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(Q SUpDPEXOH� j� FH�PpPRLUH�� MH� VRXKDLWH� DGUHVVHU� LFL� WRXV�PHV� UHPHUFLHPHQWV� DX[� SHUVRQQHV� TXL�P
RQW�DSSRUWp�OHXU�DLGH�HW�TXL�RQW�DLQVL�FRQWULEXp�j�O
pODERUDWLRQ�GH�FH�PpPRLUH���� -H WLHQV� j� UHPHUFLHU� YLYHPHQW� �PRQ� HQFDGUHXU�0RQVLHXU�=DNL� 6$5,�� G·DYRLU�P·D� IDLW� O·KRQQHXU�G·DFFHSWHU�OD�GLUHFWLRQ�GH�FH�PpPRLUH��LO�P·D�DFFRUGp�VD�FRQILDQFH�HQ�PH�OLVVDQW�XQH�JUDQGH�OLEHUWp��GH SHQVpH�HW�G·DFWLRQ��WRXW�HQ�PH�IDLVDQW�SDUW�GH�VHV��DYLV��FRQVHLOV�HW�VXJJHVWLRQV���� 0RQVLHXU�1RXUHGGLQH�*28$/,��3URIHVVHXU�j�O·XQLYHUVLWp�GH�7OHPFHQ��D�VSRQWDQpPHQW�DFFHSWp��PDOJUp� VD� WUqV� ORXUGH� FKDUJH� GH� WUDYDLO�� -H� WLHQV� j� OH� UHPHUFLHU� FKDOHXUHXVHPHQW� SRXU�P·DYRLU� IDLW�O·KRQQHXU�G·DFFHSWHU�GH�SUpVLGHU�OH�MXU\�GH�FH�PpPRLUH�� 0HV UHPHUFLHPHQWV�YRQW�DXVVL�j�0RQVLHXU�%UDKLP�&+(5.,��0DvWUH�GH�FRQIpUHQFH�j�O·XQLYHUVLWp�GH 7OHPFHQ��G·DYRLU�DFFHSWp�G·H[DPLQHU�HW�GH�MXJHU�FH�WUDYDLO��� -H WLHQV�pJDOHPHQW�j�UHPHUFLHU�0RQVLHXU�7HZILN�6$5,��3URIHVVHXU�j�O·XQLYHUVLWp�0XOKRXVH�)UDQFH��G
DYRLU�DFFHSWp�GH�SDUWLFLSHU�DX�MXU\�GH�FH�PpPRLUH��� 0D UHFRQQDLVVDQFH�YD�pJDOHPHQW�j�0RQVLHXU�$EGHOPDGMLG�&+(,.+��3URIHVVHXU�j�O·XQLYHUVLWp�GH�7OHPFHQ��TXL�P·D�IDLW�O·KRQQHXU�G·H[SHUWLVHU�FH�WUDYDLO����� 0HUFL pJDOHPHQW� j� WRXWH� SHUVRQQH� DYHF� TXL� M·DL� WUDYDLOOp� RX� TXH� M·DL� VLPSOHPHQW� HX� OH�SODLVLU� GH�F{WR\HU� SHQGDQW� FHV� GHUQLqUHV� DQQpHV�� -H� SHQVH� SDUWLFXOLqUHPHQW� DX[� PHPEUHV� GH� O·pTXLSH�SURGXFWLTXH�� DX[� pWXGLDQWV� GH� OD� SUHPLqUH� SURPRWLRQ�$3,�� HW� j� WRXV� OHV� WKpVDUGV� GX� GpSDUWHPHQW�G·pOHFWURQLTXH��-H�UHPHUFLH�pJDOHPHQW�FKDOHXUHXVHPHQW�WRXV�PHV�DPLV���0HV�GHUQLHUV�PRWV�VHURQW�SRXU�PD�IDPLOOH���PHV�SDUHQWV�HW�PHV�IUqUHV�HW�V±XUV��TXL�RQW�WRXMRXUV�HX�FRQILDQFH�HQ�PRL���(QILQ� MH�UHPHUFLH�'LHX�7RXV�3XLVVDQW���
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5pVXPp�
 /D SUpVHQFH� GHV� UHQGHPHQWV� DOpDWRLUHV� GDQV� EHDXFRXS� GH� SURFHVVXV� GH� IDEULFDWLRQ� SHXW�FRPSOLTXHU�FRQVLGpUDEOHPHQW�OD�SODQLILFDWLRQ�HW�OD�FRPPDQGH�GH�OD�SURGXFWLRQ��'DQV�FH�WUDYDLO��QRXV� DYRQV� � pWXGLp� OH� PRGqOH� GX� FDPHORW�� pJDOHPHQW� FRQQX� VRXV� OH� QRP� �WKH� QHZVYHQGRU�SUREOHP� RX�OH�PRGqOH�PRQR�SpULRGH��SUHQDQW�HQ�FRPSWH�GHV�UHQGHPHQWV�DOpDWRLUHV��1RXV�DYRQV��DSSOLTXp�FH�PRGqOH�GDQV�OH�EXW�GH�OD�GpWHUPLQDWLRQ�G¶XQH�WDLOOH�GH�ORW�GH�SURGXFWLRQ�RSWLPDOH��TXL�PLQLPLVH�OH�FR�W�WRWDO��HVSpUp�GXUDQW�XQH�VHXOH�SpULRGH���1RXV�DYRQV�GRQF�FRPPHQFp�SDU�XQH�SUpVHQWDWLRQ� HW� XQH� DQDO\VH� JpQpUDOH� GH� FH� PRGqOH�� $SUqV�� QRXV� DYRQV� SUpVHQWp� OH� PRGqOH�PDWKpPDWLTXH�TXL�GpFULW�OD�IRQFWLRQ�GX�FR�W�WRWDO�HVSpUp��OHV�GLIILFXOWpV�GH�WUDLWHPHQW�DQDO\WLTXH�GX SUREOqPH�QRXV�RQW�FRQGXLW�j�HQYLVDJHU�OHV�GHX[�DSSURFKHV�VXLYDQWHV����

- 8QH SURFpGXUH�QXPpULTXH�FRPSRUWDQW�XQ�DOJRULWKPH�GH�UHFKHUFKH�ORFDOH�D�pWp�GpYHORSSpH�SRXU JpQpUHU� OD� VWUDWpJLH� RSWLPDOH� 4
� TXL� PLQLPLVH� OD� IRQFWLRQ� REMHFWLI�� $� FH� VWDGH�� XQ�GHX[LqPH�DOJRULWKPH�DPpOLRUDQW�OHV�SHUIRUPDQFHV�GX�SUHPLHU�D�pWp�SURSRVp�SRXU�GLPLQXHU�OH WHPSV�GH�FDOFXO���
- 3URSRVLWLRQ� G¶XQH� VROXWLRQ� JUDSKLTXH� FRQVLVWDQW� j� FRQVWUXLUH� XQ� DEDTXH� XWLOLVp� SRXU�FRQQDvWUH� SDU� VLPSOH� OHFWXUH�� OHV� YDOHXUV� DSSURFKpHV� GH� OD� VROXWLRQ� RSWLPDOH�� 1RXV�FRQVLGpURQV�TXH�FHW�DEDTXH�HVW�OH�SUHPLHU�SDV��GDQV�OD�UpDOLVDWLRQ�G¶XQH�FDUWH�GH�FRQWU{OH�SOXV JpQpUDOH�DYHF�SOXV�G¶LQIRUPDWLRQV�HW�SOXV�GH�GRQQpHV����

Par ailleurs,  un modèle de simulation a été développé  pour obtenir une image approchée de la 
structure du modèle du Camelot à demande et rendement aléatoire. �
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,QWURGXFWLRQ�*pQpUDOH ������������������������������������������������������������������������������������������������������������������
�
&KDSLWUH�����*pQpUDOLWpV�VXU�OD�JHVWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQV���������������������������������

�����,QWURGXFWLRQ���������������������������������������������������������������������������������������������������������������������
�����/H�V\VWqPH�GH�3URGXFWLRQ�����������������������������������������������������������������������������������������������

�������'pILQLWLRQV������������������������������������������������������������������������������������������������������������������������������������
�������'pFRPSRVLWLRQ�GX�V\VWqPH�GH�SURGXFWLRQ������������������������������������������������������������������������������
�������/H�V\VWqPH�GH�GpFLVLRQ����������������������������������������������������������������������������������������������������������������
��������'pILQLWLRQ �����������������������������������������������������������������������������������������������������������������������������������
���������1LYHDX�VWUDWpJLTXH��������������������������������������������������������������������������������������������������������������������
���������1LYHDX�WDFWLTXH� ������������������������������������������������������������������������������������������������������������������������
���������1LYHDX�RSpUDWLRQQHO�����������������������������������������������������������������������������������������������������������������

�����*HVWLRQ�GH�OD�SURGXFWLRQ�������������������������������������������������������������������������������������������������
�������/HV��DFWLYLWpV�GH�OD�JHVWLRQ�GH�SURGXFWLRQ ��������������������������������������������������������������������������������
�������/HV�SUREOqPHV�D�UpVRXGUH�GDQV�OD�JHVWLRQ�GH�SURGXFWLRQ������������������������������������������������������
���������/D�FRPSOH[LWp�GHV�SUREOqPHV�GH�SURGXFWLRQ �����������������������������������������������������������������������
���������/·LQFHUWLWXGH�OLpH�DX[�SUREOqPHV�GH�SURGXFWLRQ�������������������������������������������������������������������

�����0RGqOHV�GH�SODQLILFDWLRQ�������������������������������������������������������������������������������������������������
�������0RGqOHV�SDU�GDWHV�GH�GpEXW�������������������������������������������������������������������������������������������������������
���������&DUDFWpULVWLTXHV�GHV�PRGqOHV�©�SDU�GDWHV�GH�GpEXW�ª ����������������������������������������������������������
���������3UREOqPHV�FRQFHUQpV ��������������������������������������������������������������������������������������������������������������
�������0RGqOHV�SDU�TXDQWLWpV ����������������������������������������������������������������������������������������������������������������
���������&DUDFWpULVWLTXHV�GHV�PRGqOHV�SDU�TXDQWLWpV �������������������������������������������������������������������������
���������3UREOqPHV�FRQFHUQpV ��������������������������������������������������������������������������������������������������������������

�����/D��GpWHUPLQDWLRQ�GH�OD�WDLOOH�GHV�ORWV��PRGqOHV�GH�ORW�VL]LQJ����������������������������������������
�������1RWLRQ�GH�ORW�������������������������������������������������������������������������������������������������������������������������������
���������'pILQLWLRQ ���������������������������������������������������������������������������������������������������������������������������������
���������/HV�GLIIpUHQWV�W\SHV�GH�ORWV�����������������������������������������������������������������������������������������������������
���������7DLOOH�GHV�ORWV����������������������������������������������������������������������������������������������������������������������������

�����/D�TXDQWLWp�pFRQRPLTXH�GH�FRPPDQGH�(24����������������������������������������������������������� ���
�������/HV�K\SRWKqVHV�GX�PRGqOH�� ������������������������������������������������������������������������������������������������������
�������&DOFXO�GH�OD�TXDQWLWp�pFRQRPLTXH ��������������������������������������������������������������������������������������������
�������5HSUpVHQWDWLRQ�JUDSKLTXH����������������������������������������������������������������������������������������������������������

�����/D�SUpYLVLRQ�GH�OD�GHPDQGH ���������������������������������������������������������������������������������������� ���
�������7\SRORJLH�GH�OD�GHPDQGH�����������������������������������������������������������������������������������������������������������
���������'HPDQGH�FRQVWDQWH ����������������������������������������������������������������������������������������������������������������
���������'HPDQGH�j�WHQGDQFH���������������������������������������������������������������������������������������������������������������
���������'HPDQGH�VDLVRQQLqUH�������������������������������������������������������������������������������������������������������������
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���������'HPDQGH�VDLVRQQLqUH�j�WHQGDQFH������������������������������������������������������������������������������������������
�������7HFKQLTXHV�'H�3UpYLVLRQ ����������������������������������������������������������������������������������������������������������

���� 3LORWDJH�SDU�OD�PDvWULVH�VWDWLVWLTXH�GHV�SURFpGpV�������������������������������������������������������� ���
�������3URFHVVXV�VWRFKDVWLTXH� �������������������������������������������������������������������������������������������������������������
�������eOpPHQWV�GH�PDWKpPDWLTXHV�HW�VWDWLVWLTXHV ����������������������������������������������������������������������������
���������9DULDEOH�DOpDWRLUH� ��������������������������������������������������������������������������������������������������������������������
���������'LIIpUHQWHV�ORLV�GH�GLVWULEXWLRQV� �������������������������������������������������������������������������������������������

�����&RQFOXVLRQ������������������������������������������������������������������������������������������������������������������� ���
&KDSLWUH����/H�0RGqOH�GX�&DPHORW�&ODVVLTXH ������������������������������������������������������������������������ ���

�
�����,QWURGXFWLRQ ���������������������������������������������������������������������������������������������������������������� ���
�����&R�WV�OLpV�DX[�GLIIpUHQWV�PRGqOHV�GH�VWRFNV��������������������������������������������������������������� ���

�������&R�W�GH�FRPPDQGH ��������������������������������������������������������������������������������������������������������������������
�������&R�W�GH�SRVVHVVLRQ���������������������������������������������������������������������������������������������������������������������
�������&R�W�GH�UXSWXUH���������������������������������������������������������������������������������������������������������������������������

�����/H�FRQWU{OH�GHV�VWRFNV������������������������������������������������������������������������������������������������� ���
�����/HV�SURGXLWV�SpULVVDEOHV ��������������������������������������������������������������������������������������������� ���
�����/H�PRGqOH�GX�FDPHORW�FODVVLTXH��������������������������������������������������������������������������������� ���

�������3UpVHQWDWLRQ�GX�PRGqOH �������������������������������������������������������������������������������������������������������������
���������/LWWpUDWXUH ���������������������������������������������������������������������������������������������������������������������������������
���������([HPSOHV ����������������������������������������������������������������������������������������������������������������������������������
���������+\SRWKqVHV �������������������������������������������������������������������������������������������������������������������������������
���������1RWDWLRQ������������������������������������������������������������������������������������������������������������������������������������
�������)RUPXODWLRQ�PDWKpPDWLTXH�������������������������������������������������������������������������������������������������������
���������/H�FR�W�WRWDO�HVSpUp �����������������������������������������������������������������������������������������������������������������
���������/D�TXDQWLWp�RSWLPDOH�j�FRPPDQGpH��������������������������������������������������������������������������������������
�����������&DV�G·XQH�ORL�GH�GHPDQGH�&RQWLQXH����������������������������������������������������������������������������������
����������&DV�G·XQH�ORL�GH�GHPDQGH�'LVFUqWH ������������������������������������������������������������������������������������

�����/H�0&&�DYHF�XQ�FR�W�GH�FRPPDQGH ������������������������������������������������������������������������� ���
�����&RQFOXVLRQ ������������������������������������������������������������������������������������������������������������������ ���

�
&KDSLWUH�����/H�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH �����������������������������

�����,QWURGXFWLRQ ���������������������������������������������������������������������������������������������������������������� ���
�����([WHQVLRQV��GX�PRGqOH�FODVVLTXH�GX�FDPHORW ������������������������������������������������������������ ���
�����(WDW�GH�O·$UW��HW�&RPSDUDLVRQ ������������������������������������������������������������������������������������� ���
�����/H�5HQGHPHQW������������������������������������������������������������������������������������������������������������� ���

�������1RWLRQV�'H�5HQGHPHQW ������������������������������������������������������������������������������������������������������������
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0&& ��0RGqOH GX�&DPHORW�&ODVVLTXH�

25�06 ��2SHUDWLRQV�5HVHDUFK�DQG�0DQDJHPHQW�6FLHQFH��
063����������������������������0DvWULVH�VWDWLVWLTXH�GHV�SURFpGpV�
053 ��0DWHULDOV�5HTXLUHPHQWV�3ODQQLQJ��(QVHPEOH�GH�WHFKQLTXHV�GH�JHVWLRQ�GH�SURGXFWLRQ� HW� G
DSSURYLVLRQQHPHQW� DVVXUDQW� OH� FDOFXO� GHV� EHVRLQV� QHWV� j�FDSDFLWp� LQILQLH�� ,O� HVW� YX� HVVHQWLHOOHPHQW� FRPPH� XQH� WHFKQLTXH� GH�SODQLILFDWLRQ� GHVWLQpH� j� pWDEOLU� HW� PDLQWHQLU� GHV� GDWHV� G·H[LJLELOLWp�FRUUHFWHV���
+HXULVWLTXH� � 8QH KHXULVWLTXH�HVW�XQH�PpWKRGH��FRQoXH�SRXU�XQ�SUREOqPH�G
RSWLPLVDWLRQ�GRQQp�� TXL� SURGXLW� XQH� VROXWLRQ� QRQ� QpFHVVDLUHPHQW� RSWLPDOH� ORUVTX
RQ�OXL�IRXUQLW�XQH�LQVWDQFH�GH�FH�SUREOqPH����0pWDKHXULVWLTXH�����8QH�PpWDKHXULVWLTXH�HVW�GpILQLH�GH�PDQLqUH�VLPLODLUH�j�XQH�KHXULVWLTXH��PDLV�j XQ� QLYHDX� G
DEVWUDFWLRQ� SOXV� pOHYp� �G·DSUqV� (�7DLOODUG��� /H� WHUPH�������������© PpWDKHXULVWLTXH�ª�D�pWp�LQLWLDOHPHQW�XWLOLVp�SDU�)��*ORYHU�SRXU�GLVWLQJXHU�OD�PpWKRGH�WDERX�GHV�KHXULVWLTXHV VSpFLILTXHV� >*/2���@��1RWRQV�TXH�FH�WHUPH�HVW�pJDOHPHQW�XWLOLVp�SDU�-/�/DXULqUH�GDQV�VRQ�V\VWqPH�GH�UpVROXWLRQ�$OLFH�>/$8���@��
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�

,QWURGXFWLRQ�*pQpUDOH�
 

'HSXLV�XQ�SDVVp�UpFHQW��RQ�SHXW�GLVWLQJXHU�WURLV�SKDVHV�GDQV�O·HQYLURQQHPHQW�GH�O·HQWUHSULVH��6HORQ�
VRQ VHFWHXU�G·DFWLYLWpV��O·HQFKDvQHPHQW�GH�FHV�WURLV�SKDVHV�GDQV�OH�WHPSV�SHXW�rWUH�GLIIpUHQW��
� /D� SUHPLqUH� SKDVH� UHSUpVHQWH� XQH� SpULRGH� GH� IRUWH� FURLVVDQFH� DYHF� XQ� PDUFKp� SRUWHXU�� GHV�
PDUJHV�FRQIRUWDEOHV�HW�XQH�RIIUH�GH�ELHQV� LQIpULHXUH�j� OD�GHPDQGH��,O�V·DJLW�SRXU� O·HQWUHSULVH�G·XQH�
SpULRGH GH� VpUpQLWp� R�� OHV� IRQFWLRQV� HVVHQWLHOOHV� VRQW� WHFKQLTXHV� HW� LQGXVWULHOOHV�� ,O� IDXW� DORUV�
SURGXLUH�SXLV�YHQGUH�

/RUVTXH�O·RIIUH�HW�OD�GHPDQGH�V·pTXLOLEUHQW��QRXV�DWWHLJQRQV�XQH��GHX[LqPH�SKDVH�R��OH�FOLHQW�D�OH�
FKRL[� GX� IRXUQLVVHXU�� ,O� IDXW� DORUV�� SURGXLUH� VH� TXL� VHUD� YHQGX� ,O� HVW� QpFHVVDLUH� GH� IDLUH� GHV�
SUpYLVLRQV FRPPHUFLDOHV��GH�PDvWULVHU� O·DFWLYLWp�GH�SURGXFWLRQ��G·RUJDQLVHU� OHV�DSSURYLVLRQQHPHQWV��
GH UpJXOHU�OHV�VWRFNV�HW�GH�IL[HU�OHV�pFKpDQFHV��
� 2Q�SDVVH�WUqV�UDSLGHPHQW�j�OD�SKDVH�VXLYDQWH�R��O·RIIUH�H[FpGHQWDLUH�FUpH�XQH�FRQFXUUHQFH�VpYqUH�
HQWUH�OHV�HQWUHSULVHV�IDFH�DX�FOLHQW�H[LJHDQW��'RQF�O·HQWUHSULVH�WHQG�GpVRUPDLV�j�SURGXLUH�FH�TXL�HVW�
GpMj YHQGX� >$OQ ��@��

$XMRXUG·KXL��OHV�HQWUHSULVHV�GRLYHQW�pYROXHU�GDQV�XQ�HQYLURQQHPHQW�WUqV�LQFHUWDLQ��FKDQJHDQW�HW�
GRPLQp�SDU�XQH�IRUWH�FRQFXUUHQFH�LQWHUQDWLRQDOH��3RXU�UHVWHU�FRPSpWLWLYHV��LO�IDXW�V·DGDSWHU�WRXMRXUV�
SOXV UDSLGHPHQW� HW� JDUDQWLU� OHXU� UpDFWLYLWp�� $ILQ� G·DWWHLQGUH� FHW� REMHFWLI�� OHV� HQWUHSULVHV� GRLYHQW�
PDvWULVHU� OD� FRPSOH[LWp� GH� OHXUV� V\VWqPHV� GH� SURGXFWLRQ�� $LQVL�� GH� QRPEUHXVHV� DSSURFKHV� VRQW�
DSSDUXHV�SRXU�OD�PRGpOLVDWLRQ�HW�O·pWXGH�GHV�V\VWqPHV�GH�SURGXFWLRQ�>%UL ��@�

)DFH j� O·DYHQLU� j� QDWXUH� LQFRQQX�� LO� IDXW� VDYRLU� SUHQGUH� GHV� GpFLVLRQV� GDQV� XQ� FRQWH[WH�
G·LQFHUWLWXGH��,O�IDXW�DGPHWWUH�DYHF�PRGHVWLH�TXH�O·RQ�QH�SHXW�SDV�WRXW�SUpYRLU�HW�FH�TXL�SHXW�VXUYHQLU�
GDQV O·DYHQLU�ULVTXH�GH�GpSDVVHU�WRXW�FH�TXH�O·RQ�D�LPDJLQp�DXSDUDYDQW��0DLV�FHWWH�DWWLWXGH��TXL�Q·HVW�
SDV XQ�IDWDOLVPH��QH�GRLW�SDV�HPSrFKHU�GH�SUHQGUH�GHV�SUpFDXWLRQV�SRXU�DWWpQXHU�OHV�FRQVpTXHQFHV�
GH O·LPSUpYLVLEOH��3DU�QDWXUH��O·KRPPH�QH�SHXW�YLYUH�VDQV�SUHQGUH�GH�GpFLVLRQV�SRXU�OH�IXWXU�HW�GRQF�
VDQV� DIIURQWHU� ²� HW� FUDLQGUH� �� O·LQFHUWLWXGH�� &·HVW� G·DLOOHXUV�� XQH� GHV� GLIIpUHQFHV� DYHF� O·DQLPDO�� TXL�
V·DGDSWH�PLHX[�j�OD�YDULDELOLWp�GH�VRQ�HQYLURQQHPHQW��PDLV�TXL�SUpFLVpPHQW�LJQRUH�O·H[LVWHQFH�PrPH�
GX IXWXU���
�
3DUPL OHV�PpFDQLVPHV�OHV�SOXV�XWLOLVpV�GDQV�FHV�FRQGLWLRQV��RQ�WURXYH�OH�PRGqOH�GX�FDPHORW�TXL�HVW�
O·REMHW�GH�QRWUH�WUDYDLO��
�
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� /H� PRGqOH� GX� FDPHORW�� RX� OH� PRGqOH� GX� YHQGHXU� GH� MRXUQDX[� �1HZVYHGRU� PRGHO��� HVW� XQ�
PRGqOH� WUqV� FRQQX� GDQV� OD� OLWWpUDWXUH� >6KL� ��@� /H� YHQGHXU� GH� MRXUQDX[� GRLW�� FKDTXH� PDWLQ��
GpWHUPLQHU� OD� TXDQWLWp�RSWLPDOH�GH� MRXUQDX[� j�SUHQGUH�� VDFKDQW�TX·LO� QH� FRQQDL�SDV� H[DFWHPHQW� OH�
QRPEUH�GH�MRXUQDX[�TX·LO�SRXUUD�YHQGUH�GDQV�OD�MRXUQpH��6·LO�QH�SUHQG�SDV�DVVH]�GH�MRXUQDX[��LO�DXUD�
GRQF�XQ�PDQTXH�j�JDJQHU�G��j�OD�UXSWXUH��6·LO�HQ��SUHQG�WURS��LO�VH�UHWURXYHUD�HQ�ILQ�GH�MRXUQpH�DYHF�
GHV�SHUWHV�GXHV� DX[� LQYHQGXV��/H�PRGqOH�GX� FDPHORW� VHUW� j�PLQLPLVHU� OH�PDQTXH�j�JDJQHU�RX� OHV�
SHUWHV�HQ�RSWLPLVDQW�OD�TXDQWLWp�GH�MRXUQDX[�j�SUHQGUH�FKDTXH�PDWLQ��
�

/H PRGqOH� GX� FDPHORW� HVW� WUqV� XWLOLVp� GDQV� OHV� V\VWqPHV� GH� SURGXFWLRQ� SRXU� GpWHUPLQHU� OD�
TXDQWLWp�RSWLPDOH�GH�SURGXLWV�j�IDEULTXHU�IDFH�j�XQH�GHPDQGH�DOpDWRLUH��'H�SOXV��'DQV�OH�GRPDLQH�GH�
OD� SURGXFWLRQ� LQGXVWULHOOH�� EHDXFRXS� GH� SURFHVVXV� HW� VHUYLFHV� PRGHUQHV� VRQW� FRQVLGpUDEOHPHQW�
DIIHFWpV�SDU� OHV� UHQGHPHQWV� DOpDWRLUHV� �UDQGRP�\LHOGV��� LO� \� D� WRXMRXUV�GHV�SURGXLWV� GpIHFWXHX[��/H�
UHQGHPHQW�HQ�SURGXFWLRQ�HVW�GRQF� OH�QRPEUH�GH�ERQV�SURGXLWV�SDU�UDSSRUW�j� OD�TXDQWLWp� WRWDOH�GH�
SURGXLWV� $�SULRUL��RQ�QH�VDLW�SDV�FRPELHQ�GH�SURGXLW�GpIHFWXHX[�XQ�ORW�GH�SURGXLW�YD�FRQWHQLU��'H�
FH IDLW�� OH�UHQGHPHQW�HVW�HQ�JpQpUDO�DOpDWRLUH��&HFL�QRXV�PqQH�DX�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�
UHQGHPHQW�DOpDWRLUH��
�

/H PRGqOH� GX� FDPHORW� JpQpUDOLVp� SDU� *UDVVPDQ� HW� DO� >*UD ��@�� SHXW rWUH� DSSOLTXp� j� OD�
GpWHUPLQDWLRQ� GHV� ORWV� RSWLPDX[� GH� SURGXLWV� j� IDEULTXHU� IDFH� j� XQH� GHPDQGH� HW� j� XQ� UHQGHPHQW�
YDULDEOH��/H�EXW�GH�FH�WUDYDLO�HVW�G·pWXGLHU�FH�PRGqOH�DYHF�GLIIpUHQWHV�IRQFWLRQV�GH�GLVWULEXWLRQV�SRXU�
OD�GHPDQGH�HW�OH�UHQGHPHQW��8QH�pWXGH�FRPSDUDWLYH�VHUD�UpDOLVpH�VXU�OHV�PRGqOHV��DLQVL�GpYHORSSpV��
SDU VLPXODWLRQ��'HV�ORLV�GH�SUREDELOLWp�UHSUpVHQWDQW�OH�PLHX[�OH�IRQFWLRQQHPHQW�UpHO�GHV�V\VWqPHV�GH�
SURGXFWLRQ DLQVL�TXH�OD�GHPDQGH�VHURQW�DSSOLTXpHV��
�
/H WUDYDLO�V·HVW�GpURXOp�HQ�TXDWUH�pWDSHV���
�

¾ *pQpUDOLWp�VXU�OD�JHVWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ���
¾ 0RGqOH�GX�&DPHORW�&ODVVLTXH���
¾ 0RGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH���
¾ 6LPXODWLRQ�HW�DQDO\VH�GHV�UpVXOWDWV���

�
/H SUHPLHU� FKDSLWUH� UHSUHQG� OHV� WHFKQLTXHV� GH� SODQLILFDWLRQ� HW� GH� JHVWLRQ� GHV� V\VWqPHV� GH�

SURGXFWLRQ DLQVL� TXH� OHV� SULQFLSDX[� W\SHV� G·DSSOLFDWLRQV�� 'DQV� FH� FKDSLWUH�� QRXV� LQWURGXLVRQV�
TXHOTXHV�QRWLRQV� IRQGDPHQWDOHV� UHODWLYHV�j� OD�GpWHUPLQDWLRQ�GH� OD� WDLOOH�GHV� ORWV� 3DU OD�VXLWH��QRXV�
H[SRVRQV�XQH�FODVVLILFDWLRQ�GHV�PRGqOHV�PDWKpPDWLTXHV�GH�ORW�VL]LQJ�SHUPHWWDQW�GH�ELHQ�SRVLWLRQQHU�
OH� SUREOqPH�� OHV� W\SRORJLHV� GH� OD� GHPDQGH� HW� TXHOTXHV� WHFKQLTXHV� GH� SUpYLVLRQ�� (QILQ�� QRXV�
SUpVHQWRQV� OHV�GpILQLWLRQV�GHV�RXWLOV�VWDWLVWLTXHV�TXH�QRXV�HPSOR\RQV�SDU� OD�VXLWH��DYHF�QRWDPPHQW�
OHV�IRQFWLRQV�GH�GHQVLWp�GH�SUREDELOLWp�FODVVLTXHV��HW�TXHOTXHV�FDOFXOV�GH�EDVH�UHODWLIV��
�

/H� VHFRQG� FKDSLWUH�GRQQH�GHV�GpILQLWLRQV�SOXV�SUpFLVHV�GHV�GLIIpUHQWV� FR�WV� OLpV� DX[�GLYHUV�
PRGqOHV�GH�VWRFNV��1RXV�WUDLWRQV�HQVXLWH�GHV�FRQFHSWV�GH�EDVH�GX�SUREOqPH�GX�FDPHORW�FODVVLTXH��
1RXV� UDSSHORQV� DXVVL� OHV� K\SRWKqVHV� HW� OD� QRWDWLRQ� GX� SUREOqPH�� DSUqV�� QRXV� SUpVHQWRQV� OD�
IRUPXODWLRQ�GX�PRGqOH�PDWKpPDWLTXH�HQULFKLV�SDU�TXHOTXHV�H[HPSOHV�QXPpULTXHV��
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�
/H WURLVLqPH� FKDSLWUH� HVW� FRQVDFUp� j� OD�PLVH� DX�SRLQW�GX�PRGqOH�GX�FDPHORW� j�GHPDQGH�HW�

UHQGHPHQW�DOpDWRLUH��'DQV�FH�FKDSLWUH��QRXV�SUpVHQWRQV�GDQV�XQ�SUHPLHU�WHPSV��XQ�pWDW�GH�O·DUW�VRXV�
IRUPH�G·XQH�FRPSDUDLVRQ�HQWUH�GLIIpUHQWV�WUDYDX[�DQWpULHXUV��/D�GHX[LqPH�VHFWLRQ�HVW�FRQVDFUpH�j�OD��
SUpVHQWDWLRQ�HW�GHVFULSWLRQ�GX�PRGqOH��j� VD�PRGpOLVDWLRQ�HW�IRUPXODWLRQ�HQ�PRGqOH�PDWKpPDWLTXH����
(QVXLWH�� QRXV� SUpVHQWRQV� OHV� GLIIpUHQWHV� � WHFKQLTXHV� GH� UpVROXWLRQ� SUDWLTXH� TXH� QRXV� DYRQV�
GpYHORSSpV�
�

/H TXDWULqPH� FKDSLWUH� GH� FH� PDQXVFULW� HVW� GpGLp� DX� GpYHORSSHPHQW� G·XQ� PRGqOH� GH�
VLPXODWLRQ� DILQ� G·pWXGLHU� HW� GH� PLHX[� FRPSUHQGUH� OH� FRPSRUWHPHQW� HW� OD� G\QDPLTXH� GX� PRGqOH�
pWXGLp��(Q�SUHPLHU�OLHX��QRXV�DYRQV�SURFpGp�j�O
LPSOpPHQWDWLRQ�GX�PRGqOH�GpYHORSSp�GDQV�OH�ORJLFLHO�
GH VLPXODWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ�$5(1$��3DU�OD�VXLWH��/HV�GLIIpUHQWHV�VLPXODWLRQV�UpDOLVpHV��
QRXV�RQW�SHUPLV�G·H[SRVHU� OHV� UpVXOWDWV�REWHQXV� VRXV� IRUPH�GH� JUDSKHV��(QILQ�� QRXV�SURFpGRQV�j�
O·DQDO\VH�GHV�UpVXOWDWV�HW�j�OD�YDOLGDWLRQ�GX�PRGqOH�GH�VLPXODWLRQ��
�

)LQDOHPHQW��OD�FRQFOXVLRQ�JpQpUDOH�IDLW�OD�V\QWKqVH�GHV�TXDWUH�FKDSLWUHV�GH�FH�PpPRLUH��HW�
UHYLHQW�VXU�OHV�UpVXOWDWV�REWHQXV��
�
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�

&KDSLWUH�,�� *pQpUDOLWpV�VXU�OD�JHVWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQV�
(YHU\�WLPH�,�ORRN�DW�\RX�,�GRQ¶W�XQGHUVWDQG�:K\�\RX�OHW�WKH�WKLQJV�\RX�GLG�JHW�VR�RXW�RI�KDQG�<RX¶G�KDYH�PDQDJHG�EHWWHU�LI�\RX�KDG�LW�SODQQHG��-HVXV�&KULVW� 

�����,QWURGXFWLRQ��� &H SUHPLHU�FKDSLWUH�HVW�FRQVDFUp�j�OD�JHVWLRQ�GH�SURGXFWLRQ�GDQV�O
HQWUHSULVH��HW�SULQFLSDOHPHQW�j�/D�SODQLILFDWLRQ��/D�SUHPLqUH�SDUWLH�GH�FH�FKDSLWUH�YLVH�j�VLWXHU�OH�VRXV�V\VWqPH�GH�GpFLVLRQ�GDQV�OH�FRQWH[WH GHV� IRQFWLRQV� GH� SURGXFWLRQ� HW� GH� JHVWLRQ� GH� SURGXFWLRQ�� 3RXU� FHOD�� QRXV� UDSSHORQV� OD�GpILQLWLRQ� GX� V\VWqPH� GH� SURGXFWLRQ�� DLQVL� TXH� VD� GpFRPSRVLWLRQ� FODVVLTXH� HQ� SOXVLHXUV� VRXV�V\VWqPHV��1RXV pWXGLRQV�HQVXLWH�OHV�PRGqOHV�GH�OD�SODQLILFDWLRQ��HOOH�HVW��LQGLVSHQVDEOH�j�OD�ERQQH�PDUFKH�GH�WRXW V\VWqPH�GH�SURGXFWLRQ��$SUqV��QRXV�H[SRVHQW�TXHOTXHV�QRWLRQV�FRQFHUQDQW�OD�GpWHUPLQDWLRQ�GH�OD�WDLOOH�GHV�ORWV��GDQV�FHWWH�VHFWLRQ�QRXV�YHUURQV�DORUV�XQH�FODVVLILFDWLRQ�GHV�PRGqOHV�PDWKpPDWLTXHV�GH ORW�VL]LQJ�DLQVL�TXH�O·HPSODFHPHQW�GX��PRGqOH�GH�FDPHORW��O·REMHW�SULQFLSDO�GH�QRWUH�WUDYDLO��GDQV�OD�VWUXFWXUH�KLpUDUFKLVpH��GH�FHWWH�FODVVLILFDWLRQ���'DQV OH�UHVWH�GH�FH�FKDSLWUH��QRXV�GpILQLVVRQV�WRXW�G
DERUG�/D�SUpYLVLRQ�GH�OD�GHPDQGH���OD�W\SRORJLH�GH OD� GHPDQGH� HW� OHV� WHFKQLTXHV�GH�SUpYLVLRQ���$SUqV�� QRXV� H[SRVRQV� OD�QRWLRQ�GH�SLORWDJH�SDU� OD�PDvWULVH�VWDWLVWLTXH�GHV�SURFpGpV��OD�063��DLQVL�TXH�OHV�SURFHVVXV�VWRFKDVWLTXHV���3RXU DLGHU�j�DVVLPLOHU�OHV�FRQFHSWV�GH�EDVH�HW�FRPSUHQGUH�OHV�HQMHX[�GH�OD�063��QRXV�LQWURGXLVRQV�TXHOTXHV�pOpPHQWV�GH�PDWKpPDWLTXHV�HW�VWDWLVWLTXHV�j�OD�ILQ�GH�FH�FKDSLWUH��� �����/H�V\VWqPH�GH�3URGXFWLRQ�������� 'pILQLWLRQV�
 8Q V\VWqPH�GH�SURGXFWLRQ�HVW XQ�HQVHPEOH�GH�UHVVRXUFHV�UpDOLVDQW�XQH�DFWLYLWp�GH�SURGXFWLRQ��/D�SURGXFWLRQ�HVW� OD�WUDQVIRUPDWLRQ�GH�PDWpULDX[�HQ�TXHOTXHV�FKRVHV�G·XWL OHV�HW�SRUWDEOHV>*HU���@ �/·DFWH� � GH� SURGXLUH� FRQVLVWH� HQ� XQH� RSpUDWLRQ� GH� WUDQVIRUPDWLRQ�GDQV� ODTXHOOH� XQ� HQVHPEOH�GH�PDWLqUHV� SUHPLqUHV� RX� GH� SURGXLWV� VHPL�ILQLV� VRQW� FRQYHUWLV� HQ� SURGXLWV� ILQLV�� 'H� FHWWH� PDQLqUH��0HUFp GpILQLW� XQ� V\VWqPH� GH� SURGXFWLRQ� FRPPH� O
HQVHPEOH� GHV� pOpPHQWV� TXL� LQWHUYLHQQHQW� GDQV�FHWWH WUDQVIRUPDWLRQ��DLQVL�TXH�O
HQVHPEOH�GHV�UHODWLRQV�HQWUH�FHV�pOpPHQWV�>0HU ��@�
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�������'pFRPSRVLWLRQ�GX�V\VWqPH�GH�SURGXFWLRQ�� /HV�V\VWqPHV�GH�SURGXFWLRQ�SHXYHQW�rWUH�GHV�V\VWqPHV�WUqV�FRPSOH[HV�HW�GLIILFLOHV�j�JpUHU�DX�YX�GH�WRXWHV� OHXUV� FRPSRVDQWHV� IRQFWLRQQHOOHV� �IDEULFDWLRQ�� DFKDW�� GLVWULEXWLRQ�� PDLQWHQDQFH������ ,OV� VRQW�GRQF EHDXFRXS�pWXGLpV��HW�FH�GHSXLV�ORQJWHPSV��3OXVLHXUV�DSSURFKHV�RQW�pWp�HQYLVDJpHV�GDQV�OH�EXW�GH PLHX[�FRPSUHQGUH�OHXU�IRQFWLRQQHPHQW�HW�GH�PLHX[�OHV�DSSUpKHQGHU��� &RPPH�O
LOOXVWUH� OD�ILJXUH����� OH�V\VWqPH�GH�SURGXFWLRQ�6��SORQJp�GDQV�XQ�HQYLURQQHPHQW�(��HVW�FRPSRVp�GH�>�/DL����@���� O
HQVHPEOH�)�GHV�IRXUQLVVHXUV�HW�VRXV�WUDLWDQWV��� O
HQVHPEOH�&�GHV�FRPPDQGHV�RX�GHV�EHVRLQV�GHV�FOLHQWV��� O
HQVHPEOH�&�GHV�FRQWUDLQWHV�DX[TXHOOHV�6�HVW�VRXPLV��� O
HQVHPEOH�3�GHV�SURGXLWV�TXH�IDEULTXH�6��� O
HQVHPEOH� 5� GHV� UHODWLRQV�� FRQQXHV� RX� TXH� O
RQ� SHXW� FRQQDvWUH�� TXL� H[SULPHQW� OHV� LQWHUDFWLRQV�SRVVLEOHV HQWUH�6�HW�(�HW�HQWUH�OHV�pOpPHQWV�GH�(���/H V\VWqPH�GH�SURGXFWLRQ�DJLW�VXU�VRQ�HQYLURQQHPHQW�(�HQ�IDEULTXDQW�GHV�SURGXLWV�3�SRXU�&�HW�HQ�FRPPDQGDQW�GHV�PDWLqUHV�SUHPLqUHV�j�VHV�IRXUQLVVHXUV�RX�VRXV�WUDLWDQWV��HQVHPEOH�)����/
DSSOLFDWLRQ�GH�OD�WKpRULH�GHV�V\VWqPHV�>0JQ���@�>0JQ���@�>0HO���@�DX[�V\VWqPHV�GH�SURGXFWLRQ�VXJJqUH�XQH�GpFRPSRVLWLRQ�GH�FHV�GHUQLHUV�HQ�WURLV�VRXV�V\VWqPHV��² OH�VRXV�V\VWqPH�G
LQIRUPDWLRQ��² OH�VRXV�V\VWqPH�GH�GpFLVLRQ��
– OH VRXV�V\VWqPH�SK\VLTXH�GH�SURGXFWLRQ��

 

)LJXUH�����6\VWqPH�GH�SURGXFWLRQ�6�SORQJp�GDQV�VRQ�HQYLURQQHPHQW�(�
 

)

&

3&

6RXVíV\VWqPH�GpFLVLRQQHO�
Règles de gestion

et de pilotage 

6RXVíV\VWqPH�LQIRUPDWLRQQHO�
Gammes et 

nomenclatures 

6RXVíV\VWqPH�SK\VLTXH�
Unités de production 
stockage, transport 

7UDQVIRUPDWLRQ��
WUDQVSRUW�

�

5RXWDJH�GpWHUPLQLVWH�
5HFRQILJXUDWLRQ�HW�
GLPHQVLRQQHPHQW�

,QIRUPDWLRQV
VXU�OHV�JDPPHV

HW�QRPHQFODWXUHV

$FWLRQV�VXU�
OHV�PR\HQV�

,QIRUPDWLRQ�VXU
O¶pWDW�GHV�PR\HQV

&KRL[�G¶XQH�
*DPPH�GH�
UHPSODFHPHQW�
5qJOHV�GH�
URXWDJH�
�

6\VWqPH�GH�SURGXFWLRQ�6 
�

(Q
YLU

RQQ
HP

HQW
�( 



&KDSLWUH������*pQpUDOLWpV�VXU�OD�JHVWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQV�

