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�� )LFKLHU GH VFULSW VLPSOH FRQWHQDQW GHV H[SUHVVLRQV 5 SRXU
�� IDLUH GHV FDOFXOV HW FUpHU GHV REMHWV�
� � �

�� 3UREDELOLWp G·XQH ORL GH 3RLVVRQ����
[ �� �
��A[ 
 H[S����� � IDFWRULDO�[�

�� 3HWLWH IRQFWLRQ TXL IDLW XQ FDOFXO WULYLDO
I �� IXQFWLRQ�[� [A�

�� eYDOXDWLRQ GH OD IRQFWLRQ
I���

5 YHUVLRQ ������ ������������
&RS\ULJKW �&� ���� 7KH 5 )RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ
,6%1 �������������
3ODWIRUP �[��B���DSSOH�GDUZLQ������[��B�� ����ELW�
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! �� 3UREDELOLWp G·XQH ORL GH 3RLVVRQ����
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! IRR

!"IRR

!�KHOS�IRR�

$LGH

��� *pQpUHU GHX[ YHFWHXUV GH QRPEUHV SVHXGR�DOpDWRLUHV LVVXV
��� G·XQH ORL QRUPDOH FHQWUpH UpGXLWH�
[ �� UQRUP����
\ �� UQRUP�[�

��� *UDSKLTXH GHV FRXSOHV �[� \��
SORW�[� \�
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��� *UDSKLTXH G·XQH DSSUR[LPDWLRQ GH OD GHQVLWp GX YHFWHXU [�
SORW�GHQVLW\�[��

��� *pQpUHU OD VXLWH �� �� ���� ���
� ���

��� /D IRQFWLRQ ·VHT· VHUW j JpQpUHU GHV VXLWHV SOXV JpQpUDOHV�
VHT�IURP  ��� WR  ��� E\  ��
VHT�IURP  ��� OHQJWK  ���

��� /D IRQFWLRQ ·UHS· VHUW j UpSpWHU GHV YDOHXUV�
UHS��� �� � UpSpWHU � FLQT IRLV
UHS�� ��� �� � UpSpWHU OH YHFWHXU ������� FLQT IRLV
UHS�� ��� HDFK  �� � UpSpWHU FKDTXH pOpPHQW GX YHFWHXU FLQT IRLV

��� $ULWKPpWLTXH YHFWRULHOOH�
Y �� � ��� � LQLWLDOLVDWLRQ G·XQ YHFWHXU
Y � � � DGGLWLRQQHU � j FKDTXH pOpPHQW GH Y
Y 
 ��� ��� � SURGXLW pOpPHQW SDU pOpPHQW
Y � � �� � OH YHFWHXU OH SOXV FRXUW HVW UHF\FOp

��� 9HFWHXU GH QRPEUHV XQLIRUPHV VXU O·LQWHUYDOOH >�� ��@�
Y �� UXQLI���� PLQ  �� PD[  ���
Y

��� 3RXU DIILFKHU OH UpVXOWDW G·XQH DIIHFWDWLRQ� SODFHU OD
��� FRPPDQGH HQWUH SDUHQWKqVHV�
� Y �� UXQLI���� PLQ  �� PD[  ��� �

��� $UURQGL GHV YDOHXUV GH Y j O·HQWLHU SUqV�
� Y �� URXQG�Y� �

��� &UpHU XQH PDWULFH � [ � j SDUWLU GHV YDOHXUV GH
��� Y� 5HPDUTXHU TXH OD PDWULFH HVW UHPSOLH SDU FRORQQH�
� P �� PDWUL[�Y� QURZ  �� QFRO  �� �

��� /HV RSpUDWHXUV DULWKPpWLTXHV GH EDVH V·DSSOLTXHQW DX[
��� PDWULFHV FRPPH DX[ YHFWHXUV�
P � �
P 
 �
P A �

��� eOLPLQHU OD TXDWULqPH FRORQQH DILQ G·REWHQLU XQH PDWULFH
��� FDUUpH�
� P �� P>���@ �



��� 7UDQVSRVpH HW LQYHUVH GH OD PDWULFH P�
W�P�
VROYH�P�

��� 3URGXLW PDWULFLHO�
P �
� P � SURGXLW GH P DYHF HOOH�PrPH
P �
� VROYH�P� � SURGXLW GH P DYHF VRQ LQYHUVH
URXQG�P �
� VROYH�P�� � O·DUURQGL GRQQH OD PDWULFH LGHQWLWp

��� &RQVXOWHU OD UXEULTXH G·DLGH GH OD IRQFWLRQ ·VROYH·�
"VROYH

��� /LVWH GHV REMHWV GDQV O·HVSDFH GH WUDYDLO�
OV��

��� 1HWWR\DJH�
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EUHDN HOVH IRU IXQFWLRQ LI LQ QH[W UHSHDW UHWXUQ ZKLOH
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�� /HV H[SUHVVLRQV HQWUpHV j OD OLJQH GH FRPPDQGH VRQW
�� LPPpGLDWHPHQW pYDOXpHV HW OH UpVXOWDW HVW DIILFKp j
�� O·pFUDQ� FRPPH DYHF XQH JURVVH FDOFXODWULFH�
� � XQH FRQVWDQWH
�� � � 
 ���� � SULRULWp GHV RSpUDWLRQV
�A� � SXLVVDQFH
H[S��� � IRQFWLRQ H[SRQHQWLHOOH
VLQ�SL��� � FRV�SL��� � IRQFWLRQV WULJRQRPpWULTXHV
JDPPD��� � IRQFWLRQ JDPPD

�� /RUVTX·XQH H[SUHVVLRQ HVW V\QWD[LTXHPHQW LQFRPSOqWH�
�� O·LQYLWH GH FRPPDQGH FKDQJH GH ·! · j ·� ·�
� � � H[SUHVVLRQ LQFRPSOqWH
� 
 � WRXMRXUV LQFRPSOqWH
� � FRPSOpWpH

�� 7DSHU OH QRP G·XQ REMHW DIILFKH VRQ FRQWHQX� 3RXU XQH
�� IRQFWLRQ� F·HVW VRQ FRGH VRXUFH TXL HVW DIILFKp�
SL � FRQVWDQWH QXPpULTXH LQWpJUpH
OHWWHUV � FKDvQH GH FDUDFWqUHV LQWpJUpH
/(77(56 � YHUVLRQ HQ PDMXVFXOHV
PDWUL[ � IRQFWLRQ

�� 1H SDV XWLOLVHU · · SRXU O·DIIHFWDWLRQ� /HV RSpUDWHXUV
�� G·DIIHFWDWLRQ VWDQGDUG HQ 5 VRQW ·��· HW ·�!·�
[ �� � � DIIHFWHU � j O·REMHW ·[·
� �! [ � LGHP� PDLV SHX XVLWp
[ � YRLU OH FRQWHQX
�[ �� �� � DIIHFWHU HW DIILFKHU
\ �� [ � DIIHFWHU OD YDOHXU GH ·[· j ·\·
[ �� \ �� � � LGHP� HQ XQH VHXOH H[SUHVVLRQ
\ � �
[ �� � � FKDQJHU OD YDOHXU GH ·[·���
\ � ��� QH FKDQJH SDV FHOOH GH ·\·

�� 3RXU UHJURXSHU SOXVLHXUV H[SUHVVLRQV HQ XQH VHXOH FRPPDQGH�
�� LO IDXW VRLW OHV VpSDUHU SDU XQ SRLQW�YLUJXOH ·�·� VRLW OHV
�� UHJURXSHU j O·LQWpULHXU G·DFFRODGHV ^ ` HW OHV VpSDUHU SDU



�� GHV UHWRXUV j OD OLJQH�
[ �� �� \ �� �� [ � \ � FRPSDFW� pYLWHU GDQV OHV VFULSWV
[ �� �� � pYLWHU OHV ·�· VXSHUIOXV
^ � GpEXW G·XQ JURXSH

[ �� � � SUHPLqUH H[SUHVVLRQ GX JURXSH
\ �� � � VHFRQGH H[SUHVVLRQ GX JURXSH
[ � \ � UpVXOWDW GX JURXSH

` � ILQ GX JURXSH HW UpVXOWDW
^[ �� �� \ �� �� [ � \` � YDOLGH� PDLV UHGRQGDQW

���
��� 1206 '·2%-(76
���

�� 4XHOTXHV H[HPSOHV GH QRPV YDOLGHV HW LQYDOLGHV�
IRR �� � � YDOLGH
IRR���� �� � � YDOLGH
IRRB��� �� � � YDOLGH
���IRR �� � � LQYDOLGH� FRPPHQFH SDU XQ FKLIIUH
�IRR �� � � YDOLGH
����IRR �� � � LQYDOLGH� SRLQW VXLYL G·XQ FKLIIUH

�� /LVWH GHV REMHWV GDQV O·HVSDFH GH WUDYDLO� /HV REMHWV GRQW
�� OH QRP FRPPHQFH SDU XQ SRLQW VRQW FRQVLGpUpV FDFKpV�
OV�� � O·REMHW ·�IRR· Q·HVW SDV DIILFKp
OV�DOO�QDPHV  758(� � REMHWV FDFKpV DXVVL DIILFKpV

�� 5 HVW VHQVLEOH j OD FDVVH
IRR �� �
)RR
)22

���
��� /(6 2%-(76 5
���

�� 02'(6 (7 7<3(6 '( '211e(6

�� /H PRGH G·XQ REMHW GpWHUPLQH FH TX·LO SHXW FRQWHQLU� /HV
�� YHFWHXUV VLPSOHV �µDWRPLFµ� FRQWLHQQHQW GHV GRQQpHV G·XQ
�� VHXO W\SH�
PRGH�F��� ���� SL�� � QRPEUHV UpHOV
PRGH�F��� � � �L�� � QRPEUHV FRPSOH[HV
PRGH�F�758(� )$/6(� 758(�� � YDOHXUV ERROpHQQHV
PRGH�µIRREDUµ� � FKDvQHV GH FDUDFWqUHV



�� 6L O·RQ PpODQJH GDQV XQ PrPH YHFWHXU GHV REMHWV GH PRGH
�� GLIIpUHQWV� LO \ D FRQYHUVLRQ DXWRPDWLTXH YHUV OH PRGH SRXU
�� OHTXHO LO \ D OH PRLQV GH SHUWH G·LQIRUPDWLRQ� F·HVW�j�GLUH
�� YHUV OH PRGH TXL SHUPHW OH PLHX[ GH UHWURXYHU OD YDOHXU
�� RULJLQDOH GHV pOpPHQWV�
F��� 758(� )$/6(� � FRQYHUVLRQ HQ PRGH ·QXPHULF·
F��� µ]µ� � FRQYHUVLRQ HQ PRGH ·FKDUDFWHU·
F�758(� µ]µ� � FRQYHUVLRQ HQ PRGH ·FKDUDFWHU·
F��� 758(� µ]µ� � FRQYHUVLRQ HQ PRGH ·FKDUDFWHU·

�� /D SOXSDUW GHV DXWUHV W\SHV G·REMHWV VRQW UpFXUVLIV� 9RLFL
�� TXHOTXHV DXWUHV PRGHV�
PRGH�VHT� � XQH IRQFWLRQ
PRGH�OLVW��� µIRRµ� 758(�� � XQH OLVWH
PRGH�H[SUHVVLRQ�[ �� ��� � XQH H[SUHVVLRQ QRQ pYDOXpH

�� /21*8(85

�� /D ORQJXHXU G·XQ YHFWHXU HVW pJDOH DX QRPEUH G·pOpPHQWV
�� GDQV OH YHFWHXU�
�[ �� � ���
OHQJWK�[�

�� 8QH FKDvQH GH FDUDFWqUHV QH FRPSWH TXH SRXU XQ VHXO
�� pOpPHQW�
�[ �� µIRREDUµ�
OHQJWK�[�

�� 3RXU REWHQLU OD ORQJXHXU GH OD FKDvQH� LO IDXW XWLOLVHU
�� QFKDU���
QFKDU�[�

�� 8Q REMHW SHXW QpDQPRLQV FRQWHQLU SOXVLHXUV FKDvQHV GH
�� FDUDFWqUHV�
�[ �� F�µIµ� µRµ� µRµ� µEµ� µDµ� µUµ��
OHQJWK�[�

�� /D ORQJXHXU SHXW rWUH �� DXTXHO FDV RQ D XQ REMHW YLGH�
�� PDLV TXL H[LVWH�
�[ �� QXPHULF���� � FUpDWLRQ GX FRQWHQDQW
OHQJWK�[� � O·REMHW ·[· H[LVWH���
[>�@ �� � � SRVVLEOH� ·[· H[LVWH
;>�@ �� � � LPSRVVLEOH� ·;· Q·H[LVWH SDV



�� /·2%-(7 63(&,$/ ·18//·
PRGH�18//� � OH PRGH GH ·18//· HVW 18//
OHQJWK�18//� � ORQJXHXU QXOOH
[ �� F�18//� 18//� � V·XWLOLVH FRPPH XQ REMHW QRUPDO
[� OHQJWK�[�� PRGH�[� � PDLV GRQQH WRXMRXUV OH YLGH

�� /·2%-(7 63e&,$/ ·1$·
[ �� F���� 1$� ��� ��� � WUDLWp FRPPH XQH YDOHXU
[ � � � WRXW FDOFXO DYHF ·1$· GRQQH 1$
PHDQ�[� � YRLOj TXL HVW SLUH
PHDQ�[� QD�UP  758(� � pOLPLQHU OHV ·1$· DYDQW OH FDOFXO
LV�QD�[� � WHVWHU VL OHV GRQQpHV VRQW ·1$·

�� 9$/(856 ,1),1,(6 (7 ,1'e7(50,1e(6
��� � �LQILQL
���� � �LQILQL
��� � LQGpWHUPLQDWLRQ
[ �� F���� ,QI� 1D1� ��� � V·XWLOLVHQW FRPPH GHV YDOHXUV
LV�ILQLWH�[� � TXHOV VRQW OHV QRPEUHV UpHOV"
LV�QDQ�[� � OHVTXHOV QH VRQW ©SDV XQ QRPEUHª"

�� $775,%876

�� /HV REMHWV SHXYHQW rWUH GRWpV G·XQ RX SOXVLHXUV DWWULEXWV�
GDWD�FDUV� � MHX GH GRQQpHV LQWpJUp
DWWULEXWHV�FDUV� � OLVWH GH WRXV OHV DWWULEXWV
DWWU�FDUV� µFODVVµ� � H[WUDFWLRQ G·XQ VHXO DWWULEXW

�� $WWULEXW ·FODVV·� 6HORQ OD FODVVH G·XQ REMHW� FHUWDLQHV
�� IRQFWLRQV �GLWHV ©IRQFWLRQV JpQpULTXHVª� YRQW VH FRPSRUWHU
�� GLIIpUHPPHQW�
[ �� VDPSOH�� ����� ��� � pFKDQWLOORQ DOpDWRLUH GH ��

� QRPEUHV HQWUH � HW ���
FODVV�[� � FODVVH GH O·REMHW
SORW�[� � JUDSKLTXH SRXU FHWWH FODVVH
FODVV�[� �� µWVµ � ·[· HVW PDLQWHQDQW XQH VpULH

� FKURQRORJLTXH
SORW�[� � JUDSKLTXH SRXU OHV VpULHV

� FKURQRORJLTXHV
FODVV�[� �� 18//� [ � VXSSUHVVLRQ GH O·DWWULEXW ·FODVV·

�� $WWULEXW ·GLP·� 6L O·DWWULEXW ·GLP· FRPSWH GHX[ YDOHXUV�
�� O·REMHW HVW WUDLWp FRPPH XQH PDWULFH� 6·LO HQ FRPSWH SOXV
�� GH GHX[� O·REMHW HVW WUDLWp FRPPH XQ WDEOHDX �DUUD\��
[ �� � ��� � XQ YHFWHXU



GLP�[� �� F��� �� � DMRXWH XQ DWWULEXW ·GLP·
[ � O·REMHW HVW XQH PDWULFH
GLP�[� �� F��� �� �� � FKDQJH OHV GLPHQVLRQV
[ � O·REMHW HVW PDLQWHQDQW XQ WDEOHDX

�� $WWULEXW ·GLPQDPHV·� 3HUPHW G·DVVLJQHU GHV pWLTXHWWHV �RX
�� QRPV� DX[ GLPHQVLRQV G·XQH PDWULFH RX G·XQ WDEOHDX�
GLPQDPHV�[� �� OLVW�� ��� F�µDµ� µEµ�� F�µ$µ� µ%µ� µ&µ��
GLPQDPHV�[� � UHPDUTXHU OD FRQYHUVLRQ
[ � DIILFKDJH DYHF pWLTXHWWHV
DWWULEXWHV�[� � WRXV OHV DWWULEXWV GH ·[·
DWWULEXWHV�[� �� 18//� [ � VXSSULPHU OHV DWWULEXWV

�� $WWULEXWV ·QDPHV·� 6LPLODLUH j ·GLPQDPHV·� PDLV SRXU OHV
�� pOpPHQWV G·XQ YHFWHXU RX G·XQH OLVWH�
QDPHV�[� �� OHWWHUV>� ���@ � DWWULEXWLRQ G·pWLTXHWWHV
[ � LGHQWLILFDWLRQ IDFLOLWpH

���
��� 9(&7(856
���

�� /D IRQFWLRQ GH EDVH SRXU FUpHU GHV YHFWHXUV HVW ·F·� ,O
�� SHXW V·DYpUHU XWLOH GH GRQQHU GHV pWLTXHWWHV DX[ pOpPHQWV
�� G·XQ YHFWHXU�
[ �� F�D  ��� E  �� F  �� G  ��� � FUpDWLRQ G·XQ YHFWHXU
QDPHV�[� � H[WUDLUH OHV pWLTXHWWHV
QDPHV�[� �� OHWWHUV>� �OHQJWK�[�@ � FKDQJHU OHV pWLTXHWWHV
[>�@ � H[WUDFWLRQ SDU SRVLWLRQ
[>µFµ@ � H[WUDFWLRQ SDU pWLTXHWWH
[>��@ � pOLPLQDWLRQ G·XQ pOpPHQW

�� /D IRQFWLRQ ·YHFWRU· VHUW j LQLWLDOLVHU GHV YHFWHXUV DYHF
�� GHV YDOHXUV SUpGpWHUPLQpHV� (OOH FRPSWH GHX[ DUJXPHQWV �OH
�� PRGH GX YHFWHXU HW VD ORQJXHXU� /HV IRQFWLRQV ·QXPHULF·�
�� ·ORJLFDO·� ·FRPSOH[· HW ·FKDUDFWHU· FRQVWLWXHQW GHV
�� UDFFRXUFLV SRXU GHV DSSHOV j ·YHFWRU·�
YHFWRU�µQXPHULFµ� �� � YHFWHXU LQLWLDOLVp DYHF GHV �
QXPHULF��� � pTXLYDOHQW
QXPHULF � HQ HIIHW� YRLFL OD IRQFWLRQ
ORJLFDO��� � LQLWLDOLVp DYHF )$/6(
FRPSOH[��� � LQLWLDOLVp DYHF � � �L
FKDUDFWHU��� � LQLWLDOLVp DYHF FKDvQHV YLGHV

���
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���

�� 8QH PDWULFH HVW XQ YHFWHXU DYHF XQ DWWULEXW ·GLP· GH
�� ORQJXHXU � XQH FODVVH LPSOLFLWH µPDWUL[µ� /D PDQLqUH
�� QDWXUHOOH GH FUpHU XQH PDWULFH HVW DYHF OD IRQFWLRQ
�� ·PDWUL[·�
�[ �� PDWUL[�� ���� QURZ  �� QFRO  ��� � FUpHU OD PDWULFH
OHQJWK�[� � ·[· HVW XQ YHFWHXU���
GLP�[� � ��� DYHF XQ DWWULEXW ·GLP·���
FODVV�[� � ��� HW FODVVH LPSOLFLWH µPDWUL[µ

�� 8QH PDQLqUH PRLQV QDWXUHOOH PDLV pTXLYDOHQWH ��� HW SDUIRLV
�� SOXV SUDWLTXH ��� GH FUpHU XQH PDWULFH FRQVLVWH j DMRXWHU
�� XQ DWWULEXW ·GLP· j XQ YHFWHXU�
[ �� � ��� � YHFWHXU VLPSOH
GLP�[� �� F��� �� � DMRXW G·XQ DWWULEXW ·GLP·
[� FODVV�[� � ·[· HVW XQH PDWULFH�

�� /HV PDWULFHV VRQW UHPSOLHV SDU FRORQQH SDU GpIDXW� 8WLOLVHU
�� O·RSWLRQ ·E\URZ· SRXU UHPSOLU SDU OLJQH�
PDWUL[�� ���� QURZ  �� E\URZ  758(�

�� ,QGLFHU OD PDWULFH RX OH YHFWHXU VRXV�MDFHQW HVW
�� pTXLYDOHQW� 8WLOLVHU O·DSSURFKH OD SOXV VLPSOH VHORQ OH
�� FRQWH[WH�
[>�� �@ � O·pOpPHQW HQ SRVLWLRQ ��� �����
[>�@ � ��� HVW OH �H pOpPHQW GX YHFWHXU
[>�� @ � SUHPLqUH OLJQH
[>� �@ � GHX[LqPH FRORQQH
QURZ�[� � QRPEUH GH OLJQHV
GLP�[�>�@ � LGHP
QFRO�[� � QRPEUH GH FRORQQHV
GLP�[�>�@ � LGHP

�� )XVLRQ GH PDWULFHV HW YHFWHXUV�
[ �� PDWUL[�� ���� �� �� � ·[· HVW XQH PDWULFH � [ �
\ �� PDWUL[�� ��� �� �� � ·\· HVW XQH PDWULFH � [ �
] �� PDWUL[�� ��� �� �� � ·]· HVW XQH PDWULFH � [ �
UELQG�[� � ��� � DMRXW G·XQH OLJQH j ·[·
UELQG�[� \� � IXVLRQ YHUWLFDOH GH ·[· HW ·\·
FELQG�[� � ��� � DMRXW G·XQH FRORQQH j ·[·
FELQG�[� ]� � FRQFDWpQDWLRQ GH ·[· HW ·]·
UELQG�[� ]� � GLPHQVLRQV LQFRPSDWLEOHV
FELQG�[� \� � GLPHQVLRQV LQFRPSDWLEOHV



�� /HV YHFWHXUV OLJQH HW FRORQQH VRQW UDUHPHQW QpFHVVDLUHV� 2Q
�� SHXW OHV FUpHU DYHF OHV IRQFWLRQV ·UELQG· HW ·FELQG·�
�� UHVSHFWLYHPHQW�
UELQG�� ��� � XQ YHFWHXU OLJQH
FELQG�� ��� � XQ YHFWHXU FRORQQH

�� 8Q WDEOHDX �DUUD\� HVW XQ YHFWHXU DYHF XQ DWWULEXW ·GLP· GH
�� ORQJXHXU VXSpULHXUH j � HW XQH FODVVH LPSOLFLWH µDUUD\µ�
�� 4XDQW DX UHVWH� OD PDQLSXODWLRQ GHV WDEOHDX[ HVW HQ WRXV
�� SRLQWV LGHQWLTXH j FHOOH GHV PDWULFHV� 1H SDV RXEOLHU �
�� OHV WDEOHDX[ VRQW UHPSOLV GH OD SUHPLqUH GLPHQVLRQ j OD
�� GHUQLqUH�
[ �� DUUD\�� ���� � ��� � WDEOHDX � [ � [ �
OHQJWK�[� � ·[· HVW XQ YHFWHXU���
GLP�[� � ��� DYHF XQ DWWULEXW ·GLP·���
FODVV�[� � ��� XQH FODVVH LPSOLFLWH µDUUD\µ
[>�� �� �@ � O·pOpPHQW HQ SRVLWLRQ ��� �� �����
[>��@ � ��� HVW O·pOpPHQW �� GX YHFWHXU

�� /H WDEOHDX FL�GHVVXV HVW XQ SULVPH UHFWDQJXODLUH � XQLWpV
�� GH KDXW� � GH ODUJH HW � GH SURIRQG� ,QGLFHU FH SULVPH DYHF
�� XQ VHXO LQGLFH pTXLYDXW j HQ H[WUDLUH GHV ©WUDQFKHVª� DORUV
�� TX·XWLOLVHU GHX[ LQGLFHV pTXLYDXW j HQ WLUHU GHV ©FDURWWHVª
�� �DX VHQV JpRORJLTXH GX WHUPH�� ,O HVW ODLVVp HQ H[HUFLFH GH
�� JpQpUDOLVHU j SOXV GH GLPHQVLRQV���
[ � OHV FLQT PDWULFHV
[>� � �@ � WUDQFKHV GH KDXW HQ EDV
[>� �� @ � WUDQFKHV G·DYDQW j O·DUULqUH
[>�� � @ � WUDQFKHV GH JDXFKH j GURLWH
[>� �� �@ � FDURWWH GH KDXW HQ EDV
[>�� �� @ � FDURWWH G·DYDQW j O·DUULqUH
[>�� � �@ � FDURWWH GH JDXFKH j GURLWH

���
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�� /D OLVWH HVW O·REMHW OH SOXV JpQpUDO HQ 5� &·HVW XQ REMHW
�� UpFXUVLI TXL SHXW FRQWHQLU GHV REMHWV GH Q·LPSRUWH TXHO
�� PRGH HW ORQJXHXU�
�[ �� OLVW�MRXHXU  F�µ9µ� µ&µ� µ&µ� µ0µ� µ$µ��

VFRUH  F���� ��� ��� �� ����
H[SHUW  F�)$/6(� 758(� )$/6(� 758(� 758(��
QLYHDX  ���



LV�YHFWRU�[� � YHFWHXU���
OHQJWK�[� � ��� GH TXDWUH pOpPHQWV���
PRGH�[� � ��� GH PRGH µOLVWµ
LV�UHFXUVLYH�[� � REMHW UpFXUVLI

�� &RPPH WRXW DXWUH YHFWHXU� XQH OLVWH SHXW rWUH FRQFDWpQpH
�� DYHF XQ DXWUH YHFWHXU DYHF OD IRQFWLRQ ·F·�
\ �� OLVW�758(� � ��� � OLVWH GH GHX[ pOpPHQWV
F�[� \� � OLVWH GH VL[ pOpPHQWV

�� 3RXU LQLWLDOLVHU XQH OLVWH G·XQH ORQJXHXU GpWHUPLQpH� PDLV
�� GRQW FKDTXH pOpPHQW HVW YLGH� XLWOLVHU OD IRQFWLRQ
�� ·YHFWRU·�
YHFWRU�µOLVWµ� �� � OLVWH GH 18//

�� 3RXU H[WUDLUH XQ pOpPHQW G·XQH OLVWH� LO IDXW XWLOLVHU OHV
�� GRXEOHV FURFKHWV >> @@� /HV VLPSOHV FURFKHWV > @
�� IRQFWLRQQHQW DXVVL� PDLV UHWRXUQHQW XQH VRXV OLVWH �� FH
�� TXL HVW UDUHPHQW FH TXH O·RQ VRXKDLWH�
[>>�@@ � SUHPLHU pOpPHQW GH OD OLVWH���
PRGH�[>>�@@� � ��� XQ YHFWHXU
[>�@ � DXVVL OH SUHPLHU pOpPHQW���
PRGH�[>�@� � ��� PDLV XQH VRXV OLVWH���
OHQJWK�[>�@� � ��� G·XQ VHXO pOpPHQW
[>>�@@>�@ � �HU pOpPHQW GX �H pOpPHQW
[>>F��� ��@@ � LGHP� SDU LQGLoDJH UpFXUVLI

�� /HV pOpPHQWV G·XQH OLVWH pWDQW JpQpUDOHPHQW QRPPpV �F·HVW
�� XQH ERQQH KDELWXGH j SUHQGUH��� LO HVW VRXYHQW SOXV VLPSOH
�� HW V�U G·H[WUDLUH OHV pOpPHQWV G·XQH OLVWH SDU OHXU
�� pWLTXHWWH�
[�MRXHXU � pTXLYDOHQW j D>>�@@
[�VFRUH>�@ � pTXLYDOHQW j D>>F��� ��@@
[>>µH[SHUWµ@@ � DXVVL YDOLGH� PDLV SHX XVLWp
[�OHYHO �� � � DXVVL SRXU O·DIIHFWDWLRQ

�� 8QH OLVWH SHXW FRQWHQLU Q·LPSRUWH TXRL���
[>>�@@ �� PDWUL[��� �� �� � ��� XQH PDWULFH���
[>>�@@ �� OLVW��� ���� 758(�� ��� XQH DXWUH OLVWH���
[>>�@@ �� VHT � ��� PrPH OH FRGH G·XQH IRQFWLRQ�
[ � HK EHQ�
[>>F��� �� ��@@ � GH TXHO pOpPHQW V·DJLW�LO"

�� 3RXU VXSSULPHU XQ pOpPHQW G·XQH OLVWH� OXL DVVLJQHU OD
�� YDOHXU ·18//·�



[>>�@@ �� 18//� OHQJWK�[� � VXSSUHVVLRQ GX �H pOpPHQW

�� ,O HVW SDUIRLV XWLOH GH FRQYHUWLU XQH OLVWH HQ XQ VLPSOH
�� YHFWHXU� /HV pOpPHQWV GH OD OLVWH VRQW DORUV ©GpURXOpVª� \
�� FRPSULV OD PDWULFH HQ SRVLWLRQ � �TXL Q·HVW ULHQ G·DXWUH
�� TX·XQ YHFWHXU� RQ V·HQ VRXYLHQGUD��
XQOLVW�[� � UHPDUTXHU OD FRQYHUVLRQ
XQOLVW�[� UHFXUVLYH  )$/6(� � QH SDV DSSOLTXHU DX[ VRXV�OLVWHV
XQOLVW�[� XVH�QDPHV  )$/6(� � pOLPLQHU OHV pWLTXHWWHV

���
��� '$7$ )5$0(6
���

�� 8Q GDWD IUDPH HVW XQH OLVWH GRQW OHV pOpPHQWV VRQW WRXV GH
�� PrPH ORQJXHXU� ,O FRPSRUWH XQ DWWULEXW ·GLP·� FH TXL IDLW
�� TX·LO HVW UHSUpVHQWp FRPPH XQH PDWULFH� &HSHQGDQW� OHV
�� FRORQQHV SHXYHQW rWUH GH PRGHV GLIIpUHQWV�
�') �� GDWD�IUDPH�1RPV  F�µ3LHUUHµ� µ-HDQµ� µ-DFTXHVµ��

$JH  F���� ��� ����
)XPHXU  F�758(� 758(� )$/6(���

PRGH�')� � XQ GDWD IUDPH HVW XQH OLVWH���
FODVV�')� � ��� GH FODVVH ·GDWD�IUDPH·
GLP�')� � GLPHQVLRQV LPSOLFLWHV
QDPHV�')� � WLWUHV GHV FRORQQHV
URZ�QDPHV�')� � WLWUHV GHV OLJQHV �LPSOLFLWHV�
')>�� @ � SUHPLqUH OLJQH
')>� �@ � SUHPLqUH FRORQQH
')�1DPH � LGHP� PDLV SOXV VLPSOH

�� /RUVTXH O·RQ GRLW WUDYDLOOHU ORQJWHPSV DYHF OHV GLIIpUHQWHV
�� FRORQQHV G·XQ GDWD IUDPH� LO HVW SUDWLTXH GH SRXYRLU \
�� DFFpGHU GLUHFWHPHQW VDQV GHYRLU WRXMRXUV LQGLFHU� /D
�� IRQFWLRQ ·DWWDFK· SHUPHW GH UHQGUH OHV FRORQQHV
�� LQGLYLGXHOOHV YLVLEOHV GDQV O·HVSDFH GH WUDYDLO� 8QH IRLV
�� OH WUDYDLO WHUPLQp� ·GHWDFK· PDVTXH OHV FRORQQHV�
H[LVWV�µ1RPVµ� � YDULDEOH Q·H[LVWH SDV
DWWDFK�')� � UHQGUH OHV FRORQQHV YLVLEOHV
H[LVWV�µ1RPVµ� � YDULDEOH H[LVWH
1RPV � FRORQQH DFFHVVLEOH
GHWDFK�')� � PDVTXHU OHV FRORQQHV
H[LVWV�µ1RPVµ� � YDULDEOH Q·H[LVWH SOXV

���
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�� /HV RSpUDWLRQV VXLYDQWHV LOOXVWUHQW OHV GLIIpUHQWHV
�� WHFKQLTXHV G·LQGLoDJH G·XQ YHFWHXU SRXU O·H[WUDFWLRQ HW
�� O·DIIHFWDWLRQ� F·HVW�j�GLUH TXH O·RQ XWLOLVH j OD IRLV OD
�� IRQFWLRQ ·>· HW OD IRQFWLRQ ·>��·� /HV PrPHV WHFKQLTXHV
�� H[LVWHQW DXVVL SRXU OHV PDWULFHV� WDEOHDX[ HW OLVWHV�
��
�� 2Q FUpH G·DERUG XQ YHFWHXU TXHOFRQTXH IRUPp GH YLQJW
�� QRPEUHV DOpDWRLUHV HQWUH � HW ��� DYHF UpSpWLWLRQV
�� SRVVLEOHV�
�[ �� VDPSOH�� ����� ��� UHSODFH  758(��

�� 2Q DMRXWH GHV pWLTXHWWHV DX[ pOpPHQWV GX YHFWHXU j SDUWLU
�� GH OD YDULDEOH LQWHUQH ·OHWWHUV·�
QDPHV�[� �� OHWWHUV>� ���@

�� 2Q JpQqUH HQVXLWH FLQT QRPEUHV DOpDWRLUHV HQWUH � HW ��
�� �VDQV UpSpWLWLRQV��
�\ �� VDPSOH�� ���� ���

�� 2Q UHPSODFH PDLQWHQDQW OHV pOpPHQWV GH ·[· FRUUHVSRQGDQW
�� DX[ SRVLWLRQV GDQV OH YHFWHXU ·\· SDU GHV GRQQpHV
�� PDQTXDQWHV�
[>\@ �� 1$
[

�� /HV FLQT PpWKRGHV G·LQGLoDJH GH EDVH�
[>� ���@ � DYHF GHV HQWLHUV SRVLWLIV
µ>µ�[� � ���� � LGHP� DYHF OD IRQFWLRQ ·>·
[>��� ���@ � DYHF GHV HQWLHUV QpJDWLIV
[>[ � ��@ � DYHF XQ YHFWHXU ERROpHQ
[>F�µDµ� µNµ� µWµ�@ � SDU pWLTXHWWHV
[>@ � DXFXQ LQGLFH���
[>QXPHULF���@ � ��� GLIIpUHQW G·LQGLFH YLGH

�� ,O DUULYH VRXYHQW GH YRXORLU LQGLFHU VSpFLILTXHPHQW OHV
�� GRQQpHV PDQTXDQWHV G·XQ YHFWHXU �SRXU OHV pOLPLQHU RX OHV
�� UHPSODFHU SDU XQH DXWUH YDOHXU� SDU H[HPSOH�� 3RXU FH
�� IDLUH� RQ XWLOLVH OD IRQFWLRQ ·LV�QD· HW O·LQGLoDJH SDU XQ
�� YHFWHXU ERROpHQ� �1RWH �O·RSpUDWHXU ·�· FL�GHVVRXV HVW OD
�� QpJDWLRQ ORJLTXH��
LV�QD�[� � SRVLWLRQV GHV GRQQpHV PDQTXDQWHV
[>�LV�QD�[�@ � VXSSUHVVLRQ GHV GRQQpHV PDQTXDQWHV
[>LV�QD�[�@ �� �� [ � UHPSODFH OHV 1$ SDU GHV �



µ>��µ�[� LV�QD�[�� �� � LGHP� PDLV WUqV SHX XVLWp

�� 2Q ODLVVH WRPEHU OHV pWLTXHWWHV GH O·REMHW�
QDPHV�[� �� 18//

�� 4XHOTXHV FDV VSpFLDX[ G·LQGLoDJH�
OHQJWK�[� � XQ UDSSHO
[>� ���@ � DOORQJH OH YHFWHXU DYHF GHV 1$
[>��@ �� ��� [ � UHPSOLV OHV WURXV DYHF GHV 1$
[>�@ � Q·H[WUDLH ULHQ
[>�@ �� �� [ � Q·DIIHFWH ULHQ
[>F��� �� ��@ � OH � HVW LJQRUp
[>F��� 1$� ��@ � LQGLFHV 1$ UHWRXUQH 1$
[>���@ � IUDFWLRQV WURQTXpHV YHUV �

�� 2Q ODLVVH WRPEHU OHV � GHUQLHUV pOpPHQWV HW RQ FRQYHUWLW OH
�� YHFWHXU HQ XQH PDWULFH � [ ��
[ �� [>� ���@ � RX [>���� ����@
GLP�[� �� F��� ��� [ � DMRXWHU XQ DWWULEXW ·GLP·

�� 'DQV O·LQGLoDJH GHV PDWULFHV HW WDEOHDX[� O·LQGLFH GH
�� FKDTXH GLPHQVLRQ REpLW DX[ PrPHV UqJOHV TXH FL�GHVVXV� 2Q
�� SHXW DXVVL LQGLFHU XQH PDWULFH �RX XQ WDEOHDX� DYHF XQH
�� PDWULFH� 6L OHV H[HPSOHV FL�GHVVRXV QH SHUPHWWHQW SDV G·HQ
�� FRPSUHQGUH OH IRQFWLRQQHPHQW� FRQVXOWHU OD UXEULTXH G·DLGH
�� GH OD IRQFWLRQ ·>· �RX GH ·([WUDFW·��
[>�� �@ � pOpPHQW HQ SRVLWLRQ ��� ��
[>�� ��@ � �qUH UDQJpH VDQV �H FRORQQH
[>F��� ��� @ � �qUH HW �H UDQJpHV
[>��� @ � VXSSULPHU �qUH UDQJpH
[>� ��@ � VXSSULPHU �H FRORQQH
[>[>� �@ ! ��� @ � OLJQHV DYHF �HU pOpPHQW ! ��
[>UELQG�F��� ��� F��� ���@ � pOpPHQWV [>�� �@ HW [>�� �@
[>FELQG�� ��� � ���@ � pOpPHQWV [>L� L@ �GLDJRQDOH�
GLDJ�[� � LGHP HW SOXV H[SOLFLWH
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LI��FRQGLWLRQ� EUDQFKH�YUDL HOVH EUDQFKH�IDX[

FRQGLWLRQ EUDQFKH�YUDL
EUDQFKH�IDX[ EUDQFKH�YUDL
EUDQFKH�IDX[

^ `

LIHOVH�FRQGLWLRQ� H[SUHVVLRQ�YUDL� H[SUHVVLRQ�IDX[�

FRQGLWLRQ 758( FRQGL�
WLRQ H[SUHVVLRQ�YUDL

)$/6( H[SUHV�
VLRQ�IDX[

VZLWFK�WHVW� FDV��� �DFWLRQ��� FDV��� �DFWLRQ��� ����

RXWHU DSSO\ ODSSO\ VDSSO\ PDSSO\

IRU��YDULDEOH LQ VXLWH� H[SUHVVLRQ

H[SUHVVLRQ YDULDEOH
VXLWH

^ ` VXLWH



ZKLOH��FRQGLWLRQ� H[SUHVVLRQ

H[SUHVVLRQ FRQGLWLRQ FRQGLWLRQ

ZKLOH

UHSHDW H[SUHVVLRQ

H[SUHVVLRQ
EUHDN UHSHDW

EUHDN

IRU ZKLOH UHSHDW

QH[W

IRU ZKLOH
UHSHDW

!�VHDUFK��

>�@�µ�*OREDO(QYµ µSDFNDJH�VWDWVµ
>�@�µSDFNDJH�JUDSKLFVµ µSDFNDJH�JU'HYLFHVµ
>�@�µSDFNDJH�XWLOVµ µSDFNDJH�GDWDVHWVµ
>�@�µSDFNDJH�PHWKRGVµ µ$XWRORDGVµ
>�@�µSDFNDJH�EDVHµ

OLEUDU\

KWWS���
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FUDQ�U�SURMHFW�RUJ

LQVWDOO�SDFNDJHV

���
��� 23e5$7,216 $5,7+0e7,48(6
���

�� /·DULWKPpWLTXH YHFWRULHOOH FDUDFWpULVWLTXH GX ODQJDJH 5
�� UHQG WUqV VLPSOH HW LQWXLWLI GH IDLUH GHV RSpUDWLRQV
�� PDWKpPDWLTXHV FRXUDQWHV� /j R� SOXVLHXUV ODQJDJHV GH
�� SURJUDPPDWLRQ H[LJHQW GHV ERXFOHV� 5 IDLW OH FDOFXO
�� GLUHFWHPHQW� (Q HIIHW� OHV UqJOHV GH O·DULWKPpWLTXH HQ 5
�� VRQW JOREDOHPHQW OHV PrPHV TX·HQ DOJqEUH YHFWRULHOOH HW
�� PDWULFLHOOH�
� 
 F��� �� �� ��� � PXOWLSOLFDWLRQ SDU XQH FRQVWDQWH
F��� �� �� � F��� �� �� � DGGLWLRQ GH GHX[ YHFWHXUV
F��� �� ��� ��A� � pOpYDWLRQ j XQH SXLVVDQFH

�� 'DQV OHV UqJOHV GH O·DULWKPpWLTXH YHFWRULHOOH� OHV
�� ORQJXHXUV GHV YHFWHXUV GRLYHQW WRXMRXUV FRQFRUGHU� 5 SHUPHW
�� SOXV GH IOH[LELOLWp HQ UHF\FODQW OHV YHFWHXUV OHV SOXV
�� FRXUWV GDQV XQH RSpUDWLRQ� ,O Q·\ D GRQF j SHX SUqV MDPDLV
�� G·HUUHXUV GH ORQJXHXU HQ 5� &·HVW XQH DUPH j GHX[
�� WUDQFKDQWV �OH UHF\FODJH GHV YHFWHXUV IDFLOLWH OH FRGDJH�
�� PDLV SHXW DXVVL UpVXOWHU HQ GHV UpSRQVHV FRPSOqWHPHQW
�� HUURQpHV VDQV TXH OH V\VWqPH QH GpWHFWH G·HUUHXU�
� � � ��� � � HVW UHF\FOp �� IRLV
F��� �� 
 � ��� � F��� �� HVW UHF\FOp � IRLV
F���� �� ��� ��A� �� � TXDWUH SXLVVDQFHV GLIIpUHQWHV

�� 2Q VH UDSSHOOH TXH OHV PDWULFHV �HW OHV WDEOHDX[� VRQW GHV
�� YHFWHXUV� /HV UqJOHV FL�GHVVXV V·DSSOLTXHQW GRQF DXVVL DX[
�� PDWULFHV� FH TXL UpVXOWH HQ GHV RSpUDWHXUV TXL QH VRQW SDV
�� GpILQLV HQ DOJqEUH OLQpDLUH XVXHOOH�
�[ �� PDWUL[�� ��� ��� � PDWULFH � [ �
�\ �� PDWUL[�� ��� ��� � DXWUH PDWULFH � [ �
� 
 [ � PXOWLSOLFDWLRQ SDU XQH FRQVWDQWH

http://cran.r-project.org
http://cran.r-project.org


[ � \ � DGGLWLRQ PDWULFLHOOH
[ 
 \ � SURGXLW 
pOpPHQW SDU pOpPHQW

[ �
� \ � SURGXLW PDWULFLHO
[ � \ � GLYLVLRQ 
pOpPHQW SDU pOpPHQW

[ 
 F��� �� � SURGXLW SDU FRORQQH

���
��� 23e5$7(856
���

�� 6HXOV OHV RSpUDWHXUV ��� ��� HW ORJLTXHV VRQW LOOXVWUpV
�� LFL� 3UHPLqUHPHQW� O·RSpUDWHXU PRGXOR UHWRXUQH OH UHVWH
�� G·XQH GLYLVLRQ�
� �� � � ���  � UHVWH �
� �� � �� � UHPDUTXHU OD SpULRGLFLWp
�� �� � ��� � [ �� \  [ VL [ � \

�� /H PRGXOR HVW SUDWLTXH GDQV OHV ERXFOHV� SDU H[HPSOH SRXU
�� DIILFKHU XQ UpVXOWDW j WRXWHV OHV Q LWpUDWLRQV VHXOHPHQW�
IRU �L LQ � ����
^

�� $IILFKH OD YDOHXU GX FRPSWHXU WRXWHV OHV � LWpUDWLRQV�
LI ��   L �� ��

SULQW�L�
`

�� /D GLYLVLRQ HQWLqUH UHWRXUQH OD SDUWLH HQWLqUH GH OD
�� GLYLVLRQ G·XQ QRPEUH SDU XQ DXWUH�
� ��� � ��
�� ��� � ���

�� /H (7 ORJLTXH HVW YUDL VHXOHPHQW ORUVTXH OHV GHX[
�� H[SUHVVLRQV VRQW YUDLHV�
F�758(� 758(� )$/6(� 	 F�758(� )$/6(� )$/6(�

�� /H 28 ORJLTXH HVW IDX[ VHXOHPHQW ORUVTXH OHV GHX[
�� H[SUHVVLRQV VRQW IDXVVHV�
F�758(� 758(� )$/6(� _ F�758(� )$/6(� )$/6(�

�� /D QpJDWLRQ ORJLTXH WUDQVIRUPH OHV YUDLV HQ IDX[ HW YLFH
�� YHUVD�
� F�758(� )$/6(� )$/6(� 758(�

�� 2Q SHXW XWLOLVHU OHV RSpUDWHXUV ORJLTXHV 	� _ HW �
�� GLUHFWHPHQW DYHF GHV QRPEUHV� 'DQV FH FDV� OH QRPEUH ]pUR



�� HVW WUDLWp FRPPH )$/6( HW WRXV OHV DXWUHV QRPEUHV FRPPH
�� 758(�
� �� 	 � ��
� �� _ � ��
�� ��

�� $LQVL� GDQV XQH H[SUHVVLRQ FRQGLWLRQQHOOH� LQXWLOH GH
�� YpULILHU VL� SDU H[HPSOH� XQ QRPEUH HVW pJDO j ]pUR� 2Q
�� SHXW XWLOLVHU OH QRPEUH GLUHFWHPHQW HW VDXYHU GHV
�� RSpUDWLRQV GH FRPSDUDLVRQ TXL SHXYHQW GHYHQLU FR�WHXVHV HQ
�� WHPSV GH FDOFXO�
[ �� � � YDOHXU TXHOFRQTXH
LI �[ � �� [ � � � 758( SRXU WRXW [ � �
LI �[� [ � � � WRXW j IDLW pTXLYDOHQW�

�� /·H[HPSOH GH ERXFOH FL�GHVVXV SHXW GRQF rWUH OpJqUHPHQW
�� PRGLILp�
IRU �L LQ � ����
^

�� $IILFKH OD YDOHXU GX FRPSWHXU WRXWHV OHV � LWpUDWLRQV�
LI ��L �� ��

SULQW �L�
`

�� 'DQV OHV FDOFXOV QXPpULTXHV� 758( YDXW � HW )$/6( YDXW ��
D �� F�µ,PSDLUµ� µ3DLUµ�
[ �� F��� �� �� �� �� ��� ���
[ �� �
��[ �� �� � �
D>��[ �� �� � �@

�� 8Q PRW HQ WHUPLQDQW VXU O·RSpUDWHXU ·  ·� &·HVW O·RSpUDWHXU
�� j XWLOLVHU SRXU YpULILHU VL GHX[ YDOHXUV VRQW pJDOHV� HW
�� QRQ · ·� &·HVW Oj XQH HUUHXU FRPPXQH ��� HW TXL SHXW rWUH
�� GLIILFLOH j GpWHFWHU ��� ORUVTXH O·RQ SURJUDPPH HQ 5�
�  � � HUUHXU GH V\QWD[H
�   � � FRPSDUDLVRQ

���
��� $33(/6 '( )21&7,216
���

�� /HV LQYRFDWLRQV GH OD IRQFWLRQ ·PDWUL[· FL�GHVVRXV VRQW
�� WRXWHV pTXLYDOHQWHV� 2Q UHPDUTXHUD� HQWUH DXWUHV� FRPPHQW
�� OHV DUJXPHQWV VRQW VSpFLILpV �SDU QRP RX SDU SRVLWLRQ��



PDWUL[�� ���� �� ��
PDWUL[�� ���� QFRO  �� QURZ  ��
PDWUL[�QURZ  �� QFRO  �� GDWD  � ����
PDWUL[�QURZ  �� QFRO  �� E\URZ  )$/6(� � ����
PDWUL[�QURZ  �� QFRO  �� � ���� )$/6(�

���
��� 48(/48(6 )21&7,216 87,/(6
���

�� 0$1,38/$7,21 '( 9(&7(856
[ �� F���� ��� ��� ��� ��� ��� ��� ��� � YHFWHXU QRQ RUGRQQp

�� 6pTXHQFHV GH QRPEUHV�
VHT�IURP  �� WR  ��� � pTXLYDOHQW j � ���
VHTBOHQ���� � SOXV UDSLGH TXH ·VHT·
VHT����� ��� OHQJWK  ��� � LQFUpPHQW DXWRPDWLTXH
VHT���� E\  ���� DORQJ  [� � PrPH ORQJXHXU TXH ·[·
VHTBDORQJ�[� � SOXV UDSLGH TXH ·VHT·

�� 5pSpWLWLRQ GH QRPEUHV RX GH YHFWHXUV FRPSOHWV�
UHS��� ��� � XWLOLVDWLRQ GH EDVH
UHS�[� �� � UpSpWHU XQ YHFWHXU
UHS�[� WLPHV  �� HDFK  �� � FRPELQDLVRQ GHV DUJXPHQWV
UHS�[� WLPHV  � ��� � QRPEUH GH UpSpWLWLRQV GLIIpUHQW

� SRXU FKDTXH pOpPHQW GH ·[·

�� &ODVVHPHQW HQ RUGUH FURLVVDQW RX GpFURLVVDQW�
VRUW�[� � FODVVHPHQW HQ RUGUH FURLVVDQW
VRUW�[� GHFU  758(� � FODVVHPHQW HQ RUGUH GpFURLVVDQW
VRUW�F�µDEFµ� µ%µ� µ$XQWµ� µ-HPLPDµ�� � FKDvQHV GH FDUDFWqUHV
VRUW�F�758(� )$/6(�� � )$/6( YLHQW DYDQW 758(

�� /D IRQFWLRQ ·RUGHU· UHWRXUQH OD SRVLWLRQ� GDQV OH YHFWHXU
�� GRQQp HQ DUJXPHQW� GX SUHPLHU pOpPHQW VHORQ O·RUGUH
�� FURLVVDQW� SXLV GX GHX[LqPH� HWF� $XWUHPHQW GLW� RQ REWLHQW
�� O·RUGUH GDQV OHTXHO LO IDXW H[WUDLUH OHV GRQQpHV GX YHFWHXU
�� SRXU OHV REWHQLU HQ RUGUH FURLVVDQW�
RUGHU�[� � UHJDUGHU GDQV OH EODQF GHV \HX[
[>RUGHU�[�@ � pTXLYDOHQW j ·VRUW�[�·

�� 5DQJ GHV pOpPHQWV G·XQ YHFWHXU GDQV O·RUGUH FURLVVDQW�
UDQN�[� � UDQJ GHV pOpPHQW GH ·[·

�� 5HQYHUVHU O·RUGUH G·XQ YHFWHXU�



UHY�[�

�� ([WUDFWLRQ RX VXSSUHVVLRQ HQ WrWH RX HQ TXHXH GH YHFWHXU�
KHDG�[� �� � WURLV SUHPLHUV pOpPHQWV
KHDG�[� ��� � WRXV VDXI OHV GHX[ GHUQLHUV
WDLO�[� �� � WURLV GHUQLHUV pOpPHQWV
WDLO�[� ��� � WRXV VDXI OHV GHX[ SUHPLHUV

�� ([SUHVVLRQV pTXLYDOHQWHV VDQV ·KHDG· HW ·WDLO·
[>� ��@ � WURLV SUHPLHUV pOpPHQWV
[>� ��OHQJWK�[� � ��@ � WRXV VDXI OHV GHX[ GHUQLHUV
[>�OHQJWK�[���� �OHQJWK�[�@ � WURLV GHUQLHUV pOpPHQWV
UHY�UHY�[�>� ��@� � DYHF SHWLWV YHFWHXUV VHXOHPHQW
[>F���� ���@ � WRXV VDXI OHV GHX[ SUHPLHUV

�� 6HXOHPHQW OHV pOpPHQWV GLIIpUHQWV G·XQ YHFWHXU�
XQLTXH�[�

�� 5(&+(5&+( '·e/e0(176 '$16 81 9(&7(85
ZKLFK�[ ! ��� � SRVLWLRQV GHV pOpPHQWV ! ��
ZKLFK�PLQ�[� � SRVLWLRQ GX PLQLPXP
ZKLFK�PD[�[� � SRVLWLRQ GX PD[LPXP
PDWFK���� [� � SRVLWLRQ GX SUHPLHU �� GDQV ·[·
PDWFK�F���� ���� [� � DXVVL SRXU SOXVLHXUV YDOHXUV
�� �LQ� [ � �� DSSDUWLHQW j ·[·
�� �LQ� [ � �� Q·DSSDUWLHQW SDV j ·[·

�� $5521',
�[ �� F������� �SL� ����� ����� �� ���� ������� �����
URXQG�[� � DUURQGL j O·HQWLHU
URXQG�[� �� � DUURQGL j OD VHFRQGH GpFLPDOH
URXQG�[� ��� � DUURQGL DX[ GL]DLQHV
FHLOLQJ�[� � SOXV SHWLW HQWLHU VXSpULHXU
IORRU�[� � SOXV JUDQG HQWLHU LQIpULHXU
WUXQF�[� � WURQFDWXUH GHV GpFLPDOHV

�� 6200$,5(6 (7 67$7,67,48(6 '(6&5,37,9(6
VXP�[� � VRPPH GHV pOpPHQWV
SURG�[� � SURGXLW GHV pOpPHQWV
GLII�[� � [>�@ � [>�@� [>�@ � [>�@� HWF�
PHDQ�[� � PR\HQQH GHV pOpPHQWV
PHDQ�[� WULP  ������ � PR\HQQH VDQV PLQLPXP HW PD[LPXP
YDU�[� � YDULDQFH �VDQV ELDLV�
�OHQJWK�[� � ���OHQJWK�[� 
 YDU�[� � YDULDQFH ELDLVpH
VG�[� � pFDUW W\SH



PD[�[� � PD[LPXP
PLQ�[� � PLQLPXP
UDQJH�[� � F�PLQ�[�� PD[�[��
GLII�UDQJH�[�� � pWHQGXH GH ·[·
PHGLDQ�[� � PpGLDQH ���H TXDQWLOH� HPSLULTXH
TXDQWLOH�[� � TXDQWLOHV HPSLULTXHV
TXDQWLOH�[� � ������� � RQ SHXW VSpFLILHU OHV TXDQWLOHV
VXPPDU\�[� � SOXVLHXUV GHV UpVXOWDWV FL�GHVVXV

�� 6200$,5(6 &808/$7,)6 (7 &203$5$,6216 e/e0(17 3$5 e/e0(17
�[ �� VDPSOH�� ���� ���
�\ �� VDPSOH�� ���� ���
FXPVXP�[� � VRPPH FXPXODWLYH GH ·[·
FXPSURG�\� � SURGXLW FXPXODWLI GH ·\·
UHY�FXPSURG�UHY�\��� � SURGXLW FXPXODWLI UHQYHUVp
FXPPLQ�[� � PLQLPXP FXPXODWLI
FXPPD[�\� � PD[LPXP FXPXODWLI
SPLQ�[� \� � PLQLPXP pOpPHQW SDU pOpPHQW
SPD[�[� \� � PD[LPXP pOpPHQW SDU pOpPHQW

�� 23e5$7,216 685 /(6 0$75,&(6
�$ �� VDPSOH�� ���� ��� UHSODFH  758(�� � DYHF UHPLVH
GLP�$� �� F��� �� � FRQYHUVLRQ HQ XQH PDWULFH � [ �
E �� F���� �� �� �� � XQ YHFWHXU TXHOFRQTXH
$ � OD PDWULFH ·$·
W�$� � VD WUDQVSRVpH
VROYH�$� � VRQ LQYHUVH
VROYH�$� E� � OD VROXWLRQ GH $[  E
$ �
� VROYH�$� E� � YpULILFDWLRQ GH OD UpSRQVH
GLDJ�$� � H[WUDFWLRQ GH OD GLDJRQDOH GH ·$·
GLDJ�E� � PDWULFH GLDJRQDOH IRUPpH DYHF ·E·
GLDJ��� � PDWULFH LGHQWLWp � [ �
�$ �� FELQG�$� E�� � PDWULFH � [ �
QURZ�$� � QRPEUH GH OLJQHV GH ·$·
QFRO�$� � QRPEUH GH FRORQQHV GH ·$·
URZ6XPV�$� � VRPPHV SDU OLJQH
FRO6XPV�$� � VRPPHV SDU FRORQQH
DSSO\�$� �� VXP� � pTXLYDOHQW j ·URZ6XPV�$�·
DSSO\�$� �� VXP� � pTXLYDOHQW j ·FRO6XPV�$�·
DSSO\�$� �� SURG� � SURGXLW SDU OLJQH DYHF ·DSSO\·

�� 352'8,7 (;7e5,(85
[ �� F��� �� �� �� ��� ���
\ �� F��� �� �� �� �� ���
RXWHU�[� \� � SURGXLW H[WpULHXU



[ �R� \ � pTXLYDOHQW SOXV FRXUW
RXWHU�[� \� µ�µ� � ©VRPPH H[WpULHXUHª
RXWHU�[� \� µ� µ� � WRXWHV OHV FRPSDUDLVRQV SRVVLEOHV
RXWHU�[� \� SPD[� � LGHP

���
��� 6758&785(6 '( &2175Ñ/(
���

�� 3RXU LOOXVWUHU OHV VWUXFWXUHV GH FRQWU{OH� RQ D UHFRXUV j
�� XQ SHWLW H[HPSOH WRXW j IDLW DUWLILFLHO �XQ YHFWHXU HVW
�� UHPSOL GHV QRPEUHV GH � j ���� j O·H[FHSWLRQ GHV PXOWLSOHV
�� GH ��� &HV GHUQLHUV VRQW DIILFKpV j O·pFUDQ�
��
�� ­ QRWHU TX·LO HVW SRVVLEOH ��� HW SOXV HIILFDFH ��� GH
�� FUpHU OH YHFWHXU VDQV DYRLU UHFRXUV j GHV ERXFOHV�
�� �����>���� ���� 
 ���@ � VDQV ERXFOH�
UHS�� ��� ��� � UHS�� ��
��� HDFK  �� � XQH DXWUH IDoRQ�

�� %RQ� O·H[HPSOH SURSUHPHQW GLW���
[ �� QXPHULF��� � LQLWLDOLVDWLRQ GX FRQWHQDQW ·[·
M �� � � FRPSWHXU SRXU OD ERXFOH
IRU �L LQ � �����
^

LI �L �� ��� � VL L Q·HVW SDV XQ PXOWLSOH GH ��
[>M �� M � �@ �� L � VWRFNHU VD YDOHXU GDQV ·[·

HOVH � VLQRQ
SULQW�L� � DIILFKHU OD YDOHXU j O·pFUDQ

`
[ � YpULILFDWLRQ

�� 0rPH FKRVH TXH FL�GHVVXV� PDLV VDQV OH FRPSWHXU ·M· HW OHV
�� YDOHXUV PDQTXDQWHV DX[ SRVLWLRQV ��� ��� ���� ��� VRQW
�� pOLPLQpHV j OD VRUWLH GH OD ERXFOH�
[ �� QXPHULF���
IRU �L LQ � �����
^

LI �L �� ���
[>L@ �� L

HOVH
SULQW�L�

`
[ �� [>�LV�QD�[�@
[



�� 2Q SHXW UHIDLUH O·H[HPSOH DYHF XQH ERXFOH ·ZKLOH·� PDLV
�� FHWWH VWUXFWXUH Q·HVW SDV QDWXUHOOH LFL SXLVTXH O·RQ VDLW
�� G·DYDQFH TX·LO IDXGUD IDLUH OD ERXFOH H[DFWHPHQW ���
�� IRLV� /H ·ZKLOH· HVW SOXW{W XWLOLVp ORUVTXH OH QRPEUH GH
�� UpSpWLWLRQV HVW LQFRQQX� 'H SOXV� XQH ERXFOH ·ZKLOH· Q·HVW
�� SDV QpFHVVDLUHPHQW H[pFXWpH SXLVTXH OH FULWqUH G·DUUrW HVW
�� pYDOXp GqV O·HQWUpH GDQV OD ERXFOH�
[ �� QXPHULF���
M �� �
L �� � � SRXU HQWUHU GDQV OD ERXFOH >
@
ZKLOH �L � ����
^

LI �L �� ���
[>M �� M � �@ �� L

HOVH
SULQW�L�

L �� L � � � LQFUpPHQWHU OH FRPSWHXU�
`
[

�� /D UHPDUTXH IDLWH DX VXMHW GH OD ERXFOH ·ZKLOH· V·DSSOLTXH
�� DXVVL j OD ERXFOH ·UHSHDW·� 3DU FRQWUH� OH FULWqUH G·DUUrW
�� GH OD ERXFOH ·UHSHDW· pWDQW pYDOXp j OD WRXWH ILQ� OD
�� ERXFOH HVW H[pFXWpH DX PRLQV XQH IRLV� 6·LO IDXW IDLUH OD
�� PDQRHXYUH PDUTXpH >
@ FL�GHVVXV SRXU V·DVVXUHU TX·XQH
�� ERXFOH ·ZKLOH· HVW H[pFXWpH DX PRLQV XQH IRLV��� F·HVW
�� TX·LO IDXW XWLOLVHU ·UHSHDW·�
[ �� QXPHULF���
M �� �
L �� �
UHSHDW
^

LI �L �� ���
[>M �� M � �@ �� L

HOVH
SULQW�L�

LI ���� � �L �� L � ��� � LQFUpPHQW HW FULWqUH G·DUUrW
EUHDN

`
[

���
��� )21&7,216 $'',7,211(//(6
���



�� /D IRQFWLRQ ·VHDUFK· UHWRXUQH OD OLVWH GHV HQYLURQQHPHQWV
�� GDQV OHVTXHOV 5 YD FKHUFKHU XQ REMHW �HQ SDUWLFXOLHU XQH
�� IRQFWLRQ�� ·�*OREDO(QY· HVW O·HQYLURQQHPHQW GH WUDYDLO�
VHDUFK��

�� /LVWH GH WRXV OHV SDFNDJHV LQVWDOOpV VXU YRWUH V\VWqPH�
OLEUDU\��

�� &KDUJHPHQW GX SDFNDJH ·0$66·� TXL FRQWLHQW SOXVLHXUV
�� IRQFWLRQV VWDWLVWLTXHV WUqV XWLOHV�
OLEUDU\�µ0$66µ�

UHS VHT F
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DSSO\

URZ6XPV
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!�H[S��ODPEGD��
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GSRLV
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!�DOSKD ����
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SJDPPD
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!�SJDPPD�[��DOSKD�

>�@��������������������������������������������
>�@��������������������������������������������
>�@�����������

, ,

, ,

,



UHSHDW
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!�UHSHDW
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IXQ����IXQFWLRQ�DUJXPHQWV� H[SUHVVLRQ

! IXQ

! DUJXPHQWV! H[SUHVVLRQ
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[����I��!
UHWXUQ UHWXUQ

!

!

!
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!



IS �� IXQFWLRQ�N� Q� VWDUW  ����� 72/  �(����
^

�� )RQFWLRQ SRXU WURXYHU SDU OD PpWKRGH GX SRLQW
�� IL[H OH WDX[ G·LQWpUrW SRXU OHTXHO XQH VpULH GH
�� ·Q· SDLHPHQWV YDXW ·N·�
��
�� $5*80(176
��
�� N� OD YDOHXU SUpVHQWH GHV SDLHPHQWV
�� Q� OH QRPEUH GH SDLHPHQWV
�� VWDUW� SRLQW GH GpSDUW GHV LWpUDWLRQV
�� 72/� QLYHDX GH SUpFLVLRQ VRXKDLWp
��
�� 5(72851(
��
�� /H WDX[ G·LQWpUrW

L �� VWDUW
UHSHDW
^

LW �� L
L �� �� � �� � LW�A��Q���N
LI �DEV�L � LW��LW � 72/�

EUHDN
`
L

`

! IS! N Q VWDUW 72/



! ,

! L

RXWHU

!�[ ��������\ ������
!�I ���IXQFWLRQ�[��\��[�
�\A�
!�RXWHU�[��\��I�

>��@�>��@�>��@
>��@ �� �� ��
>��@ �� �� ��
>��@ �� �� ���

I
RXWHU

!�RXWHU�[��\��IXQFWLRQ�[��\��[�
�\A��

>��@�>��@�>��@
>��@ �� �� ��
>��@ �� �� ��
>��@ �� �� ���

RXWHU
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!
YDOHXU�PDQTXDQWH�Oj�R��758( ��)$/6( HVW�UHTXLV

LI
1$ 758( )$/6(

LI

!
SULQW

IS
L

UHSHDW
^

LW �� L
L �� �� � �� � LW�A��Q���N
SULQW�L�
LI �DEV��L � LW��LW � 72/��

EUHDN
`

!



IRU �L LQ �����
^

H[SUHVVLRQ
`

IRU �L LQ �����^
H[SUHVVLRQ

`

IRU �L LQ �����
^
H[SUHVVLRQ
`

IRU �L LQ �����
^

H[SUHVVLRQ
`!

!
!
!

��� 32,17 ),;(

�� &RPPH SUHPLHU H[HPSOH GH IRQFWLRQ� RQ UpDOLVH XQH PLVH HQ
�� RHXYUH GH O·DOJRULWKPH GX SRLQW IL[H SRXU WURXYHU OH WDX[



�� G·LQWpUrW WHO TXH DBDQJOH^Q`  N SRXU ·Q· HW ·N· GRQQpV�
�� &HWWH PLVH HQ RHXYUH HVW SHX JpQpUDOH SXLVTX·LO IDXGUDLW
�� PRGLILHU OD IRQFWLRQ FKDTXH IRLV TXH O·RQ FKDQJH OD
�� IRQFWLRQ I�[� GRQW RQ FKHUFKH OH SRLQW IL[H�
IS� �� IXQFWLRQ�N� Q� VWDUW  ����� 72/  �(����
^

L �� VWDUW
UHSHDW
^

LW �� L
L �� �� � �� � LW�A��Q���N
LI �DEV�L � LW��LW � 72/�

EUHDN
`
L

`

IS������ ��� � YDOHXU GH GpSDUW SDU GpIDXW
IS������ ��� ����� � YDOHXU GH GpSDUW VSpFLILpH
L � OHV YDULDEOHV Q·H[LVWHQW SDV���
VWDUW � ��� GDQV O·HVSDFH GH WUDYDLO

�� *pQpUDOLVDWLRQ GH OD IRQFWLRQ ·IS�· � OD IRQFWLRQ I�[� GRQW
�� RQ FKHUFKH OH SRLQW IL[H �F·HVW�j�GLUH OD YDOHXU GH ·[·
�� WHO TXH I�[�  [� HVW SDVVpH HQ DUJXPHQW� 2Q SHXW IDLUH
�� oD" %LHQ V�U� SXLVTX·XQH IRQFWLRQ HVW XQ REMHW FRPPH XQ
�� DXWUH HQ 5� 2Q DMRXWH pJDOHPHQW j OD IRQFWLRQ XQ DUJXPHQW
�� ·HFKR· TXL� ORUVTXH 758(� IHUD HQ VRUWH G·DIILFKHU j
�� O·pFUDQ OHV YDOHXUV VXFFHVVLYHV GH ·[·�
��
�� &L�GHVVRXV� LO HVW LPSOLFLWH TXH OH SUHPLHU DUJXPHQW� )81�
�� HVW XQH IRQFWLRQ�
IS� �� IXQFWLRQ�)81� VWDUW� HFKR  )$/6(� 72/  �(����
^

[ �� VWDUW
UHSHDW
^

[W �� [

LI �HFKR� � LQXWLOH GH IDLUH ·LI �HFKR   758(�·
SULQW�[W�

[ �� )81�[W� � DSSHO GH OD IRQFWLRQ

LI �DEV�[ � [W��[W � 72/�



EUHDN
`
[

`

I �� IXQFWLRQ�L� �� � ���L�A���������� � GpILQLWLRQ GH I�[�
IS��I� ����� � VROXWLRQ
IS��I� ����� HFKR  758(� � DYHF UpVXOWDWV LQWHUPpGLDLUHV
IS��IXQFWLRQ�[� �A��[�� VWDUW  ���� � DYHF IRQFWLRQ DQRQ\PH

�� $PpOLRUDWLRQ PLQHXUH j OD IRQFWLRQ ·IS�· � SXLVTXH OD
�� YDOHXU GH ·HFKR· QH FKDQJH SDV SHQGDQW O·H[pFXWLRQ GH OD
�� IRQFWLRQ� RQ SHXW pYLWHU GH UHIDLUH OH WHVW j FKDTXH
�� LWpUDWLRQ GH OD ERXFOH� 8QH VROXWLRQ pOpJDQWH FRQVLVWH j
�� XWLOLVHU XQ RXWLO DYDQFp GX ODQJDJH 5 �OHV H[SUHVVLRQV�
��
�� /·REMHW FUpp SDU OD IRQFWLRQ ·H[SUHVVLRQ· HVW XQH
�� H[SUHVVLRQ QRQ HQFRUH pYDOXpH �FRPPH VL RQ Q·DYDLW SDV
�� DSSX\p VXU (QWUpH j OD ILQ GH OD OLJQH�� 2Q SHXW HQVXLWH
�� pYDOXHU O·H[SUHVVLRQ �DSSX\HU VXU (QWUpH� DYHF ·H[HF·�
IS� �� IXQFWLRQ�)81� VWDUW� HFKR  )$/6(� 72/  �(����
^

[ �� VWDUW

�� &KRLVLU O·H[SUHVVLRQ j H[pFXWHU SOXV ORLQ
LI �HFKR�

H[SU �� H[SUHVVLRQ�SULQW�[W �� [��
HOVH

H[SU �� H[SUHVVLRQ�[W �� [�

UHSHDW
^

HYDO�H[SU� � pYDOXHU O·H[SUHVVLRQ

[ �� )81�[W� � DSSHO GH OD IRQFWLRQ

LI �DEV�[ � [W��[W � 72/�
EUHDN

`
[

`

IS��I� ����� HFKR  758(� � DYHF UpVXOWDWV LQWHUPpGLDLUHV
IS��IXQFWLRQ�[� �A��[�� VWDUW  ���� � DYHF XQH IRQFWLRQ DQRQ\PH



��� 68,7( '( ),%21$&&,

�� 2Q D SUpVHQWp DX FKDSLWUH � GHX[ PDQLqUHV GLIIpUHQWHV GH
�� SRXU FDOFXOHU OHV ·Q· SUHPLqUHV YDOHXUV GH OD VXLWH GH
�� )LERQDFFL� 2Q FUpH G·DERUG GHV IRQFWLRQV j SDUWLU GH FH
�� FRGH� $YDQWDJH G·DYRLU GHV IRQFWLRQV �HOOHV VRQW YDOLGHV
�� SRXU WRXW ·Q· ! ��
��
�� '·DERUG OD YHUVLRQ LQHIILFDFH SDUFH TX·HOOH VRXIIUH GX
�� 6\QGU{PH GH OD SODTXH j ELVFXLWV GpFULW DX FKDSLWUH ��
ILE� �� IXQFWLRQ�Q�
^

UHV �� F��� ��
IRU �L LQ � �Q�

UHV>L@ �� UHV>L � �@ � UHV>L � �@
UHV

`
ILE�����
ILE�����

�� 3XLV OD YHUVLRQ TXL GHYUDLW V·DYpUHU SOXV HIILFDFH SDUFH
�� TXH O·RQ LQLWLDOLVH G·HQWUpH GH MHX XQ FRQWHQDQW GH OD
�� ERQQH ORQJXHXU TX·RQ UHPSOLW SDU OD VXLWH�
ILE� �� IXQFWLRQ�Q�
^

UHV �� QXPHULF�Q� � FRQWHQDQW FUpp
UHV>�@ �� � � UHV>�@ YDXW GpMj �
IRU �L LQ � �Q�

UHV>L@ �� UHV>L � �@ � UHV>L � �@
UHV

`
ILE����
ILE�����

�� $�W�RQ YUDLPHQW JDJQp HQ HIILFDFLWp" &RPSDURQV OH WHPSV
�� UHTXLV SRXU JpQpUHU XQH ORQJXH VXLWH GH )LERQDFFL DYHF OHV
�� GHX[ IRQFWLRQV�
V\VWHP�WLPH�ILE��������� � YHUVLRQ LQHIILFDFH
V\VWHP�WLPH�ILE��������� � YHUVLRQ HIILFDFH� a�[ SOXV UDSLGH

�� 9DULDWLRQ VXU XQ PrPH WKqPH �XQH IRQFWLRQ SRXU FDOFXOHU QRQ
�� SDV OHV ·Q· SUHPLqUHV YDOHXUV GH OD VXLWH GH )LERQDFFL�
�� PDLV XQLTXHPHQW OD ·Q·LqPH YDOHXU�
��
�� 0DLV LO \ D XQ PDLV �OD IRQFWLRQ ·ILE�· HVW WUXIIpH



�� G·HUUHXUV �GH V\QWD[H� G·DOJRULWKPLTXH� GH FRQFHSWLRQ�� ­
�� YRXV GH WURXYHU OHV ERJXHV� �$ILQ GH SUpVHUYHU FHW
�� H[HPSOH� FRSLHU OH FRGH HUURQp SOXV EDV RX GDQV XQ DXWUH
�� ILFKLHU DYDQW G·\ IDLUH OHV FRUUHFWLRQV��
ILE� �� IXQFWLRQ�QE�
^

[ �� �
[� B �
[� �� �
ZKLOH �Q ! ���

[ �� [� � [�
[� �� [�
[� �� [
Q �� Q � �
`
ILE���� � GHYUDLW GRQQHU �
ILE���� � GHYUDLW GRQQHU �
ILE���� � GHYUDLW GRQQHU �
ILE����� � GHYUDLW GRQQHU ��
ILE����� � GHYUDLW GRQQHU ����

YDU

YDULDQFH
ELDVHG 758( )$/6(

YDULDQFH YDU
, ,

,

,

PDWUL[� PDWUL[

PDWUL[ PDWUL[�
PDWUL[ E\URZ E\FRO



SKL

,

GQRUP

3KL

,

,

SKL
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QRWHV�ILQDOHV

QRWHV�ILQDOHV �� IXQFWLRQ�QRWHV� S�
^

QHWXG �� QURZ�QRWHV�
QHYDO �� QFRO�QRWHV�
ILQDO �� ���QHWXG� 
 �
IRU�L LQ ��QHWXG�
^

IRU�M LQ ��QHYDO�
^

ILQDO>L@ �� ILQDO>L@ � QRWHV>L� M@ 
 S>M@
`

`
ILQDO

`

$QQXLWH)LQ3HULRGH �� IXQFWLRQ�Q� L�
^^

Y �� ��� � L�
9DO3UHV&KDTXH3PW �� YA���Q�
VXP�9DO3UHV&KDTXHSPW�

`

SDUDP �� IXQFWLRQ�PR\HQQH� YDULDQFH� ORL�
^

ORL �� WRORZHU�ORL�



LI �ORL   µQRUPDOHµ�
SDUDP� �� PR\HQQH
SDUDP� �� VTUW�YDULDQFH�
UHWXUQ�OLVW�PHDQ  SDUDP�� VG  SDUDP���

LI �ORL   µJDPPDµ�
SDUDP� �� PR\HQQH�YDULDQFH
SDUDP� �� PR\HQQH 
 SDUDP�
UHWXUQ�OLVW�VKDSH  SDUDP�� VFDOH  SDUDP���

LI �ORL   µSDUHWRµ�
FWH �� YDULDQFH�PR\HQQHA�
SDUDP� �� � 
 FWH��FWH���
SDUDP� �� PR\HQQH 
 �SDUDP� � ��
UHWXUQ�OLVW�DOSKD  SDUDP�� ODPEGD  SDUDP���

VWRS�µ/D ORL GRLW HWUH XQH GH ?µQRUPDOH?µ�
?µJDPPD?µ RX ?µSDUHWR?µµ�
`

!�SDUDP�������µQRUPDOHµ�

�PHDQ
>�@��

�VG
>�@��

!�SDUDP�����������µJDPPDµ�

(UUHXU�GDQV�SDUDP�����������µJDPPDµ� ��2EMHW�µSDUDP�µ
QRQ�WURXYp

!�SDUDP�����������µSDUHWRµ�

(UUHXU�GDQV�SDUDP�����������µSDUHWRµ� ��2EMHW�µSDUDP�µ
QRQ�WURXYp
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UHSOLFDWH

UHSOLFDWH VDSSO\

!
IXQ

!�UHSOLFDWH��������IXQ������!
UHSOLFDWH

FODVV

!
SULQW SORW VXPPDU\!

GHIDXOW

PHWKRGV

!�PHWKRGV�SORW�

>�@�SORW�DFI
 SORW�GDWD�IUDPH

>�@�SORW�GHFRPSRVHG�WV
�SORW�GHIDXOW
>�@�SORW�GHQGURJUDP
 SORW�GHQVLW\
>�@�SORW�HFGI SORW�IDFWRU

>�@�SORW�IRUPXOD
 SORW�IXQFWLRQ

>��@�SORW�KFOXVW
 SORW�KLVWRJUDP

>��@�SORW�+ROW:LQWHUV
 SORW�LVRUHJ

>��@�SORW�OP SORW�PHGSROLVK

>��@�SORW�POP SORW�SSU

>��@�SORW�SUFRPS
 SORW�SULQFRPS

>��@�SORW�SURILOH�QOV
 SORW�VSHF
>��@�SORW�VWHSIXQ SORW�VWO

>��@�SORW�WDEOH
 SORW�WV



>��@�SORW�WVNHUQHO
 SORW�7XNH\+6'

1RQ�YLVLEOH�IXQFWLRQV�DUH�DVWHULVNHG

! PHWKRGH IXQ
IXQ�PHWKRGH

!
SULQW

SULQW

���
��� )21&7,21 ·DSSO\·
���

�� &UpDWLRQ G·XQH PDWULFH HW G·XQ WDEOHDX j WURLV GLPHQVLRQV
�� SRXU OHV H[HPSOHV�
P �� PDWUL[�VDPSOH�� ����� ���� QURZ  �� QFRO  ��
D �� DUUD\�VDPSOH�� ����� ���� GLP  � ���

�� /HV IRQFWLRQV ·URZ6XPV·� ·FRO6XPV·� ·URZ0HDQV· HW
�� ·FRO0HDQV· VRQW GHV UDFFRXUFLV SRXU GHV XWLOLVDWLRQV
�� IUpTXHQWHV GH ·DSSO\·�
URZ6XPV�P� � VRPPH SDU OLJQH
DSSO\�P� �� VXP� � LGHP� PDLV PRLQV OLVLEOH
FRO0HDQV�P� � VRPPH SDU FRORQQH
DSSO\�P� �� PHDQ� � LGHP� PDLV PRLQV OLVLEOH

�� 3XLVTX·LO Q·H[LVWH SDV GH IRQFWLRQV FRPPH ·URZ0D[· RX
�� ·FRO3URGV·� LO IDXW XWLOLVHU ·DSSO\·�
DSSO\�P� �� PD[� � PD[LPXP SDU OLJQH
DSSO\�P� �� SURG� � SURGXLW SDU FRORQQH

�� /·DUJXPHQW ·���· GH ·DSSO\· SHUPHW GH SDVVHU GHV DUJXPHQWV
�� j OD IRQFWLRQ )81�
P>VDPSOH�� ���� ��@ �� 1$ � DMRXW GH GRQQpHV PDQTXDQWHV
DSSO\�P� �� YDU� QD�UP  758(� � YDULDQFH SDU OLJQH VDQV 1$



�� /RUVTXH ·DSSO\· HVW XWLOLVpH VXU XQ WDEOHDX� VRQ UpVXOWDW
�� HVW GH GLPHQVLRQV GLP�;�>0$5*,1@� G·R� OH WUXF
�� PQpPRWHFKQLTXH GRQQp GDQV OH WH[WH GX FKDSLWUH�
DSSO\�D� F��� ��� VXP� � OH UpVXOWDW HVW XQH PDWULFH
DSSO\�D� �� SURG� � OH UpVXOWDW HVW XQ YHFWHXU

�� /·XWLOLVDWLRQ GH ·DSSO\· DYHF OHV WDEOHDX[ SHXW UDSLGHPHQW
�� GHYHQLU FRQIRQGDQWH VL O·RQ QH YLVXDOLVH SDV OHV FDOFXOV
�� TXL VRQW UpDOLVpV� 2Q UHSUHQG LFL OHV H[HPSOHV GX FKDSLWUH
�� HQ PRQWUDQW FRPPHQW O·RQ FDOFXOHUDLW OH SUHPLHU pOpPHQW GH
�� FKDTXH XWLOLVDWLRQ GH ·DSSO\·� $X EHVRLQ� UHWRXUQHU j
�� O·LQGLoDJH GHV WDEOHDX[ DX FKDSLWUH ��
�[ �� DUUD\�VDPSOH�� ���� ��� UHS  758(�� F��� �� ����
DSSO\�[� �� GHW� � GpWHUPLQDQWV GHV TXDWUH PDWULFHV � [ �
GHW�[>� � �@� � pTXLYDOHQW SRXU OH SUHPLHU GpWHUPLQDQW

DSSO\�[� �� VXP� � VRPPHV GHV WURLV WUDQFKHV KRUL]RQWDOHV
VXP�[>�� � @� � pTXLYDOHQW SRXU OD SUHPLqUH VRPPH

DSSO\�[� F��� ��� VXP� � VRPPHV GHV QHXI FDURWWHV KRUL]RQWDOHV
VXP�[>�� �� @� � pTXLYDOHQW SRXU OD SUHPLqUH VRPPH

DSSO\�[� F��� ��� VXP� � VRPPHV GHV �� FDURWWHV WUDQVYHUVDOHV
VXP�[>�� � �@� � pTXLYDOHQW SRXU OD SUHPLqUH VRPPH

DSSO\�[� F��� ��� VXP� � VRPPHV GHV �� FDURWWHV YHUWLFDOHV
VXP�[>� �� �@� � pTXLYDOHQW SRXU OD SUHPLqUH VRPPH

���
��� )21&7,216 ·ODSSO\· (7 ·VDSSO\·
���

�� /D IRQFWLRQ ·ODSSO\· DSSOLTXH XQH IRQFWLRQ j WRXV OHV
�� pOpPHQWV G·XQH OLVWH HW UHWRXUQH XQH OLVWH� SHX LPSRUWH OHV
�� GLPHQVLRQV GHV UpVXOWDWV� /D IRQFWLRQ ·VDSSO\· UHWRXUQH XQ
�� YHFWHXU RX XQH PDWULFH� VL SRVVLEOH�
��
�� 6RPPH ©LQWHUQHª GHV pOpPHQWV G·XQH OLVWH�
�[ �� OLVW�� ���� F���� �� ��� PDWUL[��� �� ����
VXP�[� � HUUHXU
ODSSO\�[� VXP� � VRPPHV LQWHUQHV �OLVWH�
VDSSO\�[� VXP� � VRPPHV LQWHUQHV �YHFWHXU�

�� &UpDWLRQ GH OD VXLWH �� �� �� �� �� �� �� �� �� �� ���� ��



�� �� ���� �� ���
ODSSO\�� ���� VHT� � OH UpVXOWDW HVW XQH OLVWH
XQOLVW�ODSSO\�� ���� VHT�� � OH UpVXOWDW HVW XQ YHFWHXU

�� 6RLW XQH IRQFWLRQ FDOFXODQW OD PR\HQQH SRQGpUpH G·XQ
�� YHFWHXU� &HWWH IRQFWLRQ SUHQG HQ DUJXPHQW XQH OLVWH GH GHX[
�� pOpPHQWV �·GRQQHHV· HW ·SRLGV·�
IXQ �� IXQFWLRQ�OLVWH�

VXP�OLVWH�GRQQHHV 
 OLVWH�SRLGV��VXP�OLVWH�SRLGV�

�� 2Q SHXW PDLQWHQDQW FDOFXOHU OD PR\HQQH SRQGpUpH GH
�� SOXVLHXUV HQVHPEOHV GH GRQQpHV UpXQLV GDQV XQH OLVWH
�� LWpUpH�
�[ �� OLVW�OLVW�GRQQHHV  � ���

SRLGV  �� ���������
OLVW�GRQQHHV  VDPSOH�� ����� ����

SRLGV  � �����
OLVW�GRQQHHV  F��� �� �� �� ���

SRLGV  F���� �� ��� �� �����
VDSSO\�[� IXQ� � DXFXQH ERXFOH H[SOLFLWH�

���
��� )21&7,21 ·PDSSO\·
���

�� &UpDWLRQ GH TXDWUH pFKDQWLOORQV DOpDWRLUHV GH WDLOOH ���
[ �� ODSSO\�UHS���� ��� VDPSOH� [  � �����

�� 0R\HQQHV WURQTXpHV j �� ��� �� HW ���� UHVSHFWLYHPHQW� GH
�� FHV TXDWUH pFKDQWLOORQV DOpDWRLUHV�
PDSSO\�PHDQ� [� � ������

���
��� )21&7,21 ·UHSOLFDWH·
���

�� /D IRQFWLRQ ·UHSOLFDWH· YD UpSpWHU XQ FHUWDLQ QRPEUH GH
�� IRLV XQH H[SUHVVLRQ TXHOFRQTXH� /H SULQFLSDO DYDQWDJH GH
�� ·UHSOLFDWH· VXU ·VDSSO\· HVW TX·RQ Q·D SDV j VH VRXFLHU GHV
�� DUJXPHQWV j SDVVHU j XQH IRQFWLRQ�
��
�� 3DU H[HPSOH� RQ YHXW VLPXOHU GL[ pFKDQWLOORQV DOpDWRLUHV
�� LQGpSHQGDQWV GH ORQJXHXU ��� 2Q SHXW XWLOLVHU ·VDSSO\·�
�� PDLV OD V\QWD[H Q·HVW QL pOpJDQWH� QL IDFLOH j OLUH
�� �O·DUJXPHQW ·L· QH VHUW j ULHQ��



VDSSO\�UHS��� ���� IXQFWLRQ�L� VDPSOH�� ����� ����

�� (Q XWLOLVDQW ·UHSOLFDWH·� RQ VDLW WRXW GH VXLWH GH TXRL LO
�� V·DJLW� ­ QRWHU TXH OHV pFKDQWLOORQV VH WURXYHQW GDQV OHV
�� FRORQQHV GH OD PDWULFH UpVXOWDQWH�
UHSOLFDWH���� VDPSOH�� ����� ����

�� 9pULILFDWLRQ TXH OD PR\HQQH DULWKPpWLTXH �EDU^;`� HVW XQ
�� HVWLPDWHXU VDQV ELDLV GH OD PR\HQQH GH OD ORL QRUPDOH� 2Q
�� GRLW FDOFXOHU OD PR\HQQH GH SOXVLHXUV pFKDQWLOORQV
�� DOpDWRLUHV� SXLV OD PR\HQQH GH WRXWHV FHV PR\HQQHV�
��
�� 2Q GpILQLW G·DERUG XQH IRQFWLRQ SRXU IDLUH XQH VLPXODWLRQ�
�� 5HPDUTXHU TXH GDQV OD IRQFWLRQ FL�GHVVRXV� ·PHDQ· HVW WRXU
�� j WRXU OH QRP G·XQ DUJXPHQW �TXL SRXUUDLW DXVVL ELHQ rWUH
�� ©WRWRª� HW OD IRQFWLRQ SRXU FDOFXOHU XQH PR\HQQH�
IXQ �� IXQFWLRQ�Q� PHDQ� VG�

PHDQ�UQRUP�Q� PHDQ  PHDQ� VG  VG��

�� $YHF ·UHSOLFDWH·� RQ IDLW XQ JUDQG QRPEUH GH VLPXODWLRQV�
[ �� UHSOLFDWH������� IXQ����� �� ��� � ����� VLPXODWLRQV
KLVW�[� � GLVWULEXWLRQ GH EDU^;`
PHDQ�[� � PR\HQQH GH EDU^;`

���
��� &/$66(6 (7 )21&7,216 *e1e5,48(6
���

�� 3RXU LOOXVWUHU OHV FODVVHV HW IRQFWLRQV JpQpULTXHV� RQ
�� UHSUHQG OD IRQFWLRQ GH SRLQW IL[H ·IS�· GHV H[HPSOHV GX
�� FKDSLWUH � HQ \ IDLVDQW GHX[ PRGLILFDWLRQV �
��
�� �� DMRXW G·XQ FRPSWHXU SRXU OH QRPEUH G·LWpUDWLRQV�
�� �� OD IRQFWLRQ UHWRXUQH XQH OLVWH GH FODVVH ·IS·
�� FRQWHQDQW GLYHUVHV LQIRUPDWLRQV UHODWLYHV j OD
�� SURFpGXUH GH SRLQW IL[H�
��
�� $LQVL� OD IRQFWLRQ ·IS�· UHWRXUQH XQ REMHW TXL SHXW HQVXLWH
�� rWUH PDQLSXOp SDU GHV PpWKRGHV GH IRQFWLRQV JpQpULTXHV�
�� &·HVW O·DSSURFKH GH SURJUDPPDWLRQ REMHW IDYRULVpH GDQV OH
�� ODQJDJH 5�
IS� �� IXQFWLRQ�)81� VWDUW� HFKR  )$/6(� 72/  �(����
^

[ �� VWDUW � YDOHXU GH GpSDUW
L �� � � FRPSWHXU GHV LWpUDWLRQV



LI �HFKR�
H[SU �� H[SUHVVLRQ�SULQW�[W �� [��

HOVH
H[SU �� H[SUHVVLRQ�[W �� [�

UHSHDW
^

HYDO�H[SU�

[ �� )81�[W� � QRXYHOOH YDOHXU
L �� L � � � LQFUpPHQWHU OH FRPSWHXU

LI �DEV�[ � [W��[W � 72/�
EUHDN

`

VWUXFWXUH�OLVW�IL[HG�SRLQW  [� � SRLQW IL[H
QE�LWHU  L� � QRPEUH G·LWpUDWLRQV
IXQ  )81� � IRQFWLRQ I�[�
[�  VWDUW� � YDOHXU GH GpSDUW
72/  72/�� � SUpFLVLRQ UHODWLYH

FODVV  µISµ�
`

�� 2Q FUpH PDLQWHQDQW GHV PpWKRGHV SRXU OD FODVVH ·IS· SRXU
�� OHV IRQFWLRQV JpQpULTXHV OHV SOXV FRXUDQWHV� VRLW ·SULQW·�
�� ·VXPPDU\· HW ·SORW·�
��
�� /D PpWKRGH GH ·SULQW· VHUD XWLOLVpH SRXU DIILFKHU VHXOHPHQW
�� OD YDOHXU GX SRLQW IL[H� &·HVW HQ TXHOTXH VRUWH
�� O·XWLOLVDWLRQ OD SOXV VLPSOH GH OD IRQFWLRQ ·IS�·�
��
�� /D PpWKRGH GH ·VXPPDU\· IRXUQLUD XQ SHX SOXV G·LQIRUPDWLRQV
�� VXU OD SURFpGXUH GH SRLQW IL[H�
��
�� (QILQ� OD PpWKRGH GH ·SORW· IHUD XQ JUDSKLTXH GH OD
�� IRQFWLRQ I�[� HW VRQ LQWHUVHFWLRQ DYHF OD GURLWH \  [�
SULQW�IS �� IXQFWLRQ�[�

SULQW�[�IL[HG�SRLQW�

VXPPDU\�IS �� IXQFWLRQ�[�
^

LI �FODVV�[� � µISµ�
VWRS�µREMHFW LV QRW RI FODVV ·IS·µ�



FDW�µ)XQFWLRQ �?Q µ�
SULQW�[�IXQ�
FDW�µ?Qµ�
FDW�µ)L[HG SRLQW �?Q µ� [�IL[HG�SRLQW� ILOO  758(�
FDW�µ?Qµ�
FDW�µ1XPEHU RI LWHUDWLRQV �?Q µ� [�QE�LWHU� ILOO  758(�
FDW�µ?Qµ�
FDW�µ3UHFLVLRQ �?Q µ� [�72/� ILOO  758(�

`

SORW�IS �� IXQFWLRQ�[� ����
^

�� 9DOHXU GX SRLQW IL[H
IS �� [�IL[HG�SRLQW

�� ,O IDXW GpWHUPLQHU XQ LQWHUYDOOH SRXU OHTXHO WUDFHU OD
�� IRQFWLRQ� &HOXL�FL HVW GpWHUPLQp GH IDoRQ DUELWUDLUH
�� FRPPH XQ PXOWLSOH GH OD GLVWDQFH HQWUH OD YDOHXU GH
�� GpSDUW HW OD YDOHXU GX SRLQW IL[H�
U �� DEV�[�[� � IS�

�� )RQFWLRQ j WUDFHU
)81 �� [�IXQ

�� )RQFWLRQ \  [� ·)81�· HVW QpFHVVDLUH SDUFH TXH ·FXUYH·
�� Q·DGPHW SDV GH IRQFWLRQV DQRQ\PHV HQ DUJXPHQW�
)81� �� IXQFWLRQ�[� [

�� *UDSKLTXH GH OD IRQFWLRQ ·)81·
FXUYH�)81� IURP  IS � � 
 U� WR  IS � � 
 U�

[ODE  µ[µ� \ODE  µI�[�µ� OZG  ��

�� $MRXW GH OD GURLWH ·)81�· DX JUDSKLTXH
FXUYH�)81�� DGG  758(� OZG  ��

�� $MRXW G·XQ SRLQW VXU OH SRLQW IL[H
SRLQWV�IS� )81�IS�� ����

`

�� ([HPSOHV G·XWLOLVDWLRQ
[ �� IS��IXQFWLRQ�[� �A��[�� VWDUW  ����
[ � DIILFKDJH GH ·SULQW�IS·
VXPPDU\�[� � SOXV G·LQIRUPDWLRQ
SORW�[� � JUDSKLTXH GH EDVH
SORW�[� SFK  ��� � JUDSKLTXH SOXV pODERUp���



EJ  µRUDQJHµ� � ��� FRQVXOWHU OD UXEULTXH
FH[  �� OZG  �� � ��� G·DLGH GH ·SDU·

���
��� 23e5$7(856 (1 7$17 48( )21&7,216
���

�� /HV RSpUDWHXUV UHSUpVHQWpV SDU GHV FDUDFWqUHV VSpFLDX[ VRQW
�� GHV IRQFWLRQV FRPPH OHV DXWUHV� 2Q SHXW GRQF OHV DSSHOHU
�� FRPPH WRXWH DXWUH IRQFWLRQ� �(Q IDLW� O·LQWHUSUqWH 5 IDLW
�� FHWWH WUDGXFWLRQ j O·LQWHUQH��
[ �� VDPSOH�� ����� ��� � XQ YHFWHXU
[ � � � DSSHO XVXHO
µ�µ�[� �� � pTXLYDOHQW
[>F��� ��@ � H[WUDFWLRQ XVXHOOH
µ>µ�[� F��� ��� � pTXLYDOHQW
[>�@ �� �� [ � DVVLJQDWLRQ XVXHOOH
µ>��µ�[� �� �� � pTXLYDOHQW �j [>�@ �� ��

�� '·XQH SDUW� FHOD H[SOLTXH SRXUTXRL LO IDXW SODFHU OHV
�� RSpUDWHXUV HQWUH JXLOOHPHWV �µ µ� ORUVTX·RQ OHV XWLOLVH
�� GDQV OHV IRQFWLRQV FRPPH ·RXWHU·� ·ODSSO\·� HWF�
RXWHU�[� [� �� � HUUHXU GH V\QWD[H
RXWHU�[� [� µ�µ� � FRUUHFW

�� '·DXWUH SDUW� FHOD SHUPHW G·XWLOLVHU OHV RSpUDWHXUV
�� G·H[WUDFWLRQ µ>µ HW µ>>µ GDQV GH WHOOHV IRQFWLRQV� 3DU
�� H[HPSOH� YRLFL FRPPHQW H[WUDLUH OH GHX[LqPH pOpPHQW GH
�� FKDTXH pOpPHQW G·XQH OLVWH�
�[ �� OLVW�� ��� � ��� � ���� �� ���� � OLVWH TXHOFRQTXH
[>>�@@>�@ � �H pOpPHQW GX �HU pOpPHQW
[>>�@@>�@ � �H pOpPHQW GX �H pOpPHQW
[>>�@@>�@ � �H pOpPHQW GX �H pOpPHQW
[>>�@@>�@ � �H pOpPHQW GX �H pOpPHQW
ODSSO\�[� µ>µ� �� � PrPH FKRVH HQ XQH OLJQH
VDSSO\�[� µ>µ� �� � UpVXOWDW VRXV IRUPH GH YHFWHXU

���
��� &200(17 -28(5 '(6 72856 $9(& 5
���

�� 5HGpILQLU XQ RSpUDWHXU GDQV O·HVSDFH GH WUDYDLO GH
�� TXHOTX·XQ���
µ�µ �� IXQFWLRQ�[� \� [ 
 \ � UHGpILQLWLRQ GH µ�µ
� � � � RXFK�



OV�� � WUDvWULVH GpYRLOpH���
UP�µ�µ� � ��� SXLV pOLPLQpH
� � � � F·HVW PLHX[

�� )DLUH FURLUH TX·XQH IRQFWLRQ IDLW DXWUH FKRVH TXH FH
�� TX·HOOH IDLW HQ UpDOLWp� 6L O·DWWULEXW µVRXUFHµ G·XQH
�� IRQFWLRQ H[LVWH� F·HVW VRQ FRQWHQX TXL HVW DIILFKp ORUVTXH
�� O·RQ H[DPLQH XQH IRQFWLRQ�
I �� IXQFWLRQ�[� \� [ � \ � YUDLH IRQFWLRQ
DWWU�I� µVRXUFHµ� �� µIXQFWLRQ�[� \� [ 
 \µ � FH TXL HVW DIILFKp
I � XQH IRQFWLRQ SRXU IDLUH OH SURGXLW"
I��� �� � QRQ�
VWU�I� � VWUXFWXUH GH O·REMHW
DWWU�I� µVRXUFHµ� �� 18// � DWWULEXW µVRXUFHµ HIIDFp
I � F·HVW PLHX[

�� 5HGpILQLU OD PpWKRGH GH ·SULQW· SRXU XQH FODVVH G·REMHW���
�� ,FL� O·DIILFKDJH G·XQ REMHW GH FODVVH µOPµ FDXVH OD
�� IHUPHWXUH GH 5�
SULQW�OP �� IXQFWLRQ�[� T�µDVNµ�

[ �� UQRUP���� � pFKDQWLOORQ DOpDWRLUH
\ �� [ � � � UQRUP���� � PRGqOH GH UpJUHVVLRQ OLQpDLUH
OP�\ a [� � UpSRQGUH µFµ�

,

,
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KWWS���FUDQ�U�SURMHFW�RUJ�ZHE�YLHZV�2SWLPL]DWLRQ�KWPO

���
��� )21&7,21 ·XQLURRW·
���

�� /D IRQFWLRQ ·XQLURRW· UHFKHUFKH OD UDFLQH G·XQH IRQFWLRQ
�� ·I· GDQV XQ LQWHUYDOOH VSpFLILp VRLW FRPPH XQH SDLUH GH
�� YDOHXUV GDQV XQ DUJXPHQW ·LQWHUYDO·� VRLW YLD GHV DUJXPHQWV
�� ·ORZHU· HW ·XSSHU·�
��
�� 2Q FDOFXOH OD VROXWLRQ GH O·pTXDWLRQ [ � �A��[�  � GDQV
�� O·LQWHUYDOOH >�� �@�
I �� IXQFWLRQ�[� [ � �A��[� � IRQFWLRQ
XQLURRW�I� F��� ��� � DSSHO VLPSOH
XQLURRW�I� ORZHU  �� XSSHU  �� � pTXLYDOHQW

�� 2Q SHXW DXVVL XWLOLVHU ·XQLURRW· DYHF XQH IRQFWLRQ DQRQ\PH�
XQLURRW�IXQFWLRQ�[� [ � �A��[�� ORZHU  �� XSSHU  ��

���
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��� )21&7,21 ·RSWLPL]H·
���

�� 2Q FKHUFKH OH PD[LPXP ORFDO GH OD GHQVLWp G·XQH ORL ErWD
�� GDQV O·LQWHUYDOOH ��� ��� VRQ GRPDLQH GH GpILQLWLRQ� �&H
�� SUREOqPH HVW IDFLOH j UpVRXGUH H[SOLFLWHPHQW��
��
�� /HV DUJXPHQWV GH ·RSWLPL]H· VRQW HVVHQWLHOOHPHQW OHV PrPHV
�� TXH FHX[ GH ·XQLURRW·� ,FL� RQ XWLOLVH DXVVL O·DUJXPHQW
�� ·���· SRXU SDVVHU OHV SDUDPqWUHV GH OD ORL ErWD j ·GEHWD·�
��
�� 3DU GpIDXW� OD IRQFWLRQ UHFKHUFKH XQ PLQLPXP� ,O IDXW GRQF
�� OXL LQGLTXHU GH UHFKHUFKHU SOXW{W XQ PD[LPXP�
RSWLPL]H�GEHWD� LQWHUYDO  F��� ��� PD[LPXP  758(�

VKDSH�  �� VKDSH�  ��

�� 2Q SRXUUDLW DXVVL DYRLU UHFRXUV j XQH IRQFWLRQ DX[LOLDLUH�
�� 0RLQV pOpJDQW HW PRLQV IOH[LEOH�
I �� IXQFWLRQ�[� GEHWD�[� �� ��
RSWLPL]H�I� ORZHU  �� XSSHU  �� PD[LPXP  758(�

���
��� )21&7,21 ·QOP·
���

�� 3RXU OD VXLWH� QRXV DOORQV GRQQHU GHV H[HPSOHV
�� G·XWLOLVDWLRQ GHV IRQFWLRQV G·RSWLPLVDWLRQ GDQV XQ FRQWH[WH
�� G·HVWLPDWLRQ GHV SDUDPqWUHV G·XQH ORL JDPPD SDU OD PpWKRGH
�� GX PD[LPXP GH YUDLVHPEODQFH�
��
�� 2Q FRPPHQFH SDU VH GRQQHU XQ pFKDQWLOORQ DOpDWRLUH GH OD
�� ORL� eYLGHPPHQW� SRXU FH IDLUH QRXV GHYRQV FRQQDvWUH OHV
�� SDUDPqWUHV GH OD ORL� &·HVW XQ H[HPSOH ILFWLI�
VHW�VHHG��� � WRXMRXUV OH PrPH pFKDQWLOORQ
[ �� UJDPPD���� �� ��

�� /HV HVWLPDWHXUV GX PD[LPXP GH YUDLVHPEODQFH GHV SDUDPqWUHV
�� ·VKDSH· HW ·UDWH· GH OD ORL JDPPD VRQW OHV YDOHXUV TXL
�� PD[LPLVHQW OD IRQFWLRQ GH YUDLVHPEODQFH
��
�� SURG�GJDPPD�[� VKDSH� UDWH��
��
�� RX� GH PDQLqUH pTXLYDOHQWH� TXL PLQLPLVHQW OD IRQFWLRQ GH
�� ORJ�YUDLVHPEODQFH QpJDWLYH
��



�� �VXP�ORJ�GJDPPD�[� VKDSH� UDWH����
��
�� 2Q UHPDUTXHUD DX SDVVDJH TXH OHV IRQFWLRQV GH FDOFXO GH
�� GHQVLWpV GH ORLV GH SUREDELOLWp GDQV 5 RQW XQ DUJXPHQW
�� ·ORJ· TXL� ORUVTXH 758(� UHWRXUQH OD YDOHXU GX ORJDULWKPH
�� �QDWXUHO� GH OD GHQVLWp GH PDQLqUH SOXV SUpFLVH TX·HQ
�� SUHQDQW OH ORJDULWKPH DSUqV FRXS� $LQVL� SRXU IDLUH OH
�� FDOFXO FL�GHVVXV� RQ RSWHUD SOXW{W� SRXU O·H[SUHVVLRQ
��
�� �VXP�GJDPPD�[� VKDSH� UDWH� ORJ  758(��
��
�� /D IRQFWLRQ ·QOP· VXSSRVH TXH OD IRQFWLRQ j RSWLPLVHU
�� SDVVpH HQ SUHPLHU DUJXPHQW D HOOH�PrPH FRPPH SUHPLHU
�� DUJXPHQW OH YHFWHXU ·S· GHV SDUDPqWUHV j RSWLPLVHU� /H
�� VHFRQG DUJXPHQW GH ·QOP· HVW XQ YHFWHXU GH YDOHXUV GH
�� GpSDUW� XQH SRXU FKDTXH SDUDPqWUH�
��
�� $LQVL� SRXU WURXYHU OHV HVWLPDWHXUV GX PD[LPXP GH
�� YUDLVHPEODQFH DYHF OD IRQFWLRQ ·QOP· SRXU O·pFKDQWLOORQ
�� FL�GHVVXV� RQ GRLW G·DERUG GpILQLU XQH IRQFWLRQ DX[LOLDLUH
�� FRQIRUPH DX[ DWWHQWHV GH ·QOP· SRXU FDOFXOHU OD IRQFWLRQ GH
�� ORJ�YUDLVHPEODQFH �j XQ VLJQH SUqV��
I �� IXQFWLRQ�S� [� �VXP�GJDPPD�[� S>�@� S>�@� ORJ  758(��

�� /·DSSHO GH ·QOP· HVW HQVXLWH WRXW VLPSOH� 5HPDUTXHU FRPPHQW
�� RQ SDVVH QRWUH pFKDQWLOORQ DOpDWRLUH �FRQWHQX GDQV O·REMHW
�� ·[·� FRPPH VHFRQG DUJXPHQW j ·I· YLD O·DUJXPHQW ·���· GH
�� ·QOP·� /H IDLW TXH O·DUJXPHQW GH ·I· HW O·REMHW FRQWHQDQW
�� OHV YDOHXUV SRUWHQW OH PrPH QRP HVW VDQV LPSRUWDQFH� 5 VDLW
�� IDLUH OD GLIIpUHQFH HQWUH O·XQ HW O·DXWUH�
QOP�I� F��� ��� [  [�

��    $678&( 5,3/(<    
�� /·RSWLPLVDWLRQ FL�GHVVXV D JpQpUp GHV DYHUWLVVHPHQWV" &·HVW
�� SDUFH TXH OD IRQFWLRQ G·RSWLPLVDWLRQ V·HVW pJDUpH GDQV OHV
�� YDOHXUV QpJDWLYHV� DORUV TXH OHV SDUDPqWUHV G·XQH JDPPD
�� VRQW VWULFWHPHQW SRVLWLIV� &HOD DUULYH VRXYHQW HQ SUDWLTXH
�� HW FHOD SHXW IDLUH FRPSOqWHPHQW GpUDLOOHU OD SURFpGXUH
�� G·RSWLPLVDWLRQ �F·HVW�j�GLUH �SDV GH FRQYHUJHQFH��
��
�� /·$VWXFH 5LSOH\ FRQVLVWH j SDOOLHU j FH SUREOqPH HQ
�� HVWLPDQW SOXW{W OHV ORJDULWKPHV GHV SDUDPqWUHV� 3RXU FH
�� IDLUH� LO V·DJLW GH UppFULUH OD ORJ�YUDLVHPEODQFH FRPPH XQH
�� IRQFWLRQ GX ORJDULWKPH GHV SDUDPqWUHV� PDLV GH OD FDOFXOHU
�� DYHF OHV YpULWDEOHV SDUDPqWUHV�



I� �� IXQFWLRQ�ORJS� [�
^

S �� H[S�ORJS� � UHWRXU DX[ SDUDPqWUHV RULJLQDX[
�VXP�GJDPPD�[� S>�@� S>�@� ORJ  758(��

`
QOP�I�� F��� ��� [  [�

�� /HV YDOHXUV REWHQXHV FL�GHVVXV VRQW WRXWHIRLV OHV
�� HVWLPDWHXUV GHV ORJDULWKPHV GHV SDUDPqWUHV GH OD ORL JDPPD�
�� 2Q UHWURXYH OHV HVWLDPWHXUV GHV SDUDPqWUHV HQ SUHQDQW
�� O·H[SRQHQWLHOOH GHV UpSRQVHV�
H[S�QOP�I�� F��� ��� [  [��HVWLPDWH�
��                     

���
��� )21&7,21 ·QOPLQE·
���

�� /·XWLOLVDWLRQ GH OD IRQFWLRQ ·QOPLQE· SHXW V·DYpUHU
�� LQWpUHVVDQWH GDQV QRWUH FRQWH[WH SXLVTXH O·RQ VDLW TXH OHV
�� SDUDPqWUHV G·XQH ORL JDPPD VRQW VWULFWHPHQW SRVLWLIV�
QOPLQE�F��� ��� I� [  [� ORZHU  �� XSSHU  ,QI�

���
��� )21&7,21 ·RSWLP·
���

�� /D IRQFWLRQ ·RSWLP· HVW WUqV SXLVVDQWH� PDLV UHTXLHUW DXVVL
�� XQH ERQQH GRVH GH SUXGHQFH� 6HV SULQFLSDX[ DUJXPHQWV VRQW �
��
�� SDU �XQ YHFWHXU FRQWHQDQW OHV YDOHXUV LQLWLDOHV GHV
�� SDUDPqWUHV�
�� IQ �OD IRQFWLRQ j PLQLPLVHU� /H SUHPLHU DUJXPHQW GH IQ
�� GRLW rWUH OH YHFWHXU GHV SDUDPqWUHV�
��
�� &RPPH SRXU OHV DXWUHV IRQFWLRQV pWXGLpHV FL�GHVVXV� RQ SHXW
�� SDVVHU GHV DUJXPHQWV j ·IQ· �OHV GRQQpHV� SDU H[HPSOH� SDU
�� OH ELDLV GH O·DUJXPHQW ·���· GH ·RSWLP·�
RSWLP�F��� ��� I� [  [�

�� /·HVWLPDWLRQ SDU OH PD[LPXP GH
�� YUDLVHPEODQFH?LQGH[^YUDLVHPEODQFH` HVW GH EHDXFRXS
�� VLPSOLILpH SDU O·XWLOLVDWLRQ GH OD IRQFWLRQ
�� ?IRQFWLRQ^ILWGLVWU` GX SDFNDJH
�� ?WH[WWW^0$66`?LQGH[^SDFNDJH�0$66#?WH[WWW^0$66``�



���
��� )21&7,21 ·SRO\URRW·
���

�� 5DFLQHV GX SRO\Q{PH [A� � � [A� � ��� /HV UpSRQVHV VRQW
�� GRQQpHV VRXV IRUPH GH QRPEUH FRPSOH[H� 8WLOLVHU OHV
�� IRQFWLRQV ·5H· HW ·,P· SRXU H[WUDLUH OHV SDUWLHV UpHOOHV HW
�� LPDJLQDLUHV GHV QRPEUHV� UHVSHFWLYHPHQW�
SRO\URRW�F����� �� �� ��� � UDFLQHV
5H�SRO\URRW�F����� �� �� ���� � SDUWLHV UpHOOHV
,P�SRO\URRW�F����� �� �� ���� � SDUWLHV LPDJLQDLUHV

,
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EHWD VKDSH� VKDSH�
ELQRP VL]H SURE
QELQRP VL]H SURE PX
FDXFK\ ORFDWLRQ VFDOH
H[S UDWH
I GI� GI�
JDPPD VKDSH UDWH VFDOH
JHRP SURE
K\SHU P Q N
FKLVT GI
ORJLV ORFDWLRQ VFDOH
OQRUP PHDQORJ VGORJ
QRUP PHDQ VG
SRLV ODPEGD
W GI
XQLI PLQ PD[
ZHLEXOO VKDSH VFDOH
ZLOFR[ P Q

VDPSOH

VDPSOH�[� VL]H� UHSODFH� �)$/6(��SURE� �18//�

[
VL]H SURE

[ ��OHQJWK�[�
UHSODFH 758(



���
��� *e1e5$7(856 '( 120%5(6 $/e$72,5(6
���

�� /D IRQFWLRQ GH EDVH SRXU VLPXOHU GHV QRPEUHV XQLIRUPHV HVW
�� ·UXQLI·�
UXQLI���� � VXU ��� �� SDU GpIDXW
UXQLI���� �� �� � VXU XQ DXWUH LQWHUYDOOH
� � � 
 UXQLI���� � pTXLYDOHQW� PRLQV OLVLEOH

�� 5 HVW OLYUp DYHF SOXVLHXUV JpQpUDWHXUV GH QRPEUHV
�� DOpDWRLUHV� 2Q SHXW HQ FKDQJHU DYHF OD IRQFWLRQ ·51*NLQG·�
51*NLQG�µ:LFKPDQQ�+LOOµ� � JpQpUDWHXU GH ([FHO
UXQLI���� � ULHQ GH SDUWLFXOLHU j YRLU
51*NLQG�µGHIDXOWµ� � UHWRXU DX JpQpUDWHXU SDU GpIDXW

�� /D IRQFWLRQ ·VHW�VHHG· HVW WUqV XWLOH SRXU VSpFLILHU
�� O·DPRUFH G·XQ JpQpUDWHXU� 6L GHX[ VLPXODWLRQV VRQW
�� HIIHFWXpHV DYHF OD PrPH DPRUFH� RQ REWLHQGUD H[DFWHPHQW OHV
�� PrPHV QRPEUHV DOpDWRLUHV HW� GRQF� OHV PrPHV UpVXOWDWV�
�� 7UqV XWLOH SRXU UpSpWHU XQH VLPXODWLRQ j O·LGHQWLTXH�
VHW�VHHG��� � YDOHXU VDQV LPSRUWDQFH
UXQLI��� � � QRPEUHV DOpDWRLUHV
UXQLI��� � � DXWUHV QRPEUHV
VHW�VHHG��� � UpLQLWLDOLVDWLRQ GH O·DPRUFH
UXQLI��� � OHV PrPHV � QRPEUHV TXH FL�GHVVXV

���
��� )21&7,216 3285 /$ 6,08/$7,21 '( 9$5,$%/(6 $/e$72,5(6 121
��� 81,)250(6
���

�� 3OXW{W TXH GH GHYRLU XWLOLVHU OD PpWKRGH GH O·LQYHUVH RX XQ
�� DXWUH DOJRULWKPH GH VLPXODWLRQ SRXU REWHQLU GHV QRPEUHV
�� DOpDWRLUHV G·XQH ORL GH SUREDELOLWp QRQ XQLIRUPH� 5 IRXUQLW
�� GHV IRQFWLRQV GH VLPXODWLRQ SRXU ERQ QRPEUH GH ORLV� 7RXWHV
�� FHV IRQFWLRQV VRQW YHFWRULHOOHV� &L�GHVVRXV� 3   3RLVVRQ
�� HW *   *DPPD SRXU pFRQRPLVHU VXU OD QRWDWLRQ�
Q �� �� � WDLOOH GHV pFKDQWLOORQV
UELQRP�Q� �� ���� � %LQRPLDOH��� ����
UELQRP�Q� �� ���� � %HUQRXOOL�����
UQRUP�Q� � 1RUPDOH��� ��



UQRUP�Q� �� �� � 1RUPDOH��� ���
USRLV�Q� F��� ��� � 3���� 3���� 3���� ���� 3���
UJDPPD�Q� �� � ���� � *��� ��� *��� ��� ���� *��� ���
UJDPPD�Q� �� ��� � ���� � *���� ��� *���� ��� ���� *��� ���

�� /D IRQFWLRQ ·VDPSOH· VHUW SRXU VLPXOHU G·XQH GLVWULEXWLRQ
�� GLVFUqWH TXHOFRQTXH� /H SUHPLHU DUJXPHQW HVW OH VXSSRUW GH
�� OD GLVWULEXWLRQ HW OH VHFRQG� OD WDLOOH GH O·pFKDQWLOORQ
�� GpVLUpH� 3DU GpIDXW� O·pFKDQWLOORQQDJH VH IDLW DYHF UHPLVH
�� HW DYHF GHV SUREDELOLWpV pJDOHV VXU WRXW OH VXSSRUW�
VDPSOH�� ���� �� � QXPpURV SRXU OH ����
VDPSOH�� ���� ��� � PpODQJH GHV QRPEUHV GH � j ��

�� 2Q SHXW pFKDQWLOORQQHU DYHF UHPLVH�
VDPSOH�� ���� ��� UHSODFH  758(�

�� 2Q SHXW DXVVL VSpFLILHU XQH GLVWULEXWLRQ GH SUREDELOLWpV
�� QRQ XQLIRUPH�
[ �� VDPSOH�F��� �� ��� ����� UHSODFH  758(�

SURE  F����� ���� �����
WDEOH�[� � WDEOHDX GH IUpTXHQFHV

SORW WDEOH
,
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VLPXO�

!�VLPXO����������������

�ELDLV
0R\HQQH 0HGLDQH 0L�HWHQGXH

���������H��� ���������H��� ���������H���

�YDULDQFHV
0R\HQQH 0HGLDQH 0L�HWHQGXH

��������H������������H������������H���

VDSSO\

ODSSO\ VDSSO\



VDSSO\

�� %RQQH KDELWXGH j SUHQGUH� VWRFNHU OHV FRQVWDQWHV GDQV
�� GHV YDULDEOHV IDFLOHV j PRGLILHU DX OLHX GH OHV pFULUH
�� H[SOLFLWHPHQW GDQV OH FRGH�
VL]H �� ��� � WDLOOH GH FKDTXH pFKDQWLOORQ
QVLPXO �� ����� � QRPEUH GH VLPXODWLRQV
WKHWD �� � � OD YDOHXU GX SDUDPqWUH

�� /HV OLJQHV FL�GHVVRXV pYLWHURQW GH IDLUH GHX[ DGGLWLRQV
�� ·QVLPXO· IRLV�
D �� WKHWD � ��� � ERUQH LQIpULHXUH GH O·XQLIRUPH
E �� WKHWD � ��� � ERUQH VXSpULHXUH GH O·XQLIRUPH

�� ,QLWLDOLVDWLRQ GH OD PDWULFH GDQV ODTXHOOH VHURQW
�� VWRFNpHV OHV YDOHXUV GHV HVWLPDWHXUV� 2Q GRQQH pJDOHPHQW
�� GHV QRPV DX[ OLJQHV GH OD PDWULFH DILQ GH IDFLOHPHQW
�� LGHQWLILHU OHV HVWLPDWHXUV�
[ �� PDWUL[��� QURZ  �� QFRO  QVLPXO�
URZQDPHV�[� �� F�µ0R\HQQHµ� µ0HGLDQHµ� µ0L�HWHQGXHµ�

�� 6LPXODWLRQ FRPPH WHOOH�
IRU �L LQ ��QVLPXO�
^

X �� UXQLI�VL]H� D� E�
[>� L@ �� F�PHDQ�X�� � PR\HQQH

PHGLDQ�X� � PpGLDQH
PHDQ�UDQJH�X��� � PL�pWHQGXH

`

�� 2Q SHXW PDLQWHQDQW FDOFXOHU OD PR\HQQH HW OD YDULDQFH
�� SDU OLJQH�
URZ0HDQV�[� � WKHWD � YpULILFDWLRQ GX ELDLV
DSSO\�[� �� YDU� � FRPSDUDLVRQ GHV YDULDQFHV

IRU



VLPXO� �� IXQFWLRQ�QVLPXO� VL]H� WKHWD�
^

D �� WKHWD � ���
E �� WKHWD � ���

[ �� PDWUL[��� QURZ  �� QFRO  QVLPXO�
URZQDPHV�[� �� F�µ0R\HQQHµ� µ0HGLDQHµ� µ0L�HWHQGXHµ�

IRU �L LQ ��QVLPXO�
^

X �� UXQLI�VL]H� D� E�
[>� L@ �� F�PHDQ�X�� PHGLDQ�X�� PHDQ�UDQJH�X���

`

OLVW�ELDLV  URZ0HDQV�[� � WKHWD�
YDULDQFHV  DSSO\�[� �� YDU��

`

VLPXO�

ODSSO\�[� )81������
VDSSO\�[� )81������

)81
[ ODSSO\

VDSSO\
[

)81 )81
���

VDSSO\

L

!�VDSSO\������IXQ���VL]H� �����D� ������E� �����



VDSSO\

IXQ� �� IXQFWLRQ�L� VL]H� D� E�
^

X �� UXQLI�VL]H� D� E�
F�0R\HQQH  PHDQ�X��

0HGLDQH  PHGLDQ�X��
µ0L�HWHQGXHµ  PHDQ�UDQJH�X���

`

VLPXO� �� IXQFWLRQ�QVLPXO� VL]H� WKHWD�
^

D �� WKHWD � ���
E �� WKHWD � ���

[ �� VDSSO\���QVLPXO� IXQ�� VL]H� D� E�

OLVW�ELDLV  URZ0HDQV�[� � WKHWD�
YDULDQFHV  DSSO\�[� �� YDU��

`

IXQ� VLPXO�

>��@ >��@ >��@ >��@
0R\HQQH ����������� ����������� ����������� �����������
0HGLDQH ����������� ����������� ����������� ����������
0L�HWHQGXH������������ ����������� ����������� �����������

VDSSO\
VLPXO�

!�VLPXO����������������

�ELDLV
0R\HQQH 0HGLDQH 0L�HWHQGXH

��������H��� ��������H��� ���������H���

�YDULDQFHV



0R\HQQH 0HGLDQH 0L�HWHQGXH
��������H������������H������������H���

IXQ�
VLPXO�

IXQ� UHSOLFDWH

IXQ� VLPXO�
IXQ� VLPXO� UHSOLFDWH

!�VLPXO����������������

�ELDLV
0R\HQQH 0HGLDQH 0L�HWHQGXH

���������H��� ���������H��� ���������H���

�YDULDQFHV
0R\HQQH 0HGLDQH 0L�HWHQGXH

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

UHSOLFDWH IXQ�
VLPXO� IXQ��5 VLPXO��5

JR�5



IXQ� �� IXQFWLRQ�VL]H� D� E�
^

X �� UXQLI�VL]H� D� E�
F�0R\HQQH  PHDQ�X��

0HGLDQH  PHGLDQ�X��
µ0L�HWHQGXHµ  PHDQ�UDQJH�X���

`

VLPXO� �� IXQFWLRQ�QVLPXO� VL]H� WKHWD�
^

D �� WKHWD � ���
E �� WKHWD � ���

[ �� UHSOLFDWH�QVLPXO� IXQ��VL]H� D� E��

OLVW�ELDLV  URZ0HDQV�[� � WKHWD�
YDULDQFHV  DSSO\�[� �� YDU��

`

IXQ� VLPXO�

VRXUFH
JR�5

VRXUFH�µIXQ��5µ�
VRXUFH�µVLPXO��5µ�
VLPXO�������� ���� ��

!�VRXUFH�µJR�5µ�



5 &0' %$7&+ JR�5

JR�5 JR�5RXW

�3$7+�

µF�?3URJUDP )LOHV?5?5�[�\�]?ELQ?5µ &0' %$7&+ JR�5

5�[�\�]



KWWS���FUDQ�
U�SURMHFW�RUJ

+20(

!�6\V�JHWHQY�µ+20(µ�

0�[ JHWHQY 5(7 +20( 5(7

a

a�5�OLEUDU\

http://cran.r-project.org
http://cran.r-project.org
http://youtu.be/mL6iNzjHMKE
http://youtu.be/mL6iNzjHMKE
http://youtu.be/mL6iNzjHMKE


a��5HQYLURQ

5B/,%6B86(5 µa�5�OLEUDU\µ

a�5�OLEUDU\
�

a��5SURILOH

RSWLRQV�UHSRV  µKWWS���FUDQ�FD�U�SURMHFW�RUJµ�

UHSRV

a��5SURILOH

RSWLRQV�UHSRV  µKWWS���FUDQ�FD�U�SURMHFW�RUJµ�
PHQX�JUDSKLFV  )$/6(�

RSWLRQV�UHSRV  µKWWS���FUDQ�FD�U�SURMHFW�RUJµ�
PHQX�JUDSKLFV  )$/6(� GHYLFH  µTXDUW]µ�

6WDUWXS
OLEUDU\ �OLE3DWKV

RSWLRQV

!�LQVWDOO�SDFNDJHV�µDFWXDUµ�

a�5�OLEUDU\



!�OLEUDU\�µDFWXDUµ�

�5HQYLURQ �5SURILOH OLE
UHSRV LQVWDOO�SDFNDJHV OLE�ORF

OLEUDU\
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!�[ ���OLVW������GDWD� �PDWUL[�������������QXPHULF����
� WHVW� �ORJLFDO����

!�QDPHV�[�

!�PRGH�[�WHVW�
!�OHQJWK�[�WHVW�

!�GLP�[�GDWD�
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!�UHS��������

!�UHS����������

!�UHS����������

!�VHT��������OHQJWK� ���

!�UHS������UHS������

!�����������

!���
��������

!�UHS���������

!�UHS�������HDFK� ���

!����
�����

PDW

!�DSSO\�PDW�����VXP�

!�DSSO\�PDW�����VXP�

!�DSSO\�PDW�����PHDQ�

!�DSSO\�PDW�����PHDQ�

!�FXPSURG������

[   �[ �� \� � \ 
 �[ ��� \�

!�[>���@
!�KHDG�[����

!�PD[�[�

!�PHDQ�[>���@�
!�PHDQ�KHDG�[�����



!�PHDQ�[>�����@�
!�PHDQ�[>�OHQJWK�[� �����OHQJWK�[�@� ��SOXV�JpQpUDO
!�PHDQ�WDLO�[����� ��SOXV�OLVLEOH�

�M � ��
, � L

��N � ��
- � M � ��
, � L

!�URZ6XPV�PDW�

!�FRO0HDQV�PDW�

!�PD[�PDW>��������@�

!�PDW>URZ0HDQV�PDW� !���@

!�WHPSV>PDWFK�XQLTXH�FXPPLQ�WHPSV����WHPSV�@

!�VXP�3���FXPSURG�����L��

!�[ ���F�����������������������������
!�Z ���F������������������������������������������������
!�VXP�[�
�Z��VXP�Z�

!���PHDQ���[�

!�ODPEGD ����
!�[ ����
!�H[S��ODPEGD��
�VXP�ODPEGDA���[��JDPPD�������[��

!�[ �����A�����
!�SUREV �����������

!�VXP�[A��
�SUREV� ���VXP�[�
�SUREV��A�

!�L �������
!���
�������L�A���� ����



!�Q �������
!�L ���VHT������������E\� ������
!��� ��RXWHU������L�� �Q��µAµ���L

!�Q �������
!�L �������������
!�DSSO\�RXWHU������L���Q��µAµ������FXPVXP�

!�Y ���������
!�N �������
!�VXP�N�
�YA�N �����

!�SPWV ���UHS����������
!�Y ���������
!�N �������
!�VXP�SPWV�
�YAN�

!�Y ���FXPSURG��������UHS�F������������������
!�SPWV ���UHS����������
!�VXP�SPWV�
�Y�

YDULDQFH �� IXQFWLRQ�[� ELDVHG  )$/6(�
^

LI �ELDVHG�
^

Q �� OHQJWK�[�
�Q � ���Q 
 YDU�[�

`
HOVH

YDU�[�
`

GDWD



PDWUL[� �� IXQFWLRQ�GDWD  1$� QURZ  �� QFRO  ��
E\FRO  )$/6(� GLPQDPHV  18//�

^
GDWD �� UHS�GDWD� OHQJWK  QURZ 
 QFRO�

LI �E\FRO�
GLP�GDWD� �� F�QURZ� QFRO�

HOVH
^

GLP�GDWD� �� F�QFRO� QURZ�
GDWD �� W�GDWD�

`

GLPQDPHV�GDWD� �� GLPQDPHV
GDWD

`

GDWD

PDWUL[� �� IXQFWLRQ�GDWD  1$� QURZ  �� QFRO  ��
E\FRO  )$/6(� GLPQDPHV  18//�

^
GDWD �� UHS�GDWD� OHQJWK  QURZ 
 QFRO�

LI ��E\FRO�
^

L �� ��QURZ
M �� UHS���QFRO� HDFK  QURZ�
GDWD �� GDWD>�L � ��
QFRO � M@

`
GLP�GDWD� �� F�QURZ� QFRO�
GLPQDPHV�GDWD� �� GLPQDPHV
GDWD

`

SKL �� IXQFWLRQ�[�
^

H[S��[A���� � VTUW�� 
 SL�
`



3KL �� IXQFWLRQ�[�
^

Q �� � � � 
 ����
��� � SKL�[� 
 VXP�[AQ � FXPSURG�Q��

`

LI���� HOVH

3KL �� IXQFWLRQ�[�
^

IXQ �� IXQFWLRQ�[�
^

Q �� � � � 
 ����
��� � SKL�[� 
 VXP�[AQ � FXPSURG�Q��

`

LI �[ � ��
� � IXQ��[�

HOVH
IXQ�[�

`

LI� ��� HOVH
)$/6( 758(

3KL �� IXQFWLRQ�[�
^

Q �� � � � 
 ����
QHJ �� [ � �
[ �� DEV�[�
QHJ � ����AQHJ 
 ���� � SKL�[� 


VXP�[AQ � FXPSURG�Q���
`

3KL �� IXQFWLRQ�[�
^

Q �� � � � 
 ����
��� � SKL�[� 
 FRO6XPV�W�RXWHU�[� Q� µAµ�� �

FXPSURG�Q��
`



SURG�PDW �� IXQFWLRQ�PDW�� PDW��
^

LI �QFRO�PDW��   QURZ�PDW���
^

UHV �� PDWUL[��� QURZ  QURZ�PDW���
QFRO  QFRO�PDW���

IRU �L LQ ��QURZ�PDW���
^

IRU �M LQ ��QFRO�PDW���
^

UHV>L� M@ �� VXP�PDW�>L�@ 
 PDW�>�M@�
`

`
UHV

`
HOVH

VWRS�µ/HV GLPHQVLRQV GHV PDWULFHV QH
SHUPHWWHQW SDV OH SURGXLW PDWULFLHO�µ�
`

SURG�PDW��IXQFWLRQ�PDW�� PDW��
^

LI �QFRO�PDW��   QURZ�PDW���
^

UHV �� PDWUL[��� QURZ  QURZ�PDW���
QFRO  QFRO�PDW���

IRU �L LQ ��QURZ�PDW���
UHV>L�@ �� FRO6XPV�PDW�>L�@ 
 PDW��

UHV
`
HOVH

VWRS�µ/HV GLPHQVLRQV GHV PDWULFHV QH
SHUPHWWHQW SDV OH SURGXLW PDWULFLHO�µ�
`

VDSSO\

SURG�PDW��IXQFWLRQ�PDW�� PDW��
^

LI �QFRO�PDW��   QURZ�PDW���
W�VDSSO\���QURZ�PDW���



IXQFWLRQ�L� FRO6XPV�PDW�>L�@ 
 PDW����
HOVH

VWRS�µ/HV GLPHQVLRQV GHV PDWULFHV QH SHUPHWWHQW
SDV OH SURGXLW PDWULFLHO�µ�
`

SURG�PDW��IXQFWLRQ�PDW�� PDW��
^

LI �QFRO�PDW��   QURZ�PDW���
W�VDSSO\���QFRO�PDW���

IXQFWLRQ�M� FRO6XPV�W�PDW�� 
 PDW�>�M@���
HOVH

VWRS�µ/HV GLPHQVLRQV GHV PDWULFHV QH SHUPHWWHQW
SDV OH SURGXLW PDWULFLHO�µ�
`

QRWHV�ILQDOHV �� IXQFWLRQ�QRWHV� S� QRWHV �
� S

SDUDP �� IXQFWLRQ �PR\HQQH� YDULDQFH� ORL�
^

ORL �� WRORZHU�ORL�
LI �ORL   µQRUPDOHµ�
^

SDUDP� �� PR\HQQH
SDUDP� �� VTUW�YDULDQFH�
UHWXUQ�OLVW�PHDQ  SDUDP�� VG  SDUDP���

`
LI �ORL   µJDPPDµ�
^

SDUDP� �� PR\HQQH�YDULDQFH
SDUDP� �� PR\HQQH 
 SDUDP�
UHWXUQ�OLVW�VKDSH  SDUDP�� VFDOH  SDUDP���

`
LI �ORL   µSDUHWRµ�
^

FWH �� YDULDQFH�PR\HQQHA�
SDUDP� �� � 
 FWH��FWH���
SDUDP� �� PR\HQQH 
 �SDUDP� � ��



UHWXUQ�OLVW�DOSKD  SDUDP�� ODPEGD  SDUDP���
`
VWRS�µ/D ORL GRLW HWUH XQH GH ?µQRUPDOH?µ�

?µJDPPD?µ RX ?µSDUHWR?µµ�
`

;LM ZLM ;LMN ZLMN

!�URZ6XPV�;LM�
�ZLM��URZ6XPV�ZLM�

!�FRO6XPV�;LM�
�ZLM��FRO6XPV�ZLM�

!�VXP�;LM�
�ZLM��VXP�ZLM�

!�DSSO\�;LMN�
�ZLMN��F��������VXP��DSSO\�ZLMN��F��������VXP�

!�DSSO\�;LMN�
�ZLMN�����VXP��DSSO\�ZLMN�����VXP�

!�DSSO\�;LMN�
�ZLMN�����VXP��DSSO\�ZLMN�����VXP�

!�VXP�;LMN�
�ZLMN��VXP�ZLMN�

!�XQOLVW�ODSSO\�������VHT��IURP� ����

!�XQOLVW�ODSSO\�������VHT��IURP� �����

!�XQOLVW�ODSSO\�������VHT��WR� ����

!�HD ���ODSSO\�VHT�����������E\� ������USDUHWR��DOSKD� ����ODPEGD� ������

!�QDPHV�HD� ���SDVWH�µVDPSOHµ�������VHS� �µµ�

!�VDSSO\�HD��PHDQ�

!�ODSSO\�HD��IXQFWLRQ�[��VRUW�SSDUHWR�[������������
!�ODSSO\�ODSSO\�HD��VRUW���SSDUHWR��DOSKD� ����ODPEGD� ������

!�KLVW�HD�VDPSOH��

!�ODSSO\�HD��µ�µ�������

!�PHDQ�VDSSO\�[��IXQFWLRQ�OLVWH��OLVWH�IUDQFKLVH��



>>
VDSSO\

!�PHDQ�VDSSO\�[��µ>>µ��µIUDQFKLVHµ��

!�VDSSO\�[��IXQFWLRQ�[��PHDQ�[�QE�DFF��

!�VXP�VDSSO\�[��IXQFWLRQ�[��VXP�[�QE�DFF���

!�VXP�XQOLVW�VDSSO\�[��µ>>µ��µQE�DFFµ���

!�PHDQ�XQOLVW�ODSSO\�[��µ>>µ��µPRQWDQWVµ���

!�VXP�VDSSO\�[��IXQFWLRQ�[��VXP�[�QE�DFF��  ����

!�VXP�VDSSO\�[��IXQFWLRQ�[��[�QE�DFF>�@�  ����

!�YDU�XQOLVW�ODSSO\�[��IXQFWLRQ�[��VXP�[�QE�DFF����

!�VDSSO\�[��IXQFWLRQ�[��YDU�[�QE�DFF��

!�\ ���XQOLVW�ODSSO\�[��µ>>µ��µPRQWDQWVµ��
!�VXP�\ � �[��OHQJWK�\�

HFGI

!�HFGI�XQOLVW�ODSSO\�[��µ>>µ��µPRQWDQWVµ����[�

!�\ ���XQOLVW�ODSSO\�[��µ>>µ��µPRQWDQWVµ��
!�FRO6XPV�RXWHU�\��[��µ� µ���OHQJWK�\�

HFGI

!�HFGI�XQOLVW�ODSSO\�[��µ>>µ��µPRQWDQWVµ����[�

!�I ���IXQFWLRQ�[��[A� ����
�[A� ���
!�XQLURRW�I��ORZHU� ����XSSHU� ���



!�I ���IXQFWLRQ�[��[A������
�[A� ���
!�FXUYH�I��[OLP� �F��������
!�XQLURRW�I��ORZHU� ����XSSHU� ���
!�XQLURRW�I��ORZHU� ����XSSHU� ���

!�I ���IXQFWLRQ�[��[ ���A��[�
!�XQLURRW�I��ORZHU� ����XSSHU� ���

!�I ���IXQFWLRQ�[��H[S�[�����A��[������
�FRV�[� ���
!�XQLURRW�I��ORZHU� ����XSSHU� ���

!�I ���IXQFWLRQ�[��H[S�[� ��[A������
�[ ���
!�XQLURRW�I��ORZHU� ����XSSHU� ���

!�; ���F������������������������������
!�Z ���F�����������������������������������
!�J ���IXQFWLRQ�D��;��Z��V��
��^
� ] ����������V���D�
�Z��
� ;] ���VXP�]�
�;��VXP�]�
� VXP�]�
��; ��;]�A����OHQJWK�;� ����
��`
!�XQLURRW�IXQFWLRQ�[��J�[��;��Z�����(�� ��[��F���������������

!�GSDUHWR ���IXQFWLRQ�[��DOSKD��ODPEGD�
��^
� �DOSKD�
�ODPEGDADOSKD���[���ODPEGD�A�DOSKD���
��`
!�I ���IXQFWLRQ�SDU��[� �VXP�ORJ�GSDUHWR�[��SDU>�@��SDU>�@���
!�RSWLP�F�����������I��[� �[�

!�GSDUHWR ���IXQFWLRQ�[��ORJ$OSKD��ORJ/DPEGD�
��^
� DOSKD ���H[S�ORJ$OSKD�
� ODPEGD ���H[S�ORJ/DPEGD�
� �DOSKD�
�ODPEGDADOSKD���[���ODPEGD�A�DOSKD���
��`
!�RSWLP�F�ORJ�����ORJ���������I��[� �[�
!�H[S�RSWLP�F�ORJ�����ORJ���������I��[� �[��SDU�



!�[ ���UOQRUP�������PHDQORJ� �ORJ������ �������VGORJ� ���
!�KLVW�[�

!�[ ���USRLV��������ODPEGD� �UJDPPD��������VKDSH� ����UDWH� ����
!�[[ ���VHT�PLQ�[���PD[�[��
!�S[ ���WDEOH�[�
!�SORW�[[��GQELQRP�[[��VL]H� ����SURE� ������
� W\SH� �µKµ��OZG� ����FRO� �µEOXHµ�
!�SRLQWV�[[��S[�OHQJWK�[���SFK� ����

!�Z ���UELQRP����������������
!�[ ���F�UOQRUP�Z�������������UOQRUP������ ��Z������������
!�KLVW�[�



KWWS���FP�EHOO�ODEV�FRP�FP�PV�GHSDUWPHQWV�VLD�
GRF�������SV

KWWS���FP�
EHOO�ODEV�FRP�FP�PV�GHSDUWPHQWV�VLD�6�KLVWRU\�KWPO

http://cm.bell-labs.com/cm/ms/departments/sia/doc/94.11.ps
http://cm.bell-labs.com/cm/ms/departments/sia/doc/94.11.ps
http://cm.bell-labs.com/cm/ms/departments/sia/S/history.html
http://cm.bell-labs.com/cm/ms/departments/sia/S/history.html


KWWS���ZZZ�
MVWDWVRIW�RUJ�Y���L��

KWWS���FUDQ�U�SURMHFW�RUJ�GRF�)$4�
5�)$4�KWPO

KWWS���FUDQ�U�SURMHFW�RUJ�ELQ�PDFRV[�50DF26;�)$4�KWPO

KWWS���ZZZ�FL�WXZLHQ�DF�DW�&RQIHUHQFHV�'6&������3URFHHGLQJV�

KWWS���MRXUQDO�U�SURMHFW�RUJ�DUFKLYH�
�������5-RXUQDOB�������SGI

KWWS���FUDQ�
U�SURMHFW�RUJ�ELQ�ZLQGRZV�EDVH�UZ�)$4�KWPO

KWWS���FUDQ�
U�SURMHFW�RUJ�GRF�PDQXDOV�5�LQWUR�KWPO

KWWS���FUDQ�
U�SURMHFW�RUJ�SDFNDJH 6XSS'LVWV

http://www.jstatsoft.org/v25/i07
http://www.jstatsoft.org/v25/i07
http://cran.r-project.org/doc/FAQ/R-FAQ.html
http://cran.r-project.org/doc/FAQ/R-FAQ.html
http://cran.r-project.org/bin/macosx/RMacOSX-FAQ.html
http://www.ci.tuwien.ac.at/Conferences/DSC-2003/Proceedings/
http://journal.r-project.org/archive/2010-1/RJournal_2010-1.pdf
http://journal.r-project.org/archive/2010-1/RJournal_2010-1.pdf
http://cran.r-project.org/bin/windows/base/rw-FAQ.html
http://cran.r-project.org/bin/windows/base/rw-FAQ.html
http://cran.r-project.org/doc/manuals/R-intro.html
http://cran.r-project.org/doc/manuals/R-intro.html
http://cran.r-project.org/package=SuppDists
http://cran.r-project.org/package=SuppDists


�
� 


�
�
�!
�!!
�,QI
���
�
�
�
�
�
��
���
� 
 
  
!
! 
>
>��
>>
>> @@
> @
�

���
�
�
���
��
�LQ�
�R�
	
		
A
^ `
__
_

DEV
DGG

DSSO\

DUUD\
DUUD\

DV�GDWD�IUDPH
DWWDFK
DWWU

DWWULEXWHV



EUHDN
E\
E\URZ

F
FDW
FELQG
FHLOLQJ
FKDUDFWHU
FKDUDFWHU
FKRRVH
FODVV
FODVV
FRO0HDQV
FRO6XPV

FRPSOH[
FRPSOH[
FRV
FXPPD[
FXPPLQ
FXPSURG
FXPVXP
FXUYH

GDWD

GDWD�IUDPH
GDWD�IUDPH
GEHWD
GELQRP
GHQVLW\
GHW
GHWDFK
GJDPPD
GLDJ
GLII

GLP

GLP

GLPQDPHV
GLPQDPHV

GQRUP

GSRLV

HFGI
HOVH

&�B
&�D
&�E
&�G
&�H



&�I
&�J
&�N
&�Q
&�S
&�U
&�V
&�63&
&�Z
&�[��
&�[��
&�[��
&�[�E
&�[�&�I
&�[�&�V
&�[�&�Z
&�[�N
&�[�R
&�[�X
&�\

'(/

0��
0�!
0��
0�G
0�'(/
0�Z
0�[
0�\

&�F�&�F
&�F�&�H
&�F�&�I

&�F�&�O
&�F�&�Q
&�F�&�R
&�F�&�T
&�F�&�U
&�F�&�Y
&�5(7
K
O
0�K
0�Q
0�S
Q
S
T
U
V�D
V�'
V�H
V�V
V�Y
[

HYDO
H[LVWV
H[S

H[SUHVVLRQ
H[SUHVVLRQ

) )$/6(
IDFWRULDO
)$/6(
IORRU



IRU
IXQFWLRQ

IXQFWLRQ

JDPPD

KHDG
KLVW

LI

LIHOVH
,P

,QI
LQVWDOO�SDFNDJHV

LV�ILQLWH
LV�LQILQLWH
LV�QD
LV�QDQ
LV�QXOO

ODSSO\

OHQJWK
OIDFWRULDO

OJDPPD
OLEUDU\
OLVW

OLVW

OP
ORJ
ORJLFDO
ORJLFDO

ORZHU
OV

PDSSO\
PDWFK

PDWUL[

PDWUL[
PD[

PHDQ
PHGLDQ

PHWKRGV
PLQ



PRGH

1$
QD�UP
QDPHV
QDPHV
1D1
QFKDU
QFRO
QH[W
QOP
QOPLQE

QURZ
18//
18//
QXPHULF
QXPHULF

RSWLP
RSWLPL]H
RUGHU

RXWHU

SDVWH
SJDPPD
SORW
SPD[
SPLQ
SQRUP

SRLQWV
SRO\URRW
SULQW

SURG

T

TXDQWLOH

UDQJH
UDQN
UELQG
UELQRP
5H

UHS
UHSHDW

UHSODFH
UHSOLFDWH
UHWXUQ
UHY
UJDPPD



UP
51*NLQG
UQRUP
URXQG
URZ�QDPHV
URZ0HDQV
URZ6XPV
USRLV
UXQLI

VDPSOH

VDSSO\

VDYH�LPDJH

VG
VHDUFK
VHT
VHTBOHQ

VLQ
VROYH

VRUW
VRXUFH
VWDUW
VWRS
VWUXFWXUH

VXP

VXPPDU\
VZLWFK

V\VWHP�WLPH

7 758(
W
WDEOH

WDLO

758(
WUXQF
W\SHRI

XQLTXH
XQLURRW
XQOLVW
XSSHU

YDU

YHFWRU
18//

ZKLFK
ZKLFK�PD[
ZKLFK�PLQ
ZKLOH









9 782981 141637

ISBN 978-2-9811416-3-7


	Introduction
	1 Présentation du langage R
	1.1 Bref historique
	1.2 Description sommaire de R
	1.3 Interfaces
	1.4 Stratégies de travail
	1.5 Éditeurs de texte
	1.6 Anatomie d'une session de travail
	1.7 Répertoire de travail
	1.8 Consulter l'aide en ligne
	1.9 Où trouver de la documentation
	1.10 Exemples
	1.11 Exercices

	2 Bases du langage R
	2.1 Commandes R
	2.2 Conventions pour les noms d'objets
	2.3 Les objets R
	2.3.1 Modes et types de données
	2.3.2 Longueur
	2.3.3 L'objet spécial NULL
	2.3.4 Valeurs manquantes, indéterminées et infinies
	2.3.5 Attributs

	2.4 Vecteurs
	2.5 Matrices et tableaux
	2.6 Listes
	2.7 Data frames
	2.8 Indiçage
	2.9 Exemples
	2.10 Exercices

	3 Opérateurs et fonctions
	3.1 Opérations arithmétiques
	3.2 Opérateurs
	3.3 Appels de fonctions
	3.4 Quelques fonctions utiles
	3.4.1 Manipulation de vecteurs
	3.4.2 Recherche d'éléments dans un vecteur
	3.4.3 Arrondi
	3.4.4 Sommaires et statistiques descriptives
	3.4.5 Sommaires cumulatifs et comparaisons élément par élément
	3.4.6 Opérations sur les matrices
	3.4.7 Produit extérieur

	3.5 Structures de contrôle
	3.5.1 Exécution conditionnelle
	3.5.2 Boucles

	3.6 Fonctions additionnelles
	3.7 Exemples
	3.8 Exercices

	4 Exemples résolus
	4.1 Calcul de valeurs actuelles
	4.2 Fonctions de masse de probabilité
	4.3 Fonction de répartition de la loi gamma
	4.4 Algorithme du point fixe
	4.5 Suite de Fibonacci
	4.6 Exercices

	5 Fonctions définies par l'usager
	5.1 Définition d'une fonction
	5.2 Retourner des résultats
	5.3 Variables locales et globales
	5.4 Exemple de fonction
	5.5 Fonctions anonymes
	5.6 Débogage de fonctions
	5.7 Styles de codage
	5.8 Exemples
	5.9 Exercices

	6 Concepts avancés
	6.1 Argument `...'
	6.2 Fonction apply
	6.3 Fonctions lapply et sapply
	6.4 Fonction mapply
	6.5 Fonction replicate
	6.6 Classes et fonctions génériques
	6.7 Exemples
	6.8 Exercices

	7 Fonctions d'optimisation
	7.1 Contexte
	7.2 Fonctions d'optimisation et de calcul de racines
	7.2.1 Fonction uniroot
	7.2.2 Fonction optimize
	7.2.3 Fonction nlm
	7.2.4 Fonction nlminb
	7.2.5 Fonction optim
	7.2.6 polyroot

	7.3 Astuce Ripley
	7.4 Pour en savoir plus
	7.5 Exemples
	7.6 Exercices

	8 Générateurs de nombres aléatoires
	8.1 Générateurs de nombres aléatoires
	8.2 Fonctions de simulation de variables aléatoires non uniformes
	8.3 Exemples
	8.4 Exercices

	A GNU Emacs et ESS: la base
	A.1 Mise en contexte
	A.2 Installation
	A.3 Description sommaire
	A.4 Emacs-ismes et Unix-ismes
	A.5 Commandes de base
	A.5.1 Les essentielles
	A.5.2 Manipulation de fichiers
	A.5.3 Déplacements simples du curseur
	A.5.4 Sélection de texte, copier, coller, couper
	A.5.5 Manipulation de fenêtres
	A.5.6 Manipulation de fichiers de script dans le mode ESS
	A.5.7 Interaction avec l'invite de commande R
	A.5.8 Consultation des rubriques d'aide de R

	A.6 Anatomie d'une session de travail (bis)
	A.7 Configuration de l'éditeur
	A.8 Aide et documentation

	B Planification d'une simulation en R
	B.1 Contexte
	B.2 Première approche: avec une boucle
	B.3 Seconde approche: avec sapply
	B.4 Variante de la seconde approche
	B.5 Gestion des fichiers
	B.6 Exécution en lot
	B.7 Conclusion

	C Installation de packages dans R
	Réponses des exercices
	Chapitre 2
	Chapitre 3
	Chapitre 4
	Chapitre 5
	Chapitre 6
	Chapitre 7
	Chapitre 8

	Bibliographie
	Index

