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eFROH�GRFWRUDOH 6FLHQFHV�HW�0pWLHUV�GH�O¶,QJpQLHXU�
*pQRPLTXH�%LRLQIRUPDWLTXH�HW�&KLPLH�0ROpFXODLUH

7+Ê6(
SUpVHQWpH�SDU �$VPD 6(//$0,

VRXWHQXH�OH����� RFWREUH ����

SRXU�REWHQLU�OH�JUDGH�GH ��'RFWHXU�G¶+(6$0�8QLYHUVLWp

SUpSDUpH�DX �&RQVHUYDWRLUH�QDWLRQDO�GHV�DUWV�HW�PpWLHUV

'LVFLSOLQH� 6SpFLDOLWp ��%LRLQIRUPDWLTXH�VWUXFWXUDOH

8WLOLVDWLRQ�GHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�
GDQV�XQ�FRQWH[WH�GH�VDQWp�KXPDLQH HW�

HQYLURQQHPHQWDOH �

DSSOLFDWLRQ�DX[�UpFHSWHXUV�QXFOpDLUHV�HW�DX[�
SHUWXUEDWHXUV�HQGRFULQLHQV

7+Ê6(�GLULJpH�SDU��
3U�0DWWKLHX�0217(6

HW�FR�HQFDGUpH SDU �
'U�1DWKDOLH�/$*$5'(

-XU\�
0PH�(VWKHU�.(//(1%(5*(5��3URIHVVHXU��8QLYHUVLWp�GH�6WUDVERXUJ� 5DSSRUWULFH
0��6pEDVWLHQ�),258&&,��0DvWUH�GH�FRQIpUHQFHV��8QLYHUVLWp�&{WH�G¶$]XU 5DSSRUWHXU
0PH�.DULQH�$8'28=(��3URIHVVHXU��8QLYHUVLWp�3DULV�&LWp ([DPLQDWULFH
0��*DXWLHU�0252<��0DvWUH�GH�FRQIpUHQFHV��8QLYHUVLWp�3DULV�&LWp� ([DPLQDWHXU
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$IILGDYLW

-H�VRXVVLJQp���VRXVVLJQpH��$VPD�6(//$0,��GpFODUH�SDU�OD�SUpVHQWH�TXH�OH�WUDYDLO�SUpVHQWp�GDQV�

FH� PDQXVFULW� HVW� PRQ� SURSUH� WUDYDLO�� UpDOLVp� VRXV� OD� GLUHFWLRQ� VFLHQWLILTXH� GH� 3U��0DWWKLHX�

0217(6 �GLUHFWHXU�� HW� GH� 'U�� 1DWKDOLH� /$*$5'( �FR�GLUHFWULFH��� GDQV� OH� UHVSHFW� GHV�

SULQFLSHV�G¶KRQQrWHWp��G
LQWpJULWp�HW�GH�UHVSRQVDELOLWp�LQKpUHQWV�j�OD�PLVVLRQ�GH�UHFKHUFKH��/HV�

WUDYDX[�GH�UHFKHUFKH�HW�OD�UpGDFWLRQ�GH�FH�PDQXVFULW�RQW�pWp�UpDOLVpV�GDQV�OH�UHVSHFW�GH�OD�FKDUWH�

QDWLRQDOH�GH�GpRQWRORJLH�GHV�PpWLHUV�GH�OD�UHFKHUFKH�

&H�WUDYDLO�Q
D�SDV�pWp�SUpFpGHPPHQW�VRXPLV�HQ�)UDQFH�RX�j�O
pWUDQJHU�GDQV�XQH�YHUVLRQ�LGHQWLTXH�

RX�VLPLODLUH�j�XQ�RUJDQLVPH�H[DPLQDWHXU�

)DLW�j�3DULV��OH�����������

6LJQDWXUH

$IILGDYLW

,��XQGHUVLJQHG��$VPD�6(//$0,��KHUHE\�GHFODUH�WKDW�WKH�ZRUN�SUHVHQWHG�LQ�WKLV�PDQXVFULSW�LV�

P\� RZQ�ZRUN�� FDUULHG� RXW� XQGHU� WKH� VFLHQWLILF� GLUHFWLRQ� RI� 3U��0DWWKLHX�0217(6 �WKHVLV�

GLUHFWRU��DQG�RI�'U��1DWKDOLH�/$*$5'( �FR�WKHVLV�GLUHFWRU���LQ�DFFRUGDQFH�ZLWK�WKH�SULQFLSOHV�

RI�KRQHVW\��LQWHJULW\�DQG�UHVSRQVLELOLW\�LQKHUHQW�WR�WKH�UHVHDUFK�PLVVLRQ��7KH�UHVHDUFK�ZRUN�DQG�

WKH�ZULWLQJ�RI�WKLV�PDQXVFULSW�KDYH�EHHQ�FDUULHG�RXW�LQ�FRPSOLDQFH�ZLWK�WKH�)UHQFK�FKDUWHU�IRU�

5HVHDUFK�,QWHJULW\�

7KLV�ZRUN�KDV�QRW�EHHQ�VXEPLWWHG�SUHYLRXVO\�HLWKHU�LQ�)UDQFH�RU�DEURDG� LQ�WKH�VDPH�RU�LQ�D�

VLPLODU�YHUVLRQ�WR�DQ\�RWKHU�H[DPLQDWLRQ�ERG\�

3DULV������������

6LJQDWXUH
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©/H�PHLOOHXU�PR\HQ�GH�UpXVVLU��F¶HVW�WRXMRXUV�G¶HVVD\HU�HQFRUH�XQH�IRLV ª�

7KRPDV�(GLVRQ
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5HPHUFLHPHQWV

-H�WLHQV�WRXW�G¶DERUG�j�UHPHUFLHU�OH�3URIHVVHXU�-HDQ�)UDQoRLV�=DJXU\�GH�P¶DYRLU�DFFXHLOOLH�DX�

VHLQ�GH�VRQ�ODERUDWRLUH��GH�VD�FRQILDQFH�HW�VRQ�VRXWLHQ�WRXW�DX�ORQJ�GH�FHWWH�WKqVH��

-¶DGUHVVH�pJDOHPHQW�WRXV�PHV�UHPHUFLHPHQWV�DX�3URIHVVHXU�0DWWKLHX�0RQWHV�SRXU�OD�FRQILDQFH�

TX¶LO�P¶D�DFFRUGpH�HW�SRXU�DYRLU�VXSHUYLVp�PHV�WUDYDX[�GH�WKqVHV��-H�OH�UHPHUFLH�pJDOHPHQW�SRXU�

VD�ELHQYHLOODQFH�HW�WRXV�OHV�FRQVHLOV�SURGLJXpV�TXL�RQW�FHUWDLQHPHQW�IRUJp�OD�FKHUFKHXVH�TXH�MH�

VXLV�GHYHQXH�

-H�WLHQV�j�H[SULPHU�PD�JUDWLWXGH�OD�SOXV�LQILQLH�DX�'RFWHXU�1DWKDOLH�/DJDUGH�SRXU�DYRLU�FUX�HQ�

PRL�GHSXLV�OH�GpEXW�ORUVTXH�MH�Q¶pWDLV�TX¶XQH�VWDJLDLUH�HQ�UHFKHUFKH�G¶XQ�VWDJH��SRXU�P¶DYRLU�

SULVH� VRXV� VRQ� DLOH� HW� SRXU�P¶DYRLU� IRUPpH�� -H� OD� UHPHUFLH� pJDOHPHQW� SRXU� VD� SDWLHQFH�� VD�

ELHQYHLOODQFH�HW� VD�JpQpURVLWp� LQpJDODEOHV��0HUFL� LQILQLPHQW�SRXU� WRXV� OHV�PHPHV HW� OHV�SRVW�

LQVWDJUDPV�SDUWDJpV��SRXU�WRXWHV�OHV�OHWWUHV�GH�UHFRPPDQGDWLRQV�UpGLJpHV�HW�SRXU�WRXV�OHV�VDQJV�

G¶HQFUH�TXH�MH�W¶DL�IDLW�VXELU��

-¶H[SULPH�WRXWH�PD�UHFRQQDLVVDQFH�DX 3URIHVVHXU�(VWKHU�.HOOHQEHUJHU�HW�DX�'RFWHXU�6pEDVWLHQ�

)LRUXFFL�G¶DYRLU�DFFHSWp�GH�MXJHU�PRQ�WUDYDLO�GH�WKqVH�HQ�WDQW�TXH�UDSSRUWHXUV�

-H�UHPHUFLH�pJDOHPHQW�OH�3URIHVVHXU�.DULQH�$XGRX]H�HW�OH�'RFWHXU�*DXWLHU�0RUR\�GH�P¶DYRLU�

DFFRPSDJQp�WRXW�DX�ORQJ�GH�FHV WURLV�DQQpHV�HQ�WDQW�TXH�PHPEUHV�GX�FRPLWp�GH�VXLYL�GH�WKqVH�

G¶DERUG�HW�PHPEUH�GX�MXU\�SRXU�FO{WXUHU�FHWWH�EHOOH�DYHQWXUH�

/RUVTXH� M¶DL� FRPPHQFp� FHWWH� DYHQWXUH� LO� \� D� WURLV� DQV�� M¶pWDLV� ORLQ�GH�PH�GRXWHU�GH� WRXV� OHV�

UHERQGLVVHPHQWV�TX¶LO�\�DXUDLW�GDQV�PD�YLH�HW�GDQV�OH�PRQGH �FOLQ�G¶°LO�DX�&29,'�REOLJH ����

8QH� FKRVH� HVW� VXUH�� M¶pWDLV� FHUWDLQH� GX� VRXWLHQ� HW� GH� OD� ELHQYHLOODQFH� GDQV� ODTXHOOH� M¶DOODLV�

pYROXHU��6L�MH�OH�SRXYDLV�M¶pFULUDLV�XQH�SDJH�SRXU�UHPHUFLHU�LQGLYLGXHOOHPHQW�FKDTXH�PHPEUH�

GX� ODERUDWRLUH� *%&0� TXL� D� FURLVp� PD� URXWH� SRXU� TXHOTXHV� PRLV� RX� TXHOTXHV� DQQpHV� HQ�

SDUWLFXOLHU�6LJULG�SRXU� OHV� ORQJXHV�FRQYHUVDWLRQV�SKLORVRSKLTXHV�HW� H[LVWHQWLHOOHV�TX¶RQ�D�SX�

pFKDQJHU�PDLV�VXUWRXW�SRXU�VRQ�© H[SORVLYLWp ª�HW�VRQ�DFFHVVLELOLWp��7DRXILN�SRXU�OH�FDOPH�HW�OD

ERQQH� KXPHXU� FRQWDJLHXVH�� 0DQRQ� GRQW� MH� VXLV� OHV� WUDFHV�� PHUFL� SRXU� WHV� FRQVHLOV� �� WD�

GLVSRQLELOLWp� HW� WD� ELHQYHLOODQFH ��0\ULDP� TXL� D� SDUWDJp�PRQ� DYHQWXUH� DX� &QDP� GHSXLV� OHV�

SUHPLHUV�MRXUV�GX�VWDJH���SRXU�FH�JR�W�GH�7XQLVLH�DX�ODERUDWRLUH��SRXU�WD�JpQpURVLWp�VDQV�IDLOOH�

HW�SRXU�P¶DYRLU�UHPRQWp�OH�PRUDO�TXDQG�LO�pWDLW�DX�SOXV�EDV���MH�WH�VRXKDLWH�OH�SOXV�JUDQG�VXFFqV�

SRXU�OD�WKqVH ��-RVVHOLQ�SRXU�OHV�SDUHQWKqVHV�PXVLFDOHV�SDUWDJpHV ��WRXWH�O¶pTXLSH�8'RFN�97; ��

)ORUHQW�SRXU�OH�FR�EXUHDX��/pD�SRXU�OD�FRPSOLFLWp��%HQMDPLQ�SRXU�OH�FDOPH�DEVROX��0DFKD�SRXU�

OD�ELHQYHLOODQFH��0D[LPH�SRXU�OHV�VHVVLRQV�© )RRG WHVWLQJ ª�LQRXEOLDEOHV��1LFR�HW�6LPRQ�SRXU�

YRWUH�JHQWLOOHVVH�HW�SDWLHQFH��0DwWp�SRXU�WRXW�OH�WUDYDLO�IDLW�SRXU�OHV�WKpVDUGV�j�O¶pFROH�GRFWRUDOH�
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HW�HQILQ�6RILD�SRXU�WD�GLVSRQLELOLWp��WD�UpDFWLYLWp�HW�SRXU�OD�PDPDQ�SRXOH�TXH�WX�HV�SRXU�FKDFXQ�

G¶HQWUH�QRXV��-H�UHPHUFLH�pJDOHPHQW�WRXV�OHV�VWDJLDLUHV�HQ�ELRLQIRUPDWLTXH�VWUXFWXUDOH�TXL�RQW�

FURLVp� PRQ� FKHPLQ � ,NUDP�� )ORULDQH�� *LDQ� )UDQFR�� (OOD� HW� ELHQ� V�U�0HKGL� TXH� M¶DL� FRQQX�

VWDJLDLUH�HW�j�TXL�MH�VRXKDLWH�OH�PHLOOHXU�SRXU�OHV�DQQpHV�GH�WKqVHV�GHYDQW�OXL ��-H�UHPHUFLH�HQILQ�

WRXWHV� OHV�SHUVRQQHV�GX�&QDP�TXL�RQW� MDORQQp�PHV���DQQpHV� ��&KORp�SRXU�VD�ERQQH KXPHXU�

FRQWDJLHXVH��&pFLOH�SRXU�VRQ�JUDLQ�GH�IROLH��/DXUD�SRXU� OHV�GLVFXVVLRQV� LQWHUPLQDEOHV��(O\DV�

SRXU�VHV�SHWLWHV�DWWHQWLRQV�HW�VRQ�DLGH��&pOLQH�SRXU�VD�GRXFHXU��HW�OHV�WDEOHWWHV�GH�FKRFRODW ���HW�

OD�GHUQLqUH�DUULYpH�5DwVVD�SRXU�OH�VROHLO�TX¶HOOH�UDPqQH�DX�ODER ��

-H�UHPHUFLH�WRXV�PHV�DPLV�TXL�P¶RQW�VRXWHQX�WRXW�DX�ORQJ�GH�FHWWH�WKqVH��'¶DERUG�)DWPD�SRXU�

VD�ERQQH�KXPHXU�LQpJDOpH�SRXU�OH�FRQILQHPHQW�SDUWDJp�HW�O¶KRVSLWDOLWp�GpPHVXUpH ��,PRQ�SRXU�

VD� SKLORVRSKLH� GH� YLH �� 2XPD\PD� HW� +DLID �� OHV� V°XUV� %RXDWWRXU� WRXMRXUV� Oj� SRXU� PHWWUH�

O¶DPELDQFH� � .KDGLMD PD�FRXVLQH��PRQ�DPLH�HW�PD�VXSSRUWULFH�1��� � .DLV�PRQ�IUqUH�DPL �� ��

(QILQ��,QHV��6RXKD\HO��2PDU��+HOOD��1RXU��6DOPD ��6HOLP ��2OID ��+DP]D��$KPHG��%DKD��)DWHQ��

=LHG�� HW� WRXV� FHX[� TXH� M¶DL� EDVVLQpV� DYHF�PD� WKqVH� HW� TXL� RQW� pWp�PDOJUp� FHOD� G¶XQ� VRXWLHQ�

LQIDLOOLEOH��

-H�UHPHUFLH�pJDOHPHQW�PHV�SDUHQWV HW�PRQ�SHWLW�IUqUH�TXL�Q¶RQW�FHVVp�GH�FURLUH�HQ�PRL�HW�TXL�

P¶RQW�VRXWHQX�ORUVTXH�M¶DL�GpFLGp�G¶HQWUHSUHQGUH�FHWWH�DYHQWXUH�HQ�)UDQFH��-H�GpGLH�FHWWH�WKqVH�

j�OD�PpPRLUH�GH�PHV�JUDQGV�SDUHQWV�SDUWLV�W{W�SRXU�VDYRXUHU�DYHF�PRL�FH�PRPHQW�HW�VXUWRXW�j�

PDPLH�=RKUD�SDUWLH�DX�WRXW�GpEXW�GH�OD�WKqVH��-¶HVSqUH�TXH�Oj�R��YRXV�rWHV�MH�YRXV�UHQGV�ILHUV�

-H�WHUPLQH�SDU�OD�FOp�GH�OD�UpXVVLWH�GH�FHWWH�WKqVH��PRQ�PDUL�$PLU�VDQV�TXL�MH�Q¶\�VHUDLV�MDPDLV�

DUULYp��0HUFL�G¶DYRLU�FUX�HQ�PRL�TXDQG�PRL�PrPH�MH�Q¶\�FUR\DLV�SOXV��GH�P¶DYRLU�SRXVVp�j�

WRXMRXUV�rWUH�OD�PHLOOHXUH�YHUVLRQ�GH�PRL�PrPH��0HUFL�SRXU�WRXV�OHV�VDFULILFHV�TXH�WX�DV�IDLWV�HW�

SRXU�WRXWHV�OHV�SHWLWHV JUDQGHV�DWWHQWLRQV��-H�WH�GpGLH�DXVVL�FHWWH�WKqVH�FDU�F¶HVW�TXHOTXH�SDUW�OD�

WLHQQH�pJDOHPHQW�������
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5pVXPp

/HV� SHUWXUEDWHXUV� HQGRFULQLHQV� �3(�� FRQVWLWXHQW� XQ� SUREOqPH� GH� VDQWp� SXEOLTXH�� (Q� HIIHW��

O
H[SRVLWLRQ� KXPDLQH� j� FHV� FRPSRVpV� HVW� DVVRFLpH� j� XQ� ULVTXH� DFFUX� GH� GpYHORSSHPHQW� GH�

SOXVLHXUV�SDWKRORJLHV��/HV�3(�VRQW�FDSDEOHV�GH�SpQpWUHU�GDQV�O
RUJDQLVPH�HW�G
LQWHUIpUHU�DYHF�OHV�

IRQFWLRQV�GX�V\VWqPH�HQGRFULQLHQ�SDU�GLYHUV�PpFDQLVPHV��GRQW�OD�OLDLVRQ�GLUHFWH�DX[�UpFHSWHXUV�

QXFOpDLUHV� �15���/D�GpWHFWLRQ�SUpFRFH�GH�SRWHQWLHOV�3(�HVW� GRQF�QpFHVVDLUH�SRXU�JDUDQWLU� OD�

VpFXULWp� GH� O¶+RPPH� HW� GH� O¶HQYLURQQHPHQW�� &HFL� HVW� SRVVLEOH� HQ� XWLOLVDQW� GHV� WHVWV�

H[SpULPHQWDX[� VXU� OHV� FRPSRVpV� VXVSHFWV��PDLV� FHOD� UHVWH�XQH� WkFKH�GLIILFLOH�QRWDPPHQW� HQ�

UDLVRQ�GX�QRPEUH�FRQVLGpUDEOH�GH�FRPSRVpV�j�pYDOXHU��$LQVL��OHV�PpWKRGHV� LQ�VLOLFR SHXYHQW�

rWUH�XWLOLVpHV�HQ�DPRQW�GH�FHV�GHUQLHUV�SRXU�SULRULVHU�OHV�FRPSRVpV�j�WHVWHU�H[SpULPHQWDOHPHQW��

$YHF�FHW�REMHFWLI��QRXV�DYRQV�XWLOLVp�GHV�PpWKRGHV�EDVpHV�VXU�OD�VWUXFWXUH�GH�OD�FLEOH��6%��HW�GHV�

PpWKRGHV�EDVpHV�VXU�OHV�OLJDQGV��/%��SRXU�SUpGLUH�OD�OLDLVRQ�GH�FRPSRVpV�DX[�15� 1RXV�DYRQV�

pWDEOL�XQH�SUHXYH�GH�FRQFHSW� VXU� OH� UpFHSWHXU�(5�DOSKD�� OH�SOXV�pWXGLp�GHV�15��1RXV�DYRQV�

HQVXLWH�SURSRVp�XQ�SURWRFROH�FRPELQDQW�GHV�PRGqOHV�GH�GRFNLQJ�HW�GH�SKDUPDFRSKRUHV�SRXU�

SUpGLUH�OHV�SRWHQWLHOV�3(�HQ�VH�EDVDQW�VXU�OHXU�FDSDFLWp�j�VH�OLHU j�VL[�UpFHSWHXUV�QXFOpDLUHV���$5��

(5Į��(5ȕ��*5��33$5Ȗ� HW�75Į��/HV�PRGqOHV�GpYHORSSpV�SHUPHWWHQW� DLQVL� GH� FDWpJRULVHU� OD�

SUREDELOLWp�GH�FRPSRVpV�UHTXrWHV�GH�VH�OLHU�DX[�15�HW�GRQF��HQ�IRQFWLRQ�GX�PpFDQLVPH�GLUHFW��

G¶rWUH�GHV�3(�

0RWV� FOpV �� ,Q� VLOLFR�� FULEODJH� YLUWXHO�� GRFNLQJ�� SKDUPDFRSKRUH�� SHUWXUEDWHXUV� HQGRFULQLHQV��

UpFHSWHXUV�QXFOpDLUHV



�

5pVXPp�HQ�DQJODLV

(QGRFULQH� GLVUXSWLQJ� FKHPLFDOV� �('&V�� DUH� FRQVLGHUHG� DV� D� SXEOLF� KHDOWK� WKUHDW� DV� KXPDQ�

H[SRVXUH� WR� WKHVH� FRPSRXQGV� KDYH� EHHQ� DVVRFLDWHG�ZLWK� LQFUHDVHG� ULVN� RI� VHYHUDO� GLVHDVHV��

('&V�DUH�DEOH�WR�SHQHWUDWH�WKH�ERG\�DQG�WR�LQWHUIHUH�ZLWK�WKH�IXQFWLRQV�RI�WKH HQGRFULQH�V\VWHP�

WKURXJK� YDULRXV� PHFKDQLVPV� LQFOXGLQJ� D� GLUHFW� ELQGLQJ� WR� QXFOHDU� UHFHSWRUV� �15��� (DUO\�

GHWHFWLRQ�RI�SRWHQWLDO�('&V�EHFRPHV�DQ�LPSHUDWLYH�WR�SUHYHQW�KXPDQ�DQG�HQYLURQPHQWDO�VDIHW\�

LVVXHV�� 7KLV� FDQ� EH� DFKLHYHG� XVLQJ� H[SHULPHQWDO� WHVWV�� EXW� LW� UHPDLQV� D� FKDOOHQJLQJ� WDVN� LQ�

SDUWLFXODU�EHFDXVH�RI�WKH�FRQVLGHUDEOH�QXPEHU�RI�FRPSRXQGV�WR�EH�HYDOXDWHG��,Q�VLOLFRPHWKRGV�

FDQ�WKHQ�EH�XVHG�LQ�FRPSOHPHQW��WR�SULRULWL]H�FRPSRXQGV�IRU�H[SHULPHQWDO�WHVWLQJ�DQG�WR�KHOS�

HOXFLGDWLQJ�WR[LFLW\�PHFKDQLVPV��,Q�WKLV�ZRUN��ZH�XVHG�VWUXFWXUH�EDVHG��6%��DQG�OLJDQG�EDVHG�

�/%��LQ�VLOLFR PHWKRGV�WR�SUHGLFW�FRPSRXQGV�ELQGLQJ�WR�15��:H�HVWDEOLVKHG�D�ILUVW�SURRI�RI�

FRQFHSW�RQ�(5�DOSKD��WKH�PRVW�VWXGLHG�15��:H�WKHQ�SURSRVHG�D�SLSHOLQH�FRPELQLQJ�GRFNLQJ�

DQG�SKDUPDFRSKRUH�PRGHOV�WR�SUHGLFW�SRWHQWLDO�('&V�EDVHG�RQ�WKHLU�DELOLW\�WR�ELQG�VL[�QXFOHDU�

UHFHSWRUV��$5��(5Į��(5ȕ��*5��33$5Ȗ DQG�75Į��7KH�SLSHOLQH�RXWSXW� HQDEOHV� WR� FDWHJRUL]H�

TXHU\�FRPSRXQGV�DFFRUGLQJ�WR�WKHLU�SUREDELOLW\�RI�EHLQJ�15 ELQGHUV�DQG�WKXV��DFFRUGLQJO\�WR�

WKH�GLUHFW�PHFKDQLVP��SRWHQWLDO�('&V�

.H\� ZRUGV� ,Q� VLOLFR�� 9LUWXDO� VFUHHQLQJ�� GRFNLQJ�� SKDUPDFRSKRUH�� HQGRFULQH� GLVUXSWLQJ�

FKHPLFDOV��QXFOHDU�UHFHSWRUV
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�� (YDOXDWLRQ�GHV�ULVTXHV�HQ�WR[LFRORJLH ������������������������������������������������������������������������������ ��

���� (WXGHV�LQ�YLYR ����������������������������������������������������������������������������������������������������������� ��

���� (WXGHV�LQ�YLWUR ���������������������������������������������������������������������������������������������������������� ��
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������ /HV�YRLHV�LPSOLTXpHV�GDQV�OHV�HIIHWV�LQGpVLUDEOHV ��$23 ��������������������������������� ��

������ /HV�V\VWqPHV�G¶H[SHUWV������������������������������������������������������������������������������������� ��

������ /HV�PpWKRGHV�G¶DSSUHQWLVVDJH�������������������������������������������������������������������������� ��

�� /H�FULEODJH�YLUWXHO�j�KDXW�GpELW��96��HQ�WR[LFRORJLH �������������������������������������������������������� ��

���� &ULEODJH�YLUWXHO�EDVp�VXU�OD�VWUXFWXUH�GX�OLJDQG�������������������������������������������������������� ��
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������ /HV�PpWKRGHV�46$5 ���������������������������������������������������������������������������������������� ��

���� &ULEODJH�YLUWXHO�EDVp�VXU�OD VWUXFWXUH�GHV�FLEOHV ������������������������������������������������������� ��

������ 2EWHQWLRQ�GH�OD�VWUXFWXUH��' ���������������������������������������������������������������������������� ��

������ 2XWLOV�GH�SUpGLFWLRQ�GX�VLWH�GH�OLDLVRQ �������������������������������������������������������������� ��

������ 2XWLOV�GH�FULEODJH ��������������������������������������������������������������������������������������������� ��

���� (YDOXDWLRQ�GHV�PpWKRGHV�GH�FULEODJH�YLUWXHO������������������������������������������������������������ ��

������ /HV�EDQTXHV�G¶HQWUDvQHPHQW���G¶pYDOXDWLRQ������������������������������������������������������ ��

������ /HV�PpWULTXHV�G¶pYDOXDWLRQ ������������������������������������������������������������������������������ ��

������ ,PSRUWDQFH�GHV�PpWULTXHV�HQ�IRQFWLRQ�GX�FRQWH[WH ������������������������������������������ ��

�� /HV�SHUWXUEDWHXUV�HQGRFULQLHQV����������������������������������������������������������������������������������������� ��
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������ 0pFDQLVPH�G¶DFWLRQV�LQGLUHFWV�GHV�3( ������������������������������������������������������������� ��

������ )DFWHXUV�LQIOXHQoDQW�OHV�PpFDQLVPHV�G¶DFWLRQV������������������������������������������������ ��

���� 3K\VLRSDWKRORJLH GHV�SHUWXUEDWHXUV�HQGRFULQLHQV ���������������������������������������������������� ��
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������ 7HVWV�GH�OLDLVRQ�RX�WHVWV�GH�ELQGLQJ ������������������������������������������������������������������ ��

������ 7HVWV�GH�SUROLIpUDWLRQ�FHOOXODLUH������������������������������������������������������������������������ ��

������ 7HVWV�GH�WUDQVDFWLYDWLRQ�RX�WHVWV�GH�JqQHV�UDSSRUWHXUV ������������������������������������� ��
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�� 3UpGLFWLRQ� GH� OD� FDSDFLWp� GHV� FRPSRVpV� FKLPLTXHV� j� VH� OLHU� DX[�15 ��$SSOLFDWLRQ� DX[�
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������ 5pVXOWDWV ��������������������������������������������������������������������������������������������������������� ���
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/LVWH�GHV�WDEOHDX[

7DEOHDX�� �0HVXUHV�GH�VLPLODULWp�SRXU�OH�FDV�GHV�YDULDEOHV�FRQWLQXHV�HW�ELQDLUHV�G¶DSUqV���� ��

7DEOHDX�� ��/HV�GLIIpUHQWHV�PpWULTXHV XWLOLVpHV�SRXU�YDOLGHU�OHV�PpWKRGHV�GH�FULEODJH� ��������� ��

7DEOHDX�� � /HV�PHPEUHV�GH�OD�VXSHUIDPLOOH�GHV�UpFHSWHXUV�QXFOpDLUHV�KXPDLQV ������������������� ��

7DEOHDX�� � &RPSRVLWLRQ�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�O¶(3$�������������������������������������� ���

7DEOHDX�� � &RPSRVLWLRQ�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�OD�15�'%,1' ������������������������ ���

7DEOHDX���0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�$5 ������������������� ���

7DEOHDX����0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�(5ɲ����������������� ���

7DEOHDX����0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�(5ȕ ����������������� ���

7DEOHDX����0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�OH�UpFHSWHXU�QXFOpDLUH�
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7DEOHDX� ��� 0HLOOHXUHV� $8&� GH� GRFNLQJ� HW� OHXUV� VWUXFWXUHV� DVVRFLpHV� SRXU� OH� UpFHSWHXU�

QXFOpDLUH�33$5Ȗ ������������������������������������������������������������������������������������������������������������ ���

7DEOHDX� ��� � 0HLOOHXUHV� $8&� GH� GRFNLQJ� HW� OHXUV� VWUXFWXUHV� DVVRFLpHV� SRXU� OH� UpFHSWHXU�

QXFOpDLUH�75Į ����������������������������������������������������������������������������������������������������������������� ���

7DEOHDX��� � 3URWRFROHV�GH�GRFNLQJ�VpOHFWLRQQpV�SRXU�FKDTXH�15 �������������������������������������� ���

7DEOHDX������(YROXWLRQ�GX�QRPEUH�GH�PRGqOHV�SKDUPDFRSKRULTXHV�DYDQW�HW�DSUqV�OH�SURWRFROH�

G¶RSWLPLVDWLRQ����������������������������������������������������������������������������������������������������������������� ���

7DEOHDX����� 3HUIRUPDQFH�GHV�PRGqOHV�VpOHFWLRQQpV�VXU�OHV�MHX[�GH�GRQQpHV�GH�O¶(3$ ������ ���

7DEOHDX����� 3HUIRUPDQFH�GHV�PRGqOHV�VpOHFWLRQQpV�VXU�OHV�MHX[�GH�GRQQpHV�GH�OD 15�'%,1'
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/LVWH�GHV�ILJXUHV

)LJXUH�� � 3DUDGLJPH�GX�FULEODJH�j�KDXW�GpELW��+76��HQ�WR[LFRORJLH��$��3DU�UDSSRUW�j�VD�SODFH�

HQ�GUXJ�GHVLJQ �%��G¶DSUqV��� ������������������������������������������������������������������������������������������� ��

)LJXUH�� � 3ULVH�GH�GpFLVLRQ�HQ�WR[LFRORJLH�LQ�VLOLFR G¶DSUqV��� ����������������������������������������������� ��

)LJXUH�� � 5HSUpVHQWDWLRQ�GX�VFKpPD�GH�PRGH�G¶DFWLRQ��$23��G¶DSUqV��� ����������������������������� ��

)LJXUH�� ��6LPLODULWp�GH�IRUPH�HQWUH�GHX[�PROpFXOHV�SDU�OD�GpWHUPLQDWLRQ�GX�FKHYDXFKHPHQW�GH�

OHXUV�YROXPHV�G¶DSUqV��� ��������������������������������������������������������������������������������������������������� ��

)LJXUH�� � (WDSHV�GH�JpQpUDWLRQ�GX�PRGqOH�SKDUPDFRSKRULTXH ���������������������������������������������� ��

)LJXUH�� � 'HVFULSWLRQ�GHV�GLIIpUHQWV�SRLQWV�SKDUPDFRSKRULTXHV�HW� OHXUV�LPSOpPHQWDWLRQV�DX�

QLYHDX�GHV�ORJLFLHOV�/LJDQG6FRXW��'LVFRYHU\�6WXGLR��02(�HW�3+$6(�G¶DSUqV��� ���������� ��

)LJXUH�� � 3ULQFLSDOHV�pWDSHV�GH�FRQVWUXFWLRQ�G¶XQ�PRGqOH�46$5�G¶DSUqV���������������������������� ��

)LJXUH� � � (WDSHV� GH� UpVROXWLRQ� GH� OD� VWUXFWXUH� �'� GHV� SURWpLQHV� SDU� OD� PpWKRGH� GH�

FULVWDOORJUDSKLH�DX[�UD\RQV�;������������������������������������������������������������������������������������������� ��

)LJXUH�� � (WDSHV�JpQpUDOHV�GH�OD�UpVROXWLRQ�GH�VWUXFWXUH�GH�SURWpLQHV�SDU�VSHFWURVFRSLH�501�

G¶DSUqV������ ����������������������������������������������������������������������������������������������������������������������� ��

)LJXUH��� � (WDSHV�JpQpUDOHV�GH�OD�UpVROXWLRQ�GH�VWUXFWXUH�GH�SURWpLQHV�SDU�&U\R�(0 ����������� ��

)LJXUH��� � 3UpGLFWLRQ�GX�UHSOLHPHQW�GHV�SURWpLQHV�WHO�TXH�SUpVHQWp�SDU�$OSKD)ROG�G¶DSUqV����

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

)LJXUH��� � /HV��1�GHJUpV�GH�OLEHUWp�G¶XQH�PROpFXOH�G¶DSUqV������������������������������������������������ ��

)LJXUH��� � 0pWKRGHV�GH�UHFKHUFKH�FRQIRUPDWLRQQHOOH�G¶XQH�SHWLWH�PROpFXOH��$���/HV�VSKqUHV�

JULVHV�FRUUHVSRQGHQW�DX[�pQHUJLHV�LQLWLDOHV�GHV�VWUXFWXUHV��OHV�URXJHV�DX[�PLQLPD�JOREDX[�

HW� HQ� EOHX� DX[� PLQLPD� ORFDX[�� /D� FRXUEH� HQ� �%�� LOOXVWUH� OHV� PpWKRGHV� GH� UHFKHUFKHV�

V\VWpPDWLTXHV�HW�HQ��&��OHV�PpWKRGHV�VWRFKDVWLTXHV�TXL�DXJPHQWHQW�OHV�FKDQFHV�GH�WRPEHU�

VXU�XQ�PLQLPXP�JOREDO��'¶DSUqV������������������������������������������������������������������������������������� ��

)LJXUH� �� �� &ODVVLILFDWLRQ� GHV� PpWKRGHV� GH� GRFNLQJ� SUHQDQW� HQ� FRPSWH� OD� IOH[LELOLWp� GX�

UpFHSWHXU�G¶DSUqV���� ��������������������������������������������������������������������������������������������������������� ��

)LJXUH��� � 6FKpPDWLVDWLRQ�GH�O¶pWDSH�G¶LQWpJUDWLRQ�GHV�GRQQpHV�GX�GRFNLQJ�G¶HQVHPEOH����� ��

)LJXUH��� ��0DWULFH�GH�FRQIXVLRQ�RX�WDEOHDX�FURLVp ���������������������������������������������������������������� ��

)LJXUH��� �$QDO\VH�GH�OD�FRXUEH�52&��/D�FRXUEH�TXL�V¶pOqYH�OH�SOXV�FRUUHVSRQG�j�XQH�PHLOOHXUH�

PpWKRGH�� 6L� OHV� FRXUEHV� VH� FURLVHQW�� FHOD� VLJQLILH� TXH� OD� FRPSDUDLVRQ� Q¶D� SOXV� GH� VHQV�

G¶DSUqV���� ������������������������������������������������������������������������������������������������������������������������� ��

)LJXUH��� � 3ULQFLSDOHV�VRXUFHV�G¶H[SRVLWLRQ�DX[�SHUWXUEDWHXUV�HQGRFULQLHQV�G¶DSUqV���� ������ ��

)LJXUH��� � /H�V\VWqPH�HQGRFULQLHQ ���������������������������������������������������������������������������������������� ��



��

)LJXUH� �� � /HV� GLIIpUHQWHV� FDWpJRULHV� G¶KRUPRQHV�� /HV� GLIIpUHQFHV� VWUXFWXUDOHV� HQWUH� OHV�

GLIIpUHQWHV�FDWpJRULHV�IDLW�TXH�FHUWDLQHV�VRQW�SOXV�DSWHV�j�SDVVHU�OD�PHPEUDQH�FHOOXODLUH�HW�

DWWHLQGUH�OHV�UpFHSWHXUV�DX�QLYHDX�GX�QR\DX[��&¶HVW�OH�FDV�GHV�KRUPRQHV�VWpURwGLHQQHV�HW�

GHV�GpULYpV�G¶DFLGHV�DPLQpV� �������������������������������������������������������������������������������������������� ��

)LJXUH� �� � /HV� GLIIpUHQWV� GRPDLQHV� VWUXFWXUDX[� GHV� UpFHSWHXUV� QXFOpDLUHV�� �$�� OD� VWUXFWXUH�

OLQpDLUH�GHV�GLIIpUHQWV�GRPDLQHV�DYHF�QRWDPPHQW�OD�IRQFWLRQ�G¶DFWLYDWLRQ�$)����OH�GRLJW�

GH�]LQF�DX�QLYHDX�GX�'%'�HW�OD�IRQFWLRQ�$)���TXL�VH�OLHQW�DX�FRDFWLYDWHXU�UpSUHVVHXU�j�OD�

VXLWH�GH�OD�OLDLVRQ�GX�OLJDQG�DX�/'%���%��7DLOOH�JpQpUDOH�HW� ORQJXHXU�GH� OD�FKDLQH�SRXU�

FKDTXH� GRPDLQH� SRXU� GLIIpUHQWV� 15�� �&�� ([HPSOH� G¶XQH� VWUXFWXUH� �'� G¶XQ� 15�

�O¶KpWpURGLPqUH�/;5�5;5��PRQWUDQW�OH�'%'�HQ�YLROHW��OH�GRPDLQH�FKDUQLqUH�HQ�MDXQH�HW�

OH�/%'�HQ�YHUW�G¶DSUqV���� ������������������������������������������������������������������������������������������������ ��

)LJXUH��� � 3ULQFLSDX[�PpFDQLVPHV�G¶DFWLRQ�GHV�SHUWXUEDWHXUV�HQGRFULQLHQV��/HV�PpFDQLVPHV�

GLUHFWV�VRQW�HQFHUFOpV�HQ�YHUW�HW�OH�UHVWH�L�H�PpFDQLVPHV�LQGLUHFWHV�VRQW�HQFHUFOpHV�HQ�MDXQH���

/HV�IOqFKHV�QRLUHV�UHSUpVHQWHQW�OD�YRLH�GH�VLJQDOLVDWLRQ�GHV�KRUPRQHV��VSKqUH�MDXQH��YLD�

OHV�UpFHSWHXUV�QXFOpDLUHV��/HV�IOqFKHV�JULVHV�VRQW�HQ�UDSSRUW�DYHF�O¶HIIHW�GHV�3(��VSKqUH�

URXJHV��VXU�FHWWH�YRLH�G¶DSUqV�������� ��������������������������������������������������������������������������������� ��

)LJXUH����� 5pSDUWLWLRQ�GHV�pWXGHV�LQFOXVHV�GDQV�OD�UHYXH�VHORQ�OH�FRQWH[WH�WR[LFRORJLTXH�RX�

WKpUDSHXWLTXH ������������������������������������������������������������������������������������������������������������������ ���

)LJXUH� ��� � 'LVWULEXWLRQ� GX� QRPEUH� GH� SXEOLFDWLRQ� DQDO\VpHV� HQWUH� OHV� GLIIpUHQWV� 15� HW� OH�

FRQWH[WH�WR[LFRORJLTXH�RX�WKpUDSHXWLTXH������������������������������������������������������������������������ ���

)LJXUH��� � 3URWRFROH�G¶RSWLPLVDWLRQ�GHV�PRGqOHV�GH�SKDUPDFRSKRUHV�������������������������������� ���

)LJXUH� ��� � 6FKpPDWLVDWLRQ� GHV� SUpGLFWLRQV� UpDOLVpHV� VHORQ� OH� SURWRFROH� &RQVHQVXV� �$�� HW�

KLpUDUFKLTXH�HQ��%���������������������������������������������������������������������������������������������������������� ���

)LJXUH��� �'LVWULEXWLRQ�GHV�FRPSRVpV�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�HQ�IRQFWLRQ�GHV�SURSULpWpV�

SK\VLFR�FKLPLTXHV��/HV�FRPSRVpV�HQ�YHUW�UHSUpVHQWHQW�OHV�%��DFWLIV��HW�HQ�URXJH�OHV�1%�

�LQDFWLIV� ������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH������8SVHW�SORW GHV�FRPSRVpV�%�FRPPXQV�HQWUH�OHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�O¶(3$

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

)LJXUH��� � (YROXWLRQ�GHV�GLIIpUHQWHV�PpWULTXHV�DYDQW�HW� DSUqV�RSWLPLVDWLRQ�GHV�PRGqOHV�GH�

SKDUPDFRSKRUHV ������������������������������������������������������������������������������������������������������������� ���

)LJXUH��� � 3HUIRUPDQFHV�GHV�GLIIpUHQWV�PRGqOHV�GH�GRFNLQJ��GH�SKDUPDFRSKRUHV�HW�FRPELQpV�

�FRQVHQVXV�HW�KLpUDUFKLTXH��SRXU�FKDTXH�15����������������������������������������������������������������� ���



��

)LJXUH� ��� 'LVWULEXWLRQ� GHV� SURILOV� DJRQLVWHV� �$*2��� DQWDJRQLVWHV� �$7*2��� DJRQLVWHV�

DQWDJRQLVWHV� �$*2�$7*2��HW� QRQ� WHVWpV�SRXU� O¶DJRQLVPH�GHV�GLIIpUHQWV�%�GHV� MHX[�GH�

GRQQpHV�pWXGLpV �������������������������������������������������������������������������������������������������������������� ���

)LJXUH��� � (YROXWLRQ�GHV�GLIIpUHQWHV�PpWULTXHV�HQ�IRQFWLRQ�GHV�VFRUHV�GH�GRFNLQJ�GHV�FRPSRVp�

% ������������������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH����� 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�$5��3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�

����HW OHV�URQGV�UHSUpVHQWHQW�OHV�1%������������������������������������������������������������������������������ ���

)LJXUH����� 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�(5ɲ͘�3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�

����HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%������������������������������������������������������������������������������ ���

)LJXUH����� 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�(5ɴ͘�3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�

����HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%������������������������������������������������������������������������������ ���

)LJXUH����� 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�*5��3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�

����HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%������������������������������������������������������������������������������ ���

)LJXUH����� 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�33$5Ȗ��3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�

%�����HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%���� ���������������������������������������������������������������������� ���

)LJXUH����� 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�75ɲ͘�3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�

����HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%������������������������������������������������������������������������������ ���

)LJXUH����8SVHW SORW�GHV�GLVWULEXWLRQV�GHV�FRPSRVpV�SUpGLWV�FRPPH�D\DQW�XQ�IDLEOH�SUREDELOLWp�

�/2:��GH�VH�OLHU�DX�15�FRUUHVSRQGDQWV�j�QRV�PRGqOHV ������������������������������������������������� ���

)LJXUH��� � 3URWRFROH�G¶�© XQGHUVDPSOLQJ ª SHUPHWWDQW�GH�UHPpGLHU�DX�GpVpTXLOLEUH�HQWUH�DFWLIV�

HW�LQDFWLIV�G¶DSUqV����� ����������������������������������������������������������������������������������������������������� ���



��

/LVWH�GHV�DQQH[HV

$QQH[H� � � /LVWH� GHV� VWUXFWXUHV� 3'%� XWLOLVpHV� SRXU� O¶pWXGH� GHV� PRGqOHV� GH� GRFNLQJ� HW� GH�

SKDUPDFRSKRUHV�SRXU�OHV���15�pWXGLpV�������������������������������������������������������������������������� ���

$QQH[H��� 'pWDLOV�GHV�SHUIRUPDQFHV�GH�GRFNLQJ�SRXU�$5���������������������������������������������������� ���

$QQH[H�� � 'pWDLOV�GHV�SHUIRUPDQFHV�GH�GRFNLQJ�SRXU�(5ɲ ������������������������������������������������� ���

$QQH[H���� 'pWDLOV�GHV�SHUIRUPDQFHV�GH�GRFNLQJ�SRXU�(5ȕ ������������������������������������������������� ���

$QQH[H��� 'pWDLOV�GHV�SHUIRUPDQFHV�GH�GRFNLQJ�SRXU�*5���������������������������������������������������� ���

$QQH[H���� 'pWDLOV�GHV�SHUIRUPDQFHV�GH�GRFNLQJ�SRXU�33$5Ȗ �������������������������������������������� ���

$QQH[H���� 'pWDLOV�GHV�SHUIRUPDQFHV�GH�GRFNLQJ�SRXU�75Į ������������������������������������������������� ���

$QQH[H�� � 5pVXOWDWV�SUpOLPLQDLUHV�GH�SUpGLFWLRQ�GHV���PRGqOHV�VXU�OD�EDVH�GH�GRQQpHV ('OLVW,

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



��



��

3UHPLqUH�SDUWLH

,QWURGXFWLRQ



��

�� ,QWURGXFWLRQ

/D� WR[LFRORJLH�� FRPPH� OHV� DXWUHV� VFLHQFHV�� V
HVW� GpYHORSSpH� SDU� SKDVHV�� /HV� WR[LFRORJXHV�

DIILUPHQW� WRXWHIRLV�TXH� OD�SKDVH� LQLWLDOH�GH�FHWWH�GLVFLSOLQH�D�SUpFpGp�FHOOH�GH� OD�SOXSDUW�GHV�

DXWUHV�VFLHQFHV�ELRORJLTXHV��SXLVTX
HOOH�LPSOLTXDLW�OD�UHFRQQDLVVDQFH�SDU�O
KRPPH�SULPLWLI�GHV�

DJHQWV�V�UV�HW�GDQJHUHX[�SUpVHQWV�GDQV�VRQ�HQYLURQQHPHQW����/D�SKDVH�VXLYDQWH��O
$QWLTXLWp�HW�

OH� 0R\HQ�ÆJH�� D� pWp� FDUDFWpULVpH� SDU� O
XWLOLVDWLRQ� GH� FHV� LQIRUPDWLRQV� SRXU� OH� ELHQ�

�WKpUDSHXWLTXH��HW� OH�PDO��HPSRLVRQQHPHQW���&
HVW�j� OD�5HQDLVVDQFH�TXH�3DUDFHOVH�D�UHFRQQX�

O
LPSRUWDQFH�GX�SDUDGLJPH�GRVH�UpSRQVH��FH�TXL�D�PDUTXp�OH�GpEXW�GH�OD�WR[LFRORJLH�PRGHUQH��

$XMRXUG
KXL�� OD�WR[LFRORJLH�VH�FRQFHQWUH�VXU�OHV�PpFDQLVPHV�PROpFXODLUHV��HW� O
XWLOLVDWLRQ�GHV�

QRXYHOOHV�WHFKQRORJLHV�SRXU�VWRFNHU�HW�GLIIXVHU�FHV�LQIRUPDWLRQV����

/¶XQ�GHV�REMHFWLIV�GH�OD�WR[LFRORJLH�HVW�GRQF�O¶pYDOXDWLRQ�GX�ULVTXH�G¶H[SRVLWLRQ�j�XQ�SURGXLW�

FKLPLTXH�� TXH� FH� VRLW� XQ� FRPSRVp� SUpVHQW� GDQV� O¶HQYLURQQHPHQW� RX� XQ� PpGLFDPHQW� SDU�

H[HPSOH��&HV�HIIHWV�QpIDVWHV�VRQW�GpWHUPLQpV�JUkFH�DX[�WHVWV�H[SpULPHQWDX[��/
H[SpULPHQWDWLRQ�

KXPDLQH� pWDQW� j� H[FOXUH� �VDXI� GDQV� OH� FDV� GH� VXEVWDQFHV� WKpUDSHXWLTXHV�� SRXU� GHV� UDLVRQV�

PRUDOHV��pWKLTXHV�HW�OpJDOHV��OD�SULQFLSDOH�PpWKRGH�XWLOLVpH�HVW�O
H[SpULPHQWDWLRQ�VXU�OHV�DQLPDX[�

�PRGqOHV�LQ�YLYR���FHSHQGDQW��GHX[�SUREOpPDWLTXHV�PDMHXUHV�\�VRQW�DVVRFLpHV��/D�SUHPLqUH�HVW�

TXH�OD�SOXSDUW�GHV�PRGqOHV�G
H[WUDSRODWLRQ�GHV�ULVTXHV� TXL�XWLOLVHQW�OHV�UpVXOWDWV�GHV�WHVWV�VXU�OHV�

DQLPDX[� QH� SHXYHQW� SDV� WHQLU� FRPSWH� GX� IDLW� TXH� O
HVSqFH� WHVWpH� HW� O
HVSqFH� FLEOH� VRQW�

ELRORJLTXHPHQW�GLIIpUHQWHV��&HUWDLQV�HIIHWV�SHXYHQW�HQ�HIIHW�DSSDUDLWUH�FKH]�O¶DQLPDO�VDQV�SRXU�

DXWDQW� VH�PDQLIHVWHU� FKH]� O¶+RPPH� HW� YLFH� YHUVD� ����� � &HOD� D� LQFLWp� j� UHFRQVLGpUHU� OHV� WHVWV�

DQLPDX[�HW�OHXUV�OpJLWLPLWpV�j�rWUH�XWLOLVpV�VHXOV�SRXU�GpFHOHU�OH�FDUDFWqUH�WR[LTXH�GHV�FRPSRVpV��

/D� VHFRQGH� SUREOpPDWLTXH� HVW� HQFRUH� XQH� IRLV� OLpH� j� XQH� UDLVRQ� pWKLTXH�� /HV� H[LJHQFHV� HQ�

PDWLqUH�G
H[SpULPHQWDWLRQ�DQLPDOH�HW�GH�ELHQ�rWUH�GHV�DQLPDX[�RQW�DLQVL�pYROXp�HW�OH�SULQFLSH�

GHV� © �5 ª� �UHSODFHPHQW�� UHGXFWLRQ� DQG� UHILQHPHQW�� ��� D� pPHUJp�� &H� SULQFLSH� SU{QH� GH�

SULYLOpJLHU� OHV� DSSURFKHV�PpFDQLVWLTXHV� EDVpHV� VXU� GHV� GRQQpHV� HPSLULTXHV� HW� D� FRQGXLW� DX�

GpYHORSSHPHQW� GH� PpWKRGHV� DOWHUQDWLYHV� HQ� WR[LFRORJLH�� HQ� SDUWLFXOLHU� OH� UHQIRUFHPHQW� GHV�

HVVDLV� LQ�YLWUR TXL�SHUPHWWHQW�GH�FODVVHU�SDU�RUGUH�GH�SULRULWp� OHV�VXEVWDQFHV�FKLPLTXHV�SRXU�

OHVTXHOOHV�OH�PpFDQLVPH�G
DFWLRQ�GHYUD�rWUH�pWXGLp����

'H�QRV�MRXUV��OHV�PpWKRGHV�GH�FULEODJH�FRPSXWDWLRQQHOOHV�RX�PpWKRGHV�GH�FULEODJH�LQ�VLOLFR RQW�

DXVVL�SULV�GH�O¶LPSRUWDQFH�HQ�WR[LFRORJLH�JUkFH�DX[�GpYHORSSHPHQWV�GH�O¶LQIRUPDWLTXH�HW�GHV�

FDSDFLWpV�GH�FDOFXOV�FRPELQpHV DX�GpYHORSSHPHQW�HQ�FKLPLH�HW�ELRORJLH�PROpFXODLUH�������



��

��(YDOXDWLRQ�GHV�ULVTXHV�HQ�WR[LFRORJLH

/¶pYDOXDWLRQ� GHV� ULVTXHV� GH� WR[LFLWp� HVW� FUXFLDOH� SRXU� OHV� GLIIpUHQWHV� LQGXVWULHV�

�SKDUPDFHXWLTXHV��FRVPpWLTXHV�HW�FKLPLTXHV��DLQVL�TXH�SRXU�OHV�RUJDQLVPHV�UpJOHPHQWDLUHV��/HV�

REMHFWLIV� GH� FHV� pYDOXDWLRQV� VRQW� WRXWHIRLV� WUqV� GLYHUV�� 'DQV� O¶LQGXVWULH� SKDUPDFHXWLTXH��

O¶pYDOXDWLRQ�GHV�ULVTXHV�HVW�PHQpH�WRXW�DX�ORQJ�GX�SURFHVVXV�GH�GpFRXYHUWH�HW�GH�GpYHORSSHPHQW�

GHV�PpGLFDPHQWV�� (OOH� FRPPHQFH� DYDQW�PrPH� VD� V\QWKqVH�� HW� VH� SRXUVXLW� MXVTX¶DX[� HVVDLV�

FOLQLTXHV�R��O¶pYDOXDWLRQ��GH�OD�EDODQFH�EpQpILFHV�ULVTXHV�HVW�XQ�SRLQW�FUXFLDO�SULV�HQ�FRPSWH�

GDQV�OD�GHPDQGH�GH�PLVH�VXU�OH�PDUFKp��$00�����0DOJUp�XQH�pYDOXDWLRQ�ULJRXUHXVH�GqV�OHV�

SUHPLqUHV� SKDVHV� GH� GpYHORSSHPHQW�� OH� WDX[� G¶DWWULWLRQ� UHVWH� pOHYp�� VRXYHQW� HQ� UDLVRQ� GH�

SUREOqPHV�GH�VpFXULWp����'DQV�OHV�LQGXVWULHV�FKLPLTXHV��OHV�REMHFWLIV�SULQFLSDX[�GH�O¶pYDOXDWLRQ�

GH�ULVTXH�GH�WR[LFLWp�VRQW�RULHQWpV�YHUV�OD�VpFXULWp�GHV�WUDYDLOOHXUV�HW�O¶pYDOXDWLRQ�GHV�ULVTXHV�

HQYLURQQHPHQWDX[�� 'DQV� O¶LQGXVWULH� FRVPpWLTXH�� OHV� pYDOXDWLRQV� GHV� ULVTXHV� SRUWHQW�

HVVHQWLHOOHPHQW� VXU� OD� VpFXULWp� GHV� FRQVRPPDWHXUV�� /H� GpYHORSSHPHQW� GHV� FRQQDLVVDQFHV�

VFLHQWLILTXHV�DLQVL�TXH� OHV�SURJUqV� WHFKQRORJLTXHV�RQW�SHUPLV� O¶pYROXWLRQ�GH� O¶pYDOXDWLRQ�GHV�

ULVTXHV�HQ�WR[LFRORJLH�HQ�SDVVDQW�G¶XQH�WR[LFRORJLH�GHVFULSWLYH EDVpH�VXU�OHV�WHVWV�LQ�YLYR VXU�

DQLPDX[�PDLV�DXVVL�LQ�YLWUR j�XQH�WR[LFRORJLH�PpFDQLVWLTXH LQWpJUDQW�OHV�FRQQDLVVDQFHV�VXU�OHV�

YRLHV�GH�WR[LFRORJLH�UHVSRQVDEOHV�GHV�HIIHWV�LQGpVLUDEOHV��LQ�YLWUR HW�LQ�VLOLFR� ���&HWWH�pYROXWLRQ�

HVW� GH� SOXV� HQ� SOXV� LQWpJUpH� DX[� SURFHVVXV� UqJOHPHQWDLUHV� ���� ODLVVDQW� HQWUHYRLU� O¶HVSRLU� GH�

UpGXLUH�YRLUH�GH�V¶DIIUDQFKLU�GHV�WHVWV�VXU�OHV�DQLPDX[����

���� (WXGHV�LQ�YLYR

&ODVVLTXHPHQW��FHV�pWXGHV�VRQW�UpDOLVpHV�VXU�GHV�DQLPDX[�VDLQV�HW�DGXOWHV��0DLV�GHV�YDULDWLRQV�

SHXYHQW�H[LVWHU�SRXU�pWXGLHU�XQ�SKpQRPqQH�WR[LFRORJLTXH�FKH]�XQH�SRSXODWLRQ�SDUWLFXOLqUH��SDU�

H[HPSOH� GHV� DQLPDX[� JpQpWLTXHPHQW� PRGLILpV� SRXU� pWXGLHU� O¶LPSDFW� G¶XQ� WR[LTXH� VXU� XQ�

SURFHVVXV�SDWKRJpQLTXH�GRQQp�����$X�FRXUV�GH�FHV�WHVWV��XQ�FRPSRVp�HVW�DGPLQLVWUp�j�GLIIpUHQWHV�

GRVHV�HW�j�GHV�IUpTXHQFHV�YDULpHV��*pQpUDOHPHQW��OHV�SULQFLSDOHV�YRLHV�G¶H[SRVLWLRQ�VRQW�pWXGLpHV�

�YRLH�RUDOH��YRLH�UHVSLUDWRLUH�HW�YRLH�GHUPLTXH���/¶DSSDULWLRQ�RX�QRQ�G¶XQ�HIIHW�HVW�DQDO\VpH�SRXU�

����GpWHUPLQHU�OD�WR[LFLWp�DLJXs�G¶XQ�FRPSRVp��H[SRVLWLRQ�XQLTXH�HW�FRXUWH�GH�PRLQV�GH���K��HW�

SRXU�����GpWHUPLQHU�OHV�HIIHWV�GH�O¶H[SRVLWLRQ�UpSpWpH�F¶HVW�j�GLUH�pYDOXHU�OD�WR[LFLWp�VXEDLJXs�

�H[SRVLWLRQ�UpSpWpH�LQIpULHXUH�j�XQ�PRLV���VXE�FKURQLTXH��H[SRVLWLRQ�UpSpWpH�HQWUH���HW���PRLV��
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HW�FKURQLTXH��H[SRVLWLRQ�UpSpWpH�SRXU�SOXV�GH���PRLV�DOODQW�MXVTX¶DX�GHX[�WLHUV�GH�OD�GXUpH�GH�

YLH�GH�O¶DQLPDO�����

/HV�WHVWV�GH�WR[LFLWp�DLJXs�VRQW�JpQpUDOHPHQW�XWLOLVpV�SRXU�GpWHUPLQHU�OHV�GRVHV�XWLOHV ��OD�GRVH�

HIIHFWLYH�PpGLDQH��'(����VRLW�OD�GRVH�TXL�DIIHFWH�OD�PRLWLp�G¶XQ�JURXSH�pWXGLp�HW�OD�GRVH�OpWDOH

PpGLDQH��'/����F¶HVW�j�GLUH�OD�GRVH�HQWUDLQDQW�OD�PRUW�GH�OD�PRLWLp�GH�OD�SRSXODWLRQ�DQLPDOH�

pWXGLpH�����'HV�WHVWV�GH�WR[LFLWp�VXU�RUJDQHV�SHXYHQW�rWUH�SUDWLTXpV��WR[LFLWp�ORFDOH�����/HV�pWXGHV�

j�GRVHV�UpSpWpHV�SHUPHWWHQW�JpQpUDOHPHQW�GH�GpWHUPLQHU�OHV�HIIHWV�LQGpVLUDEOHV�UpVXOWDQWV�G¶XQH�

H[SRVLWLRQ� ORQJXH� GXUpH� j� XQH� VXEVWDQFH� WR[LTXH�� $LQVL�� OHV� YDOHXUV� FULWLTXHV� G¶H[SRVLWLRQ

SHXYHQW� rWUH� GpWHUPLQpHV� DLQVL� TXH� OHV� GLIIpUHQWV� RUJDQHV� LPSDFWpV� HW� OHV� HIIHWV� GH� FHWWH�

H[SRVLWLRQ� VXU� FHV� RUJDQHV �SDU� H[HPSOH� GpIDLOODQFH� G¶XQ� RUJDQH��� /D� UHSURWR[LFLWp�� OD�

WpUDWRWR[LFLWp�DLQVL�TXH�OD�FDUFLQRJpQLFLWp�VRQW�pYDOXpHV�DX[�PR\HQV�GH�SURWRFROHV�VSpFLILTXHV�
�����

%LHQ� TXH� OHV� WHVWV� LQ� YLYR VRLHQW� FRQVLGpUpV� FRPPH� OH� © JROG� VWDQGDUG ª� GH� O¶pYDOXDWLRQ�

WR[LFRORJLTXH��FHV�GHUQLHUV�SUpVHQWHQW�GLYHUVHV�OLPLWHV��(Q�HIIHW��OHV�pWXGHV�LQ�YLYR QH�VRQW�SDV�

WRXMRXUV�FDSDEOHV�GH�PRGpOLVHU�OD�WR[LFLWp�FKH]�O¶+RPPH�HQ�UDLVRQ�GHV�GLIIpUHQFHV�PpWDEROLTXHV�

RX�WR[LFRFLQpWLTXHV�HQWUH�O¶+RPPH�HW�O¶DQLPDO�HQWUH�DXWUHV� /D�FDWDVWURSKH�GX�WKDOLGRPLGH�HQ�

UHVWH�OH�SOXV�WHUULEOH�WpPRLQ�����'H�SOXV��FHV�pWXGHV�pWDQW�ORQJXHV�HW�FR�WHXVHV��HOOHV�QH�SHUPHWWHQW�

SDV� GH� WHVWHU� EHDXFRXS� GH� FRPSRVpV� FH� TXL� FRQVWLWXH� XQH� YpULWDEOH� OLPLWH� GDQV� XQ� FRQWH[WH�

LQGXVWULDOLVp�R��OH�QRPEUH�GH�QRXYHOOHV�PROpFXOHV�V\QWKpWLVpHV�QH�FHVVH GH�FURLWUH���(QILQ��OD�

GHUQLqUH�OLPLWH�HW�VDQV�GRXWH�OD�SOXV�LPSRUWDQWH�HVW�O¶HQMHX�pWKLTXH�TXH�UHSUpVHQWHQW FHV�WHVWV�VXU�

OHV�DQLPDX[��'qV�������5XVVHO�HW�%XUVK�� RQW�LQWURGXLW�OH�FRQFHSW�GHV��5�TXL�LQFLWH�j�5pGXLUH��

5DIILQHU�HW�5HPSODFHU�FHV�H[SpULPHQWDWLRQV�

���� (WXGHV�LQ�YLWUR

'DQV�FH�FRQWH[WH��OHV�WHVWV�LQ�YLWUR HW�SOXV�VSpFLILTXHPHQW�OHV�WHVWV�VXU�OHV�FXOWXUHV�FHOOXODLUHV�

SUpVHQWHQW�FHUWDLQV�DYDQWDJHV��(Q�HIIHW��LOV�SHUPHWWHQW�G¶pWXGLHU�O¶HIIHW�GHV�VXEVWDQFHV�VXU�GHV�

FHOOXOHV�KXPDLQHV�HW�GH�V¶pPDQFLSHU�GHV�GLIIpUHQFHV�LQWHU�HVSqFHV�HQ�SOXV�GH�SRXYRLU�pWXGLHU�

O¶HIIHW�GLUHFW�G¶XQH�VXEVWDQFH�VDQV�LQWHUIpUHQFH�KRUPRQDOH�HW�GDQV�OHV�FRQGLWLRQV�TXL�DVVXUHQW�

O¶LPSXWDELOLWp� GLUHFWH� GH� OD� WR[LFLWp� j� O¶H[SRVLWLRQ� �FRQWU{OH� GH� O¶KXPLGLWp�� S+�� R[\JpQDWLRQ�

HWF�����'H�SOXV��OHV�WHVWV�LQ�YLWUR SHUPHWWHQW�GH�WHVWHU�XQ�JUDQG�QRPEUH�GH�SURGXLWV�DYHF XQ�ODUJH�

SDQHO�GH�GRVHV�HW�GH�WHPSV�G¶H[SRVLWLRQV��$GGLWLRQQHOOHPHQW��OD�PLQLDWXULVDWLRQ�GHV�GLVSRVLWLIV�

G¶H[SpULPHQWDWLRQ�SHUPHW�GH�UpDOLVHU�OHV�WHVWV�DYHF�GH�WUqV�IDLEOHV�TXDQWLWpV�GX�SURGXLW����(QILQ��

JUkFH� j� O¶DXWRPDWLVDWLRQ�� OD�SDUDOOpOLVDWLRQ�HW� OD� URERWLVDWLRQ�GHV�SURFHVVXV� �KLJK� WKURXJKSXW
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VFUHHQLQJ�RX�+76���GHV�GRQQpHV�KDXW�GpELW�SHXYHQW�rWUH�REWHQXHV�FH�TXL�SHUPHW�GH�SRXYRLU�WULHU�

UDSLGHPHQW� OHV� FRPSRVpV� VXU� OD� EDVH� G¶XQ� SRLQW� GH� YXH� WR[LFRORJLTXH� SDUWLFXOLHU� �WR[LFLWp�

FDUGLDTXH��KRPpRVWDVLH�FDOFLTXH��PRUW�FHOOXODLUH�HWF����������2ULJLQDLUHPHQW�GpYHORSSpHV SRXU�OD�

GpFRXYHUWH�GH�PpGLFDPHQWV��OHV�PpWKRGHV�+76�VRQW�GHYHQXHV�GH�SOXV�HQ�SOXV�SRSXODLUHV�GDQV�

OHV�pWXGHV� WR[LFRORJLTXHV��FDU� UDSLGHV�HW�SHUPHWWDQW�GH� UpGXLUH�FRQVLGpUDEOHPHQW� OH�FR�W�GHV�

WHVWV�H[SpULPHQWDX[����� �)LJXUH����

)LJXUH�� � 3DUDGLJPH�GX�FULEODJH�j�KDXW�GpELW��+76��HQ�WR[LFRORJLH��$��3DU�UDSSRUW�j�VD�SODFH�

HQ�GUXJ�GHVLJQ �%��G¶DSUqV���

,O�H[LVWH�XQH�PXOWLWXGH�GH�SDUDPqWUHV�WR[LFRORJLTXHV�SRXYDQW�rWUH�pYDOXpV�LQ�YLWUR HW�GLIIpUHQWV�

PpFDQLVPHV�GH�WR[LFLWpV�SHXYHQW�rWUH�H[SORUpV�YLD�GLIIpUHQWV�WHVW�LQ�YLWUR GpGLpV��(Q�HIIHW��OHV�
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WHVWV�PLV�DX�SRLQW�SHUPHWWHQW�GH�GpWHFWHU�HW�PHVXUHU�O¶DFWLYLWp�ELRORJLTXH�FRPPH�OD�OLDLVRQ�j�GHV�

FLEOHV�WR[LFRORJLTXHV�FRQQXHV��OH�FKDQJHPHQW�GH�ELRPDUTXHXUV�RX�OD�GpJUDGDWLRQ�FHOOXODLUH�����

$XMRXUG¶KXL��OHV�HIIRUWV�YLVHQW�j�DFTXpULU�GH�QRXYHDX[�WHVWV�ELRORJLTXHV�SHUPHWWDQW�G¶pODUJLU�OHV�

GRQQpHV�PHVXUDEOHV�UHODWLYHV�j�GHV�PDQLIHVWDWLRQV�WR[LFRORJLTXHV��/HV�VFLHQWLILTXHV�FKHUFKHQW�

j�LGHQWLILHU�GH�QRXYHDX[�ELRPDUTXHXUV�GH�WR[LFLWp�SDU�H[HPSOH�����

7RXWHIRLV�� OHV� pWXGHV� LQ� YLWUR SUpVHQWHQW� DXVVL� TXHOTXHV� OLPLWHV�� /D� SUHPLqUH� HVW� OLpH DX[�

FRQGLWLRQV�H[SpULPHQWDOHV�FRPPH�OD�QRQ�VSpFLILFLWp�GHV�WHVWV�GXH�j�OD�UpDFWLYLWp�GHV�FRPSRVpV�

DYHF� OHV� VXSSRUWV H[SpULPHQWDX[� �SODVWLTXH�� RX� HQFRUH� OD� GpJpQpUHVFHQFH� GHV� FHOOXOHV�

PRQRFORQDOHV�XWLOLVpHV�SRXU�OHV�WHVWV��'H�SOXV��OD�PLVH�HQ�SODFH�GH�FHUWDLQV�WHVWV�LQ�YLWUR HW�OHXU�

YDOLGDWLRQ�UHVWHQW�XQ�SURFHVVXV�DVVH]�ORQJ�FH�TXL�IDLW�TXH�FHV�GHUQLHUV�VRQW�SHX�XWLOLVpV�GDQV�OH�

FDGUH�G¶XQH�YDOLGDWLRQ�UqJOHPHQWDLUH�FRQWUDLUHPHQW�DX[�WHVWV DQLPDX[����

���� (WXGHV�LQ�VLOLFR

$X�YX GH�OD�TXDQWLWp�GH�SURGXLWV�FKLPLTXHV�TXL�VRQW�XWLOLVpV�DXMRXUG¶KXL�HW�GHV�QRPEUHX[�DXWUHV�

V\QWKpWLVpV�HW�SRWHQWLHOOHPHQW�V\QWKpWLVDEOHV��LO�GHYLHQW�YLWDO�GH�GLVSRVHU�GH�PpWKRGHV�HIILFDFHV�

SRXU�pYDOXHU�O¶HIIHW�GH�FHV�FRPSRVpV�VXU�O¶HQYLURQQHPHQW�HW�OD�VDQWp�KXPDLQH��%LHQ�TXH�OHV�WHVWV�

H[SpULPHQWDX[� LQ� YLYR HW� LQ� YLWUR UHVWHQW� LQGLVSHQVDEOHV� SRXU� FRQILUPHU� OD� WR[LFLWp� G¶XQ�

FRPSRVp��FHV�GHUQLHUV�VRQW�j�OD�IRLV�ORQJV��FR�WHX[�HW�SDUIRLV�GLIILFLOHV�j�PHWWUH�HQ�SODFH��$LQVL��

GHV� PpWKRGHV� LQ� VLOLFR SUpFLVHV� SHUPHWWDQW� GH� UpDOLVHU� XQ� SUHPLHU� FULEODJH� FRQGXLVDQW� j�

O¶LGHQWLILFDWLRQ� GHV� ULVTXHV� HW� j� OD� KLpUDUFKLVDWLRQ� GHV� FRPSRVpV� �� UHSUpVHQWHQW� XQ� DWRXW�

FRPSOpPHQWDLUH�� 3DU� DLOOHXUV�� FHV PpWKRGHV� FRPELQpHV� DYHF� OHV� WHVWV� LQ� YLWUR SHUPHWWURQW�

SUREDEOHPHQW�XQ�MRXU�GH�UHPSODFHU�OHV�WHVWV�LQ�YLYR ����(Q�HIIHW��OHV�PpWKRGHV�+76�SHUPHWWHQW

GH� IRXUQLU� XQH� JUDQGH� TXDQWLWp� GH� GRQQpHV� HW� OHV� DSSURFKHV� LQIRUPDWLTXHV� HW� VWDWLVWLTXHV�

SHUPHWWHQW�GH�OHV�DQDO\VHU�HW�OHV�LQWHUSUpWHU�FRUUHFWHPHQW��$LQVL��OHV�UpVXOWDWV�VRQW�VXVFHSWLEOHV�

G¶rWUH� XWLOLVpV� SRXU� FRQVWUXLUH� GHV� PRGqOHV� SUpGLVDQW� OH� SRWHQWLHO� GH� WR[LFLWp� GHV� QRXYHDX[�

SURGXLWV�FKLPLTXHV�VXU�OD�EDVH�GH�OHXU�FRPSRUWHPHQW�GDQV�OHV�HVVDLV�LQ�YLWUR��/HV�UpVXOWDWV�GX�

FULEODJH� LQWpJUpV� GDQV� GHV� PRGqOHV� GHYUDLHQW� SHUPHWWUH� GH� PLHX[� FRPSUHQGUH� DXVVL� OHV�

PpFDQLVPHV�G¶DFWLRQ�GH�WR[LFLWp��FH�TXL�VHUD�WUqV�XWLOH�SRXU�O¶pYDOXDWLRQ�GHV�ULVTXHV����

/D�WR[LFRORJLH�LQ�VLOLFR DSSHOpH�DXVVL�OD�WR[LFRORJLH�FRPSXWDWLRQQHOOH�HVW�XQH�VRXV�GLVFLSOLQH�GH�

OD�WR[LFRORJLH��(OOH�HVW�GpILQLH�FRPPH�© O¶DSSOLFDWLRQ�GH�PRGqOHV�PDWKpPDWLTXHV�HW�PpWKRGHV�

LQIRUPDWLTXHV�SRXU�SUpGLUH�OHV�HIIHWV�QpIDVWHV�HW�PLHX[�FRPSUHQGUH�OHV�PpFDQLVPHV�XQLTXHV�RX�

PXOWLSOHV� SDU� OHVTXHOV� XQ� SURGXLW� FKLPLTXH� GRQQp� LQGXLW� GHV� GRPPDJHV� HW� LQ� ILQH SRXYRLU�



��

SUpGLUH�OHV�HIIHWV�QpIDVWHV�GHV�FRPSRVpV�WR[LTXHV�SRXU�OD�VDQWp�KXPDLQH�HW�RX�O¶HQYLURQQHPHQW ª
��������� /D� WR[LFRORJLH� FRPSXWDWLRQQHOOH� HVW� XQ� GRPDLQH�PXOWLGLVFLSOLQDLUH� TXL� FRPELQH� GHV�

FRQQDLVVDQFHV�VXU�OHV�YRLHV�GH�WR[LFLWp�DYHF�GHV�GRQQpHV�FKLPLTXHV�HW�ELRORJLTXHV�SHUWLQHQWHV��

(OOH� D� SRXU� EXW� G¶DVVXUHU� OH� GpYHORSSHPHQW�� OD� YpULILFDWLRQ� HW� O¶pYDOXDWLRQ� GH� PRGqOHV�

LQIRUPDWLTXHV�PXOWL�pFKHOOHV�XWLOLVpV�SRXU�PLHX[�FRPSUHQGUH�OHV�PpFDQLVPHV�SDU�OHVTXHOV�XQ�

SURGXLW� FKLPLTXH� GRQQp� LQGXLW� GHV� GRPPDJHV�� 3RXU� FHOD�� GH� JUDQGV� HQVHPEOHV� GH� GRQQpHV�

ELRORJLTXHV�HW�FKLPLTXHV�VRQW�DQDO\VpV�SRXU�H[WUDLUH�OHV�GRQQpHV�j�IRUW FRQWHQX�LQIRUPDWLI��HQ�

V¶DSSX\DQW�SRXU�FHOD�VXU�GH�QRXYHOOHV�PpWKRGHV�ELRVWDWLVWLTXHV�HW�VXU�OD�SXLVVDQFH�GH�FDOFXO�����

/D� WR[LFRORJLH� LQ� VLOLFR SHXW� V¶RUJDQLVHU� HQ� �� D[HV� GLVWLQFWV�PDLV� LQWLPHPHQW� UHOLpV� DX� VHLQ�

GHVTXHOV�GLIIpUHQWHV�PpWKRGHV�VRQW�UHJURXSpHV��)LJXUH�����'HV�PpWKRGHV�FRPPH�OH�46$5�RX�

OH�5HDG�DFURVV SHXYHQW�DLQVL�rWUH�XWLOLVpHV�SRXU�GLIIpUHQWV�FDV�HW�FH�PrPH�ORUVTXH�OHV�GRQQpHV�

VRQW�PDQTXDQWHV���/H�VFKpPD�GH�PRGH�G¶DFWLRQ�RX�$23��$GYHUVH�2XWFRPH�3DWKZD\V��TXDQW�j�

OXL�SHUPHW�GH�GpFULUH�TXDOLWDWLYHPHQW��VFKpPDWLTXHPHQW��OHV�PpFDQLVPHV�GH�WR[LFLWp�HQWUH�XQ�

pYqQHPHQW� LQLWLDWHXU� HW� XQ� HIIHW� LQGpVLUDEOH�� $LQVL� OHV� PpWKRGHV� GH� FULEODJH� YLUWXHO�

KDELWXHOOHPHQW�XWLOLVpHV�GDQV�XQ�FRQWH[WH�GH�GUXJ�GHVLJQ IRQW�SDUWLH� LQWpJUDQWH�GHV�RXWLOV� LQ�

VLOLFR SRXU�OD�WR[LFRORJLH�

)LJXUH�� � 3ULVH�GH�GpFLVLRQ�HQ�WR[LFRORJLH�LQ�VLOLFR G¶DSUqV���
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������ /HV�YRLHV�LPSOLTXpHV�GDQV�OHV�HIIHWV�LQGpVLUDEOHV ��$23�

/H�FRQFHSW�G¶$23��DGYHUVH�RXWFRPH�SDWKZD\��SHUPHW�GH�GpFULUH�OD�UHODWLRQ�FDXVDOH�H[LVWDQW�

HQWUH� XQ� pYqQHPHQW� PROpFXODLUH� GpFOHQFKHXU� SURYRTXp� SDU� XQ� WR[LTXH�� GHV� pYqQHPHQWV�

FHOOXODLUHV��PROpFXODLUHV�HW�SK\VLRORJLTXHV�LQWHUPpGLDLUHV�FOHIV�DLQVL�TXH�O¶HIIHW�QpIDVWH�VXU�XQ�

RUJDQLVPH�RX�XQH�SRSXODWLRQ����/D�FRQVWUXFWLRQ�G¶XQH�$23�QpFHVVLWH�GRQF�GHV�GRQQpHV�GH�W\SH�

PpFDQLVWLTXH�SRXU�LGHQWLILHU�OHV�YRLHV�ELRORJLTXHV�VRXV�MDFHQWHV�j�OD�WR[LFLWp�pWXGLpH��GRQQpHV�

LQ� YLYR�� LQ� YLWUR HW� PrPH� LQ� VLOLFR�� PDLV� DXVVL� GH� GpILQLU� OD� VWUDWpJLH� GH� WHVWV� LQWpJUpV� TXL�

SHUPHWWHQW� GH� PHVXUHU� OD� WROpUDQFH� GH� FHV� YRLHV� j� OD� SHUWXUEDWLRQ� VDQV� LQGXLUH� XQH� YRLH�

VSpFLILTXH�GH�WR[LFLWp�

)LJXUH�� � 5HSUpVHQWDWLRQ�GX�VFKpPD�GH�PRGH�G¶DFWLRQ��$23��G¶DSUqV���

������ /HV�V\VWqPHV�G¶H[SHUWV�

/HV�V\VWqPHV�RX�PpWKRGHV�G¶H[SHUWV�VH�EDVHQW�VXU�OHV�FRQQDLVVDQFHV��GHV�H[SHUWV��SRXU�GpGXLUH��

SUpGLUH�RX�H[SOLTXHU�OHV�PpFDQLVPHV�GH�WR[LFLWp�SRXU�XQ�VHXO�FRPSRVp�RX�SRXU�XQ�JURXSH�GH�

FRPSRVpV�SRXU�OHVTXHOV�OH�SRWHQWLHO�WR[LTXH�HVW�LQFRQQX��$LQVL��OHV�V\VWqPHV�G¶H[SHUWV�SHXYHQW�

XWLOLVHU�SRXU�OHXUV�SUpGLFWLRQV�DXVVL�ELHQ�OHV�GRQQpHV�PpFDQLVWLTXHV��$23��TXH�OHV�GRQQpHV�GH�

FULEODJH��3DUPL�OHV�PpWKRGHV� QRXV�UHWURXYRQV�OH�© 5HDG�$FURVV ª��OHV�DOHUWHV�VWUXFWXUDOHV�HW�OHV�

pWXGHV� GH� UHODWLRQ� VWUXFWXUH�DFWLYLWp�� /D� PpWKRGH © 5HDG�DFURVV ª� HVW� WUqV� SRSXODLUH� HW� WUqV�

XWLOLVpH�HQ�WR[LFRORJLH�SRXU�O¶LGHQWLILFDWLRQ�GHV�FRPSRVpV�GDQJHUHX[��(OOH�SHUPHW�G¶H[WUDSROHU�

OHV�UpVXOWDWV�G¶XQ�WHVW�LQ�YLYR SRXU�XQ�RX�SOXVLHXUV�FRPSRVpV�VRXUFHV j GHV�FRPSRVpV�FLEOHV�VXU�

OD�EDVH�G¶XQH�VLPLODULWp�HQWUH�OD�VRXUFH�HW�OD�FLEOH��� �F�I��SDUDJUDSKH�����FULEODJH�EDVp�VXU�OD�

VWUXFWXUH�GX�OLJDQG���
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������ /HV�PpWKRGHV�G¶DSSUHQWLVVDJH�

/HV� PpWKRGHV� G¶DSSUHQWLVVDJH� UHJURXSHQW� OHV� PpWKRGHV� GH� 46$5� �F�I�� SDUDJUDSKH� ������

PpWKRGHV�46$5�� WUqV�SRSXODLUHV�HQ�WR[LFRORJLH���OHV�PpWKRGHV�GH�PDFKLQH�OHDUQLQJ�HW GH�GHHS�

OHDUQLQJ� DLQVL� TXH� OHV� PpWKRGHV� EDVpHV� VXU� OD� VWUXFWXUH� GHV� SURWpLQHV� �F�I�� SDUDJUDSKH� �����

FULEODJH�EDVp�VXU�OD�VWUXFWXUH�GHV�FLEOHV���
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��/H�FULEODJH�YLUWXHO�j�KDXW�GpELW��96��HQ�WR[LFRORJLH

'LIIpUHQWHV� PpWKRGHV� GH� WR[LFRORJLH� LQ� VLOLFR H[LVWHQW� DX� VHLQ� GHVTXHOOHV� OHV� PpWKRGHV� GH�

FULEODJH�YLUWXHO�RFFXSHQW�XQH�SODFH�LPSRUWDQWH�FRPPH�SUpVHQWp SOXV�KDXW��

/HV�PpWKRGHV�GH�FULEODJH�YLUWXHO�XWLOLVpHV�GDQV�XQ�FRQWH[WH�WKpUDSHXWLTXH��GDQV�OH�FDGUH�G¶XQ�

SURMHW�GH�GUXJ�GHVLJQ��SHUPHWWHQW�GH�ILOWUHU�XQ�JUDQG�QRPEUH�GH�PROpFXOHV�DILQ�G¶HQ�H[WUDLUH�XQ�

RX� SOXVLHXUV� WRXFKHV� �KLWV��� &HV� KLWV VRQW� HQVXLWH� WHVWpV� H[SpULPHQWDOHPHQW� HW� RSWLPLVpV�

FKLPLTXHPHQW�SRXU�HVSpUHU�REWHQLU�XQ�FDQGLGDW�WKpUDSHXWLTXH�SRXU�HQWUHU�HQ�SKDVH�FOLQLTXH�GH�

GpYHORSSHPHQW�GH�PpGLFDPHQWV��/D�EDVH�GH�GRQQpHV�GH�PROpFXOHV��RX�FKLPLRWKqTXH��FULEOpH

YLUWXHOOHPHQW�SHXW� FRQWHQLU�GHV�PROpFXOHV�GpMj� V\QWKpWLVpHV�RX�GHV�PROpFXOHV�YLUWXHOOHV��(Q�

HIIHW��LO�H[LVWH�XQ�JUDQG�QRPEUH�GH�FKLPLRWKqTXHV�TXL�SHXYHQW�VHUYLU�GH�SRLQW�GH�GpSDUW�SRXU�

XQH�FDPSDJQH�GH�FULEODJH��/RUV�G¶XQH�FDPSDJQH�GH�FULEODJH�GDQV�XQ�FRQWH[WH�WR[LFRORJLTXH��

OH� EXW� HVW� GH� GpWHUPLQHU� DYHF� OH�SOXV� GH� FHUWLWXGH� SRVVLEOH� OHV� FRPSRVpV� VXVFHSWLEOHV� G¶rWUH�

GDQJHUHX[��/¶HIIHW�WR[LFRORJLTXH�QH�SRXYDQW�rWUH�pYDOXp�TX¶H[SpULPHQWDOHPHQW��LO�VHUDLW�GRQF�

XWLOH�G¶pWDEOLU�XQH�OLVWH�SULRULWDLUH�GHV�FRPSRVpV�j�WHVWHU�HQ�XUJHQFH��/HV�PpWKRGHV�GH�FULEODJH�

YLUWXHO�SHXYHQW�rWUH�HPSOR\pHV�SRXU�XQ�ODUJH�VSHFWUH�G¶DSSOLFDWLRQV�G¶LQWpUrW�WR[LFRORJLTXH�GRQW�

OH�����OH�GpYHORSSHPHQW�GH�PpGLFDPHQWV�SRXU�GpFHOHU�GH�SRWHQWLHOV�HIIHWV�LQGpVLUDEOHV�HW�����OD�

WR[LFRORJLH� HQYLURQQHPHQWDOH� �pFR�WR[LFRORJLH�� DILQ� GH� SUpGLUH� OH� SRWHQWLHO� WR[LTXH� GHV�

FRPSRVpV�FKLPLTXHV�LVVXHV�GH�O¶LQGXVWULH�DJUR�DOLPHQWDLUH�RX�FRVPpWLTXH�SDU�H[HPSOH�����

(Q�IRQFWLRQ�GH� O¶LQIRUPDWLRQ�j�GLVSRVLWLRQ��FHV�PpWKRGHV�SHXYHQW�rWUH�FODVVpHV�HQ�PpWKRGHV�

EDVpHV�VXU�OD�VWUXFWXUH�GH�OD�FLEOH�DSSHOpHV�PpWKRGHV�6WUXFWXUH�%DVHG �6%��HW�PpWKRGHV�EDVpHV�

VXU�OD�VWUXFWXUH�GX�OLJDQG��HQGRJqQH�RX�FRQQX�SRXU�rWUH�DFWLI�VXU�OD�FLEOH��DSSHOpHV�PpWKRGHV�

/LJDQG�%DVHG� �/%���'DQV� FHWWH� SDUWLH� QRXV� DERUGHURQV� OHV� GHX[� FDWpJRULHV� GH�PpWKRGHV� HQ�

PHWWDQW� j� FKDTXH� IRLV� O¶DFFHQW� VXU� OHV� DVSHFWV� j� SUHQGUH� HQ� FRQVLGpUDWLRQ� SRXU� XQ� FRQWH[WH�

WR[LFRORJLTXH���

���� &ULEODJH�YLUWXHO�EDVp�VXU�OD�VWUXFWXUH�GX�OLJDQG

/HV�PpWKRGHV�/%�V¶DSSXLHQW�VXU�XQ�PrPH�SRVWXODW�GH�GpSDUW�TXL�HVW�OH�SULQFLSH�GH�VLPLODULWp��

$XWUHPHQW�GLW��GHX[�PROpFXOHV�VWUXFWXUHOOHPHQW�VLPLODLUHV�RQW�XQH�IRUWH�SUREDELOLWp�G¶DYRLU�OH�

PrPH�SURILO�G¶DFWLYLWp�SDU�UDSSRUW�j�XQH�FLEOH�GRQQpH�����$LQVL�HQ�SDUWDQW�GH�PROpFXOHV�DFWLYHV�

HW� HQ� UHFKHUFKDQW� FHOOHV� TXL� OHXU� VRQW� VLPLODLUHV�� QRXV� SRXYRQV� SUpWHQGUH� j� UHWURXYHU� GH�

QRXYHDX[�FRPSRVpV�DFWLIV��3RXU�FH�IDLUH�� LO�H[LVWH�GLIIpUHQWHV�DSSURFKHV�HW�DOJRULWKPHV�SRXU�
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FDOFXOHU�HW�RSpUHU�XQH�UHFKHUFKH�GH�VLPLODULWp����&H�SULQFLSH�GH�VLPLODULWp�HVW�DXVVL�XWLOLVp�SRXU�

GpILQLU�OHV�SURSULpWpV�FRPPXQHV�HQWUH�FHV�GLIIpUHQWHV�PROpFXOHV�DFWLYHV�HW�GH�OHV�H[SULPHU�VRXV�

IRUPH�GH�PRGqOHV�SKDUPDFRSKRULTXHV RX�HQ�G¶pTXDWLRQV�PDWKpPDWLTXHV��PpWKRGHV�46$5�����

������ 5HFKHUFKH�GH�VLPLODULWp�

/D�UHFKHUFKH�GH�VLPLODULWp�HVW�XQH�PpWKRGH�WUqV�SRSXODLUH�GDQV�OHV�GLIIpUHQWHV�EUDQFKHV�GH�OD�

FKpPRLQIRUPDWLTXH�FDU�HOOH�SHUPHW�GH�SUpGLUH�OH�FRPSRUWHPHQW�PROpFXODLUH�DLQVL�TXH�OH�GHYHQLU�

GH� FRPSRVpV� VWUXFWXUHOOHPHQW� DSSDUHQWpV�� (Q WR[LFRORJLH� FRPSXWDWLRQQHOOH�� OD� UHFKHUFKH� GH�

VLPLODULWp�HVW�W\SLTXHPHQW�XWLOLVpH�SRXU�OHV�DSSURFKHV�GH�© 5HDG�DFURVV ª�R��XQH�HVWLPDWLRQ�GH�

O¶DFWLYLWp� G¶XQ� FRPSRVp� FKLPLTXH� HVW� GpWHUPLQpH� HQ� XWLOLVDQW� GHV� GRQQpHV� H[SpULPHQWDOHV�

GLVSRQLEOHV� SRXU� G¶DXWUHV� FRPSRVpV� TXL� OXL� VRQW� KDXWHPHQW� VLPLODLUHV���� /D� UHFKHUFKH� GH�

VLPLODULWp� UHTXLHUW�GH�FKRLVLU�XQH�PpWKRGH�SHUPHWWDQW� OD�GHVFULSWLRQ�GH� OD�VWUXFWXUH HW�XQH�

PHVXUH� GH� VLPLODULWp �OD� PHVXUH� TXDQWLWDWLYH� GH� OD� VLPLODULWp� HQWUH� GHX[� UHSUpVHQWDWLRQV�

QXPpULTXHV����

�������� 6LPLODULWp�EDVpH�VXU�OHV�GHVFULSWHXUV�PROpFXODLUHV

8Q�GHVFULSWHXU�HVW�GpILQL�FRPPH� OH� UpVXOWDW� ILQDO�G¶H[SpULPHQWDWLRQV� VWDQGDUGLVpHV�RX�G¶XQH�

SURFpGXUH� PDWKpPDWLTXH� HW� ORJLTXH� TXL� WUDQVIRUPH� O¶LQIRUPDWLRQ� FKLPLTXH� �XQH� PROpFXOH�

HQFRGpH�JUkFH�j�XQH�UHSUpVHQWDWLRQ�V\PEROLTXH��HQ�XQ�QRPEUH�RX�YHFWHXU�XWLOH����,O�H[LVWH�GRQF�

GLIIpUHQWHV�PpWKRGHV�SRXU�FDOFXOHU�OHV�GHVFULSWHXUV�PROpFXODLUHV��±����$LQVL��FKDTXH�PROpFXOH�

pWXGLpH��GpFULWH�SDU�XQ�MHX�GH�݊ GHVFULSWHXUV��DXUD�GHV�FRRUGRQQpHV�GpILQLHV�GDQV�O¶HVSDFH�GH�

UpIpUHQFH�j�݊ GLPHQVLRQV��݊ �'���/D�PHVXUH�GH�OD�VLPLODULWp�VH�IHUD�j�SDUWLU�GH�FHV�FRRUGRQQpHV�

SRXU� FDOFXOHU� OHV� GLVWDQFHV� FRPPH� SUpVHQWp� GDQV� OD� SUHPLqUH� FRORQQH� GX�7DEOHDX� � Rݔ��௜

FRUUHVSRQG� j� OD� YDOHXU� GX� GHVFULSWHXU� SRXU� XQH� FRRUGRQQpH� ݔ �� 3OXV� OD� GLVWDQFH� HQWUH� GHX[�

PROpFXOHV�HVW�SHWLWH��SOXV�FHOOHV�FL�VHURQW�VLPLODLUHV�GDQV�O¶HVSDFHݔ� ݊ �'�pWXGLp�HW�LQYHUVHPHQW���

,O�H[LVWH�GLIIpUHQWHV�PpWKRGHV�SRXU�PHVXUHU�OHV�GLVWDQFHV�HQWUH�OHV�PROpFXOHV�HW�OD�SOXV�pWXGLpH�

HVW� OD� GLVWDQFH� HXFOLGLHQQH�� (QILQ� $X�GHOj� G¶XQH� PHVXUH� GH� VLPLODULWp�� FHV� GHVFULSWHXUV�

QXPpULTXHV VRQW� XWLOLVpV� DILQ� GH� FRQVWUXLUH� GHV� PRGqOHV� 46$5� �F�I�� SDUDJUDSKH� ������ OHV�

PpWKRGHV�46$5���
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7DEOHDX�� �0HVXUHV�GH�VLPLODULWp�SRXU�OH�FDV�GHV�YDULDEOHV�FRQWLQXHV�HW�ELQDLUHV�G¶DSUqV��

1RP
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�������� 6LPLODULWp�EDVpH�VXU�OHV�ILQJHUSULQWV

/D�PDQLqUH�OD�SOXV�SRSXODLUH�SRXU�GpFULUH�XQH�VWUXFWXUH�HW�FDOFXOHU�VD�VLPLODULWp�DYHF�G¶DXWUHV�

FRPSRVpV� UHVWH� O¶XWLOLVDWLRQ�G¶HPSUHLQWHV�PROpFXODLUHV �RX ILQJHUSULQWV HQ DQJODLV� ����&HV�

GHUQLHUV�SUHQQHQW�OD�IRUPH�G¶XQH�FKDLQH�GH�ELWV ���HW����GpFULYDQW�OHV�JURXSHPHQWV�FKLPLTXHV��

OHV�VRXV�VWUXFWXUHV�HW�OHV�W\SHV�GH�OLDLVRQ�DX�VHLQ�G¶XQH�PROpFXOH��,O�H[LVWH�GHV�ILQJHUSULQWV�GLWV�

�NH\HG � GpILQLV�j�SDUWLU�G¶XQH�OLVWH�GH�IUDJPHQWV��&HV�GHUQLHUV�HQFRGHQW�OD�SUpVHQFH��SDU����RX�

O¶DEVHQFH��SDU����GH�IUDJPHQWV�SDUWLFXOLHUV�G¶XQ�GLFWLRQQDLUH�GH�UpIpUHQFH�����$LQVL�OD�ORQJXHXU�

GX�ILQJHUSULQW�HVW�pJDOH�DX�QRPEUH�GH�IUDJPHQWV��VRXV�VWUXFWXUHV��UHFKHUFKpV��%LHQ�TX¶LQWXLWLIV��

OHV�NH\HG�ILQJHUSULQWV V¶DFFRPSDJQHQW�G¶XQH�SHUWH�GH�O¶LQIRUPDWLRQ�FKLPLTXH��8Q�DXWUH�W\SH�

G¶HPSUHLQWHV�DSSHOpHV�IUDJPHQWDX[ �KDVKHG ������UpSRQG�j�FH�GpILFLW�HQ�SHUPHWWDQW�G¶HQFRGHU�

O¶RFFXUUHQFH� GHV� IUDJPHQWV� G¶XQH�PROpFXOH� VRXV� IRUPH�G¶XQ�RX� SOXVLHXUV� ELWV� j� O¶DLGH� G¶XQ�

DOJRULWKPH�DSSHOp�DOJRULWKPH�GH�KDFKDJH�RX�© KDVKLQJ�DOJRULWKPV ª��8Q�FpOqEUH�H[HPSOH�GH�FH�

W\SH� G¶HPSUHLQWH� VRQW� OHV� GD\OLJKW� ILQJHUSULQWV�� TXL� OLVWHQW WRXV� OHV� PRWLIV� IRUPpV� SDU� OHV�

GLIIpUHQWHV�FRPELQDLVRQV�G¶DWRPHV�GH�OD�PROpFXOH�GH�UpIpUHQFH��OHV�PRWLIV�GH���DWRPH��SXLV�OHV�

PRWLIV�GH���DWRPHV��GH����GH���HWF�����&KDTXH�PRWLI�DFWLYH�XQ�FHUWDLQ�QRPEUH�GH�SRVLWLRQV��ELWV��
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GDQV�OH�ILQJHUSULQW��/¶DOJRULWKPH�HVW�IDLW�GH�PDQLqUH j�FH TX¶LO�VRLW�WRXMRXUV�SRVVLEOH�G¶DVVLJQHU�

GHV�ELWV�j�XQ�PRWLI��&H�W\SH�GH�ILQJHUSULQWV�QH�QpFHVVLWH�GRQF�SDV�GH�GLFWLRQQDLUH�GH�IUDJPHQWV�

GH� UpIpUHQFH�PDLV�D�EHVRLQ�GH�GpILQLU�FHUWDLQV�SDUDPqWUHV�j� O¶DYDQFH�FRPPH� OD� ORQJXHXU�GX�

ILQJHUSULQW��OD�WDLOOH�GHV�PRWLIV�j�KDFKHU�HW�OH�QRPEUH�GH�ELWV�j�DFWLYHU�SRXU�FKDTXH�PRWLI����/HV�

ILQJHUSULQWV�pWDQW�GHV�GHVFULSWHXUV�GLFKRWRPLTXHV��LO�HVW�SRVVLEOH�GH�FDOFXOHU�XQ�FRHIILFLHQW�GH�

VLPLODULWp�� ,O� H[LVWH� SOXVLHXUV� FRHIILFLHQWV� GH� VLPLODULWp� �FRORQQH� �� GX 7DEOHDX� ��� ���� 3RXU�

FDOFXOHU�XQ�FRHIILFLHQW�GH�VLPLODULWp�HQWUH�GHX[�PROpFXOHV��LO�IDXGUD�GpWHUPLQHU�OHV�YDULDEOHV�D

HW�E FRQVWLWXDQW�OH�QRPEUH�GH�ELWV SURSUHV�j�$�HW�%�UHVSHFWLYHPHQW�HW�OD�YDULDEOH�F FRQVWLWXDQW�OH�

QRPEUH�GH�SURSULpWpV�HQ�FRPPXQV�HQWUH�OHV�GHX[�

�������� 6LPLODULWp�EDVpH�VXU�OD�IRUPH

(QILQ��LO�HVW�SRVVLEOH�GH�GpFULUH�OD�PROpFXOH�j�SDUWLU�GH�VD�IRUPH�HW�VD�JpRPpWULH��'�HW�LO�H[LVWH�

GLIIpUHQWHV�VWUDWpJLHV�SRXU�OD�FDOFXOHU� ��±����/H�SURJUDPPH 52&6�� HVW�FRQVLGpUpH�FRPPH�OD�

UpIpUHQFH�SRXU�OD�VLPLODULWp�GH�IRUPH��&HWWH�PpWKRGH�SHUPHW�GH�FRPSDUHU�GHX[�PROpFXOHV�HQ�

VXSHUSRVDQW� OHXU�YROXPH�UHSUpVHQWp�SDU�XQ�HQVHPEOH�GH�VSKqUHV�FHQWUpHV�DXWRXU�GHV�DWRPHV��

&HV�VSKqUHV�VRQW�FRQVWUXLWHV j�SDUWLU�GH�IRQFWLRQ�JDXVVLHQQH�SHUPHWWDQW�G¶DSSUR[LPHU�OH�YROXPH�

GHV�DWRPHV����3DU�DLOOHXUV��52&6�SHUPHW�DXVVL�GH�SUpFLVHU�GHV�W\SHV�G¶DWRPH��F\FOHV��+�GRQQHXU�

HWF�����$LQVL�� SRXU� GpWHUPLQHU� OD� VLPLODULWp� GH� GHX[�PROpFXOHV�� RQ� GpILQLW� OH� FKHYDXFKHPHQW�

PD[LPDO�HQWUH�OHV�YROXPHV�GH�GHX[�PROpFXOHV�HQ�XWLOLVDQW�OH�FRHIILFLHQW�GH�7DQLPRWR��YROXPH�

GH�FKHYDXFKHPHQW�WRWDO�GLYLVp�SDU�VRPPH�GHV�YROXPHV�LQGLYLGXHOV��HW�OD�GLVWDQFH�GH�7YHUVN\�

�YROXPH�GH�FKHYDXFKHPHQW�WRWDO�GLYLVp�SDU�OH�YROXPH�GH FKHYDXFKHPHQW�DXTXHO�V¶DGGLWLRQQHQW�

OHV�YROXPHV�QRQ�FKHYDXFKpV�GH�FKDTXH�PROpFXOH��

)LJXUH�� ��6LPLODULWp�GH�IRUPH�HQWUH�GHX[�PROpFXOHV�SDU�OD�GpWHUPLQDWLRQ�GX�FKHYDXFKHPHQW�

GH�OHXUV�YROXPHV�G¶DSUqV���
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������ 0RGqOH�GH�SKDUPDFRSKRUHV�/%�

�������� 'pILQLWLRQ

$X�GHOj�GX�SULQFLSH�GH�VLPLODULWp��OD�GpILQLWLRQ�GH�SKDUPDFRSKRUH�HVW�XQH�H[WHQVLRQ�GX�FRQFHSW�

GH� ELRLVRVWpULVPH� TXL� GLW� TXH� FHUWDLQV� JURXSHPHQWV� FKLPLTXHV� SRVVqGHQW� GHV� SURSULpWpV�

FKLPLTXHV�HW�SK\VLTXHV�VLPLODLUHV�����/¶,83$&�GpILQLW�XQ�SKDUPDFRSKRUH�FRPPH�O¶© HQVHPEOH�

GHV�pOpPHQWV�VWpULTXHV�HW�pOHFWURQLTXHV�G¶XQH�PROpFXOH�QpFHVVDLUH�SRXU�DVVXUHU�XQH�LQWHUDFWLRQ�

VXSUDPROpFXODLUH� DYHF� XQH� FLEOH� ELRORJLTXH� HW� SRXU� GpFOHQFKHU� RX� EORTXHU� XQH� UpSRQVH�

ELRORJLTXH� ª� ���� $LQVL�� FHWWH� GpILQLWLRQ� V¶pPDQFLSH� GHV� JURXSHPHQWV� FKLPLTXHV� HW� GH� OHXUV�

FRQQHFWLYLWpV��8Q�SKDUPDFRSKRUH�SHXW�GRQF�rWUH�FRQVLGpUp�FRPPH�XQH�UHSUpVHQWDWLRQ�DEVWUDLWH�

GH� OD� VWUXFWXUH� FKLPLTXH�TXL�PHW� O¶DFFHQW� VXU� OD� FDSDFLWp�GH� FRPSRVpV�SUpVHQWDQW�GHV� HIIHWV�

ELRORJLTXHV�FRPSDUDEOHV� �PrPH�VLWH�DFWLI��PrPH�FLEOH�ELRORJLTXH��j�pWDEOLU�GHV� LQWHUDFWLRQV�

VWpULTXHV�HW�pOHFWURQLTXHV�FRPPXQHV��&H�PRGqOH�DEVWUDLW�SHXW�DORUV�VHUYLU�GH�ILOWUH�GH�UHFKHUFKH�

HIILFDFH�SRXU�OH�FULEODJH�YLUWXHO��������,O�H[LVWH�GHX[�FDWpJRULHV�GH�SKDUPDFRSKRUHV�GpSHQGDQWV�

GH�O¶LQIRUPDWLRQ�XWLOLVpH �����OHV�SKDUPDFRSKRUHV�/%�FRQVWUXLWV�VXU�OD�EDVH�GH�PROpFXOHV�DFWLYHV�

GH�UpIpUHQFHV�HW����OHV�SKDUPDFRSKRUHV�6%�JpQpUpV�j�SDUWLU�GH�OD�VWUXFWXUH�SURWpLTXH�GH�OD�FLEOH�

WKpUDSHXWLTXH�RX�OH�SOXV�VRXYHQW�GH�VRQ�FRPSOH[H�DYHF�XQ�OLJDQG��'DQV�FH�SDUDJUDSKH��QRXV�

DERUGHURQV� OHV� GLIIpUHQWHV� pWDSHV� GH� FRQVWUXFWLRQ� GH� PRGqOHV� SKDUPDFRSKRULTXHV� /%� /HV�

PRGqOHV�6%�VHURQW�DERUGpV�GDQV�XQH�DXWUH�SDUWLH� �F�I������&ULEODJH�EDVp�VXU� OD�VWUXFWXUH�GHV�

FLEOHV����

�������� (WDSHV�SUpOLPLQDLUHV��

'HX[� pWDSHV� SUpOLPLQDLUHV� VRQW� QpFHVVDLUHV� DYDQW� O¶pWDSH� GH� JpQpUDWLRQ� GHV� PRGqOHV� j�

SURSUHPHQW�GLW ��OD�GLYLVLRQ�GHV�GRQQpHV�LQLWLDOHV�HW�O¶DQDO\VH�FRQIRUPDWLRQQHOOH�GH�OLJDQGV��

���������� 'LYLVLRQ�GHV�GRQQpHV�

7RXW� G¶DERUG�� OHV� GRQQpHV� LQLWLDOHV� EUXWHV� VRQW� GLYLVpHV� HQ� �� MHX[ �� XQ� MHX� G¶HQWUDLQHPHQW�

�WUDLQLQJ� VHW��� XQ� MHX� GH� WHVW� �WHVW� VHW��� ����/H� MHX� G¶HQWUDLQHPHQW� HVW� IRUPp�G¶XQ�JURXSH� GH�

PROpFXOHV�SRXU�OHVTXHOOHV�O¶DFWLYLWp�HVW�FRQQXH��,O�SHXW�GRQF�rWUH�FRPSRVp�XQLTXHPHQW�G¶DFWLIV�

RX�FRQWHQLU�j�OD�IRLV�GHV�DFWLIV�HW�GHV�LQDFWLIV��'DQV�OHV�GHX[�FDV��XQ�PLQLPXP�GH�GHX[�PROpFXOHV�

DFWLYHV�HVW�UHTXLV�DX�VHLQ�GX�MHX�HW�JpQpUDOHPHQW�VHXOHV�OHV�PROpFXOHV�DFWLYHV�GH�FH�MHX�VHUYLURQW�

SRXU� OD� JpQpUDWLRQ� GHV� PRGqOHV� SKDUPDFRSKRULTXHV�� ���� /H� MHX� GH� WHVW� VHUW� j� YDOLGHU� OHV�

SHUIRUPDQFHV�GX�PRGqOH�HW�HVW��SDU�FRQVpTXHQW��FRPSRVp�GH�PROpFXOHV�DFWLYHV�HW�LQDFWLYHV��
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���������� $QDO\VH�FRQIRUPDWLRQQHOOH�

&RPPH� LQGLTXp�SDU� OD�GpILQLWLRQ�G¶XQ�SKDUPDFRSKRUH�� OHV�PROpFXOHV�GH� UpIpUHQFHV�XWLOLVpHV�

SRXU�JpQpUHU�OH�PRGqOH�GRLYHQW�DJLU�DX�QLYHDX�GX�PrPH�VLWH�G¶DFWLRQ�HW�DYRLU�OD�PrPH�DFWLYLWp�

ELRORJLTXH�� /HV� PROpFXOHV� XWLOLVpHV� GRLYHQW� GH� SUpIpUHQFH� rWUH� GDQV� OHXUV� FRQIRUPDWLRQV�

ELRDFWLYHV� IDXWH�GH�TXRL� LO� IDXGUD�JpQpUHU� OHV� FRQIRUPDWLRQV� OHV�SOXV�SUREDEOHV��1RWRQV�TXH�

FHUWDLQV� ORJLFLHOV� SHUPHWWHQW� GH� SDUWLU� GHV� VWUXFWXUH� �'� GHV� PROpFXOHV� HW� GH� JpQpUHU� OHV�

FRQIRUPDWLRQV�SHQGDQW�OD�FUpDWLRQ�GX�PRGqOH�SKDUPDFRSKRULTXH�OXL�PrPH��������/D�VWUXFWXUH�

�'�GX� OLJDQG�SHXW�DLQVL�rWUH�H[WUDLWH�GH�GRQQpHV�H[SpULPHQWDOHV�GH� OD�3'%�RX�ELHQ�JpQpUpH�

FRPSXWDWLRQQHOOHPHQW�j�SDUWLU�GH�OD�VWUXFWXUH��'�DX�PR\HQ�G¶RXWLOV�SUpFLV�D\DQW�GpMj�IDLW�OHXUV�

SUHXYHV�����/¶XQ�GHV�RXWLOV�OHV�SOXV�SRSXODLUH�HVW�20(*$�� XWLOLVDQW�XQ�DOJRULWKPH�V\VWpPDWLTXH�

HQ� WURLV� JUDQGHV� SKDVHV �� ���� DVVHPEODJH� GH� OD� VWUXFWXUH� �'� j� SDUWLU� G¶XQH� ELEOLRWKqTXH� GH�

IUDJPHQWV������pQXPpUDWLRQ�H[KDXVWLYH�GH�WRXWHV�OHV�WRUVLRQV�URWDWLYHV�j�SDUWLU�G¶XQH�OLVWH�G¶DQJOH�

SUppWDEOLH� ����pFKDQWLOORQQDJH�GX�JUDQG�QRPEUH�GH�FRQIRUPDWLRQV�JpQpUpHV HQ�VH�EDVDQW�VXU�

GHV�FULWqUHV�GH�JpRPpWULH�HW�G¶pQHUJLH�������

�������� *pQpUDWLRQ�GH�SKDUPDFRSKRUHV

&HWWH�pWDSH�V¶DUWLFXOH�HQ�SOXVLHXUV�VRXV�pWDSHV�FRPPH�OH�PRQWUH�OD�)LJXUH�� �

)LJXUH�� � (WDSHV�GH�JpQpUDWLRQ�GX�PRGqOH�SKDUPDFRSKRULTXH

���������� 'HVFULSWLRQ�GHV�SRLQWV�SKDUPDFRSKRULTXHV�SRXU�FKDTXH�OLJDQG

8Q� SKDUPDFRSKRUH� �'� HVW� JpQpUDOHPHQW� GpILQL� FRPPH� XQ� HQVHPEOH� GH� SRLQWV�

SKDUPDFRSKRULTXHV�FDUDFWpULVpV�SDU�OHXUV�W\SHV��OHXUV�RULHQWDWLRQV�VSDWLDOHV��FRRUGRQQpHV�[\]��

HW� OHXUV� SRLGV� �LPSRUWDQFH��� /HV� SRLQWV� SKDUPDFRSKRULTXHV� W\SLTXHPHQW� XWLOLVpV� VRQW� OHV�
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JURXSHPHQWV� GRQQHXUV� HW� DFFHSWHXUV� GH� OLDLVRQV� K\GURJqQH�� OHV� UpJLRQV� K\GURSKREHV�� OHV�

QR\DX[�DURPDWLTXHV�HW�OHV�JURXSHPHQWV�FKDUJpV�SRVLWLYHPHQW�HW�QpJDWLYHPHQW��������3DU�DLOOHXUV��

FHV�SRLQWV�SRVVqGHQW�XQ�FHQWUH�HW�XQH�VSKqUH�GH�WROpUDQFH�TXL�VRQW�LPSRUWDQWV�SRXU�GpWHUPLQHU�

O¶HIILFDFLWp� GX� PRGqOH� ���� ,O� H[LVWH� GLIIpUHQWV� ORJLFLHOV� GHVWLQpV� j� JpQpUHU� GHV� PRGqOHV�

SKDUPDFRSKRULTXHV�FRPPH�/LJDQG6FRXW����'LVFRYHU\�6WXGLR����02(�� RX�HQFRUH�3+$6(�� HW�

FKDFXQ�UHSUpVHQWH�OHV�SRLQWV�SKDUPDFRSKRULTXH�G¶XQH�PDQLqUH�GLIIpUHQWH��)LJXUH����

)LJXUH�� � 'HVFULSWLRQ�GHV�GLIIpUHQWV�SRLQWV�SKDUPDFRSKRULTXHV�HW�OHXUV�LPSOpPHQWDWLRQV�DX�

QLYHDX�GHV�ORJLFLHOV�/LJDQG6FRXW��'LVFRYHU\�6WXGLR��02(�HW�3+$6(�G¶DSUqV���

���������� ,GHQWLILFDWLRQ�GHV�SRLQWV�SKDUPDFRSKRULTXHV�FRPPXQV

&HWWH� pWDSH� FRQVLVWH� j� UHWURXYHU� OHV� SRLQWV� SKDUPDFRSKRULTXHV� HQ� FRPPXQ� HQWUH� WRXV� FHX[�

GpILQLV�SRXU�FKDTXH�OLJDQG�SRXU�JpQpUHU�GHV�PRGqOHV�GH�SKDUPDFRSKRUHV��&H�SURFpGp�V¶DSSHOOH�

OH� SKDUPDFRSKRUH� PDSSLQJ� /HV� OLJDQGV� GRLYHQW� rWUH� DOLJQpV� SRXU� IDLUH� FRUUHVSRQGUH� OH�
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PD[LPXP�GH�VRXV�VWUXFWXUHV�HQ�FRPPXQ�HW�HQ�JpQpUHU�XQ�PRGqOH��'H�QRPEUHXVHV�WHFKQLTXHV�

LPSOpPHQWpHV�GDQV�OHV�GLIIpUHQWV� ORJLFLHOV�SHUPHWWHQW�GH�OH�IDLUH����������3DUPL�FHOOHV�FL�� LO�HVW�

SRVVLEOH� GH� FLWHU� O¶XWLOLVDWLRQ� GH� O¶DOJRULWKPH�GH� GpWHFWLRQ� GH� © &/,48( ª� �� XWLOLVp� GDQV� OH�

ORJLFLHO�',6&2��� RX�HQFRUH�O¶DOJRULWKPH�JpQpWLTXH�XWLOLVp�GDQV�*$63����&HWWH�pWDSH�FRQGXLW�j�

OD�JpQpUDWLRQ�GH�SOXVLHXUV�PRGqOHV��8Q�VFRUH�HVW�DWWULEXp�j�FKDTXH�PRGqOH�SRXU�OHV�FODVVHU�HQWUH�

HX[�HW�FKRLVLU�OH�PHLOOHXU��&H�VFRUH�SHUPHW�j�FKDTXH�IRLV�G¶DSSUpFLHU�OD�TXDOLWp�GH�O¶DOLJQHPHQW�

UpDOLVp�� OH� YROXPH� GH� UHFRXYUHPHQW� HW� GH� VXLYUH� O¶pYROXWLRQ� GH� O¶pWDSH� G¶pOXFLGDWLRQ� GX�

SKDUPDFRSKRUH��&HUWDLQHV�IRQFWLRQV�GH�VFRUH�FRPPH�FHOOHV�DVVRFLpHV�j�O¶DOJRULWKPH�+LS+RS��

RX�DX�ORJLFLHO�3+$6(�� SUHQQHQW�HQ�FRQVLGpUDWLRQ�OD�UDUHWp�GX�PRGqOH�SKDUPDFRSKRULTXH�GH�

PDQLqUH� j� DWWULEXHU� XQ� VFRUH� IDLEOH� j� GHV� PRGqOHV� UHWURXYpV GDQV� GHV� PROpFXOHV� j� DFWLYLWp�

ELRORJLTXHV�GLIIpUHQWHV��&HWWH�UpFXUUHQFH�VLJQLILH�TXH�FHV�PRGqOHV�QH�VRQW�SDV�VSpFLILTXHV�G¶XQH�

LQWHUDFWLRQ HQ�SDUWLFXOLHU�

�������� 9DOLGDWLRQ�GHV�PRGqOHV�SKDUPDFRSKRULTXHV

8QH� IRLV� OHV�PRGqOHV� GH� SKDUPDFRSKRUHV� JpQpUpV�� XQH� GHUQLqUH� pWDSH� GH� VpOHFWLRQ� GHV� SOXV�

SHUWLQHQWV� HVW� UpDOLVpH� HQ� XWLOLVDQW� OHV� GRQQpHV� GX� MHX� WHVW�� ,O� H[LVWH� GLIIpUHQWHV�PDQLqUHV� GH�

GpWHUPLQHU�OD�SHUWLQHQFH�GHV�PRGqOHV�FKRLVLV ����/HV�SOXV�FRXUDPPHQW�XWLOLVpHV�VRQW�O¶DQDO\VH�

VWDWLVWLTXH��OHV�PpWKRGHV�G¶HQULFKLVVHPHQW��OD�FRXUEH�GH�52&��F�I�������pYDOXDWLRQ�GH�PpWKRGHV�

GH�FULEODJH��HW� OD�YDOLGDWLRQ�H[SpULPHQWDOH� �DFWLYLWp�ELRORJLTXH�� ����&HWWH�pWDSH�GH�YDOLGDWLRQ�

SHXW�PHQHU�j�UHFRPPHQFHU�j�QRXYHDX�O¶pWDSH�GH�JpQpUDWLRQ�GH�SKDUPDFRSKRUHV�MXVTX¶j�REWHQLU�

GHV�SHUIRUPDQFHV�VDWLVIDLVDQWHV�����

�������� 0RGqOHV�SKDUPDFRSKRULTXHV�HW�WR[LFLWp

(Q�UDLVRQ�GH�OHXU�XQLYHUVDOLWp��OHV�PRGqOHV�SKDUPDFRSKRULTXHV�VRQW�DVVH]�HIILFDFHV�PDLV�VXUWRXW�

XWLOLVDEOHV�GDQV�GLIIpUHQWHV� DSSOLFDWLRQV�QRWDPPHQW� HQ� WR[LFRORJLH�� �(Q�DSSOLTXDQW� OD�PrPH�

SURFpGXUH�TXH�FHOOH�XWLOLVpH� ORUV�GH� OD� UHFKHUFKH�GH�PROpFXOHV�FDSDEOHV�G¶LQWHUDJLU�DYHF�XQH�

FLEOH�WKpUDSHXWLTXH��OHV�SKDUPDFRSKRUHV�SHXYHQW�rWUH�XWLOLVpV�HQ�WR[LFRORJLH�SRXU�UHWURXYHU�OHV�

SURSULpWpV�SKDUPDFRSKRULTXHV�QpFHVVDLUHV�SRXU�DJLU�DYHF�XQH�FLEOH�QRQ�GpVLUpH ��XQH�DQWL�FLEOH�
����3DU�H[HPSOH��FH�SULQFLSH�G¶DQWL�FLEOH�SHXW�rWUH�XWLOLVp�GDQV�OH�FDGUH�GH�SUpGLFWLRQ�GH WR[LFLWp�

KpSDWLTXH� HQ� FLEODQW� OHV� FRPSRVpV� FDSDEOHV� G¶LQWHUDJLU� DYHF� FHUWDLQV� UpFHSWHXUV� FRPPH� OH�

UpFHSWHXU�&$5�RX�HQFRUH�33$5Ȗ�����RX�HQFRUH�GDQV�OH�FDGUH�GH�FDUGLRWR[LFLWp�HQ�FLEODQW�OHV�

FDQDX[� LRQLTXHV�K(5*� ����/HV�PRGqOHV�GH�SKDUPDFRSKRUHV�SHXYHQW� DXVVL� rWUH�XWLOLVpV� SRXU�

LGHQWLILHU�GH�SRWHQWLHOV�SHUWXUEDWHXUV�HQGRFULQLHQV�D\DQW� OD�FDSDFLWp�G¶LQWHUDJLU�DYHF� FHUWDLQV�

UpFHSWHXUV�DX[�KRUPRQHV�����(QILQ��OHV�PRGqOHV�SKDUPDFRSKRULTXHV�SHXYHQW�rWUH�XWLOLVpV�SRXU�
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GHV�pWXGHV�$'0(7��DEVRUSWLRQ��GLVWULEXWLRQ��PpWDEROLVPH��pOLPLQDWLRQ�HW� WR[LFLWp�� �������/HV�

SULQFLSDOHV�FLEOHV�VRQW�DORUV�GLIIpUHQWV�F\WRFKURPHV��&<3��$����&����&�����'��HW��$��������

HQ�SOXV�GHV�SRPSHV�j�HIIOX[�FRPPH�OD�3�JO\FRSURWpLQH��'DQV�OH�FDV�GHV�pWXGHV�$'0(7� OD�

SUpGLFWLRQ�GH�SRWHQWLHOV�LQKLELWHXUV�HW�VXEVWUDWV�VRQW�WRXV�OHV�GHX[�LQWpUHVVDQWV��

������ /HV�PpWKRGHV�46$5

�������� 'pILQLWLRQ

/HV� PpWKRGHV� 46$5� �TXDQWLWDWLYH� VWUXFWXUH� DFWLYLW\� UHODWLRQVKLS�� SHUPHWWHQW� GH� SUpGLUH�

O¶DFWLYLWp�ELRORJLTXH�G¶XQ�HQVHPEOH�GH�PROpFXOHV�JUkFH�j� O¶DQDO\VH�G¶XQH�pTXDWLRQ�UHOLDQW� OD�

VWUXFWXUH�FKLPLTXH�HW� OHV�DFWLYLWpV�H[SpULPHQWDOHV�G¶XQ�DXWUH�JURXSH�GH�PROpFXOHV�DQDORJXHV�

�DSSHOpHV�JURXSH�G¶HQWUDLQHPHQW���������/¶pTXDWLRQ�GH�OD�IRUPH݅ܣ� ൌ ෠݇ሺܦͳǡ ሻ݊ܦǡǥʹܦ ��SHUPHW�

GH�PHWWUH� HQ� UHODWLRQ� � ෠݇ �� WUDQVIRUPDWLRQ�PDWKpPDWLTXH�HPSLULTXH��XQ�HQVHPEOH�SRQGpUp�GH�

GHVFULSWHXUV� UHSUpVHQWDQW� OD� VWUXFWXUH� FKLPLTXH� ଵǡܦ� ଶǡܦ ǥ ǡ ��௡ܦ DYHF� O¶DFWLYLWp� ELRORJLTXH�

݅ܣ� ��� /¶pTXDWLRQ� PDWKpPDWLTXH� PRGqOH� VHUD� DSSOLTXpH� SRXU� GpWHUPLQHU� O¶DFWLYLWp� G¶DXWUHV�

FRPSRVpV�QRQ�WHVWpV�H[SpULPHQWDOHPHQW��

,O� H[LVWH� GLIIpUHQWHV� GLPHQVLRQV� GH� 46$5� HQ� IRQFWLRQ� GHV� YDULDEOHV� XWLOLVpHV SRXU� OD�

FRQVWUXFWLRQ�GHV�PRGqOHV ���'�SRXU�OHV�PRGqOHV�EDVpV�VXU�GHV�GHVFULSWHXUV�FRQVWLWXWLRQQHOV���'�

SRXU�FHX[�EDVpV�VXU�OHV�LQGLFHV�GH�FRQQHFWLYLWpV���'�PHW�HQ�pYLGHQFH�OHV�LQWHUDFWLRQV�QRQ�OLpHV

HQ� XWLOLVDQW� GHV� GHVFULSWHXUV� GH� FKDPSV�� �' HQ� UDSSRUW� DYHF� OD� FRUUpODWLRQ� HQWUH� OHV�

FRQILJXUDWLRQV�GHV�OLJDQGV���'�HQ�UDSSRUW�DYHF�OD�FRUUpODWLRQ�GHV�PRGqOHV� LQGXFHG�ILW HQ��'�

46$5�HW�HQILQ��'�TXL�SHUPHW�GH�GpFULUH�OD�YDULDWLRQ�GH�VROYDWDWLRQ�DX�QLYHDX�GHV��'�46$5�����

�������� &RQVWUXFWLRQ�G¶XQ�PRGqOH�46$5

/D�FRQVWUXFWLRQ�G¶XQ�PRGqOH�46$5�VXLW���pWDSHV ������3UpSDUDWLRQ�HW�DQDO\VH�GHV�GRQQpHV������

GpYHORSSHPHQW�GX�PRGqOH�HW�HQILQ�����VD�YDOLGDWLRQ��
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)LJXUH�� � 3ULQFLSDOHV�pWDSHV�GH�FRQVWUXFWLRQ�G¶XQ�PRGqOH�46$5�G¶DSUqV���

���������� /HV�GHVFULSWHXUV

&RPPH� SUpFpGHPPHQW� PHQWLRQQp�� XQ� PRGqOH� 46$5� PHW� HQ� UHODWLRQ� XQ� HQVHPEOH� GH�

GHVFULSWHXUV�PROpFXODLUHV�HW�XQH�DFWLYLWp�RX�XQH�WR[LFLWp�VRXV�IRUPH�G¶pTXDWLRQ�PDWKpPDWLTXH�
���8QH�pWDSH�FULWLTXH�GDQV�OD�FRQVWUXFWLRQ�G¶XQ�PRGqOH�46$5�HVW�OH�FKRL[�HW�OD�VpOHFWLRQ�GHV�

ERQV�GHVFULSWHXUV�����(Q�HIIHW��LO�H[LVWH�GH�QRPEUHX[�FULWqUHV�SRXU�TX¶XQ�GHVFULSWHXU�VRLW�DGDSWp��

(Q� SDUWLFXOLHU�� LO� IDXW� TX¶LO� SHUPHWWH� GH� FRUUpOHU� OHV� FDUDFWpULVWLTXHV� PROpFXODLUHV� DYHF� OHV�

SURSULpWpV�SK\VLFRFKLPLTXHV�GpFULYDQW�DX�PLHX[�O¶DFWLYLWp�ELRORJLTXH�WRXW�HQ D\DQW�OH�PLQLPXP�

GH�FRUUpODWLRQ�DYHF�OHV�DXWUHV�GHVFULSWHXUV�������

,O� H[LVWH� GLIIpUHQWHV�PpWKRGHV� SRXU� FDOFXOHU� OHV� GHVFULSWHXUV�PROpFXODLUHV��±�� HW� GLIIpUHQWHV�

IDoRQV�GH�OHV�FDWpJRULVHU��1RXV�SRXYRQV�OHV�FODVVHU�HQ�GHVFULSWHXUV�FDOFXOpV�HW�H[SpULPHQWDX[��

HQ�GHVFULSWHXUV�JOREDX[�� ORFDX[�HW�GH�FKDPSV�PDLV� OD�PDQLqUH�XVXHOOH�HVW�GH�VH�EDVHU�VXU� OD�
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GLPHQVLRQQDOLWp�GH�OD�UHSUpVHQWDWLRQ�VWUXFWXUDOH����,O�H[LVWH�GH�QRPEUHX[�ORJLFLHOV�SHUPHWWDQW�GH�

JpQpUHU�GHV GHVFULSWHXUV�FRPPH�&'.�HW�'UDJRQ�������

'HVFULSWHXUV��'

&HV� GHVFULSWHXUV� DXVVL� DSSHOpV� GHVFULSWHXUV� FRQVWLWXWLRQQHOV� VRQW� FDOFXOpV� j� SDUWLU�

G¶LQIRUPDWLRQV� �'� GH� OD�PROpFXOH� FRPPH� OH� SRLGV�PROpFXODLUH�� OH� QRPEUH� G¶DWRPHV� RX� OH�

QRPEUH�GH�JURXSHV�IRQFWLRQQHOV����

'HVFULSWHXUV��'

&HV�GHVFULSWHXUV�VRQW�GpULYpV�j�SDUWLU�GH� OD� UHSUpVHQWDWLRQ��'�GH� OD�VWUXFWXUH�FKLPLTXH�DXVVL�

DSSHOpH� JUDSKH� PROpFXODLUH�� 2Q� WURXYH� GDQV� FHWWH� FDWpJRULH� SDU� H[HPSOH� OHV� HPSUHLQWHV�

PROpFXODLUHV� RX ILQJHUSULQWV �F�I�� ������� UHFKHUFKH� GH� VLPLODULWp�� DLQVL� TXH� OHV� GHVFULSWHXUV�

WRSRORJLTXHV� ���������� &HV� GHUQLHUV VRQW� EDVpV� VXU� OD� UHSUpVHQWDWLRQ� GX� JUDSKH� PROpFXODLUH�

SHUPHWWDQW�G¶LQWpJUHU�SOXVLHXUV�LQIRUPDWLRQV�UHODWLYHV�j�OD�WDLOOH��DX�GHJUp�GH�UDPLILFDWLRQV�RX�

PrPH�j�OD�IOH[LELOLWp�GH�OD�PROpFXOH��$LQVL��OH�JUDSKH�PROpFXODLUH�HVW�HQFRGp�HQ�UHSUpVHQWDWLRQ�

PDWULFLHOOH�j�SDUWLU�GH� ODTXHOOH�VRQW�FDOFXOpV�SOXVLHXUV�GHVFULSWHXUV��3DU�H[HPSOHV� OHV� LQGLFHV�

WRSRORJLTXHV�GH�=DJUHE�� VRQW�FDOFXOpV�j�SDUWLU�GHV�PDWULFHV�G¶DGMDFHQFH��PDWULFHV�LQGLTXDQW�OHV�

GLIIpUHQWHV�FRQQHFWLYLWpV�H[LVWDQWHV�HQWUH�OHV�DWRPHV�G¶XQH�PrPH�PROpFXOH���

'HVFULSWHXUV��'

&HWWH� FDWpJRULH� FRPSUHQG� SDU� H[HPSOH� OHV� GHVFULSWHXUV� JpRPpWULTXHV� HW� OHV� GHVFULSWHXUV� GH�

VXUIDFH��/HV�GHVFULSWHXUV�JpRPpWULTXHV�LQFOXHQW�SDU�H[HPSOH�O¶RYDOLWp�RX�OH�YROXPH�PROpFXODLUH��

/HV� GHVFULSWHXUV� GH� VXUIDFHV� GpFULYHQW� DXVVL� ELHQ� O¶DLUH� GH� OD� VXUIDFH� PROpFXODLUH� TXH� OD�

GLVWULEXWLRQ�GHV�FKDUJHV�FRPPH�O¶DLUH�GH�OD�VXUIDFH�SRODLUH��36$��SRODU�VXUIDFH�DUHD���OD�VXUIDFH�

GH�YDQ�GHU�:DDOV��OD�VXUIDFH�PROpFXODLUH�DFFHVVLEOH�DX�VROYDQW�RX�HQFRUH�OH�PRPHQW�GLSRODLUH�

RX�OD�SRODULVDELOLWp�

,O�HVW�j�QRWHU�TXH�OHV�GHVFULSWHXUV��'�VRQW�OH�SOXV�VRXYHQW�XWLOLVpV�SRXU�ILOWUHU OD�EDVH�GH�GRQQpHV�

HW�SRXU�FRQVWUXLUH�GHV�PRGqOHV�46$5�SOXW{W�TXH�SRXU�PHVXUHU�OHV�VLPLODULWpV�HQWUH�PROpFXOHV��

$�FRQWUDULR�� OHV�GHVFULSWHXUV��'�HW��'�SHXYHQW�rWUH�XWLOLVpV�SRXU�XQH�UHFKHUFKH�GH�VLPLODULWp�

DLQVL�TXH�SRXU�OHV�PpWKRGHV�46$5����

���������� 3UpSDUDWLRQ�HW�DQDO\VH�GHV�GRQQpHV

7RXW� G¶DERUG�� OHV� GRQQpHV� GRLYHQW� rWUH� SUpSDUpHV� HQ� VXLYDQW� OHV� UqJOHV� GH� ERQQHV� SUDWLTXHV�

UHODWLYHV�j�OD�VWDQGDUGLVDWLRQ�GHV�VWUXFWXUHV�����3DU�OD�VXLWH��XQH�pWXGH�VWDWLVWLTXH�GHVFULSWLYH�GRLW�

rWUH�PHQpH�SRXU�YpULILHU�TXH�OD�GLVWULEXWLRQ�GHV�GRQQpHV�GDQV�O¶HVSDFH�FKLPLTXH�HVW�KRPRJqQH�

PDLV�VXUWRXW�SRXU�VpOHFWLRQQHU�OHV�GHVFULSWHXUV�OHV�SOXV�SHUWLQHQWV�
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8QH�IRLV�OHV�GRQQpHV�SUrWHV�HW�OHV�GHVFULSWHXUV�JpQpUpV�HW�VpOHFWLRQQpV��OHV�GRQQpHV�G¶HQWUpH�YRQW�

rWUH�VpSDUpHV�HQ���SDUWLHV ��XQH�SDUWLH�UHJURXSpH�VRXV�OH�WHUPH�MHX�G¶HQWUDLQHPHQW�� WUDLQLQJ�VHW ���

HVW�XWLOLVpH�SRXU�FRQVWUXLUH�OH�PRGqOH�HW�OD�GHX[LqPH�SDUWLH�HVW�XWLOLVpH�SRXU�IRUPHU�OH�MHX�GH WHVW�

�WHVW� VHW �� TXL� SHUPHW� GH� WHVWHU� OH� SRXYRLU� SUpGLFWLI� GX� PRGqOH�� &HWWH� GLYLVLRQ� HQ� MHX[�

G¶HQWUDLQHPHQW� HW� GH� WHVW� YLVH� j� pYLWHU� XQ� SKpQRPqQH� UpFXUUHQW� HQ� PRGpOLVDWLRQ �� OH�

VXUHQWUDLQHPHQW�RX�O¶RYHUILWWLQJ��$LQVL��FHOD�SHUPHW�GH�SURXYHU�TX¶XQ�PRGqOH�HVW�FDSDEOH�GH�

SUpGLUH�DXVVL�ELHQ�OHV�GRQQpHV�XWLOLVpHV�SRXU�OH�FRQVWUXLUH�TXH�GHV�GRQQpHV�TX¶LO�Q¶DXUD�MDPDLV�

© YX ª��8Q�PRGqOH�TXL�HVW�YDOLGp�SRXUUD�GRQF�rWUH�XWLOLVp�SRXU�SUpGLUH�O¶DFWLYLWp�GH�PROpFXOHV�

SRXU�OHVTXHOOHV�QRXV�QH�SRVVpGRQV�SDV�GH�GRQQpHV�H[SpULPHQWDOHV�

���������� 'pYHORSSHPHQW�GX�PRGqOH

7UDGLWLRQQHOOHPHQW�OHV�SUHPLHUV�PRGqOHV�GH�46$5�VXLYDLHQW�XQ�PRGqOH�OLQpDLUH��GH�UpJUHVVLRQ�

OLQpDLUH�� ���� *UkFH� DX[� SURJUqV� GH� O¶DSSUHQWLVVDJH� DXWRPDWLTXH� �0DFKLQH� /HDUQLQJ��� GHV�

PRGqOHV�SOXV�VRSKLVWLTXpV�RQW�pWp�PLV�DX�SRLQW��1RXV�SRXYRQV�GLVWLQJXHU�OHV�PRGqOHV�OLQpDLUHV�

FRPSUHQDQW� OD� UpJUHVVLRQ� OLQpDLUH� �/LQHDU�5HJUHVVLRQ��� O¶DQDO\VH�HQ FRPSRVDQWHV�SULQFLSDOHV�

�3&$���RX�OD�UpJUHVVLRQ�GHV�PRLQGUHV�FDUUpV�SDUWLHOV��3DUWLDO�/HDVW�6TXDUH�UHJUHVVLRQ��HW�OHV�

PRGqOHV�QRQ�OLQpDLUHV�FRPPH�OHV�N�SOXV�SURFKHV�YRLVLQV��N�1HDUHVW�1HLJKERXUV���OHV�UpVHDX[�GH�

QHXURQHV�DUWLILFLHOV��$UWLILFDO�1HXUDO�1HWZRUNV���OHV�DUEUHV�GH GpFLVLRQV��'HFLVLRQ�7UHHV���OHV�

IRUrWV�G¶DUEUHV�GH�GpFLVLRQ��5DQGRP�)RUHVW��RX�OHV�PDFKLQHV�j�YHFWHXUV�GH�VXSSRUW��VXSSRUW�

YHFWRU�PDFKLQHV� 690V��� (Q� IRQFWLRQ� GH� OD� QDWXUH� GX� SUREOqPH�� FHV�PpWKRGHV� SHXYHQW� rWUH�

FODVVpHV�HQ�PpWKRGHV�GH�FODVVLILFDWLRQ��SUpGLUH�GHX[�FODVVHV ��DFWLYH�HW�LQDFWLYH��HW�PpWKRGHV�GH�

UpJUHVVLRQ��SUpGLUH�OHV�YDOHXUV�G¶DFWLYLWpV�ELRORJLTXH��

���������� 9DOLGDWLRQ�

,O�H[LVWH�GHX[�W\SHV�GH�YDOLGDWLRQ ������YDOLGDWLRQ�LQWHUQH�TXL�LPSOLTXH�O¶XWLOLVDWLRQ�GHV�GRQQpHV�

G¶HQWUDLQHPHQWV� HW� ���� XQH� YDOLGDWLRQ� H[WHUQH� TXL� VH� EDVH� VXU� OHV� GRQQpHV� GH� WHVW�� 3RXU� OD�

YDOLGDWLRQ�LQWHUQH��GLIIpUHQWHV�PpWKRGHV�GH�FURVV�YDOLGDWLRQ�SHXYHQW�rWUH�HPSOR\pHV��$LQVL��OH

OHDYH� RQH� RXW� �/22�� RX� OHDYH�PDQ\� RXW �/02�� FRQVLVWHQW� j� UHWLUHU� UHVSHFWLYHPHQW� XQH� RX�

SOXVLHXUV� PROpFXOHV� GX� MHX� G¶HQWUDLQHPHQW�� /H� %RRVWUDS FRQVLVWH� j� UppFKDQWLOORQQHU� OH� MHX�

G¶HQWUDLQHPHQW�DX�PR\HQ�GH�WLUDJHV�DYHF�UHPLVH��/H�EXW�GH�FHV�PpWKRGHV�HVW�GH�JpQpUHU�GHV�

VRXV�HQVHPEOHV�HW�GH�FRQWU{OHU�OD�SHUIRUPDQFH�³GHVVXV´��

/¶pWDSH� GH� YDOLGDWLRQ� VH� IDLW� DX�PR\HQ� GH�PpWULTXHV� VWDWLVWLTXHV� SHUPHWWDQW� G¶DSSUpFLHU� OHV�

SHUIRUPDQFHV� GX� PRGqOH�� 3RXU� OHV� PpWKRGHV� GH� FODVVLILFDWLRQ�� OD� VHQVLELOLWp�� OD� VSpFLILFLWp��

O¶H[DFWLWXGH� HW� OD� SUpFLVLRQ� SHXYHQW� rWUH� FDOFXOpHV�� 3RXU� OHV� PpWKRGHV� GH� UpJUHVVLRQ�� GHV�
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PpWULTXHV�FRPPH�O¶HUUHXU�DEVROXH�PR\HQQH��0$(���O¶HUUHXU�TXDGUDWLTXH�PR\HQQH��506(��HW�

OH�FRHIILFLHQW�GH�GpWHUPLQDWLRQ��ܴଶ��VHURQW�FDOFXOpV��1RWRQV�DXVVL�TXH�SRXU�TXH�OH�MHX�GH�WHVW�

VRLW�YDOLGH��LO�IDXW�TX¶LO�VRLW�FRPSULV�GDQV�OH�GRPDLQH�G¶DSSOLFDELOLWp�GX�PRGqOH��&HWWH�QRWLRQ�

FHQWUDOH�SRXU� OHV�PRGqOHV�46$5�SHUPHW�GH�GpWHUPLQHU� OD� UpJLRQ�GH� O¶HVSDFH�FKLPLTXH�SRXU�

ODTXHOOH�OHV�SUpGLFWLRQV�UpDOLVpHV�VRQW�MXJpHV�ILDEOHV��,O�H[LVWH�GLIIpUHQWHV�PpWKRGHV�SRXU�FDOFXOHU�

OH�GRPDLQH�G¶DSSOLFDELOLWp���±�� HW�FH�GHUQLHU�GHYUD�rWUH�GpWHUPLQp�SRXU�Q¶LPSRUWH�TXHO�MHX�GH�

GRQQp�j�SUpGLUH��

�������� 3ODFH�GHV�PpWKRGHV�46$5�HQ�WR[LFRORJLH

/HV� PpWKRGHV� 46$5� RFFXSHQW� XQH� SODFH� LPSRUWDQWH� HQ� WR[LFRORJLH� FRPSXWDWLRQQHOOH�

SURVSHFWLYH��

$X�GHOj�GH� O¶LQGXVWULH�SKDUPDFHXWLTXH�� OHV PpWKRGHV�46$5�VRQW� ODUJHPHQW�HPSOR\pHV�GDQV�

G¶DXWUHV� LQGXVWULHV� DLQVL� TXH� SDU� GHV� RUJDQLVPHV� UpJOHPHQWDLUHV�� (Q� HIIHW�� FHV� GHUQLHUV� RQW�

FRPPHQFp�j�FUpHU� OHXUV�SURSUHV�EDVHV�GH�GRQQpHV�GH�VWUXFWXUHV�PROpFXODLUHV�DLQVL�TXH�OHXUV�

HIIHWV�SRXU�GH�QRPEUHX[�SDUDPqWUHV�SK\VLTXHV�HW�ELRORJLTXHV�SHUPHWWDQW�DLQVL�OD�FUpDWLRQ�GH�

PRGqOHV� VXU� GHV� EDVHV� G¶DSSUHQWLVVDJH� SOXV� LPSRUWDQWHV� ���� $LQVL� GHSXLV� O¶LQWURGXFWLRQ� GH�

PHVXUHV�GH�SURWHFWLRQ�FRQWUH� OHV� ULVTXHV�SRVVLEOHV�GHV�SURGXLWV� FKLPLTXHV� �UpJOHPHQWpV� DX[�

eWDWV�8QLV� SDU� O¶(3$� HW� GDQV� O¶8QLRQ� HXURSpHQQH� SDU� OD� UqJOHPHQWDWLRQ� 5($&+�� ������� OHV�

PRGqOHV�GH�46$5�VRQW�GHYHQXV�XQ�RXWLO�GH�URXWLQH�HQ�SDUDOOqOH�G¶DXWUHV�RXWLOV�LQVWUXPHQWDX[�

HW�GH�UHFKHUFKH��7RXWHIRLV��FKDTXH�PRGqOH�46$5�HVW�OLPLWp�GDQV�VD�SUpGLFWLYLWp�j�XQH�IDPLOOH�

VWUXFWXUDOH�XQLTXH�HW�SRXU�XQ�VHXO�HIIHW�WR[LTXH�pWXGLp��HIIHW�ELRORJLTXH��������

���� &ULEODJH�YLUWXHO�EDVp�VXU�OD VWUXFWXUH�GHV�FLEOHV

$YHF�OH�QRPEUH�FURLVVDQW�GHV�VWUXFWXUHV�GH�SURWpLQHV HQUHJLVWUpHV�DX�QLYHDX�GH�OD�3URWHLQ�'DWD�

%DQN �3'%�� ���� OHV�PpWKRGHV�6%�VH�SRVLWLRQQHQW DXVVL�FRPPH�XQ�RXWLO�YDOLGH�HQ� WR[LFLWp� LQ�

VLOLFR� /HV�FRRUGRQQpHV��'�GHV�FLEOHV�SHXYHQW�rWUH�UpVROXHV�H[SpULPHQWDOHPHQW�RX�PRGpOLVpHV�

j�O¶DLGH�G¶DOJRULWKPHV�GpGLpV HW GHX[�FDV�GH�ILJXUHV�H[LVWHQW �����OH�VLWH�DFWLI�GH�OD�SURWpLQH�HVW�

FRQQX�HW�OD�PpWKRGH�6%�FKRLVLH�SHXW�GRQF�rWUH�DSSOLTXpH�GLUHFWHPHQW�RX����OH�VLWH�DFWLI�Q¶D�SDV�

HQFRUH�pWp�FDUDFWpULVp�HW�LO�IDXGUD�OH�SUpGLUH�HQ�DPRQW�SRXU�SRXYRLU�DSSOLTXHU�OD�PDMRULWp�GHV�

PpWKRGHV�6%��
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������ 2EWHQWLRQ�GH�OD�VWUXFWXUH��'�

/D�VWUXFWXUH��'�GH�OD�SURWpLQH�FLEOH�pWXGLpH�SHXW�rWUH�UpVROXH�H[SpULPHQWDOHPHQW�HW�VWRFNpH�GDQV�

OD� EDVH� GH� GRQQpHV� GH� UpIpUHQFH�� OD�3URWHLQ�'DWD� %DQN �3'%�� ���� RX� ELHQ� REWHQXH� SDU� GHV�

PpWKRGHV�GH�SUpGLFWLRQ�LQ�VLOLFR��

�������� 5pVROXWLRQ�H[SpULPHQWDOH�GH�OD�VWUXFWXUH��'

$ILQ�G¶REWHQLU� OHV� FRRUGRQQpHV��'�G¶XQH�SURWpLQH����PpWKRGHV� H[SpULPHQWDOHV�SHXYHQW� rWUH�

HPSOR\pHV�� j� VDYRLU� OD� FULVWDOORJUDSKLH� DX[� UD\RQV� ;�� OD� UpVRQQDQFH� PDJQpWLTXH� QXFOpDLUH�

�501��HW�OD�FU\RPLFURVFRSLH�pOHFWURQLTXH��&U\R�(0��

���������� &ULVWDOORJUDSKLH�DX[�UD\RQV�;

/D�FULVWDOORJUDSKLH�DX[�UD\RQV�;�HVW�OD�PpWKRGH�OD�SOXV�SRSXODLUH�HW�OD�SOXV�XWLOLVpH�SRXU�pOXFLGHU�

OD�VWUXFWXUH��'�GHV�SURWpLQHV�����/H�SULQFLSH�GH�OD�PpWKRGH�HVW�G¶REWHQLU�XQH�FDUWH�UHSUpVHQWDQW�

OD�GLVWULEXWLRQ�GH�GHQVLWp�GHV�pOHFWURQV� �OLpH�j� OD�SRVLWLRQ�DWRPLTXH��j�SDUWLU�GHV�GRQQpHV�GH�

GLIIUDFWLRQ�GH�UD\RQV�;�SDU�XQ�FULVWDO�GH�OD�SURWpLQH��/D�SUHPLqUH�pWDSH��XQH�pWDSH�FOp�HW�IDFWHXU�

OLPLWDQWH�SRXU�OD�UpXVVLWH�GH�FHWWH�PpWKRGH��HVW�GRQF�GH�UpXVVLU�j�LVROHU�XQ�FULVWDO�j�SDUWLU�G¶XQH�

VROXWLRQ�VXUVDWXUpH�GDQV�GHV�FRQGLWLRQV�H[SpULPHQWDOHV�RSWLPDOHV��UpDFWLI��S+��WHPSpUDWXUH�HW�

DGGLWLIV���8QH�IRLV�OH�FULVWDO�LVROp��XQ�IDLVFHDX�GH�UD\RQV�;�HVW�GLULJp�YHUV�OH�FULVWDO�HW�GLIIUDFWp�

SDU� OHV� pOHFWURQV� RUGRQQpV� GH� OD� PROpFXOH�� /HV� PRWLIV� GH� GLIIUDFWLRQ� SRXU� GHV� RULHQWDWLRQV�

GLIIpUHQWHV�GX�FULVWDO�VHURQW�DLQVL�HQUHJLVWUpV�DX�PR\HQ�GH�FDSWHXUV�SRXU�REWHQLU�XQH�FDUWH�GH�

GHQVLWp�pOHFWURQLTXH��(QILQ��XQH�VRQGH�SURWpLTXH�� L�H��XQ�HQFKDLQHPHQW�G¶DFLGHV�DPLQpV��VHUD�

LQVpUpH�DX�QLYHDX�GHV�PDLOODJHV�GH�OD�FDUWH��pWDSH�GH�ILWWLQJ��HW�VRQ�SRVLWLRQQHPHQW�VHUD�RSWLPLVp�

�pWDSH�GH�UHILQHPHQW���
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)LJXUH�� � (WDSHV�GH�UpVROXWLRQ�GH�OD�VWUXFWXUH��'�GHV�SURWpLQHV�SDU�OD�PpWKRGH�GH�

FULVWDOORJUDSKLH�DX[�UD\RQV�;

���������� 6SHFWURVFRSLH�j�UpVRQDQFH�PDJQpWLTXH�QXFOpDLUH��501�

/D�501�SHUPHW�GH�PHVXUHU�GH�PDQLqUH� WUqV� ILQH� OHV� FKDPSV�PDJQpWLTXHV� UpJQDQWV�GDQV� OD

PDWLqUH��&HWWH�WHFKQLTXH�VH�EDVH�VXU�OHV pWDWV�GH VSLQV SDUWLFXOLHUV TXH�SRVVqGHQW�FHUWDLQV�QR\DX[�

DWRPLTXHV�FRPPH�O¶K\GURJqQH�RX�OH�FDUERQH �� RX�HQFRUH�OH�IOXRU��&HV�GHUQLHUV�SHXYHQW�DLQVL�

DEVRUEHU�O¶pQHUJLH�pPLVH�SDU�XQ�UD\RQQHPHQW�pOHFWURPDJQpWLTXH�HW�O
pPHWWUH j�XQH�IUpTXHQFH�

WUqV�SUpFLVH�GpSHQGDQWH�GX�FKDPS�PDJQpWLTXH�DSSOLTXp������$LQVL��SRXU�UpVRXGUH�XQH�VWUXFWXUH��

XQH SURWpLQH�SXULILpH�HVW�GLOXpH GDQV�XQH�VROXWLRQ�DTXHXVH�TXL�VHUD�PLVH�GDQV�XQH�VRQGH�501��
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/D�VRQGH�HVW�H[SRVpH�j�XQ�FKDPS�PDJQpWLTXH�IRUW�HQWUDLQDQW�OD�UpVRQDQFH�GH�FHUWDLQV�QR\DX[�

�OHV� ଵ ��ܪ ଵଷܥ HW ଵହܰ ������$LQVL�OHV�IUpTXHQFHV�GH�UpVRQQDQFH�VRQW�PHVXUpHV�HW�HQUHJLVWUpHV�

VRXV� IRUPH� G¶XQ� VSHFWUH�� &¶HVW� O¶HQYLURQQHPHQW� GH� FKDTXH� DWRPH� TXL� GpWHUPLQH� VL� FHV�

IUpTXHQFHV�VHURQW�KDXWHV�RX�IDLEOHV��(Q�XWLOLVDQW�GHV�PpWKRGHV�FRPSXWDWLRQQHOOHV��OHV�PHVXUHV�

IDLWHV� VHURQW� FRQYHUWLHV� HQ� JUDSKLTXHV UHSUpVHQWDQW� OHV� IUpTXHQFHV� FRPPH� GHV� SLFV�

FRUUHVSRQGDQW� j� XQH� ORFDOLVDWLRQ� VSpFLILTXH� G¶XQ� JURXSH� G¶DWRPHV� DSSHOpV� FRQWUDLQWHV� GH�

GLVWDQFHV� HW� GH� JpRPpWULH�� &HWWH� LQIRUPDWLRQ� HVW� RSWLPLVpH� HW� FRPELQpH� DYHF� G¶DXWUHV�

H[SpULPHQWDWLRQV�501�SRXU�GpWHUPLQHU�OD�VWUXFWXUH��'�UpSRQGDQW�DX�PLHX[�DX[�FRQWUDLQWHV�

FROOHFWpHV�� /D� 501� SRVVqGH� O¶DYDQWDJH�PDMHXU� GH� V¶DIIUDQFKLU� GH� O¶pWDSH� GH� FULVWDOOLVDWLRQ�

SHUPHWWDQW� j� OD�SURWpLQH�G¶DGRSWHU�SOXVLHXUV� FRQIRUPDWLRQV�TXL� VHURQW�XWLOLVpHV�SRXU�JpQpUHU�

GLIIpUHQWV�VSHFWUHV�FRQGXLVDQW�j�SOXVLHXUV�VWUXFWXUHV�SODXVLEOHV��

)LJXUH�� � (WDSHV�JpQpUDOHV�GH�OD�UpVROXWLRQ�GH�VWUXFWXUH�GH�SURWpLQHV�SDU�VSHFWURVFRSLH�501�

G¶DSUqV������

���������� &U\RPLFURVFRSLH�pOHFWURQLTXH

(Q�������O¶DYDQFpH�PDMHXUH�DSSRUWpH�SDU�OD�FU\RPLFURVFRSLH�pOHFWURQLTXH GDQV�OD�GpWHUPLQDWLRQ�

GHV�VWUXFWXUHV�GH�SURWpLQH D�pWp�VDOXpH�SDU�O¶DWWULEXWLRQ�G¶XQ�SUL[�1REHO�GH�FKLPLH�����(Q�HIIHW��

FHWWH� WHFKQLTXH� G¶LPDJHULH� SHUPHW� G¶REWHQLU� GH� IDoRQ� GLUHFWH GHV� LPDJHV� DJUDQGLHV� GH� JURV�
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FRPSOH[HV�GH�SURWpLQHV�j�XQH�WUqV�KDXWH�UpVROXWLRQ SDU�UDSSRUW�DX[�PpWKRGHV�GH�FULVWDOORJUDSKLH�

DX[�UD\RQV�;�HW�501��3RXU�FHWWH�PpWKRGH��XQH�SHWLWH�TXDQWLWp�GH�SURWpLQH�SXULILpH�HVW�pWDOpH�

VXU�XQH�JULOOH�GH�FXLYUH��(QVXLWH��O¶pFKDQWLOORQ�HVW�SORQJp�UDSLGHPHQW�GDQV�GH�O¶pWKDQH�OLTXLGH�

SRXU�LPPRELOLVHU�OHV�PROpFXOHV��RQ�XWLOLVH�O¶pWKDQH�SRXU�pYLWHU�OD�IRUPDWLRQ�GH�FULVWDX[�G¶HDX�

FRQJHOpH�TXL�DMRXWHUDLW�GX�EUXLW�DX�VLJQDO���(Q�HIIHW��VDQV�SUpSDUDWLRQ�SUpDODEOH��O¶pFKDQWLOORQ�HVW�

VHQVLEOH�DX� IDLVFHDX�G¶pOHFWURQV�HW� DX�YLGH�TXL�HQWUDLQHQW� OD�GpQDWXUDWLRQ�GHV�SURWpLQHV�HW� VD�

GpJUDGDWLRQ� ���� (QILQ�� O¶pFKDQWLOORQ� HVW� FKDUJp� GDQV� XQ� PLFURVFRSH� pOHFWURQLTXH�� 'DQV� OH�

PLFURVFRSH��O¶pFKDQWLOORQ�HVW�H[SRVp�j�XQ�IDLVFHDX�G¶pOHFWURQV�DFFpOpUpV�HW�OHV�LPDJHV�LVVXHV�GX�

PLFURVFRSH�VRQW�FDSWXUpHV��'DQV�O¶pFKDQWLOORQ�OHV�SURWpLQHV�DGRSWHQW�GLIIpUHQWHV�RULHQWDWLRQV�HW�

O¶HQVHPEOH�GHV�LPDJHV�JpQpUpHV�SDU�OH�PLFURVFRSH�VRQW�FRPELQpHV�SDU�RULHQWDWLRQ�HW�LQWpJUpHV�

SRXU� HQ� GpGXLUH� XQH� FDUWH� GH� GHQVLWp� pOHFWURQLTXH�� 8QH� pWDSH� GH� ILWWLQJ YLHQW� ILQDOLVHU� OH�

SURWRFROH��DX�FRXUV�GH�ODTXHOOH�OHV�DWRPHV�VRQW�UDFFRUGpV�GDQV�OD�FDUWH�REWHQXH�SRXU�HQ�GpGXLUH�

OD�VWUXFWXUH��'��������



��

)LJXUH��� � (WDSHV�JpQpUDOHV�GH�OD�UpVROXWLRQ�GH�VWUXFWXUH�GH�SURWpLQHV�SDU�&U\R�(0

���������� 3UpGLFWLRQ�GH�OD�VWUXFWXUH��'�LQ�VLOLFR

/D� VWUXFWXUH� G¶XQH� SURWpLQH� SHXW� rWUH� SUpGLWH� FRPSXWDWLRQQHOOHPHQW� VRLW� ��� HQ� SDUWDQW� GH�

VWUXFWXUHV�GH�SURWpLQHV�KRPRORJXHV�HQ�DSSOLTXDQW�OD�WKpRULH�GH�O¶pYROXWLRQ��PRGpOLVDWLRQ�SDU�

KRPRORJLH�RX�SDU�HQILODJH��VRLW����JUkFH�j�GHV�PpWKRGHV�GH�PRGpOLVDWLRQ�HQ DSSOLTXDQW�OHV�ORLV�

GH�OD�SK\VLTXH��PRGpOLVDWLRQ�$E�,QLWLR���

������������ 0RGpOLVDWLRQ�SDU�KRPRORJLH

/D�PRGpOLVDWLRQ�SDUW KRPRORJLH�SDU�GX�SULQFLSH�TX¶DX�FRXUV�GH�O¶pYROXWLRQ��OHV�VWUXFWXUHV�VRQW�

SOXV�FRQVHUYpHV�TXH� OHV� VpTXHQFHV�HOOHV�PrPHV��3DU�FRQVpTXHQFH��GHX[�SURWpLQHV�D\DQW�XQH�

IRUWH�LGHQWLWp�GH�VpTXHQFH�RQW�GH�IRUWHV�FKDQFHV�G¶DYRLU�GHV�VWUXFWXUHV�VLPLODLUHV��&HWWH�PpWKRGH�
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GH�PRGpOLVDWLRQ� V¶DUWLFXOH� HQ� WURLV� pWDSHV��'¶DERUG�� OHV� VpTXHQFHV� VLPLODLUHV� VRQW� LGHQWLILpHV�

JUkFH�j�GHV�DSSURFKHV�VpTXHQFH�VpTXHQFH��%/$67��RX�SURILOH�VpTXHQFH��36,�%/$67���� RX�

SURILO�SURILO��++VHDUFK��� RX�25,21�������(QVXLWH�OHXUV�VpTXHQFHV�VHURQW�DOLJQpHV�j�FHOOHV�GH�OD�

SURWpLQH�G¶LQWpUrW�GDQV�OH�EXW�GH�WURXYHU�O¶DOLJQHPHQW�RSWLPDO�FH�TXL�SHUPHW�GH�WUDQVIpUHU�OHV�

FRRUGRQQpHV�DWRPLTXHV�GX�PRGqOH�j�OD�VpTXHQFH�SURWpLTXH�pWXGLpH��(QILQ�� OHV�ERXFOHV�HW� OHV�

FKDLQHV� ODWpUDOHV� VRQW� PRGpOLVpHV� HW� OH PRGqOH� ILQDO� HVW� RSWLPLVp� SRXU� pOLPLQHU� OHV�

HQFRPEUHPHQWV� VWpULTXHV� HW�PLQLPLVHU� O¶pQHUJLH� JOREDOH��'H�QRPEUHX[�RXWLOV� SHUPHWWHQW� GH�

UpDOLVHU�OD�PRGpOLVDWLRQ�SDU�KRPRORJLH�FRPPH�0RGHOOHU���� RX�HQFRUH�5RVHWWD�TXL�FRPELQH�OHV�

PpWKRGHV�G¶KRPRORJLH�HW�OHV�PpWKRGHV�$E�,QLWLR���� �

������������ 0RGpOLVDWLRQ�SDU�HQILODJH�

&RQQXH�VRXV�OH�QRP�GH�WKUHDGLQJ��FHWWH�PpWKRGH�FRQVLVWH�j�HQILOHU�OD�VpTXHQFH�GH�OD�SURWpLQH�j�

pWXGLHU� GDQV� GHV� VWUXFWXUHV� SURWpLTXHV� FRQQXHV�� 3OXV� FRQFUqWHPHQW�� LO� V¶DJLW� G¶DOLJQHU� GHV�

SRUWLRQV�GH�OD�SURWpLQH�VXU�GHV�VWUXFWXUHV�SURYHQDQW�GHV�EDVHV�GH�GRQQpHV�FRPPH�OD�3'%�HW�G¶HQ�

FDOFXOHU�XQ�VFRUH�EDVp�VXU�OD�FRPSDWLELOLWp�GHV�VWUXFWXUHV�VHFRQGDLUHV�HW�QRWDPPHQW�OH�SRWHQWLHO�

GH�PXWDWLRQ��$LQVL��OHV�VWUXFWXUHV�SRXU�OHVTXHOOHV�O¶HQILODJH�YD�GRQQHU�OH�PHLOOHXU�VFRUH�SRXUURQW�

rWUH� LGHQWLILpHV��'H� OD�PrPH�PDQLqUH� TXH� SRXU� OD�PRGpOLVDWLRQ� SDU� KRPRORJLH�� OD� VWUXFWXUH�

REWHQXH�VHUD�RSWLPLVpH�HQ�WHUPHV�G¶pQHUJLH��PLQLPLVDWLRQ�G¶pQHUJLH���

������������ 0RGpOLVDWLRQ�$E�,QLWLR

&HWWH�PpWKRGH�FRQVLVWH�j�pFKDQWLOORQQHU�OHV�UHSOLHPHQWV�G¶XQH�SURWpLQH�HQ�V¶DIIUDQFKLVVDQW�GH�

WRXW�D�SULRUL�VWUXFWXUDO��(Q�HIIHW�� OH�PpFDQLVPH�GH�UHSOLHPHQW�D�pWp�DX�FHQWUH�GH�QRPEUHXVHV�

pWXGHV� �/HYLQWKDO� ��� HW�$ILQVHQ� �����HW� OHV�PpWKRGHV�$E� ,QLWLR� V¶DSSXLHQW�DXMRXUG¶KXL� VXU� OH�

SULQFLSH�TXH�O¶LQIRUPDWLRQ�VXU�OH�UHSOLHPHQW�G¶XQH�SURWpLQH�HVW�FRQWHQXH�GDQV�VD�VWUXFWXUH��/H�

PRGqOH��'�GH� OD�SURWpLQH�VHUD�DLQVL�FRQVWUXLW�VXU� OD�EDVH�GH� OD�VpTXHQFH��SDU�VLPXODWLRQ�GHV�

IRUFHV� TXL� JRXYHUQHQW� OH� UHSOLHPHQW�� SRXU� WURXYHU� OD� VWUXFWXUH� GH� SOXV� EDVVH� pQHUJLH�� &HWWH�

PpWKRGH� GH�PRGpOLVDWLRQ� HVW� XWLOLVpH� SOXW{W� SRXU� GHV� SHWLWHV� SRUWLRQV� GH� SURWpLQHV� FDU� LO� HVW�

GLIILFLOH� G¶DWWHLQGUH� GHV� PLQLPD� JOREDX[� VXU� XQH� SURWpLQH� HQWLqUH�� $XMRXUG¶KXL�� JUkFH� j�

O¶DYqQHPHQW�GHV�VXSHU�RUGLQDWHXUV�DLQVL�TXH�GHV�PpWKRGHV�G¶pFKDQWLOORQQDJHV��GHV�VWUXFWXUHV�

GH� SOXV� GH� ���� DFLGHV� DPLQpV� RQW� SX� rWUH� UpVROXHV� DYHF� VXFFqV� ���±����� 3DU� DLOOHXUV�� GHV�

DOJRULWKPHV� GH� 'HHS� /HDUQLQJ� RQW� SHUPLV� GH� FUpHU� XQH� YpULWDEOH� UpYROXWLRQ� JUkFH� O¶HVVRU�

G¶$OSKD)ROG��HQ������HW�VD�YHUVLRQ�DPpOLRUpH�$OSKDIROG��HQ������FH�TXL�D�SHUPLV�G¶DFFpOpUHU�

OD�SUpGLFWLRQ�GHV�VWUXFWXUHV��'�GH�SURWpLQHV�j�SDUWLU�GH�OHXUV�VpTXHQFHV����������/HV�GHX[�YHUVLRQV�

G¶$OSKD)ROG�VXLYHQW�OD�PrPH�ORJLTXH�HW�V¶DUWLFXOHQW�HQ�GHX[�pWDSHV��/D�SUHPLqUH�pWDSH�LPSOLTXH�
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O¶XWLOLVDWLRQ� G¶DOJRULWKPHV� GH� GHHS� OHDUQLQJ SRXU� SUpGLUH� XQH� PDWULFH� GH� GLVWDQFHV� HW� GH�

GLVWULEXWLRQ�GHV�DQJOHV�GH�WRUVLRQV�HQWUH�OHV�GLIIpUHQWHV�SDLUHV�G¶DFLGHV�DPLQpV�GH�OD�SURWpLQH��

3RXU�FH�IDLUH��XQH�PXOWLWXGH�GH�GRQQpHV�HVW IRXUQLH j�O¶DOJRULWKPH�SRXU�O¶HQULFKLU�HW�SRXU�TX¶LO�

SXLVVH� DSSUHQGUH� DX� PLHX[�� /HV� LQIRUPDWLRQV� FRPSUHQQHQW� QRWDPPHQW� GHV� GRQQpHV�

SK\VLFRFKLPLTXHV�VXU�OHV�UHODWLRQV�HQWUH�OHV�$$�DLQVL�TXH�GHV�GRQQpHV�LVVXHV�GH�SURWpLQHV�GpMj�

FRQQXHV�HW�VRQW�IRXUQLHV�VRXV�IRUPH�G¶LPDJHV�j�XQH�FHQWDLQH�GH�FDQDX[��/D�GHX[LqPH�pWDSH�

SHUPHW�j�SDUWLU�GH�OD�PDWULFH�GH�GLVWDQFH�GH�GpWHUPLQHU�OHV�SRVLWLRQV�GDQV�O¶HVSDFH�GHV�GLIIpUHQWV�

UpVLGXV�SXLV�G¶RSWLPLVHU�OD�VWUXFWXUH�GH�OD�SURWpLQH�HQ�PLQLPLVDQW�VRQ�pQHUJLH�HQ�HPSOR\DQW�XQH�

PpWKRGH�GH GHVFHQWH�GH�JUDGLHQW��/D�GLIIpUHQFH�HQWUH�OHV�GHX[�YHUVLRQV�UpVLGH�GDQV�OD�SUHPLqUH�

pWDSH�HW�O¶DOJRULWKPH�XWLOLVp��(Q�HIIHW�$OSKD)ROG��V¶DSSXLH�VXU�GHV�UpVHDX[�GH�FRQYROXWLRQ����

HW�$OSKD)ROG���XWLOLVH�SOXW{W�GHV�UpVHDX[�DYHF�GHV�PpFDQLVPHV�G¶DWWHQWLRQ�������� ��

)LJXUH��� � 3UpGLFWLRQ�GX�UHSOLHPHQW�GHV�SURWpLQHV�WHO�TXH�SUpVHQWp�SDU�$OSKD)ROG�G¶DSUqV����

$LQVL��$OSKD)ROG��D�SHUPLV�GH�SUpGLUH�GH�QRPEUHXVHV�VWUXFWXUHV�MXVTX¶DORUV�QRQ�UpVROXHV�FH�

TXL�D�FRQGXLW�j�OD�FUpDWLRQ�GH�OD�EDVH�GH�GRQQpHV�OLEUH�GX�PrPH�QRP ��$OSKD)ROG'%������&HWWH�

GHUQLqUH�D�SHUPLV�XQH�H[SDQVLRQ�VDQV�SUpFpGHQW�GH� OD�FRXYHUWXUH�VWUXFWXUDOH�GH� O¶HVSDFH�GHV�

VpTXHQFHV� SURWpLTXHV� FRQQXHV� �SOXV GH� ���� ���� VWUXFWXUHV� SUpGLWHV� SRXU� OHV SURWpRPHV� GH�

��RUJDQLVPHV�PRGqOHV�������

������ 2XWLOV�GH�SUpGLFWLRQ�GX VLWH�GH�OLDLVRQ

8QH�IRLV�OD�VWUXFWXUH�GH�OD�SURWpLQH�UpVROXH��GHX[ FDV�GH�ILJXUHV�VRQW�SRVVLEOHV �����OD�VWUXFWXUH�D�

pWp�UpVROXH�HQ�FRPSOH[H�DYHF�XQ�OLJDQG��VWUXFWXUH�KROR���&H�GHUQLHU�VHUD�DLQVL�XWLOLVp�FRPPH�
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UpIpUHQFH�VRQGH�SRXU�GpILQLU�XQ�VLWH�GH� OLDLVRQ� WRXW�DXWRXU����� OD� VWUXFWXUH� LVROpH�HVW�DSR L�H��

LVROpH�VDQV�OLJDQG��'DQV�FH�FDV�Oj��LO�HVW�SRVVLEOH�G¶XWLOLVHU�GHV�PpWKRGHV�GH�SUpGLFWLRQV�GH�VLWH�

GH�OLDLVRQ��1RWRQV�TXH�FHV�PpWKRGHV�SHXYHQW�DXVVL�rWUH�HPSOR\pHV�ORUVTX¶RQ�FKHUFKH�j�LGHQWLILHU�

XQ�DXWUH�VLWH�GH�OLDLVRQ�GLIIpUHQW�GH�FHOXL�DVVRFLp�DX�OLJDQG�GH�UpIpUHQFH��7URLV�FDWpJRULHV�GH�

PpWKRGHV�H[LVWHQW�SRXU�SUpGLUH�OH�VLWH�GH�OLDLVRQ �� OHV�PpWKRGHV�EDVpHV�VXU�OHV�FRQQDLVVDQFHV�

�NQRZOHGJH�EDVHG���FHOOHV�VXU�OD�JpRPpWULH�HW�FHOOHV�VXU�O¶pQHUJLH�G¶LQWHUDFWLRQ��1RWRQV�TXH�OH�

VLWH�GH�OLDLVRQ�SHXW�DXVVL�rWUH�GpWHUPLQp�j�SDUWLU�GH�GRQQpHV�H[SpULPHQWDOHV�TXL�LGHQWLILHHQW�OHV�

UpVLGXV�LPSOLTXpV�GDQV�O¶LQWHUDFWLRQ�G¶XQ�OLJDQG�DYHF�OD�SURWpLQH�

�������� 0pWKRGHV�EDVpHV�VXU�OHV�FRQQDLVVDQFHV

&HV�PpWKRGHV�VH�EDVHQW�VXU�GHV�GRQQpHV�ELRFKLPLTXHV��GH�PXWDJHQqVH�GLULJpH�HW�GH�VLPLODULWp�

GH�VpTXHQFH�RX�GH�VWUXFWXUH��/D�VLPLODULWp�GH�VpTXHQFH�VH�EDVH�VXU�O¶LGpH�TXH�GHX[�SURWpLQHV�

DYHF� GHV� VpTXHQFHV� VLPLODLUHV� SRVVqGHQW� XQH� IRUWH� SUREDELOLWp� G¶DYRLU� GHV� VLWHV� GH� OLDLVRQV�

VLPLODLUHV� �����$LQVL�� HQ�SDUWDQW�GH�EDVHV�GH�GRQQpHV�FRPPH�3526,7(� ��� TXL� UHJURXSH�GHV�

GRQQpHV�VXU�OHV�VLWHV�GH�OLDLVRQV�HW�OHXUV�VpTXHQFHV�DVVRFLpHV��GHV�pWXGHV�G¶KRPRORJLH�SHXYHQW�

rWUH�UpDOLVpHV�SRXU�GpILQLU�OH�VLWH�GH�OLDLVRQ�GH�OD SURWpLQH�pWXGLpH��H[HPSOH�&RQ6XUI�������(Q�FH�

TXL� FRQFHUQH� OHV� PpWKRGHV� GH� VLPLODULWp� GH� VWUXFWXUHV�� FHV� GHUQLqUHV� VH� EDVHQW� VXU� GHX[�

IRQGHPHQWV��/H�SUHPLHU�HVW�TXH�OHV�VLWHV�GH�OLDLVRQV�SHXYHQW�DGRSWHU XQ�QRPEUH�UpGXLW�GH�IRUPHV�
����� /H� GHX[LqPH� IRQGHPHQW� HVW� TXH� GHX[� SURWpLQHV� H[HUoDQW� OD� PrPH� IRQFWLRQ� ELRORJLTXH�

SUpVHQWHQW� JpQpUDOHPHQW� XQH� VLPLODULWp� VWUXFWXUDOH�� $LQVL�� j� SDUWLU� GH� EDQTXHV� GH� GRQQpHV�

FRQWHQDQW�GHV� LQIRUPDWLRQV�VWUXFWXUDOHV�VXU� OHV�VLWHV�GH� OLDLVRQ�H[SpULPHQWDOHPHQW�GpWHUPLQp�
���±�����XQ�DOLJQHPHQW�VWUXFWXUDO�SHXW�rWUH�UpDOLVp��SDU�H[HPSOH�DYHF�O¶RXWLO�70�DOLJQ������DYHF�OD�

SURWpLQH�pWXGLpH�SRXU�HQ�GpGXLUH�XQ�VLWH�GH�OLDLVRQ�SRWHQWLHO��(QILQ�QRWRQV�TX¶LO�H[LVWH�GHV�RXWLOV�

FRPPH�&2)$&725���� TXL�DOOLHQW j�OD�IRLV�OHV�PpWKRGHV�GH�SUpGLFWLRQV�GH�VWUXFWXUH�HW�EDVpV�

VXU�OD�VLPLODULWp��

�������� 0pWKRGHV�EDVpHV�VXU�OD�JpRPpWULH

/H�SRVWXODW�GH�GpSDUW�GH�FHV�PpWKRGHV�HVW�TXH�OHV�FDYLWpV�HW�OHV�SRFKHV�SUpVHQWHV�DX�QLYHDX�G¶XQH�

VWUXFWXUH�SURWpLTXH�VRQW JpQpUDOHPHQW�DVVRFLpHV�j�XQ�VLWH�GH�OLDLVRQ����������$ILQ�G¶LGHQWLILHU�FHV�

SRFKHV��GH�QRPEUHX[�RXWLOV�HW�DSSURFKHV�H[LVWHQW��8Q�H[HPSOH�HVW�O¶RXWLO�32&.(7��� SHUPHW�

GH�JpQpUHU� OD�VXUIDFH�SURWpLTXH�HW�GH� OD�SODFHU�GDQV�XQH�JULOOH�FDUWpVLHQQH��/HV� LQIRUPDWLRQV�

H[WUDLWHV�GH�FHWWH�JULOOH�VHURQW�XWLOLVpHV�SRXU�JpQpUHU�OD�WRSRORJLH�GH�OD�SURWpLQH�HW�LGHQWLILHU�GHV�

SRFKHV��'¶DXWUHV�DSSURFKHV�SHUPHWWHQW�GH�V¶pPDQFLSHU�GH�O¶XWLOLVDWLRQ�GHV�JULOOHV�HQ�VH�EDVDQW�

VXU�O¶XWLOLVDWLRQ�GHV�VRQGHV�VSKpULTXHV�© GpURXOpHV ª�j�OD�VXUIDFH�GH�OD�SURWpLQH�SRXU�LGHQWLILHU�
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GHV� ]RQHV� FRQFDYHV� FRUUHVSRQGDQW� DX[� SRFKHV� �� H[HPSOH� 685)1(7� ��� �� RX� HQFRUH� OHV�

PpWKRGHV�XWLOLVDQW�OH�GLDJUDPPH�GH�9RURQRw�HW�OHV�WULDQJXODWLRQV�GH�'HODXQD\�FRQGXLVDQW�j�XQH�

UHSUpVHQWDWLRQ� Į�6KDSH GH� OD� SURWpLQH�� � $� SDUWLU� GH� FHWWH� UHSUpVHQWDWLRQ�� OHV� DUUrWHV� TXL� VH�

WURXYHQW�j�O¶H[WpULHXU�GH�OD�SURWpLQH�VRQW�VRXVWUDLWHV�FRUUHVSRQGDQW�DLQVL�DX[�SRFKHV������

�������� 0pWKRGHV�EDVpHV�VXU�OHV�pQHUJLHV

&HV�PpWKRGHV�SHUPHWWHQW�G¶HVWLPHU�OHV�pQHUJLHV�G¶LQWHUDFWLRQ�HQWUH�XQH�VRQGH��JURXSH�PpWK\O��

K\GUR[\OH�RX�DPLQH��HW�XQ�SRLQW�GRQQp�GH� OD�SURWpLQH��/HV�VRQGHV�HQ� LQWHUDJLVVDQW�DYHF�GHV�

SRLQWV� GH� OD� PROpFXOH� SHUPHWWHQW� G¶LPLWHU� OHV� SURSULpWpV� FRPPXQHV� GHV� SHWLWHV� PROpFXOHV�

FRPPH�OHV�SURSULpWpV�K\GURSKREHV�RX�GRQQHXU�DFFHSWHXU�G¶K\GURJqQHV��$LQVL��FHOD�SHUPHW�GH�

GpILQLU�XQH�]RQH�IDYRUDEOH�G¶LQWHUDFWLRQV�SDU�JpQpUDWLRQ�GH�FOXVWHU�FRQWHQDQW�OHV�]RQHV�R��OHV�

VRQGHV� VH� OLHQW� DYHF� GHV� pQHUJLHV� IDYRUDEOHV� ��������� ,O� H[LVWH� GLIIpUHQWV� RXWLOV� VH� EDVDQW� VXU�

O¶pQHUJLH� SRXU� OD� SUpGLFWLRQ� GHV� SRFKHV� FRPPH� 9RO6LWH� ��� TXL� XWLOLVH� �� W\SHV� GH� VRQGHV�

�GRQQHXU�DFFHSWHXU�GH� OLDLVRQ�+�� �GRQQHXU�GH� OLDLVRQ�+��DFFHSWHXU�GH� OLDLVRQ�+��FKDUJp� �����

FKDUJp������DURPDWLTXH�HW�K\GURSKREH��3RXU�FHW�RXWLO��OD�SURWpLQH�HVW�SODFpH�GDQV�XQH�JULOOH�GRQW�

FKDTXH�SRLQW�HVW�VRQGp��&HOD�SHUPHW�GH�GpILQLU�GHV�]RQHV�© ,1 ª�L�H�j�O¶LQWpULHXU�GH�OD�SURWpLQH�

HW�GHV�]RQHV�© 287 ª�L�H��KRUV�GH�OD�SURWpLQH��(QILQ��GHV�SURSULpWpV�VRQW�DWWULEXpHV�DX[�]RQHV

© ,1 ª�FRUUHVSRQGDQW�DX[�LPDJHV�QpJDWLYHV�GHV�W\SHV�GH�VRQGHV�DVVRFLpHV����

������ 2XWLOV�GH�FULEODJH�

�������� 0RGpOLVDWLRQ�GH�SKDUPDFRSKRUHV�

8Q� SKDUPDFRSKRUH� GpFULW� O¶DUUDQJHPHQW� GH� O¶HQVHPEOHV� GHV� SURSULpWpV� SK\VLFRFKLPLTXHV� HW�

pOHFWURQLTXHV�QpFHVVDLUHV�SRXU�pWDEOLU�XQH�LQWHUDFWLRQ�HQWUH�XQ�OLJDQG�HW�XQH�SURWpLQH������'DQV�

OH�FDV�GH�O¶DSSURFKH�6%��XQ�SKDUPDFRSKRUH�SRXUUD�rWUH�JpQpUp�j�SDUWLU�G¶XQH�VWUXFWXUH�SURWpLTXH�

HQ�FRPSOH[H�DYHF�XQ�OLJDQG��VWUXFWXUH�KROR��RX�ELHQ�j�SDUWLU�G¶XQH�VWUXFWXUH�QRQ�FRPSOH[pH�

DYHF� XQ� OLJDQG� �DSR��� $LQVL� OHV�PRGqOHV� GH� SKDUPDFRSKRUH� 6%� VRQW� ULFKHV� HQ� LQIRUPDWLRQ�

UHODWLYH�DX[�LQWHUDFWLRQV�SRWHQWLHOOHV�HQWUH�XQ�OLJDQG�HW�OD�FLEOH�pWXGLpH��3DU�FRQVpTXHQW��HW�DX�

GHOj�G¶rWUH�XQ�RXWLO�GH�FULEODJH�SULVp��XQH�DSSOLFDWLRQ�GLUHFWH GH�FHV�PRGqOHV�VHUDLW�GH�OHV�XWLOLVHU�

SRXU�OD�SUpGLFWLRQ�HW�RX�SRXU�OH�FODVVHPHQW��UDQNLQJ��GHV�SRVHV�GH�GRFNLQJ�����

���������� 0RGqOH�SKDUPDFRSKRULTXH�j�SDUWLU�G¶XQ�FRPSOH[H�OLJDQG�UpFHSWHXU

'DQV� FH FDV� GH� ILJXUH�� OHV� LQIRUPDWLRQV�SURILOV� G¶LQWHUDFWLRQ� HQWUH� OH� OLJDQG� HW� VD� SURWpLQH�

UpFHSWHXU�VRQW�XWLOLVpHV�SRXU�GpILQLU�OHV�SRLQWV�SKDUPDFRSKRULTXHV�FRQVWLWXDQWV�OH�PRGqOH�HW�FHV�
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GHUQLHUV�VRQW�JpQpUDOHPHQW�GpULYpV�j�SDUWLU�GH�FRPSOH[HV�SUpVHQWV�GDQV�OD 3'%��(QILQ��SRXU�

V¶DVVXUHU�GH� OD� UREXVWHVVH� HW� GH� OD� ILDELOLWp�G¶XQ� SKDUPDFRSKRUH�JpQpUp�� LO� HVW� QpFHVVDLUH�GH�

UHJURXSHU� OHV� LQIRUPDWLRQV� SURYHQDQW� GH� SOXVLHXUV� FRPSOH[HV� SRXU� OD�PrPH� SURWpLQH� HW� GH�

YpULILHU�OD�SpUHQQLWp�GHV�SRLQWV�SKDUPDFRSKRULTXHV�HQWUH OHV�GLIIpUHQWV�SKDUPDFRSKRUHV�LVVXV�

GH� FHV� FRPSOH[HV��&HV� GHUQLHUV� SHXYHQW� ��� rWUH� GHV� VWUXFWXUHV� �'� G¶XQH�PrPH� SURWpLQH� DX�

QLYHDX�GH�OD�3'%��VRLW�FRPSOH[p�DYHF�OH�PrPH�OLJDQG�RX�SDV��RX����SURYHQLU�GH�FRQIRUPDWLRQV�

LVVXHV�G¶XQH�VLPXODWLRQ�GH�G\QDPLTXH�PROpFXODLUH��$X�FRXUV�GHV�WUDYDX[�UHODWLIV�j�FHWWH�WKqVH��

OH�ORJLFLHO�/LJDQG6FRXW�D�pWp�XWLOLVp�SRXU�JpQpUHU�GHV�SKDUPDFRSKRUHV�6%�HW�OD�SURFpGXUH�HVW�

GpWDLOOpH�GDQV�OD SDUWLH�UpVXOWDWV�GH�FHWWH�WKqVH�

���������� 0RGqOH� SKDUPDFRSKRULTXH� j� SDUWLU� GH� UpFHSWHXU� QRQ� FRPSOH[p� DYHF� XQ�

OLJDQG

/HV�PRGqOHV�GH�SKDUPDFRSKRUHV�6%�GpULYpV�j�SDUWLU�G¶XQH�VWUXFWXUH�HQ�FRPSOH[H�DYHF�XQ�OLJDQG�

VRQW�OLPLWpV�HQ�QRPEUH������/HV�FRQVpTXHQFHV�GH�FHWWH�VLWXDWLRQ�VRQW�TXH��L��XQ�QRPEUH�UHVWUHLQW�

G¶RSWLRQV� HVW� GLVSRQLEOH� SRXU� FRQVWUXLUH� GHV� PRGqOHV� GH� SKDUPDFRSKRUHV� SRXU� GHV� FLEOHV�

ORUVTX¶DXFXQ�OLJDQG�GH�OLDLVRQ�Q¶HVW�FRQQX��HW��LL��ORUVTXH�VHXOH�XQH�SHWLWH�TXDQWLWp�GH�OLJDQGV�

HVW�FRQQXH��OHV�SKDUPDFRSKRUHV�TXL�HQ�UpVXOWHQW�VRQW�OLPLWpV�DX[�LQWHUDFWLRQV�TXH�FHV�PROpFXOHV�

IRUPHQW�QH�SHUPHWWDQW�SDV�G¶pFKDQWLOORQQHU�OD�WRWDOLWp�GH O¶HVSDFH�SKDUPDFRSKRULTXH������$LQVL��

OHV�PpWKRGHV�SKDUPDFRSKRULTXHV�VH�EDVDQW�VXU�OHV�VWUXFWXUHV�$SR�V¶LPSRVHQW�VXUWRXW�DX�YX�GX�

QRPEUH� FURLVVDQW� GH� VWUXFWXUHV� GpFRXYHUWHV� UpJXOLqUHPHQW� SDUIRLV� PrPH� VDQV� LQIRUPDWLRQV�

SUpDODEOHV�VXU�OHXUV�IRQFWLRQV������3RXU�FH�IDLUH��GLIIpUHQWHV�DSSURFKHV�SHXYHQW�rWUH�XWLOLVpHV��,O�

H[LVWH�SDU�H[HPSOH�GHV�PpWKRGHV�EDVpHV�VXU�O¶DOLJQHPHQW�GHV�VpTXHQFHV��/H�SKDUPDFRSKRUH�

HVW� JpQpUp� j� SDUWLU� GH� UpVLGXV� FOpV� LGHQWLILpV� SDU� DOLJQHPHQWV� ORFDOLVpV� DX� QLYHDX� GX� VLWH�

G¶LQWHUDFWLRQ� ����� &HV� UpVLGXV� VHUDLHQW� FRQVHUYpV� WRXW� DX� ORQJ� GH� O¶pYROXWLRQ� SRXU� �� UDLVRQV�

SRVVLEOHV ��LOV�VRQW VRLW QpFHVVDLUHV�j�O¶LQWHUDFWLRQ�DYHF�OH�OLJDQG��VRLW�DSSRUWHQW�GH�OD�VSpFLILFLWp��

8QH�DXWUH�DSSURFKH�FRQVLVWH�j�VLPXOHU�OH�FRPSRUWHPHQW�G\QDPLTXH GH�VRQGHV�FKLPLTXHV��HDX�

HW� VROYDQWV� RUJDQLTXHV�� VXU� XQH� VXUIDFH� PROpFXODLUH� IOH[LEOH��������� /HV� PROpFXOHV� VRQGHV�

PLQLPLVpHV� SHUPHWWHQW� DLQVL� GH� UpYpOHU� GHV� VLWHV� G¶LQWHUDFWLRQ� IDYRUDEOHV� j� OD� VXUIDFH� GH� OD�

SURWpLQH��TXL�SHXYHQW�rWUH�FRQYHUWLV�HQ�SRLQWV�SKDUPDFRSKRULTXHV�SDU�OD�VXLWH��%LHQ�TXH�SOXV�

ORQJXH�� FHWWH� DSSURFKH� SHXW� rWUH� HIILFDFH� ORUVTXH� O¶HDX�� OH� VROYDQW� QDWXUHO� GHV� SURWpLQHV�� HVW�

XWLOLVpH� FRPPH� VRQGH�� &HSHQGDQW�� OHV� VRQGHV� RUJDQLTXHV� XWLOLVpHV� SRXU� GpWHFWHU� OHV� UpJLRQV�

K\GURSKREHV�G¶XQH�PDFURPROpFXOH�FUpHQW�XQ�HQYLURQQHPHQW�QRQ�QDWXUHO�SRXU�OD�SOXSDUW�GHV�

SURWpLQHV��LQGXLVDQW�LQ�VLOLFR GHV�FRQIRUPDWLRQV�TXL�RQW�SHX�GH�FKDQFHV�G¶rWUH�REVHUYpHV�LQ�YLYR��

/D�PpWKRGH�OD�SOXV�SRSXODLUH�SRXU�REWHQLU�GHV�SKDUPDFRSKRUHV�DSR�UHVWH�FHOOH�EDVpH�VXU�OHV�
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JULOOHV�WULGLPHQVLRQQHOOHV ���������,O�V¶DJLW�GH�SODFHU�OD�]RQH�G¶LQWHUDFWLRQ�GDQV�XQH�JULOOH��ERvWH��

HW�G¶\�FDOFXOHU�HW�LGHQWLILHU�OHV�SRLQWV�G¶pQHUJLHV�OHV�SOXV�IDYRUDEOHV�HW�GH�OHV�JURXSHU SRXU�HQ�

GpGXLUH� OHV�GLIIpUHQWV�SRLQWV�SKDUPDFRSKRULTXHV� DVVRFLpV�DX[� UpJLRQV G¶LQWHUDFWLRQV�� ,O� HVW� j�

QRWHU�TXH�OD�JpQpUDWLRQ�GH�OD�JULOOH�SHXW�VRLW�rWUH�GpILQLH�SDU�O¶XWLOLVDWHXU�FRPPH�OH�FDV�GX�ORJLFLHO�

3RFNHW� Y�� ����� VRLW� JpQpUpH DXWRPDWLTXHPHQW� DX� PR\HQ� G¶DOJRULWKPHV� GH� GpWHFWLRQ� GpGLpV

FRPPH OH�FDV�GHV�RXWLOV�3K�'RFN��� RX�/LJDQG6FRXW�����8QH�IRLV�OD�JULOOH�SODFpH�HW�OHV�pQHUJLHV�

FDOFXOpV��OHV�SRLQWV�G¶pQHUJLHV�VRQW�H[DPLQpV�DILQ�G¶pOLPLQHU�FHX[�TXL�VRQW�pORLJQpV�GX�VLWH�HW�

FHX[� D\DQW� XQH� pQHUJLH� LQVXIILVDQWH�� (QILQ�� OHV� GLIIpUHQWV� SRLQWV� VRQW� UHJURXSpV� HQ� FOXVWHUV�

GpILQLVVDQWV�XQH�UpJLRQ�IDYRUDEOH�SRXU�O¶LQWHUDFWLRQ ��SRLQW�SKDUPDFRSKRULTXH��

���������� $SSRUW�GH�OD�G\QDPLTXH�PROpFXODLUH

������������ 3KDUPDFRSKRUH�G\QDPLTXH

/H� FRQFHSW� GH� SKDUPDFRSKRUH� G\QDPLTXH� �G\QRSKRUH�� FRQVLVWH� j� FRXSOHU� OD� JpQpUDWLRQ� GH�

SKDUPDFRSKRUH�6%�j�OD�G\QDPLTXH�PROpFXODLUH��&HOD�SHUPHW�GH�SUHQGUH�HQ�FRQVLGpUDWLRQ�OD�

IOH[LELOLWp� GX� VLWH� GH� OLDLVRQ� HQ� SOXV� GH� FHOOH� GX� OLJDQG� HW� G¶pFKDQWLOORQQHU� DLQVL� O¶HVSDFH�

FRQIRUPDWLRQQHOOH�GH�OD�SURWpLQH�j�OD�UHFKHUFKH�GH�PRWLIV�G¶LQWHUDFWLRQV�HQFRUH�QRQ�GpFHOpHV�

SDU� OHV� DSSURFKHV� FODVVLTXHV� L�H�� SURWpLQH� ULJLGH� �������� '¶XQ� SRLQW� GH� YXH� SUDWLTXH�� LO� V¶DJLW�

G¶DQDO\VHU�OHV�GLIIpUHQWHV�LQWHUDFWLRQV�OLJDQG�SURWpLQH�HW�H[WUDLUH�OHV�SRLQWV�SKDUPDFRSKRULTXHV�

FRUUHVSRQGDQWV� j� SDUWLU� G¶XQH� WUDMHFWRLUH� GH� G\QDPLTXH� PROpFXODLUH�� /HV� GLIIpUHQWV� SRLQWV�

H[WUDLWV�VRQW�DLQVL�VWDWLVWLTXHPHQW�DQDO\VpV�HW�FODVVpV�HQWUH�HX[�VXU�OD�EDVH�GHV�GLIIpUHQWV�PRWLIV�

G¶LQWHUDFWLRQV� HW� DILQ� GH� JpQpUHU OH� RX� OHV�PHLOOHXUV PRGqOHV��'LIIpUHQWHV� DSSURFKHV� RQW� pWp�

SURSRVpHV� SRXU� RSWLPLVHU� OHV� GLIIpUHQWV� PRGqOHV� H[WUDLWV� j� SDUWLU� G¶XQH� WUDMHFWRLUH� GRQW�

O¶DSSURFKHV� GHV� KLWV� FRPPXQV� RX� © FRPPRQ� KLWV� DSSURDFK ª� �&+$���� RX� O¶DSSURFKH�

0<63$&(�����

������������ +\GUDWLRQ�VLWH�UHVFWULFWHG�SKDUPDFRSKRUH�

&H�W\SH�GH�SKDUPDFRSKRUH�HVW�H[WUDLW�j�SDUWLU�GH�OD�WUDMHFWRLUH�GH�G\QDPLTXH�PROpFXODLUH�G¶XQH�

VWUXFWXUH�DSR��/¶LGpH� HVW� TXH� ORUVTX¶XQ� OLJDQG� VH� OLH� j� OD� SURWpLQH�� OHV� JURXSHV� IRQFWLRQQHOV�

UHPSODoDQW�OHV�PROpFXOHV�G¶HDX�FRQWULEXHQW�IRUWHPHQW�j�O¶DIILQLWp�GH�OLDLVRQ�GX�OLJDQG�j�FDXVH�

GX�JDLQ�HQ�pQHUJLH�OLEUH��$LQVL��DX�FRXUV�G¶XQH�VLPXODWLRQ�GH�G\QDPLTXH�PROpFXODLUH��FKDTXH�

VLWH�G¶K\GUDWDWLRQ�HVW�VRXPLV�j�XQH�DQDO\VH�WKHUPRG\QDPLTXH�SRXU�HQ�FDOFXOHU�O¶pQHUJLH�OLEUH�����

(Q�SDUDOOqOH� GHV PRGqOHV�SKDUPDFRSKRULTXHV�VRQW�JpQpUpV�HW�FHX[�TXL�VRQW�FR�ORFDOLVpV�DYHF�

OHV�VLWHV�G¶K\GUDWDWLRQ�j�LPSDFW�IDYRUDEOH�SRXU O¶pQHUJLH�OLEUH�GH�OLDLVRQ�VRQW�VpOHFWLRQQpV SRXU�
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IRUPHU� XQ� PRGqOH� UpGXLW�� &HWWH� DSSURFKH� SHUPHW� GH� FULEOHU� GHV� KLWV� SOXV� SHUWLQHQWV�

SXLVTX¶HQWURSLTXHPHQW� IDYRUDEOHV FH� TXL� VH� WUDGXLW� SDU� XQ� ERQ� HQULFKLVVHPHQW� HW� XQH� IRUWH�

HIILFDFLWp�����'H�SOXV��FHWWH�DSSURFKH�FRQGXLW�j�XQH�UpGXFWLRQ�GX�WHPSV�GH�FULEODJH�G¶XQ�IDFWHXU�

��������FRPSDUp�DX[�DSSURFKHV�FODVVLTXHV�SDUFRXUDQW�OD�WRWDOLWp�GH�OD�SURWpLQH�

�������� 'RFNLQJ�SURWpLQH�OLJDQG�

/H�GRFNLQJ�OLJDQG�SURWpLQH�HVW�XQH�PpWKRGH�XWLOLVpH�SRXU�SUpGLUH�OD�FDSDFLWp�G¶XQ�FRPSRVp�j�

LQWHUDJLU�DYHF�XQH�FLEOH�SURWpLTXH������/H�SUHPLHU�PRGqOH�G¶LQWHUDFWLRQ�VXEVWDUW�HQ]\PH D�pWp�

LQWURGXLW�SDU�)LVKHU����������,O�V¶DJLW�GX�PRGqOH�FOp�VHUUXUH�TXL�VXJJqUH�XQH�UHFRQQDLVVDQFH�HW�XQH�

LQWHUDFWLRQ� HQWUH� GHX[� FRUSV� ULJLGHV� HW� TXL� D� LQVSLUp� OHV�PpWKRGHV� GH� GRFNLQJ� GLWHV� ULJLGHV��

.RVKODQG� LQWURGXLW� SDU� OD� VXLWH� OD�QRWLRQ�G¶DMXVWHPHQW�RX� LQGXFHG� ILW TXL�GpFULW� O¶DGDSWDWLRQ�

FRQIRUPDWLRQQHOOH�GX�OLJDQG�HW�GH�OD�SURWpLQH�ORUV�GH�OHXUV�LQWHUDFWLRQV������$LQVL��SRXU�WHQWHU�GH�

SUHQGUH�HQ�FRPSWH�FHWWH�QRWLRQ��OHV�PpWKRGHV�GH�GRFNLQJ�RQW�pYROXp�HW�j�FH�MRXU�OHV�PpWKRGHV�

OHV� SOXV� HIILFDFHV VRQW� FHOOHV� UpDOLVpHV� DYHF� XQ� OLJDQG� GLW� IOH[LEOH� HW� XQH� SURWpLQH� ULJLGH��

1pDQPRLQV�� LO� HVW� SRVVLEOH� GH� SUHQGUH� HQ� FRPSWH� OD� IOH[LELOLWp� GH� OD� SURWpLQH� G¶XQH� IDoRQ�

H[SOLFLWH�RX�LPSOLFLWH��WRWDOH�RX�SDUWLHOOH���� �F�I�������������3ULVH�HQ�FRPSWH�GH�OD�IOH[LELOLWp���

/HV� PpWKRGHV� GH� GRFNLQJ� VRQW� JpQpUDOHPHQW� FRQVWLWXpHV� GH� GHX[� pWDSHV� FOpV�� /D� SUHPLqUH�

DSSHOpH�pFKDQWLOORQQDJH�FRQVLVWH�j�SUpGLUH�OHV�GLIIpUHQWHV�SRVHV�TXH�OH�OLJDQG�SHXW�DGRSWHU�DX�

QLYHDX�G¶XQ�VLWH�GH�OD�SURWpLQH��VD�FRQIRUPDWLRQ�HW�VD�SRVLWLRQ���/D�GHX[LqPH�pWDSH�FRQVLVWH�j�

FDOFXOHU�XQ�VFRUH SRXU�FKDTXH�SRVH�JpQpUpH��OHV�SRVHV�DVVRFLpHV�DX[�PHLOOHXUV�VFRUHV�VRQW�FHOOHV�

TXL� VHUDLHQW� OHV�SOXV�SUREDEOHV�SRXU� OH� OLJDQG�pWXGLp��$LQVL� OH�GRFNLQJ�SHXW�rWUH�XWLOLVp�SRXU�

IRUPXOHU�GHV�K\SRWKqVHV�VXU�OH�PRGH�G¶LQWHUDFWLRQ�GRPLQDQW�G¶XQ�FRPSRVp�DYHF�XQH�SURWpLQH�

HW�SRXU�FULEOHU�XQH�FKLPLRWKqTXH�HW�FODVVHU�OHV�FRPSRVpV VHORQ�OHXU�VFRUH�GH�GRFNLQJ�DVVRFLp�
����

���������� (WDSH�G¶pFKDQWLOORQQDJH

8QH�SHWLWH�PROpFXOH�HVW�SDU�GpILQLWLRQ�IOH[LEOH�FDU�HOOH�SRVVqGH��1�GHJUpV�GH�OLEHUWp �)LJXUH�

��� ����PRXYHPHQWV�GH�WUDQVODWLRQ����GH�URWDWLRQV�HW���GH�YLEUDWLRQ�WRUVLRQ�

)LJXUH��� � /HV��1�GHJUpV�GH�OLEHUWp�G¶XQH�PROpFXOH�G¶DSUqV����

������������ 'RFNLQJ�ULJLGH
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/HV�SUHPLHUV�DOJRULWKPHV�GH�GRFNLQJ�QH�SUHQDLHQW�HQ�FRQVLGpUDWLRQ�TXH���GHJUpV�GH�OLEHUWpV���

WUDQVODWLRQV� HW� �� URWDWLRQV�� SRXU� OD� UHFKHUFKH� FRQIRUPDWLRQQHOOH��&HWWH� GHUQLqUH� VH� IDLVDLW� GH�

IDoRQ�LQGpSHQGDQWH�GX�UpFHSWHXU�SXLV�OHV�FRQIRUPDWLRQV�JpQpUpHV�pWDLHQW�LQVpUpHV�DX�QLYHDX�GX�

VLWH�GH�OLDLVRQ�HQ�pOLPLQDQW�FHOOHV�TXL�QH�SRXYDLHQW�SDV�OH�FRPSOpPHQWHU��&¶HVW�OH�FDV�GH�FHUWDLQV�

RXWLOV�FRPPH�'2&.������)/2* ��� HW�)5('������

������������ 0pWKRGHV�G¶pFKDQWLOORQQDJH

&RPPH� GpFULW� SOXV� KDXW�� HQ� SOXV� GHV� �� GHJUpV� GH� OLEHUWp� FRQVLGpUpV� SDU� OHV� DOJRULWKPHV� GH�

GRFNLQJ�ULJLGH��XQH�PROpFXOH�SRVVqGH�G¶DXWUHV�GHJUpV�GH�OLEHUWpV�WUDQVODWLRQQHOV�OLpV�DX[�OLDLVRQV�

URWDWLYHV� �WRUVLRQV�� �F�I�)LJXUH� �����$LQVL�� REWHQLU� WRXWHV� OHV FRQIRUPDWLRQV� SRVVLEOHV� G¶XQH�

PROpFXOH�HW�HQ�GpGXLUH�OHV�SRWHQWLHOOHV�LQWHUDFWLRQV�DYHF�OH�UpFHSWHXU�GHYLHQW�XQH�WDFKH�DVVH]�

FR�WHXVH�WDQW�HQ�WHPSV�TX¶HQ�UHVVRXUFHV�FRPSXWDWLRQQHOOHV�j�PHVXUH�TXH�OD�WDLOOH�GH�OD�PROpFXOH�

DXJPHQWH��,O�HVW�SRVVLEOH�G¶XWLOLVHU�GHV�SURJUDPPHV�GH�GRFNLQJ�SURWpLQH�OLJDQG�TXL�VH�EDVHQW�

VXU� GHV� DOJRULWKPHV� GH� UHFKHUFKH� FRQIRUPDWLRQQHOOHV� GLYLVpV� HQ� �� JURXSHV �� OHV� DOJRULWKPHV�

VWRFKDVWLTXHV��OHV�DOJRULWKPHV�GH�UHFKHUFKH�V\VWpPDWLTXHV�

�������������� 0pWKRGHV�GpWHUPLQLVWHV�RX�GH�VLPXODWLRQ

'DQV�FHWWH�FDWpJRULH�GH�PpWKRGHV��RQ�FRPSWH�OHV�PpWKRGHV�GLWHV�GH�VLPXODWLRQV�HW�OHV�PpWKRGHV�

GH� PLQLPLVDWLRQ�� /HV� PpWKRGHV� GH� G\QDPLTXH� PROpFXODLUH SHUPHWWHQW� GH� FDOFXOHU OD�

WUDMHFWRLUH� G¶XQ� V\VWqPH� SDU� O¶DSSOLFDWLRQ� GH� OD� PpFDQLTXH� QHZWRQLHQQH�� /HV� IRUFHV� VRQW�

FDOFXOpHV�VXU�FKDTXH�DWRPH�j�SDUWLU�GX�IDLEOH�FKDQJHPHQW�G¶pQHUJLH�SRWHQWLHOOH�HQWUH�OD�SRVLWLRQ�

DFWXHOOH�HW�OD�QRXYHOOH�SRVLWLRQ��&HV�IRUFHV�DWRPLTXHV�HW�OHV�PDVVHV�FRUUHVSRQGDQWHV�GHV�DWRPHV�

VRQW�XWLOLVpHV�SRXU�GpWHUPLQHU�OHV�SRVLWLRQV�DWRPLTXHV�VXU XQH�VpULH�GH�SHWLWV�SDV�GH�WHPSV�HQ�

LQWpJUDQW� OD�GHX[LqPH�ORL�GX�PRXYHPHQW�GH�1HZWRQ� �����2Q�REWLHQW�DLQVL�XQH�WUDMHFWRLUH�GHV�

FKDQJHPHQWV� GH� SRVLWLRQV� DWRPLTXHV� GDQV� OH� WHPSV�� /H� SUREOqPH� GH� OD� VLPXODWLRQ� GH� OD�

G\QDPLTXH�PROpFXODLUH�HVW�TX¶HOOH�HVW�JpQpUDOHPHQW�LQFDSDEOH�GH�IUDQFKLU�GHV�EDUULqUHV�j�KDXWH�

pQHUJLH�GDQV�XQH�SpULRGH�GH�VLPXODWLRQ�SUDWLFDEOH��3DU�FRQVpTXHQW��OD�VLPXODWLRQ�GH�G\QDPLTXH�

PROpFXODLUH� SHXW� ORFDOLVHU� OHV� OLJDQGV� GDQV� GHV� PLQLPD� ORFDX[�� /H� FRPSOpPHQW� G¶DXWUHV�

PpWKRGHV�VXLYLHV��FRPPH�OH�UHFXLW�VLPXOp��SDU�OD�VLPXODWLRQ�GH�G\QDPLTXH�PROpFXODLUH�SHXW�

IRXUQLU�GH�PHLOOHXUV�UpVXOWDWV��(Q�������0DQJRQL�HW�VHV�FROOqJXHV���� RQW�GpFULW�XQ�SURWRFROH�GH�

G\QDPLTXH� PROpFXODLUH� SRXU� VLPXOHU� O¶LQWHUDFWLRQ� GH� SHWLWV� OLJDQGV� IOH[LEOHV� j� GHV� FLEOHV�

IOH[LEOHV�GDQV�O¶HDX��/H�PRXYHPHQW�GX�FHQWUH�GH�PDVVH�GX�OLJDQG�HW�VHV�PRXYHPHQWV�LQWHUQHV�

HW� URWDWLRQQHOV� RQW� pWp� VpSDUpV� HW� FRXSOpV� j� GLIIpUHQWV� EDLQV� GH� WHPSpUDWXUH�� 3OXV� WDUG�� RQ� D�

LQWURGXLW�O¶DSSURFKH�GX�FRPSOH[H�UHOD[p�TXL�WRXUQH�DXWRXU�GHV�FRQIRUPDWLRQV�GH�OLDLVRQ�TXL�QH�
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SHXYHQW�VH�SURGXLUH�TXH�UDUHPHQW�GDQV�OHV�SURWpLQHV�FLEOHV�QRQ�OLpHV��'DQV�FHWWH�DSSURFKH��OD�

VLPXODWLRQ�GH�G\QDPLTXH�PROpFXODLUH GH�OD�FLEOH�VDQV�OLJDQG�HVW�HIIHFWXpH�SHQGDQW���QV��SXLV�OH�

GRFNLQJ�GX�OLJDQG�HVW�UpDOLVp��2XWUH�OD�G\QDPLTXH�PROpFXOHV��OHV�PpWKRGHV�GH�PLQLPLVDWLRQ

SHXYHQW�DXVVL�rWUH�HPSOR\pHV��/HV�WHFKQLTXHV�GH�PLQLPLVDWLRQ�GH�O¶pQHUJLH�FRQGXLVHQW�j�GHV�

PLQLPD�pQHUJpWLTXHV�ORFDX[��F¶HVW�SRXUTXRL�FHV�PpWKRGHV�VRQW�VRXYHQW�XWLOLVpHV�HQ�FRPSOpPHQW�

G¶DXWUHV�PpWKRGHV�GH�UHFKHUFKH��3DU�H[HPSOH�� OH�SURJUDPPH�'2&.�SURFqGH�j�XQH�pWDSH�GH�

PLQLPLVDWLRQ�VXFFHVVLYH�j�FKDTXH�DMRXW�GH�IUDJPHQW��VXLYLH�G¶XQH�PLQLPLVDWLRQ�ILQDOH�DYDQW�

O¶pWDSH�GH�VFRULQJ�

�������������� 0pWKRGHV�GH�UHFKHUFKH�FRQIRUPDWLRQQHOOH

/HV�PpWKRGHV�GH�UHFKHUFKH�FRQIRUPDWLRQQHOOHV�SHUPHWWHQW�FRPPH�OHXU�QRP�O¶LQGLTXH�GH�IDLUH�

XQH� UHFKHUFKH GH� O¶HVSDFH� FRQIRUPDWLRQQHO� GX� OLJDQG�� 1RXV� GLVWLQJXRQV� GHX[� W\SHV�

G¶DOJRULWKPHV �� OHV� DOJRULWKPHV� GH� UHFKHUFKH� V\VWpPDWLTXH� RX� H[KDXVWLIV� HW� OHV� DOJRULWKPHV�

VWRFKDVWLTXHV�RX�DOpDWRLUHV��

)LJXUH��� �0pWKRGHV�GH�UHFKHUFKH�FRQIRUPDWLRQQHOOH�G¶XQH�SHWLWH�PROpFXOH��$���/HV�VSKqUHV�

JULVHV�FRUUHVSRQGHQW�DX[�pQHUJLHV LQLWLDOHV�GHV�VWUXFWXUHV��OHV�URXJHV�DX[�PLQLPD�JOREDX[�HW�

HQ�EOHX�DX[�PLQLPD�ORFDX[��/D�FRXUEH�HQ��%��LOOXVWUH�OHV�PpWKRGHV�GH�UHFKHUFKHV�

V\VWpPDWLTXHV�HW�HQ��&��OHV�PpWKRGHV�VWRFKDVWLTXHV�TXL�DXJPHQWHQW�OHV�FKDQFHV�GH�WRPEHU�VXU�

XQ�PLQLPXP�JOREDO��'¶DSUqV����

/HV�PpWKRGHV�GH�UHFKHUFKH�V\VWpPDWLTXH

,O� H[LVWH� GHV� DOJRULWKPHV� H[KDXVWLIV TXL� VRQGHQW� OH� SURILO� pQHUJpWLTXH� GH� O¶HVSDFH�

FRQIRUPDWLRQQHO�HW��DSUqV�GH�QRPEUHX[�F\FOHV�GH�UHFKHUFKH�HW�G¶pYDOXDWLRQ��FRQYHUJH�YHUV�OD�

VROXWLRQ�DVVRFLpH�DX�PLQLPD�pQHUJpWLTXH�FRUUHVSRQGDQW�DX�PRGH�GH�OLDLVRQ�OH�SOXV�SUREDEOH��
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&HSHQGDQW��FHWWH�PpWKRGH�SHXW�FRQYHUJHU�YHUV�XQ�PLQLPXP�ORFDO�SOXW{W�TXH�JOREDO��)LJXUH���

%�������7RXWHIRLV��FHWWH�UHFKHUFKH�H[KDXVWLYH�IDLW�TXH�OH�QRPEUH�GH�FRPELQDLVRQV�SRVVLEOHV�FURvW�

GH�PDQLqUH�H[SRQHQWLHOOH�j�PHVXUH�TXH�OHV�GHJUpV�GH�OLEHUWp�DVVRFLpV�DX�OLJDQG�DXJPHQWHQW��FH�

TXL�HQWUDvQH�XQ�SKpQRPqQH�FRQQX�VRXV�OH�QRP�G¶H[SORVLRQ�FRPELQDWRLUH��$ILQ�GH�UpVRXGUH�FH�

SUREOqPH�� GLIIpUHQWHV� DSSURFKHV� SHXYHQW� rWUH� XWLOLVpHV�� 3DU� H[HPSOH�� OHV� SURJUDPPHV� GH�

GRFNLQJ� WHOV�TXH�)5('��6XUIOH[�GRFN HW�'2&.�DSSOLTXHQW�XQ�DOJRULWKPH�GH�FRQVWUXFWLRQ�

LQFUpPHQWDOH GDQV�OHTXHO�OH�OLJDQG�HVW�SURJUHVVLYHPHQW�FRQVWUXLW�GDQV�OH�VLWH�GH�OLDLVRQ����±�����

3RXU�FHOD��OD�VWUXFWXUH�FKLPLTXH�HVW�LQLWLDOHPHQW�GpFRPSRVpH�HQ�SOXVLHXUV�IUDJPHQWV��(QVXLWH��

O¶XQ�GH�FHV�IUDJPHQWV�HVW�VpOHFWLRQQp�FRPPH�IUDJPHQW�G¶DQFUDJH�HW�HVW�LQVpUp�DX�QLYHDX�GH�OD�

UpJLRQ�FRPSOpPHQWDLUH�GX�VLWH�GH�OLDLVRQ��/HV�IUDJPHQWV�UHVWDQWV�VRQW�DMRXWpV�VpTXHQWLHOOHPHQW��

/H�SURFHVVXV�VH�SRXUVXLW�MXVTX¶j�FH�TXH�OH�OLJDQG�HQWLHU�DLW�pWp�UHIRUPp��/¶DOJRULWKPH�HIIHFWXH�

OD�UHFKHUFKH�FRQIRUPDWLRQQHOOH�XQLTXHPHQW�SRXU�OHV�IUDJPHQWV�DMRXWpV��FH�TXL�UpGXLW�OHV�GHJUpV�

GH�OLEHUWp�j�H[SORUHU�HW�pYLWH�DLQVL�O¶H[SORVLRQ�FRPELQDWRLUH������

/HV�PpWKRGHV�VWRFKDVWLTXHV�

/HV�PpWKRGHV�VWRFKDVWLTXHV�HIIHFWXHQW�OD�UHFKHUFKH�FRQIRUPDWLRQQHOOH�HQ�PRGLILDQW�GH�PDQLqUH�

DOpDWRLUH� OHV� SDUDPqWUHV� VWUXFWXUDX[ GHV� OLJDQGV� ����� 3RXU� FHOD�� O¶DOJRULWKPH� JpQqUH� GHV�

HQVHPEOHV� GH� FRQIRUPDWLRQV� PROpFXODLUHV� FRUUHVSRQGDQW� j� GLIIpUHQWV� SRLQWV� DX� QLYHDX� GH�

O¶HVSDFH�FRQIRUPDWLRQQHO��)LJXUH���&���&HV�GHUQLqUHV�VHURQW�DFFHSWpHV�RX�UHMHWpHV�HQ�VH�EDVDQW�

VXU�XQH�IRQFWLRQ�GH�SUREDELOLWp��&HWWH�VWUDWpJLH�SHUPHW�GH�SUHQGUH�HQ�FRQVLGpUDWLRQ�OD�WRWDOLWp�GH�

O¶HVSDFH�FRQIRUPDWLRQQHO�HW� DLQVL�G¶DXJPHQWHU� OD�SUREDELOLWp�GH� WURXYHU�XQ�PLQLPXP�JOREDO�

SOXW{W�TXH�GH�SLpJHU�OD�VROXWLRQ�ILQDOH�j�XQ�PLQLPXP�pQHUJpWLTXH�ORFDO������0DOKHXUHXVHPHQW��

HOOH�LPSOLTXH�DXVVL�XQ�JUDQG�FRXW�FRPSXWDWLRQQHO��3OXVLHXUV�DOJRULWKPHV�VWRFKDVWLTXHV�H[LVWHQW�

HW�OHV�SOXV�XWLOLVpHV�VRQW�OHV�DOJRULWKPHV�GH�0RQWH�&DUOR ���HW�O¶DOJRULWKPH�JpQpWLTXH�

/¶ DOJRULWKPH�JpQpWLTXH�SDU�H[HPSOH�SHUPHW�GH�UpVRXGUH�OH�SUREOqPH�GX�FR�W�GH�FDOFXO�pOHYp�

DVVRFLp�DX[�PpWKRGHV�VWRFKDVWLTXHV�HQ�DSSOLTXDQW�OHV�FRQFHSWV�GH�OD�WKpRULH�GH�O¶pYROXWLRQ�HW�GH�

OD�VpOHFWLRQ�QDWXUHOOH��'DQV�XQ�SUHPLHU�WHPSV��O¶DOJRULWKPH�FRGH�WRXV�OHV�SDUDPqWUHV�VWUXFWXUHOV�

GH�OD�VWUXFWXUH�LQLWLDOH�GDQV�XQ�FKURPRVRPH��TXL�HVW�UHSUpVHQWp�SDU�XQ�YHFWHXU��¬�SDUWLU�GH�FH�

FKURPRVRPH�� O¶DOJRULWKPH� GH� UHFKHUFKH� DOpDWRLUH� JpQqUH� XQH� SRSXODWLRQ� LQLWLDOH� GH�

FKURPRVRPHV�FRXYUDQW�XQH�ODUJH�]RQH�GX�SD\VDJH�pQHUJpWLTXH��&HWWH�SRSXODWLRQ�HVW�pYDOXpH�HW�

OHV�FKURPRVRPHV�OHV�SOXV�DGDSWpV��F¶HVW�j�GLUH�FHX[�TXL�SUpVHQWHQW�OHV�YDOHXUV�G¶pQHUJLH�OHV�SOXV�

IDLEOHV��VRQW�VpOHFWLRQQpV�FRPPH�PRGqOHV�SRXU�OD�JpQpUDWLRQ�GH�OD�SRSXODWLRQ�VXLYDQWH��&HWWH�

SURFpGXUH� GLPLQXH� O¶pQHUJLH�PR\HQQH� GH O¶HQVHPEOH� GHV� FKURPRVRPHV� HQ� WUDQVPHWWDQW� OHV�

FDUDFWpULVWLTXHV� VWUXFWXUDOHV� IDYRUDEOHV� G¶XQH� SRSXODWLRQ� j GHVFHQGDQFH�� UpGXLVDQW� DLQVL�
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O¶HVSDFH�FRQIRUPDWLRQQHO�j�H[SORUHU��/D� UHFKHUFKH�SDU�DOJRULWKPH�JpQpWLTXH�HVW� H[pFXWpH�GH�

PDQLqUH� UpFXUVLYH� HW�� DSUqV� XQ� QRPEUH GpILQL GH� F\FOHV� GH� UHFKHUFKH� HW� G¶pYDOXDWLRQ� GHV�

FRQIRUPDWLRQV��HOOH�FRQYHUJH�YHUV�XQH�FRQIRUPDWLRQ��FKURPRVRPH��FRUUHVSRQGDQW�DX�PLQLPXP�

pQHUJpWLTXH�JOREDO��&HW�DOJRULWKPH�HVW�LQWpJUp�SDU�H[HPSOH�GDQV�OHV�SURJUDPPHV�$XWR'RFN����

HW�*ROG�����

���������� (WDSH�GH�VFRULQJ�

8QH�IRQFWLRQ�GH�VFRUH�SHUPHW�G¶pYDOXHU�O¶pQHUJLH�GH�OLDLVRQ�G¶XQ�FRPSOH[H�OLJDQG�UpFHSWHXU�

SUpGLW��/D�SUpGLFWLRQ�GH�O¶pQHUJLH�GH�OLDLVRQ�HVW�UpDOLVpH�HQ�pYDOXDQW�OHV�SKpQRPqQHV�SK\VLFR�

FKLPLTXHV� OHV� SOXV� LPSRUWDQWV� LPSOLTXpV� GDQV� OD� OLDLVRQ� OLJDQG�UpFHSWHXU�� QRWDPPHQW� OHV�

LQWHUDFWLRQV�LQWHUPROpFXODLUHV��OD�GpVROYDWDWLRQ�HW�OHV�HIIHWV�HQWURSLTXHV������&HSHQGDQW��OH�FR�W�

GH�FDOFXO�DXJPHQWH�SURSRUWLRQQHOOHPHQW�j�FH�QRPEUH�HW�DILQ�GH�FRQVHUYHU�GHV�WHPSV�GH�FDOFXOV�

FRPSDWLEOHV� DYHF� OH� FULEODJH� GH� ODUJHV� EDVHV� GH� GRQQpHV� OHV� IRQFWLRQV� GH� VFRUH� GRLYHQW�

SHUPHWWUH�G¶DVVXUHU�XQ�pTXLOLEUH�HQWUH�OD�SUpFLVLRQ�GHV�UpVXOWDWV�HW�OD�YLWHVVH�G¶H[pFXWLRQ��/HV�

IRQFWLRQV�GH�VFRUH�VRQW�FODVVpHV�HQ�WURLV�JURXSHV ��OHV�IRQFWLRQV�GH�VFRUH�EDVpHV�VXU�OHV�FKDPSV�

GH�IRUFH��OHV�IRQFWLRQV�GH�VFRUH�HPSLULTXHV�HW�OHV IRQFWLRQV�GH�VFRUH�EDVpHV�VXU�OHV�FRQQDLVVDQFHV�
�����&KDTXH�IRQFWLRQ�GH�VFRUH�SRVVqGH�GHV�DYDQWDJHV�HW�GHV�OLPLWHV��&¶HVW�SRXUTXRL�O¶XWLOLVDWLRQ�

VLPXOWDQpH�GH�GLIIpUHQWHV�PpWKRGHV�GH�VFRULQJ�FRPELQpH�SRXU�REWHQLU�XQ�VFRUH�FRQVHQVXV������

HVW� XQH� DSSURFKH� LQWpUHVVDQWH� SRXU� FRPELQHU� OHV� DYDQWDJHV� HW� DWWpQXHU� VLPXOWDQpPHQW� OHV�

LQFRQYpQLHQWV� GH� FKDTXH� PpWKRGH� ����� &H� VFRUH� FRQVHQVXV� SHXW� rWUH� REWHQX� HQ� FRPELQDQW�

GLIIpUHQWHV�IRQFWLRQV�GH�VFRUH�FKRLVLHV�SDU�O¶XWLOLVDWHXU�PDLV�LO�H[LVWH�DXVVL�GHV�IRQFWLRQV�GH�VFRUH�

FRQVHQVXV�FRPPH�0XOWL6FRUH��;�&VFRUH��*IVFRUH��6&6��6HOH;�&6�HW�&216(1686�'2&.��
���±�����

������������ /HV�IRQFWLRQV�GH�VFRUH�EDVpHV�VXU�OH�FKDPS�GH�IRUFH�

&H� JURXSH� GH� IRQFWLRQV� GH� VFRUH� SHUPHW� G¶HVWLPHU� O¶pQHUJLH� GH� OLDLVRQ� HQ� DGGLWLRQQDQW� OHV�

FRQWULEXWLRQV�GHV�WHUPHV�GH�OLDLVRQV�UHOLpV�DX[ LQWHUDFWLRQV�FRYDOHQWHV�GLWHV�OLpHV��pWLUHPHQW�GH�

OD� OLDLVRQ�� IOH[LRQ� GH� O¶DQJOH� HW� YDULDWLRQ� GX� GLqGUH�� HW� OHV� WHUPHV� QRQ� OLpV� �LQWHUDFWLRQV�

pOHFWURVWDWLTXHV�HW�GH�YDQ�GHU�:DDOV���&H�W\SH�GH�IRQFWLRQ�GH�VFRUH�DSSOLTXH�XQH�PpWKRGH�DE�

LQLWLR�SRXU�FDOFXOHU�O¶pQHUJLH�DVVRFLpH�j�FKDTXH�WHUPH�GH�OD�IRQFWLRQ�HQ�XWLOLVDQW�OHV�pTXDWLRQV�

LVVXHV�GH�OD�PpFDQLTXH�FODVVLTXH������
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7HO�TXH �

x �௅ܭ ௏ܭ ݐ݁ ்ܭ VRQW UHVSHFWLYHPHQW�OHV�pFDUWV�GH�GLVWDQFHV�GH�OLDLVRQ��OHV�pFDUWV�G¶DQJOHV�
GH�YDOHQFHV�HW�OHV�pFDUWV�G¶DQJOHV�GH�WRUVLRQV�SDU�UDSSRUW�j�OD�YDOHXU�LGpDOH��

x /HV�FRXSOHVߠ��ݎ� HW�߶ UHSUpVHQWHQW UHVSHFWLYHPHQW�OHV�GLVWDQFHV� OHV�DQJOH�GH�YDOHQFHV�HW�
OHV�DQJOHV�GH�WRUVLRQV�PHVXUpV

x /HV�FRXSOHVݎ�଴ߠ��଴ HW�߶଴ UHSUpVHQWHQW�UHVSHFWLYHPHQW�OHV�GLVWDQFHV� OHV�DQJOH�GH�YDOHQFHV�
HW�OHV�DQJOHV�GH�WRUVLRQV�GH�UpIpUHQFH

x ௜௝ߝ ��SURIRQGHXU�GX�SXLW�GX�SRWHQWLHO�GH�/HQQDUG�-RQHV

x ௝ݍ௜ݍ ��FKDUJH�FRXORPELHQQH�

x ଴ߝ ��&RQVWDQWH�GLpOHFWULTXH�

x ௜௝ߪ ��/H�UD\RQ�GH�YDQ�GHU�:DDOV

8QH�OLPLWDWLRQ�PDMHXUH�GHV�PpWKRGHV�EDVpHV�VXU�OHV�FKDPSV�GH�IRUFH�HVW�OHXU�LPSUpFLVLRQ�GDQV�

O¶HVWLPDWLRQ� GHV� FRQWULEXWLRQV� HQWURSLTXHV�� &HWWH� ODFXQH� HVW� GXH� j� O¶DEVHQFH� G¶XQ� PRGqOH�

SK\VLTXH�FRUUHFW SRXU�GpFULUH�OH�SKpQRPqQH��'H�SOXV��OH�VROYDQW�Q¶HVW�SDV�H[SOLFLWHPHQW�SULV�HQ�

FRPSWH�� FH� TXL� QH� SHUPHW� SDV O¶HVWLPDWLRQ� GHV� pQHUJLHV� GH� GpVROYDWDWLRQ� ����� (Q� O¶DEVHQFH�

G¶HIIHWV� GH� GpVROYDWDWLRQ�� OD� IRQFWLRQ� GH� VFRUH� HVW� G¶DYDQWDJH� RULHQWpH� YHUV� OHV� LQWHUDFWLRQV�

FRXORPELHQQHV�IDYRULVDQW�DLQVL�OHV�OLJDQGV�IRUWHPHQW�FKDUJpV��8QH�PDQLqUH�G¶LQWURGXLUH�O¶HIIHW�

GHV�WHUPHV�GH�VROYDWDWLRQ�HVW�GH�WUDLWHU�OHV�PROpFXOHV�G¶HDX�GH�IDoRQ�H[SOLFLWH���&HSHQGDQW��FHV�

PpWKRGHV� VRQW�JRXUPDQGHV�HQ� WHUPHV�GH�FDOFXOV�� ,O� HVW�SRVVLEOH�DORUV�GH� UHPpGLHU� j�FHOD�HQ�

WUDLWDQW� O¶HDX� FRPPH� XQ� PLOLHX� GLpOHFWULTXH� FRQWLQX� �GH� IDoRQ� LPSOLFLWH��� &HV� PRGqOHV�

FRPSUHQQHQW�OHV�PpWKRGHV�GH�3RLVVRQ�%ROW]PDQQ��3%�6$��HW�GH�*HQHUDOL]HG�%RUQ��*%�6$��

VRXYHQW� XWLOLVpHV� SRXU� UH�VFRUHU� OHV� SRVHV� FKRLVLHV� DYHF� XQH� DXWUH� IRQFWLRQ� GH� VFRUH�PRLQV�

JRXUPDQGH��$LQVL��GDQV�OHV�PpWKRGHV�*%�6$��OHV�LQWHUDFWLRQV�pOHFWURVWDWLTXHV�HW�OHV�FR�WV�GH�

GpVROYDWDWLRQ� pOHFWURVWDWLTXH� VRQW� FDOFXOpV� DYHF� OH�PRGqOH�*%�� WDQGLV� TXH� OHV� FRQWULEXWLRQV�

K\GURSKREHV�SRXU�OHV�DWRPHV�QRQ�SRODLUHV�VRQW�HVWLPpHV�j�O¶DLGH�GHV�VXUIDFHV�DFFHVVLEOHV�DX[�

VROYDQWV� �6$�� GHV� DWRPHV�� /H� SRWHQWLHO� GH� /HQQDUG�-RQHV� HVW� XWLOLVp� SRXU� O¶HVWLPDWLRQ� GHV�

pQHUJLHV�GH�YDQ�GHU�:DDOV��/HV�SDUDPqWUHV�GHV�FRQWULEXWLRQV�GH�YDQ�GHU�:DDOV��K\GURSKREHV�HW�

pOHFWURVWDWLTXHV�VRQW�RSWLPLVpV�HQ�DFFRUG�DYHF�OHV�GRQQpHV�H[SpULPHQWDOHV�G¶DIILQLWp��

'LYHUVHV�IRQFWLRQV�GH�VFRUHV�EDVpHV�VXU�OHV�FKDPSV�GH�IRUFH�H[LVWHQW�FRPPH�*VFRUH�TXL�HVW�EDVp�

VXU�OH�FKDPS�GH�IRUFH�7ULSRV HW�$XWR'RFN�VXU�OH�FKDPS�GH�IRUFH�$0%(5����±����

������������ /HV�IRQFWLRQV�GH�VFRUH�HPSLULTXHV�
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&HWWH�FDWpJRULH�GH�IRQFWLRQV�GH�VFRUH�HVW�SHQVpH�GH�WHOOH�PDQLqUH�j�FH�TX¶HOOHV�VRLHQW�FDSDEOHV�

GH� UHSURGXLUH� OHV� GRQQpHV� H[SpULPHQWDOHV� FRPPH� GHV� GRQQpHV� GH� ELQGLQJ�� G¶pQHUJLH� HW� GH�

FRQIRUPDWLRQV������8QH�VpULH�GH�FRPSOH[HV�SURWpLQH�OLJDQG��GRQQpHV�FULVWDOORJUDSKLTXHV��DYHF�

GHV�DIILQLWpV�GH�OLDLVRQ�FRQQXHV�HVW�XWLOLVpH�SRXU�HIIHFWXHU�XQH�DQDO\VH�GH�UpJUHVVLRQ�OLQpDLUH�

PXOWLSOH��(QVXLWH�� OHV� FRQVWDQWHV� �RX�SRLGV� JpQpUpHV�SDU� OH�PRGqOH� VWDWLVWLTXH� VRQW�XWLOLVpHV�

FRPPH�FRHIILFLHQWV�SRXU�DMXVWHU�OHV�WHUPHV�GH�O¶pTXDWLRQ��&KDTXH�WHUPH�GH�OD�IRQFWLRQ�GpFULW�

XQ�W\SH�G¶pYqQHPHQW�SK\VLTXH�LPSOLTXp�GDQV�O¶LQWHUDFWLRQ�OLJDQG�UpFHSWHXU�WHO�TXH�OHV�OLDLVRQV�

K\GURJqQHV��OHV�LQWHUDFWLRQV�SRODLUHV�RX�HQFRUH�OHV�HIIHWV�GpVROYDWDWLRQ������/D�IRQFWLRQ�GH�VFRUH�

HPSLULTXH� &KHP6FRUH� GH� *ROG� ��� SDU� H[HPSOH�� FRPSUHQG� OHV� WHUPHV� VXLYDQWV �� � OLDLVRQV�

K\GURJqQH��HIIHWV�OLSRSKLOHV�GHV�DWRPHV�HW�QRPEUH�HIIHFWLI�GH�OLDLVRQV j�URWDWLRQ�OLEUH GDQV�OH�

OLJDQG� 8Q�LQFRQYpQLHQW�GHV�IRQFWLRQV�HPSLULTXHV�HVW� OHXU�GpSHQGDQFH�DX[�GRQQpHV�XWLOLVpHV�

SRXU�GpYHORSSHU�OH�PRGqOH������7RXWHIRLV��HQ�UDLVRQ�GH�OD�VLPSOLFLWp�GHV� WHUPHV�pQHUJpWLTXHV�

HPSOR\pV��OHV�IRQFWLRQV�HPSLULTXHV�VRQW�SOXV�UDSLGHV�TXH�FHOOHV�EDVpHV�VXU�OHV�FKDPSV�GH�IRUFH
���������

������������ /HV�IRQFWLRQV�GH�VFRUH�EDVpHV�VXU�OD�FRQQDLVVDQFH��

&HWWH�PpWKRGH�DXVVL�DSSHOpH�³SRWHQWLHO�VWDWLVWLTXH´�XWLOLVH�GHV�SRWHQWLHOV�G¶pQHUJLH�FDOFXOpV�j�

SDUWLU�GHV�SDLUHV�OLJDQG�UpFHSWHXU�LVVXHV�GH�OD�3'%������&HV�SRWHQWLHOV�VRQW�FRQVWUXLWV�HQ�WHQDQW�

FRPSWH�GH�OD�IUpTXHQFH�j�ODTXHOOH�XQH�SDLUH�G¶DWRPHV�OLJDQG�SURWpLQH�VH�WURXYH�j�XQH�GLVWDQFH�

GRQQpH�GDQV� O¶HQVHPEOH�GH�GRQQpHV� VWUXFWXUDOHV��/HV�GLIIpUHQWV� W\SHV�G¶LQWHUDFWLRQ�REVHUYpV�

GDQV�O¶HQVHPEOH�GH�GRQQpHV�VRQW�FODVVpV�HW�SRQGpUpV�HQ�IRQFWLRQ�GH�OHXU�IUpTXHQFH�G¶DSSDULWLRQ��

$LQVL��OH�VFRUH�ILQDO�HVW�GRQQp�FRPPH�OD�VRPPH�GH�FHV�LQWHUDFWLRQV�LQGLYLGXHOOHV��&RQWUDLUHPHQW�

DX[�PpWKRGHV� SUpFpGHQWHV�� OHV� IRQFWLRQV� EDVpHV� VXU� OD� FRQQDLVVDQFH� QH� UHSRVHQW� SDV� VXU� OD�

UHSURGXFWLRQ� GHV� DIILQLWpV� GH� OLDLVRQ� �PpWKRGHV� HPSLULTXHV�� QL� VXU� GHV� FDOFXOV� DE� LQLWLR�

�PpWKRGHV� GH� FKDPS� GH� IRUFH��� (OOHV� FRQVWLWXHQW� DLQVL� XQ� ERQ� pTXLOLEUH� HQWUH� SUpFLVLRQ� HW�

UDSLGLWp��(OOHV�GHPHXUHQW�WRXWHIRLV�GpSHQGDQWHV�GH�OD�TXDOLWp�GH�UpVROXWLRQ�GHV�FRPSOH[H�OLJDQG�

UpFHSWHXU �����

���������� 3ULVH�HQ�FRPSWH�GH�OD�IOH[LELOLWp�GH�OD�SURWpLQH

/D�PDMRULWp�GHV�PpWKRGHV�GH�GRFNLQJ�FRXUDPPHQW�XWLOLVpHV�QH�SUHQQHQW�HQ�FRQVLGpUDWLRQ�TXH�

OD�IOH[LELOLWp�GX�OLJDQG��2U�OHV�SURWpLQHV�VRQW�GHV�HQWLWpV�IOH[LEOHV�HW�G\QDPLTXHV��&HWWH�IOH[LELOLWp�

HVW�SDU�H[HPSOH�YLVLEOH�HQ�FRPSDUDQW�OHV�FRQIRUPDWLRQV�GH�VWUXFWXUHV�QRQ�OLpHV��DSR��HW�OLpHV�

�KROR��G¶XQH�SURWpLQH��HW�SHXW�SUHQGUH�OD�IRUPH�GH�VLPSOHV�UpDUUDQJHPHQWV�ORFDX[�GH�FKDvQHV�

ODWpUDOHV� ���±��� HW� DOOHU� MXVTX¶j� GHV� PRXYHPHQWV� GH� GRPDLQHV� HQWLHUV�� ,O� H[LVWH� GLIIpUHQWHV�
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PDQLqUHV�G¶DSSUpKHQGHU�OD�IOH[LELOLWp�GX�GRFNLQJ��)LJXUH�����HW�WRXWHV�RQW�XQ�LPSDFW�GLUHFW VXU�

OHV�SHUIRUPDQFHV��SRXYDQW�FRQGXLUH�j�GHV�UpVXOWDWV�GLIIpUHQWV���������

)LJXUH��� ��&ODVVLILFDWLRQ�GHV�PpWKRGHV�GH�GRFNLQJ�SUHQDQW�HQ�FRPSWH�OD�IOH[LELOLWp�GX�

UpFHSWHXU�G¶DSUqV����

/D�SULVH�HQ�FRPSWH�GH�OD�IOH[LELOLWp�G¶XQH�SURWpLQH�SHXW�rWUH�FODVVLILpH�HQ�GHX[�JUDQGV�D[HV��OHV�

GHX[�FRORQQHV�GH�OD )LJXUH���� �����)OH[LELOLWp�SDUWLHOOH�HW����)OH[LELOLWp�WRWDOH��'DQV�OHV�GHX[�

FDV��XQ�GHX[LqPH�QLYHDX�GH�FRPSOH[LWp�HVW� UDMRXWp�SRXU�GLYLVHU� OHV�PpWKRGHV�VHORQ� OH�GHJUp�

G¶H[SOLFLWp�GH�OD�IOH[LELOLWp��$LQVL� OHV���JUDQGHV�FDWpJRULHV�GH�GRFNLQJ�IOH[LEOH�VRQW ��/H�6RIW

GRFNLQJ� �IOH[LELOLWp� LPSOLFLWH� SDUWLHOOH��� OH� GRFNLQJ� VpOHFWLI� �IOH[LELOLWp� H[SOLFLWH� SDUWLHOOH��� OH�

GRFNLQJ�G¶HQVHPEOH��IOH[LELOLWp�LPSOLFLWH� WRWDOH��HW�HQILQ�OH�2Q�WKH�IO\�GRFNLQJ�RX�j�OD�YROpH�

�IOH[LELOLWp�H[SOLFLWH�WRWDOH��

������������ /H�6RIW GRFNLQJ �IOH[LELOLWp�LPSOLFLWH�SDUWLHOOH�

/¶LGpH�HVW�GH�SHUPHWWUH�GH�SHWLWV�FKHYDXFKHPHQWV�HQWUH�OH�OLJDQG�HW�OH�UpFHSWHXU�HQ�© OLVVDQW ª

OHV�SRWHQWLHOV�GH�YDQ�GHU�:DOV�HW�GH�WROpUHU�GH�SHWLWHV�FROOLVLRQV VWpULTXHV�HQWUH�OH�OLJDQG�HW�OD�

SURWpLQH�HQ�DMXVWDQW�OD�IRQFWLRQ�pQHUJpWLTXH�GX�SRWHQWLHO�GH�/HQQDUG�-RQHV��XWLOLVp�SRXU�FDOFXOHU�

OHV�LQWHUDFWLRQV�GH�9':�����������&HOD�HQWUDLQH�XQ�VLWH GH�OLDLVRQ�OpJqUHPHQW�SOXV�JUDQG�WRXW�HQ�

JDUGDQW�TXHOTXHV�FRQWUDLQWHV�GH�SODVWLFLWp�FRQIRUPDWLRQQHOOH��/¶RXWLO�$'$0���� SDU�H[HPSOH�

XWLOLVH�XQH�YDULDQWH�GH�FHWWH�PpWKRGH�DSSHOpH�© 9':�RIIVHW�JULG ª��/H�SOXV�JUDQG�DYDQWDJH�GH�
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FH�W\SH�GH�GRFNLQJ�HVW�TX¶LO�Q¶HQWUDLQH�SDV�GH�FR�W�VXSSOpPHQWDLUH�GH�FDOFXO��0DOKHXUHXVHPHQW��

LO�UHVWH�OLPLWp�DX[�UpDUUDQJHPHQWV�j�SHWLWH�pFKHOOH�DVVRFLpV�j�OD�IOH[LELOLWp�GHV�FKDvQHV�ODWpUDOHV�

QH�SHUPHWWDQW�SDV�GH�PRXYHPHQWV�GH�JUDQGH�HQYHUJXUH�FRPPH�OHV�PRXYHPHQWV�GX�VTXHOHWWH�
�����'H�FH�IDLW�OH�VRIW�GRFNLQJ�HVW�UDUHPHQW�XWLOLVp�VHXO�PDLV�SOXW{W�HQ�DPRQW�G¶DXWUHV�PpWKRGHV�

SOXV�FRPSOH[HV������

������������ /H�GRFNLQJ�VpOHFWLI��IOH[LELOLWp�H[SOLFLWH�SDUWLHOOH�

/H�GRFNLQJ�VpOHFWLI�SHXW�V¶DYpUHU�XWLOH�ORUVTX¶LO�H[LVWH�XQH�ERQQH�FRQQDLVVDQFH�VWUXFWXUDOH�GX�

UpFHSWHXU�� &H� GHUQLHU� FRQVLVWH� j� VpOHFWLRQQHU� TXHOTXHV� GHJUpV� GH� OLEHUWp� © FULWLTXHV ª GH� OD�

SURWpLQH�� HQ� SOXV� GH� FHX[� GX� OLJDQG�� HW� j� H[SORUHU� H[SOLFLWHPHQW� OHXU� YDULDELOLWp� ���������

0DOKHXUHXVHPHQW�FHWWH�DSSURFKH�HVW�DXVVL�DVVRFLpH�j�XQ�FR�W�FRPSXWDWLRQQHO�LPSRUWDQW�HW�GH�

FH�IDLW� OHV�DSSURFKHV�DFWXHOOHV�VH� OLPLWHQW�j�H[SORUHU� OHV�PRXYHPHQWV�GHV�FKDLQHV� ODWpUDOHV�j�

O¶pWDSH� G¶pFKDQWLOORQQDJH�� &HOD� VH� IDLW� ��� GH� IDoRQ� GLVFUqWH� j� O¶DLGH� G¶XQH� ELEOLRWKqTXH� GH�

URWDPqUHV���� �FRQWHQDQW�OHV�URWDPqUHV�GHV�FKDvQHV�ODWpUDOHV�G¶DFLGHV�DPLQpV�SUpIpUHQWLHOOHPHQW�

REVHUYpV�H[SpULPHQWDOHPHQW��RX�ELHQ�YLD����XQH�DSSURFKH�FRQWLQXH�SRXU�ODTXHOOH�OHV�OLDLVRQV�j�

URWDWLRQ�OLEUH GHV�FKDvQHV�ODWpUDOHV�VpOHFWLRQQpHV�VRQW�HQWLqUHPHQW�H[SORUpHV������'H�QRPEUHX[�

RXWLOV� LQFRUSRUHQW� FHWWH� DSSURFKH� FRPPH� O¶RXWLO�63(&,723(� ��� TXL� VH�EDVH� VXU� O¶DSSURFKH�

FRQWLQXH�HQ�LQFRUSRUDQW�OD�IOH[LELOLWp�GHV�FKDLQHV�ODWpUDOHV�DLQVL�TXH�OH�VTXHOHWWH��$XWR'RFN)5�

$XWR'RFN� ��� TXL� SHUPHW� GH� VpOHFWLRQQHU� HW� G¶H[SORUHU� OD� IOH[LELOLWp� GHV� FKDLQHV� ODWpUDOHV�

FKRLVLHV��3OXV�UpFHPPHQW�O¶RXWLO�6PLQD��XQH�EUDQFKH�GH�9LQD��SHUPHW�DXVVL�GH�VpOHFWLRQQHU�OHV�

FKDLQHV�ODWpUDOHV�j�FRQVLGpUHU�FRPPH�IOH[LEOH�HQ�SOXV�GX�IDLW�TX¶HOOH�SHUPHWWH�XQH�VXJJHVWLRQ�

GH�UpVLGXV�DXWRXU�GX�OLJDQG������

������������ /H�GRFNLQJ�G¶HQVHPEOH��IOH[LELOLWp�LPSOLFLWH�WRWDOH�

/D�VLPXODWLRQ�GH�OD�IOH[LELOLWp�GH�OD�SURWpLQH�V¶HIIHFWXH�HQ�UpDOLVDQW�OHV�GRFNLQJ�VXU�GLIIpUHQWHV�

FRQIRUPDWLRQV� G¶XQH� PrPH� VWUXFWXUH�� &HOD� HVW� SURSRVp� SDU� FHUWDLQV� ORJLFLHOV� FRPPH� SDU�

H[HPSOH�� '2&.� ��� TXL� JpQqUH� XQ� SRWHQWLHO� G¶pQHUJLH� PR\HQQp� VXU� O¶HQVHPEOH� GHV�

FRQIRUPDWLRQV�FRQVLGpUpHV�RX�)OH[(���� TXL�SHUPHW�GH�IXVLRQQHU� OHV�SDUWLHV�VLPLODLUHV�GH� OD�

SURWpLQH� HW� FRQVLGqUH� OHV� SDUWLHV� GLVVLPLODLUHV� FRPPH� GHV� DOWHUQDWLYHV� GLIIpUHQWHV� SRXU� HQ�

GpGXLUH�OHV�LQWHUDFWLRQV SRWHQWLHOOHV�DYHF�OH�OLJDQG��,O�HVW�DXVVL�SRVVLEOH�GH�UpDOLVHU�XQ�GRFNLQJ�

G¶HQVHPEOH� HQ� XWLOLVDQW� GHV� ORJLFLHOV� GH� GRFNLQJ� ³FODVVLTXHV´��'¶DERUG�� FKDTXH� OLJDQG� VHUD�

VpTXHQWLHOOHPHQW�GRFNp�GDQV�SOXVLHXUV�VWUXFWXUHV�SURWpLTXHV��(QVXLWH��OHV�UpVXOWDWV�VRQW�WUDLWpV�

SRXU�QH�FRQVHUYHU��SRXU�FKDTXH�OLJDQG��TXH�OH�PHLOOHXU�VFRUH�RX�OD�PR\HQQH�GHV�VFRUHV�SDUPL�

WRXWHV�OHV�VWUXFWXUHV����������7RXV�OHV�OLJDQGV�VRQW�HQVXLWH�FODVVpV�HQ�IRQFWLRQ�GH�FHV�QRXYHDX[�
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VFRUHV��/HV�GLIIpUHQWHV�VWUXFWXUHV�XWLOLVpHV�SHXYHQW�SURYHQLU����GH�OD�3'%�HW�FRUUHVSRQGHQW�GRQF�

j�GLIIpUHQWHV�VWUXFWXUHV� UpVROXHV�H[SpULPHQWDOHPHQW�RX�ELHQ����SURYHQLU�GH�GLIIpUHQWV� IUDPHV

LVVXV�G¶XQH�WUDMHFWRLUH�GH�G\QDPLTXH�PROpFXODLUH�RX�G¶DQDO\VH�GHV�PRGHV�QRUPDX[������'DQV�

OHV�GHX[�FDV�� LO� HVW� FODLU�TXH� OD�TXDOLWp�HW� OD�GLYHUVLWp�GHV�GRQQpHV� VWUXFWXUDOHV�GHV�SURWpLQHV�

�O¶HVSDFH�FRQIRUPDWLRQQHO��LQIOXHQFHQW OHV�UpVXOWDWV�LVVXV�GH�FHV�PpWKRGHV�����

)LJXUH��� � 6FKpPDWLVDWLRQ�GH�O¶pWDSH�G¶LQWpJUDWLRQ�GHV�GRQQpHV�GX�GRFNLQJ�G¶HQVHPEOH

������������ 2Q�WKH�IO\�GRFNLQJ�RX�GRFNLQJ�j�OD�YROpH��IOH[LELOLWp�H[SOLFLWH�WRWDOH�

&HWWH�DSSURFKH�WUDLWH�OD�IOH[LELOLWp�GHV�SURWpLQHV�GH�PDQLqUH�H[SOLFLWH�HQ�JpQpUDQW�GH�QRXYHOOHV�

FRQIRUPDWLRQV�GH�SURWpLQHV�© j�OD�YROpH ª GXUDQW�OH�GRFNLQJ��3RXU�FH�IDLUH��GLYHUVHV�WHFKQLTXHV�

G¶pFKDQWLOORQQDJH� FRQIRUPDWLRQQHO� HW�RX� GHV� DOJRULWKPHV� G¶RSWLPLVDWLRQ� KHXULVWLTXHV� VRQW�

XWLOLVpV�SRXU�TXH�OH�SUREOqPH�UHVWH�JpUDEOH�VXU�OH�SODQ�GX�FRXW�FRPSXWDWLRQQHO������3DU�H[HPSOH�

OH��'�'RFNLQJ���� SHUPHW�G¶H[SORUHU�XQ�HQVHPEOH�GH�FRQIRUPDWLRQV�G¶XQH�PrPH�VWUXFWXUH�HW�FH�

GH�IDoRQ�VLPXOWDQpH��FRQWUDLUHPHQW�j�OD�PDQLqUH�VXFFHVVLYH�DYHF�ODTXHOOH�RQ�SURFqGH�ORUV�GX�

GRFNLQJ�G¶HQVHPEOH���/D�QRWLRQ�GH��'�Q¶LPSOLTXH�SDV� O¶DMRXW�G¶XQH�TXDWULqPH�GLPHQVLRQ�j�

SURSUHPHQW�GLW�PDLV�IDLW�UpIpUHQFH�DX[���YDULDEOHV�j�WUDLWHU�ORUV�GH�O¶pWDSH�G¶pFKDQWLOORQQDJH��(Q�

HIIHW�� HQ� SOXV� GHV� �� GHJUpV� GH� OLEHUWpV� H[SORUpHV�� XQH� TXDWULqPH� YDULDEOH� GLVFUqWH� UHODWLYH� j�

O¶LQGH[�GH�OD�FRQIRUPDWLRQ�GH�OD�SURWpLQH�DX�VHLQ�GH�O¶HQVHPEOH�HVW�H[SORUpH������

���������� $VSHFWV�SUDWLTXHV�GH�OD�PpWKRGH�GH�GRFNLQJ

������������ 3UpSDUDWLRQ�GH�OD�VWUXFWXUH�SURWpLTXH

/D�TXDOLWp�GHV�PRGqOHV�GH�GRFNLQJ�HVW�UHOLpH�j�OD�TXDOLWp�GH�OD�VWUXFWXUH�SURWpLTXH��'H�SOXV�j�

FDXVH�GHV�QRPEUHXVHV�VLPSOLILFDWLRQV�TXL�H[LVWHQW�DX�QLYHDX�GHV�GHX[�pWDSHV�G¶pFKDQWLOORQQDJH�
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HW�GH�VFRULQJ�� LO�HVW� LPSRUWDQW�G¶XWLOLVHU�GHV�VWUXFWXUHV�FRKpUHQWHV��/¶pWDSH�GH�SUpSDUDWLRQ�GX�

UpFHSWHXU�FRPSUHQG�DXVVL�ELHQ�GHV�pWDSHV�VLPSOHV�WHOOHV�TXH�O¶DMRXW�GH�UpVLGXV�PDQTXDQWV��TXH�

GHV� pWDSHV� XQ� SHX� SOXV� FRPSOH[HV� GRQW� OD� GpWHUPLQDWLRQ� GH� O¶pWDW� GH� SURWRQDWLRQ��

O¶LGHQWLILFDWLRQ� GHV� PROpFXOHV� G¶HDX� LQKpUHQWHV� j� O¶LQWHUDFWLRQ� OLJDQG�SURWpLQH�� /D�

GpWHUPLQDWLRQ�GH�O¶pWDW�GH�SURWRQDWLRQ�FRQVWLWXH�XQ�IDFWHXU�GpWHUPLQDQW�DIIHFWDQW�OD�SHUWLQHQFH�

GH�OD�SUpGLFWLRQ�GH�O¶DIILQLWp�GH�OLDLVRQ�OLJDQG�SURWpLQH��8Q�FDV�FRQFUHW�LOOXVWUDQW�O¶LPSRUWDQFH�

GH�OD�SURWRQDWLRQ�GHV�SURWpLQHV�HVW�O¶KLVWLGLQH��XQ�$$�GRQW�OD�FKDUJH�SHXW�YDULHU�HQ�IRQFWLRQ�GX�

S+��&HWWH�GHUQLqUH�SHXW�rWUH LPSOLTXpH�GDQV� OHV� LQWHUDFWLRQV� OLJDQG�SURWpLQH�SXLVTX¶HOOH�SHXW�

rWUH�GRQQHXU�RX�DFFHSWHXU�GH�OLDLVRQ�K\GURJqQH�HQ�IRQFWLRQ�GH�VRQ�pWDW�pOHFWURQLTXH��,O�HVW�GRQF�

LPSRUWDQW�GH�GpWHUPLQHU�VRQ�pWDW�GH�SURWRQDWLRQ��3RXU�FH�IDLUH�LO�IDXW�G¶DERUG�LGHQWLILHU�OH�S+�

SK\VLRORJLTXH�GH�OD�SURWpLQH��VH�EDVHU�VXU�OD�FRQIRUPDWLRQ�OLpH�GH�FHWWH�GHUQLqUH�HW�DQDO\VHU�OHV�

SUpGLFWLRQV�GH�SURWRQDWLRQ�HQ�FRQFRUGDQFH�DYHF�OHV�REVHUYDWLRQV�H[SpULPHQWDOHV��,O�HVW�j�QRWHU�

TXH�OHV�WHFKQLTXHV�DFWXHOOHPHQW�XWLOLVpHV�SRXU�OD�SURWRQDWLRQ�GpSHQGHQW�HQ�JUDQGH�SDUWLH�GH�OD�

QDWXUH�GH�OD�SURWpLQH�pWXGLpH�����

������������ 6ROYDQW

8Q�DXWUH�IDFWHXU�LPSRUWDQW�j�SUHQGUH�HQ�FRPSWH�HVW�OH�VROYDQW��/HV�LQWHUDFWLRQV�OLJDQG�SURWpLQH�

VH�GpURXOHQW�GDQV�XQ�PLOLHX�SK\VLRORJLTXH�HW�LPSOLTXHQW�GRQF�GHV�LQWHUDFWLRQV�DYHF�O¶HDX��

/RUVTXH�OH�SRLQW�GH�GpSDUW�HVW�XQH�VWUXFWXUH�FULVWDOORJUDSKLTXH��LO�HVW�LPSRUWDQW�GH�YpULILHU�OD�

SUpVHQFH�GH�PROpFXOHV�G¶HDX�VWDEOHV�RX�QRQ��(Q�HIIHW��FHUWDLQHV�PROpFXOHV�G¶HDX�SHXYHQW�MRXHU�

XQ� U{OH� GDQV� OD� PpGLDWLRQ� GH� OD� OLDLVRQ� GX� OLJDQG� DYHF� OD� SURWpLQH� HQ� LQLWLDQW� OHV� OLDLVRQV�

K\GURJqQHV�HW�FRQWULEXDQW�DX[�WHUPHV�HQWURSLTXHV�HW�HQWKDOSLTXHV� ����� �7RXWHIRLV�� O¶LQFOXVLRQ�

GHV�PROpFXOHV�G¶HDX�GDQV�OH�VLWH�DFWLI�GLPLQXH�FRQVLGpUDEOHPHQW�OH�YROXPH�GH�OD�SRFKH�HW��SDU�

FRQVpTXHQW��OHV�FRQIRUPDWLRQV�SRVVLEOHV�TXH�OH�OLJDQG�SHXW�DGRSWHU����������,O�HVW�GRQF�LPSRUWDQW�

GH� GpWHUPLQHU� OHVTXHOOHV� FRQVHUYHU� ORUV� G¶XQ� FULEODJH� YLUWXHO� HW� OHVTXHOOHV� H[FOXUH�� ,O� H[LVWH�

TXHOTXHV�UHFRPPDQGDWLRQV�JpQpUDOHV�SRXU�OH�IDLUH��WRXWHIRLV�OD�PHLOOHXUH�PDQLqUH�GH�SURFpGHU�

UHVWH�GH�FRPSDUHU�OH�SURILO�G¶LQWHUDFWLRQV�DYHF�HW�VDQV�OHV�PROpFXOHV�G¶HDX[�© VXVSHFWpHV ª�DILQ�

GH�OHXU�LPSXWHU�RX�QRQ�XQ�U{OH�GDQV�O¶LQWHUDFWLRQ�OLJDQG�SURWpLQH�����

'H�SOXV��DYDQW�TXH�O¶LQWHUDFWLRQ�HQWUH�XQ�OLJDQG�HW�XQH�SURWpLQH�QH�VH�SURGXLVH��FKDTXH�pOpPHQW��

L�H�OH�OLJDQG�HW�OD�SURWpLQH��HVW�HQWRXUp�GH�PROpFXOHV�G¶HDX�DYHF�OHVTXHOOHV�HOOHV�LQWHUDJLVVHQW��

$X� PRPHQW� GH� O¶LQWHUDFWLRQ� OLJDQG�SURWpLQH�� FHV� LQWHUDFWLRQV� VRQW� URPSXHV� HQWUDLQDQW� XQH�

FRQWULEXWLRQ� HQWKDOSLTXH� TX¶LO� IDXGUD� FRPSHQVHU� SDU� O¶LQWHUDFWLRQ� OLJDQG�SURWpLQH�� $LQVL��

SOXVLHXUV�ORJLFLHOV�LQFOXHQW�GDQV�OHXUV�IRQFWLRQV�GH�VFRUHV�XQ�WHUPH�GH�VROYDWDWLRQ�GpVROYDWDWLRQ�
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��������� �3DU�DLOOHXUV��LO�HVW�SRVVLEOH�G¶DYRLU�UHFRXUV�DX[�FDOFXOV�G¶pQHUJLHV� OLEUHV�GH�OLDLVRQ�HQ�

HPSOR\DQW�GHV�DSSURFKHV�SUHQDQW�HQ�FRPSWH�O¶LQWHUDFWLRQ�GX�OLJDQG�DYHF�OH�VROYDQW�GH�PDQLqUH�

LPSOLFLWH�� /HV�PpWKRGHV�00�3%6$� HW�00�*%6$� VRQW� DLQVL� XWLOLVpHV� HQ� DPRQW� GH� O¶pWDSH�

FODVVLTXH�GH�GRFNLQJ�GDQV�XQH�RSWLTXH�G¶DIILQHU�OHV�UpVXOWDWV�GH�GRFNLQJ������

������������ )RQFWLRQV�GH�VFRUH HW�PDFKLQH�/HDUQLQJ

/¶HIILFDFLWp�G¶XQH�PpWKRGH�GH�GRFNLQJ�HVW�WULEXWDLUH�GH�OD�IRQFWLRQ�GH�VFRUH�XWLOLVpH�TXL�SHUPHW�

G¶pYDOXHU� OD� SUpGLFWLRQ� GH� O¶DIILQLWp� GH� OLDLVRQ�� $LQVL�� OHV� IRQFWLRQV� GH� VFRUH� EDVpHV� VXU� OHV�

FKDPSV�GH�IRUFH�VRQW�PRLQV�VXVFHSWLEOHV�DX[�HUUHXUV�GH�SURWRQDWLRQV�FRPSDUpHV�DX[�PpWKRGHV�

EDVpHV�VXU�OHV�FRQQDLVVDQFHV������7RXWHIRLV��OHV�IRQFWLRQV�GH�VFRUH�FODVVLTXHV�VH�EDVHQW�VXU�OHV�

FRRUGRQQpHV�DWRPLTXHV�GX�FRXSOH�OLJDQG�UpFHSWHXU�HW�QH�SHUPHWWHQW�GRQF�SDV�G¶rWUH�WRXMRXUV�

WUqV�SHUWLQHQWHV��$LQVL��OHV�PpWKRGHV�GH�PDFKLQH�OHDUQLQJ HW�GH�GHHS�OHDUQLQJ�RQW�pWp�SURSRVpHV�

SRXU�DPpOLRUHU�FHV�IRQFWLRQV�GH�VFRUHV��&HV�PpWKRGHV�SHUPHWWHQW�GH�SUpGLUH�O¶DIILQLWp�GH�OLDLVRQ�

RX� GH� FODVVHU� OD� SRVH� GX� OLJDQG� �HQ� DFWLI� RX� LQDFWLI�� j� SDUWLU� G¶XQ� ODUJH� MHX� G¶HQWUDLQHPHQW�

FRQWHQDQW�GHV�GRQQpHV�H[SpULPHQWDOHV�VRLW�VXU�O¶DIILQLWp�GH�ELQGLQJ�RX�VXU�OD�SRVH�H[SpULPHQWDOH�

GX�OLJDQG��3OXVLHXUV�DOJRULWKPHV�VXSHUYLVpV�SHXYHQW�rWUH�XWLOLVpV�GDQV�FH�FRQWH[WH��/D�SUHPLqUH�

DSSOLFDWLRQ� GH� FH� W\SH� pWDLW� O¶XWLOLVDWLRQ� GH� O¶DOJRULWKPH� GH� UDQGRP� IRUHVW TXL� D� SHUPLV�

G¶DPpOLRUHU�OD�SUpGLFWLRQ�GHV�DIILQLWpV�GH�OLDLVRQV������/HV�UpVHDX[�QHXURQDX[�FRQYROXWLIV��&11��

TXL�RQW�GpMj�IDLW� OHXUV�SUHXYHV�HQ�UHFRQQDLVVDQFH�G¶LPDJHV�RQW�pWp�XWLOLVpV�DILQ�GH�VFRUHU� OHV�

SRVHV������ �3DU�DLOOHXUV��QRWRQV�TX¶LO�HVW�SRVVLEOH�G¶XWLOLVHU� OHV�PpWKRGHV�GH�PDFKLQH�OHDUQLQJ�

SRXU�XQH�pWDSH�VXSSOpPHQWDLUH�GH�UH�VFRULQJ�pJDOHPHQW�����

���������� (YDOXDWLRQ�GHV�SHUIRUPDQFHV�GH�O¶DOJRULWKPH�GH�UHFKHUFKH�GHV�PpWKRGHV�GH�

GRFNLQJ

������������ 6HOI�GRFNLQJ�HW�FURVV�GRFNLQJ

/RUVTXH�TX¶XQH�VWUXFWXUH�GH�OD�SURWpLQH�HQ�FRPSOH[H�DYHF�XQ�OLJDQG�HVW�UpVROXH��FH�GHUQLHU��VD�

SRVLWLRQ�HW� VD�FRQIRUPDWLRQ��SRXUUD� rWUH�XWLOLVp�SRXU�YDOLGHU� O¶DOJRULWKPH�GH� UHFKHUFKH�GH� OD�

PpWKRGH�GH�GRFNLQJ�HPSOR\pH��(Q�HIIHW��OD�SOXSDUW�GHV�SURJUDPPHV�GH�GRFNLQJ�VRQW�FDSDEOHV�

GH�SUpGLUH�DYHF�VXFFqV�OD�FRQIRUPDWLRQ�GX�OLJDQG�GDQV�OH�VLWH�GH�OLDLVRQ��&HFL�SHXW�rWUH�FRQILUPp�

HQ� UpDOLVDQW� XQH� FRPSDUDLVRQ� HQWUH� GHV� FRPSOH[HV� SUpGLWV� HW� OHV� VWUXFWXUHV� UpVROXHV�

H[SpULPHQWDOHPHQW�FRUUHVSRQGDQWHV�j�O¶DLGH�GH�PHVXUHV�G¶pYDOXDWLRQ�GHV�SRVHV��F�I SDUDJUDSKH�

������������ FL�GHVVRXV���'HX[�PpWKRGHV� FRPPXQpPHQW� XWLOLVpHV� SRXU� YDOLGHU� OD�PpWKRGH� GH�

GRFNLQJ�VRQW����OH�VHOI�GRFNLQJ�HW�OH����FURVV�GRFNLQJ��8Q�VHOI�GRFNLQJ�FRQVLVWH�j�H[WUDLUH�OH�
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OLJDQG�OLp�j�OD�SURWpLQH�HW�GH�UpDOLVHU�XQH�pWXGH�GH�GRFNLQJ�DYHF�FH�OLJDQG�DX�QLYHDX�GX�VLWH�DFWLI�

GH�OD�SURWpLQH��/HV�SRVHV�SUpGLWHV�SDU�O¶DOJRULWKPH�GH�UHFKHUFKH�VRQW�FRPSDUpHV�j�OD�SRVH�GH�

UpIpUHQFH������/¶DOJRULWKPH�GH�UHFKHUFKH�GH�OD�PpWKRGH�GH�GRFNLQJ�VHUD�YDOLGp�ORUVTXH�OHV�SRVHV�

SUpGLWHV�VRQW�SURFKHV�GHV�SRVHV�REVHUYpHV�GDQV�OHV�VWUXFWXUHV�UpVROXHV�H[SpULPHQWDOHPHQW��/D�

PpWKRGH�GH�FURVV�GRFNLQJ�SHXW�VH�IDLUH�ORUVTXH�SOXVLHXUV�VWUXFWXUHV�UpVROXHV�H[SpULPHQWDOHPHQW�

DYHF�GLIIpUHQWV�OLJDQGV�SRXU�XQH�PrPH�SURWpLQH�VRQW�GLVSRQLEOHV��/HV�VWUXFWXUHV�VRQW�DOLJQpHV�

HW� OHV� OLJDQGV� VRQW� H[WUDLWV�� (QVXLWH�� FKDTXH� OLJDQG� HVW� VXFFHVVLYHPHQW� GRFNp� DX� QLYHDX� GH�

FKDFXQH�GHV�VWUXFWXUHV�HW�OHV�SRVHV VRQW�FRPSDUpHV�j�FHOOH�GX�OLJDQG�GH�UpIpUHQFH����

������������ 0HVXUHV�G¶pYDOXDWLRQ�GHV�SRVHV

$ILQ�G¶DSSUpFLHU� OD� ILGpOLWp�GH� OD�SRVH�JpQpUpH�SDU� OH�GRFNLQJ�SDU� UDSSRUW�j� OD�FRQIRUPDWLRQ�

REVHUYpH� GDQV� OD� VWUXFWXUH� H[SpULPHQWDOHPHQW� UpVROXH�� SOXVLHXUV� PHVXUHV� SHXYHQW� rWUH�

HIIHFWXpHV��/D�SOXV�SRSXODLUH�HVW�OD�PHVXUH�GH�O¶pFDUW�TXDGUDWLTXH�PR\HQ���5RRW�0HDQ�6TXDUH�

'HYLDWLRQ�� 506'�� HQ� UDLVRQ� GH� VD� VLPSOLFLWp�� VRQ� REMHFWLYLWp� HW� VD� VHQVLELOLWp �����$LQVL�� OH�

506'�pYDOXH�OD�GLVWDQFH�HQWUH�OD�SRVLWLRQ�GHV�DWRPHV��JpQpUDOHPHQW�DWRPHV�ORXUGV��HQWUH�OD�

VWUXFWXUH�H[SpULPHQWDOH�HW�OD�VWUXFWXUH�SUpGLWH������3OXV�OD�YDOHXU�GX 506'�HVW�IDLEOH��PHLOOHXUH�

VHUD�MXJpH�OD�TXDOLWp�GH�OD�SUpGLFWLRQ�GHV�SRVHV�GH�OD�PpWKRGH�GH�GRFNLQJ� /D�IRUPXOH�GX�506'�

HVW�OD�VXLYDQWH

ܦܵܯܴ ሺݒǡݓሻ ൌ ඩ
ͳ

݊
෍ሺሺݒ௜௫ െ ௜௫ሻݓ

ଶ ൅ ൫ݒ௜௬ െ ௜௬൯ݓ
ଶ
൅ ሺݒ௜௭ െ ௜௭ሻݓ

ଶ

௡

௜ୀଵ

7HO�TXH �

௜ݒ HWݓ�௜ ��OHV�DWRPHV�LGHQWLTXHV�HQWUH�OD�VWUXFWXUHV�H[SpULPHQWDOH�HW�OD�VWUXFWXUH�SUpGLWH�

[��\�HW�] ��OHV�FRRUGRQQpHV�FDUWpVLHQQHV

Q ��/H�QRPEUH�G¶DWRPHV�WRWDO

,O�HVW�SRVVLEOH�GH�FDOFXOHU�XQ�506'�PR\HQ�SRXU�pYDOXHU�OD�TXDOLWp�GH�WRXWHV�OHV�SRVHV�JpQpUpHV�

SDU�OH�GRFNLQJ��'DQV�FH�FDV�Oj��LO�HVW�SRVVLEOH�G¶REWHQLU�GHV�GLYHUJHQFHV�HQWUH�OD�YDOHXU�PR\HQQH�

HW� OHV�YDOHXUV� LQGLYLGXHOOHV�GH�506'�� ,O� HVW� GRQF�SUpIpUDEOH�GH FDOFXOHU� O¶HUUHXU� UHODWLYH�DX

GpSODFHPHQW��5'(��TXL�SHUPHW�GH�UpGXLUH�O¶LPSDFW�GH�FHV�JUDQGHV�GLYHUJHQFHV ���� /D�IRUPXOH�

HVW�OD�VXLYDQWH�
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7HO�TXH

1 ��OH�QRPEUH�G¶DWRPHV�

௜௜ᇱܦ ��OD�GpYLDWLRQ�GH�O¶DWRPH�L�SDU�UDSSRUW�j�O¶DWRPH�L¶

���� (YDOXDWLRQ�GHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�

/¶pYDOXDWLRQ�GHV�PpWKRGHV�GH�FULEODJH�VH�IDLW�JpQpUDOHPHQW�VXU�OD�EDVH�GH�PpWULTXHV�JpQpULTXHV�

HW�GHV�PHVXUHV�G¶HQULFKLVVHPHQW��$ILQ�GH�SRXYRLU�FDOFXOHU�FHV�GHUQLqUHV��QRXV�DYRQV�EHVRLQ�GH�

FKLPLRWKqTXHV�GLWHV�G¶pYDOXDWLRQ��

������ /HV�EDQTXHV�G¶HQWUDvQHPHQW���G¶pYDOXDWLRQ

/HV�EDQTXHV�G¶pYDOXDWLRQ�FRQWLHQQHQW�GHV�FRPSRVpV�GRQW�O¶DFWLYLWp�SRXU�XQH�RX�SOXVLHXUV�FLEOHV�

D� pWp� PHVXUpH�� *pQpUDOHPHQW�� GHV� FRPSRVpV� GLWV� DFWLIV�� L�H�� TXL� RQW� GpPRQWUp� XQH� DFWLYLWp�

ELRORJLTXH�FRQWUH�XQH�FLEOH�SDUWLFXOLqUH��\�VRQW�UDVVHPEOpV�DYHF�XQ�QRPEUH�G¶DXWUHV�PROpFXOHV�

TXDOLILpHV�G¶LQDFWLYHV��,GpDOHPHQW��FHV LQDFWLIV�RQW�DXVVL�pWp�WHVWpV�H[SpULPHQWDOHPHQW�SRXU�OD�

PrPH�DFWLYLWp�ELRORJLTXH�HW�Q¶RQW�SDV�GpPRQWUp�G¶HIIHW��0DOKHXUHXVHPHQW��FH�Q¶HVW�SDV�WRXMRXUV�

OH� FDV� FDU� OHV� UpVXOWDWV� QpJDWLIV� GDQV� OHV� WHVWV� H[SpULPHQWDX[� VRQW� UDUHPHQW� UHQVHLJQpV�� 3DU�

FRQVpTXHQW� GHV�OHXUUHV�RX�© GHFR\V ª�SHXYHQW�rWUH�XWLOLVpV�HQ�WDQW�TX¶LQDFWLIV�GDQV�OHV�EDQTXHV�

G¶pYDOXDWLRQ������/¶pWDSH�GH�VpOHFWLRQ�GHV�GHFR\V HVW�WUqV�LPSRUWDQWH�ORUV�GH�OD�SUpSDUDWLRQ�GH�OD�

EDVH�GH�GRQQpHV��/RUV�GH�FHWWH�pWDSH��GHV�ELDLV�SHXYHQW�VXUYHQLU�QRWDPPHQW�XQ�ELDLV�G¶DQDORJLH�

�OH�PDQTXH�GH�GLYHUVLWp�DX�VHLQ�GHV�GHFR\V���RX�XQ�ELDLV�GH�FRPSOH[LWp��OHV�GHFR\V VpOHFWLRQQpV�

VRQW�PRLQV�FRPSOH[HV�FKLPLTXHPHQW�HW�GRQF�IDFLOHPHQW�pOLPLQpV��TXL�SHXYHQW�HQWUDvQHU�XQH�

VXUHVWLPDWLRQ�GHV�SHUIRUPDQFHV�GHV�PpWKRGHV�H[SORUpHV��$� O¶LQYHUVH�� O¶XWLOLVDWLRQ�GH�GHFR\V�

SHXW�rWUH�DVVRFLpH�j�XQH�VRXV�HVWLPDWLRQ�GHV�SHUIRUPDQFHV�GHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�j�

FDXVH�GH�O¶LQFRUSRUDWLRQ�GH�IDX[�SRVLWLIV��(Q�HIIHW��OHV�GHFR\V�pWDQW�SLRFKpV�DOpDWRLUHPHQW��GHV�

PROpFXOHV�DFWLYHV�SHXYHQW�rWUH�LQWpJUpHV�SDU�HUUHXU�HW�GRQF�LPSDFWHU�OHV�SHUIRUPDQFHV��,O�H[LVWH�

SOXVLHXUV�VWUDWpJLHV�SRXU�VXUPRQWHU�FHV�ELDLV�FRPPH�LPSRVHU�OD�GLYHUVLWp�VWUXFWXUDOH�DX[�DFWLIV�

SDU�UDSSRUW�DX[�GHFR\V SRXU�pYLWHU�OH�ELDLV�G¶DQDORJLH���� RX�HQFRUH�HQ�LPSRVDQW�XQH�VLPLODULWp�

SK\VLFR�FKLPLTXH�HQWUH�OHV�DFWLIV�HW�OHV�GHFR\V SRXU�pYLWHU�OH�ELDLV�GH�FRPSOH[LWp������'¶DXWUHV�

HIIRUWV�VRQW�PHQpV�GDQV�OH VHQV�GH�UDWLRQDOLVHU�OD�VpOHFWLRQ�GHV�GHFR\V�FRPPH�QRWDPPHQW�OD�
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GLYHUVLILFDWLRQ�GHV�FLEOHV�LQWpJUpHV�DX[�EDVHV�GH�GRQQpHV�G¶pYDOXDWLRQ��1pDQPRLQV��OD�PDQLqUH�

OD�SOXV�HIILFDFH�UHVWH�O¶LQWpJUDWLRQ�GH�GRQQpHV�QpJDWLYHV�H[SpULPHQWDOHV���������

������ /HV�PpWULTXHV�G¶pYDOXDWLRQ

�������� 0pWULTXHV�JpQpULTXHV

/H�EXW�GHV�RXWLOV�GH�FULEODJH�YLUWXHO�HVW�GH�SUpGLUH�OH�SOXV�ILGqOHPHQW�SRVVLEOH�GHX[�FDWpJRULHV�

GH�PROpFXOHV ��OHV�DFWLIV�HW�OHV�LQDFWLIV��,O�V¶DJLW�GRQF�G¶XQ�SUREOqPH�GH�FODVVLILFDWLRQ�SRXU�OHTXHO

��GHVFULSWHXUV�VRQW�GpILQLV ��OHV�YUDLV�SRVLWLIV��93����OHV�YUDLV�QpJDWLIV��91���OHV�IDX[�SRVLWLIV�

�)3��HW�OHV�IDX[�QpJDWLIV��)1���/HV�93�HW�OHV�91�UHSUpVHQWHQW�OD�IUDFWLRQ�GHV�PROpFXOHV�GRQW�

O¶DFWLYLWp�D�pWp�FRUUHFWHPHQW�SUpGLWH�HW�YLFH�YHUVD�SRXU�OHV�)3�HW�)1��

)LJXUH��� ��0DWULFH�GH�FRQIXVLRQ RX�WDEOHDX�FURLVp

$LQVL�j�SDUWLU�GH�FHV���GHVFULSWHXUV��LO�HVW�SRVVLEOH�GH�FDOFXOHU�XQ�HQVHPEOH�GH�PpWULTXHV�XWLOHV�

SRXU�O¶pYDOXDWLRQ�GH�OD�TXDOLWp�GX�FULEODJH��/HV�PHVXUHV�OHV�SOXV�SRSXODLUHV�VRQW�OD�VHQVLELOLWp�

�6H� HW�OD�VSpFLILFLWp��6S���&HSHQGDQW��DXFXQH�GH�FHV�GHX[ PpWULTXHV�QH�UHQG�FRPSWH�GH�WRXWHV�

OHV�LQIRUPDWLRQV�GH�OD�PDWULFH�GH�FRQIXVLRQ��¬�PRLQV�TXH�OH�QRPEUH�G¶DFWLIV�HW�G¶LQDFWLIV�VRLHQW�

pJDX[��OHV�YDOHXUV�GH�OD�6H HW�6S SHXYHQW�rWUH�ELDLVpHV��YRLUH�GpQXpHV�GH�VHQV������(Q�UpDOLWp��OHV�

EDQTXHV� GH� GRQQpHV� VRQW� JpQpUDOHPHQW� WUqV� DV\PpWULTXHV� DYHF� XQH� SURSRUWLRQ� G¶LQDFWLIV�

VXSpULHXUH� j� FHOOH� GHV� DFWLIV�� 'LIIpUHQWHV� DSSURFKHV� H[LVWHQW� SRXU� SDOOLHU� FH� SUREOqPH� GH�

PpWULTXHV��/D�SOXV�VLPSOH�FRQVLVWH�j�UpGXLUH�OD�WDLOOH�GH�OD�FODVVH�GH�GRQQpHV�OD�SOXV�LPSRUWDQWH�

SRXU�TX¶HOOH�FRUUHVSRQGH�j�FHOOH�GH�OD�FODVVH�OD�SOXV�SHWLWH��7RXWHIRLV��FHFL�LQWqJUHUDLW�XQ�ELDLV�

GH�UHSUpVHQWDWLYLWp�FDU�OD�UpDOLWp�GH�O¶HVSDFH�FKLPLTXH�HVW�TXH�OH�GpVpTXLOLEUH�LQDFWLIV��DFWLIV�HVW�

WRXMRXUV�SUpVHQW�SRXU�XQH�FLEOH GRQQpH�����,O�IDXGUDLW�GRQF�DYRLU�UHFRXUV�j�GHV�PpWULTXHV�TXL�

SUHQQHQW FRPSWH� GH� FH� GpVpTXLOLEUH��/¶$FFXUDF\�� OH� FRHIILFLHQW� GH� FRUUpODWLRQ� GH�0DWWKHZV�
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�0&&� HW� OH� VFRUH� )� �PRLQV� SRSXODLUH� �� FRQWUDLUHPHQW� j� OD� 6H HW� OD� 6S�� XWLOLVHQW� WRXWH�

O¶LQIRUPDWLRQ�IRXUQLH�SDU�OD�PDWULFH��F�I )LJXUH�����HW�VHUDLHQW�GRQF�PLHX[�DGDSWpV�GDQV�OH�FDV�

G¶XQ�GpVpTXLOLEUH�GH�FODVVHV�

7DEOHDX�� ��/HV�GLIIpUHQWHV�PpWULTXHV XWLOLVpHV�SRXU�YDOLGHU�OHV�PpWKRGHV�GH�FULEODJH��

3RXU�WRXWHV�OHV�PpWULTXHV��OD�PHLOOHXUH�SHUIRUPDQFH�HVW�OD SOXV SURFKH�GH��� 3RXU�OH�0&&����

LQGLTXH�XQH�SDUIDLWH�FRUUpODWLRQ�QpJDWLYH����XQH�FODVVLILFDWLRQ�DOpDWRLUH�HW���XQH�FRUUpODWLRQ�

SDUIDLWH

0pWULTXH )RUPXOH ,QWHUYDOOH

6HQVLELOLWp ܵ݁ ൌ
ܶܲ

ܶܲ ൅ ܰܨ
>� ��@

6SpFLILFLWp ݂݌ܵ ൌ
ܶܰ

ܶܰ ൅ ܲܨ
>� ��@

$FFXUDF\ ܿܿܣ ൌ
ܶܲ ൅ ܶܰ

ܶܲ ൅ ܶܰ ൅ ܲܨ ൅ ܰܨ
>� ��@

0DWWKHZV�

&RUUHODWLRQ�

&RHIILFLHQW

ܥܥܯ

ൌ
ܶܲ כ ܶܰ െ ܲܨ כ ܰܨ

ඥሺܶܲ ൅ ሻܲܨ כ ሺܶܲ ൅ ሻܰܨ כ ሺܶܰ ൅ ሻܲܨ כ ሺܶܰ ൅ ሻܰܨ

>�� ��@

)��VFRUH ͳܨ ൌ
ʹ כ ܶܲ

ʹ כ ܶܲ ൅ ܲܨ ൅ ܰܨ
>� ��@

�������� /D�FRXUEH�52&

/D�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLFV FXUYH RX�FRXUEH�52&�SHUPHW�G¶DQDO\VHU�YLVXHOOHPHQW�OHV�

SHUIRUPDQFHV�JOREDOHV�G¶XQH�PpWKRGH�GH� FULEODJH��(Q�HIIHW�� HOOH� UHSUpVHQWH� OD� VHQVLELOLWp� HQ�

IRQFWLRQ� GH� ���VSpFLILFLWp�� RX� HQ� G¶DXWUHV� WHUPHV� OH� SRXUFHQWDJH� G¶DFWLIV� HQ� IRQFWLRQ� GX�

SRXUFHQWDJH�G¶LQDFWLIV��'DQV�XQ�FDV�LGpDO��WRXV�OHV�FRPSRVpV�DFWLIV�VRQW�FODVVpV�DYDQW�OHV�LQDFWLIV�

SDU�OD�PpWKRGH�GH�FULEODJH�YLUWXHO�pWXGLpH��/D�FRXUEH�FRUUHVSRQGDQWH�LOOXVWUHUD�FH�FODVVHPHQW�

HQ�PRQWDQW�MXVTX¶j�������SXLV FRQWLQXH�WRXW�GURLW�YHUV�OD�GURLWH�DYHF�WRXV�OHV�71��8Q�FODVVHPHQW�

DOpDWRLUH� VLWXHUDLW� OD� FRXUEH� VXU� OD� GLDJRQDOH�� F¶HVW�j�GLUH� XQ� PpODQJH� GH� YUDLHV� HW� IDXVVHV�

SUpGLFWLRQV�� 3OXV� OD� FRXUEH� PRQWH� UDSLGHPHQW�� PHLOOHXUH� HVW� OD� SHUIRUPDQFH� JOREDOH� GH� OD�

PpWKRGH��,O�HVW�j�QRWHU�TX¶RQ�SHXW�FRPSDUHU�GLIIpUHQWHV�PpWKRGHV�HQ�XWLOLVDQW�O¶DQDO\VH�52&�

XQLTXHPHQW�ORUVTXH�OH�PrPH�HQVHPEOH�GH�GRQQpHV�HVW�XWLOLVp������
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)LJXUH��� � $QDO\VH�GH�OD�FRXUEH�52&��/D�FRXUEH�TXL�V¶pOqYH�OH�SOXV�FRUUHVSRQG�j�XQH�

PHLOOHXUH�PpWKRGH��6L�OHV�FRXUEHV�VH�FURLVHQW��FHOD�VLJQLILH�TXH�OD�FRPSDUDLVRQ�Q¶D�SOXV�GH�

VHQV�G¶DSUqV����

3DU� DLOOHXUV�� O¶DLUH� VRXV� OD� FRXUEH� 52&� �$8&�� SHXW� rWUH� XWLOLVpH� FRPPH� PHVXUH� GH� OD�

SHUIRUPDQFH� GHV� SUpGLFWLRQV� �IRUPXOH���(OOH� UHSUpVHQWH� DSSUR[LPDWLYHPHQW� OD� SUREDELOLWp� GH�

FODVVHU�XQ�FRPSRVp�DFWLI�FKRLVL�DX�KDVDUG�SOXV�KDXW�TX¶XQ�LQDFWLI�FKRLVL�DX�KDVDUG��/HV�YDOHXUV�

G¶$8&�VRQW�FRPSULVHV�HQWUH���HW����XQH�YDOHXU�GH�����LQGLTXH�TXH�OD�SHUIRUPDQFH�GH�OD�PpWKRGH�

HVW�DVVLPLODEOH�j�O¶DOpDWRLUH�WDQGLV�TX¶XQH�YDOHXU�GH���HVW�DVVRFLpH�j�XQH�SHUIRUPDQFH�LGpDOH��

ܥܷܣ ൌ ෍ሾܵ݁௜ାଵ
௜

ሺܵ݌௜ାଵ െ ௜ሻሿ݌ܵ

,O� IDXW�JDUGHU�j� O¶HVSULW�TXH� OD�FRXUEH�52&�Q¶LQGLTXH�SDV�GLUHFWHPHQW� OD�SHUIRUPDQFH�G¶XQH�

PpWKRGH��(OOH�PRQWUH�OH�SRWHQWLHO�GH�FODVVHPHQW�GH�OD�PpWKRGH��TXL�HVW� OLp�j� OD�SHUIRUPDQFH�

JOREDOH��FH�TXL�UHQIRUFH�HQFRUH�OH�IDLW�TX¶XQH�VHXOH�PHVXUH�QH�SHXW�SDV�GpFULUH�HQWLqUHPHQW�OD�

SHUIRUPDQFH�SUpGLFWLYH��/H�PHLOOHXU�PR\HQ�SRXU� pYDOXHU�XQH�PpWKRGH� UHVWH�XQH� DQDO\VH�GH�

WRXWHV�OHV�PpWULTXHV�HW�VXUWRXW�OHXU�FRQWH[WXDOLVDWLRQ������

�������� 0pWULTXH�G¶HQULFKLVVHPHQW

/H�IDFWHXU�G¶HQULFKLVVHPHQW��()��HVW�FDOFXOp�JpQpUDOHPHQW�SRXU�XQH�IUDFWLRQ�GH�OD�FKLPLRWKqTXH�

�JpQpUDOHPHQW�����HW�����������

ሺ௡ȀேሻΨכଵ଴଴ܨܧ ൌ
ܶܲ

݊ൗ

ሺܶܲ ൅ ሻܰܨ
ܰ
ൗ

(TXDWLRQ� GH�PHVXUH� GH� O¶HQULFKLVVHPHQW� SRXU� OD� IUDFWLRQ� Q�1��� GH� OD� FKLPLRWKqTXH� R�� Q ��

QRPEUH�GH�FRPSRVpV�GDQV�OD�IUDFWLRQ�GH�OD�FKLPLRWKqTXH�pWXGLpH��1 ��QRPEUH�WRWDO�GH�FRPSRVpV�

GDQV�OD�FKLPLRWKqTXH�
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&HWWH�PpWULTXH� SHUPHW� G¶pYDOXHU� OD� FDSDFLWp� G¶XQH�PpWKRGH� j� UHWURXYHU� OHV� DFWLIV� GDQV� XQH�

IUDFWLRQ�GRQQpH�HQ�FRPSDUDLVRQ�j�XQH�VpOHFWLRQ�DOpDWRLUH��/¶()�SHUPHW�GRQF�XQH�PHVXUH�G¶XQH�

SHUIRUPDQFH� VXU� XQH� IUDFWLRQ� G¶LQWpUrW� FRQWUDLUHPHQW� j� O¶$8&� TXL� HVW� XQH� PHVXUH� GH�

SHUIRUPDQFH�JOREDOH��/¶() HVW�GRQF�SDUWLFXOLqUHPHQW�LQWpUHVVDQW�GDQV�OH�FDV�GX�FULEODJH�YLUWXHO�

GDQV�OHTXHO�XQH�IUDFWLRQ�GH�FRPSRVpV�OHV�PLHX[�FODVVpV�DSUqV�OH�FULEODJH�YLUWXHO�YRQW�rWUH�pWXGLpV�

H[SpULPHQWDOHPHQW�� 7RXW� FRPPH� OHV� 6H� HW� OD� 6S�� O¶()� HVW� WULEXWDLUH� GX� UDWLR� HQWUH� DFWLIV� HW�

LQDFWLIV��'H�SOXV��LO�SUpVHQWH�XQH�GHX[LqPH�IDLEOHVVH�TXL�HVW�VD�QRQ�VHQVLELOLWp�j�OD�GLVWULEXWLRQ�

GHV�DFWLIV�GDQV�OD�IUDFWLRQ�pWXGLpH��&HOD�YHXW�GLUH�TXH�SRXU�GHX[�PpWKRGHV�FDSDEOHV�GH�UHWURXYHU�

OH�PrPH�QRPEUH�G¶DFWLIV�GDQV�OHV�SUHPLHUV�Q���OH�()�QH�SHUPHW�SDV�GH�VDYRLU�ODTXHOOH�UHWURXYH�

SOXV�G¶DFWLIV�SOXV�W{W��/D�FRXUEH�GH�52&�SHUPHW�GH�SDOOLHU�FH�GpIDXW�FH�TXL�H[SOLTXH�SRXUTXRL�

HOOH�HVW�JpQpUDOHPHQW�SUpIpUpH�DX[�FRXUEHV�G¶HQULFKLVVHPHQWV�������

������ ,PSRUWDQFH�GHV�PpWULTXHV�HQ�IRQFWLRQ�GX�FRQWH[WH�

6HORQ�OH�FRQWH[WH�GDQV�OHTXHO�OHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�VRQW�DSSOLTXpV�PDLV�DXVVL�VHORQ�

OHV�FDSDFLWpV�H[SpULPHQWDOHV�DVVRFLpHV�SRXU�YpULILHU�OHV�SUpGLFWLRQV��XQH�LPSRUWDQFH�SOXV�JUDQGH�

SHXW�rWUH�GRQQpH�j�XQ�SDUDPqWUH�G¶pYDOXDWLRQ�GH�FHV�PpWKRGHV��$LQVL��GDQV OH�FRQWH[WH�GH�OD�

UHFKHUFKH�GH�FDQGLGDWV�PpGLFDPHQWV�DVVLVWpH SDU�RUGLQDWHXU��O¶REMHFWLI�HVW�GH�UpGXLUH�OH�JUDQG�

QRPEUH� GH� FRPSRVpV� j� WHVWHU� H[SpULPHQWDOHPHQW j� XQ� SOXV� SHWLW� QRPEUH� SRWHQWLHOOHPHQW�

RSWLPLVDEOH�� 'DQV� FH� FRQWH[WH�Oj�� OHV� IDX[� QpJDWLIV SHXYHQW� rWUH� WROpUpV PDLV QH� VRQW SDV�

FULWLTXHV��(Q�WR[LFRORJLH��OH�EXW�GX�FULEODJH�YLUWXHO�HVW�GH�SULRULVHU�OHV�PROpFXOHV�SRWHQWLHOOHPHQW�

WR[LTXHV�j�WHVWHU�HQ�XUJHQFH�j�O¶DLGH�GH�PpWKRGHV�H[SpULPHQWDOHV DILQ�G¶LGHQWLILHU�HW�SUpVHUYHU�

O¶H[SRVLWLRQ� KXPDLQH� HW� HQYLURQQHPHQWDOH� j� FHV� FRPSRVpV�� 'H� FH� IDLW�� LO� HVW� LPSRUWDQW� GH�

FRUUHFWHPHQW� SUpGLUH� OH� SRWHQWLHO� WR[LTXH� GH� WRXV� OHV� FRPSRVpV� FKLPLTXHV� HW� GH� UpGXLUH� DX�

PD[LPXP�OH�QRPEUH�GH�IDX[�QpJDWLIV���



��

��/HV�SHUWXUEDWHXUV�HQGRFULQLHQV�

/¶pYDOXDWLRQ�GHV�ULVTXHV�HQ�WR[LFRORJLH�FRPPH�DERUGpH�SOXV�W{W�HVW�FUXFLDOH�j�OD�IRLV�SRXU�OHV�

IXWXUV� FDQGLGDWV�PpGLFDPHQWV�PDLV� DXVVL� SRXU� JDUDQWLU� OD� VpFXULWp GHV� FRPSRVpV� SURYHQDQW�

G¶LQGXVWULHV�FKLPLTXHV DLQVL�TXH�OHV�FRPSRVpV�HQYLURQQHPHQWDX[��8QH�FDWpJRULH�SDUWLFXOLqUH�

GH�FRPSRVpV�D�GRQQp�OLHX�j�GH�QRPEUHXVHV�pWXGHV�WR[LFRORJLTXHV��,O�V¶DJLW�GHV�3HUWXUEDWHXUV�

(QGRFULQLHQV��3(���/HV�WUDYDX[�PHQpV�SHQGDQW�FHV���DQQpHV�GH�WKqVHV�RQW�SRUWp�VXU�FHWWH�IDPLOOH�

GH�FRPSRVpV��'DQV�FHWWH�SDUWLH��QRXV�FRPPHQFHURQV�SDU�GpILQLU�FH�JURXSH�GH�PROpFXOHV��OHXUV�

PpFDQLVPHV�G¶DFWLRQ�HW�OHV�FRQVpTXHQFHV�GH�O¶H[SRVLWLRQ�j�FHV�3(��(QVXLWH��QRXV�DERUGHURQV�

OHV� WHVWV� ELRORJLTXHV� XWLOLVpV� SRXU� OHV� LGHQWLILHU� DLQVL� TXH� OHV� FDUDFWpULVWLTXHV� FKLPLTXHV� HW�

VWUXFWXUDOHV� SURSUHV� j� FH� JURXSH�� (QILQ�� QRXV� WHQWHURQV� GH� FRQWH[WXDOLVHU� OH� SUREOqPH� GHV�

SHUWXUEDWHXUV�HQGRFULQLHQV�HW�OH�EHVRLQ�GH�GpYHORSSHU�GHV�PRGqOHV�LQ�VLOLFR SRXU�OHV�SUpGLUH��

���� 'pILQLWLRQ

/H� VXMHW� GHV�SHUWXUEDWHXUV� HQGRFULQLHQV� �3(��D� pWp� DERUGp�SRXU� OD�SUHPLqUH� IRLV� HQ� WDQW�TXH�

SUREOqPH�GH�VDQWp�SXEOLTXH�HW�HQYLURQQHPHQWDOH PRQGLDO�ORUV�GX�© VRPPHW�GH�5LR ª HQ�������

'HSXLV��OHV�3(�VRQW�UpJOHPHQWpV�SDU�GLYHUV�RUJDQLVPHV�LQWHUQDWLRQDX[�FRPPH�O¶RUJDQLVDWLRQ�GH�

FRRSpUDWLRQ� HW� GH� GpYHORSSHPHQW� pFRQRPLTXH� �2(&'��� OD� )RRG� DQG� GUXJ� DGPLQLVWUDWLRQ��

�)'$��� O¶DJHQFH� DPpULFDLQH� GH� SURWHFWLRQ� GH� O¶HQYLURQQHPHQW� �(3$�� OHV� 1DWLRQV� 8QLHV� HW�

O¶RUJDQLVDWLRQ�PRQGLDOH�GH�OD�VDQWp��206�������3OXVLHXUV�GpILQLWLRQV�GHV�3(�RQW�pWp�SURSRVpHV�

PDLV�F¶HVW�FHOOH�GH�O¶206�TXL�HVW�OD�SOXV�FRPPXQpPHQW�XWLOLVpH��(OOH�GpILQLW�XQ�3(�FRPPH�XQH�

VXEVWDQFH� RX� XQ�PpODQJH� GH� VXEVWDQFHV� H[RJqQHV TXL� DOWqUH� OD� RX� OHV� IRQFWLRQV� GX� V\VWqPH�

HQGRFULQLHQ�HW�SURYRTXH�SDU�FRQVpTXHQW�GHV�HIIHWV�LQGpVLUDEOHV�GDQV�XQ�RUJDQLVPH�LQWDFW��RX�VD�

SURJpQLWXUH��RX�GHV��VRXV��SRSXODWLRQV����������

������ 3RLQWV�GH�GLVFRUGH

/D�YDULpWp�GH�GpILQLWLRQV�H[LVWDQWHV�HW�OH�IDLW�TX¶DXFXQH�KDUPRQLVDWLRQ�Q¶D�pWp�IDLWH�HVW�FDXVp�SDU�

OD�GLYHUJHQFH�VXU�GLIIpUHQWHV�TXHVWLRQV��8Q�SUHPLHU�SRLQW�GH�GLVFRUGH�FRQFHUQH OD�TXHVWLRQ�GHV�

GRVHV� G¶H[SRVLWLRQV� DLQVL� TXH� GHV�PpODQJHV� �F�I� ������ )DFWHXUV� LQIOXHQoDQW� OHV�PpFDQLVPHV�

G¶DFWLRQ������%LHQ�TXH�FHWWH�GHUQLqUH�DLW�pWp�VRXOLJQpH�GDQV�OH�UDSSRUW�GH�O¶('67$&�HQ�������LO�

Q¶H[LVWH�DFWXHOOHPHQW�DXFXQ�PpFDQLVPH�SHUPHWWDQW�G¶LQWpJUHU�FHWWH�TXHVWLRQ�GDQV�OHV�VWUDWpJLHV�

GH� WHVWV ELRORJLTXHV� ��� �� 0DLV� OH� SULQFLSDO� SRLQW� GH� GLVFRUGH� UHVWH� O¶XWLOLVDWLRQ� GX� WHUPH�



��

© QpIDVWH ª�SRXU�GpILQLU�XQ�3(��(Q�HIIHW��SRXU�TX¶XQ�SURGXLW�FKLPLTXH�VRLW�UpJOHPHQWp��LO�IDXW�

GpPRQWUHU�TX¶LO�LQGXLW�XQ�HIIHW�QpIDVWH��PDLV�FHWWH�TXHVWLRQ�UHVWH FRPSOH[H�GDQV�OH�GRPDLQH�GHV�

SHUWXUEDWHXUV� HQGRFULQLHQV� HQ� UDLVRQ� GH� OD� GRXEOH� QDWXUH� GX� SKpQRPqQH�� 3DU� H[HPSOH��

O¶°VWURJpQLFLWp� HQ� VRL� Q¶HVW� SDV� XQ� HIIHW� LQGpVLUDEOH�� F¶HVW� XQ� PpFDQLVPH� QDWXUHO� G¶DFWLRQ�

KRUPRQDOH�FRQWU{Op�SDU�GHV�PpFDQLVPHV�KRPpRVWDWLTXHV��&HSHQGDQW��XQ�SURGXLW�FKLPLTXH�DX[�

SURSULpWpV�°VWURJpQLTXHV�DJLVVDQW�KRUV�FRQWH[WH�GDQV�OH�V\VWqPH�HQGRFULQLHQ��RX�j�XQ�PRPHQW�

FULWLTXH�GX�GpYHORSSHPHQW��SHXW�SRWHQWLHOOHPHQW� LQGXLUH�XQ�HIIHW� LQGpVLUDEOH� $�FHW�pJDUG��OD�

VRFLpWp�G¶HQGRFULQRORJLH�SUpFLVH�TX¶LO�Q¶HVW�SDV�QpFHVVDLUH�TX¶XQ�SURGXLW�FKLPLTXH�SURYRTXH�

GHV�HIIHWV�LQGpVLUDEOHV�SRXU�rWUH�FRQVLGpUp�FRPPH�XQ�3(��GqV�ORUV�TX¶LO�LQWHUIqUH�DYHF�XQ�DVSHFW�

TXHOFRQTXH� GH� O¶DFWLRQ� KRUPRQDOH�� (Q� HIIHW�� OHV� 3(� QH� SHXYHQW� SDV� rWUH� WUDLWpV FRPPH� GHV�

WR[LQHV�RUGLQDLUHV�HW�OHXU�GpILQLWLRQ�GRLW�rWUH�HQFDGUpH�SDU�GHV�SULQFLSHV�G¶HQGRFULQRORJLH�DILQ�

GH�PLHX[�FRQFHYRLU�OH�FULEODJH�HW�OHV WHVWV�ELRORJLTXHV�YLVDQW�j�GpWHFWHU�OHV�VXEVWDQFHV�FKLPLTXHV�

VXVFHSWLEOHV�GH�SHUWXUEHU�OH�V\VWqPH�HQGRFULQLHQ������������͘

������ 6RXUFHV�GH�FRQWDPLQDWLRQ�

/HV�3(�VRQW�GHV�FRPSRVpV�SRXU�OD�SOXSDUW�V\QWKpWLTXHV�G¶RULJLQH�LQGXVWULHOOH��PrPH�VL�FHUWDLQV�

RQW�XQH�RULJLQH�QDWXUHOOH������/HV�3(�VRQW�SUpVHQWV�GDQV�GH�QRPEUHX[�SURGXLWV��QRWDPPHQW�OHV�

ERXWHLOOHV� HQ� SODVWLTXH�� OHV� ERvWHV� GH� FRQVHUYH� HQ� PpWDO�� OHV� GpWHUJHQWV�� OHV� UHWDUGDWHXUV� GH�

IODPPH��OHV�DOLPHQWV��OHV�MRXHWV��OHV�FRVPpWLTXHV�HW�OHV�SHVWLFLGHV�TXL�FRQVWLWXH OD�FDWpJRULH�GH�

SURGXLWV� j VXVFLWHU O¶LQWpUrW SRXU� OHV� 3( HQ� SUHPLHU� ������������� /HV� DOLPHQWV� FRQVWLWXHQW� OD�

SULQFLSDOH�YRLH�G¶H[SRVLWLRQ�DX[�3(��'H�SOXV��O¶DXJPHQWDWLRQ�GHV�SURGXLWV�PpQDJHUV�FRQWHQDQW�

GHV�SROOXDQWV�HW�OD�GLPLQXWLRQ�GH�OD�YHQWLODWLRQ�GHV�EkWLPHQWV�IRQW�GH O¶DLU�LQWpULHXU�XQH�VRXUFH�

LPSRUWDQWH� G¶H[SRVLWLRQ� DX[� SHUWXUEDWHXUV� HQGRFULQLHQV�� 3OXVLHXUV� VXEVWDQFHV�

HQYLURQQHPHQWDOHV��\�FRPSULV�GHV�PpWDX[�ORXUGV��TXL�VHPEOHQW�DJLU�FRPPH�GHV�SHUWXUEDWHXUV�

HQGRFULQLHQV� RQW�pWp�VLJQDOpHV��'H�QRPEUHXVHV�pWXGHV�RQW�GpPRQWUp�TXH� OHV�WLVVXV�KXPDLQV��

QRWDPPHQW�OHV�UHLQV��OH�IRLH�HW�OHV�WHVWLFXOHV��VRQW�VHQVLEOHV�j�OD�WR[LFLWp�GHV�PpWDX[�ORXUGV�OLEpUpV�

GDQV� O¶HQYLURQQHPHQW� SDU� OHV� SURGXLWV� LQGXVWULHOV� HW� DJULFROHV�� /¶H[SRVLWLRQ� DX� WDEDF�� HQ�

SDUWLFXOLHU�HVW�OD�SULQFLSDOH�VRXUFH�G¶H[SRVLWLRQ�KXPDLQH�DX[�PpWDX[�ORXUGV����������/¶+RPPH�

HVW�VRXPLV�j�XQH�H[SRVLWLRQ�FRQWLQXH�HW�VLPXOWDQpH�j�GLIIpUHQWV 3(��$LQVL��OD�ELRDFFXPXODWLRQ�

GHYLHQW�LQpYLWDEOH�GDQV�GH�QRPEUHX[�FDV��FH�TXL�SRXUUDLW�FDXVHU�GHV�GRPPDJHV�SHUPDQHQWV�SDU

GpIDXW�G¶DGDSWDWLRQ�SK\VLRORJLTXH����͘



��

)LJXUH��� � 3ULQFLSDOHV�VRXUFHV�G¶H[SRVLWLRQ�DX[�SHUWXUEDWHXUV�HQGRFULQLHQV�G¶DSUqV����

���� /H�V\VWqPH�HQGRFULQLHQ

������ *pQpUDOLWpV

/H� V\VWqPH� HQGRFULQLHQ� HVW� XQ� UpVHDX� GH� JODQGHV� HW� GH� FHOOXOHV� FDSDEOHV� GH� V\QWKpWLVHU� GHV�

KRUPRQHV�HW�GH�OHV�OLEpUHU�GDQV�OH�VDQJ��/HV�KRUPRQHV�SHXYHQW�DLQVL DWWHLQGUH�OHXUV�WLVVXV�FLEOHV�

SRXU�H[HUFHU�OHXU�IRQFWLRQ�ELRORJLTXH�VRLW�GLUHFWHPHQW�HQ�VH�OLDQW�DX[�UpFHSWHXUV�DSSURSULpV�VRLW�

LQGLUHFWHPHQW� DSUqV� OHXU� PpWDEROLVPH�� /H� V\VWqPH� HQGRFULQLHQ� FRQWU{OH� GH� QRPEUHXVHV�

IRQFWLRQV�ELRORJLTXHV�FRPPH�OH�PpWDEROLVPH��OD�FURLVVDQFH��OH�GpYHORSSHPHQW�GHV�FDUDFWqUHV�

VH[XHOV�VHFRQGDLUHV�HW�O¶DFWLYLWp�VH[XHOOH������/D VpFUpWLRQ�KRUPRQDOH�SHXW�rWUH�GpFOHQFKpH�SDU�

���� XQH� VWLPXODWLRQ� QHUYHXVH� �GpFKDUJH� G¶DGUpQDOLQH� ORUV� G¶XQ� VWUHVV� SDU� H[HPSOH��� ���� XQH�

PRGLILFDWLRQ�GH�O¶KRPpRVWDVLH��XQH�DXJPHQWDWLRQ�GH�OD�FRQFHQWUDWLRQ�HQ�JOXFRVH�GDQV�OH�VDQJ�

VWLPXOH�OD�VpFUpWLRQ�G¶LQVXOLQH�SDU�OH�SDQFUpDV��RX�����SDU�G¶DXWUHV�KRUPRQHV��OHV�KRUPRQHV�GH�

O¶K\SRSK\VH�)6+�HW�/+ TXL�VWLPXOHQW� OD�SURGXFWLRQ�G¶°VWURJqQHV�HW�GH�SURJHVWpURQH�SDU�OHV�

RYDLUHV��



��

)LJXUH��� � /H�V\VWqPH�HQGRFULQLHQ

������ /HV�+RUPRQHV�

/HV�KRUPRQHV�VRQW�GHV�PROpFXOHV�SURGXLWHV�SDU�OHV�JODQGHV�HQGRFULQHV�HQ�UpSRQVH�j�XQ�FHUWDLQ�

VWLPXOXV�HW� OLEpUpV�GDQV� OD�FLUFXODWLRQ�VDQJXLQH� ����� �/¶HIIHW�G¶XQH�KRUPRQH�HVW�GHVWLQp j XQ�

RUJDQH� FLEOH� SUpVHQWDQW� XQ� JURXSH� GH� FHOOXOHV� VSpFLILTXHV�� 6L� O¶KRUPRQH� DJLW� VXU� G¶DXWUHV�

FHOOXOHV��GHV�WURXEOHV�SDWKRORJLTXHV�SHXYHQW�VH�GpYHORSSHU��

/HV�$ILQ�G¶DWWHLQGUH�OHXUV�RUJDQHV�FLEOHV��OHV�KRUPRQHV�FLUFXOHQW�GDQV�OH�VDQJ�VRLW�GH�PDQLqUH�

DFWLYH�YLD�GHV�WUDQVSRUWHXUV�VSpFLILTXHV�VRLW�GH�PDQLqUH�SDVVLYH�VDQV�WUDQVSRUWHXUV��3HQGDQW�OH�

WUDQVSRUW�� OHV� KRUPRQHV� VRQW� VXMHWWHV� j� XQH� GpJUDGDWLRQ� HQ]\PDWLTXH�� $LQVL�� SRXU� DWWHLQGUH�

O¶RUJDQH�FLEOH�HQ�FRQFHQWUDWLRQV�VXIILVDQWHV��GH�QRPEUHXVHV�KRUPRQHV�VRQW�OLEpUpHV�SDU�O¶DFWLRQ�

FRRUGRQQpH�GH�QRPEUHXVHV FHOOXOHV HW�OD�OLEpUDWLRQ�VH�IDLW�GH�PDQLqUH�SXOVDWLOH ����

,O�H[LVWH�GLIIpUHQWHV FDWpJRULHV�G¶KRUPRQHV FRPSUHQDQW������OHV�KRUPRQHV�VWpURwGLHQQHV������OHV�

KRUPRQHV� GpULYpHV� G¶DFLGHV� DPLQpV� HW� ���� /HV� KRUPRQHV� GH� QDWXUH� SRO\SHSWLGLTXH� ����� /HV�



��

GLIIpUHQFHV�UpVLGHQW�JpQpUDOHPHQW�GDQV�XQH�GLIIpUHQFH�VWUXFWXUDOH�FH�TXL�LQGXLW�GHV�GLIIpUHQFHV�

HQ�WHUPHV OHV�FHOOXOHV�FLEOHV�HW�GH�PpFDQLVPHV�G¶DFWLRQ��

)LJXUH��� � /HV�GLIIpUHQWHV�FDWpJRULHV�G¶KRUPRQHV��/HV�GLIIpUHQFHV�VWUXFWXUDOHV�HQWUH�OHV�

GLIIpUHQWHV�FDWpJRULHV�IDLW�TXH�FHUWDLQHV�VRQW�SOXV�DSWHV�j�SDVVHU�OD�PHPEUDQH�FHOOXODLUH�HW�

DWWHLQGUH�OHV�UpFHSWHXUV�DX�QLYHDX�GX�QR\DX[��&¶HVW�OH�FDV�GHV�KRUPRQHV�VWpURwGLHQQHV�HW�GHV�

GpULYpV�G¶DFLGHV�DPLQpV�

�������� /HV�VWpURwGHV

'DQV�FHWWH�FODVVH�G¶KRUPRQHV��QRXV�WURXYRQV�OHV�HVWURJqQHV��GRQW�O¶HVWUDGLRO��HW�OHV�DQGURJqQHV�

�GRQW� OD� WHVWRVWpURQH��� OHV� FRUWLFRVWpURwGHV� HW� OHV� PLQpUDORFRUWLFRwGHV� �OH� FRUWLVRO� HW�

O¶DOGRVWpURQH��HW�OHV�KRUPRQHV�GH�JHVWDWLRQ��SURJHVWpURQH���7RXV�FHV�VWpURwGHV�VRQW�GpULYpV�GX�

FKROHVWpURO�HW�OHXU�V\QWKqVH�VH�IDLW�HQ�SOXVLHXUV�pWDSHV�QpFHVVLWDQW�SOXVLHXUV�HQ]\PHV��/H�SURGXLW�

VWpURwGLHQ�ILQDO�SHXW�rWUH�VWRFNp�GDQV�OD�FHOOXOH�PDLV�OH�SOXV�VRXYHQW��LO�HVW�OLEpUp�LPPpGLDWHPHQW�

DSUqV�V\QWKqVH�SDU�GLIIXVLRQ�GDQV�O¶HQYLURQQHPHQW�FHOOXODLUH��$LQVL��OD�OLEpUDWLRQ�G¶XQH�KRUPRQH�

VWpURwGLHQQH�HVW�UpJXOpH�QRQ�SDV�SDU�XQ�VLJQDO�GH�OLEpUDWLRQ�GH�PROpFXOHV�SUpH[LVWDQWHV��PDLV�

SDU�O¶DFWLYDWLRQ�GHV�JqQHV�UpJXODQW�O¶H[SUHVVLRQ�GH�OD�FDVFDGH�GH�V\QWKqVH ����

�������� /HV�KRUPRQHV�SRO\SHSWLGLTXHV�SURWpLTXHV

&HWWH�SUHPLqUH�FDWpJRULH�FRPSUHQG�OHV�KRUPRQHV�UpJXODQW�OD�UHSURGXFWLRQ��JRQDGRWURSKLQHV���

O¶pTXLOLEUH� pQHUJpWLTXH� �LQVXOLQH�� RX� OD� SUHVVLRQ� DUWpULHOOH� �DQJLRWHQVLQHV��� 'H� SOXV� G¶DXWUHV�



��

KRUPRQHV�UHVSRQVDEOHV�UpJXODQW�OD�V\QWKqVH�GH�FHUWDLQHV�KRUPRQHV�DSSDUWLHQQHQW�DXVVL�j�FHWWH�

FDWpJRULH� FRPPH� O¶KRUPRQH� GH� OLEpUDWLRQ� GHV� JRQDGRWURSKLQHV� �*Q5+�� HW� O¶KRUPRQH� GH�

OLEpUDWLRQ� GH� O¶KRUPRQH� GH� FURLVVDQFH� �*+5+��� HW� OHV� KRUPRQHV� FRQWU{ODQW� O¶DOLPHQWDWLRQ��

FRPPH� OD� OHSWLQH� HW� OH� QHXURSHSWLGH� <� ����� &HUWDLQHV� KRUPRQHV� SRVVqGHQW� XQ� HIIHW�

QHXURWUDQVPHWWHXU�HQ�SOXV�GHV�HIIHWV�HQGRFULQLHQV��8QH�GLVWLQFWLRQ�VHPEOH�GLIILFLOH�j�pWDEOLU�FDU�

RQ�QH�VDLW�SDV�VL��SDU�H[HPSOH��OD�QRUDGUpQDOLQH�HVW�OLEpUpH�SDU�OH�V\VWqPH�QHUYHX[�DXWRQRPH�RX�

SDU�OD�PpGXOORVXUUpQDOH��&HOD�SRXUUDLW�UHIOpWHU�OD�FRQQH[LRQ�LQWLPH�HQWUH�OH�V\VWqPH�HQGRFULQLHQ�

HW�OH�V\VWqPH�QHUYHX[������

�������� /HV�GpULYpV�G¶DFLGHV�DPLQpV�

&HWWH�FODVVH�FRPSUHQG�GHV�KRUPRQHV�FRPPH�OHV�KRUPRQHV�WK\URwGLHQQHV��OD�WULLRGRWK\URQLQH�

HW� OD� WK\UR[LQH��� OHV� FDWpFKRODPLQHV� GpULYDQW� GH� OD� W\URVLQH� �GRSDPLQH�� QRUDGUpQDOLQH� HW�

DGUpQDOLQH��HW�OHV�LQGRODPLQHV��PpODWRQLQH�HW�OHV�PROpFXOHV�DSSDUHQWpHV�FRPPH�OD�VpURWRQLQH��

IDEULTXpHV�j�SDUWLU�GX�WU\SWRSKDQH���������

������ /HV�UpFHSWHXUV�QXFOpDLUHV

/HV� KRUPRQHV� HQGRFULQHV� HQJHQGUHQW� OD�PDMRULWp� GH� OHXUV� HIIHWV� YLD� OD� YRLH� GHV� UpFHSWHXUV�

QXFOpDLUHV��15���&HV�GHUQLHUV�IRUPHQW�XQH�VXSHUIDPLOOH�GH�IDFWHXU�GH�WUDQVFULSWLRQ�LPSOLTXpV�

QRQ� VHXOHPHQW� GDQV� G¶LPSRUWDQWHV� IRQFWLRQV� SK\VLRORJLTXHV� �OH� FRQWU{OH� GX� GpYHORSSHPHQW�

HPEU\RQQDLUH��GH�OD�SK\VLRORJLH�GHV�RUJDQHV��GH�OD�GLIIpUHQFLDWLRQ�FHOOXODLUH�HW�GH�O¶KRPpRVWDVLH�
���±��� PDLV� DXVVL� LGHQWLILpH� GDQV� OHXUV� GpUpJXODWLRQV� DVVRFLpHV� j� GH� QRPEUHX[� SURFHVVXV�

SDWKRORJLTXHV� �OH� FDQFHU�� OH� GLDEqWH�� OD� SRO\DUWKULWH� UKXPDWRwGH�� O¶DVWKPH� RX� OHV� V\QGURPHV�

G¶KRUPRQRUpVLVWDQFH�� ��������� 2XWUH� OHV� SHUWXUEDWLRQV� G¶RUGUH� SK\VLRSDWKRORJLTXH�� OHV� 15

FRQVWLWXHQW�OD�FLEOH�GHV�3(�DXVVL�ELHQ�GDQV�OH�FDV�GHV�PpFDQLVPHV�G¶DFWLRQ�GLUHFWH�TX¶LQGLUHFWH��

/HV�15 VXVFLWHQW�GRQF�XQ�LQWpUrW�DXVVL�ELHQ�WKpUDSHXWLTXH�TXH�WR[LFRORJLTXH�LQWLPHPHQW�OLp�DX�

VXMHW�GHV�3(��/D�SODFH�GH�FHWWH�IDPLOOH�GH�SURWpLQH�GDQV�FHV���WKpPDWLTXHV�D�pWp�ORQJXHPHQW�

WUDLWpH�GDQV�XQH�UHYXH�UpDOLVpH�GXUDQW�FH�WUDYDLO�GH�WKqVH��&HWWH�UHYXH��SUpVHQWpH�GDQV�OD�SDUWLH�

5pVXOWDWV�GH�FH�PpPRLUH��D�SRXU�EXW�G¶pQXPpUHU�OHV SURMHWV�LQ�VLOLFR G¶LQWpUrW�WKpUDSHXWLTXH�HW�

WR[LFRORJLTXH� GpGLpV� DX[� 15 �F�I� SDUWLH� UpVXOWDWV��� 'DQV� FHWWH� SDUWLH� GX� PpPRLUH�� QRXV�

SUpVHQWHURQV� OHV� DVSHFWV� VWUXFWXUDX[�HW�PpFDQLVWLTXHV�GH�FHV�SURWpLQHV��QpFHVVDLUHV�SRXU�XQH�

PHLOOHXUH�FRPSUpKHQVLRQ�GX�FRQWH[WH�GHV�WUDYDX[�SRUWDQW�VXU�OHV�15�
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7DEOHDX�� � /HV�PHPEUHV�GH�OD�VXSHUIDPLOOH�GHV�UpFHSWHXUV�QXFOpDLUHV�KXPDLQV

6XEJURXS &KDUDFWHULVWLFV 0HPEHUV &RPSOHWH�QDPH (QGRJHQRXV�OLJDQGV

6XEJURXS��

$W\SLFDO�15 SUHVHQWLQJ�
RQO\ D /%'�ZLWK�D�FR�
DFWLYDWRU�PRWLI�DEOH�WR�

LQWHUDFW�ZLWK�RWKHU�15 /%'

'$;

GRVDJHဨVHQVLWLYH�VH[�UHYHUVDOဨ
DGUHQDO�K\SRSODVLD�FRQJHQLWDO�

FULWLFDO�UHJLRQ�RQ�WKH�;�
FKURPRVRPH

�

6+3 VPDOO�KHWHURGLPHU�SDUWQHU �

6XEJURXS �
5HJXODWHG�E\�OLSRSKLOLF�
VLJQDOLQJ�PROHFXOHV

7+5$ WK\URLG�KRUPRQH�UHFHSWRUV�DOSKD 7K\URLG�KRUPRQHV
7+5% WK\URLG�KRUPRQH�UHFHSWRUV�EHWD 7K\URLG�KRUPRQHV
5$5$ UHWLQRLF�DFLG�UHFHSWRUV DOSKD 5HWLQRLF�$FLG
5$5% UHWLQRLF�DFLG�UHFHSWRUV EHWD 5HWLQRLF�$FLG
5$5* UHWLQRLF�DFLG�UHFHSWRUV JDPPD 5HWLQRLF�$FLG

33$5$
SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�

UHFHSWRUV�DOSKD
�

33$5'
SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�

UHFHSWRUV�GHOWD
3URVWDJODQGLQ

33$5*
SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�

UHFHSWRUV�JDPPD
)DWW\�DFLGV

3;5 SUHJQDQH�;�UHFHSWRUV �
5(9�(5$ UHYHUVHဨ(5D�UHFHSWRUV +HPH
5(9�(5% UHYHUVHဨ(5E�UHFHSWRUV +HPH
525$ UHWLQRLF�DFLG�UHODWHG�UHFHSWRUV &KROHVWHURO
525% UHWLQRLF�DFLG�UHODWHG�UHFHSWRUV 5HWLQRLF�$FLG
525& UHWLQRLF�DFLG�UHODWHG�UHFHSWRUV �
);5 IDUQHVRLG�;�UHFHSWRUV %LOH�DFLGV
/;5$ OLYHU�;�UHFHSWRUV�DOSKD 2[\WHUROV
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/;5% OLYHU�;�UHFHSWRUV EHWD 2[\WHUROV
&$5 &RQVWLWXWLYH�DQGURVWDQH�UHFHSWRU �
9'5 YLWDPLQ�'�UHFHSWRUV YLWDPLQ�'

6XEJURXS �

2USKDQ�UHFHSWRUV�DEOH�WR�ELQG�
IDWW\�DFLGV�ZLWK�XQFOHDU�HIIHFW�

RQ�SURWHLQ�UHJXODWLRQ�
PHFKDQLVP

5;5$ UHWLQRLG�;�UHFHSWRUV�DOSKD 5HWLQRLF�$FLGV
5;5% UHWLQRLG�;�UHFHSWRUV�EHWD 5HWLQRLF�$FLGV
5;5* UHWLQRLG�;�UHFHSWRUV�JDPPD 5HWLQRLF�$FLGV
75� 7HVWLFXODU�UHFHSWRU�� �
75� 7HVWLFXODU�UHFHSWRU�� �

7/;
KRPRORJXH�RI�WKH�'URVRSKLOD�

WDLOOHVV�JHQH
�

315
SKRWRUHFHSWRU�FHOO�VSHFLILF�

QXFOHDU�UHFHSWRU
�

&283�7),,
FKLFNHQ�RYDOEXPLQ�XSVWUHDP�
SURPRWHU�WUDQVFULSWLRQ�IDFWRUV�,

�

&283�7),,
FKLFNHQ�RYDOEXPLQ�XSVWUHDP�

SURPRWHU�WUDQVFULSWLRQ�IDFWRUV�,,
�

+1)��$ KHSDWRF\WH�QXFOHDU�)DFWRU�� �

+1)� % KHSDWRF\WH�QXFOHDU�)DFWRU�� �

15�)� 9�HUE$�UHODWHG�SURWHLQ�� �

6XEJURXS �
5HJXODWHG�E\�FKROHVWHURO�

GHULYHG�KRUPRQHV

(5$ (VWURJHQ�UHFHSWRU�DOSKD ���EHWD�HVWDGLRO

(5% (VWURJHQ�UHFHSWRU�EHWD ���EHWD�HVWDGLRO

(55DOSKD (VWURJHQ�UHODWHG�UHFHSWRU�DDOSKD �

(55E (VWURJHQ�UHODWHG�UHFHSWRU�EHWD �

(55JDPPD (VWURJHQ�UHODWHG�UHFHSWRU�JDPPD �

$5 $QGURJHQ�UHFHSWRU 7HVWRVWHURQH

35 SURJHVWHURQH�UHFHSWRU 3URJHVWHURQH

*5 *OXFRUWLFRLG�UHFHSWRU &RUWLVRO
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05 0LQHUDORFRUWLFRLG�UHFHSWRU $OGRVWHURQH�����GHR[\FRUWLFRVWHURQ�DQG�FRUWLVRO

6XEJURXS � 2USKDQ�QXFOHDU�UHFHSWRUV

1*)��% QHUYH�JURZWK�)DFWRU��% �
1855� QXUUဨUHODWHG�)DFWRUဨ� �

125��
QHXURQဨGHULYHG�RUSKDQ�5HFHSWRUဨ

�
�

6XEJURXS � 5HJXODWHG�E\�SKRVSKROLSLGV
6)�� VWHURLGRJHQLF�)DFWRU�� �
/5+�� /LYHU�UHFHSWRU�+RPRORJဨ� �

6XEJURXS �
3UHVHQWLQJ�FULWLFDO�GLIIHUHQFH�
LQ�WKH�/%'�DQG�QR�DFWLYDWRU�

IXQFWLRQ��$)�+�
*&1) JHUP�FHOO�QXFOHDU�IDFWRU �
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�������� 6WUXFWXUH�GH�15

���������� 6WUXFWXUH�JpQpUDOH

/D�VXSHUIDPLOOH�GHV�15 HVW�FRPSRVpH�GH����PHPEUHV�FKH]�O¶+RPPH�UpSDUWLV�HQ���VRXV�JURXSHV�

�7DEOHDX� ���� $� O¶H[FHSWLRQ� GH� 6+3� HW� '$;�� WRXV� OHV�15 SDUWDJHQW� JOREDOHPHQW� OD�PrPH�

DUFKLWHFWXUH�FRPSUHQDQW�� GRPDLQHV��QRPPpV�GH�$ j�)��GRQW�FKDFXQ�MRXH�XQ�U{OH�VSpFLILTXH��

/H� GRPDLQH� $�%� HVW� OH� GRPDLQH� 1�WHUPLQDO� �17'��� FRQWHQDQW� OD� UpJLRQ� )XQFWLRQ��� GH�

O¶DFWLYDWHXU� �$)����� TXL� LQWHUDJLW� DYHF� XQH� YDULpWp� GH� SURWpLQHV� FR�UpJXODWULFHV� GH� PDQLqUH�

VSpFLILTXH�j�OD�FHOOXOH�HW�DX�SURPRWHXU��/H�GRPDLQH�&�FRQVWLWXH�OH�GRPDLQH�GH�OLDLVRQ�j�O¶$'1�

�'%'��� OD� UpJLRQ OD� SOXV� FRQVHUYpH� SDUPL� WRXV� OHV�15�� ,O� FRQWLHQW� GHX[� VRXV�GRPDLQHV� TXL�

FRRUGRQQHQW�OD�IRUPDWLRQ�GX�PRWLI�FDQRQLTXH�GX�GRLJW�GH�]LQF�VH�OLDQW�j�O¶$'1��&HUWDLQV�15��

FRPPH�/5+���HW�*&1)��FRQWLHQQHQW�XQH�H[WHQVLRQ�&�WHUPLQDOH��&7(��GH�FH�'%'��SHUPHWWDQW�

GHV�FRQWDFWV�VXSSOpPHQWDLUHV�DYHF�O¶$'1��/H�GRPDLQH�'�HVW�OD�UpJLRQ�FKDUQLqUH��XQ�pOpPHQW�GH�

OLDLVRQ�HQWUH�OH�'%'�HW� OH�/%'��,O�V¶DJLW�GH�OD�VpTXHQFH�OD�SOXV�FRXUWH�HW� OD�UpJLRQ�OD�PRLQV�

FRQVHUYpH� SDUPL� OHV� 15�� (QILQ�� OH� GRPDLQH� (� HVW� XQH� UpJLRQ GH� VLJQDOLVDWLRQ� DOORVWpULTXH�

VWUXFWXUHOOHPHQW�FRQVHUYpH�IRUPDQW�OH�GRPDLQH�GH�OLDLVRQ�DX�OLJDQG��/%'���(W�HQILQ�OH�GRPDLQH�

)�DX�QLYHDX�GX�&�WHUPLQDO GRQW�OD�IRQFWLRQ�UHVWH�LQGpILQLH������,O�V¶DJLW�GH�OD�UpJLRQ�OD�PRLQV�

FRQVHUYpH TXL�HVW�G¶DLOOHXUV�LQH[LVWDQWH�SRXU�EHDXFRXS GH�15����

/HV�15 VRQW� JpQpUDOHPHQW� SUpVHQWV� VRXV� IRUPH� GH�PRQRPqUHV� HQ� VROXWLRQ��PDLV� OD� SOXSDUW�

G¶HQWUH� HX[� VH� WUDQVIRUPH� HQ� FRPSOH[HV� G¶RUGUH� VXSpULHXU� ORUVTX¶LOV� VH� OLHQW� j� O¶$'1�

�KRPRGLPqUHV�RX�KpWpURGLPqUHV���FH�TXL�SHUPHW�G¶DXJPHQWHU�OHXU�VXUIDFH�GH�FRQWDFW�



��

)LJXUH��� � /HV�GLIIpUHQWV�GRPDLQHV�VWUXFWXUDX[�GHV�UpFHSWHXUV�QXFOpDLUHV���$��OD�VWUXFWXUH�

OLQpDLUH�GHV�GLIIpUHQWV�GRPDLQHV�DYHF�QRWDPPHQW�OD�IRQFWLRQ�G¶DFWLYDWLRQ�$)����OH�GRLJW�GH�

]LQF�DX�QLYHDX�GX�'%'�HW�OD�IRQFWLRQ�$)���TXL�VH�OLHQW DX�FRDFWLYDWHXU�UpSUHVVHXU�j�OD�VXLWH�GH�

OD�OLDLVRQ�GX�OLJDQG�DX�/'%���%��7DLOOH�JpQpUDOH�HW�ORQJXHXU�GH�OD�FKDLQH�SRXU�FKDTXH�GRPDLQH�

SRXU�GLIIpUHQWV�15���&��([HPSOH�G¶XQH�VWUXFWXUH��'�G¶XQ�15 �O¶KpWpURGLPqUH�/;5�5;5��

PRQWUDQW�OH�'%'�HQ�YLROHW��OH�GRPDLQH�FKDUQLqUH�HQ�MDXQH�HW�OH�/%'�HQ�YHUW�G¶DSUqV����

���������� 6WUXFWXUH�GX�VLWH�GH�OLDLVRQ�GX�OLJDQG

/H�/%'�HVW�XQ�GRPDLQH�GH�VLJQDOLVDWLRQ�DOORVWpULTXH�FRPSOH[H�TXL�VH�OLH�QRQ�VHXOHPHQW�DX[�

OLJDQGV� PDLV� LQWHUDJLW� DXVVL� GLUHFWHPHQW� DYHF� OHV� SURWpLQHV� FR�UpJXODWULFHV� �����&H GRPDLQH�

VWUXFWXDOHPHQW�FRQVHUYp�FRQWLHQW�JpQpUDOHPHQW��� KpOLFHV�Į�HW���EULQV�ȕ�TXL�VH�UHSOLHQW�HQ�WURLV�

FRXFKHV�SDUDOOqOHV�SRXU�IRUPHU�XQ�© VDQGZLFK ª KpOLFRwGDO Į�FUpDQW XQH�SRFKH�K\GURSKREH�GH�

OLDLVRQ�DX�OLJDQG��/LJDQG�%LQGLQJ�3RFNHW RX�/%3��j�OD�EDVH�GX�UpFHSWHXU������/D�SDUWLH�VXSpULHXUH�

GX�UpFHSWHXU�HVW�OD�SOXV�FRQVHUYpH�DORUV�TXH�OD�SDUWLH�EDVVH�FRQWHQDQW�OD�/%3��HVW�SOXV�YDULDEOH�
�����&¶HVW�FHWWH�YDULDELOLWp�HQWUH�OHV�15 TXL�OHXU�SHUPHW�GH�UHFRQQDvWUH�GHV�OLJDQGV�VSpFLILTXHV��

/H� /%'� FRQWLHQW OD� IRQFWLRQ� G¶DFWLYDWLRQ� �$)����� TXL� HVW� FRPSRVpH� GHV� KpOLFHV� ��� �� HW� ����

/¶KpOLFH�+����DSSHOpH�KpOLFH�GH�OD�IRQFWLRQ�G¶DFWLYDWLRQ��$)�+���FKDQJH�GH�FRQIRUPDWLRQ�ORUV

GH�OD�OLDLVRQ�DX�OLJDQG��(Q�HIIHW��HQ�DEVHQFH�G¶XQ�OLJDQG��O¶KpOLFH�HVW�pORLJQpH�GX�/%'�FH�TXL�OD�

UHQG�DSWH�j�IL[HU�XQ�FRUpSUHVVHXU��(Q�SUpVHQFH�GX�OLJDQG��O¶KpOLFH����VH�UHIHUPH�j�OD�PDQLqUH�

G¶XQ�FRXYHUFOH�SLpJHDQW�DLQVL�OH�OLJDQG�HW�SHUPHWWDQW�GH�IL[HU�GHV�FR�DFWLYHXUV������,O�HVW�j�QRWHU�
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TXH�VXU�FHUWDLQV�15 FRPPH�OH�UpFHSWHXU�FRQVWLWXWLI�DX[�DQGURVWDQHV��&$5���O¶KpOLFH�+���SHXW�

rWUH�IHUPpH�FRQVWLWXWLRQQHOOHPHQW�FRUUHVSRQGDQW�DLQVL�j�OD�FRQIRUPDWLRQ�OLpH�G¶DXWUHV�15 ��L�H�

OD�FRQIRUPDWLRQ�DFWLYH��GX�15��/D�IL[DWLRQ�G¶XQ�OLJDQG�DX�/%'�HQWUDLQH�DLQVL�XQH�VWDELOLVDWLRQ�

GH�FHWWH�FRQIRUPDWLRQ�����

�������� 0pFDQLVWLTXH

/HV� UpFHSWHXUV� QXFOpDLUHV� VRQW� GHV� SURWpLQHV� VROXEOHV� TXL� SHXYHQW� VH� OLHU� j� GHV� pOpPHQWV�

VSpFLILTXHV� GH� UpJXODWLRQ� GH� O¶$'1� HW� DJLU� FRPPH� GHV� UpJXODWHXUV� GH� W\SH� FHOOXODLUH� �����

&RQWUDLUHPHQW�j�G¶DXWUHV�IDFWHXUV�GH�WUDQVFULSWLRQ��OD�SOXSDUW�GHV�15 VRQW�UpJXOpV�GH�PDQLqUH�

HQGRJqQH�SDU�GHV�OLJDQGV�DSSDUHQWpV��&HSHQGDQW��SRXU����GHV�15�DSSHOpV�UpFHSWHXUV�RUSKHOLQV��

DXFXQ�OLJDQG�HQGRJqQH�Q¶D�pWp�FDUDFWpULVp��/D�OLDLVRQ�GX�OLJDQG�j�OD�SRFKH�K\GURSKREH�GX�/%'�

HQWUDvQH�XQ�FKDQJHPHQW�GH�FRQIRUPDWLRQ�GH�OD�SURWpLQH��/H�15 DLQVL�DFWLYp�HVW�FDSDEOH�GH�VH�

OLHU� j� XQH� VpTXHQFH� G¶$'1� VSpFLILTXH� HW� GH� UHFUXWHU� OD� PDFKLQHULH� DSSURSULpH� SRXU� OD�

WUDQVDFWLYDWLRQ� RX� OD� WUDQVUHSUHVVLRQ� GHV� JqQHV� FLEOpV� ��������� 2XWUH� OHV� OLJDQGV� HQGRJqQHV��

G¶DXWUHV�FRPSRVpV�V\QWKpWLTXHV�SHXYHQW�DJLU�VXU�OHV�15 DYHF�XQ�ODUJH�VSHFWUH�G¶DFWLYLWp�HQ�WDQW�

TX¶DJRQLVWH��DQWDJRQLVWH��DJRQLVWH�RX�DQWDJRQLVWH�SDUWLHO��DJRQLVWH�LQYHUVH�RX�HQFRUH�PRGXODWHXU�

VSpFLILTXH��6$50�������'HV�GLIIpUHQFHV�VWUXFWXUDOHV DX�QLYHDX�GHV�OLJDQGV�RQW�pWp�LGHQWLILpV���

HW�LO�HVW�DFWXHOOHPHQW�DGPLV�TXH�O¶DFWLRQ�DQWDJRQLVWH�HVW�GXH j�XQH�SHUWXUEDWLRQ�GX�UHSOLHPHQW�

GH�O¶KpOLFH�����'LIIpUHQWHV�K\SRWKqVHV�FRQFHUQDQW�FH�PpFDQLVPH�H[LVWHQW PDLV�FH�GHUQLHU�UHVWH�

PDOJUp�WRXW�HQFRUH�QRQ�UpVROX����������

���� 0pFDQLVPHV�G¶DFWLRQ

/HV� 3(� SHXYHQW� DJLU� VXU� GHX[� IDPLOOHV� GH� UpFHSWHXUV� j� VDYRLU� OHV� 15� HW� OHV� UpFHSWHXUV�

PHPEUDQDLUHV��/HV 15��pWDQW�GHV�IDFWHXUV�GH�WUDQVFULSWLRQ��O¶HIIHW�LQGXLW�SDU�OHV�3(�HVW�XQ�HIIHW�

j�ORQJ�WHUPH��(Q�UHYDQFKH�SRXU�OHV�UpFHSWHXUV�PHPEUDQDLUHV��O¶HIIHW�VHUD�SOXW{W�j�FRXUW�WHUPH�
����� /HV� 3(� SHXYHQW� DJLU� VHORQ� GLIIpUHQWV� PpFDQLVPHV� G¶DFWLRQ� FODVVpV� HQ� YRLHV� GLUHFWH� HW�

LQGLUHFWH�� � /D� YRLH� GLUHFWH� LPSOLTXH� OD� OLDLVRQ� GLUHFWH� GHV� 3(� DX[� 15� DJLVVDQW� HQ� WDQW�

TX¶DJRQLVWHV� RX� DQWDJRQLVWHV�� PLPDQW� RX� EORTXDQW� DLQVL� O¶HIIHW� G¶XQH� KRUPRQH�� &HSHQGDQW��

G¶DXWUHV�PpFDQLVPHV�G¶DFWLRQ�GHV 3(�RQW�pWp�GpFULWV�HW�FDWpJRULVpV�FRPPH�LQGLUHFW��'DQV�FHWWH�

YRLH��OHV�3(�HQWUDLQHQW�XQ�GpVpTXLOLEUH�GH�O¶KRPpRVWDVLH��&H�PpFDQLVPH�Q¶HVW�SDV�GLUHFWHPHQW�

OLp�j�XQH�DFWLRQ�PLPpWLTXH�GHV�KRUPRQHV�HW�LPSOLTXH�GHV�FRPSRVpV�DXVVL�ELHQ�VLPLODLUHV�TXH�

GLIIpUHQWV VWUXFWXUDOHPHQW�GHV�KRUPRQHV��������������$X�GHOj�GH�FHV�PpFDQLVPHV�G¶DFWLRQ�GLUHFWV�

HW�LQGLUHFWV��G¶DXWUHV�PpFDQLVPHV�PpFRQQXV�FRQIqUHQW�DX[�3(�G¶DXWUHV�W\SHV�GH�WR[LFLWp�WHOOHV�

TXH� OD� F\WRWR[LFLWp�� OD� UHSURWR[LFLWp�� OD� WpUDWR[LFLWp� RX� HQFRUH� OD� JpQRWR[LFLWp� HQWUDLQDQW�
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O¶DSSDULWLRQ� GH� FDQFHU� QRQ� KRUPRQDX[�� &HV� HIIHWV� VRQW� SDUWLFXOLqUHPHQW� LQTXLpWDQWV� FDU� OHV�

DOWpUDWLRQV� GH� OD� SURJUDPPDWLRQ� JpQpWLTXH� DX� FRXUV� GHV� SUHPLHUV� VWDGHV� GX� GpYHORSSHPHQW�

SHXYHQW�DYRLU�GHV�HIIHWV�SURIRQGV�GHV�DQQpHV�SOXV�WDUG�HW�SHXYHQW�pJDOHPHQW�FRQGXLUH�j�XQH�

WUDQVPLVVLRQ�WUDQVJpQpUDWLRQQHOOH�GH�OD�PDODGLH����������&HV�PpFDQLVPHV�GpSDVVHQW�OH�FKDPS�GH�

QRV�FRPSpWHQFHV�HW�QH�VHURQW�SDV�DERUGpV�GDQV�FH�PDQXVFULW��6HXOV�OHV�PpFDQLVPH�GLUHFWHV�HW�

LQGLUHFWV�VHURQW�H[SOLTXpV�

������ 0pFDQLVPHV�G¶DFWLRQV�GLUHFWV�GHV�3(

/D�YRLH�GLUHFWH�FRPSUHQG�DXVVL�ELHQ� O¶DFWLYDWLRQ�TXH� O¶LQKLELWLRQ�GH� OD�YRLH�GH�VLJQDOLVDWLRQ�

G¶XQH�KRUPRQH�HQ�VH�IL[DQW�VXU�VRQ�UpFHSWHXU������(Q�HIIHW��JUkFH�j�OHXUV VWUXFWXUHV FKLPLTXHV��

OHXUV�IRUPH�HW�WDLOOH�VLPLODLUHV�j�FHOOHV�GHV�KRUPRQHV��FHUWDLQV�3(�SHXYHQW�DWWHLQGUH�OH�VLWH�GH�

OLDLVRQ�GHV�KRUPRQHV�HW�LQWHUIpUHU�DYHF�OHXUV�PpFDQLVPHV�G¶DFWLRQ��'H�SOXV��OHV�3(�VRQW�SUpVHQWV�

HQ�JUDQGH�TXDQWLWp�DX�QLYHDX�GX�VLWH�G¶DFWLRQ�FH�TXL�OHXU�SHUPHW�G¶HQWUHU�HQ�FRPSpWLWLRQ�DYHF�

OHV�KRUPRQHV�DX�QLYHDX�GX�VLWH�GH�OLDLVRQ�HW�FH�PDOJUp�XQH�DIILQLWp�UpGXLWH�SRXU�OHV�UpFHSWHXUV��

3DU�DLOOHXUV��FHV�FRPSRVpV�VRQW�GRWpV�G¶XQ� WHPSV�GH�GHPL�YLH�V\VWpPLTXH�HW�FHOOXODLUH�DVVH]�

ORQJ�TXL�IDLW�TX¶LOV�VRQW�PRLQV�HIILFDFHPHQW�GpJUDGpV�TXH�OHV�KRUPRQHV�HW�TXH�SDU�FRQVpTXHQFH��

OHXU�DFWLRQ�VRLW�SOXV IRUWH��&HUWDLQV�3(�SHXYHQW��HQ�VH�OLDQW�DX�15��HQWUDLQHU�OHXU�EORFDJH�GDQV�

XQH�VHXOH�FRQIRUPDWLRQ�DQWDJRQLVDQW�DLQVL�O¶DFWLRQ�GHV�KRUPRQHV��&H�PpFDQLVPH�G
DFWLRQ�IDLW�

TXH� FHUWDLQV� 3(� RQW� XQH� DFWLRQ� TXDVL� LQVWDQWDQpH�� $LQVL�� OHV� %3&� �ELSKpQ\OHV� SRO\FKORUpV��

DJLVVHQW�HQ�LQKLEDQW�OD�OLDLVRQ�GH�7��DX�7+5�HQWUDLQDQW�OD�GLVVRFLDWLRQ�GH�O¶KpWpURGLPqUH�DFWLI�

75�5;5�GH�O¶pOpPHQW�GH�UpSRQVH�DX[�WK\URwGHV��75(�������

������ 0pFDQLVPH�G¶DFWLRQV�LQGLUHFWV�GHV�3(

(Q�SDUDOOqOH GH�OD�YRLH�GLUHFWH��OD�YRLH�LQGLUHFWH�FRPSUHQG�SOXVLHXUV�PpFDQLVPHV�G¶DFWLRQV�GRQW�

����OD�SHUWXUEDWLRQ�GH�OD�YRLH�GH�VLJQDOLVDWLRQ�GHV�KRUPRQHV������O¶HIIHW�VXU�OD�FRQFHQWUDWLRQ�GHV�

KRUPRQHV������O¶DFWLYDWLRQ�RX�O¶LQKLELWLRQ�GH�OD�V\QWKqVH�RX�GH�OD�GpJUDGDWLRQ�GHV�SURWpLQHV�GH�

WUDQVSRUW�HW�����O¶DFWLYDWLRQ�RX�O¶LQKLELWLRQ�GH�O¶H[SUHVVLRQ�GX�UpFHSWHXU�j�O¶KRUPRQH��7XUQ�RYHU��
������� ��

����'DQV� OH�SUHPLHU� FDV�� OHV�3(�YRQW� LQWHUDJLU� DYHF�GHV� pOpPHQWV� LPSOLTXpV�GDQV� OD�YRLH�GH�

VLJQDOLVDWLRQ�GHV�KRUPRQHV�HQ�DYDO�GX�UpFHSWHXU��/HV�HIIHWV�WR[LTXHV�VRQW�DLQVL�QRQ�HQGRFULQLHQV�

j� SURSUHPHQW� GLW� PDLV� DIIHFWHQW� G¶DXWUHV� SKpQRPqQHV� ELRORJLTXHV� FRPPH�

O¶H[SUHVVLRQ�LQKLELWLRQ� GH� FHUWDLQV� JqQHV�� 3DU� H[HPSOH�� &DURQ� HW� DO� ��� RQW� GpPRQWUp� TXH�

O¶H[SRVLWLRQ� GHV� FHOOXOHV� +V���W� �OLJQpH� GH� FHOOXOHV� pSLWKpOLDOHV� LVROpHV� j� SDUWLU� GH� WLVVXV�

FDQFpUHX[�GX�VHLQ��j�GHV�SHVWLFLGHV�QLFRWLQDPLGHV��HQWUDLQDQW�XQH�VXUH[SUHVVLRQ�GH�O¶DURPDWDVH�
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VXLWH� j�XQ�FKDQJHPHQW�GH�SURPRWHXU��/¶DURPDWDVH� HVW� XQH� HQ]\PH�FOp�SRXU� OD� V\QWKqVH�GHV�

HVWURJqQHV�HW�XQH�DXJPHQWDWLRQ�GH�VRQ�WDX[�HQWUDLQH�GRQF�XQH�DXJPHQWDWLRQ�GHV�FRQFHQWUDWLRQV�

G¶HVWURJqQHV�GDQV�O¶HQYLURQQHPHQW�GH�OD�WXPHXU�HW� LQGXLW�DX�GpYHORSSHPHQW�GX�FDQFHU��3RXU�

XQH�FHOOXOH�VDLQH��O¶H[SUHVVLRQ�GX�JqQH�GH�O¶DURPDWDVH�HVW�VRXV�OH�FRQWU{OH�GX�SURPRWHXU�,���TXL�

SHUPHW�XQH�H[SUHVVLRQ�j�EDV�QLYHDX��'DQV�XQH�FHOOXOH�FDQFpUHXVH���LO�\�D�LQKLELWLRQ�GX�,���HW�

DFWLYDWLRQ� GH� GHX[� DXWUHV SURPRWHXUV� ,��� HW� ,��� TXL� HX[� YRQW� HQWUDLQHU� XQH� DXJPHQWDWLRQ� GH�

O¶DURPDWDVH�� &H� FKDQJHPHQW� GH� SURPRWHXU� HVW� DLQVL� LQGXLW� SDU� O¶H[SRVLWLRQ� DX[� SHVWLFLGHV�

FRQFHUQpHV�SDU�O¶pWXGH��

����/HV�3(�H[HUFHQW�XQ�HIIHW� VXU� OD�FRQFHQWUDWLRQ�GHV�KRUPRQHV� HQ�VWLPXODQW� RX� LQKLEDQW� OD�

V\QWKqVH�RX�OD�GpJUDGDWLRQ�GH�FHV�GHUQLqUHV��3DU�H[HPSOH�OH�WULFORVDQ�HQWUDLQH�OD�VpFUpWLRQ�GH�

9(*)��9DVFXODU�(QGRWKHOLDO�*URZWK�)DFWRU��SDU�OHV�FHOOXOHV�FDQFpUHXVHV�GH�OD�SURVWDWH�FKH]�

O¶KRPPH������/HV�SDUDEqQHV��FRQVHUYDWHXUV�ODUJHPHQW�XWLOLVpV�GDQV�OHV�FRVPpWLTXHV�LQKLEHQW�OD�

GpJUDGDWLRQ� G¶HVWURJqQH� HQ� LQKLEHQW� OD� ��ȕ�K\GUR[\VWHURwG� GpVK\GURJpQDVH� HQWUDLQDQW�

O¶DXJPHQWDWLRQ�GH�FRQFHQWUDWLRQ�GH�O¶°VWURJqQH�GDQV�OH�VDQJ�����

����'H�SOXV�FHUWDLQV�3(�SHXYHQW�HQWUHU�HQ�FRPSpWLWLRQ�DYHF�OHV�VWpURwGHV�DX�QLYHDX�GHV�SURWpLQHV�

GH�WUDQVSRUW�RX�OHV�pOpPHQWV�GH�OLDLVRQ�DX[�KRUPRQHV�FLUFXODQWV�GLPLQXDQW�DLQVL�OD�FRQFHQWUDWLRQ�

GHV�KRUPRQHV��HQ�SDUWLFXOLHU�OHV�VWpURwGHV��GDQV�OH�VDQJ������&HUWDLQV�3(�SHXYHQW�DXVVL�DIIHFWHU�

OD� V\QWKqVH� RX� OD� GpJUDGDWLRQ� GH� FHV� SURWpLQHV� GH� WUDQVSRUW�� $LQVL�� SOXVLHXUV� FRPSRVpV�

KpSDWRWR[LTXHV�SHXYHQW�rWUH�FODVVpV�FRPPH�3(�FDU�OHV�SURWpLQHV�GH�WUDQVSRUW�VRQW�JpQpUDOHPHQW�

V\QWKpWLVpHV�HW�GpJUDGpHV�GDQV�OH� IRLH��3DU�H[HPSOH�� OHV�3%'(�DJLVVHQW�HQ�LQKLEDQW� OHV�775�

�SURWpLQHV�GH�WUDQVSRUW�GH�WUDQVWK\UpWLQH��HQWUDLQDQW�XQH�GLPLQXWLRQ�GH�OD�FRQFHQWUDWLRQ�GH�7��

VDQJXLQH�����

����(QILQ��OD�V\QWKqVH�HW�OD�GpJUDGDWLRQ�GHV�UpFHSWHXUV�HVW�VXMHWWH�j�XQ�UpWURFRQWU{OH�pWDEOL�SDU�

OHV� KRUPRQHV� HOOHV�PrPHV� ����� $LQVL�� OD� VXUH[SUHVVLRQ� RX� OH� GpILFLW� GHV� 51� SHUWXUEH�

O¶KRPpRVWDVLH�HQGRFULQLHQQH��3DU�H[HPSOH��O¶H[SRVLWLRQ�DX�FDGPLXP�GHV�FHOOXOHV�+89(&�LQ�

YLWUR HQWUDLQH�XQH�DXJPHQWDWLRQ�GH�O¶H[SUHVVLRQ�GH�(5ȕ DLQVL�TXH�OD�GLPLQXWLRQ�GH�FHOOH�GH�$5�

DSUqV� SOXV� GH� ��K� G¶H[SRVLWLRQ� ����� 8Q� DXWUH� H[HPSOH�� OHV� %3$� DGPLQLVWUpV� j� IDLEOH� GRVH�

RUDOHPHQW��HQWUDLQHQW O¶LQKLELWLRQ�GH�O¶H[SUHVVLRQ�GHV�$5�HW�(5�FKH]�OHV�UDWV���������
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)LJXUH��� � 3ULQFLSDX[�PpFDQLVPHV�G¶DFWLRQ�GHV�SHUWXUEDWHXUV�HQGRFULQLHQV��/HV�PpFDQLVPHV�

GLUHFWV�VRQW�HQFHUFOpV�HQ�YHUW�HW�OH�UHVWH�L�H�PpFDQLVPHV�LQGLUHFWHV�VRQW�HQFHUFOpHV�HQ�MDXQH���

/HV�IOqFKHV�QRLUHV�UHSUpVHQWHQW�OD�YRLH�GH�VLJQDOLVDWLRQ�GHV�KRUPRQHV��VSKqUH�MDXQH��YLD�OHV�

UpFHSWHXUV�QXFOpDLUHV��/HV�IOqFKHV�JULVHV�VRQW�HQ�UDSSRUW�DYHF�O¶HIIHW�GHV�3(��VSKqUH�URXJHV��

VXU�FHWWH�YRLH�G¶DSUqV��������

������ )DFWHXUV�LQIOXHQoDQW�OHV�PpFDQLVPHV�G¶DFWLRQV

&HUWDLQV� IDFWHXUV� GRLYHQW� rWUH� SULV� HQ� FRPSWH� ORUV� GH� OD� FRPSUpKHQVLRQ� GHV�PpFDQLVPHV� GH�

SHUWXUEDWLRQ� HQGRFULQLHQQH� FRPPH� ���� OD� SpULRGH� G¶H[SRVLWLRQ�� ���� O¶HIIHW� FRFNWDLO�� ���� OD�

G\QDPLTXH� GRVH�UpSRQVH�� ���� OD� YDULDELOLWp� LQWHU�LQGLYLGXHOOH� HW� ���� OD� FRPSOH[LWp� GHV�

PpFDQLVPHV��

�������� 3pULRGH�G¶H[SRVLWLRQ�HW�ODWHQFH�GH�UpSRQVH�

3OXV�O¶kJH�G¶H[SRVLWLRQ�HVW�SUpFRFH�HW�SOXV�O¶LPSDFW�GH�O¶H[SRVLWLRQ�DX[�3(�VHUD�LPSRUWDQW��8Q�

I°WXV��XQ�QRXUULVVRQ�RX�XQ�HQIDQW�VHURQW�SOXV�VHQVLEOHV�QRWDPPHQW�DX[�VXEVWDQFHV�DIIHFWDQW�

OHXU�GpYHORSSHPHQW�HW�FURLVVDQFH��1RWRQV�TX¶LO�SHXW�H[LVWHU�XQH�FHUWDLQH�ODWHQFH�HQWUH�OD�SpULRGH�

G¶H[SRVLWLRQ�HW�O¶DSSDULWLRQ�GHV�HIIHWV��2Q�SDUOH�GH�SOXVLHXUV�DQQpHV�j�SOXVLHXUV�GpFHQQLHV�YRLUH�

O¶DSSDULWLRQ�G¶HIIHWV�VXU�OD�GHVFHQGDQFH������
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�������� (IIHW�© FRFNWDLO ª

/H�WHUPH�HIIHW�FRFNWDLO�HVW�XWLOLVp�SRXU�GpFULUH�O¶HIIHW�GXH�j�XQH�SRO\�H[SRVLWLRQ�j�GLIIpUHQWV 3(��

/¶LPSRUWDQFH�GH� FHW� HIIHW� V¶HVW� FRQVLGpUDEOHPHQW�DFFUX�DX�FRXUV�GHV�GHUQLqUHV�GpFHQQLHV�HQ�

UDLVRQ�GH�OHXUV�HIIHWV�VLJQLILFDWLIV��PrPH�j�IDLEOHV�GRVHV��SDU�UDSSRUW�DX[�HIIHWV�GHV�VXEVWDQFHV�

FKLPLTXHV� LQGLYLGXHOOHV� �����/¶HIIHW� FRFNWDLO� SHXW� VH�PDQLIHVWHU� FRPPH�XQH�DGGLWLRQ�RX�XQH�

V\QHUJLH�G¶DFWLRQV�

�������� '\QDPLTXH�GRVH�UpSRQVH

%HDXFRXS�GH�3(�Q¶REpLVVHQW�SDV�DX�SDUDGLJPH�GH�EDVH�GH�OD�WR[LFRORJLH ��OH�SULQFLSH�GH�GRVH�

UpSRQVH� TXL� VWLSXOH� TXH� O¶HIIHW� WR[LFRORJLTXH� REVHUYp� HVW� GpSHQGDQW� GH� OD� GRVH� GH� SURGXLW�

DVVLPLOpH�� &HOD� SHXW� FODLUHPHQW� V¶REVHUYHU� j� WUDYHUV� OHV� FRXUEHV� GRVHV�UpSRQVHV� GH� FHV�

VXEVWDQFHV��FRXUEH�HQ�8�LQYHUVp���3RXU�FHUWDLQV�3(��GH�IDLEOHV�GRVHV�HQWUDLQHQW�SDUIRLV�XQ�HIIHW�

SOXV�SURQRQFp�TXH�GHV�GRVHV�SOXV�JUDQGHV�����

�������� 9DULDELOLWp�LQWHU�LQGLYLGXHOOH

&H�SDUDPqWUH�GpFRXOH�GH�OD�YDULDELOLWp�JpQpWLTXH�GH�PpWDEROLVPH�GHV�[pQRELRWLTXHV�FH�TXL�LQFOXW

SDU�FRQVpTXHQW�OHV�3(��$LQVL�OD�YDULDELOLWp�GH�PpWDEROLVPH�LQGXLW�XQH�YDULDELOLWp�GH�VXVFHSWLELOLWp�

j�FHV�VXEVWDQFHV�HQWUH�OHV�LQGLYLGXV���������

�������� &RPSOH[LWp�GHV�PpFDQLVPHV�G¶DFWLRQ

8Q�VHXO�3(�SHXW�DYRLU�SOXVLHXUV�PpFDQLVPHV�G¶DFWLRQV�GpSHQGDQWV GH�OD�FLEOH��$LQVL�XQ�PrPH�

3(�SHXW�rWUH�j� OD�IRLV�RHVWURJpQLTXH�HW�DQWL�DQGURJpQLTXH��'H�SOXV�� OHV�3(�FRPPH�OHV�DXWUHV�

[pQRELRWLTXHV�VRQW�PpWDEROLVpV�FRQGXLVDQW j�GHV�PpWDEROLWHV�SRXYDQW�HX[�DXVVL�DYRLU�GHV�HIIHWV�

GLIIpUHQWV�����

���� 3K\VLRSDWKRORJLH GHV�SHUWXUEDWHXUV�HQGRFULQLHQV

%LHQ�TXH�OHV�SUHPLHUV�HIIHWV�REVHUYpV�SRXU�OH�3(�VRLHQW�OLpV�j�OD�UHSURGXFWLRQ������OHV�3(�H[HUFHQW�

XQH�SOpWKRUH�G¶DFWLYLWpV VXU�OH�V\VWqPH�HQGRFULQLHQ�TXL�OHXU�HVW�FRQIpUpH�SDU�OD�GLYHUVLWp�GH�OHXUV�

PpFDQLVPHV�G¶DFWLRQ�DLQVL� TXH�GH� OHXUV� FLEOHV��'DQV� FHWWH�SDUWLH�QRXV� H[SORUHURQV�TXHOTXHV�

HIIHWV��

������ (IIHWV�VXU�OD�IRQFWLRQ�GH�UHSURGXFWLRQ

/HV�PDQLIHVWDWLRQV�HQJHQGUpHV�SDU�O¶H[SRVLWLRQ�DX[�3(�VXU�OH�V\VWqPH�UHSURGXFWLI�WRXFKHQW�j�OD�

IRLV�OHV�IRQFWLRQV�GH�UHSURGXFWLRQ�IpPLQLQH�HW�PDVFXOLQH��(Q�HIIHW��OD�IRQFWLRQ�HW�OD�PDWXUDWLRQ�
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QRUPDOHV�GHV�JODQGHV�HW�GH�O¶DSSDUHLO�UHSURGXFWHXU�VH[XHO�VRQW�DIIHFWpHV�SDU�OHV�3(�DX�FRXUV�GX�

SURFHVVXV GH�GpYHORSSHPHQW�����

�������� 6\VWqPH�GH�UHSURGXFWLRQ�IpPLQLQ�

/HV�HIIHWV�GHV�3(�VXU�O¶DSSDUHLO�UHSURGXFWHXU�IpPLQLQ�FRPPHQFHQW�GqV�OH�SOXV�MHXQH�kJH��(Q�

HIIHW��FKH]�OHV�ILOOHV��FHV�FRPSRVpV�SHXYHQW�FDXVHU�GHV�DQRPDOLHV�ORUV�GHV�GLYLVRQV�PpLRWLTXHV�

DYDQW� RX� DSUqV� OD� SXEHUWp� FRQGXLVDQW� j� GHV� PDQLIHVWDWLRQV� WDUGLYHV� FRPPH� O¶DQHXSORwGLH�

�QRPEUH DQRUPDO�GH�FKURPRVRPHV���O¶LQVXIILVDQFH�RYDULHQQH�HW�O¶DXJPHQWDWLRQ�GH�OD�IUpTXHQFH�

GHV� IDXVVHV� FRXFKHV�� $� O¶kJH� DGXOWH� HW� SOXV� SDUWLFXOLqUHPHQW� ORUV� GH� OD� JURVVHVVH�� OHV� 3(�

SRXUUDLHQW� pJDOHPHQW� rWUH�PLV� HQ� FDXVH� GDQV�GH� QRPEUHX[�SUREOqPHV� WHOV� TXH� O¶DYRUWHPHQW�

VSRQWDQp�� OD� JURVVHVVH� H[WUD�XWpULQH�� OD� PRUW� I°WDOH�� OD� PRUWLQDLVVDQFH�� O¶DFFRXFKHPHQW�

SUpPDWXUp�� OH� IDLEOH� SRLGV� GH� QDLVVDQFH� RX� OD� PRGLILFDWLRQ� GX� VH[�UDWLR�� 'H SOXV�� OHV�

LQWHUIpUHQFHV� GXHV� DX[� 3(� HQJHQGUHQW� GHV� HIIHWV� VXU� OD� IHUWLOLWp� IpPLQLQH� QRWDPPHQW� FHX[�

LQFRUSRUDQW�GHV�PpWDX[�ORXUGV��/¶HIIHW�GH�FHV�GHUQLHUV�DLQVL�TXH�OHV�RUJDQRFKORUpV�VXU�OH�F\FOH�

PHQVWUXHO�D�pWp�GpPRQWUp�������� FRPPH�DIIHFWDQW�HQWUH�DXWUHV�OD�IpFRQGLWp����±����

3DU�DLOOHXUV�OHV�3(�VRQW�VXVSHFWpV�G¶rWUH�j�O¶RULJLQH�G¶DXWUHV�SDWKRORJLHV WRXFKDQW�OHV�JODQGHV�

PDPPDLUHV�HW�O¶HQGRPqWUH�WHOV�TXH�O¶HQGRPpWULRVH��PDODGLH�J\QpFRORJLTXH�OLpH�j�OD�SUpVHQFH�

GH�PXTXHXVH�XWpULQH�HQ�GHKRUV�GH�OD�FDYLWp�XWpULQH��RX�HQFRUH�O¶DSSDULWLRQ�GH�ILEURPHV�XWpULQV��

�������� 6\VWqPH�GH�UHSURGXFWLRQ�PDVFXOLQ

/H�V\VWqPH�UHSURGXFWLI�PDVFXOLQ�SHXW�pJDOHPHQW�rWUH�SHUWXUEp�SDU�OHV�HIIHWV�G¶XQH�VXEVWDQFH�RX�

G¶XQ�PpODQJH�GH�VXEVWDQFHV�FKLPLTXHV�SHUWXUEDWULFHV�GX�V\VWqPH�HQGRFULQLHQ��2Q�SHQVH�TXH�

OHV�3( DXJPHQWHQW�OD�IUpTXHQFH�G¶DQRPDOLHV�JUDYHV�WHOOHV�TXH�OH�FDQFHU�GHV�FHOOXOHV�WHVWLFXODLUHV�
����� O¶LQIHUWLOLWp� QRWDPPHQW� SDU� OD� UpGXFWLRQ� GH� OD� TXDOLWp� GX� VSHUPH� HW� OD� PDQLIHVWDWLRQ�

SDWKRORJLTXH�GH�WURXEOHV�XURJpQLWDX[��QRWDPPHQW�OD�FU\SWRUFKLGLH��QRQ�GHVFHQWH�GHV�WHVWLFXOHV��

HW�O¶K\SRVSDGLDV��OH�SRVLWLRQQHPHQW�DQRUPDO�GH�O¶RXYHUWXUH�GH�O¶XUqWUH�����±���

������ (IIHW�VXU�OH�PpWDEROLVPH�

/¶REpVLWp�HVW�XQH�PDODGLH�PpWDEROLTXH�FRPPXQpPHQW�DVVRFLpH�j�XQH�VXUDOLPHQWDWLRQ�FRXSOpH�

j� XQ�PDQTXH� G¶H[HUFLFH� SK\VLTXH�� 5pFHPPHQW�� O¶DFFURLVVHPHQW� DFFUXH� GH� FH� SKpQRPqQH� D�

SRXVVp�OHV�VFLHQWLILTXHV�j�VH�SHQFKHU�VXU�OH�VXMHW�HW�OH�U{OH�GHV�FRQWDPLQDQWV�FKLPLTXHV GDQV�OD�

SUpYDOHQFH�GH�O¶REpVLWp�D�pWp�VRXOHYpH�SDUPL�OHV����FDXVHV�SULQFLSDOHV����������/HV�3(�LQGXLVDQW�

O¶REpVLWp��DSSHOpV�REpVRJqQHV��FLEOHQW�OHV�UpJXODWHXUV�GH�WUDQVFULSWLRQ�LPSOLTXpV�GDQV�OH�FRQWU{OH�

GH�O¶KRPpRVWDVLH�GHV�OLSLGHV�LQWUDFHOOXODLUHV�DLQVL�TXH�GDQV�OD�SUROLIpUDWLRQ�HW�OD�GLIIpUHQFLDWLRQ�
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GHV�DGLSRF\WHV��/HV�SULQFLSDOHV�FLEOHV�GH�FHV�3(�VRQW�OHV�15 DFWLYpV�SDU�OHV�SUROLIpUDWHXUV�GH�

SHUR[\VRPHV��33$5Į��į�HW�Ȗ����͘�$ILQ�GH�IRQFWLRQQHU�FRUUHFWHPHQW��FHV�GHUQLHUV�GRLYHQW�IRUPHU�

XQ� KpWpURGLPqUH� DYHF� XQ� DXWUH� UpFHSWHXU �� 5;5� OXL�PrPH� REpVRJqQH� PDLV� DYHF� XQ GHJUp

PRLQGUH������'H�SOXV��33$5Ȗ�MRXH�XQ�U{OH�FOp�GDQV�OD�ELRORJLH�GHV�DGLSRF\WHV�HW�HVW�FRQVLGpUp�

FRPPH�OH�UpJXODWHXU�SULQFLSDO�GH�O¶DGLSRJHQqVH������3OXVLHXUV�SHUWXUEDWHXUV�HQGRFULQLHQV�VRQW�

FRQQXV�SRXU�DIIHFWHU�O¶DFWLYLWp�GH�33$5Ȗ�HW�LQGXLUH�O¶DGLSRJHQqVH�FRPPH�OHV�RUJDQRpWDLQV�WHOV�

TXH� OH� WULEXW\OpWDLQ� HW� OH� WULSKpQ\OpWDLQ� HW� FHUWDLQV� SKWDODWHV� ��������� '¶DXWUHV� SHUWXUEDWHXUV�

HQGRFULQLHQV�VRQW�FRQQXV�SRXU�IDYRULVHU�O¶DGLSRJHQqVH��PDLV�Q¶DJLVVHQW�SUREDEOHPHQW�SDV�SDU�

OH� ELDLV� GH� 33$5Ȗ�� ,O� V¶DJLW� GX� %3$�� GHV� SHVWLFLGHV� RUJDQRSKRVSKRUpV�� GX� JOXWDPDWH�

PRQRVRGLTXH�HW�GHV�3%'(����������%LHQ�TXH�SOXVLHXUV�SHUWXUEDWHXUV�HQGRFULQLHQV�VRLHQW�DVVRFLpV�

j�O¶DGLSRJHQqVH�HW�j�O¶REpVLWp�GDQV�GHV�PRGqOHV�DQLPDX[��OH�WULEXW\OpWDLQ�HVW�OH�VHXO�SHUWXUEDWHXU�

HQGRFULQLHQ�FRQQX�SRXU�DYRLU�GHV�HIIHWV�LQ�XWHUR VXU�OHV�DGLSRF\WHV�YLD�O¶DFWLYDWLRQ�GH�33$5Ȗ�
�����'¶DXWUHV�SHUWXUEDWHXUV�HQGRFULQLHQV�VRQW�VXVFHSWLEOHV�GH�IDYRULVHU�O¶DGLSRJHQqVH�LQ�XWHUR��

ELHQ�TXH FHOD�SXLVVH�rWUH VHFRQGDLUH�j�GHV�GpVpTXLOLEUHV�PpWDEROLTXHV�SOXV�ODUJHV��3DU�H[HPSOH��

FHUWDLQV�3&%�HW�3%'(�UpGXLVHQW�OD�IRQFWLRQ�WK\URwGLHQQH��WRXW�FRPPH�OH�WULFORVDQ��XQ�FRPSRVp�

DQWLEDFWpULHQ����������/HV�PpFDQLVPHV�G¶DFWLRQ�QH�VRQW�SDV�WRXW�j�IDLW�FHUWDLQV��PDLV�OHV�PRGHV�

SRVVLEOHV�LQFOXHQW�XQH�LQWHUIpUHQFH�DYHF�OD�V\QWKqVH��OH�WUDQVSRUW��OH�PpWDEROLVPH�RX�OD�FODLUDQFH�

GHV�KRUPRQHV�WK\URwGLHQQHV������

������ 2QFRJHQqVH

/D�IUpTXHQFH�GHV�FDQFHUV DXJPHQWH�FRQVLGpUDEOHPHQW�GDQV�OHV�SD\V�LQGXVWULDOLVpV��&H�JURXSH�

GH�PDODGLHV� HVW� FDXVp�SDU�XQH�GpUpJXODWLRQ�GX�F\FOH� FHOOXODLUH� HW� GHV� FKDQJHPHQWV�GDQV� OHV�

QLYHDX[� G¶H[SUHVVLRQ� GHV� JqQHV� OLpV� j� FH� GHUQLHU� ����� /HV� FDQFHUV� UHVWHQW� GHV� PDODGLHV�

PXOWLIDFWRULHOOHV�PDLV�OD�SUREDELOLWp�GH�GpYHORSSHPHQW�GH�QRPEUHX[�FDQFHUV�HVW�DXJPHQWpH�SDU�

O¶H[SRVLWLRQ�j�FHUWDLQV�3(�FRPPH�OHV�FDQFHUV�GX�VHLQ��OHV�FDQFHUV�WHVWLFXODLUHV�HW�OHV�FDQFHUV�GH�

OD� SURVWDWH� GRQW� O¶LQFLGHQFH� D� DXJPHQWp� DX� FRXUV� GHV� GHUQLqUHV� DQQpHV� GDQV� OHV� SD\V�

LQGXVWULDOLVpV�� (Q� FH� TXL� FRQFHUQH� OHV� FDQFHUV� GX� VHLQ�� OHV� SpULRGHV� GH� YXOQpUDELOLWp�

SDUWLFXOLqUHPHQW� pOHYpH�G¶H[SRVLWLRQ�DX[�3(�VHPEOHQW rWUH�GHV�SpULRGHV� VHQVLEOHV�FRPPH� OD�

SXEHUWp��OD�JURVVHVVH�RX�OD�PpQRSDXVH����������/H�FDQFHU�GH OD�SURVWDWH�HVW�XQ�FDQFHU�IUpTXHQW�

FKH]�O¶KRPPH��PDO�GLDJQRVWLTXp��HW� OD�VLJQDOLVDWLRQ�KRUPRQDOH�VWpURwGLHQQH�VHPEOH�MRXHU�XQ�

U{OH�HVVHQWLHO�GDQV�VD�IRUPDWLRQ�HW�VHV�PpWDVWDVHV������/D�SURVWDWH�H[SULPH�j�OD�IRLV�(5�Į�HW�(5�

ȕ��HW�OD�VLJQDOLVDWLRQ�PpGLpH�SDU�OHV�KRUPRQHV�VWpURwGHV�UpJXOH�OH�GpYHORSSHPHQW�GHV�RUJDQHV�

UHSURGXFWHXUV�PDVFXOLQV�HW�GHV�FDUDFWpULVWLTXHV�VH[XHOOHV�j�O¶kJH�DGXOWH��%LHQ�TX¶LO�VRLW�GLIILFLOH�
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G¶pWXGLHU�O¶DVVRFLDWLRQ�GLUHFWH�HQWUH�OH�ULVTXH�GH�FDQFHU�GH�OD�SURVWDWH�HW� O¶H[SRVLWLRQ�DX[�3(�

FKH]� O¶KRPPH� ����� OD� SUROLIpUDWLRQ� GHV� FHOOXOHV� FDQFpUHXVHV� GH� OD� SURVWDWH� HVW� VWLPXOpH� SDU�

O¶H[SRVLWLRQ�DX[ 3(�GDQV�OHV�PRGqOHV�DQLPDX[������

������ 6\VWqPH�QHUYHX[

/HV� 3(� SHXYHQW� DIIHFWHU� OH� GpYHORSSHPHQW� GX� V\VWqPH� QHUYHX[� HW� PrPH� HQWUDLQHU� OHV�

G\VIRQFWLRQQHPHQWV� QHXURORJLTXHV� ��������� O¶DSSDULWLRQ� GH� PDODGLHV� PHQWDOHV� ����� OHV�

PRGLILFDWLRQV�GX�FRPSRUWHPHQW�GH�UHSURGXFWLRQ��UpFHSWLYLWp�VH[XHOOH�HW�LQVWLQFW�PDWHUQHO��DLQVL�

TXH�OHV�WURXEOHV�GH�OD�YLVLRQ��GH�OD�FRJQLWLRQ�HW�GH�OD�PpPRLUH������/D�PDMRULWp�GH�FHV�HIIHWV�VRQW�

GXV�j�O¶H[SRVLWLRQ�DX[�[pQ°VWURJqQHV�VXUYHQDQW�ORUV�GX�GpYHORSSHPHQW�LQWUD�XWpULQ���� DORUV�TXH�

G¶DXWUHV�VRQW�FDXVpV�SDU�O¶LQWHUIpUHQFH�DYHF�FHUWDLQV�QHXURWUDQVPHWWHXUV�FRPPH�OD�GRSDPLQH�HW�

OD�QRUDGUpQDOLQH� �����(Q�SOXV�GX�V\VWqPH�QHUYHX[�� OH� V\VWqPH�QHXURHQGRFULQLHQ� ��� FRQWU{OH�

GLYHUVHV�IRQFWLRQV�LPSRUWDQWHV�WHOOHV�TXH�OD�UHSURGXFWLRQ��OHV�UpSRQVHV�DX�VWUHVV��OD�FURLVVDQFH��

OD� ODFWDWLRQ�� OH� PpWDEROLVPH�� O¶pTXLOLEUH� pQHUJpWLTXH� HW� G¶DXWUHV� SURFHVVXV� SHUPHWWDQW� j�

O¶RUJDQLVPH�GH�UpDJLU�j�VRQ�HQYLURQQHPHQW����±�����/D�OLWWpUDWXUH�GRFXPHQWH�VXUWRXW�OHV�HIIHWV�

VXU�O¶D[H�K\SRWKDODPXV�K\SRSK\VH�JRQDGHV�DLQVL�TXH�OH�V\VWqPH�QHXURHQGRFULQH�WK\URwGLHQ�������

���� &DUDFWpULVDWLRQ�LQ�YLWUR GHV�3(

$ILQ�GH�GpPRQWUHU�TX¶XQH�VXEVWDQFH�HVW�XQ�SHUWXUEDWHXU�HQGRFULQLHQ��,O�IDXW�PRQWUHU����TX¶HOOH�

HQJHQGUH�XQ�HIIHW�LQGpVLUDEOH HW����TX¶XQ�OLHQ�H[LVWH�HQWUH�FHW�HIIHW�LQGpVLUDEOH�HW�FHWWH�DFWLRQ

HQGRFULQLHQQH�SXLV�GpWHUPLQHU�OD�GRVH�WR[LTXH��

/D�SUHPLqUH� pWDSH� FULWLTXH�GH� O¶LGHQWLILFDWLRQ�GX�GDQJHU�GRLW� rWUH� FRUUHFWHPHQW� FRQoXH�SRXU�

JDUDQWLU� XQH� pYDOXDWLRQ� SUpFLVH� GH� OD� VHQVLELOLWp� GHV� SRSXODWLRQV� KXPDLQHV� HW� DQLPDOHV� DX[�

VXEVWDQFHV� FKLPLTXHV��$LQVL� XQ�3(�GRLW� rWUH� LGHQWLILp� j� OD� IRLV� HQ� WHUPHV� GH�PRGH�G¶DFWLRQ�

�FDSDFLWp� j� LQWHUIpUHU� DYHF� O¶DFWLRQ� GHV� KRUPRQHV�� HW� GH� FDSDFLWp� j� SURGXLUH� GHV� HIIHWV�

LQGpVLUDEOHV�GDQJHUHX[��/D�GpILQLWLRQ�G¶XQ�3(�GRLW� VH�FRQFHQWUHU� VXU� VD� FDSDFLWp�j� LQWHUIpUHU�

DYHF�O¶DFWLRQ�GHV�KRUPRQHV�SOXW{W�TXH�GH�VWLPXOHU�O¶DSSDULWLRQ�G¶HIIHWV�LQGpVLUDEOHV��8QH�QXDQFH�

LPSRUWDQWH�j�FRQVLGpUHU�HVW�GH�QH�SDV�FDUDFWpULVHU�FRPPH�3(�WRXW�SURGXLW�LQWHUIpUDQW�DYHF�XQ�

DVSHFW�GH�O¶DFWLRQ�KRUPRQDOH��/H�ULVTXH�GpSHQG�GH�O¶H[SRVLWLRQ�HW�GH�OD�SXLVVDQFH�GH�OD�VXEVWDQFH�

FKLPLTXH��4XDQW�j�O¶HVWLPDWLRQ�GH�OD�FDSDFLWp�G¶XQ�SURGXLW�j�SURYRTXHU�GHV�HIIHWV�QpIDVWHV��OD�

SXLVVDQFH��� HOOH� HVW� DXVVL� FRPSOLTXpH� TXH� O¶pWXGH� GX� U{OH� GX� V\VWqPH� HQGRFULQLHQ� GDQV� OH�

GpYHORSSHPHQW�HW�OD�SK\VLRORJLH�GH O¶DGXOWH��
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3DU�FRQVpTXHQW��OH�FULEODJH�HW�OHV�WHVWV�ELRORJLTXHV�GH�FDUDFWpULVDWLRQ�GHV�3(�HW�O¶HVWLPDWLRQ�GH�

OHXU� WR[LFLWp� QpFHVVLWHQW� GHV� FRQQDLVVDQFHV� GpULYpHV� GHV� SULQFLSHV� GH� O¶HQGRFULQRORJLH�� OHXUV�

HIIHWV�HW� OHV�FRQVpTXHQFHV�GX�GpUqJOHPHQW�KRUPRQDO�HW�GHV�PDODGLHV�HQGRFULQLHQQHV������/HV�

PpFDQLVPHV� G¶DFWLRQ� GpWDLOOpV� SOXV� KDXW� �F�I�� SDUDJUDSKH� ����0pFDQLVPHV� G¶DFWLRQ�� SHXYHQW�

IDFLOHPHQW�rWUH�LQYHVWLJXpV�LQ�YLWUR DX[ PR\HQV GH�WHVWV�FHOOXODLUHV HW�ELRFKLPLTXHV������$LQVL�OH�

FULEODJH�SRXU�XQ�HIIHW�GRQQp�SHXW�VH�IDLUH�UDSLGHPHQW�YRLUH�j�KDXW�GpELW�HW�IRXUQLU�GHV�UpVXOWDWV�

DXVVL� ELHQ� TXDOLWDWLIV� TXH� TXDQWLWDWLIV�� /HV� WHVWV� OH� SOXV� FRPPXQpPHQW� XWLOLVpV� SRXU� pYDOXHU�

O¶DFWLRQ�GHV�3(�VRQW�OHV�WHVWV�GH�OLDLVRQ��ELQGLQJ���OHV�WHVWV GH�SUROLIpUDWLRQ�FHOOXODLUH�HW�OHV�WHVWV�

GH�WUDQVDFWLYDWLRQ������

������ 7HVWV�GH�OLDLVRQ�RX�WHVWV�GH�ELQGLQJ�

/HV�PpFDQLVPHV�GLUHFWV�SHXYHQW�rWUH�PLV�HQ�pYLGHQFH�JUkFH�DX[�WHVWV�GH�ELQGLQJ��,O�V¶DJLW�GH�

GpWHUPLQHU� OD�FRQFHQWUDWLRQ�j� ODTXHOOH�XQ�SRWHQWLHO�3(�HVW� FDSDEOH�GH�GpSODFHU�XQ� OLJDQG�GH�

UpIpUHQFH��JpQpUDOHPHQW�XQH�KRUPRQH��DX�QLYHDX�GH�OD�SURWpLQH�FLEOH��/HV�WHVWV�GH�ELQGLQJ�RQW�

pWp� ODUJHPHQW� XWLOLVpV� ������� SDUFH� TX¶LOV� VRQW� IDFLOHV� j� UpDOLVHU�� UDSLGHV� HW� UHODWLYHPHQW� ERQ�

PDUFKp��FH�TXL�HQ�IDLW�XQ�H[FHOOHQW�FKRL[�SRXU�OH�FULEODJH�j�JUDQGH�pFKHOOH��1pDQPRLQV��FHUWDLQHV�

OLPLWHV�GHV�WHVWV�GH�OLDLVRQ�DX[�UpFHSWHXUV�H[LVWHQW��/D�SUHPLqUH�OLPLWH�GH�FH�WHVW�F¶HVW�TX¶LOV�QH�

SHUPHWWHQW�SDV�GH�GpWHUPLQHU�OH�SURILO�DJRQLVWH�RX�DQWDJRQLVWH�GX�OLJDQG����������'H�SOXV��OHV�WHVWV�

GH� ELQGLQJ QH� VRQW� SDV� YDODEOHV� SRXU� OD� GpWHFWLRQ� GH� FRPSRVp� QpFHVVLWDQW� XQ�PpWDEROLVPH�

SUpDODEOH j� OD� OLDLVRQ� DX[ UpFHSWHXUV FRPPH� OHV�SUR�°VWURJqQHV� �����)LQDOHPHQW�� OHV� WHVWV�GH�

ELQGLQJ SHUPHWWHQW�G¶LGHQWLILHU�XQLTXHPHQW�OHV�3(�DJLVVDQW�YLD�OH�PpFDQLVPH�GLUHFW��,O�HVW�GRQF�

XWLOH�GH�FRPSOpWHU�OHV�UpVXOWDWV�REWHQXV�DYHF�G¶DXWUHV�WHVWV�

������ 7HVWV�GH�SUROLIpUDWLRQ�FHOOXODLUH

/H�SULQFLSH�GH�FHV�WHVWV�HVW�GH�PHVXUHU�OD�FURLVVDQFH�G¶XQH�OLJQpH�FHOOXODLUH�KRUPRQRGpSHQGDQWH��

/HV� WHVWV� GH� SUROLIpUDWLRQ� RQW� O¶DYDQWDJH� GH� SRXYRLU� rWUH� XWLOLVpV� SRXU� pYDOXHU� GH� QRPEUHX[�

SURFHVVXV�ELRORJLTXHV�UHODWLIV�DX�IRQFWLRQQHPHQW�FHOOXODLUH�\�FRPSULV�OHV�SURFHVVXV�SDVVDQW�SDU�

OD� YRLH� JpQRPLTXH�� 0DOKHXUHXVHPHQW�� FHV� WHVWV� SUpVHQWHQW� TXHOTXHV� LQFRQYpQLHQWV� GRQW� OH�

SUHPLHU�HVW�OHXU�OHQWHXU��TXHOTXHV�MRXUV��DLQVL�TXH�OD�IDLEOH�VSpFLILFLWp�GX PpFDQLVPH�G¶DFWLRQ��

(QILQ�HW PDOJUp�OHXUV�VXFFqV��FHV�WHVWV�SHXYHQW�SUpVHQWHU�XQH�YDULDELOLWp�LQWHU�ODERUDWRLUHV GXH�j�

OD�GLIIpUHQFH�GHV�VRXFKHV�FHOOXODLUHV�XWLOLVpHV�HW�GHV�FRQGLWLRQV�RSpUDWRLUHV�������



��

������ 7HVWV�GH�WUDQVDFWLYDWLRQ�RX�WHVWV�GH�JqQHV�UDSSRUWHXUV

/HV�WHVWV�GH�JqQHV�UDSSRUWHXUV�VRQW�XWLOLVpV�SRXU�DQDO\VHU�OD�FDSDFLWp�G¶XQH�VXEVWDQFH�j�DFWLYHU�

OD� WUDQVFULSWLRQ� G¶XQ� SURPRWHXU� VHQVLEOH� DX[� KRUPRQHV� DX� QLYHDX� GH� FHOOXOHV� HXFDU\RWHV�

�JpQpUDOHPHQW�GHV�FHOOXOHV�GH�PDPPLIqUH�RX�GH�OHYXUH���/HV�FHOOXOHV�VRQW�WUDQVIHFWpHV�DYHF�XQ�

YHFWHXU� G¶H[SUHVVLRQ� FRGDQW� SRXU� OH� UpFHSWHXU� G¶LQWpUrW� HW� XQ� YHFWHXU� GH� JqQH� UDSSRUWHXU�

�FRPSRVp�G¶XQ�SURPRWHXU�VHQVLEOH�DX[�FRPSRVpV�pWXGLpV��OLp�j�XQ�JqQH�UDSSRUWHXU���&H�JqQH�

UDSSRUWHXU�FRGH�JpQpUDOHPHQW�SRXU�XQH�SURWpLQH�TXL�SHXW�rWUH�IDFLOHPHQW�GpWHFWpH�HW�TXDQWLILpH�

j�O¶DLGH�G¶XQ�VXEVWUDW�DSSURSULp��/¶DFWLYDWLRQ�GX�UpFHSWHXU�SDU�XQH�VXEVWDQFH�G¶HVVDL�HQWUDvQH�OD�

VWLPXODWLRQ�GH�O¶H[SUHVVLRQ�GX�JqQH�UDSSRUWHXU�DSUqV�DFWLYDWLRQ�GH�O¶pOpPHQW�GH�UpSRQVH��/HV�

FHOOXOHV�GH�PDPPLIqUHV VRQW�OHV SOXV�XWLOLVpHV�HW�OH�WHVW�OH�SOXV�HPSOR\p�SRXU�pWXGLHU�OHV�3(�HVW�

FHOXL�OLp�DX�JqQH�UDSSRUWHXU�GH�OD�OXFLIpUDVH�R��OD�OXPLQHVFHQFH�SURGXLWH�HVW�SURSRUWLRQQHOOH�j�

O¶DFWLYLWp�WUDQVFULSWLRQQHOOH��8Q�DYDQWDJH�GHV�WHVWV�GH�WUDQVDFWLYDWLRQ�F¶HVW�G¶rWUH�SOXV�VSpFLILTXH�

TXH�OHV�WHVWV�GH�SUROLIpUDWLRQ�HW�GH�SHUPHWWUH�G¶LGHQWLILHU�OD�QDWXUH�GX�FRPSRVp�pWXGLp ��DJRQLVWH�

RX�DQWDJRQLVWH��(Q�UHYDQFKH��OD�UpSRQVH�WUDQVFULSWLRQQHOOH�SURYRTXpH Q¶HVW�SDV�WRXMRXUV�GXH j�

OD� IL[DWLRQ� GX� OLJDQG� VXU� OH� UpFHSWHXU�� (Q� HIIHW�� HOOH� SHXW� rWUH� OH� UpVXOWDW� G¶XQH� FDVFDGH�

UpDFWLRQQHOOH�SDU�H[HPSOH�������

������ /LPLWHV�DX[�pYDOXDWLRQ�LQ�YLWUR

0DOKHXUHXVHPHQW��OHV�HIIHWV�F\WRWR[LTXHV�GH�FHUWDLQHV�VXEVWDQFHV�SHXYHQW�IDXVVHU�OHV�UpVXOWDWV�

GHV� WHVWV� LQ� YLWUR HQWUDLQDQW� XQH� GLIILFXOWp� GDQV� O¶LQWHUSUpWDWLRQ� GHV� UpVXOWDWV� ����� /HV� 3(�

UHSUpVHQWHQW� DXVVL� XQ� GpIL� FDU� OHXUV� HIIHWV� GpSHQGHQW� j� OD� IRLV� GX� QLYHDX� HW� GX�PRPHQW� GH�

O¶H[SRVLWLRQ��HW�VRQW�SDUWLFXOLqUHPHQW�FULWLTXHV�ORUVTXH�O¶H[SRVLWLRQ�D�OLHX SHQGDQW�OD�SpULRGH�GH�

GpYHORSSHPHQW�� 3DU� FRQVpTXHQW�� OH� PRPHQW� GH� O¶H[SRVLWLRQ� HW� VHV� OLPLWHV� TXDQWLWDWLYHV�

DFFHSWDEOHV�VRQW�G¶XQ�LQWpUrW�PDMHXU�SRXU�pYDOXHU�OH�ULVTXH������

1pDQPRLQV��O¶H[LVWHQFH�GH�VHXLOV�GH�GRVH�SRXU�OHV�SHUWXUEDWHXUV�HQGRFULQLHQV�FRQWLQXH�j�rWUH�

GpEDWWXH� ���±��� FDU� OHV� FRXUEHV� GH� UpSRQVH� j� OD� GRVH� QRQ�PRQRWRQH� �10'5�� VRQW� VRXYHQW�

FRQVLGpUpHV�FRPPH�XQH�SURSULpWp�LQWULQVqTXH�GHV�3(�SDU�OH�JUDQG�SXEOLF��,O�V¶DJLW�SOXW{W�G¶XQH�

SURSULpWp�GpULYpH�GH�OD�FRPSOH[LWp�GHV�UpJXODWLRQV�HQGRFULQLHQQHV������,O�Q¶HQ�UHVWH�SDV�PRLQV�

TX¶LO� SHXW� rWUH� GLIILFLOH� GH� GLVWLQJXHU� XQ� VHXLO� UpHO� YDOLGH� G¶XQ� VHXLO� DSSDUHQW�� TXL� GpFRXOH�

VLPSOHPHQW�GHV�OLPLWHV�GH�GpWHFWLRQ�GX�V\VWqPH�H[SpULPHQWDO�XWLOLVp��6L�XQH�PROpFXOH�SUpVHQWH�

XQH� FRXUEH� GRVH�UpSRQVH� HQ� IRUPH� GH� 8� GDQV� XQ� V\VWqPH� H[SpULPHQWDO� GRQQp�� OD� EUDQFKH�

GHVFHQGDQWH� HQ�8�GH� OD� FRXUEH� GRLW� rWUH� XWLOLVpH� FRPPH�EDVH� SRXU� GpWHUPLQHU� OH� VHXLO� VL� OD�

UpSRQVH�HQUHJLVWUpH�HVW�OLpH�j�O¶HIIHW�LQGpVLUDEOH�GH�OD�PROpFXOH��&HOD�SHXW�FRQGXLUH�j�GHV�OLPLWHV�
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H[FHVVLYHPHQW�EDVVHV�PDLV��DX�PRLQV��FHOD�HVW�SOXV�VDWLVIDLVDQW�TXH�GH�UHIXVHU��SDU�SULQFLSH��

WRXWH� OLPLWH�� %LHQ� HQWHQGX�� OD� GpWHUPLQDWLRQ� GH� OD� YDOHXU� WpPRLQ� HQ� O¶DEVHQFH� WRWDOH� GH� OD�

PROpFXOH�WHVWpH�HVW�SULPRUGLDOH�SRXU�GpPRQWUHU�XQ�HIIHW�VLJQLILFDWLI��SRVLWLI�RX�QpJDWLI��j�FHV�WUqV�

IDLEOHV�GRVHV���������

'H� SOXV�� GHV� pWXGHV� RQW� PRQWUp� TXH� SOXVLHXUV� SURGXLWV� FKLPLTXHV� FRQVLGpUpV� VpSDUpPHQW�

Q¶DYDLHQW�SDV�G¶HIIHW�REVHUYp�PDLV�TXH� ORUVTX¶LOV�pWDLHQW�SUpVHQWV�VLPXOWDQpPHQW�HQ� WDQW�TXH�

PpODQJH��LOV�pWDLHQW�DVVRFLpV�j�XQ�HIIHW�QpJDWLI��&HOD�DWWLUH�O¶DWWHQWLRQ�VXU�OHV�pWXGHV�GH�PpODQJH�
���������(Q�HIIHW�GH�QRPEUHXVHV�UpSRQVHV�ELRORJLTXHV�VRQW�OD�FRQYHUJHQFH�GH�SOXVLHXUV�YRLHV�GH�

VLJQDOLVDWLRQ� ����� %LHQ� TXH� OD� TXHVWLRQ� GHV� PpODQJHV� DLW� pWp� VRXOLJQpH� GDQV� OH� UDSSRUW� GH�
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and Nathalie Lagarde*

Laboratoire GBCM, EA 7528, Conservatoire National des Arts et Métiers, Hésam Université,
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Being in the center of both therapeutic and toxicological concerns, NRs are

widely studied for drug discovery application but also to unravel the potential

toxicity of environmental compounds such as pesticides, cosmetics or

additives. High throughput screening campaigns (HTS) are largely used to

detect compounds able to interact with this protein family for both

therapeutic and toxicological purposes. These methods lead to a large

amount of data requiring the use of computational approaches for a robust

and correct analysis and interpretation. The output data can be used to build

predictive models to forecast the behavior of new chemicals based on their in

vitro activities. This atrticle is a review of the studies published in the last decade

and dedicated to NR ligands in silico prediction for both therapeutic and

toxicological purposes. Over 100 articles concerning 14 NR subfamilies were

carefully read and analyzed in order to retrieve the most commonly used

computational methods to develop predictive models, to retrieve the

databases deployed in the model building process and to pinpoint some of

the limitations they faced.

KEYWORDS

nuclear receptors, in silico, endocrine disrupting chemicals, docking, pharmacophore
model, QSAR

1 Introduction

Nuclear receptors (NRs) are a large family of transcription factors. They are involved in a

wide variety of biological and physiological processes such as growth, metabolism,

reproduction, cell proliferation, differentiation, development and homeostasis (1, 2). The

NRs superfamily is composed of 48 members in humans and is divided in 7 subgroups. Apart
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from SHP and DAX, all the NRs share the overall same architecture

comprising 5 domains, named A to E, each of which playing a

specific role. The E domain is a structurally conserved allosteric

signaling region forming the ligand binding domain LBD. This

domain includes 12 helices and 4 b‐strands that create a buried

hydrophobic ligand‐binding pocket (LBP) able to interact with

small molecules ligands. The LBD and in particular the helix H12,

called the activation function helix (AF‐H), change conformation

upon ligand-binding facilitating the interaction of the LBD with co-

activators or co-repressors proteins. The DNA binding domain (C

domain) of the activated NR can bind to a specific DNA sequence

and recruit co-regulator proteins that either promote or repress the

DNA transcription and therefore, specific gene expression (1).

Although the mechanism of action of NRs is very well-

adjusted, dysfunctions of their signaling pathways have been

linked with diseases such as cancers, diabetes or auto-immune

disorders. NRs biology and ability to interact with small

lipophilic molecules in the LBD have led to their emergence as

a major class of therapeutic drug targets for these diseases,

accounting for more than 10% of FDA-approved drugs (1–5).

However, exogenous ligand binding may also cause

dysfunctions of NRs pathways. As such, some (candidate) drugs

side effects are related to their unforeseen interaction with NRs

like nifedipine and the antifungal clotrimazole who are able to

activate PXR (6). More recently, a category of compounds called

the endocrine disrupting chemicals (EDCs), have been associated

with NRs, especially the sex hormones receptors such as Estrogen

Receptors (ER) and Androgen Receptors (AR). Although the

concept has been introduced since 1958, the scientific outline

has evolved to settle in 2012 on a definition proposed by the

Endocrine society (7). EDCs are environmental compounds that

can be found in fumes, cosmetic additives or pesticides that can

enter the human body due to their high lipophilicity (8). They can

affect the endocrine system through several mechanisms (8) (9)

including “direct” and “indirect” mechanisms. In the “direct”

mechanism, EDCs bind to human NRs (hNRs) LBD and

dysregulate the functioning of the endocrine system either by

excessively activating or repressing the associated biological

activity (7, 9). In the “indirect” mechanism, EDCs can alter not

only the synthesis, metabolism, transportation and fate of

hormones in the body but also the hormone-receptors

expression, the signal transduction as well as the epigenic

behind (8). Up to 2019, more than 1000 suspected EDCs have

been reported (10). It is to note that EDCs can also affect other

protein families than the NRs (11–13). For this review, we will

focus on the NRs related “direct” mechanism of action.

Identifying hNRs binders, i.e. compounds able to bind to hNRs,

is important for both therapeutic and toxicologic purposes: to

discover new therapeutic compounds for several NRs-related

diseases, to predict potential off-target effects, to guarantee the

safety of novel synthesized molecules and to identify potential

EDCs in the exposome. In silico methods emerge as an asset to

achieve this goal. The construction of predictive models of NRs

ligand binding using in silico methods (14–16) enable to prioritize

compounds that should be biologically evaluated to reduce the time,

cost and technical issues associated with the experimental tests of a

large number of compounds.

Previous reviews mostly focused on specific NRs as potential

drug discovery targets (17, 18) while other evaluated models

dedicated to EDCs prediction (7, 19). Herein, we present an

exhaustive review of 89 in silico initiatives carried out on NRs on

both therapeutic and toxicologic levels and published between 2010

and 2020. We provide a summary in order to 1) enumerate them in

a referential, 2) list the available NRs-related data that can be used

in modeling approaches and 3) learn from previous experiences to

enable the elaboration of more accurate predictions.

2 General overview

This review focuses on 14 NRs subfamily members for which

publications falling within the scope of our review were retrieved. 89

articles were carefully selected, read and analyzed. For each collected

model, several aspects were identified including 1) the NR for which

the model was developed, 2) the computational method used to

build the model, 3) the DB used for the model training, testing and

validation, 4) the level of reproducibility 5) if the study was

prospective or retrospective, and 6) the purpose of the study

(toxicological or therapeutic). The result of our bibliographic

search is presented in Table 1–4 and point 2) to 4) are detailed in

a following paragraph in this review.

In total, in this review, we identified 38 projects dedicated to the

identification of therapeutic compounds, 44 to the prediction of

toxicological compounds and 3 projects addressing both purposes.

Distribution of publications related to each studied NR are depicted

in Figure 1. The in silico methods used to construct the models are

divided into two approaches: Ligand-Based (LB) and Structure-

Based (SB) (Figure 2). The reviewed studies are also classified

according to their study design into prospective and retrospective

studies. Prospective studies are based on compounds for which no

biological data is available for the query target. These compounds

are subjected to virtual screening protocols in order to assess if they

can be considered as potential NRs modulators. The obtained

predictions are then validated by experimental assays. In

retrospective studies, models that are developed aim at correctly

forecasting the already known data activities. The models can then

be used to achieve predictions for compounds with unknown

activities as long as they remain within the activity domain. The

reviewed papers were perfectly balanced in terms of study design as

43 model were retrospective and 43 were prospective with the latter

including a majority of LB methods.

3 Studied nuclear receptors

In addition to the IUPAC classification, NR can be

distinguished according to structural differences, functions,
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TABLE 1 Review of the different initiatives dedicated to Steroid Hormones nuclear receptors.

Receptor methods Approach Database Reproducibility Prospective
or

Retrospective

Application Year Ref

AR COMPARA both 1,746 compounds from ToxCast/Tox21 Medium retrospective Toxicological 2020 (20)

AR QSAR : Machine learning
methods (kNN, lazy IB1, and
ADTree methods)

LB In house data (292 compounds) and collection
from literature (231 compounds)

Medium prospective Toxicological 2010 (21)

AR Docking and 3D QSAR
(CoMSIA)

both Collected from the literature (76 compounds) Medium retrospective Toxicological 2013 (22)

AR Docking, MD, and 3D QSAR
(Comsia)

both In house database of flavonoids (21 compounds) Medium retrospective Toxicological 2016 (23)

AR Docking SB Collected from the literature (20 bisphenols
compounds)

Medium retrospective Toxicological 2016 (24)

AR Docking SB EPA (1689 compounds) Medium prospective Toxicological 2017 (25)

AR Docking + molecular
dynamics

SB NR-List BDB (3233 compounds) Medium retrospective Toxicological 2018 (26)

AR QSAR : Machine learning
methods (Bernoulli Naive

Bayes, RF, NNN)

LB COMPARA calibration set (1689 compounds from
EPA) and external validation set (3882 compounds

from EPA)

High retrospective Toxicological 2019 (27)

AR QSAR : machine learning
methods (ANNs,SVM,DT)

LB CoMPARA dataset (1689 compounds from EPA),
EDKB (202 compounds)

Medium retrospective Toxicological 2019 (28)

AR Docking and LB
Pharmacophore

both NR-DBIND (812 compounds), Tox21 (5690
compounds)

High retrospective Both 2019 (29)

AR QSAR : Machine learning
(Bayesian models, RF, kNN,

SVM, naïve Bayesian,
AdaBoosted DT) and DL

LB Toxcast (8645 compounds) High retrospective Toxicological 2020 (30)

AR, ER QSAR: KNN + Local method
( lazy learning) + RF

LB METI (900 compounds), EDKB (87 compounds) Medium prospective Toxicological 2010 (31)

AR, ER QSAR: ML (kNN, DT, NB
SVM)

LB Collected from the literature (1157 compounds in
the training set and 121 compounds in the external

validation set)

High retrospective Toxicological 2014 (14)

AR, ER QSAR: ANN LB Collected from the literature (879 compounds for
ER, 930 compounds for AR)

High Retrospective Toxicological 2015 (32)

AR, ER 3D QSAR and bayesian
statistics

LB Toxcast (1853 compounds) + 42 compounds Medium retrospective Toxicological 2016 (33)

AR, ER
alpha

Hierarchical charactarestic
fragments, docking and MD

simulations

both ToxCast/Tox21 and ChEMBL (2458 compounds
for ER, 2843 compounds for AR)

Medium prospective Toxicological 2020 (34)

AR, GR Similarity LB Toxcast (7027 compounds for AR, 7329
compounds for GR)

High retrospective Toxicological 2020 (35)

ER CERAPP both Collected from the literature (1677 compounds) Medium retrospective Toxicological 2016 (36)

ER QSAR: ANN LB Collected from the literature (174 compounds) Medium Both Toxicological 2010 (37)

ER QSAR (single task an multi
task learning KNN) and

docking

both Collected from the literature including EDKB and
ChEMBL (QSAR data sets: 546 compounds for
ERa, 137 compounds for ERb; docking data sets:

106 binders/ 4018 decoys for ERa, 80 binders/ 2000
for ER b)

Medium Both Toxicological 2013 (38)

ER QSAR:machine learning
methods (LDA / CART/

SVM)

LB Toxcast (1814 compounds) and Tox21 (8303
compounds)

Low retrospective Toxicological 2013 (39)

ER Docking SB EPA (1677 compounds) Medium retrospective Toxicological 2015 (40)

ER Docking and QSAR :machine
learning methods (LDA,
decision tree, SVM)

both Collected from the literature (440 compounds) Medium retrospective Toxicological 2016 (41)

ER QSAR: Machine learning
(Bernoulli Naive Bayes,

LB Collected from the literature (1677 compounds
from the CERAPP data set, 7351 compounds from

High retrospective Toxicological 2018 (42)

(Continued)
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tissue specificity, DNA binding motifs or the knowledge or not

about an endogenous ligand. For this review, we divided the

studied NR into three groups according to their structural

similarities and function in three groups. 1) steroid hormones

receptors, (Table 1) 2) RXR and its partners (Table 2) 3)

monomeric orphan receptors (Table 3) (107, 108).

3.1 Steroid hormones receptors

The NR belonging to this class are all activated by an

endogenous ligand presenting a steroid core. Upon binding to

their native ligand, steroid hormones receptors undergo

conformational changes leading to their homodimerization

and subsequently to DNA binding. The reviewed articles

dedicated to the steroid hormone receptors are listed in Table 1.

3.1.1 Estrogen receptors

Two isoforms of ER exist, namely ERa and ERb. Both
isoforms exhibit similar affinity for their native ligand, 17b
Estradiol, but differential expression in the body and unique

roles in estrogens action in vivo (55). Indeed, ERa’s effects are
prominent in the mammary gland, uterus and in the preservation

of skeletal homeostasis and the regulation of metabolism, while

TABLE 1 Continued

AdaBoost Decision Tree, RF,
SVM) and deep learning

(DNN) methods

Tox21, 3474 compounds for ERa, 2775 compounds
for ERb)

ER QSAR: Machine learning
method (GkNN)

LB ToxCast and CERAPP databases (1677
compounds)

Low retrospective Toxicological 2018 (43)

ER QSAR: Machine learning
method (Bayesian models)

LB "Toxcast2019" and two publications Medium Both Toxicological 2020 (44)

ER QSAR: Machine-learning
(BNB, kNN, RF, and SVM)
and deep learning (DNN)

methods

LB ToxCast and Tox21 (7576 compounds) Medium retrospective Toxicological 2020 (45)

ER
alpha

3D QSAR + 2D QSAR :
machine learning methods

(PLS, SVR, LR)

LB In house (68 raloxifene's derivatives) Low prospective Therapeutic 2013 (46)

ER
alpha

Docking SB Ligands extracted from cristallographic complexes
(66 compounds) and DUD-E's set (106 binders,

4018 decoys)

Medium retrospective Therapeutic 2014 (47)

ER
alpha

Docking and aggregated
potential field similarity

both NCTRER binding database, ChEMBL, DUD (1691
active and 4785 inactive/decoy compounds) and

Tox21 for prospective screening

Medium prospective Toxicological 2014 (48)

ER
alpha

Docking SB Drug-Bank Database and collection from literature
(105 compounds)

Medium prospective Therapeutic 2019 (49)

ER
alpha

QSAR : Machine learning
(RF)

LB EABD (3308 compounds) and Toxcast (1641
compounds)

Medium retrospective Toxicological 2015 (50)

ER
alpha
and ER
beta

QSAR: ANN LB Collected from the literature (170 compounds) Low retrospective Toxicological 2011 (51)

ER beta LB Pharmacophore modeling
and QSAR (MLR)

LB Collected from the literature (119 compounds) and
NCI list of compounds for prospective screening

Medium prospective Therapeutic 2010 (52)

ER beta LB pharmacophore modeling
and docking

both Maybridge and Enamine Low prospective Therapeutic 2014 (53)

ER beta docking and MD simulations SB 18 ligands from crystal structures, 40 compounds
collected from the literature and 2570 DUD decoys,
400000 compounds from commercial databases for

prospective screening

Medium prospective Therapeutic 2014 (54)

ER beta QSAR: Machine learning
methods (Naïve bayes, KNN,

RF, SVM)

LB CHEMBL20 (356 active compounds and 107
inactive compounds) + 249 DUD-E decoys

Medium retrospective Therapeutic 2016 (55)

ER beta QSAR: Machine learning
(RF)

LB EADB (2492 compounds) and ToxCast (1805
compounds)

Medium retrospective Both 2017 (56)

PR Docking, MD, Binding
energy calculation

SB Collected from the literature (12 compounds);
ZINC db (20000 compounds) for prospective

screening

High prospective Therapeutic 2018 (57)
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TABLE 2 Review of the different initiatives dedicated to RXR and its partners NR.

Receptor methods Approach Database Reproducibility Prospective
or Retro-
spective

Application Year Ref

FXR SB pharmacophores SB ChEMBL (221 compounds); NCI
database (247041 compounds) for

prospective screening

Medium prospective Therapeutic 2011 (58)

FXR SB pharmacophores SB in-house Chinese Herbal Medicine
database (10216 compounds) for

prospective screening

Low prospective Therapeutic 2011 (59)

FXR LB Pharmacophore and
free energy calculations

LB ChemBridge (~520000 compounds)
for prospective screening

Low prospective Therapeutic 2015 (60)

FXR QSAR: Machine learning
methods (SVM, C4.5 DT,
k-NN, RF, NV), MoSS

and SARpy

LB Tox21 (688 compounds), ChEMBL
(460 compounds), D3R CG2 (76

compounds)

Low retrospective Toxicological 2018 (61)

FXR QSAR: Machine Learning
(counter-propagation

artificial neural network,
kNN)

LB ChEMBL (896 compounds), Asinex
(3383942 compounds) for
prospective screening

Medium prospective Therapeutic 2018 (62)

LXR SB pharmacophore and
shape similarity

both Collected from the literature 41
compounds + 67059 decoys from
Derwent World Drug Index); NCI
database (250761 compounds) for

prospective screening

Medium prospective Therapeutic 2012 (63)

LXR self-organizing maps
(SOM)

LB ChEMBL (458 compounds);
DrugBank (1280 compounds) for

prospective screening

Low prospective Therapeutic 2017 (64)

LXR beta 2D fragment-based
HQSAR and HQSSR

(structure selectivity) and
Docking

both Collected from the literature (62
quinolines and cinnolines)

Medium prospective Therapeutic 2012 (65)

LXR alpha
and LXR
beta

Docking and MD SB ChEMBL database + DecoyFinder
(769 compounds for LXRa, 570
compounds for LXRb); MolMall
subset of the ZINC (~20000
compounds) for prospective

screening

High prospective Therapeutic 2018 (66)

LXR beta QSAR (MLR) and
Docking

both Collected from the literature (53
compounds with dual activity LRa/

b)

Medium prospective Therapeutic 2018 (67)

PPAR
alpha and
PPAR
gamma

2D-, 3D-QSAR and
docking

both In-house library (22 compounds) Medium prospective Therapeutic 2013 (68)

PPAR
alpha and
PPAR
gamma

QSAR, SB
pharmacophore

modelling and docking

both In-house library (46
phenylpropanoic acid derivatives)

Medium prospective Therapeutic 2016 (69)

PPAR
alpha and
PPAR
gamma

docking and MD SB Asinex (292,724 compounds) for
prospective screening

Medium prospective Therapeutic 2018 (70)

PPAR
alpha and
PPAR
gamma

docking, binding energy
calculations, MD

SB ChemDiv database (7476
compounds) for prospective

screening

Low prospective Therapeutic 2019 (71)

PPAR
alpha and

Docking and MD SB Ligand Expo components database Medium prospective Therapeutic 2020 (72)

(Continued)
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TABLE 2 Continued

Receptor methods Approach Database Reproducibility Prospective
or Retro-
spective

Application Year Ref

PPAR
gamma

PPAR
gamma

LB Pharmacophores and
3D QSAR

LB Collected from the library (88
compounds)

Medium retrospective Therapeutic 2010 (73)

PPAR
gamma

QSAR :Machine learning
methods (MLR, SVM and
Bayes Network Toolbox
(BNT)), docking and MD

both Traditional Chinease Medicine
(TCM) database (9,029 compounds)

High prospective Therapeutic 2014 (74)

PPAR
alpha and
PPAR
gamma

Docking and MD SB Compounds collected from the
literature (51 compounds + 3600
DUD decoys); "clean-leads" ZINC's
subset for prospective screening

(740000 compounds)

Low prospective Therapeutic 2015 (75)

PPAR
gamma

SB and LB
pharmacophore-, shape
similarity and docking

both Collected from the literature (51
partial agonists, 14 agonists + 812

inactives from ToxCast and
literature); Maybridge database

(52000 compounds) for prospective
screening

Low prospective Therapeutic 2016 (76)

PPAR
gamma

docking and MD SB Zbc subset of ZINC database
(180313 compounds)

Low prospective Therapeutic 2018 (77)

PPAR
gamma

Docking, binding energy
calculations and MD

simulations

SB Seaweed Metabolite Database (1110
compounds)

Medium prospective Therapeutic 2021 (78)

CAR docking,SB and LB
pharmacophore, QSAR

(SVM)

both Collected from the literature (392
compounds)

Low retrospective Therapeutic 2017 (79)

CAR, PXR Docking SB Collected from the literature (106
compounds)

Medium retrospective Toxicological 2017 (80)

PXR Docking and QSAR
(Bayesian classification)

both Toxcast (308 compounds) medium prospective Toxicological 2010 (81)

PXR QSAR : C5.0 LB In-house collection (202
compounds) and collection from the

literature (434 compounds)

High retrospective Both 2012 (82)

PXR QSAR: partial logistic
regression(PLR)

LB Collected from the literature (631
compounds)

medium retrospective Both* (PXR
activation is an
unwanted side

effects of
drugs)

2012 (83)

PXR QSAR, similarity LB Prestwick Chemical Library (1120
compounds)

Low prospective Both* (PXR
activation is an
unwanted side

effects of
drugs)

2015 (84)

PXR SB Pharmacophore and
docking

SB Binding DB (266 compounds);
PubChem (820 herbs compounds)

for prospective screening

Medium prospective Both* (PXR
activation is an
unwanted side

effects of
drugs)

2015 (85)

PXR SB Pharmacophore SB Collected from the literature (18
compounds), Mitsubishi Tanabe

Pharma Corporation (68
compounds), NPC (2816

compounds)

Low retrospective Both* (PXR
activation is an
unwanted side

effects of
drugs)

2017 (86)

TR Docking and MD
simulations

both Collected from the literature (16
HO-PBDEs compounds)

Medium retrospective Toxicological 2016 (87)

(Continued)
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the activation of ERb impacts the immune and central nervous

systems. Moreover, ERb exerts an anti-proliferative and pro-

apoptotic activity that counteracts ERa’s actions towards cell

growth and proliferation (54, 55). The established link between

impairment of these ER pathways and diseases such as breast and

endometrial cancers, osteoporosis, metabolic and cardiovascular

diseases (55, 109) explains the number of published in silico

studies with a therapeutic scope (8 up to the 23 ER-related

reviewed studies). Additionally, ER are a well-known target for

EDCs, and it has been shown that exposure to these chemicals

increase the risk of breast cancer and immune diseases

development (18). Consequently, several projects focused on

this hNR as a central component of toxicological pathways

including EDCs. It is the case of CERAPP, a large-scale

screening project initiated by the US Environmental Protection

Agency (EPA) (36). The project gathers models from American as

well as European research groups to develop in silico models to

evaluate thousands of chemicals for ER-related activity and

TABLE 2 Continued

Receptor methods Approach Database Reproducibility Prospective
or Retro-
spective

Application Year Ref

TR QSAR (C4.5 ,SVM and
Random Forest)

LB Collected from the literature (258
compounds)

Medium retrospective Toxicological 2019 (88)

TR beta Docking and MD SB DUD-E (7556 compounds), in-house
indoor dust contaminant inventory

(485 compounds)

Medium retrospective Toxicological 2016 (89)

TR beta 3D QSAR, Docking and
MD

both Collected from the literature (33
compounds)

Medium retrospective Therapeutic 2015 (90)

TR beta Docking and QSAR (PLS) both Collected from the literature (18
HO-PBDEs compounds)

Medium prospective Toxicological 2010 (91)

VDR de novo design, docking,
MD, free energy

calculation

both Fragments extracted from 6 VDR
agonists collected from the literature

Low prospective Therapeutic 2012 (92)

VDR Docking, LB
Pharmacophores, 3D

QSAR, MD

both ChEMBL (478 compounds) Medium retrospective Therapeutic 2020 (93)

VDR LB pharmacophore,
molecular docking,
binding free energy
calculation, Density

Functional Theory (DFT)
study and MD

both Binding database (31 compounds);
for prospective screening: Life

chemicals, Enamine, MayBridge, and
TCM

Low prospective Therapeutic 2020 (94)

TABLE 3 Review of the different initiatives dedicated to monomeric orphan receptors.

Receptor methods Approach Database Reproducibility Prospective
or Retro-
spective

Application Year Ref

ERR Combination of
QSAR models

LB Tox21 (5077 compounds for ERR agonism,
6526 compounds for ERR inhibition); HMDB
(3092 compounds) and EU pesticides dataset
(888 compounds) for prospective screening

high prospective Toxicological 2019 (95)

ERR molecular
similarity and

docking

both KEGG COMPOUND database (10739
compounds)

high prospective Therapeutic 2013 (96)

LRH-1 Docking SB ZINC database (5.2 million compounds) for
prospective screening

Low prospective Therapeutic 2013 (97)

RORgt docking and
similarity

both ChEMBL (502 compounds); Specs commercial
database (116495 compounds) for prospective

screening

Medium prospective Therapeutic 2018 (98)

RORgt SB
pharmacophore
and Docking

SB Asinex Gold–Platinum (289174 compounds) Medium prospective Therapeutic 2020 (99)
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prioritize them for further testing. CERAPP models, like most of

the ER focused models reported in the literature, do not

differentiate the two ER isoforms during the development of the

models. It is to note that this distinction is crucial for therapeutic

projects as many ligands display different affinities for each

isoform (110). Designing selective ERb ligands could help

reducing ER related side effects besides exerting the desired

estrogenic activity. Niu et al. (55), succeeded in building

machine leaning models with high accuracies (77.10 to 88.34%)

and AUCs greater than 0.8 that performed equally on an external

validation dataset composed of ERb selective agonists. It is to note

that the negative data used for this study consisted of generated

decoys rather than selective ERa ligands. Another particularity we

could notice for ERmodels, was the predominance of Quantitative

Structure Activity Relationship (QSAR) models based on machine

learning (ML) algorithms. The most used ML algorithms

were random forest, SVM and Naïve Bayes. Other

computational approaches comprise molecular docking and

pharmacophore modelling.

3.1.2 Androgen receptors

Modulated by dihydrotestosterone and testosterone, AR is

involved in several physiological processes such as the male

sexual differentiation, the development and maintenance of

musculoskeletal and cardiovascular systems, as well as

functionality of female ovarian follicles and ovulation (29,

111). The malfunctioning of these receptors is linked to

several diseases including prostate, testicular and ovarian

cancers, impaired reproduction system development and

neuromuscular diseases (29, 112). Despite this large

therapeutic potential, the 23 models and projects identified for

AR during this review process were for a large majority

conducted in the EDCs risk assessment perspective. Among

them, the CoMPARA project (20) is the AR counterpart of the

CERAPP project and falls under the Endocrine Disruptor

Screening Program of the U.S. Environmental Protection

Agency (EPA). The 25 international research teams forming

the CoMPARA consortium used a common training set of 1,746

TABLE 4 Review of the different initiatives dedicated to projects targeting several NR.

Receptor methods Approach Database Reproducibility Prospective
or Retro-
spective

Application Year Ref

AhR, AR, CAR, ER, ERR,
FXR, GR,PPARd, PPARg,
PR, PXR, RAR, ROR, RXR,
TR, VDR

QSAR : Deep learning
method (molecular

image-based method)

LB Tox21 Data
Challenge 2014

(~7000
compounds / NRs)

Low prospective Toxicological 2020 (100)

AhR, AR, ER, PPARg QSAR: Machine
learning (RF) and Deep
Learning (Deep Neural
Network) methods

LB Tox21 (10255
compounds

curated from the
original 12707
compounds)

Medium retrospective Toxicological 2016 (101)

AhR, AR, ER, PPARg QSAR :Deep learning
method (DNN)

LB Tox21 (8694
compounds

curated from the
original 12707
compounds)

Medium retrospective Toxicological 2016 (102)

AhR, AR, ER, PPARg QSAR: Machine
learning (RF and SVM)/
Molecular similarity/ SB

Pharmacophore
modeling

LB Tox21 (~7000
compounds / NRs)

High retrospective Toxicological 2018 (103)

AR, ER alpha, ER beta, GR,
PPAR alpha, PPAR beta,
PPAR gamma, PR, RXR
alpha, and TR alpha and TR
Beta

Docking SB DUDE-E,
ChEMBL

High retrospective Toxicological 2014 (104)

AR, ER,GR, PPAR gamma,
TR

QSAR : Machine
learning methods

(SVM, RF)

LB Tox21 (7248
compounds)

High retrospective Toxicological 2019 (19)

AhR, AR, ERa, ERb, GR,
LXR, MR, PPAR gamma, PR,
TR alpha, TR beta

Virtual Tox Lab
software (docking and

mQSAR)

both Collected from the
literature (1016
compounds)

Medium prospective Toxicological 2012
and
2014

(12,
105)

AR, GR, MR, PPAR alpha,
PPAR beta, PPAR gamma,
PR, RAR alpha, RXR alpha,
TR beta, VDR

Docking SB Collected from the
literature (157
compounds)

High retrospective Therapeutic 2010 (106)
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chemicals compiled from a data set of 11 ToxCast/Tox21 HTS in

vitro assays to generate 91 predictive QSAR models for AR

binding, agonist, and antagonist activity predictions. The

resulting models were evaluated using non-overlapping

curated literature data. Finally, all predictions were combined

into consensus models with an average accuracy of 80%. In

complement to the CoMPARA project, several computational

LB models, obtained using deep learning and QSAR methods,

were described in the literature. SB methods such as docking and

MD were also used, albeit to a lesser extend because of a lack of

AR structural data. In fact, there is no AR antagonist-bound

crystal structure yet available in the PDB which can impair the

prediction of AR antagonist molecules and the development of

AR SB models. However, some groups managed to overcome

this issue and relied on molecular dynamics simulations to

generate AR structures in antagonist conformations that led to

a vast improvement for the docking of AR antagonists (26).

3.1.3 Progesterone receptor

PR is expressed primarily in female reproductive tissues and

in the central nervous system as two isomers, PRa and PRb.
Both isomers present identical structures except for the A/B

domain but they target distinct gene networks in progesterone-

responsive cells (113). PR is activated by binding its endogenous

ligand, the progesterone. PR regulates a wide range of biological

function in a context- and cell-specific manner including the

development and differentiation processes in normal and

malignant female tissues, in particular in patients suffering

from breast cancer (114). Selective progesterone modulators

(SPRMs) have thus been developed as drug candidates for

breast cancer therapies (57). Moreover, PR is suspected to be

involved in endocrine disruptor toxicity pathway as bisphenols

and some pesticides have been characterized with a PR activity

(107). The reviewed models reflect the involvement of this NRs

FIGURE 1

Number of publications related to each studied hNR subfamily described in the review.

FIGURE 2

Distribution of the computational approach (SB: structure-based, LB: ligand-based and both: combination of SB and LB methods) in the
reviewed publications for the different hNR.
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in both aspects. Three in silico endocrine disruptors prediction

tools (12, 100, 104, 105) include PR models. In particular, a

prediction model of PR agonist compounds was constructed

using a deep learning approach (100) and the Tox21 data. This

model was associated with high prediction performance as

measured by a Matthew correlation coefficient superior to 0.8

and an AUC value of 0.95. A structure-based prospective virtual

screening to identify new PR inhibitors was also conducted (57)

but no experimental validation of the results was provided.

3.1.4 Glucocorticoid receptors

Besides their well-known anti-inflammatory, anti-

proliferative, pro-apoptotic and anti-angiogenic roles,

glucocorticoids are involved in several other physiological

processes affecting the nervous, cardiovascular, immune and

respiratory systems (115, 116). Additionally, GR is incriminated

in several toxicological pathways resulting in decreased male

fertility and depression (35) and are a potential target for EDCs

(19). GR is thus a relevant target for both therapeutic and

toxicologic compounds. There are several isoforms of GR

distributed through various tissues. GRa and GRb present a

similar sequence that differs only in the C-terminal region,

whereas GRg, GR-A, and GR-P are less characterized. It has

been shown that GRb negatively regulate the action of GRa as

well as exerting its own. The remaining isoforms are associated

to glucocorticoids insensitivity (115). In this review, only one

therapeutic project was identified (106) whereas, 4 projects with

toxicological applications for GR were found. Both SB, LB and

their combination were applied to identify GR ligands. None of

these projects did the distinction between all isoforms despite the

difference in affinities towards glucocorticoids (115). It is to note

that all the available GR structures in the PDB include the same

mutation in helix 5 from a Phenylalanine residue to a Serine to

overcome solubility problems during the crystallization

experiments (117). However, this mutation is not located in

the ligand binding site.

3.2 RXR and its partners

RXRa presents the particularity of forming heterodimers

with one third of the 48 human NR (107) and is thus able to

regulate a wide range of biological functions in a cell and tissue-

specific manner (118). This class of NR can be subdivided in

permissive heterodimers that can be activated by ligands of

either RXR or its partner in the dimer (PPARs, LXRs, FXR, PXR

and CAR) and non permissive heterodimers that generally

require the RXR to be unbound in order to be activated by the

native ligand of the dimer partner (TRs, RARs) (107). The

reviewed articles focusing on RXR and its partners are

presented in Table 2.

3.2.1 Retinoid X receptor alpha

As previously mentioned, RXRa can form heterodimers

with several NR partners, but it can also be assembled and

activated as an homodimer (108). A synthetical RXRa ligand,

bexarotene, is notably marketed for the treatment of cutaneous T

cell lymphoma (119). RXRa ligands have also demonstrated

neuroprotective properties and are considered for the design of

drug candidates for Alzheimer disease treatment (120). No study

specifically dedicated to RXRa ligands prediction was identified

during this review. However, 3 articles presenting models for

several NRs including RXRa were available. Among them, two

studies used SB methods. However, one of this study (106) is

more focused on the comparison the performance of single and

ensemble docking approaches with an active RXR data set

limited to 11 compounds. In the other SB study, the RXR

DUD-E data set (121) was used with a single docking

approach to select the RXRa structure. Overall good

performance in predicting RXR ligands was obtained with an

AUC value close to 0.8 and an early enrichment factor value

EF1% of 8.6. The third study presents a RXRa agonist ligands

prediction model developed using a LB deep learning approach

(100). The model was trained on the Tox21 database and was

associated with an AUC value similar to those obtained in the

previous study with the docking approach.

3.2.2 Peroxisome proliferator-activated
receptors

Since the cloning of the first PPAR from the rat liver in 1990,

the subfamily of PPAR has been enlarged and currently counts

three members PPARa, PPARd and PPARg. Each isoform is

differentially expressed in tissues and associated with different

biological functions (122): PPARa is mainly expressed in the

liver and regulates lipid metabolism (123); PPARg is mainly

expressed in adipose tissues and controls adipogenesis and

carbohydrate metabolism (124); PPARd is ubiquitously

expressed and involved in atherosclerosis, pathologies of the

nervous system, embryonic, organ and tissue development and

metabolism of lipid and glucose (122). PPARd is the less studied
receptor of this group (75) while PPARa and PPARg have been
extensively investigated as therapeutic targets especially in

metabolic diseases like type 2 diabetes (T2D) (68, 71, 78, 125,

126). Recently, PPARg has also been proposed as a therapeutic

target for ovarian cancer (77) and Alzheimer Disease (AD) (78).

In this review, 11 models and projects dedicated to PPARs have

been identified. The implication of this receptor in several

pathologies explains the fact that all project specific to PPAR

fall under the therapeutic application. Indeed, 8 studies

described prospective virtual screening protocols combining

several in silico methods for the prediction of dual PPARa/g
agonist ligands with therapeutic applications for T2D (70–72)

Sellami et al. 10.3389/fendo.2022.986016

Frontiers in Endocrinology frontiersin.org10

https://doi.org/10.3389/fendo.2022.986016
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


and of PPARg ligands (74–78). However, experimental

validation was achieved for only 3 of these studies (75–77),

which limits the evaluation of the protocols performance. The

protocol presented by Kaserer et al. for PPARg partial agonist

ligands prediction (76) is of particular interest since a

retrospective study was first achieved to select optimal models

for the prospective screening. This protocol combines 3

pharmacophore models (associated with EF and AUC values

of 6.5 and 0.92 respectively in the retrospective evaluation), 5

shape-based models (associated with EF and AUC values of 11.0

and 0.83 respectively in the retrospective evaluation), and a

docking protocol (associated with EF and AUC values of 2.2 and

0.65 respectively in the retrospective evaluation). The top-ten

ranked compounds by the three methods (29 compounds) were

biologically evaluated and 9 novel PPARg ligands were

identified. Retrospective studies were also conducted on the

PPARa/g using 2D, 3D-QSAR, and docking (68) and to

understand the structural factors responsible for PPARg
agonistic activity using a combined pharmacophoric/3D-QSAR

approach (75). As PPARg data is available from the Tox21

program, several studies trying to model the Tox21 data for a

large panel of NRs also present PPARg dedicated models (19,

100–103). All of these models were associated with high

predictive power with AUC values comprised between 0.8

and 0.9.

3.2.3 Human pregnane X receptor

Due to its flexibility and the relative bulkiness of its binding

site in comparison with other NRs (80), PXR activity can be

modulated by binding to a wide range of endogenous

compounds, from bile acids to steroid hormones but also

xenobiotics, such as drugs or environmental chemicals

(pesticides, phenols, cosmetics, phytoestrogens) that can

dysregulate normal physiological functions (127–129). PXR is

responsible for the modulation of the expression of enzymes and

transporters associated with the metabolism and transport of

several drugs. Thus, PXR can mediate drug-drug interactions

either by reducing the therapeutic efficacy or by increasing the

concentration of reactive metabolites leading to toxicity (86).

PXR may also lead to the so called “cocktail effect” that is the

adverse effects caused by several chemicals present at the same

time exhibiting low individual toxicities (83, 129). In this sense,

it is important to identify compounds that activate PXR to avoid

such effect and modify the drug design during early stages.

Several projects focused on developing models able to identify

PXR agonists: Torimoto-Katori et al. (86), designed a

pharmacophore with high accuracies (over 0.7) yet with lower

sensitivities suggesting that reinforcing the methods with other

in silico methods could help achieve better performances. This

was done by Cui et al. (85), who combined pharmacophore and

docking method to detect ingredients from herbs able to activate

PXR in order to avoid herb-drug effects. Pharmacophore models

achieved similar performances as the model described before

with sensibilities equal to 0.54 and specificities of 0.8.

Interes t ing ly , adding docking methods on top of

pharmacophore models enhanced the performances to a

detection rate of 0.6 i.e. the ratio of positive hits among all the

database compounds. Three other groups built QSAR models to

identify potential activators of PXR. The first one (84), achieved

performances of R² = 0.64 and was applied to identify 16 novel

activators of PXR. Dybdahl et al. (83), built a model associated

with a sensitivity of 82% and a specificity of 85% that was used to

identify potential PXR activators in a database of environmental

chemicals. Interestingly, these molecules were also linked to

cause adverse effects such genotoxicity or teratogenicity

for examples.

3.2.4 Liver X receptor

LXR presents two isoforms (LXRa and LXRb) that are both
ubiquitously expressed (65, 67, 130–132). LXR serves primarily

as a reverse cholesterol transporter within the lipid metabolism,

protecting cells from cholesterol excess (66, 67) and is involved

in many physiological processes. Thus, LXR represents a

promising therapeutic target for cardiovascular diseases,

dyslipidemia and cancer treatment (66). However, it has been

shown that LXRa activation can lead to undesired lipogenic

effects like increased hepatic lipogenesis or liver steatosis

whereas LXRb activation does not and can even reduce them

(67). Designing LXRb selective compounds to treat dyslipidemia

appears as a promising strategy yet difficult to achieve due to the

high similarity between both isoforms LBD. For this reason, only

two projects among the reviewed ones were dedicated to the

identification of LXRb selective agonists whereas the remaining

two others did not make any distinction. Both projects used a

virtual screening workflow based on a combination of LB and SB

methods. In the first article, Chen et al. (67) built a selective LB

model using an association of Kohonen maps and stepwise

multiple regression. The model relied on the structures of

newly reported dual agonists and was associated with R2 equal

to 0.837 and 0.843 for train and test set respectively. This model

was then used to perform predictions of potential selective

ligands from the ZINC database falling within the applicability

domain of the model. A promising compound was found with a

predicted pEC50 = 7.0 for LXRb and pEC50 = 6.095 for LXRa
and was used as template to design potential inhibitors. The

latter molecules were incorporated to a docking analysis to better

understand the underlying mechanism of the selective activity.

Similarly, the second article (65) was also a combination of LB

(QSAR) and SB (docking) methods to firstly unravel new

selective LXRb ligands and then analyze the interaction mode

using docking studies. No toxicological study related to LXR was

collected during our bibliographic search.
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3.2.5 Constitutive androstane receptor

CAR is involved in regulation of the transcription of genes

encoding for the metabolism of xenobiotic and steroid (133). It is

highly expressed in the liver and to less extend the small

intestine. Although structurally similar to other NR, the LBD

of CAR contains particular residues and motifs and thus present

an original conformation. The CAR LBD in its unbound form

present a similar conformation to those of other NR when bound

to their endogenous ligands. Thus, in the absence of ligand CAR

can recruit coactivators. CAR agonist compounds, referred to as

“phenobarbital alike”, can increase coactivator recruitment and

thus promote the expression of cytochrome P450 enzyme and

other proteins involved in metabolism of xenobiotic

compounds. Besides the agonist compounds, inverse agonists,

such as the androstane metabolites, are also able to bind to CAR

LBD. Upon binding to CAR, these compounds inhibit the CAR

constitutive activity through the release of coactivators (134,

135). CAR is considered to be a sensor to several xenobiotics

including EDCs such as phthalates and triclocarban but it is also

considered as an interesting therapeutic target for metabolic

diseases such as type 2 diabetes (79, 80). Only few attempts to

develop in silico models for CAR were found (79, 80, 100). One

therapeutic study was conducted with the dual objective of

predicting CAR agonist compounds and collecting knowledge

about CAR/ligand interactions. To do so, Lee et al. (79)

d e v e l op ed a mach in e - l e a rn i n g mode l b a s ed on

pharmacophoric descriptors with good predictive power with

accuracy values equal to 0.875 and 0.854 for the training and test

sets, respectively and MCCs values equal to 0.744 and 0.701 for

the training and test sets, respectively. Additionally, the group

identified the critical elements involved in the binding affinity

with CAR. Additionally, two toxicological studies that aim to

understand the effect of EDCs on the CAR were also retrieved.

3.2.6 Farnesoid X receptor

FXR is expressed in the liver, the kidney, the intestine, and

the adrenal glands. It regulates the metabolism of glucose and

lipids and the maintenance of the bile acids homeostasis. It is

thus a suitable therapeutic target for the prevention and

t r ea tment o f me tabo l i c s yndrome , dy s l i p idemia ,

atherosclerosis, and type 2 diabetes (59). Additionally, some

exogenous compounds able to bind to FXR can induce the

dysfunction of the receptor and are suspected to be responsible

for liver toxicity and hepato-biliary injuries (61). In this review, 4

in silico models dedicated to the identification of FXR

modulators for the treatment of hepatic and metabolic

disorders have been analyzed. As a limited number of diverse

known FXR modulators was available, SB methods used to be

elected to identify potential therapeutic compounds. 3 studies

present the generation of FXR SB pharmacophore models and

their use in prospective screening in combination with

experimental testing to identify FXR agonist hits (57, 59, 60).

For example, in the study of Schuster et al. (58), a set of SB

pharmacophore models was generated and theoretically

evaluated by calculating the enrichment factors using several

data sets. The combination of all pharmacophore models was

able to retrieve 87.8% of a list of FXR actives but the performance

obtained varied according to the model and to the data set

studied. EF values were used to produce pharmacophore models

ranking for each data set and the 3 most suitable pharmacophore

models were selected accordingly for prospective screening. In

complement, 3 LB approaches were described in the literature.

The Tox21 FXR agonism and antagonism assay data were used

in 2 different studies to obtain respectively FXR disruptors

model using machine learning methods (61) and separated

FXR agonism and FXR antagonism models using a deep

learning approach (100). Both studies present high predictive

accuracy with area under the ROC curve values reaching 0.8.

The third study focus on different machine learning methods

(counter-propagation artificial neural network, similarity of 3D

pharmacophore feature distributions method and k-nearest

neighbor learner) that were optimized and combined to

identify new FXR modulators molecular frameworks (62). This

ensemble machine learning approach was used in a prospective

screening of 3 million commercially available compounds and

enable the discovery of 4 new experimentally validated FXR

agonist and 2 FXR antagonist compounds with original

molecular frameworks.

3.2.7 Thyroid hormones receptors

TR, are regulated endogenously by the thyroid hormones

(TH) that play major role in metabolism and growth processes

(136). The 2 isoforms, TRa and TRb, are expressed differently in
tissues and play different roles in the TH signaling (137). Despite

the great potency of TR as therapeutic target in the field of

dyslipidemia and liver diseases, the development of TR

modulators has been limited by selectivity problems and

associated undesirable side effects on heart and bone. TRa
activation being associated with the cardiac effects of TH, TRb
selective compounds are currently investigated for the treatment

of metabolic and brain disorders (138). Several environmental

chemicals have also been documented as TR modulators, some

of them being suspected to be EDCs. It is notably the case of

Hydroxylated polybrominated diphenyl ethers that present

structural similarity with endogenous TH and may interfere

with the TH binding to TR (87). TR are thus largely studied in

the EDCs context (139, 140). In this review, 10 models dedicated

to TR are listed, including 3 models specifically developed for

TRb and 4 tools to predict potential EDCs that include SB (12,

104, 105) and LB (19, 100) models for a panel of NRs and not

only TR. It is to note that these LB initiatives trained their model

Sellami et al. 10.3389/fendo.2022.986016

Frontiers in Endocrinology frontiersin.org12

https://doi.org/10.3389/fendo.2022.986016
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


using the TR Tox21 dataset and that the associated performance

was among the lowest of all studied receptors. Among the TR

focused studies, Zhang et al. (89) presented a virtual screening

protocol combining ensemble docking andMM-GBSA rescoring

to identify TRb ligands. This protocol was developed and

evaluated using the TRb DUD-E data set and was associated

with an AUC value of 0.865 and an EF10% value of 7.418. This

protocol was then applied in a prospective virtual screening of an

indoor dust contaminants inventory but as it was developed

using the TRbDUD-E dataset, it could also be applied to identify

potential TRb binders for therapeutic applications. Among the

remaining studies, it is to note that one was dedicated to the

classification of TR agonist and antagonist compounds using ML

methods but was not applicable to the classification of TR

binders and TR non binders (88), and 2 studies using QSAR

models were associated with good predictive performance of

TRb agonist compounds (90) and TRb binders (91) respectively,

but both suffer from a limited (<30) number of compounds

included in the training and test sets.

3.2.8 Vitamin D receptor

VDR is expressed in various tissues especially in the

gastrointestinal tract and the kidneys. It plays a major role in

the regulation of vitamin D thus controlling the calcium

homeostasis, the bone mineralization and remodeling and

immune pathways. Additionally, VDR is responsible for the

detoxification of both endogenous ligands and xenobiotics. The

natural ligand of VDR is the active form of vitamin D called D3.

It has been reported in several studies that the lack of Vitamin D

leads to hypocalcemia and hypophosphatemia resulting in

chronic kidney disease (CKD) also found in patients under

chronic hemodialysis, mineral-bone disorders, osteoporosis

and cancer (92, 94, 141, 142). In this review, we collected 3

articles that aimed at identifying novel VDR modulators for

therapeutic purpose. 2 articles both used a combination of LB

(pharmacophore‐based 3D‐QSAR models) and SB (docking and

molecular dynamics) methods to identify respectively VDR

inhibitors (93) and VDR agonists (94). Both models are

associated with good correlation value (R²=0.8869 and

R²=0.8676 respectively) and predictive score on the training

set (Q²=0.8870 and Q²=0.8523 respectively). However, the low

diversity and limited number of compounds used to train the

model in the first study (93) and the difficulty to understand and

thus reproduce the protocol used in the second one (94) may

limit the applicability of these 2 models. In the third study (92),

de novo design, docking and molecular dynamics was used to

design new potential VDR agonists. However, except a

redocking evaluation of D3, the performance of the protocol

was not assessed retrospectively and no experimental test was

conducted to validate the predicted hits. Additionally, one article

(100) used data from the Tox21 initiative to build deep learning

toxicological models for 35 NRs including VDR.

3.3 Monomeric orphan receptors

The members of this category of NR are characterized by an

incomplete knowledge about their endogenous ligands and their

ability to be activated as a monomer (or homodimer) by

opposition to the orphan receptor that are partners to RXR

(108). 3 NR studied during this review process and acting as

monomers belong to this category (Table 3).

3.3.1 Estrogen related receptors

ERR are orphan receptors, i.e. no endogenous ligands have yet

been characterized for the ERR. They do not bind any natural

hormones, not even estrogen despite their names (which has been

chosen regarding the high sequence similarity in the DNA-

binding domain between ERR and ER) but they do bind some

synthetic estrogenic compounds (143). ERR are present in the

human body under three main isoforms, ERRa, ERRb and ERRg
that modulate cartilage development, mitochondrion organization

and T-cell activation and differentiation. ERRa has particularly

been investigated due to its tight similarity with ERa. Common

DNA regions can be activated by both ERRa and ERa (144) and

they shared common co-activators which may explain the fact

that ERRa is involved in estrogen-related diseases. However, the

lack of known endogenous ligand has impaired the establishment

of protein-ligand interaction profile and the discovery of synthetic

ligands. However, the Tox21 program has provide a huge amount

of binding and activity data for ERR that could be used to build

prediction models. Klimenko et al. (95), proposed a ligand-based

(LB) approach to identify ERRa agonists by combining QSAR

models. Each QSAR model is specific of a particular biological

endpoint aiming at identifying potential ERRa agonists. The

models were selected according to the balance between several

statistical parameters i.e sensitivity, specificity, Accuracy, balanced

accuracy, PPV and NPV. Other investigated ERRa ligands are

inverse agonist and antagonist compounds that can be used for

cancer patients with resistance to hormonal therapy. In order to

identify such compounds, Chitrala et al. (96) used a library from

KEGG COMPOUNDS, containing an ensemble of metabolic

compounds, pharmaceutical and environmental compounds.

This library was pre-filtered to select 8 compounds presenting a

similarity score greater than 0.3 with an antagonist compound co-

cristallized into the ERRa binding site. The ERRa structure in its

antagonist conformation was then used to dock these compounds.

Unfortunately, no biological evaluation of the proposed hit

compound was achieved.
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3.3.2 Liver receptor homolog 1

LRH-1, also called NR5A2, plays an essential role in the well-

functioning of the liver, the pancreas and the intestines by

controlling the level of cholesterol, bile acids and pancreatic

enzymes. LRH-1 is also involved in cell differentiation and

associated with key developmental pathways. However,

dysregulated LRH-1 activity and unexpected re-activation of

the previously mentioned developmental pathways has been

linked with breast, endometrial, intestinal and pancreatic

malignancies (97). Limited data is available for LRH-1. In

particular, LRH-1 is still classified as an orphan receptor, but

several studies pointed out phospholipid species as possible

endogenous ligands. This has impacted the development of

LRH-1 modulators and of in silico models dedicated to LRH-1.

Only one article dedicated to LRH-1 was found during the

review process (97). This article published in 2013 presents a

prospective structure-based screening with the aim of

identifying the first synthetic LRH-1 antagonist compound.

Using a docking method, 2 new LRH-1 antagonists were

discovered and proposed to be used as a probe to help

decipher LRH-1 mechanism of action.

3.3.3 Retinoic acid-related
orphan receptor

Three subtypes of ROR exist, namely RORa, RORb and

RORg with its two isoforms, RORg1 and RORgt (RORg2). Each
subtype presents a different pattern of expression, RORa being

highly expressed in the brain, RORb in the central nervous

system, RORg1 in the liver, the adipose tissue, the kidney, the

small intestines, and the skeletal muscles and RORgt being

exclusively expressed in cells of the immune system (145, 146).

RORs are implicated in several key physiological functions. In

particular, RORgt plays a major role in the differentiation of T-

helper 17 (TH17) cells that produce the cytokine IL-17, itself

involved in several diseases such as psoriasis, multiple sclerosis,

rheumatoid arthritis and type 1 diabetes (98, 99). Additionally,

the inhibition of RORgt stimulates the AR gene transcription

and can be a strategy to follow for prostate cancer treatment

(99). Identifying RORgt modulators emerges as a promising

therapeutic strategy for all these conditions. However, until very

recently, the known RORgt modulators were all sharing the same

scaffold and efforts have been made towards the discovery of new

RORgt modulators with original scaffolds. Two articles (98, 99)

described SB in silico approaches to identify potent inverse

agonists of RORgt that can be used in auto-immune diseases

treatment. In the first article, docking and negative image-based

methods (NIB) were both first evaluated retrospectively with

RORgt experimental data extracted from the ChEMBL database

to define docking score threshold and cutoff similarity value,

respectively. These 2 methods were then used in parallel to

screen a collection of more than 100000 molecules commercially

available. Experimental tests validated as RORgt inverse agonists
11 up to the 34 predicted consensus hit compounds with an

original scaffold.

3.4 Projects targeting several NR

Besides articles that were solely dedicated to a specific NR

presented above, other projects focused on ensemble of NRs to

provide more global NRs ligand identification models. Except

one article (106), all these projects fall under a toxicological

scope with the aim of identifying potential EDCs and

understanding their mechanism of action. The most targeted

NR combination is ER and AR due to extensive literature and

data available. For example, Li et al. (31) studied the ability of

some EDCs to present a dual activity by interacting with both

AR and ER. To do so, they constructed ER binding models using

a QSAR approach and these models were used to screen a

database of AR antagonist compounds. It is to note that some of

these projects are made available as webservers and software (12,

103–105). Open VirtualToxLab (105) is a software that estimates

the toxicological potential of the screened compounds by relying

on an automated combination of flexible docking and free

energy calculations. Open VirtualToxLab focuses on 16

biological targets among which are 9 NR: AR, ERa, ERb, GR,
LXR, MR, PPARg, PR, TRa, TRb. The proof of concept of this
software was established with a series of 2564 compounds

yielding accurate predictions [C.f. Table 2 of (105)]. Endocrine

disruptome (104) is a freely available open-source project that

allows users to test the ED potential of their compounds against

14 NR involved in several biological processes: AR, ER a, ER b,
GR, PPARa, PPARb, PPARg, PR, RXRa, and TRa and TRb.
This webserver is based on docking models elaborated for each

NR individually. The major drawback of this tool is the use of

DUD-E decoys to validate the protocol. These decoys are

putative inactive compounds, and not experimentally validated

inactive compounds, which may bias the evaluation of the

performance of the models. ProTox-II (103) is a webserver

predicting the potential toxicity of small molecules by using 33

models of different toxicity endpoints. Among these endpoints

are AhR, AR, ER and PPARg signaling pathways. The models for

each one of these NRs performed with high accuracy on the

Tox21 dataset [C.f Table S2 of (103)].

3.5 Related receptors: Aryl hydrocarbon
receptors

Although AhR does not belong to the NR superfamily, this

receptor displays functional and structural similarities with the

members of this family, particularly the presence of a DBD and a

LBD activated upon ligand binding (147). During the review
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process, we noticed that AhR is often associated with other NR

in toxicological studies and in the EDCs context and we decided

to list also the in silico studies dedicated to this receptor (Table

S1). AhR is expressed in various tissues such as the lung, liver,

kidney, skin, sleen and placenta. It can be activated by several

hazardous chemicals such as polycyclic aromatic hydrocarbons

(PAHs) and persistent organic pollutants (POPs) especially

dioxins and polychlorinated biphenyls (PCBs). These

chemicals result from combustion and are massively found in

the air (148). Due to its pivotal role as an environmental

pollution sensor and mediator, AhR emerges as a major target

for toxic compounds which is illustrated by the predominance of

reported toxicological projects (8 toxicological among 10 in

total). Most of the data used in these projects are collected

from the literature and these studies are in their large majority

dedicated to specific chemical series of environmental

compounds that have been proved experimentally to be able to

interact with AhR (71, 149, 150). The corresponding models are

associated with high predictive power, but their applicability

domain is relatively limited. Additionally, data from the Tox21

project was also used with both SB and LB methods. However,

the application of SB methods is limited by the fact that the 3D

structure of this receptor has not been solved yet. A preliminary

homology modelling step is thus necessary in all the studies

relying on SB methods to obtain a model of the AhR LBD. AhR

belongs to the PAS-domain protein group (151) and usually the

structure of the PAS-B of the Hypoxia Inducible Factor 2 a
(HIF-2a) is used (152, 153) sharing 31% of sequence similarity

and 52% identity with the target considered as the highest

sequence identity and similarity. More recently, potential

therapeutic applications of AhR modulation have emerged.

AhR activation has been shown to be involved in

hematopoiesis and inflammation process especially the

production of inflammatory cytokines whereas AhR repression

has been shown to be beneficial in anti-cancer therapies

especially for glioblastomas and breast cancers (154). Two

therapeutic projects were analyzed in this review, the first

being a LB model aiming to discover new AhR antagonists.

For this purpose, Parks et al. used successively the Rapid Overlay

of Chemical Structures (ROCS) and the electro-static overlap to

identify one compound that yield promising experimental

results in three in vitro and in vivo AhR-dependent assays

(154). The second therapeutic project applied a SB protocol to

decipher the molecular mechanisms behind the AhR activation

or inhibition (152). In this article, several entries for the template

protein were used to simulate the flexibility and plasticity of the

binding domain and homology models were selected and used to

perform the docking of 10 representative AhR agonists from

different chemical classes. The outcome of docking coupled with

MD simulations allowed the analysis of the predominant poses

and thus the description of ligand binding and the identification

of the interacting residues within AhR.

4 Studied methods and associated
data

4.1 Computational methods

Along this review process, we analyzed models dedicated to

the identification of NRs ligands obtained with a very large

spectrum of in silico methods categorized in two approaches i.e

SB and LB as shown in Figure 3.

4.1.1 Molecular dynamics simulations
MD simulations are used to study the dynamic of a

biological system as a function of time. The movements of the

system are computed through the integration of Newton’s

equation of motion. MD simulations can thus be used to

consider the conformational changes associated with the NRs

LBD. Indeed, the NRs LBD is characterized by its

hydrophobicity and flexibility allowing binding of ligands of

different sizes and shapes. NRs structures are subject to various

modifications occurring after several events such as the DNA

transcription or the binding of the ligand (15). The helix H12 is

known to modify its orientation according to the bound-ligand

profile. MD can thus be used to span the NRs flexibility and

deliver unbiased theoretical structures, but also to assert the

stability of a ligand-protein complex and study the time of

residence of the ligand. In the reviewed articles, MD has been

used for several projects relevant to AR, ER, LXR, PPAR, TR and

VDR always in complement of another computational method

such as QSAR (74, 150) or pharmacophore models (93, 94) and

frequently prior or after docking simulations (66, 75, 152).

4.1.2 Docking
Protein-ligand docking is a SB method used to predict the

ability of a compound to interact with a target. Docking methods

used a search algorithm that generate multiple potential

conformations of the molecular complex and a scoring

function to rank them. Docking can be used to propose

structural hypotheses on the dominant binding mode of a

compound, to screen large libraries of compounds and to rank

them according to docking scores. In this way, docking is used to

prioritize and reduce the number of compounds that should be

experimentally tested (156). Docking methods can be applied to

any target for which an experimental 3D structure is available.

Consequently, docking methods were largely employed to

develop predictive models of NR-ligand interactions and for

each of the 14 reviewed NR subfamily, at least one project using

a docking method was available. However, the docking protocol

used must be finely tuned for each NR. A first important

criterion is the rational selection of the initial docking

structure(s) since the NRs LBDs undergo significant

conformational changes upon ligand binding, dependent of the
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pharmacological profile of the ligand. NRs agonist compounds

tend to stabilize the interactions between the residues of helix

H12 and other helices (H3, H5 and H11) of the LBD, creating a

lid shape of the H12 over the ligand. In contrast, other

compounds (antagonists or partial agonists) are not able to

stabilize the previous interactions and the observed

repositioning of the H12 is different. The choice of an agonist-

bound or antagonist-bound structure may thus impact the

docking performances in predicting NRs ligands binding (15).

This is particularly important for docking protocols aiming to

discover therapeutic compounds targeting the NRs as a specific

pharmacological profi le is usually targeted and the

corresponding agonist- or antagonist-bound structure should

be selected. In contrast, EDCs can present different

pharmacological profiles and it is thus important to evaluate

both type of structures to ensure that the screening is able to

retrieve all EDCs regardless of their pharmacological profile. In

the reviewed articles, two main docking approaches have been

listed: single and an ensemble structure docking. In the ensemble

structure docking approach, a ligand is successively docked

against several protein conformations (Multiple PDB entries or

snapshots extracted from MD simulations or a gaussian

transformation of the atom localization) and the results are

post processed to only keep the best score among all the

structures. This approach provides a better picture of the

protein flexibility but is more computationally and time

expensive and it is not always associated to enhanced docking

performances (157).

4.1.3 Pharmacophore modeling
A pharmacophore model is defined by the IUPAC as “an

ensemble of steric and electronic features that is necessary to

ensure the optimal supramolecular interactions with a specific

biological target and to trigger (or block) its biological response”

(158). Two types of pharmacophore models exist (1): LB

pharmacophore models established upon the superimposition

of known active molecules and the retrieval of the common

chemical features that are necessary for the bioactivity (2); SB

pharmacophore models based on the structure of a protein or

more usually of a complex protein-ligand by probing the

possible interactions in the macromolecule binding site (159).

In total, 17 reviewed articles used pharmacophore

modelling. The generated pharmacophore models are in a

large majority combined with other computational models

(QSAR and docking models) and only two publications

present a protocol combining SB and LB pharmacophores (76,

79). It is to note that both LB and SB pharmacophores taken

individually have a predictive power limited by the data used to

train the model, defining their applicability domain. The

protocol combining pharmacophore models with other in

silico methods are described in the reviewed articles and may

help overcoming this limit.

4.1.4 QSAR models
QSAR (Quantitative Structure Activity Relationship) is a LB

method relying on statistical models to predict the biological

activity of compounds. Since their introduction, QSAR models

FIGURE 3

Structure-based (SB) and Ligand-based (LB) screening methods (155).
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have known several evolutions from simplistic linear and

classification models to the use of more elaborated algorithms

like artificial neural networks (ANN) and deep learning (DL). In

total, 48 of the reviewed articles used QSAR models with the

majority (19) adopting classical 2D machine learning methods

like Random Forest or SVM. The remaining studies present

models obtained using ANN (4), DNN (3) or 3D QSARmethods

such as CoMFA and CoMSIA (7). The classical QSAR models

rely on a set of descriptors that encode chemical structures,

describe physiochemical properties and that can be obtained

from quantum chemical calculations (14, 88). Because a huge

number of predefined descriptors can be generated, it is

important to correctly select the ones that will accurately

translate the link between the chemical structure and the

associated activity (160). A classical approach is illustrated in

the publication of Wang et al. (88) in which QSAR models

dedicated to the identification of agonist and antagonist ligands

of TR are presented. In this study, the software Dragon was used

to initially generate over 1600 descriptors. This number was then

reduced by discarding the descriptors highly correlated and

selecting only those directly related to the structure, intuitive

and easy to understand. Conversely, DL methods emancipate

from descriptors computation and selection. Instead, DL

methods ensures automatic feature extractions during the

training phase. DL methods are thus particularly adapted for

areas where existing predefined descriptors have not been

crafted yet like macrocycles or the modeling of therapeutic

peptides (161). However, DL methods also present some

drawbacks, the first being the so-called “black box effect”. DL

methods compared to more simplistic algorithms are not easily

understandable and deciphering the molecular mechanisms

associated with the prediction may be a tough task. Moreover,

DL requires higher computing resources which can be a

limiting factor.

Similarly to the pharmacophore models, QSAR models’

predictions are only accurate for compounds that are similar

to the ones used to train them (21, 45, 162). An applicability

domain (AD) can thus be defined with descriptors used to build

the QSAR model (21, 25).. Implementing the AD has proven to

enhance the confidence in the models by reducing the number of

false negatives (25). However, prediction will only be achieved

for compounds that are within the limit of the AD, i.e. within a

defined descriptors similarity threshold with their nearest

neighbors of the training set (45). In order to enhance the

chemical space for which prediction can be made, QSAR

models can be combined with other ones with complementary

ADs or with a SB model such as docking (67, 68, 74, 81).

4.1.5 Data splitting
An important step prior the generation of LB models is to split

the available ligands data into train and test set (160). The stake of a

good data split is to obtain a test set that is somehow representative

of the training set chemical space. In most of the reviewed article,

data was split randomly as it is commonly done to avoid biased

evaluation of the model. However, this randomness may lead to an

uneven distribution of active and inactive compounds between the

train and the test set especially if the active/inactive ratio is initially

low. In this sense, Capuzzi et al. (101) build QSAR models relying

on two sets of databases: (1) the native Tox21 set of data with a ratio

of active: inactive equal to 1:10 and (2) a balanced set generated

down-sampled from the inactive data of the Tox21 native dataset

i.e. for each active compounds an equivalent inactive was selected

either randomly or based on the highest Tanimoto score within the

inactive pool of compounds. It is to note that using the balanced set

leads to a decrease in the accuracy of the model in comparison to

when they used the native (unbalanced) dataset. Randomly splitting

datamay also result in a test set that is not representative of the train

especially when the initial data are structurally diverse. Wang, Xing

et al. (88) used self-organizing map (an ANN algorithm) to project

an ensemble of structurally diverse compounds on a low

dimensionality grid. This helped visualizing the space and the

selection of a test set representative of the overall dataset and lead

to average accuracies of 83.1–97.2%. In other studies, the trade-off

between randomness and unbiased subdivision was achieved with

bootstrapping. Several splits were done, and models were built an

evaluated with the associated train/test output. The split with the

best results was kept for the followingmodel optimization (29, 163).

4.1.6 Combinations of methods
It is to note that each computational method has limitations.

For example, QSAR methods are not suited on their own to be

used for HTS. They are more efficient at generating focused data

and requires exhaustive model training and validation steps.

Moreover, QSAR and pharmacophores modelling share the

common particularity of being only efficient on molecules

falling within a domain of applicability (162). A crucial point

in the docking workflow is the choice of the scoring function as

no universal scoring function exists yet (164). Each individual

method can be at the origin of new structural information that

can be combined to enable a better understanding of the

mechanism of action. A solution to overcome each method

limitations and take advantage of their complementarity is to use

a combination of methods (28, 165, 166). Computational

methods can be combined in integrative approaches using

hierarchical or consensus screening (27–29, 48, 60, 100, 163)

(for further references c.f. Table 1–4).

4.2 Databases

A chemical database (DB) is an organized collection of

compounds with relevant information on their chemical

structures together with activity data collected from in vivo

and/or in vitro experiments and sometimes in silico predicted
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activities. Several DB dedicated to NR exist and we decided in

this review, to focus on the ones available in open access as

presented in Table 5.

In silico studies focusing on NR are numerous and the

choice of the databases to use to construct predictive models

depends on the aim of the project. Moreover, and especially

for drug design projects, some research teams chose to use in

house databases i.e. a collection of compounds issued as a

result of experimental work in the laboratory. These

databases can be composed of one or several chemical series

originating from a single hit or a known drug scaffold or, in

some cases focused libraries. Finally, some projects rely on

several existing databases, either to combine the molecules

resulting in larger databases for the same purpose

(therapeutic or toxicological) or use a database for the

training step and another for the external validation. For

example, Réau et al. (29) developed a docking and a

pharmacophore modeling strategy for identifying AR

agonist compounds relying on the NR-DBIND data and

used as an external validation set the compounds from the

tox21 challenge.

4.2.1 Assay consideration
In the scientific literature, biological data available for NRs

ligands represent various assays endpoints sometimes measured

from different laboratories and companies. Indeed, two main

assays were used in the reviewed studies to assess NRs ligands

potency: binding assay and gene reporter assay (34). These

assays attributed to each compound a quantitative value that

may vary according to the laboratory in charge of the

experiment. In the in silico modelling field, the experimental

data are used to compute predictive models for molecules with

no related experimental information. For some methods such as

QSAR, the numerical value associated with the experimental test

can directly be integrated to construct the models. For other

method, such as docking and pharmacophoric modeling, these

data usually need to be converted into a binary variable with 2

possible values: “active compounds” and “inactive compounds”.

This is necessary to optimize and select the prediction models

able to distinguish between both categories. Indeed, to evaluate

the predictive power of a model, the number of correctly

predicted active and inactive (TP and TN) as well as the

number of wrongly predicted compounds (FP and FN) are

TABLE 5 Example of databases including or dedicated to nuclear receptors.

Database Link Composition Specific to NR only

Binding DB https://www.bindingdb.org/bind/index.jsp As of November 8, 2021, BindingDB contains
2,369,418 binding data for 8,634 protein targets
and 1,023,385 small molecules

No

ChEMBL https://www.ebi.ac.uk/chembl/ manually curated database: 2.1 M compounds No

Drugbank https://go.drugbank.com/ 14,585 drugs and several targets like enzyme, transporters and carriers No

ZINC
database

https://zinc.docking.org/ contains over 230 million purchasable compounds in ready-to-dock, 3D
formats.

No

Tox21 https://tripod.nih.gov/tox21 The list of ToxCast and Tox21 chemicals suspected to be a hazard for human
and environmental health and associated
information for 9,403 unique substances.

No

ToxCast https://www.epa.gov/chemical-research/
toxcast-chemicals

No

DUD-E http://dude.docking.org/ 22,886 active compounds and their affinities against 102 targets, an average of
224 ligands per target and
50 decoys for each active having similar physico-chemical properties but
dissimilar 2-D topology.

No

DSSTox https://comptox.epa.gov/dashboard/
chemical-lists/tox21sl

launched in 2004, currently exceeds 875K substances spanning hundreds of
lists of interest.

No

EDKB https://www.fda.gov/science-research/
endocrine-disruptor-knowledge-base/
accessing-edkb-database

Data for more than 3200 chemicals Yes (ER and AR)

EABD https://www.fda.gov/science-research/
bioinformatics-tools/estrogenic-activity-
database-eadb

18,114 estrogenic-activity data points collected for 8,212 chemicals tested in
1,284 binding assays, reporter-gene assays, cell-proliferation assays, and in-
vivo assays in 11 different species.

Yes (ER)

NR-DBIND http://nr-dbind.drugdesign.fr/ 15,116 positive and negative interactions data are provided for 28 NRs
together with 593 PDB structures

Yes

NR-List
BDB

http://nrlist.drugdesign.fr/ 9,905 compounds and 339 structures of the NRLiSt BDB Yes

ONRLDB https://academic.oup.com/database/article/
doi/10.1093/database/bav112/2433243

∼11 000 ligands, of which ∼6500 are unique. Yes

NURA https://www-sciencedirect-com.proxybib-pp.
cnam.fr/science/article/pii/
S0041008X20303707?via%3Dihub

bioactivity data for 15,247 molecules and 11 NRs Yes (ERa andb, PPARGag,
and d, AR, GR,PR, FXR,
RXR and PXR)
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used to compute metrics such as sensitivity, sensitivity and

enrichment for example. The binarization of the data is a

crucial but not straightforward step because a threshold must

be defined to separate the data. Additionally, because various

biological endpoints are considered, the concordance between

the thresholds of activities defined for each assay should be

assessed. Lunghini et al. (167) defined the “degree of agreement”

parameter to pinpoint the differences between various assays

used to label compounds that interact with ER and AR in the

context of EDCs models. To do so, they performed multiple

pairwise comparisons of various binding assays result among 4

data sources for ER binding compounds and 3 data sources for

AR binding compounds. The degree of agreement was calculated

as the average number of sources agreeing on a given label for

each compound. Their analysis showed that there is a lack of

concordance between experiments for 42% of the compounds.

This study highlighted the danger of merging assays with

different biological meanings (167) and considering the

positive outputs as interacting compounds regardless of the

mechanism of action. However, it is a commonly used

protocol, often driven by the lack of appropriate data or the

blurry definition of the mechanism of action. This is especially

the case in the toxicological context of the study related to EDCs

and in this review, we came across several studies performing the

merging of data obtained from different assays and different

sources. Some studies, aware of this issue, also developed various

approaches to limit the associated bias. Sakkiah et al. (56)

calculated the concordance between the train and the test set

since originated respectively from binding and amplification

assays. Manganelli et. al (28), compared the train and the test

data to define concordance and exclude a part of the data that

falls under a “dangerous” segment. Finally, Zhang et al. (128)

normalized the activity of their test set to their training data

when constructing their models.

4.2.2 Data balance
Along with active compounds, it is also important to

construct, optimize and evaluate NRs prediction models to

include negative data (168). Positive data are usually resulting

from biological or cellular in vivo assays but, negative data has

long been constituted by presumed inactive compounds (121).

Since negative data have a crucial impact in influencing the

performance of a model (168), recent efforts have been made to

include carefully selected and experimentally validated inactive

compounds [NR-DBIND (169)]. An additional issue is the

proportionality between active and inactive compounds in DB.

When collecting data from scientific literature, very few inactive

compounds are retrieved. Conversely, in databases presenting

high throughput screening results, inactive compounds usually

outnumbered the active ones. In this case, the active substances

represent a low proportion out of all tested chemicals (95). A

performant model is dependent on clean, diverse and accurate

data (95, 165), and unbalanced data (either in favor of the active

or the inactive counterpart) can impact prediction models

building (55). Clustering methods can be used to select smaller

subsets of representative active or inactive compounds. For

example, Another solution is the use of a structural similarity

filter based on fingerprints and the application of a similarity

metric cutoff (for example Tanimoto) in order to select sparse

compounds to scour the entire chemical space (170). In the case

of unbalanced data sets, the classical metrics are not the best

suited to evaluate the predictive power of a model. In this case

some metrics like the MCC and the F1 score can help in

assessing the ability of a model to correctly predict each

category of compound.

4.3 Level of reproducibility

Reproductible science is a quality standard that the scientific

community values as it helps producing high quality, reliable

and efficient research project (171). It has been proven that

reproducibility together with methods, reporting, dissemination,

evaluation and incentives are key elements for the scientific

process (172). However, it has also been asserted that the field of

preclinical research suffers from the inability to replicate findings

published in high-profile journals (171). Although it is difficult

to exactly replicate results in biology systems due to their

inherent variability, some recommendations on good practice

could be listed to alleviate the trustworthiness of the scientific

work and the validity of the major conclusions (171).

Reinforcing the policies on data and code sharing is one of

these recommendations (171, 173).

Through this review, we decided to evaluate this point in the

NRs in silico research field. For each reviewed model, the level of

reproducibility was graded according to the availability of

databases and the model procedure’s parameters and/or code.

The “high” grade was used to describe models providing both

components within the article, the “medium” was associated

with articles with partial available data. Finally, the

reproducibility was described as “low” for models where no

data were available. For most of the reviewed articles’

reproducibility was rated “medium” (52 out of 89 articles) and

only a low proportion was described to have a “high”

reproducibility (16 out of 89). These results focused on the

NRs are in concordance with other large-scale studies (173). For

example, in a study of 2011, the analysis of 500 papers published

in the top 50 journals across scientific fields showed that only 9%

of these papers enclosed full primary data (171). The

reinforcement of collaborations between research teams

following the example of COMPARA (20) and CERAPP (36)

consortiums or the Tox21 challenge (174) can improve the

reproducibility since it creates accountability in exchange of a
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benchmarked data (172). However, according to our

classification, no particular tendency was observed over the 10

year covered by this review neither towards increase of the

number of articles labeled with “high” reproducibility nor

towards decrease of the number of articles associated with

“low” reproducibility.

5 Conclusion

Nuclear receptors are a large family of transcription factors

involved in several biological process and their impairment result in

several pathologies. Moreover, this protein family can be targeted by

toxic compounds leading to the disruption of the normal

functioning of NRs and especially the disruption of the endocrine

system by a family of compounds called endocrine disrupting

chemicals or EDCs. Being in the center of both therapeutic and

toxicological concerns, NRs are widely studied to find new cures but

also to unravel the potential toxicity of environmental compounds

such as pesticides, cosmetics or additives. In the last decades and

with the emergence of bioinformatics and virtual screening

techniques, computational models dedicated to NR were

developed. The computational capabilities were put to use to

interpretate and analyze the experimental data and build

predictive models to unravel new drug hit and forecast potential

toxicants. This article is a review of the studies dedicated to NR

ligands prediction for both therapeutic and toxicological purposes,

published in the last decade. 89 articles concerning 14 NR

subfamilies were carefully read and analyzed in order to retrieve

the most commonly used computational methods to develop

predictive models, to retrieve the databases deployed in the model

building process. Some issues facing themodel building process were

addressed like the assays endpoint discrepancies and data balance

were also addressed and how authors managed to overcome them.

This review emerged from the need to identify most of the in silico

initiatives undertaken on NR and can be used as a starting point for

future investigations on the subject not only to appreciate the

importance of NR in both therapeutic and toxicological fields, but

also to learn from previous experiences, encourage the elaboration of

more accurate predictions and motivate collaborations.

Author contributions

Conceptualization: AS, MR, and NL. Methodology: AS, MR,

and NL. Validation: NL, MR, and MM. Formal analysis: AS and

NL. Investigation: AS. Resources: AS, MR, NL. Data collection

and curation: AS. Writing—original draft preparation: AS.

Writing—review and editing: AS, MR, NL, and MM.

Supervision: NL. Project administration: MM. Funding

acquisition: AS, NL, and MM. All authors contributed to the

article and approved the submitted version.

Funding

AS is recipient of a MESRI (Ministère de l’Enseignement

supérieur, de la Recherche et de l’Innovation) fellowship.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.986016/full#supplementary-material

References

1. Weikum ER, Liu X, Ortlund EA. The nuclear receptor superfamily: A
structural perspective. Protein Sci (2018) 27(11):1876–92. doi: 10.1002/pro.3496

2. Zhang Y, Luo X, Wu Dh, Xu Y. ROR nuclear receptors: structures, related
diseases, and drug discovery. Acta Pharmacol Sin (2015) 36(1):71–87. doi: 10.1038/
aps.2014.120

3. Sladek FM. Nuclear receptors as drug targets: New developments in
coregulators, orphan receptors and major therapeutic areas. Expert Opin Ther
Targets (2003) 7(5):679–84. doi: 10.1517/14728222.7.5.679

4. Kinch MS, Hoyer D, Patridge E, Plummer M. Target selection for FDA-
approved medicines. Drug Discovery Today (2015) 20(7):784–9. doi: 10.1016/
j.drudis.2014.11.001

5. Santos R, Ursu O, Gaulton A, Bento AP, Donadi RS, Bologa CG, et al. A
comprehensive map of molecular drug targets. Nat Rev Drug Discovery (2017) 16
(1):19–34. doi: 10.1038/nrd.2016.230

6. Bartolini D, De Franco F, Torquato P, Marinelli R, Cerra B, Ronchetti R, et al.
Garcinoic acid is a natural and selective agonist of pregnane X receptor. J Med
Chem (2020) 63(7):3701–12. doi: 10.1021/acs.jmedchem.0c00012

7. Schug TT, Johnson AF, Birnbaum LS, Colborn T, Guillette LJJr, Crews DP,
et al. Minireview: Endocrine disruptors: Past lessons and future directions. Mol
Endocrinol (2016) 30(8):833–47. doi: 10.1210/me.2016-1096

8. La Merrill MA, Vandenberg LN, Smith MT, Goodson W, Browne P, Patisaul
HB, et al. Consensus on the key characteristics of endocrine-disrupting chemicals

Sellami et al. 10.3389/fendo.2022.986016

Frontiers in Endocrinology frontiersin.org20

https://www.frontiersin.org/articles/10.3389/fendo.2022.986016/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.986016/full#supplementary-material
https://doi.org/10.1002/pro.3496
https://doi.org/10.1038/aps.2014.120
https://doi.org/10.1038/aps.2014.120
https://doi.org/10.1517/14728222.7.5.679
https://doi.org/10.1016/j.drudis.2014.11.001
https://doi.org/10.1016/j.drudis.2014.11.001
https://doi.org/10.1038/nrd.2016.230
https://doi.org/10.1021/acs.jmedchem.0c00012
https://doi.org/10.1210/me.2016-1096
https://doi.org/10.3389/fendo.2022.986016
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


as a basis for hazard identification. Nat Rev Endocrinol (2020) 16(1):45–57. doi:
10.1038/s41574-019-0273-8

9. Combarnous Y, Nguyen TMD. Comparative overview of the mechanisms of
action of hormones and endocrine disruptor compounds. Toxics (2019) 7(1):5. doi:
10.3390/toxics7010005

10. Search the TEDX list [Internet]. TEDX - the endocrine disruption exchange
(2021). Available at: https://endocrinedisruption.org/interactive-tools/tedx-list-of-
potential-endocrine-disruptors/search-the-tedx-list.

11. Audouze K, Sarigiannis D, Alonso-Magdalena P, Brochot C, Casas M,
Vrijheid M, et al. Integrative strategy of testing systems for identification of
endocrine disruptors inducing metabolic disorders–an introduction to the
oberon project. Int J Mol Sci (2020) 21(8):2988. doi: 10.3390/ijms21082988

12. Vedani A, Dobler M, Smies ̌ko M. VirtualToxLab — a platform for
estimating the toxic potential of drugs, chemicals and natural products. Toxicol
Appl Pharmacol (2012) 261(2):142–53. doi: 10.1016/j.taap.2012.03.018

13. Marroqui L, Tudurı ́ E, Alonso-Magdalena P, Quesada I, Nadal Á, Dos
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Virtual Libraries for Docking Methods:
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1 INTRODUCTION

Current drug discovery relies on massive screening of
chemical libraries against various extracellular and
intracellular molecular targets to identify novel che-
motypes with the desired mode of action. Proteine
ligand molecular docking methods are nowadays
widely implemented in these drug discovery pipelines
as an in silico analogy of experimental high-
throughput screening of large databases of compounds
(Kontoyianni, 2017).

The success of this approach in identifying new
potent therapeutic compounds lies for many parts in
the availability of accurate docking algorithms and
scoring functions and of high-quality data on the struc-
ture of the macromolecular target. The choice of the
compounds database to screen is as important as
the choice of the parameters mentioned above. In fact,
the quality of the input is key to ensure reliable docking
results, and it is very unlikely that active compounds
could be identified within poorly selected compound
collections, despite the use of an ideal docking tool
(Forli, 2015). Several studies have shown that the size
(Lyu et al., 2019), the composition, and the preparation
(Corbeil et al., 2012) of virtual databases impact the
success of docking predictions.

In recent years, high-throughput technologies for
combinatorial and multiparallel chemical synthesis,
automation technologies for the isolation of natural
products, and the availability of large compound collec-
tions from commercial sources have substantially
increased the size and diversity of synthesizable
compound collections available for virtual screening.
However, navigating and cherry-picking compounds

within this huge number of compounds (Williams
et al., 2012) is a challenging task and no gold
standard protocol has currently been defined (Gally
et al., 2019).

This chapter aims at helping choose and construct
virtual screening databases dedicated to docking
methods. We will, in the first part, provide insights
about the possible sources of compounds and how
they can be combined to create a customized database
adapted to a drug discovery campaign. In the second
part, we will provide an extensive description of the
steps required for compounds preparation.

2 DATA COLLECTION WITHIN THE VAST
CHEMICAL SPACE

The chemical space is defined as a “comprehensive
collection of all possible small molecules under some
reasonable restrictions considering size and composi-
tion” (Vogt, 2020). Practically, all possibly existing
compounds are mapped on a mathematical space and
their positions are defined according to their properties
(Arús-Pous et al., 2019; Awale et al., 2017). Even if
thousands to billions of natural and synthetic com-
pounds are listed in commercial or academic, bioac-
tivity, and natural products databases, this represents
only a very small coverage of the entire possible chem-
ical space. Various teams are thus working toward the
identification of virtual compounds belonging to areas
of this chemical space not yet covered by commercially
available compound collections (Kontijevskis, 2017).
To do so, fragment libraries are used as a starting point
for building new molecules. Known chemical reactions

aThese authors contributed equally to this work.
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are applied on known building blocks and are used to
generate synthetically feasible compounds or all
possible molecules according to these chemical rules.

In this section, we will present different sources for
collecting compounds to build virtual screening
libraries. It is to note that the purpose here is not to
provide a complete enumeration of all available
compound libraries. The databases will be divided
into actual compound collections, i.e., physically avail-
able molecules representing the total output of the
pharmaceutical field (both academic and commercial
collections) and virtual compound collections, i.e.,
theoretically tangible and synthesizable molecules
(Reymond, 2015). We will also provide guidelines to
choose the appropriate database tailored for a drug
design project.

2.1 Actual Compounds Collections

2.1.1 Commercial and academic databases
Commercial databases represent an important source of
compounds for virtual screening. They often contain
more than 1 million molecules (Table 5.1). The major

advantage of these commercial collections of com-
pounds lies in the possibility for the customer to
cherry-pick and rapidly obtain selected compounds to
be used in experimental assays. The average price is esti-
mated between US$50 and US$200 for 5 mg of a given
compound but it can vary according to the supplier, the
amount of product ordered, and the complexity of the
molecule (Rognan & Bonnet, 2014). Despite their
commercial purpose, suppliers usually offer free access
to the molecule’s structures, provided in various file
formats (2D or 3D). These databases undergo frequent
updates, new products being added while other being
either removed or out of stock. Virtual screening
libraries constructed from these databases should
ideally be prepared when the whole virtual screening
protocol is settled and ready to be used.

Academic laboratories have always been a source for
innovative compounds that chemical suppliers acquire
and integrate in their commercial databases (Rognan &
Bonnet, 2014). Initiatives to gather these academic
databases within an institution, a country, or an
ensemble of countries succeed in the creation of large

TABLE 5.1

Examples of Actual Compounds Collections.

Database

Name Access

Number of

Compounds

Compounds

Purchasability Website

Commercial ChemSpider Free w67 millions Link to vendors http://www.

chemspider.com/

Ambinter Free w7 millions

(screening

compounds)

Yes http://www.ambinter.

com/

eMolecules Free w7 millions Link to vendors https://www.

emolecules.com/

MolPort Free w7 millions Yes https://www.molport.

com/

Enamine Free upon

registration

w2.7 millions Yes https://enamine.net/

ChemDiv Free (e-mail

address

requested)

w1.6 millions Yes https://www.chemdiv.

com/

ChemBridge Free w1.3 millions Yes https://www.

chembridge.com/

IBS Free upon

registration

w550,000 Yes https://www.ibscreen.

com/

Life Chemicals Free (e-mail

address

requested)

w490,000 Yes https://lifechemicals.

com/

Specs Free upon

registration

w350,000 Yes https://www.specs.

net/

Asinex Free w260,000 Yes https://www.asinex.

com/

Maybridge Free upon

registration

w53,000 Yes https://www.

maybridge.com/
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public databases such as the Molecular Libraries Probe
Production Centers Network (MLPCN) database
(National Center for Biotechnology Information (US),
2010) or the European Chemical Biology Library
(ECBL) (Horvath et al., 2014). Using compounds
belonging to academic databases in virtual screening
protocols presents a dual interest (Rognan & Bonnet,
2014). The first advantage is that compounds gathered

from different academic databases should guarantee a
certain chemical diversity because each laboratory is
usually focused on specific chemical scaffolds. The
second one is the possibility of settling a collaboration
with the academic laboratory that synthesized a
given hit compound because its expertise on this
chemical series could facilitate a future hit-to-lead
optimization.

TABLE 5.1

Examples of Actual Compounds Collections.dcont'd

Database

Name Access

Number of

Compounds

Compounds

Purchasability Website

Bioactivity ZINC15 Free w750 millions Link to vendors https://zinc15.

docking.org/

PubChem Free w103 millions Link to vendors

when available

https://pubchem.ncbi.

nlm.nih.gov/

ChEMBL Free w1,96 millions Link to vendors

when available

https://www.ebi.ac.

uk/chembl/

BindingDB Free w800,000 List of

purchasable

compounds

https://www.

bindingdb.org/bind/

index.jsp

CARLSBAD Free w430,000 No http://carlsbad.health.

unm.edu/carlsbad/

GLASS Free w340,000 No https://zhanglab.

ccmb.med.umich.edu/

GLASS/index.html

DrugBank Free w22,000 No https://www.

drugbank.ca/

NR-DBIND Free 7593 No http://nr-dbind.

drugdesign.fr/

DrugCentral Free 4052 No http://drugcentral.org/

SuperDrug2 Free 3992 No http://cheminfo.

charite.de/

superdrug2/

Natural

products

Super Natural II Free 325,508 Yes http://bioinf-applied.

charite.de/

supernatural_new/

Dictionary of

Natural

Products

Commercial w230,000 No http://dnp.

chemnetbase.com/

Reaxys Commercial w220,000 No https://www.reaxys.

com/

Antibase Commercial w40,000 No https://www.wiley.

com/en-us/AntiBase

%3AþTheþNaturalþ

CompoundþIdentifier-

p-9783527343591

MarinLit Commercial w29,000 No http://pubs.rsc.org/

marinlit/

The Natural

Product Atlas

Free w25,500 No https://www.npatlas.

org/joomla/

AfroDB Free w900 No http://african-

compounds.org/

nanpdb/
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2.1.2 Bioactivity databases

Bioactivity databases are particularly important for drug
discovery processes not only to get knowledge on bio-
logical targets and their modulation mechanisms but
also to construct benchmarking datasets to design dock-
ing protocols prior to prospective virtual screenings and
to construct predictive models of activity (Huang et al.,
2006; Lagarde et al., 2015; Mysinger et al., 2012; Réau
et al., 2018). This category includes databases such as
the ZINC (Sterling & Irwin, 2015) or PubChem (Kim
et al., 2019) (Table 5.1).

ZINC (ZINC Is Not Commercial) is a freely available
compound collection that was initially developed to
give access to the chemical structures of molecules
included in commercial vendors catalogs encoded in
file formats suitable for virtual screening experiments
(SMILES, mol2, 3D SDF, and DOCK flexibase formats)
(Irwin & Shoichet, 2005). The ZINC database was thus
particularly designed to facilitate virtual screening data-
bases preparation (Irwin, 2008). However, following
the requests of ZINC investigators, the new version of
the ZINC released in 2015, and thus named ZINC15,
still provides purchasable data and ready-to-dock 3D
formats but now also encompasses, whenever available,
biological data on the proteins and biological processes
modulated for more than 230 million compounds
(Sterling & Irwin, 2015).

The PubChem (Kim et al., 2019) and ChEMBL data-
bases (Gaulton et al., 2017) are two other examples of
public bioactivity databases including both biological
and structural information. PubChem is an open chem-
istry database, hosted by the US National Center for
Biotechnology Information (NCBI), that gathers data
from a wide variety of sources, among which are
government agencies, pharmaceutical companies,
chemical vendor catalogs, and scientific literature (Kim
et al., 2016). PubChem is divided into three intercon-
nected databases named “Substance,” “Compound,”
and “BioAssay.” The PubChem Compound database in-
cludes, as on July 2020, more than 100 million unique
chemical structures. ChEMBL (Gaulton et al., 2017) is a
manually curated open database that receives data from
public and commercial organizations and scientific
literature (patents and publications). ChEMBL includes
over 16 million bioactivity data for over 1.96 million
distinct compounds and more than 13,000 targets.

Focused bioactivity libraries are also available.
They can be dedicated to a given protein family like
the nuclear receptors (NRLiSt BDB (Lagarde et al.,
2014), NR-DBIND (Réau et al., 2019)), the G-
proteinecoupled receptor (GLL) (Gatica & Cavasotto,
2012), GLASS (Chan et al., 2015), or protein kinases
(PKIDB) (Carles et al., 2018).

Finally, the databases collecting information about
molecules already approved as drugs or currently evalu-
ated in clinical trials (the “drug” subset of the ChEMBL
database (Gaulton et al., 2012), DrugBank (Wishart
et al., 2018), DrugCentral (Ursu et al., 2019), Super-
Drug2 (Siramshetty et al., 2018), and Drugs-lib (Lagarde
et al., 2018)) can also be of interest. These compounds
can be used for repositioning studies, i.e., find new bio-
logical target and therapeutic indications for approved or
investigational drugs (Pushpakom et al., 2019). Drug
repositioning is one of the emergent strategies to over-
come drug attrition rates and to speed up the drug
discovery process. It was shown of particular importance
for cancer (Würth et al., 2016), rare diseases applications
(Delavan et al., 2018) and also in situations where an ur-
gent need of a therapeutic solution that can be immedi-
ately administered to patients is needed, such as the
recent COVID-19 pandemic (Serafin et al., 2020).

The main drawback of these bioactivity databases is
that synthesized samples of compounds of interest
may not be easily or directly available, unlike in com-
mercial and academic databases because bioactivity
databases encompass data from a wide range of sources,
including scientific publications and patents.

2.1.3 Natural products

Natural products were the first drugs ever used and have
always been a source of drugs. In a recent retrospective
study, it has been reported that between January 1,
1981 and September 30, 2019, 23.5% of all new
approved drugs and 33.6% of new approved small mol-
ecules drugs were natural products or derivatives of natu-
ral products (Newman & Cragg, 2020). The chemical
space covered by natural products is quite dissimilar to
the one occupied by synthetic drug-like compounds
(Morrison & Hergenrother, 2014) and natural products
are believed to constitute promising starting point for
drug discovery (Rodrigues et al., 2016). Natural products
databases can thus be used as a source for virtual
screening libraries. Numerous databases of natural prod-
ucts are available (for a review, see Sorokina and Stein-
beck (2020), Chen et al. (2017)) that can be
commercial or freely accessible (Table 5.1). Natural prod-
ucts databases can be comprehensive or focused on nat-
ural products used in traditional medicine (such as the
AfroDb (Ntie-Kang et al., 2013) or the TCM database@
Taiwan (Chen, 2011)). The most complete database of
natural products is to date the Super Natural II with
more than 320,000 compounds (Banerjee et al., 2015).

2.2 Virtual Compounds Collections

To access unexplored and intellectual property-free area
of the chemical space, an emerging field is to use
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virtual compounds, i.e., possible molecules but with
undescribed synthetic access. Virtual compounds can
be designed using fragment-based docking methods
by assembling known building block using known
chemical reactions or by enumerating all molecules
respecting defined rules with meaningful chemical
structures.

2.2.1 Fragment-based databases
Fragment-based drug discovery has shown efficiency in
providing new drug candidates in the last 20 years
(Erlanson et al., 2016). The success of fragment-based
docking methods relies on the availability and quality
of fragment libraries. The size and the composition of
the fragment library directly influence the outcomes of
fragment-based docking and it has been shown that a
diverse library with size limited to 2000 fragments
should be preferred (Böttcher et al., 2019; Messick
et al., 2019; Shi & von Itzstein, 2019). Fragments
included in the virtual screening libraries mainly
comply to the “Rule of Three” (Congreve et al., 2003),
derived from “Lipinski’s rule of five” (Ro5), with a
molecular weight inferior to 300 Da and a value inferior
to 3 for the numbers of both hydrogen bond donors
and hydrogen bond acceptors and for the partition
coefficient between n-octanol and water (clogP)
(a number of rotatable bond inferior to 3 and a polar

surface area inferior to 60 Å2 are also recommended).
Fragments from large commercial libraries can be
purchased for experimental testing and chemistry syn-
thesis as shown in Table 5.2.

More than 10 million virtual fragments complying
to the “Rule of Three” are provided in the FDB-17
(Visini et al., 2017). These fragments present the advan-
tage to cover a large chemical space with a wide range of
molecular size, polarity, and complexity. However, frag-
ments of the FDB-17 identified as hits in virtual
screening protocols are not directly purchasable for
experimental validation.

2.2.2 Tangible compounds

Tangible compounds (Hann & Oprea, 2004) are virtual
compounds that present a high synthetic feasibility
using well-known or in-house building blocks and reac-
tions. The Screenable Chemical Universe Based on Intu-
itive Data Organization (SCUBIDOO) (Chevillard &
Kolb, 2015) tries to enhance the synthetic feasibility
criterion. The SCUBIDOO database gathers more than
21 million virtual compounds generated by exhaus-
tively reacting 7805 building blocks with the 58 most
commonly used reactions in the pharmaceutical
field. Commercial databases are also providing lists of

tangible compounds. For example, Life Chemicals
(n.d.) provides a database of more than 500,000
tangible compounds estimated to be able to be synthe-
sized at 90% through in-house developed and validated
synthetic procedures. The REAL Space of Enamine com-
prises more than 3.8 billion virtual compounds that
should be successfully synthesized and delivered to
the customer within approximatively 3 weeks with a
probability over 80% (Hoffmann & Gastreich, 2019).

2.2.3 Possible compounds

Possible compounds are virtual compounds which struc-
tures are obtained using the rules of chemistry to guide
the assembling of atoms through covalent bonds. The
generated databases (GDBs) initiative (Blum &
Reymond, 2009; Fink & Reymond, 2007; Reymond,
2015; Ruddigkeit et al., 2012) represents the largest
collection of possible compounds. GDBs aims to
enumerate all possible molecules from a chemical space
defined by a set of rules among which are geometrical
strain, functional group stability criteria, and simple

TABLE 5.2

Examples of Purchasable Fragment-Based

Databases.

Database Name

Number of

Fragments Web Interface

Enamine

Fragment

Collection

172,723 https://enamine.net/

fragments/

fragment-collection

Asinex's

Fragments

20,117 http://www.asinex.

com/fragments/

OTAVAchemicals

General

Fragments

Library

13,685 https://

otavachemicals.

com/products/

fragment-libraries/

general-fragment-

library

ChemBridge

Fragment Library

13,500 https://www.

chembridge.com/

screening_libraries/

fragment_library/,

Maybridge Ro3

Library

2500 https://www.

maybridge.com/

Prestwick

Drug-Fragment

Library

1456 http://www.

prestwickchemical.

com

Prestwick F2L

Library

530
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synthetic feasibility rules. The latest version, the GDB-17
(Ruddigkeit et al., 2012), includes 166 billion com-
pounds with a maximum of 17 heavy atoms (C, N, O,
S, F, Cl, Br, and I).

2.2.4 Virtual compounds and virtual screenings
These databases of virtual compounds represent a gold
mine to discover new hits, especially for difficult biolog-
ical targets. However, despite the recent advances
toward ultralarge virtual screening using ligand-based
methods (Boehm et al., 2008; Hoffmann & Gastreich,
2019; Lessel et al., 2009) and structure-based methods
(Gorgulla et al., 2020; Lyu et al., 2019), screening of
these enormous databases of virtual compounds using
docking methods remains marginal and poorly acces-
sible to numerous teams. The best option to explore
these virtual compounds databases remains to select
smaller but representative subsets. In this way, the
GDBs provide smaller subsets of compounds with less
chemical complexity and thus enhanced feasibility prob-
ability (Meier et al., 2020) and the SCUBIDOO includes
three representative subsets named S, M, and L that con-
tained, respectively, 9994, 99,977, and 999,794 com-
pounds (Chevillard & Kolb, 2015). Finally, despite the
efforts put to guarantee the synthetical feasibility of the
virtual compounds, the compounds availability for
experimental testing could be challenging.

2.3 Library Selection and Customization

As aforementioned, there is a vast number of diverse da-
tabases, and the tricky question of the one(s) to choose
to construct an appropriate virtual screening database
may arise. To guide this selection, two approaches are
possible. The first one is to screen all possible com-
pounds and libraries, as it has been shown that raising
the number of compounds that are screened improves
the true positive rates (Lyu et al., 2019). However, as
previously mentioned with virtual compounds data-
bases, ultralarge databases screening achieved using
docking methods is still an exception and is limited
by computing and storage capacities. The second choice
is thus to select a subset of compounds among all avail-
able. The choice of the compounds to be prioritized in
the database can be made based on the information
available for the targeted protein. Focused libraries can
be designed by filtering the database to enrich it with
compounds that present structural and physicochemical
similarity with known modulators of the query target or

complementarity to the binding site of the query target.
Another option is to promote diversity in the retained
database by removing molecules that are too similar to
those already included in the database (Yosipof & Send-
erowitz, 2014). This selection procedure is based on the
assumption that similar compounds present similar bio-
logical activities. Thus, testing a single representative
compound from a group of similar ones should allow in-
sights on the potential activity of other compoundmem-
bers of the same cluster (Bayada et al., 2010).

Various clustering methods, divided into supervised
and unsupervised approaches, are commonly used for
data selection (Downs & Barnard, 2002; Shemetulskis
et al., 1995). Clustering methods are efficient to reduce
the database sizes and thus the associated docking
computational times; however, a recent study demon-
strated that electing a single representative of one cluster,
regardless of the selection procedure, was negatively
impacting the docking scores (Lyu et al., 2019).
Dissimilarity-based methods can also be used to select
the compounds to include in the databases (Hassan
et al., 1996; Lajiness & Watson, 2008). These
approaches include the application of distance metrics,
such as the widely used Tanimoto coefficient on a set
of appropriate descriptors (Bayada et al., 2010) and
diversity algorithms among which are the maximum
dissimilarity algorithms (Kennard & Stone, 1969), the
Kohonen neural network (Li et al., 1993), or the sphere
exclusion algorithms (Hudson et al., 1996).

3 DATABASE PREPARATION

Most of the databases presented in the previous section,
with few exceptions such as the ZINC15, are not dedi-
cated to virtual screening approaches and the chemical
structures provided by these databases cannot directly
be used as input for docking methods. A rigorous and
careful step of ligand preparation is thus necessary to
ensure the success of the virtual screening protocol.
Even if there is no widely accepted protocol for virtual
screening databases preparation, common guidelines
are found in the scientific literature (Bologa et al.,
2019; Fourches et al., 2010; Gally et al., 2019; Gorgulla
et al., 2020; Lagorce, Bouslama, et al., 2017; Rognan &
Bonnet, 2014; Williams et al., 2012). In this section, we
will detail each step of the preparation process as seen
in Fig. 5.1 and provide a summary available in Table 5.3
that lists commonly used tools for one, several, or all
steps of the database preparation.
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3.1 Database Cleaning

3.1.1 Standardization
3.1.1.1 Data curation. The first step of the cleaning
procedure is the standardization of chemical structures,
especially when the molecules are retrieved from
different data sources. Compounds can be prepared
with different protocols and encoded in different for-
mats. Compact 1D and 2D formats, such as SMILES
and SDF, are often privileged for large databases, but
already prepared and cleaned structures in PDB or
MOL2 formats can also be available. All compounds
should thus be converted to the same format, and for
SMILES inputs, canonical SMILES should be generated
to avoid duplicates. Once the conversion is done, a ma-
jor step is to identify and resolve issues such as correct-
ing or filtering out compounds with incorrect or
missing structures. Salted molecules are also problem-
atic inputs for docking softwares and a neutralization
step with elimination of the corresponding counterion
is necessary. Most of the docking methods are only

able to compute one molecule at a time, and mixture
components should be separated. Finally, inorganics
compounds, which usually represent a small fraction
of drug discoveryeoriented databases, should also be
removed because they often cannot be handled by
docking software (Fourches et al., 2010). All these
steps can rapidly be achieved with different tools
(Table 5.3).

3.1.1.2 Structure normalization (protonation, ioni

zation, tautomerization, and stereo-

chemistry). Compounds can present different
protonation or ionization states and different tauto-
meric forms (tautomers) according to the physiological
conditions. Depending on the state and form used, the
possible interactions between the ligand and the bind-
ing site may vary and impact the docking outcomes.
Experimentally determined protonation, ionization,
and tautomeric states are rarely provided in the data-
bases and are mainly determined through predictions
(Ten Brink & Exner, 2009). Identification of the correct
protonation state is crucial for docking calculations as
the presence or the absence of a specific hydrogen
may drastically influence both the sampling and the
scoring part of the docking. Correct placement of these
atoms is important to generate and identify the right
docking poses (Polgár et al., 2007) and the compounds
should be protonated at the physiological pH (Knox
et al., 2005) with appropriate tools (Table 5.3). Tauto-
mers are the result of a formal migration of a hydrogen
atom or proton, accompanied by a switch of a single
bond and an adjacent double bond. Consequently,
properties such as hydrophobicity, pKa, 3D shapes,
and ability to form hydrogen bonds can vary among
the different tautomers of the same molecule. Careful
selection of tautomers is thus crucial for accurate dock-
ing predictions (Martin, 2009) and several methods for
the enumeration of tautomers have been published
(Milletti et al., 2009; Oellien et al., 2006; Sitzmann
et al., 2010; Trepalin et al., 2003). The level of enumer-
ation that should be performed depends on the objec-
tive of the docking (Martin, 2009); a reasonable
number of tautomers should be selected for a large
virtual screening campaign, while a full enumeration
of the tautomers is required for accurate prediction of
one ligand/protein complex. In the same way, stereo-
chemistry can impact the relative binding affinity.
Proper enumeration of the relevant stereoisomers and
pairs of enantiomers for chiral compounds is important
for databases preparation (Brooks et al., 2008).

FIG. 5.1 Graphical representation of the main steps of

database preparation. ADME, absorption, distribution,

metabolism, elimination; PAINS, pan-assay interference

compounds.
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TABLE 5.3

Examples of Tools Available for Database Preparation.
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1 References: [1] (Willighagen et al., 2017), [2] (Sander et al., 2015),[3] (Bikadi & Hazai, 2009), [4] (Lagorce, Oliveira, et al., 2017), [5] (FILTER, n.d.), [6]

(Pavlov et al., 2011), [7] (Instant JChem, n.d.), [8] (LigPrep, n.d.), [9] (Radusky et al., 2017), [10] (OpenBabel, n.d.), [11] (RDKit, n.d.), [12] (Le Guilloux

et al., 2012), [13] (Standardizer, n.d.), [14] (Daina et al., 2017), [15] (Sommer et al., 2016), [16] (Gorgulla et al., 2020), [17] (Gally et al., 2019).
2 C, commercial; C(FA), commercial but free for academics; F, freely accessible; OS, open source.
3 BBB (bloodebrain barrier) permeability filters.
4 Only if the ChemAxon pKa Plugin is installed.
5 Workflow using RDKit, ChemAxon, and Indigo features.
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3.1.2 Removal of duplicates

Duplicated molecules should be removed to avoid un-
necessary calculations. Various sources of duplicated
molecules are possible, i.e., a same compound can be
incorporated from different input databases (some-
times without the same identifier) or included in the
database in different mixtures or salted forms. The stan-
dardization step is thus critical to highlight duplicates
that were included in different forms and not recog-
nized as duplicated.

3.1.3 Generation of 3D conformers
Most of the time, according to data storage consider-
ation, compound structures are collected in a 2D format.
A conversion step to generate 3D conformations is often
required for docking algorithms. Because the bioactive
conformation is generally unknown, a common strategy
is to include a representative ensemble of conformers of
each compound to avoid missing potential hits
(Gimeno et al., 2019). This is of primary importance
when running both rigid docking and flexible docking;
in the former case, the ensemble of conformers should
ideally cover the binding conformation(s) of the small
molecules, and in the latter case, different conforma-
tions should be enumerated to cover the different
conformational orientations of nonrotatable bonds
and chemical groups (Hawkins, 2017). For example,
the cyclohexane can adopt either a “chair” or a “boat”
conformation, and both should be considered if no
experimental data support the choice of one conforma-
tion over the other. The safe number of conformers to
generate depends both on the tool used and on the
number of rotatable bonds of the small molecules
composing the database. Different commercial (e.g.,
OMEGA (Hawkins et al., 2010), ConfGen (Watts
et al., 2010), or iCon (Poli et al., 2018)) or free (e.g.,
RDKIT (RDKit, n.d.), Frog2 (Miteva et al., 2010), or
Tinker (Rackers et al., 2018)) ensemble generator tools
are available. They are often included within software
pipelines and are then not necessarily available as stand-
alone tools. They fall into two categories: the stochastic
approaches that sample random values of torsion angles
with respect to predefined rules (e.g., molecular dy-
namics or Monte Carlo simulations or distance geome-
try) and the systematic approaches that sample all
authorized torsion angles of a molecule (e.g., brute force
and rule-based enumeration). Unlike the stochastic
approaches, the systematic ones always return the
same lowest-score conformation but are limited to
molecules with few rotatable bonds because of the
combinatorial explosion of solutions. Most tools make
use of knowledge-based or force fieldebased scoring

functions to estimate the internal energy of the gener-
ated conformers. In the latter case, the coulombic elec-
trostatic term is generally omitted or tuned to avoid
favoring conformers with intramolecular hydrogen
bonds (Hawkins, 2017; Wang et al., 2020).

3.2 Database Filtering

Filtering procedures have been developed to enhance
the chance that a hit identified by virtual screening
will be successfully optimized as a potential drug candi-
date. A lot of ADME-Tox (absorption, distribution,
metabolism, elimination, and toxicity) filters have
been used in this purpose and will be presented here
together with PAINS (pan-assay interference com-
pounds) alerts and knowledge-based filters.

3.2.1 ADME (absorption, distribution,
metabolism, elimination) filtering
In the mid-1990s, drug candidates’ failure in clinical
trials was mainly attributed to nonoptimal pharmacoki-
netics and bioavailability parameters (Kola & Landis,
2004). To overcome this issue, physicochemical filters
were proposed to select compounds with pharmacoki-
netics values similar to actual approved drugs. The
most used filters were established in 1997 by Lipinski
and his colleagues from Pfizer (Lipinski et al., 1997).
They selected in the World Drug Index 2245 orally avail-
able compounds that had reached at least phase II of
clinical trials, hence displaying presumed adequate
water solubility and intestinal permeability. The analysis
of the common properties of these compounds led to
the “Lipinski’s Ro5,” in which thresholds for molecular
weight (!500 Da), number of hydrogen bonds donors
(!5) and acceptors (!10), and water/octanol partition
coefficient (!5) were defined. According to this rule, a
compound that is not compliant to more than one of
these criteria is associated with a higher risk of poor
oral bioavailability.

The Ro5 has been largely used and integrated in
numerous virtual screening databases preparation
protocols. However, it is now of common knowledge
that the Ro5 should not be considered as an absolute
drug-likeness criterion because different toxic com-
pounds are Ro5-compliant whereas some approved
drugs are not (Bickerton et al., 2012) and that com-
pounds compliant to this rule are not suitable to modu-
late half of the targets involved in human disease
pathways (Surade & Blundell, 2012). Additionally, there
is still some oral space beyond the Ro5 (Doak et al.,
2014; Poongavanam et al., 2018; Tyagi et al., 2020).
Virtual screening protocols aim to identify potential
hits/leads for a biological target that will be modified
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during the hit-to-lead and lead-to-candidate drug
optimization processes. Applying drug-like filters on po-
tential hits/leads seems untimely as the subsequent opti-
mized drug candidates may not, at the end, be Ro5
compliant. Hann and Oprea suggested to adjust the
Ro5 threshold to obtain “lead-like” filters deduced
from the comparison of the properties of 176 leads
compounds and 532 drugs (Alvarez & Shoichet,
2005). These “lead-like” filters presented not only
modified threshold values compared to the Ro5 proper-
ties but also additional criteria such as the number of
aromatic rings, Caco-2 intestinal permeability, and
water solubility.

Drug permeability through the bloodebrain barrier
(BBB) is also a major property to monitor. Drugs target-
ing the central nervous system should be able to cross
the BBB while peripheral acting drugs should not, in
order to avoid any psychotropic side effect (Di & Kerns,
2015). The two gold-standard experimental measures of
BBB permeability are logBB (the concentration of drug
in the brain divided by concentration in the blood)
and logPS (permeability surface area product). Both
values can be obtained either through experimental
measures or predicted via in silico methods (Carpenter
et al., 2014). Another approach to estimate the BBB
penetration is to use the BBB score (Gupta et al.,
2019), a simple model that is based on five physico-
chemical descriptors.

Numerous methods to improve “drug-like,” “lead-
like,” and other ADME filters have been developed
(Korkmaz et al., 2015; Oprea et al., 2007; Petit et al.,
2012; Ridder et al., 2011; Veber et al., 2002), but the
interest for “drug-like” or “lead-like” filters has consid-
erably decreased. The control of the physicochemical
properties of the compounds during the optimization
process remains important (Waring et al., 2015) and
databases developed for docking purposes should at
least be filtered using soft physicochemical thresholds
to remove compounds not suitable for docking tools
(Lagarde et al., 2018).

3.2.2 Toxicity filtering
Toxicity of drug candidates can be discovered at very
late stages of drug development, during clinical trials
or worse after its commercialization, ruining years of
efforts and billions of dollars investments. Safety and
toxicity have been identified as the major sources of fail-
ure in an analysis of attrition of drug candidates from
four major pharmaceutical companies (Waring et al.,
2015) and represent major concerns in drug discovery
processes. Many computational toxicology methods

have been developed to predict potential toxicity. These
methods can be used as a prefiltering step to remove
undesirable compounds from the virtual screening da-
tabases or after the virtual screening to flag predicted
hits with toxicity alerts and to ensure that the flagged
chemical moiety will be modified during the optimiza-
tion process. Computational toxicology methods are
mainly divided into three categories (Hevener, 2018):
algorithms and models, chemical filters, and structural
alerts tools.

In the first category, quantitative structureeactivity
relationship and quantitative structureetoxicity rela-
tionship models have long been the reference (Benigni
& Bossa, 2008; Gini, 2016; Lapenna et al., 2010;
Myshkin et al., 2012). These mathematical models can
be established by correlating experimentally measured
toxicity with the structure of the compounds encoded
as physicochemical and geometrical descriptors. Other
methods include deep learning methods (Gawehn
et al., 2016; Goh et al., 2017), structure-based methods
(Jing et al., 2015; Moroy et al., 2012), and toxicophore
mapping (Kar & Roy, 2013; Pramanik & Roy, 2014;
Singh et al., 2016).

The second category gathers a large variety of filters to
identify promiscuous compounds, i.e., drug compounds
that can act on multiple molecular targets, exhibiting
similar or different pharmacological effects (Mei &
Yang, 2018). Limited promiscuity might be a desirable
property for polypharmacological drug discovery
(Feldmann et al., 2019) but promiscuous compounds
can also present undesirable side effect because of the
modulation of unwanted targets (Mei & Yang, 2018).
Filters are either rules built on physiochemical proper-
ties or structural alerts. Among the physiochemical
properties evaluated (Bruns & Watson, 2012), specific
attention was also given to molecular weight and
lipophilicity (Bowes et al., 2012; Hughes et al., 2008;
Morphy & Rankovic, 2007; Tarcsay & Keser}u, 2013).

The last category includes structural alerts developed
to highlight structural motifs and substructures often
occurring among toxic compounds (Bruns & Watson,
2012; Pizzo et al., 2015).

A large number of freely available tools and web
servers implement these computational toxicology
method (ToxiPred (Mishra et al., 2014), DeepTox
(Mayr et al., 2016), admetSAR (Cheng et al., 2012),
ToxiM (Sharma et al., 2017), VirtualToxLab (Vedani
et al., 2012), OpenTox (Tcheremenskaia et al., 2012),
FAF-Drug4 (Lagorce, Bouslama, et al., 2017); ToxAlerts
(Sushko et al., 2012), Screening Assistant (Le Guilloux
et al., 2012)).
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3.2.3 PAINS (pan-assay interference

compounds) alerts
PAINS are compounds frequently identified as hits in
any given assay due to the presence of common
chemotypes able to interfere in biochemical assays (Baell
& Nissink, 2018). PAINS behavior is linked to intrinsic
redox activity, instability, reactivity, aggregation
potency, covalent labeling of proteins, metal chelation,
membrane disruption, fluorescence interference, and
structural decomposition (Lagorce, Oliveira, et al.,
2017). These compounds raised issues because
numerous efforts to optimize PAINS identified as hits
remained unsuccessful (Baell & Nissink, 2018). Several
filters have been developed to flag PAINS (Baell &
Holloway, 2010; Lagorce, Bouslama et al., 2017;
Saubern et al., 2011; Sterling & Irwin, 2015) and were
used to discard hits flagged with PAINS alerts prior to
experimental validation. However, different studies
point out that these filters are not perfect as 6%e7% of
approved drugs display PAINS chemotypes (Capuzzi
et al., 2017; Senger et al., 2016) and that some
compounds flagged as PAINS were not confirmed by
experimental assays, whereas compounds not flagged
as PAINS revealed experimentally a PAINS behavior
(Capuzzi et al., 2017). PAINS filters should then be
used as flag alerts but not to remove compounds from
virtual screening databases (Baell & Nissink, 2018;
Lagorce, Oliveira, et al., 2017).

3.3 Automated Tools for Virtual Screening

Databases Preparation

Numerous free or commercial methods are available
for assisting the virtual screening databases preparation
(Villoutreix et al., 2007). Table 5.3 lists the most popular
tools with details about the corresponding monitored
step of the database preparation. It is also worth
mentioning that each step can be scripted by users
with different programming languages. For example,
the desalting procedure can be done with a simple text
editing program by searching for “full stops” separating
two fragments on SMILES and removing the one without
any carbon atom. Finally, despite the precision of auto-
mated tools, a final manual inspection of each com-
pound is recommended to ensure that no errors were
left after the cleaning process (Fourches et al., 2010).

4 CONCLUSION

Docking methods are used in virtual screening proto-
cols to identify hits that could be optimized into drug
candidates. This can be successfully achieved by care-
fully selecting and preparing compounds that are
included in the virtual screening compound collections.

Numerous sources of compounds and databases are
available, and we described the main categories in this
chapter. Due to limited resources in computer power
and data storage, ultralarge databases screening using
docking methods has remained poorly accessible for a
long time. However, recent advances could enhance
its democratization within a few years. The compounds
included in a virtual screening database must be
correctly prepared for docking methods. This is particu-
larly important to avoid missing potential hits and
providing unnecessary efforts to optimize inactive,
toxic, or promiscuous compounds that could have
been identified beforehand. No current gold standard
for database preparation exists, and different docking
software require different molecular file formats. We
detail in this chapter the main steps of compounds
cleaning filtering. Filters may be applied to enrich the
database in compounds that are less likely destined to
fail in the drug discovery process and to reduce the
virtual screening computational times. The strategy to
select compounds and to filter the database before
docking depends on the virtual screening purpose and
on the importance of the virtual and experimental
screening facilities.

LIST OF ABBREVIATIONS

1D One-dimensional
2D Two-dimensional
3D Three-dimensional
ADME/Tox Absorption, distribution, metabolism,

elimination, toxicity
Å Ångström
BBB Bloodebrain barrier
Br Bromine
C Carbon
ChEMBL Chemical database of the European

Molecular Biology Laboratory
Cl Chlorine
clogP Partition coefficient between n-octanol

and water
Da Dalton
F Fluorine
FDB-17 Fragment database 17
GDBs Generated databases
GLASS GPCR-ligand associations
GLL G-proteinecoupled receptor (GPCR)

ligand library
I Iodine
logBB Logarithm of the ratio of the concentra-

tion of drug in the brain divided by
concentration of the drug in the blood

logPS Permeability surface area product
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mg Milligram
N Nitrogen
NCBI National Center for Biotechnology

Information
NR-DBIND Nuclear Receptors Database Including

Negative Data
NRLiSt BDB Nuclear Receptors Ligands and Structures

Benchmarking Database
O Oxygen
PAINS Pan-assay interference compounds
PDB Protein Data Bank
pH Potential of hydrogen
pKa Acid dissociation constant
PKIDB Protein Kinase Inhibitor Database
S Sulfur
SCUBIDOO Screenable Chemical Universe Based on

Intuitive Data Organization
SDF Structure data file
SMILES Simplified Molecular Input Line Entry

Specification
TCM DB Traditional Chinese Medicine Database
US United States of America
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Abstract: The estrogen receptors α (ERα) are transcription factors involved in several physiological
processes belonging to the nuclear receptors (NRs) protein family. Besides the endogenous ligands,
several other chemicals are able to bind to those receptors. Among them are endocrine disrupting
chemicals (EDCs) that can trigger toxicological pathways. Many studies have focused on predicting
EDCs based on their ability to bind NRs; mainly, estrogen receptors (ER), thyroid hormones receptors
(TR), androgen receptors (AR), glucocorticoid receptors (GR), and peroxisome proliferator-activated
receptors gamma (PPARγ). In this work, we suggest a pipeline designed for the prediction of ERα
binding activity. The flagged compounds can be further explored using experimental techniques
to assess their potential to be EDCs. The pipeline is a combination of structure based (docking and
pharmacophore models) and ligand based (pharmacophore models) methods. The models have
been constructed using the Environmental Protection Agency (EPA) data encompassing a large
number of structurally diverse compounds. A validation step was then achieved using two external
databases: the NR-DBIND (Nuclear Receptors DataBase Including Negative Data) and the EADB
(Estrogenic Activity DataBase). Different combination protocols were explored. Results showed that
the combination of models performed better than each model taken individually. The consensus
protocol that reached values of 0.81 and 0.54 for sensitivity and specificity, respectively, was the
best suited for our toxicological study. Insights and recommendations were drawn to alleviate the
screening quality of other projects focusing on ERα binding predictions.

Keywords: nuclear receptors; ERα; endocrine disrupting chemicals; docking; pharmacophores;
virtual screening

1. Introduction

Estrogens are hormones involved in many physiological processes such as growth,
development, the female reproductive system, and homeostasis [1]. They can exert their
activity through binding to particular transcription factors: the estrogen receptors (ER).
As members of the nuclear receptor protein family (NRs), ER are composed of three
functional domains, the NH2-terminal domain (NTD), the DNA-binding domain (DBD),
and the COOH-terminal ligand-binding domain (LBD) [2]. Two isoforms of the receptor
exist, ERα and ERβ. Both isoforms share a high degree of sequence identity within their
LBDs and exhibit similar affinities for the main endogenous ligand, 17β-estradiol [3],
but different affinities for other compounds, given that each subtype displays a unique
role in estrogenic activity in vivo. Since its discovery [4], several therapeutic applications
have emerged for ERα ligands, in particular in breast cancer therapies [5,6]. Consequently,
a large number of small molecules were developed with the purpose of ERα activity
modulation. However, some compounds belonging to a particular category of exogenous
molecules called endocrine disrupting chemicals (EDCs) are also able to bind to ERα [7].
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EDCs have the ability to penetrate the body through ingestion, inhalation, or skin and
to mimic the endogenous hormones, leading to the disruption of the endocrine system
in both human and animal species. The first reported EDCs harmful effects were related
to estrogens [8] such as breast cancer, endometriosis, fertility problems, and learning
disability. EDCs are now considered a public health threat [9–11], as human exposure
to these compounds can increase the risk of impairment of several biological functions
such as the reproductive [12], cognitive [13], and metabolic [14] functions (for a review of
associations between EDC exposures and risk to diseases, see Table 1 in [15]). However,
the knowledge about possible adverse effects of EDCs is still incomplete and numerous
studies have focused on better understanding their mechanism of action.

EDCs have been shown to act through direct or indirect mechanisms. In the direct
mechanism, EDCs directly bind to a receptor of the NRs family (estrogen receptors ER,
thyroid hormones receptors TR, androgen receptors AR, glucocorticoid receptors GR,
and peroxisome proliferator-activated receptors gamma PPARγ) or the aryl hydrocar-
bon receptor, leading to activation or inhibition of its signaling pathway. In the indirect
mechanism, EDCs affect other transcription factors or hormone metabolism through in-
teraction with components of the hormone signaling pathway, stimulation or inhibition
of endogenous hormones biosynthesis, binding to circulating hormone-binding protein,
stimulation or inhibition of hormone-binding protein synthesis or degradation, stimu-
lation or inhibition of hormone receptor expression [16,17]. Other potential targets of
EDCs include the membrane-associated NRs and the G protein-coupled receptor GPR30/G
protein-coupled estrogen receptor [18]. Experimental campaigns are conducted to identify
potential EDCs and better understand their mechanism of action.

With the large and increasing number of compounds suspected to be EDCs, an inter-
mediate step is needed to prioritize or reduce the number of compounds to be assessed.
Several in silico methods are providing prediction and estimation of the potential endocrine
disrupting activity of chemicals [19–22]. The majority of the in silico studies dedicated
to EDCs focused on the direct mechanism. These studies are dedicated to NR binding
prediction and most studies available are related to ERα [21–25]. These studies considered
that a compound predicted to be able to bind to ERα can be a potential EDC that should be
further investigated experimentally. In silico predictions of EDCs are mostly done through
QSAR models and machine learning methods that provide a quantitative estimation of
the binding affinity or a classification of the potential hazard. Docking methods are also
used but to a lesser extent despite the advantage of providing insights on the molecular
mechanism of binding [19].

In the present work, we designed a pipeline for the prediction of compounds binding
to ERα. These flagged compounds can be further explored using experimental techniques
to assess their potential to be EDCs. This pipeline combines structure-based (SB) and
ligand-based (LB) methods, i.e., docking, SB, and LB pharmacophore models. To select
the optimal docking protocol for ERα binding (B) compounds prediction, the performance
of different docking software was evaluated and docking scores thresholds were defined.
A combination of 26 pharmacophore models was designed to guarantee a maximum
coverage of the chemical space of ERα B compounds. Individual performances of LB and
SB models to discriminate between B and non-binding (NB) compounds were evaluated.
Finally, different combination approaches were also explored to define the best protocol for
the prediction of ERα binding potential. We conclude our work with recommendations for
future ERα (and other NRs) binding prediction studies.

2. Results
2.1. Compounds and Database Preparation
2.1.1. Database Preparation

After filtering and cleaning, the Environmental Protection Agency (EPA) database is a
collection of 2442 chemical compounds experimentally tested for ERα binding comprising
2219 non-binding (NB) compounds and 223 binding (B) compounds (see Material and
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Methods section). The distribution of the physiochemical and constitutional descriptors of
B and NB compounds is represented in Figure 1.

Two external validation sets were used, i.e., the NR-DBIND (Nuclear Receptors
DataBase Including Negative Data) ERα set that comprises 732 compounds, divided into
554 B compounds and 178 NB compounds, and the EADB (Estrogenic Activity DataBase)
set comprising 131 B compounds and 101 NB compounds for a total of 232 molecules.
Distributions of the 15 constitutional, physiochemical, and molecular descriptors for each
dataset are presented in Supplementary Figures S1 and S2.

2.1.2. Databases Comparison

Pairwise similarities were calculated using the Tanimoto coefficient (Tc) between each
pair of topological fingerprints for: 1.) the EPA database and the NR-DBIND and 2.) the
EPA and the EADB (see Figure S3A). The analysis of similarity values shows that the Tc are
globally very low with a mean of 0.181 for the pairing with NR-DBIND and 0.174 for the
pairing with EADB. Only 2% and 0.6% of the total calculated Tc for EADB and NR-DBIND,
respectively (as shown in Figure S3B), are higher than 0.5. Finally, the chemical space of
the three databases was mapped using a SALI (Structure Activity Landscape Index) map
for the whole databases (Figure 2). The map illustrates that all three databases share the
same chemical space.
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Two external validation sets were used, i.e., the NR-DBIND (Nuclear Receptors Da-
taBase Including Negative Data) ERα set that comprises 732 compounds, divided into 554 
B compounds and 178 NB compounds, and the EADB (Estrogenic Activity DataBase) set 
comprising 131 B compounds and 101 NB compounds for a total of 232 molecules. Distri-
butions of the 15 constitutional, physiochemical, and molecular descriptors for each da-
taset are presented in Supplementary Figures S1 and S2. 

2.1.2. Databases Comparison 
Pairwise similarities were calculated using the Tanimoto coefficient (Tc) between 

each pair of topological fingerprints for: 1.) the EPA database and the NR-DBIND and 2.) 
the EPA and the EADB (see Figure S3A). The analysis of similarity values shows that the 
Tc are globally very low with a mean of 0.181 for the pairing with NR-DBIND and 0.174 
for the pairing with EADB. Only 2% and 0.6% of the total calculated Tc for EADB and NR-
DBIND, respectively (as shown in Figure S3B), are higher than 0.5. Finally, the chemical 
space of the three databases was mapped using a SALI (Structure Activity Landscape In-
dex) map for the whole databases (Figure 2). The map illustrates that all three databases 
share the same chemical space. 

Figure 1. Boxplots representing the distribution of physiochemical descriptors computed with
Datawarrior [26] for binding compounds (B) in green and non-binding (NB) compounds in red.



Int. J. Mol. Sci. 2021, 22, 2846 6 of 26

Int. J. Mol. Sci. 2021, 22, x FOR PEER REVIEW 7 of 28 
 

 

 
Figure 2. Structure Activity Landscape Index (SALI) maps for all three databases (B and NB com-
pounds): Environmental Protection Agency (EPA) (blue), Nuclear Receptors DataBase Including 
Negative Data (NR-DBIND) (yellow) and Estrogenic Activity DataBase (EADB) (orange). 

2.2. Docking 
2.2.1. Docking Outcome 

In order to determine the optimal protocol for discriminating ERα B from NB com-
pounds, 7 molecular docking tools (smina-vina, smina-vinardo, smina-dkoes_scoring, 
smina-adt4, Protein–Ligand ANT System (PLANTS), and Surflex-dock) were explored us-
ing 2 approaches: single structure docking and ensemble docking. Docking performance 
in predicting B compounds was evaluated using the area under the ROC (Receiver Oper-
ating Characteristic) curve (AUC) values (Table 1). For the single structure docking ap-
proach, mean AUC are comprised between 0.576 for Surflex-dock (with the largest stand-
ard deviation between AUCs) and 0.704 for both smina-dkoes (with the smallest standard-
deviation between AUCs) and smina-vinardo. The best performance is obtained using 
smina with the scoring function dkoes for the 1qku structure with an AUC of 0.708. For 
all the scoring functions, the structure associated with the best performance displays an 
agonist-bound conformation. 

For the ensemble docking approach, all ensemble sizes, from 2 to 7 structures, were 
tested but no amelioration in the AUC values was observed with ensembles of more than 
3 structures. Table 1 summarizes the results obtained for both single structure and ensem-
ble docking approaches for ensembles of 2 and 3 structures (results for the ensembles of 
size superior to 3 are presented in Supplementary Table S1). The best mean AUC (0.703) 
and max AUC (0.710) values are associated with the smina_dkoes scoring function for 
ensemble of 2 and 3 structures, respectively. The lowest mean AUC (0.594) and max AUC 
(0.616) were obtained for an ensemble of 2 structures using Surflex-dock. 

  

Figure 2. Structure Activity Landscape Index (SALI) maps for all three databases (B and NB compounds): Environmental
Protection Agency (EPA) (blue), Nuclear Receptors DataBase Including Negative Data (NR-DBIND) (yellow) and Estrogenic
Activity DataBase (EADB) (orange).

2.2. Docking
2.2.1. Docking Outcome

In order to determine the optimal protocol for discriminating ERα B from NB com-
pounds, 7 molecular docking tools (smina-vina, smina-vinardo, smina-dkoes_scoring,
smina-adt4, Protein–Ligand ANT System (PLANTS), and Surflex-dock) were explored
using 2 approaches: single structure docking and ensemble docking. Docking performance
in predicting B compounds was evaluated using the area under the ROC (Receiver Op-
erating Characteristic) curve (AUC) values (Table 1). For the single structure docking
approach, mean AUC are comprised between 0.576 for Surflex-dock (with the largest
standard deviation between AUCs) and 0.704 for both smina-dkoes (with the smallest
standard-deviation between AUCs) and smina-vinardo. The best performance is obtained
using smina with the scoring function dkoes for the 1qku structure with an AUC of 0.708.
For all the scoring functions, the structure associated with the best performance displays
an agonist-bound conformation.

For the ensemble docking approach, all ensemble sizes, from 2 to 7 structures, were tested
but no amelioration in the AUC values was observed with ensembles of more than 3 struc-
tures. Table 1 summarizes the results obtained for both single structure and ensemble
docking approaches for ensembles of 2 and 3 structures (results for the ensembles of size
superior to 3 are presented in Supplementary Table S1). The best mean AUC (0.703) and
max AUC (0.710) values are associated with the smina_dkoes scoring function for ensemble
of 2 and 3 structures, respectively. The lowest mean AUC (0.594) and max AUC (0.616)
were obtained for an ensemble of 2 structures using Surflex-dock.

No significant improvement was observed between single structure and ensemble
docking approaches. This is particularly true for both smina-dkoes and PLANTS, for which
the best AUC obtained using the ensemble docking approach is almost equal to those
obtained with single structure docking. It is to note that for all six scoring functions,
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the structure associated with the best AUC performance for single structure docking is
always present in the best ensemble of 2 and 3 structures.

Table 1. Docking performances (Max area under the ROC curve (AUC), min, mean, and standard deviation (SD)) calculated
for the different scoring functions and for the different docking approaches.

Software Docking Approach
Best Performances

Min AUC Mean AUC SD
AUC PDB

smina-dkoes
Single 0.708 [1qku] 0.700 0.704 0.003

Ensemble of 2 0.709 [2yja-1qku] 0.702 0.703 0.003
Ensemble of 3 0.710 [2yja-1qku-1g50] 0.704 0.702 0.003

smina-vina
Single structure 0.699 [1a52] 0.643 0.676 0.02
Ensemble of 2 0.696 [1xp9-1a52] 0.642 0.67 0.017
Ensemble of 3 0.695 [1xp9-1xp1-1a52] 0.642 0.667 0.014

smina-vinardo
Single structure 0.68 [1a52] 0.686 0.704 0.018
Ensemble of 2 0.676 [1xp9-1a52] 0.619 0.650 0.019
Ensemble of 3 0.673 [1xp9-1xp1-1a52] 0.618 0.644 0.018

smina-ad4
Single structure 0.656 [1a52] 0.613 0.639 0.0154
Ensemble of 2 0.654 [1x7e-1a52] 0.618 0.641 0.009
Ensemble of 3 0.650 [1x7e-1qku-1a52] 0.623 0.640 0.007

PLANTS
Single structure 0.659 [1x7e] 0.598 0.634 0.019
Ensemble of 2 0.660 [1x7e-1a52] 0.647 0.62 0
Ensemble of 3 0.659 [1x7e-1qku-1a52] 0.620 0.642 0.009

Surflex-dock
Single structure 0.604 [1a52] 0.547 0.576 0.027
Ensemble of 2 0.616 [1xp1-1x7e] 0.556 0.594 0.020
Ensemble of 3 0.623 [1xp1-1x7e-1a52] 0.562 0.605 0.015

2.2.2. Predictiveness Curve

Predictiveness curve (PC) was used to define docking score thresholds (TH) associated
with a high P(active), i.e., the probability of having active compounds in the screened
fraction. For each scoring function and for both docking approaches, i.e., single structure
and ensemble docking, TH associated with the highest P(active) were defined. For these
TH, sensitivity and specificity values were also deduced. The highest P(active) value
is the one of smina-dkoes (~0.3) followed closely by PLANTS (see Table S2). However,
these values of P(active)max are associated with a low hit rate. As presented in Table S3,
the highest P(active)max is associated with a TH of −10 using smina-dkoes and yields
a low hit rate (14 hits out of 2442 compound at start). The same tendency is observed
for PLANTS for which the screened subset with the highest probability of activity en-
compasses few molecules: 5 hits in total without any B among them. Thus, we chose to
explore TH associated with various sensitivity levels. Table 2 displays the performances
for various sensitivity values for both scoring functions smina_dkoes and PLANTS and
for both single structure and ensemble docking approaches. The P(active) and enrichment
factor (EF) deducted for these TH yielded better results for smina-dkoes than PLANTS.
Regardless, trends are the same for both: the higher the sensitivity, the lower are the
specificity, the P(active), and the EF. The behavior is the same for single structure and
ensemble docking.

In the light of the docking results, we decided to select for the rest of the study the
smina-dkoes scoring function and the single structure docking approach (using the 1QKU
PDB structure) and to select two potential scoring TH (−6 and −7). Table 3 presents the
performance of the selected protocols on the EPA database and the external validation sets
(EADB and NR-DBIND) in terms of specificity, sensitivity, and binders retrieval rate.
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Table 2. P(active), scoring threshold (TH), Specificity (Sp), Enrichment factor (EF), and the positive
predictive value (PPV) calculated for different values of sensitivity (Se) (0.25/0.5 and 0.75) for
all the docking approaches and for the scoring function smina-dkoes and Protein–Ligand ANT
System (PLANTS).

Docking Approach Performances Se = 0.25 Se = 0.5 Se = 0.75

sm
in

a_
dk

oe
s

Single P(active) 0.137 0.094 0.094
(1qku) TH −7 −6 −6

Sp 0.918 0.766 0.601
EF 1.9 1.65 1.65

PPV 56/237 111/631 167/1052
Ensemble de 2 P(active) 0.134 0.094 0.094

(2yja-1qku) TH −7 −6 −6
Sp 0.916 0.759 0.597
EF 1.89 1.63 1.63

PPV 56/242 111/645 167/1061
Ensemble de 3 P(active) 0.137 0.13 0.091

(2yja-1qku-1g50) TH −8 −7 −6
Sp 0.915 0.777 0.599
EF 2.37 1.9 1.59

PPV 56/244 111/605 167/1057

PL
A

N
TS

Single P(active) 0.127 0.103 0.081
(1x7e) TH −79 −72 −64

Sp 0.876 0.723 0.501
EF 1.9 1.69 1.42

PPV 55/328 110/719 165/1261
Ensemble of 2 P(active) 0.123 0.097 0.08

(1x7e-1a52) TH −82 −73 −66
Sp 0.86 0.707 0.49
EF 1.69 1.58 1.42

PPV 55/362 110/753 165/1287
Ensemble of 3 P(active) 0.122 0.096 0.079

(1x7e-1a52-1qku) TH −82 −73 −66
Sp 0.857 0.701 0.493
EF 1.65 1.6 1.41

PPV 55/369 110/767 165/1279

Table 3. Sensitivities (Se), specificities (Sp), and positive predictive value (PPV) calculated for the single docking approach
with smina_dkoes scoring function screening for both TH = −6 and TH = −7 scoring thresholds.

Scoring
Threshold (TH) Performances EPA Estrogenic Activity

DataBase (EADB)
Nuclear Receptors DataBase Including

Negative Data (NR-DBIND)

TH = −7
Se 0.79 0.48 0.93
Sp 0.55 0.58 0.03

PPV 176/2442 63/232 513/732

TH = −6
Se 0.46 0.77 0.99
Sp 0.78 0.198 0.001

PPV 103/2442 101/232 553/732

2.3. Pharmacophore Modeling
2.3.1. LB Pharmacophore Models

Since the compounds of the active training set belong to different chemical series,
their alignment to derive a single LB pharmacophore is not feasible. To overcome this
issue, all the compounds were clustered to obtain subsets of similar compounds for which
pharmacophores can be generated. Distance between each cluster was fixed to 0.4 to
ensure balanced groups and to minimize the number of singletons. In total, 14 clusters
were obtained containing a minimum of 3 and a maximum of 69 compounds per cluster.
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6 molecules could not be fitted in any cluster and were not used to generate the pharma-
cophores models. The maximum number of pharmacophores generated per cluster was set
to 10. Each pharmacophore was used to screen the training subset of the EPA database.
Based on individual hit retrieval performances, the best pharmacophore of each cluster
was optimized according to the procedure described in the methods section. In the case
where the optimization protocol failed, i.e., the optimized pharmacophore was not associ-
ated with a high rate of B/NB, the other pharmacophores generated for this cluster were
considered in the descent order of their individual performances until one pharmacophore
could be successfully optimized. If none out of the 10 generated pharmacophores or the
corresponding optimized were associated with a high rate of B/NB, no pharmacophore
was conserved for this cluster. In total, 11 unique (non-redundant) LB pharmacophores
were obtained. Their performances in terms of selectivity and sensitivity are described
in Table 4. These 11 LB pharmacophores were combined and used to screen the training
subset of the EPA database. High specificity and relatively low sensitivity values were
obtained with 30% of the total of binders retrieved against only 2.7% of the total of NB
for the training set (Figure 3). To ensure that the performance is not biased towards the
ligands of the training set, the 11 LB pharmacophore models were used to screen the test
subset of the EPA database. Specificity and sensitivity values obtained were similar to
those obtained with the training set and 27% of all B compounds were retrieved against 3%
of all NB compounds (Figure 3).

Table 4. Sensitivity (Se) and specificity (Sp) of ligand-based (LB), structure-based (SB), and combination LB and SB
pharmacophores, for the training set and the test set of the EPA database, the EADB and the NRDBIND.

EPA Database EADB NR-DBIND

Performances Train Set Test Set Validation Set Validation Set

LB pharmacophores
Se

(B/total_B)
0.305

(51/167)
0.232

(13/56)

Sp (NB/total_NB) 0.973
(45/1664)

0.960
(22/555)

SB pharmacophores
Se

(B/total_B)
0.251

(42/167)
0.232

(13/56)

Sp (NB/total_NB) 0.990
(16/1664)

0.987
(7/555)

SBLB pharmacophores
Se

(B/total_B)
0.371

(62/1664)
0.321

(18/56)
0.557

(73/131)
0.819

(458/554)

Sp (NB/total_NB) 0.968
(53/167)

0.595
(25/555)

0.871
(13/101)

0.629
(66/178)

2.3.2. SB Pharmacophore Models

In addition to LB pharmacophores, 31 SB pharmacophores were generated from
the holo structures of ERα available in the NR-DBIND. All these pharmacophores were
used to screen the training set and were optimized according to the protocol described
in the methods section. Redundant pharmacophores were removed, and 15 SB pharma-
cophores were retained. Screening of the EPA training and test subsets using the 15 SB
pharmacophores led to low sensitivity values and high specificity values (Table 4). The per-
centage of B compounds retrieved with SB pharmacophores is similar to those obtained
with the LB pharmacophores, but the percentage of NB compounds retrieved with the SB
pharmacophore is lower.

2.3.3. SBLB Pharmacophore Models

Results for both SB and LB selective pharmacophores were combined into a set of
SBLB pharmacophores for ERα binding compounds. Redundant pharmacophores were
removed to obtain a total of 26 unique SBLB pharmacophores. Performance in terms of
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sensitivity and specificity of this ensemble of pharmacophores is shown in Table 4. The set
of SBLB pharmacophores is able to retrieve almost 40% of B against only 3% of NB.
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based SBLB pharmacophores for the train and the test sets.

The 26 SBLB pharmacophores were also used to screen the two external validation
sets, i.e., the EADB and the NR-DBIND ERα sets, and the results are shown in Table 4.
For EADB, similarly to the results associated with the EPA database, high specificity and
low sensitivity values were obtained. The opposite is observed with the NR-DBIND ERα
set, for which the sensitivity value is higher than the specificity.

2.4. Combination of Docking and Pharmacophore Models

Individual performances for docking (AUC, Se, and Sp) and pharmacophore models
(Se, Sp, and hits retrieval rate) remain moderate, since sensitivities are hardly higher than
50% and the specificities equal or superior to 50% are associated with a low hit rate. For this
reason, we evaluated the performance of the combination of docking and pharmacophore
models in accurately predicting the binding profile of the compounds to ERα.

Two different protocols for performing this combination were explored, i.e., the con-
sensus and the hierarchical protocols, detailed in the method section.

2.4.1. Consensus Protocol

Using the consensus protocol, each molecule predicted as active using the docking
or the pharmacophores models will be identified as an active compound in the consensus
protocol results. The remaining compounds will be predicted as inactive. Performances
obtained using this protocol for the EPA database and the validation datasets, i.e., the EADB
and the NR-DBIND ERα set are depicted in Table 5.

Two docking TH defined using the PC were studied. For TH = −7, a sensitivity
of 0.56 and a specificity of 0.76 are obtained for the EPA database. Conversely, for each
validation set, the consensus protocol yields higher sensitivity (0.832 and 0.495, respectively)
against lower specificities (0.495 and 0.029). When TH = −6 is chosen, the corresponding
sensitivities are high: 0.81, 0.937, and 1 corresponding to the EPA database, the EADB,
and the NR-DBIND, respectively. Recorded specificities are very low: 0.51, 0.158, and 0.005
for the EPA, the EADB, and the NR-DBIND. The higher positive predictive value (PPV)
for the EPA database is reached by applying the TH = −7, with a PPV value around 19%.
The same trend is observed with the EADB external validation set, whereas quite similar
PPV are obtained for both threshold using the NR-DBIND set. The PPV obtained with the
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external validation sets using both TH = −6 and TH = −7 were largely superior to those
obtained with the EPA database.

Table 5. Sensitivities (Se), specificities (Sp), and B/Total ratio calculated for the consensus and hierarchical screening method
for two different thresholds (TH) of docking scores.

TH −7 −6

Se Sp PPV Se Sp PPV

Consensus protocol
EPA database 0.56 0.76 124/652 0.81 0.54 180/1205

EADB 0.832 0.495 109/160 0.931 0.158 122/207
NR-DBIND 0.986 0.029 546/719 1.0 0.005 554/731

Hierarchical protocol
EPA database 0.25 0.99 55/84 0.32 0.98 72/117

EADB 0.206 0.960 27/31 0.370 0.911 52/61
NR-DBIND 0.756 0.635 419/484 0.814 0.635 451/516

For equal specificity values between both TH, the TH = −6 yields better sensitivities
for the EPA database as well as for the validation datasets. This is why our choice of
docking TH is set at −6 for the consensus protocol.

2.4.2. Hierarchical Protocol

We first evaluated the impact of using hierarchical screening with the pharmacophore
models prior to or after the molecular docking models on the performance in enrichment.

Since both protocols displayed similar performances in terms of sensitivity and speci-
ficity, we relied on computational times to select the protocol. We thus decide to first screen
using the pharmacophore models and then using the optimal docking protocol previously
defined. On a desktop computer with 8x Intel(R) Xeon(R) CPU L5520 @ 2.27 GHz it takes
~75 min to dock the 2442 molecules against one ERα structure versus ~5 min to screen the
same number of compounds on the 26 SBLB pharmacophore models.

Results depicted in Table 5 are those obtained using this hierarchical screening, i.e.,
the entire database is screened using the pharmacophore models and the compounds
thereby identified as hits are used as the screening database for the docking method.
The docking outcomes are then analyzed using the 2 docking scores TH previously identi-
fied and corresponding to different sensitivity values. For both TH values, the same trend
is observed, i.e., high specificities (0.99 and 0.98) and low sensitivities (0.25 and 0.32).

Table 4 also presents sensitivity, specificity, and PPV obtained using the hierarchical
protocol on the validation sets. The performance associated with the EADB is very similar
to those obtained with the EPA database whereas the hierarchical protocol applied on the
NR-DBIND ERα set lead to high values of sensitivity and specificity for both thresholds.
Based on the hierarchical protocol outcomes, in particular the sensitivity values, on both
the EPA database and the external validation sets, we selected the TH =−6 as the threshold
to be used for docking scores using the hierarchical protocol.

3. Discussion

Through this work, we aim at finding the best in silico protocol(s) to discriminate B
from NB compounds for ERα. Both SB and LB methods were evaluated, together with two
different protocol to combine them.

3.1. Compounds and Database Preparation

The comparison of the distribution of the 15 constitutional descriptors for the three
databases, i.e., EPA, EADB, and NR-DBIND, was performed in order to ensure that the dif-
ference in activity was not solely explained by the difference in physiochemical properties.

In order to assess the prediction performance of our models, we used external valida-
tion sets. Pairwise comparison of topological fingerprints between the EPA database and
each external validation sets verifies the structural dissimilarity between those sets and
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thus the possible use of the EADB and NR-DBIND ERα sets as external validation sets.
Moreover, the SALI map confirms that the three databases belong to the same chemical
space, which was recommended for pharmacophore models validation [27].

3.2. Docking

For the docking approach, both single structure and ensemble docking were ex-
plored. Three software with free academic licenses, accounting for 6 scoring functions,
were used, i.e., smina (smina-ad4, smina-dkoes, smina-vina, smina-vinardo), Surflex-dock,
and PLANTS. Although different magnitudes of AUC were obtained, most of them agreed
on the elected structure yielding the best single structure docking results: 4 out of the 6
docking methods associated the best outcomes with the 1a52 structure. However, the high-
est AUC were obtained with different structures, 1qku and 1x7e for smina-dkoes and
PLANTS, respectively. Interestingly, the 1a52 structure presents an artifactual position of
the helix that is extending away from the body of the ligand binding domain. The resulting
conformation is more similar to an antagonist-bound ERα structure than an agonist-bound
one [4]. This observation leads to discard 1a52 despite its selection by most of the software
and reinforces the choice of the 1qku structure and smina-dkoes as the optimal single
structure docking protocol. It is to note that 1qku is co-crystallized with the native lig-
and 17β-estradiol. Furthermore, it was shown that smina_dkoes was very proficient at
sampling low RMSD poses compared to Vina [28].

No major performance improvement as evaluated by the AUC values was brought
by ensemble docking over the single structure strategy. This was true using either only
agonist-bound structures ensembles or combinations of agonist and antagonist-bound
structures. When considering only agonist compounds as positives and the remaining com-
pounds (antagonists and experimental non binders) as negatives, both agonist-bound and
antagonist-bound structures were associated with similar AUC values (results not shown).
Similarly, no significant differences in docking performance were noted among agonist-
and antagonist-bound structures when only antagonists were set as positives and all the
remaining compounds as negatives. This could be explained by the fact that ERα conforma-
tions used in this study are very similar, as shown by the RMSD values obtained among all
structures (Table S4). The structures used display a limited flexibility, explaining the similar
performances obtained in terms of AUC values, regardless of the pharmacological profile of
the co-crystallized ligands or of the binding compounds. This limited flexibility sampling
can also explain the lack of significant performances improvement observed using the
ensemble docking strategy. Furthermore, previous studies also showed that ensemble
docking did not always outperform the single structure docking approach especially when
the single structure is rationally selected [29]. Finally, and although displaying several
advantages, such as accounting for the flexibility of the target, ensemble docking presents
also noteworthy drawbacks. Docking a database against more than one protein structure
requires more computational resources and/or time. Ensemble docking can also lead to
inaccurate predictions due to a favored inaccurate interaction with a particular protein
conformation included in the ensemble [30].

3.3. Predictiveness Curve

Molecular docking is a valuable method often used to elucidate a mechanism of action
or to predict the nature of interactions established between a ligand and a target protein.
It can also be used as a screening tool to filter a database according to docking scores. In a
virtual screening protocol using molecular docking, the ranked list of compounds according
to the docking scores is generated. Then, a fraction of the top scoring compounds (1%, 5%,
10% . . . ) is tested experimentally depending on the budget and experimental facilities.
For this type of protocol, defining a docking score threshold is not necessarily a priority.
In our study, we preferred to rationally select an optimal docking threshold rather than
selecting an arbitrary fraction of the top scoring compounds. Endocrine disruptome [21],
for example, is an online tool based on docking calculations that also established docking
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scores thresholds to differentiate between binding and non-binding compounds for a set
of NRs. In an ideal case where all B compounds would have better docking scores than
the NB compounds (Figure 4, left panel), the threshold would simply be defined as the
value separating the docking score values of the last ranked B compound and the first
ranked NB compound. However, in reality, some B and NB compounds present very
similar docking score values and the distribution of the profiles of scores between B and
NB compounds are often overlapping. In our study, both distribution curves for B (green)
and NB compounds (red) overlap (Figure 4, right panel), preventing a straightforward
manual definition of a perfect score threshold. To help the definition of a score threshold,
we used Screening Explorer [31], an interactive tool for the analysis of screening results,
based on the predictiveness curve (PC) metric [32].
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EPA database.

Although newly introduced in the virtual screening field, the PC has already been
applied in different studies [27,33–37]. This metric is usually used altogether with ROC
curves and enrichment factors to assess the ability of a given method to discriminate active
compounds from inactive ones [38]. PC have been used in the literature to define a score
threshold to discriminate agonist from antagonist compounds for androgen receptors [27].
As in [27], we assessed the predictiveness of the single structure and ensemble docking
approaches as well as each docking/scoring scheme. Using the Screening Explorer tool,
2 potential docking score thresholds were identified to differentiate ERα B from NB. We thus
chose to evaluate these 2 docking score thresholds for the combination of the docking
procedure and the pharmacophores modeling.

3.4. Pharmacophores

Several studies already focused on generating pharmacophores for NRs ligands [27,39–42].
In this work, numerous SB and LB pharmacophores targeting ERα were generated and
optimized. A large number of B were retrieved by both SB and LB pharmacophores,
but some were specifically identified by only one or the other class of pharmacophores.
Consequently, all non-redundant pharmacophores were merged in the SBLB ensemble that
contains approximately as much LB (11) as SB (15) pharmacophores. The SBLB ensemble
of pharmacophores achieve better sensitivity over a slight drop in the specificity compared
to SB pharmacophores or LB pharmacophores. Hits retrieved by the SB and LB pharma-
cophores are represented in Figure 5 together with the yield of the SBLB pharmacophores.
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Interestingly, our SBLB pharmacophores applied to the external validation data
yielded very good sensitivities and lower specificities. This is similar to the results obtained
by Réau et al. [27] with pharmacophores models generated using the NR-DBIND AR set.
This study also suggests that pharmacophores are only suited for data filtering as long as
the compounds belong to the same chemical space as the molecules used to build the model.
The SALI map of all the databases (the EPA training database and the EADB and NR-
DBIND ERα external validation sets) in Figure 2 shows that our data fit this requirement
and supports the use of pharmacophores for this study. The lower sensitivities obtained
with the EPA database compared to those obtained with the external validation sets may
be explained by the imbalance in the number of B and NB that exists in the EPA database
(223 B and 2219 NB) compared to the validation sets which present lower proportions of
inactive data. The SBLB pharmacophores present better performance in discarding true
negatives than in identifying true positives. To overcome this issue, we decided to evaluate
the ERα B prediction performances obtained when combining SBLB pharmacophores and
docking approaches.

3.5. Combination of Methods

Combining several bioinformatic methods is often used for various purposes such
as extending the knowledge about a drug–target interaction or refining screening re-
sults [43–47]. Docking methods are usually successful in poses prediction but fail at
distinguishing active from inactive compounds yielding low sensitivities. Pharmacophore
methods on the other hand, used in the appropriate applicability domain [27], succeed at
discarding molecules which structures misfit the requirements to interact with the binding
site. In accordance with these results, our study shows that the 2 types of combinations we
evaluated enhance performances towards better specificities for the hierarchical protocol
and better sensitivities for the consensus protocol (Figure 6).
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Furthermore, a review of studies dedicated to NR, and more specifically to the predic-
tion of EDCs able to bind ERα, enabled us to better assess the performances obtained with
our models. We obtained high sensitivities values, 0.81 for EPA and 0.93 and 1 for EADB
and NR-DBIND, respectively, associated with low specificities. The different studies herein
undermentioned can be divided into studies relying on docking models and others that
are mostly based on machine learning and QSAR (Quantitative structure activity relation)
models [20,23,24,48–53]. Docking methods of the studies of the former class [21,22,54–57]
present AUC values similar to those obtained with our selected scoring function and recep-
tor structure. It should be noted that these docking studies used various ERα structures,
and especially the 1a52 we chose to discard because of its artifactual position of the helix
12 [4]. Studies of the latter category are the most abundant, and present high AUC values
around 0.8 with good overall sensitivities and specificities. These good prediction perfor-
mances are not surprising since classification and QSAR models are known for their ability
to well predict structural analogs. However, these methods can suffer from overfitting
bias which can lead to lower performances if applied on a different dataset as they will
be unable to predict completely new/different molecules [58]. Moreover, outliers are
frequently discarded in this kind of study, but these compounds may introduce a category
of yet unrepresented compounds. Nevertheless, these LB methods perform better than our
LB pharmacophores and should be investigated for future integration in the protocol.

Some sources of bias that may have affected the performances should be taken into con-
sideration. Annotation errors of biological assays are possible, and compounds identified
with binding assays may bind on different ERα binding sites. Furthermore, the compounds
of the EPA database are mostly compounds suspected to be toxic and not therapeutic
compounds. Even if our models were validated with external sets dedicated to therapeutic
compounds, it is important to enrich databases with more compounds relative to both
therapeutic and toxicological explorations according to the purpose of the study [59,60].

Previous studies [27,49,55,61] suggested that the pharmacological profile of the lig-
ands should be considered to better discriminate agonist from antagonist compounds.
Endocrine disrupting chemicals act in several ways including agonism and antagonism [17]
and it is important to be able to retrieve ERα B regardless of their pharmacological profiles.
The structure identified to be optimal for the docking study is in an agonist-bound con-
formation. We thus verified that our protocol was not biased towards agonist ligands and
that we were also able to identify ERα B with different pharmacological profiles.

We compared the distribution of pharmacological profiles within the starting database,
i.e., the EPA database, as well as within the hits obtained for each screening protocol
(see Figure 7). In the EPA database, the pharmacological profile annotation was achieved us-
ing agonist and antagonist experimental assays. Among the 223 compounds, 58 are agonist
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(26%), 50 antagonist (22.4%), and 66 agonist–antagonist (29.6%) compounds. No pharma-
cological profile annotation was available for 49 molecules (22%). Interestingly, the relative
proportion of each pharmacological profile observed in the initial EPA database was main-
tained among the hits of both consensus and hierarchical protocols. This highlights the fact
that the screening protocol presented herein is able to identify ERα B, regardless of their
pharmacological profile and is thus not overfitted towards any pharmacological profile.

Int. J. Mol. Sci. 2021, 22, x FOR PEER REVIEW 18 of 28 
 

 

conformation. We thus verified that our protocol was not biased towards agonist ligands 
and that we were also able to identify ERα B with different pharmacological profiles. 

We compared the distribution of pharmacological profiles within the starting data-
base, i.e., the EPA database, as well as within the hits obtained for each screening protocol 
(see Figure 7). In the EPA database, the pharmacological profile annotation was achieved 
using agonist and antagonist experimental assays. Among the 223 compounds, 58 are ag-
onist (26%), 50 antagonist (22.4%), and 66 agonist–antagonist (29.6%) compounds. No 
pharmacological profile annotation was available for 49 molecules (22%). Interestingly, 
the relative proportion of each pharmacological profile observed in the initial EPA data-
base was maintained among the hits of both consensus and hierarchical protocols. This 
highlights the fact that the screening protocol presented herein is able to identify ERα B, 
regardless of their pharmacological profile and is thus not overfitted towards any phar-
macological profile. 

 
Figure 7. Barplots illustrating the relative proportion of compounds of each pharmacological profile 
(AGO: compounds with ERα agonist activity, ATGO: compounds with ERα antagonist activity, 
AGO/ATGO: compounds with both ERα agonist and antagonist activities, B: ERα binders without 
pharmacological profile annotation) in the EPA database and among the hits identified using the 
hierarchical and consensus protocols. 

Finally, it is important to mention that both sensitivity and specificity are valuable 
for assessing the screening quality. However, and depending on the purpose of the study, 
one value tends to be more meaningful than the other. Therapeutic studies favor good 
specificities as they are an indicator of the ability to discard true negatives, which is more 
important to reduce the number of molecules to be tested in vivo. For toxicological stud-
ies, high sensitivities are preferred, as the goal is to identify the maximum of potentially 
undesired compounds. These observations are supported by the results obtained for val-
idation sets. In this way, we suggest that the consensus protocol is better tailored for our 
study and the hierarchical protocol could better suit drug design projects. Both protocols 
provide a list of compounds that are predicted to bind ERα. These predictions must be 

Figure 7. Barplots illustrating the relative proportion of compounds of each pharmacological profile
(AGO: compounds with ERα agonist activity, ATGO: compounds with ERα antagonist activity,
AGO/ATGO: compounds with both ERα agonist and antagonist activities, B: ERα binders without
pharmacological profile annotation) in the EPA database and among the hits identified using the
hierarchical and consensus protocols.

Finally, it is important to mention that both sensitivity and specificity are valuable
for assessing the screening quality. However, and depending on the purpose of the study,
one value tends to be more meaningful than the other. Therapeutic studies favor good
specificities as they are an indicator of the ability to discard true negatives, which is more
important to reduce the number of molecules to be tested in vivo. For toxicological studies,
high sensitivities are preferred, as the goal is to identify the maximum of potentially
undesired compounds. These observations are supported by the results obtained for
validation sets. In this way, we suggest that the consensus protocol is better tailored for our
study and the hierarchical protocol could better suit drug design projects. Both protocols
provide a list of compounds that are predicted to bind ERα. These predictions must
be confirmed and the estrogenic activity modulation and potential endocrine disruption
effects should be further experimentally assessed.
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4. Materials and Methods
4.1. Compounds, Databases Preparation, and Annotation

Two types of dataset were used, i.e., a set formed by EPA compounds used to build
the different individual methods and two external data sets (the NR-DBIND, the EADB
database) used for validation.

4.1.1. EPA Dataset

Compounds and biological data used to build the training dataset were extracted
from the United States Environmental Protection Agency (EPA). Chemical compounds and
their associated biological data were downloaded from the DSSTox dashboard in February
2019. The platform has been removed since then and compounds can now be found
under the Comptox dashboard [62]. This dashboard gathers high throughput screening
data of a large and structurally diverse chemical library of compounds sus-pected to be
of risk for humankind and for the environment against a wide spectrum of biological
targets involved in toxicity pathways [63]. Compounds included in training dataset were
obtained by filtering the DSSTox/Comptox database to only keep compounds that have
undergone binding assays on ERα receptor. All compounds were available in csv files
where each molecule was identified by its SMILES and CAS number. Binding compounds
were selected to form the active subset (activity annotated 1) and the non-binding molecules
constituted the inactive subset (activity annotated 0). This data-base will be referred to
as the “EPA database”. The EPA database is available in the Sup-plementary Materials in
SMILES format.

4.1.2. Validation Sets

• NR-DBIND

The NR-DBIND (Nuclear Receptors DataBase Including Negative Data) is a non-
commercial manually curated benchmarking database that provides affinity data for small
molecules that were experimentally tested against 28 nuclear receptors [64]. For this
study, a filter was applied to extract compounds tested against ERα. All compounds were
directly downloaded from the website (http://nr-dbind.drugdesign.fr/, accessed on 20
November 2019) in SMILES format and annotated by their CAS names. Binding compounds
were selected to form the active subset and the non-binding molecules constituted the
inactive subset.

• EADB

The Estrogenic Activity Database (EADB) developed by the NCTR (National center
for toxicological research) assembles a large number of estrogenic activities data from
various sources [56,65,66]. It contains 18.114 estrogenic-activity data points collected
for 8212 chemicals tested in 1284 binding assays, reporter-gene assays, cell-proliferation
assays, and in vivo assays in 11 different species. The database has been directly down-
loaded from the website (https://www.fda.gov/science-research/bioinformatics-tools/
estrogenic-activity-database-eadb, accessed on 25 November 2019) and filtered to only
keep data relative to human ERα.

4.1.3. Molecule Curation and Preparation

The same molecule curation and preparation protocol was applied for the EPA
database, the NR-DBIND, and the EADB validation sets. SMILES were standardized
using Standardizer from the ChemAxon suite [67] and salts and fragments were removed
together with duplicates and small molecules containing less than 5 atoms. Conforma-
tions were generated using i-Con [16], the conformer generation tool of LigandScout [68],
with BEST settings except for the maximum number of conformations per molecule that
was set to 25. Compounds containing certain metal atoms (e.g., Pb or Hg) were removed
from the docking collection mainly because the software used were unable to process these
molecules. Finally, molecules were converted into the appropriate format for the different

http://nr-dbind.drugdesign.fr/
https://www.fda.gov/science-research/bioinformatics-tools/estrogenic-activity-database-eadb
https://www.fda.gov/science-research/bioinformatics-tools/estrogenic-activity-database-eadb
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software at use, i.e., pdbqt for docking with smina, mol2 for PLANTS, and Surflex_dock
and ldb for pharmacophore model generations.

In order to assess the accuracy of the data, 15 constitutional, physiochemical, and molec-
ular descriptors were computed for each molecule of the three databases, namely, molecular
weight (MW), ClogP, ClogS, number of HBond-Acceptors (H-Acc), number of HBond-
Donors (H-Don), Total Surface Area (TSA), Relative Polar Surface Area (RPSA), Shape In-
dex, Molecular flexibility (Mol_Flex), Molecular Complexity (Mol_Comp), number of
Electronegative atoms (Elect_atom), number of Stereo Centers (Stereo_cent), number of
rotatable bonds (rotat_bond), number of aromatic rings (aromatic_rings), and number of
aromatic atoms (aromatic_atom). Descriptors were computed using the DataWarrior soft-
ware [26]. Moreover, topological fingerprints were computed using the rdkit library [69]
for python and pairwise Tanimoto coefficient (Tc) were calculated between compounds of
the EPA database and the EADB on one side and EPA database and the NR-DBIND on the
other side.

4.2. Structures Preparation

ERα structures were selected according to 3 criteria: (1) human structures; (2) without
mutations nor residue’s deletion in the ligand binding domain; (3) referenced by a scien-
tific article. Accordingly, 31 holo structures were used for SB pharmacophore building.
Among these 31 structures, only 7 holo (Protein-ligand) crystal structures of human ERα
were used for docking (Table S5). The 24 remaining structures were discarded since they
presented residues deletion in the binding site that can affect docking results more than
pharmacophore building. Among these 7 structures, 2 are classified as antagonist bound
as they are co-crystallized with an antagonist molecule. The remaining 5 structures are
agonist-bound and 4 of them share the same co-crystallized ligand, the 17β-estradiol.
For the docking procedure, the structures were directly downloaded from the NR-DBIND
database [64] since they are already enumerated, annotated, and cleaned. Format conver-
sion from PDB to the appropriate docking format was done accordingly to the requirements
of the software, i.e., PDB were converted into mol2 format using the software chimera [70],
into pdbqt with the prepare_receptor4.py python script available with the MGLTool [18].
In order to generate the structure-based pharmacophores, structures were directly down-
loaded from the RCSB website [71] via the LigandScout graphical interface.

4.3. Docking
4.3.1. Protocol

Docking is a structure-based virtual screening method that aims at predicting the
pose of a ligand inside a protein [17]. All docking calculations were performed with 3
different software with free academic licenses, i.e., smina [72], PLANTS [73], and Surflex-
dock [74]. The same binding site was used with the 3 software that was delimited using
the co-crystallized ligands. For each software, 5 docking runs were performed.

Smina is a fork of AutoDock Vina [28] that is designed for scoring function devel-
opment and minimization workflows [72]. It relies on the same sampling algorithm as
vina, the latter being the succession of stochastic mutations steps, but integrates several
scoring functions. For this study, we relied on 4 scoring functions already implemented
within smina, i.e., vina [28], the Vina RaDii Optimized (vinardo) [75], dkoes [72], and ad4
scoring functions. All dockings were performed using the default options of smina and
num_modes = 20 and exhaustiveness of 8. The bounding box coordinates were determined
based on the crystal structure of 1a52 used as reference to align the remaining structures.
The box parameters were chosen based on the co-crystallized ligand position with a spacing
of 1 Angstrom. A cubic box was delimited with size_x, size_y, and size_z set to 20 and the
following coordinates center_x = 107.175, center_y = 14.983, and center_z = 96.009. PLANTS
relies on the docking algorithm carrying the same name. This Protein–Ligand ANT System
(PLANTS) algorithm is based on ant colony optimization, a class of stochastic optimization.
An artificial ant colony must find the minimum energy conformation of the ligand within
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the receptor through a trail of pheromone whenever an ideal low energy conformation
is found. This marking is iteratively changed until the lowest energy conformation is
found [73,76,77]. The binding site coordinates were the same that were used for smina.
Regarding other parameters, the binding site_radis was set to 18, the cluster_structures to
10, the cluster_RMSD to 2, and the search speed to “speed2”.

Surflex-dock is a docking methodology that combines Hammerhead’s empirical scor-
ing function with a molecular similarity method to generate putative poses of ligand frag-
ments [74]. The search approach is based on an incremental construction and a fragment
assembly method similar to the genetic algorithm. Surflex-Dock uses a pseudo-molecule,
a protomol, as a target to align fragments of the ligands. Protomols were generated starting
from the holo structures.

4.3.2. Docking Performances Analyses

• Single structure docking and ensemble docking

In the single structure docking approach, docking performance for each PDB structure
was evaluated individually by calculating the area under the ROC curve (AUC). AUC val-
ues were computed with python using the scikitlearn library [78] and the package sklearn
metrics. In the ensemble docking approach, docking performances of all the possible en-
sembles of 2, 3, 4, 5, 6, and 7 structures were computed. In this approach, each ligand was
sequentially docked into several protein structures. The results were post processed to
keep only, for each ligand, the best docking score among all structures. All ligands are
then ranked according to these new scores and the corresponding AUC are computed.
Python version 3.8.1 was used to prepare data and analyze the results.

• Predictiveness curves

Although docking scores are continuous values, they can be transformed into a bi-
nary classifier to discriminate between ERα B and NB using the predictiveness curve
(PC) [27,32]. The predictiveness curve is a metric usually used in clinical epidemiology to
evaluate the ability of a biological marker to assess the fit of risk models and to estimate
the clinical utility of a model when applied to a population [32]. Transferred to the field of
Chemoinformatics, this metric can be used to assess the predictive power of a screening
methods as well as defining a score threshold retrieving best candidates to be tested exper-
imentally. In this way, PC was used to define a docking scoring threshold for which we
can compute the probability that a compound with this given score will be a B compound
and define associated sensitivity (Se) and specificity (Sp) (cf Equations (1) and (2)). Enrich-
ment factor EFx% and positive predictive value (PPV) were also calculated following the
Equations (3) and (4) where Hitsx% is the number of active compounds in the top x% of the
ranked dataset, Hitst is the total of active compounds, Nx% is the number of compounds
contained in the x% of the dataset, and Nt is the total number of compounds in the dataset.

Sensitivty =
Nb o f True Positives

Nb o f True Positives + Nb o f False Negatives
(1)

Speci f icity =
Nb o f True Negatives

Nb o f True Negatives + Nb o f False Positives
(2)

EFx% =

Hitsx%
Nx%
Hitst

Nt

(3)

PPV =

[
Nb o f True Positives

Nb o f True Positives + Nb o f False Positives

]
× 100 (4)

The aim of the study is to select as much positive data as possible (toxic compounds).
It is then interesting to identify a TH associated with a high probability of activity P(active)
but also a high value of sensitivity (Se).
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Various TH values and their P(active), Sp, PPV, and EF were calculated for different
sensitivity values (0.25/0.5/0.75). The highest P(actives)max was calculated beforehand
for each scoring function and for the different ensemble sizes.

4.4. Pharmacophore Modeling Protocol

Structure based (SB) and ligand based (LB) pharmacophores were generated using
LigandScout software version 4.4 [68].

4.4.1. Ligand Based Approach (LB) Models Protocol

In order to generate LB-pharmacophores, active compounds from one side and inac-
tive compounds on the other were both divided into training and test sets. 75% of the active
compounds and 75% of the inactive compounds were gathered to form the training set.
The remaining 25% of active compounds and inactive compounds were used to form the
test set. The active compounds of the training set were clustered using the i-cluster [79] tool
provided with LigandScout software and pharmacophores were generated for each of the
resulting clusters. Default parameters of the I-cluster tool were used, i.e., cluster_dis = 0.4
with average method, except for the maximum number of conformations set to 3. In order
to derive a LB-pharmacophore dedicated to a particular cluster of compounds, Ligand-
Scout operates in several steps: (1) conformations of the ERα ligands included in the
cluster are generated using the ICON algorithm; (2) molecules are ranked according to their
flexibility and the best alignments; (3) for each compound, the generated conformations
are used to create intermediate pharmacophores that are ranked using several scoring func-
tions; (4) common features are aligned to all the conformations of the next molecule and
so on until all the molecules are processed [80]. Each final pharmacophore obtained with
this protocol was used to screen the train set on which global and individual performances
were assessed. In order to make sure that data separation into training and test does
not affect the performance, the whole procedure (from training and test set separation to
pharmacophores generation and evaluation) was repeated 25 times. The iteration yielding
the best global performances was kept and used during the pharmacophore optimization
set and the composition of each set.

4.4.2. Structure Based Approach (SB) Models Protocol

3D SB pharmacophores were automatically generated from the PDB structures of ERα
included in the NR-DBIND [64]. In this approach, the LigandScout algorithm tags the key
features of the ligands that are interacting with the residues of the receptor. To complete
the pharmacophore, an ensemble of exclusion volume spheres is generated to represent
the shape of the active site [42].

• Pharmacophore model optimization

In order to optimize the pharmacophore, we followed literature recommendations,
especially a screening protocol that succeeded in generating selective pharmacophores for
NR agonist ligands and selective pharmacophores for NR antagonist ligands [42]. This pro-
tocol was applied on both SB and LB pharmacophores. The generated 3D pharmacophores
were used to screen the training set and the test set. All the ligands were converted into
ldb format using the idbgen tool provided with LigandScout. For each pharmacophore,
a first screening was made with LigandScout default settings and particularly the Max.
number of omitted features set to 0. Two case scenarios were possible. If after the first
screening, the ratio PPV was high, i.e., few non binders are retrieved but a large number
of binders are matching the pharmacophore, a second screening was performed with the
same pharmacophore but setting the Max. number of omitted features to 1. This way,
non-essential features could be identified to be removed or set as optional possibly lead-
ing to the retrieval of more active compounds and less inactive molecules. After that,
a third screening was performed with Max. number of omitted features set to 0 again.
If the ratio of PPV decreased, this pharmacophore was not validated, and another round
of feature identification was performed. If the ratio increased, the pharmacophore was
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validated, and other potential non-essential features were investigated. This protocol was
applied to each pharmacophore until 3 pharmacophoric features were retained or until no
non-essential features could be identified.

4.4.3. Combination of SB and LB Pharmacophores Models

Once a collection of optimal SB and LB pharmacophores was obtained, redundant
pharmacophores were removed. Redundant pharmacophores are pharmacophores that can
be removed without decreasing the recall, i.e., pharmacophores that only retrieved ligands
that are also retrieved with other pharmacophores of the set. To remove these redundant
pharmacophores, all generated pharmacophores were ranked according to the number of
hits they retrieved. Then, each pharmacophore was removed sequentially, starting from the
pharmacophore associated with the smallest number of hits. For each removal, the impact
on the recall was evaluated. If the recall was not affected, the pharmacophore was dismissed
and, in the opposite, if the recall decreased, the pharmacophore was conserved.

The SBLB pharmacophores used in this study are available in the Supplementary
Materials in pml format.

4.5. Pipelines Construction

Two different ways of combining pharmacophore models and docking were explored,
the consensus and the hierarchical protocols. The first protocol consists in the analysis of
the union of the results belonging to each model. Each molecule predicted as active by
docking or pharmacophore will be predicted as active compound by the consensus protocol.
The remaining compounds will be predicted as inactive. The second approach used a
hierarchical protocol in which the database undergoes a sequence of screening methods.
Two possible sequences exist: [pharmacophore-docking] or [docking-pharmacophore].

5. Conclusions

In the present work, we present a pipeline designed for the prediction of potential
EDCs acting through the binding to ERα. Optimized protocols for docking studies and
SB and LB pharmacophore models’ generation were evaluated together with the best
approach to combine them. Both combination approaches that were investigated here, i.e.,
consensus protocol and the hierarchical protocol, yielded good results. However, we rec-
ommend favoring the consensus protocol for toxicological studies and the hierarchical
protocol for the identification of therapeutic compounds. Results were validated using two
external datasets. Using our pipeline, we show that combining several in silico methods can
enhance the prediction performances for compounds binding to ERα. Additional methods
should be evaluated and implemented in this pipeline such as classification models.

Supplementary Materials: Supplementary Materials can be found at https://www.mdpi.com/14
22-0067/22/6/2846/s1, Figures S1 and S2: Boxplot of the distribution of the 15 physiochemical
properties computed with Datawarrior for EADB (S1) and NR-DBIND (S2), Figure S3: Boxplot repre-
senting the distribution of pairwise calculated Tanimoto coefficient between EPA database and EADB
(in blue) and NR-DBIND (green) topological fingerprints, Table S1: Docking performances for both
single and ensemble docking approach illustrated with the AUC of the best and the worst ensembles;
Table S2: Maximum values of predictiveness (P(active)) associated to each scoring function and each
docking approach; Table S3: Sensitivity (Se), specificity (Sp), scoring threshold (TH), Enrichment
factor (EF) and PPV calculated for the best scoring function (Smina-dkoes and PLANTS) and cor-
responding to P(active)max for different docking; Table S4: Pairwise RMSD computed between all
the protein structures; Table S5: PDB Structures used for structure based model building. All 31
structures were used to generate SB pharmacophores and only those colored in blue were used for
docking; EPA database in SMILES format; SBLB pharmacophores in pml format.
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AUC Area under the ROC curve
B Binding compounds
CAS Chemical Abstracts Service
DBD DNA-binding domain
DNA deoxyribonucleic acid
DSSTox Distributed Structure-Searchable Toxicity
EADB Estrogenic activity database
EDCs Endocrine disrupting chemicals
EF Enrichment factor
EPA United states Environmental protection agency
ER Estrogen receptors
FIX Factor IX
GR Glucocorticoid receptors
LB Ligand based
LBD Ligand binding domain
NB Non-Binding compounds
NCTR National center for toxicological research USA
NR Nuclear receptor
NR-DBIND Nuclear Receptors Database Including Negative Data
NTD NH2-terminal domain
PC Predictiveness curve
PDB Protein data bank
PPAR Peroxisome proliferator-activated receptors
PPV Positive Predictive value
PLANTS Protein-ligand ANTSystem
QSAR Quantitative structure activity relationship
RMSD Root-mean-square deviation
ROC Receiver operating curve
SB Structure based
SD Standard deviation
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SMILES Simplified molecular-input line-entry system
Sp Specificity
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������ 'LVFXVVLRQ

�������� &KRL[�GHV�PpWKRGHV

/¶REMHFWLI�GH�FHWWH�pWXGH�pWDLW�GH�UpDOLVHU�XQH�SUHXYH�GH�FRQFHSW�VXU�OD�FDSDFLWp�GHV�PpWKRGHV�GH�

GRFNLQJ�HW�GHV�PRGqOHV�GH�SKDUPDFRSKRUHV�/%�HW�6%�j�GLVWLQJXHU�HQWUH�FRPSRVpV�©�%LQGHUV�ª�

�%��HW�©�1RQ�%LQGHUV�ª��1%��GHV�15 GDQV�OD�SHUVSHFWLYH�GH�SUpGLUH�OHXU SRWHQWLHOV�3(��3RXU�

FHWWH�pWXGH��OH�SRVWXODW�GH�GpSDUW�pWDLW�TX¶XQ�FRPSRVp�LGHQWLILp�FRPPH�pWDQW�FDSDEOH�GH�VH�OLHU�

DX[�15 pWDLW�XQ�SRWHQWLHO�SHUWXUEDWHXU�HQGRFULQLHQ�HW�GHYDLW�GRQF�rWUH�SOXV�DPSOHPHQW�pWXGLp�

SRXU�VD�WR[LFLWp�SRWHQWLHOOH��&HWWH SUHXYH�GH�FRQFHSW�D�pWp�UpDOLVpH�VXU�OH�UpFHSWHXU�(5Į��GRQW�

O¶LPSOLFDWLRQ� GDQV� OH� PpFDQLVPH� GH� SHUWXUEDWLRQ� HQGRFULQLHQQH� D� pWp� GpPRQWUpH����� 'H�

QRPEUHXVHV�pWXGHV�LQ�VLOLFR RQW�GpMj�pWp�PHQpHV�GDQV�FH�VHQV�HW�DYHF�FH�PrPH�UpFHSWHXU��F�I��

SDUDJUDSKH��������/D�UHYXH�UHFHQVDQW�FHOOHV�PHQpHV�HQWUH������HW������OLVWH����pWXGHV�VXU�(5Į�

GRQW�OD�ODUJH�PDMRULWp������D�XWLOLVp�GHV�PpWKRGHV�GH�46$5��&HFL�HVW�FRKpUHQW�DYHF�OD�SRSXODULWp�

GH� FHV� PpWKRGHV� HQ� WR[LFRORJLH� SUpGLFWLYH�� 7RXWHIRLV�� HOOHV RQW� FHUWDLQHV� OLPLWHV� GRQW� OD�

SULQFLSDOH�HVW�OHXU�GpSHQGDQFH�DX[�GRQQpHV�GH�GpSDUW��OHXU�SHUWLQHQFH�OLPLWpH�j�OHXU�GRPDLQH�

G¶DSSOLFDELOLWp� ��� PDLV�DXVVL�SDUIRLV�XQH�GLIILFXOWp�j� WUDGXLUH� OHV PRGqOHV�G¶XQ�SRLQW�GH�YXH�

PpFDQLVWLTXH�� 1RXV� DYRQV� GRQF� FKRLVL� G¶XWLOLVHU� GHV� PpWKRGHV� /%� �PRGqOHV� GH�

SKDUPDFRSKRUHV��HW�6%��GRFNLQJ�HW�SKDUPDFRSKRUHV��FRPSOpPHQWDLUHV�SRXU�FUpHU�QRWUH�SUHXYH�

GH�FRQFHSW�

�������� 'LIIpUHQFHV�HQWUH�OHV�FRPSRVpV�3(�HW�OHV�FRPSRVpV�WKpUDSHXWLTXHV

/HV� 3(�� FRQWUDLUHPHQW� DX[� FRPSRVpV� WKpUDSHXWLTXHV�� QH� VRQW� SDV� FRQoXV� HW� RSWLPLVpV� SRXU�

LQWHUDJLU�GLUHFWHPHQW�DYHF�OHV�15 HW�LOV�SUpVHQWHQW�GRQF�XQH�JUDQGH�YDULDELOLWp�VWUXFWXUDOH �����

(Q�FRQVpTXHQFH��SRXU�OD�UpDOLVDWLRQ�GHV�PpWKRGHV�GH�SKDUPDFRSKRUHV��OHV�GRQQpHV�GH�GpSDUW�

RQW�pWp�VpSDUpHV�HQ�JURXSHV�GLVWLQFWV��RX�FOXVWHUV��VHORQ�OHXU�VLPLODULWp�GH�VWUXFWXUH�SRXU�SRXYRLU�

JpQpUHU�OHV�GLIIpUHQWV�PRGqOHV�SKDUPDFRSKRULTXHV�UHSUpVHQWDWLIV�GH�FKDTXH�JURXSH��

�������� 3HUIRUPDQFHV�REWHQXHV

/H�VXFFqV�GHV�PpWKRGHV�GH�GRFNLQJ�GDQV�OD�SUpGLFWLRQ�GH�OD�WR[LFLWp�GH�FRPSRVpV��D�GpMj�pWp�

GpPRQWUp�HW�VD�SODFH�HVW�FRQILUPpH�FRPPH�XQ�V\VWqPH�G¶H[SHUWV�GH�UpIpUHQFH� ����3RXU�FHWWH�

SUHXYH�GH�GRFNLQJ��QRXV�DYRQV�pYDOXp�GLIIpUHQWV�SURWRFROHV�DILQ�GH�FKRLVLU�OH�SOXV�DGDSWp�j�OD�

SUpGLFWLRQ�GHV�OLJDQGV�GHV�15��3RXU�FHOD��QRXV�DYRQV�FRPSDUp�GLIIpUHQWV�ORJLFLHOV�GH�GRFNLQJ��

GLIIpUHQWHV� IRQFWLRQV� GH� VFRUH� HW� GLIIpUHQWHV� DSSURFKHV� �XQH� VHXOH� VWUXFWXUH� GH� (5Į YV� XQ�

HQVHPEOH�GH�VWUXFWXUH���1RXV�DYRQV�DXVVL�FKHUFKp�FRPPHQW�FKRLVLU�UDWLRQQHOOHPHQW�XQ�VFRUH�GH�



���

GRFNLQJ� VHXLO� SRXU� GLVWLQJXHU� OHV�PROpFXOHV� SUpGLWHV� FRPPH� DFWLYHV� GHV�PROpFXOHV� SUpGLWHV�

FRPPH�LQDFWLYHV��)LQDOHPHQW��OH�SURWRFROH UHWHQX�HVW�FHOXL GX�GRFNLQJ�j�XQH�VWUXFWXUH��VLQJOH�

VWUXFWXUH� GRFNLQJ�� SDU� RSSRVLWLRQ� DX� GRFNLQJ� G¶HQVHPEOH� TXL� Q¶D� SDV� HQWUDLQp� GH� JUDQGHV�

DPpOLRUDWLRQV�DX�QLYHDX�GHV�SHUIRUPDQFHV��

1RXV�SRXYRQV�FRPSDUHU�FH�SURWRFROH� j�FHOXL�XWLOLVp�SDU�(QGRFULQH�GLVUXSWRPH� �����XQ�RXWLOV�

GLVSRQLEOH� JUDWXLWHPHQW� HQ� OLJQH�� TXL� HVW� EDVp� VXU� OH�PrPH�PpFDQLVPH� G¶DFWLRQ� GHV� 3(�� OH�

PpFDQLVPH� GLUHFW�� ,O� XWLOLVH� DXVVL� XQH� PpWKRGH� GH� GRFNLQJ�� SOXV� SUpFLVpPHQW� OH� ORJLFLHO�

$XWR'RFN 9LQD��SRXU�FKRLVLU�XQH�VWUXFWXUH�GH�UpIpUHQFH�SRXU�FKDFXQ�GHV�15 pWXGLp�HQ�VH�EDVDQW�

VXU�OHV�$8&�GHV�FRXUEHV�52&�SRXU�FKDTXH�VWUXFWXUH�GH�FKDTXH�15 pWXGLp��7RXW�FRPPH�GDQV�

QRWUH�SURWRFROH��(QGRFULQH�'LVUXSWRPH�IRQFWLRQQH�j�O¶DLGH�G¶XQ�VFRUH�VHXLO�GH�GRFNLQJ�FKRLVL�

SRXU�GLIIpUHQWHV�YDOHXUV�GH�VHQVLELOLWp������± ����± �����FRUUHVSRQGDQW� UHVSHFWLYHPHQW�j�GHV�

VFRUHV�GH�GRFNLQJ�GH������������HW�������$LQVL��DYHF�(QGRFULQH�GLVUXSWRPH��OHV�VFRUHV�GH�GRFNLQJ�

REWHQXV�SRXU�FKDTXH�FRPSRVp�SHUPHWWHQW�GH�OHV�FODVVHU�HQ���FDWpJRULHV ��URXJH��RUDQJH��MDXQH�

HW�YHUWH��/D�FODVVH�URXJH�FRUUHVSRQG�j�OD�FDWpJRULH�OD�SOXV�SUREDEOH�G¶LQFOXUH�GHV�3( HW�YHUW�OD�

FDWpJRULH�GLWHV�© VDQV�GDQJHU ª�LQFOXDQW�OHV�FRPSRVpV�j�IDLEOH�ULVTXH�G¶rWUH�GHV�3(��7RXWHIRLV��

(QGRFULQH� GLVUXSWRPH� SUpVHQWH� GHV� IDLEOHVVHV� TXL� QRXV� RQW� SRXVVp� j� SURSRVHU� QRWUH� SURSUH�

PRGqOH�SOXW{W�TXH�G¶XWLOLVHU�GLUHFWHPHQW�FHW�RXWLO�GLVSRQLEOH�HQ�OLEUH�DFFqV��(Q�HIIHW��OH�FKRL[�

GX�SURWRFROH�GH�GRFNLQJ�SUpVHQWp�GDQV�(QGRFULQH�GLVUXSWRPH�HVW�EDVp�VXU�GHV�GRQQpHV�GH�OD�

'8'�(� HW� GH� OD�&K(0%/�HW� FRQWLHQW� GRQF�GHV� FRPSRVpV� LQDFWLIV� VXSSRVpV� �GHFR\V�� HW� GHV�

FRPSRVpV�ELRDFWLIV� j� FDUDFWqUHV�GUXJ�OLNH j� OD�GLIIpUHQFH�GHV�GRQQpHV�GH� O¶(3$�XWLOLVpHV� DX�

FRXUV� GH� FHWWH� pWXGH� LQFOXDQW� GHV� FRPSRVpV� WR[LTXHV� HW� VXVSHFWpV� GDQV� OHV� PpFDQLVPHV� GH�

WR[LFLWp��'H�SOXV��HQGRFULQH�GLVUXSWRPH�QH�SHUPHW�SDV�G¶DXWRPDWLVHU�OHV�VpOHFWLRQV�VXU�XQH�OLVWH�

GH�FRPSRVpV��PDLV�QpFHVVLWH�OD�UHFKHUFKH�SRXU�FKDTXH�FRPSRVp�GH�IDoRQ�GLVWLQFWH��(Q�FH�TXL�

FRQFHUQH�OHV�SHUIRUPDQFHV�GH�SUpGLFWLRQ��PrPH�V¶LO�HVW�GLIILFLOH�GH�FRPSDUHU�GLUHFWHPHQW�QRV�

SHUIRUPDQFHV�DX[�OHXUV�FDU�OHV�MHX[�GH�GRQQpHV�QH�VRQW�SDV�OHV�PrPHV��QRXV�DYRQV�UHPDUTXp�

TXH OHV�$8&V�SRXU�(5Į pWDLHQW�FRPSDUDEOHV�j�FHOOHV�TXH�QRXV�DYRQV�REWHQX�DYHF�OH�ORJLFLHO�

6PLQD��

3DU� DLOOHXUV�� GHV� PRGqOHV� GH� SKDUPDFRSKRUHV� 6%/%� RQW� pWp JpQpUpV� HW� DIILQpV� JUkFH� j� XQ�

SURWRFROH� G¶RSWLPLVDWLRQ� TXL� D� SHUPLV� G¶REWHQLU� GH� IRUWHV� 6S ������ HW� ���� VXU� OHV� MHX[�

G¶HQWUDLQHPHQW�HW�GH�WHVW��HW�GHV�6H�PR\HQQHV GH������HW������ 0DOJUp�OD�SRSXODULWp�GHV�PRGqOHV�

GH�SKDUPDFRSKRUHV�� LO�Q¶H[LVWH�SDV�j�QRWUH�FRQQDLVVDQFH�G¶RXWLOV�TXL� O¶XWLOLVH�GDQV�XQ�EXW�GH�

FULEODJH�GHV�3(�HW�TX¶RQ�SRXUUDLW�XWLOLVHU�SRXU�FRPSDUHU�QRV�SHUIRUPDQFHV�



���

&RPSWH� WHQX GH� OD� ERQQH� 6H� GHV� PRGqOHV� GH� GRFNLQJ� HW� GH� OD� KDXWH� 6S GHV� PRGqOHV� GH�

SKDUPDFRSKRUHV��QRXV�DYRQV�SHQVp j�OHV�FRPELQHU�DILQ�GH�WLUHU�SURILW�GH�OHXU�FRPELQDLVRQ�DILQ�

G¶HQULFKLU�QRV�UpVXOWDWV�HQ�SDOOLDQW�OHV GpILFLWV�GH�FKDFXQ��*UkFH�DX�SURWRFROH�GH�FRPELQDLVRQ�

VpOHFWLRQQp��QRXV�DYRQV�SX�DWWHLQGUH�XQH�6H GH�����

�������� &RPSRVLWLRQ�GX�MHX�GH�GRQQpHV

3DUPL�OHV�SURILOV�SKDUPDFRORJLTXHV�GHV�FRPSRVpV�LVVXV�GH�O¶(3$�HW�LQFOXV�GDQV�QRWUH�MHX�GH�

GRQQpHV��QRXV�UHWURXYRQV�����GH�FRPSRVpV�DJLVVDQW�FRPPH�DJRQLVWH�HW�DQWDJRQLVWH�j�OD�IRLV��

1RWRQV�TXH�OHV�WHVWV�FRQVLGpUpV�VRQW�GHV�WHVWV�j�JqQH�UDSSRUWHXU�DQDO\VpV�GDQV�XQ�VHXO�VHQV�SRXU�

FKDTXH��VLQJOH�HQGSRLQW���8Q�WHVW�HVW�GRQF�HIIHFWXp�SRXU�pYDOXHU�OH�SURILO�DJRQLVWH�GHV�OLJDQGV�

HQ�UHFKHUFKDQW�XQ�pYHQWXHO�JDLQ�GH�VLJQDO SRXU�OHTXHO OH�OLJDQG�HVW�FODVVLILp�FRPPH�DJRQLVWH�RX�

QRQ��&H�WHVW�HVW�UpSpWp�SRXU�FHWWH�IRLV�pYDOXHU�OH�SURILO�DQWDJRQLVWH�GHV�OLJDQGV�HQ�pYDOXDQW�OD�

SHUWH� GH� VLJQDO� TXL HVW� LQWHUSUpWpH FRPPH� OH� UHIOHW� GH� O¶DQWDJRQLVPH� GX� FRPSRVp�� &HOD�

VXJJqUHUDLW� TXH� FHV� 3(� L�H�� SRVLWLIV� SRXU� OHV� GHX[� WHVWV�� SHXYHQW� rWUH� DXVVL� ELHQ� DJRQLVWHV�

TX¶DQWDJRQLVWHV��&HFL�HVW�HQ�DFFRUG�DYHF�OHV�GRQQpHV�GH�OD�OLWWpUDWXUH�TXL�DIILUPHQW�TXH�FHUWDLQV�

3(�LPSOLTXpV�GDQV�OH�PpFDQLVPH�G¶DFWLRQ�GLUHFW�SRXU�OH�(5�DJLVVDLW�HQ�WDQW�TXH�PRGXODWHXU�

�6(50 �� VHOHFWLYH� HVWURJHQ� UHFHSWRU�PRGXODWRU�� DJLVVDQW� HQ� WDQW� TX¶DJRQLVWHV� SRXU� FHUWDLQV

WLVVXV�HW�DQWDJRQLVWHV�SRXU�G¶DXWUHV��/¶H[HPSOH�OH�SOXV�FRQQX�GHV�6(50�HVW�OH�WDPR[LIqQH��XQ�

PpGLFDPHQW�XWLOLVp� FRQWUH� OH� FDQFHU�GX� VHLQ�PpGLp�SDU� OHV�(5Į��/H� WDPR[LIqQH� DJLW� FRPPH�

DQWDJRQLVWH�GX�(5Į�DX�QLYHDX�GHV�FHOOXOHV�PDPPDLUHV�LQKLEDQW�DLQVL�OD�SURJUHVVLRQ�GHV�FHOOXOHV�

FDQFpUHXVHV��HW�DJLW�FRPPH�DJRQLVWH�GH�FH�PrPH�UpFHSWHXU�DX�QLYHDX�GH�O
HQGRPqWUH�FRQWULEXDQW�

j�DXJPHQWHU�OH�ULVTXH�GH�FDQFHUV�GH�O
HQGRPqWUH�DSUqV�XQH�H[SRVLWLRQ�SURORQJpH������

������ $QDO\VH�FULWLTXH�HW�SHUVSHFWLYHV

��������3URWRFROH

%LHQ�TXH�OH�SURWRFROH�GH�GRFNLQJ�VRLW�DXWRPDWLVp��FH�Q¶pWDLW�SDV�OH�FDV�FRPSOqWHPHQW�SRXU�OH�

SURWRFROH GHV�PRGqOHV�SKDUPDFRSKRULTXHV��3OXV� VSpFLILTXHPHQW�� O¶pWDSH�G¶RSWLPLVDWLRQ�pWDLW�

IDLWH�PDQXHOOHPHQW� HQ� VH� EDVDQW� VXU� OHV� UHFRPPDQGDWLRQV� GH� OD� OLWWpUDWXUH� HW� HQ� VXLYDQW� XQ�

SURWRFROH�SUpFpGHPPHQW�GpYHORSSp�DX�ODERUDWRLUH������&HOD�SRVH�GHX[�SUREOqPHV��OH�SUHPLHU�HVW�

OH�ELDLV�DSSRUWp�SDU�O¶LQWHUYHQWLRQ�KXPDLQH OLp�DX[�HUUHXUV�GH�PDQLSXODWLRQ�RX�DX[�RXEOLV�HQ�SOXV�

GH� O¶LPSRVVLELOLWp� G¶DVVXUHU� DYHF� FHUWLWXGH� OD� UHSURGXFWLELOLWp� GH� FH� SURWRFROH�� /H� GHX[LqPH�

SUREOqPH�HVW�O¶LQFDSDFLWp�j�JpQpUDOLVHU�FH�SURWRFROH�SRXU�XQ�SOXV�JUDQG�QRPEUH�GH�UpFHSWHXUV�



���

FRPPH�QRXV�HQWHQGRQV�GH�OH�IDLUH�SDU�OD�VXLWH��$LQVL��XQ�SURWRFROH�DXWRPDWLVp�D�pWp�PLV�DX�SRLQW�

DSUqV�FHWWH�SUHXYH�GH�FRQFHSW�

��������0pWULTXHV�G¶pYDOXDWLRQ

$ILQ�G¶pYDOXHU OD�SHUIRUPDQFH�GH�QRV�GLIIpUHQWV�PRGqOHV��QRXV�QRXV�VRPPHV�EDVpV�VXU�GHX[�

PpWULTXHV�FRXUDPPHQW�XWLOLVpHV�TXL�VRQW�OD�VHQVLELOLWp��6H��HW�OD�VSpFLILFLWp �6S���7RXWHIRLV��FHV�

PpWULTXHV� QH� SUHQQHQW� SDV� HQ� FRPSWH� XQ� GpVpTXLOLEUH� SRWHQWLHO� GHV� EDVHV� GH� GRQQpHV� HQWUH�

FRPSRVpV�DFWLIV�HW�LQDFWLIV�HW�G¶DXWUHV�PpWULTXHV�GHYURQW�rWUH�FRQVLGpUpHV�SRXU�DSSUpFLHU�j�OD�

IRLV OD�FDSDFLWp�GH�GLVWLQJXHU�HQWUH�%�HW�1%�PDLV�DXVVL�j�FRUUHFWHPHQW�UHWURXYHU�OHV�DFWLIV�SDUPL�

OD�WRWDOLWp�GHV�%�HW�GH�PrPH�SRXU�OHV�1%��3DU�H[HPSOH��DILQ�GH�FKRLVLU�OH�PHLOOHXU�SURWRFROH��

O¶pTXLSH� j� O¶RULJLQH� GH� (QGRFULQH� GLVUXSWRPH� ����� HQ� SOXV� GH� V¶LQWpUHVVHU� DX[� 6H� HW� 6S� D

SULYLOpJLp� OD 139 �QHJDWLYH�SUHGLFWLYH�YDOXH��DYHF� OH� MXVWLILFDWLI�TXH�FH�SDUDPqWUH�pWDLW�SOXV�

LPSRUWDQW� HQ� WR[LFRORJLH� FDU� LO� UHIOqWH OD� FDSDFLWp� GX� SURWRFROH j� FRUUHFWHPHQW� pOLPLQHU� OHV�

FRPSRVpV�QRQ�WR[LTXHV��'DQV�OD�VXLWH�GH�FH�WUDYDLO�HW�OD�JpQpUDOLVDWLRQ�GX�SURWRFROH�j�G¶DXWUHV�

15��QRXV�DYRQV�GRQF�pODUJL�OD�JDPPH�GHV�PpWULTXHV�XWLOLVpHV�SRXU�pYDOXHU�OHV�SHUIRUPDQFHV�

��������3ULVH�HQ�FRPSWH�GH�OD�IOH[LELOLWp

+DELWXHOOHPHQW��OHV�pWXGHV�GH�GRFNLQJ�UpDOLVpHV�VH�EDVHQW�VXU�GHV�RXWLOV�R��OH�OLJDQG�HVW�IOH[LEOH�

PDLV�OD�SURWpLQH�HVW�FRQVLGpUpH�FRPPH�ULJLGH��+RUV�O¶LPSRUWDQFH�GH�OD�SULVH�HQ�FRPSWH�GH�OD�

IOH[LELOLWp�GH�OD�SURWpLQH�D�pWp�GpPRQWUpH� VXUWRXW�SRXU�OHV�pWXGHV�UHODWLYHV�DX[�15 �����

,O�HVW�SRVVLEOH�GH�SUHQGUH�HQ�FRPSWH�OD�IOH[LELOLWp�GH�IDoRQ�LPSOLFLWH�GDQV�OH�FDGUH�GHV�PpWKRGHV�

GH�GRFNLQJ��F�I��SDUDJUDSKH�������������3ULVH�HQ�FRPSWH�GH�OD�IOH[LELOLWp����3DUPL�FHV�PpWKRGHV��

QRXV�DYRQV�H[SORUp�O¶DSSURFKH�GH�GRFNLQJ�G¶HQVHPEOH�ORUV�GH�QRV�WUDYDX[��3RXU�FH�IDLUH��QRXV�

DYRQV�XQLTXHPHQW�FRQVLGpUp�OHV���VWUXFWXUHV�G¶(5Į FKRLVLHV�SRXU�UpDOLVHU�OHV�GRFNLQJ VXU�GHV�

FULWqUHV�FRQQXV�FRPPH�SRXYDQW�DIIHFWHU�OHV�SHUIRUPDQFHV�GHV�PpWKRGHV�GH�GRFNLQJ��PXWDWLRQ��

VWUXFWXUH�DSR�YV�VWUXFWXUH�KROR�HWF«���2U� LO�D�pWp�VXJJpUp�TXH�FRQVLGpUHU�OD�WRWDOLWp�GHV�VWUXFWXUHV�

FULVWDOOLVpHV�FRQQXHV�SHUPHWWDLHQW�G¶pFKDQWLOORQQHU�OD�WRWDOLWp�GH�O¶HVSDFH�FRQIRUPDWLRQQHO�GX�

/%'�GX�UpFHSWHXU�(5ɲ�ϯϯϳ� 1RXV�DXULRQV�DORUV�SX�LQFOXUH�DXVVL�SDU�H[HPSOH�OHV�VWUXFWXUHV�DSR�

SRXU�O¶DSSURFKH�GH�GRFNLQJ�G¶HQVHPEOH�

3DUPL�OHV�DXWUHV�DSSURFKHV�� OH�GRFNLQJ�j�UpVLGXV�IOH[LEOH�SHUPHW�j O¶XWLOLVDWHXU�GH GpILQLU� OHV�

UpVLGXV� GX� VLWH� DFWLI SRXU� OHVTXHOV� LO� VRXKDLWH� H[SORUHU� O¶LQIOXHQFH� GH� OD� PRELOLWp� VXU� OD�

SHUIRUPDQFH�DX�FRXUV�GH�OD�VLPXODWLRQ�GH�GRFNLQJ��$LQVL��OH�ORJLFLHO�6PLQD XWLOLVp�DX�ODERUDWRLUH�

SURSRVH�OD�SRVVLELOLWp�GH�IDLUH�FHOD�HQ�VXJJpUDQW�OHV�UpVLGXV�j�H[SORUHU�j�XQH�GLVWDQFH�VSpFLILpH�

DXWRXU�GX�OLJDQG��RX�HQ�SHUPHWWDQW�j�O¶XWLOLVDWHXU�GH�IDLUH�VD�SURSUH�VpOHFWLRQ��&HSHQGDQW��OHV�



���

WHPSV�GH� FDOFXO� DVVRFLpV� VRQW�SURSRUWLRQQHOV� DX� QRPEUH�GH� UpVLGXV� IOH[LEOHV� VpOHFWLRQQpV� HW�

SHXYHQW�GRQF�UDSLGHPHQW�GHYHQLU�LQFRPSDWLEOH�DYHF�OH�FULEODJH�G¶XQH�JUDQGH�EDVH�GH�GRQQpHV��

'H�FH�IDLW��GDQV�OH�FDV�R��GHV�UpVLGXV�GRQW�OD�IOH[LELOLWp�HVW�LPSRUWDQWH�j�SUHQGUH�HQ�FRPSWH�VRQW�

FRQQXV� HW� GRFXPHQWpV�� LO� HVW� SRVVLEOH� G¶XWLOLVHU� GLUHFWHPHQW� FHWWH� DSSURFKH�� 'DQV� OH� FDV�

FRQWUDLUH�� XQ� SURWRFROH� GHYUD� rWUH�PRQWp� DILQ� GH� ���� LGHQWLILHU� OHV� UpVLGXV� GRQW� OD� IOH[LELOLWp�

LQIOXHQFH�OHV�SHUIRUPDQFHV�GH�GRFNLQJ�HW�����GpWHUPLQHU�TXHOOH�V��FRPELQDLVRQ�V��VRQW�OHV�SOXV�

SHUWLQHQWHV�SRXU�FHOD��&HWWH�DSSURFKH�HVW�DFWXHOOHPHQW�pWXGLpH�DX�ODERUDWRLUH�GDQV�OH�FDGUH�G¶XQ�

WUDYDLO�GH�WKqVH���

������ &RQFOXVLRQ

&H�WUDYDLO�QRXV�D�SHUPLV�GH�YDOLGHU�OD�FRQFHSWLRQ�G¶XQ�SURWRFROH�DVVRFLDQW�OHV�PpWKRGHV�/%�HW�

6%�DILQ�GH�GLVFULPLQHU�OHV�FRPSRVpV�FDSDEOHV�GH�VH�OLHU�DX[�15 GH�FHX[�TXL�QH�OH�VRQW�SDV��/HV�

SHUIRUPDQFHV� GHV� PRGqOHV� LQGLYLGXHOV� HW� FRPELQpV� QRXV� RQW SHUPLV� G¶LGHQWLILHU� OD�

FRPSOpPHQWDULWp�GHV�GHX[�PpWKRGHV�SRXU�QRWUH�pWXGH � OHV�PpWKRGHV�GH�GRFNLQJ�pWDLHQW�PRLQV�

VSpFLILTXHV� PDLV� DWWHLJQDLW� GHV� YDOHXUV� VDWLVIDLVDQWHV� GH� VHQVLELOLWp �� OHV� PRGqOHV� GH�

SKDUPDFRSKRUHV�pWDLHQW FDUDFWpULVpV�SDU�XQH�IRUWH�VSpFLILFLWp��$LQVL��OD�FRPELQDLVRQ�GHV�GHX[�

PRGqOHV� D� SHUPLV� G¶DPpOLRUHU� OHV� SHUIRUPDQFHV� HW� OH� PRGqOH� FKRLVL� pWDLW� XQ� PRGqOH� GH�

SUpGLFWLRQV�FRQVHQVXV�TXL�SHUPHWWDLW�DLQVL�GH�SUHQGUH�HQ�FRQVLGpUDWLRQ�OH�FRQWH[WH�WR[LFRORJLTXH�

GDQV�OHTXHO�V¶LQVFULW�O¶pWXGH��'H�SOXV��OHV�PRGqOHV�GH�SKDUPDFRSKRUHV�SHUPHWWHQW�GH�UHOHYHU�OHV�

SURSULpWpV�SK\VLFRFKLPLTXHV�LPSRUWDQWHV�SRXU�OD�OLDLVRQ�DX[�(5ɲ HW�OHV�PpWKRGHV�GH�GRFNLQJ�

SHUPHWWHQW�DLQVL�G¶DSSUpFLHU�O¶DIILQLWp�GH�OD�PROpFXOH�DX�QLYHDX�GX�VLWH�G¶DFWLRQ��6L�XQ�FRPSRVp�

HVW�SUpGLW�%�SDU� OHV�GHX[�PpWKRGHV�� OD�SUREDELOLWp�SRXU�TXH�FH�GHUQLHU� OH�VRLW� DXJPHQWH�SDU�

UDSSRUW�GHV�PRGqOHV�LQGLYLGXHOV����

/¶DQDO\VH�FULWLTXH�GH�QRWUH�pWXGH�D�SHUPLV�GH�UHOHYHU�FHUWDLQV�SRLQWV�j�DPpOLRUHU��&HOD�D�FRQGXLW�

SRXU�OD�JpQpUDOLVDWLRQ�j�G¶DXWUHV�15 j�OD�PLVH�HQ�SODFH�G¶XQ�SURWRFROH�G¶RSWLPLVDWLRQ�DXWRPDWLVp�

SRXU� OHV� PRGqOHV� GH� SKDUPDFRSKRUHV� DLQVL� TX¶XQH� SULVH� HQ� FRPSWH� GH GLIIpUHQWHV� DXWUHV�

PpWULTXHV SHUWLQHQWHV�SRXU�pYDOXHU�OHV�SHUIRUPDQFHV�



���

���� *pQpUDOLVDWLRQ�GX�SURWRFROH�j�G¶DXWUHV�UpFHSWHXUV�QXFOpDLUHV

������ ,QWURGXFWLRQ

%LHQ�TXH�OHV�SUHPLqUHV�K\SRWKqVHV�FRQFHUQDQW�OHV�3(�LQFULPLQHQW�OHV�UpFHSWHXUV�QXFOpDLUHV�DX[�

KRUPRQHV VH[XHOOHV �����LO�V¶HVW�DYpUp�TXH�OHV�3(�SRXYDLHQW�DXVVL�DJLU�SDU�O¶LQWHUPpGLDLUH�G¶DXWUHV�

15�� $X�FRXUV�GH�OD�VXLWH�GH�FHV�WUDYDX[��QRXV�DYRQV�FKRLVL�G¶pWHQGUH�O¶DSSOLFDWLRQ�GX SURWRFROH

SUpFpGHPPHQW� pWDEOL ORUV� GH� OD� SUHXYH� GH� FRQFHSW� j� GHX[� DXWUHV� UpFHSWHXUV� DX[� KRUPRQHV�

VH[XHOOHV�j�VDYRLU�(5ȕ HW�$5�HQ�SOXV�GH�GHX[ DXWUHV�UpFHSWHXUV KRUPRQDX[��75�HW�*5�HW�XQ�

DXWUH�LVRIRUPH�GH�33$5�LQFULPLQpV�DXVVL�GDQV�OH�PpFDQLVPH�GH�OD�SHUWXUEDWLRQ�HQGRFULQLHQQH�

j�VDYRLU 33$5Ȗ�����

$LQVL��GHV�MHX[�GH�GRQQpHV�SRXU�FKDFXQ�GHV�UpFHSWHXUV�FRQVLGpUp�D�pWp�SUpSDUp�j�SDUWLU�GX�WDEOHDX�

GH�ERUG�&RPSWR[�FRQWHQDQW�OHV�FRPSRVpV�WHVWpV�SRXU�GLIIpUHQWHV�DFWLYLWpV ELRORJLTXHV�\�FRPSULV�

OD�FDSDFLWp�j�VH�OLHU�DX[�15��'LIIpUHQWV�SURWRFROHV��ORJLFLHOV�HW�DSSURFKHV�GH�GRFNLQJV�RQW�pWp�

H[SORUpV�SRXU�VpOHFWLRQQHU�XQ�PRGqOH�SDU�15��'H�SOXV�GHV�PRGqOHV�6%/%�SKDUPDFRSKRULTXHV�

RQW� pWp� JpQpUpV� HW� DIILQpV� JUkFH� j� XQ� QRXYHDX� SURWRFROH� G¶RSWLPLVDWLRQ� DXWRPDWLVp�� /HV�

SHUIRUPDQFHV�LQGLYLGXHOOHV�HW�HQ�FRPELQDLVRQ�GHV�PRGqOHV�RQW�pWp�pYDOXpV�SRXU�VpOHFWLRQQHU�

ILQDOHPHQW OH�PHLOOHXU�PRGqOH�SRXU�FKDTXH�15��'DQV�FHWWH�SDUWLH��QRXV�SUpVHQWRQV�OHV�GLIIpUHQWV�

SURWRFROHV�VXLYLV�HW�OHV�UpVXOWDWV�HQJHQGUpHV��/D�SDUWLH�GLVFXVVLRQ�DERUGH�OHV�GLIIpUHQWV DVSHFWV�

GH�OD�PRGpOLVDWLRQ�HW�HQILQ�O¶DQDO\VH�FULWLTXH�UHOqYH�OHV�SRLQWV�IDLEOHV�GX�WUDYDLO�HW�DSSRUWH�GHV�

SHUVSHFWLYHV�HW�GHV�SLVWHV�j�H[SORUHU�SRXU�O¶DPpOLRUHU

������ 0DWpULHO�HW�PpWKRGHV

�������� %DVHV�GH�GRQQpHV

/HV� FRPSRVpV� DLQVL� TXH� OHXUV� GRQQpHV� ELRORJLTXHV� DVVRFLpHV� RQW� pWp� WpOpFKDUJpV� GHSXLV� OH�

WDEOHDX�GH�ERUG�GH�OD�&RPSWR[������&H�GHUQLHU�SHUPHW�O
DFFHVVLRQ�DX[�'667R[�TXL�SUpVHQWHQW�

OHV�UpVXOWDWV�GH�WHVWV�ELRORJLTXHV�HW�FHOOXODLUHV�FRQWUH�SOXVLHXUV�FLEOHV�ELRORJLTXHV�GRQW OHV�15��

SRXU�GHV�FRPSRVpV�GDQJHUHX[�RX�VXVSHFWpV�G
rWUH�j�ULVTXH�SRXU�O
+RPPH�HW�O
HQYLURQQHPHQW��

(Q�XWLOLVDQW� OHV�GRQQpHV�GLVSRQLEOHV�GDQV� OH�&RPSWR[�'DVKERDUG�SRXU�$5��(5Į��(5ȕ��*5��

33$5Ȗ�HW�75Į����MHX[�GH�GRQQpHV�RQW�pWp�JpQpUpV�HQ�VpOHFWLRQQDQW�XQLTXHPHQW�OHV�FRPSRVpV�

SRXU� OHVTXHOV� OHV� UpVXOWDWV� GHV� WHVWV� GH� OLDLVRQ� �ELQGLQJ�� pWDLHQW� GLVSRQLEOHV� SRXU� OHV� 15

UHFKHUFKpV�� /HV� FRPSRVpV� DFWLIV� RQW� pWp� GLUHFWHPHQW� DQQRWpV� FRPPH� %� SRXU� OHV� FRPSRVpV�

FDSDEOHV�GH�VH�OLHU�j�OD�FLEOH�pWXGLpH�HW�1%�SRXU�OHV�FRPSRVpV�TXL�QH�OH�VRQW�SDV��(Q�RXWUH��OHV�



���

UpVXOWDWV� GHV� WHVWV� G
DJRQLVPH� HW� G
DQWDJRQLVPH� RQW� pWp� XWLOLVpV� SRXU� DQQRWHU� OH� SURILO�

SKDUPDFRORJLTXH�GHV %�ORUVTXH�FHV�GRQQpHV�pWDLHQW�GLVSRQLEOHV��&KDFXQ�GHV���MHX[�GH�GRQQpHV�

D�pWp�VRXPLV�DX�PrPH�SURWRFROH�GH�SUpSDUDWLRQ��7RXW�G
DERUG��OHV�60,/(6�PDQTXDQWV�RQW�pWp�

JpQpUpV� j� SDUWLU� GHV� QRPV� ,83$&� HQ� XWLOLVDQW� OD� VXLWH�&KHPD[RQ� ��� HW� OHV� FRPSRVpV� SRXU�

OHVTXHOV�LO�pWDLW�LPSRVVLEOH�GH�JpQpUHU�OHV�60,/(6�RQW�pWp�pFDUWpV��(QVXLWH��WRXWHV�OHV�VWUXFWXUHV�

RQW�pWp�QRUPDOLVpHV�j�O
DLGH�GX�6WDQGDUGL]HU�GH�OD�VXLWH�&KHPD[RQ��/HV�VHOV�RQW�pWp�VXSSULPpV��

OHV�IUDJPHQWV�pOLPLQpV��OD�VWpUpRFKLPLH�DEVROXH�HW�OD�WDXWRPpULH�RQW�pWp�SULVHV�HQ�FRPSWH�GDQV�

OD�VWUXFWXUH��(QVXLWH��WRXV�OHV�GRXEORQV�RQW�pWp�VXSSULPpV��7RXV�OHV�FRPSRVpV�RQW�pWp�SURWRQpV�

j�S+�����j�O
DLGH�GH�OD�FRPPDQGH�F[FDOF�GHV�&DOFXODWRU�3OXJLQV GH�OD�VXLWH�&KHPD[RQ��/HV�

FRQIRUPDWLRQV��'�GH�FKDTXH�PROpFXOH�RQW�pWp�JpQpUpHV�j�O
DLGH�GX�JpQpUDWHXU�GH�FRQIRUPDWLRQ�

L&RQ� LQWpJUp� j�/LJDQG6FRXW��7RXV� OHV� IRUPDWV�PROpFXODLUHV� DSSURSULpV�RQW� pWp�JpQpUpV�SRXU�

FKDTXH�EDVH�GH�GRQQpHV�HQ�IRQFWLRQ�GHV�EHVRLQV�GH�OD�PpWKRGH�XWLOLVpH ��SGETW�HW�PRO��SRXU�OH�

GRFNLQJ��VGI�HW�OGE�SRXU�OHV�PRGqOHV�GH�SKDUPDFRSKRUHV��&HV���MHX[�GH�GRQQpHV�VHURQW�DSSHOpV�

EDVHV� GH� GRQQpHV� GH� O¶(3$� SDU� OD� VXLWH� 'LIIpUHQWHV� SURSULpWpV� HW� GHVFULSWHXUV� SK\VLFR�

FKLPLTXHV�RQW�pWp�FDOFXOpHV�DYHF�OH�ORJLFLHO�GUDJRQ��� HW�XWLOLVpHV�SRXU�YLVXDOLVHU�OD�GLVWULEXWLRQ�

GHV�%�HW�1%�GDQV�O¶HVSDFH��/D�OLVWH�HVW�OD�VXLYDQWH ��3RLGV�PROpFXODLUH��&ORJ3��&ORJ6��QRPEUH�

GH�GRQQHXUV�GH�OLDLVRQ�+��QRPEUH�G¶DFFHSWHXUV�GH�OLDLVRQV�+��7RWDO�VXUIDFH�DUHD �76$���3RODU�

VXUIDFH�DUHD �36$���QRPEUH�G¶DWRPHV�VS���QRPEUH�G¶DWRPHV�V\PpWULTXHV��QRPEUH�G¶DPLGHV��

QRPEUH�G¶DPLQHV��QRPEUH�G¶DON\O�DPLQHV��QRPEUH�G¶DPLQHV� DURPDWLTXHV��QRPEUH� G¶DWRPHV�

G¶D]RWH�DURPDWLTXHV�HW�QRPEUH�G¶DWRPHV�G¶R[\JqQH�DFLGHV��

(Q�SOXV�GH FHV�MHX�GH�O¶(3$����HQVHPEOHV�GH�YDOLGDWLRQ�SRXU�OHV�PrPHV�15��L�H��$5��(5Į��(5ȕ��

*5��33$5Ȗ�HW�75Į��RQW�pWp�SUpSDUpV�j�SDUWLU�GH�OD�EDVH�GH�GRQQpHV�15�'%,1'�����XQH�EDVH�GH�

GRQQpHV� QRQ�FRPPHUFLDOH�� TXL� IRXUQLW� GHV� GRQQpHV� G
DIILQLWp� HW� G
DFWLYLWp� SRXU� GHV� SHWLWHV�

PROpFXOHV� WHVWpHV� H[SpULPHQWDOHPHQW� FRQWUH� ��� 15�� \� FRPSULV� GHV� GRQQpHV� QpJDWLYHV�� /HV�

HQVHPEOHV�GH�GRQQpHV�FRUUHVSRQGDQWV�RQW�pWp�GLUHFWHPHQW� WpOpFKDUJpV�GX�VLWH�ZHE��KWWS���QU�

GELQG�GUXJGHVLJQ�IU���DX�IRUPDW�60,/(6��/HV�FRPSRVpV�SRXU�OHVTXHOV�DXFXQH�GRQQpH�GH�OLDLVRQ�

Q
pWDLW�GLVSRQLEOH�RQW�pWp�VXSSULPpV�HW� OHV�HQVHPEOHV�%�HW�1%�RQW�pWp�GpILQLV�HQ�IRQFWLRQ�GX�

SURILO�GH�ELQGLQJ��/HV�MHX[�GH�GRQQpHV�RQW�pWp�SUpSDUpV�VHORQ�OH�PrPH�SURWRFROH�TXH�FHOXL�GpFULW�

SUpFpGHPPHQW�SRXU�OHV�MHX[�GH�GRQQpHV�GH�O¶(3$��&HV�MHX[�GH�GRQQpHV�VHURQW�GpVLJQpV�SDU�OH�

QRP�GH�MHX[�15�'%,1'�
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�������� 6WUXFWXUHV�

3RXU�FKDFXQ�GHV���15 pWXGLpV������WRXWHV�OHV�VWUXFWXUHV�KXPDLQHV�GLVSRQLEOHV������VDQV�PXWDWLRQ�

QL�GpOpWLRQ�GH�UpVLGXV�DX�QLYHDX�GX�/%'�HW�����UpIpUHQFpHV�SDU�XQ�DUWLFOH�VFLHQWLILTXH�RQW�pWp�

XWLOLVpHV��3RXU�OH�SURWRFROH�GH�GRFNLQJ��OHV�VWUXFWXUHV�RQW�pWp�GLUHFWHPHQW�WpOpFKDUJpHV�GH�OD�3'%�

HW�VHXOHV�OHV�VWUXFWXUHV�VDQV�GpOpWLRQV�GH�UpVLGXV�DX�QLYHDX�GX�VLWH�G¶DFWLRQ�RQW�pWp�UHWHQXHV� /HV�

LGHQWLILDQWV�GHV�VWUXFWXUHV�XWLOLVpHV�SRXU�OHV�GHX[�PpWKRGHV�VRQW�OLVWpV HQ�DQQH[H��

�������� 3URWRFROH�HW�PRGqOHV�GH�GRFNLQJ

7RXV� OHV� FDOFXOV� GH� GRFNLQJ� RQW� pWp� HIIHFWXpV� DYHF� �� ORJLFLHOV VPLQD� ����� 3/$176��� HW�

6XUIOH[GRFN�����6PLQD�HVW�XQH�EUDQFKH�G
$XWR'RFN�9LQD�����FRQoX�SRXU�OD SHUVRQQDOLVDWLRQ GH�

IRQFWLRQV� GH� VFRULQJ�� /
DOJRULWKPH� G
pFKDQWLOORQQDJH�� KpULWp� G
$XWR'RFN� 9LQD�� XWLOLVH� XQH�

VXFFHVVLRQ� G
pWDSHV� GH� PXWDWLRQV VWRFKDVWLTXHV� SRXU� JpQpUHU� GHV� SRVHV� GH� OLDLVRQ�� 4XDWUH�

IRQFWLRQV�GH�VFRUHV�LQWpJUpHV�VRQW�GLVSRQLEOHV�GDQV�VPLQD�HW�VRQW�XWLOLVpHV�LFL� ��YLQD�����9LQD�

5D'LL�2SWLPL]HG��YLQDUGR�������GNRHV���� HW�DG� �����7RXV�OHV�GRFNLQJV�RQW�pWp�UpDOLVpV�HQ�XWLOLVDQW�

OHV�SDUDPqWUHV�SDU�GpIDXW�GH�VPLQD��/H�VLWH�GH� OLDLVRQ�HW� OHV�FRRUGRQQpHV�GH� OD�ERvWH�RQW�pWp�

GpWHUPLQpV�SRXU�FKDTXH�15 j�SDUWLU�GHV�VWUXFWXUHV�GpMj�DOLJQpHV��/HV�SDUDPqWUHV�GH�OD�ERvWH�RQW�

pWp�GpILQLV�HQ�IRQFWLRQ�GH�OD�SRVLWLRQ�GX�OLJDQG�FR�FULVWDOOLVp�DYHF�XQ�HVSDFHPHQW�GH���$QJVWURP��

8QH�ERvWH�FXELTXH�D�pWp�GpOLPLWpH�DYHF�XQH�WDLOOHB[��XQH�WDLOOHB\�HW�XQH�WDLOOHB]�IL[pHV�j����HW�

XQ�FHQWUHB[��XQ�FHQWUHB\�HW�XQ�FHQWUHB]�DSSURSULpV�SRXU�FKDTXH�15��3RXU�OH�ORJLFLHO�3/$176��

O
DOJRULWKPH�G¶pFKDQWLOORQQDJH SRUWDQW�OH�PrPH�QRP�3/$176 �3URWHLQ�/LJDQG�$17�6\VWHP��

HVW� EDVp� VXU� O
RSWLPLVDWLRQ�SDU� FRORQLHV�GH� IRXUPLV��3RXU� FHW DOJRULWKPH�� OHV�PROpFXOHV� VRQW�

DVVLPLOpHV�j�XQH�FRORQLH�GH�IRXUPLV�DUWLILFLHOOHV�TXL�GRLYHQW�WURXYHU�OD�FRQIRUPDWLRQ�j�SOXV�EDVVH�

pQHUJLH�GX�OLJDQG�DX�QLYHDX�GX UpFHSWHXU��(Q�HIIHFWXDQW� OD�UHFKHUFKH�FRQIRUPDWLRQQHOOH� XQH�

© WUDvQpH�GH�SKpURPRQH ª�HVW�OLEpUpH�j FKDTXH�IRLV�TX
XQH�FRQIRUPDWLRQ�LGpDOH�j�IDLEOH�pQHUJLH�

HVW�WURXYpH��&H�PDUTXDJH�HVW�PRGLILp�GH�PDQLqUH�LWpUDWLYH�MXVTX
j�FH�TXH�OD�FRQIRUPDWLRQ�GH�

SOXV�EDVVH�pQHUJLH�VRLW�WURXYpH��/HV�FRRUGRQQpHV�GX�VLWH�GH�OLDLVRQ�VRQW�OHV�PrPHV�TXH�FHOOHV�

XWLOLVpHV�SRXU�VPLQD��(Q�FH�TXL�FRQFHUQH�OHV�DXWUHV�SDUDPqWUHV��OH�UD\RQ GX�VLWH�GH�OLDLVRQ�D�pWp�

IL[p�j�����OH�FOXVWHUBVWUXFWXUHV j�����OH�FOXVWHUB506' j����HW�OD�YLWHVVH�GH�UHFKHUFKH�j��VSHHG���

6XUIOH[�GRFN� HVW� XQ� RXWLO GH� GRFNLQJ� TXL� FRPELQH� OD� IRQFWLRQ� GH� VFRUH HPSLULTXH� GH�

+DPPHUKHDG�HW XQH�PpWKRGH�G¶pFKDQWLOORQQDJH EDVpH�VXU�XQH�FRQVWUXFWLRQ�LQFUpPHQWDOH�HW�XQ�

DVVHPEODJH�GH�IUDJPHQWV�VLPLODLUH�j�O
DOJRULWKPH�JpQpWLTXH��6XUIOH[�GRFN�XWLOLVH�XQH�SVHXGR�

PROpFXOH��XQ�SURWRPRO��FRPPH�FLEOH�SRXU�DOLJQHU�OHV�IUDJPHQWV�GH�OLJDQGV� /HV�SURWRPROV RQW�

pWp�JpQpUpV�j�SDUWLU�GHV�VWUXFWXUHV KROR�



���

/HV� DSSURFKHV� GRFNLQJ� j� VWUXFWXUH� XQLTXH� RX� © VLQJOH VWUXFWXUH� GRFNLQJ ª� HW� GRFNLQJ�

G¶HQVHPEOH�RX�© HQVHPEOH�VWUXFWXUH�GRFNLQJ ª�RQW�pWp�H[SORUpHV�SRXU�FKDTXH�FLEOH�HQ�XWLOLVDQW�

OHV�VWUXFWXUHV�3'%�GpMj�VpOHFWLRQQpHV��$X�FRXUV�GH�O¶DSSURFKH�VLQJOH�VWUXFWXUH�GRFNLQJ��FKDTXH�

VWUXFWXUH�3'%�D�pWp�pYDOXpH�LQGLYLGXHOOHPHQW�JUkFH�j�O
DLUH�VRXV�OD�FRXUEH�52&��$8&���/HV�

YDOHXUV�$8&�RQW�pWp�FDOFXOpHV�DYHF�S\WKRQ�����HQ�XWLOLVDQW�OD�ELEOLRWKqTXH�VFLNLWOHDUQ�����'DQV�

O
DSSURFKH� GH� GRFNLQJ� G
HQVHPEOH�� OHV� UpVXOWDWV� GX� VLQJOH� VWUXFWXUH� GRFNLQJ SRXU� FKDTXH�

VWUXFWXUH� VRQW� SRVW�WUDLWpV� SRXU� FKDTXH� OLJDQG� DILQ� GH� QH� FRQVHUYHU� TXH� OD� SRVH� DVVRFLpH� DX�

PHLOOHXU� VFRUH� SDUPL� WRXWHV� OHV� VWUXFWXUHV�3'%�GH� OD� UHTXrWH��7RXV� OHV� OLJDQGV� VRQW� HQVXLWH�

FODVVpV�HQ�IRQFWLRQ�GHV�VFRUHV�VpOHFWLRQQpV�HW�OHV�$8&�FRUUHVSRQGDQWV�VRQW�FDOFXOpV��6HXOV�OHV�

HQVHPEOHV� GH �� HW� �� VWUXFWXUHV� RQW� pWp� FRQVLGpUpV� VXLYDQW� OHV� UHFRPPDQGDWLRQV�

SUpFpGHQWHV���������

/D�FRXUEH�GH�SUpGLFWLYLWp� �3&��D�pWp�XWLOLVpH�SRXU�GpILQLU�XQ�VHXLO�GH� VFRUH� �7+��FDSDEOH�GH�

GLVFULPLQHU�OHV�FRPSRVpV�%�GHV�FRPSRVpV�1%��8WLOLVpH�j�O
RULJLQH�SRXU�O
pSLGpPLRORJLH�FOLQLTXH��

(PSHUHXU�HW��DO���� RQW�WUDQVSRVp�O
XWLOLVDWLRQ�GH�OD�3&�DX�GRPDLQH�GH�OD�FKpPRLQIRUPDWLTXH�SRXU�

pYDOXHU� OH� SRXYRLU� SUpGLFWLI� G
XQH� PpWKRGH� GH� FULEODJH�� ¬� FKDTXH� VFRUH� FRUUHVSRQG� XQH�

SUREDELOLWp��DSSHOpH�SUpGLFWLYLWp��3���SRXU�TX
XQ�FRPSRVp�GRFNp�DYHF�FH�VFRUH�GRQQp�VRLW�XQ�

FRPSRVp� %�� 3RXU� FKDTXH� 3�� OD� VHQVLELOLWp� �6H�� HW� OD� VSpFLILFLWp� �6S�� DVVRFLpHV� SHXYHQW� rWUH�

FDOFXOpHV� HW� XWLOLVpHV� SRXU� VpOHFWLRQQHU� OH� PHLOOHXU� 7+�� 'H� SOXV�� O
pYROXWLRQ� GH� SOXVLHXUV�

PpWULTXHV��6H��6S��339� 139� $FFXUDF\��VFRUH�)��HW�0&&��D�pWp�pYDOXpH�HQ�IRQFWLRQ�GH�WRXV�

OHV�VFRUHV�PR\HQV�SRXU�FKDTXH�EDVH�GH�GRQQpHV�DILQ GH�V
DVVXUHU�TXH�OH�7+�VpOHFWLRQQp�FRPELQH�

O
pTXLOLEUH�SDUIDLW�HQWUH�WRXWHV�FHV�PpWULTXHV�

/H� PRGqOH� ILQDO� GH� GRFNLQJ� VpOHFWLRQQp� SRXU� FKDTXH� 15 HVW� FRQVWLWXp� G¶XQH� RX� SOXVLHXUV�

VWUXFWXUH�V��SURWpLTXH�V���DYHF�GHV�SDUDPqWUHV�GH�GRFNLQJ�RSWLPLVpV��FRRUGRQQpHV�GH�OD�ERvWH�

HQJOREDQWH��IRQFWLRQ�GH�VFRUH�HW�7+�GH�VFRUH�GH�GRFNLQJ���$LQVL��ORUVTX¶XQH�PROpFXOH�GHYUD�

rWUH�SUpGLWH�SRXU�VD�FDSDFLWp�j�VH�OLHU�j�XQ�15��HOOH�VHUD�GRFNpH�DYHF�OHV�SDUDPqWUHV�VpOHFWLRQQpV�

FRQWUH� OD� FLEOH� GpILQLH� HW� pYDOXpH� DYHF� OD� IRQFWLRQ� GH� VFRUH� VpOHFWLRQQpH�� 6L� HOOH� REWLHQW� XQ�

PHLOOHXU�VFRUH�TXH�OH�7+��HOOH�VHUD�SUpGLWH�FRPPH�%��6LQRQ��HOOH�VHUD�SUpGLWH�FRPPH�1%�

�������� 0RGqOHV�GH�SKDUPDFRSKRUH

/HV�EDVHV�GH�GRQQpHV�(3$�G
XQH�SDUW�HW�OHV�VWUXFWXUHV�3'%�VpOHFWLRQQpHV�G
DXWUH�SDUW�RQW�pWp�

XWLOLVpHV�SRXU�JpQpUHU� UHVSHFWLYHPHQW�GHV�PRGqOHV�GH�SKDUPDFRSKRUH�/%�HW�6%�� j� O
DLGH�GX�

ORJLFLHO�/LJDQG6FRXW�YHUVLRQ������� 3RXU�OH�PRGqOH�SKDUPDFRSKRUH�/%��FKDTXH�MHX GH�FRPSRVpV



���

D� pWp� GLYLVp� HQ� XQ� MHX� G¶HQWUDLQHPHQW� HW� XQ� MHX� GH� WHVW� VXLYDQW XQ� UDWLR� GH� ������� ��/HV�

FRPSRVpV� GH� O
HQVHPEOH� G
HQWUDvQHPHQW� RQW� pWp� UHJURXSpV� VXU� OD� EDVH� GH� OHXUV� VLPLODULWpV�

VWUXFWXUHOOHV�HQ�XWLOLVDQW�O
RXWLO��LFOXVWHU��GH�/LJDQG6FRXW�HQ�JDUGDQW�OHV�SDUDPqWUHV�SDU�GpIDXW��

'HV�PRGqOHV�SKDUPDFRSKRULTXHV�RQW�pWp�JpQpUpV�SRXU�FKDTXH�JURXSH�HW�XWLOLVpV�SRXU�FULEOHU�

O
HQVHPEOH� G
HQWUDvQHPHQW� FRUUHVSRQGDQW�� 3RXU� pYLWHU� WRXW� ELDLV� FDXVp� SDU� OD� VpSDUDWLRQ� GHV�

GRQQpHV�� FHV��� pWDSHV�RQW� pWp� UpSpWpHV���� IRLV�� DSUqV�TXRL� OHV�SHUIRUPDQFHV� LQGLYLGXHOOHV� HW�

JpQpUDOHV�GHV�SKDUPDFRSKRUHV�RQW�pWp�pYDOXpHV�SRXU�QH�FRQVHUYHU�TXH�O
LWpUDWLRQ�GRQQDQW�OHV�

PHLOOHXUHV�SHUIRUPDQFHV��/HV�SKDUPDFRSKRUHV��'�6%�RQW�pWp�JpQpUpV�DXWRPDWLTXHPHQW�j�SDUWLU�

GHV�VWUXFWXUHV�3'%�KROR VpOHFWLRQQpHV�SRXU�FKDTXH�15 DYHF�OH�PrPH�ORJLFLHO��

&KDFXQ� GHV� SKDUPDFRSKRUHV� /%� HW� 6%� JpQpUpV� SRXU� FKDTXH� 15 RQW� HQVXLWH� pWp� RSWLPLVpV�

LQGLYLGXHOOHPHQW�VHORQ�SOXVLHXUV�UHFRPPDQGDWLRQV�GH�OD�OLWWpUDWXUH������������������ � )LJXUH��� �

3URWRFROH�G¶RSWLPLVDWLRQ�GHV�PRGqOHV�GH�SKDUPDFRSKRUHV� 3RXU�FKDTXH�SKDUPDFRSKRUH��DYHF�

XQ�QRPEUH�LQLWLDO�GH�SRLQWV�SKDUPDFRSKRULTXHV�7� XQ�SUHPLHU�FULEODJH�D�pWp�HIIHFWXp�HQ�IL[DQW�

XQ�QRPEUH�PD[LPXP�GH�SRLQWV�RPLV��20)�SRXU0D[LPXP�2PLWWHG�IHDWXUHV��j����&HOD�VLJQLILH�

TX
XQ� FRPSRVp� GRLW� FRUUHVSRQGUH� j� WRXV� OHV� SRLQWV� GX� SKDUPDFRSKRUH� SRXU� rWUH� FRQVLGpUp�

FRPPH�XQ�KLW�HW�OHV�SKDUPDFRSKRUHV�JpQpUDQW�XQH�OLVWH�GH�KLWV�YLGH�RQW�pWp�pOLPLQpV��(QVXLWH��

SRXU�FKDFXQ�GHV�SKDUPDFRSKRUHV�UHVWDQWV��XQ�GHX[LqPH�WRXU�GH�FULEODJH�D�pWp�HIIHFWXp�DYHF�OH�

QRPEUH�GH�20)�IL[p�j�7� ���&HOD�SHUPHW�GH�JpQpUHU�WRXWHV�OHV�FRPELQDLVRQV�SRVVLEOHV�GH�SRLQWV�

SKDUPDFRSKRULTXHV�DLQVL�TXH�OHXUV�UpVXOWDWV�DVVRFLpV��&KDTXH�SKDUPDFRSKRUH�FRUUHVSRQGDQW�j�

O
XQH�GH�FHV�FRPELQDLVRQV�GH�SRLQWV�D�pWp�JpQpUp�HW�XWLOLVp�SRXU�FULEOHU�j�QRXYHDX�O
HQVHPEOH�

G
HQWUDvQHPHQW�DYHF�OH�QRPEUH�20)�j�QRXYHDX�IL[p�j����6L�GDQV�OD�OLVWH�GH�UpVXOWDWV�OH�UDWLR�

%�1%�HVW pJDO�RX�VXSpULHXU�j����OH�PRGqOH�GH�SKDUPDFRSKRUH�HVW FRQVHUYp��VLQRQ�LO�pWDLW�pOLPLQp��

$� OD� ILQ� GX SURFHVVXV� G¶RSWLPLVDWLRQ�� OHV� SKDUPDFRSKRUHV� UHGRQGDQWV�� F¶HVW�j�GLUH� FHX[�TXL�

UHWURXYHQW�GHV�FRPSRVpV�GpMj�UHWURXYpV�SDU�G
DXWUHV�SKDUPDFRSKRUHV�GX�PrPH�JURXSH��RQW�pWp�

VXSSULPpV��/H�PrPH�SURWRFROH�G
RSWLPLVDWLRQ�D�pWp�DSSOLTXp�SRXU�OHV�SKDUPDFRSKRUHV�6% HW�

/%��j�OD�GLIIpUHQFH�TXH�SRXU�OHV�/%��XQH�pWDSH�SUpOLPLQDLUH�VXSSOpPHQWDLUH�D�pWp�HIIHFWXpH�SRXU�

GpILQLU�FRPPH��REOLJDWRLUHV��OHV�SRLQWV�SKDUPDFRSKRULTXHV�RULJLQDLUHPHQW��RSWLRQQHOV��SRXU�

pOLPLQHU� OH� EUXLW� ����� 3RXU� FKDTXH� 15�� OHV� PRGqOHV� GH� SKDUPDFRSKRUHV� 6%� HW� /%� XQLTXHV�

RSWLPLVpV�RQW�HQVXLWH�pWp�FRPELQpV�SRXU�IRUPHU�XQ�JURXSH�XQLTXH�GH�SKDUPDFRSKRUHV�6%/%�

DSUqV�pOLPLQDWLRQ�GHV�PRGqOHV�UHGRQGDQWV�HQWUH�OHV�GHX[�JURXSHV�L�H�PRGqOHV�/%�HW�PRGqOHV�

6%���



���

)LJXUH��� � 3URWRFROH�G¶RSWLPLVDWLRQ�GHV�PRGqOHV�GH�SKDUPDFRSKRUHV

�������� 3URWRFROH�GH�FRPELQDLVRQ�HW�VpOHFWLRQ�GHV�PRGqOHV�

8QH� IRLV� OHV�PRGqOHV� GH� GRFNLQJ� HW� GH� SKDUPDFRSKRUHV� JpQpUpV�� OD� FRPELQDLVRQ� GHV� GHX[�

PpWKRGHV� D� pWp� pYDOXpH� SRXU� FKDTXH�15��'H�PDQLqUH� VLPLODLUH� j� FH�TXL� D� pWp� IDLW� GDQV�QRV�

WUDYDX[�SUpFpGHQWV������OHV�SURWRFROHV�FRQVHQVXV�HW�KLpUDUFKLTXHV�RQW�pWp�pYDOXpV��)LJXUH��� ��

'DQV�OH�SURWRFROH�GH�FRQVHQVXV��XQ�FRPSRVp�HVW�SUpGLW�FRPPH�%�SRXU�XQ�15�V
LO�HVW�SUpGLW�DLQVL�

SDU�DX�PRLQV�XQ�GHV�PRGqOHV�FRQVWUXLW�SRXU�FH�15��GRFNLQJ�RX�SKDUPDFRSKRUHV���,QYHUVHPHQW��

SRXU� OH� SURWRFROH� KLpUDUFKLTXH�� VHXOV� OHV� FRPSRVpV� SUpGLWV� FRPPH� %� SDU� OHV� PRGqOHV� GH�

SKDUPDFRSKRUHV�HW�GH�GRFNLQJ�j�OD�IRLV�VHURQW�SUpGLWV�FRPPH�%��



���

)LJXUH��� � 6FKpPDWLVDWLRQ�GHV�SUpGLFWLRQV�UpDOLVpHV�VHORQ�OH�SURWRFROH�&RQVHQVXV��$��HW�

KLpUDUFKLTXH�HQ��%�

�������� 0pWULTXHV�G¶pYDOXDWLRQV

7RXV� OHV�PRGqOHV� RQW� pWp� FRQoXV� GDQV� OH� EXW� GH� SRXYRLU� GLVWLQJXHU� OHV� %� GHV�1%� SRXU� OHV�

GLIIpUHQWV�15 pWXGLpV�� $ILQ� G¶pYDOXHU� OHV� SHUIRUPDQFHV� GHV�PRGqOHV� j� DWWHLQGUH� FH� EXW�� OHV�

SUpGLFWLRQV�REWHQXHV�SRXU�FKDTXH�FRPSRVp�VRQW�GpFULWHV�FRPPH�O
XQH�GH�FHV���FDWpJRULHV�GH�OD�

PDWULFH�GH�FRQWLQJHQFH�

9UDL�SRVLWLI��93���F
HVW�j�GLUH�%�FRQILUPp�H[SpULPHQWDOHPHQW�HW�FRUUHFWHPHQW�SUpGLW�FRPPH�%��

9UDL�QpJDWLI��91��F��j�G��1%�FRQILUPp�H[SpULPHQWDOHPHQW�FRUUHFWHPHQW�SUpGLW�FRPPH�1%

)DX[�SRVLWLI��)3����1%�FRQILUPp�H[SpULPHQWDOHPHQW�HW�SUpGLW�j�WRUW�FRPPH�%�

)DX[�QpJDWLI��)1���F
HVW�j�GLUH�%�FRQILUPp�H[SpULPHQWDOHPHQW�SUpGLW�j�WRUW�FRPPH�1%�

/HV�PpWULTXHV�VXLYDQWHV�RQW�pWp�FDOFXOpHV�SRXU�pYDOXHU�OD�TXDOLWp�GHV�SUpGLFWLRQV �

x 6HQVLELOLWp� �6H��� pJDOHPHQW� DSSHOpH� UDSSHO�� GRQW� OHV� YDOHXUV� VH� VLWXHQW� GDQV�

O
LQWHUYDOOH�>���@��/D�6H UHSUpVHQWH�OD�SUREDELOLWp�SRXU�OH�PRGqOH�GH�SUpGLUH�GHV�



���

FRPSRVpV�FRPPH�%�SRXU�GHV�FRPSRVpV�TXL�VRQW�FRQILUPpV�H[SpULPHQWDOHPHQW�

%��93���

ܵ݁ ൌ
ܸܲ

ܸܲ ൅ ܰܨ

x /D� VSpFLILFLWp� �6S�� �� DYHF�GHV�YDOHXUV� FRPSULVHV�GDQV� O
LQWHUYDOOH� >���@��/D�6S

UHSUpVHQWH�OD�SUREDELOLWp�TXH�OH�PRGqOH�SUpGLVH�OHV�FRPSRVpV�FRPPH�1%�SRXU�

OHV�FRPSRVpV�TXL�VRQW�FRQILUPpV�H[SpULPHQWDOHPHQW�1%��91���

݌ܵ ൌ
ܸܰ

ܸܰ ൅ ܲܨ

x /D� YDOHXU� SUpGLFWLYH� SRVLWLYH� �339��� pJDOHPHQW� DSSHOpH� SUpFLVLRQ�� GRQW� OHV�

YDOHXUV�VRQW�FRPSULVHV�GDQV�O
LQWHUYDOOH�>���@�

ܸܲܲ ൌ
ܸܲ

ܸܲ ൅ ܲܨ

x /D�YDOHXU�SUpGLFWLYH�QpJDWLYH��139����FRPSULVH�DXVVL�HQWUH�>���@

ܸܰܲ ൌ
ܸܰ

ܸܰ ൅ ܰܨ

x /
H[DFWLWXGH� �$FF��� GRQW� OHV� YDOHXUV� VH� VLWXHQW� GDQV� O
LQWHUYDOOH� >���@�� /¶$FF

SHUPHW�G¶DSSUpFLHU�OH�UDSSRUW�HQWUH�OHV�FRPSRVpV�FRUUHFWHPHQW�SUpGLWV�HW�WRXV�OHV�

FRPSRVpV�SUpGLWV�

ܿܿܣ ൌ
ܸܲ ൅ ܸܰ

ܸܲ ൅ ܸܰ ൅ ܲܨ ൅ ܰܨ

x /H�VFRUH�)���)���GRQW�OHV�YDOHXUV�VH�VLWXHQW�GDQV�O
LQWHUYDOOH�>���@��)��HVW�GpILQL�

FRPPH�OD�PR\HQQH�KDUPRQLTXH�GH�OD�SUpFLVLRQ�HW�GX�UDSSHO�

ͳܨ ൌ
ʹ כ ܸܲ

ʹ כ ܸܲ ൅ ܲܨ ൅ ܰܨ
ൌ ʹ כ

ܸܲܲ כ ܵ݁

ܸܲܲ ൅ ܵ݁

x /H�FRHIILFLHQW�GH�FRUUpODWLRQ�GH�0DWWKHZV��0&&��GRQW�OHV�YDOHXUV�VH�VLWXHQW�GDQV�

O
LQWHUYDOOH�>����@��/HV�YDOHXUV�0&&�GH����HW����VRQW�DWWHLQWHV�ORUVTXH�OHV�GHX[�

FDWpJRULHV� �%� HW� 1%�� VRQW� UHVSHFWLYHPHQW� SDUIDLWHPHQW� PDO� FODVVpHV� HW�



���

SDUIDLWHPHQW�FODVVpHV��/D�0&&�DWWHLQW���ORUVTXH�OD�FODVVLILFDWLRQ�HVW�VLPLODLUH�j�

O¶DOpDWRLUH��

ܥܥܯ ൌ
ܸܲ כ ܸܰ െ ܲܨ כ ܰܨ

ඥሺܸܲ ൅ ሻܲܨ כ ሺܸܲ ൅ ሻܰܨ כ ሺܸܰ ൅ ሻܲܨ כ ሺܸܰ ൅ ሻܰܨ



���

������ 5pVXOWDWV

�������� 'RQQpHV�

/H�WDEOHDX�GH�ERUG�&RPSWR[�D�pWp�ILOWUp�SRXU�FKDTXH�15 pWXGLp�SRXU�QH�JDUGHU�TXH�OHV�FRPSRVpV�

WHVWpV�SRXU�OH�ELQGLQJ��$X�WRWDO����MHX[�GH�GRQQpHV�RQW�pWp�FRQVWLWXpV�SRXU�$5��(5Į��(5ȕ��*5��

33$5Ȗ�HW�75Į�FRPSUHQDQW�HQWUH����%�SRXU�75Į HW�����%�SRXU�$5��7DEOHDX�����

7DEOHDX�� � &RPSRVLWLRQ�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�O¶(3$

15 %LQGHUV��%� 1RQ�ELQGHUV��1%�

$5 ��� ����

(5ɲ ��� ����

(5ɴ ��� ����

*5 ��� ���

33$5Ȗ ��� ����

75Į �� ���

'LIIpUHQWHV� SURSULpWpV� SK\VLFR�FKLPLTXHV HW� GHVFULSWHXUV� �OLVWpV� GDQV� OH� SDUDJUDSKH� ,,��������

PDWpULHO�HW�PpWKRGHV��RQW�pWp�FDOFXOpHV�HW�XWLOLVpHV�SRXU�YLVXDOLVHU�OD�GLVWULEXWLRQ�GHV�%�HW�1%�

GDQV�O¶HVSDFH��)LJXUH��� �'LVWULEXWLRQ�GHV�FRPSRVpV�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�HQ�IRQFWLRQ�

GHV�SURSULpWpV�SK\VLFR�FKLPLTXHV��/HV�FRPSRVpV�HQ�YHUW�UHSUpVHQWHQW�OHV�%��DFWLIV��HW�HQ�URXJH�

OHV�1%��LQDFWLIV� ���



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�HQ�IRQFWLRQ�GHV�

SURSULpWpV�SK\VLFR�FKLPLTXHV��/HV�FRPSRVpV�HQ�YHUW�UHSUpVHQWHQW�OHV�%��DFWLIV��HW�HQ�URXJH�OHV�

1%��LQDFWLIV�

/D�FRPSRVLWLRQ�GHV�GLIIpUHQWV�MHX[�HQ�%�D�pWp�pWXGLpH�HW�OHV�UpVXOWDWV�VRQW�SUpVHQWpV�DX�QLYHDX�

GH�O¶8SVHWSORW VXLYDQW

)LJXUH��� � 8SVHW�SORW GHV�FRPSRVpV�%�FRPPXQV�HQWUH�OHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�

O¶(3$



���

1RXV�UHPDUTXRQV�TXH�OHV�FRPSRVpV�LQGLYLGXHOV�SRXU�FKDTXH�15 VRQW�SOXV�QRPEUHX[�TXH�OHV�

FRPSRVpV�HQ�FRPPXQV� (Q�HIIHW��OH�MHX�GH�$5�j�OXL�VHXO�FRQWLHQW�����%�XQLTXHV�VXLYL�GH�(5ɲ

DYHF�����%�XQLTXHV��1RXV�UHPDUTXRQV�DXVVL�OHV�FRXSOHV�GH�MHX[�GH�GRQQpHV�$5�*5��$5�(5ɲ

SUpVHQWHQW�EHDXFRXS�GH�%�HQ�FRPPXQ�DYHF�UHVSHFWLYHPHQW����HW����%�HQ�FRPPXQV��/HV�GHX[�

LVRIRUPHV�(5Į�HW�(5ȕ�SDUWDJHQW�HQWUH�HX[��� FRPSRVpV�XQLTXHV�HW����HQ�WHQDQW�FRPSWH�GHV�

FRPSRVpV�FRPPXQV�DYHF�G¶DXWUHV�UpFHSWHXUV��6HXO ��FRPSRVpV�%�HVW�FRPPXQ�XQLTXH�SRXU�OHV�

��MHX[�GH�GRQQpHV�j�OD�IRLV �)LJXUH�����

3DU�DLOOHXUV��GHV�MHX[�GH�YDOLGDWLRQ�LVVXHV�GH�OD�15�'%,1'�RQW�pWp�SUpSDUpV�HW�OHXU�FRPSRVLWLRQ�

HVW�SUpVHQWpH�GDQV 7DEOHDX����,FL�HQFRUH��OH�SOXV�SHWLW�QRPEUH�GH�%�HVW�DVVRFLp�DX�MHX�GH�GRQQpHV�

GH�75Į ����%��PDLV�FHWWH� IRLV� OH�SOXV�JUDQG�QRPEUH�GH�%� �������HVW�REWHQX�SRXU� OH� MHX�GH�

GRQQpHV�GH�*5��/HV�1%��FRQWUDLUHPHQW�DX[�MHX[�GH�GRQQpHV�GH�O¶(3$��VRQW�EHDXFRXS�PRLQV�

QRPEUHX[��HQWUH����1%��75Į��HW�����1%��(5Į��

7DEOHDX�� � &RPSRVLWLRQ�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�OD�15�'%,1'

15 % 1%

$5 ��� ���

(5ɲ ��� ���

(5ȕ ��� ��

*5 ���� ��

33$5Ȗ ��� ���

75Į �� ��

�������� 'RFNLQJ

3RXU�FKDTXH�15����ORJLFLHOV�GH�GRFNLQJ��VPLQD��3/$176�HW�6XUIOH[�GRFN��RQW�pWp�XWLOLVpV��3RXU�

OH�ORJLFLHO�VPLQD��OHV���IRQFWLRQV�GH�VFRUH�LPSOpPHQWpHV�GDQV�OH�ORJLFLHO�RQW�pWp�WHVWpHV��YLQDUGR��

YLQD��GNRHV��DG����$X�WRWDO��SRXU�FKDTXH�15��OH�MHX�GH�GRQQpHV�GH�O¶(3$�D�DLQVL�pWp�FULEOp�j�

O¶DLGH� GH� �� SURWRFROHV� GH� GRFNLQJ� VXU� FKDFXQH� GHV� VWUXFWXUHV� GX� 15 SUpFpGHPPHQW�

VpOHFWLRQQpHV�� /HV� UpVXOWDWV� RQW� pWp� DQDO\VpV� DYHF� O¶DSSURFKH VLQJOH� VWUXFWXUH� GRFNLQJ HW�

HQVHPEOH�VWUXFWXUH�GRFNLQJ�HW OHV�SHUIRUPDQFHV�RQW�pWp�pYDOXpHV�j�O
DLGH�GH�O
$8&�GH�OD�FRXUEH�
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52&� �5HFHLYHU� 2SHUDWLQJ� &KDUDFWHULVWLF��� 3RXU� FKDTXH� UpFHSWHXUV�� OHV� WDEOHDX[� FL�GHVVRXV

UpVXPHQW� OHV�PHLOOHXUHV� SHUIRUPDQFHV� REWHQXHV� �HQ� WHUPH� G¶$8&�� SRXU� OHV� �� IRQFWLRQV� GH�

VFRUHV�HW�OHV�VWUXFWXUHV�3'%�DVVRFLpHV�

7DEOHDX���0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�$5

)FW�VFRUH 6LQJOH (QVHPEOH�GH�� (QVHPEOH�GH��

6WUXFWXUH $8& 6WUXFWXUHV $8& *DLQ 6WUXFWXUHV $8& *DLQ

6
P
LQ
D

GNRHV �E�� ����� �E����[M� ����� ����� �E����[M���SNO ����� �����

YLQDUGR �SLU ����� �SLU��E�� ����� ����� �SLU��E����SLS ���� �����

YLQD �SLU ����� �SLU��E�� ����� ����� �SLU��E����SL[ ����� �����

DG�BVFRULQJ �Y�T ��� �Y�T��W�M ��� ����� �Y�T��W�M��W�H ��� �����

3
/
$
1
7
6

3/$176 �SLU ����� �SLU��SL[ ����� ����� �SLU��SL[��SLW ����
�

�����

6
XU
IO
H[
�

G
RF
N

6XUIOH[�GRFN �W�H ����� �W�H��UOM ����� ����� �W�H��UOM��E�� ���� �����

7DEOHDX�� �0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�(5ɲ

)FW�VFRUH 6LQJOH (QVHPEOH�GH�� (QVHPEOH�GH��

6WUXFWXUH $8& 6WUXFWXUHV $8& *DLQ 6WUXFWXUHV $8& *DLQ

6
P
LQ
D

GNRHV �TNX ����� �TNX��\MD ����� ����� �TNX��\MD��J�� ���� �����

YLQDUGR �D�� ���� �D����[S� �����
�

�����
�D����[S���[S� �����

�
�����

YLQD �D�� ����� �D����[S� �����
�

�����
�D����[S���[S� �����

�
�����

DG�BVFRULQJ �D�� ����� �D����[�H �����
�

�����
�D����TNX��[�H ����

�
�����

3
/
$
1
7
6

3/$176 �[�H ����� �[�H��D�� ���� ����� �[�H��TNX��D�� ����� �����

6
XU
IO
H[
�

G
RF
N

6XUIOH[�GRFN �D�� ����� �[S���[�H ����� ����� �[S���[�H��D�� ����� �����
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7DEOHDX�� �0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�(5ȕ

)FW�VFRUH 6LQJOH (QVHPEOH�GH�� (QVHPEOH�GH��

6WUXFWXUH $8& 6WUXFWXUHV $8& *DLQ 6WUXFWXUHV $8& *DLQ

6
P
LQ
D

GNRHV �RPR ����� �RPR��RPT ����� ������
�RPR��RPT�

�RPS
���� ������

YLQDUGR �ROV ����� �RPT��ROV ����� �����
�RPT��RPS�

�ROV
����� �����

YLQD �ROV ����� �RPS��ROV ����� ������
�RPT��ROV�
�RPR

����� ������

DG�BVFRULQJ �ROV ����� �RPT��ROV ����� �����
�WRD��RPT�

�ROV
����� ������

3
/
$
1
7
6

3/$176 �ROV ����� �ROV��X�T ����� �����
�RPS��ROV�

�X�T
����� �����

6
XU
IO
H[
�

G
RF
N

6XUIOH[�GRFN �RPS ����� �RPS��RPT ����� �����
�RPS��RPR�

�X�T
����� �����

7DEOHDX�� �0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�OH�UpFHSWHXU�

QXFOpDLUH�*5

)RQFWLRQ�GH�
VFRUH

6LQJOH�GRFNLQJ (QVHPEOH�GH�� (QVHPEOH�GH��

6WUXFWXUH $8& 6WUXFWXUHV $8& *DLQ 6WUXFWXUHV $8& *DLQ

6
P
LQ
D

GNRHV �PGG ����� �XGF��G[N ����� �����
�XGF��G[N��

�XGG
����� �����

YLQDUGR �G[N ����� �PGG��FOG ���� �����
�PGG��FOG��

�XGF
����� �����

YLQD �G[N ����� �G[N��FOG ����� �����
�PGG��G[N��

�XGF
����� ������

DG�BVFRULQJ �G[N ����� �PGG��XGG ���� �����
�PGG��XGG��

�G[N
���� �����

3
/
$
1
7
6

3/$176 �PGG ����� �PGG��QIS ���� �����
�PGG��G[N��

�S�N
����� �����

6
XU
IO
H[
�

G
RF
N

6XUIOH[�GRFN �QIW ����� �QIW��XGF ����� �����
�QIW��XGF��

�J�M
����� �����
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7DEOHDX����0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�OH�UpFHSWHXU�

QXFOpDLUH�33$5Ȗ

)RQFWLRQ�GH�
VFRUH

6LQJOH�GRFNLQJ (QVHPEOH�GH�� (QVHPEOH�GH��

6WUXFWXUH $8& 6WUXFWXUHV $8& *DLQ 6WUXFWXUHV $8& *DLQ

6
P
LQ
D

GNRHV �]N� ����� �SUJ��KRG ���� �����
�SUJ��KRG�

�]N�
���� �����

YLQDUGR �SUJ ����� �SUJ��IP� ����� �����
�SUJ��H�T�

�L�]
���� �����

YLQD �SUJ ����� �SUJ��DGZ ����� �����
�SUJ��DGZ�

�IP�
���� �����

DG�BVFRULQJ �SUJ ����� �]N���]N� ����� �����
�MD]��DWK�
�FGS

����� �����

3
/
$
1
7
6

3/$176 �SUJ ����� �SUJ��]N� ����� �����
�L�M��SUJ�
�]N�

����� �����

6
XU
IO
H[
�

G
RF
N 6XUIOH[�

GRFN
�DWK ����� �DWK��DGZ ����� �����

�DWK��DGZ�
�KRG

����� �����

7DEOHDX��� �0HLOOHXUHV�$8&�GH�GRFNLQJ�HW�OHXUV�VWUXFWXUHV�DVVRFLpHV�SRXU�OH�UpFHSWHXU�

QXFOpDLUH�75Į

)RQFWLRQ�GH�
VFRUH

6LQJOH�'RFNLQJ (QVHPEOH�GH�� (QVHPEOH�GH��

6WUXFWXUH $8& 6WUXFWXUHV $8& *DLQ 6WUXFWXUHV $8& *DLQ

6
P
LQ
D

GNRHV �LO] ��� �M]E��LO] ����� ����� �M]E��LO]��K]I ����� �����

YLQDUGR �QDY ����� �QDY���K]I �����
�

�����
�QDY��

�K]I��LO]
�����

�
�����

YLQD �QDY ����� �LO]��K]I �����
�

�����
�LO]��K]I�
�M]E

�����
�

�����

DG�BVFRULQJ �QDY ����� �QDY��M]E ����� �����
�QDY��M]E�

�K]I
����� �����

3
/
$
1
7
6

3/$176 �M]E ���� �QDY���M]E ���� �����
�QDY��K]I�

�LO]
�����

�
�����

6
XU
IO
H[
�

G
RF
N 6XUIOH[�

GRFN
�K]I ����� �QDY���K]I �����

�
�����

�QDY��K]I�
�M]E

�����
�

�����
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$SSURFKH�VLQJOH�VWUXFWXUH�GRFNLQJ

3RXU� OH� ORJLFLHO� VPLQD�� WRXWHV� OHV� VWUXFWXUHV� GH� WRXV� OHV� 15 RQW� pWp� DVVRFLpHV� j� XQH� $8&�

VXSpULHXUH�j�����j�O
H[FHSWLRQ�GX�75Į�SRXU�OHTXHO�OD�PHLOOHXUH�$8&�QH�GpSDVVH�SDV�����SRXU�

WRXWHV�OHV�IRQFWLRQV�GH�VFRUH�pYDOXpHV��/HV�PHLOOHXUHV�$8&�RQW�pWp�REWHQXHV�DYHF�OHV�VWUXFWXUHV�

GH 33$5Ȗ��WRXWHV�DVVRFLpHV�j�GHV�YDOHXUV�VXSpULHXUHV�j������/HV�PHLOOHXUHV�YDOHXUV�G
$8&�RQW�

pWp�REWHQXHV�DYHF OD�IRQFWLRQ�GH�VFRUH�GNRHV SRXU���GHV���15��j�VDYRLU�$5��(5Į�HW�*5��3RXU�OH�

ORJLFLHO�3/$176��OHV�PrPHV�WHQGDQFHV�TXH�FHOOHV�REVHUYpHV�SRXU�VPLQD�VH GpJDJHQW ��OHV�$8&�

VRQW�VXSpULHXUHV�j��������OHV�PHLOOHXUHV�SHUIRUPDQFHV�VRQW�REWHQXHV�SRXU�33$5Ȗ�HW�OHV�SLUHV��

LQIpULHXUHV�j��������SRXU�75Į��$�O¶LQYHUVH��OHV�$8&�GHV�UpVXOWDWV�JpQpUpV�DYHF�6XUIOH[�GRFN�

VRQW�WUqV�IDLEOHV��VDXI�SRXU�75ɲ SRXU�OHTXHO�GHV�$8&�VXSpULHXUHV�j�������VRQW�REWHQXHV��,O�HVW�

DXVVL�j�QRWHU�TXH�OD�VWUXFWXUH�DVVRFLpH�j�OD�PHLOOHXUH�$8&�HVW�OD�PrPH�SRXU���15 SDUPL�OHV���

ORUVTXH�O¶RQ�FRPSDUH�OHV�UpVXOWDWV�GH�VPLQD��WRXWHV�IRQFWLRQV�GH�VFRUH�FRQIRQGXHV��HW�3/$176��

PDLV�MDPDLV�SRXU�6XUIOH[�GRFN�

$SSURFKH�VLQJOH�VWUXFWXUH�GRFNLQJ YV�HQVHPEOH�VWUXFWXUH�GRFNLQJ

$ILQ�GH�PLHX[�HVWLPHU�O¶DSSRUW�GX�GRFNLQJ G¶HQVHPEOH��QRXV�DYRQV�FDOFXOp�OH�JDLQ�GHV�GHX[�

DSSURFKHV�j���HW�j���VWUXFWXUHV WHO�TXH݊݅ܽܩ� ൌ
ሺ஺௎஼೐೙ೞି஺௎஼ೞ೔೙೒ሻ

஺௎஼೐೙ೞ
�

/D�PHLOOHXUH�$8&�HVW� REWHQXH�DYHF� O¶DSSURFKH� HQVHPEOH� VWUXFWXUH�GRFNLQJ �HQVHPEOH�GH���

VWUXFWXUHV��SRXU���15 VXU�OHV����3RXU�OHV���DXWUHV�15��OD�PHLOOHXUH�$8&�HVW�DVVRFLpH�j�O¶DSSURFKH�

VLQJOH� VWUXFWXUH GRFNLQJ�� &HSHQGDQW�� HQ� XWLOLVDQW� O
DSSURFKH� GH� GRFNLQJ� G
HQVHPEOH�� DXFXQH�

DPpOLRUDWLRQ�PDMHXUH�Q
D�pWp�FRQVWDWpH�SRXU�DXFXQ�GHV�15 SRXU�OHV�IRQFWLRQV�GH�VFRUHV�GH�VPLQD�

HW�GH�3/$176� 3RXU�OD�IRQFWLRQ�GH�VFRUH�GH�6XUIOH[�GRFN��QRXV�UHPDUTXRQV�XQH�DPpOLRUDWLRQ�

GHV�$8&� �JDLQ�!������SRXU�*5�HW�33$5Ȗ PDLV OHV�$8&� UHVWHQW� WRXW�GH�PrPH� IDLEOHV�� 3DU�

DLOOHXUV�� GDQV� OD� WUqV� ODUJH�PDMRULWp� GHV� FDV�� OD� VWUXFWXUH� DVVRFLpH� j� OD�PHLOOHXUH�$8&� SRXU�

O¶DSSURFKH�VLQJOH�VWUXFWXUH�GRFNLQJ HVW�DXVVL�SUpVHQWH�GDQV�O¶HQVHPEOH�GH���HW�GH���VWUXFWXUHV�

DVVRFLp�DX[�PHLOOHXUHV�$8&��

$LQVL��OH 7DEOHDX��� UpVXPH�OHV�GLIIpUHQWV�PRGqOHV�GH�GRFNLQJ�VpOHFWLRQQpV�SRXU�FKDTXH�15��

/HV�MXVWLILFDWLRQV VRQW�GpWDLOOpHV�GDQV�OD�SDUWLH�GLVFXVVLRQ�



���

7DEOHDX��� � 3URWRFROHV�GH�GRFNLQJ�VpOHFWLRQQpV�SRXU�FKDTXH�15

15 3'% 3URILOH
&RRUGRQQpHV�

GH�OD�ERLWH
$OJRULWKPH )��6FRUH 7+

$5 �E�� 6$50

[BFHQWHU� ��������

\BFHQWHU� ��������

�]BFHQWHU� ������

VPLQD 'NRHV ��

(5Į �TNX $JR

[BFHQWHU� �

����������

\BFHQWHU� ��������

�]BFHQWHU� �

������

VPLQD 'NRHV ��

(5ȕ �ROV $JR

[BFHQWHU� �

��������\BFHQWHU�

 ��������]BFHQWHU�

 �������

VPLQD 9LQD ����

*5 �PGG $WJR

[BFHQWHU� �

��������\BFHQWHU�

 ��������]BFHQWHU�

 ������

VPLQD 'NRHV ��

33$5Ȗ �SUJ $JR

[BFHQWHU� ��������

��\BFHQWHU� ��

��������]BFHQWHU�

 �������

VPLQD 9LQDUGR ��

�������� 0RGqOHV�GH�SKDUPDFRSKRUHV

(Q� DSSOLTXDQW� QRWUH� SURWRFROH� GH� JpQpUDWLRQ� GHV�PRGqOHV� GH� SKDUPDFRSKRUHV� HQWUH� �� HW� ���

PRGqOHV�6%�HW�GH����j�����PRGqOHV�/%�RQW�pWp�FUppV��&HV�PRGqOHV�RQW�HQVXLWH�pWp�RSWLPLVpV�

VXLYDQW�OH�SURWRFROH�GpFULW�SOXV�KDXW��



���

7DEOHDX��� � (YROXWLRQ�GX�QRPEUH�GH�PRGqOHV�SKDUPDFRSKRULTXHV�DYDQW�HW�DSUqV�OH�SURWRFROH�

G¶RSWLPLVDWLRQ

1RPEUH�GH�PRGqOHV�

LQLWLDX[

1RPEUH�GH�PRGqOHV�

DSUqV�RSWLPLVDWLRQ

1RPEUH�GH�PRGqOHV�

ILQDX[��VDQV�

UHGRQGDQFHV�

$5�/% ��� �� ��

$5�6% �� �� ��

(5$�/% ��� � �

(5$�6% �� �� ��

(5%�/% ��� � �

(5%�6% �� �� ��

*5�/% ��� � �

*5�6% � � �

33$5*�/% ��� � �

33$5*�6% �� � �

75$�/% �� � �

75$�6% � � �

/H�SURWRFROH�G
RSWLPLVDWLRQ�SHUPHW�GH�UpGXLUH�OH�QRPEUH�LQLWLDO�GH�PRGqOHV�HQ�OH�GLYLVDQW�SDU�

XQ� IDFWHXU� ��� HQ�PR\HQQH� �7DEOHDX� ����� /D� OLVWH� GHV� SKDUPDFRSKRUHV� RSWLPLVpV� GDQV� OHXU�

IRUPDW�SPO VRQW� SUpVHQWpV� HQ� DQQH[H��$ILQ� G
pYDOXHU� O
LPSDFW� GH� O
RSWLPLVDWLRQ�� QRXV� DYRQV�

FRPSDUp�O
pYROXWLRQ�GH�SOXVLHXUV�PpWULTXHV�DYDQW�HW�DSUqV��FRPPH�OH�PRQWUH OD�)LJXUH�����

$XFXQH�WHQGDQFH�JpQpUDOH�G¶DPpOLRUDWLRQ�GHV SHUIRUPDQFHV�pYDOXpHV�G¶DSUqV�OHV�YDOHXUV�GHV

PpWULTXHV�Q¶HVW�REVHUYpH��3RXU�OHV�PRGqOHV�6%��XQH�DXJPHQWDWLRQ�GH�OD�6H�HW�GX�IDFWHXU�)��HVW�

QRWpH� SRXU� OHV� PRGqOHV� JpQpUpV� SRXU� $5�� (5Į� HW� (5ȕ� DORUV� TXH� OD� 6S HW� OD� 139� UHVWHQW�

LQFKDQJpV��$�O¶LQYHUVH��SRXU�OHV�PRGqOHV�FRQVWUXLWV�SRXU�*5�HW�33$5Ȗ��OD�6H�HVW�GLPLQXpH�PDLV�

OD�6S HVW�DXJPHQWpH�DLQVL�TXH��PrPH�VL�GH�PDQLqUH�PRLQV�PDUTXpH��OH�0&&��3RXU�75Į��DXFXQH�

pYROXWLRQ�GHV�PpWULTXHV�Q¶HVW�REVHUYpH��3RXU� OHV�PRGqOHV�/%�� OH�SURWRFROH�G¶RSWLPLVDWLRQ�D�



���

SHUPLV� G¶DPpOLRUHU� OD� VSpFLILFLWp�� OH� 0&&� HW� OH� 339� GHV� PRGqOHV� SKDUPDFRSKRULTXHV�

GpYHORSSpV� SRXU� �� 15� �$5�� (5Į�� (5ȕ� HW� 33$5Ȗ��� 3RXU� 75Į�� O¶RSWLPLVDWLRQ GHV�

SKDUPDFRSKRUHV�Q¶D�HX�DXFXQ�LPSDFW�VXU�OD�6S HW�OD�6H��PDLV�OH�0&&�HW�OH�339�pWDLHQW�GDQV�FH�

FDV�DXVVL�DXJPHQWpV��/¶RSWLPLVDWLRQ�GHV�SKDUPDFRSKRUHV�GH�*5�Q¶D�PRGLILp�TXH�OD�6H�HW�OD 6S��

PDLV�GDQV�OH�VHQV�LQYHUVH�GH�FH�TXL�D�pWp�REVHUYp�SRXU�OHV�DXWUHV�SKDUPDFRSKRUHV�SXLVTXH�OD�6S

HVW�GLPLQXpH�HW�OD�6H�SOXV�pOHYpH��
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)LJXUH��� � (YROXWLRQ�GHV GLIIpUHQWHV�PpWULTXHV�DYDQW�HW�DSUqV�RSWLPLVDWLRQ�GHV�PRGqOHV�GH�

SKDUPDFRSKRUHV

/D�FRPELQDLVRQ�GHV�PRGqOHV�GH�SKDUPDFRSKRUHV�6%�HW�/%�D�FRQGXLW�j�GHV�SHUIRUPDQFHV�DVVH]�

VLPLODLUHV� j� FHOOHV� REWHQXHV� DYHF� OHV� SKDUPDFRSKRUHV� /%� RSWLPLVpV� �*5�� 75Į�� RX� OHV�

SKDUPDFRSKRUHV�6%��(5Į��(5ȕ��33$5Ȗ���/D�FRPELQDLVRQ�GHV�SKDUPDFRSKRUHV�6%�HW�/%�HVW�

JOREDOHPHQW� DVVRFLpH� j� XQH� DPpOLRUDWLRQ� GH� OD� 6H� HW� GX� )��� (Q� HIIHW�� OD� 6H� DVVRFLpH� DX[�

SKDUPDFRSKRUHV�6%/%�HVW�SOXV�pOHYpH�TXH�FHOOHV�GHV�SKDUPDFRSKRUHV�/%�RSWLPLVpV�SRXU���15�

HW�GHV�SKDUPDFRSKRUHV�6%�RSWLPLVpV�SRXU�OHV���15��/H�)��HVW�TXDQW�j�OXL�DPpOLRUp�SRXU���15�

SDU�UDSSRUW�DX[�SKDUPDFRSKRUHV�/%�HW�DX[�SKDUPDFRSKRUHV�6%�RSWLPLVpV��$�O¶LQYHUVH��OD�6S

DVVRFLpH� DX[� SKDUPDFRSKRUHV� 6%/%� HVW� VRLW� pJDOH� VRLW� GLPLQXpH� SDU� UDSSRUW� DX[�

SKDUPDFRSKRUHV� /%� HW� DX[� SKDUPDFRSKRUHV� 6%� RSWLPLVpV� HW� DXFXQH� WHQGDQFH� FODLUH� Q¶HVW�

YLVLEOH�SRXU�OHV�DXWUHV�PpWULTXHV�

�������� 3URWRFROH�GH�FRPELQDLVRQ

8QH� IRLV� XQ� PRGqOH� VpOHFWLRQQp� SRXU� FKDFXQH� GHV� PpWKRGHV� L�H� GRFNLQJ� HW� PRGqOHV� GH�

SKDUPDFRSKRUHV��OHV FRPELQDLVRQV GH FHV���PpWKRGHV RQW�pWp�pYDOXpHV SRXU�OHV�� 15�pWXGLpV

�/H�SURWRFROH�GH�GRFNLQJ�pWDQW�pOLPLQp�SRXU�75ɲ�� 'HX[�PDQLqUHV�GH�FRPELQHU�OHV�PRGqOHV�RQW�

pWp� H[SORUpHV� UHVSHFWLYHPHQW� DSSHOpHV� SURWRFROH� FRQVHQVXV� HW� KLpUDUFKLTXH� /D )LJXUH� ��

PRQWUH�OHV�SHUIRUPDQFHV�REWHQXHV�SRXU�FKDFXQ�GHV�PRGqOHV�GH�GRFNLQJ�HW�GH�SKDUPDFRSKRUH�

VpOHFWLRQQpV�DLQVL�TXH�SRXU�OHV�GHX[�SURWRFROHV�GH�FRPELQDLVRQV�



���

)LJXUH��� � 3HUIRUPDQFHV GHV�GLIIpUHQWV�PRGqOHV�GH�GRFNLQJ��GH�SKDUPDFRSKRUHV�HW�FRPELQpV�

�FRQVHQVXV�HW�KLpUDUFKLTXH��SRXU�FKDTXH�15



���

,QGpSHQGDPPHQW� GX� SURWRFROH� VXLYL�� OD� FRPELQDLVRQ� SHUPHW� G¶REWHQLU� GH� PHLOOHXUHV�

SHUIRUPDQFHV� RX� GHV� SHUIRUPDQFHV� VLPLODLUHV�� /H� SURWRFROH� FRQVHQVXV� HVW� DVVRFLp� DX[� SOXV�

KDXWHV� YDOHXUV� GH� 6H� VXSpULHXUHV� j� ������ /D�139� HVW� VXSpULHXUV� j� ���� VDXI� SRXU� OH�PRGqOH�

FRQVHQVXV�GH�*5 DYHF�XQH�139�GH������� 3RXU�OHV�YDOHXUV�GH�6S��HOOHV�VRQW�YDULDEOHV�HQWUH�OHV�

GLIIpUHQWV�PRGqOHV�PDLV�UHVWHQW�WRXW�GH�PrPH�IDLEOHV��/H�SURWRFROH�FRQVHQVXV�GH�*5�HVW�DVVRFLp�

j� OD� SOXV� IDLEOH� YDOHXU� GH� 6S ��������� � /HV� PHLOOHXUHV� VSpFLILFLWpV� VRQW� FHOOHV� GHV� PRGqOHV�

FRQVHQVXV� GH� $5� �������� HW� 33$5Ȗ ������� $� O¶LQYHUVH� OH� SURWRFROH� KLpUDUFKLTXH� SHUPHW�

G¶DWWHLQGUH�GH�WUqV�KDXWHV�YDOHXUV�GH�6S WRXWHV�VXSpULHXUV�j�����VDXI�SRXU�*5�R��HOOH�HVW�pJDOH�j�

�������3DU�DLOOHXUV�OH�SURWRFROH�KLpUDUFKLTXH�SHUPHW�G¶DWWHLQGUH�OHV�PHLOOHXUHV�YDOHXUV�GH�0&&�

DYHF�XQ�PD[LPXP�GH�������SRXU�OH�MHX GH�GRQQpHV�GH�(5ɲ��

$LQVL��SRXU�FKDTXH�15��XQ�PRGqOH�D�pWp�FKRLVL�HQWUH�OHV���RSWLRQV�GRFNLQJ��SKDUPDFRSKRUH��

FRQVHQVXV�RX�KLpUDUFKLTXH��/HV�GLIIpUHQWV�PRGqOHV�FRUUHVSRQGDQW�j�FKDTXH�15 VRQW�SUpVHQWpV�

GDQV�OH�7DEOHDX��� DYHF�OHV�SHUIRUPDQFHV�DVVRFLpHV�

7DEOHDX��� � 3HUIRUPDQFH�GHV�PRGqOHV�VpOHFWLRQQpV�VXU�OHV�MHX[�GH�GRQQpHV�GH�O¶(3$

0RGHO 0RGqOH 6H 6S 339 139 $FF )� 0&&

$5 &RQVHQVXV ����� ����� ����� ����� ����� ����� �����

(5$ &RQVHQVXV ����� ����� ����� ����� ����� ����� �����

(5% &RQVHQVXV ����� ����� ����� ����� ����� ����� �����

*5 'RFNLQJ ����� ����� ����� ����� ����� ����� �����

33$5* &RQVHQVXV ����� ����� ����� ����� ����� ����� �����

75$ 3KDUPDFR� ����� ����� ����� ����� ����� ����� �����

(QILQ��OHV�SHUIRUPDQFHV�GH�QRV�PRGqOHV�RQW�pWp�pYDOXpV�VXU�OHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�GH�OD�

15�'%,1'�HW�OHV�SHUIRUPDQFHV�VRQW�H[SRVpHV�GDQV�OH 7DEOHDX�����1RXV�UHPDUTXRQV�TXH�SRXU�

WRXV�OHV�MHX[�GH�GRQQpHV�VDXI�75ɲ��OHV YDOHXUV�GH�6H��G¶$FF�HW�GH�)��VRQW�KDXWHV��(Q�HIIHW�SRXU�

75Į��VHXOHV�OD�6S HW�OD�339�VRQW�pOHYpHV��



���

7DEOHDX��� � 3HUIRUPDQFH�GHV�PRGqOHV�VpOHFWLRQQpV�VXU�OHV�MHX[�GH�GRQQpHV�GH�OD�15�

'%,1'

0RGHO 6H 6S 339 139 $FF )� 0&&

$5 ����� ������ ����� ����� ����� ����� ������

(5$ ����� ����� ����� ����� ����� ����� �����

(5% ����� ����� ����� ����� ����� ����� �����

*5 ����� ��� ���� ��� ����� ����� ������

33$5* ����� ����� ����� ����� ����� ����� �����

75$ ����� ����� ����� ����� ����� ���� ������

������ 'LVFXVVLRQ

/¶K\SRWKqVH�VXU�ODTXHOOH�UHSRVH�FHWWH�pWXGH�GpFRXOH�GX�PpFDQLVPH�G¶DFWLRQ�GLUHFW�GHV�3(��F�I�

SDUDJUDSKH�,�����0pFDQLVPHV�G¶DFWLRQ�� &H�PpFDQLVPH�VWLSXOH�TXH�FHWWH�FDWpJRULH�GH�FRPSRVpV�

HVW� FDSDEOH� GH� VH� OLHU� DX� UpFHSWHXU� QXFOpDLUH� EORTXDQW� DLQVL� O¶DFWLRQ� GX� OLJDQG� HQGRJqQH� RX�

HQWUDLQDQW�O¶DFWLYDWLRQ QRQ�GpVLUpH GX�UpFHSWHXU��%LRORJLTXHPHQW��FHOD�SHXW�VH�WUDGXLUH VRLW�����

SDU�OD�FRPSpWLWLRQ�GX 3(�DYHF�OH�OLJDQG�HQGRJqQH�DX�QLYHDX�GX�VLWH�RUWKRVWpULTXH RX�����SDU�OD�

OLDLVRQ�GX�3(�DX�QLYHDX�G¶XQ�DXWUH�VLWH�DOORVWpULTXH�GX�UpFHSWHXU�QXFOpDLUH�HPSrFKDQW�OH�OLJDQG�

GH�FRUUHFWHPHQW�LQGXLUH�VRQ�DFWLYLWp��3RXU�FH�SURMHW��OH�SDUWL�SULV�GH�VH�FRQFHQWUHU�XQLTXHPHQW�

VXU�OH�VLWH�DFWLI�pWDLW�PRWLYp�SDU�GHX[�pOpPHQWV�SULQFLSDX[��/H�SUHPLHU�HVW�OD�GLVSRQLELOLWp�GH�

VWUXFWXUHV�GH�3(�FR�FULVWDOOLVpV�GDQV�OH�VLWH�DFWLI�GH�15 GDQV�OD�OLWWpUDWXUH�HW�SRXU�OHVTXHOV�OHV�

PpFDQLVPHV�PROpFXODLUHV�RQW�pWp�pWXGLpV��/H�VHFRQG� UHSRVH�VXU� OH�SULQFLSH�GH�VLPLODULWp�TXL�

VWLSXOH�TXH�GHX[�FRPSRVpV�GRQW�OD�VWUXFWXUH�HVW�VLPLODLUH�DXURQW�OD�PrPH�DFWLYLWp�ELRORJLTXH�����

&H�FRQFHSW�HVW�ODUJHPHQW�XWLOLVp�QRQ�VHXOHPHQW�HQ�WKpUDSHXWLTXH�HW�HQ�'UXJ�GHVLJQ�PDLV�DXVVL�

HQ� WR[LFRORJLH� GDQV� OHV� PpWKRGHV� GH� © 5HDG�DFURVV ª� ���� (Q� HIIHW�� LO� HVW� UHFRQQX� TXH� GH�

QRPEUHX[�3(�DJLVVHQW�DX�QLYHDX�GX�VLWH�G¶DFWLRQ�GHV�KRUPRQHV�GH�SDU�OD VLPLODULWp�GH VWUXFWXUH�

FKLPLTXH��� ��&¶HVW�OH�FDV�QRWDPPHQW�GHV�SK\WR°VWURJqQHV��OD�SUHPLqUH�FDWpJRULH GH�3(�j DYRLU�

PLV�OD�OXPLqUH�VXU�OH�PpFDQLVPH�GH�SHUWXUEDWLRQ�HQGRFULQLHQQH �����

/HV�PRGqOHV�FRQVWUXLWV�GDQV�FHWWH�pWXGH�SHUPHWWHQW�GRQF�G¶pWXGLHU�OD�FDSDFLWp�GHV�3(�j�VH�OLHU

DX�/%' GH���15�HW�QH�FRXYUHQW�GRQF�SDV�WRXV�OHV�3(�HW�WRXV�OHV�PpFDQLVPHV�GH�SHUWXUEDWLRQ�



���

HQGRFULQLHQQH��/HV� UpVXOWDWV�HQJHQGUpV�GHYURQW�rWUH�DQDO\VpV�GDQV�XQ�FDGUH�SOXV�FRPSOHW�GH�

PRGpOLVDWLRQ� G¶DXWUHV� PpFDQLVPHV� G¶DFWLRQ� HQ� SDUDOOqOH� PDLV� VXUWRXW� GH� YDOLGDWLRQ�

ELRORJLTXH�����/¶REMHFWLI�GH�FHWWH�pWXGH�HVW�GH�SURSRVHU�GHV�PRGqOHV�TXL�SRXUURQW�rWUH�XWLOLVpV

SRXU�pWDEOLU�XQH�OLVWH�GH�FRPSRVpV�j�LQYHVWLJXHU�SOXV�DPSOHPHQW�HQ�SULRULWp�PDLV�FHV�PRGqOHV�

QH�VXIILVHQW�SDV�SRXU�VWDWXHU�GpILQLWLYHPHQW�VXU�OH FDUDFWqUH�3(�G¶XQ�FRPSRVp���

8Q�DXWUH�SDUWL�SULV�UpDOLVp�SRXU�FHWWH�pWXGH HVW�OH�FKRL[�GHV�15 pWXGLpV�j�VDYRLU�$5� (5Į��(5ȕ��

*5�� 33$5Ȗ� HW 75Į�� +LVWRULTXHPHQW�� OHV� 3(� RQW� pWp� OLpV� DX[� PDQLIHVWDWLRQV� KRUPRQDOHV

VH[XHOOHV� HW�WUqV�YLWH� (5Į��(Uȕ� $5 RQW�pWp�PLV�HQ�FDXVH��3OXV�WDUG��G¶DXWUHV�15 KRUPRQDX[�

RQW�pWp�DXVVL�LQFULPLQpV�LQFOXDQW�*5�HW�75Į �����)LQDOHPHQW��OH�QRPEUH�FURLVVDQW�G¶pWXGHV�UHOLDQW�

OHV�3(�j�33$5Ȗ ��� QRXV�D�GpFLGp�j�LQFOXUH�DXVVL�FH�UpFHSWHXU��

�������� 'RQQpHV�

/D� )LJXUH� �� PRQWUDQW� OD� GLVWULEXWLRQ� GHV� SURSULpWpV� SK\VLFRFKLPLTXHV� WHO� TXH� OH� SRLGV�

PROpFXODLUH��RX�OH�&ORJ3��SRXU�OD�OLVWH�FRPSOqWH�F�I�SDUDJUDSKH�,,��������PDWpULHO�HW�PpWKRGHV��

SRXU�OHV�%�HW�1%�SRXU OHV�GLIIpUHQWV�MHX[�GH�15 QRXV�SHUPHW�GH�FRQFOXUH�TXH�OHV�GLIIpUHQFHV�

G¶DFWLYLWpV��%�1%��QH�VRQW�SDV�GXHV�XQLTXHPHQW�j�GHV�GLIIpUHQFHV�GH�FHV�SURSULpWpV�PDLV�ELHQ�j�

GHV�FDUDFWpULVWLTXHV�VWUXFWXUDOHV��

1RXV�DYRQV�XWLOLVp�XQ�8SVHW SORW �)LJXUH��� ��SRXU�LOOXVWUHU�OHV�FRPSRVpV�%�FRPPXQV�HQWUH�OHV�

MHX[�GH�GRQQpHV�GHV�GLIIpUHQWV�15�pWXGLpV��&H�JUDSKLTXH�PRQWUH�TX¶XQ�SHX PRLQV�GH�OD�PRLWLp�

GHV�FRPSRVpV�VRQW�FDSDEOHV�GH�VH� OLHU�j�DX�PRLQV���15 �����VXU�����FRPSRVpV�%� WRXV�15

FRQIRQGXV��HW�TXH���VHXO�FRPSRVp�HVW�%�SRXU�OHV���MHX[�GH�GRQQpHV�XWLOLVpV�FHWWH�pWXGH� 2XWUH�OH�

IDLW�TXH�OHV�3(�VRLHQW�FRQQXV�SRXU�OHXU�FDUDFWqUH�XELTXLWDLUH��XQH�K\SRWKqVH�TXH�QRXV�VRXKDLWRQV�

H[SORUHU�HVW�OD�SRVVLELOLWp�TXH�OHV�SRFKHV�GH�FHUWDLQV�GHV�15�pWXGLpV�SUpVHQWHQW�XQH�VLPLODULWp�

HQ�WHUPHV�GH�SURSULpWpV�SK\VLFRFKLPLTXHV��

8Q�JUDQG�QRPEUH�GH�%�HVW�FRPPXQ�HQWUH�OHV�MHX[�GH�GRQQpHV�GH�(5Į�HW�ȕ �����%�HQ�FRPPXQ�

DX�WRWDO�HQ�FRPSWDELOLVDQW�OHV����%�FRPPXQV XQLTXHV�j�(5Į HW�(5ȕ�HW FHX[�HQ�FRPPXQV�DYHF�

G¶DXWUHV�UpFHSWHXUV��&HFL�HVW�ORJLTXH�SXLVTXH�OHV���LVRIRUPHV�SUpVHQWHQW�XQH�JUDQGH�VLPLODULWp

HW�EHDXFRXS�GH�FRPSRVpV�VRQW FDSDEOH�GH�VH�OLHU�DX[�GHX[�LVRIRUPHV�DYHF�GLIIpUHQWV�QLYHDX[

G¶DIILQLWpV����� &¶HVW� DXVVL� OH� FDV� GH� FHUWDLQV� 3(� FRPPH� SDU� H[HPSOH� OHV� SK\WR°VWURJqQHV��

FRPPH�OD�JHQLVWpLQH��FRQWHQXHV�GDQV�GHV�DOLPHQWV�FRPPH�OH�VRMD�TXL�VRQW�FDSDEOHV�G¶LQWHUDJLU

DYHF�OHV���LVRIRUPHV�PDLV�DYHF�XQH�PHLOOHXUH�DIILQLWp�SRXU�(5ȕ� ��������

/H MHX�GH�GRQQpHV�GH�$5�HVW�FHOXL�FRQWHQDQW�OH�SOXV�JUDQG�QRPEUH�GH�%�HW�FHOXL�GH�75ɲ HVW�

FHOXL� SUpVHQWDQW� OH� PRLQV� GH� FRPSRVpV� %� HW� FHX[�FL� VRQW� HVVHQWLHOOHPHQW� GHV� DQWDJRQLVWHV

�)LJXUH����� /H�MHX�GH�GRQQpHV�GH�33$5Ȗ�SUpVHQWH�UHODWLYHPHQW�SHX�GH�%�DORUV�TXH�GDQV�OHV�



���

EDVHV�GH�GRQQpHV�GpGLpHV�DX[�15�FRPPH�OD�15�'%,1'������F¶HVW�O¶XQ�GHV�15�SRXU�OHTXHO�OH�

SOXV� GH� GRQQpHV� VRQW� GLVSRQLEOHV�� &HFL� SRXUUDLW� V¶H[SOLTXHU� SDU� O¶LQWpUrW� SOXV� UpFHQW� GH FHV�

UpFHSWHXUV�HQ�WDQW�TXH�FLEOH�GH�3(��� ��

/D�GLVWULEXWLRQ�GHV�SURILOV�SKDUPDFRORJLTXHV GHV�%�SRXU�FKDFXQ�GHV�15 pWXGLpV�HVW�SUpVHQWpH�

DX�QLYHDX�GH�OD�)LJXUH�����

)LJXUH���� 'LVWULEXWLRQ�GHV�SURILOV�DJRQLVWHV��$*2���DQWDJRQLVWHV��$7*2���DJRQLVWHV�

DQWDJRQLVWHV��$*2�$7*2��HW�QRQ�WHVWpV�SRXU�O¶DJRQLVPH�GHV�GLIIpUHQWV�%�GHV�MHX[�GH�

GRQQpHV�pWXGLpV

$ O¶H[FHSWLRQ�GH�$5�HW�75ɲ��EHDXFRXS�GH�FRPSRVpV�WHVWpV�SRXU�OHXU�DIILQLWp�GH�OLDLVRQ�DX[�15

Q¶RQW�SDV�HQFRUH�pWp�pYDOXpV�DYHF�GHV�WHVWV�j�JqQHV UDSSRUWHXUV�SRXU�GpWHUPLQHU�OHXUV�SURILOV�

SKDUPDFRORJLTXHV�� /HV� DXWUHV� MHX[� GH� GRQQpHV� SUpVHQWHQW� DXVVL� ELHQ� GHV� DJRQLVWHV�� GHV�

DQWDJRQLVWHV�TXH�GHV�DJRQLVWHV�DQWDJRQLVWHV� ,O�HVW�j�QRWHU�TX¶DSUqV�OD�FRQVWLWXWLRQ�GHV�MHX[�GH�

GRQQpHV�XWLOLVpV�SRXU� FHWWH� pWXGH �HQWUH������HW� ������� OD�EDVH�GH�GRQQpHV� D�PLJUp� HW� D� pWp�

UHPSODFpH�SDU�OD &RPSWR[�����/HV�UpVXOWDWV�GH�WHVWV�H[SpULPHQWDX[�RQW�pWp UDMRXWpV�DX�IXU�HW�j�

PHVXUH�HW�LO�HVW�SRVVLEOH�TXH�GH�QRXYHOOHV�GRQQpHV��QRXYHDX[ FRPSRVpV�HW�UpVXOWDWV�ELRORJLTXHV�

VRLHQW�PDLQWHQDQW�GLVSRQLEOHV�

(QILQ��OHV�SURSRUWLRQV�GHV�GLIIpUHQWV�MHX[�GH�GRQQpHV�UpYqOHQW�XQ�GpVpTXLOLEUH�HQWUH�%�HW�1%��

3RXU�WRXV�OHV�15��OH�QRPEUH�GH�1%�HVW�ODUJHPHQW�VXSpULHXU�DX�%��FH�TXL�HVW�FODVVLTXH�HW�DWWHQGX�

VDXI� SRXU *5 SRXU� OHTXHO� F¶HVW� OH� FRQWUDLUH��&H GpVpTXLOLEUH�� GDQV� XQ� VHQV� RX� O¶DXWUH� HVW� j�

SUHQGUH�HQ�FRQVLGpUDWLRQ�DX�PRPHQW�G¶DQDO\VHU�OHV�UpVXOWDWV��$LQVL� XQH�DWWHQWLRQ�SDUWLFXOLqUH D�
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pWp�FRQVDFUpH�j�pYDOXHU�OHV�SHUIRUPDQFHV�HQ�LQFOXDQW�GLIIpUHQWHV PpWULTXHV�TXL�LQFRUSRUHQW GDQV�

OHXUV�IRUPXOHV�OHV���GHVFULSWHXUV�GX�WDEOHDX�GH�FRQWLQJHQFH�j�VDYRLU�OHV�YUDLV�SRVLWLIV��93���OHV�

YUDLV�QpJDWLIV��91���OHV�IDX[�SRVLWLIV��)3��HW�OHV�IDX[�QpJDWLIV��)1���

�������� 'RFNLQJ

/HV�pWXGHV�GH�GRFNLQJ�RQW�pWp�UpDOLVpHV�DYHF���ORJLFLHOV�GH�GRFNLQJ�j�VDYRLU�3/$176��6XUIOH[�

'RFN�HW�VPLQD�DYHF�OHV���IRQFWLRQV�GH�VFRUHV�LPSOpPHQWpHV�SDU�GpIDXW L�H�GNRHV��YLQD��YLQDUGR�

HW� DG��� /H� EXW� pWDLW� G¶H[SORUHU� OHV� SHUIRUPDQFHV� G¶RXWLOV� GH� GRFNLQJ� SUpVHQWDQW GLIIpUHQWV�

DOJRULWKPHV�G¶pFKDQWLOORQQDJH�HW�GLIIpUHQWHV�IRQFWLRQV�GH�VFRUH�SRXU�pYDOXHU�OHXU�SHUIRUPDQFH��

UHFKHUFKHU� XQ� pYHQWXHO� FRPSURPLV SDUPL� OHV� UpVXOWDWV� VXU� OD� RX� OHV� VWUXFWXUHV� j� XWLOLVHU� HW�

O¶DSSURFKH�GRQQDQW�OHV�PHLOOHXUV�UpVXOWDWV�HW�DLQVL�UHQIRUFHU�OH�SURFHVVXV�GH�VpOHFWLRQ�GH�FHV���

SRLQWV�FULWLTXHV��

���������� 6pOHFWLRQ�GHV�VWUXFWXUHV��IRQFWLRQV�GH�VFRUHV�HW�DSSURFKHV�GH�GRFNLQJ

(Q�FRPSDUDQW�OHV�$8&�REWHQXHV�DYHF�OHV�GHX[�DSSURFKHV��VLQJOH�HW�HQVHPEOH�VWUXFWXUH�GRFNLQJ��

QRXV�QH�UHPDUTXRQV�DXFXQH�DPpOLRUDWLRQ VLJQLILFDWLYH TXL�QRXV�LQFLWH�j�VpOHFWLRQQHU�OD GHUQLqUH�

DSSURFKH �GX 7DEOHDX� � DX�7DEOHDX� �����(Q� HIIHW�� O¶DSSURFKH� HQVHPEOH� VWUXFWXUH� GRFNLQJ

QpFHVVLWDQW� GHV� WHPSV� GH� FDOFXO� SOXV� ORQJ��QRXV� DYRQV� GpFLGp� GH� FRQWLQXHU� DYHF� O¶DSSURFKH�

VLQJOH�VWUXFWXUH�GRFNLQJ SRXU�WRXV�OHV�15��3RXU�FKDTXH�15��XQH�VWUXFWXUH��XQ�DOJRULWKPH�GH�

GRFNLQJ�HW�XQH�IRQFWLRQ�GH�VFRUH�RQW�pWp�FKRLVLV��/H�UDWLRQQHO�GH�FH�FKRL[�HVW�GpWDLOOp�FL�GHVVRXV��

3RXU�(5Į TXL�D�IDLW�O¶REMHW�G¶XQ�DUWLFOH�GpGLp��OHV�UpVXOWDWV�QH�VRQW�SDV�UHSUpFLVpV�LFL�

3RXU�$5��QRXV�DYRQV�VpOHFWLRQQp�OD�VWUXFWXUH��E����O¶DOJRULWKPH�G¶pFKDQWLOORQQDJH�GH�VPLQD�HW�

OD�IRQFWLRQ�GH�VFRUH�GNRHV SRXU�OHVTXHOV�XQH�$8&�GH�������D�pWp�REWHQXH��,O�HVW�j�QRWHU�TXH�OD�

PHLOOHXUH�$8&� WRXWH� DSSURFKH� FRQIRQGXH� pWDLW� GH� ������ SRXU� XQ� HQVHPEOH� GH� �� VWUXFWXUHV�

�LQFOXDQW� �E����� DYHF� OH� PrPH� DOJRULWKPH� GH� UHFKHUFKH� HW� OD� PrPH� IRQFWLRQ� GH� VFRUH�� /D�

VWUXFWXUH�DVVRFLpH�j�OD�PHLOOHXUH�$8&�SRXU�FKDFXQ�GHV���SURWRFROHV�GH�GRFNLQJ�pWXGLpV�Q¶pWDLW�

SDV�OD�PrPH��&HWWH�GLIIpUHQFH�V¶H[SOLTXH�SUREDEOHPHQW�SDU�OH�SURILO�GHV�OLJDQGV�FR�FULVWDOOLVpV��

(Q�HIIHW��LO�D�pWp�GpFULW�GDQV�OD�OLWWpUDWXUH�TXH�O¶DGpTXDWLRQ�HQWUH�OH�SURILO�SKDUPDFRORJLTXH�GHV�

OLJDQGV�FLEOpV�HW�GX�OLJDQG�FR�FULVWDOOLVp�GH�OD�VWUXFWXUH�HVW�LPSRUWDQW�SRXU�DVVXUHU�GH�ERQQHV�

SHUIRUPDQFHV�GH�SUpGLFWLRQ�GHV� OLJDQGV�GHV�15�DYHF�GHV�PpWKRGHV�GH�GRFNLQJ� �����'DQV� OH�

SDUDJUDSKH�SUpFpGHQW��QRXV�DYRQV�PHQWLRQQp�TXH�OD�PDMRULWp�GHV�OLJDQGV�GX�MHX�GH�GRQQpHV�$5�

SUpVHQWH�XQ�SURILO�DJRQLVWH�DQWDJRQLVWH��2U��OD�VWUXFWXUH��E���DVVRFLpH�j�OD�PHLOOHXUH�$8&�SRXU�

$5�HVW� HQ� FRPSOH[H DYHF�XQ� OLJDQG�j�SURILO�6$50��F¶HVW� DXVVL� OH� FDV�GH� OD� VWUXFWXUH��Y�T�
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DVVRFLpH�j�OD�PHLOOHXUH�$8&�SRXU�VPLQD�DG�BVFRULQJ���$�O¶LQYHUVH� �SLU��OD�VWUXFWXUH�DVVRFLpH�

DX[� PHLOOHXUV� UpVXOWDWV� SRXU� �� SURWRFROHV� VXU� OHV� �� pYDOXpV� �VPLQD�YLQDUGR�� VPLQD�YLQD� HW�

3/$176��PDLV�DYHF�GHV�$8&�SOXV�IDLEOHV��HVW�FR�FULVWDOOLVpH�DYHF�OD�WHVWRVWpURQH��'+7���OLJDQG�

HQGRJqQH�HW�DJRQLVWH�GH�$5��

3RXU�(5ȕ����IRQFWLRQV�GH�VFRUHV�VXU���V¶DFFRUGHQW�VXU�OH�FKRL[�GH�OD�PHLOOHXUH�VWUXFWXUH ���ROV��

/D�PHLOOHXUH�$8&�WRXW�SURWRFROH�GH�GRFNLQJ�FRQIRQGX�HVW�GH�������HW�HOOH�REWHQXH�DYHF�FHWWH�

VWUXFWXUH��ROV�HQ�XWLOLVDQW�O¶DOJRULWKPH�GH�UHFKHUFKH�GH�VPLQD�HW�OD�IRQFWLRQ�GH�VFRUH�YLQD��,O�HVW�

j� QRWHU� TXH� SRXU� OHV� �� SURWRFROHV� GH� GRFNLQJ� UHVWDQWV�� VPLQD�GNRHV HW� 6XUIOH[�GRFN�� OHV�

VWUXFWXUHV� DVVRFLpHV� DX[� PHLOOHXUHV� $8&� VRQW� UHVSHFWLYHPHQW� �RPR� HW� �RPS� ����� &HV� ��

VWUXFWXUHV� GH� (5ȕ� VRQW� WRXWHV� HQ� FRQIRUPDWLRQ� DJRQLVWH��$ORUV� TXH� �RPS� HW� �RPR� VRQW� HQ�

FRPSOH[H�DYHF GHV�TXLQRORQHV�V\QWKpWLTXHV���ROV�HVW�DVVRFLpH�j�O¶HVWUDGLRO�HW�SHUPHW�G¶pWXGLHU

O¶LQWHUDFWLRQ�GX�UpFHSWHXU�DYHF�OH�OLJDQG�HQGRJqQH ����

7RXWHV� OHV� VWUXFWXUHV� GH� *5� GLVSRQLEOHV� GDQV� OD� 3'%� SUpVHQWHQW� GHV� PXWDWLRQV� QRXV�

FRQWUDLJQDQW�j�IDLUH�XQH�HQWRUVH�j�QRV�FULWqUHV�GH�VpOHFWLRQV��+LVWRULTXHPHQW��FHV�PXWDWLRQV�VRQW�

GXHV�DX[�SUREOqPHV�GH�VROXELOLWp�UHQGDQW�OH�/%'�GLIILFLOH�j�IDLUH�H[SULPHU���� $LQVL��QRXV�DYRQV�

H[DPLQp�OHV�GLIIpUHQWHV�PXWDWLRQV�GHV�GLIIpUHQWHV�VWUXFWXUHV�KXPDLQHV�HW�QRXV�DYRQV�XQLTXHPHQW�

JDUGp�FHOOHV�R��LO�Q¶\�DYDLW�SDV�GH�PXWDWLRQV�DXWRXU�GH���$�GX�OLJDQG�FR�FULVWDOOLVp���/H�SURWRFROH�

VpOHFWLRQQp�SRXU�*5�HVW�VPLQD�GNRHV�DYHF�OD�VWUXFWXUH��PGG�TXL�HVW�DVVRFLpH�j�XQH�$8&�GH�

�������7RXW�FRPPH�SRXU�$5�� OD�PHLOOHXUH�$8&� WRXWH� VWUXFWXUH� FRQIRQGXH��G¶XQH�YDOHXU�GH�

�������D�pWp�REWHQXH�DYHF�OH�PrPH�SURWRFROH�PDLV�SRXU�XQ�HQVHPEOH�GH���VWUXFWXUHV��/D�VWUXFWXUH�

�PGG� �D\DQW�DXVVL�GRQQp� OD�PHLOOHXUH�$8&�SRXU� OH� ORJLFLHO�3/$176��HW� OD� VWUXFWXUH��G[N��

DVVRFLpH�DX[�PHLOOHXUHV�$8&�SRXU�OHV���DXWUHV�IRQFWLRQV�GHV�VFRUH�GH�VPLQD��YLQDUGR��YLQD�HW�

DGB���VRQW�HQ�FRPSOH[H DYHF�XQ�OLJDQG�DQWDJRQLVWH�DORUV�TXH�OD�VWUXFWXUH��QIW��VpOHFWLRQQpH�SDU�

6XUIOH[�'RFN��HVW�HQ�FRPSOH[H DYHF�XQ�PRGXODWHXU��6*50V������/HV�SHUIRUPDQFHV�REWHQXHV��

XQ� SHX� SOXV� IDLEOHV� TXH� SRXU� $5� HW� (5ȕ�� SRXUUDLHQW� V¶H[SOLTXHU� SDU� OH� QRPEUH� UpGXLW�

G¶DQWDJRQLVWHV DX�QLYHDX�GX�MHX�GH�GRQQpHV�*5����

3RXU� 33$5Ȗ�� OD� PDMRULWp� GHV� SURWRFROHV� V¶DFFRUGHQW� VXU� OH� FKRL[� GH� OD� VWUXFWXUH� �SUJ�� /H�

SURWRFROH�FKRLVL�HVW�VPLQD�YLQDUGR�DYHF�FHWWH�PrPH�VWUXFWXUH��SRXU�OHTXHO�XQH�$8&�GH�������D�

pWp�REWHQXH��,O�HVW�j�QRWHU�TXH�GHV�$8&�OpJqUHPHQW�VXSpULHXUV��������HW��������RQW�pWp�DWWHLQWHV�

DYHF� OH� ORJLFLHO� 3/$176� SRXU� XQ� HQVHPEOH� GH� �� VWUXFWXUHV� HW� O¶DSSURFKH� VLQJOH� VWUXFWXUH�
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GRFNLQJ UHVSHFWLYHPHQW��&HSHQGDQW��O¶REMHFWLI�ILQDO�pWDQW�GH�SURSRVHU�XQ�RXWLO�GH�FULEODJH�HQ�

OLJQH��QRXV� DYRQV� FKRLVL� SRXU� IDFLOLWHU� O¶LPSOpPHQWDWLRQ�GH� O¶RXWLO�� OH�SURWRFROH� DYHF� VPLQD�

YLQDUGR��/D�VWUXFWXUH��SUJ�HVW�DVVRFLpH�j XQH�WKLD]ROLGLQHGLRQH��7'=���XQ�DQWL�GLDEpWLTXH�RUDO

�SURILO�DJRQLVWH� HW�D�O¶DYDQWDJH�SDU�UDSSRUW�DX[�DXWUHV�VWUXFWXUHV�FKRLVLHV�GH�SUpVHQWHU�XQH�SRFKH�

DVVH]�ODUJH ���� &HOD�H[SOLTXHUDLW�O¶DPSOLWXGH�GHV�$8&�XQ�SHWLW�SHX�SOXV�pOHYp TXH�OH UHVWH�GHV�

DXWUHV�15 �7DEOHDX ����

6HXOHV���VWUXFWXUHV�UpSRQGDQW�j�QRV�FULWqUHV�GH�VpOHFWLRQ�pWDLHQW�GLVSRQLEOHV SRXU�75Į�GDQV�OD�

3'%�� ,O� HVW� LPSRUWDQW� GH�PHQWLRQQHU�TXH� FHV��� VWUXFWXUHV� VRQW� HQ� FRPSOH[H DYHF�XQ� OLJDQG�

VSpFLILTXH�GH�75ȕ��6HXO�OH�ORJLFLHO�6XUIOH[�GRFN�D�SHUPLV�G¶REWHQLU�GHV�UpVXOWDWV�VDWLVIDLVDQWV

DYHF�XQH�$8&�GH�������SRXU� OD� VWUXFWXUH��K]I��3RXU� VPLQD� �HW� VHV��� IRQFWLRQV GH� VFRUH�� HW�

3/$176��WRXV�OHV�FRPSRVpV��%�HW�1%��RQW�REWHQXV�GHV�VFRUHV�pOHYpV�DYHF�GHV�PR\HQQHV�GH�

VFRUHV�pJDOHV�SRXU�OHV���FDWpJRULHV��/D�GLVWLQFWLRQ�HQWUH�%�HW�1%�Q¶pWDLW�GRQF�SDV�SRVVLEOH�FH�TXL�

VH� UHIOqWH� VXU� OHV� SHUIRUPDQFHV� GH� GRFNLQJ� �OHV�$8&��� j� ������ /H� ORJLFLHO� 6XUIOH[�GRFN� DX�

FRQWUDLUH�DVVRFLH�GH�WUqV�PDXYDLV�VFRUHV�DX[�SRVHV��SRXU�OHV�%�OHV�PR\HQQHV�YRQW�GH����j�����

DORUV�TX¶XQ�ERQ�VFRUH�HVW�DVVRFLp�j�GHV�YDOHXUV�SRVLWLYHV��HW�HQWDFKHQW� OD�FRQILDQFH�GDQV� OHV�

UpVXOWDWV� REWHQXV��&HOD� SRXUUDLW� V¶H[SOLTXHU� SDU� OH� IDLW� TXH� OHV� �� VWUXFWXUHV XWLOLVpHV� VRQW� HQ�

FRPSOH[H DYHF� GHV� OLJDQGV� VSpFLILTXHV� GH� 75ȕ� HQWUDLQDQW� SHXW� rWUH� XQH� FRQIRUPDWLRQ� QRQ�

IDYRUDEOH�GH�OD�SRFKH��3RXU�OD�VXLWH��QRXV�DYRQV�GpFLGp�G¶pOLPLQHU�OH�PRGqOH�GH�GRFNLQJ�SRXU�

OH�UpFHSWHXU�75Į�DILQ�GH�QH�SDV�LPSDFWHU�OHV�SHUIRUPDQFHV�ILQDOHV�SRXU�FH�15��

���������� 6pOHFWLRQ�GX�VFRUH�VHXLO

8QH�IRLV�OD�VpOHFWLRQ�GX�SURWRFROH�RSWLPDO�UpDOLVpH�SRXU�FKDTXH�15��XQ VFRUH�GH�GRFNLQJ�VHXLO�

�7+��D�pWp�GpILQL�HQ XWLOLVDQW�OD�FRXUEH�GH�SUpGLFWLYLWp��$�OD�GLIIpUHQFH�GH�FH�TXL�D�pWp�IDLW�GDQV�

OD�SUHXYH�GH�FRQFHSW��QRXV�Q¶DYRQV�SDV�VpOHFWLRQQp�OHV�GLIIpUHQWV�7+�FRUUHVSRQGDQW�DX[�6H�GH�

�����± ���� HW������PDLV�QRXV�DYRQV�SOXW{W�FKHUFKp�j�FKDTXH�IRLV�j�PD[LPLVHU�OD�3UpGLFWLYLWp��3��

HW�OD�6H�VLPXOWDQpPHQW��(Q�HIIHW��O¶RXWLO�VFUHHQLQJ�H[SORUHU�SHUPHW�XQH�XWLOLVDWLRQ�LQWHUDFWLYH�GH�

OD�FRXUEH�GH�SUpGLFWLYLWp�DILQ�G¶REWHQLU�DX�QLYHDX�GH�FKDTXH�SRLQW�GH�OD�FRXUEH�OHV�GLIIpUHQWHV�

6H��6S HW�3UpGLFWLYp��3��DVVRFLpHV��8QH�IRLV�TXHOTXHV�K\SRWKqVHV�GH�7+�VpOHFWLRQQpHV��QRXV�

DYRQV�DIILQp�FHWWH�VpOHFWLRQ�HQ�VXLYDQW�O¶pYROXWLRQ�GHV�GLIIpUHQWHV�DXWUHV�PpWULTXHV��$FF��0&&��

)��� 339��139�� HQ� IRQFWLRQ� GHV�PR\HQQHV� GH� VFRUH� SRXU� OHV� %�� /HV� GLIIpUHQWV�PRGqOHV� GH�

GRFNLQJ�FKRLVLV�VRQW�SUpVHQWpV�GDQV�OH )LJXUH����
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$5_�GNRHV _�7+� ��� (5$_�GNRHV _�7+� ��� (5%_�YLQD�_�7+� �����

*5�_�GNRHV _�7+� ��� 33$5*�_�YLQDUGR�_�7+� ���

)LJXUH��� � (YROXWLRQ�GHV�GLIIpUHQWHV�PpWULTXHV�HQ�IRQFWLRQ�GHV�VFRUHV�GH�GRFNLQJ�GHV�FRPSRVp�%
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�������� 0RGqOH�GH�3KDUPDFRSKRUH

0RGqOHV�6%

'HV�PRGqOHV�6%�GH�SKDUPDFRSKRUHV�RQW�pWp�JpQpUpV�j�SDUWLU�GHV�VWUXFWXUHV�H[SpULPHQWDOHV�GHV�

FRPSOH[HV� OLJDQG�UpFHSWHXU� VpOHFWLRQQpV� SRXU� FKDFXQ� GHV� �� 15�� /HV� PRGqOHV� REWHQXV�

SHUPHWWHQW� DLQVL� GH� UHSUpVHQWHU� OHV� SURSULpWpV� VWpULTXHV� HW� pOHFWURQLTXHV� LPSOLTXpHV� GDQV�

O¶LQWHUDFWLRQ� OLJDQG�UpFHSWHXU� DX� QLYHDX� GX� VLWH� GH� OLDLVRQ�� 3RXU� (5Į�� (5ȕ� HW� $5�� QRXV�

UHPDUTXRQV�TX¶XQ�JUDQG�QRPEUH�GH�PRGqOHV�6%�VRQW�UHWHQXV DSUqV�RSWLPLVDWLRQ�HW�pOLPLQDWLRQ�

GHV� SKDUPDFRSKRUHV� 6%� UHGRQGDQWV�� $� O¶LQYHUVH�� SRXU� OHV� �� DXWUHV� 15�� �� RX� �� VHXO�

SKDUPDFRSKRUH� 6%� RSWLPLVp� D� pWp� UHWHQX� DSUqV� pYDOXDWLRQ� GH� OHXUV� SHUIRUPDQFHV� �*5�� ��

PRGqOHV 6%�UHWHQX�VXU���JpQpUpV ��33$5Ȗ����PRGqOH�6%�UHWHQX�VXU����JpQpUpV ��75Į� ��PRGqOH�

6%� UHWHQX� VXU���JpQpUpV���3RXU�33$5Ȗ�� DX�SUHPLHU� WRXU�GH� FULEODJH���� VXU����GHV�PRGqOHV�

JpQpUpV� QH� VpOHFWLRQQDLHQW SDV� GH� WRXFKHV� �KLWV��� VXU� OHV� ��� UHVWDQWV� VRXPLV� DX� SURWRFROH�

G¶RSWLPLVDWLRQ��OHV�SKDUPDFRSKRUHV�GRQQDQW�XQ�UDWLR�%�1%�VXSpULHXU�j���VRQW�DX�QRPEUH�GH���

GRQW �� WRXV� UHGRQGDQWV� DYHF� OH� VHXO�PRGqOH� 6%� UHWHQX�� 3RXU�*5�� OHV� ��PRGqOHV� GH� GpSDUW�

SRVVqGHQW�EHDXFRXS�GH�SRLQWV�SKDUPDFRSKRULTXHV��HQWUH ��HW����SRLQWV��K\GURSKREHV�SRXU�OD�

PDMRULWp��$LQVL�FHWWH�VLPLODULWp�GDQV�OD�QDWXUH�GHV�SRLQWV�SKDUPDFRSKRULTXHV�IDLW�TXH�EHDXFRXS�

VRQW�UHGRQGDQWV�LQFOXV�GDQV�OH���VHXOV�6%�FRQVHUYpV���3RXU�75ɲ��GqV�OH�SUHPLHU�WRXU���VXU�OHV���

PRGqOHV�QH VpOHFWLRQQDLHQW�DXFXQH�WRXFKH��&H�GHUQLHU�FRQWHQDQW���SRLQWV�SKDUPDFRSKRULTXHV�

Q¶D�SDV�SX�rWUH�SOXV�RSWLPLVp���,O�HVW�LQWpUHVVDQW�GH�FRQVWDWHU�TXH�OHV�PRGqOHV�6%�UHWHQXV�SRXU�

$5�HW�(5ȕ�VRQW�WRXV�LVVXV�GH�VWUXFWXUHV�HQ�FRQIRUPDWLRQ�DJRQLVWH�DORUV�TXH�GHV�VWUXFWXUHV�HQ�

FRPSOH[H�DYHF�XQ�PRGXODWHXU�SRXU�$5�HW���VWUXFWXUHV�FR�FULVWDOOLVpHV�DYHF�GHV�DQWDJRQLVWHV�

SRXU�(5ȕ��IDLVDLHQW�SDUWLH�GH�OD�OLVWH�LQLWLDOH�GH�VWUXFWXUHV��/H�FRQWUDLUH�HVW�REVHUYp�SRXU�(5ɲ

SRXU�OHTXHO�OHV�SKDUPDFRSKRUHV�6%�UHWHQXV�VRQW�LVVXHV�DXVVL�ELHQ�GH�VWUXFWXUHV�HQ�FRPSOH[H�

DYHF�XQ�DJRQLVWH��XQ�DQWDJRQLVWH�PDLV�VXUWRXW�GDQV�OD�PDMRULWp�GHV�FDV�XQ�PRGXODWHXU��6(50���

$SUqV�RSWLPLVDWLRQ�GHV�SKDUPDFRSKRUHV�6%��FHUWDLQV�SKDUPDFRSKRUHV� UHWHQXV�GpULYHQW�G¶XQ�

PrPH�SKDUPDFRSKRUH�LQLWLDO��&¶HVW�QRWDPPHQW�OH�FDV�SRXU�(5Į DYHF���VWUXFWXUHV���EM����LRJ��

HW� �HUW�� TXL� RQW� FKDFXQH� SHUPLV� GH� JpQpUpV� SOXVLHXUV� SKDUPDFRSKRUHV� RSWLPLVpV�

FRPSOpPHQWDLUHV�QRQ�UHGRQGDQWV��

(QILQ��DXFXQH�GHV�VWUXFWXUHV�UHWHQXHV�SRXU�OH�GRFNLQJ�SRXU�FKDTXH�UpFHSWHXU�QH�ILJXUH�GDQV�OD�

OLVWH�GHV�VWUXFWXUHV�D\DQW�GRQQp�OLHX�j�XQ�SKDUPDFRSKRUH�6%�RSWLPLVp�HW�UHWHQX��&HFL�HVW HQ�



���

IDYHXU�GH�OD�FRPSOpPHQWDULWp�GHV�PpWKRGHV�pWXGLpV�HW�HVW�LQWpUHVVDQW�j�QRWHU�GDQV�O¶RSWLTXH�GH�

FRPELQHU�FHV�PpWKRGHV��

0RGqOHV�/%

/HV� VWUXFWXUHV� GHV� PROpFXOHV� SRXU� FKDTXH� MHX� GH� GRQQpHV pWDQW� GLIIpUHQWHV�� XQH� pWDSH� GH�

© FOXVWHULQJ ª� SUpOLPLQDLUH� pWDLW� QpFHVVDLUH�� 3RXU� FKDTXH� JURXSH� �FOXVWHU��� ��� PRGqOHV� GH�

SKDUPDFRSKRUHV�DX�PD[LPXP�RQW�pWp�JpQpUpV��FH�TXL�H[SOLTXH�OH�QRPEUH�pOHYp�GH�PRGqOHV�/%�

LQLWLDX[��&RQFHSWXHOOHPHQW�� OHV�PRGqOHV�/%�SHUPHWWHQW� G¶LGHQWLILHU�� SRXU� FKDTXH� JURXSH� GH�

PROpFXOHV� VWUXFWXUHOOHPHQW� VLPLODLUHV� HW� DOLJQpHV�� OH� PD[LPXP� GH� SURSULpWpV� FRPPXQHV�

VXSSRVpHV�QpFHVVDLUHV�SRXU�LQWHUDJLU�DYHF�OH�UpFHSWHXU��

3URWRFROH�G¶RSWLPLVDWLRQ

/H�SURWRFROH�G¶RSWLPLVDWLRQ�D�SHUPLV�GH�GLPLQXHU�OH�QRPEUH�GH�SKDUPDFRSKRUHV�LQFOXV�GDQV�

FKDTXH�JURXSHV�6%�HW�/%�SRXU�FKDTXH�15 pWXGLp�FH�TXL�UHSUpVHQWH�XQ�DWRXW�SRXU�OD�GXUpH�GX�

FULEODJH�WRXW�HQ�DPpOLRUDQW�OHV�SHUIRUPDQFHV�DVVRFLpHV��&HFL�HVW�SDUWLFXOLqUHPHQW�YLVLEOH�SRXU�

OHV� PRGqOHV� SKDUPDFRSKRULTXHV� /%� SRXU� OHVTXHOV� OH� SURWRFROH� G¶RSWLPLVDWLRQ� D� SHUPLV�

G¶DPpOLRUHU�OD�6S��OH�0&& HW�OH�339�GHV�PRGqOHV�SRXU���15��3RXU�OHV�PRGqOHV�6%��OH�SURWRFROH�

G¶RSWLPLVDWLRQ�D�SHUPLV�G¶DPpOLRUHU�OD�6H�SRXU���15 VXU����$5��(5Į HW�ȕ��VDQV�PRGLILHU�OD�6S��

3RXU�FHV�UpFHSWHXUV���OHV�SKDUPDFRSKRUHV�/%�RSWLPLVpV�SUpVHQWHQW�GRQF�GH�PHLOOHXUHV�YDOHXUV�

GH VSpFLILFLWp�DORUV�TXH�OHV�SKDUPDFRSKRUHV�6%�RQW� WHQGDQFH�j�rWUH�DVVRFLpV�j�GH�PHLOOHXUHV�

YDOHXUV�GH�VHQVLELOLWp��3RXU� OH�PRGqOH�*5�� LO� V¶DJLW�GX�FDV�FRQWUDLUH�R�� OHV�PRGqOHV�6%�VRQW�

DVVRFLpV�j�XQH�PHLOOHXUH�6S HW�OHV�PRGqOHV�/%�JpQqUHQW�GH�PHLOOHXUHV�6H��'DQV�OHV�GHX[�FDV��

FHOD GpPRQWUH� O¶LQWpUrW� GH� FRPELQHU� VHV� �� W\SHV� GH� SKDUPDFRSKRUHV� DILQ� G¶REWHQLU� GHV�

SHUIRUPDQFHV�RSWLPDOHV�SRXU�WRXWHV�OHV�PpWULTXHV�pWXGLpHV�

0RGqOHV�FRPELQpV�6%/%��

/HV�PRGqOHV�GH�SKDUPDFRSKRUHV�6%�RSWLPLVpV�HW�GH�SKDUPDFRSKRUHV�/%�RSWLPLVpV SRXU�FKDTXH�

15�RQW�pWp�FRPELQpV�HQVHPEOH�GDQV�XQ�JURXSH�DSSHOp�SKDUPDFRSKRUHV�6%/%��/HV�PRGqOHV�GH�

SKDUPDFRSKRUHV�UHGRQGDQWV��FDSDEOHV�GH�UHWURXYHU�GHV�%�GpMj�UHWURXYpV�SDU�XQ�DXWUH�PRGqOH�

SOXV�LQFOXVLI��RQW�pWp�pOLPLQpV�DX�VHLQ�GH�FKDTXH�HQVHPEOH�6%/%��/H�FDV�GH�75Į HVW�VLQJXOLHU��

SXLVTX¶DSUqV� FRPELQDLVRQ� HW� pOLPLQDWLRQ� GHV� UHGRQGDQWV�� DXFXQ� SKDUPDFRSKRUH� 6%� Q¶HVW�

FRQVHUYp��/¶HQVHPEOH�6%/%�SRXU�75Į FRUUHVSRQG�GRQF�HQ�IDLW�DX[�SKDUPDFRSKRUHV�/%��3RXU�

OHV���15�UHVWDQWV��$5��(5ɲ��(5ȕ��*5�HW�33$5Ȗ��OHV SKDUPDFRSKRUHV�6%/%�VRQW�DVVRFLpV�j�GH�

PHLOOHXUHV�YDOHXUV�GH�6H��0&&�HW�)��SDU�UDSSRUW�DX[�SKDUPDFRSKRUHV�6%�HW�/%�RSWLPLVpV�DYHF�



���

GHV�YDOHXUV�GH�6S��$FF�HW�139�OpJqUHPHQW�GLPLQXpHV�PDLV�TXL�UHVWHQW�WUqV�VLPLODLUHV�GH�FHOOHV�

GHV�PRGqOHV�/%��/D�339�FKXWH�SRXU�WRXV�OHV�PRGqOHV�6%/%�VDXI�SRXU�*5�TXL�PDLQWLHQW�XQH�

339� pOHYpH��&HWWH�PrPH� FRQVWDWDWLRQ� D� pWp� IDLWH� ORUV� GH� SUpFpGHQWV� WUDYDX[� TXL� RQW� SHUPLV�

G¶REWHQLU�GHV�PRGqOHV�6%/%�GRQW�OHV�SHUIRUPDQFHV�GpSDVVDLHQW�ODUJHPHQW�FHOOHV�GHV�PRGqOHV�

/%�HW�6%�SULV�LQGLYLGXHOOHPHQW������$X�WRWDO�����SKDUPDFRSKRUHV�6%/%�VRQW�GRQF�UHWHQXV�DYHF�

GHV� HQVHPEOHV� GH� �� �75ɲ�� j� ��� �$5�� SKDUPDFRSKRUHV� 6%/%� FRQVWLWXDQW� OHV� PRGqOHV� GH�

SKDUPDFRSKRUH�GRQW�OD�FRPELQDLVRQ�DYHF�OHV�PpWKRGHV�GH�GRFNLQJ�D�pWp�pYDOXpH�

�������� 3URWRFROH�GH�FRPELQDLVRQV�HW�VpOHFWLRQ�GHV�PRGqOHV

&HWWH�pWXGH�YLVH�j�FUpHU�GHV�PRGqOHV�FDSDEOHV�GH�SUpGLUH�OD�FDSDFLWp�GH�FRPSRVpV�j�LQWHUDJLU�

DYHF���15��/H�EXW�HVW�GRQF�G¶REWHQLU�OHV�PRGqOHV�DYHF�OH�SOXV�IRUW�SRXYRLU�SUpGLFWLI�SRVVLEOH��

HVWLPpV�JUkFH�DX[�YDOHXUV�GH�6H�HW�6S TXL�GHYUDLHQW�rWUH�OHV�SOXV�KDXWHV�SRVVLEOHV������&HSHQGDQW��

QRXV�DYRQV�REVHUYp�DX�FRXUV�GH�FHWWH�pWXGH�TX¶XQ�JDLQ�GH�6S HVW�JpQpUDOHPHQW�DVVRFLp�j�XQH�

SHUWH�GH�6H�HW�LQYHUVHPHQW��'DQV�XQ�FRQWH[WH�WR[LFRORJLTXH�WHO�TXH�FHOXL�GH�FHWWH�pWXGH��LO�HVW�

SOXV�LPSRUWDQW�GH�JDUDQWLU�TXH�OH�PRGqOH�UHWURXYH�ELHQ�WRXV�OHV�DFWLIV�L�H��OHV�PROpFXOHV�WR[LTXHV�
������� TXH�G¶pOLPLQHU� OHV�YUDLV� LQDFWLIV��/D�6H�GRLW�GRQF�rWUH�RSWLPLVpH�HQ�SULRULWp��8Q�DXWUH�

GHVFULSWHXU�GH�OD�PDWULFH�GH�FRQWLQJHQFH�LPSRUWDQW�j�pYDOXHU�HVW�OH�QRPEUH�GH�)1 TXL�GRLW�rWUH�

OH�SOXV�IDLEOH�SRVVLEOH�GDQV�XQ�FRQWH[WH�WR[LFRORJLTXH �����/HV�LQGLFDWHXUV�TXH�QRXV�FRQVLGpURQV

HQ�SULRULWp�SRXU�VpOHFWLRQQHU�QRV�PRGqOHV VRQW�OD 6H�DVVRFLpH�j OD 139��

,O�H[LVWH�GLIIpUHQWHV�PDQLqUHV�GH�UDWLRQDOLVHU�OH�FKRL[�GX�PRGqOH�HW�VRQ�pYDOXDWLRQ���� HW�LO�HVW�

GLIILFLOH� GH� WURXYHU� XQ� SURWRFROH� VWDQGDUG� j� VXLYUH� V\VWpPDWLTXHPHQW� SRXU� REWHQLU� XQ� ERQ�

PRGqOH�SRXU�FKDTXH�15��,QWXLWLYHPHQW��O¶LGpH�GH�FRPELQHU�OHV�SUpGLFWLRQV�GH�GRFNLQJ�HW�GHV�

PRGqOHV�SKDUPDFRSKRULTXHV pWDLW�DWWUD\DQWH�GDQV�O¶REMHFWLI�GH�FRPSHQVHU�OHV�³GpIDLOODQFHV´ GH�

FKDFXQH�HW�G¶DPpOLRUHU�OHV�6H�HW�OHV�6S��'HX[�PDQLqUHV�GH�SURFpGHU�j�FHWWH�FRPELQDLVRQ�RQW�pWp�

VXLYLHV��DSSHOpHV�SURWRFROHV�FRQVHQVXV�HW�KLpUDUFKLTXH��&HV�SURWRFROHV�RQW�pWp�DSSOLTXpV�VXU���

GHV���15�pWXGLpV��(Q�HIIHW��SRXU�75ɲ��OHV�SUpGLFWLRQV�REWHQXHV�DYHF�OHV�PpWKRGHV�GH�GRFNLQJ�

RQW� pWp� pFDUWpHV� FDU� OHV� SHUIRUPDQFHV� pWDLHQW� WURS� IDLEOHV�� ,O� HVW� j� QRWHU� DXVVL� TXH�� FRPPH�

PHQWLRQQp�SUpFpGHPPHQW�� DXFXQ�SKDUPDFRSKRUH�6%�Q¶D�pWp�FRQVHUYp�DSUqV�pOLPLQDWLRQ�GHV�

SKDUPDFRSKRUHV�UHGRQGDQWV�ORUV�GH�OD�FUpDWLRQ�GH�O¶HQVHPEOH�GH�SKDUPDFRSKRUHV�6%/%��3RXU�

75ɲ��OH�PRGqOH�VpOHFWLRQQp�HVW�GRQF�XQLTXHPHQW�OH�PRGqOH�GH�SKDUPDFRSKRUH�/%��&HFL�SHXW�

V¶H[SOLTXHU�SDU�OH�IDLEOH�QRPEUH�HW�OD�TXDOLWp�GHV���VWUXFWXUHV�GH�75Į UHWHQXHV��8QH�pWXGH�SOXV�

DSSURIRQGLH�GH�OD�VWUXFWXUH�HW�O¶pWXGH�G¶XQ�SURWRFROH�GH�GRFNLQJ�SURWpLQH�IOH[LEOH�DYHF�VPLQD�

SDU�H[HPSOH�VHPEOH�SDUWLFXOLqUHPHQW�SHUWLQHQW�SRXU�FH�15�



���

3RXU�$5��(5Į��(5ȕ�HW 33$5Ȗ�QRXV�UHPDUTXRQV�GHX[�WHQGDQFHV�SDUPL�OHV�PRGqOHV��G¶XQ�F{Wp�

OHV�SKDUPDFRSKRUHV�6%/%�HW�OH�PRGqOH�KLpUDUFKLTXH�FDUDFWpULVpV�SDU�GH�IRUWHV�6S HW�GH�O¶DXWUH�

OHV�UpVXOWDWV�GH�GRFNLQJ�HW�OH�PRGqOH�FRQVHQVXV�DVVRFLpV�j�GH�IRUWHV�6H��(Q�HIIHW��OHV�PRGqOHV�

KLpUDUFKLTXHV�VRQW�SOXV�VWULFWV�SXLVTX¶LO�V¶DJLW�GH�O¶LQWHUVHFWLRQ�GHV�SUpGLFWLRQV�GHV�PRGqOHV�GH�

SKDUPDFRSKRUHV�HW�GH�GRFNLQJ�HQWUDLQDQW�DLQVL�XQH�DXJPHQWDWLRQ�GX�QRPEUH�GH�YUDLV�QpJDWLIV�

�91� DVVRFLpH� PDOKHXUHXVHPHQW� j� XQH� DXJPHQWDWLRQ� GHV� )1�� $� O¶RSSRVp�� OHV� PRGqOHV�

FRQVHQVXV�VRQW�SOXV�SHUPLVVLIV�HQWUDLQDQW�HQ�FRQVpTXHQFH�XQH�GLPLQXWLRQ GHV�)1��1RXV�DYRQV�

FDOFXOp�GLIIpUHQWHV�PpWULTXHV�SRXU� pYDOXHU� HW� FRPSDUHU� OHV�PRGqOHV�JpQpUpV��&HSHQGDQW�� OHV�

SKDUPDFRSKRUHV�HW�OH�SURWRFROH�KLpUDUFKLTXH�VRQW�DVVRFLpHV�j GHV�YDOHXUV�GH�6H�H[WUrPHPHQW�

EDVVHV��DXWRXU�GH�������'DQV�OH�FRQWH[WH�WR[LFRORJLTXH�GHV�3(��FHOD�VLJQLILHUDLW�G¶pOLPLQHU�GH�OD�

OLVWH�GHV�FRPSRVpV�j�WHVWHU�HQ�SULRULWp�GH�QRPEUHX[�FRPSRVpV�TXL�VRQW�HQ�IDLW�GHV�%�GHV�15��FH�

TXL�Q¶HVW�SDV�DFFHSWDEOH��1RXV�DYRQV�GRQF�FKRLVL�GH�SULRULVHU�OD�6H�HW�OD�139�DX�GpWULPHQW�GHV�

DXWUHV�PpWULTXHV�HQ�DFFHSWDQW�OH�ULVTXH�G¶LQFOXUH�GDQV�OD�OLVWH�GHV�FRPSRVpV�j�WHVWHU�HQ�SULRULWp�

GHV�FRPSRVpV�1%�SRXU�OHV�15��

3RXU�$5��(5Į�HW�(5ȕ��QRXV�DYRQV�GRQF�FKRLVL�FRPPH�PRGqOH�GH�SUpGLFWLRQ�ILQDO�OH�SURWRFROH�

FRQVHQVXV��3RXU�FHV���15��OH�SURWRFROH�FRQVHQVXV�D�SHUPLV�GH�JpQpUHU�OHV�PHLOOHXUHV�YDOHXUV�GH�

6H�� 0&&� HW� )�� DVVRFLpHV� j� GH� SOXV� IDLEOHV� YDOHXUV� GH� 6S�� 3RXU� 33$5Ȗ�� OH� SURWRFROH� GH�

FRPELQDLVRQ� FRQVHQVXV� HW� OHV� UpVXOWDWV� GH� GRFNLQJ� SHUPHWWHQW� G¶REWHQLU� GHV� SHUIRUPDQFHV�

LGHQWLTXHV�LQFOXDQW�OD�PHLOOHXUH�6H��,O�HVW�j�QRWHU�TXH�SRXU�FH�UpFHSWHXU��OHV�YDOHXUV�GH�0&&�HW�

)��UHVWHQW�OHV�PrPHV�TXHO�TXH�VRLW�OH�SURWRFROH�XWLOLVp� 0rPH�VL OHV�SHUIRUPDQFHV�DVVRFLpHV�VRQW�

LGHQWLTXHV��QRXV DYRQV�FHSHQGDQW�GpFLGp�GH�JDUGHU�OH�SURWRFROH�FRQVHQVXV�FRPPH�PRGqOH�ILQDO�

SXLVTXH� OH� FULEODJH�SDU� OHV�SKDUPDFRSKRUHV� HVW� UHODWLYHPHQW� UDSLGH� ���SKDUPDFRSKRUHV� VRQW�

LQFOXV�GDQV�O¶HQVHPEOH�6%/%���3RXU�OHV���15 PHQWLRQQpV�FL�GHVVXV��OD�YDOHXU�GH�OD�139�HVW�

VLPLODLUH�SRXU�OHV���SURWRFROHV�FRPSDUpV�HW�HVW�VXSpULHXUH�j������

3RXU�*5��OD�WHQGDQFH�HVW�LQYHUVpH�HW�OHV�SHUIRUPDQFHV�REWHQXHV�DYHF�OH�SURWRFROH�FRQVHQVXV�HW�

KLpUDUFKLTXH�VRQW�VLPLODLUHV�j�FHOOHV�DVVRFLpHV� UHVSHFWLYHPHQW�DX[�SKDUPDFRSKRUHV�6%/%�HW�

DX[�UpVXOWDWV�GH�GRFNLQJ��/¶HQVHPEOH�GHV�SURWRFROHV�SHUPHWWHQW�G¶REWHQLU�GH�KDXWHV�YDOHXUV�GH�

6H��FH�TXL�SRXUUDLW�rWUH�OLp�j�OD�FRPSRVLWLRQ�GX�MHX�GH�GRQQpHV�LQFOXDQW�HQ�PDMRULWp�GHV�%��/HV�

UpVXOWDWV� GH� GRFNLQJ� HW� OH� SURWRFROH� KLpUDUFKLTXH� SHUPHWWHQW� G¶REWHQLU� GHV� YDOHXUV� GH� 6H�

OpJqUHPHQW� SOXV� IDLEOHV� TXH� OHV� SKDUPDFRSKRUHV� 6%/%� HW� OH� SURWRFROH� FRQVHQVXV� PDLV� GH�

PHLOOHXUHV�YDOHXUV�GH�6S��139�HW�339�HW�GH�0&&��(Q�H[DPLQDQW�OHV�SHUIRUPDQFHV�GHV�PRGqOHV�

SKDUPDFRSKRULTXHV�GH�*5��QRXV�UHPDUTXRQV�TX¶LOV�VRQW�WUqV�SHUPLVVLIV SXLVTXH�OH�QRPEUH�GH�

KLWV WURXYp�HVW�GH���� VXU���� FRPSRVpV�GH�GpSDUW��&¶HVW�SRXU�FHOD�TXH�OHV�SHUIRUPDQFHV�GX�



���

PRGqOH GH� GRFNLQJ� VRQW� VXSHUSRVDEOHV� FHOOHV GX� PRGqOH� KLpUDUFKLTXH�� $� SHUIRUPDQFHV�

VLPLODLUHV��QRXV�VpOHFWLRQQDQW�OH�PRGqOH�GH�GRFNLQJ�SDU�PDQTXH�GH�FRQILDQFH�GDQV�OH�PRGqOH�

SKDUPDFRSKRULTXH��,O�HVW�j�QRWHU�TXH�OHV���SURWRFROHV�SRXU�*5�SHUPHWWHQW�G¶REWHQLU�OHV�PrPHV�

SHUIRUPDQFHV�HQ�WHUPHV�GH�)��HW�$FF��

�������� &RQWH[WXDOLVDWLRQ��

'DQV�OH�EXW�GH�UpDOLVHU�XQH�YDOLGDWLRQ�GHV�PRGqOHV�ILQDX[�FKRLVLV�SRXU�FKDFXQ�GHV���15��QRXV�

DYRQV�GpFLGp�GH�FUpHU�GHV�MHX[�GH�GRQQpHV�SRXU�FKDTXH�UpFHSWHXU�pWXGLp�j�SDUWLU�GH�OD�EDVH�GH�

GRQQpHV� 15�'%,1'��� HW� GH� OHV� FULEOHU� DYHF� OH� PRGqOH� FRUUHVSRQGDQW�� /HV SHUIRUPDQFHV�

REWHQXHV�VXU�OHV�MHX[�GH�GRQQpHV�GH�15�'%,1'�SUpVHQWHQW�GHV�YDOHXUV�GH�6H�pOHYpHV�SRXU�WRXV�

OHV�15 VDXI�SRXU�75ɲ DVVRFLp�j�XQH�6S IDLEOH��/H�)��HVW�pOHYp�SRXU�WRXV�VDXI�SRXU�75ɲPRQWUDQW�

XQH�ERQQH�KDUPRQLH�HQWUH� OD� VSpFLILFLWp�HW� OD�SUpFLVLRQ� �339���7RXWHIRLV�� FRQWUDLUHPHQW�DX[�

SHUIRUPDQFHV�REWHQXHV�DYHF�OH�MHX�(3$��OH�139�HVW�DVVH]�IDLEOH�SRXU�WRXV�OHV�15 �HW�PrPH�

pJDOH�j���SRXU�*5��� LQGLTXDQW�XQ�QRPEUH�pOHYp�GH�)1�L�H�XQ�JUDQG�QRPEUH�GH�FRPSRVpV�%�

SUpGLWV�FRPPH�1%�FH�TXL�HVW�HQ�DFFRUG�DYHF�OD�6S IDLEOH�HW�OHV�YDOHXUV�GH�0&&�QpJDWLYHV��&HFL�

HVW�XQ�UpVXOWDW�GpFHYDQW�SXLVTXH�QRXV�DYRQV�PLV�O¶DFFHQW�GDQV�OD�VpOHFWLRQ�GHV�PRGqOHV�ILQDX[�

VXU� OHXU� FDSDFLWp� j� QH� SDV� H[FOXUH� GH�%�� 3RXU�75ɲ�� OH�PRGqOH� ILQDO� HVW� FRQVWLWXp� GHV� VHXOV�

SKDUPDFRSKRUHV�/%�FH�TXL�SHXW�H[SOLTXHU�OD�IRUWH�VSpFLILFLWp�REWHQXH��

3RXU�MXVWLILHU�FHV�IDLEOHV�SHUIRUPDQFHV��GHX[�K\SRWKqVHV�VRQW�HQYLVDJpHV��/D�SUHPLqUH�HVW�OLpH�

DX�QRPEUH�WUqV�IDLEOH�GHV�1%�LQFOXV�GDQV�OHV�MHX[�GH�GRQQpHV�H[WUDLWV�GH�OD�15�'%,1'�DYHF�

XQ�UDWLR�%�1%�LQYHUVp�SDU�UDSSRUW�DX[�GRQQpHV�GH�OD�15�'%,1'�VDXI�SRXU�*5��(Q�HIIHW��OHV�

1%�LQFOXV�GDQV�OHV�MHX[�GH�GRQQpHV�GH�OD�15�'%,1'�RQW�pWp�FROOHFWpV�DSUqV�XQH�UHYXH�LQWHQVLYH�

GH� OD� OLWWpUDWXUH�� PDLV� OH� PDQTXH� GH� SXEOLFDWLRQV� GH� UpVXOWDWV� QpJDWLIV� OLPLWH� OH� QRPEUH� GH�

FRPSRVpV� GLVSRQLEOHV� j� FHW� HIIHW� ��������� 8QH� VROXWLRQ� DILQ� GH� SDOOLHU� FH� SUREOqPH� VHUDLW�

G¶DXJPHQWHU OH�QRPEUH�GH�1%�DILQ�GH�UpDOLVHU�XQ�QRXYHDX�FULEODJH�DYHF�OHV�PRGqOHV�ILQDX[�HW�

DQDO\VHU�OHV�SHUIRUPDQFHV�REWHQXHV��,O�VHUDLW�SDU�H[HPSOH�SRVVLEOH�G¶LQFOXUH�GHV�1%�VXSSRVpV�

RX�GHFR\V�HQ�XWLOLVDQW�OD�EDVH�GH�GRQQpHV�HW�OH�JpQpUDWHXU�GH�OHXUUHV��GHFR\V� GH�OD�'8'�(�����

0DOKHXUHXVHPHQW� XQH OLPLWDWLRQ WHFKQLTXH� GX� JpQpUDWHXU� GH� GHFR\V GH� OD� '8'�(� QRXV� D�

FRQWUDLQW�j�QH�SDV�SRXYRLU�JpQpUHU�OHV�GHFR\V j�WHPSV� 1RXV�UHPHWWRQV�FH�WUDYDLO�G¶pYDOXDWLRQ�j�

XQH�GDWH�XOWpULHXUH��

8QH�GHX[LqPH�K\SRWKqVH�VHUDLW�TXH�OHV�MHX[�GH�GRQQpHV�GH�OD�15�'%,1'�HW�GH�O¶(3$�VRQW�WURS�

GLIIpUHQWV�DX�QLYHDX�GHV� VWUXFWXUHV� LQFOXHV��(Q�HIIHW�� OHV�FRPSRVpV� LQFOXV�GDQV�FHWWH�EDVH�GH�



���

GRQQpHV�L�H�OHV�%�HW�1%��RQW�XQH�YRFDWLRQ�GUXJOLNH FRQWUDLUHPHQW�DX[�3(�TXL�HX[�LQFOXHQW�XQH�

JUDQGH�YDULDELOLWp�VWUXFWXUDOH��3RXU�FH�IDLUH��QRXV�DYRQV�GpFLGp�GH�YLVXDOLVHU�O¶HVSDFH�FKLPLTXH�

GDQV�OHTXHO�VRQW�FRQWHQXV�OHV�GHX[�MHX[�GH�GRQQpHV�DLQVL�TXH�OD�GLVWULEXWLRQ�GHV�%�HW�GHV�1%�GH�

FKDTXH�MHX�GDQV�FHW�HVSDFH��1RXV�QRXV�VRPPHV�SRXU�FHOD�EDVpV�VXU�OHV�YLVXDOLVDWLRQV�W�61(����

�W�GLVWULEXWHG� VWRFKDVWLF� QHLJKERU� HPEHGGLQJ�� SRXU� FKDTXH� 15 UpDOLVpHV� DYHF� OH� ORJLFLHO�

'DWD:DUULRU���� j�SDUWLU�GHV�VWUXFWXUHV�60,/(6�GHV�GLIIpUHQWHV�PROpFXOHV��&HOD�D�FRQILUPp�HQ�

SDUWLH�QRWUH�K\SRWKqVH�HW�D�SHUPLV�GH�UpYpOHU�TXH�OHV�%�HW�1%�GH�OD�15�'%,1'�pWDLHQW WUqV�

VLPLODLUHV�HW�QH�UHFRXYUDLHQW�TX¶XQH�SDUWLH�GH�O¶HVSDFH�GHV�FRPSRVpV�%�LVVXHV�GHV�MHX[�GH�O¶(3$��

&HOD� UHPHW� HQ� TXHVWLRQ� OD� SHUWLQHQFH GH� OD� 6$/,�PDS� XWLOLVpH� SRXU� UHSUpVHQWHU� OHV� HVSDFHV�

FKLPLTXHV�GDQV�OD�SUHXYH�GX�FRQFHSW��

$LQVL�� FHWWH� DQDO\VH� D� SHUPLV� GH� PHWWUH� OD� OXPLqUH� OD� QpFHVVLWp� GH� FRQWUDLQGUH� OH� FRQWH[WH�

G¶XWLOLVDWLRQ�GH�QRV�PRGqOHV�G¶XQH�SDUW�GDQV�VRQ�FRQWH[WH�G¶LQWHUSUpWDELOLWp��WKpUDSHXWLTXH�RX�

WR[LFRORJLTXH�� PDLV� VXUWRXW� FRQFHUQDQW� OH� GRPDLQH� G¶DSSOLFDELOLWp� �$'�� TXL� DIIHFWH� HQ�

SDUWLFXOLHU�OHV�PRGqOHV�/%��

'H�SOXV�� OHV� UpVXOWDWV�HW� OHV� LQWHUSUpWDWLRQV�GRLYHQW�rWUH� IDLWV�HQ�FRQVLGpUDQW�TXH�FH�TXH�QRXV�

FKHUFKRQV ��OD�FDSDFLWp�GHV�FRPSRVpV�j�VH�OLHU�DX[�15 HW�QRQ�OHXU�LQQRFXLWp�HQ�DEVROXH��6L�OHV�

FRPSRVpV� GH� GpSDUW� VRQW� FRQQXV� SRXU� rWUH� WR[LTXHV� RX� GHV� 3(� UHFRQQXV� OHV� PRGqOHV� GH�

SUpGLFWLRQ�GH�OLDLVRQ�DX[�15 SUpVHQWpV�GDQV�FHWWH�pWXGH�SHUPHWWURQW�GH�SUpGLUH�V¶LOV�DJLVVHQW�YLD�

XQ� PpFDQLVPH� GLUHFW� RX� QRQ�� 'DQV� OH� FDV� G¶XQH� FDPSDJQH� GH� FULEODJH� j� OD� UHFKHUFKH� GH�

SRWHQWLHOV� 3(�� OHV� PRGqOHV� SUpVHQWpV� SHUPHWWURQW� G¶pWDEOLU� XQH� OLVWH� GH� FRPSRVpV� j� WHVWHU�

H[SpULPHQWDOHPHQW��(QILQ��GDQV�XQ�FRQWH[WH�GH�GUXJ�GHVLJQ��OHV�PRGqOHV�LFL�GpFULWV�SRXUUDLHQW�

UHQVHLJQHU� VXU� OD� SRVVLELOLWp� TX¶XQ� FRPSRVp� VH� OLH� DX[� 15 TXL� SRXUUDLW� rWUH� VRLW� OD� FLEOH�

WKpUDSHXWLTXH� VRLW� XQH� DQWL�FLEOH�� PDLV� OHV� SHUIRUPDQFHV� REWHQXHV� DYHF� OD� 15�'%,1'�

Q¶HQFRXUDJH�SDV�FHWWH�DSSOLFDWLRQ��



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�$5��3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�����

HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%����



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�(5ɲ͘�3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�����

HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%����



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�(5ɴ͘�3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�����

HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%����



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�*5��3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�����

HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%����



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�33$5Ȗ��3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�

����HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%����



���

)LJXUH��� � 'LVWULEXWLRQ�GHV�FRPSRVpV�%�HW�1%�GX�MHX�GH�GRQQpHV�GH�O¶(3$�HW�FHOXL�GH�OD�15�

'%,1'�SRXU�OH�UpFHSWHXU�75ɲ͘�3RXU�FKDTXH�MHX�GH�GRQQpHV��/HV�FDUUpV�UHSUpVHQWHQW�OHV�%�����

HW�OHV�URQGV�UHSUpVHQWHQW�OHV�1%����

�������� 0LVH�HQ�DSSOLFDWLRQ

/¶REMHFWLI�GH�FH�SURMHW�pWDLW�GH�SURSRVHU�XQ�RXWLO�UHJURXSDQW�GHV�PRGqOHV�6% HW�/%�SUpGLVDQW�OD�

FDSDFLWp�GHV�FRPSRVpV�FKLPLTXHV�j�VH�OLHU�DX[�15��GDQV�O¶RSWLTXH�G¶LGHQWLILHU�UDSLGHPHQW�GH�

SRWHQWLHOV�3(�GHYDQW�rWUH�SOXV�DPSOHPHQW�LQYHVWLJXpV��/HV�15 pWDQW�QRPEUHX[��RQ�HQ�FRPSWH�

��� FKH]� O¶KRPPH�� HW� SDU� FRQWUDLQWH� GH� WHPSV�� QRXV� DYRQV� UHVWUHLQW� FH� WUDYDLO� j� �� 15

SULQFLSDOHPHQW�OLpV�j�OD�SUREOpPDWLTXH GHV�3(��/¶RXWLO�GH�SUpGLFWLRQ��XQH�IRLV�WHUPLQp��SHUPHWWUD�

GH�IRXUQLU�XQH�SUpGLFWLRQ�TXDOLWDWLYH�UHODWLYH�j�FKDTXH�15 VH�PDWpULDOLVDQW�VRXV�IRUPH�GH�OLVWH�

GH� SULRULWpV� j� WURLV� QLYHDX[� © +DXW ª�� © LQWHUPpGLDLUH ª� HW� © IDLEOH ª�� &HWWH� OLVWH� SRXUUD� rWUH�

XWLOLVpH�FRPPH�© WKHUPRPqWUH ª�SRXU�VDYRLU�TXHOV�FRPSRVpV�VRQW�j�WHVWHU�HQ�XUJHQFH�SHUPHWWDQW�

DLQVL�GH�PLHX[�RULHQWHU�OHV�UHVVRXUFHV�HW�G¶RSWLPLVHU�OH�WHPSV�QpFHVVDLUH�j�O¶LGHQWLILFDWLRQ�GH�

QRXYHDX[� 3(�� $ILQ� GH� PRQWUHU� XQ� H[HPSOH� G¶DSSOLFDWLRQ� GH� O¶RXWLO� GH� SUpGLFWLRQ�� QRXV�

SUpVHQWRQV�LFL�OHV�UpVXOWDWV�SUpOLPLQDLUHV�REWHQXV�DYHF�OD�('/LVW�,�����&HWWH�OLVWH�FRQWLHQW�GHV�

VXEVWDQFHV�TXL�RQW�pWp�pYDOXpHV�SRXU�OHXUV�SURSULpWpV�SHUWXUEDWULFHV�GX�V\VWqPH�HQGRFULQLHQ�HW�

OpJDOHPHQW�LGHQWLILpHV�FRPPH�3(�VHORQ�GLIIpUHQWHV�UpJOHPHQWDWLRQV�GH�O¶8(�L�H�3335��3ODQW�



���

3URWHFWLRQ�3URGXFW�5HJXODWLRQ���%35��%LRFLGDO�3URGXFW�5HJXODWLRQ��RX�5($&+��5HJLVWUDWLRQ��

(YDOXDWLRQ��$XWKRULVDWLRQ�DQG�5HVWULFWLRQ�RI�&KHPLFDOV���

,O� HVW�j�QRWHU�TX¶LO�HVW� WUqV�GLIILFLOH�GH� WURXYHU�GHV�GRQQpHV�VXU� OHV�3(�QRQ� LQFOXVHV�GDQV� OHV�

GRQQpHV�GH�O¶(3$��/D�SOXSDUW�GHV�FRPSRVpV�GH�O¶('/LVW�,�RQW�G¶DLOOHXUV�GpMj�pWp�WHVWpV�SRXU�OH�

ELQGLQJ�HW�VRQW�LQFOXV�GDQV�QRV�GRQQpHV�G¶HQWUDLQHPHQW��1RXV�DYRQV�GRQF�pFDUWp�FHV�FRPSRVpV�

HW�QRXV�DYRQV�FULEOp�OH�UHVWH�DYHF�QRV�PRGqOHV��$X�WRWDO�OH�FULEODJH�V¶HVW�IDLW�VXU���� PROpFXOHV�

HW�OHV�GLIIpUHQWHV�SUpGLFWLRQV�VRQW�LOOXVWUpHV�GDQV�OH 7DEOHDX�����

7DEOHDX��� � %LODQ�GHV�FDWpJRULHV�SUpGLWHV�SRXU�OHV�GLIIpUHQWV�3(�GH�OD�('/LVW

'%
3UREDELOLWp�IRUWH

© +LJK ª

3UREDELOLWp�PR\HQQH

©0RGHUDWH ª

3UREDELOLWp�IDLEOH

© /RZ ª

$5 ��� ��� ���

(5$ ��� ��� ���

(5% ��� ��� ���

*5 � ��� ���

33$5* � ��� ���

75$ � �� ���

%LHQ� TXH� FHV� UpVXOWDWV� VRLHQW� OH� UHIOHW� GH� OD� FDSDFLWp� GH� SUpGLFWLRQ� GH� QRV� PRGqOHV�� QRXV�

UHPDUTXRQV�WRXWHIRLV�TXH�EHDXFRXS�GH�FRPSRVpV�RQW�pWp�SUpGLWV�FRPPH�D\DQW�XQH�SUREDELOLWp�

IDLEOH�GH�VH�OLHU�DX[�GLIIpUHQWV�15��/¶8SVHW SORW GH�OD�)LJXUH�����PRQWUH�OD�GLVWULEXWLRQ�GH FHV�

FRPSRVpV�SUpGLWV�© ORZ ª SDU�OHV�GLIIpUHQWV�PRGqOHV�GH�15��$LQVL����� FRPSRVpV�VXU�OHV�����

WHVWpV VRQW�DXVVL�SUpGLWV�FRPPH�1%�SDU�OD�WRWDOLWp�GHV�15��'H�SOXV��OH�PRGqOH�GH�75ɲ HVW�DVVRFLp�

DX�SOXV�JUDQG�QRPEUH�GH�SUpGLFWLRQV�© /RZ ª�GHV�GLIIpUHQWV�PRGqOHV�DYHF�����FRPSRVpV��&HFL�

SHXW�V¶H[SOLTXHU�SDU�XQ�SOXV�IDLEOH�QRPEUH�GH�3(�FDSDEOH�G¶LQWHUDJLU�DYHF�75ĮPDLV�DXVVL�SDUFH�

TXH�OH�PRGqOH�GH�75Į UHSRVH�VXU�OHV�SKDUPDFRSKRUHV�/%�XQLTXHPHQW�DYHF�GHV�SHUIRUPDQFHV�

DVVH]�UpGXLWHV�
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)LJXUH���� 8SVHW SORW�GHV�GLVWULEXWLRQV�GHV�FRPSRVpV�SUpGLWV�FRPPH�D\DQW�XQ�IDLEOH�

SUREDELOLWp��/2:��GH�VH�OLHU�DX�15 FRUUHVSRQGDQWV�j�QRV�PRGqOHV

'DQV� FH� FRQWH[WH� G¶DQDO\VH�� RXWUH� OD�PLVH� HQ� FDXVH� GHV� SHUIRUPDQFHV� GH� QRV�PRGqOHV�� FHOD�

SRXUUDLW�PRQWUHU�TXH�FHV�����FRPSRVpV��DJLVVHQW�YLD�OH�PpFDQLVPH�GLUHFW�VXU�G¶DXWUHV�15 QRQ�

PRGpOLVpV� LFL� RX� DYHF� G¶DXWUHV� PpFDQLVPHV� GLIIpUHQWV� GH� OD� OLDLVRQ� GLUHFWH�� $LQVL� LO� VHUDLW�

LQWpUHVVDQW�GH�UpDOLVHU�FRPPH�VXLWH�GH�FH�WUDYDLO�GHV�PRGqOHV�GH�SUpGLFWLRQ�FRUUHVSRQGDQWV�DX[�

DXWUHV� 15 SHUWLQHQWV� GDQV� OH� FRQWH[WH� GHV� 3(� HW� DX[� GLIIpUHQWV� PpFDQLVPHV� FRQQXV� HW�

PRGpOLVDEOHV�� /H� GpWDLO� GHV� SUpGLFWLRQV� REWHQXHV� SRXU� OHV� ��� PROpFXOHV� GH� O¶('/LVW� , HVW�

SUpVHQWp�HQ�DQQH[HV�

������ 3HUVSHFWLYHV

�������� &RQVWLWXWLRQ�HW�FRPSRVLWLRQ�GHV�MHX[�GH�GRQQpHV�

/D�FROOHFWH�GHV�GRQQpHV�FRQVWLWXH�XQH�GLIILFXOWp�PDMHXUH�ORUV�GH�OD�UpDOLVDWLRQ�GX�SURMHW��(Q�HIIHW��

OH�EXW�pWDLW�GH�EDVHU QRV� WUDYDX[�VXU�XQ�HQVHPEOH�GH�FRPSRVpV�j�FDUDFWqUHV�WR[LFRORJLTXH�HW�

G¶XWLOLVHU�GHV�YUDLV�LQDFWLIV��3RXU�FH�IDLUH��QRXV�DYRQV�XWLOLVp�DX�GpSDUW�OH�WDEOHDX�GH�ERUG�7R[FDVW�

j�SDUWLU�GXTXHO�QRXV�DYRQV�WpOpFKDUJp�QRWUH�EDVH�GH�GRQQpHV�SRXU�OH�PRGqOH�(5Į� &HWWH�EDVH�D�



���

FHSHQGDQW�PLJUp�YHUV� OD�&RPSWR[� WRXMRXUV�HQ�FRXUV�GH�GpYHORSSHPHQW��&HOD�D�FRQGXLW�j�XQ�

PDQTXH�GH�GRQQpHV�SRXU�FHUWDLQV�15 HW�SRVH�XQ�VRXFL SRXU�OD�UHSURGXFWLELOLWp�GX�SURWRFROH�GH�

SUpSDUDWLRQ�GHV�EDVHV�GH�GRQQpHV�SXLVTXH�FHV�GRQQpHV�RQW�pYROXp�HQWUH�OH�PRPHQW�GH�OD�FROOHFWH�

HW�DXMRXUG¶KXL��

���������� &RPSRVLWLRQ�G¶XQ�MHX�GH�GRQQpHV

%HDXFRXS�GH�FRPSRVpV�ILJXUDQW�GDQV�OD�EDVH�GH�GRQQpHV�VRQW�VXVSHFWpV�RX�DYpUpV�GDQJHUHX[��

7RXWHIRLV��OH�WHVW�GH�ELQGLQJ�VXU�OH�FRPSRVp�SHXW�SDUIRLV�rWUH�ELDLVp�FDU�LO QH�WLHQW�SDV�FRPSWH�

GX�IDFWHXU�GH�PpWDEROLVPH��(Q�HIIHW��FHUWDLQV�3(�DYpUpV�QH�VRQW�SDV�FDSDEOHV�GH�VH�OLHU�DX[�15

GLUHFWHPHQW��FH�VRQW�OHXUV�PpWDEROLWHV�TXL�VRQW�UHVSRQVDEOHV�GH�OD�3(�HQ�VH�OLDQW�DX[�15��&¶HVW�

QRWDPPHQW�OH�FDV�GX 0pWKR[\FKORU��PpWDEROLVp�LQ�YLYR HQ������ELV��S�K\GUR[\SKpQ\O�� ������

WULFKORURHWKDQH� �+37(�� DQG� ����ELV��S�K\GUR[\SKpQ\O�� ������GLFKORURHWKDQH� �+3'(���� &HV�

PpWDEROLWHV�HW�QRWDPPHQW�OH�+37(�LQWHUDJLVVHQW�DYHF�OHV�(5�HW�$5�����

3DU�DLOOHXUV�LO�V¶HVW�DYpUp�TX¶j�OD�VXLWH�GX�ELQGLQJ�GHV�3(�DX[�15��GHX[�YRLHV�SRXYDLHQW�rWUH�

DFWLYpHV ��OD�YRLH�JpQRPLTXH�HW�OD�QRQ�JpQRPLTXH�UHVSHFWLYHPHQW�OLpHV�j�GHV�IRUWHV�HW�IDLEOHV�

DIILQLWpV�GH�OLDLVRQ�GX�OLJDQG���/D�YRLH�JpQRPLTXH�HVW�FHOOH�TXL�DIIHFWH�OD�OLDLVRQ�GH�(5�DYHF�

O¶$'1�RX�j�G¶DXWUHV�15 VH�OLDQW�SDU�OD�VXLWH�j� O¶$'1�QpFHVVLWDQW�DLQVL�XQH�IRUWH�DIILQLWp�GX�

FRPSRVp�SRXU�OH�UpFHSWHXU��/RUV�GH�OD�YRLH�QRQ�JpQRPLTXH��O¶H[SRVLWLRQ�DX[�HVWURJqQHV�HQWUDLQH�

XQH�DFWLYDWLRQ�UDSLGH�G¶XQH�FDVFDGH�GH�NLQDVHV TXL�SHXW�VH�PDQLIHVWHU�PrPH�DYHF�XQH�IDLEOH�

DIILQLWp������(Q�HIIHW��XQH�pWXGH�PHQpH�VXU�XQH�ODUJH�JDPPH�GH�FRPSRVpV�HQYLURQQHPHQWDX[�D�

UpYpOp� TXH� OHV� 3(� pWDLHQW� FDUDFWpULVpV� SDU� XQH� GLYHUVLWp� VWUXFWXUDOH� HQ� SOXV� GX� IDLW� G¶DYRLU�

SOXVLHXUV�LQWHUYDOOHV�G¶DIILQLWpV�DOODQW�GX�VXE�QDQRPRODLUH�DX�PLFURPRODLUH������$LQVL��LO�VHUDLW�

LQWpUHVVDQW� G¶pWDEOLU� GHX[� PRGqOHV� VXU� OHV� EDVHV� GHV� DIILQLWpV� DILQ� GH� PLHX[� FHUQHU� OHV�

FDUDFWpULVWLTXHV� GHV� 3(� HW� PLHX[� FRPSUHQGUH� OHXU� PpFDQLVPH� G¶DFWLRQ����� 7RXWHIRLV�� XQH�

YLJLODQFH�LPSRUWDQWH�GRLW�rWUH�DFFRUGpH�ORUV GH�O¶LQWHUSUpWDWLRQ�GH�FHV�UpVXOWDWV�GH�PRGpOLVDWLRQ�

SDU�DIILQLWp�FDU�OHV�FRQFHQWUDWLRQV�GHV�FRPSRVpHV�SRXU�OHV�WHVWV�QH�VRQW�SDV�PHQWLRQQpHV��

(QILQ��LO�IDXW�PHQWLRQQHU�TXH�OHV�SURILOV�DJRQLVWHV��DQWDJRQLVWHV�GHV�GLIIpUHQWV�FRPSRVpV�WHVWpV�

SRXU� OH� ELQGLQJ VRQW� LVVXV� GH� FRQFDWpQDWLRQ� GHV� UpVXOWDWV� GHV� GLIIpUHQWV� WHVWV� ELRORJLTXHV�

GLVSRQLEOHV� DX�QLYHDX�GX� WDEOHDX�GH�ERUG�&RPSWR[��/HV�SURILOV� RQW� pWp� UHOHYpV�GDQV�XQ�EXW�

SURVSHFWLI�SRXU�SRWHQWLHOOHPHQW�REVHUYHU�XQH�WHQGDQFH�GRPLQDQWH�DX[�QLYHDX[�GHV�FRPSRVpV�

%���7RXWHIRLV��j�O¶DYHQLU�SRXU�PRGpOLVHU�FHV�DFWLYLWpV�JpQRPLTXHV��LO�IDXGUD�SUrWHU�XQH�DWWHQWLRQ�

SDUWLFXOLqUH�DX[�GLIIpUHQWV�WHVWV�HW�UpVXOWDWV�VHORQ�OHV�UHFRPPDQGDWLRQV�GH�OD�OLWWpUDWXUH���������������



���

���������� 'pVpTXLOLEUH�GHV�MHX[�GH�GRQQpHV HW�YDOLGDWLRQ

3RXU� QRV� GLIIpUHQWV� PRGqOHV� VDXI� *5�� QRXV� FRPSWRQV� XQ� LPSRUWDQW� GpVpTXLOLEUH� HQWUH� OHV�

GRQQpHV�DFWLYHV�HW�LQDFWLYHV��%LHQ�TXH�FH�GpVpTXLOLEUH�VRLW�UHSUpVHQWDWLI�GH�OD�UpDOLWp��LO�DPqQH�

XQ�ELDLV�DX�QLYHDX�GHV�SHUIRUPDQFHV�TX¶LO�IDXW�LQWHUSUpWHU�DYHF�VRLQ��&H�SUREOqPH�D�pWp�DQDO\Vp�

DX�QLYHDX�GH�OD�UHYXH�SUpVHQWpH�GDQV�OD�VHFWLRQ�;;��GDQV�ODTXHOOH�QRXV�DYRQV�OLVWp�OHV�GLIIpUHQWHV�

PpWKRGHV DERUGpHV�SRXU�OH�VXUPRQWHU��,FL��QRXV�DYRQV�FKRLVL�GH�QRXV�EDVHU�VXU�XQ�HQVHPEOH�GH�

PpWULTXHV� SDUPL� OHVTXHOOHV� FHUWDLQHV� �0&&� HW� )��� SHUPHWWHQW� GH� SUHQGUH� HQ� FRPSWH� OH�

GpVpTXLOLEUH�GDQV�OH�MHX�GH�GRQQpHV��8QH�DXWUH�SLVWH�G¶DPpOLRUDWLRQ�DXUDLW�SX�rWUH�GH�UpGXLUH OH�

QRPEUH�G¶LQDFWLIV�j�SURSRUWLRQ�DYHF�XQH�DSSURFKH�G¶ © 8QGHU�VDPSOLQJ ª �����/H�SULQFLSH�GH�

FHWWH�PpWKRGH� HVW� GH� GLYLVHU� DOpDWRLUHPHQW� OHV� FRPSRVpV� LQDFWLIV� HQ� Q� VRXV�JURXSHV� GRQW� OH�

QRPEUH�HVW�SURSRUWLRQQHO�DX�QRPEUH�G¶DFWLIV��$LQVL��Q MHX[�G¶HQWUDLQHPHQW� VRQW�REWHQXHV�HW�

XWLOLVDEOHV�SRXU�JpQpUHU�Q PRGqOHV��/H�PRGqOH�OH�SOXV�UpFXUUHQW�RX�OH�SOXV�SHUWLQHQW�HVW�HQVXLWH�

FKRLVL�VHORQ�OH�FRQWH[WH��

)LJXUH��� � 3URWRFROH�G¶�© XQGHUVDPSOLQJ ª SHUPHWWDQW�GH�UHPpGLHU�DX�GpVpTXLOLEUH�HQWUH�

DFWLIV�HW�LQDFWLIV�G¶DSUqV�����



���

�������� 0RGqOH�GH�GRFNLQJ

/HV�PpWKRGHV�GH�GRFNLQJ�VH�VRQW�LPSRVpHV�GHSXLV�OHXUV�FUpDWLRQ�FRPPH�OD�UpIpUHQFH�HQ�WHUPHV�

GH�PpWKRGHV�6%������(OOHV�UHSRVHQW�FRPPH�OHXU�QRP�O¶LQGLTXH�VXU�XQH�VWUXFWXUH�GH�OD�SURWpLQH��

/H�FKRL[�GH�OD�RX�GHV�VWUXFWXUHV�j�XWLOLVHU�FRPPH�SRLQW�GH�GpSDUW��FULWLTXH�HQ�GRFNLQJ�SURWpLQH�

ULJLGH�UHVWH�GLIILFLOH���

,O�H[LVWH�GDQV�OD�3'%�GHV�3(�FRQILUPpV�FR�FULVWDOOLVpV DYHF�OHV�15 VXU�OHVTXHOV� LOV�DJLVVHQW��

&HUWDLQHV�GHV�VWUXFWXUHV�FRQVLGpUpHV�SRXU�QRWUH�pWXGH�IRQW�PrPH�SDUWLH�GH�FHWWH�FDWpJRULH��3DU�

H[HPSOH� OD� VWUXFWXUH� �[�M� UHSUpVHQWH� OH� FULVWDO� GX� FRPSOH[H� (5ɲ DYHF� OD� *HQLVWHLQ�� XQ�

SK\WR°VWURJqQH�FRQQX�SRXU�rWUH�XQ�3(��/D�VWUXFWXUH��HUG�UHSUpVHQWH�DXVVL�OH�PrPH�UpFHSWHXU�

HQ�FRPSOH[H DYHF�OH�GLpWK\OVWLOEHVWURO��'(6���&HSHQGDQW��OHV�UpVXOWDWV�GH�GRFNLQJ�RQW�PRQWUp�

TXH�FHV�VWUXFWXUHV�Q¶pWDLHQW�SDV�FHOOHV�TXL�GRQQDLHQW�OHV�PHLOOHXUV�UpVXOWDWV��

3DU�DLOOHXUV��OHV�3(�D\DQW�XQH�DIILQLWp GH�OLDLVRQ�SOXV�IDLEOH�TXH�OHV�OLJDQGV�HQGRJqQHV�����LO�DXUDLW�

pWp�LQWpUHVVDQW�G¶H[SORUHU�DXVVL�GHV�VWUXFWXUHV�HQ�FRPSOH[H�DYHF�GHV�DJRQLVWHV�RX�DQWDJRQLVWHV�

SDUWLHOV�HW�HQ�O¶RFFXUUHQFH�LQFOXUH�GHV�VWUXFWXUHV�KXPDLQHV�PrPH�DYHF�GHV�PXWDWLRQV�FRPPH

SDU�H[HPSOH�OH�PXWDQW�<���6�GH�(5Į ϯϳϬ��/D�PXWDWLRQ�SUDWLTXpH�VXU�FHWWH�VWUXFWXUH�SHUPHW�GH�

VWDELOLVHU� OD� FRQIRUPDWLRQ�DFWLYH�GX� UpFHSWHXU� HW� IDFLOLWH�GRQF� OD� FULVWDOOLVDWLRQ�G¶DJRQLVWHV� j�

IDLEOHV�DIILQLWpV�VDQV�SRXU�DXWDQW�FKDQJHU�O¶ © DUFKLWHFWXUH ª�JOREDOH�GX�/%'�HW�VDQV�DIIHFWHU�PH�

PRGH�GH�OLDLVRQ������

/RUV�GH�O¶pWDSH�GH�GRFNLQJ��QRXV�DYRQV�VpOHFWLRQQp�OHV�VWUXFWXUHV�GH�IDoRQ�© VLPSOLVWH ª��/¶LGpH�

GHV�WUDYDX[�pWDLW�GH�WURXYHU�XQ�SURWRFROH�VWDQGDUG�j�VXLYUH�SRXU�OHV���15 pWXGLpV��WUDQVSRVDEOH

j� G¶DXWUHV�15�� 0DOKHXUHXVHPHQW�� SDUPL� OHV� SDUDPqWUHV� TXL� DIIHFWHQW� OHV� SHUIRUPDQFHV� GH�

GRFNLQJ��VH�WURXYH�OH�FKRL[�GH�OD�VWUXFWXUH�HW�GX�SURILO�SKDUPDFRORJLTXH�GX�OLJDQG�DVVRFLp��&HOD�

D�pWp�GpPRQWUp�SDU�GHV�pWXGHV�SUpFpGHQWHV�DX�ODERUDWRLUH�������� PDLV�SHXW�rWUH�REVHUYp�DX�QLYHDX�

GH� O¶pWXGH� GH� GRFNLQJ� SRXU� $5�� (Q� HIIHW�� SRXU� FH� 15�� OD� VWUXFWXUH� D\DQW� OD� PHLOOHXUH�

SHUIRUPDQFH�HVW�XQH�VWUXFWXUH�DVVRFLpH�j�6$50�FH�TXL�IDLW�VHQV�SXLVTXH�OD�PDMRULWp�GHV�OLJDQGV�

pWXGLpV�SRVVqGHQW�XQ�SURILO�DJRQLVWH�HW�DQWDJRQLVWH�HQ�PrPH�WHPSV��&HUWDLQV�3(�VH�OLDQW�j�(5�

DJLVVHQW� DXVVL� HQ� WDQW� TXH�PRGXODWHXUV��0DOKHXUHXVHPHQW�� OHV� GHX[� VWUXFWXUHV� VpOHFWLRQQpHV�

SRXU� OHV� GHX[� LVRIRUPHV� QH� FRUUHVSRQGHQW� SDV� j� GHV� VWUXFWXUHV� DVVRFLpHV� DX[�6(50V��PDLV�

SOXW{W�GHV�DJRQLVWHV��/H�FKRL[�GH�OD�VWUXFWXUH�SRXU�OH�PRGqOH�GH�GRFNLQJ�HVW�GRQF�XQ�FULWqUH�

LPSRUWDQW� TX¶LO� HVW� GLIILFLOH� GH� UDWLRQDOLVHU� HW� UpDOLVHU� GH� IDoRQ� DXWRPDWLTXH� HQ� VH� EDVDQW�

XQLTXHPHQW�VXU�OH�FULWqUH�GHV�SHUIRUPDQFHV��



���

3DU�DLOOHXUV�LO�VHUDLW�LQWpUHVVDQW�GH�FRPSDUHU�OHV�SHUIRUPDQFHV�REWHQXHV�GDQV�FHWWH�pWXGH�DYHF�

OHV� SHUIRUPDQFHV� REWHQXHV� HQ� FUpDQW� GHV� PRGqOHV� VSpFLILTXHV� GH� FKDTXH� SURILO�

SKDUPDFRORJLTXH��$LQVL��GHV�MHX[�GH�GRQQpHV�VSpFLILTXHV�SRXUUDLHQW rWUH�FUppV �

��� XQ� MHX�R�� OHV� DJRQLVWHV� VHUDLHQW� DFWLIV� HW� OH� UHVWH� GHV�PROpFXOHV� �DQWDJRQLVWHV�� DXWUHV�

SURILOV�SKDUPDFRORJLTXHV�HW� LQDFWLIV�H[SpULPHQWDX[��VHUDLHQW�FRQVLGpUpV� LQDFWLIV� SRXU�

OHV�VWUXFWXUHV HQ�FRQIRUPDWLRQ�DJRQLVWH

��� XQ� MHX� R�� OHV� DQWDJRQLVWHV� VHUDLHQW� DFWLIV� HW� OH� UHVWH� �DJRQLVWHV�� DXWUHV� SURILOV�

SKDUPDFRORJLTXHV� HW� LQDFWLIV� H[SpULPHQWDX[�� VHUDLHQW� FRQVLGpUpV� LQDFWLIV� SRXU� OHV�

VWUXFWXUHV�HQ�FRQIRUPDWLRQ�DQWDJRQLVWH

��� XQ� MHX� R�� OHV�PROpFXOHV� DJRQLVWHV� HW� DQWDJRQLVWHV� VHUDLHQW� DFWLYHV� HW� OH� UHVWH� �DXWUHV�

SURILOV�SKDUPDFRORJLTXHV�HW� LQDFWLIV�H[SpULPHQWDX[��VHUDLHQW�FRQVLGpUpV� LQDFWLIV SRXU�

OHV�VWUXFWXUHV�FR�FULVWDOOLVpHV DYHF�XQ�PRGXODWHXU��

1RWRQV�TXH�FHWWH�H[SORUDWLRQ�D�pWp�IDLWH�ORUV�GH�OD�SUHXYH�GH�FRQFHSW�SRXU (5ɲ��OHV�PHLOOHXUHV�

SHUIRUPDQFHV�RQW�pWp�REWHQXHV�ORUVTXH�OD�EDVH�GH�GRQQpHV�pWDLW�FRQVLGpUpH�FRPPH�OH�FDV������

FHSHQGDQW�OD�PHLOOHXUH�VWUXFWXUH�HVW�OD�PrPH�SRXU�OHV�GHX[�MHX[�GH�GRQQpHV�TX¶DYHF�OD�EDVH�GH�

GRQQpHV�RX�WRXV�OHV�%�VRQW�FRQVLGpUpV�FRPPH�DFWLIV��&HOD�SHXW�HVVHQWLHOOHPHQW�V¶H[SOLTXHU�SDU�

OHV�SURSRUWLRQV�G¶DJRQLVWHV�SUpGRPLQDQWHV�VXU�FHWWH�EDVH�GH�GRQQpHV�ELDLVDQW�SRWHQWLHOOHPHQW�

OHV�UpVXOWDWV��8QH�SLVWH�j�H[SORUHU�VHUDLW�SRXU�OHV�PRGqOHV�GH�UpDOLVHU SRXU�FKDTXH�15 OHV�pWXGHV�

GH�GRFNLQJ�VXU�OHV�GLIIpUHQWV�SURILOV�GH�VWUXFWXUHV�GLVSRQLEOHV�HW�GH�VpOHFWLRQQHU�OD�PHLOOHXUH�GH�

FKDFXQH�DILQ�GH�FRPELQHU�OHXUV�UpVXOWDWV�XOWpULHXUHPHQW�

&KDTXH�ORJLFLHO�GH�GRFNLQJ�SUpVHQWH�GHV�LQFRQYpQLHQWV�TX¶LO�HVW�HVVHQWLHO�G¶DSSUpKHQGHU�ORUV�GH�

OD�PRGpOLVDWLRQ��&¶HVW�SRXU�FHOD�TXH�QRXV�DYRQV�UpDOLVpV�QRV�GRFNLQJ�DYHF�GLIIpUHQWV�ORJLFLHOV�

DUERUDQW�GLIIpUHQWV�DOJRULWKPHV�G¶pFKDQWLOORQQDJH�HW�GLIIpUHQWHV�IRQFWLRQV�GH�VFRUHV�

1RXV�DXULRQV�SX�DOOHU�DX�GHOj�GH�OD�FRPSDUDLVRQ�GHV�SHUIRUPDQFHV�GHV�GLIIpUHQWV�ORJLFLHOV�GH�

GRFNLQJ� HW� HVVD\HU�G¶H[SORUHU�GHX[�DXWUHV� DSSURFKHV� j� VDYRLU� OH�© UHVFRULQJ ª�HW� OH�GRFNLQJ�

FRQVHQVXV��/H�UHVFRULQJ�IDLW�UpIpUHQFH�DX�WUDLWHPHQW�G
XQH�OLVWH�GH�SRVHV�GH�GRFNLQJ�DYHF�XQH�

IRQFWLRQ�GH�VFRUH�TXL�Q
HVW�SDV�XWLOLVpH�ORUV�GX�SURWRFROH�GH�GRFNLQJ��FH�TXL�FRQGXLW�JpQpUDOHPHQW�

j� GH� PHLOOHXUHV� SHUIRUPDQFHV� JOREDOHV�� /HV� IRQFWLRQV� GH� VFRUHV� NQRZOHGJH� EDVHG VRQW�

QRUPDOHPHQW� SOXV� SHUIRUPDQWHV� SRXU� OD� SUpGLFWLRQ� GH� OD� SRVH� ����� WDQGLV� TXH� OHV� IRQFWLRQV�

HPSLULTXHV�VRQW�PLHX[�DGDSWpHV�j�OD�SUpGLFWLRQ�GH�O
DIILQLWp�GH�OLDLVRQ�VL�GHV�SRVHV�QDWLYHV�VRQW�



���

GLVSRQLEOHV����������$LQVL��OD�PHLOOHXUH�SRVH�pOXH�SDU�XQH�IRQFWLRQ�GH�VFRUH�VHUD�UppYDOXpH�DYHF�

XQH�DXWUH��(Q�FH�TXL�FRQFHUQH�OH�GRFNLQJ�FRQVHQVXV��LO�V¶DJLW�G¶XQ�FRQVHQVXV�DXVVL�ELHQ�SRXU�OHV�

pWDSHV�G¶pFKDQWLOORQQDJH�TXH� OHV�pWDSHV�GH�VFRULQJ��&HWWH�PpWKRGH�FRQVHQVXV�D�GpMj� IDLW� VHV�

SUHXYHV�HQ�FRPSHQVDQW�OHV�IDLEOHVVHV�GHV�IRQFWLRQV�GH�VFRUHV�SULVHV�LQGLYLGXHOOHPHQW����������

&HSHQGDQW� PDOJUp� FHWWH� GLYHUVLWp�� WRXWHV� OHV� IRQFWLRQV� GH� VFRUHV� DERUGpHV� GDQV� FH� SURMHW�

DSSDUWLHQQHQW� j� OD� FDWpJRULH� GHV� IRQFWLRQV� GH� VFRUH� HPSLULTXH� HW� GRQF� GpSHQGHQW� GX� MHX�

G¶HQWUDLQHPHQW�DYHF�OHTXHO�HOOHV�RQW�pWp�GpYHORSSpHV��&HV�GHUQLqUHV�VRQW�FRQVWUXLWHV�VXU�OD�EDVH�

GHV�DIILQLWpV�GH�OLDLVRQ�HQWUH�XQ�HQVHPEOH�GH�FRPSOH[HV OLJDQG�UpFHSWHXU�FRQQXV�HW�WHQWHQW�GH�

UHSURGXLUH� OHV�GRQQpHV� H[SpULPHQWDOHV� �����������±�����/D�TXHVWLRQ�VH�SRVH�VXU� OHXU�DGpTXDWLRQ�

SRXU� UHSUpVHQWHU�SUpGLUH� OHV� LQWHUDFWLRQV� HQWUH�XQ�3(�HW� OHV�15 VXUWRXW�TXH� OHV�3(�PRQWUHQW�

H[SpULPHQWDOHPHQW�GHV�DIILQLWpV�SOXV�IDLEOHV�TXH�OHV�OLJDQGV�HQGRJqQHV�RX�OHV PpGLFDPHQWV�SDU�

H[HPSOH��&H�SRLQW�HVW�j�H[SORUHU�SOXV�HQ�GpWDLOV�HW�SRXUUDLW�H[SOLTXHU�OHV�SHUIRUPDQFHV�OLPLWpHV�

GH�QRV�PRGqOHV��/D�SHUVSHFWLYH�PDMHXUH�GH�FH�SURMHW�HVW�GH�GpYHORSSHU�XQH�IRQFWLRQ�GH�VFRUH�

DGDSWpH�SRXU�OHV�15��TXL�VHUD�IDFLOLWpH�SDU�OH�IDLW�TXH�QRXV�GLVSRVRQV�GpMj�G¶XQH�EDVH�GH�GRQQpHV�

VXU�OHV�15 �����

�������� 0RGqOHV�GH�SKDUPDFRSKRUHV�

/HV�VWUXFWXUHV�HPSOR\pHV�SRXU�OD�PRGpOLVDWLRQ�GH�SKDUPDFRSKRUH�6%�pWDLHQW�VRXPLVHV�j�GHV�

FULWqUHV� GH� VpOHFWLRQ� DVVH]� VWULFWHV� L�H� VWUXFWXUH� KXPDLQH�� VDQV�PXWDWLRQ� HW� UpIpUHQFp� SDU� XQ�

DUWLFOH�DX�PRLQV��%HDXFRXS�GH�FHV�PXWDWLRQV�H[LVWHQW�SRXU�XQ�EXW�GH�VWDELOLVDWLRQ�GX�FULVWDO�HW�

RQW�SHUPLV�OD�PLVH�HQ�pYLGHQFH�GH�SURWpLQHV�HQ�FRPSOH[HV�DYHF�GHV�OLJDQGV�LQWpUHVVDQWV�SRXU�

QRWUH�pWXGH�j�VDYRLU�GHV�3(��,O�DXUDLW�SX�rWUH�LQWpUHVVDQW�G¶H[SORUHU�WRXWHV�OHV�VWUXFWXUHV�3'%�

KXPDLQHV�UpIpUHQFpHV�DILQ�G¶H[SORUHU�WRXV�OHV�PRGqOHV�SKDUPDFRSKRULTXHV�SRVVLEOHV��

3DU�DLOOHXUV��XQH�DXWUH�FULWLTXH�FRQFHUQH� OH�FULWqUH�G¶DVWULQJHQFH�DSSOLTXpV�j�QRV�PRGqOHV�GH�

SKDUPDFRSKRUH�� (Q� HIIHW�� ORUV� GH� O¶pWDSH� G¶RSWLPLVDWLRQ�� XQ�PRGqOH� GH� SKDUPDFRSKRUH� HVW�

UHWHQX�ORUVTX¶LO�HQJHQGUH�XQH�KLWOLVW R��OH�UDWLR�%�1%�HVW�VXSpULHXU�RX�pJDO�j���FH�TXL�HVW�WUqV�

SHUPLVVLI�HW�VH�UHIOqWH�VXU�OHV�SHUIRUPDQFHV��'DQV�OH�SURFHVVXV�GH�GpFRXYHUWH�GH�PpGLFDPHQW��

OH�FULEODJH�HVW�XQ�VXFFqV�PrPH�VL�RQ�Q¶LGHQWLILHU�SDV�OD�WRWDOLWp�GHV�FRPSRVpV�DFWLIV��(Q�HIIHW��OH�

EXW�HVW�GH�UpGXLUH�OH�QRPEUH�WRWDO�GH�PROpFXOHV�j�WHVWHU�HQ�XQH�SHWLWH�IUDFWLRQ�GDQV�ODTXHOOH�RQ�

HVSqUH�LGHQWLILHU�GHV�KLWV TX¶RQ�SRXUUD�SOXV�WDUG�RSWLPLVHU��(Q�FRQWUHSDUWLH��OH�FULEODJH�YLUWXHO�

HQ� WR[LFRORJLH�YLVH�j� UHWURXYHU� OH�PD[LPXP�GH�FRPSRVpV�DFWLIV��SXLVTXH�© UDWHU�ª�XQ�GH�VHV�

FRPSRVpV� HQWUDvQHUDLW� XQ� ULVTXH� GH� VpFXULWp� WUqV� LPSRUWDQW�� %HDXFRXS� GH� WUDYDX[� GDQV� OD�

OLWWpUDWXUH� RQW� DERUGp� O¶XWLOLVDWLRQ� GHV� PRGqOHV� SKDUPDFRSKRULTXHV� HQ� WR[LFRORJLH� HW� GHX[�

JUDQGHV� VWUDWpJLHV� UHVVRUWHQW�� /D� SUHPLqUH� HVW� GH� FRQVWUXLUH� GHV� PRGqOHV� DVVH]� SHUPLVVLIV�



���

�JpQpUDOHPHQW� j� �� RX� �� SRLQWV� SKDUPDFRSKRULTXHV�� RX� LQFRUSRUDQW� GHV� SRLQWV�

SKDUPDFRSKRULTXHV�RSWLRQQHOV����&HOD�HQWUDLQH�O¶DXJPHQWDWLRQ�GX�QRPEUH�GH�)3�FRPPH�SRXU�

QRWUH�FDV�PDLV�JDUDQWLH�OD�GLYHUVLWp�VWUXFWXUDOH�GHV�FRPSRVpV�UHWURXYpV��/D�GHX[LqPH�VWUDWpJLH�

VHUDLW�GH�UpDOLVHU�GHV�FULEODJHV�SDUDOOqOHV�GH�SOXVLHXUV�PRGqOHV�UHVWULFWLIV�L�H�j�IRUWH�6S �����3RXU�

DOOHU�GDQV�FH�VHQV��O¶DXJPHQWDWLRQ�GX�VHXLO�GX�UDWLR�%�1%�Q
D�SDV�DERXWL�j�GH�ERQV�UpVXOWDWV�HW�D�

FRQGXLW�j�GHV�PRGqOHV�TXL�Q¶DUULYDLHQW�SDV�j�GpWHFWHU�OHV�%��8QH�DXWUH�DSSURFKH�SRVVLEOH�DXUDLW�

DXVVL�SX�rWUH�GH�JURXSHU�OHV�FRPSRVpV�VHORQ�OHXU�SURILO�DJRQLVWH�RX�DQWDJRQLVWH�HW�GH�FUpHU�GHV�

PRGqOHV�VSpFLILTXHV�GH�FKDTXH�SURILO��8QH�SUpFpGHQWH�pWXGH�DX�ODERUDWRLUH�D�SHUPLV�GH�IDLUH�

FHOD�j�SDUWLU�GH�OD�EDVH�GH�GRQQpH�15/LVW%'%�FRQGXLVDQW�j�O¶REWHQWLRQ�GH�PRGqOHV�j�KDXWHV�

SHUIRUPDQFHV�FDSDEOHV�GH�GLVFULPLQHU�OHV�DJRQLVWHV�GHV�DQWDJRQLVWHV�������/HV�PRGqOHV�JpQpUpV�

SRXUUDLHQW�DLQVL�rWUH�JURXSpV�SRXU�pODUJLU�OHXUV�FDSDFLWpV�GH�SUpGLFWLRQV��'H�SOXV�LOV�SRXUUDLHQW�

rWUH�FRPSDUpV�DX[�PRGqOHV�SUpFpGHPPHQW�IDLW�SRXU�HQ�GpGXLUH�OHV�GLIIpUHQFHV�LQKpUHQWHV�DX[�

FRPSRVpV�WR[LTXHV��&HSHQGDQW��OD�GLYHUVLWp�GHV�SURILOV�SKDUPDFRORJLTXHV�DXWUHV�TX¶DJRQLVWH�HW�

DQWDJRQLVWH� HW� SDUIRLV� OH� PDQTXH� GH� GRQQpHV� ELRORJLTXHV� j� FH� VXMHW� UHQGHQW� FHWWH� pWXGH�

FRPSOLTXpH�

�������� &RPELQDLVRQ�GHV�PRGqOHV

1RWUH�WUDYDLO�D�FRQGXLW j�O¶REWHQWLRQ�GH ��PRGqOHV�FKDFXQ�VSpFLILTXH�G¶XQ�15 pWXGLp�j�SDUWLU�GH�

GRQQpHV�WR[LFRORJLTXHV�LVVXHV�GH�WHVWV�GH�OLDLVRQ��3RXU���GH�FHV�UpFHSWHXUV�L�H�$5��(5ɲ��(5ɴ HW�

33$5Ȗ FHV�PRGqOHV�VRQW�XQ�FRQVHQVXV�HQWUH�GHV�PRGqOHV�GH�GRFNLQJ�HW�GH�SKDUPDFRSKRUHV��

&HV�GHUQLHUV�pWDLHQW�DVVRFLpV�j�GHV�YDOHXUV�GH�6H�HW�GH�139�VDWLVIDLVDQWHV�PDLV�j�GH�SOXV�IDLEOHV�

YDOHXUV� GH� 6S�� 3RXU� OHV� GHX[� 15 UHVWDQWV� L�H� *5� HW� 75ɲ�� OHV� PRGqOHV� VpOHFWLRQQpV� VRQW�

UHVSHFWLYHPHQW� XQ� PRGqOH� GH� GRFNLQJ� HW� XQ� PRGqOH� GH� SKDUPDFRSKRUH� HQWUDLQDQW� GHV�

SHUIRUPDQFHV� PRLQV� VDWLVIDLVDQWHV� TXH� OHV� DXWUHV�� %HDXFRXS� GH� SDUDPqWUHV� H[SOLTXHQW� FHV�

SHUIRUPDQFHV� QRWDPPHQW OH� QRPEUH� GH� FRPSRVpV� LQFOXV� GDQV� FKDTXH� MHX�� OH� QRPEUH� GH� %�

VXSpULHXU�DX�QRPEUH�GHV�1%�SRXU�OH�MHX�GH�*5�HW�DXVVL�OD�TXDOLWp�HW�OH�QRPEUH�GH�VWUXFWXUHV�GH�

OD�SURWpLQH�GLVSRQLEOHV�SRXU�FHV���15��7RXWHV�FHV�FRQVWDWLRQV�QRXV�SRXVVHQW�j�HQYLVDJHU�GH�QH�

SDV�LQFOXUH�FHV�PRGqOHV�RX�HVVD\HU�GH�SDOOLHU�OHV�SUREOqPHV�GpFULWV�DILQ�G¶DPpOLRUHU�OH�PRGqOH�

ILQDO�GH�SUpGLFWLRQ��

�������� $XWUHV�PpWKRGHV�LQ�VLOLFR

&H�WUDYDLO�V¶HVW�FRQFHQWUp�HVVHQWLHOOHPHQW�VXU�GHX[�JUDQGHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�L�H� OH�

GRFNLQJ�HW�OHV�PRGqOHV�GH�SKDUPDFRSKRUHV��,O�VHUDLW�LQWpUHVVDQW�GDQV�XQH�RSWLTXH�G¶RXYHUWXUH�



���

G¶H[SORUHU� O¶DSSRUW�G¶DXWUHV�PpWKRGHV� LQ� VLOLFR FRPPH� OD�G\QDPLTXH�PROpFXODLUH�TXL�GRQQH�

DFFqV� j� XQ� SOXV� ODUJH� SDQHO� FRQIRUPDWLRQQHO� HW� SHUPHW� SDU� H[HPSOH� G¶pWXGLHU� OH� WHPSV� GH�

UpVLGHQFH� G¶XQ OLJDQG� RX� HQFRUH� G¶HIIHFWXHU� GHV� FDOFXOV� G¶pQHUJLH� OLEUH� TXL� SHXYHQW� DIILQHU�

O¶HVWLPDWLRQ�GH� O¶pYDOXDWLRQ�GH� O¶DIILQLWp�GX� OLJDQG�SRXU� OHV�GLIIpUHQWHV�FLEOHV��/HV�PpWKRGHV�

46$5��ODUJHPHQW�HPSOR\pHV�HQ�WR[LFRORJLH�SUpGLFWLYH�SRXUURQW�DXVVL�LQWpJUpHV�DX[�SURWRFROHV

SRXU�DPpOLRUHU�OHV�SHUIRUPDQFHV�GH�SUpGLFWLRQ�GHV�%�GHV�15��

������ &RQFOXVLRQ�

3RXU�GRQQHU�VXLWH�j� OD�UpDOLVDWLRQ�GH�OD�SUHXYH�GH�FRQFHSW�VXU�(5ɲ�� O¶pWXGH�D�pWp�pODUJLH�j���

DXWUHV� 15 LQFULPLQpV� GDQV� OH� PpFDQLVPH� GH� SHUWXUEDWLRQ� HQGRFULQLHQQH�� 'HV� PRGqOHV� GH�

GRFNLQJ�HW�GH�SKDUPDFRSKRUHV�6%/%�RQW�pWp�FRQVWUXLWV�HW�OHXUV�SHUIRUPDQFHV�RQW�pWp�pYDOXpHV�

LQGLYLGXHOOHPHQW� HW� HQ� FRPELQDLVRQ�� &HOD� D� GRQQp� OLHX� j� �� PRGqOHV� SRXYDQW� rWUH� XWLOLVpV�

VpSDUpPHQW� RX� FROOHFWLYHPHQW� SRXU� FULEOHU� XQH� OLVWH� GH� FRPSRVpV� VXVSHFWpV� WR[LTXHV� SRXU�

SUpGLUH� OHXUV� FDSDFLWpV�j� VH� OLHU�DX[ 15��7RXWHIRLV�� OHV�SHUIRUPDQFHV�GH�FHV�PRGqOHV� VRQW�j�

LQWHUSUpWHU�HQ�IRQFWLRQ GX�FRQWH[WH�HW�VXUWRXW�GH�OD�QDWXUH�HW�OD�VWUXFWXUH�GHV�FRPSRVpV�j�FULEOHU��

/D�SULQFLSDOH�GLIILFXOWp�GH�FH�WUDYDLO�HVW�OD�GLYHUVLWp�GHV�MHX[�GH�GRQQpHV�DXVVL�ELHQ�GDQV�OD�QDWXUH�

HW� O¶RULJLQH�GHV�FRPSRVpV�� OD�VWUXFWXUH�HW� OH�SURILO�SKDUPDFRORJLTXH�FRQVWLWXDQW�XQ�IUHLQ�j� OD�

UpDOLVDWLRQ� G¶XQ� PRGqOH� VWDQGDUG� HW� HIILFDFH�� 'DQV� FH� VHQV� XQH� SHUVSHFWLYH� LQWpUHVVDQWH� j�

H[SORUHU� VHUDLW� GH� FUpHU� GHV�PRGqOHV�SOXV� VSpFLILTXHV� HW� G¶DVVRFLHU� DLQVL� OHXUV�SHUIRUPDQFHV�
��������1RXV�SHQVRQV�j�GHV�PRGqOHV�FRQVWUXLWV�j�SDUWLU�GH�MHX[�GH�FRPSRVpV�DJRQLVWHV�HW�GH�MHX[�

GH�GRQQpHV�GH�FRPSRVpV�DQWDJRQLVWHV��GHV�PRGqOHV�FRQVWUXLWV�j�SDUWLU�GH�VRXV�HQVHPEOHV�GpILQLV�

VHORQ�GHV�LQWHUYDOOHV�GH�.L�RX�GHV�PRGqOHV�j�SDUWLU�GH�FDWpJRULHV�VSpFLILTXHV�GH�FRPSRVp�FRPPH�

OHV�SHVWLFLGHV�RX�OHV�DGGLWLIV��

3DU�DLOOHXUV��LO�HVW�LPSRUWDQW�GH�QRWHU�TXH�FH�SURMHW�j�FDUDFWqUH�H[SORUDWRLUH�FRQVWLWXH�OD�SUHPLqUH�

WHQWDWLYH�GX�ODERUDWRLUH�HQ�PDWLqUH�GH�WR[LFRORJLH�SUpGLFWLYH�HW�F¶HVW�SRXU�FHWWH�UDLVRQ�TXH�QRXV�

Q¶LQWpJURQV�SDV�WRXV�OHV�15��8QH�IRLV�XQ�SURWRFROH�VDWLVIDLVDQW�REWHQX��QRXV�SRXUURQV�O¶pWHQGUH�

j�G¶DXWUHV�HW�VSpFLDOHPHQW��35�SRXU�FRPSOpWHU�OH�JURXSH�GHV�UpFHSWHXUV�DX[�KRUPRQHV�VH[XHOOHV��

05�SRXU�FRPSOpWHU�*5��OHV�DXWUHV�LVRW\SHV�GH�33$5��

0DOJUp� O¶HIILFDFLWp� HW� OD� SRSXODULWp� FURLVVDQWH� GHV�PpWKRGHV� GH� FULEODJH� YLUWXHO�� LO� IDXW� rWUH�

FRQVFLHQW�GH�OHXUV�OLPLWHV��3DU�H[HPSOH��O¶DSSURFKH�SUpVHQWpH�LFL�QH�SHUPHWWHQW�SDV�GH�PRGpOLVHU�

OH�SRXYRLU�GH�SHUWXUEDWLRQ�HQGRFULQLHQQH�JOREDOH��(OOH�QH�SHUPHW�TXH�GH�FRXYULU�TXH�OH�YROHW�GX�

PpFDQLVPH�G¶DFWLRQ�GLUHFW��3RXU�GpYHORSSHU�XQ�PRGqOH�GH�SUpGLFWLRQ�DX�VHQV�ODUJH��LO�IDXGUD�



���

PRGpOLVHU�OHV�DXWUHV�PpFDQLVPHV�G¶DFWLRQ�FRPPH�O¶HIIHW�VXU�OHV�SURWpLQHV�GH�WUDQVSRUW�RX�HQFRUH�

OD� JpQRWR[LFLWp� HW� OHV� LQWpJUHU� GDQV� OH� FDGUH� GH� SUpGLFWLRQV� KLpUDUFKLVpHV�� 8QH� OLPLWH� GH� OD�

PRGpOLVDWLRQ�LQ�VLOLFR�GX�SRWHQWLHO�3(�HVW�OLpH�DX[�PpFDQLVPHV�SDUWLFXOLHUV GHV�3(�FRPPH OHXU�

FDSDFLWp�j�UpDOLVHU�GH�OLDLVRQV�FRYDOHQWHV DYHF�OHV�15 RX�HQFRUH�O¶HIIHW�FRFNWDLO�HQFRUH�GLIILFLOH�

j�PRGpOLVHU�����



���

7URLVLqPH�3DUWLH
&RQFOXVLRQ
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/HV�PpWKRGHV�GH�FULEODJH�YLUWXHO�FRQVWLWXHQW�XQ�DWRXW�PDMHXU�G¶DFFpOpUDWLRQ�GH�OD�UHFKHUFKH��

'DQV� OH� GRPDLQH� SKDUPDFHXWLTXH� HOOHV� VRQW� TXDVLPHQW� LQFRQWRXUQDEOHV HQ� SKDVHV� SUp�

FOLQLTXHV��(OOHV�SHUPHWWHQW�QRWDPPHQW�GH�FULEOHU�GHV�EDVHV�GH�GRQQpHV�DILQ�GH�SUpGLUH�GHV�KLWV�

SRXU�XQH�FLEOH�WKpUDSHXWLTXH�G¶LQWpUrW�PDLV�DXVVL�SRXU�GpFHOHU�GHV�FRPSRVpV�j�SRWHQWLHO�HIIHW�

GpOpWqUH�TX¶LO�HVW�QpFHVVDLUH�G¶pFDUWHU�GH�OD�OLVWH�GHV�FDQGLGDWV�WKpUDSHXWLTXHV�DYDQW�GH�V¶HQJDJHU�

GDQV�GHV�SKDVHV�G¶RSWLPLVDWLRQV�FKLPLTXHV�HW�GH�WHVWV�LQ�YLWUR HW�LQ�YLYR��(Q�WR[LFRORJLH��HOOHV�

VRQW� DXVVL� WUqV� XWLOLVpHV�� VRXYHQW� LQWpJUpHV j� GHV� V\VWqPHV� H[SHUWV HW� FRXSOpHV DYHF�G¶DXWUHV�

PpWKRGHV� LQ� VLOLFR HW� G¶DXWUHV� FRQQDLVVDQFHV� HPSLULTXHV� DILQ� G¶LGHQWLILHU� OHV� ULVTXHV� GHV�

FRPSRVpV�FKLPLTXHV�GHV�GLIIpUHQWHV�LQGXVWULHV��(OOHV�SHXYHQW�QRWDPPHQW�rWUH�XWLOLVpHV�GDQV�XQ�

FDGUH�GH� WR[LFRORJLH�HQYLURQQHPHQWDOH�R�� OH�EXW�HVW�G¶DVVXUHU� OD� VpFXULWp�GH� O¶+RPPH�HW�GH�

O¶HQYLURQQHPHQW�HQ�GpFHODQW�GHV�VXEVWDQFHV�GDQJHUHXVHV�TX¶RQ�UHWURXYHUDLW�GDQV�OHV�DOLPHQWV��

OHV� REMHWV� GX� TXRWLGLHQ� RX� PrPH� O¶DLU� TXH� O¶RQ� UHVSLUH�� /HV� PpWKRGHV� GH� FULEODJH� YLUWXHO�

SHUPHWWHQW�DORUV�G¶DVVRFLHU�XQH�SUREDELOLWp�GH�GDQJHU�DX[�GLIIpUHQWV�FRPSRVpV�j�pYDOXHU�HW�GRQF�

GH� FUpHU� XQH� OLVWH� GH� SULRULWp� RULHQWDQW DLQVL� OHV� WUDYDX[� H[SpULPHQWDX[�� /D� WR[LFRORJLH�

HQYLURQQHPHQWDOH�V¶LQWpUHVVH�j�GH�QRPEUHX[�SKpQRPqQHV�HW�FDWpJRULHV�GH�FRPSRVpV�GRQW�OHV

SHUWXUEDWHXUV�HQGRFULQLHQV �3(��

/HV�3(�FRQVWLWXHQW�XQ�SUREOqPH�PDMHXU�GH�VDQWp�KXPDLQH�HW�HQYLURQQHPHQWDOH�����,OV RQW�pWp�

DVVRFLpV�j�GHV�PDQLIHVWDWLRQV�SDWKRORJLTXHV�UHODWLYHV�DX[�IRQFWLRQV�KRUPRQDOHV�QRWDPPHQW�OHV�

KRUPRQHV�PkOHV HW�IHPHOOHV�HW�WUqV�YLWH�OHXUV�PpFDQLVPHV�G¶DFWLRQ�RQW�pWp�UHOLpV�DX[�UpFHSWHXUV�

QXFOpDLUHV�(5�HW�$5 �����/¶LQWpUrW�JUDQGLVVDQW�SRXU�FHV�VXEVWDQFHV�D�SHUPLV�GH�UpYpOHU�TXH�OH�

SpULPqWUH�G¶DFWLRQ�GHV�3(�V¶HQWHQGDLW�j�SOXVLHXUV�DXWUHV�PHPEUHV�GH�OD�IDPLOOH�GHV�UpFHSWHXUV�

QXFOpDLUHV��� HQWUDLQDQW� GHV� UpSHUFXVVLRQV VXU� OH� PpWDEROLVPH�� VXU� O¶REpVLWp�� O¶LPPXQLWp� HW�

O¶DSSDULWLRQ�GH�FHUWDLQV�FDQFHUV��/H�PRGH�G¶DFWLRQ�GHV�3(�HVW�DVVH]�FRPSOH[H�HW�Q¶HVW�MXVTX¶j�

DXMRXUG¶KXL�SDV�FRPSOpWHPHQW�UpVROX��7RXWHIRLV��O¶pWXGH�GHV�3(�VH�IRFDOLVH�OH�SOXV�VRXYHQW�VXU�

O¶pWXGH�GH�OHXU�PpFDQLVPH G¶DFWLRQ�GLUHFWH�j�VDYRLU�OHXU�FDSDFLWp j�VH�IL[HU�DX[�15 HW�j�EORTXHU�

RX�VXUDFWLYHU�OHXU�IRQFWLRQQHPHQW�QRUPDO �����'DQV�FH�FRQWH[WH� OHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�

SHUPHWWHQW� G¶DLGHU� GDQV� O¶pOXFLGDWLRQ� GX�PpFDQLVPH� G¶LQWHUDFWLRQ� HW� GDQV� OD� GpFRXYHUWH� GH�

QRXYHDX[�3(��

&H�WUDYDLO�V¶LQVFULW�GDQV�XQH�LQLWLDWLYH�GH�UpDOLVDWLRQ�G¶XQ�RXWLO�GH�FULEODJH�LQ�VLOLFR FRPELQDQW�

GHV�PpWKRGHV�6%�HW�/% GDQV�OH�EXW�GH�SUpGLUH�OD�FDSDFLWp�GH�FRPSRVpV�FKLPLTXHV�j�LQWHUIpUHU�

DYHF�OHV�15 HW�GRQF�OHXU�SRWHQWLHO�HIIHW�3(��

7RXW�G¶DERUG�XQH�pYDOXDWLRQ�GH�O¶pWDW�GH�O¶DUW�GpGLp�j�O¶HPSORL�GHV�PpWKRGHV�LQ�VLOLFR�GDQV�OH�

FKDPS�G¶DSSOLFDWLRQ�GHV�15 D�pWp�UpDOLVpH��&HWWH�pWXGH�D�UpYpOp�OH�GpVpTXLOLEUH�GHV�WUDYDX[�VXU�



���

OHV�GLIIpUHQWV�UpFHSWHXUV�KXPDLQV�HW�OHXUV�IRFDOLVDWLRQV VXU�TXHOTXHV�PHPEUHV��(Q�HIIHW��QRWUH�

LQYHVWLJDWLRQ�D�PHQp�j�O¶LGHQWLILFDWLRQ�G¶pWXGHV�SRXU����15 XQLTXHPHQW��VXU����15 KXPDLQV���

3DU�DLOOHXUV��O¶pFDUW�VH�FUHXVH�HQFRUH�SOXV�HQWUH�FHV�GHUQLHUV��SXLVTXH�OD�PDMRULWp�GH�WUDYDX[�VH�

FRQFHQWUH�VXU�OHV�UpFHSWHXUV�KRUPRQDX[�$5�HW�(5�VSpFLDOHPHQW��$X�FRXUV�GH�FHWWH�pWXGH��QRXV�

DYRQV�UHOHYp OD�PDQLqUH�DYHF�ODTXHOOH�OHV�PpWKRGHV�GH�FULEODJH�YLUWXHO�pWDLHQW�HPSOR\pHV�DXVVL�

ELHQ�SRXU�GHV�DSSOLFDWLRQV�WKpUDSHXWLTXHV TXH�WR[LFRORJLTXHV��QRXV�DYRQV�UpDOLVp�XQH�DQDO\VH�

FULWLTXH� GH� GLIIpUHQWV� DVSHFWV� GH OD� PRGpOLVDWLRQ� DOODQW� GH� OD� QDWXUH� GHV� GRQQpHV� j� OD�

UHSURGXFWLELOLWp�GHV�PpWKRGHV��

(QVXLWH��QRXV�DYRQV�HQWUHSULV�OD�UpDOLVDWLRQ�G¶XQH�SUHXYH�GH�FRQFHSW�SRXU�QRWUH�SURWRFROH�GH�

FULEODJH�� 3RXU� FHOD�� QRXV� DYRQV� XWLOLVp� OHV� GRQQpHV� GH� WR[LFLWp� GH� (5ɲ DX� UHJDUG� GH VRQ�

LPSOLFDWLRQ�GDQV�OHV�PpFDQLVPHV�OLpV�DX[�3( HW�GH�OD�TXDQWLWp�GHV GRQQpHV�GLVSRQLEOHV� 8QH�IRLV�

FHWWH�pWXGH�SXEOLpH HW�SUpVHQWpH DX�FRXUV�GH�GHX[�FRPPXQLFDWLRQV�RUDOHV��QRXV�DYRQV�GpFLGp�

G¶pODUJLU� FH� SURWRFROH� j� G¶DXWUHV� 15 LQFULPLQpV� GDQV� OH� PpFDQLVPH� GH� SHUWXUEDWLRQ�

HQGRFULQLHQQH��1RWUH�FKRL[�V¶HVW�SRUWp�VXU���15 j�VDYRLU�(5ɴ��$5��*5��33$5Ȗ HW�75ɲ��$LQVL��

DX�WRWDO��QRV�WUDYDX[�RQW�SHUPLV�GH�FRQVWUXLUH���PRGqOHV�LQ�VLOLFR FRPELQDQW�GHV�PpWKRGHV�6%

�GRFNLQJ�HW�PRGqOHV�GH�SKDUPDFRSKRUHV�6%� HW�XQH�PpWKRGH�/% �PRGqOH�GH�SKDUPDFRSKRUHV�

/%���&HV�PRGqOHV�DSSOLTXpV�GDQV�O¶LGHQWLILFDWLRQ�GH FRPSRVpV�FDSDEOHV�GH�VH�OLHU�j�FHV�15�HW�

GRQF� j� OD� SUpGLFWLRQ� GH� SRWHQWLHOV� 3(� RQW� SHUPLV� G¶REWHQLU� GHV� ERQQHV� SHUIRUPDQFHV� GH�

SUpGLFWLRQ�SRXU�� GHV���PRGqOHV�DYHF�GHV�YDOHXUV�GH�VHQVLELOLWp�pOHYpHV��,Q�ILQH��FHV�PRGqOHV�

SRXUURQW�rWUH�XWLOLVpV SRXU�FULEOHU�GHV�FROOHFWLRQV�GH�GRQQpHV�HW�pWDEOLU�XQH�OLVWH�GH�FRPSRVpV�j�

WHVWHU� H[SpULPHQWDOHPHQW� HQ� SULRULWp�� /H� GRPDLQH� G¶DSSOLFDWLRQ� GH� FHV� PRGqOHV� GRLW� rWUH�

FRQVLGpUp�DYDQW�OHXU�XWLOLVDWLRQ�SRXU�pWDEOLU�GH�QRXYHOOHV�SUpGLFWLRQV��

&H�WUDYDLO�FRQVWLWXH�XQH�SUHPLqUH�H[SpULHQFH�GX�ODERUDWRLUH�GDQV�O¶DSSOLFDWLRQ�GHV�PpWKRGHV�GH�

FULEODJH�YLUWXHO�HQ�WR[LFRORJLH�KXPDLQH�HW�HQ�VDQWp�HQYLURQQHPHQWDOH HW�D�GRQF QpFHVVLWp�XQ�

FKDQJHPHQW�GH�SDUDGLJPH�GDQV�O¶LQWHUSUpWDWLRQ�GHV�UpVXOWDWV��3OXVLHXUV�SLVWHV�G¶DPpOLRUDWLRQV�

RQW� pWp� VXJJpUpHV� FRPSUHQDQW� OD� JHVWLRQ� GX� GpVpTXLOLEUH� GHV� GRQQpHV� HW� O¶RSWLPLVDWLRQ� GHV�

GLIIpUHQWV� SURWRFROHV�� 8QH� SHUVSHFWLYH� GH� PRGpOLVDWLRQ� GX� PpFDQLVPH� GH� SHUWXUEDWLRQ�

HQGRFULQLHQQH�SOXV�JpQpUDOH�VHUDLW�DXVVL�j�HQYLVDJHU�HQ�LQFOXDQW�FHV�PRGqOHV�GDQV�XQH�KLpUDUFKLH�

G¶DXWUHV�PRGqOHV�FRQFHQWUpV�VXU�G¶DXWUHV�PpFDQLVPHV�G¶DFWLRQ�©LQGLUHFWV ª�



���
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%LEOLRJUDSKLH

��� *LOEHUW��6���0RKDSDWUD��$���%REVW��6���+D\HV��$���+XPHV��6��7��,QIRUPDWLRQ�5HVRXUFHV�LQ�
7R[LFRORJ\��9ROXPH����%DFNJURXQG��5HVRXUFHV��DQG�7RROV��$FDGHPLF�3UHVV�������

��� 7R[LFRORJ\�� D� SULPHU� � 6FLHQFH'LUHFW�� KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�SUR[\ELE�
SS�FQDP�IU�VFLHQFH�DUWLFOH�SLL�%���������������������DFFHVVHG�������������

��� .DYORFN��5��-���$QNOH\��*���%ODQFDWR��-���%UHHQ��0���&RQROO\��5���'L[��'���+RXFN��.���
+XEDO��(���-XGVRQ��5���5DELQRZLW]��-���5LFKDUG��$���6HW]HU��5��:���6KDK��,���9LOOHQHXYH��
'���:HEHU��(��&RPSXWDWLRQDO�7R[LFRORJ\²$�6WDWH�RI�WKH�6FLHQFH�0LQL�5HYLHZ��7R[LFRO��
6FL� ��������� �������±����KWWSV���GRL�RUJ���������WR[VFL�NIP����

��� 6HLGOH��7���6WHSKHQV��0��/��%ULQJLQJ�7R[LFRORJ\�LQWR�WKH���VW�&HQWXU\��$�*OREDO�&DOO�WR�
$FWLRQ�� 7R[LFRO�� ,Q� 9LWUR ������ �� ����� ����±������
KWWSV���GRL�RUJ���������M�WLY�������������

��� =XUOR��-���5XGDFLOOH��'���*ROGEHUJ��$��0��7KH�7KUHH�5V��7KH�:D\�)RUZDUG��(QYLURQ��
+HDOWK�3HUVSHFW� ��������� ��������±�����KWWSV���GRL�RUJ���������HKS����������

��� :DWVRQ�� .�� '��� :H[OHU�� 3��� (YHULWW�� -�� 0�� &+$37(5� �� � +LVWRU\�� ,Q� ,QIRUPDWLRQ�
5HVRXUFHV�LQ�7R[LFRORJ\��7KLUG�(GLWLRQ���:H[OHU��3���(G���$FDGHPLF�3UHVV��6DQ�'LHJR��
������SS��±����KWWSV���GRL�RUJ���������%������������������������

��� 5DLHV�� $�� %��� %DMLF�� 9�� %�� ,Q� 6LOLFR� 7R[LFRORJ\�� &RPSXWDWLRQDO� 0HWKRGV� IRU� WKH�
3UHGLFWLRQ�RI�&KHPLFDO�7R[LFLW\��:LOH\�,QWHUGLVFLS��5HY��&RPSXW��0RO��6FL� ������� �����
���±�����KWWSV���GRL�RUJ���������ZFPV������

��� :DULQJ��0��-���$UURZVPLWK��-���/HDFK��$��5���/HHVRQ��3��'���0DQGUHOO��6���2ZHQ��5��0���
3DLUDXGHDX�� *��� 3HQQLH�� :�� '��� 3LFNHWW�� 6�� '���:DQJ�� -��� :DOODFH�� 2��� :HLU�� $�� $Q�
$QDO\VLV� RI� WKH� $WWULWLRQ� RI� 'UXJ� &DQGLGDWHV� IURP� )RXU� 0DMRU� 3KDUPDFHXWLFDO�
&RPSDQLHV�� 1DW�� 5HY�� 'UXJ� 'LVFRY� ������ �� ����� ���±�����
KWWSV���GRL�RUJ���������QUG�����

��� &RXPRXO��;���0DVVLFRW��)���3DLURQ��-��&��7R[LFRORJLH��'XQRG�������
���� $ODVXYDQWR��7���*LVVL��$���6REDQVNL��7���.DUDPHUW]DQLV��3���5DVHQEHUJ��0���4�6$5V�DV�

$GDSWDWLRQV�WR�5($&+�,QIRUPDWLRQ�5HTXLUHPHQWV��0HWKRGV�0RO��%LRO��&OLIWRQ�1- ������
���������±�����KWWSV���GRL�RUJ��������������������������B��

���� =ELQGHQ��*��� )OXU\�5RYHUVL��0�� 6LJQLILFDQFH� RI� WKH� /'���7HVW� IRU� WKH� 7R[LFRORJLFDO�
(YDOXDWLRQ� RI� &KHPLFDO� 6XEVWDQFHV�� $UFK�� 7R[LFRO� ������ �� ����� ��±����
KWWSV���GRL�RUJ���������%)���������

���� +HPPHULFK�� -��� (FNHU�� *�� )�� ,Q� 6LOLFR� 7R[LFRORJ\�� )URP� 6WUXFWXUH±$FWLYLW\�
5HODWLRQVKLSV�WRZDUGV�'HHS�/HDUQLQJ�DQG�$GYHUVH�2XWFRPH�3DWKZD\V��:,5(V�&RPSXW��
0RO��6FL� �������� �����H������KWWSV���GRL�RUJ���������ZFPV������

���� .LP��-��+���6FLDOOL��$��5��7KDOLGRPLGH��7KH�7UDJHG\�RI�%LUWK�'HIHFWV�DQG�WKH�(IIHFWLYH�
7UHDWPHQW� RI� 'LVHDVH�� 7R[LFRO�� 6FL�� 2II�� -�� 6RF�� 7R[LFRO� ������ ��� ����� �±���
KWWSV���GRL�RUJ���������WR[VFL�NIU����

���� 7KH�3ULQFLSOHV�RI�+XPDQH�([SHULPHQWDO�7HFKQLTXH��0HG��-��$XVW� ������� ���������±
�����KWWSV���GRL�RUJ���������M����������������WE������[�

���� 6]\PDĔVNL�� 3���0DUNRZLF]��0���0LNLFLXN�2ODVLN�� (��$GDSWDWLRQ� RI�+LJK�7KURXJKSXW�
6FUHHQLQJ�LQ�'UXJ�'LVFRYHU\²7R[LFRORJLFDO�6FUHHQLQJ�7HVWV��,QW��-��0RO��6FL� ��������
����������KWWSV���GRL�RUJ���������LMPV���������
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���� 'L[��'��-���+RXFN��.��$���0DUWLQ��0��7���5LFKDUG��$��0���6HW]HU��5��:���.DYORFN��5��-��
7KH�7R[&DVW� 3URJUDP� IRU�3ULRULWL]LQJ�7R[LFLW\�7HVWLQJ� RI�(QYLURQPHQWDO�&KHPLFDOV��
7R[LFRO��6FL� �������� ������±����KWWSV���GRL�RUJ���������WR[VFL�NIO����
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7R[LFDQWV�� &KHP�� 5HV�� 7R[LFRO� ������ �� ������ ����±������
KWWSV���GRL�RUJ���������W[������K�
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0HFKDQLVWLF� 8QGHUVWDQGLQJ� RI� 1HXURWR[LFLW\�� 3KDUPDFRO�� 7KHU� ������ ����� ��±����
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