-6- 

/H V\VWqPH�GH�GpFLVLRQ�FRQWU{OH�OH�V\VWqPH�SK\VLTXH�GH�SURGXFWLRQ��,O�HQ�FRRUGRQQH�HW�RUJDQLVH�OHV�DFWLYLWpV�HQ�SUHQDQW�GHV�GpFLVLRQV�EDVpHV�VXU�OHV�GRQQpHV�WUDQVPLVHV�SDU�OH�V\VWqPH��G
LQIRUPDWLRQ��YRLU VHFWLRQ������� /H�U{OH�GX�V\VWqPH�G
LQIRUPDWLRQ�HVW GH�FROOHFWHU��VWRFNHU��WUDLWHU�HW�WUDQVPHWWUH�GHV� LQIRUPDWLRQV�� ,O� LQWHUYLHQW� j� O
LQWHUIDFH� HQWUH� OHV� V\VWqPHV� GH� GpFLVLRQ� HW� GH� SURGXFWLRQ� HW� j�O
LQWpULHXU�PrPH�GX�V\VWqPH�GH�GpFLVLRQ��SRXU�OD�JHVWLRQ�GHV�LQIRUPDWLRQV�XWLOLVpHV�ORUV�GH�SULVHV�GH�GpFLVLRQ�� HW� GX� V\VWqPH�SK\VLTXH�GH�SURGXFWLRQ��SRXU� OD� FUpDWLRQ�HW� OH� VWRFNDJH�G
LQIRUPDWLRQV�GH�VXLYL� SDU� H[HPSOH�� /
DVVRFLDWLRQ� GHV� SDUWLHV� GHV� V\VWqPHV� GH� GpFLVLRQ� HW� G
LQIRUPDWLRQ� FRQFHUQDQW�XQLTXHPHQW�OD�SURGXFWLRQ�FRQVWLWXH�OH�V\VWqPH�GH�JHVWLRQ�GH�SURGXFWLRQ��/H�V\VWqPH�SK\VLTXH�GH�SURGXFWLRQ�WUDQVIRUPH�OHV�PDWLqUHV�SUHPLqUHV�RX�FRPSRVDQWV�HQ�SURGXLWV�ILQLV��,O�HVW�FRQVWLWXp�GH�UHVVRXUFHV� KXPDLQHV� HW� SK\VLTXHV�� 6HV� DFWLYLWpV� VRQW� GpFOHQFKpHV� HW� YpULILpHV� SDU� OH� V\VWqPH� GH�JHVWLRQ�GH�SURGXFWLRQ��/D JHVWLRQ� GH� SURGXFWLRQ� pWDQW� O
XQH� GHV� IRQFWLRQV� GX� V\VWqPH�GH� GpFLVLRQ�� FHOXL�FL� QpFHVVLWH� XQH�pWXGH�SOXV�SUpFLVH���
������ /H�V\VWqPH�GH�GpFLVLRQ�
 ������� 'pILQLWLRQ�
 /H VRXV�V\VWqPH�GpFLVLRQQHO�RX�VRXV�V\VWqPH�GH�JHVWLRQ�HW�GH�SLORWDJH�HVW�FRPSRVp�G
XQ�V\VWqPH�G
LQIRUPDWLRQ�HW�G
XQ�V\VWqPH�GH�FRQWU{OH��,O�FRQWLHQW� O
HQVHPEOH�GHV�UqJOHV�GH�IRQFWLRQQHPHQW�GX�V\VWqPH�DLQVL�TXH�OHV�FRQWUDLQWHV�TXL�GRLYHQW�rWUH�VDWLVIDLWHV�SRXU�rWUH�FRKpUHQW�DYHF�O
HQYLURQQHPHQW��/D PRGpOLVDWLRQ� GH� FHV� UqJOHV� HVW� UpDOLVpH� j� WUDYHUV� XQ� HQVHPEOH� GH� FHQWUHV� GH� GpFLVLRQ� TXL�FRQQDLVVHQW�WRXW�RX�SDUWLH�GX�V\VWqPH�GH�SURGXFWLRQ��,OV�pPHWWHQW�GHV�IOX[�LQIRUPDWLRQQHOV��RUGUHV�G
DSSURYLVLRQQHPHQW�� GH� IDEULFDWLRQ� RX� GH� OLYUDLVRQ�� ����� TXL� YRQW� LQIOXHQFHU� OHV� IOX[� GHV� VRXV�V\VWqPHV�SK\VLTXH�HW�LQIRUPDWLRQQHO��(Q G·DXWUH�WHUPH��/H�VRXV�V\VWqPH�GH�GpFLVLRQ�HVW�HQ�SDUWLFXOLHU�HQ�FKDUJH�GHV�SULVHV�GH�GpFLVLRQV�TXL�FRQWU{OHQW� HW� RUJDQLVHQW� OH� V\VWqPH� GH� SURGXFWLRQ�� (Q� UDLVRQ� GX� JUDQG� QRPEUH� GH� GpFLVLRQV� j�SUHQGUH��GH�OD�PDVVH�LPSRUWDQWH�G
LQIRUPDWLRQV�QpFHVVDLUHV�j�FHV�SULVHV�GH�GpFLVLRQ�HW�GH�O
LQFHUWLWXGH�RX� GH� O
LPSUpFLVLRQ� UpJQDQW� VXU� OHV� GRQQpHV�� OH� V\VWqPH� GH� GpFLVLRQ� D� XQ� U{OH� FRPSOH[H�� &HWWH�FRPSOH[LWp� FRQGXLW� JpQpUDOHPHQW� j� KLpUDUFKLVHU� OHV� SULVHV� GH� GpFLVLRQ�� DILQ� GH� VLPSOLILHU� FKDFXQH�G
HQWUH� HOOHV� HW� GH� UHQGUH� SRVVLEOH� OD� JHVWLRQ� GH� O
LQFHUWLWXGH� SDU� OD� GpILQLWLRQ� G
XQH� KLpUDUFKLH� GH�GpFLVLRQ�©�UREXVWHV�ª��PrPH�VL�QRQ�RSWLPDOHV��/
XQH�GHV�DSSURFKHV�GH�GpFRPSRVLWLRQ�GX�V\VWqPH�GH�GpFLVLRQ�OD�SOXV�UpSDQGXH�HVW�FHOOH�V
LQVSLUDQW�GH�OD�W\SRORJLH�GHV�GpFLVLRQV�SURSRVpH�GDQV�>$QW���@��5HSULVH�GDQV�>*UG ��@�HQ JHVWLRQ�GH�SURGXFWLRQ��FHWWH�W\SRORJLH�GLVWLQJXH�WURLV�QLYHDX[�GH�GpFLVLRQ������������ 1LYHDX�VWUDWpJLTXH����
 &H VRQW� OHV� GpFLVLRQV� SULVHV� j� ORQJ� WHUPH�� (OOHV� GpWHUPLQHQW� OD� SROLWLTXH� GH� O
HQWUHSULVH� HW�FRQGLWLRQQHQW�VRQ�DYHQLU��(OOHV�SRUWHQW�HVVHQWLHOOHPHQW�VXU� OD�JHVWLRQ�GHV�UHVVRXUFHV�GXUDEOHV��DILQ�TXH� FHOOHV�FL� VRLHQW� WRXMRXUV� VXIILVDQWHV� SRXU� DVVXUHU� OD� SpUHQQLWp� GH� O
HQWUHSULVH�� /HV� UHVVRXUFHV�YLVpHV�SHXYHQW�rWUH�GHV�PDFKLQHV��GHV�KRPPHV��GHV�LQIRUPDWLRQV�RX�GHV�GRQQpHV�WHFKQLTXHV����������� 1LYHDX�WDFWLTXH���
 &H VRQW�OHV�GpFLVLRQV�SULVHV�j�PR\HQ�WHUPH��(OOHV�DVVXUHQW�OD�OLDLVRQ�HQWUH�OH�QLYHDX�VWUDWpJLTXH�HW�OH QLYHDX�RSpUDWLRQQHO��JDUDQWLVVDQW�DLQVL�OD�FRKpUHQFH�GHV�DFWLRQV�PHQpHV��&HV�GpFLVLRQV�FRQWU{OHQW�OD ERQQH�DGpTXDWLRQ�GHV�UHVVRXUFHV�GLVSRQLEOHV�HW�GHV�FKDUJHV�HQJHQGUpHV�SDU�OHV�FRPPDQGHV�RX�OHV�SUpYLVLRQV��PDLV�VDQV�PRGLILFDWLRQ�SURIRQGH�GH�OD�VWUXFWXUH�HW�GX�IRQFWLRQQHPHQW�GH�O
HQWUHSULVH���
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�������� 1LYHDX�RSpUDWLRQQHO����
 &H VRQW�OHV�GpFLVLRQV�SULVHV�j�FRXUW�WHUPH��(OOHV�DVVXUHQW�OH�ODQFHPHQW�GHV�DFWLYLWpV�HW�OD�IOH[LELOLWp�QpFHVVDLUH�j�OD�ERQQH�FRQGXLWH�GH�OD�SURGXFWLRQ��� &HV� WURLV� FDWpJRULHV� GH� GpFLVLRQV� GLIIqUHQW� QRQ� VHXOHPHQW� SDU� OHXU� KRUL]RQ�� PDLV� DXVVL� SDU� OH�QLYHDX�GH� UHVSRQVDELOLWp�GHV�GpFLGHXUV� HW�SDU� OH�QLYHDX�G
DJUpJDWLRQ�GHV� LQIRUPDWLRQV�XWLOLVpHV��2Q�SHXW�DXVVL�GLIIpUHQFLHU�FHV�WURLV�FDWpJRULHV�SDU�O
LQFHUWLWXGH�UpJQDQW�VXU�OHV�GRQQpHV�PDQLSXOpHV�HW�HQ�SDUWLFXOLHU�VXU�OHV�FRPPDQGHV��$�XQ�QLYHDX�VWUDWpJLTXH��OHV�FRPPDQGHV�VRQW�JpUpHV�HVVHQWLHOOHPHQW�VRXV IRUPH�GH�SUpYLVLRQV��REWHQXHV�SDU�GHV�FDOFXOV�VWDWLVWLTXHV�HW�GHV�pWXGHV�GH�PDUFKpV���SDU�QDWXUH��HOOHV� QH� VRQW� SDV� V�UHV� HW� SHXYHQW� rWUH� UppYDOXpHV� j� FKDTXH� UHPLVH� HQ� FDXVH� GHV� GpFLVLRQV� j� ORQJ�WHUPH� /HV�GpFLVLRQV�WDFWLTXHV�VRQW�SULVHV�j�SDUWLU�GH�FRPPDQGHV�IHUPHV�HW�GH�SUpYLVLRQV��(OOHV�VRQW�HQWDFKpHV� GH� PRLQV� G
LQFHUWLWXGH�� PDLV� GRLYHQW� DXVVL� rWUH� UpJXOLqUHPHQW� UHPLVHV� HQ� FDXVH�� $� XQ�QLYHDX�RSpUDWLRQQHO�� RQ� WUDYDLOOH� VXU�GHV�GRQQpHV� IHUPHV� HQ� JUDQGH�PDMRULWp��PDLV� O
LQFHUWLWXGH�QH�GLVSDUDvW� SDV� WRWDOHPHQW� �FRPPDQGHV�XUJHQWHV�� DQQXOpHV�� HWF����PrPH� VL� HOOH� HVW� UDUHPHQW�SULVH� HQ�FRPSWH��
 �����*HVWLRQ�GH�OD�SURGXFWLRQ�� /H U{OH� GH� OD� JHVWLRQ� GH� SURGXFWLRQ� HVW�� VHORQ� 'RXPHLQJWV�� G
RUJDQLVHU� HW� SLORWHU� OH�IRQFWLRQQHPHQW� GHV� SURFHVVXV� SK\VLTXHV� PLV� HQ� RHXYUH� GDQV� O
HQWUHSULVH�� DILQ� G
DVVXUHU� XQH�PHLOOHXUH�XWLOLVDWLRQ�GHV�PR\HQV�KXPDLQV��SK\VLTXHV�HW�WHFKQRORJLTXHV�GLVSRQLEOHV��HW�GH�VDWLVIDLUH�DX�PLHX[� O
REMHFWLI� JOREDO� GH� SURGXFWLRQ� GpILQL� HQ� WHUPH� GH� TXDQWLWpV� j� IDEULTXHU� DYHF� XQH� TXDOLWp�GHPDQGpH��HW�GHV�GpODLV�j�UHVSHFWHU��>'RX���@�
������ /HV��DFWLYLWpV�GH�OD�JHVWLRQ�GH�SURGXFWLRQ�
� /D JHVWLRQ�GH�OD�SURGXFWLRQ�FRQVLVWH�j�SLORWHU�OD�SURGXFWLRQ�HQ�IRQFWLRQ�GHV�SUpYLVLRQV�GH�YHQWH�HW�RX�GH�FRPPDQGHV�IHUPHV�GHV�FOLHQWV�HW�GHV�GLVSRQLELOLWpV�GHV�DSSURYLVLRQQHPHQWV�HW�GHV�PR\HQV�GH SURGXFWLRQ�DILQ�G·DVVXUHU�OD�FRQWLQXLWp�GHV�IOX[�GHV�SLqFHV�GDQV�O·HQWUHSULVH�HQ���

- 'pWHUPLQDQW�OH�FDOHQGULHU�SUpYLVLRQQHO�GH�IDEULFDWLRQ��SODQQLQJ�GHV�DWHOLHUV���
- 'LVWULEXDQW� OD� GRFXPHQWDWLRQ� QpFHVVDLUH� j� OD� ERQQH� H[pFXWLRQ� GHV� IDEULFDWLRQV��ODQFHPHQW�HQ�IDEULFDWLRQ���
- 6XLYDQW�O·H[pFXWLRQ�GHV�IDEULFDWLRQV��VXLYL�GH�SURGXFWLRQ���� (Q IDLW� OD� JHVWLRQ� GH� OD� SURGXFWLRQ� V·LQWpUHVVH� j� O·RUGUH� VHORQ� OHTXHO� VH� GpURXOH� O·HQVHPEOH� GHV�RSpUDWLRQV�GH�SURGXFWLRQ��0DLV� VRQ�FRQWHQX�YDULH� VXLYDQW� OD�GXUpH� VXU� ODTXHOOH�SRUWH� OD�JHVWLRQ�HW�VHORQ OH�W\SH�GH�IDEULFDWLRQ��2Q�GLVWLQJXH���
- /H ORQJ�WHUPH��TXL�YDULH�VXLYDQW�OHV�VRFLpWpV��GH�GHX[�j�FLQT�DQV���LO�HVW�pWDEOL�HQ�IRQFWLRQ�GHV SUpYLVLRQV� GX� SODQ� GH� GpYHORSSHPHQW� GH� O·HQWUHSULVH� SRXU� SURJUDPPHU� OHV�LQYHVWLVVHPHQWV HW�HIIHFWLIV�IXWXUV���
- /H FRXUW�WHUPH��TXL�YDULH��VXLYDQW�OHV�VRFLpWpV�GH�WURLV�j�GRX]H�PRLV��HW�TXL�HVW�EDVp�VXU�OHV�FRPPDQGHV�IHUPHV�HW�SHUPHW�G·pWDEOLU�OH�SODQQLQJ�SUpYLVLRQQHO�GH�IDEULFDWLRQ���
- /H WUqV�FRXUW�WHUPH��TXL�JqUH�OHV�WUDYDX[�ODQFpV�HW�OD�IDEULFDWLRQ��� 'DQV OH� FDGUH� GH� VD� UpIOH[LRQ� VWUDWpJLTXH�� O·HQWUHSULVH� GpILQLW� VHV� RSWLRQV� HQ� PDWLqUH� GH�SURGXFWLRQ� (OOH� VDLW� FH� TX·HOOH� YD� SURGXLUH��� HOOH� FRQQDvW� VHV� PDUFKpV� HW� HOOH� VXLW� OHV� pYROXWLRQV�WHFKQRORJLTXHV�GDQV�VHV�PpWLHUV���
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� ,O�OXL�IDXW�HQVXLWH�IDLUH�GHV�SUpYLVLRQV�GH�OD�GHPDQGH��GpWHUPLQHU�OHV�YROXPHV�j�SURGXLUH��DFTXpULU�OHV� PDWLqUHV� SUHPLqUHV� QpFHVVDLUHV�� GpFLGHU� GH� O·RUGRQQDQFHPHQW�� &HV� DFWLYLWpV� IRQGDPHQWDOHV� GH�JHVWLRQ� GH� SURGXFWLRQ� SHUPHWWHQW� OD� SODQLILFDWLRQ� j� FRXUW� WHUPH�GH� OD�PLVH� HQ�±XYUH� GHV� RSWLRQV�VWUDWpJLTXHV��������� /HV�SUREOqPHV�D�UpVRXGUH�GDQV�OD�JHVWLRQ�GH�SURGXFWLRQ��
 7RXW�SUREOqPH�GH� UpJXODWLRQ�SHXW� VH�GpFULUH� VHORQ�GHX[�GLPHQVLRQV��� OD� FRPSOH[LWp�HW� O·LQFHUWLWXGH��/D�FRPSOH[LWp� HQ� JHVWLRQ� GH� SURGXFWLRQ� SUpVHQWH� GH� PXOWLSOHV� IDFHWWHV� WHFKQRORJLTXHV� HW� RUJDQLVDWLRQQHOOHV�VRXYHQW� LPEULTXpHV�� /·LQFHUWLWXGH� HVW� XQ� SKpQRPqQH� SOXV� UpFHQW� RX� TXL�� WRXW� DX�PRLQV�� V·HVW� DFFHQWXp� DX�FRXUV�GHV�GHUQLqUHV�DQQpHV��(OOH�DPSOLILH�OHV�SUREOqPHV�GH�FRPSOH[LWp�SDU�OD�GLIILFXOWp�GH�PDvWULVHU�XQ�FHUWDLQ�QRPEUH�G·LQIRUPDWLRQV�FOpV�QpFHVVDLUHV�j�OD�ILDELOLWp�GH�OD�SODQLILFDWLRQ����������� /D�FRPSOH[LWp�GHV�SUREOqPHV�GH�SURGXFWLRQ�� (OOH� DSSDUDvW� DX� QLYHDX� GX� V\VWqPH� SK\VLTXH� HW� DX� QLYHDX� GX� V\VWqPH� GH� SLORWDJH�� (OOH� HVW� G·RUGUH�WHFKQRORJLTXH�RX�WpOpRQRPLTXH��
 ��D��/D�FRPSOH[LWp�WHFKQRORJLTXH��/D FRPSOH[LWp�GHV�PR\HQV�GH�SURGXFWLRQ�HVW�FDUDFWpULVpH�SDU�GHV�DVSHFWV����
¾ 'H SXLVVDQFH�GH�SURGXFWLRQ���WDLOOH�GH�SDUF�PDFKLQH��QRPEUH�GH�SHUVRQQHOV�HPSOR\pV��
¾ 'H VSpFLDOLVDWLRQ���PDFKLQH�j�IRQFWLRQ�RSpUDWLYH�VSpFLILTXH�RX�DX�FRQWUDLUH�DWHOLHU�IOH[LEOH�j���SOXV���JUDQGH SRO\YDOHQFH��
¾ 'H SHUIRUPDQFH�HW�GH�TXDOLWp��
¾ 'LVSRQLELOLWp�HW�PDvWULVH���FRQQDLVVDQFH�GH�O·pWDW�G·XWLOLVDWLRQ�GHV�PDFKLQHV��GH�OD�VRXV�WUDLWDQFH�GH��FDSDFLWp RX�GH�VSpFLDOLWp��� /HV�PR\HQV�GH�SURGXFWLRQ�FRQVWLWXHQW�XQH�UHVVRXUFH�OLPLWH�GDQV�O·HQWUHSULVH��/HXU�GLVSRQLELOLWp�HW OHXU� VSpFLILFLWp� IRQW� DSSDUDvWUH� GHV� FRQYHUJHQFHV� HQWUH� OHV� RSpUDWLRQV� QpFHVVDLUHV� j� OD�UpDOLVDWLRQ�GH�PXOWLSOHV�SURGXLWV��,O�FRQYLHQW�GRQF�GH�PHWWUH�HQ�SODFH�GHV�UqJOHV�GH�JHVWLRQ��RX�UqJOHV G·RUGRQQDQFHPHQW�GHV�ILOHV�G·DWWHQWH�FUpHV�SDU�OHV�FRQFXUUHQFHV��
¾ /D FRPSOH[LWp�GHV�SURGXLWV���� (OOH�SHXW�rWUH�YLVXDOLVpH�j�WUDYHUV�OHV�QRPHQFODWXUHV�HW�OHV�JDPPHV�RSpUDWRLUHV��GH�IDEULFDWLRQ�RX�GH PRQWDJH��
 ��E��/D�FRPSOH[LWp�WpOpRQRPLH�RX�GpFLVLRQQHOOH�� /H SLORWDJH�GH�O·DSSDUHLO�GH�SURGXFWLRQ�GRLW�rWUH�RULHQWp�HQ�IRQFWLRQ�G·XQ�UpIpUHQWLHO�G·REMHFWLIV�UHIOpWDQW OHV� DWWHQWHV� RX� H[LJHQFHV� GHV� FOLHQWV� RX� GHV�PDUFKpV�� HW� UHVSHFWDQW� OHV� ORLV� pFRQRPLTXHV�IRQGDPHQWDOHV�GH�UHQWDELOLWp�HW�GH�VROYDELOLWp��
¾ /HV�REMHFWLIV�GX�PDUFKp�

�� OH�SUL[�GH�YHQWH�HW�OHV�FRQGLWLRQV�ILQDQFLqUHV�DFFRUGpHV�VRQW�OHV�YDULDEOHV�ILQDQFLqUHV��� OD�TXDOLWp���OD�QRWLRQ�G·H[FHOOHQFH�RX�GH�]pUR�GpIDXW�H[SULPH�OH�QLYHDX�GH�SHUIRUPDQFH�GH�OD SURGXFWLRQ�GDQV�OH�GRPDLQH�GH�OD�TXDOLWp��� OH�GpODL�GH�OLYUDLVRQ�GHV�SURGXLWV��� OD�IOH[LELOLWp�HQ�WHUPH�GH�GDWH��GH�OLHX�GH�OLYUDLVRQ�HW�GH�YROXPH��� OD�WUDQVSDUHQFH�HW�OD�FDSDFLWp�GH�FRPPXQLFDWLRQ�GH�O·HQWUHSULVH��� OD�TXDOLWp�GHV�UHVVRXUFHV�KXPDLQHV��
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¾ /HV�REMHFWLIV�pFRQRPLTXHV�HW�RUJDQLVDWLRQQHOV��,OV�H[SULPHQW�OHV�FRQGLWLRQV�REOLJDWRLUHV�GH�SHUIRUPDQFH�TXH�GRLW�UHVSHFWHU�OH�V\VWqPH�GH�SURGXFWLRQ� SRXU� SHUPHWWUH� OD� VXUYLH� GH� O·HQWUHSULVH�� FHV� REMHFWLIV� VH� UpVXPHQW� FRPPH�VXLW����� OH�QLYHDX�GH�FKDUJH�GH�O·DSSDUHLO�GH�SURGXFWLRQ��FKDUJH�GHV�PDFKLQHV��QLYHDX�G·RFFXSDWLRQ�GHV SHUVRQQHV���� OH�QLYHDX�GHV�VWRFNV�HW�OHV�HQ�FRXUV��,O�FRQVWLWXH�XQ�H[FpGHQW�RUJDQLVDWLRQQHO�SRVDQW�GHV�SUREOqPHV GH�WUpVRUHULH��� OH�FR�W�GH�UHYLHQW�TXL�FRQGLWLRQQHUD�OD�PDUJH�ORUVTXH�OH�SUL[�GX�PDUFKp�HVW�XQH�YDULDEOH�H[RJqQH�QRQ�PDvWULVpH�SDU�O·HQWUHSULVH��� OHV�FR�WV�GH�QRQ�TXDOLWp��� OHV�FR�WV�GH�FRQWU{OH�RX�G·REWHQWLRQ�GH�OD�TXDOLWp���������� /·LQFHUWLWXGH�OLpH�DX[�SUREOqPHV�GH�SURGXFWLRQ�� /·LQFHUWLWXGH� SRUWH� HVVHQWLHOOHPHQW� VXU� OD� TXDOLWp� GH� O·LQIRUPDWLRQ� TXL� VHUD� PLVH� j� OD� GLVSRVLWLRQ� GHV�UHVSRQVDEOHV� GH� OD� JHVWLRQ� GH� SURGXFWLRQ�� &HWWH� LQFHUWLWXGH� SHXW� rWUH� LQWHUQH�� F·HVW�j�GLUH� JpQpUpH� SDU� OH�V\VWqPH�GH�SURGXFWLRQ�OXL�PrPH��RX�H[WHUQH��F·HVW�j�GLUH�LPSRUWpH�j�O·LQWpULHXU�GX�V\VWqPH�GH�SURGXFWLRQ�����D��/·LQFHUWLWXGH�LQWHUQH�
(OOH�DSSDUDvW�DX�QLYHDX�GX�V\VWqPH�GH�SLORWDJH���$X QLYHDX�GX� V\VWqPH�SK\VLTXH�GH�SURGXFWLRQ��� HOOH� FRQFHUQH� OD� ILDELOLWp� GH� OD� WUDQVIRUPDWLRQ�GHV�IOX[ PDFKLQHV��/HV�SUREOqPHV�UHQFRQWUpV�VRQW�DORUV�GHV�SDQQHV�GH�PDFKLQHV��GH�O·DEVHQWpLVPH��GHV�JUqYHV HW�GH�QRQ�TXDOLWp�TXL�SUHQQHQW�XQH�LPSRUWDQFH�IRQGDPHQWDOH�GDQV�XQH�ORJLTXH�GH�IOX[�WHQGXV��$X QLYHDX�GX�V\VWqPH�G·LQIRUPDWLRQV���0LVH�j�MRXU�GHV�GRQQpHV�YRODWLOHV�UHIOpWDQW�O·pWDW�GX�V\VWqPH�GH SURGXFWLRQ��PLVH�j�MRXU�GHV�GRQQpHV�SHUPDQHQWHV�SOXV�SDUWLFXOLqUHPHQW�UHODWLYHV�DX[�SURGXLWV�����E��/·LQFHUWLWXGH�H[WHUQH�� (OOH DSSDUDvW�DX[� IURQWLqUHV�GH� O·HQWUHSULVH�HW�GX�V\VWqPH�GH�SURGXFWLRQ�HOOH�VH�UpVXPH�HQ�GHX[�pWDSHV���� ��/·LQFHUWLWXGH�DYDO� UHODWLYH�j� OD� WXUEXOHQFH�GX�PDUFKp�GH� O·HQWUHSULVH�HOOH�FRQFHUQH� OD�TXDOLWp�GHV��LQIRUPDWLRQV�FRQWHQXHV�GDQV�OH�FDUQHW�GHV�FRPPDQGHV�� ��/·LQFHUWLWXGH�DPRQW���HOOH�FRQFHUQH�OD�TXDOLWp�HW�OH�GpELW�GHV�IOX[�SK\VLTXHV�HQWUDQWV�LQGpSHQGDQWV�GHV�DSSURYLVLRQQHPHQWV�HW�GH� OD�VRXV�WUDLWDQFH�RX�WUDYDX[�LPSDUWLV��QRQ�UHVSHFW�GHV�TXDOLWpV�HW�GpODLV��GH�OD�FRQIRUPLWp�HW�GH�OD�TXDOLWp��HW�GH�OLHX�GH�OLYUDLVRQ�������� 0RGqOHV�GH�SODQLILFDWLRQ�
� 'DQV�XQ�FRQWH[WH�pFRQRPLTXH�GHYHQX�DXVWqUH��GH�QRPEUHX[�IDFWHXUV��WHOV�TX
XQ�PDUFKp�LQFHUWDLQ�HW PRQGLDOLVp�� XQH� FOLHQWqOH� SOXV� H[LJHDQWH�� O
pYROXWLRQ� GHV� WHFKQLTXHV� GH� SURGXFWLRQ�� HWF� �����FRQWULEXHQW�j�UHQGUH�OD�JHVWLRQ�GHV�HQWUHSULVHV�SDUWLFXOLqUHPHQW�GpOLFDWH�j�PDvWULVHU��$X�QLYHDX�GH�OD�
SODQLILFDWLRQ GH OD�SURGXFWLRQ, FHV�pYROXWLRQV�LQGXLVHQW�GHX[�GLIILFXOWpV�PDMHXUHV���� ¾ '
XQH SDUW�� OD� QpFHVVLWp� GH� PDQLSXOHU� XQ� YROXPH� LPSRUWDQW� G
LQIRUPDWLRQV� GH� QDWXUH�JpQpUDOHPHQW�KpWpURJqQH��� ¾ '
DXWUH�SDUW�� O
REOLJDWLRQ�GH�PDvWULVHU� O
LQFHUWLWXGH�DVVRFLpH�DX[�GRQQpHV�WUDLWpHV��FDSDFLWpV�GHV UHVVRXUFHV��QLYHDX[�GHV�GHPDQGHV��WDX[�GH�SURGXFWLRQ��HWF��GpFRXODQW�GX�U{OH�SUpYLVLRQQHO�GH OD�SODQLILFDWLRQ���
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� /
DFWLYLWp� GH� SODQLILFDWLRQ� FRQVLVWH� j� FRQFHYRLU� SRXU� O
HQWUHSULVH� XQ� �IXWXU� VRXKDLWDEOH�� HW� OHV�PR\HQV� QpFHVVDLUHV� SRXU� SDUYHQLU� j� OD� UpDOLVDWLRQ� GH� FH� IXWXU�� &
HVW� XQH� DFWLYLWp� GH� FKRL[� SDUPL�GLIIpUHQWHV�SRVVLELOLWpV��(OOH� V
H[SULPH�DX� WUDYHUV�GH�SODQV�HW�HOOH�HVW�XQH�SUpSDUDWLRQ�j� O
DFWLRQ��$X�QLYHDX� WDFWLTXH�� HQ� JHVWLRQ� GH� FKDvQHV� ORJLVWLTXHV�� OD� SODQLILFDWLRQ� YLVH� XQH� SURJUDPPDWLRQ�SUpYLVLRQQHOOH�GH�OD�SURGXFWLRQ��GHV�DSSURYLVLRQQHPHQWV�HW�GH�OD�GLVWULEXWLRQ��j�SDUWLU�GH�GHPDQGHV�FRPPHUFLDOHV�SUpYXHV�RX�UpHOOHV��HQ�FRQIRUPLWp�DYHF�OHV�GpFLVLRQV�HIIHFWXpHV�DX�QLYHDX�VWUDWpJLTXH��&HV�GpFLVLRQV�SULVHV�DX[�QLYHDX[�VXSpULHXUV�� LPSRVHQW�QRWDPPHQW�GHV�FRQWUDLQWHV�VXU�OH�SURFHVVXV�GH SURGXFWLRQ��FRQWUDLQWHV�SRWHQWLHOOHV�HQWUH�OHV�WkFKHV�RX�FRQWUDLQWHV�GH�FRQVHUYDWLRQ�DX�QLYHDX�GHV�VWRFNV��HW�VXU�OHV�UHVVRXUFHV��FRQWUDLQWHV�GH�FDSDFLWp��TXL�GRLYHQW�rWUH�SULVHV�HQ�FRPSWH�DX�QLYHDX�GH�OD SODQLILFDWLRQ�j�PR\HQ�WHUPH��3RXU JpQpUHU� FHV� SODQV� RQ� XWLOLVH� GHV� PRGqOHV� GH� SODQLILFDWLRQ�� 'DQV� OH� FDGUH� G·XQH� DSSURFKH�KLpUDUFKLTXH�>0LO���@��>)RQ���@� RQ�WURXYH�HVVHQWLHOOHPHQW�GHX[�W\SHV�GH�PRGqOHV�>-RK ��@��
¾ /HV PRGqOHV�SDU�´GDWHV�GH�GpEXWµ�RX�´SDU�WkFKHVµ�TXL�FRQVLVWHQW�j�GpWHUPLQHU�OHV�GDWHV�GH�GpEXW��GH WkFKHV�VXU�GLIIpUHQWHV�UHVVRXUFHV��� ¾ /HV PRGqOHV�SDU�´TXDQWLWpµ�TXL�FRQVLVWHQW�j�GpWHUPLQHU�GHV�TXDQWLWpV�GH�SURGXLWV�j�IDEULTXHU�SDU�SpULRGH�GH�WHPSV��� 'DQV XQ�SUHPLHU�WHPSV��QRXV�DOORQV�SUpVHQWHU�OHV�GHX[�PRGqOHV�HQ�V·LQWpUHVVDQW�SOXV�SUpFLVpPHQW�DX GHX[LqPH�PRGqOH�FDU�LO�HVW�DX�FHQWUH�GH�QRWUH�WUDYDLO��
�������0RGqOHV�SDU�GDWHV�GH�GpEXW���������� &DUDFWpULVWLTXHV�GHV�PRGqOHV�©�SDU�GDWHV�GH�GpEXW�ª��� 'DQV�OHV�PRGqOHV�SDU�GDWH�GH�GpEXW�� OHV�YDULDEOHV�GH�GpFLVLRQ�VRQW�OHV�GDWHV�GH�GpEXW�GHV�WkFKHV�VXU OHV�GLIIpUHQWHV�UHVVRXUFHV��2Q�GpILQLW�XQH�WkFKH�FRPPH�pWDQW�XQH�TXDQWLWp�GH�WUDYDLO�FRQFHUQDQW�OD�IDEULFDWLRQ�G
XQ�SURGXLW�FDUDFWpULVpH�SDU�VD�GXUpH�G·H[pFXWLRQ��3DUPL OHV�FRQWUDLQWHV�SULQFLSDOHV�GX�SUREOqPH�GH�SODQLILFDWLRQ�j�PR\HQ�WHUPH�DYHF�XQ�PRGqOH�SDU�GDWHV�HQ�WURXYH���GHV�FRQWUDLQWHV�GH�FDSDFLWp�HW�GHV�FRQWUDLQWHV�GH�UHVSHFW�GHV�GDWHV�GH�OLYUDLVRQ�
 ���������3UREOqPHV�FRQFHUQpV�� /HV�PRGqOHV�SDU�GDWHV�GH�GpEXW�VRQW�VRXYHQW�GpGLpV�DX�FRXUW�WHUPH�HQ�SDUWLFXOLHU�GDQV�OH�FDGUH�GH�OD�UpVROXWLRQ�GHV�SUREOqPHV�G·RUGRQQDQFHPHQW�G·DWHOLHU�>(VT���@��1pDQPRLQV� FHV� PRGqOHV� SDU� GDWHV� GH� GpEXW� SHXYHQW� rWUH� XWLOLVpV� DX� QLYHDX� GH� OD� SODQLILFDWLRQ� j�PR\HQ�WHUPH�QRWDPPHQW�SRXU�OD�JHVWLRQ�GH�SURMHWV�GH�IDEULFDWLRQ�GH�ELHQV�XQLWDLUH�RX�HQ�SHWLWH�VpULH�GH W\SH�JHVWLRQ�j�OD�FRPPDQGH��>1DU���@�>.RO���@�
������ 0RGqOHV�SDU�TXDQWLWpV�
����������&DUDFWpULVWLTXHV�GHV�PRGqOHV�SDU�TXDQWLWpV�� 'DQV� OH�PRGqOH�SDU�TXDQWLWpV�� OH� WHPSV�HVW�GLYLVp�HQ� LQWHUYDOOHV�GH� WHPSV�DSSHOpV�SpULRGHV��/HV�YDULDEOHV� GH� GpFLVLRQ� VRQW� OHV� TXDQWLWpV� GH� SURGXLWV� � �HW GH� VRXV�SURGXLWV�� IDEULTXpHV� SHQGDQW� GHV�SpULRGHV �SDU�H[HPSOH�OH�MRXU���/HV FRQWUDLQWHV� SULQFLSDOHV� GX� SUREOqPH� GH� SODQLILFDWLRQ� j� PR\HQ� WHUPH� DYHF� XQ� PRGqOH� SDU�TXDQWLWpV�VRQW�OHV�VXLYDQWHV���� � GH�FRQWUDLQWHV�GH�UHVSHFW�GH�OD�QRPHQFODWXUH��� GH�FRQWUDLQWHV�GH�FRQVHUYDWLRQ�DX�QLYHDX�GHV�VWRFNV���
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� ��OHV�FRQWUDLQWHV�GH�VXFFHVVLRQ���� OHV�FRQWUDLQWHV�GH�FDSDFLWp��� OHV�FRQWUDLQWHV�GH�UHVSHFW�GHV�GDWHV�GH�OLYUDLVRQ��
���������3UREOqPHV�FRQFHUQpV�� 'DQV�OH�FDGUH�GHV�SUREOqPHV�GH�JHVWLRQ�GH�OD�SURGXFWLRQ�GH�ELHQV��OHV�PRGqOHV�SDU�TXDQWLWpV�VRQW�JpQpUDOHPHQW�XWLOLVpV�SRXU�OD�SULVH�GH�GpFLVLRQ�j�PR\HQ�WHUPH�FRQFHUQDQW�OD�SURGXFWLRQ�HQ�PR\HQQH�HW JUDQGH� VpULH��2Q� SDUOH� GH�PRGqOHV�PDWKpPDWLTXHV� GpWHUPLQLVWHV� SRXU� OD� SODQLILFDWLRQ� j�PR\HQ�WHUPH�RX�GH�PRGqOHV�GH�ORW�VL]LQJ�
���� /D��GpWHUPLQDWLRQ�GH�OD�WDLOOH�GHV�ORWV��PRGqOHV�GH�ORW�VL]LQJ��������� 1RWLRQ�GH�ORW��������� 'pILQLWLRQ�� 8Q� ORW� GH�SLqFHV� HVW� XQ� HQVHPEOH�GH�SLqFHV�GHYDQW�rWUH� IDEULTXpHV�� OLYUpHV�� WUDQVSRUWpHV�GDQV�XQ�PrPH�SDVVDJH��>*HR���@���������� /HV�GLIIpUHQWV�W\SHV�GH�ORWV���
¾/RW�GH�FRPPDQGH��&·HVW OD�TXDQWLWp�GH�SLqFHV�GHYDQW�rWUH�OLYUpH�FRQWUDFWXHOOHPHQW�DX�FOLHQW��$�FH�VWDGH��LO�HVW�QpFHVVDLUH�GH GLIIpUHQFLHU�OHV�FRPPDQGHV��,O�HVW�SRVVLEOH�G·DYRLU�� �GHV�FRPPDQGHV�GLYHUVLILpHV���GDQV�FH�FDV�FKDTXH�FRPPDQGH�VHUD�FRQVLGpUpH�LQGLYLGXHOOHPHQW����� �GHV�FRPPDQGHV�UpSpWLWLYHV���FRPPDQGHV�SDVVpHV�UpJXOLqUHPHQW�DXSUqV�GH�O·HQWUHSULVH�OXL�DVVXUDQW���GH FH�IDLW��XQH�UpJXODULWp�GH�SURGXFWLRQ��,O�IDXGUD��GDQV�FH�FDV�OHV�WUDLWHU�G·XQH�PDQLqUH�JOREDOH���
¾/RW�GH�IDEULFDWLRQ�&·HVW OD�TXDQWLWp�GH�SLqFHV� ODQFpHV�HQ� IDEULFDWLRQ�HQ�XQH� VHXOH� IRLV��&RPSWH� WHQX�GH� OD�QDWXUH�GHV�FRPPDQGHV�LO�HVW�SRVVLEOH��� �G·pFODWHU�XQ�ORW�GH�FRPPDQGH�HQ�SOXVLHXUV�ORW�GH�IDEULFDWLRQ�ORUVTXH�FHOXL�FL�HVW�WURS�LPSRUWDQW���� �GH�UHJURXSHU�SOXVLHXUV�SHWLWV�ORWV�GH�FRPPDQGH�G·XQH�PrPH�SLqFH�DILQ�GH�PLQLPLVHU�OHV�HIIHWV�GH��ODQFHPHQW�HQ�IDEULFDWLRQ���
¾/RW�GH�WUDQVIHUW������ &·HVW�OD�TXDQWLWp�GH�SLqFHV�WUDQVSRUWpHV�G·XQ�SRVWH�GH�FKDUJH�j�XQ�DXWUH�DX�FRXUV�GH�OD�IDEULFDWLRQ�GHV SURGXLWV��&H�ORW�SHXW�rWUH���pJDO�DX�ORW�GH�IDEULFDWLRQ����SOXV�SHWLW�TXH� OH� ORW�GH� IDEULFDWLRQ��'DQV�FH�FDV��RQ�GLW�TX·LO� \� D� UHFRXYUHPHQW�GHV�RSpUDWLRQV�GH��IDEULFDWLRQ����������� 7DLOOH�GHV�ORWV��� /D QRWLRQ� GH� SHWLW� RX� GH� JUDQG� ORW� YDULH� VXLYDQW� O·HQWUHSULVH�� 8Q� ORW� GH� ��� SLqFHV� SRXU� XQH�HQWUHSULVH� IDEULTXDQW�GHV�SURGXLWV�j� OD�FRPPDQGH�DYHF�XQ�F\FOH�GH�SURGXFWLRQ�GH���PRLV�j�XQ�DQ�VHUD FRQVLGpUp� FRPPH�XQ� ORW� LPSRUWDQW�� DORUV� TXH� SRXU� XQH� HQWUHSULVH� WUDYDLOODQW� j� OD� FRPPDQGH�DYHF�XQ�F\FOH�GH�SURGXFWLRQ�GH����MRXUV��FH�PrPH�ORW�VHUD�FRQVLGpUp�GH�WUqV�SHWLW���
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/D TXHVWLRQ� GH� GpWHUPLQDWLRQ� GH� OD� � WDLOOH� GH� ORWV� pYRTXpHV� GDQV� OH� FDGUH� GH� OD� SODQLILFDWLRQ�� HVW�
FODLUHPHQW�GX� UHVVRUW� GH� OD�JHVWLRQ�GHV� VWRFNV��&HSHQGDQW��'X�SRLQW�GH�YXH�GX�FKHUFKHXU�GDQV� OH�
GRPDLQH�GH�OD�SURGXFWLTXH��OD�JHVWLRQ�GHV�VWRFNV��HW�SOXV�SDUWLFXOLqUHPHQW�GHV�DSSURYLVLRQQHPHQWV��
VH FDUDFWpULVH�SDU��XQ�HQVHPEOH�GH�PRGqOHV�HW�GH�PpWKRGHV��
�
/·REMHFWLI� GH� OD� JHVWLRQ� GHV� VWRFNV� HVW� G·DVVXUHU� OD� GLVSRQLELOLWp� GHV� DUWLFOHV� FRQVLGpUpV� VXU� XQ�

KRUL]RQ�GRQQp�WRXW�HQ�PLQLPLVDQW�OHV�FR�WV�HQFRXUXV��7URLV�W\SHV�GH�FR�WV�VRQW�JpQpUDOHPHQW�SULV�
�SOXV� RX� PRLQV�� H[SOLFLWHPHQW� HQ� FRPSWH� SRXU� pYDOXHU� OD� TXDOLWp� G·XQH� SROLWLTXH� GH� JHVWLRQ� GHV�
VWRFNV�� FR�WV� GH� FRPPDQGH�� FR�WV� GH� SRVVHVVLRQ� HW� FR�WV� GH� UXSWXUH� GH� VWRFN� �YRLU� FKDSLWUH� ,,���
'DQV� OD� SOXSDUW� GHV� PRGqOHV� FODVVLTXHV�� FHV� FR�WV� VRQW� FRQVLGpUpV� FRPPH� GHV� SDUDPqWUHV� IL[HV��
&RPPH�GDQV�OH�FDV�GX�PRGqOH�GH�FDPHORW�TX·HQ�YDV�O·pWXGLHU�SDU�OD�VXLWH���
3DU�FRQWUH��OHV�DSSURFKHV�SOXV�UpFHQWHV��WHOOHV�FHOOHV�GpYHORSSpHV�GDQV�OH�FDGUH�GH�OD�JHVWLRQ�-XVWH�$�
7HPSV�RX�GH�OD�JHVWLRQ�GH�OD�4XDOLWp�7RWDOH��HQYLVDJHQW�OHV�FR�WV�GH�VWRFNDJH�FRPPH�GHV�YDULDEOHV�
GRQW�OD�YDOHXU�SHXW��GRLW��rWUH�LQIOXHQFpH�SDU�GHV�LQYHVWLVVHPHQWV�DSSURSULpV��YLVDQW��SDU�H[HPSOH��OD�
UpGXFWLRQ� GHV� WHPSV� GH� ODQFHPHQW��� 3DU� DLOOHXUV�� FHUWDLQV� DXWHXUV� �HW� GH� QRPEUHX[� JHVWLRQQDLUHV��
REVHUYHQW�TXH�OHV�FR�WV�pQXPpUpV�SHXYHQW�rWUH�GLIILFLOHPHQW�PHVXUDEOHV��&HFL�HVW�YUDL��HQ�SDUWLFXOLHU��
SRXU� OHV� FR�WV� GH� UXSWXUH� GH� VWRFN� �RX� SpQXULH��� 3RXU� FHWWH� UDLVRQ�� OH� ULVTXH� GH� UXSWXUH� HVW�
IUpTXHPPHQW�PRGpOLVp� j� WUDYHUV� XQH� FRQWUDLQWH� GH�PDLQWLHQ� G·XQ� QLYHDX� GH� VHUYLFH� SUpGpWHUPLQp�
�SUREDELOLWp�GH�UXSWXUH��QRPEUH�DWWHQGX�GH�UXSWXUHV��WHPSV�pFRXOp�HQWUH�UXSWXUHV�VXFFHVVLYHV��WDX[�
G·DUWLFOHV�IRXUQLV�HQ�WHPSV�HW�HQ�KHXUH�HWF����
�
'LYHUVHV� K\SRWKqVHV� SHXYHQW� pJDOHPHQW� rWUH� SRVpHV� FRQFHUQDQW� OHV� FDUDFWpULVWLTXHV� GH� OD�

GHPDQGH�� (Q� SDUWLFXOLHU�� FHOOH�FL� SHXW� rWUH� GpWHUPLQLVWH� RX� DOpDWRLUH�� GH� GLVWULEXWLRQ� FRQQXH� RX�
LQFRQQXH�� VWDWLRQQDLUH�RX�G\QDPLTXH��/RUVTXH� OD�GHPDQGH�HVW�DOpDWRLUH�� LO�HVW�QpFHVVDLUH�GH�GpILQLU�
SOXV�SUpFLVpPHQW�OD�PHVXUH�GH�SHUIRUPDQFH�j�RSWLPLVHU��/H�FULWqUH�XVXHO�HVW�FHOXL�GH�O·HVSpUDQFH�GHV�
FR�WV� �SDU� SpULRGH�� GDQV� OH� ORQJ� WHUPH��� pYHQWXHOOHPHQW� VRXV� FRQWUDLQWH�GH�QLYHDX�GH� VHUYLFH��/HV�
PRGqOHV�G·RSWLPLVDWLRQ�VWRFKDVWLTXH�DLQVL�REWHQXV�VRQW�VRXYHQW� WUqV�FRPSOH[HV�HW�QH�SHXYHQW�rWUH�
UpVROXV�TXH�GH�IDoRQ�DSSUR[LPDWLYH��
(QILQ��GH�QRPEUHXVHV�DXWUHV�FDUDFWpULVWLTXHV�SHXYHQW�YHQLU�HQULFKLU�OHV�PRGqOHV�FRQVLGpUpV��

GpODL� GH� OLYUDLVRQ� FRQQX� RX� DOpDWRLUH�� FDSDFLWpV� GH� VWRFNDJH� HW� GH� SURGXFWLRQ� OLPLWpHV�� ULVWRXUQHV�
DFFRUGpHV�HQ�IRQFWLRQ�GH�OD�TXDQWLWp�FRPPDQGpH��TXDQWLWpV�OLYUpHV�RX�UHQGHPHQWV�DOpDWRLUHV��VWRFNV�
PXOWL�pFKHORQV�HW�RX�j�ORFDOLVDWLRQV�PXOWLSOHV��HWF��
(Q�HIIHW��FHV�PRGqOHV�VH�SODFHQW�GDQV�OD�FRQWLQXLWp�GHV�WUDYDX[�FRQFHUQDQW�OH�FDOFXO�GHV�TXDQWLWpV�

pFRQRPLTXHV��(24��HIIHFWXpV�DX�GpEXW�GX�;;��VLqFOH��&HV�PRGqOHV�VRQW�H[WUrPHPHQW�QRPEUHX[��
1RXV�SUpVHQWRQV� �ILJXUH�����XQH�FODVVLILFDWLRQ�GH�FHV�PRGqOHV�SURSRVpH�GDQV�>5RW���@�HQ�IRQFWLRQ�
GHV�FULWqUHV�VXLYDQWV���
�
� 1LYHDX[�GH�QRPHQFODWXUH�
� 3ULVH�HQ�FRPSWH�GHV�FRQWUDLQWHV�GH�UHVVRXUFHV�
� 'HPDQGH�FRQVWDQWH��RX�QRQ��VXU�O·KRUL]RQ�GH�SODQLILFDWLRQ��
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�
� (24������(FRQRPLF�2UGHU�4XDQWLW\�� ::��������:DJQHU��:KLWLQ�� (/63������(FRQRPLF�/RW�VL]LQJ�DQG�6FKHGXOLQJ�3UREOHP�� &/63������&DSDFLWHG�/RW�6L]LQJ�3UREOHP�� &6/3������&RQWLQXRXV�6HW�XS�/RW�VL]LQJ�3UREOHP�� '/63������'LVFUHWH�/RW�VL]LQJ�DQG�6FKHGXOLQJ�3UREOHP�� 0//3�����0XOWL�/HYHO�/RW�VL]LQJ�3UREOHP�� 0/&/3���0XOWL�/HYHO�&DSDFLWHG�/RW�VL]LQJ�3UREOHP�
� )LJXUH�������&ODVVLILFDWLRQ�GHV�PRGqOHV�PDWKpPDWLTXHV�GH�ORW�VL]LQJ�
� 3RXU�ELHQ�YLVXDOLVHU� OD�SRVLWLRQ�GH�QRWUH�PRGqOH��OH�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH���GDQV�OD�&ODVVLILFDWLRQ�GHV�PRGqOHV�PDWKpPDWLTXHV�GH�ORW�VL]LQJ��QRXV�SRXYRQV�FRQVWUXLUH�XQ��JUDSKLTXH�UHSUpVHQWDQW�VD�VWUXFWXUH�KLpUDUFKLVpH��ILJXUH�������

W�X�

0RGqOHV�GH�ORW�VL]LQJ�

1RPHQFODWXUH�PXOWL�QLYHDX[1RPHQFODWXUH�j���QLYHDX�

&DSDFLWp�LQILQLH &DSDFLWp�ILQLH &DSDFLWp�LQILQLH &DSDFLWp�ILQLH

GHPDQGH�FRQVWDQWH�'HPDQGH�FRQVWDQWH� 'HPDQGH�YDULDQW�GDQVOH�WHPSV
'HPDQGH�FRQVWDQWH�

(24 :: (/63 &/63
&6/3
'/63

0//3 0/&/3

'HPDQGH�YDULDQW�GDQVOH�WHPSV
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�

)LJXUH������3RVLWLRQQHPHQW�GX�PRGqOH�GX�&DPHORW�GDQV�OD�FODVVLILFDWLRQ�GHV�PRGqOHV�PDWKpPDWLTXHV�GH�ORW�VL]LQJ�
�

0RGqOHV�GH�ORW�VL]LQJ�

1RPHQFODWXUH�PXOWL�QLYHDX[1RPHQFODWXUH�j���QLYHDX�

&DSDFLWp�LQILQLH� &DSDFLWp�ILQLH

GHPDQGH�FRQVWDQWH�'HPDQGHFRQVWDQWH 'HPDQGH�YDULDQW�GDQVOH�WHPSV

'HPDQGH�FRQVWDQWH�

0RGqOH��GX�&DPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH

(/63 &/63
&6/3
'/63

'HPDQGH�YDULDQW�GDQVOH�WHPSV

8Q�SURGXLW�0XOWL�SURGXLW�

3URGXLWV��SpULVVDEOHV

5HQGHPHQW�DOpDWRLUH�5HQGHPHQW�SDUIDLW�

GHPDQGH�FRQVWDQWH�'HPDQGHFRQVWDQWH 'HPDQGH�YDULDQW�GDQVOH�WHPSV

0RGqOH��GX�&DPHORW�&ODVVLTXH
&KDSLWUH�,,

&KDSLWUH�,,,
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���� /D�TXDQWLWp�pFRQRPLTXH�GH�FRPPDQGH��(24��>)UD���@�>FKU���@�
/H PRGqOH� GH� ZLOVRQ�� RX�PRGqOH� GH� OD� TXDQWLWp� pFRQRPLTXH� GH� FRPPDQGH�� RX�PRGqOH� (24��(FRQRPLF�2UGHU�4XDQWLW\���V·DSSOLTXH�j�OD�VLWXDWLRQ�VXLYDQWH��LO�V·DJLW�GH�JpUHU�XQ�VHXO�DUWLFOH��SRXU�OHTXHO�WRXWH�TXDQWLWp�FRPPDQGpH�HVW�OLYUpH�LQVWDQWDQpPHQW��HW�SRXU�OHTXHO�OHV�K\SRWKqVHV�VXLYDQWHV�RQW pWp�FRQVLGpUpHV��������� /HV�K\SRWKqVHV�GX�PRGqOH���

x /D�GHPDQGH�SpULRGLTXH�HVW�FRQQXH�HW FHUWDLQH�
x /D�FRQVRPPDWLRQ�HVW�UpJXOLqUH��OLQpDLUH����
x /HV�TXDQWLWpV�FRPPDQGpHV�VRQW�FRQVWDQWHV���
x /D�SpQXULH��OHV�UXSWXUHV�GH�VWRFN��VRQW�H[FOXHV� 

/H�SUREOqPH�HVW�GH�GpWHUPLQHU�XQ�SODQ�GH�SURGXFWLRQ�VDWLVIDLVDQW�OD�GHPDQGH�j�FKDTXH�LQVWDQW��:LOVRQ� D� pWDEOL� XQH� IRUPXOH� EDVpH� VXU� XQ� PRGqOH� PDWKpPDWLTXH� VLPSOLILFDWHXU� GDQV� OHTXHO� RQ�FRQVLGqUH� TXH� OD GHPDQGH� HVW� VWDEOH� VDQV� WHQLU� FRPSWH� GHV� pYROXWLRQV� GH� SUL[�� GHV� ULVTXHV� GH�UXSWXUH�HW�GHV�YDULDWLRQV�GDQV� OH� WHPSV�GHV�FR�WV�GH�FRPPDQGH�HW�GH� ODQFHPHQW��RQ�GLW�DXVVL��HQDYHQLU�FHUWDLQ����5HPDUTXH���QRXV�VXSSRVHURQV�TXH�OD�JHVWLRQ�GX�VWRFN�V
HIIHFWXH�VXU�XQH�SpULRGH�DQQXHOOH��
�������&DOFXO�GH�OD�TXDQWLWp�pFRQRPLTXH�3RXU�OH�FDOFXO�GH�OD�TXDQWLWp�pFRQRPLTXH�RQ�FRQVLGqUH�OHV�QRWDWLRQV�VXLYDQWHV����1 OH�QRPEUH�GH�SLqFHV�FRQVRPPpHV��IDEULTXpHV�RX�DFKHWpHV��4 OH�QRPEUH�GH�SLqFHV�DSSURYLVLRQQpHV�RX�ODQFpHV�HQ�IDEULFDWLRQ�HQ�XQH�VHXOH�IRLV�3X OH�SUL[�XQLWDLUH�GH�OD�SLqFH�6V� OH�VWRFN�GH�VpFXULWp�HQYLVDJp�SRXU�FHWWH�SLqFH�W OH�WDX[�GH�SRVVHVVLRQ�GH�O
HQWUHSULVH�H[SULPpH�HQ���&/ OH�FR�W�G
DSSURYLVLRQQHPHQW�RX�GH�ODQFHPHQW�HQ�IDEULFDWLRQ�
/H�WDEOHDX�VXLYDQW�SUpVHQWH�OH�FDOFXOH�GHV�OHV�GLIIpUHQWV�FR�WV�DLQVL�TXH�OH�FR�W�WRWDO���
/H QRPEUH�DQQXHO�GH�ODQFHPHQWV� 4

1

/H�FR�W�DQQXHO�GH�ODQFHPHQW� &/4
1 u

6WRFN�PR\HQ�GDQV�O
HQWUHSULVH��GDQV O
K\SRWKqVH�G
XQH�FRQVRPPDWLRQ�UpJXOLqUH�� V64 �
2

&R�W�DQQXHO�GH�SRVVHVVLRQ� 3XW64
V uu¹̧
·

©̈
§ �

2

&R�W�WRWDO� XV 3W64&/4
1&W uu¹̧

·
©̈
§ ��¸̧¹

·¨̈©
§ u 

2

7URXYHU� OD� TXDQWLWp� pFRQRPLTXH�4H�� F
HVW� WURXYHU� OD� YDOHXU�GH�4�SRXU� ODTXHOOH� OH� FR�W� WRWDO� HVW�PLQLPDO��F
HVW�j�GLUH�OD�YDOHXU�4H�SRXU�ODTXHOOH�OD�GpULYpH�GX�FR�W�WRWDO�SDU�UDSSRUW�j�OD�TXDQWLWp�HVW�QXOOH��
� � 0

22  uu�¹̧
·

©̈
§ uu�¸̧¹

·¨̈©
§ u '

'
XVX

H

H

3W63W4&/4
1

4
&W
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'
R� OD�IRUPXOH�GH�:LOVRQ��

X
H 3W

&/14
.

..2 

�������5HSUpVHQWDWLRQ�JUDSKLTXH�
�6XU�OH�JUDSKLTXH�VXLYDQW�VRQW�SRUWpHV�OHV�FRXUEHV����

x &R�W�GH�ODQFHPHQW���GpJUHVVLI�HQ�IRQFWLRQ�GHV�TXDQWLWpV��
x &R�W�GH�SRVVHVVLRQ���WKpRULTXHPHQW�SURSRUWLRQQHO�DX[�TXDQWLWpV��
x /D�FRXUEH�GHV�FR�WV�FXPXOpV�©�OH�FR�W�WRWDO�G·DSSURYLVLRQQHPHQW�ª�

)LJXUH����5HSUpVHQWDWLRQ�JUDSKLTXH�GH�OD�TXDQWLWp�pFRQRPLTXH��/D TXDQWLWp�pFRQRPLTXH�VH�WURXYH�j�O
LQWHUVHFWLRQ�GHV�GHX[�FRXUEHV��ODQFHPHQW�HW�SRVVHVVLRQ��RX�DX SRLQW� G
LQIOH[LRQ� GH� OD� FRXUEH� FXPXOpH�� 'DQV� OD� SUDWLTXH� WRXWHIRLV�� LO� VHUD� LPSRVVLEOH� GH�FRPPDQGHU�H[DFWHPHQW�OD�TXDQWLWp�pFRQRPLTXH��RQ�FKRLVLUD�XQH�WDLOOH�GH�ORW�UpSRQGDQW�DX[�GLYHUVHV�FRQWUDLQWHV�HW�FRPSULVH�GDQV�OD��]RQH�pFRQRPLTXH���
 

W�X�

Qe 

=
� �4H���� ��������R��=
�HVW�XQH�]RQH�pFRQRPLTXH�

&R�W�GH�ODQFHPHQW�&/

C
oû

ts
 

Quantités

Coût  de possession 

Le coût total 
d’approvisionnement 
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���� /D�SUpYLVLRQ�GH�OD�GHPDQGH��� 3UHPLHU� RXWLO� GH� OD� JHVWLRQ� GHV� FDSDFLWpV�� OD� SUpYLVLRQ� GH� OD� GHPDQGH� QpFHVVLWH� O·pODERUDWLRQ� GH�PRGqOHV� VWDWLVWLTXHV�� &HX[�FL� V·DSSXLHQW� VXU� OHV� KLVWRULTXHV� GHV� YHQWHV� GHV� GLIIpUHQWV� VHJPHQWV� GH�FOLHQWqOH� HW� OHV� QLYHDX[� GH� SUL[� FRUUHVSRQGDQW��3RXU� IDLUH� FHV�SUpYLVLRQV�� RQ�XWLOLVH� HQ� JpQpUDO� GHV�VpULHV� WHPSRUHOOHV� IRQGpHV� VXU� GHV� UpVXOWDWV� KLVWRULTXHV�� FRPSOpWpV� SDU� GHV� PRGqOHV� GH� SUpYLVLRQ�EDVpV�VXU� OHV�FRXUEHV�GH�UpVHUYDWLRQ��3RXU�FRQQDvWUH� OD�GHPDQGH�� LO�FRQYLHQW�G·DMRXWHU�DX[�VHUYLFHV�UpHOOHPHQW� IRXUQLV� OD� GHPDQGH� QRQ� VDWLVIDLWH��(Q� HIIHW�� OH� YROXPH�GH� VHUYLFHV� YHQGXV� HVW� WRXMRXUV�OLPLWp SDU� OD� FDSDFLWp��2U�� ORUVTXH� OD� GHPDQGH� UpHOOH� HVW� VXSpULHXUH� j� OD� FDSDFLWp�� LO� VH�SURGXLW� GHV�SHUWHV�TXL�QH�SHXYHQW�rWUH�PHVXUpHV��
������ 7\SRORJLH�GH�OD�GHPDQGH��,O HVW�SRVVLEOH�GH�FRQVWDWHU�TXH�OD�GHPDQGH�GHV�FOLHQWV�VXLW�GHV�ORLV�GLIIpUHQWHV�VXLYDQW�OHV�SURGXLWV��&·HVW DLQVL�� �TX·XQH�DQDO\VH�GHV�KDELWXGHV�GH�FRQVRPPDWLRQ�G·XQ�SURGXLW�SDU�SpULRGH�GH�WHPSV��OH�PRLV��OD�VHPDLQH��OH�MRXU��SHXW�QRXV�PRQWUHU�OHV�W\SHV�GH�FRQVRPPDWLRQ�VXLYDQWV����������� 'HPDQGH�FRQVWDQWH��/RUVTXH�OD�GHPDQGH�RVFLOOH�VWDWLVWLTXHPHQW�DXWRXU�G·XQH�YDOHXU�PR\HQQH�FRQVWDQWH�GDQV�OH�WHPSV��/D PR\HQQH�GH�' I�W��HVW�XQH�GURLWH�KRUL]RQWDOH���

�������� 'HPDQGH�j�WHQGDQFH��/D SUpYLVLRQ�GH�OD�GHPDQGH�PR\HQQH�GHV�FOLHQWV�DXJPHQWH��RX�GLPLQXH��G·XQH�TXDQWLWp�j�SHX�SUpV�FRQVWDQWH�GpWHUPLQDQW��DLQVL��XQH�GURLWH�GH�WHQGDQFH��(Q�G·DXWUH�WHUPH�V·LO�\�RVFLOODWLRQ�DXWRXU�G·XQH�YDOHXU FURLVVDQWH�RX�GpFURLVVDQWH�GDQV�OH�WHPSV��' I�W��HVW�XQH�GURLWH�j�SHQWH�SRVLWLYH�RX�QpJDWLYH�����

Ventes 

Temps 

Max 

Moy 

Min 

t1 t2 t3 t4 t5

Ventes

Temps
t1 t2 t3 t4 t5

Tendance 
moyenne  

)LJXUH������'HPDQGH�FRQVWDQWH�
 

)LJXUH������'HPDQGH�j�WHQGDQFH�
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�������� 'HPDQGH�VDLVRQQLqUH��� /D GHPDQGH�GHV�FOLHQWV�VXELW�GH�IRUWHV�YDULDWLRQV�SRVLWLYHV��RX�QpJDWLYHV��DX[�PrPHV�SpULRGHV�GH�FKDTXH�DQQpH��'RQF�HOOH�SUpVHQWH�GHV�YDULDWLRQV�QHWWHPHQW�SOXV�LPSRUWDQWHV�HQ�KDXVVHV�HW�HQ�EDLVVH��G·XQH�PDQLqUH�SpULRGLTXH��,O�SHXW�V·DJLU�G·XQ�SLF�GH�OD�GHPDQGH�HQ�pWp��OLH�DX�YDFDQFH�SDU�H[HPSOH����

)LJXUH�����'HPDQGH�VDLVRQQLqUH���������� 'HPDQGH�VDLVRQQLqUH�j�WHQGDQFH��� &·HVW OD� FRPELQDLVRQ� GHV� GHX[� ORLV� SUpFpGHQWHV�� HOOH� SHUPHW� GH� PRQWUHU� TXH� OHV� YDULDWLRQV�VDLVRQQLqUH��SRVLWLYHV�RX�QpJDWLYHV��RQW�WHQGDQFH�j�DXJPHQWHU�RX�GLPLQXHU�UpJXOLqUHPHQW��R��OHV�SLFV�HW OHV�FUHX[�VRQW�GLVSRVpV�DXWRXU�G·XQH�GURLWH�QRQ�KRUL]RQWDOH��

)LJXUH�����'HPDQGH�VDLVRQQLqUH�j�WHQGDQFH�

Ventes 

Temps 
t1 t2 t3 t4 t5

Ventes 

Temps 
t1 t2 t3 t4 t5

Tendance 
moyenne  
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������ 7HFKQLTXHV�'H�3UpYLVLRQ��/·LGpDO� SRXU� FKDTXH� HQWUHSULVH� HVW� FHUWDLQHPHQW� GH� SURGXLUH� H[DFWHPHQW� WRXW� OHV�SURGXLWV� TXH� VHV�FOLHQWV� YRQW� DFKHWHU�� HW� DILQ� GH� SUHQGUH� OHV� GpFLVLRQV� UHODWLYHV� j� VRQ� ERQ� IRQFWLRQQHPHQW� HW� j� VD�SpUHQQLWp��WRXWH�HQWUHSULVH��TXHOOH�TXH�VRLW�VD�QDWXUH�HW�VD�W\SRORJLH�FRPPHUFLDOH���GRLW�V·DSSX\HU�VXU�XQ V\VWqPH�GH�SUpYLVLRQ�ILDEOH��3DU GpILQLWLRQ�� XQH� SUpYLVLRQ� HVW� XQH� SUpGLFWLRQ� GDQV� XQ� DYHQLU� LQFHUWDLQ�� G·pYpQHPHQWV� RX� GH�QLYHDX[�G·DFWLYLWpV��� /HV�PpWKRGHV�GH�SUpYLVLRQ�EDVHQW�OHXUV�SURMHFWLRQV�VXU�GHV�UHODWLRQV�RX�GHV�WHQGDQFHV�WLUpHV�GH�GRQQpHV�KLVWRULTXHV��2Q GLVWLQJXH���
¾ /HV PpWKRGHV�TXDOLWDWLYHV�
¾ /HV PpWKRGHV�TXDQWLWDWLYHV��

)LJXUH������6\VWqPH�GH�SUpYLVLRQ��/HV�VHSW�pWDSHV�G·XQ�V\VWqPH�GH�SUpYLVLRQV�VRQW���� �� 3UpFLVHU�OHV�REMHFWLIV���� &KRLVLU�O·DUWLFOH�SRXU�OHTXHO�RQ�GpVLUH�SUpGLUH�OD�GHPDQGH���� )L[HU�O·KRUL]RQ�GH�SUpYLVLRQ���� &ROOHFWHU�OHV�GRQQpHV�SHUWLQHQWHV���� &KRLVLU�OH�PRGqOH�GH�SUpYLVLRQ���� 3UpGLUH�OD�GHPDQGH�HQ�XWLOLVDQW�OH�PRGqOH�UHWHQX���� 9DOLGHU�OHV�UpVXOWDWV�HW�SURFpGHU�j�O·LPSODQWDWLRQ��

x $FWLYLWpV�DQWpULHXUHV�
x ,QIRUPDWLRQV�GHV�YHQGHXUV�
x ,QIRV����DFWLYLWpV�SROLWLTXHV�
 -DFWLYLWpV�pFRQRPLTXHV 

-DFWLYLWpV�VRFLDOHV 
-DFWLYLWpV�WHFKQLTXHV 
-DFWLYLWpV�pFRORJLTXHV 

x ,QIRV�3HUWLQHQWHV�j�O·LQGXVWULH�
x ,QIRV�GHV�LQGXVWULHV�HQYLURQQDQWHV�
 -HQ DYDO 

- HQ DPRQW 
x &DSDFLWpV�GH�SURGXFWLRQ�GH�O·HQWUHSULVH�
x 'LVSRQLELOLWpV�GH�O·HQWUHSULVH�HQ���
 -PDLQV���G·RHXYUH 

-pTXLSHPHQW 
-EkWLPHQWV 
- lLTXLGLWpV 

x eWXGH�GHV�LQIRUPDWLRQV�j�O·HQWUpH�SDU�� OHV�UHVSRQVDEOHV�GHV�SUpYLVLRQV�
x &KRL[�G·XQH�WHFKQLTXH�GH�SUpYLVLRQ��� V·DGDSWDQW�DX�FRQWH[WH�GH�O·HQWUHSULVH�
x eWDEOLVVHPHQW�G·XQ�SODQ�GH�SUpYLVLRQV�
x $SSUREDWLRQ�GX�SODQ�SDU�OH�FRPLWp�GHV�� SUpYLVLRQV�

3ODQ�GH�SUpYLVLRQ

9HUV�ODSODQLILFDWLRQ�

x eFDUW�HQWUH�OH�UpHO�HW�OH�SUpYX�
x 9DULDWLRQV�GH�O·HQYLURQQHPHQW�
x 9DULDWLRQV�GHV�GRQQpHV�j�� O·HQWUpH�



&KDSLWUH������*pQpUDOLWpV�VXU�OD�JHVWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQV�

-20- 

7DEOHDX�������5pVXPp�GHV�PpWKRGHV�GH�SUpYLVLRQ�

0pWKRGH� 'HVFULSWLRQ� +RUL]RQGH�WHPSV�
&R�W�UHODWLI�

2SLQLRQ�HW�MXJHPHQW�
)RUFHV�GH�YHQWH�FRPSRVLWHV� 6\QWKqVH�GHV�HVWLPDWLRQV�GHV�IRUFHV�GH�YHQWH� &7�07� %�0�
)RUFHV�GH�YHQWH�HW�FKHIV�GH�SURGXLWV��

/HV�HVWLPDWLRQV�ORFDOHV�GHV�YHQGHXUV�UpJLRQDX[�VRQW�FRPSDUpHV�DX[�SURMHFWLRQV�QDWLRQDOHV�GHV�FKHIV�GH�SURGXLWV�GX�VLqJH��

07��� 0

$QDORJLH�KLVWRULTXH� 3UpYLVLRQ�SDU�FRPSDUDLVRQ�DYHF�GHV�SURGXLWV�VLPLODLUHV�YHQGXV�GDQV�OH�SDVVp��
&7�/7��� %�0�

'HOSKL�� 5pSRQVHV�j�XQH�VpULH�GH�TXHVWLRQV�SDU�GHV�H[SHUWV��DQRQ\PHPHQW���UHWRXU�G
LQIRUPDWLRQ�HW�UpYLVLRQ��
/7��� 0�e�

eWXGHV�GH�PDUFKpV� 4XHVWLRQQHPHQW�GHV�FOLHQWV�SRWHQWLHOV�SRXU�DQWLFLSHU�OH�FRPSRUWHPHQW�GX�PDUFKp��
07�/7� e

([WUDSRODWLRQV�GDQV�OH�WHPSV�
1DwYH�� 3UpYLVLRQ� �DFWXHO�SOXV�RX�PRLQV�FHUWDLQ��� &7�� %�0R\HQQHV�PRELOHV��� 0R\HQQH�GH�Q SOXV�UpFHQWHV�SpULRGHV�� &7�� %
3URMHFWLRQ�GH�WHQGDQFH� 3URMHFWLRQ�OLQpDLUH��H[SRQHQWLHOOH�RX�DXWUH�GH�OD�WHQGDQFH�SDVVpH��

07�/7� %

'pFRPSRVLWLRQ� /D�VpTXHQFH�GHV�UpVXOWDWV�HVW�GLYLVpH�HQ�WHQGDQFH��VDLVRQQDOLWp��F\FOHV�HW�HIIHWV�DOpDWRLUHV��
&7�/7� %�

/LVVDJH�H[SRQHQWLHO�� 0R\HQQH�SRQGpUpH�SDU�GHV�FRHIILFLHQWV�TXL�GLPLQXHQW�H[SRQHQWLHOV��OHV�SOXV�SURFKHV�D\DQW�OHV�SOXV�IRUWV�SRLGV���

&7��� 0

%R[�HW�-HQNLQV� 8Q�PRGqOH�HVW�SURSRVp��WHVWp�VWDWLVWLTXHPHQW��PRGLILp�MXVTX
j�VDWLVIDFWLRQ��
07�/7� 0�e�

$VVRFLDWLRQ�
5pJUHVVLRQV�HW�FRUUpODWLRQV�� 8WLOLVH�SOXVLHXUV�YDULDEOHV�DVVRFLpHV�HW�OHV�pTXDWLRQV�GHV�PRLQGUHV�FDUUpV��UpJUHVVLRQV��RX�GHV�DVVRFLDWLRQV�pWURLWHV��FRUUpODWLRQV��UHOLpHV�j�XQH�YDULDEOH�GRQW�HOOHV�GpSHQGHQW��

&7�07� 0�e�

eFRQRPpWULTXH�� 8WLOLVH�GHV�VROXWLRQV�VLPXOWDQpHV�GH�UpJUHVVLRQV�PXOWLSOHV�SRXU�GpFULUH�XQ�GRPDLQH�pWURLW�GH�O
DFWLYLWp�pFRQRPLTXH��

&7�/7��� e

&7� �FRXUW�WHUPH��07� �0R\HQ�WHUPH��/7� �/RQJ�WHUPH��%� �EDV��0� �0R\HQ��e� �eOHYp��
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���� 3LORWDJH�SDU�OD�PDvWULVH�VWDWLVWLTXH�GHV�SURFpGpV��063���
3RXU SLORWHU�FRUUHFWHPHQW�XQ�SURFHVVXV�GH�SURGXFWLRQ�� LO�HVW�QpFHVVDLUH�GH�FRQQDvWUH�XQ�FHUWDLQ�

QRPEUH�GH�UqJOHV�VWDWLVWLTXHV�HW�G·DSSOLTXHU�GHV�RXWLOV�WUDGXLVDQW�GH�PDQLqUH�VLPSOH�OHXU�DSSOLFDWLRQ�
GDQV� OH� SLORWDJH��� FHOD� V·DSSHOOH� OD� PDvWULVH� VWDWLVWLTXH� GHV� SURFpGpV� �063��� /·RULJLQH� GH� OD� 063�
UHPRQWH�j������DYHF�OHV�SUHPLqUHV�SXEOLFDWLRQV�GH�6KHZKDUW�>3LO���@��>6KH���@� HW�PDUTXH�OH�SRLQW�
GH GpSDUW� GX� FRQFHSW� GH� TXDOLWp� GDQV� OHV� DFWLYLWpV� LQGXVWULHOOHV�� 6D� GLIIXVLRQ� HIIHFWLYH� GDQV� OHV�
HQWUHSULVHV�HVW�XQ�SHX�SOXV�WDUGLYH�HW�GRLW�EHDXFRXS�DX[�WUDYDX[��GH�'HPLQJ�DSUqV�OD�VHFRQGH�JXHUUH�
PRQGLDOH��$XMRXUG·KXL��O·DSSOLFDWLRQ�GH�OD�063�HVW�JpQpUDOLVpH�j�WRXV�OHV�VHFWHXUV�GH�O·LQGXVWULH�VRXV�
O·LPSXOVLRQ GHV� JUDQGV� GRQQHXUV� G·RUGUH�� QRWDPPHQW� GX� VHFWHXU� DXWRPRELOH� HW� GH� O·pOHFWURQLTXH�
JUDQG�SXEOLTXH��
�
/H SULQFLSH�GH�EDVH�WURXYH�VD�VRXUFH�GDQV�OH�WKpRUqPH�FHQWUDO�OLPLWH�GH�*DXVVH�TXL�V·pQRQFH�GH�OD�

IDoRQ� VXLYDQWH���©�WRXW� V\VWqPH� �SURFHVVXV� GH� SURGXFWLRQ��� VRXPLV� j� GH� QRPEUHX[� IDFWHXUV�
LQGpSHQGDQWV� OHV� XQV� GHV� DXWUHV� HW� G·XQ� RUGUH� GH� JUDQGHXU� GH� O·HIIHW� pTXLYDOHQW�� JpQqUH� XQH� ORL�
QRUPDOH��ª�3DUWDQW�GH�FH�SULQFLSH��QRXV�SRXYRQV�FRQVLGpUHU�TXH�ORUVTX·XQ�SURFHVVXV�GH�SURGXFWLRQ�
VXELW� XQH�YDULDELOLWp� DOpDWRLUH�TXL� HVW� OD� FRQVpTXHQFH�GH� WUqV�QRPEUHXVHV�FDXVHV� D\DQW� FKDFXQH�XQ�
HIIHW�UHODWLYHPHQW�IDLEOH��OH�UpVXOWDW�REWHQX�VH�GLVWULEXH�VHORQ�XQH�ORL��QRUPDOH��YRLU�VHFWLRQ�������������� 3URFHVVXV�VWRFKDVWLTXH�����
/H SURFHVVXV� VWRFKDVWLTXH� HVW� XQ� HQVHPEOH� GH� YDULDEOHV� DOpDWRLUHV� GpSHQGDQW� GX� WHPSV�� GRQW� OHV�
YDOHXUV VRQW� UpJLHV� SDU� XQ� HQVHPEOH� GRQQp� GH� ORLV� GH� SUREDELOLWp� PXOWLGLPHQVLRQQHOOHV� TXL�
FRUUHVSRQGHQW�j�WRXWHV�OHV�FRPELQDLVRQV�GHV�YDULDEOHV�DOpDWRLUHV��/H�WHUPH�GH��SURFHVVXV�DOpDWRLUH��
HVW�DXVVL�XWLOLVp�>6FK ��@�

(Q G·DXWUH�WHUPH��/HV�PRGqOHV�VWRFKDVWLTXHV�VRQW�GHV�UHSUpVHQWDWLRQV�GH�V\VWqPHV�G\QDPLTXHV�
EDVpHV� VXU� OHV� SUREDELOLWpV� >/DX ��@�� %LHQ� TXH� FHW� DVSHFW� DOpDWRLUH� VHPEOH� DVVH]� IUXVWH� GH� SULPH�
DERUG��F·HVW�HQ�IDLW�XQH�UHSUpVHQWDWLRQ�WUqV�QDWXUHOOH��6RXYHQW�� ORUVTXH�O·RQ�REVHUYH�XQ�V\VWqPH��RQ�
HVW�FDSDEOH�GH�WURXYHU�LQWXLWLYHPHQW�GHV�UqJOHV�TXH�OH�V\VWqPH�VXLW��DX�PRLQV�JOREDOHPHQW��
� /·DSSURFKH� VWDQGDUG� FRQVLVWH� j� SUHQGUH� OH� FDV�PR\HQ�� FHOXL� TXL� UHVVHPEOH� OH� SOXV� j� WRXWHV� OHV�
REVHUYDWLRQV��HW�j�FRQVLGpUHU�TX·LO�PRGpOLVH�OH�V\VWqPH�GH�IDoRQ�VXIILVDQWH��/D�YDULDQFH�GX�SURFHVVXV��
DXWRXU�GX�FDV�PR\HQ��HVW�WRXW�VLPSOHPHQW�LJQRUpH��/·DSSURFKH�VWDWLVWLTXH�FRQVLVWH�j�WHQLU�FRPSWH�GH�
FKDFXQH�GHV�GLIIpUHQWHV�SRVVLELOLWpV��WRXW�HQ�OXL�DWWULEXDQW�XQH�SUREDELOLWp�TXL�H[SULPH�OD�IUpTXHQFH�
GH VHV�RFFXUUHQFHV��$LQVL��SOXV�XQ�FDV�VH�SURGXLUD�VRXYHQW��SOXV�VD�SUREDELOLWp�VHUD�LPSRUWDQWH��
� /·pWXGH� GHV� SURFHVVXV� VWRFKDVWLTXHV� D� FRPPHQFp� DX� GpEXW� GX� ���� VLqFOH� JUkFH� j� XQ�
PDWKpPDWLFLHQ�5XVVH��0DUNRY�$QGUHw�$QGUHwHYLWFK��6HV�pWXGHV�VWDWLVWLTXHV�O·RQW�FRQGXLW�j�IRUPXOHU�
O·K\SRWKqVH�0DUNRYLHQQH��TXL�SHXW�VH�UpVXPHU�DLQVL���
© /¶pYROXWLRQ�IXWXUH�G¶XQ�V\VWqPH�QH�GpSHQG�TXH�GH�VRQ�pWDW�SUpVHQW�ª��
������� eOpPHQWV�GH�PDWKpPDWLTXHV�HW�VWDWLVWLTXHV�
 
'DQV FH�TXL�VXLW��QRXV�QRXV�LQWpUHVVRQV�DX[�SURFHVVXV�DOpDWRLUHV��/D�PRGpOLVDWLRQ�GH�FHV�SURFHVVXV��
UHTXLHUW� O·XWLOLVDWLRQ� GHV� RXWLOV� PDWKpPDWLTXHV� HW� VWDWLVWLTXHV� DGDSWpV�� 'DQV� FHWWH� VHFWLRQ�� QRXV�
UDSSHORQV�UDSLGHPHQW�TXHOTXHV�FRQFHSWV�GH�EDVH�HPSOR\pHV�GDQV�FH�GRFXPHQW���
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�������� 9DULDEOH�DOpDWRLUH����8QH� YDULDEOH� DOpDWRLUH� ;� HVW� XQH� JUDQGHXU� TXL� SHXW� SUHQGUH� GLIIpUHQWHV� YDOHXUV� DYHF� GLIIpUHQWHV�
SUREDELOLWpV� �� O
HQVHPEOH�GHV�YDOHXUV�TXH�SHXW�SUHQGUH�;�HVW�QRWp [H � ;�HVW�HQ�IDLW�XQH�DSSOLFDWLRQ�
TXL��j�WRXWH�LVVXH�G
XQH�H[SpULHQFH�DOpDWRLUH��DVVRFLH�XQ�pOpPHQW�GH [H �
6HORQ�OD�QDWXUH�GH [H � ;�VHUD�XQH�YDULDEOH�TXDOLWDWLYH��QXPpULTXH�GLVFUqWH�RX�QXPpULTXH�FRQWLQXH��
��� 9DULDEOH�DOpDWRLUH�FRQWLQXH��
8QH�YDULDEOH�DOpDWRLUH�;�HVW�FRQWLQXH�VL�O
HQVHPEOH� [H GHV YDOHXUV�TX
HOOH�SHXW�SUHQGUH�HVW�,5�RX�XQ�
LQWHUYDOOH� UpHO�� ,O� V
DJLW� GRQF� G
XQ� HQVHPEOH� LQILQL� QRQ� GpQRPEUDEOH� �� RQ� QH� SHXW� SDV� pQXPpUHU�V\VWpPDWLTXHPHQW�O
HQVHPEOH�GH�WRXV�OHV�SRLQWV�G
XQ�LQWHUYDOOH�UpHO��

¾([HPSOH��; SHXW� rWUH� O
kJH� G
XQH� SHUVRQQH� SULVH� DX� KDVDUG�� RX� VD� WDLOOH�� RX� VRQ� SRLGV�� 6L� FHOXL�FL� HVW���
H[SULPp�HQ�NJV��RQ�SHXW�UDLVRQQDEOHPHQW�SHQVHU�TXH� [H HVW XQ�LQWHUYDOOH�FRPSULV�GDQV�>�����@��

����9DULDEOH�DOpDWRLUH�GLVFUqWH���
8QH�YDULDEOH�DOpDWRLUH�;�HVW�GLVFUqWH�VL�O
HQVHPEOH� [H GHV YDOHXUV�TX
HOOH�SHXW�SUHQGUH�HVW�XQ�HQVHPEOH�
QXPpULTXH� ILQL� �F
HVW�j�GLUH� FRPSUHQDQW� XQ� QRPEUH� ILQL� G
pOpPHQWV�� RX� XQ� HQVHPEOH� LQILQL�GpQRPEUDEOH��F
HVW�j�GLUH�FRPSUHQDQW�XQH�LQILQLWp�GH�QRPEUHV�TXH�O
RQ�SHXW�pQXPpUHU�����
���������¾([HPSOH����

� ;�SHXW� rWUH� OH�SRLQW�REWHQX�HQ� ODQoDQW�XQ�Gp�j��� IDFHV�� DYHF� [H  ^�����������`� ��RX�ELHQ� OH�
QRPEUH�GH�ODQFHUV�QpFHVVDLUHV�SRXU�REWHQLU�XQ����DYHF� [H  ^���������`���HQVHPEOH�LQILQL� 

���������'LIIpUHQWHV�ORLV�GH�GLVWULEXWLRQV����&HWWH� VHFWLRQ� GpILQLW� OHV� GLVWULEXWLRQV� GH� SUREDELOLWpV� OHV� SOXV�� JpQpUDOHPHQW�� XWLOLVpHV� SRXU� OD�PRGpOLVDWLRQ�HW�OD�VLPXODWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ��>%UD ��@ 
�� /RL�GH�GLVWULEXWLRQ�GH�*DXVV�/D ORL�GH�*DXVV��DXVVL�DSSHOpH�QRUPDOH��HVW�XQH�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp�WUqV�LPSRUWDQWH�j�FDXVH�GX�WKpRUqPH�FHQWUDO� OLPLWH�SUpVHQWp�GDQV�OH�SDUDJUDSKH�VXLYDQW��/·pTXDWLRQ�GH�FHWWH�IRQFWLRQ�I�[� HVW���

� �
2

2

2

2

1
)( V

P

SV
� [

[ H[I

2��[ 5 , P UHSUpVHQWH�OD�YDOHXU�PR\HQQH�HW 
V UHSUpVHQWH�O·pFDUW�W\SH��/D�ILJXUH�������UHSUpVHQWH�FHWWH�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp�I��[���
 

)LJXUH������5HSUpVHQWDWLRQ�GH�OD�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp��
� UHODWLYH�j�XQH�ORL�GH�GLVWULEXWLRQ�JDXVVLHQQH�DYHF�P  �HW�V �
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�� 7KpRUqPH�FHQWUDO�OLPLWH�
 /H WKpRUqPH�FHQWUDO�OLPLWH�LQGLTXH�TXH�OD�VRPPH�j�O·LQILQL�GH�YDULDEOHV�DOpDWRLUHV�LQGpSHQGDQWHV��GH�PrPH ORL��PR\HQQH�HW�YDULDQFH��ILQLH���HVW�XQH�YDULDEOH�DOpDWRLUH�TXL�VXLW�XQH�ORL�GH�*DXVV��6L�;Q VRQWGHV�YDULDEOHV�DOpDWRLUHV�GH�YDULDQFH V�, GH�PR\HQQHP � HW �

1
1;

<Q
1

L
L

V
P¦

 

�
 1

$ORUV fo1 VXLW�XQH�ORL�GH�*DXVV���
� &H WKpRUqPH�SHXW�rWUH�YpULILp�H[SpULPHQWDOHPHQW��/D�FRQYHUJHQFH�HVW�UDSLGH��HW� OH�QRPEUH�1 GHYDULDEOHV�QpFHVVDLUH�SRXU�DYRLU�XQH�GLVWULEXWLRQ�TXDVLPHQW�JDXVVLHQQH�HVW�WUqV�IDLEOH��&H�WKpRUqPH�HVW�G·DLOOHXUV�j�O·RULJLQH�GH�O·DOJRULWKPH�GH�JpQpUDWLRQ�GH�YDOHXUV�GH�GLVWULEXWLRQ�JDXVVLHQQH��'H�SOXV�� LO�SHUPHW� GH� YDOLGHU� O·K\SRWKqVH� VRXYHQW� pPLVH� VXU� OH� FDUDFWqUH� JDXVVLHQ� GHV� SKpQRPqQHV� DOpDWRLUHV�pWXGLpV��
�� /RL�XQLIRUPH��
; HVW�XQH�YDULDEOH�DOpDWRLUH�GH� ORL�XQLIRUPH�VXU�XQ� LQWHUYDOOH� >�D� ��E� @�VL�VD�IRQFWLRQ�GH�GHQVLWp�HVW�FRQVWDQWH�VXU�FHW�LQWHUYDOOH���
�

°̄
°®
­ dd� 

sinon 0

1
)( E[DVLDE[I

)LJXUH������5HSUpVHQWDWLRQ�GH�OD�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp�� UHODWLYH�j�XQH�ORL�GH�GLVWULEXWLRQ�XQLIRUPH��8QLI������
 

���/RL�H[SRQHQWLHOOH����; HVW�XQH�YDULDEOH�DOpDWRLUH�GH�ORL�H[SRQHQWLHOOH�GH�SDUDPqWUH�O��QRPEUH�UpHO�!����VL�VD�GHQVLWp�HVW���
I ��[���  O e�O�x����VL�[�t 0, HW I���[��� ���VL�[�����
�6D IRQFWLRQ�GH�UpSDUWLWLRQ�HVW����
) ��[��� ���� e�O�x�����VL�x t 0� HW�)���[��� ���VL�[ � �

/LP�<Q
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�

)LJXUH�������5HSUpVHQWDWLRQ�GH�OD�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp���������������������UHODWLYH�j�XQH�ORL�GH�GLVWULEXWLRQ�H[SRQHQWLHOOH�
 �� (SUHXYH�GH�%HUQRXLOOL�
 
La variable aléatoire X prend la valeur 1 avec la probabilité p et prend la valeur 0 avec la 
probabilité 1-p.�
3�;� ���� �T������3�;� ���� �S��������DYHF�T� ���S��([HPSOH��7LUHU j��SLOH�RX�IDFH���WHVWHU�XQH�SLqFH�GDQV�OD�SURGXFWLRQ�G
XQH�PDFKLQH��SLqFH�GpIHFWXHXVH�RX�SDV����
�� /RL�ELQRPLDOH���2Q HIIHFWXH�Q�pSUHXYHV�GH�%HUQRXLOOL� LQGpSHQGDQWHV��/D�Y�D��;�FRPSWH�OH�QRPEUH�GH�VXFFqV��$LQVL�S�N��HVW�OD�SUREDELOLWp�G
REWHQLU�N�VXFFqV�HQ�Q�WHQWDWLYHV��

STDYHFTSN
QN;S NQN � ¸̧¹
·¨̈©

§  � 1)(

([HPSOHV��QRPEUH�GH��SLOH��REWHQX�HQ�ODQoDQW����IRLV�XQH�SLqFH���% �����������QRPEUH�GH�SLqFHV�GpIHFWXHXVHV�WURXYpHV�SDUPL������
�� /RL�JpRPpWULTXH��
&
HVW OD�ORL�GX�QRPEUH�;�G
pSUHXYHV�LQGpSHQGDQWHV�j�UpDOLVHU�SRXU�YRLU�DSSDUDvWUH�SRXU�OD�SUHPLqUH�IRLV�XQ�pYpQHPHQW�GH�SUREDELOLWp�S�� 
3 ��;� �N��� �S�������S��N�� � N�� ^ ���������������`��([HPSOH��1RPEUH�GH�ODQFHUV�G
XQ�Gp�MXVTX
j�REWHQWLRQ�GH������1RPEUH�GH�SLqFHV�j�WHVWHU�SRXU�WURXYHU�OD�SUHPLqUH�GpIHFWXHXVH��1RPEUH�GH�WHQWDWLYHV�SRXU�DYRLU�OH��HU�VXFFqV��HWF����������
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�� /RL�GH�3RLVVRQ��
�
/D ORL�GH�3RLVVRQ�HVW�SDUIRLV�DSSHOpH�ORL�GHV�pYqQHPHQWV�UDUHV�FDU�F
HVW�OD�OLPLWH�GH�OD�ORL�ELQRPLDOH�
%�E�S� ORUVTXH� OH� QRPEUH� Q� G
pSUHXYHV� WHQG� YHUV� O
LQILQL�� TXH� OD� SUREDELOLWp� S� GH� VXFFqV� DX� FRXUV�
G
XQH pSUHXYH�WHQG�YHUV�]pUR�HW�TXH�OH�SURGXLW�QS WHQG�YHUV�XQH�FRQVWDQWH�O� &LWRQV�FRPPH�H[HPSOH�
SRVVLEOH�G
DSSOLFDWLRQ��
�/RL GX�QRPEUH�GH�VXLFLGHV�SDU�DQ�GDQV�XQ�SD\V�GRQQp�
�/RL GX�QRPEUH�G
DSSHOV�WpOpSKRQLTXHV�SHQGDQW�XQ�WHPSV�GRQQp�
�/RL GX�QRPEUH�GH�SLqFHV�GpIHFWXHXVHV�GDQV�XQH�OLYUDLVRQ�LPSRUWDQWH��OD�SURGXFWLRQ�pWDQW�GH�ERQQH�
TXDOLWp�HWF��
/D ORL�HVW�FRQVWUXLWH�j�SDUWLU�GX�GpYHORSSHPHQW�GH�7D\ORU�H[S�O�  �����O� O�������«� 

,....2,1,0
!

)(    � NSRXUNHN;3 NOO

�����&RQFOXVLRQ���
&H FKDSLWUH�QRXV�D�SHUPLV�GH�IDLUH�XQH�DSHUoX�WUqV�UDSLGH�VXU�OD�JHVWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ��
3OXV�SDUWLFXOLqUHPHQW�OD�SDUWLH�GpFLVLRQQHOOH���
1RXV DYRQV� SUpVHQWp� /HV� SUREOqPHV� j� UpVRXGUH� GDQV� OD� JHVWLRQ� GH� SURGXFWLRQ� QRWDPPHQW� /D�
FRPSOH[LWp�HW�/·LQFHUWLWXGH�OLpH�DX[�SUREOqPHV�GH�SURGXFWLRQ��'DQV�OH�FDGUH�GH�OD�UpVROXWLRQ�GH�FHV��
SUREOqPHV� OHV�PRGqOHV�SDU�TXDQWLWpV�VRQW�JpQpUDOHPHQW�XWLOLVpV�SRXU�OD�SULVH�GH�GpFLVLRQ��2Q�SDUOH�
GH PRGqOHV�PDWKpPDWLTXHV�GpWHUPLQLVWHV�SRXU�OD�SODQLILFDWLRQ�j�PR\HQ�WHUPH�RX�GH�PRGqOHV�GH�ORW�
VL]LQJ��
�

,O Q·HVW�SDV�TXHVWLRQ�GH�UpDOLVHU�XQ�SDQRUDPD�H[KDXVWLI�GH�WRXWV��OHV�PRGqOHV�PDWKpPDWLTXHV�GH�
ORW�VL]LQJ�HW�GHV�PpWKRGHV�GH�SUpYLVLRQ�PDLV��GH�GRQQHU�XQ�DSHUoX�GHV�GLIIpUHQWV�W\SHV�GH�PRGqOHV�HW�
GH PpWKRGHV���
�/H�FKDSLWUH�VXLYDQW�QRXV�SHUPHWWUD�G·DSSURIRQGLU�O·XQ�GHV�PRGqOHV�GH�ORW�VL]LQJ��F·HVW�OH�PRGqOH�GX�
&DPHORW FODVVLTXH�TXL�HVW�OD�EDVH�GH�QRWUH�PRGqOH�pWXGLp����
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�

&KDSLWUH���� /H�0RGqOH�GX�&DPHORW�&ODVVLTXH�� ©�7KH�QHZVYHQGRU�PRGHO�ª�

�����,QWURGXFWLRQ��
 /RUVTXH� OD� GHPDQGH� GH� FHUWDLQV� DUWLFOHV� VXELW� O·HIIHW� GH� YDULDWLRQV� DOpDWRLUHV�� LO� HVW� QpFHVVDLUH� GH�PHWWUH�HQ�SODFH�GHV�PpFDQLVPHV�GH�JHVWLRQ�SHUPHWWDQW�GH�VH�SUpPXQLU�FRQWUH�OHV�HIIHWV�QpJDWLIV�OLpV�j�G·pYHQWXHOOHV� SpQXULHV�� 8Q� SODQ� GH� IDEULFDWLRQ� GRLW� GRQF� UpDJLU� DX[� GRQQpHV� FRXUDQWHV� GH�SURGXFWLRQ� GH� VWRFNDJH� HW� GH� GHPDQGH��0DLV� OHV� GpFLVLRQV� TX·LO� JpQqUH� GRLYHQW� DXVVL� SUHQGUH� HQ�FRPSWH�O·pYROXWLRQ�IXWXUH�GX�V\VWqPH�HQ�LQWpJUDQW�OHV�GRQQpHV�IRQGDPHQWDOHV�GH�WRXWH�SUpGLFWLRQ���OH�SUpYLVLEOH HW� O·DOpDWRLUH��8QH� SUpYLVLRQ� DX� SOXV� MXVWH� GHV� HQWUpHV� HW� GHV� pWDWV� IXWXUV� GX� V\VWqPH�GH�SURGXFWLRQ HVW�GpWHUPLQDQWH�SRXU�O·RSWLPLVDWLRQ�GX�SODQ��� 3DUPL OHV�PpFDQLVPHV�OHV�SOXV�XWLOLVpV�GDQV�FHV�FRQGLWLRQV�RQ�WURXYH�OH�PRGqOH�GX�FDPHORW��'DQV�FH�FKDSLWUH��QRXV�FRPPHQoRQV�SDU�XQH�SUpVHQWDWLRQ�GHV�GLIIpUHQWV�FR�WV�OLpV�DX[�GLYHUV�PRGqOHV�GH�VWRFNV��DSUqV��QRXV��WUDLWRQV�GHV�FRQFHSWV�GH�EDVH�GX�SUREOqPH�GX�FDPHORW�FODVVLTXH��GHV�K\SRWKqVHV�HW GH�QRWDWLRQV�GX�SUREOqPH��GH�OD�IRUPXODWLRQ�GX��PRGqOH�PDWKpPDWLTXH�DLQVL�TXH�GHV�SURSULpWpV�GH�OD�VROXWLRQ�RSWLPDOH��
�
�����&R�WV�OLpV�DX[�GLIIpUHQWV�PRGqOHV�GH�VWRFNV�>%DJ ��@�>3LH���@>*UG���@�
8Q�VWRFN�HVW�FRQVWLWXp�SRXU�VDWLVIDLUH�XQH�GHPDQGH�IXWXUH��(Q�FDV�GH�GHPDQGH�DOpDWRLUH�� LO�SHXW�\�DYRLU�QRQ�FRwQFLGHQFH�HQWUH�OD�GHPDQGH�HW�OH�VWRFN��'HX[�FDV�VRQW�pYLGHPPHQW�SRVVLEOHV���� ��8QH�GHPDQGH�VXSpULHXUH�DX�VWRFN���RQ�SDUOH�DORUV�GH�UXSWXUH�GH�VWRFN��� ��8QH�GHPDQGH�LQIpULHXUH�DX�VWRFN����RQ�DXUD�DORUV�XQ�VWRFN�UpVLGXHO��/H FULWqUH� GH� JHVWLRQ� JpQpUDOHPHQW� UHWHQX� HQ� JHVWLRQ� GHV� VWRFNV� HVW� FHOXL� GH� OD�PLQLPLVDWLRQ� GHV�FR�WV��1RXV�QRWHURQV�FHWWH�IRQFWLRQ�SDU�OD�OHWWUH�&��VXLYLH��HQWUH�SDUHQWKqVHV��GH�OD�RX�GHV�YDULDEOHV�GH FRPPDQGH� GX� V\VWqPH�� 3DU� H[HPSOH�� VL� OD� YDULDEOH� GH� FRPPDQGH� HVW� OD� TXDQWLWp� FRPPDQGpH��QRXV QRWHURQV� O·REMHFWLI�&�4���&HV�YDULDEOHV�GH�FRPPDQGHV�GpWHUPLQHQW�HQ�JpQpUDO� WURLV�YDULDEOHV�G·pWDW�GX�V\VWqPH���,V � OD�UXSWXUH�PR\HQQH��F·HVW�j�GLUH�OH�QRPEUH�PR\HQ�GH�GHPDQGHV�QRQ�VDWLVIDLWHV�DX�FRXUV�G·XQH�SpULRGH��DXTXHO�HVW�DVVRFLp�XQ�FR�W�XQLWDLUH�GH�UXSWXUH� QRWp�LFL��FV�,R � OH�VWRFN�PR\HQ�SRVVpGp�DX FRXUV�G·XQH�SpULRGH��DXTXHO�HVW�DVVRFLp�XQ�FR�W XQLWDLUH�GH�SRVVHVVLRQ��FR�,F � OH�QRPEUH�PR\HQ�GH�FRPPDQGHV�SDVVpHV�DX�FRXUV�G·XQH�SpULRGH��DXTXHO�HVW�DVVRFLp�XQ� FR�WXQLWDLUH�GH�FRPPDQGH��FF�

6L� XQ� KRPPH� FRPPHQFH� SDU� GHV� FHUWLWXGHV�� LO�WHUPLQHUD�GDQV� OH�GRXWH��PDLV� V¶LO� VH�FRQWHQWH�GH� FRPPHQFHU� SDU� GHV� GRXWHV�� LO� WHUPLQHUD�GDQV��OHV�FHUWLWXGHV��
� )UDQFLV�%DFR�
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 /D IRQFWLRQ�GH�FR�W�V·pFULW�GRQF�HQ�JpQpUDO�FRPPH�XQH�IRQFWLRQ�GH�FHV�WURLV�YDULDEOHV�G·pWDW���& = FV,V + FR,R + FF,F�
3RXU�DUULYHU�j�OD�ERQQH�JHVWLRQ�GHV�VWRFNV��OD��PDMRULWp�GHV�PRGqOHV�GH�VWRFNV�VRQW�pWDEOLHV�DYHF�OD�VXSSRVLWLRQ TXH�O
REMHFWLI�HVW�GH�UpGXLUH�DX�PLQLPXP�OH�WRWDO�GH�FHV�WURLV�FDWpJRULHV�GH�FR�WV��1RXV�DOORQV�H[DPLQHU�XQ�SHX�SOXV�HQ�GpWDLOV�FKDFXQ�GHV�WURLV�FR�WV�SDUWLHOV����������&R�W�GH�FRPPDQGH��,O IDXW�LFL�GLVWLQJXHU�OH�FDV�G·XQH�GHPDQGH�LQWHUQH�HW FHOXL�G·XQH�GHPDQGH H[WHUQH���

¾ (Q FDV� GH� VWRFN� GH� IDEULFDWLRQ�� OH FR�W� GH� FRPPDQGH� HVW� OH� FR�W� GH� ODQFHPHQW� GH� OD��
SURGXFWLRQ� ,O�V·DJLW�GX�UpJODJH�GHV�PDFKLQHV��HWF�� ����1RUPDOHPHQW��FH�FR�W�HVW�LQGpSHQGDQW�GH OD�TXDQWLWp�IDEULTXpH��

¾ (Q FDV�GH�VWRFN�G·DSSURYLVLRQQHPHQW��OH FR�W�GH�FRPPDQGH�HVW�OH�FR�W�DGPLQLVWUDWLI�GHJHVWLRQ� GH� OD� FRPPDQGH� �� pWDEOLVVHPHQW� G·XQ� ERUGHUHDX�� FRQWU{OH� GH� OLYUDLVRQ�� OLTXLGDWLRQ�FRPSWDEOH�� �����1RUPDOHPHQW��FH�FR�W�HVW�pJDOHPHQW�LQGpSHQGDQW�GH�OD�TXDQWLWp�FRPPDQGpH����������&R�W�GH�SRVVHVVLRQ� © RYHUDJH�FRVW�ª���
/H FR�W�GH�SRVVHVVLRQ��DSSHOp�pJDOHPHQW� OH�FR�W�GH�PDLQWLHQ��F·HVW� OH�FR�W�SDU�XQLWp�GHPHXUDQW�HQ�VWRFN�j�OD�ILQ�GH�OD�SpULRGH���(Q�G·DXWUHV�WHUPHV��F·HVW�OD�VRPPH�GHV�FR�WV�GLUHFWV�DVVRFLpV�j�PDLQWHQLU�GHV DUWLFOHV�HQ�VWRFN��2Q�LQFOXW�GDQV�FHV�FR�WV��HQWUH�DXWUHV��OH�OR\HU�GH�O·DUJHQW��OH�SHUVRQQHO�HW�OHV�UHVVRXUFHV DVVRFLpHV�DX�PDLQWLHQ�GH�VWRFN�� OHV�DVVXUDQFHV�� OHV�SHUWHV��YROV��EULV��GpVXpWXGH��HWF��/HV�FR�WV�VRQW�QRUPDOHPHQW�pYDOXpV�OLQpDLUHPHQW�HW�LPSXWpV�SDU�LWHP��SDU�SpULRGH�GH�PDLQWLHQ�HQ�VWRFN���/HV FR�WV�GH�SRVVHVVLRQ�FRPSUHQQHQW����� OHV�FR�WV�GH�GpWHQWLRQ�G·XQ�DUWLFOH�HQ�VWRFN�GXUDQW�XQH�FHUWDLQH�SpULRGH�HQ�IRQFWLRQ�GHV�FRQGLWLRQV�ILQDQFLqUHV�G·DFTXLVLWLRQ�HW�GHV�pYHQWXHOOHV�FRQGLWLRQV�GH�UHSULVH���� OHV�FR�WV�GH�VWRFNDJH�TXL�VRQW�OHV�GpSHQVHV�GH�ORJLVWLTXH�HW�GH�FRQVHUYDWLRQ�GX�VWRFN���&RPPH�VLJQDOp�SOXV�KDXW��HQ�SUpVHQFH�G·XQH�GHPDQGH�DOpDWRLUH��LO�SHXW�\�DYRLU�QRQ�FRwQFLGHQFH�GX�VWRFN� HW� GH� OD� GHPDQGH�� HW� GRQF�XQH� UXSWXUH�RX�XQ� VWRFN� UpVLGXHO��/HV�FRQVpTXHQFHV�GH�FH� VWRFN�UpVLGXHO VHURQW�ELHQ�GLIIpUHQWHV�VHORQ�TXH�O·RQ�VH�WURXYH�GDQV���� � /H� FDV� GX� VWRFN� j� URWDWLRQ� QXOOH�� F·HVW�j�GLUH� ORUVTXH� OH� VWRFN� UpVLGXHO� HVW� VDQV� XWLOLWp� SRXU���O·HQWUHSULVH��&HFL�VH�SUpVHQWH�QRWDPPHQW���� ²�HQ�FDV�G·REVROHVFHQFH�WHFKQLTXH�RX�FRPPHUFLDOH���SDU�H[HPSOH��OHV�YrWHPHQWV�GH�PRGHV�������� ²�HQ�FDV�R��OD�FRQVRPPDWLRQ�D�XQ�GpODL�PD[LPXP�����SDU�H[HPSOH��OHV�SULPHXUV��OHV�MRXUQDX[�������
 'DQV�FH�FDV��OH�FR�W GH�SRVVHVVLRQ�G·XQ�DUWLFOH�VH�FDOFXOH�FRPPH�OH FR�W�G¶DFTXLVLWLRQ�G¶XQ�DUWLFOH�PRLQV OD�YDOHXU�GH�UpFXSpUDWLRQ��VROGH�.3UHQRQV�XQ�H[HPSOH��8Q�TXRWLGLHQ�DFKHWp����'$�SDU� OH� OLEUDLUH�HW�GRQW�O·LQYHQGX�HVW�UHSULV���'$�SDU OH�JURVVLVWH���OH�FR�W�GH�SRVVHVVLRQ�HVW�GH�������� ���'$���
¾ /H FDV�GX�VWRFN�j�URWDWLRQ�QRQ�QXOOH��F·HVW�j�GLUH�ORUVTXH�O·LQYHQGX�SHXW�rWUH�YHQGX�j�XQH�SpULRGH XOWpULHXUH��'DQV�FH�FDV��OH�FR�W�GH�SRVVHVVLRQ�OLp�j�O·LPPRELOLVDWLRQ�GX�FDSLWDO��(Q�JHODQW�OD�VRPPH G·DUJHQW� FRUUHVSRQGDQW� DX� FR�W� G·DFKDW� GH� O·DUWLFOH� LQYHQGX�� OD� VRFLpWp� VH� SULYH� GX� UHYHQX�G·XQ SODFHPHQW�ILQDQFLHU�TX·HOOH�DXUDLW�SX�UpDOLVHU��&H�FR�W�HVW�DSSHOp�FR�W G¶RSSRUWXQLWp. /H WDX[G·RSSRUWXQLWp�HVW OD�UHQWDELOLWp�GX�PHLOOHXU�LQYHVWLVVHPHQW�TXH�O·HQWUHSULVH�DXUDLW�SX�IDLUH���
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�������&R�W�GH�UXSWXUH���© VKRUWDJH�FRVW�ª�
&·HVW OH�FR�W�SDU�XQLWp�SRXU�XQH�GHPDQGH�LQVDWLVIDLWH��FH�TX·RQ�DSSHOOH�DXVVL�OH FR�W�GH�SpQXULH��,O�HVW HQJHQGUp� SDU� OH� IDLW� TXH�� j� XQ�PRPHQW�GRQQp�� OH� VWRFN� pWDQW� pSXLVp�� LO� Q·HVW� SOXW�SRVVLEOH�GH�VDWLVIDLUH�OD�GHPDQGH��(Q�IDLW�LO�SDUDvW�QpFHVVDLUH�GH�SUpFLVHU�FHWWH�QRWLRQ�GH�UXSWXUH�GH�VWRFN��/D� UXSWXUH� VH� SUpVHQWH� ORUVTXH� OD� GHPDQGH� H[FqGH� OH� VWRFN� FRQVWLWXp� DX� FRXUV� GH� OD� SpULRGH�� /HV�FRQVpTXHQFHV�GH�FHWWH�UXSWXUH�VRQW�GLIIpUHQWHV�VHORQ�TXH�OD�GHPDQGH�HVW�LQWHUQH�RX�H[WHUQH���(Q FDV� GH� GHPDQGH� H[WHUQH�� OD GHPDQGH� QRQ� VDWLVIDLWH� SHXW� rWUH� SHUGXH� �RQ� SDUOH� GH� YHQWHV�
PDQTXpHV� RX�UHSRUWpH��RQ�SDUOH�GH�YHQWHV�GLIIpUpHV� ��
� 'DQV OH�FDV�GH�YHQWHV�PDQTXpHV� OH FR�W�GH�UXSWXUH�HVW OH�PDQTXH�j�JDJQHU�GH�OD�QRQ�IRXUQLWXUH�G·XQH�XQLWp��JpQpUDOHPHQW�OD�PDUJH�EpQpILFLDLUH�VXU�FHW�DUWLFOH��
� (Q�FDV�GH�YHQWHV�GLIIpUpV�� OH FR�W�GH�UXSWXUH�Q·LQFOXW�SDV�OD�PDUJH�FDU�OD�YHQWH�VHUD�UpDOLVpH�SOXV�WDUG��&H�FR�W�GH�UXSWXUH�HVW�OH�FR�W�DGPLQLVWUDWLI�G·RXYHUWXUH�G·XQ�GRVVLHU�HW�pYHQWXHOOHPHQW�XQ�FR�W�FRPPHUFLDO��RQ�IDLW�XQH�ULVWRXUQH�SRXU�QH�SDV�SHUGUH�OH�FOLHQW����(Q FDV� GH� GHPDQGH� LQWHUQH�� RQ QH� SDUOH� SOXV� GH� VWRFN� GH� GLVWULEXWLRQ�PDLV� ELHQ� GH� VWRFN GH�
IDEULFDWLRQ� 'DQV�FH�FDV��OD�UXSWXUH�HQWUDvQH�XQ�FK{PDJH�WHFKQLTXH�GHV�SRVWHV�HQ�DYDO��/H�FR�W�GH�UXSWXUH�FRUUHVSRQG�DX�FR�W�ILQDQFLHU�GX�FK{PDJH�WHFKQLTXH� 

)LJXUH������&R�W�GH�UXSWXUH�HW�FR�W�GH�SRVVHVVLRQ�
 �����/H�FRQWU{OH�GHV�VWRFNV����/D�QDWXUH�GX�SUREOqPH�GH�VWRFNV�FRQVLVWH�HQ�JpQpUDO�j�SODFHU�HW�UHFHYRLU��GHV�FRPPDQGHV�DYHF�GHV�WDLOOHV�GRQQpHV�GDQV�GHV�LQWHUYDOOHV�ELHQ�SUpFLV��'H�FH�SRLQW�GH�YXH��OHV�SROLWLTXHV�GH�OD�JHVWLRQ�GHV�VWRFNV�UpSRQGHQW�DX[�GHX[�TXHVWLRQV�VXLYDQWHV��>+DP���@�����&RPELHQ�IDXW�LO�FRPPDQGHU�"�����4XDQG�IDXW�LO�SDVVHU�OD�FRPPDQGH�"��3RXU�UpSRQGUH��j�FHV�GHX[�TXHVWLRQV�LO��IDXW�UpGXLUH��DX�PLQLPXP�OH�PRGqOH��GH�FR�W�VXLYDQW����

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

&R�W

Pente=Co Pente=Cs 

Inventaire positifRupture de stock

Coût total 
des stocks

Coût D’achat  
ou de fabrication 

Coût de  
commande

Coût de  
possession

Coût de  
rupture 
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7RXV� FHV� FR�WV� GRLYHQW� rWUH� H[SULPpV� HQ� WHUPHV�GH�TXDQWLWp� � GH� FRPPDQGH� � pFRQRPLTXH�GpVLUpH��FRPELHQ� IDXW� LO� FRPPDQGHU�"�� HW� OH� WHPSV� HQWUH� OHV� FRPPDQGHV� �TXDQG� IDXW� LO� SDVVHU� OD�FRPPDQGH�"���'DQV�FH�FKDSLWUH�QRXV�DOORQV�pWXGLHU� OH�PRGqOH�GX�FDPHORW�SRXU�UpSRQGUH�j�OD�SUHPLqUH��TXHVWLRQ��QRXV QRXV� LQWpUHVVRQV� SDV� j� OD� GHX[LqPH� FDU� OH�PRGqOH� HVW� GpILQLW� GDQV� XQ� FDGUH� GH�SpULRGH� GH�
UpYLVLRQ�FDOHQGDLUH �YRLUH VHFWLRQ������GRQF�OHV�FRPPDQGHV�GRLW�rWUH�SUpVHQWHV�DX�GpEXW�GH�FKDTXH�SpULRGH�
���� /HV�SURGXLWV�SpULVVDEOHV��'pILQLWLRQ���/HV SURGXLWV�SpULVVDEOHV�VRQW�WRXW�VHUYLFH�RX�SURGXLW�GRQW�OD�YDOHXU�WRPEH�j�]pUR�DSUqV�un certain 
temps� 7RXW�VLqJH�G·DYLRQ�RX� WRXWH�FKDPEUH�G·K{WHO�QRQ�RFFXSpH�RQW�XQH�YDOHXU� UpVLGXHOOH�QXOOH���2Q SDUOH�DORUV�GH�VWRFNV���j�URWDWLRQ�QXOOH����HQ�G·DXWUH�WHUPH��RQ�VH�WURXYH�GDQV�OH�FDV�G·XQ�VWRFN�j�URWDWLRQ�QXOOH�ORUVTX·LO�Q·\�D�SDV�GH�UHSRUW�SRVVLEOH�GHV�LQYHQGXV�DX[�SpULRGHV�VXLYDQWHV��'DQV�OD�VXLWH�GH�FH�FKDSLWUH��2Q�YD�GpWHUPLQHU�OH�QLYHDX GX�VWRFN�LQLWLDO�Q� TXL�HVW�GRQF�OD�YDULDEOH�GH FRPPDQGH�� (Q� HIIHW�� OD� SpULRGH� GH� UpYLVLRQ� FDOHQGDLUH� F·HVW�j�GLUH� O·LQWHUYDOOH� HQWUH� GHX[�DSSURYLVLRQQHPHQWV�� QRWp� 7 HVW� JpQpUDOHPHQW� IL[pH� SDU� OD� QDWXUH� GH� O·DSSURYLVLRQQHPHQW�� 3DU�H[HPSOH��OH�OLEUDLUH�FRPPDQGH�GHV�MRXUQDX[�FKDTXH�MRXU��FHV�GHUQLHUV�UHSUpVHQWHQW�XQ�ERQ�H[HPSOH�pJDOHPHQW GH� SURGXLWV� SpULVVDEOHV�� 8Q� SkWLVVLHU� PHW� HQ� IDEULFDWLRQ� GHV� JkWHDX[� FKDTXH� MRXU�� OD�SpULRGH 7�HVW�VRXYHQW�XQ�QRPEUH�IL[p�GH�MRXUV��GH�VHPDLQHV��YRLUH�GH�PRLV��
�����/H�PRGqOH�GX�FDPHORW�FODVVLTXH�
��������3UpVHQWDWLRQ�GX�PRGqOH��
 'DQV�OH�FDGUH�G·XQH�VWUXFWXUH�YHUWLFDOH�FRPSRVpH�G·XQ�FOLHQW�HW�G·XQ�IRXUQLVVHXU��RX�G·XQ�FOLHQW�HW�G·XQH HQWUHSULVH� GH� IDEULFDWLRQ�� XQH� SDUW� VXEVWDQWLHOOH� GH� OD� OLWWpUDWXUH� 25�06���� V·DSSXLH� VXU� XQ�PRGqOH FODVVLTXH�GH�JHVWLRQ�GHV�VWRFNV�GDQV�XQ�FRQWH[WH�GH�GHPDQGH�DOpDWRLUH��OH�PRGqOH�GX�FDPHORW�FODVVLTXH �OH�0&&���pJDOHPHQW�FRQQX�VRXV�OH�QRP�GH�© QHZVER\�PRGHO�ª��&H PRGqOH� SHUPHW� GH� FDOFXOHU� OD� TXDQWLWp� RSWLPDOH� GH� FRPPDQGH� TX·XQ� FOLHQW� GRLW� DGUHVVHU� j� XQ�IRXUQLVVHXU� DILQ� GH� PD[LPLVHU� VRQ� HVSpUDQFH� PDWKpPDWLTXH� GH� SURILW�� HQ� HIIHW�� PLQLPLVHU� VRQ�HVSpUDQFH PDWKpPDWLTXH�GX�FR�W�WRWDO�HVSpUp�QRWpH�LFL�&�4�� /D�VpTXHQFH�HVW�OD�VXLYDQWH���OH�FOLHQW�FRPPDQGH XQH� TXDQWLWp� 4� VXU� OD� EDVH� G·XQH� HVWLPDWLRQ� H[LVWDQWH� GH OD� GHPDQGH� RX� ELHQ� VXU�O·KLVWRULTXH�GH�OD�GHPDQGH�GX�PDUFKp�ILQDO�;��OH�IRXUQLVVHXU�OXL�OLYUH�FHWWH�TXDQWLWp� HW OD�GHPDQGH�HVW�UpYpOpH��2Q SHXW�UHSUpVHQWHU�OH�V\VWqPH�SDU�OD�VWUXFWXUH�VXLYDQWH���

� )LJXUH������'HVFULSWLRQ�GX�6\VWqPH��

3URGXFWLRQ�
Le cas de fabrication 

)RXUQLVVHXU�
Le cas d’achat  

4 ;
La demande du 
consommateur 
 

La quantité 
commandée 
 

6�W��
�

La position du stock 
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/·pYROXWLRQ�GX�VWRFN�VH�SUpVHQWH�DORUV�FRPPH�LQGLTXp�j�OD�ILJXUH�������

� /D� GHPDQGH� HVW� VXSSRVpH� DOpDWRLUH�� GH� GHQVLWp� I�[�� &KDTXH XQLWp� GH� ELHQ� FRPPDQGp� SHUPHW� OD�FRPPHUFLDOLVDWLRQ� G·XQH� XQLWp� GH� SURGXLW� ILQL�� OH� IRXUQLVVHXU� pWDQW� VXSSRVp� SRXYRLU� IRXUQLU� WRXW�YROXPH FRPPDQGp�SDU�OH�FOLHQW��/H�PRGqOH�GH�EDVH�IDLW��HQ�HIIHW��O·K\SRWKqVH�TXH�OH�IRXUQLVVHXU�Q·HVW�SDV�OLPLWp�SDU�VD�FDSDFLWp�GH�SURGXFWLRQ�HW�SHXW�GRQF�KRQRUHU�OD�WRWDOLWp�GH�OD�FRPPDQGH�GX�FOLHQW��3DU DLOOHXUV�� LO� Q·HVW� SDV� QRQ� SOXV� FRQWUDLQW� SDU� G·pYHQWXHOV� DOpDV� GH� SURGXFWLRQ� TXL� SRXUUDLHQW�pJDOHPHQW� OLPLWHU� VRQ� RIIUH� HW� O·HPSrFKHU� GH� IRXUQLU� OD� WRWDOLWp� GHV� YROXPHV� FRPPDQGpV�� /H� SUL[�G·DFKDW�XQLWDLUH�GX�FOLHQW��SD� DLQVL�TXH�OH�SUL[�GH�YHQWH�XQLWDLUH�VXU�OH�PDUFKp�ILQDO��SY� VRQW�WRXV�GHX[�IL[pV�GH�IDoRQ�H[RJqQH��OH�PRGqOH�FODVVLTXH�GX�PDUFKDQG�GH�MRXUQDX[�QH�OHV�FRQVLGqUH�SDV�HQ�HIIHW�FRPPH�GHV�YDULDEOHV�GH�GpFLVLRQ�SRXU�OHV�RSpUDWHXUV���/·pFKDQJH�VH�GpURXOH�VXU�XQH�VHXOH�SpULRGH��OHV� VWRFNV� UHVWDQW� HQ� ILQ�GH�SpULRGH�RX� OHV� FRPPDQGHV�QRQ� VDWLVIDLWHV� pWDQW� VXSSRVpHV�SHUGXV��/H�FOLHQW�GRLW�GRQF��GDQV�FH�FDGUH�G·K\SRWKqVH��GpILQLU�OD�TXDQWLWp�RSWLPDOH�j�FRPPDQGHU�Q�
�������� /LWWpUDWXUH��
/H� SUREOqPH� GX� FDPHORW� D� XQH� KLVWRLUH� WUqV� ULFKH� TXL� D� pWp� WUDFpH� SDU� O
pFRQRPLVWH� (GJHZRUWK�
������>(GJ� ��@� FH� GHUQLHU� D� DSSOLTXp� OH� PRGqOH� GX� FDPHORW� j� XQ� SUREOqPH� GH� PDUJH� EUXW�
G
DXWRILQDQFHPHQW�GH�EDQTXH��&HSHQGDQW�� �FH�SUREOqPH�Q·HVW�GHYHQX�XQH�PDWLqUH�G
pWXGH�VpULHXVH�
SDU GHV�FKHUFKHXUV�TX·DSUqV�OHV�DQQpHV�����
�
/H�PRGqOH�GX�FDPHORW��HVW�FHUWDLQHPHQW�SDUPL�OHV�PRGqOHV�OHV�SOXV�LPSRUWDQWV�GDQV�OD�JHVWLRQ�GHV�

RSpUDWLRQV�� ,O� HVW� DSSOLTXp�GDQV�XQH� JUDQGH�YDULpWp�GHV� VHFWHXUV�� � JHVWLRQ�GHV� VWRFNV� FHQWUDOLVpH�HW�
GpFHQWUDOLVpH�GH�FKDvQH�G
DSSURYLVLRQQHPHQWV��SDU�H[HPSOH��6KDQJ�HW�6RQJ�����>6KD���@� &DFKRQ�
����� >&DF��@�� SODQLILFDWLRQ� HW� FODVVLILFDWLRQ� DX� GpWDLO� � �SDU� H[HPSOH�� YDQ� 5\]LQ� HW� 0DKDMDQ��
�����>5\]��@� RSpUDWLRQV�LQWHUQDWLRQDOHV���.RXYHOLV�HW�*XWLHUUH]������>.RX��@� HWF«��

Une période

)LJXUH������/H�QLYHDX�GX�VWRFN�SHQGDQW�XQH�SpULRGH�

La quantité 
demeurant en stock 
à la fin de la période

/D�WLWp�

La quantité 
commandée

t

Q

Q>
Q<X 

Q
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�
8Q FHUWDLQ�QRPEUH�GH�SDSLHUV�UpFHQWV�RQW�SURORQJp�QRWUH�FRPSUpKHQVLRQ�GX�PRGqOH�GX�FDPHORW��HQ�
O
HQULFKLVVDQW�OH�ORQJ�G
XQH�RX�SOXVLHXUV�GLPHQVLRQV��
�
:KLWLQ� ������� >:KL� ��@� pWDLW� OH� SUHPLHU� TXL� D� IRUPXOp� XQ�PRGqOH� GX� FDPHORW� DYHF� OD� SULVH� HQ�

FRPSWH�GH�OD�YDULDWLRQ�GHV�SUL[��'DQV�VRQ�PRGqOH��OH�SUL[�GH�YHQWH�HW�OD�TXDQWLWp�VWRFNpH�VRQW�IL[pV�
VLPXOWDQpPHQW�� :KLWLQ� D� DGDSWp� VRQ� PRGqOH� SRXU� TX·LO� SXLVVH� LQWURGXLUH� XQH� GLVWULEXWLRQ� GH�
SUREDELOLWp�GH�OD�GHPDQGH�TXL�GpSHQG�GX�SUL[�GH�YHQWH�G
XQLWp��0LOOV�������������>0LO���@�D�UDIILQp�
OD� IRUPXODWLRQ� HQ� LQGLTXDQW� H[SOLFLWHPHQW� XQH� GHPDQGH� PR\HQQH� HQ� IRQFWLRQ� GX� SUL[� GH� YHQWH��
*ROOLHU�HW�6FKOHVLQJHU��������>*RO���@� LQWURGXLVHQW�OHV�ULVTXHV�GDQV�OHV�FRQWUDLQWHV�GH�OHXU�PRGqOH���
YDQ�0LHJKHP� HW� 5XGL� ������� >9DQ ��@� FRQVLGqUHQW� O
DSSOLFDWLRQ� GX�PRGqOH� GX� FDPHORW� GDQV� XQ�
UpVHDX�DYHF�GHV�SURGXLWV�PXOWLSOHV�HW�GHV�SpULRGHV�GH�WHPSV�PXOWLSOHV��/LSSPDQ�HW�0F&DUGOH��������
>/LS��@�pWXGLHQW�GHV�PRGqOHV�GX�FDPHORW�GDQV� OH�FDGUH� �GH� OD�FRQFXUUHQFH��3HWUX]]L��'DGD��������
>3HW���@�HW�$JUDZDO���6HVKDGUL��������>$JU���@�RQW�pWXGLp��XQ�PRGqOH��TXL�FKRLVLW�XQH�TXDQWLWp�HW�XQ�
SUL[� PDLV� GDQV� OHV� GHX[� FDV� OH� GpFLGHXU� FKRLVLW� OH� SUL[� UpJXOLHU� GH� OD� VDLVRQ�� SDV� OH� SUL[� GH�
GpJDJHPHQW�� LOV� VXSSRVHQW� XQH� YDOHXU� GH� UpFXSpUDWLRQ� IL[H� SRXU� OHV� VWRFNV� UHVWDQW� j� OD� ILQ� GH� OD�
VDLVRQ��'DQV�&DUU� HW� /RYHMR\� ������� >&DU� ��@� OH�0&&� �SUHQG� pJDOHPHQW�GHV�GpFLVLRQV�PXOWLSOHV��
PDLV�OHXU�PRGqOH�FKRLVLW�OHV�FOLHQWV�j�VHUYLU��FKDFXQ�DYHF�VD�SURSUH�GLVWULEXWLRQ�GH�GHPDQGH���'DQV��
'DQD�HW�3HWUX]]L� �������>'DQ��@� OD�GHPDQGH�GpSHQG�GH� OD�TXDQWLWp�GH�IRXUQLWXUH� ��SOXV�GH�VWRFNV�
PqQH�j�XQ�PHLOOHXU�WDX[�GH�VXIILVDQFH�TXL�DXJPHQWH�OD�GHPDQGH��3DU�FRQVpTXHQW��OHXU�PRGqOH��j�XQH�
LQWHUGpSHQGDQFH� HQWUH� OHV� SDUDPqWUHV� G
HQWUpH� �OD� GLVWULEXWLRQ� SUpYXH� GH� GHPDQGH�� HW� O
DFWLRQ�
�TXDQWLWp������������ ([HPSOHV��
3DUPL OHV�H[HPSOHV�OHV�SOXV�FRQQXV�����
�8Q PDUFKDQG�GH�MRXUQDX[��QHZVYHQGRU����FRPELHQ�GH�MRXUQDX[�YD�W·LO�FRPPDQGHU�"�
�)DEULFDQW�GH�YrWHPHQW���4XHOOH�TXDQWLWp�GHYUDLW�rWUH�SURGXLWH��DYDQW�OD�VDLVRQ�GH�YHQWH�"�
�'LUHFWHXU GH�VXSHUPDUFKp���FRPELHQ�GH�SURGXLWV�IUDLV�j�VWRFNHU�"�
�%DQTXH GH�VDQJ���FRPELHQ�G·LQYHQWDLUH�GH�VDQJ�j�FRQVHUYHU��FRPPHQW��UpSDUWLU�HQWUH�OHV�K{SLWDX[�"�
�HWF«
�������� +\SRWKqVHV�
 
/HV K\SRWKqVHV�GH�WUDYDLO�VXLYDQWHV�RQW�pWp�FRQVLGpUpHV�SRXU�OD�VLPSOLILFDWLRQ�DLQVL�TXH�O·pODERUDWLRQ�
G·XQ PRGqOH�PDWKpPDWLTXH��
 •$XFXQV�UHPSOLVVDJHV�SHQGDQW�OD�VDLVRQ��O
DFKDW�RX�OD�SURGXFWLRQ�j�O
DYDQFH�HVW�H[LJp���
 •/HV SUpYLVLRQV�GH�OD�GHPDQGH�RQW�XQH�FRQVLGpUDEOH�LQFHUWLWXGH���
��/HV SURGXLWV� SHUGHQW� OHXU� YDOHXU� GH�PDQLqUH� VLJQLILFDWLYH� DSUqV� OD� ILQ� GH� OD� VDLVRQ� �GHV SURGXLWV��
SpULVVDEOHV���

•6DLVRQ FRXUWH�GH�YHQWH� 
•/·pFKDQJH VH�GpURXOH�VXU�XQH�VHXOH�SpULRGH��
��/H SUL[�G·DFKDW�DLQVL�TXH�OH�SUL[�GH�YHQWH�VRQW�WRXV�OHV�GHX[�IL[pV�GH�IDoRQ�H[RJqQH��
��8Q VWRFN�LQLWLDO�QXO� 
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�������� 1RWDWLRQ���'DQV WRXW�FH�TXL�VXLW��RQ�DGRSWHUD�OD�QRWDWLRQ�VXLYDQWH���
 

� 4���������YDULDEOH�GH�GpFLVLRQ�LQGLTXDQW�OD�TXDQWLWp�TXL�GHYUD�rWUH�FRPPDQGpH�HQ�GpEXW�GH�F\FOH��� <���� � OH�UHQGHPHQW��XQH�YDULDEOH�DOpDWRLUH���� ;����������OD�GHPDQGH��XQH�YDULDEOH�DOpDWRLUH���� SD�������������� SUL[�G·DFKDW�XQLWDLUH��GH�IRXUQLVVHXU��RX�GH�IDEULFDWLRQ��� SY � � SUL[�DX�GpWDLO���SY ! SD���� YU�������� ��YDOHXU�GH�UpFXSpUDWLRQ��YU� SD������� &R����������� OH��FR�W�GH�SRVVHVVLRQ��&R SD� YU�� &V��������OH�FR�W�GH�UXSWXUH��&V SY � SD���� I��[������IRQFWLRQ�GH�GHQVLWp�DVVRFLpH�j�OD��GHPDQGH��� )�[��� � IRQFWLRQ�GH�GLVWULEXWLRQ�DVVRFLpH�j�OD�GHPDQGH�� J4�\�����IRQFWLRQ�GH�GHQVLWp�DVVRFLpH�DX�UHQGHPHQW��� *4�\����IRQFWLRQ�GH�GLVWULEXWLRQ�DVVRFLpH�DX��UHQGHPHQW�� .���������OH�FR�W�GH�FRPPDQGH���
�������)RUPXODWLRQ�PDWKpPDWLTXH����������� /H�FR�W�WRWDO�HVSpUp�
 &H TXH�OH�GpWDLOODQW��RX�OH�IDEULFDQW��YD�JDJQHU��YDULDEOH�DOpDWRLUH����
Si  Q < X, �UHYHQX = (pv- pa) Q 
Si  Q > X,  UHYHQX = (pv- pa) X+ (vr- pa) (Q- X) 
 6RLHQW OHV�IRQFWLRQV�VXLYDQWHV���
(Q-X)+ =Max {Q-X , 0} = ®̄­ dt� ;4VL ;4VL;4

0

(X-Q)+ =Max{X-Q , 0} = ®̄­ dt� 4;VL 4;VL4;
0

/H�UHYHQX�HQ�IRQFWLRQ�GH�4�HW�OH�VXLYDQW���
G(Q,X)=�SY min(Q,X)+�YU (Q-X)+ - SD Q'RQF���
E[G(Q,X)]=E[SY min(Q, X)+ YU (Q-X)+ - SD Q] 
 6L RQ��UHPSODFH�4�HW�PLQ�4�;��SDU�OHXUV�YDOHXUV�PLQLPDOHV���
min(Q,X)=X-(X-Q)+ HW Q=X-(X-Q)+ + (Q-X)+

1RXV�REWHQRQV�OD�UHODWLRQ�VXLYDQWH���
 E[G(Q,X)] = (SY - SD)E[X]-E[(SY - SD)(X-Q)+ +(�SD - YU)(Q - X)+ ] (1) 

�

7HO TXH�&�4�;��HVW�OH�FR�W�LPSXWDEOH�DX�QRPEUH�GH�SURGXLW�HQ�VWRFN�RX�HQ�UXSWXUH�j�OD�ILQ�G
XQH�SpULRGH R��4�SURGXLW��DYDLW�pWp�FRPPDQGpV�HW�R��;�IXW�OD�GHPDQGH�UpHOOH��&H�V\VWqPH�GH�SURGXFWLRQ�OLPLWH�DLQVL�DX�PD[LPXP�OHV�FR�WV�OLpV�DX[�pYHQWXHOV�VXUVWRFNV�RX�UXSWXUHV�GH�ILQ�GH�SpULRGH��FUppV�

3URILW�V�U 3HUWH�GXH�j�O
DVSHFW�DOpDWRLUH�(>&�4�;�@
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SDU� OH� GpFDODJH� HQWUH� OD� FRPPDQGH� 4� HW OD� UpDOLVDWLRQ� GH� OD� GHPDQGH�� /H� SUHPLHU� WHUPH� GDQV�O·H[SUHVVLRQ�(>&�4�;�@��SUHQG�HQ�FRPSWH�OHV�VLWXDWLRQV�GDQV�OHVTXHOOHV�OD�GHPDQGH�HVW�SOXV�IRUWH�TXH�OD TXDQWLWp�LQLWLDOHPHQW�FRPPDQGpH��FH�TXL�VH�WUDGXLW�SDU�GHV�UXSWXUHV��YRLU�VHFWLRQ�����������7DQGLV�TXH�OH�VHFRQG�WHUPH�SUHQG�HQ�FRPSWH�OHV�FDV�R��OD�GHPDQGH�; HVW�LQIpULHXUH�j�OD�FRPPDQGH��4 �FH�TXL�JpQqUH�GRQF�GHV�VXUVWRFNV��YRLU�VHFWLRQ����������
 $ORUV��OD�IRQFWLRQ�GH�FR�W�HVSpUp�VHUD��
 
C(Q) =E[C(Q,X)]=E[cs(X-Q)++co(Q-X)+] (2)�
�������� /D�TXDQWLWp�RSWLPDOH�j�FRPPDQGHU��'DQV�FHWWH�VHFWLRQ��QRXV�DOORQV�pWXGLHU�OD�UHODWLRQ�����DILQ�GH�GpWHUPLQHU�OD�YDOHXU�GH�4�TXL�PLQLPLVH��OH�FR�W�WRWDOH�HVSpUpH�&�4����1RXV�HPSOR\RQV�)�[��TXL�GpQRWHU�OD�GLVWULEXWLRQ�FXPXODWLYH��FGI��GH�;��HW�RQ�YD�VpSDUHU�OH�SUREOqPH�HQ GHX[�FDV�VHORQ�OD�QDWXUH�GH�OD�GHPDQGH�;��HOOH�HVW�VRLW�XQH�YDULDEOH�DOpDWRLUH�FRQWLQXH�RX�GLVFUqWH��
�����������&DV�G·XQH�ORL�GH�GHPDQGH�&RQWLQXH��
�/D GHPDQGH�;�HVW�XQH�YDULDEOH�DOpDWRLUH�SRVVpGDQW��XQH��IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp��SGI��I�[��
HW XQH�IRQFWLRQ�GH�GLVWULEXWLRQ�FXPXODWLYH��FGI��)��[���WHO�TXH�� ³ d G[[I[;3[) )()()( � 1RXV�
VXSSRVRQV�TXH�I��[���HVW�FRQWLQX�GDQV�O·LQWHUYDOOH��>���f� GDQV�OHV�FDOFXOV��VXLYDQW����/D YDOHXU�HVSpUpH�GH�&�4��HVW�GRQF���
 

³³ f

  

���  
4[

V
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[

R G[[I4[FG[[I[4F;4&(4& )()()()()),(()(
0

(3) 

'DQV OD�VXLWH�QRXV�GpQRWRQV�OD�TXDQWLWp�j�FRPPDQGHU��SRXU�ODTXHOOH�����HVW�PLQLPXP�SDU�4
���

)LJXUH������/D )RQFWLRQ�GH�FR�W�HVSpUp�SRXU�XQ�PRGqOH�FODVVLTXH�GH�FDPHORW�
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1RXV VDYRQV�TXH�OHV�SRLQWV�H[WUrPHV�G·XQH�pTXDWLRQ�GLIIpUHQWLHOOH�W�[��SHXW�rWUH�REWHQX�HQ�UpVROYDQW�
O
pTXDWLRQ�� 0))((  G[[WG �
,FL QRXV� FRQVLGpURQV�XQ� FDV�SOXV� FRPSOH[H�� TXDQG� OD� IRQFWLRQ� HVW� XQH� LQWpJUDOH��/HV� � UpVXOWDWV�GH�O·DQDO\VH�UpHOOH��PRQWUH�TXH�VL�QRXV�DYRQV�XQH�IRQFWLRQ��

³ )(

)(

),()(
\K

\J

G[\[W\7 � DORUV� VHV� YDOHXUV� H[WUrPHV� SHXYHQW� rWUH� WURXYpHV� HQ� XWLOLVDQW� OD� UqJOH� GH�
/HLEQL]>1DK���@���
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��ww   ³³ (4) 

 'DQV OH�FDV�GH�FH�PRGqOH��QRXV�YRXOLRQV�WURXYHU�OH�PLQLPXP�GH�OD�IRQFWLRQ��&�4�������GRQF���'DQV OH�SUHPLHU�WHUPH����
 y Æ Q,  
 g(y) = 0  
 h(y) Æ Q,  
et  t(x, y) Æ t� [��Q� = F��Q�[�I�[�.
6L QRXV�UHPSODoRQV�FHV�WHUPHV�GDQV��OD�GpULYp�SUpFpGHQWH��QRXV�REWHQRQV���

³
³
³³

 
w�w 
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44

G[[IF

G[4
[I[4F

G[4
[I[4F

G4
4G44WG[4

[I[4F

0

0

0

0

0

0

0

0

)(

)()(

)()(
),(

)()(

�/
DQDO\VH�SRXU�OH�GHX[LqPH�WHUPH�HVW�VHPEODEOH��GDQV�FH�FDV��
y Æ Q,  
g(y) = Q,  
h(y) Æ 0,  
et t(x, y) Æ t� [��4� = FV�[�4�I�[�.
(Q VXLYDQW�OHV�PrPHV�pWDSHV��OD�GpULYp�HVW�� ³f�

4

V G[[IF )(

3DU�FRQVpTXHQW��OH�FR�W�DWWHQGX�HVW�PLQLPXP�TXDQG��
0)()()]([

0

0  � ³³ f

4

V

4 G[[IFG[[IFG44FG ��� 

F(Q)           (1 - F(Q)) � 3XLVTXH�I�[��HVW�OD�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp��O
LQWpJUDOH�GDQV�OH�SUHPLHU�WHUPH�HVW�MXVWH�OD�IRQFWLRQ�GH�SUREDELOLWp�FXPXODWLYH�� LO� UHSUpVHQWH� OD�SUREDELOLWp�TXH� OD�GHPDQGH�HVW�4�RX�SOXV�SHX��1RXV GpQRWRQV�FHFL�SDU�)�4���'H OD�PrPH�IDoRQ��O
LQWpJUDOH�GDQV�OH�GHX[LqPH�WHUPH�GpQRWH�OD�SUREDELOLWp�TXH�OD�GHPDQGH�HVW�SOXV�JUDQGH�TXH�4�TXL� HVW� ��� ��)�4��� FRPPH� OH� WRWDO�GH�FHV�GHX[�SUREDELOLWpV�GRLW� rWUH� pJDOH� j�����3DU�FRQVpTXHQW���
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 c0 F(Q*) – cs ( 1 – F(Q*)) = 0 �c0 F(Q*) = cs ( 1 – F(Q*)) 
 �(c0 + cs) F(Q*) = cs

�
26

6&&&4) � *)( (6) 

 1RXV�QRXV�UpIpURQV�DX�F{Wp�GURLW�GH�OD�GHUQLqUH�pTXDWLRQ�FRPPH�UDSSRUW�FULWLTXH��SDUFH�TXH�&R HW�&V VRQW GHV�QRPEUHV�SRVLWLIV��FH�UDSSRUW�FULWLTXH�HVW�VWULFWHPHQW�HQWUH�]pUR�HW�XQ��&HFL�LPSOLTXH�TXH�SRXU�XQH�GLVWULEXWLRQ�FRQWLQXH�GH�OD�GHPDQGH�FHWWH�pTXDWLRQ�HVW�WRXMRXUV�VROYDEOH��&RPPH�)�4
��HVW�GpILQL�FRPPH�OD�SUREDELOLWp�TXH�OD�GHPDQGH�Q
H[FqGH�SDV�4
��OH�UDSSRUW�FULWLTXH�HVW� OD�SUREDELOLWp� GH� VDWLVIDLUH� WRXWH� OD� GHPDQGH�SHQGDQW� OD�SpULRGH� VL�4
�XQLWpV� VRQW� DFKHWpHV�RX�SURGXLWHV�DX�GpEXW�GH�FHWWH��SpULRGH��
��([HPSOH�1XPpULTXH�
 8Q�OLEUDLUH�V·DSSURYLVLRQQH�TXRWLGLHQQHPHQW�HQ�PDJD]LQHV�DXSUqV�G·XQH�PDLVRQ�G·pGLWLRQ��,O�SDLH��� '$�SRXU�FKDTXH�H[HPSODLUH�GX�PDJD]LQH��HW�OH�UHYHQG�SRXU����'$��/HV�LQYHQGXV�OXL�VRQW�UHSULV�j ���'$� SDU� O
pGLWHXU�� 2Q� VXSSRVH� TXH� OD� GHPDQGH� TXRWLGLHQQH� VXLW� DSSUR[LPDWLYHPHQW� XQH� ORL�
QRUPDOH GH� PR\HQQH� �� ����� HW� G·pFDUW� W\SH� V ������ &RPELHQ� GH� PDJD]LQHV� OH� OLEUDLUH� GRLW�LO�FRPPDQGHU�FKDTXH�MRXU�DILQ�GH�PD[LPLVHU�VRQ�EpQpILFH�HVSpUp�"���3UL[ j�O
DFKDW�������'$�3UL[ GH�YHQWH������'$�3UL[ GH�UDFKDW�����'$�&R�W GH�UXSWXUH��&V 3Y�3D ����²���� ���'$�&R�W GH�SRVVHVVLRQ��&R 3D�9U ����²���� ���'$��

77.0
1550

50
*)(  � � 

26

6

&&
&4)

Comme on ne dispose que de la table de la normale réduite, il faut réduire la variable aléatoire ;
en lui retranchant sa moyenne et en la divisant par son écart type. Nous obtenons: 
 

26

6&&&44) � ¹̧
·

©̈
§ �) V P*

*)(

77.0)(d'où   
*  � ) �

VR

VFF F]]4V P

Q* 11.73

F(x) 

x

L’aire sous la 
courbe=0.77 

)LJXUH��� ,QWHUSUpWDWLRQ�JpRPpWULTXH�GH� OD�VROXWLRQ�RSWLPDOH�DLQVL�TXH� OH�UDSSRUW� FULWLTXH� &V��&V�&R� 4XL�UHSUpVHQWH� O·DLUH� VLWXpH� VRXV� OD�FRXUEH� GH� OD� ORL� � QRUPDOH� GH�PR\HQQH� ��  ����� HW� G·pFDUW� W\SH�
V ������
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3DU OHFWXUH�GDQV�OD�WDEOH�GH�OD�QRUPDOH�UpGXLWH��$QQH[H�$���RQ�GpWHUPLQH���
 

74.0
74.4

73.11*  � 4]
'·R��ILQDOHPHQW����4
 �����§����/·DSSURYLVLRQQHPHQW�SpULRGLTXH�RSWLPDO�HVW�GRQF�GH�4
� ��� 

� ,QWHUIDFH�JUDSKLTXH���
$IILQ��G·pYLWHU�O·XWLOLVDWLRQ�GHV�WDEOHV�SUpVHQWpHV�GDQV�O·DQQH[H�$�HW�GH�SUpYHQLU�OHV�FDOFXOV�IDVWLGLHX[��
LO V
HVW� DYpUp� QpFHVVDLUH� GH� GLVSRVHU� G·XQH� LQWHUIDFH� JUDSKLTXH� UHSURGXLVDQW� OH� SOXV� ILGqOHPHQW�
SRVVLEOH�OD�TXDQWLWp�RSWLPDOH�GH�FRPPDQGH���
� &HOOH� FL� j� pWp� GpYHORSSp� HQ� ODQJDJH� 0DWODE�� GDQV� O
HQYLURQQHPHQW� :LQGRZV� ;3�� 'HV�HIIRUWV�WRXW�SDUWLFXOLHUV�RQW�SRUWp��VXU�OD�UpDOLVDWLRQ�G
XQH�LQWHUIDFH�VLPSOH�HW�FRQYLYLDOH��WDQW�GX� SRLQW� GH� YXH� GH� OD� SUpVHQWDWLRQ� JUDSKLTXH� GHV� GLIIpUHQWHV� ORLV� GH� SUREDELOLWpV� HW� GHV�UpVXOWDWV� TXH� GH� FHOXL� GHV� SRVVLELOLWpV� GH� SURJUDPPDWLRQ� SDU� O
XWLOLVDWHXU� G
XQH� VLWXDWLRQ�SDUWLFXOLqUH���/D ILJXUHV�VXLYDQWH��SUpVHQWH�XQH�FRSLH�G
pFUDQ�GH�QRWUH�LQWHUIDFH�JUDSKLTXH�� 

)LJXUH������&DSWXUH�G·pFUDQ�GH�O·LQWHUIDFH�JUDSKLTXH��TXL�SUpVHQWH�O·H[HPSOH�QXPpULTXH�GH�
OD�VHFWLRQ��������������2Q�VXSSRVH�TXH�OD�GHPDQGH�TXRWLGLHQQH�VXLW�XQH�ORL�
QRUPDOH�GH�PR\HQQH��� ���� HW�G·pFDUW�W\SH�V �����
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�
����������&DV�G·XQH�ORL�GH�GHPDQGH�'LVFUqWH�
 
'DQV�OH�FDV�G·XQH�ORL�GH�GHPDQGH�'LVFUqWH�QRXV�DOORQV�LOOXVWUHU�OHV�FKRVHV�VXU�O·H[HPSOH�GX�SkWLVVLHU�
WLUp GH� *LDUG� >*UG� ��@� TXL� HVW� XQ� H[HPSOH� R�� OD� GHPDQGH� VXLW� XQH� ORL� GH� SUREDELOLWp� GLVFUqWH��
6XSSRVRQV�XQ�FR�W GH�IDEULFDWLRQ�GH ���½�O·XQLWp�HW�XQ�SUL[ GH�YHQWH�GH ���½�O·XQLWp��6XSSRVRQV�TXH�
OD�YHQWH�TXRWLGLHQQH�GH�FH�JkWHDX�VRLW�GH�����HQ�PR\HQQH�HW�VXSSRVRQV�TXH�OD�GHPDQGH��TXH�QRXV�
QRWHURQV ;� VXLYH�XQH�ORL�GH�3RLVVRQ� 
[ �� �� �� �� ��3�; [�� ������� ������� ������� ������� �������[ �� �� �� �� ��3�; [�� ������� ������� ������� ������� �������
7DEOHDX������'LVWULEXWLRQ�GH�OD�ORL�GH�3RLVVRQ�
 
/H� WDEOHDX� ���� UHSUHQG� OD� GLVWULEXWLRQ� GH� SUREDELOLWp� GX� QRPEUH�; GH FOLHQWV� SDU� MRXU� SRXU� FH�

SURGXLW�� 'DQV� FH� WDEOHDX� [ LQGLTXH XQH� YDOHXU� SRVVLEOH� GH� OD� GHPDQGH� HW� 3�;  [� LQGLTXH� OD�
SUREDELOLWp� G·RFFXUUHQFH�GH� FHWWH� YDOHXU��$LQVL� RQ� D� ������GH�FKDQFHV�G·REVHUYHU� DXFXQ�FOLHQW�XQ�
MRXU�GRQQp��/HV�LQYHQGXV�GH�OD�MRXUQpH�VRQW�GRQQpV�
/D� TXHVWLRQ� TXH� VH� SRVH� OH� SkWLVVLHU� HVW� OD� VXLYDQWH� �� FRPELHQ�PHWWUH� GH� JkWHDX[� HQ� IDEULFDWLRQ�
FKDTXH�MRXU�SRXU�PD[LPLVHU�VRQ�EpQpILFH�"�
�
/H FR�W� GH� SRVVHVVLRQ�� &R� � OLp� j� O·LQYHQGX� HQ� ILQ� GH� MRXUQpH� HVW� ��� ½�� F·HVW�j�GLUH� OH� FR�W� GH�SURGXFWLRQ��7DQGLV�TXH�OH�FR�W�GH�UXSWXUH��&V� OLp�j�XQH�YHQWH�PDQTXpH�HVW�pJDO�j�OD�PDUJH��F·HVW�j�GLUH �����½�����½� ����½��2Q�GRLW�GpWHUPLQHU�4��OH�VWRFN�LQLWLDO��GH�PDQLqUH�j�PLQLPLVHU���
�
&�4�� �FR,R�4����FV,V�4���  ���,R�4������,V�4��

 

$YHF� ,R�4��� OH� VWRFN�PR\HQ� UpVLGXHO� HQ� ILQ�GH� MRXUQpH� HW� ,V�4��� QRPEUH�PR\HQ�GH� UXSWXUHV� VXU� OD�MRXUQpH�
$YDQW� GH� YRLU� FRPPHQW� GpWHUPLQHU�� HQ� JpQpUDO�� OH� VWRFN� LQLWLDO�4
�TXL�PLQLPLVH� OH� FR�W�PR\HQ�

&�4���YR\RQV�VXU�O·H[HPSOH�FRPPHQW�RQ�SHXW�FDOFXOHU�QXPpULTXHPHQW�FH�PLQLPXP��
1RXV DOORQV� G·DERUG� FDOFXOHU� ,V�4��� OH� QRPEUH� PR\HQ� GH� UXSWXUHV�� $X� WDEOHDX� ����� RQ� FDOFXOH�H[SOLFLWHPHQW�OH�QRPEUH�GH�UXSWXUHV�HQ�IRQFWLRQ�GX�VWRFN�LQLWLDO��4��HW�GH�OD�GHPDQGH�REVHUYpH��[� ��
ELHQ�pYLGHPPHQW��FH�QRPEUH�GH�UXSWXUHV�HVW� OD�SDUWLH�SRVLWLYH�GH��[���4���3RXU�FDOFXOHU�OH�QRPEUH�
PR\HQ GH�UXSWXUHV��LO�VXIILW��SRXU�FKDTXH�YDOHXU�GH�4�GH IDLUH�OD�PR\HQQH�SRQGpUpH�GH�FH�QRPEUH�
SDU OD�SUREDELOLWp�G·REVHUYHU�[� &HFL�HVW�IDLW�HQ�GHUQLqUH�OLJQH�GX�WDEOHDX�������
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�
&DOFXO�GX�QRPEUH�GH�UXSWXUHV��[�4��[ 3�; [�� 4 �� 4 �� 4 �� 4 �� 4 �� 4 ������������

0� 0821 
0� 2052 
0� 2565 
0� 2138 
0� 1336 
0� 0668 
0� 0278 
0� 0099 
0� 0031 
0� 0009�

����������

����������

����������

����������

����������

����������
,V�4�� ������ ������ ������ ������ ������ ������

7DEOHDX������&DOFXO�GX�QRPEUH�PR\HQ�GH�UXSWXUHV�
1RXV� DOORQV� HQVXLWH� FDOFXOHU� ,R�4��� OH� VWRFN� PR\HQ� SRVVpGp�� $X� WDEOHDX� ����� RQ� FDOFXOH�H[SOLFLWHPHQW�OH�VWRFN�SRVVpGp�HQ�IRQFWLRQ�GX�VWRFN�LQLWLDO��4��HW�GH�OD�GHPDQGH�REVHUYpH��[� ��ELHQ�pYLGHPPHQW��FH�VWRFN� ILQDO�SRVVpGp�HVW� OD�SDUWLH�SRVLWLYH�GH� �4���[�� 3RXU�FDOFXOHU� OH�VWRFN�PR\HQ�SRVVpGp�� LO� VXIILW�� SRXU� FKDTXH� YDOHXU� GH� 4� GH� IDLUH� OD� PR\HQQH� SRQGpUpH� GH� FH� QRPEUH� SDU� OD�SUREDELOLWp�G·REVHUYHU�[� &HFL�HVW�IDLW�HQ�GHUQLqUH�OLJQH�GX�WDEOHDX������(QILQ��QRXV�FDOFXORQV�OH�FR�W�PR\HQ�GH�SRVVHVVLRQ�GX�VWRFN�HQ�DSSOLTXDQW�OD�IRUPXOH�VXLYDQWH���

&�4�� ���,V�4������,R�4���&HFL�HVW�IDLW�DX�WDEOHDX������2Q�FRQVWDWH��YRLU�ILJXUH������TXH�OH�FR�W�PLQLPXP�HVW�REWHQX�SRXU�� 4
� ��
&DOFXO�GX�VWRFN�UpVLGXHO��4�[��[ 3�; [�� 4 �� 4 �� 4 �� 4 �� 4 �� 4 ������������

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

����������

����������

����������

����������

����������

����������
,R�4�� ������� ������� ������� ������� ������ �����

7DEOHDX������&DOFXO�GX�VWRFN�PR\HQ�SRVVpGp�
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�
&DOFXO�GX�FR�W�GX�VWRFN�

4 �� �� �� �� �� ��&�4� ������ ������ ������ ������ ������ ������
7DEOHDX������&DOFXO�GX�FR�W�PR\HQ�GH�SRVVHVVLRQ�GX�VWRFN�
 

)LJXUH������(YROXWLRQ�GX�FR�W�WRWDO�
�(Q�FDV�GH�FR�W�FRQYH[H��RQ�SHXW�YpULILHU�TXH�OH�FR�W�HVW�ELHQ�XQH�IRQFWLRQ�FRQYH[H�GH�4���OH�VWRFN�RSWLPDO 4
�HVW�FHOXL�SRXU�OHTXHO�OH�FR�W�GH�JHVWLRQ�&�4
��YpULILH��OD�FRQGLWLRQ�TXH����

 &�4
����&�4
������&�4
����&�4
��������RX HQFRUH�� &�4
���������&�4
���!����&�4
����&�4
����������������������������������������������������������������������������������������������������������
5HPDUTXH]�TXH�OHV�FRQGLWLRQV�����VRQW�O·pTXLYDOHQW�SRXU�XQH�IRQFWLRQ�FRQWLQXH�GH�GLUH�TXH�OD�GpULYpH�
SUHPLqUH� GRLW� rWUH� QpJDWLYH� DYDQW�4
� HW� SRVLWLYH� DSUqV�4
��2Q� YD� GRQF� pWXGLHU� O·pYROXWLRQ� GH� OD�
GLIIpUHQFH�GH�FR�W�GH�VWRFNV�VXFFHVVLIV���
&�4��������&�4��
�
/·pWXGH�GH�&�4�����&�4��SDVVH�SDU�FHOOH�GH�,V�4�����,V�4���FDU��FRPPH�QRXV�DOORQV�OH�YRLU��RQ�SHXW�H[SULPHU�FHWWH�YDULDWLRQ�GH�FR�W�HQ�IRQFWLRQ�GH�OD�VHXOH�YDULDWLRQ�GH�UXSWXUH�PR\HQQH��2Q�YD�GRQF�
pWXGLHU ,V�Q � ��� � ,V�Q���&DOFXORQV�� SDU� H[HPSOH�� OD� UXSWXUH�PR\HQQH� ,V�4� ���DVVRFLpH�DX� VWRFN�
LQLWLDO� 4� ���2Q� GRLW� GRQF� FDOFXOHU� O·HVSpUDQFH�PDWKpPDWLTXH� GH�4� �� � SRXU� GHV� YDOHXUV� GH�4�
VXSpULHXUHV j���� 

¦f
 

 �  
5

)()4()4(
[

V [;3[4,

C(Q) 

Q*=3 
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 &DOFXORQV��GH�PrPH��OD�UXSWXUH�PR\HQQH�,V�Q  ���DVVRFLpH�DX�VWRFN�LQLWLDO�4� ����
¦f
 

 �  
6

)()5()5(
[

V [;3[4,
(Q�JpQpUDO���

¦f
� 

 � 
1

)()()(
4[

V [;34[4,
,QWpUHVVRQV� QRXV�PDLQWHQDQW� j� OD� GLIIpUHQFH� GH� FHV� UXSWXUHV�PR\HQQHV� SRXU� GHX[� VWRFNV� LQLWLDX[�FRQVpFXWLIV���

¦¦
¦¦
f

 

f

 

f

 

f

 

 �� � 
 �� �  � 

55

65

)()5()()4(

)()5()()4()5()4(

[[

[[

VV

[;3[[;3[
[;3[[;3[4,4,

)4(

)(.1
5

! 
  ¦f

 

;3
[;3

[

2Q�HQ�FRQFOXW�TXH� OD GLPLQXWLRQ�GH� UXSWXUH�PR\HQQH� ,V(4) RFFDVLRQQpH�SDU�XQH�DXJPHQWDWLRQ�G¶XQH XQLWp� GX� VWRFN� j� SDUWLU� GH�4� HVW� pJDOH� j� OD� SUREDELOLWp� TXH� OD� GHPDQGH� VRLW� VWULFWHPHQW�VXSpULHXUH�RX�pJDOH�DX�VWRFN�LQLWLDO�4��,O HVW� IDFLOH� GH� PRQWUHU� TXH� FHFL� HVW� YUDL� TXHOOH� TXH� VRLW� OD� IRUPH� OD� GLVWULEXWLRQ� GH� SUREDELOLWp�GLVFUqWH ���
 ,V(4 + 1) � ,6(Q) = �3(; !4) (8) 
 
/HV WDEOHDX[�GH�O·DQQH[H�$�GRQQH�OH�FDOFXO�GH�3�; !�[� HQ�IRQFWLRQ�GH�O� OD�YDOHXU�GX�SDUDPqWUH�GH�OD ORL�GH�3RLVVRQ��&RPPH�DQQRQFp�SOXV�KDXW��LO�HVW�SRVVLEOH�GH�UDPHQHU�OD�IRQFWLRQ�GH�FR�W�FRPPH�XQH�IRQFWLRQ�GH�OD�VHXOH YDULDEOH�G·pWDW�,V�4���3RXU�FHOD��QRXV�DOORQV�pWDEOLU�OD�UHODWLRQ�HQWUH�,6�4��HW�,R�4��
/H VWRFN� PR\HQ� VXU� OHTXHO� SRUWH� OH� FR�W� GH� SRVVHVVLRQ� HVW� OH� VWRFN� PR\HQ� REVHUYp� HQ� ILQ� GH�SpULRGH TXL�FRUUHVSRQG�GRQF�j�O·LQYHQGX��2Q�REVHUYHUD�XQ�VWRFN�UpVLGXHO�VL�OD�GHPDQGH�REVHUYpH�[HVW LQIpULHXUH� j� 4�� OH� VWRFN� LQLWLDO�� 6RQ� QLYHDX� PR\HQ� HVW� FDOFXOp� SDU� O·HVSpUDQFH� PDWKpPDWLTXH�VXLYDQWH���

)(

)()()()(

)()()()(

)()()()()(

0 10

10

0
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0

4,;4
[;34[[;[3[;34

[;3[4[;3[4

[;3[4[;3[44,

V
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4
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2�� ; QRWH�OD�PR\HQQH�GH�OD�GHPDQGH�;� '·R��OD�UHODWLRQ�HQWUH�,R�HW�,V��
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)()( 4,;44, VR �� (9) 
/D UHODWLRQ�����SHXW�V·LQWHUSUpWHU�HQ�GLVDQW�TXH�OH VWRFN�PR\HQ�UpVLGXHO�,R(4) HVW pJDO�DX�VWRFN�GH�
GpSDUW 4�GLPLQXp�GH�OD�GHPDQGH�PR\HQQH�VDWLVIDLWH� ))(( 4,; V�
/D�FRQVpTXHQFH�GH�OD�UHODWLRQ�����HVW�TXH�O·RQ�SHXW�H[SULPHU�OH�FR�W�WRWDO�&�4��HQ�IRQFWLRQ�GX�VHXO�FR�W GH�UXSWXUH�,V �

))(()( 4,;4F,F,F,F4& VRVVRRVV ��� � (10) 
 
D’où l’expression de &(Q) : 

)()()()( 4,FF;4F4& VRVR ��� (11) 
 5HYHQRQV�PDLQWHQDQW� DX�SUREOqPH�GH� OD�GpWHUPLQDWLRQ�GH� OD� VROXWLRQ�RSWLPDOH� F·HVW�j�GLUH� DX�VWRFN�LQLWLDO�4
�TXL�PLQLPLVH�O·pTXDWLRQ������

))()1()((

)()()(

)1()()1()()1(

4,4,FFF
4,FF;4F
4,FF;4F4&4&

VVRVR

VRVR

VRVR

���� 
���

����� ��

&RPSWH�WHQX�GH�OD�UHODWLRQ�������
)()()()1( 4;3FFF4&4& RVR !�� ��

/HV�FRQGLWLRQV�G·RSWLPDOLWp���� GHYLHQQHQW�LFL���
 

®̄­ ��!�� !!��
0)1*()(
0*)()( 4;3FFF 4;3FFF

RVR

RVR

2X�HQFRUH�4
��HVW RSWLPDOH�VL ��
 

)1*(*)( �!���! 4;3FF F4;3
VR

R

'H� OD� PrPH� IDoRQ�� HW� DSUqV� TXHOTXHV� DSSOLFDWLRQV� DOJpEULTXHV� QRXV� SRXYRQV� REWHQLU� � O·LQpJDOLWp�VXLYDQWH���
)1*(*)( ��!�!� 4;3FF

F4;3
RV

V

/D�SURFpGXUH�GH�WURXYHU�OD�TXDQWLWp�RSWLPDOH�SRXU�OH�PRGqOH�GX�FDPHORW�TXDQG�OD�GHPDQGH�HVW�VXSSRVpH� GLVFUqWH� HVW� XQH� JpQpUDOLVDWLRQ� QRUPDOH� GX� FDV� FRQWLQX��'DQV� OH� FDV� FRQWLQX�� OD� VROXWLRQ�RSWLPDO�F·HVW�OD�YDOHXU�GH�4�TXL�UHQG�OD�IRQFWLRQ�GH�GLVWULEXWLRQ�pJDOH�DX�UDSSRUW�&V��&V�&R���'DQV�OH FDV� GLVFUHW�� � OD� IRQFWLRQ� GH� GLVWULEXWLRQ� HIIHFWXH� GHV� YDULDWLRQV� SDU� GHV� VDXWV�� GRQF�� � LO� HVW� SHX�SUREDEOH�TXH�Q
LPSRUWH�ODTXHOOH�GH�VHV�YDOHXUV�VRLW�pJDOH�H[DFWHPHQW�DX�UDSSRUW�FULWLTXH��&H�GHUQLHU���WRPEHUD�JpQpUDOHPHQW�HQWUH�GHX[�YDOHXUV�GH�)�4���3DU�FRQVpTXHQW��OH�SURFpGp�GH�OD�VROXWLRQ�RSWLPDO�GRLW�ORFDOLVHU�OH�UDSSRUW�FULWLTXH�HQWUH�GHX[�YDOHXUV�GH�)�4��HW�FKRLVLU�OH�4�FRUUHVSRQGDQW�j�OD�YDOHXU�OD SOXV�pOHYpH����
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�

Si nous prenons l’exemple précédant et en consultant le tableau donnant 3(; �Q) (Annexe A), 
on trouve : � FV��FV�FS� �������GRQF��� 

3(; �2) = 0����� et  3(; �3) = 0� �����
 
D’où 4
= 3 �
On en conclut qu’il est optimal de produire chaque matin 3 gâteaux. �2Q SHXW�pJDOHPHQW�XWLOLVHU�O·LQWHUIDFH�JUDSKLTXH�GpYHORSSpH�SRXU�JpQpUHU�OD�TXDQWLWp�RSWLPDOH��LO�VXIILW G·LQWURGXLUH�OHV�GRQQpHV�HW�GH�FKDQJHU�OD�ORL�GH�GLVWULEXWLRQ����

)LJXUH�������&DSWXUH�G·pFUDQ�SUpVHQWH�OH�FKRL[�HQWUH�OHV�GLIIpUHQWHV�ORLV�GH�SUREDELOLWpV�
�
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)LJXUH� ����� &DSWXUH� G·pFUDQ� GH� O·LQWHUIDFH� JUDSKLTXH� XWLOLVpH� SRXU� OH� FDOFXO� GH� 4
� GDQV��
O·H[HPSOH�QXPpULTXH�GH�OD�VHFWLRQ��������������� /D�GHPDQGH�VXLW�XQH�ORL�GH�SRLVVRQ������

���� /H�0&&�DYHF�XQ�FR�W�GH�FRPPDQGH���>+DP���@�
� /D�GLIIpUHQFH�HQWUH�FH�PRGqOH�HW�OH�PRGqOH�SUpFpGHQW�F·HVW�O·LQWURGXFWLRQ��G·XQ�FR�W�GH�FRPPDQGH��QRWp�.��j�FKDTXH�IRLV�TX
LO�\�D�XQ�UHPSOLVVDJH��(Q�XWLOLVDQW�OHV�PrPHV�QRWDWLRQV�FRPPH�FL�GHVVXV��OH�FR�W WRWDO�SUpYX�SRXU�FKDTXH�SpULRGH�HVW�GRQQp�SDU�O·H[SUHVVLRQ�VXLYDQWH����

³³ f

  

���� 
� 

4[

V

4

[

R G[[I4[FG[[I[4F.
;4&(.;4&(

)()()()(

)),(()),((

0

(12) 

3XLVTXH� .� HVW� XQH� FRQVWDQWH�� OHV� IRQFWLRQV )),(()),(( ;4&(HW;4&( RQW� OD� PrPH� VROXWLRQ�
RSWLPDOH�4
�TXL�VDWLVIDVVH�OD�UHODWLRQ���
 

26

6&&&4) � *)(
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)LJXUH�������/D�SROLWLTXH�GH�FRPPDQGH�RSWLPDOH�GDQV�OH�0&&�� DYHF�XQ�FR�W�GH�FRPPDQGH�
�/D ILJXUH�����IDLW�ELHQ�DSSDUDvWUH��TXH�OD�SULVH�HQ�FRPSWH�GHV�FR�WV�GH�FRPPDQGH�GDQV�OH�PRGqOH�GX�FDPHORW�Q·DIIHFWH��SDV�OD�VROXWLRQ�RSWLPDOH��F·HVW�j�GLUH�OD�TXDQWLWp�TXL�GRLW�rWUH�FRPPDQGpH��
����� &RQFOXVLRQ��
 'DQV FH�FKDSLWUH�QRXV�DYRQV�GpFULW�OH�PRGqOH�GX�FDPHORW�FODVVLTXH�DLQVL�TXH�OHV�FR�WV�DVVRFLHU�j�FH�PRGqOH��1RXV�DYRQV�SUpVHQWp�SRXU�FH�GHUQLHU�OD�VROXWLRQ�RSWLPDOH�TXL�PLQLPLVH�OH�FR�W�WRWDO�HVSpUp���GDQV�OHV�GHX[�FDV�pWXGLpV��OH�FDV�RX�OD�GHPDQGH�VXLW�XQH�ORL�GH�GLVWULEXWLRQ�FRQWLQXH�RX�GDQV�OH�FDV�G·XQH� ORL� GH� GHPDQGH� GLVFUqWH�� $� OD� ILQ� GH� FH� FKDSLWUH� QRXV� DYRQV� GLVFXWp� O·LQIOXHQFH� GH�O·LQWURGXFWLRQ GHV�FR�WV��GH�FRPPDQGH��VXU�OD�VROXWLRQ�RSWLPDOH���&HWWH�SROLWLTXH�RSWLPDOH�HVW�ELHQ�QpFHVVDLUH�GDQV�OD�GpWHUPLQDWLRQ�GHV�WDLOOHV�GHV�ORWV�GH�FRPPDQGH�RX�ELHQ�GH�IDEULFDWLRQ�DILQ�GH�PD[LPLVHU�OH�SURILW��� $X VHLQ�GH�OD�WKpRULH�GX�FRQWU{OH�GH�JHVWLRQ�� OH�PRGqOH�GX�FDPHORW�FODVVLTXH�RFFXSH�XQH�SODFH�WUqV� LPSRUWDQWH�� 1pDQPRLQV�� SOXVLHXUV� D[HV� G·H[WHQVLRQ� GH� FH� PRGqOH� SOXV� UpDOLVWH� GRLYHQW� rWUH�HQYLVDJpV��FKDFXQ�FRUUHVSRQGDQW�j�OD�JpQpUDOLVDWLRQ�GHV�K\SRWKqVHV�VXU�OHVTXHOOHV�VH�IRQGH�OH�PRGqOH�GX FDPHORW�FODVVLTXH�������� /H FKDSLWUH� VXLYDQW� GpWDLOOH� O·H[WHQVLRQ� GX� PRGqOH� FODVVLTXH� YHUV� XQ� PRGqOH� GX� FDPHORW� j�GHPDQGH�HW�UHQGHPHQWV�DOpDWRLUHV���

4


(�&�4
�;�

(�&�4
�;�

(�&�4
�;�

(�&�4
�;�

4

&�4�

.
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&KDSLWUH���
 

/H�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�� ©�7KH�QHZVYHQGRU�PRGHO�ZLWK�UDQGRP�\LHOG�ª�

�����,QWURGXFWLRQ���
/H PRGqOH�GX�FDPHORW��/H�0&��HVW�WUqV�XWLOLVp�G
TXDQWLWp�RSWLPDOH�GH�SURGXLWV�j�IDEULTXHU�IDFH�j�X
OD� SURGXFWLRQ� LQGXVWULHOOH�� %HDXFRXS� GH� SURFH
DIIHFWpV� SDU� OHV� UHQGHPHQWV� DOpDWRLUHV� �UDQGRP�
UHQGHPHQW�HQ�SURGXFWLRQ�HVW�GRQF� OH�QRPEUH�G
SURGXLWV� $�SULRUL��RQ�QH�VDLW�SDV�FRPELHQ�GH�SU
FH IDLW��OH�UHQGHPHQW�HVW�HQ�JpQpUDO�DOpDWRLUH��
3DU�H[HPSOH��/HV� IDEULFDQWV�GH�VHPL�FRQGXFW

SRXU�FHQW�HW�OHV�SURGXFWHXUV�GH�SODVWLTXH�RQW�VR
� *LOEHUW�HW (PPRQV�> *LO����@� %RKQ�HW 7HUZLHVFK�>
3RXU�IDLUH�IDFH�j�FHWWH�LQFHUWLWXGH��XQH�H[WHQVLRQ
FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�V·DYqU
%LHQ TXH� O
XQ�GHV�SULQFLSDX[�REMHFWLIV�GH� O
pWXG
FR�WV��LO�UHVWH�WRXMRXUV�QpFHVVDLUH�GH�WURXYHU�XQH�
DWWHQGXV��'DQV�FH�FKDSLWUH��QRXV�DYRQV�pWXGLp�OH
GH�GpWHUPLQHU�XQH�WDLOOH�GH�ORW�GH�SURGXFWLRQ�RS
SpULRGH��
� 'DQV� FH� FKDSLWUH�� QRXV� SUpVHQWRQV� GDQV� XQ�
FRPSDUDLVRQ�HQWUH�GLIIpUHQWV�WUDYDX[�DQWpULHXUV��
HW GHVFULSWLRQ�GX�PRGqOH��j�VD�PRGpOLVDWLRQ�HW�IR
(QVXLWH� QRXV� SUpVHQWRQV� OHV� GLIIpUHQWHV� � WHF
GpYHORSSp HW�TXL�RQW� IDLW� O·REMHW�G·XQH�FRPPXQ
O·LQJpQLHULH�pOHFWURQLTXH��,&((·���>*XH���@�
1H�SUHQH]�TXH�FH�TXL�YRXV�SODLV�HW�ODLVVH]�FH�TXL�QH�YRXV� SODvW� SDV � FKRLVLVVH]� YRV� SURSUHV� FRQGLWLRQV�GH� OLHX� HW� GH� WHPSV���PXOWLSOLH]� HW� GLYLVH]� FRPPH�YRXV� O·HQWHQGH] � HW� YRXV� SRXUUH]� SD\HU� OD� GHWWH�1DWLRQDOH�GDQV� OD�GHPL�KHXUH��/HV�FDOFXOV�QH�VRQW�TXH�GHV�UHFHWWHV�GH�FXLVLQH��
-45- 

DQV�OHV�V\VWqPHV�GH�SURGXFWLRQ�SRXU�GpWHUPLQHU�OD�
QH�GHPDQGH�DOpDWRLUH��'H�SOXV��'DQV�OH�GRPDLQH�GH�
VVXV� HW� VHUYLFHV� PRGHUQHV� VRQW� FRQVLGpUDEOHPHQW�
\LHOGV��� LO� \� D� WRXMRXUV�GHV�SURGXLWV� GpIHFWXHX[��/H�
H�ERQV�SURGXLWV�SDU�UDSSRUW�j� OD�TXDQWLWp� WRWDOH�GH�
RGXLW�GpIHFWXHX[��XQ�ORW�GH�SURGXLW�YD�FRQWHQLU��'H�
HXU��RQW�VRXYHQW�GHV� UHQGHPHQWV�HQ�GHVVRXV�GH����
XYHQW�XQ�UHQGHPHQW�YDULDQW�DXWRXU�GH���SRXU�FHQW��������
7HU����@� *UDVPDQ�HW�DO�> *UD���@��
�GX�PRGqOH�GX�FDPHORW�FODVVLTXH�YHUV�XQ�PRGqOH�GX�
H��QpFHVVDLUH��
H�GHV� V\VWqPHV�GH�SURGXFWLRQ� VRLW� OD� UpGXFWLRQ�GHV�
SROLWLTXH�RSWLPDOH�TXL�PLQLPLVH�OD�WRWDOLWp�GHV�FR�WV�
0&�j�GHPDQGH HW�UHQGHPHQW�DOpDWRLUH�GDQV��OH�EXW�
WLPDOH�TXL�PLQLPLVH�OH�FR�W�WRWDO��HVSpUp�GH�FKDTXH��
SUHPLHU� WHPSV�� XQ� pWDW� GH� O·DUW� VRXV� IRUPH� G·XQH�
/D�GHX[LqPH�VHFWLRQ�HVW�FRQVDFUpH�j�OD��SUpVHQWDWLRQ�
UPXODWLRQ�HQ�PRGqOH�PDWKpPDWLTXH���
KQLTXHV� GH� UpVROXWLRQ� SUDWLTXH� TXH� QRXV� DYRQV�
LFDWLRQ�VRXPLVH�j� � OD�FRQIpUHQFH� LQWHUQDWLRQDOH�VXU�



&KDSLWUH�����/H�0&�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�

-46- 

������([WHQVLRQV��GX�PRGqOH�FODVVLTXH�GX�FDPHORW��
 
&RPPH�OD�GXUpH�GH�YLH�GHV�SURGXLWV�FRQWLQXH�OHXU�WHQGDQFH�GHVFHQGDQWH�� �FHFL�GRQQH�GH�SOXV�HQ�
SOXV�GH�O
LPSRUWDQFH�DX�PRGqOH�GX�FDPHORW��'H�FH�IDLW�SOXVLHXUV�H[WHQVLRQV�GH�FH�SUREOqPH�RQW�pWp�
VXJJpUpHV��OD�SOXSDUW�GH�FHV�H[WHQVLRQV�RQW�pWp�LQWURGXLW�FHV��GL[�GHUQLqUHV�DQQpHV����
2Q�SHXW�FODVVLILHU�OHV�GLIIpUHQWHV�H[WHQVLRQV��GX�0&&�GDQV����FDWpJRULHV�>.KR���@��
�� ([WHQVLRQV�DX[�REMHFWLIV�HW�IRQFWLRQV�G·XWLOLWp�GLIIpUHQWHV�
�� ([WHQVLRQV�DX[�GLIIpUHQWHV�SROLWLTXHV�GH�SULFLQJ�
�� ([WHQVLRQV�DX[�GLIIpUHQWHV�SROLWLTXHV�GHV�SUL[�HW�VWUXFWXUHV��
�� ([WHQVLRQV�DX[�UHQGHPHQWV�DOpDWRLUHV��
�� ([WHQVLRQV�DX[�GLIIpUHQWV�pWDWV�G
LQIRUPDWLRQV�VXU�OD�GHPDQGH��
�� ([WHQVLRQV�j�XQ�V\VWqPH�D�FRQWUDLQWH�PXOWL�SURGXLW��
�� ([WHQVLRQV�j�XQ�V\VWqPH��PXOWL�SURGXLW�DYHF�OD�VXEVWLWXWLRQ��
�� ([WHQVLRQV�j�XQ�V\VWqPH�PXOWL�pFKHORQ��
�� ([WHQVLRQV�DX[�PRGqOHV�PXOWL�HQGURLW��
����([WHQVLRQV�DX[�PRGqOHV�DYHF�SOXV�G
XQH�SpULRGH�j�VH�SUpSDUHU�j�OD�VDLVRQ�GH�YHQWH��
����DXWUHV�H[WHQVLRQV��
�
'DQV�QRWUH�WUDYDLO��QRXV�QRXV��V·LQWpUHVVRQV�j�O·H[WHQVLRQ�DX[�UHQGHPHQWV�DOpDWRLUH�FH�TXL�QRXV�PqQH�
j ©8Q�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�ª� 
�����(WDW�GH�O·$UW��HW�&RPSDUDLVRQ�
�
/D�QpFHVVLWp�G
LQFRUSRUHU�GHV�YDULDWLRQV�GH�UHQGHPHQW�DX[�PRGqOHV�GH�GpFLVLRQ�GH�SURGXFWLRQ�D�

pWp� LGHQWLILpH� SDU� OHV� LQJpQLHXUV� LQGXVWULHOV� HW� OHV� VFLHQWLILTXHV�GH� JHVWLRQ�GHSXLV� OHV� DQQpHV� ����&H�
VHFWHXU� D� pWp� WpPRLQ� G
XQH� H[SORVLRQ� YLJRXUHXVH� G
DFWLYLWp� GDQV� OHV� DQQpHV� ����4XHOTXHV� UpVXOWDWV�
IRQGDPHQWDX[�RQW�pWp�REWHQXV�HW�GH�QRXYHDX[�PRGqOHV��SOXV�JpQpUDX[��RQW�pWp�IRUPXOpV�HW�DQDO\VpV���
Avant d'exposer le modèle et les différentes techniques de résolution proposées, nous commençons par 
présenter, dans cette section, des travaux  développés pour traiter des problèmes identiques à ceux de 
notre modèle. 
�

$XWHXU� /·REMHW�GX�WUDYDLO�
.DUOLQ�
>.DU���@�

.DUOLQ�D�VXSSRVp�TXH�OH�QRPEUH�GH�ERQQHV�XQLWpV�GDQV�XQ�ORW�HVW�XQH�YDULDEOH�
DOpDWRLUH� DYHF� XQH� GLVWULEXWLRQ� � GH� SUREDELOLWp� FRQQXH�� .DUOLQ� D� OLPLWp� OHV�
GpFLVLRQV�GH�FRPPDQGH�j�GHX[�VROXWLRQV����D��QH�SDVVHQW�SDV�GH�FRPPDQGH�HW�
�E� &RPPDQGHU�j�SDUWLU�G·XQ�FKRL[�GX�QLYHDX��TXL�QH�WLHQW�SDV�FRPSWH�GH�OD��
WDLOOH�GH�FRPPDQGH����
�

6KLK�
>6KL���@�

6KLK� D� VXSSRVp� TXH� OHV� XQLWpV� GpIHFWXHXVHV� VRQW� LQYHQGDEOHV� HW� VRQW�
UHWRXUQpHV�DX�IDEULFDQW�j�VHV�IUDLV��,O�D�pJDOHPHQW�VXSSRVp�TXH�OH�SRXUFHQWDJH�
GH�SURGXLWV�GpIHFWXHX[��S��HVW�XQH�YDULDEOH�DOpDWRLUH�DYHF�XQH�GLVWULEXWLRQ�GH�
SUREDELOLWp�FRQQXH��6KLK D GpPRQWUp�OD�FRQYH[LWp�GH�OD�IRQFWLRQ�GH�FR�W�WRWDO��
DSUqV�LO�D�PLV�HQ�±XYUH��OHV�FRQGLWLRQ�G
RSWLPDOLWp�QpFHVVDLUH�VXU�OD�TXDQWLWp�GH�
FRPPDQGH� 4� SRXU� Q
LPSRUWH� TXHOOH� GLVWULEXWLRQ� GH� GHPDQGH� HW� GH��
UHQGHPHQW��
�
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1RRUL�HW�.HOOHU�
>1RR����@�

�
1RRUL�HW�.HOOHU�RQW�REWHQX�GHV� UpVXOWDWV�DQDO\WLTXHV�SRXU� OD�TXDQWLWp�RSWLPDOH�
4
�GDQV�OH�FDV�G·XQH�GHPDQGH�GLVWULEXpH�XQLIRUPpPHQW�HW�H[SRQHQWLHOOHPHQW�

(KUKDUGW�HW�7DXEH�
>+HU ��@

(KUKDUGW� HW� 7DXEH� RQW� JpQpUDOLVp� OH� PRGqOH� GH� 6KLK HQ WUDLWDQW� OHV� IRUPHV�
JpQpUDOHV�GH�FR�W�GH�SRVVHVVLRQ�HW�GH�UXSWXUH��DX�OLHX�GX�FDV�OLQpDLUH�HW�LOV�RQW�
GRQQp� GHV� FRQGLWLRQV� QpFHVVDLUHV� G
RSWLPDOLWp�� 3RXU� XQH� GHPDQGH�
XQLIRUPpPHQW�GLVWULEXpH��(KUKDUGW�HW�7DXEH�RQW�IRXUQL�XQH�H[SUHVVLRQ�GH�4
�
DYHF�XQH�IRUPH�IHUPpH��,OV�RQW�IRXUQL�XQ�KHXULVWLTXH�TXDQG�OH�UHQGHPHQW�VXLW�
XQH�GLVWULEXWLRQ�ErWD��HW�OD�GHPDQGH�VXLW�XQH�GLVWULEXWLRQ�ELQRPLDOH�QpJDWLYH��
�

*HUFKDN�HW�DO��
>*HU ��@

*HUFKDN� HW� DO RQW� pJDOHPHQW� WUDLWp� OH� UHQGHPHQW� DOpDWRLUH� HW� LOV� RQW� VXSSRVp�
TX
LO�\�D�XQ�FHUWDLQ�VWRFN�LQLWLDO�,��(Q�RXWUH��*HUFKDN HW DO RQW SHUPLV�DX�FR�W�
G
rWUH�SURSRUWLRQQHO�j�4��,OV�RQW�SURXYp�TXH�OD�IRQFWLRQ�GH�SURILW�HVSpUpH��HVW�
XQH� IRQFWLRQ�FRQFDYH�GDQV�,� �HW�4� �HW�TX
LO�\�D� �XQ�QLYHDX�FULWLTXH�,� �GH�WHO�
VRUWH�TX·HQ�GHVVRXV�GH�FH�QLYHDX�DXFXQH�FRPPDQGH�QH�VHUD�SODFpH�VRXV�XQ�
UHQGHPHQW� SDUIDLW�� FH� QLYHDX� HVW� LGHQWLTXH� GDQV� OH� FDV� G·XQ� UHQGHPHQW�
DOpDWRLUH�� *HUFKDN� HW� DO RQW pJDOHPHQW� PRQWUp� TXH� FRQWUDLUHPHQW� j� XQ�
UHQGHPHQW� SDUIDLW�� OD� SROLWLTXH� RSWLPDOH� DYHF� XQ� � UHQGHPHQW� DOpDWRLUH� Q
HVW�
SDV�GH�W\SH��
RUGHU�XS�WR
�
�

+HQLJ�HW *HUFKDN�
>+HQ ��@

+HQLJ�HW�*HUFKDN� Q
RQW�SDV�VXSSRVp�TXH�OH�UHQGHPHQW�FRQVWLWXH�XQH�IUDFWLRQ�
DSSURSULpH�GH�4�TXL� UHQG� OH�PRGqOH� DSSOLFDEOH� DX[� VLWXDWLRQV�R�� � OH�QLYHDX�
G
HQWUpH�LQLWLDOH��HW�OH�UHQGHPHQW��QH�VRQW�SDV�PHVXUpV�GDQV�OHV�PrPHV�XQLWpV��
'DQV� XQH� SDUWLH� GH� OHXU� DQDO\VH�� +HQLJ� HW� *HUFKDN Q
RQW� IDLW� DXFXQH��
VXSSRVLWLRQ� DX� VXMHW� GH� OD� GpSHQGDQFH� GX� UHQGHPHQW� j� OD� TXDQWLWp� GH�
FRPPDQGH�4��'DQV� �XQH�DXWUH�SDUWLH�� LOV�RQW�VXSSRVp�TXH� OH�UHQGHPHQW�HVW�
PXOWLSOLFDWLI�����
,OV�RQW�VXSSRVp�TXH�OHV�FR�WV�GH�SURGXFWLRQ�GpSHQGHQW�GX�UHQGHPHQW�UpDOLVp�
HW�LOV�RQW�SX�JpQpUDOLVHU�OHXUV�UpVXOWDWV��R��OHV�FR�WV�GH�SURGXFWLRQ�GpSHQGHQW�
GH� 4� HW� GX� UHQGHPHQW� UpDOLVp�� +HQLJ� HW� *HUFKDN� RQW� VXSSRVp� XQ� VWRFN�
FRPPHQoDQW�GH�,�HW�LOV�RQW�DQDO\Vp�OH�SRLQW�FULWLTXH�GH�FRPPDQGH�,�VRXV�XQ��
UHQGHPHQW�FHUWDLQ�HW�DOpDWRLUH����
+HQLJ� HW�*HUFKDN� RQW� SURXYp� TXH� SRXU� XQ� ,� GRQQp�� V
LO� Q
HVW� SDV�RSWLPDO�GH�
FRPPDQGHU� TXDQG� OH� UHQGHPHQW� HVW� V�U�� LO� Q
HVW� SDV� pJDOHPHQW� � RSWLPDO�GH�
FRPPDQGHU�TXDQG�OH�UHQGHPHQW�HVW�DOpDWRLUH��
�

3DUODU�HW :DQJ�
> 3DU���@�

3DUODU� HW�:DQJ�RQW�DQDO\Vp�XQ� �0&&�GDQV� OHTXHO�XQ�PDUFKDQG�GH� MRXUQDX[�
HPSORLH�GHX[� IRXUQLVVHXUV�� FKDFXQ�D\DQW�XQ� � UHQGHPHQW�DOpDWRLUH�� �3DUODU� HW�
:DQJ�RQW�VXSSRVp�TXH� OHV�IRXUQLVVHXUV�RQW�XQ��UHQGHPHQW��DYHF�GLIIpUHQWHV�
ORLV� GH� GLVWULEXWLRQV� � HW� GH� SUL[� � HW� LOV� RQW� HPSOR\p� OD� VXSSRVLWLRQ� TXH� OH��
UHQGHPHQW�HVW�VWRFKDVWLTXHPHQW�SURSRUWLRQQHO��/D�GLYHUVLILFDWLRQ�SHXW�HQFRUH�
rWUH� XWLOH� FDU� HOOH� SHXW� UpGXLUH� OD� YDULDELOLWp� JOREDOH� GX� UHQGHPHQW��3DUODU� HW�
:DQJ�RQW�SURXYp� OD� FRQFDYLWp�GH� OD� IRQFWLRQ�GH�SURILW� �SRXU�XQH� IRUPH�GH�
GLVWULEXWLRQ� JpQpUDOH� GH� OD� GHPDQGH� HW� LOV� RQW� SURSRVp� XQH� WHFKQLTXH�
DSSUR[LPDWLYH�GH�VROXWLRQ�SRXU�WURXYHU��4
�L�����L�� �������
�
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&LDUDOOR�HW�DO�
> &LD����@�

&LDUDOOR�HW�DO� RQW�DQDO\Vp�XQ�0&& GDQV OHTXHO�O
LQFHUWLWXGH�HVW�XQ�UpVXOWDW�GH�OD�
FDSDFLWp� DOpDWRLUH� SOXW{W� TXH� GX� UHQGHPHQW�� ,OV� RQW� VXSSRVp� TXH� SXLVTXH� OH�
WHPSV�GH�SDQQH�HVW�LQFHUWDLQ��OD�FDSDFLWp�SURGXFWLYH�HVW�XQH�YDULDEOH�DOpDWRLUH�
DYHF�XQH�GLVWULEXWLRQ�FRQQXH��&LDUDOOR�HW�DO RQW PRQWUp�TXH�VRXV�XQ�FR�W�GH�
UXSWXUH�HW�GH�SRVVHVVLRQ�OLQpDLUH��OD�IRQFWLRQ�GH�FR�W�SUpYXH�HVW�QRQ�FRQYH[H�
PDLV�XQLPRGDO�FH�TXL�SHUPHW�j�GHV�SURFpGXUHV�GH�FRQYH[LWpV�FODVVLTXHV�G
rWUH�
HPSOR\pHV� SRXU� O
RSWLPLVDWLRQ�� &LDUDOOR� HW� DO RQW SURXYp� TXH� OD� SROLWLTXH�
RSWLPDOH��GDQV�FH�FDV�FL�HVW�LGHQWLTXH�DX�PRGqOH�FODVVLTXH�GX�FDPHORW��
�

-DLQ�HW 6LOYHU
> -DL����@�

-DLQ� HW� 6LOYHU� RQW� pJDOHPHQW� VXSSRVp� TXH� � OD� GHPDQGH� HW� OD� FDSDFLWp� GHV�
IRXUQLVVHXUV�VRQW�GHV�YDULDEOHV�DOpDWRLUHV�DYHF�GHV�GLVWULEXWLRQV�GH�SUREDELOLWp�
FRQQXHV�� ,OV� RQW� VXSSRVp� TX
XQ� PDUFKDQG� GH� MRXUQDX[� � SHXW� DVVXUHU� OD�
GLVSRQLELOLWp� G
XQ� QLYHDX� LQGLTXp� GH� FDSDFLWp� HQ� SD\DQW� DX� IRXUQLVVHXU� XQH�
SULPH�HQ�DYDQW��/H�PDUFKDQG�GH�MRXUQDX[��Q
D�SDV�O
REOLJDWLRQ�GH�FRPPDQGHU�
OD�TXDQWLWp�TXL�FRUUHVSRQG�j�O
XWLOLVDWLRQ�FRPSOqWH�GH�OD�FDSDFLWp�UpVHUYpH��-DLQ
HW�6LOYHU�RQW�VXSSRVp�TXH�OH�FR�W�SRXU�UpVHUYHU�XQH�FDSDFLWp�HVW�XQH�IRQFWLRQ�
FRQYH[H�HW�PRQRWRQLTXHPHQW�FURLVVDQWH��,OV�RQW�GpULYp�OD�IRQFWLRQ�GH�SURILW�
HVSpUpH�TXL�SHXW�DYRLU�SOXVLHXUV�PD[LPXPV�ORFDX[�HQ�IRQFWLRQ�GH�OD�FDSDFLWp�
UpVHUYpH�� -DLQ� HW�6LOYHU� RQW� GpYHORSSp� XQ� DOJRULWKPH� GH� UpVROXWLRQ� SRXU� XQH�
GLVWULEXWLRQ�QRUPDOH�GH�OD�GHPDQGH�HW�GH�OD�FDSDFLWp��
�

<DQR�HW�/HH�
><DQ���@�

<DQR HW /HH RQW SUpVHQWp�XQ�UpVXPp��FRPSOHW�GHV�DUWLFOHV�VXU�OD�GpWHUPLQDWLRQ�
GH OD�WDLOOH�GHV�ORWV�GH�SURGXFWLRQ�DYHF�XQ�UHQGHPHQW�DOpDWRLUH��
�

*UDVPDQ�HW�DO�
> *UD���@�

*UDVPDQ�HW�DO RQW�SUpVHQWp�XQH�IRUPH�SOXV�JpQpUDOH�GX�PRGqOH�GX�FDPHORW�j�
GHPDQGH� HW� UHQGHPHQW� DOpDWRLUH�� \� FRPSULV� OD� GpULYDWLRQ� GH� OD� TXDQWLWp�
RSWLPDOH� GH� FRPPDQGH�� ,OV� RQW� PRQWUp� OD� FRQYHUJHQFH� YHUV� OH� PRGqOH� GX�
FDPHORW��FODVVLTXH��GDQV�OH�FDV�R��OH��UHQGHPHQW�HVW�SDUIDLW��
�

�����/H�5HQGHPHQW�
��������1RWLRQV�'H�5HQGHPHQW�
�
/H�UHQGHPHQW�SHXW�rWUH�pYDOXp�j�GLIIpUHQWV�VWDGHV�GH�OD�IDEULFDWLRQ�G·XQ�SURGXLW��,O�SHXW�rWUH�HVWLPp�
DX QLYHDX� GX� SURMHW� �� OHV� UpVXOWDWV� VRQW�LOV� j� OD� KDXWHXU� GH� O
LQYHVWLVVHPHQW� "� $X� QLYHDX� GH� OD�
IDEULFDWLRQ�� FH� VHUD� OH� QRPEUH� G·pOpPHQWV� IRQFWLRQQDQW� SDUPL� FHX[� IDEULTXpV� �UHQGHPHQW� GH�
IDEULFDWLRQ��� RX� ELHQ� DX� QLYHDX� G·XQH� FRPPDQGH� R�� OHV� TXDQWLWpV� OLYUpHV� SDU� OH� IRXUQLVVHXU� QH�
FRUUHVSRQGHQW�SDV�DX[�TXDQWLWpV�FRPPDQGpHV��/HV�VRXUFHV�GH�FH�GpFDODJH�HQWUH�©�FRPPDQGpH�ª�HW���
© OLYUpH�ª�SHXYHQW�SURYHQLU�GH�SOXVLHXUV�VRXUFHV��j�VDYRLU���'HV�HUUHXUV�DGPLQLVWUDWLYHV�RX�GHV�IUDXGHV�
ORUV�GH�OD�SDVVDWLRQ�GH�OD�FRPPDQGH��GHV�HUUHXUV�KXPDLQHV�GH�FRPSWDJH�ORUV�GH�OD�SUpSDUDWLRQ�GH�OD�
FRPPDQGH�� GHV� YROV� GXUDQW� OH� WUDQVSRUW� RX� HQFRUH� OD� SUpVHQFH� GH� SURGXLWV� GpIHFWXHX[� SDUPL� OHV�
TXDQWLWpV�OLYUpHV��%HDXFRXS�GH�WUDYDX[�GDQV�OD�OLWWpUDWXUH�RQW�FRQVLGpUp�FHWWH�SUREOpPDWLTXH�FRQQXH�
DXVVL VRXV� O·DSSHOODWLRQ� ©� 5DQGRP� <LHOG� ª ><DQ ��@� >+HQ� ��@� 'DQV� QRWUH� WUDYDLO�� QRXV� QRXV�
LQWpUHVVRQV�DX�UHQGHPHQW�GH�IDEULFDWLRQ�HW�GH�FRPPDQGH��
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�
1RXV�GpQRWRQV�SDU�<�OH�UHQGHPHQW��GH�ERQQHV�XQLWpV��UpVXOWDQW�G
XQ�ORW�GH�WDLOOH�4��HW�SDU�J4�\���OD�IRQFWLRQ�GH�GHQVLWp�GH�SUREDELOLWp�FRUUHVSRQGDQWH��F·HVW�j�GLUH��J4�<�� �3�<� ��\���������<����4����
/
DVSHFW� OH� SOXV� LPSRUWDQW� GHV� PRGqOHV� GH� SURGXFWLRQ� DYHF� XQ� UHQGHPHQW� DOpDWRLUH� � HVW� OD�

GLVWULEXWLRQ�GX�UHQGHPHQW��,O�HVW�LPSRUWDQW�GH�QRWHU�TXH�OH�WDX[�GH�UHQGHPHQW�SHXW�rWUH�LQGpSHQGDQW�
GH�OD�TXDQWLWp�GH�SURGXFWLRQ��FHSHQGDQW��OH�QRPEUH�GH��SURGXLWV�GpIHFWXHX[��RX�GX�UHQGHPHQW�UpHO��
GpSHQG�SUHVTXH�FHUWDLQHPHQW�GH�OD�TXDQWLWp�GH�SURGXFWLRQ���
 �������5HQGHPHQW�'pWHUPLQLVWH���
�
2Q GLW� TX·XQ� UHQGHPHQW� HVW� GpWHUPLQLVWH� VL� XQH� IUDFWLRQ� FRQQXH�GH� OD� TXDQWLWp�GH�SURGXFWLRQ� HVW�
GpIHFWXHXVH��+H\PDQ�HW�6REHO�> +H\�@�RQW�SURXYp�TXH�GHV�SUREOqPHV�DYHF�XQ�UHQGHPHQW�GpWHUPLQLVWH�
SHXYHQW rWUH�PRGpOLVp�HQ�WDQW�TX
XQ��V\VWqPH�DYHF�XQ��UHQGHPHQW�SDUIDLW��
��������5HQGHPHQW�PXOWLSOLFDWLI���
 
/H WDX[� GH� UHQGHPHQW� G
XQ� SURFHVVXV� HVW� OD� IUDFWLRQ� GHV� SURGXLWV� ODQFpV� GDQV� XQ� SURFHVVXV� GH�
IDEULFDWLRQ�HW�pPHUJHDQW�HQ�WDQW�TXH�SURGXLWV�UpDOLVpV�HW�YHQGDEOHV��/H�UHQGHPHQW�G
XQ�SURFHVVXV�HVW�
OH�WDX[�GH�UHQGHPHQW�PXOWLSOLp�SDU�OD�WDLOOH�GX�ORW��4���
6L S�UHSUpVHQWH�OH�SRXUFHQWDJH�GH�SLqFHV�GpIHFWXHXVHV�GDQV�XQ�ORW�GH��SURGXFWLRQ�GH�WDLOOH��4��$LQVL���
<  ����S�4�R��S�VXLW�XQH�GLVWULEXWLRQ�DOpDWRLUH�GRQQpH��
�

)LJXUH �����3UpVHQWDWLRQ�GX�UHQGHPHQW�PXOWLSOLFDWLI��
�����3UpVHQWDWLRQ�HW�GHVFULSWLRQ�GX�PRGqOH�>*XH ��@�
/H� FKDSLWUH� SUpFpGHQW� SUpVHQWDLW� OH� FDV� GX� PRGqOH� PRQR�SpULRGH� DYHF� XQ� UHQGHPHQW� SDUIDLW��
/
DQDO\VH�HVW�FRQWLQXpH�GDQV�FH�FKDSLWUH��SRXU�OH�FDV�GX�UHQGHPHQW�DOpDWRLUH�DYHF�OD�SULVH�HQ�FRPSWH�
GHV PrPH�QRWDWLRQV� HW� K\SRWKqVHV� VDXI�TXH� OD� TXDQWLWp� FRPPDQGpH�RX�SURGXLWH� HVW� LPSDUIDLWH� HW�
FRQWLHQW�GHV�DUWLFOHV�GpIHFWXHX[��1RXV�SRXYRQV�VFKpPDWLVHU�O·pYROXWLRQ�GX�QLYHDX�GX�VWRFN�DX�FRXU�
G·XQH SpULRGH�SDU�OD�ILJXUH���������
 

Système de 
production 

Stock 
Pièces bonnes La taille de lot  

� 4
Pièces 
défectueuses S4���

< ���S�4� Client 
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$ILQ GH�VDWLVIDLUH�OD�GHPDQGH��XQH�TXDQWLWp�4�HVW��FRPPDQGpH�DX�IRXUQLVVHXU�RX�ELHQ�IDEULTXHU�SDU��
XQ V\VWqPH�GH�SURGXFWLRQ��/D�TXDQWLWp�UHoXH�GDQV�OH�VWRFN�Q·HVW�SDV��pJDOH�j�OD�TXDQWLWp�FRPPDQGpH��
1RXV VXSSRVRQV�TX·LO�\�D�XQH��GLIIpUHQFH�HQWUH�OD�TXDQWLWp�FRPPDQGpH�DX�IRXUQLVVHXU�HW�OD�TXDQWLWp�
UHoXH��L�H��OH�IRXUQLVVHXU��Q·HVW�SDV�ILDEOH�GRQF�LO�\�D�WRXMRXUV�GHV�DUWLFOHV�GpIHFWXHX[��
�
/HV� FOLHQWV� SDVVHQW� OHXUV� FRPPDQGHV� SRXU� XQH� SpULRGH� GRQQpH�� (Q� IRQFWLRQ� GX� FDUQHW� GH�

FRPPDQGH�DLQVL��pWDEOL�HW�pYHQWXHOOHPHQW�FRPSOpWp�SDU�GHV�SUpYLVLRQV�GH�YHQWHV��QRXV�FKHUFKRQV�j�
GpWHUPLQHU�OD�SURGXFWLRQ�j�UpDOLVHU�SDU�OHV�GLIIpUHQWHV�OLJQHV�GH�SURGXFWLRQ�VXU�XQ�KRUL]RQ�GRQQp��/D�
GHPDQGH�GRLW�rWUH�VDWLVIDLWH�HW�VD�VDLVRQQDOLWp�LPSRVH�XQH�DQWLFLSDWLRQ�HW�XQ�VWRFNDJH�GHV�SURGXLWV���
�
/D ILJXUH�������QRXV�GRQQH�XQH�UHSUpVHQWDWLRQ�HW�XQH�PRGpOLVDWLRQ��GX�V\VWqPH�JOREDOH�GDQV�OH�TXHO�
OH PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�GRLW�rWUH�QpFHVVDLUH�SRXU�OD�GpWHUPLQDWLRQ�
G·XQH��TXDQWLWp�RSWLPDOH�GH�FRPPDQGH����
 

Une période

)LJXUH������/H�QLYHDX�GX�VWRFN�SHQGDQW�XQH�SpULRGH

La quantité 
demeurant en stock 
à la fin de la période

/D�TXDQWLWp��������������������GHV�ERQV���������SURGXLWV���

La quantité 
des produits 

défectueux

/D�TXDQWLWp�PDQTXDQWH�j OD�ILQ�GH�SpULRGH��

La quantité 
commandée

t

Q>D 

Q<D 
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)LJXUH������'HVFULSWLRQ�GX�6\VWqPH�
������0RGpOLVDWLRQ�HW�IRUPXODWLRQ�GX�SUREOqPH�JOREDO��
'DQV FHWWH� SDUWLH�� QRXV� H[SRVRQV� XQH� IRUPXODWLRQ�PDWKpPDWLTXH� GH� OD�SUREOpPDWLTXH�TXL�SHUPHW�
XQH PHLOOHXUH�FRPSUpKHQVLRQ�GX�SUREOqPH�HW�GH�VHV�FRQWUDLQWHV��
�
1RXV DYRQV�pWXGLp� O·DSSRUW�GH�FH�SUREOqPH��GDQV�OH�FRQWH[WH�G·XQ�V\VWqPH�GH�JHVWLRQ�GH�VWRFN�HQ�
PRQR� SpULRGH� R�� OD� GHPDQGH� HVW� DOpDWRLUH� HW� R�� OHV� TXDQWLWpV� OLYUpHV� SDU� OH� IRXUQLVVHXU� QH�
FRUUHVSRQGHQW�SDV�DX[�TXDQWLWpV�FRPPDQGpHV���
�$ILQ G·LOOXVWUHU� FHWWH� GLVFXVVLRQ�� FRQVLGpURQV� OH� PRGqOH� VXLYDQW�� TXL� IRXUQLW� XQH� JpQpUDOLVDWLRQ�
VWRFKDVWLTXH�DVVH]�FRPSOH[H�GX�PRGqOH�GX�FDPHORW�FODVVLTXH��
�
�������)RUPXODWLRQ�HQ�PRGqOHV�PDWKpPDWLTXHV�> *UD���@�
/D FRQVWUXFWLRQ�G·XQ�PRGqOH�HVW��HQ�JpQpUDO��XQH�RSpUDWLRQ�HQ�WURLV�pWDSHV���
�� OH FKRL[�GHV�YDULDEOHV�GH�GpFLVLRQV�
�� O·H[SUHVVLRQ�GH�O·REMHFWLI�HQ IRQFWLRQ�GH�FHV�YDULDEOHV��
�� O·H[SUHVVLRQ�GHV�FRQWUDLQWHV�HQ IRQFWLRQ�GH�FHV�YDULDEOHV��
�
/D SUHPLqUH�pWDSH�FRQVLVWH�GRQF�j�GpILQLU�OHV�YDULDEOHV�GH�GpFLVLRQ�
'pILQLWLRQ���2Q DSSHOOH�YDULDEOH�GH�GpFLVLRQ�WRXWH�TXDQWLWp�XWLOH�j�OD�UpVROXWLRQ�GX�SUREOqPH�
GRQW�OH�PRGqOH�GpWHUPLQH�OD�YDOHXU��,FL��LO�V·DJLW�GH�OD�WDLOOH�GHV�ORWV�GH�FRPPDQGH�4��

Quantité -4-
Système d’information

La Quantité physique 

Fournisseur

P : /D�SUREDELOLWp�GH�
UHFHYRLU�GHV�DUWLFOHV�GpIHFWXHX[

Clients 

La quantité à 
fabriquer 

P : /D�SUREDELOLWp�GH�
SURGXLUH��GHV�DUWLFOHV�GpIHFWXHX[

'HPDQGH�;

4XDQWLWp�OLYUpH�

(Q�&DV�G¶DFKDW�

(Q�&DV��GH�IDE

/D�4XDQWLWp�&RPPDQGpH
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�
/D GHX[LqPH�pWDSH�FRQVLVWH�HQ�OD�IRUPXODWLRQ�GH�O·REMHFWLI��
�
'pILQLWLRQ��� /¶REMHFWLI� HVW� OD� TXDQWLWp� TXH� O¶RQ� YHXW� PLQLPLVHU� RX� PD[LPLVHU� ,FL�� LO� V·DJLW� GH�
PLQLPLVHU�OH�FR�W�WRWDO�HVSpUp��TXL�HVW�O
HQVHPEOH�GHV�FR�WV��FR�W�GH�UXSWXUH��FR�W�GH�SRVVHVVLRQ�FR�W�
GH FRPPDQGH«���FH�TXL�SHXW�rWUH�PRGpOLVp�SDU�OD�IRQFWLRQ��������
/D WURLVLqPH�pWDSH�FRQVLVWH�HQ��OD�IRUPXODWLRQ�GHV�FRQWUDLQWHV�
'pILQLWLRQ��� /HV� FRQWUDLQWHV� VRQW WRXWHV� OHV� UHODWLRQV� HQWUH� OHV� YDULDEOHV� TXL� OLPLWHQW� OHV� YDOHXUV�
SRVVLEOHV�TXH�SHXYHQW�SUHQGUH�FHV�YDULDEOHV��
�
3RXU GpYHORSSHU� O
pTXDWLRQ� GX� FR�W� WRWDO� HVSpUp� GH� FH� V\VWqPH�� RQ� SHXW� GLVWLQJXHU� OHV� WURLV� FDV�
VXLYDQWV�>6KL���@�
-(i)� ;�d 4 HW��<�d ;
-(ii)� ;�t 4
-(iii)�;�d 4 HW�<�t ;

)LJXUH�����SUpVHQWDWLRQ�GHV�WURLV�FDV�SRVVLEOHV�
-(i)� ;�d 4 HW��<�d ;
-(ii)� ;�t 4
-(iii)� ;�d 4 HW�<�t ;

,O� FRQYLHQW� GH� QRWHU� TXH� OHV� GHX[� SUHPLHUV� FDV� SURYRTXHQW� � GHV� UXSWXUHV� GH� VWRFN� � WDQGLV� TXH� OH�
WURLVLqPH�FDV�SURGXLW�GHV�VWRFNV�H[FHVVLIV��
�

'H
PD
QGH

�;

/H�
UHQ

GHP
HQW

��<�

'H
PD
QGH

�;

/H�
UHQ

GHP
HQW

��<�

'H
PD
QGH

�;

/H�
UHQ

GHP
HQW

��<�

; d 4 HW��<�d ; ; t 4 ; d 4 HW�<�t ;

4 4 4
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�

)LJXUH������3UpVHQWDWLRQ�GX�GRPDLQH�GHV�LQYHQGXV�HW�GH�UXSWXUH�
 

6 �^�[�\����[�d \`�� GHV�XQLWpV�GHPHXUHQW�HQ�VWRFN�j�OD�ILQ�GH�OD�SpULRGH�
6· �^�[�\����[�t \`�� 8QH GHPDQGH�LQVDWLVIDLWH��XQH�UXSWXUH��HVW�VXUYHQXH�
D� &DV�GHV�LQYHQGXV����
T  /HV�XQLWpV�LQYHQGXHV�j�OD�ILQ�GH�OD�SpULRGH�
�  Max{y-x , 0}  
 y-x   Si  x d y � Si  x t y

E[T] = E[ T | x d y] + E[ T | x t y]  
 ³³ � 

6

4 G[G\\J[I[\ )()()(

³³
  

� \

[

4

4

\

G[G\\J[I[\
00

)()()(

E� &DV�GH�OD�UXSWXUH���8 /HV�XQLWpV�PDQTXDQWHV��
�  Max{x-y , 0}  
 

x-y   Si  x t y
 � Si  x d y

,QYHQGXV�
6 ^�[�\����[�d \`�

� 5XSWXUH�
6¶ �^�[�\����[�t \` 

<

;

Y=X 

'HPDQGH�DOpDWRLUH�;

5HQ
GHP

HQW
�DOp
DWR
LUH�
<

��
� �

� �
�
�
�
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E[U] = E[ U | x d y] + E[ U | x t y]  
 ³³ � 

’

)()()(
6

4 G[G\\J[I\[

³³ f

  

� 
\[

4

4

\

G[G\\J[I\[ )()()(
0

�������/H�FR�W�WRWDO�HW�OD�TXDQWLWp�RSWLPDOH�GH�FRPPDQGH��
 
C(Q)= C0 E[T] + CS E[U] �

³³³³ f

    

��� 
\[

4

4

\

6

\

[

4

4

\

2 G[G\\J[I\[&G[G\\J[I[\&4& )()()()()()()(
000

G\G[[I\[&G[[I[\&\J4&
\[

6

\

[

2

4

\

4 »»¼
º

««¬
ª ��� ³³³ f

   

)()()()()()(
00

������
�
La dérivée première  de l’équation (3.1) par rapport à Q nous donne : 
 

³
 

� 4

\

44 4/4JG\\/\JG4
G4&G4

G
0

)()()()()( , tel que                            ������ 

G[[I\[&G[[I[\&\/
\[

6

\

[

2 )()()(()()(
0

³³ f

  

��� 

Finalement, puisque 0)()(1)(
0 0

 �� ³ ³
  

4JG\\JG4
GG\\J 44

4

\

4

\

4 ,

Donc  G\4/\/\JG4
G4&G4

G
4

4

\

)]()()[()(
0

� ³
 

. �����

1RXV SRXYRQV�WURXYHU�XQH�H[SUHVVLRQ�SRXU�OD�TXDQWLWp�RSWLPDOH�GH�FRPPDQGH�HQ�SODoDQW�O
pTXDWLRQ�
������pJDOH�j�]pUR�HW�OD�UpVRXGUH�SDU�UDSSRUW�j��4
 � /
pTXDWLRQ�SRXU�4
���HVW�FRPPH�VXLWH���
�

0)(*)()()*(

)()()()()(

*

*

0

0

*

*

0

 »»¼
º����

««¬
ª ���

³³
³³³

f

  

f

   

G\G[[I4[&G[[I[4&

G[[I\[&G[[I[\&\JG4
G

4[

6

4

[

2

\[

6

\

[

24

4

\ ����� 
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Le réarrangement de l’équation ����� nous donne : 
 

0)()()()*()()()()(
*

0

*

0

*

*

*

*

0

 ¸̧¹
·

¨̈©
§ ������ ³ ³³³

    

4

\

4

\

6624

4

\[

4

4

\

62 &G[[I&&G\\JG4
G\4G[G\[I\[\JG4

G&&

�����

�������6ROXWLRQ�GX�SUREOqPH�DYHF�XQ�UHQGHPHQW�PXOWLSOLFDWLI��
/D VHFWLRQ� SUpFpGHQWH� SUpVHQWDLW� GHV� UpVXOWDWV� SRXU� GHV� GLVWULEXWLRQV� JpQpUDOHV� GH� UHQGHPHQW�
DOpDWRLUHV�� 3RXU� GpPRQWUHU� O
DSSOLFDELOLWp�� O
DQDO\VH� HVW� FRQWLQXpH�GDQV� FHWWH� VHFWLRQ�SRXU� OH� FDV�GX�
UHQGHPHQW�DOpDWRLUH�PXOWLSOLFDWLI��TXL�HVW�JpQpUDOHPHQW�WURXYp�GDQV�OD�OLWWpUDWXUH�HW�GDQV�OD�SUDWLTXH��
 
6L QRXV�UHPSODoRQV�< SDU oD�YDOHXU�< ���S�4�GDQV�O·pTXDWLRQ�������QRXV WURXYRQV���
 

> @ > @ GSG[[I4S[&G[[I[4S&4S4J4&
4S[

6

4S

[

2

S

4 »»¼
º

««¬
ª ������ ³³³ f

� 

�

  )1(

)1(

0

1

0

)()1()())1())1(()( ����� 

1RWRQV TXH�� )())1(( 44S4J 44 S � � 3DUFH�TXH���< ���3�4���HW��QRXV�DYRQV���
�

³ ³
�

�  �t5 d5 1

/1 1

)/1(
1

)()/1()(
4\

\

44 G44G4\3\< EESDDS

GRQF ������
� )())1(()1(

1
)( S4S4J4

\
4\J 4444 SS  ��� 

)LQDOHPHQW��O·H[SUHVVLRQ�GX�FR�W�WRWDO�HVSpUp�HVW�GRQQpH�SDU����
> @ > @ GSG[[I4S[&G[[I[4S&S4&

4S[

6

4S

[

2

S

4 »»¼
º

««¬
ª ����� ³³³ f

� 

�

  )1(

)1(

0

1

0

)()1()())1()()( S ������

�������([SUHVVLRQ�GH�OD�TXDQWLWp�RSWLPDOH���
 /·pTXDWLRQ������� QRXV�GRQQH���
 

)()()( 46454&G4
G � � tel que : 

�
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> @ > @ GSG[[I4S[&G[[I[4S&SG4
G45

4S[

6

4S

[

2

S

4 »»¼
º

««¬
ª ����� ³³³ f

� 

�

  )1(

)1(

0

1

0

)()1()())1()()( S

et

GSG[[IS&G[[IS&S46
4S[

6

4S

[

2

S

4 »»¼
º

««¬
ª ��� ³³³ f

� 

�

  )1(

)1(

0

1

0

)()1()()1()()( S

3ODoDQW�� 0*)(  4&G4
G PqQH j�O
pTXDWLRQ�������j SDUWLU�GH�ODTXHOOH�OD�TXDQWLWp�GH�FRPPDQGH�

RSWLPDOH��4
��SHXW�rWUH�GpWHUPLQpH� 

R(Q*)+S(Q*)=0                                                             ����� 

�����&RPSOH[LWp�GH�OD�UpVROXWLRQ�DQDO\WLTXH�GX�SUREOqPH�
�
$ILQ� GH� WURXYHU� � XQH� VROXWLRQ� JpQpUDOH� � TXL� SUpVHQWH� OD� TXDQWLWp� RSWLPDOH�4
� j� SDUWLU� � GHV� GHX[�
pTXDWLRQV� ������ RX� � ������� LO� DSSDUDvW� WUqV� GLIILFLOH� G·HIIHFWXHU� GHV� FDOFXOV� DQDO\WLTXHV�� $LQVL�� ,O� HVW�
FRQQX�TXH�OH�SUREOqPH�G·pYDOXDWLRQ�G·XQH�LQWpJUDOH�GH�FH�W\SH�HVW�WUqV�FRPSOLTXpH��(WDQW�GRQQp�TXH�
OD�IUpTXHQFH�G·DUULYpH�GHV�GHPDQGHV�HVW�DOpDWRLUH�HW�VXLW�XQH�ORL�GH�SUREDELOLWp�TXHOFRQTXH��'H�SOXV���
XQ�UHQGHPHQW�DOpDWRLUH�TXL�HVW�GpSHQG�GH� � OD�TXDQWLWp�FRPPDQGpH�4
�FH�TXL�UHQG� O
REWHQWLRQ�GHV�
VROXWLRQV�RSWLPDOHV�WUqV�GLIILFLOH��
� &HV� GLIILFXOWpV� GH� WUDLWHPHQW� DQDO\WLTXH� GX� SUREOqPH� QRXV� RQW� FRQGXLW� j� HQYLVDJHU� XQH� DXWUH�
DSSURFKH�XWLOLVDQW�OD�VLPXODWLRQ�HW�GHV�DOJRULWKPHV�GH�OD�UHFKHUFKH�ORFDOH��8Q�PRGqOH�GH�VLPXODWLRQ�D�
pWp�FRQoX�SRXU�OD�VWUDWpJLH�FRQVLGpUpH��&H�PRGqOH�IHUD�O·REMHW�GX�SURFKDLQ�FKDSLWUH���
 �����7HFKQLTXHV�GH�UpVROXWLRQ�SUDWLTXH�
 �������2SWLPLVDWLRQ�FRPELQDWRLUH��
8Q SUREOqPH� G
RSWLPLVDWLRQ� FRPELQDWRLUH� HVW� GpILQL� SDU� XQ� HQVHPEOH� G
LQVWDQFHV�� $� FKDTXH�

LQVWDQFH� GX� SUREOqPH� HVW� DVVRFLp� XQ� HQVHPEOH� GLVFUHW� GH� VROXWLRQV� 6� XQ� VRXV�HQVHPEOH�; GH 6
UHSUpVHQWDQW�OHV�VROXWLRQV�DGPLVVLEOHV��UpDOLVDEOHV��HW�XQH�IRQFWLRQ�GH�FR�W�I �RX IRQFWLRQ�REMHFWLI��TXL�
DVVLJQH j� FKDTXH� VROXWLRQ� V � ; OH� QRPEUH� UpHO� �RX� HQWLHU�� I�V�� 5pVRXGUH� XQ� WHO� SUREOqPH� �SOXV�
SUpFLVpPHQW�XQH� WHOOH� LQVWDQFH�GX�SUREOqPH��FRQVLVWH� j� WURXYHU�XQH� VROXWLRQ� V
 � ; RSWLPLVDQW� OD�
YDOHXU�GH�OD�IRQFWLRQ�GH�FR�W�I� 8QH�WHOOH�VROXWLRQ�V
�V
DSSHOOH XQH�VROXWLRQ�RSWLPDOH�RX XQ�RSWLPXP�JOREDO�
1RXV�DYRQV�GRQF�OD�GpILQLWLRQ�VXLYDQWH���
�
��'pILQLWLRQ�>3$3 ��@�
8QH�LQVWDQFH�,�G
XQ�SUREOqPH�GH�PLQLPLVDWLRQ�HVW�XQ�FRXSOH��;� I��R� ; � 6 HVW XQ�HQVHPEOH�ILQL�

GH VROXWLRQV�DGPLVVLEOHV��HW�I XQH IRQFWLRQ�GH�FR�W��RX�REMHFWLI��j�PLQLPLVHU�I ��;�o 5� /H�SUREOqPH�
HVW GH�WURXYHU�V
 � ; WHO TXH�I�V
��d I�V��SRXU�WRXW�pOpPHQW��V � ;�
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�
)DFH j�XQ�SUREOqPH�G
RSWLPLVDWLRQ�SRXU�OHTXHO�OHV�PpWKRGHV�DQDO\WLTXHV��RQW�DWWHLQW�OHXUV�OLPLWHV��

QRXV� LQWURGXLVRQV� DORUV� XQ� HQVHPEOH� G
RXWLOV� TXL� SHUPHWWURQW� GH� WURXYHU� GHV� VROXWLRQV� HW� GH� OHV�
DPpOLRUHU��
�
/·pWDSH�OD�SOXV�LPSRUWDQWH�HVW�VDQV�GRXWH�O
pWDSH�GH�PRGpOLVDWLRQ��F
HVW�j�GLUH�SDVVHU�G
XQ�SUREOqPH�

UpHO� j� XQH� IRUPXODWLRQ� PDWKpPDWLTXH� GH� FH� SUREOqPH� �YRLUH� VHFWLRQ� ��������� 8QH� IRLV� FH�PRGqOH�
pWDEOL��QRXV�HVVD\RQV�GH�OH�WUDQVIRUPHU�HQ�XQ�SUREOqPH�GH�SURJUDPPDWLRQ�PDWKpPDWLTXH�TXH�QRXV�
DOORQV� WHQWHU� GH� OH� UpVRXGUH� HQ� XWLOLVDQW� XQ� ORJLFLHO� FRPPHUFLDO� �0DWODE�� 0DSOH«��� 8WLOLVHU� OD�
SURJUDPPDWLRQ�PDWKpPDWLTXH�SHUPHW�DXVVL�G
REWHQLU�GHV�ERUQHV�VXU� OH�SUREOqPH�HW�VDQV�GRXWH�GH�
PLHX[�DSSUpKHQGHU�VD�GLIILFXOWp�SURSUH��
�
8QH�IRLV�TXH�GHV�ERUQHV�HW�pYHQWXHOOHPHQW�TXHOTXHV�VROXWLRQV�SDU�KHXULVWLTXH�VRQW�REWHQXHV��RQ�

SHXW�FRPPHQFHU�j�PHWWUH�HQ�RHXYUH�GHV�PpWDKHXULVWLTXHV��3RXU�DPpOLRUHU�GHV�VROXWLRQV�LQLWLDOHV��RQ�
SHXW�XWLOLVHU�GHV�WHFKQLTXHV�GH�UHFKHUFKH�ORFDOH��
 ��5HFKHUFKH�ORFDOH�
�
/D UHFKHUFKH� ORFDOH�� DSSHOpH� DXVVL� OD� GHVFHQWH�RX� O·DPpOLRUDWLRQ� LWpUDWLYH�� UHSUpVHQWH�XQH� FODVVH�GH�
PpWKRGHV� KHXULVWLTXHV� WUqV� DQFLHQQHV�� 7UDGLWLRQQHOOHPHQW�� OD� UHFKHUFKH� ORFDOH� FRQVWLWXH� XQH� DUPH�
UHGRXWDEOH SRXU� DWWDTXHU� GHV� SUREOqPHV� UpSXWpV� WUqV� GLIILFLOHV� WHOV� TXH� OH� YR\DJHXU� GH� FRPPHUFH�
>/,1�����/,1���@�
&RQWUDLUHPHQW� j� O
DSSURFKH� GH� FRQVWUXFWLRQ�� /D� UHFKHUFKH� ORFDOH� PDQLSXOH� GHV� FRQILJXUDWLRQV�
FRPSOqWHV�GXUDQW�OD�UHFKHUFKH��8QH�PpWKRGH�GH�UHFKHUFKH�ORFDOH�HVW�XQ�SURFHVVXV�LWpUDWLI�IRQGp�VXU�
GHX[ pOpPHQWV�HVVHQWLHOV���XQ�YRLVLQDJH�1 ��;Æ �; HW XQH�SURFpGXUH�H[SORLWDQW�OH�YRLVLQDJH��
�
3OXV SUpFLVpPHQW��HOOH�FRQVLVWH�j���

��� GpEXWHU�DYHF�XQH�FRQILJXUDWLRQ�TXHOFRQTXH�V GH ;�
�� FKRLVLU�XQ�YRLVLQ� V· GH V WHO TXH� I�V·��� I�V��SXLV� UHPSODFHU� V SDU V· HW UpSpWHU� OD�PrPH�pWDSH�

MXVTX
j�FH�TXH�SRXU�WRXW��YRLVLQ�V· GH V� I�V·� t I�V��
��$OJRULWKPH�SRXU�GpWHUPLQHU�OD�YDOHXU�RSWLPDOH�>*XH���@�

&HW DOJRULWKPH��FRQVLVWH�j�SDVVHU�G
XQH�VROXWLRQ�j�XQH�VROXWLRQ�YRLVLQH�SDU�GpSODFHPHQWV�VXFFHVVLIV��
/
HQVHPEOH�GHV�VROXWLRQV�TXH�O
RQ�SHXW�DWWHLQGUH�j�SDUWLU�G
XQH�VROXWLRQ�4�HVW�DSSHOp�YRLVLQDJH 1�4�
GH FHWWH�VROXWLRQ���
&HW DOJRULWKPH��V
DUWLFXOH��DXWRXU�G
XQ�SULQFLSH�VLPSOH��$�SDUWLU�G
XQH�VROXWLRQ�LQLWLDOH�4R� RQ�FKRLVLW�XQH VROXWLRQ�4�GDQV�OH�YRLVLQDJH�1�4��GH�4R� 6L�FHWWH�VROXWLRQ�HVW�PHLOOHXUH�TXH�4����&�4����&��4R���DORUV�RQ�O·DFFHSWH�FRPPH�QRXYHOOH�VROXWLRQ�4�HW�RQ�UHFRPPHQFH�OH�SURFHVVXV�MXVTX·j�FH�TX
LO�Q
\�DLW�
SOXV�DXFXQH�VROXWLRQ�DPpOLRUDQWH�GDQV�OH�YRLVLQDJH�GH�4��
�
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9RLFL�OH�VTXHOHWWH�TXL�SUpVHQWH�FHWWH��PpWKRGH���
 

���� $OJRULWKPH�
� : Initialiser : 4  �4�� : chercher dans le voisinage : � - UHSHDW

- LI C(Q+1) < C(Q)  WKHQ
- Q=Q+1 
- (QG LI��
- 8QWLO C(Q+1) > C(Q) 

� � : Affecter    Q*mQ� : Afficher    Q*�� : Terminer 
 

/·LPSOpPHQWDWLRQ�GH�FHW�DOJRULWKPH�GDQV�XQ�SURJUDPPH�0DWODE�TXL�FDOFXOH�OH�FR�W�WRWDO��QRXV�GRQQH�OD�FRXUEH�SUpVHQWpH�GDQV�OD�ILJXUH��������3RXU�WHVWHU�O·DOJRULWKPH���RQ�FRQVLGqUH�OH�VFpQDULR��VXLYDQW�����/D�GLVWULEXWLRQ�GHV�UHQGHPHQWV�REpLW�j�XQH�ORL�%LQRPLDOH�DYHF�XQ�SDUDPqWUH�S ����WHO�TXH�S��HVW�OD�SUREDELOLWp�G
REWHQLU�\�SURGXLWV�ERQV�SDUPL�4�SURGXLWV�FRPPDQGpV��
-La  distribution de la demande obéit  à  une loi normale avec  une moyenne de 50 et un écart 

type de 5. 

 1RWH���OD�ORL�ELQRPLDOH�HVW�XQH�ORL�GH�SUREDELOLWp�GLVFUqWH��'H�FH�IDLW��O·pTXDWLRQ�������SUHQG�OD�IRUPH��
 
suivante :    
 

2Q YRLW�FODLUHPHQW�TXH�OD�IRQFWLRQ�&�4��HVW�XQH�IRQFWLRQ�FRQYH[H�DYHF�XQ�PLQLPXP�TXL�FRUUHVSRQG�
j OD�TXDQWLWp�RSWLPDOH�4
 ���TXH�O·RQ��GRLW��FRPPDQGHU�GDQV�XQH�WHOOH�VLWXDWLRQ��
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1RXV UHPDUTXRQV� TXH� OH� SULQFLSH� HVVHQWLHO� GH� FHWWH� �PpWKRGH� � FRQVLVWH� � j� pQXPpUHU�� GH�PDQLqUH�
LPSOLFLWH�� O
HQVHPEOH�GHV�VROXWLRQV�GH� O
HVSDFH�GH�UHFKHUFKH�� �&RPPH�OH�WHPSV�GH�FDOFXO�QpFHVVDLUH�
SRXU�WURXYHU�XQH�VROXWLRQ�ULVTXH�G
DXJPHQWHU�H[SRQHQWLHOOHPHQW�DYHF�OD�WDLOOH�GX�ORW�GH�SURGXFWLRQ��
O·DOJRULWKPH SUpFpGHQW� UHQFRQWUH� JpQpUDOHPHQW� GHV� GLIILFXOWpV� IDFH� DX[� DSSOLFDWLRQV� GH� WDLOOH�
LPSRUWDQWH��
�
3RXU DPpOLRUHU� O
pQXPpUDWLRQ� GHV� VROXWLRQV�� XQH� WHOOH� PpWKRGH� GRLW� rWUH� GLVSRVHU� GH� TXHOTXHV�

WHFKQLTXHV� SRXU� GpWHFWHU� OH� SOXV� W{W� SRVVLEOH� OHV� VROXWLRQV� RSWLPDOHV�� 3RXU� FH� IDLW� QRXV� DYRQV�
GpYHORSSp��O·DOJRULWKPH�SUpVHQWp�HQ�GHVVRXV����
�
/H SULQFLSH�HVW�WUqV�VLPSOH��QRXV�VDYRQV�TXH�OD�VROXWLRQ�RSWLPDOH�VH�VLWXH��JpQpUDOHPHQW�DXWRXU�GH�

OD PR\HQQH�GH� OD�GHPDQGH��GRQF��HQ� LQLWLDOLVDQW�4�j� OD�YDOHXU�GH�FHWWH�PR\HQQH�4P�VL�&�4P����&��4P���DORUV�RQ�FKRLVLW�XQH�VROXWLRQ�4
 �GH�OD�PrPH�IDoRQ�VXLYLW�GDQV�O·DOJRULWKPH�SUpFqGHQW��VL�QRQ��XQ UHWRXU�DUULqUH�HVW�HIIHFWXp��/D�ILJXUH������SUpVHQWH�OH�SULQFLSH�JpQpUDO�GH�FHW�DOJRULWKPH����

���� $OJRULWKPH�DYHF�UHWRXU�DUULqUH��
� : Initialiser    : 4  �4P���� � : Chercher dans le voisinage : 

- VL &�4������&�4����
- UHSHDW 
- LI C(Q+1) < C(Q)  WKHQ 
- Q=Q+1 
- (QG LI��
- 8QWLO C(Q+1) > C(Q) 

� : Affecter Q*mQ� : Afficher Q*�
� ���5HWRXU�DUULqUH�� ��������6L�QRQ��«««���VL��&�4����!�&�4���

� UHSHDW � LI� C(Q -1) < C(Q)   WKHQ� Q=Q - 1 
 � (QG�LI�� � 8QWLO C(Q-1) > C(Q) 
� : Affecter Q*mQ� : Afficher Q* � : Terminer    

)LJXUH�������3UpVHQWDWLRQ�GH�O·DOJRULWKPH�DYHF�UHWRXU�DUULqUH���

4

&�4
��

4P 4

4

&�4
��

4P4


Direction de 
 la recherche  

Retour en 
arrière   

VL��&�4P������&�4P��� VL��&�4P����!�&�4P��� 

InitialisationÆ
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C(q,p) 

 �������3URSRVLWLRQ�G·XQH�VROXWLRQ�JUDSKLTXH�>*XH���@�
1RXV�DOORQV�LOOXVWUHU�OD�GpWHUPLQDWLRQ�GH�OD�TXDQWLWp�pFRQRPLTXH�GH�FRPPDQGH�HQ�XWLOLVDQW��GLYHUVHV�
ORLV�GH�SUREDELOLWp�GH�YDULDEOHV�DOpDWRLUHV�GLVFUqWHV�RX�FRQWLQXHV�DLQVL�TXH�G
pWXGLHU�OH�FRPSRUWHPHQW�
GX PRGqOH�DYHF�O·XWLOLVDWLRQ�GHV�GLVWULEXWLRQV�GH�SUREDELOLWp�OHV�SOXV�SURFKH�GH�OD�UpDOLWp��'DQV�FHWWH�
VHFWLRQ��OD��VLWXDWLRQ�pWXGLpH�HVW�OD�VXLYDQW���
�
/D� GLVWULEXWLRQ� GHV� UHQGHPHQWV� VXLW� XQH� ORL� %LQRPLDOH� DYHF� XQ� SDUDPqWUH� S� TXL� UHSUpVHQWH� OD��
SUREDELOLWp�G
REWHQLU�\�SURGXLWV�ERQV�SDUPL�4�SURGXLWV�FRPPDQGpV��

�
/D�GLVWULEXWLRQ��GH�OD�GHPDQGH�REpLW�j�XQH�ORL�QRUPDOH�DYHF�XQH�PR\HQQH�0X�HW�XQ�pFDUW�W\SH�V�
/HV�FR�WV�GH�SRVVHVVLRQ�HW�GH�UXSWXUH����&R�&V� ��������
�
/H�EXW�GH� FHWWH�PpWKRGH�JUDSKLTXH�HVW�GH� WUDFHU�GHV� DEDTXHV�� DSSHOpHV� OHV� FDUWHV�GH�FRQWU{OH��TXL�
YRQW� QRXV� DLGHU� j� WURXYHU� OD� VROXWLRQ� RSWLPDOH� GX� SUREOqPH�� � 3DU� FRQVpTXHQW�� FHV� FDUWHV� YRQW��
IDFLOLWHU��OD�WkFKH�SRXU��OHV�SUHQHXUV�GH�GpFLVLRQV��/HV�GLIIpUHQWHV�pWDSHV�j�UHVSHFWHU�VRQW�GRQQpHV�SDU�
OD�VXLWH���
 
�qUH�pWDSH���
/·XWLOLVDWLRQ�G·XQ�ORJLFLHO�WHO�TXH�0DSOH�QRXV�DLGH�j�YLVXDOLVHU��O·pYROXWLRQ��'�GH�O·pTXDWLRQ�GX�FR�W�
������HQ�IRQFWLRQ�GH�T�HW�GH�0X��ILJ������
 3 ��� 0X�YDULH�GH���j������6LJPD ��

)LJXUH������(YROXWLRQ��HQ��'�GH�&�T�PX��� )LJXUH������(YROXWLRQ��GH�T�HQ�IRQFWLRQ�GH�PX�
/HV�ILJXUHV�����HW�����IRQW��ELHQ�DSSDUDvWUH�OD�]RQH�pFRQRPLTXH�R��OD�IRQFWLRQ�GHV�FR�WV�������SDVVH�SDU�XQ�
PLQLPXP��(Q�G·DXWUH�WHUPH��F·HVW�OD�WUDMHFWRLUH�GHV�VROXWLRQV�GH�O·pTXDWLRQ��������

0LQ

0D[

=RQH�
pFRQRPLTXH�
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=RQH�
pFRQRPLTXH�

C(q,p) 

 

�qPH�pWDSH�
�
2Q�IDLW�YDULHU��S�GH���j���HW�T�GH���j������
/·pYROXWLRQ��'�GH�O·pTXDWLRQ�������DYHF��V � HW�0X ���HVW�SUpVHQWpH�GDQV�OD�ILJXUH������

0X� �����3�YDULH�GH���j����
6LJPD �

)LJXUH�������(YROXWLRQ��HQ��'�GH�&�T�S��� )LJXUH �������(YROXWLRQ��GH�T�HQ�IRQFWLRQ�GH�S�
&HWWH� ILJXUH�PHW�HQ�pYLGHQFH� O·pYROXWLRQ�GX�FR�W�
WRWDO�HVSpUp�&�4��HQ�IRQFWLRQ�GHV�GHX[�YDULDEOHV�
�T� HW��S���

/D ILJXUH������PRQWUH�OD�WUDMHFWRLUH�GHV�VROXWLRQV�T�HQ�
IRQFWLRQ GH�S�GDQV� OHTXHO� OD�TXDQWLWp�FRPPDQGpH�HVW�
WRXMRXUV RSWLPDOH��
�

�qPH�pWDSH��� &RQVWUXFWLRQ�GHV�DEDTXHV��
 
Cette étape consiste à construire des abaques qui présentent des solutions graphiques remplaçant les 
calculs. 
2Q�DSSHOOH�DEDTXH�OD�UHSUpVHQWDWLRQ�JUDSKLTXH�G
XQH�IDPLOOH�GH�FRXUEHV��XWLOLVp�SRXU�FRQQDvWUH��SDU�
VLPSOH� OHFWXUH�� OHV� YDOHXUV� DSSURFKpHV� G
XQH� VROXWLRQ� G
pTXDWLRQV� GRQW� OD� UpVROXWLRQ� WKpRULTXH� HVW�
ORQJXH�RX�GLIILFLOH��
�
/HV GRQQpHV�HQUHJLVWUpHV�GDQV�OHV�GHX[�pWDSHV���HW����VRQW�FODVVpHV�HW�UpSHUWRULpHV�VRXV�IRUPH�G·XQH�
construction géométrique présentée�GDQV�OD�ILJXUH�������
 

0LQ

0D[
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P

P

4


�0RGH�RSpUDWRLUH�
��� Définir les variables à observer (Mu et p) 
 �� Si p=0.7,  la lecture aura lieu directement par rapport  à la droite n
�� Si non, déterminer la courbe correspondante à la moyenne de la demande donnée.  
 �� Effectuer une lecture par rapport à l’axe S gradué de 0 à 1 pour trouver Q* correspondante. 
 �� Enregistrement des résultats. 
 

)LJXUH��������$EDTXH�SRXU�OH�FDV���QRUPDO��0X������ELQRPLDO��S���

�����,QIOXHQFH�GH�OD�GLVSHUVLRQ�VXU�OD�TXDQWLWp�RSWLPDOH�GH�FRPPDQGH��
�
/H VWDWLVWLFLHQ�GLW�TXH�OD�GLVWULEXWLRQ�GHV�HUUHXUV�GH�SUpYLVLRQ�HVW�j�PR\HQQH�QXOOH��PDLV�OD�GLVSHUVLRQ��
HOOH�� Q·HVW� SDV� QXOOH�� &H� TXL� YHXW� GLUH� TXH�� OD� FRQVRPPDWLRQ� VHUD� LQIpULHXUH� j� OD� SUpYLVLRQ� SRXU�
FHUWDLQHV�SpULRGHV�HW�VXSpULHXU�SRXU�G·DXWUHV���
�
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Pour étudier l’influence de la dispersion de la demande au tour de la moyenne sur la zone économique de 
commande,  nous avons tracé dans un premier temps l’évolution  en 3D de C(q,p) pour les deux cas 
présentés dans la figure ci-dessous. Après, nous avons  varié Sigma de 0 à 50 avec des valeurs de p et de 
Mu fixe. 
 S YDULH�GH���j����6LJPD ����0X �� 

S YDULH�GH���j����6LJPD ����0X ���

)LJXUH�������,QIOXHQFH�GH�OD�YDULDWLRQ�GH�VLJPD�VXU�OD�]RQH�pFRQRPLTXH�GH�FRPPDQGH��
 

0LQ

0D[

0LQ

0D[
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0LQ�

0D[�

 

)LJXUH�������9DULDWLRQ�GH�OD�TXDQWLWp�GH�FRPPDQGH�HQ�IRQFWLRQ�GH�VLJPD�SRXU�XQ�S ����HW�XQ�PR\HQQH�GH��0X ���
/HV VXUIDFHV�LOOXVWUpHV��GDQV�OHV�ILJXUHV������HW������SHUPHWWHQW��GH�FDSWHU�O·pYROXWLRQ�GH�O·LQIOXHQFH�GH�
O·pFDUW�W\SH�VXU�OD�TXDQWLWp�j�FRPPDQGHU���
1RXV�UHPDUTXRQV�TXH�OD�]RQH�pFRQRPLTXH�V·pODUJLW�SURSRUWLRQQHOOHPHQW�DYHF�O·DXJPHQWDWLRQ�GH�OD�
YDOHXU�GH�VLJPD��SDU�FRQVpTXHQW��OD�WDLOOH�GHV�ORWV�GH�SURGXFWLRQ�DXJPHQWH����
������&RQFOXVLRQ�
 
'DQV�FH�FKDSLWUH��QRXV�DYRQV�SUpVHQWp�XQ�PRGqOH�PDWKpPDWLTXH�TXL�GpFULW�OD�IRQFWLRQ�GX�FR�W�WRWDO�
HVSpUp GX� PRGqOH� GX� FDPHORW� j� GHPDQGH� HW� UHQGHPHQW� DOpDWRLUH�� /D� GpWHUPLQDWLRQ� GH� OD� WDLOOH�
RSWLPDOH GHV� ORWV� QpFHVVLWH� XQH� UpVROXWLRQ� DQDO\WLTXH� GH� FH� PRGqOH�� )DFH� j� OD� FRPSOH[LWp� GH� OD�
UpVROXWLRQ�DQDO\WLTXH�GX�SUREOqPH��QRXV�DYRQV�RSWp�SRXU�GHV��WHFKQLTXHV�GH�UpVROXWLRQ�SUDWLTXH���
�
8QH SURFpGXUH�QXPpULTXH�FRPSRUWDQW�XQ�DOJRULWKPH�GH�UHFKHUFKH�ORFDOH�D�pWp�GpYHORSSpH�SRXU�

JpQpUHU OD�VWUDWpJLH�RSWLPDOH�4
�TXL�PLQLPLVH�OH�FR�W�WRWDO�DWWHQGX��
8QH� GHX[LqPH� SURFpGXUH� JUDSKLTXH� � FRPSRUWDQW� XQ� DEDTXH� � D� pWp� SURSRVp� SRXU� SUpVHQWHU� OHV�
VROXWLRQV�JUDSKLTXHV�UHPSODoDQW�OHV�FDOFXOHV���
�
'DQV� OH� FKDSLWUH� VXLYDQW� QRXV� DOORQV� XWLOLVHU� XQ�PRGqOH� GH� VLPXODWLRQ�� GDQV� XQ� SUHPLHU� WHPSV��

SRXU PLHX[� FRPSUHQGUH� OH� FRPSRUWHPHQW�G\QDPLTXH�GX� V\VWqPH�� HW�SDU� OD� VXLWH��SRXU�YDOLGHU� OHV�
UpVXOWDWV WURXYpV�GDQV�FH�FKDSLWUH�����
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�

&KDSLWUH���
 6LPXODWLRQ�HW�$QDO\VH�GHV�5pVXOWDWV�

&HOXL�TXL�FRQWU{OH� OH�SDVVp�FRQWU{OH� OH�SUpVHQW�HW�FHOXL�TXL�FRQWU{OH�OH�SUpVHQW�FRQWU{OH��O¶DYHQLU�� �*HRUJHV�2UZHOO� 

���� ,QWURGXFWLRQ��
 
/D VLPXODWLRQ�HVW�O·XQ�GHV�RXWLOV�G·DLGH�j�OD�GpFLVLRQ�OHV�SOXV�HIILFDFHV�j�OD�GLVSRVLWLRQ�GHV�FRQFHSWHXUV�
HW GHV�JHVWLRQQDLUHV�GHV�V\VWqPHV�FRPSOH[HV��(OOH�FRQVLVWH�j�FRQVWUXLUH�XQ�PRGqOH�G·XQ�V\VWqPH�UpHO�
HW j�FRQGXLUH�GHV�H[SpULHQFHV�VXU�FH�PRGqOH�DILQ�GH�FRPSUHQGUH�OH�FRPSRUWHPHQW�GH�FH�V\VWqPH�HW�
G·HQ�DPpOLRUHU�OHV�SHUIRUPDQFHV��
�

'DQV FH�FKDSLWUH�QRXV�QRXV�SURSRVRQV�GH�GpYHORSSHU�XQH�VWUXFWXUH�GH�VLPXODWLRQ�DILQ�G·pWXGLHU�
OD G\QDPLTXH�GX�PRGqOH�GX�&DPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH��/HV�GLIIpUHQWHV�VLPXODWLRQV�
UpDOLVpHV�QRXV�RQW�SHUPLV�G·H[SRVHU� OHV�UpVXOWDWV�REWHQXV�VRXV�IRUPH�GHV�JUDSKHV��&HV�JUDSKHV�RQW�
SHUPLV XQH�PHLOOHXUH�FRPSUpKHQVLRQ�GX�SUREOqPH��
�
1RXV H[SRVRQV�GDQV�FH�FKDSLWUH�O·DVSHFW�JpQpUDO�GH�OD�VLPXODWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ�HW�

VHV REMHFWLIV��3XLV��QRXV�SUpVHQWRQV�GDQV�XQ�SUHPLHU�WHPSV��OD�VWUXFWXUH�GX�PRGqOH�SURSRVp��$LQVL��
QRXV PRQWURQV� O·LPSOpPHQWDWLRQ� GX� PRGqOH� GH� OD� VLPXODWLRQ� GDQV� OH� ORJLFLHO� $5(1$�� 'DQV� XQ�
GHX[LqPH� WHPSV�� QRXV� LQWHUSUpWRQV� OHV� UpVXOWDWV� GH� OD� VLPXODWLRQ�� (QILQ� QRXV� SURFpGRQV� j� XQH�
YDOLGDWLRQ�GX��PRGqOH��GH�VLPXODWLRQ��&HWWH�YDOLGDWLRQ�H[SpULPHQWDOH�HVW�UpDOLVpH�JUkFH�DX�ORJLFLHO�GH�
VLPXODWLRQ GHV�V\VWqPHV�GH�SURGXFWLRQ�$5(1$���
� /HV WUDYDX[� SUpVHQWpV� GDQV� FH� FKDSLWUH�� RQW� IDLW� O·REMHW� G·XQH� FRPPXQLFDWLRQ� SUpVHQWpH� DX�&3,�����
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����� 6LPXODWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ��
/D SHUIRUPDQFH�JOREDOH�G·XQ�V\VWqPH�GH�SURGXFWLRQ�HVW�OH�UpVXOWDW�G·XQH�LQWHUDFWLRQ�FRPSOH[H�GH�

QRPEUHX[�IDFWHXUV�DXVVL�YDULpV�TXH���OD�YLWHVVH�G
XQ�HQJLQ�GH�PDQXWHQWLRQ��OH�WHPSV�GH�FKDQJHPHQW�
G
RXWLO VXU� XQH� PDFKLQH�� OHV� SULQFLSHV� G
RUGRQQDQFHPHQW� XWLOLVpV� RX� HQFRUH� OD� GH[WpULWp� G
XQ�
RSpUDWHXU��&HWWH�VXSHUSRVLWLRQ�GH�IDFWHXUV�QpFHVVLWH�GH�UHSUpVHQWHU�OH�V\VWqPH�LQGXVWULHO�FRPPH�XQ�
PRGqOH� R�� WRXWHV� VHV� FRPSRVDQWHV� LQWHUDJLVVHQW�� TX
HOOHV� VRLHQW� GHV� IOX[� SK\VLTXHV� RX� GHV� IOX[�
G
LQIRUPDWLRQV��2Q�XWLOLVH�XQ�PRGqOH�TXDQG�RQ�YHXW�FRPSUHQGUH�XQ�V\VWqPH�UpHO�TXH�O·RQ�QH�SHXW�
SDV�REVHUYHU�RX�H[SpULPHQWHU�GLUHFWHPHQW��SDUFH�TXH� OH� V\VWqPH�Q
H[LVWH�SDV�HQFRUH�RX�SDUFH�TXH�
FHOD�HVW�WURS�GLIILFLOH�j�PDQLSXOHU��(QVXLWH��SDU�OD�VLPXODWLRQ��LO�HVW�SRVVLEOH�GH�PHVXUHU�O
LPSDFW�UHODWLI�
GH FKDFXQH� GH� VHV� FRPSRVDQWHV� VXU� OD� SHUIRUPDQFH� JOREDOH� GX� V\VWqPH� GH� SURGXFWLRQ�� $LQVL�� OD�
PRGpOLVDWLRQ�HW� OD� VLPXODWLRQ�GH� OD�SDUWLH�RSpUDWLYH�GX�V\VWqPH�SHUPHW�GH� IRXUQLU� OHV� LQIRUPDWLRQV�
QpFHVVDLUHV� DX� V\VWqPH� GH� FRQGXLWH�� /D�PRGpOLVDWLRQ� HVW� OH� SURFHVVXV� GH� FRQFHSWLRQ� G·XQ�PRGqOH�
G·XQ�V\VWqPH��WDQGLV�TXH�OD�VLPXODWLRQ�HVW� OH�SURFHVVXV�G·LPSODQWDWLRQ�GX�PRGqOH�HW�OHV�VLPXODWLRQV�
IDLWHV� VXU� FH� PRGqOH� GDQV� OH� EXW� GH� FRPSUHQGUH� OH� FRPSRUWHPHQW� GX� V\VWqPH� HW�RX� G
pYDOXHU�
GLIIpUHQWHV�VWUDWpJLHV�SRXU�GLIIpUHQWHV�RSpUDWLRQV�GX�V\VWqPH��/D VLPXODWLRQ�HVW� O
XQ�GHV�SOXV�SXLVVDQWV�RXWLOV�G
DQDO\VH�GHV�V\VWqPHV�FRPSOH[HV��$XMRXUG
KXL��HOOH�HVW�GHYHQXH�LQGLVSHQVDEOH�SRXU�UpVRXGUH�OHV�SUREOqPHV�G·RSWLPLVDWLRQ�GHV�IOX[�SK\VLTXHV�RX�GHV�IOX[�G·LQIRUPDWLRQV�GDQV�OHV�V\VWqPHV�GH�SURGXFWLRQ�PDQXIDFWXULHUV��
 ������ 'pILQLWLRQ��
 

¾ /D VLPXODWLRQ� HVW� XQ� PR\HQ� H[SOLFDWLI� SRXU� GpILQLU� XQ� V\VWqPH�� XQ� YHFWHXU� G
DQDO\VH� SRXU�
GpWHUPLQHU� GHV� UpVXOWDWV� FULWLTXHV�� XQ� pYDOXDWHXU� GH� FRQFHSWLRQ� SRXU� DQDO\VHU� HW� pYDOXHU� GHV�
VROXWLRQV�SURSRVpHV�������>/DZ���@�

�
¾ /D VLPXODWLRQ�HVW�O
LPLWDWLRQ�GDQV�OH�WHPSV�GHV�RSpUDWLRQV�G
XQ�SURFHVVXV�RX�G
XQ�V\VWqPH�UpHO��
/D VLPXODWLRQ�LPSOLTXH�OD�JpQpUDWLRQ�G
XQH�pYROXWLRQ��DUWLILFLHOOH��GX�V\VWqPH��HW�O
REVHUYDWLRQ�
GH FHWWH� pYROXWLRQ� SRXU� UpDOLVHU� GHV� GpGXFWLRQV� VXU� OHV� FDUDFWpULVWLTXHV� RSpUDWLRQQHOOHV� GX�
V\VWqPH�UpHO�UHSUpVHQWp����>%DQ ��@�

¾ /D VLPXODWLRQ�HVW�XQH�FROOHFWLRQ�GH�PpWKRGHV�HW�G
RXWLOV�SHUPHWWDQW�GH�UHSURGXLUH�WRWDOHPHQW�
RX� SDUWLHOOHPHQW� OH� FRPSRUWHPHQW� GH� V\VWqPHV� UpHOV�� &HWWH� WHFKQLTXH� SHXW� rWUH� XWLOLVpH� SDU�
O
LQWHUPpGLDLUH� GH� ORJLFLHOV� DSSURSULpV� �UpVHDX[� GH� 3pWUL�� FKDvQHV� GH� 0DUNRY�� $UHQD��
6LPSOH��������>.HO ��@�

������ 2EMHFWLIV�GH�OD�VLPXODWLRQ 

/D VLPXODWLRQ�SHUPHW�G·pYDOXHU�OHV�SHUIRUPDQFHV�G
XQ�V\VWqPH�GH�FRQILJXUDWLRQ�GRQQpH�>*HR���@��
x $X QLYHDX�GH�OD�VWUXFWXUH�SK\VLTXH��FRQFHSWLRQ�GH�QRXYHDX[�V\VWqPHV��� x $X QLYHDX�GX�V\VWqPH�GH�GpFLVLRQ��H[SORLWDWLRQ��UpRUJDQLVDWLRQ���
/D VLPXODWLRQ�SHUPHW�GH� UpSRQGUH� j� OD� TXHVWLRQ� �� ©�4X
REWLHQGUD�W�RQ� VL� O
RQ� IDLW� FHFL� "� ª�PDLV�QH�
SHUPHW�SDV�GH�UpSRQGUH�j�OD�TXHVWLRQ���©�4XH�IDXW�LO�IDLUH�SRXU�REWHQLU�FHOD�"�ª��
�
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3RXU DERXWLU�j�XQH�VROXWLRQ�LQWpUHVVDQWH�� LO�IDXW�WHVWHU�XQ�QRPEUH�VXIILVDQW�GH�VFpQDULRV�DILQ�GH�OHV�
FRPSDUHU�HW�GH�UHWHQLU�OH�SOXV�LQWpUHVVDQW��'RQF�OD�VLPXODWLRQ�HVW�XQH�GpPDUFKH�SDU�LQGXFWLRQ��pWXGH�
GH FDV�SDUWLFXOLHUV�DILQ�G
DERXWLU�j�XQH�FRQFOXVLRQ�� OD�SOXV�JpQpUDOH�SRVVLEOH��HW�QRQ�SDU�GpGXFWLRQ�
�VROXWLRQ REWHQXH�SDU�XQ�UDLVRQQHPHQW��XQ�DOJRULWKPH���
�
(Q SURGXFWLRQ��OD�VLPXODWLRQ�SHUPHW�G·pYDOXHU�OHV�HIIHWV�VXLYDQWV���
�
x 6XSSUHVVLRQ�DGMRQFWLRQ�GH�PDFKLQHV�GH�PDLQ�G
RHXYUH�� 
x 0RGLILFDWLRQ�GX�SURFHVVXV�GH�IDEULFDWLRQ���JDPPHV��WHPSV�GH�IDEULFDWLRQ�HW�GH�SUpSDUDWLRQ�� 
x 3UpVHQFH�G
DOpDV�GH�IDEULFDWLRQ���SDQQHV�PDFKLQHV��UXSWXUH�GHV�VWRFNV��FRPPDQGHV�XUJHQWHV�� 
x &DSDFLWp�GHV�VWRFNV�� 
x RUGRQQDQFHPHQW� �� SROLWLTXHV� GH� ODQFHPHQW�� UqJOHV� GH� JHVWLRQ� GHV� ILOHV� G
DWWHQWH�� DIIHFWDWLRQ� GHV�
UHVVRXUFHV���� 

x ,QVHUWLRQ�GH�QRXYHDX[�SURGXLWV�VXSSUHVVLRQ�GH�SURGXLWV�H[LVWDQWV� 
$YDQW�GH�FRPPHQFHU�OD�VLPXODWLRQ�G·XQ�V\VWqPH�QRXV�GHYRQV�IL[HU�OHV�FULWqUHV�SRXU�SRXYRLU�REWHQLU�
GHV ERQV�UpVXOWDWV��
�
4XHOTXHV�FULWqUHV�G·XQ�ERQ�PRGqOH�GH�VLPXODWLRQ�VRQW���
�
x &RQQDLVVDQFH�GX�EXW�GH�OD�VLPXODWLRQ�� 
x &RPSUpKHQVLRQ�SDUIDLWH�GX�V\VWqPH�� 
x 0RGqOH pYROXWLI��GpPDUUHU�VLPSOH�  !�FRPSOH[H��� 
x 0RGqOH FRPSOHW� VXU� OHV� FDUDFWpULVWLTXHV� SULQFLSDOHV� �GpFULW� OHV� SKpQRPqQHV� SULQFLSDX[� DYHF�
H[DFWLWXGH��� 

x 0RGqOH IOH[LEOH��IDFLOH�j�PRGLILHU�HW�j�PHWWUH�j�MRXU�� 
x 0RGqOH VROLGH��TXL�UHVWH�YDOLGH�IDFH�j�XQ�JUDQG�QRPEUH�GH�VLWXDWLRQV�� 
x 0RGqOH IDFLOH�j�PHWWUH�DX�SRLQW���
x 0RGqOH TXL�GRQQH�GHV�UpVXOWDWV�GH�IDoRQ�FODLUH� 
�����'pPDUFKH�JpQpUDOH�GH�OD�VLPXODWLRQ��
'DQV� FHWWH� VHFWLRQ� QRXV� DYRQV� SURSRVp� XQH� GpPDUFKH� JpQpUDOH� GH� OD� VLPXODWLRQ� ILJXUH������ FHWWH�
GpPDUFKH� SHUPHW� G·REWHQLU� XQH� LPDJH� DSSURFKpH� GH� OD� VWUXFWXUH� HW� GX� FRPSRUWHPHQW� GX�PRGqOH�
pWXGLp��
� &HWWH�VLPXODWLRQ�UHSRVH�VXU� O·H[SpULPHQWDWLRQ�j�SDUWLU�G·XQ�PRGqOH�H[pFXWDEOH�HW�GpERXFKH�VXU�XQH�REVHUYDWLRQ�GX�FRPSRUWHPHQW�GX�V\VWqPH�GDQV�OH�WHPSV��OD�VWUXFWXUH�SURSRVpH�QRXV�SHUPHW�XQH�pWXGH�SOXV�UpDOLVWH�HQ�WHUPHV�GH�PRGpOLVDWLRQ�HW�G·DQDO\VH�FRPSRUWHPHQWDOHV�GX�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�
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������ 2EMHFWLIV�HW�GpPDUFKH�GH�FRQFHSWLRQ�GX�PRGqOH�GH�VLPXODWLRQ 

,O V·DJLVVDLW�GH�FRQVWUXLUH�XQ�PRGqOH�GH�VLPXODWLRQ��SHUPHWWDQW�G
pYDOXHU�SOXVLHXUV�PRGHV�GH�JHVWLRQ�
j SDUWLU�G
XQH�LQWHUIDFH�VLPSOH�HW�LQGpSHQGDQWH�GX�ORJLFLHO�GH�VLPXODWLRQ�XWLOLVp���
/H� ORJLFLHO� GH� VLPXODWLRQ�$5(1$� D� pWp� UHWHQX�SRXU� VRQ�PRWHXU� GH� VLPXODWLRQ� UHFRQQX� ILDEOH��

UREXVWH� HW� SHUIRUPDQW� HW� pJDOHPHQW� SRXU� VRQ�RXYHUWXUH� YHUV� G
DXWUHV� ORJLFLHOV� JUkFH� j� XQ�PRGXOH�
G
LQWHUIDoDJH� 9%$� �9LVXDO� %DVLF� SRXU� $SSOLFDWLRQV�� IDFLOLWDQW� OD� FRPPXQLFDWLRQ� DYHF� G
DXWUHV�
DSSOLFDWLRQV�SRVVpGDQW�pJDOHPHQW�FH�PRGXOH��/H�WDEOHXU�(;&(/��GH�0LFURVRIW��D�pWp�UHWHQX�SRXU�VD�
UHFRQQDLVVDQFH�XQLYHUVHOOH�HW�LQGXVWULHOOH�HQ�WDQW�TXH�WDEOHXU� 
�������0RGqOH�GH�VLPXODWLRQ 

/D� VWUXFWXUH� GH� � VLPXODWLRQ� SUpVHQWpH� GDQV� FHWWH� ILJXUH� D� pWp� FRQoXH� HW� SURJUDPPpH� j� O·DLGH� GX�ORJLFLHO�$UHQD����>*XH���@��
 

)LJXUH�������6WUXFWXUH�JpQpUDOH�GH�OD��VLPXODWLRQ��GX�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�
 
�������/H�PRGqOH�$UHQD�SRXU�OH�0&�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH 
3RXU�OD�PRGpOLVDWLRQ�HW�OD�VLPXODWLRQ�GX�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH��QRXV�
DOORQV� XWLOLVHU� OH� ORJLFLHO� 6,0$1�$UHQD�� GpYHORSSp� SDU� 6\VWHPHV� 0RGHOLQJ� &RUSRUDWLRQ�� ,O� HVW�
QRWDPPHQW�GpGLp�j�OD�PRGpOLVDWLRQ��VLPXODWLRQ�HW�DQLPDWLRQ�GH�V\VWqPHV�GH�SURGXFWLRQ��/H�ORJLFLHO�

/H�FR�WSRXU��[SpULRGHVLPXOp 

6LPXODWLRQ� /D�VRUWLH

Répéter x fois

/HV�HQWUpHV�

$QDO\VH�GHV�UHVXOWDWV��

L’historique du 
Rendement  

Générer  une demande 
aléatoire pour la  période�

Générer  un rendement 
aléatoire pour la période 

 

�&KRLVLU�4

Calcule  
 du profit   

pour la période
L’historique de 

la Demande 
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HVW�EDVp�VXU�OHV�FRQFHSWV�GH�SURJUDPPDWLRQ�RULHQWpH�REMHW�HW�GH�PRGpOLVDWLRQ�KLpUDUFKLTXH��XWLOLVDQW�
OD SXLVVDQFH�HW�OD�IOH[LELOLWp�GH�PRGpOLVDWLRQ�GX�V\VWqPH�6,0$1�&LQHPD���
$ O
DLGH� G
$UHQD� RQ� SHXW� GpYHORSSHU� XQ� SURMHW� FRPSOHW� GH� VLPXODWLRQ�� $UHQD� HVW� XQ� VXSSRUW�

LQWpJUp� SRXU� O
DQDO\VH� GHV� GRQQpHV� G
HQWUpH�� OD� FRQVWUXFWLRQ� GX� PRGqOH�� O
H[pFXWLRQ� LQWHUDFWLYH��
O
DQLPDWLRQ��OD�YpULILFDWLRQ�GH�O
H[pFXWLRQ�HW�O
DQDO\VH�GHV�VRUWLHV��
�
/D ILJXUH� ���� LOOXVWUH� OH�PRGqOH�$UHQD� � UpVXOWDQW�GH� OD� WUDQVIRUPDWLRQ�GX�PRGqOH�SUpVHQWp�GDQV� OD�
ILJXUH������

)LJXUH������&DSWXUH�G·pFUDQ�GH�O·LPSOpPHQWDWLRQ�GX�PRGqOH�GH�OD�VLPXODWLRQ�GDQV�OH�ORJLFLHO�$5(1$��
$ O·DLGH�GHV�GLIIpUHQWV�PRGXOHV�IRXUQLV�SDU�OH�ORJLFLHO�$UHQD��QRXV�DYRQV�SX�UpDOLVHU�OD�VWUXFWXUH��

GX PRGqOH�SURSRVp��&HWWH�UHSUpVHQWDWLRQ��QRXV�D�SHUPLV�GH�JpUHU�HW�GH�VXLYUH�j�FKDTXH�LQVWDQW�OH�
FRPSRUWHPHQW�GX�V\VWqPH�GH�SURGXFWLRQ�pWXGLp���
�x /H�FKRL[�GH�OD�TXDQWLWp�GH�FRPPDQGH�4� x /·pYROXWLRQ�GH�OD�GHPDQGH���x /H�UHQGHPHQW�GDQV�FKDTXH�SpULRGH��x /H�FR�W�WRWDO�j�OD�ILQ�GH�OD�SpULRGH��
�

1RXV�DYRQV�XWLOLVp�XQ�V\VWqPH�G·HQUHJLVWUHPHQW��SRXU�HQUHJLVWUHU�QRV�GRQQpHV�j�FKDTXH�IRLV�TXH�
QRXV FKRLVLVVRQV�XQH�TXDQWLWp�4��/HV�GRQQpHV� VRQW� pFULWHV� OLJQH�SDU� OLJQH�GDQV�GHV� ILFKLHUV�([FHO�
��[OV���LO�H[LVWH�GDQV�$5(1$�XQ�PRGXOH�TXL�QRXV�SHUPHW�GH�OLUH�RX�G·pFULUH�VXU�XQ�ILFKLHU�HW�XQ�DXWUH�
SRXU GpFODUHU�OHV�ILFKLHUV��FHV�PRGXOHV�VRQW�OH�PRGXOH�5HDG:ULWH HW OH�PRGXOH�)LOH� UHSUpVHQWpV�VXU�
OHV ILJXUHV�����HW�������
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)LJXUH�������/H�PRGXOH�5HDG:ULWH�HW�VD�ERvWH�GH�GLDORJXH��
 

)LJXUH�������/D�ERvWH�GH�GLDORJXH�GX�PRGXOH�)LOH���
�����5pVXOWDWV�GH�OD�VLPXODWLRQ���
�
/HV UpVXOWDWV� REWHQXV� j� OD� ILQ� GHV� VLPXODWLRQV� QRXV� RQW� SHUPLV� XQH� DQDO\VH� GpWDLOOpH� GX�
FRPSRUWHPHQW�G\QDPLTXH�GH�V\VWqPH��
3RXU�GLIIpUHQWHV�W\SH�GHV�ORLV�GH�SUREDELOLWpV�SRXU�OD�GHPDQGH�HW�OH�UHQGHPHQW��HQ�IDLVDQW�YDULHU��OD�
YDOHXU GH� OD�TXDQWLWp�GH�FRPPDQGH��RQ�SHXW�pWXGLHU� � O·LPSDFW�GH�FHWWH�YDULDWLRQ��VXU�OD�WRWDOLWp�GHV�
FR�WV HQJHQGUp��
� 6L� RQ� � FRQVLGqUH� OH�PrPH� VFpQDULR� � XWLOLVp� GDQV� OD� VHFWLRQ� ������ �ELQRP������1RUP��������� OHV�
UpVXOWDWV�REWHQXV�SDU�OD�VLPXODWLRQ�VRQW��SUpVHQWpV�SDU�OHV�JUDSKHV�VXLYDQWV����
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)LJXUH������9DULDWLRQ�GH�OD�GHPDQGH�DX�WRXU�GH�OD�PR\HQQH����SHQGDQW�����SpULRGH�
 

)LJXUH������/H�UHQGHPHQW�GX�V\VWqPH��SHQGDQW�����SpULRGHV�
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)LJXUH������9DULDWLRQ�GX�FR�W�WRWDO�HVSpUp�SHQGDQW�����SpULRGHV�
1RXV� REVHUYRQV� TXH�PDOJUp� OD� SUpVHQFH� GH� O·DVSHFW� DOpDWRLUH� GH� OD� GHPDQGH� HW� GX� UHQGHPHQW�� OD��
IRQFWLRQ�GX�FR�W�WRWDO�VXLW��WRXMRXUV�XQH�IRUPH�FRQYH[H�SDVVDQW�SDU�XQH�]RQH�pFRQRPLTXH�������� 9pULILFDWLRQ�HW�9DOLGDWLRQ�GX��PRGqOH��GH�VLPXODWLRQ�
5DSSHORQV�TXH�OD�YpULILFDWLRQ�G·XQ�PRGqOH�HVW�OH�SURFHVVXV�TXL�SHUPHW�GH�GpWHUPLQHU�VL�XQ�PRGqOH�GH�
VLPXODWLRQ�V·H[pFXWH�FRPPH�SUpYX��&H�SURFHVVXV�Q·DVVXUH�SDV�TXH�OH�PRGqOH�UHSUpVHQWH�ILGqOHPHQW�OH�
V\VWqPH�UpHO��PDLV�VHXOHPHQW�TXH�OH�PRGqOH�HVW�YLGH�G�¶HUUHXUV�>3HJ���@�
/D YDOLGDWLRQ�GX�PRGqOH�GH�VLPXODWLRQ�FRQVLVWH�j�GpWHUPLQHU�VL�OH�PRGqOH�HVW�XQH�DSSUR[LPDWLRQ�

VXIILVDPPHQW�DGpTXDWH�GX�V\VWqPH�UpHO��(OOH�SHUPHW�GH�YDOLGHU�RX�G·LQILUPHU��OHV�PRGqOHV�SURSRVpV��
VDQV�TX·LO�VRLW�QpFHVVDLUH�GH�OHV�WHVWHU�©�JUDQGHXU�QDWXUH�ª��1RXV�DYRQV�GRQF�JpQpUp�DOpDWRLUHPHQW�GHV�
GRQQpHV�SHUPHWWDQW�G·pWXGLHU�OD�YDULDWLRQ�GX�FR�W�WRWDO�HVSpUp���
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�������3KDVH�GH�WHVWV���/D SKDVH�GH�WHVWV�SHUPHW�GH�PHWWUH�HQ�RHXYUH�GHV�WHVWV�JOREDX[�j�SDUWLU�GH�MHX[�GH�WHVWV��/
REMHFWLI�HVW GH�FRPSDUHU�OHV�UpVXOWDWV�WURXYpV�SDU�OH�PRGqOH�PDWKpPDWLTXH�HW�OHV�UpVXOWDWV�GH�OD�VLPXODWLRQ���
 

)LJXUH������7HVWV�G
DFFHSWDWLRQ�G
XQ�PRGqOH�GH�VLPXODWLRQ��/H FDV� pWXGLp� HVW� OH� PrPH� TXH� FHOXL� XWLOLVp� GDQV� OH� VFpQDULR� VLPXOp� SUpFpGHPPHQW�� HQ� IL[DQW� OD�TXDQWLWp� FRPPDQGpH� j� OD� YDOHXU� RSWLPDOH� �4
 ���� WURXYp� SDU� OHV� DOJRULWKPHV� SUpVHQWpV� GDQV� OH�FKDSLWUH�,,,��/HV�UpVXOWDWV�REWHQXV�VRQW�SUpVHQWpV�VRXV�IRUPH�FR�W I�OD�TXDQWLWp�FRPPDQGpH��GDQV�OD�ILJXUH VXLYDQWH���

)LJXUH������&RPSDUDLVRQ�HQWUH�OHV��GHX[�FDV��4 ����HW�4�YDULH�GH���j������/D ILJXUH� ���� IDLW� ELHQ� DSSDUDvWUH�� TXH� SRXU� OH� FDV� SUpFLV�4 ����SUpVHQWp� SDU� GHV� FDUUHV� GDQV� OH�JUDSKH�DX�GHVVXV���OH�FR�W�YDULH�WRXMRXUV�DX[�WRXU�GX�PLQLPXP��
 

Modèle 
mathématique 

Modèle de 
simulation 

Comparaison 
des résultats  

Scénarios réels Résultats 
mathématiques 

Résultats  de la 
simulation 
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/D TXDQWLWp�FRPPDQGpH

=RQH�
pFRQRPLTXH 

4 YDULH�GH���j�����

4 ���



&KDSLWUH�����6LPXODWLRQ�HW�$QDO\VH�GHV�5pVXOWDWV�

-74- 

�������&RQYHUJHQFH�YHUV�OH�PRGqOH�FODVVLTXH�GX�FDPHORW�
 
/D ILJXUH�������PRQWUH�OD�FRQYHUJHQFH�GX�PRGqOH�GX�FDPHORW�j�GHPDQGH�HW�UHQGHPHQW�DOpDWRLUH�YHUV�
OH��PRGqOH�FODVVLTXH�GDQV�OH�FDV�R��OH�UHQGHPHQW�HW�SDUIDLW���
� $YHF�XQ�WDX[�GH�VXFFqV�GH�SURGXFWLRQ�PD[LPDO��S ����QRXV�YR\RQV�FODLUHPHQW�TXH�O·DOOXUH�GH�OD�
FRXUEH GX�FR�W� WRWDO� � JpQpUp�SDU� OD� VLPXODWLRQ� VXLW�SDUIDLWHPHQW� OD� FRXUEH�SURGXLWH�SDU� OH�PRGqOH�
PDWKpPDWLTXH�GX�FDPHORW�FODVVLTXH���
�

)LJXUH�������&RQYHUJHQFH�YHUV�OH�PRGqOH�FODVVLTXH�GX�FDPHORW�� 3 �����o UHQGHPHQW�SDUIDLW�
� 3 ����o UHQGHPHQW�LPSDUIDLW 

MCC  oModèle du camelot classique 
 ���� &RQFOXVLRQ���/D VLPXODWLRQ�UHSUpVHQWH�XQH�pWDSH�LPSRUWDQWH�GDQV�O·pWXGH�G·XQ�V\VWqPH�GH�SURGXFWLRQ��(OOH�QRXV�DSSRUWH�OD�FRQQDLVVDQFH�GX�IRQFWLRQQHPHQW�GX�V\VWqPH�GH�SURGXFWLRQ�VXU�XQH�SpULRGH�DSSURSULpH��DILQ GH�MXJHU�VRQ�FRPSRUWHPHQW��&HV�LQIRUPDWLRQV�VXU�OH�IRQFWLRQQHPHQW�GX�V\VWqPH�FRQVLGpUp�VRQW�XWLOHV�SRXU�OH�V\VWqPH�GH�GpFLVLRQ��OXL�SHUPHWWDQW�G·pWDEOLU�OHV�PHLOOHXUHV�SROLWLTXHV�SRXU�DWWHLQGUH�OHV�REMHFWLIV�GH�O·HQWUHSULVH��� 0DOJUp OD� FRPSOH[LWp� GX� V\VWqPH� GH� SURGXFWLRQ� pWXGLp�� OH� ORJLFLHO� $5(1$� QRXV� SHUPHW� GH�FRQVWUXLUH�XQ�PRGqOH� WUqV�SURFKH�GH� OD� UpDOLWp��$� O·DLGH�GH� OD�PRGpOLVDWLRQ�G\QDPLTXH�QRXV�DYRQV�UpXVVL j��VXLYUH�O·pYROXWLRQ�GH�OD�WRWDOLWp�GHV�FR�WV�GDQV�XQ�V\VWqPH�PRQR�SpULRGH��(Q�SOXV�FH�PRGqOH�QRXV SHUPLW� G·pWXGLHU� OH� 0&� j� GHPDQGH� HW� UHQGHPHQW� DOpDWRLUH� SRXU� Q·LPSRUWH� TXHOOH� ORL� GH�GLVWULEXWLRQ VXLYLHV��
�
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�

&RQFOXVLRQV�HW�3HUVSHFWLYHV��
�

&RPPH�RQ�D�SX�OH�YRLU�WRXW�DX�ORQJ�GH�FH�PpPRLUH�� OHV�WUDYDX[�HIIHFWXpV�VH�VLWXHQW�WRXMRXUV�GDQV�
O·RSWLTXH� GX� WUDLWHPHQW� OH� SOXV� H[KDXVWLI� SRVVLEOH� G·XQ� SUREOqPH�� $� SDUWLU� G·XQH� SUREOpPDWLTXH�
LQGXVWULHOOH�FRQFUqWH��QRXV�HVVD\RQV�G·DOOHU�GHSXLV�OD�FRQVWUXFWLRQ�DEVWUDLWH�G·XQ�PRGqOH�VWRFKDVWLTXH�
OH� SOXV� UHSUpVHQWDWLI� SRVVLEOH� GH� OD� UpDOLWp�� 3RXU� FHOD�� QRXV� DYRQV� XWLOLVp� GHV� RXWLOV� SUREDELOLVWHV� HW�
VWDWLVWLTXHV�YDULpV��GHV�ORJLFLHOV�FRPPHUFLDX[�SRXU�OH�FDOFXO�PDWKpPDWLTXH�WHO�TXH��0DWODE��0DSOH«��
HW GHV�ORJLFLHOV�GpGLpV�j�OD�PRGpOLVDWLRQ��VLPXODWLRQ�HW�DQLPDWLRQ�GH�V\VWqPHV�GH�SURGXFWLRQ�WHO�TXH�
$5(1$ HWF�«QRXV�QH�SUpWHQGRQV�SDV�DSSRUWHU�GH�FRQWULEXWLRQ�PDMHXUH�j�O·pWXGH�WKpRULTXH�GH�FH�
SUREOqPH� PDLV�QRXV�HVSpURQV�HQ�SURSRVHU�GHV�DSSOLFDWLRQV�RULJLQDOHV��XWLOHV�HW�PDWKpPDWLTXHPHQW�
ULJRXUHXVHV����
�

'DQV FH� WUDYDLO�� QRXV� DYRQV�SUpVHQWp�XQ�PRGqOH�PDWKpPDWLTXH�TXL� GpFULW� OD� IRQFWLRQ�GX� FR�W�
WRWDO�HVSpUp�G·XQ�V\VWqPH�PRQR�SpULRGH��/D�GpWHUPLQDWLRQ�GH�OD�WDLOOH�GH�ORWV�GH�SURGXFWLRQ�RSWLPDOH�
QpFHVVLWH� XQH� UpVROXWLRQ� DQDO\WLTXH� GH� FH� PRGqOH�� 3XLVTXH� OD� VROXWLRQ� HVW� GLIILFLOH� j� REWHQLU�
DQDO\WLTXHPHQW��QRXV�DYRQV�RSWp�SRXU�OD�VLPXODWLRQ�HW�TXHOTXH�WHFKQLTXHV�GH�UpVROXWLRQ�SUDWLTXH���
�

1RXV DYRQV� GRQF� FRPPHQFp� SDU� XQH� SUpVHQWDWLRQ� HW� XQH� DQDO\VH� JpQpUDOH� GX� SUREOqPH� GX�
FDPHORW� FODVVLTXH�� GHV� K\SRWKqVHV� HW� GHV� QRWDWLRQV� GX� SUREOqPH� RQW� pWp� FRQVLGpUpHV� SRXU� OD�
VLPSOLILFDWLRQ�DLQVL�TXH�O·pODERUDWLRQ�GX�PRGqOH��GH�OD�IRUPXODWLRQ�GX�PRGqOHV�PDWKpPDWLTXHV�DLQVL�
TXH� GHV� SURSULpWpV� GH� OD� VROXWLRQ� RSWLPDOH�� $� FH� QLYHDX� GH� WUDYDLO� QRXV� DYRQV� SX� UpDOLVHU� XQH�
LQWHUIDFH�JUDSKLTXH�VRXV�0DWODE�SHUPHWWDQW�GH�JpQpUHU�GLUHFWHPHQW�OD�VROXWLRQ�RSWLPDOH��FHOXL�FL�HVW�
SRVVLEOH DSUqV�O·LQWURGXFWLRQ�GHV�GLIIpUHQWHV�GRQQpHV�FDUDFWpULVDQW�OH�V\VWqPH�pWXGLp���
�

(QVXLWH�� QRXV� DYRQV� pWXGLp� O·H[WHQVLRQ� GX� PRGqOH� GX� FDPHORW� FODVVLTXH� YHUV� XQ� PRGqOH� j�
GHPDQGH� HW� UHQGHPHQW� DOpDWRLUH��/·LQWURGXFWLRQ�GH�QRWLRQ�GH� UHQGHPHQW� DOpDWRLUH� IDLW� DFFURvWUH� OD�
FRPSOH[LWp�GH�OD��IRQFWLRQ�REMHFWLI�HW�UHQGUH�OD�UpVROXWLRQ�DQDO\WLTXH�GX�SUREOqPH�WUqV�GLIILFLOH��
&HV GLIILFXOWpV� GH� WUDLWHPHQW� DQDO\WLTXH� GX� SUREOqPH� QRXV� RQW� FRQGXLW� j� HQYLVDJHU� OHV� GHX[�
DSSURFKHV�VXLYDQWHV����
�
8QH� SURFpGXUH� QXPpULTXH� FRPSRUWDQW� XQ� DOJRULWKPH� GH� UHFKHUFKH� ORFDOH� D� pWp� GpYHORSSpH� SRXU�
JpQpUHU OD� VWUDWpJLH� RSWLPDOH� 4
� TXL� PLQLPLVH� OD� IRQFWLRQ� REMHFWLI�� $� FH� VWDGH�� XQ� GHX[LqPH�
DOJRULWKPH�DPpOLRUDQW�OHV�SHUIRUPDQFHV�GX�SUHPLHU�D�pWp�SURSRVp�SRXU�GLPLQXHU�OH�WHPSV�GH�FDOFXO��
�
3URSRVLWLRQ�G·XQH� VROXWLRQ�JUDSKLTXH� FRQVLVWDQW� j� FRQVWUXLUH�XQ� DEDTXH�XWLOLVp�SRXU� FRQQDvWUH�SDU�
VLPSOH�OHFWXUH��OHV�YDOHXUV�DSSURFKpHV�GH�OD�VROXWLRQ�RSWLPDOH��1RXV�FRQVLGpURQV�TXH�FHW�DEDTXH�HVW�
OH�SUHPLHU�SDV��GDQV�OD�UpDOLVDWLRQ�G·XQH�FDUWH�GH�FRQWU{OH�SOXV�JpQpUDOH�DYHF�SOXV�G·LQIRUPDWLRQV�HW�
SOXV GH�GRQQpHV����
�
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�
3DU DLOOHXUV���XQ�PRGqOH�GH�VLPXODWLRQ�D�pWp�GpYHORSSp��SRXU�REWHQLU�XQH�LPDJH�DSSURFKpH�GH�OD�

VWUXFWXUH� HW� GX� FRPSRUWHPHQW� GX� PRGqOH� GX� FDPHORW� j� GHPDQGH� HW� UHQGHPHQW� DOpDWRLUH�� /HV�
UpVXOWDWV� GH� VLPXODWLRQ� QRXV� RQW� SHUPLV� G·DQDO\VHU� O·RSWLPDOLWp� GX� V\VWqPH� VXU� XQH� ODUJH� SODJH� GH�
FRQILJXUDWLRQV�HW�GH�IRQFWLRQQHPHQWV��
�

(QILQ��QRXV�DYRQV�SURFpGp�j� OD�YDOLGDWLRQ�GHV� UpVXOWDWV� HQ� IDLVDQW� LQWHUYHQLU�XQH�SKDVH�GH� WHVW�
SRXU� FRPSDUHU� OHV� UpVXOWDWV� WURXYpV� SDU� OD� VLPXODWLRQ� DYHF� FHOOH� WURXYpV� SDU� OHV� DOJRULWKPHV� GH�
UHFKHUFKH�ORFDOH��
�

&RPPH� SHUVSHFWLYH�� QRXV� VRXKDLWRQV� SURORQJHU� QRWUH� WUDYDLO�� HQ� QRXV� IRFDOLVDQW� SOXV�
SDUWLFXOLqUHPHQW� VXU� OH� FRWp� DQDO\WLTXH�� L�H� WURXYHU� XQ� UpVXOWDW� DQDO\WLTXH� JpQpUDO� TXL� GRQQH�
GLUHFWHPHQW� OD� TXDQWLWp� RSWLPDOH� GH� FRPPDQGH�� SDU� OD� VXLWH� OD� UpVROXWLRQ� SDU� GHV� PpWKRGHV�
QXPpULTXHV�� (Q� SOXV� �� O·DPpOLRUDWLRQ� G·XQH� FDUWH� GH� FRQWU{OH� XWLOLVp� FRPPH� XQ� RXWLO� G·DLGH� j� OD�
GpFLVLRQ�� HW� SRXUTXRL� SDV� IDLUH� LQWHUYHQLU� FHV� FDUWHV� GDQV� GHV� PpWKRGHV� 053�
�0DQXIDFWXULQJ 5HTXLUHPHQWV�3ODQQLQJ�� �VHUD�O ·XQH�GH�QRV�SUpRFFXSDWLRQV�IXWXUHV���

³ 7KH�PDWKHPDWLFV�RI�ILQDQFLDO�PRGHOV�FDQ�EH�DSSOLHG�SUHFLVHO\��EXW WKH�PRGHO� DUH� QRW� DW� DOO� SUHFLVH� LQ� WKHLU� DSSOLFDWLRQ� LQ� WKH�UHDO� ZRUOG�� WKHLU� DFFXUDF\� DV� D� XVHIXO� DSSUR[LPDWLRQ� YDULHV�VLJQLILFDQWO\� DFURVV� WLPH� DQG� SODFH�� 7KH� PRGHOV� VKRXOG� � EH�DSSOLHG�LQ�SUDFWLFH�RQO\�WHQWDWLYHO\��ZLWK�FDUHIXOO\�DVVHVVPHQW�RI�WKHLU�OLPLWDWLRQV�LQ�HDFK�DSSOLFDWLRQ�´�
 

Robert Merton, Nobel Prize, American Economic Review 1998 , 
88 :3 p. 343 
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$QQH[H�$

9DOHXUV�G
XQH�WDEOH�QRUPDOH�UpGXLWH����
([HPSOH�&KDSLWUH�,,�VHFWLRQ������������

7DEOHDX�$����7DEOH�GH�OD�ORL�1RUPDOH�
 

����� ����� ����� ����� ����� ����� ����� ����� ����� �����
���� 0,50000 0,50399 0,50798 0,51197 0,51595 0,51994 0,52392 0,52790 0,53188 0,53586
���� 0,53983 0,54380 0,54776 0,55172 0,55567 0,55962 0,56356 0,56749 0,57142 0,57535
���� 0,57926 0,58317 0,58706 0,59095 0,59483 0,59871 0,60257 0,60642 0,61026 0,61409
���� 0,61791 0,62172 0,62552 0,62930 0,63307 0,63683 0,64058 0,64431 0,64803 0,65173
���� 0,65542 0,65910 0,66276 0,66640 0,67003 0,67364 0,67724 0,68082 0,68439 0,68793
���� 0,69146 0,69497 0,69847 0,70194 0,70540 0,70884 0,71226 0,71566 0,71904 0,72240
���� 0,72575 0,72907 0,73237 0,73565 0,73891 0,74215 0,74537 0,74857 0,75175 0,75490
���� 0,75804 0,76115 0,76424 0,76730 0,77035 0,77337 0,77637 0,77935 0,78230 0,78524
���� 0,78814 0,79103 0,79389 0,79673 0,79955 0,80234 0,80511 0,80785 0,81057 0,81327
���� 0,81594 0,81859 0,82121 0,82381 0,82639 0,82894 0,83147 0,83398 0,83646 0,83891
���� 0,84134 0,84375 0,84614 0,84849 0,85083 0,85314 0,85543 0,85769 0,85993 0,86214
���� 0,86433 0,86650 0,86864 0,87076 0,87286 0,87493 0,87698 0,87900 0,88100 0,88298
���� 0,88493 0,88686 0,88877 0,89065 0,89251 0,89435 0,89617 0,89796 0,89973 0,90147
���� 0,90320 0,90490 0,90658 0,90824 0,90988 0,91149 0,91308 0,91466 0,91621 0,91774
���� 0,91924 0,92073 0,92220 0,92364 0,92507 0,92647 0,92785 0,92922 0,93056 0,93189
���� 0,93319 0,93448 0,93574 0,93699 0,93822 0,93943 0,94062 0,94179 0,94295 0,94408
���� 0,94520 0,94630 0,94738 0,94845 0,94950 0,95053 0,95154 0,95254 0,95352 0,95449
���� 0,95543 0,95637 0,95728 0,95818 0,95907 0,95994 0,96080 0,96164 0,96246 0,96327
���� 0,96407 0,96485 0,96562 0,96638 0,96712 0,96784 0,96856 0,96926 0,96995 0,97062
���� 0,97128 0,97193 0,97257 0,97320 0,97381 0,97441 0,97500 0,97558 0,97615 0,97670
���� 0,97725 0,97778 0,97831 0,97882 0,97932 0,97982 0,98030 0,98077 0,98124 0,98169
���� 0,98214 0,98257 0,98300 0,98341 0,98382 0,98422 0,98461 0,98500 0,98537 0,98574
���� 0,98610 0,98645 0,98679 0,98713 0,98745 0,98778 0,98809 0,98840 0,98870 0,98899
���� 0,98928 0,98956 0,98983 0,99010 0,99036 0,99061 0,99086 0,99111 0,99134 0,99158
���� 0,99180 0,99202 0,99224 0,99245 0,99266 0,99286 0,99305 0,99324 0,99343 0,99361
���� 0,99379 0,99396 0,99413 0,99430 0,99446 0,99461 0,99477 0,99492 0,99506 0,99520
���� 0,99534 0,99547 0,99560 0,99573 0,99585 0,99598 0,99609 0,99621 0,99632 0,99643
���� 0,99653 0,99664 0,99674 0,99683 0,99693 0,99702 0,99711 0,99720 0,99728 0,99736
���� 0,99744 0,99752 0,99760 0,99767 0,99774 0,99781 0,99788 0,99795 0,99801 0,99807
���� 0,99813 0,99819 0,99825 0,99831 0,99836 0,99841 0,99846 0,99851 0,99856 0,99861
���� 0,99865 0,99869 0,99874 0,99878 0,99882 0,99886 0,99889 0,99893 0,99896 0,99900
���� 0,99903 0,99906 0,99910 0,99913 0,99916 0,99918 0,99921 0,99924 0,99926 0,99929
���� 0,99931 0,99934 0,99936 0,99938 0,99940 0,99942 0,99944 0,99946 0,99948 0,99950
���� 0,99952 0,99953 0,99955 0,99957 0,99958 0,99960 0,99961 0,99962 0,99964 0,99965
���� 0,99966 0,99968 0,99969 0,99970 0,99971 0,99972 0,99973 0,99974 0,99975 0,99976
���� 0,99977 0,99978 0,99978 0,99979 0,99980 0,99981 0,99981 0,99982 0,99983 0,99983
���� 0,99984 0,99985 0,99985 0,99986 0,99986 0,99987 0,99987 0,99988 0,99988 0,99989
���� 0,99989 0,99990 0,99990 0,99990 0,99991 0,99991 0,99992 0,99992 0,99992 0,99992
���� 0,99993 0,99993 0,99993 0,99994 0,99994 0,99994 0,99994 0,99995 0,99995 0,99995
���� 0,99995 0,99995 0,99996 0,99996 0,99996 0,99996 0,99996 0,99996 0,99997 0,99997

Q* 11.73

F(x) 

x

L’aire sous la 
courbe=0.77 

74.0
74.4

73.11*  � 4]



$QQH[H�$����

-78- 

�
7DEOH�ORL�GH�3RLVVRQ�
 
P(X d x) avec X ~ 3 (O)

O
[ ���� �� ���� �� ���� � ���� �� ���� ��
� 0.6065 0.3679 0.2231 0.1353 0.0821 0.0498 0.0302 0.0183 0.0111 0.0067 
� 0.9098 0.7358 0.5578 0.4060 0.2873 0.1991 0.1359 0.0916 0.0611 0.0404 
� 0.9856 0.9197 0.8088 0.6767 0.5438 0.4232 0.3208 0.2381 0.1736 0.1247 
� 0.9982 0.9810 0.9344 0.8571 0.7576 0.6472 0.5366 0.4335 0.3423 0.2650 
� 0.9998 0.9963 0.9814 0.9473 0.8912 0.8153 0.7254 0.6288 0.5321 0.4405 
� 1.0000 0.9994 0.9955 0.9834 0.9580 0.9161 0.8576 0.7851 0.7029 0.6160 
� 1.0000 0.9999 0.9991 0.9955 0.9858 0.9665 0.9347 0.8893 0.8311 0.7622 
� 1.0000 1.0000 0.9998 0.9989 0.9958 0.9881 0.9733 0.9489 0.9134 0.8666 
� 1.0000 1.0000 1.0000 0.9998 0.9989 0.9962 0.9901 0.9786 0.9597 0.9319 
� 1.0000 1.0000 1.0000 1.0000 0.9997 0.9989 0.9967 0.9919 0.9829 0.9682 
��� 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9990 0.9972 0.9933 0.9863 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9991 0.9976 0.9945 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9992 0.9980 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9993 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

O
[ ���� �� ���� �� ���� �� ���� �� ���� ���
� 0.0041 0.0025 0.0015 0.0009 0.0006 0.0003 0.0002 0.0001 0.0001 0.0000 
� 0.0266 0.0174 0.0113 0.0073 0.0047 0.0030 0.0019 0.0012 0.0008 0.0005 
� 0.0884 0.0620 0.0430 0.0296 0.0203 0.0138 0.0093 0.0062 0.0042 0.0028 
� 0.2017 0.1512 0.1118 0.0818 0.0591 0.0424 0.0301 0.0212 0.0149 0.0103 
� 0.3575 0.2851 0.2237 0.1730 0.1321 0.0996 0.0744 0.0550 0.0403 0.0293 
� 0.5289 0.4457 0.3690 0.3007 0.2414 0.1912 0.1496 0.1157 0.0885 0.0671 
� 0.6860 0.6063 0.5265 0.4497 0.3782 0.3134 0.2562 0.2068 0.1649 0.1301 
� 0.8095 0.7440 0.6728 0.5987 0.5246 0.4530 0.3856 0.3239 0.2687 0.2202 
� 0.8944 0.8472 0.7916 0.7291 0.6620 0.5925 0.5231 0.4557 0.3918 0.3328 
� 0.9462 0.9161 0.8774 0.8305 0.7764 0.7166 0.6530 0.5874 0.5218 0.4579 
��� 0.9747 0.9574 0.9332 0.9015 0.8622 0.8159 0.7634 0.7060 0.6453 0.5830 
��� 0.9890 0.9799 0.9661 0.9467 0.9208 0.8881 0.8487 0.8030 0.7520 0.6968 
��� 0.9955 0.9912 0.9840 0.9730 0.9573 0.9362 0.9091 0.8758 0.8364 0.7916 
��� 0.9983 0.9964 0.9929 0.9872 0.9784 0.9658 0.9486 0.9261 0.8981 0.8645 
��� 0.9994 0.9986 0.9970 0.9943 0.9897 0.9827 0.9726 0.9585 0.9400 0.9165 
��� 0.9998 0.9995 0.9988 0.9976 0.9954 0.9918 0.9862 0.9780 0.9665 0.9513 
��� 0.9999 0.9998 0.9996 0.9990 0.9980 0.9963 0.9934 0.9889 0.9823 0.9730 
��� 1.0000 0.9999 0.9998 0.9996 0.9992 0.9984 0.9970 0.9947 0.9911 0.9857 
��� 1.0000 1.0000 0.9999 0.9999 0.9997 0.9993 0.9987 0.9976 0.9957 0.9928 
��� 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9995 0.9989 0.9980 0.9965 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9996 0.9991 0.9984 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9996 0.9993 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999 0.9997 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999 
��� 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

7DEOHDX�$����7DEOH�GH�OD�ORL�GH�3RLVVRQ�
�
([HPSOH�FKDSLWUH�,,���VHFWLRQ���������������
��FV��FV�FS� ��������O ����o 3�; ���  ���������HW��3�; ���  ��� ���������
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5pIpUHQFHV�%LEOLRJUDSKLTXHV��
� $��
>$JU ��@� $JUDZDO��9��DQG�6��6HVKDGUL���,PSDFW�RI�XQFHUWDLQW\�DQG�ULVN�DYHUVLRQ�RQ�SULFH�DQG�

RUGHU� TXDQWLW\� LQ� WKH� QHZVYHQGRU� SUREOHP��0DQXIDFWXULQJ DQG� 6HUYLFH�2SHUDWLRQ��0DQDJHPHQW���������������������
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