHVIRUFHV� VRQW� DSSOLTXpHV�� HW� DX� UHWRXU� �UHOD[DWLRQ��� &H� SKpQRPqQH� HVW� FRPPXQ� HW� RQ� OHUHWURXYH�GDQV�GH�QRPEUHX[�WLVVXV�VWUXFWXUHOV�GX�FRUSV�HW�GH�PDWpULDX[�QRQ�ELRORJLTXHV�FRPPH� OHV�PpWDX[� ULJLGHV� HW� OHV� EDQGHV� pODVWLTXHV���&·HVW� XQH� FRQVWDWDWLRQ� LPSRUWDQWHSXLVTX·HOOH�PHW� HQ� pYLGHQFH� O·LPSRUWDQFH� GHV� IRUFHV� YLVFRpODVWLTXHV� HW� SODVWLTXHV�� /·K\VWpUqVH� HVWQpJOLJHDEOH� GDQV� OD� UHVSLUDWLRQ� GH� UHSRV� �KHXUHXVHPHQW� G·DLOOHXUV� SXLVTXH� O·DLUH� GH� ODFRXUEH�G·K\VWpUqVH�SHXW�rWUH�FRQVLGpUpH�FRPPH�OD�SHUWH�G·pQHUJLH�GX�V\VWqPH��&HV�FRQVWDWDWLRQV�VRQW�j�SUHQGUH�HQ�FRPSWH�GDQV�OH�PRGqOH�
��� &RPSRUWHPHQW�PpFDQLTXH�SDVVLI�GH�OD�FDJH�WKRUDFLTXH
/H� FRPSRUWHPHQW�PpFDQLTXH�GX� WURQF� HVW� GpWHUPLQp�SDU� OHV� SURSULpWpV� FRQWUDFWLOHV� DFWLYHVGHV�PXVFOHV�UHVSLUDWRLUHV�PDLV�DXVVL�SDU�OHV�SURSULpWpV�SDVVLYHV�GHV�VWUXFWXUHV�IRUPDQW�OH�WURQF�&·HVW�O·LQWHUDFWLRQ�GHV�pOpPHQWV�SDVVLIV�HW�DFWLIV�TXL�GpWHUPLQH�OHV�IRUFHV�HW�OHV�GpIRUPDWLRQV�GXWURQF�� &·HVW� SRXUTXRL� SRXU� FRQVWUXLUH� QRWUH� PRGqOH� QRXV� DYRQV� EHVRLQ� G·pWXGLHU� OHFRPSRUWHPHQW�PpFDQLTXH�SDVVLI�GH�OD�FDJH�WKRUDFLTXH��GX�GLDSKUDJPH�HW�GH�O·DEGRPHQ�
������eWXGHV
/H� WURQF� HVW� XQ� DUUDQJHPHQW� GH� SDURLV� pODVWLTXHV� LQWHUFRQQHFWpHV�� FKDFXQH� D\DQW� GHVSURSULpWpV� GLVWLQFWHV�� 3RXU� FDUDFWpULVHU� FHV� SURSULpWpV�� RQ� XWLOLVH� O·DQDWRPLH� HW� O·REVHUYDWLRQH[WHUQH�'X� SRLQW� GH� YXH� DQDWRPLTXH�� RQ� GLVWLQJXH� OD� SDURL� GH� OD� FDYLWp� WKRUDFLTXH�� OD� SDURLDEGRPLQDOH� HW� OH� GLDSKUDJPH� GpOLPLWDQW� FHV� GHX[� FDYLWpV� �OH� GLDSKUDJPH� FKH]� XQ� KRPPHPR\HQ� FRXYUH� OD� PRLWLp� GH� OD� VXUIDFH� LQWHUQH� GX� WURQF� HQ� pWDW� GH� YROXPH� UpVLGXHO��/·REVHUYDWLRQ� H[WHUQH� QH� GLVWLQJXH� TXH� GHX[� pOpPHQWV� VHXOHPHQW��� OD� FDJH� WKRUDFLTXH� HWO·DEGRPHQ�



&RPSUHQGUH ��

4XDQG� OD�SRVWXUH� HVW� IL[H� HW� TXH� OHV� IRUFHV� DSSOLTXpHV� VRQW� UHODWLYHPHQW� SHWLWHV�� OH� WURQF� DGHX[�GHJUpV�GH� OLEHUWp��� OH�GpSODFHPHQW�GH� OD�FDJH� WKRUDFLTXH�HW� OH�GpSODFHPHQW�GH� OD�SDURLDEGRPLQDOH��)LJXUH����
������5pVXOWDWV
2Q� IDLW� LFL� SOXVLHXUV� FRQVWDWV� FRQFHUQDQW� OHV� pOpPHQWV� GX� WURQF� HW� OHXUV� FDUDFWpULVWLTXHVPpFDQLTXHV��
•  /D� GHQVLWp� PR\HQQH� GX� FRQWHQX� DEGRPLQDO� HVW� VLPLODLUH� j� FHOOH� GH� O·HDX�� $LQVL� VRXVFRQGLWLRQV� VWDWLTXHV�� OHV� SDURLV� VRQW� VXMHWWHV� j� XQ� JUDGLHQW� GH� SUHVVLRQ�VXUIDFHDSSUR[LPDQW�XQ�JUDGLHQW�K\GURVWDWLTXH��6PLWK�HW�/RULQJ��������

CR

CFR

CPT

CR

CFR

CP
T

)LJXUH����3URILOV�GH�OD�SDURL�DEGRPLQDOH�LOOXVWUDQW�OHV�FRQILJXUDWLRQVG·pTXLOLEUH� j� GLIIpUHQWV� QLYHDX� GH� YROXPH� SXOPRQDLUH��� FDSDFLWpUpVLGXHOOH��&5���FDSDFLWp�IRQFWLRQQHOOH�UpVLGXHOOH��&)5��HW�FDSDFLWpSXOPRQDLUH� WRWDOH� �&37��� SRXU� GHX[� SRVLWLRQV� GHERXW� HW� DOORQJpVXU�OH�GRV��G·DSUqV��6PLWK�HW�/RULQJ���������

•  /H�GLDSKUDJPH�HVW�XQH� VWUXFWXUH� FRPSRVLWH�R�� OHV� pOpPHQWV�PXVFXODLUHV� V·pWHQGHQW�GHVYHUWqEUHV�� GHV� F{WHV� HW� GX� VWHUQXP� MXVTX·DX� WHQGRQ� FHQWUDO� DSRQHXURWLTXH�� /H� WHQGRQFHQWUDO�HVW�XQH�IHXLOOH�UHODWLYHPHQW�ILQH�G·XQH�WHQVLRQ�WUqV�IRUWH�FRPSRVpH�SDU�XQ�UpVHDXGH�ILEUHV�FDUWLODJLQHXVHV�RFFXSDQW�XQH�IUDFWLRQ�FRQVLGpUDEOH�GH�O·DLUH�VXUIDFLTXH�GX�G{PHGLDSKUDJPDWLTXH��%LHQ�TXH�WUqV�SHX�GH�GRQQpHV�VRLHQW�DXMRXUG·KXL�GLVSRQLEOHV��RQ�FRQVLGqUH
OH� WHQGRQ� FRPPH� FHQW� IRLV� PRLQV� H[WHQVLEOH� TXH� OD� SDUWLH� PXVFXODLUH� j� SURSUHPHQW� SDUOHU� �6PLWK� HW/RULQJ���������$LQVL�RQ�SHXW�GLUH�TXH�OD�FRQWUDFWLRQ�GX�GLDSKUDJPH�QH�SHXW�SDV�VH�IDLUH�GHPDQLqUH�KRPRJqQH�



�� /H�V\VWqPH�YHQWLODWRLUH

•  3RXU�XQ�YROXPH�GRQQp��OHV�SUHVVLRQV�GH�UDSSHO�pODVWLTXHV�SHQGDQW�O·H[SDQVLRQ�GH�OD�FDJHWKRUDFLTXH� VRQW� VXSpULHXUHV� j� FHOOHV� GH� OD� FRQWUDFWLRQ��&HV� SUREOqPHV� G·K\VWpUqVH� QRXVDPqQHQW�j�FRQVWDWHU�TXH�OD�FDJH�WKRUDFLTXH�Q·HVW�SDV�XQ�V\VWqPH�SDUIDLWHPHQW�pODVWLTXH�
/HV� FDUDFWpULVWLTXHV� PpFDQLTXHV� GX� WURQF� UpVXOWHQW� G·LQWHUDFWLRQV� FRPSOH[HV� HQWUH� VHVGLIIpUHQWV� pOpPHQWV� VWUXFWXUHOV�� /·pTXLOLEUH� PpFDQLTXH� HVW� GX� j� XQH� GLVWULEXWLRQ� ODUJHPHQWUpSDUWLH� GHV� SUHVVLRQV� HW� GHV� IRUFHV�� &KDFXQH� GHV� VWUXFWXUHV� PDMHXUHV� GX� WURQF� D� XQHJpRPpWULH� GLVWLQFWH� HW� XQ� HQVHPEOH� GH� SURSULpWpV� SK\VLTXHV� GRLYHQW� rWUH� GpWHUPLQpHV� SRXUFRPSUHQGUH�OH�FRPSRUWHPHQW�GH�OD�VWUXFWXUH�FRPSRVLWH�,O�\�D�HQFRUH�WURS�SHX�G·LQIRUPDWLRQ�TXDQWLWDWLYH�DXVVL�ELHQ�VXU�OHV�SURSULpWpV�LQWULQVqTXHV�GHVVWUXFWXUHV�LQGLYLGXHOOHV�TXH�VXU�OHV�IRUFHV�TXL�DJLVVHQW�VXU�OHV�GLIIpUHQWHV�SDURLV��PDLV�DXVVL�VXUOHV�IRUFHV�LPSOLTXpHV�GDQV�OHV�LQWHUDFWLRQV�VWUXFWXUHOOHV��/H�JUDLQ�GHV�FRQQDLVVDQFHV�Q·pWDQW�SDVIL[p�� OH� PRGqOH� TXH� QRXV� GHYRQV� FRQVWUXLUH� GHYUD� SHUPHWWUH� G·DMXVWHU� OHV� SURSULpWpVPpFDQLTXHV�JOREDOHV�j�GLIIpUHQWV�QLYHDX[�GH�SUpFLVLRQ�HW�GH�JpRPpWULH�
��� '\QDPLTXH�GH�OD�UHVSLUDWLRQ
/HV�IRUFHV��FRQWUDQW�OHV�SURSULpWpV�pODVWLTXHV�LQHUWLHOOHV�HW�GH�UpVLVWDQFH�DX�IOX[�GHV�SRXPRQVHW�GH�OD�FDJH�WKRUDFLTXH��HQWUDvQHQW�XQ�PRXYHPHQW�GX�V\VWqPH�UHVSLUDWRLUH�SURGXLVDQW�DLQVL�ODYHQWLODWLRQ�GHV�SRXPRQV��6L�RQ�H[FHSWH� OD�YHQWLODWLRQ�PpFDQLTXH�� FHV� IRUFHV� VRQW�SURGXLWHVSDU�OHV�PXVFOHV�UHVSLUDWRLUHV��1RXV�DOORQV�pWXGLHU�PDLQWHQDQW�OD�G\QDPLTXH�GX�V\VWqPH�DYDQWG·H[DPLQHU�SOXV�HQ�GpWDLO�OHV�PXVFOHV�HW�OHXUV�DFWLRQV��DX�SDUDJUDSKH����
������eTXDWLRQV�GX�PRXYHPHQW
/D�)LJXUH���GpFULW�O·pTXDWLRQ�GX�PRXYHPHQW�GH�OD�PpFDQLTXH�FODVVLTXH��SRXU�XQ�PRELOH�SRVpVXU�XQ�SODQ��DWWDFKp�j�XQ�UHVVRUW�HW�XQ�DPRUWLVVHXU�
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)LJXUH����eTXDWLRQ�GX�PRXYHPHQW�GH�OD�PpFDQLTXH�FODVVLTXH� F�HVW
OD� VRPPH� GHV� IRUFHV� DSSOLTXpHV� DX� V\VWqPH�� x� OD� SRVLWLRQ� GX
PRELOH�� k OD� FRQVWDQWH� GH� UDLGHXU� GX� UHVVRUW�� v � OH� FRHIILFLHQW� GH
IURWWHPHQW��HW�M�OD�PDVVH�GX�PRELOH�PRQWp�VXU�UHVVRUW�

3DU�DQDORJLH��YRLU��5RGDUWH�HW�5HKGHU���������RQ�SHXW�SRVHU�OD�PrPH�pTXDWLRQ�SRXU�OH�V\VWqPHUHVSLUDWRLUH��)LJXUH����
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)LJXUH� ���$QDORJLH� GH� O·pTXDWLRQ� GX�PRXYHPHQW� SRXU� OH� V\VWqPH
UHVSLUDWRLUH��P� UHSUpVHQWH� OD�SUHVVLRQ�JpQpUDQW� OH�IOX[�GH�JD]�GDQV
OHV� SRXPRQV�� V� HVW� OH� YROXPH� GX� VRXIIOHW�� C� OD� FRPSOLDQFH� GX
V\VWqPH��R�OD�UpVLVWDQFH�DX�IOX[�HW�I�O·LQHUWLH�UHODWLYH�j�O·DFFpOpUDWLRQGH�OD�SUHVVLRQ�

/H� V\VWqPH� UHVSLUDWRLUH� HVW� FRQVLGpUp� FRPPH� XQ� VRXIIOHW� UHOLp� j� O·H[WpULHXU� SDU� XQ� WXEH� GHUpVLVWDQFH� QRQ� QXOOH� DX� IOX[�� 2Q� SHXW� DXVVL� IDLUH� GHV� DQDORJLHV� pOHFWULTXHV�� GH� QRPEUHX[SUREOqPHV� GH� OD� PpFDQLTXH� UHVSLUDWRLUH� SRXYDQW� rWUH� DSSURFKpV� HQ� XWLOLVDQW� OHV� VROXWLRQVpOHFWULTXHV�SRXU�SUpYRLU� OHV�UpSRQVHV�PpFDQLTXHV��F·HVW�SRXUTXRL�RQ�SUpVHQWH�OD�FRPSOLDQFHGH�OD�PrPH�IDoRQ�TXH�OD�FDSDFLWp�GHV�pTXDWLRQV�pOHFWULTXHV��&RPPH�OH�V\VWqPH�UHVSLUDWRLUH�Q·HVW�SDV�XQ�V\VWqPH�OLQpDLUH��OD�UpVLVWDQFH�HW�OD�FRPSOLDQFH�QHVRQW�SDV�FRQVWDQWHV��2Q�D�GpMj�YX�TX·HOOHV�pWDLHQW�GpSHQGDQWHV�GH�O·KLVWRULTXH�GX�YROXPH�HW�GXIOX[�� /H� V\VWqPH� UHVSLUDWRLUH� HVW� HQ� HIIHW� FRQVWLWXp� G·HPEUDQFKHPHQWV� FRPSOH[HV� GH� YRLHVDpULHQQHV� UHSUpVHQWDQW� GHV� UpVLVWDQFHV� HQ� VpULHV� HW� HQ� SDUDOOqOHV� FRQQHFWpHV� j� GHV� pOpPHQWVpODVWLTXHV�GHV�SDUHQFK\PHV�SXOPRQDLUHV��TXL�j�OHXU�WRXU�VRQW�FRQQHFWpV�HQ�VpULH�DYHF�OH�WURQF�FRPSRVp� OXL�PrPH� GH� GLIIpUHQWHV� VWUXFWXUHV� GH� OD� FDJH� WKRUDFLTXH�� GX� GLDSKUDJPH� HW� GHO·DEGRPHQ��0DOJUp� WRXW�� FH� PRGqOH� VLPSOH� HVW� XQH� EDVH� GH� WUDYDLO� XWLOH� SRXU� H[DPLQHU� OHFRPSRUWHPHQW�G\QDPLTXH�GX�V\VWqPH�YHQWLODWRLUH�QRUPDO�
������4XDQWLILHU�O·DFWLRQ�G\QDPLTXH�GHV�GLIIpUHQWV�FRPSRVDQWV
&RPPH�QRXV� O·DYRQV� YX� DX� SDUDJUDSKH� ����� OHV�PXVFOHV� SULQFLSDX[� GH� O·LQVSLUDWLRQ� VRQW� OHGLDSKUDJPH��OHV�LQWHUFRVWDX[�SDUDVWHUQDX[��OHV�VFDOqQHV��OHV�VWHUQRPDVWRwGLHQV��OHV�LQWHUFRVWDX[H[WHUQHV� HW� G·DXWUHV� PXVFOHV� DFFHVVRLUHV� �XWLOLVpV� GDQV� GHV� YHQWLODWLRQV� LPSRUWDQWHV��� /HVDEGXFWHXUV� GHV� FRUGHV� YRFDOHV� HW� OHV� PXVFOHV� GH� O·K\SRSKDU\Q[� VRQW� DXVVL� GHV� PXVFOHVLQVSLUDWRLUHV� LPSRUWDQW� FDU� LOV� MRXHQW� XQ� U{OH� GDQV� OH� PDLQWLHQW� GHV� RXYHUWXUHV� GHV� YRLHVDpULHQQHV�/HV� UHODWLRQV� HQWUH� ORQJXHXU�� WHQVLRQ� HW� YLWHVVH� GH� FRQWUDFWLRQ� GHV� PXVFOHV� G·XQH� SDUW� HWYROXPHV�� SUHVVLRQV� HW� IOX[� GX� V\VWqPH� UHVSLUDWRLUH� G·DXWUH� SDUW� VRQW� FRPSOH[HV�� $LQVL�� OHVSUHVVLRQV�PD[LPDOHV�SRXYDQW�rWUH�JpQpUpHV�SDU�OHV�PXVFOHV�GLPLQXHQW�VL�OHV�UDFFRXUFLVVHPHQWVGHV�PXVFOHV�IUDQFKLVVHQW�XQH�YDOHXU�RSWLPDOH��2X�HQFRUH��SRXU�XQH�ORQJXHXU�GRQQpH��OD�IRUFHPXVFXODLUH�GLPLQXH�SURSRUWLRQQHOOHPHQW�j�O·DXJPHQWDWLRQ�GH�OD�YLWHVVH�GH�FRQWUDFWLRQ��$LQVLOHV�SUHVVLRQV�PD[LPDOHV�SRXYDQW�rWUH�JpQpUpHV�SDU�OHV�PXVFOHV�VRQW�GpWHUPLQpHV�j�OD�IRLV�SDUOH�YROXPH�SXOPRQDLUH�HW�OH�IOX[�GH�JD]�
1RXV�DOORQV�PDLQWHQDQW�H[DPLQHU�HQ�GpWDLO�OHV�DFWLRQV�PXVFXODLUHV�JpQpUDQW�OD�G\QDPLTXH�GXV\VWqPH�YHQWLODWRLUH�



�� /H�V\VWqPH�YHQWLODWRLUH

�� /HV�PXVFOHV�PRWHXUV�GH�OD�UHVSLUDWLRQ
/HV�PXVFOHV�VRQW�OHV�JpQpUDWHXUV�GHV�PRXYHPHQWV�GX�WURQF��FH�TXH�SUpFLVpPHQW�QRXV�YRXORQVpWXGLHU�/HV� PXVFOHV� VRQW� pWXGLpV� LFL� DX� WUDYHUV� GH� OHXUV� FRPSRVLWLRQV� ILEUHXVHV�� OHXUV� SURSULpWpVPpFDQLTXHV� HW� OHXUV� SURSULpWpV� pOHFWULTXHV�� /HV� GRQQpHV� DQDWRPLTXHV� �HW� SDU� YRLH� GHFRQVpTXHQFH�JpRPpWULTXHV��GpFULWHV�DX�SDUDJUDSKH�����QH�VHURQW�SDV�Up�H[SOLTXpHV�LFL��1RXVYHUURQV� TXH� SHX� G·LQIRUPDWLRQV� LQGLYLGXHOOHV� TXDQWLWDWLYHPHQW� SUpFLVHV� VRQW� GLVSRQLEOHV�0DOJUp� WRXW�� QRXV� HVVD\HURQV� GH� WLUHU� SDUWL� GH� FHV� LQIRUPDWLRQV� SRXU� DFFURvWUH� QRWUHFRQQDLVVDQFH�GX� V\VWqPH�HW�PHWWUH� HQ�pYLGHQFH� OHV� FDUDFWpULVWLTXHV� IRQGDPHQWDOHV� j� LQFOXUHGDQV�OD�PRGpOLVDWLRQ�/HV�PXVFOHV�SDUWLFLSDQW�j� OD�UHVSLUDWLRQ�QH�VRQW�SDV�IRQGDPHQWDOHPHQW�GLIIpUHQWV�GHV�DXWUHVPXVFOHV� GX� VTXHOHWWH� GHV� PDPPLIqUHV�� 'DQV� FH� SDUDJUDSKH�� QRXV� QH� GpFULURQV� SDV� ODSK\VLRORJLH� PXVFXODLUH� HQ� GpWDLO�� (Q� SDUWLFXOLHU� QRXV� QH� GpFULURQV� SDV� OD� PpFDQLTXH�� ODELRFKLPLH�FRPSOH[H��QL� OHV� LQWHUDFWLRQV�PROpFXODLUHV�GX�SURFHVVXV�GH�FRQWUDFWLRQ��SRXU�XQHDSSURFKH�VLPSOLILpH�VH�UpIpUHU�j��/RPEDUGR��������HW��&KHQ���������
��� &RQFHSWV�IRQGDPHQWDX[
3RXU�GRQQHU�XQH�YXH�G·HQVHPEOH�QRXV� UDSSHORQV� LFL� TXHOTXHV� FRQFHSWV� IRQGDPHQWDX[� GHVPXVFOHV� HW� GH� OHXUV� G\QDPLTXHV��� OHV� ILEUHV� FRQVWLWXDQWHV�� OHV� SURSULpWpV� PpFDQLTXHV� HW� OHVSURSULpWpV�pOHFWULTXHV�
������/HV�ILEUHV
,O� H[LVWH� WURLV� W\SHV�GH� ILEUHV�SRXU� OHV�PXVFOHV�GX� VTXHOHWWH�GLVWLQJXpHV�SDU� OHXUV�SURSULpWpVKLVWRFKLPLTXHV� HW� PRUSKRORJLTXHV�� PDLV� VXUWRXW� SDU� OHXU� WHPSV� GH� FRQWUDFWLRQ� �6KDUS� HW+\DWW���������
•  /HV� ILEUHV� j� FRQWUDFWLRQ� UDSLGH�� R[\GDQWH� HW� JO\FRO\WLTXH��� )DVW�WZLWFK�� 2[LGDWLYH�*O\FRO\WLF��)2*��
•  /HV�ILEUHV�j�FRQWUDFWLRQ�UDSLGH��JO\FRO\WLTXH��PDLV�QRQ�R[\GDQWH���)DVW�WZLWFK��*O\FRO\WLF�)*��
•  /HV�ILEUHV�j�FRQWUDFWLRQ�OHQWH��R[\GDQWH���6ORZ�WZLWFK��2[\GDWLYH��62��*pQpUDOHPHQW�� RQ� UHJURXSH� OHV� GHX[� SUHPLqUHV�� DSSHOpHV� DXVVL� ILEUHV� URXJHV� HW� ILEUHVEODQFKHV��DORUV�TXH�OHV�ILEUHV�OHQWHV�VRQW�GpQRPPpHV�ILEUHV�LQWHUPpGLDLUHV��/HV�ILEUHV�UDSLGHV�)2*�HW�)*��RQW�XQ�WHPSV�GH�FRQWUDFWLRQ�FRXUW��OHV�FRQWUDFWLRQV�VRQW�LVRPpWULTXHV��HW�XQHDFWLYLWp�LPSRUWDQWH��/HV�)2*�VRQW�PRLQV�UpVLVWDQWHV�j�OD�IDWLJXH�TXH�OHV�)*��/HV�62�RQW�XQWHPSV�GH�FRQWUDFWLRQ�SOXV�ORQJ�HW�XQH�DFWLYLWp�SOXW{W�UpGXLWH��OHXU�UpVLVWDQFH�j�OD�IDWLJXH�pWDQWQHWWHPHQW� SOXV� LPSRUWDQWH�� /H� GLDPqWUH� HW� OD� WDLOOH� GHV� ILEUHV� VRQW� SHWLWV� SRXU� OHV� )2*�PR\HQV�SRXU�OHV�62�HW�JUDQGV�SRXU�OHV�)*�/HV� )*� VRQW� XWLOLVpHV� SRXU� OHV� DFWLYLWpV� FRXUWHV�� UDSLGHV� HW� SXLVVDQWHV� R�� OD� UpVLVWDQFH� j� ODIDWLJXH� HW� O·HQGXUDQFH� QH� VRQW� SDV� QpFHVVDLUHV�� /HV� )2*� SHUPHWWHQW� XQH� DFWLYLWp� SKDVLTXHVRXWHQXH�R��OD�UpVLVWDQFH�j�OD�IDWLJXH�HVW�GpVLUDEOH��/HV�62�VRQW�OHQWHV�PDLV�pFRQRPLTXHV��HOOHVVRQW� SOXW{W� XWLOLVpHV� SRXU� OHV� DFWLYLWpV� WRQLTXHV� VRXWHQXHV� �PDLQWLHQ� GH� OD� SRVWXUH�� R�� ODUpVLVWDQFH�j�OD�IDWLJXH�HVW�SULPRUGLDOH��/D�SOXSDUW�GHV�PXVFOHV�GHV�PDPPLIqUHV�FRQWLHQQHQW�XQPpODQJH�GHV�WURLV�ILEUHV��/H�SRXUFHQWDJH�GH�FKDFXQH�GHV�ILEUHV�GDQV�XQ�PXVFOH�QRXV�GRQQH



/HV�PXVFOHV�PRWHXUV�GH�OD�UHVSLUDWLRQ ��

XQH� LQGLFDWLRQ� VXU� O·XWLOLVDWLRQ�GH�FH�PXVFOH��/·pYROXWLRQ�GH� FH�SRXUFHQWDJH� HQ� IRQFWLRQ�GHO·kJH�RX�GH� SDWKRORJLHV� HVW� DXVVL� XQH� LQGLFDWLRQ� LPSRUWDQWH�� 3DU� H[HPSOH�� SRXU� XQ� KXPDLQDGXOWH�PR\HQ��G·HQYLURQ���.J���OHV�SRXUFHQWDJHV�GHV�ILEUHV�GLDSKUDJPDWLTXHV�VRQW�GH�����GH
)2*������GH�)*�HW�����GH�62��/HV�ILEUHV�RQW�XQ�GLDPqWUH�PR\HQ�GH���µP��3RXU�GRQQHU
XQH� LQGLFDWLRQ� VXU� VRQ� DFWLYLWp�� GDQV� XQH� UHVSLUDWLRQ� GH� UHSRV�� OH� GLDSKUDJPH� VH� FRQWUDFWHHQYLURQ����IRLV�SDU�PLQXWH��/H�GLDSKUDJPH�HVW�GRQF�XQ�PXVFOH�G·DFWLYLWp�UpJXOLqUH�6L�RQ�FODVVH�OHV�ILEUHV�VHORQ�OHXUV�SURSULpWpV�PpFDQLTXHV�RQ�QH�GLVWLQJXH�TXH�GHX[�JURXSHV��OHV�ILEUHV�j�FRQWUDFWLRQ�UDSLGH��)2*�HW�)*���FRQVWLWXDQWHV�HVVHQWLHOOHV�GHV�PXVFOHV�UDSLGHV��HWOHV� ILEUHV� j� FRQWUDFWLRQ� OHQWH� �62��� SRXU� OHV�PXVFOHV� OHQWV� �UHPDUTXRQV� TXH� OD� FRQVWLWXWLRQG·XQ�PXVFOH�SHXW�pYROXHU�DX�FRXUV�GX�WHPSV��
������3URSULpWpV�PpFDQLTXHV
/H�PRGqOH�GH�PXVFOH�IRQGDPHQWDO��OH�SOXV�UHFRQQX�DXMRXUG·KXL��HVW�OH�PRGqOH�GH�+LOO��)LJXUH��HW��6KDUS�HW�+\DWW����������&KHQ���������

Composante contractile

f(t,l)

)LJXUH����0RGqOH�GX�PXVFOH�GH�+LOO��FRQVWLWXp�GH�WURLV�FRPSRVDQWVHQ�LQWHUDFWLRQV���XQH�FRPSRVDQWH�FRQWUDFWLOH��IRQFWLRQ�GX�WHPSV�HWGH� OD� ORQJXHXU� GHV� ILEUHV��� XQH� FRPSRVDQWH� pODVWLTXH� HQ� VpULH�UHSUpVHQWDQW� HVVHQWLHOOHPHQW� O·HIIHW� GX� WHQGRQ� DX[� SRLQWVG·DWWDFKHPHQWV�GX�PXVFOH��� HW� XQH� FRPSRVDQWH� pODVWLTXH�SDUDOOqOH�SDVVLYH��UHSUpVHQWDQW�O·pODVWLFLWp�GHV�ILEUHV��
8Q� DXWUH� PRGqOH� GH� PXVFOH� �FRQVLGpUp� FRPPH� XQ� UDIILQHPHQW� GX� PRGqOH� GH� +LOO�� HVW� OHPRGqOH�=DMDF��&H�GHUQLHU�UHIOqWH�PLHX[�OHV�QRQ�OLQpDULWpV�GXHV�DX[�JOLVVHPHQWV�GHV�ILODPHQWV�$X[�SDUDPqWUHV�H[LVWDQW�GDQV� OH�PRGqOH�GH�+LOO�� OH�PRGqOH�GH�=DMDF�DMRXWH� O·DQJOH�HQWUH� OHVILEUHV�HW�OHV�WHQGRQV�DX[TXHOV�HOOHV�VRQW�UDWWDFKpHV�&HV�GHX[�PRGqOHV�QRXV�GRQQHQW�XQ�PR\HQ�GH�FDOFXOHU�OD�IRUFH�j�JpQpUHU�j�SDUWLU�GH�OD�YLWHVVHGH� FRQWUDFWLRQ� GpVLUpH�� &HSHQGDQW� O·LPSOLFDWLRQ� GH� OD� JpRPpWULH� PXVFXODLUH� Q·HVW� TXHSDUWLHOOHPHQW�SULVH�HQ�FRPSWH�GDQV�FHV�PRGqOHV��&HOOH�FL�HVW�LPSRUWDQWH�QRWDPPHQW�SRXU�ODYDOLGDWLRQ� GX�PRGqOH� �IRUPH� HW� DFWLRQ� VXU� OHV� VWUXFWXUHV� OLpHV��� PDLV� DXVVL� SRXU� VD� YDOLGLWpLQWULQVqTXH��FRQWUDFWLOLWp�FRUUHFWH��
/D�JpRPpWULH�HVW�G·DXWDQW�SOXV�LPSRUWDQWH�VL�O·RQ�REVHUYH�OHV�FRXUEHV�GH�WHQVLRQ�ORQJXHXU�GHVPXVFOHV��FRPPH�LQGLTXpH�j�OD�)LJXUH����
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)LJXUH����&RXUEH�GH� WHQVLRQ�ORQJXHXU�G·XQ�PXVFOH�GH�JUHQRXLOOH�/D� ORQJXHXU�GHV�VDUFRPqUHV��FHOOXOHV�FRQWUDFWLOHV�GHV�PXVFOHV��HVW
GRQQpH� HQ� µP� �6KDUS� HW� +\DWW�� ������� ,O� \� D� XQ� RSWLPXP� GH
UDFFRXUFLVVHPHQW��DX�GHOj�OD�WHQVLRQ�JpQpUpH�GLPLQXH�

(QILQ��XQH�GHUQLqUH�LQGLFDWLRQ�XWLOH�SRXU�PRGpOLVHU�OH�FRPSRUWHPHQW�PpFDQLTXH�GHV�PXVFOHVHVW�OHXUV�SRLGV���OHXU�GHQVLWp�PR\HQQH�HVW�GH������J�PO�
������3URSULpWpV�pOHFWULTXHV
2Q�PHVXUH�OHV�SURSULpWpV�pOHFWULTXHV�GHV�PXVFOHV�JUkFH�DX[�pOHFWUR�P\RJUDSKLHV��(0*���'HVpOHFWURGHV�VRQW�GLVSRVpHV�GDQV�OH�PXVFOH��DLJXLOOHV��RX�j�OD�VXUIDFH�GH�OD�SHDX��(OOHV�UHIOqWHQW�ODSURSDJDWLRQ� GX� SRWHQWLHO� G·DFWLRQ� GX� PXVFOH� GXH� DX� IOX[� LRQLTXH� �JpQpUDOHPHQW� GHV� LRQV6RGLXP��j�WUDYHUV�OHV�PHPEUDQHV�GHV�VDUFRPqUHV�/D� YLWHVVH�PR\HQQH� GH� SURSDJDWLRQ� GH� FH� VLJQDO� j� WUDYHUV� OHV� ILEUHV� YDULH� HQWUH� �� HW� �P�V�6KDUS� HW� +\DWW�� ������� &HWWH� YLWHVVH� QRXV� GRQQH� XQH� LQGLFDWLRQ� ILQH� VXU� OHV� UHWDUGV� jLQWURGXLUH�GDQV�O·DFWLYDWLRQ�GHV�IRUFHV��'DQV�XQ�PRGqOH�pOpPHQWDLUH�HOOH�Q·HVW�SDV�QpFHVVDLUH�
��� 3URSULpWpV�LQGLYLGXHOOHV
([DPLQRQV� OHV�SURSULpWpV�pOpPHQWDLUHV�GH�FKDFXQ�GHV�PXVFOHV�GX�V\VWqPH�YHQWLODWRLUH� �YRLU�6KDUS�HW�+\DWW���������
������&RQVLGpUDWLRQV�JpQpUDOHV
(Q�������)HQQ�PHW�HQ�pYLGHQFH�TXH�OD�WkFKH�PpFDQLTXH�GHV�PXVFOHV�UHVSLUDWRLUHV�GLIIqUH�GHFHOOH�GHV�PXVFOHV�GHV�DXWUHV�PHPEUHV�FDU� LOV�GRLYHQW� OXWWHU�FRQWUH� O·pODVWLFLWp�HW� OD�UpVLVWDQFH�DORUV�TXH�OHV�DXWUHV�PXVFOHV�OXWWHQW�SOXW{W�FRQWUH�O·LQHUWLH���'H�SOXV�OHV�PXVFOHV�UHVSLUDWRLUHVGRLYHQW� rWUH� DFWLYpV� GH� PDQLqUH� UpSpWpH� SRXU� DFFRPSOLU� GHV� DFWLRQV� GH� FRQWUDFWLRQ� HW� GHJpQpUDWLRQ� GH� WHQVLRQ� VRXWHQXHV� �DORUV� TXH� OHV� DXWUHV� PXVFOHV� RQW� SOXW{W� GHV� DFWLYLWpVEUXVTXHV��(Q� FH� TXL� FRQFHUQH� OHV� IDFWHXUV� JpRPpWULTXHV�� LO� IDXW� HQ� SOXV� GH� O·DOORQJHPHQW� HW� GXUDFFRXUFLVVHPHQW� GHV� ILEUHV�� FRQVLGpUHU� XQH� DXWUH� LQIOXHQFH� SOXV� JOREDOH�� 3DU� H[HPSOH�
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O·DXJPHQWDWLRQ�GX�YROXPH�SXOPRQDLUH�Q·LQGXLW�SDV�VHXOHPHQW�XQ�UDFFRXUFLVVHPHQW�GHV�ILEUHVGX� GLDSKUDJPH��PDLV� DSODWLW� HW� DEDLVVH� OH� GLDSKUDJPH� FH� TXL� SHXW� DXJPHQWHU� VRQ� UD\RQ� GHFRXUEXUH� �SDUWLFXOLqUHPHQW� GDQV� OHV� FDV� GH� SDWKRORJLH� G·K\SHU�LQIODWLRQ� SXOPRQDLUH��/·DXJPHQWDWLRQ� GX� UD\RQ� GH� FRXUEXUH� GX� GLDSKUDJPH� HQWUDvQH� OD� UpGXFWLRQ� GH� OD� SUHVVLRQWUDQV�GLDSKUDJPDWLTXH��GpSODoDQW�DLQVL�OHV�SDUDPqWUHV�PpFDQLTXHV�GX�V\VWqPH�3RXU�OD�FRPPDQGH�PXVFXODLUH��GHV�pWXGHV�FKH]�O·KRPPH��OH�FKLHQ�HW�OH�FKDW�VXJJqUHQW�TXH�ODFRQWUDFWLRQ�YRORQWDLUH�PD[LPDOH�GHV�PXVFOHV�LQVSLUDWRLUHV�HW�H[SLUDWRLUHV�Q·HVW�SDV�FRQWUDLQWHSDU� GHV� PpFDQLVPHV� GH� FRQWU{OH� QHXUDX[�� PDLV� HVW� SULQFLSDOHPHQW� GpWHUPLQpH� SDU� OHVSURSULpWpV�FRQWUDFWLOHV�LQWULQVqTXHV�GHV�PXVFOHV�UHVSLUDWRLUHV�&HV� UHPDUTXHV� pWDEOLHV�� QRXV� SRXYRQV� H[DPLQHU� OHV� SURSULpWpV� GHV� SULQFLSDX[� PXVFOHVUHVSLUDWRLUHV�
������'LDSKUDJPH
/H�GLDSKUDJPH� HVW� FRPSRVp� FRPPH�RQ� O·D� YX� GH� ����GH� ILEUHV� UDSLGHV� HW� ����GH� ILEUHVOHQWHV��DYHF�XQH�SUpGRPLQDQFH�GH�ILEUH�62�GDQV�OD�]RQH�±VRSKDJLHQQH��F·HVW�j�GLUH�OD�]RQHDXWRXU�GX�FDUGLD��OH�VSKLQFWHU�SDU�OHTXHO�SDVVH�O·±VRSKDJH��/HV�FDUDFWpULVWLTXHV�PpFDQLTXHV�VRQW�GRQF� LQWHUPpGLDLUHV�HQWUH� OHV� ILEUHV� OHQWHV�HW� OHV� ILEUHVUDSLGHV�/RUVTXH� OH� YROXPH� SXOPRQDLUH� HVW� IDLEOH�� OD� FRXUEH� HW� OH� G{PH� GX� GLDSKUDJPH� VRQW� SOXVLPSRUWDQWV�� &HOD� RSWLPLVH� O·DFWLRQ� GX� GLDSKUDJPH� QRQ� VHXOHPHQW� SDUFH� TXH� OHV� ILEUHVPXVFXODLUHV�VRQW�SOXV�pWLUpHV��PDLV�DXVVL�SDUFH�TXH�OH�IDLEOH�UD\RQ�GH�FRXUEXUH�GX�GLDSKUDJPHGRQQH�QDLVVDQFH�j�XQH�SUHVVLRQ�WUDQV�GLDSKUDJPDWLTXH�SOXV�LPSRUWDQWH�/HV� pWXGHV� GHV� (0*� LQGLTXHQW� FODLUHPHQW� TXH� OD� SDUWLH� FUXUDOH� GX� GLDSKUDJPH� V·DFWLYHLPPpGLDWHPHQW� TXDQG� OD� FRPPDQGH� QHUYHXVH� HVW� HQYR\pH�� DORUV� TXH� OD� SDUWLH� FRVWDOH� HVWUHFUXWpH�SHWLW�j�SHWLW�
������0XVFOHV�LQWHUFRVWDX[
,O�Q·\�D�SDV�GH�GLIIpUHQFHV�GH�FRQVWLWXWLRQ�QRWRLUHV�HQWUH�OHV�ILEUHV�GHV�LQWHUFRVWDX[�LQWHUQHV�HWH[WHUQHV��(OOHV�VRQW�SRXU�OD�SOXSDUW�GHV�ILEUHV�62��SRXU�HQYLURQ�����GHV�PXVFOHV��/j�HQFRUH��OHV�SURSULpWpV�PXVFXODLUHV�VRQW�LQWHUPpGLDLUHV�HQWUH�ILEUHV�OHQWHV�HW�ILEUHV�UDSLGHV�3DU� FRQWUH�� DXFXQH� GRQQpH� Q·HVW� GLVSRQLEOH� SRXU� GpFULUH� OHV� FRXUEHV� WHQVLRQ�ORQJXHXU� RXIRUFH�YLWHVVH�GH�FRQWUDFWLRQ�
������6WHUQRPDVWRwGLHQV�HW�VFDOqQHV
�QRWUH�FRQQDLVVDQFH��DXFXQH�SXEOLFDWLRQ�Q·HVW�GLVSRQLEOH�VXU�OH�W\SH�GH�ILEUH�FRPSRVDQW�OHVPXVFOHV�VFDOqQHV�/HV�VWHUQRPDVWRwGLHQV�VRQW�FRPSRVpV�GH�����GH�ILEUHV�UDSLGHV�HW�GH�����GH�ILEUHV�OHQWHV��/DG\QDPLTXH�HVW�GRQF�SOXV�UDSLGH�SRXU�FHV�PXVFOHV�TXH�SRXU�OH�GLDSKUDJPH�RX�OHV�LQWHUFRVWDX[�&HSHQGDQW�� Oj� HQFRUH�� DXFXQH� GRQQpH� Q·HVW� GLVSRQLEOH� SRXU� FDUDFWpULVHU� OHV� UHODWLRQVORQJXHXU�WHQVLRQ�RX�IRUFH�YLWHVVH�GH�FRQWUDFWLRQ�
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������$EGRPLQDX[
,OV�VRQW�FRQVWLWXpV�G·HQYLURQ�����GH�ILEUHV�OHQWHV�HW�����GH�ILEUHV�UDSLGHV��O·REOLTXH�LQWHUQHpWDQW�SOXW{W�XQ�PXVFOH�UDSLGH��DORUV�TXH�O·REOLTXH�H[WHUQH�HVW�XQ�PXVFOH�OHQW���&HSHQGDQW��OHVGRQQpHV�GLVSRQLEOHV�VRQW�SHX�SUpFLVHV�FDU�IDLWHV�VXU�GHV�H[SpULHQFHV�SHX�QRPEUHXVHV�,FL�HQFRUH��j�QRWUH�FRQQDLVVDQFH��DXFXQH�SXEOLFDWLRQ�VXU�OHV�FRXUEHV�GH�IRUFH�YLWHVVH�QL�VXU�OHVFRXUEHV�ORQJXHXU�WHQVLRQ�Q·HVW�GLVSRQLEOH�
������$XWUHV�PXVFOHV
$XFXQH� GRQQpH� Q·D� pWp� SXEOLpH� VXU� OHV� SURSULpWpV� PpFDQLTXHV� GHV� PXVFOHV� DFFHVVRLUHV� GXV\VWqPH�UHVSLUDWRLUH��VDXI�VXU�OH�SHFWRUDO�PLQHXU�TXL�HVW�FRQVLGpUp�FRPPH�XQ�PXVFOH�OHQW���/DFRPSRVLWLRQ�GHV�ILEUHV�HVW�WUqV�SHX�FRQQXH�HQ�GpWDLO��VDXI�SRXU�OH�SHFWRUDO�PDMHXU�������GHILEUHV�OHQWHV�HW�����GH�ILEUHV�UDSLGHV��
2Q� YRLW� LFL� TXH� EHDXFRXS� GH� GRQQpHV� GpWDLOOpHV� PDQTXHQW� DX[� SK\VLRORJLVWHV� HW� DX[PRGpOLVDWHXUV�SRXU�pWDEOLU�GH�PDQLqUH�SUpFLVH�OHV�SURSULpWpV�GHV�GLIIpUHQWV�PXVFOHV�GX�V\VWqPHUHVSLUDWRLUH��&HOD�HQWUDvQH�GHX[�FRQVpTXHQFHV��
•  O·DVSHFW�JpRPpWULTXH�pWDQW�OH�SOXV�FRQQX��F·HVW�Oj�TXH�VH�SRUWHUD�QRWUH�DWWHQWLRQ�
•  IDXWH�GH�PR\HQV�GH�FRPSDUDLVRQ�HW�GH�YpULILFDWLRQ�SUpFLV�� OHV�PXVFOHV�QH�SRXUURQW�SDVrWUH� PRGpOLVpV� GH� PDQLqUH� ILQH�� &·HVW� O·DFWLRQ� JOREDOH� GHV� PXVFOHV� TXL� JXLGHUD� ODPRGpOLVDWLRQ��1RXV�DOORQV�YRLU�PDLQWHQDQW�TXHOOH�HVW�FHWWH�DFWLRQ�
��� $FWLRQ�GHV�PXVFOHV�UHVSLUDWRLUHV

/D�PpFDQLTXH�UHVSLUDWRLUH�HVW�XQ�SUREOqPH�TXL�QpFHVVLWH�G·XQH�SDUW�OD
FRQQDLVVDQFH� GpWDLOOpH� G·XQ� DQDWRPLVWH� FODVVLTXH� HW� G·DXWUH� SDU� OD
FRPSUpKHQVLRQ�DQDO\WLTXH�GH�O·LQJpQLHXU�:�2��)HQQ��FLWp�GDQV��'H�7UR\HU�HW�/RULQJ��������

&RPPH� RQ� O·D� YX�� OHV� PXVFOHV� UHVSLUDWRLUHV� VRQW� FRQYHQWLRQQHOOHPHQW� GLYLVpV� HQ� WURLVJURXSHV��
•  OH�GLDSKUDJPH�
•  OHV�PXVFOHV�GH�OD�FDJH�WKRUDFLTXH��LQWHUFRVWDX[�HW�DFFHVVRLUHV��
•  OHV�PXVFOHV�DEGRPLQDX[�1RXV�DOORQV�H[DPLQHU�O·DFWLRQ�GH�FHV�WURLV�JURXSHV��YRLU��'H�7UR\HU�HW�/RULQJ��������
������'LDSKUDJPH
/H� GLDSKUDJPH� UHVVHPEOH� j� XQ� F\OLQGUH� HOOLSWLTXH� FRLIIp� SDU� XQ� G{PH�� 8QH� SUHPLqUHK\SRWKqVH�HVW�TXH�OD�SRUWLRQ�F\OLQGULTXH�QH�FKDQJH�SDV�GH�IRUPH�DX�FRXUV�GH�OD�FRQWUDFWLRQ�F·HVW�OD�ORQJXHXU�D[LDOH�TXL�GLPLQXH�SHQGDQW�TXH�OH�G{PH�GHVFHQG�UHODWLYHPHQW�SDU�UDSSRUW�jVHV� LQVHUWLRQV� FRVWDOHV�� /D� YDULDWLRQ� GH� IRUPH� OD� SOXV� LPSRUWDQWH� GX� GLDSKUDJPH� �FHOOHHQWUDvQDQW�OD�SOXV�IRUWH�YDULDWLRQ�GH�YROXPH��HVW�OH�GpSODFHPHQW�D[LDO�GX�G{PH��GpSODFHPHQWVLPLODLUH�j�FHOXL�G·XQ�SLVWRQ���3HQGDQW�GHV�LQVSLUDWLRQV�QRUPDOHV��OD�ORQJXHXU�D[LDOH�GLPLQXH�GH��FP�
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'X�SRLQW�GH�YXH�KLVWRULTXH��OH�GLDSKUDJPH�HVW�FRQVLGpUp�GHSXLV�ORQJWHPSV�FRPPH�O·pOpPHQWPRWHXU�OH�SOXV�LPSRUWDQW�GX�V\VWqPH�UHVSLUDWRLUH�HW�GRQF�GH�OD�YLH��©�OD�YLH�GH�O·HVSULW�VH�VLWXH�GDQV
OH�GLDSKUDJPH�ª��DWWULEXp�j�+RPqUH���3RXU�OHV�*UHFV��OH�GLDSKUDJPH�pWDLW�HQ�HIIHW�XQH�VWUXFWXUHSXUHPHQW�PpWDSK\VLTXH�SDUWLFLSDQW�j� O·kPH�HW�DX�SURFHVVXV�GH� OD�SHQVpH���*DOHQ��RXWUH�VRQDSSURFKH� SOXV� VFLHQWLILTXH� GX� GLDSKUDJPH� �YRLU� SDUDJUDSKH� ������ PRQWUH� TXH� OHV� QHUIVSKUpQLTXHV� DFWLRQQHQW� OH� GLDSKUDJPH�� 'XFKHQQH� ������������ GpFRXYUH� TXDQW� j� OXLO·LPSRUWDQFH�GH�O·LQWHUDFWLRQ�HQWUH�OH�GLDSKUDJPH�HW� O·DEGRPHQ��©�O·H[SpULHQFH�PRQWUH�TXH�SOXV� OD
UpVLVWDQFH�DX�PRXYHPHQW�GH�FRQWUDFWLRQ�GX�GLDSKUDJPH�HVW��LPSRUWDQW��SOXV�O·pOpYDWLRQ�GHV�F{WHV�HVW�LPSRUWDQWH�ªHW�©�JUkFH�j�OD�SDUWLFXODULWp�GH�VD�IRUPH��OHV�YLVFqUHV�DEGRPLQDX[�pWDQW�LQVpUpV�j�O·LQWpULHXU�GX�G{PH���OD�FRXUEH
QDWXUHOOH�GX�GLDSKUDJPH�HVW�SUpVHUYpH�ORUVTX·LO�SUHVVH�VXU�OHV�YLVFqUHV��SHUPHWWDQW�DX�GLDSKUDJPH�G·DJLU�VXU�OD
FDJH�WKRUDFLTXH�GDQV�XQH�GLUHFWLRQ�SUHVTXH�YHUWLFDOH�HW��SDU�FRQVpTXHQW��GH�O·pOHYHU�YHUV�OH�KDXW�ª��FLWp�SDU��'H7UR\HU�HW�/RULQJ���������
/RUVTXH� OH� GLDSKUDJPH� VH� FRQWUDFWH�� OD� WHQVLRQ� GH� VHV� ILEUHV� DXJPHQWH� FDXVDQW� XQGpSODFHPHQW�GX�G{PH�YHUV�OH�EDV��/HV�FRQVpTXHQFHV�VRQW�OHV�VXLYDQWHV��
•  OD�SUHVVLRQ�LQWUD�WKRUDFLTXH�GLPLQXH�HW��HQ�IRQFWLRQ�GH�O·RXYHUWXUH�GHV�YRLHV�DpULHQQHV��OHYROXPH�SXOPRQDLUH�DXJPHQWH�RX�OD�SUHVVLRQ�DOYpRODLUH�GLPLQXH�
•  OD�SUHVVLRQ�DEGRPLQDOH�DXJPHQWH�HW�O·DEGRPHQ�VH�GpSODFH�YHUV�OH�EDV�HW�YHUV�O·H[WpULHXU�
•  OD�FDJH�WKRUDFLTXH�HVW�GpSODFpH�4XHOTXHV�UHPDUTXHV�VXSSOpPHQWDLUHV�VRQW�QpFHVVDLUHV���
•  ,QIOXHQFH� GH� OD� SRVWXUH��� ELHQ� TXH� OH� GLDSKUDJPH� GpSODFH� SOXV� HIILFDFHPHQW� OD� FDJHWKRUDFLTXH� ORUVTXH� OH� VXMHW� HVW� GHERXW�� LO� SURYRTXH�� VHXO�� GHV� GLVWRUVLRQV� GH� OD� FDJHWKRUDFLTXH�pJDOHPHQW�ORUVTXH�OH�VXMHW�HVW�DOORQJp�
•  4XDQG� OHV� PXVFOHV� GH� OD� FDJH� WKRUDFLTXH� QH� IRQFWLRQQHQW� SDV�� OD� FRQWUDFWLRQ� GXGLDSKUDJPH�HQWUDvQH�XQH�GLPLQXWLRQ�GX�YROXPH�GH�OD�SDUWLH�KDXWH�GH�OD�FDJH�WKRUDFLTXH�
•  3OXV�O·DFWLRQ�GX�GLDSKUDJPH�VXU�OD�FDJH�WKRUDFLTXH�GLPLQXH�SOXV�OH�YROXPH�SXOPRQDLUH�HVWLPSRUWDQW�
•  2Q�FRQVLGqUH� DXMRXUG·KXL� TXH� OH�GLDSKUDJPH� HVW� HQ� IDLW� FRQVWLWXp�GH� GHX[�PXVFOHV�� /DSDUWLH�FRVWDOH�HW� OD�SDUWLH�FUXUDOH�DJLVVHQW�GLIIpUHPPHQW�VXU� OD�FDJH�WKRUDFLTXH��/D�SDUWLHFRVWDOH�VRXOqYH�OH�EDV�GH�OD�FDJH�WKRUDFLTXH�DORUV�TXH�OD�SDUWLH�FUXUDOH�QH�IDLW�ULHQ��HW�FHPrPH�ORUVTXH�O·DEGRPHQ�HVW�RXYHUW���&HOD�SURYLHQW�GH� O·LQVHUWLRQ�GHV�SDUWLHV�FUXUDOHV�HWFRVWDOHV�GX�GLDSKUDJPH��VHXOH� OD�SDUWLH�FRVWDOH�HVW� LQVpUpH�VXU� OD�FDJH� WKRUDFLTXH���&HWWHFRQVLGpUDWLRQ� H[SOLTXH� GH� QRPEUHX[� SKpQRPqQHV� JpQpUpV� HQ� IDLVDQW� YDULHU� OD� SUHVVLRQDEGRPLQDOH��&HSHQGDQW��RQ�QH�VDLW� WRXMRXUV�SDV�VL�FHV�GHX[�SDUWLHV�SHXYHQW� VH�FRQWUDFWHUVpSDUpPHQW�
/·K\SRWKqVH�VLPSOLILFDWULFH�pPLVH�SUpFpGHPPHQW�j�SURSRV�GH�OD�IDLEOH�YDULDWLRQ�GH�IRUPH�GXGLDSKUDJPH�DX�FRXUV�GX�F\FOH�UHVSLUDWRLUH�VHPEOH�DXMRXUG·KXL�FRQWHVWpH��'DQV��3HWURO�HW�DO���������GHX[�PRGqOHV�GH�FRQWUDFWLRQ�GX�GLDSKUDJPH�VRQW�FRPSDUpV�DYHF�GHV�GRQQpHV�UpHOOHV�REWHQXHV� SDU� IOXRURVFRSLH� j� UD\RQV� ;��� YRLU� )LJXUH� ���� /H� EXW� GH� FHWWH� PRGpOLVDWLRQ� HVWG·REWHQLU��j�WHUPH��OD�IRUPH�GX�GLDSKUDJPH�j�WRXW�PRPHQW�GX�F\FOH�UHVSLUDWRLUH�HQ�Q·XWLOLVDQWTXH� GHV� GRQQpHV� JpRPpWULTXHV� H[WHUQHV�� 'DQV� OH� SUHPLHU� PRGqOH� OD� FRQWUDFWLRQGLDSKUDJPDWLTXH�HVW�WUDLWpH�FRPPH�VL�OH�GLDSKUDJPH�pWDLW�XQ�VLPSOH�SLVWRQ�GDQV�XQ�F\OLQGUH�K\SRWKqVH� GH� GpSDUW��� /H� GHX[LqPH� PRGqOH� FRQVLGqUH� HQ� SOXV� XQ� FKDQJHPHQW� GHFRQILJXUDWLRQ� GH� OD� FDJH� WKRUDFLTXH� HW� GH� OD� IRUPH� GX� GLDSKUDJPH�� &HV� WUDYDX[�PRQWUHQW
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FODLUHPHQW� TXH� FH� GHUQLHU� PRGqOH� HVW� SOXV� SUpFLV� ����� G·HUUHXU� SDU� UDSSRUW� DX[� GRQQpHVUpHOOHV��TXH�OH�SUHPLHU������G·HUUHXU���/H�FKDQJHPHQW�GH�IRUPH�GX�GLDSKUDJPH�HVW�GRQF�XQSKpQRPqQH�LPSRUWDQW�j�SUHQGUH�HQ�FRPSWH�

)LJXUH�����'HX[�PRGqOHV�GH�YDULDWLRQ�GH�IRUPH�GX�GLDSKUDJPH��JDXFKH� OH� PRGqOH� VLPSOLILFDWHXU� �OH� GLDSKUDJPH� VH� FRPSRUWHFRPPH�XQ�SLVWRQ�GDQV�XQ�F\OLQGUH����GURLWH�OH�PRGqOH�GH��3HWUROHW� DO��� ������� OH� GLDSKUDJPH� HVW� FRPSRVp� G·XQ� pOpPHQW� KpPL�VSKpURwGH�HW�G·XQ�pOpPHQW�F\OLQGULTXH�WRXV�GHX[�GpIRUPDEOHV��(QKDXW�OHV�PRGqOHV�VRQW�UHSUpVHQWpV�HQ�ILQ�GH�OD�SKDVH�G·LQVSLUDWLRQ�HQ�EDV�HQ�ILQ�GH�OD�SKDVH�G·H[SLUDWLRQ�

'·DXWUH�SDUW��RQ�GRLW�DXVVL�FRQVLGpUHU�OD�FRQQH[LRQ�GX�GLDSKUDJPH�DYHF�OHV�DXWUHV�PXVFOHV�GXV\VWqPH�UHVSLUDWRLUH��/D�)LJXUH����PRQWUH�OD�QDWXUH�VpULH�HW�SDUDOOqOH�GH�O·DFWLRQ�PXVFXODLUH�GXGLDSKUDJPH�VXU�OH�V\VWqPH�YHQWLODWRLUH�/·pWXGH�GX�GLDSKUDJPH�HVW�SDUWLFXOLqUHPHQW�FRPSOH[H�HQ�UDLVRQ�GH�VD�VLWXDWLRQ�LQWHUQH��GRQFGLIILFLOH�G·DFFqV��HW�QRQ�SURSULRFHSWLYH��LO�QH�SHXW�SDV�FRPPXQLTXHU�GHV�VHQVDWLRQV�LQGLFDWLYHVGH�VHV�PRXYHPHQWV�SUpFLV�HW�GH�VD�SRVLWLRQ�H[DFWH�j�O·LQWpULHXU�GX�WKRUD[��
������&DJH�WKRUDFLTXH
/HV�PXVFOHV�GH�OD�FDJH�WKRUDFLTXH�SDUWLFLSDQW�j�OD�YHQWLODWLRQ�VRQW�HVVHQWLHOOHPHQW�OHV�PXVFOHVLQWHUFRVWDX[��OHV�VFDOqQHV�HW�OHV�VWHUQRPDVWRwGLHQV�
/HV� DFWLRQV� GHV� PXVFOHV� LQWHUFRVWDX[� RQW� ORQJWHPSV� pWp� XQH� VRXUFH� GH� FRQWURYHUVH� GDQVO·KLVWRLUH� GH� OD� PpGHFLQH� HW� VRXOqYHQW� HQFRUH� GH� ODUJHV� GLYHUJHQFHV� G·RSLQLRQ�� 2Q� OHXU� DVXFFHVVLYHPHQW� LPSXWp� XQH� DFWLRQ� H[SLUDWRLUH�� LQVSLUDWRLUH�� LQVSLUDWRLUH� HW� H[SLUDWRLUH� PDLVVLPXOWDQpH�� SXLV� LQVSLUDWRLUH� HW� H[SLUDWRLUH�PDLV� HQ� IRQFWLRQ� GH� O·HVSDFH� LQWHUFRVWDO��2Q� OHVFRQVLGqUH�DXMRXUG·KXL�ILQDOHPHQW�FRPPH�UpJXODWHXU�GH�OD�WHQVLRQ�LQWHUFRVWDOH�&HWWH�FRQWURYHUVH�HVW�HVVHQWLHOOHPHQW�GXH�DX�IDLW�TX·LO�HVW�GLIILFLOH�G·pWXGLHU�O·DFWLRQ�VpSDUpH�GHVPXVFOHV�LQWHUFRVWDX[�LQWHUQHV�HW�H[WHUQHV�



/HV�PXVFOHV�PRWHXUV�GH�OD�UHVSLUDWLRQ ��

/HV� FRQQDLVVDQFHV�GDQV� FH�GRPDLQH� VRQW� HQFRUH� LQVXIILVDQWHV�� 3DU� H[HPSOH� RQ� VDLW�� SDU� GHQRPEUHXVHV�H[SpULHQFHV��TXH�OHV�PXVFOHV�LQWHUFRVWDX[�DXJPHQWHQW�OH�YROXPH�WKRUDFLTXH��PDLVRQ�QH�VDLW�SDV�H[DFWHPHQW�TXHOV�PXVFOHV�VRQW�XWLOLVpV�SRXU�FHWWH�DFWLRQ�/·LPSRUWDQFH�GH�FHV�PXVFOHV�Q·D�MDPDLV�SX�rWUH�ELHQ�pWXGLpH��LO�VH�SRXUUDLW�DXVVL�TXH�OHXU�U{OHPDMHXU�VRLW�GH�WUDQVPHWWUH�OH�PRXYHPHQW�GHV�F{WHV�OHV�SOXV�EDVVHV�DX[�F{WHV�OHV�SOXV�KDXWHV�PDLV�LO�VH�SHXW�DXVVL�TX·LOV�Q·DJLVVHQW�SULQFLSDOHPHQW�TXH�VXU�OD�SRVWXUH��
&RPPH�RQ� O·D�YX�DX�SDUDJUDSKH������ OHV�PXVFOHV� VFDOqQHV�HW� OHV� VWHUQRPDVWRwGLHQV�RQW�XQHDFWLRQ� PpFDQLTXH� WUqV� PDO� FRQQXH�� /HV� VHXOHV� GRQQpHV� GLVSRQLEOHV� SURYLHQQHQW� GH� VXMHWVSDUDO\VpV�� 2Q� VDLW� VLPSOHPHQW� TXH� OHV� VFDOqQHV� QH� VRQW� XWLOLVpV� TXH� SRXU� GHV� YHQWLODWLRQVLPSRUWDQWHV��HW�SHX�RX�SDV�GX�WRXW�SRXU�XQH�UHVSLUDWLRQ�GH�UHSRV���,OV�MRXHQW�VXUWRXW�XQ�U{OHGDQV�OH�GpSODFHPHQW�YHUWLFDO�GX�VWHUQXP�
������$EGRPHQ
/HV�PXVFOHV�GH�OD�SDURL�DQWpUR�ODWpUDOH�RQW�XQ�U{OH�SULPRUGLDO�GDQV�OHV�PRXYHPHQWV�GX�WURQF�IOH[LRQ� HW� URWDWLRQ��� /·DFWLRQ� SULQFLSDOH� GH� FHV� PXVFOHV� GXUDQW� OD� UHVSLUDWLRQ� FRQFHUQH� ODFRPSUHVVLRQ� GX� FRQWHQX� DEGRPLQDO�� /HV� IRUFHV� GpYHORSSpHV� SDU� OHV� PXVFOHV� DEGRPLQDX[GpSHQGHQW�GH�WURLV�SDUDPqWUHV��
•  OD�WHQVLRQ�GpYHORSSpH�GDQV�OHV�ILEUHV�PXVFXODLUHV�
•  O·RULHQWDWLRQ�GHV�ILEUHV�
•  OD� GLVWDQFH� HQWUH� OHV� VLWHV� G·LQVHUWLRQ�PXVFXODLUHV� VXU� OHV� F{WHV� HW� O·D[H� GH� URWDWLRQ� GHVF{WHV�
2Q�OHV�FRQVLGqUH�FRPPH�OHV�PXVFOHV�SULQFLSDX[�GH�O·H[SLUDWLRQ�SRXU�GHX[�UDLVRQV��
•  OD�FRQWUDFWLRQ�GHV�PXVFOHV�GH�O·DEGRPHQ�DXJPHQWH�OD�SUHVVLRQ�DEGRPLQDOH��GpSODoDQW�OHGLDSKUDJPH�YHUV�OH�KDXW�
•  /HXUV� DWWDFKHPHQWV� DQDWRPLTXHV� WHQGHQW� j� DEDLVVHU� OHV� F{WHV� LQIpULHXUHV� HW� GRQF� jGpSODFHU�OD�FDJH�WKRUDFLTXH�YHUV�OH�EDV�2Q�SHXW�DXVVL�FRQVLGpUHU�XQH�DFWLRQ�LQVSLUDWRLUH�DFFHVVRLUH�GH�FHV�PXVFOHV���OD�SUHVVLRQ�LQWHUQHpWDQW� SOXV� LPSRUWDQWH� OHV� ILEUHV� PXVFXODLUHV� GX� GLDSKUDJPH� HW� GHV� PXVFOHV� GH� OD� FDJHWKRUDFLTXH�VRQW�SOXV�DOORQJpHV�DX�GpEXW�GH� O·LQVSLUDWLRQ��&HV� ILEUHV�VRQW�DORUV�GpSODFpHV�VXUXQH�SDUWLH�GH�OD�FRXUEH�WHQVLRQ�ORQJXHXU�SOXV�DYDQWDJHXVH�HQ�WHUPH�GH�UHQGHPHQW�
(Q�FRQFOXVLRQ��OHV�PXVFOHV�DEGRPLQDX[�VRQW�RUJDQLVpV�HW�JpUpV�GH�IDoRQ�j�DPpOLRUHU�OHV�HIIHWVGX� GLDSKUDJPH� �JpQpUDWHXU� GH� SUHVVLRQ� HW� VRXOqYHPHQW� GH� OD� SDUWLH� EDVVH� GH� OD� FDJHWKRUDFLTXH��
������0RGqOH�PpFDQLTXH�GH�O·DFWLRQ�PXVFXODLUH
/H� PRGqOH� SUpVHQWp� j� OD� )LJXUH� ��� HVW� GX� j� 3�7�� 0DFNOHP�� HQ� ������ ,O� PRQWUH� ODGpFRPSRVLWLRQ� GX� GLDSKUDJPH� HQ� GHX[� PXVFOHV� DJLVVDQW� GLIIpUHPPHQW�� &H� PRGqOH� HVWpYLGHPPHQW�VLPSOLILFDWHXU�FDU�LO�GpFULW�OD�FDJH�WKRUDFLTXH�FRPPH�XQH�VHXOH�HQWLWp�ULJLGH��j�XQVHXO�GHJUp�GH�OLEHUWp���HW�QRQ�SDV�FRPPH�XQH�VWUXFWXUH�GpIRUPDEOH��&HSHQGDQW�LO�FDUDFWpULVHELHQ�O·LQWHUDFWLRQ�JOREDOH�GHV�PXVFOHV�GH�OD�UHVSLUDWLRQ�
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&DJHWKRUDFLTXH

eODVWLFLWpGH�OD�FDJHWKRUDFLTXH

eODVWLFLWpSXOPRQDLUH

eODVWLFLWpDEGRPLQDOH
'LDSKUDJPH�SDUWLH�FRVWDOH�

'LDSKUDJPH�SDUWLH�FUXUDOH�

0XVFOHVLQWHUFRVWDX[�HWDFFHVVRLUHV

�D� �E�
)LJXUH�����0RGqOH�PpFDQLTXH�GH�O·DFWLRQ�GHV�PXVFOHV�LQVSLUDWRLUHV�GH� IDFH� HW� GH� SURILO�� PRQWUDQW� OHV� LQWHUDFWLRQV� UHODWLYHPHQW� DX[SRLQWV�G·HQFUDJHV�GHV�GLIIpUHQWV�PXVFOHV��/·pODVWLFLWp�GHV�GLIIpUHQWHVVWUXFWXUHV�HVW�PRGpOLVpH�j�O·DLGH�GH�UHVVRUWV��9XH�GH�IDFH��D��HW�GHSURILO��E��

*UkFH� j� FHV� REVHUYDWLRQV� SOXV� TXDOLWDWLYHV� TXH� TXDQWLWDWLYHV�� QRXV� SRXYRQV� GpWHUPLQHU� OHVpOpPHQWV�SULPRUGLDX[�j�PHWWUH�HQ�SODFH�GDQV�QRWUH�PRGqOH��&·HVW�FH�TXH�QRXV�DOORQV�YRLU�HQFRQFOXVLRQ�GH�FH�FKDSLWUH�
�� &RQFOXVLRQ
2Q�D�YX�GDQV�FH�FKDSLWUH�FRPPHQW�IRQFWLRQQH�OD�UHVSLUDWLRQ��1RXV�DYRQV�YX�pJDOHPHQW�TXHGHV�SDUDPqWUHV� LQWULQVqTXHV�SUpFLV�GHV�GLIIpUHQWV�FRPSRVDQWV�pWDLHQW�GLIILFLOHV�j�PHVXUHU� �HWGRQF�j�WURXYHU�GDQV� OD� OLWWpUDWXUH���1RWUH�H[DPHQ�GHV�GLIIpUHQWHV�SURSULpWpV�HW� UHODWLRQV�GHVFRPSRVDQWV�GX�WURQF�DX�FRXUV�GH�OD�UHVSLUDWLRQ�QRXV�D�DPHQp�j�IDLUH�SOXVLHXUV�FRQVWDWV�TXHQRXV�SRXYRQV�UpVXPHU�SDU�OH�7DEOHDX���



&RQFOXVLRQ ��

eOpPHQW &DUDFWqUH 'pIRUPDWLRQ 'RQQpHV
&DJH�WKRUDFLTXH eOpPHQWV�ULJLGHVDUWLFXOpV 5RWDWLRQ��GpIRUPDWLRQ�GHVDUWLFXODWLRQV��FDUWLODJHV� ∆YROXPH��SRVLWLRQ

H[WpULHXUH
'LDSKUDJPH eOpPHQW�PXVFXODLUH &RQWUDFWLRQ�UHOD[DWLRQ�SRVLWLRQ�GH�UHSRV

)RUFH�GX�PXVFOH�HQ�IRQFWLRQ�GH�ODSUHVVLRQ�WUDQV�GLDSKUDJPDWLTXH�
$EGRPHQ 3DVVLI��GDQV�XQSUHPLHU�WHPSV���RXSDURL�PXVFXODLUH ,QFRPSUHVVLEOH 3RVLWLRQ�GHVSDURLV
3RXPRQV )RUWHPHQW�pODVWLTXH 2FFXSHQW�WRXW�OH�YROXPHGpWHUPLQp�SDU�OD�FDJHWKRUDFLTXH

∆YROXPH�
∆SUHVVLRQ

7DEOHDX����3URSULpWpV�GHV�GLIIpUHQWV� pOpPHQWV�GX� WURQF� j� SUHQGUHHQ�FRPSWH�GDQV�OD�PRGpOLVDWLRQ�

$X�YX�GH�FHW�pWDW�GH�O·DUW��OHV�VHXOHV�LQIRUPDWLRQV�YUDLPHQW�GLVSRQLEOHV�VXU�OHV�SURSULpWpV�GHVpOpPHQWV�GX�V\VWqPH�YHQWLODWRLUH�VRQW�SOXV�TXDOLWDWLYHV��DORUV�TXH�TXDQWLWDWLYHPHQW�RQ�GLVSRVHHVVHQWLHOOHPHQW�GH�GRQQpHV�VSDWLDOHV�HW�JpRPpWULTXHV��PHVXUH�GH�YROXPH�HW�GH�GpSODFHPHQW��&H�TXL�QRXV�DPqQH�j�IDLUH�TXDWUH�FRQVWDWV��
•  LO� Q·H[LVWH� SDV� DXMRXUG·KXL� GH� PRGqOH� PpFDQLTXH� HW� JpRPpWULTXH� FRPSOHW� GX� V\VWqPHUHVSLUDWRLUH��
•  QRWUH�PRGqOH� LQIRUPDWLTXH� GX� SKpQRPqQH� V·DWWDFKHUD� SULQFLSDOHPHQW� j� UHWUDQVFULUH� OHVPRXYHPHQWV�GHV�GLIIpUHQWHV�VWUXFWXUHV�GX�WURQF��
•  LO�GHYUD�SUHQGUH�HQ�FRPSWH�HQ�SULRULWp�OHV�SDUDPqWUHV�JpRPpWULTXHV��
•  O·REMHFWLI� GH� OD� PRGpOLVDWLRQ� VHUD� DXVVL� GH� IRXUQLU� XQ� RXWLO� GH� FRPSUpKHQVLRQ� HW� GHYpULILFDWLRQ�GHV�K\SRWKqVHV�
'HX[� W\SHV� GH� FRQQDLVVDQFHV� VRQW� j� QRWUH� GLVSRVLWLRQ��� OD� PpFDQLTXH� �QRXV� DYRQV�PLV� HQpYLGHQFH� OHV� SURSULpWpV� QpFHVVDLUHV� DX� PRGqOH�� HW� OD� JpRPpWULH� �GRQQpHV� DQDWRPLTXHV� HWLPDJHULH� PpGLFDOH� FODVVLTXH��� /HV� FRQVpTXHQFHV� GX� SKpQRPqQH� VRQW� YLVLEOHV� SDUO·LQWHUPpGLDLUH� GHV� GpSODFHPHQWV� HW� GHV� GpIRUPDWLRQV� H[WHUQHV� GHV� FRPSRVDQWV� GX� V\VWqPHYHQWLODWRLUH�� F·HVW� SRXUTXRL� RQ� V·RULHQWH� YHUV� XQH� UHSUpVHQWDWLRQ� JUDSKLTXH� GX� V\VWqPHYHQWLODWRLUH�
1RXV�DOORQV�YRLU�GDQV� OH�FKDSLWUH�VXLYDQW�FRPPHQW�pWDEOLU�QRWUH�PRGpOLVDWLRQ� LQIRUPDWLTXHGX� SKpQRPqQH� VXU� OHV� EDVHV� GH� OD� OLWWpUDWXUH� G·LQIRJUDSKLH� �PRGpOLVDWLRQ� SK\VLTXHWULGLPHQVLRQQHOOH��
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6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH
/HV� WKpRULHV� TXL� UpVXOWHQW� >GH� OD� PpFDQLTXH@� GRLYHQW� SHUPHWWUH� OD
SUpGLFWLRQ�DX�ODERUDWRLUH�GHV�SKpQRPqQHV�TXH�O·RQ�REVHUYH�SDU�DLOOHXUV�
,O� GHPHXUH� SDU� FRQVpTXHQW� GpOLFDW� GH� FRQFHYRLU� O·HVSDFH� GX� SK\VLFLHQ
DXWUHPHQW�TX·XQ�HVSDFH�G·REVHUYDEOHV��HW�SDU�VXLWH��JpRPpWULTXH�

0D[�%DXVVHW��%DXVVHW��������
8Q�GHV�EXWV�GH�O·LQIRJUDSKLH�HVW�OD�V\QWKqVH�G·LPDJHV��UHSUpVHQWDWLRQ�G·REMHWV�RX�GH�VFqQHV�VXUXQ�pFUDQ�G·RUGLQDWHXU���/HV�REMHWV�DIILFKpV�SHXYHQW�rWUH�UpHOV�RX�YLUWXHOV��QDWXUHOV�RX�DUWLILFLHOV�/H�QLYHDX�GH�UpDOLVPH�YLVXHO�GHV�LPDJHV�GH�V\QWKqVH�D�WRXMRXUV�pWp�XQH�QRWLRQ�SULPRUGLDOH�HQLQIRJUDSKLH��/H�YHFWHXU�GH�FH�UpDOLVPH�HVW�VRLW�O·LPDJH�HQ�HOOH�PrPH��RQ�FKHUFKH�j�REWHQLU�GHVLPDJHV�OHV�SOXV�SURFKHV�SRVVLEOHV�G·LPDJHV�UpHOOHV�RX�GH�SKRWRJUDSKLHV�GH�VFqQHV�QDWXUHOOHV��VRLW� OH� FRPSRUWHPHQW� GHV� REMHWV� �RQ� FKHUFKH� DORUV� j� UHSUpVHQWHU� GHV� REMHWV� GRQW� OHVPRXYHPHQWV�� OHV� GpIRUPDWLRQV� HW� OHV� LQWHUDFWLRQV� SDUDLVVHQW� UpHOV��� /·RUGLQDWHXU� D\DQW� GHVUHVVRXUFHV� OLPLWpHV� �DXVVL� ELHQ� HQ� FDOFXO� TX·HQ� DIILFKDJH��� RQ� GRLW� VH� FRQWHQWHU� DXMRXUG·KXLG·XQ�FRPSURPLV�HQWUH�FHV�GHX[�W\SHV�GH�UpDOLVPH�'DQV� OH� FDGUH� GH� QRWUH� SURMHW�� QRWUH� SULQFLSDO� REMHFWLI� HVW� G·REWHQLU� XQH� VLPXODWLRQ� OD� SOXVUpDOLVWH�SRVVLEOH�GX�FRPSRUWHPHQW�GX�WURQF�SHQGDQW�OD�UHVSLUDWLRQ�
+LVWRULTXHPHQW� O·DQLPDWLRQ� SDU� RUGLQDWHXU� Q·D� WRXW� G·DERUG� pWp� TX·XQH� WUDQVSRVLWLRQLQIRUPDWLTXH� GHV� WHFKQLTXHV� GX� GHVVLQ� DQLPp� �XWLOLVDWLRQ� GH� O·RUGLQDWHXU� SRXU� FDOFXOHU� XQHLQWHUSRODWLRQ�HQWUH�GHV�SRVLWLRQV�FOpV���&HV�WHFKQLTXHV�RQW�UDSLGHPHQW�pYROXp�HQ�SDUDOOqOH�DYHFOH�GpYHORSSHPHQW�GH�OD�SXLVVDQFH�GH�FDOFXO�GHV�RUGLQDWHXUV��/D�VLPXODWLRQ�G·REMHWV�VROLGHV�HWDUWLFXOpV�D�WRXW�G·DERUG�HX�OD�IDYHXU�GHV�LQIRUPDWLFLHQV��OD�IRUPH�pWDQW�LQYDULDQWH��OD�VLPXODWLRQHQ�HVW�IDFLOLWpH���'LYHUVHV�WHFKQLTXHV�SHXYHQW�rWUH�XWLOLVpHV�SRXU�FDOFXOHU�OHXU�GpSODFHPHQW�DXFRXUV�G·XQH�DQLPDWLRQ��QRWDPPHQW� OHV� ORLV� LVVXHV�GH� OD�SK\VLTXH�GHV� VROLGHV��8QH�SDUW�SOXVJUDQGH�D�pWp�ODLVVpH�DX[�RUGLQDWHXUV��OLEpUDQW�OH�JUDSKLVWH�GH�WkFKHV�PRQRWRQHV�HW�ODLVVDQW�XQHSOXV�JUDQGH�SDUW�j�OD�FUpDWLRQ�



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

/H�YpULWDEOH�GpIL�LQIRUPDWLTXH�HVW�OD�VLPXODWLRQ�G·REMHWV�GpIRUPDEOHV��/HV�PRGqOHV�JpQpUDWHXUVVRQW�IRQGpV�j�OD�IRLV�VXU��
•  XQH�GHVFULSWLRQ�JpRPpWULTXH�GHV�REMHWV��IRUPH��SRVLWLRQ��HW
•  XQH�GHVFULSWLRQ�GHV�ORLV�UpJLVVDQW�OD�GpIRUPDWLRQ��VRXYHQW�LVVXHV�GH�ORLV�SK\VLTXHV��
,OV� VRQW� WUqV�VRXYHQW�DSSHOpV�DEXVLYHPHQW�PRGqOHV�SK\VLTXHV�ELHQ�TX·LOV�Q·XWLOLVHQW�TXH�GHVVLPSOLILFDWLRQV�GH� FHUWDLQHV� ORLV�SK\VLTXHV��(Q�GL[� DQV� OHV�PRGqOHV� JpQpUDWHXUV� RQW�PRQWUpOHXU� HIILFDFLWp� SRXU� HQJHQGUHU� GHV�PRXYHPHQWV� FRPSOH[HV� j� SDUWLU� G·XQH� EDVH� JpQpUDWULFHVLPSOH�� /H� UpDOLVPH� GH� FHV� PRXYHPHQWV� HW� GH� FHV� GpIRUPDWLRQV� SURYLHQW� G·XQH� ERQQHXWLOLVDWLRQ� GHV� ORLV� G·DQLPDWLRQ��&·HVW� SRXUTXRL� OHV� ORLV� GH� OD� SK\VLTXH� RQW� pWp� XWLOLVpHV�� /HSUREOqPH�IRQGDPHQWDO�SURYLHQW�GH�OD�QDWXUH�GLVFUqWH�GHV�FDOFXODWHXUV���RQ�GRLW�GLVFUpWLVHU�OHVREMHWV� HW� OHV� ORLV� G·pYROXWLRQ� �G·XQH� PDQLqUH� RX� G·XQH� DXWUH��� 'H� SOXV� OD� FRPSOH[LWp� GHVPRXYHPHQWV� SRVVLEOHV� D� YLWH� IDLW� DSSDUDvWUH� OH� EHVRLQ� GH� FRQWUDLQGUH� FHV�PRGqOHV� �3ODWW� HW%DUU��������2Q�D�YX�DX�FKDSLWUH�SUpFpGHQW�TXH�O·REMHFWLI�GH�FHWWH�WKqVH�VH�UDPHQDLW�j�PRGpOLVHU�HW�DQLPHUXQH�LPDJH�WULGLPHQVLRQQHOOH�GX�WURQF�HW�GH�VHV�PRXYHPHQWV��1RXV�DYRQV�GpFRPSRVp�OH�WURQFHQ�VWUXFWXUHV�HVVHQWLHOOHV�FKDFXQH�D\DQW�XQ�FRPSRUWHPHQW�SURSUH�1RWUH�PRGqOH�VHUD�XQ�PRGqOH�JpQpUDWHXU��EDVp�VXU�OD�SK\VLTXH���/H�SUpVHQW�FKDSLWUH�LQWURGXLWOHV� GLIIpUHQWHV� QRWLRQV� HW� LGpHV� FRUUHVSRQGDQWHV� GpMj� GpYHORSSpHV� GDQV� OD� OLWWpUDWXUHG·LQIRUPDWLTXH�JUDSKLTXH��&H�FKDSLWUH�QH�SUpVHQWH�SDV�XQH�YLVLRQ�RULJLQDOH�GH� OD� OLWWpUDWXUH�PDLV�HVVD\H�GH�GLVWLQJXHU�OHV�LGpHV�HW�OHV�FRQFHSWV�LPSRUWDQWV�j�UHWHQLU�SRXU�FRQVWUXLUH�QRWUHPRGqOH�� '·DXWUHV� pWXGHV� ELEOLRJUDSKLTXHV� UpFHQWHV� SOXV� DSSURIRQGLHV� GDQV� GHV� GRPDLQHVSDUWLFXOLHUV� VRQW�GLVSRQLEOHV��� V\QWKqVH�G·LPDJHV�QDWXUHOOHV� HW� WHFKQLTXHV�GH� UHQGX� �&KDXG\�������� WKpRULH� GH� O·pODVWLFLWp� �&LDUOHW�� ������� �%DLQYLOOH�� ������ HW� �*DVFXHO�� ������� REMHWVGpIRUPDEOHV� �-LPHQH]�� ������� �*DVFXHO� HW� 3XHFK�� ������� VLPXODWLRQ� SK\VLTXH� �-RXNKDGDU�������� �)ROH\� HW� DO��� ������ HW� �:DWW� HW� :DWW�� ������ VRQW� G·DXWUHV� RXYUDJHV� GH� UpIpUHQFHJpQpUDX[� GDQV� OH� GRPDLQH� GH� O·LQIRJUDSKLH�� �%DXVVHW�� ������ HW� �/DUUDOGH�� ������ GDQV� OHGRPDLQH�GH�OD�G\QDPLTXH�
'DQV�FH�FKDSLWUH�QRXV�H[DPLQHURQV�WRXW�G·DERUG�OHV�ORLV�SK\VLTXHV�HW�OHV�FDOFXOV�QpFHVVDLUHV�jOD� VLPXODWLRQ�G·REMHWV� VROLGHV��SXLV�QRXV�SUpVHQWHURQV� OHV�GLIIpUHQWHV�RSWLRQV�SRVVLEOHV�SRXUVLPXOHU� GHV� REMHWV� GpIRUPDEOHV�� 1RXV� YHUURQV� HQVXLWH� FRPPHQW� FRQWUDLQGUH� OHV� PRGqOHVJpQpUDWHXUV��1RXV�YHUURQV�HQILQ�YHUV�R��VH�SRUWH�OD�SUREOpPDWLTXH�DFWXHOOH�
1RWDWLRQ��� GDQV� OD� VXLWH�GH� WRXW� FH�GRFXPHQW�� OHV� QRWDWLRQV�PDWKpPDWLTXHV� VXLYDQWHV� VRQWDGRSWpHV��
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3ULQFLSHV�JpQpUDX[�GH�OD�PpFDQLTXH�GHV�FRUSV�VROLGHV�HW�PpWKRGHV�G·LQWpJUDWLRQ ��

�� 3ULQFLSHV�JpQpUDX[�GH�OD�PpFDQLTXH�GHV�FRUSV�VROLGHV
HW�PpWKRGHV�G·LQWpJUDWLRQ
'DQV� FH� SUHPLHU� SDUDJUDSKH� QRXV� DOORQV� SRVHU� OHV� EDVHV� GH� OD�PRGpOLVDWLRQ�PpFDQLTXH� HWG\QDPLTXH��&·HVW�WUqV�VRXYHQW�VXU�FHWWH�EDVH�TXH�V·DSSXLHQW�OHV�PRGqOHV�JpQpUDWHXUV�TXH�QRXVYHUURQV�DX�SDUDJUDSKH���1RXV�IHURQV�WRXW�G·DERUG�XQ�UDSSHO�GH�OD�PpFDQLTXH�GX�SRLQW��GH�FHOOH�GHV�REMHWV�ULJLGHV��YRLU�%DXVVHW�� ������ HW� �/DUUDOGH�� �������� SXLV� GH� OD� UHSUpVHQWDWLRQ� GH� O·RULHQWDWLRQ� GHV� REMHWVULJLGHV�� /H� SUREOqPH� FRPPXQ� TXL� QRXV� SHUPHWWUD� GH� OLHU� OH� SUpVHQW� SDUDJUDSKH� HW� OHSDUDJUDSKH���HVW�FHOXL�GH�OD�PpWKRGH�G·LQWpJUDWLRQ��1RXV�O·H[DPLQHURQV�DX�SDUDJUDSKH�����
��� '\QDPLTXH�GX�SRLQW

/D�SUHPLqUH�GHVFULSWLRQ�PpFDQLTXH�GH�O·XQLYHUV�SK\VLTXH�SHXW�VH�IDLUH
j�O·DLGH�GH�GHX[�FRQFHSWV��� FHOXL�GH� IRUFH�JpQpUDWULFH�GH�PRXYHPHQW�HW
FHOXL�GH�SRLQW�PDWpULHO�

0D[�%DXVVHW��%DXVVHW��������
2Q�FRQVLGqUH�XQ�UHSqUH�HXFOLGLHQ� ℜ �GH�O·HVSDFH�GDQV�OHTXHO�RQ�DVVRFLH�XQH�SRVLWLRQ� x ��GHGLPHQVLRQ� ��� HW� XQH� PDVVH� m � j� XQ� SRLQW� PDWpULHO�� /D� ORL� G·pYROXWLRQ� REVHUYpH� HVW� OH
FKDQJHPHQW�GH�SRVLWLRQ�GH�FH�SRLQW�PDWpULHO�GDQV� ℜ ��2Q�FRQVLGqUH�SRXU�FHOD� OHV� WRUVHXUVFLQpPDWLTXH� HW� G\QDPLTXH� TXL� VRQW� UHVSHFWLYHPHQW� OHV� WRUVHXUV� DVVRFLpV� j� OD� TXDQWLWp� GHPRXYHPHQW�HW�j�OD�TXDQWLWp�G·DFFpOpUDWLRQ�
2Q�QH�V·LQWpUHVVH� LFL�TX·DX� WRUVHXU�G\QDPLTXH� ℜΑ /x �GRQW� OHV� pOpPHQWV�GH� UpGXFWLRQ�HQ�XQ
SRLQW�TXHOFRQTXH�p �VRQW��
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3RXU�VLPSOLILHU�O·pFULWXUH�RQ�FRQVLGqUH� ℜ �FRPPH�OH�UHSqUH�SDU�GpIDXW��HW�OH�SRLQW�GH�UpGXFWLRQDX�FHQWUH�GX�UHSqUH��3DU�OD�VXLWH��LOV�QH�VRQW�SDV�SUpFLVpV�GDQV�OHV�pTXDWLRQV��2Q�REWLHQW�SOXVVLPSOHPHQW��
xS &&m= ��F·HVW�OD�TXDQWLWp�G·DFFpOpUDWLRQ��HW

xxM &&m×= ���F·HVW�OH�PRPHQW�G\QDPLTXH��
6L� O·RQ� VRXPHW� FH� SRLQW�PDWpULHO� j� XQ� HQVHPEOH� GH� n � IRUFHV� if �� RQ� SHXW� DORUV� pQRQFHU� OD
UHODWLRQ�IRQGDPHQWDOH�GH�OD�G\QDPLTXH��RX�ORL�GH�1HZWRQ���
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3RXU�XQ�V\VWqPH�QRQ�GLVVLSDWLI��RQ�SHXW�DXVVL�H[SULPHU�OD�G\QDPLTXH�G·XQ�SRLQW�PDWpULHO�VRXVIRUPH�pQHUJpWLTXH��&HWWH�H[SUHVVLRQ�VHUD�XWLOLVpH�SOXV�WDUG�GDQV�FHUWDLQV�PRGqOHV�SK\VLTXHV�
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x&mEcin = � HVW� O·pQHUJLH� FLQpWLTXH� GX� SRLQW� PDWpULHO�� HW� ∫
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x
xf δipotE � HVW

O·pQHUJLH� SRWHQWLHOOH� GX� SRLQW� �WUDYDLO� GHV� IRUFHV� H[WpULHXUHV��� 'DQV� OH� FDV� GH� GHX[� PDVVHVUHOLpHV�SDU�XQ� UHVVRUW��SDU� H[HPSOH�� O·pQHUJLH� FLQpWLTXH�GX� V\VWqPH�SURYLHQW�GX�PRXYHPHQWGHV�PDVVHV��O·pQHUJLH�SRWHQWLHOOH�GH�OD�WHQVLRQ�VWRFNpH�GDQV�OH�UHVVRUW�
8Q� DXWUH� SULQFLSH� VHUD� XWLOLVp� GDQV� FHUWDLQV� PRGqOHV� JpQpUDWHXUV��� OH� SULQFLSH� GHV� WUDYDX[
YLUWXHOV��2Q�GpILQLW�OH�WUDYDLO�YLUWXHO�W �G·XQH�IRUFH� if �SDU��

xfW δδ i= �
R�� xδ �UHSUpVHQWH�OH�GpSODFHPHQW�YLUWXHO�
/D�YDULDWLRQ�GH�O·pQHUJLH�SRWHQWLHOOH�GH� if ��DSSOLTXpH�HQ� x ��SDU�UDSSRUW�DX�WHPSV�HVW�DSSHOpH
OH�WUDYDLO�GH�FHWWH�IRUFH��'DQV�XQ�V\VWqPH�HQ�pTXLOLEUH�� OD�YDULDWLRQ�GH�O·pQHUJLH�FLQpWLTXH�HVWQXOOH�� 'DQV� FH� FDV�� OH� WKpRUqPH� GHV� WUDYDX[� YLUWXHOV� �RX� SULQFLSH� GHV� WUDYDX[� YLUWXHOVG·$OHPEHUW�� LQGLTXH� TXH�� SRXU� WRXW� GpSODFHPHQW� YLUWXHO�� OD� VRPPH� DOJpEULTXH� GHV� WUDYDX[
YLUWXHOV� GHV� IRUFHV� H[WpULHXUHV� extW � HW� GHV� WUDYDX[�YLUWXHOV� GHV� IRUFHV� LQWpULHXUHV� intW � HVWQXOOH��

0WW =+ extint �
(Q� V\QWKqVH�G·LPDJHV�RQ�FKHUFKH�j�REWHQLU� O·pYROXWLRQ�GHV� WUDMHFWRLUHV� HW� GHV�GpIRUPDWLRQVGHV� REMHWV� G·XQH� VFqQH��� FDXVH� GX� W\SH� GH� IRQFWLRQQHPHQW� GH� O·RUGLQDWHXU�� QRXV� GHYURQVGLVFUpWLVHU�FHWWH�pYROXWLRQ�SRXU�SURGXLUH�GHV�LPDJHV�j�XQ�LQVWDQW�GRQQp��HQ�IDLW�RQ�V·DSSOLTXHj�SURGXLUH�GHV�VpTXHQFHV�G·LQVWDQWDQpV���/D�VLPXODWLRQ� LQIRUPDWLTXH�GHV�PRXYHPHQWV�EDVpHVXU�OD�SK\VLTXH�VXLYUD�WRXMRXUV�OH�VFKpPD�VXLYDQW��
•  FDOFXO�GX�UHQGX�HW�DIILFKDJH�GH�O·LPDJH�
•  FDOFXO�GHV�IRUFHV�DSSOLTXpHV�DX[�REMHWV�j�SDUWLU�GH�OD�SRVLWLRQ�DFWXHOOH�
•  GLVFUpWLVDWLRQ�GHV�pTXDWLRQV�GH�OD�G\QDPLTXH�HW�FDOFXO�GH�OD�QRXYHOOH�SRVLWLRQ�&H�VFKpPD�VH�GLVWLQJXH�GH�FHOXL�XWLOLVp�GDQV�OHV�RXYUDJHV�GH�PpFDQLTXH�FODVVLTXH�R��O·RQ�SDUWJpQpUDOHPHQW�G·XQH�REVHUYDWLRQ�GH�WUDMHFWRLUH�HW�R��O·RQ�FKHUFKH�OHV�IRUFHV�TXL�O·LQIOXHQFHQW�,FL�O·HQVHPEOH�GHV�IRUFHV�DSSOLTXpHV�DX[�REMHWV�HVW�FRQQX�$LQVL�� FRQQDLVVDQW� O·HQVHPEOH� GHV� IRUFHV� DSSOLTXpHV� j� XQ� SRLQW� PDWpULHO� HW� XQ� VFKpPDG·LQWpJUDWLRQ�� RQ� SRXUUD� GpFULUH� O·pYROXWLRQ� GH� x �� /HV� PpWKRGHV� HW� SUREOqPHV� SRVpV� SDUO·LQWpJUDWLRQ�GH�OD�ORL�GH�1HZWRQ�VHURQW�H[SRVpV�DX�SDUDJUDSKH�����
��� '\QDPLTXH�GHV�REMHWV�ULJLGHV
1RXV�GpFULYRQV�GDQV�FH�SDUDJUDSKH� OHV� ORLV�GH� OD�G\QDPLTXH�GHV�REMHWV� ULJLGHV�GLVFUHWV� �HQSUpFLVDQW�SRXU�OD�SOXSDUW�OHV�IRUPXODWLRQV�FRQWLQXHV�GRQW�HOOHV�VRQW�LVVXHV���(Q�DQQH[H����RQWURXYHUD�OHV�DOJRULWKPHV�SHUPHWWDQW�GH�VLPXOHU�FHWWH�G\QDPLTXH�'DQV�OD�SOXSDUW�GHV�FDV�j�WUDLWHU�HQ�VLPXODWLRQ�LQIRUPDWLTXH��OD�IRUPH�GH�O·REMHW�QH�V·H[SULPHSDV�DQDO\WLTXHPHQW��RQ�QH� V·LQWpUHVVHUD�GRQF�SDV� DX[� ORLV� FRQWLQXHV��1RXV�GHYRQV�SRXYRLU



3ULQFLSHV�JpQpUDX[�GH�OD�PpFDQLTXH�GHV�FRUSV�VROLGHV�HW�PpWKRGHV�G·LQWpJUDWLRQ ��

WUDLWHU�XQH�IRUPH�HW�XQH�UpSDUWLWLRQ�GH�PDVVH�TXHOFRQTXH��'H�SOXV��QRXV�QH�FRQVLGpURQV�TXHOH�FDV�G·REMHWV�ULJLGHV�GH�PDVVH� m �GLVFUpWLVpV�HQ�XQ�HQVHPEOH� n �GH�SRLQWV�PDWpULHOV��&HWWHIRUPH� GH� GLVFUpWLVDWLRQ� HVW� OD� SOXV� UpSDQGXH� HQ� LQIRJUDSKLH� GX� IDLW� GH� O·XWLOLVDWLRQ� G·XQRUGLQDWHXU�GDQV�OHV�SKDVHV�GH�FDOFXOV��GH�PDQLSXODWLRQ�HW�G·DIILFKDJH��&KDTXH�SRLQW�PDWpULHO
DSSDUWHQDQW�j�O·REMHW�HVW�FDUDFWpULVp�SDU�XQH�PDVVH� im �HW�XQH�SRVLWLRQ� ( )iiii zyx ,,=x �
&RPPH�LO�V·DJLW�G·XQ�REMHW�ULJLGH��OH�QRPEUH�GH�GHJUpV�GH�OLEHUWp�HVW�VL[��WURLV�HQ�URWDWLRQ�HWWURLV�HQ� WUDQVODWLRQ���/D�SRVLWLRQ�GX�FHQWUH�GH�JUDYLWp� �EDU\FHQWUH�GHV�PDVVHV��GH� O·REMHW� HVW
QRWpH� Gx ��2Q�OD�FDOFXOH�GH�PDQLqUH�VXLYDQWH��
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GpFULW�O·HQVHPEOH�GHV�SRLQWV�GH�O·REMHW��/HV� WURLV� GHJUpV� GH� OLEHUWp� HQ� URWDWLRQ� VRQW� UHSUpVHQWpV� FODVVLTXHPHQW� SDU� XQH� PDWULFH� GH
URWDWLRQ�R �RX�XQ�TXDWHUQLRQ�q ��YRLU�SDUDJUDSKH�����HW�DQQH[H����
3RXU�FDUDFWpULVHU�OH�PRXYHPHQW�GX�VROLGH��LO�IDXW�DXVVL�FRQQDvWUH�VD�PDWULFH�G·LQHUWLH� I ��GRQW
OHV�pOpPHQWV�VRQW�H[SULPpV�HQ� 2.mkg ���FDOFXOpH�SDU��
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3RXU�XQ�REMHW�GLVFUpWLVp�HQ�SRLQWV�PDWpULHOV��OH�WRUVHXU�G\QDPLTXH�DX�SRLQW�GH�UpGXFWLRQ� Gx
V·H[SULPH�SDU��
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iim xS && ��VRPPH�GHV�TXDQWLWpV�G·DFFpOpUDWLRQ�UHODWLYHV�j�FKDFXQ�GHV�SRLQWV
GX�V\VWqPH��HW
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iiiG m xxxM && ��PRPHQW�DX�FHQWUH�GHV�PDVVHV��
3RXU�XQ�VROLGH�OHV�pOpPHQWV�GX�WRUVHXU�G\QDPLTXH�V·H[SULPHQW�VRXV�IRUPH�FRQWLQXH�SDU��

∫= dmxS && ��HW
∫ ×= dmG xxxM && �



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

(QVXLWH� j� FKDTXH� pWDSH� GH� OD� VLPXODWLRQ�� j� SDUWLU� GHV� IRUFHV� DSSOLTXpHV� HQ� FKDTXH� SRLQWPDWpULHO� GH� GLVFUpWLVDWLRQ� GH� O·REMHW� FRQVLGpUp�� RQ� FDOFXOH� OD� TXDQWLWp� G·DFFpOpUDWLRQ� HW� OHPRPHQW�DX�FHQWUH�GH�JUDYLWp��
G

i
i mxf &&=∑ �
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ji ff �HVW�OD�VRPPH�GHV�IRUFHV� jf �TXL�V·DSSOLTXHQW�HQ� ix ��(Q�HIIHW��OH�FHQWUH�G·LQHUWLH
G·XQ� REMHW� VH� FRPSRUWH� FRPPH�XQH�PDVVH� SRQFWXHOOH� pJDOH� j� m � VXELVVDQW� O·HQVHPEOH� GHVIRUFHV�DSSOLTXpHV�j�VHV�SRLQWV�PDWpULHOV�2Q�SRVH�w �YLWHVVH�DQJXODLUH�GH�O·REMHW��/·H[SUHVVLRQ�GH�OD�ORL�IRQGDPHQWDOH�GH�OD�G\QDPLTXH
HQWUH� OD� TXDQWLWp� GH� PRXYHPHQW� DQJXODLUH� IwL = � HW� OH� PRPHQW� DX� FHQWUH� G·LQHUWLH� MSHUPHW�GH�FDOFXOHU�OD�QRXYHOOH�RULHQWDWLRQ��

dt
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$LQVL�j�SDUWLU�GH�OD�SRVLWLRQ��GH�O·RULHQWDWLRQ�HW�GH�OD�VRPPH�GHV�IRUFHV�j�O·LQVWDQW� t ��RQ�SHXWFDOFXOHU�O·pYROXWLRQ�GH�O·REMHW��2Q�WURXYHUD�HQ�DQQH[H���O·HQVHPEOH�GH�OD�IRUPXODWLRQ�DLQVL�TXHOHV�DOJRULWKPHV�SHUPHWWDQW�GH�PHWWUH�HQ�±XYUH� OHV�PRXYHPHQWV�G·XQ�REMHW� ULJLGH�FRPSRVpG·XQ�HQVHPEOH�GH�PDVVHV�SRQFWXHOOHV�1RXV�DOORQV�PDLQWHQDQW�UHJDUGHU�GH�SOXV�SUqV�FRPPHQW�UHSUpVHQWHU�O·RULHQWDWLRQ�GX�VROLGH�
��� 5HSUpVHQWDWLRQ�GH�O·RULHQWDWLRQ�GHV�VROLGHV
8Q�REMHW�VROLGH�D�VL[�GHJUpV�GH�OLEHUWpV�GRQW�WURLV�VRQW�DLVpPHQW�UHSUpVHQWpV�SDU� Gx ��SRVLWLRQ
GX�FHQWUH�GH�JUDYLWp���,O�H[LVWH�WURLV�IDoRQV�GH�UHSUpVHQWHU�OHV�WURLV�GHUQLHUV�GHJUpV�GH�OLEHUWp�O·RULHQWDWLRQ�GX�VROLGH���
•  0DWULFH�RUWKRJRQDOH�GH� URWDWLRQ�FODVVLTXH� �pTXLYDOHQW� j� O·XWLOLVDWLRQ�GHV� DQJOHV�G·(XOHU���F·HVW� HQ� IDLW� OD� FRPSRVLWLRQ�GH� WURLV� URWDWLRQV� �VHORQ� OHV� WURLV� D[HV���&HWWH� VROXWLRQ�SRVHGHX[�SUREOqPHV���HOOH�QH�SHUPHW�SDV�GH�GpFULUH�WRXWHV�OHV�URWDWLRQV��FHOOHV�GRQW� O·D[H�HVWFRQWHQX�GDQV�OH�SODQV� zx = �HW� zx −= ��HW�HOOH�SRVH�GDQV�FHUWDLQV�FDV�GHV�SUREOqPHV�GHGLIIpUHQFLDWLRQ�
•  9HFWHXU�GH�URWDWLRQ�HW�DQJOH�GH�URWDWLRQ��HQ�XWLOLVDQW�OD�IRUPXOH�GH�5RGULJHV���,O�Q·\�D�SDV

XQLFLWp�GH�OD�UHSUpVHQWDWLRQ��OH�FRXSOH� ( )θ,v �UHSUpVHQWH�OD�PrPH�URWDWLRQ�TXH�OH�FRXSOH
( )θπ −− 2,v ��

•  4XDWHUQLRQV���GDQV�FH�FDV�LO�Q·\�D�SDV�GH�VLQJXODULWp��'H�SOXV��OHV�PDQLSXODWLRQV�VRQW�SOXVSHUIRUPDQWHV�HW�PLQLPLVHQW�O·HUUHXU�SURSDJpH�ORUV�GHV�FDOFXOV�VXFFHVVLIV�1RXV� DYRQV� XWLOLVp� FHWWH� GHUQLqUH� UHSUpVHQWDWLRQ�� F·HVW� SRXUTXRL� QRXV� HQ� GpWDLOOHURQVUDSLGHPHQW�TXHOTXHV�DVSHFWV��2Q�SRXUUD�WURXYHU�GHV�pWXGHV�SOXV�FRPSOqWHV�GDQV��6KRHPDNH�������� �*LQL� HW� *LQL�� ������� �%DLQYLOOH�� ������ IDLW� XQH� pWXGH� EHDXFRXS� SOXV� ULJRXUHXVH� HWGpWDLOOpH�VXU�OD�UHSUpVHQWDWLRQ�GHV�URWDWLRQV�
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(Q�UpVROYDQW�FHWWH�pTXDWLRQ�GLIIpUHQWLHOOH�RUGLQDLUH��QRXV�SRXYRQV�SURGXLUH�GHV�©�LQVWDQWDQpV�ªGX�V\VWqPH���FKDTXH�PRPHQW�GH�OD�VLPXODWLRQ�GHV�FKDQJHPHQWV�GDQV�OHV�pTXDWLRQV�SHXYHQWLQWHUYHQLU��� DGGLWLRQ� G·XQH� QRXYHOOH� IRUFH�� DFFLGHQW� GH� FROOLVLRQ� RX� LQWHUDFWLRQ� DYHF� OHPDQLSXODWHXU�� &·HVW� SRXUTXRL� RQ� QH� SHXW� XWLOLVHU� XQH� VROXWLRQ� DQDO\WLTXH�� 1RXV� GHYRQV
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2Q� SHXW� WURXYHU� GDQV� OD� OLWWpUDWXUH� FODVVLTXH� SOXVLHXUV� VFKpPDV� G·LQWpJUDWLRQ� GRQW� OHV� SOXVFRQQXV�VRQW���(XOHU��1HZWRQ�&RWHV��YRLU�DQQH[H����HW�5XQJH�.XWWD��WRXW�WURLV�IRQW�DSSHO�DX[GpYHORSSHPHQWV�OLPLWpV��VpULH�GH�7D\ORU���
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������6FKpPD�G·(XOHU��
2Q� REWLHQW� OH� VFKpPD� G·(XOHU� VLPSOHPHQW� HQ� WURQTXDQW� OD� VpULH� GH� 7D\ORU� DX� GHX[LqPH
pOpPHQW��/·HUUHXU�HVW�GRQF�HQ� ( )
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������6FKpPD�GH�5XQJH�.XWWD
3RXU� FHWWH�PpWKRGH��RQ�YD�GH�QRXYHDX� DSSOLTXHU� OD� VpULH�GH�7D\ORU��PDLV� FHWWH� IRLV�FL� j� OD
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5XQJH�.XWWD�QpFHVVLWH�GRQF�SOXVLHXUV�pYDOXDWLRQV�GH�OD�IRQFWLRQ� f ��GDQV�QRWUH�FDV�FHOD�YHXWGLUH�SOXVLHXUV�pYDOXDWLRQV�GHV�IRUFHV�DSSOLTXpHV�VXU�O·REMHW��
'DQV� FHV�PpWKRGHV� OH� SDV� GH� WHPSV� HVW� GpWHUPLQDQW� �SOXV� OH� SDV� GH� WHPSV� HVW� SHWLW� SOXVO·HUUHXU�FRPPLVH�HVW�SHWLWH���'·DSUqV� OH� WKpRUqPH�GH�6KDQQRQ��SRXU�pYLWHU� WRXWH�GLYHUJHQFHG·XQ� V\VWqPH� LO� IDXW� DX� PRLQV� pFKDQWLOORQQHU� OH� SDV� GH� WHPSV� j� YDOHXU� GH� GHX[� IRLV� ODIUpTXHQFH�OD�SOXV�KDXWH�GX�V\VWqPH�/·HUUHXU� FRPPLVH� HVW� GLIILFLOHPHQW� pYDOXDEOH� DX� FRXUV� G·XQH� VLPXODWLRQ�� &·HVW� SRXUTXRL�-RXNKDGDU��������SURSRVH�GH�FDOFXOHU�O·pWDW�pQHUJpWLTXH�GHV�REMHWV�HW�G·XWLOLVHU�FHWWH�JUDQGHXUSRXU� IDLUH�YDULHU� OH�SDV�GH� WHPSV��3DU�SULQFLSH�� O·pQHUJLH�PpFDQLTXH�G·XQ� V\VWqPH�SK\VLTXH�YRLU� SDUDJUDSKH� ����� HVW� FRQVWDQWH� SRXU� XQ� V\VWqPH� LVROp� VDQV� GLVVLSDWLRQ� G·pQHUJLH�� /HV\VWqPH� SK\VLTXH� Q·HVW� SDV� LVROp� �GHV� IRUFHV� H[WpULHXUHV� DJLVVHQW� VXU� OXL��� SRXU� FHWWH� UDLVRQO·DXWHXU�FRQVLGqUH�TXH�OH�V\VWqPH�HVW�VWDEOH�ORUVTXH�OD�YDULDWLRQ�GH�VRQ�pQHUJLH�PpFDQLTXH�HVWLQIpULHXUH�j�XQ�FHUWDLQ�VHXLO��6L�FH�VHXLO�HVW�IUDQFKL�� OH�SDV�GH�WHPSV�HVW�GLYLVp�SDU�GHX[��VL� OHVHXLO�Q·HVW�SDV�IUDQFKL��LO�HVW�PXOWLSOLp�SDU�GHX[�,FL� HQFRUH�� RQ�GRLW� IDLUH� IDFH� j� XQ�GLOHPPH��� SOXV� OD�PpWKRGH� HVW� VLPSOH�� SOXV� OH� WHPSV� GHFDOFXO�QpFHVVDLUH�HVW�SHWLW��PDLV�SOXV�O·HUUHXU�FRPPLVH�HVW�JUDQGH��SRXU�XQH�DQDO\VH�GH�O·HUUHXUFRPPLVH� YRLU� �/RPEDUGR�� ��������'·DXWUH� SDUW�� VL� OH� FULWqUH� GH� FKRL[� GX� SDV� GH� WHPSV� HVWO·HUUHXU��RQ�VRXKDLWH�SDU�H[HPSOH�TXH�O·HUUHXU�VRLW�LQIpULHXUH�j�XQ�FHUWDLQ�VHXLO���OHV�PpWKRGHV



/HV�PRGqOHV�GpIRUPDEOHV ��

G·LQWpJUDWLRQ� SOXV� FRPSOH[HV� SHXYHQW� SHUPHWWUH� G·DXJPHQWHU� OH� SDV� GH� WHPSV� �HW� GRQF� GHUpGXLUH�OH�QRPEUH�G·pYDOXDWLRQ�GH�OD�IRQFWLRQ��
�� /HV�PRGqOHV�GpIRUPDEOHV
/HV�DSSOLFDWLRQV�GHV�PRGqOHV�GpIRUPDEOHV�HQ�LQIRUPDWLTXH�VRQW�WUqV�QRPEUHXVHV���FRQFHSWLRQHW�PRGpOLVDWLRQ�G·REMHWV��F·HVW�G·DLOOHXUV�GH�FH�GRPDLQH�TXH�VRQW� LVVXV� OHV�SUHPLHUV�RXWLOV�GHGpIRUPDWLRQ�GH�FRXUEH�HW�GH�VXUIDFH���VHJPHQWDWLRQ�G·LPDJHV��HQ�PpGHFLQH�HW�HQ�URERWLTXHQRWDPPHQW��HW�HQILQ�VLPXODWLRQ��&·HVW�GDQV�FHWWH�GHUQLqUH�FDWpJRULH�TXH�VH�VLWXH�QRWUH�WUDYDLO�
1RXV�DYRQV�FKRLVL�GH�OLPLWHU�O·pWXGH�GHV�PRGqOHV�GpIRUPDEOHV�DX[�PRGqOHV�JpQpUDWHXUV�FDU�FHVRQW�OHV�VHXOV�FDSDEOHV�GH�UpSRQGUH�j�QRWUH�EHVRLQ�SRXU�OD�VLPXODWLRQ��HQ�WHUPH�GH�UpDOLVPHYLVXHO�DXVVL�ELHQ�TXH�G·LQWpJUDWLRQ�GDQV�OH�FDGUH�GHV�*HVWHV�0pGLFDX[�&KLUXUJLFDX[�$VVLVWpVSDU�2UGLQDWHXU��
$X�GHOj� GHV� PRGqOHV� GpIRUPDEOHV�� QRXV� GHYRQV� H[DPLQHU� OHV� VROXWLRQV� SURSRVpHV� GHGpIRUPDWLRQV� pODVWLTXHV�� 2Q� WURXYHUD� GDQV� �:DWW� HW� :DWW�� ������ GLYHUV� W\SHV� G·DXWUHVGpIRUPDWLRQV�SRVVLEOHV�QRWDPPHQW�FHOOHV�UHODWLYHV�j�OD�PRGpOLVDWLRQ�G·REMHWV�WULGLPHQVLRQQHOVHW�j�OD�&RQFHSWLRQ�$VVLVWpH�SDU�2UGLQDWHXU��R��OH�SOXV�LPSRUWDQW�Q·HVW�SDV�OH�FRPSRUWHPHQWPDLV�OD�IDFLOLWp�GH�FRQWU{OH��FRPPH�SDU�H[HPSOH�OHV�GpIRUPDWLRQV�GH�IRUPHV�OLEUHV��6HGHUEHUJHW�3DUU\����������'DQV�QRWUH�FDV�� LO�QH�VXIILW�SDV�TXH�OHV�REMHWV�SXLVVHQW�VH�GpIRUPHU��PDLV� LOIDXW�TX·LOV�DLHQW�XQH�UpHOOH�SURSULpWp�pODVWLTXH��/·pODVWLFLWp�HVW�O·DSWLWXGH�G·XQ�FRUSV�j�UHSUHQGUHVD� IRUPH�G·RULJLQH� �RX� IRUPH� GH� UHSRV�� ORUVTX·LO� D� VXELW� XQH� GpIRUPDWLRQ��(Q� IDLW�� LO� V·DJLWG·XQH�IDoRQ�SDUWLFXOLqUH�GH�UHVWLWXHU�O·pQHUJLH�IRXUQLH��/HV�GpIRUPDWLRQV�GXHV�j�O·pODVWLFLWp�VRQWGRQF� GHV� IRUFHV� GH� UpDFWLRQ� j� OD� GpIRUPDWLRQ� HW� GRLYHQW� rWUH� QXOOHV� GDQV� OH� FDV� G·XQGpSODFHPHQW�ULJLGH�2Q� SDUOH� G·K\SHU�pODVWLFLWp� ORUVTXH� OHV� IRUFHV� pODVWLTXHV� GpULYHQW� G·XQ� SRWHQWLHO� GHGpIRUPDWLRQ�
/·LPSOpPHQWDWLRQ�LQIRUPDWLTXH�GH�O·pODVWLFLWp�GRLW�rWUH�WHOOH�TXH��
•  O·pODVWLFLWp�DJLW�GLUHFWHPHQW�VXU�OD�IRUPH�GH�O·REMHW�
•  OD�IRUPH�GH�UHSRV�GH�O·REMHW�HVW�VWRFNpH�G·XQH�PDQLqUH�RX�G·XQH�DXWUH�
•  O·pODVWLFLWp�HVW�JpQpUpH�HQ�XWLOLVDQW�XQ�RSpUDWHXU�GH�GLIIpUHQFH�HQWUH�OD�IRUPH�GpIRUPpH�HW�ODIRUPH�GH�UHSRV��GpSHQGDQW�IRUWHPHQW�GHV�GHX[�SUHPLHUV�SRLQWV��$LQVL��O·HQVHPEOH�GHV�PpWKRGHV�SUpVHQWpHV�LFL�GLIIpUHQW�SDU�OD�IDoRQ�GH�PDQLSXOHU�OD�IRUPH�GHO·REMHW��OD�IDoRQ�G·DJLU�VXU�FHOOH�FL��HW�OD�IDoRQ�GH�FDOFXOHU�OD�GLIIpUHQFH�DYHF�OD�IRUPH�GH�UHSRV�3DU�OD�VXLWH�RQ�V·DWWDFKHUD�GRQF�SRXU�FKDTXH�PpWKRGH�j�SUpFLVHU��
•  OH�SULQFLSH�XWLOLVp�GDQV�OD�ORL�G·pYROXWLRQ�
•  OD�UHSUpVHQWDWLRQ�GH�OD�IRUPH�GHV�REMHWV�
•  OD�PpPRULVDWLRQ�GH�OD�IRUPH�GH�UHSRV�
•  O·RSpUDWHXU�GH�GLIIpUHQFH�
/·KLVWRLUH� GH� OD� VLPXODWLRQ� GHV� FRUSV� GpIRUPDEOHV� EDVpV� VXU� OD� SK\VLTXH� HQ� LQIRJUDSKLH� DDXMRXUG·KXL�GL[�DQV��&·HVW�HQ������TXH�'��7HU]RSRXORV�SURSRVH� OH�SUHPLHU�PRGqOH�G·REMHWV



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

GpIRUPDEOHV� EDVp� VXU� XQH� GLVFUpWLVDWLRQ� GHV� ORLV� GH� O·pODVWLFLWp��� �7HU]RSRXORV� HW� DO��� ������'HSXLV��ELHQ�G·DXWUHV�WHFKQLTXHV�RQW�pWp�XWLOLVpHV�SRXU�VLPXOHU�GHV�REMHWV�GpIRUPDEOHV�j�SDUWLUG·XQH�EDVH�GH� ORLV�RX�GH� UqJOHV��HQ� WHQDQW�FRPSWH�GH� O·LQWHUDFWLRQ�HQWUH�SOXVLHXUV�REMHWV�RXO·XWLOLVDWHXUV�2Q�SHXW�FODVVHU�OHV�PRGqOHV�JpQpUDWHXUV�HQ�GHX[�JUDQGV�JURXSHV��
•  OHV�PpWKRGHV�QRGDOHV���XQH�SKDVH�GH�GLVFUpWLVDWLRQ�HQ�Q±XGV�pOpPHQWDLUHV�LQWHUYLHQW�GDQVOD� VLPXODWLRQ�� 8Q� Q±XG� HVW� OD� GpFRPSRVLWLRQ� pOpPHQWDLUH� DXTXHO� RQ� DWWULEXH� GHVFDUDFWpULVWLTXHV� �SDU� H[HPSOH� XQH� PDVVH� HW� XQH� SRVLWLRQ�� HW� TXL� HVW� PDQLSXOp� SDUO·RUGLQDWHXU�
•  /HV�PpWKRGHV�JOREDOHV��� OHV�GpIRUPDWLRQV�VRQW�FDOFXOpHV�GH�PDQLqUH�JOREDOH� �PDWULFH�GHGpIRUPDWLRQ�JOREDOH��PRGHV�YLEUDWRLUHV��&·HVW� VXUWRXW� OD� SUHPLqUH� DSSURFKH� TXL� QRXV� LQWpUHVVH� SXLVTX·HOOH� SHUPHW� OD� PRGpOLVDWLRQG·REMHWV�QRQ�KRPRJqQH�HW�IDFLOLWH�OH�FRQWU{OH�ORFDO��O·LQWHUDFWLYLWp�HW�OD�GpFRPSRVLWLRQ�/H�SDUDJUDSKH���GpFULW�OHV�SULQFLSDOHV�DSSURFKHV�GHV�GHX[�FDWpJRULHV��2Q�QH�SDUOHUD�SDV�LFL�GHVSUREOqPHV�SRVpV�SDU�O·LQWpJUDWLRQ�WHPSRUHOOH�GHV�ORLV�GH�GpIRUPDWLRQV��YX�DX�SDUDJUDSKH������
��� $SSURFKHV�QRGDOHV
3DU�DSSURFKH�QRGDOH�RQ�HQWHQG�WRXWH�DSSURFKH�EDVpH�VXU�XQH�GLVFUpWLVDWLRQ�HQ�Q±XGV�j�XQPRPHQW� RX� j� XQ� DXWUH� GH� OD� FKDvQH� GH� WUDLWHPHQW�� &·HVW� O·DSSURFKH� OD� SOXV� UpSDQGXH� HQLQIRJUDSKLH��7RXWHV�FHV�DSSURFKHV�VRQW�IRUWHPHQW�FRQQHFWpHV�HQWUH�HOOHV��ELHQ�TXH�OD�IRUPH�HWOHV�EXWV�VHPEOHQW�D�SULRUL�VRXYHQW�GLIIpUHQWV���9RLFL�OHXUV�SURSULpWpV�FRPPXQHV��
•  XWLOLVDWLRQ� GH� ORLV� GH� GpIRUPDWLRQV� �LVVXHV� GH� VLPSOLILFDWLRQ� RX� GH� GLVFUpWLVDWLRQ� GH� ORLVSK\VLTXHV��
•  XWLOLVDWLRQ�G·XQ�PRWHXU�G·LQWpJUDWLRQ��SHUPHWWDQW�OH�FDOFXO�GX�PRXYHPHQW�G·XQ�LQVWDQW� t j

XQ�LQVWDQW� tt ∆+ ��
•  GLVFUpWLVDWLRQ�GHV�REMHWV�HQ�Q±XGV�RX�DVVHPEODJH�G·pOpPHQWV�LQGLYLGXHOV�
•  DSSOLFDWLRQ�GHV�ORLV�GH�GpIRUPDWLRQV�DX�QLYHDX�GHV�Q±XGV�2Q�GLVWLQJXH� OD� GLVFUpWLVDWLRQ� G·XQ�PDLOODJH� �GH� KDXW� HQ� EDV�� HVVHQWLHOOHPHQW�PpWKRGHV� GHVGLIIpUHQFHV�ILQLHV�HW�GHV�pOpPHQWV�ILQLV��HW�O·DVVHPEODJH�G·pOpPHQWV��GH�EDV�HQ�KDXW��FRPPH�OHVUpVHDX[�GH�PDVVHV�UHVVRUWV��OHV�V\VWqPHV�GH�SDUWLFXOHV��RX�OHV�VXUIDFHV�LPSOLFLWHV��
������'LVFUpWLVDWLRQ�G·REMHWV
&HV�PpWKRGHV�UHSRVHQW�VXU�OHV�WKpRULHV�GH�O·pODVWLFLWp�HW�XWLOLVHQW�OHV�PpWKRGHV�GH�GLVFUpWLVDWLRQFODVVLTXHV��2Q�GLVWLQJXH�GHX[�W\SHV�GH�GLVFUpWLVDWLRQ��
•  GLVFUpWLVDWLRQ�SDU�OD�PpWKRGH�GHV�GLIIpUHQFHV�ILQLHV�HW
•  GLVFUpWLVDWLRQ�SDU�OD�PpWKRGH�GHV�pOpPHQWV�ILQLV�
D��'LVFUpWLVDWLRQ�SDU�OD�PpWKRGH�GHV�GLIIpUHQFHV�ILQLHV
/D�PpWKRGH�HVW�OD�VXLYDQWH���RQ�SDUW�GH�OD�IRUPXODWLRQ�ODJUDQJLHQQH�GH�O·pTXDWLRQ�G·pYROXWLRQ�/D�IRUPH�GHV�REMHWV�HVW�UHSUpVHQWpH�GH�PDQLqUH�SDUDPpWUpH��GDQV�OH�WHPSV�HW�GDQV�O·HVSDFH���

t
ax �HVW� OH�YHFWHXU�SRVLWLRQ�R�� a �HVW�XQ�YHFWHXU� �GH�GLPHQVLRQ�UHVSHFWLYHPHQW�XQ��GHX[�RX

WURLV� SRXU� UHVSHFWLYHPHQW� XQH� FRXUEH�� XQH� VXUIDFH�� XQ� VROLGH�� FRQWHQDQW� OHV� YDOHXUV� GX



/HV�PRGqOHV�GpIRUPDEOHV ��

SDUDPqWUH� GH� GLVFUpWLVDWLRQ� GH� O·REMHW� HW� t � UHSUpVHQWH� OH� WHPSV��2Q� XWLOLVH� OD�PpWKRGH� GHVGLIIpUHQFHV�ILQLHV�SRXU�HIIHFWXHU�OHV�FDOFXOV�/D�IRUPH�GH�UHSRV�HVW�PpPRULVpH�JUkFH�DX�WHQVHXU�PpWULTXH�HW�DX�WHQVHXU�GH�FRXUEXUH�GpILQL
VXU�OHV�Q±XGV�GH�GLVFUpWLVDWLRQ��� 00 t

aa xx = �
2Q� FRQVLGqUH� GH� SOXV� XQ� PRGqOH� K\SHU�pODVWLTXH� GDQV� OHTXHO� RQ� GpULYH� OH� SRWHQWLHO� GH
GpIRUPDWLRQ�SRXU�REWHQLU�OHV�IRUFHV�j�DSSOLTXHU��2Q�IRUPXOH�O·pQHUJLH�GH�GpIRUPDWLRQ� )(xε
FRPPH�pWDQW�OD�GLVWDQFH�HQWUH�OD�IRUPH�GH�O·REMHW�DX�UHSRV�HW�OD�IRUPH�GH�O·REMHW�GpIRUPp��RQXWLOLVH�WRXMRXUV�OHV�WHQVHXUV�PpWULTXHV�HW�GH�FRXUEXUH��
6L� aµ HVW� OD� GHQVLWp� DX� SRLQW� a �� aγ � O·DPRUWLVVHPHQW� DX� SRLQW� a �� HW� ( )af x � OHV� IRUFHV
H[WpULHXUHV� DSSOLTXpHV� VXU� O·REMHW�� O·pTXDWLRQ� G·pYROXWLRQ� GX� SRLQW� a� HVW� GRQF� OD� VXLYDQWH�IRUPH�ODJUDQJLHQQH���
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)( aaaaa f
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x

x
xx =

∂
∂++ εγµ &&& � �����

�FKDTXH�LWpUDWLRQ��RQ�D�WRXWHV�OHV�LQIRUPDWLRQV�SRXU�FDOFXOHU�OD�UpSRQVH�pODVWLTXH�GH�O·REMHW�/·pTXDWLRQ�FL�GHVVXV�HVW�IRUPXOpH�SRXU�FKDTXH�SRLQW�a��n �pTXDWLRQV�VL�RQ�D�XQH�GLVFUpWLVDWLRQHQ�n �pOpPHQWV���2Q�UDVVHPEOH�OHV�pTXDWLRQV�GDQV�XQ�V\VWqPH�PDWULFLHO��
( ) fxxKxCxM =++ &&& � �����

R�� x �HVW�OH�YHFWHXU�GH�GLPHQVLRQ� n �FRQWHQDQW�OHV�SRVLWLRQV�GHV�SRLQWV�a �� M �HVW�OD�PDWULFH
GLDJRQDOH�GH�UpSDUWLWLRQ�GHV�PDVVHV�� C � OD�PDWULFH�G·DPRUWLVVHPHQW�� f � OH�YHFWHXU�GHV�IRUFHV
H[WpULHXUHV�H[HUFpHV�VXU�OHV�SRLQWV�a�GH�O·REMHW�HW� ( )xK �OD�PDWULFH�G·pODVWLFLWp��RX�PDWULFH�GH
UDLGHXU��� ( )xK � HVW� OD� IRUPXODWLRQ� GLVFUqWH� GX� JUDGLHQW� GH� O·pQHUJLH� )(xε �� &H� V\VWqPH� HVW
HQVXLWH�GLVFUpWLVp�GDQV�OH�WHPSV�� ( )xK �VHUD�FDOFXOpH�j�FKDTXH�LWpUDWLRQ��
(Q�IDLW��FHWWH�PpWKRGH�HVW�VWULFWHPHQW�pTXLYDOHQWH�j�XQ�UpVHDX�GH�PDVVHV�SRQFWXHOOHV�GRQW�OHPDLOODJH�VHUDLW�UpJXOLHU�HQ�SRVLWLRQ�GH�UHSRV�2XWUH� OH� WHPSV� GH� UpVROXWLRQ� LPSRUWDQW�� FH�PRGqOH� QH� SHUPHW� SDV�� G·DSUqV� OHV� DXWHXUV�� GHPRGpOLVHU�GHV�REMHWV�WUqV�ULJLGHV�j�FDXVH�GH�VD�VHQVLELOLWp�j�OD�GLYHUJHQFH�'DQV��7HU]RSRXORV�HW�:LWNLQ���������OHV�DXWHXUV�SURSRVHQW�G·DPpOLRUHU�OH�WHPSV�GH�FDOFXO�HW�ODVWDELOLWp� GX� PRGqOH� SUpFpGHQW� SDU� XQH� IRUPXODWLRQ� K\EULGH�� /·REMHW� GpIRUPDEOH� HVWGpFRPSRVp� � HQ� GHX[� FRPSRVDQWHV��� XQH� FRPSRVDQWH� GH� UpIpUHQFH� HW� XQH� FRPSRVDQWHGpIRUPDEOH��/D�FRPSRVDQWH�GH�UpIpUHQFH�VH�FRPSRUWH�FRPPH�XQ�REMHW�ULJLGH��&HOD�GLPLQXHFRQVLGpUDEOHPHQW� OH� WHPSV� GH� FDOFXO�� PDLV� REOLJH� j� VLPSOLILHU� IRUWHPHQW� O·H[SUHVVLRQ� GH� ODGpIRUPDWLRQ��'H� SOXV�� OH�PRXYHPHQW� GH� O·REMHW� GpIRUPDEOH� HVW�PRLQV� UpDOLVWH� SXLVTX·LO� HVWDSSUR[LPp�SDU�OH�PRXYHPHQW�G·XQ�FRUSV�ULJLGH�VRXV�MDFHQW��'DQV��7HU]RSRXORV�HW�)OHLVFKHU��������RQ�XWLOLVH�WRXMRXUV�OH�PrPH�PRGqOH�PDLV�OD�FRPSRVDQWH�pODVWLTXH�WUDQVPHW�GH�O·pQHUJLHGH� GpIRUPDWLRQ� DX� FRPSRVDQW� GH� UpIpUHQFH�� &HOD� SHUPHW� GH�PRGpOLVHU� OD� YLVFRpODVWLFLWp�� ODSODVWLFLWp� HW� OHV� IUDFWXUHV�� &HSHQGDQW� OD� PRGpOLVDWLRQ� UHVWH� OD� PrPH� �O·REMHW� HVW� WRXMRXUV
FRQQH[H��OD�PDWULFH� ( )xK �HVW�XQLTXH��
D�� 'LVFUpWLVDWLRQ�SDU�OD�PpWKRGH�GHV�pOpPHQWV�ILQLV
/D�PpWKRGH�GHV�pOpPHQWV� ILQLV�HVW�XQH�GHV�PpWKRGHV�GH�PRGpOLVDWLRQ� OHV�SOXV�XWLOLVpH�GDQVO·LQJpQLHULH�� QRWDPPHQW� SRXU� OD� PRGpOLVDWLRQ� GH� VWUXFWXUH� ULJLGH� RX� HQ� WKHUPRG\QDPLTXH�SRXU�OD�PpWKRGH�GHV�pOpPHQWV�ILQLV�YRLU��%DLQYLOOH��������HW��=LHQNLHZLF]�HW�7D\ORU���������



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

/HV�REMHWV�VRQW�GLVFUpWLVpV�HQ�YROXPHV�RX�HQ�PDLOOHV�pOpPHQWDLUHV� e �FRPSRUWDQW�XQ�QRPEUHFRQQX�GH�Q±XGV��OH�SOXV�VRXYHQW�KXLW�RX�QHXI�Q±XGV����SDUWLU�GH�OD�SRVLWLRQ�GHV�Q±XGV�GH
e ��GHV�IRQFWLRQV�G·LQWHUSRODWLRQ�SHUPHWWHQW�GH�FRQQDvWUH�OD�SRVLWLRQ�GH�WRXV�OHV�SRLQWV�GH� e �/HV�pTXDWLRQV�pQHUJpWLTXHV�GH�GpIRUPDWLRQ�SHXYHQW�rWUH�DSSOLTXpHV�DX[�Q±XGV�� LO�HQ�UpVXOWHXQ� V\VWqPH�GRQW� OD� UpVROXWLRQ� IRXUQLH� OHV�GpSODFHPHQWV�GHV�Q±XGV��2Q�XWLOLVH�SRXU� FHOD� OHSULQFLSH�GHV�WUDYDX[�YLUWXHOV�G·$OHPEHUW�TXL�SRVWXOH�OD�FRQVHUYDWLRQ�GH�O·pQHUJLH��&H�TXL�QRXVGRQQH��GDQV�XQ�FDGUH�G\QDPLTXH� �OD�PpWKRGH�GHV�pOpPHQWV� ILQLV�SHXW� V·DSSOLTXHU� j�G·DXWUHFDV���O·pTXDWLRQ�G·pYROXWLRQ�FODVVLTXH��

fKxxCxM =++ &&& �GpMj� YXH� DX� SDUDJUDSKH� SUpFpGHQW�� 'HX[� FKRL[� VRQW� SRVVLEOHV��� WURXYHU� OD� VROXWLRQ� GLUHFWH�LPSOLFLWH�� j� SDUWLU� GX� V\VWqPH� RX� GLVFUpWLVHU� O·pTXDWLRQ� GDQV� OH� WHPSV� �XWLOLVHU� XQ� VFKpPDH[SOLFLWH�� W\SH� (XOHU� RX�1HZWRQ�&RWHV���0rPH� HQ� DGPHWWDQW� TXH� O·DPRUWLVVHPHQW� GpSHQG
OLQpDLUHPHQW�GHV�PDVVHV�GHV�Q±XGV��F·HVW�j�GLUH�TXH�OD�PDWULFH� MC k= ���OD�SUHPLqUH�VROXWLRQ
UHVWH� ORXUGH� �LO� IDXW� WRXMRXUV� LQYHUVHU� OD�PDWULFH� K ���*pQpUDOHPHQW� RQ� XWLOLVH� OD� GHX[LqPHVROXWLRQ�TXL��ELHQ�TXH�PRLQV�VWDEOH��UHVWH�VLPSOH�j�PHWWUH�HQ�±XYUH�
/HV�DXWHXUV�GH��*RXUUHW�HW�DO���������XWLOLVHQW�FHWWH�PpWKRGH�GDQV�OH�FDGUH�GH�O·LQIRJUDSKLH��$XGpSDUW�LO�V·DJLW�GH�PRGpOLVHU�XQH�PDLQ�TXL�VHUUH�XQH�EDOOH�pODVWLTXH�/·XQH�GHV�LGpHV�SULQFLSDOHV�HVW�GH�QH�FRQVLGpUHU�TXH�OHV�FRQWDFWV�SURORQJpV�HQWUH�OHV�REMHWV���OHV\VWqPH�HVW�j� O·pTXLOLEUH�j� WRXW� LQVWDQW�� O·pYROXWLRQ�GHYLHQW�TXDVL�VWDWLTXH��2Q�XWLOLVH�GRQF� OHSULQFLSH�GHV�WUDYDX[�YLUWXHOV�G·$OHPEHUW��OH�WUDYDLO�GHV�IRUFHV�H[WHUQHV�DSSOLTXpHV�j�O·REMHW�GRLWrWUH�pJDO�DX�WUDYDLO�GHV�IRUFHV�LQWHUQHV���2Q�GpFRPSRVH�OHV�IRUFHV�H[WHUQHV�HQ�WURLV�JURXSHV��OHV�IRUFHV�JOREDOHV��FKDPSV�GH�IRUFHV��JUDYLWp���OHV�IRUFHV�GH�VXUIDFHV��SUHVVLRQ���HW�OHV�IRUFHVORFDOHV� �FROOLVLRQ�� LQWHUDFWLRQ� ORFDOH��� 2Q� Up�H[SULPH� GRQF� O·pJDOLWp� GXH� DX� WKpRUqPH� GHVWUDYDX[�YLUWXHOV��

erneslocalessurfaceglobal WWWW int=++ �����
,O�Q·\� D�SDV�GH�G\QDPLTXH��3RXU�PRGpOLVHU� XQH� ORL� G·pODVWLFLWp� OLQpDLUH�� RQ�QH�GRLW� UpVRXGUHTXH��

fKx =d � �����
R��K �HVW�OD�PDWULFH�GH�UDLGHXU�� dx �OH�YHFWHXU�GHV�GpSODFHPHQWV�SDU�UDSSRUW�j�O·pWDW�LQLWLDO��HW
f � OH�YHFWHXU�GHV� IRUFHV� DSSOLTXpHV� j� O·REMHW��2Q� UHFRQQDvW� LFL� O·pTXDWLRQ�G·XQ� UHVVRUW��'DQV
�*RXUUHW� HW� DO��� ������� OHV� pOpPHQWV� e � FRPSRUWDQW�KXLW� Q±XGV�� dx � HVW� XQ� YHFWHXU� GH� WDLOOH

83 ⋅n ��R��n HVW�OH�QRPEUH�G·pOpPHQWV�3RXU�PRGpOLVHU�OD�PDLQ��RQ�XWLOLVH�VRQ�VTXHOHWWH�SRXU�JXLGHU�O·RSpUDWLRQ���FKDTXH�LQVWDQW��RQGpWHUPLQH�OHV�QRXYHOOHV�SRVLWLRQV�GH�OD�PDLQ��SRVLWLRQV�FRQQXHV���/HV�SRLQWV�GH�OD�EDOOH�VHUUpHHQ�FRQWDFW�DYHF�OD�PDLQ�RQW�GRQF�GHV�SRVLWLRQV�FRQQXHV���SDUWLU�GH�O·pTXDWLRQ�FL�GHVVXV��OHVSRVLWLRQV�GHV�SRLQWV�GH�OD�EDOOH�TXL�QH�VRQW�SDV�HQ�FRQWDFW�DYHF�OD�EDOOH�VHURQW�FDOFXOpHV��&·HVW
SRXUTXRL�RQ�YD�SDUWLWLRQQHU�OH�YHFWHXU� dx �HQ�GHX[��OHV�GpSODFHPHQWV�FRQQXV�HW�FHX[�TXH�O·RQ
FKHUFKH��'DQV��%DLQYLOOH���������O·DOJRULWKPH�G·pYROXWLRQ�PLQLPLVH�O·pQHUJLH�pODVWLTXH��HQ�PDLQWHQDQW�jFKDTXH�LQVWDQW�OH�V\VWqPH�GDQV�XQ�PLQLPXP�ORFDO�j�O·LQWpULHXU�GH�O·HVSDFH�QRQ�FRQWUDLQW��(Q�FRQWUHSDUWLH�GH� VRQ� UpDOLVPH�� OD�PpWKRGH�GHV�pOpPHQWV� ILQLV� HVW� FRQQXH�SRXU�QpFHVVLWHUXQH� JUDQGH� SXLVVDQFH� GH� FDOFXO� �ELHQ� TXH� GHV� VLPSOLILFDWLRQV� VRLHQW� SUpYXHV� GDQV� FHWWH



/HV�PRGqOHV�GpIRUPDEOHV ��

PpWKRGH���/D�PDWULFH�GH�UDLGHXU�QRXV�REOLJH�j�QH�FRQVLGpUHU�TX·XQ�VHXO�REMHW�FRQQH[H�VDQVFKDQJHPHQW� GH� WRSRORJLH�� 'H� SOXV� RQ� QH� SHXW� FDOFXOHU� OD� PDWULFH� GH� UDLGHXU� TXH� ORUVTXHFHUWDLQV�SRLQWV�VRQW�IL[HV�1RXV�YHUURQV�TXH��&KHQ��������XWLOLVH�DXVVL�OD�PpWKRGH�GHV�pOpPHQWV�ILQLV�SRXU�PRGpOLVHU�OHVPXVFOHV�'DQV��&RWLQ�HW�DO�������� OHV�REMHWV� VRQW�GLVFUpWLVpV�HQ� WpWUDqGUHV�VXU� OHVTXHOV�RQ�DSSOLTXH� ODPpWKRGH�GHV�pOpPHQWV�ILQLV��&HWWH�PpWKRGH�HVW�LFL�DSSOLTXpH�j�OD�GpIRUPDWLRQ�GX�IRLH�SDU�XQLQVWUXPHQW�FKLUXUJLFDO�/j�HQFRUH�OH�FRPSRUWHPHQW�GH�O·REMHW�GpSHQG�IRUWHPHQW�GH�VD�GLVFUpWLVDWLRQ��/H�SUREOqPH�HVWDORUV�GH�WURXYHU�XQ�FRPSURPLV�SRXU�REWHQLU�XQH�GLVFUpWLVDWLRQ�HIILFDFH�PDLV�UpDOLVWH�
������$VVHPEODJH�G·pOpPHQWV
/·DVVHPEODJH�G·pOpPHQWV�FRQVLVWH�j�XWLOLVHU�XQ�HQVHPEOH�G·pOpPHQWV�D\DQW�GHV�FDUDFWpULVWLTXHVSURSUHV�� 2Q� DVVHPEOH� FHV� pOpPHQWV� SRXU� IRUPHU� XQ� REMHW�� /·pYROXWLRQ� GH� O·REMHW� Q·HVWFRQVLGpUpH�TXH�SDU�O·LQWHUPpGLDLUH�GHV�pOpPHQWV�OH�FRPSRVDQW��2Q�Q·XWLOLVHUD�SDV�OH�WHUPH�GHSDUWLFXOHV�SRXU�pYLWHU�WRXWH�FRQIXVLRQ��RQ�UpVHUYH�FH�WHUPH�SRXU�OHV�PRGqOHV�VSpFLILTXHV�GHV\VWqPHV�GH�SDUWLFXOHV��3RXU�FHV�PpWKRGHV��FKDTXH�pOpPHQW�SRVVqGH�GHV�FDUDFWpULVWLTXHV�LQGLYLGXHOOHV��FH�TXL�SHUPHW�FRQWUDLUHPHQW�DX[�DSSURFKHV�GH�GLVFUpWLVDWLRQ��GH�PRGpOLVHU�GHV�REMHWV�QRQ�KRPRJqQHV���FKDTXH�LWpUDWLRQ�GH�OD�VLPXODWLRQ�O·DOJRULWKPH�FDOFXOH�OD�VRPPH�GHV�IRUFHV�DSSOLTXpHV�j�FKDTXHpOpPHQW�3RXU�PRGpOLVHU�GHV�FRPSRUWHPHQWV�pODVWLTXHV�RQ�XWLOLVH�VRLW�GHV�UHODWLRQV�pODVWLTXHV�OLQpDLUHVHQWUH� OHV� pOpPHQWV� �RQ� UHOLH� OHV� pOpPHQWV� SDU� GHV� UHVVRUWV��� VRLW� GHV� ORLV� GH� FRPSRUWHPHQW�LQWHUDFWLRQ� HQWUH� pOpPHQWV� ORUVTX·LOV� VRQW� VXIILVDPPHQW� SURFKHV��� 8QH� FRPSRVDQWH� GHYLVFRVLWp�SHXW�FRPSOpWHU�FHV�OLDLVRQV�/·DYDQWDJH�GH�FHV�PRGqOHV�SURYLHQW�GH�OD�VLPSOLFLWp�GH�OD�PLVH�HQ�±XYUH��DXVVL�ELHQ�SRXU�OHVORLV�G·pYROXWLRQ�TXH�SRXU�O·DIILFKDJH�j�O·DLGH�G·XQH�FDUWH�JUDSKLTXH�VWDQGDUG���'H�QRPEUHXVHVpWXGHV� RQW� pWp� PHQpHV� VXU� FHV� PRGqOHV� DILQ� G·HQ� DPpOLRUHU� OHV� SRVVLELOLWpV� �FROOLVLRQ�FKDQJHPHQW�GH�WRSRORJLH��2Q� SHXW� HQ� GLVWLQJXHU� WURLV� IRUPHV� SULQFLSDOHV��� OHV� UpVHDX[� H[SOLFLWHV�� OHV� V\VWqPHV� GHSDUWLFXOHV��HW�OHV�VXUIDFHV�LPSOLFLWHV�
D�� 5pVHDX[�H[SOLFLWHV
'DQV�OHV�UpVHDX[�H[SOLFLWHV�FKDFXQ�GHV�pOpPHQWV�FRQQDvW�VRQ�YRLVLQDJH�H[SOLFLWHPHQW��&HOXL�FLSHXW� YDULHU� DX� FRXUV� GX� WHPSV� VL� OHV� IUDFWXUHV� RX� OHV� GpFKLUXUHV� VRQW� PRGpOLVpHV�� 'HQRPEUHXVHV�DSSURFKHV�RQW�GpMj�pWp�SURSRVpHV��&·HVW�FHUWDLQHPHQW�OD�PpWKRGH�OD�SOXV�LQWXLWLYHSRXU�IRUPHU�XQ�REMHW�j�SDUWLU�G·pOpPHQWV��2Q�FRQIRQG�VRXYHQW�FHV�PRGqOHV�DYHF�OH�PRGqOHFODVVLTXH�©�PDVVH�UHVVRUW�ª�GXTXHO�LOV�VRQW�LVVXV��2Q�QH�SUpVHQWHUD�LFL�TXH�TXHOTXHV�UpIpUHQFHVVLJQLILFDWLYHV�/H�PRGqOH�GpYHORSSp�GDQV�OD�SUpVHQWH�WKqVH�DSSDUWLHQW�j�FHWWH�FDWpJRULH�
0RGqOH�GH�0LOOHU��0LOOHU�������
/H�EXW�HVW� LFL�GH� VLPXOHU� OH�PRXYHPHQW�GH�YHUV� HW� GH� VHUSHQWV��&·HVW� GRQF�XQ�PRGqOH� WUqVVLPSOH�R��O·DQLPDO�HVW�GLVFUpWLVp�HQ�VHJPHQW���FKDTXH�VHJPHQW�RQ�DVVRFLH�XQ�SRLQW�PDWpULHO�'HV�UHVVRUWV�UHOLHQW�OHV�FXEHV�GDQV�O·D[H�GH�O·DQLPDO�HW�j�WUDYHUV�OHV�GLDJRQDOHV�GH�FKDTXH�IDFH�
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8QH�FRPSRVDQWH�G·DPRUWLVVHPHQW�IRQFWLRQ�GH�OD�YLWHVVH�HVW�DMRXWpH�DX[�UHVVRUWV��2Q�DMRXWHGHV�IRUFHV�H[WHUQHV�FRPPH�OD�JUDYLWp��/HV�FROOLVLRQV�DYHF�OH�VRO�VRQW�SULVHV�HQ�FRPSWH�2Q�XWLOLVH�OH�VFKpPD�G·LQWpJUDWLRQ�G·(XOHU�SRXU�FDOFXOHU�O·pYROXWLRQ�HQ�FRQWUDFWDQW�OHV�UHVVRUWVGH�PDQLqUH�F\FOLTXH�
&25',6�$1,0$��OH�PRGqOH�GH�O·$&52(��/XFLDQL�HW�&DGR]�������
'DQV�OH�PRGqOH�LQLWLDO�GH�O·$&52(��XQ�REMHW�HVW�FRQVWLWXp�GH�SRLQWV�PDWpULHOV�UHOLpV�HQWUH�HX[HW�GH�SRLQWV�JpRPpWULTXHV��GpGXLWV�j�SDUWLU�GH�OD�SRVLWLRQ�GHV�SUHPLHUV�HW�UHOLpV�j�HX[�SDU�GHVOLDLVRQV�LQGpIRUPDEOHV��DUWLFXODLUHV�RX�SODVWLTXHV���/HV�SRLQWV�JpRPpWULTXHV�VRQW�SDVVLIV��,OV�VHFRPSRUWHQW�FRPPH�GHV�SRLQWV�GH�PDVVH�QXOOH�(Q� ������ �-LPHQH]�� ������ JpQpUDOLVH� FH� PRGqOH� HQ� LQWURGXLVDQW� OD� PRGpOLVDWLRQ� SDUDJJORPpUDW��/HV�pOpPHQWV�FRQVWLWXDQWV��DSSHOpV� LFL� OHV�ELOOHV��GHYLHQQHQW�GHV�SRLQWV�PDWpULHOVHQWRXUpV�G·XQH�]RQH�LPSpQpWUDEOH��8Q�REMHW�HVW�PRGpOLVp�SDU�FRXFKH�GH�ELOOHV�GH�SOXV�HQ�SOXVILQH�GH�O·LQWpULHXU�YHUV�O·H[WpULHXU��/HV�GLIIpUHQWHV�FRXFKHV�VRQW��
•  OH�QR\DX��JURVVHV�ELOOHV�SHX�QRPEUHXVHV�VLPXODQW�XQ�FRPSRUWDQW�SOXW{W�ULJLGH��
•  OH� GHUPH� �ELOOHV� DWWLUpHV� SDU� OH� QR\DX� PDLV� VH� UHSRXVVDQW� OHV� XQHV� GHV� DXWUHV�� HOOHV� VHUpSDUWLVVHQW�XQLIRUPpPHQW�DXWRXU�GX�QR\DX�PRGpOLVDQW�OD�PDWLqUH�WUqV�GpIRUPDEOH��
•  O·pSLGHUPH��ELOOHV�OHV�SOXV�SHWLWHV�DVVXUDQW�OD�FRKpUHQFH�GH�O·HQVHPEOH�SDU�GHV�LQWHUDFWLRQVGH�WHQVLRQ�GH�VXUIDFH��HOOHV�VHXOHV�VRQW�XWLOLVpHV�SRXU�O·LQWHUDFWLRQ�HQWUH�REMHWV��/·LPSOpPHQWDWLRQ� GH� FH� PRGqOH� HVW� WUqV� VLPSOH� �HW� D� G·DLOOHXUV� pWp� SURJUDPPpH� VXU� XQHPDFKLQH� YHFWRULHOOH�� SXLVTXH� OHV� pOpPHQWV� LQGLYLGXHOV� VRQW�PLQLPDOV� HW� pYROXHQW� JUkFH� j� ODGLVFUpWLVDWLRQ�GHV�ORLV�GH�OD�G\QDPLTXH��2Q�SHXW�IDLUH�OH�SDUDOOqOH�DYHF��7HU]RSRXORV�HW�:LWNLQ�������FDU�LFL�DXVVL��O·REMHW�HVW�GLVVRFLp�HQ�XQH�SDUWLH�SOXV�ULJLGH�HW�XQH�DXWUH�SOXV�VRXPLVH�DX[GpIRUPDWLRQV�pODVWLTXHV�/H�SUREOqPH�SRVp�SDU� FH�JHQUH�GH�PRGqOH�YLHQW�GX�QRPEUH�GH�SDUWLFXOHV�QpFHVVDLUHV�SRXUPRGpOLVHU�XQH�IRUPH�JpRPpWULTXH�H[DFWH�
5RERW�Φ ��-RXNKDGDU�������
�-RXNKDGDU��������D�FRPPH�REMHFWLI�OD�PRGpOLVDWLRQ�G·XQ�URERW�HW�GH�VRQ�HQYLURQQHPHQW�DILQG·DPpOLRUHU� OH�FRQWU{OH�GH� OD�FRPPDQGH�GX�URERW��/HV�pOpPHQWV� LQGLYLGXHOV�VRQW�GHV�SRLQWVPDWpULHOV� UHOLpV� SDU� GHV� UHVVRUWV� �UHVVRUWV� OLQpDLUHV� HQWUH� GHX[� SRLQWV� GH� PDVVH�� UHVVRUWVDQJXODLUHV� GH� WRUVLRQ� HQWUH� WURLV� SRLQWV� GH� PDVVH� HW� UHVVRUWV� DQJXODLUHV� GH� MRLQWXUHV� HQWUHTXDWUH�SRLQWV�GH�PDVVH���/HV�SRLQWV�GH�PDVVH�GLVFUpWLVHQW�GH�PDQLqUH�YROXPLTXH�OHV�REMHWV��OHGpFRXSDJH� WpWUDpGULTXH� SHUPHW� GH� UHVSHFWHU� DX� PLHX[� OD� PDWULFH� G·LQHUWLH� GHV� REMHWV� �ODVLPXODWLRQ�HVW�SOXV�MXVWH���'HV�SDUDPqWUHV�SHUPHWWHQW�GH�FRQWU{OHU�OD�GLVFUpWLVDWLRQ�GHV�ORLV�GH
OD�G\QDPLTXH��LGHQWLTXH�j� OD�PpWKRGH�GH�1HZWRQ�&RWHV��PDLV� OHV�FRHIILFLHQWV� 5,0 �HQWUH� OHV
YLWHVVHV�VRQW�FRQWU{OpV�SDU�O·XWLOLVDWHXU�TXL�SHXW� OHV�IDLUH�YDULHU���'H�SOXV�RQ�XWLOLVH�XQ�WHUPHVXSSOpPHQWDLUH�GH�OD�VpULH�GH�7D\ORU�
$XWUHV�PRGqOHV
,O�H[LVWH�GH�QRPEUHX[�DXWUHV�PRGqOHV�HQWUDQW�GDQV�FHWWH�FDWpJRULH��2Q�SHXW�FLWHU� OH�PRGqOH26($��*DVFXHO��������TXL�HVW�FRPSRVp�G·XQ�QR\DX�ULJLGH�HW�G·XQH�PHPEUDQH�UHOLpH�DX�QR\DXj�O·DLGH�GH�UHVVRUWV�j�D[HV�IL[HV��/D�GpIRUPDWLRQ�HVW�SURSDJpH�G·XQ�UHVVRUW�j�VHV�YRLVLQV�JUkFH�jXQH�FRPELQDLVRQ� OLQpDLUH�GH�GHX[�SURSULpWpV� H[WUrPHV��� GpIRUPDWLRQ� j� VXUIDFH� FRQVWDQWH� HW
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GpIRUPDWLRQ�j�YROXPH�FRQVWDQW��/HV�pOpPHQWV�GH�OD�VXUIDFH�QH�VRQW�SDV�UHOLpV�HQWUH�HX[�SDUGHV�UHVVRUWV��/HV�FROOLVLRQV�VRQW�WUDLWpHV�SOXV�DLVpPHQW��2Q�LQWqJUH�OHV�ORLV�GH�OD�G\QDPLTXH�
E�� 6\VWqPH�GH�SDUWLFXOHV
'DQV�XQ� V\VWqPH�GH�SDUWLFXOHV�� FKDTXH�pOpPHQW� �DSSHOp� LFL� ©�SDUWLFXOH�ª�� QH� FRQQDvW� SDV� VHVYRLVLQV��/HV�V\VWqPHV�GH�SDUWLFXOHV�IXUHQW�GpYHORSSpV�LQLWLDOHPHQW�SRXU�PRGpOLVHU�GH�O·KHUEHRX� GHV� H[SORVLRQV� �5HHYHV�� ������� �6]HOLVNL� HW� 7RQQHVHQ�� ������ pWHQGHQW� OH� V\VWqPH� HQRULHQWDQW� OHV�SDUWLFXOHV�HW�HQ�DMRXWDQW�GHV� LQWHUDFWLRQV�HQWUH�GHX[�SDUWLFXOHV� ORUVTXH�FHOOHV�FLVRQW�DVVH]�SURFKHV�O·XQH�GH�O·DXWUH��SRXU�SOXV�GH�GpWDLO�YRLU��6]HOLVNL�HW�7RQQHVHQ����������/HVLQWHUDFWLRQV�VXLYHQW�XQH�ORL�G·DWWUDFWLRQ�UpSXOVLRQ�GH�W\SH�/HQQDUG�-RQHV��/RPEDUGR�� ������ D� GpYHORSSp� XQH� ORL� GX� PrPH� W\SH� PDLV� SOXV� UREXVWH� HQ� WHUPHG·RVFLOODWLRQ�� 'H� SOXV� LO� DMRXWH� G·DXWUHV� ORLV� G·LQWHUDFWLRQ� SHUPHWWDQW� DX[� SDUWLFXOHV� GHPpPRULVHU� OD� IRUPH� ORFDOH� GH� O·REMHW� TX·HOOHV� UHSUpVHQWHQW�� /H� FRPSRUWHPHQW� pODVWLTXH� HVWGRQF� PRGpOLVp�� (Q� XWLOLVDQW� FH� IRUPDOLVPH� LO� D� DXVVL� GpYHORSSp� XQH� PpWKRGH� VHPL�DXWRPDWLTXH�GH�GLVFUpWLVDWLRQ�G·REMHW�j�SDUWLU�G·XQ�FKDPS�GH�SRWHQWLHO�
F�� 6XUIDFHV�LPSOLFLWHV
2Q�WURXYHUD�GDQV��*DVFXHO����������'HVEUXQ�HW�*DVFXHO��������HW��*DVFXHO�HW�'HVEUXQ�������OHV�GpYHORSSHPHQWV�HVVHQWLHOV�GHV�VXUIDFHV� LPSOLFLWHV��/·REMHW�Q·HVW�SOXV�GpILQL��FRPPH�GDQVOHV�GHX[�FDV�SUpFpGHQWV��SDU�XQ�HQVHPEOH�G·pOpPHQWV�j�VD�VXUIDFH�RX�GDQV�VRQ�YROXPH��PDLVFRPPH� O·XQLRQ� GH� FRPSRVDQWV� VROLGHV� �GpILQLVVDQW� OH� VTXHOHWWH�� HW� G·XQH� SDUWLH� GpIRUPDEOHGpILQLH� LPSOLFLWHPHQW� SDU� XQH� pTXDWLRQ� DWWDFKpH� DX[� FRPSRVDQWV� GX� VTXHOHWWH�� &KDTXHVTXHOHWWH�HVW�PXQL�G·XQH�IRQFWLRQ�GH�SRWHQWLHO�TXL�GpFURvW�SOXV�RQ�V·pORLJQH�GX�VTXHOHWWH��/DVXUIDFH�HVW�GpILQLH�SDU�OD�YDOHXU���GH�OD�IRQFWLRQ�GH�SRWHQWLHO��RQ�SHXW�FRQVLGpUHU�FH�PRGqOHFRPPH�XQH�JpQpUDOLVDWLRQ�FRQWLQXH�GX�PRGqOH�26($���/·pODVWLFLWp�GHV�REMHWV�V·H[SULPH�JUkFHDX� JUDGLHQW� GH� OD� IRQFWLRQ� GH� SRWHQWLHO� �RQ� XWLOLVH� OH� SRWHQWLHO� GH� GpIRUPDWLRQ� QRUPDO� j� ODVXUIDFH��8Q�FHUWDLQ�QRPEUH�GH�SUREOqPHV�RQW�pWp�UpVROXV��
•  &ROOLVLRQV� HQWUH� GHX[� VXUIDFHV� LPSOLFLWHV��� XQH� ]RQH� GH� FRQWDFW� HQWUH� GHX[� REMHWV� HVWGpILQLH� SDU� O·LQWHUVHFWLRQ� GH� OHXUV� GHX[� SDUWLHV� LPSOLFLWHV� FH� TXL� UHQG� OH� WUDLWHPHQWEHDXFRXS� SOXV� IDFLOH� j� H[SULPHU� �OD� VXUIDFH� GH� FRQWDFW� HVW� GpILQLH� GH� PDQLqUHPDWKpPDWLTXHPHQW�H[DFWH���/H�WUDLWHPHQW�G·XQH�FROOLVLRQ�HQWUH�GHX[�REMHWV�QpFHVVLWH�GHQH�GLVFUpWLVHU�TX·XQ�VHXO�GHV�GHX[�REMHWV�
•  &KDQJHPHQWV�GH� WRSRORJLH��� OD�GLVFUpWLVDWLRQ�G·XQH�VXUIDFH� LPSOLFLWH�SHXW�rWUH�RSWLPLVpHJUkFH� j� XQH� WHFKQLTXH� G·pFKDQWLOORQQDJH� DGDSWDWLYH� SDU� JUDLQHV� �'HVEUXQ� HW� *DVFXHO�������
•  0pODQJH�LQGpVLUDEOH�GH�VXUIDFHV�LPSOLFLWHV�UHSUpVHQWDQW�GHX[�SDUWLHV�GLVWLQFWHV�G·XQ�PrPHREMHW� �H[HPSOH��� OH� EUDV� HW� OD� MDPEH� G·XQ� SHUVRQQDJH��� 2Q� HPSORLH� LFL� XQ� JUDSKH� GHPpODQJH�LQGLTXDQW�j�FKDTXH�VTXHOHWWH�OD�OLVWH�GHV�VTXHOHWWHV�SRXYDQW�VH�PpODQJHU�DYHF�OXL�
•  'pIRUPDWLRQ�GH�IOXLGHV�j�YROXPH�TXDVL�FRQVWDQW���FKDTXH�VTXHOHWWH�FRQWU{OH� OD�YDULDWLRQORFDOH� GH� VRQ� YROXPH� HW�PRGLILH� VD� IRQFWLRQ� GH� SRWHQWLHO� HQ� FRQVpTXHQFH� �*DVFXHO� HW'HVEUXQ��������/HV�VXUIDFHV�LPSOLFLWHV�VRQW�VXUWRXW�DGDSWpHV�SRXU�OD�PRGpOLVDWLRQ�GH�IOXLGH��OD�VpSDUDWLRQ�HQSOXVLHXUV�SDUWLHV�HVW�EHDXFRXS�SOXV�VLPSOH�j�WUDLWHU���/D�VWUXFWXUH�HQ�FRXFKHV��XQH�SDUWLH�ULJLGH�GH�W\SH�QR\DX�RX�VTXHOHWWH�HW�XQH�SDUWLH�GpIRUPDEOH�UDWWDFKpH��SHUPHW�GH�FRQVWUXLUH�DLVpPHQW



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

GHV� KDELOODJHV� G·REMHWV�� /D� GLVFUpWLVDWLRQ� DGDSWDWLYH� DXWRULVH� XQH� JHVWLRQ� VLPSOH� GHVFKDQJHPHQWV�GH�WRSRORJLH�
������&RQFOXVLRQ
1RXV�DYRQV�H[DPLQp�GLIIpUHQWHV�PpWKRGHV�SXEOLpHV�GDQV�OD�OLWWpUDWXUH�VRXV�O·DQJOH�GH�TXDWUHFULWqUHV���SULQFLSH�GH� OD� ORL� G·pYROXWLRQ�� VWRFNDJH� HW�PDQLSXODWLRQ�GH� OD� IRUPH��RSpUDWHXU�GHGLIIpUHQFH� HQWUH� O·REMHW� DX� UHSRV� HW� O·REMHW� GpIRUPp��1RXV� UpVXPRQV� GDQV� OH� 7DEOHDX� �� OHFODVVHPHQW�TXH�QRXV�DYRQV�IDLW�SOXV�KDXW�/·DYDQWDJH� GHV� PRGqOHV� GLVFUpWLVpV� HVW� TX·LOV� VRQW� FRQQXV� HW� XWLOLVpV� GHSXLV� ORQJWHPSV� HQPpFDQLTXH�HW�HQ�LQJpQLHULH��/·LQFRQYpQLHQW�SURYLHQW�VRLW�GX�WHPSV�GH�FDOFXO�SURKLELWLI��GRXEOHGLVFUpWLVDWLRQ�VSDWLDOH�HW�WHPSRUHOOH�GDQV�OH�FDV�GHV�GLIIpUHQFHV�ILQLHV��FDOFXO�GH�OD�PDWULFH�GHUDLGHXU�GDQV�OH�FDV�GHV�pOpPHQWV�ILQLV���VRLW��HVVHQWLHOOHPHQW�GDQV�OH�FDV�GHV�pOpPHQWV�ILQLV��GXFDOFXO�VpSDUp�GX�PRXYHPHQW�HW�GH�OD�GpIRUPDWLRQ��RQ�DGRSWH�DORUV�O·K\SRWKqVH�GH�V\VWqPHVTXDVL�VWDWLTXHV��/·DYDQWDJH�GHV�PRGqOHV�G·DVVHPEODJH�HVW�O·XWLOLVDWLRQ�G·pOpPHQWV�LQGLYLGXHOV��(OOH�SHUPHW�j�GHVGHJUpV� GLYHUV� GH� SUHQGUH� HQ� FRPSWH� GHV� FRPSRUWHPHQWV� QRQ� KpWpURJqQH� GHV� REMHWV�� GHVFKDQJHPHQWV� GH� WRSRORJLHV�� HW� GH� VLPSOLILHU� OHV� WUDLWHPHQWV� WHOV� TXH� OHV� FROOLVLRQV��'·DXWUHVSDUW�OD�PLVH�HQ�±XYUH�HVW�DVVH]�VLPSOH��/·LQFRQYpQLHQW�HVW�OH�QRPEUH�G·pOpPHQWV�j�JpUHU�SRXUXQH�VLPXODWLRQ�GRQQpH�7RXV�FHV�PRGqOHV�VRQW�IRQGDPHQWDOHPHQW�FRQIURQWpV�DX[�PrPHV�SUREOqPHV�GXV�j�OD�JHVWLRQGLVFUqWH�GHV�REMHWV��QRWDPPHQW��
•  OD�PRGpOLVDWLRQ�GH�OD�IRUPH�pWDQW�DSSUR[LPpH��LO�IDXW�WURXYHU�OH�PHLOOHXU�FRPSURPLV�HQWUHQRPEUH�G·pOpPHQWV�HW�H[DFWLWXGH�GH�OD�UHSUpVHQWDWLRQ�
•  /·REMHW�PRGpOLVp�pWDQW�DSSUR[LPp�� VHV�SURSULpWpV� OH� VRQW� DXVVL�� ,O� IDXW�GRQF� WURXYHU�GHVYDOHXUV�GH�SDUDPqWUHV�SHUPHWWDQW�G·REWHQLU�OH�PrPH�FRPSRUWHPHQW�TXH�O·REMHW�UpHO�
5HPDUTXRQV� TXH� OH� FRPSRUWHPHQW� GH� O·REMHW� HVW� GLUHFWHPHQW� OLp� j� VD� GLVFUpWLVDWLRQ� �HW� FHTXHOOH� TXH� VRLW� O·DSSURFKH� XWLOLVpH��� 'DQV� QRWUH� FDV�� QRXV� XWLOLVHURQV� XQ� UpVHDX� GH� PDVVHVSRQFWXHOOHV�HW�QRXV�H[SULPHURQV�OD�IRUPH�DYHF�GHV�SDUDPqWUHV�JpRPpWULTXHV�1RXV�YHUURQV�DX�SDUDJUDSKH�����FH�TXH�SURSRVHQW�OHV�PpWKRGHV�JOREDOHV�
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0RGqOHV 3ULQFLSH�GH�ODORL�G·pYROXWLRQ 0DQLSXODWLRQGH�OD�IRUPH )RUPH�GH�UHSRV 2SpUDWHXU�GHGLIIpUHQFH
'LIIpUHQFHVILQLHV��
�7HU]RSRXORV�HWDO��������

7HQVHXU�PpWULTXH�HWGH�FRXUEXUH
�7HU]RSRXORV�HW)OHLVFKHU��������7HU]RSRXORV�HW:LWNLQ�������

)RUPXODWLRQ�GH/DJUDQJH
'LVFUpWLVDWLRQUpJXOLqUH�GLIIpUHQFHVILQLHV� ��REMHW�GH�UpIpUHQFH

'pULYpH�GHO·pQHUJLH�GHGpIRUPDWLRQ

eOpPHQWVILQLV��
�*RXUUHW�HW�DO�������

7UDYDX[YLUWXHOV
�%DLQYLOOH������� �0LQLPLVDWLRQG·pQHUJLH

'LVFUpWLVDWLRQHQ�pOpPHQWVSXLV�HQ�Q±XGV�pOpPHQWVILQLV�
3RVLWLRQ�HW�PDWULFHGH�UDLGHXU 9HFWHXUGpSODFHPHQW

5pVHDX[H[SOLFLWHV��
�0LOOHU�������

0DVVHV�UHVVRUWV /RQJXHXU�GHVUHVVRUWV /RQJXHXU�GHVUHVVRUWV
�-LPHQH]������� $JJUpJDWV
�-RXNKDGDU�������

,QWpJUDWLRQ�GHOD�ORLIRQGDPHQWDOHGH�ODG\QDPLTXH�/)'� 0DVVHV�UHVVRUWV
/LDLVRQV�GH�W\SHUHVVRUWV�OLQpDLUHV 5HVVRUWVLQGLYLGXHOV

6\VWqPH�GHSDUWLFXOHV��
�/RPEDUGR�������

,QWpJUDWLRQ�GHVIRUFHVG·DWWUDFWLRQV
3DUWLFXOHV��VXUIDFHVLPSOLFLWHV

/RLV�GH�W\SHLQWHUDFWLRQV���W\SDJH�
)RUFHVG·DWWUDFWLRQ�IRQFWLRQ�GH��ODGLVWDQFH�

6XUIDFHVLPSOLFLWHV��
�*DVFXHO�HW'HVEUXQ�������

,QWpJUDWLRQ�GHOD�/)'�HW�GHVORLV�GHGpIRUPDWLRQ
6TXHOHWWH�HWIRQFWLRQ�GHSRWHQWLHO

)RQFWLRQ�GHSRWHQWLHO�LQLWLDO
'LIIpUHQFH�GXJUDGLHQW�GXH�DXSRWHQWLHO

7DEOHDX����/HV�DSSURFKHV�QRGDOHV�&ODVVHPHQW�GHV�PpWKRGHV� VHORQ� OHV� FULWqUHV�� /H� SULQFLSH� GH� OD� ORLG·pYROXWLRQ�H[SULPH�OD�IRUPXODWLRQ�FKRLVLH�SRXU�OD�ORL�G·pYROXWLRQ�/H� FULWqUH� GH� PDQLSXODWLRQ� GH� OD� IRUPH� H[SULPH� FRPPHQW� HVWPDQLSXOp� O·REMHW� �OD� SOXSDUW� GX� WHPSV� VD� VXUIDFH��� /H� FULWqUH� GHIRUPH�DX�UHSRV�GpFULW�FRPPHQW�HVW�VWRFNpH�OD�IRUPH�GH�O·REMHW�DXUHSRV��FULWqUH�VRXYHQW�XWLOLVp�DXVVL�GDQV� O·RSpUDWHXU�GH�GLIIpUHQFH��/·RSpUDWHXU� GH� GLIIpUHQFH� H[SOLTXH� FRPPHQW� HVW� FDOFXOpH� ODGLIIpUHQFH�HQWUH�O·REMHW�DX�UHSRV�HW�O·REMHW�GpIRUPp�
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��� $SSURFKHV�JOREDOHV
3RXU� UpGXLUH� OHV� FR�WV� FDOFXODWRLUHV� GHV� DSSURFKHV� QRGDOHV�� GHV� DSSURFKHV� JOREDOHV� RQW� pWpGpYHORSSpHV��'HX[�PpWKRGHV�VRQW�JpQpUDOHPHQW�XWLOLVpHV���OD�SUHPLqUH�PDQLSXOH�VHXOHPHQW�OHVGpIRUPDWLRQV�JOREDOHV��OD�GHX[LqPH�QH�SUHQG�HQ�FRPSWH�TXH�FHUWDLQV�PRGHV�YLEUDWRLUHV�
������'pIRUPDWLRQV�JOREDOHV
,O� H[LVWH� G·DXWUHV� PRGqOHV� GH� GpIRUPDWLRQV� JOREDOHV� SOXV� JpQpUDOHV� HW� QH� V·DSSOLTXDQW� SDVIRUFpPHQW� DX[�PRGqOHV� SK\VLTXHV� �YRLU� QRWDPPHQW� �6HGHUEHUJ� HW� 3DUU\�� ������ HW� �:DWW� HW:DWW��������SRXU�OHV�GpIRUPDWLRQV�GH�IRUPHV�OLEUHV��))'���(OOHV�VRQW�XWLOLVpHV�HVVHQWLHOOHPHQWGDQV� OH� FDGUH� GH�PRGHOHXU� G·REMHWV� HW� SOXV� UpFHPPHQW� GDQV� OH� FDGUH� G·DQLPDWLRQ� G·REMHWVGpIRUPDEOHV�2Q�SHXW�DSSDUHQWHU� OD�VROXWLRQ�GH��:LWNLQ�HW�:HOFK��������j�FHV�PpWKRGHV�GH�GpIRUPDWLRQJOREDOHV�� /HV� DXWHXUV� UHVWUHLJQHQW� O·HQVHPEOH� GHV� GpIRUPDWLRQV� j� GHV� WUDQVIRUPDWLRQVPDWULFLHOOHV�SDUWLFXOLqUHV��/HV�GpIRUPDWLRQV�VRQW�JOREDOHV���OHV�pOpPHQWV�FRPSRVDQW�OHV�REMHWVVRQW�SORQJpV�GDQV�O·HVSDFH�R��V·DSSOLTXHQW�OHV�GpIRUPDWLRQV��'DQV�FHW�HVSDFH��RQ�GpILQLW�XQHpQHUJLH� GH� GpIRUPDWLRQ� SHUPHWWDQW� GH� VLPXOHU� GHV� FRPSRUWHPHQWV� pODVWLTXHV� RX� GHFRPSUHVVLELOLWp��/D�IRUPXODWLRQ�GH�/DJUDQJH�HVW�XWLOLVpH��HOOH�SHUPHW�QRWDPPHQW�GH�UpVRXGUHGHV� FRQWUDLQWHV� SDU� OD� PpWKRGH� GHV� IRUFHV� GH� FRQWUDLQWHV� �YRLU� SDUDJUDSKH� ������ 'DQV� FHWDUWLFOH��O·DFFHQW�Q·HVW�SDV�PLV�VXU�OHV�SHUIRUPDQFHV�GH�VLPXODWLRQ�G·XQH�WHOOH�PRGpOLVDWLRQ��PDLVSOXW{W� VXU� OD� IDFLOLWp� G·REWHQLU� GHV� GpIRUPDWLRQV� UDWWDFKpHV� j� OD� SK\VLTXH� �OH� FRPSRUWHPHQWpODVWLTXH� Q·\� HVW� SDV� YUDLPHQW� SUpVHQWp�� HW� G·LQFOXUH� FH� IRUPDOLVPH� GDQV� GHV� UpVROXWLRQVFODVVLTXHPHQW�XWLOLVpHV�SRXU�OD�VLPXODWLRQ�SK\VLTXH��QRWDPPHQW�OD�UpVROXWLRQ�GH�FRQWUDLQWHV�HWGHV�]RQHV�LPSpQpWUDEOHV��%DUUDI�HW�:LWNLQ���������/HV�DXWHXUV�XWLOLVHQW�GHV�GpIRUPDWLRQV�DIILQHV��WUDQVODWLRQ��URWDWLRQ��pWLUHPHQW��WRUVLRQ��HW�XQHIRUPXODWLRQ�G·pQHUJLH�SRWHQWLHOOH�GH�GpIRUPDWLRQV�SRXU�SURGXLUH�GHV�IRUFHV�GH�GpIRUPDWLRQV�/D�PpWKRGH�GH� �7HU]RSRXORV� HW�0HWD[DV�� ������� EDVpH� VXU� OHV�PrPHV� SULQFLSHV�� XWLOLVH� GHVVXSHUTXDGULTXHV�TX·LOV�GpIRUPHQW�JOREDOHPHQW��PDLV�DXVVL� ORFDOHPHQW��SRXU� OD� VHJPHQWDWLRQRX�OD�UHFRQQDLVVDQFH�GH�IRUPH�/H�PRGqOH�'2*0(��YRLU��%RUUHO�HW�%HFKPDQQ��������HW��%HFKPDQQ�HW�'XEUHXLO���������HVWXQ� PRGqOH� GH� GpIRUPDWLRQ� GH� IRUPH� OLEUH� SRXYDQW� V·DSSOLTXHU� j� GHV� SRO\qGUHV�� 8QHGpIRUPDWLRQ�HVW�GpILQLH�SDU�GHV�FRQWUDLQWHV�GH�GpSODFHPHQWV��&KDTXH�FRQWUDLQWH��GpILQLH�SDUO·XWLOLVDWHXU��IRUFH�XQ�SRLQW�GH�O·HVSDFH�WULGLPHQVLRQQHO�j�XQ�GpSODFHPHQW��3DU�O·LQWHUPpGLDLUHG·XQH�IRQFWLRQ�G·H[WUXVLRQ�FKRLVLH�GDQV�XQH�ELEOLRWKqTXH��SDU�H[HPSOH�OH�SURGXLW�WHQVRULHO�GH%�VSOLQHV�GRQW� OHV�Q±XGV�SDYHQW� O·HVSDFH� HXFOLGLHQ�� XQH�PDWULFH�GH�SURMHFWLRQ� HVW� FDOFXOpH�&HWWH�PDWULFH�GH�SURMHFWLRQ�GpIRUPH�O·HVSDFH��O·REMHW�JpRPpWULTXH�FRQVLGpUp�HVW�DLQVL�GpIRUPp�/H�FDOFXO�GH� OD�PDWULFH�GH�SURMHFWLRQ�IDLW�DSSDUDvWUH�XQ� WHUPH�G·RSWLPLVDWLRQ�TXL�SHUPHW�GHGpILQLU� GHV� FRQGLWLRQV� GH� GpIRUPDWLRQ� FRPPH� O·DWWUDFWLRQ� RX� OD� UpSXOVLRQ� G·XQ� SRLQW� GHO·HVSDFH� �%RUUHO� HW�%HFKPDQQ�� ������� RX� OD� SUpVHUYDWLRQ� GX� YROXPH� �$XEHUW� HW� %HFKPDQQ�������HW��$XEHUW�HW�%HFKPDQQ��������
������'pIRUPDWLRQV�PRGDOHV
'DQV� �3HQWODQG�HW�:LOOLDPV�� ������� OHV� DXWHXUV�XWLOLVHQW� OD�PpWKRGH�GHV� pOpPHQWV� ILQLV� HW� OD
IRUPXODWLRQ�ODJUDQJLHQQH�GHV�ORLV�G·pYROXWLRQV��(Q�SRVDQW� MC k= ��RQ�SHXW�UHPDUTXHU�TXH
OHV�WURLV�PDWULFHV�M ��C �HW�K ��QRUPDOHV�GpILQLHV�SRVLWLYHV�V\PpWULTXHV��DGPHWWHQW�XQH�EDVH
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FRPPXQH�GH�GLDJRQDOLVDWLRQ��2Q�VH�VHUW�GH�FHWWH�GLDJRQDOLVDWLRQ�SRXU�REWHQLU�XQ�HQVHPEOH�GH
n3 � pTXDWLRQV� LQGpSHQGDQWHV� �VL� n � HVW� OH� QRPEUH� GH� SRLQWV� RX� GH� Q±XGV� G·pOpPHQWV� ILQLVXWLOLVpV���&KDTXH�pTXDWLRQ�LQGpSHQGDQWH�UpJXOH�XQ�PRGH�YLEUDWRLUH�SDUWLFXOLHU��3RXU�FDOFXOHUOHV�GpIRUPDWLRQV�GHV�REMHWV�HQ�UHMHWDQW�OHV�GpIRUPDWLRQV�GH�KDXWHV�IUpTXHQFHV��PRGLILDQW�SHXOD� IRUPH� JOREDOH� GH� O·REMHW��� RQ� QH� SUHQG� HQ� FRPSWH� TX·XQH� SDUWLH� GHV� pTXDWLRQV� TXH� O·RQVXSHUSRVH� OLQpDLUHPHQW�� 3RXU� FRQQDvWUH� TXHOOHV� pTXDWLRQV� FKRLVLU�� RQ� H[DPLQH� OHV� YDOHXUVSURSUHV� GH� OD� EDVH� GH� GLDJRQDOLVDWLRQ� FRUUHVSRQGDQWHV� DX[� pTXDWLRQV��� OD� YDOHXU� SURSUH� HVWSURSRUWLRQQHOOH�j�OD�IUpTXHQFH�

/HV�DYDQWDJHV�HVVHQWLHOV�GH�WHOOHV�DSSURFKHV�VRQW��
•  OD�GLPLQXWLRQ�GX�QRPEUH�GH�GHJUpV�GH�OLEHUWp�GX�V\VWqPH��OH�FRQWU{OH�GH�OD�GpIRUPDWLRQHVW�GRQF�SOXV�DLVp��
•  OD�JOREDOLVDWLRQ�GHV�FDOFXOV���OHV�SUREOqPHV�GXV�j�OD�GLVFUpWLVDWLRQ��QRWDPPHQW�GLYHUJHQFHGHV�PRGqOHV��VRQW�PRLQV�SUpGRPLQDQWV�
/HV� LQFRQYpQLHQWV�VRQW�TXH� OHV�GpIRUPDWLRQV�G·REMHWV�KpWpURJqQHV�QH� VRQW�SDV�SRVVLEOHV�� HWTXH�OHV�GpIRUPDWLRQV�ORFDOHV�VRQW�PDO�VLPXOpHV��'H�SOXV��FHV�PRGqOHV�QH�VRQW�SDV�DGDSWpV�j�ODPRGpOLVDWLRQ� SUpFLVH� G·XQ� SKpQRPqQH��� LO� IDXGUDLW� FDUDFWpULVHU� OHV� GpIRUPDWLRQV� GXSKpQRPqQH� HW� WURXYHU� OHXU� H[SUHVVLRQ� HQ� WHUPH� GH� GpIRUPDWLRQ� JOREDOH� �FH� TXL� Q·HVW� SDVWRXMRXUV�SRVVLEOH���3RXU�FHWWH�UDLVRQ�QRXV�FKRLVLURQV�GH�VXLYUH�O·DSSURFKH�QRGDOH��OH�UHVWH�GHFH�FKDSLWUH�V·DSSOLTXH�SULQFLSDOHPHQW�j�FHWWH�GHUQLqUH�
�� &RQWUDLQGUH�OHV�PRGqOHV
'X� IDLW� GH� OHXU� LPSRUWDQWH� IOH[LELOLWp� HW� GHV� SRVVLELOLWpV� QRPEUHXVHV� GH� GpIRUPDWLRQ� TX·LOVFRPSRUWHQW�� OHV�PRGqOHV�GpIRUPDEOHV�pODVWLTXHV�RQW�UDSLGHPHQW�QpFHVVLWp�OH�GpYHORSSHPHQWG·RXWLOV�HW�G·DOJRULWKPH�GH�FRQWU{OH��1RXV�FRQVLGpUHURQV�TXH�FRQWU{OHU�XQ�PRGqOH�UHYLHQW�jUHVWUHLQGUH� VRQ� GRPDLQH� GH� GpIRUPDWLRQ�� GRQF� j� DMRXWHU� GHV� FRQWUDLQWHV� DX�PRGqOH��1RXVYHUURQV�GDQV�XQ�SUHPLHU�WHPSV� OHV�FRQWUDLQWHV�QpFHVVDLUHV�j�XQ�PRGqOH��SXLV� OHV�GLIIpUHQWHVPpWKRGHV�GH�UpVROXWLRQ�GH�FHV�FRQWUDLQWHV�SURSRVpHV�GDQV�OD�OLWWpUDWXUH�
��� &RQWUDLQGUH
3DU�FRQWUDLQGUH�RQ�HQWHQG�SOXW{W�PDvWULVHU�XQ�FHUWDLQ�DVSHFW�GH�O·pYROXWLRQ�G·XQ�REMHW��&·HVW�j�GLUH� UpGXLUH� O·HVSDFH�GH� OLEHUWp�GH� O·REMHW� DILQ�GH� FRQWU{OHU� VRQ� pYROXWLRQ��2Q� V·DSHUoRLW� HQHIIHW� TX·RXWUH� OHV� SDUDPqWUHV� GH� GLVFUpWLVDWLRQ� �VSDWLDO� RX� WHPSRUHO�� HW� OHV� SDUDPqWUHV� GHGpIRUPDWLRQ��FRHIILFLHQWV�DSSOLTXpV�DX[�IRUFHV���LO�IDXW��SRXU�PRGpOLVHU�XQ�SKpQRPqQH�RX�XQV\VWqPH�SUpFLV��UpGXLUH�OH�QRPEUH�GH�GpIRUPDWLRQV�SRVVLEOHV�,O�H[LVWH�GHX[�W\SHV�GH�FRQWUDLQWHV��RQ�DSSHOOH�LFL�pOpPHQW�XQ�Q±XG�GH�GLVFUpWLVDWLRQ���
•  &RQWUDLQWHV� ORFDOHV��� OD� FRQWUDLQWH� HVW� DSSOLTXpH� VXU�XQ� HQVHPEOH� UHVWUHLQW� G·pOpPHQWV�&·HVW�OH�W\SH�GH�FRQWUDLQWH�OH�SOXV�FRXUDQW��HW�VRXYHQW�OH�SOXV�QpFHVVDLUH���2Q�SHXW�FLWHU�OHVH[HPSOHV� OHV� SOXV� FRXUDQWV��� XQ� pOpPHQW� HVW� IL[p� GDQV� O·HVSDFH�� GHX[� pOpPHQWV� GRLYHQWWRXMRXUV�rWUH�FRQIRQGXV��DXFXQ�pOpPHQW�QH�GRLW�SpQpWUHU�GDQV�XQH�UpJLRQ�SDUWLFXOLqUH�GHO·HVSDFH�� XQ� pOpPHQW� GRLW� VXLYUH� XQ� FHUWDLQ� FKHPLQ� GpILQL� SDU� O·XWLOLVDWHXU�� O·pOpPHQWPDQLSXOp� SDU� O·XWLOLVDWHXU� GRLW� VXLYUH� OHV� PRXYHPHQWV� FDSWpV� SDU� XQ� SpULSKpULTXH



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

LQWHUDFWLI��XQ�pOpPHQW�GRLW�WRXMRXUV�UHVWHU�GDQV�XQH�UpJLRQ�GH�O·HVSDFH��XQ�pOpPHQW�GRLW�VH
GpSODFHU�j�XQH�YLWHVVH� iv �GH� 0tt = �j� 1tt = �

•  &RQWUDLQWHV�JOREDOHV���GDQV�FH�FDV�XQ�HQVHPEOH� LPSRUWDQW�G·pOpPHQWV�GH� O·REMHW��YRLUHWRXV�OHV�pOpPHQWV��GRLYHQW�YpULILHU�XQH�VHXOH�FRQWUDLQWH��F·HVW�j�GLUH�XQH�FRQWUDLQWH�GpILQLHJOREDOHPHQW�VXU�FHW�HQVHPEOH���/H�FDV�OH�SOXV�LQWpUHVVDQW�HVW�OD�FRQWUDLQWH�GH�GpIRUPDWLRQj�YROXPH�FRQVWDQW��2XWUH� OD�PRGpOLVDWLRQ�G·REMHWV� LQFRPSUHVVLEOHV�� HOOH�SHUPHW�GDQV� ODSOXSDUW�GHV�FDV��G·DVVXUHU�GLUHFWHPHQW�OD�FRQVHUYDWLRQ�GH�OD�PDVVH�G·XQ�REMHW��GDQV�OH�FDVG·XQ�REMHW�KRPRJqQH�HW�GH�GHQVLWp�FRQVWDQWH���&HOD�SHXW�rWUH�XWLOH�GDQV�OHV�PRGHOHXUV�GH&RQFHSWLRQ�$VVLVWpH�SDU�2UGLQDWHXU��2Q�SHXW�FLWHU�DXVVL� OD�FRQWUDLQWH�GH�GpIRUPDWLRQ�jVXUIDFH�FRQVWDQWH��2Q�SHXW�HQJOREHU�GDQV�FH�W\SH�GH�FRQWUDLQWH�FHOOHV�TXL�V·DSSOLTXHQW�GHPDQLqUH� WHPSRUHOOH��3DU� H[HPSOH�RQ�YHXW�TX·XQ�REMHW� VXLYH� OH� FKHPLQ� ©�OH� SOXV� FRXUW�ªHQWUH�VRQ�SRLQW�GH�GpSDUW�HW�VRQ�SRLQW�G·DUULYpH��RQ�SHXW�VH�VHUYLU�GH�FH�W\SH�GH�FRQWUDLQWHGDQV� XQH� SKDVH� G·DSSUHQWLVVDJH� RX� GH� FDUDFWpULVDWLRQ� GHV� SDUDPqWUHV� HQ� IRQFWLRQ� G·XQFRPSRUWHPHQW�FLEOp��2Q�SHXW�SDUOHU�GH�IRUPXODWLRQ�IDLEOH�RX�IRUWH�SRXU�XQH�FRQWUDLQWH��'DQV�OH�FDV�GH�IRUPXODWLRQIDLEOH��OD�FRQWUDLQWH�VHUD�VDWLVIDLWH�©�DX�PLHX[�ª��XQH�FHUWDLQH�HUUHXU�HVW�WROpUpH���'DQV�OH�FDV�GHOD� IRUPXODWLRQ� IRUWH�� OD� FRQWUDLQWH� VHUD� WRXMRXUV� VDWLVIDLWH� H[DFWHPHQW� �j� OD� SUpFLVLRQ� GH� ODPDFKLQH�SUqV��(Q�FH�TXL�FRQFHUQH�OHV�DSSURFKHV�G·DVVHPEODJH�G·pOpPHQWV��OH�PRGqOH�PDQLSXOH�GLUHFWHPHQWOHV�pOpPHQWV�GHV�REMHWV��,O�DSSDUDvW�GRQF�TXH�FH�W\SH�G·DSSURFKHV�HVW�SOXV�DLVpH�j�FRQWUDLQGUH��RQ�SHXW�DSSOLTXHU�XQH�FRQWUDLQWH�GqV�TXH�O·RQ�VDLW�OD�WUDGXLUH�HQ�WHUPH�GH�SRVLWLRQ��GH�YLWHVVHRX� GH� IRUFH� VXU� OHV� pOpPHQWV�� 1RXV� QRXV� VRPPHV� GRQF� SRUWp� QDWXUHOOHPHQW� YHUV� FHVDSSURFKHV�
'H�QRPEUHXVHV�PpWKRGHV�RQW� pWp�GpYHORSSpHV�SRXU� FRQWUDLQGUH� OHV�GpSODFHPHQWV� G·REMHWVULJLGHV��QRWDPPHQW�SRXU� OHV� VROLGHV�DUWLFXOpV���YRLU�SDUDJUDSKH������2Q�V·LQWpUHVVH� LFL�SOXW{WDX[�PpWKRGHV�DSSOLTXpHV�RX�DSSOLFDEOHV�j�GHV�REMHWV�GpIRUPDEOHV�
1RWRQV�TXH�OHV�FRQWUDLQWHV�SHXYHQW�DXVVL�VHUYLU�j�FUpHU�GHV�REMHWV�SDU�DVVHPEODJH��(Q�GLFWDQWXQ� FHUWDLQ� QRPEUH� GH� ORLV� GH� FRPSRUWHPHQW� �/RPEDUGR�� ������ ODLVVH� OHV� SDUWLFXOHV� VHGLVWULEXHU�j� OD�VXUIDFH�GHV�REMHWV� WULGLPHQVLRQQHOV�GpILQLV�SDU�GHV�SRWHQWLHOV��8QH�FRQWUDLQWHSRLQW�j�SRLQW�HVW�DXVVL�HPSOR\pH�GDQV��*DVFXHO�HW�*DVFXHO��������SRXU�FUpHU�GHV�REMHWV�ULJLGHVj�SDUWLU�GH�SLqFHV�ULJLGHV�SOXV�VLPSOHV��GH�PrPH�TXH�GDQV��%DU]HO�HW�%DUU��������
'DQV�OH�SDUDJUDSKH�VXLYDQW��QRXV�H[DPLQRQV�OHV�GLIIpUHQWV�PR\HQV�G·DMRXWHU�GHV�FRQWUDLQWHV�
��� /HV�GLIIpUHQWHV�PpWKRGHV�GH�UpVROXWLRQ�GH�FRQWUDLQWHV
2Q�SHXW�FODVVHU�OHV�PpWKRGHV�GH�UpVROXWLRQ�HQ�WURLV�FDWpJRULHV���OHV�PpWKRGHV�G·RSWLPLVDWLRQFKHUFKDQW� j� RSWLPLVHU� XQH� HUUHXU� VXU� OD� FRQWUDLQWH� SDU� O·LQWHUPpGLDLUH� GH� PpWKRGHVPDWKpPDWLTXHV�FODVVLTXHV�� OHV�PpWKRGHV�FKHUFKDQW� OHV� IRUFHV�H[HUFpHV�SDU� OHV� FRQWUDLQWHV� HWHQILQ�OHV�PpWKRGHV�FKHUFKDQW�OHV�GpSODFHPHQWV�GXV�DX[�FRQWUDLQWHV��1RXV�H[DPLQRQV�FHV�WURLVFODVVHV�GH�PpWKRGH�GDQV�OHV�SDUDJUDSKHV�VXLYDQW��SDUDJUDSKH���������������HW���������8QH� pWXGH� SOXV� GpWDLOOpH� GH� OD� OLWWpUDWXUH� FRQFHUQDQW� OD� UpVROXWLRQ� GH� OD� FRQWUDLQWHG·LQFRPSUHVVLELOLWp�HVW�IRXUQLH�DX�FKDSLWUH���GX�SUpVHQW�PDQXVFULW��2Q�\�pWXGLH�OHV�WUDYDX[�GH



&RQWUDLQGUH�OHV�PRGqOHV ��

�3ODWW� HW� %DUU�� ������� �5DSSRSRUW� HW� DO�� ������� �$XEHUW� HW� %HFKPDQQ�� ������ HW� �*DVFXHO� HW'HVEUXQ��������
������0pWKRGHV�G·RSWLPLVDWLRQ
�3ODWW� HW� %DUU�� ������ IRQW� OD� UHPDUTXH� VXLYDQWH��� XQ� PRGqOH� pODVWLTXH� HVW� XQ� V\VWqPH� TXLPLQLPLVH�XQH�IRQFWLRQ��&HWWH�IRQFWLRQ�HVW�OD�IRQFWLRQ�pQHUJpWLTXH�GX�PRGqOH��&·HVW�SRXUTXRL�LO�VHPEOH�ORJLTXH�G·H[SORUHU� OHV�PpWKRGHV�PDWKpPDWLTXHV�GH�PLQLPLVDWLRQ�GH�IRQFWLRQ�VRXVFRQWUDLQWHV��SDU�H[HPSOH�OHV�PpWKRGHV�GH�GHVFHQWHV�GH�JUDGLHQW��
D�� 3pQDOLWpV
/D� PpWKRGH� GHV� SpQDOLWpV� HVW� XQH� GHV� SOXV� FRQQXHV�� (OOH� HVW� XWLOLVpH� QRWDPPHQW� FKH]�7HU]RSRXORV�HW�DO���������HW�VHV�GpULYpHV���3HQWODQG�HW�:LOOLDPV��������RX�HQFRUH��'XPRQW�HWDO���������,O�V·DJLW�HQ�IDLW�G·DMRXWHU�XQ�WHUPH�G·pQHUJLH�TXDGUDWLTXH�SpQDOLVDQW�OHV�GpSODFHPHQWVTXL�pORLJQHQW�GH� OD�FRQWUDLQWH��&HWWH�PpWKRGH�D� O·DYDQWDJH�G·rWUH�WUqV�VLPSOH�j� LPSOpPHQWHU�3DU� FRQWUH�� RXWUH� OH� IDLW� TXH� OD� FRQWUDLQWH� Q·HVW� SDV� YpULILpH� H[DFWHPHQW�� HQ� DXJPHQWDQW� OHSRLGV�GH�OD�SpQDOLWp��SDU�H[HPSOH�SRXU�GLPLQXHU� OD�GpYLDWLRQ�GH� OD�FRQWUDLQWH��RQ�FKDQJH� OHFRPSRUWHPHQW�GX�V\VWqPH��LO�GHYLHQW�SOXV�ULJLGH��OH�SDV�GH�WHPSV�GRLW�rWUH�GLPLQXp��
E�� 0XOWLSOLFDWHXU�GH�/DJUDQJH�HW�PpWKRGH�GHV�ODJUDQJLHQV�DXJPHQWpV��3ODWW�HW�%DUU�������
2Q� H[SULPH� OD�PLQLPLVDWLRQ� VRXV� FRQWUDLQWH� HQ� FKHUFKDQW� XQ� SRLQW� FULWLTXH� GH� O·pTXDWLRQpQHUJpWLTXH� GpILQLW� SDU� OD� IRQFWLRQ� j�PLQLPLVHU� �pQHUJLH� WRWDOH� GX� V\VWqPH�� DGGLWLRQQpH� GHO·pTXDWLRQ�GH�FRQWUDLQWH�SRQGpUpH�SDU�XQ�FRHIILFLHQW� �OH�PXOWLSOLFDWHXU�GH� ODJUDQJH���(Q�IDLW�RQ� LQWURGXLW� GH� QRXYHOOHV� pTXDWLRQV� GLIIpUHQWLHOOHV� SHUPHWWDQW� GH� SUHQGUH� HQ� FRPSWH� ODFRQWUDLQWH�� 3RXU� UpVRXGUH� FH� SUREOqPH� RQ� QH� SHXW� SDV� XWLOLVHU� XQH� PpWKRGH� FODVVLTXH� GHGHVFHQWH�GH�JUDGLHQW���LFL�RQ�VH�GLULJH�GDQV�OD�GLUHFWLRQ�LQYHUVH��HQ�FKHUFKDQW�XQ�PLQLPD��/DPpWKRGH�GHV�ODJUDQJLHQV�DXJPHQWpV�HVW�OD�FRPELQDLVRQ�GH�OD�PpWKRGH�GHV�PXOWLSOLFDWHXUV�GHODJUDQJH�HW�GH�OD�PpWKRGH�GH�SpQDOLWpV��(OOH�SHUPHW�GH�UpVRXGUH�GHV�FRQWUDLQWHV�G·LQpJDOLWpV�&H� W\SH� GH� UpVROXWLRQ� SHXW� SUHQGUH� HQ� FRPSWH� GH� QRPEUHXVHV� FRQWUDLQWHV��'DQV� �3ODWW� HW%DUU�� ������ RQ� FDOFXOH� SDU� FHWWH� PpWKRGH� GHV� GpIRUPDWLRQV� TXDVL� LQFRPSUHVVLEOHV� RX� GHVFRPSRUWHPHQWV�SODVWLTXHV�/HV� LQFRQYpQLHQWV�VRQW�G·XQH�SDUW�TXH� OD�FRQWUDLQWH�Q·HVW�SDV�H[DFWHPHQW�YpULILpH�HW�G·DXWUHSDUW�TXH�GHV�pTXDWLRQV�VXSSOpPHQWDLUHV�VRQW�DMRXWpHV�DX�V\VWqPH�'DQV�OH�FKDSLWUH����QRXV�FRPSDUHURQV�FHWWH�PpWKRGH��GDQV�OH�FDGUH�G·XQ�SUREOqPH�VLPSOH�GHPLQLPLVDWLRQ�VRXV�FRQWUDLQWH�DYHF�OD�PpWKRGH�SURSRVpH�SDU��)XD�HW�%HFKE�KOHU��������HW�DYHFOD�PpWKRGH�GpYHORSSpH�GDQV�FHWWH�WKqVH�
������0pWKRGHV�GH�UHFKHUFKH�GHV�IRUFHV�H[HUFpHV�SDU�OHV�FRQWUDLQWHV
/HV� GHX[� SUHPLqUHV� PpWKRGHV� TXH� O·RQ� SUpVHQWH� LFL� V·DSSOLTXHQW� j� GHV� VROLGHV� DUWLFXOpVLQGpIRUPDEOHV��3RXUWDQW�HOOHV�SHXYHQW�rWUH�WUDQVSRVpHV�j�GHV�REMHWV�GpIRUPDEOHV��,O�V·DJLW� LFLGH�FDOFXOHU� OHV� IRUFHV�GXHV�DX[�FRQWUDLQWHV� �VRLW� HQ� LQWpJUDQW� FH� FDOFXO� GLUHFWHPHQW�GDQV� OHVpTXDWLRQV�G·pYROXWLRQ��VRLW�HQ�GpFRXSODQW�FHV�IRUFHV�GHV�DXWUHV�IRUFHV���&HV�IRUFHV�VRQW�FHOOHVTXL�� LVVXHV� GHV� FRQWUDLQWHV�� LQIOXHQFH� O·pYROXWLRQ� GHV� REMHWV� SRXU� TX·LOV� YpULILHQW� FHVFRQWUDLQWHV�



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

D�� '\QDPLTXH�LQYHUVH��%DU]HO�HW�%DUU�������
(Q�G\QDPLTXH� LQYHUVH��RQ�FDOFXOH� j� FKDTXH� LQVWDQW� j�SDUWLU� GH� O·pWDW� GX� V\VWqPH� �SRVLWLRQV�YLWHVVHV� HW� IRUFHV�� OD� IRUFH� TXL� YD� VRLW� DPHQHU� j� YpULILHU� OD� RX� OHV� FRQWUDLQWHV�� VRLW� TXL� YDPDLQWHQLU� OD�FRQWUDLQWH��3RXU�FHOD�RQ�XWLOLVH�XQ�RSpUDWHXU�GH�GLIIpUHQFH�HQWUH� O·pWDW�DFWXHO�HWO·pWDW� YpULILDQW� OHV� FRQWUDLQWHV��� F·HVW� OD�PHVXUH� GH� OD� GpYLDWLRQ� GH� OD� FRQWUDLQWH�� SUHQDQW� HQFRPSWH�SRVLWLRQ��YLWHVVH�HW�DFFpOpUDWLRQ���SDUWLU�GH�FHW�RSpUDWHXU�GH�GLIIpUHQFH��RQ�REWLHQWXQH� pTXDWLRQ� GLIIpUHQWLHOOH� GRQW� O·LQFRQQXH� HVW� OD� IRUFH� GH� FRQWUDLQWH� j� DSSOLTXHU� SRXUPLQLPLVHU�FHWWH�GpYLDWLRQ�
E�� $SSURFKH�LWpUDWLYH��YDQ�2YHUYHOG�������
,FL�RQ�GLVVRFLH�OHV�IRUFHV�GH�FRQWUDLQWHV�GHV�DXWUHV�IRUFHV��QRQ�GXHV�DX[�FRQWUDLQWHV���$LQVL��LOHVW� LQXWLOH� GH� UpVRXGUH� OHV� V\VWqPHV�G·pTXDWLRQV� GX�PRXYHPHQW� HW� GHV� FRQWUDLQWHV� �FRPPHGDQV� OD�PpWKRGH�GH� �%DU]HO� HW�%DUU����������� LO� VXIILW��SDU� XQH�PpWKRGH� LWpUDWLYH�GH� FDOFXOHUO·DFWLRQ� GHV� IRUFHV� GXHV� DX[� FRQWUDLQWHV� �VXU� O·DFFpOpUDWLRQ�� OD� YLWHVVH� HW� OD� SRVLWLRQ�� MXVTX·jREWHQLU�OD�FRQYHUJHQFH��YpULILFDWLRQ�GHV�FRQWUDLQWHV���&HWWH�DSSURFKH�HVW�DSSOLTXpH�SRXU�GHVFRQWUDLQWHV�JpRPpWULTXHV�VXU�XQ�HQVHPEOH�GH�PDVVH�SRQFWXHOOHV��XQH�EDUUH�HVW�PRGpOLVpH�SDUGHX[� SRLQWV� VH�PDLQWHQDQW� FRQVWDPPHQW� j� OD� PrPH� GLVWDQFH� O·XQ� GH� O·DXWUH��� (OOH� VHPEOHPRLQV� JpQpUDOH� TXH� OD� SUpFpGHQWH� PDLV� EHDXFRXS� SOXV� VLPSOH� HW� EHDXFRXS� SOXV� UDSLGH� jFDOFXOHU�
F�� 5pDFWLRQ�G\QDPLTXH��3ODWW�HW�%DUU�������
&·HVW� XQH� PpWKRGH� pJDOHPHQW� WUqV� XWLOLVpH�� 'DQV� OD� OLWWpUDWXUH� RQ� QH� O·DSSOLTXH� TXH� SRXUUpVRXGUH�GHV�FRQWUDLQWHV�ORFDOHV�FRPPH�IDLUH�VXLYUH�XQ�FKHPLQ�RX�UpDJLU�j�OD�SpQpWUDWLRQ��'qVTX·XQH�FRQWUDLQWH�Q·HVW�SDV�YpULILpH��XQH�PpWKRGH�GH�SURMHFWLRQ�HVW�XWLOLVpH�SRXU�FDOFXOHU�OD�RXOHV� IRUFHV�QpFHVVDLUHV� j� OD� YpULILFDWLRQ�GH� OD� FRQWUDLQWH�� 3DU� H[HPSOH� VL� XQ� SRLQW� GRLW� UHVWHUFROOHU�j�XQ�SRO\JRQH��GqV�TXH�G·DXWUHV�IRUFHV�OH�GpSODFHQW�HQ�GHKRUV��RQ�FDOFXOH�OD�IRUFH�TXLUDPqQH�FH�SRLQW� VXU� OH�SRO\JRQH�VHORQ� OD�SURMHFWLRQ��&HWWH� WHFKQLTXH�HVW�SOXV� UDSLGH�TXH� ODPpWKRGH� GHV� SpQDOLWpV� PDLV� LQWHUGLW� WRXW� FDOFXO� GH� OD� UpDFWLRQ� j� OD� IRUFH� GpFOHQFKDQW� ODFRQWUDLQWH�
������0pWKRGHV�GH�UHFKHUFKH�GHV�GpSODFHPHQWV�GXV�DX[�FRQWUDLQWHV
'DQV�FH�FDV��RQ�QH�FDOFXOH�TXH�O·HIIHW�GLUHFW�GHV�FRQWUDLQWHV�VXU�OHV�SRVLWLRQV��&HWWH�PpWKRGHV·DSSOLTXH�VXUWRXW�DX[�DSSURFKHV�G·DVVHPEODJH�G·pOpPHQWV��'DQV�OD�OLWWpUDWXUH�FHWWH�PpWKRGHHVW�DSSOLTXpH�DX�VROLGHV�DUWLFXOpV��*DVFXHO�HW�*DVFXHO��������VRXV�IRUPH�G·XQ�FDOFXO�LWpUDWLI�RXSRXU� FRQWUDLQGUH� GHV� GpIRUPDWLRQV� GH� WLVVXV� �3URYRW�� ������ SDU� O·XWLOLVDWLRQ� GLUHFWH� GXGpSODFHPHQW��HQ�XQH�VHXOH�SDVVH��
D�� &DOFXO�LWpUDWLI��*DVFXHO�HW�*DVFXHO�������
2Q� SDUW� GX� SULQFLSH� GH� GpFRXSODJH� GHV� IRUFHV� GXHV� DX[� FRQWUDLQWHV� HW� GHV� DXWUHV� IRUFHV�&HSHQGDQW�RQ�pOLPLQH� OD�G\QDPLTXH�GH� OD�UpVROXWLRQ���RQ�QH�YD�SDV�FDOFXOHU� OHV� IRUFHV�GXHVDX[� FRQWUDLQWHV�� /HV� FRQWUDLQWHV� VHURQW� YpULILpHV� GH� PDQLqUH� JpRPpWULTXH� HQ� HIIHFWXDQWLWpUDWLYHPHQW�GHV�SHWLWV�GpSODFHPHQWV�GHV�Q±XGV�GHV�REMHWV��'DQV�FHW�DUWLFOH��OD�PpWKRGH�HVWXWLOLVpH�SRXU�GHV� VROLGHV� DUWLFXOpV��/HV�GRQQpHV�SK\VLTXHV�GHV�REMHWV� VRQW�SULVHV� HQ� FRPSWHORUV�GH� OD� UpVROXWLRQ�GHV�FRQWUDLQWHV� FH�TXL�SHUPHW�G·REWHQLU�XQ�PHLOOHXU� UpDOLVPH��&·HVW�XQ
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PR\HQ� UDSLGH� GH� UpVRXGUH� GHV� FRQWUDLQWHV� VXU� GHV� VWUXFWXUHV� DUWLFXOpHV�� (OOH� FRUUHVSRQG� jO·XWLOLVDWLRQ�GH�UHVVRUWV�SRXU�PRGpOLVHU�OHV�FRQWUDLQWHV�
E�� 8WLOLVDWLRQ�GLUHFWH�GH�GpSODFHPHQW��HQ�XQH�VHXOH�SDVVH�
*pQpUDOHPHQW� HPSOR\pH� SRXU� GHV� FRQWUDLQWHV� ORFDOHV� �FRPPH� VXEVWLWXW� DX� FDOFXO� GH� ODUpDFWLRQ� G\QDPLTXH��� FHWWH�PpWKRGH� UHYLHQW� j� FDOFXOHU� OD� SRVLWLRQ� GDQV� O·HVSDFH� YpULILDQW� ODFRQWUDLQWH� SRXU� O·HQVHPEOH� GHV� SRLQWV� FRQWUDLQWV�� &HOD� Q·HVW� SDV� WRXMRXUV� SRVVLEOH� �SDUH[HPSOH�GDQV� OH� FDV�GH� ULJLGHV� DUWLFXOpV���'DQV� �3URYRW�� ������RQ� O·XWLOLVH�SRXU� FRQWUDLQGUHO·pORQJDWLRQ�GHV�UHVVRUWV���GqV�TX·XQ�VHXLO�G·pORQJDWLRQ�PD[LPXP�HVW�GpSDVVp��OHV�pOpPHQWV�GXPDLOODJH�LQFULPLQpV�VRQW�GpSODFpV�DILQ�GH�YpULILHU�OD�YDOHXU�G·pORQJDWLRQ�/D�PpWKRGH�GLUHFWH� D�QRWDPPHQW�pWp�GpYHORSSpH�DX�FRXUV�GH�FHWWH� WKqVH�SRXU� YpULILHU� GHVFRQWUDLQWHV�JOREDOHV�FRPPH�O·LQFRPSUHVVLELOLWp��3URPD\RQ�HW�DO���������1RXV�YHUURQV�GDQV�ODSDUWLH�VXLYDQWH�GH�FH�GRFXPHQW�XQ�H[HPSOH�SUpFLV�GH�UpVROXWLRQ�GLUHFWH��,FL�DXVVL�� OHV�IRUFHVGXHV�DX[�FRQWUDLQWHV�VRQW�GpFRXSOpV�GHV�DXWUHV�IRUFHV��PDLV�DX�OLHX�GH�FDOFXOHU�LWpUDWLYHPHQWGHV�SHWLWV�GpSODFHPHQWV��OD�FRQWUDLQWH�HVW�GLUHFWHPHQW�UpVROXH�j�O·DLGH�GX�JUDGLHQW��2Q�SHXW�ODFRQVLGpUHU� FRPPH� XQH� PpWKRGH� GH� UpDFWLRQ� DSSOLTXpH� j� XQH� FRQWUDLQWH� JOREDOH� XWLOLVDQWGLUHFWHPHQW� OHV�GpSODFHPHQW� OLpV� j� OD�YpULILFDWLRQ�GHV�FRQWUDLQWHV��/·DYDQWDJH�HVW� OD� UDSLGLWp�8QH�pWXGH�PDWKpPDWLTXH�D�SHUPLV�GH�YDOLGHU�SK\VLTXHPHQW�FHWWH�PpWKRGH�GDQV�OH�FDV�GH�ODFRQWUDLQWH�G·LQFRPSUHVVLELOLWp�
�� /D�SUREOpPDWLTXH�DFWXHOOH
2Q� D� YX� GDQV� OHV� SDUDJUDSKHV� SUpFpGHQWV� OD� EDVH� GHV� RXWLOV� GH� VLPXODWLRQ� SK\VLTXH� �ORLVIRQGDPHQWDOHV��PRGqOHV�GpIRUPDEOHV�HW�FRQWUDLQWHV���&H�SDUDJUDSKH�SDVVH�HQ�UHYXH�XQ�FHUWDLQQRPEUH�GH�SUREOqPHV�TXL� VRQW� DFWXHOOHPHQW� O·REMHW� GH� UHFKHUFKHV�� /·pWXGH� ELEOLRJUDSKLTXHIDLWH� DX[� SDUDJUDSKHV� SUpFpGDQWV� QH� VHUDLW� SDV� FRPSOqWH� VL� QRXV� QH� SUpVHQWLRQV� SDV� FHWWHSUREOpPDWLTXH�� /·pWXGH� PHQpH� DX� FRXUV� GH� FHWWH� WKqVH� Q·D� SX� VH� IDLUH� VDQV� SUHQGUH� FHWWHSUREOpPDWLTXH�HQ�FRPSWH�HW�\�DSSRUWHU�GHV�VROXWLRQV�&H�SDUDJUDSKH�GpFULW�EULqYHPHQW�O·pWDW�GH�O·DUW�GDQV�OHV�GRPDLQHV�VXLYDQW��
•  /D�VLPXODWLRQ�G·REMHWV�FRPSOH[HV�KpWpURJqQHV��SDUDJUDSKH������
•  /D�UHFRQVWUXFWLRQ�G·REMHW�j�SDUWLU�GH�GRQQpHV�UpHOOHV�FRPPH�EDVH�JpRPpWULTXH�GHV�REMHWVVLPXOpV��SDUDJUDSKH������
•  /D�SDUDPpWULVDWLRQ�GHV�PRGqOHV��SDUDJUDSKH������/H�SDUDJUDSKH�����GpFULW�G·DXWUHV�SUREOpPDWLTXHV�j�FRQVLGpUHU�GDQV�QRWUH�pWXGH�
��� 6LPXODWLRQ�G·REMHWV�FRPSOH[HV�KpWpURJqQHV
+LVWRULTXHPHQW�� F·HVW� OH� GpYHORSSHPHQW�GH�PRGqOHV�GpIRUPDEOHV�TXL� D�G·DERUG� LQWpUHVVp� ODFRPPXQDXWp� VFLHQWLILTXH� �SHX� GH� WUDYDX[� DYDLHQW� pWp� HIIHFWXpV� GDQV� OH� GRPDLQH� GH� ODVLPXODWLRQ� SK\VLTXH��� 3RXUWDQW�� RQ� V·HVW� YLWH� UHQGX� FRPSWH� TXH� FUpHU� XQH� VFqQH� RX� XQHDQLPDWLRQ�GHPDQGDLW�O·LQWpJUDWLRQ�GH�PRGqOHV�GpIRUPDEOHV�HW�GH�PRGqOHV�GH�VROLGHV��DUWLFXOpVRX�QRQ��DX�VHLQ�GH�PRGqOHV�FRPSOHWV�/H�PR\HQ�OH�SOXV�VLPSOH�GH�SORQJHU�XQ�PRGqOH�GpIRUPDEOH�GDQV�XQH�VFqQH�FRPSRUWDQW�GHVREMHWV�ULJLGHV�HVW� O·XWLOLVDWLRQ�GH�FRQWUDLQWHV���FRQWUDLQWHV�GH�QRQ�SpQpWUDWLRQ�GDQV�OHV�VROLGHV�UpDFWLRQ� G\QDPLTXH��� FRQWUDLQWHV� GH� SpQDOLWp� �OHV� VROLGHV� VRQW� HQWRXUpV� G·XQ� SRWHQWLHO
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SpQDOLVDQW� O·pQHUJLH� GX� PRGqOH� GpIRUPDEOH��� &HSHQGDQW� FHWWH� VROXWLRQ� QH� SHUPHW� SDV� GHUHVWLWXHU� O·LQWHUDFWLRQ� HQWUH� XQ� REMHW� VROLGH� HW� XQ� REMHW� GpIRUPDEOH�� 2Q� YHXW� SDU� H[HPSOHPRGpOLVHU� XQ� LQVWUXPHQW� FKLUXUJLFDO� H[SORUDQW� GHV� RUJDQHV� �RQ� D� EHVRLQ� GH� FDOFXOHU� ODGpIRUPDWLRQ�LQGXLWH�SDU�O·LQVWUXPHQW�VXU�OHV�REMHWV�GpIRUPDEOHV�TXH�VRQW�OHV�RUJDQHV��,O�D�GRQF�IDOOX�GpYHORSSHU�GHV�WHFKQLTXHV�G·LQWHUDFWLRQV��'HX[�FDV�VH�SUpVHQWHQW��
•  $SSURFKH�WUDQVYHUVDOH���XQH�VHXOH�WHFKQLTXH�SHUPHW�GH�PRGpOLVHU�OHV�LQWHUDFWLRQV�HQWUH�OHVREMHWV�GpIRUPDEOHV�HW�OHV�REMHWV�ULJLGHV��RQ�DSSOLTXH�DORUV�FHWWH�WHFKQLTXH�DX[�GHX[�W\SHVGH�PRGqOH��
•  $SSURFKH�VXSHUYLVHXU���RQ�XWLOLVH�SOXVLHXUV�PRGqOHV�TXH�O·RQ�FRQWU{OH�SDU�XQ�VXSHUYLVHXU�TXL�YD�©�WUDGXLUH�ª�HW�IDLUH�OD�SDVVHUHOOH�HQWUH�GHX[�PRGqOHV��DX�WUDYHUV�G·XQH�SODWH�IRUPH�
������$SSURFKH�WUDQVYHUVDOH
� O·$&52(� �*UHQREOH��� RQ� XWLOLVH� OD� QRWLRQ� G·DJUpJDW� �SUpVHQWp� DX� SDUDJUDSKH� ����� SRXUGpFULUH�GHV�REMHWV�SOXW{W�ULJLGHV��FRPPH�OH�VRO���7RXV�OHV�REMHWV�pWDQW�PRGpOLVpV�DYHF�OH�PrPHIRUPDOLVPH�� OHV� LQWHUDFWLRQV� VRQW� DXWRPDWLTXHPHQW�SURGXLWHV��/H�SUREOqPH�G·XQ� WHO�PRGqOHHVW�OH�QRPEUH�G·pOpPHQWV�GH�GLVFUpWLVDWLRQ�HW�GH�UHODWLRQV�HQWUH�FHV�pOpPHQWV�j�PHWWUH�HQ�SODFHSRXU�PRGpOLVHU�XQH�VFqQH�
�%DLQYLOOH��������D�GpYHORSSp�XQ�V\VWqPH�j�GHX[�GLPHQVLRQV�XWLOLVDQW�OHV�pOpPHQWV�ILQLV�SRXUFDOFXOHU�OHV�GpIRUPDWLRQV�G·REMHWV�pODVWLTXHV��/HV�REMHWV�VROLGHV�\�VRQW�UHSUpVHQWpV�VRXV�IRUPHSRO\JRQDOH�� /·LQWHUDFWLRQ� HQWUH� REMHWV� VROLGHV� HW� GpIRUPDEOHV� HVW� FDOFXOpH� DXWRPDWLTXHPHQWSDU�XQ�VHXO� IRUPDOLVPH� �XWLOLVDWLRQ�GH�FXUVHXUV�TXL�GLVFUpWLVHQW� OD� VXUIDFH�GHV�REMHWV�SRXU� ODGpWHFWLRQ�HW�OH�WUDLWHPHQW�GHV�FROOLVLRQV��
'H� PDQLqUH� JpQpUDOH�� GH� QRPEUHX[� SURMHWV� IRQW� pWDW� GH� O·LQWHUDFWLRQ� HQWUH� XQ� PRGqOHGpIRUPDEOH�VSpFLILTXH��GLVFUpWLVp�HQ�PDVVHV�SRQFWXHOOHV��HW�XQ�PRGqOH�GH�VROLGHV��GLVFUpWLVp�HQSRLQW�GH�PDVVHV�HQ�XWLOLVDQW�OD�G\QDPLTXH�GHV�VROLGHV��YRLU�DQQH[H����2Q�GLVWLQJXH� OHV�DSSURFKHV�XWLOLVDQW� OHV�GHX[�PRGqOHV�HQ� WDQW�TXH� WHOV� �FRPPH��-RXNKDGDU��������� GHV�PRGqOHV�K\EULGHV�TXL�PRGpOLVHQW� XQ�PrPH�REMHW� HQ�XWLOLVDQW�GHX[� FRPSRVDQWV�FRPSRVDQW� ULJLGH� SRXU� OH� PRXYHPHQW� HW� FRPSRVDQW� GpIRUPDEOH��� 'DQV� FHWWH� GHUQLqUHFDWpJRULH� RQ� SHXW� FODVVHU� WRXV� OHV� PRGqOHV� V·DSSX\DQW� VXU� XQH� FRXFKH� GH� SHDX� �PRGqOHGpIRUPDEOH�� DWWDFKpH� �VRXYHQW� SDU� GH� VLPSOHV� UHVVRUWV�� VXU� XQH� VWUXFWXUH� RVVHXVH� �PRGqOHULJLGH����YRLU� �*DVFXHO�HW�'HVEUXQ��������� �7HU]RSRXORV�HW�)OHLVFKHU��������� �7HU]RSRXORV�HW:LWNLQ����������&KDGZLFN�HW�DO�����������0HVHXUH��������
������3ODWH�IRUPH
'DQV� OH� SURMHW� 6,$0(6� GH� O·,5,6$� j� 5HQQHV�� XQ� PRGqOH� XQLILp�� DSSHOp� '5($0�'HIRUPDEOH� DQG� 5LJLG� REMHFWV� (IILFLHQW� IRU� $QLPDWLRQ� 0RGHOOLQJ��� HVW� GpYHORSSp��� YRLU�&R]RW�HW�DO���������HW��'XPRQW�HW�DO���������&·HVW�XQ�H[HPSOH�GH�WUDYDLO�R��RQ�QH�FKHUFKH�SDVj�WURXYHU�XQ�PRGqOH�XQLYHUVHO��PDLV�R��XQH�SODWH�IRUPH�SHUPHWWDQW�O·LQWpJUDWLRQ�GH�GLIIpUHQWVW\SHV� GH� PRGqOHV� HVW� SURSRVpH�� 8Q� IRUPDOLVPH� DEVWUDLW� GpILQLW� OHV� PRGqOHV� H[LVWDQWV� �LFLPRGqOH�GHV�VROLGHV��pOpPHQWV�ILQLV�HW�UpVHDX[�PDVVHV�UHVVRUWV��DXWRXU�GHV�QRWLRQV�G·HQWLWp�HW�GHUHODWLRQ��/D�IRUPXODWLRQ�ODJUDQJLHQQH�HW�OH�SULQFLSH�GHV�WUDYDX[�YLUWXHOV�VRQW�HPSOR\pV�SDU�GHV
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DJHQWV�GpGLpV�j�XQ�W\SH�GH�PRGqOH�SRXU�FDOFXOHU�O·pYROXWLRQ�GHV�REMHWV��&HOD�SHUPHW�GH�FKRLVLUOH�PHLOOHXU�PRGqOH�HQ�IRQFWLRQ�GX�W\SH�G·REMHW�TXH�O·RQ�YHXW�PRGpOLVHU�
��� %DVH�JpRPpWULTXH�GHV�REMHWV�VLPXOpV
/RUVTX·RQ�PRGpOLVH�XQ�REMHW��HW�TXHOOH�TXH�VRLW�O·DSSURFKH�TXH�O·RQ�FKRLVLW��LO�IDXW�DX�SUpDODEOHXQH�EDVH�JpRPpWULTXH�GH�O·REMHW��'DQV�OH�FDGUH�JpQpUDO�RQ�SHXW�XWLOLVHU�XQ�ORJLFLHO�VSpFLDOLVp�PRGHOHXU�&$2��TXL�XWLOLVH�GHV�WHFKQLTXHV�SDUWLFXOLqUHV�SRXU�FUpHU�GHV�REMHWV��SDU�DVVHPEODJHFRPPH�OHV�&6*��GpIRUPDWLRQ�SDU�O·LQWHUPpGLDLUH�GH�))'�RX�GpIRUPDWLRQV�JOREDOHV�DIILQHV��3DU� FRQWUH��GDQV� OH� FDGUH�G·XQ� VLPXODWHXU��RQ�D�EHVRLQ�GX�PRGqOH� JpRPpWULTXH�SUpFLV� G·XQREMHW� SDUWLFXOLHU�� 'DQV� OD� SUREOpPDWLTXH� *0&$2� RQ� D� EHVRLQ� GX� PRGqOH� G·XQ� RUJDQHSDUWLFXOLHU�� 3RXU� REWHQLU� OD� JpRPpWULH� GH� FHW� REMHW� RQ� XWLOLVH� GHV� GRQQpHV� LVVXHV� G·DWODVDQDWRPLTXHV� �PDLV� WUqV�SHX�H[LVWHQW� DXMRXUG·KXL� HQ� �'��RX�G·LPDJHV�PpGLFDOHV� �DFTXLVLWLRQVXU� XQ� SDWLHQW� RX� XQ� VXMHW� SUpFLV��� 6H� SRVH� DORUV� OH� SUREOqPH� GH� OD� VHJPHQWDWLRQ� G·LPDJHV�$\DFKH�HW�DO���������$X�VHLQ�GX�ODERUDWRLUH�7,0&�GH�QRPEUHXVHV�WHFKQLTXHV�RQW�pWp�GpYHORSSpHV�TXL�XWLOLVHQW�GHVFRQWRXUV�GpIRUPDEOHV� �GH� W\SH�VQDNH��DWWLUpV�SDU�XQ�SRWHQWLHO� OXL�PrPH�REWHQX�j�SDUWLU�GHVGRQQpHV�GH� O·LPDJH��2Q�SHXW� FLWHU�QRWDPPHQW� OD� WHFKQLTXH�GHV� VQDNH�VSOLQHV�GH�)��/HLWQHU
�/HLWQHU��������HW�FHOOH�GHV�δ�VQDNH��/DFKDXG�HW�%DLQYLOOH���������8Q�GHV�SULQFLSDX[�SUREOqPHV
HVW�OD�UHFRQVWLWXWLRQ�WULGLPHQVLRQQHOOH�j�SDUWLU�GHV�VpTXHQFHV�G·LPDJHV�GHV�DSSDUHLOV�G·LPDJHULHRX� j�SDUWLU� GH� FRQWRXUV�SULV� VRXV�GHV� DQJOHV�GLIIpUHQWV� �VL� RQ�XWLOLVH� XQ�EDOD\DJH� ODVHU�� YRLU�%LWWDU�HW�DO���������/H� FKRL[� G·XQ� PRGqOH� GH� GpIRUPDWLRQ� GRLW� rWUH� LQIOXHQFp� SDU� OD� IDoRQ� GRQW� OHV� GRQQpHVJpRPpWULTXHV�XWLOLVpHV�HQ�HQWUpH�GH�FH�PRGqOH�SHXYHQW�rWUH�REWHQXHV��'DQV�OD�PDMRULWp�GHV�FDVOH� FRQWRXU� IDFHWWLVp� SHXW� rWUH� REWHQX� HQ� VRUWLH� GHV� DOJRULWKPHV� GH� VHJPHQWDWLRQ� HW� GHUHFRQVWUXFWLRQ��'H�PDQLqUH�JpQpUDOH��XQH�DSSURFKH�SDU�DVVHPEODJH�IDFLOLWHUD�OH�OLHQ�HQWUH�OHVGRQQpHV�LVVXHV�G·XQ�PRGHOHXU�RX�G·DOJRULWKPHV�GH�VHJPHQWDWLRQ�FDU�OD�GLVFUpWLVDWLRQ�HVW�GpMjSUpVHQWH�
��� 3DUDPpWULVDWLRQ�GHV�PRGqOHV
8QH� IRLV� OD� IRUPH� JpRPpWULTXH� GH� O·REMHW� REWHQX�� LO� IDXW� HQFRUH� XWLOLVHU� OH� PRGqOH� GHGpIRUPDWLRQ��3RXU�FHOD�LO�IDXW�WURXYHU�OHV�SDUDPqWUHV�FRUUHVSRQGDQWV�DX[�FRPSRUWHPHQWV�TXHO·RQ� YHXW� PRGpOLVHU�� &HWWH� SKDVH� HVW� DVVH]� GpOLFDWH� SXLVTXH� SHX� GH� PpWKRGHV� JpQpULTXHVH[LVWHQW�� 2Q� SHXW� OHV� FODVVHU� HQ� GHX[� JURXSHV��� OHV� PpWKRGHV� GH� PLQLPLVDWLRQ� G·HUUHXU�PpWKRGH�GHV�PRLQGUHV�FDUUpV��RX�PrPH�XWLOLVDWLRQ�G·XQ�UpVHDX�GH�QHXURQHV��HW�OHV�PpWKRGHVSUREDELOLVWHV� �QRWDPPHQW�DOJRULWKPHV�JpQpWLTXHV���1RXV�YHUURQV�FHOD�SOXV�HQ�GpWDLO�GDQV� ODWURLVLqPH�SDUWLH�GH�FH�PDQXVFULW�
��� $XWUHV�SUREOqPHV
&H� SDUDJUDSKH� SUpVHQWH� G·DXWUHV� SUREOpPDWLTXHV�� (OOHV� VRQW� H[DPLQpHV� LFL� SDU� RUGUHGpFURLVVDQW�GH�QRV�SUpRFFXSDWLRQV��2Q�H[DPLQHUD��
•  /D�PRGpOLVDWLRQ�GHV�PXVFOHV�
•  /D�VWDELOLWp�GHV�PRGqOHV�
•  /H�GHJUp�G·LQWHUDFWLYLWp�GHV�PRGqOHV�
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•  /D�VLPXODWLRQ�HW�O·LQWHUDFWLRQ�GH�PRGqOHV�G·KXPDLQV�GDQV�GHV�PRQGHV�YLUWXHOV�
•  /D�JHVWLRQ�GHV�FRQWDFWV��FROOLVLRQ�HW�GHV�FKDQJHPHQWV�WRSRORJLTXHV�
������0RGpOLVDWLRQ�GHV�PXVFOHV
8Q� pWDW� GH� O·DUW� FRQFLV� FRXYUDQW� OHV� SULQFLSDOHV�PRGpOLVDWLRQ� GHV�PXVFOHV� SDU� GHV�PRGqOHVJpQpUDWHXUV�VHUD�SUpVHQWp�DX�FKDSLWUH�VXLYDQW� ORUVTXH�QRXV�DERUGHURQV� OD�FRQVWUXFWLRQ�GH� ODSURSULpWp� PXVFXODLUH�� 2Q� YHUUD� QRWDPPHQW� TXH� GHX[� DSSURFKHV� VRQW� JpQpUDOHPHQWHPSOR\pHV��
•  OHV� DSSURFKHV� VLPXODQW� OD� GpIRUPDWLRQ��� �&KDGZLFN� HW� DO��� ������ �9ROLQR� HW� DO�� ������ HW�:LOKHOPV��������
•  OHV�DSSURFKHV�VLPXODQW�OH�IRQFWLRQQHPHQW����:DWHUV����������/HH�HW�DO�����������%H\ORW�HW�DO���������0DXUHO�HW�DO����������0LOOHU����������&KHQ��������HW��/RPEDUGR��������
������6WDELOLWp��PpWKRGH�G·LQWpJUDWLRQ�YV�PRGqOH�LQIRUPDWLTXH�
/D�VWDELOLWp�G·XQ�PRGqOH�GpIRUPDEOH�SHXW�VH�PHVXUHU�SDU�O·LQWHUPpGLDLUH��
•  'H�VRQ�FKDPS�GH�PRGpOLVDWLRQ���SOXV� OH�PRGqOH�HVW�VWDEOH��SOXV� LO�YD�SRXYRLU�PRGpOLVHUGHV�FRPSRUWHPHQWV�H[WUrPHV�
•  'X� SDV� GH� WHPSV� PD[LPDO� TX·LO� VXSSRUWH��� SOXV� OH� PRGqOH� HVW� VWDEOH�� SOXV� LO� SRXUUDVXSSRUWHU� GHV� SDV� GH� WHPSV� pOHYpV�� &HFL� HVW� LPSRUWDQW� QRWDPPHQW� GDQV� OH� FDGUH� GHVLPXODWLRQ�HQ�WHPSV�UpHO�RX�HQ�WHPSV�LQWHUDFWLI�/·XWLOLVDWLRQ�G·XQ�RUGLQDWHXU�QRXV�REOLJH�j�IDLUH�GHV�FDOFXOV�GLVFUHWV��&·HVW�SRXUTXRL�OD�VWDELOLWpQXPpULTXH� GRLW� JXLGHU� QRWUH� FKRL[� GX� PRGqOH�� (Q� HIIHW�� SRXU� pYLWHU� OD� GLYHUJHQFH� G·XQPRGqOH�RQ�SHXW��
•  FKRLVLU�XQH�PpWKRGH�G·LQWpJUDWLRQ�SOXV�SUpFLVH��YRLU�SDUDJUDSKH�������RX
•  FKRLVLU�XQ�PRGqOH�PRLQV�VXMHW�DX[�RVFLOODWLRQV�&H�GHUQLHU�SRLQW�HVW�DVVH]�LPSRUWDQW��F·HVW�SRXUTXRL��GDQV�QRWUH�DSSURFKH�QRXV�DYRQV�HVVD\pGH�PLQLPLVHU� OHV�pOpPHQWV� j� FDUDFWqUH�RVFLOODQW� �GH� W\SH� UHVVRUW���� F·HVW� FH�TXH�QRXV�YHUURQVGDQV�OD�GHX[LqPH�SDUWLH�GH�FH�PDQXVFULW�/HV�PRGqOHV�JpQpUDWHXUV�IRQW�VRXYHQW�XQH�XWLOLVDWLRQ�©�DEXVLYH�ª�GH�OD�YLVFRVLWp��/HV�IRUFHV�GHYLVFRVLWp�� RSSRVpHV� j� OD� YLWHVVH� GHV� REMHWV� RX� GH� OHXUV� pOpPHQWV�� SHUPHWWHQW� GH� UDOHQWLU� OHVGpSODFHPHQWV�� LQGXLVDQW� VRXYHQW� XQH� SOXV� JUDQGH� VWDELOLWp�� &·HVW� SRXUTXRL� OHV� IRUFHV� GHYLVFRVLWp�VRQW�VRXYHQW�DPSOLILpHV�DX�GHOj�GH�OD�VLPSOH�PRGpOLVDWLRQ�GX�SKpQRPqQH�SK\VLTXHVTX·HOOHV�UHSUpVHQWHQW�
������,QWHUDFWLYLWp��SUREOpPDWLTXH�*0&$2�
&H�SUREOqPH�UHMRLQW�OH�SDUDJUDSKH������(Q�HIIHW��GDQV�OD�SOXSDUW�GHV�FDV�OHV�PRGqOHV�RQW�pWpFRQVWUXLWV�SRXU�FUpHU�XQH�DQLPDWLRQ�G·LPDJHV�GH�V\QWKqVH�RX�SRXU�VLPXOHU�XQ�SKpQRPqQH�UpHOSUpFLV�� 'DQV� OHV� GHX[� FDV�� O·LQWHUDFWLRQ� DYHF� O·XWLOLVDWHXU� �TX·LO� VRLW� VSpFLDOLVWH� PpGLFDO� RXVSpFLDOLVWH�HQ�DQLPDWLRQ��HVW�VRXKDLWDEOH�/·LQWHUDFWLRQ�DYHF�O·XWLOLVDWHXU�SDVVH�WRXMRXUV�DX�WUDYHUV�GHV�VHQV�GH�FH�GHUQLHU���WRXW�G·DERUGYLVXHO�� SXLV� WDFWLOH� RX� VRQRUH�� &HFL� LPSOLTXH� GRQF� XQ� DXWUH� SpULSKpULTXH� �SDU� H[HPSOHDFTXLVLWLRQ�GH�PRXYHPHQW�HQ�PpGHFLQH�HW�RX�HQ�DQLPDWLRQ�GH�ILOP�GH�V\QWKqVH��RX�HQFRUHVXUYHLOODQFH�PpGLFDOH��



&RQFOXVLRQ ��

(Q�FH�TXL�FRQFHUQH�O·LPSOpPHQWDWLRQ��O·LQWHUDFWLYLWp�DYHF�O·XWLOLVDWHXU�QpFHVVLWH�GRQF�OD�PLVH�HQSODFH� G·XQH� LQWHUIDFH� HQWUH� OH� SpULSKpULTXH� HW� OH� PRGqOH� �YRLU� �%DLQYLOOH�� ������ HW�6LPRQ���������&HOD�LPSOLTXH�TXH�OH�PRGqOH�GRLW�rWUH�FDSDEOH�GH�UpDJLU�HQ�IRQFWLRQ�GH�O·pWDW�FRXUDQW�HWGHV�DSSRUWV�GX�PDQLSXODWHXU��&HOD�QpFHVVLWH�VRXYHQW�XQH�JURVVH�SXLVVDQFH�GH�FDOFXO�HW�HVW�SOXVIDFLOH�j�REWHQLU�VL�RQ�PDQLSXOH�GLUHFWHPHQW�OHV�Q±XGV�GH�OD�GLVFUpWLVDWLRQ�GH�PDQLqUH�GLUHFWH�&HW�DVSHFW�GRLW�OXL�DXVVL�JXLGHU�OD�FRQVWUXFWLRQ�GX�PRGqOH�
������6LPXODWLRQ�GH�O·KXPDLQ�GDQV�GHV�PRQGHV�YLUWXHOV
/D�SUHPLqUH�VLPXODWLRQ�G·DFWHXUV�YLUWXHOV�UHPRQWH�DX�ILOP�GH�V\QWKqVH�5HQGH]�YRXV�j�0RQWUpDO�0DJQHQDW�7KDOPDQQ�HW�7KDOPDQQ��������R��O·RQ�YRLW�OD�UpXQLRQ�SRVWKXPH�GH�GHX[�DFWHXUVFpOqEUHV� �0DULO\Q�0RQURH�HW�+XPSKUH\�%RJDUW��GDQV�XQ� HQYLURQQHPHQW�GH� V\QWKqVH��%LHQTXH�UpDOLVWH�GX�SRLQW�GH�YXH�YLVXHO�� OHV�DFWHXUV�VRQW�FRQWU{OpV�GH�PDQLqUH�HPSLULTXH�SDU�GHVWHFKQLTXHV�pYROXpHV�XWLOLVDQW�GHV�SRVLWLRQV�FOpV��3DU�OD�VXLWH��DSSDUDLVVHQW�GHV�VLPXODWLRQV�GH�ODPDUFKH�XWLOLVDQW�WRXMRXUV�OHV�PrPHV�DSSURFKHV��%UXGHUOLQ�HW�&DOYHUW���������RX�GpYHORSSDQWGHV�WHFKQLTXHV�SHUPHWWDQW�XQ�PHLOOHXU�FRQWU{OH�HW�XQH�LQGLYLGXDOLVDWLRQ�GH�O·DQLPDWLRQ��%RXOLFHW�DO���������3DUDOOqOHPHQW��GHV�PpWKRGHV�SOXV�JOREDOHV�SHUPHWWHQW�GH�FRQVWUXLUH�GHV�KXPDLQVYLUWXHOV� DJLVVDQW� GDQV� OHXU� SURSUH� PRQGH� �0DJQHQDW�7KDOPDQQ� HW� 7KDOPDQQ�� ������$XMRXUG·KXL� OHV� WHFKQLTXHV� VH� VSpFLDOLVHQW� �+RGJLQV� HW� DO�� ������ RX� GHYLHQQHQW� LQWHUDFWLYHV�%UXGHUOLQ� HW� &DOYHUW�� ������� /D� SUREOpPDWLTXH� DFWXHOOH� HVW� VLWXpH� DXWRXU� GH� PRGqOHV� GHVLPXODWLRQ�FRPSRUWHPHQWDOH�TXL�SHUPHWWUDLW�OD�VLPXODWLRQ�G·XQ�PRQGH�R��OHV�DFWHXUV�YLUWXHOVDXWRQRPHV� LQWHUDJLUDLHQW�HQWUH�HX[�RX�DYHF� OHXU� HQYLURQQHPHQW�SDU� O·LQWHUPpGLDLUH�GH� OHXUVSURSUHV�FDSWHXUV�(Q� TXHOTXHV� DQQpHV�� RQ� HVW� SDVVp� G·DSSURFKHV� JpRPpWULTXHV� EDV� QLYHDX� j� GHV� DSSURFKHVFRPSRUWHPHQWDOHV� �SDU� O·LQWHUPpGLDLUH�GH�PRGqOHV� JpQpUDWHXUV�� GDQV� OHVTXHOV� LO� HVW� SRVVLEOHG·LQGLYLGXDOLVHU� OH� FRPSRUWHPHQW� GH� SHUVRQQDJHV� YLUWXHOV�� /H� PRGqOH� SUpVHQWp� GDQV� FHWWHWKqVH�SHXW��GDQV�FH�VHQV��rWUH�GLUHFWHPHQW�DFFURFKp�j�FHWWH�SUREOpPDWLTXH�
������*HVWLRQ�GHV�FRQWDFWV��FROOLVLRQV��HW�FKDQJHPHQWV�WRSRORJLTXHV
'DQV�FH�GRFXPHQW�LO�QH�VHUD�SDV�IDLW�pWDW�GHV�SUREOqPHV�G·LQWHUDFWLRQ�OLpV�DX[�DFFLGHQWV�HQWUHOHV�REMHWV�HX[�PrPHV��IURWWHPHQWV�HW�GpWHFWLRQ�HW�WUDLWHPHQW�GHV�FROOLVLRQV���3RXU�FHOD�RQ�VHUpIpUHUD�j�GHV�DUWLFOHV�VXU�OH�FRQWDFW��%DUDII��������RX��)DXUH���������OHV�FROOLVLRQV��0RRUH�HW:LOKHOPV�� ������ RX� �-RXNKDGDU�� ������ SRXU� XQH� ELEOLRJUDSKLH� FRPSOqWH�� OHV� GpFKLUXUHV� HWIUDFWXUHV� �7HU]RSRXORV� HW� )OHLVFKHU�� ������ RX� �0HVHXUH�� ������ SRXU� XQH� ELEOLRJUDSKHFRPSOqWH�
�� &RQFOXVLRQ
$X� FKDSLWUH� ��� QRXV� DYRQV� H[DPLQp� OH� SKpQRPqQH� j�PRGpOLVHU� �OHV�PRXYHPHQWV� GX� WURQFSHQGDQW�OD�UHVSLUDWLRQ��SRXU�HQ�GpJDJHU�OHV�VWUXFWXUHV�j�SUHQGUH�HQ�FRPSWH��FDJH�WKRUDFLTXH�DEGRPHQ�� SRXPRQV� HW� GLDSKUDJPH��� &HV� VWUXFWXUHV� VRQW� UHSUpVHQWDEOHV� SDU� GHV� UpJLRQVVROLGHV��GHV�UpJLRQV�pODVWLTXHV��HW�GHV�UpJLRQV�PXVFXODLUHV��/H�WURQF�HVW�DORUV�FRQVLGpUp�FRPPHXQ�REMHW�FRPSOH[H�FRPSRVp�GH�SOXVLHXUV�UpJLRQV�DX[�FDUDFWpULVWLTXHV�GLIIpUHQWHV�LQWHUDJLVVDQWHQWUH� HOOHV��&HV� UpJLRQV�� OHXUV� LQWHUDFWLRQV� HW� OHXUV�SURSULpWpV�SK\VLTXHV� GRLYHQW�PDLQWHQDQWrWUH�GpFULWHV�GH�PDQLqUH�SOXV�SUpFLVH�



�� 6LPXODWLRQ�SK\VLTXH�HQ�LQIRJUDSKLH

1RXV�DYRQV�YX�DX�FRXUV�GH�FH�FKDSLWUH�FRPPHQW�REWHQLU�XQH�PRGpOLVDWLRQ�FRPSRUWHPHQWDOHVDWLVIDLVDQWH��&HOD� SDVVH� SDU� O·XWLOLVDWLRQ� GH�PRGqOHV� JpQpUDWHXUV�� 3DUPL� OHV� GHX[� DSSURFKHVSRVVLEOHV� GH� PRGqOH� JpQpUDWHXU� EDVp� VXU� OD� SK\VLTXH� QRXV� DYRQV� PRQWUp� TXH� O·DSSURFKHQRGDOH��HW�SOXV�SDUWLFXOLqUHPHQW�O·DSSURFKH�SDU�DVVHPEODJH�G·pOpPHQWV��pWDLW�PLHX[�DGDSWpH�jOD� GHVFULSWLRQ� GX� WURQF� WHO� TXH� QRXV� OH� FRQVLGpURQV��� IDFLOLWp� G·LPSOpPHQWDWLRQ�� GpILQLWLRQG·REMHWV� KpWpURJqQHV�� FRQWU{OH� HW� FRQWUDLQWH� GLUHFWH� VXU� OHV� Q±XGV�� LQWHUDFWLRQ� HQWUH� REMHWVULJLGHV� HW� REMHWV� GpIRUPDEOHV�� FRXSODJH� G·XQ� SpULSKpULTXH� SOXV� VLPSOH�� DSSOLFDELOLWp� GHVDOJRULWKPHV�GH�WUDLWHPHQW�GHV�FRQWDFWV��GHV�FROOLVLRQV�HW�GHV�FKDQJHPHQWV�WRSRORJLTXHV�
&HSHQGDQW�� QRXV� Q·DYRQV� WURXYp� GDQV� FHWWH� DSSURFKH� DXFXQH� PpWKRGH� GH� OD� OLWWpUDWXUHFDSDEOH�GH�UpSRQGUH�j�QRV�EHVRLQV��1RXV�DOORQV�SUpVHQWHU�GDQV�OD�SDUWLH�VXLYDQWH� OH�PRGqOHTXH� QRXV� DYRQV� GpYHORSSp� TXL� SHUPHW� GH� PDQLqUH� KRPRJqQH� GH� GpILQLU� GHV� REMHWVGpIRUPDEOHV��pODVWLTXHV��DFWLIV��LQFRPSUHVVLEOHV�HW�GH�OHV�OLHU�DYHF�GHV�REMHWV�VROLGHV�



& K D S L W U H � �

&RQVWUXFWLRQ�GX�PRGqOH
<XNWL�\XNWDP�XSkGH\DP. ����YDFDQD�P. ����EkODNkG�DSL�DQ\DW�WU. ��Q.
DP�LYD�W\kM\DP�DS\�XNWD�P. ����SDGPDMDQPDQD��

6YkPLML�3UDMQkQSDG��PDQWUD�VDQVFULW�
'DQV� FH� FKDSLWUH� QRXV� pWDEOLVVRQV� OHV� EDVHV� GH� QRWUH� PRGqOH� JpQpUDWHXU� SDU� OD� PpWKRGHG·DVVHPEODJH�� &RPPH� QRXV� O·DYRQV� YX� DX� FKDSLWUH� ��� QRWUH� REMHFWLI� HVW� GH� PRGpOLVHU� GHVSURSULpWpV� WUqV� GLIIpUHQWHV� OHV� XQHV� GHV� DXWUHV��� GHV� WLVVXV� pODVWLTXHV� �UHSUpVHQWDQW� OHV� WLVVXVPRXV�GX�FRUSV�KXPDLQ����OHV�WLVVXV�PXVFXODLUHV��HW�DXVVL�OHV�WLVVXV�ULJLGHV��UHSUpVHQWDQW�OHV�RVGX� VTXHOHWWH���0RGpOLVHU� OHV�PRXYHPHQWV� GX� WURQF� DX� FRXUV� GH� OD� UHVSLUDWLRQ� SHXW� rWUH� YXFRPPH� OD� PRGpOLVDWLRQ� G·XQ� REMHW� FRPSOH[H� FRPSRUWDQW� SOXVLHXUV� UpJLRQV� GH� SURSULpWpVGLIIpUHQWHV��1RWUH�PRGqOH�GRLW�GRQF�SRXYRLU�PRGpOLVHU�GHV�REMHWV�KpWpURJqQHV�FRPSOH[HV��/DSKLORVRSKLH�TXH�QRXV�DYRQV�FKRLVLH�G·DGRSWHU�V·DGDSWH�GLUHFWHPHQW�DX[�SURSULpWpV�TXH�QRXVGHYRQV�PRGpOLVHU�HQ�XWLOLVDQW�XQH�DSSURFKH�LQIRUPDWLTXH�RULHQWpH�REMHW�3RXU� FHOD�� RQ� VpSDUH� XQ� REMHW� KpWpURJqQH� HQ� SOXVLHXUV� UpJLRQV� GH� SURSULpWpV� GLIIpUHQWHV�6XLYDQW� O·DSSURFKH�SDU�DVVHPEODJH�G·pOpPHQWV��FHV� UpJLRQV� VHURQW�FRQVWLWXpHV�G·pOpPHQWV�GHSURSULpWpV�LGHQWLTXHV��YRLU�)LJXUH����'DQV�FH�FKDSLWUH��QRXV�pWXGLHURQV�OHV�SURSULpWpV�j�PRGpOLVHU�HQ�FRPPHQoDQW�SDU�IL[HU�OD�EDVHJpRPpWULTXH�HW�G\QDPLTXH�GHV�UpJLRQV�FRPSRVDQWV�XQ�REMHW��(QVXLWH�QRXV�YHUURQV�FRPPHQWFRQVWUXLUH�GHV�UpJLRQV�pODVWLTXHV�HW�OHXUV�pOpPHQWV��GHV�pOpPHQWV�HW�GHV�UpJLRQV�PXVFXODLUHV�HWHQILQ� GHV� UpJLRQV� HW� GHV� pOpPHQWV� VROLGHV�� 'DQV� OH� FKDSLWUH� VXLYDQW�� QRXV� GpFULURQV� GHVPpWKRGHV�SRXU�FRQWUDLQGUH�FHV�GLIIpUHQWHV�UpJLRQV�HW�OHXUV�pOpPHQWV��WUDQVPLVVLRQV�GHV�IRUFHVHQWUH�UpJLRQ��FRQWUDLQWHV�ORFDOHV�HW�JOREDOHV��

������������������������������������������������
��&H�TXL�HVW�UDLVRQQDEOH�DFFHSWH�OH�LPPpGLDWHPHQW��PrPH�VL�F·HVW�XQ�HQIDQW�TXL�OH�GLW��&H�TXL�HVW�FRQWUDLUH�j�OD�UDLVRQ�pFDUWH�OH�
PrPH�VL�F·HVW�XQ�GLHX�TXL�SDUOH�



�� &RQVWUXFWLRQ�GX�PRGqOH

5pJLRQ�JpQpUDOH�FRQVWLWXp�G·pOpPHQWVJpQpUDX[�

5pJLRQ�pODVWLTXH�pOpPHQWV�pODVWLTXHV�

5pJLRQ�PXVFXODLUH�pOpPHQWV�PXVFXODLUHV�

5pJLRQ�VROLGH�pOpPHQWV�VROLGHV�

5pJLRQVULJLGHV

5pJLRQPXVFXODLUH

5pJLRQpODVWLTXH

)LJXUH� ��� 6WUXFWXUH� G·XQ� REMHW�� 'DQV� QRWUH� PRGqOH�� XQ� REMHW� HVWGpFRXSp� HQ� UpJLRQV� GH� SURSULpWpV� GLVWLQFWHV�� 8QH� DSSURFKHRULHQWpH�REMHW� HVW� XWLOLVpH� SRXU� OHV� GLIIpUHQWHV� UpJLRQV� �OHV� IOqFKHVUHSUpVHQWHQW� OHV� UHODWLRQV�G·KpULWDJH���/HV� UpJLRQV�VRQW�FRQVWLWXpHVG·pOpPHQWV�LQGLYLGXHOV�

�� 2UJDQLVDWLRQ�GX�FKDSLWUH
(Q�JXLVH�G·LQWURGXFWLRQ��O·RUJDQLVDWLRQ�HW�O·DUWLFXODWLRQ�GH�FH�FKDSLWUH�HVW�GpFULWH�EULqYHPHQW�/HV�UpJLRQV�JpQpUDOHV��SDUDJUDSKH������VRQW�FRQVWUXLWHV�GH�WHOOH�IDoRQ�TXH�O·XWLOLVDWLRQ�GH�EDVHVGH� GRQQpHV� VRLW� SRVVLEOH� �WHOOHV� TXH� FHOOHV� LVVXHV� GHV� DOJRULWKPHV� GH� VHJPHQWDWLRQ�� GHVPRGHOHXUV��'��GHV�DOJRULWKPHV�GH�JHVWLRQ�GH�VXUIDFHV�HW�GHV� WHFKQLTXHV�G·DIILFKDJH���1RXVPRQWURQV�HQVXLWH�FRPPHQW�OHV�ORLV�GH�OD�G\QDPLTXH�SHXYHQW�\�rWUH�DMRXWpHV��SDUDJUDSKH������/D�SUpVHQWDWLRQ�GH�OD�QRWLRQ�GH�IRUFH�HQJHQGUpH�SDU�XQ�SRLQW�DWWUDFWHXU�HVW�SDUWLFXOLqUHPHQWLPSRUWDQWH�SXLVTX·HOOH�GpILQLW�OH�SULQFLSH�GLUHFWHXU�GH�QRWUH�PRGpOLVDWLRQ�GHV�IRUFHV�pODVWLTXHVHW�PXVFXODLUHV�3RXU�GpILQLU�GHV�UpJLRQV�pODVWLTXHV��QRXV�DSSOLTXRQV�XQH�PRGpOLVDWLRQ�SK\VLTXH�j�SDUWLU�G·XQHGpILQLWLRQ� RULJLQDOH� GHV� IRUPHV� JpRPpWULTXHV� �SDUDJUDSKHV� ���� HW� ������ 1RXV� FRPSDURQVHQVXLWH� QRWUH� PpWKRGH� j� O·DSSURFKH� PDVVH�UHVVRUW� FODVVLTXH� HW� OD� VLWXRQV� SDU� UDSSRUW� DXWDEOHDX���GX�FKDSLWUH�SUpFpGHQW��SDUDJUDSKH������$SUqV� DYRLU� GUHVVp� XQ� pWDW� GH� O·DUW� VXFFLQFW� VXU� OHV� PRGqOHV� GH� PXVFOHV� GH� OD� OLWWpUDWXUH�SDUDJUDSKH�������RQ�PRQWUH�FRPPHQW�RQ�SHXW�DSSOLTXHU�XQ�SULQFLSH�VLPSOH�SRXU�REWHQLU�GHVSURSULpWpV�FRPSOH[HV�FRPPH�OD�GpILQLWLRQ�GH�GLUHFWLRQV�GH�FRQWUDFWLRQ��SDUDJUDSKH������1RXV� YHUURQV� HQILQ� TXH� O·DSSURFKH� GpFULWH� DX� FKDSLWUH� �� HW� HQ� DQQH[H� �� SRXU� GpILQLU� OHVSDUWLHV� ULJLGHV� HVW� YDODEOH� HW� GLUHFWHPHQW� XWLOLVDEOH� GDQV� QRWUH�PRGpOLVDWLRQ� �SDUDJUDSKH� ���3RXU�FKDFXQH�GHV�UpJLRQV��pODVWLTXHV��PXVFXODLUHV�HW�pODVWLTXHV���OH�SDUDJUDSKH�ILQDO�UpFDSLWXOHOHV�DWWULEXWV�QpFHVVDLUHV�DX[�pOpPHQWV�GH�FHV�UpJLRQV�



'HVFULSWLRQ�JpQpUDOH ��

�� 'HVFULSWLRQ�JpQpUDOH
'DQV� FH� SDUDJUDSKH� QRXV� DOORQV� GpFULUH� OD� EDVH� JpRPpWULTXH� GHV� UpJLRQV�� DLQVL� TXH� OHVSULQFLSHV� GH� OD� G\QDPLTXH� TXH� QRXV� DOORQV� XWLOLVHU� �GHVFULSWLRQ� GHV� IRUFHV� HW� GHV� ORLVG·pYROXWLRQ�GHV�UpJLRQV��
��� *pRPpWULH�GHV�REMHWV�GpIRUPDEOHV
/HV�UpJLRQV�G·XQ�REMHW�VRQW�GpFULWHV�SDU�OHXUV�VXUIDFHV�FRPSRVpHV�GH�IDFHWWHV�WULDQJXODLUHV��&HVGHX[�SRLQWV�VHURQW�DUJXPHQWpV�UHVSHFWLYHPHQW�DX�SDUDJUDSKH�������HW��������
������0RGpOLVDWLRQ�VXUIDFLTXH�GHV�REMHWV
'DQV� XQH� DSSURFKH� SDU� DVVHPEODJH� G·pOpPHQWV�� FKDTXH� REMHW� HVW� GpFULW� GH� PDQLqUHJpRPpWULTXHPHQW� GLVFUqWH� SDU� XQ� HQVHPEOH� GH� SRLQWV�� 7URLV� DSSURFKHV� SULQFLSDOHV� VRQWSRVVLEOHV�FRPPH�QRXV�O·DYRQV�YX�DX�FKDSLWUH�SUpFpGHQW���FRQVWUXFWLRQ�G·XQ�UpVHDX[��JHVWLRQG·XQ� V\VWqPH� GH� SDUWLFXOHV�� RX� XWLOLVDWLRQ� GH� VXUIDFHV� LPSOLFLWHV�� 1RXV� DYRQV� RSWp� SRXU� ODSUHPLqUH��2Q�FKRLVLW� GH�SOXV�GH�GpFULUH� XQ� REMHW� XQLTXHPHQW� SDU� VD� VXUIDFH�� /HV� pOpPHQWVVHURQW�GRQF�GLVSRVpV�j�OD�VXUIDFH�GH�O·REMHW��VD�OLPLWH�VSDWLDOH��/D�FRQVWUXFWLRQ�G·XQ�UpVHDX�VXUIDFLTXH��F·HVW�j�GLUH�OD�GpILQLWLRQ�GH�YRLVLQDJHV�H[SOLFLWHV�HQWUHOHV� pOpPHQWV� FRPSRVDQW� OD� IURQWLqUH� JpRPpWULTXH� GHV� REMHWV�� HVW� OD� UHSUpVHQWDWLRQ� OD� SOXVFRXUDQWH�TXH�FH�VRLW�GDQV� OHV�PRGHOHXUV�SRXU� O·DQLPDWLRQ�� OHV� ORJLFLHOV�GH�&$2�RX�ELHQ� OHVDOJRULWKPHV� GH� VHJPHQWDWLRQ�� &HOD� QRXV� SHUPHW� GH� GLVSRVHU� GH� QRPEUHX[� REMHWV� HW� GHSRXYRLU�OHV�XWLOLVHU�GLUHFWHPHQW�(QILQ��SRXU� UHVWHU� FRKpUHQW� DYHF�QRWUH� DSSURFKH�� FKDTXH�pOpPHQW�GH� VXUIDFH� HVW� LQGH[p�GHPDQLqUH�XQLTXH�j�O·LQWpULHXU�G·XQ�REMHW��2Q�Q·XWLOLVH�GRQF�SDV�GH�UHSUpVHQWDWLRQ�SDUDPpWULTXHGHV�VXUIDFHV��SOXW{W�XWLOLVpH�GDQV�OHV�DSSURFKHV�SDU�GLIIpUHQFHV�ILQLHV��/H� SDUL� HVW� GRQF� OH� VXLYDQW��� GpILQLU� OHV� ORLV� GH� G·pYROXWLRQ� �FRPPH� O·pODVWLFLWp�O·LQFRPSUHVVLELOLWp��OD�PRWULFLWp��HQ�Q·XWLOLVDQW�TXH�GHV�pOpPHQWV�j�OD�VXUIDFH�GHV�REMHWV�
������8WLOLVDWLRQ�GH�IDFHWWHV�WULDQJXODLUHV
1RXV�DYRQV�FKRLVL�GH� UHOLHU� FHV� pOpPHQWV� j� WUDYHUV� XQ� UpVHDX�GH� IDFHWWHV� WULDQJXODLUHV��&HODFRPSRUWH�SOXVLHXUV�DYDQWDJHV��
•  /D� OLVWH�GH� IDFHWWHV� WULDQJXODLUHV� HVW� OH� IRUPDW� OH�SOXV� UpSDQGX�SRXU� GpFULUH� XQH� VXUIDFHWULGLPHQVLRQQHOOH� �WRXWHV� OHV� VRXUFHV� G·REMHW� �'� FLWpHV� SOXV� KDXW� SHXYHQW� IRXUQLU� XQUpVHDX�GH�IDFHWWHV�WULDQJXODLUHV��
•  /H�WULDQJOH�HVW�O·pOpPHQW�GH�VXUIDFH�OH�SOXV�VLPSOH��VRQ�XWLOLVDWLRQ�GDQV�OHV�FDOFXOV�SHUPHWGH�QRPEUHXVHV�VLPSOLILFDWLRQV��FRPPH�QRXV�OH�YHUURQV�DX�FKDSLWUH�VXLYDQW�SRXU�OH�FDOFXOGX�YROXPH��
•  /HV� IDFHWWHV� WULDQJXODLUHV� VRQW� GHV� SULPLWLYHV� JUDSKLTXHV� SUpVHQWHV� GDQV� WRXWHV� OHVELEOLRWKqTXHV�GH�UHSUpVHQWDWLRQ�G·REMHWV��'��FRPPH�3(;�RX�2SHQ*/���*pQpUDOHPHQWFkEOpV��OHV�DOJRULWKPHV�G·DIILFKDJH�GH�FHV�SULPLWLYHV�VRQW�WUqV�SHUIRUPDQWV�
&KDTXH�pOpPHQW�JqUH� OD� OLVWH�GH�VHV�YRLVLQV��DYHF� OHVTXHOV� LO� IRUPH�GHV� IDFHWWHV� WULDQJXODLUHV�&HWWH� OLVWH� GH� YRLVLQ� HVW� LQYDULDQWH� GDQV� QRWUH� FDV�� FDU� QRXV� Q·DYRQV� SDV� PRGpOLVp� OHVFKDQJHPHQWV�GH�WRSRORJLH�RX�OHV�IUDFWXUHV�



�� &RQVWUXFWLRQ�GX�PRGqOH

)LJXUH� ��� 5HSUpVHQWDWLRQ� GHV� UpJLRQV� SDU� OHXUV� VXUIDFHV� H[WHUQHV�/HV�YRLVLQV�G·XQ�pOpPHQW�VRQW�GpFULWV�GDQV�OH�VHQV�WULJRQRPpWULTXHORUVTX·RQ� REVHUYH� OD� VXUIDFH� GH� O·H[WpULHXU�� HW� GpFULYHQW� GHVWULDQJOHV�

8QH� DXWUH� UHSUpVHQWDWLRQ� DXUDLW� pWp� WUqV� HIILFDFH� GDQV� QRWUH� FDV� SRXU� PRGpOLVHU� O·pODVWLFLWp�FRPPH�QRXV�OH�YHUURQV�DX�SDUDJUDSKH������OHV�PDLOODJHV�VLPSOH[��'HOLQJHWWH���������&·HVW�XQHUHSUpVHQWDWLRQ�GXDOH�GH�OD�WULDQJXODWLRQ��OH�SDVVDJH�G·XQH�UHSUpVHQWDWLRQ�j�O·DXWUH�HVW�WRXMRXUVSRVVLEOH��R��FKDTXH�pOpPHQW�Q·D�TXH�WURLV�YRLVLQV�
/RUVTXH� O·RQ� REVHUYH� OD� VXUIDFH� GH� O·H[WpULHXUH�� OHV� YRLVLQV� VRQW� GpFULWV� GDQV� OH� VHQVWULJRQRPpWULTXH�DILQ�GH�GLVWLQJXHU��DX�QLYHDX�GH�FKDTXH�pOpPHQW��O·LQWpULHXU�GH�O·H[WpULHXU�GHO·REMHW��YRLU�)LJXUH����
��� /D�G\QDPLTXH�GX�V\VWqPH
8QH� VLPXODWLRQ� EDVpH� VXU� OD� SK\VLTXH� VHPEOH� rWUH� XQH� ERQQH� VROXWLRQ� SRXU�PRGpOLVHU� GHVPRXYHPHQWV� GH� PDQLqUH� QDWXUHOOH�� &·HVW� SRXUTXRL� QRXV� DGRSWRQV� FH� SRLQW� GH� YXH� �YRLUFKDSLWUH� ���� 1RWUH� PRGqOH� HVW� FRQVWUXLW� VXU� XQH� EDVH� SK\VLTXH�� 3RXU� FHOD� OHV� pOpPHQWVJpRPpWULTXHV� VH� YRLHQW� DWWULEXHU� XQH� PDVVH� �SUHPLHU� FRQFHSW� GH� OD� G\QDPLTXH��� &·HVW� ODVROXWLRQ� OD�PRLQV�FR�WHXVH�HQ� WHUPH�GH�FDOFXO��PDLV�DXVVL�HQ� WHUPH�GH�UHSUpVHQWDWLRQ�HW�GHFRPSUpKHQVLRQ�/H�GHX[LqPH�FRQFHSW�GH�OD�G\QDPLTXH�HVW�FHOXL�GH�IRUFH��8QH�IRUFH�DJLW�VXU�XQ�REMHW�DX�FRXUVGH� OD� VLPXODWLRQ� SRXU�PRGLILHU� VRQ� pYROXWLRQ�� 3XLVTXH� OHV� REMHWV� VRQW� UHSUpVHQWpV� SDU� GHVpOpPHQWV�SODFpV�j�OHXU�VXUIDFH��QRWUH�DSSURFKH�QRXV�REOLJH�j�HQJHQGUHU�OHV�IRUFHV�DX�QLYHDX�GHFHV�pOpPHQWV�/H�SDUDJUDSKH��������GpFULW�SOXV�HQ�GpWDLO�OHV�IRUFHV�TXH�QRXV�XWLOLVRQV��HW�QRWDPPHQW�OD�IRUFHHQJHQGUpH�SDU�XQ�DWWUDFWHXU��/H�SDUDJUDSKH��������IRUPXOH�OH�SULQFLSH�G·DFWLRQ�UpDFWLRQ�OLp�DX[IRUFHV��/H�SDUDJUDSKH��������GRQQH�O·DOJRULWKPH�G·pYROXWLRQ�FODVVLTXH�SRXU�LQWpJUHU�FHV�IRUFHVDX�QLYHDX�GHV�pOpPHQWV�HW�FDOFXOHU�OHXUV�GpSODFHPHQWV�
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������/HV�IRUFHV
7URLV�W\SHV�GH�IRUFHV�VRQW�QpFHVVDLUHV�j�QRWUH�PRGpOLVDWLRQ��
•  &KDPSV�GH�IRUFH���FHWWH�IRUFH�SURYLHQW�G·XQ�FKDPS�GH�IRUFH��2Q�FRQQDvW�VD�YDOHXU�SRXUO·pOpPHQW�FRQVLGpUp�HW�j�O·LQVWDQW�FRQVLGpUp��&HWWH�YDOHXU�SHXW�rWUH�XQH�IRQFWLRQ�GH�O·pWDW�GHO·pOpPHQW� FRQVLGpUp� �PDVVH�� FLQpWLTXH��� &·HVW� OH� FDV� SDU� H[HPSOH� GH� OD� IRUFHJUDYLWDWLRQQHOOH�
•  )RUFH� ORFDOH��8QH� IRUFH� GRQW� RQ� FRQQDvW� OH�PRGXOH� HW� OD� GLUHFWLRQ� HVW� H[HUFpH� VXU� XQpOpPHQW��&·HVW�OH�FDV�SDU�H[HPSOH�G·XQH�IRUFH�LQGXLWH�SDU�XQ�DXWUH�pOpPHQW��LQWHUDFWLRQ��RXSDU�XQ�RXWLO�PDQLSXOp�SDU�O·XWLOLVDWHXU�
•  )RUFH�LQGXLWH�SDU�XQ�SRLQW�G·DWWUDFWLRQ��'DQV�FH�FDV�RQ�FRQQDvW�VHXOHPHQW�OD�QDWXUH�GHOD� IRUFH��� XQ� pOpPHQW� GRLW� DWWHLQGUH� XQH� SRVLWLRQ� LGpDOH� PLQLPLVDQW� XQH� FHUWDLQHIRQFWLRQQHOOH��RX�VDWLVIDLVDQW�XQ�FULWqUH�GRQQp��&HWWH�SRVLWLRQ�LGpDOH��RX�SRLQW�G·DWWUDFWLRQ�SHXW�SURYHQLU�G·XQ�DWWUDFWHXU��IL[H�RX�PRELOH��RX�G·XQH�SRVLWLRQ�FDOFXOpH�HQ�IRQFWLRQ�GHO·pWDW�FRXUDQW�'HV� WURLV� W\SHV�GH� IRUFH� F·HVW� OD� GHUQLqUH� TXL� QRXV� LQWpUHVVH� OH� SOXV��&·HVW� HOOH� TXL� YD� QRXVSHUPHWWUH�GH�PRGpOLVHU�O·pODVWLFLWp��OD�PRWULFLWp�RX�HQFRUH�GH�GpILQLU�GHV�RXWLOV�GH�FRQWU{OH�GHO·DQLPDWLRQ�
'HX[� FKRL[� VRQW� SRVVLEOHV� TXDQW� j� OD� IRUPXODWLRQ� GH� OD� IRUFH� HQJHQGUpH� SDU� XQ� SRLQWG·DWWUDFWLRQ��
•  )RUPXODWLRQ� pQHUJpWLTXH�� 2Q� H[SULPH� O·DWWUDFWLRQ� SDU� XQH� pQHUJLH� HW� RQ� XWLOLVH� OHJUDGLHQW�GH�FHWWH�pQHUJLH�FRPPH�IRUFH�G·DWWUDFWLRQ��&·HVW�JpQpUDOHPHQW�O·DSSURFKH�XWLOLVpHSRXU� OD� VHJPHQWDWLRQ� G·LPDJHV� TXDQG� OHV� ]RQHV� G·DWWUDFWLRQV� QH� VRQW� SDV� H[DFWHPHQWGpILQLHV��GDQV�FH�FDV�RQ�XWLOLVH�XQ�REMHW�GpIRUPDEOH�SRXU�GpOLPLWHU�XQH�UpJLRQ�GH�O·LPDJH�YRLU�GHV�WUDYDX[�VXU�OHV�FRQWRXUV�DFWLIV����%DLQYLOOH����������/HLWQHU��������RX��.DVV�HW�DO��������
•  )RUPXODWLRQ�GLUHFWH��'DQV� QRWUH� FDV�� OHV� ]RQHV� G·DWWUDFWLRQV� VRQW� FODLUHPHQW� GpILQLHV�2Q� XWLOLVH� DORUV� XQH� IRUPXODWLRQ� GLUHFWH� HQ� DMRXWDQW� GLUHFWHPHQW� XQ� UHVVRUWPXOWLGLPHQVLRQQHO�HQWUH�O·pWDW�FRXUDQW�GH�O·pOpPHQW�HW�OD�SRVLWLRQ�GH�VRQ�DWWUDFWHXU��/D�ORLG·pYROXWLRQ� GX� UHVVRUW� VHUD� LQWpJUpH� SDU� OHV� pTXDWLRQV� GH� OD� G\QDPLTXH��� OD� IRUFHG·DWWUDFWLRQ�VHUD�JpQpUpH�SDU�OH�UHVVRUW��/H�PrPH�SULQFLSH�HVW�XWLOLVp�GDQV��/DPRXUHW�HW�DO�������FRPPH�DLGH�j�OD�GpILQLWLRQ�GH�VFpQDULR�GH�ILOPV�G·DQLPDWLRQ��YRLU�DXVVL��/DPRXUHW��������
3RXU�PRGpOLVHU�GLIIpUHQWV�FRPSRUWHPHQWV�LO�IDXW�LQWURGXLUH�XQ�SRLGV�VXU�FKDTXH�IRUFH��&HWWHSRQGpUDWLRQ� Q·HVW� SDV� WRXMRXUV� IL[H� HW� SHXW� pYROXHU� DX� FRXUV� GX� WHPSV� �SDU� H[HPSOH� ODYDULDWLRQ� GH� OD� SRQGpUDWLRQ� G·XQH� IRUFH� GH� FRQWUDFWLRQ� SHUPHW� GH� PRGpOLVHU� OD� YDULDWLRQG·DFWLYLWp�PXVFXODLUH���'HX[�FRPSRUWHPHQWV�GLIIpUHQWV�VHURQW�FDUDFWpULVpV�SDU�GHX[�HQVHPEOHVGH�SRQGpUDWLRQV�GHV�IRUFHV�DSSOLTXpHV�DX�V\VWqPH�
������3ULQFLSH�G·DFWLRQ�UpDFWLRQ
&H� SULQFLSH� pQRQFH� TXH� OD� VRPPH� GHV� IRUFHV� LQWHUQHV� G·XQ� V\VWqPH� HVW� WRXMRXUV� QXOOH�/RUVTXH�GHX[�pOpPHQWV�VRQW�HQ�LQWHUDFWLRQ��OD�IRUFH�G·LQWHUDFWLRQ�DJLVVDQW�VXU�O·XQ�HVW�O·LQYHUVH
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GH�FHOOH�DJLVVDQW�VXU�O·DXWUH��$LQVL��OHV�IRUFHV�LQWHUQHV�QH�SHXYHQW�GpSODFHU�OH�FHQWUH�GH�JUDYLWpGX�V\VWqPH�'DQV� QRWUH� PRGqOH�� ORUVTX·XQH� IRUFH� G·LQWHUDFWLRQ� HVW� JpQpUpH�� QRXV� QRXV� HIIRUFHURQV� GHFDOFXOHU� OD� IRUFH� GH� UpDFWLRQ� H[DFWH� OXL� FRUUHVSRQGDQW�� &HSHQGDQW� FHOD� Q·HVW� SDV� WRXMRXUVSRVVLEOH��� GDQV� OH� FDV� G·XQH� IRUFH� HQJHQGUpH� SDU� XQ� DWWUDFWHXU� FDOFXOp� j� SDUWLU� GH� SOXVLHXUVpOpPHQWV� �FDV�GH� OD�PpPRLUH�GH� IRUPH� ORFDOH�� DXFXQH� LQIRUPDWLRQ�Q·HVW� GLVSRQLEOH� SRXU� ODUpSDUWLU� VXU� OHV� pOpPHQWV� SDUWLFLSDQWV�� 'DQV� FH� FDV� RQ� UpSDUWLW� OD� IRUFH� GH� UpDFWLRQ� VXUO·HQVHPEOH�GHV�pOpPHQWV�GH�PDQLqUH�pTXLSRQGpUpH�
������$OJRULWKPH�G·pYROXWLRQ
/H� SULQFLSH� G·pYROXWLRQ� TXH� O·RQ� DSSOLTXH�� TXDQG� OH� V\VWqPH� Q·HVW� SDV� FRQWUDLQW�� HVW� WLUpGLUHFWHPHQW� GH� OD� GLVFUpWLVDWLRQ� OD� ORL� IRQGDPHQWDOH� GH� OD� G\QDPLTXH� �YRLU� SDUDJUDSKH� ��FKDSLWUH�����/·DOJRULWKPH�LVVX�GH�FH�SULQFLSH�HVW�SUpVHQWp�j�OD�)LJXUH���

�FKDTXH�LQVWDQW� t �GH�OD�VLPXODWLRQ��
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•  0HWWUH�j�MRXU�OH�QRXYHO�pWDW�FLQpWLTXH�
)LJXUH����$OJRULWKPH�G·pYROXWLRQ��VDQV�FRQWUDLQWH��� dt �HVW�OH�SDV�GHWHPSV� XWLOLVp� SRXU� OD� GLVFUpWLVDWLRQ� GH� OD� ORL� IRQGDPHQWDOH� GH� ODG\QDPLTXH�

(Q�XWLOLVDQW�FHW�DOJRULWKPH�GDQV�OH�FDV�G·XQH�IRUFH�LQGXLWH�SDU�XQ�DWWUDFWHXU�G\QDPLTXH��YRLU)LJXUH�����OH�GpSODFHPHQW�GH�O·pOpPHQW�OH�UDSSURFKH�WRXMRXUV�GX�SRLQW�G·DWWUDFWLRQ�
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t t+dt
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)LJXUH� ��� 2Q� XWLOLVH� XQ� HQVHPEOH� G·pOpPHQWV� GH� FRQWRXU� SRXU
GpILQLU� OD� EDOOH�� /H� SRLQW� Ai� HVW� GpILQL� FRPPH� DWWUDFWHXU� GHO·pOpPHQW�Ei��GH�SRVLWLRQ� ip ���$LQVL�TXHO�TXH�VRLW�OH�PRXYHPHQW�GH
OD�UDTXHWWH��O·pOpPHQW�Ei�HVW�DWWLUp�SDU�OH�SRLQW�Ai��/D�IRUFH�JpQpUpHSDU�O·DWWUDFWHXU�j�FKDTXH�LQVWDQW� t �HVW�LVVXH�GH�OD�IRUFH�G·XQ�UHVVRUW
OLDQW�O·pOpPHQW�HW�VRQ�DWWUDFHXU��� ( )i

t
i

t k Apf −−= �

������5pFDSLWXODWLI�VXU�OHV�SURSULpWpV�JpQpUDOHV�GHV�pOpPHQWV��
'·DSUqV�FH�TX·RQ�D�YX�MXVTX·j�SUpVHQW��XQ�pOpPHQW��GH�PDQLqUH�JpQpUDOH��HVW�FDUDFWpULVp�SDU��XQ�LQGLFH�GDQV�O·REMHW��XQLTXH���XQ�QXPpUR�GH�UpJLRQ�GDQV�O·REMHW��XQLTXH���XQH�SRVLWLRQ��XQQRPEUH�GH�YRLVLQV��XQH�OLVWH�GH�YRLVLQV��XQH�PDVVH��XQH�YLWHVVH��HW�OD�VRPPH�GHV�IRUFHV�TXL�OXLVRQW�DSSOLTXpHV�/HV�UpJLRQV�VROLGHV�RQW�FHV�PrPH�SURSULpWpV��FHSHQGDQW�OHV�FDUDFWpULVWLTXHV�GH�YRLVLQDJHV�QHVRQW�XWLOLVpHV�TXH�SRXU�FHUWDLQV�PRGH�G·DIILFKDJH��YRLU�SDUDJUDSKH����
1RXV� DOORQV� YRLU� GDQV� OHV� SURFKDLQV� SDUDJUDSKHV� FRPPHQW�� j� SDUWLU� G·XQH� WHOOH� EDVH�� OHVGLIIpUHQWHV�UpJLRQV�QpFHVVDLUHV�j�QRWUH�VLPXODWLRQ�VRQW�PRGpOLVpHV���OHV�UpJLRQV�pODVWLTXHV��OHVUpJLRQV�PXVFXODLUHV�HW�HQILQ�OHV�UpJLRQV�VROLGHV�
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�� 5pJLRQV�pODVWLTXHV
/·DWRXW�GHV�PRGqOHV�JpQpUDWHXUV�XWLOLVDQW�GHV�SULQFLSHV�SK\VLTXHV�SURYLHQW�GH�OHXU�DSWLWXGH�jSURGXLUH�GHV�FRPSRUWHPHQWV�FRPSOH[HV�HW�UpDOLVWHV�j�SDUWLU�G·XQH�EDVH�HW�GH�UqJOHV�VLPSOHV�'H� QRPEUHXVHV� PpWKRGHV� SDU� DVVHPEODJH� G·pOpPHQWV� VRQW� SURSRVpHV� GDQV� OD� OLWWpUDWXUH�&HSHQGDQW�DXFXQH�QH�VDWLVIDLW�FRPSOqWHPHQW�OHV�FRQWUDLQWHV�VXLYDQWHV��
•  )DFLOLWp�G·LPSOpPHQWDWLRQ�HW�IDLEOH�EHVRLQ�HQ�FDOFXO�
•  8WLOLVDWLRQ�G·pOpPHQWV�VXUIDFLTXHV��HW�GH�IDFHWWHV�WULDQJXOpHV��
•  6WDELOLWp�QXPpULTXH�
•  5pDOLVPH�GHV�GpIRUPDWLRQV�/HV�GHX[�GHUQLHUV�SRLQWV�VRQW�WUqV�LPSRUWDQWV���OH�FRPSRUWHPHQW�pODVWLTXH�TXH�QRXV�YRXORQVREWHQLU� GRLW� rWUH� WUqV� SUpFLV�� &RPPH� QRWUH� REMHFWLI� HVW� OD� PRGpOLVDWLRQ� GHV� SKDVHV� GH� ODUHVSLUDWLRQ�� OH� V\VWqPH� XQH� IRLV� GpIRUPp�� GRLW� UHWRXUQHU� j� VD� FRQILJXUDWLRQ� G·RULJLQH� GHPDQLqUH� SUpFLVH�� &HWWH� GHUQLqUH� FDUDFWpULVWLTXH� HVW� UDUHPHQW� UHQFRQWUpH� GDQV� OD� OLWWpUDWXUH�VRXYHQW�OHV�UHWRXUV�VRQW�SDUWLHOV���1RXV�YHUURQV�TXH�FH�W\SH�GH�UHWRXU�HVW�GLIILFLOH�j�REWHQLU��LOGHPDQGH�j�OD�IRLV�XQH�VWDELOLWp�QXPpULTXH�HW�XQH�SUpFLVLRQ�LPSRUWDQWH��
&ODVVLTXHPHQW�� OH�PRGqOH� OH� SOXV� VLPSOH� FRQVLVWH� j� UHOLHU� O·HQVHPEOH� GHV� pOpPHQWV� SDU� GHVUHVVRUWV�� OHV� UHODWLRQV�GH�YRLVLQDJH�pWDQW� UHWUDQVFULWHV�GLUHFWHPHQW�SDU�XQ� UHVVRUW��0DLV� FHWWHDSSURFKH��ELHQ�TXH�WUqV�VLPSOH��Q·HVW�SDV�VDWLVIDLVDQWH���OH�QRPEUH�LPSRUWDQW�GH�UHVVRUWV�UHQGOH�FRQWU{OH�GLIILFLOH�
3RXU� FRQVWUXLUH� QRWUH�PRGqOH�� QRXV� DOORQV� GRQF� H[DPLQHU� GHX[� IRUPXODWLRQV� GH� O·pODVWLFLWpGpILQLV� GDQV� OD� OLWWpUDWXUH� GH� OD� G\QDPLTXH��� OD� WKpRULH� GH� O·pODVWLFLWp� HW� OHV� WHQVHXUV� GHGpIRUPDWLRQV�VXUIDFLTXHV��1RXV�HQ�WLURQV�OHV�SULQFLSHV�HW�SUpVHQWRQV�XQH�GpILQLWLRQ�RULJLQDOHGH�OD�IRUPH�j�O·DLGH�G·XQ�UHSqUH�ORFDO�EDVp�VXU�OH�YRLVLQDJH���SDUDJUDSKH����������(Q�DSSOLTXDQWFHWWH� GpILQLWLRQ�� QRXV� GpFULYRQV� XQH� PpPRLUH� GH� IRUPH� ORFDOH� �SDUDJUDSKH� ������ 1RXVDQDO\VHURQV� FHWWH� IRUPXODWLRQ� GH� OD� GpIRUPDWLRQ� HQ� OD� FRPSDUDQW� DYHF� XQH� IRUPXODWLRQFODVVLTXH�PDVVH�UHVVRUW��SDUDJUDSKH������
��� )RUPXODWLRQ�GH�OD�IRUPH�HW�GH�OD�GpIRUPDWLRQ
6DQV�UHSUHQGUH�LFL�O·HQVHPEOH�GH�OD�WKpRULH�GH�O·pODVWLFLWp��SRXU�FHOD�FRQVXOWHU��&LDUOHW��������RX�%DXVVHW�� �������� QRXV� DOORQV� H[DPLQHU� GHX[� IDoRQV� G·H[SULPHU� XQH� GpIRUPDWLRQ��� ODIRUPXODWLRQ� LVVXH�GH� OD� WKpRULH�GH� O·pODVWLFLWp�HW�FHOOH�XWLOLVDQW� OHV� WHQVHXUV�VXUIDFLTXHV��1RXVQRXV�DSSX\RQV�SOXV�SDUWLFXOLqUHPHQW�VXU�OD�GHX[LqPH�IRUPXODWLRQ�SRXU�GpILQLU�XQH�QRXYHOOHIRUPXODWLRQ�SOXV�DGDSWpH�DX[�VXUIDFHV�GLVFUqWHV�SUpVHQWpHV�DX�SDUDJUDSKH�����
������7KpRULH�GH�O·pODVWLFLWp
/D�WKpRULH�GH�O·pODVWLFLWp�QH�V·DSSOLTXH�TX·HQ�FDV�G·pTXLOLEUH�GH� O·REMHW�FRQVLGpUp��/·pYROXWLRQHVW�TXDVL�VWDWLTXH�HW�QH�FRQVLGqUH�TXH�OHV�V\VWqPHV�HQ�pWDW�G·pTXLOLEUH�VWDWLTXH��/D�WKpRULH�HVWDXVVL�YDODEOH�SRXU�GHV�SHWLWHV�RVFLOODWLRQV��PDLV�QH�FRQYLHQW�SDV�j�OD�PRGpOLVDWLRQ�GH�FKRF�RXGH� GpIRUPDWLRQ� LPSRUWDQWH� �FDV� GH� OD� FROOLVLRQ��� &HSHQGDQW� HOOH� UHVWH� OD� VHXOH� EDVHPDWKpPDWLTXH�G
HQYHUJXUH�GDQV�FH�FDV�Oj�SXLVTXH�DXFXQH�DXWUH�WKpRULH�SK\VLTXH�Q·HVW�pWDEOLH�
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2Q�FRQVLGqUH�XQ�REMHW�GpIRUPDEOH�2��&KDTXH�SRLQW� i ��VXUIDFLTXH�RX�QRQ��GH�O·REMHW�SRVVqGH
XQH�SRVLWLRQ�GDQV�O·HVSDFH�HXFOLGLHQ�GH�GLPHQVLRQ����QRWpH� ix ��6D�FRQILJXUDWLRQ�GH�UpIpUHQFH
HVW� QRWpH� 0

ix �� VD� FRQILJXUDWLRQ� j� O·LQVWDQW� t � FRQVLGpUp� HVW� t
ix �� 2Q� FRQQDvW� OD� IRQFWLRQ� GH

GpIRUPDWLRQ� ( )ixF �SHUPHWWDQW�G·DPHQHU�O·REMHW�GH�VD�FRQILJXUDWLRQ�G·RULJLQH�MXVTXH�GDQV�VD
FRQILJXUDWLRQ�SUpVHQWH�2Q� V·LQWpUHVVH� LFL� j� OD� PHVXUH� ORFDOH� GH� OD� GpIRUPDWLRQ�� 2Q� LPSRVH� TXH� OD� GpIRUPDWLRQSUpVHUYH� OH� VHQV� HW� QH� SHUPHW� SDV� XQH� FRPSUHVVLRQ� LQILQLH� HQ� XQ� SRLQW�� F·HVW�j�GLUH� TXH

( )( ) 0Fdet, >∇∀ ii xx ��R�� ( )iF x∇ �GpVLJQH�OH�JUDGLHQW�GH�OD�IRQFWLRQ�GH�GpIRUPDWLRQ�HQ� ix
�GDQV�QRWUH�FDV��F·HVW�XQH�PDWULFH��[���FRUUHVSRQGDQW�j�OD�PDWULFH�MDFRELHQQH�GH�OD�IRQFWLRQ�DX
SRLQW� ix ���
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( ) ( ) ( )
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2Q�QRWH� )( j
ix �OD�MLqPH�FRPSRVDQWH�GX�YHFWHXU� ix ��GDQV�QRWUH�FDV��M�YD�GH���j����

/D�PDWULFH�V\PpWULTXH�GpILQLH�SDU��
( ) ( ) ( )i

T
ii xxxC FF ∇∇=

HVW�DSSHOpH�OH�WHQVHXU�GHV�GpIRUPDWLRQV�GH�&DXFK\�*UHHQ�'DQV�OD�WKpRULH�GH�O·pODVWLFLWp��OH�WHQVHXU�GHV�GpIRUPDWLRQV�GH�*UHHQ�/DJUDQJH��DSSHOp�SDUIRLVGH�*UHHQ�6W�9HQDQW���GpILQL�SDU��
( ) ( )( )IxCxE −=

2

1 �
R�� I � HVW� OD�PDWULFH� LGHQWLWp��PHVXUH� O·pFDUW� HQWUH� OD� GpIRUPDWLRQ�SURGXLWH� SDU� ( )ixF � HW� XQ
VLPSOH� GpSODFHPHQW� ULJLGH�� 1RXV� UHWLHQGURQV� TX·LO� HVW� QXO� ORUVTXH� OD� GpIRUPDWLRQ� HVW
ORFDOHPHQW�ULJLGH��HQ� ix ��
2Q�QRWHUD�TXH�OHV�JUDQGHXUV�GH�OD�WKpRULH�GH�O·pODVWLFLWp�VRQW�GpILQLHV�ORFDOHPHQW�SRXU�WRXV�OHVSRLQWV�GH� O·REMHW��$XFXQH�PHVXUH�JOREDOH�Q·HVW� pWXGLpH��/H� WKpRUqPH�GH�&DXFK\�SHUPHW�GHUHOLHU�OHV�IRUFHV�DSSOLTXpHV�j�OD�VXUIDFH�HW�DX�YROXPH�GH�O·REMHW�j�OD�IRQFWLRQ�GH�GpIRUPDWLRQ�1RWUH�PRGqOH�pWDQW�VXUIDFLTXH��QRXV�DOORQV�PHVXUHU�OHV�GpIRUPDWLRQV�j�O·DLGH�GH�OD�WKpRULH�GHVVXUIDFHV�GDQV�OH�SDUDJUDSKH�VXLYDQW�



�� &RQVWUXFWLRQ�GX�PRGqOH

������7HQVHXUV�GH�GpIRUPDWLRQ�VXUIDFLTXH
/D�PHVXUH�GH�OD�GpIRUPDWLRQ�GH�OD�VXUIDFH�GH�O·REMHW��VRQ�FRQWRXU��GRLW�rWUH�QXOOH�SRXU�WRXWGpSODFHPHQW�ULJLGH��LQYDULDQFH�GH�O·REMHW�SDU�WUDQVODWLRQ�HW�URWDWLRQ���3DU�FRQWUH��RQ�GRLW�DYRLUXQ�UpVXOWDW�QRQ�QXO�SRXU�WRXWH�GpIRUPDWLRQ�GH�O·REMHW�SDU�UDSSRUW�j�VRQ�pWDW�GH�UHSRV��2Q�QHSHXW� SDV� XWLOLVHU� XQH� IRUPXOH� OLQpDLUH� �TXL� VHUDLW� GLUHFWHPHQW� GpSHQGDQWH� GHV� YDOHXUV� GH� ODSRVLWLRQ�GX�FRQWRXU��F·HVW�j�GLUH�XQH�IRQFWLRQ�OLQpDLUH�GHV�SRVLWLRQV�GH�VHV�pOpPHQWV���2Q�SDUWGH�OD�PrPH�GHVFULSWLRQ�TXH��7HU]RSRXORV�HW�DO�����������OH�WKpRUqPH�IRQGDPHQWDO�GHV�VXUIDFHVpQRQFH�TXH�GHX[�VXUIDFHV�RQW�OD�PrPH�IRUPH�VL�OHXUV�WHQVHXUV�PpWULTXHV�HW�OHXUV�WHQVHXUV�GH
FRXUEXUHV�VRQW�GHV�IRQFWLRQ�LGHQWLTXHV�GHV� ix ��SRLQW�GH�VXUIDFH���2Q�DVVRFLH�FHV�GHX[�YDOHXUV
j�OD�GpIRUPDWLRQ�1RXV�H[DPLQRQV�FHV�GHX[�PHVXUHV�SRXU�XQH�GLVFUpWLVDWLRQ�GH�OD�VXUIDFH�SDU�OD�PpWKRGHV�GHV
GLIIpUHQFHV�ILQLHV��� OD�VXUIDFH�HVW�SDUDPpWUpH�GDQV�GHX[�GLUHFWLRQV� 1u �HW� 2u ��8QH�VXUIDFH�HVW
GRQF�GpILQLH�SDU�XQ�HQVHPEOH�GH�SRLQWV� ( )21 ,uux �

1u∂
∂x

2u∂
∂x

n

2
1

2

u∂
∂ x1u

2u( )21 ,uux

)LJXUH����7HQVHXU�PpWULTXH�HW�WHQVHXU�GH�FRXUEXUH��/HV�GLUHFWLRQV
GH�SDUDPpWULVDWLRQ�VRQW� 1u �HW� 2u ��/D�VXUIDFH�HVW�UHSUpVHQWpH�HQ
SOHLQ�VXU�OD�JDXFKH�

D�� 7HQVHXU�PpWULTXH
2Q�PHVXUH� OHV� ORQJXHXUV� �GLVWDQFHV� HXFOLGLHQQHV�� HQWUH� OHV� pOpPHQWV� YRLVLQV� GH� OD� VXUIDFH�/RUVTXH�O·REMHW�VH�GpIRUPH��FHV�GLVWDQFHV�FKDQJHQW��2Q�FKHUFKH�j�REWHQLU�XQH�PHVXUH�GH�FHVGLVWDQFHV�j�SDUWLU�GHVTXHOOHV�QRXV�SRXUURQV�GpGXLUH�XQH� IRUFH�pODVWLTXH�GH� WHQVLRQ�HQWUH� OHVpOpPHQWV�
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'DQV� OH� FDV� G·XQH� VXUIDFH� �'� SDUDPpWUpH�� RQ� GpILQLW� OH� WHQVHXU� PpWULTXH� SDU� OD� PDWULFHV\PpWULTXH��

( )( )


















〉
∂
∂

∂
∂〈〉

∂
∂

∂
∂〈

〉
∂
∂

∂
∂〈〉

∂
∂

∂
∂〈

=

2221

1211

,,

,,

uuuu

uuuu
u

xxxx

xxxx

xG

/H�WHQVHXU�PpWULTXH�HVW�UHSUpVHQWp�j�OD�)LJXUH���
E�� 7HQVHXU�GH�FRXUEXUH
/H�WHQVHXU�PpWULTXH�QH�SHUPHW�SDV�GH�GpWHUPLQHU�HQWLqUHPHQW�OD�IRUPH�SXLVTXH�OD�FRXUEXUHSHXW�FKDQJHU�VDQV�FKDQJHU�OD�ORQJXHXU�GHV�VHJPHQWV��2Q�DMRXWH�OD�PHVXUH�GH�FRXUEXUH�GpILQLHSDU�OD�PDWULFH�V\PpWULTXH�VXLYDQWH��
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2��n �HVW�OD�QRUPDOH�j�OD�VXUIDFH��YRLU�)LJXUH����/H�WHQVHXU�PpWULTXH�FRUUHVSRQG�j�XQH�PHVXUH�GH�OD�GLVWDQFH�VpSDUDQW�OHV�pOpPHQWV�YRLVLQV��OHWHQVHXU�GH� FRXUEXUH� j�XQH�PHVXUH�GH� OD� FRXUEXUH� ORFDOH��&HV�GHX[� WHQVHXUV� VXIILVHQW� SRXUGpFULUH�XQH�VXUIDFH�WULGLPHQVLRQQHOOH��&HSHQGDQW��GDQV�OH�FDV�G·XQH�FRXUEH�WULGLPHQVLRQQHOOH�LO�PDQTXH� HQFRUH� XQ� WRUVHXU� SRXU� O·LQIRUPDWLRQ� GH� WRUVLRQ�� 'DQV� QRWUH� FDV�� FHOD� QH� QRXVLQWpUHVVH�SDV�/j�HQFRUH��OHV�WHQVHXUV�GpFULYHQW�OD�IRUPH�ORFDOH�GH�OD�VXUIDFH�
1RXV�UHWHQRQV�TXH�OHV�GHX[�WHQVHXUV�SUpVHQWpV�LFL�PHVXUHQW�XQH�WHQVLRQ�GH�VXUIDFH��GpULYpHSUHPLqUH�� HW� XQH� WHQVLRQ� GH� FRXUEXUH� �GpULYpH� VHFRQGH���'DQV� OH� SDUDJUDSKH� VXLYDQW� QRXVDOORQV�IRUPXOHU�XQH�QRXYHOOH�PHVXUH�GH�OD�GpIRUPDWLRQ�DSSOLFDEOH�GLUHFWHPHQW�VXU�OHV�VXUIDFHVWULDQJXOpHV�GpFULWHV�DX�SDUDJUDSKH�����HQ�UHJURXSDQW�OHV�H[SUHVVLRQV�GHV�GpULYpHV�DX�VHLQ�G·XQHPrPH�IRUPXODWLRQ�GLVFUqWH�
������5HSqUH�ORFDO�EDVp�VXU�OH�YRLVLQDJH
1RXV� GpVLURQV� WURXYHU� XQH� H[SUHVVLRQ� GH� OD� IRUPH� ORFDOH�� 'DQV� QRWUH� DSSURFKH� SDUDVVHPEODJH� G·pOpPHQW�� RQ� VH� SODFH� DX� QLYHDX� G·XQ� pOpPHQW� HW� RQ� FKHUFKH� j� GpILQLU� FKDTXH
pOpPHQW�UHODWLYHPHQW�j�VHV�YRLVLQV��2Q�FKHUFKH�GRQF�j�H[SULPHU�OD�SRVLWLRQ� ix �G·XQ�pOpPHQW
Ei GDQV�XQ�UHSqUH�ORFDO�EDVp�VXU�OHV�YRLVLQV�GH�Ei�2Q�XWLOLVH�SRXU�FHOD�WURLV�SDUDPqWUHV�HQ��'��GHX[�HQ��'��SRXU�FKDTXH�pOpPHQW���GHX[�DQJOHVHW�XQ�FRHIILFLHQW��&HWWH�GpILQLWLRQ�FRPSRUWH�GHV�FDV�VLQJXOLHUV�TXH�QRXV�H[DPLQRQV�HQ�ILQ�GHSDUDJUDSKH�� &RPPH� QRXV� XWLOLVRQV� XQ� YHFWHXU� ©�QRUPDO�ª� j� OD� VXUIDFH� HQ� XQ� SRLQW� G·XQPDLOODJH� SRXU� GpILQLU� QRV� SDUDPqWUHV� GH� IRUPH�� QRXV� GHYURQV� GDQV� XQ� GHUQLHU� VRXV�SDUDJUDSKH�UHYHQLU�VXU�FHWWH�QRWLRQ�GH�QRUPDOH��YRLU�DXVVL�DQQH[H����



�� &RQVWUXFWLRQ�GX�PRGqOH

D�� 'pILQLWLRQ�GHV�SDUDPqWUHV�GH�IRUPH
�SDUWLU�GX�YHFWHXU� in �QRUPDO�j�OD�VXUIDFH�HQ�Ei��HW�GH�O·LVREDU\FHQWUH� iG �GHV�YRLVLQV�GH�FHW
pOpPHQW��RQ�SHXW�FDUDFWpULVHU�OD�SRVLWLRQ� ix �HQ�SUHQDQW��
•  iα �O·DQJOH�HQWUH� in �HW� ii xG �
•  iβ �O·DQJOH�HQWUH�OH�YHFWHXU� iiii xGnu ×= �HW�OH�YHFWHXU� iv �� iv �HVW�XQ�YHFWHXU�QRUPDO�j

in ��QRXV�YHUURQV�SOXV�ORLQ�FRPPHQW�LO�HVW�FKRLVL��
•  iγ �OD�GLVWDQFH�HQWUH�O·LVREDU\FHQWUH� iG �HW� ix ��&·HVW�GRQF�OD�ORQJXHXU�GX�YHFWHXU� ii xG �
/·pOpPHQW�Ei�HVW�DLQVL�UHSpUp�SDU�UDSSRUW�j�VHV�YRLVLQV�HQ�XWLOLVDQW�OH�WULSOHW�GH�WURLV�VFDODLUHV
� iα �� iβ �� iγ ���YRLU�)LJXUH���

in

in

iG

ix

iixG

v

iu

iγ iα

iβ

)LJXUH���5HSqUH�ORFDO�EDVp�VXU�OH�YRLVLQDJH�

/H�YHFWHXU� v �HVW�GLUHFWHPHQW�GpGXLW�GH� in �HQ�XWLOLVDQW� ( ) ( )( )0,, 12
iii nnv −= �

/·DYDQWDJH�G·XQH�WHOOH�UHSUpVHQWDWLRQ�HVW�TX·j�SDUWLU�GHV�FRRUGRQQpHV�GHV�YRLVLQV�HW�GHV�WURLVSDUDPqWUHV�RQ�SHXW�UHWURXYHU�OD�SRVLWLRQ�GH�O·pOpPHQW�&H� V\VWqPH� GH� FRRUGRQQpHV� ORFDOHV� HVW� OpJqUHPHQW� GLIIpUHQW� GX� V\VWqPH� GH� FRRUGRQQpHVVSKpULTXH�FDU� LO�HVW�EDVp�GLUHFWHPHQW�VXU� OD�SRVLWLRQ�GHV�YRLVLQV� �VL� OHV�YRLVLQV� VH�GpSODFHQW�
iG �� in �HW�GRQF� iv �FKDQJHQW���&HSHQGDQW��VL�RQ�FRQVLGqUH�GHV�YRLVLQV�IL[HV�HW�TXH� O·RQ�IDLW

YDULHU�OHV�YDOHXUV�GH� iα ��GH� iβ �HW�GH� iγ �RQ�UHWURXYH�OH�PrPH�FRPSRUWHPHQW�TXH�GDQV�XQ
UHSqUH�VSKpULTXH�FODVVLTXH��YRLU�)LJXUH����
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in

iG v

iu

iγ
iα

iβ
ix

)LJXUH����eWXGH�GHV�YDULDWLRQV�GHV�SDUDPqWUHV�GH�IRUPH�

E�� &DV�SDUWLFXOLHUV
,O�H[LVWH�GHX[�FDV�SDUWLFXOLHUV�GDQV�FHWWH�UHSUpVHQWDWLRQ��
•  �� ( )1,0,0=in ���GDQV�FH�FDV�RQ�QH�SHXW�SDV�SUHQGUH� OH�PrPH� iv ��2Q�FKRLVLW�GRQF�GH

SUHQGUH� ( )0,0,1=iv �
•  �� 2

πα ±=i ���DORUV� ix �HVW�GDQV�OH�SODQ�GH� iiuG ��2Q�QH�FRQVLGqUH�TXH�O·DQJOH� iβ �HW�OD
GLVWDQFH� iγ ��RQ�XWLOLVH�XQ�GUDSHDX�VSpFLDO�LQGLTXDQW�VL� ix �HVW�FRQIRQGX�DYHF� iG ��F·HVW�j�
GLUH�VL� 0=iγ ��

F�� 'pILQLWLRQ�GH�OD�QRUPDOH� in

/D� QRUPDOH� in � HQ� XQ� SRLQW� ix � G·XQH� VXUIDFH� WULDQJXOpH� �GRQF� GLVFUqWH�� Q·H[LVWH
PDWKpPDWLTXHPHQW�SDV��2Q�FKHUFKH�HQ�IDLW�XQH�DSSUR[LPDWLRQ�GH�OD�QRUPDOH�HQ�FH�SRLQW�GHOD�VXUIDFH�DSSUR[LPpH�SDU�OHV�IDFHWWHV��&HWWH�DSSUR[LPDWLRQ�SHXW�VH�IDLUH�GH�SOXVLHXUV�IDoRQVpTXLYDOHQWHV�GDQV�OH�FDV�GH�IDFHWWHV�WULDQJXODLUHV��YRLU�)LJXUH���HW�SUHXYH�HQ�DQQH[H�����
•  0R\HQQH�GHV�QRUPDOHV�GHV�IDFHWWHV�FRQFRXUDQWHV�HQ�Ei�
•  0R\HQQH�GHV�SURGXLWV�YHFWRULHOV�GHX[�j�GHX[�GHV�YHFWHXUV� j

iiyx ��R�� j
iy �HVW�OH�MqPH�YRLVLQ

GH�O·pOpPHQW�Ei��2Q�DXUD�EHVRLQ�GH�FHWWH� OD�YDOHXU�GH� OD�QRUPDOH�GDQV�GHX[�DXWUHV�SKDVHV�GH� OD� VLPXODWLRQ��SRXU�OD�FRQWUDLQWH�G·LQFRPSUHVVLELOLWp�HW�O·DIILFKDJH��DYHF�XQ�UHQGX�GH�*RXUDXG�RX�GH�3KRQJ��6RQ�FDOFXO�Q·HVW�GRQF�SDV�FR�WHX[�



�� &RQVWUXFWLRQ�GX�PRGqOH

)LJXUH� ��� 'HX[� IDoRQV� GH� FDOFXOHU� in �� � JDXFKH��� PR\HQQH� GHV
QRUPDOHV�GHV� IDFHWWHV� FRQFRXUDQWV� HQ�Ei�� DX�PLOLHX�PR\HQQH� GHV
SURGXLWV�YHFWRULHOV�GHX[�j�GHX[� 1+× j

ii
j
ii yxyx �

��� 0pPRLUH�GH�IRUPH�ORFDOH
'DQV� FH�SDUDJUDSKH�QRXV�PRQWURQV� FRPPHQW�XWLOLVHU� OHV�SDUDPqWUHV�GpILQLV� FL�GHVVXV� HW� OHSULQFLSH�GH�IRUFH�HQJHQGUp�SDU�XQ�DWWUDFWHXU�SRXU�H[SULPHU�XQH�PpPRLUH�GH�IRUPH�ORFDOH�HWSDU� OD� PrPH� PRGpOLVHU� O·pODVWLFLWp�� 1RXV� DQDO\VHURQV� O·DSSRUW� GH� QRWUH� PpWKRGH� HQ� OHFRPSDUDQW�j�XQ�PRGqOH�FODVVLTXH�PDVVH�UHVVRUW�DX�SDUDJUDSKH�����
3RXU�H[SULPHU�O·pODVWLFLWp�GX�WLVVX�RQ�YD�XWLOLVHU�OH�FRQFHSW�GH�IRUFH�JpQpUpH�SDU�XQ�DWWUDFWHXU�'DQV� QRWUH� FDV�� O·DWWUDFWHXU� HVW� OD� SRVLWLRQ� LGpDOH� TXL� VDWLVIDLW� DX�PLHX[� OD� IRUPH� ORFDOH� GH
GpSDUW��SRXU�XQ�pOpPHQW�Ei�RQ�OH�QRWH� ia �
3RXU�FHOD��
•  2Q�PpPRULVH�OHV�SDUDPqWUHV� iα �� iβ �HW� iγ �ORUVTXH�O·REMHW�HVW�GDQV�VD�SRVLWLRQ�GH�UHSRV�

&HOD�SHXW�rWUH�IDLW�j�WRXW�PRPHQW�GH�OD�VLPXODWLRQ�FH�TXL�SHUPHW�G·XWLOLVHU� OD�VLPXODWLRQFRPPH�RXWLOV�GH�PRGHODJH�G·REMHW��(Q�SDUWDQW�G·XQ�REMHW�LQLWLDO�HW�HQ�OH�GpIRUPDQW�VRXVO·DFWLRQ� GH� IRUFH� RX� GH� FRQWUDLQWHV�� RQ� REWLHQW� XQ� QRXYHO� REMHW� GRQW� RQ�PpPRULVH� OHV
SDUDPqWUHV�GH�IRUPH��1RWRQV� 0

iα �� 0
iβ �HW� 0

iγ �OHV�SDUDPqWUHV�GH�OD�IRUPH�GH�UHSRV�
•  2Q� FDOFXOH�� j� WRXW� LQVWDQW� GH� OD� VLPXODWLRQ�� SRXU� XQ� pOpPHQW� Ei�� OD� SRVLWLRQ� GH� VRQDWWUDFWHXU���SDUWLU�GH�OD�SRVLWLRQ�GHV�YRLVLQV�HW�GHV�SDUDPqWUHV�GH�OD�IRUPH�GH�UHSRV��RQ

FDOFXOH� iG ��HW� in ��RQ�HQ�GpGXLW� iv ��3DU�URWDWLRQ�DXWRXU�GH� in �G·XQ�DQJOH�GH� 0
iβ− �RQ

WURXYH� iu ��3DU�URWDWLRQ�DXWRXU�GH� iu �G·XQ�DQJOH�GH� 0
iα− ��RQ�WURXYH�OD�GLUHFWLRQ�GH� iiaG �

&H�YHFWHXU�HVW�PXOWLSOLp�SDU� 0
iγ ��2Q�HQ�GpGXLW�OD�SRVLWLRQ�GH�O·DWWUDFWHXU� ia ��QRWRQV�TX·j

OD�IRUPH�GH�UHSRV� ii xa = �
•  2Q�VLPXOH�XQH�IRUFH�G·DWWUDFWLRQ�HQWUH� ix ��SRVLWLRQ�DFWXHOOH�GH�Ei��HW� ia �HQ�PRGpOLVDQW�XQ

UHVVRUW� HQWUH� OHV� GHX[� SRVLWLRQV�� 8QH� IRUFH� ( )iik axf −−= � HVW� FUppH�� 2Q� XWLOLVH� OD
GLVFUpWLVDWLRQ�GHV�ORLV�GH�OD�G\QDPLTXH�SRXU�FRQQDvWUH�OD�IRUFH�pODVWLTXH�H[HUFpH�VXU� ix �j
FHWWH�LWpUDWLRQ�
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$LQVL��j�FKDTXH�LWpUDWLRQ��RQ�GRLW�FDOFXOHU�SRXU�FKDTXH�pOpPHQW�OD�SRVLWLRQ�GH�O·DWWUDFWHXU� ia �
(Q� WHUPH� GH� FDOFXO�� FHOD� UHSUpVHQWH� OD� FUpDWLRQ� GH� GHX[� PDWULFHV� GH� URWDWLRQ�� GHX[PXOWLSOLFDWLRQV�PDWULFH�YHFWHXU��XQH�VRXVWUDFWLRQ�GH�YHFWHXUV�HW�GHX[�PXOWLSOLFDWLRQV�VFDODLUH�YHFWHXU�
��� $QDO\VH�GH�O·DSSRUW�GH�OD�PpPRLUH�GH�IRUPH
1RXV�DOORQV�pWXGLHU�OH�V\VWqPH�FRPSRVp�SDU�XQ�REMHW�pODVWLTXH�GRQW�OHV�SURSULpWpV�pODVWLTXHVVRQW�H[SULPpHV�SDU�OD�PpPRLUH�GH�IRUPH��/D�SUHXYH�WKpRULTXH�GH�O·H[LVWHQFH�G·XQH�VROXWLRQFRQYHUJHQWH�ORUVTX·XQ�WHO�V\VWqPH��pFDUWp�GH�VD�IRUPH�GH�UHSRV�SXLV�UHOD[p��Q·D�SDV�pWp�pWXGLpHDX� FRXUV� GH� FHWWH� WKqVH�� $ILQ� G·pWXGLHU� FHWWH� FRQYHUJHQFH� HW� G·pYDOXHU� O·DSSRUW� GH� QRWUHFRQFHSW��QRXV�DYRQV�FKRLVL�GH�FRPSDUHU�QRWUH�PRGqOH�j�XQ�PRGqOH�PDVVH�UHVVRUW�FODVVLTXH�HQXWLOLVDQW�OH�PrPH�UpVHDX�G·pOpPHQWV�GH�PDVVHV�UHOLpHV�SDU�GHV�IDFHWWHV�WULDQJXODLUHV��/·pODVWLFLWpGX�PRGqOH�PDVVH�UHVVRUW�HVW�PRGpOLVpH�HQ�UHPSODoDQW�FKDTXH�DUrWH�GH�IDFHWWH�SDU�GHV�UHVVRUWV�&HOD�FRPSRUWH�GHX[�DYDQWDJHV��
•  OD�FRPSDUDLVRQ�GHV�PpWKRGHV�VXU�OHV�PrPHV�REMHWV�
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������&RPSDUDLVRQ�IRUPHOOH
/D� FRPSDUDLVRQ� IRUPHOOH� FRQVLVWH� j� FRPSDUHU� DQDO\WLTXHPHQW� OD� VWDELOLWp� GHV� V\VWqPHV��2QSRVH�GDQV�XQ�SUHPLHU�WHPSV�OHV�EDVHV�WKpRULTXHV��D���SXLV�QRXV�OHV�DSSOLTXRQV�j�QRWUH�pWXGH�E��� 1RXV� FKRLVLVVRQV� HQILQ� XQ� H[HPSOH� SUDWLTXH� VLPSOH� QRXV� SHUPHWWDQW� GH� WLUHU� GHVFRQFOXVLRQV�VXU�OD�FRPSDUDLVRQ�IRUPHOOH��F��
D�� %DVHV�WKpRULTXH��(GHOVWHLQ�.HVKHW��������
6RLW�XQ�V\VWqPH�TXHOFRQTXH�GLVFUHW��RQ�QRWH� tx �OH�YHFWHXU�G·pWDW�DX�WHPSV�t��/D�GLPHQVLRQ�GH
x � HVW� pJDOH� DX� QRPEUH� G·pOpPHQWV� GX� V\VWqPH� PXOWLSOLp� SDU� OH� QRPEUH� GH� GLPHQVLRQVFRQVLGpUpHV��HQ�JpQpUDO�RQ�XWLOLVH�OD�SRVLWLRQ�GDQV�O·HVSDFH�HXFOLGLHQ�FRPPH�pWDW�� OH�QRPEUHGH�GLPHQVLRQV�pWDQW���RX�����2Q�FRQVLGqUH�OD�IRQFWLRQ�G·pYROXWLRQ�JOREDOH�HQ�SRVDQW���
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(Q�pWXGLDQW�OD�PDWULFH�MDFRELHQQH��RQ�pWXGLH�GRQF�OD�YDULDWLRQ�GH�OD�IRQFWLRQ�G·pYROXWLRQ�SDUUDSSRUW�j�OD�YDULDWLRQ�GH�O·pWDW��&HOD�SHUPHW�GH�FDUDFWpULVHU�OD�IRQFWLRQ�G·pYROXWLRQ��'DQV�OH�FDVG·XQ�V\VWqPH�GLVFUHW��GDQV�OH�WHPSV���OH�V\VWqPH�HVW�VWDEOH�ORUVTXH��
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iλ ��2Q�SHXW� LQWHUSUpWHU� FH� UpVXOWDW� HQ�QRWDQW�TX·j� FKDTXH� LWpUDWLRQ�RQ� UHVWUHLQW� OH� QRPEUH
G·pYROXWLRQV�SRVVLEOHV���LO�\�D�FRQYHUJHQFH�
E�� $SSOLFDWLRQ
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/HV�GHX[�PpWKRGHV�QH�GLIIpUHQW�TXH�GDQV�OH�FDOFXO�GH� eF �
F�� ([HPSOH�SUDWLTXH
1RXV�YHUURQV�GDQV�FH�SDUDJUDSKH� O·H[HPSOH� VLPSOH�TXH�QRXV� DYRQV� FKRLVL���SDUWLU� GH� FHWH[HPSOH� QRXV� H[SOLFLWHURQV� OD�PDWULFH� MDFRELHQQH� FRPPXQH�� OD� IRUFH� pODVWLTXH� �GLIIpUHQWHVSRXU�OHV�GHX[�PRGqOHV���$YDQW�G·REWHQLU� OHV�UpVXOWDWV�GH� OD�FRPSDUDLVRQ��QRXV�DOORQV�GHYRLUWURXYHU�O·pTXLYDOHQFH�GHV�SRLGV�GHV�IRUFHV�pODVWLTXHV�
eQRQFp
3RXU�FRQWLQXHU� O·pWXGH��RQ� VH�SODFH�GDQV�XQ� FDV� WUqV� VLPSOH� �YRLU�)LJXUH� ����� RQ�XWLOLVH� XQH
VHXOH� IDFHWWH� WULDQJXODLUH� ABC� VLWXpH� GDQV� OH� SODQ� 0=z � �GRQF� LO� V·DJLW� G·XQ� FDV� EL�
GLPHQVLRQQHO��GRQW�GHX[�pOpPHQWV�VRQW�IL[HV��B�HW�C���2Q�pWXGLH�OD�VWDELOLWp�GH�O·pOpPHQW�OLEUH
A� DXWRXU�GH�VRQ�SRLQW�G·pTXLOLEUH� �GDQV�QRWUH�FDV� O·pWDW�G·pTXLOLEUH�HVW�DWWHLQW� ORUVTXH�A� HVWUHYHQX�j�VD�SRVLWLRQ�GH�UHSRV��

=RQH�GH�PRXYHPHQWV3RVLWLRQ�LQWHUPpGLDLUH3RVLWLRQ�GH�UHSRV
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)LJXUH� ��� &RPSDUDLVRQ� GH� VWDELOLWp�� 2Q� SHUWXUEH� OD� SRVLWLRQ� GH
O·pOpPHQW�A� HW� RQ� REVHUYH� VRQ� UHWRXU� HQ� SRVLWLRQ� G·pTXLOLEUH� �OHV
GHX[� DXWUHV� pOpPHQWV�B� HW�C� VRQW� IL[HV��� 0l � HVW� OD� ORQJXHXU� GHVDUrWHV�j�OD�SRVLWLRQ�GH�UHSRV�
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0DWULFH�MDFRELHQQH
'DQV� FH� FDV�� RQ�SHXW� H[SOLFLWHU� OD�PDWULFH� MDFRELHQQH�GX� V\VWqPH�GpFULW� DX� SDUDJUDSKH� �E��
'DQV�OD�PDWULFH�VXLYDQWH�RQ�QH�SUpVHQWH�TXH�OHV�OLJQHV�HW�FRORQQHV�FRUUHVSRQGDQWV�DX�SRLQW�A�OHV� DXWUHV� VRQW� WRXWHV� QXOOHV�� HW� VHXOHPHQW� SRXU� OHV� GHX[� GLPHQVLRQV� VLJQLILFDWLYHV��� OHVDEVFLVVHV�VRQW�HQ�OLJQHV���HW���HW�HQ�FRORQQH���HW����OD�SRVLWLRQ�HQ�OLJQHV���HW���HW�FRORQQHV���HW���
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)RUFHV�pODVWLTXHV
/D�IRQFWLRQ� eF �GLIIqUH�VHORQ�OHV�PRGqOHV�� OHV�pOpPHQWV�B�HW�C�pWDQW�IL[HV��RQ�QH�V·LQWpUHVVH
TX·j�OD�IRUFH�pODVWLTXH�JpQpUpH�VXU�O·pOpPHQW�A��
•  V\VWqPH�PDVVH�UHVVRUW���OHV�FRXSOHV��A��B����B��C��HW��A��C��VRQW�UHOLpV�SDU�GHV�UHVVRUWV�

/HV�pOpPHQWV�B�HW�C�pWDQW�IL[HV��OH�UHVVRUW��B��C��Q·HVW�SDV�PRGpOLVp��5HVWHQW�OHV�UHVVRUWV
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R�� tAB �HVW�OH�YHFWHXU�AB �j�O·LQVWDQW� t �� 1k �HVW�OH�FRHIILFLHQW�GH�OD�IRUFH�pODVWLTXH�GDQV�OH
FDV�GX�V\VWqPH�PDVVH�UHVVRUW�

•  PpPRLUH�GH� IRUPH� ORFDOH��� GDQV� FH� FDV�� VHXO� UHVWH� OH� UHVVRUW� HQWUH� O·pOpPHQW�A� HW� VRQDWWUDFWHXU��/D�SRVLWLRQ�GH�O·DWWUDFWHXU�HVW�IL[H�FDU��FRPPH�RQ�O·D�YX�DX�SDUDJUDSKH������HOOH
HVW� GpILQLH� j� O·DLGH� GH� OD� SRVLWLRQ� GHV� YRLVLQV� GH�A���B� HW�C�� FHV� GHUQLHUV� pWDQW� IL[HV�
O·DWWUDFWHXU�VHUD�WRXMRXUV�HQ� 0A ��2Q�H[SULPH�GRQF�OD�IRUFH�pODVWLTXH�SDU��

( )0
2

eF AA −= tk

2k �HVW�OH�FRHIILFLHQW�GH�OD�IRUFH�pODVWLTXH�GDQV�OH�FDV�GH�OD�PpPRLUH�GH�IRUPH�ORFDOH�

eTXLYDOHQFH�GHV�SRLGV� 1k �HW� 2k

$ILQ�GH�FRPSDUHU�GH�PDQLqUH�pTXLYDOHQWH�OHV�GHX[�V\VWqPHV�� LO�IDXW�WURXYHU�XQH�pTXLYDOHQFH
HQWUH�OHV�FRQVWDQWHV�GH�UDLGHXU� 1k �HW� 2k ��3RXU�FHOD�RQ�GpSODFH�O·pOpPHQW�A�GDQV�XQH�GLUHFWLRQ
GRQQpH�GH�WHOOH�VRUWH�TXH�OHV�GLUHFWLRQV�GHV�IRUFHV�VRLHQW�OHV�PrPHV�SXLV�RQ�FKHUFKH� 1k �HW� 2k
WHOV�TXH�OHV�IRUFHV�pODVWLTXHV�DLHQW�OHV�PrPH�PRGXOHV��YRLU�)LJXUH������/D�GLUHFWLRQ�VDWLVIDLVDQW
OD� SUHPLqUH� FRQWUDLQWH� HVW� SHUSHQGLFXODLUH� j� O·DUrWH� BC�� 'DQV� FH� FDV� Oj� OHV� GHX[� IRUFHVpODVWLTXHV�VRQW�FROLQpDLUHV�
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5pVXOWDWV
2Q� H[SULPH� OHV� YDOHXUV� SURSUHV� GH� OD� PDWULFH� MDFRELHQQH� HQ� IRQFWLRQ� G·XQ� FRHIILFLHQW� k
XQLTXH��pJDO�j� 2k ���HW�GX�SDV�GH�WHPSV�dt ��
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2Q� UHFKHUFKH� OHV� YDOHXUV� OLPLWHV� GX� SDV� GH� WHPSV� HW� GH� N�� WHOOHV� TXH� OHV� YDOHXUV� SURSUHVUHVSHFWHQW�OD�FRQYHUJHQFH��2Q�REWLHQW�OH�7DEOHDX���
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6\VWqPH�PDVVH�UHVVRUW 0pPRLUH�GH�IRUPH�ORFDOH
9DOHXUV�OLPLWHV�GX�SDV�GH

WHPSV�dt
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9DOHXUV�OLPLWHV�GH�OD�FRQVWDQWH
GH�UDLGHXU� k 44
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7DEOHDX����9DOHXUV� OLPLWHV�GHV�SDUDPqWUHV�GH� VWDELOLWp� GX� V\VWqPH�FRQVWDQWH�GH�UDLGHXU�HW�SDV�GH�WHPSV��

'·XQH�SDUW��OH�V\VWqPH�PDVVH�UHVVRUW�VXSSRUWH�GHV�SDV�GH�WHPSV�LQIpULHXUV�j�FHX[�VXSSRUWpVSDU�OD�PpPRLUH�GH�IRUPH�ORFDOH�SXLVTXH�GDQV�FH�GHUQLHU�RQ�SHXW�GRXEOHU�OH�SDV�GH�WHPSV�VDQVGLYHUJHU�� '·DXWUH� SDUW�� OD� PpPRLUH� GH� IRUPH� ORFDOH� RIIUH� XQH� SOXV� ODUJH� SDOHWWH� GHFRPSRUWHPHQW�SXLVTX·RQ�SHXW�XWLOLVHU�GHV�FRQVWDQWHV�GH�UDLGHXUV�SOXV�pOHYpHV�VDQV�GLYHUJHQFH�GRQF�PRGpOLVHU�GHV�REMHWV�SOXV�ULJLGHV��
/D� FRPSDUDLVRQ� HVW� SRXUVXLYLH� DX� SDUDJUDSKH� VXLYDQW� SDU� XQH� FRPSDUDLVRQ� HPSLULTXH��� XQREMHW�SOXV�FRPSOH[H�HVW�VLPXOp�HQ�XWLOLVDQW�OHV�GHX[�PRGqOHV�G·pODVWLFLWp�
������&RPSDUDLVRQ�HPSLULTXH���VLPXODWLRQ
/D�FRPSDUDLVRQ�IRUPHOOH�Q·HVW�SDV�FRPSOqWHPHQW�VDWLVIDLVDQWH�SRXU�WURLV�UDLVRQV��
•  /D�FRPSOH[LWp�GH�O·pWXGH�WKpRULTXH�QRXV�REOLJH�j�XWLOLVHU�XQ�FDV��'�DYHF�XQ�REMHW�VLPSOH�&H� Q·HVW� SDV� FH� TXL� QRXV� LQWpUHVVH� LFL� SXLVTXH� QRXV� PDQLSXORQV� WRXMRXUV� GHV� REMHWVWULGLPHQVLRQQHOV�SOXV�FRPSOH[HV�
•  '·XQ�F{Wp��HOOH�HVW�SOXV�DYDQWDJHXVH�SRXU�OD�PpPRLUH�GH�IRUPH�ORFDOH���HQ�IL[DQW���SRLQWV

RQ�VXSSULPH�GHX[�UHVVRUWV��DORUV�TXH�GDQV�OH�V\VWqPH�PDVVH�UHVVRUW�VHXO�OH�UHVVRUW��B��C�HVW� VXSSULPp��2Q� UHWURXYH�FH� UpVXOWDW�GLUHFWHPHQW� VXU� OD�YDOHXU� OLPLWH�GX�SDV�GH� WHPSVDSSOLFDEOH��YRLU�7DEOHDX����
•  'H�O·DXWUH��HOOH�QH�SUHQG�SDV�HQ�FRPSWH�WRXV�OHV�DYDQWDJHV�GH�OD�PpPRLUH�GH�IRUPH��(QHIIHW�� GDQV� OH� V\VWqPH� PDVVH�UHVVRUW� VLPSOH� XWLOLVp� LFL�� VHXOHV� OHV� GLVWDQFHV� HQWUH� OHVpOpPHQWV� VRQW� PRGpOLVpHV�� /D� FRQYH[LWp� Q·HVW� SDV� SULVH� HQ� FRPSWH�� ,O� H[LVWH� GHVFRQILJXUDWLRQV�DPELJXsV��YRLU�)LJXUH�����3RXU� pYLWHU� FHW� LQFRQYpQLHQW� LO� HVW� QpFHVVDLUH� G·DMRXWHU� GHV� UHVVRUWV� DQJXODLUHV� �SRXUPpPRULVHU�OD�FRQYH[LWp���(Q�DMRXWDQW�DX�PRLQV�XQ�UHVVRUW�VXSSOpPHQWDLUH�SDU�pOpPHQW��OHV\VWqPH�PDVVH�UHVVRUW�HVW�SOXV�FRPSOH[H�HW�VD�VWDELOLWp�JOREDOH�GLPLQXH��&H�Q·HVW�SDV�OH�FDVDYHF�OD�PpPRLUH�GH�IRUPH�ORFDOH�
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3RLQW�FRQYH[H
3RLQW�FRQFDYH

)LJXUH�����$PELJXwWp�GX�V\VWqPH�PDVVH�UHVVRUW�VLPSOH��FHOXL�XWLOLVpGDQV� OD� FRPSDUDLVRQ��� 'DQV� OHV� GHX[� FDV� FL�GHVVXV� OH� V\VWqPHPDVVH�UHVVRUW�PRGpOLVH�O·REMHW�GH�OD�PrPH�IDoRQ�

1RXV� DYRQV� GRQF� GpFLGp� GH� FRPSDUHU� GLUHFWHPHQW� GHV� VLPXODWLRQV� VXU� XQ� REMHW� �'��� XQLFRVDqGUH� ���� pOpPHQWV�� ��� IDFHWWHV� WULDQJXODLUHV���2Q�SHUWXUEH� O·REMHW�� HQ� OH� GpIRUPDQW� SDUUDSSRUW�j�VD�SRVLWLRQ�GH�UHSRV��HW�RQ�REVHUYH�VRQ�UHWRXU�j�OD�IRUPH�GH�UpIpUHQFH��(Q�XWLOLVDQWOD�PrPH�PpWKRGH� GH� FDOLEUDJH� GHV� FRQVWDQWHV� GH� UDLGHXUV� TX·DX� SDUDJUDSKH� SUpFpGHQW�� RQpWXGLH��SRXU�XQH�pODVWLFLWp�GRQQpH�HW�XQ�DPSOLWXGH�GH�SHUWXUEDWLRQ�GRQQpH��OD�YDOHXU�OLPLWH�GXSDV�GH�WHPSV��&HWWH�YDOHXU�OLPLWH�GX�SDV�GH�WHPSV�HVW�OD�YDOHXU�DX�GHOj�GH�ODTXHOOH�O·REMHW�QH
SDUYLHQW�SDV�j�UHYHQLU�j�VRQ�pWDW�G·pTXLOLEUH��F·HVW�j�GLUH�TX·LO�OXL�IDXW�SOXV�GH� imax �LWpUDWLRQV
SRXU�UHWRXUQHU�j�VRQ�pWDW�G·pTXLOLEUH���/·DPSOLWXGH�GH�OD�SHUWXUEDWLRQ�HVW�PHVXUpH�HQ�IRQFWLRQ
GH�OD� ORQJXHXU� 0l �GHV�DUrWHV�GHV�IDFHV�DX�UHSRV��$LQVL�XQH�SHUWXUEDWLRQ�GH� 5,0=p �VLJQLILH
TXH�FKDTXH�pOpPHQW�D�pWp�GpSODFp�GDQV�XQH�GLUHFWLRQ�QRQ�LVRWURSLTXH��WLUpH�DX�KDVDUG�GDQV�OHV
��GLPHQVLRQV��HW�G·DPSOLWXGH� 05,0 l⋅ �
3RXU�OHV�H[SpULPHQWDWLRQV��RQ�D�IL[p�OH�VHXLO�GX�QRPEUH�G·LWpUDWLRQV�j� 5000max =i �HW�RQ�D
SULV�GHX[�W\SHV�GH�SHUWXUEDWLRQV���GHV�SHUWXUEDWLRQV�GH�IDLEOH�DPSOLWXGH�� 03,0 l⋅ ��HW�GH�JUDQGH
DPSOLWXGH�� 07,0 l⋅ ���/HV�UpVXOWDWV�VRQW�GRQQpHV�j�OD�)LJXUH����HW�DX�7DEOHDX���
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9DOHXU�GX�SDV�GH�WHPSV

1R
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WDE
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WLRQ

E��)RUWHV�SHUWXUEDWLRQV���p �����
)LJXUH� ���� 6LPXODWLRQ� FRPSDUpH� G·XQ� LFRVDqGUH� GpIRUPp� GH� VDFRQILJXUDWLRQ� G·pTXLOLEUH� GDQV� OH� FDV� GH� IDLEOH� �D�� HW� GH� IRUWH� �E�SHUWXUEDWLRQV�

6\VWqPH�PDVVH�UHVVRUW 0pPRLUH�GH�IRUPH�ORFDOH
)DLEOHV�SHUWXUEDWLRQV��p ���� ��� ���
)DLEOHV�SHUWXUEDWLRQV��p ���� ��� ���

7DEOHDX����9DOHXUV�OLPLWHV�GX�SDV�GH�WHPSV�DYDQW�GLYHUJHQFH�



5pJLRQV�pODVWLTXHV ��

/HV� YDOHXUV� OLPLWHV� GX� SDV� GH� WHPSV� �)LJXUH� ���� PRQWUHQW� TXH� GDQV� OH� FDV� GH� SHWLWHVSHUWXUEDWLRQV� OHV� GHX[�PRGqOHV� VRQW� VHQVLEOHPHQW� pTXLYDOHQWV�� /H� UDSSHO� GHV� UHVVRUWV� �TXLWHQGHQW� VLPSOHPHQW� j� UpWDEOLU� GHV� GLVWDQFHV�� IRQFWLRQQH� FRUUHFWHPHQW� FDU� OD� IRUPHJpRPpWULTXH�Q·D� TXH�SHX� FKDQJp�� 3DU� FRQWUH�� GDQV� OH� FDV� GH� IRUWHV� SHUWXUEDWLRQV�� OD� IRUPHFKDQJH�EHDXFRXS�HW�OH�V\VWqPH�GH�UHVVRUW�QH�VXIILW�SDV�SRXU�UHWURXYHU�OD�JpRPpWULH�GH�UHSRV�'H� SOXV�� GDQV� FHUWDLQV� FDV�� O·pTXLOLEUH� HVW� DWWHLQW�PDLV� OD� IRUPH� REWHQXH� Q·HVW� SDV� FHOOH� GHGpSDUW��VLQJXODULWpV�LGHQWLTXHV�j�FHOOHV�SUpVHQWpH�j�OD�)LJXUH�����

������&RQFOXVLRQ
3RXU�FRQFOXUH�VXU�OD�FRPSDUDLVRQ�GH�QRWUH�PRGqOH�G·pODVWLFLWp�SDU�UDSSRUW�DX�PRGqOH�PDVVH�UHVVRUW�FODVVLTXH��SOXVLHXUV�SRLQWV�VRQW�j�SUHQGUH�HQ�FRPSWH��
•  /HV� PRGqOHV� VRQW� VHQVLEOHPHQW� pTXLYDOHQWV� TXDQG� OD� GpIRUPDWLRQ� HVW� XQ� FKDQJHPHQWG·pFKHOOH��OH�UDSSHO�GHV�UHVVRUWV�VH�IDLVDQW�VLPSOHPHQW�VXU�OHV�GLVWDQFHV��OD�FRQYHUJHQFH�HVWREWHQXH�IDFLOHPHQW���
•  /H�PRGqOH�GH�PpPRLUH�GH�IRUPH�ORFDOH�SDUDvW�SOXV�VHQVLEOH�DX[�HUUHXUV�GH�FDOFXOV��j�FDXVHGHV� RSpUDWLRQV� GH� URWDWLRQ� GH� YHFWHXUV��� &HSHQGDQW�� LO� HVW� SOXV� VWDEOH� GDQV� OH� FDV� GHGpIRUPDWLRQV� LPSRUWDQWHV�� /D� UREXVWHVVH� SURYLHQW� GX� IDLW� TXH� OD� IRUPH� HVW� PRGpOLVpHH[SOLFLWHPHQW� HW� TXH� OH� QRPEUH� GH� UHVVRUWV� HVW� PRLQGUH� �VHXOHPHQW� n � UHVVRUWVLQVWDQWDQpV��
•  /H� QRPEUH� GH� UHVVRUWV� HVW� WRXMRXUV� pJDO� DX� QRPEUH� G·pOpPHQWV� SRXU� OD� PpWKRGH� GHPpPRLUH�GH�IRUPH��3OXV�OHV�REMHWV�VRQW�FRPSOH[HV�SOXV�OD�VWDELOLWp�UHODWLYH�HVW�LPSRUWDQWH�'H� SOXV�� XQH� FRQWUDLQWH� IL[DQW� XQ� pOpPHQW� GDQV� O·HVSDFH� HXFOLGLHQ� GLPLQXH� WRXMRXUV� OHQRPEUH�GH� UHVVRUWV� j�PRGpOLVHU� �DORUV�TX·LO� IDXW�TX·XQ�FRXSOH�G·pOpPHQWV� VRLW� IL[p�SRXUHQOHYHU�XQ�UHVVRUW�GX�PRGqOH�PDVVH�UHVVRUW��
•  /H�SULQFLSDO�DYDQWDJH�GX�PRGqOH�PDVVH�UHVVRUW�UHVWH�FDOFXODWRLUH��/D�PpWKRGH�GH�PpPRLUHGH�IRUPH�HVW�SOXV�JRXUPDQGH�HQ�WHPSV�GH�FDOFXO�
(QILQ�� OH� 7DEOHDX� �� SUpVHQWH� OHV� FDUDFWpULVWLTXHV� GX�PRGqOH� VXLYDQW� OHV� FULWqUHV� GRQQpV� DXFKDSLWUH�SUpFpGHQW�

3ULQFLSH�GH�ORLG·pYROXWLRQ 0DQLSXODWLRQ�GH�ODIRUPH )RUPH�GH�UHSRV 2SpUDWHXU�GHGLIIpUHQFH
,QWpJUDWLRQ�GH�OD�ORLIRQGDPHQWDOH�GH�ODG\QDPLTXH

eOpPHQWV�HWSDUDPqWUHV�GH�IRUPH
iα �� iβ �HW� iγ

3DUDPqWUHV� 0
iα �� 0

iβ
HW� 0

iγ

3RLQW�G·DWWUDFWLRQ�SDUDPqWUHV�GHIRUPH�
7DEOHDX����&ODVVHPHQW�GH�OD�PpWKRGH�GH�PpPRLUH�GH�IRUPH�VHORQOHV�FULWqUHV�GpILQLV�DX�FKDSLWUH���



�� &RQVWUXFWLRQ�GX�PRGqOH

��� 5pFDSLWXODWLI�VXU�OHV�pOpPHQWV�HW�UpJLRQV�pODVWLTXHV
8Q�pOpPHQW�G·XQH�UpJLRQ�pODVWLTXH�KpULWH�GH�WRXWHV�OHV�SURSULpWpV�G·XQ�pOpPHQW�GH�W\SH�JpQpUDO�SUpVHQWpHV� DX�SDUDJUDSKH������� ���'H�SOXV�� LO� D� GHV� FDUDFWpULVWLTXHV� VSpFLILTXHV�TXL� VRQW� OHV
SDUDPqWUHV�GH�IRUPH� 0

iα �� 0
iβ �HW� 0

iγ ��HW�OH�SRLGV�GH�OD�IRUFH�GH�PpPRLUH�GH�IRUPH��F·HVW�j�GLUH
OD�FRQVWDQWH�GH�UDLGHXU�DVVRFLp�DX�UHVVRUW�TXL�OH�OLH�j�VRQ�DWWUDFWHXU��
�� 5pJLRQV�PXVFXODLUHV
8Q�FDV�SDUWLFXOLHU�GHV�UpJLRQV�pODVWLTXHV�HVW�LQGLVSHQVDEOH�j�OD�PRGpOLVDWLRQ�GHV�PRXYHPHQWVGH�OD�UHVSLUDWLRQ��,O�V·DJLW�GHV�UpJLRQV�PXVFXODLUHV��&HV�UpJLRQV�RQW�OD�FDSDFLWp�GH�VH�FRQWUDFWHUVRXV� O·DFWLRQ� G·XQH� IRUFH� HW� GH� UHYHQLU� j� OHXU� FRQILJXUDWLRQ� LQLWLDOH� ORUVTXH� FHWWH� IRUFH� HVWDQQXOpH�1RXV� DOORQV� H[DPLQHU� OHV� GLIIpUHQWHV� VROXWLRQV� RIIHUWHV� GDQV� OD� OLWWpUDWXUH�� &HOD� QRXVSHUPHWWUD�� FRPPH�GDQV� OH� FDV�GHV�PRGqOHV� pODVWLTXHV�� GH�GpILQLU� O·DSSURFKH� V·DSSOLTXDQW� OHPLHX[�j�QRV�REMHFWLIV��1RXV�DYRQV�FKRLVL�GH�SUpVHQWHU�O·pWDW�GH�O·DUW�LFL�SOXW{W�TX·DX�FKDSLWUHSUpFpGHQW�FDU�LO�HVW�EHDXFRXS�SOXV�VSpFLILTXH�HW�SOXV�FRXUW�TXH�O·pWDW�GH�O·DUW�VXU�OHV�PRGqOHVGpIRUPDEOHV�GX�FKDSLWUH�SUpFpGHQW�
��� eWDW�GH�O·DUW
3RXU� VLPXOHU� OHV� PRXYHPHQWV� GH� SHUVRQQDJHV� OHV� PXVFOHV� VRQW� VRXYHQW� QpFHVVDLUHV� HWDSSRUWHQW� EHDXFRXS� GH� UpDOLVPH�� 'HX[� DSSURFKHV� SULQFLSDOHV� RQW� pWp� GpYHORSSpHV��� ODSUHPLqUH� V·DWWDFKH� j� OD� YLVXDOLVDWLRQ� GHV� GpIRUPDWLRQV� LQGXLWHV� SDU� OHV� PXVFOHV� SRXUO·DQLPDWLRQ� GH� SHUVRQQDJHV� V\QWKpWLTXHV�� OD� VHFRQGH� VH� YHXW� SOXV� UpDOLVWH� HW� VLPXOH� OHIRQFWLRQQHPHQW�UpHO�GHV�PXVFOHV�
������6LPXODWLRQ�GHV�GpIRUPDWLRQV
'DQV�FH�FRQWH[WH��O·LPSRUWDQW�HVW�GH�YLVXDOLVHU�OHV�GpIRUPDWLRQV�GXHV�DX[�DFWLRQV�PXVFXODLUHV�/H� UDLVRQQHPHQW� HVW� LQYHUVH� DX� IRQFWLRQQHPHQW� UpHO��� LFL�� OH�PRXYHPHQW� HW� OD� SRVLWLRQ� GXVTXHOHWWH� �VXU� OHTXHO� VRQW� DWWDFKpV� OHV�PXVFOHV�� VRQW� UpSHUFXWpV� VXU� OHV�PXVFOHV�� FUpDQW� DLQVLOHXUV�GpIRUPDWLRQV�2Q�SHXW�FLWHU� OHV�PpWKRGHV�GpYHORSSpHV�SDU��&KDGZLFN�HW�DO�����������9ROLQR�HW�DO��������HW�:LOKHOPV�� ������� /H� EXW� GX� WUDYDLO� GH� �&KDGZLFN� HW� DO��� ������ HVW� XQH� PRGpOLVDWLRQKLpUDUFKLTXH� GHV� SHUVRQQDJHV� DQLPpV�� /D� PRGpOLVDWLRQ� GHV� PXVFOHV� HVW� EDVpH� VXU� GHVGpIRUPDWLRQV� GH� IRUPHV� OLEUHV� �))'��� � SDUWLU� GH� OD� JpRPpWULH� HW� GH� OD� FLQpPDWLTXH� GHVVHJPHQWV�HW�GHV�MRLQWXUHV�GX�VTXHOHWWH�SRUWDQW�OHV�PXVFOHV��OHV�GpIRUPDWLRQV�VRQW�FDOFXOpHV�VXUOHV� ))'� UHSUpVHQWDQW� OHV� PXVFOHV�� /D� GpIRUPDWLRQ� YLVXHOOH� HVW� GLUHFWHPHQW� GpFULWH� SDU� OHV))'�'DQV��9ROLQR�HW�DO��������O·DSSURFKH�HVW�DXVVL�XQH�DSSURFKH�KLpUDUFKLTXH�PXOWLFRXFKHV��/HVSHUVRQQDJHV� VRQW�GpFRXSpV� HQ� WURLV� FRXFKHV��� OH� VTXHOHWWH�� O·HQYHORSSH� FRUSRUHOOH� �GRQW� OHVPXVFOHV�� GpILQLH� SDU� GHV� VXUIDFHV� LPSOLFLWHV� �©�PHWDEDOOV�ª�� DVVRFLpHV� DX[� SULPLWLYHV� GXVTXHOHWWH� HW� OD� SHDX�� (Q� GpSODoDQW� OH� VTXHOHWWH� RX� HQ� GpIRUPDQW� OHV� VXUIDFHV� LPSOLFLWHV� OHVGpIRUPDWLRQV� PXVFXODLUHV� SHXYHQW� rWUH� YLVXDOLVpHV�� /D� PrPH� DSSURFKH� HVW� VXLYLH� GDQV�:LOKHOPV���������/H�EXW�HVW�GH�PRGpOLVHU�OHV�DQLPDX[�j�SDUWLU�GH�OHXU�DQDWRPLH��RV��PXVFOH��HW



5pJLRQV�PXVFXODLUHV ��

WLVVXV�PRXV���&H�PRGqOH�GRQQH�GH�ERQ�UpVXOWDW�WDQW�SRXU�OD�JpQpUDWLRQ�G·XQ�PRGqOH�G·DQLPDOTX·DX�QLYHDX�YLVXHO�� /D� SHDX� HVW� UHFDOFXOpH� j� FKDTXH� LWpUDWLRQ� j� SDUWLU� GHV�PRXYHPHQWV� GXVTXHOHWWH�HW�GHV�WLVVXV�PRXV��TXL�QH�VRQW�HQ�IDLW�SDV�GpIRUPpV��HW�GH�OD�GpIRUPDWLRQ�GHV�WLVVXVPXVFXODLUHV��&KDTXH�pOpPHQW�DQDWRPLTXH�HVW�UHSUpVHQWp�SDU�XQH�HOOLSVH��/D�GpIRUPDWLRQ�GHVPXVFOHV�HVW�VLPSOHPHQW�GpGXLWH�GH� OD�SRVLWLRQ�GHV�HOOLSVHV�GX�VTXHOHWWH�VXU� OHTXHO�HOOHV� VRQWDWWDFKpHV�HW�GX�FRQWU{OH�GHV�SURSRUWLRQV�HW�GX�YROXPH�� ,O�Q·\� D�QL� IRQFWLRQ�G·DFWLYDWLRQ��QLIRUFH�PRWULFH�'DQV�FHV�DSSURFKHV��OHV�PXVFOHV�Q·HQJHQGUH�SDV�OH�PRXYHPHQW��PDLV�OHXUV�GpIRUPDWLRQV�VRQWFUppHV� j� SDUWLU� GX�PRXYHPHQW��'DQV� QRWUH�PRGpOLVDWLRQ�� QRXV� YRXORQV� XWLOLVHU� OHV�PXVFOHVSRXU�GpSODFHU�HW�GpIRUPHU�OHV�FRPSRVDQWV�GX�WURQF��HW�FHOD�SRXU�GHX[�UDLVRQV��
•  GDQV� OH� FDV� GHV� PRXYHPHQWV� UHVSLUDWRLUHV�� HW� j� O·LQYHUVH� GHV� PRXYHPHQWV� GpFULWVSUpFpGHPPHQW��OHV�PRGLILFDWLRQV�GH�OD�IRUPH�H[WpULHXUH�GX�FRUSV�QH�VRQW�SDV�GpGXFWLEOHVIDFLOHPHQW�j�SDUWLU�GHV�PRXYHPHQWV�GX�VTXHOHWWH�
•  'DQV� OH� FDGUH� GH� QRV� REMHFWLIV�� j� O·RSSRVp� GHV� DUWLFOHV� SUpVHQWpV�� F·HVW� XQ� PRGqOHIRQFWLRQQHO�HW�FRPSRUWHPHQWDOH�TXH�QRXV�GpVLURQV�REWHQLU�2Q�GRLW�GRQF�UHMHWHU�FHV�PpWKRGHV�
������6LPXODWLRQ�GX�IRQFWLRQQHPHQW
/HV�PpWKRGHV�TXL�VLPXOHQW�QRQ�SDV�OHV�GpIRUPDWLRQV�PDLV�OH�IRQFWLRQQHPHQW�GHV�PXVFOHV�VHUDSSURFKHQW�SOXV�GH�QRWUH� DSSURFKH�HW� VRQW�GH�GHX[� W\SHV��� OHV�PRGqOHV�TXL� FRQVLGqUHQW� OHPXVFOH�FRPPH�XQ�RX�XQ�HQVHPEOH�GH�VHJPHQW�V��HW�FHOOHV�TXL�XWLOLVHQW�GLUHFWHPHQW�OD�IRUPHGX�PXVFOH�
D�� 6LPXODWLRQ�SDU�VHJPHQWV
,O� V·DJLW� GH� OD�PpWKRGH� GpYHORSSpH� GDQV� �:DWHUV�� ������ HW� pWHQGXH� GDQV� �/HH� HW� DO��� ������'DQV��:DWHUV���������OH�EXW�HVW�OD�PRGpOLVDWLRQ�GHV�PXVFOHV�GX�YLVDJH�SRXU�O·DQLPDWLRQ�IDFLDOH�2Q� XWLOLVH� OH� FRQFHSW� GH� )$&6� �)DFLDO� $FWLRQ� &RGLQJ� 6\VWHP�� TXL� GRQQH� XQH� EDVH� SRXUGpWHUPLQHU�OHV�H[SUHVVLRQV�OLpHV�DX[�pPRWLRQV��/HV�PXVFOHV�VRQW�JURXSpV�SDU�XQLWp�G·DFWLRQ�8Q�FKDPS�GH� IRUFHV�HVW�DSSOLTXp� �FRPELQDLVRQ�GX�YHFWHXU� UHSUpVHQWDQW� OH�PXVFOH� HW�G·XQH]RQH� G·LQIOXHQFH�� VXU� OHV� HQVHPEOHV� GH�PDVVHV� G·XQ�PDLOODJH� UHSUpVHQWDQW� OH� YLVDJH�� 'HX[W\SHV�GH�PXVFOHV�VRQW�PRGpOLVpV���OHV�PXVFOHV�GURLWV�HW�OHV�PXVFOHV�VSKLQFWHUV��SRXU�OHV�\HX[�HWOD�ERXFKH����/HH�HW�DO���������DPpOLRUHQW�OD�WHFKQLTXH�SUpFpGHQWH�HQ�PRGpOLVDQW�OH�YLVDJH�SDUWURLV�FRXFKHV���XQH�FRXFKH�LQWHUQH��OHV�RV���XQH�FRXFKH�LQWHUPpGLDLUH�HW�XQH�FRXFKH�H[WHUQH��ODSHDX��HW�HQ�XWLOLVDQW�XQ�PRGqOH�GpIRUPDEOH�GLVFUHW��DSSURFKH�SDU�DVVHPEODJH�G·pOpPHQWV���/HVPXVFOHV�VRQW�WRXMRXUV�PRGpOLVpV�SDU�GHV�YHFWHXUV��,OV�VRQW�DQFUpV�j�OD�FRXFKH�LQWHUQH�PDLV�VHVLWXHQW�DX�QLYHDX�GH�OD�FRXFKH�LQWHUPpGLDLUH��,OV�VRQW�VRLW�FRQVWLWXpV�SDU�XQH�VHXOH�©�ILEUH�ª��XQVHXO� YHFWHXU��� VRLW� GH� SOXVLHXUV� ILEUHV� �SOXVLHXUV� VHJPHQWV��� ,OV� JpQqUHQW� GHV� IRUFHV� GHGpIRUPDWLRQV� VXU� FHUWDLQV�Q±XGV�GH� OD� FRXFKH� LQWHUPpGLDLUH� �GpIRUPpV� HQ� IRQFWLRQ�GH� OHXUSODFHPHQW�SDU�UDSSRUW�DX[�ILEUHV��'DQV��%H\ORW�HW�DO��������HW��0DXUHO�HW�DO���������OHV�PXVFOHV�VRQW�PRGpOLVpV�SDU�XQ�VHJPHQW�OLJQH�G·DFWLRQ�SULQFLSDOH�GX�PXVFOH��HW�GHV�SRLQWV�G·DWWDFKHPHQW��/HV�PXVFOHV�RQW�XQH�PDVVH�XQH� IRUFH�� OHV� SDUDPqWUHV� G·DFWLYDWLRQ� pWDQW� GpILQLV� VXU� OHV� VHJPHQWV�� � FKDTXH� PXVFOHFRUUHVSRQG�XQH�]RQH�SK\VLRORJLTXH�GH�W\SH�F\OLQGULTXH��&HV�GHX[�WUDYDX[�V·LQVqUHQW�GDQV�OHSURMHW�HXURSpHQ�&+$50�GDQV�OHTXHO�OHV�PXVFOHV�VHURQW�j�O·DYHQLU�PRGpOLVpV�SDU�OD�PpWKRGHGHV�pOpPHQWV�ILQLV�
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'DQV��0LOOHU���������OHV�PXVFOHV�PRWHXUV�VRQW�GpILQLV�SDU�GHV�UHVVRUWV�HQWUH�OHV�FRPSRVDQWV�GXFRUSV�GX�VHUSHQW�'DQV�OHV�PpWKRGHV�FL�GHVVXV��OHV�IRUFHV�JpQpUpHV�SDU�OHV�PXVFOHV�LQGXLVHQW�XQ�PRXYHPHQW�VXUOHV�pOpPHQWV�GX�VTXHOHWWH�UHOLpV�DX[�PXVFOHV��&HSHQGDQW��OD�IRUPH�GX�PXVFOH�HVW�UHSUpVHQWpHSDU�XQ�RX�SOXVLHXUV�VHJPHQWV��$LQVL��VHXOV�OHV�PXVFOHV�SODWV�HW�D\DQW�GHV�SRLQWV�G·DWWDFKHPHQWVVLPSOHV�VXU�OH�VTXHOHWWH�SHXYHQW�rWUH�PRGpOLVpV�
E�� 6LPXODWLRQ�GH�OD�IRUPH
/H�PRGqOH�GH�PXVFOH� OH�SOXV�FRPSOHW� HVW� FHOXL�GH�'��&KHQ� �YRLU� �&KHQ�������� HW� �&KHQ�HW=HOW]HU�� ���������SDUWLU� G·XQH� pWXGH� ILQH�GH� O·DQDWRPLH� HW� GX� IRQFWLRQQHPHQW�GHV�PXVFOHV�QRWDPPHQW� GHV� IRQFWLRQV� GH� FRQWUDFWLRQ�� YRLU� FKDSLWUH� ���� HW� GX� PRGqOH� GHV� IRUFHVPXVFXODLUHV� GH� =DMDF�� OHV� IRUFHV� PXVFXODLUHV� VRQW� GpILQLHV� VRXV� IRUPH� G·pTXDWLRQV�� /DJpRPpWULH�GHV�PXVFOHV� HVW�GpILQLH� VRXV� IRUPH�SRO\pGULTXH�HQ� VHJPHQWDQW�GHV�FRXSHV� ,50�2Q�XWLOLVH� OD�PpWKRGH� GHV� pOpPHQWV� ILQLV� �pOpPHQWV� GH� ��� Q±XGV�� SRXU� FDOFXOHU� OD� UpSRQVHpODVWLTXH�GHV�PXVFOHV��GRQF�OD�GpIRUPDWLRQ���'HV�UHVVRUWV�PRGpOLVHQW�OHV�IRUFHV�PXVFXODLUHV�HWOHV�IRUFHV�GHV�WHQGRQV��&HV�UHVVRUWV�VRQW�DWWDFKpV�DX[�pOpPHQWV� ILQLV�DILQ�GH� WUDQVPHWWUH� OHVIRUFHV��&HWWH�PRGpOLVDWLRQ�WLHQW�FRPSWH�GHV�SURSULpWpV�GHV�ILEUHV�PXVFXODLUHV�HW�GHV�WHQGRQVTXL� OHV� UHOLHQW� DX� VTXHOHWWH��/D�GHQVLWp�� OH�PRGXOH�G·<RXQJ� HW� OH� FRHIILFLHQW�GH�3RLVVRQ�GHVWLVVXV�PXVFXODLUHV� VRQW�FKRLVLV� j�SDUWLU�GH�PHVXUHV�SK\VLRORJLTXHV��/HV� FRXUEHV�GH� WHQVLRQ�ORQJXHXU� VRQW� FDOFXOpHV� j� SDUWLU� G·XQH� VLPXODWLRQ� G·XQ�PXVFOH� GH� JUHQRXLOOH� HW� OHV� UpVXOWDWVREWHQXV� VRQW� VDWLVIDLVDQWV� �ELHQ� TXH� GDQV� OH� FDV� GH� UHOD[DWLRQ� UDSLGH� GX� PXVFOH�� RQ� YRLWDSSDUDvWUH�GHV�LQVWDELOLWpV���'DQV�FHWWH�PpWKRGH�� OHV�pOpPHQWV�ILQLV�QH�VRQW�SDV�OD�VRXUFH�GHVIRUFHV�PXVFXODLUHV��PDLV�VRQW�XWLOLVpV�GDQV�OH�FDOFXO�GHV�GpIRUPDWLRQV��'H�SOXV��OD�JUDYLWp�Q·HVWSDV� VLPXOpH�� (QILQ�� OHV� IRUFHV�PXVFXODLUHV� LQGXLWHV� VXU� OH� VTXHOHWWH� QH� VRQW� SDV� FODLUHPHQWGpILQLHV�-�&�� /RPEDUGR� �/RPEDUGR�� ������ HW� �/RPEDUGR� HW� 3XHFK�� ������� XWLOLVH� GHV� SDUWLFXOHVRULHQWpHV� SRXU�PRGpOLVHU� OHV�PXVFOHV�� /HXU� IRUPH� HVW� GRQF� UHSUpVHQWpH� SDU� XQ� V\VWqPH� GHSDUWLFXOHV��'HV� ORLV� G·LQWHUDFWLRQV� HQWUH� OHV� SDUWLFXOHV� SHUPHWWHQW� GH� FUpHU� HW� GH� VLPXOHU� XQFRPSRUWHPHQW�PXVFXODLUH��LQWHUDFWLRQ�GH�FRQVHUYDWLRQ�GH�YROXPH�QRWDPPHQW��
������&RQFOXVLRQ
1RXV�DYRQV�YX�TXH�OHV�PpWKRGHV�FRQoXHV�VSpFLILTXHPHQW�SRXU�VLPXOHU�OHV�GpIRUPDWLRQV�GHVWLVVXV�PXVFXODLUHV�QH�FRUUHVSRQGHQW�SDV�j�QRWUH�RSWLTXH��'·DXWUHV�SDUW��OHV�PpWKRGHV�TXL�QHPRGpOLVHQW�SDV�OD�IRUPH�GLUHFWHPHQW�QH�SHXYHQW�SDV�FRQYHQLU�QRQ�SOXV��/·DSSURFKH� OD�SOXVXWLOH�HVW�FHOOH�TXL�XWLOLVH�OD�JpRPpWULH�GX�PXVFOH�SRXU�JpQpUHU�j�OD�IRLV�OD�GpIRUPDWLRQ�GHV�WLVVXVPXVFXODLUHV�HW� OHV�IRUFHV�JpQpUDWULFHV�GH�PRXYHPHQW��1RXV�DOORQV�GRQF�XWLOLVHU�GLUHFWHPHQWQRV�FRPSRVDQWV�JpRPpWULTXHV�SRXU�FRQVWUXLUH�QRWUH�PRGqOH�GH�UpJLRQ�PXVFXODLUH�
��� 0RGqOH�GH�IRUFH�PXVFXODLUH
1RXV�DYRQV�YX�DX�FKDSLWUH���TXHOOHV�pWDLHQW�OHV�FDUDFWpULVWLTXHV�G·XQ�PXVFOH���OHV�DWWDFKHPHQWVDQDWRPLTXHV��OHV�ILEUHV�FRQVWLWXDQWHV�� OHV�SURSULpWpV�PpFDQLTXHV�HW� OHV�SURSULpWpV�pOHFWULTXHV�1RWUH�PRGqOH�pWDQW�EDVp�VXU�GHV�pOpPHQWV�JpRPpWULTXHV��QRXV�DOORQV�OHV�XWLOLVHU�GLUHFWHPHQWSRXU�PRGpOLVHU�OHV�PXVFOHV�/D�FDUDFWpULVWLTXH�IRQGDPHQWDOH�G·XQ�PXVFOH�HVW�TXH�� ORUV�GH�OD�FRQWUDFWLRQ�� OD� ORQJXHXU�GHVILEUHV�GLPLQXH��3RXU�LQGXLUH�FH�FRPSRUWHPHQW�FRQWUDFWLOH�GDQV�XQ�WLVVX�pODVWLTXH��LO�VXIILW�GH



5pJLRQV�PXVFXODLUHV ��

GpFULUH�XQ�DWWUDFWHXU�GDQV�OH�VHQV�GHV�ILEUHV�GX�PXVFOH�PRGpOLVp��2Q�XWLOLVH�GRQF��LFL�HQFRUH��OHSULQFLSH�GH�IRUFH�HQJHQGUpH�SDU�XQ�DWWUDFWHXU�3RXU� VLPSOLILHU�� GDQV� QRWUH�PRGqOH� OHV� GLUHFWLRQV� GH� FRQWUDFWLRQV� VRQW� GpILQLHV� ORFDOHPHQWSRXU� FKDTXH� pOpPHQW�� 2Q� GpVLJQH� OHV� pOpPHQWV� YRLVLQV� GDQV� OD� GLUHFWLRQ� GHVTXHOV� ODFRQWUDFWLRQ� GRLW� DYRLU� OLHX� �YRLU� )LJXUH� ����� &KDTXH� pOpPHQW� YRLVLQ� VH� WURXYDQW� GDQV� ODGLUHFWLRQ�GH�FRQWUDFWLRQ�HVW�GpILQL�FRPPH�DWWUDFWHXU�

DWWUDFWHXU
)LJXUH� ����0RGpOLVDWLRQ� GH� OD� IRUFH�PXVFXODLUH� SDU� GHV� pOpPHQWVDWWUDFWHXUV�GDQV�OD�GLUHFWLRQ�GH�FRQWUDFWLRQ�GHV�ILEUHV�

(Q�IDLW��LO�V·DJLW�VLPSOHPHQW�GH�GpILQLU�GHV�GLUHFWLRQV�GH�FRQWUDFWLRQ�j�SDUWLU�GH�OD�JpRPpWULH�GHO·REMHW� HW� GH� SRVLWLRQQHU� GHV� UHVVRUWV� HQWUHV� OHV� pOpPHQWV� FRUUHVSRQGDQWV�� 1RWUH� PRGqOHSHUPHW��VL�WRXWHIRLV�FHOD�HVW�QpFHVVDLUH��G·XWLOLVHU�OHV�SDUDPqWUHV�GH�IRUPH��YXV�DX�SDUDJUDSKH�����SRXU�GpILQLU�SUpFLVpPHQW�OD�GLUHFWLRQ�GHV�ILEUHV�VDUFRPqUHV�
/D� SRQGpUDWLRQ� GH� OD� IRUFH� PXVFXODLUH� SHUPHW� GH� PRGpOLVHU� OHV� SKDVHV� G·DFWLYDWLRQ�� GHFRQWUDFWLRQ� HW� GH� GpFRQWUDFWLRQ�� &HWWH� SRQGpUDWLRQ� YDULH� DX� FRXUV� GX� WHPSV� HW� SHXW� rWUHGLIIpUHQWH�SRXU�FKDTXH�pOpPHQW��6L�OD�SRQGpUDWLRQ�HVW�QpJDWLYH��RQ�PRGpOLVH�XQH�FRQWUDFWLRQDFWLYH�� 6L� OD� SRQGpUDWLRQ� HVW� QXOOH�� OH� UHWRXU� j� OD� FRQILJXUDWLRQ� G·RULJLQH� HVW� JDUDQWL� SDU� ODSURSULpWp�G·pODVWLFLWp�GH�OD�UpJLRQ�&RQWUDLUHPHQW� j� OD� IRUFH� G·pODVWLFLWp�� OD� IRUFH�PXVFXODLUH� SHUPHW� GH� YpULILHU� GLUHFWHPHQW� OH
SULQFLSH�G·DFWLRQ�UpDFWLRQ��&KDTXH�IRUFH�PXVFXODLUH�JpQpUpH�SDU�XQ�pOpPHQW�Ei�VXU�XQ�GH�VHVYRLVLQV� DWWUDFWHXU� HVW� DXWRPDWLTXHPHQW� UpSHUFXWpH� VXU� FH� GHUQLHU� �HQ� LQYHUVDQW� OH� VLJQH� GXYHFWHXU�IRUFH��1RWRQV�HQILQ�TX·XQ�PXVFOH�VH�GpIRUPH�j�YROXPH�FRQVWDQW��RQ�SRXUUD�GRQF�PRGpOLVHU�FHWWHSURSULpWp�VL�RQ�OH�GpVLUH��YRLU�FKDSLWUHV���HW����
/H�SULQFLSDO�LQFRQYpQLHQW�GH�QRWUH�PpWKRGH�HVW�TXH�OHV�SDUDPqWUHV�GHV�IRUFHV�PXVFXODLUHV�QHSHXYHQW� rWUH� GpGXLWV�� FRPPH� GDQV� �&KHQ�� ������� j� SDUWLU� GHV� FRQVWDQWHV� FODVVLTXHV� LVVXHVG·pWXGHV�SK\VLRORJLTXHV��'DQV�OD�PpWKRGH�GH��&KHQ���������OHV�IRUFHV�SURYHQDLHQW�G·pTXDWLRQVGX�PRGqOH�GH�PXVFOH�GH�=DMDF��,O�HVW�HQYLVDJHDEOH�GH�UHSUHQGUH�FHWWH�pWXGH�DILQ�GH�SDOLHU�jO·LQFRQYpQLHQW�FL�GHVVXV��,O�IDXGUDLW�GpILQLU��j�SDUWLU�GHV�pTXDWLRQV�GHV�IRUFHV�PXVFXODLUHV�� OHVSRQGpUDWLRQV�GH�OD�IRUFH�G·pODVWLFLWp�HW�GH�PRWULFLWp�/·DYDQWDJH�SURYLHQW�GX�IDLW�TXH� OHV�IRUFHV�PRWULFHV�VRQW�JpQpUpHV�GLUHFWHPHQW�j�SDUWLU�GH� ODJpRPpWULH��1RXV�YHUURQV�DX�FKDSLWUH�VXLYDQW�FRPPHQW�OHV�WUDQVPHWWUH�IDFLOHPHQW�DX�VTXHOHWWHG·DWWDFKHPHQW�



�� &RQVWUXFWLRQ�GX�PRGqOH

��� 5pFDSLWXODWLI�VXU�OHV�pOpPHQWV�HW�UpJLRQV�PXVFXODLUHV
8Q�pOpPHQW�G·XQH�UpJLRQ�PXVFXODLUH�KpULWH�GH�WRXWHV�OHV�SURSULpWpV�GHV�pOpPHQWV�GHV�UpJLRQVpODVWLTXHV�� 'H� SOXV� LO� D� VHV� SURSUHV� FDUDFWpULVWLTXHV� TXL� VRQW��� OD� OLVWH� GHV� pOpPHQWV� YRLVLQVGpILQLVVDQW� OHV� GLUHFWLRQV� GH� FRQWUDFWLRQ�� HW� OH� SRLGV� FRXUDQW� GH� OD� IRUFH� PXVFXODLUH�SRQGpUDWLRQ� GH� OD� IRUFH� G·DWWUDFWLRQ��� ,O� HVW� SRVVLEOH� GH� SULYLOpJLHU� GHV� GLUHFWLRQV� GHFRQWUDFWLRQ��3RXU�FHOD��LO�VXIILW�GH�JpUHU�OHV�GLIIpUHQWHV�SRQGpUDWLRQV�DVVRFLpHV�j�FKDFXQH�GHVGLUHFWLRQV�GH�FRQWUDFWLRQ�
�� 5pJLRQV�VROLGHV
8QH� UpJLRQ� VROLGH� HVW� XQH� UpJLRQ� GDQV� ODTXHOOH� OHV� GLVWDQFHV� HQWUH� OHV� pOpPHQWV� TXL� ODFRPSRVHQW� QH� YDULHQW� SDV� DX� FRXUV� GH� OD� VLPXODWLRQ�� 3XLVTX·RQ� XWLOLVH� O·DSSURFKH� SDUDVVHPEODJH� G·pOpPHQWV�� OH� SOXV� VLPSOH� HVW� G·XWLOLVHU� OHV� DOJRULWKPHV� FODVVLTXHV� GH� VLPXODWLRQG·REMHWV�VROLGHV��YRLU�DQQH[HV���HW�����SDUWLU�GHV�pOpPHQWV�FRPSRVDQW�OD�UpJLRQ��RQ�GpILQLW�XQH�RULHQWDWLRQ��XQH�SRVLWLRQ�GH�O·REMHWSDU� UDSSRUW� DX� UHSqUH� JOREDO�� OD�PDWULFH� G·LQHUWLH� HW� OHV� FRRUGRQQpHV� GHV� pOpPHQWV� GDQV� OHUHSqUH�SURSUH�j�OD�UpJLRQ��GRQW�OH�FHQWUH�HVW�OH�EDU\FHQWUH�HW�OHV�D[HV�OHV�GLUHFWLRQV�SULQFLSDOHVG·LQHUWLH���/RUV�GH�OD�VLPXODWLRQ��O·HQVHPEOH�GHV�IRUFHV�DSSOLTXpHV�VXU�OHV�pOpPHQWV�HVW�SULV�HQFRPSWH�HW�OD�QRXYHOOH�RULHQWDWLRQ�HW�OD�QRXYHOOH�SRVLWLRQ�VRQW�FDOFXOpHV�/D�PpWKRGH�XWLOLVpH� LFL�HVW�GRQF� OD�PpWKRGH�FODVVLTXH�GH�VLPXODWLRQ�GHV�REMHWV� ULJLGHV� �YRLUDQQH[HV���HW���SRXU�OHV�DOJRULWKPHV�GH�JHVWLRQ�GHV�UpJLRQV�VROLGHV��
'DQV�OH�FKDSLWUH�VXLYDQW��RQ�H[SOLTXHUD�FRPPHQW�RQ�SHXW�OLHU�OHV�UpJLRQV�VROLGHV�DX[�UpJLRQVpODVWLTXHV�RX�DX[�DXWUHV�UpJLRQV�VROLGHV�
������5pFDSLWXODWLI�VXU�OHV�pOpPHQWV�HW�UpJLRQV�VROLGHV
/HV�DWWULEXWV�FRPSOHWV�GHV�UpJLRQV�VROLGHV�VRQW�GRQQpV�j�O·DQQH[H����/HV�pOpPHQWV�GHV�UpJLRQVVROLGHV�KpULWHQW�GHV�SURSULpWpV�GHV�pOpPHQWV�GH�W\SH�JpQpUDX[��'H�SOXV��XQ�DXWUH�DWWULEXW�HVWFDOFXOp�j�O·LQLWLDOLVDWLRQ���OHXU�FRRUGRQQpHV�GDQV�OH�UHSqUH�DVVRFLp�j�OD�UpJLRQ�,O� IDXW� QRWHU�� FHSHQGDQW�� TXH� OD� GHVFULSWLRQ� VXUIDFLTXH� VRXV� IRUPH� GH� IDFHWWHV� WULDQJXODLUHVQ·HVW�SDV�REOLJDWRLUH��/D�OLVWH�GHV�YRLVLQV�G·XQ�pOpPHQW�VROLGH�SHXW�QH�FRQWHQLU�TX·XQ�RX�GHX[pOpPHQWV��HOOH�VHUW�VHXOHPHQW�SRXU�O·DIILFKDJH��SXLVTXH�WRXV�OHV�FDOFXOV�G·pYROXWLRQ�VH�IRQW�SDUO·LQWHUPpGLDLUH�GH�O·LVREDU\FHQWUH�GH�OD�UpJLRQ�'H� PrPH�� RQ� QH� UHVWUHLQW� SDV� OD� GHVFULSWLRQ� GHV� SDUWLHV� VROLGHV� j� OD� GHVFULSWLRQ� GH� OHXUVVXUIDFHV��GHV�pOpPHQWV�LQWpULHXUV�SHXYHQW�rWUH�XWLOLVpV�
�� &RQFOXVLRQ
'DQV�FH�FKDSLWUH��OH�PRGqOH�GpYHORSSp�DX�FRXUV�GH�FHWWH�WKqVH�D�pWp�SUpVHQWp�HW�FRPSDUp�DX[PRGqOHV�H[LVWDQWV��2Q�D�YX�FRPPHQW�V·DUWLFXODLHQW�OHV�GLIIpUHQWHV�UpJLRQV�HQWUH�HOOHV�HW�FH�TXLOHV� FDUDFWpULVDLW� �)LJXUH� ���� 2Q� D� YX� FRPPHQW� OH� SULQFLSH� GH� IRUFH� GpILQLW� SDU� XQ� SRLQWDWWUDFWHXU� SHUPHWWDLW� OD� PRGpOLVDWLRQ� GH� O·pODVWLFLWp� HW� GH� OD� PRWULFLWp� �GXH� j� OD� FRQWUDFWLRQPXVFXODLUH��&HSHQGDQW��OH�PRGqOH�HQ�O·pWDW�Q·HVW�SDV�FRPSOHW�HW�QH�VXIILW�SDV�SRXU�DWWHLQGUH�QRWUH�REMHFWLI�



&RQFOXVLRQ ��

,O�QRXV�PDQTXH��
•  /HV�OLDLVRQV�HQWUH�OHV�UpJLRQV���ULHQ�Q·D�HQFRUH�pWp�GLW�VXU�OD�PDQLqUH�GH�FRQVWUXLUH�XQREMHW�j�SDUWLU�GH�SOXVLHXUV�UpJLRQV�GH�SURSULpWpV�GLVWLQFWHV�
•  /·LQFRPSUHVVLELOLWp��� FHWWH� SURSULpWp� GRLW� rWUH� DSSOLTXpH� VXU� XQH� RX� GHV� UpJLRQVpODVWLTXHV�GpILQLVVDQW�XQ�PrPH�YROXPH�1RXV�YHUURQV� DX� FKDSLWUH� VXLYDQW� FRPPHQW�� SDU� O·LQWHUPpGLDLUH� GH� FRQWUDLQWHV�� QRXV� DOORQVSUHQGUH�HQ�FRPSWH�FHV�SURSULpWpV��&HOD�VHUD�IDFLOLWp�SDU�O·DSSURFKH�SDU�DVVHPEODJH�G·pOpPHQWVTXH�QRXV�DYRQV�VXLYLH�1RXV�YHUURQV�GDQV� OD�GHUQLqUH�SDUWLH�GH�FH�PDQXVFULW�GHV�H[HPSOHV�G·XWLOLVDWLRQ�GX�PRGqOHDLQVL�TXH�OH�PRGqOH�GX�WURQF�GpYHORSSp�j�SDUWLU�GH�FHOXL�FL�



�� &RQVWUXFWLRQ�GX�PRGqOH
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&RQWUDLQGUH�OH�PRGqOH
&H�TXL�HVW�VLPSOH�HVW�WRXMRXUV�IDX[�&H�TXL�QH�O·HVW�SDV�HVW�LQXWLOLVDEOH�

3DXO�9DOHU\
/H�FKDSLWUH�SUpFpGHQW�H[SOLTXDLW�OHV�EDVHV�GX�PRGqOH�TXH�QRXV�QRXV�SURSRVRQV�GH�FRQVWUXLUHGDQV� FHWWH� WKqVH�� 1RXV� DYRQV� FRPSDUp� OHV� SDUWLHV� RULJLQDOHV� GX� WUDYDLO� DYHF� OHV� PpWKRGHVUHQFRQWUpHV�GDQV�OD�OLWWpUDWXUH��&HUWDLQHV�SURSULpWpV�VRQW�PRGpOLVpHV�LQWULQVqTXHPHQW�GDQV�OHPRGqOH� �O·pODVWLFLWp�� O·DFWLRQ� PXVFXODLUH� RX� OD� ULJLGLWp�� HQ� XWLOLVDQW� GHV� UpJLRQV� GH� SURSULpWpKRPRJqQH� �YRLU� ILJXUH� ��� FKDSLWUH� ���� /H� UDFFRUGHPHQW� GH� FHV� UpJLRQV� DLQVL� TXH� FHUWDLQHVSURSULpWpV� GHV� PDWpULDX[� TXH� QRXV� YRXORQV� PRGpOLVHU� Q·RQW� SDV� HQFRUH� pWp� H[SRVpHV�QRWDPPHQW�OD�SURSULpWp�G·LQFRPSUHVVLELOLWp���&·HVW�O·REMHW�GH�FH�FKDSLWUH�
&H� FKDSLWUH� HVW� DUWLFXOp� GH� OD� PDQLqUH� VXLYDQWH��� QRXV� PRQWURQV� WRXW� G·DERUG� FRPPHQWUDFFRUGHU�GHV�UpJLRQV�GH�SURSULpWpV�GLVWLQFWHV��SDUDJUDSKH�&KDSLWUH������SXLV�QRXV�H[SOLFLWRQVQRWUH� DOJRULWKPH� GH� UpVROXWLRQ� GH� FRQWUDLQWHV� �SDUDJUDSKH� &KDSLWUH� ����� /H� SDUDJUDSKH&KDSLWUH����H[SRVH�GLIIpUHQWV�H[HPSOHV�GH�FRQWUDLQWHV��ORFDOHV�HW�JOREDOHV��HW�OD�IDoRQ�GH�OHVUpVRXGUH�� 3RXU� ILQLU�� OH� SDUDJUDSKH� &KDSLWUH� ��� pWXGLH� SOXV� HQ� GpWDLO� OD� FRQWUDLQWHG·LQFRPSUHVVLELOLWp�
�� 5DFFRUGHPHQW�GHV�UpJLRQV
/D� VLPXODWLRQ� G·XQ� REMHW� FRPSOH[H� WHO� TXH� OH� WURQF� SDVVH� SDU� OD� VLPXODWLRQ� GHV� GLIIpUHQWHVUpJLRQV� GH� FHW� REMHW��$X� FRXUV� GX� SUpFpGHQW� FKDSLWUH� QRXV� DYRQV� YX� FRPPHQW� GpILQLU� FHVGLIIpUHQWHV�UpJLRQV�GH�PDQLqUH�LQGpSHQGDQWH��,O�IDXW�PDLQWHQDQW�pWXGLHU�FRPPHQW�HOOHV�YRQWV·LQWHUIDFHU� HQWUH�HOOHV�� F·HVW�j�GLUH� FRPPHQW� VH� UDFFRUGHQW� GHV� UpJLRQV� GH� SURSULpWpVGLIIpUHQWHV�7URLV�W\SHV�GH�UDFFRUGHPHQWV�VRQW�j�pWXGLHU���OHV�UDFFRUGHPHQWV�HQWUH�GHX[�UpJLRQV�pODVWLTXHV�SDUDJUDSKH� ������ HQWUH� XQH� UpJLRQ� pODVWLTXH� HW� XQH� UpJLRQ� VROLGH� �SDUDJUDSKH� ������ HW� HQILQHQWUH�GHX[�UpJLRQV�VROLGHV��SDUDJUDSKH������



�� &RQWUDLQGUH�OH�PRGqOH

��� 5DFFRUGHPHQW�HQWUH�GHX[�UpJLRQV�pODVWLTXHV
/HV� UpJLRQV�PXVFXODLUHV� VRQW� DXVVL� GHV� UpJLRQV� pODVWLTXHV��(OOHV� KpULWHQW� GHV� SURSULpWpV� GHVUpJLRQV� pODVWLTXHV�� 2Q� UHPDUTXH� TXH� GH� SDU� QRWUH� DSSURFKH� RULHQWpH� REMHW�� OHV� UpJLRQVPXVFXODLUHV�VRQW�WUDLWpHV�FRPPH�GHV�UpJLRQV�pODVWLTXHV�/H� UDFFRUGHPHQW� WUDLWp� GDQV� FH� SDUDJUDSKH� SHUPHW� GRQF� DXVVL� GH� UDFFRUGHU� GHV� UpJLRQVpODVWLTXHV�HW�GHV�UpJLRQV�PXVFXODLUHV�/HV� UpJLRQV� pODVWLTXHV� GpFULYHQW� OHV� VXUIDFHV� H[WHUQHV� GHV� REMHWV� TX·HOOHV� UHSUpVHQWHQW�� /HUDFFRUGHPHQW� HQWUH� GHX[� UpJLRQV� pODVWLTXHV� UHSUpVHQWDQW� GHX[� REMHWV� HQ� FRQWDFW� VH� IDLW� GHPDQLqUH� VLPSOH�HQ�FRQWLQXLWp�GH� OD� VXUIDFH�GH�FRQWDFW��/HV� pOpPHQWV� j� OD� IURQWLqUH�GH�GHX[UpJLRQV�� HW� DSSDUWHQDQW� j� O·XQH� GHV� GHX[� UpJLRQV� H[FOXVLYHPHQW�� RQW� GHV� YRLVLQV� TXL
DSSDUWLHQQHQW�j� O·DXWUH� UpJLRQ��$LQVL�� OHV� pOpPHQWV�pODVWLTXHV�G·XQH� UpJLRQ�R1�SHXYHQW� DYRLUGHV� YRLVLQV�GDQV�XQH� UpJLRQ� pODVWLTXH�R2� VDQV�TXH� O·DOJRULWKPH�G·pYROXWLRQ� QH� VRLW�PRGLILp�YRLU�)LJXUH����

5pJLRQ
PXVFXODLUH�R2

5pJLRQ
pODVWLTXH�R1

EF

EF�∈ �R1

)LJXUH� ��� 5DFFRUGHPHQW� GH� GHX[� UpJLRQV� pODVWLTXHV� R1� HW� R2./·pOpPHQW�EF�HVW�j�OD�IURQWLqUH�HQWUH�R1�HW�R2���EF�∈ �R1�PDLV�D�GHV
YRLVLQV�GDQV�R2�

��� 5DFFRUGHPHQW�HQWUH�XQH�UpJLRQ�pODVWLTXH�HW�XQH�UpJLRQ�VROLGH
'DQV�FH�FDV�� OH�SUREOqPH�SRVp�HVW� OH�VXLYDQW��� LO�IDXW�PDLQWHQLU� OH� OLHQ�SHQGDQW�OD�VLPXODWLRQTXHOV�TXH�VRLHQW�OHV�PRXYHPHQWV�GHV�UpJLRQV�OLpHV��&RPPH�LO�HVW�GLIILFLOH�GH�FRQWUDLQGUH�OHVPRXYHPHQWV� GHV� SDUWLHV� ULJLGHV�� OD� PpWKRGH� SRXU� PDLQWHQLU� OH� OLHQ� GXUDQW� OD� VLPXODWLRQFRQVLVWH� j� FRQWUDLQGUH� OHV� PRXYHPHQWV� GHV� pOpPHQWV� IURQWLqUHV� GH� OD� UpJLRQ� pODVWLTXH�� /DPpWKRGH� HPSOR\pH�� YRLU� �3URPD\RQ� HW� DO�� ������� HVW� SUpVHQWpH� DX� SDUDJUDSKH� ������ �O·DOJRULWKPH�TXL�HQ�GpFRXOH�DX�SDUDJUDSKH��������



5DFFRUGHPHQW�GHV�UpJLRQV ��

������0pWKRGH
6RLW�Re�XQH�UpJLRQ�pODVWLTXH�HW�Rs�XQH�UpJLRQ�VROLGH�TXH�O·RQ�YHXW�PDLQWHQLU�DFFURFKpHV��SDU
H[HPSOH�Re�UHSUpVHQWH�XQ�PXVFOH�DWWDFKp�j�XQ�RV�GX�VTXHOHWWH�UHSUpVHQWp�SDU�Rs���/D�UpJLRQVROLGH�Rs� HVW� GpILQLH� SDU� VD� SRVLWLRQ� HW� VRQ� RULHQWDWLRQ� �YRLU� FKDSLWUH� �� HW� DQQH[H� ����$X[HQGURLWV� GH� UDFFRUGHPHQW�� OHV� pOpPHQWV� VRQW� GRXEOpV�� &·HVW� j� GLUH� TX·j� FKDTXH� pOpPHQW
IURQWLqUH�Ei GH�Re�FRUUHVSRQG�XQ�pOpPHQW�OLp�Fi�GH�Rs��Ei�HW�Fi�RQW�WRXMRXUV�OD�PrPH�SRVLWLRQ�
�FKDTXH�LWpUDWLRQ��Fi�UHoRLW�GLUHFWHPHQW�OHV�IRUFHV�H[HUFpHV�VXU�Ei��Rs�SUHQG�HQ�FRPSWH�OHV
IRUFHV�H[HUFpHV�VXU�Fi�HW�FDOFXOH�VD�QRXYHOOH�SRVLWLRQ�HW�VD�QRXYHOOH�RULHQWDWLRQ��Fi�HVW�GpSODFp��
Ei�HVW�HQVXLWH�FRQWUDLQW�j�UHVWHU�j�OD�PrPH�SRVLWLRQ�TXH�Fi��RQ�GpSODFH�Ei�VXU�Fi��
������$OJRULWKPH
/·DOJRULWKPH�GH�UpVROXWLRQ�GX�UDFFRUGHPHQW�HVW�OH�VXLYDQW��YRLU�DXVVL�LOOXVWUDWLRQ�)LJXUH�����

•  •  &DOFXOHU�VpSDUpPHQW�OD�VRPPH�GHV�IRUFHV�H[HUFpHV�VXU�FKDTXH�pOpPHQW
GH�Re�HW�GH�Rs��)LJXUH���G��

•  &DOFXOHU�OH�PRXYHPHQW�GH�Rs��)LJXUH���H��
•  &DOFXOHU�OHV�PRXYHPHQWV�GHV�pOpPHQWV�GH�Re�)LJXUH���H��
•  3RXU�FKDTXH�pOpPHQW�IURQWLqUH�Ei�GH�Re��

•  &RQWUDLQGUH� OD� SRVLWLRQ� GH� Ei� j� rWUH� LGHQWLTXH� j� OD� SRVLWLRQ� GHO·pOpPHQW�Fi OLp��GpSODFHPHQW�GH�Ei�HQ�Fi����)LJXUH���I��



�� &RQWUDLQGUH�OH�PRGqOH

Rs

Re
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�������D����������������������������������������������������������E���������������������������������������������F

�������G���������������������������������������������������H���������������������������������������������I
&DOFXOV�VpSDUpV

GHV�IRUFHV

)LJXUH� ��� 5DFFRUGHPHQW� HQWUH� XQH� UpJLRQ� pODVWLTXH� Re� HW� XQHUpJLRQ� VROLGH� Rs�� �D�� JpRPpWULH� LQLWLDOH�� �E�� PRGpOLVDWLRQ�� �F�
FRQWUDLQWH�GH�UDFFRUGHPHQW��OHV�pOpPHQWV�j�OD�IURQWLqUH�GH�Re�VRQWIRUFpV�VXU�OHV�SRVLWLRQ�OHV�pOpPHQWV�j�OD�IURQWLqUH�GH�Rs����G���H��HW�I��UHSUpVHQWHQW�XQH�pWDSH�G·pYROXWLRQ��FI��DOJRULWKPH���������

$LQVL� OD� IRUFH� H[HUFpH� VXU� OHV� pOpPHQWV�Ei� HVW� GLUHFWHPHQW� WUDQVPLVH� j� OD� UpJLRQ�Rs�� 6L� XQHUpJLRQ� PXVFXODLUH� �XQ� PXVFOH�� HVW� DWWDFKpH� VXU� XQH� UpJLRQ� VROLGH� �XQ� RV��� OD� FRQWUDFWLRQPXVFXODLUH� HQWUDvQHUD�� FRPPH�GDQV� OD� UpDOLWp��XQ�GpSODFHPHQW�GH� OD� UpJLRQ� VROLGH��2Q�SHXW
DXVVL�FKRLVLU�GH�QH�WUDQVPHWWUH�TX·XQH�SDUWLH�GH�OD�IRUFH�GH�Ei��SDU�H[HPSOH��SRXU�PRGpOLVHUGHV�SHUWHV�G·pQHUJLH�GDQV�OH�UDFFRUGHPHQW��
��� 5DFFRUGHPHQW�HQWUH�GHX[�UpJLRQV�VROLGHV
&H� FDV� HVW� FHOXL� GH� OD� PRGpOLVDWLRQ� G·REMHWV� ULJLGHV� DUWLFXOpV� �SDU� H[HPSOH� GHV� FKDvQHVFRPSRVpHV� GH� SOXVLHXUV� PDLOORQV��� 2Q� WURXYH� GH� QRPEUHXVHV� VROXWLRQV� SRXU� UpVRXGUH� FHSUREOqPH�TXL�UHYLHQQHQW�j�GpSODFHU�OHV�SDUWLHV�ULJLGHV�WRXW�HQ�FRQWUDLJQDQW�OHV�OLHQV����,VDDFV�HW&RKHQ�� ������� �%DU]HO� HW� %DUU�� ������� �YDQ�2YHUYHOG�� ������ HW� �*DVFXHO� HW� *DVFXHO�� ������SRXU�O·DQDO\VH�GH�FHV�PpWKRGHV�GH�FRQWUDLQWH��YRLU�OH�FKDSLWUH�����7RXWHV�FHV�PpWKRGHV�VRQWXWLOLVDEOHV�SRXU�VLPXOHU�GHV�VROLGHV�DUWLFXOpV�j�O·DLGH�GH�QRWUH�PRGqOH�,FL�� OHV�UpJLRQV�ULJLGHV�FRQVWLWXHQW� OH� VTXHOHWWH��/HV�RV�GX�VTXHOHWWH�VRQW� UHOLpV�HQWUH�HX[�SDUXQH�SDUWLH�GpIRUPDEOH���OH�FDUWLODJH��$LQVL��OH�UDFFRUGHPHQW�HQWUH�GHX[�UpJLRQV�VROLGHV�QH�GRLW



5pVROXWLRQ�GHV�FRQWUDLQWHV ��

SDV� VH� WUDGXLUH� SDU� XQH� UpVROXWLRQ� H[DFWH� G·XQH� FRQWUDLQWH� GH� OLDLVRQ��PDLV� SDU� OD� SUpVHQFHHQWUH�GHX[�UpJLRQV�VROLGHV�G·XQ�OLHQ�GpIRUPDEOH��&·HVW�SRXUTXRL�QRXV�FKRLVLVVRQV�GH�QH�SDVXWLOLVHU�XQH�FRQWUDLQWH�SRLQW�j�SRLQW�SRXU�UHOLHU�GHX[�SDUWLHV�ULJLGHV��2Q�XWLOLVH�VRLW�XQH�UpJLRQpODVWLTXH�GDQV�OH�FDV�R��OD�IRUPH�GX�FDUWLODJH�HVW�LPSRUWDQWH��VRLW�XQ�VLPSOH�UHVVRUW�HQWUH�GHX[pOpPHQWV�GH�GHX[�UpJLRQV�VROLGHV�j�UHOLHU��YRLU�)LJXUH����

)LJXUH� ��� 5DFFRUGHPHQW� HQWUH� GHX[� UpJLRQV� VROLGHV� �XWLOLVDWLRQG·XQH�UpJLRQ�pODVWLTXH�j�JDXFKH�RX�G·XQ�VLPSOH�UHVVRUW�j�GURLWH��

��� &RQFOXVLRQ
4XH�FH�VRLW�GDQV�OH�FDV�G·XQH�OLDLVRQ�HQWUH�XQH�UpJLRQ�pODVWLTXH�HW�XQH�UpJLRQ�VROLGH�RX�G·XQHOLDLVRQ� SDU� XQ� UHVVRUW� GH� GHX[� UpJLRQV� VROLGHV� HQWUHV�HOOHV�� OHV� pOpPHQWV� IURQWLqUHV� RX� OHVpOpPHQWV�UDFFRUGV�RQW�EHVRLQ�GH�FRQQDvWUH�DYHF�TXHO�pOpPHQW� LOV�VRQW� LQWHUIDFpV��8Q�QRXYHODWWULEXW� HVW� GpILQL� SRXU� FKDTXH� pOpPHQW��&HW� DWWULEXW� GpVLJQH� O·LQGH[� G·XQ� DXWUH� pOpPHQW� GHO·REMHW�DYHF�OHTXHO�OD�OLDLVRQ�V·RSqUH��YRLU�DQQH[H���SRXU�XQ�H[HPSOH�GH�UDFFRUGHPHQW��1RXV�DYRQV�H[DPLQp� WRXV� OHV�FDV�SRVVLEOHV�GH� UDFFRUGHPHQW�HQWUH� OHV� UpJLRQV��8Q�VHXO�GHVWURLV�FDV�HVW�WUDLWp�FRPPH�XQH�FRQWUDLQWH���OH�UDFFRUGHPHQW�HQWUH�XQH�UpJLRQ�pODVWLTXH�HW�XQHUpJLRQ�PXVFXODLUH�� /HV� pOpPHQWV� IURQWLqUHV� GHV� UpJLRQV� pODVWLTXHV� VRQW� FRQWUDLQWV� VXU� OHXUVKRPRORJXHV�GHV�UpJLRQV�VROLGHV�JUkFH�j�XQ�GpSODFHPHQW��/D�PDQLqUH�GRQW�QRXV�DYRQV�UpVROXFHWWH� FRQWUDLQWH� GRQQH� XQ� DSHUoX� VXFFLQFW� GH� OD� PpWKRGH� GH� UpVROXWLRQ� GH� FRQWUDLQWHSULYLOpJLpH� GDQV� FHWWH� WKqVH��1RXV� DOORQV�PDLQWHQDQW� GpFULUH� FHWWH�PpWKRGH� DYHF� SUpFLVLRQ�SHUPHWWDQW��GDQV�XQ�FDGUH�SOXV�JpQpUDO��GH�UpVRXGUH�OHV�DXWUHV�FRQWUDLQWHV�QpFHVVDLUHV�j�QRWUHPRGpOLVDWLRQ�
�� 5pVROXWLRQ�GHV�FRQWUDLQWHV
1RXV� DYRQV� H[DPLQp� DX� FKDSLWUH� �� OHV� GLIIpUHQWHV� VROXWLRQV� SRXU� FRQWUDLQGUH� GHV�PRGqOHVJpQpUDWHXUV� pYROXDQW� j� O·DLGH� GH� ORLV� EDVpHV� VXU� OD� SK\VLTXH��1RXV� DYRQV� FKRLVL� GDQV� FHWWHWKqVH�G·RSWHU�SRXU�OD�PpWKRGH�GH�UpVROXWLRQ�GLUHFWH�FDU�HOOH�SHUPHW�XQH�UpVROXWLRQ�H[DFWH�GH�ODFRQWUDLQWH�VDQV�XWLOLVHU�XQ�DOJRULWKPH�LWpUDWLI��/D�VXLWH�GH�VH�FKDSLWUH�V·DWWDFKHUD�j�PRQWUHU�OHVQRPEUHXVHV�SRVVLELOLWpV�RIIHUWHV�SDU�FHWWH�PpWKRGH��DXVVL�ELHQ�SRXU�UpVRXGUH�GHV�FRQWUDLQWHVORFDOHV�TXH�GHV�FRQWUDLQWHV�JOREDOHV��&H�SDUDJUDSKH�V·DSSXLH�VXU�OH�SDUDJUDSKH�FRQFHUQDQW�OHVFRQWUDLQWHV�GX�FKDSLWUH����SDUDJUDSKH����



�� &RQWUDLQGUH�OH�PRGqOH

1RXV� H[SOLTXRQV� WRXW� G·DERUG� OH� SULQFLSH� JpQpUDO� LVVX� GH� OD� IRUPXODWLRQ� G\QDPLTXH� GH� ODUpVROXWLRQ� GH� FRQWUDLQWH� �SDUDJUDSKH� ������ 3XLV�� QRXV� H[SOLTXRQV� OH� FDGUH� JpQpUDO� GH� ODPpWKRGH� GH� UpVROXWLRQ� GLUHFWH� DX� SDUDJUDSKH� ����� 1RXV� XWLOLVRQV� XQ� H[HPSOH� VLPSOH� GHPLQLPLVDWLRQ� VRXV� FRQWUDLQWH� DILQ� G·DQDO\VHU� QRWUH� PpWKRGH� SDU� UDSSRUW� j� GHX[� DXWUHVPpWKRGHV� LVVXHV� GH� OD� OLWWpUDWXUH� �SDUDJUDSKH� ������ $X� SDUDJUDSKH� ����� QRXV� GLVFXWRQV� OHVSRVVLELOLWpV�SRXU�UpVRXGUH�SOXVLHXUV�FRQWUDLQWHV�j�O·DLGH�GH�FHWWH�WHFKQLTXH�
��� )RUPXODWLRQ�G\QDPLTXH�GH�OD�UpVROXWLRQ�GH�FRQWUDLQWH
$X� FKDSLWUH� ��� RQ� D� YX� GLIIpUHQWHV� PpWKRGHV� GH� UpVROXWLRQ� GH� FRQWUDLQWHV�� 1RXV� DOORQVH[DPLQHU�OH�PpFDQLVPH�G·DSSOLFDWLRQ�G·XQH�FRQWUDLQWH�GLIIpUHQWLDEOH�XQH�IRLV�HW�pQRQFHU�XQHSURSULpWp�LPSRUWDQWH��YRLU�DXVVL��:LWNLQ�HW�DO���������
6RLW�XQ�REMHW�GH�PDVVH� m �HW�GH�YHFWHXU�SRVLWLRQ� x �VRXPLV�j�XQ�HQVHPEOH�GH�IRUFHV� f ��2Q
GLVFUpWLVH�OD� ORL�G·pYROXWLRQ�GH�O·REMHW�SRXU�REWHQLU�VHV�SRVLWLRQV�VXFFHVVLYHV� tx �DX�FRXUV�GXWHPSV�2Q� GpVLUH� TXH� FHW� REMHW� YpULILH� XQH� FRQWUDLQWH� GH� PDQLqUH� IRUWH� j� FKDTXH� SDV� GH� OD
GLVFUpWLVDWLRQ��&·HVW�j�GLUH��RQ�GpVLUH�TX·j�WRXW�LQVWDQW�GH�OD�VLPXODWLRQ�XQH�FRQWUDLQWH�C �VRLWYpULILpH�� 3UHQRQV� OH� FDV� G·XQH� FRQWUDLQWH� H[SULPpH� VXU� OD� SRVLWLRQ� GH� O·REMHW� �SDU� H[HPSOHO·REMHW�GRLW�WRXMRXUV�VH�WURXYHU�GDQV�XQH�UpJLRQ�GH�O·HVSDFH��
2Q�H[SULPH�OD�FRQWUDLQWH�LPSOLFLWHPHQW�VRXV�IRUPH�PDWKpPDWLTXH��� ( ) 0=xC ��([DPLQRQV�OHV
FRQVpTXHQFHV�GH�FHWWH�FRQWUDLQWH��2Q�GpVLUH�IRUPXOHU�OD�IRUFH� Cf �GXH�j�OD�FRQWUDLQWH�j�FKDTXH
LQVWDQW� GH� OD� VLPXODWLRQ�� 2Q� VpSDUH� OHV� IRUFHV� GXHV� DX[� FRQWUDLQWHV� Cf � GHV� DXWUHV� IRUFHV
FRQQXHV� Ef ��IRUFHV�HQJHQGUpHV�SDU�O·HODVWLFLWp��OD�JUDYLWp«��GDQV�OD�UHODWLRQ�IRQGDPHQWDOH�GH
OD�G\QDPLTXH��&HWWH�GHUQLqUH�V·H[SULPH�DORUV��
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2U�FRPPH�RQ�YHXW�TXH�OD�FRQWUDLQWH�VRLW�WRXMRXUV�YpULILpH��F·HVW�j�GLUH�TXH��
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&·HVW�j�GLUH�TXH�OHV�IRUFHV�GXHV�j�OD�FRQWUDLQWH�VRQW�FROLQpDLUHV�DX�JUDGLHQW�GH�O·H[SUHVVLRQ�GH�OD�FRQWUDLQWH�
3RXU� UpVRXGUH� XQH� FRQWUDLQWH� RQ� GRLW� GRQF� FDOFXOHU�� SRXU� XQ� tx � GRQQp�� OD� YDOHXU� GX
FRHIILFLHQW� λ ��&HWWH�GpPRQVWUDWLRQ�SHXW�rWUH�IDLWH�GH�PDQLqUH�SOXV�JpQpUDOH�ORUVTXH�SOXVLHXUVFRQWUDLQWHV�VRQW�DSSOLTXpHV�VXU�O·REMHW��YRLU��:LWNLQ�HW�DO��������
��� 3ULQFLSH�GH�OD�UpVROXWLRQ�GLUHFWH
1RXV� DYRQV� YX� DX� FKDSLWUH� �� �SDUDJUDSKH� ��� TX·LO� \� DYDLW� WURLV� DSSURFKHV� SULQFLSDOHV� SRXUUpVRXGUH�GHV�FRQWUDLQWHV��
•  0pWKRGHV�G·RSWLPLVDWLRQ��� ORUVTXH� OD� VLPXODWLRQ�SK\VLTXH� HVW� SLORWpH� SDU� XQH� pQHUJLH�pQHUJLH� GH� GpIRUPDWLRQ�� GH� PRXYHPHQW� HW� pQHUJLH� SRWHQWLHOOH��� O·RSWLPLVDWLRQ�PLQLPLVDWLRQ��GH�OD�IRQFWLRQ�G·pQHUJLH�VRXV�FRQWUDLQWHV�SHUPHW�GH�GpFULUH� OHV�GLIIpUHQWVpWDWV�GHV�REMHWV��/HV�PpWKRGHV�G·RSWLPLVDWLRQ�VRXV�FRQWUDLQWHV�VRQW�QRPEUHXVHV�GDQV�ODOLWWpUDWXUH�PDWKpPDWLTXH��3RXU� OD�SOXSDUW�� HOOHV� XWLOLVHQW� OHV�PXOWLSOLFDWHXUV�GH�/DJUDQJH��3ODWW�HW�%DUU��������RQW�GpYHORSSp�XQH�GH�FHV�PpWKRGHV�SRXU�OHV�PRGqOHV�GpIRUPDEOHV��)XD�HW�%HFKE�KOHU��������RQW�HX[�DXVVL�PLV�DX�SRLQW�XQH�QRXYHOOH� WHFKQLTXH�TX·LOV�RQWXWLOLVpH� HQ� YLVLRQ� SRXU� OD� VHJPHQWDWLRQ� G·LPDJH� SDU� FRQWRXU� DFWLI�� &HV� GHX[�PpWKRGHVVHURQW�FRPSDUpHV�DYHF�OD�PpWKRGH�GH�UpVROXWLRQ�GLUHFWH�DX�SDUDJUDSKH�����
•  )RUFHV�GH�FRQWUDLQWHV���LFL�OHV�IRUFHV�HQJHQGUpHV�SDU�OHV�FRQWUDLQWHV�VRQW�FDOFXOpHV��SDU�ODG\QDPLTXH�LQYHUVH�RX�XQH�DSSURFKH�LWpUDWLYH��SXLV�DSSOLTXpHV�DX[�REMHWV�
•  'pSODFHPHQWV�GXV�DX[�FRQWUDLQWHV���OH�SULQFLSH�HVW�OH�PrPH�TXH�OH�SUpFpGHQW��PDLV�DXOLHX� GH� FDOFXOHU� OHV� IRUFHV� j� DSSOLTXHU� SRXU� YpULILHU� OHV� FRQWUDLQWHV�� FH� VRQW� OHVGpSODFHPHQWV� TXL� VRQW� FDOFXOpV�� /D� PpWKRGH� GH� UpVROXWLRQ� GLUHFWH� HQWUH� GDQV� FHWWHFDWpJRULH�'DQV� FH� SDUDJUDSKH� QRXV� GpJDJHRQV� G·DERUG� O·DOJRULWKPH� GH� UpVROXWLRQ� XWLOLVp� GDQV� ODUpVROXWLRQ� GLUHFWH� �SDUDJUDSKH� ������ ���&HW� DOJRULWKPH� FDOFXOH� GLUHFWHPHQW� OHV� GpSODFHPHQWVGXV�DX[�FRQWUDLQWHV�SDU�XQH�PpWKRGH�GH�SURMHFWLRQ��/D�GLUHFWLRQ�GH�SURMHFWLRQ�HVW�H[SOLTXpHDX�SDUDJUDSKH������� ��1RXV�H[SOLFLWRQV�HQVXLWH� OH� V\VWqPH�G·pTXDWLRQV� UpVXOWDQW� �SDUDJUDSKH������ ��� 1RXV� FRQFOXRQV� HQ� GpJDJHDQW� XQ� ELODQ� VXU� OHV� DYDQWDJHV� HW� OHV� LQFRQYpQLHQWV�SDUDJUDSKH� ������ HW� ������ �� GH� FHWWH� DSSURFKH�� SXLV� QRXV� SURSRVRQV� XQH� VROXWLRQ� SRXU� ODGpWHFWLRQ�GHV�SUREOqPHV�GH�GLVFRQWLQXLWpV��SDUDJUDSKH���������
������$OJRULWKPH
'DQV�XQH�DSSURFKH�SDU� DVVHPEODJH�G·pOpPHQW�XWLOLVDQW� XQ� VFKpPD� HXOpULHQ�� O·DOJRULWKPH�GHVLPXODWLRQ�FODVVLTXH�j�FKDTXH�QRXYHOOH�LWpUDWLRQ�HVW�OH�VXLYDQW���SRXU�FKDTXH�pOpPHQW�FDOFXOHU
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OHV� IRUFHV� TXL� OHXUV� VRQW� DSSOLTXpHV�� HW� GLVFUpWLVHU� FHV� IRUFHV� SRXU� FDOFXOHU� OHXUV� QRXYHOOHVSRVLWLRQV��YRLU�FKDSLWUH����SDUDJUDSKH������/RUVTXH� OH�V\VWqPH�HVW�FRQWUDLQW�� O·DOJRULWKPH�GRLW�SUHQGUH�HQ�FRPSWH� OHV�FRQWUDLQWHV��,O�HVWTXHOTXH�SHX�GLIIpUHQW��YRLU�LOOXVWUDWLRQ�)LJXUH����
�XQ�LQVWDQW� t �GH�OD�VLPXODWLRQ��
•  3RXU�FKDTXH�pOpPHQW��FDOFXOHU�OHV�IRUFHV� tF  TXL�OHXUV�VRQW�DSSOLTXpHV�
•  8WLOLVHU� XQ� VFKpPD� GH� GLVFUpWLVDWLRQ� �W\SH� (XOHU�� SRXU� FDOFXOHU� XQ� pWDW� FLQpWLTXH

LQWHUPpGLDLUH�P) ��FHW�pWDW�SHXW�YLROHU�OHV�FRQWUDLQWHV��
•  &DOFXOHU��j�SDUWLU�GH�O·pWDW�LQWHUPpGLDLUH��OHV�GpSODFHPHQWV�pYHQWXHOOHV� Cδ �QpFHVVDLUHV�j�OD

YpULILFDWLRQ�GHV�FRQWUDLQWHV�
•  'pSODFHU�OHV�pOpPHQWV�VHORQ� Cδ ���O·pWDW�FLQpWLTXH�ILQDO�HVW�FDOFXOp�
•  'pGXLUH�OD�YLWHVVH�UpHOOH�j�SDUWLU�GH�OD�QRXYHOOH�SRVLWLRQ�
1RXV�YHUURQV�GDQV�OHV�GHX[�SDUDJUDSKHV�VXLYDQW�OHV�GpWDLOV�GHV�FDOFXOV�

'pSODFHPHQW�QRUPDO
�GX� DX[� IRUFHV� DSSOLTXpHV� VXU� OHV
pOpPHQWV�GH�O·REMHW�

'pSODFHPHQW� GX� j� ODFRQWUDLQWH

3ODQ�LQIUDQFKLVVDEOH

'LUHFWLRQ�GX�GpSODFHPHQWPLQLPDO��JUDGLHQW�

tP

dtt+P

dtt+P
)

Cδ

tF

)LJXUH� ��� ([HPSOH� GH� UpVROXWLRQ� GH� FRQWUDLQWH� SDU� OD� PpWKRGHGLUHFWH��/D� FRQWUDLQWH� HVW� XQ� SODQ� LQFOLQp� LPSpQpWUDEOH��$X� FRXUVGH�OD�VLPXODWLRQ��O·REMHW�IUDQFKL�OH�SODQ�HW�YLROH�OD�FRQWUDLQWH��3RXUUpVRXGUH� OD� FRQWUDLQWH� O·REMHW� HVW� GpSODFp� �GH� PDQLqUH� PLQLPDOH�DILQ�GH�YpULILHU�j�QRXYHDX�OD�FRQWUDLQWH�

������&KRL[�GH�OD�GLUHFWLRQ
� O·pWDSH� �� GH� O·DOJRULWKPH� RQ� GRLW� WURXYHU� OD� GLUHFWLRQ� GH� GpSODFHPHQW� TXL� YpULILH� OHVFRQWUDLQWHV�
6RLW�XQ�REMHW�GpFULW�SDU�VRQ�YHFWHXU�SRVLWLRQ� �GH�GLPHQVLRQ� n3 � VL� OH�QRPEUH�G·pOpPHQWV� OH
FRPSRVDQW�HVW�n���VRLW� tx �OD�SRVLWLRQ�DX�WHPSV� t �� dtt+x) �OD�SRVLWLRQ�LQWHUPpGLDLUH�FDOFXOpH�VDQV



5pVROXWLRQ�GHV�FRQWUDLQWHV ��

WHQLU�FRPSWH�GHV�FRQWUDLQWHV�HW� ( )txC �O·H[SUHVVLRQ�GH�OD�FRQWUDLQWH��OD�FRQWUDLQWH�HVW�YpULILpH
ORUVTXH� ( ) 0C =tx ���/H�SUREOqPH�VH�GpFULW�SDU�OH�V\VWqPH�VXLYDQW��
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/D�SUHPLqUH�pTXDWLRQ� LQGLTXH�TXH� OD�QRXYHOOH�SRVLWLRQ�HVW� OD�SRVLWLRQ� LQWHUPpGLDLUH�SOXV�XQ
GpSODFHPHQW�GX�j� OD�YpULILFDWLRQ�GH� OD�FRQWUDLQWH� cδ ��/D�GHX[LqPH�pTXDWLRQ�H[SULPH�TXH� OD
QRXYHOOH�SRVLWLRQ�GRLW�YpULILHU�OD�FRQWUDLQWH�C �
/·pOpPHQW�HVVHQWLHO�GH�OD�UpVROXWLRQ�GLUHFWH�UHYLHQW�GRQF�j�WURXYHU�XQ�YHFWHXU� cδ �VDWLVIDLVDQW�
/HV�FULWqUHV�GpILQLVVDQW�FH�YHFWHXU�VRQW�OHV�VXLYDQWV��
•  0LQLPLVHU� OHV� FRQVpTXHQFHV� GHV� GpSODFHPHQWV��� O·pQHUJLH� DSSRUWpH� SDU� OHGpSODFHPHQW� G�� DX[� FRQWUDLQWHV� GRLW� rWUH� PLQLPDO�� 2Q� GpVLUH� TXH� O·LQIOXHQFH� GH� ODUpVROXWLRQ�GHV�FRQWUDLQWHV� VXU� O·pWDW� FLQpWLTXH�GH� O·REMHW� VRLW� OD�SOXV�SHWLWH�SRVVLEOH�SRXUpYLWHU�XQ�WURS�JURV�VDXW�G·pQHUJLH�GDQV�O·pWDW�GH�O·REMHW��(Q�HIIHW��GDQV�OHV�V\VWqPHV�GpILQLVSDU�GHV�PRGqOHV� JpQpUDWHXUV�� OHV� VDXWV�G·pQHUJLH� �GXV� j� XQ� FKRF� RX� XQ� DSSRUW� EUXVTXHG·XQH�QRXYHOOH�IRUFH��VRQW�GpVWDELOLVDWHXUV�
•  9pULILHU�OD�FRQWUDLQWH�GH�PDQLqUH�H[DFWH���RQ�FKHUFKH�XQH�VROXWLRQ�H[DFWH�
•  7URXYHU�OH�GpSODFHPHQW�HQ�XQH�SDVVH���SRXU�DXJPHQWHU� OD� UDSLGLWp�GH� UpVROXWLRQ��RQGRLW�WURXYHU�GLUHFWHPHQW�OH�GpSODFHPHQW�WRWDO��VDQV�SURFHVVXV�LWpUDWLI��
2Q�D�FKRLVL�GH�SUHQGUH�XQ�YHFWHXU� Cδ � FROLQpDLUH� j� OD�GLUHFWLRQ�GX�JUDGLHQW�GH�&� HQ� dtt+x)

�TXDQG�FHOD�HVW�SRVVLEOH��HQ� tx �VLQRQ���'HX[�DUJXPHQWV�VRQW�HQ�IDYHXU�GH�FH�FKRL[��
•  2Q�D�YX��DX�SDUDJUDSKH������TXH�OHV�IRUFHV�GXHV�DX[�FRQWUDLQWHV�GRLYHQW�rWUH�FROLQpDLUHV�jOD�GLUHFWLRQ�GX�JUDGLHQW�GH� OD� FRQWUDLQWH�SRXU�TXH� OHXU� WUDYDLO� VRLW� QXO��$LQVL� FHV� IRUFHVQ·DSSRUWHQW�SDV�G·pQHUJLH�VXSSOpPHQWDLUH�DX�V\VWqPH��'DQV�QRWUH�PpWKRGH�� OH�FKRL[�HVWIDLW�GH�QH�SDV�FDOFXOHU�FHV� IRUFHV�GXHV�DX[�FRQWUDLQWHV��PDLV�GH�FDOFXOHU�GLUHFWHPHQW� OHVGpSODFHPHQWV�GXV�DX[�FRQWUDLQWHV� �SDU� O·LQWHUPpGLDLUH�GH�FHV� IRUFHV���&RPPH�RQ�XWLOLVHXQH� IRUPXODWLRQ� HXOpULHQQH� GH� OD� G\QDPLTXH� �GLVFUpWLVDWLRQ� WHPSRUHOOH� GH� OD� ORLIRQGDPHQWDOH� GH� OD� G\QDPLTXH��� OH� GpSODFHPHQW� GpGXLW� GHV� IRUFHV� VHUD� GDQV� OD� PrPHGLUHFWLRQ�TXH�FHOOHV�FL���OD�GLUHFWLRQ�GX�JUDGLHQW�GH�OD�FRQWUDLQWH�
•  /D� GLUHFWLRQ� GX� JUDGLHQW� HQ� dtt+x) � HVW� PDWKpPDWLTXHPHQW� OD� GLUHFWLRQ� GH� GpSODFHPHQWPLQLPXP�OD�SOXV�VLPSOH��FRPSWH�WHQX�GH�VRQ�HIILFDFLWp��TXH� O·RQ�SXLVVH� WURXYHU�HQ�XQHSDVVH��&HOD�UHVWH�YUDL�WDQW�TXH�OH�FKDPS�GH�JUDGLHQW�HVW�FRQWLQX��YRLU�)LJXUH����
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C �
HW� λ �OH�FRHIILFLHQW�PXOWLSOLFDWHXU�GX�JUDGLHQW��&H�V\VWqPH�HVW�XQ�V\VWqPH�GH� 13 +n �pTXDWLRQV
D� 13 +n �LQFRQQXHV�� dtt+x �HW� λ ���2Q�XWLOLVH�VRLW�GHV�PpWKRGHV�FODVVLTXHV�GH�UpVROXWLRQ��VRLW
RQ� H[SOLFLWH� G·DERUG� OD� YDOHXU� GH� λ � �QRWDPPHQW� TXDQG� O·H[SUHVVLRQ� GH� OD� FRQWUDLQWH� D� XQGHJUp�LQIpULHXU�RX�pJDO�j�����3RXU�FHOD�RQ�FKHUFKH�OD�VROXWLRQ�GX�SRO\Q{PH�VXLYDQW��

( )( ) 0CC =∇⋅+ ++ dttdtt xx )) λ
&HWWH�GHUQLqUH�WHFKQLTXH�SHUPHW�GH�WURXYHU� λ �GH�PDQLqUH�GLUHFWH�HW�GRQF�GH�FDOFXOHU�HQ�XQHVHXOH� SDVVH� OHV� QRXYHOOHV� FRRUGRQQpHV� YpULILDQW� OHV� FRQWUDLQWHV�� 2Q� SHXW� LQWHUSUpWHU� FHWWH
UpVROXWLRQ�HQ�UHPDUTXDQW�TXH� dtt+x �HVW�O·LQWHUVHFWLRQ�HQWUH�OD�GURLWH�GH�GLUHFWLRQ� ( )dtt+∇ x)C �HW
OH�VRXV�HVSDFH�GpILQLW�SDU�OD�FRQWUDLQWH� ( ) 0C =x ��YRLU�)LJXUH�����3OXV�OH�GHJUp�GH�OD�IRQFWLRQ
GH�FRQWUDLQWH�HVW�VLPSOH��SOXV�O·LQWHUVHFWLRQ�HVW�IDFLOH�j�FDOFXOHU�GH�PDQLqUH�GLUHFWH�

dtt+x)
tx

dtt+x
+

( )dtt+∇ x
)

C

( )dtt+∇⋅ x
)

Cλ

'pSODFHPHQW�QRUPDO
�GX�DX[�IRUFHV�DSSOLTXpHV�VXU

OHV�pOpPHQWV�GH�O·REMHW�

'pSODFHPHQW�GX�j�ODFRQWUDLQWH

)LJXUH� ��� 0pWKRGH� GLUHFWH� SDU� SURMHFWLRQ� VXU� OD� FRQWUDLQWH�� 2QFKHUFKH� O·LQWHUVHFWLRQ� HQWUH� OD� GURLWH� GH� YHFWHXU� GLUHFWHXU
( )dtt+∇ x)C �SDVVDQW�SDU� dtt+x) �HW�OD�FRXUEH�GH�FRQWUDLQWH�GpILQLH�SDU

OH�VRXV�HVSDFH� ( ) 0C =x �
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������$YDQWDJHV
$ORUV�TXH�GDQV�OHV�PpWKRGHV�ODJUDQJLHQQHV��XWLOLVDWLRQ�G·XQ�PXOWLSOLFDWHXU�GH�/DJUDQJH�HW�G·XQDOJRULWKPH�GH�PLQLPLVDWLRQ��XQH�VROXWLRQ�DSSUR[LPDWLYH�HVW�WURXYpH�DSUqV�XQ�FHUWDLQ�QRPEUHG·LWpUDWLRQV��LFL�OD�FRQWUDLQWH�HVW�H[DFWHPHQW�YpULILpH�HQ�XQH�VHXOH�SDVVH��/D�PpWKRGH�HVW�GRQFSOXV�SUpFLVH�HW�SOXV�UDSLGH�
'DQV� OH� FDV� R�� OD� UpJLRQ� Q·HVW� TX·XQ� SRLQW� cx � GH� O·HVSDFH� GHV� SDUDPqWUHV�� RQ� FKRLVLW

dtt
cc

+−= xx
)δ �

5HPDUTXRQV� DXVVL� TXH� OD� FRQWUDLQWH� SHXW� rWUH� H[SULPpH� VXU� XQ� DXWUH� SDUDPqWUH� TXH� ODSRVLWLRQ�
������,QFRQYpQLHQWV
2Q�H[DPLQH�GHX[�W\SHV�G·LQFRQYpQLHQWV�GLIIpUHQWV�GDQV�FH�SDUDJUDSKH�
'·XQH� SDUW�� OHV� FRQWUDLQWHV� GRLYHQW� YpULILHU� GHV� SURSULpWpV� SDUWLFXOLqUHV� SRXU� SRXYRLU� rWUHXWLOLVp�GDQV�QRWUH�DOJRULWKPH��/HV�SURSULpWpV�VXLYDQWHV�VRQW�LQGLVSHQVDEOHV��
•  &RQWUDLQWH�GLIIpUHQWLDEOH�DX�PRLQV�XQH�IRLV��2Q�GRLW�H[SULPHU�OD�FRQWUDLQWH�FRPPH�XQHIRQFWLRQ� GX� SDUDPqWUH� VXU� OHTXHO� HOOH� V·DSSOLTXH� HW� SRXYRLU� WURXYHU� OH� MDFRELHQ� GH� ODFRQWUDLQWH�SDU�UDSSRUW�DX�SDUDPqWUH��'DQV�OH�FDV�R��FHOD�Q·HVW�SDV�SRVVLEOH��LO�IDXW�XWLOLVHUXQ�DOJRULWKPH�LWpUDWLI�G·DMXVWHPHQW�GH�OD�SRVLWLRQ��YRLU��*DVFXHO�HW�*DVFXHO��������
•  &RQWUDLQWH�FRQWLQXH��/D�FRQWUDLQWH�GRLW� rWUH� FRQWLQXH�GH� WHOOH� VRUWH�TXH� OH�JUDGLHQW� VRLW

WRXMRXUV�XWLOLVDEOH�TXHO�TXH�VRLW� dtt+x) ��8Q�FRQWUH�H[HPSOH�HVW�SUpVHQWp�j�OD�)LJXUH����'DQVFH� FDV�� SRXU� UpVRXGUH� OD� FRQWUDLQWH�� RQ� GRLW� VRLW� PHWWUH� HQ� SODFH� XQH� GpWHFWLRQ� HW� XQ
WUDLWHPHQW�GHV�FDV�VLQJXOLHUV� �VL� dtt+x) � HVW�GDQV� OD� ]RQH�GH�GLVFRQWLQXLWp��� VRLW�XWLOLVHU�XQDOJRULWKPH�G·RSWLPLVDWLRQ�LWpUDWLI��GDQV�QRWUH�FDV�XQ�DOJRULWKPH�GH�GHVFHQWH�GH�JUDGLHQW��/H�SDUDJUDSKH�VXLYDQW�WHQWH�GH�SDOLHU�j�FH�GHUQLHU� LQFRQYpQLHQW�HQ�SURSRVDQW�XQH�GpWHFWLRQGHV�]RQHV�GH�GLVFRQWLQXLWp�

'·DXWUH�SDUW��OD�UpSRQVH�G\QDPLTXH�GXH�j�OD�FRQWUDLQWH�Q·HVW�SDV�FDOFXOpH��&·HVW�XQ�LQFRQYpQLHQWSDU� UDSSRUW� j� O·DVSHFW� SK\VLTXH� GX� PRGqOH��� OD� YDOLGLWp� SK\VLTXH� GH� O·pYROXWLRQ� Q·HVW� SOXVFRPSOqWHPHQW�DVVXPpH�
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9DOHXU�GX�JUDGLHQW�GH�OD�IRQFWLRQ�GH�FRQWUDLQWHIDLEOH IRUWH

D E

)LJXUH����3UREOqPHV�LQGXLWV�SDU�XQH�GLVFRQWLQXLWp�GH�OD�IRQFWLRQ�GHFRQWUDLQWH� HW� GH� VRQ� JUDGLHQW� �j� JDXFKH�� RX� SDU� XQH� IRUPHSDUWLFXOLqUH�GH�OD�FRQWUDLQWH��j�GURLWH��TXL�RFFDVLRQQH�XQ�WURS�JUDQGFKDQJHPHQW�G·pWDW�

������&RQWU{OH�VXSSOpPHQWDLUH�HW�GpWHFWLRQ�GHV�]RQHV�GH�GLVFRQWLQXLWp
/D� )LJXUH� �� SUpVHQWH� GHX[� FDV� R�� OD� IRUPH� GH� OD� IRQFWLRQ� GH� FRQWUDLQWH� SHXW� LQGXLUH� GHVFKDQJHPHQWV� G·pWDW� LQGpVLUDEOH�� 8QH� FRXUEH� GH� FRQWUDLQWH� HVW� UHSUpVHQWpH� DX� FHQWUH� GH� ODILJXUH��'HX[�HQGURLWV�SDUWLFXOLHUV�VRQW�JURVVLV�GH�SDUW�HW�G·DXWUHV�GH�FHWWH�FRXUEH���JDXFKH�)LJXUH��D�� HVW�SUpVHQWp� OH� FDV�G·XQH�]RQH�GH�GLVFRQWLQXLWp�GDQV� OH�JUDGLHQW�GH� OD� FRXUEH�GHFRQWUDLQWH�� � GURLWH�� )LJXUH� �E�� HVW� SUpVHQWp� XQ� FDV� R�� OD� SURMHFWLRQ� VXU� OD� FRXUEH� GHFRQWUDLQWH� LQGXLW� XQ� FKDQJHPHQW� G·pWDW� LPSRUWDQW�� &H� FKDQJHPHQW� G·pWDW� LPSRUWDQW� �GXHVVHQWLHOOHPHQW� j� OD� UpVROXWLRQ� GH� OD� FRQWUDLQWH� SDU� SURMHFWLRQ�� LPSOLTXH� XQH� YDULDWLRQLPSRUWDQWH�GH�O·REMHW��HW�GH�VD�JpRPpWULH���YRLUH�XQH�GLVFRQWLQXLWp�
3RXU� pYLWHU� G·pYHQWXHOV� FKDQJHPHQWV� G·pWDW� WURS� LPSRUWDQWV� �GRQF� GHV� GpSODFHPHQWV� WURSJUDQGV��� RQ� DMRXWH� XQH� FRQWUDLQWH� GLWH� GH� ©�FRKpUHQFH� WHPSRUHOOH�ª�� /D� FRQWUDLQWH� GHFRKpUHQFH�WHPSRUHOOH�HVW�YpULILpH�ORUVTXH��

dtttdttt ++ −≥− xxxx ) �
&·HVW�j�GLUH�TXH�OH�GpSODFHPHQW�G��DX[�IRUFHV�VHXOHV��DYDQW�UpVROXWLRQ�GH�FRQWUDLQWH��HVW�SOXVJUDQG�TXH�OH�GpSODFHPHQW�ILQDO��$LQVL��OD�UpVROXWLRQ�GH�OD�FRQWUDLQWH�QH�GpSODFH�SDV�O·REMHW�SOXVORLQ� TX·XQ� GpSODFHPHQW� QRQ� FRQWUDLQW�� 'DQV� OH� FDV� R�� OD� FRKpUHQFH� WHPSRUHOOH� Q·HVW� SDV
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YpULILpH��YRLU�)LJXUH��E��� OH�SDV�GH� WHPSV�HVW�GLPLQXp�HW�RQ�UpLWqUH� O·DOJRULWKPH�SUpVHQWp�DXSDUDJUDSKH��������
1RWRQV�TXH� VL� XQH�YDOHXU� OLPLWH� mindt � GX� SDV� GH� WHPSV� HVW� DWWHLQWH� VDQV� TXH� OD� FRKpUHQFH
WHPSRUHOOH�QH�VRLW�YpULILpH��RQ�VH�WURXYH�GDQV�XQ�FDV�VLQJXOLHU��XQH�]RQH�GH�GLVFRQWLQXLWp�GXJUDGLHQW��)LJXUH��D���&HOD�SHUPHW�GH�GpWHFWHU�OHV�pYHQWXHOOHV�]RQHV�GH�GLVFRQWLQXLWp�'DQV�OHV�FRQWUDLQWHV�FODVVLTXHV��FRPPH�FHOOH�GH�GpIRUPDWLRQ�j�YROXPH�FRQVWDQW���FH�FDV�QH�VHSUpVHQWH� MDPDLV� �OD� IRQFWLRQ� GH� FRQWUDLQWH� HVW� FRQWLQXH��� 3DU� H[HPSOH�� GDQV� OH� FDV� GH� ODFRQWUDLQWH� G·LQFRPSUHVVLELOLWp� �FRPPH� QRXV� OH� YHUURQV� DX� SDUDJUDSKH� ���� OH� V\VWqPH� jUpVRXGUH��SUpVHQWp�DX�SDUDJUDSKH���������UHYLHQW�j�WURXYHU�OD�SOXV�SHWLWH�UDFLQH�G·XQ�SRO\Q{PH
GH�GHJUp� WURLV� HQ� λ ��&HWWH� FRQWUDLQWH� HVW� GRQF� FRQWLQXH�� HW� OHV� FDV�GH� OD� )LJXUH� �� QH� VRQWMDPDLV�UHQFRQWUpV�
��� &RPSDUDLVRQ
1RXV�DOORQV�PDLQWHQDQW�FRPSDUHU�OD�PpWKRGH�GLUHFWH�DYHF�GHX[�DXWUHV�PpWKRGHV�LVVXHV�GH�ODOLWWpUDWXUH��� �3ODWW� HW� %DUU�� ������ HW� �)XD� HW� %HFKE�KOHU�� ������� 2Q� QRWHUD� TXH� OD�PpWKRGHGLUHFWH� HVW� VLPLODLUH� DX[�PpWKRGHV� GH� FDOFXO� SDU� OD� G\QDPLTXH� LQYHUVH� GHV� IRUFHV� GXHV� DX[FRQWUDLQWHV��FRPPH�FHOOH�SUpVHQWpH�SDU��%DU]HO�HW�%DUU���������YRLU�FKDSLWUH���&RPPH� OHV� GHX[� DUWLFOHV� FKRLVLV� SRXU� OD� FRPSDUDLVRQ� SURSRVHQW� GHV� DOJRULWKPHV� GHPLQLPLVDWLRQ�VRXV�FRQWUDLQWH��RQ�YD�FRQVLGpUHU�XQ�SUREOqPH�GX�W\SH��

0LQLPLVHU�� ( )xf �VRXV�OD�FRQWUDLQWH�� ( ) 0g =x �
�O·DLGH�G·XQ�H[HPSOH�WLUp�GH��)XD�HW�%HFKE�KOHU��������
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PRLQV� ERQQH� �YRLU� WDEOHDX[� GH� UpVXOWDWV� )LJXUH� ��� HW� FRXUEH� GH� OD� )LJXUH� ����� 2Q� SHXWUHPDUTXHU�j�OD�)LJXUH����OD�VLPLOLWXGH�HQWUH�OD�FRXUEH�GH�O·DOJRULWKPH�GH��)XD�HW�%HFKE�KOHU�������HW�GH�O·DOJRULWKPH�GH�UpVROXWLRQ�GLUHFWH�/D�PpWKRGH�GH��)XD�HW�%HFKE�KOHU��������SUpVHQWH�GH�QRPEUHX[�DYDQWDJHV�QRWDPPHQW�FHOXLG·rWUH�SOXV�UREXVWH�SDV�UDSSRUW�j�OD�YDOHXU�GX�SDV�GH�O·DOJRULWKPH��'H�SOXV��HOOH�SHUPHW�G·pYLWHUGHV�SUREOqPHV�GXV�j�GHV�VRXV�HVSDFHV�GH�FRQWUDLQWHV�GH�PrPH�IRUPH�TXH�FHOOH�SUpVHQWpH�j�OD)LJXUH����j�GURLWH�
&HWWH�FRPSDUDLVRQ�QRXV�D�SHUPLV�GH�PLHX[�FRPSUHQGUH�OH�IRQFWLRQQHPHQW�GH�QRWUH�PpWKRGHGH� UpVROXWLRQ� SDU� UDSSRUW� j� G·DXWUHV�PpWKRGHV� GpYHORSSpHV� GDQV� OH� FDGUH� GH�PDQLSXODWLRQG·REMHWV�GpIRUPDEOHV�



&RQWUDLQWHV�ORFDOHV�HW�FRQWUDLQWHV�JOREDOHV ���

��� 0XOWL�FRQWUDLQWHV
'DQV� OH�FDGUH�GH� OD� UpVROXWLRQ�GH�SOXVLHXUV�FRQWUDLQWHV�� �3ODWW�HW�%DUU��������SURSRVHQW�XQHJpQpUDOLVDWLRQ�VLPSOH��/H�SUREOqPH�UHYLHQW�j�WURXYHU�OH�SRLQW�VLQJXOLHU�GH�O·pTXDWLRQ�VXLYDQWH��

( ) ( ) ( )∑+=
i

ii xxx gf αε

'DQV� QRWUH� FDV�� VL� XQ� pOpPHQW�Ei� HVW� FRQWUDLQW� SDU� XQH� FRQWUDLQWH� ORFDOH� HW� XQH� FRQWUDLQWHJOREDOH�� OD� FRQWUDLQWH� ORFDOH� D� SULRULWp��(OOH� HVW� UpVROXH�� SXLV� O·pOpPHQW�Ei HVW� XWLOLVp� GDQV� OHFDOFXO�GH�OD�FRQWUDLQWH�JOREDOH�PDLV�Q·HVW�SDV�GpSODFp��3DU�H[HPSOH��VL�XQ�pOpPHQW�G·XQ�REMHWLQFRPSUHVVLEOH� GRLW� rWUH� IL[H�� O·pOpPHQW� HVW� G·DERUG� GpSODFp� YHUV� OD� SRVLWLRQ� IL[H� TX·LO� GRLWRFFXSHU�SXLV�HVW�SULV�HQ�FRPSWH�GDQV�OD�IRQFWLRQ�GX�FDOFXO�GX�YROXPH��PDLV�Q·HVW�SDV�GpSODFp�OHV� DXWUHV� pOpPHQWV� VH� GpSODFHURQW� GRQF� DXWRPDWLTXHPHQW� HQ� SURSRUWLRQ� SRXU� YpULILHU� ODFRQWUDLQWH�G·LQFRPSUHVVLELOLWp��'DQV� OH� FDV�G·pOpPHQWV� VXU�FRQWUDLQWV� �ORFDOHPHQW�HW�JOREDOHPHQW���GHV�QLYHDX[�GH�SULRULWpVGRLYHQW� rWUH� GpILQLV�� /·DOJRULWKPH� SUHQG� G·DERUG� HQ� FRPSWH� OHV� FRQWUDLQWHV� GH� SOXV� IRUWHSULRULWp��SXLV�XWLOLVH�XQH�PpWKRGH�LWpUDWLYH�SRXU�WURXYHU�XQH�VROXWLRQ�TXL�YpULILH�DX�PLHX[�OHVFRQWUDLQWHV�GH�IDLEOH�SULRULWp��FHW�DOJRULWKPH�LWpUDWLI�HVW�GH�PrPH�W\SH�TXH�FHOXL�SUpVHQWp�DXSDUDJUDSKH������6L� SOXVLHXUV� FRQWUDLQWHV� RQW� OH�PrPH� QLYHDX� GH� SULRULWp�� RQ� XWLOLVH� O·LQWHUVHFWLRQ� GHV� VRXV�HVSDFHV�GH�FRQWUDLQWHV�FRPPH�VRXV�HVSDFH�GH�FRQWUDLQWHV��/H�YHFWHXU�JUDGLHQW�j�XWLOLVHU�SRXUOD� SURMHFWLRQ� HVW� OH� YHFWHXU� JUDGLHQW� GH� FHWWH� LQWHUVHFWLRQ� �FHFL� Q·D� SDV� pWp� H[SpULPHQWp� DXFRXUV�GH�FHWWH�WKqVH���&HSHQGDQW�RQ�QH�SHXW�SDV�XWLOLVHU�OD�PpWKRGH�GH�SURMHFWLRQ�GDQV�OHV�WURLVFDV�VXLYDQWV��
•  ORUVTX·LO�Q·H[LVWH�SDV�G·LQWHUVHFWLRQ�
•  RX�ORUVTXH�O·LQWHUVHFWLRQ�QH�SHXW�rWUH�GpILQLH�FRPPH�XQH�IRQFWLRQ�GH�O·pWDW�FRQWUDLQW�
•  RX�ORUVTXH�OD�IRQFWLRQ�GpILQLVVDQW�O·LQWHUVHFWLRQ�QH�SHXW�rWUH�GLIIpUHQFLDEOH�,O�IDXW�DORUV�UHYHQLU�j�XQH�PpWKRGH�LWpUDWLYH��W\SH�GHVFHQWH�GH�JUDGLHQWV�PXOWLSOHV��
�� &RQWUDLQWHV�ORFDOHV�HW�FRQWUDLQWHV�JOREDOHV
'DQV� FH� SDUDJUDSKH� QRXV� DOORQV� GRQQHU� SOXVLHXUV� H[HPSOHV� GH� FRQWUDLQWHV� XWLOLVDEOHV� GDQVQRWUH�PRGqOH�HW�SRXYDQW�rWUH� UpVROXV�SDU� OD�PpWKRGH�GH� UpVROXWLRQ�GLUHFWH��/HV�FRQWUDLQWHVVRQW� VRLW� IL[HV�� VRLW� G\QDPLTXHV�� 'DQV� OH� SUHPLHU� FDV� HOOHV� GRLYHQW� WRXMRXUV� rWUH� pWDEOLHVSHQGDQW�OD�VLPXODWLRQ��GDQV�OH�GHX[LqPH�FDV�HOOHV�V·pWDEOLVVHQW�VXU�XQ�VLJQDO��2Q�GLVWLQJXH�OHVFRQWUDLQWHV�ORFDOHV�GHV�FRQWUDLQWHV�JOREDOHV�
��� &RQWUDLQWHV�ORFDOHV
/HV� FRQWUDLQWHV� ORFDOHV� VRQW� GHV� FRQWUDLQWHV� TXL� V·DSSOLTXHQW� j� GHV� pOpPHQWV� LVROpV�� /HVFRQWUDLQWHV� ORFDOHV� OHV� SOXV� XWLOLVpHV� GDQV� QRV� VLPXODWLRQV� VRQW� GH� GHX[� W\SHV��� IL[HV� RXG\QDPLTXHV��3DU�H[HPSOH��
•  3RVLWLRQ�IL[H���XQ�pOpPHQW�GRLW�UHVWHU�WRXMRXUV�j�OD�PrPH�SRVLWLRQ�GDQV�O·HVSDFH�HXFOLGLHQ�FRQWUDLQWH�IL[H��



��� &RQWUDLQGUH�OH�PRGqOH

•  $WWDFKHPHQW�j�XQ�SRLQWHXU���XQ�SRLQWHXU�VH�GpSODFH�GDQV�O·HVSDFH��UDWWDFKp�SDU�H[HPSOH�jXQ�SpULSKpULTXH��HW�XQ�pOpPHQW�GRLW�WRXMRXUV�VH�WURXYHU�j�O·HQGURLW�GpVLJQp�SDU�OH�SRLQWHXU�FRQWUDLQWH�IL[H��
•  5pJLRQ�LPSpQpWUDEOH���GHV�UpJLRQV�GH�O·HVSDFH�VRQW�GpILQLHV�FRPPH�pWDQW� LPSpQpWUDEOHV�6L� XQ� TXHOFRQTXH� pOpPHQW� YLROH� FHW� HVSDFH�� LO� HVW� GpSODFp� j� OD� SpULSKpULH� �FRQWUDLQWHG\QDPLTXH��
•  5pJLRQ�IRUFpH���XQ�pOpPHQW�GRQQp�GRLW� WRXMRXUV�VH� WURXYHU�j� O·LQWpULHXU�G·XQH�UpJLRQ�GHO·HVSDFH��FRQWUDLQWH�IL[H��5pVRXGUH� OHV� GHX[� SUHPLqUHV� FRQWUDLQWHV� QH� SRVH� SDV� GH� SUREOqPH�� OD� SURMHFWLRQ� VXU� ODFRQWUDLQWH� UDPqQH� O·pOpPHQW� GLUHFWHPHQW� j� OD� SRVLWLRQ� R�� LO� GRLW� rWUH�� 'DQV� OH� FDV� G·XQHFRQWUDLQWH�GpILQLH�SDU�XQH�UpJLRQ��OD�GLUHFWLRQ�GH�SURMHFWLRQ�HVW�OD�GLUHFWLRQ�GX�JUDGLHQW�GH�ODIRQFWLRQ�GpILQLVVDQW�FHWWH�UpJLRQ�
��� &RQWUDLQWHV�JOREDOHV
8QH�FRQWUDLQWH�JOREDOH�PHW�HQ�MHX�SOXVLHXUV�pOpPHQWV��/·H[SUHVVLRQ�GH�OD�FRQWUDLQWH�VH�IDLW�jSDUWLU�GHV�pWDWV�GH�WRXV�OHV�pOpPHQWV�PLV�HQ�MHX��2Q�SHXW�FLWHU�GHV�FRQWUDLQWHV�GH�GpIRUPDWLRQ�WHOOH�TXH�OD�FRQWUDLQWH�GH�FRQVHUYDWLRQ�GH�VXUIDFH�RX�GH�YROXPH��/H�SDUDJUDSKH���pWXGLH�HQGpWDLO�XQH�FRQWUDLQWH�SDUWLFXOLqUH���O·LQFRPSUHVVLELOLWp�'DQV� QRWUH�PRGqOH� XQH� FRQWUDLQWH� SHXW� rWUH� DVVLJQpH� j� GHV� pOpPHQWV� GH� SOXVLHXUV� UpJLRQV�'DQV�FH�FDV�RQ�GpILQLW�XQH�UpJLRQ�SLORWH��PDvWUHVVH��TXL�FRQWU{OH� O·DSSRUW�GH�FKDTXH�UpJLRQLPSOLTXpH� GDQV� OD� FRQWUDLQWH� �DVVRFLpHV��� /HV� UpJLRQV� DVVRFLpHV� IRQW� SDUYHQLU� OHV� GRQQpHVQpFHVVDLUHV�j�OD�UpJLRQ�PDvWUHVVH�TXL�FDOFXOH�OD�FRQWUDLQWH�HW�PHW�HQ�±XYUH�VD�UpVROXWLRQ�
�� 8QH�FRQWUDLQWH�JOREDOH���O·LQFRPSUHVVLELOLWp
$X�FRXUV�GX�FKDSLWUH���GH�FH�GRFXPHQW��QRXV�DYRQV�YX�TXH�O·DEGRPHQ�SRXYDLW�rWUH�FRQVLGpUpFRPPH�XQH�SRFKH�G·HDX��VH�GpIRUPDQW�j�YROXPH�FRQVWDQW���/·REMHFWLI�GH�FH�SDUDJUDSKH�HVWG·DSSOLTXHU� OD�PpWKRGH�GH� UpVROXWLRQ�GLUHFWH� j� FHWWH� FRQWUDLQWH�SDUWLFXOLqUHPHQW�XWLOH� TX·HVWO·LQFRPSUHVVLELOLWp��&HWWH� FRQWUDLQWH�HVW� WUqV� LPSRUWDQWH�GDQV� OH�GRPDLQH�GH� O·DQLPDWLRQ�SDURUGLQDWHXU� �HOOH� SHUPHW� GH� SURGXLUH� GHV� DQLPDWLRQV� G·REMHWV� LQFRPSUHVVLEOHV�� RX� PrPHG·DPpOLRUHU�O·DVSHFW�GH�OD�GpIRUPDWLRQ��PDLV�DXVVL�GDQV�OH�GRPDLQH�GH�OD�PRGpOLVDWLRQ�G·REMHWHW�GH�OD�FRQFHSWLRQ�G·REMHWV�DVVLVWpV�SDU�RUGLQDWHXU��R��XQH�GpIRUPDWLRQ�j�YROXPH�FRQVWDQWLQGXLW��j�GHQVLWp�FRQVWDQWH��XQH�SUpVHUYDWLRQ�GH�OD�PDVVH��/D� UpVROXWLRQ� GH� FHWWH� FRQWUDLQWH� SDU� QRWUH� PpWKRGH� VH� UpYqOH� rWUH� DSSOLFDEOH� GDQV� GHQRPEUHX[�PRGqOHV�HW�HVW�VLPSOH�j�PHWWUH�HQ�±XYUH�/D� PpWKRGRORJLH� GpFULWH� GDQV� FH� SDUDJUDSKH� SRXU� O·DSSOLFDWLRQ� GH� OD� FRQWUDLQWHG·LQFRPSUHVVLELOLWp�HVW�YDODEOH�SRXU�WRXWH�FRQWUDLQWH�YpULILDQW�OHV�FULWqUHV�GpILQLV�DX�SDUDJUDSKH�����/HV�pWDSHV�QpFHVVDLUHV�VRQW�OHV�VXLYDQWHV��
•  GpILQLWLRQ�GH�OD�IRQFWLRQ�GH�FRQWUDLQWH�
•  GpGXFWLRQ�GX�JUDGLHQW�GH�OD�FRQWUDLQWH�
•  FDOFXO�GX�V\VWqPH�j�UpVRXGUH��HW
•  H[WUDFWLRQ�GX�YHFWHXU�GH�SURMHFWLRQ�



8QH�FRQWUDLQWH�JOREDOH���O·LQFRPSUHVVLELOLWp ���

1RXV�YHUURQV� HQILQ� FRPPHQW�� j� SDUWLU� GX� UpVXOWDW� REWHQX�� QRXV� SRXYRQV� JpQpUDOLVHU� QRWUHPpWKRGH�GH�GpIRUPDWLRQ�j�YROXPH�FRQVWDQW�
��� eWDW�GH�O·DUW
,O�Q·H[LVWH��j�QRWUH�FRQQDLVVDQFH��TXH�WURLV�UpIpUHQFHV�GRQQDQW�XQH�UpVROXWLRQ�GH�OD�FRQWUDLQWHG·LQFRPSUHVVLELOLWp��� �3ODWW� HW�%DUU��������� �5DSSRSRUW� HW� DO�� ������ HW� �$XEHUW� HW�%HFKPDQQ�������'DQV� �3ODWW� HW� %DUU�� ������� RQ� XWLOLVH� O·DSSURFKH� GHV� PXOWLSOLFDWHXUV� GH� /DJUDQJH� YXH� DXSDUDJUDSKH������/D�IRQFWLRQ�GH�FRQWUDLQWH�HVW�GpILQLH�FRPPH�OD�GLIIpUHQFH�HQWUH�OH�YROXPH�jXQ�LQVWDQW�GRQQp�HW�OH�YROXPH�j�FRQVHUYHU�/D�PpWKRGH�GH� �5DSSRSRUW�HW� DO�� ������ V·DSSOLTXH�j�GHV�GpIRUPDWLRQV�GH� VROLGHV�GH�%p]LHUGpILQLV� SDU� GHV� SRLQWV� GH� FRQWU{OH�� &·HVW� OH� YROXPH� ORFDO� TXL� HVW� FRQVHUYp� �LO� Q·\� D� SDV� GHFRQWU{OH�JOREDO�GX�YROXPH����SDUWLU�GH�OD�SRVLWLRQ�GpIRUPpH��GpILQLH�SDU�O·XWLOLVDWHXU���G·XQHIRQFWLRQ� GH� GLVWDQFH�� GH� FRQWUDLQWHV� GH� FRQWLQXLWp� DX[� UHFROOHPHQWV� HW� GH� OD� FRQWUDLQWH� GHYROXPH�FRQVWDQW�� OHV� DXWHXUV�XWLOLVHQW� �XQ�DOJRULWKPH�DWWULEXp�j�8]DZD� �&LDUOHW�� ������SRXUWURXYHU� XQH� VROXWLRQ�� &HW� DOJRULWKPH� VXLW� O·DSSURFKH� GHV� PXOWLSOLFDWHXUV� GH� /DJUDQJH��� LOPLQLPLVH� OD� IRQFWLRQ� GH� GLVWDQFH� HQWUH� OD� SRVLWLRQ� DFWXHOOH� HW� OD� SRVLWLRQ� GpIRUPpH� WRXW� HQPD[LPLVDQW�OHV�PXOWLSOLFDWHXUV�GH�/DJUDQJH�GHV�FRQWUDLQWHV��F·HVW�j�GLUH�HQ�VH�UDSSURFKDQW�GHOD� YpULILFDWLRQ� GHV� FRQWUDLQWHV�� SDU� XQH� GHVFHQWH� GH� JUDGLHQWV� PXOWLSOHV�� /H� YROXPH� HW� OHJUDGLHQW� GX� YROXPH� GpILQLV� SDU� OHV� REMHWV� VRQW� GpGXLWV� j� SDUWLU� GHV� SRLQWV� GH� FRQWU{OH� GHVVROLGHV�GH�%p]LHU��$XEHUW� HW� %HFKPDQQ�� ������� YRLU� DXVVL� �$XEHUW� HW� %HFKPDQQ�� ������� XWLOLVHQW� DXVVL� XQHPpWKRGH� GH� SURMHFWLRQ�� PDLV� LWpUDWLYH�� GDQV� XQ� PRGqOH� GH� ))'� SDUWLFXOLHU� �OH� PRGqOH'2*0(�� YRLU� �%RUUHO� HW� %HFKPDQQ�� ������ HW� �%HFKPDQQ� HW�'XEUHXLO�� �������� /HV� REMHWVVRQW�FDUDFWpULVpV��FRPPH�GDQV�QRWUH�PRGqOH��SDU�GHV�VXUIDFHV�WULDQJXOpHV��/·XWLOLVDWHXU�GpILQLWGHV�GpIRUPDWLRQV�DX�QLYHDX�GH�FHUWDLQV�SRLQWV�GHV�REMHWV��HW��SDU�LQWHUSRODWLRQ�GDQV� O·HVSDFHGpIRUPp�� O·HQVHPEOH� GH� O·REMHW� HVW� GpIRUPp�� /H� SUREOqPH� UpVROX� SDU� O·DOJRULWKPH� HVW� ODPLQLPLVDWLRQ�G·XQ�SDUDPqWUH�GpFULYDQW�O·pFDUW�DYHF�OD�SRVLWLRQ�GpVLUpH��VRXV� OD�FRQWUDLQWH�GXYROXPH�FRQVWDQW��3RXU�FHOD�OHV�DXWHXUV�XWLOLVH�DXVVL�OD�SURMHFWLRQ�VXU�O·K\SHU�SODQ�GpILQLH�SDU�ODFRQWUDLQWH�2Q�SHXW�DXVVL�FLWHU� �*DVFXHO�HW�'HVEUXQ��������TXL�DSSRUWHQW�XQH�VROXWLRQ�SDUWLFXOLqUH�j� ODFRQVHUYDWLRQ�GH�YROXPH�SHQGDQW�OHV�GpIRUPDWLRQV�XWLOLVDQW�GHV�VXUIDFHV�LPSOLFLWHV��OD�IRQFWLRQGH� SRWHQWLHO� GHV� VXUIDFHV� LPSOLFLWHV� HVW� FRQWU{OpH� SDU� OHV� YDULDWLRQV� GH� YROXPH���&HSHQGDQWFHWWH�PpWKRGH�Q·HVW�YDODEOH�TXH�GDQV�OH�FDV�SDUWLFXOLHU�GHV�VXUIDFHV�LPSOLFLWHV�
2Q� OH� YRLW� WRXWHV� OHV� PpWKRGHV� JpQpUDOLVWHV� GpFULWHV� GDQV� OD� OLWWpUDWXUH� VH� EDVHQW� VXU� GHVPpWKRGHV�GH�G·RSWLPLVDWLRQ�VRXV�FRQWUDLQWH�� �$XEHUW� HW�%HFKPDQQ��������XWLOLVH� FHSHQGDQWXQH�PpWKRGH�GH�SURMHFWLRQ� LWpUDWLYH�TXL�SHUPHW�GH�YpULILHU� OD� FRQWUDLQWH� j�XQ� VHXLO�G·HUUHXUSUqV�8QH�VROXWLRQ�WULYLDOH�SRXU�UpVRXGUH� OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW�FRQVLVWH�j�XWLOLVHU�XQHKRPRWKpWLH�� (Q� DSSOLTXDQW� FHWWH� RSpUDWLRQ� SDU� UDSSRUW� j� O·LVREDU\FHQWUH� G·XQ� REMHW� HW� HQXWLOLVDQW�OH�UDSSRUW�GHV�YROXPHV�FRPPH�SDUDPqWUH�GH�OD�WUDQVIRUPDWLRQ��RQ�REWLHQW�ELHQ�XQHGpIRUPDWLRQ� LVR�YROXPLTXH�� &HSHQGDQW� FHWWH� VROXWLRQ� Q·HVW� YDODEOH� TXH� SRXU� GHV� REMHWVJpRPpWULTXHV�VLPSOHV�HW�UpJXOLHUV��'DQV�GHV�FDV�SOXV�FRPSOH[HV�� O·KRPRWKpWLH�HQJHQGUH�GHV



��� &RQWUDLQGUH�OH�PRGqOH

GpIRUPDWLRQV� VXSSOpPHQWDLUHV� EUXWDOHV� RX� YLVXHOOHPHQW� LQFRUUHFWHV� �GHV� UHWRXUQHPHQWV� GHVXUIDFHV�SHXYHQW�PrPH�DSSDUDvWUH��1RXV�DOORQV�PDLQWHQDQW�PRQWUHU�FRPPHQW�XWLOLVHU�OD�PpWKRGH�GH�UpVROXWLRQ�GLUHFWH�SRXU�XQHFRQWUDLQWH�JOREDOH�FRPPH�OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW�
��� )RQFWLRQ�GH�YROXPH
3RXU� DSSOLTXHU� OD� PpWKRGH� GH� UpVROXWLRQ� GLUHFWH� QRXV� GHYRQV� H[SOLFLWHU� OD� IRQFWLRQ� GH
FRQWUDLQWH� ( ) 0C =x ��/D�FRQWUDLQWH�G·LQFRPSUHVVLELOLWp�V·H[SULPH�GH�OD�PDQLqUH�VXLYDQWH��

( ) ( ) 0VVC −= xx �
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YHFWHXU�GH�GLPHQVLRQ�3n�FRUUHVSRQGDQW�j�OD�SRVLWLRQ�GHV�pOpPHQWV�FRPSRVDQW�FHW�REMHW��WRXVOHV�pOpPHQWV�GH�O·REMHW�GpILQLVVHQW�VD�VXUIDFH���&·HVW�XQH�FRQWUDLQWH�JOREDOH�VXU�O·HQVHPEOH�GH
FHV�n�pOpPHQWV�
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'DQV�QRWUH�PRGqOH�OD�VXUIDFH�S�G·XQ�REMHW�HVW�FRQVWLWXpH�GH�k�IDFHWWHV�
3RXU�XQH�IDFHWWH� kF ��RQ�SRVH��

( ) ∫∫=
kFk dF σSurface �

R�� σd �SDUFRXUW�FHWWH�IRLV�FL�OD�VXUIDFH�GH�OD�IDFHWWH� kF �
RQ�D�GRQF��

∑ ∫∫

∑∫∫

∑∫∫

〉〈=

〉〈=

〉〈=

k
Fk

k
F k

k
F k

k

k

k

d

d

d

σ

σ

σ

pn

np

np

,
3

1

,
3

1

,
3

1
V

�

R�� kF �HVW�OD�kLqPH�IDFHWWH�HW� kn �VRQ�YHFWHXU�QRUPDO�XQLWDLUH�
&RPPH� RQ� O·D� GLW� DX� FKDSLWUH� SUpFpGHQW�� RQ� D� FKRLVL� GHV� IDFHWWHV� WULDQJXODLUHV� FRPPHUHSUpVHQWDWLRQ�GH�OD�VXUIDFH�SDUFH�TXH�FHOD�SHUPHWWDLW��HQWUH�DXWUHV��GH�VLPSOLILHU�OHV�FDOFXOV�GX
YROXPH��(Q�HIIHW��VRLW� kg �O·LVREDU\FHQWUH�GH�OD�IDFHWWH�k��RQ�D��

( )k

F

F

F

k F

d

d

d
k

k

k

Surface

∫∫
∫∫

∫∫
==

σ

σ

σ pp
g ��F·HVW�j�GLUH�TXH� ( )∫∫ ⋅=

kF kkFd gp Surfaceσ �
2Q�REWLHQW�GRQF��DSUqV�VLPSOLILFDWLRQ��

( ) 〉〈⋅= ∑ kk
k

kF ng ,Surface
3

1
V �

&·HVW� O·H[SUHVVLRQ� GX� YROXPH� HQ� IRQFWLRQ� GH� FKDFXQH� GHV� IDFHWWHV��'DQV� �3URPD\RQ� HW� DO�������WRXV�OHV�FDOFXOV�pWDLHQW�EDVpV�VXU�FHWWH�H[SUHVVLRQ��&HOD�GRQQH�XQH�FHUWDLQH�FRPSOH[LWp�jO·H[SUHVVLRQ�GX�JUDGLHQW�HW�GRQF�DX�FDOFXO�GH�OD�FRQWUDLQWH�(Q�IDLW��LO�HVW�EHDXFRXS�SOXV�VLPSOH�G·H[SULPHU�OH�YROXPH��HW�OH�JUDGLHQW�GX�YROXPH��QRQ�SOXVSDU�UDSSRUW�DX[�IDFHWWHV��PDLV�SDU�UDSSRUW�DX[�pOpPHQWV�HX[�PrPHV��&·HVW�FH�TXH�QRXV�DOORQVYRLU�PDLQWHQDQW�

Fk

p0

p1 p2

kn′

)LJXUH�����/D�IDFHWWH� kF �HVW�FRPSRVpH�GH�WURLV�SRLQWV�GpILQLV�GDQV
OH�VHQV�WULJRQRPpWULTXH�



��� &RQWUDLQGUH�OH�PRGqOH

&RPPH� kF �HVW�XQ�WULDQJOH�FRPSRVp�SDU�OHV�WURLV�pOpPHQWV�GH�FRRUGRQQpHV� ( )210
kkk ppp �

�YRLU�ILJXUH�FL�GHVVXV��RQ�D��
( ) kkF n′=

2

1
Surface �

�DYHF� kn′ �OD�QRUPDOH�j�OD�IDFHWWH� kF �GpILQL�SDU��
2010
kkkkk ppppn ×=′ ��DLQVL���

k

k
k n

n
n

′
′

= �
)LQDOHPHQW��

〉′〈=

〉
′
′

〈⋅′=

∑

∑

k
kk

k k

k
kk

ng

n

n
gn

,
6

1

,
2

1

3

1
V

&HFL�Q·HVW�WRXMRXUV�SDV�XQH�H[SUHVVLRQ�GX�YROXPH�HQ�IRQFWLRQ�GHV�FRRUGRQQpHV�GHV�pOpPHQWV
( )210

kkk ppp �
2Q�UHPDUTXH�TXH� 2010

kkkkk ppppn ×=′ �HW� ( )210

3

1
kkkk pppg ++= ��G·R���

( )






 〉′〈+〉′〈+〉′〈=

〉′++〈=

∑ ∑∑

∑

k k
kk

k
kkkk

k
kkkk

npnpnp

nppp

,,,
18

1

,
3

1

6

1
V

210

210

�

0DLQWHQDQW��RQ�SHXW�H[WLUSHU�GH�OD�IRUPXOH�FL�GHVVXV��O·HQVHPEOH�GHV�FRRUGRQQpHV� ( )npp L1

GHV�n�pOpPHQWV�FRPSRVDQWV�O·REMHW��2Q�UHJURXSH�OHV�SURGXLWV�VFDODLUHV�HQ�IDFWRULVDQW�SDU� OHV
ip �� 3RXU� SOXV� GH� FODUWp� RQ� UHQRPPH�PDLQWHQDQW� OHV� pOpPHQWV� HQ� QH� FRQVLGpUDQW� SOXV� OHXU

RUGUH�GDQV�OHV�IDFHWWHV�PDLV�OHXU�LQGLFH�JOREDO�GDQV�O·REMHW�2Q�REWLHQW��
����� ( )

( )

( )

( )

( )

( )







〉′〈++〉′〈+〉′〈= ∑∑∑

===

nnbf

j
jnFn

nbf

j
jF

nbf

j
jF

1
,

2

1
,22

1

1
,11 ,,,

18

1
V npnpnp L �

R��nbf(i)�HVW�OH�QRPEUH�GH�IDFHWWHV�FRQFRXUDQWHV�HQ� ip �� ( )jiF , �OD�MLqPH�IDFHWWH�FRQFRXUDQWH�HQ
ip ��GRQF� ),( jiFn′ �HVW�OD�QRUPDOH�GH�OD�IDFHWWH� ( )jiF , ���/D�IRUPXOH�������HVW�OD�VRPPDWLRQ�GH�OD

FRQWULEXWLRQ�DX�YROXPH�GH�FKDFXQ�GHV�n�pOpPHQWV�FRQVWLWXDQW�O·REMHW��
( )

∑ ∑∑
= ==

〉′〈==
n

i

inbf

j
jiFi

n

i 1 1
),(

1
i ,

18

1
V

18

1
V np �

([DPLQRQV�OD�FRQWULEXWLRQ�GH�O·pOpPHQW� ip ��
( )

( )〉′〈=〉′〈= ∑∑
= j

jiFi

inbf

j
jiFi ,

1
),(i ,,V npnp �



8QH�FRQWUDLQWH�JOREDOH���O·LQFRPSUHVVLELOLWp ���

2U�RQ�D��YRLU�)LJXUH������
( ) ( ) ( ) ( )( ) ( )( )

( ) ( ) ( ) ( )1,,1,,

1,,1,,,

⊕⊕

⊕⊕

×+×=

−×−=×=′

jivjivijivjiv

ijivijivjivijivijiF

ppppp

ppppppppn �
DYHF�v(i,j)�GpVLJQDQW�OH�jLqPH�YRLVLQ�GH�O·pOpPHQW�HW� ⊕ �GpVLJQDQW�O·DGGLWLRQ�PRGXOR�OH�nbf(i).

pi

pv(i,1)

p v(i,2)

p v(i,3)

p v(i,4)

p v(i,5)

Fv(i,1)

Fv(i,2)

)LJXUH�����'LVSRVLWLRQ�GHV�YRLVLQV�G·XQ�pOpPHQW�HQ� ip ��/·pOpPHQW�i
D�DXWDQW�GH�YRLVLQV�TXH�GH�IDFHWWHV�FRQFRXUDQWHV�FDU�FHV�GHUQLqUHVVRQW�WULDQJXODLUHV�

4XDQG�RQ�IDLW�OD�VRPPDWLRQ�VXU�O·HQVHPEOH�GHV�IDFHWWHV�FRQFRXUDQWHV��
( )

( ) ( ) ( ) ( )

( )
00ppppppp =×=×=× ∑∑

=
⊕⊕

=
i

inbf

j
jivjivijivjiv

inbf

j
i

1
1,,1,,

1

�
R��0�GpQRWH�OH�YHFWHXU�QXO��2Q�HQ�GpGXLW�TXH��
����� ( ) ( ) ( )∑∑ ⊕×=′=′′

j
jivjiv

j
jiFi 1,,, ppnn �

in ′′ �HVW�XQH�H[SUHVVLRQ�GH�OD�QRUPDOH�HQ� ip ��YRLU�DQQH[H����
2Q�REWLHQW�ILQDOHPHQW�O·H[SUHVVLRQ�GX�YROXPH�HQ�IRQFWLRQ�GHV�pOpPHQWV��

∑ ∑ 〉′′〈==
i i

ii np ,
18

1
V

18

1
V i �

1RXV�DOORQV�PDLQWHQDQW�FKHUFKHU�OH�JUDGLHQW�GH�FH�YROXPH�
��� /H�JUDGLHQW�GH�OD�FRQWUDLQWH
2Q�UHJDUGH�FH�TXL�VH�SDVVH�SRXU�XQ�pOpPHQW��

i

i
ii

i

i

i

ii
i p

n
pn

p

p

p

np

p ∂
′′∂

⋅+′′⋅
∂
∂

=
∂

〉′′∂〈
=

∂
∂

=∇
,V

V
i

i �
2Q�D�YX�j�O·pTXDWLRQ�������TXH� in ′′ �HVW�LQGpSHQGDQW�GH� ip ��2Q�HQ�GpGXLW��� in ′′=∇ iV �
$LQVL��YRLU�)LJXUH����HW�DQQH[H�����
/(� *5$',(17� '(� /$� )21&7,21� '(� 92/80(� 3285� 81� e/e0(17� (67� &2/,1e$,5(� � /$
1250$/(� in ′′ �
&H� UpVXOWDW� HVW� SDUWLFXOLqUHPHQW� LPSRUWDQW� SXLVTX·LO� SHUPHW� GH� JpQpUDOLVHU� OD� FRQWUDLQWHG·LQFRPSUHVVLELOLWp� j� G·DXWUHV�PRGqOHV� �YRLU� SDUDJUDSKH� ������ /H� OHFWHXU� SRXUUD� VH� UpIpUHU� j�3URPD\RQ�HW�DO��������SRXU�O·H[SUHVVLRQ�GX�YROXPH�HW�GX�JUDGLHQW�HQ�WHUPH�GHV�IDFHWWHV�



��� &RQWUDLQGUH�OH�PRGqOH

��� /H�YHFWHXU�GH�SURMHFWLRQ
'·DSUqV�OD�PpWKRGH�GH�UpVROXWLRQ�GLUHFWH�OH�V\VWqPH�j�UpVRXGUH�HVW�ILQDOHPHQW�OH�VXLYDQW��

( )
( )

( )
( )





=−

∇⋅+=
⇔





=
∇⋅+=

+

++++++

0VV

C

0C

C
0dtt

dttdttdttdttdttdtt

x

xxx

x

xxx
)))) λλ �

R�� dtt+x) � HVW� OD� SRVLWLRQ� DWWHLQWH� VRXV� O·DFWLRQ� GHV� IRUFHV� VDQV� WHQLU� FRPSWH� GHV� FRQWUDLQWHV�SRVLWLRQ�LQWHUPpGLDLUH��
&RPPH� OH� YHFWHXU� dtt+x � HVW� GH� GLPHQVLRQ� 3n� VL� O·REMHW� LQFRPSUHVVLEOH� HVW� FRQVWLWXp� GH� n
pOpPHQWV��FH�V\VWqPH�D�3n+1�pTXDWLRQV�HW�3n+1� LQFRQQXHV� � dtt+x �HW� λ ���3RXU�VLPSOLILHU� OHUDLVRQQHPHQW� HW� OHV� FDOFXOV�� RQ� VH� SODFH� DX� QLYHDX� GH� FKDTXH� pOpPHQW�� 2Q� FKHUFKH

( )n
dtt ppx L1=+ �HW�λ ��3RXU�FKDTXH�pOpPHQW��RQ�D��

����� ( ) 







=−〉′′〈

′′⋅+=
⇔







=−

′′⋅+=

∑
=

++

+++

+

+++

0V,
18

1
0VV 0

1

0
n

i

dtt
i

dtt
i

dtt
i

dtt
i

dtt
i

dtt

dtt
i

dtt
i

dtt
i

np

npp

x

npp
))

)) λλ ���

R�� dtt
i
+p

) �HVW� OD�SRVLWLRQ�GX� LqPH�pOpPHQW�GH� O·REMHW�DSUqV�DSSOLFDWLRQ�GHV� IRUFHV�HW� VDQV� WHQLU
FRPSWH�GHV� FRQWUDLQWHV� �F·HVW� OD�SRVLWLRQ� LQWHUPpGLDLUH��� dtt

i
+′′n

) � HVW� QRUPDOH� j� OD� VXUIDFH� HQ
dtt

i
+p

) �
5HPDUTXRQV� LFL� TXH� F·HVW� OH� YROXPH� JOREDO� TXL� UHVWH� FRQVWDQW� HW� QRQ� OHV� YROXPHV� ORFDX[FRQWU{OpV� SDU� OHV� pOpPHQWV�� 3RXU� FRQVHUYHU� OHV� YROXPHV� ORFDX[�� LO� IDXGUDLW� XWLOLVHU� OHV� nV\VWqPHV�GpILQLV�SDU�� i �SDUFRXUDQW�OHV�n �pOpPHQWV���







=−〉′′〈

′′⋅+=

++

+++

0V,
18

1 0
i

dtt
i

dtt
i

dtt
ii

dtt
i

dtt
i

np

npp
)) λ

��

R�� 0
iV �HVW�OH�YROXPH�ORFDO�j�FRQVHUYHU�

1RXV�DOORQV�PDLQWHQDQW�FDOFXOHU�O·pTXDWLRQ�HQ� λ �GH�O·LQWHUVHFWLRQ�HQWUH�OH�VRXV�HVSDFH�GH�ODFRQWUDLQWH�HW�OD�GURLWH�GH�YHFWHXU�GLUHFWHXU�OH�JUDGLHQW�GH�OD�FRQWUDLQWH��SDUWLU�GX�V\VWqPH��������RQ�D��

0V,
18

1

0V,
18

1

0

1

0

1

=−〉′′′′⋅+〈⇔








=−〉′′〈

′′⋅+=

∑

∑

=

+++

=

++

+++

n

i

dtt
i

dtt
i

dtt
i

n

i

dtt
i

dtt
i

dtt
i

dtt
i

dtt
i

nnp

np

npp

))

))

λ

λ

�



8QH�FRQWUDLQWH�JOREDOH���O·LQFRPSUHVVLELOLWp ���

'pYHORSSRQV�OD�IRUPXOH�HQ�FKDTXH�pOpPHQW��
( ) ( )

( )

( ) ( )( ) ( ) ( )( )
( )

( ) ( )

( )

( ) ( ) ( ) ( )( )
( ) ( )

( ) ( )

( ) ( )

( ) ( ) ( ) ( )( )

( ) ( ) ( ) ( )( )

( ) ( )

( ) ( )

32

1,,
3

1,,

1,,1,,

2

1,,1,,

1,,

1,,

1,,
2

1,,1,,

1
1,,

1
1,1,,,

1
1,,

,

,

,

,

,

,

)

(,

,

,,

λλλ

λ

λ

λ

λ

λ

λ

λλλ

λλ

⋅+⋅+⋅+=

〉′′×′′′′〈⋅+

















〉′′×′′〈+

〉′′×+×′′′′〈
⋅+

















〉′′×+×′′〈+

〉×′′〈
⋅+

〉×〈=

〉′′×′′⋅+

′′×+×′′⋅+

×′′⋅+〈=

〉′′⋅+×′′⋅+′′⋅+〈=

〉×′′⋅+〈=〉′′′′⋅+〈

∑

∑

∑

∑

∑

∑

∑

∑

∑

+
⊕

++

+
⊕

++

+
⊕

++
⊕

++

+
⊕

++
⊕

++

+
⊕

++

+
⊕

++

+
⊕

+

+
⊕

++
⊕

+

=

+
⊕

+++

=

+
⊕

+
⊕

++++

=

+
⊕

++++++

iiii

j

dtt
jiv

dtt
jiv

dtt
i

j

dtt
jiv

dtt
jiv

dtt
i

j

dtt
jiv

dtt
jiv

dtt
jiv

dtt
jiv

dtt
i

j

dtt
jiv

dtt
jiv

dtt
jiv

dtt
jiv

dtt
i

j

dtt
jiv

dtt
jiv

dtt
i

j

dtt
jiv

dtt
jiv

dtt
i

dtt
jiv

dtt
jiv

dtt
jiv

dtt
jiv

dtt
jiv

dtt
jiv

inbf

j

dtt
jiv

dtt
jiv

dtt
i

dtt
i

inbf

j

dtt
jiv

dtt
jiv

dtt
jiv

dtt
jiv

dtt
i

dtt
i

inbf

j

dtt
jiv

dtt
jiv

dtt
i

dtt
i

dtt
i

dtt
i

dtt
i

abcd

nnn

nnp

nppnn

nppnp

ppn

ppp

nn

nppn

ppnp

npnpnp

ppnpnnp

)))

)))

)))))

)))))

)))

)))

))

))))

))))

))))))

))))

2Q� D� GRQF� WURXYp� OD� FRQWULEXWLRQ� ai bi ci� HW� di� GH� FKDTXH� pOpPHQW� j� O·pTXDWLRQ� JOREDOHG·LQWHUVHFWLRQ�
2Q�SHXW�UHPDUTXHU�TXH� dtt

iid += V
) ��GRQF� dtt

i
id +=∑ V

) �YROXPH�GH�O·REMHW�GpIRUPp�
/H�WUDLWHPHQW�GH�OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW�SHXW�rWUH�IDLW�SDU�XQ�DOJRULWKPH�SDUDOOqOHSXLVTXH�OHV�FDOFXOV�VH�IRQW�DX�QLYHDX�GH�FKDTXH�pOpPHQW��,O�VXIILW�GH�UpVRXGUH�PDLQWHQDQW��

( ) 0V18

0V,
18

1

0

1

23

0

1

=⋅−+⋅+⋅+⋅⇔

=−〉′′′′⋅+〈

∑

∑

=

=

+++

n

i
iiii

n

i

dtt
i

dtt
i

dtt
i

dcba λλλ

λ nnp
))

����� 0V18 0

111

2

1

3 =⋅−+++⇔ ∑∑∑∑
====

n

i
i

n

i
i

n

i
i

n

i
i dcba λλλ

&·HVW� XQH� pTXDWLRQ� GX� �LqPH� GHJUp� FODVVLTXH�� GRQW� RQ� YD� SUHQGUH� OD� UDFLQH� UpHOOH� GH� YDOHXU
DEVROXH�PLQLPDOH�� /H� FKRL[� GH� OD� SOXV� SHWLWH� YDOHXU� DEVROXH� minλ � JDUDQWLW� OH� GpSODFHPHQW
PLQLPXP�OH�ORQJ�GX�JUDGLHQW�



��� &RQWUDLQGUH�OH�PRGqOH

(Q�LQMHFWDQW� minλ ��SOXV�SHWLWH�VROXWLRQ�GH��������GDQV�OH�V\VWqPH�������� dtt+x ��SRVLWLRQ��YpULILDQW
OD�FRQWUDLQWH�G·LQFRPSUHVVLELOLWp��HVW�REWHQX�HQ�XQH�VHXOH�SDVVH�
3RXU�OHV�pOpPHQWV�FRQWUDLQWV��IL[pV�GDQV�O·HVSDFH��FRQWUDLQWV�j� OD�SRVLWLRQ�G·XQ�DXWUH�pOpPHQW
RX�j�OD�SRVLWLRQ�LQWHUDFWLYHPHQW�PDQLSXOp�SDU�O·XWLOLVDWHXU���OH�λ �FRUUHVSRQGDQW�HVW�PLV�j�]pUR�$LQVL�O·pOpPHQW�SDUWLFLSH�ELHQ�DX�FDOFXO�GX�YROXPH��PDLV�Q·HVW�SDV�GpSODFp�
/H� GpSODFHPHQW� ILQDO� G·XQ� pOpPHQW� GH� VD� SRVLWLRQ� LQWHUPpGLDLUH�� DYDQW� OD� YpULILFDWLRQ� GHV
FRQWUDLQWHV�� dtt

i
+p

) �YHUV�OD�VROXWLRQ�HVW� dtt
i

+′′⋅n)λ �
��� *pQpUDOLVDWLRQ
3RXU�FRQFOXUH�FH�SDUDJUDSKH��QRXV�DOORQV�WHQWHU�GH�JpQpUDOLVHU� OD�UpVROXWLRQ�GH�OD�FRQWUDLQWHG·LQFRPSUHVVLELOLWp�HQ�QRXV�DSSX\DQW�VXU�OH�IDLW�TXH�OH�JUDGLHQW�GH�OD�IRQFWLRQ�GH�YROXPH�SRXUXQ�pOpPHQW�HVW�FROLQpDLUH�j�OD�QRUPDOH�j�OD�VXUIDFH�HQ�FHW�pOpPHQW�

pi

in

iV∇

)LJXUH�����/H�JUDGLHQW�GH�OD�IRQFWLRQ�GH�YROXPH�HVW�FROLQpDLUH�j�ODQRUPDOH�HQ�XQ�SRLQW�GH�OD�WULDQJXODWLRQ�

������9DOLGLWp�SK\VLTXH
(Q�SURMHWDQW�OHV�pOpPHQWV�VXU�OH�VRXV�HVSDFH�GH�OD�FRQWUDLQWH��RQ�OHV�GpSODFH�VHORQ�OH�JUDGLHQWGH�OD�IRQFWLRQ�GH�FRQWUDLQWH��'DQV�QRWUH�RSWLTXH�OH�GpSODFHPHQW�G��j�OD�FRQWUDLQWH�SURYLHQWGHV� IRUFHV� HQJHQGUpHV�� GDQV� OD� UpDOLWp�� SDU� OHV� FRQWUDLQWHV�� (Q� JpQpUDO� FHV� IRUFHV� RQW� XQPRGXOH�LQILQL��RX�TXDVL�LQILQL���/RUVTXH�GHX[�pOpPHQWV�VRQW�IL[pV�O·XQ�j�O·DXWUH��SDU�H[HPSOH�DXFXQH� IRUFH�H[WpULHXUH�QH� VHUD�FDSDEOH�SHQGDQW� OD� VLPXODWLRQ�GH� VpSDUHU� FHV� pOpPHQWV��$XFRQWUDLUH�GHV�PpWKRGHV�GH�FRQWUDLQWH�GH�UpDFWLRQ��GDQV�QRWUH�PpWKRGH��RQ�FKRLVLW�GH�QH�SDVH[SULPHU�H[SOLFLWHPHQW�FHV�IRUFHV�PDLV�GH�FDOFXOHU�GLUHFWHPHQW�OHV�GpSODFHPHQWV�GXV�j�FHOOH�FL�(Q�FH�TXL�FRQFHUQH�OD�FRQWUDLQWH�G·LQFRPSUHVVLELOLWp��OH�JUDGLHQW�HVW�FROLQpDLUH�j�XQH�QRUPDOHGpILQLH� j� OD� VXUIDFH� DX� QLYHDX� GHV� pOpPHQWV� �ELHQ� TXH� FHWWH� QRUPDOH� Q·H[LVWH� SDVPDWKpPDWLTXHPHQW�� RQ� FKRLVLW� GH� SUHQGUH� OD� PR\HQQH� GHV� QRUPDOHV� GHV� IDFHWWHVFRQFRXUDQWHV� DX�QLYHDX�GHV� pOpPHQWV���/H� GpSODFHPHQW� GHV� pOpPHQWV� VH� IHUD� GRQF� VHORQ� OD



8QH�FRQWUDLQWH�JOREDOH���O·LQFRPSUHVVLELOLWp ���

QRUPDOH�j�OD�VXUIDFH��2U�RQ�VDLW�TXH�OHV�IRUFHV�GH�SUHVVLRQ��OLpHV�DX�YROXPH�GHV�REMHWV��VRQWFROLQpDLUHV�j� OD�QRUPDOH�j� OD� VXUIDFH��2Q�SHXW�GpGXLUH�TXH�QRV�pOpPHQWV� VRQW� VRXPLV� j�GHVIRUFHV� GXHV� j� OD� SUHVVLRQ� HW� SHUPHWWDQW� GH� SUpVHUYHU� OH� YROXPH�� /·DFWLRQ� GH� FHV� IRUFHV� VHWUDGXLW� GLUHFWHPHQW� GDQV� OD� UpVROXWLRQ� GH� OD� FRQWUDLQWH� SDU� GHV� GpSODFHPHQWV� GHV� pOpPHQWVVHORQ�OD�QRUPDOH�j�OD�VXUIDFH�
������&RPSUHVVLELOLWp
(Q� UpVROYDQW� OD� FRQWUDLQWH�� RQ� D� WURXYp�� j� SDUWLU� G·XQ� pWDW� GpIRUPp�� XQ� pWDW� GpIRUPp�PDLVFRQVHUYDQW� OH� YROXPH� GH� GpSDUW�� 2Q� SHXW� GRQF� PRGpOLVHU� XQH� PDWLqUH� SDUWLHOOHPHQWLQFRPSUHVVLEOH�HQ�XWLOLVDQW�O·pWDW�LQFRPSUHVVLEOH�FRPPH�DWWUDFWHXU��F·HVW�j�GLUH�HQ�FUpDQW�XQHIRUFH� HQWUH� O·pWDW� GpIRUPp� HW� O·pWDW� GpIRUPp� GH� YROXPH� FRQWUDLQW��� � OD� FRQQDLVVDQFH� GHO·DXWHXU�� FHWWH� SURSULpWp� SK\VLTXH� Q·D� MDPDLV� pWp� GLUHFWHPHQW� PRGpOLVpH�� SXLVTXH� DXFXQHPpWKRGH�SUpFpGHQWH�QH�GpWHUPLQH�DYHF�H[DFWLWXGH�O·pWDW�LQFRPSUHVVLEOH�'·DXWUH�SDUW��RQ�SHXW�IDLUH�YDULHU�OH�YROXPH�G·XQ�REMHW�DX�FRXUV�G·XQH�VLPXODWLRQ�HQ�FKDQJHDQW
OD�YDOHXU�V0�GDQV�OD�UpVROXWLRQ�GH�OD�FRQWUDLQWH�'H�SOXV��RQ�O·D�YX��RQ�SHXW�FRQVHUYHU�OH�YROXPH�QRQ�SOXV�JOREDOHPHQW��PDLV�ORFDOHPHQW�
������$XWUHV�PRGqOHV
/D�UpVROXWLRQ�GLUHFWH�SHXW��ELHQ�pYLGHPPHQW��rWUH�DSSOLTXpH�j�G·DXWUHV�PRGqOHV�TXH�OH�Q{WUH�YRLUH� G·DXWUHV� PpWKRGHV� GH� UpVROXWLRQ�� FRPPH� GDQV� GHV� DOJRULWKPHV� GH� PLQLPLVDWLRQFODVVLTXH��SDUDJUDSKH�������,O�HQ�YD�GH�PrPH�DYHF�OD�FRQWUDLQWH�G·LQFRPSUHVVLELOLWp�8Q�DOJRULWKPH�VLPSOH�SHXW�rWUH�XWLOLVp�DYHF�G·DXWUHV�W\SHV�GH�PRGqOHV��VXUIDFH�IDFHWWLVpH�RXQRQ��WULDQJOHV�RX�QRQ��EDVp�VXU�OD�SK\VLTXH�RX�QRQ���8QH�IRLV�O·REMHW�GpIRUPp��OHV�pOpPHQWV�GHVXUIDFH� GRLYHQW� rWUH� GpSODFpV� FKDFXQ� VHORQ� OD� GLUHFWLRQ� GH� OHXU� QRUPDOH� MXVTX·j� FH� TXH� OHYROXPH�VRLW�LGHQWLTXH�DX�YROXPH�LQLWLDO��&HW�DOJRULWKPH�HVW�LOOXVWUp�j�OD�)LJXUH����3RXU�XWLOLVHU�QRWUH�PpWKRGH�LO�IDXW�TXH��
•  6RLW�OHV�pOpPHQWV�GH�VXUIDFH�SHXYHQW�rWUH�PDQLSXOpV�HW�GpSODFpV�GLUHFWHPHQW��GDQV�FH�FDVOD�PpWKRGH�SUpVHQWpH�LFL�HVW�HQWLqUHPHQW�YDODEOH�
•  6RLW�OD�VXUIDFH�HVW�PDQLSXOpH�SDU�O·LQWHUPpGLDLUH�GH�SRLQWV�GH�FRQWU{OH��'DQV�FH�FDV�LO�IDXWFRQQDvWUH� OD� UHODWLRQ� HQWUH� XQ� GpSODFHPHQW� G·XQ� SRLQW� GH� FRQWU{OH� HW� OD� YDULDWLRQ� GHYROXPH�HQWUDvQpH�SDU�FH�GpSODFHPHQW��&·HVW�OH�FDV�SDU�H[HPSOH�GHV�FDUUHDX[�RX�YROXPHV

GH�%p]LHU��'DQV�FH�FDV�O·pTXDWLRQ�GX��LqPH�GHJUp�������SHUPHWWDQW�GH�WURXYHU�OD�YDOHXU�GH�λVHUD�GLIIpUHQWH��PDLV�PpWKRGH�GH�UpVROXWLRQ�UHVWH�OD�PrPH�
,O�HVW�SRVVLEOH�G·XWLOLVHU�QRWUH�PpWKRGH�DYHF�OHV�YROXPHV�GH�%p]LHU�GH��5DSSRSRUW�HW�DO��������/·DOJRULWKPH� GH� PLQLPLVDWLRQ� XWLOLVp� QH� GRLW� SOXV� SUHQGUH� HQ� FRPSWH� OD� UpVROXWLRQ� GH� ODFRQWUDLQWH� G·LQFRPSUHVVLELOLWp� SXLVTXH� FHOOH�FL� SHXW�rWUH� GpGXLWH� j� SDUWLU� GH� Q·LPSRUWH� TXHOpWDW��,O�VHUDLW�LQWpUHVVDQW�GH�FRPSDUHU�OHV�UpVXOWDWV�DYHF�FHX[�GpMj�REWHQXV�/D�PpWKRGH�GH� UpVROXWLRQ�GLUHFWH�SDU�SURMHFWLRQ� �HQ�XQH� VHXOH� SDVVH�� D� pWp� LQWpJUpH� SDU�)�$XEHUW� GDQV� OH� PRGqOH� '2*0(� �TXL� HVW� GH� W\SH� ))'��� DX� /DERUDWRLUH� GHV� 6FLHQFHV� GHO·,PDJH��GH�O·,QIRUPDWLTXH�HW�GH� OD�7pOpGpWHFWLRQ�GH�6WUDVERXUJ��/H�WHUPH�G·RSWLPLVDWLRQ�GXPRGqOH�'2*0(�SHUPHW�FHWWH�LQWpJUDWLRQ�HW�O·REWHQWLRQ�GH�ERQV�UpVXOWDWV�YLVXHOV�



��� &RQWUDLQGUH�OH�PRGqOH

eWDW�GH�UHSRV $SUqV�GpIRUPDWLRQ 'pSODFHPHQW�VHORQOHV�QRUPDOHV
)LJXUH� ���� $OJRULWKPH� VLPSOH��� XQH� IRLV� O·REMHW� GpIRUPp�� OHVpOpPHQWV� GH� VXUIDFHV� GRLYHQW� rWUH� GpSODFpV� FKDFXQ� VHORQ� ODGLUHFWLRQ�GH� OHXU�QRUPDOH� MXVTX·j�FH�TXH� OH�YROXPH�VRLW� LGHQWLTXHDX�YROXPH�LQLWLDO�

�� &RQFOXVLRQ
'DQV�FH�FKDSLWUH�QRXV�DYRQV�YX�FRPPHQW�OHV�UDFFRUGHPHQWV�HQWUH�OHV�VXUIDFHV�SRXYDLHQW�rWUHPRGpOLVpV��3XLV�QRXV�DYRQV�H[DPLQp�GH�SUqV�OD�PpWKRGH�GH�UpVROXWLRQ�GLUHFWH�SRXU�YpULILHU�OHVFRQWUDLQWHV��(QILQ��QRXV�DYRQV�GRQQp�XQ�H[HPSOH�GH�O·DSSOLFDWLRQ�GH�FHWWH�PpWKRGH�DYHF�ODFRQWUDLQWH�G·LQFRPSUHVVLELOLWp�1RWUH�PRGqOH� LQIRUPDWLTXH� HVW�PDLQWHQDQW� FRPSOHW� HW� QRXV� YHUURQV� GHV� H[HPSOHV� GH� VRQXWLOLVDWLRQ� GDQV� OD� GHUQLqUH� SDUWLH� GH� FH� PDQXVFULW�� &HV� H[HPSOHV� VHUYLURQW� j� OD� YDOLGDWLRQTXDOLWDWLYH�GX�PRGqOH�
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6LPXODWLRQ
>,O@�VDLW�TXH�FH�Q·HVW�SDV�DYHF�GHV�UHFHWWHV�TX·RQ�WRXFKH�j�O·HVVHQFH�G·XQ
DUW�>«@�/D�WHFKQLTXH�HVW�XQ�GRPDLQH�FUHX[�HW�PpSULVDEOH�TXDQG�HOOH
HVW�IHUPpH�VXU�HOOH�PrPH�

%HUQDUG�7LUWLDX[��/H�SDVVHXU�GH�OXPLqUH�
/·pWXGH�GH�OD�SK\VLRORJLH�QRXV�D�PRQWUp�TXH�OD�VLPXODWLRQ�GHV�PRXYHPHQWV�UHVSLUDWRLUHV�GXWURQF�SRXYDLW�rWUH�FRQVLGpUpH�FRPPH�OD�VLPXODWLRQ�G·XQ�REMHW�KpWpURJqQH�FRPSRVp�GH�UpJLRQVD\DQW�GHV�SURSULpWpV�GLIIpUHQWHV��'DQV� OD�SDUWLH�SUpFpGHQWH�QRXV�DYRQV�FRQVWUXLW�XQ�PRGqOHLQIRUPDWLTXH� FDSDEOH� GH� JpUHU� GHV� REMHWV� KpWpURJqQHV� GDQV� OH� FDGUH� G·XQH� VLPXODWLRQ�� &HPRGqOH�PDQLSXOH� XQ� V\VWqPH� G\QDPLTXH� D\DQW� GHV� SURSULpWpV� EDVpHV� VXU� OD� SK\VLTXH�� &HVSURSULpWpV�RQW�pWp�PRGpOLVpHV�VRLW�GLUHFWHPHQW��VRLW�SDU�O·LQWHUPpGLDLUH�GH�FRQWUDLQWHV�ORFDOHVRX�JOREDOHV�1RXV�DOORQV�PDLQWHQDQW�XWLOLVHU�FH�PRGqOH�GDQV�GHV�H[HPSOHV�DILQ�GH�PLHX[�FRPSUHQGUH�VRQIRQFWLRQQHPHQW��/·XWLOLVDWLRQ�G·H[HPSOHV�SDVVH�SDU�OD�GpILQLWLRQ�GHV�REMHWV�KpWpURJqQHV�TXH�OHPRGqOH�PDQLSXOH��3DUPL�FHV�REMHWV��RQ�FRQVWUXLUD��HQ� ILQ�GH�FKDSLWUH�� O·REMHW�SHUPHWWDQW�GHPRGpOLVHU�OH�FRPSRUWHPHQW�GX�WURQF��2Q�SDUOHUD�DORUV�GH�©�PRGqOH�GX�WURQF�ª�GDQV�OH�VHQV�R�FHW�REMHW�UHSUpVHQWH�OH�WURQF�HW�VHV�SURSULpWpV�(QILQ��QRXV�FRQVWUXLURQV�OH�PRGqOH�GX�WURQF�/H�SDUDJUDSKH�&KDSLWUH����GpFULW�SOXV�HQ�GpWDLO�O·LPSOpPHQWDWLRQ�LQIRUPDWLTXH��/H�SDUDJUDSKH&KDSLWUH� ��� SUpVHQWH� TXHOTXHV� H[HPSOHV� UHODWLYHPHQW� VLPSOHV� TXL� SHUPHWWHQW� GH� YpULILHUFHUWDLQHV�GHV�K\SRWKqVHV�FRQWHQXHV�GDQV�OH�PRGqOH�LQIRUPDWLTXH��/H�SDUDJUDSKH�&KDSLWUH���GpFULW�SOXV�SDUWLFXOLqUHPHQW� OD� FRQVWUXFWLRQ�GX�PRGqOH�GX� WURQF�� GDQV� OHTXHO� OD� FRQWUDFWLRQGLDSKUDJPDWLTXH� HQJHQGUH� OHV� PRXYHPHQWV�� HW� VD� YDOLGDWLRQ� TXDOLWDWLYH�� (QILQ� OH� GHUQLHUSDUDJUDSKH� PHW� HQ� SODFH� OHV� pOpPHQWV� GH� FRPSDUDLVRQ� HW� GH� YDOLGDWLRQ� TXDQWLWDWLYH� G·XQPRGqOH�©�UpDOLVWH�ª�GX�WURQF�



��� 6LPXODWLRQ

�� ,PSOpPHQWDWLRQ
3DUPL� OHV� REMHFWLIV� LQLWLDX[� FRQFHUQDQW� O·XWLOLVDWLRQ� GX� PRGqOH� ORUV� G·XQH� VLPXODWLRQ�� QRXVDYLRQV� LQVLVWp� VXU� GHV� FDUDFWpULVWLTXHV� WHFKQLTXHV� WHOOHV� TXH� OD� SRUWDELOLWp�� OD� UDSLGLWp� HW� ODIDFLOLWp� GH� PDQLSXODWLRQ�� 1RXV� YHUURQV� DX� FRXUV� GH� FH� SDUDJUDSKH� TXH� OD� GpPDUFKHG·LPSOpPHQWDWLRQ�GX�PRGqOH�HQ�&���VXLW�FHV�REMHFWLIV�
��� 'pYHORSSHPHQW�HW�LQWHUIDFH
$SUqV� XQH� UDSLGH� YpULILFDWLRQ� EL�GLPHQVLRQQHOOH�� XQH� SUHPLqUH� YHUVLRQ� GX� PRGqOH� D� pWpLPSOpPHQWpH�VRXV�3(;��*DVNLQV��������SRXU�OH�JUDSKLTXH��'�HW� OLEV[��SRXU�O·LQWHUIDFH��'�2SHQ*/���1HLGHU�HW�DO���������HW��.LOJDUG���������D\DQW�HQWUH�WHPSV�VXSSODQWp�3(;�GDQV�OHPRQGH� GHV� ELEOLRWKqTXHV� JUDSKLTXHV� �'�� OD� YHUVLRQ� VXLYDQWH� GX�PRGqOH� D� pWp� GpYHORSSpHHQWLqUHPHQW�HQ�&���HQ�XWLOLVDQW�2SHQ*/�SRXU�OD��'�HW�9��SRXU�OD��'��9�HW�2SHQ*/��SDUO·LQWHUPpGLDLUH� GH� 0HVD��� VRQW� GLVSRQLEOHV� VRXV� ;��� VXU� WRXV� OHV� V\VWqPHV� 8QL[� �/LQX[FRPSULV��PDLV�DXVVL�VRXV�0LFURVRIW�:LQGRZV��&HOD�SHUPHW�G·DVVXUHU�XQH�JUDQGH�SRUWDELOLWp�/·LPSOpPHQWDWLRQ�XWLOLVH�XQH�ELEOLRWKqTXH�G·DOJqEUH�OLQpDLUH��GpYHORSSpH�DX�ODERUDWRLUH�SDU�(�%DLQYLOOH��WRXMRXUV�HQ�&���HW�QRPPpH�©�$/3�ª�/·LPSOpPHQWDWLRQ� GH� OD� YHUVLRQ� DFWXHOOH� UHSUpVHQWH� HQYLURQ� ����� OLJQHV� GH� FRGH� SRXUO·LQWHUIDFH� KRPPH�PDFKLQH�� HW� ����� OLJQHV� GH� FRGH� SRXU� OD� ELEOLRWKqTXH� GX� PRGqOHSURSUHPHQW� GLW�� &HWWH� ELEOLRWKqTXH� FRPSUHQG� OHV� FODVVHV� �GRQQpHV� HW� PpWKRGHV� G·DFFqV�FRUUHVSRQGDQW�DX�PRGqOH�GpFULW�GDQV�OHV�GHX[�FKDSLWUHV�SUpFpGHQWV�FRPPH�QRXV�DOORQV�OH�YRLUDX�SDUDJUDSKH�VXLYDQW�
��� ,PSOpPHQWDWLRQ�GX�PRGqOH
1RXV�GpWDLOORQV�XQ�SHX�LFL�O·LPSOpPHQWDWLRQ�GH�OD�ELEOLRWKqTXH�GX�PRGqOH�
������$UFKLWHFWXUH
/·DUFKLWHFWXUH� GH� OD� ELEOLRWKqTXH� VXLW� O·DSSURFKH� JpQpUDOH� GX� PRGqOH� GpFULW� DX� FKDSLWUH� ��)LJXUH�����/·DUFKLWHFWXUH�GH�QRWUH�ELEOLRWKqTXH�HVW�GRQQpH�j�OD�)LJXUH����SDUWLH�LQGpSHQGDQWHGH�O·DIILFKDJH�HW�GH�OD�PDQLSXODWLRQ��
������'RQQpHV
1RXV� DYRQV� FKRLVL� GH� UHSUpVHQWHU� OHV� VXUIDFHV� VRXV� IRUPHV� GH� WULDQJOHV�� &HOD� QRXV� SHUPHWG·LPSRUWHU�GHV�GRQQpHV�GH�GLIIpUHQWV� IRUPDWV�SURYHQDQW�GH�PRGHOHXUV� FODVVLTXHV�GH�&$2�3OXVLHXUV� ILOWUHV� RQW� pWp� LPSOpPHQWpV� SHUPHWWDQW� G·LPSRUWHU� GHV� ILFKLHUV� GH� GRQQpHV� GHVSULQFLSDX[� IRUPDWV� G·REMHWV� �'� �5HQGHUPDQ�� �'� 6WXGLR�� RSHQ,QYHQWRU��� 950/�� ORUVTXHFHX[�FL�VRQW�FRPSRVpV�GH�IDFHWWHV�WULDQJXODLUHV��8Q�ILOWUH�JpQpULTXH�SHUPHWWDQW�GH�FRQVWUXLUHXQ�ILFKLHU�GH�GRQQpHV�j�SDUWLU�G·XQH�OLVWH�GH�SRLQWV�HW�GH�WULDQJOHV�VHUW�G·LQWHUPpGLDLUH�HQWUH�FHV
������������������������������������������������
��KWWS���]HXV�FKHP�ZYX�HGX�OLEV[�OLEV[�KWPO
��KWWS���ZZZ�FV�XQP�HGX�aZDPSOHU�YJXL�YJXL�KWPO
��KWWS���ZZZ�VVHF�ZLVF�HGX�aEULDQS�0HVD�KWPO



,PSOpPHQWDWLRQ ���

IRUPDWV� HW� OH� Q{WUH�� /HV� ILFKLHUV� SURYHQDQW� G·DOJRULWKPHV� GH� VHJPHQWDWLRQ� SDU� δ � �VQDNHV
�%DLQYLOOH��������VRQW�XWLOLVDEOHV�'·DXWUHV�IRQFWLRQV�RQW�pWp�LPSOpPHQWpHV�SHUPHWWDQW�GH�FKDQJHU�OD�SRVLWLRQ�� O·RULHQWDWLRQ�RXO·pFKHOOH� GHV� REMHWV�� DLQVL� TXH� GH� FRQFDWpQHU� SOXVLHXUV� REMHWV�� /·DQQH[H� �� IRXUQLW� XQHGHVFULSWLRQ�FRPSOqWH�GX�IRUPDW�GH�GRQQpHV�TXH�QRXV�DYRQV�FUpp�/HV�REMHWV�XWLOLVDEOHV�SDU�QRWUH�PRGqOH�SHXYHQW�DLQVL�rWUH�FUppV�j�SDUWLU�G·XQ�JUDQG�QRPEUH�GHEDVHV�GH�GRQQpHV�G·REMHWV��'�

&ODVVH�REMHW���JHVWLRQ�G·XQ�REMHW�FRPSRVp�GHSOXVLHXUV�UpJLRQV�
&ODVVH�UHJLRQ��FODVVH�YLUWXHOOH�GHVUpJLRQV

&ODVVH�HODVWLF5HJLRQ��JHVWLRQ�GHV�UpJLRQVpODVWLTXHV
&ODVVH�VROLG5HJLRQ��JHVWLRQ�GHV�UpJLRQV�VROLGHV

&ODVVH�PXVFXODU5HJLRQ��JHVWLRQ�GHV�UpJLRQVPXVFXODLUHV

&ODVVH�HOHP��FODVVH�YLUWXHOOH�GHVpOpPHQWV

&ODVVH�HODVWLF(OHP��JHVWLRQ�GHV�pOpPHQWVpODVWLTXHV
&ODVVH�VROLG(OHP��JHVWLRQ�GHV�pOpPHQWVVROLGHV

&ODVVH�PXVFXODU(OHP��JHVWLRQ�GHV�pOpPHQWVPXVFXODLUHV

KpULWDJH
$JUpJDWLRQ

)LJXUH� ��� $UFKLWHFWXUH� GH� OD� OLEUDLULH� RULHQWp� REMHW� �&���� GXPRGqOH�

������0DQLSXODWLRQ
/·LQWHUIDFH� GpYHORSSpH� HQ� &��� DYHF� OD� OLEUDLULH� 9� �QRXV� \� DYRQV� GpYHORSSp� XQH� FODVVHVSpFLDOH� GH� PDQLSXODWLRQ� VRXV� 2SHQ*/�� QRXV� SHUPHW� GH� PDQLSXOHU� HW� G·DFFpGHU� DX[LQIRUPDWLRQV� G\QDPLTXHV� GHV� pOpPHQWV� RX� GHV� UpJLRQV� DX� FRXUV� GH� OD� VLPXODWLRQ�� 'DQV� ODSUHPLqUH�YHUVLRQ�GH�OD�OLEUDLULH�OD�PDQLSXODWLRQ�GHV�pOpPHQWV�SRXYDLW�VH�IDLUH�GLUHFWHPHQW�SDUO·LQWHUPpGLDLUH�G·XQH�VRXULV�j���GHJUpV�GH�OLEHUWpV��)ORFN�RI�%LUG��G·$VFHQVLRQ�7HFKQRORJ\���8Q�RX�SOXVLHXUV�pOpPHQWV�SRXYDLHQW�rWUH�VpOHFWLRQQpV�HW�PDQLSXOpV�� OD�VRXULV��'�GRQQDQW�ODSRVLWLRQ�HW�O·RULHQWDWLRQ�j�FKDTXH�SDV�GH�WHPSV��/D�FDPHUD�SRXYDLW�DXVVL�rWUH�PDQLSXOpH�SDUO·LQWHUPpGLDLUH� GH� OD� VRXULV� �'�� &HWWH� pWXGH� D� IDLW� O·REMHW� G·XQ� VWDJH� G·,87� �6LPRQ�� �����UpVROYDQW�XQ�FHUWDLQ�QRPEUH�GH�SUREOqPHV�FRPPXQV�j� WRXWH�DSSOLFDWLRQ�GH� UpDOLWp�YLUWXHOOH



��� 6LPXODWLRQ

�PDQLSXODWLRQ�GLUHFWH�G·REMHW�HQ�HQYLURQQHPHQW�YLUWXHO��REWHQWLRQ�GH�PRXYHPHQWV�QDWXUHOV�HWDFTXLVLWLRQ�GH�GRQQpHV�HQ�WHPSV�UpHO��DSSUpFLDWLRQ�HW�UHSUpVHQWDWLRQ�GH�OD��qPH�GLPHQVLRQ�HWSUpFLVLRQ�GX�SpULSKpULTXH��&RPPH�RQ�OH�YHUUD�DX�SDUDJUDSKH������OD�PDQLSXODWLRQ�SHXW�VH�IDLUH�WRXW�HQ�ODLVVDQW�WRXUQHU�ODVLPXODWLRQ��OHV�IRUFHV�pODVWLTXHV�SHUPHWWHQW�DORUV�GH�OLVVHU�OD�VXUIDFH��
/·LPSOpPHQWDWLRQ�GX�PRGqOH�D�pWp�JXLGpH�SDU�OHV�PrPHV�REMHFWLIV�TXH�VD�FRQFHSWLRQ��1RXVDOORQV�YRLU�DX�SDUDJUDSKH�VXLYDQW�TXH�O·pWDSH�GH�WHVW�HW�GH�YDOLGDWLRQ�HQ�HVW�IDFLOLWpH�
�� ([HPSOHV
&H� SDUDJUDSKH� PRQWUH� TXHOTXHV� H[HPSOHV� G·XWLOLVDWLRQ� GX� PRGqOH� SHUPHWWDQW� GH� PLHX[FRPSUHQGUH� OH� IRQFWLRQQHPHQW� GX� PRGqOH� HW� G·HQ� YpULILHU� FHUWDLQHV� FDUDFWpULVWLTXHV�� 3RXUFKDTXH� H[HPSOH� QRXV� GpFULURQV� OHV� REMHFWLIV�� O·REMHW� XWLOLVp� HW� OHV� WHPSV� GH� FDOFXOVFRUUHVSRQGDQWV�� /HV� GHX[� SUHPLHUV� H[HPSOHV� XWLOLVHQW� VLPSOHPHQW� OH�PRGqOH� WHO� TX·LO� D� pWpSUpVHQWp�DX[�FKDSLWUHV�SUpFpGHQWV��/H�WURLVLqPH�H[HPSOH�PRQWUH�FRPPHQW�OD�UpVROXWLRQ�GH�ODFRQWUDLQWH�GX�YROXPH�FRQVWDQW�SHUPHW�OD�PRGpOLVDWLRQ�G·REMHW�j�YROXPH�FRQVWDQW�
��� 'HX[�EDOORQV�FRQQHFWpV
&HW�H[HPSOH�HVW�WLUp�GH��3URPD\RQ�HW�DO��������HW�HVW�LQVSLUp�GH��$XEHUW�HW�%HFKPDQQ��������,O�PRQWUH�FRPPHQW�V·DUWLFXOH� O·HQVHPEOH�GHV�SURSULpWpV�GX�PRGqOH��/·REMHW�HVW�FRQVWLWXp�GHWURLV�UpJLRQV�GH�SURSULpWpV�GLIIpUHQWHV���GHX[�EDOORQV�HW�XQ�WXEH�OHV�UHOLDQW��/H�EDOORQ�GH�JDXFKHHVW�XQH�UpJLRQ�PXVFXODLUH��OH�WXEH�XQH�UpJLRQ�VROLGH�HW�OH�EDOORQ�GH�GURLWH�XQH�UpJLRQ�pODVWLTXH�/H�YROXPH�LQWpULHXU�GH�O·REMHW�GRLW�UHVWHU�FRQVWDQW�SHQGDQW�WRXWH�OD�VLPXODWLRQ�
������0RGqOH
/·REMHW�D�pWp�HQJHQGUp�V\QWKpWLTXHPHQW��JpQpUDWLRQ�G·XQ�HQVHPEOH�GH�SRLQWV�UpSDUWLV�VXU�XQHVSKqUH�HW�FDOFXO�GH�O·HQYHORSSH�FRQYH[H�j�O·DLGH�GX�SURJUDPPH�QQVRUW����/D�SDUWLH�PXVFXODLUHHW� OD� SDUWLH� pODVWLTXH� VRQW� VLPLODLUHV� ����� pOpPHQWV��� OD� SDUWLH� VROLGH� FHQWUDOH� FRPSRUWH� ��pOpPHQWV����pOpPHQWV�GH�FKDFXQ�GHV�GHX[�EDOORQV�VRQW�FRQWUDLQWV�j�UHVWHU�VROLGDLUH�j�OD�SDUWLHFHQWUDOH��UDFFRUGHPHQW�SDU�FRQWUDLQWH��

������������������������������������������������
��KWWS���ZZZ�LLQHW�QHW�DX�aZDWVRQ�VRIWZDUH�KWPO



([HPSOHV ���

5pJLRQ�PXVFXODLUH 5pJLRQ�pODVWLTXH
5pJLRQ�VROLGH

)LJXUH����2EMHW�V\QWKpWLTXH�FRPSRVp�GH�GHX[�EDOORQV�GpIRUPDEOHVUHOLpV�SDU�XQH�EDUUH�ULJLGH�

������6LPXODWLRQ
/D�VLPXODWLRQ�FRQVLVWH�j�FRQWUDFWHU�OD�UpJLRQ�PXVFXODLUH��2Q�REVHUYH�DORUV�OHV�FRQVpTXHQFHVGH�OD�UpVROXWLRQ�GH�OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW��/H�PXVFOH�UHOkFKp��O·REMHW�GRLW�UHSUHQGUHVD�IRUPH�LQLWLDOH��OHV�YROXPHV�GHV�GHX[�UpJLRQV�pODVWLTXHV�VH�UppTXLOLEUDQW�DXWRPDWLTXHPHQW��



��� 6LPXODWLRQ

/H� JUDSKH� FL�GHVVXV� SUpVHQWH� O·pYROXWLRQ� GXYROXPH� WRWDO� HW� GX� YROXPH� GX� EDOORQ� GHJDXFKH�2Q� D� UHSUpVHQWp� VRXV� OHV� UpVXOWDWV� GHVVLPXODWLRQV� �j� JDXFKH�� OD� SDUW� GX� YROXPH� GXEDOORQ�GH�JDXFKH�SDU�UDSSRUW�DX�YROXPH�WRWDO�
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)LJXUH����6LPXODWLRQ��� OD�UpJLRQ�PXVFXODLUH�HVW�FRQWUDFWpH�SHQGDQW���� LWpUDWLRQV� �DXJPHQWDWLRQ� FRQVWDQWH� GX� SRLGV� GH� OD� IRUFHPXVFXODLUH��� SXLV� UHOD[DWLRQ� HQ� ���� LWpUDWLRQV� �GLPLQXWLRQFRQVWDQWH� GX� SRLGV� GH� OD� IRUFH� PXVFXODLUH��� /H� WHPSV� GH� FDOFXO�XWLOLVDWHXU�� SRXU� XQH� LWpUDWLRQ� HVW� GH� �����V� VXU� XQH� '(&$OSKD6WDWLRQ��������0K]�



([HPSOHV ���

������&RQFOXVLRQ
/H� YROXPH� HVW� FRQVHUYp� GXUDQW� WRXWH� OD� VLPXODWLRQ� �j� OD� SUpFLVLRQ� GH� OD�PDFKLQH� SUqV��� /DUpJLRQ�PXVFXODLUH�UHWURXYH�VD�IRUPH�GH�PDQLqUH�DXWRPDWLTXH�JUkFH�j�VRQ�pODVWLFLWp�2Q�SHXW�QRWHU�FHSHQGDQW�XQ�SUREOqPH� LQKpUHQW� DX�PRGqOH�G·pODVWLFLWp� FKRLVL��� OH� UHWRXU�HVWSOXV�OHQW�TXH�OD�FRQWUDFWLRQ��HW�FH�TXHOOH�TXH�VRLW�OD�YDOHXU�GX�SDUDPqWUH�G·pODVWLFLWp�XWLOLVpH��&HOD� SURYLHQW� GX� IDLW� TXH� OH� SRLGV� GH� OD� IRUFH� pODVWLTXH� UHVWH� FRQVWDQW� TXHOOH� TXH� VRLWO·DPSOLWXGH� GH� OD� GpIRUPDWLRQ��8QH� VROXWLRQ� HQYLVDJHDEOH� HVW� GH� WUDQVIRUPHU� QRWUH�PRGqOHG·pODVWLFLWp� OLQpDLUH� HQ� IDLVDQW� YDULHU� OH� SRLGV� GH� OD� IRUFH� pODVWLTXH� VHORQ� XQH� IRQFWLRQ� GH
O·DPSOLWXGH�GH�GpIRUPDWLRQ��3RXU�FHOD��RQ�SHXW�XWLOLVHU�QRWDPPHQW�OHV�FRHIILFLHQWV�α �� β �HW
γ �SRXU�GpWHUPLQHU�O·DPSOLWXGH�GH�OD�GpIRUPDWLRQ�HQ�FKDTXH�pOpPHQW�
8QH�FRQVpTXHQFH�LPSRUWDQWH�GH� OD�PpWKRGH�FKRLVLH�SRXU�UpVRXGUH� OD�FRQWUDLQWH�GH�YROXPHFRQVWDQW�HVW�OD�VXLYDQWH���OH�WUDQVIHUW�GH�YROXPH�HVW�DXWRPDWLTXH�HQWUH�OHV�GHX[�UpJLRQV��&HFLV·H[SOLTXH� SDU� OH� IDLW� TXH� OHV� IRUFHV� DJLVVDQW� VXU� OHV� pOpPHQWV� GH� JDXFKH� UHVWHQW� SOXVLPSRUWDQWHV�GDQV� OD�SUHPLqUH�SKDVH�TXH�FHOOHV�DJLVVDQW�VXU� OHV�pOpPHQWV�GH�GURLWH��$LQVL��HQUpVROYDQW�OD�FRQWUDLQWH��HW�ELHQ�TXH�OH�GpSODFHPHQW�G��j�OD�FRQWUDLQWH�HQ�FKDTXH�pOpPHQW�VRLWpTXLYDOHQW�j�JDXFKH�FRPPH�j�GURLWH��F·HVW�OD�SDUWLH�GURLWH�TXL�JRQIOH�GDQV�OD�SUHPLqUH�SKDVH�/RUVTXH�OHV�IRUFHV�GH�FRQWUDFWLRQV�VRQW�DQQXOpHV��OHV�IRUFHV�pODVWLTXHV�SHUPHWWHQW�GH�UpWDEOLUO·pTXLOLEUH� HQWUH� OHV� GHX[� SDUWLHV�� $LQVL�� SRXU� FUpHU� XQ� PDWpULDX� FRPSUHVVLEOH� GH� PDQLqUHKpWpURJqQH�RQ�SHXW�XWLOLVHU�OH�SRLGV�GH�OD�IRUFH�pODVWLTXH���SOXV�OH�SRLGV�GH�FHWWH�IRUFH�HQ�XQpOpPHQW�HVW�LPSRUWDQW��PRLQV�FHW�pOpPHQW�VHUD�FRPSUHVVLEOH�
��� %UDV
'DQV�FH�SDUDJUDSKH�O·H[HPSOH�XWLOLVp�HVW�FHOXL�GH�OD�FRQWUDFWLRQ�G·XQ�PXVFOH�HQ�YXH�G·REWHQLUXQ�PRXYHPHQW� GX� VTXHOHWWH��2XWUH� O·pWXGH� GH� OD� FRQWUDLQWH� GH� UDFFRUGHPHQW� HQWUH� UpJLRQpODVWLTXH� HW� UpJLRQ� VROLGH� HW� HQWUH� GHX[� UpJLRQV� VROLGHV�� QRXV� PRQWURQV� O·LQWpUrW� GH� ODGpIRUPDWLRQ�j�YROXPH�FRQVWDQW�QRQ�VHXOHPHQW�VXU�OH�SODQ�GH�OD�PRGpOLVDWLRQ��XQ�PXVFOH�VHFRQWUDFWH�j�YROXPH�FRQVWDQW���PDLV�DXVVL�VXU�FHOXL�GH�O·DQLPDWLRQ�HQ�LQIRJUDSKLH��FRKpUHQFH�GHOD�IRUPH�LQGXLWH�SDU�OD�FRQWUDLQWH��
������0RGqOH
/H�PRGqOH�GX�VTXHOHWWH�SURYLHQW�G·XQ�ILFKLHU�DX�IRUPDW��'�6WXGLR��GLVSRQLEOH�VXU�LQWHUQHW��ILOWUp�SRXU�rWUH�XWLOLVp�GDQV�QRWUH�PRGqOH�/D�SDUWLH�RVVHXVH�FRPSUHQG�O·RPRSODWH��UpJLRQ�VROLGH�IL[pH������pOpPHQWV���O·KXPpUXV��UpJLRQVROLGH�IL[pH������pOpPHQWV��� OH�FXELWXV��UpJLRQ�VROLGH������pOpPHQWV��� OH�UDGLXV��UpJLRQ�VROLGH�����pOpPHQWV��HW�OD�PDLQ��UpJLRQ�VROLGH������pOpPHQWV���/·RPRSODWH�HW�O·KXPpUXV�VRQW�IL[pV�HWQH�ERXJHURQW�SDV�SHQGDQW�OD�VLPXODWLRQ��7RXV�OHV�pOpPHQWV�GX�FXELWXV�HW�GX�UDGLXV�RQW�XQHPDVVH� QXOOH� VDXI� GHX[� pOpPHQWV� VLWXpV� DX[� H[WUpPLWpV� GHV� RV� �GDQV� OD� GLUHFWLRQ� SULQFLSDOHG·LQHUWLH���8Q�pOpPHQW�VLWXp�j�O·H[WUpPLWp�VXSpULHXUH�GH�FKDFXQ�GH�FHV�RV�HVW�IL[p��PRGpOLVDWLRQGH� O·DUWLFXODWLRQ� DX� FRXGH� IL[p���/HV� ���� pOpPHQWV�GH� OD�PDLQ�RQW�XQH�PDVVH�QRQ�QXOOH�� /DPDLQ�HVW�UHOLpH�DX�FXELWXV�SDU���OLDLVRQV�GH�W\SH�UpJLRQ�VROLGH�UpJLRQ�VROLGH�HW�SDU���OLDLVRQV�GHPrPH�W\SH�DX�UDGLXV��GRQF���OLHQV�GH�W\SH�UHVVRUW��
������������������������������������������������
��KWWS���ZZZ��GFDIH�FRP�DQDWRP\�KWP



��� 6LPXODWLRQ

/H�ELFHSV�D�pWp�FUpp�V\QWKpWLTXHPHQW�j�SDUWLU�G·XQ�HOOLSVRwGH��,O�HVW�PRGpOLVp�SDU�XQH�UpJLRQPXVFXODLUH� GH� ��� pOpPHQWV� GRQW� �� pOpPHQWV� VRQW� OLpV� DX� FXELWXV� SDU� XQH� FRQWUDLQWH� GHUDFFRUGHPHQW�HQWUH�UpJLRQ�VROLGH�HW�UpJLRQ�pODVWLTXH����DX�UDGLXV�HW���j�O·KXPpUXV�/D�)LJXUH���PRQWUH�OD�PRGpOLVDWLRQ�HW�O·REMHW��'�REWHQX�

2PRSODWHIL[p

+XPpUXV�IL[p

��OLDLVRQVVROLGH�VROLGH�UHVVRUWV�

��SRLQWV�IL[HV�FXELWXV�HWUDGLXV�
$[HV�G·LQHUWLH�GXFXELWXV�HW�GX�UDGLXV

%LFHSV��HOOLSVRwGH�

��OLDLVRQV�VROLGH�VROLGH

)LJXUH����/H�PRGqOH�GX�EUDV��/H�FXELWXV�HW�OH�UDGLXV�VRQW�PRGpOLVpVSDU�GHX[�pOpPHQWV�GH�PDVVH�QRQ�QXOOH�DX[�H[WUpPLWpV�GH� OHXU�D[HSULQFLSDO�G·LQHUWLH�

������6LPXODWLRQ
/D� VLPXODWLRQ�FRQVLVWH� j� ODLVVHU� OH�EUDV� VRXV� O·LQIOXHQFH�GH� OD� JUDYLWp�SHQGDQW� ���� LWpUDWLRQV�O·DYDQW�EUDV�V·DIIDLVVH���(QVXLWH�RQ�FRQWUDFWH� OH�PXVFOH�SHQGDQW������ LWpUDWLRQV��RQ� OH� ODLVVHFRQWUDFWp�SHQGDQW�HQFRUH������LWpUDWLRQV��SXLV�RQ�UHOkFKH�FHWWH�FRQWUDFWLRQ�SHWLW�j�SHWLW�2Q� PRQWUH� GHX[� VLPXODWLRQV�� 'DQV� OD� SUHPLqUH� OD� FRQWUDLQWH� GH� YROXPH� FRQVWDQW� HVWHPSOR\pH�VXU�OH�PXVFOH��)LJXUH�����PDLV�SDV�GDQV�OD�VHFRQGH��)LJXUH����



([HPSOHV ���

,WpUDWLRQ�� ,WpUDWLRQ���� ,WpUDWLRQ����� ,WpUDWLRQ����� ,WpUDWLRQ����� ,WpUDWLRQ�����
)LJXUH� ��� &RQWUDFWLRQ� GX� ELFHSV� j� YROXPH� FRQVWDQW�� ,WpUDWLRQ� ���pWDW�LQLWLDO��LWpUDWLRQ�������SRVLWLRQ�GH�O·DYDQW�EUDV�OD�SOXV�EDVVH�����LWpUDWLRQ�GH�FRQWUDFWLRQ�RQW�GpMj�pWp�HIIHFWXpHV���LWpUDWLRQ��������ODFRQWUDFWLRQ�HVW�PDLQWHQXH�MXVTX·j�O·LWpUDWLRQ�������,WpUDWLRQ�������OD� FRQWUDFWLRQ� HVW� j�QRXYHDX�QXOOH�� ,WpUDWLRQ�������� OH�EUDV� HVW� GHUHWRXU�j�OD�SRVLWLRQ�OD�SOXV�EDVVH��LGHQWLTXH�j�O·LWpUDWLRQ������

,WpUDWLRQ���� ,WpUDWLRQ�����

$FWLYDWLRQ�GH�OD�IRUFH�PXVFXODLUH
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)LJXUH����'pWDLO�GH�OD�FRQWUDFWLRQ�GX�PXVFOH�SRXU�OHV�LWpUDWLRQV�����GpEXW�GH�FRQWUDFWLRQ���������ILQ�GH�OD�SKDVH�G·DFFURLVVHPHQW�GH�ODIRQFWLRQ� GH� FRQWUDFWLRQ�� � GURLWH� IRQFWLRQ� G·DFWLYDWLRQ� DX� FRXUVGHV�LWpUDWLRQV�



��� 6LPXODWLRQ

,WpUDWLRQ�� ,WpUDWLRQ���� ,WpUDWLRQ����� ,WpUDWLRQ����� ,WpUDWLRQ����� ,WpUDWLRQ�����
)LJXUH� ��� &RQWUDFWLRQ� GX� ELFHSV� VDQV� YROXPH� FRQVWDQW� �PrPHIRQFWLRQ�G·DFWLYDWLRQ�GH�OD�IRUFH�PXVFXODLUH�TXH�SUpFpGHPPHQW��

������&RQFOXVLRQ
/HV�WHPSV�GH�FDOFXO�VRQW�LFL�GH������V�SDU�LWpUDWLRQ�ORUVTX·LO�Q·\�D�SDV�GH�YROXPH�FRQVWDQW�HW�GH�����V�SDU�LWpUDWLRQ�ORUVTXH�OD�FRQWUDLQWH�HVW�LPSRVpH�&RPPH�SUpFpGHPPHQW�OD�IRQFWLRQ�pODVWLTXH�SHUPHW�XQ�UHWRXU�FRUUHFW�j�OD�SRVLWLRQ�LQLWLDOH�/D�IRQFWLRQ�G·DFWLYDWLRQ��YRLU�)LJXUH����Q·D�SDV�GH�EDVH�SK\VLRORJLTXH��,O�HVW�SDU�FRQWUH�WRXW�jIDLW�SRVVLEOH�G·XWLOLVHU�XQH�IRQFWLRQ�G·DFWLYDWLRQ�SOXV�SURFKH�GH�OD�UpDOLWp��FRPPH�FHOOH�XWLOLVpSDU��&KHQ��������SDU�H[HPSOH��8Q�UHWDUG�GH�OD�IRUFH�GH�UDSSHO�GHV�UHVVRUWV�GH�FHV�OLHQV�HQWUDvQH�XQ�UHWDUG�GX�PRXYHPHQW��ODPDLQ� VXLW� OH� PRXYHPHQW� GX� EUDV� DYHF� XQ� OpJHU� GpFDODJH��� &HOD� HVW� WRWDOHPHQW� UpDOLVWH� HWPRGpOLVH�GHV�OLDLVRQV�SDU�OHV�WHQGRQV��6L�RQ�GpVLUH�pYLWHU�FH�JHQUH�GH�SUREOqPH��SDU�H[HPSOHGDQV� OH� FDGUH� GH�PRGpOLVDWLRQ� GH� FKDvQHV� DUWLFXOpHV�� LO� IDXW� IDLUH� DSSHO� j� XQH� UpVROXWLRQ� GHFRQWUDLQWHV��FHOOH�FL�QH�GHYDQW�SDV�IRUFpPHQW�rWUH�XQH�UpVROXWLRQ�H[DFWH��/D� FRPSDUDLVRQ� GH� OD� )LJXUH� �� HW� GH� OD� )LJXUH� �� QRXV� IRXUQLW� XQH� DXWUH�PRWLYDWLRQ� SRXUO·XWLOLVDWLRQ�GH� OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW�HQ�DQLPDWLRQ��� O·LPSRVLWLRQ�GH� OD�FRQWUDLQWHSHUPHW� OH�PDLQWLHQ� GH� OD� IRUPH� JpQpUDOH� GH� OD� UpJLRQ� �LFL� XQ� HOOLSVRwGH�� VDQV� FKDQJHU� VRQDFWLRQ� �JpQpUDWLRQ�GX�PRXYHPHQW�GX�VTXHOHWWH���(OOH� pYLWH�GRQF�G·DMRXWHU�G·DXWUHV� W\SHV�GHOLDLVRQV�PDVVH�UHVVRUW�RX�G·DXWUHV�W\SHV�GH�IRUFH�
��� &RQFHSWLRQ�G·REMHWV�j�YROXPH�FRQVWDQW
1RXV� DERUGRQV� LFL� XQH� DXWUH� IDoRQ� G·XWLOLVHU� OH� PRGqOH� SOXV� OLp� j� OD� FRQFHSWLRQ� RX� j� ODGpIRUPDWLRQ�G·REMHWV�SDU�XQ�PDQLSXODWHXU��/RUV�GH�FRQFHSWLRQ�G·REMHWV�SDU�PDQLSXODWLRQ�� LO



([HPSOHV ���

HVW�VRXYHQW�XWLOH�GH�SRXYRLU�JDUDQWLU�XQH�YDULDWLRQ�GH�YROXPH�QXOOH��/D�FRQWUDLQWH�GH�YROXPHFRQVWDQW��j�GHQVLWp�FRQVWDQWH��JDUDQWLW�OD�FRQVHUYDWLRQ�GH�OD�PDVVH��&HWWH�SURSULpWp�SHXW�rWUHSDUWLFXOLqUHPHQW�XWLOH�GDQV�FHUWDLQHV�RSpUDWLRQV�GH�GpIRUPDWLRQ�
������'pIRUPDWLRQ�j�YROXPH�FRQVWDQW
'DQV� XQ�SUHPLHU� WHPSV� QRXV� Q·XWLOLVHURQV� SDV� OH�PRGqOH� SK\VLTXH� GpYHORSSp� DX� FRXUV� GHFHWWH�WKqVH��PDLV�VLPSOHPHQW�OD�UpVROXWLRQ�GH�OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW��2Q�V·DSSXLHVXU�OH�IDLW�TXH�OD�UpVROXWLRQ�GX�YROXPH�FRQVWDQW�SDU�QRWUH�PpWKRGH�GpSODFH�OHV�pOpPHQWV�VHORQOHXU�QRUPDOH�j�OD�VXUIDFH��&H�TXL�YHXW�GLUH�TXH�OD�IRUPH�JpQpUDOH�DYDQW�HW�DSUqV�O·DSSOLFDWLRQ�GHOD�FRQWUDLQWH�QH�FKDQJH�TXH�WUqV�SHX�2Q�SDUW�G·XQ�REMHW�HQ�IRUPH�GH�EDQDQH��GLVSRQLEOH�VXU�LQWHUQHW���/H�ILFKLHU�GH�UHSUpVHQWDWLRQHVW�ILOWUp�SRXU�rWUH�XWLOLVHU�GDQV�QRWUH�PRGqOH��/·REMHW�ILQDO�HVW�FRPSRVp�G·XQH�VHXOH�UpJLRQ�GH���� pOpPHQWV� ����� IDFHWWHV��� /H� YROXPH� GH� FHWWH� UpJLRQ� HVW�PpPRULVp�� SXLV� RQ� GpIRUPH� ODVXUIDFH�GH�O·REMHW�j�O·DLGH�GH�O·LQWHUIDFH�VDQV�WHQLU�FRPSWH�GH�OD�YDULDWLRQ�GH�YROXPH��(QILQ�RQDIIHFWH�j�O·REMHW�GpIRUPp�OH�YROXPH�PpPRULVp�LQLWLDOHPHQW��$LQVL�HQWUH�O·REMHW�LQLWLDO�HW�O·REMHWILQDO� OH�YROXPH�HVW�FRQVHUYp� �ELHQ�TXH� OHV�SKDVHV� LQWHUPpGLDLUHV�DXWRULVHQW�XQH�YDULDWLRQ�GHYROXPH���'H�SOXV��SDU� OH� W\SH�GH� UpVROXWLRQ�HPSOR\p�� O·REMHW�GLIIqUH� WUqV�SHX�DYDQW�HW� DSUqVDSSOLFDWLRQ�GH�OD�FRQWUDLQWH�

D FE

)LJXUH� ��� /D� EDQDQH� HW� OH� ©�GDXSKLQ�ª� RQW� OH� PrPH� YROXPH�� D�O·REMHW� LQLWLDO�9� � ������ O��� E�� O·REMHW� GpIRUPp�9� � ������ O��� HW� F�O·REMHW�GpIRUPp�j�TXL�O·RQ�D�DIIHFWp�OH�YROXPH�GH�O·REMHW�LQLWLDO��9� ������O���

������'pIRUPDWLRQ�LQWHUDFWLYH�j�YROXPH�FRQVWDQW
'H� OD� PrPH� IDoRQ� RQ� SHXW� VH� VHUYLU� GH� OD� VLPXODWLRQ� HW� GHV� IRUFHV� pODVWLTXHV� WRXW� HQGpIRUPDQW� O·REMHW�j�YROXPH�FRQVWDQW��&HFL�HVW�SRVVLEOH�FDU� OD�UpVROXWLRQ�GH� OD�FRQWUDLQWH�HVWUDSLGH� �DX�PRLQV� VXU�GHV�REMHWV�GH� WDLOOH�PR\HQQH���'DQV� O·H[HPSOH�TXL� VXLW��RQ�SDUW�G·XQH



��� 6LPXODWLRQ

VSKqUH�GH����pOpPHQWV��HQJHQGUpH�PDWKpPDWLTXHPHQW���&HV�pOpPHQWV�VRQW�UHJURXSpV�HQ�XQHUpJLRQ�pODVWLTXH�GRQW�RQ�FRQWUDLQW�OH�YROXPH�2Q�GpIRUPH�O·REMHW�HQ�GpSODoDQW�OHV�pOpPHQWV�j�O·DLGH�G·XQH�FRQWUDLQWH��O·pOpPHQW�VpOHFWLRQQpHVW�FRQWUDLQW�j�VXLYUH�OHV�GpSODFHPHQWV�GH�OD�VRXULV��

����������������������������D�������������������������������������������������������������������������������������E

�����������������������������F��SURILO���������������������������������������������������������������������������F��IDFH

)LJXUH� ��� 'pIRUPDWLRQ� LQWHUDFWLYH� j� YROXPH� FRQVWDQW�� D�� IRUPHLQLWLDOH��E�� HQ�GpSODoDQW�XQ�pOpPHQW�YHUV� OH�KDXW�� OH�PDLOODJH� ORFDODXWRXU�GH�FHW�pOpPHQW�VXLW�JUkFH�j�OD�IRUFH�GH�PpPRLUH�GH�IRUPH��F�PRQWUH� OD� IRUPH� ILQDOH� DSUqV� GHV� GpSODFHPHQWV� LQWHUDFWLIV� GHSOXVLHXUV� DXWUHV� pOpPHQWV�� /·REMHW� ILQDO� �XQH� ©�WrWH� GH� FKDW�ª�"�� OHPrPH�YROXPH�TXH�OD�VSKqUH�LQLWLDOH�

(Q�GpSODoDQW�XQ�pOpPHQW��RQ�JpQqUH�XQH�IRUFH�pODVWLTXH�TXL�HQWUDvQH�XQH�GpIRUPDWLRQ�ORFDOHDXWRXU�GH�FHW�pOpPHQW��/D�IRUFH�pODVWLTXH�SHUPHW�GH�OLVVHU�OD�GpIRUPDWLRQ��YRLU�)LJXUH�����/HWHPSV�GH�FDOFXO�QpFHVVDLUH�DX�PRGqOH�HVW�GH������V�SDU�LWpUDWLRQ�FH�TXL�HVW�SOXV�TXH�VXIILVDQWSRXU�GH�OD�GpIRUPDWLRQ�HQ�WHPSV�UpHO�



0RGqOH�GX�WURQF ���

������&RQFOXVLRQ
1RXV�DYRQV�SUpVHQWp�LFL�GHX[�H[HPSOHV�LQGLUHFWHPHQW�OLpV�j�QRWUH�REMHFWLI�LQLWLDO��3RXUWDQW��HQXWLOLVDQW�FH�PrPH�SULQFLSH��QRXV�VRPPHV�FDSDEOHV�GH�PRGpOLVHU�OH�SRXPRQ��2Q�UDSSHOOH�TXHOH�SRXPRQ�HVW�XQ�pOpPHQW�SDVVLI�TXL�DGKqUH�WRXMRXUV�DX[�SDURLV�GH�OD�FDJH�WKRUDFLTXH��VXU�XQVXMHW� VDLQ��� 'H� SOXV� VD� GpIRUPDWLRQ� HVW� SULQFLSDOHPHQW� LVRWURSLTXH� �pJDOH� GDQV� WRXWHV� OHVGLUHFWLRQV���&RPPH�LO�HVW�SRVVLEOH�GH�GpGXLUH�OH�YROXPH�GHV�SRXPRQV�j�SDUWLU�GX�YROXPH�GH�ODFDJH�WKRUDFLTXH��HQ�VRXVWUD\DQW�OH�YROXPH�GX�PpGLDVWLQ��FRQVWDQW���QRXV�SRXUURQV�GpIRUPHUOHV�SRXPRQV�HQ�IL[DQW�j�FKDTXH�LWpUDWLRQ�OHXU�QRXYHDX�YROXPH�
�� 0RGqOH�GX�WURQF
/·REMHFWLI� LQLWLDO� GH� FHWWH� WKqVH� HVW� OD� PRGpOLVDWLRQ� GHV� PRXYHPHQWV� GX� WURQF� SHQGDQW� ODUHVSLUDWLRQ�� &H� SDUDJUDSKH�PRQWUH� O·XWLOLVDWLRQ� GH� QRWUH�PRGqOH� LQIRUPDWLTXH� GDQV� FH� EXW�$SUqV� DYRLU� pWXGLp� OD� ELEOLRJUDSKLH� GHV�PRGqOHV� GX� WURQF� HQ� SK\VLRORJLH� �SDUDJUDSKH� �����QRXV� SUpVHQWHURQV� XQ� PRGqOH� VLPSOLILp� GX� WURQF� �SDUDJUDSKH� ������ 1RWUH� GpPDUFKH� VHSRXUVXLW�HQVXLWH�SDU�OD�FRQVWUXFWLRQ�GX�PRGqOH�FRPSOHW�SXLV�SDU�O·pWXGH�VpSDUpH�GHV�GLIIpUHQWVFRPSRVDQWV�GX�PRGqOH� �SDUDJUDSKHV� ���� HW� ������&H�SDUDJUDSKH� VH� WHUPLQH�SDU� XQ� SUHPLHUUpVXOWDW�GH�VLPXODWLRQ�G·XQ�F\FOH�UHVSLUDWRLUH��SDUDJUDSKH������
��� %LEOLRJUDSKLH
1RXV� SUpVHQWRQV� LFL� OHV� SULQFLSDX[� PRGqOHV� GH� OD� PpFDQLTXH� GX� WURQF� SURSRVpV� GDQV� ODOLWWpUDWXUH�SK\VLRORJLTXH�� �.RQQR�HW�0HDG��������VRQW� OHV�SUHPLHUV�j�H[SORLWHU� OH�IDLW�TXH� OHYROXPH�SXOPRQDLUH�SHXW�rWUH�GpGXLW�GHV�PHVXUHV�EL�GLPHQVLRQQHOOHV�GX�WURQF���XQH�PHVXUH�GHO·H[WHQVLRQ�GH�OD�FDJH�WKRUDFLTXH�HW�O·DXWUH�GH�O·H[WHQVLRQ�GH�O·DEGRPHQ��&·HVW�OH�PRGqOH�j�GHX[FRPSDUWLPHQWV�� /D� FLQpPDWLTXH� GX� WURQF� SHXW� DORUV� rWUH� GpFULWH� SDU� GHX[� YDULDEOHV��� OD
YDULDWLRQ�GH�YROXPH�GH�OD�FDJH�WKRUDFLTXH� ctV∆ �HW�OD�YDULDWLRQ�GH�YROXPH�GH�O·DEGRPHQ� aV∆
�HQ�IDLW�LO�V·DJLW�GH�OD�YDULDWLRQ�GH�YROXPH�GX�FRPSDUWLPHQW�DEGRPLQDO���

act VVV ∆+∆=∆
�3ULPLDQR��������SUpVHQWH�XQ�RXWLO�JpQpUDO�SRXU�OD�PRGpOLVDWLRQ�GX�WURQF�XWLOLVDQW�OHV�EDODQFHVGH�SUHVVLRQV�/H�PRGqOH�GH��0HDG�HW�/RULQJ��������LQFOXW�GHV�UHODWLRQV�DQDWRPLTXHV�SOXV�UpDOLVWHV�HQWUH�OHGLDSKUDJPH�HW�OD�FDJH�WKRUDFLTXH��&HSHQGDQW�FH�Q·HVW�SDV�XQ�PRGqOH�JpQpUDO��LO�Q·HVW�SDV�DXVVLFRPSOHW�TXH�OH�SUpFpGHQW���%HQ�+DLP�HW� 6DLGHO�� ������SURSRVHQW� XQH� DSSURFKH� SKpQRPpQRORJLTXH� GHV� IRUFHV�� R�� OHVPRGqOHV�G·pTXDWLRQV�VRQW�DXVVL�GpULYpV�GHV�EDODQFHV�GH�SUHVVLRQ�HW�GHV�UHODWLRQV�JpRPpWULTXHVHQWUH� OHV� FRPSDUWLPHQWV��/HV� UpVXOWDWV� GH� FHV� VLPXODWLRQV� VRQW� FRQVLVWDQWV� TXDQWLWDWLYHPHQWDYHF�OHV�GRQQpHV�GLVSRQLEOHV�GDQV�OD�OLWWpUDWXUH��:DUG�HW�DO���������pWHQGHQW�XQ�PRGqOH�DQWpULHXU��/D�FDJH�WKRUDFLTXH�HVW�GLYLVpH�HQ�XQH�SDUWLHRSSRVpH�DX�SRXPRQ�HW�XQH�DXWUH�RSSRVpH�DX�GLDSKUDJPH��&·HVW�OH�SUHPLHU�PRGqOH�TXL�GRQQHGHX[� GHJUpV� GH� OLEHUWp� j� OD� FDJH� WKRUDFLTXH�� 'H� SOXV� FH� PRGqOH� JqUH� OD� QDWXUH� GXDOH� GXGLDSKUDJPH�7RXV� FHV� PRGqOHV� RQW� pWp� FRQVWUXLWV� HQ� UHJDUG� GHV� WHFKQLTXHV� G·DFTXLVLWLRQ� GH� GRQQpHVH[LVWDQWHV� �HVVHQWLHOOHPHQW� GHV� PHVXUHV� GHV� SUHVVLRQV� HW� GHV� YROXPHV� GDQV� GLIIpUHQWV



��� 6LPXODWLRQ

FRPSDUWLPHQWV� GX� WURQF��� ,OV� RQW� O·DYDQWDJH� GH� GpFULUH� GH� PDQLqUH� IRQFWLRQQHOOH� OHFRPSRUWHPHQW� GHV� VWUXFWXUHV� TX·LOV� VLPXOHQW�� /·DQDWRPLH� Q·HVW� SULVH� HQ� FRPSWH� TXHVXFFLQFWHPHQW�SRXU�GpILQLU�GHV�FRPSDUWLPHQWV�OLpV�j�FHV�VWUXFWXUHV�$XMRXUG·KXL�RQ�GLVSRVH�G·DXWUHV�V\VWqPHV�GH�PHVXUHV�LQFOXDQW�O·DVSHFW�JpRPpWULTXH�GX�WURQFDX�FRXUV�GH�OD�UHVSLUDWLRQ��8Q�SUHPLHU�SDV�GDQV�FHW�DVSHFW�JpRPpWULTXH�GH�OD�PpFDQLTXH�GXWURQF�D�pWp� IUDQFKL�SDU� �.D\H�HW�DO����������YRLU� DXVVL� �.D\H�HW� DO��� �������TXL�SUpVHQWHQW�XQPRGqOH�FLQpPDWLTXH�HW�G\QDPLTXH��/HXU�PRGqOH�HVW�EDVp�j�OD�IRLV�VXU�OD�SK\VLRORJLH��j�SDUWLUGHV� pTXDWLRQV� GH� SUHVVLRQ�YROXPH� GpILQLHV� GDQV� �3ULPLDQR�� ������� HW� VXU� O·DQDWRPLH�VHJPHQWDWLRQ�GH�FRXSHV�WRPRJUDSKLTXHV���/D�FDJH�WKRUDFLTXH��OH�GLDSKUDJPH�HW�OH�PpGLDVWLQVRQW� PRGpOLVpV� GH� PDQLqUH� FLQpPDWLTXH� �OHXUV� GpSODFHPHQWV� VRQW� LQWHUSROpV� j� SDUWLU� GHVYDOHXUV� GH� SUHVVLRQV� HW� GH� YROXPHV� DYHF� OHVTXHOOHV� LOV� VRQW� DVVRFLpV��� &KDTXH� SRXPRQ� HVWPRGpOLVp�j� OD�IRLV�FLQpWLTXHPHQW��SDU� OHV�pTXDWLRQV�GH�SUHVVLRQ�YROXPH��HW�G\QDPLTXHPHQW�XQ� QR\DX� GH� GpIRUPDWLRQ� DQLVRWURSLTXH� HW� XQH� VXUIDFH� UHOLpH� DX� QR\DX� SDU� GHV� UHVVRUWVFODVVLTXHV�VH�GpIRUPDQW�LVRWURSLTXHPHQW���8Q�HQYLURQQHPHQW��'�FRPSOHW�HVW�DLQVL�GpILQL�HWSHUPHW�O·REVHUYDWLRQ�HW�OD�PRGXODWLRQ�GHV�GLIIpUHQWV�SDUDPqWUHV�%LHQ�TXH�FHV�GHUQLHUV�WUDYDX[�SXLVVHQW�rWUH�UHOLpV�j�FHOXL�SUpVHQWp�GDQV�FHWWH�WKqVH��RQ�QRWHUDFHSHQGDQW�TXH� OHV�PRXYHPHQWV�GX� WURQF�QH�VRQW�SDV�HQWLqUHPHQW�SULV� HQ�FRPSWH� �DEVHQFHG·DEGRPHQ��HW�TXH�FH�VRQW�OHV�pTXDWLRQV�SK\VLRORJLTXHV�TXL�SLORWHQW�OHV�GpIRUPDWLRQV��1RWUHDSSURFKH�HVW�TXHOTXH�SHX�GLIIpUHQWH�SXLVTXH�QRXV�GpVLURQV�XQ�PRGqOH�PpFDQLTXH�SHUPHWWDQWG·HQJHQGUHU�HQWLqUHPHQW�OHV�PRXYHPHQWV�1RXV�DOORQV�SUpVHQWHU�PDLQWHQDQW�QRWUH�PRGpOLVDWLRQ�GX�WURQF�
��� 0RGqOH�VLPSOLILp
1RXV� DYRQV� GpMj� YX� DX� FKDSLWUH� �� O·LPSRUWDQFH� GH� O·LQFRPSUHVVLELOLWp� GH� O·DEGRPHQ�� &HWWHSURSULpWp�HVW�HVVHQWLHOOH�FDU�HOOH�SHUPHW�j�O·DEGRPHQ�GH�MRXHU�OH�U{OH�GH�SRLQW�GH�OHYLHU�ORUV�GHOD� FRQWUDFWLRQ� GX� GLDSKUDJPH�� 'DQV� XQ� SUHPLHU� WHPSV� QRXV� DYRQV� GRQF� FKHUFKp� jUHSUpVHQWHU�OH�V\VWqPH�FRPSRVp�GH�O·DEGRPHQ��GX�GLDSKUDJPH�HW�G·XQH�FDJH�WKRUDFLTXH�WUqVVLPSOLILpH��&H�PRGqOH�D�pWp�SUpVHQWp�j�OD��qPH�(XURSHDQ�&RQIHUHQFH�RI�0DWKHPDWLFV�DSSOLHGWR� %LRORJ\� DQG� 0HGLFLQH��� +HLGHOEHUJ� �$OOHPDJQH��� HQ� RFWREUH� ����� �©�D� SK\VLFDOO\�EDVHGPRGHO�IRU�PRGHOOLQJ�WKH�UHVSLUDWRU\�PRYHPHQWV�RI�WKH�WUXQN�ª��(��3URPD\RQ��3��%DFRQQLHU�&��3XHFK����YRLU�DXVVL��3URPD\RQ�HW�DO���������
������0RGqOH
3RXU� FHOD� QRXV� DYRQV� FRQVWUXLW� XQ� REMHW� FRPSRVp� GH� WURLV� UpJLRQV��� XQH� UpJLRQ� pODVWLTXHUHSUpVHQWDQW� OD� SDURL� DEGRPLQDOH� ���� pOpPHQWV��� XQH� UpJLRQ� PXVFXODLUH� UHSUpVHQWDQW� OHGLDSKUDJPH� ����pOpPHQWV�� HW� DWWDFKpH� VXU�XQH� UpJLRQ� VROLGH� ���� pOpPHQWV�� UHSUpVHQWDQW�XQHSDLUH�GH�F{WHV� ILFWLYHV��/D� UpJLRQ�pODVWLTXH�HW� OD� UpJLRQ�PXVFXODLUH�GpOLPLWHQW� O·DEGRPHQ��GHIRUPH�HOOLSVRwGH��GRQW�OH�YROXPH�GRLW�UHVWHU�FRQVWDQW��&HUWDLQV�pOpPHQWV�GH�O·REMHW�VRQW�IL[pVGDQV�O·HVSDFH�DILQ�GH�UHSUpVHQWHU�OHV�RV�GX�EDVVLQ�HW�OH�UDFKLV��DX�WRWDO����pOpPHQWV�VRQW�IL[pV��YRLU�)LJXUH����/RUV�GH�OD�FRQWUDFWLRQ�GH�OD�UpJLRQ�PXVFXODLUH��HW�JUkFH�j�OD�SURSULpWp�G·LQFRPSUHVVLELOLWp�GHO·DEGRPHQ��LO�\�D�ELHQ�pOpYDWLRQ�GH�OD�UpJLRQ�VROLGH�V\PEROLVDQW�OD�FDJH�WKRUDFLTXH�
������������������������������������������������
��KWWS���ZZZ�LZU�XQL�KHLGHOEHUJ�GH�(&0%0���



0RGqOH�GX�WURQF ���

$EGRPHQ

3DLUH�GHF{WHV�ILFWLYHV

'LDSKUDJPH

eOpPHQWVIL[pV

)LJXUH�����0RGqOH�VLPSOLILp�GH� OD�PpFDQLTXH�GX� WURQF�SHQGDQW� ODUHVSLUDWLRQ�

������6LPXODWLRQ
/D�VLPXODWLRQ�G·XQ�F\FOH�UHVSLUDWRLUH�FRQVLVWH�j�FRQWUDFWHU�OH�PXVFOH�GX�GLDSKUDJPH�SHQGDQW���LWpUDWLRQV��j�ODLVVHU�OH�PXVFOH�FRQWUDFWp�GH�OD�VRUWH�SHQGDQW�����LWpUDWLRQV��SXLV�j�UHOD[HU�OHPXVFOH��&H�F\FOH�HVW�UHSUpVHQWp�j�OD�)LJXUH����



��� 6LPXODWLRQ

,WpUDWLRQ��������������������������������������������,WpUDWLRQ���������������������������������������������,WpUDWLRQ����

,WpUDWLRQ��������������������������������������������,WpUDWLRQ��������������������������������������������,WpUDWLRQ����
)LJXUH�����&\FOH�UHVSLUDWRLUH�VXU�OH�PRGqOH�VLPSOLILp��'H�O·LWpUDWLRQ�� j� O·LWpUDWLRQ� ����� FRQWUDFWLRQ� PXVFXODLUH�� PrPH� pWDW� GHFRQWUDFWLRQ� MXVTX·j� O·LWpUDWLRQ� ����� (QVXLWH� OD� IRUFH� PXVFXODLUHGpFURvW�HW�O·REMHW�UHWRXUQH�j�VD�IRUPH�LQLWLDOH�

������&RQFOXVLRQ
/H�WHPSV�GH�FDOFXO�HVW�GH�������VHFRQGHV�SDU�LWpUDWLRQ��������VHFRQGHV�ORUVTXH�O·RQ�HQOqYH�ODFRQWUDLQWH� VXU� OH� YROXPH�� /D� PrPH� VLPXODWLRQ� PDLV� DYHF� XQ� DEGRPHQ� QRQ� FRQWUDLQW� HQYROXPH�QH�SUpVHQWH�TX·XQ� WUqV� IDLEOH� VRXOqYHPHQW�GH� OD�SDLUH�GH�F{WHV��*UkFH�j� FH�PRGqOHVLPSOLILp�QRXV�DYRQV�SX�YpULILHU�OH�IRQFWLRQQHPHQW�JOREDO�GH�OD�PpFDQLTXH�GX�WURQF�
��� &RQVWUXFWLRQ�GX�PRGqOH
1RXV�DOORQV�PDLQWHQDQW�PRQWUHU�XQ�PRGqOH�SOXV�FRPSOHW�GX�WURQF��3RXU�OH�FRQVWUXLUH�QRXVVRPPHV�SDUWLV�GH�GRQQpHV�DQDWRPLTXHV�HW�QRXV�DYRQV�XWLOLVp�WURLV�VRXUFHV�GLIIpUHQWHV�3RXU�OD�SDUWLH�RVVHXVH�GH�OD�FDJH�WKRUDFLTXH��QRXV�QRXV�VRPPHV�VHUYLV�GH�OD�PrPH�EDVH�GHGRQQpHV�TXH�FHOOH�GX�EUDV��&KDFXQH�GHV�F{WHV��DLQVL�TXH�OH�VWHUQXP��D�HQVXLWH�pWp�VLPSOLILp�HQGLVSRVDQW�GHV�pOpPHQWV�VHORQ�OD�FRXUEH�SULQFLSDOH�GH�OD�F{WH�



0RGqOH�GX�WURQF ���

/·DEGRPHQ�D�pWp�REWHQX�j�SDUWLU�GH�GRQQpHV�G·XQ�DXWUH�SURMHW�GX� ODERUDWRLUH��8Q� WURQF�GHPDQQHTXLQ�PLQLDWXUH�D�pWp�QXPpULVp�SDU�EDOD\DJH� ODVHU� VHORQ�GLIIpUHQWV�DQJOHV�GH�YXHV��/HVSRLQWV��'��DLQVL�DFTXLV�SXLV�PLV�HQ�FRUUHVSRQGDQFH��RQW�HQVXLWH�pWp�XWLOLVpV�SRXU�UHFRQVWUXLUH
OD�VXUIDFH�SDU�OD�PpWKRGH�GHV�δ �VQDNHV��YRLU��%LWWDU�HW�DO������������SDUWLU�OD�VXUIDFH��'�GX
WURQF��QRXV� DYRQV� pOLPLQp� JUkFH� j�QRWUH�SURJUDPPH� OHV� GRQQpHV� FRUUHVSRQGDQW� j� OD� SDUWLHVXSpULHXUH�GH� OD�FDJH� WKRUDFLTXH�SRXU�QH�JDUGHU�TXH� OD�SDUWLH� DEGRPLQDOH��SXLV�QRXV�DYRQVUpJXODULVp�OD�GLVSRVLWLRQ�GHV�pOpPHQWV�/·REVHUYDWLRQ�GHV�FRXSHV�,50�GX�SURMHW�9LVLEOH�+XPDQ���QRXV�D�SHUPLV�GH�FRQFHYRLU� �SDUPDQLSXODWLRQ�G·XQH�VXUIDFH��OD�UpJLRQ�PXVFXODLUH�FRUUHVSRQGDQW�DX�GLDSKUDJPH�/H� PRGqOH� GX� WURQF� �YRLU� )LJXUH� ���� GRQW� QRXV� GLVSRVRQV� HVW� GRQF� XQH� DSSUR[LPDWLRQSXLVTX·LO�QH�SURYLHQW�SDV�HQWLqUHPHQW�G·XQ�PrPH�VXMHW�W\SH�

&DJHWKRUDFLTXH

'LDSKUDJPH

$EGRPHQ

9XH�GX�PDLOODJH 9XH�GH�IDFH9XH�GH�SURILO
)LJXUH�����0RGqOH�GX�WURQF�FRQVWUXLW�SRXU�OD�VLPXODWLRQ�

1RXV� DOORQV� G·DERUG� pWXGLHU� FKDTXH� VWUXFWXUH� VpSDUpPHQW� �SDUDJUDSKH� ����� SXLV� QRXVPRQWUHURQV�XQH�VLPXODWLRQ�G·XQ�F\FOH�UHVSLUDWRLUH��SDUDJUDSKH������
��� eWXGH�VpSDUpH�GHV�VWUXFWXUHV�FRPSRVDQW�OH�PRGqOH�FRPSOHW
/·pWXGH� VpSDUpH�GHV��� VWUXFWXUHV� �FDJH� WKRUDFLTXH��SDURLV� DEGRPLQDOHV� HW�GLDSKUDJPH��QRXVSHUPHWWUD� GH� YpULILHU� OHXUV� SURSULpWpV� VSpFLILTXHV� HW� GH� FDOLEUHU� FHV� SURSULpWpV� DYDQWO·DVVHPEODJH�HQ�XQ�VHXO�REMHW�

������������������������������������������������
��KWWS���ZZZ�QSDF�V\U�HGX�SURMHFWV�YLVKXPDQ�9LVLEOH+XPDQ�KWPO



��� 6LPXODWLRQ

������/D�FDJH�WKRUDFLTXH
3RXU�REWHQLU�XQ�PRGqOH� VLPSOLILp� HW�JpRPpWULTXHPHQW�FRUUHFW��RQ�D�H[WUDLW� OHV� FRXUEHV�GHVF{WHV�j�SDUWLU�GH�OHXUV�UHSUpVHQWDWLRQV�VRXV�IRUPH�GH�IDFHWWHV��2Q�D�DLQVL�REWHQX����UpJLRQVVROLGHV�GH���j���pOpPHQWV�UHSUpVHQWDQW�OHV����SUHPLqUHV�SDLUHV�GH�F{WHV����UpJLRQV�VROLGHV�GH��RX���pOpPHQWV�UHSUpVHQWDQW�OHV���SDLUHV�GH�F{WHV�IORWWDQWHV�HW�XQH�UpJLRQ�VROLGH�GH����pOpPHQWVUHSUpVHQWDQW�OH�VWHUQXP�HW�OD�SDUWLH�DQWpULHXUH�GHV�F{WHV��YRLU�)LJXUH�����

6WHUQXP�HWSDUWLHDQWpULHXUHGHV�F{WHV &{WH

eOpPHQW�IL[p

2EMHW�RULJLQDO 5pJLRQV�REWHQXHV
/LDLVRQ�VROLGH�

VROLGH

)LJXUH� ���� 2EWHQWLRQ� GHV� ��� UpJLRQV� VROLGHV� PRGpOLVDQW� OD� FDJHWKRUDFLTXH� �XQH� UpJLRQ� VROLGH� SDU� F{WH� HW� XQH� UpJLRQ� FHQWUDOH��/·pOpPHQW� GRUVDO� GH� FKDTXH� F{WH� HVW� IL[p�� O·pOpPHQW� DQWpULHXU� HVWSRVLWLRQQp�DX�PrPH�HQGURLW�TXH�VRQ�KRPRORJXH�GX�VWHUQXP�HW�HVWUHOLp�j�FHOXL�FL�SDU�XQH�OLDLVRQ�HQWUH�UpJLRQV�VROLGHV��W\SH�UHVVRUW��

3RXU� pWXGLHU� OH� FRPSRUWHPHQW� HW� FDOLEUHU� OHV� OLDLVRQV� DX� QLYHDX� GX� VWHUQXP�� XQH� IRUFH� GHJUDYLWp� �YHUV� OH�EDV�� HVW� DSSOLTXpH�j� OD� UpJLRQ� FHQWUDOH��8QH� IRLV� FHWWH� IRUFH� HQOHYpH� OD� FDJHWKRUDFLTXH�GRLW�UHWRXUQHU�j�SHX�SUqV�j�VD�IRUPH�HW�SRVLWLRQ�GH�GpSDUW�GX�IDLW�GH�VRQ�pODVWLFLWp�&HWWH�VLPXODWLRQ�HVW�PRQWUpH�j�OD�)LJXUH����



0RGqOH�GX�WURQF ���

,WpUDWLRQ�� ,WpUDWLRQ�����,WpUDWLRQ����

)LJXUH�����8QH�IRUFH�GH�JUDYLWp�DSSOLTXpH�j�OD�UpJLRQ�FHQWUDOH�GH�ODFDJH�WKRUDFLTXH�HQWUDvQH�O·HQVHPEOH�GHV�F{WHV�YHUV�OH�EDV��LWpUDWLRQ��j�������8QH�IRLV�OD�IRUFH�DQQXOpH��OD�FDJH�WKRUDFLTXH�UHYLHQW�SHX�jSHX�j�VD�SRVLWLRQ�GH�GpSDUW�SDU�pODVWLFLWp�

/H�PrPH�W\SH�GH�PRGpOLVDWLRQ�HVW�HPSOR\p�SDU��&ORVNH\�HW�DO���������TXL��SRXU�pWXGLHU�GHVGpIRUPDWLRQV� SDWKRORJLTXHV� GH� OD� FDJH� WKRUDFLTXH� �GDQV� OH� FDV� GH� VFROLRVHV� SDU� H[HPSOH��FRQVLGqUH� XQ� PRGqOH� G·pOpPHQWV� ULJLGHV� DUWLFXOpV� j� O·DLGH� GH� UHVVRUWV�� &HSHQGDQW� FHWWHPRGpOLVDWLRQ� QH� IDLW� SDV� DSSHO� j� OD� G\QDPLTXH� �VHXOV� OHV� FRPSRUWHPHQWV� VWDWLTXHV� HW� GHVSRVLWLRQV�G·pTXLOLEUH�VRQW�VLPXOpV��
������/·HQVHPEOH�FRPSRVp�SDU�O·DEGRPHQ�HW�GLDSKUDJPH
'DQV� FH� SDUDJUDSKH� RQ� pWXGLH� OH� FRPSRUWHPHQW� GH� O·HQVHPEOH� GpOLPLWDQW� O·DEGRPHQ��� OHVSDURLV� DEGRPLQDOHV� HW� OH� GLDSKUDJPH�� &·HVW� LFL� TXH� OD� SURSULpWp� GH� YROXPH� FRQVWDQW� VHUDXWLOLVpH�/HV�SDURLV�DEGRPLQDOHV�VRQW�FRQVWLWXpHV�SDU�OD�VLPSOLILFDWLRQ�G·XQ�PRGqOH�GH�OD�VXUIDFH�G·XQWURQF��/H�GLDSKUDJPH�HVW�REWHQX�SDU�PDQLSXODWLRQ�G·XQH�VXUIDFH��YRLU�)LJXUH�����



��� 6LPXODWLRQ

GLDSKUDJPH

3DURLVDEGRPLQDOHV

)LJXUH� ���� (QVHPEOH� GpOLPLWDQW� O·DEGRPHQ��� SDURLV� DEGRPLQDOHV����pOpPHQWV��HW�GLDSKUDJPH�����pOpPHQWV��

���pOpPHQWV�GH�OD�UpJLRQ�pODVWLTXH�UHSUpVHQWDQW�OHV�SDURLV�DEGRPLQDOHV�VRQW�IL[pV��UHSUpVHQWDQWOH�UDFKLV�HW�OHV�RV�GX�EDVVLQ��TXH�O·RQ�FRQVLGqUH�FRPPH�IL[H�GDQV�QRWUH�PRGqOH���6HXOV�OHV�GHX[pOpPHQWV�GRUVDX[�GX�GLDSKUDJPH�VRQW�IL[pV�&RPPH�GDQV�OH�PRGqOH�VLPSOLILp��QRXV�DOORQV�FRQWUDFWHU�OD�UpJLRQ�PXVFXODLUH�GX�GLDSKUDJPHHW�REVHUYHU� OH� FRPSRUWHPHQW�GH� O·DEGRPHQ��7RXMRXUV� DILQ�GH� FDOLEUHU� OHV�SDUDPqWUHV�� QRXVHIIHFWXRQV� FHWWH� FRQWUDFWLRQ� VXU� O·HQVHPEOH� DEGRPHQ�GLDSKUDJPH� VDQV� OH� UHOLHU� j� OD� FDJHWKRUDFLTXH��)LJXUH�����/H�PXVFOH� GX� GLDSKUDJPH� HVW� G·DERUG� FRQWUDFWp�� LO� HQ� UpVXOWH� XQH� GpIRUPDWLRQ� GHV� SDURLVDEGRPLQDOHV��DILQ�GH�UHVSHFWHU�OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW���/H�PXVFOH�HVW�HQVXLWH�UHOD[pHW� O·REMHW� UHSUHQG� VD� IRUPH� LQLWLDOH��2Q� SHXW� GpMj� QRWHU� TX·LFL� HQFRUH� OH� UHWRXU� j� OD� IRUPHLQLWLDOH�HVW�SOXV�OHQW�TXH�OD�GpIRUPDWLRQ�



0RGqOH�GX�WURQF ���

,WpUDWLRQ�� ,WpUDWLRQ���� ,WpUDWLRQ���� ,WpUDWLRQ�����
)LJXUH� ���� 8QH� SKDVH� GH� UHVSLUDWLRQ� VXU� O·HQVHPEOH� DEGRPHQ�GLDSKUDJPH� �FRQWUDFWLRQ� GH� O·LWpUDWLRQ� �� j� O·LWpUDWLRQ� ����� SXLVUHOD[DWLRQ�GH�OD�IRUFH�PXVFXODLUH���/H�WHPSV�GH�FDOFXO�HVW�GH������VSDU�LWpUDWLRQ�

&KDTXH� FRPSRVDQW� GX�PRGqOH� FRPSOHW� D� pWp� pWXGLp� V\VWpPDWLTXHPHQW�� QRXV� DYRQV� FDOLEUpJURVVLqUHPHQW� OHV� SDUDPqWUHV� GX� PRGqOH� JOREDO�� 0DLQWHQDQW� QRXV� DOORQV� UDVVHPEOHU� OHVGLIIpUHQWHV�VWUXFWXUHV�HW�XWLOLVHU�OHV�PrPHV�SDUDPqWUHV�VXU�OH�PRGqOH�JOREDO�
��� 6LPXODWLRQ
/H�PRGqOH�FRPSOHW�UHSUpVHQWH�����pOpPHQWV� UpSDUWLV�HQ����UpJLRQV� ����UpJLRQV�VROLGHV��XQHUpJLRQ�pODVWLTXH�HW�XQH�UpJLRQ�PXVFXODLUH������pOpPHQWV�VRQW�IL[pV�3RXU�OLHU�OD�FDJH�WKRUDFLTXH�DX�GLDSKUDJPH�RQ�XWLOLVH�OD�FRQWUDLQWH�GH�UDFFRUGHPHQW�HQWUH�OHVpOpPHQWV�GH�OD�SDUWLH�FRVWDOH�GX�GLDSKUDJPH��&HWWH�FRQWUDLQWH�SRUWH�VXU���pOpPHQWV�VHXOHPHQW�2Q�UHSUHQG�OHV�SDUDPqWUHV�GH�FRQWUDFWLRQ�WURXYpV�SRXU�OD�VWUXFWXUH�DEGRPHQ�GLDSKUDJPH��/HWHPSV�GH�FDOFXO�HVW�GH�������V�SDU�LWpUDWLRQ��/H�UpVXOWDW�HVW�SUpVHQWp�j�OD�)LJXUH����



��� 6LPXODWLRQ

,WpUDWLRQ�� ,WpUDWLRQ���� ,WpUDWLRQ����� ,WpUDWLRQ�����

)LJXUH� ���� 6LPXODWLRQ� G·XQ� F\FOH� UHVSLUDWRLUH�� &RQWUDFWLRQ� GXPXVFOH� GH� O·LWpUDWLRQ� �� j� O·LWpUDWLRQ� ����� SXLV� UHOD[DWLRQ�/·DEDLVVHPHQW� GX� GLDSKUDJPH� HW� OH� JRQIOHPHQW� GH� O·DEGRPHQ� HVWELHQ� UHSUpVHQWp�� /·pOpYDWLRQ� GHV� F{WHV� HVW� DXVVL� SUpVHQWH� FRPPHGDQV� OD� UpDOLWp�� PDLV� HW� WUqV� IDLEOH�� FH� TXL� FRUUHVSRQG� DXVVL� j� XQF\FOH�UHVSLUDWRLUH�GH�UHSRV�

������&RQFOXVLRQ
2Q�D�YX�WRXW�DX�ORQJ�GH�FHV�VLPXODWLRQV�TXH�OH�WHPSV�GH�FDOFXO�SDU�LWpUDWLRQ�SRXU�OHV�PRGqOHVGH� WDLOOH�PR\HQQH� TXH� O·RQ� XWLOLVH� HVW� WUqV� FRXUW� �GH� O·RUGUH� GX� FHQWLqPH� GH� VHFRQGH� VXU� ODVWDWLRQ� GH� WUDYDLO� XWLOLVpH�� XQH� '(&� $OSKDVWDWLRQ� ���� FDGHQFpH� j� ���� 0K]��� 3RXU� OHVVLPXODWLRQV�GH�OD�)LJXUH�����SDU�H[HPSOH�OH�FDOFXO�G·XQH�LWpUDWLRQ��HQ�WHPSV�XWLOLVDWHXU�HW�QRQSDV� WHPSV�&38�� QpFHVVLWH� ������ VHFRQGHV�� &HSHQGDQW� OH� WHPSV� G·DIILFKDJH� GHV� GRQQpHV� jO·pFUDQ�GHPDQGH�OXL�������VHFRQGHV��GRQW������VHFRQGHV�SRXU�O·DIILFKDJH��'�SDU�2SHQ*/���HWFH�ELHQ�TXH� O·DFFpOpUDWHXU� JUDSKLTXH�GH� OD�PDFKLQH�XWLOLVpH� VRLW� WUqV�SXLVVDQW��2Q� V·DSHUoRLWGRQF�TXH��PrPH� VL� OD� SDUDOOpOLVDWLRQ� GH� O·DOJRULWKPH� HVW� SRVVLEOH� �WRXV� OHV� FDOFXOV�� VDXI� XQH



&RPSDUDLVRQ�HW�YDOLGDWLRQ ���

SDUWLH� GH� FHOXL� GH� OD� FRQWUDLQWH� GH� YROXPH� FRQVWDQW� TXL� QpFHVVLWH� DX� WRWDO� ������ VHFRQGHV�SHXYHQW�VH�IDLUH�DX�QLYHDX�GHV�pOpPHQWV���HOOH�QH�SHUPHWWUDLW�SDV�XQ�JDLQ�GH�WHPSV�VLJQLILFDWLI�/H�PRGqOH�GX�WURQF�PHW�HQ�±XYUH�GHV�LQWHUDFWLRQV�DVVH]�FRPSOH[HV�HW�OH�SUHPLHU�PRGqOH�TXHO·RQ�SUpVHQWH�LFL�QH�VDXUDLW�GpFULUH�XQ�ODUJH�VSHFWUH�GH�FRPSRUWHPHQWV��&HSHQGDQW��HW�ELHQ�TXHQRXV� Q·D\RQV� SDV� HQFRUH� YDOLGp� TXDQWLWDWLYHPHQW� OH� PRGqOH�� XQH� YDOLGDWLRQ� TXDOLWDWLYHSUpDODEOH��JpRPpWULTXHPHQW�FRUUHFWH��D�pWp�IRXUQLH�1RXV� DOORQV�PDLQWHQDQW�� HQ� JXLVH� GH� SHUVSHFWLYH�� H[SRVHU� EULqYHPHQW� OHV� WHFKQLTXHV� HW� OHVPpWKRGHV�j�PHWWUH�HQ�±XYUH�SRXU�REWHQLU�XQH�VLPXODWLRQ�SOXV�H[DFWH�GH�OD�UpDOLWp�
�� &RPSDUDLVRQ�HW�YDOLGDWLRQ
/H�SUREOqPH�SRVp�SDU�WRXWH�PRGpOLVDWLRQ�HVW�FHOXL�GH�OD�YDOLGDWLRQ��/D�TXHVWLRQ�IRQGDPHQWDOHHVW�GH�VDYRLU�VL�OH�PRGqOH�UHSURGXLW��RX�SHXW�UHSURGXLUH��FRUUHFWHPHQW�OD�UpDOLWp��1RXV�DYRQVYX� TX·LO� pWDLW� SRVVLEOH� GH� UHSURGXLUH� GHV� FRPSRUWHPHQWV� VLPLODLUHV� j� OD� UpDOLWp� j� O·DLGH� GXPRGqOH� JpQpUDWHXU� GpYHORSSp� GDQV� FHWWH� WKqVH�� 1RXV� FKHUFKRQV� PDLQWHQDQW� j� GpWHUPLQHUGDQV� TXHOOH� PHVXUH� OHV� FRPSRUWHPHQWV� IRXUQLV� SDU� FH� PRGqOH� VRQW� FRQIRUPHV� DX[FRPSRUWHPHQWV�UpHOV�3RXU�LQIOXHU�VXU�OH�FRPSRUWHPHQW�REWHQX�HQ�VRUWLH�GX�PRGqOH�GH�GpIRUPDWLRQ�GX�WURQF��QRXVSRXYRQV�VRLW�PDQLSXOHU�OHV�SDUDPqWUHV�GH�O·REMHW��PDVVH�HW�SRLGV�GH�IRUFHV���VRLW�VD�JpRPpWULH�3RXU� VLPSOLILHU�� QRXV� FRQVLGpURQV� GDQV� FH� SDUDJUDSKH� O·REMHW� WURQF� GpILQL� SOXV� KDXW� �FDJHWKRUDFLTXH�� DEGRPHQ� HW� GLDSKUDJPH�� FRPPH� XQH� FRQVWDQWH�� /H� SUREOqPH� UHYLHQW� GRQF� jLGHQWLILHU�OHV�SDUDPqWUHV�DILQ�G·REWHQLU�XQ�FRPSRUWHPHQW�FRUUHFW�'DQV� OD� OLWWpUDWXUH� LQIRJUDSKLTXH� FH� SUREOqPH� UHVWH� HQFRUH� WUqV� RXYHUW�� /D� SOXSDUW� GHVUHFKHUFKHV�VH�VLWXHQW�SOXV�VXU�OH�SODQ�GH�OD�SDUDPpWULVDWLRQ�j�EXW�G·RSWLPLVDWLRQ�TXH�VXU�FHOXLGH� O·LGHQWLILFDWLRQ��� OHV�SDUDPqWUHV� FRQVHUYpV� VRQW� FHX[�TXL�SHUPHWWHQW� XQ�PRXYHPHQW�SOXVUDSLGH� RX� SOXV� IOXLGH�� 2Q� SHXW� FLWHU� �*U]HV]F]XN� HW� 7HU]RSRXORV�� ������ TXL� RSWLPLVH� ODWUDMHFWRLUH�G·REMHWV�PRGpOLVpV�SDU�XQ�PRGqOH�JpQpUDWHXU�JUkFH�j�O·DSSUHQWLVVDJH�
/·LGHQWLILFDWLRQ� GH� SDUDPqWUHV� SHXW� rWUH� YXH� VRXV� O·DQJOH� GH� OD� PLQLPLVDWLRQ� G·HUUHXU� �RQFKHUFKH�j�PLQLPLVHU�O·HUUHXU�FRPPLVH�SDU�OD�VLPXODWLRQ�SDU�UDSSRUW�j�OD�UpDOLWp���'DQV�FH�FDVRQ�SHXW�XWLOLVHU�OHV�PpWKRGHV�FODVVLTXHV�GH�PLQLPLVDWLRQ���� 5HFKHUFKH�HPSLULTXH���HOOH�SHXW�rWUH�H[KDXVWLYH��JpQpUDWLRQ�G·XQ�WUHLOOLV�GDQV�O·HVSDFH�GHVSDUDPqWUHV�HW�UHFKHUFKH�GX�PHLOOHXU�YHFWHXU��RX�EDVp�VXU�GHV�PpWKRGHV�LWpUDWLYHV��LO�IDXWDORUV�TXH�OD�FRQWLQXLWp�VRLW�JDUDQWLH�HW�FHFL�UHVWH�j�SURXYHU�GDQV�GH�WHOV�PRGqOHV���� 'HVFHQWH�GH�JUDGLHQW���LO�IDXW�DORUV�H[SOLFLWHU�OD�IRQFWLRQ�GX�PRGqOH�HW�VD�GpULYpH��FH�TXL�QHSDUDvW�SDV�UpDOLVDEOH���/D�FRQWLQXLWp�HVW�Oj�HQFRUH�QpFHVVDLUH��� 5pVHDX�GH�QHXURQHV���RQ�SHXW�FLWHU� �6]LODV���������R��XQ� UpVHDX�GH�QHXURQHV�FDOTXp� VXUO·REMHW� �'� pTXLYDOHQW� GH� &RUGLV�$QLPD� �YRLU� FKDSLWUH� ��� HVW� XWLOLVp� GDQV� XQH� SKDVHG·DSSUHQWLVVDJH� DILQ� GH� UHSURGXLUH� XQ� FRPSRUWHPHQW� UpHO�� /·LQFRQYpQLHQW� HVW� TX·LO� IDXWGpYHORSSHU�XQ�UpVHDX�SRXU�FKDTXH�REMHW�j�SDUDPpWUHU��/·LQWHUYHQWLRQ�GX�PDQLSXODWHXU�HWVRQ�LQWHUDFWLRQ�VXU�OH�UpVHDX�GRQQH�FHSHQGDQW�GH�ERQV�UpVXOWDWV��� $OJRULWKPHV�GH�UHFXLW�VLPXOp��� $OJRULWKPHV� JpQpWLTXHV��� RQ� SHXW� FLWHU� �*DUDW�� ������� YRLU� DXVVL� �-RXNKDGDU�� ������� TXLXWLOLVH� XQ� DOJRULWKPH� JpQpWLTXH� SRXU� LGHQWLILHU� OHV� SDUDPqWUHV� GX� PRGqOH� 5RERW�ΦGpYHORSSp� SDU� �-RXNKDGDU�� ������� /H� PDQTXH� GH� GRQQpHV� UpHOOHV� Q·D� SDV� SHUPLV� DX[



��� 6LPXODWLRQ

DXWHXUV� XQH� H[SpULPHQWDWLRQ� SRXVVpH�� OHV� SUHPLHUV� UpVXOWDWV� VXU� GHV� FDV� DQDO\WLTXHVVHPEOHQW�SURPHWWHXUV��� 0LQLPLVDWLRQ� SDU� GHV� PpWKRGHV� GH� PRLQGUHV� FDUUpV��� FHV� PpWKRGHV� UHVWHQW� OHV� SOXVFRQQXHV�HW�OHV�SOXV�XWLOLVpHV�HQ�SK\VLRORJLH�HW�HQ�LQJpQLHULH�SRXU�OD�VDQWp��(OOHV�VRQW�IDFLOHVj�LPSOpPHQWHU�HW�GH�QRPEUHXVHV�RSWLPLVDWLRQV�RQW�pWp�GpYHORSSpHV�GDQV�OD�OLWWpUDWXUH�
(Q�SOXV�GHV�SUREOqPHV�FODVVLTXHV�UHQFRQWUpV�GDQV�G·DXWUHV�GRPDLQHV��SDU�H[HPSOH�FHOXL�GHVPLQLPD� ORFDX[��� O·LGHQWLILFDWLRQ�GH�SDUDPqWUHV�SDU�PLQLPLVDWLRQ�GH� O·HUUHXU�HVW�FRQIURQWpH�jG·DXWUHV�GLIILFXOWpV�TXH�VRQW�OD�GpWHUPLQDWLRQ�GHV�ERUQHV�GHV�SDUDPqWUHV�RX�OD�PXOWLSOLFLWp�GHVVROXWLRQV�SRXU�XQ�PrPH�UpVXOWDW��/HV�ERUQHV�GHV�SDUDPqWUHV�VRQW�GRQQpHV�VRLW�SDU�OHV�OLPLWHVGH�FRQYHUJHQFHV�GX�PRGqOH�XWLOLVp�VRLW�SDU�OD�OLPLWH�GH�SODXVLELOLWp�GHV�VROXWLRQV�SDU�UDSSRUW�jOD�UpDOLWp��&HSHQGDQW��GDQV�OH�FDV�GH�PRGqOH�JpQpUDWHXU�LVVXV�GH�O·LQIRUPDWLTXH��OD�TXHVWLRQ�HVWSRVpH�GH�OD�FRUUHVSRQGDQFH�GHV�SDUDPqWUHV�GX�PRGqOH�HW�GHV�SDUDPqWUHV�SK\VLTXHV�UpHOV�3RXU�GpWHUPLQHU�OD�FRPSOH[LWp�GX�SUREOqPH�G·LGHQWLILFDWLRQ�GH�QRWUH�PRGqOH�GX�WURQF�QRXVDYRQV�GpWHUPLQp�OH�MHX�GH�SDUDPqWUHV�OH�FDUDFWpULVDQW�OH�SOXV�VLPSOHPHQW��YRLU�SDUDJUDSKH������1RXV�H[DPLQRQV�GDQV�OH�SDUDJUDSKH�����OHV�GRQQpHV�UpHOOHV�GLVSRQLEOHV�XWLOLVDEOHV�GDQV�FHWWHSKDVH�G·LGHQWLILFDWLRQ�
��� 3DUDPqWUHV�j�PHWWUH�HQ�FRUUHVSRQGDQFH
/HV�SDUDPqWUHV�LQWULQVqTXHV�GX�PRGqOH�GX�WURQF�GpSHQGHQW�GH�FKDFXQH�GHV�UpJLRQV�GH�O·REMHWUHSUpVHQWDQW�OH�WURQF��2Q�GRLW�FHSHQGDQW�GLVWLQJXHU�RX�UHJURXSHU�GHV�VRXV�HQVHPEOHV�LQWHUQHVGH�SDUDPqWUHV�HQ�FRUUpODWLRQ�DYHF�OHV�LQGpSHQGDQFHV�IRQFWLRQQHOOHV�LQWHUQHV�DX[�UpJLRQV�2Q� UHJURXSH�SDU� H[HPSOH� O·HQVHPEOH�GHV�F{WHV�GH�JDXFKH�HW� FHOOHV�GH�GURLWHV�SRXU� IRUPHUGHX[�KpPL�WKRUD[��/·HQVHPEOH�GHV�UpJLRQV�VROLGHV�UHSUpVHQWDQW�OHV�F{WHV�JDXFKHV�DXURQW�GRQFOHV� PrPHV� SDUDPqWUHV� �LQGpSHQGDQWV� GH� FHX[� GHV� F{WHV� GH� GURLWH��� 3DU� FRQWUH� RQ� GRLWGLVWLQJXHU� �� VRXV�SDUWLHV� GDQV� OH� GLDSKUDJPH� �XQH� GLYLVLRQ� DQWpULHXUR�SRVWpULHXUH� HQGLVWLQJXDQW�OD�SDUWLH�FRVWDOH�GH�OD�SDUWLH�FUXUDOH��HW�XQH�GLYLVLRQ�ODWpUDOH���/D�)LJXUH����H[SOLFLWHOH�MHX�GH�SDUDPqWUHV�QpFHVVDLUH�j�OD�GLVWLQFWLRQ�IRQFWLRQQHOOH�



&RPSDUDLVRQ�HW�YDOLGDWLRQ ���

'LYLVLRQ�IRQFWLRQQHOOHDQWpUR�SRVWpULHXUH 'LYLVLRQ�IRQFWLRQQHOOHJDXFKH�GURLWH

��KpPL�WKRUD[� �JDXFKH�HW� GURLWH���� ��FRQVWDQWHVGH�UDLGHXU��UHVVRUW�GX�FDUWLODJH��HW�XQH�PDVVH�QWKRUD[� ��
'LDSKUDJPH� �� SDUWLHV� �FUXUDOH� JDXFKH�� FRVWDOHJDXFKH��FUXUDOH�GURLWH�HW�FRVWDOH�GURLWH������SRLGVGH� IRUFH� pODVWLTXH�� ��PDVVHV� HW� XQH� IRQFWLRQ� GHFRQWUDFWLRQ�QGLDSKUDJPH� �����QIBFRQWUDFWLRQ
$EGRPHQ� �� SDUWLHV� �SRVWpULHXUH� JDXFKH�DQWpULHXUH�JDXFKH��SRVWpULHXUH�GURLWH�HW�DQWpULHXUHGURLWH������SRLGV�GH�IRUFH�pODVWLTXH����PDVVHV�QDEGRPHQ� ��

W

SRLGV� GHOD� IRUFHPXVFXODLUH QIBFRQWUDFWLRQ� ��

)RQFWLRQ�G·DFWLYDWLRQ�PXVFXODLUH

)LJXUH�����'LVWLQFWLRQ�IRQFWLRQQHOOH�GHV�SDUDPqWUHV�HW�QRPEUH�GHSDUDPqWUHV� UpVXOWDQWV��/H�SDUDPqWUH�GH�PDVVH�HVW� DSSOLTXp� j� WRXVOHV�pOpPHQWV�GH�OD�UpJLRQ�FRQFHUQpV�

/H�QRPEUH�PLQLPDO�GH�SDUDPqWUHV�HVW�GRQF�GH��QSDUDP  �QWKRUD[���QGLDSKUDJPH���QDEGRPHQ ������QIBFRQWUDFWLRQR�� QIBFRQWUDFWLRQ� HVW� OH� QRPEUH� GH� SDUDPqWUHV� j� GpWHUPLQHU� SRXU� PRGpOLVHU� OD� IRQFWLRQ� GHFRQWUDFWLRQ��YRLU�)LJXUH��������×��FRRUGRQQpHV�HW���DEVFLVVHV��REWHQXV�SDU�VLPSOLILFDWLRQ�GHGRQQpHV�SK\VLRORJLTXH��2Q�REWLHQW�GRQF��QSDUDP  ����&H�TXL�UHVWH�WUqV�UDLVRQQDEOH�SRXU�XQH�SUHPLqUH�DSSUR[LPDWLRQ�3DU� FRQWUH�� VL� RQ� FKHUFKH� j� LGHQWLILHU� GHV� SDWKRORJLHV� GX� GLDSKUDJPH� �KpPLGLDSKUDJPH� RXDXWUH��� LO� HVW� QpFHVVDLUH� GH� VpSDUHU� O·DEGRPHQ� HQ� KXLW� SDUWLHV� GLVWLQFWHV� �GLYLVLRQVXSpULHXUH�LQIpULHXUH�� HW� G·XWLOLVHU� XQH� IRQFWLRQ� G·DFWLYDWLRQ� PXVFXODLUH� SRXU� FKDFXQH� GHVTXDWUH�SDUWLHV�GX�GLDSKUDJPH��2Q�DUULYH�DORUV�j�QSDUDP� ����2Q� SRVH� GHV� K\SRWKqVHV� VXLYDQWHV��� OH� SDV� GH� VLPXODWLRQ� HVW� FRQVWDQW� HW� OD� VWUXFWXUHJpRPpWULTXH��PrPH�ILFKLHU��GH�O·REMHW��'�HVW�LQYDULDQWH�
/HV� OLPLWHV� GH� YDOLGLWp� GH� OD� SKDVH� G·LGHQWLILFDWLRQ� GHV� SDUDPqWUHV� G·XQ� PRGqOH� �LVVXV� GHWHFKQLTXHV� LQIRUPDWLTXHV� RX� PDWKpPDWLTXHV�� VRQW� GLUHFWHPHQW� OLpHV� j� O·H[SpULPHQWDWLRQ�6HXOHV�GHV�GRQQpHV�H[SpULPHQWDOHV�GLUHFWHPHQW�PHVXUpHV�VXU� OH�SKpQRPqQH�pWXGLp�SHXYHQW



��� 6LPXODWLRQ

VHUYLU�j�O·LGHQWLILFDWLRQ�GHV�SDUDPqWUHV��/D�YDOLGLWp�GX�PRGqOH�HVW��HOOH��GpGXLWH�GH�VD�FDSDFLWp�jUHVWDXUHU�OHV�SDUDPqWUHV�FRUUHFWV�j�SDUWLU�GH�GRQQpHV�H[SpULPHQWDOHV�EUXLWpHV�/HV�GRQQpHV�H[SpULPHQWDOHV�GLVSRQLEOHV�RQW�pWp�GpFULWHV�GDQV� OH�7DEOHDX���GX�FKDSLWUH����,OV·DJLW�GHV�PHVXUHV�GH�YDULDWLRQV�GH�SUHVVLRQV��GH�YROXPHV��HW�GH�SRVLWLRQV��1RWUH�PRGpOLVDWLRQpWDQW� EDVpH� VXU� OD� JpRPpWULH� GX� V\VWqPH�� F·HVW� SULQFLSDOHPHQW� VXU� OD� JpRPpWULH� HW� ODFLQpPDWLTXH�GX�V\VWqPH�TXH�GRLW�VH�EDVHU�O·LGHQWLILFDWLRQ�1RXV�SURSRVRQV�LFL�XQ�DOJRULWKPH�G·LGHQWLILFDWLRQ�VLPSOH��YRLU�SULQFLSH�)LJXUH�������� ,GHQWLILFDWLRQ�GHV�SDUDPqWUHV�GH�OD�IRQFWLRQ�G·DFWLYDWLRQ�PXVFXODLUH�j�SDUWLU�GHV�FRXUEHVGH�GpELW�GH�YROXPH�� 8WLOLVDWLRQ�G·XQ�DOJRULWKPH�GH�PLQLPLVDWLRQ�G·HUUHXU�GH�SRVLWLRQ�SRXU�O·LGHQWLILFDWLRQ�GHVDXWUHV�SDUDPqWUHV���j�SDUWLU�GHV�GRQQpHV�G\QDPLTXHV�VXU�OHV�pOpPHQWV��SRVLWLRQ��YLWHVVH�HWDFFpOpUDWLRQ���RQ�SHXW�UHWURXYHU�OHV�IRUFHV�DSSOLTXpHV�j�WRXW�PRPHQW�HW�DLQVL��DSUqV�OLVVDJH�GpWHUPLQHU�GHV�QRXYHOOHV�YDOHXUV�GH�SDUDPqWUHV�PLQLPLVDQW�O·HUUHXU�1RXV� YHUURQV� DX� SDUDJUDSKH� ���� TXHOOHV� GRQQpHV� VRQW� DFWXHOOHPHQW� GLVSRQLEOHV� DILQ� GHSURFpGHU�j�FHWWH�GHX[LqPH�pWDSH�
-HX�GHSDUDPqWUHVYDODEOHV

$OJRULWKPH�G·LGHQWLILFDWLRQGH�SDUDPqWUHV
'RQQpHV�UpHOOHV�FLQpPDWLTXHV��'��WHPSV��,GHQWLILFDWLRQ

-HX�GHSDUDPqWUHV $OJRULWKPH�GH�VLPXODWLRQ 'RQQpHVFLQpPDWLTXHV�'�VLPXOpHV
6LPXODWLRQ

8WLOLVp�GDQV�ODERXFOH�GHPLQLPLVDWLRQ

)LJXUH�����3ULQFLSH�GH�O·LGHQWLILFDWLRQ�GHV�SDUDPqWUHV�

$X�GHOj� PrPH� GH� O·LGHQWLILFDWLRQ� GHV� SDUDPqWUHV�� XQH� DXWUH� pWXGH� GRLW� rWUH� PHQpH� SRXUGpWHUPLQHU� OD� YDOLGLWp� GX� PRGqOH� HW� VD� VHQVLELOLWp� DX� EUXLW�� &HWWH� pWDSH� HVW� LPSRUWDQWHSXLVTX·HOOH�SHUPHWWUD�GH�GpWHUPLQHU�GDQV�TXHOOH�PHVXUH�RQ�SHXW�WURXYHU�XQH�FRUUHVSRQGDQFHHQWUH�OHV�SDUDPqWUHV�GX�PRGqOH�HW�OHV�SDUDPqWUHV�UpHOV��/D�GpPDUFKH��YRLU�)LJXUH�����FRQVLVWHGDQV� XQ� SUHPLHU� WHPSV� HW� XQH� IRLV� XQ� MHX� GH� SDUDPqWUHV� YDOLGH� �FRPSUHQDQW� OH� ILFKLHU� GHGHVFULSWLRQ� GH� O·REMHW�� GpWHUPLQp�� j� EUXLWHU� FH� MHX� GH� SDUDPqWUHV� HW� j� SURGXLUH� XQH� VRUWLHJUDSKLTXH� j� O·DLGH� GH� OD� VLPXODWLRQ� �FHWWH� VRUWLH� HVW� LQFRUUHFWH� SXLVTX·HOOH� HVW� LVVXH� GHSDUDPqWUHV� LQFRUUHFWV��� 'DQV� XQ� GHX[LqPH� WHPSV�� FHWWH� VRUWLH� JUDSKLTXH� LQFRUUHFWH� VHUDXWLOLVpH� DILQ� GH� UHFDOLEUHU� OH� V\VWqPH� �LGHQWLILFDWLRQ� GHV� SDUDPqWUHV� j� SDUWLU� GH� OD� VRUWLHJUDSKLTXH�LQFRUUHFWH���/D�UREXVWHVVH�GX�PRGqOH�HVW�PHVXUpH�SDU�VD�FDSDFLWp�j�UHWURXYHU�DORUVOH�MHX�GH�SDUDPqWUHV�YDOLGH�LQLWLDO�



&RPSDUDLVRQ�HW�YDOLGDWLRQ ���

-HX�GHSDUDPqWUHVYDODEOHV��EUXLW
$OJRULWKPH�GH�VLPXODWLRQ

1RXYHOOHVGRQQpHVFLQpPDWLTXHV��'
3HUWXUEDWLRQVGHVSDUDPqWUHV�HWGHV�GRQQpHV

-HX�GHSDUDPqWUHVYDODEOHV
$OJRULWKPH�G·LGHQWLILFDWLRQGH�SDUDPqWUHV

7HVW�GHVHQVLELOLWp
1RXYHOOHVGRQQpHVFLQpPDWLTXHV��'

)LJXUH�����9DOLGLWp�GHV�SDUDPqWUHV�HW�VHQVLELOLWp�GX�PRGqOH�

/·DOJRULWKPH�G·LGHQWLILFDWLRQ�HVW�pWDEOL�GDQV�QRWUH�FDV�VXU�XQH�EDVH�JpRPpWULTXH��1RXV�DOORQVPDLQWHQDQW� YRLU� FH� TXH� O·DOJRULWKPH� G·LGHQWLILFDWLRQ� SHXW� XWLOLVHU� FRPPH� GRQQpHVWULGLPHQVLRQQHOOHV�
��� 'RQQpHV�FLQpPDWLTXHV���PRXYHPHQWV�GX�WURQF
/·DQDO\VH� GHV� PRXYHPHQWV� GX� WURQF� D� G·DERUG� pWp� IDLWH� SDU� O·LQWHUPpGLDLUH� GH� MDXJHV� GHFRQWUDLQWH� �IL[pHV� j� O·LQWpULHXU� G·XQ� JLOHW�� RX� GH� SOpWK\VPRJUDSKHV� j� YDULDWLRQ� G·LQGXFWDQFH�&HV�PHVXUHV�VRQW�SDUWLHOOHV�SXLVTX·HOOHV�QH�VH�IRQW�TX·HQ�GHX[�RX�WURLV�HQGURLWV�GX�WURQF��SDUH[HPSOH�OH�WKRUD[�HW�O·DEGRPHQ���(OOHV�VRQW�FHSHQGDQW�GLUHFWHPHQW�XWLOLVDEOHV�SDU�OHV�PRGqOHVSK\VLRORJLTXHV� FODVVLTXHV� �YRLU� SDUDJUDSKH� ������ 'H� WHOOHV� DSSURFKHV� SRVHQW� GH� QRPEUHX[SUREOqPHV���FDOLEUDJH�GHV�PHVXUHV�j�O·DLGH�G·XQ�VSLURPqWUH��GpSHQGDQFH�IRUWH�DYHF�OD�PDQLqUHGH�UHVSLUHU��LPSRVLWLRQ�GH�OD�SRVWXUH�GX�VXMHW��'·DXWUHV�V\VWqPHV�PHWWHQW�HQ�MHX�GHV�PHVXUHVRSWLTXHV� PDLV� QpFHVVLWHQW� XQH� VHJPHQWDWLRQ� PDQXHOOH�� FH� TXL� HVW� XQH� VRXUFH� G·HUUHXULPSRUWDQWH��'·DXWUHV�V\VWqPHV�HQFRUH�XWLOLVHQW�GHV�WRPRJUDSKHV��'��OH�SUREOqPH�pWDQW�LFL�ODOHQWHXU�GHV�DFTXLVLWLRQV�HW�O·DVSHFW�LQYDVLI�GH�OD�WHFKQLTXH��UD\RQV�;��8QH�pTXLSH�GH�0LODQ�D�PLV�DX�SRLQW�OH�V\VWqPH�RSWLTXH��'�(/,7(�SHUPHWWDQW�OD�GpWHFWLRQ�HWOD�PHVXUH�GH�PDUTXHXUV�SDVVLIV��'�SRVLWLRQQpV�VXU�OH�FRUSV��)HUULJQR�HW�DO���������&H�V\VWqPH�Q·LQGXLVDQW�SDV�OHV�SUREOqPHV�FLWpV�SOXV�KDXW��D�pWp�DGDSWp�SRXU�OD�PHVXUH�GHV�PRXYHPHQWV�GXWURQF��YRLU��)HUULJQR�HW�DO��������
������0HVXUH�GHV�PRXYHPHQWV�SDU�V\VWqPH�RSWLTXH��'
�O·DLGH�GH����PDUTXHXUV�SRVLWLRQQpV� OH� ORQJ�GX�WURQF��JULOOH�GH��×��PDUTXHXUV�VXU� OD�IDFHDQWpULHXUH� HW� SRVWpULHXUH� GX� WURQF���� YRLU� �&DUQHYDOL� HW� DO�� ������ �HW� )LJXUH� ����� RQ� SHXWPHVXUHU� OHV�YROXPHV�GH���� FRPSDUWLPHQWV��4XDWUH� FDPpUDV� VRQW�GLVSRVpHV� DXWRXU�GX� VXMHWSRXU�PHVXUHU�OH�GpSODFHPHQW�GHV�PDUTXHXUV�SXLV�VRQW�FDOLEUpHV��/D�IUpTXHQFH�GHV�DFTXLVLWLRQVYLGpR�HVW�GH����+]��&H�V\VWqPH�D�pWp�YDOLGp�SDU�GH�QRPEUHXVHV�PHVXUHV�VXU�VXMHWV�VDLQV�GDQVGLIIpUHQWHV�SRVWXUHV��HQ�FRPSDUDQW�QRWDPPHQW�OHV�GRQQpHV�DYHF�GHV�PHVXUHV�VSLURPpWULTXHV�/·HUUHXU�PR\HQQH� HQ� SRVLWLRQ� DOORQJpH� �VHXOH� OD�PRLWLp� DQWpULHXUH� GX� WURQF� HVW� YLVLEOH�� HVWLQIpULHXUH�j����GH�OD�YDULDWLRQ�GH�YROXPH��HOOH�Q·HVW�TXH�GH����TXDQG�OH�VXMHW�HVW�GHERXW�RXDVVLV��



��� 6LPXODWLRQ
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)LJXUH�����3RVLWLRQQHPHQW�GH�PDUTXHXUV� �j� JDXFKH�� HW� FDOFXO� GHVYDULDWLRQV�GHV�YROXPHV�VXU�OHV����FRPSDUWLPHQWV�FRUUHVSRQGDQWV��jGURLWH��

$SUqV�XQ�SUHPLHU�FRQWDFW�DYHF�O·pTXLSH�GX�FHQWUH�GH�ELR�LQJpQLHULH�GX�3ROLWHFQLFR�GH�0LODQ�QRXV�DYRQV�FRQFUpWLVp�QRWUH�FROODERUDWLRQ�SDU� O·LQWHUPpGLDLUH�GX�SURMHW�HXURSpHQ�%5($7+�SURJUDPPH�%,20('��TXL�D�GpPDUUp�HQ�QRYHPEUH�������SRXU�XQH�SpULRGH�GH���DQV��1RWUHSDUWLFLSDWLRQ�V·LQVFULW�GDQV�OH�FDGUH�GH�OD�PRGpOLVDWLRQ�GX�SKpQRPqQH�HW�GHYUDLW�SHUPHWWUH�GHFRXSOHU�OD�PHVXUH�HW�OH�PRGqOH�SRXU�PHWWUH�DX�SRLQW�XQH�WHFKQLTXH�G·DQDO\VH��HW�j�WHUPH�GHVXUYHLOODQFH���'DQV�XQH�SUHPLqUH�SKDVH�FHWWH�FROODERUDWLRQ�QRXV�IRXUQLUD�XQH�WUqV�JUDQGH�EDVHGH�GRQQpHV�FLQpPDWLTXHV��'�GX�WURQF�HW�QRXV�SHUPHWWUD�G·LGHQWLILHU�OHV�SDUDPqWUHV�GH�QRWUHPRGqOH�
������,QWHUIDFHU�QRWUH�PRGqOH
&RPPH�OH�V\VWqPH�(/,7(�PHVXUH�VHXOHPHQW�OD�VXUIDFH�GX�WURQF��QRWUH�PRGqOH�GRLW�HQFRUHrWUH� PRGLILp� SRXU� SRXYRLU� XWLOLVHU� GLUHFWHPHQW� FHV� GRQQpHV�� /D� FRXFKH� pSLGHUPLTXH� VHUDPRGpOLVpH�VLPSOHPHQW�SDU�XQH�HQYHORSSH�GH�W\SH�VXUIDFH�LPSOLFLWH��FRPPH�GDQV��9ROLQR�HWDO��������RX��:LOKHOPV���������TXL�VXLYUD�GLUHFWHPHQW�OHV�PRXYHPHQWV�GHV�VWUXFWXUHV�GDQV�XQSUHPLHU� WHPSV�� 3DU� OD� VXLWH� RQ� SRXUUD� XWLOLVHU� XQH� UpJLRQ� D\DQW� GHV� SURSULpWpV� pODVWLTXHVSDUWLFXOLqUHV�SRXU�PRGpOLVHU�GLIIpUHQWHV�SK\VLRQRPLHV�
��� &RQFOXVLRQ

'H� PHLOOHXUHV� PHVXUHV� HQWUDvQHURQW� j� O·DYHQLU� OH� GpYHORSSHPHQW� GH
PRGqOHV�PHLOOHXUV��&HV�PRGqOHV��HQ�UHWRXU�QRXV�SHUPHWWURQW�GH�FKRLVLU
OHV� PHVXUHV� OHV� SOXV� MXGLFLHXVHV� HW� GH� SUpGLUH� OH� FRPSRUWHPHQW� GHV
YDULDEOHV�QRQ�PHVXUpHV�� >«@�/D� UHODWLRQ� HQWUH�PHVXUH� HW� SUpGLFWLRQ
GRLW�rWUH�FRPSOpPHQWDLUH���OHV�DYDQFpHV�GH�O·XQH�j�OD�IRLV�GpSHQGHQW�HW
VWLPXOHQW�OHV�DYDQFpHV�GH�O·DXWUH�

6�+��/RULQJ��(�1��%UXFH���/RULQJ�HW�%UXFH�������
/·pTXLSH�GH�UDGLRORJLH�FHQWUDOH�GX�&+8�GH�*UHQREOH�� LQWpUHVVpH�SDU�OH�PRGqOH�SUpVHQWp�LFL�PHW�DFWXHOOHPHQW�HQ�SODFH�XQ�SURMHW�G·pWXGH�GHV�PRXYHPHQWV�GX�GLDSKUDJPH��j� O·DLGH�G·XQQRXYHO�DSSDUHLO�,50�j�DFTXLVLWLRQ�UDSLGH��1RWUH�FROODERUDWLRQ�VH�VLWXHUD�j�GHX[�QLYHDX[���G·XQ



&RPSDUDLVRQ�HW�YDOLGDWLRQ ���

F{Wp� OHV� GRQQpHV� DLQVL� FROOHFWpHV� SHUPHWWURQW� G·DPpOLRUHU� OD� PRGpOLVDWLRQ� GX� PXVFOH� GDQVQRWUH�PRGqOH��HW�G·XQ�DXWUH�F{Wp�� OH�PRGqOH�TXH�QRXV�DYRQV�GpYHORSSp�SHUPHWWUD�G·DLGHU� jO·REWHQWLRQ�GH�GRQQpHV��SDU�LQWHUSRODWLRQ�GHV�SRVLWLRQV�GX�GLDSKUDJPH�HW�GH�FHUWDLQV�pOpPHQWVWRSRORJLTXHV��/HV�WHFKQLTXHV�PRGHUQHV�GH�PHVXUH�SHUPHWWHQW�DXMRXUG·KXL�G·HQYLVDJHU�O·DSSURIRQGLVVHPHQWGHV� FRQQDLVVDQFHV� GH� OD� PpFDQLTXH� GX� WURQF�� &HSHQGDQW� FHV� WHFKQLTXHV� G·DFTXLVLWLRQQpFHVVLWHQW� GHV� QRXYHDX[� PRGqOHV� TX·HOOHV� FRQWULEXHQW� j� GpYHORSSHU� HQ� IRXUQLVVDQW� GHVQRXYHOOHV�GRQQpHV�'DQV� OH� FDV�GH�PRGqOHV� WHOV�TXH�FHX[�GpYHORSSpV�DX�FRXUV�GH�FHWWH� WKqVH�� O·pWDSH� VXLYDQWH�SULPRUGLDOH�� HVW� O·LGHQWLILFDWLRQ� HW� OD� YDOLGDWLRQ� GHV� SDUDPqWUHV� GX� PRGqOH�� &HSHQGDQW�� ODTXHVWLRQ� UHVWH� RXYHUWH� GH� VDYRLU� V·LO� \� D� FRUUHVSRQGDQFH� IRQFWLRQQHOOH� HQWUH� OHV� SDUDPqWUHVLQWULQVqTXHV�GX�PRGqOH�HW�OD�UpDOLWp��6L�FHWWH�FRUUHVSRQGDQFH�H[LVWH��OHV�PRGqOHV�JpQpUDWHXUV�GHO·LQIRJUDSKLH�VRQW�SURPLV�j�XQ�EHO�DYHQLU�HQ�SK\VLRORJLH�



& R Q F O X V L R Q

,O� Q·H[LVWH� SDV� DXMRXUG·KXL� G·RXWLO� SHUPHWWDQW� GH� PRGpOLVHU� OD� PpFDQLTXH� YHQWLODWRLUH� GHPDQLqUH�JOREDOH��WRXW�HQ�pWDQW�SUpFLVH��&HWWH�WKqVH�HVW�XQ�SUHPLHU�SDV�YHUV�O·pODERUDWLRQ�G·XQHPRGpOLVDWLRQ� HW� G·XQH� VLPXODWLRQ� FRPSRUWHPHQWDOH� GHV� PRXYHPHQWV� GX� WURQF� SHQGDQW� ODUHVSLUDWLRQ��'DQV�FHWWH�RSWLTXH�M·DL�PLV�HQ�SODFH�XQH�DSSURFKH�PpWKRGLTXH�GH�PRGpOLVDWLRQ�&H� GRFXPHQW� HVW� HQWLqUHPHQW� EDVp� VXU� FHWWH� DSSURFKH�� -H� FRQFOXV� LFL� VXU� OHV� FRQWULEXWLRQVDSSRUWpHV�SDU�FHWWH�pWXGH��3RXU�ILQLU��GLIIpUHQWHV�SHUVSHFWLYHV�GH�FH�WUDYDLO��GpEXWp�LO�\�D�WURLVDQV��VRQW�H[SORUpHV�
�� &RQWULEXWLRQ
�O·LVVXH�GH�FH�WUDYDLO��RQ�SHXW�OLVWHU�OHV�DSSRUWV�JpQpUDX[��
•  /D�GpPDUFKH�GH�PRGpOLVDWLRQ�H[SOLTXpH�HQ�LQWURGXFWLRQ�HW�LOOXVWUpH�SDU�FHWWH�WKqVH�GpILQLWXQH�PpWKRGRORJLH�JpQpUDOH�SRXU�OD�PRGpOLVDWLRQ�LQIRUPDWLTXH�
•  /·LQWHUDFWLRQ� GH� UpJLRQV� KpWpURJqQHV� DX� VHLQ� G·XQ� PrPH� REMHW� SHUPHW� G·REWHQLU� GHVFRPSRUWHPHQWV� FRPSOH[HV�� /H� PRGqOH� GpYHORSSp� DX� FRXUV� GH� FHWWH� WKqVH� SHUPHW� GHPDQLSXOHU�GH�WHOV�REMHWV�
2Q�SHXW�FRQVLGpUHU�GH�PDQLqUH�SOXV�SUpFLVH�OHV�FRQWULEXWLRQV�RULJLQDOHV�VXLYDQWHV��
•  'pYHORSSHPHQW�G·XQH�DSSURFKH�HW�G·XQ�PRGqOH� ©�RULHQWp�REMHW�ª�GpILQLVVDQW�GHV�FODVVHVG·REMHWV�HQ�IRQFWLRQ�GHV�SURSULpWpV�TX·LOV�GRLYHQW�VLPXOHU�
•  0LVH�DX�SRLQW�G·XQH�QRXYHOOH�UHSUpVHQWDWLRQ�GH�OD�IRUPH�ORFDOH�SHUPHWWDQW�GH�GpILQLU�XQHIRQFWLRQ�G·pODVWLFLWp�SOXV�VWDEOH�TXH�OD�PpWKRGH�FODVVLTXH�PDVVH�UHVVRUW�
•  3UpVHQWDWLRQ�G·XQ�PRGqOH�GH�PXVFOH� VLPSOH�PDLV�SHUPHWWDQW� OH� FRQWU{OH� GH� O·DFWLYDWLRQPXVFXODLUH� HW� GHV� GLUHFWLRQV� GH� FRQWUDFWLRQV� DLQVL� TXH� OD� WUDQVPLVVLRQ� GHV� IRUFHVPXVFXODLUHV�DX[�VWUXFWXUHV�VROLGHV�RX�pODVWLTXHV�OLpHV�
•  'pYHORSSHPHQW�G·XQH�QRXYHOOH�PpWKRGH�GLUHFWH�GH�UpVROXWLRQ�GH�FRQWUDLQWHV��ORFDOHV�RXJOREDOHV�� FDOFXODQW�GLUHFWHPHQW� OHV�GpSODFHPHQWV�QpFHVVDLUHV� j� OD� YpULILFDWLRQ� H[DFWH�GHVFRQWUDLQWHV�
•  $SSOLFDWLRQ�GH�FHWWH�PpWKRGH�SRXU�OD�PRGpOLVDWLRQ�GH�OD�SURSULpWp�G·LQFRPSUHVVLELOLWp�
•  *pQpUDOLVDWLRQ�GH�FHWWH�PpWKRGH�SRXU�GpJDJHU�VHV�SULQFLSHV�DILQ�GH�O·XWLOLVHU�GDQV�G·DXWUHVPRGqOHV�SRXU�VLPXOHU�GHV�REMHWV�GpIRUPDEOHV�LQFRPSUHVVLEOHV�



��� &RQFOXVLRQ

•  &RQVWUXFWLRQ�GH�PRGqOHV�GX�WURQF��PRGqOH�VLPSOH�HW�PRGqOH�SOXV�UpDOLVWH��
/H�PRGqOH�LQIRUPDWLTXH��VXU�OHTXHO�VH�EDVH�FHV�DSSRUWV��D�pWp�YDOLGp�TXDOLWDWLYHPHQW�JUkFH�jGHV�VLPXODWLRQV�VXU�GHV�H[HPSOHV�2Q� WURXYHUD� HQ� DQQH[HV� GH� FH� PDQXVFULW� GHV� GRFXPHQWV� SOXV� ©�SUDWLTXHV�ª� �VLPXODWLRQG·REMHWV� ULJLGHV�� XWLOLVDWLRQ� GHV� TXDWHUQLRQV�� GpILQLWLRQ� GHV� QRUPDOHV� HW� GHVFULSWLRQ� G·REMHWVGDQV�QRWUH�PRGqOH��
&H�WUDYDLO�D�GRQQp�OLHX�j�GHX[�SXEOLFDWLRQV�GDQV�GHV�FRQIpUHQFHV�LQWHUQDWLRQDOHV��3URPD\RQ�HWDO����������3URPD\RQ�HW�DO��������HW�j�GHX[�FRPPXQLFDWLRQV�GDQV�GHV�FROORTXHV�LQWHUQDWLRQDX[�&RQIHUHQFH� RQ� '\QDPLFDO� 6\VWHPV� LQ� %LRORJ\� DQG� 0HGLFLQH�9HV]SUpP�� MXLOOHW� ��� HW� �UG(XURSHDQ�&RQIHUHQFH�RQ�0DWKHPDWLF�DSSOLHG�WR�%LRORJ\�DQG�0HGLFLQH��+HLGHOEHUJ��RFWREUH�������'H�SOXV�GHX[�FROODERUDWLRQV�j�EXW�FOLQLTXH�RQW�pWp�GpPDUUpHV��/D�SUHPLqUH�FROODERUDWLRQ��HQSDUWHQDULDW�DYHF�OH�VHUYLFH�GH�UDGLRORJLH�FHQWUDOH�GX�&+8�GH�*UHQREOH��D�SRXU�EXW�GH�FRXSOHUOH�PRGqOH�GX�WURQF�j�XQ�DSSDUHLO�G·,PDJHULH�SDU�5pVRQDQFH�0DJQpWLTXH�j�DFTXLVLWLRQ�UDSLGH�HWG·pWXGLHU� DLQVL� OHV�PRXYHPHQWV� GX� GLDSKUDJPH�� /D� GHX[LqPH� FROODERUDWLRQ� VH� IHUD� GDQV� OHFDGUH�GX�SURMHW�HXURSpHQ�%5($7+��SURJUDPPH�%,20('�����(OOH�D�SRXU�EXW�O·XWLOLVDWLRQ�GXPRGqOH�GX�WURQF�GDQV�XQ�V\VWqPH�RSWLTXH�GH�PHVXUH�GHV�PRXYHPHQWV�GX�WURQF�DX�FRXUV�GH�ODUHVSLUDWLRQ��&H�SURMHW�HXURSpHQ�HVW�DFWXHOOHPHQW�HQ�SKDVH�GH�GpPDUUDJH�
�� 3HUVSHFWLYHV
&HV� GHX[� FROODERUDWLRQV� SHXYHQW� FHUWDLQHPHQW� rWUH� FRQVLGpUpHV� FRPPH� XQ� H[FHOOHQW� FDGUHSRXU� OHV� SHUVSHFWLYHV� GH� FH� WUDYDLO�� &HSHQGDQW�� LO� IDXW� G·DERUG� H[DPLQHU� OHV� GLIIpUHQWVSUREOqPHV�SRVpV�SDU�OH�PRGqOH�LQIRUPDWLTXH�GpYHORSSp�LFL��SUREOqPHV�GpMj�VRXOHYpV�GDQV�ODGHUQLqUH� SDUWLH� GH� FH� PDQXVFULW��� (Q� SHUVSHFWLYH� RQ� SHXW� GpMj� GRQQHU� GHV� SLVWHV� SRXU� ODUpVROXWLRQ�GH�FHV�SUREOqPHV��
•  /·pODVWLFLWp�GpILQLH�GDQV�QRWUH�PRGqOH�SURYRTXH�XQ�UHWRXU�OHQW�j�OD�IRUPH�GH�GpSDUW��&HUHWRXU� GRLW� rWUH� DPpOLRUp� �QRWDPPHQW� SRXU� SRXYRLU� VLPXOHU� GHV� SKDVHV� UHVSLUDWRLUHVUDSLGHV���3RXU�FHOD�RQ�SHXW�GpILQLU�XQH�IRQFWLRQ�K\SHU�pODVWLTXH��IRQFWLRQ�GX�SRWHQWLHO�GH

GpIRUPDWLRQ�VXEL��SDU� O·LQWHUPpGLDLUH�GHV� WURLV�SDUDPqWUHV�GH� OD�PpPRLUH�GH� IRUPH� 0α �
0β ��HW� 0γ �

•  /D� IRQFWLRQ� G·DFWLYDWLRQ�PXVFXODLUH� Q·D� SRXU� O·LQVWDQW� MDPDLV� pWp� XWLOLVpH� VXU� GHV� EDVHVSK\VLRORJLTXHV��3RXU�SDOLHU�j�FHW�LQFRQYpQLHQW�LO�IDXW�pWXGLHU�OHV�IRUPHV�G·DFWLYDWLRQ�SRXUOHV�PXVFOHV�FRQFHUQpV�HW�YDOLGHU�OHXUV�UpSRQVHV�G\QDPLTXHV�
/·DPpOLRUDWLRQ�GH�QRWUH�PRGqOH�SDVVH�SDU�OHV�pOpPHQWV�VXLYDQWV��
•  /H�SUREOqPH�GHV�IURWWHPHQWV��HW�GHV�FROOLVLRQV��Q·D�SX�rWUH�DERUGp�GDQV�FHWWH�WKqVH��2U�LOVHPEOH� QpFHVVDLUH� GH� O·pWXGLHU� SRXU� SDUIDLUH� OD� PRGpOLVDWLRQ� G·XQ� V\VWqPH� ELRORJLTXHFRPPH�FHOXL�GH�OD�UHVSLUDWLRQ�R��OHV�LQWHUDFWLRQV�LQWHU�VWUXFWXUHOOHV�VRQW�LPSRUWDQWHV�
•  /D�SODVWLFLWp�Q·D�SDV�HQFRUH�SX�rWUH�pWXGLpH�QRQ�SOXV��2Q�SHXW�FRQVLGpUHU�TXH� OD�PLVH�jMRXU� LQWHUDFWLYH�GHV�SDUDPqWUHV�GH� IRUPH�j�SDUWLU�G·XQH�FRPELQDLVRQ�GHV�SDUDPqWUHV�GH



&RQFOXVLRQ ���

O·pWDSH� LQLWLDOH� HW� GH� O·LQVWDQW� t � GH� OD� GpIRUPDWLRQ�� IRXUQLW� XQH� UpSRQVH� VLPSOH� j� FHWWHPRGpOLVDWLRQ�
•  /D�PpWKRGH�GH�UpVROXWLRQ�TXH�QRXV�DYRQV�SUpVHQWpH�HVW� MXVWLILpH�GDQV� OH�FDGUH�GH�SHWLWVGpSODFHPHQWV��,O�IDXW�pWXGLHU�OD�OLPLWH�DX�GHOj�GH�ODTXHOOH�HOOH�IRXUQLW�XQH�UpSRQVH�HUURQpHj� OD� UpVROXWLRQ� GH� OD� FRQWUDLQWH� �FDV� R�� OD� GpIRUPDWLRQ� HQWUH� GHX[� LWpUDWLRQV� HVW� WUqVLPSRUWDQWH��
•  /D�UpVROXWLRQ�GH�FRQWUDLQWHV�ORFDOHV��IL[DWLRQ�GHV�pOpPHQWV��HW�JOREDOHV��YROXPH�FRQVWDQW�IRQFWLRQQH� SDUIDLWHPHQW�� 0DLV�� QRXV� Q·DYRQV� MXVTX·j� SUpVHQW� SDV� SX� WHVWHU� OHFRPSRUWHPHQW�GH�QRWUH�PpWKRGH�GH�UpVROXWLRQ�ORUVTXH�SOXVLHXUV�FRQWUDLQWHV�JOREDOHV�VRQWHQ�MHX�
•  /D�VXUIDFH�pSLGHUPLTXH�Q·HVW�SRXU�O·LQVWDQW�SDV�SUpVHQWH�GDQV�OH�PRGqOH��'HV�DSSURFKHVKLpUDUFKLTXHV� �PXOWL�FRXFKHV�� VRQW� XWLOLVpHV� HQ� LQIRJUDSKLH� SRXU� FUpHU� GHV� PRGqOHVG·DQLPDX[��KXPDLQ�FRPSULV���/·DSSOLFDWLRQ�GHV�WHFKQLTXHV�DLQVL�GpYHORSSpHV�SHUPHWWUDLWGH�IRXUQLU�XQH�UpSRQVH�j�FH�PDQTXH��LQYHUVHPHQW�OHV�PRGqOHV�KLpUDUFKLTXHV�SRXUUDLHQW�VHVHUYLU�GH�QRWUH�PRGqOH�FRPPH�FRXFKH�PRWULFH�LQWHUQH��
/HV� SRWHQWLDOLWpV� FRQWHQXHV� GDQV� OHV� SDUDPqWUHV� GH� IRUPHV� GpILQLV� DX� FKDSLWUH� �� VRQW
QRPEUHXVHV�HW�PpULWHQW�G·rWUH�pWXGLpHV��(Q�HIIHW��OHV�SDUDPqWUHV� iα �� iβ �HW� iγ �GRQQHQW�XQH
LQIRUPDWLRQ� GLUHFWH� VXU� OD� JpRPpWULH� ORFDOH�� 2Q� SHXW� LPDJLQHU� XWLOLVHU� FHWWH� FDUDFWpULVWLTXHGDQV� GHV� DOJRULWKPHV� GH� PLVH� HQ� FRUUHVSRQGDQFH�� GH� UHFRQQDLVVDQFH� GH� IRUPHV�� GHPpWDPRUSKRVH��©�PRUSKLQJ�ª��RX�HQFRUH�GH�VLPSOLILFDWLRQ�G·REMHWV�
2XWUH� OD� PRGpOLVDWLRQ� VLPSOH� GH� OD� SODVWLFLWp�� FHV� SDUDPqWUHV� SRXUUDLHQW� VHUYLU� GDQV� GHVDOJRULWKPHV�GH�PLVH�HQ�FRUUHVSRQGDQFH��,OV�SRXUUDLHQW�DXVVL�rWUH�XWLOLVpV�GDQV�OD�VLPSOLILFDWLRQGH�PDLOODJHV��HQ�OHV�XWLOLVDQW�FRPPH�XQH�EDVH�GH�GpFRPSRVLWLRQ�GH�OD�IRUPH�ORFDOH��
(Q�JXLVH�G·RXYHUWXUH�YRLFL�WURLV�pOpPHQWV�GH�UpIOH[LRQ�VXU�O·DSSRUW�GX�PRGqOH�SUpVHQWp�GDQVFHWWH�WKqVH��
•  /H�PRGqOH�GpYHORSSp�GDQV�FHWWH�WKqVH�IRXUQLW�XQ�RXWLO�LQWpUHVVDQW�j�GH�QRPEUHX[�WLWUHV�2XWUH�O·H[SORUDWLRQ�IRQFWLRQQHOOH�GH�OD�UHVSLUDWLRQ��RX�G·DXWUHV�V\VWqPHV�ELRORJLTXHV��TX·LOSHUPHW� G·HQYLVDJHU�� LO� SRXUUDLW� VHUYLU� GH� PDQLqUH� SOXV� WHFKQLTXH� GDQV� GHV� SURFpGpVG·DFTXLVLWLRQ�SRXU�OH�SLORWDJH�GHV�DSSDUHLOV�
•  /HV�PRGqOHV� JpQpUDWHXUV� VRQW� DXMRXUG·KXL�� JUkFH� DX� GpYHORSSHPHQW� GH� OD� SXLVVDQFH� GHFDOFXOV�GHV�RUGLQDWHXUV�� WUqV� pWXGLpV�GDQV� OH�GRPDLQH�GH� O·LQWHUIDFH�KRPPH�PDFKLQH�RXGDQV� FHOXL� GH� OD� FRPPXQLFDWLRQ� DX� WUDYHUV� GHV�PRQGHV� YLUWXHOV�� /·DFWHXU� YLUWXHO� SUHQGSODFH�SHX�j�SHX�GDQV�QRWUH�HQYLURQQHPHQW�HW� OH�PRGqOH�GH� OD�UHVSLUDWLRQ�SUpVHQWp�GDQVFHWWH�WKqVH�SHXW�HQ�rWUH�XQ�pOpPHQW�
•  /·LQIRUPDWLTXH�HVW�FHUWDLQHPHQW�O·RXWLO�G·DLGH�j�OD�PRGpOLVDWLRQ�OH�SOXV�SXLVVDQW�GLVSRQLEOHj� O·KRPPH��)UXLWV�GH�VRQ�XWLOLVDWLRQ��GH�QRXYHDX[�GRPDLQHV�GH� UHFKHUFKH�FRPPHQFHQWDXMRXUG·KXL�j�pPHUJHU��/·pWXGH�GH�OD�PpFDQLTXH�FHOOXODLUH��REMHWV�FRPSRUWDQW�GHV�UpJLRQVpODVWLTXHV� HW� TXDVL�VROLGHV� VRXYHQW� j� YROXPH� FRQVWDQW�� SDU� O·LQWHUPpGLDLUH� GH� PRGqOHVJpQpUDWHXUV�HVW�XQ�SDUIDLW�H[HPSOH�GH�GpIL�TXL�V·RXYUH�GHYDQW�QRXV�
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,PSOpPHQWDWLRQ�GH�OD�G\QDPLTXH�G·XQ�REMHW
VROLGH��V\VWqPH�GH�SRLQWV�PDWpULHOV�

� SDUWLU� GHV� IRUPXOHV� GRQQpHV� DX� FKDSLWUH� �� RQ� YD� H[SOLFLWHU� GLUHFWHPHQW� O·DOJRULWKPH� GHWUDLWHPHQW�G·XQ�REMHW�ULJLGH��YRLU�DXVVL��%DU]HO�HW�%DUU��������/·REMHW�ULJLGH�HVW�FRPSRVp�GH� n �SRLQWV�PDWpULHOV��/HV�SRLQWV�PDWpULHOV�VRQW�LQGH[pV�SDU�OHXU
QXPpUR��3RXU�XQ�SRLQW�PDWpULHO� i �RQ�GpVLJQH�VD�SRVLWLRQ�SDU� ( )iiii zyx ,,=x ��VD�PDVVH�SDU

im �HW�OD�VRPPH�GHV�IRUFHV�TXL�OXL�VRQW�DSSOLTXpHV�SDU� if ��&H�VHURQW�OHV�WURLV�HQWUpHV�GH�QRWUH
DOJRULWKPH�

GLVFUpWLVDWLRQ

Gℜ

ix

/·DOJRULWKPH�GH�FHWWH�DQQH[H�D�pWp�XWLOLVp�SRXU�O·LPSOpPHQWDWLRQ�GHV�UpJLRQV�VROLGHV�GH�QRWUHV\VWqPH�GH�VLPXODWLRQ�SK\VLTXH��FODVVH�GHV�UpJLRQV�VROLGHV��
3RXU� VLPSOLILHU� OHV� pWDSHV� GH� FDOFXO�� RQ� GpILQLW� XQ� UHSqUH� ORFDO� ℜ � DWWDFKp� j� O·REMHW� GRQW
O·RULJLQH� HVW� OH� FHQWUH�GHV�PDVVHV� Gx � HW� GRQW� OHV� D[HV� VRQW� OHV� D[HV� SULQFLSDX[� G·LQHUWLH� GH
O·REMHW��PDLV�RQ�SHXW�FKRLVLU�Q·LPSRUWH�TXHOOH�DXWUH�RULHQWDWLRQ�LQLWLDOH��
3DU�OD�VXLWH��TXDQG�RQ�H[SULPHUD�OHV�FRRUGRQQpHV�GDQV�OH�UHSqUH�ORFDO��RQ�PHWWUD� ℜ �HQ�LQGLFH�
$LQVL��RQ�D� ( ) 0x ==ℜ 000G �
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/HV� DOJRULWKPHV� VRQW� GRQQpV� HQ� SVHXGR�FRGH� &���� RQ� GLVSRVH� GHV� FODVVHV� Vector et

Matrix � �GDQV� QRWUH� LPSOpPHQWDWLRQ� QRXV� DYRQV� XWLOLVp� GLUHFWHPHQW� OD� OLEUDLULH� G·DOJqEUHOLQpDLUH�$/3�GpYHORSSpH�DX�VHLQ�GX�ODERUDWRLUH�SDU�(��%DLQYLOOH��
�� 'RQQpHV�GH�O·REMHW
3RXU�FDUDFWpULVHU�O·REMHW�RQ�DXUD�EHVRLQ�GH��

Int n; // nombre de points matériels
double m; // masse du solide
Vector xg ; // centre des masses
Vector vg ; // vitesse linéaire de G
Vector wg ; // vitesse angulaire en G
Vector awg ; // accélération angulaire
Matrix R ; // matrice définissant l’orientation
Quat q ; // quaternion de l’orientation
Quat aq ; // accélération du quaternion

Matrix I
ℜ

; // matrice d’inertie dans ℜ
Matrix Ii

ℜ
; // inverse de I

ℜ

Vector mi [n]; // masse de chaque point
Vector xi [n]; // position de chaque point  / repère global
Vector vi [n]; // vitesse de chaque point  / repère global

Vector xi
ℜ

[n]; // position de chaque point dans ℜ

(Q�SOXV�GHV�RSpUDWLRQV�VSpFLILTXHV�VXU�OHV�YHFWHXUV�HW�OHV�PDWULFHV��RQ�GLVSRVH�GDQV�OHV�FODVVHV
Vector �HW�Matrix �GHV�PrPHV�RSpUDWHXUV�TXH�SRXU�OHV�UppOV��DGGLWLRQ��PXOWLSOLFDWLRQ«��
v(i) �HVW�OD�LqPH�FRPSRVDQWH�GX�YHFWHXU�GX�YHFWHXU�v �
M(i,j) HVW�O·pOpPHQW�GH�OD�OLJQH�L�HW�GH�OD�FRORQQH�M�GH�OD�PDWULFH M�
0�GpQRWH�VRLW�OH�YHFWHXU�GRQW�WRXWHV�OHV�FRPSRVDQWHV�VRQW�QXOOHV��VRLW�OD�PDWULFH�GRQW�WRXW�OHVpOpPHQWV�VRQW�QXOV�
�� ,QLWLDOLVDWLRQV
&HUWDLQV�FDOFXOV�QH�VH�IHURQW�TX·XQH�IRLV�HW�VHURQW�YDODEOHV�WDQW�TXH��
•  $XFXQH�PDVVH� im �Q·HVW�FKDQJpH�
•  $XFXQ�SRLQW�PDWpULHO�Q·HVW�DMRXWp�RX�HQOHYp�j�QRWUH�REMHW�
,O�V·DJLW�GX�FDOFXO�GH�OD�PDVVH� m �GH�O·REMHW��GX�FHQWUH�GHV�PDVVHV� Gx ��GH�OD�PDWULFH�G·LQHUWLH
GDQV� OH� UHSqUH� ℜ � HW� GH� VRQ� LQYHUVH� �TXL� VRQW� GLDJRQDOHV�� HW� GHV� FRRUGRQQpHV� GHV� SRLQWV
PDWpULHOV� ix �GDQV�OH�UHSqUH� ℜ ��GpVLJQpHV�SDU� ℜ

ix ��
��� &DOFXO�GX�FHQWUH�GHV�PDVVHV
2Q� DSSOLTXH� VLPSOHPHQW� OHV� IRUPXOHV� GX� FDOFXO� GX� FHQWUH� GHV� PDVVHV� SRXU� XQ� V\VWqPHFRPSRVp�GH�n �SRLQWV�PDWpULHOV�



,PSOpPHQWDWLRQ�GH�OD�G\QDPLTXH�G·XQ�REMHW�VROLGH ���

m = 0; g = 0;

Pour i de 1  à  n

g += mi[i]* xi [i];

m += mi[i];

g /= m;

��� &DOFXO�GH�OD�PDWULFH�G·LQHUWLH�HW�GH�OD�PDWULFH�HW�GX�TXDWHUQLRQ�G·RULHQWDWLRQ
2Q�XWLOLVH�OD�IRUPXOH�GLVFUqWH�GRQQpH�DX�FKDSLWUH���SRXU�FDOFXOHU�OD�PDWULFH�G·LQHUWLH�GDQV�OHUHSqUH�JOREDO��&HSHQGDQW��FHWWH�PDWULFH�G·LQHUWLH�VHUD�GLIIpUHQWH�GqV�TXH�O·REMHW�DXUD�HIIHFWXpXQ�PRXYHPHQW��/D�PDWULFH�G·LQHUWLH�QpFHVVLWDQW�EHDXFRXS�GH�FDOFXOV��RQ�OD�FDOFXOH�SDU�UDSSRUWDX� FHQWUH� GHV� PDVVHV�� $LQVL�� HOOH� VHUD� LQGpSHQGDQWH� GX� UHSqUH� JOREDO�� HW� UHVWHUD� FRQVWDQWHSHQGDQW� WRXWH� OD� VLPXODWLRQ�� � SDUWLU� GH� OD� IRUPXOH� VXLYDQWH� �SURSULpWp� GHV� PDWULFHV� GHURWDWLRQV���

1−ℜ= RIRI �
RQ�YD�SRXYRLU� WURXYHU� OD�PDWULFH�, ℜ �FDU�HOOH�HVW�GLDJRQDOH�GDQV� OH� UHSqUH� ORFDO��(Q�HIIHW�� LO
VXIILW�GH�FDOFXOHU�OD�PDWULFH�,�HW�GH�FKHUFKHU�OD�PDWULFH�5�TXL�IDLW�SDVVHU�GH�, ℜ ��GLDJRQDOH��j�,�2Q�XWLOLVH�SRXU�FHOD� OD�GpFRPSRVLWLRQ�HQ�YDOHXU�SURSUH��SRXU� O·DOJRULWKPH�YRLU� �/DVFDX[� HW7KpRGRU��������
$X�FRXUV�GH� OD� VLPXODWLRQ�� j� WRXW�PRPHQW�� RQ�SHXW�REWHQLU� ,� j�SDUWLU� GH� , ℜ ��'H� OD�PrPH
IDoRQ�RQ�DXUD�EHVRLQ�GH�O·LQYHUVH�GH�, ℜ ��RQ�YD�OD�VWRFNHU�DXVVL�
double A, B, C, D, E, F;

Matrix I ;

Vector eigenVal ;

A = B = C = D = E = F = 0;

I  = 0;

// calcul des coefficients dans le repère principal

Pour  i de 1  à n

A += mi[i]*( xi [i](2)* xi [i](2)+ xi [i](3)* xi [i](3));

B += mi[i]*( xi [i](1)* xi [i](1)+ xi [i](3)* xi [i](3));

C += mi[i]*( xi [i](1)* xi [i](1)+ xi [i](2)* xi [i](2));

D += mi[i]* xi [i](2)* xi [i](3);

E += mi[i]* xi [i](3)* xi [i](1);

F += mi[i]* xi [i](1)* xi [i](3);

// translation en G

A += m*( g(2)* g(2) + g(3)* g(3));

B += m*( g(3)* g(3) + g(1)* g(1));

C += m*( g(1)* g(1) + g(2)* g(2));

D -= m* g(2)* g(3);
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E -= m* g(3)* g(1);

F -= m* g(1)* g(2);

// Remplissage de la matrice I

I (1,1) = A; I (1,2) = -F; I (1,3) = -E;

I (2,1) = -F; I (2,2) = B; I (2,3) = -D;

I (3,1) = -E; I (3,2) = -D; I (3,3) = C;

// Calcul de la matrice d’inertie dans ℜ  et de R

SolveEigenProblem( I , eigenVal , R);

// Remplissage des matrices d’inertie

Pour i de 1 à 3

I
ℜ

(i,i) = eigenVal (i);

Ii ℜ (i,i) = 1/ eigenVal (i);

Normalize( R ); // normalise les vecteurs colonnes.

MatrixToQuaternion( R, q);

��� &DOFXO�GHV�FRRUGRQQpHV�GHV�SRLQWV�GDQV�OH�UHSqUH� ℜ
R�SHUPHW�GH�SDVVHU�GX�UHSqUH�ORFDO�DX�UHSqUH�JOREDO��&RPPH�R�HVW�XQH�PDWULFH�GH�URWDWLRQ�VRQ�LQYHUVH�HVW�VD�WUDQVSRVpH���Rt = R-1 ��2Q�XWLOLVHUD�OD�PDWULFH�G·RULHQWDWLRQ�SRXU�WRXW�FH�TXLHVW�PXOWLSOLFDWLRQ�G·XQ�YHFWHXU�FDU�FHOD�HVW�SOXV�pFRQRPLTXH�TXH�G·XWLOLVHU�OH�TXDWHUQLRQ��YRLUFKDSLWUH����2Q�FRQVHUYH�OHV�FRRUGRQQpHV�GHV�SRLQWV�GDQV�OH�UHSqUH�ORFDO��SXLVTXH�WRXWHV�OHV�WUDQVODWLRQV�HWURWDWLRQV�VHURQW�UDSSRUWpHV�VXU�OH�FHQWUH�GHV�PDVVHV���SDUWLU�GH�OD�QRXYHOOH�SRVLWLRQ�GX�FHQWUHGHV�PDVVHV��RQ�GpGXLUD�OHV�SRVLWLRQV�GH�WRXV�OHV�SRLQWV�
Vector gxi ;
Pour  i de 1  à  n

xi
ℜ

[i] = Rt *  ( xi [i]- g);

��� ,QLWLDOLVDWLRQ�GHV�DXWUHV�YDULDEOHV
6L�O·REMHW�HVW�LPPRELOH��HW�TX·RQ�OH�FRQVLGqUH�LVROp�DX�GpSDUW�GH�OD�VLPXODWLRQ��DXFXQH�IRUFH�QHOXL�HVW�DSSOLTXpH���RQ�GRLW�LQLWLDOLVHU�j�]pUR��
•  OD�YLWHVVH�OLQpDLUH�GX�EDU\FHQWUH�
•  OD�YLWHVVH�DQJXODLUH�GX�PRELOH��HW
•  O·DFFpOpUDWLRQ�DQJXODLUH�GX�PRELOH�
�� 6LPXODWLRQ�G·XQH�LWpUDWLRQ
2Q�D�EHVRLQ�GHV�SDUDPqWUHV�VXLYDQWV��
•  O·HQVHPEOH�GHV�GRQQpHV�VXU�O·REMHW�j�O·LQVWDQW� t ��YRLU�SDUDJUDSKH����
•  OHV�IRUFHV�DSSOLTXpHV�HQ�FKDFXQ�GHV�SRLQWV�GH�O·REMHW�j�O·LQVWDQW� t ��

Vector  fi [n]; // Forces appliquées en chaque point,
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•  OH�SDV�GH�WHPSV��
double dt; // pas de temps

/H� SDUDJUDSKH� VXLYDQW� GRQQH� O·DOJRULWKPH� TXL� SHUPHW� GH� FDOFXOHU� OHV� QRXYHOOHV� YDOHXUV� GH
O·DFFpOpUDWLRQ� OLQpDLUH� HW� DQJXODLUH� j� O·LQVWDQW� dtt + �� /H� SDUDJUDSKH� VXLYDQW� H[SOLFLWHUD� GHX[
VFKpPDV�G·LQWpJUDWLRQ�SRXU�SDVVHU�GH�O·LQVWDQW� t �j�O·LQVWDQW� dtt + �
��� &DOFXO�GHV�QRXYHOOHV�JUDQGHXUV��j�O·LQVWDQW� dtt + �
,O�IDXW�G·DERUG�FDOFXOHU�OHV�YDOHXUV�GHV�GHX[�pOpPHQWV�GX�WRUVHXU�G\QDPLTXH�
× GpQRWH�OH�SURGXLW�YHFWRULHO�
Vector s ; // Somme des quantités d’accélération
Vector mo ; // Somme des moments dynamiques
s = 0; mo = 0;
Pour  i  de  1  à  n

s  += fi [i];
mo += ( xi [i]- g) × fi [i];

s  /= m;

/H� SULQFLSH� GH� FDOFXO� GH� O·DOJRULWKPH� VXLYDQW� GpFRXOH� GH� OD� UHODWLRQ� HQWUH� OD� TXDQWLWp� GH
PRXYHPHQW�DQJXODLUH�L �HW�OH�PRPHQW�DX�FHQWUH�G·LQHUWLH�M ��

w
IIwL

M &

dt

d

dt

d

dt

d === �
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&
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d

&HFL� HVW� H[SULPp� GDQV� OH� UHSqUH� JOREDO� �PrPH� OD�PDWULFH� G·LQHUWLH��� M � HVW� FRQQX�� w � HVW
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R�� q �HVW� OH�TXDWHUQLRQ�UHSUpVHQWDQW� O·RULHQWDWLRQ�GH� O·REMHW�� ( )w,0 � OH�TXDWHUQLRQ�REWHQX�HQ
SORQJHDQW� w � GDQV� O·HVSDFH� GHV� TXDWHUQLRQV� �SDUWLH� UpHOOH� QXOOH��� HW� ∗ � O·RSpUDWHXU� GHPXOWLSOLFDWLRQ�GH�GHX[�TXDWHUQLRQV��YRLU�DQQH[H���VXU�O·XWLOLVDWLRQ�GHV�TXDWHUQLRQV��
/HV�pWDSHV�LQLWLDOHV�VHURQW�GH�WUDQVIRUPHU�OD�PDWULFH�, ℜ �HW�,L ℜ �GDQV�OH�UHSqUH�JOREDO�j�O·DLGH�GHOD�PDWULFH�G·RULHQWDWLRQ��

1−ℜ= RIRI �HW
111 −−ℜ− = RIRI
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$LQVL�RQ�REWLHQW�O·DOJRULWKPH�VXLYDQW��
Matrix I ; // I ℜ  dans le repère global

Matrix Ii ; // Ii ℜ  dans le repère global
// Calcul de la matrice I  et Ii

I  = R*  I ℜ * Rt

Ii  = R*  Ii ℜ *  R t

// Calcul de l’accélération de la vitesse angulaire
awg = Ii *( M+ (( I * wg) X wg))
aq = 0.5*QuaternionMul( w, q);

��� ,QWpJUDWLRQ��FDOFXO�GH�OD�QRXYHOOH�SRVLWLRQ
2Q� D� PDLQWHQDQW� O·HQVHPEOH� GHV� JUDQGHXUV� QpFHVVDLUHV� DX� FDOFXO� GX� GpSODFHPHQW� HQWUH
O·LQVWDQW� t �HW�O·LQVWDQW� dtt + ��/HV�GHX[�VFKpPDV�G·LQWpJUDWLRQ�OHV�SOXV�UpSDQGXV�VRQW�OH�VFKpPDG·(XOHU�HW�OH�VFKpPD�GH�1HZWRQ�&RWHV��SOXV�SUpFLV�ORUVTXH�OHV�IRUFHV�VRQW�FRQVWDQWHV�SHQGDQW
dt ��
������6FKpPD�G·(XOHU
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/HV�DOJRULWKPHV�QH�VRQW�SDV�GRQQpV�FDU�WURS�SURFKHV�GHV�IRUPXOHV�FL�GHVVXV�
������1RXYHOOH�SRVLWLRQ�HW�QRXYHOOH�YLWHVVH
�SDUWLU� GH� OD� QRXYHOOH� SRVLWLRQ� GX� FHQWUH� GHV�PDVVHV� HW� GH� OD� QRXYHOOH� RULHQWDWLRQ�� RQ� YDFDOFXOHU�OD�SRVLWLRQ�GH�O·HQVHPEOH�GHV�SRLQWV��3RXU�FHOD�RQ�XWLOLVH�OD�PDWULFH�GH�URWDWLRQ��SOXVpFRQRPLTXH� GDQV� OD� PXOWLSOLFDWLRQ� GH� YHFWHXUV��� HOOH� SHUPHW� GH� SDVVHU� GX� UHSqUH� ORFDO� DXUHSqUH�JOREDO�



,PSOpPHQWDWLRQ�GH�OD�G\QDPLTXH�G·XQ�REMHW�VROLGH ���

// Calcul de la matrice de rotation
QuaternionToMatrix( q, R);
// Nouvelle position et vitesse
Pour  i  de  1  à  n

xi [i] = xg + R* xi
ℜ

[i];

vi [i] = vg  + wg X R* xi
ℜ

[i];,O�HVW�LPSRUWDQW�GH�FDOFXOHU�OD�YLWHVVH�FRUUHFWH�FDU�FHUWDLQHV�IRUFHV�XWLOLVHQW�OD�YLWHVVH�FRPPHSDUDPqWUH��SDU�H[HPSOH�OD�YLVFRVLWp�GX�PLOLHX��
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8WLOLVDWLRQ�GHV�TXDWHUQLRQV
1RXV�QH�SUpVHQWRQV�SDV�LFL�XQH�pWXGH�WKpRULTXH�VXU�OHV�TXDWHUQLRQV�RX�OHV�URWDWLRQV�PDLV�XQ
HQVHPEOH�G·DOJRULWKPHV�G·XWLOLVDWLRQ� FRXUDQWH� SRXU� OD�PDQLSXODWLRQ� GHV� TXDWHUQLRQV��2Q� VH
UpIpUHUD�SRXU�XQH�pWXGH�SOXV�DSSURIRQGLH�j��6KRHPDNH��������HW��%DLQYLOOH��������

�� 3DVVDJH�GH�OD�PDWULFH�GH�URWDWLRQ�DX�TXDWHUQLRQ
/H�TXDWHUQLRQ�HVW�UHSUpVHQWp�VRXV�OD�IRUPH�G·XQ�YHFWHXU�GH�GLPHQVLRQ���
2Q�QRWH� ( )4321 ,,, qqqq=q �DYHF� 12

4
2
3

2
2

2
1 =+++ qqqq �

/D�PDWULFH�GH�URWDWLRQ�SHXW�V·H[SULPHU�HQ�IRQFWLRQ�GHV�FRPSRVDQWHV�GX�TXDWHUQLRQ�SDU��
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&·HVW�j�SDUWLU�GH�FHWWH�IRUPXOH�TX·RQ�YD�SRXYRLU�WURXYHU�OH�TXDWHUQLRQ�
MatrixToQuaternion(Matrix R, Quaternion q)

double u [4];

double max, val;

int imax, i ;

u[0] = 1 + R(1,1) + R(2,2) + R(3,3); // ( ) 2
1

2
4

2
3

2
2 444 qqqq =++−

u[1] = 1 + R(1,1) - R(2,2) - R(3,3); //
2
24q

u[2] = 1 - R(1,1) + R(2,2) - R(3,3); //
2
34q

u[3] = 1 - R(1,1) - R(2,2) + R(3,3); //
2
44q
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// Recherche de la plus grande composante

max = | u[0]|;

imax = 0;

Pour i  de  1  à  3

Si  | u[i]| > max alors

max = | u[i]|;

imax = i;

// calcul de la plus grande composante de q

q(imax+1)  = sqrt( u[imax]*0.25); //
4

1
4 2 ⋅= ii qq

val = 4 * q(imax+1); // iqval 4=

Selon  (imax) :

Cas imax=0 :

q(2) = ( R(3,2) – R(2,3))/val;

q(3) = ( R(1,3) – R(3,1))/val;

q(4) = ( R(2,1) – R(1,2))/val;

Cas imax=1 :

q(1) = ( R(3,2) – R(2,3))/val;

q(3) = ( R(2,1) + R(1,2))/val;

q(4) = ( R(1,3) + R(3,1))/val;

Cas imax=2 :

q(1) = ( R(1,3) – R(3,1))/val;

q(2) = ( R(2,1) + R(1,2))/val;

q(4) = ( R(3,2) + R(2,3))/val;

Cas imax=3 :

q(1) = ( R(2,1) – R(1,2))/val;

q(2) = ( R(1,3) + R(3,1))/val;

q(3) = ( R(3,2) + R(2,3))/val;

Normalize( q);

&HW� DOJRULWKPH� HVW� DVVH]� pFRQRPLTXH� HQ� WHUPH�G·RSpUDWLRQ� �XQH� VHXOH� RSpUDWLRQ� ORXUGH� GH
UDFLQH�FDUUpH�sqrt ��



8WLOLVDWLRQ�GHV�TXDWHUQLRQV ���

�� 3DVVDJH�GX�TXDWHUQLRQ�j�OD�PDWULFH�GH�URWDWLRQ
2Q�VDLW�TX·XQH�URWDWLRQ�G·D[H�XQLWDLUH� v �HW�G·DQJOH�θ �HVW�UHSUpVHQWpH�SDU�OH�TXDWHUQLRQ��






=+=

2
sin,

2
sin,

2
sin,

2
cos

2
sin

2
cos

θθθθθθ
vvv zyxvq ��$X�OLHX�GH�UpFXSpUHU�O·DQJOH�HW

OHV�D[HV�SXLV�GH�FRQVWUXLUH� OD�PDWULFH�GH� URWDWLRQ� �JRXUPDQG�HQ� WHUPH�G·RSpUDWLRQV���RQ�YD
XWLOLVHU�O·H[SUHVVLRQ�GH�OD�PDWULFH�GRQQpH�DX�SDUDJUDSKH�SUpFpGHQW�
QuaternionToMatrix(Quaternion q, Matrix R)

double u11, u12, u13, u14;

double u22, u23, u24 ;

double u33, u34 ;

double u44 ;

u11 = q(1)* q(1); u12 = q(1)* q(2);

u13 = q(1)* q(3); u14 = q(1)* q(4);

u22 = q(2)* q(2); u23 = q(2)* q(3); u24 = q(2)* q(4);

u33 = q(3)* q(3); u34 = q(3)* q(4);

u44 = q(4)* q(4);

R(1,1) = 2 * (u11 + u22) – 1;

R(1,2) = 2 * (u23 + u14);

R(1,3) = 2 * (u24 – u13);

R(2,1) = 2 * (u23 – u14);

R(2,2) = 2 * (u11 + u33) – 1;

R(2,3) = 2 * (u34 + u12);

R(3,1) = 2 * (u24 + u13);

R(3,2) = 2 * (u34 – u12);

R(3,3) = 2 * (u11 + u44) – 1;

�� 0XOWLSOLFDWLRQ�GH�GHX[�TXDWHUQLRQV
(Q� SDUWDQW� GHV� SURSULpWpV� VSpFLILTXHV� GH� OD� EDVH� GHV� TXDWHUQLRQV� �YRLU� FKDSLWUH� ���� OD
PXOWLSOLFDWLRQ�GH�GHX[�TXDWHUQLRQV�TXHOFRQTXHV� ( )4321 ,,, qqqq=q � HW� ( )4321 ,,, pppp=p
HVW��

( )
( )
( ) k

j

i

pq

⋅−+++
⋅+−++
⋅−+++

−−−=∗

23321441

24421331

34431221

44332211

qpqpqpqp

qpqpqpqp

qpqpqpqp

qpqpqpqp
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4XDQW�j� OD� IRQFWLRQ�XWLOLVpH�j� O·DQQH[H����FHOD�GRQQH� �DSUqV�VLPSOLILFDWLRQ�FDU� LFL� OH�SUHPLHU
TXDWHUQLRQ�HVW�XQ�YHFWHXU�GH�,5� �VD�SDUWLH�UpHOOH�HVW�GRQF�QXOOH� 01 =p ���
QuaternionMul( Vector  u, Quat  q)

Quat p ;

p(1) = - u(1)* q(2) – u(2)* q(3) – u(3)* q(4);

p(2) =  u(1)* q(1) + u(2)* q(4) – u(3)* q(3);

p(3) =  u(2)* q(1) – u(1)* q(4) + u(3)* q(2);

p(4) =  u(3)* q(1) + u(1)* q(3) – u(2)* q(2);

retourne p;
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1RUPDOHV

%LHQ� TXH� OD� QRUPDOH� j� OD� VXUIDFH� HQ� XQ� VRPPHW� ip � G·XQH� VXUIDFH� WULDQJXOpH� QH� VRLW� SDV
PDWKpPDWLTXHPHQW�GpILQLH��LO�DUULYH�IUpTXHPPHQW�HQ�LQIRJUDSKLH�G·DYRLU�EHVRLQ�G·XQH�YDOHXU
HQ�FKDFXQ�GHV�VRPPHWV��&HOD�HVW�SDU�H[HPSOH�QpFHVVDLUH�GDQV�WRXV�OHV�IRUPDWV�G·DIILFKDJH��'
ORUVTX·RQ�YHXW�IDLUH�GX�UHQGX��DYHF�XQH�PpWKRGH�GH�*RXUDXG�RX�GH�3KRQJ���RX�HQFRUH��RQ�O·D
YX� GDQV� FHWWH� WKqVH�� ORUVTXH� O·RQ� GRLW� FDOFXOHU� OH� YROXPH� RX� YpULILHU� OD� FRQWUDLQWH
G·LQFRPSUHVVLELOLWp��2Q�FKRLVLW�DORUV�XQH�H[SUHVVLRQ�GH�OD�PR\HQQH�GHV�QRUPDOHV�YRLVLQDQWV�OH
VRPPHW� ip �
/H� EXW� GH� FHW� DQQH[H� HVW� GH� GpPRQWUHU� TXH� TXHOOH� TXH� VRLW� O·H[SUHVVLRQ� FKRLVLH�� ORUVTXH
O·pOpPHQW�GH�VXUIDFH�HVW�OH�WULDQJOH��RQ�GpVLJQH�OD�PrPH�GLUHFWLRQ��2Q�SRXUUD�VH�UpIpUHU�j�GHV
DUWLFOHV� JpQpUDX[� VXU� OHV� QRUPDOHV� j� XQH� VXUIDFH� GLVFUqWH�� QRWDPPHQW� �*ODVVQHU�� ������ HW
�7DPSLHUL��������
7URLV�FKRL[�VRQW�SRVVLEOHV��YRLU�)LJXUH�����
�� in ���PR\HQQH�GHV�QRUPDOHV�DX[�IDFHWWHV�FRQFRXUDQWHV�HQ� ip ��)LJXUH���D��
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R��F(j)� HVW� OD� MLqPH� IDFHWWH� FRQFRXUDQWH� HQ� ip �� HW� nbf(i)� OH� QRPEUH� GH� IDFHWWHV
FRQFRXUDQWHV� HQ� ip � HW� ( )jFn � OD� QRUPDOH� j�F(j)��nbf(i)� HVW� DXVVL� OH� QRPEUH� GH
YRLVLQV�GH� ip �FDU�OHV�IDFHWWHV�VRQW�WULDQJXODLUHV��HW�RQ�VXSSRVH�OD�VXUIDFH�IHUPpH��
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)RUPDW�GX�PRGqOH
/H� IRUPDW�GHV�REMHWV�PLV� DX�SRLQW�SRXU�rWUH�XWLOLVp�GDQV�QRWUH�PRGqOH� YpULILH� OHV�SULQFLSHVVXLYDQW��
•  ,O�GRLW�rWUH�LQGpSHQGDQW�GH�O·DIILFKDJH�
•  ,O�GRLW�SRXYRLU�rWUH�pGLWp�j�OD�PDLQ�VDQV�ULVTXH�
•  ,O� GRLW� rWUH� VXIILVDPPHQW� RXYHUW� SRXU� DFFHSWHU� GHV� QRXYHOOHV� GRQQpHV� HQ� FRXUV� GHGpYHORSSHPHQW�1RXV�DYRQV�GRQF�GpILQL�XQH�JUDPPDLUH�GX�IRUPDW��1RXV�GRQQRQV�LFL�OH�ILFKLHU�GHVFULSWLI�GHFH�IRUPDW�HW�XQ�H[HPSOH�G·REMHW�
�� 'HVFULSWLRQ�GX�IRUPDW��
����GHQRWHV�FRPPHQWV��XS�WR�WKH�HQG�RI�OLQH�*OREDO� RU� UHJLRQDO� IRUFH� ZHLJKWV� ZLOO� EH� LQKHULWHG� E\� HDFK� HOHPHQW� XQOHVV� D� QHZ� JOREDO�UHJLRQDO�RU�HOHPHQW�ZHLJKW�LV�VSHFLILHG�(DFK�HOHPHQW�RI�D�UHJLRQ�LV�RI�WKH�VDPH�W\SH��XQLTXH�LG�IRU�UHJLRQ�DQG�HOHP�DUH�QHHGHG��LGFDQ�FRUUHVSRQG�WR�QRQH�HOHPHQW�RU�UHJLRQ���(OHPHQW�DQG�UHJLRQ�LG�FRXOG�EHJLQ�DW�LQGH[���,Q�WKH�IROORZLQJ�JUDPPDU��L�GHQRWHV�DQ�LQW�YDOXH��DQG�I�D�IORDW�YDOXH��HDFK�LQVWUXFWLRQ�VKRXOGEH�HQGHG�E\�DQ�HQG�RI�OLQH�FKDUDFWHU���REMHFW! �� QE(OHP�L��REMHFW!�_ WKH�REMHFW�QU�RI�HOHPHQWVQE5HJLRQ�L��REMHFW!�_ WKH�REMHFW�QU�RI�UHJLRQVH[WHUQ:�I��REMHFW!�_ WKH�H[WHUQ�IRUFH�ZHLJKW�SDUDPDWHUYLVFRVLW\:�I��REMHFW!�_ WKH�YLVFRVLW\�IRUFH�ZHLJKW�SDUDPHWHUEHJLQ5HJLRQ�L��UHJLRQ!�REMHFW!� EHJLQ�UHJLRQ�L���L�LV�DQ�XQLTXH�UHJLRQ�LG�
�UHJLRQ! � W\SH�HODVWLF��HODVWLF5HJLRQ!�_ WKLV�LV�DQ�HODVWLF�UHJLRQW\SH�PXVFXODU��PXVFXODU5HJLRQ!�_ WKLV�LV�D�PXVFXODU�UHJLRQW\SH�VROLG��VROLG5HJLRQ!� WKLV�LV�D�VROLG�UHJLRQ
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�JHQ5HJLRQ!�� QE(OHP�L��JHQ5HJLRQ!�_ JLYHV�WKH�QU�RI�HOHPHQWH[WHUQ:�I��JHQ5HJLRQ!�_ JLYHV�WKH�H[WHUQ�ZHLJKW�SDUDPDWHUYLVFRVLW\:�I��JHQ5HJLRQ!�_ JLYHV�WKH�YLVFRVLW\�ZHLJKW�SDUDPHWHUPDVV�I��JHQ5HJLRQ!�_ HDFK�HOHPHQW�RI�WKLV�UHJLRQ�KDV�WKLV�PDVVHQG5HJLRQ� HQG�RI�WKH�FXUUHQW�UHJLRQ
�HODVWLF5HJLRQ! � VKDSH:�I��HODVWLF5HJLRQ!�_ VKDSH�PHPRU\�IRUFH�ZHLJKW�SDUDPHWHUPDVWHU5HJLRQ�^>\HV@_QR`��HODVWLF5HJLRQ!�_

VHWV�WKLV�UHJLRQ�DV�WKH�PDVWHU�UHJLRQVHW$VVRFLDWH�L��HODVWLF5HJLRQ!�_
UHJLRQ�L�LV�DQ�DVVRFLDWH�RI�FXUUHQW�UHJLRQFWH9RO�^\HV_>QR@`��HODVWLF5HJLRQ!�_
VHWV�RU�QRW�WKH�FRQVWDQW�YROXPH�FRQVWUDLQWEHJLQ(OHP�L��HODVWLF(OHP!�_ EHJLQV�HOHPHQW�L��XQLTXH�HOHPHQW�LG��JHQ5HJLRQ!�

�PXVFXODU5HJLRQ!�� PXVFXODU:�I��PXVFXODU5HJLRQ!�_
PXVFXODU�IRUFH�ZHLJKWDXWR0XVFOH1HLJK�^\HV_>QR@`��PXVFXODU5HJLRQ!�_
DXWRPDWLFDOO\�VHWV�WKH�QHLJERXUV�DV�PXVFOH�FRQWUDFWLRQ�GLUHFWLRQ
21/<�IRU�WKH�QHLJKERXUV�WKDW�DUH�LQ�WKH�VDPH�PXVFXODU�UHJLRQEHJLQ(OHP�L��PXVFXODU(OHP!�_
EHJLQV�HOHPHQW�L��XQLTXH�HOHPHQW�LG��HODVWLF5HJLRQ!�

��VROLG5HJLRQ!� ���� OLQN:�L��JHQ5HJLRQ!�_ ZHLJKW�RI�VSULQJV�EHWZHHQ�VROLG�UHJLRQVEHJLQ(OHP�L��VROLG(OHP!�_ EHJLQV�HOHPHQW�L��XQLTXH�HOHPHQW�LG�
�JHQ5HJLRQ!�

�JHQ(OHP!� � FRRUG�I�I�I���JHQ(OHP!�_ [��\�DQG�]�SRVLWLRQ�RI�WKH�HOHPHQWH[WHUQ:�I��JHQ(OHP!�_� H[WHUQDO�IRUFH�ZHLJKW�SDUDPHWHUYLVFRVLW\:�I��JHQ(OHP!�_ YLVFRVLW\�IRUFH�ZHLJKW�SDUDPHWHUPDVV�I��JHQ(OHP!�_ HOHPHQW�PDVVQHLJK�L��JHQ(OHP!�_
HOHP�L�LV�WKH�QH[W�QHLJKERXU
�EHFDUHIXO��WKH�QHLJKERXU�RUGHU��LV�WR�EH�WKH�FORFNZLVH�RUGHU�OLQN�L �JHQ(OHP!�_
LI�LQ�HODVWLF�RU�PXVFXODU�HOHPHQW��L�LV�WKH�VROLG�HOHPHQW�WKDW
FRQVWUDLQV�WKH�FXUUHQW�HOHPHQW��,I�LQ�VROLG�HOHPHQW�L�LV�WKH�VROLG�HOHPHQW
OLQNHG�E\�D�VSULQJ�WR�WKH�FXUUHQW�HOHPHQW�IL[HG�^\HV_>QR@`��JHQ(OHP!�_�IL[HG�WKH�HOHPHQW��E\�GHIDXOW�QRW�IL[HG�HQG(OHP�



)RUPDW�GX�PRGqOH ���

�HODVWLF(OHP! � � VKDSH:�I��HODVWLF(OHP!�_ VKDSH�PHPRU\�IRUFH�ZHLJKW�SDUDPHWHUVKDSH0HPRU\�^>\HV@_QR`�_
WKH�HODVWLF�IRUFH�LV�FRPSXWHG�HLWKHU�E\�VKDSH�PHPRU\
RU�PDVV�VSULQJ�PHWKRG�JHQ(OHP!�

�PXVFXODU(OHP! � PXVFXODU:�I��PXVFXODU(OHP!�_� PXVFXODU�IRUFH�ZHLJKWQRW0XVFOH1HLJK�L��PXVFXODU(OHP!�_
QHLJKERXU�L�GRHV�127�GHILQH�D�FRQWUDFWLRQ�GLUHFWLRQ�HODVWLF(OHP!�

�VROLG(OHP! �� � OLQN:�I��JHQ(OHP!�_� IRUFH�ZHLJKW�RI�VSULQJ�IRU�WKH�VROLG�VROLG�OLQN
WKLV�FRUUHVSRQGV�WR�WKH�VSULQJ�VWLIIQHVV�RI�WKH�OLQN�JHQ(OHP!�

�� ([HPSOH
/·H[HPSOH�FKRLVL�HVW��XQ�FXEH�GRQW�XQH�IDFH�HVW�GpILQLH�SDU�XQH�UpJLRQ�VROLGH��OD�IDFH�RSSRVpHSDU�XQH�UpJLRQ�PXVFXODLUH�HW�OD�FRXURQQH�SDU�XQH�UpJLRQ�pODVWLTXH��YRLU�)LJXUH����

eOHPHQWV�FRQWUDLQWV
SRXU�OH�UDFFRUGHPHQW�j

OD�UpJLRQ�VROLGH�

5pJLRQ����
UpJLRQ�VROLGH�

eOpPHQW�IL[p5pJLRQ����UpJLRQ
pODVWLTXH�

5pJLRQ����UpJLRQ
PXVFXODLUH�

�
�

�
�

�
�

�

��

��
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\

]

)LJXUH� ��� 6FKpPD� G·XQ� REMHW� XWLOLVDEOH� SDU� OH� PRGqOH�� /D� UpJLRQpODVWLTXH�RFFXSH�OH�SRXUWRXU�GX�FXEH�� OD�UpJLRQ�PXVFXODLUH�OD�IDFHDQWpULHXUH�

/HV�UpJLRQV�pODVWLTXHV�HW�PXVFXODLUHV�GpILQLVVHQW�OH�YROXPH�GX�FXEH�TXL�GRLW�UHVWHU�FRQVWDQW�3RXU�FHOD�RQ�XWLOLVH� OD�FRQWUDLQWH�GH�YROXPH�FRQVWDQW��&·HVW� OD� UpJLRQ�pODVWLTXH�TXL�SLORWH� ODFRQWUDLQWH��PDVWHU5HJLRQ��2Q� XWLOLVH� OD� IRQFWLRQ� DXWR0XVFOH1HLJK� DILQ� GH� GpILQLU� OHV� GLUHFWLRQV� GH� FRQWUDFWLRQVVHXOHPHQW�GDQV�OD�GLUHFWLRQ�GHV�pOpPHQWV�YRLVLQV�PXVFXODLUHV��SDU�GpIDXW��WRXV�OHV�YRLVLQV�VRQWPXVFXODLUHV���2Q�DXUDLW�SX�DXVVL�HQOHYHU�FKDFXQ�GHV�YRLVLQV�pODVWLTXHV�GH� OD� OLVWH�GHV�YRLVLQVPXVFXODLUHV��XQ�SDU�XQ�



��� $QQH[H��

9RLFL�OH�ILFKLHU�UpVXOWDQW��
# Fichier de description
nbRegion 3
nbElem 12
externW 9.81
viscosityW 1.

# région solide # région élastique # région musculair e
beginRegion 0 beginRegion 1 beginRegion 2

type solid type elastic type muscular
nbElem 4 nbElem 4 nbElem 4
mass 10.0 mass 5.0 mass 1.0

shapeW 10.0 shapeW 3.0
beginElem 0 cteVol yes cteVol yes

coord 1 1 0 masterRegion yes masterRegion no
neigh 1 setAssociate 2 autoMuscleNeigh yes
neigh 3
fixed yes

endElem beginElem 4 beginElem 8
coord 1 1 0 coord 1 1 1

beginElem 1 link 0 neigh 4
coord 0 1 0 neigh 5 neigh 9
neigh 0 neigh 9 neigh 10
neigh 2 neigh 8 neigh 11

endElem neigh 7 neigh 7
endElem endElem

beginElem 2
coord 0 0 0 beginElem 5 beginElem 9
neigh 1 neigh 6 coord 0 1 1
neigh 3 neigh 10 neigh 5

endElem neigh 9 neigh 10
neigh 4 neigh 8

beginElem 3 coord 0 1 0 neigh 4
coord 1 0 0 link 1 endElem
neigh 2 endElem
neigh 0 beginElem 10

endElem beginElem 6 coord 0 0 1
endRegion coord 0 0 0 neigh 5

neigh 7 neigh 6
neigh 11 neigh 11
neigh 10 neigh 8
neigh 5 neigh 9
link 2 endElem

endElem
beginElem 11

beginElem 7 coord 1 0 1
coord 1 0 0 neigh 7
link 3 neigh 8
neigh 4 neigh 10
neigh 8 neigh 6
neigh 11 endElem
neigh 6 endRegion

endElem
endRegion



% L E O L R J U D S K L H

�$GOHU�HW�DO������� $��$GOHU��5��*XDUGR��<��%HUWKLDXPH�� ,PSHGDQFH� LPDJLQJ
RI� OXQJ� YHQWLODWLRQ��� GR� ZH� QHHG� WR� DFFRXQW� IRU� FKHVW
H[SDQVLRQ�"�,(((�7UDQVDFWLRQV�RQ�ELRPHGLFDO�HQJLQHHULQJ��������
SS����������$YULO������

�$JRVWLQL�HW�+\DWW������� (��$JRVWRQL��5�(��+\DWW��6WDWLF�EHKDYLRU�RI�WKH�UHVSLUDWRU\
V\VWHP��'DQV��0DFNOHP�HW�0HDG���������FKDSLWUH����SS����
���

�$XEHUW�HW�%HFKPDQQ������� )��$XEHUW��'��%HFKPDQQ��'pIRUPDWLRQ�G·REMHWV�j�YROXPH
FRQVWDQW��$FWHV�GH� O·$),*��SS����������1RYHPEUH������
LGHQWLTXH� j� UDSSRUW� ������� /DERUDWRLUH� GHV� 6FLHQFHV� GH
O·,PDJH� HW� GH� O·,QIRUPDWLTXH� HW� GH� OD� 7pOpGpWHFWLRQ�
8QLYHUVLWp�/RXLV�3DVWHXU��6WUDVERXUJ�

�$XEHUW�HW�%HFKPDQQ������� )�� $XEHUW�� '�� %HFKPDQQ�� 9ROXPH� SUHVHUYLQJ� VSDFH
GHIRUPDWLRQ��&RPSXWHU�	�*UDSKLFV�� �������SS� �� 6HSWHPEUH�
RFWREUH������

�$\DFKH�HW�DO�������� 1�� $\DFKH�� 3�� &LQTXLQ�� ,�� &RKHQ�� /�� &RKHQ�� )�� /HLWQHU�
2�0RQJD�� 6HJPHQWDWLRQ� RI� FRPSOH[� PHGLFDO� REMHFWV��� D
FKDOOHQJH�DQG�D�UHTXLUHPHQW�IRU�FRPSXWHU�DVVLVWHG�VXUJHU\
SODQQLQJ� DQG� SHUIRUPLQJ�� ,Q� 5�� 7D\ORU�� 6�� /DYDOOpH�� *�
%XUGHD� DQG�5��0RVJHV�� HGLWRUV��&RPSXWHU� ,QWHJUDWHG� 6XUJHU\�
0,7�3UHVV��&DPEULGJH��0$�������

�%DGOHU������� 1�� %DGOHU�� 9LUWXDO� KXPDQV� IRU� DQLPDWLRQ�� HUJRWLFV� DQG
VLPXODWLRQ��,(((�:RUNVKRS�RQ�QRQ�ULJLG�DQG�DUWLFXODWHG�PRWLRQ�
3XHUWR�5LFR��-XLQ������

�%DLQYLOOH������� (��%DLQYLOOH��5HFRQVWUXFWLRQ�G·LPDJHV�WULGLPHQVLRQQHOOHV�j�SDUWLU�GH
VLOKRXHWWHV�� '($� LQIRUPDWLTXH�� 8QLYHUVLWp� -RVHSK� )RXULHU�
�����



��� %LEOLRJUDSKLH

�%DLQYLOOH������� (�� %DLQYLOOH��0RGpOLVDWLRQ� JpRPpWULTXH� HW� G\QDPLTXH� G·XQ� JHVWH
FKLUXUJLFDO��7KqVH�GH� O·8QLYHUVLWp�-RVHSK�)RXULHU��*UHQREOH�
0DUV������

�%DUDII������� '�� %DUDII�� )DVW� FRQWDFW� IRUFH� FRPSXWDWLRQ� IRU
QRQSHQHWUDWLQJ� ULJLG�ERGLHV��&RPSXWHU�*UDSKLFV�� ���� SS����
����-XLOOHW�������6LJJUDSK����

�%DUUDI�HW�:LWNLQ������� '�� %DUDII�� $�� :LWNLQ�� '\QDPLF� VLPXODWLRQ� RI� QRQ�
SHQHWUDWLQJ� IOH[LEOH� ERGLHV�� &RPSXWHU� *UDSKLFV�� ������� SS
���������-XLOOHW�������6LJJUDSK����

�%DU]HO�HW�%DUU������� 5�� %DU]HO�� $�+�� %DUU�� $� PRGHOLQJ� V\VWHP� EDVHG� RQ
G\QDPLFV�FRQVWUDLQWV��&RPSXWHU�*UDSKLFV���������SS���������
$R�W�������6LJJUDSK����

�%DXVVHW������� 0�� %DXVVHW�� '\QDPLTXHV��� SULQFLSHV� FODVVLTXHV� HW� UHODWLYLVWHV�
PLOLHX[�VROLGHV�HW�GpIRUPDWLRQ��+HUPDQQ�������

�%HFKPDQQ�HW�'XEUHXLO������� '�� %HFKPDQQ� HW� 1�� 'XEUHXLO�� $QLPDWLRQ� WKURXJK� VSDFH
DQG�WLPH�EDVHG�RQ�D�VSDFH�GHIRUPDWLRQ�PRGHO��7KH�-RXUQDO
RI� 9LVXDOLVDWLRQ� DQG� &RPSXWHU� $QLPDWLRQ�� ������ SS� ��������
-XLOOHW�VHSWHPEUH������

�%HQ�+DLP�HW�6DLGHO������� 6�$�� %HQ�+DLP�� *�� 6DLGHO�� 0DWKHPDWLFDO� PRGHO� RI� FKHVW
ZDOO� PHFKDQLFV��� D� SKHQRPHQRORJLFDO� DSSURDFK��$QQDO� RI
%LRPHGLFDO�(QJLQHHULQJ������SS������������

�%H\ORW�HW�DO������� 3�� %H\ORW�� 3��*LQJLQV�� 3��.DOUD�� 1��0DJQHQDW� 7KDOPDQQ�
:�� 0DXUHO�� '�� 7KDOPDQQ�� -�� )DVHO�� �'� LQWHUDFWLYH
WRSRORJLFDO� PRGHOLQJ� XVLQJ� YLVLEOH� KXPDQ� GDWDVHW�
(XURJUDSKLFV�·����$R�W������

�%LWWDU�HW�DO������� (�� %LWWDU�� 6�� /DYDOOHH�� 5�� 6]HOLVNL�� 0HWKRG� IRU� UHJLVWHULQJ
RYHUODSSLQJ�UDQJH�LPDJHV�RI�DUELWUDULO\�VKDSHG�VXUIDFHV�IRU
�'� REMHFW� UHFRQVWUXFWLRQ�� 63,(�� 6HQVRU� )XVLRQ� ,9�
%RVWRQ��9RO�������SS���������������

�%RUUHO�HW�%HFKPDQQ������� 3�� %RUUHO�� '�� %HFKPDQQ�� 'HIRUPDWLRQ� RI� Q�GLPHQVLRQDO
REMHFWV�� ,QWHUQDWLRQDO� -RXUQDO� RI� &RPSXWDWLRQDO� *HRPHWU\� 	
$SSOLFDWLRQV��������SS���������������

�%RXOLF�HW�DO������� 5��%RXOLF��1��0DJQHQDW�7KDOPDQQ��'��7KDOPDQQ��$�JOREDO
KXPDQ� ZDONLQJ� PRGHO� ZLWK� UHDO�WLPH� NLQHPDWLF
SHUVRQLILFDWLRQ�� 7KH� 9LVXDO� &RPSXWHU�� ������ SS�� ��������
�����

�%UXGHUOLQ�HW�&DOYHUW������� $�� %UXGHUOLQ�� 7�:�� &DOYHUW�� *RDO�GLUHFWHG�� G\QDPLF
DQLPDWLRQ� RI� KXPDQ� ZDONLQJ�� &RPSXWHU� *UDSKLFV� ����
3URFHHGLQJV������SS����������-XLOOHW�������6LJJUDSK·���



%LEOLRJUDSKLH ���

�%UXGHUOLQ�HW�&DOYHUW������� $�� %UXGHUOLQ�� 7�:�� &DOYHUW�� ,QWHUDFWLYH� DQLPDWLRQ� RI
SHUVRQDOL]HG� KXPDQ� ORFRPRWLRQ�� *UDSKLFV� ,QWHUIDFH� ����
SURFHHGLQJV��3S������

�%XUGHD�HW�&RLIIHW������� *��%XUGHD��3��&RLIIHW��/D�UpDOLWp�YLUWXHOOH��+HUPqV��3DULV������
�%XWOHU�HW�/HLWK������� -�3�� %XWOHU�� '�'�� /HLWK�� 3ULQFLSOHV� RI� PHDVXUHPHQW��

DSSOLFDWLRQV�WR�SUHVVXUH��YROXPH��DQG�IORZ��'DQV��0DFNOHP
HW�0HDG���������FKDSLWUH����SS�������

�&DUQHYDOL�HW�DO������� 3��&DUQHYDOL��*�� )HUULJQR��$��$OLYHUWL�� $�� 3HGRWWL�� $� QHZ
PHWKRG� IRU� �'� RSWLFDO� DQDO\VLV� RI� FKHVW� ZDOO� PRWLRQ�
7HFKQRORJ\�DQG�KHDOWK�FDUH�����SS�������������

�&KDGZLFN�HW�DO�������� -�(�� &KDGZLFN�� '�5�� +DXPDQ�� 5�(�� 3DUHQW�� /D\HUHG
FRQVWUXFWLRQ�IRU�GHIRUPDEOH�DQLPDWHG�FKDUDFWHUV��&RPSXWHU
*UDSKLFV���������SS����������-XLOOHW�������6LJJUDSK����

�&KDXG\������� &��&KDXG\��6\QWKqVH�G·LPDJHV�UpDOLVWHV�GH�SD\VDJHV�QDWXUHOV��7KqVH
GH�O·XQLYHUVLWp�-RVHSK�)RXULHU��*UHQREOH��)pYULHU������

�&KHQ������� '�7��:�� &KHQ�� 3XPS� LW� XS��� FRPSXWHU� DQLPDWLRQ� RI� D
ELRPHFKDQLFDOO\�EDVHG�PRGHO�RI�PXVFOH�XVLQJ�WKH�ILQLWH�HOHPHQW�PHWKRG�
7KqVH�GX�0DVVDFKXVVHWWV� ,QVWLWXWH�RI�7HFKQRORJ\��)HYULHU
�����

�&KHQ�HW�=HOW]HU������� '�7��&KHQ��'��=HOW]HU��3XPS� LW�XS��� FRPSXWHU� DQLPDWLRQ
RI� D� ELRPHFKDQLFDOO\� EDVHG� PRGHO� RI� PXVFOH� XVLQJ� WKH
ILQLWH�HOHPHQW�PHWKRG��&RPSXWHU�*UDSKLFV���������SS�������
-XLOOHW�������6LJJUDSK·���

�&LDUOHW������� 3�*��&LDUOHW��(ODVWLFLWp�WULGLPHQVLRQQHOOH��0DVVRQ�������
�&LDUOHW������� 3�*�� &LDUOHW�� ,QWURGXFWLRQ� WR� QXPHULFDO� OLQHDU� DOJHEUD� DQG

RSWLPL]DWLRQ�� &DPEULGJH�� (QJODQG��� &DPEULGJH� 8QLYHUVLW\
3UHVV�������

�&LQTXLQ�HW�DO������� 3��&LQTXLQ�HW� DO��&RPSXWHU� DVVLVWHG�PHGLFDO� LQWHUYHQWLRQV
DW� 7,0&� ODERUDWRU\��� SDVVLYH� DQG� VHPL�DFWLYH� DLGV�� ,(((
HQJLQHHULQJ�LQ�0HGLFLQH�DQG�%LRORJ\�PDJD]LQH��VSHFLDO�LVVXH�5RERWV�LQ
6XUJHU\����������SS���������������

�&ORVNH\�HW�DO������� 5�� )�� &ORVNH\�� $�%�� 6FKXOW]�� &�:�� /XFKLHV�� $�PRGHO� IRU
VWXGLHV� RI� WKH� GHIRUPDEOH� ULE� FDJH�� -RXUQDO� RI� %LRPHFKDQLFV�
�������SS���������������

�&RWLQ�HW�DO������� 6��&RWLQ��+��'HOLQJHWWH��0��%UR�1LHOVHQ��1��$\DFKH�� -�0�
&OpPHQW��9��7DVVHWWL��-��0DUHVFDX[��*HRPHWULF�DQG�SK\VLFDO
UHSUHVHQWDWLRQV� IRU� D� VLPXODWRU� RI� KHSDWLF� VXUJHU\��+HDOWK
&DUH� LQ� WKH�,QWIRUPDWLRQ�$JH��+��6LHEXUJ��6��:HJKRUVW��HW�.�
0RUJDQ� �(GV��� ,26� 3UHVV� DQG� 2KPVKD�� ������ 0HGHFLQH
0HHWV�9LUWXDO�5HDOLW\���



��� %LEOLRJUDSKLH

�&R]RW�HW�DO�������� 5�� &R]RW�� %�� $UQDOGL�� *�� 'XPRQW�� $� XQLILHG� PRGHO� IRU
SK\VLFDOO\� EDVHG� DQLPDWLRQ� DQG� VLPXODWLRQ�� ,Q� $SSOLHG
0RGHOL]DWLRQ��6LPXODWLRQ� DQG�2SWLPLVDWLRQ���&DQFXQ��0H[LTXH�
-XLQ������

�'HOLQJHWWH������� +��'HOLQJHWWH��6LPSOH[�PHVKHV��� D� JHQHUDO� UHSUHVHQWDWLRQ� IRU� �'
VKDSH�UHFRQVWUXFWLRQ��7HFKQLFDO�UHSRUW�������,QULD��0DUV������

�'HOQRQGHGLHX�HW�DO������� <�� 'HOQRQGHGLHX�� $�� /XFLDQL�� &�� &DGR]�� 3K\VLFDO
HOHPHQWDU\� FRPSRQHQW� IRU� PRGHOLQJ� WKH� WHQVRU\�
PRWULFLW\��� WKH� SULPDU\� PXVFOH�� �WK� (XURJUDSKLFV� &RPSXWHU
$QLPDWLRQ�DQG�6LPXODWLRQ�:RUNVKRS��6HSWHPEUH������

�'HVEUXQ�HW�*DVFXHO������� 0��'HVEUXQ��0�3��*DVFXHO��+LJKO\�GHIRUPDEOH�PDWHULDO�IRU
DQLPDWLRQ� DQG� FROOLVLRQ� SURFHVVLQJ�� �WK� (XURJUDSKLFV
:RUNVKRS� RQ� $QLPDWLRQ� DQG� 6LPXODWLRQ�� SS� �������� 2VOR�
1RUYqJH��6HSWHPEUH������

�'H�7UR\HU�HW�/RULQJ������� $�� 'H� 7UR\HU�� 6�+�� /RULQJ�� $FWLRQ� RI� WKH� UHVSLUDWRU\
PXVFOHV��'DQV� �0DFNOHP�HW�0HDG�� ������� FKDSLWUH� ���� SS
��������

�'XPRQW�HW�DO������� *��'XPRQW��%��$UQDOGL��*��+pJURQ��0HFKDQLFV� RI� VROLGV
IRU�FRPSXWHU�DQLPDWLRQ��3URFHHGLQJV�3,;,0����������

�(GHOVWHLQ�.HVKHW������� /�� (GHOVWHLQ�.HVKHW�� 0DWKHPDWLFDO� PRGHOV� LQ� ELRORJ\�
%LUNKDXVHU�PDWKHPDWLFV�VHULHV��0F�*UDZ�+LOO�������

�)DXUH������� )�� )DXUH�� $Q� HQHUJ\�EDVHG� DSSURDFK� IRU� FRQWDFW� IRUFH
FRPSXWDWLRQ��,Q�&RPSXWHU�*UDSKLFV�)RUXP���������$R�W������
(XURJUDSKLFV����

�)HUULJQR�HW�DO������� *��)HUULJQR��1�$��%RUKHVH��$��3HGRWWL��3DWWHUQ�UHFRJQLWLRQ
LQ� �'� DXWRPDWLF� KXPDQ� DQDO\VLV�� ,6356� -RXUQDO� RI
SKRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ������SS���������������

�)HUULJQR�HW�DO������� *�� )HUULJQR�� 3�� &DUQHYDOL�� $�� $OLYHUWL�� )�� 0ROWHQL�� *�
%HXOFNH��$��3HGRWWL��7KUHH�GLPHQVLRQDO�RSWLFDO�DQDO\VLV�RI
FKHVW� ZDOO� PRWLRQ�� -RXUQDO� RI� $SSOLHG� 3K\VLRORJ\�� ������� SS
����������������

�)ROH\�HW�DO�������� -�'��)ROH\��$��YDQ�'DP��6�.��)HLQHU��-�)��+XJKHV��&RPSXWHU
*UDSKLFV�� SULQFLSOH� DQG� SUDFWLFH�� �QG� HGLWLRQ�� $GGLVRQ�:HVOH\�
�����

�)XD�HW�%HFKE�KOHU������� 3��)XD��&��%UHFKE�KOHU��,PSRVLQJ�KDUG�FRQVWUDLQWV�RQ�VRIW
VQDNHV��&RPSXWHU�YLVLRQ�DQG�LPDJH�XQGHUVWDQGLQJ���������SS�����
����� ������ 9RLU� DXVVL��7HFKQLFDO� QRWH� ����� $,� FHQWHU� 65,
LQWHUQDWLRQDO��2FWREUH������



%LEOLRJUDSKLH ���

�*DUDW������� )��*DUDW��,GHQWLILFDWLRQ�GH�SDUDPqWUHV�SK\VLTXHV�SRXU�XQ�VLPXODWHXU
G\QDPLTXH�DSSOLTXp�j�OD�URERWLTXH��'($�LQIRUPDWLTXH��,QVWLWXW
1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��-XLQ������

�*DVFXHO������� 0�3��*DVFXHO��'pIRUPDWLRQV�GH� VXUIDFHV� FRPSOH[HV��� WHFKQLTXHV�GH
KDXW� QLYHDX� SRXU� OD� PRGpOLVDWLRQ� HW� O·DQLPDWLRQ�� 7KqVH� GH
O·XQLYHUVLWp�GH�3DULV�6XG��&HQWUH�G·2UVD\��RFWREUH������

�*DVFXHO������� 0�3��*DVFXHO��$Q�LPSOLFLW� IRUPXODWLRQ�IRU�SUHFLVH�FRQWDFW
PRGHOLQJ� EHWZHHQ� IOH[LEOH� VROLGV�� &RPSXWHU� *UDSKLFV�� SS
���������$R�W�����6LJJUDSK������

�*DVFXHO�HW�'HVEUXQ������� 0�3�� *DVFXHO�� 0�� 'HVEUXQ�� $QLPDWLRQ� RI� GHIRUPDEOH
PRGHOV� XVLQJ� LPSOLFLW� VXUIDFHV�� ,(((� 7UDQVDFWLRQV� RQ
9LVXDOL]DWLRQ�DQG�&RPSXWHU�*UDSKLFV��������0DUV������

�*DVFXHO�HW�*DVFXHO������� -�'��*DVFXHO��0�3��*DVFXHO��'LVSODFHPHQW� FRQVWUDLQWV� IRU
LQWHUDFWLYH� PRGHOLQJ� DQG� DQLPDWLRQ� RI� DUWLFXODWHG
VWUXFWXUHV�� 7KH� 9LVXDO� &RPSXWHU�� ������� SS� ��������� 0DUV
�����

�*DVFXHO�HW�3XHFK������� 0�3�� *DVFXHO�� &�� 3XHFK�� '\QDPLF� DQLPDWLRQ� RI
GHIRUPDEOH� ERGLHV�� )URP� REMHFW� PRGHOOLQJ� WR� DGYDQFHG� YLVXDO
FRPPXQLFDWLRQ��pG��6��&RTXLOODUW��:��6WUDEHU��3��6WXFNL��VpULH
)RFXV� RQ� &RPSXWHU� *UDSKLFV�� SS� ��������� 6SULQJHU�9HUODJ
�����

�*DVFXHO������� 0�3�� *DVFXHO�� 0RGqOHV� GpIRUPDEOHV� SRXU� O·DQLPDWLRQ��
PRGpOLVDWLRQ�� DQLPDWLRQ� HW� FRQWU{OH�� 0pPRLUH� G·KDELOLWDWLRQ� j
GLULJHU�GHV�UHFKHUFKHV�GH� O·,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH
GH�*UHQREOH��PDUV������

�*DVNLQV������� 7�� *DVNLQV�� 3(;OLE� SURJUDPPLQJ� PDQXDO�� 2·5HLOO\� 	
$VVRFLDWHV�������

�*LQL�HW�*LQL������� *��*LQL��0��*LQL��5RERWLTXH���FRQWU{OH��SURJUDPPDWLRQ��LQWHUDFWLRQ
DYHF�O·HQYLURQQHPHQW��0DVVRQ�������

�*ODVVQHU������� $��6��*ODVVQHU��&RPSXWLQJ�VXUIDFH�QRUPDOV�IRU��'�PRGHOV�
*UDSKLFV�*HPV�,��$��6��*ODVVQHU�HG��$FDGHPLF�3UHVV�������

�*ROGPDQ������� 5��1��*ROGPDQ��$UHD� RI� SODQDU� SRO\JRQV� DQG� YROXPH�RI
SRO\KHGUD��*UDSKLFV� *HPV� ,,�� -�� $UYR� HG�� $FDGHPLF� 3UHVV�
�����

�*RXUUHW�HW�DO�������� -�3��*RXUUHW��1�0��7KDOPDQQ��'��7KDOPDQQ��6LPXODWLRQ�RI
REMHFW� DQG� KXPDQ� VNLQ� GHIRUPDWLRQV� LQ� D� JUDVSLQJ� WDVN�
&RPSXWHU�*UDSKLFV���������SS��������-XLOOHW�������6LJJUDSK����

�*UDVVLQR�HW�*ROGPDQ������� $�(�� *UDVVLQR�� 0�'�� *ROGPDQ�� 5HVSLUDWRU\� PXVFOH
FRRUGLQDWLRQ��'DQV��0DFNOHP�HW�0HDG���������FKDSLWUH����
SS���������
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�*U]HV]F]XN�HW�7HU]RSRXORV�������
5��*U]HV]F]XN��'��7HU]RSRXORV��$XWRPDWHG�OHDUQLQJ�RI
PXVFOH�DFWXDWHG�ORFRPRWLRQ�WKURXJK�FRQWURO�DEVWUDFWLRQ�
&RPSXWHU�*UDSKLFV������SURFHHGLQJV��SS��������$R�W������
6LJJUDSK����

�+RGJLQV�HW�DO������� -�.�� +RGJLQV�� :�/�� :RRWHQ�� '�&�� %URJDQ�� -�)�� 2·%ULHQ�
$QLPDWLQJ� KXPDQ� DWKOHWLFV�� &RPSXWHU� *UDSKLFV�� ����
SURFHHGLQJV��SS��������$R�W�������6LJJUDSK����

�,VDDFV�HW�&RKHQ������� 3�0�� ,VDDFV��0�)��&RKHQ��&RQWUROOLQJ�G\QDPLF� VLPXODWLRQ
ZLWK�NLQHPDWLF�FRQVWUDLQWV��EHKDYLRU�IXQFWLRQV�DQG�LQYHUVH
G\QDPLFV��&RPSXWHU�*UDSKLFV���������SS����������-XLOOHW������
6LJJUDSK����

�-LPHQH]������� 6��-LPHQH]��0RGpOLVDWLRQ�HW�VLPXODWLRQ�SK\VLTXH�G·REMHWV�YROXPLTXHV
GpIRUPDEOHV� FRPSOH[HV�� 7KqVH� GH� O·,QVWLWXW� 1DWLRQDO
3RO\WHFKQLTXH�GH�*UHQREOH��1RYHPEUH������

�-RXNKDGDU������� $�� -RXNKDGDU�� 6LPXODWLRQ� G\QDPLTXH� HW� DSSOLFDWLRQV� URERWLTXHV�
7KqVH� GH� O·,QVWLWXW� 3RO\WHFKQLTXH� 1DWLRQDO� GH� *UHQREOH�
PDL������

�.DVV�HW�DO������� 0�� .DVV�� $�� :LWNLQ�� '�� 7HU]RSRXORV�� 6QDNHV��� DFWLYH
FRQWRXU�PRGHOV�� ,QWHUQDWLRQDO� -RXUQDO� RI�&RPSXWHU�9LVLRQ�� SS
��������������

�.D\H�HW�DO�������� -�.�� .D\H�� )�3�� 3ULPLDQR�� '�� 0HWD[DV�� $QDWRPLFDO� DQG
SK\VLRORJLFDO� VLPXODWLRQ� IRU� UHVSLUDWRU\�PHFKDQLFV�� -RXUQDO
RI� ,PDJH� *XLGHG� 6XUJHU\�� ��� SS� ��������� ������ ,GHQWLTXH� j
SURFHHGLQJV�RI�0HGLFLQH�0HHWV�9LUWXDO�5HDOLW\� ��� ����� HW
SURFHHGLQJV� RI�0HGLFDO� 5RERWLFV� DQG�&RPSXWHU�$VVLVWHG
6XUJHU\������

�.D\H�HW�DO�������� -�� .D\H�� '�� 1�� 0HWD[DV�� )�3�� 3ULPLDQR� -U�� $� �'� YLUWXDO
HQYLURQPHQW� IRU� PRGHOLQJ� PHFKDQLFDO� FDUGLRSXOPRQDU\
LQWHUDFWLRQV��&950HG�,,�05&$6�,,,��VW� MRLQW�FRQIHUHQFH�
�/HFWXUH� QRWHV� LQ� &6�� YRO�� ������ SS� ��������� 6SULQJHU
9HUODJ���0DUV�������0DUV������

�.LOJDUG������� 0��-��.LOJDUG��2SHQ*/�3URJUDPPLQJ�IRU�WKH�;�ZLQGRZ�6\VWHP�
$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\�������

�.RQQR�HW�0HDG������� 0HDVXUHPHQW�RI�VHSDUDWH�YROXPH�FKDQJHV�RI�ULE�FDJH�DQG
DEGRPHQ�GXULQJ�EUHDWKLQJ�� -RXUQDO� RI�$SSOLHG�3K\VLRORJ\�����
�������������

�/DFKDXG�HW�%DLQYLOOH������� -�2�� /DFKDXG�� (�� %DLQYLOOH�� $� GLVFUHWH� DGDSWDWLYH� PRGHO
IROORZLQJ�WRSRORJLFDO�PRGLILFDWLRQV�RI�YROXPHV��3URFHHGLQJV
RI�'LVFUHWH� JHRPHWU\� IRU� FRPSXWHU� LPDJHU\��*UHQREOH��6HSWHPEUH
�����
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�/DPRXUHW������� $�� /DPRXUHW�� $QLPDWLRQ� SDU� PRGqOHV� JpQpUDWHXUV��� FRQWU{OH� GX
PRXYHPHQW��7KqVH�GH�O·XQLYHUVLWp�-RVHSK�)RXULHU��*UHQREOH�
6HSWHPEUH������

�/DPRXUHW�HW�DO������� $�� /DPRXUHW�� 0�3�� *DVFXHO�� -�'�� *DVFXHO�� &RPELQLQJ
SK\VLFDOO\�EDVHG� VLPXODWLRQ� RI� FROOLGLQJ� REMHFWV� ZLWK
WUDMHFWRU\� FRQWURO�� 7KH� -RXUQDO� RI�9LVXDOL]DWLRQ� DQG� &RPSXWHU
$QLPDWLRQ�����SS������������

�/DUUDOGH������� -�3��/DUUDOGH��'\QDPLTXH��0DVVRQ�������
�/DVFDX[�HW�7KpRGRU������� 3��/DVFDX[��5��7KpRGRU��$QDO\VH�QXPpULTXH�PDWULFLHOOH�DSSOLTXpH

j�O·DUW�GH�O·LQJpQLHXU���QGH�pGLWLRQ��0DVVRQ�������
�/HH�HW�DO�������� <��/HH��'��7HU]RSRXORV��.��:DWHUV��5HDOLVWLF�PRGHOLQJ�IRU

IDFLDO� DQLPDWLRQ��&RPSXWHU�*UDSKLFV� ����� SURFHHGLQJV�� SS����
����$R�W�������6LJJUDSK����

�/HLWQHU������� )�� /HLWQHU�� 6HJPHQWDWLRQ� G\QDPLTXH� G·LPDJHV� WULGLPHQVLRQQHOOHV�
7KqVH� GH� O·,QVWLWXW� 1DWLRQDO� 3RO\WHFKQLTXH� GH� *UHQREOH�
6HSWHPEUH������

�/RPEDUGR�HW�3XHFK������� -�&�� /RPEDUGR�� &�� 3XHFK�� 2ULHQWHG� SDUWLFOHV��� D� WRRO� IRU
VKDSH�PHPRU\�REMHFWV�PRGHOOLQJ��*UDSKLFV� ,QWHUIDFH� ·����SS
���������4XHEHF�FLW\��&DQDGD�������

�/RPEDUGR������� -�&��/RPEDUGR��0RGpOLVDWLRQ�G·REMHWV�GpIRUPDEOHV�DYHF�XQ�V\VWqPH
GH� SDUWLFXOHV� RULHQWpHV�� 7KqVH� GH� O·XQLYHUVLWp� -RVHSK� )RXULHU�
*UHQREOH��-DQYLHU������

�/RULQJ�HW�%UXFH������� 6�+��/RULQJ��(�1��%UXFH��0HWKRGV� IRU� VWXG\�RI� WKH� FKHVW
ZDOO���'DQV��0DFNOHP�HW�0HDG���������FKDSLWUH�����SS�����
����

�/XFLDQL�HW�&DGR]������� $��/XFLDQL��&��&DGR]��8WLOLVDWLRQ�GH�PRGqOHV�PpFDQLTXHV�HW
JpRPpWULTXHV� SRXU� OD� V\QWKqVH� HW� OH� FRQWU{OH� G·LPDJHV
DQLPpHV��'HX[LqPH�FROORTXH�,PDJH��&(67$��1LFH��DYULO������

�0DFNOHP�HW�0HDG������� 3�7��0DFOHP���-��0HDG��7KH�UHVSLUDWRU\�V\VWHP��+DQGERRN�RI
3K\VLRORJ\�� YRO� ,,,�� 3DUW� ,� HW� ,,�� $PHULFDQ� 3K\VLRORJLFDO
VRFLHW\�������

�0DJQHQDW�7KDOPDQQ�HW�7KDOPDQQ�������
1��0DJQHQDW�7KDOPDQQ��'��7KDOPDQQ��7KH�GLUHFWLRQ�RI
V\QWKHWLF�DFWRUV�LQ�WKH�ILOP�5HQGH]�YRXV�j�0RQWUpDO��,(((
&RPSXWHU�*UDSKLFV�DQG�DSSOLFDWLRQV���������SS�������'HFHPEUH
�����

�0DJQHQDW�7KDOPDQQ�HW�7KDOPDQQ�������
1��0DJQHQDW�7KDOPDQQ��'��7KDOPDQQ��&RPSOH[�PRGHOV
IRU�DQLPDWLQJ�V\QWKHWLF�DFWRUV��,(((�&RPSXWHU�*UDSKLFV�DQG
$SSOLFDWLRQV���������SS�������
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�0DQW\OD������� 0��0DQW\OD��$Q�LQWURGXFWLRQ�WR�VROLG�PRGHOLQJ��&RPSXWHU
6FLHQFH�3UHVV�������

�0DXUHO�HW�DO������� :�� 0DXUHO�� '�� 7KDOPDQQ�� 3�� +RIIPH\HU�� 3�� %H\ORW�� 3�
*LQJLQV�� 3�� .DOUD�� 1�� 0DJQHQDW� 7KDOPDQQ�� $
ELRPHFKDQLFDO� PXVFXORVNHOHWDO� PRGHO� RI� KXPDQ� XSSHU
OLPE� IRU� G\QDPLF� VLPXODWLRQ�� (XURJUDSKLFV� &RPSXWHU
$QLPDWLRQ�DQG�6LPXODWLRQ�:RUNVKRS�������SS����������$R�W
�����

�0HDG�HW�/RULQJ������� -��0HDG��6�+��/RULQJ��$QDO\VLV�RI�YROXPH�GLVSODFHPHQW�DQG
OHQJWK�FKDQJHV�RI� WKH�GLDSKUDJP�GXULQJ�EUHDWKLQJ�� -RXUQDO
RI�$SSOLHG�3K\VLRORJ\�5HVSLUDWLRQ�(QYLURQPHQW��([HUFLFH�3K\VLRORJ\�
����3S���������������

�0HVHXUH������� 3��0HVHXUH��0RGpOLVDWLRQ�GH� FRUSV�GpIRUPDEOHV�SRXU� OD� VLPXODWLRQ
G·DFWHV� FKLUXUJLFDX[�� 7KqVH� GH� O·XQLYHUVLWp� GHV� VFLHQFHV� HW
WHFKQRORJLHV�GH�/LOOH��-DQYLHU������

�0LOOHU������� *�6�3��0LOOHU��7KH�PRWLRQ�G\QDPLFV�RI�VQDNHV�DQG�ZRUPV�
&RPSXWHU�*UDSKLFV���������$R�W�������6LJJUDSK����

�0RRUH�HW�:LOKHOPV������� 0��0RRUH�� -��:LOKHOPV��&ROOLVLRQ� GHWHFWLRQ� DQG� UHVSRQVH
IRU�FRPSXWHU�DQLPDWLRQ��&RPSXWHU�*UDSKLFV���������SS�����
�����$R�W�������6LJJUDSK����

�1HLGHU�HW�DO�������� -��1HLGHU��7��'DYLV��0��:RR��2SHQ*/�3URJUDPPLQJ�*XLGH�
$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\��������,6%1�������
���������KWWS���ZZZ�VJL�FRP�7HFKQRORJ\�RSHQ*/

�2WLV������� $�%�� 2WLV�� +LVWRU\� RI� UHSLUDWRU\� PHFKDQLFV�� 'DQV
�0DFNOHP�HW�0HDG���������FKDSLWUH����SS������

�YDQ�2YHUYHOG������� &�:�$�0��YDQ�2YHUYHOG��$Q�LWHUDWLYH�DSSURDFK�WR�G\QDPLF
VLPXODWLRQ� RI� ��'� ULJLG�ERG\� PRWLRQV� IRU� UHDO�WLPH
LQWHUDFWLYH�FRPSXWHU� DQLPDWLRQ��7KH�9LVXDO�&RPSXWHU�� �����
SS�������������

�3HQWODQG�HW�:LOOLDPV������� $�� 3HQWODQG�� -�� :LOOLDPV�� *RRG� YLEUDWLRQV��� PRGDO
G\QDPLFV� IRU� JUDSKLFV� DQG� DQLPDWLRQ�� &RPSXWHU� *UDSKLFV�
�������SS����������-XLOOHW�������6LJJUDSK����

�3HUURWLQ�HW�0RUHDX[������� -�� 3HUURWLQ� HW� -�� 0RUHDX[�� &KLUXUJLH� GX� GLDSKUDJPH�
0RQRJUDSKLH�FKLUXUJLFDOHV��0DVVRQ�HW�&LH��3DULV�������

�3HWURO�HW�DO�������� :�0� 3HWUROO�� +�� .QLJKW�� '�)�� 5RFKHVWHU�� $� PRGHO
DSSURDFK� WR� DVVHVV� GLDSKUDJPDWLF� YROXPH� GLVSODFHPHQW�
-RXUQDO�RI�$SSOLHG�3K\VLRORJ\����������SS����������������

�3ODWW�HW�%DUU������� -�&� 3ODWW�� $�+�� %DUU�� &RQVWUDLQW� PHWKRGV� IRU� IOH[LEOH
PRGHOV��&RPSXWHU�*UDSKLFV�� ������� SS� ���������$R�W� �����
6LJJUDSK����
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�3UHVV�HW�DO������� :�+�� 3UHVV�� %�3�� )ODQQHU\�� 6�4�� 7HXNROVN\�� :�7�
9HWWHUOLQJ�� 1XPHULFDO� UHFLSHV� LQ� &�� &DPEULGJH� 8QLYHUVLW\
3UHVV�������

�3ULPLDQR������� )�3�� 3ULPLDQR� -U�� 7KHRUHWLFDO� DQDO\VLV� RI� FKHVW� ZDOO
PHFKDQLFV��-RXUQDO�RI�%LRPHFKDQLFV����������SS���������������

�3URPD\RQ�HW�DO������� (�� 3URPD\RQ�� 3�� %DFRQQLHU�� &�� 3XHFK�� 3K\VLFDOO\�EDVHG
GHIRUPDWLRQV�FRQVWUDLQHG�LQ�GLVSODFHPHQWV�DQG�YROXPH��,Q
&RPSXWHU� *UDSKLFV� )RUXP�� ������� SS� ��������� $R�W� �����
(XURJUDSKLFV����

�3URPD\RQ�HW�DO������� (�� 3URPD\RQ�� 3�� %DFRQQLHU�� &�� 3XHFK�� 3K\VLFDOO\�EDVHG
PRGHO� IRU� VLPXODWLQJ� WKH� KXPDQ� WUXQN� UHVSLUDWLRQ
PRYHPHQWV��&950HG�,,�05&$6�,,,��VW� MRLQW�FRQIHUHQFH�
�/HFWXUH� QRWHV� LQ� &6�� YRO�� ������ SS� ��������� 6SULQJHU
9HUODJ���0DUV������

�3URYRW������� ;�� 3URYRW�� 'HIRUPDWLRQ� FRQVWUDLQWV� LQ� D� PDVV�VSULQJ
PRGHO� WR�GHVFULEH� ULJLG�FORWK�EHKDYLRU��3URFHHGLQJV�*UDSKLFV
,QWHUIDFH�·����SS���������������

�5DSSRSRUW�HW�DO������� $�� 5DSSRSRUW�� $�� 6KHIIHU�� 0�� %HUFRYLHU�� 9ROXPH�
SUHVHUYLQJ� IUHH�IRUP� VROLGV�� ,(((� 7UDQVDFWLRQV� RQ
YLVXDOL]DWLRQ�DQG� FRPSXWHU� JUDSKLFV�� ������SS�������0DUV������
,GHQWLTXH�j�3URFHHGLQJV��UG�$&0�6LJJUDSK�V\PSRVLXP�RQ
VROLG�PRGHOLQJ�����0D\�������6DOW�/DNH�&LW\��SS���������HW
j� $�� 6KHIIHU�� 0DVWHU� RI� 6FLHQFH�� ,QVLWXWH� RI� &RPSXWHU
6FLHQFH��+HEUHZ�8QLYHUVLW\�RI�-HUXVDOHP��

�5HHYHV������� :�7��5HHYHV��3DUWLFOH�V\VWHPV���D�WHFKQLTXH�IRU�PRGHOLQJ�D
FODVVH�RI�IX]]\�REMHFWV��$&0�7UDQVDFWLRQV�RQ�*UDSKLFV�������
SS���������$YULO����

�5RGDUWH�HW�5HKGHU������� -�5�� 5RGDUWH�� .�� 5HKGHU�� '\QDPLFV� RI� UHVSLUDWLRQ�� 'DQV
�0DFNOHP�HW�0HDG���������FKDSLWUH�����SS���������

�5RXVVRV�HW�0DFNOHP������� &��5RXVVRV��3�7��0DFNOHP��7KH�WKRUD[��3DUW�$�	�%���/XQJ
ELRORJ\� LQ�KHDOWK�DQG�GLVHDVH�� pG��&��/HQIDQW��0��'HNNHU�
�����

�6HGHUEHUJ�HW�3DUU\������� 7�:�� 6HGHUEHUJ�� 6�5�� 3DUU\�� )UHH�IRUP� GHIRUPDWLRQ� RI
VROLG� JHRPHWULF�PRGHOV��&RPSXWHU�*UDSKLFV�� ������� SS� ����
�����$R�W�������6LJJUDSK����

�6KDUS�HW�+\DWW������� -�7��6KDUS��5�(��+\DWW��0HFKDQLFDO�DQG�HOHFWULFDO�SURSHUWLHV
RI� UHVSLUDWRU\� PXVFOHV�� 'DQV� �0DFNOHP� HW� 0HDG�� ������
FKDSLWUH�����SS���������
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�6KRHPDNH������� .��6KRHPDNH��$QLPDWLQJ�URWDWLRQ�ZLWK�TXDWHUQLRQ�FXUYHV�
&RPSXWHU�*UDSKLFV���������SS����������-XLOOHW�������6LJJUDSK
���

�6LPRQ������� '�� 6LPRQ�� 6RXULV� �'�� 5DSSRUW� GH� VWDJH� GH� O·,87
LQIRUPDWLTXH�GH�*UHQREOH������

�6PLWK�HW�/RULQJ������� -�&�� 6PLWK�� 6�+��/RULQJ�� 3DVVLYH�PHFKDQLFDO� SURSHUWLHV� RI
WKH�FKHVW�ZDOO��'DQV��0DFNOHP�HW�0HDG���������FKDSLWUH����
SS���������

�6]HOLVNL�HW�7RQQHVHQ������� 5��6]HOLVNL��'��7RQQHVHQ��6XUIDFH�PRGHOLQJ�ZLWK�RULHQWHG�SDUWLFOH
V\VWHPV�� 'LJLWDO� (TXLSHPHQW� &RUSRUDWLRQ�� &DPEULGJH
UHVHDUFK�ODE���&5/��������'pFHPEUH������

�6]HOLVNL�HW�7RQQHVHQ������� 5��6]HOLVNL��'��7RQQHVHQ��6XUIDFH�PRGHOLQJ�ZLWK�RULHQWHG
SDUWLFOH� V\VWHPV�� &RPSXWHU� *UDSKLFV�� ������� SS� ��������
-XLOOHW�����6LJJUDSK����

�6]LODV������� 1�� 6]LODV�� $SSUHQWLVVDJH� GDQV� OHV� UpVHDX[� UpFXUUHQWV� SRXU� OD
PRGpOLVDWLRQ� PpFDQLTXH� HW� pWXGH� GH� OHXUV� LQWHUDFWLRQV� DYHF
O·HQYLURQQHPHQW�� 7KqVH� GH� O·,QVWLWXW� 1DWLRQDO� 3RO\WHFKQLTXH
GH�*UHQREOH��'pFHPEUH������

�7DPSLHUL������� )�� 7DPSLHUL�� 1HZHOOV·V� PHWKRG� IRU� FRPSXWLQJ� WKH� SODQH
HTXDWLRQ� RI� D� SRO\JRQ�� *UDSKLF� *HPV� ,,,�� '�� .LUN� HG�
$FDGHPLF�3UHVV�������

�7D\ORU�HW�DO�������� $�(�� 7D\ORU�� .�� 5HKGHU�� 5�5�� +\DWW�� -�&�� 3DUNHU�� &OLQLFDO
UHVSLUDWRU\�SK\VLRORJ\��6DXQGHUV�������

�7HU]RSRXORV�HW�DO�������� '��7HU]RSRXORV�� -��3ODWW��$��%DUU��.��)OHLVFKHU��(ODVWLFDOO\
GHIRUPDEOH� PRGHO�� &RPSXWHU� *UDSKLFV�� ������� SS� ��������
-XLOOHW�����6LJJUDSK����

�7HU]RSRXORV�HW�)OHLVFKHU������� '�� 7HU]RSRXORV�� .�� )OHLVFKHU�� 0RGHOLQJ� LQHODVWLF
GHIRUPDWLRQV��� YLVFRHODVWLFLW\�� SODVWLFLW\�� IUDFWXUH�� &RPSXWHU
*UDSKLFV���������SS����������$R�W�������6LJJUDSK����

�7HU]RSRXORV�HW�0HWD[DV������� '�� 7HU]RSRXORV�� '�� 0HWD[DV�� '\QDPLF� �'� PRGHOV� ZLWK
ORFDO�DQG�JOREDO�GHIRUPDWLRQV���GHIRUPDEOH� VXSHUTXDGULFV�
,(((�7UDQVDFWLRQV� RQ�3DWWHUQ�$QDO\VLV�DQG�PDFKLQH� ,QWHOOLJHQFH�
�������SS����������-XLOOHW������

�7HU]RSRXORV�HW�DO������� '��7HU]RSRXORV��-��3ODWW��$��%DUU��'��=HOW]HU��$��:LWNLQ��-�
%OLQQ��3K\VLFDOO\�EDVHG�PRGHOLQJ���SDVW��SUHVHQW�DQG�IXWXUH�
6LJJUDSK�������3DQHO�VHVVLRQ��-XLOOHW������

�7HU]RSRXORV�HW�:LWNLQ������� '��7HU]RSRXORV��$��:LWNLQ�� 3K\VLFDOO\�EDVHG�PRGHOV�ZLWK
ULJLG�DQG�GHIRUPDEOH�FRPSRQHQWV��,(((�&RPSXWHU�*UDSKLFV
DQG�$SSOLFDWLRQV���������������1RYHPEUH������



%LEOLRJUDSKLH ���

�7KDOPDQQ������� '�� 7KDOPDQQ�� 7KH� FRPSOH[LW\� RI� VLPXODWLQJ� YLUWXDO
KXPDQV�� (3)/�� 6XSHU� &RPSXWHU� 5HYLHZ�� ��� 1RYHPEUH
�����

�9ROLQR�HW�DO������� 3��9ROLQR��1��0DJQHQDW�7KDOPDQQ��-��6KHQ��'��7KDOPDQQ�
$Q� HQYROYLQJ� V\VWHP� IRU� VLPXODWLQJ� FORWKHV� RQ� YLUWXDO
DFWRUV��,(((�&RPSXWHU�JUDSKLFV�DQG�DSSOLFDWLRQV���������SS�����
����6HSWHPEUH������

�:DUG�HW�DO�������� 0�(��:DUG��-�:��:DUG��3�7��0DFNOHP��$QDO\VLV�RI�KXPDQ
FKHVW� ZDOO� PRWLRQ� XVLQJ� D� WZR�FRPSDUWPHQW� ULE� FDJH
PRGHO�� -RXUQDO� RI� $SSOLHG� 3K\VLRORJ\�� ������� SS� ����������
�����

�:DWHUV������� .�� :DWHUV�� $� PXVFOH� PRGHO� IRU� DQLPDWLQJ� WKUHH�
GLPHQVLRQDO� IDFLDO� H[SUHVVLRQ��&RPSXWHU�*UDSKLFV�� �������SS
�������-XLOOHW�������6LJJUDSK����

�:DWW�HW�:DWW������� $��:DWW��0��:DWW��$GYDQFHG�DQLPDWLRQ�DQG�UHQGHULQJ�WHFKQLTXHV�
WKHRU\�DQG�SUDFWLFH��$GGLVRQ�:HVOH\�������

�:HVW������ -�%�� :HVW�� 5HVSLUDWRU\� SK\VLRORJ\�� WKH� HVVHQWLDOV�� �WK� HGLWLRQ�
%DOWLPRUH��:LOOLDPV�	�:LONLQV�������

�:LOKHOPV������� -�� :LOKHOPV�� $QLPDOV� ZLWK� DQDWRP\�� ,(((� &RPSXWHU
*UDSKLFV� DQG� $SSOLFDWLRQV�� SS� ������� 0DL�-XLQ� ����� �YRLU
DXVVL�PrPH�DXWHXU�GDQV�6LJJUDSK�����

�:LWNLQ�HW�DO�������� $��:LWNLQ��0��*OHLFKHU��:��:HOFK�� ,QWHUDFWLYH� G\QDPLFV�
&RPSXWH�*UDSKLFV������SS��������������3URFHHGLQJV������RI
V\PSRVLXP�RQ��'�LQWHUDFWLYH�JUDSKLFV�

�:LWNLQ�HW�:HOFK������� $�� :LWNLQ�� :�� :HOFK�� )DVW� DQLPDWLRQ� DQG� FRQWURO� RI
QRQULJLG� VWUXFWXUHV��&RPSXWHU� *UDSKLFV�� ������� SS� ��������
������6LJJUDSK����

�:LWNLQ�HW�DO������� $�� :LWNLQ�� '�� %DUUDI�� 0�� .DVV�� $Q� LQWURGXFWLRQ� WR
SK\VLFDOO\�EDVHG� PRGHOLQJ�� &RPSXWHU� *UDSKLFV� 6LJJUDSK·��
&RXUVH�������

�=LHQNLHZLF]�HW�7D\ORU������� 2�&��=LHQNLHZLF]��5�/��7D\ORU��/D�PpWKRGH�GHV�pOpPHQWV� ILQLV��
IRUPDOLVDWLRQ�GH�EDVH� HW� SUREOqPHV� OLQpDLUHV��$)125�WHFKQLTXH�
�����



5pVXPp

/H�SUREOqPH�GH�OD�PRGpOLVDWLRQ�HW�GH�OD�VLPXODWLRQ�GHV�PRXYHPHQWV�GX�WURQF�SHQGDQW�OD�UHVSLUDWLRQ
HVW�pWXGLp�GDQV�FHWWH�WKqVH��/·REMHFWLI�HVW�OD�UHSUpVHQWDWLRQ�JUDSKLTXHPHQW�UpDOLVWH�GH�FHV�PRXYHPHQWV
JUkFH�j�GHV�PRGqOHV�JpQpUDWHXUV��/H�GpFRXSDJH�GH�FH�GRFXPHQW�SURSRVH�GHV�pWDSHV�PpWKRGRORJLTXHV
SRXU�OD�PRGpOLVDWLRQ�
'DQV�XQH�SUHPLqUH�SDUWLH�OHV�SULQFLSHV�PpFDQLTXHV�GX�SKpQRPqQH�GH�OD�UHVSLUDWLRQ�VRQW�H[SRVpV��/H
SUREOqPH� DSSDUDvW� DORUV� FRPPH� OD�PRGpOLVDWLRQ� HW� OD� VLPXODWLRQ� FRPSRUWHPHQWDOH� VRXV� FRQWUDLQWHV
G·XQ� REMHW� FRPSOH[H� FRPSRVpV� GH� UpJLRQV� D\DQW� GHV� SURSULpWpV� GLIIpUHQWHV� �pODVWLFLWp�� PRWULFLWp�
ULJLGLWp���/HV�PRGqOHV�JpQpUDWHXUV�EDVpV�VXU�OD�SK\VLTXH�VH�UpYqOHQW�rWUH�OHV�RXWLOV�LQIRUPDWLTXHV�OHV�SOXV
DSWHV�j�DWWHLQGUH�QRWUH�REMHFWLI��8Q�pWDW�GH�O·DUW�GH�FHV�PpWKRGHV�HW�GHV�SUREOpPDWLTXHV�OLpHV�HVW�DORUV
GUHVVp�
/D� GHX[LqPH� SDUWLH� SUpVHQWH� OD� FRQVWUXFWLRQ� GX� PRGqOH� LQIRUPDWLTXH� GpFRXSpH� HQ� UpJLRQV� GH
SURSULpWpV�VSpFLILTXHV��2Q�SUpVHQWH�DORUV�XQH�QRXYHOOH�IRQFWLRQ�G·pODVWLFLWp�XWLOLVDQW�O·H[SUHVVLRQ�G·XQH
PpPRLUH�GH�IRUPH�ORFDOH��&RPSDUpH�j�XQ�PRGqOH�FODVVLTXH�PDVVH�UHVVRUW��FHWWH� IRQFWLRQ�G·pODVWLFLWp
SURXYH�VRQ�HIILFDFLWp��/D�PRGpOLVDWLRQ�GHV�UpJLRQV�PXVFXODLUHV�HW�VROLGHV�HVW�HQVXLWH�SUpVHQWpH��3XLV�
RQ� PRQWUH� OD� SRVVLELOLWp� GH� FRQWUDLQGUH� FHV� UpJLRQV� DILQ� GH� PRGpOLVHU� G·DXWUHV� SURSULpWpV�� 2Q
GpYHORSSH� QRWDPPHQW� XQH� PpWKRGH� GH� UpVROXWLRQ� GLUHFWH� SHUPHWWDQW� GH� YpULILHU� GHV� FRQWUDLQWHV
ORFDOHV�HW�JOREDOHV�VDQV�XWLOLVHU�G·DOJRULWKPH�LWpUDWLI��/D�UpVROXWLRQ�GH�OD�FRQWUDLQWH�G·LQFRPSUHVVLELOLWp
LOOXVWUH� FHWWH� PpWKRGH� GH� UpVROXWLRQ��� OHV� SULQFLSHV� JpQpUDX[� GH� FHWWH� UpVROXWLRQ� VRQW� GpJDJpV
SHUPHWWDQW�DLQVL�GH�JpQpUDOLVHU�VRQ�DSSOLFDWLRQ�
/D� GHUQLqUH� SDUWLH� GH� FH� PDQXVFULW� IRXUQLW� XQH� YDOLGDWLRQ� TXDOLWDWLYH� GX� PRGqOH� GpYHORSSp� SDU
O·LQWHUPpGLDLUH�GH�GLIIpUHQWV�H[HPSOHV��GRQW�FHOXL�GH�OD�VLPXODWLRQ�GHV�PRXYHPHQWV�GX�WURQF�SHQGDQW
OD�UHVSLUDWLRQ�
$EVWUDFW

7KH� SUREOHP� RI� PRGHOOLQJ� D� PHFKDQLFDO� ELRORJLFDO� V\VWHP� LV� VWXGLHG� LQ� WKLV� WKHVLV� WKURXJK� WKH
PRGHOOLQJ�DQG�VLPXODWLRQ�RI�WKH�WUXQN�PRYHPHQWV�GXULQJ�UHVSLUDWLRQ��7KH�DLP�LV�WKH�UHDOLVWLF�JUDSKLFDO
UHSUHVHQWDWLRQ� RI� WKHVH� PRYHPHQWV�� 7KH� RUJDQLVDWLRQ� RI� WKH� SUHVHQW� GRFXPHQW� VXJJHVWV
PHWKRGRORJLFDO�VWHSV�IRU�PRGHOOLQJ�
,Q� WKH� ILUVW� SDUW�� WKH�PHFKDQLFDO� SULQFLSOHV� RI� WKH� UHVSLUDWRU\� SKHQRPHQD� DUH� H[SODLQHG�� 7KHQ�� WKH
SUREOHP�DSSHDUV�DV�WKH�PRGHOOLQJ�DQG�EHKDYLRXUDO�VLPXODWLRQ�XQGHU�FRQVWUDLQWV�RI�D�FRPSOH[�REMHFW
FRPSRVHG�RI�UHJLRQV�KDYLQJ�GLIIHUHQW�SURSHUWLHV��HODVWLFLW\��PRWRU�IXQFWLRQLQJ�DQG�ULJLGLW\���3K\VLFDOO\�
EDVHG� G\QDPLF� PHWKRGV� DUH� VXLWHG� WR� RXU� DLP�� $� VWDWH� RI� WKH� DUW� RI� WKHVH� PHWKRGV� DQG� WKHLU
SUREOHPDWLF�LV�GUDZQ�XS�
7KH� VHFRQG� SDUW� SUHVHQWV� WKH� PDNLQJ� RI� WKH� FRPSXWHU� PRGHO� E\� VSHFLILF� SURSHUW\� UHJLRQV�� 7KH
JHRPHWULF�DQG�G\QDPLF�EDVHG�DUH�SURSRVHG�� WKH�QRWLRQ�RI� IRUFH�JHQHUDWHG�E\�DQ�DWWUDFWLYH�SRLQW� LV
GHILQHG��$�QHZ�HODVWLF� IXQFWLRQ� WKDW� XVHV� WKLV�QRWLRQ� DQG� WKH� H[SUHVVLRQ�RI� ORFDO� VKDSH�PHPRU\� LV
SUHVHQWHG��7KLV�IXQFWLRQ�LV�WKHQ�VXFFHVVIXOO\�FRPSDUHG�WR�DQRWKHU�HODVWLF�IXQFWLRQ��7KH�PRGHOOLQJ�RI
PXVFOH�DQG�VROLG�UHJLRQV�LV�WKHQ�H[SODLQHG��+RZ�WR�FRQVWUDLQ�WKH�PRGHO�LV�WKHQ�VWXG\��:H�GHYHORS�D
QHZ�GLUHFW�UHVROXWLRQ�PHWKRG�WKDW�DOORZV�YHULI\LQJ�ORFDO�DQG�JOREDO�FRQVWUDLQWV�ZLWKRXW�DQ\�QHHG�IRU
LWHUDWLYH�DOJRULWKPV��7KH�LQFRPSUHVVLELOLW\�FRQVWUDLQW�UHVROXWLRQ�LOOXVWUDWHV�WKLV�UHVROXWLRQ�PHWKRG��LWV
SULQFLSOHV�DUH�JHQHUDOLVHG�WR�EH�XVHG�LQGHSHQGHQWO\�RI�RXU�PRGHO�
7KH�ODVW�SDUW�RI�WKLV�WKHVLV�JLYHV�D�TXDOLWDWLYH�YDOLGDWLRQ�RI�RXU�PRGHO�E\�WKH�XVH�RI�VRPH�H[DPSOHV�
LQFOXGLQJ�WKH�VLPXODWLRQ�RI�WUXQN�PRYHPHQWV�GXULQJ�UHVSLUDWLRQ�


