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5pVXPp

&HWWH�WKqVH�YLVH�OH�GRPDLQH�GH�OD�YpULILFDWLRQ�GH�FLUFXLWV�LQWpJUpV�GDQV�OHV�WHFKQRORJLHV
IRUWHPHQW�VXEPLFURQLTXHV��/ HV�FLUFXLWV�XWLOLVpV�VRQW�pWXGLpV�DX�QLYHDX�GH�OHXU�LPSOpPHQWDWLRQ
SK\VLTXH��HQ�FRQVLGpUDQW�OHV�WUDQVLVWRUV�HW�OHV�LQWHUFRQQH[ LRQV�DYHF�OHV�FDSDFLWpV�LQWULQVqTXHV�GHV
VLJQDX[ �DLQVL�TXH�OHV�FDSDFLWpV�GH�FRXSODJH��/ H�SKpQRPqQH�pWXGLp�HVW�OD�GLDSKRQLH�FDSDFLWLYH�

1RXV�SURSRVRQV��GDQV�FH�PDQXVFULW��XQH�PpWKRGH�G·pYDOXDWLRQ�GX�EUXLW�VXU�OHV�VLJQDX[
GHV�FLUFXLWV��&HWWH�PHVXUH�HVW�OD�GLIIpUHQFH�GH�SRWHQWLHO��SLF�GH�WHQVLRQ��HQJHQGUp�SDU�O·LQMHFWLRQ
GH�FRXUDQW�SURYHQDQW�GHV�VLJQDX[ �YRLVLQV�j �WUDYHUV�OHV�FDSDFLWpV�GH�FRXSODJH��/ D�PHVXUH�DWWHQGXH
SDU�XQ�FRQFHSWHXU�HVW�OH�EUXLW�PD[ LPXP�SRXYDQW�VXUYHQLU�VXU�FKDTXH�VLJQDO�HW�SUREDEOHPHQW�OHV
VLJQDX[ �YRLVLQV�LQWHUYHQDQW�GDQV�FH�EUXLW�

/ H�EUXLW�pWDQW�OLp� j �O·DFWLYLWp�GDQV�OH�FLUFXLW��GHX[ �PpWKRGHV�GH�SULVH�HQ�FRPSWH�GHV
WUDQVLWLRQV�GHV�VLJQDX[ �VRQW�SURSRVpHV�DILQ�GH�VH�UDSSURFKHU�GH�OD�UpDOLWp�GH�IRQFWLRQQHPHQW�GX
FLUFXLW��/ D�SUHPLqUH�PpWKRGH�HVW�XQH�PpWKRGH�PD[ LPDOLVWH�WDQGLV�TXH�OD�VHFRQGH�H[ DPLQH�OHV
DVSHFWV� WHPSRUHOV� GX� FLUFXLW� HQ� HIIHFWXDQW� XQH� VpOHFWLRQ� GHV� VLJQDX[ � VHORQ� OHXUV� LQWHUYDOOHV
G·LQVWDELOLWp�

)LQDOHPHQW�� XQH� VWUXFWXUH� GH� GRQQpHV� DSSURSULpHV� SRXU� OD� JHVWLRQ� GHV� FLUFXLWV
FRQWHPSRUDLQV�YROXPLQHX[ �HVW�GpFULWH��7RXV�OHV�WUDLWHPHQWV�VRQW�RSpUpV�VXU�FHWWH�VWUXFWXUH�GH
GRQQpHV�

8Q�SURWRW\ SH�ORJLFLHO�XWLOLVDQW�OHV�SULQFLSHV�GpFULWV�GDQV�FHWWH�WKqVH��&5,6( � �&URVVWDON
5,6N�( YDOXDWLRQ���D�pWp�GpYHORSSp���&H�ORJLFLHO�GpPRQWUH�O·HIILFDFLWp�GH�OD�VWUXFWXUH�GH�GRQQpHV
PLVH� HQ� SODFH� SRXU� JpUHU� GHV� FLUFXLWV� GH� SOXVLHXUV� PLOOLRQV� GH� WUDQVLVWRUV�� O
HIILFDFLWp� GH� OD
VpOHFWLRQ�HIIHFWXpH�VXU�OHV�VLJQDX[ �HW��HQILQ�OD�SUpFLVLRQ�GX�PRGqOH�GH�FDOFXO�GX�EUXLW�VXU�OHV
VLJQDX[ � YLFWLPH� TXL� JpQqUH� XQH� HUUHXU� DFFHSWDEOH� SDU� UDSSRUW� j � GHV� VLPXODWLRQV� pOHFWULTXHV�
&5,6( �D�DQDO\Vp�XQ�FLUFXLW�GH�SOXV�G·XQ�PLOOLRQ�GH�WUDQVLVWRUV�DYHF�VXFFqV�GDQV�XQ�GpODL�WUqV
UDLVRQQDEOH�

0 RWV�FOpV��
9pULILFDWLRQ�� %UXLW�� ' LDSKRQLH� FDSDFLWLYH�� 6XEPLFURQLTXH�� 3LF� GH
WHQVLRQ��' pODL��6WUXFWXUH�GH�GRQQpHV�
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&URVVWDON�1RLVH�$QDO\ VLV�LQ�' HHS�6XEPLFURQ�9/ 6,�&KLSV

$EVWUDFW

7KLV�WKHVLV�DLPV�DW�WKH� IXOO�FKLS�YHULILFDWLRQ�LQ�WKH�GHHS�VXEPLFURQ�WHFKQRORJLHV��7KH
FLUFXLW�GHVFULSWLRQV�DUH�WUDQVLVWRU�QHWOLVWV�ZLWK�JURXQG�DQG�FRXSOLQJ�FDSDFLWDQFHV��7KH�VWXGLHG
SKHQRPHQRQ�LV�WKH�FDSDFLWLYH�FURVVWDON�

,Q�WKLV�PDQXVFULSW��ZH�SURSRVH�D�PHWKRG�WR�FRPSXWH�WKH�QRLVH�RFFXUULQJ�RQ�WKH�FLUFXLW
VLJQDOV��7KLV�QRLVH�LV�WKH�YROWDJH�SHDN�GXH�WR�WKH�FXUUHQW�LQMHFWLRQV�IURP�WKH�QHLJKERXULQJ�VLJQDOV
WKUX�WKH�FRXSOLQJ�FDSDFLWDQFHV��$�GHVLJQHU�JHQHUDOO\ �H[ SHFWV�WKH�KLJKHU�QRLVH�YDOXH�RFFXUULQJ�RQ
HDFK�VLJQDO�DQG�DOVR�WKH�QHLJKERXU�VLJQDOV�JHQHUDWLQJ�WKLV�QRLVH�

$V�WKH�QRLVH�LV�OLQNHG�WR�WKH�FLUFXLW�DFWLYLW\ ��WZR�PHWKRGV�DUH�H[ SRVHG��7KH\ �WDNH�LQWR
DFFRXQW�WKH�VZLWFKLQJ�VLJQDOV�LQ�WKH�FLUFXLW�WR�EH�FORVHU�WR�WKH�FLUFXLW�EHKDYLRXU��7KH�ILUVW�PHWKRG
LV�D�ZRUVW�FDVH�DQG�WKH�VHFRQG�RQH�LQFOXGHV�WKH�WLPLQJ�DVSHFWV�RI�WKH�FLUFXLW�E\ �VHOHFWLQJ�WKH
VLJQDOV�XVLQJ�WKHLU�LQVWDELOLW\ �JDSV�

)LQDOO\ ��DQ�DSSURSULDWH�GDWD�VWUXFWXUH�WR�KDQGOH�WRGD\ �KXJH�FKLSV�LV�GHVFULEHG��$OO�WKH
FRPSXWDWLRQV�DUH�GRQH�XVLQJ�WKLV�GDWD�VWUXFWXUH�

$�SURWRW\SH�WRRO�XVLQJ�DOO�WKH�FRQFHSWV�RI�WKLV�WKHVLV��&5,6( ��&URVVWDON�5,6N�( YDOXDWLRQ��
KDV�EHHQ�FUHDWHG��7KLV�WRRO�GHPRQVWUDWHV�WKH�GDWD�VWUXFWXUH�HIILFLHQF\ �WR�KDQGOH�PXOWL�PLOOLRQ
WUDQVLVWRU�FLUFXLWV��WKH�ZRUWK�RI�WKH�VLJQDO�GLVFULPLQDWLRQV�DQG�WKH�QRLVH�FRPSXWDWLRQ�PRGHO�RQ
WKH�YLFWLP�VLJQDOV�ZKLFK�DSSUHFLDEOH�DFFXUDF\ �FRPSDUHG�HOHFWULFDO�VLPXODWLRQ�WRROV��&5,6( �KDV
VXFFHVVIXOO\ �DQDO\VHG�D�FKLS�ZLWK�PRUH�WKDQ�RQH�PLOOLRQ�WUDQVLVWRUV�LQ�DQ�DFFHSWDEOH�WLPH�

. H\ZRUGV��
9HULILFDWLRQ�� 1RLVH�� &DSDFLWLYH� FURVVWDON�� 6XEPLFURQ�� 9ROWDJH� SHDN�
7LPLQJ��' DWD�VWUXFWXUH�
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Remerciements

-H� UHPHUFLH� 3LURX]� %$=$5* $1�6$%( 7�� 0 DvWUH� GH� FRQIpUHQFH� j
O·XQLYHUVLWp�3LHUUH�	 �0 DULH�&XULH�SRXU�VD�FRQWULEXWLRQ�j �FH�WUDYDLO�GH�UHFKHUFKH
HW�SRXU�VRQ�DLGH�j �O·DPpOLRUDWLRQ�GH�OD�TXDOLWp�GH�FH�PDQXVFULW�

-H� UHPHUFLH� 9LQFHQW� / ( �* 2 $6&2 =� GH� OD� VRFLpWp� 67� 0 LFURHOHFWURQLFV
SRXU�P·DYRLU�VXLYL�GXUDQW�FHWWH�WKqVH�HW�P·DYRLU�SHUPLV�G·rWUH�HQ�FRQWDFW�DYHF�OH
PRQGH�LQGXVWULHO�

-H� UHPHUFLH� ( WLHQQH� 6LFDUG�� 0 DvWUH� GH� FRQIpUHQFH� j � O·,16$� ' * ( ,� GH
7RXORXVH�HW�&KULVWLDQ�3LJXHW��3URIHVVHXU�DX�&6( 0 �HQ�6XLVVH�SRXU�P·DYRLU�IDLW
O·KRQQHXU� G·rWUH� OHV� UDSSRUWHXUV� GH� PHV� WUDYDX[ �� -·\ � DVVRFLH� +HQUL� 0 LFKHO�
,QJpQLHXU� j � 67� 0 LFURHOHFWURQLFV� j � * UHQREOH� HW� 0 LFKHO� 5REHUW�� 3URIHVVHXU� DX
/ ,50 0 �GH�0 RQWSHOOLHU�SRXU�DYRLU�DFFHSWp�GH�IDLUH�SDUWLH�GX�MXU\ �GH�WKqVH�

( QILQ�� MH� UHPHUFLH� WRXWH� O·pTXLSH� $6,0 � SRXU� OD� FKDOHXUHXVH� DPELDQFH
UpJQDQW�DX�ODERUDWRLUH�
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7DEOH�GHV�PDWLqUHV

, ��,QWURGXFWLRQ������������������������������������������������������������������������������������������ �
, , ��3UREOpPDWLTXH�������������������������������������������������������������������������������������� �

,,�� ��/ D�GLDSKRQLH������������������������������������������������������������������������������������������ � �
,,�� ��/ ·LPSDFW�GH�OD�GLDSKRQLH��������������������������������������������������������������������������� � �

,,�� �� ��/ D�IRQFWLRQ�ORJLTXH����������������������������������������������������������������������������� � �
,,�� �� �� ��/ HV�VLJQDX[ �SUpFKDUJpV������������������������������������������������������������������� � �
,,�� �� �� ��/ HV�SRLQWV�PpPRULVDQWV������������������������������������������������������������������ � �

,,�� �� ��/ H�GpODL�GHV�SRUWHV�ORJLTXHV������������������������������������������������������������������� � �
,,�� ��/ HV�FDXVHV�GH�OD�GLDSKRQLH�������������������������������������������������������������������������� � �
,,�� ��/ HV�GLIILFXOWpV�OLpHV�j �O
DQDO\VH�GH�GLDSKRQLH����������������������������������������������������� � �
,,�� ��&RQFOXVLRQ�������������������������������������������������������������������������������������������� � �

, , , ��( WDW�GH�O·DUW���������������������������������������������������������������������������������������� � �
,,,�� ��,QWURGXFWLRQ����������������������������������������������������������������������������������������� � �
,,,�� ��/ HV�PpWKRGHV�G·pYDOXDWLRQ�GX�EUXLW������������������������������������������������������������� � �

,,,�� �� ��( YDOXDWLRQ�GX�EUXLW�ORUV�GH�OD�FRQFHSWLRQ�������������������������������������������������� � �
,,,�� �� ��( YDOXDWLRQ�GX�EUXLW�ORUV�GH�OD�YpULILFDWLRQ������������������������������������������������� � �

,,,�� �� �� ��0 pWKRGHV�DYHF�XQ�DJUHVVHXU�HW�XQH�YLFWLPH������������������������������������������ � �
,,,�� �� �� ��0 pWKRGHV�JpQpUDOHV���������������������������������������������������������������������� � �

,,,�� ��&RQFOXVLRQ������������������������������������������������������������������������������������������� � �
,9��0 RGqOH�GH�FDOFXO�GX�SLF������������������������������������������������������������������� � �

,9�� ��,QWURGXFWLRQ����������������������������������������������������������������������������������������� � �
,9�� ��&DV�VLPSOH���XQH�YLFWLPH���XQ�DJUHVVHXU�������������������������������������������������������� � �
,9�� ��&DV�JpQpUDO���XQH�YLFWLPH���SOXVLHXUV�DJUHVVHXUV����������������������������������������������� � �

,9�� �� ��%UXLW�SURYRTXp�SDU�XQH�VRXUFH�GH�FRXUDQW�VXU�OD�YLFWLPH������������������������������� � �
,9�� �� ��6RXUFH�GH�FRXUDQW�pTXLYDOHQWH�j �XQ�DJUHVVHXU�������������������������������������������� � �
,9�� �� ��$SSUR[ LPDWLRQ�GHV�DJUHVVHXUV�SDU�GHV�VRXUFHV�GH�FRXUDQW����������������������������� � �

,9�� ��&DV�UpHO���XQH�YLFWLPH�² �SOXVLHXUV�DJUHVVHXUV�HQ�SUpVHQFH�GH�FRXSODJHV�VHFRQGDLUHV���� � �
,9�� �� ��3ULVH�HQ�FRPSWH�GHV�YLFWLPHV�VHFRQGDLUHV������������������������������������������������� � �
,9�� �� ��3ULVH�HQ�FRPSWH�GHV�DJUHVVHXUV�PXHWV����������������������������������������������������� � �

,9�� ��5HSUpVHQWDWLRQ�GHV�SRUWHV������������������������������������������������������������������������ � �
,9�� �� ��/ H�PRGqOH�0 &&������������������������������������������������������������������������������� � �
,9�� �� ��0 RGqOH�GH�O·pPHWWHXU�GH�OD�YLFWLPH�������������������������������������������������������� � �
,9�� �� ��0 RGqOH�GH�O·pPHWWHXU�GH�O·DJUHVVHXU������������������������������������������������������� � �

,9�� ��&RQFOXVLRQ� ����������������������������������������������������������������������������������������� � �
9��0 pWKRGHV�G·DQDO\ VH�VWDWLTXH�GX�EUXLW����������������������������������������������� � �

9�� ��,QWURGXFWLRQ������������������������������������������������������������������������������������������ � �
9�� ��0 pWKRGH�PD[ LPDOLVWH������������������������������������������������������������������������������� � �
9�� ��0 pWKRGH�EDVpH�VXU�O·DQDO\VH�VWDWLTXH�G·LQVWDELOLWp���������������������������������������������� � �
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9�� ��,GHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ���������������������������������������������������� � �
9�� �� ��$QDO\VH�G·LQVWDELOLWp�VWDWLTXH����������������������������������������������������������������� � �
9�� �� ��$QDO\VH�G·LQVWDELOLWp�VWDWLTXH�SDU�VLPXODWLRQ�pYpQHPHQWLHOOH���������������������������� � �

9�� �� �� ��6LPXODWLRQ�ORJLTXH�pYpQHPHQWLHOOH����������������������������������������������������� � �
9�� �� �� ��$GDSWDWLRQ�GH�O·DOJRULWKPH�GH�VLPXODWLRQ�pYpQHPHQWLHOOH�j �O·DQDO\VH�G·LQVWDELOLWp
���������������������������������������������������������������������������������������������������������� � �
9�� �� �� ��/ H�GpURXOHPHQW�GH�OD�VLPXODWLRQ�G·LQWHUYDOOHV�G·LQVWDELOLWp������������������������ � �

9�� �� ��&DOFXO�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�HW�LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ
PD[ LPDOH������������������������������������������������������������������������������������������������� � �

9�� ��&RQFOXVLRQ� ������������������������������������������������������������������������������������������ � �
9,��0 LVH�HQ�± XYUH�HW�UpVXOWDWV���������������������������������������������������������������� � �

9,�� ��,QWURGXFWLRQ����������������������������������������������������������������������������������������� � �
9,�� ��&5,6( ���XQ�RXWLO�G·pYDOXDWLRQ�GH�EUXLW�GH�GLDSKRQLH������������������������������������������ � �

9,�� �� ��&RQWH[ WH�G·XWLOLVDWLRQ������������������������������������������������������������������������ � �
9,�� �� ��/ ·DEVWUDFWLRQ�IRQFWLRQQHOOH������������������������������������������������������������������ � �
9,�� �� ��/ ·DQDO\VH�WHPSRUHOOH�������������������������������������������������������������������������� � �
9,�� �� ��&RQVWUXFWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV�������������������������������������������������� � �
9,�� �� ��/ ·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ����������������������������������������� � � �
9,�� �� ��/ H�FDOFXO�GHV�SLFV�GH�EUXLW������������������������������������������������������������������ � � �

9,�� ��5pVXOWDWV������������������������������������������������������������������������������������������� � � �
9,�� �� ��,QWURGXFWLRQ���������������������������������������������������������������������������������� � � �
9,�� �� ��3ODWH�IRUPH�G·H[ SpULPHQWDWLRQ����������������������������������������������������������� � � �
9,�� �� ��0 RGqOH�GH�FDOFXO�GX�EUXLW������������������������������������������������������������������ � � �

9,�� �� �� ��' pWDLO�GHV�HUUHXUV�GH�PRGpOLVDWLRQ�HW�GH�FDOFXO����������������������������������� � � �
9,�� �� ��0 pWKRGHV�G·DQDO\VH�VWDWLTXH��������������������������������������������������������������� � � �
9,�� �� ��3HUIRUPDQFH�GX�ORJLFLHO�SURWRW\SH������������������������������������������������������� � � �

9,�� �� �� ��2 FFXSDWLRQ�PpPRLUH������������������������������������������������������������������ � � �
9,�� �� �� ��7HPSV�G·H[ pFXWLRQ�������������������������������������������������������������������� � � �

9,�� ��&RQFOXVLRQ� ��������������������������������������������������������������������������������������� � � �
&RQFOXVLRQ�HW�SHUVSHFWLYHV��������������������������������������������������������������������� � �
9,, ��$QQH[ H�� ���' pWDLO�GHV�FDOFXOV����������������������������������������������������������� � �

9,,�� ��&DV�VLPSOH���XQ�DJUHVVHXU�² �XQH�YLFWLPH����������������������������������������������������� � � �
9,,�� �� ��( IIHW�GH�O·DJUHVVHXU�VXU�OD�YLFWLPH������������������������������������������������������� � � �
9,,�� �� ��( IIHW�GH�OD�YLFWLPH�VXU�O·DJUHVVHXU�������������������������������������������������������� � � �

9,,�� ��3LF�SURYRTXp�SDU�XQH�VRXUFH�GH�FRXUDQW����������������������������������������������������� � � �
9,,�� ��&DOFXO�GX�SLF�GH�WHQVLRQ�DYHF�GHV�VRXUFHV�GH�FRXUDQW�������������������������������������� � � �

9,,, ��$QQH[ H�� ���6WUXFWXUH�GH�GRQQpHV��������������������������������������������������� � �
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7DEOHV�GHV�ILJXUHV

,,��3UREOpPDWLTXH
)LJ�,,�� ���( [ HPSOH�GH�FRXSODJH���������������������������������������������������������������������������� � �
)LJ�,,�� ���7UDQVLWLRQ�G·XQ�DJUHVVHXU�HW�EUXLW�VXU�OD�YLFWLPH�������������������������������������������� � �
)LJ�,,�� ���&LUFXLW�G·XQ�12 5� �j �SUpFKDUJH�DYHF�FRXSODJH�VXU�XQH�HQWUpH��������������������������� � �
)LJ�,,�� ���( IIHW�GH�OD�GLDSKRQLH�VXU�XQ�VLJQDO�SUpFKDUJp������������������������������������������������� � �
)LJ�,,�� ���&KDQJHPHQW�G·pWDW�G·XQ�ODWFK�G€�j �OD�GLDSKRQLH��������������������������������������������� � �
)LJ�,,�� ���7UDQVLWLRQV�VLPXOWDQpHV�GDQV�OH�PrPH�VHQV��������������������������������������������������� � �
)LJ�,,�� ���7UDQVLWLRQV�VLPXOWDQpHV�HQ�VHQV�RSSRVp������������������������������������������������������� � �
)LJ�,,�� ���( YROXWLRQ�GH�OD�ILQHVVH�GH�JUDYXUH�GHV�SURFHVVHXUV������������������������������������������ � �
)LJ�,,�� ���&KDQJHPHQWV�GXV�j �O
pYROXWLRQ�GHV�SURFpGpV�GH�IDEULFDWLRQ������������������������������� � �
)LJ�,,�� � ���( YROXWLRQ�GH�OD�IUpTXHQFH�GH�IRQFWLRQQHPHQW�GHV�FLUFXLWV������������������������������� � �
)LJ�,,�� � ��� ( YROXWLRQ� GX� QRPEUH� W\ SLTXH� GH� WUDQVLVWRUV� GDQV� OHV� PLFURSURFHVVHXUV� KDXWH

SHURIUPDQFH�������������������������������������������������������������������������������������������� � �

,,,��( WDW�GH�O·DUW
)LJ�,,,�� ���( [ HPSOH�G·pYDOXDWLRQ�GX�EUXLW���������������������������������������������������������������� � �
)LJ�,,,�� ���0 RGqOH�VLPSOH����������������������������������������������������������������������������������� � �
)LJ�,,,�� ���0 RGqOH�VLPSOH�DYHF�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�SRXU�OD�YLFWLPH������������������������ � �
)LJ�,,,�� ���0 RGqOH�VLPSOH�DYHF�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�SRXU�OD�YLFWLPH�HW�O·DJUHVVHXU������� � �
)LJ�,,,�� ���0 RGqOH�VLPSOH����������������������������������������������������������������������������������� � �
)LJ�,,,�� ���0 RGqOH�DYHF�LQWHUFRQQH[ LRQ�HQ�3,������������������������������������������������������������ � �
)LJ�,,,�� ���0 RGqOH�FRPSOH[ H�������������������������������������������������������������������������������� � �
)LJ�,,,�� ���0 RGqOH�XWLOLVDQW�GHV�DJUHVVHXUV�VRXV�IRUPH�GH�UDPSH������������������������������������� � �

,9��0 RGqOH�GH�FDOFXO�GX�SLF
)LJ�,9�� ���&LUFXLW�GH�OD�VLPXODWLRQ������������������������������������������������������������������������� � �
)LJ�,9�� ���7HQVLRQ�VXU�OHV�VLJQDX[ �j �GLIIpUHQWV�QLYHDX[ ������������������������������������������������� � �
)LJ�,9�� ���0 RGqOH�pOHFWULTXH�SRXU�OH�FDOFXO�GX�SLF����������������������������������������������������� � �
)LJ�,9�� ���&RPSRUWHPHQW�GH�O·DJUHVVHXU�HW�GH�OD�YLFWLPH�REWHQX�j �SDUWLU�GH�>( T�,9�� @�HW�>( T�,9�

� @��������������������������������������������������������������������������������������������������������� � �
)LJ�,9�� ���/ D�YLFWLPH�Y�HQ�SUpVHQFH�GH�Q�DJUHVVHXUV�D� �« �D� ����������������������������������������� � �
)LJ�,9�� ���0 RGqOH�pOHFWULTXH�DYHF�XQH�VRXUFH�GH�FRXUDQW��������������������������������������������� � �
)LJ�,9�� ���&DOFXO�LWpUDWLI�SDU�OD�PpWKRGH�1HZWRQ�5DIVRQ��������������������������������������������� � �
)LJ�,9�� ���( IIHWV�G·XQ�DJUHVVHXU�HW�GH�VD�VRXUFH�GH�FRXUDQW�pTXLYDOHQWH�VXU�OD�YLFWLPH����������� � �
)LJ�,9�� ���/ D�YLFWLPH�Y�HQ�SUpVHQFH�GH�Q�DJUHVVHXUV�D� �« �D� ����������������������������������������� � �
)LJ�,9�� � ���5HPSODFHPHQW�GHV�DJUHVVHXUV�SDU�GHV�VRXUFHV�GH�FRXUDQW�pTXLYDOHQWHV�������������� � �
)LJ�,9�� � ���&LUFXLW�RULJLQDO��������������������������������������������������������������������������������� � �
)LJ�,9�� � ���&LUFXLW�GpVLUp����������������������������������������������������������������������������������� � �



�

)LJ�,9�� � ���7UDQVLWLRQ�G·XQ�DJUHVVHXU�HQ�SUpVHQFH�G·XQH�YLFWLPH�FRPSDUpH� j �OD�WUDQVLWLRQ�GX
PrPH�DJUHVVHXU�HQ�UHPSODoDQW�OD�YLFWLPH�SDU�XQH�FDSDFLWp�pTXLYDOHQWH��������������������� � �

)LJ�,9�� � ���/ ·DJUHVVHXU�D�HQ�SUpVHQFH�GH�Q� � �YLFWLPHV�Y� �« �Y� �HW�Y�������������������������������� � �
)LJ�,9��� � ���3DUDPqWUHV�GpILQLVVDQW�OD�WDLOOH�HW�OHV�WHQVLRQV�DX[ �ERUQHV�G·XQ�WUDQVLVWRU������������ � �
)LJ�,9�� � ���&DUDFWpULVWLTXHV�L� � �Y� � ��G·XQ�WUDQVLVWRU�GH�WDLOOH�: � /  � �SDU�VLPXODWLRQ�pOHFWULTXH

GDQV�XQH�WHFKQRORJLH�� �� � m�DOLPHQWpH�HQ�� �� Y� �������������������������������������������������� � �
)LJ�,9�� � ���&DUDFWpULVWLTXHV�FRXUDQW� WHQVLRQ�G·XQ�WUDQVLVWRU�SDU�OH�PRGqOH�0 &&���������������� � �
)LJ�,9�� � ���6FKpPD�G·XQ�1$1 ' � ������������������������������������������������������������������������� � �
)LJ�,9�� � ���5HPSODFHPHQW�G·XQ�WUDQVLVWRU�SDU�XQH�UpVLVWDQFH�pTXLYDOHQWH������������������������� � �
)LJ�,9�� � ���' pFKDUJH�G·XQH�FDSDFLWp�SDU�XQ�WUDQVLVWRU�1�DYHF�OH�PRGqOH�0 &&�������������������� � �
)LJ�,9�� � ���9DULDWLRQ�GH�OD�WHQVLRQ�Y

� �
�G·XQ�WUDQVLVWRU�1�DYHF�OH�PRGqOH�0 && �������������������� � �

)LJ�,9�� � ���9DULDWLRQ�GH�OD�WHQVLRQ�DX[ �ERUQHV�G·XQ�WUDQVLVWRU�1�FRPSDUpH�j �OD�YDULDWLRQ�GH�OD
WHQVLRQ�DX[ �ERUQHV�G·XQH�UpVLVWDQFH���������������������������������������������������������������� � �

9��0 pWKRGHV�G·DQDO\VH�VWDWLTXH�GX�EUXLW
)LJ�9�� ���&LUFXLW�VRXV�IRUPH�GH�JUDSKH������������������������������������������������������������������� � �
)LJ�9�� ���,QWHUYDOOHV�G·LQVWDELOLWp�GHV�DJUHVVHXUV�������������������������������������������������������� � �
)LJ�9�� ���$OJRULWKPH�GH�VLPXODWLRQ�pYpQHPHQWLHOOH���������������������������������������������������� � �
)LJ�9�� ���3URSDJDWLRQ�GH�O·LQVWDELOLWp�j �WUDYHUV�XQ�LQYHUVHXU������������������������������������������ � �
)LJ�9�� ���5HFRXYUHPHQW�GHV�LQWHUYDOOHV�G·LQVWDELOLWp��������������������������������������������������� � �
)LJ�9�� ���8WLOLVDWLRQ�GH�9 � � �HW�9 � � � 	 �SRXU�OH�FDOFXO�GHV�LQWHUYDOOHV����������������������������������� � �

9,��0 LVH�HQ�±XYUH�HW�UpVXOWDWV
)LJ�9,�� ���3RLQW�G·HQWUpH�HW�GH�VRUWLH�GH�&5,6( ��������������������������������������������������������� � �
)LJ�9,�� ���$UFKLWHFWXUH�ORJLFLHOOH�GH�O·RXWLO�&5,6( ����������������������������������������������������� � �
)LJ�9,�� ���( [ HPSOH�GH�FLUFXLW�GpVDVVHPEOp��������������������������������������������������������������� � �
)LJ�9,�� ���6WUXFWXUH�GH�GRQQpHV������������������������������������������������������������������������� � � �
)LJ�9,�� ���&RQVWUXFWLRQ�KLpUDUFKLTXH������������������������������������������������������������������� � � �
)LJ�9,�� ��� 9DOHXU� GH� SLF� REWHQXV� SDU� OH� PRGqOH� SURSRVp� HW� SDU� ( / ' 2 � SRXU� XQH� WHQVLRQ

G·DOLPHQWDWLRQ�HVW�GH�� �� � Y������������������������������������������������������������������������ � � �
)LJ�9,�� ���( UUHXU�UHODWLYH�GX�PRGqOH�SDU�UDSSRUW�j �( / ' 2 ������������������������������������������ � � �
)LJ�9,�� ���( UUHXU�DEVROXH�UDPHQpH�j �9 � � ��������������������������������������������������������������� � � �
)LJ�9,�� ���&LUFXLW�H[ SpULPHQWDO�������������������������������������������������������������������������� � � �
)LJ�9,�� � ���3LFV�GH�EUXLW�GDQV�OH�FLUFXLW�$PG� � � � �HQ�� �� � m���������������������������������������� � � �
)LJ�9,�� � ���1RPEUH�G·DJUHVVHXUV�DFWLIV�SRXU�O·$PG� � � � �HQ�� �� � m������������������������������� � � �
)LJ�9,�� � ���7DX[ �G·DJUHVVHXUV�DFWLIV�DSUqV�DSSOLFDWLRQ�GH�OD�PpWKRGH�SDU�LQWHUYDOOHV�G·LQVWDELOLWp

SRXU�O·$PG� � � � �HQ�� �� � m������������������������������������������������������������������������� � � �
)LJ�9,�� � ���3LFV�GH�EUXLW�GDQV�OH�FLUFXLW�$PG� � � � �HQ�� �� � m���������������������������������������� � � �
)LJ�9,�� � ���1RPEUH�G·DJUHVVHXUV�DFWLIV�SRXU�O·$PG� � � � �HQ�� �� � m������������������������������� � � �



�

)LJ�9,�� � ���7DX[ �G·DJUHVVHXUV�DFWLIV�DSUqV�DSSOLFDWLRQ�GH�OD�PpWKRGH�SDU�LQWHUYDOOHV�G·LQVWDELOLWp
SRXU�O·$PG� � � � �HQ�� �� � m������������������������������������������������������������������������� � � �

)LJ�9,�� � ���3LFV�GH�EUXLW�GDQV�OH�FLUFXLW�+DGDPDUG�HQ�� �� � m��������������������������������������� � � �
)LJ�9,�� � ���1RPEUH�G·DJUHVVHXUV�DFWLIV�SRXU�O·+DGDPDUG�HQ�� �� � m������������������������������� � � �
)LJ�9,�� � ���7DX[ �G·DJUHVVHXUV�DFWLIV�DSUqV�DSSOLFDWLRQ�GH�OD�PpWKRGH�SDU�LQWHUYDOOHV�G·LQVWDELOLWp

SRXU�O·+DGDPDUG�HQ�� �� � m������������������������������������������������������������������������ � � �
)LJ�9,�� � ���3LFV�GH�EUXLW�GDQV�OH�FLUFXLW�+DGDPDUG�HQ�� �� � m��������������������������������������� � � �
)LJ�9,�� � ���1RPEUH�G·DJUHVVHXUV�DFWLIV�SRXU�O·+DGDPDUG�HQ�� �� � m������������������������������� � � �
)LJ�9,�� � ���7DX[ �G·DJUHVVHXUV�DFWLIV�DSUqV�DSSOLFDWLRQ�GH�OD�PpWKRGH�SDU�LQWHUYDOOHV�G·LQVWDELOLWp

SRXU�O·+DGDPDUG�HQ�� �� � m������������������������������������������������������������������������ � � �
)LJ�9,�� � ���3LFV�GH�EUXLW�GDQV�OH�FLUFXLW�0 LSV�5� � � � �HQ�� �� � m������������������������������������� � � �
)LJ�9,�� � ���1RPEUH�G·DJUHVVHXUV�DFWLIV�SRXU�OH�0 LSV�5� � � � �HQ�� �� � m��������������������������� � � �
)LJ�9,�� � ���7DX[ �G·DJUHVVHXUV�DFWLIV�DSUqV�DSSOLFDWLRQ�GH�OD�PpWKRGH�SDU�LQWHUYDOOHV�G·LQVWDELOLWp

SRXU�OH�0 LSV�5� � � � �HQ�� �� � m��������������������������������������������������������������������� � � �
)LJ�9,�� � ���3LFV�GH�EUXLW�GDQV�OH�FLUFXLW�0 LSV�5� � � � �HQ�� �� � m������������������������������������� � � �
)LJ�9,�� � ���1RPEUH�G·DJUHVVHXUV�DFWLIV�SRXU�OH�0 LSV�5� � � � �HQ�� �� � m��������������������������� � � �
)LJ�9,�� � ���7DX[ �G·DJUHVVHXUV�DFWLIV�DSUqV�DSSOLFDWLRQ�GH�OD�PpWKRGH�SDU�LQWHUYDOOHV�G·LQVWDELOLWp

SRXU�OH�0 LSV�5� � � � �HQ�� �� � m��������������������������������������������������������������������� � � �
)LJ�9,�� � ���( YROXWLRQ�GH�O·RFFXSDWLRQ�PpPRLUH�HQ�IRQFWLRQ�GH�OD�WDLOOH�GHV�FLUFXLWV������������ � � �
)LJ�9,�� � ���7DLOOH�GHV�GpSHQGDQFHV�GLDSKRQLTXHV����������������������������������������������������� � � �
)LJ�9,�� � ���7DLOOH�GHV�GpSHQGDQFHV�DUULqUHV������������������������������������������������������������ � � �
)LJ�9,�� � ���7DLOOH�GHV�GpSHQGDQFHV�DYDQWV�������������������������������������������������������������� � � �
)LJ�9,�� � ���7HPSV�WRWDO����������������������������������������������������������������������������������� � � �
)LJ�9,�� � ���7HPSV�GH�FUpDWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV������������������������������������������ � � �
)LJ�9,�� � ���7HPSV�GH�FDOFXO�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ����������������������������������������� � � �
)LJ�9,�� � ���7HPSV�GH�FDOFXO�GH�SLF�GH�EUXLW����������������������������������������������������������� � � �
)LJ�9,�� � ���2 UJDQLVDWLRQ�GpWDLOOpH�GH�OD�VWUXFWXUH�GH�GRQQpHV�������������������������������������� � � �



�

7DEOHV�GHV�WDEOHDX[

, , , ��( WDW�GH�O·DUW
7DE�,,,�� ���9DOHXUV�XWLOLVpHV�SRXU�OHV�FDOFXOV�G·HUUHXU�������������������������������������������������� � �

9��0 pWKRGHV�GH�GLVFULPLQDWLRQ
7DE�9�� ���&RQILJXUDWLRQV�G·DJUHVVLRQ�GH�O·H[ HPSOH�)LJ�9�� ������������������������������������������ � �

9,��9DOLGDWLRQ�HW�5pVXOWDWV�
7DE�9,��� ���&LUFXLWV�XWLOLVpV�SRXU�OH�FDOFXO�GHV�UpVXOWDWV�GH�O·RXWLO���������������������������������� � � �
7DE�9,��� ���&DUDFWpULVWLTXHV�GHV�FLUFXLWV���������������������������������������������������������������� � � �



,QWURGXFWLRQ

�

Chapitre I
, � ,QWURGXFWLRQ

/ D�FRQFHSWLRQ�G·XQ�FLUFXLW�LQWpJUp�HVW�XQ�SURFHVVXV�FRPSOH[ H�TXL�FRPSRUWH�SOXVLHXUV

pWDSHV��,O�V·DJLW�G·REWHQLU�OHV�PDVTXHV�GH�IDEULFDWLRQ�GX�FLUFXLW�HQ�SDUWDQW�GH�VHV�VSpFLILFDWLRQV�TXL

GpFULYHQW�GH�PDQLqUH�SOXV�RX�PRLQV�DEVWUDLWH�VRQ�IRQFWLRQQHPHQW�

/ D�PpWKRGH�GH�FRQFHSWLRQ�GpFULW�OHV�GLIIpUHQWHV�pWDSHV�GH�FH�SURFHVVXV�HW�OD�IDoRQ�GH

SURFpGHU� SRXU� SDVVHU� G·XQH� pWDSH� j � O·pWDSH� VXLYDQWH�� ( OOH� GpWDLOOH� pJDOHPHQW� O·HQVHPEOH� GHV

YpULILFDWLRQV�TXL�GRLYHQW�rWUH�HIIHFWXpHV�SRXU�FRQILUPHU�OD�YDOLGLWp�GH�O·RSpUDWLRQ�UpDOLVpH��( Q�FDV

GH� QRQ�FRQIRUPLWp� GX� UpVXOWDW�� LO� HVW� SDUIRLV� QpFHVVDLUH� GH� UHPRQWHU� GDQV� OH� SURFHVVXV� GH

FRQFHSWLRQ�G·XQH�RX�GH�SOXVLHXUV�pWDSHV�SRXU�DSSRUWHU�OHV�PRGLILFDWLRQV�DGpTXDWHV�HQ�DPRQW�

' HX[ �W\SHV�GH�YpULILFDWLRQV�SHXYHQW�rWUH�GLVWLQJXpV��/ HV�YpULILFDWLRQV�SUp�OD\RXW��DYDQW�OD

FUpDWLRQ�GHV�PDVTXHV��VH�GHVWLQHQW�j �FRUULJHU�OHV�HUUHXUV�ORJLTXHV�GXUDQW�OD�SKDVH�GH�FRQFHSWLRQ

GX�FLUFXLW��/ HV�YpULILFDWLRQV�SRVW�OD\RXW��DSUqV�OHV�PDVTXHV��FRXYUHQW�TXDQW�j �HOOHV�OHV�pYHQWXHOOHV

HUUHXUV�GDQV�OH�GHVVLQ�GHV�PDVTXHV�DLQVL�TXH�OD�FRQIRUPLWp�GX�FLUFXLW�REWHQX�SDU�UDSSRUW�DX[

VSpFLILFDWLRQV�LQLWLDOHV�HW�DX[ �FRQWUDLQWHV�LPSRVpHV�DX[ �FRQFHSWHXUV�

3DU�DLOOHXUV��O·pYROXWLRQ�GHV�WHFKQRORJLHV�GH�IDEULFDWLRQ�LPSRVH�GH�QRXYHOOHV�YpULILFDWLRQV

SRXU� SUHQGUH� HQ� FRPSWH� OHV� FDUDFWpULVWLTXHV� HW� OHV� SRVVLELOLWpV� GH� FHV� WHFKQRORJLHV�� $LQVL�

O·DYqQHPHQW�GHV�WHFKQRORJLHV�GLWHV�IRUWHPHQW�VXEPLFURQLTXHV��DYHF�GHV�ILQHVVHV�GH�JUDYXUH�GH

O
RUGUH�GH�� �� � m�HW�HQ�GHoj ��IDLW�DSSDUDvWUH�GH�QRXYHDX[ �SUREOqPHV�MXVTX
DORUV�QpJOLJHDEOHV��' H

QRXYHOOHV�YpULILFDWLRQV�SRVW�OD\ RXW�VRQW�GRQF�QpFHVVDLUHV�SRXU�OHV�UpVRXGUH�
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' DQV�FHWWH�WKqVH��QRXV�SURSRVRQV�GH�QRXV�LQWpUHVVHU�j �OD�YpULILFDWLRQ�G·XQ�GHV�SUREOqPHV

PDMHXUV���OHV�FRXSODJHV�FDSDFLWLIV�GDQV�OHV�FLUFXLWV�9/ 6,�

' DQV�OH�VHFRQG�FKDSLWUH��QRXV�pWXGLRQV�GDQV�XQ�SUHPLHU�WHPSV��O·RULJLQH�GHV�FRXSODJHV

HW�OHXUV�HIIHWV�GDQV�OHV�FLUFXLWV�FRQoXV�GDQV�GHV�WHFKQRORJLHV�VXEPLFURQLTXHV��3XLV�QRXV�DQDO\VRQV

OHV�EHVRLQV�HQ�WHUPH�G·RXWLOV�HW�GH�PpWKRGH�GH�FRQFHSWLRQ�DILQ�GH�UpSRQGUH�DX[ �H[ LJHQFHV�GH

YpULILFDWLRQ�GHV�FLUFXLWV�PRGHUQHV�

' DQV�OH�WURLVLqPH�FKDSLWUH��QRXV�IDLVRQV�XQ�H[ SRVp�GH�O·pWDW�GH�O·DUW�GDQV�OH�GRPDLQH�GH

O·DQDO\VH�GH�EUXLW�G€�DX[ �FRXSODJHV��OHV�PpWKRGHV�XWLOLVpHV�SRXU�HVWLPHU�OH�EUXLW�GDQV�OHV�FLUFXLWV

LQWpJUpV��OHXUV�DYDQWDJHV�HW�OHXUV�LQFRQYpQLHQWV�

' DQV�OH�TXDWULqPH�FKDSLWUH��QRXV�SURSRVRQV�QRWUH�PpWKRGH�G·HVWLPDWLRQ�GX�EUXLW�HQ�XQ

SRLQW�SDUWLFXOLHU�GX�FLUFXLW�

' DQV�OH�FLQTXLqPH�FKDSLWUH��QRXV�H[ SOLFLWRQV�GHV�PpWKRGHV�SHUPHWWDQW�G·DIILQHU�O·DQDO\VH

GX�EUXLW�GDQV�OHV�FLUFXLWV�

' DQV�OH�VL[ LqPH�FKDSLWUH��QRXV�QRXV� LQWpUHVVRQV� j � OD� IDoRQ� GH� SUHQGUH� HQ� FRPSWH� OD

FRPSOH[ LWp�GHV�FLUFXLWV�FRQWHPSRUDLQV�DILQ�GH�IDLUH�IDFH�DX[ �GpILV�OLpV�DX[ �WHFKQRORJLHV�IRUWHPHQW

CVXEPLFURQLTXHV��/ ·DQDO\VH�GRLW�rWUH�HIILFDFH�HQ�WHUPH�GH�WHPSV�HW�GH�SUpFLVLRQ��1RXV�DQDO\VRQV

DXVVL�OHV�UpVXOWDWV�REWHQXV�JUkFH�j �XQ�ORJLFLHO�SURWRW\SH�G
DQDO\VH�GH�EUXLW��&H�SURWRW\ SH�PHW�HQ

±XYUH�OHV�PpWKRGHV�GpFULWHV�GDQV�OHV�FKDSLWUHV�,9�HW�9��&HV�UpVXOWDWV�RQW�pWp�REWHQXV�VXU�XQ

HQVHPEOH�GH�FLUFXLWV�FRQoXV�GDQV�GHV�WHFKQRORJLHV�VXEPLFURQLTXHV�

( QILQ��GDQV�OH�VHSWLqPH�FKDSLWUH��QRXV�FRQFOXRQV�FH�WUDYDLO�HQ�SUpVHQWDQW�OHV�OLPLWHV�HW�OHV
pYROXWLRQV�HQYLVDJHDEOHV�GH�QRWUH�PpWKRGH�



�

Chapitre I I
, , � 3UREOpPDWLTXH

,,�� ��/ D�GLDSKRQLH������������������������������������������������������������������������������������������ � �
,,�� ��/ ·LPSDFW�GH�OD�GLDSKRQLH��������������������������������������������������������������������������� � �
,,�� ��/ HV�FDXVHV�GH�OD�GLDSKRQLH�������������������������������������������������������������������������� � �
,,�� ��/ HV�GLIILFXOWpV�OLpHV�j �O
DQDO\VH�GH�GLDSKRQLH����������������������������������������������������� � �
,,�� ��&RQFOXVLRQ�������������������������������������������������������������������������������������������� � �

' DQV�FH�FKDSLWUH��QRXV�SUpVHQWRQV�OH�SKpQRPqQH�GX�FRXSODJH�FDSDFLWLI�GDQV�OHV�FLUFXLWV

LQWpJUpV��4 XHOOHV�VRQW�VHV�RULJLQHV�HW�GDQV�TXHOOHV�FRQGLWLRQV�OH�SKpQRPqQH�HVW�DPSOLILp�"�4 XHOV

VRQW�OHV�FRQVpTXHQFHV�GX�FRXSODJH�VXU�OH�IRQFWLRQQHPHQW�GX�FLUFXLW�"�( QILQ��QRXV�H[ SRVRQV�OHV

GLIILFXOWpV�HQJHQGUpHV�SDU�OD�FRPSOH[ LWp�GX�SKpQRPqQH�GDQV�OHV�FLUFXLWV�VXEPLFURQLTXHV�DLQVL

TXH�OHV�EHVRLQV�QpFHVVDLUHV�j �XQH�DQDO\VH�GH�OD�GLDSKRQLH�SRXU�FHV�FLUFXLWV�
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� �

, , �� � / D�GLDSKRQLH

3OXVLHXUV�W\SHV�GH�SDUDVLWHV�SHXYHQW�SHUWXUEHU�O·pWDW�GHV�VLJQDX[ � j �O·LQWpULHXU�G·XQ�FLUFXLW

LQWpJUp�PRGHUQH��' DQV�FHWWH�WKqVH��QRXV�QRXV�LQWpUHVVRQV�j �XQ�W\ SH�GH�SDUDVLWHV�SDUWLFXOLHU��&H

SDUDVLWH� HVW� G€� j � O·H[ LVWHQFH� G·XQH� FDSDFLWp� GH� FRXSODJH� HQWUH� GHX[ � VLJQDX[ � TXL� VRQW

JpRJUDSKLTXHPHQW�YRLVLQV�GDQV�OH�FLUFXLW�

&H�SKpQRPqQH�HVW�DSSHOp�GLDSKRQLH�SDU�FRXSODJH�FDSDFLWLI�TXH�QRXV�DSSHOOHURQV�VLPSOHPHQW

GLDSKRQLH�GDQV�OD�VXLWH�GH�FH�PDQXVFULW�

a

v

va

invY

invX
x

y

C

Ca

v
C

) LJ�,, � � ���( [ HPSOH�GH�FRXSODJH

/ ·H[ HPSOH�GH�OD�ILJXUH�)LJ�,,�� �SHUPHW�G·LOOXVWUHU�OH�SKpQRPqQH�GH�FRXSODJH�FDSDFLWLI

HQWUH�GHX[ �ILOV��6XSSRVRQV�TXH�OH�VLJQDO�Y�VRLW�GDQV�XQ�pWDW�VWDEOH��&HW�pWDW�HVW�PDLQWHQX�SDU�XQ

pWDW�IL[ H�[ �GH�O·HQWUpH�GH�O·LQYHUVHXU�LQY; ��6L�j �XQ�LQVWDQW�GRQQp�O·HQWUpH�\ �GH�O·LQYHUVHXU�LQY<

VXELW�XQH�WUDQVLWLRQ��SDU�H[ HPSOH�GH�� �YHUV�� ���FHOOH�FL�SURYRTXH�XQH�WUDQVLWLRQ�LQYHUVH�VXU�D��GH

� �YHUV�� ��HQ�VRUWLH�GH�O·LQYHUVHXU�LQY<��( Q�FRQVpTXHQFH��OHV�FDSDFLWpV�&
 �HW�&� 
 �VH�FKDUJHQW��/ D

WHQVLRQ�GX�Q±XG�D�DXJPHQWH��( Q�PrPH�WHPSV��OHV�FKDUJHV�LQMHFWpHV�SDU�O·LQYHUVHXU�LQY<�VXU�&� 


FUpHQW�XQ�FRXUDQW�pTXLYDOHQW�VXU�Y��$XWUHPHQW�GLW��O·DXJPHQWDWLRQ�GH�OD�WHQVLRQ�GH�D�SURYRTXH

XQH�DXJPHQWDWLRQ�GH�OD�WHQVLRQ�GH�Y��+HXUHXVHPHQW��O·pWDW�GH�Y�HVW�PDLQWHQX�SDU�O·LQYHUVHXU

LQY; �TXL�DEVRUEH�OH�FRXUDQW�LQMHFWp�SDU�&� 
 �HW�UDPqQH�OH�Q± XG�Y�j �VD�WHQVLRQ�LQLWLDOH�

/ H�Q± XG�$�TXL�LQMHFWH�OH�FRXUDQW�VXU�OH�Q±XG�Y�HVW�DSSHOp�DJUHVVHXU��/ H�Q±XG�Y�TXL

DEVRUEH�OH�FRXUDQW�LQMHFWp�SDU�D�HW�TXL�YRLW�VD�WHQVLRQ�IOXFWXHU�VRXV�O·HIIHW�GH�FH�FRXUDQW�HVW�OD

YLFWLPH�
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� �

$LQVL�� OD� YLFWLPH� YRLW� VD� WHQVLRQ� DXJPHQWHU� SXLV� UDPHQHU� j � VD� YDOHXU� LQLWLDOH�

/ ·LPSRUWDQFH�GH�FHWWH�YDULDWLRQ�GpSHQG�GH�SOXVLHXUV�SDUDPqWUHV��/ D�SXLVVDQFH�GHV�LQYHUVHXUV��OHV

FDSDFLWpV�LQWULQVqTXHV��&� �HW�&
 ��HW�OD�FDSDFLWp�GH�FRXSODJH��&� 
 ��VRQW�OHV�SULQFLSDX[ �SDUDPqWUHV

LQIOXDQW�VXU�OD�YDULDWLRQ�GH�OD�WHQVLRQ�VXU�Y��3OXV�LQY<�HVW�SXLVVDQW�HW��&
 �SHWLWH��SOXV�$�WUDQVLWH

UDSLGHPHQW�HW�SOXV�OD�YDULDWLRQ�GH�WHQVLRQ�VXU�Y�HVW�LPSRUWDQWH��' H�PrPH��SOXV�&� �HVW�JUDQGH�HW

LQY; �SXLVVDQW��SOXV�Y� VHUD� HQ� PHVXUH� G·DEVRUEHU� OH� FRXUDQW� LQMHFWp� HW� PRLQV� OD� YDULDWLRQ� GH

WHQVLRQ�VHUD�LPSRUWDQWH�VXU�Y�

&HWWH�LQMHFWLRQ�GH�FRXUDQW�HW�OD�YDULDWLRQ�GH�OD�WHQVLRQ�GH�OD�YLFWLPH�VRQW�OH�UpVXOWDW�GX

FRXSODJH�FDSDFLWLI��&·HVW�FH�SKpQRPqQH�TXH�QRXV�QRXV�SURSRVRQV�G·pWXGLHU�GDQV�FHWWH�WKqVH�

, , �� � / ·LPSDFW�GH�OD�GLDSKRQLH

/ D� GLDSKRQLH� SHXW� FRPSURPHWWUH� OH� FRPSRUWHPHQW� FRUUHFW� GX� FLUFXLW� j � WUDYHUV� GHX[

SKpQRPqQHV�� / D� GLDSKRQLH� SHXW� SHUWXUEHU� OH� IRQFWLRQQHPHQW� ORJLTXH� RX� OH� IRQFWLRQQHPHQW

WHPSRUHO�GX�FLUFXLW�

, , �� �� � / D�IRQFWLRQ�ORJLTXH

/ H�SUHPLHU�SUREOqPH�FRQFHUQH�O
pWDW�ORJLTXH�GX�VLJQDO�YLFWLPH��/ H�VLJQDO�YLFWLPH�SLORWH

XQ�FHUWDLQ�QRPEUH�GH�SRUWHV�� ' DQV�OH�FDV�R•�OH�SLF�GH�WHQVLRQ�GpSDVVHUDLW�OH�VHXLO�pOHFWULTXH

GLIIpUHQFLDQW�OH�
� 
�ORJLTXH�GX�
� 
�ORJLTXH��OD�YDOHXU�ORJLTXH�GX�VLJQDO�VHUDLW�PRGLILpH�j �FDXVH�GX

EUXLW�GH�GLDSKRQLH�
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) LJ�,, � � ���7UDQVLWLRQ�G·XQ�DJUHVVHXU�HW�EUXLW�VXU�OD�YLFWLPH

%LHQ�TXH�OD�YDOHXU�GX�VLJQDO�VRLW�PRGLILpH��FHW�pWDW�QH�GXUH�TXH�OH�WHPSV�QpFHVVDLUH�j �OD

YLFWLPH�SRXU�DEVRUEHU�OH�EUXLW��' DQV�XQ�JUDQG�QRPEUH�GH�FDV��OH�FKDQJHPHQW�WHPSRUDLUH�G·pWDW

GX�VLJQDO� �JOLWFK��Q·HVW�SDV�XQ�SUREOqPH�PDMHXU�� / H�JOLWFK�VH�SURSDJH� j �WUDYHUV�OH�UpVHDX�GH

SRUWHV�HQ�DYDO�HW�GLVSDUDvW�DX�ERXW�G·XQH�RX�GH�GHX[ �FRXFKHV��&HSHQGDQW�LO�H[ LVWH�GHV�FDV�SRXU

OHVTXHOV�OH�FKDQJHPHQW�G·pWDW�GH�OD�YLFWLPH�HVW�IDWDO�DX�IRQFWLRQQHPHQW�GX�FLUFXLW�

, , �� �� �� � / HV�VLJQDX[ �SUpFKDUJpV

P

i2 i1
i0

Signal préchargé

Horloge

a

v

N1

) LJ�,, � � ���&LUFXLW�G·XQ�12 5� �j �SUpFKDUJH�DYHF�FRXSODJH�VXU�XQH�HQWUpH
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' DQV�OH�FDV�GHV�VLJQDX[ �SUpFKDUJpV��)LJ�,,�� ���O·HIIHW�GX�SLF�GH�WHQVLRQ�VXU�OD�YLFWLPH�SHXW

SURYRTXHU�XQ�pWDW�HUURQp�SHUPDQHQW�

/ D�SUpFKDUJH�G·XQ�VLJQDO�FRQVLVWH�j �IL[ HU�OH�VLJQDO�j �XQH�YDOHXU�ORJLTXH�SDU�GpIDXW��� �SDU

H[ HPSOH��HQ�FKDUJHDQW�OD�FDSDFLWp�GX�ILO�HQ�GpEXW�GH�F\FOH��SKDVH�GH�SUpFKDUJH�² �pWDW�EDV�GH

O·KRUORJH� GDQV� QRWUH� H[ HPSOH��� 3HQGDQW� OD� SKDVH� G·pYDOXDWLRQ� �pWDW� KDXW� GH� O·KRUORJH��� HQ

IRQFWLRQ� GX� FRPSRUWHPHQW� j � UpDOLVHU�� OD� FDSDFLWp� SHXW� rWUH� GpFKDUJpH� YLD� GHV� WUDQVLVWRUV

FRPPDQGpV�SDU�GHV�VLJQDX[ ��L� ��L� �HW�L� ��
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) LJ�,, � � ���( IIHW�GH�OD�GLDSKRQLH�VXU�XQ�VLJQDO�SUpFKDUJp

/ D�ILJXUH�)LJ�,,�� �PRQWUH�OD�VLPXODWLRQ�G·XQ�Q±XG�SUpFKDUJp�HQ�SUpVHQFH�GX�EUXLW�GH

GLDSKRQLH��/ H�VLJQDO�HVW�SUpFKDUJp�j �9
� �
 � �� � Y�SDU�XQ�QLYHDX�� �VXU�OD�JULOOH�GX�WUDQVLVWRU�3�HQWUH

� �HW�� � � SV��$�� � � SV�O·KRUORJH�WUDQVLWH�HW�SDVVH�j �O·pWDW�KDXW��/ H�WUDQVLVWRU�HVW�FRXSp��/ D�WHQVLRQ

GH�OD�SUpFKDUJH�YDULH�VXU�FHWWH�SpULRGH�j �FDXVH�G·XQ�FRXSODJH�JULOOH�GUDLQ�HQWUH�O·KRUORJH�HW�OH

VLJQDO�SUpFKDUJp��3XLV��OH�VLJQDO�YLFWLPH�L� �VXELW�XQ�SLF�GH�WHQVLRQ�j �FDXVH�GH�VRQ�FRXSODJH�DYHF�OH

VLJQDO�DJUHVVHXU�TXL�WUDQVLWH�j �� � � SV��/ D�WHQVLRQ�GH�OD�YLFWLPH�DXJPHQWH��/ H�WUDQVLVWRU�1 � �TX·HOOH

FRQWU{OH�GHYLHQW�SDVVDQW�HW�OH�FRXUDQW�FLUFXOH�GH�OD�FDSDFLWp�SUpFKDUJpH�j �OD�PDVVH��8QH�IRLV�OH

EUXLW� DEVRUEp� SDU� OD� YLFWLPH�� OD� FDSDFLWp� D� pWp� GpFKDUJpH� SDUWLHOOHPHQW� HW� QH� SHXW� SOXV� rWUH

UDPHQpH�j �VD�YDOHXU�LQLWLDOH��/ D�FDSDFLWp�UHVWH�GRQF�GpFKDUJpH�GXUDQW�OH�F\FOH�GH�IRQFWLRQQHPHQW



3UREOpPDWLTXH

� �

GX�FLUFXLW��' DQV�OH�FDV�R• �OH�VHXLO�GH�YDOHXU�ORJLTXH��� �� � � Y��HVW�IUDQFKL��XQH�HUUHXU�ORJLTXH�VH

SURGXLW�GDQV�OH�FLUFXLW�

, , �� �� �� � / HV�SRLQWV�PpPRULVDQWV

/ HV��SRLQWV�PpPRULVDQWV�SHXYHQW�DXVVL�rWUH�LQIOXHQFpV�SDU�OH�FRXSODJH��/ H�FKDQJHPHQW

WHPSRUDLUH�GH�YDOHXU�ORJLTXH�GX�VLJQDO�YLFWLPH�VH�WUDQVIRUPH�HQ�XQ�QLYHDX�HUURQp�SHUPDQHQW�
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) LJ�,, � � ���&KDQJHPHQW�G·pWDW�G·XQ�ODWFK�G€�j �OD�GLDSKRQLH

/ HV�SRLQWV�PpPRULVDQWV�FRPSRUWHQW�HQ�JpQpUDO�XQH�ERXFOH� TXL�PDLQWLHQW�O·pWDW� GH�OD

YDOHXU� PpPRULVpH� �OD� ILJXUH� )LJ�,,�� � PRQWUH� XQ� ODWFK� FRQVWUXLW� j � O·DLGH� GH� GHX[ � LQYHUVHXUV

UHERXFOpV���4 XDQG�OH�VLJQDO�9�HQ�VRUWLH�GH�O
LQYHUVHXU�OH�PRLQV�SXLVVDQW�HVW�YLFWLPH�G
XQ�EUXLW

VXSpULHXU�DX�VHXLO�ORJLTXH��OH�SRLQW�PpPRULVDQW�SHXW�FKDQJHU�GH�YDOHXU��YRLU�OD�VLPXODWLRQ�GH�OD

ILJXUH�)LJ�,,�� ��� / H�VLJQDO�* �LPSRVH�DORUV�j �O·HQWUpH�GH�O·LQYHUVHXU�GH�UHERXFODJH�XQ�IDX[ �pWDW

ORJLTXH�TXL�VHUD�FRQVHUYp�SDU�OD�VXLWH�
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, , �� �� � / H�GpODL�GHV�SRUWHV�ORJLTXHV

/ H�VHFRQG�SUREOqPH�FDXVp�SDU�OD�GLDSKRQLH�FRQFHUQH�OHV�GpODLV�GH�WUDQVLWLRQ�GHV�SRUWHV�

' X�SRLQW�GH�YXH�G·XQ�FRQFHSWHXU��OD�GLDSKRQLH�SHXW�DYRLU�XQ�HIIHW�WUqV�SRVLWLI�RX�WUqV�QpJDWLI�VXU

OHV�GpODLV�GH�WUDQVLWLRQ�GHV�SRUWHV�

( Q� HIIHW�� XQ� VLJQDO� YLFWLPH� FRPPXWDQW� OHQWHPHQW� GDQV� OD� PrPH� GLUHFWLRQ� TXH� VHV

DJUHVVHXUV�UHFHYUD�XQ�DSSRUW�GH�FRXUDQW�DFFpOpUDQW�VD�WUDQVLWLRQ��&H�FDV�HVW�LOOXVWUp�JUkFH�j �XQH

VLPXODWLRQ�pOHFWULTXH�GDQV�OD�ILJXUH�)LJ�,,�� ��8QH�SUHPLqUH�FRXUEH�PRQWUH�OD�WUDQVLWLRQ�GH�OD

YLFWLPH�HQ�DEVHQFH�GH�GLDSKRQLH�� / D�WUDQVLWLRQ�HVW�OHQWH�HW�OH�VLJQDO�D�EHVRLQ�GH� � � � SV�SRXU

DWWHLQGUH�� Y��3DU�FRQWUH��VL�OD�YLFWLPH�HW�O·DJUHVVHXU�WUDQVLWHQW�GDQV�OD�PrPH�GLUHFWLRQ��GH�� �YHUV

� ���DORUV�TXH�OH�VLJQDO�YLFWLPH�WUDQVLWH�QRUPDOHPHQW�HQWUH�� �HW�� � � SV��VD�WHQVLRQ�FURvW�EHDXFRXS

SOXV�UDSLGHPHQW�DSUqV�FHWWH�GDWH��&HFL�HVW�G€�j �O·DSSRUW�GH�FRXUDQW�GH�O·DJUHVVHXU�TXL�FRPPHQFH

j �WUDQVLWHU�j �� � � SV��/ H�GpODL�GH�OD�SRUWH�GH�OD�YLFWLPH�HVW�GRQF�UpGXLW�SDU�OD�GLDSKRQLH�

,O�IDXW�QRWHU�TXH�VXU�OD�SpULRGH�GH�� �j �� � � SV��OD�YLFWLPH�SDUDVLWH�j �VRQ�WRXU�O·DJUHVVHXU�

&HFL�H[ SOLTXH�OD�YDULDWLRQ�GH�WHQVLRQ�GH�O·DJUHVVHXU�VXU�FHWWH�SpULRGH�
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$�FRQWUDULR��VL�XQ�VLJQDO�YLFWLPH�WUDQVLWH�HQ�VHQV�LQYHUVH�SDU�UDSSRUW�j �VHV�DJUHVVHXUV��LO�\

DXUD�XQ�UDOHQWLVVHPHQW�GH�OD�WUDQVLWLRQ�GH�OD�YLFWLPH��/ ·HIIHW�HVW�YLVLEOH�VXU�OH�VFKpPD�)LJ�,,��

PHWWDQW�HQ�SUpVHQFH�XQH�YLFWLPH�HW�XQ�DJUHVVHXU��/ D�YLFWLPH�WUDQVLWH�GH�� �YHUV�� �� ( QWUH�� �HW

� � SV��OD�WUDQVLWLRQ�GH�OD�YLFWLPH�HVW�QRUPDOH��/ D�WUDQVLWLRQ�GH�O·DJUHVVHXU�FRPPHQFH�j �� � SV���GH

� �YHUV�� ��' X�FRXUDQW�HVW�WUqV�UDSLGHPHQW�LQMHFWp�VXU�OD�YLFWLPH��%LHQ�TXH�OH�FRXUDQW�VRLW�pYDFXp

YHUV�OD�PDVVH�SRXU�OD�YLFWLPH��FHW�DSSRUW�GH�FRXUDQW�Q·HVW�SDV�DEVRUEp�UDSLGHPHQW��/ D�WHQVLRQ�VXU

OD�YLFWLPH�DXJPHQWH��4 XDQG�O·DSSRUW�GH�FRXUDQW�GLPLQXH��j �� � � SV���OD�WUDQVLWLRQ�GH�O·DJUHVVHXU�D

XQ�HIIHW�QpJOLJHDEOH�VXU�OD�YLFWLPH�GRQW�OD�FDSDFLWp�VH�GpFKDUJH�QRUPDOHPHQW��/ D�WHQVLRQ�GH�OD

YLFWLPH�GpFURvW�TXDVL�QRUPDOHPHQW�j �SDUWLU�GH�� � � SV�� / H�GpODL�GH�WUDQVLWLRQ�GH�OD�YLFWLPH�HVW

DXJPHQWp�j �FDXVH�GX�VXUSOXV�GH�FRXUDQW��/ H�WHPSV�QpFHVVDLUH�j �O·pYDFXDWLRQ�GH�FH�VXUSOXV�HVW�OD

FDXVH�GH�O·DXJPHQWDWLRQ�GX�GpODL�GH�OD�WUDQVLWLRQ�GH�OD�YLFWLPH��,FL�DXVVL��OD�WHQVLRQ�GH�O·DJUHVVHXU

HVW�WURXEOpH�SDU�OD�WUDQVLWLRQ�GH�OD�YLFWLPH�VXU�FHWWH�SpULRGH�
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/ D�YDULDWLRQ�GX�GpODL�GHV�SRUWHV�SRVH�XQ�SUREOqPH�HQ�FH�TXL�FRQFHUQH�OHV�FKDvQHV�ORQJXHV

HW�OHV�FKDvQHV�FRXUWHV�GDQV�XQ�FLUFXLW��/ HV�VSpFLILFDWLRQV�WHPSRUHOOHV�GX�FLUFXLW�SHXYHQW�QH�SDV

rWUH�UHVSHFWpHV�ORUV�GH�VRQ�IRQFWLRQQHPHQW�
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' DQV�OH�FDGUH�GH�FHWWH�WKqVH��QRXV�QRXV�LQWpUHVVRQV�DX�SUHPLHU�SUREOqPH�TXL�FRQFHUQH

O
LQWpJULWp�ORJLTXH�GHV�VLJQDX[ �

, , �� � / HV�FDXVHV�GH�OD�GLDSKRQLH

/ HV�SURFpGpV�GH�IDEULFDWLRQ�pYROXHQW�UDSLGHPHQW��/ H�SULQFLSDO�HQMHX�GH�FHWWH�pYROXWLRQ�HVW

GH�FUpHU�GHV� FLUFXLWV� SOXV� FRPSOH[ HV�� SOXV� UDSLGHV� HW� FRQVRPPDQW� PRLQV�� / H� SULQFLSDO� HIIHW

FRQFHUQH�OD�UpGXFWLRQ�GHV�GLPHQVLRQV�GHV�WUDQVLVWRUV�HW�GHV�LQWHUFRQQH[ LRQV�DILQ�G·REWHQLU�GHV

FRPPXWDWLRQV�UDSLGHV�HW�GHV�FLUFXLWV�SOXV�SHWLWV�HW�SOXV�GHQVHV��3RXU�TXH�FHOD�VRLW�SRVVLEOH��OD

ODUJHXU�GHV�LQWHUFRQQH[ LRQV�GRLW�rWUH�UpGXLWH�DILQ�GH�GLPLQXHU�OD�FDSDFLWp�LQWULQVqTXH�GHV�ILOV�

( Q�PrPH�WHPSV��OHV�LQWHUFRQQH[ LRQV�VRQW�GH�SOXV�HQ�SOXV�SURFKHV��$YHF�OHV�WHFKQRORJLHV

VXEPLFURQLTXHV��OHV�PpWDOLVDWLRQVV�VRQW�VL�SURFKHV�TX·LO�VH�FUpH�XQH�FDSDFLWp�QRQ�QpJOLJHDEOH

HQWUH�OHV�ILOV�YRLVLQV��$YHF�OD�UpGXFWLRQ�GH�OD�GLVWDQFH�HQWUH�OHV�ILOV�GXH�j �OD�ILQHVVH�GH�JUDYXUH

�)LJ�,,�� ��� FHWWH�FDSDFLWp�HVW�GHYHQXH� SUpGRPLQDQWH�SDU�UDSSRUW� j � OD� FDSDFLWp� j � OD� PDVVH� GHV

VLJQDX[ ��&
HVW�Oj �OD�SUHPLqUH�FDXVH�GH�OD�GLDSKRQLH�
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) LJ�,, � � ���( YROXWLRQ�GH�OD�ILQHVVH�GH�JUDYXUH�GHV�SURFHVVHXUV

/ H�SKpQRPqQH�HVW�DFFUX�SDU�OH�FKDQJHPHQW�GH�PRUSKRORJLH�GHV�OLDLVRQV�PpWDOLTXHV��( Q

FRQVpTXHQFH�GLUHFWH�GH�O
pYROXWLRQ�WHFKQRORJLTXH��/ D�UpGXFWLRQ�GH�OD�VHFWLRQ�GHV�FRQGXFWHXUV
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DXJPHQWH�OD�UpVLVWDQFH�GH�FHX[ �FL�� / HV�GpODLV�G
LQWHUFRQQH[ LRQ�HQWUH�OHV�SRUWHV��GHYHQDQW�XQ

IDFWHXU�PDMHXU�GH�SHUIRUPDQFH�GHV�FLUFXLWV�>' HO� � @>9DQ� � @�HQ�WHFKQRORJLH�VXEPLFURQLTXH��OD

KDXWHXU� GHV� LQWHUFRQQH[ LRQV� D� pWp� WUqV� SHX� UpGXLWH� DILQ� GH� FRPSHQVHU� O·DXJPHQWDWLRQ� GH� OD

UpVLVWDQFH�

$LQVL��OHV�LQWHUFRQQH[ LRQV�VRQW�EHDXFRXS�SOXV�KDXWV�TXH�ODUJHV� �)LJ�,,�� �� DORUV�TXH�OD

FRQILJXUDWLRQ�LQYHUVH�DSSDUDLVVDLW�DYHF�OHV�WHFKQRORJLHV�GLWHV�PLFURQLTXHV��/ D�KDXWHXU��+��GHV�ILOV

Q
pYROXH�SDV�FRPPH�OHXU�ODUJHXU��/ ���OH�UDSSRUW�+� / �GH�OD�KDXWHXU�SDU�UDSSRUW�j �OD�ODUJHXU�GHV

ILOV�pWDLW�GH�� �� �HQ�WHFKQRORJLH�� �� � m��FH�UDSSRUW�DWWHLQGUD�� �� �HQ�WHFKQRORJLH�� �� � m�>)O\ � � @�
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) LJ�,, � � ���&KDQJHPHQWV�GXV�j �O
pYROXWLRQ�GHV�SURFpGpV�GH�IDEULFDWLRQ

1%���7RXV�OHV�FRXSODJHV�Q·DSSDUDLVVHQW�SDV�VXU�OHV�VFKpPDV

/ D� SUHPLqUH� FRQVpTXHQFH� HVW� TXH� OD� GLPLQXWLRQ� GH� OD� ODUJHXU� / � GHV� LQWHUFRQQH[ LRQV

HQWUDvQH� XQH� GLPLQXWLRQ� GH� OD� FDSDFLWp� j � OD� PDVVH�� %LHQ� TXH� FHWWH� GLPLQXWLRQ� DXJPHQWH� OHV

SHUIRUPDQFHV�G
XQ�FLUFXLW�HQ�WHUPH�GH�YLWHVVH��SXLVTXH�OHV�FDSDFLWpV�j �FKDUJHU�VRQW�SOXV�SHWLWHV�

HOOH�DXJPHQWH�DXVVL�OD�VHQVLELOLWp�GHV�VLJQDX[ �DX�EUXLW�GH�GLDSKRQLH�

/ D� VHFRQGH� FRQVpTXHQFH� FRQFHUQH� OD� KDXWHXU� GHV� LQWHUFRQQH[ LRQV�� ( Q� HIIHW�

O
DXJPHQWDWLRQ� GH� OD� KDXWHXU� +� GHV� ILOV�� HQWUDvQH� O·DXJPHQWDWLRQ� GHV� VXUIDFHV� YHUWLFDOHV� GHV
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VLJQDX[ �HQ�YLV�j �YLV��&HFL��D�SRXU�HIIHW�G
DXJPHQWHU�OD�FDSDFLWp�GH�FRXSODJH�ODWpUDOH�HQWUH�OHV�ILOV

YRLVLQV�

/ D�WURLVLqPH�FDXVH�GH�GLDSKRQLH�HVW�O
DXJPHQWDWLRQ�GX�QRPEUH�GH�QLYHDX[ �GH�PpWDO�GDQV

OHV�FLUFXLWV�PRGHUQHV��$ILQ�G·DXJPHQWHU�OD�GHQVLWp�G
LQWpJUDWLRQ��OH�QRPEUH�GH�QLYHDX[ �GH�PpWDO

D�pWp�DXJPHQWp��/ H�IDLW�G
DYRLU�GHV�VLJQDX[ �GLVSRVpV�SDUDOOqOHPHQW�OHV�XQV�DX�GHVVXV�GHV�DXWUHV�

ELHQ�TX
j �GHV�QLYHDX[ �GH�PpWDX[ �QRQ�VXFFHVVLIV� �PpWDO� � �� �� ���D�SOXVLHXUV�HIIHWV�LQIOXDQW�VXU

O
LPPXQLWp�DX�EUXLW�GDQV�OHV�FLUFXLWV�

/ H�SUHPLHU�HIIHW�HVW�FRPPH�SUpFpGHPPHQW�XQH�GLPLQXWLRQ�GH�OD�FDSDFLWp�j �OD�PDVVH�GHV

VLJQDX[ �GH�QLYHDX�pORLJQp�GX�VXEVWUDW��/ H�VXEVWUDW�VH�WURXYH�PDVTXp�SDU�GHV�VLJQDX[ �GH�QLYHDX

LQIpULHXU��1RQ�VHXOHPHQW�OD�FDSDFLWp�j �OD�PDVVH�GLPLQXH�PDLV�GH�QRXYHOOHV�FDSDFLWpV�GH�FRXSODJH

DSSDUDLVVHQW��FHWWH�IRLV�FL��SDU�OH�ERUG�KRUL]RQWDO�GHV�LQWHUFRQQH[ LRQV��/ H�VHFRQG�HIIHW�HVW�XQH

DXJPHQWDWLRQ�GX�QRPEUH�G
DJUHVVHXUV�SRWHQWLHOV�VXU�OHV�VLJQDX[ �GXH�j �OD�GHQVLILFDWLRQ�ORFDOH�GHV

ILOV�

8QH� TXDWULqPH� FDXVH� GH� OD� GLDSKRQLH� HVW� O·DXJPHQWDWLRQ� GH� OD� IUpTXHQFH� GH

IRQFWLRQQHPHQW�GHV�FLUFXLWV� �)LJ�,,�� � ���&HWWH�DXJPHQWDWLRQ�GH� IUpTXHQFH�GH� IRQFWLRQQHPHQW

VRXV�HQWHQG�GHV�WUDQVLWLRQV�SOXV�UDLGHV��$LQVL��OH�FRXUDQW�LQMHFWp�VXU�OD�YLFWLPH�HVW�SOXV�LPSRUWDQW

HW�FHOOH�FL�SHXW�SOXV�GLIILFLOHPHQW�DEVRUEHU�OH�FRXUDQW�LQWURGXLW�SDU�OD�FDSDFLWp�GH�FRXSODJH��3DU

FRQVpTXHQW�� OD� WHQVLRQ� GH� OD� YLFWLPH� DXJPHQWH� EHDXFRXS� SOXV� UDSLGHPHQW� HW� DYHF� XQH� SOXV

JUDQGH�DPSOLWXGH�
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) LJ�,, � � � ���( YROXWLRQ�GH�OD�IUpTXHQFH�GH�IRQFWLRQQHPHQW�GHV�FLUFXLWV

1RXV�SRXYRQV�GRQF�UpVXPHU�OHV�GLIIpUHQWHV�FDXVHV�GH�OD�GLDSKRQLH��

��' LPLQXWLRQ�GH�OD�GLVWDQFH�HQWUH�OHV�LQWHUFRQQH[ LRQV

��' LPLQXWLRQ�GH�OD�FDSDFLWp�LQWULQVqTXH�GHV�LQWHUFRQQH[ LRQV

��$XJPHQWDWLRQ�GH�OD�GHQVLWp�G
LQWpJUDWLRQ

��$XJPHQWDWLRQ�GHV�VXUIDFHV�HQ�YLV�j �YLV

��$XJPHQWDWLRQ�GX�QRPEUH�GH�QLYHDX[ �GH�PpWDO

��$XJPHQWDWLRQ�GH�OD�IUpTXHQFH�GH�IRQFWLRQQHPHQW

, , �� � / HV�GLIILFXOWpV�OLpHV�j �O
DQDO\ VH�GH�GLDSKRQLH

$ORUV�TXH�OD�GLDSKRQLH�HVW�GpMj �XQ�SUREOqPH�FRPSOH[ H�TXDQG�HOOH�HVW�pWXGLpH�GDQV�GHV�FDV

VLPSOHV��G
DXWUHV�IDFWHXUV�YLHQQHQW�DXJPHQWHU�OD�FRPSOH[ LWp�ORUVTXH�O·RQ�V·LQWpUHVVH�j �O·DQDO\VH

GH�OD�GLDSKRQLH�GDQV�GHV�FLUFXLWV�GH�WDLOOH�UpHOOH�

/ D�WDLOOH�WRXMRXUV�FURLVVDQWH�GHV�FLUFXLWV��)LJ�,,�� � ��HVW�XQH�SUHPLqUH�GLIILFXOWp�j �SUHQGUH�HQ

FRPSWH��/ D�WDLOOH�GX�FLUFXLW��HQ�WHUPH�GH�QRPEUH�GH�WUDQVLVWRUV��HVW�GpMj �WUqV�LPSRUWDQWH��3RXU

XQH�DQDO\VH�GH�GLDSKRQLH�� LO� IDXW�HQ� SOXV� \ � DMRXWHU� WRXWHV� OHV� LQIRUPDWLRQV� SDUDVLWHV� OLpHV� DX

FRXSODJH� HQWUH� OHV� VLJQDX[ �� &KDTXH� VLJQDO� SRXYDQW� DYRLU� SOXVLHXUV� GL]DLQHV� GH� PLOOLHUV� GH

FDSDFLWpV�GH�FRXSODJH� DYHF� G·DXWUHV�VLJQDX[ ��OH� YROXPH� G·LQIRUPDWLRQV� GHYLHQW� G·DXWDQW� SOXV

GLIILFLOH�j �JpUHU�
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) LJ�,, � � � ���( YROXWLRQ�GX�QRPEUH�W\ SLTXH�GH�WUDQVLVWRUV�GDQV�OHV

PLFURSURFHVVHXUV�KDXWH�SHURIUPDQFH

/ ·RSpUDWLRQ�G·H[ WUDFWLRQ�GH�FHV�LQIRUPDWLRQV�SDUDVLWHV�SRVH�DXVVL�XQ�SUREOqPH��( Q�HIIHW�

DILQ�GH�QH�SDV�PDQTXHU�GHV�LQWHUDFWLRQV�LPSRUWDQWHV�HQWUH�VLJQDX[ ��HOOH�GRLW�rWUH�UpDOLVpH�j �SODW

HW� QH� EpQpILFLH� TXH� SDUWLHOOHPHQW� GH� OD� UpGXFWLRQ� GH� FRPSOH[ LWp� DSSRUWpH� SDU� OH� WUDLWHPHQW

KLpUDUFKLTXH��( Q�HIIHW��OH�WUDLWHPHQW�KLpUDUFKLTXH��EORF�SDU�EORF��QH�SHXW�SDV�SUHQGUH�HQ�FRPSWH

OHV�FRXSODJHV�GHV�VLJQDX[ �G·XQ�EORF�DYHF�OHV�VLJQDX[ �URXWpV�DX�QLYHDX�KLpUDUFKLTXH�VXSpULHXU�

/ ·H[ WUDFWLRQ�GHV�FDSDFLWpV�SDUDVLWHV�j �HOOH�VHXOH�GHPDQGH�XQH�JUDQGH�FDSDFLWp�PpPRLUH�HW

XQ�WHPSV�GH�WUDLWHPHQW�LPSRUWDQW�SRXU�GHV�FLUFXLWV�GH�TXHOTXHV�PLOOLRQV�GH�WUDQVLVWRUV��&HWWH

H[ WUDFWLRQ�SHXW�PrPH�GHYHQLU�LPSRVVLEOH�SRXU�GHV�FLUFXLWV�GH�WDLOOH�VXSpULHXUH�

8QH� DXWUH� GLIILFXOWp� HVW� OLpH� DX� QRPEUH� G·DJUHVVHXUV�� %LHQ� TXH� OD� ILQHVVH� GH� JUDYXUH

GLPLQXH��)LJ�,,�� ���OD�ORQJXHXU�GHV�ILOV�UHVWH�TXDVLPHQW�FRQVWDQWH�>%RU� � @��,O�Q·HVW�GRQF�SDV�UDUH

TXH�OHV�VLJQDX[ �DLHQW�SOXVLHXUV�PLOOLHUV�G·DJUHVVHXUV��7RXWHV�OHV�LQWHUDFWLRQV�HQWUH�XQH�YLFWLPH�HW

VHV�DJUHVVHXUV�GHYDQW�rWUH�SULVHV�HQ�FRPSWH��O·pYDOXDWLRQ�GHV�SUREOqPHV�GXV�j �OD�GLDSKRQLH�VXU

XQH�YLFWLPH�VH�WURXYH�DORXUGLH�SDU�OH�QRPEUH�LPSRUWDQW�G·DJUHVVHXUV�

' 
DXWUH� SDUW�� OD� GLDSKRQLH� SHXW� UH� FRQVLGpUpH� FRPPH� XQ� SKpQRPqQH� ©�DOpDWRLUH�ª

SXLVTX
LO�GpSHQG�GH�O
DFWLYLWp�GDQV�OH�FLUFXLW��/ HV�WUDQVLWLRQV�GHV�DJUHVVHXUV�GpWHUPLQHQW�OH�EUXLW

VXU�OD�YLFWLPH��&HV�WUDQVLWLRQV�GpSHQGDQW�GX�FRPSRUWHPHQW�GX�FLUFXLW�GDQV�XQH�FRQILJXUDWLRQ



3UREOpPDWLTXH

� �

GRQQpH��,O�HVW�GRQF�WUqV�SUREDEOH�TXH�GHV�G\VIRQFWLRQQHPHQWV�Q
DSSDUDLVVHQW�TXH�GDQV�GHV�pWDWV

GH�IRQFWLRQQHPHQW�SDUWLFXOLHUV��/ ·DQDO\VH�GH�GLDSKRQLH�GRLW�GRQF�V·HIIHFWXHU�DXWDQW�TXH�SRVVLEOH

GH� PDQLqUH� VWDWLTXH� F·HVW� j � GLUH� LQGpSHQGDPPHQW� GH� VWLPXOL� DILQ� GH� FRXYULU� WRXWHV� OHV

FRQILJXUDWLRQV��TXL�SHXYHQW�VH�SURGXLUH�

8QH�GLIILFXOWp�DWWHQDQWH�j �O·DQDO\VH�GH�GLDSKRQLH�HVW�OD�FRUUHFWLRQ�GHV�SUREOqPHV�DSUqV�OD

SKDVH�G·DQDO\VH�� ' DQV�OH�FDV�R•�O·DQDO\VH�PHWWUDLW� j �MRXU�XQ� IRQFWLRQQHPHQW�SRWHQWLHOOHPHQW

GpIHFWXHX[ ��LO�IDXGUDLW�LQWHUYHQLU�SRXU�PRGLILHU�OD�FRQFHSWLRQ�GX�FLUFXLW��,O�HVW�GRQF�LPSRUWDQW

GH�IRXUQLU�DX�FRQFHSWHXU�GHV�LQIRUPDWLRQV�SHUWLQHQWHV�TXL�O·DLGHQW�GDQV�VRQ�LQWHUYHQWLRQ��8QH

SUHPLqUH�LQIRUPDWLRQ�FRQVLVWH�j �ORFDOLVHU�OH�G\VIRQFWLRQQHPHQW��2 Q�SHXW�pJDOHPHQW�LPDJLQHU

GHV�RXWLOV�G·DLGH�j �O·LQWHUYHQWLRQ�TXL�SURSRVHQW�GHV�VROXWLRQV�DILQ�GH�UpGXLUH�OH�EUXLW�VXU�WHO�RX�WHO

VLJQDO�YLFWLPH�

, , �� � &RQFOXVLRQ

&RPPH� QRXV� YHQRQV� GH� OH� YRLU�� O·DQDO\VH� GH� GLDSKRQLH� SDVVH� SDU� OD� UpVROXWLRQ� GH

SUREOqPHV�WUqV� GLYHUV�� ' DQV�OH�FDGUH�GH�FHWWH�WKqVH��QRXV� QRXV� SURSRVRQV� GH� UpSRQGUH� DX[

TXHVWLRQV�VXLYDQWHV��

- &RPPHQW�HVWLPHU�OH�EUXLW�GDQV�XQ�FLUFXLW�LQWpJUp�"�&RPPHQW�SHXW�RQ�TXDQWLILHU�FH

EUXLW� HW� DLQVL� IRXUQLU� XQH� HVWLPDWLRQ� SUpFLVH� GX� EUXLW� SRXYDQW� VXUYHQLU� VXU� OHV

VLJQDX[ �"

- ( Q�VXSSRVDQW�TXH�O·RQ�GLVSRVH�G·XQ�PRGqOH�G·pYDOXDWLRQ�GX�EUXLW��FH�EUXLW�GpSHQG�GH

O·DFWLYLWp�GHV�DJUHVVHXUV��&RPPHQW�FRQQDvWUH�j �XQ�LQVWDQW�GRQQp�O·DFWLYLWp�GDQV�XQ

FLUFXLW�VDFKDQW�TXH�FHWWH�DFWLYLWp�GRLW�rWUH�pYDOXpH�GH�PDQLqUH�VWDWLTXH�"

- &RPPHQW�UHSUpVHQWHU�OH�FLUFXLW�HW�VHV�pOpPHQWV�HW�JpUHU�OHV�YROXPHV�GH� GRQQpHV

LPSRUWDQWV�GRQW�O·DQDO\VH�GH�GLDSKRQLH�GpSHQG�SRXU�OHV�FLUFXLWV�GH�WDLOOH�UpHOOH�"
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ChapitreI I I
, , , � ( WDW�GH�O·DUW

,,,�� ��,QWURGXFWLRQ����������������������������������������������������������������������������������������� � �
,,,�� ��/ HV�PpWKRGHV�G·pYDOXDWLRQ�GX�EUXLW������������������������������������������������������������� � �
,,,�� ��&RQFOXVLRQ������������������������������������������������������������������������������������������� � �

/ D� GLDSKRQLH� Q·HVW� SDV� XQ� SKpQRPqQH� QRXYHDX�� FHSHQGDQW� VHV� HIIHWV� pWDLHQW� DVVH]

QpJOLJHDEOHV��LO�\ �D�HQFRUH�SHX��SRXU�rWUH�LJQRUpV�SDU�OHV�RXWLOV�GH�YpULILFDWLRQ�

1RXV�SUpVHQWRQV�GRQF�OHV�PpWKRGHV�G·pYDOXDWLRQ�GX�EUXLW�GDQV�OHV�FLUFXLWV�LQWpJUpV�TXH�QRXV

DYRQV�SX�WURXYHU�GDQV�OD�OLWWpUDWXUH��&HV�PpWKRGHV�VRQW�XWLOLVpHV�VRLW�ORUV�GH�OD�FRQFHSWLRQ�RX

ORUV�GH�OD�YpULILFDWLRQ�
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, , , �� � ,QWURGXFWLRQ

/ HV� SUREOqPHV� OLpV� DX� EUXLW� GDQV� OHV� FLUFXLWV� LQWpJUpV� QH� VRQW� SDV� GHV� SUREOqPHV

QRXYHDX[ �� &HV� SKpQRPqQHV� VRQW� ODUJHPHQW� SULV� HQ� FRPSWH� GDQV� OH� GRPDLQH� GHV� FLUFXLWV

DQDORJLTXHV��&HSHQGDQW��DORUV�TXH�GHV�VLPXODWLRQV�pOHFWULTXHV�VRQW�SRVVLEOHV�SRXU�GpWHUPLQHU

O·LPSRUWDQFH�GX�EUXLW�GDQV�FHV�FLUFXLWV��LO�Q·HVW�SDV�SRVVLEOH�G·HQYLVDJHU�GH�WHOOHV�VROXWLRQV�SRXU

OHV�FLUFXLWV�QXPpULTXHV��' H�FH�SRLQW�GH�YXH��O·DQDO\VH�GH�OD�GLDSKRQLH�GDQV�OHV�FLUFXLWV�LQWpJUpV

HVW�XQ�SUREOqPH�QRXYHDX�DYHF�GHV�FRQVpTXHQFHV�JUDYHV�SRXU�OH�IRQFWLRQQHPHQW�G·XQ�FLUFXLW�

' HV�PpWKRGHV�G·DQDO\VH�GX�EUXLW�G€�j �OD�GLDSKRQLH�DSSDUDLVVHQW�j �GLIIpUHQWV�QLYHDX[ �GH�OD�FKDvQH

GH�UpDOLVDWLRQ��&HUWDLQHV�SUHQQHQW�HQ�FRPSWH�OH�EUXLW�GH�GLDSKRQLH�GXUDQW�OD�FRQFHSWLRQ�>6LF� � @�

G·DXWUHV�ORUV�GH�OD�YDOLGDWLRQ�GX�FLUFXLW�

, , , �� � / HV�PpWKRGHV�G·pYDOXDWLRQ�GX�EUXLW

/ D� TXDQWLILFDWLRQ� GX� EUXLW� G€� j � OD� GLDSKRQLH� DSSDUDvW� VRXV� GLIIpUHQWHV� IRUPHV� GDQV� OD

OLWWpUDWXUH��( Q�HIIHW��O·DQDO\VH�GX�EUXLW�SHXW�V·HIIHFWXHU�VRLW�GH�IDoRQ�SUpYHQWLYH�VRLW�GH�IDoRQ

SURVSHFWLYH�

' DQV�OH�SUHPLHU�FDV��FHWWH�DQDO\VH�V·HIIHFWXH�DX�PRPHQW�GX�SODFHPHQW�HW�GX�URXWDJH�GHV

GLIIpUHQWV� EORFV� G·XQ� FLUFXLW�� / HV� ILOV� VRQW� GLVSRVpV� GH� PDQLqUH� j � GLPLQXHU� OH� ULVTXH� GH

G\VIRQFWLRQQHPHQW�

' DQV�OH�VHFRQG�FDV��LO�V·DJLW�GH�YpULILHU�SOXV�PLQXWLHXVHPHQW�OH�WUDYDLO�HIIHFWXp�VRLW�SDU�OH

URXWHXU�VRLW�SDU�OH�FRQFHSWHXU�

$LQVL��VHORQ�O·XWLOLVDWLRQ�TXH�O·RQ�VRXKDLWH�HQ�IDLUH��OHV�LQIRUPDWLRQV�LVVXHV�GH�O·DQDO\VH�GH

EUXLW�DLQVL�TXH�OD�SUpFLVLRQ�HVFRPSWpH�HW�OD�TXDQWLILFDWLRQ�GX�EUXLW�QH�VRQW�SDV�OHV�PrPHV�
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, , , �� �� � ( YDOXDWLRQ�GX�EUXLW�ORUV�GH�OD�FRQFHSWLRQ

' H�QRPEUHX[ �DUWLFOHV�>: DQ� � @>=KR� � @>; XH� � @�SURSRVHQW�GHV�PpWKRGHV�SRXU�PLQLPLVHU

OH� EUXLW� G€� j � OD� GLDSKRQLH�� &HV� PpWKRGHV� LQWHUYLHQQHQW� DX� PRPHQW� GX� URXWDJH�� 7RXWHV� FHV

PpWKRGHV�XWLOLVHQW�OH�PrPH�SULQFLSH�HW�OD�PrPH�TXDQWLILFDWLRQ�GX�EUXLW��6H�WURXYDQW�HQ�SKDVH�GH

URXWDJH�� OHV� VHXOHV� LQIRUPDWLRQV� GRQW� HOOHV� GLVSRVHQW� VRQW� OD� JpRPpWULH� GHV� ILOV�� / H� SULQFLSH

FRQVLVWH�j �TXDQWLILHU�OH�EUXLW�VXU�XQH�LQWHUFRQQH[ LRQ�SDU�OD�ORQJXHXU�WRWDOH�GHV�VLJQDX[ �TXL�VH

WURXYHQW�GDQV�OH�YRLVLQDJH�LPPpGLDW�GH�OD�YLFWLPH�

/ H�EUXLW�VH�TXDQWLILH�GRQF�VXU�OD�EDVH�G·XQH�ORQJXHXU��
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%UXLW�Y�M��HVW�OD�ORQJXHXU�GH�ILO�GX�VLJQDO�DJUHVVHXU�M�HQ�YLV�j �YLV�GX

VLJQDO�YLFWLPH�Y�
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) LJ�,, , � � ���( [ HPSOH�G·pYDOXDWLRQ�GX�EUXLW

6XU�O·H[ HPSOH�)LJ�,,,�� ��OD�YLFWLPH�Y�HVW�HQYLURQQp�SDU�� �DJUHVVHXUV���D� ��D� �HW�D� ��6XU�OH

VFKpPD�VRQW�UHSRUWpHV�OHV�GLIIpUHQWHV�ORQJXHXUV�GH�VHFWLRQ�GH�ILOV�GHV�DJUHVVHXUV�HQ�YLV�j �YLV�DYHF

Y��/ H�EUXLW�VXU�OH�VLJQDO�Y�HVW�GRQF�OD�VRPPH�GH�FHV�ORQJXHXUV���� �� �� � �� � �

&HWWH�YDOHXU�Q·D�SDV�GH�VHQV�SURSUH�FHSHQGDQW�HOOH�IRXUQLW�XQH�PHVXUH�GH�O·LQWHUDFWLRQ

SRVVLEOH�HQWUH�OHV�VLJQDX[ ��,O�GHYLHQW�DORUV�SRVVLEOH�G·HIIHFWXHU�XQ�FODVVHPHQW�GHV�VLJQDX[ �
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%LHQ� TXH� FHWWH� WHFKQLTXH� VRLW� UHODWLYHPHQW� VLPSOH� j � PHWWUH� HQ� ± XYUH�� HOOH� DSSRUWH

TX·XQH�IDLEOH�SUpFLVLRQ��( Q�HIIHW��OD�PHVXUH�GX�EUXLW�QH�WLHQW�FRPSWH�QL�GHV�FDSDFLWpV�j �OD�PDVVH

QL�GH�OD�SXLVVDQFH�GHV�SRUWHV�ORJLTXHV�HW�GHV�FRXSODJHV�VHFRQGDLUHV�

, , , �� �� � ( YDOXDWLRQ�GX�EUXLW�ORUV�GH�OD�YpULILFDWLRQ

' DQV�OD�SKDVH�GH�YpULILFDWLRQ��O·pYDOXDWLRQ�GX�EUXLW�GRLW�SHUPHWWUH�GH�FHUWLILHU�OH�ERQ

IRQFWLRQQHPHQW�GX�FLUFXLW��' DQV�OH�FDV�R•�OH�IRQFWLRQQHPHQW�GX�FLUFXLW�ULVTXH�G·rWUH�FRPSURPLV

SDU�OH�EUXLW�GH�GLDSKRQLH��FHWWH�pYDOXDWLRQ�GRLW�SRXYRLU�DWWLUHU�O·DWWHQWLRQ�GX�FRQFHSWHXU�VXU�OH

RX�OHV�VLJQDX[ �TXL�SRXUUDLHQW�rWUH�j �O·RULJLQH�GX�G\VIRQFWLRQQHPHQW��$XVVL��XQ�RXWLO�G·pYDOXDWLRQ

GX�EUXLW�GRLW�FRPSRUWHU�XQH�SUpFLVLRQ�VXIILVDQWH�SRXU� IDFLOLWHU�OH�WUDYDLO�GX�FRQFHSWHXU�� &HV

PpWKRGHV�XWLOLVHQW�HQ�HQWUpH�XQH�QHWOLVW�H[ WUDLWH�j �SDUWLU�GX�GHVVLQ�GHV�PDVTXHV�GX�FLUFXLW�

,O�H[ LVWH��j �FH�VWDGH��GH�QRPEUHXVHV�PpWKRGHV�G·pYDOXDWLRQ�GX�EUXLW��&HV�PpWKRGHV�VRQW

WUqV�YDULDEOHV�GX�SRLQW�GH�YXH�FRPSOH[ LWp�GH�PLVH�HQ�± XYUH�HW�SUpFLVLRQ�REWHQXH��&HSHQGDQW��OH

SRLQW�FRPPXQ�j �WRXWHV�FHV�PpWKRGHV�HVW�TXH�O·LQGLFDWHXU�GX�EUXLW�GH�GLDSKRQLH�HVW�OD�YDOHXU�GX

SLF�GH�WHQVLRQ�LQGXLW�VXU�OH�VLJQDO�YLFWLPH�� ' ·DXWUHV�SDUW��WRXWHV�FHV�PpWKRGHV�PRGpOLVHQW�OHV

SRUWHV�GX�FLUFXLW�SDU�GHV�UpVLVWDQFHV�

, , , �� �� �� � 0 pWKRGHV�DYHF�XQ�DJUHVVHXU�HW�XQH�YLFWLPH

8Q�FHUWDLQ�QRPEUH�GH�PpWKRGHV�VH�SODFHQW�GDQV�XQ�FRQWH[ WH�WUqV�VLPSOH�G·LQWHUDFWLRQ

G·XQ�DJUHVVHXU�DYHF�XQH�YLFWLPH�

,,, �� �� �� �� � / HV�UDSSRUWV�FDSDFLWLIV�HW�UpVLVWLIV

/ H�VLJQDO�DJUHVVHXU�HW�OH�VLJQDO�YLFWLPH�VRQW�OLpV�SDU�XQH�FDSDFLWp�GH�FRXSODJH��)LJ�,,,�� ��
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) LJ�,, , � � ���0 RGqOH�VLPSOH

' DQV�>' DU� � @��LO�HVW�SURSRVp�XQH�IRUPXOH�GH�FDOFXO�GX�EUXLW�VXU�XQ�VLJQDO�YLFWLPH�EDVpH

VXU�OH�UDSSRUW�GH�FRXSODJH�HQWUH�OH�VLJQDO�DJUHVVHXU�HW�OH�VLJQDO�YLFWLPH��
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9 Q R S T U �UHSUpVHQWH�OD�WHQVLRQ�GX�SLF�JpQpUp�VXU�OD�YLFWLPH�� / HV�UpVXOWDWV�REWHQXV�SDU�FH

UDSSRUW�VRQW�H[ WUrPHPHQW�pORLJQpV�GX�EUXLW�UpHO�VXU�OD�YLFWLPH��6XU�XQ�H[ HPSOH��YRLU�7DE�,,,�� ��

OD�YDOHXU�REWHQXH�SDU�FHWWH�DSSUR[ LPDWLRQ��� �� � Y��HVW�GH�� �IRLV�SOXV�JUDQGH�TXH�OD�YDOHXU�UpHOOH

�� �� � Y��REWHQXH�SDU�VLPXODWLRQ�pOHFWULTXH�SRXU�XQH�WHQVLRQ�G·DOLPHQWDWLRQ�GH�� �� � Y�

9DULDEOH 9DOHXU 8 QLWp
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7DE�,,, � � ���9DOHXUV�XWLOLVpHV�SRXU�OHV�FDOFXOV�G·HUUHXU

' H�SOXV��FHWWH�IRUPXOH�QH�SUHQG�SDV�HQ�FRPSWH�OD�SXLVVDQFH��OD�UpVLVWDQFH��GHV�SRUWHV

pPHWWULFHV�� &H� GpIDXW� HVW� FRUULJp� GDQV� >* XD� � @� R• � OHV� UpVLVWDQFHV� pTXLYDOHQWHV� GHV� SRUWHV

DOLPHQWDQW�O·DJUHVVHXU�HW�OD�YLFWLPH�VRQW�LQWpJUpHV�j �OD�IRUPXOH��



( WDW�GH�O·DUW

� �

)1(1
va

a

v

a

va

v

dd
bruit

C
C

R
R

C
C

V
V

+++
= >( TX�,,,�� @

,O� IDXW� QRWHU� TXH�� TXDQG� 0®
v

a

R
R �� QRXV� UHWURXYRQV� OD� IRUPXOH� SUpFpGDQWH�� / H� EUXLW

SURYRTXp�VXU�OH�VLJQDO�YLFWLPH�VH�WURXYH�SRQGpUp�SDU�OH�UDSSRUW�GH�SXLVVDQFH�HQWUH�O·DJUHVVHXU�HW

OD�YLFWLPH��6XU�O·H[ HPSOH�SURSRVp�DX�WDEOHDX�7DE�,,,�� ��OD�YDOHXU�GX�SLF�FDOFXOpH�HVW�� �� � Y��%LHQ

TXH�O·HUUHXU�VH�UpGXLVH�j �� � � �SDU�UDSSRUW�j �OD�VLPXODWLRQ�pOHFWULTXH��HOOH�UHVWH�WUqV�LPSRUWDQWH�

3RXU�DOOHU�SOXV�ORLQ�GDQV�OD�PRGpOLVDWLRQ�GHV�VLJQDX[ ��OD� IRUPXOH�D�pWp�PRGLILpH�SRXU

SUHQGUH�HQ�FRPSWH�HQ�SDUWLH�OD�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�GH�OD�YLFWLPH�
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/ H�EUXLW�FRQVLGpUp�VH� SURGXLW� HQ� GpEXW� G·LQWHUFRQQH[ LRQ� SRXU� OH� VLJQDO� DJUHVVHXU� �OD

UpVLVWDQFH� G·LQWHUFRQQH[ LRQ� GH� O·DJUHVVHXU� HVW� LJQRUpH�� HW� HQ� PLOLHX� GH� OLJQH� SRXU� OH� VLJQDO

YLFWLPH��VHXOH�OD�PRLWLp�GH�OD�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�GH�OD�YLFWLPH�HVW�XWLOLVpH��
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/ H� FRXSODJH� pWXGLp� VH� VLWXH� HQ� PLOLHX� GH� O·LQWHUFRQQH[ LRQ� DXVVL� ELHQ� SRXU� OH� VLJQDO

DJUHVVHXU�TXH�SRXU�OH�VLJQDO�YLFWLPH��8QH�WHOOH� IRUPXOH�JpQqUH�WRXMRXUV�XQH�HUUHXU�GH� � � �

�� �� � Y��SDU�UDSSRUW�j �OD�VLPXODWLRQ�GH�QRWUH�H[ HPSOH�GRQW�OD�YDOHXU�GX�EUXLW�HVW�GH�� �� Y�

,,, �� �� �� �� � / HV� UDSSRUWV� FDSDFLWLIV� HW� UpVLVWLIV� DYHF� XQH� WHQVLRQ� GH� IRUPH
H[ SRQHQWLHOOH

8QH�IRUPXOH�GH�OD�UpSRQVH�GH�OD�YLFWLPH�HQ�SUpVHQFH�G·XQ�DJUHVVHXU�D\ DQW�XQH�WHQVLRQ�HQ

IRUPH�G·H[ SRQHQWLHOOH�D�pWp�GRQQpH�GDQV�>. LU� � @��
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/ HV�SDUDPqWUHV�t \ �HW�t ] �UHSUpVHQWH�OHV�FRQVWDQWHV�GH�WHPSV�UHVSHFWLYHPHQW

GH�O·DJUHVVHXU�HW�GH�OD�YLFWLPH��t ^  5 ^ �&̂ � & _ ^ ��HW�t _  5 _ �& _ � & _ ^ �

/ ·HUUHXU�GH�FHWWH�IRUPXOH�HVW�GH�� � � � �GDQV�OH�FDV�GH�QRWUH�H[ HPSOH�

,,, �� �� �� �� � 0 RGqOH�XWLOLVDQW�GHV�VLJQDX[ �DYHF�XQH�LQWHUFRQQH[ LRQ�HQ�P

8QH� PpWKRGH� EDVpH� VXU� XQ� PRGqOH� VLPSOH�� IDLVDQW� LQWHUYHQLU� OD� UpVLVWDQFH

G·LQWHUFRQQH[ LRQ�GHV�OLJQHV��)LJ�,,,�� ���D�pWp�SURSRVpH�GDQV�>. DK� � @�� ( OOH�SUpVHQWH�O·DYDQWDJH

G·rWUH�VLPSOH�WRXW�HQ�SUHQDQW�HQ�FRPSWH�OHV�HIIHWV�GH�OD�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�GHV�VLJQDX[ �

/ H�UHWDUG�RFFDVLRQQp�SDU�OD�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�D�XQH�JUDQG�LQIOXHQFH�VXU�O·LQMHFWLRQ�GH

FRXUDQW�VXU�OD�YLFWLPH�� / D�PpWKRGH�SURSRVH�GH�SUHQGUH�HQ�FRPSWH� XQH�GRXEOH�LQMHFWLRQ� GH

FRXUDQW�VXU�OD�YLFWLPH���HQ�GpEXW��&F� ��HW�HQ�ILQ��&F� ��GH�OLJQHV�



( WDW�GH�O·DUW

� �

Rv

Ra

C'vCv

Ca

R'a

R'v

Cc1 Cc2

C'a

) LJ�,, , � � ���0 RGqOH�DYHF�LQWHUFRQQH[ LRQ�HQ�3,

' DQV�OH�FDV�G·XQ�pFKHORQ�HQ�HQWUpH�GH�OD�SRUWH�DOLPHQWDQW�O·DJUHVVHXU��OH�SLF�GH�WHQVLRQ

VXU�OD�YLFWLPH�HVW�OH�VXLYDQW��

)( 2
2

1
1

2

bruitbruitdd
bruit

tsektsek
b

V
V += >( TX�,,,�� @

DYHF

)ln()
1

(
22

11

12 sk
sk

ssbruitt -
-

= >( TX�,,,�� @
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&HWWH�PpWKRGH�SURGXLW�GHV�UpVXOWDWV�VDWLVIDLVDQW�TXDQW�j �OD�SUpFLVLRQ��/ ·HUUHXU�UHODWLYH�HVW

GH�� � � ��SRXU�GHV�SLFV�GH�WHQVLRQ�GH�O·RUGUH�GH�� �� Y�

, , , �� �� �� � 0 pWKRGHV�JpQpUDOHV

7DQGLV�TXH�GH�QRPEUHX[ �DUWLFOHV�SURSRVHQW�GHV�IRUPXOHV�G·pYDOXDWLRQ�GX�SLF�GH�WHQVLRQ

VXU�XQ�VLJQDO�YLFWLPH�HQ�SUpVHQFH�G·XQ�VHXO�DJUHVVHXU��OHV�PpWKRGHV�JpQpUDOHV�YLVHQW�OD�SULVH�HQ

FRPSWH�GHV�HIIHWV�FXPXOpV�GH�SOXVLHXUV�DJUHVVHXUV�VXU�XQ�VLJQDO�YLFWLPH�
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,,, �� �� �� �� � 0 RGqOH�XWLOLVDQW�GHV�VLJQDX[ �DYHF�XQH�LQWHUFRQQH[ LRQ�HQ�P

$ORUV�TXH�OD�PpWKRGH�GRQQpH�GDQV�>. DK� � @��SUpVHQWpH�HQ�,,,�� �� �� �� ��GpFULW�O·LQWHUDFWLRQ

HQWUH�GHX[ �VLJQDX[ ��QRXV�SRXYRQV�GpFRXYULU�GDQV�>. DK� � @�XQH�GH�FHV�DSSOLFDWLRQV�j �SOXVLHXUV

DJUHVVHXUV�

/ D�SULVH�HQ�FRPSWH�GH�SOXVLHXUV�DJUHVVHXUV�HVW�UpDOLVpH�SDU�VLPSOH�FXPXO�GHV�YDOHXUV�GH

SLF�GH�WHQVLRQ��/ H�EUXLW�JpQpUp�SDU�FKDTXH�DJUHVVHXU�VXU�OD�YLFWLPH�HVW�FDOFXOp�SXLV�OD�VRPPH�GH

FHV� EUXLWV� HVW� UpDOLVpH�� 8QH� WUqV� IRUWH� GpJUDGDWLRQ� GH� OD� SUpFLVLRQ� GH� OD� PpWKRGH� DSSDUDvW�

/ ·HUUHXU�UHODWLYH�DWWHLQW�� � � �SRXU�� �DJUHVVHXUV�

,,, �� �� �� �� � 0 RGqOH�XWLOLVDQW�GHV�UpVHDX[ �5&�FRPSOH[ HV

' H�QRXYHDX��SRXU�SUHQGUH�HQ�FRPSWH�SOXVLHXUV�DJUHVVHXUV�DJLVVDQW�VXU�XQH�YLFWLPH��QRXV

WURXYRQV�GDQV�>0 RU� � @�XQH�DSSOLFDWLRQ�GH�OD�PpWKRGH�SURSRVpH�GDQV�>' HY� � @�
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) LJ�,, , � � ���0 RGqOH�FRPSOH[ H

( OOH�SHUPHW�GH�FDOFXOHU�OH�SLF�GH�WHQVLRQ�HQ�XWLOLVDQW�XQH�WRSRORJLH�HQ�DUEUH�5&�SRXU�OHV

GLIIpUHQWV�VLJQDX[ ��)LJ�,,,�� ���/ H�PRGqOH�XWLOLVp�HVW�FHOXL�TXL�VH�UDSSURFKH�OH�SOXV�GH�OD�UpDOLWp�HQ

FH�TXL�FRQFHUQH�OHV�LQWHUFRQQH[ LRQV�
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8QH�H[ SpULHQFH�D�pWp�PHQpH�VXU�O·H[ HPSOH�)LJ�,,,�� �HQ�XWLOLVDQW�OHV�YDOHXUV�VXLYDQWHV��

WRXWHV�OHV�FDSDFLWpV��j �OD�PDVVH�YDOHQW�� c d
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/ HV�UpVXOWDWV�VRQW�SUpVHQWpV�SRXU�GLIIpUHQWHV�GXUpHV�GH�SHQWH�GHV�VLJQDX[ �DJUHVVHXUV�HW

UpVLVWDQFHV�HQWUH�Q± XGV��

9DOHXU�GHV�UpVLVWDQFHV ' XUpH�GH�OD�SHQWH�GHV�DJUHVVHXUV
$JUHVVHXUV 9LFWLPH � � � �SV � � � �SV � � �SV � � �SV
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� � � �W � � � �W � � � � � � � � � �

� � � �W � � � �W � � � � � � � � � � � �
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� � � �W � � � �W �� � � � � � � � � � � � � � �

/ HV�SLFV�GH�WHQVLRQ�VRQW�REVHUYpV�VXU�OH�Q±XG�J�GH�O·H[ HPSOH��/ D�PpWKRGH�RIIUH�GH�WUqV

ERQQHV�SHUIRUPDQFHV�GDQV�FHUWDLQV�FDV�DYHF�XQH�HUUHXU�UHODWLYH�WUqV� IDLEOH�SDU�UDSSRUW� j �GHV
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VLPXODWLRQV�pOHFWULTXHV��/ ·HUUHXU�YDULH�EHDXFRXS�HQ�IRQFWLRQ�GX�FRQWH[ WH�GX�EUXLW��( Q�HIIHW��HOOH

DXJPHQWH�UDSLGHPHQW�TXDQG�OD�GXUpH�SHQWH�GH�WUDQVLWLRQ�GHV� DJUHVVHXUV� GLPLQXH�� $LQVL��GHV

UpVXOWDWV�FRPSOqWHPHQW�LQFRKpUHQWV�DSSDUDLVVHQW�SRXU�GHV�WUDQVLWLRQV�UDSLGHV��� � SV�HW�� � SV���' H

SOXV��FHWWH�HUUHXU�HVW�DXVVL�IRQFWLRQ�GH�OD�UpVLVWDQFH�GHV�DJUHVVHXUV��' qV�TXH�OD�UpVLVWDQFH�HVW�DVVH]

LPSRUWDQWH�RX�OD�SHQWH�DVVH]�UDSLGH��SRXU�TXH�OD�YDULDWLRQ�GH�OD�WHQVLRQ�DX[ �GLIIpUHQWV�Q± XGV�QH

VRLW�SOXV�OLQpDLUH��OH�PRGqOH�GRQQH�GHV�UpVXOWDWV�LQFRUUHFWV�

,,,�� �� �� �� � 0 RGqOH�FRQVLGpUDQW�OHV�DJUHVVHXUV�VRXV�IRUPH�GH�UDPSHV

>&KH� � @� SURSRVH� XQH� IRUPXOH� SUHQDQW� HQ� FRPSWH� SOXVLHXUV� DJUHVVHXUV�� 7RXWHIRLV�� OD

FRXUEH� GH� WHQVLRQ� GHV� DJUHVVHXUV� Q·HVW� SOXV� FHOOH� GH� OD� FKDUJH� G·XQH� UpVLVWDQFH�� &HOOH�FL� HVW

UHPSODFpH�SDU�XQH�UDPSH�GpILQLH��SRXU�FKDTXH�DJUHVVHXU��SDU�OD�GXUpH�GH�OHXU�WUDQVLWLRQ��)LJ�,,,�
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/ ·LQVWDQW�GH�WUDQVLVWLRQ�GHV�DJUHVVHXUV�OHV�XQV�SDU�UDSSRUW�DX[ �DXWUHV�HVW�DXVVL�SULV�HQ

FRPSWH��&HWWH� IRUPXOH�HVW�EDVpH�VXU�OH�FDV�G·XQ�VHXO�DJUHVVHXU�HW�G·XQH�YLFWLPH�GpFULW�GDQV
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8QH�IRUPXOH�FDOFXODQW�OD�WHQVLRQ�VXU�OH�VLJQDO�YLFWLPH�j �XQ�LQVWDQW�GRQQp�DYHF�SOXVLHXUV

DJUHVVHXUV�HVW�REWHQXH�SDU��
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t �HVW�O·LQVWDQW�GH�FDOFXO�GH�OD�WHQVLRQ�VXU�OD�YLFWLPH

i
t �HVW�O·LQVWDQW�GH�WUDQVLWLRQ�GH�O·DJUHVVHXU�L

i
tf �HVW�OD�GXUpH�GH�OD�WUDQVLWLRQ�GH�O·DJUHVVHXU�L

,O� HVW� QpFHVVDLUH� SRXU� FHWWH� IRUPXOH� G·HIIHFWXHU� XQH� DSSUR[ LPDWLRQ� GH� OD� FRXUEH� GH

WHQVLRQ�GHV�DJUHVVHXUV��/ ·XWLOLVDWLRQ�G·XQH�UDPSH�VLPSOLILH�OH�FDOFXO�GX�EUXLW�FHSHQGDQW�HOOH�SHXW

LQGXLUH�GHV�HUUHXUV�

/ D�PpWKRGH�JpQqUH�GHV�HUUHXUV�WUqV� IDLEOHV�� ( Q�HIIHW��GDQV�OH�FDV�G·XQ�VHXO�DJUHVVHXU�

O·HUUHXU�HVW�GH�� � � �SDU�UDSSRUW�j �XQ�SLF�UpHO�GH�� �� � Y��3RXU�� �DJUHVVHXUV��O·HUUHXU�UHODWLYH�HVW

LQIpULHXUH�j �� � �

, , , �� � &RQFOXVLRQ

/ H�FDOFXO�GX�EUXLW�GDQV�XQ�FLUFXLW�HVW�HVVHQWLHO��&HWWH�PHVXUH�GRLW�SUHQGUH�HQ�FRPSWH�OD

GLYHUVLWp�GHV�FDUDFWpULVWLTXHV�GH�VLJQDX[ �� ( OOH�GRLW�rWUH�OD�SOXV�SUpFLVH�SRVVLEOH��7RXWHIRLV��OD

FRPSOH[ LWp� GX� PRGqOH� FKRLVL� SHXW� JUDQGHPHQW� LQIOXHQFHU� OHV� SHUIRUPDQFHV� GH� O·DQDO\VH� GH

GLDSKRQLH�
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1RXV�SRXYRQV�GLVWLQJXHU�GHX[ �W\ SHV�GH�PpWKRGHV�GH�FDOFXO�GX�EUXLW�

/ HV�SUHPLqUHV�PpWKRGHV�VRQW�VLPSOHV��( OOHV�QH�SUHQQHQW�HQ�FRPSWH�TX·XQ�VHXO�DJUHVVHXU

DJLVVDQW� VXU� OD� YLFWLPH�� / D� SOXSDUW� GH� FHV� PpWKRGHV� RQW� XQH� SUpFLVLRQ� WURS� IDLEOH�� 6HXOH� OD

PpWKRGH�SURSRVpH�GDQV�>. DK� � @�SUpVHQWH�XQH�SUpFLVLRQ�VDWLVIDLVDQWH��7RXWHIRLV��FHV�PpWKRGHV

VRQW�LQDGDSWpHV�DX�FDOFXO�GX�EUXLW�GDQV�XQ�HQYLURQQHPHQW�UpHO��DYHF�SOXVLHXUV�DJUHVVHXUV���( Q

HIIHW�� PrPH� DYHF� XQH� SUpFLVLRQ� DFFHSWDEOH�� XWLOLVHU� OD� VXSHUSRVLWLRQ� GHV� YDOHXUV� GH� EUXLW

SURYRTXp�SDU�OHV�GLIIpUHQWV�DJUHVVHXUV�QH�GRQQH�SDV�GH�UpVXOWDWV�FRKpUHQWV�

/ HV�DXWUHV�PpWKRGHV�VRQW�SOXV�FRPSOqWHV��( OOHV�SUHQQHQW�HQ�FRPSWH�XQ�QRPEUH�YDULDEOH

G·DJUHVVHXUV�� / H� SUHPLHU� PRGqOH� HVW� WUqV� FRPSOHW� HW� XWLOLVH� XQH� VWUXFWXUH� HQ� DUEUH� 5&�� 6D

SUpFLVLRQ�HVW�WUqV�YDULDEOH�HW�GpSHQG�GH�OD�UpVLVWDQFH�HW�GH�OD�SHQWH�GHV�DJUHVVHXUV��/ H�VHFRQG

PRGqOH�XWLOLVH�XQH�DSSUR[ LPDWLRQ�GH�OD�SHQWH�GHV�DJUHVVHXUV��7RXWHIRLV��OD�SUpFLVLRQ�GX�UpVXOWDW

SHXW�rWUH�IDLEOH��' H�SOXV��9�W��HVW�H[ SULPpH�SDU�LQWHUYDOOHV��&H�TXL�UHQG�OH�FDOFXO�GH�OD�WHQVLRQ�GH

SLF�FRPSOH[ H�GDQV�OH�FDV�R• �OH�VLJQDO�YLFWLPH�VHUDLW�DJUHVVp�SDU�SOXVLHXUV�FHQWDLQHV�G·DJUHVVHXUV�

' DQV�WRXV�OHV�FDV��DXFXQH�GHV�PpWKRGHV�SUpVHQWpHV�QH�SUHQG�HQ�FRPSWH�FHUWDLQV�HIIHWV

LPSRUWDQWV�GDQV�OH�PpFDQLVPH�GH�EUXLW��( Q�HIIHW��ELHQ�TXH�FHUWDLQHV�GH�FHV�PpWKRGHV�VHPEOHQW

SRXYRLU�FRQYHQLU�j �O·DQDO\VH�GH�GLDSKRQLH��HOOHV�VH�OLPLWHQW�WRXWHV�DX[ �VLJQDX[ �GLUHFWHPHQW�HQ

GLDSKRQLH� DYHF� XQH� YLFWLPH�� &HSHQGDQW�� j � XQ� LQVWDQW� GRQQp�� WRXV� OHV� DJUHVVHXUV� G·XQ� VLJQDO

YLFWLPH�Q·HIIHFWXHQW�SDV�GH�WUDQVLWLRQ��0 rPH�VL�FHV�DJUHVVHXUV�QH�SDUWLFLSHQW�SDV� DX�FRXUDQW

LQMHFWp�VXU�OD�YLFWLPH��OHXU�SUpVHQFH�D�XQH�LQIOXHQFH�VXU�OH�SLF�JpQpUp��( Q�HIIHW��FHV�DJUHVVHXUV��j

WUDYHUV� OHXU� FDSDFLWp� GH� FRXSODJH� HW� OHXU� FDSDFLWp� j � OD� PDVVH�� DLGHQW� j � OD� VWDELOLVDWLRQ� GH� OD

YLFWLPH�

' H�PrPH��GDQV�XQ�FLUFXLW�UpHO��XQ�DJUHVVHXU�SHXW�SDUDVLWHU�SOXVLHXUV�YLFWLPHV�j �OD�IRLV�

' DQV� FH� FDV�� OH� FRXUDQW� FUpp� SDU� OD� WUDQVLWLRQ� GH� O·DJUHVVHXU� VH� UpSDUWLW� VXU� OHV� GLIIpUHQWHV

YLFWLPHV��$LQVL��OD�SUpVHQFH�GH�SOXVLHXUV�YLFWLPHV�WHQG�j �UpGXLUH�OH�SLF�JpQpUp�VXU�XQH�YLFWLPH

GRQQpH�
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ChapitreIV
,9� 0 RGqOH�GH�FDOFXO�GX�SLF

,9�� ��,QWURGXFWLRQ����������������������������������������������������������������������������������������� � �
,9�� ��&DV�VLPSOH���XQH�YLFWLPH���XQ�DJUHVVHXU�������������������������������������������������������� � �
,9�� ��&DV�JpQpUDO���XQH�YLFWLPH���SOXVLHXUV�DJUHVVHXUV����������������������������������������������� � �
,9�� ��&DV�UpHO���XQH�YLFWLPH�² �SOXVLHXUV�DJUHVVHXUV�HQ�SUpVHQFH�GH�FRXSODJHV�VHFRQGDLUHV���� � �
,9�� ��5HSUpVHQWDWLRQ�GHV�SRUWHV������������������������������������������������������������������������ � �
,9�� ��&RQFOXVLRQ� ����������������������������������������������������������������������������������������� � �

' DQV� FH� FKDSLWUH�� QRXV� SUpVHQWRQV� QRWUH� PpWKRGH� GH� FDOFXO� GX� EUXLW� FDXVp� SDU� OD

GLDSKRQLH�

' DQV�XQ�SUHPLHU�WHPSV��QRXV�SURSRVRQV�XQH�H[ SUHVVLRQ�GX�EUXLW��SRXU�OH�FDV�VLPSOH�G·XQH

YLFWLPH�DJUHVVpH�SDU�XQ�VHXO�DJUHVVHXU��3XLV��QRXV�pWXGLRQV�OH�FDV�JpQpUDO�GH�SOXVLHXUV�DJUHVVHXUV

HQ� GpWDLOODQW� OHV� DSSUR[ LPDWLRQV� TXL� SHUPHWWHQW� G·REWHQLU� DQDO\WLTXHPHQW� OH� SLF� GH� WHQVLRQ

SURYRTXp�VXU�OD�YLFWLPH��( QILQ��QRXV�pWXGLRQV�O·HIIHW�GH�OD�SUpVHQFH�G·DXWUHV�FRXSODJHV�DXWRXU�GH

OD� YLFWLPH� HW� GHV� DJUHVVHXUV�� 1RXV� IRXUQLVVRQV� OHV� DSSUR[ LPDWLRQV� TXL� SHUPHWWHQW� GH� WHQLU

FRPSWH�GH�FHV�FRXSODJHV�VHFRQGDLUHV�
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,9�� � ,QWURGXFWLRQ

/ H� FRXSODJH� GLDSKRQLTXH� HW� OH� EUXLW� TXL� HQ� UpVXOWH� VRQW� GHV� SKpQRPqQHV� UHODWLYHPHQW

FRPSOH[ HV�GX�PRPHQW�R•�O·RQ�VH�SODFH�GDQV�OH�FDV�G·XQ�FLUFXLW�UpHO�� ' DQV�XQ�FLUFXLW�9/ 6,�

FKDTXH�VLJQDO��FRQVLGpUp�FRPPH�YLFWLPH�� SRVVqGH� SOXVLHXUV� FHQWDLQHV� GH� FRXSODJHV� FDSDFLWLIV

DYHF�G·DXWUHV�VLJQDX[ ��&HV�VLJQDX[ �VRQW�HX[ �PrPH�HQ�FRXSODJH�DYHF�GHV�VLJQDX[ �HQFRUH�SOXV

pORLJQpV�GX�VLJQDO�YLFWLPH�HW�DLQVL�GH�VXLWH�

agresseur

victime (distance 1)

victime (distance 2)

victime (distance 3)
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)LJ�,9�� ���&LUFXLW�GH�OD�VLPXODWLRQ

-0.1

0

0.1

0.2

0.3

0.4

0.5

-200 -100 0 100 200 300 400 500

T
en

si
on

 (
v)

Temps (ps)

Victime (niveau 1)
Victime (niveau 2)
Victime (niveau 3)
Victime (niveau 4)

)LJ�,9�� ���7HQVLRQ�VXU�OHV�VLJQDX[ �j �GLIIpUHQWV�QLYHDX[

9 j j  � �� � Y

/ H� VFKpPD� GH� OD� ILJXUH� )LJ�,9�� � PRQWUH� TXH� OD� WUDQVLWLRQ� G·XQ� VLJQDO� SHXW� DYRLU� GHV

UpSHUFXVVLRQV� VXU� VRQ� YRLVLQDJH�� $� OHXU� WRXU�� FHV� YRLVLQV� SURGXLVHQW� XQ� EUXLW� VXU� OHXU

HQYLURQQHPHQW��$LQVL��VL�O·RQ�WHQWH�GH�PRGpOLVHU�GH�PDQLqUH�WUqV�SUpFLVH�OH�EUXLW�SURGXLW�SDU�OD

WUDQVLWLRQ�G·XQ�VLJQDO�VXU�XQ�VLJQDO�YRLVLQ��WUqV�YLWH��RQ�VH�UHQG�FRPSWH�TX·LO�IDXW�WHQLU�FRPSWH

G·XQH�JUDQGH�SDUWLH��YRLUH�OD�WRWDOLWp��GX�FLUFXLW�HW�G·XQ�QRPEUH�WUqV�LPSRUWDQW�GH�FRXSODJHV��/ H

SUREOqPH� GHYLHQW� HQFRUH� SOXV� FRPSOH[ H� VL� O·RQ� FRQVLGqUH� TXH� SOXVLHXUV� VLJQDX[ � SHXYHQW

HIIHFWXHU�GHV�WUDQVLWLRQV�j �GHV�LQVWDQWV�SOXV�RX�PRLQV�SURFKHV��' H�SOXV��OD�WUDQVLWLRQ�G·XQ�VLJQDO

Q·HVW�SDV�LQVWDQWDQpH�HW�OD�YLWHVVH�GH�OD�WUDQVLWLRQ�SHXW�DYRLU�XQH�LQIOXHQFH�VXU�OH�EUXLW�JpQpUp�

&RPSWH�WHQX�GH�WRXWHV�FHV�FRQVLGpUDWLRQV��LO�SDUDvW�pYLGHQW�TXH�OD�GpILQLWLRQ�G·XQ�PRGqOH

G·pYDOXDWLRQ� GX� SLF� GH� EUXLW� SDVVH� SDU� GHV� VLPSOLILFDWLRQV�� %LHQ� HQWHQGX�� FHV� VLPSOLILFDWLRQV
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HQWUDvQHQW�XQH�FHUWDLQH�SHUWH�GH�SUpFLVLRQ��/ ·REWHQWLRQ�G·XQ�PRGqOH�FRQVLVWH�GRQF�j �pWDEOLU�XQ

FRPSURPLV�DFFHSWDEOH�HQWUH�FHWWH�SHUWH�GH�SUpFLVLRQ�HW�OD�SHUIRUPDQFH�GX�PRGqOH�

' DQV�FHWWH�WKqVH��QRXV�YLVRQV�OD�PLVH�DX�SRLQW�G·XQ�PRGqOH�GHVWLQp�j �rWUH�XWLOLVp�GDQV�XQ

RXWLO� GH� YpULILFDWLRQ�� &HW� RXWLO� GRLW� SHUPHWWUH� OD� YpULILFDWLRQ� G·XQ� FLUFXLW� 9/ 6,� FRPSRUWDQW

SOXVLHXUV�PLOOLRQV�GH�WUDQVLVWRUV�GDQV�GHV�WHPSV�UDLVRQQDEOHV��F·HVW�j �GLUH�LQIpULHXUV�j �TXHOTXHV

KHXUHV��VXU�XQH�VWDWLRQ�GH�WUDYDLO�

' DQV� FH� FKDSLWUH�� QRXV� H[ SRVRQV� HQ� GpWDLO� QRWUH� PRGqOH� G·pYDOXDWLRQ� GX� EUXLW� GH

GLDSKRQLH��3RXU�DLGHU�j �OD�FODUWp�GH�O·H[ SRVp��QRXV�pWXGLRQV�GDQV�XQ�SUHPLHU�WHPSV�OH�FDV�G·XQH

YLFWLPH�DJUHVVpH�SDU�XQ�DJUHVVHXU��&RPPH�GDQV�OD�SOXSDUW�GHV�PRGqOHV�GH�EUXLW��GDQV�QRWUH

PRGqOH��OHV�SRUWHV�VRQW�PRGpOLVpHV�SDU�GHV�UpVLVWDQFHV��3XLV�QRXV�QRXV�LQWpUHVVRQV�DX�FDV�JpQpUDO

G·XQH� YLFWLPH� DJUHVVpH� SDU� SOXVLHXUV� DJUHVVHXUV�� ( QILQ�� QRXV� SURSRVRQV� XQH� PpWKRGH� SRXU

SUHQGUH�HQ�FRPSWH�O·HQYLURQQHPHQW�DXWRXU�GHV�DJUHVVHXUV�HW�GH�OD�YLFWLPH�

,9�� � &DV�VLPSOH���XQH�YLFWLPH�� �XQ�DJUHVVHXU

&RQVLGpURQV� OH� VFKpPD� GH� OD� ILJXUH� )LJ�,9�� � R• � XQ� VHXO� DJUHVVHXU� HVW� HQ� FRXSODJH

GLDSKRQLTXH�DYHF�XQH�YLFWLPH��%LHQ�TXH�O·RQ�QH�SXLVVH�SDV�UHQFRQWUHU�XQH�WHOOH�VLWXDWLRQ�GDQV�XQ

FLUFXLW�UpHO��HOOH�QRXV�SHUPHW�GH�FRPSUHQGUH�OH�SKpQRPqQH�GH�EUXLW�JpQpUp�VXU�XQH�YLFWLPH��( Q

HIIHW��LO�HVW�SRVVLEOH�G·pWDEOLU�OHV�pTXDWLRQV�GX�FRPSRUWHPHQW�GH�OD�YLFWLPH�HW�GH�O·DJUHVVHXU�HW�GH

SURSRVHU�XQH�VROXWLRQ�j �FHV�pTXDWLRQV�

C

AgresseurVictime

R

C a

R aavv
va

Va
C v

) LJ�,9� � ���0 RGqOH�pOHFWULTXH�SRXU�OH�FDOFXO�GX�SLF
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1RXV�FRQVLGpURQV�XQH�WUDQVLWLRQ�GH� � �YHUV� � �GH�O·DJUHVVHXU�� / D�VRXUFH� GH�WHQVLRQ�9 k

SHUPHW� G·LPSRVHU� OD� WHQVLRQ� 9
b b
� j � O·DJUHVVHXU�� $LQVL�� OH� FRPSRUWHPHQW� GH� OD� YLFWLPH� HW� GH

O·DJUHVVHXU�VRQW�GpILQLV�j �SDUWLU�G·XQ�V\VWqPH�G·pTXDWLRQV�GLIIpUHQWLHOOHV�OLQpDLUHV�GH�� c l �RUGUH�
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1RXV� XWLOLVRQV�� XQH� IRLV� GH� SOXV�� OD� PpWKRGH� 1HZWRQ�5DIVRQ� SRXU� WURXYHU� XQH

DSSUR[ LPDWLRQ�GH�OD�VROXWLRQ�GH�FHWWH�pTXDWLRQ��$LQVL��QRXV�REWHQRQV�XQH�UpVLVWDQFH�pTXLYDOHQWH

j �FKDTXH�EUDQFKH�GH�O·pPHWWHXU�GH�O·DJUHVVHXU�

2 U��O·pPHWWHXU�G·XQ�DJUHVVHXU�FRPSRUWH�SOXVLHXUV�EUDQFKHV��/ H�SLF�GH�EUXLW�LQGXLW�VXU�OD

YLFWLPH�HVW�G·DXWDQW�SOXV�LPSRUWDQW�TXH�OD�UpVLVWDQFH�GH�O·DJUHVVHXUV�HVW�SHWLWH��1RXV�FKRLVLURQV

GRQF��SDUPL�OHV�EUDQFKHV��FHOOH�TXL�IRXUQLW�OD�UpVLVWDQFH�OD�SOXV�SHWLWH�SRXU�PRGpOLVHU�O·DJUHVVHXU�

,9�� � &RQFOXVLRQ�

' DQV�FH�FKDSLWUH��QRXV� DYRQV� GpWDLOOp� QRWUH� PpWKRGH� GH� FDOFXO� GX� EUXLW� GH� GLDSKRQLH�

&HWWH�PpWKRGH�UHSRVH�VXU�XQH�DSSUR[ LPDWLRQ�GHV�pOpPHQWV�DFWLIV�GX�FLUFXLW��OHV�SRUWHV��SDU�GHV

UpVLVWDQFHV��$LQVL��WRXV�OHV�VLJQDX[ �GX�FLUFXLW�YRLHQW�OHXU�pPHWWHXU�UHPSODFp�SDU�XQH�UpVLVWDQFH

pTXLYDOHQWH��1RXV�GLVWLQJXRQV� GHX[ �UpVLVWDQFHV� SRXU� FKDTXH� VLJQDO� VHORQ� TX·LO� VRLW� FRQVLGpUp

FRPPH�XQH�YLFWLPH�RX�XQ�DJUHVVHXU��/ HV�UpVLVWDQFHV�VRQW�FDOFXOpHV�j �SDUWLU�G·XQH�PRGpOLVDWLRQ

GX�FRXUDQW�GpOLYUp�SDU�XQ�WUDQVLVWRU��PRGqOH�0 &&��HW�GH�IDoRQ�j �FH�TXH�OH�EUXLW�FDOFXOp�VXU�XQ

VLJQDO�VRLW�OH�EUXLW�PD[ LPDO�SURGXLW�SDU�OD�FRQILJXUDWLRQ�G·DJUHVVLRQ�

/ H�FDOFXO�GX�EUXLW�V·HIIHFWXH�HQ�FRQVLGpUDQW�XQH�SRUWLRQ�GX�FLUFXLW�DXWRXU�GH�OD�YLFWLPH�

&HWWH�SRUWLRQ�FRPSRUWH��HQ�SOXV�GH�OD�YLFWLPH��OHV�VLJQDX[ �HQ�FRXSODJH�DYHF�OD�YLFWLPH� �OHV

DJUHVVHXUV�PXHWV�HW�OHV�DJUHVVHXUV�DFWLIV��HW�OHV�YLFWLPHV�VHFRQGDLUHV�GHV�DJUHVVHXUV�

' DQV�XQ�SUHPLHU�WHPSV��OHV�DJUHVVHXUV�PXHWV�HW�OHV�YLFWLPHV�VHFRQGDLUHV�VRQW�UHPSODFpV

SDU� GHV� FDSDFLWpV� pTXLYDOHQWHV�� 1RXV� DYRQV� H[ SRVp� XQH� PpWKRGH� SRXU� FDOFXOHU� OD� FDSDFLWp

pTXLYDOHQWH� j � XQH� YLFWLPH� VHFRQGDLUH�� / D� PrPH� PpWKRGH� HVW� XWLOLVpH� SRXU� DSSUR[ LPHU� OHV

DJUHVVHXUV�SDU�XQH�FDSDFLWp�pTXLYDOHQWH��$�O·LVVXH�GH�FHWWH�SKDVH��OH�FLUFXLW�VH�OLPLWH�j �OD�YLFWLPH

HW�j �VHV�DJUHVVHXUV�DFWLIV�

' DQV�XQ�VHFRQG�WHPSV��QRXV�DYRQV�FDOFXOp�XQH�VRXUFH�GH�FRXUDQW�pTXLYDOHQWH�SRXU�FKDFXQ

GHV� DJUHVVHXUV� DFWLIV� GH� OD� YLFWLPH�� / HV� FDUDFWpULVWLTXHV� GH� FKDTXH� VRXUFH� GH� FRXUDQW� VRQW

FDOFXOpHV�GH�PDQLqUH�j �FH�TXH�FHOOH�FL�SURGXLVH�OH�PrPH�HIIHW�TXH�O·DJUHVVHXU�TX·HOOH�UHSUpVHQWH�
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)LQDOHPHQW��WRXWHV�OHV�VRXUFHV�GH�FRXUDQW�RQW�pWp�PLVHV�HQ�FRPPXQ�VXU�OD�YLFWLPH�DILQ�GH

FDOFXOHU�OHXU�HIIHW�FXPXOp��1RXV�DYRQV�REWHQX�DLQVL�OH�PRGqOH�GX�SLF�GH�EUXLW�SURGXLW�VXU�XQH

YLFWLPH�SDU�XQ�HQVHPEOH�G·DJUHVVHXUV�WUDQVLWDQW�HQ�PrPH�WHPSV�HW�GDQV�OD�PrPH�GLUHFWLRQ�

3DU�DLOOHXUV��QRXV�DYRQV�SUpVHQWp�XQ�SURFpGp�G·DJJORPpUDWLRQ�GHV�DJUHVVHXUV�DFWLIV�HQ�XQ

DJUHVVHXU� pTXLYDOHQW�� &HSHQGDQW�� FHWWH� DJJORPpUDWLRQ� Q·HVW� SRVVLEOH� TXH� VL� OHV� DJUHVVHXUV

DJJORPpUpV�RQW�XQH�FRQVWDQWH�GH�WHPSV�WUqV�SURFKH��&H�SURFpGp�SHUPHW�XQH�DFFpOpUDWLRQ�GHV

FDOFXOV�LWpUDWLIV�HQ�UpGXLVDQW�OH�QRPEUH�G·DJUHVVHXUV�
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Chapitre V
9� 0 pWKRGHV�G·DQDO\ VH�VWDWLTXH�GX�EUXLW

9�� ��,QWURGXFWLRQ������������������������������������������������������������������������������������������ � �
9�� ��0 pWKRGH�PD[ LPDOLVWH������������������������������������������������������������������������������� � �
9�� ��0 pWKRGH�EDVpH�VXU�O·DQDO\VH�VWDWLTXH�G·LQVWDELOLWp���������������������������������������������� � �
9�� ��,GHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ���������������������������������������������������� � �
9�� ��&RQFOXVLRQ� ������������������������������������������������������������������������������������������ � �

/ H� EUXLW� VXU� XQ� VLJQDO� YLFWLPH� GpSHQG� GH� OD� WUDQVLWLRQ� GHV� GLIIpUHQWV� DJUHVVHXUV� ORUV� GX

IRQFWLRQQHPHQW�GX�FLUFXLW��$LQVL��OD�YpULILFDWLRQ�GX�ERQ�IRQFWLRQQHPHQW�GX�FLUFXLW�QH�SHXW�VH

IDLUH�TX·HQ�LGHQWLILDQW�OD�RX�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�TXL�SURYRTXHQW�OH�EUXLW�PD[ LPDO�VXU

XQH�YLFWLPH�GRQQpH�

1RXV� SURSRVRQV�� GDQV� FH� FKDSLWUH�� GHX[ � PpWKRGHV� G·LGHQWLILFDWLRQ� GHV� FRQILJXUDWLRQV

G·DJUHVVLRQ�PD[ LPDOH�
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9�� � ,QWURGXFWLRQ

/ H�SUHPLHU�SRLQW�GDQV�O·DQDO\VH�GH�GLDSKRQLH�HVW�GH�GLVSRVHU�G·XQ�PRGqOH�GH�FDOFXO�GX�SLF

SHUPHWWDQW�G·pYDOXHU�OH�EUXLW�VXU�XQ�VLJQDO�YLFWLPH�SDUWLFXOLHU��&HSHQGDQW��FRPPH�QRXV�O·DYRQV

YX� DX� FKDSLWUH� SUpFpGHQW�� FH� PRGqOH� HVW� EDVp� VXU� XQH� FRQILJXUDWLRQ� G·DJUHVVLRQ� R•� O·RQ

GLVWLQJXH��SRXU�XQH�YLFWLPH�GRQQpH��OHV�DJUHVVHXUV�DFWLIV�GHV�DJUHVVHXUV�PXHWV�

$LQVL��SRXU�GLVSRVHU�G·XQ�RXWLO�G·DQDO\VH�GH�GLDSKRQLH��LO�HVW�LQGLVSHQVDEOH�G·DVVRFLHU�DX

PRGqOH� GH� FDOFXO� GH� SLF� XQH� PpWKRGH� SRXU� LGHQWLILHU� OHV� FRQILJXUDWLRQV� G·DJUHVVLRQ�� &HWWH

PpWKRGH�GRLW�SHUPHWWUH�GH�GpWHUPLQHU�OHV�DJUHVVHXUV�TXL�SHXYHQW�rWUH�DFWLIV�HQ�PrPH�WHPSV

DILQ�G·pWDEOLU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�TXL�JpQqUHQW�OH�EUXLW�PD[ LPDO�VXU�OD�YLFWLPH�

%LHQ�pYLGHPPHQW��OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�TXL�SHXYHQW�VH�SURGXLUH�VXU�XQH�YLFWLPH

GpSHQGHQW� GH� O·DFWLYLWp� GH� VHV� DJUHVVHXUV�� 2 U�� OD� WUDQVLWLRQ� GHV� VLJQDX[ � DX� FRXUV� GX� F\FOH� j

O·LQWpULHXU�G·XQ�FLUFXLW�HVW�XQH�FRQVpTXHQFH�GH�O·pWDW�LQWHUQH�GX�FLUFXLW�HW�GHV�VWLPXOL�DSSOLTXpV

DX[ �HQWUpHV��$LQVL��SRXU�LGHQWLILHU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ��RQ�SHXW�LPDJLQHU�UHFRXULU�j

XQH�VLPXODWLRQ�ORJLTXH�FODVVLTXH��( Q�PrPH�WHPSV��LO�HVW�pYLGHQW�TXH�OD�VLPXODWLRQ�ORJLTXH�QH

SHUPHW� GH� FRXYULU� TX·XQH� LQILPH� SDUWLH� GH� O·HQVHPEOH� GHV� FRQILJXUDWLRQV� TXL� SHXYHQW� VH

SURGXLUH�GDQV�XQ�FLUFXLW��3DU�FRQVpTXHQW��LO� \ �D�XQH�WUqV� IDLEOH�SUREDELOLWp�GH�UHQFRQWUHU�OHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�JUkFH�j �XQH�VLPXODWLRQ�ORJLTXH�

' H�FH�IDLW��j �O·LPDJH�G·XQH�DQDO\VH�GH�WLPLQJ��OHV�GHX[ �PpWKRGHV�TXH�QRXV�SURSRVRQV�GDQV

FH�FKDSLWUH�VRQW�GHV�PpWKRGHV�VWDWLTXHV�G·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�F·HVW�j �

GLUH�LQGpSHQGDQWHV�GHV�VWLPXOL�G·HQWUpH�HW�GH�O·pWDW�GX�FLUFXLW�

9�� � 0 pWKRGH�PD[ LPDOLVWH

&HWWH�PpWKRGH�HVW�OD�SOXV�VLPSOH�TXH�O·RQ�SXLVVH�LPDJLQHU�SRXU�OH�FKRL[ �GHV�DJUHVVHXUV

DFWLIV�G·XQ�VLJQDO�YLFWLPH��( OOH�FRQVLVWH�j �FRQVLGpUHU��TX·j �XQ�LQVWDQW�GRQQp��GDQV�OD�SpULRGH�GH

IRQFWLRQQHPHQW�GX�FLUFXLW��WRXV�OHV�DJUHVVHXUV�G·XQH�YLFWLPH�FRPPXWHQW�VLPXOWDQpPHQW�HW�GDQV

OD� PrPH� GLUHFWLRQ�� ' DQV� FHWWH� FRQILJXUDWLRQ�� LO� Q·H[ LVWH� SDV� G·DJUHVVHXUV� PXHWV� HW� WRXV� OHV
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DJUHVVHXUV�VRQW�FRQVLGpUpV�FRPPH�DFWLIV��&HWWH�PpWKRGH�SHUPHW�G·pWDEOLU�XQH�ERUQH�VXSpULHXUH

SRXU�OH�EUXLW�JpQpUp�VXU�OD�YLFWLPH��( Q�HIIHW��GDQV�FHWWH�PpWKRGH��RQ�FRQVLGqUH�TXH�WRXV�OHV

DJUHVVHXUV�FRQWULEXHQW�j �O·DSSRUW�GH�FRXUDQW�VXU�OD�YLFWLPH�HW�DXFXQ�DJUHVVHXU�PXHW�QH�YLHQW

DWWpQXHU�OH�SLF�GH�WHQVLRQ�

%LHQ� V€U�� SRXU� OD� SOXSDUW� GHV� VLJQDX[ � YLFWLPHV�� FHWWH� FRQILJXUDWLRQ� PD[ LPDOH� HVW

LUUpDOLVDEOH��( Q�IDLW��VL�O·RQ�FRQVLGqUH�TX·XQH�YLFWLPH�SRVVqGH�SOXVLHXUV�FHQWDLQHV�G·DJUHVVHXUV��OD

SUREDELOLWp�TXH�FHV�DJUHVVHXUV�SXLVVHQW�HIIHFWXHU�XQH�WUDQVLWLRQ�VLPXOWDQpPHQW�HVW�WUqV�IDLEOH��3DU

H[ HPSOH�� O·H[ LVWHQFH� G·XQH� GpSHQGDQFH� IRQFWLRQQHOOH� HQWUH� GHX[ � DJUHVVHXUV� SRXUUDLW� UHQGUH

LPSRVVLEOH�OD�WUDQVLWLRQ�VLPXOWDQpH�GH�FHV�GHX[ �DJUHVVHXUV�

%LHQ� TXH� FHWWH� PpWKRGH� VXUHVWLPH� ODUJHPHQW� OH� EUXLW� SURYRTXp� VXU� OHV� YLFWLPHV�� HOOH

SRXUUDLW�rWUH�XWLOLVpH�FRPPH�XQH�pWDSH�SUpOLPLQDLUH�SRXU�REWHQLU�OD�ERUQH�PD[ LPDOH�GX�EUXLW

SRXU�WRXV�OHV�VLJQDX[ ��/ H�FRQFHSWHXU�SHXW�DORUV�H[ FOXUH�G·XQH�DQDO\VH�SOXV�UDIILQpH��PDLV�SOXV

FR€WHXVH��WRXV�OHV�VLJQDX[ �TXL�QH�SUpVHQWHQW�SDV�GH�ULVTXH�GH�SURYRTXHU�XQ�G\VIRQFWLRQQHPHQW

GDQV�OH�FLUFXLW�

9�� � 0 pWKRGH�EDVpH�VXU�O·DQDO\ VH�VWDWLTXH�G·LQVWDELOLWp

/ HV� FLUFXLWV� DX[ TXHOV� QRXV� QRXV� LQWpUHVVRQV� VRQW� GHV� FLUFXLWV� QXPpULTXHV� V\ QFKURQHV

PRQR�SKDVHV��/ HV�pOpPHQWV�PpPRULVDQWV�GH�FHV�FLUFXLWV�VRQW�GHV�UHJLVWUHV�j �pFKDQWLOORQQDJH�VXU

IURQW��PRQWDQW�RX�GHVFHQGDQW��G·KRUORJH��' DQV�FH�W\SH�GH�FLUFXLWV��OD�YDOHXU�GHV�UHJLVWUHV�HVW

PRGLILpH�j �OD�VXLWH�G·XQ�IURQW�G·KRUORJH��3XLV��FHV�PRGLILFDWLRQV�VH�SURSDJHQW�GDQV�OH�FLUFXLW�DX

FRXUV�GX�F\FOH��/ RUV�GH�FHWWH�SURSDJDWLRQ��OHV�VLJQDX[ �VXELVVHQW�pYHQWXHOOHPHQW�GHV�WUDQVLWLRQV�

$�OD�ILQ�G·XQ�F\FOH�G·KRUORJH��OHV�VLJQDX[ �TXL�VH�WURXYHQW�j �O·HQWUpH�GHV�UHJLVWUHV�VH�VWDELOLVHQW

MXVWH�DYDQW�O·DYqQHPHQW�GX�SURFKDLQ�IURQW�G·pFKDQWLOORQQDJH�

$LQVL��GDQV�FH�W\SH�GH�FLUFXLWV��OHV�VLJQDX[ �VLWXpV�MXVWH�DSUqV�OHV�UHJLVWUHV�HIIHFWXHQW�OHXU

WUDQVLWLRQ�DX�GpEXW�GX�F\FOH��SXLV��LOV�UHVWHQW�VWDEOHV�SHQGDQW�OH�UHVWH�GX�F\FOH��3DU�FRQWUH��OHV

VLJQDX[ �VLWXpV�MXVWH�DYDQW�OHV�UHJLVWUHV�QH�VH�VWDELOLVHQW�TXH�YHUV�OD�ILQ�GX�F\FOH��2 Q�SHXW�LPDJLQHU

TXH�FHV�VLJQDX[ �VRQW�VWDEOHV�DX�GpEXW�GX�F\FOH�SXLV��HIIHFWXHQW�SOXVLHXUV�WUDQVLWLRQV��DOpDV��DYDQW

GH�SUHQGUH�XQH�YDOHXU�GpILQLWLYH�
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( Q� IDLW��RQ� SHXW�PRGpOLVHU� OH�FLUFXLW�FRPPH�XQ�JUDSKH�RULHQWp� R• �OHV� Q±XGV�VRQW�OHV

SRUWHV�HW�OHV�DUUrWHV�OHV�VLJQDX[ �TXL�UHOLHQW�OD�VRUWLH�G·XQH�SRUWH�j �O·HQWUpH�GH�OD�SRUWH�VXLYDQWH�

$ORUV��OD�VWDELOLWp�G·XQ�VLJQDO�j �XQ�LQVWDQW�GRQQp�GpSHQG�GHV�FKHPLQV�TXL�UHOLHQW�FH�VLJQDO�DX[

UHJLVWUHV�VLWXpV�HQ�DPRQW�GX�JUDSKH�

Signal

Registre

Porte

Connecteur

L�gende
horloge horloge

) LJ�9� � ���&LUFXLW�VRXV�IRUPH�GH�JUDSKH

&RQVLGpURQV�XQ�FKHPLQ�GDQV�OH�JUDSKH�GX�FLUFXLW�TXL�UHOLHQW�XQ�VLJQDO�$�j �XQ�UHJLVWUH�GRQW

LO�GpSHQG��/ H�WHPSV�GH�SURSDJDWLRQ�G·XQH�WUDQVLWLRQ�GX�UHJLVWUH�j �WUDYHUV�FH�FKHPLQ�MXVTX·j �$

GpWHUPLQH� O·LQVWDQW� R• � OH� VLJQDO� $� SHXW� VXELU� XQH� WUDQVLWLRQ� GDQV� OH� F\FOH�� &H� WHPSV� GH

SURSDJDWLRQ� GpSHQG� GX� WHPSV� GH� SURSDJDWLRQ� j � WUDYHUV� FKDFXQ� GHV� Q±XGV� GX� JUDSKH� VXU� OH

FKHPLQ�FRQVLGpUp��&HSHQGDQW��OHV�Q±XGV�GX�JUDSKH�VRQW�GHV�SRUWHV�ORJLTXHV��6HORQ�OH�W\ SH�GH

WUDQVLWLRQ�HQ�HQWUpH��PRQWDQWH�RX�GHVFHQGDQWH��HW�O·pWDW�GHV�DXWUHV�HQWUpHV�GH�OD�SRUWH��OH�WHPSV

GH�SURSDJDWLRQ�j �WUDYHUV�FHWWH�SRUWH�YDULH��,O�Q·\ �D�GRQF�SDV�XQ�XQLTXH�WHPSV�GH�SURSDJDWLRQ

G·XQ�UHJLVWUH� j �XQ�VLJQDO�HW��GH�FH�IDLW��SDV�XQ�XQLTXH�LQVWDQW�GH�WUDQVLWLRQ�GX�VLJQDO�SRXU�FH

FKHPLQ�� ( Q�UpDOLWp��LO�H[ LVWH�XQH�LQFHUWLWXGH�VXU�O·LQVWDQW�GH�FRPPXWDWLRQ�G·XQ�VLJQDO��&HWWH

LQFHUWLWXGH�HVW�GXH�j �GHV�IDFWHXUV�WUqV�GLYHUV�WHOV�TXH�OD�FRQILJXUDWLRQ�GHV�HQWUpHV�PDLV�DXVVL�OD

WHPSpUDWXUH��OHV�YDULDWLRQV�GX�SURFpGp�GH�IDEULFDWLRQ��HWF��&HSHQGDQW�O·LQVWDQW�GH�FRPPXWDWLRQ

SHXW�rWUH�ERUQp��$LQVL��FRQQDLVVDQW�OH�GpODL�GH�SURSDJDWLRQ�PLQLPDO�HW�PD[ LPDO�j �WUDYHUV�XQH

SRUWH�HW�O·LQWHUYDOOH�GXUDQW�OHTXHO�XQH�HQWUpH�SHXW�HIIHFWXHU�XQH�WUDQVLWLRQ��LO�HVW�SRVVLEOH�GH

FDOFXOHU� O·LQWHUYDOOH� GDQV� OHTXHO� OD� VRUWLH� SHXW� FRPPXWHU�� 1RXV� DSSHORQV� FHW� LQWHUYDOOH�

O·LQWHUYDOOH�G·LQVWDELOLWp�

( Q� RXWUH��LO�H[ LVWH�DXVVL� GHV�FKHPLQV�GHSXLV�OHV�HQWUpHV�SULPDLUHV� GX�FLUFXLW�MXVTX·DX[

VLJQDX[ �LQWHUQHV��/ ·LQVWDELOLWp�GHV�HQWUpHV�SULPDLUHV�SHXW�DXVVL�rWUH�H[ SULPpH�SDU�XQ�LQWHUYDOOH

WHPSRUHO�
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3DU�DLOOHXUV��OHV�WHPSV�GH�SURSDJDWLRQ�GHV�GLIIpUHQWV�FKHPLQV�PHQDQW�GHV�UHJLVWUHV�RX�GHV

HQWUpHV�SULPDLUHV�MXVTX
j �XQ�VLJQDO�SHXYHQW�rWUH�WUqV�GLYHUV��/ D�WUDQVLWLRQ�G·XQ�VLJQDO�SHXW�GRQF

rWUH�VLWXpH�GDQV�XQ�HQVHPEOH�G·LQWHUYDOOHV�G·LQVWDELOLWp��&KDFXQ�GH�FHV�LQWHUYDOOHV�GpSHQG�GX

WHPSV�GH�SURSDJDWLRQ�G·XQ�FKHPLQ�GX�FLUFXLW�YHUV�OH�VLJQDO��&HSHQGDQW��ORUVTXH�GHX[ �LQWHUYDOOHV

G·LQVWDELOLWp�SRVVqGHQW�XQ�UHFRXYUHPHQW�QRQ�QXO��RQ�SHXW�FRQVLGpUHU�TX·LO�V·DJLW�G·XQ�XQLTXH

LQWHUYDOOH�G·LQVWDELOLWp�UpVXOWDQW�GH�O·XQLRQ�GH�FHV�GHX[ �LQWHUYDOOHV�

( QILQ��GDQV�O·DQDO\VH�GX�EUXLW�GH�GLDSKRQLH��QRXV�DYRQV�EHVRLQ�GH�GLVWLQJXHU��SRXU�FKDTXH

DJUHVVHXU��OHV�FRPPXWDWLRQV�PRQWDQWHV�GHV�FRPPXWDWLRQV�GHVFHQGDQWHV��,O� IDXW�GRQF�VpSDUHU�

SRXU� FKDTXH� VLJQDO�� OHV� LQWHUYDOOHV� G·LQVWDELOLWp� PRQWDQWH� HW� OHV� LQWHUYDOOHV� G·LQVWDELOLWp

GHVFHQGDQWH�

&RQQDLVVDQW� OHV� LQWHUYDOOHV� G·LQVWDELOLWp� GH� WRXV� OHV� VLJQDX[ � GX� FLUFXLW�� LO� GHYLHQW� DORUV

SRVVLEOH�G·LGHQWLILHU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�

8QH�FRQILJXUDWLRQ�G·DJUHVVLRQ��SRXU�XQ�VLJQDO�YLFWLPH��HVW�GpILQLH�FRPPH�pWDQW�XQ�VRXV�

HQVHPEOH�GH�VHV�DJUHVVHXUV�SRWHQWLHOV�TXL�SHXYHQW�FRPPXWHU�HQ�PrPH�WHPSV��2 Q�GLVWLQJXH

GHX[ �W\ SHV�GH�FRQILJXUDWLRQV�G·DJUHVVLRQ��8QH�FRQILJXUDWLRQ�G·DJUHVVLRQ�PRQWDQWH��DVFHQGDQWH�

HVW� XQH� FRQILJXUDWLRQ� G·DJUHVVLRQ� R•� O·HQVHPEOH� GHV� VLJQDX[ � TXL� FRPSRVHQW� OD� FRQILJXUDWLRQ

G·DJUHVVLRQ� SHXYHQW� HIIHFWXHU� XQH� WUDQVLWLRQ� PRQWDQWH�� ' DQV� XQH� FRQILJXUDWLRQ� G·DJUHVVLRQ

GHVFHQGDQWH�� O·HQVHPEOH� GHV� VLJQDX[ � TXL� FRPSRVHQW� OD� FRQILJXUDWLRQ� SHXYHQW� HIIHFWXHU� XQH

WUDQVLWLRQ�GHVFHQGDQWH�

&RQVLGpURQV� XQ� VLJQDO� Y� HQ� FRXSODJH� DYHF� OHV� VLJQDX[ � DÙ ����DÚ �� &RQVLGpURQV� OHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�DVFHQGDQWH��6RLHQW�
ikii MM ,...,

1
��OHV�LQWHUYDOOHV�G·LQVWDELOLWp�PRQWDQWH

G·XQ� VLJQDO� DÛ �� NÛ � HVW� OH� QRPEUH� G·LQWHUYDOOHV� G·LQVWDELOLWp� PRQWDQWH� SRXU� XQ� VLJQDO� DÛ �� 2 Q

FRQVLGqUH�TXH�GHX[ �DJUHVVHXUV�SRWHQWLHOV�DÛ �HW�DÜ �GH�Y�SHXYHQW�FRPPXWHU�HQ�PrPH�WHPSV�VL�HW

VHXOHPHQW�VL�LO�H[ LVWH�XQH�LQWHUVHFWLRQ�QRQ�QXOOH�HQWUH�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�GH�DÛ �HW�DÜ �

$XWUHPHQW�GLW�VL�HW�VHXOHPHQW�VL��

Æ¹

Î
Î

)(

},..,1{
},..,1{

U Ý

jj

ii

pjpi

kp
kp

ji

MM
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3OXV�JpQpUDOHPHQW��RQ�FRQVLGqUH�TXH�OHV�DJUHVVHXUV�
mii aa ,...,

1
�SHXYHQW�FRPPXWHU�HQ�PrPH

WHPSV�VL�HW�VHXOHPHQW�VL�LO�H[ LVWH� },...,1{
11 ii kp Î , },...,1{

22 ii kp Î ,…, },...,1{
mm ii kp Î  WHOV�TXH��

Æ¹
=
I
m

j j

j
i

i p
M

1

$LQVL�� HQ� FDOFXODQW� OHV� LQWHUVHFWLRQV� GHV� LQWHUYDOOHV� G·LQVWDELOLWp�� RQ� SHXW� REWHQLU� OHV

FRQILJXUDWLRQV�G·DJUHVVLRQ��2 Q�SHXW�DORUV�DSSOLTXHU�OH�PRGqOH�GH�FDOFXO�GX�SLF�GH�EUXLW�SRXU

FKDTXH�FRQILJXUDWLRQ��&HSHQGDQW��XQ�JUDQG�QRPEUH�GH�FHV�pYDOXDWLRQV�VRQW�LQXWLOHV��( Q�HIIHW��VL

XQH�FRQILJXUDWLRQ�HVW�LQFOXVH�GDQV�XQH�DXWUH��RQ�SHXW�DVVXUHU�TXH�OH�SLF�GH�EUXLW�JpQpUp�SDU�OD

SUHPLqUH� HVW� SOXV� IDLEOH� TXH� OH� EUXLW� SURYRTXp� SDU� OD� VHFRQGH�� 2 Q� SHXW� GRQF� VH� FRQWHQWHU

G·pYDOXHU�OH�EUXLW�VXU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�

8QH� FRQILJXUDWLRQ� G·DJUHVVLRQ� PD[ LPDOH� HVW� XQH� FRQILJXUDWLRQ� G·DJUHVVLRQ� TXL� Q·HVW

LQFOXVH� GDQV� DXFXQH� DXWUH� FRQILJXUDWLRQ�� $XWUHPHQW� GLW�� VRLHQW� & Þ �����&ß �� OHV� FRQILJXUDWLRQV

G·DJUHVVLRQ� GX� VLJQDO� Y�� &à � HVW� XQH� FRQILJXUDWLRQ� PD[ LPDOH� GH� Y� VL� HW� VHXOHPHQW� VL

jm CCmjqj Ì¹Î |},,..,1{ .

áâá

áâá

ãâã

ãâã

äâäâäâäâäâäâäâä

äâäâäâäâäâäâäâä

åâåâåâåâåâåâåâå

åâåâåâåâåâåâåâå

æâæ

çâç èé

êâêâêâêâê

êâêâêâêâê

ëâëâëâëâë

ëâëâëâëâë

ìâì

ìâì

íâí

íâí

îâîâîâîâîâî

îâîâîâîâîâî

ïâïâïâïâïâï

ïâïâïâïâïâï

ðâðâðâðâðâð

ðâðâðâðâðâð

ñâñâñâñâñâñ

ñâñâñâñâñâñ

òâòâòâòâòâòâò

óâóâóâóâóâóâó

ôâôâôâôâôâôâô

õâõâõâõâõâõ

öâöâöâöâöâöâöâöâöâöâö

÷â÷â÷â÷â÷â÷â÷â÷â÷â÷â÷

øâøâøâøâøâøâøâøâø

øâøâøâøâøâøâøâøâø

ùâùâùâùâùâùâùâùâù

ùâùâùâùâùâùâùâùâù

úâú

úâú

ûâû

ûâû

üâüâü

ýâýâý

þâþâþâþâþâþâþ

ÿâÿâÿâÿâÿâÿ

���

���

���

���

�����

�����

���

���

�������������

�������������

�������������

�������������

Temps

Intervalle montantIntervalle descendant

Periode d'horloge

a
2

a
4

a
5

a
6

a
3

a
1

t 1 t 2 t 3 t 4 t 5 t 6 t 9 t 10t 0 t 7 t 8

) LJ�9� � ���,QWHUYDOOHV�G·LQVWDELOLWp�GHV�DJUHVVHXUV

3RXU� DLGHU� j � OD� FRPSUpKHQVLRQ� GH� FHV� GpILQLWLRQV�� FRQVLGpURQV� O·H[ HPSOH� GH� OD� ILJXUH

)LJ�9�� �� &HWWH� ILJXUH� LOOXVWUH� OHV� LQWHUYDOOHV� G·LQVWDELOLWp� PRQWDQWH� HW� GHVFHQGDQWH� GHV� �
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DJUHVVHXUV�D
Þ
�« �D� �G·XQ�VLJQDO�Y��&RQVLGpURQV�XQLTXHPHQW�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�PRQWDQWH

GHV�DJUHVVHXUV��' H�O·LQVWDQW�W� �j �W	 ��VHXO�D
 �SHXW�HIIHFWXHU�XQH�WUDQVLWLRQ��^D
 ` �FRQVWLWXH�GRQF�XQH

FRQILJXUDWLRQ� G·DJUHVVLRQ�� ' H� W	 � j � W� �� OHV� LQWHUYDOOHV� G·LQVWDELOLWp� GH� D
 � HW� GH� D� � RQW� XQ

UHFRXYUHPHQW�QRQ�QXO��2 Q�REWLHQW�GRQF�GHX[ �QRXYHOOHV�FRQILJXUDWLRQV�^D� ` �HW�^D
 ��D� ` �� ' H

O·LQVWDQW�W
�
�j �W� ��D
 ��D
 �HW�D� �SHXYHQW�FRPPXWHU�HQ�PrPH�WHPSV��G·R• �OHV�QRXYHOOHV�FRQILJXUDWLRQV

^D
 ` ��^D
 ��D
 ` ��^D
 ��D� ` �HW�^D
 ��D
 ��D� ` �HW�DLQVL�GH�VXLWH�

/ H� WDEOHDX� 7DE�9�� � GRQQH� OD� OLVWH� GH� WRXWHV� OHV� FRQILJXUDWLRQV� G·DJUHVVLRQ� SRXU� FHW

H[ HPSOH�� / HV� FRQILJXUDWLRQV� & � �� &
Þ Þ
� HW� &

Þ �
� VRQW� OHV� FRQILJXUDWLRQV� G·DJUHVVLRQ� PD[ LPDOH� GH

O·H[ HPSOH�

&RQILJXUDWLRQV�G·DJUHVVLRQ�HW�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH��HQ�JUDV�

&
Þ
 ^D

Þ
` &

�
 ^D

�
` &
  ^D
 ` &�  ^D� `

&
  ^D
 ` &�  ^D� ` & �  ^D
 ��D� ` &�  ^D� ��D� ��D� `
&�  ^D
 ��D
 ` &

Þ �
 ^D
 ��D� ` &� �  ^D� ��D� ` &� �  ^D� ��D� `

7DE�9� � ���&RQILJXUDWLRQV�G·DJUHVVLRQ�GH�O·H[ HPSOH�) LJ�9� �

9�� � ,GHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ

9�� �� � $QDO\ VH�G·LQVWDELOLWp�VWDWLTXH

/ H�FDOFXO�GHV�LQWHUYDOOHV�G·LQVWDELOLWp�GHV�VLJQDX[ �SHXW�rWUH�FR€WHX[ �V·LO�HVW�HIIHFWXp�GH

PDQLqUH� GLUHFWH�� ( Q� HIIHW�� OHV� LQWHUYDOOHV� G·LQVWDELOLWp� G·XQ� VLJQDO� GpSHQGHQW� GHV� LQWHUYDOOHV

G·LQVWDELOLWp�GH�VHV�HQWUpHV�TXL��j �OHXU�WRXU��GpSHQGHQW�GHV�VLJQDX[ �SOXV�HQ�DPRQW�

8QH�SUHPLqUH�PpWKRGH�SRXU�REWHQLU�FHV�LQWHUYDOOHV�FRQVLVWH� j �SDUFRXULU�OH�JUDSKH�GX

FLUFXLW�GH�PDQLqUH�UpFXUVLYH�HQ�SDUWDQW�GHV�VRUWLHV��,O�V·DJLW�GRQF�GH�PHWWUH�DX�SRLQW�XQH�IRQFWLRQ

UpFXUVLYH�R• �FKDTXH�DSSHO�GH�OD� IRQFWLRQ�SHUPHW�GH�FDOFXOHU�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�G·XQ

VLJQDO�j �SDUWLU�GHV�LQWHUYDOOHV�GH�VHV�HQWUpHV�VL�FHX[ �FL�VRQW�GLVSRQLEOHV�

0 rPH�VL�OD�PLVH�HQ�±XYUH�GH�FHWWH�WHFKQLTXH�SHXW�SDUDvWUH�VLPSOH��QRXV�SHQVRQV�TX·HOOH

QH�SHUPHWWUD�SDV�G·REWHQLU�OHV�SHUIRUPDQFHV�VRXKDLWpHV�SRXU�XQ�RXWLO�G·pYDOXDWLRQ�GH�GLDSKRQLH�
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' ·XQ�F{Wp��GHV�DSSHOV�UpFXUVLIV� j �XQH� IRQFWLRQ�SHXYHQW�rWUH�WUqV�FR€WHX[ �HQ�PpPRLUH�HW�HQ

WHPSV� G·H[ pFXWLRQ�� ( Q� HIIHW�� HIIHFWXHU� GHV� DSSHOV� UpFXUVLIV� SRXU� FDOFXOHU� OHV� LQWHUYDOOHV

G·LQVWDELOLWp�FRQVLVWH�j �UHFRQVWUXLUH��VXU�OD�SLOH��OHV�GLIIpUHQWV�FKHPLQV�TXL�UHOLHQW�XQ�VLJQDO�DX[

HQWUpHV�GX�JUDSKH��' ·XQ�DXWUH�F{Wp��OH�FDOFXO�PrPH�GHV�LQWHUYDOOHV�G·LQVWDELOLWp�G·XQH�VRUWLH��HQ

IRQFWLRQ�GH�VHV�HQWUpHV��Q·HVW�SDV�WULYLDO�GqV�ORUV�TXH�O·RQ�VRXKDLWH�UHSUpVHQWHU�SDU�XQ�LQWHUYDOOH

XQLTXH�GHX[ �LQWHUYDOOHV�TXL�RQW�XQ�UHFRXYUHPHQW�QRQ�QXO��,O�HVW�GRQF�QpFHVVDLUH�GH�GpYHORSSHU

XQH�DXWUH�WHFKQLTXH�SOXV�HIILFDFH�SRXU�REWHQLU�FHV�LQWHUYDOOHV�G·LQVWDELOLWp�

$X� OLHX� GH� UpDOLVHU� XQ� SDUFRXUV� UpFXUVLI� HQ� DUULqUH� GDQV� OH� JUDSKH�� QRXV� SURSRVRQV

G·HIIHFWXHU�XQH�SURSDJDWLRQ�HQ�SDUWDQW�GHV�HQWUpHV�GX�JUDSKH��&HWWH�SURSDJDWLRQ�D�O·DYDQWDJH�GH

UHPSODFHU�OHV� DSSHOV�UpFXUVLIV� SDU� XQ�DSSHO� LWpUDWLI� PRLQV� FR€WHX[ � HQ� PpPRLUH� HW� HQ� WHPSV

G·H[ pFXWLRQ�SXLVTXH�OD�SLOH�GHV�IRQFWLRQV�Q·HVW�SDV�VROOLFLWpH��' LIIpUHQWHV�PpWKRGHV�SHXYHQW�rWUH

HQYLVDJpHV�SRXU�UpDOLVHU�FHWWH�SURSDJDWLRQ�

8Q�GHV�DOJRULWKPHV�OHV�SOXV�HIILFDFHV�SRXU�SURSDJHU�GHV�LQIRUPDWLRQV�HVW�O·DOJRULWKPH�GH

VLPXODWLRQ�pYpQHPHQWLHOOH��&HSHQGDQW��FHW�DOJRULWKPH�D�pWp�PLV�DX�SRLQW��j �O·RULJLQH��SRXU�OD

SURSDJDWLRQ�GH�YDOHXUV�ORJLTXHV�UHSUpVHQWDQW�O·pWDW�G·XQ�VLJQDO��,O�IDXW�GRQF�PRGLILHU�ODUJHPHQW

FHW�DOJRULWKPH�VL�O·RQ�VRXKDLWH�O·XWLOLVHU�SRXU�O·DGDSWHU�DX�SUREOqPH�GX�FDOFXO�GHV�LQWHUYDOOHV

G·LQVWDELOLWp�

9�� �� � $QDO\ VH� G·LQVWDELOLWp� VWDWLTXH� SDU� VLPXODWLRQ

pYpQHPHQWLHOOH

9�� �� �� � 6LPXODWLRQ�ORJLTXH�pYpQHPHQWLHOOH

/ ·DOJRULWKPH� GH� SURSDJDWLRQ� pYpQHPHQWLHOOH� HVW� ODUJHPHQW� XWLOLVp� GDQV� OD� VLPXODWLRQ

ORJLTXH��$YDQW�GH�GpWDLOOHU�O·DGDSWDWLRQ�GH�FHW�DOJRULWKPH�DX�SUREOqPH�GH�FDOFXO�GHV�LQWHUYDOOHV

G·LQVWDELOLWp��QRXV�H[ SRVRQV��GDQV�FHWWH�VHFWLRQ��XQ�DSHUoX�GH�FHW�DOJRULWKPH�WHO�TX·LO�HVW�XWLOLVp

GDQV�OD�VLPXODWLRQ�ORJLTXH�

&RPPH�QRXV�O·DYRQV�YX��XQ�FLUFXLW�QXPpULTXH�V\QFKURQH�SHXW�rWUH�UHSUpVHQWHU�SDU�XQ

JUDSKH�� ' DQV�OH�FDV�GH�OD�VLPXODWLRQ�ORJLTXH��OHV�Q±XGV�GH�FH�JUDSKH�VRQW�GHV�SURFHVVXV�TXL
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SHUPHWWHQW� GH� FDOFXOHU� OD� YDOHXU� GX� VLJQDO� �RX� pYHQWXHOOHPHQW� GHV� VLJQDX[ �� GH� VRUWLH� GX

SURFHVVXV�HQ� IRQFWLRQ� GHV� HQWUpHV� GX� SURFHVVXV�� / D� VLPXODWLRQ� ORJLTXH� FRQVLVWH� j � FDOFXOHU� OD

YDOHXU�GHV�GLIIpUHQWV�VLJQDX[ �TXL�FRPSRVHQW�OH�FLUFXLW�DX�FRXUV�GX�WHPSV�

3RXU� REWHQLU� FHV� YDOHXUV�� LO� IDXW� pYDOXHU� OHV� SURFHVVXV� GX� JUDSKH�� / ·DOJRULWKPH� GH

VLPXODWLRQ� pYpQHPHQWLHOOH� SHUPHW� GH� PLQLPLVHU� OH� QRPEUH� G·pYDOXDWLRQV�� ,O� HVW� EDVp� VXU� XQ

SULQFLSH�VLPSOH���LO�Q·HVW�SDV�QpFHVVDLUH�G·pYDOXHU�XQ�SURFHVVXV�VL�OD�YDOHXU�GH�VHV�HQWUpHV�Q·D�SDV

pWp�PRGLILpH��$LQVL��j �XQ�LQVWDQW�GRQQp��XQ�SURFHVVXV�HVW�pYDOXp�VL�XQ�pYpQHPHQW�D�pWp�GpWHFWp

VXU�DX�PRLQV�XQH�GH�VHV�HQWUpHV�

/ ·DOJRULWKPH�GH�VLPXODWLRQ�VH�GpFRPSRVH�HQ�GHX[ �SKDVHV��� ( [ pFXWLRQ�HW�0 LVH� j �MRXU�

' DQV�OD�SKDVH�G·( [ pFXWLRQ��OHV�SURFHVVXV�TXL�RQW�VXEL�XQ�FKDQJHPHQW�VXU�DX�PRLQV�XQH�GH�OHXUV

HQWUpHV�VRQW�pYDOXpV��/ ·pYDOXDWLRQ�G·XQ�SURFHVVXV�SURGXLW�XQH�WUDQVDFWLRQ��8QH�WUDQVDFWLRQ�HVW

XQ�WULSOHW��� �6��9�� ' ��� 6�HVW�O·LGHQWLILFDWHXU�GX�VLJQDO�GH�VRUWLH�GX�SURFHVVXV��9�HVW�OD�YDOHXU

REWHQXH�SDU�O·pYDOXDWLRQ�GX�SURFHVVXV�HW�' �HVW�OD�GDWH�j �ODTXHOOH�FHWWH�YDOHXU�GRLW�rWUH�LPSRVpH�DX

VLJQDO�6�� ( Q�HIIHW��GDQV�OD�VLPXODWLRQ�ORJLTXH��FKDTXH�SURFHVVXV�SHXW�DYRLU�XQH�ODWHQFH�/ � �RX

WHPSV�GH�SURSDJDWLRQ���$LQVL��XQH�PRGLILFDWLRQ�VXU�XQH�HQWUpH�GH�FH�SURFHVVXV� j �O·LQVWDQW�W�

Q·LPSDFWHUD� OD� YDOHXU� GH� OD� VRUWLH� 6� TX·j � O·LQVWDQW� W
�
� / �� / HV� WUDQVDFWLRQV� SURGXLWHV� SDU

O·pYDOXDWLRQ�GHV�SURFHVVXV�VRQW�HQUHJLVWUpHV�GDQV�XQ�pFKpDQFLHU��8Q�pFKpDQFLHU�HVW�XQH�PpPRLUH

R•�OHV�WUDQVDFWLRQV�VRQW�HQUHJLVWUpHV�GDQV�O·RUGUH�GH�OHXU�GDWH��/ D�SKDVH�G·( [ pFXWLRQ�VH�WHUPLQH

ORUVTXH�WRXV�OHV�SURFHVVXV�RQW�pWp�pYDOXpV�

' DQV�OD�SKDVH�GH�0 LVH�j �MRXU��RQ�FRPPHQFH�SDU�DYDQFHU�OD�GDWH�GH�VLPXODWLRQ�j �OD�GDWH�GH

OD�WUDQVDFWLRQ�OD�SOXV�SURFKH�HQUHJLVWUpH�GDQV�O·pFKpDQFLHU��3XLV��RQ�H[ WUDLW�GH�O·pFKpDQFLHU�WRXWHV

OHV�WUDQVDFWLRQV�HQUHJLVWUpHV�j �FHWWH�GDWH��$ORUV��RQ�SURFqGH�j �OD�PLVH� j �MRXU�GH�OD�YDOHXU�GHV

VLJQDX[ ��3RXU�FKDTXH�WUDQVDFWLRQ��6��9��' ���OD�YDOHXU�9�HVW�LPSRVpH�DX�VLJQDO�6��6L�FHWWH�YDOHXU

HVW�GLIIpUHQWH�GH�O·DQFLHQQH�YDOHXU�GH�6��RQ�GLW�TXH�6�D�VXEL�XQH�PRGLILFDWLRQ�RX�XQ�pYpQHPHQW�

' DQV�FH�FDV��RQ�LGHQWLILH�OHV�SURFHVVXV�GX�JUDSKH�GRQW�6�FRQVWLWXH�XQH�HQWUpH��&HV�SURFHVVXV

GRLYHQW�rWUH�UppYDOXpV�DX�FRXUV�GH�OD�SKDVH�G·( [ pFXWLRQ�VXLYDQWH��/ D�SKDVH�GH�0 LVH� j �MRXU�VH

WHUPLQH�ORUVTXH�WRXWHV�OHV� WUDQVDFWLRQV� H[ WUDLWHV� GH� O·pFKpDQFLHU� RQW� pWp� WUDLWpHV�� $ORUV�� XQH

QRXYHOOH�SKDVH�G·( [ pFXWLRQ�SHXW�GpPDUUHU��$LQVL��O·DOJRULWKPH�GH�VLPXODWLRQ�VH�GpURXOH�FRPPH

XQH�ERXFOH�HQWUH�OD�SKDVH�GH�0 LVH�j �MRXU�HW�OD�SKDVH�G·( [ pFXWLRQ�
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( QILQ��OD�VLPXODWLRQ�V·DUUrWH�GqV�TX·LO�Q·\ �D�SOXV�GH�WUDQVDFWLRQV�GDQV�O·pFKpDQFLHU�

/ D�ILJXUH�)LJ�9�� �PRQWUH�O·DOJRULWKPH�GH�VLPXODWLRQ�pYpQHPHQWLHOOH�

FIN

Pour chaque processus de la liste
EXECUTE : évaluer le processus,

générées dans l'échéancier
enregistrer la ou les transactions

OUI

NON

Echeancier
vide?

DEBUT Enregistrer les
stimuli dans

Pour chaque transaction de la liste

signal.
Si cette valeur est différente de
l'ancienne valeur, mettre dans la
liste EXECUTE les processus
dépendants du signal.

Récuperer les

UPDATE : mettre à jour la valeur du

proche enregistrée dans l'échéancier

Avancer la date de la simulation
à la date de la transaction la plus

l'écheancier

Phase
Execution

Phase
Mise à jour

date courante dans
une liste UPDATE

transactions de la

) LJ�9� � ���$OJRULWKPH�GH�VLPXODWLRQ�pYpQHPHQWLHOOH

9�� �� �� � $GDSWDWLRQ�GH�O·DOJRULWKPH�GH�VLPXODWLRQ�pYpQHPHQWLHOOH�j

O·DQDO\ VH�G·LQVWDELOLWp

' DQV�O·DQDO\VH�G·LQVWDELOLWp��QRXV�FKHUFKRQV�j �FDOFXOHU�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�GH�WRXV

OHV�VLJQDX[ ��&RPPH�SRXU�OD�VLPXODWLRQ�ORJLTXH�QRXV�HQYLVDJHRQV�GH�SURSDJHU�XQH�LQIRUPDWLRQ�j

WUDYHUV� XQ� JUDSKH�� &HSHQGDQW� O·LQWHUYDOOH� G·LQVWDELOLWp� Q·HVW� SDV� XQH� VLPSOH� LQIRUPDWLRQ�� ( Q

HIIHW�� O·DOJRULWKPH� pYpQHPHQWLHO� QH� SHUPHW� GH� SURSDJHU� TXH� GHV� LQIRUPDWLRQV� LQVWDQWDQpHV�

$XVVL��SRXU�HQWUHU�GDQV�OH�FDGUH�pYpQHPHQWLHO��QRXV�SURSRVRQV�GH�GpILQLU�XQ�LQWHUYDOOH�FRPPH
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OD�SpULRGH�FRPSULVH�HQWUH�GHX[ �pYpQHPHQWV�LQVWDQWDQpV���O·pYpQHPHQW�G·RXYHUWXUH�RX�GH�GpEXW

G·LQWHUYDOOH� HW� O·pYpQHPHQW� GH� IHUPHWXUH� RX� GH� ILQ� G·LQWHUYDOOH�� $LQVL�� O·DGDSWDWLRQ� GH

O·DOJRULWKPH�GH�VLPXODWLRQ�pYpQHPHQWLHOOH�DX� SUREOqPH� GH� FDOFXO� GHV� LQWHUYDOOHV� G·LQVWDELOLWp

FRQVLVWH� j � SURSDJHU� OHV� LQIRUPDWLRQV� GH� GpEXW� HW� GH� ILQ� G·LQWHUYDOOH� j � WUDYHUV� OHV� SRUWHV� TXL

FRQVWLWXHQW� OH� JUDSKH� GX� FLUFXLW�� 3DU� DLOOHXUV�� OD� GLVWLQFWLRQ� HQWUH� XQ� LQWHUYDOOH� G·LQVWDELOLWp

PRQWDQWH� HW� XQ� LQWHUYDOOH� G·LQVWDELOLWp� GHVFHQGDQWH� QRXV� FRQGXLW� j � FRQVLGpUHU� TXDWUH� W\SHV

G·pYpQHPHQWV��� GpEXW� G·LQWHUYDOOH� PRQWDQW� �G� ��� ILQ� G·LQWHUYDOOH� GHVFHQGDQW� �I� ��� GpEXW

G·LQWHUYDOOH�GHVFHQGDQW��G� ��HW�ILQ�G·LQWHUYDOOH�GHVFHQGDQW��I� ���3DU�H[ HPSOH��GDQV�OH�FDV�G·XQ

LQYHUVHXU� �)LJ�9�� ��� XQ� GpEXW� G·LQWHUYDOOH� G·LQVWDELOLWp� VXU� O·HQWUpH� YD� SURYRTXHU� XQ� GpEXW

G·LQVWDELOLWp�GH�OD�VRUWLH�DSUqV�XQ�FHUWDLQ�GpODL��&H�GpODL�HVW�OH�WHPSV�GH�SURSDJDWLRQ�j �WUDYHUV

O·LQYHUVHXU�� &RPPH�LO�H[ LVWH�SOXVLHXUV� GpODLV�SRXU� XQH� SRUWH��OD�WUDQVLWLRQ� GH� OD� VRUWLH� SHXW

V·HIIHFWXHU�DX�SOXV�W{W�DSUqV�OH�GpODL�PLQLPDO�GH�OD�SRUWH��3DU�FRQWUH��OD�ILQ�G·LQVWDELOLWp�VXU�OD

VRUWLH�GpSHQG�GH�OD�ILQ�G·LQVWDELOLWp�GH�O·HQWUpH��( OOH�VH�SURGXLW�DSUqV�XQ�GpODL�TXL��FHWWH�IRLV�

FRUUHVSRQG�DX�WHPSV�GH�SURSDJDWLRQ�PD[ LPDO�j �WUDYHUV�O·LQYHUVHXU�

E

S

E S

Temps

D�but d'intervalle Fin d'intervalle

D�lai de propagation maximum
à travers l'inverseur

à travers l'inverseur
D�lai de propagation minimum

) LJ�9� � ���3URSDJDWLRQ�GH�O·LQVWDELOLWp�j �WUDYHUV�XQ�LQYHUVHXU

&RQVLGpURQV�PDLQWHQDQW�XQH�SRUWH�1$1 ' �j �� �HQWUpHV�L� �HW�LÞ �

i

i1

0
s

/ H� VFKpPD� )LJ�9�� � PRQWUH� OHV� LQWHUYDOOHV� G·LQVWDELOLWp� PRQWDQWH� GH� L
�
� HW� L

Þ
� HW� OHV

LQWHUYDOOHV�G·LQVWDELOLWp�GHVFHQGDQWH�GH�V�
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i 0

i 1

d0 f0

f1d1

t0 t1 t2 t3 t4 t5 t6 t7

d1s f0sd0s f1s

s

Temps

) LJ�9� � ���5HFRXYUHPHQW�GHV�LQWHUYDOOHV�G·LQVWDELOLWp

/ ·pYpQHPHQW�GH�GpEXW�G·LQVWDELOLWp�GH�L� ��G� ��SURYRTXH�OH�GpEXW�G
LQVWDELOLWp��G� � ��GH�OD

VRUWLH�V�j �O·LQVWDQW�W� ��3XLV��OH�GpEXW�G·LQVWDELOLWp�GH�LÞ ��G	 ��SURYRTXH�GH�QRXYHDX�O·RXYHUWXUH�G·XQ

LQWHUYDOOH� G·LQVWDELOLWp� �G	 � �� VXU�OD�VRUWLH� j �O·LQVWDQW�W
 �� 2 U�� j � FHW�LQVWDQW�V� HVW� GpMj � FRQVLGpUp

FRPPH� LQVWDEOH�� / D� WUDQVLWLRQ� G	 � � QH� FKDQJH� GRQF� SDV� O·pWDW� GH� V� HW� QH� UHSUpVHQWH� SDV� XQ

pYpQHPHQW��/ D�ILQ�G·LQWHUYDOOH�G·LQVWDELOLWp�I � � �j �O·LQVWDQW�W� �VXU�V��FDXVpH�SDU�OD�ILQ�G·LQVWDELOLWp�I�

GH� L
�
�� QH� SHXW� SDV� VLJQLILHU� TXH� V� UHGHYLHQW� VWDEOH� SXLVTXH� L

Þ
� HVW� HQFRUH� VXVFHSWLEOH� GH� IDLUH

FKDQJHU�V��/ j �DXVVL��I� � �Q·HVW�SDV�XQ�pYpQHPHQW��&·HVW�VHXOHPHQW�j �O·LQVWDQW�W� �TXDQG�OH�VLJQDO�V

YRLW�OD�IHUPHWXUH�GH�O·LQWHUYDOOH�G·LQVWDELOLWp�SURYRTXp�SDU�LÞ �TXH�V�GHYLHQW�HIIHFWLYHPHQW�VWDEOH

HW�TX·XQ�pYpQHPHQW��ILQ�G·LQWHUYDOOH�DSSDUDvW��' X�SRLQW�GH�YX�GH�V��O·LQVWDELOLWp�GH�L� �HW�GH�LÞ

SURGXLW�XQ�VHXO�LQWHUYDOOH�G·LQVWDELOLWp�TXL�V·pWHQG�GH�W� �j �W� �HW�TXL�SURYLHQW�GH�O·XQLRQ�GHV�GHX[

LQWHUYDOOHV�G·LQVWDELOLWp�SURYRTXpV�SDU�L� �HW�LÞ �

/ HV� GHX[ � H[ HPSOHV� TXH� QRXV� YHQRQV� GH� GpWDLOOHU� SHUPHWWHQW� GH� PLHX[ � FRPSUHQGUH

FRPPHQW� O·DOJRULWKPH� pYpQHPHQWLHO� SHXW� rWUH� XWLOLVp� SRXU� OH� FDOFXO� GHV� LQWHUYDOOHV

G·LQVWDELOLWp�

( Q�IDLW��O·DGDSWDWLRQ�GH�O·DOJRULWKPH�pYpQHPHQWLHO�j �XQ�SUREOqPH�SDUWLFXOLHU�SDVVH�SDU�OD

GpILQLWLRQ�GH�� �SRLQWV��

- OD�YDOHXU�DVVRFLpH�j �XQ�VLJQDO���,O�V·DJLW�GH�GpILQLU�O·HQVHPEOH�GHV�YDOHXUV�TX·XQ�VLJQDO

SHXW�SUHQGUH�DX�FRXUV�GH�OD�VLPXODWLRQ
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- OD� QRWLRQ� G·pYpQHPHQW��� ,O� V·DJLW� GH� GpILQLU� GDQV� TXHOOHV� VLWXDWLRQV� RQ� FRQVLGqUH

TX·XQH�YDOHXU�LPSRVpH�j �XQ�VLJQDO�FRQVWLWXH�XQ�pYpQHPHQW�HW�GRQF�GRLW�SURYRTXHU�OD

UppYDOXDWLRQ�GHV�SURFHVVXV�TXL�GpSHQGHQW�GH�FH�VLJQDO�

- OD� IRQFWLRQ�G·pYDOXDWLRQ��� ,O�V·DJLW�GH�GpILQLU�OD� IRQFWLRQ�TXL�SHUPHW�GH�FDOFXOHU�OD

YDOHXU�G·XQ�VLJQDO�HQ�VRUWLH�G·XQ�SURFHVVXV�HQ�IRQFWLRQ�GH�OD�YDOHXU�GHV�HQWUpHV�GH�FH

SURFHVVXV�

' DQV�OH�FDGUH�GX�FDOFXO�G·LQWHUYDOOHV�G·LQVWDELOLWp��QRXV�XWLOLVRQV�OHV�GpILQLWLRQV�VXLYDQWHV

SRXU�FHV�� �SRLQWV��

· 3RXU�XQ�VLJQDO�V��QRXV�GpILQLVVRQV�VD�YDOHXU�FRPPH�GHX[ �HQWLHUV�QDWXUHOV�9 � � �V��HW

9 � � � � �V���9
� �

�V��LQGLTXH�O·pWDW�GH�V�YLV�j �YLV�G·XQH�LQVWDELOLWp�PRQWDQWH��9 � � � � �V��LQGLTXH�O·pWDW�GH�V

YLV�j �YLV�G·XQH�LQVWDELOLWp�GHVFHQGDQWH��/ RUVTXH�9 � � �V��YDXW�� �j �XQ�LQVWDQW�GRQQp��FHOD�VLJQLILH�TXH

V�QH�SHXW�SDV�VXELU�GH�WUDQVLWLRQ�PRQWDQWH�j �FHW�LQVWDQW��8QH�YDOHXU�QRQ�QXOOH�LQGLTXH�TXH�V�HVW

GDQV�XQ�LQWHUYDOOH�G·LQVWDELOLWp�HW�SHXW�VXELU�XQH�WUDQVLWLRQ�PRQWDQWH��' H�PrPH��XQH�YDOHXU��

SRXU�9 � � � � �V��VLJQLILH�TXH�V�QH�SHXW�SDV�VXELU�GH�WUDQVLWLRQ�GHVFHQGDQWH�HW�XQH�YDOHXU�QRQ�QXOOH�

TXH�V�SHXW�WUDQVLWHU�GH�� �YHUV�� �j �FHW�LQVWDQW�

· 1RXV�GpILQLVVRQV�TXDWUH�W\ SHV�G·pYpQHPHQWV��/ H�SDVVDJH�GH�� � j �XQH�YDOHXU�QRQ

QXOOH� SRXU� 9
� �

�V�� LQGLTXH� XQ� pYpQHPHQW� G·RXYHUWXUH� G·LQWHUYDOOH� G·LQVWDELOLWp� PRQWDQWH�� / H

SDVVDJH�G·XQH�YDOHXU�QRQ�QXOOH�j �� �SRXU�9 � � �V��LQGLTXH�XQ�pYpQHPHQW�GH�IHUPHWXUH�G·LQVWDELOLWp

PRQWDQWH��( Q�SDUDOOqOH��OH�SDVVH�GH�� �j �XQH�YDOHXU�QRQ�QXOOH�SRXU�9 � � � � �V��LQGLTXH�XQ�pYpQHPHQW

G·RXYHUWXUH�G·LQWHUYDOOH�G·LQVWDELOLWp�GHVFHQGDQWH�HW�OH�SDVVDJH�G·XQH�YDOHXU�QRQ�QXOOH�j �� �SRXU

9 � � � � �V��LQGLTXH�XQ�pYpQHPHQW�GH�IHUPHWXUH�G·LQVWDELOLWp�GHVFHQGDQWH�

· / D�IRQFWLRQ�G·pYDOXDWLRQ�SHUPHW�GH�SURSDJHU�OHV�pYpQHPHQWV�GH�GpEXW�HW�GH�ILQ

G·LQWHUYDOOHV� G·LQVWDELOLWp� GHV� HQWUpHV� j � OD� VRUWLH� GX� SURFHVVXV�� 8Q� pYpQHPHQW� � G·RXYHUWXUH

G·LQWHUYDOOH�G·LQVWDELOLWp�VXU�XQH�HQWUpH�SURYRTXH�SRWHQWLHOOHPHQW�O·LQFUpPHQWDWLRQ�GH�9 � � �HW�GH

9 � � � � �� ' H� PrPH�� XQ� pYpQHPHQW� GH� IHUPHWXUH� G·LQWHUYDOOH� G·LQVWDELOLWp� SURYRTXH

SRWHQWLHOOHPHQW�OD�GpFUpPHQWDWLRQ�GH�9
� �

�HW�GH�9 � � � � �� ( Q� IDLW��VXLYDQW�OD� IRQFWLRQ�ERROpHQQH

UpDOLVpH�SDU�OH�FLUFXLW��XQH�WUDQVLWLRQ�PRQWDQWH�VXU�XQH�HQWUpH�HVW�VXVFHSWLEOH�GH�SURYRTXHU�XQH

WUDQVLWLRQ�PRQWDQWH�HW� RX�GHVFHQGDQWH�VXU�OD�VRUWLH��&HWWH�WUDQVLWLRQ�DXUD�OLHX�DX�SOXV�W{W�DX

ERXW�GX�GpODL�GH�SURSDJDWLRQ�PLQLPDO�HQWUH�FHWWH�HQWUpH�HW�OD�VRUWLH��/ ·pYDOXDWLRQ�G·XQH�SRUWH�j
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OD� VXLWH� G·XQ� pYpQHPHQW� G·RXYHUWXUH� G·LQVWDELOLWp� PRQWDQWH� SURGXLW� GRQF�� VXLYDQW� OD

IRQFWLRQQDOLWp�GH�OD�SRUWH��XQH�WUDQVDFWLRQ�FRQVLVWDQW� j �LQFUpPHQWHU� 9
� �

�DX�ERXW�GX� GpODL�GH

SURSDJDWLRQ�PLQLPDO�HW� RX�j �LQFUpPHQWHU�9 � � � � �DX�ERXW�GX�GpODL�GH�SURSDJDWLRQ�PLQLPDO��' H

PrPH��O·pYDOXDWLRQ�G·XQH�SRUWH�j �OD�VXLWH�G·XQ�pYpQHPHQW�GH�IHUPHWXUH�G·LQVWDELOLWp�PRQWDQWH

SURGXLW��VXLYDQW�OD�IRQFWLRQQDOLWp�GH�OD�SRUWH��XQH�WUDQVDFWLRQ�FRQVLVWDQW�j �GpFUpPHQWHU�9
� �

�DX

ERXW� GX� GpODL� GH� SURSDJDWLRQ� PLQLPDO� HW� RX� GH� GpFUpPHQWHU� 9 � � � � � DX� ERXW� GX� GpODL� GH

SURSDJDWLRQ�PLQLPDO��$LQVL��OD�YDOHXU�DVVRFLpH�j �XQH�WUDQVDFWLRQ�HVW�XQH�DFWLRQ�G·LQFUpPHQWDWLRQ

RX�GH�GpFUpPHQWDWLRQ�GH�9
� �

�RX�GH�9 � � � � �

9�� �� �� � / H�GpURXOHPHQW�GH�OD�VLPXODWLRQ�G·LQWHUYDOOHV�G·LQVWDELOLWp

1RWUH�VLPXODWLRQ�V·HIIHFWXH�VXU�XQH�QHWOLVW�GH�SRUWHV��3RXU�FKDTXH�FRXSOH��HQWUpH��VRUWLH�

G·XQH�SRUWH��QRXV�GLVSRVRQV�SRWHQWLHOOHPHQW�GH�� �GpODLV��&HV�GpODLV�FRUUHVSRQGHQW��HQ�IDLW��j �XQ

GpODL�GH�SURSDJDWLRQ�PLQLPDO�HW� j �XQ�GpODL�GH�SURSDJDWLRQ�PD[ LPDO�SRXU�FKDFXQH�GHV�TXDWUH

FRQILJXUDWLRQV�GH�WUDQVLWLRQV�SRVVLEOHV���WUDQVDFWLRQ�PRQWDQWH�SRXU�O·HQWUpH��GHVFHQGDQWH�SRXU�OD

VRUWLH� �73+/ ���
� � HW� 73+/ � � ! ��� WUDQVDFWLRQ� PRQWDQWH� SRXU� O·HQWUpH�� PRQWDQWH� SRXU� OD� VRUWLH

�73++
���

� � HW� 73++
�"� !

��� WUDQVDFWLRQ� GHVFHQGDQWH� SRXU� O·HQWUpH�� GHVFHQGDQWH� SRXU� OD� VRUWLH

�73/ /
���

� � HW� 73/ /
� � !

�� HW� WUDQVDFWLRQ� GHVFHQGDQWH� SRXU� O·HQWUpH�� PRQWDQWH� SRXU� OD� VRUWLH

�73/ + ���
� �HW�73/ + �"� ! ���&HV�GpODLV�VRQW�FDOFXOpV�SDU�XQ�RXWLO�G·DQDO\VH�GH�WLPLQJ�QRPPp�7$6

�7LPLQJ�$QDO\VHU�RQ�6ORSH��>' LR� � @�TXL�PHW�HQ�± XYUH�OH�PRGqOH�0 &&�TXH�QRXV�DYRQV�GpFULW�DX

FKDSLWUH�,9�

$� O·LQLWLDOLVDWLRQ�� O·pFKpDQFLHU� FRQWLHQW� OHV� WUDQVDFWLRQV� G·RXYHUWXUH� HW� GH� IHUPHWXUH

G·LQWHUYDOOHV�G·LQVWDELOLWp�SRXU�OHV�HQWUpHV�SULPDLUHV�GX�FLUFXLW�

/ D�VLPXODWLRQ�FRPPHQFH�j �O·LQVWDQW�W#  � �R• �OHV�UHJLVWUHV�VXELVVHQW�XQ�IURQW�G·KRUORJH

�pYpQHPHQW� G·RXYHUWXUH� G·LQWHUYDOOH� G·LQVWDELOLWp� GH� O·KRUORJH��� &HW� pYpQHPHQW� SURYRTXH

O·pYDOXDWLRQ� GH� WRXV� OHV� UHJLVWUHV� TXL� SURYRTXH� O·DMRXW�� GDQV� O·pFKpDQFLHU�� GH� WUDQVDFWLRQV

G·RXYHUWXUH�G·LQWHUYDOOHV�G·LQVWDELOLWp�PRQWDQWH�HW�GHVFHQGDQWH��( Q�HIIHW��j �OD�VXLWH�G·XQ�IURQW

G·KRUORJH��OD�YDOHXU�j �OD�VRUWLH�G·XQ�UHJLVWUH�SHXW�DXVVL�ELHQ�VXELU�XQH�WUDQVLWLRQ�GHVFHQGDQWH�TXH

PRQWDQWH��3XLV��OH�VLPXODWHXU�SDVVH�j �OD�SKDVH�GH�0 LVH�j �MRXU��/ D�GDWH�FRXUDQWH�GX�VLPXODWHXU�HVW

DXJPHQWpH��9UDLVHPEODEOHPHQW��GDQV�FHWWH�SKDVH��RQ�H[ WUDLW�GH�O·pFKpDQFLHU�OD�WUDQVDFWLRQ�TXL
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LQGLTXH�OD�ILQ�GH�O·LQWHUYDOOH�G·LQVWDELOLWp�GH�O·KRUORJH�� / ·LQWHUYDOOH�G·LQVWDELOLWp�GH�O·KRUORJH�D

XQH�GXUpH�pJDOH�DX�VNHZ�GH�O·KRUORJH��&HW�pYpQHPHQW�SURYRTXH�XQH�IRLV�GH�SOXV�O·pYDOXDWLRQ�GHV

UHJLVWUHV�TXL�SRVWHQW��GDQV�O·pFKpDQFLHU��OHV�WUDQVDFWLRQV�GH�ILQ�G·LQWHUYDOOH�G·LQVWDELOLWp��3XLV��OD

VLPXODWLRQ�VH�GpURXOH�HQ�SURSDJHDQW�OHV�pYpQHPHQWV�G·RXYHUWXUH�HW�GH�IHUPHWXUH�G·LQWHUYDOOH

G·LQVWDELOLWp�GHV�VLJQDX[ �j �WUDYHUV�OD�SDUWLH�FRPELQDWRLUH�GX�FLUFXLW�

' DQV�XQH� SKDVH� G·( [ pFXWLRQ��WRXWHV�OHV� SRUWHV� GpSHQGDQW� GHV� VLJQDX[ � D\DQW� VXEL� GHV

pYpQHPHQWV�G·RXYHUWXUH�G·LQWHUYDOOH�j �OD�GDWH�FRXUDQWH�VRQW�H[ pFXWpHV��6L�O·HQWUpH�( �G·XQH�SRUWH

D� VXEL� XQ� pYpQHPHQW�� SRXU� WRXV� OHV� GpODLV� SRVVLEOHV� HQWUH� FHWWH� HQWUpH� HW� OD� VRUWLH�� XQH

WUDQVDFWLRQ� HVW� LQMHFWpH� GDQV� O·pFKpDQFLHU�� 6L� O·pYpQHPHQW� HVW� XQ� pYpQHPHQW� G·RXYHUWXUH

G·LQWHUYDOOH�G·LQVWDELOLWp�PRQWDQWH�HW�V·LO�H[ LVWH�GHV�GpODLV�73++�HQWUH�( �HW�6��XQH�WUDQVDFWLRQ

LQGLTXDQW�O·LQFUpPHQWDWLRQ�GH�9
� �

�HVW�SRVWpH�SRXU�6�j �OD�GDWH�W
#
� 73++

���
� �( ��6���6·LO�H[ LVWH�XQ

GpODL�73+/ �HQWUH�( �HW�6��XQH�WUDQVDFWLRQ�LQGLTXDQW�O·LQFUpPHQWDWLRQ�GH�9 � � � � �HVW�SRVWpH�SRXU�6�j

OD� GDWH� W# � 73+/ ���
� �( �� 6��� 6L� O·pYpQHPHQW� HVW� XQ� pYpQHPHQW� GH� IHUPHWXUH� G·LQWHUYDOOH

G·LQVWDELOLWp�PRQWDQWH�HW�V·LO�H[ LVWH�GHV�GpODLV�73++�HQWUH�( �HW�6��XQH�WUDQVDFWLRQ�LQGLTXDQW�OD

GpFUpPHQWDWLRQ�GH�9 � � �HVW�SRVWpH�SRXU�6�j �OD�GDWH�W# � 73++ � � ! �( ��6���6·LO�H[ LVWH�GHV�GpODLV�73+/

HQWUH�( �HW�6��XQH�WUDQVDFWLRQ�LQGLTXDQW�OD�GpFUpPHQWDWLRQ�GH�9 � � � � �HVW�SRVWpH�SRXU�6�j �OD�GDWH

W
#
� 73+/

� � !
�( �� 6��� / D� SURFpGXUH� HVW� OD� PrPH� VL� ( � VXELW� XQ� GpEXW� RX� XQH� ILQ� G·LQWHUYDOOH

G·LQVWDELOLWp�GHVFHQGDQWH��' DQV�FH�FDV��OHV�GpODLV�73/ / �HW�73/ +�VRQW�XWLOLVpV�

8QH� IRLV�WRXV�OHV�SURFHVVXV�H[ pFXWpV��OD�GDWH� GH�OD�VLPXODWLRQ� DYDQFH� j � OD� GDWH� GH� OD

SURFKDLQH�WUDQVDFWLRQ�GDQV�O·pFKpDQFLHU��7RXWHV�OHV�WUDQVDFWLRQV�j �FHWWH�GDWH�VRQW�H[ WUDLWHV�GH

O·pFKpDQFLHU��/ D�VRUWLH�GH�WRXV�OHV�SURFHVVXV�YLVpV�SDU�FHV�WUDQVDFWLRQV�HVW�PLVH�j �MRXU��&HWWH�PLVH

j �MRXU�FRQVLVWH�j �LQFUpPHQWHU�RX�GpFUpPHQWHU�OD�YDOHXU�GH�9 � � �RX�GH�9 � � � � �VXLYDQW�O·LQGLFDWLRQ

FRQWHQXH�GDQV�OD�WUDQVDFWLRQ��6L�OD�PLVH�j �MRXU�G·XQ�VLJQDO�SURYRTXH�XQ�pYpQHPHQW��F·HVW�j �GLUH�OH

SDVVDJH�GH�O·pWDW�VWDEOH�j �O·pWDW�LQVWDEOH�RX�LQYHUVHPHQW��DORUV�WRXWHV�OHV�SRUWHV�TXL�GpSHQGHQW�GH

FH�VLJQDO�VRQW�LGHQWLILpHV�SRXU�rWUH�UppYDOXpHV�GDQV�OD�SKDVH�G·( [ pFXWLRQ�VXLYDQWH�
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V     (entree1)
down

V   (entree2)up

V   (sortie)up

Evenement detecte
Transaction

$%$

&%& '%'(%(

)%)%)%)%)%)%)%)%)%)%)

)%)%)%)%)%)%)%)%)%)%)

)%)%)%)%)%)%)%)%)%)%)

*%*%*%*%*%*%*%*%*%*%*

*%*%*%*%*%*%*%*%*%*%*

*%*%*%*%*%*%*%*%*%*%*

+%+%+%+%+

+%+%+%+%+

+%+%+%+%+

,%,%,%,%,

,%,%,%,%,

,%,%,%,%, -%-%-%-%-%-%-%-%-%-%-%-

-%-%-%-%-%-%-%-%-%-%-%-

-%-%-%-%-%-%-%-%-%-%-%-

-%-%-%-%-%-%-%-%-%-%-%-

.%.%.%.%.%.%.%.%.%.%.%.

.%.%.%.%.%.%.%.%.%.%.%.

.%.%.%.%.%.%.%.%.%.%.%.

.%.%.%.%.%.%.%.%.%.%.%.

0

0

0

2 1 0 0 0 0 0

1 1 0 0 0 0 0 0 0

0 0 0 0 0 1 2 1 0

11

0

0

2

Intervalles

DU FU

FU

DU

DD

Entree 1

Entree 2

DD FD

FD

Sortie

Temps

DU FU

) LJ�9� � ���8WLOLVDWLRQ�GH�9 � � �HW�9 � � � � �SRXU�OH�FDOFXO�GHV�LQWHUYDOOHV

/ ·H[ HPSOH�GH�OD�ILJXUH�)LJ�9�� �PRQWUH�OD�SURSDJDWLRQ�GHV�GpEXWV�HW�GHV�ILQV�G·LQWHUYDOOH

G·XQH�SRUWH�j �GHX[ �HQWUpHV�DLQVL�TXH�O·pYROXWLRQ�GH�OD�YDOHXU�GHV�VLJQDX[ �HW�GX�PRPHQW�GH�OD

GpWHFWLRQ�GHV�pYpQHPHQWV�

9�� �� � &DOFXO�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�HW�LGHQWLILFDWLRQ�GHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH

$�OD�ILQ�GH�O·DQDO\VH�G·LQVWDELOLWp��OD�FRQQDLVVDQFH�GHV�LQWHUYDOOHV�G·LQVWDELOLWp�GHV�VLJQDX[

Q·D�SDV�XQ�LQWpUrW�UpHO��1RWUH�REMHFWLI�HVW�GH�FRQQDvWUH��SRXU�FKDTXH�YLFWLPH��OHV�FRQILJXUDWLRQV

G·DJUHVVLRQ�PD[ LPDOH��2 Q�SHXW�LPDJLQHU�G·LGHQWLILHU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH��j

SDUWLU�GHV�LQWHUYDOOHV�G·LQVWDELOLWp� j �O·LVVXH�GH�OD�VHVVLRQ�GH�VLPXODWLRQ��7RXWHIRLV��OD�PLVH�HQ
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±XYUH�GH�FHWWH�VROXWLRQ�UHYLHQW�j �FRQVHUYHU�WRXV�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�GH�WRXV�OHV�VLJQDX[ �

2 U�� FHWWH� FRQVHUYDWLRQ� SHXW� SRVHU� XQ� SUREOqPH� GH� FRQVRPPDWLRQ� PpPRLUH�� 8QH� DXWUH

WHFKQLTXH�SOXV�HIILFDFH�GRLW�GRQF�rWUH�HQYLVDJpH�SRXU�LGHQWLILHU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�

8QH� IDoRQ� G·pYLWHU� OD� FRQVHUYDWLRQ� GHV� LQWHUYDOOHV� G·LQVWDELOLWp� HVW� GH� FDOFXOHU� OHV

FRQILJXUDWLRQV� G·DJUHVVLRQ� j � OD� YROpH�� $LQVL�� QRXV� SURSRVRQV� G·LQFOXUH� OD� GpWHFWLRQ� GHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�GDQV�O·DOJRULWKPH�pYpQHPHQWLHO�

8QH� FRQILJXUDWLRQ� G·DJUHVVLRQ� HVW� GpWHFWpH� VXU� XQ� VLJQDO� YLFWLPH� HQ� IRQFWLRQ� GHV

LQWHUYDOOHV� G·LQVWDELOLWp� GH� VHV� DJUHVVHXUV�� &KDTXH� pYpQHPHQW� G·RXYHUWXUH� G·LQWHUYDOOH

G·LQVWDELOLWp� VXU� XQ� VLJQDO� DJUHVVHXU� $� UHSUpVHQWH� OD� FUpDWLRQ� G·XQH� QRXYHOOH� FRQILJXUDWLRQ

G·DJUHVVLRQ� SRXU� WRXV� OHV� VLJQDX[ � YLFWLPHV� TXL� RQW� XQ� FRXSODJH� FDSDFLWLI� DYHF� OH� VLJQDO� $�

,GHQWLILHU�FHWWH�QRXYHOOH�FRQILJXUDWLRQ�HW�GpWHUPLQHU�V·LO�V·DJLW�G·XQH�FRQILJXUDWLRQ�G·DJUHVVLRQ

PD[ LPDOH�SDVVH�SDU�O·H[ pFXWLRQ�G·XQH�FHUWDLQH�IRQFWLRQ��' H�FH�IDLW��VL�QRXV�FKHUFKRQV�j �FDOFXOHU

OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ� j �O·LQWpULHXU�GH�O·DOJRULWKPH�pYpQHPHQWLHO��LO�IDXW��SRXU�FKDTXH

VLJQDO�YLFWLPH��H[ pFXWHU�XQH�IRQFWLRQ�G·pYDOXDWLRQ�FKDTXH�IRLV�G·XQ�pYpQHPHQW�VH�SUpVHQWH�VXU

XQ�GH�VHV�DJUHVVHXUV�

1RXV�SURSRVRQV� GRQF� G·HQULFKLU� OH� JUDSKH� GX� FLUFXLW� TXL� UHSUpVHQWH� OHV� GpSHQGDQFHV

IRQFWLRQQHOOHV�HQWUH�OHV�VLJQDX[ ��DYHF�OHV�GpSHQGDQFHV�OLpHV�DX[ �FRXSODJHV�GLDSKRQLTXHV��&HV

GpSHQGDQFHV�GLDSKRQLTXHV�SHUPHWWHQW�G·LGHQWLILHU�OHV�YLFWLPHV�G·XQ�DJUHVVHXU�HW�G·DFWLYHU��GDQV

OD� SKDVH� G·( [ pFXWLRQ�� XQH� FHUWDLQH� IRQFWLRQ� G·pYDOXDWLRQ� FKDTXH� IRLV� TX·XQ� DJUHVVHXU� GRQW

GpSHQG�OH�VLJQDO�YLFWLPH�VXELW�XQ�pYpQHPHQW�
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horloge horloge

D�pendances fonctionmelles
D�pendances diaphoniques

,O�QRXV�UHVWH�j �GpILQLU�OHV�� �SRLQWV�TXL�FDUDFWpULVHQW�O·DOJRULWKPH�pYpQHPHQWLHO��j �VDYRLU��OD

YDOHXU��OD�QRWLRQ�G·pYpQHPHQW�HW�OD�IRQFWLRQ�G·pYDOXDWLRQ�SRXU�XQ�VLJQDO�YLFWLPH�

· $�XQ�VLJQDO�YLFWLPH��QRXV�DVVRFLRQV�� �YDOHXUV��

- � �FRQILJXUDWLRQV�G·DJUHVVLRQ�FRXUDQWHV��

- FF� � � ��FRQILJXUDWLRQ�G·DJUHVVLRQ�DVFHQGDQWH�FRXUDQWH

- FF� � � � � ��FRQILJXUDWLRQ�G·DJUHVVLRQ�GHVFHQGDQWH�FRXUDQWH

� � �HQVHPEOHV�GH�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH��

- &0
� �

� ��HQVHPEOH�GH�FRQILJXUDWLRQV�G·DJUHVVLRQ�DVFHQGDQWH�PD[ LPDOH

- &0 � � � � ��HQVHPEOH�GH�FRQILJXUDWLRQV�G·DJUHVVLRQ�GHVFHQGDQWH�PD[ LPDOH

1RXV�UDSSHORQV�TX·XQH�FRQILJXUDWLRQ�G·DJUHVVLRQ�D�pWp�GpILQLH��SRXU�XQH�YLFWLPH��FRPPH

XQ�VRXV�HQVHPEOH�GH�VHV�DJUHVVHXUV�

· $XFXQ�pYpQHPHQW�Q·HVW�FUpp�j �SDUWLU�GH�FHV�YDOHXUV�DVVRFLpHV�DX[ �YLFWLPHV�

· / D� IRQFWLRQ� G·pYDOXDWLRQ� G·XQH� YLFWLPH�� TXDQW� j � HOOH�� FRQVLVWH� j � LGHQWLILHU� VHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH��&RQVLGpURQV�XQH�YLFWLPH�9�HW�XQ�GH�VHV�DJUHVVHXUV��$��8Q

pYpQHPHQW� G·RXYHUWXUH� G·LQWHUYDOOH� G·LQVWDELOLWp� VXU� $� FRQVWLWXH� XQH� QRXYHOOH� FRQILJXUDWLRQ

G·DJUHVVLRQ� SRXU� 9�� $LQVL�� O·H[ pFXWLRQ� GH� OD� IRQFWLRQ� G·pYDOXDWLRQ� GH� 9�� j � OD� VXLWH� G·XQ
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pYpQHPHQW� G·RXYHUWXUH� G·LQVWDELOLWp� PRQWDQWH� VXU� $�� SURYRTXH� O·DMRXW� GH� $� GDQV� OD

FRQILJXUDWLRQ� G·DJUHVVLRQ� DVFHQGDQWH� FRXUDQWH� GH� 9�� ' H� PrPH�� XQ� pYpQHPHQW� G·RXYHUWXUH

G·LQVWDELOLWp�GHVFHQGDQWH�VXU�$�SURYRTXH�O·DMRXW�GH�$�GDQV�FF� � � � �

8Q� pYpQHPHQW� GH� IHUPHWXUH� G·LQWHUYDOOH� G·LQVWDELOLWp� SURYRTXH�� j � O·LQYHUVH�� OD

VXSSUHVVLRQ�GH�O·DJUHVVHXU�GH�OD�FRQILJXUDWLRQ�G·DJUHVVLRQ�FRXUDQWH��&HW�pYpQHPHQW�HVW�DXVVL

O·RFFDVLRQ�G·H[ DPLQHU�VL�OD�FRQILJXUDWLRQ�G·DJUHVVLRQ�FRXUDQWH�HVW�XQH�FRQILJXUDWLRQ�G·DJUHVVLRQ

PD[ LPDOH� RX� QRQ�� &RPPH� QRXV� O·DYRQV� YX�� FHW� H[ DPHQ� FRQVLVWH� j � YpULILHU� V·LO� H[ LVWH� XQH

FRQILJXUDWLRQ� PD[ LPDOH� TXL� FRQWLHQW� OD� FRQILJXUDWLRQ� FRXUDQWH�� 6L� DXFXQH� FRQILJXUDWLRQ

PD[ LPDOH�FRQWHQDQW�OD�FRQILJXUDWLRQ�FRXUDQWH�Q·D�SX�rWUH�WURXYpH�DORUV�FHWWH�GHUQLqUH�HVW�XQH

FRQILJXUDWLRQ� PD[ LPDOH� HW� GRLW� rWUH� DMRXWpH� j � &0 �� 6L� OD� FRQILJXUDWLRQ� FRXUDQWH� HVW� XQH

FRQILJXUDWLRQ�PD[ LPDOH�DORUV�G·DXWUHV�FRQILJXUDWLRQV�DSSDUWHQDQW�j �&0 �SHXYHQW�pYHQWXHOOHPHQW

rWUH�LQFOXVHV�GDQV�FHOOH�FL��' DQV�FH�FDV��HOOHV�GRLYHQW�rWUH�VXSSULPpHV�GH�OD�&0 �

&HWWH�IRQFWLRQ�G·pYDOXDWLRQ�G·XQH�YLFWLPH�QH�FUpH�SDV�GH�WUDQVDFWLRQV�GDQV�O·pFKpDQFLHU�

/ ·H[ WHQVLRQ�GH�O·DOJRULWKPH�pYpQHPHQWLHO��WHOOH�TXH�QRXV�YHQRQV�GH�OD�GpFULUH�SHUPHW

G·REWHQLU�� j � O·LVVXH� GH� OD� VHVVLRQ� GH� VLPXODWLRQ�� O·HQVHPEOH� GHV� FRQILJXUDWLRQV� G·DJUHVVLRQ

PD[ LPDOH�GH�FKDTXH�VLJQDO�� ,O�UHVWH�DORUV�j �DSSOLTXHU��SRXU�FKDFXQH�GH�FHV�FRQILJXUDWLRQV��OH

PRGqOH�GH�FDOFXO�GX�SLF�SUpVHQWp�DX�FKDSLWUH�,9��/ H�SLF�PD[ LPDO�SURGXLW�VXU�FKDTXH�YLFWLPH�VHUD

UHWHQXH�FRPPH�OD�YDOHXU�GpILQLWLYH�GX�SLF�GH�EUXLW�SRXU�FH�VLJQDO�

9�� � &RQFOXVLRQ�

1RXV�DYRQV�SURSRVp��GDQV�FH�FKDSLWUH��GHX[ �PpWKRGHV�G·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV

G·DJUHVVLRQ�

/ D�SUHPLqUH�PpWKRGH�HVW�GLWH�PD[ LPDOLVWH�HW�FRQVLVWH�j �FRQVLGpUHU�WRXV�OHV�DJUHVVHXUV�G·XQ

VLJQDO�FRPPH�GHV�DJUHVVHXUV�DFWLIV��/ D�YDOHXU�GH�SLF�REWHQXH�SDU�FHWWH�PpWKRGH�SHXW�rWUH�WUqV

pORLJQpH� GH� OD� UpDOLWp� FHSHQGDQW�� HOOH� SHUPHW� G·pWDEOLU� OD� ERUQH� PD[ LPDOH� TXH� OH� SLF� SHXW

DWWHLQGUH��$LQVL��O·XWLOLVDWLRQ�GH�FHWWH�PpWKRGH�VLPSOH�SHUPHW�G·pOLPLQHU�UDSLGHPHQW�XQ�JUDQG
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QRPEUH�GH�VLJQDX[ �TXL�QH�SUpVHQWHQW�SDV�XQ�SLF�pOHYp�HW�QH�ULVTXHQW�SDV�GH�FRPSURPHWWUH�OH

IRQFWLRQQHPHQW�GX�FLUFXLW�

/ D�VHFRQGH�PpWKRGH�SUHQG�HQ�FRPSWH�OHV�LQIRUPDWLRQV�WHPSRUHOOHV�HW�OH�FRPSRUWHPHQW

UpHO� GHV� SRUWHV� TXL� FRPSRVHQW� OH� FLUFXLW�� ( OOH� FRQVLVWH� j � LGHQWLILHU�� SRXU� FKDTXH� VLJQDO�� OHV

DJUHVVHXUV�TXL�SHXYHQW�HIIHFWXHU�OHXU�WUDQVLWLRQ�VLPXOWDQpPHQW��( OOH�HVW�EDVpH�VXU�OH�FDOFXO�GHV

LQWHUYDOOHV�G·LQVWDELOLWp��&HV�LQWHUYDOOHV�VRQW�REWHQXV�SDU�XQH�VLPXODWLRQ�pYpQHPHQWLHOOH��1RXV

DYRQV� SUpVHQWp� XQH� DGDSWDWLRQ� GH� O·DOJRULWKPH� pYpQHPHQWLHO� DX� SUREOqPH� GH� FDOFXO� GHV

LQWHUYDOOHV� G·LQVWDELOLWp� DLQVL� TXH� O·H[ WHQVLRQ� GH� FHW� DOJRULWKPH� DILQ� G·REWHQLU� j � OD� ILQ� GH� OD

VLPXODWLRQ��SRXU�FKDTXH�YLFWLPH��OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�
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9,�� �� ��3ODWH�IRUPH�G·H[ SpULPHQWDWLRQ����������������������������������������������������������� � � �
9,�� �� ��0 RGqOH�GH�FDOFXO�GX�EUXLW������������������������������������������������������������������ � � �
9,�� �� ��0 pWKRGHV�G·DQDO\VH�VWDWLTXH��������������������������������������������������������������� � � �
9,�� �� ��3HUIRUPDQFH�GX�ORJLFLHO�SURWRW\SH������������������������������������������������������� � � �

9,�� ��&RQFOXVLRQ� ��������������������������������������������������������������������������������������� � � �

' DQV� FH� FKDSLWUH�� QRXV� SUpVHQWRQV� OHV� UpVXOWDWV� REWHQXV� SDU� OD� PLVH� HQ� ±XYUH� GHV

PpWKRGHV� GpFULWHV� DX[ � FKDSLWUHV� ,9� HW� 9�� ' DQV� XQH� SUHPLqUH� SDUWLH�� QRXV� GpWDLOORQV

O·DUFKLWHFWXUH�G·XQ�SURWRW\ SH�ORJLFLHO�GpYHORSSp�SRXU�GpPRQWUHU�OD�IDLVDELOLWp�GH�FHV�PpWKRGHV�

' DQV�XQH�VHFRQGH�SDUWLH��QRXV�DQDO\VRQV�OHV�SHUIRUPDQFHV�GH�O·RXWLO�VXU�GHV�FLUFXLWV�UpHOV��&HWWH

DQDO\VH�GpSHLQW�OHV�SHUIRUPDQFHV�GX�SRLQW�GH�YXH�GH�OD�UDSLGLWp��GH�OD�SUpFLVLRQ��GH�OD�SHUWLQHQFH

GHV�FKRL[ �HIIHFWXpV�
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9,�� � ,QWURGXFWLRQ

1RXV�DYRQV�GpFULW�GDQV�OHV�FKDSLWUHV�SUpFpGDQWV�XQ�PRGqOH�GH�FDOFXO�GX�EUXLW�DLQVL�TXH�GHV

PpWKRGHV� G·LGHQWLILFDWLRQ� GHV� FRQILJXUDWLRQV� G·DJUHVVLRQ� PD[ LPDOH�� ' DQV� FH� FKDSLWUH�� QRXV

GpWDLOORQV�OH�IRQFWLRQQHPHQW�G·XQ�ORJLFLHO�SURWRW\SH�TXH�QRXV�DYRQV�GpYHORSSp�HW�TXL�PHW�HQ

RXYUH� OH� PRGqOH� HW� OHV� PpWKRGHV� H[ SRVpHV� DX[ � FKDSLWUHV� ,9� HW� 9�� 3XLV�� QRXV� H[ SRVRQV� OHV

UpVXOWDWV�REWHQXV�SDU�O·DSSOLFDWLRQ�GH�FHW�RXWLO�G·pYDOXDWLRQ�GH�EUXLW�j �XQH�VpULH�GH�FLUFXLWV�GH

WDLOOH�GLIIpUHQWH�

' DQV�FHV�H[ SpULHQFHV��QRXV� GpVLURQV� YpULILHU� OD� YDOLGLWp� GH� QRV� DSSUR[ LPDWLRQV� GDQV� OH

PRGqOH�GH�FDOFXO�GX�EUXLW��' H�PrPH��QRXV�FKHUFKRQV�j �GpWHUPLQHU�O·LQWpUrW�GH�OD�PpWKRGH�EDVpH

VXU�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�SDU�UDSSRUW�j �OD�PpWKRGH�PD[ LPDOLVWH�

9,�� � &5,6( ���XQ�RXWLO�G·pYDOXDWLRQ�GH�EUXLW�GH�GLDSKRQLH

9,�� �� � &RQWH[ WH�G·XWLOLVDWLRQ
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Dessins
des

Masques

NetList

CRISE

de transistors
avec couplage

EXTRACTEUR

de signaux
Liste

/%/%/%/%/%/%/%/%/%/

/%/%/%/%/%/%/%/%/%/

0%0%0%0%0%0%0%0%0%0

0%0%0%0%0%0%0%0%0%0

1%1%1%1%1%1%1%1%1%1

1%1%1%1%1%1%1%1%1%1

2%2%2%2%2%2%2%2%2%2

2%2%2%2%2%2%2%2%2%2

3%3%3%3%3%3%3%3%3%3

3%3%3%3%3%3%3%3%3%3

4%4%4%4%4%4%4%4%4%4

4%4%4%4%4%4%4%4%4%4

) LJ�9,� � ���3RLQW�G·HQWUpH�HW�GH�VRUWLH�GH�&5,6(

1RWUH�RXWLO�G·DQDO\VH�GH�EUXLW�XWLOLVH�OHV�LQIRUPDWLRQV�H[ WUDLWHV�GH�OD�YXH�SK\VLTXH��&HWWH

RSpUDWLRQ�HVW�UpDOLVpH�SDU�XQ�H[ WUDFWHXU�>* HQ� � @�TXL�SHUPHW�GH�UpFXSpUHU��VRXV� IRUPH�G·XQH

QHWOLVW�GH�WUDQVLVWRUV�DX�IRUPDW�63,&( �>$QD� � @��WRXWHV�OHV�LQIRUPDWLRQV�QpFHVVDLUHV�j �O·DQDO\VH�GH

EUXLW��&HWWH�QHWOLVW�FRQWLHQW�DXVVL�ELHQ�OHV�pOpPHQWV�DFWLIV�GX�FLUFXLW� �OHV�WUDQVLVWRUV�� �TXH�OHV

FDSDFLWpV�j �OD�PDVVH�HW�OHV�FDSDFLWpV�GH�FRXSODJH�

&HWWH�QHWOLVW�FRQVWLWXH�OH�SRLQW�G·HQWUpH�GH�QRWUH�RXWLO�TXL��DSUqV�DYRLU�pYDOXp�OH�SLF�GH

EUXLW�VXU�FKDFXQ�GHV�VLJQDX[ �GX�FLUFXLW��SURGXLW�XQH�OLVWH�RUGRQQpH�GHV�VLJQDX[ �VXLYDQW�OH�SLF�GH

EUXLW�VXEL�SDU�OH�VLJQDO��&H�WUDLWHPHQW�QpFHVVLWH�XQ�FHUWDLQ�QRPEUH�G·pWDSHV�TXH�QRXV�GpWDLOORQV

GDQV�FHWWH�VHFWLRQ�

/ D�ILJXUH�)LJ�9,�� �PRQWUH�OHV�GLIIpUHQWHV�pWDSHV�TXL�FRPSRVHQW�O·RXWLO�G·pYDOXDWLRQ�GX

EUXLW�GH�GLDSKRQLH�&5,6( ��6XU�FH�VFKpPD��OHV�UHFWDQJOHV�UHSUpVHQWHQW�OHV�VWUXFWXUHV�GH�GRQQpHV

HW�OHV�UHFWDQJOHV�DUURQGLV�OHV�pWDSHV�GH�WUDLWHPHQW�
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NetList

CONES
de

Configurations
d'agression
maximale

CNSG

NetList

NetList

avec couplage

Capacit�s
de couplage

Calcul des pics
de bruit

Identification des configurations
d'agression maximale

Construction de la structure
de donn�es de CRISE

Analyse
temporelle

Abstraction
fonctionnelle

S�paration des
capacit�s parasites

CONES
avec d�lais

NetList
de

de signaux
Liste

SPICE

SPICE

5656565656565656565

5656565656565656565

7676767676767676767

7676767676767676767

8686868686868686868

8686868686868686868

9696969696969696969

9696969696969696969

:6:6:6:6:6:6:6:6:6:

:6:6:6:6:6:6:6:6:6:

;6;6;6;6;6;6;6;6;6;

;6;6;6;6;6;6;6;6;6; <6<6<6<6<6<6<6<6<6<

<6<6<6<6<6<6<6<6<6<

=6=6=6=6=6=6=6=6=6=

=6=6=6=6=6=6=6=6=6=

) LJ�9,� � ���$UFKLWHFWXUH�ORJLFLHOOH�GH�O·RXWLO�&5,6(
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' DQV�XQ�SUHPLHU�WHPSV��HQ�SDUWDQW�GH�OD�QHWOLVW�H[ WUDLWH��QRXV�FUpRQV�GHX[ �ILFKLHUV��/ H

SUHPLHU�FRQWLHQW�WRXWHV�OHV�FDSDFLWpV�GH�FRXSODJHV��OH�VHFRQG�FRQWLHQW�XQH�QHWOLVW�FODVVLTXH�GHV

WUDQVLVWRUV�HW�GHV�FDSDFLWpV�j �OD�PDVVH�GpSRXLOOpH�GHV�pOpPHQWV�SDUDVLWHV�

/ HV�pWDSHV�SUpOLPLQDLUHV�GX�WUDLWHPHQW�VRQW�HIIHFWXpHV�VXU�OD�QHWOLVW�GH�WUDQVLVWRUV�� / H

ILFKLHU� FRQWHQDQW� OHV� FDSDFLWpV� GH� FRXSODJHV� LQWHUYLHQW� j � OD� ILQ� ORUV� GH� OD� GpWHUPLQDWLRQ� GHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�HW�GX�FDOFXO�GHV�SLFV�GH�EUXLW�

9,�� �� � / ·DEVWUDFWLRQ�IRQFWLRQQHOOH

7RXV�OHV�RXWLOV�GH�YpULILFDWLRQ�©�SRVW�OD\ RXW�ª�XWLOLVHQW�FRPPH�SRLQW�G·HQWUpH�XQH�QHWOLVW

GH�WUDQVLVWRUV��7RXWHIRLV��XQH�WHOOH�QHWOLVW�HVW�VRXYHQW�PDO�DGDSWpH�DX�WUDLWHPHQW�UpDOLVp�SDU�OHV

RXWLOV�GH�YpULILFDWLRQ��( Q�HIIHW��XQH�QHWOLVW�GH�WUDQVLVWRUV�FRQWLHQW�XQH�TXDQWLWp�G·LQIRUPDWLRQ

WUqV�LPSRUWDQWH��OH�SOXV�VRXYHQW�LQXWLOH�DX�WUDLWHPHQW��' H�SOXV��GDQV�XQH�QHWOLVW�GH�WUDQVLVWRUV��LO

HVW�H[ WUrPHPHQW�GLIILFLOH�G·LGHQWLILHU�OH�VHQV�GH�SURSDJDWLRQ�GH�O·LQIRUPDWLRQ� �DX�VHQV�GH�OD

VLPXODWLRQ�V\PEROLTXH��

/ ·REMHFWLI�G·XQ�RXWLO�G·DEVWUDFWLRQ�IRQFWLRQQHOOH�HVW�GH�UDPHQHU�XQH�QHWOLVW�GH�WUDQVLVWRUV

j �XQH�QHWOLVW�GH�SRUWHV��,O�SHUPHW�GH�UHFRQVWUXLUH�OHV�SRUWHV�HW�GH�FRQQDvWUH�OHXU�IRQFWLRQ�ORJLTXH

HQ�LGHQWLILDQW�OHV�VWUXFWXUHV�HQ�WUDQVLVWRUV�TXL�OHV�FRPSRVHQW�

/ ·DEVWUDFWLRQ�IRQFWLRQQHOOH�HVW�UpDOLVpH�SDU�O·RXWLO�<$* / ( �>/ HV� � @��TXL�HVW�XQH�pYROXWLRQ

GH�O·RXWLO�' ( 6%�>/ DX� � @�pJDOHPHQW�GpYHORSSp�DX�ODERUDWRLUH�/ ,3� �

&RQWUDLUHPHQW� j � G·DXWUHV� RXWLOV� G·DEVWUDFWLRQ� TXL� VH� EDVHQW� VXU� XQH� ELEOLRWKqTXH� GH

SRUWHV�SUpGpILQLHV�HW�TXL�SURFqGHQW�SDU�UHFRQQDLVVDQFH�GH�IRUPHV��<$* / ( �UHFRQVWUXLW�OHV�SRUWHV

SDU�XQH�PpWKRGH�G·DQDO\VH�IRUPHOOH�

/ H� SRLQW� GH� GpSDUW� HVW� XQH� JULOOH� GH� WUDQVLVWRU� RX� XQ� FRQQHFWHXU� GH� VRUWLH�� &HX[ �FL

FRQVWLWXHQW�OD�VRUWLH�GHV�SRUWHV�DSSHOpHV�F{QHV�GDQV�<$* / ( ��$�SDUWLU�G·XQ�VLJQDO�TXL�FRQWU{OH�OD

JULOOH�G·XQ�WUDQVLVWRU�RX�G·XQ�FRQQHFWHXU�GH�VRUWLH��<$* / ( �UHFRQVWUXLW�OH�F{QH�HQ�LGHQWLILDQW�OHV
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EUDQFKHV� TXL� OH� UHOLHQW� j � XQH� DOLPHQWDWLRQ� �9 � � � RX� 9 � � ��� 8QH� EUDQFKH� HVW� XQ� HQVHPEOH� GH

WUDQVLVWRUV�PRQWpV�HQ�VpULH�

( Q� VRUWLH�� <$* / ( � JpQqUH� XQH� VWUXFWXUH� GH� GRQQpHV� DSSHOpH� &16� �&RQH� 1HWOLVW

6WUXFWXUH���&HWWH�VWUXFWXUH�UHSUpVHQWH�OHV�F{QHV�TXL�FRQVWLWXHQW�OH�FLUFXLW��$�FKDTXH�F{QH�HVW

DVVRFLp�VD�IRQFWLRQ�ERROpHQQH�GpGXLWH�GH�O·HQVHPEOH�GHV�EUDQFKHV�TXL�FRQVWLWXHQW�OH�F{QH�� ' H

PrPH�� j � SDUWLU� G·XQ� F{QH�� LO� HVW� SRVVLEOH� G·DFFpGHU� DX[ � EUDQFKHV� TXL� OH� FRPSRVHQW� HW� DX[

WUDQVLVWRUV� TXL� FRQVWLWXHQW� FKDTXH� EUDQFKH�� $� SDUWLU� GH� FKDTXH� F{QH�� RQ� SHXW� pJDOHPHQW

UHWURXYHU�OHV�F{QHV�GRQW�LO�GpSHQG��GpSHQGDQFHV�DUULqUHV��HW�OHV�F{QHV�GRQW�DX�PRLQV�XQH�HQWUpH

HVW�UHOLpH� j �OD�VRUWLH�GH�FHOXL�FL� �GpSHQGDQFHV�DYDQWV���$LQVL��OD�VWUXFWXUH�&16�UHSUpVHQWH�XQ

JUDSKH�R•�OHV�Q± XGV�VRQW�OHV�F{QHV�HW�OHV�DUFV�OHV�VLJQDX[ �

>�>�>�>�>�>�>�>

>�>�>�>�>�>�>�>
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) LJ�9,� � ���( [ HPSOH�GH�FLUFXLW�GpVDVVHPEOp

/ D� ILJXUH� )LJ�9,�� � SUpVHQWH� XQ� FLUFXLW� FRQWHQDQW� GHX[ � F{QHV��� XQ� LQYHUVHXU� HW� XQ

1$1' � ��/ H�F{QH�&�FRQWLHQW�GHX[ �EUDQFKHV���O·XQH�PHQDQW�YHUV�9 � � �HW�O·DXWUH�YHUV�9 � � ��&KDFXQH

GH�FHV�EUDQFKHV�FRQWLHQW�XQ�WUDQVLVWRU��/ H�F{QH�' �FRPSRUWH�� �EUDQFKHV��' HX[ �EUDQFKHV�YHUV�9 � �

FRQWHQDQW�XQ�WUDQVLVWRU�FKDFXQH�HW�XQH�EUDQFKH�PHQDQW�YHUV�9 � � �FRQWHQDQW�� �WUDQVLVWRUV�

9,�� �� � / ·DQDO\ VH�WHPSRUHOOH

/ ·REMHFWLI�GH�FHWWH�DQDO\VH�WHPSRUHOOH�HVW�GH�GpWHUPLQHU��SRXU�FKDTXH�F{QH�GX�FLUFXLW�

OHV�WHPSV�GH�SURSDJDWLRQ�j �WUDYHUV�FHOXL�FL��&RPPH�QRXV�O·DYRQV�YX�DX�FKDSLWUH�9��SRXU�FKDTXH

F{QH�LO�H[ LVWH�SOXVLHXUV�GpODLV��3RXU�FKDTXH�FRXSOH�HQWUpH�VRUWLH�G·XQ�F{QH��O·RXWLO�G·DQDO\VH
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WHPSRUHOOH�DVVRFLH�� �GpODLV��� � �GpODLV�GH�SURSDJDWLRQ�PLQLPDX[ �HW�� �GpODLV�PD[ LPDX[ ��&KDTXH

HQVHPEOH�GH�� �GpODLV�FRUUHVSRQG�DX[ �� �FRQILJXUDWLRQV�TXL�SHXYHQW�VH�SURGXLUH�GDQV�XQ�F{QH��

- WUDQVLWLRQ�PRQWDQWH�GH�O·HQWUpH�² �WUDQVLWLRQ�GHVFHQGDQWH�GH�OD�VRUWLH

- WUDQVLWLRQ�PRQWDQWH�GH�O·HQWUpH�² �WUDQVLWLRQ�PRQWDQWH�GH�OD�VRUWLH

- WUDQVLWLRQ�GHVFHQGDQWH�GH�O·HQWUpH�² �WUDQVLWLRQ�GHVFHQGDQWH�GH�OD�VRUWLH

- WUDQVLWLRQ�GHVFHQGDQWH�GH�O·HQWUpH�² �WUDQVLWLRQ�PRQWDQWH�GH�OD�VRUWLH

3RXU� UpDOLVHU� FHWWH� DQDO\VH� WHPSRUHOOH�� QRXV� IDLVRQV� DSSHO� j � O·RXWLO� 7$6� >' LR� � @

GpYHORSSp� DX� ODERUDWRLUH� / ,3� �� ,O� RSqUH� GLUHFWHPHQW� VXU� OD� QHWOLVW� GH� F{QHV� JpQpUpH� SDU

O·DEVWUDFWLRQ� IRQFWLRQQHOOH� HQ� HQULFKLVVDQW� FHOOH�FL� GHV� LQIRUPDWLRQV� WHPSRUHOOHV�� &HW� RXWLO

XWLOLVH�OH�PRGqOH�0 &&�GRQW�QRXV�DYRQV�GRQQp�XQ�DSHUoX�DX�FKDSLWUH�,9�

9,�� �� � &RQVWUXFWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV

/ D�VWUXFWXUH�GH�GRQQpH�XWLOLVH�OD�QHWOLVW�GH�F{QHV�HQULFKLH�GHV�GpODLV�IRXUQLH�SDU�O·DQDO\VH

WHPSRUHOOH��' H�FH�IDLW��OD�VWUXFWXUH�GH�GRQQpHV��&16* ��UHSUpVHQWH�OH�FLUFXLW�DX�QLYHDX�SRUWHV

ORJLTXHV�DX[ TXHOOHV�VRQW�DVVRFLpV�OHXUV�WHPSV�GH�SURSDJDWLRQV�

$ILQ�GH�UHQGUH�FHWWH�VWUXFWXUH�GH�GRQQpHV�FRPSDFWH��OHV�LQIRUPDWLRQV�FRPPXQHV�DX[

SRUWHV��OHXU�PRGqOH��VRQW�IDFWRULVpHV��$LQVL��QRXV�UHWURXYRQV�GDQV�OD�VWUXFWXUH�GH�GRQQpHV��GHV

LQVWDQFHV�GH�SRUWHV�DX[ TXHOOHV�VRQW�DVVLJQpV�OH�PRGqOH�GH�OHXU�SRUWH�

3DU�DLOOHXUV��OHV�FDSDFLWpV�GH�FRXSODJH�SUpDODEOHPHQW�PLVHV�GH�FRWp�GDQV�XQ�DXWUH�ILFKLHU

VRQW�XWLOLVpHV�SRXU�FRPSOpWHU�OD�VWUXFWXUH�GH�GRQQpHV�HQ�\ �LQFRUSRUDQW�OHV�FRXSODJHV�HQWUH�OHV

VLJQDX[ �HQ�VRUWLH�GH�SRUWHV�

/ D�ILJXUH�)LJ�9,�� �SUpVHQWH�O·RUJDQLVDWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV�
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COMPORTEMENT
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) LJ�9,� � ���6WUXFWXUH�GH�GRQQpHV

/ D� VWUXFWXUH� GH� GRQQpHV� HVW� FRPSRVpH� GH� � � pOpPHQWV� SULQFLSDX[ � TXL� VRQW� OHV

FRQQHFWHXUV��OHV�LQVWDQFHV�HW�OHV�PRGqOHV�GH�SRUWHV��&HV�� �pOpPHQWV�VRQW�UHJURXSpV�HQ�XQ�FLUFXLW

TXL�UHSUpVHQWH�XQ�FLUFXLW�j �SODW�DX�QLYHDX�SRUWH�

/ HV�FRQQHFWHXUV�SHUPHWWHQW�GH�FRQQDvWUH�OHV�LQVWDQFHV�GH�SRUWHV�UHOLpHV�DX[ �FRQQHFWHXUV

SK\VLTXHV�GX�FLUFXLW�� / D�SUpVHQFH�GHV�FRQQHFWHXUV�HVW�OLpH�DX�EHVRLQ�GH�FRQQDvWUH�OHV�HQWUpHV

G·XQ�FLUFXLW�DILQ�G·LQLWLHU�QRWUH�VLPXODWLRQ�pYpQHPHQWLHOOH�

/ HV�LQVWDQFHV�GH�SRUWHV�VRQW�OLpHV�DX�PRGqOH�TXL�OHXU�FRUUHVSRQG�� / HV�©�GpSHQGDQFHV

DUULqUH�ª�LQGLTXHQW�OHV�VLJQDX[ �DJLVVDQW�VXU�O·LQVWDQFH�HW�OHV�©�GpSHQGDQFHV�DYDQW�ª��OHV�SRUWHV�TXL

VRQW�LQIOXHQFpHV�SDU�OH�VLJQDO�HQ�VRUWLH�

/ HV�PRGqOHV�FRQWLHQQHQW�OHV�LQIRUPDWLRQV�FRPPXQHV�DX[ �SRUWHV�G·XQ�PrPH�W\SH��/ HXU

VWUXFWXUH�HQ�WUDQVLVWRUV�HVW�DFFHVVLEOH��' H�SOXV��GHV�SDUDPqWUHV�\ �VRQW�DWWDFKpV�DILQ�GH�SRXYRLU�OHV

SHUVRQQDOLVHU�HQ�IRQFWLRQ�GH�FKDTXH�LQVWDQFH��/ H�QRPEUH�GH�FHV�SDUDPqWUHV�HVW�WUqV�UpGXLW�GX

IDLW�GH�O·XWLOLVDWLRQ�JpQpUDOLVpH�GHV�FHOOXOHV�VWDQGDUGV��/ D�IRQFWLRQ�ORJLTXH��FRPSRUWHPHQW��GH�FHV

PRGqOHV�HVW�DXVVL�SUpVHQWH�
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/ HV�©�SDUDVLWHV�ª�VRQW�OHV�FRXSODJHV�FDSDFLWLIV�HQWUH�XQ�VLJQDO�HW�VHV�DJUHVVHXUV�

/ H�GpWDLO�GH�OD�VWUXFWXUH�GH�GRQQpHV�HVW�IRXUQL�HQ�$QQH[ H�� �

3DU� DLOOHXUV�� OD� VWUXFWXUH� GH� GRQQpHV� SHXW� rWUH� FRQVWUXLWH� j � SDUWLU� G·XQH� GHVFULSWLRQ

KLpUDUFKLTXH� GX� FLUFXLW�� ' DQV� FH� FDV�� OHV� ILFKLHUV� GpFULYDQW� OH� FLUFXLW� VRQW� XQH� QHWOLVW� 63,&(

GpFULYDQW�O·LQWHUFRQQH[ LRQ�GHV�GLIIpUHQWV�EORFV�DFFRPSDJQp�G·XQ�ILFKLHU�FRQWHQDQW�GHV�FDSDFLWpV

GH�FRXSODJH�SRXU�OHV�VLJQDX[ �LQWHUFRQQHFWDQW�OHV�GLIIpUHQWV�EORFV�HW��SRXU�FKDTXH�EORF�GX�FLUFXLW�

XQH�QHWOLVW�GH�WUDQVLVWRUV�

CNSG
d'interconnexion

NetList

de blocs

CNSG

Capacit�s
de couplage

NetLists
SPICE
a plat

de couplage
Capacit�s

Mise � plat

Construction d'une

chaque bloc
structure pour

BCBCBCBCBCBCBCBCBCB

BCBCBCBCBCBCBCBCBCB

DCDCDCDCDCDCDCDCDCD

DCDCDCDCDCDCDCDCDCD

ECECECECECECECECECE

ECECECECECECECECECE

FCFCFCFCFCFCFCFCFCF

FCFCFCFCFCFCFCFCFCF

GCGCGCGCGCGCGCGCGCG

GCGCGCGCGCGCGCGCGCG

HCHCHCHCHCHCHCHCHCH

HCHCHCHCHCHCHCHCHCH

ICICICICICICICICICI

ICICICICICICICICICI

JCJCJCJCJCJCJCJCJCJ

JCJCJCJCJCJCJCJCJCJ

n x

n x

x n

) LJ�9,� � ���&RQVWUXFWLRQ�KLpUDUFKLTXH

' DQV�XQ�SUHPLHU�WHPSV��XQH�VWUXFWXUH�GH�GRQQpHV�&16* �HVW�FRQVWUXLWH�SRXU�FKDFXQ�GHV

EORFV��3XLV��WRXWHV�FHV�VWUXFWXUHV�VRQW�PLVHV� j �SODW�GDQV�XQH�VWUXFWXUH�JOREDOH��3RXU�FHOD��OD

QHWOLVW� G·LQWHUFRQQH[ LRQ� GH� EORFV� HVW� XWLOLVpH� SRXU� PHWWUH� j � SODW� OH� UpVHDX� G·LQWHUFRQQH[ LRQ

IRQFWLRQQHOOH�� ( QILQ��OHV�FDSDFLWpV�DX�QLYHDX�GH�O·LQWHUFRQQH[ LRQ�GHV�EORFV�VRQW�UDMRXWpHV� j �OD

VWUXFWXUH�GH�GRQQpHV�

9,�� �� � / ·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ
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&RPPH�QRXV�O·DYRQV�YX�DX�FKDSLWUH�9��XQH�pWDSH�LPSRUWDQWH�GDQV�O·pYDOXDWLRQ�GX�EUXLW

GH�GLDSKRQLH�HVW�OD�GpWHUPLQDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH��&HWWH�LGHQWLILFDWLRQ

SDVVH�SDU�XQH�pWDSH�GH�VLPXODWLRQ�V\PEROLTXH�DX�FRXUV�GH�ODTXHOOH�OHV�LQWHUYDOOHV�G·LQVWDELOLWp

VRQW�SURSDJpV�j �WUDYHUV�OH�FLUFXLW��/ ·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�V·HIIHFWXH�DX

PrPH�PRPHQW��VXU�OHV�VLJQDX[ �YLFWLPHV�

$LQVL��j �O·LVVXH�GH�FHWWH�pWDSH�RQ�REWLHQW�SRXU�FKDTXH�VLJQDO�XQH�OLVWH�GHV�FRQILJXUDWLRQV

G·DJUHVVLRQ�PD[ LPDOHV��&HWWH�OLVWH�HVW�GLUHFWHPHQW�UHSUpVHQWpH�HQ�PpPRLUH�VRXV�IRUPH�G·XQH

VWUXFWXUH�GH�GRQQpHV�DVVRFLpH�j �FKDTXH�VLJQDO�

9,�� �� � / H�FDOFXO�GHV�SLFV�GH�EUXLW

/ D�GHUQLqUH�pWDSH�GX�WUDLWHPHQW�FRQVLVWH�j �FDOFXOHU�OH�SLF�GH�EUXLW�PD[ LPDO�SRXU�FKDTXH

VLJQDO��( Q�DSSOLTXDQW�OH�PRGqOH�GH�FDOFXO�GH�SLF�YX�DX�FKDSLWUH�,9�j �FKDFXQH�GHV�FRQILJXUDWLRQV

G·DJUHVVLRQ�PD[ LPDOH�G·XQ�VLJQDO�YLFWLPH��QRXV�REWHQRQV�XQ�HQVHPEOH�GH�YDOHXUV�GH�SLF��3DUPL

FHV� YDOHXUV�� QRXV� UHWLHQGURQV� OH� SLF� PD[ LPDO� HW� OD� FRQILJXUDWLRQ� G·DJUHVVLRQ� TXL� SHUPHW� GH

JpQpUHU�FH�SLF��&HV�GHX[ �LQIRUPDWLRQV�VRQW�pFULWHV�GDQV�XQ� ILFKLHU�TXL�FRQVWLWXH�OD�VRUWLH�GH

O·RXWLO�&5,6( �

9,�� � 5pVXOWDWV

9,�� �� � ,QWURGXFWLRQ

' DQV�OHV�FKDSLWUHV�SUpFpGDQWV��QRXV�DYRQV�SUpVHQWp�OHV�GLIIpUHQWHV�FRPSRVDQWHV�GH�QRWUH

PpWKRGH�G·pYDOXDWLRQ�GX�EUXLW�G€� j �OD�GLDSKRQLH��&HV�FRPSRVDQWHV�FRPSRUWHQW�OHV�pOpPHQWV

VXLYDQWV��

- XQ�PRGqOH�G·pYDOXDWLRQ�GX�EUXLW�VXU�XQ�VLJQDO�

- XQH�PpWKRGH�G·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQV�PD[ LPDOHV�

- XQH�VWUXFWXUH�GH�GRQQpHV�DGDSWpH�j �O·DQDO\VH�GH�GLDSKRQLH�
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1RXV�SUpVHQWRQV��GDQV�FHWWH�VHFWLRQ��OHV�UpVXOWDWV�H[ SpULPHQWDX[ �FRQFHUQDQW�FKDFXQH�GH

FHV�FRPSRVDQWHV��&HV�UpVXOWDWV�RQW�pWp� REWHQXV� JUkFH� DX�ORJLFLHO�SURWRW\ SH� &5,6( � TXH�QRXV

YHQRQV�GH�GpFULUH�

' DQV�XQ�SUHPLHU�WHPSV��QRXV�GpWDLOORQV�OD�SODWH�IRUPH�G·H[ SpULPHQWDWLRQ�DLQVL�TXH�OHV

FLUFXLWV�XWLOLVpV�SRXU�FHWWH�pYDOXDWLRQ��3XLV��QRXV�QRXV�LQWpUHVVRQV�j �OD�SUpFLVLRQ�GX�PRGqOH�GH

FDOFXO�GX�SLF�H[ SRVp�DX�FKDSLWUH�,9��8QH�WURLVLqPH�VHFWLRQ�HVW�FRQVDFUpH� j �O·pYDOXDWLRQ�GH�OD

PpWKRGH� G·LGHQWLILFDWLRQ� GHV� FRQILJXUDWLRQV� G·DJUHVVLRQ�� ( QILQ�� QRXV� SUpVHQWRQV� OHV

SHUIRUPDQFHV�GH�&5,6( �

9,�� �� � 3ODWH� IRUPH�G·H[ SpULP HQWDWLRQ

/ HV�UpVXOWDWV�H[ SRVpV�GDQV�FH�FKDSLWUH�RQW�pWp�REWHQXV�j �SDUWLU�GHV�WHVWV�HIIHFWXpV�VXU�XQ

RUGLQDWHXU� GH� W\ SH� ©�( QWHUSULVH� � � � �ª� FRPSRVp� GH� � � SURFHVVHXUV� 8OWUD63$5&�,,� j � � � � 0 +]

SDUWDJHDQW�� �JLJDRFWHWV�GH�PpPRLUH�YLYH��7RXWHIRLV��QRXV�Q·DYRQV�SDV�XWLOLVp��SRXU�QRV�WHVWV��OHV

FDSDFLWpV� PXOWL�SURFHVVHXUV� GH� FHWWH� PDFKLQH�� $XWUHPHQW� GLW�� OHV� GLIIpUHQWV� ORJLFLHOV� RQW� pWp

H[ pFXWpV�SDU�XQ�VHXO�SURFHVVHXU�

7RXV�OHV�FLUFXLWV�XWLOLVpV�RQW�pWp�GpYHORSSpV�DX�ODERUDWRLUH�$6,0 � / ,3� �HQ�WHFKQRORJLH

V\PEROLTXH�>* UH� � @��&HV�FLUFXLWV�RQW�pWp�FRQYHUWLV�DX�IRUPDW�UpHO�>3pW� � @�FRUUHVSRQGDQW�j �XQH

WHFKQRORJLH�� �� � m�XWLOLVDQW�� �QLYHDX[ �GH�PpWDOOLVDWLRQ�DOLPHQWpH�GH�� �� � Y��&HV�PrPHV�FLUFXLWV

RQW�DXVVL�pWp�FRQYHUWLV�j �XQH�WHFKQRORJLH�� �� � m�XWLOLVDQW�� �QLYHDX[ �GH�PpWDOOLVDWLRQ�HW�DOLPHQWpH

VRXV�� �� Y��1RXV�DYRQV�FKRLVL�GHV�FLUFXLWV�GH�WDLOOH�YDULDEOH�DOODQW�GH�TXHOTXHV�PLOOLHUV�j �SOXV�G·XQ

PLOOLRQ� GH� WUDQVLVWRUV�� ' HV� FLUFXLWV� GH� SHWLWH� WDLOOH� RQW� pWp� XWLOLVpV� SRXU� HIIHFWXHU� GHV

FRPSDUDLVRQV�DYHF�GHV�VLPXODWLRQV�pOHFWULTXHV�
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/ HV�FLUFXLWV�VRQW�OHV�VXLYDQWV��

1RP ' HVFULSWLRQ

$0 ' � � � � 8Q�SURFHVVHXU�� �ELWV�FRQWHQDQW�XQH�SDUWLH�FRQWU{OH�JpUDQW�GHV�RSpUDWLRQV�HW
XQH�SDUWLH�FKHPLQ�GH�GRQQpHV�

+ $ ' $0 $5' 8Q�FR�SURFHVVHXU�GH�WUDLWHPHQW�G·LPDJH�+DGDPDUG�

0 ,36�5 � � � � 8QH� UpDOLVDWLRQ� PLFURSURJUDPPpH� GX� SURFHVVHXU� � � � ELWV� 0 ,36� 5� � � �
FRPSRUWDQW�XQ�DXWRPDWH�GH�FRQWU{OH�HW�XQ�FKHPLQ�GH�GRQQpHV�

5&8 %( 8Q� URXWHXU� GH� PHVVDJHV� j � IDLEOH� ODWHQFH� JpUDQW� GHV� OLHQV� VpULHV� j � � * E� V
>=HU� � @�

3&,' ' & 8Q�FLUFXLW� UpDOLVDQW� XQH�LQWHUIDFH�3&,� GpYHORSSpH� SRXU� OH� URXWHXU� 5&8%(
>: DM� � @�

12 ( 8Q�©�6\VWHP�2 Q�D�&KLS�ª�DXWRXU�G·XQ�3,�%86�>' HV� � @�

7DE�9,� �� ���&LUFXLWV�XWLOLVpV�SRXU�OH�FDOFXO�GHV�UpVXOWDWV�GH�O·RXWLO
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7DE�9,� �� ���&DUDFWpULVWLTXHV�GHV�FLUFXLWV
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9,�� �� � 0 RGqOH�GH�FDOFXO�GX�EUXLW

3RXU�YDOLGHU�QRWUH�PRGqOH�GH�FDOFXO�GH�SLF��QRXV�DYRQV�FRPSDUp�OHV�YDOHXUV�REWHQXHV�SDU

O·DSSOLFDWLRQ�GH�QRWUH�PRGqOH�DX[ �UpVXOWDWV�GH�VLPXODWLRQV�pOHFWULTXHV��( / ' 2 ���3RXU�O·HQVHPEOH

GHV�VLJQDX[ �GX�FLUFXLW�$0 ' � � � � ��� �QLYHDX[ �GH�PpWDO��HQ�� �� � m�DOLPHQWp�HQ�� �� � Y��QRXV�DYRQV

VLPXOp�OD�FRQILJXUDWLRQ�G·DJUHVVLRQ�JpQpUDQW�OH�EUXLW�PD[ LPXP��/ D�ILJXUH�)LJ�9,�� �SUpVHQWH�OHV

� � � �VLJQDX[ �GX�FLUFXLW�D\ DQW�OHV�SLFV�GH�WHQVLRQ�OHV�SOXV�pOHYpV�WULpV�GDQV�O·RUGUH�GpFURLVVDQW�GH

YDOHXU�GH�SLF��&RPPH�RQ�SHXW�OH�FRQVWDWHU�VXU�OD�ILJXUH�)LJ�9,�� ��OHV�GHX[ �FRXUEHV�VRQW�DVVH]
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) LJ�9,� � ���9DOHXU�GH�SLF�REWHQXV�SDU�OH�PRGqOH�SURSRVp�HW�SDU� ( / ' 2
SRXU�XQH�WHQVLRQ�G·DOLPHQWDWLRQ�HVW�GH�� �� � Y

1RXV� DYRQV� UHSRUWp�� VXU� OD� ILJXUH� )LJ�9,�� �� O·HUUHXU� UHODWLYH� GH� QRWUH� PpWKRGH� SDU

UDSSRUW�DX[ �VLPXODWLRQV�pOHFWULTXHV��

ELDO picdu  Valeur
modèledu  picdu  Valeur  -  ELDO picdu  Valeur

    relative Erreur =
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) LJ�9,� � ���( UUHXU�UHODWLYH�GX�PRGqOH�SDU�UDSSRUW�j �( / ' 2

&H�JUDSKLTXH�PRQWUH�GHV�HUUHXUV�UHODWLYHV�WUqV�LPSRUWDQWHV�DOODQW�MXVTX·j �SOXV�GH�� � � �

&HSHQGDQW�� QRXV� HVWLPRQV� TXH� SRXU� OD� YDOHXU� GX� SLF� GH� EUXLW�� O·HUUHXU� UHODWLYH� Q·HVW� SDV

UHSUpVHQWDWLYH� GH� OD� SUpFLVLRQ� GX� PRGqOH�� ( Q� HIIHW�� GDQV� XQ� RXWLO� G·pYDOXDWLRQ� GH� EUXLW� GH

GLDSKRQLH��OD�YDOHXU�DEVROXH�GX�SLF�D�XQH�JUDQGH�LPSRUWDQFH��( Q�G·DXWUHV�WHUPHV��XQH�HUUHXU

UHODWLYH� GH� � � � � � SRXU� XQ� SLF� GH� � �� � Y� SRXU� XQ� FLUFXLW� DOLPHQWp� HQ� � �� � Y� HVW� WRXW� j � IDLW

DFFHSWDEOH�DORUV�TXH�OD�PrPH�HUUHXU�SRXU�XQ�SLF�GH�� Y�GLVFUpGLWH�OH�PRGqOH�G·pYDOXDWLRQ��$XVVL�

QRXV�SURSRVRQV�G·pYDOXHU�OD�SUpFLVLRQ�GX�PRGqOH�HQ�VH�EDVDQW�VXU�O·HUUHXU�DEVROXH�� / D� ILJXUH

)LJ�9,�� �PRQWUH�O·HUUHXU�DEVROXH�HQWUH�OH�PRGqOH�HW�OD�VLPXODWLRQ�( / ' 2 �UDPHQpH�j �OD�WHQVLRQ

G·DOLPHQWDWLRQ��

ddV
modèledu  picdu  Valeur  -  ELDO picdu  Valeur

    absolue Erreur =



0 LVH�HQ�±XYUH�HW�UpVXOWDWV

� � �

-1

0

1

2

3

4

5

6

7

0 50 100 150 200 250 300 350 400 450 500

E
rr

eu
r 

ab
so

lu
e 

(%
)

Index des signaux

) LJ�9,� � ���( UUHXU�DEVROXH�UDPHQpH�j �9 � �

&HWWH� FRPSDUDLVRQ� SHUPHW� G·pWDEOLU� OD� YDOLGLWp� GHV� DSSUR[ LPDWLRQV�� SURSRVpHV� DX

FKDSLWUH�,9��1RXV�SRXYRQV�UHPDUTXHU�TXH�O·HUUHXU�UHVWH�LQIpULHXUH�j �� � � �

7RXWHIRLV��LO�DSSDUDvW�FODLUHPHQW�TXH�O·HUUHXU�DXJPHQWH�DYHF�OH�SLF�GH�WHQVLRQ��$XVVL�

QRXV�DYRQV�SRXVVp�QRWUH�DQDO\VH�SOXV�ORLQ�SRXU�GpWHUPLQHU�O·RULJLQH�GH�FHWWH�HUUHXU�

9,�� �� �� � ' pWDLO�GHV�HUUHXUV�GH�PRGpOLVDWLRQ�HW�GH�FDOFXO

$ILQ�GH�WURXYHU�OHV�FDXVHV�GH�O·HUUHXU�GDQV�OH�FDOFXO�GX�SLF�GH�WHQVLRQ�VXU�OHV�VLJQDX[ �

QRXV� DYRQV� HIIHFWXp� XQH� VpULH� GH� VLPXODWLRQV� pOHFWULTXHV� VXU� XQ� FLUFXLW� GH� WUqV� SHWLWH� WDLOOH

FRPSRUWDQW�� � �LQYHUVHXUV�HW�FRPSRVp��

- G
XQH�YLFWLPH

- GH�� �DJUHVVHXUV�DFWLIV��D
Þ
��D

�
��D
 �

- GH�� �DJUHVVHXUV�PXHWV��D� ��D
 ��D� �

- SRXU�FKDTXH�DJUHVVHXU�DO ��� �YLFWLPHV�VHFRQGDLUHV
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( Q�SDUWDQW�GH�FH�FLUFXLW�GH�UpIpUHQFH��YRLU�)LJ�9,�� � ���QRXV�DYRQV�DSSOLTXp�OHV�GLIIpUHQWHV

pWDSHV� G·DSSUR[ LPDWLRQ� GpFULWHV� DX� FKDSLWUH� ,9�� $� FKDTXH� pWDSH�� QRXV� DYRQV� HIIHFWXp� XQH

VLPXODWLRQ�pOHFWULTXH�HW�FRPSDUp�OH�UpVXOWDW�DYHF�OH�SLF�REWHQX�VXU�OH�FLUFXLW�GH�UpIpUHQFH��$LQVL�

QRXV�DYRQV�SX�LGHQWLILHU�OHV�DSSUR[ LPDWLRQV�TXL�LQGXLVHQW�OHV�HUUHXUV�OHV�SOXV�LPSRUWDQWHV�

1RXV�GLVWLQJXRQV�� �pWDSHV�G·DSSUR[ LPDWLRQ�GDQV�QRWUH�PpWKRGH��

D� �OH�UHPSODFHPHQW�GHV�SRUWHV�GRQW�OD�VRUWLH�HVW�XQ�DJUHVVHXU�DFWLI�SDU�XQH�UpVLVWDQFH

E� �OH�UHPSODFHPHQW�GH�OD�SRUWH�GRQW�OD�VRUWLH�HVW�OD�YLFWLPH�SDU�XQH�UpVLVWDQFH

F� �OH�UHPSODFHPHQW� GHV� SRUWHV� GRQW� OD� VRUWLH� HVW� XQ� DJUHVVHXU� PXHW� RX� XQH� YLFWLPH

VHFRQGDLUH�SDU�XQH�UpVLVWDQFH

G� �OH�UHPSODFHPHQW�GHV�DJUHVVHXUV�PXHWV�HW�GHV�YLFWLPHV�VHFRQGDLUHV�SDU�XQH�FDSDFLWp

pTXLYDOHQWH

H� �OH�UHPSODFHPHQW�GHV�DJUHVVHXUV�DFWLIV�SDU�XQH�VRXUFH�GH�FRXUDQW

' H�SOXV��QRXV�DYRQV�HIIHFWXp�FHV�VLPXODWLRQV�VXU�� �YHUVLRQV�GLIIpUHQWHV�GH�FH�FLUFXLW��( Q

IDLVDQW�YDULHU�OHV�FDSDFLWpV�GH�FRXSODJH�HW�OHV�FDSDFLWpV�j �OD�PDVVH��QRXV�DYRQV�FUpp�GLIIpUHQWHV

YHUVLRQV�GX�FLUFXLW�GH�UpIpUHQFH�TXL�SURGXLVHQW�GHV�SLFV�GH�EUXLW�SOXV�RX�PRLQV�pOHYpV�VXU�OD

YLFWLPH�
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Agresseur muet
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C v
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i
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3 x
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( WDSH�D�� �E�� �F�� G�� H � �� � � �� � � �� � � �� � � �� �

/ H�WDEOHDX�VXLYDQW�PRQWUH�O·HUUHXU�DEVROXH�GH�FKDTXH�pWDSH�G·DSSUR[ LPDWLRQ�SDU�UDSSRUW

DX�FLUFXLW�GH�UpIpUHQFH�

( UUHXU�DEVROXH�HQ�� �� � m
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�
9HUVLRQ

�
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&HV� WDEOHDX[ � PRQWUHQW� FODLUHPHQW� TXH� OD� PDMHXUH� SDUWLH� GH� O·HUUHXU� SURYLHQW� GH� OD

PRGpOLVDWLRQ�GHV�SRUWHV�GRQW�OD�VRUWLH�UHSUpVHQWH�XQ�DJUHVVHXU�DFWLI�SDU�GHV�UpVLVWDQFHV��pWDSH�D��

1RXV�DYRQV�YX�DX�FKDSLWUH�,9�TXH�FHWWH�PRGpOLVDWLRQ�HVW�UHODWLYHPHQW�pORLJQpH�GH�OD�UpDOLWp�HW

QRXV�FRQVWDWRQV�LFL�TXH�O·H[ SpULHQFH�FRQILUPH�QRWUH�SUpYLVLRQ�

/ D�VHFRQGH�VRXUFH�G·HUUHXU�YLHQW�GH�OD�PRGpOLVDWLRQ�GH�OD�SRUWH�GH�OD�YLFWLPH�SDU�XQH

UpVLVWDQFH��pWDSH�E���3RXU�FHWWH�HUUHXU��LO�FRQYLHQW�GH�GLVWLQJXHU�GHX[ �FDV�� / RUVTXH�OH�SLF�GH

WHQVLRQ�VH�VLWXH�HQ�GHoj �GH�OD�WHQVLRQ�GH�VDWXUDWLRQ�GX�WUDQVLVWRU��O·HUUHXU�HVW�UHODWLYHPHQW�IDLEOH�

0 DLV�GqV�TXH�OH�SLF�GH�WHQVLRQ�GpSDVVH�OD�WHQVLRQ�GH�VDWXUDWLRQ��OH�WUDQVLVWRU�VRUW�GH�VD�UpJLRQ

OLQpDLUH��OD�PRGpOLVDWLRQ�SDU�XQH�UpVLVWDQFH�GHYLHQW�GH�PRLQV�HQ�PRLQV�SUpFLVH�

/ D�GHUQLqUH�FDXVH�G·HUUHXU�HVW�GXH�j �OD�UHSUpVHQWDWLRQ�GHV�DJUHVVHXUV�SDU�GHV�VRXUFHV�GH

FRXUDQW��pWDSH�H���( Q�HIIHW��DORUV�TXH�GDQV�OHV�UHSUpVHQWDWLRQV�SUpFpGHQWHV�OH�FRXUDQW�FLUFXODLW�j
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WUDYHUV�OHV�FDSDFLWpV�GH�FRXSODJH��FH�Q·HVW�SOXV�OH�FDV�DYHF�OHV�VRXUFHV�GH�FRXUDQW��/ HV�VRXUFHV�GH

FRXUDQW�QH�IRQW�TX·LQMHFWHU�GX�FRXUDQW�VXU�OD�YLFWLPH��$LQVL��DSUqV�OHXU�UHPSODFHPHQW�SDU�GHV

VRXUFHV�GH�FRXUDQW��O·LQWHUDFWLRQ�GHV�DJUHVVHXUV�HQWUH�HX[ �D�GLVSDUXH��( Q�HIIHW��ORUV�GX�FDOFXO

G·XQH�VRXUFH�GH�FRXUDQW��WRXV�OHV�DXWUHV�DJUHVVHXUV�DFWLIV�VRQW�FRQVLGpUpV�FRPPH�GHV�FDSDFLWpV�j

OD� PDVVH�� ' DQV� OD� UpDOLWp�� OHV� DXWUHV� DJUHVVHXUV� DFWLIV� Q·DEVRUEHQW� SDV� OH� EUXLW� LQMHFWp� VXU� OD

YLFWLPH�GDQV�XQH�PrPH�SURSRUWLRQ�TX·XQH�FDSDFLWp��$LQVL��O·HIIHW�GH�FKDTXH�VRXUFH�GH�FRXUDQW

FDOFXOpH�LQGpSHQGDPPHQW�HVW�PRLQV�LPSRUWDQW�TXH�GDQV�OD�UpDOLWp�

&HWWH�DQDO\VH�ILQH�GHV�VRXUFHV�G·HUUHXU�SHUPHW�GH�SRUWHU�XQH�YXH�FULWLTXH�VXU�OH�PRGqOH

SURSRVp�DX�FKDSLWUH�,9�HW�LQGLTXH�OD�GLUHFWLRQ�GH�UHFKHUFKH�SRXU�O·DPpOLRUDWLRQ�GH�FH�PRGqOH�

9,�� �� � 0 pWKRGHV�G·DQDO\ VH�VWDWLTXH

1RXV� DYRQV� SURSRVp� DX� FKDSLWUH� 9� GHX[ � PpWKRGHV� TXL� SHUPHWWHQW� G·LGHQWLILHU� OHV

FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�VXU�XQ�VLJQDO�YLFWLPH��1RXV�FKHUFKRQV�j �GpWHUPLQHU��GDQV

FHWWH� VHFWLRQ�� O·DSSRUW� GH� OD� VHFRQGH� SDU� UDSSRUW� j � OD� PpWKRGH� PD[ LPDOLVWH�� / HV� FRXUEHV

VXLYDQWHV�SUpVHQWHQW��SRXU�OHV�FLUFXLWV�$PG� � � � ��� �QLYHDX[ �GH�PpWDO���+DGDPDUG��� �QLYHDX[ �GH

PpWDO��HW�0 LSV5� � � � ��� �QLYHDX[ �GH�PpWDO���OHV�SLFV�GH�EUXLW�FDOFXOpV�SDU�OD�PpWKRGH�PD[ LPDOLVWH

HW�SDU�OD�PpWKRGH�XWLOLVDQW�OHV�LQWHUYDOOHV�G·LQVWDELOLWp�SRXU�OHV�� � � �VLJQDX[ �OHV�SOXV�©�EUXLWpV�ª

GDQV� FKDTXH� FLUFXLW�� ' HX[ � DXWUHV� JUDSKLTXH� PRQWUHQW� SRXU� OHV� PrPHV� VLJQDX[ � OH� QRPEUH

G·DJUHVVHXUV� DFWLIV� GH� OD� FRQILJXUDWLRQ� G·DJUHVVLRQ� PD[ LPDOH� GDQV� OHV� GHX[ � PpWKRGHV�� ( Q

SDUDOOqOH�� XQ� DXWUH� JUDSKLTXH� PRQWUH�� SRXU� OHV� PrPH� VLJQDX[ �� OH� UDSSRUW� GX� QRPEUH

G·DJUHVVHXUV� DFWLIV� HQWUH� OHV� GHX[ � PpWKRGHV

�
total agresseursd' Nombre

maximale agressiond' ionconfigurat la dans actifs agresseursd' Nombre - total agresseursd' Nombre �

��&HV�H[ SpULHQFHV�RQW�pWp�PHQpHV�VXU�OHV�� �WHFKQRORJLHV�� �� � m�HW�� �� � m�
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/ ·DSSRUW�GH�OD�PpWKRGH�GHV�LQWHUYDOOHV�G·LQVWDELOLWp�SDU�UDSSRUW�j �OD�PpWKRGH�PD[ LPDOLVWH

HVW�pYLGHQWH��( Q�HIIHW��RQ�SHXW�REVHUYHU��SRXU�OHV�GLIIpUHQWV�VLJQDX[ �GH�FKDTXH�FLUFXLW�TXH�OD

PpWKRGH�PD[ LPDOLVWH�VXUHVWLPH�ODUJHPHQW�OD�FRQILJXUDWLRQ�G·DJUHVVLRQ�PD[ LPDOH�HW�FDOFXOH�OD

ERUQH�PD[ LPDOH�GX�SLF�GH�EUXLW��&HV�UpVXOWDWV�VRQW�GRQF�FRQIRUPHV�j �QRV�SUpYLVLRQV�

&RQFHUQDQW� OD� VpOHFWLRQ� GHV� DJUHVVHXUV� HIIHFWXpH� SDU� FKDTXH� PpWKRGH�� QRXV� SRXYRQV

FRQVWDWHU�� Oj � DXVVL�� XQH� WUqV� JUDQGH� GLIIpUHQFH� HQWUH� OD� PpWKRGH� PD[ LPDOLVWH� HW� OD� PpWKRGH

XWLOLVDQW� OHV� LQWHUYDOOHV� G·LQVWDELOLWp�� ( Q� HIIHW�� QRXV� SRXYRQV� REVHUYHU� GDQV� FHUWDLQ� FDV� XQH

GLPLQXWLRQ�GH�� � � �GX�QRPEUH�G·DJUHVVHXUV�DFWLIV��' DQV�G·DXWUHV�FDV��PDOJUp�O·DSSOLFDWLRQ�GH�OD

PpWKRGH� G·LGHQWLILFDWLRQ� GHV� FRQILJXUDWLRQV� G·DJUHVVLRQ� PD[ LPDOH� SDU� OHV� LQWHUYDOOHV

G·LQVWDELOLWp��OH�QRPEUH�G·DJUHVVHXUV�QH�VH�UpGXLW�TXH�GH�� � �

&HSHQGDQW��QRXV�SRXYRQV�DXVVL�YRLU�TXH�FHUWDLQV�VLJQDX[ �GDQV�OH�0 LSV5� � � � �HW� GDQV

O·$PG� � � � �RQW�XQH�WUqV�IDLEOH�GLPLQXWLRQ�GH�OHXU�SLF�SDU�UDSSRUW�DX�SLF�PD[ LPDO�ELHQ�TXH�OH

QRPEUH�G·DJUHVVHXUV�DFWLIV�VRLW�IRUWHPHQW�UpGXLW��&HFL�VLJQLILH�VLPSOHPHQW�TX·XQ�QRPEUH�WUqV

UpGXLW�G·DJUHVVHXUV�SURYRTXH�XQ�EUXLW�LPSRUWDQW�VXU�FHV�VLJQDX[ �

1RXV� DYRQV� UpSHUWRULp� OHV� GLIIpUHQWHV� LQIRUPDWLRQV� FRQFHUQDQW� OH� EUXLW� SRXU� WRXV� OHV

FLUFXLWV�pWXGLpV�GDQV�OHV�WDEOHDX[ �VXLYDQWV��

3LFV�GH�EUXLW
� �� � m���9 � �  � �� Y� � �� � m���9 � �  � �� � Y�
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0 LSV5� � � � � � � � �� � � � � � � � �� � � � �
3FLGGF � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � � �� � � � �
5FXEH � � � � �� � � � � � � �� � � � � � � � �� � � � � � � �� � � � �
1RH � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � �

/ HV�UHPDUTXHV�IDLWHV�SRXU�OHV�FLUFXLWV�GH�SHWLWH�WDLOOH�UHVWHQW�YDODEOHV�SRXU�OHV�SOXV�JURV

FLUFXLWV�R•�O·RQ�SHXW�REVHUYHU�XQH�IRUWH�GLPLQXWLRQ�GX�QRPEUH�PR\HQ�G·DJUHVVHXUV�DFWLIV�DLQVL

TX·XQH�IRUWH�EDLVVH�GX�SLF�GH�EUXLW�PR\HQ�REVHUYDEOH�GDQV�OHV�FLUFXLWV�

9,�� �� � 3HUIRUPDQFH�GX�ORJLFLHO�SURWRW\ SH

/ D�GHUQLqUH�SDUWLH�GHV�UpVXOWDWV�FRQFHUQH�OD�SHUIRUPDQFH�GX�ORJLFLHO�SURWRW\SH�TXH�QRXV

DYRQV�GpYHORSSp�HW�TXL�PHW�HQ�± XYUH�OH�PRGqOH�HW�OHV�PpWKRGHV�G·pYDOXDWLRQ�H[ SRVpHV�DX[

FKDSLWUHV�,9�HW�9�

/ ·pYDOXDWLRQ�GH�OD�SHUIRUPDQFH�GH�FHW�RXWLO�SDVVH�SDU�GHX[ �SRLQWV��

� � �2 FFXSDWLRQ�PpPRLUH

� � �7HPSV�G·H[ pFXWLRQ

/ HV�UpVXOWDWV�H[ SRVpV�LFL�SRUWHQW�VXU�GHV�FLUFXLWV�DOODQW�GH�TXHOTXHV�PLOOLHUV�GH�WUDQVLVWRUV

j �SOXV�G·XQ�PLOOLRQ�GH�WUDQVLVWRUV�
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9,�� �� �� � 2 FFXSDWLRQ�PpPRLUH

/ D�VWUXFWXUH�GH�GRQQpHV�D�pWp�FRQVWUXLWH�HQ�XWLOLVDQW�OD�SURFpGXUH�GpFULWH�GDQV�OD�VHFWLRQ

9,�� �SRXU�FKDFXQ�GHV�FLUFXLWV�WHVWpV��,O�IDXW�QRWHU�TXH�OHV�FLUFXLWV�3&,' &&��5&8%( �HW�12 ( �RQW

pWp�JpQpUpV�HQ�XWLOLVDQW�OH�PRGH�KLpUDUFKLTXH�

&RPPH�QRXV�O·DYRQV�YX� j �OD�VHFWLRQ�9,�� �GH�FH�FKDSLWUH��GDQV�OH�SURWRW\SH�TXH�QRXV

DYRQV�GpYHORSSp��OH�FLUFXLW�HVW�UHSUpVHQWp�SDU�XQH�VWUXFWXUH�GH�GRQQpHV��/ D�PDMHXUH�SDUWLH�GH�OD

PpPRLUH� FRQVRPPpH� SDU� O·RXWLO� G·pYDOXDWLRQ� GH� EUXLW� GH� GLDSKRQLH� HVW� RFFXSpH� SDU� FHWWH

VWUXFWXUH�GH�GRQQpHV�

/ D�ILJXUH�)LJ�9,�� � �PRQWUH�O·HIILFDFLWp�GH�OD�VWUXFWXUH�GH�GRQQpHV�VXU�ODTXHOOH�HVW�EkWL

QRWUH� ORJLFLHO� SURWRW\SH�� $SSDUHPPHQW�� OD� FRQVRPPDWLRQ� PpPRLUH� QpFHVVDLUH� j � OD

UHSUpVHQWDWLRQ�GX�FLUFXLW�YDULH�GH�PDQLqUH�OLQpDLUH�DYHF�OH�QRPEUH�GH�WUDQVLVWRUV��&HSHQGDQW�

HOOH�Q·HVW�SDV�GLUHFWHPHQW�OLpH�DX�QRPEUH�GH�WUDQVLVWRUV�PDLV�SOXW{W�DX�QRPEUH�GH�GpSHQGDQFHV

GDQV�OH�FLUFXLW��2 Q�GLVWLQJXHV�� �W\SHV�GH�GpSHQGDQFHV��

- OHV�GpSHQGDQFHV�GLDSKRQLTXHV

- OHV�GpSHQGDQFHV�IRQFWLRQQHOOHV�DYDQWV

- OHV�GpSHQGDQFHV�IRQFWLRQQHOOHV�DUULqUHV
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Taille (transistors) [Echelle logarithmique]

Taille des circuits

Amd2901
(378 Ko)

Hadamard

MipsR3000
(6.1 Mo)

PCIDDC
(23.3 Mo)

RCUBE
(22.9 Mo)

Noe
(126.1 Mo)

(1.26 Mo)

) LJ�9,� � � ���( YROXWLRQ�GH�O·RFFXSDWLRQ�PpPRLUH�HQ�IRQFWLRQ�GH�OD�WDLOOH�GHV�FLUFXLWV
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Taille (transistors) [Echelle logarithmique]

Taille des d�pendances diaphoniques

Amd2901
(245 Ko)

Hadamard

MipsR3000
(4.5 Mo)

PCIDDC
(15.8 Mo)

RCUBE
(12.9 Mo)

Noe
(71.2 Mo)

(670 Ko)

) LJ�9,� � � ���7DLOOH�GHV�GpSHQGDQFHV�GLDSKRQLTXHV
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Taille (transistors) [Echelle logarithmique]

Taille des d�pendances arrières

MipsR3000
(910 Ko)

PCIDDC
(4.4 Mo)

RCUBE
(5.7 Mo)

Noe
(35 Mo)

Amd2901
(77 Ko)

Hadamard
(360 Ko)

) LJ�9,� � � ���7DLOOH�GHV�GpSHQGDQFHV�DUULqUHV
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Taille (transistors) [Echelle logarithmique]

Taille des d�pendances avants

Amd2901
(12 Ko)

Hadamard
(60 Ko)

MipsR3000
(150 Ko)

PCIDDC
(700 Ko)

RCUBE
(900 Ko)

Noe
(5.7 Mo)

) LJ�9,� � � ���7DLOOH�GHV�GpSHQGDQFHV�DYDQWV

,O�IDXW�REVHUYHU�TXH�OH�QRPEUH�GH�FRXSODJHV�FDSDFLWLIV��TXL�j �SULRUL�GRLW�rWUH�XQH�IRQFWLRQ

TXDGUDWLTXH�GX�QRPEUH�GH�VLJQDX[ �GX�FLUFXLW�HVW�HQ�IDLW�WUqV�GpSHQGDQW�GH�OD�VWUXFWXUH�GX�FLUFXLW�

$LQVL�OH�FLUFXLW�5&8%( �ELHQ�TX·pWDQW�SOXV�JURV��HQ�QRPEUH�GH�WUDQVLVWRUV��TXH�3&,' &&�FRQWLHQW

PRLQV� G·LQWHUDFWLRQV�� 3XLVTXH� OHV� VWUXFWXUHV� GH� GRQQpHV� UHODWLYHV� DX� FRXSODJH� GLDSKRQLTXH

UHSUpVHQWHQW�OD�PDMHXUH�SDUWLH�GH�OD�PpPRLUH�FRQVRPPpH� �HQYLURQ�� � � ���OH�FLUFXLW�5&8%(

FRQVRPPH�XQH�SOXV�SHWLWH�TXDQWLWp�GH�PpPRLUH�GH�3&,' ' &

9,�� �� �� � 7HPSV�G·H[ pFXWLRQ

/ H�VHFRQG�SRLQW�GDQV�OD�PHVXUH�GH�SHUIRUPDQFH�GH�O·RXWLO�HVW�OH�WHPSV�QpFHVVDLUH�DX

WUDLWHPHQW�G·XQ�FLUFXLW�

1RXV�SRXYRQV�GLVWLQJXHU�� �pWDSHV�GDQV�QRWUH�RXWLO�G·pYDOXDWLRQ�GX�EUXLW�GH�GLDSKRQLH��

� � �OD�FRQVWUXFWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV

� � �O·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH

� � �O·DSSOLFDWLRQ�GX�PRGqOH�GH�FDOFXO�GH�SLF�j �FKDTXH�FRQILJXUDWLRQ�G·DJUHVVLRQ
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/ HV�ILJXUHV�)LJ�9,�� � �j �)LJ�9,�� � �PRQWUHQW�SRXU�FKDFXQ�GHV�FLUFXLWV�OH�WHPSV�QpFHVVDLUH

j �FKDTXH�pWDSH�DLQVL�TXH�OH�WHPSV�WRWDO�GX�WUDLWHPHQW�

1

10

100

1000

10000

100000

10000 100000 1e+06

T
em

ps
 (

se
co

nd
es

) 
[E

ch
el

le
 lo

ga
rit

hm
iq

ue
]

Taille (transistors) [Echelle logarithmique]

RCUBE

Noe

Amd2901

MipsR3000

(4s)

(20s)

(16:47)

(55:25) (11:05)

(2:59:48)

Hadamard

PCIDDC
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Taille (transistors) [Echelle logarithmique]

RCUBE

PCIDDC
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Hadamard

Amd2901
(2s)

(19s)

(1m24s)

(7m47s)

(2m40s)

(1h13m25s)

Noe

) LJ�9,� � � ���7HPSV�GH�FUpDWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV
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Taille (transistors) [Echelle logarithmique]
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Amd2901
(~ 0s)

(18m23s)

Noe
MipsR3000

PCIDDC
(3m30s)

RCUBE
(1m31s)

(~ 0s)

(1m34s)

) LJ�9,� � � ���7HPSV�GH�FDOFXO�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ
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Taille (transistors) [Echelle logarithmique]

(1s)

Noe

RCUBE
(6m54s)

MipsR3000
(13m49s)

Amd2901
(2s)

(1h28m)

Hadamard

PCIDDC
(44m18s)

) LJ�9,� � � ���7HPSV�GH�FDOFXO�GH�SLF�GH�EUXLW
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/ H�WHPSV�GH�JpQpUDWLRQ�GH�OD�VWUXFWXUH�GH�GRQQpHV��SUpVHQWp�VXU�OD�ILJXUH�)LJ�9,�� � �HVW

TXDVLPHQW�OLQpDLUH�HQ�IRQFWLRQ�GX�QRPEUH�GH�WUDQVLVWRUV�GHV�FLUFXLWV��j �O·H[ FHSWLRQ�GH�5FXEH��

( Q�IDLW��HQ�XWLOLVDQW�XQH�PpWKRGH�GH�FRQVWUXFWLRQ�KLpUDUFKLTXH��3FLGGF��5FXEH�HW�1RH���OH�WHPSV

GH�FUpDWLRQ�GH�OD�VWUXFWXUH�GpSHQG�GH�OD�VWUXFWXUH�KLpUDUFKLTXH�GHV�FLUFXLWV��$LQVL��OH�FLUFXLW

5&8%( �TXL�LQVWDQFLH�SOXVLHXUV�IRLV�OHV�PrPHV�EORFV�VH�FRQVWUXLW�SOXV�UDSLGHPHQW�TXH�3&,' ' &�

3DU�DLOOHXUV��OH�WHPSV�UHTXLV�SRXU�OH�FDOFXO�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ� �)LJ�9,�� � �

Q·HVW� SDV� IRQFWLRQ� GH� OD� WDLOOH� GHV� FLUFXLWV�� &HWWH� pWDSH� HVW� HVVHQWLHOOHPHQW� XQH� VLPXODWLRQ� j

WUDYHUV� XQ� UpVHDX� GH� SRUWH�� $LQVL�� OHV� SDUDPqWUHV� LQIOXDQW� VXU� OH� WHPSV� GH� FDOFXO� VRQW� OD

SURIRQGHXU� GX� UpVHDX� ORJLTXH�� OH� QRPEUH� GH� FRXSODJHV� HW� OH� QRPEUH� GH� GpSHQGDQFHV

IRQFWLRQQHOOHV��$XVVL��LO�Q·HVW�SDV�pWRQQDQW�GH�FRQVWDWHU�TXH�OH�WHPSV�GH�FDOFXO�GHV�FRQILJXUDWLRQV

G·DJUHVVLRQ�GDQV�OH�0 LSV�5� � � � �TXL�HVW�XQH�UpDOLVDWLRQ�QRQ�RSWLPLVpH�HVW�GH�PrPH�RUGUH�GH

JUDQGHXU�TXH�3&,' ' &�TXL�FRQWLHQW�� �IRLV�SOXV�GH�WUDQVLVWRUV��/ H�WHPSV�GH�FDOFXO�QH�UHSUpVHQWH

HQ�IDLW�TX·XQH�SHWLWH�SDUWLH�GX�WHPSV�WRWDO�GH�WUDLWHPHQW�GHV�FLUFXLWV�

( QILQ��OH�FDOFXO�GHV�SLFV�GH�WHQVLRQ�HVW�XQH�pWDSH�TXL�UHTXLqUH�EHDXFRXS�GH�WHPSV��/ D

ILJXUH�)LJ�9,�� � �SUpVHQWH�OH�WHPSV�GH�FDOFXO�GHV�SLFV�GH�WHQVLRQ�SRXU�OHV�GLIIpUHQWV�FLUFXLWV�

&HWWH�pWDSH�FRQVLVWH�j �FDOFXOHU��SRXU�WRXV�OHV�VLJQDX[ �G·XQ�FLUFXLW��OH�SLF�GH�EUXLW�JpQpUp�SDU

FKDFXQH�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�GH�FKDTXH�VLJQDO��/ H�WHPSV�GH�FDOFXO�GpSHQG

GRQF�GX�QRPEUH�GH�VLJQDX[ ��GX�QRPEUH�GH�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�SDU�VLJQDO�HW

GX�QRPEUH�G·DJUHVVHXUV�GDQV�FKDFXQH�GH�FHV�FRQILJXUDWLRQV�G·DJUHVVLRQ��$LQVL��SRXU�OH�FLUFXLW

+DGDPDUG�R•�QRXV�DYRQV�FRQVWDWp�XQH�WUqV�IRUWH�UpGXFWLRQ��HQ�PR\HQQH�PRLQV�GH�� �DJUHVVHXUV

DFWLIV�SDU�VLJQDO��GX�QRPEUH�G·DJUHVVHXUV��YRLU�)LJ�9,�� � ��)LJ�9,�� � ��)LJ�9,�� � �HW�)LJ�9,�� � ��

OH�FDOFXO� GHV� SLFV�GH�EUXLW�V·HIIHFWXH�WUqV�UDSLGHPHQW�� ( Q� SUHQDQW� SRXU� H[ HPSOH� OH� FLUFXLW

12 ( ��TXL�GHYUDLW�rWUH�OH�SOXV�UHSUpVHQWDWLI�GHV�FLUFXLWV�DFWXHOV��OD�SHUIRUPDQFH�EUXWH�GH�O·RXWLO�

FRQFHUQDQW�OH�FDOFXO�GHV�SLFV�GH�EUXLW��SHXW�rWUH�HVWLPpH� j � � � � �FDOFXOV�GH�SLF�GH�EUXLW�SDU

VHFRQGH�

3DU�DLOOHXUV��XQH�H[ SpULHQFH�D�pWp�PHQpH�VXU�O·LQWpUrW�GH�OD�WHFKQLTXH�G·DJJORPpUDWLRQ

GHV�DJUHVVHXUV�SUpVHQWpH�DX�FKDSLWUH� ,9��3RXU�FHWWH�H[ SpULHQFH��QRXV�DYRQV�FKRLVL��FRPPH

FLUFXLW�WHVW��12 ( �GRQW�OH�WHPSV�GH�FDOFXO�GHV�SLFV�GH�WHQVLRQ�HVW�GH�� K� � P��1RXV�DYRQV�FKRLVL

G·DJJORPpUHU� OHV� DJUHVVHXUV� GRQW� OD� FRQVWDQWH� GH� WHPSV� QH� GLIIqUH� SDV� GH� SOXV� G·XQH

SLFRVHFRQGH�
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8QH�IRLV�OHV�DJUHVVHXUV�DFWLIV�DJJORPpUpV��OH�WHPSV�GH�FDOFXO�GHV�SLFV�GH�WHQVLRQ�SRXU

QRWUH�FLUFXLW�WHVW�VH�UDPqQH�j �� � P� � V�SRXU�XQH�GLIIpUHQFH�GH�YDOHXU�GH�SLF�GH�EUXLW�QpJOLJHDEOH

�� � S

� �YROW��SDU�UDSSRUW�DX�FDOFXO�GH�SLF�VDQV�DJJORPpUDWLRQ�GHV�DJUHVVHXUV��$LQVL��HQ�DJJORPpUDQW

GHV�DJUHVVHXUV�TXL�SUpVHQWHQW�XQH�FRQVWDQWH�GH�WHPSV�SOXV�RX�PRLQV�SURFKH��LO�HVW�SRVVLEOH�GH

WURXYHU�XQ�FRPSURPLV�VDWLVIDLVDQW�HQWUH�OH�WHPSV�GH�FDOFXO�HW�OD�SUpFLVLRQ�

9,�� � &RQFOXVLRQ�

' DQV� FH� FKDSLWUH�� QRXV� DYRQV� H[ SRVp� O·DUFKLWHFWXUH� ORJLFLHOOH� HW� OH� IRQFWLRQQHPHQW� GH

O·RXWLO�SURWRW\SH�&5,6( ��&HW�RXWLO�PHW�HQ�±XYUH�OHV�PpWKRGHV�G·pYDOXDWLRQ�GX�SLF�GH�EUXLW�GH

GLDSKRQLH�TXH�QRXV�DYRQV�GpYHORSSpHV�HW�GpWDLOOpHV�DX[ �FKDSLWUHV�,9�HW�9�GH�FH�PDQXVFULW�

' DQV�XQH�GHX[ LqPH�SDUWLH��QRXV�DYRQV�DQDO\Vp�OHV�UpVXOWDWV�REWHQXV�JUkFH�j �FHW�RXWLO�VXU�XQ

HQVHPEOH�GH�� �FLUFXLWV�DOODQW�GH�TXHOTXHV�FHQWDLQHV�j � � �� �PLOOLRQV�GH�WUDQVLVWRUV��&HV�UpVXOWDWV

SRUWHQW�VXU� � �SRLQWV���OD�SUpFLVLRQ�GX�PRGqOH�G·pYDOXDWLRQ�GX�SLF��O·HIILFDFLWp�GH�OD�PpWKRGH

G·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�HW�OD�SHUIRUPDQFH�GH�O·RXWLO�&5,6( �

1RXV�DYRQV�REVHUYp�TXH��PDOJUp�OHV�DSSUR[ LPDWLRQV�SURSRVpHV�DX�FKDSLWUH�,9��OH�PRGqOH

G·pYDOXDWLRQ�SURSRVp�FRQVHUYH�XQH�SUpFLVLRQ�VDWLVIDLVDQWH��GH�O·RUGUH�GH�� � � �SDU�UDSSRUW�j �XQH

VLPXODWLRQ�pOHFWULTXH���7RXWHIRLV��QRXV�DYRQV�YX��VXU�XQ�FLUFXLW�H[ SpULPHQWDO��TXH�O·RQ�SRXYDLW

SURYRTXHU�GHV�HUUHXUV�SOXV�LPSRUWDQWHV� �DOODQW�MXVTX·j � � � � ��HQ�DXJPHQWDQW�OHV�FDSDFLWpV�GH

FRXSODJH�HW�HQ�GLPLQXDQW�OHV�FDSDFLWpV�j �OD�PDVVH��$�WUDYHUV�XQH�DQDO\VH�SOXV�ILQH��QRXV�DYRQV

GpWHUPLQp�OHV�� �VRXUFHV�G·HUUHXUV�OHV�SOXV�LPSRUWDQWHV��1RXV�DYRQV�PRQWUp�TXH�OHV�HUUHXUV�OHV

SOXV�LPSRUWDQWHV�SURYLHQQHQW�GH�OD�PRGpOLVDWLRQ�GHV�WUDQVLVWRUV�SDU�GHV�UpVLVWDQFHV��8QH�DXWUH

VRXUFH�G·HUUHXU�SURYLHQW�GX�IDLW�TXH�GDQV�QRWUH�PRGqOH�OHV�LQWHUDFWLRQV�HQWUH�OHV�DJUHVVHXUV�DFWLIV

VRQW�LJQRUpHV�

/ HV�UpVXOWDWV�VXU�OD�PpWKRGH�GH�GpWHUPLQDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PRQWUHQW�TXH

GDQV� OD� SOXSDUW� GHV� FDV� XQ� JUDQG� QRPEUH� GH� FRQILJXUDWLRQV� G·DJUHVVLRQ� QH� SHXYHQW� SDV� VH

SURGXLUH� HW� SHXYHQW� rWUH� pOLPLQpHV�� 1RXV� DYRQV� YX� TXH� OD� PLVH� HQ� ± XYUH� GH� OD� PpWKRGH
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G·LGHQWLILFDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�SHUPHW�GH�UpGXLUH�GDQV�GHV�SURSRUWLRQV

LPSRUWDQWHV�OH�WHPSV�QpFHVVDLUH�DX�FDOFXO�GX�SLF�GH�EUXLW�PD[ LPDO�

4 XDQW�DX[ �SHUIRUPDQFHV�GH�O·RXWLO�&5,6( ��QRXV�DYRQV�YX�TXH��GDQV�XQH�ODUJH�PHVXUH��OD

PpPRLUH�FRQVRPPpH�pWDLW�SURSRUWLRQQHOOH�DX�QRPEUH�GH�WUDQVLVWRUV�FRQWHQXV�GDQV�OH�FLUFXLW�

&HWWH�FDUDFWpULVWLTXH�HVW�LQGLVSHQVDEOH�SRXU�SRXYRLU�WUDLWHU�GHV�FLUFXLWV�GH�JUDQGH�WDLOOH�HW�D�SX

rWUH�REWHQXH�JUkFH�j �O·XWLOLVDWLRQ�G·XQH�VWUXFWXUH�GH�GRQQpHV�HIILFDFH�SRXU�UHSUpVHQWHU�OH�FLUFXLW

HW�OHV�pOpPHQWV�TXL�OH�FRPSRVHQW�
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ChapitreVII
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' DQV�OHV�WHFKQRORJLHV�IRUWHPHQW�VXEPLFURQLTXHV��OD�YpULILFDWLRQ�GHV�FLUFXLWV�9/ 6,�GRLW

FRXYULU� GHV� DVSHFWV� TXL� DYDLHQW� pWp� QpJOLJpV� MXVTX·j � SUpVHQW�� / H� EUXLW� G€� DX[ � FRXSODJHV

GLDSKRQLTXHV�HVW�XQ�GH�FHV�SUREOqPHV�pPHUJHDQWV��&H�EUXLW�HVW�G€�j �O·H[ LVWHQFH�G·XQH�FDSDFLWp

GH� FRXSODJH� HQWUH� GHX[ � VLJQDX[ � WRSRORJLTXHPHQW� YRLVLQV� GDQV� OH� FLUFXLW�� &H� EUXLW� SHXW

FRPSURPHWWUH�OH�IRQFWLRQQHPHQW�FRUUHFW�GX�FLUFXLW�GH�GHX[ �PDQLqUHV�� / H�SUHPLHU�SUREOqPH

WURXYH�VRQ�RULJLQH�GDQV�O·DXJPHQWDWLRQ�GX�WHPSV�GH�SURSDJDWLRQ�GDQV�XQH�SRUWH�ORUVTXH�OHV

VLJQDX[ � GH� VRQ� YRLVLQDJH� HIIHFWXHQW� XQH� WUDQVLWLRQ� GDQV� OH� VHQV� RSSRVp� j � FHOXL�FL�� &HWWH

DXJPHQWDWLRQ�GX�WHPSV�GH�SURSDJDWLRQ�VH�PDQLIHVWH�SDU�GHV�FKHPLQV�FULWLTXHV�WHPSRUHOV�TXL

SHXYHQW�GpSDVVHU�OH�WHPSV�GH�F\FOH�GH�O·KRUORJH�HW�UpGXLUH�OD�SHUIRUPDQFH�JOREDOH�GX�FLUFXLW��/ H

VHFRQG� SUREOqPH� FRQFHUQH� OH� IRQFWLRQQHPHQW� ORJLTXH� GX� FLUFXLW�� 6L� OH� EUXLW� GH� GLDSKRQLH

GpSDVVH�XQ�FHUWDLQ�VHXLO��LO�SHXW�FRUURPSUH�O·pWDW�ORJLTXH��SDU�H[ HPSOH��HQ�PRGLILDQW�OD�YDOHXU

HQUHJLVWUpH� GDQV� XQ� SRLQW� PpPRULVDQW�� ' DQV� FHWWH� WKqVH�� QRXV� QRXV� VRPPHV� LQWpUHVVpV� j � FH

GHUQLHU�SUREOqPH�

1RXV�DYRQV�SURSRVp�XQH�WHFKQLTXH�SHUPHWWDQW�GH�WULHU�OHV�VLJQDX[ �G·XQ�FLUFXLW�VHORQ�OH

SLF� GH� EUXLW� TX·LOV� SHXYHQW� pYHQWXHOOHPHQW� VXELU�� 3RXU� H[ SpULPHQWHU� O·HIILFDFLWp� GH� FHWWH

WHFKQLTXH��QRXV�DYRQV�GpYHORSSp�XQ�ORJLFLHO�SURWRW\SH�G·pYDOXDWLRQ�GX�EUXLW�GH�GLDSKRQLH��3RXU

PHWWUH�HQ�RXYUH�FHWWH�WHFKQLTXH��QRXV�DYRQV�SURSRVp�GHV�VROXWLRQV�j �� �SUREOqPHV�LQKpUHQWV�j

O·pYDOXDWLRQ�GX�EUXLW��

��/ D�UHSUpVHQWDWLRQ�GX�FLUFXLW��

/ HV� FLUFXLWV� 9/ 6,� FRPSRUWHQW� SOXVLHXUV� PLOOLRQV� GH� WUDQVLVWRUV�� 8Q� RXWLO� GH

YpULILFDWLRQ�SRVW�OD\ RXW�WHO�TXH�O·RXWLO�G·pYDOXDWLRQ�GH�GLDSKRQLH�GRLW�rWUH�FDSDEOH�GH

UHSUpVHQWHU� O·HQVHPEOH� GHV� LQIRUPDWLRQV� FRQWHQXHV� GDQV� OH� FLUFXLW�� \ � FRPSULV� OHV

FRXSODJHV�GLDSKRQLTXHV��0 DLV��OD�SHUIRUPDQFH�G·XQ�WHO�RXWLO�GpSHQG�GDQV�XQH�ODUJH

PHVXUH� GH�OD� TXDQWLWp�GH� PpPRLUH� QpFHVVDLUH� j � FHWWH� UHSUpVHQWDWLRQ�� 1RXV� DYRQV

GpYHORSSp�XQH�WHFKQLTXH�GH�UHSUpVHQWDWLRQ�GX�FLUFXLW�TXL��JUkFH�j �GHV�VWUXFWXUHV�GH

GRQQpHV��SHUPHW�GH�IDFWRULVHU�XQ�JUDQG�QRPEUH�GH�FDUDFWpULVWLTXHV�FRPPXQHV�DX[
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SRUWHV�TXL�FRPSRVHQW�OH�FLUFXLW��1RXV�DYRQV�YX�GDQV�OH�FKDSLWUH�©�5pVXOWDWV�ª�TXH

JUkFH� j � FHWWH� RUJDQLVDWLRQ� LO� HVW� SRVVLEOH� GH� UHSUpVHQWHU� XQ� FLUFXLW� GH� SOXV� G·XQ

PLOOLRQ�GH�WUDQVLVWRUV�GDQV�XQ�HVSDFH�PpPRLUH�GH�� � � 0 R�

��/ H�PRGqOH�GH�FDOFXO�GX�SLF�GH�EUXLW��

$X�FKDSLWUH�,9��QRXV�DYRQV�H[ SRVp�XQ�PRGqOH�DQDO\WLTXH�SHUPHWWDQW�GH�FDOFXOHU

OH� SLF� GH� EUXLW� VXU� XQ� VLJQDO� YLFWLPH� ORUVTXH� OHV� VLJQDX[ � GH� VRQ� YRLVLQDJH�� OHV

DJUHVVHXUV��HIIHFWXHQW�XQH�WUDQVLWLRQ��%LHQ�V€U��O·REWHQWLRQ�GH�FH�PRGqOH�SDVVH�SDU�XQ

FHUWDLQ�QRPEUH�G·pWDSHV�GH�VLPSOLILFDWLRQ�HW�G·DSSUR[ LPDWLRQ��&RPPH�OD�SOXSDUW�GHV

PRGqOHV�SURSRVpV�GDQV�OD�OLWWpUDWXUH��QRWUH�PRGqOH�HVW�EDVp�VXU�XQH�UHSUpVHQWDWLRQ

GHV�SRUWHV�VRXV�IRUPH�GH�UpVLVWDQFHV��1RXV�DYRQV�YX�DX�FKDSLWUH�©�5pVXOWDWV�ª�TXH

O·DSSOLFDWLRQ�GH�FH�PRGqOH�j �GHV�FLUFXLWV�UpHOV�DERXWLW�j �XQH�HUUHXU�DEVROXH�LQIpULHXUH

j �� � � ��0 rPH�VL�FHWWH�HUUHXU�SDUDvW�VDWLVIDLVDQWH�HW�UHVWH�GDQV�OHV�OLPLWHV�UDLVRQQDEOHV�

QRXV�DYRQV�DQDO\Vp�OHV�VRXUFHV�G·HUUHXU��&HWWH�DQDO\VH�PRQWUH�TXH�OD�PDMHXUH�SDUWLH

GH�FHWWH�HUUHXU�HVW�GXH�DX�UHPSODFHPHQW�GHV�SRUWHV�SDU�GHV�UpVLVWDQFHV�

��/ D�GpWHUPLQDWLRQ�GHV�FRQILJXUDWLRQV�G·DJUHVVLRQ��

' DQV�OH�PRGqOH�G·pYDOXDWLRQ�GX�SLF�GH�EUXLW��QRXV�DYRQV�GLVWLQJXp�GHX[ �W\ SHV

G·DJUHVVHXUV��/ HV�DJUHVVHXUV�DFWLIV�VRQW�FHX[ �TXL�SHXYHQW�j �XQ�LQVWDQW�GRQQp�HIIHFWXHU

OHXU� WUDQVLWLRQ� HQ� PrPH� WHPSV�� ,GHQWLILHU� OD� FRQILJXUDWLRQ� G·DJUHVVLRQ� FRQVLVWH� j

GpWHUPLQHU� j � FKDTXH�LQVWDQW�TXHOV�VRQW�OHV�DJUHVVHXUV� DFWLIV�� $X� FKDSLWUH� 9�� QRXV

DYRQV� SURSRVp� XQH� PpWKRGH�� EDVpH� VXU� OD� VLPXODWLRQ� V\PEROLTXH� pYpQHPHQWLHOOH�

SHUPHWWDQW�G·LGHQWLILHU�OHV�FRQILJXUDWLRQV�G·DJUHVVLRQ�PD[ LPDOH�VXU�WRXV�OHV�VLJQDX[

GX�FLUFXLW��/ ·H[ SpULPHQWDWLRQ�GH�FHWWH�PpWKRGH�D�PRQWUp�TX·XQ�JUDQG�QRPEUH�GH

FRQILJXUDWLRQV�G·DJUHVVLRQ�QRQ�PD[ LPDOH�SRXYDLHQW�rWUH�pOLPLQpHV�JUkFH�j �XQH�pWDSH

GH� VLPXODWLRQ� XQLTXH�� ' H� SOXV�� OH� WHPSV� GH� FDOFXO� QpFHVVDLUH� j � FHWWH� pWDSH� GH

VLPXODWLRQ�HVW�UHODWLYHPHQW�SHX�LPSRUWDQW�
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%LHQ� TXH� OHV� UpVXOWDWV� REWHQXV� SDU� O·DSSOLFDWLRQ� GHV� WHFKQLTXHV� SURSRVpHV� VRLHQW

HQFRXUDJHDQWV��FHUWDLQHV�DPpOLRUDWLRQV�GRLYHQW�rWUH�DSSRUWpHV�SRXU�SDOLHU�OHV�OLPLWDWLRQV�GH�FHV

PpWKRGHV�

1RXV�SRXYRQV�GLVWLQJXHU�WURLV�DVSHFWV�GH�QRWUH�DQDO\VH�SRXU�OHVTXHOV�GHV�DPpOLRUDWLRQV

SRXUUDLHQW�DSSRUWHU�XQH�SOXV�JUDQGH�SUpFLVLRQ�HW�XQ�SOXV�ODUJH�VSHFWUH�G·DFWLRQ�

/ H�SUHPLHU�DVSHFW�HVW�OD�UHSUpVHQWDWLRQ�GX�FLUFXLW�SDU�XQH�VWUXFWXUH�GH�GRQQpHV�j �SODW�

%LHQ�TXH�FHWWH�UHSUpVHQWDWLRQ�VRLW�DVVH]�HIILFDFH�SRXU�OD�UHSUpVHQWDWLRQ�G·XQ�FLUFXLW�GH�TXHOTXHV

PLOOLRQV�GH�WUDQVLVWRUV��OD�FDSDFLWp�PpPRLUH�QpFHVVDLUH�j �OD�UHSUpVHQWDWLRQ�GH�SOXV�JURV�FLUFXLWV

�TXHOTXHV�GL]DLQHV�GH�PLOOLRQV�GH�WUDQVLVWRUV��VH�UpYqOH�WURS�LPSRUWDQWH��,O�IDXW�GRQF�HQYLVDJHU

XQH�DXWUH�UHSUpVHQWDWLRQ�GH�O·LQIRUPDWLRQ�GH�IDoRQ�j �UHQGUH�SRVVLEOH�O·DQDO\VH�GH�EUXLW�VXU�FHV

FLUFXLWV��$LQVL��OD�PLVH�DX�SRLQW�G·XQH�UHSUpVHQWDWLRQ�KLpUDUFKLTXH�GHV�FLUFXLWV�SRXUUDLW�DSSRUWHU

XQH� VROXWLRQ� DX� SUREOqPH� GH� UHSUpVHQWDWLRQ� GHV� FLUFXLWV� FRPSRUWDQW� XQ� WURS� JUDQG� QRPEUH

G·pOpPHQWV�� &H� FKDQJHPHQW� GH� UHSUpVHQWDWLRQ� HQWUDvQHUD� DXVVL� XQH� QRXYHOOH� PpWKRGH� GH

VLPXODWLRQ�V\PEROLTXH�RSpUDQW�VXU�XQH�UHSUpVHQWDWLRQ�KLpUDUFKLTXH�

/ H�VHFRQG�SRLQW�SRUWH�VXU�OH�PRGqOH�GH�FDOFXO�GX�SLF�GH�EUXLW�� ' DQV�OHV�WHFKQRORJLHV

VXEPLFURQLTXHV��OHV�OLJQHV�G·LQWHUFRQQH[ LRQ�RQW�XQH�UpVLVWDQFH�QRQ�QpJOLJHDEOH��&HWWH�UpVLVWDQFH

SHXW�PrPH�rWUH�VXSpULHXUH�j �OD�UpVLVWDQFH�GHV�pPHWWHXUV��3RXU�PHWWUH�DX�SRLQW�QRWUH�PRGqOH

QRXV� DYRQV� LJQRUp� FHWWH� UpVLVWDQFH�� &HW� DVSHFW� FRQVWLWXH� XQH� OLPLWDWLRQ� PDMHXUH� GH� QRWUH

PRGqOH��$XVVL��OD�SULVH�HQ�FRPSWH�GH�OD�UpVLVWDQFH�G·LQWHUFRQQH[ LRQ�UHSUpVHQWH�XQH�SUHPLqUH

DPpOLRUDWLRQ�LQGLVSHQVDEOH�j �XQH�pYDOXDWLRQ�SOXV�SUpFLVH�GX�EUXLW��' HX[ �DSSURFKHV�SHXYHQW�rWUH

HQYLVDJpHV��/ ·DSSURFKH�OD�SOXV�VLPSOH�FRQVLVWH�VLPSOHPHQW�j �DMRXWHU�OD�UpVLVWDQFH�GH�OD�OLJQH�j �OD

UpVLVWDQFH�GHV�pPHWWHXUV��/ D�VHFRQGH�DSSURFKH�EHDXFRXS�SOXV�SUpFLVH�FRQVLVWH�j �GpYHORSSHU�XQ

QRXYHDX�PRGqOH�TXL�SUHQQH�HQ�FRPSWH�OHV�UpVLVWDQFHV�HW�OHV�FDSDFLWpV�UpSDUWLHV�VXU�WRXWH�OD�OLJQH

G·LQWHUFRQQH[ LRQ��/ D�VHFRQGH�DPpOLRUDWLRQ�TXH�O·RQ�SHXW�HQYLVDJHU�FRQFHUQH�OD�PRGpOLVDWLRQ�GHV

SRUWHV�� &RPPH� QRXV� O·DYRQV� DX� FKDSLWUH� ©�5pVXOWDWV�ª�� OH� UHPSODFHPHQW� GHV� SRUWHV� SDU� XQH

UpVLVWDQFH�pTXLYDOHQWH�HVW�j �O·RULJLQH�GH�OD�PDMHXUH�SDUWLH�GH�O·HUUHXU��( Q�GpYHORSSDQW�XQ�PRGqOH
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HUUHXU�
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VLPXOWDQpPHQW��HOOH�QH�SHUPHW�SDV�GH�SUHQGUH�HQ�FRPSWH�OD�FRUUpODWLRQ�HQWUH�OHV�VLJQDX[ ��$LQVL�

VL� OHV� WUDQVLWLRQV� GH� GHX[ � VLJQDX[ � VRQW� PXWXHOOHPHQW� H[ FOXVLYHV�� O·XWLOLVDWLRQ� GHV� LQWHUYDOOHV

G·LQVWDELOLWp� Q·HVW� SDV� VXIILVDQWH� SRXU� GpWHUPLQHU� TX·LOV� QH� SHXYHQW� SDV� FRPPXWHU

VLPXOWDQpPHQW��/ D�SULVH�HQ�FRPSWH�GH�FHW�DVSHFW�SDVVH�SDU�O·DQDO\VH�GH�OD�IRQFWLRQ�ORJLTXH�GHV

SRUWHV��7RXWHIRLV��LO�IDXW�JDUGHU�j �O·HVSULW�TX·XQH�WHOOH�DQDO\VH�GH�FRUUpODWLRQ�QpFHVVLWH�XQ�FDOFXO

LQWHQVLI�HW�SHXW�FRPSURPHWWUH�OD�SHUIRUPDQFH�JOREDOH�GH�O·RXWLO�
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Annexe II
, ; � $QQH[ H�� ���6WUXFWXUH�GH�GRQQpHV

$ILQ�GH�UpGXLUH�DX�PLQLPXP�OD�SODFH�UHTXLVH��SRXU�OD�UHSUpVHQWDWLRQ�j �SODW�GH�FLUFXLW�GH

SOXVLHXUV� PLOOLRQV� GH� WUDQVLVWRUV�� OD� SOXSDUW� GHV� pOpPHQWV� VRQW� UHSUpVHQWpV� VRXV� IRUPHV� GH

WDEOHDX[ �SHUPHWWDQW�j �OD�IRLV�XQ�DFFqV�GLUHFW�DX[ �LQIRUPDWLRQV�HQ�XWLOLVDQW�XQ�VLPSOH�LQGH[ �HW�XQH

XWLOLVDWLRQ� PLQLPDOH� GH� OD� SODFH� PpPRLUH� RFFXSpH� �)LJ�9,�� � ��� &HSHQGDQW�� GX� IDLW� GH

O·LUUpJXODULWp� GH� FHUWDLQHV� LQIRUPDWLRQV� �OH� QRPEUH� G·HQWUpH� G·XQH� SRUWH� SDU� H[ HPSOH�� GHV

SRLQWHXUV�VRQW�XWLOLVpV�SRXU�DFFpGHU�VpSDUpPHQW�j �FHV�LQIRUPDWLRQV�

/ H�FLUFXLW�SHUPHW�GH�UHWURXYHU�VLJQDX[ �GX�FLUFXLW��&HV�VLJQDX[ �VRQW�O·HQVHPEOH�GHV

VRUWLHV�GH�SRUWHV��/ D�OLVWH�GHV�PRGqOHV�SUpVHQWV�GDQV�OH�FLUFXLW�DLQVL�TXH�OD�OLVWH�GHV�SRUWHV�OLpHV

DX[ �FRQQHFWHXUV�VRQW�DFFHVVLEOHV�j �WUDYHUV�OH�FLUFXLW��/ H�FLUFXLW�SRXYDQW�rWUH�FRPSRVp�G·XQ

HQVHPEOH� GH� EORFV� �VRXV�FLUFXLWV�� j � XQ� PRPHQW� GRQQp�� OHV� QHWOLVWV� GH� SRUWHV� VRQW� VWRFNpHV

LQGpSHQGDPPHQW�WRXW�HQ�SDUWDJHDQW�OHV�PrPHV�PRGqOHV�

/ HV� PRGqOHV� VRQW� FRPSRVpV� GH� GHX[ � LQIRUPDWLRQV��� O·LQIRUPDWLRQ� SK\VLTXH� HW

O·LQIRUPDWLRQ�ORJLTXH�� / ·LQIRUPDWLRQ�SK\VLTXH�SHUPHW�GH�UHFRQVWUXLUH�XQH�SRUWH�SK\VLTXH�DX

QLYHDX� WUDQVLVWRUV�� / D� &16� pWDQW� XQ� HQVHPEOH� GH� F{QHV� JpQpUp� SDU� O·RXWLO� <$* / ( �� FKDTXH

PRGqOH� GH� F{QH� VHUD� HQFDSVXOp� GDQV� XQH� &16�� / H� F{ QH� ORJLTXH� �JpQpULTXH�� SHUPHW� GH

UHWURXYHU�OD�VWUXFWXUH�HQ�WUDQVLVWRUV�G·XQH�SRUWH�GDQV�OD�&16��/ HV�SDUDPqWUHV�SRXU�FH�F{QH

SK\VLTXH�VRQW�DFFHVVLEOHV�YLD�OD�&16�JpQpULTXH��8Q�F{QH�SK\VLTXH�SHXW�GRQF�rWUH�SHUVRQQDOLVp

HQ�XWLOLVDQW�FHV�SDUDPqWUHV�DILQ�GH�UHWURXYHU�OD�VWUXFWXUH�RULJLQDOH�GH�OD�SRUWH�GDQV�OH�FLUFXLW

LQLWLDO��/ H�F{QH�ORJLTXH�SHUPHW�DXVVL�GH�UHWURXYHU�GLUHFWHPHQW�OD�IRQFWLRQ�ORJLTXH�G·XQ�PRGqOH

JUkFH� DX� %' ' � >$NH� � @� TXL� OXL� HVW� DWWDFKp�� ,O� HVW� DXVVL� SRVVLEOH� G·DWWHLQGUH� GHV� YDOHXUV� SUp�

FDOFXOpHV� j �SDUWLU� GH�OD�VWUXFWXUH� SK\VLTXH� GX� PRGqOH� G·XQH� SRUWH� TXL� VRQW� OHV� UpVLVWDQFHV

PLQLPXP �HW�PD[ LPXP �G·XQH�SRUWH�ORJLTXH��&HV�UpVLVWDQFHV�VRQW�XWLOLVpHV�ORUV�GX�FDOFXO�GX

EUXLW�VXU�XQ�VLJQDO�



0 RGqOH�GH�FDOFXO�GX�SLF

� � �

CIRCUIT

FLAGS INDEX DELAIS

E
N

T
R

E
E

S

S
O

R
T

IE
S INDEX CAPACITE

COUPLAGE EQUIVALENTE
CAPACITE

P
A

R
A

S
IT

E
S INDEX

INSTANCES

FLAGS CAPACITEVALEUR INDEX

WXWXWXWXW

WXWXWXWXW

WXWXWXWXW

WXWXWXWXW

WXWXWXWXW

WXWXWXWXW

YXYXYXYXY

YXYXYXYXY

YXYXYXYXY

YXYXYXYXY

YXYXYXYXY

YXYXYXYXY

NOM

CONE GENERIQUE

P
A

R
A

M
E

T
R

E
S

ZXZXZXZXZXZ

ZXZXZXZXZXZ

ZXZXZXZXZXZ

ZXZXZXZXZXZ

ZXZXZXZXZXZ

ZXZXZXZXZXZ

ZXZXZXZXZXZ

[X[X[X[X[

[X[X[X[X[

[X[X[X[X[

[X[X[X[X[

[X[X[X[X[

[X[X[X[X[

[X[X[X[X[

BDD

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

\X\X\X\X\X\X\

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

]X]X]X]X]X]X]

CNS

NETLISTS

TYPE INDEX
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MODELES
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) LJ�9,� � � ���2 UJDQLVDWLRQ�GpWDLOOpH�GH�OD�VWUXFWXUH�GH�GRQQpHV

/ HV�LQVWDQFHV�FRPSRUWHQW�XQ�FHUWDLQ�QRPEUH�G·LQIRUPDWLRQV��

- XQ�QRP�TXL�SHUPHW�G·LGHQWLILHU�XQ�VLJQDO�GDQV�OH�FLUFXLW��,O�HVW�DXVVL�SRVVLEOH�j �SDUWLU

GH�FH�QRP�GH�UHWURXYHU�GLUHFWHPHQW�O·LQGH[ �G·XQ�VLJQDO�GDQV�OH�WDEOHDX�G·LQVWDQFH�

- XQH�YDOHXU��&HWWH�YDOHXU�SHXW�rWUH�GH�W\SH�YDULDEOH��( OOH�GpSHQG�HVVHQWLHOOHPHQW��j

XQ�PRPHQW�GRQQp��GX�W\SH�GH�VLPXODWLRQ�TXL�VHUD�HIIHFWXp�VXU�OH�FLUFXLW�

- GHV�IODJV�VWRFNDQW�GHV�LQIRUPDWLRQV�GLYHUVHV�WHOOH�TXH�OD�QDWXUH�G·XQ�VLJQDO���XQ�SRLQW

PpPRULVDQW�SDU�H[ HPSOH�
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- XQH�FDSDFLWp�TXL�UHSUpVHQWH�OD�VRPPH�GHV�FDSDFLWpV�SDU�UDSSRUW�DX[ �VLJQDX[ �WRXMRXUV

VWDEOHV���* URXQG��9GG�HW�9VV��$�FHWWH�YDOHXU�VRQW�DMRXWpHV�OHV�FDSDFLWpV�GH�JULOOH�GHV

WUDQVLVWRUV�HQ�DYDO�GH�OD�SRUWH�HW�OHV�FDSDFLWpV�GH�GLIIXVLRQ�GHV�WUDQVLVWRUV�GH�OD�SRUWH�

- XQ�LQGH[ �� ,O�VHUW� j �FKRLVLU�GDQV�OH�WDEOHDX�GHV�SDUDPqWUHV�G·XQ�PRGqOH�HW�GDQV�OH

WDEOHDX�GHV�UpVLVWDQFHV�XQ�MHX�GH�SDUDPqWUHV�j �XWLOLVHU�SRXU�SHUVRQQDOLVHU�XQ�PRGqOH�

&KDTXH�LQVWDQFH�D�XQ�SRLQWHXU�VXU�VRQ�PRGqOH�GH�SRUWH�

/ ·LQWHUFRQQH[ LRQ�ORJLTXH�GHV�SRUWHV�VH�IDLW�SDU�OH�WDEOHDX�GHV�HQWUpHV�HW�OH�WDEOHDX�GHV

VRUWLHV�GH�FKDTXH�SRUWH�

/ HV�HQWUpHV�VRQW�FRPSRVpHV�GH�� �FKDPSV��

- GHV�IODJV��XWLOHV�ORUV�GH�VLPXODWLRQ�DILQ�GH�VDYRLU�SDU�H[ HPSOH�TXHOV�VRQW�OHV�VLJQDX[

D\DQW�JpQpUp�GHV�pYpQHPHQWV��YRLU�FKDSLWUH�9,��

- XQ�LQGH[ �LQGLTXDQW�GDQV�OH�WDEOHDX�GHV�LQVWDQFHV�OD�SRUWH�HQ�DPRQW�FRQQHFWpH�j �FHWWH

HQWUpH�GH�OD�SRUWH�

- GHV�GpODLV��/ HV�GpODLV�VRQW�KXLW�YDOHXUV��73/ / ��73/ +��73+/ ��73++�
 �0 ,1 �HW�0 $; �

FRUUHVSRQGDQW��SRXU�FKDTXH�HQWUpH��DX�WHPSV�GH�SURSDJDWLRQ�GH�O
LQIRUPDWLRQ��GH

O·HQWUpH�j �OD�VRUWLH�GH�OD�SRUWH�

/ HV�VRUWLHV�FRPSRUWHQW�MXVWH�O·LQGH[ �GHV�SRUWHV�HQ�DYDO�GH�OD�SRUWH�

/ ·LQWHUFRQQH[ LRQ�SDUDVLWH��SDUDVLWHV��HVW�pWDEOLH�SRXU�FKDTXH�VLJQDO�SDU�XQ�WDEOHDX�GH��

pOpPHQWV��

- XQ�LQGH[ �VLJQDODQW�OH�VLJQDO�HQ�FRXSODJH�

- OD�YDOHXU�GH�OD�FDSDFLWp�GH�FRXSODJH�HQWUH�OHV�GHX[ �VLJQDX[ �

- / D�YDOHXU�SUpFDOFXOpH�GH�OD�FDSDFLWp�pTXLYDOHQWH�TXL�UHSUpVHQWH�OH�VLJQDO�HQ�FRXSODJH�

/ HV� FRQQHFWHXUV� GX� FLUFXLW� VRQW� FDUDFWpULVpV� SDU� XQH� GLUHFWLRQ��� HQWUpH� RX� VRUWLH�

/ ·LQGH[ �LQGLTXH�OD�SRUWH�FRQQHFWpH�j �O·HQWUpH�RX�j �OD�VRUWLH�

1%���&HUWDLQHV�LQIRUPDWLRQV�GH�OD�VWUXFWXUH�VRQW�FDOFXODEOHV�FHSHQGDQW�SRXU�GHV�UDLVRQV

GH�YLWHVVH�G·H[ pFXWLRQ�HW�GH�IUpTXHQFH�G·XWLOLVDWLRQ��HOOHV�RQW�pWp�UDMRXWpHV�PR\HQQDQW�XQ�FR€W

HQ�PpPRLUH�
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>$EG� � @ 1L]DU�$EGDOODK
0 pWKRGH� GH� 6LPXODWLRQ� / RJLFR�7HPSRUHOOH� GH� &LUFXLWV� 1XPpULTXHV� &RPSOH[ HV
3UHQDQW� HQ� &RPSWH� OH� )URQW� GHV� 6LJQDX[ � HW� OHV� &ROOLVLRQV� GDQV� OH� &DGUH� GH� OD
6LPXODWLRQ�0 L[ WH�$QDORJLTXH�1XPpULTXH�² �� � �
7K����,QIRUPDWLTXH���3DULV���� � � �

>$NH� � @ %LQDU\ �' HFLVLRQ�' LDJUDPV��,( ( ( �7UDQVDFWLRQ�RQ�&RPSXWHUV��86$��-XLQ�� � � � ��6��%�
$. ( 56

>$QD� � @ $QDFDG�² �0 HQWRU�* UDSKLFV��,QF��� ( / ' 2 �8VHU·V�0 DQXDO� ��� � � �

>%RR� � @ $Q�LPSURYHG�WLPLQJ�OHYHO�JDWH�GHOD\ �FDOFXODWLRQ�DOJRULWKP��-RXUQDO�RI�WKH�,QVWLWXWH
RI�( OHFWURQLFV�( QJLQHHUV�RI�. RUHD�&�� � � � ��9ROXPH�� � �&��%RRVXQJ�. LP��6HRN\ RRQ
. LP

>%RU� � @ ' HVLJQ�&KDOOHPJHV�RI�WHFKQRORJ\ �6FDOLQJ��,( ( ( �0 ,&52 ��-XO\ �$XJ�� � � � ��SDJH�� � �
� � ��6KHNKDU�%RUNDU��,QWHO�&RUSRUDWLRQ

>&KD� � @ 3$1( / ��1RLVH�DQG�6LJQDO�,QWHJULW\ �LQ�' HHS�6XEPLFURQ�' HVLJQ�� ' $&�� � � � ��SDJH
� � � ��5DNHVK�&KDGKD�� -DVRQ�&RQJ��&KDUOLH� ; LDROL�+XDQJ��$QLUXGK� ' HYJDQ��7RP
0 R]G]HQ��$QGUHZ�<DQJ

>&KD� � @ 0 LQ�PD[ �WLPLQJ�DQDO\VLV�DQG�DQ�DSSOLFDWLRQ�WR�DV\QFKURQRXV�FLUFXLWV��3URFHHGLQJV
RI�WKH�,( ( ( �� � � � ��YROXPH��� � ��SDJH�� � � ��&KDNUDERUW\ ��6���' LOO��' �,���<XQ��. �<�

>&KH� � @ 7RZDUGV� 7UXH� &URVVWDON� 1RLVH� $QDO\VLV�� ,&&$' � � � � � �� 3LQKRQJ� &KHQ�� . XUW
. HXW]HU��' HSW��2 I�( ( &6��8QLYHUVLW\ �RI�&DOLIRUQLD�DW�%HUFNHOH\ �
 �IRUPXOH

>&KL� � @ 0 HVVDRXG�&KLKHE
$QDO\VH� GH� OD� 3HUIRUPDQFH� GH� 6\VWqPHV� ( OHFWURQLTXHV� &RPSOH[ H� FRPSRVpV� GH
&LUFXLWV�9/ 6,�XWLOLVDQW�GHV�/ DWFKV�/ HYHO�6HQVLWLYH
7K���,QIRUPDWLTXH���3DULV���� � � �

>&KR� � @ 7LPLQJ� DQDO\VLV� RI� FRPELQDWLRQDO� FLUFXLWV� LQFOXGLQJ� FDSDFLWLYH� FRXSOLQJ� DQG
VWDWLVWLFDO�SURFHVV�YDULDWLRQ��3URFHHGLQJV� � � WK� ,( ( ( �9/ 6,�7HVW�6\PSRVLXP� � � � � �
SDJH�� � ��&KRL��%���: DONHU��' �0 �+�

>' DU� � @ &DOFXODWLQJ� : RUVW�&DVH� * DWH� ' HOD\V� ' XH� WR� ' RPLQDQW� &DSDFLWDQFH� &RXSOLQJ�
' $&� � � � � �� )ORUHQWLQ� ' DUWX�� / DZUHQFH�7�� 3LOHJJL��&DUQHJLH�0 HOORQ�8QLYHUVLW\ �
' HSDUWHPHQW�RI�( &(

>' HO� � @ 1LFRODV�' HORUPH
,QIOXHQFH�GHV�,QWHUFRQQH[ LRQV�VXU�OHV�3HUIRUPDQFHV��GHV�&LUFXLWV�,QWpJUpV�6LOLFLXP
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HQ�WHFKQRORJLH�/ DUJHPHQW�6XEPLFURQLTXH��² �� � �
7K����2 SWLTXH��2 SWRpOHFWURQLTXH�HW�0 LFURRQGHV���* UHQREOH���� � � �

>' HY� � @ ( IILFLHQW� &RXSOHG� 1RLVH� ( VWLPDWLRQ� IRU� 2 Q�&KLS� ,QWHUFRQQHFWV�� ,&&$' � � � � � �
$QLUXGK�' HYJDQ��$XVWLQ�5HVHDUFK�/ DERUDWRU\ ��,%0 �5HVHDUFK�' LYLVLRQ

>' HV� � @ ' HVEDUELHX[ �-HDQ�/ RX
&RQFHSWLRQ� HW� UpDOLVDWLRQ� G
XQ� FRQWU{OHXU� UpVHDX� SURJUDPPDEOH� SRXU� PDFKLQH
SDUDOOqOH�GH�W\ SH�� JUDSSH�GH�3&�
7K����,QIRUPDWLTXH��3DULV���� � � �

>' LR� � @ $FFXUDWH�6WDWLF�WLPLQJ�$QDO\VLV� IRU� ' HHS�6XEPLFURQLF�&0 2 6�&LUFXLWV��9/ 6,·� � �
%UpVLO��. DULP�' LRXU\ ��$ODLQ�* UHLQHU��0 DULH�0 LQHUYH�5RVVHW�/ RXsUDW

>' LR� � @ . DULP�' LRXU\
$QDO\VH� 7HPSRUHOOH� +LpUDUFKLTXH� GHV� FLUFXLWV� 9/ 6,� j � 7UqV� +DXWH� ' HQVLWp
G·,QWpJUDWLRQ��² � � �
7K����$UFKLWHFWXUH�,QIRUPDWLTXH���3DULV���� � � �

>)O\ � � @ ' HHS�6XEPLFURQ� 0 LFURSURFHVVRU� GHVLJQ� ,QVVXH�� ,( ( ( � 0 ,&52 �� -XO\ �$XJ� � � � � �
SDJH�� � �� � ��0 LFKDHO�-��)O\ QQ��3DWULFN�+XQJ��. HYLQ�: ��5XGG��6WDQIRUG�8QLYHUVLW\

>* HQ� � @ 63$&( ��$Q�$FFXUDWH�/ D\RXW�WR�&LUFXLW�( [ WUDFWRU�IRU�+LJK�6SHHG�0 2 6�DQG�%LSRODU
&LUFXLWV
�� 3URF�� 3UR5,6&� � � ,( ( ( � %HQHOX[ � : RUNVKRS� RQ� &LUFXLWV�� 6\VWHPV� DQG
6LJQDO�3URFHVVLQJ��0 DUV� � � � � ��SDJH� � � �� � � ��$�� -��YDQ�* HQGHUHQ��1 ��3��YDQ�GHU
0 HLMV�DQG�) ��%HHIWLQN
KWWS�� � FDV�HW�WXGHOIW�QO� aVSDFH�

>* UH� � @ $OOLDQFH��� $� FRPSOHWH� VHW� RI� &$' � WRROV� IRU� WHDFKLQJ� 9/ 6,� GHVLJQ�� 3URF�� � ^ _

( XURFKLS�ZRUNVKRS�RQ�9/ 6,�GHVLJQ�WUDLQLQJ�� � � � ��SDJH�� � � �� � � ��$��* UHLQHU��) �
3HFKHX[

>* XD� � @ 0 RGHOLQJ�WKH�( IIHFW�RI�: LUH�UHVLVWDQFH�LQ�' HHS�6XEPLFURQ�&RXSOHG�,QWHUFRQQHFWV
IRU� $FFXUDWH� &URVVWDON� EDVHG� 1HW� 6RUWLQJ�� 3$70 2 6� � � � � �� &�� * XDUGLDQL�� &�
)RU]DQ�� %�� )UDQ]LQL�� ' �� 3DQGLQL�� $GYDQFHG� 5HVHDUFK�� &HQWUDO� 5	 ' �� ' $,6�
670 LFURHOHFWURQLFV

>+DM� � @ $PMDG�+DMMDU
0 RGpOLVDWLRQ� GHV� 7HPSV� GH� 3URSDJDWLRQ� HW� $QDO\VH� 7HPSRUHOOH� 6WDWLTXH� GHV
&LUFXLWV�,QWpJUpV�&0 2 6
7K���,QIRUPDWLTXH���3DULV���� � � �

>. DK� � @ 1RLVH�DQG�GHOD\ �XQFHUWDLQW\ �VWXGLHV�IRU�FRXSOHG�5&�LQWHUFRQQHFWV��7ZHOIWK�$QQXDO
,( ( ( �,QWHUQDWLRQDO�$6,&� 62 &�&RQIHUHQFH�� � � � ��SDJH�� ��. DKQJ�$�%���0 XGGX�6��
9LGKDQL�' �
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>. DK� � @ 1RLVH�0 RGHO� IRU�0 XOWLSOH�6HJPHQWHG�&RXSOHG�5&� ,QWHUFRQQHFWV�� ,64 ( ' � � � � � �
SDJH�� � � �� � � ��$�%��. DKQJ��6��0 XGGX��1 ��3RO��' ��9LGKDQL

>. LU� � @ 7KH� ' HHS� 6XE�PLFURQ� 6LJQDO� ,QWHJULW\ � &KDOOHQJH�� ,63' � � � � � �� ' HVPRQG� $�
. LUNSDWULFN��,QWHO�&RUSRUDWLRQ

>. XO� � @ 7UDQVLVWRU�OHYHO�WLPLQJ�DQDO\VLV�XVLQJ�HPEHGGHG�VLPXODWLRQ�� � ,&&$' � � � � � ��SDJH
� � � ��. XOVKUHVKWKD��3���3DOHUPR��5���0 RUWD]DYL��0 ���%DPML��&���<DOFLQ��+�

>/ DX� � @ 0 DUWLQ�/ DXUHQWLQ
$EVWUDFWLRQ�IRQFWLRQQHOOH�GH�FLUFXLWV�LQWpJUpV�&0 2 6
7K����,QIRUPDWLTXH���3DULV���� � � �

>/ HV� � @ $QWRQ\ �/ HVWHU
$EVWUDFWLRQ�)RQFWLRQQHOOH�GHV�&LUFXLW�9/ 6,�DYHF�XQH�0 pWKRGH�)RUPHOOH�%DVpH�VXU
XQH�( [ WUDFWLRQ�GH�5pVHDX�GH�3RUWHV��² �� � �
7K����$UFKLWHFWXUH�,QIRUPDWLTXH���3DULV���� � � �

>0 RU� � @ $Q� ( IILFLHQW� 6HTXHQWLDO� 4 XDGUDWLF� 3URJUDPPLQJ� )RUPXODWLRQ� RI� 2 SWLPDO� : LUH
6SDFLQJ� IRU� &URVVWDON� 1RLVH� $YRLGDQFH� 5RXWLQJ�� ,63' � � � � � �� 3DXO� %�� 0 RUWRQ�
: D\ QH�' DL��' HSW��2 I�&RPSXWHU�( QJLQHHULQJ��8QLYHUVLW\ �RI�&DOLIRUQLD�
 IRUPXOH

>1LQ� � @ $�KLHUDUFKLFDO�EDVHG�DSSURDFK�IRU�FRXSOLQJ�DZDUH�GHOD\ �DQDO\VLV�RI�FRPELQDWLRQDO
ORJLF�EORFNV��,&( &6�� � � � ��SDJH�� � � � ��1LQJORQJ�/ X��+DMM��,�1 �

>3pW� � @ 7KH�6\PEROLF�WR�5HDO�0 DVN�7UDQVODWLRQ�$SSURDFK�LQ�WKH�$OOLDQFH�&$' �6\VWHP
)UpGpULF�3pWURW��)UDQFN�: DMVE•UW��,%3�0 $6,�� � ��$YULO�� � � � ��SDJH�� �

>5LQ� � @ 6WDWLF� WLPLQJ� DQDO\VLV� WDNLQJ� FURVVWDON� LQWR� DFFRXQW�� ' $7( � � � � � �� 5LQJH� 0 ��
/ LQGHQNUHX]�7���%DUNH�( �

>5XE� � @ $Q� $SSURDFK� WR� WKH� $QDO\VLV� DQG� ' HWHFWLRQ� RI� FURVVWDON� IDXOWV� LQ� ' LJLWDO� 9/ 6,
&LUFXLWV��,( ( ( �7UDQVDFWLRQ�RQ�&RPSXWHU�$LGHG�' HVLJQ��PDUV�� � � � ��SDJH�� � � �� � � �
$��5XELR��1 ��,WD]DNL��; ��=X��. ��. LQRVKLWD

>6KH� � @ 3UHGLFWLQJ�&RXSOHG�1RLVH�LQ�5&�&LUFXLWV��' $7( �� � � � ��SDJH�� � � �� � � ��%HUQDUG�1�
6KHHKDQ��0 HQWRU* UDSKLFV

>6LF� � @ ( WLHQQH�6LFDUG
/ H�&RXSODJH�' LDSKRQLTXH�GDQV�OHV�&LUFXLWV�&0 2 6�6XE�PLFURQLTXH�² �� � �
+' 5���* pQLH�pOHFWULTXH�HW�,QIRUPDWLTXH���7RXORXVH���� � � �

>6W| � � @ $QDO\VLV��UHGXFWLRQ�DQG�$YRLGDQFH�RI�&URVVWDON�RQ�9/ 6,�&KLSV��,63' �� � ��7LOPDQQ
6W| KU��0 DUNXV�$OW��$VPXV�+HW]HO��-•UJHQ�. RHKO��,%0 �( QWZLNOXQJ�* PE+

>6XE� � @ 0 RGHOLQJ� 0 2 6� 9/ 6,� FLUFXLWV� IRU� WUDQVLHQW� DQDO\VLV�� ,( ( ( � -RXUQDO� RI� 6ROLG�6WDWH
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&LUFXLW��$YULO�� � � � ��3��6XEUDPDQLDP

>9DQ� � @ ( ULF�9DQLHU
&DUDFWpULVDWLRQ�HW�2 SWLPLVDWLRQ�7HPSRUHOOHV�GHV�,QWHUFRQQH[ LRQV�GDQV�OHV�&LUFXLWV
6XE�PLFURQLTXHV�&0 2 6��² �� � �
7K����( OHFWURQLTXH��2 SWURQLTXH�HW�6\VWqPHV���0 RQWSHOOLHU���� � � �

>: DM� � @ $Q�,QWHJUDWHG�3&,�&RPSRQHQW�IRU�,( ( ( �� � � � ��( 0 0 6( &�� � � � ��: DMVE•UW�)UDQFN�
' HVEDUELHX[ �-HDQ�/ RX��6SDVHYVNL�&\ULO��3HQDLQ�6WpSKDQH��* UHLQHU�$ODLQ

>: DQ� � @ $� 3HUIRUPDQFH�' ULYHQ� 0 &0 � 5RXWHU� ZLWK� 6SHFLDO� &RQVLGHUDWLRQ� RI� &URVVWDON
5HGXFWLRQ�� ' $7( � � � � � �� ' RQJVKHQJ� : DQJ�� ( UQHVW� 6�� . XK�� ' HSDUWHPHQW� RI
( OHFWULFDO� ( QJLQHHULQJ� DQG� &RPSXWHU� 6FLHQFHV�� 8QLYHUVLW\ � RI� &DOLIRUQLD� DW
%HUFNHOH\

>; LD� � @ ( IILFLHQW�GHOD\ �FDOFXODWLRQ�LQ�SUHVHQFH�RI�FURVVWDON��,64 ( ' � � � � � ��SDJH�� � � ��7RQJ
; LDR��0 DUHN�6DGRZVND��0 �

>; XH� � @ 3RVW� * OREDO� 5RXWLQJ� &URVVWDON� 5LVN� ( VWLPDWLRQ� DQG� 5HGXFWLRQ�� ,&&$' � � � � � �
7LDQ[ LRQJ� ; XH�� ( UQHVW� 6�� . XK�� ' RQJVKHQJ� : DQJ�� ' HSDUWHPHQW� RI� ( OHFWULFDO
( QJLQHHULQJ� DQG� &RPSXWHU� 6FLHQFHV�� 8QLYHUVLW\ � RI� &DOLIRUQLD� DW� %HUFNHOH\ � 

IRUPXOH

>=HU� � @ 5&XEH���$�JLJDELW�VHULDO�OLQNV�ORZ�ODWHQF\ �DGDSWLYH�URXWHU��,( ( ( �+RW�,QWHUFRQQHFWV
,9� � � � � �� =HUURXN� %HONDFHP�� 5HLEDOGL� 9LQFHQW�� 3RWWHU� )UpGpULF�� * UHLQHU� $ODLQ�
' HULHX[ �$QQH

>=KR� � @ $Q�RSWLPDO�$OJRULWKP�IRU�ULYHU�5RXWLQJ�ZLWK�&URVVWDON�&RQVWUDLQWV��,&&$' �� � � � �
+DL�=KRX��' ��) ��: RQJ��' HSDUWHPHQW�RI�&RPSXWHU�6FLHQFHV��8QLYHUVLW\ �RI�7H[ DV�DW
$XVWLQ

>%D]� � D@ 0 RGHOLQJ�&URRVWDON�1RLVH� IRU� ' HHS�6XEPLFURQ�9HULILFDWLRQ�7RROV�� ' $7( � � � � � �
SDJH� � � � �� � � �� 3LURX]� %D]DUJDQ�6DEHW�� )DEULFH� ,OSRQVH�� 8QLYHUVLWp� 3DULV� � �� 6W�
0 LFURHOHFWURQLFV

>%D]� � E@ $�0 RGHO�IRU�&URVVWDON�( YDOXDWLRQ�LQ�' HHS�6XEPLFURQ�3URFHVVHV��,64 ( ' �� � � � ��SDJH
� � � �� � � �� 3LURX]� %D]DUJDQ�6DEHW�� )DEULFH� ,OSRQVH�� 8QLYHUVLWp� 3DULV� � �� 6W�
0 LFURHOHFWURQLFV

>,OS� � @ &5,6( � ��8Q�2 XWLO�G
( YDOXDWLRQ�GHV�5LVTXHV�GXV� j �OD� ' LDSKRQLH�GDQV�OHV�&LUFXLWV
,QWpJUpV� IRUWHPHQW� 6XE�0 LFURQLTXHV�� &ROORTXH� &$2 � GH� &LUFXLWV� ,QWpJUpV� HW
6\VWqPHV��* ' 5�� � � ��$L[ �HQ�3URYHQFH��)UDQFH��0 DL�� � � � ��)DEULFH�,OSRQVH��3LURX]
%D]DUJDQ�6DEHW��8QLYHUVLWp�3DULV��


