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/H� VLJQDO� GH� SDUROH� HVW� XQ� VLJQDO� GHVWLQp� j� OD� FRPPXQLFDWLRQ� RUDOH� HQWUH�KXPDLQV�� HW� GRQF� j� HQFRGHU� GHV�

PHVVDJHV� OLQJXLVWLTXHV�� ,O� SRVVqGH� XQ� FHUWDLQ� QRPEUH� GH� SURSULpWpV� TXL� HQ� IRQW� XQ� W\SH� GH� VLJQDO� WUqV�
SDUWLFXOLHU��&·HVW� XQ� VLJQDO�SURGXLW�SDU�XQ� V\VWqPH�ELRORJLTXH�� O·DSSDUHLO�SKRQDWRLUH�KXPDLQ�� HW�TXL� UHIOqWH�
GRQF�OHV�SURSULpWpV�ELRPpFDQLTXHV�GHV�DUWLFXODWHXUV��&·HVW�XQ�VLJQDO�DXGLRYLVXHO��SXLVTX·LO�IDLW�VLPXOWDQpPHQW�
LQWHUYHQLU� OH� VRQ� HW� O·LPDJH� GX� YLVDJH� GX� ORFXWHXU�� SRXU� QH� SDV�PHQWLRQQHU� OH� WRXFKHU�� &·HVW� XQ� VLJQDO�
UHGRQGDQW��DXVVL�ELHQ�DX�QLYHDX�GX�VRQ�TX·DX�QLYHDX�GH�OD�FRPSOpPHQWDULWp�HQWUH�OHV�FDQDX[�DFRXVWLTXHV�HW�
YLVXHOV�� FH�TXL� OXL� FRQIqUH�GHV�TXDOLWpV�GH� UREXVWHVVH� LQGLVSHQVDEOHV� j�XQ� VLJQDO�GH�FRPPXQLFDWLRQ��6RQ�
GHJUp�GH�UHGRQGDQFH�HVW�DGDSWDEOH�HQ�IRQFWLRQ�GHV�FRQGLWLRQV�HQYLURQQHPHQWDOHV�GH�EUXLW�HW�GH�OD�TXDQWLWp�
G·LQIRUPDWLRQ�FRQWHQXH�GDQV�OH�PHVVDJH�j�WUDQVPHWWUH��OLpH�HQ�SDUWLFXOLHU�DX�GHJUp�GH�SUpGLFWLELOLWp���&HWWH�
DGDSWDELOLWp�HQ�IDLW�XQ�VLJQDO�WUqV�YDULDEOH��

$LQVL�� OH� VLJQDO� GH� SDUROH� HVW� H[WUrPHPHQW� FRPSOH[H� GX� SRLQW� GH� YXH� GH� VD� VWUXFWXUH�� PDLV� FHWWH�
FRPSOH[LWp�SHXW�rWUH�OXH�HW�LQWHUSUpWpH�SOXV�IDFLOHPHQW�VL�O
RQ�IDLW�UpIpUHQFH�DX[� JHVWHV�GHV�DUWLFXODWHXUV�TXL�
O·RQW� SURGXLW�� /HV� PpFDQLVPHV� GH� SURGXFWLRQ� GH� SDUROH� IRQW� LQWHUYHQLU� OD� FRRUGLQDWLRQ� GHV� JHVWHV� GHV�
GLIIpUHQWV�DUWLFXODWHXUV�²�PkFKRLUH��ODQJXH�HW�OqYUHV�²�TXL�PRGXOHQW�OD�IRUPH�GX�FRQGXLW�YRFDO�HW�GX�YLVDJH�
DX� FRXUV� GX� WHPSV��� OHV� VRXUFHV� G·H[FLWDWLRQ� DFRXVWLTXHV� JpQpUpHV� SDU� O·pFRXOHPHQW� GH� O·DLU� LVVX� GHV�
SRXPRQV� j� WUDYHUV� OH� FRQGXLW� YRFDO� VRQW� DORUV� ILOWUpHV� SDU� OHV� UpVRQDQFHV� GH� FH� FRQGXLW� HW� ILQDOHPHQW�
UD\RQQpHV� YHUV� O·H[WpULHXU�� 'HSXLV� PRQ� DUULYpH� j� O·,&3� HQ� ������ PRQ� WUDYDLO� GH� UHFKHUFKH� D� pWp�
HVVHQWLHOOHPHQW�FRQVDFUp��VHORQ�XQH�DSSURFKH�DQWKURSRPRUSKLTXH��j�PRGpOLVHU�OHV�VLJQDX[�GH�SDUROH�HQ�WDQW�TXH�
FRQVpTXHQFHV� GH� FHV�PpFDQLVPHV� ELRPpFDQLTXHV� HW� DpURDFRXVWLTXHV� TXL� VH� SURGXLVHQW� GDQV� OH� FRQGXLW�
YRFDO�KXPDLQ��

�
v '211((6��02'(/(6��(7�7(7(�3$5/$17(�$8',29,68(//(�

1RWUH�SULQFLSDOH�DSSURFKH�HQ�PRGpOLVDWLRQ�FRQVLVWH�j�GpYHORSSHU�GHV�PRGqOHV�IRQFWLRQQHOV�j�SDUWLU�GH�
GRQQpHV�H[SpULPHQWDOHV��HW��GDQV�XQH�PRLQGUH�PHVXUH��j�PHWWUH�HQ�±XYUH�GHV�PRGqOHV�SK\VLTXHV�EDVpV�
VXU�GHV�WKpRULHV�SUp�pWDEOLHV��HQ�OHV�FRQIURQWDQW�DX[�GRQQpHV��$LQVL��GDQV�WRXV�OHV�FDV��PRGqOHV�HW�GRQQpHV�
MRXHQW�GHV�U{OHV�IRQGDPHQWDX[�HW�FRPSOpPHQWDLUHV��

'RQQpHV�DFRXVWLTXHV�HW�DUWLFXODWRLUHV�²�GLVSRVLWLIV�H[SpULPHQWDX[��1RXV�DYRQV�XWLOLVp�RX�GpYHORSSp�
XQ� FHUWDLQ� QRPEUH� GH� WHFKQLTXHV� H[SpULPHQWDOHV� GH� PHVXUH� GH� SDUDPqWUHV� OLpV� j� OD� SURGXFWLRQ� GH� OD�
SDUROH��� EDQF� GH� PHVXUH� GH� OD� IRQFWLRQ� GH� WUDQVIHUW� DFRXVWLTXH� GX� FRQGXLW� YRFDO�� PDVTXH�
SQHXPRWDFKRPpWULTXH� SRXU� OD� PHVXUH� GH� O·pFRXOHPHQW� HW� GHV� SUHVVLRQV� GH� O·DLU� GDQV� OH� FRQGXLW� YRFDO��



3DJH��� 5pVXPp� �
�

�
FLQpUDGLRJUDSKLH�HW�DUWLFXORJUDSKLH�pOHFWURPDJQpWLTXH�SRXU�O·pWXGH�GX�PRXYHPHQW��LPDJHULH�,50�SRXU�OD�
FDUDFWpULVDWLRQ�WULGLPHQVLRQQHOOH�GHV�DUWLFXODWHXUV��YLGpR�SRXU�OHV�PHVXUHV�WULGLPHQVLRQQHOOHV�GH�OqYUHV�HW�
GH� YLVDJH�� 8Q� HQVHPEOH� SUpFLHX[� GH� GRQQpHV� DUWLFXODWRLUHV� HW� DFRXVWLTXHV� FRPSOpPHQWDLUHV� D� DLQVL� pWp�
UHFXHLOOL��VXU�TXHOTXHV�VXMHWV�GH�UpIpUHQFH�SURQRQoDQW��GDQV�GHV�FRQGLWLRQV�PDvWULVpHV�� OHV�PrPHV�FRUSXV�
UHSUpVHQWDWLIV� GH� O·HQVHPEOH� GHV� DUWLFXODWLRQV� GH� OD� ODQJXH�� &HWWH� GpPDUFKH� RULHQWpH� VXMHW� RIIUH� DLQVL� OD�
SRVVLELOLWp� GH� GLVSRVHU�� SRXU� OH� PrPH� SKpQRPqQH� �XQ� VXMHW� HW� XQH� DUWLFXODWLRQ��� GH� GRQQpHV� TXL� QH�
SHXYHQW�rWUH�DFTXLVHV�TX
DYHF�GHV�GLVSRVLWLIV�H[SpULPHQWDX[�LPSRVVLEOHV�j�PHWWUH�HQ�±XYUH�DX�FRXUV�G·XQH�
PrPH�H[SpULHQFH��FRPPH�SDU�H[HPSOH�OD�FLQpUDGLRJUDSKLH�HW�OH�PDVTXH�SQHXPRWDFKRJUDSKLTXH��

0RGqOHV�DUWLFXODWRLUHV�HW�DFRXVWLTXHV��1RXV�DYRQV�DLQVL�GpYHORSSp�GHV�PRGqOHV�DUWLFXODWRLUHV�OLQpDLUHV�
GH� FRQGXLW� YRFDO�� GH� ODQJXH�RX�GH�YHOXP��PpGLRVDJLWWDX[�RX� WULGLPHQVLRQQHOV��SLORWpV�SDU� OHV�GHJUpV�GH�
OLEHUWp�DUWLFXODWRLUHV�H[WUDLWV�SDU�DQDO\VH�HQ�FRPSRVDQWHV�OLQpDLUHV�GHV�GRQQpHV��'HV�GHJUpV�GH�OLEHUWp�WRXW�
j� IDLW� VLPLODLUHV� RQW� SX� rWUH� LGHQWLILpV� SRXU� OHV� GLIIpUHQWV� ORFXWHXUV��PrPH� VL� FHV� ORFXWHXUV� XWLOLVHQW� GHV�
VWUDWpJLHV�GH�FRQWU{OH�SDUIRLV� DVVH]�GLIIpUHQWHV��/D�GpFRPSRVLWLRQ� VHORQ�FHV�GHJUpV�GH� OLEHUWp�GHV�JHVWHV�
DUWLFXODWRLUHV� SUpVHQWV� GDQV� FHUWDLQHV� VpTXHQFHV� 9R\HOOH� ²� &RQVRQQH� ²� 9R\HOOH� �9&9�� D� GpYRLOp� GHV�
VWUDWpJLHV�GH�FRPSHQVDWLRQ�HQWUH�DUWLFXODWHXUV�TXL�Q·DXUDLHQW�SDV�pWp�OLVLEOHV�GLUHFWHPHQW�VXU�OHV�FRQWRXUV�
VDJLWWDX[� EUXWV�� 'HV� VWUDWpJLHV� GH� V\QHUJLHV� HQWUH� ODQJXH� HW� PkFKRLUH� RQW� pJDOHPHQW� SX� rWUH� PLVHV� HQ�
pYLGHQFH��3DU�DLOOHXUV��QRXV�DYRQV�PLV�HQ�±XYUH�XQ�HQVHPEOH�GH�PRGqOHV�G·pFRXOHPHQW�G·DLU��GH�VRXUFHV�
DFRXVWLTXHV�GH�YRLVHPHQW�HW�GH�EUXLW�GH� IULFWLRQ�� HW�GH�SURSDJDWLRQ�HW� UD\RQQHPHQW�DFRXVWLTXH�GDQV� OHV�
GRPDLQHV� WHPSRUHOV� HW�RX� IUpTXHQWLHOV��1RXV� DYRQV� DLQVL� SX� pWXGLHU� OD� FRRUGLQDWLRQ�SUpFLVH�GHV� JHVWHV�
JORWWH���FRQVWULFWLRQ� RUDOH� QpFHVVDLUH� j� OD� SURGXFWLRQ� GHV� FRQVRQQHV� IULFDWLYHV�� HQ� OLDLVRQ� DYHF� OHV�
LQWHUDFWLRQV�HQWUH�VRXUFHV�HW�FRQGXLW�YRFDO��

7rWH�SDUODQWH�DXGLRYLVXHOOH�HW�V\QWKqVH�DUWLFXODWRLUH��1RXV�DYRQV�LQWpJUp�OHV�PRGqOHV�PHQWLRQQpV�FL�
GHVVXV�GDQV�XQ�URERW�DUWLFXODWRLUH�DQWKURSRPRUSKLTXH���XQH� WrWH�SDUODQWH��&HWWH�WrWH�SDUODQWH�HVW�GRQF�FRQWU{OpH�
SDU�GHV�SDUDPqWUHV�DUWLFXODWRLUHV�VXSUD�ODU\QJpV�TXL�SLORWHQW�OH�PRGqOH�DUWLFXODWRLUH�HW�SDU�GHV�SDUDPqWUHV�
GH�FRQWU{OH�JORWWLTXH�TXL�GpWHUPLQHQW�OHV�VRXUFHV�DFRXVWLTXHV�HQ�LQWHUDFWLRQ�DYHF�OH�FRQGXLW�YRFDO���HOOH�HVW�
ILQDOHPHQW� FDSDEOH� GH� IRXUQLU� XQ� VLJQDO� DXGLR�YLVXHO� GH� SDUROH� FRKpUHQW�� 1RXV� DYRQV� SDU� DLOOHXUV�
GpYHORSSp�GHV�SURFpGXUHV�G·LQYHUVLRQ��EDVpHV�VXU�OH�FRQFHSW�GH�URERWLTXH�GH�OD�SDUROH��TXL�QRXV�RQW�SHUPLV�
GH�UHFRQVWUXLUH�DYHF�XQH�ERQQH�ILDELOLWp�OHV�WUDMHFWRLUHV�GHV�SDUDPqWUHV�GH�FRQWU{OH�DUWLFXODWRLUH�j�SDUWLU�GH�
O·DFRXVWLTXH��PrPH� VL� FH� SUREOqPH�G·LQYHUVLRQ� HVW� XQ�SUREOqPH�PDO�SRVp�D� SULRUL��1RXV� DYRQV� DLQVL� SX�
UpDOLVHU�XQH�V\QWKqVH�DUWLFXODWRLUH�GH�VpTXHQFHV�9&9�FRQWHQDQW�OHV�IULFDWLYHV�GX�IUDQoDLV���

�
v 3(563(&7,9(6�

'·XQ�F{Wp�� LO�VHUD�QpFHVVDLUH�GH�SRXUVXLYUH�OH�GpYHORSSHPHQW�HW�O·DPpOLRUDWLRQ�GHV�GLIIpUHQWV�PRGqOHV�
TXL� FRQVWLWXHQW� OD� WrWH� SDUODQWH�� '·DXWUH� SDUW�� OH� WHPSV� HVW� YHQX� GH� QRXV� WRXUQHU� GH� PDQLqUH� SOXV�
DSSURIRQGLH� GDQV� OH� FDGUH� GX� GpYHORSSHPHQW� GHV� 67,&� �6FLHQFHV� HW� 7HFKQRORJLHV� GH� O·,QIRUPDWLRQ� HW� GH� OD�
&RPPXQLFDWLRQ��HW�GX��H�3URJUDPPH�FDGUH�HXURSpHQ�GH�UHFKHUFKH�HW�GH�GpYHORSSHPHQW�WHFKQRORJLTXH�HXURSpHQ��YHUV�GHV�
DSSOLFDWLRQV� FRPPH� OD� V\QWKqVH� DUWLFXODWRLUH� DXGLRYLVXHOOH�� OHV� FORQHV� SRXU� OHV� WpOpFRPPXQLFDWLRQV�� RX�
HQFRUH�O·DLGH�j�O·DSSUHQWLVVDJH�GHV�ODQJXHV���

'RQQpHV�HW�PRGqOHV�HQ�SURGXFWLRQ�GH�SDUROH��/H�GpYHORSSHPHQW�GH�OD�WrWH�SDUODQWH�FRQWLQXHUD�j�rWUH�
EDVp� VXU�GHV�GRQQpHV�H[SpULPHQWDOHV�� O·REMHFWLI�pWDQW�GH�PRGpOLVHU� WRXV� OHV�DUWLFXODWHXUV��DILQ�GH�JpQpUHU�
GHV�IRQFWLRQV�G·DLUH�WULGLPHQVLRQQHOOHV�FRPSOqWHV���/·DSSURFKH�GH�PRGpOLVDWLRQ� OLQpDLUH�VHUD�FRQVHUYpH��HQ�
H[SORUDQW�VHV�OLPLWHV��PDLV�VDQV�H[FOXUH�GHV�PRGqOHV�ORFDX[�QRQ�OLQpDLUHV�FDSDEOHV�GH�SUHQGUH�HQ�FRPSWH�
OD�GpIRUPDWLRQ�GHV�RUJDQHV�TXL�HQWUHQW�HQ�FRQWDFW�OHV�XQV�DYHF�OHV�DXWUHV��&HWWH�DSSURFKH�RULHQWpH�VXMHW�VHUD�
SDU� DLOOHXUV� pWHQGXH� j� SOXVLHXUV� ORFXWHXUV� DILQ� GH� FRPSDUHU� OHV� VWUDWpJLHV� LQGLYLGXHOOHV�� HW� G·HQ� WLUHU� GHV�
SULQFLSHV� SOXV� JpQpUDX[�� /D� QpFHVVDLUH� QRUPDOLVDWLRQ� LQWHU�VXMHWV� VHUD� H[SORUpH� j� GHX[� QLYHDX[���
FRQIRUPDWLRQ� DQDWRPLTXH�� HW� VWUDWpJLHV� GH� V\QHUJLH� �� FRPSHQVDWLRQ� DUWLFXODWRLUHV�� /HV� PRGqOHV�
DpURG\QDPLTXHV�HW�DFRXVWLTXHV�GHYURQW�rWUH�GpYHORSSpV�SRXU�SUHQGUH�HQ�FRPSWH�OHV�PRGHV�WUDQVYHUVDX[�
QpFHVVDLUHV� SRXU� OHV� FRQVRQQHV� IULFDWLYHV�� OH� FRXSODJH� DYHF� OHV� FDYLWpV� QDVDOHV� SRXU� OHV� YR\HOOHV� HW�
FRQVRQQHV�QDVDOHV��HW�OD�JpQpUDWLRQ�GHV�EUXLWV�GH�UHOkFKHPHQW�SRXU�OHV�FRQVRQQHV�RFFOXVLYHV��3DU�DLOOHXUV��
QRXV�H[SORUHURQV�OHV�GHJUpV�GH�OLEHUWp�GHV�DUWLFXODWHXUV�HQ�UHODWLRQ�DYHF�O·DQDWRPLH��HW�QRXV�GpWHUPLQHURQV�
OHV�HVSDFHV�GH�UpDOLVDWLRQ�GHV�GLIIpUHQWV�SKRQqPHV�VRXV�IRUPH�G·HVSDFHV�GH�UpDOLVDWLRQ�GH�FLEOHV�VSDWLR�WHPSRUHOOHV�DX[�

                                                      
�� 9RLU� GHV� H[HPSOHV� GH� V\QWKqVH� VXU� OHV� VLWHV� KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�$FWD$FXVWLFDB6RXQGV�KWPO�
HW�KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�97+�636��KWPO�



� 5pVXPp� 3DJH��� �
�

�

�
�

QLYHDX[�DUWLFXODWRLUH��JpRPpWULTXH��DpURG\QDPLTXH��HW�DFRXVWLTXH��SRXU�GLIIpUHQWHV�FRQGLWLRQV�G·pORFXWLRQ��
FH�TXL�QRXV�SHUPHWWUD�G·DERUGHU�O·pWXGH�GH�OD�YDULDELOLWp�GH�OD�SDUROH��

7rWHV� SDUODQWHV� HW� DSSOLFDWLRQV�� 8Q� FHUWDLQ� QRPEUH� G·DSSOLFDWLRQV� GHV� WrWHV� SDUODQWHV� SHXYHQW� rWUH�
HQYLVDJpHV��/·XQ�GHV�LQWpUrW�GH�OD�WrWH�SDUODQWH�UpVLGH�GDQV�OD�SRVVLELOLWp�GH�UpDOLWp�DXJPHQWpH�TX·HOOH�RIIUH���HQ�
DIILFKDQW� OD� SHDX� HW� FHUWDLQV� DUWLFXODWHXUV� GH�PDQLqUH� VHPL�WUDQVSDUHQWH�� RX� HQ� XWLOLVDQW� GHV� WHFKQLTXHV�
G·pFRUFKp�� LO� HVW� SRVVLEOH� GH� PRQWUHU� GHV� DUWLFXODWHXUV� FDFKpV� GDQV� GHV� FRQGLWLRQV� QRUPDOHV� G·pORFXWLRQ��
/·DSSUHQWLVVDJH�GH�OD�SURQRQFLDWLRQ�GHV�ODQJXHV�pWUDQJqUHV�SRXUUDLW�EpQpILFLHU�GH�FHV�SURSULpWpV���HQ�HIIHW�PRQWUHU�j�
XQ� DSSUHQDQW� OHV� PRXYHPHQWV� DUWLFXODWRLUHV� TX·LO� GRLW� HIIHFWXHU� SRXU� SURGXLUH� XQ� VRQ� IDLW� SDUWLH� GHV�
VWUDWpJLHV� SpGDJRJLTXHV� LQWpUHVVDQWHV��� LO� VHUD� GRQF� QpFHVVDLUH� G·pYDOXHU� OD� WrWH� SDUODQWH� j� FH� QLYHDX�� HQ�
GpWHUPLQDQW�OHV�PRGHV�GH�SUpVHQWDWLRQ�OHV�SOXV�HIILFDFHV��'H�PDQLqUH�VLPLODLUH��QRXV�HQYLVDJHRQV�G·XWLOLVHU�
OD�WrWH�SDUODQWH�GDQV�OH�FDGUH�GH�OD�UpKDELOLWDWLRQ�GHV�GpILFLHQWV�DXGLWLIV��3DU�DLOOHXUV��OD�WrWH�SDUODQWH�HW�O·HQVHPEOH�
GHV�GRQQpHV�DUWLFXODWRLUHV�HW�DFRXVWLTXHV�TXL�RQW�pWp�SURJUHVVLYHPHQW�DFFXPXOpHV�SHUPHWWHQW�G·HQYLVDJHU�
OH�GpYHORSSHPHQW�G·XQ�V\VWqPH�GH�V\QWKqVH�DUWLFXODWRLUH�DXGLRYLVXHOOH�j�SDUWLU�GX�WH[WH��(QILQ��GDQV�OH�GRPDLQH�
GHV�WpOpFRPPXQLFDWLRQV��LO�VHUD�SRVVLEOH�j�WRXW�ORFXWHXU�DXTXHO�XQ�FORQH�DXUD�pWp�DGDSWp�j�SDUWLU�G·XQ�FORQH�
JpQpULTXH�G·LQWHUYHQLU�GDQV�XQH�YLVLRFRQIpUHQFH�SDU�O·LQWHUPpGLDLUH�GH�FH�FORQH��DYHF�OHV�DYDQWDJHV�G·XQH�
UpGXFWLRQ� FRQVLGpUDEOH� GH� OD� EDQGH� SDVVDQWH� QpFHVVDLUH� j� O·LPDJH� HW� G·XQH� UHSUpVHQWDWLRQ� FRPSOqWH�
WULGLPHQVLRQQHOOH�GH�OD�WrWH�GX�ORFXWHXU��

38%/,&$7,216�

v 38%/,&$7,216�������
n 5HYXHV�LQWHUQDWLRQDOHV�DYHF�FRPLWp�������
n 2XYUDJHV�RX�FKDSLWUHV�GDQV�XQ�RXYUDJH������
n &ROORTXHV�LQWHUQDWLRQDX[�DYHF�FRPLWp�������
n &ROORTXHV�LQWHUQDWLRQDX[�VDQV�FRPLWp�������
n &ROORTXHV�QDWLRQDX[�DYHF�FRPLWp������
n &ROORTXHV�QDWLRQDX[�VDQV�FRPLWp������
n 5DSSRUWV�G
DFWLYLWp������
n 'LYHUV������
n 5DSSRUWV�GH�FRQWUDWV�������
n 9XOJDULVDWLRQ�����

�
v 35,1&,3$/(6�38%/,&$7,216�
%DGLQ�� 3��� %DLOO\�� *��� 5HYpUHW�� /��� %DFLX��0��� 6HJHEDUWK�� &��	� 6DYDULDX[�� &�� �,Q� SUHVV��� 7KUHH�

GLPHQVLRQDO�DUWLFXODWRU\�PRGHOLQJ�RI�WRQJXH��OLSV�DQG�IDFH��EDVHG�RQ�05,�DQG�YLGHR�LPDJHV��-RXUQDO�RI�
3KRQHWLFV��

%HDXWHPSV�� '��� %DGLQ�� 3�� 	� %DLOO\�� *�� �������� /LQHDU� GHJUHHV� RI� IUHHGRP� LQ� VSHHFK� SURGXFWLRQ��
$QDO\VLV� RI� FLQHUDGLR�� DQG� ODELR�ILOP� GDWD� DQG� DUWLFXODWRU\�DFRXVWLF�PRGHOLQJ�� -RXUQDO� RI� WKH�$FRXVWLFDO�
6RFLHW\�RI�$PHULFD���������������������

0DZDVV��.���%DGLQ��3��	�%DLOO\��*����������6\QWKHVLV�RI�)UHQFK�IULFDWLYHV�E\�DXGLR�YLGHR�WR�DUWLFXODWRU\�
LQYHUVLRQ��$FWD�$FXVWLFD������������������

%DGLQ��3���%DLOO\��*��	�%Rs��/��-�� ��������7RZDUGV� WKH�XVH�RI�D�9LUWXDO�7DONLQJ�+HDG�DQG�RI�6SHHFK�
0DSSLQJ� WRROV� IRU�SURQXQFLDWLRQ�WUDLQLQJ��,Q�3URFHHGLQJV�RI� WKH�(6&$�7XWRULDO�DQG�5HVHDUFK�:RUNVKRS�RQ�
6SHHFK� 7HFKQRORJ\� LQ�/DQJXDJH�/HDUQLQJ�� SS�� ��������� 6WRFNKROP�� 6ZHGHQ��0D\� ������(6&$� DQG�'HSW��
6SHHFK��0XVLF�DQG�+HDULQJ��.7+��6WRFNKROP��

%DGLQ�� 3��� %HDXWHPSV�� '��� /DERLVVLqUH�� 5�� 	� 6FKZDUW]�� -��/�� �������� 5HFRYHU\� RI� YRFDO� WUDFW�
JHRPHWU\�IURP�VSHHFK�VLJQDO�IRU�YRZHOV�DQG�IULFDWLYH�FRQVRQDQWV�XVLQJ�D�PLGVDJLWWDO�WR�DUHD�IXQFWLRQ�
FRQYHUVLRQ�PRGHO��-RXUQDO�RI�3KRQHWLFV���������������

%DGLQ��3���0RWRNL��.���0LNL��1���5LWWHUKDXV��'��	�/DOORXDFKH��7�0�� �������� 6RPH�JHRPHWULF� DQG�
DFRXVWLF�SURSHUWLHV�RI�WKH�OLS�KRUQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�-DSDQ��(QJOLVK�������������������

$EU\�� &��� %DGLQ�� 3�� 	� 6FXOO\�� &�� �������� 6RXQG�WR�JHVWXUH� LQYHUVLRQ� LQ� VSHHFK�� 7KH� 6SHHFK� 0DSV�
DSSURDFK��(635,7�5HVHDUFK�5HSRUW�1R��������,Q�$GYDQFHG�6SHHFK�$SSOLFDWLRQV��.��9DUJKHVH��6��3IOHJHU�
	�-�3��/HIqYUH��(GV����SS�����������%HUOLQ��6SULQJHU�9HUODJ��

%DGLQ��3����������)ULFDWLYH�FRQVRQDQWV��DFRXVWLF�DQG�;�UD\�PHDVXUHPHQWV��-RXUQDO�RI�3KRQHWLFV���������������
%DGLQ�� 3��� 3HUULHU�� 3���%Rs�� /��-��	�$EU\��&�� �������� 9RFDOLF� QRPRJUDPV��$FRXVWLF� DQG� DUWLFXODWRU\�

FRQVLGHUDWLRQV�XSRQ�IRUPDQW�FRQYHUJHQFHV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������
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%DGLQ�� 3�� �������� $FRXVWLFV� RI� YRLFHOHVV� IULFDWLYHV�� SURGXFWLRQ� WKHRU\� DQG� GDWD�� 6SHHFK� 7UDQVPLVVLRQ�

/DERUDWRU\���4XDUWHUO\�3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP�����������������
%DGLQ��3��	�)DQW��*����������1RWHV�RQ�YRFDO�WUDFW�FRPSXWDWLRQ��6SHHFK�7UDQVPLVVLRQ�/DERUDWRU\���4XDUWHUO\�

3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP��������������������
�
�

�
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«�WURLV�PLQXWHV�GH�VLOHQFH�j�OD�
PpPRLUH� GHV� QRPEUHXVHV� YLFWLPHV�
GH� OD� EDUEDULH� �LQ�KXPDLQH� «
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&RPPHQFp�LO�\�D�WUqV�ORQJWHPSV��SOXVLHXUV�IRLV�DEDQGRQQp��UHPLV�VXU�OH�PpWLHU��Up�DEDQGRQQp��

FH�PpPRLUH� D� HQILQ� YX� OH� MRXU� JUkFH� DX[�SUHVVLRQV� UpSpWpHV��PDLV�QpDQPRLQV� DPLFDOHV�� GH�PHV�
FKHUV�FROOqJXHV�HW�DPLV�GH�O·,&3��HW�DX�VRXWLHQ�DIIHFWXHX[�GH�PHV�MDSRQDLVHV�HW�GH�PD�IDPLOOH�«�­�
YRXV�WRXWHV�HW�j�YRXV�WRXV��0(5&,���

�
�
6RXV�O·LQIOXHQFH�GH�FHUWDLQV��M·DL�GpVDSSULV�j�FRPSWHU�OHV�PRXWRQV��-H�QH�IHUDL�GRQF�SDV�GH�OLVWHV�

GH�UHPHUFLHPHQWV��WRXMRXUV�LQMXVWHV�SDU�OHV�RXEOLV�LQpYLWDEOHV��4XH�WRXWHV�FHOOHV�HW�WRXV�FHX[�TXL�
P·RQW�DLGp��G·XQH�PDQLqUH�RX�G·XQH�DXWUH��GHSXLV�PRQ�DUULYpH�j�O·,&3��HQ�GLULJHDQW�OH�ODERUDWRLUH��
HQ�IDLVDQW�GH� OD�UHFKHUFKH��HQ�PH�FRQVHLOODQW��HQ�PH�UHPHWWDQW�HQ�FDXVH��HQ�P·HQFRXUDJHDQW��HQ�
HQWUHWHQDQW� OHV�PDFKLQHV�HW� OHV� ORFDX[��HQ�SUpSDUDQW� OH�FDIp�TXH� MH�QH�ERLV�SDV��HQ�UpVROYDQW� OHV�
SUREOqPHV� DGPLQLVWUDWLIV�� HQ�GLVFXWDQW� DYHF�PRL�GDQV� OHV� FRXORLUV�� HQ� IDLVDQW�GHV� WKqVHV�RX�GHV�
VWDJHV��IUDQoDLV�RX�pWUDQJHUV��«�HW�HQ�UHOLVDQW�FH�PpPRLUH��VH�UHWURXYHQW�pJDOHPHQW�UHPHUFLpV�LFL�
GX�IRQG�GH�PRQ�F±XU���
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Parole d’homme – Parole de clone 

Vers une machine parlante anthropomorphique : 

Données et modèles en production de parole. 
 

�

I. CADRE SCIENTIFIQUE ET MOTIVATIONS 
/H� ODQJDJH�� RX� SOXV� SUpFLVpPHQW� OD� SDUROH�� FRQVWLWXH� GHSXLV� GHV� WHPSV� LPPpPRULDX[� OH� PR\HQ�

SULYLOpJLp�GH� FRPPXQLFDWLRQ� HQWUH� OHV� rWUHV�KXPDLQV��0rPH�VL� OH�GpEDW� UHVWH�RXYHUW�� OD�SDUROH�FRQVWLWXH�
YUDLVHPEODEOHPHQW�� GH�PDQLqUH� XOWLPH�� OD� IDFXOWp� TXL� SHUPHW� GH� GLVWLQJXHU� O
KRPPH� GHV� DXWUHV� HVSqFHV�
DQLPDOHV��-H�VXLV�FRQYDLQFX�TXH�FHOD�FRQVWLWXH�OD�UDLVRQ�SURIRQGH�GH�O
LQWpUrW�FRQVWDQW�SRUWp�j�O
pWXGH�GH�OD�
SDUROH�GHSXLV�GHV�VLqFOHV���

'HSXLV�PRQ�DUULYpH�j� O·,&3�HQ�DYULO�������PHV�WUDYDX[�GH�UHFKHUFKH�VRQW�HVVHQWLHOOHPHQW�FHQWUpV�VXU�
O
pWXGH�HW�OD�FRPSUpKHQVLRQ�GHV�SKpQRPqQHV�TXL�LQWHUYLHQQHQW�GDQV�OD�SURGXFWLRQ�GH�OD�SDUROH��

A. La parole, un signal biologique de communication 
/H� VLJQDO� GH� SDUROH� HVW� XQ� VLJQDO� GHVWLQp� j� OD� FRPPXQLFDWLRQ� RUDOH� HQWUH�KXPDLQV�� HW� GRQF� j� HQFRGHU� GHV�

PHVVDJHV� OLQJXLVWLTXHV�� ,O� SRVVqGH� XQ� FHUWDLQ� QRPEUH� GH� SURSULpWpV� TXL� HQ� IRQW� XQ� W\SH� GH� VLJQDO� WUqV�
SDUWLFXOLHU��&·HVW� XQ� VLJQDO�SURGXLW�SDU�XQ� V\VWqPH�ELRORJLTXH�� O·DSSDUHLO�SKRQDWRLUH�KXPDLQ�� HW�TXL� UHIOqWH�
GRQF�OHV�SURSULpWpV�ELRPpFDQLTXHV�GHV�DUWLFXODWHXUV��&·HVW�XQ�VLJQDO�DXGLRYLVXHO��SXLVTX·LO�IDLW�VLPXOWDQpPHQW�
LQWHUYHQLU� OH� VRQ� HW� O·LPDJH� GX� YLVDJH� GX� ORFXWHXU�� SRXU� QH� SDV�PHQWLRQQHU� OH� WRXFKHU�� &·HVW� XQ� VLJQDO�
UHGRQGDQW��DXVVL�ELHQ�DX�QLYHDX�GX�VRQ�TX·DX�QLYHDX�GH�OD�FRPSOpPHQWDULWp�HQWUH�OHV�FDQDX[�DFRXVWLTXHV�HW�
YLVXHOV�� FH�TXL� OXL� FRQIqUH�GHV�TXDOLWpV�GH� UREXVWHVVH� LQGLVSHQVDEOHV� j�XQ� VLJQDO�GH�FRPPXQLFDWLRQ��6RQ�
GHJUp�GH�UHGRQGDQFH�HVW�DGDSWDEOH�HQ�IRQFWLRQ�GHV�FRQGLWLRQV�HQYLURQQHPHQWDOHV�GH�EUXLW�HW�GH�OD�TXDQWLWp�
G·LQIRUPDWLRQ� ²� OLpH� HQ� SDUWLFXOLHU� DX� GHJUp� GH� SUpGLFWLELOLWp� ²� FRQWHQXH� GDQV� OH�PHVVDJH� j� WUDQVPHWWUH��
&HWWH�DGDSWDELOLWp�HQ�IDLW�XQ�VLJQDO�WUqV�YDULDEOH���

3DUWDQW�GH�FHV�FRQVLGpUDWLRQV�� O
XQH�GHV�YRLHV� OHV�SOXV�SURGXFWLYHV�SRXU� O
DFTXLVLWLRQ�GH�FRQQDLVVDQFH�
VXU�OD�SDUROH�SDUDvW�rWUH�O
pWXGH�GHV�SKpQRPqQHV�TXL�SUpVLGHQW�j�VD�SURGXFWLRQ��(Q�HIIHW��OD�SDUROH�HVW�XQ�
VLJQDO�H[WUrPHPHQW�FRPSOH[H�GX�SRLQW�GH�YXH�GH�VD�VWUXFWXUH�DFRXVWLTXH��PDLV�FHWWH�FRPSOH[LWp�SHXW�rWUH�
OXH�HW�LQWHUSUpWpH�SOXV�IDFLOHPHQW�VL�O
RQ�IDLW�UpIpUHQFH�DX[�JHVWHV�GHV�DUWLFXODWHXUV�TXL�VXIILVHQW�j�SURGXLUH�FH�
VLJQDO��&HWWH�DSSURFKH�UpQRYpH�GH�OD�SURGXFWLRQ�GH�OD�SDUROH�D�pWp�UHODQFpH�HW�FRQIRUWpH�GHSXLV�XQH�GL]DLQH�
G·DQQpHV� GDQV� OH� FDGUH� GH� OD� URERWLTXH� GH� OD� SDUROH�� QRWLRQ� GpYHORSSpH� HQ� SDUWLFXOLHU� DX� FRXUV� GX� SURMHW�
HXURSpHQ�6SHHFK�0DSV��$EU\��%DGLQ�	�6FXOO\����������

/D�FKDvQH�GHV�SURFHVVXV�GH�SURGXFWLRQ�GH�OD�SDUROH�
/D�)LJXUH���VFKpPDWLVH�OHV�GLYHUV�QLYHDX[�GH�WUDQVIRUPDWLRQ�TXL�LQWHUYLHQQHQW�ORUV�GH�OD�JpQpUDWLRQ�GHV�

VLJQDX[� GH� SDUROH� DXGLRYLVXHOV� j� SDUWLU� GX� FRGH� OLQJXLVWLTXH� TXH� OH� ORFXWHXU� VRXKDLWH� WUDQVPHWWUH�� 8Q�
PHVVDJH�FRQoX�DX�QLYHDX�GX�FHUYHDX�JpQqUH�GHV�LQIOX[�QHUYHX[�TXL�DFWLYHQW�OHV�GLYHUV�PXVFOHV�GH�O·DSSDUHLO�
YRFDO� KXPDLQ�� /HV� JHVWHV� FRRUGRQQpV� GHV� GLIIpUHQWV� DUWLFXODWHXUV� ²� PkFKRLUH�� ODQJXH� HW� OqYUHV� ²� IRQW�
pYROXHU�OD�IRUPH�GX�FRQGXLW�YRFDO�DX�FRXUV�GX�WHPSV��HQ�PrPH�WHPSV�TXH�VHV�VRXUFHV�G·H[FLWDWLRQ��DILQ�GH�
JpQpUHU�HW�PRGXOHU�OH�VRQ��/D�SDUROH�SURGXLWH�HVW�ILQDOHPHQW�XQ�VLJQDO�DXGLR�YLVXHO�GHVWLQp�j�rWUH�SHUoX�SDU�
XQ� LQWHUORFXWHXU�GDQV�VHV�PRGDOLWpV�j� OD�IRLV�DXGLWLYH�HW�YLVXHOOH��-H�SUpVHQWH�WUqV�EULqYHPHQW�FL�DSUqV� OHV�
GLIIpUHQWV�PDLOORQV�GH�FHWWH�FKDvQH��
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)LJXUH�����6FKpPD�GH�SULQFLSH�GHV�SURFHVVXV�GH�SURGXFWLRQ�GH�OD�SDUROH�

'X�FRGH�OLQJXLVWLTXH�DX[�FRPPDQGHV�QHUYHXVHV��/D�IDoRQ�GRQW�OH�V\VWqPH�QHUYHX[�FHQWUDO�FRQWU{OH�
O
DSSDUHLO�SKRQDWRLUH�IDLW�WRXMRXUV�O·REMHW�G·XQ�ODUJH�GpEDW��FI��OH�%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH�1����$EU\�
	�%DGLQ���������QXPpUR�VSpFLDO�GH�FRPPHQWDLUHV�VXU�O·DUWLFOH�FLEOH�GH�3HUULHU��2VWU\�	�/DERLVVLqUH��������
´7KH�(TXLOLEULXP�3RLQW�+\SRWKHVLV�DQG�LWV�DSSOLFDWLRQ�WR�VSHHFK�PRWRU�FRQWUROµ���/H�PRGqOH�GH�FRQWURO�
PRWHXU�TXH�3HUULHU� HW� DO�� �������GpIHQGHQW�SRXU� OD�SDUROH�� L�H�� OH�PRGqOH�λ�� UHSRVH� VXU� O·+\SRWKqVH� GX�3RLQW�
G· TXLOLEUH�VHORQ�ODTXHOOH�OH�PRXYHPHQW�GHV�DUWLFXODWHXUV�UpVXOWH�GH�FKDQJHPHQWV�GHV�VLJQDX[�GH�FRQWU{OH�
QHUYHX[�TXL�RQW�SRXU�HIIHW�GH�GpSODFHU�O·pWDW�G·pTXLOLEUH�GX�V\VWqPH�PRWHXU��/HV�FKDQJHPHQWV�LQGXLWV�SDU�
OH� V\VWqPH� QHUYHX[� VXU� OHV� SRWHQWLHOV� GH� PHPEUDQH� GHV� QHXURQHV� PRWHXUV� TXL� LQQHUYHQW� OHV� PXVFOHV�
FHQWUDO� FRQVWLWXHQW� GRQF� OHV� YpULWDEOHV� SDUDPqWUHV� GH� FRQWU{OH�� /·pTXLOLEUH� GX� V\VWqPH� PRWHXU� UpVXOWH�
ILQDOHPHQW� GHV� LQWHUDFWLRQV� HQWUH� OHV� FRPPDQGHV� QHUYHXVHV� FHQWUDOHV�� OHV� PpFDQLVPHV� UpIOH[HV�� OHV�
SURSULpWpV�GHV�PXVFOHV�HW�OHV�FKDUJHV�H[WHUQHV��3OXV�SUpFLVpPHQW��OHV�IRUFHV�JpQpUpHV�SDU�OHV�PXVFOHV�VRQW�
GXHV�DX[�YDULDWLRQV�GH�SRODULVDWLRQ�GHV�QHXURQHV�PRWHXUV�TXL�FKDQJHQW�OH�VHXLO�GH�ORQJXHXU�PXVFXODLUH�λ�j�
SDUWLU�GXTXHO�OHV�QHXURQHV�PRWHXUV�VRQW�UHFUXWpV��

%LRPpFDQLTXH�GHV�DUWLFXODWHXUV��/HV�IRUFHV�JpQpUpHV�SDU�OD�FRQWUDFWLRQ�GHV�ILEUHV�PXVFXODLUHV�LQGXLWH�
SDU� OHV� QHXURQHV�PRWHXUV� DJLVVHQW� VXU� O
HQVHPEOH� GHV� DUWLFXODWHXUV� TXL� UpDJLVVHQW� VXLYDQW� OHV� ORLV� GH� OD�
PpFDQLTXH�FODVVLTXH��/H�V\VWqPH�DUWLFXODWRLUH�DIILFKH�DLQVL�GHV�SURSULpWpV�G\QDPLTXHV�TXL�GpSHQGHQW�GHV�
PDVVHV�GHV�DUWLFXODWHXUV�PLV�HQ�MHX��PDLV�DXVVL�GHV�IRUFHV�HW�GH�GLYHUV�W\SHV�GH�SHUWHV��/HV�FRQQDLVVDQFHV�
HQ�ELRPpFDQLTXH�GH�OD�SDUROH�FRPPHQFHQW�j�VH�GpYHORSSHU�FRQVLGpUDEOHPHQW��FRPPH�HQ�WpPRLJQHQW�OHV�
PRGqOHV�GH�SOXV�HQ�SOXV�QRPEUHX[�TXL�WLHQQHQW�FRPSWH�GH�FHV�SURSULpWpV�G\QDPLTXHV��3D\DQ��3HUULHU�	�
/DERLVVLqUH���������:LOKHOPV�7ULFDULFR�	�3HUNHOO���������/DERLVVLqUH��2VWU\�	�)HOGPDQ����������

$UWLFXODWHXUV�HW�JpRPpWULH�GX�FRQGXLW�YRFDO��/D�SRVLWLRQ�GH�O
HQVHPEOH�GHV�DUWLFXODWHXUV�VXSUD�ODU\QJpV�
SHUPHW�GH�GpILQLU�OD�IRUPH�FRPSOqWH�GX�FRQGXLW�YRFDO��F
HVW�j�GLUH�OHV�GLPHQVLRQV�SUpFLVHV�GH�FKDFXQH�GHV�
FDYLWpV� TXL� SDUWLFLSHQW� j� OD� SURGXFWLRQ� GHV� VRQV�� &HWWH� JpRPpWULH� SHXW� rWUH� GpFULWH� GH�PDQLqUH� SOXV� RX�
PRLQV� FRPSOqWH�� VRLW� HQ� VSpFLILDQW� O
HQVHPEOH� GHV� OLPLWHV� GX� FRQGXLW� YRFDO� �GHVFULSWLRQ� HQWLqUHPHQW�
WULGLPHQVLRQQHOOH���VRLW�SDU�O
XWLOLVDWLRQ�G
XQH�IRQFWLRQ�G
DLUH��UHSUpVHQWDWLRQ�SVHXGR�WULGLPHQVLRQQHOOH��RX�
HQFRUH� VLPSOHPHQW� SDU� OH� FRQWRXU� GH� OD� FRXSH� PpGLRVDJLWWDOH� GX� FRQGXLW� YRFDO� �UHSUpVHQWDWLRQ�
ELGLPHQVLRQQHOOH���

$pURDFRXVWLTXH�GX�FRQGXLW� YRFDO�HW� VRXUFHV�G
H[FLWDWLRQ�DFRXVWLTXH��/H�SURFHVVXV�GH�SURGXFWLRQ�
GHV�VRQV�GDQV�OH�FRQGXLW�YRFDO�UHSRVH�VXU�OH�SULQFLSH�GH�OD�WUDQVIRUPDWLRQ�GH�O
pQHUJLH�PpFDQLTXH�IRXUQLH�
SDU�OHV�SRXPRQV��VRXV�IRUPH�G
XQ�FHUWDLQ�GpELW�G
DLU�j�XQH�FHUWDLQH�SUHVVLRQ��HQ�XQH�pQHUJLH�DFRXVWLTXH�TXL�
HVW� ILQDOHPHQW� UD\RQQpH�� 3OXV� SUpFLVpPHQW�� O
pFRXOHPHQW� GH� O
DLU� GDQV� OH� FRQGXLW� YRFDO� DVVXUH� GHX[�
IRQFWLRQV��� LO� SHUPHW� G
XQH� SDUW� GH� WUDQVIRUPHU� O
pFRXOHPHQW� GH� O·DLU� HQ� H[FLWDWLRQ� DFRXVWLTXH� VXLYDQW�
SOXVLHXUV�PRGHV�� HW�G
DXWUH�SDUW� LO�FRRUGRQQH�HQWUH�HOOHV� OHV�GLIIpUHQWHV�VRXUFHV�DFRXVWLTXHV�DLQVL�FUppHV��
FRPPH�QRXV�OH�YHUURQV�SOXV�ORLQ��7URLV�W\SHV�GH�VRXUFHV�G
H[FLWDWLRQ�DFRXVWLTXH�SHXYHQW�rWUH�FRQVLGpUpV�
GDQV�GHV�FRQGLWLRQV�QRUPDOHV�GH�SURGXFWLRQ�GH�SDUROH���
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([FLWDWLRQ�YRLVpH��6L�OHV�FRUGHV�YRFDOHV�VRQW�VXIILVDPPHQW�UDSSURFKpHV��HW�VL�OD�GLIIpUHQFH�GH�SUHVVLRQ�j�
ODTXHOOH�HOOHV�VRQW�VRXPLVHV�HVW�VXIILVDPPHQW�pOHYpH��HOOHV�HQWUHQW�DORUV�GDQV�XQ�PRXYHPHQW�G
RVFLOODWLRQV�
GH�UHOD[DWLRQ�DSSUR[LPDWLYHPHQW�SpULRGLTXH�TXL�PRGXOH�OH�GpELW�G
DLU�TXL�WUDYHUVH�OD�JORWWH�HW�IRXUQLW�XQH�
VRXUFH�GH�YRLVHPHQW� �YRLU�SDU�H[HPSOH�3HORUVRQ��+LUVFKEHUJ��9DQ�+DVVHO��:LMQDQGV�	�$XUHJDQ���������
3HORUVRQ��+LUVFKEHUJ��:LMQDQGV�	�%DLOOLHW����������/D�IRUPH�GH�O
RQGH�DLQVL�JpQpUpH��HW�SDU�FRQVpTXHQW�OH�
VSHFWUH�HW�OD�IUpTXHQFH�IRQGDPHQWDOH��GpSHQGHQW�GRQF�G
XQ�FHUWDLQ�QRPEUH�GH�SDUDPqWUHV�WHOV�TXH�OD�FKXWH�
GH�SUHVVLRQ�PR\HQQH�j�WUDYHUV�OD�JORWWH��OD�PDVVH�HW�OD�WHQVLRQ�GHV�FRUGHV�YRFDOHV��HW�OHXU�SRVLWLRQ�DX�UHSRV��
6L� O
pFDUWHPHQW� DX� UHSRV� HVW� WURS� pOHYp�� OHV� YLEUDWLRQV� FHVVHQW�� 6L� O
pFDUWHPHQW� HVW� VXIILVDQW�SRXU�TXH� OHV�
FRUGHV� YLEUHQW��PDLV� TXH� OHXU� WHQVLRQ� HVW� WURS� IRUWH�� HOOHV� QH� YLEUHQW� SDV� QRQ� SOXV�� /HV� SDUDPqWUHV� GH�
FRQWU{OH�GHV� FRUGHV�YRFDOHV�GRLYHQW�GRQF� VH� VLWXHU�GDQV�XQ�HVSDFH� OLPLWp�SRXU�DVVXUHU� OH�YRLVHPHQW� �FI��
/DERLVVLqUH�	� 3HORUVRQ� �������� RX�$EU\�� %DGLQ��0DZDVV�	� 3HORUVRQ� ���������� OH� ORFXWHXU� MRXH� VXU� FHV�
GLPHQVLRQV�SRXU�REWHQLU�O
RSSRVLWLRQ�SKRQRORJLTXH�©�YRLVp���VRXUG�ª�SDU�H[HPSOH��

([FLWDWLRQ� EUXLWpH�� /RUVTX
XQH� FRQVWULFWLRQ�� F
HVW�j�GLUH� XQ� UHVVHUUHPHQW� GHV� SDURLV�� VH� IRUPH� HQ� XQ�
SRLQW�GX�FRQGXLW�YRFDO�� O
pFRXOHPHQW�GH�O
DLU�� ODPLQDLUH�HQ�DPRQW�GH�OD�FRQVWULFWLRQ��VH�WUDQVIRUPH�HQ�MHW�
SOXV� RX�PRLQV� WXUEXOHQW� j� OD� VRUWLH� GH� FHOOH�FL�� &H� MHW� JpQqUH� GHV� VRXUFHV� GH� EUXLW� DFRXVWLTXHV� GDQV� OH�
FRQGXLW�YRFDO��2Q�SDUOH�GH�EUXLW�G
DVSLUDWLRQ�ORUVTXH�OH�SKpQRPqQH�VH�SURGXLW�j�OD�JORWWH��FRPPH�GDQV�OHV�
YR\HOOHV�FKXFKRWpHV�SDU�H[HPSOH�� HW�GH�EUXLW�GH� IULFWLRQ�GDQV� OHV�DXWUHV�FDV��6KDGOH� �������GLVWLQJXH� WURLV�
W\SHV�GH�JpQpUDWLRQ�GH�EUXLW�������OHV�VRXUFHV�GH�VXUIDFH�GXHV�j�O
pFRXOHPHQW�GH�O
DLU�OH�ORQJ�G
XQH�SDURL�GX�
FRQGXLW�YRFDO��H[HPSOH���[[]�������OHV�VRXUFHV�G
REVWDFOH�FUppHV�SDU�OD�EULVpH�GX�MHW�VXU�XQ�REVWDFOH�WHO�TXH�
OHV� LQFLVLYHV� �H[HPSOH��� [V]��� HW� ���� OHV� VRXUFHV� GH� MHW� OLEUH� GXHV� j� OD� WXUEXOHQFH� VHXOH�� HW� TXL� UD\RQQHQW�
H[WUrPHPHQW�SHX�G
pQHUJLH�DFRXVWLTXH��H[HPSOH���[�]���

'H�PDQLqUH�VLPLODLUH�j�OD�VRXUFH�YRFDOH��OHV�FRQGLWLRQV�GH�JpQpUDWLRQ�GHV�VRXUFHV�GH�IULFWLRQ�GpSHQGHQW�
GH�O
pWDW�GH�O·pFRXOHPHQW�GH�O·DLU�GDQV�OH�FRQGXLW�YRFDO��FI��+L[RQ���������6WHYHQV���������RX�%DGLQ����������
HW�HQ�RXWUH�GH�VD�JpRPpWULH��6KDGOH����������$LQVL�� OH�EUXLW�GH�IULFWLRQ�QpFHVVLWH�XQH�FKXWH�GH�SUHVVLRQ�j�
WUDYHUV� OD� FRQVWULFWLRQ� VXIILVDPPHQW� pOHYpH�� HW� XQH� DLUH� GH� FRQVWULFWLRQ� VXIILVDPPHQW� IDLEOH�� &HV�
PpFDQLVPHV�GH�FRRUGLQDWLRQ�HQWUH�VRXUFH�YRFDOH�HW�VRXUFH�GH�EUXLW�VHURQW�SUpVHQWpHV�SOXV�SUpFLVpPHQW�j�OD�
VHFWLRQ�,,�&����

([FLWDWLRQ� GH� UHOkFKHPHQW�� /RUV� G·XQH� IHUPHWXUH� WRWDOH� GX� FRQGXLW� YRFDO�� OD� SUHVVLRQ� HQ� DPRQW� GH�
O·RFFOXVLRQ�V·pOqYH�MXVTX·j�pTXLOLEUH�DYHF�OD�SUHVVLRQ�GHV�SRXPRQV��/H�UHOkFKHPHQW�SOXV�RX�PRLQV�EUXWDO�GH�
FHWWH�RFFOXVLRQ�SURGXLW�XQH�YDULDWLRQ� WUDQVLWRLUH� LPSRUWDQWH�GH� O·pFRXOHPHQW� �3HORUVRQ����������TXL�HVW�j�
O·RULJLQH�G·XQH�VRXUFH�DFRXVWLTXH�FRKpUHQWH�GH�W\SH�LPSXOVLRQQHO��0DHGD����������(Q�XWLOLVDQW�GHV�PRGqOHV�
WUqV� VLPSOLILpV�� 0DHGD� ������� HW� 6WHYHQV� ������� RQW� PRQWUp� TXH� OHV� FDUDFWpULVWLTXHV� VSHFWUDOHV� HW�
WHPSRUHOOHV� GH� FHWWH� VRXUFH� DFRXVWLTXH� GpSHQGHQW� HQ� SDUWLFXOLHU� GH� OD� YLWHVVH� GH� UHOkFKHPHQW� HW� GH� OD�
ORQJXHXU�GH�O·RFFOXVLRQ�DX�PRPHQW�GX�UHOkFKHPHQW��

3URSDJDWLRQ�DFRXVWLTXH�GDQV�OH�FRQGXLW�YRFDO�HW�UD\RQQHPHQW��/HV�VRXUFHV�TXH�MH�YLHQV�GH�GpFULUH�
JpQqUHQW� j� OHXU� WRXU� GHV� RQGHV� DFRXVWLTXHV� TXL� VH� SURSDJHQW� GDQV� OH� FRQGXLW� YRFDO�� TXL� VHUW� GH� JXLGH�
G
RQGH� HW� MRXH� OH� U{OH� G
XQ� UpVRQDWHXU� TXL� UHKDXVVH� O
DPSOLWXGH� GH� FHUWDLQHV� IUpTXHQFHV� HW� HQ� DIIDLEOLW�
G
DXWUHV�� $X[� EDVVHV� IUpTXHQFHV�� RQ� FRQVLGqUH� WUDGLWLRQQHOOHPHQW� TXH� VHXOHV� GHV� RQGHV� SODQHV� VH�
SURSDJHQW� �FI��)DQW� ��������3RUWQRII� ��������RX�%DGLQ�	�)DQW� ���������&HSHQGDQW��FRPPH�GDQV�WRXV� OHV�
JXLGHV�G
RQGHV��LO�H[LVWH�XQH�IUpTXHQFH�j�SDUWLU�GH�ODTXHOOH�GHV�RQGHV�WUDQVYHUVHV�VH�SURSDJHQW�pJDOHPHQW���
FHWWH�IUpTXHQFH��TXL�GpSHQG�QDWXUHOOHPHQW�GHV�GLPHQVLRQV�GX�FRQGXLW�YRFDO��VH�VLWXH�DX[�DOHQWRXUV�GH�����
N+]� �(O� 0DVUL�� 3HORUVRQ�� 6DJXHW� 	� %DGLQ� ��������� /
LPSRUWDQFH� GH� FHV� RQGHV� WUDQVYHUVHV� SRXU� OD�
SURGXFWLRQ�GH�OD�SDUROH�Q
HVW�SDV�HQFRUH�FODLUHPHQW�pWDEOLH��HW�IDLW�HQFRUH�O
REMHW�GH�UHFKHUFKHV��/
REMHW�GH�
O
DFRXVWLTXH� GX� FRQGXLW� YRFDO� HVW� GH� SUpGLUH�� j� SDUWLU� GH� OD� IRUPH� GX� FRQGXLW�� OD� IRQFWLRQ� GH� WUDQVIHUW�
DFRXVWLTXH�HQWUH�VRXUFH�HW�OqYUHV��HW�HQ�SDUWLFXOLHU�OHV� IRUPDQWV�TXH�O·RQ�GpILQLW�FRPPH�OHV��UpVRQDQFHV�GX�
FRQGXLW�YRFDO��

/H�UD\RQQHPHQW�GHV�RQGHV�DFRXVWLTXHV�pWDEOLHV�GDQV�OH�FRQGXLW�YRFDO�FRQVWLWXH�OH�SURFHVVXV�ILQDO�GH�OD�
SURGXFWLRQ�GH� OD�SDUROH��&H�UD\RQQHPHQW�VH�SURGXLW�SULQFLSDOHPHQW�DX�QLYHDX�GHV� OqYUHV�HW�GHV�QDULQHV��
PDLV�DXVVL�j�WUDYHUV�OHV�SDURLV�GX�FRQGXLW��HQ�SDUWLFXOLHU�DX�QLYHDX�GX�SKDU\Q[�HW�GHV�MRXHV��)DQW��1RUG�	�
%UDQGHUXG����������
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B. Les principes scientifiques préalables 
$YDQW�GH�GpFULUH�O·HQVHPEOH�GH�PHV�WUDYDX[��LO�HVW�LQGLVSHQVDEOH�GH�SUpVHQWHU�OHV�SULQFLSHV�VFLHQWLILTXHV�

TXL�RQW�VRXV�WHQGX�PRQ�DSSURFKH�GH�O¶pWXGH�GH�OD�SURGXFWLRQ�GH�OD�SDUROH��/HV�WURLV�FRQFHSWV�FOp�GH�FHWWH�
UHFKHUFKH�VRQW�OD�PRGpOLVDWLRQ��O·DQWKURSRPRUSKLVPH��HW�OHV�GRQQpHV�H[SpULPHQWDOHV���

1. Modéliser pour comprendre et connaître 
/D�PRGpOLVDWLRQ�FRQVWLWXH�� DYHF� OD�GHVFULSWLRQ�PpWKRGLTXH�� OD�PpWKRGH�SDU�H[FHOOHQFH�SHUPHWWDQW�GH�

IRUPXOHU�� HW� HQVXLWH� G·pYDOXHU�� QRWUH� FRQQDLVVDQFH� G
XQ� SKpQRPqQH� GRQQp�� 3DU� OD� QpFHVVLWp� GH�
IRUPDOLVDWLRQ� GX� SKpQRPqQH� pWXGLp� TX·HOOH� LPSRVH�� OD� PRGpOLVDWLRQ� LQFLWH� j� SRVHU� OHV� SUREOqPHV� GH�
PDQLqUH�FODLUH��HQ�SDUWLFXOLHU�HQ�PHWWDQW�HQ�pYLGHQFH�OHV�SDUDPqWUHV�SHUWLQHQWV��WRXW�HQ�RXYUDQW�OD�YRLH�j�OD�
SRVVLELOLWp�GH�IDOVLILFDWLRQ��F·HVW�j�GLUH�HQ�SHUPHWWDQW�GH�FRQIURQWHU�VHV�SUpGLFWLRQV�j�OD�UpDOLWp�PHVXUDEOH��HW�
DLQVL�GH�PHWWUH�j�O·pSUHXYH�OH�PRGqOH��0RGpOLVHU�SHUPHW�DLQVL�GH�PLHX[�FRPSUHQGUH��GH�PLHX[�FRQQDvWUH��
HW�DXVVL�ILQDOHPHQW�GH�PLHX[�PDvWULVHU���

&·HVW�DLQVL�TX·DILQ�GH�IDLUH�SURJUHVVHU�QRWUH�FRPSUpKHQVLRQ�GX�IRQFWLRQQHPHQW�GH�OD�SURGXFWLRQ�GH�OD�
SDUROH�� MH� PH� VXLV� SODFp� GDQV� O·RSWLTXH� GX� IDLUH� FRPPH�� F·HVW�j�GLUH� PRGpOLVHU� GH� PDQLqUH� SK\VLTXH� RX�
IRQFWLRQQHOOH� OHV� GLYHUV� SKpQRPqQHV� HW� OHXUV� LQWHUDFWLRQV��SOXW{W�TXH�GDQV� FHOOH�GX� IDLUH� VHPEODQW� TXL� YLVH� j�
VLPXOHU�SOXW{W�OHV�VLJQDX[�HX[�PrPHV�TXH�OHXUV�FDXVHV��

2. Modélisation physique et modélisation fonctionnelle 
/D� PRGpOLVDWLRQ� IRQFWLRQQHOOH� SHUPHW� GH� UHQGUH� FRPSWH� G
XQ� SKpQRPqQH� GH� PDQLqUH� JOREDOH�� &HWWH�

DSSURFKH�UHQYRLH�DX�FRQFHSW�GH�ERvWH�QRLUH���RQ�pWDEOLW� OHV�UHODWLRQV�HQWUH�OHV�SDUDPqWUHV�VXSSRVpV�rWUH�OHV�
SDUDPqWUHV� GH� FRQWU{OH� GX� SKpQRPqQH� �OHV� HQWUpHV� GH� OD� ERvWH� QRLUH�� HW� OHV� SDUDPqWUHV� TXL� HQ� VRQW� OHV�
FRQVpTXHQFHV� �OHV� VRUWLHV� GH� OD� ERvWH� QRLUH��� 0rPH� V
LO� SHXW� V
DYpUHU� H[WUrPHPHQW� HIILFDFH� GDQV� GHV�
DSSOLFDWLRQV� WHFKQRORJLTXHV�SDU�H[HPSOH��FH� W\SH�GH�PRGpOLVDWLRQ�SLORWp�SDU� OH�UpVXOWDW�Q·DSSRUWH�SDV�HQ�
UHWRXU� GH� FRQQDLVVDQFH� VXU� OH� SKpQRPqQH� OXL�PrPH�� 3UHQRQV� O
H[HPSOH� GH� OD� UHODWLRQ� DUWLFXODWRUL�
DFRXVWLTXH��6L�QRXV�QRXV�LQWpUHVVRQV�j�O
HIIHW�GH�OD�SRVLWLRQ�GH�OD�PkFKRLUH�VXU�OHV�IUpTXHQFHV�GH�UpVRQDQFH�
GX� FRQGXLW� YRFDO�� LO� HVW� HQYLVDJHDEOH� G
HQWUDvQHU� XQ� V\VWqPH� G·LQWHUSRODWLRQ� � �UpVHDX� GH� QHXURQHV��
UpJUHVVLRQ�PXOWLOLQpDLUH�� LQWHUSRODWLRQ�SRO\QRPLDOH�� IRQFWLRQV� GH�EDVH� UDGLDOHV�� HWF��� VXU�XQ� HQVHPEOH�GH�
GRQQpHV�H[SpULPHQWDOHV�DFTXLVHV�SRXU�XQ�VXMHW�GRQQp��HW�GH�FRQVWUXLUH�DLQVL�XQH�ERvWH�QRLUH�TXL�VLPXOH�OH�
OLHQ�HQWUH�PkFKRLUH�HW�IRUPDQWV��4XHOOH�HVW�OD�QDWXUH�GH�OD�FRQQDLVVDQFH�GX�SKpQRPqQH�DLQVL�DFTXLVH�"�(VW�
W�LO� SRVVLEOH� G
H[WUDSROHU� OH� PRGqOH� j� GHV� GRQQpHV� QRQ� SUpVHQWHV� DX� GpSDUW� "� &RPPHQW� LQWHUSUpWHU� OH�
SKpQRPqQH�"��

­� O
LQYHUVH�� OD�PRGpOLVDWLRQ� SK\VLTXH� FRUUHVSRQG� j� XQH� DQDO\VH� GX� SURFHVVXV� OXL�PrPH�� ,O� IDXW� G
DERUG�
VDYRLU�TXHOOH�HVW�O
LQIOXHQFH�GH�OD�SRVLWLRQ�GH�OD�PkFKRLUH�VXU�OD�IRUPH�GX�FRQGXLW�YRFDO��3RXU�UpSRQGUH�j�
FHWWH�TXHVWLRQ��RQ�SHXW�rWUH�DPHQp�j�pWDEOLU�XQ�PRGqOH�ELRPpFDQLTXH�GH�OD�PkFKRLUH�HW�GH�OD�ODQJXH��,O�IDXW�
HQVXLWH�pWDEOLU�OHV�FRQVpTXHQFHV�DFRXVWLTXHV�HW�DpURG\QDPLTXHV�GH�FH�FKDQJHPHQW�GH�JpRPpWULH��'DQV�FH�
FDV�� LO� V
DJLW� GH�GpYHORSSHU�XQ�PRGqOH�DpURDFRXVWLTXH�GX�FRQGXLW�YRFDO��$LQVL�� OD�PRGpOLVDWLRQ�SK\VLTXH�
SHUPHW�XQH�GHVFULSWLRQ�SUpFLVH�GX�SKpQRPqQH�pWXGLp��HW�LQWHUSUpWDEOH�HQ�WHUPH�GH�SDUDPqWUHV�TXL�SHXYHQW�
rWUH�HX[�PrPHV�PHVXUpV��FRPPH�SDU�H[HPSOH�OD�IRUPH�GX�FRQGXLW�YRFDO�RX�OD�SUHVVLRQ�LQWUD�RUDOH���

/H� FKRL[� HQWUH� PRGpOLVDWLRQ� IRQFWLRQQHOOH� HW� PRGpOLVDWLRQ� SK\VLTXH� GpSHQG� G·XQ� pTXLOLEUH� HQWUH� OH�
GHJUp�GH�UpDOLVPH�VRXKDLWp�HW� OH�GHJUp�GH�FRPSOH[LWp�QpFHVVDLUH�j� OD�PRGpOLVDWLRQ��,O�GRLW�UHVWHU�FODLU�TXH�
WRXV�OHV�QLYHDX[�LQWHUPpGLDLUHV�H[LVWHQW�HQWUH�OD�ERvWH�OD�SOXV�RSDTXH�GH�OD�PRGpOLVDWLRQ�IRQFWLRQQHOOH�HW�OD�
ERvWH�OD�SOXV�WUDQVSDUHQWH�GH�OD�PRGpOLVDWLRQ�SK\VLTXH�GpWDLOOpH��/D�PRGpOLVDWLRQ�SK\VLTXH�OD�SOXV�GpWDLOOpH�
SHXW� HQWUDvQHU� OH� FKHUFKHXU� WUqV� ORLQ� GX� FKDPS� G
LQYHVWLJDWLRQ� GH� GpSDUW��� PRGpOLVHU� OD� VWUXFWXUH�
ELRPpFDQLTXH� LQWHUQH� GHV� FRUGHV� YRFDOHV� SDU� pOpPHQWV� ILQLV� HVW�W�LO� XWLOH� j� OD� FRPSUpKHQVLRQ� GH� OD�
SKRQDWLRQ�VL�O
RQ�VDLW�SDU�DLOOHXUV�TXH�VHXOV�OHV�GHX[�RX�WURLV�SUHPLHUV�PRGHV�GH�YLEUDWLRQ�VRQW�LPSRUWDQWV�
SRXU� O
H[FLWDWLRQ�GX�FRQGXLW�YRFDO�"�5pFLSURTXHPHQW��HVW�W�LO�VXIILVDQW�GH�PRGpOLVHU�VHXOHPHQW� OHV�RQGHV�
SODQHV�GDQV�OH�FRQGXLW�YRFDO��TXDQG�LO�HVW�ELHQ�FRQQX�TXH�SRXU�OD�SOXSDUW�GHV�FRQVRQQHV�OD�PDVVH�OD�SOXV�
LPSRUWDQWH� G
pQHUJLH� VH� VLWXH� DX[� DOHQWRXUV� GH� OD� IUpTXHQFH� G
DSSDULWLRQ� GHV�PRGHV� WUDQVYHUVHV� "� ,O� HVW�
GRQF� QpFHVVDLUH� G·DYRLU� HQ� SHUPDQHQFH� j� O
HVSULW� O
REMHW� GH� OD� UHFKHUFKH�� HW� G·DGDSWHU� OH� QLYHDX� GH�
PRGpOLVDWLRQ� DX[� EHVRLQV� GH� FRPSUpKHQVLRQ�� WRXW� HQ� pYDOXDQW� OH� FR�W� GHV� VXSSOpPHQWV� GH� FRPSOH[LWp��
'HX[�H[HPSOHV�GH�PRGpOLVDWLRQ�GDQV�OH�GRPDLQH�GHV�VRXUFHV�DFRXVWLTXHV�GX�FRQGXLW�YRFDO�LOOXVWUHQW�PRQ�
DSSURFKH��/HV�PRGqOHV�SK\VLTXHV�G·LQWHUDFWLRQ�HQWUH�MHW�HW�SDURL�LQWHUYHQDQW�GDQV�OD�JpQpUDWLRQ�GHV�EUXLW�
GH�IULFWLRQ�GDQV�OH�FRQGXLW�YRFDO�pWDQW�HQFRUH�WURS�FRPSOH[HV�HW�PDO�FRQQXV�SRXU�TX·LOV�FRQVWLWXHQW�XQH�
YRLH�H[SORLWDEOH�j�FRXUW�WHUPH�� M·DL�RSWp�SRXU�XQ�PRGqOH�IRQFWLRQQHO�EDVp�VXU�GHV�GRQQpHV��HQ�DWWHQGDQW�
TXH�GHV�SURJUqV�VRLHQW�UpDOLVpV�GDQV�FH�GRPDLQH�SDU�OHV�VSpFLDOLVWHV�GH�O·DpURDFRXVWLTXH��3DU�FRQWUH��LO�PH�
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SDUDLVVDLW� SOXV� LQWpUHVVDQW� G·XWLOLVHU� OHV� PRGqOHV� GH� FRUGHV� YRFDOHV�� GpMj� DPSOHPHQW� PDvWULVpV�� TXH� GH�
PHWWUH� HQ� ±XYUH� GHV� PRGqOHV� SDUDPpWULTXHV� TXL� GpFULYHQW� DQDO\WLTXHPHQW� OD� IRUPH� GX� VLJQDO� G·RQGH�
JORWWLTXH��

3. Modélisation, anthropomorphisme, et robotique de la parole 
/·pWXGH�GX�VLJQDO�GH�SDUROH�SHXW�rWUH�HQYLVDJpH�VRXV�GHX[�DQJOHV�FRPSOpPHQWDLUHV����
• XQH� DSSURFKH� GH� W\SH� WUDLWHPHQW� GX� VLJQDO�� TXL� QH� FRQVLGqUH� GDQV� OD� SDUROH� TXH� OHV� SURSULpWpV� GX�

VLJQDO�SURGXLW��VDQV�UpIpUHQFH�LPSOLFLWH�RX�H[SOLFLWH�j�O·RULJLQH�GH�FHV�VLJQDX[��
• XQH�DSSURFKH�DQWKURSRPRUSKLTXH��TXL�YLVH� j�PRGpOLVHU� OHV� VLJQDX[�QRQ�SDV�HQ� WDQW�TXH� WHOV��PDLV�HQ�

WDQW�TXH�FRQVpTXHQFHV�GH�PpFDQLVPHV�ELRPpFDQLTXHV�HW�DpURDFRXVWLTXHV�GH�SURGXFWLRQ��
/H�WUDLWHPHQW�GX�VLJQDO�SHUPHW�GH�PRGpOLVHU�HW�GH�PDQLSXOHU��HW�DYHF�EHDXFRXS�GH�VXFFqV���OH�VLJQDO�GH�

SDUROH��PDLV�Q·D�SDV�SRXU�DPELWLRQ�GH�IDLUH�DYDQFHU�OD�FRQQDLVVDQFH�VXU�OH�IRQFWLRQQHPHQW�KXPDLQ���
3XLVTXH�PRGpOLVHU�SHUPHW�G·DYDQFHU�GDQV�OD�FRQQDLVVDQFH��HW�SXLVTXH�OHV�SURFHVVXV�GH�SURGXFWLRQ�GH�OD�

SDUROH� FRQVWLWXHQW� PRQ� REMHW� G
pWXGH� FHQWUDO�� PRQ� DSSURFKH� VH� SODFH� GpOLEpUpPHQW� GDQV� XQ� FDGUH� GH�
PRGpOLVDWLRQ�DQWKURSRPRUSKLTXH��

­� FHV� PRWLYDWLRQV� GH� IRQG�� V
DMRXWHQW� GHV� RULHQWDWLRQV� SOXV� WHFKQRORJLTXHV�� TXL� UpSRQGHQW� j� OD�
GHPDQGH�GX� VHFWHXU�GHV�6FLHQFHV� HW�7HFKQRORJLHV�GH� O·,QIRUPDWLRQ� HW�GH� OD�&RPPXQLFDWLRQ� �67,&��GX�
&156��2Q�SHXW�SHQVHU�TXH�OHV�V\VWqPHV�DUWLILFLHOV�SRXUUDLHQW�RX�GHYUDLHQW�SUHQGUH�OHXU�LQVSLUDWLRQ�GDQV�OD�
QDWXUH��FRPPH�+HUPDQVN\�	�3DYHO��������OH�SURSRVHQW�HQ�GpFODUDQW��S��������

©�$LUSODQHV� GR� QRW� IODS� WKHLU� ZLQJV�� EXW� WKHLU� GHVLJQ� LV� EDVHG� RQ� WKRURXJK�
XQGHUVWDQGLQJ�DQG�XVH�RI�SULQFLSOHV�RI�DHURG\QDPLFV�ZKLFK�DOORZ�ELUGV�WR�IO\���ª�

/·DSSURFKH� DQWKURSRPRUSKLTXH� FRQVLVWH� SOXV� SUpFLVpPHQW� j� FRQVWUXLUH� XQ� V\VWqPH� FDSDEOH� GH�
SURGXLUH�GH� OD�SDUROH�HQ�LPLWDQW�FKDFXQH�GHV�IRQFWLRQV�GHV�DUWLFXODWHXUV�HW�GX�FRQGXLW�YRFDO��TXH�FH�VRLW�
SDU�PRGpOLVDWLRQ�IRQFWLRQQHOOH�RX�SDU�PRGpOLVDWLRQ�SK\VLTXH���FH�V\VWqPH�SHXW�rWUH�FRQVLGpUp�FRPPH�XQ�
YpULWDEOH� URERW� DUWLFXODWRLUH� DQWKURSRPRUSKLTXH��XQH�YpULWDEOH� WrWH� SDUODQWH��/H�FDGUH�GH� OD� URERWLTXH�VH�SUrWDQW�
SDUIDLWHPHQW� j� FH� W\SH� G·DSSURFKH�� QRXV� DYRQV� GpYHORSSp� j� O·,&3� OH� FRQFHSW� GH� URERWLTXH� GH� OD� SDUROH�
�/DERLVVLqUH��6FKZDUW]�	�%DLOO\����������$EU\�HW�DO����������%DLOO\����������TXL�FRQVLVWH�j�FRQVLGpUHU�OH�VLJQDO�
GH�SDUROH�FRPPH� OH� UpVXOWDW�DXGLEOH�HW�YLVLEOH�GHV�PRXYHPHQWV�GHV�GLYHUV�DUWLFXODWHXUV�GX�URERW�DUWLFXODWRLUH�
TXL�VRQW�FRRUGRQQpV�SDU�XQ�FRQWU{OHXU��/HV�SURSULpWpV�GX�VLJQDO�GH�SDUROH�SURGXLW�GpSHQGHQW�GRQF�j�OD�IRLV�
GX�URERW�HW�GX�FRQWU{OHXU��

/·XQ� GHV� SUREOqPHV� TXL� VH� SRVH� DORUV� HVW� FHOXL� GH� GpWHUPLQHU� OHV� UHVSRQVDELOLWpV��� HVW�FH� O
DSSDUHLO�
SKRQDWRLUH�RX�OD�FRPPDQGH�GH�WHO�RX�WHO�PXVFOH�TXL�HVW�j�O
RULJLQH�GH�WHOOH�SURSULpWp�DFRXVWLTXH�GX�VLJQDO�
�FI��3HUNHOO���������6FXOO\���������"�

,O� HVW� XWLOH� GH� UDSSHOHU� OD� GLVSURSRUWLRQ� HQWUH� OD� TXDQWLWp� G·LQIRUPDWLRQ� FRQWHQXH� GDQV� OH� VLJQDO�
DXGLRYLVXHO� GH� SDUROH� HW� FHOOH� ²� D� SULRUL� pTXLYDOHQWH� ²� DVVRFLpH� DX[�PRXYHPHQWV� UHODWLYHPHQW� OHQWV� GHV�
DUWLFXODWHXUV�� ,O�PH�VHPEOH�GRQF�SOXV� LQWpUHVVDQW�GX�SRLQW�GH�YXH�GH� OD�FRQQDLVVDQFH�²�HW�SHXW�rWUH�SOXV�
pFRQRPLTXH� GX� SRLQW� GH� YXH� GX� VWRFNDJH� HW� GX� FRQWU{OH� ²� G·HVVD\HU� G·HQFRGHU� FHWWH� UHGRQGDQFH�
G·LQIRUPDWLRQ� GX� VLJQDO� DXGLRYLVXHO� GH� SDUROH�� QDWXUHOOHPHQW� QpFHVVDLUH� j� OD� UREXVWHVVH� GH� OD�
FRPPXQLFDWLRQ��GDQV�OHV�SURSULpWpV�GH�OD�WrWH�SDUODQWH��3RXU�UHSUHQGUH�FHWWH�LGpH�HQ�WHUPHV�GH�URERWLTXH��
OH� SULQFLSH� JpQpUDO� FRQVLVWH� GRQF� j� GpFKDUJHU� DX� PD[LPXP� OH� FRQWU{OHXU� GH� WRXV� OHV� SUREOqPHV� GH�
PDLQWLHQ� GH� OD� FRKpUHQFH� GX� VLJQDO� DXGLRYLVXHO� TXL� VRQW�� HX[�� UpJOpV� GH� PDQLqUH� LPSOLFLWH� SDU� OD� WrWH�
SDUODQWH�� /
DSSURFKH� TXH� QRXV� SRXUVXLYRQV� j� O
,&3� FRQVLVWH� GRQF� j� pODERUHU� XQH� WrWH� SDUODQWH� OD� SOXV�
FRPSOqWH� HW� OD� SOXV� UpDOLVWH� SRVVLEOH�� HQ� \� LQFRUSRUDQW� WRXWHV� OHV� FRQQDLVVDQFHV� GLVSRQLEOHV�� GH� IDoRQ� j�
SRXYRLU�HQVXLWH�PLHX[�HQ�FRPSUHQGUH��SXLV�HQ�VLPSOLILHU�DX�PD[LPXP�OHV�VWUDWpJLHV�GH�FRQWU{OH��

�
4XHOTXHV�H[HPSOHV�SHXYHQW�LOOXVWUHU�O·LQWpUrW�GH�FHWWH�DSSURFKH�DQWKURSRPRUSKLTXH��-H�PRQWUHUDL�GDQV�

OD�VXLWH�TXH��ELHQ�TXH� OHV� IULFDWLYHV�YRLVpHV�HW�VRXUGHV�VRLHQW� WUqV�GLIIpUHQWHV�GX�SRLQW�GH�YXH�VSHFWUDO��\�
FRPSULV� GDQV� OHXUV� WUDQVLWLRQV� DYHF� OHV� YR\HOOHV� DGMDFHQWHV�� LO� HVW� UHODWLYHPHQW� IDFLOH�G·LQFOXUH�XQ� VLPSOH�
JHVWH�G·RXYHUWXUH�JORWWLTXH�GDQV�XQH�VpTXHQFH�9R\HOOH�²�&RQVRQQH�IULFDWLYH�YRLVpH�²�9R\HOOH��SRXUYX�TX·LO�
VRLW� FRUUHFWHPHQW� FRRUGRQQp� DYHF� OH� PRXYHPHQW� GH� OD� FRQVWULFWLRQ� RUDOH�� DILQ� GH� WUDQVIRUPHU� FHWWH�
VpTXHQFH� HQ� VpTXHQFH�9R\HOOH� ²�&RQVRQQH� IULFDWLYH� VRXUGH� ²�9R\HOOH��'DQV� XQ� DXWUH� UHJLVWUH�� RQ�SHXW�
                                                      
�� 9RLU� SDU� H[HPSOH� OD�PpWKRGH� G·DQDO\VH�V\QWKqVH� SDU� SUpGLFWLRQ� OLQpDLUH��0DUNHO� 	�*UD\� �������� RX� OD�PpWKRGH�
WHPSRUHOOH�362/$��&KDUSHQWLHU�	�0RXOLQHV���������
��/HV�DYLRQV�QH�EDWWHQW�SDV�GHV�DLOHV��PDLV� OHXU�FRQFHSWLRQ�V
DSSXLH�VXU�XQH�FRPSUpKHQVLRQ�HW�XQH�XWLOLVDWLRQ�DSSURIRQGLHV�GHV�SULQFLSHV�
DpURG\QDPLTXHV�TXL�SHUPHWWHQW�DX[�RLVHDX[�GH�YROHU��
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QRWHU�TX·LO�HVW�QHWWHPHQW�PRLQV�FRPSOH[H�GH�JpUHU�O·LQIOXHQFH�GHV�PRXYHPHQWV�GH�PkFKRLUH�VXU�OHV�OqYUHV�
HW� O·HQVHPEOH� GX� YLVDJH� DYHF� XQ� PRGqOH� DUWLFXODWRLUH� DQWKURSRPRUSKLTXH� �XQ� VHXO� SDUDPqWUH� VXIILW��
TX·DYHF�XQ�PRGqOH�GX�W\SH�GH�FHOXL�GpYHORSSp�SDU�3DUNH��������GDQV�OHTXHO�OH�PRXYHPHQW�GH�OD�PkFKRLUH�
Q·D�SDV�G·LQIOXHQFH�VXU�OHV�OqYUHV��HW�TXL�QpFHVVLWH�GRQF�O·LQWHUYHQWLRQ�GH�SOXVLHXUV�SDUDPqWUHV�DILQ�G·REWHQLU�
XQ�UpVXOWDW�DGpTXDW��-H�SHX[�HQILQ�PHQWLRQQHU�OH�FDV�GH�OD�VpTXHQFH�[L]L]���SRXU�SDVVHU�GH�OD�YR\HOOH�[L]��TXL�
HVW�XQH�YR\HOOH�YRLVpH�VLPSOH��j�OD�FRQVRQQH�[]]��TXL�VH�WURXYH�GDQV�XQ�PRGH�j�OD�IRLV�YRLVp�HW�EUXLWp��XQ�
OpJHU� PRXYHPHQW� GH� O·DSH[� VXIILW� j� FUpHU� XQH� FRQVWULFWLRQ� DGDSWpH� GDQV� OH� FRQGXLW� YRFDO�� &H� JHVWH�
DUWLFXODWRLUH� HVW� UHODWLYHPHQW� VLPSOH� HW� G·DPSOLWXGH� IDLEOH�� DORUV� TXH� OHV� FRQVpTXHQFHV� DFRXVWLTXHV� VRQW�
FRPSOH[HV��� YDULDWLRQ� GHV� IRUPDQWV�� UpGXFWLRQ� GH� O
DPSOLWXGH� GH� YRLVHPHQW� HW� PRGLILFDWLRQ� GHV�
FDUDFWpULVWLTXHV�VSHFWUDOHV�GH�FH�YRLVHPHQW��SHUWH�GHV�KDXWHV�IUpTXHQFHV���DSSDULWLRQ�G
XQ�EUXLW�GH�IULFWLRQ��
G
DERUG�GDQV�OHV�EDVVHV�IUpTXHQFHV��SXLV�GDQV�OHV�KDXWHV�IUpTXHQFHV��/HV�FRPPDQGHV�TX
LO�IDXGUDLW�IRXUQLU�
j� XQ� V\QWKpWLVHXU� j� IRUPDQWV�� EDVp� VXU� XQH� UHSUpVHQWDWLRQ� VRXV� IRUPH�GH� ILOWUHV�GX� VLJQDO� GH�SDUROH� �FI��
,,�%���SRXU�REWHQLU�XQ�WHO�UpVXOWDW�DFRXVWLTXH�VHUDLHQW�H[WUrPHPHQW�FRPSOH[HV��1RXV�YR\RQV�GRQF�TXH��GH�
PDQLqUH� JpQpUDOH�� OH� FRQWU{OH� VHUD� G·DXWDQW� SOXV� VLPSOH� TXH� OH� PRGqOH� DQWKURSRPRUSKLTXH� VHUD� SOXV�
UpDOLVWH��

�
(Q� SOXV� GH� FHV� DYDQWDJHV� GH� VLPSOLILFDWLRQ� GHV� VWUDWpJLHV� GH� FRQWU{OH�� O·DSSURFKH� URERWLTXH�� GDQV�

ODTXHOOH� OHV� IRQFWLRQV�GH�FRQWU{OH�HW�GH� UpDOLVDWLRQ� VRQW� VpSDUpHV��SHUPHW�G
DFFpGHU�j�GHV�SURSULpWpV� WUqV�
LQWpUHVVDQWHV�G
DGDSWDELOLWp��,O�VHUD�HQ�HIIHW�EHDXFRXS�SOXV�IDFLOH��HW�SOXV�pFRQRPLTXH�HQ�GpYHORSSHPHQW��
G
DGDSWHU�OH�VW\OH�GH�OD�SDUROH�SURGXLWH�DX[�EHVRLQV�GH�FRPPXQLFDWLRQ�TXH�GH�WUDYDLOOHU�GLUHFWHPHQW�VXU�OH�
VLJQDO��/HV�UHFKHUFKHV�DFWXHOOHV�VXU�OHV�URERWV�ELSqGHV��RX�PXOWLSqGHV��FRQVWLWXHQW�XQH�ERQQH�LOOXVWUDWLRQ�
GH� FHWWH� DSSURFKH��� LO� HVW� SOXV� GLIILFLOH�� DX� GpSDUW�� GH� FRQFHYRLU� XQ� URERW� DYHF� GHV� MDPEHV� DUWLFXOpHV� HW�
FRRUGRQQpHV� TX
XQ� URERW� GRWp� VLPSOHPHQW� GH� TXDWUH� URXHV�� PDLV� OH� URERW� j� TXDWUH� URXHV� QH� SRXUUD�
IRQFWLRQQHU�TXH�GDQV�O
HQYLURQQHPHQW�WUqV�OLPLWp�GH�OLHX[�SODWV�HW�VDQV�REVWDFOHV��DORUV�TXH�OH�URERW�GRWp�
GH�MDPEHV�DUWLFXOpHV�SRXUUD�V
DGDSWHU�j�GHV�WHUUDLQV�SOXV�DFFLGHQWpV��

(QILQ��XQ�GHUQLHU�DYDQWDJH�TXL�GRLW�rWUH�PHQWLRQQp�UpVLGH�GDQV�OD�JDUDQWLH�TXH�OD�FRKpUHQFH�HQWUH�OHV�
VLJQDX[�DFRXVWLTXHV�HW�YLVXHOV�HVW�DVVXUpH�TXHOOH�TXH�VRLW�OD�VWUDWpJLH�GH�FRQWU{OH��SXLVTXH�FHV�VLJQDX[�VRQW�
LVVXV�GX�PrPH�PRGqOH�DUWLFXODWRLUH�VRXV�MDFHQW���

4. Pas de modèles sans données … et pas de données sans sujet 
/HV� GRQQpHV� H[SpULPHQWDOHV� FRQVWLWXHQW�� GH� OHXU� F{Wp�� OD� PDWLqUH� SUHPLqUH� LQGLVSHQVDEOH� j� OD�

PRGpOLVDWLRQ��'DQV�OH�FDV�GH�PRGqOHV�EDVpV�VXU�GHV�WKpRULHV�SUp�pWDEOLHV��OHV�GRQQpHV�VHUYHQW�j�WHVWHU�HW�j�
IDOVLILHU�FHV�PRGqOHV��(Q�HIIHW��XQ�PRGqOH�QH�SRXUUD�rWUH�FRQVLGpUp�FRPPH�YDOLGp�TXH� ORUVTX
LO�DXUD�pWp�
PRQWUp�TX
LO�SUpGLW�FRUUHFWHPHQW�OHV�UpVXOWDWV�G
XQ�FHUWDLQ�QRPEUH�G·H[SpULHQFHV��'DQV�OH�FDV�GHV�PRGqOHV�
IRQFWLRQQHOV�� OHV�GRQQpHV�FRQVWLWXHQW�OD�PDWLqUH�SUHPLqUH�j�SDUWLU�GH�ODTXHOOH�OH�PRGqOH�HVW�FRQVWUXLW��SDU�
H[HPSOH� j� O
DLGH� GH�PpWKRGHV� VWDWLVWLTXHV�� TXL� SHXYHQW� rWUH�� RX� QH� SDV� rWUH�� EDVpHV� VXU� GHV� K\SRWKqVHV�
WKpRULTXHV�SUpDODEOHV��

1RWUH�GRPDLQH�GH�UHFKHUFKH�SRUWH�VXU�GHV�SKpQRPqQHV� OLpV�j�GHV�rWUHV�YLYDQWV��� LO�HQ�GpFRXOH�TX
XQ�
FHUWDLQ�QRPEUH�GHV�SDUDGLJPHV�H[SpULPHQWDX[�V·DSSXLHQW�VXU�GHV�H[SpULHQFHV� LQ�YLYR��0RQ�VRXFL�D�GRQF�
pWp�GH�PHWWUH�HQ�SODFH�GHV�FRQGLWLRQV�H[SpULPHQWDOHV�FRQWU{OpHV�GH�OD�PDQLqUH�OD�SOXV�ILDEOH�SRVVLEOH��/
XQH�
GHV� FDUDFWpULVWLTXHV� GH� PD� GpPDUFKH� D� HQ� SDUWLFXOLHU� FRQVLVWp� j� XWLOLVHU�� SRXU� XQ� FHUWDLQ� QRPEUH� GH�
GLVSRVLWLIV� H[SpULPHQWDX[�� OH� PrPH� VXMHW� GH� UpIpUHQFH� 3�;�� HQWUDvQp� j� SURQRQFHU� OH� PrPH� FRUSXV� GH�
PDQLqUH�FRQWU{OpH�HW� UpSpWDEOH�G·H[SpULHQFH�HQ�H[SpULHQFH��'H�FHWWH�VWUDWpJLH�D�GpFRXOp�XQ�HQVHPEOH�GH�
GRQQpHV� DUWLFXODWRLUHV�� JpRPpWULTXHV�� DpURG\QDPLTXHV�� DFRXVWLTXHV� TXL� DOLPHQWHQW� PHV� WUDYDX[� HW� FHX[�
G
XQ� FHUWDLQ� QRPEUH� GH� FROOqJXHV�� /
XQ� GHV� LQWpUrWV� SULQFLSDX[� GH� FHWWH� GpPDUFKH� FHQWUpH� VXU� XQ� VXMHW�
VSpFLILTXH�UpVLGH�GDQV�OD�SRVVLELOLWp�GH�GLVSRVHU��VXU�OH�PrPH�SKpQRPqQH��GH�GRQQpHV�TXL�QH�SHXYHQW�rWUH�
DFTXLVHV� TX
DYHF� GHV� GLVSRVLWLIV� H[SpULPHQWDX[� LPSRVVLEOHV� j� PHWWUH� HQ� ±XYUH� DX� FRXUV� G·XQH� PrPH�
H[SpULHQFH�� FRPPH�SDU�H[HPSOH� OD� FLQpUDGLRJUDSKLH�HW� OHV�PHVXUHV�GH�GpELW� HW�GH�SUHVVLRQ�j� O
DLGH�G·XQ�
PDVTXH�SQHXPRWDFKRJUDSKLTXH��

(QILQ�� GDQV� XQ� FHUWDLQ� QRPEUH� GH� FDV�� ORUVTXH� OH� SUREOqPH� GH� PRGpOLVDWLRQ� Q
HVW� SDV� GLUHFWHPHQW�
VSpFLILTXH�j� OD�SDUROH��PDLV�FRUUHVSRQG�VLPSOHPHQW�j�XQ�SURFHVVXV�SK\VLTXH�PDO�FRQQX�RX�SRXU� OHTXHO�
DXFXQH� WKpRULH� VLPSOH� Q·H[LVWH�� QRXV� DYRQV� UHFRXUV� j� GHV� H[SpULHQFHV� LQ� YLWUR�� DYHF� OHV� DYDQWDJHV� HW� OHV�
LQFRQYpQLHQWV� FODVVLTXHV� OLpV� j� FH� W\SH� G
H[SpULHQFH�� &
HVW� DLQVL� TXH� M
DL� pWp� DPHQp� j� HIIHFWXHU� GHV�
FDPSDJQHV�GH�PHVXUHV�DFRXVWLTXHV�VXU�GHV�PDTXHWWHV�HQ�SOH[LJODV��

�
8QH�SDUWLH� WUqV� LPSRUWDQWH�GHV�pWXGHV�SUpVHQWpHV�GDQV�FH�PpPRLUH�D�pWp�UpDOLVpH�VXU�XQ�VHXO�VXMHW�� OH�

VXMHW� 3�;�� 8Q� FHUWDLQ� QRPEUH� G·DUJXPHQWV� HQ� IDYHXU� GX� FKRL[� G·XQ� VXMHW� XQLTXH� VHURQW� GLVFXWpV� j� OD�
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VHFWLRQ�,,�'�����0HQWLRQQRQV�LFL�TXH�OH�IDLW�G·XWLOLVHU�HVVHQWLHOOHPHQW�XQ�VHXO�VXMHW�DYHF�GHV�FRUSXV�OHV�SOXV�
KRPRJqQHV�SRVVLEOH�RIIUH�O·LQWpUHVVDQWH�SRVVLELOLWp�G·DFFqV�j�GHV�GRQQpHV�FRUUHVSRQGDQW�j�GLYHUV�QLYHDX[�
GX� SURFHVVXV� GH� SURGXFWLRQ�GH� SDUROH��� pTXLYDOHQFH� DpURG\QDPLTXH� GH� O·DLUH� GH� FRQVWULFWLRQ� SRXU�
FRQWUDLQGUH� O·LQYHUVLRQ� HW�GpWHUPLQHU� OHV�SHWLWHV� DLUHV�� IRQFWLRQV�GH� WUDQVIHUW� DFRXVWLTXHV�PHVXUpHV�SRXU�
DVVLVWHU� OHV� PHVXUHV� GH� IRUPDQWV� GLIILFLOHV� SRXU� OHV� IULFDWLYHV� VRXUGHV�� LQWHUSUpWDWLRQV� GHV� LPDJHV� ,50�
�,PDJHULH� SDU� 5pVRQDQFH� 0DJQpWLTXH�� PpGLRVDJLWWDOHV� SDU� FRPSDUDLVRQV� DYHF� FHOOHV� LVVXHV� GH� OD�
FLQpUDGLRJUDSKLH�� FDODJHV� GHV� GRQQpHV� (0$� �$UWLFXORJUDSKH� (OHFWUR0DJQpWLTXH�� SDU� UDSSRUW� j� OD�
JpRPpWULH�GHV�VWUXFWXUHV�RVVHXVHV�PHVXUpHV�VXU�OHV�UDGLRJUDSKLHV��FRPSDUDLVRQV�GHV�pFRXOHPHQWV�REWHQXV�
SDU� VLPXODWLRQV� DSUqV� LQYHUVLRQ�SDU� UDSSRUW� j� FHX[�PHVXUpV� j� O·DLGH�GX�PDVTXH�SQHXPRWDFKRJUDSKLTXH�
SRXU�GHV�UpDOLVDWLRQV�GX�PrPH�W\SH��HW�GDQV�XQ�IXWXU�SURFKH�XWLOLVDWLRQ�GH�O·(OHFWUR3DODWR*UDSKLH��(3*��
SRXU�YDOLGHU�OHV�FRQWDFWV�SDODWR�OLQJXDX[�GpWHUPLQpV�j�SDUWLU�GHV�GRQQpHV�,50��'H�SOXV��OH�VXMHW�3�;�HVW�
WRXMRXUV�GLVSRQLEOH�HW�PRWLYp�SRXU�GHV�HQUHJLVWUHPHQWV�FRPSOpPHQWDLUHV��«�SXLVTXH�TX·LO�Q·HVW�DXWUH�TXH�
O·DXWHXU�GH�FH�PpPRLUH�«��

3DU�DLOOHXUV�� OH�IDLW�G·LQYHUVHU�XQ�PRGqOH�j�SDUWLU�GH�GRQQpHV�HQUHJLVWUpHV�VXU� OH�PrPH�VXMHW�TXH�FHOXL�
XWLOLVp� SRXU� FRQVWUXLUH� OH� PRGqOH� SHUPHW� G·pFKDSSHU� �SURYLVRLUHPHQW�� DX[� SUREOqPHV� GH� QRUPDOLVDWLRQ�
HQWUH�VXMHWV��

(QILQ�� LO� HVW� FODLU� TXH� OHV�PRGqOHV� GpYHORSSpV� j� SDUWLU� G·XQ� FRUSXV� GH� GRQQpHV� VRQW� FRPSOqWHPHQW�
WULEXWDLUHV�GX�FRQWHQX�GX�FRUSXV��,O�HVW�GRQF�IRQGDPHQWDO�GH�FRQFHYRLU�GHV�FRUSXV�DGDSWpV�DX�SKpQRPqQH�
TXH� O·RQ� VRXKDLWH�PRGpOLVHU���LO� IDXW� V·HIIRUFHU� G·LQFOXUH� GDQV� OH� FRUSXV� OHV� pOpPHQWV� FRUUHVSRQGDQW� DX[�
VLWXDWLRQV� H[WUrPHV�� 3RXU� GpYHORSSHU� XQ�PRGqOH�GH�YHOXP��SDU� H[HPSOH�� LO� HVW� GH�SUHPLqUH� LPSRUWDQFH�
G·LQFOXUH� GDQV� OH� FRUSXV� GH� EDVH� OHV� FRQVRQQHV� RFFOXVLYHV� �SRXU� OHVTXHOOHV� OH� YHOXP� HVW�PD[LPDOHPHQW�
UHOHYp�� GH� PrPH� OLHX� G·DUWLFXODWLRQ� TXH� OHV� FRQVRQQHV� QDVDOHV�� GH� IDoRQ� j� DVVXUHU� TXH� OHV� SRVLWLRQV�
H[WUrPHV� GX� YHOXP� VRLW� SUpVHQWHV�� HW� REWHQLU� DLQVL� XQH� FRXYHUWXUH� PD[LPDOH� GH� O·HQVHPEOH� GH� VHV�
SRVVLELOLWpV�GH�PRXYHPHQW��

5. Modélisation linéaire 
&RPPH� QRXV� OH� YHUURQV� SOXV� ORLQ� HQ� GpWDLO�� PRQ� DSSURFKH� DX� QLYHDX� DUWLFXODWRLUH� UHSRVH� VXU� XQH�

PRGpOLVDWLRQ�IRQFWLRQQHOOH�EDVpH�VXU�GHV�PRGqOHV� OLQpDLUHV�VLPSOHV��-·DL�H[FOX�OD�PRGpOLVDWLRQ�SK\VLTXH�GH�
W\SH� ELRPpFDQLTXH� SDUFH� TX·LO�PH� VHPEOH� TXH� OH� QRPEUH� GH� SDUDPqWUHV� j�GpWHUPLQHU�SRXU�REWHQLU�GHV�
PRGqOHV� UpDOLVWHV� HVW� WURS� pOHYp�� HW� TXH� FHV�PRGqOHV� LPSOLTXHQW� GHV� GpFLVLRQV� D� SULRUL� VXU� OHV� GHJUpV� GH�
OLEHUWp�TXL�GRLYHQW�rWUH�LQFOXV�GDQV�OH�PRGqOH���VRLW�OH�PRGqOH�HVW�WURS�VLPSOLILp��DXTXHO�FDV�LO�Q·HVW�SDV�WUqV�
XWLOH��� VRLW� OH�PRGqOH� HVW� WURS� FRPSOH[H�� HW� LO� HVW� DORUV�QpFHVVDLUH�GH� UHJURXSHU� OHV�QRPEUHX[�GHJUpV�GH�
OLEHUWp� HQ� FRRUGLQDWLRQV� SOXV� VLPSOHV�� FH� TXL� HVW� IDLW� GLUHFWHPHQW� HQ� ILQ� GH� FRPSWH� GDQV� OHV� PRGqOHV�
IRQFWLRQQHOV�EDVpV�VXU�OHV�GRQQpHV���

/D�VLPSOLFLWp�FRQVWLWXH�XQ�DWWUDLW�pYLGHQW�GHV�PRGqOHV�OLQpDLUHV��HW�SHUPHW�pJDOHPHQW�GH�FRQVHUYHU�XQH�
PDvWULVH�VXU� OD�FRPSUpKHQVLRQ�JOREDOH�GHV�SKpQRPqQHV��'H�SOXV��QRXV�YHUURQV�j�TXHO�SRLQW�OHV�PRGqOHV�
OLQpDLUHV� SHXYHQW� UHSUpVHQWHU� GHV� SKpQRPqQHV� QRQ� OLQpDLUHV� VL� OH� V\VWqPH� GH� FRRUGRQQpHV� HVW�
MXGLFLHXVHPHQW� FKRLVL�� 3UHQRQV� FRPPH� H[HPSOH� XQ� SRLQW� VH� GpSODoDQW� GH�PDQLqUH� TXHOFRQTXH� VXU� XQ�
FHUFOH� GH� UD\RQ� FRQVWDQW��� HQ� FRRUGRQQpHV� FDUWpVLHQQHV�� OH� GpSODFHPHQW� GH� FH� SRLQW� HVW� UpJL� SDU� GHX[�
SDUDPqWUHV�TXL�QH�VRQW�SDV�FRUUpOpV�OLQpDLUHPHQW��SXLVTXH�OH�VLQXV�HW�OH�FRVLQXV�G·XQ�PrPH�DQJOH�RQW�XQH�
LQWHUFRUUpODWLRQ�QXOOH��3DU�FRQWUH��GDQV�XQ�V\VWqPH�GH�FRRUGRQQpHV�SRODLUHV��FH�PrPH�SRLQW�HVW�UpJL�SDU�XQ�
VHXO� GHJUp� GH� OLEHUWp�� &HW� H[HPSOH�PRQWUH� TX·XQ� V\VWqPH� GH� FRRUGRQQpHV� DGDSWp� SHXW� WUDQVIRUPHU� XQ�
V\VWqPH�DSSDUHPPHQW�QRQ�OLQpDLUH�HW�FRPSOH[H�HQ�XQ�V\VWqPH�OLQpDLUH�HW�SOXV�VLPSOH��HW�TXH�OD�FRUUpODWLRQ�
Q·HVW� SDV� XQ� FULWqUH� VXIILVDQW� SRXU� O·LQGpSHQGDQFH� �&DUGRVR� ��������� 'HV� SUpFDXWLRQV� GH� FH� W\SH�
SHUPHWWHQW� GRQF� G·pYLWHU� G·DWWULEXHU� j� GHV� QRQ�OLQpDULWpV� ²� TXL� VRQW� HQ� UqJOH� JpQpUDOH� GLIILFLOHV� j�
FDUDFWpULVHU�²�GHV�SURSULpWpV�TXL�SHXYHQW�rWUH�H[SOLTXpHV�SDU�XQ�V\VWqPH�OLQpDLUH�VLPSOH��&HFL�PRWLYH� OHV�
V\VWqPHV�GH�JULOOHV�SDUWLFXOLHUV�XWLOLVpV�GDQV�OD�VXLWH�SRXU�GpFULUH�FHUWDLQV�DUWLFXODWHXUV�WHOV�TXH�OD�ODQJXH�RX�
OH�YHOXP��1RXV�YHUURQV�XQ�UpVXOWDW�LQWpUHVVDQW�GH�FH�SRLQW�GH�YXH���ORUV�GH�O·pOpYDWLRQ�GH�O·HQVHPEOH�GH�OD�
PDVVH�GH�OD�ODQJXH�GXH�j�XQ�PRXYHPHQW�G·pOpYDWLRQ�GH�OD�PkFKRLUH�GDQV�OH�PRGqOH��'�GH�ODQJXH��OD�IRUPH�
GH� VD� VXUIDFH� VXSpULHXUH� WHQG� j� V·DGDSWHU� QDWXUHOOHPHQW� j� OD� IRUPH� GX� SDODLV�� HW� GRQF� j� DGRSWHU� XQ�
FRPSRUWHPHQW�SOXW{W�QRQ�OLQpDLUH��DORUV�TXH�OH�F±XU�GX�PRGqOH�HVW�SXUHPHQW�OLQpDLUH��

6. Une recherche pluridisciplinaire 
/
DSSURFKH�TXL�YLHQW�G
rWUH�GpFULWH�FRQGXLW�j�XQH�DFWLYLWp�QpFHVVDLUHPHQW�SOXULGLVFLSOLQDLUH��(Q�HIIHW��OHV�

GLYHUV�DVSHFWV�GH�O
REMHW�G
pWXGH�TXH�FRQVWLWXH�OD�SURGXFWLRQ�GH�OD�SDUROH�P
RQW�SRXVVp�j�OD�UHFKHUFKH�GHV�
RXWLOV�G
LQYHVWLJDWLRQ�SURSUHV�j�SHUPHWWUH�GH�FRPSUHQGUH�HW�GH�PRGpOLVHU� OHV�SKpQRPqQHV�REVHUYpV��SDU�
O
LQWHUPpGLDLUH� GH� FROODERUDWLRQV� ORFDOHV�� QDWLRQDOHV� RX� LQWHUQDWLRQDOHV�� /H� WUDLWHPHQW� GX� VLJQDO� HVW�
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QDWXUHOOHPHQW�O
RXWLO�TXRWLGLHQ�TXL�SHUPHW�GH�PDQLSXOHU��DQDO\VHU�HW�YLVXDOLVHU�OH�VLJQDO�GH�SDUROH�HW�WRXV�OHV�
DXWUHV�VLJQDX[�PHVXUpV��/
LPDJHULH�PpGLFDOH� MRXH�pJDOHPHQW�XQ�JUDQG�U{OH�SRXU�IRXUQLU�OHV�LQIRUPDWLRQV�
VXU� OD� IRUPH� GX� FRQGXLW� YRFDO��� WpOpUDGLRJUDSKLH�� FLQpUDGLRJUDSKLH�� LPDJHULH� SDU� UpVRQDQFH�PDJQpWLTXH�
QXFOpDLUH� �,50��� LPDJHULH� SDU� pFKRJUDSKLTXH� XOWUDVRQLTXH�� /
DXWUH� H[WUpPLWp� GH� OD� FKDvQH� DUWLFXODWRUL�
DFRXVWLTXH��TXL�VH�VLWXH�DX�QLYHDX�GH�O
DpURG\QDPLTXH�HW�GH�O
DFRXVWLTXH��D�SDU�DLOOHXUV�QpFHVVLWp�OD�PLVH�HQ�
±XYUH�GH�WHFKQLTXHV�GH�PHVXUHV�DFRXVWLTXHV�HW�DpURG\QDPLTXHV��

C. Quelques repères dans l’histoire des machines parlantes 
$YDQW�G
DERUGHU�OD�V\QWKqVH�GH�PHV�WUDYDX[�GH�UHFKHUFKH��HW�DILQ�GH�SURSRVHU�XQ�FDGUH�GH�UpIpUHQFH��MH�

UDSSHOOHUDL� OHV� pWDSHV� LPSRUWDQWHV�TXL�RQW�PDUTXp� O
KLVWRLUH�GHV�PDFKLQHV�SDUODQWHV�� -H� UHVWUHLQGUDL� LFL� OD�
QRWLRQ� GH� PDFKLQH� SDUODQWH� DX[� V\VWqPHV� GH� SURGXFWLRQ� DUWLILFLHOOH� GH� SDUROH� EDVpV� VXU� XQH� DSSURFKH�
DQWKURSRPRUSKLTXH��

1. Les machines parlantes mécaniques 
3DUPL�OHV�QRPEUHX[�DXWRPDWHV�pODERUpV�GDQV�OHV�VLqFOHV�SUpFpGHQWV��MH�SUpVHQWH�EULqYHPHQW�LFL�OHV�GHX[�

PDFKLQHV� SDUODQWHV�PpFDQLTXHV� TXL� RQW� pWp� OHV� SOXV� FRQQXHV�� HW� OHV� SOXV� FRQYDLQFDQWHV�� ,O� VH� WURXYH�GH�
SOXV�� SHXW�rWUH� Q
HVW�FH� SDV� SDU� KDVDUG�� TXH� FHV� PDFKLQHV� FRQVWLWXDLHQW� GH� YpULWDEOHV� VLPXODWLRQV�
PpFDQLTXHV�GHV�PpFDQLVPHV�GH�SURGXFWLRQ�GH�OD�SDUROH��

/D� PDFKLQH� GH� .HPSHOHQ�� /H� SUHPLHU� WUDYDLO� TXL�� VHPEOH�W�LO�� DLW� UpHOOHPHQW� DERXWL� j� XQH� PDFKLQH�
SDUODQWH�DQWKURSRPRUSKLTXH�HVW�FHOXL�GH�FHOXL�GH�YRQ�.HPSHOHQ���������'XGOH\��5LHV]�	�:DWNLQV���������
'XGOH\�	�7DUQRF]\� �������� )ODQDJDQ� �����D��� /LpQDUG� �������� /LpQDUG� ��������� /D�)LJXUH� ��PRQWUH� OHV�
GLIIpUHQWV�FRPSRVDQWV�GH�FHWWH�PDFKLQH��GRQW� OD�SKLORVRSKLH�D� LQVSLUp�XQ�JUDQG�QRPEUH�GH�FKHUFKHXUV��
MXVTX
DX[� UpDOLVDWLRQV� YLUWXHOOHV� UpFHQWHV��8Q� VRXIIOHW� MRXH� OH� U{OH� GHV� SRXPRQV�� LO� DOLPHQWH� HQ� DLU� VRXV�
SUHVVLRQ�HW�PHWV�HQ�YLEUDWLRQ�XQH�DQFKH�²�PRGqOH�GH�FRUGHV�YRFDOHV�²�TXL��j�VRQ�WRXU��H[FLWH�XQ�UpVRQDWHXU�
HQ� FDRXWFKRXF� GRQW� OD� IRUPH� HVW�PDQLSXOpH� SDU� OD�PDLQ� JDXFKH� GH� O
RSpUDWHXU� SRXU� SURGXLUH� OHV� VRQV�
YRLVpV��/HV�FRQVRQQHV��\�FRPSULV�OHV�QDVDOHV��VRQW�SURGXLWHV�SDU�GHV�SDVVDJHV�UHVVHUUpV�VpSDUpV��FRQWU{OpV�
SDU�OHV�GRLJWV�GH�O
DXWUH�PDLQ��'
DSUqV�O
LQYHQWHXU��OD�PDFKLQH��PDQLSXOpH�DYHF�GH[WpULWp��SRXYDLW�SURQRQFHU�
TXHOTXHV�FHQWDLQHV�GH�PRWV�HW�TXHOTXHV�SKUDVHV��

�

)LJXUH�����5HFRQVWUXFWLRQ�SDU�:KHDWVWRQH�GH�OD�PDFKLQH�SDUODQWH�GH�.HPSHOHQ��G
DSUqV�)ODQDJDQ������E���

/D�PDFKLQH�GH�)DEHU��4XHOTXHV� DQQpHV� SOXV� WDUG�� -RVHSK�)DEHU� �������SUpVHQWDLW� XQH� DXWUH�PDFKLQH�
SDUODQWH�PpFDQLTXH��HQFRUH�SOXV�pODERUpH��FHOOH�FL�FRPPDQGpH�SDU�XQ�FODYLHU�GH�TXDWRU]H�WRXFKHV��&
HVW�XQ�
YpULWDEOH� PRGqOH� DUWLFXODWRLUH�� GDQV� OHTXHO� OD� ODQJXH� HW� OHV� GHX[� PD[LOODLUHV� VRQW� DUWLFXOpV�� HW� OH� SURILO� GX�
SKDU\Q[� PRGLILDEOH� SDU� XQH� VpULH� GH� GLDSKUDJPHV� FRXOLVVDQWV� �/LpQDUG� ��������� ,O� VHPEOH� TXH� FHWWH�
PDFKLQH�SRXYDLW�SDUOHU�j�KDXWH�YRL[��FKXFKRWHU��HW�FKDQWHU��*RG�VDYH�WKH�4XHHQ���'XGOH\�	�7DUQRF]\�
���������

/HV�WHPSV�PRGHUQHV��,O�HVW�LQWpUHVVDQW�GH�QRWHU�TXH�GHSXLV�TXHOTXHV�DQQpHV��XQH�pTXLSH�GH�O·XQLYHUVLWp�
GH�:DVHGD� j� 7RN\R� GpYHORSSH� XQ� FRQGXLW� YRFDO� HQWLqUHPHQW�PpFDQLTXH� �1LVKLNDZD�� $VDPD��+D\DVKL��
7DNDQREX�	�7DNDQLVKL����������GDQV�OH�FDGUH�G·XQ�JUDQG�SURMHW�GH�URERW�KXPDQRwGH��/HV�SULQFLSHV�VRQW�
VLPLODLUHV�� PrPH� VL� OD� WHFKQRORJLH� D� pYROXp�� PDLV� OD� PDFKLQH� UpDOLVpH� SRXU� O·LQVWDQW� HVW� EHDXFRXS� SOXV�
VLPSOH�HW�QH�SURGXLW�TXH�GHV�YR\HOOHV��

2Q�SHXW�DXVVL�PHQWLRQQHU�XQ�GLVSRVLWLI�PpFDQLTXH� WUqV�SDUWLFXOLHU��GpYHORSSp�SDU�5HHG��5DELQRZLW]��
'XUODFK��%UDLGD��&RQZD\�)LWKLDQ�	�6FKXOW]���������TXL�YLVH�j�UHSURGXLUH�OHV�PRXYHPHQWV�PpFDQLTXHV�GHV�
OqYUHV� HW� GH� OD� PkFKRLUH�� OHV� YLEUDWLRQV� GH� OD� UpJLRQ� GX� ODU\Q[�� HW� O·pFRXOHPHQW� GH� O·DLU� DX[� OqYUHV�� &H�
GLVSRVLWLI��TXL�QH�SURGXLW�SDV�YUDLPHQW�GH�VRQ�GH�SDUROH��pWDLW�GHVWLQp�j�GHV�pWXGHV�VXU�OD�PpWKRGH�7DGRPD�
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GH�FRPPXQLFDWLRQ�GpYHORSSpH�SRXU� OHV� VRXUGV�DYHXJOHV��� FHWWH�PpWKRGH� UHSRVH�VXU� OD�SHUFHSWLRQ� WDFWLOH�
TXL� SHUPHW� j� � O·LQWHUORFXWHXU�� TXL� GRLW� SODFHU� VD� PDLQ� VXU� OH� YLVDJH� GX� ORFXWHXU�� GH� VXLYUH� OHV� DFWLRQV�
DVVRFLpHV�j�OD�SURGXFWLRQ�GH�SDUROH�WHOOHV�TXH�OHV�PRXYHPHQWV�H[WHUQHV�GX�FRQGXLW�YRFDO��OHV�YLEUDWLRQV�GH�
OD� UpJLRQ� GX� ODU\QJpH� OLpHV� DX� YRLVHPHQW�� RX� OHV� SRXIV� G·DLU� FUppV� DX[� OqYUHV� ORUV� GX� UHOkFKHPHQW� GHV�
FRQVRQQHV�RFFOXVLYHV�ELODELDOHV��

2. Les analogues électriques de la fonction d’aire du conduit vocal 
­�PD� FRQQDLVVDQFH�� DXFXQ� V\VWqPH� pOHFWULTXH� DQWKURSRPRUSKLTXH� FDSDEOH� GH� SURGXLUH� GH� OD� SDUROH�

G\QDPLTXH� Q
D� MDPDLV� pWp� FRQVWUXLW�� /H� SUHPLHU� V\VWqPH� TXL� SHUPHW� GH� SURGXLUH� GHV� VRQV� GH� SDUROH�
VWDWLTXHV�j�SDUWLU�G
XQH�GHVFULSWLRQ�JpRPpWULTXH�GH�OD�IRUPH�GH�FRQGXLW�YRFDO�D�pWp�OD�OLJQH�pOHFWULTXH�DQDORJXH�
GX� FRQGXLW� YRFDO� GH� 'XQQ� �������� /HV� V\VWqPHV� SUpFXUVHXUV� Q
pWDLHQW� HQ� IDLW� SDV� GHV� DQDORJXHV�
DQWKURSRPRUSKLTXHV���O
DQDORJXH�pOHFWULTXH�GH�6WHZDUW��������VH�OLPLWDLW�HVVHQWLHOOHPHQW�j�OD�SURGXFWLRQ�GH�
YR\HOOHV�HW�GLSKWRQJXHV�HQ� VLPXODQW� OHV�GHX[�SUHPLHUV� IRUPDQWV�SDU�GHX[�FLUFXLWV� pOHFWULTXHV� UpVRQDQWV��
WDQGLV� TXH� OH�SULQFLSH�GX�9RGHU� �9RLFH�2SHUDWLRQ�'(PRQVWUDWR5��'XGOH\� HW� DO�� ���������TXL�SURGXLVDLW�
UpHOOHPHQW�GH�OD�SDUROH�LQWHOOLJLEOH��UHSRVDLW�VXU�OH�FRQWU{OH�GX�VSHFWUH�GX�VRQ�SDU�O
LQWHUPpGLDLUH�G
XQ�EDQF�
GH�ILOWUHV�FRPPDQGpV�JUkFH�j�XQ�FODYLHU�SDU�XQH�RSpUDWULFH�H[SpULPHQWpH��

/D�OLJQH�pOHFWULTXH�DQDORJXH�GX�FRQGXLW�YRFDO�GH�'XQQ��������pWDLW�FRPSRVpH�GH����ILOWUHV�VLPXODQW��GDQV�XQH�
DQDORJLH�DFRXVWLTXH�pOHFWULTXH�����VHFWLRQV�F\OLQGULTXHV�GH�����FP�GH�ORQJ�HW�GH���FP��G
DLUH�WUDQVYHUVDOH��
O
HQVHPEOH� IRUPDQW� XQ� WX\DX� XQLIRUPH� GH� ����� FP� GH� ORQJ�� 7URLV� SDUDPqWUHV� GH� FRQWU{OH� VRQW�
GLVSRQLEOHV��� OH� OLHX� G
LQVHUWLRQ�� HQWUH�GHX[� ILOWUHV�� G
XQH�ERELQH�TXL� UHSUpVHQWH� O
HIIHW� G
XQH� FRQVWULFWLRQ�
GDQV� OH� FRQGXLW� YRFDO�� OD� YDOHXU� G
LQGXFWDQFH� GH� OD� ERELQH� TXL� YD� FRQWU{OHU� O
pTXLYDOHQW� GH� O
DLUH� GH� OD�
FRQVWULFWLRQ��OD�YDOHXU�G
LQGXFWDQFH�G
XQH�DXWUH�ERELQH�TXL�FKDUJH�O
H[WUpPLWp�GH�OD�OLJQH�pOHFWULTXH��HW�TXL�
FRQWU{OH� O
pTXLYDOHQW� GH� O
DLUH� DX[� OqYUHV�� 1RXV� VRPPHV� HQ� SUpVHQFH� GX� SUHPLHU� PRGqOH� j� WURLV�
SDUDPqWUHV���;F��$F��$O���/D�UpSRQVH�GX�0,7�j�FH�SUHPLHU�SURWRW\SH�LVVX�GHV�/DERUDWRLUHV�%HOO�HVW�GRQQpH�
SDU�6WHYHQV��.DVRZVNL�	�)DQW���������TXL�FRQVWUXLVHQW�XQH�OLJQH�pOHFWULTXH�DQDORJXH�R��O
DLUH�GH�FKDFXQH�
GHV� VHFWLRQV� SHXW� rWUH� FRQWU{OpH� LQGpSHQGDPPHQW�� FH� V\VWqPH� SURGXLW� GHV� YR\HOOHV�� PDLV� DXVVL� GHV�
IULFDWLYHV�� SXLVTX
LO� RIIUH� OD� SRVVLELOLWp� GH� FRQQHFWHU� XQH� VRXUFH� GH� EUXLW� HQ� XQ� SRLQW� TXHOFRQTXH� GH� OD�
FKDvQH�GH�ILOWUHV��&H�V\VWqPH�VHUD�XWLOLVp�GHX[�DQV�SOXV�WDUG�SDU�6WHYHQV�	�+RXVH��������SRXU�UpDOLVHU�OHV�
SUHPLHUV� QRPRJUDPPHV� YRFDOLTXHV�� 8Q� DQDORJXH� pOHFWULTXH� WRXW� j� IDLW� VLPLODLUH� HVW� pJDOHPHQW� GpYHORSSp� j�
6WRFNKROP�SDU�)DQW���������3DU�DLOOHXUV�)DQW��������PHQWLRQQH�O
XWLOLVDWLRQ�GH�GHX[�RUGLQDWHXUV�VXpGRLV��
%(6.�HQ�������SXLV�%$5.�GH������j�������SRXU�OD�VLPXODWLRQ�QXPpULTXH�G
XQ�DQDORJXH�GX�FRQGXLW�YRFDO�
FRPSUHQDQW����VHFWLRQV��FH�TXL�FRQVWLWXH�O·XQH�GHV�WRXWHV�SUHPLqUHV��VL�FH�Q
HVW�OD�SUHPLqUH��DSSOLFDWLRQV�GH�
O
RUGLQDWHXU� j� OD� SURGXFWLRQ� GH� OD� SDUROH�� 'H� QRPEUHX[� DXWUHV� PRGqOHV�� pOHFWULTXHV� RX� QXPpULTXHV��
VXLYURQW�FHV�UpDOLVDWLRQV�GH�SLRQQLHUV��

3. Les machines parlantes simulées 
/HV�WUDYDX[�PHQpV�GDQV�OHV�DQQpHV����j�O
DLGH�GHV�DQDORJXHV�pOHFWULTXHV�RQW�pWp�IRQGDPHQWDX[�SRXU�OH�

GpYHORSSHPHQW�G
XQH�WKpRULH�GH�OD�SURGXFWLRQ�GH�OD�SDUROH�TXL�VHUD�HQ�SDUWLFXOLHU�PDUTXpH�SDU�O
RXYUDJH�GH�
UpIpUHQFH�GH�)DQW���������&HSHQGDQW��OH�WUDYDLO�HVW�H[WUrPHPHQW�ORXUG��SXLVTXH�WRXWHV�OHV�PHVXUHV�SDVVHQW�
SDU�GHV�PDQLSXODWLRQV�PDQXHOOHV�GH�FLUFXLWV�pOHFWULTXHV��HW�DXFXQ�GH�FHV�V\VWqPHV�Q
HVW�FDSDEOH�GH�SURGXLUH�
GH�SDUROH�FRQWLQXH��,O�IDXGUD�DWWHQGUH�O·DUULYpH�GH�O
LQIRUPDWLTXH�GDQV�OH�GRPDLQH�GH�OD�SDUROH�SRXU�TXH�OHV�
SUHPLqUHV� UpDOLVDWLRQV�� VLPXOpHV� FHWWH� IRLV�� YRLHQW� OH� MRXU�� HW� TXH� OH� FRQWU{OH� WHPSRUHO� HW� DUWLFXODWRLUH� GHV�
DQDORJXHV�VRLW�SRVVLEOH��/D�SUpVHQWH�VHFWLRQ�PHQWLRQQH�OHV�V\VWqPHV�GH�V\QWKqVH�OHV�SOXV�FRPSOHWV�HW�OHV�
SOXV�XWLOLVpV�TXL�FRQVWLWXHQW�GHV�UpIpUHQFHV�GDQV�OH�GpYHORSSHPHQW�GH�OD�V\QWKqVH�DUWLFXODWRLUH��

/H�SUHPLHU�V\QWKpWLVHXU�DUWLFXODWRLUH�FRPSOHW�HVW�YUDLVHPEODEOHPHQW�FHOXL�GpYHORSSp�SDU�&RNHU��������
DX[�/DERUDWRLUHV�%HOO���XQ�PRGqOH�DUWLFXODWRLUH�VLPXOp�QXPpULTXHPHQW�HVW�FRQWU{Op�SDU�VL[�SDUDPqWUHV�HW�
PRGpOLVH�GH�PDQLqUH�SDUDPpWULTXH�OD�FRXSH�PpGLRVDJLWWDOH�GX�FRQGXLW�YRFDO�VRXV�IRUPH�G·DUFV�GH�FHUFOH�HW�
GH�VHJPHQWV�GH�GURLWH��HW�SURGXLW�ILQDOHPHQW�XQH�IRQFWLRQ�G·DLUH��/H�VRQ�HVW�JpQpUp�SDU�XQ�V\QWKpWLVHXU�j�
IRUPDQWV� �FI�� ,,�%�� OXL�PrPH� FRQWU{Op� SDU� OHV� IRUPDQWV� H[WUDLWV� GH� OD� IRQFWLRQ� GH� WUDQVIHUW� DFRXVWLTXH�
FDOFXOpH� j� SDUWLU� GH� OD� IRQFWLRQ� G·DLUH�� &RNHU� �������� HW� &RNHU�� 8PHGD�	�%URZPDQ� ������� XWLOLVHQW� FH�
V\VWqPH�SRXU�SURGXLUH�GH�OD�V\QWKqVH�GH�O·DQJODLV�DPpULFDLQ�j�SDUWLU�GX�WH[WH��

&H�V\QWKpWLVHXU��VRXV�GLYHUVHV�IRUPHV��FRQVWLWXHUD�OH�F±XU�G·XQH�ORQJXH�VpULH�GH�WUDYDX[�DXVVL�ELHQ�DX[�
ODERUDWRLUHV�+DVNLQV�SRXU� O·pWXGH�GH� OD�SURGXFWLRQ�HW�GH� OD�SHUFHSWLRQ�GH� OD�SDUROH��0HUPHOVWHLQ���������
5XELQ�� %DHU� 	� 0HUPHOVWHLQ� �������� 0F*RZDQ� �����D��� 0F*RZDQ� �����E��� /|ITYLVW�� .RHQLJ� 	�
0F*RZDQ���������0F*RZDQ��.RHQLJ�	�/|ITYLVW���������0F*RZDQ�	�6DOW]PDQ���������5XELQ��6DOW]PDQ��
*ROGVWHLQ�� 0F*RZDQ�� 7LHGH� 	� %URZPDQ� �������� TX·DX[� ODERUDWRLUHV� %HOO� SRXU� OH� FRGDJH� j� EDV� GpELW�
�6FKURHWHU�	�6RQGKL���������5DKLP��*RRG\HDU��.OHMLQ��6FKURHWHU�	�6RQKL����������
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$X�-DSRQ�� OHV�SUHPLHUV�WUDYDX[�VXU� OD�V\QWKqVH�DUWLFXODWRLUH�VRQW�YUDLVHPEODEOHPHQW�FHX[�GH�6KLUDL�	�

+RQGD� ��������'HX[� pTXLSHV� RQW� DFFRPSOL� O·HVVHQWLHO� GHV� GpYHORSSHPHQWV� GH�PRGqOHV� DUWLFXODWRLUHV��­�
177��+RQGD��0DVDDNL���.DEXUDJL�HW�OHXUV�FROOqJXHV�V·LQWpUHVVHQW�VXUWRXW�j�OD�G\QDPLTXH�GHV�DUWLFXODWHXUV���
OHXU�PRGqOH�DUWLFXODWRLUH�HVW�OLPLWp�DX[�SRLQWV�GH�PHVXUHV�IRXUQLV�SDU�DUWLFXORJUDSKLH�pOHFWURPDJQpWLTXH�RX�
SDU�LPDJHULH�XOWUDVRQLTXH��.DEXUDJL�	�+RQGD����������HW�OHV�VSHFWUHV�GHV�VRQV�VRQW�GLUHFWHPHQW�DVVRFLpV�
DX[� DUWLFXODWHXUV� j� O·DLGH� G·XQH� GLFWLRQQDLUH� LVVX� GH� GRQQpHV� DUWLFXODWRUL�DFRXVWLTXHV� H[SpULPHQWDOHV�
�.DEXUDJL�	�+RQGD����������PDLV�LOV�VRQW�FDSDEOHV�GH�V\QWKpWLVHU�GHV�WUDMHFWRLUHV�DUWLFXODWRLUHV�FRPSOqWHV�
j� SDUWLU� G·XQH� VpTXHQFH� GH� SKRQqPHV� �.DEXUDJL�	�+RQGD� ���������­�$75��+RQGD� �.L\RVKL���'DQJ� HW�
OHXUV� FROOqJXHV� DERUGHQW� pJDOHPHQW� OD� V\QWKqVH� DUWLFXODWRLUH�� PDLV� HQ� VH� EDVDQW� VXU� GHV� PRGqOHV� SOXV�
SK\VLTXHV�TXH�IRQFWLRQQHOV��'DQJ�	�+RQGD���������'DQJ��6XQ��'HQJ�	�+RQGD���������'DQJ�	�+RQGD�
�����E����

1RWRQV� SDU� DLOOHXUV� O·pPHUJHQFH� UpFHQWH� G·XQH� pTXLSH� FKLQRLVH� GDQV� OH� GRPDLQH� GH� OD� V\QWKqVH�
DUWLFXODWRLUH��<X�	�=HQJ����������

(Q�(XURSH��SHX�GH�WUDYDX[�SRUWHQW�VXU�OD�V\QWKqVH�DUWLFXODWRLUH��/H�V\VWqPH�GH�V\QWKqVH�DUWLFXODWRLUH�GH�
O·DOOHPDQG�j�SDUWLU�GX�WH[WH�GH�.U|JHU��6FKU|GHU�	�2SJHQ�5KHLQ��������HVW�VDQV�GRXWH�OH�V\VWqPH�OH�SOXV�
FRPSOHW��3DXO�%RHUVPD��������D�GpYHORSSp�XQ�V\QWKpWLVHXU�DUWLFXODWRLUH�EDVp�VXU�OH�PRGqOH�DUWLFXODWRLUH�GH�
0HUPHOVWHLQ� �������� PDLV� FRQVLGpUDQW� HQ� RXWUH� TXH� OHV� SDURLV� GH� FKDTXH� VHFWLRQ� SHXYHQW� ERXJHU� VRXV�
O·DFWLRQ� GH� IRUFHV� DpURG\QDPLTXHV� HW�P\RpODVWLTXHV��� VRQ� V\QWKpWLVHXU� FRPSUHQG� pJDOHPHQW� XQ�PRGqOH�
DpURG\QDPLTXH�FRPSOHW�TXL�SHUPHW�GH�SUHQGUH�HQ�FRPSWH�O·LQWHUDFWLRQ�HQWUH�VRXUFHV�HW�FRQGXLW�YRFDO��HW�
HQ�SDUWLFXOLHU�GH�SURGXLUH�GHV�FOLFNV��

(Q� *UDQGH� %UHWDJQH�� 6FXOO\� HW� VHV� FROODERUDWHXUV� RQW� GpYHORSSp� XQ� PRGqOH� FRPSRVLWH� GH� FRQGXLW�
YRFDO�� SRXU� pWXGLHU�SDUWLFXOLqUHPHQW� OHV� LQWHUDFWLRQV� HQWUH� OHV�SULQFLSDOHV� FRQVWULFWLRQV�GX� FRQGXLW� YRFDO�
�FRQVWULFWLRQ�RUDOH�HW�JORWWH��HW� OHV�VRXUFHV�DFRXVWLTXHV�GH�YRLVHPHQW�HW�GH�EUXLW�GH�IULFWLRQ��$OOZRRG�	�
6FXOO\���������6FXOO\����������

(Q�)UDQFH��VL�O·RQ�H[FHSWH�OHV�WUDYDX[�GH�O·,&3��0DHGD�HVW�OH�VHXO�j�DYRLU�GpYHORSSp�GH�PDQLqUH�DFWLYH�HW�
FRQWLQXH�GHV�PRGqOHV�DUWLFXODWRLUHV��0DHGD������E���0DHGD���������0DHGD�	�+RQGD����������6RQ�PRGqOH�
D�pWp� LQWURGXLW�SRXU� OD�SUHPLqUH�IRLV�j� O·,&3�SDU�3HUULHU��%Rs��0DMLG�	�*XpULQ� ��������HW�D�GRQQp�OLHX�j�
WRXWH�XQH� OLJQpH�GH� WUDYDX[�HW�GH�GpYHORSSHPHQW�G·HQYLURQQHPHQW� �FI�� OH�60,3�GDQV� OH�SURMHW�HXURSpHQ�
6SHHFK�0DSV��%Rs��*DELRXG�	�3HUULHU���������%Rs��*DKLRXG�	�3HUULHU����������-H�SUpVHQWHUDL�OHV�WUDYDX[�GH�
V\QWKqVH�DUWLFXODWRLUH�DX[TXHOV�M·DL�SDUWLFLSp�j�O¶,&3�GDQV�OD�VXLWH�GH�FH�PpPRLUH��

,O�HVW�HQILQ�QpFHVVDLUH�GH�PHQWLRQQHU�TXHOTXHV�WUDYDX[�HQ�V\QWKqVH�DUWLFXODWRLUH�EDVpV�VXU�GHV�PRGqOHV�
GH� IRQFWLRQ� G·DLUH��� )ODQDJDQ�� ,VKL]DND� 	� 6KLSOH\� �������� RQW� GpYHORSSp� XQ�PRGqOH� GH� IRQFWLRQ� G·DLUH�
FRPPDQGp� SDU� GHV� SDUDPqWUHV� GX� W\SH�;F��$F��$O� j� GHV� ILQV� GH� FRGDJH� DUWLFXODWRLUH� j� EDV� GpELW�� 3OXV�
UpFHPPHQW��)DQW�HW�VHV�FROODERUDWHXUV�j�6WRFNKROP�RQW�pJDOHPHQW�GpYHORSSp�XQ�PRGqOH�GH�IRQFWLRQ�G·DLUH�
GDQV�OH�FDGUH�G·XQ�SURMHW�GH�V\QWKqVH�DUWLFXODWRLUH��/LQ���������%nYHJnUG�	�)DQW����������

1RWRQV�HQILQ�TXH�%Rs��0DHGD�	�3HUULHU��������GRQQHQW�XQH�GHVFULSWLRQ�SOXV�GpWDLOOpH�GH�O·KLVWRLUH�GHV�
PRGqOHV�DUWLFXODWRLUHV��

�
­�FH�SRLQW�� LO� HVW� LQWpUHVVDQW�GH� UHPDUTXHU�TXH� OD�VFLHQFH�VHPEOH�IRQFWLRQQHU�HQ�VSLUDOH��� OD�PDFKLQH�

SDUODQWH� GH� YRQ� .HPSHOHQ� HW� OHV� URERWV� SDUODQWV� YLUWXHOV� DFWXHOV� VRQW� EDVpV� VXU� OHV� PrPHV� SULQFLSHV�
DQWKURSRPRUSKLTXHV��'H�FH�SRLQW�GH�YXH�� ULHQ�GH�QRXYHDX�Q·D�GRQF�pWp� LQYHQWp�� HW� O·RQ�VH�UHWURXYH�DX�
SRLQW�GH�GpSDUW��DSUqV�GHV�GpFHQQLHV�SHQGDQW�OHVTXHOOHV�OHV�YRLHV�GX�WUDLWHPHQW�GX�VLJQDO�RQW�pWp�H[SORUpHV��
HW� O·DQWKURSRPRUSKLVPH� RXEOLp�� 3DU� FRQWUH�� GHV� SURJUqV� FRQVLGpUDEOHV� RQW� pWp� DFFRPSOLV� DX� QLYHDX� GX�
UpDOLVPH� GHV� V\QWKpWLVHXUV� DUWLFXODWRLUHV�� HW� HQ� SDUWLFXOLHU�� GH� PDQLqUH� HVVHQWLHOOH�� DX� QLYHDX� GH� OHXU�
FRQWU{OH��
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II. SYNTHESE DES TRAVAUX 

A. Préambule 
-H� QH� SHX[�SDV� HQWDPHU� OD�SUpVHQWDWLRQ�GH� O·HQVHPEOH�GH�PHV� WUDYDX[�� TXH� MH� YDLV� FODVVHU�SOXW{W�SDU�

VXMHWV�TXH�SDU�RUGUH�FKURQRORJLTXH��VDQV�pYRTXHU�EULqYHPHQW�OHV�SDWHUQLWpV�PDMHXUHV�GRQW�M·DL�HX�OD�FKDQFH�
GH�EpQpILFLHU��HW�TXL�RQW�IRUWHPHQW�LQIOXHQFp�PHV�WUDYDX[�GH�UHFKHUFKH�GHSXLV�PHV�GpEXWV�j�O·,&3�HQ�DYULO�
������

0HV�SUHPLHUV�SDV�GH�FKHUFKHXU�VH�VRQW�GpURXOpV�j�*UHQREOH��VRXV�OD�FRQGXLWH�ELHQYHLOODQWH�GH�%HUQDUG�
*XpULQ�HW�GH�5HQp�&DUUp��� LOV�P·RQW�HQFRXUDJp�j�DERUGHU�O·DQDO\VH�V\QWKqVH�GH�SDUROH�GDQV�OH�FDGUH�GH�OD�
V\QWKqVH� j� IRUPDQWV�� TXL� Q·HVW� SDV� XQH� DSSURFKH� DQWKURSRPRUSKLTXH�� PDLV� IDLW� UpIpUHQFH� VLQRQ�
GLUHFWHPHQW�DX�FRQGXLW�YRFDO��GX�PRLQV�DX[�UpVRQDWHXUV�DFRXVWLTXHV�TXL�OH�FRQVWLWXHQW��

/·pWDSH� VXLYDQWH�� VXpGRLVH�� HVW� FHOOH� GH� PRQ� DSSUHQWLVVDJH� GHV� EDVHV� HW� VHFUHWV� GH� O·DFRXVWLTXH� GX�
FRQGXLW� YRFDO�� DX[� F{WpV� GH� *XQQDU� )DQW�� DYHF� OD� OHFWXUH� DVVLGXH� GH� OD� ELEOH� TX·LO� D� SXEOLpH� HQ� �������
©�$FRXVWLF�WKHRU\�RI�VSHHFK�SURGXFWLRQ�ª���

9LHQW�HQVXLWH��j�PRQ�UHWRXU�HQ�)UDQFH��O·LQIOXHQFH�DQJODLVH���&HOLD�6FXOO\�HVW�O·LQVSLUDWULFH�GH�WRXV�PHV�
WUDYDX[�VXU�OHV�IULFDWLYHV�HW�VXU�OD�FRRUGLQDWLRQ�HQWUH�JORWWH�HW�FRQVWULFWLRQ���

/·LQIOXHQFH�MDSRQDLVH�GH�6KLQML�0DHGD�VXU�PHV�WUDYDX[�HQ�PRGpOLVDWLRQ�DUWLFXODWRLUH�HVW�LQFRQWHVWDEOH���
HOOH�D�WRXMRXUV�JXLGp�PD�UpIOH[LRQ�VXU�OH�IRQFWLRQQHPHQW�GX�FRQGXLW�YRFDO��

/D� VXLWH� HVW� j� QRXYHDX� JUHQREORLVH���&KULVWLDQ�$EU\�P·LQIXVH� OD� URERWLTXH� GH� OD� SDUROH� WRXW� DX� ORQJ�GX�
SURMHW� HXURSpHQ� 6SHHFK� 0DSV�� HW� SOXV� UpFHPPHQW� *pUDUG� %DLOO\� P·HQWUDvQH� GDQV� O·DYHQWXUH� GHV� WrWHV�
SDUODQWHV�� VDQV� RXEOLHU� /RXLV�-HDQ�%Rs� HW� -HDQ�/XF� 6FKZDUW]� TXL� pFODLUHQW� HQ� SHUPDQHQFH�PD� URXWH� GH�
OHXUV� OXPLqUHV� SOXV� H[WpULHXUHV� DX� FKDPS� GH� OD� SURGXFWLRQ� GH� OD� SDUROH�� PDLV� GH� FH� IDLW� WRXW� DXVVL�
SUpFLHXVHV��

3RXU�FRQFOXUH�� LO�HVW�pYLGHQW�TXH� M·DL�EpQpILFLp�GH� O·LQIOXHQFH�VFLHQWLILTXH�GH�ELHQ�G·DXWUHV�FKHUFKHXUV��
GRQW�EHDXFRXS�j� O·,&3��DYHF� OHVTXHOV� M·DL� HX� O·RFFDVLRQ�GH�FROODERUHU�GH�PDQLqUH�SOXV�RX�PRLQV�SURFKH��
4X·LOV�PH�SDUGRQQHQW�O·LQMXVWLFH�GH�QH�SDV�OHV�FLWHU�LFL��

B. Synthèse à formants 
'DQV� OH�FDGUH�G
XQH� WKqVH�GH�'RFWHXU�,QJpQLHXU� �%DGLQ� ��������� M·DL�DERUGp� O·pWXGH�GH� OD�SDUROH�VRXV�

O·DQJOH�GH�OD�V\QWKqVH�j�IRUPDQWV��/H�SURMHW�YLVDLW�j�GpYHORSSHU�XQ�V\VWqPH�G·DQDO\VH�HW�GH�UH�V\QWKqVH�GX�
VLJQDO� GH� SDUROH�� DYHF� XQH� DSSURFKH� GH� W\SH� SURGXFWLRQ�� GDQV� OH� GRXEOH� EXW� GH�PHWWUH� HQ� pYLGHQFH� GHV�
LQGLFHV�DFRXVWLTXHV�GH� OD�SDUROH�� HW�GH�FRQVWLWXHU�XQ�HQVHPEOH�GH� ORJDWRPHV�GHYDQW� VHUYLU�GH�EDVH�j�XQ�
V\VWqPH�GH�V\QWKqVH�j�IRUPDQWV�j�SDUWLU�GX�WH[WH���

/HV�V\QWKpWLVHXUV�j�IRUPDQWV�UHSRVHQW�VXU�O
K\SRWKqVH�GH�O
LQGpSHQGDQFH�HQWUH�OHV�VRXUFHV�G
H[FLWDWLRQ�
HW�OHV�IRQFWLRQV�GH�ILOWUDJH�DFRXVWLTXH��.ODWW����������/D�IRQFWLRQ�GH�WUDQVIHUW�DFRXVWLTXH�GX�FRQGXLW�YRFDO�
HVW�VLPXOpH�SDU�XQ�HQVHPEOH�GH�TXDWUH�RX�FLQT�ILOWUHV�UpVRQDQWV�GX�VHFRQG�RUGUH��FRQQHFWpV�HQ�FDVFDGH�RX�
HQ�SDUDOOqOH��8QH�YLQJWDLQH�GH�SDUDPqWUHV�GH�FRPPDQGH�VRQW�QpFHVVDLUHV�SRXU�SLORWHU� OH�V\QWKpWLVHXU�GH�
VWUXFWXUH�SDUDOOqOH�FKRLVL�SRXU�VD�FDSDFLWp�j�UHSURGXLUH�OHV�FDUDFWpULVWLTXHV�VSHFWUDOHV�GHV�FRQVRQQHV�DXVVL�
ELHQ� TXH� FHOOHV� GHV� YR\HOOHV��� IUpTXHQFH� FHQWUDOH�� EDQGH� SDVVDQWH� HW� DPSOLWXGH� SRXU� FKDFXQ� GHV� FLQT�
IRUPDQWV��FRPPDQGHV�GH�JDLQ�GHV�VRXUFHV�YRLVpH�HW�GH�EUXLW�GH�IULFWLRQ��-·DL�GpYHORSSp��GDQV�OH�FDGUH�GH�
PRQ� '($� �%DGLQ� ��������� XQ� WHO� V\QWKpWLVHXU� pFULW� HQ� DVVHPEOHXU� HW� SURJUDPPp� VXU� XQH� FDUWH� GH�
WUDLWHPHQW�GH�VLJQDO�GpYHORSSpH�j�O
,&3�SDU�'DQLHO�'HJU\VH��%DGLQ�	�'HJU\VH����������
�

8QH�DQDO\VH�GH�W\SH�SURGXFWLRQ�FRQVLVWH�HQ�TXHOTXH�VRUWH�j�GpFRQYROXHU�OH�VLJQDO�GX�SDUROH�SDU�UDSSRUW�j�XQ�
PRGqOH� GH� SURGXFWLRQ�� HQ� O
RFFXUUHQFH� OH� V\QWKpWLVHXU� j� IRUPDQWV�� -
DL� GRQF�GpYHORSSp�XQ� HQVHPEOH�GH�
ORJLFLHOV�SHUPHWWDQW�XQH�VWUDWpJLH�G
DQDO\VH�SDU� OD�V\QWKqVH�PLVH�HQ�±XYUH�HQ�GHX[�pWDSHV��%DGLQ�	�0XULOOR�
�����D�� �����E���� /D� SUHPLqUH� pWDSH�� HQWLqUHPHQW� DXWRPDWLTXH�� SHUPHWWDLW� G
REWHQLU� IRUPDQWV� HW� EDQGHV�
SDVVDQWHV�HQ�H[WUD\DQW�OHV�S{OHV�FRPSOH[HV�FRQMXJXpV�j�SDUWLU�G
XQH�DQDO\VH�SDU�SUpGLFWLRQ�OLQpDLUH��0DUNHO�
	�*UD\� ��������� HW� OD� IUpTXHQFH� IRQGDPHQWDOH� SDU� O
DOJRULWKPH� GX� 6,)7� �0DUNHO� ��������� /D� GHX[LqPH�
pWDSH�� O
DQDO\VH� SDU� OD� V\QWKqVH� SURSUHPHQW� GLWH�� LPSOLTXDLW� XQH� FRPSDUDLVRQ� HQWUH� OH� VLJQDO� QDWXUHO� j�
DQDO\VHU�HW�OH�VLJQDO�SURGXLW�SDU�OH�V\QWKpWLVHXU��j�OD�IRLV�VXU�OH�SODQ�VSHFWUDO�HW�VXU�OH�SODQ�SHUFHSWLI��%DGLQ�
	� 0XULOOR� �����D�� �����E���� OHV� WUDMHFWRLUHV� GHV� SDUDPqWUHV� GH� FRPPDQGH� GX� V\QWKpWLVHXU� pWDLW� DLQVL�
GpWHUPLQpHV�GH�PDQLqUH�LWpUDWLYH��

/H�WUDYDLO�D�FODLUHPHQW�GpPRQWUp�OD�SRVVLELOLWp�G
REWHQLU�GHV�FRSLHV�GH�V\QWKqVH�GH�WUqV�ERQQH�TXDOLWp��HW�
HQ�SDUWLFXOLHU�MXJpHV�SDU�XQ�HQVHPEOH�G
DXGLWHXUV�ELHQ�SOXV�QDWXUHOOHV�TXH�FHOOH�REWHQXHV�SDU�V\QWKqVH�SDU�
SUpGLFWLRQ�OLQpDLUH��$YHF�OH�UHFXO�HW�DX�YX�GHV�FRQQDLVVDQFHV�DUWLFXODWRLUHV�DFTXLVHV�DXMRXUG
KXL��LO�HVW�FODLU�
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TXH�OHV�WUDMHFWRLUHV�IRUPDQWLTXHV�GpWHUPLQpHV�DXUDLHQW�SX�rWUH�VLPSOLILpHV��FH�TXH�M·DYDLV�HQ�SDUWLH�PLV�HQ�
pYLGHQFH�SDU�GHV�WHVWV�SHUFHSWLIV�DX�FRXUV�GHVTXHOV� O
LPSRUWDQFH�GH�WHO�RX�WHO�GpWDLO�GH�OD�WUDMHFWRLUH�G
XQ�
IRUPDQW�pWDLW�pYDOXpH��

&HWWH� SUHPLqUH� H[SpULHQFH� P
DYDLW� GpMj� FRQYDLQFX� GH� O
LQWpUrW� G
XQH� DSSURFKH� IRUWHPHQW� OLpH� j� XQH�
GHVFULSWLRQ�GHV�FDUDFWpULVWLTXHV�DFRXVWLTXHV�GX�VLJQDO�GH�SDUROH��8Q�VpMRXU�SRVW�GRFWRUDO�G
XQ�DQ�HW�GHPL�
DX�.7+� j� 6WRFNKROP�� VRXV� OD� GLUHFWLRQ� GX� 3URIHVVHXU�*XQQDU� )DQW�� D� DFKHYp� GH�PH� FRQYHUWLU� j� XQH�
DSSURFKH�YpULWDEOHPHQW�EDVpH� VXU� OD�PRGpOLVDWLRQ�GHV�SKpQRPqQHV�GH�SURGXFWLRQ�� 6LPXOWDQpPHQW��PHV�
REMHFWLIV�GH�UHFKHUFKH�VH�VRQW�SURJUHVVLYHPHQW�pODUJLV�j�XQH�YLVLRQ�SOXV�pWHQGXH�GX�GRPDLQH��F
HVW�j�GLUH�
QRQ�SOXV�VHXOHPHQW�j� OD�V\QWKqVH�SDUDPpWULTXH�GH� OD�SDUROH��PDLV�j� OD�FRPSUpKHQVLRQ�HW�OD�PRGpOLVDWLRQ�
GHV�SKpQRPqQHV�GH�SURGXFWLRQ�GH�OD�SDUROH�HQ�JpQpUDO��

C. Acoustique du conduit vocal : données, modèles et simulations 
/
DFRXVWLTXH� GX� FRQGXLW� YRFDO� FRQFHUQH� OHV� UHODWLRQV� HQWUH� OD� IRUPH� GX� FRQGXLW� YRFDO�� VRQ� pWDW�

DpURG\QDPLTXH��OHV�FDUDFWpULVWLTXHV�PpFDQLTXHV�GH�FHUWDLQV�GH�VHV�FRQVWLWXDQWV��FRUGHV�YRFDOHV��OqYUHV�RX�
SDURLV��� HW� OHV� FDUDFWpULVWLTXHV� DFRXVWLTXHV� UpVXOWDQWHV� �UpVRQDQFHV� RX� DQWL�UpVRQDQFHV�GX� FRQGXLW�� VLJQDO�
DFRXVWLTXH�UD\RQQp����

1RWUH� DSSURFKH� YLVH� HQ� SDUWLFXOLHU� j� pODUJLU� OD� EDQGH� GHV� IUpTXHQFHV� XWLOHV� DX�GHOj� GHV� ��N+]� TXL�
FRUUHVSRQGHQW� DX� PRGH� GH� SURSDJDWLRQ� SODQ�� HW� DXVVL� j� SUHQGUH� HQ� FRPSWH� OHV� SKpQRPqQHV�
DpURDFRXVWLTXHV�OLpV�j�O·pFRXOHPHQW�GH�O·DLU�GDQV�OH�FRQGXLW�YRFDO��

0RQ�LQWpUrW�V
HVW�SRUWp�VXU�OHV�WURLV�IRQFWLRQV�SULQFLSDOHV�GX�V\VWqPH�SKRQDWRLUH�KXPDLQ���OHV�VRXUFHV�
G
H[FLWDWLRQ�DFRXVWLTXH��OD�SURSDJDWLRQ�GHV�RQGHV�DFRXVWLTXHV�GDQV�OH�FRQGXLW�YRFDO��HW�OHXU�UD\RQQHPHQW��
-H�YDLV�GpFULUH�GDQV�OHV�WURLV�FDV�OHV�PpWKRGHV�HW�PRGqOHV�GpYHORSSpV��

1. Sources de bruit de friction et modélisation de l’écoulement de l’air 
$YDQW�GH�GpFULUH�GHV�PpWKRGHV�GH�VLPXODWLRQ�GH�OD�SURSDJDWLRQ�GHV�RQGHV�DFRXVWLTXHV�GDQV�OH�FRQGXLW�

YRFDO�� MH�SUpVHQWH�UDSLGHPHQW� OHV� WUDYDX[�SRUWDQW�VXU� O·H[FLWDWLRQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO��HQ� OLDLVRQ�
DYHF�O·pFRXOHPHQW�GH�O·DLU�GDQV�OH�FRQGXLW�YRFDO��

0RGqOH� GH� VRXUFH� GH� EUXLW� GH� IULFWLRQ� SRXU� OHV� IULFDWLYHV� HW� OHV� YR\HOOHV� FKXFKRWpHV�� /·pWXGH�
WKpRULTXH� GH� OD� JpQpUDWLRQ� GHV� EUXLWV� GH� IULFWLRQ� HVW� WUqV� GLIILFLOH� GX� IDLW� TXH� OHV� UpVXOWDWV� GpSHQGHQW�
EHDXFRXS�GH�OD�JpRPpWULH�H[DFWH�GX�FRQGXLW�YRFDO��1RXV�DYRQV�GRQF�FKRLVL�XQH�DSSURFKH�GH�PRGpOLVDWLRQ�
IRQFWLRQQHOOH�EDVpH�VXU�GHV�GRQQpHV�H[SpULPHQWDOHV��6XLYDQW�OHV�SULQFLSHV�SURSRVpV�SDU�+L[RQ��0LQLILH�	�
7DLW� �������RX�6WHYHQV� �������� QRXV� DYRQV� pWDEOL�GHV� UHODWLRQV�HQWUH� OHV�YDULDEOHV�TXL� FDUDFWpULVHQW� O·pWDW�
DpURG\QDPLTXH�GX�FRQGXLW�YRFDO��GpELW�GH�O·pFRXOHPHQW�G·DLU��FKXWH�GH�SUHVVLRQ�HW�DLUH�j�OD�FRQVWULFWLRQ��HW�
FHOOHV�TXL�GpILQLVVHQW�OH�VSHFWUH�GH�OD�VRXUFH�GH�EUXLW�GH�IULFWLRQ�FRQVLGpUpH�FRPPH�XQH�VRXUFH�GH�SUHVVLRQ�
ORFDOLVpH��LQWHQVLWp�JOREDOH�GH�OD�VRXUFH��SHQWH�VSHFWUDOH���/H�SULQFLSH�GH�FHWWH�DSSURFKH�HVW�GH�PHVXUHU�OHV�
YDULDEOHV�HQ�TXHVWLRQ�SRXU�XQ�HQVHPEOH�GH�SURGXFWLRQV�TXL�FRXYUH�OD�JDPPH�GHV�YDOHXUV�FRUUHVSRQGDQW�j�
GH�OD�SDUROH��SRXU�XQ�VXMHW�GH�UpIpUHQFH��HQ�O·RFFXUUHQFH�OH�VXMHW�3�;��&·HVW�DLQVL�TXH�OH�GpELW�DX[�OqYUHV��OD�
SUHVVLRQ�UD\RQQpH�DX[�OqYUHV�HW�OD�SUHVVLRQ�LQWUD�RUDOH�RQW�pWp�PHVXUpV�j�O·DLGH�G·XQ�PDVTXH�SQHXPRWDFKR�
JUDSKLTXH� SRXU� GHV� FRUSXV� GH� IULFDWLYHV� VRXWHQXHV� HW� HQ� FRQWH[WHV� YRFDOLTXHV� SURQRQFpHV� j� GLIIpUHQWV�
QLYHDX[�G·HIIRUW�YRFDO��&H�WUDYDLO��GpPDUUp�j�6WRFNKROP��%DGLQ�	�)DQW���������%DGLQ����������D�HQVXLWH�pWp�
SRXUVXLYL� GDQV� OH�FDGUH�GH� OD� WKqVH�GH�3KDP�7KL�1JRF� �������SDU� OD�PLVH�HQ�±XYUH�GHV�SURFpGXUHV�GH�
ILOWUDJH� LQYHUVH� SRXU� GpWHUPLQHU� OHV� YDULDWLRQV�G·LQWHQVLWp� HW� GH�SHQWH� VSHFWUDOH�GH� OD� VRXUFH�GH�EUXLW� HQ�
IRQFWLRQ� GHV� FRQGLWLRQV� DpURG\QDPLTXHV� �%DGLQ�� 6KDGOH�� 3KDP� 7KL� 1JRF�� &DUWHU�� &KLX�� 6FXOO\� 	�
6WURPEHUJ� �����E��� 3KDP�7KL�1JRF�	�%DGLQ� ��������� ,O� D� SHUPLV� O·pODERUDWLRQ�� SDU� UpJUHVVLRQ� OLQpDLUH�
PXOWLSOH��G·XQ�PRGqOH�GH�VRXUFH�GH�EUXLW�GH�IULFWLRQ�EDVp�VXU�OHV�GRQQpHV�GX�VXMHW�3�;��%DGLQ��0DZDVV�	�
&DVWHOOL� �����F����/H�JDLQ�UHODWLI�GH� OD�VRXUFH�GH�EUXLW�GH�IULFWLRQ�SDU�UDSSRUW�j� OD�VRXUFH�GH�YRLVHPHQW�D�
HQVXLWH� pWp� GpWHUPLQp� GH�PDQLqUH� j� FH� TXH� OH� SURJUDPPH� GH� VLPXODWLRQ� WHPSRUHOOH� 6,021'� �YRLU� FL�
GHVVRXV��SURGXLVH� OHV�PrPHV�QLYHDX[�TXH�FHX[�REVHUYpV�GDQV� OHV� VLJQDX[� LVVXV�GX� VXMHW�3�;���HQ�HIIHW��
O·pTXLOLEUH� DGpTXDW� HQWUH� OHV� FRQWULEXWLRQV� GHV� VRXUFHV� DFRXVWLTXHV� GH� YRLVHPHQW� HW� GH� EUXLW� GH� IULFWLRQ�
DSSRUWH�XQH�FRQWULEXWLRQ�LPSRUWDQWH�j� OD�TXDOLWp�HW�DX�QDWXUHO�GH� OD�V\QWKqVH��6FXOO\�	�$OOZRRG����������
1RXV� DYRQV� HQVXLWH� YpULILp� GH� PDQLqUH� LQIRUPHOOH�� HQ� IDLVDQW� DUWLILFLHOOHPHQW� YDULHU� FH� JDLQ� GDQV� GHV�
VpTXHQFHV� [ava]�� [aza]�� [aZa]�� TXH� FHV� QLYHDX[� FRUUHVSRQGHQW� j� XQH� TXDOLWp� RSWLPDOH� GH� OD� V\QWKqVH�
�0DZDVV��%DGLQ�	�%DLOO\�����������

                                                      
��&HV�VRQV�VRQW�DFFHVVLEOHV�j�O·DGUHVVH�KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�$FWD$FXVWLFDB6RXQGV�KWPO�
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0RGpOLVDWLRQ�EDVVH�IUpTXHQFH�GH�O·pFRXOHPHQW�GH�O·DLU�²�&RRUGLQDWLRQ�JORWWH���FRQVWULFWLRQ�RUDOH��
,O�GpFRXOH�GHV�GHVFULSWLRQV�FL�GHVVXV�TXH�OHV�PRGqOHV�GH�YRLVHPHQW�HW�GH�EUXLW�GH�IULFWLRQ�VRQW�FRQWU{OpV�
SDU� GHV� YDULDEOHV� FRPPXQHV� �OH� GpELW� G·DLU��� RX� OLpHV� �OHV� FKXWHV� GH� SUHVVLRQ� j� WUDYHUV� OD� JORWWH� HW� OD�
FRQVWULFWLRQ�RUDOH���(Q�FRQVpTXHQFH�� OHV�FRPSRUWHPHQWV�GH�FHV�GHX[�VRXUFHV�G·H[FLWDWLRQ�DFRXVWLTXH�GX�
FRQGXLW� YRFDO� LQWHUDJLVVHQW� IRUWHPHQW�� ,O� pWDLW� GRQF� LQGLVSHQVDEOH� GH� PHWWUH� HQ� ±XYUH� XQ� PRGqOH� TXL�
SUHQQH�HQ�FRPSWH�FHV�LQWHUDFWLRQV��1RXV�DYRQV�DLQVL�GpILQL�XQ�PRGqOH�VLPSOLILp�G·pFRXOHPHQW�G·DLU�GDQV�OH�
FRQGXLW�YRFDO�YDODEOH�SRXU�OHV�EDVVHV�IUpTXHQFHV��F·HVW�j�GLUH�HQ�GHVVRXV�GH�����+]���0DZDVV�HW�DO�����������
&H�PRGqOH�FRQVLGqUH�OH�FRQGXLW�YRFDO�FRPPH�XQ�HQVHPEOH�GH�GHX[�FRQVWULFWLRQV�ORFDOLVpHV���OD�JORWWH�HW�OD�
FRQVWULFWLRQ�RUDOH��/HV� pTXDWLRQV�GH�%HUQRXOOL� HW� GH�3RLVHXLOOH� VRQW�XWLOLVpHV�SRXU� H[SULPHU� OHV� UHODWLRQV�
HQWUH� OHV� FRPSRVDQWHV� EDVVH� IUpTXHQFH� GX� GpELW�� GHV� DLUHV� HW� GHV� FKXWHV� GH� SUHVVLRQ� DX� QLYHDX� GH� FHV�
FRQVWULFWLRQV��(Q�SDUWLFXOLHU��OD�VRPPH�GHV�GHX[�FKXWHV�GH�SUHVVLRQV�HVW�pJDOH�j�OD�SUHVVLRQ�GHV�SRXPRQV��
TXL�FRQVWLWXH�DLQVL�O·XQ�GHV�SDUDPqWUHV�GH�FRPPDQGH�GH�FHV�PRGqOHV�GH�VRXUFHV��1RXV�DYRQV�ILQDOHPHQW�
PRQWUp�� JUkFH� j� XQH� VpULH� GH� VLPXODWLRQV� V\VWpPDWLTXHV� �0DZDVV� ��������0DZDVV� HW� DO�� ��������� TX·XQH�
FRRUGLQDWLRQ�WUqV�SUpFLVH�HQWUH�O·DLUH�GH�OD�JORWWH�HW�O·DLUH�GH�OD�FRQVWULFWLRQ�RUDOH�pWDLW�LQGLVSHQVDEOH�SRXU�
PDLQWHQLU� XQ� pTXLOLEUH� HQWUH� O·LQWHQVLWp� GX� EUXLW� HW� FHOOH� GX� YRLVHPHQW� SRXU� OHV� FRQVRQQHV� IULFDWLYHV�
YRLVpHV���HQ�HIIHW��O·DXJPHQWDWLRQ�GH�O·LQWHQVLWp�GX�EUXLW�QpFHVVLWH�XQH�DXJPHQWDWLRQ�GH�OD�FKXWH�GH�SUHVVLRQ�
j�OD�FRQVWULFWLRQ�RUDOH��GRQF�XQH�GLPLQXWLRQ�GH�OD�FKXWH�GH�SUHVVLRQ�j�OD�JORWWH��HW�GRQF�XQH�GLPLQXWLRQ�GH�
O·LQWHQVLWp�GX�YRLVHPHQW��HW�YLFH�YHUVD��&HOD�H[SOLTXH� OHV�VWDWLVWLTXHV�G·RFFXUUHQFH�GHV�GLIIpUHQWV�W\SHV�GH�
FRQVRQQHV�GDQV�OHV�ODQJXHV�GX�PRQGH��%Rs��9DOOpH��%DGLQ��6FKZDUW]�	�$EU\����������

2. Propagation des ondes acoustiques dans le conduit vocal 

6LPXODWLRQ� DFRXVWLTXH� IUpTXHQWLHOOH� GX� FRQGXLW� YRFDO�� 'qV� OH� GpEXW� �'XQQ� �������� )DQW� ���������
O
DFRXVWLTXH�GX�FRQGXLW�YRFDO�D�UHSRVp�VXU�XQ�FHUWDLQ�QRPEUH�G
K\SRWKqVHV�VLPSOLILFDWULFHV���SURSDJDWLRQ�
G·RQGHV� SODQHV�� LPSpGDQFH� GH� UD\RQQHPHQW� OLPLWpH� DX[� EDVVHV� IUpTXHQFHV�� SHUWHV� SDU� YLVFRVLWp� HW�
GLVVLSDWLRQ�WKHUPLTXH�VLPSOLILpHV��SDV�GH�SULVH�HQ�FRPSWH�GH�O·pFRXOHPHQW��3RXU�GHV�UDLVRQV�KLVWRULTXHV��FH�
VRQW�GHV� LQJpQLHXUV�HQ�pOHFWULFLWp��'XQQ��)DQW��6WHYHQV��HWF���TXL�RQW�GpYHORSSp�OHV�SUHPLHUV�PRGqOHV��HW�
TXL�RQW�GRQF�XWLOLVp�GHV�DQDORJLHV�HQWUH�JUDQGHXUV�DFRXVWLTXHV�HW�JUDQGHXUV�pOHFWULTXHV� �OH�SOXV�VRXYHQW��
SUHVVLRQ�DFRXVWLTXH���WHQVLRQ�pOHFWULTXH�HW�GpELW�DFRXVWLTXH���FRXUDQW�pOHFWULTXH���'DQV�FHV�FRQGLWLRQV��OH�
FRQGXLW�YRFDO�SHXW�rWUH�DVVLPLOp�j�XQ�WX\DX�G
DLUH�YDULDEOH�OH�ORQJ�GH�VRQ�D[H�PpGLDQ��HW�ILQDOHPHQW�WUDLWp�
FRPPH�XQH�FDVFDGH�GH� VHFWLRQV�F\OLQGULTXHV�GDQV� OHVTXHOOHV� VH�SURSDJHQW�GHV�RQGHV�DFRXVWLTXHV�SODQHV�
�%DGLQ�	�)DQW�����������

/RUV�GH�PRQ�VpMRXU�DX�.7+�GH�6WRFNKROP�HQ����������M
DL�GRQF�pWXGLp�OD�OLWWpUDWXUH�GDQV�FH�GRPDLQH��
HW� LPSOpPHQWp� XQ� ORJLFLHO� GH� VLPXODWLRQ� DFRXVWLTXH� IUpTXHQWLHOOH� GX� FRQGXLW� YRFDO� �9&75��� &H� ORJLFLHO�
SHUPHW�GH�FDOFXOHU�OD�IRQFWLRQ�GH�WUDQVIHUW�DFRXVWLTXH�GX�FRQGXLW�YRFDO��F
HVW�j�GLUH�OD�UpSRQVH�HQ�IUpTXHQFH�GX�
WX\DX� DFRXVWLTXH� TXH� FRQVWLWXH� OH� FRQGXLW� YRFDO�� &HWWH� UpSRQVH� HVW� HVWLPpH� FRPPH� OH� UDSSRUW� HQWUH�
O
DPSOLWXGH��FRPSOH[H��GX�GpELW�DFRXVWLTXH�DX[�OqYUHV�VXU�O·DPSOLWXGH�GH�OD�VRXUFH�GH�GpELW�DFRXVWLTXH�j�OD�
JORWWH��RX�FHOOH�G·XQH�VRXUFH�GH�SUHVVLRQ�GH�EUXLW�GH�IULFWLRQ�LQVpUpH�HQ�XQ�SRLQW�TXHOFRQTXH�GX�FRQGXLW��
'LYHUVHV� FRQGLWLRQV� DX[� OLPLWHV� �RXYHUWXUH� j� OD� JORWWH�� UD\RQQHPHQW� DX[� OqYUHV�� YLEUDWLRQ�GHV�SDURLV�� HW�
SHUWHV��SDU�YLVFRVLWp�HW�SDU�FRQGXFWLRQ�WKHUPLTXH��RQW�pWp�WHVWpHV��&H�ORJLFLHO�9&75�D�pWp�FRQVWDPPHQW�
PDLQWHQX�GHSXLV��HW�FRQWLQXH�G
rWUH�DERQGDPPHQW�XWLOLVp�j�O
,&3��

6LPXODWLRQ�DFRXVWLTXH�WHPSRUHOOH�GX�FRQGXLW�YRFDO��SDU�©�OLJQH�DQDORJXH�j�UpIOH[LRQ�ª��/H�ORJLFLHO�
GH�VLPXODWLRQ�WHPSRUHOOH�SDU�©�OLJQH�DQDORJXH�j�UpIOH[LRQ�ª�GpYHORSSp�j�O
,&3�SDU�'HJU\VH��������D�VHUYL�GH�
EDVH�j�QRWUH�V\QWKpWLVHXU�DUWLFXODWRLUH��-XVTX
HQ�������OD�YDULDWLRQ�GH�ORQJXHXU�GX�FRQGXLW�YRFDO�Q
pWDLW�SDV�
SULVH�HQ�FRPSWH�SDU�FH�W\SH�GH�OLJQH�TXL�VXSSRVH�FRQVWDQWH�OD�ORQJXHXU�GHV�VHFWLRQV��1RXV�DYRQV�DORUV�PLV�
HQ� SODFH� XQ� DOJRULWKPH� GH� FKDQJHPHQW� GH� IUpTXHQFH� G
pFKDQWLOORQQDJH�� TXL� SHUPHW� GH� UpVRXGUH� FH�
SUREOqPH� �:X��%DGLQ��&KHQJ�	�*XpULQ� �����D�� �����F�� �����E����­� OD� VXLWH� GHV� WUDYDX[�PHQpV� VXU� OHV�
VRXUFHV�GH�EUXLW�SRXU�OHV�IULFDWLYHV��YRLU�SOXV�ORLQ���QRXV�DYRQV�HQVXLWH�LPSOpPHQWp�XQ�PRGqOH�GH�VRXUFH�
GDQV�6,021'��OD�YHUVLRQ�GH�OD�OLJQH�DQDORJXH�j�UpIOH[LRQ�UHPDQLpH�SDU�&DVWHOOL��������SHQGDQW�VD�WKqVH��HW�
QRXV� DYRQV� WHVWp� FHWWH� LPSOpPHQWDWLRQ� HQ� FRPSDUDQW� OD� UpSRQVH� LPSXOVLRQQHOOH� GH� 6,021'� j� OD�
UpIpUHQFH�IRXUQLH�SDU�OD�VLPXODWLRQ�IUpTXHQWLHOOH�9&75��FI��0DZDVV��%DGLQ��9HVFRYL�	�%HDXWHPSV����������

eYDOXDWLRQ�SHUFHSWLYH�GH�O
pFKDQWLOORQQDJH�RSWLPDO�GH�OD�IRQFWLRQ�G
DLUH��/H�SDV�G
pFKDQWLOORQQDJH�
RSWLPDO�GH�OD�IRQFWLRQ�G
DLUH�SRXU�OD�VLPXODWLRQ�DFRXVWLTXH�WHPSRUHOOH�GX�FRQGXLW�YRFDO�HVW�XQ�FRPSURPLV�
HQWUH�OD�YDOHXU�OD�SOXV�JUDQGH�SRVVLEOH�TXL�PLQLPLVH�OHV�WHPSV�GH�FDOFXO��HW�OD�YDOHXU�PD[LPDOH�DX�GHOj�GH�
ODTXHOOH� O
HIIHW� GH� O
pFKDQWLOORQQDJH� DSSRUWH� XQH� GpJUDGDWLRQ� SHUFHSWLEOH��1RXV� DYRQV� GpWHUPLQp� XQ� SDV�
RSWLPDO�HQWUH���HW���PP�SDU�XQH�pWXGH�WKpRULTXH�EDVpH�VXU�OHV�UpVXOWDWV�GH�)ODQDJDQ��������VXU�OHV�VHXLOV�
GLIIpUHQWLHOV�PLQLPDX[��HW�FRQILUPp�FHV�UpVXOWDWV�SDU�XQ�WHVW�SHUFHSWLI��:X�HW�DO�������E�������F����
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)RQFWLRQV�GH�VHQVLELOLWp�GLIIpUHQWLHOOHV��/RUV�G
XQH�SUHPLqUH�WHQWDWLYH�G
HVWLPDWLRQ�GH�IRQFWLRQV�G
DLUH�
FRKpUHQWHV� j� OD� IRLV� DYHF� OD� FRXSH� VDJLWWDOH� HW� OHV� IRUPDQWV� RX� OH� VSHFWUH� GX� VRQ� SRXU� GHV� FRQVRQQHV�
IULFDWLYHV� �%DGLQ� ��������� QRXV� DYRQV� pWp� DPHQpV� j� XWLOLVHU� OHV� IRQFWLRQV� GH� VHQVLELOLWp� GLIIpUHQWLHOOHV�
SURSRVpHV� SDU� )DQW� 	� 3DXOL� ������� HW� UHSULVHV� SDU�0UD\DWL� 	� &DUUp� �������� (Q� HIIHW�� OD� UHODWLRQ� HQWUH�
IRQFWLRQ�G
DLUH�HW�IRUPDQWV�HVW�ORLQ�G
rWUH�OLQpDLUH��HW�OHV�IRQFWLRQV�GH�VHQVLELOLWp�GLIIpUHQWLHOOHV�FRQVWLWXHQW�
HQ�TXHOTXH�VRUWH�OH�-DFRELHQ�GHV�IRUPDQWV�HQ�IRQFWLRQ�GHV�DLUHV�GHV�VHFWLRQV��8QH�IRQFWLRQ�GH�VHQVLELOLWp�
SHXW� rWUH� GpILQLH�� SRXU� XQH� IUpTXHQFH� GH� UpVRQDQFH� GRQQpH�)M�� FRPPH� OD� YDULDWLRQ� UHODWLYH�∆)M���)M� GX�
IRUPDQW�)M�LQGXLWH�SDU�XQH�YDULDWLRQ�GRQQpH�∆$L���$L��SRXU�OHV�VHQVLWLYLWpV�WUDQVYHUVDOHV��RX�∆OL���OL��SRXU�
OHV� VHQVLWLYLWpV� WUDQVYHUVDOHV� ORQJLWXGLQDOHV�� SRXU� FKDFXQH� GHV� Q� VHFWLRQV�GH� OD� IRQFWLRQ�G
DLUH��$LQVL�� HQ�
OLDLVRQ� DYHF� OHV� GLVWULEXWLRQV� GH� SUHVVLRQ� HW� GH� GpELW� DFRXVWLTXH� OH� ORQJ� GX� FRQGXLW� YRFDO� j� OD� PrPH�
IUpTXHQFH� GH� UpVRQDQFH�� OHV� IRQFWLRQV� GH� VHQVLELOLWp� FRQVWLWXHQW� XQH� DLGH� SRXU� OD� GpWHUPLQDWLRQ� GHV�
DIILOLDWLRQV� FDYLWpV�IRUPDQWV�� F
HVW�j�GLUH� GpWHUPLQHU� VL� XQ� IRUPDQW� GpSHQG� SOXV� SDUWLFXOLqUHPHQW� G
XQH�
FDYLWp� GRQQpH� GDQV� OH� FRQGXLW� YRFDO� SOXW{W� TXH� G
XQH� DXWUH��/
XWLOLVDWLRQ�GH� FHV� IRQFWLRQV�GH� VHQVLELOLWp�
QRXV� D� GRQF� SHUPLV� GH� GpWHUPLQHU� OHV� DIILOLDWLRQV� SRXU� OHV� FRQVRQQHV� IULFDWLYHV�� HW� G
DIILQHU� QRWUH�
FRQQDLVVDQFH�GHV�IRQFWLRQV�G
DLUH�FRUUHVSRQGDQWHV��%DGLQ����������

%DQF�GH�PHVXUH�GH�OD�IRQFWLRQ�GH�WUDQVIHUW�DFRXVWLTXH�GX�FRQGXLW�YRFDO��$ILQ�GH�YDOLGHU�OHV�UpVXOWDWV�
GHV�VLPXODWLRQV�SUpFpGHQWHV��GH�GpWHUPLQHU�OHV�OLPLWHV�G
XQH�WKpRULH�VLPSOLILpH��HW�GH�SRXYRLU�FDUDFWpULVHU�
FHUWDLQHV� FDWpJRULHV� GH� VRQV�� QRXV� DYRQV� HQWUHSULV� O·pODERUDWLRQ� G
XQ�EDQF� GH�PHVXUH�GH� OD� IRQFWLRQ�GH�
WUDQVIHUW�DFRXVWLTXH�GX�FRQGXLW�YRFDO�XWLOLVDEOH�SRXU�GHV�VXMHWV�KXPDLQV��3RXUVXLYDQW�OD�YRLH�RXYHUWH�SDU�
)XMLPXUD�	�/LQGTYLVW���������XQH�SUHPLqUH�YHUVLRQ�GX�EDQF�GH�PHVXUH�D�pWp�GpYHORSSpH��&DVWHOOL�	�%DGLQ�
��������� )HQJ�	�&DVWHOOL� ���������/H�SULQFLSH� FRQVLVWDLW� j� H[FLWHU� OH� FRQGXLW� YRFDO� G
XQ� VXMHW� GH�PDQLqUH�
WUDQVFXWDQpH� DX� QLYHDX� GX� ODU\Q[� j� O
DLGH� G
XQ� SHWLW� KDXW�SDUOHXU� DOLPHQWp� SDU� XQ� EUXLW� EODQF�� HW� j�
HQUHJLVWUHU� OH�VRQ�UD\RQQp�DX[� OqYUHV�RX�DX[�QDULQHV� �YRLU�)LJXUH�����/D�IRQFWLRQ�GH� WUDQVIHUW�pWDLW�DORUV�
VLPSOHPHQW�FDOFXOpH�FRPPH�OH�VSHFWUH�GX�VRQ�UD\RQQp��

�

Sujet
Ecouteurs

Microphone

Excitateur

Amplificateurs

N/A

A/N

Isolation phonique

Carte processeur de signal

Micro-ordinateur PC

�

)LJXUH�����6FKpPD�GX�GLVSRVLWLI�SRXU�OD�PHVXUH�GH�IRQFWLRQ�GH�WUDQVIHUW�DFRXVWLTXH�GX�FRQGXLW�YRFDO�GpYHORSSp�j�O·,&3��

&H� GLVSRVLWLI�� TXL� D� IRXUQL� QRPEUH� GH� GRQQpHV� LQWpUHVVDQWHV� VXU� OHV� QDVDOHV� HW� VXU� OHV� IULFDWLYHV��
SUpVHQWDLW�FHSHQGDQW�GHX[� LQFRQYpQLHQWV�PDMHXUV��� O
REOLJDWLRQ�GH� WUDYDLOOHU�VDQV�SKRQDWLRQ��HW�VXUWRXW� OD�
QpFHVVLWp� GH� WHPSV� G
DFTXLVLWLRQ� WUqV� ORQJV� �GH��� j� ��� VHF����8QH�QRXYHOOH�PpWKRGH� D�GRQF� pWp�PLVH� DX�
SRLQW��(OOH�FRQVLVWH�j�H[FLWHU�OH�FRQGXLW�YRFDO�SDU�XQH�VpTXHQFH�SVHXGR�DOpDWRLUH���OD�IRQFWLRQ�GH�WUDQVIHUW�
HVW�DORUV�FDOFXOpH�FRPPH�OD�WUDQVIRUPpH�GH�)RXUULHU�GH�O
LQWHUFRUUpODWLRQ�HQWUH�FH�VLJQDO�G
H[FLWDWLRQ�HW�OH�
VLJQDO�UD\RQQp��'MpUDGL��*XpULQ��%DGLQ�	�3HUULHU����������&HWWH�PpWKRGH�SUpVHQWH�O
DYDQWDJH�GH�UpGXLUH�OD�
GXUpH�GH�PHVXUH�j�XQH�FHQWDLQH�GH�PLOOLVHFRQGHV��HW�G
DXWRULVHU�OD�SKRQDWLRQ�SHQGDQW�OD�PHVXUH��j�OD�VHXOH�
FRQGLWLRQ�TXH�VRQ�QLYHDX�QH�VRLW�SDV�WURS�pOHYp���

1RXV�DYRQV�HQVXLWH�HQFRUH�DPpOLRUp�OH�GLVSRVLWLI��G
XQH�SDUW�DX�QLYHDX�GH�O
HUJRQRPLH��HW�G·DXWUH�SDUW�
SDU� OD� SRVVLELOLWp� GH� FDOFXOHU� DXWRPDWLTXHPHQW� OHV� IRUPDQWV� HW� OHV� EDQGHV� SDVVDQWHV� GHV� IRQFWLRQV� GH�
WUDQVIHUW��JUkFH�j�O
XWLOLVDWLRQ�GH�PpWKRGHV�G
LGHQWLILFDWLRQ�$5;��3KDP�7KL�1JRF�	�%DGLQ���������3KDP�
7KL�1JRF����������

9R\HOOHV� HW� FRQVRQQHV� QDVDOHV�� /H� EDQF� GH� PHVXUH� DFRXVWLTXH� D� SHUPLV� GDQV� XQ� SUHPLHU� WHPSV� GH�
PHWWUH� HQ� pYLGHQFH� FHUWDLQHV� FDUDFWpULVWLTXHV� GH� OD� QDVDOLWp� �&DVWHOOL� �������� &DVWHOOL� 	� %DGLQ� ����������
SUpVHQFH�G
XQ� ]pUR� j�EDVVH� IUpTXHQFH�GDQV� OHV� IRQFWLRQV�GH� WUDQVIHUW�QDVRSKDU\QJDOHV�� HW� DXVVL�GDQV� OHV�
YR\HOOHV� RUDOHV� SXUHV� �G
R�� O·K\SRWKqVH� G
XQ� FRXSODJH� ²�LQWHUQH� RX� H[WHUQH� ²�HQWUH� OH� FRQGXLW� RUDO� HW� OH�
FRQGXLW�QDVDO���HW�SUpVHQFH�GH�]pURV�VXSSOpPHQWDLUHV�TXL�SHXYHQW�FRUUHVSRQGUH�DX[�UpVRQDQFHV�GHV�VLQXV��
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9R\HOOHV� RUDOHV� HW� DIILOLDWLRQV�� 1RXV� DYRQV� SX� FRQILUPHU� OHV� K\SRWKqVHV� VXU� OHV� DIILOLDWLRQV�
IRUPDQWV�FDYLWpV�HQ�PHVXUDQW� O·LQIOXHQFH�GH� O·RXYHUWXUH�GHV�FRUGHV�YRFDOHV�VXU� OHV�EDQGHV�SDVVDQWHV�GHV�
IRQFWLRQV� GH� WUDQVIHUW� PHVXUpHV� SRXU� OHV� YR\HOOHV� �3KDP� 7KL�1JRF�	� %DGLQ� �������� 3KDP� 7KL�1JRF�
���������

0RGHV�G
RUGUH�VXSpULHXU��'DQV�OH�FDGUH�GH�OD�IpGpUDWLRQ�GH�ODERUDWRLUHV�(/(6$��HQ�FROODERUDWLRQ�DYHF�
3LHUUH�6DJXHW��/DERUDWRLUH�G
(OHFWURPDJQpWLVPH�HW�GH�0LFUR�2QGHV���QRXV�DYRQV�WHQWp�G
pODUJLU�OD�EDQGH�
VSHFWUDOH� GHV� PRGpOLVDWLRQV� DFRXVWLTXHV�� HQ� WHQDQW� FRPSWH� GHV� PRGHV� GH� SURSDJDWLRQ� QRQ�
XQLGLPHQVLRQQHOV�HQ�DSSOLTXDQW�j� O·DFRXVWLTXH� OD�PpWKRGH�7/0��7UDQVPLVVLRQ�/LQH�0DWUL[��LQLWLDOHPHQW�
GpYHORSSpH�SRXU�O·pOHFWURPDJQpWLVPH��&H�WUDYDLO��PHQp�SDU�6DPLU�(O�0DVUL�HW�;DYLHU�3HORUVRQ��HVW�EDVp�VXU�
OHV� PHVXUHV� TXH� M
DL� HIIHFWXpHV� DX� -DSRQ� �0RWRNL�� %DGLQ�	�0LNL� �������� (O�0DVUL�� 3HORUVRQ�� 6DJXHW�	�
%DGLQ� �����D���� -
DL� DXVVL� FRQWULEXp� j� OD� FRPSDUDLVRQ�GHV�SUHPLHUV� UpVXOWDWV�GH� VLPXODWLRQ�7/0�DYHF� OD�
WKpRULH�GHV�RQGHV�SODQHV�SRXU�GHV�FRQILJXUDWLRQV�W\SLTXHV�GX�FRQGXLW�YRFDO��(O�0DVUL��3HORUVRQ��6DJXHW�	�
%DGLQ������E����

3. Rayonnement aux lèvres 
8Q�DXWUH�SUREOqPH�LPSRUWDQW�HQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO�HVW�FHOXL�GX�UD\RQQHPHQW�DX[�OqYUHV��/HV�

TXHVWLRQV� VRQW�GH� VDYRLU�R�� VH� WHUPLQH� OH�FRQGXLW�YRFDO�GX�F{Wp�GHV� OqYUHV��HW�FRPPHQW�FDUDFWpULVHU� OHV�
LPSpGDQFHV�DFRXVWLTXH�HW�GH�UD\RQQHPHQW��8QH�SUHPLqUH�pWXGH��HQ�FROODERUDWLRQ�DYHF�GHX[�ODERUDWRLUHV�
MDSRQDLV��P
D�SHUPLV�GH�GpWHUPLQHU� OHV� UHODWLRQV�HQWUH�XQ�pTXLYDOHQW�EDVVH� IUpTXHQFH�GH� O·LPSpGDQFH�GH�
UD\RQQHPHQW� HW� XQH� FDUDFWpULVDWLRQ� JpRPpWULTXH� GX� SDYLOORQ� ODELDO�� JUkFH� j� GHV�PHVXUHV� DFRXVWLTXHV� HW�
JpRPpWULTXHV�IDLWHV�VXU�GHV�PRXODJHV�HQ�SOkWUH�GHV�OqYUHV�GX�VXMHW�3�;��%DGLQ��0RWRNL��0LNL��5LWWHUKDXV�	�
/DOORXDFKH������D����

1RXV�DYRQV�HQVXLWH�pWDEOL�H[SpULPHQWDOHPHQW��SRXU�GHV�IUpTXHQFHV�SOXV�pOHYpHV��GHV�FDUWRJUDSKLHV�GX�
FKDPS�GH�SUHVVLRQ�SRXU�GHV�FRQGXLWV�GH�IRUPHV�JpRPpWULTXHV�VLPSOHV��0RWRNL�HW�DO�����������&HV�PHVXUHV�
RQW�ILQDOHPHQW�SHUPLV�GH�JXLGHU�HW�GH�YDOLGHU�OHV�PRGqOHV�WKpRULTXHV�GH�UD\RQQHPHQW�GpYHORSSpV�j�O
,&3�
SDU�;DYLHU�3HORUVRQ��3HORUVRQ��%DGLQ��0RWRNL��0LNL�	�3OLFTXH����������

D. Articulation : données, modèles et simulations 
$SUqV�OD�GHVFULSWLRQ��GDQV�OD�VHFWLRQ�SUpFpGHQWH��GH�PHV�WUDYDX[�VXU�O·DFRXVWLTXH�GX�FRQGXLW�YRFDO�HW�OHV�

PpFDQLVPHV� GH� JpQpUDWLRQ� GH� VRXUFHV�� MH� SUpVHQWH�PDLQWHQDQW�PHV� WUDYDX[� VXU� OH� IRQFWLRQQHPHQW� GHV�
DUWLFXODWHXUV�TXL� IDoRQQHQW�FH�FRQGXLW�HW�HQ�IRQW�pYROXHU� OD�IRUPH�DX�FRXUV�GX�WHPSV�DILQ�GH�JpQpUHU� OH�
VLJQDO�DXGLRYLVXHO�GH�SDUROH��

1. Robotique de la parole et degrés de liberté 
1RXV� DYRQV�YX�TXH�� GDQV� OH�FDGUH�G·XQH� URERWLTXH�GH� OD� SDUROH��QRXV�FRQVLGpURQV� O·DSSDUHLO�SKRQDWRLUH�

FRPPH� XQ� URERW� SLORWp� SDU� XQ� FRQWU{OHXU� GH� PDQLqUH� j� UHFUXWHU� OHV� DUWLFXODWHXUV� HW� HQ� FRRUGRQQHU� OHV�
PRXYHPHQWV�TXL�RQW�GHV�FRQVpTXHQFHV�VLPXOWDQpPHQW�DXGLEOHV�HW�YLVLEOHV��&H�FRQFHSW�LPSOLTXH�OD�QRWLRQ�
G·XQ�QRPEUH�UHODWLYHPHQW�OLPLWp�GH�GHJUpV�GH�OLEHUWp�SRXU�OH�URERW��&HV�GHJUpV�GH�OLEHUWp�FRUUHVSRQGHQW�j�OD�
VSpFLILFDWLRQ�� SRXU� FKDTXH� DUWLFXODWHXU�� GH� O·HQVHPEOH� OLPLWp� GH� PRXYHPHQWV� TX·LO� SHXW� H[pFXWHU�
LQGpSHQGDPPHQW�GHV�DXWUHV�DUWLFXODWHXUV��3RXU�.HOVR��6DOW]PDQ�	�7XOOHU���������O·DSSDUHLO�SKRQDWRLUH�HVW�
FRQVWLWXp�G·XQ� ODUJH�QRPEUH�GH�FRPSRVDQWV�PXVFXODLUHV�TXL�RIIUHQW�XQH�GLPHQVLRQDOLWp�SRWHQWLHOOHPHQW�
JLJDQWHVTXH� HW� TXL� GRLYHQW� GRQF� rWUH� IRQFWLRQQHOOHPHQW� FRXSOpV� SRXU� SURGXLUH� GHV� JHVWHV� UHODWLYHPHQW�
VLPSOHV��FHWWH�YLVLRQ�IRUPH�OD�EDVH�GX�FRQFHSW�GH�VWUXFWXUHV�FRRUGLQDWLYHV�GH�OD�SDUROH�GpIHQGX�HQ�SDUWLFXOLHU�SDU�
)RZOHU�	� 6DOW]PDQ� ���������0DHGD� ������� IDLW� UpIpUHQFH� j� XQ� FRQFHSW� VLPLODLUH� HQ� WHUPHV� G·DUWLFXODWHXUV�
pOpPHQWDLUHV��

8Q�GHJUp�GH�OLEHUWp�SRXUUDLW�rWUH�SOXV�SUpFLVpPHQW�GpILQL�SRXU�XQ�DUWLFXODWHXU�GRQQp�FRPPH�XQH�YDULDEOH�
TXL�SHXW�FRQWU{OHU�HQWLqUHPHQW�XQH�YDULDWLRQ�VSpFLILTXH�GH�OD�IRUPH�HW�GH�OD�SRVLWLRQ�GH�FHW�DUWLFXODWHXU��HW�
TXL�HVW�VWDWLVWLTXHPHQW�GpFRUUpOpH�GHV�DXWUHV�GHJUpV�GH�OLEHUWp�SRXU�XQ�HQVHPEOH�GH�WkFKHV��&HV�GHJUpV�GH�
OLEHUWp�SHXYHQW�rWUH�GpWHUPLQpV�j�SDUWLU�GH�O·REVHUYDWLRQ�GHV�FRUUpODWLRQV�OLQpDLUHV�H[LVWDQW�HQWUH�OHV�GLYHUV�
SDUDPqWUHV� TXL� FRQVWLWXHQW� OD� GHVFULSWLRQ� JpRPpWULTXH� SUpFLVH� GHV� IRUPHV� HW� GHV� SRVLWLRQV� GHV�
DUWLFXODWHXUV��&HV�FRUUpODWLRQV�SHXYHQW�rWUH�LVVXHV�GH�WURLV�QLYHDX[�GH�FRQWUDLQWHV�LPSOLFLWHV�RX�H[SOLFLWHV���
����OD�FRQWLQXLWp�SK\VLTXH�GHV�DUWLFXODWHXUV�HW�OHXU�FRQVWLWXWLRQ��OD�ODQJXH��TXL�HVW�XQ�K\GURVWDW��QH�SHXW�SDV�
SUHQGUH�XQH�IRUPH�HQ�GHQW�GH�VFLH��SDU�H[HPSOH�������OHV�FRQWUDLQWHV�ELRPpFDQLTXHV��OD�JDPPH�GHV�IRUPHV�
HW� SRVLWLRQV� SRVVLEOH� SRXU� OHV� DUWLFXODWHXUV� HVW� OLPLWpH� SDU� OHV� SURSULpWpV� SK\VLRORJLTXHV� GHV� VWUXFWXUHV�
RVVHXVHV� HW� GHV� PXVFOHV��� HW� ���� OD� QDWXUH� GH� OD� WkFKH� HQ� UHODWLRQ� DYHF� OH� FRQWU{OH� �OD� PDVWLFDWLRQ� IDLW�
LQWHUYHQLU�GHV�PRXYHPHQWV�ODWpUDX[�GH�OD�PkFKRLUH��PDLV�SDV�OD�SURGXFWLRQ�GH�SDUROH���DLQVL��OD�PkFKRLUH�
SRVVqGH�GHV�HQVHPEOHV�GH�GHJUpV�GH�OLEHUWp�LQGpSHQGDQWV�OLpV�j�OD�WkFKH���/HV�FRUUpODWLRQV�REVHUYpHV�VXU�OHV�
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PHVXUHV� DUWLFXODWRLUHV� QH� SHXYHQW� SDV� WRXMRXUV� rWUH� DWWULEXpHV� DYHF� FHUWLWXGH� VRLW� DX[� FRQWUDLQWHV�
ELRPpFDQLTXHV�VRLW�DX[�VWUDWpJLHV�GH�FRQWU{OH�OLpHV�j�OD�WkFKH��3DU�H[HPSOH��LO�HVW�ELHQ�pWDEOL�TXH��OD�KDXWHXU�
GX�ODU\Q[�HW�OD�SURWUXVLRQ�GHV�OqYUHV�VRQW�LQYHUVHPHQW�FRUUpOpHV�SRXU�OHV�YR\HOOHV��5LRUGDQ���������%DUELHU�
��������HW�SOXV�UpFHPPHQW�+RROH�	�.URRV�����������FHWWH�FRUUpODWLRQ�QH�SHXW�pYLGHPPHQW�SDV�V·H[SOLTXHU�
SDU� GHV� OLHQV� ELRPpFDQLTXHV� HQWUH� OHV� OqYUHV� HW� OH� ODU\Q[��PDLV� GHYUDLW� rWUH� DWWULEXpH� j� XQH� VWUDWpJLH� GH�
FRQWU{OH� OLpH� j� OD� WkFKH� �OD� GHVFHQWH� GX� ODU\Q[� HW� OD� SURWUXVLRQ� GHV� OqYUHV� FRQVWLWXHQW� XQH� VWUDWpJLH� GH�
V\QHUJLH�TXL�YLVH�j�EDLVVHU�OHV�IUpTXHQFHV�GH�UpVRQDQFH�GX�FRQGXLW�YRFDO���,O�HVW�GRQF�IDFLOH�GH�FRPSUHQGUH�
TXH� OH� WUL� HQWUH� OHV�SURSULpWpV�TXL�GRLYHQW�rWUH�DWWULEXpHV�DX� URERW� HW� FHOOHV�TXL�GRLYHQW� O·rWUH�DX� FRQWU{OHXU�
FRQVWLWXH�WRXMRXUV�XQ�HQMHX�LPSRUWDQW�HQ�FRQWU{OH�GH�OD�SDUROH��FI��3HUNHOO���������6FXOO\���������$EU\�HW�DO��
���������

(Q�URERWLTXH��RQ�DSSHOOH�SDUDPqWUHV�SUR[LPDX[�OHV�SDUDPqWUHV�GH�FRPPDQGH�GX�URERW��WDQGLV�TXH�OHV�
SDUDPqWUHV�SURGXLWV�SDU�OH�URERW�VRQW�DSSHOpV�SDUDPqWUHV�GLVWDX[��'DQV�OH�FDV�GH�OD�URERWLTXH�GH�OD�SDUROH��
OHV�SDUDPqWUHV�SUR[LPDX[�VRQW� OHV�SDUDPqWUHV�GH�FRQWU{OH�GHV�GHJUpV�GH�OLEHUWp�DUWLFXODWRLUHV��WDQGLV�TXH�
OHV� SDUDPqWUHV� GLVWDX[� FRUUHVSRQGHQW� DX[� FDUDFWpULVWLTXHV� JpRPpWULTXHV�GX� FRQGXLW� YRFDO� �OLHX[� HW� WDLOOH�
GHV� FRQVWULFWLRQV�� DLUH� HW� SURWUXVLRQ� DX[� OqYUHV��� HW� DX[� FDUDFWpULVWLTXHV� DFRXVWLTXHV� TXL� HQ� GpFRXOHQW�
�IRUPDQWV��YRLVHPHQW��EUXLW�GH�IULFWLRQ��� ,O�HVW� UHPDUTXDEOH�TXH� OH�V\VWqPH�GHV�DUWLFXODWHXUV�SRVVqGH�GHV�
GHJUpV�GH�OLEHUWp�HQ�H[FqV��SOXVLHXUV�FRPELQDLVRQV�GLIIpUHQWHV�GH�SDUDPqWUHV�SUR[LPDX[�SHXYHQW�DERXWLU�j�
OD�PrPH�FRPELQDLVRQ�GH�SDUDPqWUHV�GLVWDX[���HW�TXH�OH�ORFXWHXU�KXPDLQ�H[SORLWH�FHWWH�UHGRQGDQFH��SDU�OH�
MHX� GH� VWUDWpJLHV� GH� FRDUWLFXODWLRQ� �� FRPSHQVDWLRQ�� 3DU� H[HPSOH�� XQH� IHUPHWXUH� DX[� OqYUHV� SHXW� rWUH�
UpDOLVpH�DYHF�GLIIpUHQWHV�KDXWHXUV�GH� OD�PkFKRLUH�� VHORQ� O·LQIOXHQFH�GX�FRQWH[WH�� OHV� OqYUHV�SHUPHWWDQW�GH�
FRPSHQVHU�SRXU�DWWHLQGUH�FHWWH�IHUPHWXUH��

2. Données articulatoires et dispositifs expérimentaux 
0RQ� DSSURFKH� GH� OD�PRGpOLVDWLRQ� DUWLFXODWRLUH� HVW� EDVpH� GHSXLV� SOXV� G·XQH� GL]DLQH� G·DQQpHV� VXU� XQ�

WUDYDLO�V\VWpPDWLTXH�GH�FROOHFWLRQ�GH�GRQQpHV�YDULpHV�HW�FRPSOpPHQWDLUHV�VXU�TXHOTXHV�VXMHWV�GH�UpIpUHQFHV�
SURQRQoDQW�GHV�FRUSXV�ELHQ�GpILQLV�HW�DGDSWpV�DX[�SUREOqPHV�SRVpV��

/H�V\VWqPH�GH�PHVXUH�DUWLFXODWRLUH�LGpDO�HQ�SKRQpWLTXH�H[SpULPHQWDOH�VHUDLW�FHOXL�TXL�IRXUQLUDLW��j�XQH�
FDGHQFH�GH�SOXVLHXUV�FHQWDLQHV�GH�+HUW]��XQH�LPDJH�FRPSOqWH�WUL�GLPHQVLRQQHOOH�GH�WRXV�OHV�DUWLFXODWHXUV�²�
YLVLEOHV�HW�LQYLVLEOHV�²�G·XQ�VXMHW�SDUODQW�OLEUHPHQW��VDQV�DXFXQH�FRQWUDLQWH�LQYDVLYH��QL�GH�ULVTXH�SRXU�VD�
VDQWp��0DOKHXUHXVHPHQW��XQ�WHO�V\VWqPH�Q·H[LVWH�SDV�DXMRXUG·KXL��HW�QH�VHPEOH�SDV�GHYRLU�rWUH�GpYHORSSp�
GDQV�OD�GpFHQQLH�TXL�GpEXWH��PDOJUp�OHV�SURJUqV�LPSRUWDQWV�UpDOLVpV�GDQV�FHUWDLQV�GRPDLQHV��HQ�SDUWLFXOLHU�
HQ� ,PDJHULH� SDU� 5pVRQDQFH� 0DJQpWLTXH�� ,O� HVW� GRQF� QpFHVVDLUH� G·HPSOR\HU� SOXVLHXUV� PpWKRGHV�
H[SpULPHQWDOHV�FRPSOpPHQWDLUHV�HW�G·HQ�IXVLRQQHU�HQVXLWH�OHV�UpVXOWDWV�j�O·DLGH�GH�PRGqOHV��DILQ�G·REWHQLU�
GHV�GRQQpHV�FRKpUHQWHV�SRXU�XQ�FRUSXV�GRQQp��&·HVW� O·DSSURFKH�TXH� M·DL�DGRSWpH�GHSXLV�PHV�SUHPLqUHV�
PHVXUHV� GH� GpELW� HW� SUHVVLRQ� G·DLU� GDQV� OH� FRQGXLW� YRFDO� SRXU� O·pWXGH� GHV� FRQVRQQHV� IULFDWLYHV� j�
6WRFNKROP��-H�SDVVHUDL�GRQF�HQ�UHYXH�OHV�GLIIpUHQWHV�WHFKQLTXHV�TXH�M·DL�XWLOLVpHV�HW���RX�PLVHV�HQ�±XYUH�
GDQV� FH� GRPDLQH�� *OREDOHPHQW�� FHV� WHFKQLTXHV� GLIIqUHQW� SDU� OHXU� UpVROXWLRQ� VSDWLDOH�� OHXU� UpVROXWLRQ�
WHPSRUHOOH��OHXU�FDUDFWqUH�SOXV�RX�PRLQV�LQYDVLI�SRXU�OH�ORFXWHXU��HW�OHXU�QLYHDX�GH�ULVTXH�SRXU�OD�VDQWp�GX�
VXMHW�� /H� 7DEOHDX� ,� UpFDSLWXOH� OHV� PpWKRGHV� TXH� M·DL� XWLOLVpHV�� HW� OHXUV� SULQFLSDOHV� FDUDFWpULVWLTXHV�� HQ�
SDUWLFXOLHU� HQ� WHUPHV� GH� UpVROXWLRQ� WHPSRUHOOH� HW� VSDWLDOH�� /H� 7DEOHDX� ,,� SUpFLVH� OHV� SXEOLFDWLRQV�
GLUHFWHPHQW�OLpHV�j�O·XWLOLVDWLRQ�RX�DX�GpYHORSSHPHQW�GHV�FHV�PpWKRGHV��

7pOpUDGLRJUDSKLH�� /D� WpOpUDGLRJUDSKLH� HVW� PHQWLRQQpH� LFL� SRXU� PpPRLUH�� (OOH� XWLOLVH� XQH� VRXUFH� GH�
UD\RQV�;�SODFpH�j�HQYLURQ���PqWUHV�GX�VXMHW�SODFp�GH�SURILO��HW�TXL�LPSUHVVLRQQH�XQH�SODTXH�VHQVLEOH�SODFpH�
LPPpGLDWHPHQW�GHUULqUH� OD� WrWH�GX� VXMHW�� LQWURGXLVDQW�DLQVL�XQH�GLVWRUVLRQ�RSWLTXH�PLQLPDOH��/HV� LPDJHV�
REWHQXHV�²�VWDWLTXHV�²�FRUUHVSRQGHQW�j�XQH�SURMHFWLRQ�GH�O·HQVHPEOH�GHV�VWUXFWXUHV�HW�WLVVXV�GH�OD�WrWH��HW�
GRLYHQW�GRQF�rWUH� LQWHUSUpWpHV�GH�PDQLqUH�VRLJQHXVH�SRXU�REWHQLU�HQ�SDUWLFXOLHU�OHV�FRQWRXUV�GX�FRQGXLW�
YRFDO� GDQV� OH�SODQ�PpGLRVDJLWWDO��&HWWH� WHFKQLTXH�� TXH� M·DL� HX� OD�SRVVLELOLWp�G·XWLOLVHU� DX�'pSDUWHPHQW�GH�
5DGLRORJLH�)DFLDOH�GX�&+58�GH�*UHQREOH�HQ�������WUqV�OLPLWpH�DX�QLYHDX�GX�QRPEUH�GH�FOLFKpV�UpDOLVDEOHV�
j� FDXVH� GHV� ULVTXHV� GH� VDQWp� TX·HOOH� IDLW� FRXULU� DX� VXMHW�� HVW�PDLQWHQDQW� DYDQWDJHXVHPHQW� UHPSODFpH�SDU�
O·,50� �YRLU� FL�GHVVRXV��� (OOH� P·D� FHSHQGDQW� pWp� WUqV� XWLOH� SRXU� REWHQLU� XQH� GL]DLQH� GH� FRXSHV�
PpGLRVDJLWWDOHV�SRXU�GHV�YR\HOOHV�HW�GHV�IULFDWLYHV�DUWLILFLHOOHPHQW�VRXWHQXHV�SDU�OH�VXMHW�3�;��HW�SRXYRLU�
DLQVL� GpWHUPLQHU�� HQ� FRQMRQFWLRQ� DYHF� OD� WHFKQLTXH� GH� PHVXUH� GH� IRQFWLRQ� GH� WUDQVIHUW� DFRXVWLTXH� GX�
FRQGXLW� YRFDO� �FI�� 'MpUDGL� HW� DO�� ��������� OHV� IRQFWLRQV� G·DLUH� HW� OHV� DIILOLDWLRQV� IRUPDQWV� �� FDYLWpV� GHV�
FRQVRQQHV� IULFDWLYHV� SRXU� FH� PrPH� VXMHW� �%DGLQ� ��������� 1RWRQV� TXH� OHV� PpWKRGHV� UDGLRJUDSKLTXHV�
SUpVHQWHQW� O·DYDQWDJH� GH� YLVXDOLVHU� OHV� VWUXFWXUHV� RVVHXVHV�� FH� TXH� QH� SHUPHWWHQW� SDV� OHV� PpWKRGHV�
PDJQpWLTXHV��



� 6\QWKqVH�GHV�WUDYDX[� 3DJH���� �
�

�

�
�

&LQpUDGLRJUDSKLH�� &HWWH� WHFKQLTXH�� EDVpH� HOOH� DXVVL� VXU� XQH� LOOXPLQDWLRQ� GX� VXMHW� SDU� GHV� UD\RQV� ;��
SHUPHW�G·REWHQLU�GH�YpULWDEOHV�ILOPV�HQ�IRUPDW����PP�RX�HQ�YLGpR�j�XQH�FDGHQFH�GH�FLQTXDQWH�LPDJHV�SDU�
VHFRQGH��&RXSOpH�HW�V\QFKURQLVpH�DYHF�XQH�SULVH�GH�YXH��ILOP�RX�YLGpR��GH�IDFH��YRLU�FL�GHVVRXV�OD�VHFWLRQ�
VXU�OD�ODELRPpWULH���HOOH�IRXUQLW�GHV�GRQQpHV�TXL�RIIUHQW��HQFRUH�DXMRXUG·KXL��OH�PHLOOHXU�FRPSURPLV�HQWUH�
UpVROXWLRQ� VSDWLDOH� �PLHX[� TXH� �� j� �� SL[HOV� SDU�PP��PDLV� GDQV� OH� VHXO�SODQ�PpGLRVDJLWWDO�� HW� UpVROXWLRQ�
WHPSRUHOOH�����+]���/HV�GHX[�ILOPV�TXH�QRXV�DYRQV�UpDOLVpV�HQ�FROODERUDWLRQ�DYHF�O·,QVWLWXW�GH�3KRQpWLTXH�
HW� O·+{SLWDO� 6FKLOWLJKHLP� GH� 6WUDVERXUJ�� QRXV� RQW� SHUPLV� GH� FRQVWUXLUH� GHX[� EDVHV� GH� GRQQpHV� TXL�
FRQVWLWXHQW� OD� VRXUFH� G·XQH� ERQQH� SDUWLH� GH� PHV� WUDYDX[� GH� PRGpOLVDWLRQ� DUWLFXODWRLUH� �YRLU� %DGLQ��
*DELRXG��%HDXWHPSV��/DOORXDFKH��%DLOO\��0DHGD��=HUOLQJ�	�%URFN������E��SRXU�OH�ILOP�VXU�OH�VXMHW�3�;��HW�
%DGLQ��%DULFFKL�	�9LODLQ� �������SRXU� OH� ILOP� VXU�XQ� DXWUH� VXMHW� GH� UpIpUHQFH�� -�;���/HV� LPDJHV� VRQW�GX�
PrPH� W\SH� TXH� FHOOHV� REWHQXHV� SDU� WpOpUDGLRJUDSKLH�� HW� GRQF� GpOLFDWHV� j� LQWHUSUpWHU�� /·XVDJH� GH� FHWWH�
WHFKQLTXH� GRLW� DXVVL� rWUH� H[WUrPHPHQW� OLPLWp�� j� FDXVH� GH� OD� QRFLYLWp� GHV� UD\RQV� ;�� 'HV� GpWDLOV� VXU� OH�
GLVSRVLWLI�H[SpULPHQWDO�HW�VXU� OH�WUDLWHPHQW�GHV�FRQWRXUV�SHXYHQW�rWUH�WURXYpV�GDQV�%HDXWHPSV��%DGLQ�	�
%DLOO\� ��������3RXU�FKDFXQ�GHV�GHX[� VXMHWV��QRXV�GLVSRVRQV�GRQF�G·HQYLURQ������ LPDJHV�HW�PHVXUHV�GX�
W\SH�GH�FHOOH�UHSUpVHQWpH�j�OD�)LJXUH����
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)LJXUH�����([HPSOH�GH�WUDFp�PDQXHO�GH�FRQWRXU�GX�FRQGXLW�YRFDO��GH�JULOOH�GH�OHFWXUH�HW�GH�PHVXUHV�DUWLFXODWRLUHV�DXWRPDWLTXHV�
DVVRFLpHV��

$UWLFXORJUDSKLH� pOHFWURPDJQpWLTXH�� /·DUWLFXORJUDSKH� pOHFWURPDJQpWLTXH� �3HUNHOO�� &RKHQ�� 6YLUVN\��
0DWWKLHV��*DUDELHWD�	�-DFNVRQ��������6FK|QOH���������SHUPHW�GH�GpWHUPLQHU��DYHF�XQH�ERQQH�UpVROXWLRQ�
WHPSRUHOOH��SOXVLHXUV�N+]���XQ�SHWLW�QRPEUH�GH�SRLQWV�FXWDQpV�DX[TXHOV�VRQW�DWWDFKpHV�GH�SHWLWHV�ERELQHV�
UpFHSWULFHV� GX� FKDPS� pOHFWURPDJQpWLTXH� FDOLEUp� pPLV� SDU� GH� JURVVHV� ERELQHV� GH� UpIpUHQFH��
/·DUWLFXORJUDSKH�GRQW�QRXV�GLVSRVRQV�j�O·,&3�SHUPHW�O·DFTXLVLWLRQ�GH���SRLQWV�GDQV�OH�SODQ�PpGLRVDJLWWDO��
DYHF�XQH�UpVROXWLRQ�VSDWLDOH�GH�O·RUGUH�GX�PLOOLPqWUH��&HW�RXWLO�HVW�FRPSOpPHQWDLUH�GH�OD�FLQpUDGLRJUDSKLH��
FDU� LO� SHXW� IRXUQLU� XQ� JUDQG� QRPEUH� GH� GRQQpHV� j� GHV� IUpTXHQFHV� G·pFKDQWLOORQQDJH� pOHYpHV�� PDLV� QH�
SHUPHW�SDV�XQH�GHVFULSWLRQ�SUpFLVH�GH�OD�JpRPpWULH�GHV�GLYHUV�DUWLFXODWHXUV��1RXV�DYRQV�FHSHQGDQW�PRQWUp�
�%DGLQ� HW� DO�� �������� TX·LO� HVW� SRVVLEOH�� GDQV� FHUWDLQHV� FRQGLWLRQV�� GH� UHWURXYHU� OD� IRUPH� FRPSOqWH� GH� OD�
ODQJXH� j� SDUWLU� GHV� FRRUGRQQpHV� GH� WURLV� SRLQWV� VXU� FHOOH�FL� HW� GH� OD� FRQQDLVVDQFH� GH� OD� KDXWHXU� GH� OD�
PkFKRLUH�� SDU� LQYHUVLRQ� G·XQ� PRGqOH� DUWLFXODWRLUH�� 1RXV� DYRQV� pJDOHPHQW� SX� HIIHFWXHU� JUkFH� j�
O·DUWLFXORJUDSKH��XQH�pWXGH�GHV�PRXYHPHQWV�GX�YHOXP�SRXU�OHV�QDVDOHV�GDQV�OH�FDGUH�GX�WUDYDLO�GH�WKqVH�GH�
6RODQJH�5RVVDWR��5RVVDWR��%DGLQ�	�)HQJ���������5RVVDWR����������

,PDJHULH� SDU� 5pVRQDQFH� 0DJQpWLTXH�� /·XQH� GHV� WRXWHV� SUHPLqUHV� XWLOLVDWLRQV� GH� O·,50� HQ� SDUROH�
UHPRQWH�j�5RNNDNX��+DVKLPRWR�� ,PDL]XPL��1LLPL�	�.LULWDQL� �������� DORUV�TXH� O·XWLOLVDWLRQ�GH� O·LPDJHULH�
SDU�UD\RQV�;�GDWH�GHV�DQQpHV�YLQJW��FI��5XVVHOO����������/·,50�SUpVHQWH�OH�WUqV�JUDQG�DYDQWDJH�GH�IRXUQLU�
GHV�LPDJHV�TXL�VRQW�GH�YpULWDEOHV�FRXSHV�GH�OD�WrWH�GX�VXMHW��HW�QRQ�SDV�GHV�SURMHFWLRQV�FRPPH�GDQV�OH�FDV�
G·LPDJHV�REWHQXHV�SDU�FLQpUDGLRJUDSKLH��3DU�DLOOHXUV��PR\HQQDQW�GHV�WHPSV�G·DFTXLVLWLRQ�GH�O·RUGUH�GH����
���VHF��� LO�HVW�SRVVLEOH�G·REWHQLU�GHV�SLOHV�G·LPDJHV�SDUDOOqOHV�j�SDUWLU�GHVTXHOOHV�RQ�SHXW�HQVXLWH�HIIHFWXHU�
GHV� UHFRQVWUXFWLRQV� WUL�GLPHQVLRQQHOOHV�� /·LQFRQYpQLHQW� PDMHXU� GH� O·,50� UHVWH� OHV� WHPSV� G·DFTXLVLWLRQ�
UHODWLYHPHQW�ORQJV��PrPH�V·LO�GHYLHQW�SRVVLEOH�GH�UpDOLVHU����j����FRXSHV�VLPSOHV�SDU�VHFRQGH��'HPROLQ��
0HWHQV�	� 6RTXHW� ��������� 3DU� FRQWUH�� MXVTX·j� SUpVHQW�� DXFXQH�QRFLYLWp� SDUWLFXOLqUH� Q·D� SX� rWUH�PLVH� HQ�
pYLGHQFH�SRXU�OHV�VXMHWV��FH�TXL�SHUPHW�G·REWHQLU�GHV�TXDQWLWpV�GH�GRQQpHV�SOXV�LPSRUWDQWHV��
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-·DL� UDPHQp� PHV� SUHPLqUHV� LPDJHV� ,50� GHV� ODERUDWRLUHV� $75� j� .\RWR�� -DSRQ�� HQ� ������ 8QH�

FROODERUDWLRQ� SOXV� ORFDOH� D� HQVXLWH� SX� rWUH� PLVH� HQ� SODFH� DYHF� OH� VHUYLFH� GH� UDGLRORJLH� GX� &+58� GH�
*UHQREOH�HW�O·80�8QLYHUVLWp�-RVHSK�)RXULHU���,16(50�8�����/5&�&($��-·DL�DORUV�GpYHORSSp�XQ�HQVHPEOH�
GH� ORJLFLHOV�SHUPHWWDQW� OD�GpWHFWLRQ�VHPL�DXWRPDWLTXH�GH�FRQWRXUV�� O·pGLWLRQ�HW� OD�FRUUHFWLRQ�PDQXHOOH�� OH�
FDOLEUDJH� HW� OH� UHFDODJH� GHV� GRQQpHV� HQWUH� HOOHV�� DILQ�GH�SRXYRLU� WUDLWHU� OHV� LPDJHV�EUXWHV� HW�REWHQLU�GHV�
GRQQpHV�H[SORLWDEOHV�SRXU�OD�PRGpOLVDWLRQ��&HV�RXWLOV�RQW�pJDOHPHQW�FRQVWLWXp�OD�EDVH�GHV�WUDYDX[�GH�GHX[�
pWXGLDQWV�DQDO\VDQW�OH�PrPH�W\SH�GH�GRQQpHV��$SRVWRO��3HUULHU��%DFLX��6HJHEDUWK�	�%DGLQ���������(QJZDOO�
	�%DGLQ���������(QJZDOO�	�%DGLQ����������

/H�SULQFLSH�GH�WUDLWHPHQW�GHV�GRQQpHV��TXL�V·DSSOLTXH�DXVVL�ELHQ�DX[�FRQWRXUV�GX�FRQGXLW�YRFDO��%DGLQ��
%DLOO\�� 5D\EDXGL� 	� 6HJHEDUWK� �����E��� TX·DX[� FRQWRXUV� GH� OD� ODQJXH� �%DGLQ�� %DLOO\�� 5HYpUHW�� %DFLX��
6HJHEDUWK�	�6DYDULDX[��,Q�UHYLVLRQ����SHXW�VH�UpVXPHU�GH�OD�PDQLqUH�VXLYDQWH���OHV�FRQWRXUV�VRQW�UHSpUpV�HW�
WUDFpV� j� O·DLGH� G·XQ� ORJLFLHO� LQWHUDFWLI� G·pGLWLRQ� GH� FRQWRXUV� VXU� FKDFXQH� GHV� LPDJHV� RULJLQDOHV� �YRLU�
H[HPSOHV� j� OD�)LJXUH� ���� /HV� FRQWRXUV� VRQW� HQVXLWH� FRUULJpV� j� O·DLGH�GH� UHFRQVWUXFWLRQ�GH�PRXODJHV�GHV�
SDUWLHV�ULJLGHV��O·,50�QH�SHUPHW�SDV�GH�IDLUH�DSSDUDvWUH�OHV�VWUXFWXUHV�RVVHXVHV���HW�Up�LQWHUSROpV�VXLYDQW�OH�
V\VWqPH�GH� JULOOH� VHPL�SRODLUH�DGDSWp�j� OD�PRUSKRORJLH�GX�FRQGXLW�YRFDO� �)LJXUH�����/HV�GLYHUV�PRGqOHV�
LVVXV�GH�FHV�GRQQpHV�VRQW�SUpVHQWpV�HW�GLVFXWpV�GDQV�OD�VHFWLRQ�,,�'����

�
FRURQDO

 

REOLTXH

 

D[LDO�

 

 
 �

)LJXUH�����([HPSOHV�GH�FRQWRXUV�GH�ODQJXH�VXSHUSRVpV�j�GHV�LPDJHV�,50�SRXU�[OD]��HQ�KDXW���WUDFH�GDQV�
OH�SODQ�PpGLRVDJLWWDO�GHV�WURLV�SLOHV�G·LPDJH��HQ�EDV�j�JDXFKH��OHV�WUDFHV�HQ�JUDV�FRUUHVSRQGHQW�DX[�LPDJHV�
GX� KDXW��� OLJQHV� GH� JULOOH� HW� FRQWRXU�PpGLRVDJLWWDX[� VXSHUSRVpV� j� O·LPDJH�PpGLRVDJLWWDOH� UHFRQVWUXLWH� j�
SDUWLU� GHV� WURLV� SLOHV� LQLWLDOHV� �HQ� EDV� DX� PLOLHX���� FRQWRXUV� SODQDLUHV� �'� ILQDX[� GDQV� OH� V\VWqPH� GH�
FRRUGRQQpHV�VHPL�SRODLUHV��HQ�EDV�j�GURLWH���
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0pWKRGH 
5pVROXWLRQ�
WHPSRUHOOH 

5pVROXWLRQ�
VSDWLDOH 

&RPPHQWDLUHV 

0LFURSKRQH�DFRXVWLTXH   0HVXUH�GX�VLJQDO�DFRXVWLTXH� 
0HVXUH�GH�IRQFWLRQV�GH�WUDQVIHUW�
DFRXVWLTXH 

  
%DQF�GH�PHVXUH�SDU�H[FLWDWLRQ�WUDQVFXWDQpH�DX�QLYHDX�GX�ODU\Q[�HW�PHVXUH�GH�
SUHVVLRQ�DX[�OqYUHV� 

&DSWHXU�GH�SUHVVLRQ   0HVXUH�GH�SUHVVLRQ�EDVVH�IUpTXHQFH� 

�$
pU
RG

\Q
DP

LT
X
H�
�
�

$
FR
X
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LT
X
H 

3QHXPRWDFKRJUDSKH�GH�
5RWKHQEHUJ 

  
0HVXUH�GX�GpELW�DFRXVWLTXH�JUkFH�j�XQ�PDVTXH�IDFLDO�SHUFp�GH�WURXV�UHFRXYHUWV�
G·XQH�JULOOH�PpWDOOLTXH��3HUWXUEH�OpJqUHPHQW�O·DUWLFXODWLRQ� 

,PDJHULH�SDU�501��,50� 
a������+]�
�a���VHF����
DUWLFXODWLRQ� 

SODQV��'�FRQWLQXV 
������FRXSHV��'��5HFRQVWUXFWLRQ��'�SRVVLEOH��'XUpH�G·DFTXLVLWLRQ�HQFRUH�
ORQJXH��6WUXFWXUHV�RVVHXVHV�QRQ�YLVLEOHV��/D�SRVLWLRQ�FRXFKp�VXU�OH�GRV�SHUWXUEH�
OpJqUHPHQW�O·DUWLFXODWLRQ� 

7pOpUDGLRJUDSKLH 
a�����+]�
�a��VHF����
DUWLFXODWLRQ� 

FRQWLQX��' 
3URMHFWLRQ�VXU�XQ�SODQ�GH�O·HQVHPEOH�GHV�VWUXFWXUHV�GH�OD�WrWH��&RPSOHW��PDLV�
GLIILFLOH�j�WUDFHU��'DQJHUHX[�SRXU�OD�VDQWp� 

/DELRPpWULH�YLGpR ���������+] 
FRQWLQX��'�ó���
a����SRLQWV��' 

(QUHJLVWUHPHQW�YLGpR�PRQR�PXOWL�FDPpUD�GX�YLVDJH�DYHF�PDUTXHXUV�
�PDTXLOODJH�OqYUHV��ELOOHV�FROOpHV�VXU�OH�YLVDJH���5HFRQVWUXFWLRQ��'� 

&LQpUDGLRJUDSKLH ���+] FRQWLQX��' 
&I��WpOpUDGLRJUDSKLH��PDLV�HQ�PRXYHPHQW��)LOPV�WUqV�ORQJ�j�GpSRXLOOHU�
PDQXHOOHPHQW� 

$UWLFXORJUDSKLH�
(OHFWURPDJQpWLTXH��(0$� 

����+] ��SRLQWV��' 
%RELQHV�pOHFWURPDJQpWLTXHV�FROOpHV�VXU�OD�ODQJXH��OHV�GHQWV��OH�YHOXP��3HUWXUEH�
OpJqUHPHQW�O·DUWLFXODWLRQ� 

(OHFWUR3DODWR*UDSKLH��(3*� ���+] a���SRLQWV��' 
'pWHFWH�OHV�FRQWDFWV�HQWUH�OD�ODQJXH�HW�XQ�SDODLV�DUWLILFLHO�SRUWp�SDU�OH�VXMHW��
3HUWXUEH�OpJqUHPHQW�O·DUWLFXODWLRQ� 

,PDJHULH�SDU�pFKRJUDSKLH�
XOWUDVRQLTXH�GH�OD�ODQJXH 

���+] FRQWLQX��' 
3ULQFLSH�GH�O·pFKRJUDSKLH��6HXOH�OD�SDUWLH�FHQWUDOH�GH�OD�ODQJXH�HVW�REVHUYDEOH��
&DODJH�SDU�UDSSRUW�DX[�VWUXFWXUHV�RVVHXVHV�QRQ�PDvWULVp� 

*
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9LGpR�UDSLGH�GHV�FRUGHV�YRFDOHV �����+] FRQWLQX��' 
,PDJHV�GHV�FRUGHV�YRFDOHV�YXHV�GH�GHVVXV�SDU�O·LQWHUPpGLDLUH�G·XQH�ILEUH�RSWLTXH�
QDVDOH��

7DEOHDX�,���0pWKRGHV�GH�PHVXUHV�HQ�SURGXFWLRQ�GH�SDUROH���
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5D\RQQHPHQW • %DGLQ��3���0RWRNL��.���0LNL��1���5LWWHUKDXV��'��	�/DOORXDFKH��7�0���������6RPH�JHRPHWULF�DQG�DFRXVWLF�SURSHUWLHV�RI�WKH�OLS�KRUQ� 
3
UR
S
DJ

DW
LR
Q
�

DF
RX

VW
L T
X
H 

0HVXUH�GH��
IRQFWLRQ�GH�

WUDQVIHUW�DFRXVWLTXH 

• &DVWHOOL�� (�� 	� %DGLQ�� 3�� ������� 9RFDO� WUDFW� WUDQVIHU� IXQFWLRQV� PHDVXUHPHQWV� ZLWK� ZKLWH� QRLVH� H[FLWDWLRQ�� $SSOLFDWLRQ� WR� WKH� QDVR�
SKDU\QJHDO�WUDFW���

• 'MpUDGL��$���*XpULQ��%���%DGLQ��3��	�3HUULHU��3�� �������0HDVXUHPHQW�RI� WKH� DFRXVWLF� WUDQVIHU� IXQFWLRQ�RI� WKH�YRFDO� WUDFW��� D� IDVW� DQG�
DFFXUDWH�PHWKRG���

• 3KDP�7KL�1JRF��<��	�%DGLQ��3���������9RFDO�WUDFW�DFRXVWLF�WUDQVIHU�IXQFWLRQ�PHDVXUHPHQWV���IXUWKHU�GHYHORSPHQWV�DQG�DSSOLFDWLRQV� 

$
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RX
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X
H &DSWHXUV�GH�

SUHVVLRQ�²��
0DVTXH�SQHXPR�
WDFKRJUDSKLTXH�GH�

5RWKHQEHUJ 

• %DGLQ��3���������$FRXVWLFV�RI�YRLFHOHVV�IULFDWLYHV���SURGXFWLRQ�WKHRU\�DQG�GDWD��%DGLQ��3���+HUWHJnUG��6��	�.DUOVVRQ��,���������1RWHV�RQ�
WKH�5RWKHQEHUJ�PDVN��

• 6WURPEHUJ��.���6FXOO\��&���%DGLQ��3��	�6KDGOH��&�+���������$HURG\QDPLF�SDWWHUQV�DV�LQGLFDWRUV�RI�DUWLFXODWLRQ�DQG�DFRXVWLF�VRXUFHV�IRU�
IULFDWLYHV�SURGXFHG�E\�GLIIHUHQW�VSHDNHUV���

• 3HORUVRQ�� ;��� /DOORXDFKH�� 7�0��� 7RXUUHW�� 6��� %RXIIDUWLJXH�� &�� 	� %DGLQ�� 3�� ������� 0RGHOLQJ� WKH� SURGXFWLRQ� RI� ELODELDO� SORVLYHV���
DHURG\QDPLFDO��JHRPHWULFDO�DQG�PHFKDQLFDO�DVSHFWV��

• %DGLQ��3���0DZDVV��.��	�&DVWHOOL��(���������$�PRGHO�RI�IULFDWLRQ�QRLVH�VRXUFH�EDVHG�RQ�GDWD�IURP�IULFDWLYH�FRQVRQDQWV�LQ�YRZHO�FRQWH[W��
• 0DZDVV��.���%DGLQ��3��	�%DLOO\��*���������6\QWKHVLV�RI�)UHQFK�IULFDWLYHV�E\�DXGLR�YLGHR�WR�DUWLFXODWRU\�LQYHUVLRQ�� 

7pOp��HW�FLQp�
UDGLRJUDSKLH 

• %DGLQ��3���������)ULFDWLYH�FRQVRQDQWV���DFRXVWLF�DQG�;�UD\�PHDVXUHPHQWV��
• %HDXWHPSV�� '��� %DGLQ�� 3�� 	� /DERLVVLqUH�� 5�� ������� 'HULYLQJ� YRFDO�WUDFW� DUHD� IXQFWLRQV� IURP� PLGVDJLWWDO� SURILOHV� DQG� IRUPDQW�

IUHTXHQFLHV���$�QHZ�PRGHO�IRU�YRZHOV�DQG�IULFDWLYH�FRQVRQDQWV�EDVHG�RQ�H[SHULPHQWDO�GDWD� 
• %DGLQ��3���*DELRXG��%���%HDXWHPSV��'���/DOORXDFKH��7�0���%DLOO\��*���0DHGD��6���=HUOLQJ�� -�3��	�%URFN��*�� �������&LQHUDGLRJUDSK\�RI�

9&9�VHTXHQFHV���DUWLFXODWRU\�DFRXVWLF�GDWD�IRU�D�VSHHFK�SURGXFWLRQ�PRGHO� 
• %DGLQ��3��	�$EU\��&���������$UWLFXODWRU\�V\QWKHVLV�IURP�;�UD\V�DQG�LQYHUVLRQ�IRU�DQ�DGDSWLYH�VSHHFK�URERW��
• %HDXWHPSV��'���%DGLQ��3��	�%DLOO\��*���������/LQHDU�GHJUHHV�RI�IUHHGRP�LQ�VSHHFK�SURGXFWLRQ���$QDO\VLV�RI�FLQHUDGLR��DQG�ODELR�ILOP�

GDWD�DQG�DUWLFXODWRU\�DFRXVWLF�PRGHOOLQJ�� �  

$
UW
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X
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$UWLFXORJUDSKLH�
pOHFWURPDJQpWLTXH 

• %DGLQ��3���%DULFFKL��(��	�9LODLQ��$���������'HWHUPLQLQJ�WRQJXH�DUWLFXODWLRQ���IURP�GLVFUHWH�IOHVKSRLQWV�WR�FRQWLQXRXV�VKDGRZ��
• 5RVVDWR��6���%DGLQ��3��	�)HQJ��*���������(VWLPDWLRQ�GHV�PRXYHPHQWV�GX�YRLOH�GX�SDODLV�j�SDUWLU�GX�VLJQDO�GH�SDUROH�SRXU�OHV�YR\HOOHV�

QDVDOHV�GX�)UDQoDLV�� 
• 5RVVDWR��6���)HQJ��*���/DERLVVLqUH��5��	�%DGLQ��3���LQ�SUHSDUDWLRQ��$FRXVWLF�HIIHFWV�RI�YHOXP�PRYHPHQWV�LQ�)UHQFK�QDVDO�YRZHOV� 

9LGpR���,50 

• %DGLQ�� 3��� %RUHO�� 3��� %DLOO\�� *��� 5HYpUHW�� /��� %DFLX�� 0�� 	� 6HJHEDUWK�� &�� ������� 7RZDUGV� DQ� DXGLRYLVXDO� YLUWXDO� WDONLQJ� KHDG��� �'�
DUWLFXODWRU\�PRGHOLQJ�RI�WRQJXH��OLSV�DQG�IDFH�EDVHG�RQ�05,�DQG�YLGHR�LPDJHV� 

• %DGLQ��3���%DLOO\��*���5HYpUHW��/���%DFLX��0���6HJHEDUWK��&��	�6DYDULDX[��&���������7KUHH�GLPHQVLRQDO�DUWLFXODWRU\�PRGHOLQJ�RI�WRQJXH��
OLSV�DQG�IDFH��EDVHG�RQ�05,�DQG�YLGHR�LPDJHV�� 

,50 • %DGLQ��3���%DLOO\��*���5D\EDXGL��0��	�6HJHEDUWK��&���������$�WKUHH�GLPHQVLRQDO�OLQHDU�DUWLFXODWRU\�PRGHO�EDVHG�RQ�05,�GDWD��
• (QJZDOO��2��	�%DGLQ��3���������&ROOHFWLQJ�DQG�DQDO\VLQJ�WZR��DQG�WKUHH�GLPHQVLRQDO�05,�GDWD�IRU�6ZHGLVK� 

$
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�
 

9LGHR 
• 0DZDVV��.���%DGLQ��3��	�%DLOO\��*���������6\QWKHVLV�RI�)UHQFK�IULFDWLYHV�E\�DXGLR�YLGHR�WR�DUWLFXODWRU\�LQYHUVLRQ� 
• %RUHO��3���%DGLQ��3���5HYpUHW��/��	�%DLOO\��*���������0RGpOLVDWLRQ�DUWLFXODWRLUH�OLQpDLUH��'�G
XQ�YLVDJH�SRXU�XQH�WrWH�SDUODQWH�YLUWXHOOH��
• 5HYpUHW��/���%DLOO\��*���%RUHO��3��	�%DGLQ��3���������$QDO\VH�SDU�OD�V\QWKqVH�G
XQ�YLVDJH��'�SDUODQW���LQYHUVLRQ�RSWLFR�DUWLFXODWRLUH��

7DEOHDX�,,���'LIIpUHQWHV�PpWKRGHV�GH�PHVXUHV�GpYHORSSpHV�RX�PLVHV�HQ�RHXYUH�GDQV�OHV�SXEOLFDWLRQV��
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/DELRPpWULH� HW�PHVXUH� GX� YLVDJH��8Q� SUHPLHU� GLVSRVLWLI� GH� ODELRPpWULH� D� pWp� GpYHORSSp� j� O·,&3�SDU�
/DOORXDFKH���������&H�V\VWqPH��EDVp�VXU�XQH�GpWHFWLRQ�DXWRPDWLTXH�GHV�FRQWRXUV� ODELDX[�VXU�GHV� LPDJHV�
YLGpRV�GH�IDFH�HW�GH�SURILO�GX�YLVDJH�GX� ORFXWHXU�GRQW� OHV� OqYUHV�RQW�pWp�PDTXLOOpHV�HQ�EOHX��P·D�SHUPLV�
G·REWHQLU� SOXVLHXUV� HQVHPEOH� GH� GRQQpHV� ODELDOHV� WUqV� LPSRUWDQWHV��� SRXU� O·DFRXVWLTXH� GX�SDYLOORQ� ODELDO�
�%DGLQ� HW�DO�� �����D����SRXU�OD�PRGpOLVDWLRQ�DUWLFXODWRLUH��%DGLQ�HW�DO�������E���%HDXWHPSV�HW�DO�����������HW�
SRXU� O·LQYHUVLRQ� GH� SDUDPqWUHV� DUWLFXODWRLUHV� j� SDUWLU� GX� VLJQDO� DXGLR�YLVXHO� �0DZDVV� HW� DO�� ��������� &H�
V\VWqPH� SHUPHWWDLW� G·REWHQLU� XQ� QRPEUH� OLPLWp� GH� SDUDPqWUHV� ODELDX[� �DSHUWXUH�� pWLUHPHQW�� SURWUXVLRQ���
PDLV�QH�SHUPHWWDLW�SDV�XQH�UHFRQVWUXFWLRQ��'�FRPSOqWH�HW�ILGqOH�GH�OD�JpRPpWULH�GX�SDYLOORQ�ODELDO��$ILQ�
GH�SDOOLHU�FH�SUREOqPH��5HYpUHW��������D�GpYHORSSp�XQ�PRGqOH�JpQpULTXH��'�GH�OqYUHV��YRLU�DXVVL�5HYpUHW�
	�%HQRvW����������&·HVW�FHWWH�PpWKRGH�TXH�QRXV�DYRQV�XWLOLVpH�SRXU�DQDO\VHU�XQ�FRUSXV�FRPSOHW�G·LPDJHV�
YLGpR�GH�IDFH�HW�GH�SURILO��%RUHO���������%DGLQ�HW�DO���,Q�UHYLVLRQ����1RXV�DYRQV�pJDOHPHQW�FRPSOpWp�FHWWH�
PpWKRGH�SDU�O·DGMRQFWLRQ�GH�SHWLWHV�ELOOHV�FROOpHV�VXU�GLYHUV�SRLQWV�GX�YLVDJH��HW�GRQW�OHV�FRRUGRQQpHV��'�
SHXYHQW�HQVXLWH�rWUH�UHFRQVWUXLWHV�j�SDUWLU�GHV�LPDJHV�GH�IDFH�HW�GH�SURILO��YRLU�)LJXUH�����1RWRQV�TXH�FH�
FRUSXV� D� pWp� HQUHJLVWUp� XQH� GHX[LqPH� IRLV� DYHF� XQH� pFOLVVH� PDQGLEXODLUH� �YRLU� )LJXUH� ��� DILQ� GH� QRXV�
SHUPHWWUH�GH�UHWURXYHU�OD�SRVLWLRQ�H[DFWH�GH�OD�PkFKRLUH�GDQV�OH�FRUSXV�RULJLQDO��j�O·DLGH�G·XQ�PRGqOH�GH�
SUpGLFWLRQ�j�SDUWLU�GHV�FRRUGRQQpHV�G·XQ�FHUWDLQ�QRPEUH�GH�SRLQWV�FXWDQpV��
�

�

)LJXUH� ���� ([HPSOH� G·LPDJH� YLGpR� SRXU� XQ� �D���� VXMHW� pTXLSp� DYHF� XQH� pFOLVVH� PDQGLEXODLUH� �j� JDXFKH��� VXMHW� DYHF�
VXSHUSRVLWLRQ�GX�PDLOODJH� GX�PRGqOH�GH� OqYUHV�DGDSWp� �DX�PLOLHX���PDLOODJH� FRPSOHW�GRQW� OHV� FRRUGRQQpHV��'�GHV� VRPPHWV�
FRQVWLWXHQW�OHV�PHVXUHV�DUWLFXODWRLUHV��

3. Modèles 

*UDQGHV� FODVVHV� GH� PRGpOLVDWLRQ� DUWLFXODWRLUH�� 3DUPL� OHV� QRPEUHXVHV� pWXGHV� FRQVDFUpHV� j� OD�
PRGpOLVDWLRQ� DUWLFXODWRLUH� GHSXLV� OHV� DQQpHV� VRL[DQWH�GL[�� GHX[� DSSURFKHV� SULQFLSDOHV� SHXYHQW� rWUH�
LGHQWLILpHV���OD�PRGpOLVDWLRQ�DUWLFXODWRLUH�IRQFWLRQQHOOH��VHORQ�ODTXHOOH�OD�SRVLWLRQ�HW�OD�IRUPH�GHV�DUWLFXODWHXUV�VRQW�
GHV� IRQFWLRQV� DOJpEULTXHV� G·XQ� SHWLW� QRPEUH� GH� SDUDPqWUHV� DUWLFXODWRLUHV�� HW� OD�PRGpOLVDWLRQ� ELRPpFDQLTXH�
H[SOLFLWH�� VHORQ� ODTXHOOH� OD� SRVLWLRQ� HW� OD� IRUPH� GHV� DUWLFXODWHXUV� VRQW� FDOFXOpHV� j� SDUWLU� GH� VLPXODWLRQV�
SK\VLTXHV�GHV�IRUFHV�JpQpUpHV�SDU�OHV�PXVFOHV�HW�SDU�OHXUV�FRQVpTXHQFHV�VXU�OHV�DUWLFXODWHXUV��
'DQV�OHV�PRGqOHV�DUWLFXODWRLUHV�OLQpDLUHV��OHV�UHODWLRQV�HQWUH�OHV�SRVLWLRQV�HW�IRUPHV�GHV�DUWLFXODWHXUV�HW�OHV�

SDUDPqWUHV�GH�FRQWU{OH�SHXYHQW�rWUH�GpILQLHV�VRLW�HQ�WHUPHV�JpRPpWULTXHV�H[SOLFLWHV��DXTXHO�FDV�OHV�GHJUpV�
GH� OLEHUWp� GX� URERW� DUWLFXODWRLUH� VRQW� GpFLGpV� D� SULRUL� HW� DMXVWpV� DX[� GRQQpHV� D� SRVWHULRUL� �FI�� &RNHU� 	�
)XMLPXUD� �������� /LOMHQFUDQWV� �������� 0HUPHOVWHLQ� ��������� VRLW� EDVp� VXU� OHV� GRQQpHV� DUWLFXODWRLUHV�
PHVXUpHV�VXU�XQ�RX�SOXVLHXUV�VXMHWV��DXTXHO�FDV� OHV�GHJUpV�GH�OLEHUWp�GX�URERW�pPHUJHQW�GHV�GRQQpHV��FI��
/LQGEORP�	�6XQGEHUJ���������0DHGD������D���0DHGD���������0DHGD���������6WDUN��/LQGEORP�	�6XQGEHUJ�
���������
/·DSSURFKH� JpQpUDOH� GHV� PRGqOHV� ELRPpFDQLTXHV� FRQVLVWH� j� PRGpOLVHU� OHV� IRUFHV� PXVFXODLUHV� HW� OHV�

VWUXFWXUHV� DUWLFXODWRLUHV� DX� PR\HQ� GH� PpWKRGHV� LQVSLUpHV� GH� O·DQDO\VH� PpFDQLTXH� HW� GH� OD� VLPXODWLRQ�
QXPpULTXH��FI��3HUNHOO���������:LOKHOPV�7ULFDULFR���������3D\DQ���������/DERLVVLqUH�HW�DO����������3D\DQ�	�
3HUULHU� ��������� &HV� PRGqOHV� SUpVHQWHQW� O·DYDQWDJH� GH� OD� PRGpOLVDWLRQ� SK\VLTXH�� TXL� LQFOXW� GRQF� XQH�
G\QDPLTXH� LQWULQVqTXH� ²� PrPH� VL� HOOH� HVW� QpFHVVDLUHPHQW� VLPSOLILpH� ²�� PDLV� OHXU� FRQWU{OH� UHVWH� WUqV�
FRPSOH[H�� HQ� SDUWLFXOLHU� j� FDXVH� GX� QRPEUH� pOHYp� GH� GHJUpV� GH� OLEHUWp� UHSUpVHQWpV� SDU� OHV� FRPPDQGHV�
LQGLYLGXHOOHV�GH�FKDTXH�PXVFOH��/H�WUDYDLO�GH�6DQJXLQHWL��/DERLVVLqUH�	�2VWU\��������FRQVWLWXH�XQH�ERQQH�
LOOXVWUDWLRQ� GH� FHWWH� VLWXDWLRQ�� ,OV� RQW� DMXVWp�� DYHF� OHXU�PRGqOH� ELRPpFDQLTXH� GH�PkFKRLUH�� RV� K\RwGH� HW�
ODQJXH�� OHV� IRUPHV� HW� OHV� SRVLWLRQV� GHV� DUWLFXODWHXUV� PHVXUpV� VXU� XQH� EDVH� GH� GRQQpHV� LVVXH� GX� ILOP�
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FLQpUDGLRJUDSKLTXH�GpMj�XWLOLVpH�SDU�0DHGD���������HW� LOV�RQW�GpWHUPLQp�SDU�RSWLPLVDWLRQ� OHV�FRPPDQGHV�
GHV� GL[�VHSW�PXVFOHV� LPSOLTXpV� GDQV� OHXU�PRGqOH�� ,OV� RQW� HQVXLWH� LGHQWLILp�� SDU� DQDO\VH� HQ� FRPSRVDQWHV�
SULQFLSDOHV� DSSOLTXpH� j� O·HVSDFH�GHV� FRPPDQGHV�λ� FRUUHVSRQGDQW� j� O·HVSDFH�GHV�SDUDPqWUHV�GH�FRQWU{OH�
ELRPpFDQLTXH�GH� OD� ODQJXH�HW�GH�OD�PkFKRLUH�� OHV�V\QHUJLHV�HQWUH�FHV�FRPPDQGHV��HW�RQW�PRQWUp�TXH�VL[�
FRPSRVDQWHV� GpFRUUpOpHV� SRXYDLHQW� UHQGUH� FRPSWH� GH� OD�PDMHXUH� SDUWLH� GH� OD� YDULDQFH� GH� OD� IRUPH� GH�
ODQJXH�GDQV�OH�SODQ�PpGLRVDJLWWDO��2U�FHV�VL[�SUHPLqUHV�FRPSRVDQWHV�VRQW�WUqV�OLpHV�DX[�GHJUpV�GH�OLEHUWp�
TXL�SHXYHQW�rWUH�H[WUDLWV�GLUHFWHPHQW�GHV�FRQWRXUV�RULJLQDX[�GX�ILOP�FLQpUDGLRJUDSKLTXH��,O�DSSDUDvW�GRQF�
TXH��GX�SRLQW�GH�YXH�GHV�GHJUpV�GH�OLEHUWp��LO�Q·HVW�SDV�QpFHVVDLUH�GH�UHFRXULU�j�GHV�PRGqOHV�ELRPpFDQLTXHV�
DXVVL�FRPSOH[HV�SRXU�GpYHORSSHU�GHV�GHVFULSWLRQV�SUpFLVHV�GH�O·DUWLFXODWLRQ�VWDWLTXH�HQ�SDUROH��

1RWUH�DSSURFKH���pPHUJHQFH�GHV�GHJUpV�GH�OLEHUWp�GHV�GRQQpHV��$LQVL��SOXW{W�TXH�GH�GpYHORSSHU�GHV�
PRGqOHV�ELRPpFDQLTXHV�FRPSOH[HV�GRWpV�G·XQ�ODUJH�H[FqV�GH�GHJUpV�GH�OLEHUWp�HW�GH�UpGXLUH�HQVXLWH�FHWWH�
GLPHQVLRQDOLWp� pOHYpH� VXU� OD�EDVH�GH�GRQQpHV� DUWLFXODWRLUHV��QRXV�DYRQV�DGRSWp� O·DSSURFKH�GXDOH��8Q�GH�
PHV�REMHFWLIV�pWDLW�GRQF�GH�GpWHUPLQHU�OHV�GHJUpV�GH�OLEHUWp�GHV�DUWLFXODWHXUV�G·XQ�VXMHW�HW�GH�FRQVWUXLUH�XQ�
URERW�DUWLFXODWRLUH�TXL�SXLVVH�rWUH�FRQVLGpUp�FRPPH�XQH�UHSUpVHQWDWLRQ�ILGqOH�GHV�FDSDFLWpV�DUWLFXODWRLUHV�GX�
VXMHW��&HWWH� UHFKHUFKH� D� IDLW� O·REMHW�G·XQ�QRPEUH� LPSRUWDQW�GH�SXEOLFDWLRQV� �%DGLQ� HW� DO�� �����E���%DLOO\��
%DGLQ�	�9LODLQ���������9LODLQ��$EU\�	�%DGLQ������D���%HDXWHPSV�HW�DO����������%DGLQ�HW�DO���,Q�UHYLVLRQ����

3ULQFLSHV�GH�OD�GpWHUPLQDWLRQ�GHV�GHJUpV�GH�OLEHUWp���DQDO\VH�HQ�FRPSRVDQWHV�OLQpDLUHV��$YDQW�GH�
GpFULUH�GH�PDQLqUH�SOXV�GpWDLOOpH� OHV�GLIIpUHQWV�PRGqOHV�TXH� M·DL�GpYHORSSpV�� MH�SUpVHQWH� LFL� OHV�SULQFLSHV�
JpQpUDX[�GH�FHWWH�DSSURFKH��TXL�VRQW�OHV�PrPHV��TXHOTXHV�VRLHQW�OHV�GRQQpHV�DQDO\VpHV��

/H�VXMHW��/H�FKRL[�GX�VXMHW�SRVH�WRXMRXUV�XQ�GLOHPPH���XQH�pWXGH�SRUWDQW�VXU�XQ�VXMHW�XQLTXH�UpGXLW� OD�
JpQpUDOLWp� GX� WUDYDLO��PDLV� SHUPHW� GH� FROOHFWHU� XQ� HQVHPEOH� ULFKH� HW� GpWDLOOp� GH� GRQQpHV�� WDQGLV� TX·XQH�
pWXGH�IDLVDQW�LQWHUYHQLU�XQ�ODUJH�pYHQWDLO�GH�VXMHWV�SHXW�pYHQWXHOOHPHQW�SHUPHWWUH�GH�WLUHU�GHV�FRQFOXVLRQV�
SOXV� JpQpUDOHV��PDLV� OLPLWH� O·pWHQGXH�GHV�GRQQpHV�TXL�SHXYHQW� rWUH� UpHOOHPHQW� DQDO\VpHV� HQ�SUDWLTXH��/H�
PpODQJH�DX�QLYHDX�GHV�VWDWLVWLTXHV�GHV�GRQQpHV�GH�SOXVLHXUV�VXMHWV�SUpVHQWH�DXVVL�OH�ULVTXH�GH�UHQGUH�IORXHV�
OHV�VWUDWpJLHV�DUWLFXODWRLUHV�XWLOLVpHV�SDU�FKDTXH�VXMHW��HW�G·HPSrFKHU�DLQVL�GH�WURXYHU�QL�UpVXOWDWV�JpQpUDX[�
QL�UpVXOWDWV�VSpFLILTXHV�j�XQ�VXMHW��1RWUH�DSSURFKH�D�GRQF�FRQVLVWp�j�pWXGLHU�GH�PDQLqUH�WUqV�GpWDLOOpH�XQ�
VHXO� VXMHW�� 3OXV� UpFHPPHQW�� QRXV� DYRQV� HQ� RXWUH� FRPPHQFp� j� pWXGLHU� G·DXWUHV� VXMHWV� VHORQ� OD� PrPH�
DSSURFKH��HW�j�OHV�FRPSDUHU�GHX[�j�GHX[��9LODLQ�HW�DO�������D���%DLOO\�HW�DO����������(QJZDOO�	�%DGLQ���������
(QJZDOO�	�%DGLQ����������&HWWH�DSSURFKH�QRQ�QRUPDOLVDWULFH�GH� OD�PRGpOLVDWLRQ��TXH�O·RQ�SRXUUDLW�TXDOLILHU�
G·RULHQWpH�VXMHW��SHUPHW�G·H[WUDLUH�SRXU�FKDTXH�VXMHW�OHV�GHJUpV�GH�OLEHUWp�GHV�DUWLFXODWHXUV�WRXW�HQ�SUpVHUYDQW�
OD�FRQIRUPDWLRQ�HW�OHV�VWUDWpJLHV�GH�V\QHUJLH�LQGLYLGXHOOHV�GH�FKDFXQ�G·HQWUH�HX[��VDQV�EURXLOOHU�OHV�SLVWHV��

/H�FRUSXV��&RPPH�QRXV�O·DYRQV�YX�SOXV�KDXW��O·XQ�GHV�SULQFLSDX[�HQMHX[�GH�OD�PRGpOLVDWLRQ�DUWLFXODWRLUH�
FRQVLVWH�j�GpWHUPLQHU� OHV�GHJUpV�GH�OLEHUWp�G·XQ�VXMHW�SRXU�OD�SDUROH��HQ�H[FOXDQW�OHV�PRXYHPHQWV�TXL�QH�
FRUUHVSRQGHQW�SDV�j�GH�OD�SDUROH��WHOV�TXH�OD�PDVWLFDWLRQ�SDU�H[HPSOH��/·DWWHLQWH�GH�FH�EXW�QpFHVVLWHUDLW��GH�
PDQLqUH�LGpDOH��XQ�WUqV�ODUJH�FRUSXV�GH�PDWpULDX�GH�SDUROH��TXL�FRQWLHQQH�WRXWHV�OHV�FRPELQDLVRQV�SRVVLEOH�
GHV�SKRQqPHV��0DLV�FHFL�Q·HVW�pYLGHPPHQW�SDV�UpDOLVDEOH�HQ�SUDWLTXH��TXH�FH�VRLW�HQ�FLQpUDGLRJUDSKLH��HQ�
,50�� RX� PrPH� DYHF� GHV� PpWKRGHV� PRLQV� ORXUGHV� RX� QRFLYHV� WHOOHV� TXH� OD� ODELRPpWULH� SDU� YLGpR� SDU�
H[HPSOH�� ,O� HVW�GRQF� LQGLVSHQVDEOH�GH�FRQFHYRLU�GHV�FRUSXV�FRQGHQVpV��TXL� VRLHQW�j� OD� IRLV�FRPSDWLEOHV�
DYHF�OHV�FRQWUDLQWHV�GHV�PpWKRGHV�H[SpULPHQWDOHV�XWLOLVpHV��HW�TXL�DVVXUHQW�HQ�PrPH�WHPSV�XQH�FRXYHUWXUH�
PD[LPDOH�GH�O·HVSDFH�GHV�UpDOLVDWLRQV�SRVVLEOHV�SRXU�OD�SDUROH��1RXV�DYRQV�pYDOXp�FHWWH�K\SRWKqVH�ORUV�GH�
O·pODERUDWLRQ� G·XQ� PRGqOH� DUWLFXODWRLUH� j� SDUWLU� GH� FRQWRXUV� FLQpUDGLRJUDSKLTXHV� �%DGLQ� HW� DO�� �����E����
1RXV�DYRQV�PRQWUp�TX·LO�pWDLW�SRVVLEOH�GH�FRQVWUXLUH�XQ�PRGqOH�DUWLFXODWRLUH�j�SDUWLU�G·XQ�VRXV�HQVHPEOH�
GX�FRUSXV�QH�FRQWHQDQW�TXH�OHV�FLEOHV�YRFDOLTXHV�HW�FRQVRQDQWLTXHV�TXL�VRLW�TXDVLPHQW�DXVVL�SUpFLV�GDQV�OD�
UHFRQVWUXFWLRQ�GHV�GRQQpHV�TXH�OH�PRGqOH�pWDEOL�VXU�O·HQVHPEOH�GX�FRUSXV��HUUHXUV�506�GH�UHFRQVWUXFWLRQ�
GH�����FP�HW�����FP�UHVSHFWLYHPHQW�SRXU�GHV�FRUSXV�GH����HW������WUDPHV���

3ULQFLSHV���,GHQWLILFDWLRQ�GHV�GHJUpV�GH� OLEHUWp��1RWUH�DSSURFKH��TXL�YLVH�j�GpWHUPLQHU� OHV�GHJUpV�GH�
OLEHUWp�GHV�GLYHUV�DUWLFXODWHXUV�GH�OD�SDUROH��GRLW�rWUH�EDVpH�VXU�OHV�GRQQpHV�DUWLFXODWRLUHV�PHVXUpHV�VXU�XQ�
VXMHW�GRQQp�SURGXLVDQW�XQ�FRUSXV�GRQQp��GDQV�XQH�ODQJXH�GRQQpH��
(Q�JpQpUDO�� OHV�DUWLFXODWHXUV�GH�OD�SDUROH�SRVVqGHQW�GHV�GHJUpV�GH�OLEHUWp�HQ�H[FqV��F·HVW�j�GLUH�TX·XQH�

DUWLFXODWLRQ� GRQQpH� SHXW� rWUH� UpDOLVpH� DX� PR\HQ� GH� GLIIpUHQWHV� FRPELQDLVRQV� GHV� GHJUpV� GH� OLEHUWp�
GLVSRQLEOHV�SRXU�OHV�DUWLFXODWHXUV��FI��OHV�H[SpULHQFHV�GH�ELWH�EORFNV�GH�/LQGEORP��/XENHU�	�*D\���������RX�
OHV� WXEHV� ODELDX[�GH�6DYDULDX[��3HUULHU�	�2UOLDJXHW� ���������(Q�ILQ�GH�FRPSWH�� OHV�VWUDWpJLHV�GH�FRQWU{OH�
YLVHQW�j�UHFUXWHU�FHV�GHJUpV�GH�OLEHUWp�TXDQG�LOV�VRQW�QpFHVVDLUHV�SRXU�DWWHLQGUH�GHV�FLEOHV�DUWLFXODWRLUHV���
DFRXVWLTXHV���YLVXHOOHV�GRQQpHV��HW�j�OHV�ODLVVHU�OLEUHV�G·DQWLFLSHU�RX�GH�PDLQWHQLU�G·DXWUHV�FLEOHV�j�FKDTXH�
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IRLV� TXH� SRVVLEOH� �FHFL� HVW� OH� SULQFLSH� PrPH� GH� OD� FRDUWLFXODWLRQ��� 'DQV� QRWUH� DSSURFKH� EDVpH� VXU� OHV�
GRQQpHV��VH�SRVH�OH�SUREOqPH�FUXFLDO�GH�GpFLGHU�GH�OD�UpSDUWLWLRQ�GH�OD�YDULDQFH�GHV�YDULDEOHV�DUWLFXODWRLUHV�
PHVXUpHV�HQWUH�OHV�GLIIpUHQWHV�YDULDEOHV�DVVRFLpHV�DX[�GHJUpV�GH�OLEHUWp��1RV�WUDYDX[�V·DSSXLHQW�GRQF�VXU�OH�
SULQFLSH�VXLYDQW��FODVVLTXH�HQ�PRGpOLVDWLRQ�GX�FRQWU{OH�PRWHXU���FH�TXL�HVW�H[SOLTXp�SDU�OD�ELRPpFDQLTXH�
GX�URERW�DUWLFXODWRLUH�Q·D�SDV�EHVRLQ�G·rWUH�JpQpUp�SDU�OH�FRQWU{OHXU��$EU\�HW�DO����������3HUULHU�HW�DO����������
3HUULHU�� 3D\DQ�� 3HUNHOO�� -ROO\�� =DQGLSRXU� 	� 0DWWKLHV� ��������� (Q� G·DXWUHV� WHUPHV�� WRXWH� FRUUpODWLRQ�
REVHUYpH�HQWUH�OHV�YDULDEOHV�DUWLFXODWRLUHV�GHYUDLW�rWUH�XWLOLVpH�SRXU�UpGXLUH�OH�QRPEUH�GH�GHJUpV�GH�OLEHUWp�
GHV�DUWLFXODWHXUV��&HSHQGDQW��FHWWH�DSSURFKH�GRLW�rWUH�VRLJQHXVHPHQW�FRQWUH�EDODQFpH�SDU�XQ�DXWUH�FULWqUH��
OD� YUDLVHPEODQFH� ELRPpFDQLTXH��3DU� H[HPSOH�� VL� OH� ODU\Q[� HW� OD�SURWUXVLRQ� ODELDOH� � VRQW� LQYHUVHPHQW�FRUUpOpV��
VXLWH� j� XQH� VWUDWpJLH� GH� FRQWU{OH� DUWLFXODWRLUH� GpOLEpUpH� �FI�� ,,�'���� +RROH� 	� .URRV� �������� j� WLWUH�
G·H[HPSOH��� GHX[� GHJUpV� GH� OLEHUWp� VpSDUpV� GHYUDLHQW� FHSHQGDQW� rWUH� FRQVLGpUpV�� DILQ� G·DVVXUHU� OD�
YUDLVHPEODQFH� ELRPpFDQLTXH�� PrPH� DX� SUL[� G·XQH� FHUWDLQH� FRUUpODWLRQ� UpVLGXHOOH� HQWUH� OHV� SDUDPqWUHV�
FRUUHVSRQGDQWV��

3ULQFLSHV���$QDO\VH�HQ�FRPSRVDQWHV� OLQpDLUHV��/D� OLQpDULWp�GH� O·DQDO\VH�HW�GX�PRGqOH�DVVRFLp�FRQVWLWXH�
XQH�DXWUH�K\SRWKqVH�LPSRUWDQWH���OHV�YHFWHXUV�GHV�GRQQpHV�GH�IRUPH�'7�VRQW�GpFRPSRVpV�HQ�XQH�IRUPH�

PR\HQQH� �QHXWUH�� VXU� OH� FRUSXV�� DT �� j� ODTXHOOH� V·DMRXWHQW� OHV� FRPELQDLVRQV� OLQpDLUHV� G·XQH� VpULH� GH�
YHFWHXUV�GH�IRUPHV�GH�EDVH�%9�SRQGpUpV�SDU�GHV�SUpGLFWHXUV�/)���

BVLFDTDT ⋅+= ��
�
&KDTXH�SUpGLFWHXU�/)L�FRUUHVSRQG�j�XQH�FRPSRVDQWH�OLQpDLUH�VL�VHV�FRUUpODWLRQV�FURLVpHV�DYHF�FKDFXQ�

GHV�DXWUHV�SUpGLFWHXUV�VRQW�QXOOHV�VXU�O·HQVHPEOH�GHV�GRQQpHV�GX�FRUSXV��/D�GLPHQVLRQDOLWp�GHV�IRUPHV�HW�
GHV� SRVLWLRQV� GHV� DUWLFXODWHXUV� SHXW� GRQF� rWUH� H[SORUpH� SDU� GHV� WHFKQLTXHV� FODVVLTXHV� G·DQDO\VH� OLQpDLUH�
FRPPH�O·$&3��$QDO\VH�HQ�&RPSRVDQWHV�3ULQFLSDOHV��FI��/HEDUW��0RULQHDX�	�3LURQ���������HW�O·DQDO\VH�SDU�
UpJUHVVLRQ� OLQpDLUH�PXOWLSOH�� VXLYDQW� OHV� WUDYDX[� GH�0DHGD� ������� ������� TXL� RQW� WUqV� ODUJHPHQW� LQVSLUp�
QRWUH�DSSURFKH��
/D� PpWKRGH� JpQpUDOH� SRXU� FHWWH� GpFRPSRVLWLRQ� FRQVLVWH� j� GpWHUPLQHU� GH� PDQLqUH� LWpUDWLYH� FKDTXH�

FRPSRVDQWH�OLQpDLUH�GH�OD�IDoRQ�VXLYDQWH���
��� /H� SUpGLFWHXU�/)L� HVW� GpWHUPLQp� j� SDUWLU� GH� O·HQVHPEOH� RX� G·XQ� VRXV�HQVHPEOH� GHV� YDULDEOHV� GX�

UpVLGX�FRXUDQW�GHV�GRQQpHV��
��� /H�YHFWHXU�GH�EDVH�DVVRFLp�HVW�GpWHUPLQp�SDU�OD�UpJUHVVLRQ�OLQpDLUH��SDU�UDSSRUW�DX�SUpGLFWHXU�/)L��

GHV�UpVLGXV�FRXUDQWV�GHV�GRQQpHV�SRXU�O·HQVHPEOH�GX�FRUSXV���
��� /D�FRQWULEXWLRQ�FRUUHVSRQGDQWH�GH�OD�FRPSRVDQWH��FDOFXOpH�FRPPH�OH�SURGXLW�GHV�SUpGLFWHXUV�SDU�

FH�YHFWHXU�GH�EDVH��HVW�VRXVWUDLWH�DX�UpVLGX�FRXUDQW�SRXU�IRXUQLU�OH�SURFKDLQ�UpVLGX��
3RXU�FHUWDLQHV�GHV�FRPSRVDQWHV��OHV�SUpGLFWHXUV�VRQW�FKRLVLV�DUELWUDLUHPHQW�FRPPH�OHV�YDOHXUV�FHQWUpHV�

HW� QRUPDOLVpHV� GH�PHVXUHV� JpRPpWULTXHV� VSpFLILTXHV� H[WUDLWHV� GHV� GRQQpHV�� WHOOHV� TXH� OD� SRVLWLRQ� GH� OD�
PkFKRLUH�RX�OD�KDXWHXU�GX�ODU\Q[��3RXU�OHV�DXWUHV�FRPSRVDQWHV�OLQpDLUHV��OHV�SUpGLFWHXUV�VRQW�GpWHUPLQpV�
SDU�XQH�$&3�VWDQGDUG�DSSOLTXpH�j�GHV�UpJLRQV�VSpFLILTXHV�GH�O·HQVHPEOH�GHV�FRQWRXUV��FRPPH�OD�SRLQWH�
GH�OD�ODQJXH�SDU�H[HPSOH��
,O� IDXW�QRWHU�TXH� OD� VROXWLRQ�j�FH� W\SH�GH�GpFRPSRVLWLRQ� OLQpDLUH�Q·HVW�SDV�XQLTXH�HQ�JpQpUDO��� O·$&3�

IRXUQLW�XQH�H[SOLFDWLRQ�PD[LPDOH�GH� OD�YDULDQFH�GHV�GRQQpHV�DYHF�XQ�QRPEUH�PLQLPDO�GH�FRPSRVDQWHV��
/·DSSURFKH�SUpVHQWpH�LFL�ODLVVH�XQH�FHUWDLQH�OLEHUWp�GH�PDQ±XYUH�SRXU�FRQWU{OHU�OD�QDWXUH�HW�OD�UpSDUWLWLRQ�
GH� OD�YDULDQFH�H[SOLTXpH�SDU� OHV�FRPSRVDQWHV� �SRXU� OHV�UHQGUH�SOXV� LQWHUSUpWDEOHV�HQ�WHUPHV�GH�FRQWU{OH�
SDU�H[HPSOH���DX�SUL[�G·XQH�H[SOLFDWLRQ�GH�OD�YDULDQFH�VRXV�RSWLPDOH��
'DQV� OHV� VHFWLRQV� FL�GHVVRXV�� VRQW� GpFULWV� XQ� SHX� SOXV� HQ� GpWDLOV� XQ� FHUWDLQ� QRPEUH� GH� PRGqOHV�

DUWLFXODWRLUHV� TXH� M·DL� GpYHORSSpV�� DLQVL� TXH� OHV� UpVXOWDWV� DX[TXHOV� LOV� RQW� SHUPLV� G·DERXWLU��� PRGqOHV�
PpGLRVDJLWWDX[�SRXU� GHX[� VXMHWV� �3�;� HW� -�;���PRGqOHV� �'�GH� FRQGXLW� YRFDO�� GH� ODQJXH��GH�YHOXP��GH�
OqYUHV�HW�GH�YLVDJH�SRXU�OH�VXMHW�3�;��

0RGqOHV� �'�� ­� SDUWLU� GHV� GRQQpHV� H[WUDLWHV� GX� ILOP� FLQpUDGLRJUDSKLTXH� UpDOLVp� VXU� OH� VXMHW�3�;�� QRXV�
DYRQV�GpYHORSSp�XQ�PRGqOH�DUWLFXODWRLUH�PpGLRVDJLWWDO�OLQpDLUH��/H�FRUSXV�pWDLW�FRQoX�SRXU�LQFOXUH�DXWDQW�
GH� FRPELQDLVRQV� GH� VpTXHQFHV� 9&9� TXH� SRVVLEOH� GDQV� XQ� WHPSV� WUqV� OLPLWp�� /HV� FRQVRQQHV� YRLVpHV�
RFFOXVLYHV� HW� IULFDWLYHV� GX� )UDQoDLV� &�  � [v z  Z b d g]� pWDLHQW� LQVpUpHV� GDQV� VL[� FRQWH[WHV� YRFDOLTXHV�
GLIIpUHQWV�LPSOLTXDQW�OHV�TXDWUH�YR\HOOHV�IUDQoDLVHV�H[WUrPHV�9� �[D�L�X�\]���D&D��D&L��D&X��L&L��L&X��L&\��'H�
SOXV�� XQH� VpULH� GH� YR\HOOHV� FRQQHFWpHV� [a E e i y u o O]� pWDLW� LQFOXVH� GDQV� OH� FRUSXV� SRXU� WHVWHU� GHV�
K\SRWKqVHV� VXU� OHV� DIILOLDWLRQV� IRUPDQW� �� FDYLWp� �FI�� %DLOO\� ��������� /D� GXUpH� GX� FRUSXV� pWDLW� ILQDOHPHQW�
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G·HQYLURQ����VHFRQGHV�������LPDJHV���DYHF�OD�VWDWLVWLTXH�GH�UpSDUWLWLRQ�VXLYDQWH������[D�L]�����[X]����[\]����
[v z Z b d g]�����[S]��
1RXV� DYRQV� PRQWUp� TXH� ���� GH� OD� YDULDQFH� GH� OD� ODQJXH� SHXYHQW� rWUH� H[SOLTXpV� SDU� TXDWUH�

FRPSRVDQWHV��(Q�WDQW�TX·REMHW�ULJLGH��OD�PkFKRLUH�SRVVqGH�SRWHQWLHOOHPHQW�VL[�GHJUpV�GH�OLEHUWp��PDLV�SRXU�
GHV�WkFKHV�GH�SDUROH��DX�PD[LPXP�GHX[�RX�WURLV�VRQW�UpHOOHPHQW�LPSOLTXpV��2VWU\��9DWLNLRWLV�%DWHVRQ�	�
*ULEEOH� ���������1RXV�FDUDFWpULVRQV�VHV�PRXYHPHQWV�GDQV�OH�SODQ�PpGLRVDJLWWDO�SDU� OHV�FRRUGRQQpHV�GX�
ERUG�VXSpULHXU�GHV�LQFLVLYHV�LQIpULHXUHV��HW�QRXV�DYRQV�WURXYp�TXH�����GH�OD�YDULDQFH�pWDLHQW�H[SOLTXpV�SDU�
OH�PRXYHPHQW�YHUWLFDO�VHXO��1RXV�DYRQV�HQ�RXWUH�PRQWUp�TXH�O·LQIOXHQFH�GX�PRXYHPHQW�KRUL]RQWDO�VXU�OD�
IRUPH�GH� OD� ODQJXH�pWDLW� WRXW�j� IDLW�QpJOLJHDEOH��/D�PkFKRLUH�pWDQW� OH�SULQFLSDO� DUWLFXODWHXU�SRUWHXU�GH� OD�
ODQJXH��QRXV�DYRQV� LPSRVp�VRQ�PRXYHPHQW�FRPPH�SUHPLHU�SUpGLFWHXU�GH�OD�IRUPH�GH�OD� ODQJXH��$SUqV�
DYRLU�VRXVWUDLW�FHWWH�SUHPLqUH�FRQWULEXWLRQ��QRXV�DYRQV�HIIHFWXp�XQH�$&3�VXU�OD�SDUWLH�GH�OD�ODQJXH�VLWXpH�
HQWUH� OD� UDFLQH�� DX� GHVVXV� GH� O·pSLJORWWH�� HW� O·DSH[�� HQYLURQ� ����FP� HQ� DUULqUH� GH� O·H[WUpPLWp�� 'HX[�
FRPSRVDQWHV�pPHUJHQW�WUqV�FODLUHPHQW���XQH�FRPSRVDQWH�OLpH�j�XQ�PRXYHPHQW�DUULqUH�EDV���DYDQW�KDXW�GX�
FRUSV��WDQGLV�TXH�O·DXWUH�FRUUHVSRQG�j�XQ�PRXYHPHQW�G·DUURQGLVVHPHQW�SOXV�RX�PRLQV�LPSRUWDQW�GX�FRUSV�
GH�OD�ODQJXH��/HV�QRPRJUDPPHV�GH�OD�)LJXUH���LOOXVWUHQW�ELHQ�FHV�FDUDFWpULVWLTXHV��/HV�FRQWULEXWLRQV�GH�FHV�
GHX[� FRPSRVDQWHV� j� O·HQVHPEOH�GHV�GRQQpHV� �F·HVW�j�GLUH� \� FRPSULV� OHV�SDUWLHV�GH� OD� ODQJXH�TXL�RQW�pWp�
H[FOXHV�GH�O·DQDO\VH�TXL�D�GpWHUPLQp�FHV�FRPSRVDQWHV��VRQW�HQVXLWH�H[WUDLWHV�GHV�GRQQpHV��HW�XQH�$&3�HVW�
DORUV� DSSOLTXpH� j� O·DSH[� VHXOHPHQW��8QH� QRXYHOOH� FRPSRVDQWH� HVW� DLQVL� GpWHUPLQpH� �YRLU�)LJXUH� ����&HV�
UpVXOWDWV�VRQW�SXEOLpV�GDQV�%HDXWHPSV�HW�DO����������YRLU�O·DUWLFOH�DQQH[p�HQ�ILQ�GH�PpPRLUH���
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)LJXUH�����1RPRJUDPPHV�GX�PRGqOH�PkFKRLUH���ODQJXH���OqYUHV�%HUJDPH�GX�VXMHW�3�;���YDULDWLRQV�GH�²��j����SDU�SDV�
GH� ��� GHV� GLIIpUHQWV� SDUDPqWUHV� GH� FRQWU{OH� GX� PRGqOH�� 1RWRQV� TXH� OHV� PRXYHPHQWV� YHUWLFDX[� GHV� OqYUHV� LQIpULHXUH� HW�
VXSpULHXUH�V·HIIHFWXHQW�HQ�VHQV�LQYHUVH�SRXU�OH�QRPRJUDPPH�GH�/+��PDLV�GDQV�OH�PrPH�VHQV�SRXU�OH�QRPRJUDPPH�GH�/9��(Q�
EDV�j�GURLWH��QRPRJUDPPHV�GX�YHOXP��YDOHXUV��²���������GHV�SDUDPqWUHV�9/��JDXFKH��HW�99��GURLWH���

$ILQ�GH�FRPSOpWHU�FH�PRGqOH��QRXV�DYRQV�XWLOLVp�XQ�HQVHPEOH�G·LPDJHV�PpGLRVDJLWWDOHV�REWHQXHV�SDU�
,50�� HW�QRXV� DYRQV�GpYHORSSp�XQ�PRGqOH�GH�YHOXP�GH� OD�PrPH�PDQLqUH��/H�YHOXP�HVW�GpFULW�SDU�XQH�
JULOOH�SRODLUH�GH�PrPH�FHQWUH�TXH�OD�JULOOH�VHPL�SRODLUH�XWLOLVpH�SRXU�OH�UHVWH�GX�FRQGXLW�YRFDO��&HWWH�JULOOH�
VH�GpSORLH� HQ� WRXUQDQW�GDQV� OH� VHQV� LQYHUVH� DX� VHQV� WULJRQRPpWULTXH�G·XQH�SRVLWLRQ�YHUWLFDOH� IL[H�j�XQH�
GURLWH�SURFKH�GH�O·KRUL]RQWDOH�DVWUHLQWH�j�SDVVHU�SDU�O·H[WUpPLWp�GH�OD�OXHWWH��VXLYDQW�OH�PrPH�SULQFLSH�TXH�
SRXU�OD�SRLQWH�GH�OD�ODQJXH���O·DQJOH�GH�FHWWH�GHUQLqUH�9HO5RW�GpWHUPLQH�GRQF�O·pOpYDWLRQ�JOREDOH�GX�YHOXP��
/HV�IDFHV� LQWHUQH�HW�H[WHUQH�GX�YHOXP�VRQW�DORUV�pFKDQWLOORQQpHV�VHORQ�OHV�GLIIpUHQWHV�GURLWHV�GH�OD�JULOOH�
PRELOH��8QH�FRPSRVDQWH�VXIILW�j�H[SOLTXHU��������GH�OD�YDULDQFH�GH�OD�IDFH�LQWHUQH�GX�YHOXP�GDQV�OH�SODQ�
PpGLRVDJLWWDO��8QH�GHX[LqPH�FRPSRVDQWH�H[SOLTXH��������VXSSOpPHQWDLUHV��DPHQDQW�j�XQ�WRWDO�GH�������
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PDLV�VHPEOH�rWUH�OLpH�j�XQ�PRXYHPHQW�GX�YHOXP�G��j�XQ�UHFXO�GH�OD�ODQJXH�TXL�HQWUDvQH�OD�OXHWWH��/D�)LJXUH�
��LOOXVWUH�FHV�GHX[�PRXYHPHQWV���

0RGqOHV� GH� SDVVDJH� �'��'�� /D� VHFWLRQ� WUDQVYHUVDOH� GX� FRQGXLW� YRFDO� pWDQW� ORLQ� G·rWUH� FLUFXODLUH�� OD�
GRQQpH� GX� VHXO� GLDPqWUH� GDQV� OH� SODQ�PpGLRVDJLWWDO� �OD� GLVWDQFH� VDJLWWDOH�� QH� SHUPHW� SDV� GH� SUpGLUH� O·DLUH�
WUDQVYHUVDOH�FRUUHVSRQGDQWH��,O�HVW�GRQF�QpFHVVDLUH�GH�GpWHUPLQHU�XQH�ORL�TXL�SHUPHWWH�XQH�SUpGLFWLRQ�GH�
FHWWH�DLUH�GH�PDQLqUH�DSSURFKpH��/H�PRGqOH�©�α−β�ª�GH�+HLQ]�	�6WHYHQV���������ODUJHPHQW�HPSOR\p�GDQV�
OD�OLWWpUDWXUH��VXSSRVH�XQH�UHODWLRQ�GX�W\SH�$� �α⋅Gβ�HQWUH�O·DLUH�$�HW�OD�GLVWDQFH�VDJLWWDOH�G��/HV�FRHIILFLHQWV�
α�HW�β�VRQW�IL[pV�GH�PDQLqUH�SOXV�RX�PRLQV�DG�KRF��HW�SHXYHQW�rWUH�DGDSWpV�DX[�UpJLRQV�GX�FRQGXLW�YRFDO�
DX[TXHOOHV� LOV� VRQW� DSSOLTXpV� �FI�� 3HUULHU�� %Rs� 	� 6RFN� ��������� 'DQV� OH� FDGUH� GH� OD� WKqVH� GH� 'HQLV�
%HDXWHPSV��QRXV�DYRQV�GpYHORSSp�XQH�ORL�GH�W\SH�$�[��G�� �α�G��[�⋅Gβ�R��OD�IRQFWLRQ�α�D�pWp�RSWLPLVpH�j�
SDUWLU�GHV�PHVXUHV�VLPXOWDQpHV�GH�FRXSHV�VDJLWWDOHV�HW�GH�IRUPDQWV�HIIHFWXpHV�VXU�OH�VXMHW�3�;��%HDXWHPSV��
%DGLQ�	�/DERLVVLqUH���������%DGLQ��%HDXWHPSV��/DERLVVLqUH�	�6FKZDUW]������D����3OXV�UpFHPPHQW��QRXV�
DYRQV�GpYHORSSp�XQ�PRGqOH�GH�W\SH�$�[��G�� �α��[�⋅G���α��[�⋅G������α��[�⋅G����α��[�⋅G����EDVp�VXU�OH�PrPH�
SULQFLSH�G·RSWLPLVDWLRQ�HW�TXL�IRQFWLRQQH�SRXU�3�;�HW�-�;��%HDXWHPSV�HW�DO�����������

0RGqOH� �'� GH� FRQGXLW� YRFDO�� /HV� PRGqOHV� PpGLRVDJLWWDX[� VRQW� OLPLWpV� SDU� XQ� FHUWDLQ� QRPEUH� GH�
SUREOqPHV�������LO�HVW�QpFHVVDLUH�G·LQIpUHU�OD�IRQFWLRQ�G·DLUH�j�SDUWLU�GH�OD�FRXSH�VDJLWWDOH������OHV�FRQVRQQHV�
ODWpUDOHV��TXL�SUpVHQWHQW�XQH�RFFOXVLRQ�GDQV� OD�]RQH�PpGLRVDJLWWDOH�PDLV�DXVVL��FI��FL�GHVVRXV��GHV�FDQDX[�
ODWpUDX[��RXYHUWV�QH�SHXYHQW�SDV�rWUH�WUDLWpHV�SDU�FHV�PRGqOHV��HW�����OHV�PRGHV�DFRXVWLTXHV�WUDQVYHUVHV�TXL�
VH�SURSDJHQW�j�SDUWLU�GH�����N+]�QH�SHXYHQW�SDV�rWUH�SULV�HQ�FRPSWH��/·LQWpUrW�GH�GLVSRVHU�GH�PRGqOHV�
UpHOOHPHQW� WULGLPHQVLRQQHOV� DSSDUDvW� GRQF� FODLUHPHQW�� (Q� RXWUH�� FHV� PRGqOHV� RXYUHQW� GHV� SRVVLELOLWpV�
G·DFFpGHU� j� OD� UpDOLWp� YLUWXHOOH� SDU� O·pODERUDWLRQ� GH� WrWHV� SDUODQWHV� DXGLRYLVXHOOHV� XWLOHV� SRXU� OD� V\QWKqVH�
DXGLRYLVXHOOH��O·DLGH�j�O·DSSUHQWLVVDJH�GHV�ODQJXHV��HWF��
/H�SUHPLHU�PRGqOH��'�TXH�M·DL�GpYHORSSp�D�pWp�XQ�PRGqOH�GH�FRQGXLW�YRFDO��F·HVW�j�GLUH�XQ�PRGqOH�GHV�

SDURLV� GX� FRQGXLW� YRFDO� FRQVLGpUp� FRPPH� XQ� WX\DX� SUpVHQWDQW� XQH� VHFWLRQ� WUDQVYHUVDOH� IHUPpH�� /D�
PpWKRGRORJLH�GpFULWH�SOXV�KDXW�D�pWp�DGRSWpH�SRXU�FRQVWUXLUH�FH�PRGqOH��/H�FRUSXV�VH�FRPSRVDLW�GH����
DUWLFXODWLRQV�SURGXLWHV�SDU�OH�VXMHW�3�;��/D�SDUWLH�GX�FRQGXLW�HQ�DYDO�GH�OD�SRLQWH�GH�OD�ODQJXH�pWDLW�H[FOXH��
GH� IDoRQ� j� DVVXUHU� TXH� WRXWHV� OHV� FRXSHV� WUDQVYHUVDOHV� VRLHQW� IHUPpHV� HW� SXLVVHQW� rWUH� DQDO\VpHV�
VWDWLVWLTXHPHQW�VDQV�SUREOqPH��/H�FRQGXLW�pWDLW�pFKDQWLOORQQp�VHORQ����FRQWRXUV�SODQDLUHV�GpWHUPLQpV�GDQV�
OHV� SODQV� GH� OD� JULOOH� VHPL�SRODLUH� GpFULWH� SOXV� KDXW�� FKDTXH� FRQWRXU� pWDQW� GpILQL� SDU� ��� SDLUHV� GH�
FRRUGRQQpHV� ;�<��� OD� FRRUGRQQpH� ;� FRUUHVSRQG� j� OD� GLPHQVLRQ� ODWpUDOH� GX� FRQWRXU�� WDQGLV� TXH� OD�
FRRUGRQQpH�<�FRUUHVSRQG�j�XQ�GpSODFHPHQW�GDQV� OD�GLUHFWLRQ�GHV�GURLWHV�GH� OD�JULOOH�GH� UpIpUHQFH��TXH�
QRXV�DSSHORQV�GLPHQVLRQ�VDJLWWDOH��
&HV� FRQWRXUV� VRQW� GpFRPSRVpV� HQ� FRPSRVDQWHV� OLQpDLUHV� VXLYDQW� OD�PpWKRGRORJLH� GpFULWH�SOXV�KDXW��

$ILQ�TXH�OH�PRGqOH��'�SXLVVH�FRQVWLWXHU�XQH�H[WHQVLRQ�GX�PRGqOH��'�GpYHORSSp�SRXU�OH�VXMHW�3�;��QRXV�
LPSRVRQV�FRPPH�SUHPLHUV�SUpGLFWHXUV�GH�O·HQVHPEOH�GHV�FRRUGRQQpHV�;�<�OHV�SDUDPqWUHV�-+��7%��7'��
77� HW� 7$�� 3RXU� FKDTXH� DUWLFXODWLRQ�� FHV� SDUDPqWUHV� VRQW� REWHQXV� SDU� LQYHUVLRQ� j� SDUWLU� GX� FRQWRXU�
LQWpULHXU� �'� GH� OD� ODQJXH� FRQVWLWXp� SDU� OHV� SRLQWV� G·LQWHUVHFWLRQ� GHV� FRQWRXUV� SODQDLUHV� DYHF� OH� SODQ�
PpGLRVDJLWWDO��/H�SRXUFHQWDJH�GH�YDULDQFH�GHV�GRQQpHV�H[SOLTXpH�SDU�O·HQVHPEOH�GHV�SUpGLFWHXUV�-+��7%��
7'��77�HW�7$�DWWHLQW�������/HV�TXDWUH�IDFWHXUV�VXSSOpPHQWDLUHV�REWHQXV�SDU�O·$&3�GHV�UpVLGXV�GH�FHWWH�
SUHPLqUH� DQDO\VH� IRQW� PRQWHU� O·H[SOLFDWLRQ� GH� OD� YDULDQFH� j� ������ PDLV� DXFXQ� GH� FHV� IDFWHXUV� Q·HVW�
FODLUHPHQW� LQWHUSUpWDEOH��� LOV� FRUUHVSRQGHQW� SOXV� YUDLVHPEODEOHPHQW� j� XQH� UHFRQVWUXFWLRQ� GX� EUXLW� GH�
PHVXUH��
/HV�PRGqOHV� �'� GX� FRQGXLW� YRFDO� UpVROYHQW� LQWULQVqTXHPHQW� OH� SUREOqPH� GX� SDVVDJH� GHV� FRQWRXUV�

VDJLWWDX[� j� OD� IRQFWLRQ� G·DLUH��� O·DLUH� WUDQVYHUVDOH� G·XQ� FRQWRXU� SODQDLUH� VH� FDOFXOH� HQ� HIIHW� GH� PDQLqUH�
WULYLDOH�j�SDUWLU�GHV�FRRUGRQQpHV�;�<�GX�FRQWRXU��HW�QH�QpFHVVLWH�SOXV�GH�IRUPXOH�GH�SDVVDJH�DSSURFKpH��
8QH�SUHPLqUH�pYDOXDWLRQ�D�PRQWUp�GHV�HUUHXUV�506�OD�SOXSDUW�GX�WHPSV�HQ�GHVVRXV�GH���FP���HUUHXUV�TXL�
SHXYHQW�rWUH�LPSXWpHV�DX�IDLW�TXH�VHXOHPHQW������GH�OD�YDULDQFH�GHV�FRQWRXUV�HVW�UHFRQVWUXLWH�SDU�OHV�FLQT�
SDUDPqWUHV��/HV�HUUHXUV�LQGXLWHV�VXU�OHV�IRUPDQWV�SDU�FHV�HUUHXUV�GH�IRQFWLRQV�G·DLUH�VH�VLWXHQW�DX�GHVVXV�
GHV�VHXLOV�GH�VHQVLELOLWp�GLIIpUHQWLHOOH�GpWHUPLQpV�SDU�)ODQDJDQ�������������SRXU�)��HW�����SRXU�)���PrPH�
VL� HOOHV� VRQW� OLPLWpHV� ������ SRXU� )��� ����� SRXU� )��� ���� SRXU� )���� 3DU� DLOOHXUV�� LO� HVW� DSSDUX� TXH� OHV�
GLIIpUHQFHV�HQWUH�OHV�DLUHV�SUpGLWHV�SDU�OH�PRGqOH��'�HW�FHOOHV�SUpGLWHV�SDU�OH�PRGqOH��'�pWDLW�HOOHV�DXVVL�OD�
SOXSDUW�GX�WHPSV� LQIpULHXUHV�j���FP���DYHF�GHV�HUUHXUV� LQGXLWHV�VXU� OHV�IRUPDQWV� WRXW�j�IDLW�FRPSDUDEOHV�
HQWUH�HOOHV���FHOD�SURXYH�OD�TXDOLWp�GH�IRUPXOHV�GH�SDVVDJH�GH�OD�FRXSH�VDJLWWDOH�j� OD�IRQFWLRQ�G·DLUH��PDLV�
FHOD� VXJJqUH� DXVVL� OH� IDLW� TXH� OHV� FDUDFWpULVWLTXHV� �'� GX� FRQGXLW� YRFDO� SRXUUDLHQW� rWUH� ODUJHPHQW�
SUpGLFWLEOHV�j�SDUWLU�GH�FDUDFWpULVWLTXHV�PpGLRVDJLWWDOHV��YRLU�FL�GHVVRXV�OH�PRGqOH��'�GH�ODQJXH���
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1RWRQV�ILQDOHPHQW�TXH�FHV�UpVXOWDWV�RQW�pWp�SUpVHQWpV�j�SOXVLHXUV�FRQIpUHQFHV��GRQW�%DGLQ��3RXFKR\��

%DLOO\��5D\EDXGL��6HJHEDUWK��/HEDV��7LHGH��9DWLNLRWLV�%DWHVRQ�	�7RKNXUD������F���%DGLQ�HW�DO�������E����­�
PD�FRQQDLVVDQFH��DXFXQ�DXWUH�PRGqOH�GH�FH�W\SH�Q·D�MDPDLV�pWp�GpYHORSSp��

0RGqOH��'�GH�ODQJXH��/D�FRPSOH[LWp�GH�OD�IRUPH�GX�FRQGXLW�YRFDO�GXH�DX[�DUWLFXODWHXUV�GLYHUV�HW�YDULpV�
TXL� OH� FRQVWLWXHQW� OLPLWH� O·DSSURFKH�SUpFpGHQWH� GH�PRGpOLVDWLRQ� JOREDOH� �'�GX� FRQGXLW� YRFDO��&H� FDGUH�
UHQGDLW�HQ�HIIHW�LPSRVVLEOH�OD�UHSUpVHQWDWLRQ�FRUUHFWH�GH�OD�FDYLWp�VRXV�OLQJXDOH�RX�GX�YHOXP��SDU�H[HPSOH��
-·DL�GRQF�WHQWp�XQH�DSSURFKH�TXL�SUHQG�HQ�FRPSWH�VpSDUpPHQW�FKDFXQ�GHV�RUJDQHV��HW�FRPPHQFp�SDU�EkWLU�
XQ�PRGqOH��'�GH�ODQJXH��%DGLQ�HW�DO���,Q�UHYLVLRQ���FI��DQQH[H���
/H�V\VWqPH�G·pFKDQWLOORQQDJH�GH�OD�IRUPH�GH�OD�ODQJXH�D�pWp�GpFULW�SOXV�KDXW��6XLYDQW�OD�PrPH�PpWKRGH�

TXH�SRXU� OH�PRGqOH��'�GH�FRQGXLW�YRFDO�� OH�PRGqOH��'�GH� ODQJXH�V·DSSXLH�VXU� OH�PRGqOH�PpGLRVDJLWWDO�
pODERUp�j�SDUWLU�GHV�PrPHV�GRQQpHV���
/HV� FRPSRVDQWHV� Q·D\DQW� SDV� pWp� GpWHUPLQpHV� SDU� SXUH� $&3�� HOOHV� VRQW� OpJqUHPHQW� FRUUpOpHV� HW� OD�

YDULDQFH� H[SOLTXpH� SDU� FHV� FLQT� SDUDPqWUHV� Q·HVW� SDV� RSWLPDOH�� PDLV� VHXOHPHQW� ���� HQ� GHVVRXV� GH� OD�
YDULDQFH�H[SOLTXpH�SDU�OHV�FLQT�SUHPLqUHV�FRPSRVDQWHV�$&3�RUWKRJRQDOHV��/HV������GH�WDX[�G·H[SOLFDWLRQ�
GH�OD�YDULDQFH�GH�OD�ODQJXH�VRQW�SURFKH�GH������WURXYpV�SRXU�OH�FRQGXLW�YRFDO�SRXU�OH�PrPH�QRPEUH�GH�
SDUDPqWUHV��/·DMRXW�GH�TXDWUH�SDUDPqWUHV�VXSSOpPHQWDLUHV�DXJPHQWH� O·H[SOLFDWLRQ� MXVTX·j�������PDLV�FHV�
SDUDPqWUHV�Q·RIIUHQW�DXFXQH�LQWHUSUpWDWLRQ�FRQYDLQFDQWH��
/HV�HIIHWV�GHV�FLQT�FRPPDQGHV�GX�PRGqOH�GH�ODQJXH��SRXU�OHV�YDOHXUV�H[WUrPHV��²��HW����pFDUWV�W\SHV��

GH� FKDFXQ� GHV� SDUDPqWUHV�� WRXV� OHV� DXWUHV� pWDQW�PDLQWHQXV� j� ]pUR�� SHXYHQW� rWUH� REVHUYpV� GDQV� O·DUWLFOH�
%DGLQ�HW�DO���,Q�UHYLVLRQ��MRLQW�HQ�DQQH[H��

-+�FRQWU{OH�O·LQIOXHQFH�GH�OD�KDXWHXU�GH�OD�PkFKRLUH�VXU�OD�ODQJXH��/H�GpSODFHPHQW�DYDQW���DUULqUH�GH�OD�
PDVVH� GH� OD� ODQJXH� HVW� DVVRFLp� j� 7%�� 1RXV� DYRQV� REVHUYp� TX·XQH� JURVVH� SDUWLH� GX� VLOORQ� OLQJXDO�
FDUDFWpULVWLTXH�GH�OD�FRQVRQQH�[V]�HVW�REWHQXH�JUkFH�j�FH�SDUDPqWUH��/D�SURSULpWp�SODW���HQ�DUF�GH�OD�ODQJXH�
HVW�SULVH�HQ�FRPSWH�SDU�7'��HW�VH�WURXYH�DXVVL�DVVRFLpH�j�XQ�FHUWDLQ�GHJUp�GH�FUHXVHPHQW�GX�VLOORQ��'HX[�
SDUDPqWUHV�FRQWU{OHQW�OD�IRUPH�GH�OD�SRLQWH�GH�OD�ODQJXH���77�SUHQG�HQ�FRPSWH�OHV�PRXYHPHQWV�KDXW���EDV�
GHV�TXDWUH�GHUQLqUHV�VHFWLRQV�GH�OD�ODQJXH��77�HVW�SDUWLFXOLqUHPHQW�DFWLI�SRXU�OD�FRQVRQQH�[OD]�SRXU�ODTXHOOH�
OH� FRUSV� GH� OD� ODQJXH� HVW� DEDLVVp� SDU� O·DFWLRQ� FRQMRLQWH� GH� -+� HW� 7%� HW� OH� FRQWDFW� SRLQWH� GH� ODQJXH� ��
PD[LOODLUH� HVW� DVVXUp�SDU�XQH�YDOHXU� pOHYpH�GH�77��)LQDOHPHQW�� OH�SDUDPqWUH�7$�UHSUpVHQWH� OH� UpVLGX�GX�
JHVWH� G·DYDQFpH� GH� OD� ODQJXH� DSUqV� VRXVWUDFWLRQ� GHV� FRQWULEXWLRQV� GH� -+�� 7%�� 7'� HW� 77��� LO� SUHQG� HQ�
SDUWLFXOLHU�HQ�FRPSWH�OD�VXUIDFH�LQIpULHXUH�GH�OD�SRLQWH�GH�OD�ODQJXH�TXL�SHXW�VH�WURXYHU�HQ�FRQWDFW�DYHF��HW�
GRQF� GpIRUPp� SDU� OD� PDQGLEXOH�� OHV� LQFLVLYHV� LQIpULHXUHV� HW� OH� SODQFKHU� GH� OD� ERXFKH� HQ� UHODWLRQ� DYHF�
O·DYDQFpH�GH�OD�ODQJXH��
/·H[SOLFDWLRQ�WRWDOH�GH�YDULDQFH�GH�OD�ODQJXH�HQ��'�HVW�SOXV�IDLEOH�TXH�QRXV�DXULRQV�SX�VRXKDLWHU���FHFL�

HVW�G�� j�XQH� UHFRQVWUXFWLRQ� LPSDUIDLWH�GH� OD� UpJLRQ�VRXV�OLQJXDOH� ������SRXU� OHV� ILEUHV� OHV�SOXV�EDVVHV���
&HSHQGDQW� OD� VXUIDFH� VXSpULHXUH� HVW� UHFRQVWUXLWH� j� ������ SURFKH� GHV� ����� TXH� QRXV�REWHQRQV�SRXU� OD�
FRXSH�PpGLRVDJLWWDOH� GX� FRUSXV� FLQpUDGLRJUDSKLTXH�� ,O� DSSDUDvW� GRQF� TXH� OD� SDUWLH� GH� OD� ODQJXH� OD� SOXV�
LPSRUWDQWH�GX�SRLQW�GH�YXH�GH�O·DFRXVWLTXH�GX�FRQGXLW�YRFDO�HVW�OD�PLHX[�UHFRQVWUXLWH���OH�PRGqOH�HVW�GRQF�
SOXW{W�VDWLVIDLVDQW���
-·DYDLV� GpPDUUp� FHWWH� pWXGH� DYHF� OH� SUpVXSSRVp� TX·XQ� RX� GHX[� SDUDPqWUHV� VXSSOpPHQWDLUHV� VHUDLHQW�

FUXFLDX[� SRXU� SUHQGUH� HQ� FRPSWH� OHV� FDQDX[� ODWpUDX[� GH� OD� FRQVRQQH� ODWpUDOH� HW� OH� FUHXVHPHQW�
FDUDFWpULVWLTXH�GH�FHUWDLQHV�DUWLFXODWLRQV�FRPPH�OH�[V]��'H�PDQLqUH�WRXW�j�IDLW�LQDWWHQGXH��LO�HVW�DSSDUX�TXH�
OHV�FDUDFWpULVWLTXHV�JpRPpWULTXHV��'�HQ�GHKRUV�GX�SODQ�PpGLRVDJLWWDO�SRXYDLHQW�rWUH�DSSUR[LPDWLYHPHQW�
SUpGLWHV�SDU�OHV�PrPHV�SDUDPqWUHV�TXH�FHOOHV�GX�SODQ�PpGLRVDJLWWDO��(Q�G·DXWUHV�WHUPHV��OD�JpRPpWULH��'�
FRPSOqWH� GH� OD� ODQJXH� SRXUUDLW� rWUH� HQ� JUDQGH�SDUWLH� SUpGLWH� j� SDUWLU� GX� VHXO� FRQWRXU�PpGLRVDJLWWDO�� GX�
PRLQV� SRXU� OD� SDUROH�� &HV� UpVXOWDWV� VRQW� LPSRUWDQW� GX� SRLQW� GH� YXH� GH� OD� UpGXFWLRQ� GX� QRPEUH� GH�
SDUDPqWUHV�GH�FRQWU{OH��PDLV�Q·HIIDFHQW�SDV�O·LQWpUrW�GHV�PRGqOHV��'��(Q�HIIHW��ELHQ�TXH�OD�FRQQDLVVDQFH�
DFTXLVH�GHSXLV�GH�QRPEUHXVHV�DQQpHV�JUkFH�DX[�GRQQpHV�PpGLRVDJLWWDOHV�HW�DX[�WUDGLWLRQQHOV�PRGqOH��'�
VRLW�ORLQ�G·rWUH�GpSDVVpH��LO�HVW�FODLU�TXH�VHXO�OHV�PRGqOHV��'�SHXYHQW�IRXUQLU�OD�GHVFULSWLRQ�H[KDXVWLYH�GX�
FRQGXLW�YRFDO�j�SDUWLU�GXTXHO�OHV�IRQFWLRQV�G·DLUH�SHXYHQW�rWUH�GpWHUPLQpHV�SRXU�OHV�ODWpUDOHV�FRPPH�SRXU�
G·DXWUHV�DUWLFXODWLRQV�LPSOLTXDQW�XQ�VLOORQ�OLQJXDO�LPSRUWDQW��
5HPDUTXRQV� TXH� OH� VHXO� DXWUH� PRGqOH� GH� ODQJXH� FRQVWUXLW� j� SDUWLU� GH� GRQQpHV� �'� ,50� HVW� FHOXL�

GpYHORSSp� SRXU� OH� VXpGRLV� SDU� 2OOH� (QJZDOO� �(QJZDOO� �����D��� (QJZDOO� �����E��� j� SDUWLU� GH� GRQQpHV�
HQUHJLVWUpHV�j�*UHQREOH��3HQGDQW�VRQ�VpMRXU�GH�WURLV�PRLV�j�O·,&3�HQ�������2OOH�(QJZDOO�D�KpULWp�GH�WRXV�

                                                      
��8QH�DQLPDWLRQ�GX�PRGqOH��'�SHXW�rWUH�WURXYpH�j�O·DGUHVVH�KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�0RGDUW�'�KWPO�
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OHV�ORJLFLHOV�TXH�M·DL�GpYHORSSpV�SRXU�OH�WUDLWHPHQW�GHV�GRQQpHV�,50�HW�SRXU�OH�GpYHORSSHPHQW�GH�PRGqOHV�
�'��(QJZDOO�	�%DGLQ����������,O�D�VXLYL�SUDWLTXHPHQW�OD�PrPH�PpWKRGRORJLH�G·DQDO\VH�HQ�FRPSRVDQWHV�
OLQpDLUHV�JXLGpH��HW�WURXYH�GHV�WDX[�G·H[SOLFDWLRQ�GH�OD�YDULDQFH�WRXW�j�IDLW�FRPSDUDEOHV�DX[�Q{WUHV��(QJZDOO�
�����D���(QJZDOO������E����

0RGqOH� �'� GH� YHOXP�� 7RXW� UpFHPPHQW�� ORUV� G·XQ� VWDJH� G·pOqYH�LQJpQLHXU� j� O·,&3�� *XLOODXPH� GH�
3HQJXHUQ�D�GpYHORSSp�XQH�SUHPLqUH�pEDXFKH�GH�PRGqOH��'�GH�YHOXP��GH�3HQJXHUQ����������/H�YHOXP��'�
HVW� GpFULW� SDU� OD� PrPH� JULOOH� SRODLUH� TXH� OH� YHOXP� �'�� /HV� IDFHV� LQWHUQH� HW� H[WHUQH� VRQW� DLQVL�
pFKDQWLOORQQpHV�GDQV�OHV�SODQV�SHUSHQGLFXODLUHV�DX�SODQ�VDJLWWDO�HW�SDVVDQW�SDU�OHV�GLIIpUHQWHV�GURLWHV�GH�OD�
JULOOH�PRELOH��/H�SUHPLHU�IDFWHXU�GpWHUPLQp�SDU�XQH�$&3�VWDQGDUG�H[SOLTXH������GH� OD�YDULDQFH�JOREDOH�
�'�GX�YHOXP��HW�FRUUHVSRQG�FODLUHPHQW�j�XQ�PRXYHPHQW�G·RXYHUWXUH���IHUPHWXUH�GX�SRUW�YpORSKDU\QJp��
8Q�GHX[LqPH� IDFWHXU� DFFURvW� O·H[SOLFDWLRQ�GH� OD� YDULDQFH� MXVTX·j� ������PDLV� VHPEOH� OLp� j� XQ� UHFXO� GH� OD�
ODQJXH��1RWRQV�TXH�FH�WDX[�G·H[SOLFDWLRQ�GH�OD�YDULDQFH�HVW�SURFKH�GH�FHOXL�REWHQX�SRXU�OD�ODQJXH��

0RGqOHV�GH�OqYUHV���YLVDJH��3DVFDO�%RUHO�D�GpYHORSSp�OH�SUHPLHU�PRGqOH��'�GH�OqYUHV�HW�GH�YLVDJH�EDVp�
VXU�XQ�FRUSXV�GH�GRQQpHV�JpRPpWULTXHV��'��%RUHO���������%RUHO��%DGLQ��5HYpUHW�	�%DLOO\���������%DGLQ��
%RUHO��%DLOO\��5HYpUHW��%DFLX�	�6HJHEDUWK���������%DGLQ�HW�DO���,Q�UHYLVLRQ����/H�FRUSXV�HW�OHV�GRQQpHV��'�
RQW�pWp�GpFULWV�SOXV�KDXW���RQ�GLVSRVH�HQ�RXWUH�GH�PHVXUHV�DUWLFXODWRLUHV�GDQV�OH�SODQ�PpGLRVDJLWWDO�j�SDUWLU�
GHV�LPDJHV�GH�SURILO�GX�PrPH�FRUSXV�VHORQ�OD�PpWKRGRORJLH�XWLOLVpH�SRXU�OHV�ILOPV�FLQpUDGLRJUDSKLTXHV���
KDXWHXU� GHV� OqYUHV�/LS+HL�� SURWUXVLRQ� GH� OD� OqYUH� VXSpULHXUH�3UR7RS�� HW� pOpYDWLRQ� GH� OD� OqYUH� VXSpULHXUH�
/LS7RS��HQ�VXV�GH�OD�KDXWHXU�HW�GH�O·DYDQFpH�GH�OD�PkFKRLUH�-DZ+HL�HW�-DZ$GY��1RXV�DYRQV�GpYHORSSp�GHX[�
PRGqOHV�� VXLYDQW� OH� PrPH� SULQFLSH� G·DQDO\VH� HQ� FRPSRVDQWHV� OLQpDLUHV� GpFULW� SOXV� KDXW��� O·XQ� GRQW� OHV�
SUpGLFWHXUV� VRQW�EDVpV� VXU� OHV�PHVXUHV�JpRPpWULTXHV�PpGLRVDJLWWDOHV�HW�TXL�HVW�GRQF�FRPSDWLEOH�DYHF� OH�
PRGqOH�PpGLRVDJLWWDO�GpYHORSSp�j�SDUWLU�GX�ILOP�FLQpUDGLRJUDSKLTXH�GH�3�;��HW�O·DXWUH�EDVp�VXU�XQH�DQDO\VH�
GLUHFWH�GHV�GRQQpHV��'���
/D�GLIIpUHQFH�HQWUH� OHV�GHX[�DSSURFKHV�VH� VLWXH�DX�QLYHDX�GH� OD�GpWHUPLQDWLRQ�GHV�FRPSRVDQWHV�QRQ�

OLpHV�GLUHFWHPHQW�j�OD�PkFKRLUH���SRXU�OH�SUHPLHU�PRGqOH��OHV�WURLV�SDUDPqWUHV�SULQFLSDX[�/3��/+��/3��VRQW�
GLUHFWHPHQW�PHVXUpV�GDQV�OH�SODQ�PpGLRVDJLWWDO��WDQGLV�TXH�SRXU�OH�GHX[LqPH�PRGqOH�LOV�VRQW�H[WUDLWV�SDU�
$&3�DSSOLTXpH� DX[�GRQQpHV��'�GH� OqYUHV� �OLSV��� OLSV��� OLSV����/HV� UpVXOWDWV� VRQW� WUqV� VLPLODLUHV�HQ� WHUPHV�
G·H[SOLFDWLRQ�GH�OD�YDULDQFH�GHV�GRQQpHV�FRPSOqWHV���GH�SOXV��GH�IRUWHV�FRUUpODWLRQV�RQW�pWp�WURXYpHV�HQWUH�
OHV�SDUDPqWUHV� OLSV��� OLSV���OLSV��HW�/3��/+��/9�UHVSHFWLYHPHQW��FRHIILFLHQWV��������������HW��������2Q�SHXW�
FRQFOXUH�TX·LO� HVW�GRQF�SRVVLEOH�GH� FRQWU{OHU� O·HQVHPEOH� FRPSOHW�GX�PRGqOH��'�j�SDUWLU�GH�SDUDPqWUHV�
PHVXUpV� GDQV� OH� SODQ� PpGLRVDJLWWDO�� ,O� HVW� pJDOHPHQW� WUqV� LQWpUHVVDQW� GH� FRQVWDWHU� TXH� FHV� SDUDPqWUHV�
FRUUHVSRQGHQW�DX�WUDGLWLRQQHO�V\VWqPH�GH�WUDLWV�SKRQpWLTXHV�GH�OD�ODELDOLWp��$EU\�	�%Rs�����������/3���OLSV��
FRQWU{OH� OH�JHVWH�GH�SURWUXVLRQ�²�DUURQGLVVHPHQW��/+��� OLSV��FRQWU{OH� O·DSHUWXUH��/9��� OLSV��FRQWU{OH� OH�
PRXYHPHQW� YHUWLFDO� TXDVL�VLPXOWDQp� GHV� GHX[� OqYUHV� XWLOLVp� SDU� OH� VXMHW� 3�;� SRXU� OD� UpDOLVDWLRQ� GHV�
FRQVRQQHV�ODELRGHQWDOHV��HW�DXVVL�SRXU�OHV�OqYUHV�RXYHUWHV�HW�SURWUXHV�GDQV�OH�FDV�GHV�FRQVRQQHV�[S Z]���

0RGqOH�GH�OqYUHV���YLVDJH�DYHF�RSSRVLWLRQ�QHXWUH���VRXULUH��/RUV�GH�VRQ�VWDJH�GH�'($�j�O·,&3��<DQ�
0RUYDQ�D�GRWp�OH�PRGqOH�OqYUHV²YLVDJH�G·XQ�V\VWqPH�G·RSSRVLWLRQ�QHXWUH���VRXULUH��0RUYDQ����������3OXV�
SUpFLVpPHQW��XQ�HQUHJLVWUHPHQW�VXSSOpPHQWDLUH�GX�FRUSXV�XWLOLVp�SRXU�OH�PRGqOH�GH�OqYUHV²YLVDJH�DYDLW�pWp�
UpDOLVp� DYHF� OH� VXMHW� 3�;�� DYHF� OD� FRQVLJQH� GH� SURGXLUH� OHV� GLYHUVHV� DUWLFXODWLRQV� HQ� DIILFKDQW� XQ� ODUJH�
VRXULUH��1RXV�GLVSRVLRQV�GRQF�SRXU�FKDFXQH�GHV�DUWLFXODWLRQV�G·XQH�YHUVLRQ�QHXWUH�HW�G·XQH�YHUVLRQ�VRXULUH��
8QH�DQDO\VH�GH�W\SH�3$5$)$&��+DUVKPDQ�	�/XQG\���������D�SHUPLV�G·pWDEOLU�XQ�PRGqOH�DUWLFXODWRLUH�
FRPPXQ�DX[�GHX[�PRGHV��HW�XQ�MHX�GH�FRHIILFLHQWV�TXL�SRQGqUHQW�OHV�FRPPDQGHV�SRXU�FKDFXQ�GHV�GHX[�
PRGHV�� 2Q� SHXW� HQVXLWH� SDVVHU� SURJUHVVLYHPHQW� G·XQ� PRGH� j� O·DXWUH� HQ� LQWHUSRODQW� OLQpDLUHPHQW� FHV�
FRHIILFLHQWV�HQWUH�OHXUV�YDOHXUV�SRXU�OHV�GHX[�PRGHV��&HV�SUHPLHUV�UpVXOWDWV�VH�VRQW�UpYpOpV�FRQYDLQFDQWV��
PDLV�UHVWHQW�j�pWDEOLU�GH�PDQLqUH�SOXV�V\VWpPDWLTXH��

&RQFOXVLRQV�VXU�OHV�GRQQpHV�HW�PRGqOHV�DUWLFXODWRLUHV��8QH�JUDQGH�SDUWLH�GHV�GRQQpHV�DUWLFXODWRLUHV�
GpFULWHV�GDQV�OHV�VHFWLRQV�SUpFpGHQWHV�D�pWp�DFFXPXOpH�GDQV�OH�EXW�GH�FRXYULU�DX�PD[LPXP�OH�FKDPS�GHV�
SRVVLELOLWpV� DUWLFXODWRLUHV� GX� VXMHW� 3�;� SRXU� OD� SDUROH�� /HV� PRGqOHV� DUWLFXODWRLUHV� TXL� HQ� VRQW� H[WUDLWV�
FRQVWLWXHQW� GRQF� XQH� VRUWH� GH� ERvWH� j� RXWLOV� TXL� SHUPHW� GH� UHSUpVHQWHU� OH� SOXV� ILGqOHPHQW� SRVVLEOH� OHV�
FDSDFLWpV�G·DUWLFXODWLRQ�GH�FH�VXMHW��&HV�PRGqOHV��TXL�SHUPHWWHQW�GH�PDQLSXOHU�GH�PDQLqUH�FRKpUHQWH�GHV�
IRUPHV� GH� FRQGXLW� YRFDO� UpDOLVWHV�� SHXYHQW� GRQF� rWUH� XWLOLVpV� G·XQH� SDUW� SRXU� pWXGLHU� OHV� VWUDWpJLHV�
DUWLFXODWRLUHV�HPSOR\pHV�SDU�OH�ORFXWHXU�VXU�OHVTXHOV�LOV�VRQW�EDVpV��HW�IRUPHQW�G·DXWUH�SDUW�OH�F±XU�GHV�WrWHV�
SDUODQWHV�DXGLRYLVXHOOHV�GpYHORSSpHV�j�O·,&3��
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4. Etudes de stratégies de contrôle articulatoire 
-H�SUpVHQWH� LFL� GHX[� pWXGHV�GH�VWUDWpJLHV�GH�FRQWU{OH�DUWLFXODWRLUHV�TXL�RQW�SX�rWUH�PHQpHV�JUkFH�j� OD�

IDFXOWp�GH�GpFRPSRVLWLRQ�HQ�FRPSRVDQWHV�OLQpDLUHV�TX·RIIUH�OD�PRGpOLVDWLRQ�DUWLFXODWRLUH�GpFULWH�SOXV�KDXW��

6\QHUJLH�PkFKRLUH�ODQJXH��/D�GpPDUFKH�XWLOLVpH�SRXU�GpYHORSSHU�OH�PRGqOH�PpGLRVDJLWWDO�GH�3�;�D�pWp�
DSSOLTXpH�j�GHX[�DXWUHV�VXMHWV��$LQVL�OH�PRGqOH�3DWULFLD�HVW�LVVX�GX�VXMHW�%�;��KpULWp�GH�0DHGD������D����HW�
OH�PRGqOH�*HQWLDQH�GX�VXMHW�-�;��9LODLQ�HW�DO�������D����&HV�GRQQpHV�HW�FHV�PRGqOHV�QRXV�RQW�GRQF�SHUPLV�
GH�FRPSDUHU�OHV�VWUDWpJLHV�GH�V\QHUJLH�PkFKRLUH�ODQJXH�SRXU�WURLV�VXMHWV�IUDQoDLV��%DLOO\�HW�DO�����������1RXV�
DYRQV�HQ�SDUWLFXOLHU�REVHUYp�TXH�SRXU�OHV�VXMHWV�-�;�HW�%�;�OD�FRPSRVDQWH�GX�PRXYHPHQW�GH�OD�ODQJXH�
OLQpDLUHPHQW�FRUUpOpH�DX�PRXYHPHQW�G·pOpYDWLRQ�GH�OD�PkFKRLUH��PHVXUp�FRPPH�OD�FRRUGRQQpH�YHUWLFDOH�
GH�O·LQFLVLYH�LQIpULHXUH��SRXYDLW�DWWHLQGUH�TXDVLPHQW�GHX[�IRLV�O·DPSOLWXGH�GX�PRXYHPHQW�GH�OD�PkFKRLUH���
FH�SKpQRPqQH�QH�SHXW�V·H[SOLTXHU�HQ�FRQVLGpUDQW�VHXOHPHQW�O·DVSHFW�RUJDQH�SRUWHXU�GH�OD�PkFKRLUH�SRXU�OD�
ODQJXH��PDLV�GpQRWH�XQH�VWUDWpJLH�DFWLYH�GH�V\QHUJLH�HQWUH�ODQJXH�HW�PkFKRLUH�YLVDQW�j�IDLUH�SDUWDJHU�j�FHV�
GHX[�RUJDQHV�OH�©�WUDYDLO�ª�GH�GpSODFHPHQW�GH�OD�VXUIDFH�GH�OD�ODQJXH��SRXU�YHQLU�HQ�FRQWDFW�DYHF�OH�SDODLV�
GDQV� OH� FDV� GH� FRQVRQQHV� FRURQDOHV� SDU� H[HPSOH�� &HWWH� REVHUYDWLRQ� GRLW� rWUH� SULVH� HQ� FRPSWH� ORUV� GH�
O·pODERUDWLRQ� GHV� PRGqOHV� DUWLFXODWRLUHV�� HQ� SDUWLFXOLHU� DX� QLYHDX� GH� OD� UpSDUWLWLRQ� GH� OD� YDULDQFH� GHV�
GRQQpHV� HQWUH� OHV� FRPSRVDQWHV�PkFKRLUH� HW� OHV� FRPSRVDQWHV� FRUSV� HW� GRV� GH� OD� ODQJXH� �SRXU� SOXV� GH�
GpWDLOV�� YRLU� %DLOO\� HW� DO�� ��������� 1RWRQV� TXH� OH� VXMHW� 3�;� Q·XWLOLVH� SUDWLTXHPHQW� SDV� FHWWH� VWUDWpJLH�
V\VWpPDWLTXH�GH�V\QHUJLH�PkFKRLUH�ODQJXH��PDLV�TXH�%�;�HW�-�;�XWLOLVHQW�SHX�OHXU�PkFKRLUH��

&RPSHQVDWLRQV�DUWLFXODWRLUHV��­�O·LQYHUVH�GH�FHV�V\QHUJLHV��QRXV�DYRQV�SX�REVHUYHU��JUkFH�DX[�PRGqOHV�
DUWLFXODWRLUHV� GpYHORSSpV� SRXU� OHV� ORFXWHXUV�3�;� HW� -�;�� FHUWDLQV� SKpQRPqQHV� GH� FRPSHQVDWLRQ� HQWUH�
DUWLFXODWHXUV��DX�VHQV�GHV�GHJUpV�GH�OLEHUWp�GpILQLV�SOXV�KDXW����
%LHQ�TXH�O·LPSDFW�GHV�SKpQRPqQHV�GH�FRDUWLFXODWLRQ�VXU�OHV�YDULDWLRQV�GH�GpSODFHPHQW�GH�OD�PkFKRLUH��

GH�OD�ODQJXH�RX�GHV�OqYUHV�SXLVVH�rWUH�FODLUHPHQW�REVHUYp�VXU�OHV�VHXOHV�FRXSHV�PpGLRVDJLWWDOHV�GX�FRQGXLW�
YRFDO�� FHWWH� REVHUYDWLRQ� JOREDOH� QH� SHUPHW� SDV� G·LGHQWLILHU� OHV� FRQWULEXWLRQV� GH� FKDTXH� DUWLFXODWHXU�
LQGLYLGXHO��� HQ�SDUWLFXOLHU� GDQV� XQH� ]RQH�R�� OD� VWDELOLWp� HVW�QpFHVVDLUH�SRXU� DVVXUHU�XQH� FRQVWULFWLRQ��XQ�
FRQWRXU�JOREDO�QH�GRQQH�SDV�WRXMRXUV�OHV�LQIRUPDWLRQV�VXU�OHV�FRPELQDLVRQV�TXL�RQW�pWp�PLVHV�HQ�±XYUH�
SRXU�FRQFLOLHU� OHV�SHUWXUEDWLRQV�LQGXLWHV�SDU�GHV�JHVWHV�DQWDJRQLVWHV��F·HVW�j�GLUH�HQ�G·DXWUHV�WHUPHV�SRXU�
DWWHLQGUH�O·pTXLILQDOLWp�SRXU�O·HQVHPEOH�GHV�UpDOLVDWLRQV�G·XQ�VRQ�GDQV�WRXV�OHV�FRQWH[WHV�GH�FRDUWLFXODWLRQ��/D�
PRGpOLVDWLRQ� DUWLFXODWRLUH� RULHQWpH� VXMHW� GpYHORSSpH� SRXU�3�;� HW� -�;� SHUPHWWDQW� G·H[WUDLUH� OHV� GHJUpV� GH�
OLEHUWp�GHV� DUWLFXODWHXUV� WRXW� HQ�SUpVHUYDQW� OD� FRQIRUPDWLRQ� HW� OHV� VWUDWpJLHV�GH�V\QHUJLH� LQGLYLGXHOOHV�GH�
FKDTXH�ORFXWHXU��D�GRQF�FRQVWLWXp�XQ�RXWLO�HVVHQWLHO�SRXU�PHWWUH�HQ�pYLGHQFH�GHV�VWUDWpJLHV�GH�SUpVHUYDWLRQ�
GH� OD� FRQILJXUDWLRQ� YRFDOLTXH� SRXU� FHUWDLQHV� FRQVRQQHV� SRXU� -�;�� HW� DXVVL� FHUWDLQHV� GLIIpUHQFHV�
LPSRUWDQWHV�HQWUH�OHV�VWUDWpJLHV�HPSOR\pHV�SDU�OHV�GHX[�ORFXWHXUV��
&H� WUDYDLO��PHQp�GDQV� OH�FDGUH�GH� OD� WKqVH�G·$QQH�9LODLQ�� HVW�GpFULW�GH�PDQLqUH�SOXV�H[KDXVWLYH�GDQV�

9LODLQ��$EU\�	�%DGLQ� �����E���9LODLQ� HW� DO�� �����D���9LODLQ��$EU\�	�%DGLQ� ��������9LODLQ��$EU\�	�%DGLQ�
��������HW�9LODLQ����������

E. Relations articulatori-acoustiques 
/RUVTXH� VRQW� PDvWULVpV� OHV� GHX[� GRPDLQHV� TXH� FRQVWLWXHQW� OD� PRGpOLVDWLRQ� DUWLFXODWRLUH� HW� OD�

PRGpOLVDWLRQ� DFRXVWLTXH� GX� FRQGXLW� YRFDO�� LO� HVW� DORUV� SRVVLEOH� GH� V·LQWpUHVVHU� DX[� UHODWLRQV� DUWLFXODWRUL�
DFRXVWLTXHV��F·HVW�j�GLUH�DX[�UHODWLRQV�HQWUH�O·HVSDFH�GHV�FRPPDQGHV�DUWLFXODWRLUHV�HW�O·HVSDFH�DFRXVWLTXH��OH�
SOXV� VRXYHQW� FDUDFWpULVp�SDU� OHV� IRUPDQWV��&HV� UHODWLRQV�� IRQGHPHQWV�GX� URERW�DUWLFXODWRLUH�pYRTXp�SOXV�
KDXW�� FRQVWLWXHQW� O·XQ�GHV� pOpPHQWV� HVVHQWLHOV�GH� OD� FRPPXQLFDWLRQ�SDUOpH��(OOHV�SHUPHWWHQW� HQ� HIIHW�GH�
VSpFLILHU� OHV� OLHQV� HQWUH� OD� SURGXFWLRQ�� FDUDFWpULVpH� HQ� SDUWLFXOLHU� GDQV� O·HVSDFH� GHV� DUWLFXODWHXUV�� HW� OD�
SHUFHSWLRQ��TXL�SHXW�rWUH�UHOLpH�j�O·HVSDFH�DFRXVWLTXH��

1. Nomogrammes et points focaux 
'DQV�OD�OLJQpH�GHV�WUDYDX[�GH�)DQW���������QRXV�DYRQV�pWXGLp�OHV�UHODWLRQV�DUWLFXODWRUL�DFRXVWLTXHV�G·XQ�

PRGqOH�DUWLFXODWRLUH�VLPSOLILp�� OH�FpOqEUH�PRGqOH�j�TXDWUH� WXEHV��DSSHOp�DXVVL�PRGqOH�j�WURLV�SDUDPqWUHV��;F��
DEVFLVVH�GH�OD�FRQVWULFWLRQ���$F��DLUH��GH�OD�FRQVWULFWLRQ���$O��DLUH�DX[�OqYUHV���/HV�TXDWUH�WXEHV�FRQVWLWXHQW�
GHV�DSSUR[LPDWLRQV�GH�OD�FDYLWp�DUULqUH��GH�OD�FRQVWULFWLRQ�RUDOH��GH�OD�FDYLWp�DYDQW��HW�GH�OD�VHFWLRQ�ODELDOH��
&HV� WUDYDX[� QRXV� RQW� SHUPLV� GH� PLHX[� FRPSUHQGUH� OHV� UHODWLRQV� HQWUH� IRUPH� GX� FRQGXLW� YRFDO� HW�
IRUPDQWV�� HQ� GH� PHWWUH� HQ� pYLGHQFH� GHV� DIILOLDWLRQV� IRUPDQWV� �� FDYLWpV��� ORUVTXH� OD� FRQVWULFWLRQ� RUDOH� HVW�
VXIILVDPPHQW� UHVVHUUpH�� FKDTXH� IRUPDQW� �GpILQL�� UDSSHORQV�OH�� FRPPH�XQH� UpVRQDQFH� GX� FRQGXLW� YRFDO��
SHXW�rWUH�DWWULEXp�j�XQH�FDYLWp�SDUWLFXOLqUH�TXL�UpVRQQH�VHORQ�XQ�PRGH�VSpFLILTXH��UpVRQDQFH�HQ�PXOWLSOHV�
LPSDLUV� G·XQ� TXDUW� G·RQGH� SRXU� OHV� WXEHV� RXYHUWV� j� XQH� H[WUpPLWp� HW� IHUPpV� j� O·DXWUH�� UpVRQDWHXU� GH�
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+HOPKROW]�FRQVWLWXp�G·XQH�FDYLWp�IHUPpH�SDU�XQH�FRQVWULFWLRQ��RX�HQFRUH�UpVRQDQFH�HQ�PXOWLSOHV�SDLUV�GH�
OD�GHPL�RQGH�SRXU�OHV�WX\DX[�RXYHUWV�DX[�GHX[�H[WUpPLWpV���/HV�QRPRJUDPPHV�TXL�DIILFKHQW�OHV�UpVRQDQFHV�
GX� FRQGXLW� YRFDO� HQ� IRQFWLRQ� GH� O·DEVFLVVH� GX� FHQWUH� GH� OD� FRQVWULFWLRQ� � PHWWHQW� HQ� pYLGHQFH� GHV�
FURLVHPHQWV� GH� IRUPDQWV�� SRLQWV� TXH� QRXV� DYRQV� DSSHOpV� SRLQWV� IRFDX[� �%Rs�	�$EU\� ��������� OLpV� j� XQH�
SRVLWLRQ�SDUWLFXOLqUH�GH�OD�FRQVWULFWLRQ�LQGXLVDQW�OD�FRwQFLGHQFH�GH�GHX[�IRUPDQWV�DVVRFLpV�O·XQ�j�OD�FDYLWp�
DUULqUH� HW� O·DXWUH� j� OD� FDYLWp� DYDQW��'DQV� FHV� ]RQHV�� OHV� IRUPDQWV� VRQW� SHX� VHQVLEOHV� j� OD� YDULDWLRQ�GH� OD�
SRVLWLRQ�GH�OD�FRQVWULFWLRQ��DORUV�TX·LOV�OH�VRQW�EHDXFRXS�SOXV�GDQV�OHV�]RQHV�pORLJQpHV�GHV�SRLQWV�IRFDX[���
FHFL�PHW�HQ�SDUWLFXOLHU�HQ�pYLGHQFH�OH�IDLW�TXH�OHV�UHODWLRQV�DUWLFXODWRUL�DFRXVWLTXHV�QH�VRQW�SDV�OLQpDLUHV��
&HV�UpVXOWDWV��SUpVHQWpV�HQ�GpWDLO�GDQV�%DGLQ��3HUULHU��%Rs�	�$EU\���������RQW�FRQVWLWXp�O·XQH�GHV�EDVHV�

LPSRUWDQWHV� G·XQ� FHUWDLQ� QRPEUH� G·DXWUHV� WUDYDX[� j� O·,&3��� WKpRULH� DFRXVWLTXH� GH� OD� SURGXFWLRQ� GHV�
FRQVRQQHV�IULFDWLYHV��%DGLQ���������LQWHUSUpWDWLRQ�GHV�GRQQpHV�GH�QRPRJUDPPHV�KXPDLQV�GH�/DGHIRJHG�
	�%ODGRQ���������FI��%DGLQ�HW�DO�����������LQWHUSUpWDWLRQ�GX�GRXEOH�ORFXV�GHV�FRQVRQQHV�RFFOXVLYHV�YpODLUHV�
�%DLOO\����������WKpRULH�GH�OD�GLVSHUVLRQ�IRFDOLVDWLRQ��9DOOpH��6FKZDUW]�	�(VFXGLHU����������HW�QRUPDOLVDWLRQ�
HQWUH�ORFXWHXUV��$SRVWRO�HW�DO�����������

2. Macro- sensibilités articulatori-acoustiques 
,O�VHPEODLW�LQWpUHVVDQW�G·pWHQGUH�OD�QRWLRQ�G·DIILOLDWLRQ�j�GHV�IRUPHV�GH�FRQGXLW�YRFDO�SOXV�UpDOLVWHV���OHV�

IRQFWLRQV�GH�VHQVLELOLWp�DFRXVWLTXH�GH�)DQW�	�3DXOL���������UHSULVHV�SRXU�OHV�YR\HOOHV�GX�IUDQoDLV�SDU�0UD\DWL�	�
&DUUp���������SHUPHWWDLHQW�GH�SUpGLUH�OHV�YDULDWLRQV�GH�IRUPDQWV�LQGXLWHV�SDU�GH�SHWLWHV�SHUWXUEDWLRQV�GH�OD�
IRQFWLRQ� G·DLUH�� &HV� IRQFWLRQV� SUpVHQWDLHQW� GRQF� O·LQWpUrW� FHUWDLQ� GH� OLQpDULVHU� OHV� UHODWLRQV� DUWLFXODWRUL�
DFRXVWLTXHV�� 0DOKHXUHXVHPHQW�� GHV� VLPXODWLRQV� SOXV� V\VWpPDWLTXHV� RQW� PRQWUp� TXH� FHV� IRQFWLRQV� GH�
VHQVLELOLWp�Q·DYDLHQW�GH�YDOHXU�TXH�ORFDOH��HW�QH�SRXYDLHQW�SDV�SUpGLUH�OHV�YDULDWLRQV�GH�IRUPDQWV�SRXU�GHV�
YDULDWLRQV� G·DLUH� SOXV� LPSRUWDQWHV� TXH� TXHOTXHV� ��� RX� ������ 'DQV� FHUWDLQV� FDV�� OH� VLJQH� PrPH� GH� OD�
IRQFWLRQ� SHXW� V·LQYHUVHU� HQWUH� SHWLWHV� YDULDWLRQV� HW� JUDQGHV� YDULDWLRQV�� &·HVW� OD� UDLVRQ� SRXU� ODTXHOOH� OHV�
IRQFWLRQV� GH� PDFUR�VHQVLELOLWpV� DUWLFXODWRUL�DFRXVWLTXHV� RQW� pWp� GpYHORSSpHV��%Rs�� %DGLQ� 	� 3HUULHU� ���������� GHV�
QRPRJUDPPHV�DUWLFXODWRLUHV�V\VWpPDWLTXHV�RQW�SHUPLV�GH�GpWHUPLQHU� OHV�YDULDWLRQV�GH�IRUPDQWV� LQGXLWHV�
SRXU�GH�JUDQGHV�YDULDWLRQV�GHV�SDUDPqWUHV�GH�FRQWU{OH�GX�PRGqOH�DUWLFXODWRLUH��HW�G·pWDEOLU�GHV�VRUWHV�GH�
FDUWHV�TXL�SHUPHWWHQW�GH�SUpGLUH��TXDOLWDWLYHPHQW�GX�PRLQV��O·LQIOXHQFH�GHV�PRXYHPHQWV�G·DUWLFXODWHXUV�VXU�
OHV�IRUPDQWV��

3. Inversion articulatori-acoustique par optimisation sous contrainte 
/·LQYHUVLRQ� GH� OD� UHODWLRQ� DUWLFXODWRUL�DFRXVWLTXH�� HQ� G·DXWUHV� WHUPHV� OD� UpFXSpUDWLRQ� GHV� JHVWHV�

DUWLFXODWRLUHV� j� SDUWLU� GX� VLJQDO� GH� SDUROH�� UpSRQG� j� WURLV� PRWLYDWLRQV� SULQFLSDOHV��� FRQWU{OHU�� FRGHU� HW�
SHUFHYRLU�� 'DQV� OH� FDGUH� GX� GpYHORSSHPHQW� GH� V\VWqPHV� GH� V\QWKqVH� DUWLFXODWRLUH�� LO� HVW� QpFHVVDLUH� GH�
GLVSRVHU�GH�QRPEUHXVHV�GRQQpHV�GH� WUDMHFWRLUHV� DUWLFXODWRLUHV�TXL�SHUPHWWURQW�G·pWDEOLU� OHV� VWUDWpJLHV�GH�
FRQWU{OH�GX�V\QWKpWLVHXU���OHV�GLVSRVLWLIV�G·DFTXLVLWLRQ�GLUHFWH�GH�GRQQpHV�DUWLFXODWRLUHV�pWDQW�UHODWLYHPHQW�
ORXUGV��LO�HVW�LQWpUHVVDQW�GH�WHQWHU�G·LQIpUHU�FHV�SDUDPqWUHV�DUWLFXODWRLUHV�SDU�LQYHUVLRQ�j�SDUWLU�GX�VLJQDO�GH�
SDUROH�� 3DU� DLOOHXUV�� OHV� SDUDPqWUHV� DUWLFXODWRLUHV�� pWDQW� OLpV� j� GHV�PRXYHPHQWV� ELRPpFDQLTXHV�� VRQW� GHV�
VLJQDX[� UHODWLYHPHQW� OHQWV� �OHXU� EDQGH� SDVVDQWH� VH� FKLIIUH� HQ� TXHOTXHV� GL]DLQHV� GH�+]� SRXU� OD� SOXSDUW�
G·HQWUH�HX[���� LOV�RIIUHQW�DLQVL�XQH�IRUPH�GH� FRGDJH�SDUWLFXOLqUHPHQW�pFRQRPLTXH�SRXU� OH�VLJQDO�GH�SDUROH�
TXL��GH�VRQ�F{Wp��UHTXLHUW�DX�PLQLPXP�XQH�GL]DLQH�GH�N+]�GH�IUpTXHQFH�G·pFKDQWLOORQQDJH��(QILQ��VHORQ�OD�
WKpRULH� PRWULFH� GH� OD� SHUFHSWLRQ� �/LEHUPDQ�� &RRSHU�� +DUULV� 	� 0DF1HLODJH� �������� /LEHUPDQ� 	� 0DWWLQJO\�
���������OD�UpFXSpUDWLRQ�GHV�JHVWHV�DUWLFXODWRLUHV�SHXW�rWUH�FRQVLGpUpH�FRPPH�XQ�PR\HQ�QpFHVVDLUH�SRXU�OD�
SHUFHSWLRQ�GH�OD�SDUROH��'DQV�OH�FDGUH�GX�SURMHW�HXURSpHQ�6SHHFK�0DSV�GRQW�O·XQ�GHV�REMHFWLIV�PDMHXUV�pWDLW�
O·LQYHUVLRQ�GH� OD�SDUROH� �$EU\� HW� DO�� ���������QRXV�DYRQV�GRQF�GpYHORSSp�GHV�SURFpGXUHV�G·LQYHUVLRQ�SDU�
RSWLPLVDWLRQ�VRXV�FRQWUDLQWH��%DGLQ�HW�DO�������D���0DZDVV�HW�DO������������

/·LQYHUVLRQ���XQ�SUREOqPH�PDO�SRVp��8QH�SURSULpWp�GH�OD�UHODWLRQ�DUWLFXODWRUL�DFRXVWLTXH�TXH�MH�Q·DL�SDV�
HQFRUH� pYRTXpH� HVW� OD� VXUMHFWLYLWp��� XQ�PrPH� MHX� GH� IRUPDQWV� SHXW� HQ� HIIHW� rWUH� SURGXLW� SDU� SOXVLHXUV�
FRPELQDLVRQV�GLIIpUHQWHV�GH�SDUDPqWUHV�DUWLFXODWRLUHV� �$WDO��&KDQJ��0DWKHZV�	�7XNH\����������PrPH�VL�
FHV�FRPELQDLVRQV�SUpVHQWHQW�GDQV�OD�PDMRULWp�GHV�FDV�GHV�YR\HOOHV�GHV�SURSULpWpV�FRPPXQHV��j�VDYRLU�HQ�
SDUWLFXOLHU� XQH� FRQVWULFWLRQ� RUDOH� VLWXpH� GDQV� OD� PrPH� UpJLRQ� GX� FRQGXLW� YRFDO� �%Rs�� 3HUULHU� 	� %DLOO\�
��������� /·LQYHUVLRQ� HQ� SDUROH� HVW� GRQF� XQ�SUREOqPH�PDO� SRVp� DX� VHQV�PDWKpPDWLTXH�SXLVTX·LO� Q·HVW� SDV�
FHUWDLQ�TXH� OD�VROXWLRQ�H[LVWH�HW�TX·HOOH�VRLW�XQLTXH�� �+DGDPDUG���������FLWp�SDU�$EU\� HW�DO�� ���������� LO�QH�
SHXW�GRQF�SDV�rWUH�UpVROX�GH�PDQLqUH�H[SOLFLWH�HW�GLUHFWH��/H�FRQFHSW�GH�URERWLTXH�GH�OD�SDUROH�pYRTXp�j�OD�
VHFWLRQ�'���RIIUH�DORUV�XQ�FDGUH�SURSLFH�j�OD�UpVROXWLRQ�GH�FH�SUREOqPH��/H�V\QWKpWLVHXU�DUWLFXODWRLUH�HVW�
FRQVLGpUp�FRPPH�XQ�URERW�FRQWU{Op�SDU�GHV�FRPPDQGHV�SUR[LPDOHV�HW�SURGXLVDQW�GHV�SDUDPqWUHV�GLVWDX[�
�-RUGDQ� �������� %DLOO\�� /DERLVVLqUH� 	� 6FKZDUW]� ��������� &HV� FRPPDQGHV�� TXL� SUpVHQWHQW� GHV� GHJUpV� GH�
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OLEHUWp� HQ� H[FqV� �SXLVTXH� SOXVLHXUV� FRPELQDLVRQV� DUWLFXODWRLUHV� SHXYHQW� GRQQHU� OH� PrPH� UpVXOWDW�
DFRXVWLTXH��� SRXUURQW� rWUH� GpWHUPLQpHV� GH� PDQLqUH� XQLTXH� j� FRQGLWLRQ� G·DSSRUWHU� GHV� LQIRUPDWLRQV�
VXSSOpPHQWDLUHV�� VRXV� IRUPH� GH� FRQWUDLQWHV� D� SULRUL� WHOOHV� TXH� GHV� WUDMHFWRLUHV� SUR[LPDOHV� OHV� SOXV� OLVVHV�
SRVVLEOH�RX�GHV�SODJHV�GH�YDULDWLRQV�OLPLWpHV�SRXU�FHUWDLQV�DUWLFXODWHXUV��

2SWLPLVDWLRQ�VRXV�FRQWUDLQWHV��'DQV� OH�FDGUH�GH�OD�WKqVH�GH�'HQLV�%HDXWHPSV��QRXV�DYRQV�WHQWp�XQH�
SUHPLqUH�LQYHUVLRQ�GH�WUDQVLWLRQV�YR\HOOH�²�FRQVRQQH�IULFDWLYH�EDVpH�VXU�FH�W\SH�GH�SULQFLSHV��%DGLQ�HW�DO��
�����D����(Q�O·DEVHQFH�GH�PRGqOH�DUWLFXODWRLUH��O·HVSDFH�SUR[LPDO�pWDLW�FHOXL�GHV����YDOHXUV�GH�OD�IRQFWLRQ�
VDJLWWDOH���XQH�FRQWUDLQWH�GH�OLVVDJH�VSDWLDO�pWDLW�DSSOLTXpH�DX[�IRQFWLRQV�VDJLWWDOHV��OH�OLVVDJH�WHPSRUHO�pWDQW�
DVVXUp� LQGLUHFWHPHQW�SDU� O·LQLWLDOLVDWLRQ�GH� O·DOJRULWKPH�SRXU�XQ� LQVWDQW�GRQQp�SDU� OHV�YDOHXUV� WURXYpHV�j�
O·LQVWDQW�SUpFpGHQW��/D�UHFKHUFKH�GH�OD�VROXWLRQ�pWDLW� LPSOpPHQWpH�SDU�XQ�DOJRULWKPH�G·RSWLPLVDWLRQ�EDVp�
VXU� XQH� GHVFHQWH� GH� JUDGLHQW�� &HWWH�PpWKRGH� D� SHUPLV� GH� WUDLWHU� DYHF� VXFFqV� TXHOTXHV� WUDQVLWLRQV�� HW� D�
PRQWUp�O·LQWpUrW�GH�O·XWLOLVDWLRQ�GH�FRQWUDLQWHV�SRXU�O·LQYHUVLRQ��
'DQV� OH� FDGUH� GH� OD� WKqVH� GH� .KDOHG� 0DZDVV�� QRXV� DYRQV� UHSULV� FHV� SULQFLSHV�GH� PDQLqUH� SOXV�

V\VWpPDWLTXH��0DZDVV�HW�DO�����������HQ�XWLOLVDQW�XQ�PRGqOH�DUWLFXODWRLUH�FRPSOHW�HW�GHV�VLJQDX[�GLVWDX[�j�OD�
IRLV� DFRXVWLTXHV� HW� YLVXHOV�� /HV� SDUDPqWUHV� DUWLFXODWRLUHV� GX� PRGqOH� GpYHORSSp� SRXU� OH� VXMHW� 3�;�
FRQVWLWXDLHQW� OHV� SDUDPqWUHV� SUR[LPDX[�� /HV� SDUDPqWUHV� GLVWDX[� UpVXOWDQWV� VH� FRPSRVDLHQW� GHV� TXDWUH�
SUHPLHUV�IRUPDQWV��DX[TXHOV�pWDLHQW�DGMRLQWV�GHX[�SDUDPqWUHV�JpRPpWULTXHV��O·DLUH�GH�FRQVWULFWLRQ�RUDOH�HW�
O·DLUH�LQWpURODELDOH��/·DOJRULWKPH�G·LQYHUVLRQ�HVW�EDVp�VXU�OD�PpWKRGH�FODVVLTXH�GH�GHVFHQWH�GX�JUDGLHQW�VRXV�
FRQWUDLQWHV��� LO� XWLOLVH� OD� UpWURSURSDJDWLRQ� GH� O·HUUHXU� FRQILJXUDWLRQQHOOH� HQWUH� OHV� SDUDPqWUHV� GLVWDX[�
FDOFXOpV� HW� PHVXUpV� �-RUGDQ� ��������� /·DOJRULWKPH� XWLOLVH� DXVVL� XQH� FRQWUDLQWH� GH� OLVVDJH� WHPSRUHO��� OD�
PLQLPLVDWLRQ�GH�O·DFFpOpUDWLRQ�GHV�SDUDPqWUHV�SUR[LPDX[��SXLVTXH�OHV�DUWLFXODWHXUV�RQW�XQH�FHUWDLQH�LQHUWLH��
FI��SOXV�KDXW���)LQDOHPHQW��O·HUUHXU�j�PLQLPLVHU�SDU�O·DOJRULWKPH�HVW�OD�VRPPH�SRQGpUpH�GH�������OD�GLVWDQFH�
TXDGUDWLTXH� HQWUH� OHV� VL[� SDUDPqWUHV� JpRPpWULTXHV� HW� DFRXVWLTXHV�PHVXUpV� HW� OHV� VL[� SDUDPqWUHV� GLVWDX[�
FXPXOpH� VXU� O·HQVHPEOH� GHV� WUDPHV� GH� OD� VpTXHQFH�� HW� ���� O·DFFpOpUDWLRQ� GHV� SDUDPqWUHV� DUWLFXODWRLUHV�
FXPXOpH�VXU�OHV�PrPHV�WUDPHV��
&HWWH�SURFpGXUH�G·LQYHUVLRQ�D�pWp�pYDOXpH�GH�PDQLqUH�V\VWpPDWLTXH�VXU�XQ�FRUSXV�GH�VpTXHQFHV�9R\HOOH�

²� &RQVRQQH� IULFDWLYH� ²�9R\HOOH�� /D� UDFLQH� FDUUpH� GH� O·HUUHXU� TXDGUDWLTXH�PR\HQQH� �506�� UHODWLYH� SHXW�
DWWHLQGUH��SRXU�FHUWDLQHV�VpTXHQFHV�������SRXU�)���HW�DSSUR[LPDWLYHPHQW�����SRXU�)���)��HW�)����DYHF�
GHV�PR\HQQHV� GH� ������� ������� ������� HW� ������ UHVSHFWLYHPHQW��� O·DLUH� LQWpURODELDOH� SUpVHQWH� XQH� 506�
UHODWLYH�PR\HQQH�GH����������O·DLUH�GH�FRQVWULFWLRQ�RUDOH�Q·pWDQW�SDV�H[SOLFLWHPHQW�PHVXUpH��VRQ�HUUHXU�GH�
UHFRQVWUXFWLRQ�QH�SHXW�SDV�rWUH�pYDOXpH��PDLV�VHXOHPHQW�HQFDGUpH�SDU�GHV�VHXLOV�TXL�GpSHQGHQW�GX�FRQWH[WH�
�YRLU�O·DUWLFOH�DQQH[p�SRXU�SOXV�GH�GpWDLOV����
1RXV�DYRQV�pJDOHPHQW�PRQWUp�TXH� OH�SDUDPqWUH�G·DLUH� LQWpURODELDOH�Q·HVW�SDV�FUXFLDO�HQ�JpQpUDO�SRXU�

O·LQYHUVLRQ� GH� O·DFRXVWLTXH� YHUV� O·DUWLFXODWRLUH�� &HSHQGDQW�� QRXV� DYRQV� UHPDUTXp� TXH� OD� SURFpGXUH�
G·LQYHUVLRQ�pWDLW�VHQVLEOH�GDQV�FHUWDLQV�FDV�DX[�SDUDPqWUHV�LQLWLDX[��HW�HQ�SDUWLFXOLHU�DX[�SDUDPqWUHV�/3�HW�
/9�� O·DEVHQFH�G·LQLWLDOLVDWLRQ�SRXYDQW�DERXWLU�j�GHV�IRUPHV�GH�ODQJXHV�FRPSHQVDWRLUHV�QH�FRUUHVSRQGDQW�
SDV� j� OD� UpDOLWp�� ,O� HVW� GRQF� XWLOH� GH� GLVSRVHU� G·LQIRUPDWLRQV� VXU� O·DUURQGLVVHPHQW� GHV� OqYUHV� SRXU�
O·LQYHUVLRQ��GX�PRLQV�GDQV�FHUWDLQV�FDV��
(QILQ�� O·XQ� GHV� LQWpUrWV� GH� O·DSSURFKH� URERWLTXH� HVW� GH� SRXYRLU� QH� VSpFLILHU� XQH� FLEOH� TXH� SDU� GHV�

OLPLWHV��LQIpULHXUHV�HW�VXSpULHXUHV��SDU�H[HPSOH���VDQV�QpFHVVLWp�GH�GpILQLU�GH�YDOHXU�SUpFLVH��&HOD�SHUPHW�GH�
WHQLU�FRPSWH�GHV�pYHQWXHOOHV�LPSUpFLVLRQV�VXU�OHV�PHVXUHV��RX�GH�SUpFLVHU�VLPSOHPHQW�GHV�]RQHV�GpILQLHV�
GH�PDQLqUH�TXDOLWDWLYH�VHXOHPHQW��FRPPH�OD�SUpVHQFH�RX�O·DEVHQFH�G·XQH�FRQVWULFWLRQ�RUDOH�TXL�SHXW�rWUH�
LQIpUpH�DSSUR[LPDWLYHPHQW�j�SDUWLU�G·XQH�PHVXUH�GH�O·LQWHQVLWp�JOREDOH�GX�VLJQDO��

4. Reconstruction de la forme de la langue à partir de points 
/H�OHFWHXU�D�FRPSULV�TXH�OD�FLQpUDGLRJUDSKLH�SRXUUDLW�rWUH�OD�VROXWLRQ�LGpDOH�SRXU�REWHQLU�GHV�GRQQpHV�

DUWLFXODWRLUHV� DOOLDQW� GH� ERQQHV� UpVROXWLRQV� WHPSRUHOOH� HW� VSDWLDOH� �HQ� DWWHQGDQW� TXH� O·,50� G\QDPLTXH�
GpSDVVH�OD�GL]DLQH�G·LPDJHV�SDU�VHFRQGH��FI��'HPROLQ�HW�DO�����������VL�HOOH�Q·pWDLW�SDV�H[FOXH�j�FDXVH�GH�VD�
QRFLYLWp�� /D� PRGpOLVDWLRQ� DUWLFXODWRLUH� DVVRFLpH� j� O·DUWLFXORJUDSKLH� pOHFWURPDJQpWLTXH� RIIUH� XQH� YRLH�
DOWHUQDWLYH� LQWpUHVVDQWH� TXH� QRXV� DYRQV� H[SORUpH� �%DGLQ� HW� DO�� ��������� /H� SUREOqPH� LQLWLDO� FRQVLVWH� j�
UHFRQVWUXLUH�OD�FRXSH�PpGLRVDJLWWDOH�GX�FRQGXLW�YRFDO�j�SDUWLU�GHV�FRRUGRQQpHV�GDQV�OH�SODQ�PpGLRVDJLWWDO�
GH�TXHOTXHV�SRLQWV�GH�FKDLU��F·HVW�j�GLUH�DWWDFKpV�DX[�DUWLFXODWHXUV��GpWHUPLQpHV�j�O·DLGH�G·XQ�DUWLFXORJUDSKH�
pOHFWURPDJQpWLTXH��FI��'�����/H�SULQFLSH�FRQVLVWH�j�XWLOLVHU�XQ�PRGqOH�DUWLFXODWRLUH�SRXU�SUHQGUH�HQ�FRPSWH�

                                                      
��5DSSHORQV�TXH�OH�VHXLO�GLIIpUHQWLHO�GpWHUPLQp�SDU�)ODQDJDQ��������VH�VLWXH�DX[�DOHQWRXUV�GH�����SRXU�)��HW�GH�����
SRXU�)���



� 6\QWKqVH�GHV�WUDYDX[� 3DJH���� �
�

�

�
�

OHV� SURSULpWpV� GH� FRQWLQXLWp� SK\VLTXH� GH� OD� ODQJXH� HW� UHFRQVWUXLUH� DLQVL� OD� IRUPH� GH� FHOOH�FL� j� SDUWLU� GH�
TXHOTXHV�SRLQWV�VHXOHPHQW��HW�GH�OD�SRVLWLRQ�GH�OD�PkFKRLUH��
/HV� GRQQpHV� FLQpUDGLRJUDSKLTXHV� HQUHJLVWUpHV� SRXU� OH� VXMHW� -�;� QRXV� RQW� SHUPLV� G·pYDOXHU� FHWWH�

PpWKRGH�GH�PDQLqUH�H[KDXVWLYH���HQ�HIIHW��ORUV�GH�OD�VpDQFH�G·HQUHJLVWUHPHQW��WURLV�SHWLWHV�ELOOHV�GH�SORPE�
�GRQF�RSDTXHV�DX[�UD\RQV�;�HW�IDFLOHPHQW�LGHQWLILDEOHV�VXU�OHV�LPDJHV�UDGLRJUDSKLTXHV��pWDLHQW�FROOpHV�VXU�
OD�ODQJXH�GX�VXMHW���FHV�GRQQpHV�SUpVHQWHQW�O·LPPHQVH�HW�UDUH�DYDQWDJH�G·DVVRFLHU�GH�PDQLqUH�V\QFKURQH�GHV�
FRQWRXUV�GH�ODQJXH�HW�GHV�FRRUGRQQpHV�GH�PDUTXHXUV�DWWDFKpV�j�GHV�SRLQWV�GH�FKDLU��.DEXUDJL�	�+RQGD�
�������GLVSRVHQW�pJDOHPHQW�G·XQH�FRPELQDLVRQ�GH�FH�W\SH�GH�GRQQpHV��JUkFH�j�O·DVVRFLDWLRQ�GH�O·LPDJHULH�
XOWUDVRQLTXH� GH� OD� ODQJXH� HW� GH� O·DUWLFXORJUDSKH� pOHFWURPDJQpWLTXH��� (Q� SUDWLTXH�� LO� V·DJLW� G·LQYHUVHU� OH�
PRGqOH�DUWLFXODWRLUH�GH�ODQJXH��HW�GRQF�GH�GpWHUPLQHU�OHV�SDUDPqWUHV�-+��7%��7'��77��7$��HW�/<�j�SDUWLU�
GHV�FRRUGRQQpHV�;�<�GHV�WURLV�ELOOHV�VXU�OD�ODQJXH�HW�GH�OD�KDXWHXU�GH�PkFKRLUH�-DZ+HL��
/H�SDUDPqWUH�-+�HVW�GLUHFWHPHQW�GpWHUPLQp�j�SDUWLU�GH�-DZ+HL��/H�SDUDPqWUH�GH�KDXWHXU�GH�ODU\Q[�/<�

QH�SHXW�SDV�rWUH�GpWHUPLQp�j�SDUWLU�GHV�FRRUGRQQpHV�GHV�WURLV�SRLQWV�VXU�OD�ODQJXH��/HV�SDUDPqWUHV�UHVWDQWV�
VRQW� GpWHUPLQpV� VLPXOWDQpPHQW� SDU� XQ� DOJRULWKPH� G·RSWLPLVDWLRQ� G·DWWHLQWH� GH� FLEOHV� PXOWLSOHV� SDU�
RSWLPLVDWLRQ�� OHV� FLEOHV� pWDQW� OHV�GLVWDQFHV� HQWUH� OHV� FHQWUHV�GHV�ELOOHV� HW� OH� FRQWRXU�GH� ODQJXH�PRGpOLVp��
1RXV�DYRQV�WURXYp�XQH�HUUHXU�506�GH�UHFRQVWUXFWLRQ�GH������PP��TXL�FKXWH�j������PP�VL�O·RQ�H[FOXW�OHV�
GHX[�SRLQWV�OHV�SOXV�EDV�GDQV�OD�UpJLRQ�GX�ODU\Q[��j�FRPSDUHU�DYHF�OHV������PP�WURXYpV�SDU�.DEXUDJL�	�
+RQGD��������SRXU�XQH�H[SpULHQFH�VLPLODLUH��PDLV�Q·XWLOLVDQW�SDV�GH�PRGqOH�DUWLFXODWRLUH��1RWUH�PpWKRGH�
SHUPHW�GRQF�XQH�UHFRQVWUXFWLRQ�UHODWLYHPHQW�SUpFLVH�G·XQH�PDMHXUH�SDUWLH�GH�OD�IRUPH�GH�OD�ODQJXH�GDQV�OH�
SODQ�PpGLRVDJLWWDO�j�SDUWLU�GH�WURLV�SRLQWV�GH�FKDLU�HW�GH�OD�KDXWHXU�GH�OD�PkFKRLUH��,O�HVW�GRQF�HQYLVDJHDEOH�
GH�FRPELQHU�OHV�DYDQWDJHV�GH�OD�FLQpUDGLRJUDSKLH�HW�GH�O·DUWLFXORJUDSKH�pOHFWURPDJQpWLTXH�SRXU�DFTXpULU�GH�
JUDQGHV� TXDQWLWpV� GH� GRQQpHV� DUWLFXODWRLUHV� SRXU� XQ� VXMHW�� 7RXWHIRLV�� LO� VHUD� QpFHVVDLUH� GH� UpVRXGUH�
SUpDODEOHPHQW�XQ�SUREOqPH�GH�FDGUDJH�OLp�j�FHWWH�PpWKRGH���O·DQJOH�HQWUH�OD�SDURL�DUULqUH�GX�FRQGXLW�YRFDO�
�SKDU\Q[� HW� QDVRSKDU\Q[�� HW� OH� SODQ� RFFOXVDO� HVW� GLIILFLOHPHQW� PDvWULVDEOH� ORUV� GHV� HQUHJLVWUHPHQWV�
DUWLFXORJUDSKLTXHV�� GRQF� OD� IRUPH� PR\HQQH� GH� OD� ODQJXH� DVVRFLpH�� GRQW� GpSHQG� HQ� ILQ� GH� FRPSWH� OD�
SUpFLVLRQ�GH�O·LQYHUVLRQ��,O�HVW�GRQF�LQGLVSHQVDEOH�GH�WURXYHU�XQH�PpWKRGH�GH�QRUPDOLVDWLRQ�TXL�SHUPHWWH�
GH� UpVRXGUH� FH� SUREOqPH�� TXL� VH� SRVH� pJDOHPHQW�� PrPH� VL� F·HVW� GH� PDQLqUH� PRLQV� FUXFLDOH�� SRXU�
O·LQWpJUDWLRQ�GH�GRQQpHV�LVVXHV�GH�GLYHUVHV�VpDQFHV�G·HQUHJLVWUHPHQW�HQ�,50�HW�HQ�FLQpUDGLRJUDSKLH��

F. Synthèse articulatoire 
/HV� GLIIpUHQWV� PRGqOHV� SUpVHQWpV� GDQV� OHV� VHFWLRQV� SUpFpGHQWHV� SHXYHQW� rWUH� LQWpJUpV� GH�PDQLqUH� j�

IRUPHU�XQ�V\QWKpWLVHXU�DUWLFXODWRLUH�FRPSOHW��/·REMHFWLI�GH�OD�SUpVHQWH�VHFWLRQ�HVW�GH�GpFULUH�OH�V\QWKpWLVHXU�
DYHF� OHV� FRQQHFWLRQV� HQWUH� OHV� GLIIpUHQWV� PRGXOHV�� HW� QRWUH� DSSURFKH� GH� OD� V\QWKqVH� DUWLFXODWRLUH� GHV�
FRQVRQQHV�IULFDWLYHV��8QH�SUpVHQWDWLRQ�EHDXFRXS�SOXV�GpWDLOOpH�GH�FH�WUDYDLO�VH�WURXYH�GDQV�O·DUWLFOH�DQQH[p�
0DZDVV�HW�DO����������DLQVL�TXH�GDQV�OH�PDQXVFULW�GH�WKqVH�GH�0DZDVV���������

1. Le synthétiseur articulatoire et ses modules 
&RPPH�O·LOOXVWUH�OD�)LJXUH����OH�V\QWKpWLVHXU�DUWLFXODWRLUH�HVW�FRQVWLWXp�GH�O·LQWHUFRQQH[LRQ�G·XQ�FHUWDLQ�

QRPEUH� GH�PRGqOHV��� PRGqOH� DUWLFXODWRLUH��PRGqOH� DpURG\QDPLTXH��PRGqOHV� GH� VRXUFHV� DFRXVWLTXHV�� HW�
PRGqOH�GH�SURSDJDWLRQ�DFRXVWLTXH�HW�GH�UD\RQQHPHQW��5DSSHORQV�TXH�OH�PRGqOH�DUWLFXODWRLUH��OH�PRGqOH�GH�
VRXUFH�GH�EUXLW�GH�IULFWLRQ�VRQW�GHV�PRGqOHV�IRQFWLRQQHOV�EDVpV�VXU�GHV�GRQQpHV�LVVXHV�GX�VXMHW�3�;��HW�
TXH�OH�PRGqOH�j�GHX[�PDVVHV�GH�FRUGHV�YRFDOHV�D�pWp�DMXVWp�SRXU�UHSUpVHQWHU�DX�PLHX[�OH�FRPSRUWHPHQW�
GX� VXMHW�3�;� �9HVFRYL�� &DVWHOOL�	�3HORUVRQ� ���������� XQH� FHUWDLQH� FRKpUHQFH� HVW� DLQVL� DVVXUpH� HQWUH� OHV�
GLIIpUHQWV�pOpPHQWV��
/H� V\QWKpWLVHXU� DUWLFXODWRLUH� FRPSOHW� HVW� JOREDOHPHQW� FRQWU{Op� SDU� GHX[� MHX[� GH� SDUDPqWUHV�

DUWLFXODWRLUHV��� OHV� SDUDPqWUHV� VXSUD�ODU\QJpV� TXL� FRPPDQGHQW� OH� PRGqOH� DUWLFXODWRLUH�� HW� XQ� MHX� GH�
SDUDPqWUHV�TXL�FRQWU{OHQW�OHV�FRUGHV�YRFDOHV��SUHVVLRQ�VRXV�JORWWLTXH�36��ORQJXHXU�GHV�FRUGHV�YRFDOHV�/*�
HW�KDXWHXU�GH�OD�JORWWH�DX�UHSRV�+����TXL�GRLYHQW�rWUH�VRLJQHXVHPHQW�FRRUGRQQpV�SRXU�SRXYRLU�JpQpUHU�GH�
OD�SDUROH�GH�KDXWH�TXDOLWp��
/H�PRGqOH�G·pFRXOHPHQW��TXL�FRQVLGqUH�OH�FRQGXLW�YRFDO�FRPPH�GHX[�FRQVWULFWLRQV�ORFDOLVpHV��$J�j�OD�

JORWWH� HW�$F� j� OD� FRQVWULFWLRQ� RUDOH� �FI�� &����� HVW� XQ�PRGXOH� FHQWUDO� LQWHUFRQQHFWp� DYHF� SUHVTXH� WRXV� OHV�
DXWUHV� PRGXOHV� �YRLU� )LJXUH� ���� &H� PRGXOH� HVW� HVVHQWLHO� SRXU� OD� FRRUGLQDWLRQ� HW� O·LQWHUDFWLRQ� HQWUH�
DUWLFXODWLRQ�VXSUD�ODU\QJpH�HW�VRXUFHV�DFRXVWLTXHV��'·XQH�SDUW��OH�VLJQDO�G·DLUH�JORWWLTXH�HVW�ILOWUp�SDVVH�EDV�
GH�PDQLqUH�j�QH�UHWHQLU�TXH�OHV�YDULDWLRQV�OHQWHV�j�OD�IUpTXHQFH�IRQGDPHQWDOH�HW�UpLQMHFWp�GDQV�OH�PRGqOH�
G·pFRXOHPHQW�� FH�TXL� D�SRXU�FRQVpTXHQFH�XQH�YDULDWLRQ�GH� OD�FKXWH�GH�SUHVVLRQ�j� OD�FRQVWULFWLRQ�∆3F��HW�
LQGXLW� XQH� PRGXODWLRQ� GH� OD� VRXUFH� GH� EUXLW� V\QFKURQH� DYHF� OD� IUpTXHQFH� IRQGDPHQWDOH�� WHOOH� TX·RQ�
O·REVHUYH� GDQV� OH� FDV� GHV� FRQVRQQHV� IULFDWLYHV� YRLVpHV� �FI�� 6WHYHQV� ��������� '·DXWUH� SDUW�� O·DLUH� GH�
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FRQVWULFWLRQ� RUDOH�$F� HVW� O·XQ� GH� SDUDPqWUHV� GH� FRQWU{OH� GX� PRGqOH� G·pFRXOHPHQW�� FH� TXL� DVVXUH� XQH�
LQIOXHQFH� GX� V\VWqPH� VXSUD�ODU\QJp� VXU� O·pFRXOHPHQW� GDQV� OH� FRQGXLW� YRFDO� HW� GRQF� HQ� SDUWLFXOLHU� VXU�
O·DPSOLWXGH�GHV�VRXUFHV�DXVVL�ELHQ�GH�YRLVHPHQW�TXH�GH�EUXLW��
�

H0 LG PS

A
g
(t)

N(t)
dUg(t)

dt

Low frequency 
aerodynamic 

model

JH, LH, LP, TB, TD, TA, TT, LY, LV

∆pg ∆pc Sagittal function

Articulatory 

model

Ac(t)

Conversion to  

area function

Two-mass 

model
Noise source

∆pc

Speech sound

Ag(t) (low-pass filtered)

Area function
Reflection-

line analogue

Ac(t)

�
)LJXUH�����'HVFULSWLRQ�VFKpPDWLTXH�GX�V\QWKpWLVHXU�DUWLFXODWRLUH��

2. Synthèse articulatoire par copie 
­� FH� VWDGH�� O·XQ� GH� QRV� REMHFWLIV� PDMHXUV� pWDLW� G·pYDOXHU� OHV� SRVVLELOLWpV� GH� QRWUH� V\QWKpWLVHXU�

DUWLFXODWRLUH��HQ�SDUWLFXOLHU�SRXU�OHV�FRQVRQQHV�IULFDWLYHV�GX�IUDQoDLV��HW�G·DOOHU�DXVVL�ORLQ�TXH�SRVVLEOH�GDQV�
O·LPLWDWLRQ� GX� VXMHW�3�;�� 1RWUH� DSSURFKH� D� GRQF� pWp� EDVpH� VXU� OD� V\QWKqVH� DUWLFXODWRLUH� SDU� FRSLH�� TXL�
FRQVLVWH�j�FRQVWUXLUH�GHV�WUDMHFWRLUHV�DUWLFXODWRLUHV�DXVVL�SURFKHV�TXH�SRVVLEOH�GH�FHOOHV�GX�VXMHW��
1RXV�DYRQV�UpDOLVp�XQ�HQUHJLVWUHPHQW�YLGpR�GX�VXMHW�3�;�SURQRQoDQW�OHV����FRPELQDLVRQV�9�&9��GHV�

FRQVRQQHV�IULFDWLYHV�IUDQoDLVHV�[Y�]�Z]�GDQV�WRXV�OHV�FRQWH[WHV�YRFDOLTXHV�SRVVLEOHV��9��HW�9��pWDQW�FKRLVLV�
SDUPL�[L�D�X]��/HV� IRUPDQWV�pWDQW�SOXV�IDFLOHV�j�GpWHFWHU�GDQV� OHV�IULFDWLYHV�YRLVpHV�TXH�GDQV� OHV�VRXUGHV��
VHXOHV�OHV�IULFDWLYHV�YRLVpHV�RQW�pWp�HQUHJLVWUpHV��
/HV� WUDMHFWRLUHV� GHV� FRPPDQGHV� VXSUD�ODU\QJpHV� RQW� pWp� GpWHUPLQpHV� HQ� XWLOLVDQW� OD� PpWKRGH�

G·LQYHUVLRQ�GpFULWH�j�OD�VHFWLRQ�(����
/HV�WURLV�SDUDPqWUHV�GH�FRQWU{OH�GHV�VRXUFHV�DFRXVWLTXHV��36��+��HW�/*��RQW�pWp�GpWHUPLQpV�SDU�XQH�

VWUDWpJLH�FRPPXQH�j�WRXWHV�OHV�VpTXHQFHV�YRLVpHV�TXL�FRQVLVWDLW�j�������PDLQWHQLU�OD�SUHVVLRQ�VRXV�JORWWLTXH�
36�j����FP�+�2�HW�OD�ORQJXHXU�GHV�FRUGHV�YRFDOHV�/*�j�����FP�SHQGDQW�WRXWH�OD�VpTXHQFH������DIIHFWHU�j�OD�
KDXWHXU� GH� OD� JORWWH� DX� UHSRV�+�� XQH� YDOHXU� GH� �����FP� SHQGDQW� OHV� YR\HOOHV�� XQH� YDOHXU� GH� ������FP�
SHQGDQW�OHV�IULFDWLYHV��XQH�VLJPRwGH�DVVXUDQW�O·LQWHUSRODWLRQ�HQWUH�FHV�FLEOHV���
1RXV�DYRQV�pJDOHPHQW�JpQpUp�XQH�YHUVLRQ�GH�FHV�VpTXHQFHV�FRQWHQDQW�OHV�IULFDWLYHV�VRXUGHV�DVVRFLpHV��

HQ�XWLOLVDQW�OHV�PrPHV�WUDMHFWRLUHV�SRXU�OHV�DUWLFXODWHXUV�VXSUD�ODU\QJpV��8QH�YDOHXU�GH�����FP�pWDLW�DIIHFWpH�
j�+�� j� O·LQVWDQW� GH�PLQLPXP�G·LQWHQVLWp� GX� VRQ�GDQV� OH� VHJPHQW� IULFDWLI�� DILQ� G·DVVXUHU� OD� FHVVDWLRQ�GX�
YRLVHPHQW�SHQGDQW�OD�FRQVRQQH��&H�JHVWH�JORWWDO�GRLW�rWUH�VRLJQHXVHPHQW�FRRUGRQQp�DYHF�OD�WUDMHFWRLUH�GH�
OD�FRQVWULFWLRQ�RUDOH�DILQ�G·REWHQLU�GHV�IULFDWLYHV�VRXUGHV�UpDOLVWHV��6FXOO\�	�$OOZRRG���������0F*RZDQ�HW�
DO�����������/D�)LJXUH���LOOXVWUH�FHWWH�FRRUGLQDWLRQ�SRXU�OHV�VpTXHQFHV�[DSD]�HW�[DZD]��
�
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)LJXUH�����([HPSOH�GH�WUDMHFWRLUHV�GHV�SDUDPqWUHV�$F��$J��∆3J�HW�8�SRXU�OD�IULFDWLYH�VRXUGH�[DSD]��WUDLW�JUDV��HW�SRXU�OD�
IULFDWLYH�YRLVpH�[DZD]��WUDLW�ILQ�� 

3. Evaluation perceptive 
8Q�WHVW�G·pYDOXDWLRQ�SHUFHSWLYH�QRXV�D�SHUPLV�G·pYDOXHU�OD�TXDOLWp�GHV�VRQV�V\QWKpWLVpV��'L[�DXGLWHXUV�

IUDQoDLV�QDwIV�RQW�pWp�VRXPLV�j�XQ�WHVW�j�FKRL[�IRUFp�XQLTXH�DILQ�G·pYDOXHU�WURLV�MHX[�GH�VWLPXOL�������OH�VRQ�
GHV� VpTXHQFHV� GH� IULFDWLYHV� YRLVpHV� HQUHJLVWUpHV� HQ� YLGpR�� ���� OHV� FRSLHV� YRLVpHV� REWHQXHV� SDU� V\QWKqVH�
DUWLFXODWRLUH�� HW� ���� OHV� YHUVLRQV� VRXUGHV� GH� FHV� PrPHV� VWLPXOL��� /HV� DXGLWHXUV� GHYDLHQW� LGHQWLILHU� SRXU�
FKDTXH� VWLPXOXV� OD� FRQVRQQH� SDUPL� VL[� UpSRQVHV� SRVVLEOHV��� [v z Z f s S].� /HV� WDX[� G·LGHQWLILFDWLRQ�
UpVXOWDQWV� VRQW� TXDVLPHQW� LGHQWLTXHV� SRXU� OHV� VWLPXOL� RULJLQDX[� ��������� HW� OHV� VWLPXOL� V\QWKpWLTXHV�
����������&HV�UpVXOWDWV��TXL�QH�VRQW�SDV�YUDLPHQW�VXUSUHQDQWV��VRQW�GXV�j� OD�IRLV�j� OD�ERQQH�TXDOLWp�GH�OD�
V\QWKqVH�� HW� DX� IDLW� TXH� [s S]� VRQW� OHV� IULFDWLYHV� OHV� SOXV� IDFLOHPHQW� LGHQWLILDEOHV� GDQV� Q·LPSRUWH� TXHOOH�
ODQJXH��HW�TXH�[I]�HVW�WRXMRXUV�ELHQ�GLVWLQJXp�GH�[s S]��

4. Conclusion 
/HV�GLIIpUHQWV�PRGXOHV�GH�QRWUH�V\QWKpWLVHXU�DUWLFXODWRLUH�RQW�pWp�pYDOXpV�LQGpSHQGDPPHQW�OHV�XQV�GHV�

DXWUHV�SDU�FRPSDUDLVRQ�DYHF� OHV�GRQQpHV� VXU� OHVTXHOOHV� LOV� VRQW�EDVpV�� HW�TX·LOV�GRLYHQW�rWUH�FDSDEOHV�GH�
UHSUpVHQWHU�� /H� WUDYDLO� GH� V\QWKqVH� DUWLFXODWRLUH� SDU� FRSLH� SUpVHQWp� FL�GHVVXV� FRQVWLWXH� XQH� VRUWH� GH�
YDOLGDWLRQ�XOWLPH�GX�V\QWKpWLVHXU��GH�O·LQWpJUDWLRQ�GH�WRXV�VHV�PRGXOHV��HW�GH�OD�SRVVLELOLWp�GH�GpWHUPLQHU�
GHV� FRPPDQGHV� TXL� SURGXLVHQW� XQH� V\QWKqVH� DUWLFXODWRLUH� GH� SDUROH� G·H[FHOOHQWH� TXDOLWp�� ,O� YDOLGH�
pJDOHPHQW�QRWUH�FKRL[�G·XQH�DSSURFKH�DQWKURSRPRUSKLTXH��
1RWRQV� TX·HQ� IDLW�� ELHQ� TXH� OD� V\QWKqVH� DUWLFXODWRLUH� DLW� pWp� SURSRVpH� HW� pWXGLpH� GHSXLV� GH� WUqV�

QRPEUHXVHV� DQQpHV� �&RNHU� �������� RX� 6FXOO\� ��������� OH� QRPEUH� GH� V\QWKpWLVHXUV� DUWLFXODWRLUHV� XWLOLVpV�
DFWXHOOHPHQW�HVW�DVVH]�OLPLWp��.U|JHU�HW�DO����������5XELQ�HW�DO����������'DQJ�HW�DO�����������'H�SOXV��PDOJUp�
XQ� FHUWDLQ� QRPEUH� G·pWXGHV� LQWpUHVVDQWHV� FRQVDFUpHV� j� OD� PRGpOLVDWLRQ� DUWLFXODWRLUHV� GHV� FRQVRQQHV�
IULFDWLYHV��)ODQDJDQ�	�,VKL]DND���������6FXOO\�	�$OOZRRG���������0F*RZDQ�HW�DO����������RX�6LQGHU��.UDQH�
	� )ODQDJDQ� ��������� LO� VHPEOH� TX·DXFXQ� WUDYDLO� V\VWpPDWLTXH� VXU� OD� V\QWKqVH� GH� VpTXHQFHV� 9R\HOOH� ²�
&RQVRQQH�IULFDWLYH�²�9R\HOOH�Q·DLW�pWp�PHQp�HW�pYDOXp�MXVTX·DX�QLYHDX�SHUFHSWLI��

                                                      
��&HV�VRQV�VRQW�DFFHVVLEOHV�j�O·DGUHVVH�KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�$FWD$FXVWLFDB6RXQGV�KWPO�
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III. BILAN ET PERSPECTIVES 
­�FH�QLYHDX�GX�PpPRLUH��DYDQW�GH�SURSRVHU�GHV�SLVWHV�SRXU� O·DYHQLU�� LO�HVW� WHPSV�G·HIIHFWXHU�XQ�ELODQ�

JOREDO�GHV�WUDYDX[�SUpVHQWpV���

A. Les acquis 
,O� HVW� WRXMRXUV� VWLPXODQW� GH� UHJDUGHU� YHUV� O·DYHQLU�� HW� LQGLVSHQVDEOH� GH� UHVWHU� PRGHVWH� GHYDQW� OD�

FRPSOH[LWp�G·XQ�REMHW�G·pWXGH�WHO�TXH�OD�SDUROH�HW�GHYDQW�OH�FKHPLQ�TXL�UHVWH�j�SDUFRXULU�SRXU�SUpWHQGUH�j�OH�
PDvWULVHU� WDQW� VRLW�SHX�� ,O� HVW�FHSHQGDQW�XWLOH�²�HW� UpFRQIRUWDQW�²�GH� MHWHU�XQ�FRXS�G·±LO� HQ�DUULqUH�� HW�GH�
PHVXUHU� OD� GLVWDQFH� SDUFRXUXH� HQWUH� OHV� SUHPLHUV� PRGqOHV� GH� YR\HOOHV� VWDWLTXHV� HQ� RQGHV� SODQHV� HW� OHV�
PRGqOHV� WULGLPHQVLRQQHOV�DFWXHOV�FDSDEOHV�GH�UHSURGXLUH�GHV�WUDQVLWLRQV�9&9��RX�OD�V\QWKqVH�DUWLFXODWRLUH�
GHV�FRQVRQQHV�IULFDWLYHV��
/HV�DFTXLV�VH�UpVXPHQW�VRXYHQW�j�GHV�FKLIIUHV�GDQV�XQ�RUGLQDWHXU��GRQQpHV��SURJUDPPHV���PDLV�OH�SOXV�

LPSRUWDQW� UpVLGH� ELHQ� V�U� GDQV� OD� PpWKRGRORJLH� HW� OH� VDYRLU�IDLUH�� HW� DXVVL� GDQV� OHV� SULQFLSHV� TXL� VRXV�
WHQGHQW�OD�GpPDUFKH�GX�FKHUFKHXU��-H�SUpVHQWH�G·DERUG�XQ�ELODQ�UDSLGH�GHV�DFTXLV�FRQFUHWV�GH�PRQ�WUDYDLO�
GH� UHFKHUFKH� GDQV� OD� SUpVHQWH� VHFWLRQ�� HQ� WHQWDQW� G·pYLWHU� GH� WUDQVIRUPHU� OH� WH[WH� HQ� OLVWH� GH� UDWRQV�
ODYHXUV�«�

1. Données et dispositifs expérimentaux 
&RPPH� MH� O·DL� ORQJXHPHQW� GpFULW� SOXV� KDXW�� MH�PH� VXLV� LQWpUHVVp� j� XQ� FHUWDLQ� QRPEUH� GH� WHFKQLTXHV�

H[SpULPHQWDOHV�GH�PHVXUHV�GH�SDUDPqWUHV�OLpV�DX[�QLYHDX[�SpULSKpULTXHV�GH�OD�SURGXFWLRQ�GH�OD�SDUROH��/D�
SOXSDUW� GHV� GLVSRVLWLIV� VRQW� FRQoXV� SRXU� DFTXpULU� GHV�PHVXUHV� LQ� YLYR��� EDQF� GH�PHVXUH� GH� IRQFWLRQV� GH�
WUDQVIHUW�DFRXVWLTXH�GX�FRQGXLW�YRFDO��PDVTXH�SQHXPRWDFKRPpWULTXH�SRXU�OD�PHVXUH�GH�O·pFRXOHPHQW�HW�GHV�
SUHVVLRQV� GDQV� OH� FRQGXLW�� FLQpUDGLRJUDSKLH� HW� DUWLFXORJUDSKLH� pOHFWURPDJQpWLTXH� SRXU� OH�PRXYHPHQW�� HW�
LPDJHULH� ,50�SRXU� OD� FDUDFWpULVDWLRQ� WULGLPHQVLRQQHOOH� GHV� DUWLFXODWHXUV�� VDQV� FRPSWHU� OD� YLGpR� SRXU� OHV�
PHVXUHV� WULGLPHQVLRQQHOOHV� GH� OqYUHV� HW� GH� YLVDJH�� 1RXV� GLVSRVRQV� DLQVL� G·XQ� HQVHPEOH� GH� GRQQpHV�
DUWLFXODWRLUHV� HW� DFRXVWLTXHV� FRPSOpPHQWDLUHV�� SRXU� OD� PDMRULWp� G·HQWUH� HOOHV� DFTXLVHV� VXU� OH� VXMHW� 3�;�
SURQRQoDQW�� GDQV� GHV� FRQGLWLRQV� WUqV� PDvWULVpHV�� OHV� PrPHV� FRUSXV� VRLJQHXVHPHQW� FRQoXV�� &HV� FRUSXV�
FRPSUHQQHQW�� VXLYDQW� OHV� WHFKQLTXHV� XWLOLVpHV�� OHV� YR\HOOHV� HW� OHV� FRQVRQQHV� GX� IUDQoDLV� DUWLILFLHOOHPHQW�
VRXWHQXHV�� DLQVL� TXH� GHV� VpTXHQFHV� 9&9� IDLVDQW� LQWHUYHQLU� DX� PD[LPXP� OHV� DUWLFXODWLRQV� YRFDOLTXHV�
H[WUrPHV��D�L�X�\����
1RXV� DYRQV� GRQF� DFTXLV� XQ� VDYRLU�IDLUH� UHFRQQX� GDQV� FH� GRPDLQH� H[SpULPHQWDO�� FH� TXL� QRXV� D� HQ�

SDUWLFXOLHU�DLGp�j�FRQYDLQFUH�OH�&156�G·DIIHFWHU�XQ�SRVWH�G·LQJpQLHXU�GH�UHFKHUFKH�j�O·,&3�SRXU�PDLQWHQLU�HW�
GpYHORSSHU�FHWWH�DFWLYLWp�GH�PHVXUHV��0DLV�DXVVL��HW�VXUWRXW��FH�VDYRLU�IDLUH�IRQGH�OH�GpYHORSSHPHQW�GH�QRV�
PRGqOHV�GH�SURGXFWLRQ��

2. Modèles 
1RXV� GLVSRVRQV� DXMRXUG·KXL� G·XQH� SDQRSOLH� GH� PRGqOHV� DUWLFXODWRLUHV� OLQpDLUHV�� PpGLRVDJLWWDX[� HW�

WULGLPHQVLRQQHOV��$X�FRXUV�GX�GpYHORSSHPHQW�GH�FHV�PRGqOHV��QRXV�DYRQV�SX�LGHQWLILHU�OHV�GHJUpV�GH�OLEHUWp�
DUWLFXODWRLUHV�DVVRFLpV�DX[�VXMHWV�j�O·RULJLQH�GH�FHV�PRGqOHV��'HV�GHJUpV�GH�OLEHUWp�WRXW�j�IDLW�VLPLODLUHV�RQW�SX�
rWUH�LGHQWLILpV�SRXU�OHV�GLIIpUHQWV�ORFXWHXUV��PrPH�VL�FHV�ORFXWHXUV�SHXYHQW�XWLOLVHU�GHV�VWUDWpJLHV�GH�FRQWU{OH�
SDUIRLV� WUqV� GLIIpUHQWHV�� 5DSSHORQV� TXH� OHV� FRUSXV� XWLOLVpV� QH� FRQWLHQQHQW� TXH� GHV� WkFKHV� GH� SDUROH�� HQ�
H[SUHVVLRQ�QHXWUH�GH�PDQLqUH�JpQpUDOH��PDLV�j�O·H[FOXVLRQ�GH�WRXV�DXWUHV�PRXYHPHQWV�WHOV�TXH�PDVWLFDWLRQ�
RX�GpJOXWLWLRQ�TXL�LPSOLTXHQW�G·DXWUHV�GHJUpV�GH�OLEHUWp��,O�V·HVW�DXVVL�DYpUp�TXH��GDQV�XQH�ODUJH�PHVXUH��OHV�
GHJUpV�GH�OLEHUWp�GHV�RUJDQHV�WULGLPHQVLRQQHOV�VRQW�SUpGLFWLEOHV�j�SDUWLU�GHV�GHJUpV�GH�OLEHUWp�GDQV�OH�SODQ�
PpGLRVDJLWWDO��
1RXV� SRVVpGRQV� pJDOHPHQW� XQ� HQVHPEOH� GH� PRGqOHV� G·pFRXOHPHQW� G·DLU�� GH� VRXUFHV� DFRXVWLTXHV� GH�

YRLVHPHQW� HW� GH� EUXLW� GH� IULFWLRQ�� HW� GH� SURSDJDWLRQ� HW� UD\RQQHPHQW� DFRXVWLTXH� GDQV� OHV� GRPDLQHV�
WHPSRUHOV�HW�RX�IUpTXHQWLHOV��
1RXV�DYRQV�DLQVL�SX�pWXGLHU�OHV�UHODWLRQV�DUWLFXODWRUL�DFRXVWLTXHV��HQ�PHWWDQW�HQ�SDUWLFXOLHU�HQ�pYLGHQFH�

OHV�DIILOLDWLRQV�IRUPDQWV���FDYLWpV�HW�OHV�PDFUR�VHQVLELOLWpV��/D�GpFRPSRVLWLRQ�GH�WUDQVLWLRQV�9&9�HQ�GHJUpV�
GH�OLEHUWp�D�GpYRLOp�GHV�VWUDWpJLHV�GH�FRPSHQVDWLRQ�HQWUH�DUWLFXODWHXUV�TXL�QH�VRQW�SDV�OLVLEOHV�GLUHFWHPHQW�
VXU�OHV�FRQWRXUV�VDJLWWDX[��

                                                      
��-DFTXHV�3UpYHUW��,QYHQWDLUH��GDQV�3DUROHV��������
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1RXV� DYRQV� SDU� DLOOHXUV� PRQWUp� OD� SUpFLVLRQ� QpFHVVDLUH� GH� OD� FRRUGLQDWLRQ� GHV� JHVWHV�

JORWWH���FRQVWULFWLRQ� RUDOH� ORUV� GH� OD� SURGXFWLRQ� GHV� FRQVRQQHV� IULFDWLYHV� YRLVpHV�� HQ� OLDLVRQ� DYHF� OHV�
LQWHUDFWLRQV�HQWUH�VRXUFHV�HW�FRQGXLW�YRFDO��
(QILQ��QRXV�DYRQV�SX�GpYHORSSHU�GHV�SURFpGXUHV�G·LQYHUVLRQ��EDVpHV�VXU�OH�FRQFHSW�GH�URERWLTXH�GH�OD�

SDUROH��TXL�SHUPHWWHQW�GH�UHFRQVWUXLUH�DYHF�XQH�ERQQH�ILDELOLWp�OHV�WUDMHFWRLUHV�GHV�SDUDPqWUHV�GH�FRQWU{OH�
DUWLFXODWRLUH�j�SDUWLU�GH�O·DFRXVWLTXH��PrPH�VL�FH�SUREOqPH�G·LQYHUVLRQ�HVW�XQ�SUREOqPH�PDO�SRVp�D�SULRUL��
&HW� HQVHPEOH� GH� GRQQpHV� HW� GH� PRGqOHV� FRQVWLWXH� XQH� pWDSH� LPSRUWDQWH� GDQV� QRV� HIIRUWV� GH�

FRPSUpKHQVLRQ�HW�GH�PRGpOLVDWLRQ�GH�OD�SURGXFWLRQ�GH�OD�SDUROH���

3. Une première tête parlante audiovisuelle tridimensionnelle 
3DU�WrWH�SDUODQWH��QRXV�HQWHQGRQV�O·LQWpJUDWLRQ�GDQV�XQ�URERW�DUWLFXODWRLUH�DQWKURSRPRUSKLTXH�GH�O·HQVHPEOH�GHV�

PRGqOHV�TXL� LQWHUYLHQQHQW�GDQV� OHV�SURFHVVXV�SpULSKpULTXHV�GH�SURGXFWLRQ�GH� OD�SDUROH� WHOV�TXH�QRXV� OHV�
DYRQV� GpFULWV� GDQV� OHV� VHFWLRQV� SUpFpGHQWHV� GH� FH�PpPRLUH�� &RPPH� OH� V\QWKpWLVHXU� DUWLFXODWRLUH�� OD� WrWH�
SDUODQWH� HVW� FRQWU{OpH� SDU� GHV� SDUDPqWUHV� DUWLFXODWRLUHV� VXSUD�ODU\QJpV� HW� GHV� SDUDPqWUHV� GH� FRQWU{OH�
JORWWLTXH���PDLV�GH�PDQLqUH�EHDXFRXS�FRPSOqWH��HOOH�GRQQH�j�HQWHQGUH�HW�DXVVL�j�YRLU�OHV�FRQVpTXHQFHV�GH�FHV�
JHVWHV� DUWLFXODWRLUHV�� HW� FH� GH� PDQLqUH� LQWULQVqTXHPHQW� FRKpUHQWH�� SXLVTXH� OHV� VLJQDX[� DFRXVWLTXHV� HW�
RSWLTXHV� SURGXLWV� VRQW� OHV� FRQVpTXHQFHV� GHV� PrPHV� SKpQRPqQHV� DUWLFXODWRLUHV�� /·LQWpUrW� GH� O·DSSURFKH�
DQWKURSRPRUSKLTXH� VH� VLWXH� HQ� SDUWLFXOLHU� j� FH� QLYHDX�� ­� O·LQYHUVH�� OHV� YLVDJHV� SDUODQWV� QH� SRVVqGHQW� SDV�
G·DUWLFXODWHXUV�LQWHUQHV�QL�GH�PRGpOLVDWLRQ�DUWLFXODWRUL�DFRXVWLTXH��HW�QH�SURGXLVHQW�SDV�LQWULQVqTXHPHQW�GH�
VLJQDO� DFRXVWLTXH� GH� SDUROH��� LOV� SHXYHQW� VLPSOHPHQW� rWUH� V\QFKURQLVpV� GH� PDQLqUH� SOXV� RX� PRLQV�
VRSKLVWLTXpH�DYHF�GHV�V\VWqPHV�GH�V\QWKqVH�GH�SDUROH��
1RXV� DYRQV� GRQF� SXLVp� GDQV� QRWUH� SDQRSOLH� GH�PRGqOHV� SRXU� FRQVWUXLUH� XQH� SUHPLqUH� WrWH� SDUODQWH�

DXGLRYLVXHOOH� WULGLPHQVLRQQHOOH�� RX� SOXW{W� GLIIpUHQWHV� YHUVLRQV� GH� WrWH� SDUODQWH�� /D� )LJXUH� ��� LOOXVWUH� OHV�
GLIIpUHQWHV�FRPELQDLVRQV�TXH�QRXV�DYRQV�H[SORUpHV��/H�F±XU�GX�V\VWqPH��SRXU�O·LQVWDQW�VLPXOp�KRUV�WHPSV�
UpHO�� HVW� WRXMRXUV� FRQVWLWXp� G·XQ�PRGqOH� DUWLFXODWRLUH�� �'�RX� �'��� OHV� IRUPHV� HW� SRVLWLRQV� GHV� GLIIpUHQWV�
DUWLFXODWHXUV� GpOLYUpV� SDU� OH� PRGqOH� DUWLFXODWRLUH� VHUYHQW� HQVXLWH� G·XQH� SDUW� j� JpQpUHU� GHV� LPDJHV� GHV�
DUWLFXODWHXUV�HW�GH�OD�WrWH�SDUODQWH��HW�G·DXWUH�SDUW�j�FDOFXOHU�SRXU�FKDTXH�LQVWDQW�OD�IRQFWLRQ�G·DLUH�DVVRFLpH��
OHV� VRXUFHV� DFRXVWLTXHV� HW� OH� VRQ� UD\RQQp�� HQ� WHQDQW� FRPSWH� j� OD� IRLV� GH� OD� FRRUGLQDWLRQ� HQWUH� JORWWH� HW�
FRQGXLW� YRFDO� HW� DXVVL� GH� O·LQWHUDFWLRQ� HQWUH� VRXUFHV� HW� FRQVWULFWLRQV�� 'LYHUVHV� VpTXHQFHV� DXGLRYLVXHOOHV�
SHXYHQW�HQVXLWH�rWUH�DVVHPEOpHV�HW�MRXpHV���
�

�D� �E� �F��

)LJXUH� ����� ([HPSOHV� GH� GLYHUVHV� PRGDOLWpV� GH� WrWH� SDUODQWH��� �D�� PRGqOH� PpGLRVDJLWWDO� GH� ODQJXH�� PRGqOH� �'� GH� OqYUHV��
PkFKRLUH����E��PRGqOH��'�GH�ODQJXH��PkFKRLUH����F��PRGqOH��'�GH�OqYUHV���YLVDJH��PkFKRLUH��

4. Quelques références à l’état de l’art 
8Q�FHUWDLQ�QRPEUH�GHV� WUDYDX[�GH� UHFKHUFKH�SUpVHQWpV�GDQV� FH�PpPRLUH�Q·D�SDV�G·pTXLYDOHQW�GDQV� OH�

PRQGH�� 4XHOTXHV� UDUHV� PRGqOHV� WULGLPHQVLRQQHOV� GH� ODQJXH� EDVpV� XQH� PRGpOLVDWLRQ� SK\VLTXH� RQW� pWp�
GpYHORSSpV� �:LOKHOPV�7ULFDULFR� ��������'DQJ�	�+RQGD� �����D����&RKHQ��%HVNRZ�	�0DVVDUR� �������RQW�
GpYHORSSp�XQ�PRGqOH�OLQpDLUH�EDVp�VXU�GHV�FRXUEHV�VSOLQHV��PDLV�FH�PRGqOH�HVW�FRQWU{Op�SDU�XQ�QRPEUH�WUqV�
pOHYp� GH� SDUDPqWUHV� HW� QH� VXLW� SDV� O·DSSURFKH� TXL� FRQVLVWH� j� GpWHUPLQHU� OHV� YUDLV� GHJUpV� GH� OLEHUWp� GH� OD�
ODQJXH� SRXU� OD� SDUROH�� /H� PRGqOH� ODQJXH� TXH� M·DL� SUpVHQWp� GDQV� FH� PpPRLUH� FRQVWLWXH� GRQF� OH� SUHPLHU�
PRGqOH��'�GpYHORSSp�SDU�DQDO\VH�HQ�FRPSRVDQWHV�OLQpDLUHV�j�SDUWLU�GH�GRQQpHV�YROXPpWULTXHV��1RWRQV�TXH�
(QJZDOO� �����E�� D� GpYHORSSp� XQ� PRGqOH� VLPLODLUH� HQ� VXLYDQW� OD� PrPH� PpWKRGH� j� SDUWLU� GHV� GRQQpHV�
REWHQXHV�HQ�FROODERUDWLRQ��(QJZDOO�	�%DGLQ����������

                                                      
��4XHOTXHV�XQHV�G·HQWUH�HOOHV�VRQW�DFFHVVLEOHV�VXU�OH�VLWH�KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�97+�636��KWPO�
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/D� VLWXDWLRQ� HVW� VHPEODEOH� SRXU� OHV� PRGqOHV� GH� OqYUHV� HW� GH� YLVDJH�� 8Q� QRPEUH� EHDXFRXS� SOXV�
LPSRUWDQWV� GH� PRGqOHV� D� pWp� GpYHORSSp� �FI�� %DLOO\�� 9DWLNLRWLV�%DWHVRQ�� %DGLQ�� 5HYpUHW� 	� <HKLD� �,Q�
SUHSDUDWLRQ�� SRXU� XQH� DQDO\VH� H[KDXVWLYH��� PDLV� VHXOV� FHX[� GH� %DWHVRQ� HW� VHV� FROOqJXHV� �FI�� 9DWLNLRWLV�
%DWHVRQ��.XUDWDWH��.DPDFKL�	�<HKLD���������VRQW�EDVpV�VXU�O·DQDO\VH�HQ�FRPSRVDQWHV�OLQpDLUHV�GH�GRQQpHV�
H[WUDLWHV�G·XQ�VXMHW�GH�UpIpUHQFH��HW�DLQVL�FRPSDUDEOHV�DX[�Q{WUHV���
%LHQ�TXH�OD�V\QWKqVH�DUWLFXODWRLUH�DLW�GpEXWp�LO�\�D�SOXVLHXUV�GpFHQQLHV��FI��&RNHU���������6FXOO\�	�$OOZRRG�

��������� OH�QRPEUH�GH�V\QWKpWLVHXUV�DUWLFXODWRLUHV�GLVSRQLEOHV�DXMRXUG·KXL�HVW�DVVH]�OLPLWp���FI��.U|JHU�HW�DO��
�������� 6WHYHQV�� %OXPVWHLQ��*OLFNVPDQ�� %XUWRQ�	�.XURZVNL� �������� 3�� %RHUVPD� ��������� (Q� SDUWLFXOLHU��
DXFXQH� pWXGH� V\VWpPDWLTXH� VXU� OD� V\QWKqVH� DUWLFXODWRLUH� GHV� FRQVRQQHV� IULFDWLYHV� Q·D� pWp� PHQpH� MXVTX·j�
SUpVHQW��1RWRQV� FHSHQGDQW� GHX[� DSSURFKHV� TXL�� ELHQ� TXH� Q·pWDQW� SDV� HQWLqUHPHQW� DUWLFXODWRLUHV�� GRLYHQW�
rWUH� FHSHQGDQW� FLWpHV�� ���� FHOOH� GH�0DHGD� �������� EDVpH� VXU� O·LQWHUSRODWLRQ�GH� IRQFWLRQV� G·DLUH� HQWUH�GHX[�
FLEOHV�YRFDOLTXHV�HW�XQH�FLEOH�FRQVRQDQWLTXH��TXL�Q·D�SDV�pWp�IRUPHOOHPHQW�pYDOXpH������FHOOH�GH�6WHYHQV�HW�DO��
�������TXL�XWLOLVHQW�DXVVL�XQH�DSSURFKH�FRPSRVLWH�GDQV�ODTXHOOH�OH�V\QWKpWLVHXU�HVW�HQ�IDLW�XQ�V\QWKpWLVHXU�j�
IRUPDQWV�SLORWp�SDU�GHV�WUDMHFWRLUHV�IRUPDQWLTXHV��(QILQ��XQ�WUDYDLO�PHQp�DX[�ODERUDWRLUHV�+DVNLQV�GHYUDLW�
pJDOHPHQW� rWUH� FLWp��� 0F*RZDQ� HW� DO�� ������� RQW� WHQWp� XQH� DSSURFKH� DUWLFXODWRLUH� GH� OD� SURGXFWLRQ� GH�
V\OODEHV� >D&D@�� PDLV� G·XQH� PDQLqUH� WUqV� OLPLWpH�� HW� VDQV� pYDOXDWLRQ� SHUFHSWLYH� GH� OD� TXDOLWp� GHV� VRQV�
V\QWKpWLVpV��HW�HQ�SDUWLFXOLHU�GHV�IULFDWLYHV��/H�WUDYDLO�SUpVHQWp�GDQV�FH�PpPRLUH�Q·D�GRQF�SDV�G·pTXLYDOHQW�
GDQV�OD�OLWWpUDWXUH��
3RXU� ILQLU� FH� UDSLGH� VXUYRO�� MH� GRLV�PHQWLRQQHU� TXH�PrPH� VL� OHV� EDVHV� GH� GRQQpHV� HQ�SURGXFWLRQ�GH�

SDUROH� VRQW� QRPEUHXVHV�� MH� QH� FRQQDLV� DXFXQH� EDVH� RULHQWpH� VXMHW� TXL� UDVVHPEOH� XQH� JUDQGH� YDULpWp� GH�
PHVXUHV�VXU�OHV�PrPHV�FRUSXV��

B. Les perspectives 
'DQV� OD� OLJQpH� GHV� WUDYDX[� TXH� MH� YLHQV� GH� SUpVHQWHU�� GLIIpUHQWHV� YRLHV� GRLYHQW� rWUH� SRXUVXLYLHV� RX�

H[SORUpHV��'·XQH�SDUW��LO�PH�VHPEOH�LQGLVSHQVDEOH�GH�FRQWLQXHU�j�GpYHORSSHU�HW�j�DPpOLRUHU�OHV�PRGqOHV�TXL�
FRQVWLWXHQW�OD�WrWH�SDUODQWH��HQ�VH�EDVDQW�WRXMRXUV�VXU�GHV�GRQQpHV�H[SpULPHQWDOHV�HW���RX�HQ�IDLVDQW�DSSHO�
DX[�SURJUqV�GDQV�OH�GRPDLQH�GH�O·DpURDFRXVWLTXH��'·DXWUH�SDUW��JUkFH�DX[�PpWKRGHV�HW�SURWRFROHV�GH�PHVXUH�
H[SpULPHQWDOH� TXH� QRXV� PDvWULVRQV�� M·HQYLVDJH� PDLQWHQDQW� O·HQUHJLVWUHPHQW� GH� SOXV� JUDQGV� FRUSXV� SRXU�
pWXGLHU� GH�PDQLqUH� SOXV� V\VWpPDWLTXH� OHV� VWUDWpJLHV� GH� SURGXFWLRQ�GH�SDUROH� G·XQ�RX�SOXVLHXUV� ORFXWHXUV��
(QILQ�� OH� WHPSV� HVW� YHQX� GH� PH� WRXUQHU� GH� PDQLqUH� SOXV� FRQFUqWH�� HQ� SDUWLFXOLHU� GDQV� OH� FDGUH� GX�
GpYHORSSHPHQW�GHV�67,&��YHUV�GHV�DSSOLFDWLRQV�FRPPH�OD�V\QWKqVH�DXGLRYLVXHOOH�j�SDUWLU�GX�WH[WH��OHV�FORQHV�
SRXU�OHV�WpOpFRPPXQLFDWLRQV��RX�O·DLGH�j�O·DSSUHQWLVVDJH�GHV�ODQJXHV��&HWWH�DFWLYLWp�VH�WURXYH�pJDOHPHQW�HQ�
SKDVH�DYHF�O·XQH�GHV�VHSW�WKpPDWLTXHV�SULRULWDLUHV�GX��H�3URJUDPPH�FDGUH�HXURSpHQ�GH�UHFKHUFKH�HW�GH�GpYHORSSHPHQW�
WHFKQRORJLTXH� HXURSpHQ� ��H� 3&5'�� ������������ OHV� 7HFKQRORJLHV� SRXU� OD� VRFLpWp� GH� O
LQIRUPDWLRQ�� HW� SOXV�
SDUWLFXOLqUHPHQW� OH� VRXV�WKqPH� GHV� LQWHUIDFHV� PXOWL�VHQVRULHOOHV� FDSDEOHV� GH� FRPSUHQGUH� HW� G
LQWHUSUpWHU�
O
H[SUHVVLRQ�QDWXUHOOH�GH�O
KRPPH�j�WUDYHUV�OHV�SDUROHV��OHV�JHVWHV�HW�OHV�GLIIpUHQWV�VHQV��

1. Données et modèles en production de parole 
5DSSHORQV� TXH� OH� FRQWU{OH� GH� OD� WrWH� SDUODQWH� VHUD� G
DXWDQW� SOXV� VLPSOH� TXH� QRWUH� PRGpOLVDWLRQ� GHV�

SKpQRPqQHV�DUWLFXODWRLUHV�HW�DpURDFRXVWLTXHV�LPSOLTXpV�GDQV�OD�SURGXFWLRQ�GH�OD�SDUROH�VHUD�SOXV�UpDOLVWH��

0RGpOLVDWLRQ�DUWLFXODWRLUH��1RXV�GLVSRVRQV�G·RUHV�HW�GpMj�GH�PRGqOHV��'�GH�ODQJXH��GH�OqYUHV��GH�YLVDJH��
HW� G·XQH� SUHPLqUH� pEDXFKH� GH� PRGqOH� GH� YHOXP�� ,O� HVW� FHSHQGDQW� LQGLVSHQVDEOH� G·DPpOLRUHU� HW� �� RX�
G·pWHQGUH� OD�PRGpOLVDWLRQ�GH�FHUWDLQV�RUJDQHV�SRXU�DERXWLU� j�XQH�PRGpOLVDWLRQ�DUWLFXODWRLUH�FRPSOqWH��$X�
QLYHDX� GHV� RUJDQHV�� QRXV� QRXV� LQWpUHVVHURQV� j� OD� SDUWLH� LQWHUQH� GHV� OqYUHV� �FHOOHV�FL� VRQW� SRXU� O·LQVWDQW�
VHXOHPHQW�PRGpOLVpHV�VRXV�OHXU�DVSHFW�YLVLEOH�GH�O·H[WpULHXU����OD�PRGpOLVDWLRQ�GH�OD�SRLQWH�GH�OD�ODQJXH�VHUD�
UDIILQpH��HQ�SDUWLFXOLHU�SRXU�QRXV�SHUPHWWUH�GDQV�OH�IXWXU�GH�WUDLWHU�GHV�DUWLFXODWLRQV�UpWURIOH[HV��VDQV�RXEOLHU�
GH� WUDLWHU� OD�FDYLWp� VRXV�OLQJXDOH�� LPSRUWDQWH�SRXU�FHUWDLQV� VRQV�FRPPH��S����XQ�PRGqOH�GH�YHOXP�HVW�HQ�
FRXUV�GH�GpYHORSSHPHQW���XQ�PRGqOH�GH�SDURLV�H[WHUQHV�GX�FRQGXLW�YRFDO��MRXHV��SDURLV�GHV�ODU\Q[��SKDU\Q[��
QDVRSKDU\Q[�� VHUD� PLV� HQ� ±XYUH� �� O·pSLJORWWH� SRXUUD� pJDOHPHQW� rWUH� PRGpOLVpH�� HQ� HVSpUDQW� REWHQLU� GHV�
IRUPDQWV�SOXV�SUpFLV�SRXU� OHV�DUWLFXODWLRQV�DUULqUH��&HWWH�DSSURFKH�GH�PRGpOLVDWLRQ�GH�FKDTXH�DUWLFXODWHXU�
XQ�SDU�XQ�SUpVHQWH�O·DYDQWDJH��SDU�UDSSRUW�j�PRQ�DSSURFKH�LQLWLDOH�GH�PRGpOLVDWLRQ�JOREDOH�GX�WX\DX�YRFDO��
GH�SHUPHWWUH�j�OD�IRLV�XQH�PRGpOLVDWLRQ�SOXV�GpWDLOOpH�GHV�GLIIpUHQWHV�FDYLWpV�GpOLPLWpHV�SDU�OHV�DUWLFXODWHXUV��
HW� OD�GpWHUPLQDWLRQ�G·XQH�IRQFWLRQ�G·DLUH�pYHQWXHOOHPHQW�WULGLPHQVLRQQHOOH�TXL�VHUYLUD�HQVXLWH�GH�SRLQW�GH�
GpSDUW�j�OD�PRGpOLVDWLRQ�DpURDFRXVWLTXH��
0RQ�DSSURFKH�JOREDOH�HQ�PRGpOLVDWLRQ�DUWLFXODWRLUH�VHUD�GRQF�GH�FRQWLQXHU�j�GpYHORSSHU�GHV�PRGqOHV�

OLQpDLUHV�� HQ�H[SORUDQW� OHXUV� OLPLWHV��PDLV� VDQV�H[FOXUH� OD�SRVVLELOLWp�GH�PHWWUH�HQ�±XYUH�GHV�QRQ�OLQpDULWpV��
PDLV�GH�PDQLqUH� ORFDOH��HW�VDQV�QLHU�O·LQWpUrW�GHV�PRGqOHV�ELRPpFDQLTXHV��HQ�SDUWLFXOLHU�SRXU�OHXU�DSWLWXGH�
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�
LQWULQVqTXH� j� OD� G\QDPLTXH�� $LQVL�� M·HQYLVDJH� GH� GpYHORSSHU� GHV�PRGqOHV� ORFDX[� GH� FRQWDFW� FDSDEOHV� GH�
SUHQGUH�HQ�FRPSWH�OD�GpIRUPDWLRQ�GHV�RUJDQHV�TXL�HQWUHQW�HQ�FRQWDFW�OHV�XQV�DYHF�OHV�DXWUHV�DYHF�XQH�IRUFH�
SOXV�RX�PRLQV�JUDQGH���
/H� GpYHORSSHPHQW� GH� OD� PRGpOLVDWLRQ� � DUWLFXODWRLUH� FRQWLQXHUD� j� � QpFHVVLWHU� O·DFTXLVLWLRQ� HW� �� RX� OH�

WUDLWHPHQW� GH� GRQQpHV� ,50� FRPSOpPHQWDLUHV�� ,O� HVW� DLQVL� LQGLVSHQVDEOH� G·DPpOLRUHU� OHV� WHFKQLTXHV� GH�
VHJPHQWDWLRQ�GH�FRQWRXUV��'�HQ�XWLOLVDQW�GHV�VXUIDFHV�VSOLQHV��HW�QRQ�SOXV�VLPSOHPHQW�GHV�FRXUEHV�VSOLQHV�
GDQV�GHV�FRQWRXUV�SODQV�� HQ�PrPH�WHPSV�TXH�GH�VXLYUH� OHV�SURJUqV�UDSLGHV�UpDOLVpV�HQ� LPDJHULH�PpGLFDOH�
SRXU�EpQpILFLHU�G·LPDJHV�GH�OD�PHLOOHXUH�TXDOLWp�SRVVLEOH�HW�GH�WHPSV�G·DFTXLVLWLRQ�OHV�SOXV�IDLEOHV�SRVVLEOH��

0RGpOLVDWLRQ� �DpUR�DFRXVWLTXH�� /D�PpWKRGH�7/0�GH�PRGpOLVDWLRQ� DFRXVWLTXH�� HQ� FRQMRQFWLRQ� DYHF� OD�
GHVFULSWLRQ� GpWDLOOpH� GH� OD� JpRPpWULH� WULGLPHQVLRQQHOOH� GX� FRQGXLW� YRFDO�� SHUPHWWUD� G
pYDOXHU� OHV� PRGHV�
WUDQVYHUVHV�GDQV�OD�JDPPH������N+]��HW�GH�GpWHUPLQHU�OH�GHJUp�GH�ILQHVVH�GH�OD�GHVFULSWLRQ�JpRPpWULTXH�GX�
FRQGXLW� YRFDO� UpHOOHPHQW� QpFHVVDLUH� SRXU� XQ� PRGqOH� GH� SURGXFWLRQ� GH� OD� SDUROH� GH� KDXWH� TXDOLWp�� HQ�
SDUWLFXOLHU� SRXU� OHV� FRQVRQQHV� IULFDWLYHV� SRXU� OHVTXHOOHV� OHV� VRXUFHV� G·H[FLWDWLRQ� VRQW� ORFDOLVpHV� HQ� GHV�
UpJLRQV�ELHQ�VSpFLILTXHV�GX�FRQGXLW�YRFDO��3DU�DLOOHXUV��GHV�PHVXUHV�FRPSOpPHQWDLUHV�VXU�GHV�PDTXHWWHV�HQ�
SOH[LJODV� HW� VXU� TXHOTXHV� VXMHWV� GHYUDLHQW� RXYULU� OD� YRLH� j� XQH�PHLOOHXUH�PRGpOLVDWLRQ� GX� FRXSODJH� HQWUH�
FRQGXLW�RUDO�HW�FRQGXLW�QDVDO��TXH�FH�FRXSODJH�VH�UpDOLVH�SDU�OH�SDVVDJH�YpOR�SKDU\QJp�RX�SDU�O·H[WpULHXU�HQWUH�
OqYUHV�HW�QDULQHV��
1RXV�DYRQV�YX�OD�JUDQGH�LPSRUWDQFH�GH�OD�FRRUGLQDWLRQ�JORWWH�²�FRQVWULFWLRQ�RUDOH���PRQ�REMHFWLI�GDQV�

FH�GRPDLQH�HVW�G·LQWpJUHU� OHV� UpFHQWV�GpYHORSSHPHQWV�GHV�PRGqOHV�G·pFRXOHPHQW�HW�G·LQWHUDFWLRQ� IOXLGH�²�
SDURLV��G·XQH�SDUW��HW�G·HIIHFWXHU�GHV�PHVXUHV�GH�PRXYHPHQW�GHV�FRUGHV�YRFDOHV�SDU�YLGpR�UDSLGH�G·DXWUH�
SDUW��DILQ�G·DPpOLRUHU�QRWUH�PRGpOLVDWLRQ�GHV�FRQVRQQHV�IULFDWLYHV�HW�RFFOXVLYHV��XQ�VpMRXU�G·XQH�VHPDLQH�DX�
5HVHDUFK�,QVWLWXWH�IRU�/RJRSHGLFV�DQG�3KRQLDWULFV�GH�O·8QLYHUVLWp�GH�7RN\R�P·D�GpMj�GRQQp�O·RFFDVLRQ�G·XWLOLVHU�XQH�
WHFKQLTXH�GH�YLVXDOLVDWLRQ�j������LPDJHV���VHFRQGHV�SRXU�OHV�FRUGHV�YRFDOHV���

([WHQVLRQ�j�GLIIpUHQWV�VXMHWV�²�QRUPDOLVDWLRQ�LQWHU�VXMHWV��,O�HVW�pYLGHQW�TX·LO�HVW�LPSRVVLEOH�GH�WLUHU�GHV�
FRQFOXVLRQV� XQLYHUVHOOHV� GH� UpVXOWDWV� REWHQXV� SRXU� XQ� VXMHW�� ,O� HVW� GRQF� LQGLVSHQVDEOH�� j� SDUWLU� GH�
O·H[SpULHQFH�LPSRUWDQWH�DFTXLVH�SRXU�XQ�VXMHW��G·pWXGLHU�G·DXWUHV�VXMHWV��&HWWH�DSSURFKH�D�GpMj�pWp�DPRUFpH��
DYHF�O·pWXGH�GHV�VXMHWV�-�;�HW�%�;�HQ�FLQpUDGLRJUDSKLH��'H�PrPH��XQ�VXMHW�VXpGRLV�D�pWp�HQUHJLVWUp�HQ�,50�
�'��WDQGLV�TXH�QRXV�DOORQV�pODERUHU�XQ�PRGqOH�DUWLFXODWRLUH�PpGLRVDJLWWDO�G·XQ�VXMHW�LWDOLHQ�j�SDUWLU�G·LPDJHV�
,50�PpGLRVDJLWWDOHV�� &HV� WUDYDX[� VRQW� QDWXUHOOHPHQW� PHQpV� GDQV� OH� FDGUH� GH� O·DSSURFKH� RULHQWpH� VXMHW�
GLVFXWpH�SOXV�KDXW�� DYHF� O·REMHFWLI�GH�FRPSDUHU� OHV� VWUDWpJLHV� LQGLYLGXHOOHV�� HW�G·HQ�WLUHU�GHV�SULQFLSHV�SOXV�
JpQpUDX[���
8Q� SUREOqPH� FUXFLDO� GDQV� OH� IXWXU� HVW� OD� QRUPDOLVDWLRQ� LQWHU�VXMHWV�� &HWWH� QRUPDOLVDWLRQ� GHYUD�

YUDLVHPEODEOHPHQW�rWUH�WUDLWpH�j�GHX[�QLYHDX[�DX�PRLQV��/·DQDWRPLH�GH�FKDTXH�VXMHW�HVW�VSpFLILTXH��HW�O·RQ�
SRXUUDLW� GRQF� GpILQLU� XQ�PRGqOH� DUWLFXODWRLUH� JpQpULTXH� DGDSWDEOH� j� FKDTXH� VXMHW� JUkFH� j� GHV� RSpUDWLRQV�
JpRPpWULTXHV� VLPSOHV� SRUWDQW� VXU� OH� V\VWqPH� GH� JULOOHV� VHUYDQW� j� GpFULUH� OHV� DUWLFXODWHXUV�� 8Q� GHX[LqPH�
QLYHDX�GH�QRUPDOLVDWLRQ�VHUDLW�FHOXL�GH�OD�VWUDWpJLH�DUWLFXODWRLUH�PLVH�HQ�±XYUH�SDU�OH�ORFXWHXU���HQ�IRQFWLRQ�
GH�VRQ�DQDWRPLH��HW�WUqV�SUREDEOHPHQW�HQ�IRQFWLRQ�G·DXWUHV�FULWqUHV�LQGLYLGXHOV�SOXV�GLIILFLOHV�j�FDUDFWpULVHU�
�WRQXV�PXVFXODLUH�SDU� H[HPSOH��� FKDTXH� ORFXWHXU�YD� DGRSWHU�GHV� VWUDWpJLHV�DUWLFXODWRLUHV�TXL�SHXYHQW�rWUH�
WUqV�GLIIpUHQWHV��/HV�V\QHUJLHV�SOXV�RX�PRLQV�IRUWHV�HQWUH�PkFKRLUH�HW�ODQJXH�RQW�GpMj�pWp�pYRTXpHV�GDQV�FH�
PpPRLUH���QRXV�DYRQV�pJDOHPHQW�REVHUYp�OHV�GLIIpUHQFHV�GH�MHX�GH�OqYUHV�HQWUH�3�;�HW�-�;��-�;�SUpVHQWH�
XQH�YDULDELOLWp�H[WUrPHPHQW�IDLEOH�VXU�OD�IRUPH�GHV�OqYUHV�SRXU�OHV�FRQVRQQHV�IULFDWLYHV�ODELRGHQWDOHV��DORUV�
TXH�SRXU�3�;�OH�FRQWH[WH�YRFDOLTXH�LQIOXH�ODUJHPHQW�VXU�OD�IRUPH�HW�OD�SRVLWLRQ�GHV�OqYUHV�GH�OD�FRQVRQQH���
/·DQDO\VH� 3$5$)$&� �3DUDOOHO� )DFWRU� $QDO\VLV��� TXL� FRQVWLWXH� XQH� H[WHQVLRQ� GH� O·$&3� EDVpH� VXU�
O·LQWURGXFWLRQ� G·XQH� PDWULFH� LQWHUPpGLDLUH� VXSSOpPHQWDLUH� GDQV� OD� GpFRPSRVLWLRQ� �+DUVKPDQ� 	� /XQG\�
��������� GpMj� pWp� H[SORUpH� SDU�1L[�� 3DSFXQ��+RJGHQ�	�=ORNDUQLN� �������� HW� SOXV� UpFHPPHQW� SDU�+RROH�
��������SRXUUDLW�VH�UpYpOHU�XQH�SLVWH�LQWpUHVVDQWH��

9DULDELOLWp� HW� HVSDFHV� VSDWLR�WHPSRUHOV� PXOWL�SDUDPpWULTXHV�� /D� SURGXFWLRQ� GH� OD� SDUROH� HVW� XQ�
SKpQRPqQH� pPLQHPPHQW� YDULDEOH�� TXH� FH� VRLW� DX� QLYHDX� VHJPHQWDO� DYHF� OD� FRDUWLFXODWLRQ�� RX� DX� QLYHDX�
VXSUDVHJPHQWDO�DYHF� OD�YDULDWLRQ�GX�VW\OH�GH�YRL[�HW�G
pORFXWLRQ��,O�HVW�GRQF�QDWXUHO�GH�V·LQWpUHVVHU�j�FHWWH�
YDULDELOLWp�HW�G·HVVD\HU�GH� OD�FDUDFWpULVHU�GDQV� OHV�GLIIpUHQWV�HVSDFHV�DX[TXHOV�QRXV�DYRQV�DFFqV��DXVVL�ELHQ�
VXU� OH� SODQ� H[SpULPHQWDO� TXH� VXU� FHOXL� GH� OD� PRGpOLVDWLRQ�� 'LYHUV� SDUDGLJPHV� SHXYHQW� LQGXLUH� GH� OD�
YDULDELOLWp�HQ�SURGXFWLRQ�GH� OD�SDUROH��� O·pWXGH�G·XQ�FHUWDLQ�QRPEUH�G·HQWUH�HX[�IDLW�SDUWLH�GH�PHV�SURMHWV�
GDQV�OHV�DQQpHV�j�YHQLU��
-XVTX·j�SUpVHQW�� OHV�FRUSXV�GH�GRQQpHV�XWLOLVpV�SRXU�OH�GpYHORSSHPHQW�GHV�PRGqOHV�pWDLHQW�HQUHJLVWUpV�

GDQV�GHV�FRQGLWLRQV�G·pORFXWLRQ�SDUIDLWHPHQW�FRQWU{OpHV��GDQV�XQ�VW\OH�QHXWUH��SOXW{W�K\SHU�DUWLFXOp�HW�j�XQH�
YLWHVVH� G·pORFXWLRQ� SOXW{W� OHQWH� �DILQ� G·DVVXUHU� G·DWWHLQGUH� OHV� H[WUrPHV� GHV� SRVVLELOLWpV� GHV� DUWLFXODWHXUV���



� %LODQ�HW�SHUVSHFWLYHV� 3DJH����
�

�

�
�

VDQV�PHQWLRQQHU�FHUWDLQV�FRUSXV��FRPPH�FHX[�XWLOLVpV�SRXU�O·,50��FRQVWLWXpV�G·DUWLFXODWLRQV�DUWLILFLHOOHPHQW�
VRXWHQXHV��/·XQ�GH�PHV�REMHFWLIV�HVW�PDLQWHQDQW�GH�VXVFLWHU�GH�OD�YDULDELOLWp�FRQWU{OpH�HQ�GRQQDQW�DX�VXMHW�
GHV� FRQVLJQHV� G·pORFXWLRQ� GLIIpUHQWHV��� SDUROH� K\SHU�� RX� K\SR�DUWLFXOpH� JUkFH� j� O·HIIHW� /RPEDUG� �SDUROH�
SURGXLWH� GDQV� XQ� HQYLURQQHPHQW� IRUWHPHQW� EUXLWp��� DYHF� pYHQWXHOOHPHQW� GHV� FRQVLJQHV� G·LQVLVWDQFH��
GLIIpUHQWV� VW\OHV� GH� YRL[� �FKXFKRWpH�� FULpH��� HW� DXVVL� HQ� WHQWDQW� G·DERUGHU� FHUWDLQV� W\SHV� G·pPRWLRQ� RX�
G·DWWLWXGH��VRXULUH��SHXU��GpJR�W��HWF����
3RXU� pWXGLHU� FHV� SKpQRPqQHV�� LO� HVW� GRQF� LQGLVSHQVDEOH� GH� GLVSRVHU� GH�PDVVHV� SOXV� LPSRUWDQWHV� GH�

GRQQpHV� DUWLFXODWRLUHV�� DpURG\QDPLTXHV� HW� DFRXVWLTXHV��(Q�FRPELQDQW� OHV�PpWKRGHV�GLUHFWHV�G
DFTXLVLWLRQ�
GH�GRQQpHV�HW�OHV�PpWKRGHV�G
LQYHUVLRQ�PLVHV�DX�SRLQW�FHV�GHUQLqUHV�DQQpHV��LO�HVW�PDLQWHQDQW�HQYLVDJHDEOH�
GH�UHFXHLOOLU�GHV�GRQQpHV�FRKpUHQWHV��V\QFKURQLVpHV�HQWUH� OHV�GLIIpUHQWV�HVSDFHV�FRQFHUQpV��HQ�XWLOLVDQW�HQ�
SDUWLFXOLHU�OHV�PpWKRGHV�GH�IXVLRQ�GH�GRQQpHV���SRXU�XQ�JUDQG�QRPEUH�GH�FRQWH[WHV��
&HV�EDVHV�GH�GRQQpHV�SRXUURQW�DORUV�VHUYLU�j�GpWHUPLQHU�OHV�HVSDFHV�GH�UpDOLVDWLRQ�GHV�GLIIpUHQWV�SKRQqPHV��

VRXV�IRUPH�G·HVSDFHV�GH�UpDOLVDWLRQ�GH�FLEOHV�VSDWLR�WHPSRUHOOHV�GDQV�SOXVLHXUV�GRPDLQHV���DUWLFXODWRLUH��JpRPpWULTXH�
�GHVFULSWLRQ� GH� OD� JpRPpWULH� GX� FRQGXLW� YRFDO�� HQ� SDUWLFXOLHU� WDLOOH� HW� HPSODFHPHQW� GHV� FRQVWULFWLRQV���
DpURG\QDPLTXH� �SUHVVLRQV� HW� YLWHVVH� G·pFRXOHPHQW� GH� O·DLU��� HW� DFRXVWLTXH� �IRUPDQWV��� ,O� V·DJLW�GRQF��SRXU�
FKDTXH�FRUSXV�UHSUpVHQWDWLI�G·XQH�FRQGLWLRQ�SDUWLFXOLqUH�G·pORFXWLRQ��G·pWXGLHU�OD�UpSDUWLWLRQ�VWDWLVWLTXH�GHV�
UpDOLVDWLRQV� GDQV� OHV� GLIIpUHQWV� GRPDLQHV�� DLQVL� TXH� OHXUV� LQWHUDFWLRQV�� 5DSSHORQV� SDU� H[HPSOH� TXH� OHV�
YR\HOOHV�SRVVqGHQW� OD�SOXSDUW�GX�WHPSV�GHV�IRUPDQWV�SHX�GLVSHUVpV��PDLV�TXH�OD�SRVLWLRQ�GHV�DUWLFXODWHXUV�
FRUUHVSRQGDQW�SHXW�SUpVHQWHU�XQH�GLVSHUVLRQ�EHDXFRXS�SOXV�JUDQGH��HQ�SDUWLFXOLHU�SRXU�OHV�YR\HOOHV�EDVVHV���
j� O·LQYHUVH�� OHV� IRUPDQWV� G·XQH� FRQVRQQH� SHXYHQW� rWUH� WUqV� YDULDEOHV�� PrPH� VL� OH� OLHX� JpRPpWULTXH�
G·DUWLFXODWLRQ� HVW� WUqV� ILQHPHQW� VSpFLILp�� /·pWDSH� VXLYDQWH� FRQVLVWHUD� HQVXLWH� j� pWXGLHU� OHV� YDULDWLRQV�� HQ�
IRQFWLRQ� GHV� GLIIpUHQWHV� FRQGLWLRQV� G·pORFXWLRQ�� GH� FHV� HVSDFHV� PXOWL�SDUDPpWULTXHV� TXH� %DLOO\� �������
QRPPH�FDUWHV�VHQVRUL�PRWULFHV��%DLOO\�D�GpMj�SURSRVp�XQ�FDGUH�j�FH�WUDYDLO��HW�UpDOLVp�XQH�SUHPLqUH�pWXGH�VXU�OHV�
FRQVRQQHV� SORVLYHV��� GH� PRQ� F{Wp�� M·DL� pWDEOL� SRXU� OHV� FRQVRQQHV� IULFDWLYHV� YRLVpHV� OHV� FRQGLWLRQV� GH�
PDLQWLHQ�VLPXOWDQp�GX�YRLVHPHQW�HW�GX�EUXLW�GH�IULFWLRQ��,O�V·DJLW�PDLQWHQDQW�GH�SRXUVXLYUH�FH�W\SH�GH�WUDYDLO�
GH�PDQLqUH�EHDXFRXS�SOXV�H[WHQVLYH��HQ�O·pWHQGDQW�j�WRXWHV�OHV�FDWpJRULHV�GH�SKRQqPHV��

2. Têtes parlantes et applications 
&HWWH�VHFWLRQ�SUpVHQWH�XQ�FHUWDLQ�QRPEUH�G·DSSOLFDWLRQV�GHV�WrWHV�SDUODQWHV��TXL�FRUUHVSRQGHQW�VRLW�j�GHV�

SURMHWV�TXL�YLHQQHQW�GH�GpPDUUHU��VRLW�j�GHV�LGpHV�TXL�GHPDQGHQW�j�rWUH�FRQFUpWLVpHV��

,QWpJUDWLRQ�HW�GpYHORSSHPHQW�G·XQH�WrWH�SDUODQWH�DXGLRYLVXHOOH�GRXpH�GH�UpDOLWp�DXJPHQWpH��1RXV�
DYRQV� GpMj� pYRTXp� XQH� SUHPLqUH� WrWH� SDUODQWH� DXGLRYLVXHOOH�� TXL� SRXYDLW� rWUH� SUpVHQWpH� VRXV� GLYHUVHV�
DSSDUHQFHV��/·LQWpJUDWLRQ�GDQV�FH�FDGUH�GHV�PRGqOHV�pYRTXpV�SOXV�KDXW�GHYUDLW�FRQGXLUH�j�XQH�WrWH�SDUODQWH�
GH�SOXV�HQ�SOXV�UpDOLVWH��3OXV�VSpFLILTXHPHQW��DX�GHOj�GH�OD�YDOLGLWp�GHV�PRGqOHV�DUWLFXODWRLUHV�HW�DFRXVWLTXHV�
FRQVWLWXDQW� OD� EDVH� GH� OD� WrWH� SDUODQWH�� OHV� DVSHFWV� GH� SUpVHQWDWLRQ� YLVXHOOH� VRQW� WUqV� LPSRUWDQWV� GDQV� FH�
GRPDLQH�� 'HV� DYDQFpHV� GpMj� WUqV� LPSRUWDQWHV� RQW� pWp� UpFHPPHQW� UpDOLVpHV� j� O·,&3� DX� QLYHDX� GH� OD�
SUpVHQWDWLRQ�GH� OD� WrWH�HW�GH� OD� WH[WXUH�GX�YLVDJH��5HYpUHW��%DLOO\��%RUHO�	�%DGLQ������E���%DLOO\��5HYpUHW��
%RUHO�	�%DGLQ���������5HYpUHW��%DLOO\�	�%DGLQ������D���(OLVHL��2GLVLR��%DLOO\�	�%DGLQ����������FRPPH�HQ�
WpPRLJQHQW�OHV�H[HPSOHV�GH�OD�)LJXUH�����/·H[LVWHQFH�GHV�PRGqOHV�DUWLFXODWRLUHV�G·RUJDQHV�WHOV�TXH�OD�ODQJXH�
RX�OH�YHOXP�RIIUH�FODLUHPHQW�GHV�FDSDFLWpV�GH�UpDOLWp�DXJPHQWpH���HQ�HIIHW�LO�HVW�PDLQWHQDQW�SRVVLEOH�G·DIILFKHU�
FHV� DUWLFXODWHXUV�� TXL� VRQW� HQ� JpQpUDO� SDUWLHOOHPHQW� RX� WRWDOHPHQW� FDFKpV��'HX[� SLVWHV� SULQFLSDOHV� VHURQW�
H[SORUpHV�GDQV�FH�VHQV���O·XWLOLVDWLRQ�GH�OD�WUDQVSDUHQFH��F·HVW�j�GLUH�UHQGUH�SOXV�RX�PRLQV�WUDQVSDUHQWV�FHUWDLQV�
RUJDQHV� TXL� PDVTXHQW� FHX[� TXH� O·RQ� VRXKDLWH� SOXV� SDUWLFXOLqUHPHQW� REVHUYHU� �YRLU� )LJXUH� ��F�G��� HW�
O·XWLOLVDWLRQ�GH�O·pFRUFKp��WHFKQLTXH�ELHQ�FRQQXH�GDQV�OH�GRPDLQH�PpGLFDO�TXL�FRQVLVWH�j�GpFRXSHU�HW�UHWLUHU��GH�
PDQLqUH�YLUWXHOOH����FHUWDLQHV�SDUWLHV�GH�FHUWDLQV�RUJDQHV�DILQ�GH�SHUPHWWUH�GH�GpFRXYULU�FHX[�TXL�VRQW�VLWXpV�
SOXV� HQ� SURIRQGHXU�� 8QH� QRXYHOOH� YRLH� V·RXYUH� GRQF� YHUV� O·DQLPDWLRQ� G·XQH� WrWH� SDUODQWH� YLUWXHOOH�
WULGLPHQVLRQQHOOH� GDQV� ODTXHOOH� LO� HVW� SRVVLEOH� GH� IDLUH� DSSDUDvWUH� OHV� RUJDQHV� VRXKDLWpV�� HW� TXL� SHXW�
QDWXUHOOHPHQW� rWUH� pJDOHPHQW� DIILFKpH� VRXV� O·DQJOH� GpVLUp�� /HV� GLIIpUHQWHV� YHUVLRQV� GH� WrWH� SDUODQWH� TXL�
VHURQW� GpYHORSSpHV� GHYURQW� QDWXUHOOHPHQW� IDLUH� O·REMHW� G·XQH� pYDOXDWLRQ� SHUFHSWLYH� V\VWpPDWLTXH�� TXL�
SHUPHWWH� GH� TXDQWLILHU� OHV� JDLQV� RX� OHV� SHUWHV� OLpV� j� WHOOH� RX� WHOOH� FDUDFWpULVWLTXH� SDUWLFXOLqUH��� LO� VHUD� HQ�
SDUWLFXOLHU�WUqV�LPSRUWDQW�GH�TXDQWLILHU�O·DSSRUW�GH�OD�UpDOLWp�DXJPHQWpH���
�
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)LJXUH������([HPSOHV�GH�GpYHORSSHPHQWV�UpFHQWV�GH�OD�WrWH�SDUODQWH����D��PRGqOH�SDUWLHO�GH�YLVDJH�WH[WXUp���E��PRGqOH�GH�YLVDJH�
WH[WXUp� DYHF� XQH� WH[WXUH� SOXV� QDWXUHOOH�� �F�� HW� �G�� YLVDJHV� VHPL�WUDQVSDUHQW� ODLVVDQW� DSHUFHYRLU� OHV� RUJDQHV� LQWHUQHV� HQ�PRGH�
UpDOLWp�DXJPHQWpH���

6\QWKqVH� DUWLFXODWRLUH� DXGLRYLVXHOOH�� /D� WrWH� SDUODQWH� HW� O·HQVHPEOH� GHV� GRQQpHV� DUWLFXODWRLUHV� HW�
DFRXVWLTXHV�TXL� VRQW�SURJUHVVLYHPHQW�DFFXPXOpHV�SHUPHWWHQW�G·HQYLVDJHU� OH�GpYHORSSHPHQW�G·XQ�V\VWqPH�
GH� V\QWKqVH� DUWLFXODWRLUH� DXGLRYLVXHOOH� j� SDUWLU� GX� WH[WH�� 5HYpUHW� HW� DO�� �����D�� RQW� pODERUp� XQH� SUHPLqUH�
pEDXFKH�j�O·,&3��K\EULGH�HQ�FH�VHQV�TXH�VHXOV�OH�YLVDJH�HW�OHV�OqYUHV�VRQW�UHSUpVHQWpV�SDU�XQH�PRGpOLVDWLRQ�
DUWLFXODWRLUH�DORUV�TXH� OH�VRQ�HVW�SURGXLW�SDU�XQH�FRQFDWpQDWLRQ�GH�SRO\SKRQHV�PDQLSXOpV�SDU� OD�PpWKRGH�
362/$�� 3RXU� pODERUHU� XQ� V\VWqPH� GH� V\QWKqVH� DUWLFXODWRLUH� FRPSOHW�� LO� IDXGUDLW� DFTXpULU� OHV� GRQQpHV�
DUWLFXODWRUL�DFRXVWLTXHV� QpFHVVDLUHV� j� OD� GHVFULSWLRQ�GH� WRXV� OHV�SKRQqPHV�G
XQH� ODQJXH� VRXV� OD� IRUPH�GH�
SDWURQV� GpFULYDQW� OHV� FLEOHV� YRFDOLTXHV� HW� FRQVRQDQWLTXHV� GDQV� XQ� HVSDFH� PXOWLSOH� DUWLFXODWRLUH� ��
JpRPpWULTXH���DFRXVWLTXH��'DQV�OH�FDGUH�G·DSSURFKH�URERWLTXH�GH�OD�SDUROH��OH�V\VWqPH�SRXUUDLW�DORUV�RIIULU�XQH�
VRXSOHVVH� WHOOH�TX·LO� VRLW�SRVVLEOH�GH� UHSURGXLUH� OHV� VWUDWpJLHV�XWLOLVpHV�SDU� OHV�KXPDLQV�SRXU�V
DGDSWHU�DX[�
QpFHVVLWpV�GH�FRPPXQLFDWLRQ�HW�DX[�FRQGLWLRQV�G
HQYLURQQHPHQW��SURSULpWpV�pPLQHPPHQW�LQWpUHVVDQWHV�DX�
QLYHDX�GHV�DSSOLFDWLRQV�WHFKQRORJLTXHV��

$LGH�j�OD�SURQRQFLDWLRQ�GHV�ODQJXHV�pWUDQJqUHV��/HV�DSSOLFDWLRQV�GH�V\QWKqVH�DXGLRYLVXHOOH�EDVpHV�VXU�OD�
WrWH�SDUODQWH�QH�IRQW�SDV�DSSHO�DX[�SRVVLELOLWpV�GH�UpDOLWp�DXJPHQWpH�pYRTXpHV�SOXV�KDXW��3DU�FRQWUH��FHWWH�
FDUDFWpULVWLTXH�� DVVRFLpH� DX[� SRVVLELOLWpV� G·H[SpULPHQWDWLRQ� GH� OD� UHODWLRQ� DUWLFXODWRUL�DFRXVWLTXH�� RXYUH� OD�
YRLH� j�GHV� DSSOLFDWLRQV�RULJLQDOHV�GDQV� OH�GRPDLQH�GH� O·DLGH� j� O
DSSUHQWLVVDJH�GH� OD�SURQRQFLDWLRQ� �%DGLQ��
%DLOO\�	�%Rs������D�����
,O�HVW�OpJLWLPH�GH�VXSSRVHU�TXH��SRXU�O·DSSUHQDQW�G·XQH�ODQJXH�pWUDQJqUH��XQH�ERQQH�SHUFHSWLRQ�HW�XQH�

ERQQH�UHFRQQDLVVDQFH�GHV�VRQV���DUWLFXODWLRQV�QRXYHDX[�FRQVWLWXH�XQ�SUp�UHTXLV�j� O·DSSUHQWLVVDJH�GH�OHXU�
SURGXFWLRQ�� (Q� G·DXWUHV� WHUPHV�� LO� HVW� GLIILFLOH� G·DSSUHQGUH� j� SURQRQFHU� GHV� VRQV� TXH� O·RQ� QH� VDLW� SDV�
UHFRQQDvWUH� RX� GLVFULPLQHU� FRUUHFWHPHQW�� &HWWH� VLWXDWLRQ� HVW� ELHQ� FRQQXH� FKH]� OHV� HQIDQWV� VRXUGV� TXL�
SUpVHQWHQW�GHV� UHWDUGV�GH�GpYHORSSHPHQW�GX� ODQJDJH� OLpV� j� OHXU� LPSRVVLELOLWp�GH�SHUFHYRLU�DXGLWLYHPHQW� OHV�
VRQV��&·HVW�DLQVL�TX·XQ�HQVHLJQDQW�FRPPH�-HDQ�*X\�/H�%HO�GDQV�VRQ�7UDLWp�GH� FRUUHFWLRQ�SKRQpWLTXH�SRQFWXHOOH�
�/H�%HO���������SU{QH�OD�PpWKRGH�DUWLFXODWRLUH��RX�DSSURFKH�FRJQLWLYH��EDVpH�VXU�O·LGpH�TXH�O·DSSUHQDQW�GRLW�DFTXpULU�
XQH� FRQQDLVVDQFH� H[SOLFLWH� GX� IRQFWLRQQHPHQW� GH� VRQ� FRQGXLW� YRFDO� ²� DXWUHPHQW� GLW� GHV� UHODWLRQV�
DUWLFXODWRUL�DFRXVWLTXHV�²�SRXU�O·DSSUHQWLVVDJH�GH�OD�SURQRQFLDWLRQ��&HUWDLQV�GHV�JUDQGV�PR\HQV�TX·LO�SURSRVH�
GDQV� OH�GRPDLQH�GH� OD�FRUUHFWLRQ�SKRQpWLTXH�VRQW�GLUHFWHPHQW� OLpV�j� OD�SHUFHSWLRQ�HW� j� OD�SURGXFWLRQ��� OD�
GLVFULPLQDWLRQ� DXGLWLYH� �RQ�QH�SHXW�SURQRQFHU�ELHQ�TXH�FH�TXH� O·RQ�SHUoRLW�ELHQ��� OD� FRPSRVLWLRQ�DUWLFXODWRLUH� HW�
DFRXVWLTXH��OH�SURFHVVXV�G·DSSUHQWLVVDJH�VHUD�G·DXWDQW�SOXV�HIILFDFH�TXH�O·DSSUHQDQW�VHUD�PLHX[�FRQVFLHQW�GH�
O·DUWLFXODWHXU� DXTXHO� LO� GRLW� SUrWHU� DWWHQWLRQ� DILQ� GH� UpVRXGUH� XQ� SUREOqPH� VSpFLILTXH��� HW� OD� SKRQpWLTXH�
FRPELQDWRLUH� �GLYHUV� HIIHWV� GH� FRDUWLFXODWLRQ� SHXYHQW� rWUH� XWLOLVpV� SRXU� FRQGXLUH� DX� ERQ� JHVWH� DUWLFXODWRLUH�
SRXU�XQ�SKRQqPH�QRXYHDX�GRQQp���
,O� HVW� GRQF� LPSRUWDQW� SRXU� O·HQVHLJQDQW� G·XQH� GHX[LqPH� ODQJXH� �/��� G·rWUH� FDSDEOH� GH� PHWWUH� HQ�

pYLGHQFH�� HW� SRXU� O·DSSUHQDQW� G·LQWHUQDOLVHU�� OHV� UHODWLRQV� HQWUH� OHV� JHVWHV� DUWLFXODWRLUHV� HW� OHV� VRQV� UpVXOWDQWV�� /HV�
SULQFLSDOHV� WkFKHV� GH� O·HQVHLJQDQW� VRQW� GRQF��� ���� G·pYDOXHU� HW� G·DPpOLRUHU� OHV� FDSDFLWpV� GH� O·DSSUHQDQW� j�
SHUFHYRLU� OHV� YR\HOOHV� HW� OHV� FRQVRQQHV� GH� OD� /��� HW� ���� G·pODERUHU� XQH� PpWKRGRORJLH� YLVDQW� j� DLGHU�
O·DSSUHQDQW�j�GpFRXYULU�OHV�VWUDWpJLHV�DUWLFXODWRLUHV�DSSURSULpHV�j�OD�SURGXFWLRQ�GHV�VRQV�TX·LO���HOOH�D�DSSULV�
j�SHUFHYRLU��
3XLVTX·HOOH�FRQVWLWXH�XQ�PRGqOH�GHV�UHODWLRQV�DUWLFXODWRUL�DFRXVWLTXHV��OD�WrWH�SDUODQWH�FRQVWLWXH�XQ�RXWLO�

GH�FKRL[�GDQV�OH�GRPDLQH�GH�O·DSSUHQWLVVDJH�GH�OD�SURQRQFLDWLRQ��/·HQVHLJQDQW�YD�SRXYRLU�HQ�HIIHW�O·XWLOLVHU�
SRXU� PDQLSXOHU� GH� PDQLqUH� FRQWU{OpH� OHV� DUWLFXODWLRQV� HW� OHV� VLJQDX[� DXGLRYLVXHOV� GH� SDUROH� DVVRFLpV�� HW�

                                                      
��'HV�DQLPDWLRQV�SHXYHQW�rWUH�WURXYpHV�VXU�OH�VLWH�KWWS���ZZZ�LFS�LQSJ�IU�aEDGLQ�73B$SSOLFDWLRQV�KWPO�
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JpQpUHU� OHV� VWLPXOL� QpFHVVDLUHV� j� O·DSSUHQWLVVDJH� SHUFHSWLI� GH� O·DSSUHQDQW�� ,O� SRXUUD� DXVVL� PHQHU� GHV�
H[SpULHQFHV� YLVDQW� j� GpYHORSSHU� OHV� VWUDWpJLHV� IDFLOLWDQWHV� SU{QpHV� SDU� OD� SKRQpWLTXH� FRPELQDWRLUH�� HQ�
pGLWDQW�OHV�WUDMHFWRLUHV�GHV�SDUDPqWUHV�GH�FRQWU{OH�GH�OD�WrWH�SDUODQWH�TXL�DXURQW�pWp�DX�SUpDODEOH�H[WUDLWV�GH�
EDVHV�GH�GRQQpHV��REWHQXV�SDU� LQYHUVLRQ�RX�HQFRUH�JpQpUpV�SDU�XQ�V\VWqPH�GH�V\QWKqVH�j�SDUWLU�GX�WH[WH��
8Q�GLFWLRQQDLUH�GH�ERQQHV�LGpHV�SRXUUDLW�DLQVL�rWUH�SURJUHVVLYHPHQW�FRQVWUXLW�SDU�O·HQVHLJQDQW���
'DQV� FH� FDGUH�� OHV� SRVVLELOLWpV� GH� UpDOLWp� DXJPHQWpH� GH� OD� WrWH� SDUODQWH� DSSRUWHQW� XQH� FRQWULEXWLRQ�

VXSSOpPHQWDLUH�WUqV� LQWpUHVVDQWH��/H�FDV�GX��\[�HQ�IUDQoDLV�LOOXVWUH�FHW�LQWpUrW���OH��\[�QH�ILJXUDQW�SDV�GDQV�
O·LQYHQWDLUH�SKRQRORJLTXH�G·XQ�FHUWDLQ�QRPEUH�GH�ODQJXHV��LWDOLHQ��MDSRQDLV��DUDEH�«���QRPEUH�G·pWUDQJHUV�
RQW�GHV�GLIILFXOWpV�j�OH�SURQRQFHU�FRUUHFWHPHQW��&HWWH�GLIILFXOWp�HVW�WUqV�YUDLVHPEODEOHPHQW�GXH�HQ�SDUWLH�DX�
IDLW� TXH� OD� GLIIpUHQFH� HQWUH��\[� HW� �X[� Q·HVW� SDV� YLVLEOH�� SXLVTXH� GXH� VHXOHPHQW� j� XQ�PRXYHPHQW� DYDQW�
DUULqUH�GH�OD� ODQJXH��3RXYRLU�PRQWUHU� OHV�PRXYHPHQWV�GH�ODQJXH�DVVRFLpV�GHYUDLW�IDFLOLWHU�FRQVLGpUDEOHPHQW�
FHWWH�DSSUHQWLVVDJH��/·H[HPSOH�G·XQH�H[SpULHQFH�GH�FRPSHQVDWLRQ�GH�O·HIIHW�G·XQ�WXEH�ODELDO�FRQIRUWH�O·LGpH�
TXH� GHV� LQGLFDWLRQV� VXU� OHV�ERQQHV�PDQ±XYUHV� DUWLFXODWRLUHV� j�PHWWUH� HQ�±XYUH�SHXYHQW� IRUWHPHQW� DLGHU�
O·DSSUHQDQW� GDQV� VRQ� DSSUHQWLVVDJH�� (Q� HIIHW�� j� O·RFFDVLRQ� G·XQ� WUDYDLO� VXU� OD� QDWXUH� GHV� UHSUpVHQWDWLRQV�
LQWHUQHV�GH�OD�SDUROH�SRXU�OHV�ORFXWHXUV��6DYDULDX[�HW�DO���������RQW�PHQp�XQH�H[SpULHQFH�DX�FRXUV�GH�ODTXHOOH�
GHV�ORFXWHXUV�pTXLSpV�G·XQ�WXEH�ODELDO�GH�GLDPqWUH�FRQVpTXHQW�GHYDLHQW�SURQRQFHU�OD�YR\HOOH�IUDQoDLVH��X[���
OD� SOXSDUW� GHV� VXMHWV� QH� UpDOLVqUHQW� OH� IRUW�PRXYHPHQW� GH� UHFXO� GH� OD� ODQJXH� QpFHVVDLUH� SRXU� SURGXLUH� OD�
YR\HOOH�TXH�ORUVTX·RQ�OHXU�GRQQD�FODLUHPHQW�OD�SLVWH�YHUV�OD�VROXWLRQ��j�VDYRLU�SURQRQFHU�XQ��R[�HW�WHQGUH�
HQVXLWH� JUDGXHOOHPHQW� YHUV� XQ� ERQ� �X�[� FRPSHQVp�� /D�PLVH� HQ� pYLGHQFH� HW� OD� GpPRQVWUDWLRQ� GH� JHVWHV�
IDFLOLWDQWV�VHPEOHQW�GRQF�SRXYRLU�MRXHU�XQ�U{OH�LPSRUWDQW�GDQV�O·DSSUHQWLVVDJH�GH�FHUWDLQV�VRQV��
/D�WrWH�SDUODQWH�DXGLRYLVXHOOH�YLUWXHOOH�VHPEOH�GRQF�rWUH�XQ�RXWLO�TXL�SHXW�VH�UpYpOHU�LQWpUHVVDQW�GDQV�OH�

GRPDLQH�GH�O·DSSUHQWLVVDJH�GH�OD�SURQRQFLDWLRQ��GDQV�OH�FDGUH�GHV�QRXYHOOHV�WHFKQRORJLHV�SRXU�O·pGXFDWLRQ��
/·XQ�GH�PHV�REMHFWLIV�VHUD�GH�WHVWHU�FHV�SRVVLELOLWpV�HQ�FROODERUDWLRQ�DYHF�GHV�HQVHLJQDQWV��

5pKDELOLWDWLRQ� GHV� GpILFLHQWV� DXGLWLIV�� 2Q� SHXW� VXSSRVHU� TXH� O·LQWHUORFXWHXU� FKHUFKH�� GH� PDQLqUH�
JpQpUDOH��j�UHWURXYHU��SDU�WRXV�OHV�FDQDX[�VHQVRULHOV�j�VD�GLVSRVLWLRQ��OD�UpDOLWp�PRWULFH�GH�OD�SDUROH��F·HVW�j�
GLUH�OHV�PRXYHPHQWV�GHV�DUWLFXODWHXUV��/D�YLVLRQ��TXL�VHUW�HQ�JpQpUDO�VHXOHPHQW�j�FRPSOpWHU�OHV�LQIRUPDWLRQV�
DXGLWLYHV��GRLW�FDUUpPHQW�OHV�UHPSODFHU��ORUVTXH�O·DXGLWLRQ�HVW�GpILFLHQWH��FRPPH�F·HVW�OH�FDV�SRXU�OHV�VRXUGV�
DYHF� OD� OHFWXUH� ODELDOH� �&DWKLDUG� ��������� &HSHQGDQW� OD� OHFWXUH� ODELDOH� VHXOH� HVW� ORLQ� GH� SRXYRLU� IRXUQLU�
VXIILVDPPHQW� G·LQIRUPDWLRQ� SRXU� SHUPHWWUH� j� O·DXGLWHXU� �RX� SOXW{W� DX� YLVLRQQHXU���� GH� SHUFHYRLU� RX� GH�
UHFRQVWLWXHU�O·HQVHPEOH�GX�IOX[�GH�SDUROH��,O�SHXW�GRQF�rWUH�LQWpUHVVDQW�G·DVVRFLHU�DX�V\VWqPH�WUDGLWLRQQHO�GH�
OD�FRPPXQLFDWLRQ�SDUOpH�G
DXWUHV�VLJQDX[�JHVWXHOV��/H�SURMHW�©�7rWH�SDUODQWH�DXGLRYLVXHOOH�YLUWXHOOH���5pDOLWp�
DXJPHQWpH�HW�/DQJDJH�3DUOp�&RPSOpWp� �/3&��SRXU� OD�UpKDELOLWDWLRQ�GHV�GpILFLHQWV�DXGLWLIV�ª�YLVH�j�pYDOXHU�
GHX[�PRGDOLWpV�FRPSOpPHQWDLUHV��OD�UpDOLWp�DXJPHQWpH�HW�OH�/3&��FRPPH�RXWLOV�G·DLGH�j�OD�UpKDELOLWDWLRQ�GHV�
GpILFLHQWV� DXGLWLIV��/HV� VLJQDX[�YLVXHOV�GX�/3&� �&RUQHWW� �������� VRQW�SURGXLWV�SDU� OHV�PRXYHPHQWV�GH� OD�
PDLQ�HW�GHV�GRLJWV�GX�ORFXWHXU��SODFpV�SUqV�GX�YLVDJH��HW�IRXUQLVVHQW�OHV�LQIRUPDWLRQV�PDQTXDQWHV�FDU�QRQ�
YLVLEOHV� �VXU� OH�YRLVHPHQW�� OD�QDVDOLWp��RX� OHV�PRXYHPHQWV�FDFKpV�GH� OD� ODQJXH���/H�SURMHW�GHYUDLW�PRQWUHU�
TXH� OD� WrWH� SDUODQWH� HQ�PRGH� UpDOLWp� DXJPHQWpH�� DVVRFLpH� j� XQH�PDLQ� GH� V\QWKqVH� TXL� FRGH�GHV� LQIRUPDWLRQV�
PDQTXDQWHV� VHORQ� OD�PRGDOLWp� /3&�� SHXW� FRQVWLWXHU� XQ� RXWLO� IDFLOLWDQW� O·DFFqV� j� O·RUDO� FKH]� OHV� GpILFLHQWV�
DXGLWLIV��GqV�OH�SOXV�MHXQH�kJH��HQ�SHUPHWWDQW�G·DFTXpULU�GHV�VWUDWpJLHV�DUWLFXODWRLUHV�DXVVL�ELHQ�SRXU�OD�ODQJXH�
PDWHUQHOOH�TXH�SRXU�XQH�ODQJXH�VHFRQGH��

&ORQHV�HW�WpOpFRPPXQLFDWLRQV��/D�WrWH�SDUODQWH�FRQVWLWXH�XQ�YpULWDEOH�FORQH��RX�DYDWDU��GX�ORFXWHXU�TXL�D�
VHUYL�GH�EDVH�j�VRQ�GpYHORSSHPHQW��/HV�PpWKRGHV�TXH�QRXV�DYRQV�XWLOLVpHV�SRXU�OH�WRXW�SUHPLHU�ORFXWHXU�
YRQW� j� O·pYLGHQFH� V·DPpOLRUHU� GH�PDQLqUH� FRQVLGpUDEOH�� HQ�SDUWLFXOLHU� GDQV� OH� VHQV� GH� O·DXWRPDWLVDWLRQ�GX�
WUDYDLO��/D�FUpDWLRQ�GH�FORQHV�SRXU�GH�QRXYHDX[�ORFXWHXUV�GHYLHQW�DLQVL�GH�SOXV�HQ�SOXV�IDFLOH�HW�UDSLGH��FH�
TXL� D� SHUPLV� GH� GpPDUUHU� GHV� SURMHWV� GH� WUDQVPLVVLRQ� GH� SDUROH� DXGLRYLVXHOOH� GDQV� OH� GRPDLQH� GHV�
WpOpFRPPXQLFDWLRQV�� 7HPSR�9DOVH� HW� $5786�� /HV� FORQHV� GH� ORFXWHXUV� SDUWLFXOLHUV� SRXUURQW� rWUH� DXVVL�
FRQVWUXLWV�FRPPH�GHV�DGDSWDWLRQV�G·XQ�FORQH�JpQpULTXH��VRUWH�GH�FORQH�UHSUpVHQWDWLI�G·XQ�ORFXWHXU�PR\HQ��DX[�
FDUDFWpULVWLTXHV�PRUSKRORJLTXHV�HW�DX[�KDELWXGHV�DUWLFXODWRLUHV�GH�FHV�ORFXWHXUV��
/H�SURMHW�7HPSR�9DOVH��7HUPLQDO�([SpULPHQWDO�03(*��32UWDEOH�GH�9LVLRSKRQLH�HW�$QLPDWLRQ�/DELDOH�6FDODEO(��

HVW�XQ�SURMHW�GH�WUDQVPLVVLRQ�DXGLRYLVXHOOH�GRQW�OD�TXDOLWp�GH�WUDQVPLVVLRQ�SHXW�rWUH�DGDSWpH�j�OD�FDSDFLWp�GH�
WUDQVPLVVLRQ�GX�UpVHDX�WpOpSKRQLTXH��,O�UHSRVH�VXU�XQ�V\VWqPH�G·DQDO\VH�HW�GH�V\QWKqVH�GH�YLVDJHV�SDUODQWV�
TXL�EpQpILFLH�GHV�UpFHQWV�SURJUqV�UpDOLVpV�GDQV�OH�GRPDLQH�GH�OD�PRGpOLVDWLRQ�DUWLFXODWRLUH�GHV�OqYUHV�HW�GX�
YLVDJH��/D�SKDVH�G·DQDO\VH��GRQW� OH� U{OH� HVW�G·H[WUDLUH�XQ�SHWLW�QRPEUH�GH�SDUDPqWUHV�GpFULYDQW� OH�YLVDJH��
UHSRVH� VXU� OH� SULQFLSH� GH� O·DQDO\VH� SDU� OD� V\QWKqVH��� XQ� DOJRULWKPH� LWpUDWLI� FKHUFKH� OHV� VL[� SDUDPqWUHV�
DUWLFXODWRLUHV�GX�PRGqOH�GH�YLVDJH�TXL�PLQLPLVH�XQH�PHVXUH�GH�GLIIpUHQFH�HQWUH� O·LPDJH�YLGpR�RULJLQDOH�j�



3DJH���� 6\QWKqVH�GHV�WUDYDX[�GH�UHFKHUFKH� �
�

�
WUDQVPHWWUH�HW�O·LPDJH�UHFRQVWUXLWH�j�SDUWLU�GX�PRGqOH�WH[WXUp��8QH�IRLV�OHV�SDUDPqWUHV�WUDQVPLV��OD�V\QWKqVH�
XWLOLVH� OH� PrPH� PRGqOH�� /·DYDQWDJH� GH� FHWWH� PpWKRGH� G·DQDO\VH� SDU� OD� V\QWKqVH� HVW� TX·HOOH� UpGXLW�
FRQVLGpUDEOHPHQW� OD� TXDQWLWp� G·LQIRUPDWLRQ� GH� O·LPDJH� GH�PDQLqUH� LQWHOOLJHQWH�� F·HVW�j�GLUH� HQ� H[WUD\DQW� OHV�
FDUDFWpULVWLTXHV� LPSRUWDQWHV� GH� OD� IRUPH� JpRPpWULTXH� GX� YLVDJH�� HW� GRQF� HQ� PLQLPLVDQW� OH� EUXLW� GH�
WUDQVPLVVLRQ� �FI�� (OLVHL� HW� DO�� ��������� &H� V\VWqPH� QpFHVVLWH� HQ� UHYDQFKH� OD� WUDQVPLVVLRQ� SUpDODEOH� GH�
O·HQVHPEOH�GHV�GRQQpHV�GX�PRGqOH�DYDQW�GH�SRXYRLU�IRQFWLRQQHU��0DLV�FHWWH�DSSURFKH��TXL�HIIHFWXH�HQ�ILQ�
GH�FRPSWH�XQ�VXLYL�GHV�FRPPDQGHV�DUWLFXODWRLUHV�G·XQ�FORQH��'�GX� ORFXWHXU��RIIUH�pJDOHPHQW� O·DYDQWDJH��
SDU� UDSSRUW�DX[�PpWKRGHV�GH�FRGDJH�FODVVLTXH�G·LPDJHV��'��GH�SRXYRLU�UHFRQVWUXLUH��GDQV� OH�FDGUH�GH� OD�
YLVLRFRQIpUHQFH��XQ�HVSDFH�YLUWXHO�XQLTXH�GDQV�OHTXHO�FKDTXH�SDUWLFLSDQW�SHXW�LQWHUYHQLU�VLPXOWDQpPHQW�SDU�
O·LQWHUPpGLDLUH�GH�VRQ�FORQH��
/H� SURMHW� $5786��$QLPDWLRQ� 5pDOLVWH� SDU� 7DWRXDJH� DXGLRYLVXHO� j� O·8VDJH� GHV� 6RXUGV�� FRQVWLWXH� XQ� DXWUH�

DSSOLFDWLRQ� GHV� WrWHV� SDUODQWHV�� DX� FDUUHIRXU� GX� GRPDLQH� GHV� WpOpFRPPXQLFDWLRQV� HW� GX� PRQGH� GHV�
GpILFLHQWV�DXGLWLIV��&H�SURMHW��TXL�GRLW�GpEXWHU�WUqV�SURFKDLQHPHQW��YLVH�j�VXEVWLWXHU�j�O
DIILFKDJH�GX�WpOpWH[WH�
FODVVLTXH� GH� FHUWDLQHV� pPLVVLRQV� WpOpYLVpHV� O·LQFUXVWDWLRQ� GDQV� O·LPDJH� YLGpR� G·XQH� WrWH� SDUODQWH� YLUWXHOOH�
DVVRFLpH�j�XQH�PDLQ�GH�V\QWKqVH�TXL�FRGH�OH�/DQJDJH�3DUOp�&RPSOpWp��,O�UHSRVH�GRQF�WUqV�FODLUHPHQW�VXU�OHV�
DYDQFpHV�HQ�FRXUV�GDQV�OH�GpYHORSSHPHQW�GHV�WrWHV�SDUODQWHV��

C. Conclusions 
(Q� UpVXPp�� M·HVSqUH� DYRLU�PRQWUp�TXH�PRQ�DSSURFKH�GH� O·pWXGH�GHV�PpFDQLVPHV�GH�SURGXFWLRQ�GH� OD�

SDUROH��DSSX\pH�VXU�O·DFFXPXODWLRQ�GH�FRQQDLVVDQFHV�VRXV�IRUPH�GH�PRGqOHV�IDOVLILDEOHV��EDVpV�VXU�GHV�FRUSXV�
GH�GRQQpHV�DUWLFXODWRUL�DFRXVWLTXHV�VRLJQHXVHPHQW�FRQoXV�HW�FRQIURQWpV�HQ�SHUPDQHQFH�j�FHV�GRQQpHV��D�
SHUPLV� G·DFFURvWUH� QRWUH� FRPSUpKHQVLRQ� GH� O·REMHW� SDUROH�� F·HVW�j�GLUH� j� OD� IRLV� QRWUH� FRQQDLVVDQFH� GHV�
SURSULpWpV� LQWULQVqTXHV� GX� VLJQDO� DXGLRYLVXHO� HW� FHOOH� GHV� VWUDWpJLHV� DUWLFXODWRLUHV�PLVHV� HQ�±XYUH� SDU� OHV�
ORFXWHXUV�� &LWRQV� j� WLWUH� G·H[HPSOHV� OD� QRWLRQ� GH� SRLQW� IRFDO�� HQ� UHODWLRQ� DYHF� OHV� DIILOLDWLRQV� IRUPDQWV�
FDYLWpV��TXL�MRXH�XQ�U{OH�LPSRUWDQW�GDQV�OD�WKpRULH�GH�OD�'LVSHUVLRQ�)RFDOLVDWLRQ��6FKZDUW]��%Rs��9DOOpH�	�
$EU\����������O·LQIOXHQFH�GHV�VWUDWpJLHV�GH�FRRUGLQDWLRQ�JORWWH���FRQVWULFWLRQ�VXU�O·XWLOLVDWLRQ�GHV�FRQVRQQHV�
GDQV� OHV� ODQJXHV�GX�PRQGH� �%Rs� HW� DO�� ���������RX� OHV� VWUDWpJLHV�GH�FRDUWLFXODWLRQ���FRPSHQVDWLRQ��1RWUH�
DSSURFKH�DQWKURSRPRUSKLTXH�VH�WURXYH�GRQF�FRQIRUWpH�SDU�FHV�UpVXOWDWV��­�FHOD�RQ�SHXW�DMRXWHU�OH�VXFFqV�
GH�O·DSSURFKH�DQWKURSRPRUSKLTXH�RULHQWpH�GRQQpHV�TXH�UHSUpVHQWH�O·LQWpUrW�PDQLIHVWp�SDU��)UDQFH�7pOpFRP�
5	'�SRXU�QRV�PRGqOHV�GDQV�OH�FDGUH�GH�FRQWUDWV��
&HWWH�DSSURFKH��MXVTX·j�SUpVHQW�IRFDOLVpH�VXU�XQ�WUqV�SHWLW�QRPEUH�GH�VXMHWV��HVW�HQFRUH�ORLQ�GH�SRXYRLU�

SUpWHQGUH�j�O·XQLYHUVDOLWp���PRQ�REMHFWLI�PDMHXU�VHUD�GpVRUPDLV�G·pWHQGUH�OH�FKDPS�G·REVHUYDWLRQ�j�G·DXWUHV�
VXMHWV��HW�j�GHV�FRUSXV�SOXV�GLYHUVLILpV�²�HQ�SDUWLFXOLHU�DX�QLYHDX�GX�VW\OH��SDUROH�K\SHU�RX�K\SR�DUWLFXOpH��
GLIIpUHQWHV�DWWLWXGHV�RX�H[SUHVVLRQV�IDFLDOHV��HWF����
3DU� DLOOHXUV�� LO� IDXW� UDSSHOHU� TXH�PHV� WUDYDX[�� MXVTX·j� SUpVHQW� GH� FDUDFWqUH� DVVH]� IRQGDPHQWDO�� DYDLHQW�

FRPPH�REMHFWLI�PDMHXU�GH�FRPSUHQGUH�HW�PRGpOLVHU� OD�SURGXFWLRQ�GH�OD�SDUROH��$XMRXUG·KXL��MH�VXLV�FRQYDLQFX�
TXH�QRV�PRGqOHV�VRQW�VXIILVDPPHQW�DYDQFpV�SRXU�DERUGHU�DYHF�FRQILDQFH�OH�FKDPS�GHV�DSSOLFDWLRQV��&·HVW�
DLQVL�TXH� M·HVSqUH�FRQVDFUHU�XQH�SDUWLH�GH�PRQ�DFWLYLWp�j�GHV�SURMHWV�SOXV�DSSOLTXpV��HQ�SDUWLFXOLHU�GDQV�OH�
GRPDLQH� GH� O·DLGH� j� O·DSSUHQWLVVDJH� GH� OD� SURQRQFLDWLRQ�� DXVVL� ELHQ� SRXU� OHV� DSSUHQDQWV� GH� ODQJXHV�
pWUDQJqUHV� TXH� SRXU� OHV� GpILFLHQWV� DXGLWLIV�� (Q� RXWUH�� OHV� PRGqOHV� SOXV� FRPSOHWV� HW� SOXV� GLYHUV� TXL�
UpVXOWHURQW� GH� PRQ� DFWLYLWp� GH� PRGpOLVDWLRQ� SRXUURQW� VHUYLU� GH� EDVH� j� GHV� DSSOLFDWLRQV� GH� V\QWKqVH�
DXGLRYLVXHOOH�j�SDUWLU�GX�WH[WH�HW�GH�WpOpFRPPXQLFDWLRQV��HQ�OLDLVRQ�DYHF�QRPEUH�G·DXWUHV�SURMHWV�j�O·,&3��
,O�HVW�HQILQ�XWLOH�GH�PHQWLRQQHU�TXH�FHWWH�DSSURFKH�SOXULGLVFLSOLQDLUH��TXL�IDLW�DSSHO�j�GHV�GRPDLQHV�DXVVL�

GLYHUV�TXH�O·LPDJHULH�PpGLFDOH��OH�WUDLWHPHQW�GH�VLJQDO��OD�SKRQpWLTXH�H[SpULPHQWDOH��RX�O·DQDO\VH�VWDWLVWLTXH��
V·LQWqJUH�FRPSOqWHPHQW�GDQV�OH�SURMHW�JOREDO�GX�QRXYHDX�GpSDUWHPHQW�67,&��6FLHQFHV�HW�7HFKQRORJLHV�GH�
O·,QIRUPDWLRQ�HW�GH�OD�&RPPXQLFDWLRQ��GX�&156��j�OD�IRLV�GDQV�VHV�DVSHFWV�GH�UHFKHUFKH�IRQGDPHQWDOH�VXU�
O·KRPPH�� OH� ODQJDJH�HW� OD�FRJQLWLRQ��HW�OHV�DSSOLFDWLRQV�WHFKQRORJLTXHV�QpFHVVDLUHV�j�O·HQVHLJQHPHQW�DVVLVWp�
SDU�RUGLQDWHXU�� DX[� WpOpFRPPXQLFDWLRQV�DXGLRYLVXHOOHV�� HW� DX[�DJHQWV� HW� REMHWV� FRPPXQLFDQWV��GH�PDQLqUH�SOXV�
ODUJH��
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XQ�V\QWKpWLVHXU�j�IRUPDQWV��8QSXEOLVKHG�5DSSRUW�GH�'�(�$���(16(5*��
,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��*UHQREOH��

%DGLQ��3����������$QDO\VH�GH�OD�SDUROH���V\QWKqVH�j�IRUPDQWV��$SSOLFDWLRQ�j�OD�V\QWKqVH�GHV�FRQWRwGHV�FRQVWULFWLYHV�YRLVpHV�GX�)UDQoDLV��
'LVFXVVLRQ� G
XQH� PpWKRGH� HQ� YXH� GH� OD� GpWHUPLQDWLRQ� GHV� LQGLFHV� DFRXVWLTXHV� GH� OD� SDUROH�� 8QSXEOLVKHG� 7KqVH� GH� 'RFWHXU�
,QJpQLHXU��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��

%DGLQ��3����������$FRXVWLFV�RI�YRLFHOHVV�IULFDWLYHV��SURGXFWLRQ�WKHRU\�DQG�GDWD��6SHHFK�7UDQVPLVVLRQ�/DERUDWRU\���4XDUWHUO\�
3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP�����������������

%DGLQ��3����������)ULFDWLYH�FRQVRQDQWV��DFRXVWLF�DQG�;�UD\�PHDVXUHPHQWV��-RXUQDO�RI�3KRQHWLFV���������������
%DGLQ��3���%DLOO\��*��	�%Rs��/��-�������D���7RZDUGV�WKH�XVH�RI�D�9LUWXDO�7DONLQJ�+HDG�DQG�RI�6SHHFK�0DSSLQJ�WRROV�IRU�

SURQXQFLDWLRQ� WUDLQLQJ�� ,Q� 3URFHHGLQJV� RI� WKH� (6&$� 7XWRULDO� DQG� 5HVHDUFK� :RUNVKRS� RQ� 6SHHFK� 7HFKQRORJ\� LQ� /DQJXDJH�
/HDUQLQJ��SS�����������6WRFNKROP��6ZHGHQ��(6&$�DQG�'HSW��6SHHFK��0XVLF�DQG�+HDULQJ��.7+��6WRFNKROP��

%DGLQ��3���%DLOO\��*���5D\EDXGL��0��	�6HJHEDUWK��&�� �����E���$�WKUHH�GLPHQVLRQDO� OLQHDU�DUWLFXODWRU\�PRGHO�EDVHG�RQ�
05,� GDWD�� ,Q� 3URFHHGLQJV� RI� WKH� 7KLUG� (6&$� �� &2&26'$� ,QWHUQDWLRQDO�:RUNVKRS� RQ� 6SHHFK� 6\QWKHVLV�� SS�� ���������
-HQRODQ�&DYHV��$XVWUDOLD��

%DGLQ��3���%DLOO\��*���5HYpUHW��/���%DFLX��0���6HJHEDUWK��&��	�6DYDULDX[��&���,Q�UHYLVLRQ���7KUHH�GLPHQVLRQDO�DUWLFXODWRU\�
PRGHOLQJ�RI�WRQJXH��OLSV�DQG�IDFH��EDVHG�RQ�05,�DQG�YLGHR�LPDJHV��-RXUQDO�RI�3KRQHWLFV��

%DGLQ��3���%DULFFKL��(��	�9LODLQ��$�� ��������'HWHUPLQLQJ�WRQJXH�DUWLFXODWLRQ��IURP�GLVFUHWH�IOHVKSRLQWV�WR�FRQWLQXRXV�
VKDGRZ��,Q�3URFHHGLQJV�RI�WKH��WK�(XUR6SHHFK�&RQIHUHQFH��YRO�����SS���������5KRGRV��*UHHFH���8QLYHUVLW\�RI�3DWUDV��:LUH�
&RPPXQLFDWLRQ�/DERUDWRU\��3DWUDV��*UHHFH��

%DGLQ��3���%HDXWHPSV��'���/DERLVVLqUH��5��	�6FKZDUW]�� -��/�� �����D���5HFRYHU\�RI�YRFDO� WUDFW�JHRPHWU\� IURP�VSHHFK�
VLJQDO�IRU�YRZHOV�DQG�IULFDWLYH�FRQVRQDQWV�XVLQJ�D�PLGVDJLWWDO�WR�DUHD�IXQFWLRQ�FRQYHUVLRQ�PRGHO��-RXUQDO�RI�3KRQHWLFV��
�������������

%DGLQ��3���%RUHO��3���%DLOO\��*���5HYpUHW��/���%DFLX��0��	�6HJHEDUWK��&����������7RZDUGV�DQ�DXGLRYLVXDO�YLUWXDO�WDONLQJ�
KHDG���'�DUWLFXODWRU\�PRGHOLQJ�RI� WRQJXH�� OLSV�DQG�IDFH�EDVHG�RQ�05,�DQG�YLGHR� LPDJHV�� ,Q�3URFHHGLQJV�RI� WKH��WK�
6HPLQDU� RQ� 6SHHFK� 3URGXFWLRQ��0RGHOV� DQG�'DWD�	�&5(67�:RUNVKRS� RQ�0RGHOV� RI� 6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ� DQG�
$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�6HHRQ��*HUPDQ\��

%DGLQ��3��	�'HJU\VH��'����������6SHHFK�&RPPXQLFDWLRQ�+DUGZDUH��,Q�3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
$FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��SS�����������3DULV��)UDQFH��

%DGLQ��3��	�)DQW��*����������1RWHV�RQ�YRFDO�WUDFW�FRPSXWDWLRQ��6SHHFK�7UDQVPLVVLRQ�/DERUDWRU\���4XDUWHUO\�3URJUHVV�6WDWXV�
5HSRUW���6WRFNKROP��������������������

%DGLQ��3��	�)DQW��*�� ��������)ULFDWLYH�SURGXFWLRQ�PRGHOOLQJ�� DHURG\QDPLF� DQG� DFRXVWLF�GDWD�� ,Q�3URFHHGLQJV� RI� WKH��VW�
(XUR6SHHFK�&RQIHUHQFH��YRO�����SS���������3DULV��)UDQFH��

%DGLQ�� 3���*DELRXG�� %��� %HDXWHPSV��'��� /DOORXDFKH��7�0���%DLOO\��*���0DHGD�� 6���=HUOLQJ�� -�3��	�%URFN��*�� �����E���
&LQHUDGLRJUDSK\�RI�9&9�VHTXHQFHV��DUWLFXODWRU\�DFRXVWLF�GDWD�IRU�D�VSHHFK�SURGXFWLRQ�PRGHO��,Q�3URFHHGLQJV�RI�WKH�
��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��YRO��,9��SS�����������7URQGKHLP��1RUZD\��

%DGLQ�� 3��� 0DZDVV�� .�� 	� &DVWHOOL�� (�� �����F��� $� PRGHO� RI� IULFDWLRQ� QRLVH� VRXUFH� EDVHG� RQ� GDWD� IURP� IULFDWLYH�
FRQVRQDQWV� LQ� YRZHO� FRQWH[W�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQJUHVV� RI� 3KRQHWLF� 6FLHQFHV� �.�� (OHQLXV� 	� 3��
%UDQGHUXG��HGLWRUV���YRO�����SS�����������6WRFNKROP��6ZHGHQ��$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

%DGLQ��3���0RWRNL��.���0LNL��1���5LWWHUKDXV��'��	�/DOORXDFKH��7�0�������D���6RPH�JHRPHWULF�DQG�DFRXVWLF�SURSHUWLHV�RI�
WKH�OLS�KRUQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�-DSDQ��(QJOLVK�������������������
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%DGLQ�� 3�� 	� 0XULOOR�� *�� �����D��� $Q� DQDO\VLV� PHWKRG� IRU� KLJK� TXDOLW\� IRUPDQW� V\QWKHVLV�� ,Q�$EVWUDFW� RI� WKH� ��WK�

,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��SS�������8WUHFKW��7KH�1HWKHUODQGV��
%DGLQ�� 3��	�0XULOOR��*�� �����E���0pWKRGH� G
DQDO\VH� GHV� VRQV� HQ� YXH� G
XQH� V\QWKqVH� GH� WUqV� KDXWH� TXDOLWp� HW� GH� OD�

GpWHFWLRQ� GHV� LQGLFHV� DFRXVWLTXHV� GH� OD� SDUROH�� ,Q�3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$FRXVWLFV�� SS�� ����
3DULV��)UDQFH��

%DGLQ��3���3HUULHU��3���%Rs��/��-��	�$EU\��&����������9RFDOLF�QRPRJUDPV��$FRXVWLF�DQG�DUWLFXODWRU\�FRQVLGHUDWLRQV�XSRQ�
IRUPDQW�FRQYHUJHQFHV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������

%DGLQ�� 3��� 3RXFKR\�� /��� %DLOO\��*��� 5D\EDXGL��0��� 6HJHEDUWK�� &��� /HEDV�� -��)��� 7LHGH��0�.���9DWLNLRWLV�%DWHVRQ��(��	�
7RKNXUD��<�,�� �����F���8Q�PRGqOH� DUWLFXODWRLUH� WULGLPHQVLRQQHO� GX� FRQGXLW� YRFDO�EDVp� VXU�GHV�GRQQpHV� ,50�� ,Q�
$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������0DUWLJQ\��6XLVVH��

%DGLQ��3���6KDGOH��&�+���3KDP�7KL�1JRF��<���&DUWHU��-�1���&KLX��:���6FXOO\��&��	�6WURPEHUJ��.�������E���)ULFDWLRQ�DQG�
DVSLUDWLRQ� QRLVH� VRXUFHV�� FRQWULEXWLRQ� RI� H[SHULPHQWDO� GDWD� WR� DUWLFXODWRU\� V\QWKHVLV�� ,Q� 3URFHHGLQJV� RI� WKH� �UG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��YRO�����SS�����������<RNRKDPD��-DSDQ��

%DLOO\�� *�� �������� &KDUDFWHULVDWLRQ� RI� IRUPDQW� WUDMHFWRULHV� E\� WUDFNLQJ� YRFDO� WUDFW� UHVRQDQFHV�� ,Q� /HYHOV� LQ� 6SHHFK�
&RPPXQLFDWLRQ�� 5HODWLRQV� DQG� LQWHUDFWLRQV� �&�� 6RULQ�� -�� 0DULDQL�� +�� 0HORQL� 	� -�� 6FKRHQWJHQ�� HGLWRUV��� SS�� ���������
$PVWHUGDP��7KH�1HWKHUODQGV���(OVHYLHU��

%DLOO\��*����������/HDUQLQJ�WR�VSHDN��6HQVRUL�PRWRU�FRQWURO�RI�VSHHFK�PRYHPHQWV��6SHHFK�&RPPXQLFDWLRQ���������������
%DLOO\�� *��� %DGLQ�� 3�� 	� 9LODLQ�� $�� �������� 6\QHUJ\� EHWZHHQ� MDZ� DQG� OLSV�WRQJXH� PRYHPHQWV�� &RQVHTXHQFHV� LQ�

DUWLFXODWRU\�PRGHOOLQJ��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�	�-��
5REHUW�5LEHV�� HGLWRUV��� YRO�� ��� SS�� ����������� 6\GQH\�� $XVWUDOLD�� � $XVWUDOLDQ� 6SHHFK� 6FLHQFH� DQG� 7HFKQRORJ\�
$VVRFLDWLRQ�,QF��

%DLOO\��*���/DERLVVLqUH��5��	�6FKZDUW]��-��/����������)RUPDQW�WUDMHFWRULHV�DV�DXGLEOH�JHVWXUHV��DQ�DOWHUQDWLYH�IRU�VSHHFK�
V\QWKHVLV��-RXUQDO�RI�3KRQHWLFV������������

%DLOO\��*���5HYpUHW��/���%RUHO��3��	�%DGLQ��3����������+HDULQJ�E\�H\HV�WKDQNV�WR�WKH��ODELRSKRQH���H[FKDQJLQJ�VSHHFK�
PRYHPHQWV�� ,Q�&267����:RUNVKRS� )ULHQGO\� ([FKDQJLQJ� 7KURXJK� 7KH� 1HW� �&�� *HUPDLQ�� (�� *ULYHO� 	� 2�� /DYLDOOH��
HGLWRUV��� SS�� ������� %RUGHDX[�� )UDQFH�� � &267���� �,QWHOOLJHQW� 3URFHVVLQJ� DQG� )DFLOLWLHV� IRU� &RPPXQLFDWLRQ�
7HUPLQDOV���

%DLOO\��*���9DWLNLRWLV�%DWHVRQ��(���%DGLQ��3���5HYpUHW��/��	�<HKLD��+���,Q�SUHSDUDWLRQ���9LVLEOH�FKDUDFWHULVWLFV�RI�VSHHFK�
SURGXFWLRQ��,Q�$XGLRYLVXDO�VSHHFK��(��9DWLNLRWLV�%DWHVRQ��*��%DLOO\�	�3��3HUULHU��HGLWRUV����&DPEULGJH��0$��86$��0,7�
3UHVV��

%DUELHU�� 3�� �������� /HV� PRXYHPHQW� GX� ODU\Q[� GDQV� OD� FKDvQH� SDUOpH� HQ� IUDQoDLV�� 7UDYDX[� GH� O
,QVWLWXW� 3KRQpWLTXH� GH�
6WUDVERXUJ��������������

%nYHJnUG��0��	�)DQW��*����������3DUDPHWHUL]HG�97�DUHD�IXQFWLRQ�LQYHUVLRQ��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ� 6SRNHQ�/DQJXDJH� 3URFHVVLQJ�� SS�� ��������� 3KLODGHOSKLD�� 3$��86$�� �8QLYHUVLW\�RI�'HODZDUH�	�$OIUHG� ,�� GX�3RQW�
,QVWLWXWH��

%HDXWHPSV��'���%DGLQ��3��	�%DLOO\��*����������/LQHDU�GHJUHHV�RI�IUHHGRP�LQ�VSHHFK�SURGXFWLRQ��$QDO\VLV�RI�FLQHUDGLR��
DQG�ODELR�ILOP�GDWD�DQG�DUWLFXODWRU\�DFRXVWLF�PRGHOLQJ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������������������

%HDXWHPSV��'���%DGLQ��3��	�/DERLVVLqUH��5����������'HULYLQJ�YRFDO�WUDFW�DUHD�IXQFWLRQV�IURP�PLGVDJLWWDO�SURILOHV�DQG�
IRUPDQW� IUHTXHQFLHV�� $� QHZ� PRGHO� IRU� YRZHOV� DQG� IULFDWLYH� FRQVRQDQWV� EDVHG� RQ� H[SHULPHQWDO� GDWD�� 6SHHFK�
&RPPXQLFDWLRQ�������������

%Rs��/��-��	�$EU\��&����������1RPRJUDPPHV�HW�V\VWqPHV�YRFDOLTXHV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS��
���������

%Rs�� /��-��� %DGLQ�� 3�� 	� 3HUULHU�� 3�� �������� )URP� VHQVLWLYLW\� IXQFWLRQV� WR� PDFUR�YDULDWLRQV�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK�
,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�	�3��%UDQGHUXG��HGLWRUV���YRO�����SS�����������6WRFNKROP��6ZHGHQ��
$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

%Rs�� /��-��� *DELRXG�� %�� 	� 3HUULHU�� 3�� �������� 6SHHFK� 0DSV� LQWHUDFWLYH� SODQW� 
60,3
�� ,Q� 3URFHHGLQJV� RI� WKH� ;,,,WK�
,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�	�3��%UDQGHUXG��HGLWRUV���YRO�����SS�����������6WRFNKROP��6ZHGHQ��
$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

%Rs�� /��-��� *DKLRXG�� %�� 	� 3HUULHU�� 3�� �������� 7KH� 60,3� �� $Q� LQWHUDFWLYH� DUWLFXODWRU\�DFRXVWLF� VRIWZDUH� IRU� VSHHFK�
SURGXFWLRQ�VWXGLHV��/HV�&DKLHUV�GH�O
,&3��%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH��������������

%Rs��/��-���0DHGD��6��	�3HUULHU��3����������/D�PRGpOLVDWLRQ�DUWLFXODWRLUH���XQ�GHPL�VLqFOH�G
pYROXWLRQ�HQWUH�IRQFWLRQQHO��
SK\VLTXH�HW�ELRPpFDQLTXH��,Q�;;qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS���������7UpJDVWHO��)UDQFH��766��)UDQFH�7pOpFRP�
&1(7�/$$��*)&3�6)$��

%Rs�� /��-��� 3HUULHU�� 3�� 	� %DLOO\�� *�� �������� 7KH� JHRPHWULF� YRFDO� WUDFW� YDULDEOHV� FRQWUROOHG� IRU� YRZHO� SURGXFWLRQ��
SURSRVDOV�IRU�FRQVWUDLQLQJ�DFRXVWLF�WR�DUWLFXODWRU\�LQYHUVLRQ��-RXUQDO�RI�3KRQHWLFV�������������

%Rs�� /��-��� 9DOOpH�� 1��� %DGLQ�� 3��� 6FKZDUW]�� -��/�� 	� $EU\�� &�� �������� 7HQGHQFLHV� LQ� SKRQRORJLFDO� VWUXFWXUHV� �� WKH�
LQIOXHQFH�RI�VXEVWDQFH�RQ�IRUP��&XUUHQW�7UHQGV�LQ�3KRQRORJ\�DQG�3KRQHWLFV�,,���5HODWLRQVKLS�EHWZHHQ�SKRQHWLFV�
DQG�SKRQRORJ\��/HV�&DKLHUV�GH�O
,&3��%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH������������
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%RHUVPD��3����������,QWHUDFWLRQ�EHWZHHQ�JORWWDO�DQG�YRFDO�WUDFW�DHURG\QDPLFV�LQ�D�FRPSUHKHQVLYH�PRGHO�RI�WKH�VSHHFK�
DSSDUDWXV��,Q�3URFHHGLQJV�RI�WKH�;,,,WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�	�3��%UDQGHUXG��HGLWRUV���YRO��
���SS�����������6WRFNKROP��6ZHGHQ��$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

%RHUVPD��3����������)XQFWLRQDO�SKRQRORJ\��8QSXEOLVKHG�3K��'��'LVVHUWDWLRQ��$PVWHUGDP�8QLYHUVLW\��$PVWHUGDP��
%RUHO��3����������0RGpOLVDWLRQ�DUWLFXODWRLUH�OLQpUDLUH�G
XQ�YLVDJH�LQFOXDQW�GHV�OqYUHV��8QSXEOLVKHG�5DSSRUW�GH�'($�6LJQDO�,PDJH�

3DUROH�7pOpFRP��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��*UHQREOH��
%RUHO��3���%DGLQ��3���5HYpUHW��/��	�%DLOO\��*�� ��������0RGpOLVDWLRQ�DUWLFXODWRLUH� OLQpDLUH��'�G
XQ�YLVDJH�SRXU�XQH�WrWH�

SDUODQWH�YLUWXHOOH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��
&DUGRVR��-��)����������%OLQG�VLJQDO�VHSDUDWLRQ��VWDWLVWLFDO�SULQFLSOHV��3URFHHGLQJV�RI�WKH�,(((��������������������
&DVWHOOL�� (�� �������� &DUDFWpULVDWLRQ� DFRXVWLTXH� GHV� YR\HOOHV� QDVDOHV� GX� IUDQoDLV�� 0HVXUHV�� PRGpOLVDWLRQ� HW� VLPXODWLRQ� WHPSRUHOOH��

8QSXEOLVKHG�7KqVH�GRFWRUDOH���6LJQDO��,PDJH��3DUROH��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��
&DVWHOOL��(��	�%DGLQ��3����������0HVXUHV�GH�IRQFWLRQV�GH�WUDQVIHUW�GX�FRQGXLW�YRFDO���$SSOLFDWLRQ�j�OD�GpWHUPLQDWLRQ�GHV�

IRQFWLRQV�GH�WUDQVIHUW�GX�FRQGXLW�QDVRSKDU\QJDO��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS������������6)$��
&DVWHOOL��(��	�%DGLQ��3����������1DVRSKDU\QJHDO�WUDFW�WUDQVIHU�IXQFWLRQV�PHDVXUHPHQWV�ZLWK�ZKLWH�QRLVH�H[FLWDWLRQ��,Q�

3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��YRO�����SS�����������
&DWKLDUG��0��$�� ��������/D�SHUFHSWLRQ�YLVXHOOH�GH� OD�SDUROH� ��DSHUoX�GH� O
pWDW�GHV�FRQQDLVVDQFHV��%XOOHWLQ�GH� O
,QVWLWXW�GH�

3KRQpWLTXH�GH�*UHQREOH������������������
&KDUSHQWLHU��)��	�0RXOLQHV��(�� ��������3LWFK�V\QFKURQRXV�ZDYHIRUP�SURFHVVLQJ� WHFKQLTXHV� IRU� WH[W�WR�VSHHFK�XVLQJ���

GLSKRQHV��6SHHFK�&RPPXQLFDWLRQ��������������������
&RKHQ�� 0�0��� %HVNRZ�� -�� 	� 0DVVDUR�� '�:�� �������� 5HFHQW� GHYHORSPHQWV� LQ� IDFLDO� DQLPDWLRQ�� DQ� LQVLGH� YLHZ�� ,Q�

3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$XGLWRU\�9LVXDO� 6SHHFK�3URFHVVLQJ���6HFRQG�(6&$�(75:�RQ�$XGLWRU\�9LVXDO�
6SHHFK��'��%XUQKDP��-��5REHUW�5LEHV�	�(��9DWLNLRWLV�%DWHVRQ��HGLWRUV���SS�����������7HUULJDO�6\GQH\��$XVWUDOLD��

&RNHU�� &�+�� �������� 6\QWKHVLV� E\� UXOH� IURP� DUWLFXODWRU\� SDUDPHWHUV�� ,Q� 3URFHHGLQJV� RI� WKH� ����� &RQIHUHQFH� RQ� 6SHHFK�
&RPPXQLFDWLRQ�3URFHVVHV��SS����������,(((��

&RNHU��&�+��	�)XMLPXUD��2����������$�PRGHO�IRU�VSHFLILFDWLRQ�RI�YRFDO�WUDFW�DUHD�IXQFWLRQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�
RI�$PHULFD���������������

&RNHU��&�+���8PHGD��1��	�%URZPDQ��&�� ��������$XWRPDWLF� V\QWKHVLV� IURP�RUGLQDU\�(QJOLVK� WH[W�� ,Q�6SHHFK�6\QWKHVLV�
�-�/��)ODQDJDQ�	�/�5��5DELQHU��HGLWRUV���SS������������6WURXGVEXUJ��3HQQV\OYDQLD��'RZGHQ��+XWFKLQVRQ�DQG�5RVV��
,QF��

&RUQHWW��2����������&XHG�6SHHFK��$PHULFDQ�$QQDOV�RI�WKH�'HDI�������������
'DQJ�� -�� 	�+RQGD�� .�� �������� 6SHHFK� SURGXFWLRQ� RI� YRZHO� VHTXHQFHV� XVLQJ� D� SK\VLRORJLFDO� DUWLFXODWRU\�PRGHO�� ,Q�

3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�	�-��5REHUW�5LEHV��HGLWRUV���YRO��
���SS�������������6\GQH\��$XVWUDOLD���$XVWUDOLDQ�6SHHFK�6FLHQFH�DQG�7HFKQRORJ\�$VVRFLDWLRQ�,QF��

'DQJ�� -��	�+RQGD��.�� �����D���(VWLPDWLRQ�RI� YRFDO� WUDFW� VKDSH� IURP�VSHHFK�VRXQGV�YLD� D�SK\VLRORJLFDO� DUWLFXODWRU\�
PRGHO�� ,Q�3URFHHGLQJV�RI� WKH��WK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�DQG�'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV�RI�6SHHFK�
3URGXFWLRQ��0RWRU�3ODQQLQJ�DQG�$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�6HHRQ��*HUPDQ\��

'DQJ��-��	�+RQGD��.�������E���,PSURYHPHQW�RI�D�SK\VLRORJLFDO�DUWLFXODWRU\�PRGHO�IRU�V\QWKHVLV�RI�YRZHO�VHTXHQFHV��,Q�
3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��%��<XDQ��7��+XDQJ�	�;��7DQJ��HGLWRUV���YRO��,��
SS�����������%HLMLQJ��&KLQD��

'DQJ��-���6XQ��-���'HQJ��/��	�+RQGD��.����������6SHHFK�V\QWKHVLV�XVLQJ�D�SK\VLRORJLFDO�DUWLFXODWRU\�PRGHO�ZLWK�IHDWXUH�
EDVHG� UXOHV�� ,Q�3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO�&RQJUHVV� RI� 3KRQHWLF� 6FLHQFHV�� YRO�� ��� SS�� ����������� 6DQ�)UDQFLVFR��
&DOLIRUQLD��86$��

GH� 3HQJXHUQ�� *�� �������� 0RGpOLVDWLRQ� DUWLFXODWRLUH� �'� �� �'� HW� DFRXVWLTXH� GHV� QDVDOHV� SRXU� XQH� WrWH� SDUODQWH� DXGLRYLVXHOOH��
8QSXEOLVKHG�5DSSRUW�GH�VWDJH�,QJpQLHXU��(16(5*��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��*UHQREOH��

'HJU\VH��'�� ��������7HPSRUDO�VLPXODWLRQ�RI�ZDYH�SURSDJDWLRQ� LQ� WKH�ORVV\�YRFDO�WUDFW��,Q�3URFHHGLQJV�RI� WKH��WK�)$6(�
6\PSRVLXP��SS�����������

'HPROLQ��'���0HWHQV��7��	�6RTXHW��$����������5HDO�WLPH�05,�DQG�DUWLFXODWRU\�FRRUGLQDWLRQV�LQ�YRZHOV��,Q�3URFHHGLQJV�RI�
WKH��WK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�DQG�'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV�RI�6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ�
DQG�$UWLFXODWRU\�0RGHOOLQJ��SS���������.ORVWHU�6HHRQ��*HUPDQ\��

'MpUDGL��$���*XpULQ��%���%DGLQ��3��	�3HUULHU��3�� ��������0HDVXUHPHQW�RI� WKH� DFRXVWLF� WUDQVIHU� IXQFWLRQ�RI� WKH�YRFDO�
WUDFW��D�IDVW�DQG�DFFXUDWH�PHWKRG��-RXUQDO�RI�3KRQHWLFV���������������

'XGOH\��+���5LHV]��5�5��	�:DWNLQV��6�6�$����������$�V\QWKHWLF�VSHDNHU��-RXUQDO�RI�WKH�)UDQNOLQ�,QVWLWXWH����������������
'XGOH\��+��	�7DUQRF]\��7�+����������7KH�VSHDNLQJ�PDFKLQH�RI�:ROIJDQJ�YRQ�.HPSHOHQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�

RI�$PHULFD������������������
'XQQ��+�.����������7KH�FDOFXODWLRQ�RI�YRZHO�UHVRQDQFHV��DQG�DQ�HOHFWULFDO�YRFDO�WUDFW��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�

$PHULFD���������������
(O�0DVUL��6���3HORUVRQ��;���6DJXHW��3��	�%DGLQ��3�� �����D���(WXGH�HW�DQDO\VH�SDU� OD�PpWKRGH�7/0�GH� OD�SURSDJDWLRQ�

DFRXVWLTXH�GDQV�OH�FRQGXLW�YRFDO��HIIHW�GHV�PRGHV�G
RUGUH�VXSpULHXU��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��
SS�����������$YLJQRQ��)UDQFH��
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�

�
(O�0DVUL�� 6��� 3HORUVRQ��;��� 6DJXHW�� 3��	�%DGLQ�� 3�� �����E���9RFDO� WUDFW� DFRXVWLFV� XVLQJ� WKH� WUDQVPLVVLRQ� OLQH�PDWUL[�

�7/0�� PHWKRG�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ�� YRO�� ��� SS�� ���������
3KLODGHOSKLD��3$��86$���8QLYHUVLW\�RI�'HODZDUH�	�$OIUHG�,��GX3RQW�,QVWLWXWH��

(O�0DVUL��6���3HORUVRQ��;���6DJXHW��3��	�%DGLQ��3�� ��������'HYHORSPHQW�RI� WKH�7UDQVPLVVLRQ�/LQH�0DWUL[�PHWKRG� LQ�
DFRXVWLFV��$SSOLFDWLRQ�WR�KLJKHU�PRGHV�LQ�WKH�YRFDO�WUDFW�DQG�RWKHU�FRPSOH[�GXFWV��,QWHUQDWLRQDO�-RXUQDO�RI�1XPHULFDO�
0RGHOOLQJ���������������

(OLVHL��)���2GLVLR��0���%DLOO\��*��	�%DGLQ��3����������&UHDWLQJ�DQG�FRQWUROOLQJ�YLGHR�UHDOLVWLF�WDONLQJ�KHDGV��,Q�3URFHHGLQJV�
RI�WKH�$XGLWRU\�9LVXDO�6SHHFK�3URFHVVLQJ�:RUNVKRS��$963�������'�:��0DVVDUR��-��/LJKW�	�.��*HUDFL��HGLWRUV���SS�����
����$DOERUJ��'HQPDUN��

(QJZDOO��2�� �����D���$��'�WRQJXH�PRGHO�EDVHG�RQ�05,�GDWD��,Q�3URFHHGLQJV�RI� WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�
/DQJXDJH�3URFHVVLQJ��%��<XDQ��7��+XDQJ�	�;��7DQJ��HGLWRUV���YRO��,,,��SS�����������%HLMLQJ��&KLQD��

(QJZDOO�� 2�� �����E��� 5HSOLFDWLQJ� WKUHH�GLPHQVLRQDO� WRQJXH� VKDSHV� V\QWKHWLFDOO\��7DO�0XVLN� +|UVHO� �� 4XDWHUO\� 3URJUHVV�
6WDWXV�5HSRUW���6WRFNKROP�������������������

(QJZDOO��2��	�%DGLQ��3����������&ROOHFWLQJ�DQG�DQDO\VLQJ�WZR��DQG�WKUHH�GLPHQVLRQDO�05,�GDWD�IRU�6ZHGLVK��7DO�0XVLN�
+|UVHO���4XDUWHUO\�3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP�������������������

(QJZDOO��2��	�%DGLQ�� 3�� ��������$Q�05,� VWXG\� RI� 6ZHGLVK� IULFDWLYHV�� FRDUWLFXODWRU\� HIIHFWV�� ,Q�3URFHHGLQJV� RI� WKH� �WK�
6HPLQDU� RQ� 6SHHFK� 3URGXFWLRQ��0RGHOV� DQG�'DWD�	�&5(67�:RUNVKRS� RQ�0RGHOV� RI� 6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ� DQG�
$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�6HHRQ��*HUPDQ\��

)DQW��*����������6SHHFK�FRPPXQLFDWLRQ�UHVHDUFK��,QJHQL|U�9HWHQVNDS�$NDGHPLH��,9$�������������������
)DQW��*����������0RGHUQ�LQVWUXPHQWV�DQG�PHWKRGV�IRU�DFRXVWLF�VWXGLHV�RI�VSHHFK��$FWD�3RO\WHFKQLFD�6FDQGLQDYLFD�����������
)DQW��*����������$FRXVWLF�WKHRU\�RI�VSHHFK�SURGXFWLRQ��7KH�+DJXH��0RXWRQ�	�FR��
)DQW��*���1RUG��/��	�%UDQGHUXG��3����������$�QRWH�RQ�WKH�YRFDO�WUDFW�ZDOO�LPSHGDQFH��67/�4365�����������������
)DQW�� *�� 	� 3DXOL�� 6�� �������� 6SDWLDO� FKDUDFWHULVWLFV� RI� YRFDO� WUDFW� UHVRQDQFH� PRGHV�� ,Q� 3URFHHGLQJV� RI� WKH� 6SHHFK�

&RPPXQLFDWLRQ�6HPLQDU��SS���6WRFNKROP��
)HQJ��*��	�&DVWHOOL��(����������6RPH�DFRXVWLF�IHDWXUHV�RI�QDVDO�DQG�QDVDOL]HG�YRZHOV��D�WDUJHW�IRU�YRZHO�QDVDOLVDWLRQ��

-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������������������
)ODQDJDQ��-�/�� ��������$�'LIIHUHQFH�/LPHQ�IRU�YRZHO� IRUPDQW�IUHTXHQF\�� -RXUQDO�RI� WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD������

���������
)ODQDJDQ��-�/�������D���6SHHFK�$QDO\VLV��6\QWKHVLV�DQG�3HUFHSWLRQ��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN��6SULQJHU�9HUODJ��
)ODQDJDQ��-�/�������E���9RLFHV�RI�PHQ�DQG�PDFKLQHV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������
)ODQDJDQ��-�/��	�,VKL]DND��.�� ��������$XWRPDWLF�JHQHUDWLRQ�RI�YRLFHOHVV�H[FLWDWLRQ�LQ�D�YRFDO�FRUG�YRFDO�WUDFW�VSHHFK�

V\QWKHVL]HU��,(((�7UDQVDFWLRQV�RQ�$FRXVWLFV��6SHHFK��DQG�6LJQDO�3URFHVVLQJ���������������
)ODQDJDQ�� -�/��� ,VKL]DND�� .�� 	� 6KLSOH\�� .�/�� �������� 6LJQDO� PRGHOV� IRU� ORZ� ELW�UDWH� FRGLQJ� RI� VSHHFK�� -RXUQDO� RI� WKH�

$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������������
)RZOHU��&�$��	�6DOW]PDQ��(�/����������&RRUGLQDWLRQ�DQG�FRDUWLFXODWLRQ�LQ�VSHHFK�SURGXFWLRQ��/DQJXDJH�DQG�6SHHFK������

���������
)XMLPXUD��2��	�/LQGTYLVW�� -�� ��������6ZHHS�7RQH�PHDVXUHPHQWV�RI�YRFDO�WUDFW� FKDUDFWHULVWLFV��-RXUQDO� RI� WKH�$FRXVWLFDO�

6RFLHW\�RI�$PHULFD���������������
+DGDPDUG��-����������/HFWXUHV�RQ�WKH�&DXFK\�SUREOHP�LQ�OLQHDU�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV��1HZ�+DYHQ��<DOH�8QLYHUVLW\�3UHVV��
+DUVKPDQ��5�$��	�/XQG\��0�(�� ��������7KH�3$5$)$&�PRGHO� IRU� WKUHH�ZD\� IDFWRU� DQDO\VLV� DQG�PXOWLGLPHQVLRQDO�

VFDOLQJ�� ,Q� 5HVHDUFK� PHWKRGV� IRU� PXOWLPRGH� GDWD� DQDO\VLV� �+�*�� /DZ�� &�:�� 6Q\GHU�� -�$�� +DWWLH� 	� 5�3�� 0DF'RQDOG��
HGLWRUV���SS������������1HZ�<RUN��3UDHJHU��

+HLQ]�� -�0��	� 6WHYHQV��.�1�� ��������2Q� WKH� UHODWLRQV� EHWZHHQ� ODWHUDO� FLQHUDGLRJUDSKV�� DUHD� IXQFWLRQV�� DQG� DFRXVWLF�
VSHFWUD�RI�VSHHFK��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��SS��$����

+HUPDQVN\��+��	�3DYHO��0����������3V\FKRSK\VLFV�RI�VSHHFK�HQJLQHHULQJ�V\VWHPV��,Q�3URFHHGLQJV�RI�WKH�;,,,WK�,QWHUQDWLRQDO�
&RQJUHVV� RI� 3KRQHWLF� 6FLHQFHV� �.�� (OHQLXV� 	� 3�� %UDQGHUXG�� HGLWRUV��� YRO�� ��� SS�� ������� 6WRFNKROP�� 6ZHGHQ�� $UQH�
6WU|PEHUJV�*UDILVND�3UHVV��

+L[RQ��7�-����������7XUEXOHQW�QRLVH�VRXUFHV�IRU�VSHHFK��)ROLD�3KRQLDWULFD���������������
+L[RQ��7�-���0LQLILH��)�'��	�7DLW��&�$����������&RUUHODWHV�RI�WXUEXOHQFH�QRLVH�SURGXFWLRQ�IRU�VSHHFK�� -RXUQDO�RI�6SHHFK�

DQG�+HDULQJ�5HVHDUFK���������������
+RROH��3�� ��������2Q� WKH� OLQJXDO�RUJDQL]DWLRQ�RI� WKH�*HUPDQ�YRZHO�V\VWHP�� -RXUQDO�RI� WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��

�������������������
+RROH�� 3�� 	� .URRV�� &�� �������� &RQWURO� RI� ODU\Q[� KHLJKW� LQ� YRZHO� SURGXFWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO�

&RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ� �5�+�� 0DQQHOO� 	� -�� 5REHUW�5LEHV�� HGLWRUV��� YRO�� ��� SS�� ��������� 6\GQH\��
$XVWUDOLD���$XVWUDOLDQ�6SHHFK�6FLHQFH�DQG�7HFKQRORJ\�$VVRFLDWLRQ�,QF��

-RUGDQ��0�,����������0RWRU�/HDUQLQJ�DQG�WKH�GHJUHHV�RI�IUHHGRP�SUREOHP��,Q�$WWHQWLRQ�DQG�3HUIRUPDQFH��0��-HDQQHURG�	�
1�-��+LOOVGDOH��HGLWRUV����/DZUHQFH�(UOEDXP��

.DEXUDJL��7��	�+RQGD��0����������'HWHUPLQDWLRQ�RI�VDJLWWDO�WRQJXH�VKDSH�IURP�WKH�SRVLWLRQV�RI�SRLQWV�RQ�WKH�WRQJXH�
VXUIDFH��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������������������
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.DEXUDJL��7��	�+RQGD��0����������'HWHUPLQDWLRQ�RI�WKH�YRFDO�WUDFW�VSHFWUXP�IURP�WKH�DUWLFXODWRU\�PRYHPHQWV�EDVHG�
RQ�WKH�VHDUFK�RI�DQ�DUWLFXODWRU\�DFRXVWLF�GDWDEDVH��,Q�3URFHHGLQJV�RI� WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�
3URFHVVLQJ� �5�+�� 0DQQHOO� 	� -�� 5REHUW�5LEHV�� HGLWRUV��� YRO�� ��� SS�� ��������� 6\GQH\�� $XVWUDOLD�� � $XVWUDOLDQ� 6SHHFK�
6FLHQFH�DQG�7HFKQRORJ\�$VVRFLDWLRQ�,QF��

.DEXUDJL�� 7�� 	� +RQGD�� 0�� �������� '\QDPLF� DUWLFXODWRU\� PRGHO� EDVHG� RQ� PXOWLGLPHQVLRQDO� LQYDULDQW�IHDWXUH� WDVN�
UHSUHVHQWDWLRQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�������������������

.HOVR��-�$�6���6DOW]PDQ��(�/��	�7XOOHU��%����������7KH�G\QDPLFDO�WKHRU\�RI�VSHHFK�SURGXFWLRQ��'DWD�DQG�WKHRU\��-RXUQDO�
RI�3KRQHWLFV�������������

.ODWW��'�+�� �������� 6RIWZDUH� IRU� D� FDVFDGH�SDUDOOHO� IRUPDQW� V\QWKHVL]HU�� -RXUQDO� RI� WKH�$FRXVWLFDO�6RFLHW\� RI�$PHULFD������
���������

.U|JHU�� %�-��� 6FKU|GHU�� *�� 	� 2SJHQ�5KHLQ�� &�� �������� $� JHVWXUH�EDVHG� G\QDPLF� PRGHO� GHVFULELQJ� DUWLFXODWRU\�
PRYHPHQW�GDWD��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������

/DERLVVLqUH�� 5��� 2VWU\�� '�� 	� )HOGPDQ�� $�*�� �������� &RQWURO� RI� PXOWL�PXVFOH� V\VWHPV�� +XPDQ� MDZ� DQG� K\RLG�
PRYHPHQWV��%LRORJLFDO�&\EHUQHWLFV������������������

/DERLVVLqUH��5��	�3HORUVRQ��;�� ��������6WDELOLW\� DQG�ELIXUFDWLRQV�RI� WKH� WZR�PDVV�PRGHO�RVFLOODWLRQ�� DQDO\VLV�RI�IOXLG�
PHFKDQLFV�HIIHFWV�DQG�DFRXVWLFDO�ORDGLQJ��,Q�3URFHHGLQJV�RI�WKH�;,,,WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�
	�3��%UDQGHUXG��HGLWRUV���YRO�����SS�����������6WRFNKROP��6ZHGHQ��$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

/DERLVVLqUH�� 5��� 6FKZDUW]�� -��/�� 	� %DLOO\�� *�� ��������0RWRU� FRQWURO� IRU� VSHHFK� VNLOOV�� $� FRQQHFWLRQLVW� DSSURDFK�� ,Q�
&RQQHFWLRQLVW�PRGHOV��3URFHHGLQJV�RI�WKH������6XPPHU�6FKRRO��'�6�7RXUHW]NL��-�/��(OPDQ��7�/��6HLQRZVNL�	�*�(��+LQWRQ��
HGLWRUV���

/DGHIRJHG�� 3�� 	� %ODGRQ�� 5�$�:�� �������� $WWHPSWV� E\� KXPDQ� VSHDNHUV� WR� UHSURGXFH� )DQW
V� QRPRJUDPV�� 6SHHFK�
&RPPXQLFDWLRQ��������������

/DOORXDFKH�� 0�7�� �������� 8Q� SRVWH� �9LVDJH�3DUROH�� FRXOHXU�� $FTXLVLWLRQ� HW� WUDLWHPHQW� DXWRPDWLTXH� GHV� FRQWRXUV� GHV� OqYUHV��
8QSXEOLVKHG�7KqVH�GRFWRUDOH���6LJQDO��,PDJH��3DUROH��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��

/H�%HO��-�*����������7UDLWp�GH�FRUUHFWLRQ�SKRQpWLTXH�SRQFWXHOOH��HVVDL�V\VWpPLTXH�G
DSSOLFDWLRQ��4XpEHF��&DQDGD��&,5$/��8QLYHUVLWp�
/DYDO��

/HEDUW��/���0RULQHDX��$��	�3LURQ��0����������6WDWLVWLTXH�H[SORUDWRLUH�PXOWLGLPHQVLRQQHOOH��3DULV��)UDQFH��'XQRG��
/LEHUPDQ�� $�0��� &RRSHU�� )�6��� +DUULV�� .�6��	�0DF1HLODJH�� 3�)�� �������� $�0RWRU� 7KHRU\� RI� VSHHFK� SHUFHSWLRQ�� ,Q�

3URFHHGLQJV�RI�WKH�6SHHFK�6HPLQDU�6WRFNKROP��SS���6WRFNKROP��
/LEHUPDQ��$�0��	�0DWWLQJO\��,�*����������7KH�PRWRU�WKHRU\�RI�VSHHFK�SHUFHSWLRQ�UHYLVHG��&RJQLWLRQ������������
/LpQDUG��-�6����������/D�PDFKLQH�SDUODQWH�GH�.HPSHOHQ��%XOO��GX�*�$�0������������
/LpQDUG��-�6����������/HV�SURFHVVXV�GH�OD�FRPPXQLFDWLRQ�SDUOpH��,QWURGXFWLRQ�j�O
DQDO\VH�HW�j�OD�V\QWKqVH�GH�OD�SDUROH��3DULV��0DVVRQ��
/LOMHQFUDQWV��-����������)RXULHU�VHULHV�GHVFULSWLRQ�RI�WKH�WRQJXH�SURILOH��67/�4365����������������
/LQ�� 4�*�� �������� 6SHHFK� SURGXFWLRQ� WKHRU\� DQG� DUWLFXODWRU\� VSHHFK� V\QWKHVLV�� 8QSXEOLVKHG� 3K� 7KHVLV�� .XQJOLJD� 7HNQLVND�

+|JVNRODQ��6WRFNKROP��
/LQGEORP�� %��� /XENHU�� -�� 	�*D\�� 7�� �������� )RUPDQW� IUHTXHQFLHV� RI� VRPH� IL[HG�PDQGLEOH� YRZHOV� DQG� D�PRGHO� RI�

VSHHFK�PRWRU�SURJUDPPLQJ�E\�SUHGLFWLYH�VLPXODWLRQ��-RXUQDO�RI�3KRQHWLFV��������������
/LQGEORP��%��	�6XQGEHUJ��-�� ��������$FRXVWLFDO�FRQVHTXHQFHV�RI� OLS��WRQJXH��MDZ�DQG�ODU\Q[�PRYHPHQW��-RXUQDO�RI�WKH�

$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������
/|ITYLVW��$���.RHQLJ��/�/��	�0F*RZDQ��5�6�� ��������9RFDO� WUDFW� DHURG\QDPLFV� LQ��D&D��XWWHUDQFHV��0HDVXUHPHQWV��

6SHHFK�&RPPXQLFDWLRQ�������������
0DHGD��6�������D���$Q�DUWLFXODWRU\�PRGHO�RI�WKH�WRQJXH�EDVHG�RQ�D�VWDWLVWLFDO�DQDO\VLV����WK�0HHW��$FRXVW��6RF��$P��
0DHGD�� 6�� �����E���8Q�PRGqOH� DUWLFXODWRLUH� GH� OD� ODQJXH� DYHF�GHV� FRPSRVDQWHV� OLQpDLUHV�� ,Q�$FWHV� GHV� ��qPHV� -RXUQpHV�

G
(WXGH�VXU�OD�3DUROH��SS�����������
0DHGD��6����������8QH�VRXUFH�G
H[FLWDWLRQ�FRKpUHQWH�GDQV�OHV�RFFOXVLYHV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��

SS���������3DULV��)UDQFH��
0DHGD��6�� ��������&RPSHQVDWRU\�DUWLFXODWLRQ�GXULQJ�VSHHFK��(YLGHQFH� IURP� WKH�DQDO\VLV� DQG�V\QWKHVLV�RI�YRFDO�WUDFW�

VKDSHV�XVLQJ�DQ�DUWLFXODWRU\�PRGHO�� ,Q�6SHHFK�3URGXFWLRQ�DQG�0RGHOOLQJ� �:�-��+DUGFDVWOH�	�$��0DUFKDO��HGLWRUV���SS��
����������.OXZHU��$FDGHPLF�3XEOLVKHUV��

0DHGD��6����������2Q�DUWLFXODWRU\�DQG�DFRXVWLF�YDULDELOLWLHV��-RXUQDO�RI�3KRQHWLFV���������������
0DHGD�� 6�� �������� 3KRQHPHV� DV� FRQFDWHQDEOH� XQLWV��9&9� V\QWKHVLV� XVLQJ� D� YRFDO� WUDFW� V\QWKHVL]HU��$UEHLWVEHULFKWH� GHV�

,QVWLWXW�I»U�3KRQHWLN�XQG�GLJLWDOH�6SDFKYHUDUEHLWXQJ�GHU�8QLYHUVLWãW�.LHO���������������
0DHGD��6��	�+RQGD��.����������$UWLFXODWRU\�FR�RUGLQDWLRQ�DQG�LWV�ELRORJLFDO�DVSHFWV��DQ�HVVD\��,Q�3URFHHGLQJV�RI�WKH�;,,,WK�

,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�	�3��%UDQGHUXG��HGLWRUV���YRO�����SS���������6WRFNKROP��6ZHGHQ��
$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

0DUNHO��-�'����������7KH�6LIW�DOJRULWKP�IRU�IXQGDPHQWDO�IUHTXHQF\�HVWLPDWLRQ��,(((�7UDQVDFWLRQV�RQ�$XGLR�"""����������
�����

0DUNHO��-�'��	�*UD\��$�+����������/LQHDU�3UHGLFWLRQ�RI�6SHHFK��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN��6SULQJHU�9HUODJ��
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0DZDVV�� .�� �������� 6\QWKqVH� DUWLFXODWRLUH� GHV� FRQVRQQHV� IULFDWLYHV�� 8QSXEOLVKHG� 7KqVH� GRFWRUDOH� �� 6LJQDO�� ,PDJH�� 3DUROH��

7pOpFRPV��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��
0DZDVV��.���%DGLQ��3��	�%DLOO\��*����������6\QWKHVLV�RI�)UHQFK�IULFDWLYHV�E\�DXGLR�YLGHR�WR�DUWLFXODWRU\�LQYHUVLRQ��$FWD�

$FXVWLFD������������������
0DZDVV��.���%DGLQ��3���9HVFRYL��&��	�%HDXWHPSV��'�� ��������(YDOXDWLRQ�G
XQ�PRGqOH�GH� VRXUFH�GH� IULFWLRQ�SRXU� OD�

V\QWKqVH�DUWLFXODWRLUH�GHV�FRQVRQQHV�IULFDWLYHV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������$YLJQRQ��
)UDQFH��

0F*RZDQ�� 5�6�� �����D��� .QRZOHGJH� IURP� VSHHFK� SURGXFWLRQ� XVHG� LQ� VSHHFK� WHFKQRORJ\�� DUWLFXODWRU\� V\QWKHVLV��
+DVNLQV�/DERUDWRULHV�6WDWXV�5HSRUW�RQ�6SHHFK�5HVHDUFK������������������

0F*RZDQ��5�6�������E���5HFRYHULQJ�DUWLFXODWRU\�PRYHPHQW�IURP�IRUPDQW�IUHTXHQF\�WUDMHFWRULHV�XVLQJ�WDVN�G\QDPLFV�
DQG�D�JHQHWLF�DOJRULWKP��SUHOLPLQDU\�PRGHO�WHVWV��6SHHFK�&RPPXQLFDWLRQ�������������

0F*RZDQ��5�6���.RHQLJ��/�/��	�/|ITYLVW��$����������9RFDO�WUDFW�DHURG\QDPLFV�LQ��D&D��XWWHUDQFHV��6LPXODWLRQV��6SHHFK�
&RPPXQLFDWLRQ�������������

0F*RZDQ��5�6��	�6DOW]PDQ��(�/����������,QFRUSRUDWLQJ�DHURG\QDPLF�DQG�ODU\QJHDO�FRPSRQHQWV�LQWR�WDVNV�G\QDPLFV��
-RXUQDO�RI�3KRQHWLFV���������������

0HUPHOVWHLQ��3����������$UWLFXODWRU\�PRGHO�IRU�VWXG\�RI�VSHHFK�SURGXFWLRQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD������
�����������

0RUYDQ��<����������0RGpOLVDWLRQ�DUWLFXODWRLUH�G
XQH�WrWH�SDUODQWH�YLUWXHOOH�WHQDQW�FRPSWH�GH�O
RSSRVLWLRQ�1HXWUH���6RXULUH�SDU�DQDO\VH�GH�
GRQQpHV� YLGpR�� 8QSXEOLVKHG� 5DSSRUW� GH� '($� 6LJQDO� ,PDJH� 3DUROH� 7pOpFRP�� ,QVWLWXW� 1DWLRQDO� 3RO\WHFKQLTXH� GH�
*UHQREOH��*UHQREOH��

0RWRNL��.���%DGLQ��3��	�0LNL��1����������0HDVXUHPHQW�RI�DFRXVWLF�LPSHGDQFH�GHQVLW\�GLVWULEXWLRQ�LQ�WKH�QHDU�ILHOG�RI�
WKH� ODELDO� KRUQ�� ,Q� 3URFHHGLQJV� RI� WKH� �UG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ�� YRO�� ��� SS�� ���������
<RNRKDPD��-DSDQ��

0UD\DWL�� 0�� 	� &DUUp�� 5�� �������� 5HODWLRQV� HQWUH� OD� IRUPH� GX� FRQGXLW� YRFDO� HW� OHV� FDUDFWpULVWLTXHV� DFRXVWLTXHV� GHV�
YR\HOOHV�IUDQoDLVHV��3KRQHWLFD���������������

1LVKLNDZD��.���$VDPD��.���+D\DVKL��.���7DNDQREX��+��	�7DNDQLVKL��$�� ��������'HYHORSPHQW�RI� D� WDONLQJ� URERW�� ,Q�
3URFHHGLQJV�RI� WKH��WK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�DQG�'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV� RI�6SHHFK�3URGXFWLRQ��
0RWRU�3ODQQLQJ�DQG�$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�6HHRQ��*HUPDQ\��

1L[��'�$���3DSFXQ��*���+RJGHQ��-��	�=ORNDUQLN��,����������7ZR�FURVV�OLQJXLVWLF�IDFWRUV�XQGHUO\LQJ�WRQJXH�VKDSHV�IRU�
YRZHOV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������������������

2VWU\��'�-���9DWLNLRWLV�%DWHVRQ��(��	�*ULEEOH��3�/����������$Q�H[DPLQDWLRQ�RI�WKH�GHJUHHV�RI�IUHHGRP�RI�KXPDQ�MDZ�
PRWLRQ�LQ�VSHHFK�DQG�PDVWLFDWLRQ��-RXUQDO�RI�6SHHFK��/DQJXDJH��DQG�+HDULQJ�5HVHDUFK�����������������

3DUNH��)�,����������3DUDPHWUL]HG�PRGHOV�IRU�IDFLDO�DQLPDWLRQ��,(((�&RPSXWHU�*UDSKLFV�DQG�$SSOLFDWLRQV������������
3D\DQ��<����������0RGqOHV�ELRPpFDQLTXHV�HW�FRQWU{OH�GH�OD�ODQJXH�ORUV�GH�OD�SURGXFWLRQ�GH�OD�SDUROH��8QSXEOLVKHG�7KqVH�GRFWRUDOH���

6LJQDO��,PDJH��3DUROH��7pOpFRPV��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��
3D\DQ��<��	�3HUULHU��3����������6\QWKHVLV�RI�9�9�VHTXHQFHV�ZLWK�D��'�ELRPHFKDQLFDO�WRQJXH�PRGHO�FRQWUROOHG�E\�WKH�

(TXLOLEULXP�3RLQW�+\SRWKHVLV��6SHHFK�&RPPXQLFDWLRQ���������������
3D\DQ��<���3HUULHU��3��	�/DERLVVLqUH��5����������6LPXODWLRQ�RI�WRQJXH�VKDSH�YDULDWLRQV�LQ�WKH�VDJLWWDO�SODQH�EDVHG�RQ�D�

FRQWURO�E\� WKH�(TXLOLEULXP�3RLQW�+\SRWKHVLV�� ,Q�3URFHHGLQJV�RI� WKH�;,,,WK� ,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV� �.��
(OHQLXV�	�3��%UDQGHUXG��HGLWRUV���YRO�����SS�����������6WRFNKROP��6ZHGHQ��$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

3HORUVRQ��;����������/
LQVWUXPHQW�FRQGXLW�YRFDO��$VSHFWV�DFRXVWLTXHV�HW�DpURDFRXVWLTXHV��,Q�/D�SDUROH��GHV�PRGqOHV�FRJQLWLIV�
DX[�PDFKLQHV� FRPPXQLFDQWHV��$FWHV�GH� � O
(FROH�GHV� WHFKQLTXHV�DYDQFpHV��6LJQDO�� ,PDJH��3DUROH� �3��(VFXGLHU�	�-��/��6FKZDUW]��
HGLWRUV����+HUPHV��

3HORUVRQ��;���%DGLQ��3���0RWRNL��.���0LNL��1��	�3OLFTXH��0����������2Q�WKH�UDGLDWLRQ�RI�VRXQG�DW�WKH�OLSV�GXULQJ�VSHHFK��
(IIHFWV�RI� OLS�JHRPHWU\�DQG�RI�KLJKHU�DFRXVWLFDO�PRGHV��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��
YRO��,9��SS�����������7URQGKHLP��1RUZD\��

3HORUVRQ��;���+LUVFKEHUJ��$���9DQ�+DVVHO��5�5���:LMQDQGV��$�3�-��	�$XUHJDQ��<����������7KHRUHWLFDO�DQG�H[SHULPHQWDO�
VWXG\� RI� TXDVL�VWHDG\� IORZ� VHSDUDWLRQ� ZLWKLQ� WKH� JORWWLV� GXULQJ� SKRQDWLRQ�� $SSOLFDWLRQ� WR� D�PRGLILHG� WZR�PDVV�
PRGHO��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������

3HORUVRQ��;���+LUVFKEHUJ��$���:LMQDQGV��$�3�-��	�%DLOOLHW��+�0�$�� ��������'HVFULSWLRQ�RI� WKH�IORZ�WKURXJK�WKH�YRFDO�
FRUGV�GXULQJ�SKRQDWLRQ��$FWD�$FXVWLFD��������������

3HUNHOO�� -�6�� ��������$�SK\VLRORJLFDO�RULHQWHG�PRGHO� RI� WKH� WRQJXH�DFWLYLW\�GXULQJ� VSHHFK�SURGXFWLRQ��8QSXEOLVKHG�3K��'LVV���0,7��
&DPEULGJH��

3HUNHOO�� -�6�� ��������0RGHOV�� WKHRU\� DQG� GDWD� LQ� VSHHFK� SURGXFWLRQ�� ,Q�3URFHHGLQJV� RI� WKH�;,,WK� ,QWHUQDWLRQDO� &RQJUHVV� RI�
3KRQHWLF�6FLHQFHV��YRO�����SS�����������

3HUNHOO�� -�6��� &RKHQ��0�0��� 6YLUVN\��0�$���0DWWKLHV��0�/���*DUDELHWD�� ,��	� -DFNVRQ��0�7�7�� �������� (OHFWURPDJQHWLF�
PLGVDJLWWDO� DUWLFXORPHWHU� V\VWHPV� IRU� WUDQVGXFLQJ� VSHHFK�DUWLFXODWRU\�PRYHPHQWV�� -RXUQDO� RI� WKH�$FRXVWLFDO�6RFLHW\� RI�
$PHULFD�����������������
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3HUULHU�� 3��� %Rs�� /��-���0DMLG�� 6�5��	�*XpULQ��%�� ��������0RGpOLVDWLRQ� DUWLFXODWRLUH� GX� FRQGXLW� YRFDO��([SORUDWLRQ� HW�
H[SORLWDWLRQ��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS���3DULV��

3HUULHU��3���%Rs��/��-��	�6RFN��5�� ��������9RFDO� WUDFW� DUHD� IXQFWLRQ�HVWLPDWLRQ� IURP�PLGVDJLWWDO�GLPHQVLRQV�ZLWK�&7�
VFDQV� DQG� D� YRFDO� WUDFW� FDVW�� PRGHOLQJ� WKH� WUDQVLWLRQ� ZLWK� WZR� VHWV� RI� FRHIILFLHQWV�� -RXUQDO� RI� 6SHHFK� DQG�+HDULQJ�
5HVHDUFK�������������

3HUULHU��3���2VWU\��'��	�/DERLVVLqUH��5����������7KH�(TXLOLEULXP�3RLQW�+\SRWKHVLV�DQG�LWV�DSSOLFDWLRQ�WR�VSHHFK�PRWRU�
FRQWURO��-RXUQDO�RI�6SHHFK�DQG�+HDULQJ�5HVHDUFK���������������

3HUULHU�� 3��� 3D\DQ�� <��� 3HUNHOO�� -�6��� -ROO\�� )��� =DQGLSRXU�� 0�� 	� 0DWWKLHV�� 0�� �������� 2Q� ORRSV� DQG� DUWLFXODWRU\�
ELRPHFKDQLFV��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�	�-��5REHUW�
5LEHV��HGLWRUV���SS���6\GQH\��$XVWUDOLD���$XVWUDOLDQ�6SHHFK�6FLHQFH�DQG�7HFKQRORJ\�$VVRFLDWLRQ�,QF��

3KDP�7KL�1JRF��<����������&DUDFWpULVDWLRQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO��IRQFWLRQV�GH�WUDQVIHUW�DFRXVWLTXHV�HW�VRXUFHV�GH�EUXLW��eWXGH�GHV�
YR\HOOHV� FKXFKRWpHV� HW� GHV� FRQVRQQHV� IULFDWLYHV� QRQ� YRLVpHV�� 8QSXEOLVKHG� 7KqVH� GRFWRUDOH� �� 6LJQDO�� ,PDJH�� 3DUROH�� ,QVWLWXW�
1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��

3KDP�7KL�1JRF��<��	�%DGLQ��3�� ��������9RFDO� WUDFW�DFRXVWLF� WUDQVIHU�IXQFWLRQ�PHDVXUHPHQWV�� IXUWKHU�GHYHORSPHQWV�
DQG�DSSOLFDWLRQV��,Q�-RXUQDO�GH�3K\VLTXH�,9��&ROORTXH�&���6XSSOpPHQW�DX�-RXUQDO�GH�3K\VLTXH�,,,��3URFHHGLQJV�RI�WKH��UG�)UHQFK�
&RQJUHVV�RI�$FRXVWLFV��YRO�����SS�����������7RXORXVH��)UDQFH��

3RUWQRII��0�5����������$�TXDVL�RQH�GLPHQVLRQDO�GLJLWDO�VLPXODWLRQ�IRU�WKH�WLPH�YDU\LQJ�YRFDO�WUDFW��8QSXEOLVKHG�0�6��7KHVLV��0,7��
5DKLP��0�*���*RRG\HDU��&�&���.OHMLQ��:�%��� 6FKURHWHU�� -��	�6RQKL��0�0�� ��������2Q� WKH�XVH�RI�QHXUDO�QHWZRUNV� LQ�

DUWLFXODWRU\�VSHHFK�V\QWKHVLV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������
5HHG��&�0���5DELQRZLW]��:�0���'XUODFK��1�,���%UDLGD��/�'���&RQZD\�)LWKLDQ��6��	�6FKXOW]��0�&����������5HVHDUFK�RQ�

WKH�7DGRPD�PHWKRG�RI�VSHHFK�FRPPXQLFDWLRQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD������������������
5HYpUHW��/�� ��������&RQFHSWLRQ� HW� pYDOXDWLRQ� G
XQ� V\VWqPH� GH� VXLYL� DXWRPDWLTXH� GHV� JHVWHV� ODELDX[� HQ� SDUROH��8QSXEOLVKHG�7KqVH�

GRFWRUDOH���0LFUR�pOHFWURQLTXH��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��
5HYpUHW�� /��� %DLOO\�� *�� 	� %DGLQ�� 3�� �����D��� 027+(5�� D� QHZ� JHQHUDWLRQ� RI� WDONLQJ� KHDGV� SURYLGLQJ� D� IOH[LEOH�

DUWLFXODWRU\� FRQWURO� IRU� YLGHR�UHDOLVWLF� VSHHFK� DQLPDWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ�
/DQJXDJH�3URFHVVLQJ��%��<XDQ��7��+XDQJ�	�;��7DQJ��HGLWRUV���YRO��,,��SS�����������%HLMLQJ��&KLQD��

5HYpUHW��/���%DLOO\��*���%RUHO��3��	�%DGLQ��3�������E���$QDO\VH�SDU�OD�V\QWKqVH�G
XQ�YLVDJH��'�SDUODQW���LQYHUVLRQ�RSWLFR�
DUWLFXODWRLUH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��

5HYpUHW��/��	�%HQRvW��&����������$�QHZ��'�OLS�PRGHO�IRU�DQDO\VLV�DQG�V\QWKHVLV�RI�OLS�PRWLRQ�LQ�VSHHFK�SURGXFWLRQ��,Q�
3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$XGLWRU\�9LVXDO� 6SHHFK�3URFHVVLQJ���6HFRQG�(6&$�(75:�RQ�$XGLWRU\�9LVXDO�
6SHHFK��'��%XUQKDP��-��5REHUW�5LEHV�	�(��9DWLNLRWLV�%DWHVRQ��HGLWRUV���SS�����������7HUULJDO�6\GQH\��$XVWUDOLD��

5LRUGDQ��&�-����������&RQWURO�RI�YRFDO�WUDFW�OHQJWK�LQ�VSHHFK��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�������������������
5RNNDNX��0���+DVKLPRWR��.��� ,PDL]XPL�� 6���1LLPL�� 6��	�.LULWDQL�� 6�� ��������0HDVXUHPHQW� RI� WKH� WKUHH�GLPHQVLRQDO�

VKDSH�RI�WKH�YRFDO�WUDFW�EDVHG�RQ�WKH�0DJQHWLF�5HVRQDQFH�,PDJLQJ�WHFKQLTXH��$QQXDO�%XOOHWLQ�RI�WKH�5HVHDUFK�,QVWLWXWH�
IRU�/RJRSHGLFV�DQG�3KRQLDWULFV�������������

5RVVDWR�� 6�� ��������'X� VRQ� DX� JHVWH�� LQYHUVLRQ� GH� OD� SDUROH�� OH� FDV� GHV� YR\HOOHV� QDVDOHV��8QSXEOLVKHG�7KqVH�GRFWRUDOH� ��6LJQDO��
,PDJH��3DUROH��7HOHFRPV��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH��*UHQREOH��

5RVVDWR��6���%DGLQ��3��	�)HQJ��*����������(VWLPDWLRQ�GHV�PRXYHPHQWV�GX�YRLOH�GX�SDODLV�j�SDUWLU�GX�VLJQDO�GH�SDUROH�
SRXU�OHV�YR\HOOHV�QDVDOHV�GX�)UDQoDLV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��

5XELQ�� 3�(��� %DHU�� 7�� 	� 0HUPHOVWHLQ�� 3�� �������� $Q� DUWLFXODWRU\� V\QWKHVL]HU� IRU� SHUFHSWXDO� UHVHDUFK�� -RXUQDO� RI� WKH�
$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������������

5XELQ�� 3�(��� 6DOW]PDQ�� (�/��� *ROGVWHLQ�� /��� 0F*RZDQ�� 5�6��� 7LHGH�� 0�.�� 	� %URZPDQ�� &�3�� �������� &$6<� DQG�
H[WHQVLRQV� WR� WKH� WDVN�G\QDPLF� PRGHO�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� 6SHHFK� 3URGXFWLRQ� 6HPLQDU� �� �VW� (6&$� 7XWRULDO� DQG�
5HVHDUFK�:RUNVKRS�RQ�6SHHFK�3URGXFWLRQ�0RGHOLQJ��IURP�&RQWURO�6WUDWHJLHV�WR�$FRXVWLFV��SS�����������$XWUDQV��)UDQFH��

5XVVHOO��2�*����������7KH�YRZHO��,WV�SK\VLRORJLFDO�PHFKDQLVP�DV�VKRZQ�E\�;�5D\��0DU\ODQG��0F*UDWK�3XEOLVKLQJ�&RPSDQ\��
6DQJXLQHWL�� 9��� /DERLVVLqUH�� 5�� 	�2VWU\�� '�� �������� $� G\QDPLF� ELRPHFKDQLFDO� PRGHO� IRU� QHXUDO� FRQWURO� RI� VSHHFK�

SURGXFWLRQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������������������
6DYDULDX[��&���3HUULHU��3��	�2UOLDJXHW��-��3����������&RPSHQVDWLRQ�VWUDWHJLHV�IRU�WKH�SHUWXUEDWLRQ�RI�WKH�URXQGHG�YRZHO�

>X@�XVLQJ�D�OLS�WXEH��$�VWXG\�RI�WKH�FRQWURO�VSDFH�LQ�VSHHFK�SURGXFWLRQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������
3W����������������

6FK|QOH�� 3�:�� ��������7KH� GHYHORSPHQWDO� JHQHDORJ\�RI�(OHFWURPDJQHWLF�$UWLFXORJUDSK\� �(0$���)RUVFKXQJVEHULFKWH� GHV�
,QVWLWXWV�I�U�3KRQHWLN�XQG�6SDFKOLFKH�.RPPXQLNDWLRQ�GHU�8QLYHUVLWlW�0�QFKHQ��),3.0�������������

6FKURHWHU�� -�� 	� 6RQGKL�� 0�0�� �������� $UWLFXODWRU\� V\QWKHVL]HU� IRU� UHVHDUFK� LQ� ORZ� ELW�UDWH� FRGLQJ� RI� VSHHFK�� ,Q�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��SS��$�����

6FKZDUW]��-��/���%Rs��/��-���9DOOpH��1��	�$EU\��&����������7KH�GLVSHUVLRQ�IRFDOL]DWLRQ�WKHRU\�RI�YRZHO�V\VWHPV��-RXUQDO�RI�
3KRQHWLFV���������������

6FXOO\��&�� �������� 6SHHFK� SURGXFWLRQ� VLPXODWHG�ZLWK� D� IXQFWLRQDO�PRGHO�RI� WKH� ODU\Q[� DQG� WKH�YRFDO� WUDFW�� -RXUQDO� RI�
3KRQHWLFV���������������



3DJH���� 6\QWKqVH�GHV�WUDYDX[�GH�UHFKHUFKH� �
�

�
6FXOO\��&����������7KH�UHSUHVHQWDWLRQ�LQ�PRGHOV�RI�ZKDW�VSHDNHUV�NQRZ��,Q�3URFHHGLQJV�RI�WKH�;,,WK�,QWHUQDWLRQDO�&RQJUHVV�RI�

3KRQHWLF�6FLHQFHV��YRO�����SS�����������
6FXOO\��&��	�$OOZRRG��(�� �������� 3URGXFWLRQ� DQG�SHUFHSWLRQ�RI� DQ� DUWLFXODWRU\� FRQWLQXXP� IRU� IULFDWLYHV�RI�(QJOLVK��

6SHHFK�&RPPXQLFDWLRQ��������������
6KDGOH��&�+����������0RGHOV�RI�IULFDWLYH�FRQVRQDQWV�LQYROYLQJ�VRXQG�JHQHUDWLRQ�DORQJ�WKH�ZDOO�RI�D�WXEH��,Q�3URFHHGLQJV�

RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��SS��$�����
6KDGOH��&�+����������$UWLFXODWRU\�DFRXVWLF�UHODWLRQVKLSV�LQ�IULFDWLYH�FRQVRQDQWV��,Q�6SHHFK�3URGXFWLRQ�DQG�6SHHFK�0RGHOOLQJ�

�:�-��+DUGFDVWOH�	�$��0DUFKDO��HGLWRUV���SS������������.OXZHU�$FDGHPLF�3XEOLVKHU��
6KLUDL�� .�� 	�+RQGD��0�� �������� $Q� DUWLFXODWRU\� PRGHO� DQG� WKH� HVWLPDWLRQ� RI� DUWLFXODWRU\� SDUDPHWHUV� E\� QRQOLQHDU�

UHJUHVVLRQ�PRGHO��7UDQVDFWLRQV�RI�WKH�,(&(�-DSDQ�����$��������������
6LQGHU��'�-���.UDQH��0�+��	�)ODQDJDQ��-�/����������6\QWKHVLV�RI�IULFDWLYH�VRXQGV�XVLQJ�DQ�DHURDFRXVWLF�QRLVH�JHQHUDWLRQ�

PRGHO��,Q�3URFHHGLQJV�RI� WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV�DQG����WK�0HHWLQJ�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�
�3�.��.XKO�	�/�$��&UXP��HGLWRUV���YRO��,��SS�����������6HDWWOH��86$��

6WDUN�� -��� /LQGEORP�� %�� 	� 6XQGEHUJ�� -�� �������� $3(;� DQ� DUWLFXODWRU\� V\QWKHVLV� PRGHO� IRU� H[SHULPHQWDO� DQG�
FRPSXWDWLRQDO�VWXGLHV�RI�VSHHFK�SURGXFWLRQ��7DO�0XVLN�+|UVHO���4XDWHUO\�3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP�������������
����

6WHYHQV��.�1����������$LUIORZ�DQG�WXUEXOHQFH�QRLVH�IRU�IULFDWLYH�DQG�VWRS�FRQVRQDQWV��VWDWLF�FRQVLGHUDWLRQV��-RXUQDO�RI�
WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������

6WHYHQV��.�1����������0RGHOV�IRU�WKH�SURGXFWLRQ�DQG�DFRXVWLFV�RI�VWRS�FRQVRQDQWV��6SHHFK�&RPPXQLFDWLRQ���������������
6WHYHQV�� .�1��� %OXPVWHLQ�� 6�(��� *OLFNVPDQ�� /��� %XUWRQ�� 0�� 	� .XURZVNL�� .�� �������� $FRXVWLF� DQG� SHUFHSWXDO�

FKDUDFWHULVWLFV�RI�YRLFLQJ�LQ�IULFDWLYHV�DQG�IULFDWLYH�FOXVWHUV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������
6WHYHQV��.�1��	�+RXVH��$�6�� ��������'HYHORSPHQW� RI� D� TXDQWLWDWLYH� GHVFULSWLRQ� RI� YRZHO� DUWLFXODWLRQ�� -RXUQDO� RI� WKH�

$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������������
6WHYHQV��.�1���.DVRZVNL��6��	�)DQW��*����������$Q�HOHFWULFDO�DQDORJ�RI�WKH�YRFDO�WUDFW��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�

$PHULFD���������������
6WHZDUW��-�4����������$Q�HOHFWULFDO�DQDORJXH�RI�WKH�YRFDO�RUJDQV��1DWXUH����������������������
9DOOpH�� 1��� 6FKZDUW]�� -��/�� 	� (VFXGLHU�� 3�� �������� 3KDVH� 6SDFHV� RI� YRZHO� V\VWHPV�� $� W\SRORJ\� LQ� WKH� OLJKW� RI� WKH�

'LVSHUVLRQ�)RFDOL]DWLRQ�7KHRU\��')7���,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��-�-��2KDOD��<��
+DVHJDZD��0��2KDOD��'��*UDQYLOOH� 	�$�&�� %DLOH\�� HGLWRUV��� YRO�� ��� SS�� ��������� 6DQ� )UDQFLVFR��86$�� &RQJUHVV�
RUJDQL]HUV�DW�WKH�/LQJXLVWLFV�'HSDUWPHQW��8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��

9DWLNLRWLV�%DWHVRQ��(���.XUDWDWH��7���.DPDFKL��0��	�<HKLD��+����������)DFLDO�GHIRUPDWLRQ�SDUDPHWHUV�IRU�DXGLRYLVXDO�
V\QWKHVLV��,Q�3URFHHGLQJV�RI�$963
����$XGLWRU\�9LVXDO�6SHHFK�3URFHVVLQJ���'�:��0DVVDUR��HGLWRU��SS�����������8QLYHUVLW\�
RI�&DOLIRUQLD��6DQWD�&UX]��&DOLIRUQLD��86$��

9HVFRYL��&���&DVWHOOL��(��	�3HORUVRQ��;�� ��������$GDSWDWLRQ�RI� D� WZR�PDVV�PRGHO�RI� WKH�YRFDO� FRUGV� WR� D�SDUWLFXODU�
VSHDNHU�� ,Q�3URFHHGLQJV�RI� WKH��WK�(XUR6SHHFK�&RQIHUHQFH� �-�0��3DUGR��(��(QUtTXH]��-��2UWHJD��-��)HUUHLURV��-��0DFtDV�	�
)�-��9DOYHUGH��HGLWRUV���YRO�����SS�������������0DGULG��6SDLQ��*U­ILFDV�%UHQV��

9LODLQ��$����������$SSRUWV�GH�OD�PRGpOLVDWLRQ�GHV�GHJUpV�GH�OLEHUWp�DUWLFXODWRLUHV�j�O
pWXGH�GH�OD�FRDUWLFXODWLRQ�HW�GX�GpYHORSSHPHQW�GH�OD�
SDUROH��8QSXEOLVKHG�7KqVH�GRFWRUDOH���6FLHQFHV�GX�/DQJDJH��8QLYHUVLWp�6WHQGKDO��*UHQREOH��

9LODLQ��$���$EU\��&��	�%DGLQ��3�������D���&RDUWLFXODWLRQ�DQG�GHJUHHV�RI�IUHHGRP�LQ�WKH�HODERUDWLRQ�RI�D�QHZ�DUWLFXODWRU\�
SODQW��*HQWLDQH��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�	�-��5REHUW�
5LEHV��HGLWRUV���YRO�����SS�������������6\GQH\��$XVWUDOLD�� �$XVWUDOLDQ�6SHHFK�6FLHQFH�DQG�7HFKQRORJ\�$VVRFLDWLRQ�
,QF��

9LODLQ��$���$EU\��&��	�%DGLQ��3�������E���$�SURSRV�GHV�GHJUpV�GH�OLEHUWp�GDQV�OD�FRDUWLFXODWLRQ�G
XQ�ORFXWHXU�IUDQoDLV�
ILOPp����IRLV�SDU�VHFRQGH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������0DUWLJQ\��6XLVVH��

9LODLQ��$���$EU\��&��	�%DGLQ��3����������0RWRU�HTXLYDOHQFH�HYLGHQFHG�E\�DUWLFXODWRU\�PRGHOOLQJ��,Q�3URFHHGLQJV�RI�WKH��WK�
(XUR6SHHFK�&RQIHUHQFH��YRO�����SS�����������%XGDSHVW��+XQJDU\��

9LODLQ��$���$EU\��&��	�%DGLQ��3�� ��������&RSURGXFWLRQ�VWUDWHJLHV� LQ�)UHQFK�9&9V��FRQIURQWLQJ�gKPDQ
V�PRGHO�ZLWK�
DGXOW� DQG� GHYHORSPHQWDO� DUWLFXODWRU\� GDWD�� ,Q�3URFHHGLQJV� RI� WKH� �WK�6HPLQDU� RQ�6SHHFK�3URGXFWLRQ��0RGHOV� DQG�'DWD�	�
&5(67�:RUNVKRS� RQ�0RGHOV� RI� 6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ� DQG�$UWLFXODWRU\�0RGHOOLQJ��SS���������.ORVWHU�6HHRQ��
*HUPDQ\��

YRQ� .HPSHOHQ�� :�5�� ��������0HFKDQLVPXV� GHU� PHQVFKOLFKHQ� 6SUDFKH� QHEVW� GHU� %HVFKUHLEXQJ� HLQHU� VSUHFKHQGH� 0DVFKLQH�� :LHQ��
'HJHQ��-�%��

:LOKHOPV�7ULFDULFR�� 5�� �������� 3K\VLRORJLFDO� PRGHOLQJ� RI� VSHHFK� SURGXFWLRQ�� 0HWKRGV� IRU� PRGHOLQJ� VRIW�WLVVXH�
DUWLFXODWRUV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������3W�����������������

:LOKHOPV�7ULFDULFR��5��	�3HUNHOO��-�6����������7RZDUGV�D�SK\VLRORJLFDO�PRGHO�RI�VSHHFK�SURGXFWLRQ��,Q�3URFHHGLQJV�RI�WKH�
;,,,WK� ,QWHUQDWLRQDO�&RQJUHVV� RI� 3KRQHWLF� 6FLHQFHV� �.��(OHQLXV�	�3��%UDQGHUXG�� HGLWRUV���YRO�����SS���������6WRFNKROP��
6ZHGHQ��$UQH�6WU|PEHUJV�*UDILVND�3UHVV��



� 5pIpUHQFHV� 3DJH����
�

�

�
�

:X��+�<���%DGLQ��3���&KHQJ��<�0��	�*XpULQ��%�� �����D���&RQWLQXRXV�YDULDWLRQV�RI� WKH�YRFDO� WUDFW� OHQJWK� LQ�D�.HOO\�
/RFKEDXP�W\SH�VSHHFK�SURGXFWLRQ�PRGHO��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��YRO�����SS��
���������7DOOLQQ��(VWRQLD��

:X�� +�<��� %DGLQ�� 3��� &KHQJ�� <�0�� 	� *XpULQ�� %�� �����E��� 6LPXODWLRQ� GX� FRQGXLW� YRFDO�� UpDOLVDWLRQ� GH� OD� YDULDWLRQ�
FRQWLQXH�GH�ORQJXHXU�GDQV�XQ�PRGqOH�GH�.HOO\�/RFKEDXP���(IIHWV�GH�O
pFKDQWLOORQQDJH�VSDWLDO�GH�OD�IRQFWLRQ�G
DLUH��
%XOOHWLQ�GX�/DERUDWRLUH�GH�OD�&RPPXQLFDWLRQ�3DUOpH�����������

:X�� +�<��� %DGLQ�� 3��� &KHQJ�� <�0�� 	� *XpULQ�� %�� �����F��� 9RFDO� WUDFW� VLPXODWLRQ�� LPSOHPHQWDWLRQ� RI� FRQWLQXRXV�
YDULDWLRQV�RI�WKH�OHQJWK�LQ�D�.HOO\�/RFKEDXP�PRGHO��(IIHFWV�RI�DUHD�IXQFWLRQ�VSDWLDO�VDPSOLQJ��,Q�3URFHHGLQJV�RI�WKH�
,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��SS��������

<X��=��	�=HQJ��6�� ��������$UWLFXODWRU\� V\QWKHVLV�XVLQJ�D�YRFDO�WUDFW�PRGHO�RI�YDULDEOH� OHQJWK�� ,Q�3URFHHGLQJV�RI� WKH��WK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ� �%�� <XDQ�� 7��+XDQJ�	�;�� 7DQJ�� HGLWRUV��� YRO�� ,�� SS�� ���������
%HLMLQJ��&KLQD��





� 3DUWLFLSDWLRQ�j�OD�YLH�VFLHQWLILTXH� 3DJH����
�

�

�
�

'HX[LqPH�SDUWLH���3DUWLFLSDWLRQ�j�OD�YLH�VFLHQWLILTXH�
�

�
&HWWH� GHX[LqPH� SDUWLH� SUpVHQWH� GH� IDoRQ� SOXV� DGPLQLVWUDWLYH� OHV� GLYHUVHV� DFWLYLWpV� DX[TXHOOHV� M·DL� pWp�

DPHQp�j�SDUWLFLSHU�HQ�WDQW�TXH�FKHUFKHXU��

V. ENCADREMENT DE CHERCHEURS 
/HV� WKqVHV�GH�GRFWRUDW�GH� O
,13*�TXH� M
DL� GLULJpHV�RX� FR�GLULJpHV� LOOXVWUHQW� OHV�GLYHUV� DVSHFWV�GH�PRQ�

SURSUH� WUDYDLO� GH� UHFKHUFKH��PHVXUHV� LQ�YLWUR�� pWDEOLVVHPHQW� GH�PRGqOHV�� HW� HQILQ� j� SDUWLU� GH� FHV� DFTXLV��
UpFXSpUDWLRQ�GHV�JHVWHV�DUWLFXODWRLUHV�HW� V\QWKqVH�DUWLFXODWRLUH�� -
DL� FR�HQFDGUp� OD� WKqVH�G
(ULF�&DVWHOOL�DYHF�
%HUQDUG� *XpULQ�� HW� 3DVFDO� 3HUULHU� D� DVVXUp� O
HQFDGUHPHQW� GH� OD� GHUQLqUH� DQQpH�� ORUV� GH� ODTXHOOH� M
pWDLV� j�
6WRFNKROP��/D� WKqVH�GH�'HQLV�%HDXWHPSV�FRPSRUWDLW�GHX[�DVSHFWV�FRPSOpPHQWDLUHV� OLpV�j� O
LQYHUVLRQ�HQ�
SDUROH���M
DL�HQFDGUp�OH�WUDYDLO�VXU�O
LQYHUVLRQ�GHV�FRQVRQQHV�IULFDWLYHV�OLp�j�OD�SURGXFWLRQ�GH�OD�SDUROH�WDQGLV�
TXH�-HDQ�/XF�6FKZDUW]�V
HVW�RFFXSp�GH�OD�SDUWLH�OLpH�j�OD�SHUFHSWLRQ��-
DL�DVVXUp�HQWLqUHPHQW�O
HQFDGUHPHQW�
GHV�WKqVHV�GH�<HQ�3KDP�7KL�1JRF�HW�GH�.KDOHG�0DZDVV��-·DL�HQILQ�FR�HQFDGUp�OD�WKqVH�GH�6RODQJH�5RVVDWR�
DYHF�*DQJ�)HQJ�HW�5DIDHO�/DERLVVLqUH�HW�FHOOH�G·$QQH�9LODLQ�DYHF�&KULVWLDQ�$EU\��SRXU�OHV�DVSHFWV�OLpV�DX[�
GRQQpHV�HW�PRGqOHV�DUWLFXODWRLUHV��
2XWUH� FHV� �FR��HQFDGUHPHQWV� GRFWRUDX[�� M
DL� JXLGp� OHV� SDV� G
XQ� FHUWDLQ� QRPEUH� G
pWXGLDQWV� HQ� '($�

6,37��6/�HW�6&�� VDQV�FRPSWHU�GHV� LQJpQLHXUV�HW�G
DXWUHV�pWXGLDQWV��/D� OLVWH�GpWDLOOpH�GH�FHV�HQFDGUHPHQWV�
ILJXUH�FL�GHVVRXV��

A. Thèses (7) 
• 9LODLQ�� $QQH��� $SSRUWV� GH� OD� PRGpOLVDWLRQ� GHV� GHJUpV� GH� OLEHUWp� DUWLFXODWRLUHV� j� O
pWXGH� GH� OD�

FRDUWLFXODWLRQ� HW� GX� GpYHORSSHPHQW� GH� OD� SDUROH� �7KqVH� GH� 'RFWRUDW� GH� O·8QLYHUVLWp�
6WHQGKDO�� 6/�� VHSWHPEUH� ����� �� GpFHPEUH� ������� FR�HQFDGUHPHQW� j� ����� DYHF�
&K��$EU\��

• 5RVVDWR�� 6RODQJH��� 'X� VRQ� DX� JHVWH�� LQYHUVLRQ� GH� OD� SDUROH�� OH� FDV� GHV� YR\HOOHV� QDVDOHV� �7KqVH� GH�
'RFWRUDW�GH�O
,13*��6,37��VHSWHPEUH��������GpFHPEUH��������FR�HQFDGUHPHQW�j�����
DYHF�*��)HQJ�HW�5��/DERLVVLqUH��

• %RUHO��3DVFDO���0RGpOLVDWLRQ�DUWLFXODWRLUH�HW�DFRXVWLTXH�GHV�QDVDOHV�HW�GHV�ODWpUDOHV��7KqVH�GH�'RFWRUDW�
GH�O
,13*��6,37��VHSWHPEUH��������MXLOOHW�������DEDQGRQ��

• 0DZDVV��.KDOHG���6\QWKqVH�DUWLFXODWRLUH�GHV�FRQVRQQHV�IULFDWLYHV��7KqVH�GH�'RFWRUDW�GH�O
,13*��6,3��
VHSWHPEUH��������VHSWHPEUH�������

• 3KDP�7KL�1JRF��<HQ���&DUDFWpULVDWLRQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO��IRQFWLRQV�GH�WUDQVIHUW�DFRXVWLTXHV�
HW� VRXUFHV� GH� EUXLW�� eWXGH� GHV� YR\HOOHV� FKXFKRWpHV� HW� GHV� FRQVRQQHV� IULFDWLYHV� QRQ�
YRLVpHV��7KqVH�GH�'RFWRUDW�GH�O
,13*��6,3��RFWREUH��������MDQYLHU��������

• %HDXWHPSV�� 'HQLV��� 5pFXSpUDWLRQ� GHV� JHVWHV� GH� OD� SDUROH� j� SDUWLU� GH� WUDMHFWRLUHV� IRUPDQWLTXHV��
,GHQWLILFDWLRQ� GH� FLEOHV� YRFDOLTXHV� QRQ�DWWHLQWHV� HW�PRGqOHV� SRXU� OHV� SURILOV� VDJLWWDX[�
GHV�FRQVRQQHV�IULFDWLYHV��7KqVH�GH�'RFWRUDW�GH�O
,13*��6,3��VHSWHPEUH��������IpYULHU�
������FR�HQFDGUHPHQW�j������DYHF�-�/��6FKZDUW]���

• &DVWHOOL�� (ULF��� &DUDFWpULVDWLRQ� DFRXVWLTXH� GHV� YR\HOOHV� QDVDOHV� GX� IUDQoDLV�� 0HVXUHV�� PRGpOLVDWLRQ� HW�
VLPXODWLRQ�WHPSRUHOOH��7KqVH�GH�'RFWRUDW�GH�O
,13*��6,3��VHSWHPEUH��������MXLQ��������
FR�HQFDGUHPHQW�j������DYHF�%��*XpULQ�HW�3��3HUULHU��

B. DEA (11) 
• 7URPSDW�� -XOLHQ��� 3HUFHSWLRQ� DXGLRYLVXHOOH� GH� OD� SDUROH�� HIIHW� 0F*XUN� HW� UpDOLWp� DXJPHQWpH� �'($�

6FLHQFHV�&RJQLWLYHV��8-)�,13*��VHSWHPEUH��������MXLQ�������FR�HQFDGUHPHQW�DYHF�0DULH�
$JQqV�&DWKLDUG���

• 0RUYDQ�� <DQ���0RGpOLVDWLRQ� DUWLFXODWRLUH� G
XQH� WrWH� SDUODQWH� YLUWXHOOH� WHQDQW� FRPSWH� GH� O
RSSRVLWLRQ�
1HXWUH� �� 6RXULUH� SDU� DQDO\VH� GH� GRQQpHV� YLGpR� �,QJpQLHXU�(16(5*���'($�6,37��
VHSWHPEUH��������VHSWHPEUH��������

• %RUHO��3DVFDO���0RGpOLVDWLRQ�DUWLFXODWRLUH�OLQpUDLUH�G
XQ�YLVDJH�LQFOXDQW�GHV�OqYUHV��,QJpQLHXU�(16(5*�
��'($�6,37��VHSWHPEUH��������VHSWHPEUH��������
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• 9LODLQ��$QQH���8Q�QRXYHDX�PRGqOH�DUWLFXODWRLUH�SRXU�OD�V\QWKqVH�HW�OH�FRQWU{OH�URERWLTXH�GH�OD�SDUROH�

�'($�6/��VHSWHPEUH������²�-XLQ�������FR�HQFDGUHPHQW�DYHF�&KULVWLDQ�$EU\����
• +RXFLQH�� .HUPLFKH��� 'pYHORSSHPHQW� G·XQ�PRGqOH� GH� SDVVDJH� GH� OD� IRQFWLRQ� VDJLWWDOH� j� OD� IRQFWLRQ�

G·DLUH�j�O·DLGH�GH�WHFKQLTXHV�G·RSWLPLVDWLRQ�VRXV�FRQWUDLQWH���'($�6,3��VHSWHPEUH������
��MXLQ�������FR�HQFDGUHPHQW�DYHF�'HQLV�%HDXWHPSV���

• (O�0DVUL�� 6DPLU��� $SSOLFDWLRQ� GH� OD� PpWKRGH� 7/0� DX[� RQGHV� DFRXVWLTXHV�� �'($� 220�� &R�
HQFDGUHPHQW�DYHF�;DYLHU�3HORUVRQ�HW�3LHUUH�6DJXHW��VHSWHPEUH��������MXLQ��������

• .DUDPL�0ROODHL�� 0RKDPDG��� 0RGqOH� GH� SDVVDJH� GH� OD� IRQFWLRQ� VDJLWWDOH� j� OD� IRQFWLRQ� G
DLUH� SRXU�
O
LQYHUVLRQ�GX�FRQGXLW�YRFDO�j�O
DLGH�GH�WHFKQLTXHV�G
RSWLPLVDWLRQ�VRXV�FRQWUDLQWH���'($�
6,3��VHSWHPEUH��������MXLQ��������

• ,VVD��,PDG���(WXGH�GH� OD�SDUROH�HQ�DWPRVSKqUH�+pOLXP���2[\JqQH��'($�6,3��VHSWHPEUH�������� MXLQ�
������

• (O�-DNO�� -DOLO���0RGpOLVDWLRQ�GH� OD�VRXUFH�GH�EUXLW�SRXU� OHV�FRQVRQQHV�IULFDWLYHV� �'($�6,3��VHSWHPEUH�
�������MXLQ�������

• .DPOp�7DZILN���,PSODQWDWLRQ�G·XQH�VRXUFH�GH�EUXLW�IULFDWLI�j�VSHFWUH�FRPPDQGDEOH�GDQV�XQ�PRGqOH�GH�
FRQGXLW�YRFDO��OLJQH�j�UpIOH[LRQ���'($�6,3��VHSWHPEUH��������VHSWHPEUH�������

• 8GR�� 2JHPGL��� (WXGH� HW� VLPXODWLRQ� GHV� IRQFWLRQV� GH� VHQVLELOLWp� GX� FRQGXLW� YRFDO� DSSOLTXpHV� DX[�
FRQILJXUDWLRQV�QDVDOHV��'($�6,3��VHSWHPEUH��������MXLQ��������

C. Ingénieurs (14) 
• 'H�3HQJXHUQ��*XLOODXPH��,QJpQLHXU�(16(5*��0DUV������²�-XLQ�������0RGpOLVDWLRQ�DUWLFXODWRLUH��'���

�'�HW�DFRXVWLTXH�GHV�QDVDOHV�SRXU�XQH�WrWH�SDUODQWH�DXGLRYLVXHOOH��
• 0RUYDQ�� <DQ���0RGpOLVDWLRQ� DUWLFXODWRLUH� G
XQH� WrWH� SDUODQWH� YLUWXHOOH� WHQDQW� FRPSWH� GH� O
RSSRVLWLRQ�

1HXWUH���6RXULUH�SDU�DQDO\VH�GH�GRQQpHV�YLGpR���,QJpQLHXU�(163*��VHSWHPEUH��������
MXLQ�������

• 3RXFKR\�� /DXUHQW��� 0RGqOH� DUWLFXODWRLUH� �'� GH� FRQGXLW� YRFDO� �,QJpQLHXU� ,QVWLWXW� 3RO\WHFKQLTXH� GH�
6pYHQDQV��IpYULHU��������MXLOOHW��������

• 3RXFKR\��/DXUHQW���/RJLFLHO�GH�WUDLWHPHQW�G·LPDJHV�,50��,QJpQLHXU�,QVWLWXW�3RO\WHFKQLTXH�GH�6pYHQDQV��
VHSWHPEUH��������IpYULHU��������

• /ySH]��*HUP­Q���,QYHUVLRQ�G·XQ�PRGqOH�DUWLFXODWRLUH�GH�ODQJXH�j�SDUWLU�GH�GRQQpHV�DUWLFXORJUDSKLTXH�
HW� DXGLRYLVXHOOHV� �,QJpQLHXU� ,QVWLWXW� 3RO\WHFKQLTXH� GH� 0DGULG�� RFWREUH� ����� �� PDUV�
�������

• %DULFFKL��(QULFR���,QYHUVLRQ�G·XQ�PRGqOH�DUWLFXODWRLUH�GH�ODQJXH�j�SDUWLU�GH�GRQQpHV�DUWLFXORJUDSKLTXHV�
�,QJpQLHXU�,QVWLWXW�3RO\WHFKQLTXH�GH�3DUPH��RFWREUH��������PDUV��������

• &KDYDJQDW��6\OYDLQ���/RJLFLHO�GH� WUDLWHPHQW�G·LPDJHV�FLQpUDGLRJUDSKLTXHV�GX�FRQGXLW�YRFDO� �,QJpQLHXU�
(16(5*�� VHSWHPEUH� ����� �� MXLQ� ������ FR�HQFDGUHPHQW� DYHF� 3�<�� &RXORQ� HW� 7��
/DOORXDFKH����

• (PEOLQJ��&ODUH��/RJLFLHO�GH�WUDLWHPHQW�G·LPDJHV�FLQpUDGLRJUDSKLTXHV�GX�FRQGXLW�YRFDO��$XGLWULFH�OLEUH�
(16(5*�� ,QJpQLHXU� 8QLYHUVLW\� &ROOHJH�� /RQGRQ�� VHSWHPEUH� ����� �� MXLQ� ������ &R�
(QFDGUHPHQW�DYHF�3�<��&RXORQ�HW�7��/DOORXDFKH����

• %RXIIDUWLJXH��&KULVWRSKH���0RGpOLVDWLRQ�PpFDQLTXH�HW�DpURG\QDPLTXH�GHV�OqYUHV�SRXU�OD�SURGXFWLRQ�GH�
FRQVRQQHV�SORVLYHV�ELODELDOHV��$FTXLVLWLRQ�GH�GRQQpHV�ODELRPpWULTXHV�j�OD�FDPpUD�YLGpR�
UDSLGH��,QJpQLHXU�(16(5*��FR�HQFDGUHPHQW�DYHF�;��3HORUVRQ��VHSWHPEUH��������MXLQ�
�������

• 7RXUUHW�� 6WpSKDQH��� 0RGpOLVDWLRQ� PpFDQLTXH� HW� DpURG\QDPLTXH� GHV� OqYUHV� SRXU� OD� SURGXFWLRQ� GH�
FRQVRQQHV�SORVLYHV�ELODELDOHV��$FTXLVLWLRQ�GH�GRQQpHV�ODELRPpWULTXHV�j�OD�FDPpUD�YLGpR�
UDSLGH���,QJpQLHXU�(16(5*��FR�HQFDGUHPHQW�DYHF�;��3HORUVRQ��VHSWHPEUH��������-XLQ�
�������

• 2UODQGR�� 3DROR��� 0RGHOOL]]D]LRQH� GHOOD� JORWWLGH� FRPH� VRUJHQWH� GL� VHJQDOL� YRFDOL� �6WDJLDLUH� (UDVPXV��
8QLYHUVLWp�GH�%RORJQH��,WDOLH��PDUV���MXLQ�������

• 5LWWHUKDXV��'LDQH��0LGVDJLWWDO�GLVWDQFH�DQG�DUHD�IXQFWLRQV�IRU�D�VHW�RI�IULFDWLYHV�DQG�YRZHOV��6WDJLDLUH�
78�'UHVGHQ��MDQYLHU���DYULO�������

• 'ULGL��5\DG���0LVH�HQ�SODFH�GX� ORJLFLHO�GH�PHVXUH�GH�IRQFWLRQ�GH�WUDQVIHUW�GX�&9�VXU�3&��,QJpQLHXU��
,&3,��/\RQ��������
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• +DVWUHLWHU�� 3HWHU��� 6\VWqPH� GH� PHVXUH� GH� OD� IRQFWLRQ� GH� WUDQVIHUW� DFRXVWLTXH� GX� &9� HQ� WHPSV� UpHO�
�,QJpQLHXU��8QLYHUVLWp�GH�0�QLFK���$OOHPDJQH���������

D. Divers (7) 
• (QJZDOO��2OOH���0RGqOH�DUWLFXODWRLUH��'�GX�6XpGRLV�j�SDUWLU�GH�GRQQpHV�,50��'RFWRUDQW�GH�.7+��-XLQ�

-XLOOHW�HW�VHSWHPEUH�������
• %HDXWHPSV��'HQLV��3RVW�'RF��VHSWHPEUH��������MXLOOHW�������FR�HQFDGUHPHQW�DYHF�*��%DLOO\@��
• %RXYLHU�� 'DYLG��� 0RGpOLVDWLRQ� DFRXVWLTXH� GX� FRQGXLW� YRFDO� GDQV� OH� GRPDLQH� IUpTXHQWLHO� �,87�

,QIRUPDWLTXH�GH�*UHQREOH��DYULO���MXLQ�������
• &KRVVRQ�� &pGULF��� 0RGpOLVDWLRQ� DFRXVWLTXH� GX� FRQGXLW� YRFDO� GDQV� OH� GRPDLQH� IUpTXHQWLHO� �,87�

,QIRUPDWLTXH�GH�*UHQREOH��DYULO���MXLQ�������
• :HOOQHU��7RUVWHQ��6WDJLDLUH�(UDVPXV��RFWREUH��������DYULO�������
• %DUUDFORXJK�� /RUQD� �$VVLVWDQWH� GH� UHFKHUFKH�� &RQWUDW� 6&,(1&(� ´0HVXUH�� FDUDFWpULVDWLRQ� HW�

PRGpOLVDWLRQ�GHV�VRQV�IULFDWLIVµ��VHSWHPEUH��������DR�W���������
• 7]DYDOL��(IWKDVLD��$VVLVWDQWH�GH�UHFKHUFKH��&RQWUDW�6&,(1&(�´0HVXUH��FDUDFWpULVDWLRQ�HW�PRGpOLVDWLRQ�

GHV�VRQV�IULFDWLIVµ��VHSWHPEUH��������DR�W�������

E. Participation à des jurys 
3RXU� WHUPLQHU� FHWWH� VHFWLRQ�� MH� GRLV� PHQWLRQQHU� TXH� M
DL� pWp� PHPEUH� GX� MXU\� GH� WKqVH� GH� 'HQLV�

%HDXWHPSV��<HQ�3KDP�7KL�1JRF��.KDOHG�0DZDVV��6RODQJH�5RVVDWR��$QQH�9LODLQ��HW�TXH�M
DL�pWp�LQYLWp�HQ�
WDQW�TX
RSSRVDQW�j�OD�GpIHQVH�GH�WKqVH�GH�OLFHQFH��OLFHQFLDWH�WKHVLV��7RZDUGV�DQ�DUWLFXODWRU\�VSHHFK�V\QWKHVL]HU��
0RGHO�GHYHORSPHQW�DQG�VLPXODWLRQV��GH�0DWV�%nYHJnUG��.7+��6WRFNKROP�����IpYULHU��������

VI. PARTICIPATION A COLLOQUES ET CONGRES 
/D�OLVWH�H[KDXVWLYH�GH�PHV�SXEOLFDWLRQV�GDQV�GHV�FROORTXHV�LQWHUQDWLRQDX[�HVW�GRQQpH�j�OD�VHFWLRQ�;,��HW�

MH�PH�OLPLWH�GRQF�LFL�j�PHQWLRQQHU�OHV�PDQLIHVWDWLRQV�DX[TXHOOHV�M
DL�SDUWLFLSp�HQ�WDQW�TXH�SUpVHQWDWHXU���

�����
• )LIWK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�DQG�'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV�RI�6SHHFK�3URGXFWLRQ��

0RWRU�3ODQQLQJ�DQG�$UWLFXODWRU\�0RGHOOLQJ��0�QLFK��$OOHPDJQH�
• ��qPHV�-RXUQpHV�G·(WXGHV�GH�OD�3DUROH��$XVVRLV�

�����
• 6DWHOOLWH�ZRUNVKRS�RQ�´6SHHFK�7HFKQRORJ\�DSSOLFDWLRQV�LQ�&$//µ��(852&$//·����%HVDQoRQ��LQYLWp��

�����
• (6&$�7XWRULDO�DQG�5HVHDUFK�:RUNVKRS�RQ�6SHHFK�7HFKQRORJ\�LQ�/DQJXDJH�/HDUQLQJ��6WRFNKROP��6XqGH�
• +RNNDLGR�:RUNVKRS�RQ�6SHHFK�3URGXFWLRQ��.XWFKDQ��-DSRQ�

�����
• )LIWK�(XUR6SHHFK�&RQIHUHQFH��5KRGHV��*UqFH�

�����
• )RXUWK� 6SHHFK� 3URGXFWLRQ� 6HPLQDU� �� )LUVW� (6&$� 7XWRULDO� DQG� 5HVHDUFK� :RUNVKRS� RQ� 6SHHFK� 3URGXFWLRQ�

0RGHOLQJ��IURP�&RQWURO�6WUDWHJLHV�WR�$FRXVWLFV��$XWUDQV��FRQWULEXWLRQ�LQYLWpH�DYHF�&KULVWLDQ�$EU\��
• ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ�3KLODGHOSKLH��86$���LQYLWp���

�����
• ��WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��6WRFNKROP��6XqGH�

�����
• 7KLUG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��<RNRKDPD��-DSRQ��LQYLWp��

�����
• 7KLUG�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��'DWD�DQG�0RGHOV��1HZ�+DYHQ��&7��86$�
• $FRXVWLFDO�6RFLHW\�RI�$PHULFD��2WWDZD��&DQDGD�

�����
• ��WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��$L[�HQ�3URYHQFH�
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• 6HFRQG�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��'DWD�DQG�0RGHOV��/HHGV��8.�

�����
• )LUVW�(XUR6SHHFK�&RQIHUHQFH��3DULV�

�����
• )LUVW�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��'DWD�DQG�0RGHOV��*UHQREOH�

�����
• ��WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��7DOOLQQ��8566�

�����
• )UHQFK�6ZHGLVK�6HPLQDU�RQ�6SHHFK��*UHQREOH�

�����
• ,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��3DULV�

�
'
DXWUH�SDUW��DX�FRXUV�GH�YLVLWHV�GH�ODERUDWRLUHV�j�O
pWUDQJHU��M
DL�pWp�DPHQp�j�GRQQHU�GHV�FRQIpUHQFHV�VXU�

GLYHUV� DVSHFWV� GH� OD� SURGXFWLRQ� GH� OD� SDUROH�� HQ� SDUWLFXOLHU� j� O
8QLYHUVLWp� GH� 7RN\R� HW� j� O
8QLYHUVLWp� GX�
+RNNDLGR�DX�-DSRQ��HW�j� O
8QLYHUVLWp�-RKQV�+RSNLQV�GH�%DOWLPRUH�HW�DX[�/DERUDWRLUHV�+DVNLQV�j�1HZ�+DYHQ�
DX[�(WDWV�8QLV��

VII. PARTICIPATION A LA VIE DU LABORATOIRE 
&HWWH�VHFWLRQ�SUpVHQWH�OHV�GLIIpUHQWV�DVSHFWV�GH�PD�SDUWLFLSDWLRQ�j�OD�YLH�GX�ODERUDWRLUH���

$QLPDWLRQ�GH�O·�pTXLSH�$FRXVWLTXH��������SUpVHQW���8Q�DVSHFW�LPSRUWDQW�HVW�PRQ�U{OH�G
DQLPDWHXU�GH�
O
pTXLSH�$FRXVWLTXH��GHSXLV�������&HWWH�pTXLSH�D�FRPSWp�MXVTX·j�XQH�GL]DLQH�GH�SHUVRQQHV������SHUPDQHQWV��
���� WKpVDUGV� HW� ���� VWDJLDLUHV� GLYHUV��� PrPH� VL� HOOH� HVW� SOXV� UpGXLWH� DXMRXUG·KXL�� 'DQV� FH� FDGUH�� M
DL� pWp�
UpJXOLqUHPHQW�DPHQp�j�SDUWLFLSHU�j�O
HQFDGUHPHQW�VFLHQWLILTXH�GH�FKHUFKHXUV�HQFDGUpV�SDU�G
DXWUHV�PHPEUHV�
GH�O
pTXLSH��HW�j�FRRUGRQQHU�OHV�GLIIpUHQWV�WUDYDX[�GH�UHFKHUFKH�DILQ�GH�OHV�UHQGUH�SOXV�FRKpUHQWV��HW�GH�IDLUH�
DYDQFHU� QRWUH� SURMHW�� j� VDYRLU� OD� FRPSUpKHQVLRQ� HW� OD� PRGpOLVDWLRQ� GHV� SKpQRPqQHV� DFRXVWLTXHV� HW�
DpURG\QDPLTXHV�TXL�SUpVLGHQW�j�OD�SURGXFWLRQ�GHV�VRQV�GH�SDUROH��

$FWLYLWp�G·pGLWHXU��������SUpVHQW���-H�SDUWLFLSH�pJDOHPHQW�DX�UD\RQQHPHQW�LQWHUQDWLRQDO�GX�ODERUDWRLUH�j�
WUDYHUV� O
pGLWLRQ�GHV�&DKLHUV� GH� O·,&3�� FUppV� HQ������ DYHF�&��$EU\��/�-��%Rs��3��3HUULHU�HW� -�/��6FKZDUW]�� HW�
GRQW����QXPpURV�VRQW�VRUWLV�j�FH�MRXU��/HV�&DKLHUV�GH�O·,&3�UHJURXSHQW�OH�%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH��
UHYXH�IUDQFRSKRQH�VXU�OD�SDUROH��DYHF�FRPLWp�GH�OHFWXUH��OHV�5DSSRUWV�GH�5HFKHUFKH�GH�O
,&3��HW�GHV�0RQRJUDSKLHV��
&HV� FDKLHUV� IRQW� VXLWH� DX� %XOOHWLQ� GX� /DERUDWRLUH� GH� OD� &RPPXQLFDWLRQ� 3DUOpH�� FUpp� DYHF� 3�� 3HUULHU� HW�
-�/��6FKZDUW]��GRQW�TXDWUH�QXPpURV�VRQW�SDUXV�HQWUH������HW�������ORUVTXH�QRXV�Q
DYLRQV�HQFRUH�SDV�HQFRUH�
UpDOLVp�XQH�IXVLRQ�FRPSOqWH�DYHF�OH�%XOOHWLQ�GH�O
,QVWLWXW�GH�3KRQpWLTXH�GH�*UHQREOH��

*HVWLRQ�GH�OD�ELEOLRWKqTXH�GH�O·,&3�JDUH�������SUpVHQW���'HSXLV�������MH�JqUH�OD�ELEOLRWKqTXH�GH�O
,&3��
VLWH�9LDOOHW��j�O
DLGH�G
XQH�ELEOLRWKpFDLUH�j�WHPSV�SDUWLHO��HQ�OLDLVRQ�DYHF�OD�ELEOLRWKqTXH�GH�O
(16(5*��

&RQVHLO�GH� ODERUDWRLUH� �������SUpVHQW��� -H� VXLV�PHPEUH�pOX�GX�&RQVHLO�GH�/DERUDWRLUH�GH� O·,&3�GHSXLV�
-DQYLHU� ������ DSUqV� DYRLU� pWp� LQYLWp� SHUPDQHQW� GH� FH�PrPH� FRQVHLO�� DX� WLWUH� GH� UHVSRQVDEOH� GH� O
pTXLSH�
$FRXVWLTXH��GHSXLV�������

3ODQ� LQIRUPDWLTXH�GH� O·,&3� ��������(Q�pTXLSH� DYHF� -�/�� 6FKZDUW]�� M
DL� DVVXUp�� HQ������� OD�FRRUGLQDWLRQ�
SRXU� OD� UHPLVH� j� QLYHDX� GX� SDUF� LQIRUPDWLTXH� GX� ODERUDWRLUH� �GpILQLWLRQ� GHV� EHVRLQV�� FRQWDFWV� DYHF� OHV�
FRQVWUXFWHXUV�� SURJUDPPHV� G
HVVDL�� UDSSRUWV� DXSUqV� GH� OD� &RPPLVVLRQ� ,QIRUPDWLTXH��� &H� WUDYDLO� DYDLW�
SHUPLV�DX�ODERUDWRLUH�GH�FRPEOHU�XQ�FHUWDLQ�UHWDUG�HQ�pTXLSHPHQW�HW�HQ�RUJDQLVDWLRQ�LQIRUPDWLTXH��

VIII. ADMINISTRATION DE LA RECHERCHE 

A. Contrats et projets 
0HVXUH��FDUDFWpULVDWLRQ�HW�PRGpOLVDWLRQ�GHV�FRQVRQQHV�IULFDWLYHV��6&,(1&(��������������'H������j�
������M
DL�pWp�FR�UHVSRQVDEOH��DYHF�%HUQDUG�*XpULQ��GH�O
$FWLRQ�GH�OD�&((�6&,(1&(�6&�
�����&��('%���
0HVXUH�� FDUDFWpULVDWLRQ� HW� PRGpOLVDWLRQ� GHV� FRQVRQQHV� IULFDWLYHV�� HQ� FROODERUDWLRQ� DYHF� O
8QLYHUVLWp� GH� /HHGV� HW�
O
8QLYHUVLWp�GH�6RXWKDPSWRQ��&H�SURMHW�P
D�HQ�SDUWLFXOLHU�SHUPLV�G
HPEDXFKHU�XQH�DVVLVWDQWH�GH�UHFKHUFKH�
SHQGDQW�GHX[�DQV��HW�D�GRQQp�OLHX�j�SOXVLHXUV�SXEOLFDWLRQV�HW�FRQWULEXWLRQV�j�GHV�FRQIpUHQFHV��



� 3DUWLFLSDWLRQ�j�OD�YLH�VFLHQWLILTXH� 3DJH����
�

�

�
�

%DVH�GH�GRQQpHV�DUWLFXODWRLUHV�HW�DFRXVWLTXHV�SRXU�OD�SDUROH��5pVHDX�(XURSpHQ���������(Q�������M
DL�
MRXp� OH�U{OH�GH�&RRUGLQDWHXU�GX�5pVHDX�(XURSpHQ�GH�/DERUDWRLUHV�%DVH�GH�GRQQpHV�DUWLFXODWRLUHV� HW�DFRXVWLTXHV�
SRXU� OD� SDUROH�� ILQDQFp�SDU� OH�0LQLVWqUH� GH� OD�5HFKHUFKH� HW� GH� OD�7HFKQRORJLH�� DYHF� O
(167� j�3DULV�� HW� OHV�
8QLYHUVLWpV�GH�6WRFNKROP��/HHGV�HW�6RXWKDPSWRQ��

6SHHFK�0DSV��(635,7�%5��������������/H�UpVHDX�%DVH�GH�GRQQpHV�DUWLFXODWRLUHV�HW�DFRXVWLTXHV�SRXU�OD�SDUROH�D�
MRXp�XQ�U{OH�LPSRUWDQW�GDQV�O
pODERUDWLRQ�GX�SURMHW�HXURSpHQ�(635,7�%5�1������6SHHFK�0DSV��TXH�M
DL�FR�
GLULJp� DYHF� &KULVWLDQ� $EU\� GH� ����� j� ������ &H� SURMHW�� G
XQ� EXGJHW� WRWDO� GH� ��� 0)�� D� UDVVHPEOp� ���
ODERUDWRLUHV� HXURSpHQV� WUDYDLOODQW� GDQV� OH� GRPDLQH� GH� OD� SURGXFWLRQ� GH� OD� SDUROH� HW� GH� OD� URERWLTXH�
DQWKURSRPRUSKLTXH��SRXU�HVVD\HU�GH�FRQVWUXLUH�XQ�URERW�SDUODQW�FDSDEOH�GH�UHSURGXLUH�GHV�VRQV�GH�SDUROH�
SDU�DSSUHQWLVVDJH��&H�SURMHW��VXU�OHTXHO�M
DL�TXDVLPHQW�WUDYDLOOp�j�WHPSV�SOHLQ�SHQGDQW�TXDWUH�DQV��D�SHUPLV�GH�
PDQLqUH�JpQpUDOH�GH�IRUPDOLVHU�OH�FRQFHSW�GH�URERWLTXH�GH�OD�SDUROH��GH�IDLUH�SURJUHVVHU�FRQVLGpUDEOHPHQW�QRV�
PRGqOHV�GH�SURGXFWLRQ�HW�GH�SHUFHSWLRQ�GH�OD�SDUROH��GH�GpYHORSSHU�HW�WHVWHU�GHV�PpWKRGHV�G
LQYHUVLRQ��HW�D�
ILQDOHPHQW� DERXWL� j� GH� QRPEUHXVHV� SXEOLFDWLRQV� HW� SUpVHQWDWLRQV� j� GHV� FRQIpUHQFHV� LQWHUQDWLRQDOHV�� DLQVL�
TX
j�XQ�ILOP�DXGLRYLVXHO�GH�GpPRQVWUDWLRQ�TXL�D�pWp�SUpVHQWp�j�GH�QRPEUHXVHV�RFFDVLRQV�GHSXLV�OD�ILQ�GX�
SURMHW�HQ�GpFHPEUH�������

0RGpOLVDWLRQ�HW�VLPXODWLRQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO��SURMHW�(/(6$��������������-·DL�MRXp�OH�U{OH�
GH� FRUUHVSRQGDQW� j� O·,&3� GH� FH� SURMHW� LQWpJUp� j� O·D[H� ©�PRGpOLVDWLRQ� HW� VLPXODWLRQ� GHV� SKpQRPqQHV�
DFRXVWLTXHV��pOHFWURQLTXHV�RX�pOHFWURPDJQpWLTXHV�ª�GH�OD�IpGpUDWLRQ�(/(6$�YLVDQW�j�DSSOLTXHU�OD�PpWKRGH�
7/0�j�O·DFRXVWLTXH�GX�FRQGXLW�YRFDO��

8QH�WrWH�SDUODQWH�YLUWXHOOH���GRQQpHV�HW�PRGqOHV�HQ�SURGXFWLRQ�GH�SDUROH��$5$66+��������������'H�
����� j� ������ M·DL� FRRUGRQQp� DYHF� /RXLV�-HDQ� %Rs�� XQ� SURMHW� ILQDQFp� GDQV� OH� FDGUH� GX� 3URJUDPPH� GH�
5HFKHUFKH�GH�O·$5$66+��$JHQFH�5K{QH�$OSHV�SRXU�OHV�6FLHQFHV�6RFLDOHV�HW�+XPDLQHV��HW�LQWLWXOp�8QH�WrWH�
SDUODQWH�YLUWXHOOH� ��GRQQpHV� HW�PRGqOHV� HQ�SURGXFWLRQ�GH�SDUROH��&H�SURMHW�D�SHUPLV�GH�PHWWUH�HQ�SODFH�XQH�EDVH�GH�
GRQQpHV� DUWLFXODWRLUHV�� GpYHORSSHU� GHV�PRGqOHV� SRXU� OHV� DUWLFXODWHXUV� HW� OHV� LQWpJUHU�GDQV� OD� WrWH�SDUODQWH�
YLUWXHOOH��G·pWXGLHU�OD�YDULDELOLWp�HW�O
HVSDFH�GH�FRQWU{OH�GH�FHV�PRGqOHV��HW�G·LQGXLUH�GHV�SURWRW\SHV�SRXU�OHV�
SKRQqPHV�OHV�SOXV�IUpTXHQWV�GHV�ODQJXHV�GX�PRQGH��
(Q�GHKRUV�GH� OD� FRRUGLQDWLRQ�GH�FHV�SURMHWV�� M·DL�SDUWLFLSp��RX� MH�SDUWLFLSH��GLUHFWHPHQW�j�XQH�VpULH�GH�

SURMHWV�FRRUGRQQpV�SDU�G·DXWUHV�FROOqJXHV�GH�O·,&3���
• /HV� URERWV�SDUOHQW�DX[� URERWV��8Q�JpQpUDWHXU�GHV�VWUXFWXUHV�VRQRUHV�GX� ODQJDJH��������������

3URMHW�GX�*,6�6FLHQFHV�GH�OD�&RJQLWLRQ��&RJQLWLRQ�QDWXUHOOH���&RJQLWLRQ�DUWLILFLHOOH���5HVS��&KULVWLDQ�$EU\��
• 9DORULVDWLRQ� GH� OD� EDQTXH� GH� GRQQpHV� FLQpUDGLRJUDSKLTXHV� GH� O·,QVWLWXW� GH� 3KRQpWLTXH� GH�

6WUDVERXUJ��1XPpULVDWLRQ�GHV�GRQQpHV�HW�pODERUDWLRQ�G·XQH�SODWH�IRUPH�PXOWLPpGLD�SRXU�OHXU�
DQDO\VH��������������3URMHW�,QJpQLHULH�GHV�ODQJXHV�GX�6+6���&156���5HVS��3DVFDO�3HUULHU��

• 0RGqOHV��'�GH�YLVDJHV�SDUODQWV��������������3URMHW�)UDQFH�7HOHFRP�5	'���5HVS��*pUDUG�%DLOO\��
• 7(032�9$/6(�� 7HUPLQDO� ([SpULPHQWDO� 03(*�� 32UWDEOH� GH� 9LVLRSKRQLH� HW� $QLPDWLRQ�

/DELDOH� 6FDODEO(� ������������� 3URMHW� GX� 5157� �5pVHDX� 1DWLRQDO� GH� 5HFKHUFKH� HQ�
7pOpFRPPXQLFDWLRQV����5HVS��j�O·,&3��*pUDUG�%DLOO\��

• $%,63$�� $SSUHQWLVVDJH� � %D\pVLHQ� � ,QWHUVHQVRULHO� GH� 6WUXFWXUHV� � 3KRQRORJLTXHV� SDU� XQ�
$QGURwGH� EpEp� ������������� 3URMHW� &RJQLWLTXH�� $FWLRQ� ������ 7KqPH� ©�/DQJDJH� HW� &RJQLWLRQ�ª� GX��
0(157����5HVS��/RXLV�-HDQ�%Rs��

• 'H� O
K\SHU�DUWLFXODWLRQ� DX� ODQJDJH� SDUOp� FRPSOpWp�� UREXVWHVVH� HW� YHUVDWLOLWp� GH� OD�
FRPPXQLFDWLRQ� ODQJDJLqUH�� (WXGH� GHV� VWUDWpJLHV� DGDSWDWLYHV� KXPDLQHV� HW� PRGpOLVDWLRQ�
G
LQWHUIDFHV�PXOWLPRGDOHV���������������3URMHW�MHXQH�pTXLSH�&156���5HVS��'HQLV�%HDXWHPSV��

• 7rWH� SDUODQWH� DXGLRYLVXHOOH� GRWpH� GH� UpDOLWp� DXJPHQWpH�� DXJPHQWpH� GH� /DQJDJH� 3DUOp�
&RPSOpWp� SRXU� OD� UpKDELOLWDWLRQ� GHV� GpILFLHQWV� DXGLWLIV� ������������� 3URMHW� ILQDQFp� SDU� OH�
3URJUDPPH�&RJQLWLTXH�GX�0(157���5HVS��'HQLV�%HDXWHPSV��

• $5786��$QLPDWLRQ� 5pDOLVWH� SDU� 7DWRXDJH� DXGLRYLVXHO� j� � O
8VDJH� GHV� � 6RXUGV� ������� �������
3URMHW�GX�5157��5pVHDX�1DWLRQDO�GH�5HFKHUFKH�HQ�7pOpFRPPXQLFDWLRQV���5HVS��*pUDUG�%DLOO\��
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B. Organisation de séminaires 
6XLWH�j�XQ�VpMRXU�GH����PRLV�j�6WRFNKROP��M
DL�SDUWLFLSp�j�O
RUJDQLVDWLRQ�GH�UHQFRQWUHV�IUDQFR�VXpGRLVHV�

�)UHQFK�6ZHGLVK� 6HPLQDU� RQ� 6SHHFK� 3URGXFWLRQ��*UHQREOH�� ������)UHQFK�6ZHGLVK� 6HPLQDU� RQ� 6SHHFK�5HFRJQLWLRQ� DQG�
3HUFHSWLRQ���*UHQREOH���������
-
DL�SDU�DLOOHXUV�SDUWLFLSp�j�O
RUJDQLVDWLRQ�GX�)LUVW�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ���*UHQREOH���������HW�M
DL�pWp�

PHPEUH�GX�FRPLWp�VFLHQWLILTXH�GX�)RXUWK�6SHHFK�3URGXFWLRQ�6HPLQDU��)LUVW�(6&$�7XWRULDO�DQG�5HVHDUFK�:RUNVKRS�
RQ�6SHHFK�3URGXFWLRQ�0RGHOLQJ��IURP�&RQWURO�6WUDWHJLHV�WR�$FRXVWLFV��$XWUDQV���������
'DQV�OH�FDGUH�GX�SURMHW�6SHHFK�0DSV��M
DL�pWp�DPHQp�j�RUJDQLVHU�TXDWUH�UHQFRQWUHV�LQWHUQDWLRQDOHV�TXL�RQW�D�

FKDTXH�IRLV�UpXQL�XQH�TXDUDQWDLQH�GH�SDUWLFLSDQWV��*UHQREOH��������������������6WRFNKROP���������
(QILQ��SOXV�UpFHPPHQW��M·DL�FR�RUJDQLVp�DYHF�*pUDUG�%DLOO\�OHV�;;,,,qPHV�-RXUQpHV�G·(WXGH�VXU�OD�3DUROH�j�

$XVVRLV�GX������� MXLQ�������FROORTXH�TXL�D�UDVVHPEOp�SOXV�GH�����SDUWLFLSDQWV�IUDQFRSKRQHV�VXU� WRXV�OHV�
WKqPHV�TXL�WRXFKHQW�j�OD�FRPPXQLFDWLRQ�SDUOpH��

C. Activités éditoriales 
-H�VXLV�UpJXOLqUHPHQW�UHOHFWHXU�SRXU�GLYHUV�MRXUQDX[�LQWHUQDWLRQDX[���

• -RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�
• -RXUQDO�RI�3KRQHWLFV�
• 6SHHFK�&RPPXQLFDWLRQ�
• ,(((�7UDQVDFWLRQV�RQ�6SHHFK�DQG�$XGLR�3URFHVVLQJ�

-
DL�pJDOHPHQW�pWp�UHOHFWHXU�G
XQ�RXYUDJH�SRXU�.OXZHU�$FDGHPLF�3XEOLVKHUV��

IX. SEJOURS A L’ETRANGER ET MISSIONS SUR LE TERRAIN 
­�GH�QRPEUHXVHV�RFFDVLRQV��M
DL�SX�HIIHFWXHU�GHV�VpMRXUV�VFLHQWLILTXHV�GDQV�GLIIpUHQWV�SD\V��-H�SUpVHQWH�

LFL� GHX[� VpMRXUV�GH� ORQJXH�GXUpH� j�6WRFNKROP�� HW�XQ� HQVHPEOH�GH� FDPSDJQHV�GH�PHVXUHV�GDQV�SOXVLHXUV�
JUDQGV�ODERUDWRLUHV�LQWHUQDWLRQDX[��

A. Séjours de longue durée 
.7+��6WRFNKROP��6XqGH��3RVW�'RF�,15,$��DYULO������²�PDUV��������0RQ�SUHPLHU�VpMRXU�GH� ORQJXH�
GXUpH�j�O·pWUDQJHU�V·HVW�GpURXOp�DX�'HSDUWPHQW�RI�6SHHFK�&RPPXQLFDWLRQ�DQG�0XVLF�$FRXVWLFV�GX�.XQJOLJD�7HNQLVND�
+|JVNRODQ��.7+���6WRFNKROP��'DQV�OH�FDGUH�GH�FH�VWDJH�SRVW�GRFWRUDO��ILQDQFp�SDU�XQH�ERXUVH�GH�UHFKHUFKH�
GH�O·,15,$��M
DL�WUDYDLOOp�HQ�FROODERUDWLRQ�DYHF�OH�3URIHVVHXU�*XQQDU�)DQW�VXU�O·DFRXVWLTXH�GX�FRQGXLW�YRFDO��HW�
GpYHORSSp�XQ�SURJUDPPH�GH�VLPXODWLRQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO���

.7+�� 6WRFNKROP�� 6XqGH� �$VVLVWDQW� GH� UHFKHUFKH�� DYULO� ����� ²� VHSWHPEUH� ������� -·DL� HQVXLWH� HX� OD�
FKDQFH�GH�SRXYRLU�FRQWLQXHU�PRQ�WUDYDLO�GH�VLPXODWLRQ�DFRXVWLTXH�GX�FRQGXLW�YRFDO�JUkFH�j�XQ�SRVWH�G·DVVLVWDQW�
GH�UHFKHUFKH�DX��.7+���

.7+��6WRFNKROP��6XqGH��PLVVLRQ�&156��RFWREUH������²�QRYHPEUH��������-·DL�DFKHYp�PRQ�VpMRXU�j�
6WRFNKROP��HQ�WDQW�TX
DWWDFKp�GH�UHFKHUFKH�DX�&156�HQ�PLVVLRQ��SRXU�WUDYDLOOHU�j�O
DPpOLRUDWLRQ�G
XQ�V\VWqPH�GH�
WUDQVFULSWLRQ�RUWKRJUDSKLTXH�SKRQpWLTXH�SRXU�OH�IUDQoDLV��

.7+��6WRFNKROP��6XqGH��DQQpH�VDEEDWLTXH��PDUV������²�DR�W��������8Q�3URJUDPPH�,QWHUQDWLRQDO�GH�
&RRSpUDWLRQ�6FLHQWLILTXH��3,&6��pWDEOL�HQWUH�OH�.7+�HW�O
,&3�P
D�SHUPLV�G
HIIHFWXHU�j�6WRFNKROP�XQ�VpMRXU�
VDEEDWLTXH� DX� FRXUV� GXTXHO� M
DL� HQ� SDUWLFXOLHU� HIIHFWXp�PD� SUHPLqUH� VpULH� G
HQUHJLVWUHPHQWV� LQ� YLYR� GH� GRQQpHV�
DFRXVWLTXHV�HW�DpURG\QDPLTXHV��HW�WUDYDLOOp�VXU�OD�WKpRULH�DFRXVWLTXH�GHV�FRQVRQQHV�IULFDWLYHV��

B. Campagnes de mesures in vivo  et in vitro 
1. In vivo 
'HSXLV�PRQ�GHX[LqPH�VpMRXU�j�6WRFNKROP�� M
DL�FRPPHQFp�j�GpYHORSSHU�XQH�SROLWLTXH�G
DFTXLVLWLRQ�GH�

GRQQpHV�LQ�YLYR��3RXU�FRPSUHQGUH�HW�PRGpOLVHU�OHV�SKpQRPqQHV�FRPSOH[HV�GH�OD�SURGXFWLRQ�GH�OD�SDUROH��LO�
HVW� QpFHVVDLUH� GH� PHVXUHU� OH� PD[LPXP� GH� SDUDPqWUHV� DpURG\QDPLTXHV�� DFRXVWLTXHV�� JpRPpWULTXHV� RX�
DUWLFXODWRLUHV� FRUUHVSRQGDQW� j� OD� SURGXFWLRQ� GH� VRQV� GRQQpV�� 8Q� FHUWDLQ� QRPEUH� GH� GLVSRVLWLIV�
H[SpULPHQWDX[� RQW� pWp� GpYHORSSpV� DILQ� GH� PHVXUHU� FHUWDLQV� SDUDPqWUHV�� PDLV� � PDOKHXUHXVHPHQW� FHV�
GLVSRVLWLIV�VRQW�SRXU�OD�SOXSDUW�LQFRPSDWLEOHV�HQWUH�HX[��'DQV�OH�FDGUH�GH�OD�SROLWLTXH�GX�VXMHW�GH�UpIpUHQFH�
H[SRVpH� GDQV� O·DXWUH� SDUWLH� GX�PpPRLUH�� M·DL� VHUYL� GH� VXMHW� HQ�SURQRQoDQW� OH�PrPH�FRUSXV�GH� VpTXHQFHV�
SDUIDLWHPHQW�FRQWU{OpHV�j�O
DLGH�GHV�GLIIpUHQWV�GLVSRVLWLIV�FRPSDWLEOHV��DILQ�GH�UHFRQVWLWXHU�XQH�LPDJH�OD�SOXV�
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FRPSOqWH� SRVVLEOH� GX� SKpQRPqQH� JOREDO�� &
HVW� DLQVL� TXH� M
DL� pWp� DPHQp� j� � HIIHFWXHU� GHV� VpMRXUV� GDQV� XQ�
FHUWDLQ� QRPEUH� GH� ODERUDWRLUHV�� -H� SHX[� pJDOHPHQW� DMRXWHU� TXH�PRQ�SUHPLHU� FRQWDFW� DYHF� OD�SOXSDUW�GHV�
GLVSRVLWLIV�H[SpULPHQWDX[�TXH�M·XWLOLVH�j�*UHQREOH�D�HX�OLHX�ORUV�GH�FROODERUDWLRQV�HW�GH�VpMRXUV�j�O·pWUDQJHU��

+XGGLQJH�+RVSLWDO�� 6XqGH� �MXLOOHW� ������� (QUHJLVWUHPHQW� G·XQ� ILOP� HQ� YLGpR� QRUPDOH� GH�PHV� FRUGHV�
YRFDOHV�LOOXPLQpHV�SDU�VWURERVFRSLH���HQ�FROODERUDWLRQ�DYHF�OH�.7+��

6SHHFK� /DERUDWRU\�� 8QLYHUVLW\� RI� /HHGV�� 8.� �PDUV� �������(QUHJLVWUHPHQWV� DFRXVWLTXHV� GH� UpIpUHQFH� GH�
FRUSXV� GH� IULFDWLYHV� VWDWLTXHV� HW� G\QDPLTXHV�� (QUHJLVWUHPHQWV� DpURG\QDPLTXHV� j� O·DLGH� G·XQ� PDVTXH�
SQHXPRWDFKRJUDSKLTXH��

'HSDUWPHQW�RI�(OHFWURQLFV�DQG�&RPSXWHU�6FLHQFHV��8QLYHUVLW\�RI�6RXWKDPSWRQ��8.��PDUV��������
(QUHJLVWUHPHQWV�+LIL�HW�ODU\QJRJUDSKLTXHV�SRXU�OHV�PrPHV�FRUSXV�GH�IULFDWLYHV�VWDWLTXHV�HW�G\QDPLTXHV���

'pSDUWHPHQW�GH�5DGLRORJLH�)DFLDOH��&+58��*UHQREOH� �DYULO� �������(QUHJLVWUHPHQW� � G·XQH� VpULH�GH�
WpOpUDGLRJUDSKLHV�VWDWLTXHV�GH�YR\HOOHV�HW�GH�IULFDWLYHV��

6SHHFK� /DERUDWRU\�� 8QLYHUVLW\� RI� /HHGV�� 8.� �PDUV� ������� (QUHJLVWUHPHQWV� pOHFWURSDODWRJUDSKLTXHV� GHV�
PrPHV�FRUSXV�GH�IULFDWLYHV�VWDWLTXHV�HW�G\QDPLTXHV��

'HSDUWPHQW�RI�(OHFWURQLFV�DQG�&RPSXWHU�6FLHQFHV��8QLYHUVLW\�RI�6RXWKDPSWRQ��8.��PDUV��������
(QUHJLVWUHPHQWV�YLGpR�HQ�OXPLqUH�VWUXFWXUpH�SRXU�OD�GpWHUPLQDWLRQ�GH�OD�IRUPH�GHV�OqYUHV�GHV�PrPHV�FRUSXV�GH�IULFDWLYHV�
VWDWLTXHV�HW�G\QDPLTXHV���

'HSDUWPHQW�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ��-RKQV�+RSNLQV�8QLYHUVLW\��%DOWLPRUH��86$�
�PDL��������$X�FRXUV�G
XQH�PLVVLRQ�G
pWXGH�DX[�(WDWV�8QLV�HQ�PDL�������M
DL�SX�HIIHFWXHU�GHV�HQUHJLVWUHPHQWV�
GH�OD�IRUPH�GH�OD�ODQJXH�SDU�LPDJHULH�XOWUDVRQLTXH��HQ��UHODWLRQ�DYHF�O
K{SLWDO�-RKQV�+RSNLQV���

6SHHFK�/DERUDWRU\��8QLYHUVLW\�RI�/HHGV��8.��PDUV��������(QUHJLVWUHPHQWV�DFRXVWLTXHV�GH�FRUSXV�FRPSOHWV�
GH� VpTXHQFHV� 9R\HOOH²&RQVRQQH²9R\HOOH�� (QUHJLVWUHPHQWV� DpURG\QDPLTXHV� j� O·DLGH� G·XQ� PDVTXH�
SQHXPRWDFKRJUDSKLTXH��

'HSDUWPHQW�RI�(OHFWURQLFV�DQG�&RPSXWHU�6FLHQFHV��8QLYHUVLW\�RI�6RXWKDPSWRQ��8.��PDUV��������
(QUHJLVWUHPHQWV� +LIL�� ODU\QJRJUDSKLTXHV�� HW� HQ� OXPLqUH� VWUXFWXUpH�SRXU� OHV�PrPHV� FRUSXV� GH� VpTXHQFHV� 9R\HOOH²
&RQVRQQH²9R\HOOH��

6HUYLFH� GH� FDUGLRORJLH�� +{SLWDO� 6FKLOWLJKHLP�� 6WUDVERXUJ� �MXLQ� ������� (QUHJLVWUHPHQW� G·XQ� ILOP�
FLQpUDGLRJUDSKLTXH�V\QFKURQH�DYHF�XQ�ODELRILOP�YLGpR��HQ�FROODERUDWLRQ�DYHF�O
,QVWLWXW�GH�3KRQpWLTXH�GH�6WUDVERXUJ��

6HUYLFH� GH� FDUGLRORJLH�� +{SLWDO� 6FKLOWLJKHLP�� 6WUDVERXUJ� �MXLQ� ������� (QUHJLVWUHPHQW� G·XQ� ILOP�
FLQpUDGLRJUDSKLTXH� V\QFKURQH� DYHF� XQ� ODELRILOP� YLGpR� GX� VXMHW� -�;�� HQ� FROODERUDWLRQ� DYHF� O
,QVWLWXW� GH� 3KRQpWLTXH� GH�
6WUDVERXUJ��

*HQHUDO�+RVSLWDO��1DUD�� -DSRQ� �IpYULHU� �������*UkFH� j� XQH� LQYLWDWLRQ� GH� OD� -636� �-DSDQ� 6RFLHW\� IRU� WKH�
3URPRWLRQ�RI�6FLHQFH���M
DL�SX�HQUHJLVWUHU�GHV�VpULHV�G
LPDJHV�EL��HW�WUL�GLPHQVLRQQHOOH�GX�FRQGXLW�YRFDO�SDU�,50�DX��HQ�
FROODERUDWLRQ�DYHF�$75��$GYDQFHG�7HOHFRPPXQLFDWLRQ�5HVHDUFK��j�.\RWR��-DSRQ��

6HUYLFH�GH�UDGLRORJLH��&+58��*UHQREOH��IpYULHU��������(QUHJLVWUHPHQW�G·LPDJHV�,50��HQ�FROODERUDWLRQ�
DYHF�O·80�8QLYHUVLWp�-RVHSK�)RXULHU���,16(50�8�����/5&�&($��3OXVLHXUV�DXWUHV�VpDQFHV�RQW�VXLYL��

5HVHDUFK�,QVWLWXWH�IRU�/RJRSHGLFV�DQG�3KRQLDWULFV��8QLYHUVLW\�RI�7RN\R��DR�W��������(QUHJLVWUHPHQW�
G·XQ�FRXUW�ILOP�j������LPDJHV���VHF��GH�PHV�FRUGHV�YRFDOHV�SRXU�GHV�VpTXHQFHV�FRQWHQDQW�GHV�IULFDWLYHV��

2. In vitro 
3RXU�FRPSOpWHU� OHV�PHVXUHV� LQ�YLYR��XQH�ORQJXH�FROODERUDWLRQ�DYHF�OH�-DSRQ�P·D�SHUPLV�G·HIIHFWXHU�GHV�

PHVXUHV� DFRXVWLTXHV� VXU� GLYHUVHV�PDTXHWWHV�� 8QH� SDUWLH� GH� FH� WUDYDLO� FROODERUDWLI� D� pWp� ILQDQFpH� GDQV� OH�
FDGUH�G
XQ�3URMHW�GH�&ROODERUDWLRQ�,QWHUQDWLRQDOH�SDU�OH�0LQLVWqUH�GH�O
(GXFDWLRQ�-DSRQDLV�0RQEXVKR��

,QVWLWXWH� RI� $SSOLHG� (OHFWULFLW\�� +RNNDLGR� 8QLYHUVLW\�� 6DSSRUR�� -DSRQ� �GpFHPEUH� ����� ²�
MDQYLHU��������0HVXUHV�G
LPSpGDQFH�G
HQWUpH�GH�PRGqOHV�GH�OqYUHV�HQ�SOkWUH��

,QVWLWXWH� RI� $SSOLHG� (OHFWULFLW\�� +RNNDLGR� 8QLYHUVLW\�� 6DSSRUR�� -DSRQ� �MXLOOHW� ������� 0HVXUHV� GH�
SUHVVLRQ�DFRXVWLTXH�GDQV�GHV�PRGqOHV�VLPSOLILpV�HQ�SOH[LJODV��

+RNNDL�*DNXHQ�8QLYHUVLW\��6DSSRUR��-DSRQ��DR�W²VHSWHPEUH��������0HVXUHV�GX�UD\RQQHPHQW�DFRXVWLTXH�
G
XQ�WX\DX�UHFWDQJXODLUH�EDIIOp��
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X. DIFFUSION DE L’INFORMATION SCIENTIFIQUE ET TECHNIQUE 
/·XQ� GHV� UpVXOWDWV� LPSRUWDQW� GX� SURMHW� (635,7�%5�6SHHFK�0DSV� pWDLW� XQH� GpPRQVWUDWLRQ� GH� V\QWKqVH�

DUWLFXODWRLUH� DXGLRYLVXHOOH�� -·DL� GRQF� FRRUGRQQp� HW� SDUWLFLSp� j� OD� UpDOLVDWLRQ� G·XQH� EDQGH� DXGLRYLVXHOOH� GH�
GpPRQVWUDWLRQ�TXL�D�pWp�SUpVHQWpH�j�GH�QRPEUHXVHV�RFFDVLRQV�GHSXLV� OD� ILQ�GX�SURMHW�HQ�GpFHPEUH������
�YRLU�FL�GHVVRXV���
-·DL�SDU�DLOOHXUV�SDUWLFLSp�GHSXLV������j�OD�SUpVHQWDWLRQ�GHV�WUDYDX[�GH�O·,&3�DX[�GLYHUVHV�pGLWLRQV�GH�OD�

©�6FLHQFH�HQ�)rWH�ª�j�*UHQREOH��
(QILQ�WRXW�UpFHPPHQW��M·LQWHUYLHQV�HQ�WDQW�TXH�VXMHW�GH�UpIpUHQFH�GDQV�O·pPLVVLRQ�VFLHQWLILTXH�$UFKLPqGH�

GH�OD�FKDvQH�GH�WpOpYLVLRQ�$UWH��

XI. PUBLICATIONS CLASSEES 
-H�SUpVHQWH�LFL�O
HQVHPEOH�GH�PHV�����SXEOLFDWLRQV��UpSHUWRULpHV�VHORQ�OD�FODVVLILFDWLRQ�WUDGLWLRQQHOOH��

1. Revues internationales avec comité (10) 
%DGLQ�� 3��� %DLOO\�� *��� 5HYpUHW�� /��� %DFLX��0��� 6HJHEDUWK�� &�� 	� 6DYDULDX[�� &�� �,Q� SUHVV��� 7KUHH�GLPHQVLRQDO�

DUWLFXODWRU\�PRGHOLQJ�RI�WRQJXH��OLSV�DQG�IDFH��EDVHG�RQ�05,�DQG�YLGHR�LPDJHV��-RXUQDO�RI�3KRQHWLFV��
%HDXWHPSV�� '��� %DGLQ�� 3�� 	� %DLOO\�� *�� �������� /LQHDU� GHJUHHV� RI� IUHHGRP� LQ� VSHHFK� SURGXFWLRQ�� $QDO\VLV� RI�

FLQHUDGLR�� DQG� ODELR�ILOP�GDWD�DQG�DUWLFXODWRU\�DFRXVWLF�PRGHOLQJ�� -RXUQDO�RI� WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD����������
�����������

0DZDVV��.���%DGLQ��3��	�%DLOO\��*����������6\QWKHVLV�RI�)UHQFK�IULFDWLYHV�E\�DXGLR�YLGHR�WR�DUWLFXODWRU\�LQYHUVLRQ��
$FWD�$FXVWLFD������������������

(O�0DVUL��6���3HORUVRQ��;���6DJXHW��3��	�%DGLQ��3����������'HYHORSPHQW�RI�WKH�7UDQVPLVVLRQ�/LQH�0DWUL[�PHWKRG�
LQ� DFRXVWLFV�� $SSOLFDWLRQ� WR� KLJKHU� PRGHV� LQ� WKH� YRFDO� WUDFW� DQG� RWKHU� FRPSOH[� GXFWV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
1XPHULFDO�0RGHOOLQJ���������������

%DGLQ�� 3��� %HDXWHPSV�� '��� /DERLVVLqUH�� 5�� 	� 6FKZDUW]�� -��/�� �������� 5HFRYHU\� RI� YRFDO� WUDFW� JHRPHWU\� IURP�
VSHHFK�VLJQDO�IRU�YRZHOV�DQG�IULFDWLYH�FRQVRQDQWV�XVLQJ�D�PLGVDJLWWDO�WR�DUHD�IXQFWLRQ�FRQYHUVLRQ�PRGHO��-RXUQDO�RI�
3KRQHWLFV���������������

%HDXWHPSV��'���%DGLQ��3��	�/DERLVVLqUH��5����������'HULYLQJ�YRFDO�WUDFW�DUHD�IXQFWLRQV�IURP�PLGVDJLWWDO�SURILOHV�
DQG� IRUPDQW� IUHTXHQFLHV��$� QHZ�PRGHO� IRU� YRZHOV� DQG� IULFDWLYH� FRQVRQDQWV� EDVHG� RQ� H[SHULPHQWDO� GDWD��6SHHFK�
&RPPXQLFDWLRQ�������������

%DGLQ�� 3��� 0RWRNL�� .��� 0LNL�� 1��� 5LWWHUKDXV�� '�� 	� /DOORXDFKH�� 7�0�� �������� 6RPH� JHRPHWULF� DQG� DFRXVWLF�
SURSHUWLHV�RI�WKH�OLS�KRUQ��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�-DSDQ��(QJOLVK�������������������

%DGLQ��3����������)ULFDWLYH�FRQVRQDQWV��DFRXVWLF�DQG�;�UD\�PHDVXUHPHQWV��-RXUQDO�RI�3KRQHWLFV���������������
'MpUDGL��$���*XpULQ��%���%DGLQ��3��	�3HUULHU��3����������0HDVXUHPHQW�RI�WKH�DFRXVWLF�WUDQVIHU�IXQFWLRQ�RI�WKH�YRFDO�

WUDFW��D�IDVW�DQG�DFFXUDWH�PHWKRG��-RXUQDO�RI�3KRQHWLFV���������������
%DGLQ��3���3HUULHU��3���%Rs��/��-��	�$EU\��&����������9RFDOLF�QRPRJUDPV��$FRXVWLF�DQG�DUWLFXODWRU\�FRQVLGHUDWLRQV�

XSRQ�IRUPDQW�FRQYHUJHQFHV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�����������������

2. Ouvrages ou chapitres dans un ouvrage (2) 
%DLOO\��*���9DWLNLRWLV�%DWHVRQ��(���%DGLQ��3���5HYpUHW��/��	�<HKLD��+���,Q�SUHSDUDWLRQ���9LVLEOH�FKDUDFWHULVWLFV�RI�

VSHHFK�SURGXFWLRQ��,Q�$XGLRYLVXDO�VSHHFK��(��9DWLNLRWLV�%DWHVRQ��*��%DLOO\�	�3��3HUULHU��(GV����&DPEULGJH��0$��86$��
0,7�3UHVV��

$EU\��&���%DGLQ��3��	�6FXOO\��&����������6RXQG�WR�JHVWXUH�LQYHUVLRQ�LQ�VSHHFK��7KH�6SHHFK�0DSV�DSSURDFK��(635,7�
5HVHDUFK�5HSRUW�1R��������,Q�$GYDQFHG�6SHHFK�$SSOLFDWLRQV��.��9DUJKHVH��6��3IOHJHU�	�-�3��/HIqYUH��(GV����SS������
�����%HUOLQ��6SULQJHU�9HUODJ��

3. Colloques internationaux avec comité (45) 
(OLVHL�� )��� 2GLVLR��0��� %DLOO\�� *�� 	� %DGLQ�� 3�� �������� &UHDWLQJ� DQG� FRQWUROOLQJ� YLGHR�UHDOLVWLF� WDONLQJ� KHDGV�� ,Q�

3URFHHGLQJV�RI�WKH�$XGLWRU\�9LVXDO�6SHHFK�3URFHVVLQJ�:RUNVKRS��$963�������'�:��0DVVDUR��-��/LJKW�	�.��*HUDFL��(GV����
SS���������$DOERUJ��'HQPDUN��������

$SRVWRO��/���3HUULHU��3���%DFLX��0���6HJHEDUWK��&��	�%DGLQ��3����������8VLQJ�WKH�IRUPDQW�FDYLW\�DIILOLDWLRQ�WR�VWXG\�
WKH� LQWHU�VSHDNHU�YDULDELOLW\��DVVHVVPHQW�IURP�05,�GDWD�� ,Q�3URFHHGLQJV�RI� WKH��WK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�
DQG�'DWD�	�&5(67�:RUNVKRS� RQ�0RGHOV� RI� 6SHHFK� 3URGXFWLRQ��0RWRU�3ODQQLQJ� DQG�$UWLFXODWRU\�0RGHOOLQJ�� SS�� ���������
.ORVWHU�6HHRQ��*HUPDQ\��0D\�������

$UQDO��$���%DGLQ��3���%URFN��*���&RQQDQ��3�<���)ORULJ��(���3HUH]��1���3HUULHU��3���6LPRQ��3���6RFN��5���9DULQ��/���
9D[HODLUH�� %��	�=HUOLQJ�� -�3�� �������� $Q�;�UD\� GDWDEDVH� IRU� )UHQFK�� ,Q�3URFHHGLQJV� RI� WKH� �WK� 6HPLQDU� RQ� 6SHHFK�
3URGXFWLRQ��0RGHOV�DQG�'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV�RI�6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ�DQG�$UWLFXODWRU\�0RGHOOLQJ��
SS�����������.ORVWHU�6HHRQ��*HUPDQ\��0D\�������
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%DGLQ��3���%RUHO��3���%DLOO\��*���5HYpUHW��/���%DFLX��0��	�6HJHEDUWK��&����������7RZDUGV�DQ�DXGLRYLVXDO�YLUWXDO�
WDONLQJ�KHDG���'�DUWLFXODWRU\�PRGHOLQJ�RI�WRQJXH��OLSV�DQG�IDFH�EDVHG�RQ�05,�DQG�YLGHR�LPDJHV��,Q�3URFHHGLQJV�RI�WKH�
�WK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�DQG�'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV�RI�6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ�DQG�
$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�6HHRQ��*HUPDQ\��0D\�������

(QJZDOO��2��	�%DGLQ��3����������$Q�05,�VWXG\�RI�6ZHGLVK�IULFDWLYHV��FRDUWLFXODWRU\�HIIHFWV��,Q�3URFHHGLQJV�RI�WKH��WK�
6HPLQDU� RQ� 6SHHFK� 3URGXFWLRQ��0RGHOV� DQG�'DWD�	�&5(67�:RUNVKRS� RQ�0RGHOV� RI� 6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ� DQG�
$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�6HHRQ��*HUPDQ\��0D\�������

0RWRNL��.���%DGLQ��3���3HORUVRQ��;��	�0DWVX]DNL��+����������$�PRGDO�SDUDPHWULF�PHWKRG�IRU�FRPSXWLQJ�DFRXVWLF�
FKDUDFWHULVWLFV�RI�WKUHH�GLPHQVLRQDO�YRFDO�WUDFW�PRGHOV��,Q�3URFHHGLQJV�RI�WKH��WK�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��0RGHOV�DQG�
'DWD�	�&5(67�:RUNVKRS�RQ�0RGHOV�RI�6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ�DQG�$UWLFXODWRU\�0RGHOOLQJ��SS�����������.ORVWHU�
6HHRQ��*HUPDQ\��0D\�������

0RWRNL��.���3HORUVRQ��;���%DGLQ��3��	�0DWVX]DNL��+����������&RPSXWDWLRQ�RI��'�YRFDO�WUDFW�DFRXVWLFV�EDVHG�RQ�
PRGH�PDWFKLQJ� WHFKQLTXH�� ,Q�3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ� �%��<XDQ��7��
+XDQJ�	�;��7DQJ��(GV����YRO��,��SS�����������%HLMLQJ��&KLQD��2FWREHU�������

5HYpUHW�� /��� %DLOO\�� *�� 	� %DGLQ�� 3�� �������� 027+(5�� D� QHZ� JHQHUDWLRQ� RI� WDONLQJ� KHDGV� SURYLGLQJ� D� IOH[LEOH�
DUWLFXODWRU\� FRQWURO� IRU� YLGHR�UHDOLVWLF� VSHHFK� DQLPDWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ�
/DQJXDJH�3URFHVVLQJ��%��<XDQ��7��+XDQJ�	�;��7DQJ��(GV����YRO��,,��SS�����������%HLMLQJ��&KLQD��2FWREHU�������

9LODLQ��$���$EU\��&��	�%DGLQ��3����������&RSURGXFWLRQ�VWUDWHJLHV�LQ�)UHQFK�9&9V��FRQIURQWLQJ�gKPDQ
V�PRGHO�ZLWK�
DGXOW� DQG� GHYHORSPHQWDO� DUWLFXODWRU\� GDWD�� ,Q�3URFHHGLQJV� RI� WKH� �WK�6HPLQDU� RQ�6SHHFK�3URGXFWLRQ��0RGHOV� DQG�'DWD�	�
&5(67�:RUNVKRS� RQ�0RGHOV� RI� 6SHHFK�3URGXFWLRQ��0RWRU�3ODQQLQJ� DQG�$UWLFXODWRU\�0RGHOOLQJ��SS���������.ORVWHU�6HHRQ��
*HUPDQ\��0D\�������

9LODLQ��$���$EU\��&��	�%DGLQ��3����������0RWRU�HTXLYDOHQFH�HYLGHQFHG�E\�DUWLFXODWRU\�PRGHOOLQJ��,Q�3URFHHGLQJV�RI�WKH�
�WK�(XUR6SHHFK�&RQIHUHQFH��YRO�����SS�����������%XGDSHVW��+XQJDU\��6HSWHPEHU�������

9LODLQ�� $��� $EU\�� &��� %DGLQ�� 3�� 	� %URVGD�� 6�� �������� )URP� LGLRV\QFUDWLF� SXUH� IUDPHV� WR� YDULHJDWHG� EDEEOLQJ��
(YLGHQFH�IURP�DUWLFXODWRU\�PRGHOOLQJ��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��-�-��2KDOD��<��
+DVHJDZD��0��2KDOD��'��*UDQYLOOH�	�$�&��%DLOH\��(GV����YRO�����SS�������������6DQ�)UDQFLVFR��86$��$XJXVW�������
&RQJUHVV�RUJDQL]HUV�DW�WKH�/LQJXLVWLFV�'HSDUWPHQW��8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��

%DGLQ��3���%DLOO\��*��	�%Rs��/��-����������7RZDUGV�WKH�XVH�RI�D�9LUWXDO�7DONLQJ�+HDG�DQG�RI�6SHHFK�0DSSLQJ�WRROV�
IRU�SURQXQFLDWLRQ�WUDLQLQJ��,Q�3URFHHGLQJV�RI� WKH�(6&$�7XWRULDO�DQG�5HVHDUFK�:RUNVKRS�RQ�6SHHFK�7HFKQRORJ\� LQ�/DQJXDJH�
/HDUQLQJ�� SS�� ��������� 6WRFNKROP�� 6ZHGHQ�� 0D\� ������ (6&$� DQG� 'HSW�� 6SHHFK�� 0XVLF� DQG� +HDULQJ�� .7+��
6WRFNKROP��

%DGLQ��3���%DLOO\��*���5D\EDXGL��0��	�6HJHEDUWK��&����������$�WKUHH�GLPHQVLRQDO�OLQHDU�DUWLFXODWRU\�PRGHO�EDVHG�
RQ�05,�GDWD��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�	�-��5REHUW�
5LEHV��(GV����YRO�����SS�����������6\GQH\��$XVWUDOLD��'HFHPEHU�������$XVWUDOLDQ�6SHHFK�6FLHQFH�DQG�7HFKQRORJ\�
$VVRFLDWLRQ�,QF��

%DGLQ��3���%DLOO\��*���5D\EDXGL��0��	�6HJHEDUWK��&����������$�WKUHH�GLPHQVLRQDO�OLQHDU�DUWLFXODWRU\�PRGHO�EDVHG�
RQ�05,�GDWD��,Q�3URFHHGLQJV�RI� WKH�7KLUG�(6&$���&2&26'$�,QWHUQDWLRQDO�:RUNVKRS�RQ�6SHHFK�6\QWKHVLV��SS�����������
-HQRODQ�&DYHV��$XVWUDOLD��'HFHPEHU�������

%DLOO\�� *��� %DGLQ�� 3�� 	� 9LODLQ�� $�� �������� 6\QHUJ\� EHWZHHQ� MDZ� DQG� OLSV�WRQJXH� PRYHPHQWV�� &RQVHTXHQFHV� LQ�
DUWLFXODWRU\�PRGHOOLQJ��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�	�-��
5REHUW�5LEHV�� (GV���� YRO�� ��� SS�� ����������� 6\GQH\�� $XVWUDOLD�� 'HFHPEHU� ������ $XVWUDOLDQ� 6SHHFK� 6FLHQFH� DQG�
7HFKQRORJ\�$VVRFLDWLRQ�,QF��

9LODLQ�� $��� $EU\�� &�� 	� %DGLQ�� 3�� �������� &RDUWLFXODWLRQ� DQG� GHJUHHV� RI� IUHHGRP� LQ� WKH� HODERUDWLRQ� RI� D� QHZ�
DUWLFXODWRU\�SODQW��*HQWLDQH��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��5�+��0DQQHOO�
	�-��5REHUW�5LEHV��(GV����YRO�����SS�������������6\GQH\��$XVWUDOLD��'HFHPEHU�������$XVWUDOLDQ�6SHHFK�6FLHQFH�DQG�
7HFKQRORJ\�$VVRFLDWLRQ�,QF��

%DGLQ�� 3��� %DULFFKL�� (�� 	� 9LODLQ�� $�� �������� 'HWHUPLQLQJ� WRQJXH� DUWLFXODWLRQ�� IURP� GLVFUHWH� IOHVKSRLQWV� WR�
FRQWLQXRXV�VKDGRZ��,Q�3URFHHGLQJV�RI�WKH��WK�(XUR6SHHFK�&RQIHUHQFH��YRO�����SS���������5KRGRV��*UHHFH��6HSWHPEHU�������
8QLYHUVLW\�RI�3DWUDV��:LUH�&RPPXQLFDWLRQ�/DERUDWRU\��3DWUDV��*UHHFH��

0DZDVV�� .��� %DGLQ�� 3�� 	� %DLOO\�� *�� �������� 6\QWKHVLV� RI� IULFDWLYH� FRQVRQDQWV� E\� DXGLRYLVXDO�WR�DUWLFXODWRU\�
LQYHUVLRQ�� ,Q�3URFHHGLQJV� RI� WKH� �WK�(XUR6SHHFK� &RQIHUHQFH�� YRO�� ��� SS�� �����������5KRGRV��*UHHFH�� 6HSWHPEHU� ������
8QLYHUVLW\�RI�3DWUDV��:LUH�&RPPXQLFDWLRQ�/DERUDWRU\��3DWUDV��*UHHFH��

$EU\�� &�� 	� %DGLQ�� 3�� �������� 6SHHFK�PDSSLQJ� DV� D� IUDPHZRUN� IRU� DQ� LQWHJUDWHG� DSSURDFK� WR� WKH� VHQVRUL�PRWRU�
IRXQGDWLRQV�RI�ODQJXDJH��,Q�3URFHHGLQJV�RI�WKH��WK�6SHHFK�3URGXFWLRQ�6HPLQDU����VW�(6&$�7XWRULDO�DQG�5HVHDUFK�:RUNVKRS�RQ�
6SHHFK�3URGXFWLRQ�0RGHOLQJ��IURP�&RQWURO�6WUDWHJLHV�WR�$FRXVWLFV��SS�����������$XWUDQV��)UDQFH��0D\�������

%DGLQ�� 3��	� $EU\�� &�� �������� $UWLFXODWRU\� V\QWKHVLV� IURP�;�UD\V� DQG� LQYHUVLRQ� IRU� DQ� DGDSWLYH� VSHHFK� URERW�� ,Q�
3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��YRO�����SS�������������3KLODGHOSKLD��3$��86$��
2FWREHU�������8QLYHUVLW\�RI�'HODZDUH�	�$OIUHG�,��GX�3RQW�,QVWLWXWH��



3DJH���� 3DUWLFLSDWLRQ�j�OD�YLH�VFLHQWLILTXH� �
�

�
%DGLQ��3���0DZDVV��.���%DLOO\��*���9HVFRYL��&���%HDXWHPSV��'��	�3HORUVRQ��;����������$UWLFXODWRU\�V\QWKHVLV�RI�

IULFDWLYH�FRQVRQDQWV���GDWD�DQG�PRGHOV��,Q�3URFHHGLQJV�RI�WKH�)RXUWK�6SHHFK�3URGXFWLRQ�6HPLQDU���)LUVW�(6&$�7XWRULDO�DQG�
5HVHDUFK�:RUNVKRS�RQ�6SHHFK�3URGXFWLRQ�0RGHOLQJ�� IURP�&RQWURO�6WUDWHJLHV�WR�$FRXVWLFV��SS�����������$XWUDQV��)UDQFH��0D\�
������

%HDXWHPSV��'���%DGLQ��3���%DLOO\��*���*DOY­Q��$��	�/DERLVVLqUH��5����������(YDOXDWLRQ�RI�DQ�DUWLFXODWRU\�DFRXVWLF�
PRGHO�EDVHG�RQ�D�UHIHUHQFH�VXEMHFW��,Q�3URFHHGLQJV�RI�WKH��WK�6SHHFK�3URGXFWLRQ�6HPLQDU����VW�(6&$�7XWRULDO�DQG�5HVHDUFK�
:RUNVKRS�RQ�6SHHFK�3URGXFWLRQ�0RGHOLQJ��IURP�&RQWURO�6WUDWHJLHV�WR�$FRXVWLFV��SS���������$XWUDQV��)UDQFH��0D\�������

(O�0DVUL��6���3HORUVRQ��;���6DJXHW��3��	�%DGLQ��3����������9RFDO�WUDFW�DFRXVWLFV�XVLQJ�WKH�WUDQVPLVVLRQ�OLQH�PDWUL[�
�7/0�� PHWKRG�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ�� YRO�� ��� SS�� ���������
3KLODGHOSKLD��3$��86$��2FWREHU�������8QLYHUVLW\�RI�'HODZDUH�	�$OIUHG�,��GX3RQW�,QVWLWXWH��

%DGLQ��3���*DELRXG��%���%HDXWHPSV��'���/DOORXDFKH��7�0���%DLOO\��*���0DHGD��6���=HUOLQJ��-�3��	�%URFN��*��
��������&LQHUDGLRJUDSK\�RI�9&9�VHTXHQFHV��DUWLFXODWRU\�DFRXVWLF�GDWD�IRU�D�VSHHFK�SURGXFWLRQ�PRGHO��,Q�3URFHHGLQJV�
RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��YRO��,9��SS�����������7URQGKHLP��1RUZD\��-XQH�������

%DGLQ�� 3��� 0DZDVV�� .�� 	� &DVWHOOL�� (�� �������� $� PRGHO� RI� IULFDWLRQ� QRLVH� VRXUFH� EDVHG� RQ� GDWD� IURP� IULFDWLYH�
FRQVRQDQWV� LQ� YRZHO� FRQWH[W�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQJUHVV� RI� 3KRQHWLF� 6FLHQFHV� �.�� (OHQLXV� 	� 3��
%UDQGHUXG��(GV����YRO�����SS�����������6WRFNKROP��6ZHGHQ��������$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

%DLOO\��*���%Rs��/��-���9DOOpH��1��	�%DGLQ��3����������$UWLFXODWRU\�DFRXVWLF�YRZHO�SURWRW\SHV�IRU�VSHHFK�SURGXFWLRQ��
,Q� 3URFHHGLQJV� RI� WKH� �WK� (XUR6SHHFK� &RQIHUHQFH� �-�0�� 3DUGR�� (�� (QUtTXH]�� -�� 2UWHJD�� -�� )HUUHLURV�� -�� 0DFtDV� 	� )�-��
9DOYHUGH��(GV����YRO�����SS�������������0DGULG��6SDLQ��6HSWHPEHU�������*U­ILFDV�%UHQV��

%Rs��/��-���%DGLQ��3��	�3HUULHU��3����������)URP�VHQVLWLYLW\� IXQFWLRQV� WR�PDFUR�YDULDWLRQV�� ,Q�3URFHHGLQJV�RI� WKH���WK�
,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�	�3��%UDQGHUXG��(GV����YRO�����SS�����������6WRFNKROP��6ZHGHQ��
������$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

0LNL��1���%DGLQ��3���7DNHPXUD��.���.XURGD��0��	�2JDZD��<�� ��������3LWFK�GHSHQGHQF\�RI�YRFDO� WUDFW� WUDQVIHU�
IXQFWLRQV��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��.��(OHQLXV�	�3��%UDQGHUXG��(GV����YRO�����
SS�����������6WRFNKROP��6ZHGHQ��������$UQH�6WU|PEHUJV�*UDILVND�3UHVV��

3HORUVRQ��;���%DGLQ��3���0RWRNL��.���0LNL��1��	�3OLFTXH��0����������2Q�WKH�UDGLDWLRQ�RI�VRXQG�DW�WKH�OLSV�GXULQJ�
VSHHFK��(IIHFWV�RI� OLS�JHRPHWU\�DQG�RI�KLJKHU�DFRXVWLFDO�PRGHV�� ,Q�3URFHHGLQJV� RI� WKH���WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
$FRXVWLFV��YRO��,9��SS�����������7URQGKHLP��1RUZD\��-XQH�������

%DGLQ�� 3��� 6KDGOH�� &�+��� 3KDP� 7KL� 1JRF�� <��� &DUWHU�� -�1��� &KLX�� :��� 6FXOO\�� &�� 	� 6WURPEHUJ�� .�� ��������
)ULFDWLRQ�DQG�DVSLUDWLRQ�QRLVH�VRXUFHV��FRQWULEXWLRQ�RI�H[SHULPHQWDO�GDWD�WR�DUWLFXODWRU\�V\QWKHVLV��,Q�3URFHHGLQJV�RI�
WKH��UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6SRNHQ�/DQJXDJH�3URFHVVLQJ��YRO�����SS�����������<RNRKDPD��-DSDQ��6HSWHPEHU�������

0LNL��1���%DGLQ��3���3KDP�7KL�1JRF��<��	�2JDZD��<�� ��������9RFDO� WUDFW�PRGHO� DQG���GLPHQVLRQDO� HIIHFW�RI�
DUWLFXODWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� �UG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ�� YRO�� ��� SS�� ���������
<RNRKDPD��-DSDQ��6HSWHPEHU�������

0RWRNL��.���%DGLQ��3��	�0LNL��1����������0HDVXUHPHQW�RI�DFRXVWLF�LPSHGDQFH�GHQVLW\�GLVWULEXWLRQ�LQ�WKH�QHDU�ILHOG�
RI� WKH� ODELDO� KRUQ�� ,Q�3URFHHGLQJV� RI� WKH� �UG� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ� 6SRNHQ�/DQJXDJH�3URFHVVLQJ�� YRO�� ��� SS�� ���������
<RNRKDPD��-DSDQ��6HSWHPEHU�������

3HORUVRQ��;���/DOORXDFKH��7�0���7RXUUHW��6���%RXIIDUWLJXH��&��	�%DGLQ��3����������0RGHOLQJ� WKH�SURGXFWLRQ�RI�
ELODELDO�SORVLYHV��DHURG\QDPLFDO��JHRPHWULFDO�DQG�PHFKDQLFDO�DVSHFWV��,Q�3URFHHGLQJV�RI�WKH��UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
6SRNHQ�/DQJXDJH�3URFHVVLQJ��YRO�����SS�����������<RNRKDPD��-DSDQ��6HSWHPEHU�������

3KDP�7KL�1JRF��<��	�%DGLQ��3����������9RFDO�WUDFW�DFRXVWLF�WUDQVIHU�IXQFWLRQ�PHDVXUHPHQWV��IXUWKHU�GHYHORSPHQWV�
DQG�DSSOLFDWLRQV��,Q�-RXUQDO�GH�3K\VLTXH�,9��&ROORTXH�&���6XSSOpPHQW�DX�-RXUQDO�GH�3K\VLTXH�,,,��3URFHHGLQJV�RI�WKH��UG�)UHQFK�
&RQJUHVV�RI�$FRXVWLFV��YRO�����SS�����������7RXORXVH��)UDQFH��0D\�������

6WURPEHUJ��.���6FXOO\��&���%DGLQ��3��	�6KDGOH��&�+����������$HURG\QDPLF�SDWWHUQV�DV�LQGLFDWRUV�RI�DUWLFXODWLRQ�DQG�
DFRXVWLF�VRXUFHV�IRU�IULFDWLYHV�SURGXFHG�E\�GLIIHUHQW�VSHDNHUV��,Q�3URFHHGLQJV�RI�WKH�,QVWLWXWH�RI�$FRXVWLFV��YRO���������SS��
���������������

%HDXWHPSV��'���%DGLQ��3��	�/DERLVVLqUH��5�� ��������5HFRYHU\�RI�YRFDO� WUDFW�PLGVDJLWWDO� DQG�DUHD� IXQFWLRQ� IURP�
VSHHFK� VLJQDO� IRU� YRZHOV� DQG� IULFDWLYH� FRQVRQDQWV�� ,Q�3URFHHGLQJV� RI� WKH��UG�(XUR6SHHFK�&RQIHUHQFH�� YRO�����SS���������
%HUOLQ��*HUPDQ\��6HSWHPEHU�������

6KDGOH��&�+���%DGLQ��3��	�0RXOLQLHU��$�� �������� 7RZDUGV� WKH� VSHFWUDO� FKDUDFWHULVWLFV�RI� IULFDWLYH� FRQVRQDQWV�� ,Q�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��YRO�����SS���������$L[�HQ�3URYHQFH��)UDQFH��������

%DGLQ��3��	�)DQW��*����������)ULFDWLYH�SURGXFWLRQ�PRGHOOLQJ��DHURG\QDPLF�DQG�DFRXVWLF�GDWD��,Q�3URFHHGLQJV�RI�WKH��VW�
(XUR6SHHFK�&RQIHUHQFH��YRO�����SS���������3DULV��)UDQFH��6HSWHPEHU�������

&DVWHOOL��(��	�%DGLQ��3����������1DVRSKDU\QJHDO�WUDFW�WUDQVIHU�IXQFWLRQV�PHDVXUHPHQWV�ZLWK�ZKLWH�QRLVH�H[FLWDWLRQ��
,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��YRO�����SS�����������������

&DVWHOOL�� (��� 3HUULHU�� 3�� 	� %DGLQ�� 3�� �������� $FRXVWLF� FRQVLGHUDWLRQV� XSRQ� WKH� ORZ� QDVDO� IRUPDQW� EDVHG� RQ�
QDVRSKDU\QJHDO� WUDFW� WUDQVIHU�IXQFWLRQ�PHDVXUHPHQWV�� ,Q�3URFHHGLQJV�RI� WKH��VW�(XUR6SHHFK�&RQIHUHQFH��YRO�����SS������
�����3DULV��)UDQFH��6HSWHPEHU�������
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&DVWHOOL��(��	�%DGLQ��3����������9RFDO�WUDFW�WUDQVIHU�IXQFWLRQV�PHDVXUHPHQWV�ZLWK�ZKLWH�QRLVH�H[FLWDWLRQ��$SSOLFDWLRQ�
WR�WKH�QDVR�SKDU\QJHDO�WUDFW��,Q�3URFHHGLQJV�RI�WKH��WK�)$6(�6\PSRVLXP��SS�����������(GLQEXUJK��8.��������

%DGLQ�� 3�� 	� %Rs�� /��-�� �������� 9RFDOLF� QRPRJUDPV�� DFRXVWLF� FRQVLGHUDWLRQV�� $� FUXFLDO� SUREOHP�� IRUPDQW�
FRQYHUJHQFH�� ,Q�3URFHHGLQJV� RI� WKH���WK� ,QWHUQDWLRQDO�&RQJUHVV� RI�3KRQHWLF�6FLHQFHV�� YRO�����SS�����������7DOOLQQ��(VWRQLD��
������

:X��+�<���%DGLQ��3���&KHQJ��<�0��	�*XpULQ��%����������&RQWLQXRXV�YDULDWLRQV�RI�WKH�YRFDO�WUDFW�OHQJWK�LQ�D�.HOO\�
/RFKEDXP�W\SH�VSHHFK�SURGXFWLRQ�PRGHO��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��YRO�����SS��
���������7DOOLQQ��(VWRQLD��������

:X��+�<��� %DGLQ�� 3��� &KHQJ�� <�0��	�*XpULQ��%�� ��������9RFDO� WUDFW� VLPXODWLRQ�� LPSOHPHQWDWLRQ� RI� FRQWLQXRXV�
YDULDWLRQV�RI�WKH�OHQJWK�LQ�D�.HOO\�/RFKEDXP�PRGHO��(IIHFWV�RI�DUHD�IXQFWLRQ�VSDWLDO�VDPSOLQJ��,Q�3URFHHGLQJV�RI�WKH�
,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��SS��������������

%DGLQ�� 3�� 	� 0XULOOR�� *�� �������� $Q� DQDO\VLV� PHWKRG� IRU� KLJK� TXDOLW\� IRUPDQW� V\QWKHVLV�� ,Q�$EVWUDFW� RI� WKH� ��WK�
,QWHUQDWLRQDO�&RQJUHVV�RI�3KRQHWLF�6FLHQFHV��SS�������8WUHFKW��7KH�1HWKHUODQGV��$XJXVW�������

%DGLQ��3��	�'HJU\VH��'����������6SHHFK�&RPPXQLFDWLRQ�+DUGZDUH��,Q�3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�$FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��SS�����������3DULV��)UDQFH��������

4. Colloques internationaux sans comité (12) 
%DLOO\�� *��� 5HYpUHW�� /��� %RUHO�� 3��	�%DGLQ�� 3�� ��������+HDULQJ� E\� H\HV� WKDQNV� WR� WKH� �ODELRSKRQH��� H[FKDQJLQJ�

VSHHFK� PRYHPHQWV�� ,Q� &267���� :RUNVKRS� )ULHQGO\� ([FKDQJLQJ� 7KURXJK� 7KH� 1HW� �&�� *HUPDLQ�� (�� *ULYHO� 	� 2��
/DYLDOOH�� (GV���� SS�� ������� %RUGHDX[�� )UDQFH�� 0DUFK� ������ &267���� �,QWHOOLJHQW� 3URFHVVLQJ� DQG� )DFLOLWLHV� IRU�
&RPPXQLFDWLRQ�7HUPLQDOV���

%DGLQ��3���%DLOO\��*��	�%Rs��/��-�� �������� 6SHHFK�SURGXFWLRQ�PRGHOV� DQG�9LUWXDO�7DONLQJ�+HDGV��8VHIXO� DLGV� IRU�
SURQXQFLDWLRQ�WUDLQLQJ�"�,Q�,Q6WLOO��%HVDQoRQ��)UDQFH��6HSWHPEHU�������

%DGLQ��3���%DLOO\��*���5D\EDXGL��0��	�6HJHEDUWK��&����������$�WKUHH�GLPHQVLRQDO�OLQHDU�DUWLFXODWRU\�PRGHO�EDVHG�
RQ�05,� GDWD�� ,Q�3URFHHGLQJV� RI� WKH�+RNNDLGR�:RUNVKRS� RQ� 6SHHFK� 3URGXFWLRQ�� SS�� �����.XWFKDQ�� -DSDQ��$XJXVW� ������
+RNNDLGR�8QLYHUVLW\��

3HORUVRQ��;���)DKDV��6��	�%DGLQ��3�� ��������2Q� WKH�PHDQLQJ�DQG� WKH�DFFXUDF\�RI� WKH�SUHVVXUH�IORZ�WHFKQLTXH�WR�
GHWHUPLQH�FRQVWULFWLRQ�DUHDV�ZLWKLQ�WKH�YRFDO�WUDFW��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD���������3W������������

%DGLQ��3���%HDXWHPSV��'��	�/DERLVVLqUH��5����������8VLQJ�D�QHZ�PRGHO�RI�YRFDO�WUDFW�PLGVDJLWWDO�SURILOH�WR�DUHD�
IXQFWLRQ� FRQYHUVLRQ� WR� FRQVWUDLQ� DQ� RSWLPLVDWLRQ� DOJRULWKP� IRU� WKH� DUWLFXODWRU\�DFRXVWLF� LQYHUVLRQ� RI� IULFDWLYH�
FRQVRQDQWV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��������3W�����������������

%DGLQ��3���%HDXWHPSV��'���/DERLVVLqUH��5��	�6FKZDUW]��-��/����������,QYHUVLRQ�RI�IULFDWLYH�FRQVRQDQWV�LQ�YRFDOLF�
FRQWH[W� E\� RSWLPL]DWLRQ� XQGHU� FRQVWUDLQWV� XVLQJ� D� QHZ�PRGHO� RI� YRFDO�WUDFW�PLGVDJLWWDO� SURILOH� WR� DUHD� IXQFWLRQ�
FRQYHUVLRQ��,QYLWHG�FRQWULEXWLRQ�WR�WKH��UG�6HPLQDU�RQ�6SHHFK�3URGXFWLRQ��1HZ�+DYHQ��������0D\�������

6FXOO\��&���*HRUJHV��(��	�%DGLQ��3�� ��������0RYHPHQW�SDWKV�� GLIIHUHQW�SKRQHWLF� FRQWH[WV� DQG�GLIIHUHQW� VSHDNLQJ�
VW\OHV�� 3DSHUV� IURP� WKH� V\PSRVLXP�� &XUUHQW� 3KRQHWLF� 5HVHDUFK� 3DUDGLJPV�� ,PSOLFDWLRQV� IRU� 6SHHFK� 0RWRU� &RQWURO�� 3KRQHWLF�
([SHULPHQWDO�5HVHDUFK�DW�WKH�,QVWLWXWH�RI�/LQJXLVWLFV�8QLYHUVLW\�RI�6WRFNKROP��3(5,/86���;,9����������������

)DQW��*���/LQ��4�*��	�%DGLQ��3����������6SHHFK�SURGXFWLRQ�PRGHOV��FRQVWUDLQWV�DQG�FRQWURO�VWUDWHJLHV��-RXUQDO�RI�WKH�
$FRXVWLFDO�6RFLHW\�RI�$PHULFD������6�����

%DGLQ��3��	�)DQW��*����������9RFDO�WUDFW�IUHTXHQF\�GRPDLQ�FDOFXODWLRQ�WHFKQLTXHV��,Q�)UHQFK�6ZHGLVK�6HPLQDU�RQ�6SHHFK��
*UHQREOH��)UDQFH��������

%DGLQ�� 3�� 	�0XULOOR�� *�� �������� $Q� DQDO\VLV�PHWKRG� IRU� KLJK� TXDOLW\� IRUPDQW� V\QWKHVLV�� ,Q�3URFHHGLQJV� RI� WKH� ��WK�
,QWHUQDWLRQDO� &RQJUHVV� RI� 3KRQHWLF� 6FLHQFHV� �0�3�5�� 9DQGHQ%URFNH� 	� $�� &RKHQ�� (GV���� SS�� ��������� 8WUHFKW�� 7KH�
1HWKHUODQGV��$XJXVW�������

%DGLQ��3��	�0XULOOR��*�� ��������0pWKRGH�G
DQDO\VH�GHV� VRQV� HQ�YXH�G
XQH� V\QWKqVH�GH� WUqV�KDXWH�TXDOLWp� HW� GH� OD�
GpWHFWLRQ� GHV� LQGLFHV� DFRXVWLTXHV� GH� OD� SDUROH�� ,Q�3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$FRXVWLFV�� SS�� ����
3DULV��)UDQFH��������

%DGLQ��3����������6WUDWHJ\�IRU�KLJK�TXDOLW\�VSHHFK�HOHPHQWV�IRUPDQW�V\QWKHVLV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��
����6���

$O�$QVDUL��$���%DGLQ��3��	�*XpULQ��%����������7KH�FKDUDFWHULVWLFV�RI�D�VWDWLF�DQG�G\QDPLF�PRGHO�RI�WKH�YRFDO�VRXUFH��
-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD������6����

5. Colloques nationaux avec comité (8) 
$UQDO��$���%DGLQ��3���%URFN��*���&RQQDQ��3�<���)ORULJ��(���3HUH]��1���3HUULHU��3���6LPRQ��3���6RFN��5���9DULQ��/���

9D[HODLUH��%��	�=HUOLQJ��-�3����������8QH�EDVH�GH�GRQQpHV�FLQpUDGLRJUDSKLTXHV�GX�IUDQoDLV��,Q�$FWHV�GHV���qPHV�
-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��MXLQ�������

%RUHO��3���%DGLQ��3���5HYpUHW��/��	�%DLOO\��*����������0RGpOLVDWLRQ�DUWLFXODWRLUH� OLQpDLUH��'�G
XQ�YLVDJH�SRXU�XQH�
WrWH�SDUODQWH�YLUWXHOOH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��MXLQ�������
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5HYpUHW��/���%DLOO\��*���%RUHO��3��	�%DGLQ��3�� ��������$QDO\VH�SDU� OD� V\QWKqVH�G
XQ�YLVDJH��'�SDUODQW� �� LQYHUVLRQ�

RSWLFR�DUWLFXODWRLUH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��MXLQ�������
5RVVDWR��6���%DGLQ��3��	�)HQJ��*����������(VWLPDWLRQ�GHV�PRXYHPHQWV�GX�YRLOH�GX�SDODLV�j�SDUWLU�GX�VLJQDO�GH�SDUROH�

SRXU�OHV�YR\HOOHV�QDVDOHV�GX�)UDQoDLV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�GH�OD�3DUROH��SS�����������$XVVRLV��)UDQFH��
MXLQ�������

%DGLQ�� 3��� 3RXFKR\�� /��� %DLOO\�� *��� 5D\EDXGL�� 0��� 6HJHEDUWK�� &��� /HEDV�� -��)��� 7LHGH�� 0�.��� 9DWLNLRWLV�
%DWHVRQ�� (��	�7RKNXUD�� <�,�� �������� 8Q�PRGqOH� DUWLFXODWRLUH� WULGLPHQVLRQQHO� GX� FRQGXLW� YRFDO� EDVp� VXU� GHV�
GRQQpHV�,50��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������0DUWLJQ\��6XLVVH��MXLQ�������

%DLOO\��*���%DGLQ��3��	�9LODLQ��$����������&RQWULEXWLRQ�GH�OD�PkFKRLUH�j�OD�JpRPpWULH�GH�OD�ODQJXH�GDQV�OHV�PRGqOHV�
DUWLFXODWRLUH�VWDWLVWLTXHV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������0DUWLJQ\��6XLVVH��MXLQ�������

9LODLQ��$���$EU\��&��	�%DGLQ��3����������$�SURSRV�GHV�GHJUpV�GH�OLEHUWp�GDQV�OD�FRDUWLFXODWLRQ�G
XQ�ORFXWHXU�IUDQoDLV�
ILOPp����IRLV�SDU�VHFRQGH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������0DUWLJQ\��6XLVVH��MXLQ�������

(O�0DVUL��6���3HORUVRQ��;���6DJXHW��3��	�%DGLQ��3����������(WXGH�HW�DQDO\VH�SDU�OD�PpWKRGH�7/0�GH�OD�SURSDJDWLRQ�
DFRXVWLTXH�GDQV�OH�FRQGXLW�YRFDO��HIIHW�GHV�PRGHV�G
RUGUH�VXSpULHXU��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��
SS�����������$YLJQRQ��)UDQFH��MXLQ�������

0DZDVV��.���%DGLQ��3���9HVFRYL��&��	�%HDXWHPSV��'����������(YDOXDWLRQ�G
XQ�PRGqOH�GH�VRXUFH�GH�IULFWLRQ�SRXU�OD�
V\QWKqVH�DUWLFXODWRLUH�GHV�FRQVRQQHV�IULFDWLYHV��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������$YLJQRQ��
)UDQFH��MXLQ�������

6. Colloques nationaux sans comité (4) 
'MpUDGL�� $��� %DGLQ�� 3�� 	� *XpULQ�� %�� �������� (IIHWV� GH� FRXSODJH� VXEJORWWLTXH�� PHVXUH� HW� PRGpOLVDWLRQ� GDQV� OH�

GRPDLQH�IUpTXHQWLHO�SRXU�OHV�IULFDWLYHV�G
DUULqUH�GH�O
DUDEH��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS���������
%UX[HOOHV��%HOJLTXH��������6)$��

&DVWHOOL��(��	�%DGLQ��3����������0HVXUHV�GH�IRQFWLRQV�GH�WUDQVIHUW�GX�FRQGXLW�YRFDO���$SSOLFDWLRQ�j�OD�GpWHUPLQDWLRQ�
GHV�IRQFWLRQV�GH� WUDQVIHUW�GX�FRQGXLW�QDVRSKDU\QJDO��,Q�$FWHV�GHV���qPHV�-RXUQpHV�G
(WXGH�VXU� OD�3DUROH��SS�����������
������6)$��

3HUULHU��3���%DGLQ��3��	�%Rs��/��-����������1RPRJUDPPHV�GX�FRQGXLW�YRFDO�SDU�PRGpOLVDWLRQ�DUWLFXODWRLUH��,Q�$FWHV�
GHV���qPHV�-RXUQpHV�G
(WXGH�VXU�OD�3DUROH��SS�����������+DPPDPHW��7XQLVLH��������6)$��

0XULOOR�� *�� 	� %DGLQ�� 3�� �������� 0pWKRGHV� HW� ORJLFLHOV� SRXU� V\QWKqVH� GH� SDUROH� GH� KDXWH� TXDOLWp�� ,Q� 6pPLQDLUH�
*$/)�*5(&2��$QDO\VH�GX�VLJQDO�GH�SDUROH��3DULV��)UDQFH��������

7. Rapports  d'activité (8) 
(QJZDOO��2��	�%DGLQ��3�� ��������&ROOHFWLQJ�DQG�DQDO\VLQJ� WZR��DQG� WKUHH�GLPHQVLRQDO�05,�GDWD� IRU�6ZHGLVK��7DO�

0XVLN�+|UVHO���4XDUWHUO\�3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP�������������������
%DGLQ��3���+HUWHJnUG��6��	�.DUOVVRQ��,����������1RWHV�RQ�WKH�5RWKHQEHUJ�PDVN��6SHHFK�7UDQVPLVVLRQ�/DERUDWRU\���

4XDUWHUO\�3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP���������������
&DVWHOOL��(���3HUULHU��3��	�%DGLQ��3����������&DUDFWpULVDWLRQ�DFRXVWLTXH�GH�OD�QDVDOLWp��$�SURSRV�GX�SUHPLHU�IRUPDQW�

QDVDO���4XHOTXHV�K\SRWKqVHV��UpVRQQ���DEOHV�"���%XOOHWLQ�GX�/DERUDWRLUH�GH�OD�&RPPXQLFDWLRQ�3DUOpH���������������
%DGLQ��3����������$FRXVWLFV�RI�YRLFHOHVV�IULFDWLYHV��SURGXFWLRQ�WKHRU\�DQG�GDWD��6SHHFK�7UDQVPLVVLRQ�/DERUDWRU\���4XDUWHUO\�

3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP�����������������
%DGLQ��3���%Rs��/��-��� 3HUULHU��3��	�$EU\��&�� ��������9RFDOLF�QRPRJUDPV�� DFRXVWLF� FRQVLGHUDWLRQV�XSRQ� IRUPDQW�

FRQYHUJHQFH��%XOOHWLQ�GX�/DERUDWRLUH�GH�OD�&RPPXQLFDWLRQ�3DUOpH������������
%Rs��/��-���$EU\��&���3HUULHU��3���*XpULQ��%��	�%DGLQ��3����������)URP�WKH�OLQJXLVWLF�V\VWHP�WR�WKH�VLJQDO�WKURXJK�

DUWLFXODWRU\�DQG�DFRXVWLF�PRGHOLQJ��%XOOHWLQ�GX�/DERUDWRLUH�GH�OD�&RPPXQLFDWLRQ�3DUOpH�����������
:X��+�<���%DGLQ��3���&KHQJ��<�0��	�*XpULQ��%�� �������� 6LPXODWLRQ�GX�FRQGXLW�YRFDO�� UpDOLVDWLRQ�GH� OD�YDULDWLRQ�

FRQWLQXH�GH�ORQJXHXU�GDQV�XQ�PRGqOH�GH�.HOO\�/RFKEDXP���(IIHWV�GH�O
pFKDQWLOORQQDJH�VSDWLDO�GH�OD�IRQFWLRQ�G
DLUH��
%XOOHWLQ�GX�/DERUDWRLUH�GH�OD�&RPPXQLFDWLRQ�3DUOpH�����������

%DGLQ�� 3�� 	� )DQW�� *�� �������� 1RWHV� RQ� YRFDO� WUDFW� FRPSXWDWLRQ�� 6SHHFK� 7UDQVPLVVLRQ� /DERUDWRU\� �� 4XDUWHUO\�
3URJUHVV�6WDWXV�5HSRUW���6WRFNKROP��������������������

%DGLQ��3����������/HV�WHFKQLTXHV�G
DQDO\VH�HW�GH�V\QWKqVH�GH�OD�SDUROH��%XOOHWLQ�GH�O
,QVWLWXW�3KRQpWLTXH�GH�*UHQREOH���������
�����

8. Divers (7) 
%DGLQ��3���%URFNKDXV��:���%Rs��/��-��	�$EU\��&���������(GLWRULDO��&XUUHQW�7UHQGV�LQ�3KRQRORJ\�DQG�3KRQHWLFV�,,���

5HODWLRQVKLS�EHWZHHQ�SKRQHWLFV�DQG�SKRQRORJ\��/HV�&DKLHUV�GH�O
,&3��%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH������� 
%Rs��/��-���9DOOpH��1���%DGLQ��3���6FKZDUW]��-��/��	�$EU\��&���������7HQGHQFLHV� LQ�SKRQRORJLFDO�VWUXFWXUHV� ��WKH�

LQIOXHQFH�RI�VXEVWDQFH�RQ�IRUP��&XUUHQW�7UHQGV�LQ�3KRQRORJ\�DQG�3KRQHWLFV�,,���5HODWLRQVKLS�EHWZHHQ�SKRQHWLFV�
DQG�SKRQRORJ\��/HV�&DKLHUV�GH�O
,&3��%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH�����������  



� 3DUWLFLSDWLRQ�j�OD�YLH�VFLHQWLILTXH� 3DJH����
�

�

�
�

%DGLQ�� 3��� %DLOO\��*��	�%Rs��/��-�� ������� 6SHHFK� SURGXFWLRQ�PRGHOV� DQG�9LUWXDO�7DONLQJ�+HDGV��8VHIXO� DLGV� IRU�
SURQXQFLDWLRQ�WUDLQLQJ�"�,Q�(852&$//
���� �6DWHOOLWH�ZRUNVKRS��6SHHFK�7HFKQRORJ\�DSSOLFDWLRQV� LQ�&$//���%HVDQoRQ��
)UDQFH���(852SHDQ�DVVRFLDWLRQ�IRU�&RPSXWHU�$VVLVWHG�/DQJXDJH�/HDUQLQJ��,QYLWHG�FRQWULEXWLRQ��

$EU\��&��	�%DGLQ��3���������)RUHZRUG�WR�FRPPHQWV�RQ��7KH�(TXLOLEULXP�3RLQW�+\SRWKHVLV�DQG�LWV�DSSOLFDWLRQ�WR�
VSHHFK�PRWRU�FRQWURO���/HV�&DKLHUV�GH�O
,&3��%XOOHWLQ�GH�OD�&RPPXQLFDWLRQ�3DUOpH��������� 

$EU\��&���%DGLQ��3���0DZDVV��.��	�3HORUVRQ��;���������7KH�(TXLOLEULXP�3RLQW�+\SRWKHVLV�DQG�FRQWURO�VSDFHG�IRU�
UHOD[DWLRQ�PRYHPHQWV�RU��:KHQ�LV�PRYHPHQW�DFWXDOO\�QHHGHG�WR�FRQWURO�PRYHPHQW�"���/HV�&DKLHUV�GH�O
,&3��%XOOHWLQ�
GH�OD�&RPPXQLFDWLRQ�3DUOpH����������� 

%DGLQ��3�� ��������$QDO\VH�GH� OD�SDUROH� �� V\QWKqVH�j� IRUPDQWV��$SSOLFDWLRQ�j� OD� V\QWKqVH�GHV�FRQWRwGHV�FRQVWULFWLYHV�
YRLVpHV�GX�)UDQoDLV��'LVFXVVLRQ�G
XQH�PpWKRGH�HQ�YXH�GH� OD�GpWHUPLQDWLRQ�GHV� LQGLFHV�DFRXVWLTXHV�GH� OD�SDUROH��
8QSXEOLVKHG�7KqVH�GH�'RFWHXU�,QJpQLHXU��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��

%DGLQ��3����������6LPXODWLRQ�QXPpULTXH�HQ�WHPSV�UpHO�G
XQ�V\QWKpWLVHXU�j�IRUPDQWV��8QSXEOLVKHG�5DSSRUW�GH�'�(�$���
(16(5*��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�GH�*UHQREOH��*UHQREOH��

9. Rapports de contrats (15) 
%DGLQ��3��	�%Rs��/��-����������8QH�7rWH�3DUODQWH�9LUWXHOOH���'RQQpHV�HW�PRGqOHV�HQ�SURGXFWLRQ�GH�SDUROH��,Q�5DSSRUW�

ILQDO�GH�SURMHW�$5$66+��$JHQFH�5K{QH�$OSHV�SRXU�OHV�6FLHQFHV�6RFLDOHV�HW�+XPDLQHV���
%DGLQ��3��	�%Rs��/��-����������8QH�7rWH�3DUODQWH�9LUWXHOOH���'RQQpHV�HW�PRGqOHV�HQ�SURGXFWLRQ�GH�SDUROH��,Q�5DSSRUW�

LQWHUPpGLDLUH�GH�SURMHW�$5$66+��$JHQFH�5K{QH�$OSHV�SRXU�OHV�6FLHQFHV�6RFLDOHV�HW�+XPDLQHV���
$EU\�� &��� %DGLQ�� 3��� 9LODLQ�� $��� 6WHIDQXWR��0�� 	� %Rs�� /��-�� �������� $QQH[H� ��� 8QH� WKpRULH� GH� O
RQWRJpQqVH� j�

O
pSUHXYH� GH� WURLV� PRGqOHV� DUWLFXODWRLUHV� DQWKURSRPRUSKLTXHV�� ,Q�5DSSRUW� G
DYDQFHPHQW� GHV� UHFKHUFKHV� GX� SURMHW� *,6�
6FLHQFHV� GH� OD� &RJQLWLRQ�� &RJQLWLRQ� QDWXUHOOH� �� FRJQLWLRQ� DUWLILFLHOOH� �/HV� URERWV� SDUOHQW� DX[� URERWV��8Q� JpQpUDWHXU� GHV� 6WUXFWXUHV�
6RQRUHV�GX�/DQJDJH���&��$EU\��(G����SS���������*UHQREOH��,13*�6WHQGKDO�&156��

$EU\��&��	�%DGLQ��3����������3HULRGLF�3URJUHVV�5HSRUW�1����,Q�5HSRUWV�RI�(XURSHDQ�SURMHFW�(635,7�%5�1�������
6SHHFK�0DSV��0DSSLQJ�RI�$FWLRQ�DQG�3HUFHSWLRQ�LQ�6SHHFK���&��$EU\�	�3��%DGLQ��(GV����

$EU\��&��	�%DGLQ��3����������3HULRGLF�3URJUHVV�5HSRUW�1����,Q�5HSRUWV�RI�(XURSHDQ�SURMHFW�(635,7�%5�1�������
6SHHFK�0DSV��0DSSLQJ�RI�$FWLRQ�DQG�3HUFHSWLRQ�LQ�6SHHFK���&��$EU\�	�3��%DGLQ��(GV����

%DGLQ��3����������9RLFH�DQG�QRLVH�VRXUFH�PRGHOOLQJ��,Q�)URP�VSHHFK�VLJQDO�WR�VRXUFH��3HULRGLF�3URJUHVV�5HSRUW�1����
(XURSHDQ�(635,7�%5�1�������6SHHFK�0DSV�SURMHFW��&��6FXOO\��(G����

%DGLQ�� 3�� �������� �'� DQG� �'� YRFDO� WUDFW� JHRPHWU\� GDWD�� ,Q� )URP� VSHHFK� VLJQDO� WR� YRFDO� WUDFW� JHRPHWU\�� 3HULRGLF�
3URJUHVV�5HSRUW�1����(XURSHDQ�(635,7�%5�1�������6SHHFK�0DSV�SURMHFW��6��0DHGD��(G����

%DGLQ��3��	�'ROPD]RQ��-��0����������$67(5����$QDO\VH�6SHFWUDOH�GX�6LJQDO�GH�3DUROH�HQ�7HPSV�5pHO���,Q�&RPSWH�
UHQGX�VFLHQWLILTXH�GH�ILQ�GH�SURMHW��3URJUDPPH�G
$LGH�j�O
,QYHVWLVVHPHQW�GH�OD�5pJLRQ�5K{QH�$OSHV��1��0�������
����

$EU\��&��	�%DGLQ��3����������3HULRGLF�3URJUHVV�5HSRUW�1����,Q�5HSRUWV�RI�(XURSHDQ�SURMHFW�(635,7�%5�1�������
6SHHFK�0DSV��0DSSLQJ�RI�$FWLRQ�DQG�3HUFHSWLRQ�LQ�6SHHFK���&��$EU\�	�3��%DGLQ��(GV����

%DGLQ��3���&DVWHOOL��(��	�3KDP�7KL�1JRF��<����������$FRXVWLF� WUDQVIHU�IXQFWLRQV�IRU�YRZHOV�DQG�FRQVRQDQWV��,Q�
)URP�VSHHFK�VLJQDO�WR�YRFDO�WUDFW�JHRPHWU\��3HULRGLF�3URJUHVV�5HSRUW�1����(XURSHDQ�(635,7�%5�1�������6SHHFK�0DSV�SURMHFW�
�6��0DHGD��(G����

&DVWHOOL��(��	�%DGLQ��3�� ��������7LPH� DQG� IUHTXHQF\�GRPDLQ�DFRXVWLF�PRGHOV�RI� WKH�YRFDO� WUDFW�� ,Q�)URP�VSHHFK�
VLJQDO� WR� YRFDO� WUDFW� JHRPHWU\�� 3HULRGLF� 3URJUHVV� 5HSRUW� 1���� (XURSHDQ� (635,7�%5� 1�� ����� 6SHHFK� 0DSV�
SURMHFW��6��0DHGD��(G����

*XpULQ�� %��� %DGLQ�� 3��� *UDEEH�*HRUJHV�� (��� 0RXOLQLHU�� $��� 6KDGOH�� &�+��� 6FXOO\�� &�� 	� 7]DYDOL�� (�� ��������
0HVXUH��FDUDFWpULVDWLRQ�HW�PRGpOLVDWLRQ�GHV�VRQV�IULFDWLIV��4XDWULqPH�UDSSRUW�VHPHVWULHO�GX�FRQWUDW�6&,(1&(�6&�
����&��

*XpULQ��%���%DGLQ��3���&DVWHOOL��(���*UDEEH�*HRUJHV��(���0RXOLQLHU��$���6KDGOH��&�+���6FXOO\��&��	�7]DYDOL��(��
�������� 0HVXUH�� FDUDFWpULVDWLRQ� HW� PRGpOLVDWLRQ� GHV� VRQV� IULFDWLIV��7URLVLqPH� UDSSRUW� VHPHVWULHO� GX� FRQWUDW� 6&,(1&(�
6&�
����&��

*XpULQ��%���%DUUDFORXJK��/���%DGLQ��3���&DVWHOOL��(���0RXOLQLHU��$���6KDGOH��&�+��	�6FXOO\��&����������0HVXUH��
FDUDFWpULVDWLRQ�HW�PRGpOLVDWLRQ�GHV�VRQV�IULFDWLIV��'HX[LqPH�UDSSRUW�VHPHVWULHO�GX�FRQWUDW�6&,(1&(�6&�
����&��

*XpULQ��%���%DUUDFORXJK��/���%DGLQ��3���&DVWHOOL��(���6KDGOH��&�+��	�6FXOO\��&����������0HVXUH��FDUDFWpULVDWLRQ�HW�
PRGpOLVDWLRQ�GHV�VRQV�IULFDWLIV��3UHPLHU�UDSSRUW�VHPHVWULHO�GX�FRQWUDW�6&,(1&(�6&�
����&��

10. Vulgarisation (2) 
%DGLQ��3���%DLOO\��*���%HDXWHPSV��'���*XLDUG�0DULJQ\��7���/DERLVVLqUH��5��	�/DOORXDFKH��7�0����������6SHHFK�

0DSV�$XGLR�9LVXDO�$UWLFXODWRU\�6\QWKHVLV��9LGHR�9+6����PQ��
$EU\��&��	�%DGLQ��3����������6SHHFK�0DSV��([SORULQJ�QHZ�WHUULWRU\��(OVQHZV��7KH�1HZVOHWWHU�RI�WKH�(XURSHDQ�1HWZRUN�LQ�

/DQJXDJH�DQG�6SHHFK�������������





� $UWLFOHV�DQQH[pV� 3DJH����
�
�

7URLVLqPH�SDUWLH���$UWLFOHV�DQQH[pV�
�
�
-
DL� VpOHFWLRQQp� LFL� XQH� FRXUWH� OLVWH� GHV� SXEOLFDWLRQV� TXH� MH� FRQVLGqUH� OHV� SOXV� UHSUpVHQWDWLYHV� GH�PHV�

DFWLYLWpV�GH�UHFKHUFKH���
�
• %DGLQ�� 3��� 3HUULHU�� 3��� %Rs�� /��-�� 	� $EU\�� &�� �������� 9RFDOLF� QRPRJUDPV�� $FRXVWLF� DQG�

DUWLFXODWRU\�FRQVLGHUDWLRQV�XSRQ�IRUPDQW�FRQYHUJHQFHV��-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD������
�����������

• %DGLQ��3����������)ULFDWLYH�FRQVRQDQWV��DFRXVWLF�DQG�;�UD\�PHDVXUHPHQWV��-RXUQDO�RI�3KRQHWLFV������
���������

• %DGLQ��3���0RWRNL��.���0LNL��1���5LWWHUKDXV��'��	�/DOORXDFKH��7�0����������6RPH�JHRPHWULF�
DQG�DFRXVWLF�SURSHUWLHV�RI�WKH�OLS�KRUQ��-RXUQDO�RI� WKH�$FRXVWLFDO�6RFLHW\�RI�-DSDQ��(QJOLVK��������������
�����

• %DGLQ��3���%DLOO\��*��	�%Rs��/��-�� ��������7RZDUGV� WKH�XVH�RI� D�9LUWXDO�7DONLQJ�+HDG� DQG�RI�
6SHHFK�0DSSLQJ� WRROV� IRU� SURQXQFLDWLRQ� WUDLQLQJ�� ,Q�3URFHHGLQJV� RI� WKH�(6&$�7XWRULDO� DQG�5HVHDUFK�
:RUNVKRS� RQ� 6SHHFK� 7HFKQRORJ\� LQ� /DQJXDJH� /HDUQLQJ�� SS�� ��������� 6WRFNKROP�� 6ZHGHQ�� (6&$� DQG�
'HSW��6SHHFK��0XVLF�DQG�+HDULQJ��.7+��6WRFNKROP��

• 0DZDVV�� .��� %DGLQ�� 3��	�%DLOO\��*�� �������� 6\QWKHVLV� RI� )UHQFK� IULFDWLYHV� E\� DXGLR�YLGHR� WR�
DUWLFXODWRU\�LQYHUVLRQ��$FWD�$FXVWLFD�������������������

• %HDXWHPSV��'���%DGLQ��3��	�%DLOO\��*����������/LQHDU�GHJUHHV�RI�IUHHGRP�LQ�VSHHFK�SURGXFWLRQ��
$QDO\VLV�RI�FLQHUDGLR��DQG�ODELR�ILOP�GDWD�DQG�DUWLFXODWRU\�DFRXVWLF�PRGHOLQJ��-RXUQDO�RI�WKH�$FRXVWLFDO�
6RFLHW\�RI�$PHULFD���������������������

• %DGLQ�� 3��� %DLOO\�� *��� 5HYpUHW�� /��� %DFLX�� 0��� 6HJHEDUWK�� &�� 	� 6DYDULDX[�� &�� �,Q� SUHVV���
7KUHH�GLPHQVLRQDO�DUWLFXODWRU\�PRGHOLQJ�RI�WRQJXH��OLSV�DQG�IDFH��EDVHG�RQ�05,�DQG�YLGHR�LPDJHV��
-RXUQDO�RI�3KRQHWLFV��

�


