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-H UHPHUFLH OH SURIHVVHXU 0DULH02GLOH &RUGLHU G·DYRLU ELHQ YRXOX H[DPLQHU PHV WUDYDX[/ SRXU OHV FRPPHQWDLUHV WUqV

FRPSOHWV TX·HOOH D pPLV HW TXL RQW FRQWULEXp j O·DFKqYHPHQW GH FH GRFXPHQW1 -H OD UHPHUFLH DXVVL SRXU VRQ FRQWDFW

FKDOHXUHX[ HW WUqV FRQYLYLDO1

-H UHPHUFLH OH SURIHVVHXU /LOLDQD ,URQL SRXU DYRLU IUDQFKL OD EDUULqUH GH OD ODQJXH HQ DFFHSWDQW GH IDLUH SDUWLH GH PHV

UDSSRUWHXUV1 -H OD UHPHUFLH SRXU OD FODUWp GH VHV FRPPHQWDLUHV HW SRXU O·pYLGHQW WUDYDLO GH FRPSUpKHQVLRQ TX·HOOH D

SURGXLW j O·pJDUG GH PRQ WUDYDLO1 *UD]LH PLOOH1

-H UHPHUFLH OH SURIHVVHXU -HDQ0/XF 1HVSRXORXV SRXU DYRLU ELHQ YRXOX UHOLUH HW FRPPHQWHU PHV WUDYDX[ PDOJUp OHXU

WHFKQLFLWp1 -H OH UHPHUFLH SRXU VRQ RXYHUWXUH G·HVSULW/ VHV LQQRPEUDEOHV TXDOLWpV HW OD JHQWLOOHVVH TX·LO D PDQLIHVWp j PRQ

pJDUG1

-H UHPHUFLH OH SURIHVVHXU 0LFKHO &D\URO G·DYRLU DFFHSWp GH SUpVLGHU PRQ MXU\/ PDLV DXVVL HW VXUWRXW SRXU O·HQVHLJQHPHQW

GH TXDOLWp TX·LO SURGLJXH j O·XQLYHUVLWp 3DXO 6DEDWLHU HW GRQW M·DL SX EpQpILFLHU1

-H UHPHUFLH OH GRFWHXU 3LHUUH &HOVLV/ FKHUFKHXU j O·XQLWp 788/ SRXU P·DYRLU DGRSWp GDQV VRQ pTXLSH HW SRXU DYRLU VX

WRXMRXUV WURXYHU XQH UpSRQVH FRPSUpKHQVLEOH j PHV RUHLOOHV HW FH/ TXHOOH TXH VRLW PD TXHVWLRQ1 -H UHPHUFLH DXVVL OH

GRFWHXU %HUQDUG 'R\RQ SRXU O·pWRQQDQWH ULFKHVVH GH VHV UHPDUTXHV HW SRXU VHV FRPPHQWDLUHV HQWKRXVLDVPDQWV1 (W

HQILQ/ MH UHPHUFLH OH GRFWHXU -HDQ0)UDQoRLV 'pPRQHW/ SRXU OD VRXUFH G·LQVSLUDWLRQ TX·LO LQFDUQH/ SRXU VD GLVSRQLELOLWp j

PRQ pJDUG HW VRQ RXYHUWXUH G·HVSULW1 -H UHPHUFLH HQILQ O·HQVHPEOH GH FHWWH WULDGH SRXU OHXU JHQWLOOHVVH j PRQ pJDUG1

-H UHPHUFLH %HUWUDQG /DFRWWH SRXU OH WUDYDLO TX·LO D HIIHFWXp DYDQW PRL VXU FH SURMHW/ SRXU VRQ HVSULW FUpDWHXU HW WUqV

REMHFWLI/ DLQVL TXH SRXU OD EDVH GH WUDYDLO VROLGH TX·LO P·D FRQILpH HW TXL D pQRUPpPHQW FRQWULEXp j PRQ DYDQFHPHQW1

-H WpPRLJQH GH PRQ LQILQLH JUDWLWXGH j WRXV FHX[ TXL RQW FRQWULEXp GH SUqV RX GH ORLQ j UHQGUH PRQ WUDYDLO SOXV DJUpDEOH

HW j P·HQULFKLU SHUVRQQHOOHPHQW GXUDQW FHV GHUQLqUHV DQQpHV/ OHV FKHUFKHXUV/ OH VHFUpWDULDW HW OH SHUVRQQHO VRLJQDQW GH

O·XQLWp 788/ DLQVL TXH WRXV OHV pWXGLDQWV GH WRXV KRUL]RQV HW ODERUDWRLUHV1 /D OLVWH HVW ELHQ WURS ORQJXH SRXU FRQWHQLU GDQV

FHV SDJHV1

-H UHQGV JUkFH/ SOXV ODUJHPHQW HQFRUH/ j WRXV PHV DPLV/ PHV H[0FDPDUDGHV/ OHV pWRLOHV ILODQWHV HW OHV LPPRUWHOV/ j PRQ

IUqUH/ FHX[ TXL VRQW WRXMRXUV MHXQHV HW OHV SOXV VDJHV/ j WRXV FHV rWUHV H[FHSWLRQQHOV TXL P·HQWRXUHQW/ SRXU OHXUV

PHUYHLOOHXVHV TXDOLWpV HW OHXUV DLPDEOHV GpIDXWV1 -H P·H[FXVH QH Q·DYRLU SDV SX rWUH DXVVL SUpVHQW/ DLPDQW HW GpYRXp TX·LOV

O·RQW pWp j PRQ pJDUG1 (QFRUH XQH IRLV/ MH VXLV ELHQ LQFDSDEOH G·rWUH H[KDXVWLI/ DORUV MH QH GRQQHUDL SDV GH QRPV/ HQ

HVSpUDQW TX·LOV VH UHFRQQDvWURQW1 -H OHV JDUGH WRXV GDQV PRQ F±XU/ Oj R� LOV UHVWHURQW WRXMRXUV1 -H GpGLH O·DERXWLVVHPHQW

GH FH WUDYDLO j PHV SDUHQWV/ TXH M·DLPH WDQW HW VDQV TXL MH Q·DXUDLV MDPDLV SX rWUH j OD KDXWHXU GH FHWWH WkFKH/ HQ

WpPRLJQDJH GH PD JUDWLWXGH HW GH PRQ DIIHFWLRQ1
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8Q JURV PHXEOH j WLURLUV HQFRPEUp GH ELODQV/
'H YHUV/ GH ELOOHWV GRX[/ GH SURFqV/ GH URPDQFHV/
$YHF GH ORXUGV FKHYHX[ URXOpV GDQV OHV TXLWWDQFHV/
&DFKH PRLQV GH VHFUHWV TXH PRQ WULVWH FHUYHDX1
&KDUOHV %DXGHODLUH +6SOHHQ HW ,GpDO/ /;;,;,1

6L O·pWXGH GH OD SHQVpH UHPRQWH j O·DQWLTXLWp/ O·pWDEOLVVHPHQW GH VRQ RULJLQH GDQV O·DFWLYLWp GX FHUYHDX

HVW EHDXFRXS SOXV UpFHQWH1 'HSXLV GHX[ FHQWV DQV/ O·pWXGH GX IRQFWLRQQHPHQW GX FHUYHDX KXPDLQ D

PRWLYp GH QRPEUHXVHV UHFKHUFKHV VFLHQWLILTXHV GRQW OHV UpVXOWDWV RQW ERXOHYHUVp OHV FRQQDLVVDQFHV

HW OHV FUR\DQFHV TXH O·RQ SRXYDLW DYRLU VXU O·RUJDQLVDWLRQ HW OH IRQFWLRQQHPHQW GX FHUYHDX1 3OXV

SDUWLFXOLqUHPHQW/ OHV SURJUqV WHFKQRORJLTXHV GH FHV YLQJW GHUQLqUHV DQQpHV RQW SHUPLV OD QDLVVDQFH

G·XQ QRXYHDX SDUDGLJPH H[SpULPHQWDO/ OHV pWXGHV G·DFWLYDWLRQ1 ,O HVW GpVRUPDLV SRVVLEOH G·REVHUYHU/

SDU O·LQWHUPpGLDLUH GH OD QHXUR0LPDJHULH IRQFWLRQQHOOH/ O·DFWLYLWp GX FHUYHDX SHQGDQW TX·LO UpDOLVH GHV WkFKHV

FRJQLWLYHV HW FH/ VDQV DXFXQ WUDXPDWLVPH1

/HV pWXGHV G·DFWLYDWLRQ RQW SHUPLV GH PLHX[ FRQQDvWUH O·RUJDQLVDWLRQ IRQFWLRQQHOOH GX FHUYHDX1 3RXU

UpVRXGUH XQH WkFKH GRQQpH/ F·HVW WRXW XQ UpVHDX GH UpJLRQV GX FHUYHDX TXL VHPEOH rWUH PLVH HQ

±XYUH1 &KDTXH DLUH ORFDOLVpH HVW XQH SRUWLRQ GX FRUWH[ GH WDLOOH YDULDEOH GRQW OHV IURQWLqUHV VRQW

YDULDEOHV HQ IRQFWLRQ GHV LQGLYLGXV1 'DQV O·DFFRPSOLVVHPHQW G·XQH WkFKH FRJQLWLYH SDUWLFXOLqUH/ OHV

DLUHV LPSOLTXpHV VRQW GpSHQGDQWHV OHV XQHV GHV DXWUHV/ PDLV HOOHV SURFqGHQW j XQ WUDLWHPHQW

VSpFLILTXH HW LQGLVSHQVDEOH j OD UpVROXWLRQ GH OD WkFKH FRJQLWLYH1 /HV FKHUFKHXUV HQ QHXURSV\FKRORJLH

WHQWHQW GH GpILQLU OH OLHQ HQWUH OHV IRQFWLRQV FRJQLWLYHV UpDOLVpHV HW OHV VWUXFWXUHV PLVHV HQ ±XYUH

SRXU \ SDUYHQLU1 &HSHQGDQW/ EHDXFRXS GH WHQWDWLYHV SRXU pWDEOLU XQ OLHQ GpILQLWLI HQWUH VWUXFWXUH

FpUpEUDOH HW IRQFWLRQ FRJQLWLYH VH VRQW VROGpHV SDU GHV pFKHFV1 &HFL SHXW V·H[SOLTXHU SDU XQH DEVHQFH

G·LQWHUSUpWDWLRQ HQ WHUPHV GHV PpFDQLVPHV IRQGDPHQWDX[ GH WUDLWHPHQW GH O·LQIRUPDWLRQ FpUpEUDOH/

GpWHUPLQpV SDU OD QHXURSK\VLRORJLH HW OD QHXURDQDWRPLH1 /HV PR\HQV GH QHXUR0LPDJHULH QH

SHUPHWWHQW TXH G·REVHUYHU OD FRQVpTXHQFH GH OD PLVH HQ ±XYUH GH FHV PpFDQLVPHV +L1H1 O·DFWLYDWLRQ

GH FHUWDLQHV DLUHV FpUpEUDOHV,1 /D FRPSUpKHQVLRQ GHV PpFDQLVPHV QH SHXW YHQLU TXH GH OD

PRGpOLVDWLRQ1 ,O HVW GRQF LQGLVSHQVDEOH G·pWDEOLU GHV PRGqOHV SK\VLRORJLTXHPHQW SODXVLEOHV GHV OLHQV

HQWUH VWUXFWXUHV HW IRQFWLRQV FpUpEUDOHV1

/D SOXSDUW GHV UHFKHUFKHV IDLWHV GDQV FH VHQV VRQW IRQGpHV VXU OHV UpVHDX[ GH QHXURQHV IRUPHOV

+51), HW VH SURSRVHQW GH GpWHUPLQHU TXHOOH IRQFWLRQ pPHUJH G·XQ UpVHDX GH PLFUR0VWUXFWXUHV

FpUpEUDOHV +OHV QHXURQHV,1 /HV PRGqOHV IRQGpV VXU OHV 51) SHUGHQW WRXWH SODXVLELOLWp SK\VLRORJLTXH

ORUVTX·LOV VRQW DSSOLTXpV DX[ UpVHDX[ GH PDFUR0VWUXFWXUHV FpUpEUDOHV +OHV DLUHV,1 &·HVW SRXUTXRL/
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O·REMHW GH QRWUH WUDYDLO HVW GRXEOH1 'DQV XQ SUHPLHU WHPSV/ QRXV SURSRVRQV XQ IRUPDOLVPH TXL

SHUPHW GH GpFULUH GHV PRGqOHV SK\VLRORJLTXHPHQW SODXVLEOHV GX WUDLWHPHQW GH O·LQIRUPDWLRQ GDQV OHV

UpVHDX[ G·DLUHV FpUpEUDOHV1 'DQV XQ VHFRQG WHPSV/ QRXV FRQVWUXLVRQV XQ VLPXODWHXU TXL SHUPHW GH

PHWWUH FHV PRGqOHV HQ ±XYUH1

'·XQH SDUW/ QRXV YRXORQV SURSRVHU XQ FDGUH IRUPHO GDQV OHTXHO SRXUURQW V·H[SULPHU OH SOXV JUDQG

QRPEUH GH PRGqOHV SRVVLEOHV1 '·DXWUH SDUW/ QRXV QH FKHUFKRQV SDV/ FRPPH F·HVW OH FDV GDQV

G·DXWUHV GRPDLQHV +SK\VLTXH SDU H[HPSOH, j VLPXOHU OH FRPSRUWHPHQW G·XQ V\VWqPH FRQQX1

$FWXHOOHPHQW/ OH QLYHDX GH FRQQDLVVDQFHV GHV PpFDQLVPHV UpJLVVDQW O·DFWLYLWp FpUpEUDOH Q·HVW SDV

VXIILVDQW SRXU SHUPHWWUH XQ WHOOH DYHQWXUH1 1RWUH DPELWLRQ HVW G·RIIULU XQH PpWKRGRORJLH HW XQ RXWLO

TXL SHUPHWWHQW GH GpFULUH GHV K\SRWKqVHV/ FRPSDWLEOHV DYHF OHV FRQQDLVVDQFHV DFTXLVHV/ TXL

SRXUUDLHQW H[SOLTXHU OHV REVHUYDWLRQV LVVXHV GHV pWXGHV G·DFWLYDWLRQ1 /D QXDQFH HVW FUXFLDOH1 /H

GRPDLQH GHV QHXURVFLHQFHV pWDQW WUqV G\QDPLTXH HW OHV FRQQDLVVDQFHV SURJUHVVDQW VDQV FHVVH/ OHV

K\SRWKqVHV VRQW QRPEUHXVHV HW pYROXHQW FRQVWDPPHQW1

1RXV SURSRVRQV GRQF XQ IRUPDOLVPH GDQV OHTXHO QRXV SRXYRQV H[SULPHU IDFLOHPHQW HW

H[SOLFLWHPHQW GHV K\SRWKqVHV SRUWDQW j OD IRLV VXU OHV UHODWLRQV HQWUH OHV DLUHV FpUpEUDOHV HW VXU OH

IRQFWLRQQHPHQW SURSUH j FKDFXQH G·HOOHV1 3RXU FH IDLUH/ QRXV XWLOLVRQV XQH UHSUpVHQWDWLRQ SDU

JUDSKHV RULHQWpV/ FRKpUHQWH DYHF O·RUJDQLVDWLRQ GLVWULEXpH GX FHUYHDX1 &HV JUDSKHV VRQW RUJDQLVpV

KLpUDUFKLTXHPHQW SRXU GLPLQXHU OD FRPSOH[LWp GHV PRGqOHV HW SRXU UHSUpVHQWHU H[SOLFLWHPHQW OHXUV

GLIIpUHQWV QLYHDX[ G·DEVWUDFWLRQ1 /D SURSDJDWLRQ HVW PRGpOLVpH SDU GHV RSpUDWHXUV TXDOLWDWLIV SURSUHV

j PDvWULVHU O·LPSUpFLVLRQ FDUDFWpULVWLTXH GH © O·LQIRUPDWLRQ FpUpEUDOH ª/ TXH QRXV GpILQLVVRQV FRPPH

XQH DEVWUDFWLRQ GX VLJQDO FpUpEUDO1

&RPSWH WHQX GX IDLW TXH FHWWH WKqVH V·DGUHVVH j XQ SXEOLF SOXULGLVFLSOLQDLUH/ QRXV DYRQV IDLW XQ

HIIRUW SpGDJRJLTXH GDQV OD GHVFULSWLRQ GH O·pWDW GH O·DUW1 1RXV VRPPHV FRQVFLHQWV TXH/ GDQV FKDTXH

GLVFLSOLQH/ FHUWDLQHV SDUWLHV GHV WURLV SUHPLHUV FKDSLWUHV SRXUURQW SDUDvWUH TXHOTXH SHX QDwYHV DX[

\HX[ GX VSpFLDOLVWH1 &HSHQGDQW/ OHV UpIpUHQFHV ELEOLRJUDSKLTXHV RQW pWp SDUWLFXOLqUHPHQW

VpOHFWLRQQpHV SRXU SHUPHWWUH OH GpYHORSSHPHQW GHV VXMHWV DERUGpV1 $SUqV XQH UDSLGH GHVFULSWLRQ/

DQDWRPLTXH HW IRQFWLRQQHOOH/ GX FHUYHDX HW XQ DSHUoX GHV WHFKQLTXHV G·REVHUYDWLRQ GH O·DFWLYLWp

FpUpEUDOH/ QRXV SRVHURQV OHV REMHFWLIV GH QRWUH SUREOpPDWLTXH1 3XLV QRXV YHUURQV OHV GLIIpUHQWHV

DSSURFKHV IRUPHOOHV GH OD PRGpOLVDWLRQ GH O·DFWLYLWp FpUpEUDOH DLQVL TXH OHXUV FDUDFWpULVWLTXHV

IRQGDPHQWDOHV1 1RXV SRXUURQV DORUV LQWURGXLUH QRWUH DSSURFKH HW GpILQLU QRWUH IRUPDOLVPH/ DLQVL

TXH OH VLPXODWHXU %,2&$(11 )LQDOHPHQW/ QRXV FULWLTXHURQV QRWUH WUDYDLO HW QRXV GLVFXWHURQV GH VHV

IXWXUHV pYROXWLRQV SRVVLEOHV1
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/HV SUHPLqUHV WHQWDWLYHV GH OLHQV HQWUH OD VWUXFWXUH FpUpEUDOH HW OHV IRQFWLRQV FRJQLWLYHV GDWHQW GH

ELHQ DYDQW QRWUH qUH +H1J1 +HURSKLOH/ PpGHFLQ JUHF/ 633 $1&1/ FURLW \ VLWXHU OH VLqJH GH O·kPH,1 /HV

SUHPLqUHV pWXGHV UpHOOHPHQW DERXWLHV GDWHQW/ FHSHQGDQW/ GX VLqFOH GHUQLHU/ DYHF OHV WUDYDX[ GX

PpGHFLQ DOOHPDQG/ )UDQ] -R]HI *DOO/ FUpDWHXU GH OD SKUpQRORJLH/ HQ 4;43/ TXL ORFDOLVDLW OHV IRQFWLRQV

PHQWDOHV VXLYDQW OD FRQIRUPDWLRQ GX FUkQH KXPDLQ1 &HWWH WKpRULH SUrWH DXMRXUG·KXL j VRXULUH PDLV

VHV K\SRWKqVHV GH EDVH pWDLHQW SHUWLQHQWHV1 *DOO pWDLW HQ HIIHW OH SUHPLHU j FRQVLGpUHU OH FRUWH[

FpUpEUDO FRPPH XQ OLHX SULYLOpJLp SRXU OD UpDOLVDWLRQ GHV IRQFWLRQV FRJQLWLYHV HW VWLSXODLW TXH O·RQ

SRXYDLW OHV \ ORFDOLVHU +0D]R\HU ) %HOOLYHDX 4<<9/ /DSODQH 4<;8,1 &·HVW OD SKUpQRORJLH TXL PDUTXH OH

YpULWDEOH GpEXW GH OD WKpRULH GH OD ORFDOLVDWLRQ/ VHORQ ODTXHOOH O·HVSULW Q·HVW SDV XQH HQWLWp LQGLYLVLEOH

GpVLQFDUQpH/ PDLV HQ XQ HQVHPEOH GH IRQFWLRQV ORFDOLVDEOHV GDQV OH FHUYHDX1 (OOH UHVWH DXVVL XQ WUqV

ERQ H[HPSOH GH OD GLIILFXOWp j ORFDOLVHU GHV IRQFWLRQV FRJQLWLYHV VDQV WHFKQLTXHV G·REVHUYDWLRQ

GLUHFWH GH O·DFWLYLWp GX FHUYHDX1

'XUDQW WRXW OH ;,;H VLqFOH/ OHV REVHUYDWLRQV DQDWRPLTXHV VH VXFFqGHQW1 &LWRQV/ SDU H[HPSOH/ OD

GpFRXYHUW GH OD GLYLVLRQ HQ FRXFKHV FRUWLFDOHV SDU %DLOOHUJHU HQ 4;73/ RX O·DWODV GX FHUYHDX pWDEOL SDU

&UXYHLOKHU HQ 4;5< RX ELHQ HQFRUH FHOXL GH .RUELDQDQ %URGPDQQ TXL GDWH GH 4<3< HW HVW HQFRUH

XWLOLVp DXMRXUG·KXL1 /HV FRQQDLVVDQFHV VXU O·RUJDQLVDWLRQ IRQFWLRQQHOOH GX FHUYHDX VH GpYHORSSHQW/

HOOHV DXVVL/ VRXV OD IRUPH G·pWXGHV FOLQLTXHV1 /HV UHODWLRQV HQWUH OHV IRQFWLRQV FRJQLWLYHV HW OD

VWUXFWXUH FpUpEUDOH VRQW/ DORUV/ GpGXLWHV GHV FRUUpODWLRQV HQWUH OD SHUWH G·XQH IRQFWLRQ FRJQLWLYH HW OD

ORFDOLVDWLRQ G·XQH OpVLRQ FpUpEUDOH1 &HWWH ORFDOLVDWLRQ pWDLW REVHUYpH SRVW0PRUWHP1 &·HVW/ SDU H[HPSOH/ OH

FDV GHV WUDYDX[ VXU O·DSKDVLH TXH 3DXO %URFD UpDOLVD HQ 4;94 HW TXL OXL SHUPLUHQW GH ORFDOLVHU XQH DLUH

FpUpEUDOH LPSOLTXpH GDQV OH ODQJDJH HW TXL GHSXLV SRUWH VRQ QRP +0D]R\HU ) %HOOLYHDX 4<<9/

0HVXODP 4<<3,1 &HSHQGDQW OHV FRUUpODWLRQV VRQW VRXYHQW DUGXHV j UpDOLVHU/ VXUWRXW ORUVTXH OH GpILFLW

HVW LPSRUWDQW1 'H SOXV/ OD JUDQGH YDULDELOLWp GHV OpVLRQV HW OHV IDFXOWpV GH UpRUJDQLVDWLRQ GX FHUYHDX

UHQGHQW GLIILFLOH OD WUDQVSRVLWLRQ GHV REVHUYDWLRQV GX FHUYHDX OpVp DX FHUYHDX VDLQ +(YDQV 4<<9,1 2Q

SHXW pJDOHPHQW VRXOLJQHU XQH REVHUYDWLRQ JpQpUDOH HW G·XQH LPSRUWDQFH IRQGDPHQWDOH1 'DQV

FHUWDLQV FDV/ GHV SDWLHQWV SUpVHQWDQW GHV OpVLRQV VLWXpHV HQ GHV HQGURLWV GLIIpUHQWV GX FHUYHDX/

SUpVHQWHQW XQ GpILFLW WRXFKDQW XQH PrPH IRQFWLRQ1 6\PpWULTXHPHQW/ XQH PrPH OpVLRQ SHXW
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HQWUDvQHU GHV GpILFLWV LPSOLTXDQW SOXVLHXUV IRQFWLRQV FpUpEUDOHV1 &HWWH REVHUYDWLRQ SHXW rWUH

HQWHQGXH FRPPH XQH OLPLWH j OD ORFDOLVDWLRQ GHV IRQFWLRQV FpUpEUDOHV GDQV OH FHUYHDX KXPDLQ SDU OD

PpWKRGH DQDWRPR0FOLQLTXH +/DSODQH 4<;8,1

'XUDQW OHV GHX[ SUHPLHU WLHUV GH FH VLqFOH/ OD VHXOH DOWHUQDWLYH SRXU O·pWXGH GH O·RUJDQLVDWLRQ pWDLW/

G·XQH SDUW/ O·pWXGH FOLQLTXH SRVW0PRUWHP/ FKLUXUJLFDOH +3KLOLSSRQ 4<;;, RX HQ XWLOLVDQW XQH

WHFKQLTXH G·LPDJHULH DQDWRPLTXH +H1J1 H[SORUDWLRQ SDU UDGLR0LVRWRSH/ DQJLRJUDSKLH, HW/ G·DXWUH SDUW/

OHV WUDYDX[ VXU OHV DQLPDX[1 0DLV/ GDQV FH GHUQLHU FDV/ OD WUDQVSRVLWLRQ j O·KRPPH GHV UpVXOWDWV UHVWH

HQ JpQpUDO DVVH] SUREOpPDWLTXH/ SXLVTXH OHV RUJDQHV VRQW GLIIpUHQWV1 'H SOXV/ OH WUDQVSRVLWLRQ HVW

OLPLWpH j GHV IRQFWLRQV UpDOLVDEOHV SDU O·DQLPDO pWXGLp/ FH TXL H[FOXW/ HQWUH DXWUHV/ OHV pWXGHV VXU OH

ODQJDJH +0HVXODP 4<<3,1

/HV pWXGHV G·DFWLYDWLRQ VRQW QpHV DYHF OHV WRXWHV QRXYHOOHV WHFKQLTXHV G·LPDJHULH IRQFWLRQQHOOH/

GDWDQW SRXU OHV SOXV DQFLHQQHV GHV DQQpHV VRL[DQWH1 *UkFH j FHV WHFKQLTXHV/ RQ D SX pWXGLHU/ HW

VXUWRXW PHVXUHU/ O·DFWLYDWLRQ FpUpEUDOH SURYRTXpH SDU OD UpDOLVDWLRQ G·XQH WkFKH FRJQLWLYH/ FKH] GHV

SDWLHQWV FpUpEUR0OpVpV/ PDLV DXVVL FKH] GHV VXMHWV VDLQV1 &HV QRXYHOOHV pWXGHV RQW SHUPLV G·REWHQLU

GHV LQIRUPDWLRQV SOXV SUpFLVHV VXU OHV ORFDOLVDWLRQV GHV IRQFWLRQV FpUpEUDOHV HW/ QRWDPPHQW/ HOOHV RQW

PLV HQ pYLGHQFH XQH DFWLYLWp SOXV GLVWULEXpH VXU O·HQVHPEOH GX FHUYHDX1 8QH IRQFWLRQ FRJQLWLYH

GRQQpH HQWUDvQH XQH DFWLYLWp HQ SOXVLHXUV HQGURLWV GX FHUYHDX DQDWRPLTXHPHQW UHSpUpV/ OHV DLUHV

FpUpEUDOHV1 &HV DLUHV QH VRQW SDV HQWLqUHPHQW GpGLpHV j OD UpVROXWLRQ G·XQH VHXOH IRQFWLRQ FRJQLWLYH/

FRQWUDLUHPHQW j FH TXH OHV pWXGHV FOLQLTXHV GHV OpVLRQV SRXYDLHQW ODLVVHU FURLUH1 8QH PrPH DLUH

FpUpEUDOH SHXW/ HQ HIIHW/ rWUH DFWLYpH SRXU OD UpVROXWLRQ GH GLIIpUHQWHV IRQFWLRQV1 3RXUWDQW/ OH U{OH GH

O·DLUH GDQV OD PLVH HQ ±XYUH GH OD IRQFWLRQ HVW LQGLVSHQVDEOH/ SXLVTX·XQH OpVLRQ GH O·DLUH HQWUDvQH XQH

SHUWH SOXV RX PRLQV LPSRUWDQWH GHV DSWLWXGHV j UpVRXGUH OD IRQFWLRQ1 $LQVL/ O·pWXGH GH O·DFWLYLWp

FpUpEUDOH HVW0HOOH SDVVpH/ FHV YLQJW GHUQLqUHV DQQpHV/ GH OD ORFDOLVDWLRQ G·XQH DLUH GpGLpH j XQH

IRQFWLRQ/ j OD ORFDOLVDWLRQ G·XQ JURXSH G·DLUHV LPSOLTXpHV GDQV OD IRQFWLRQ +3XOYHUP�OOHU 4<<9/

0HVXODP 4<<3/ 3RVQHU HW DO1 4<;;,1 3RXU FRPSUHQGUH OH U{OH GH FKDTXH DLUH LPSOLTXpH GDQV

O·DFFRPSOLVVHPHQW G·XQH IRQFWLRQ FRJQLWLYH/ LO IDXW GLYLVHU FHWWH IRQFWLRQ HQ SULPLWLYHV

IRQFWLRQQHOOHV HW HIIHFWXHU GHV UHFRXSHPHQWV DYHF G·DXWUHV IRQFWLRQV SRVVpGDQW GHV SULPLWLYHV

VHPEODEOHV1

/D WHFKQLTXH GH EDVH G·XQH pWXGH G·DFWLYDWLRQ HVW WKpRULTXHPHQW WUqV VLPSOH1 2Q GHPDQGH DX VXMHW

G·HIIHFWXHU XQH RSpUDWLRQ FRJQLWLYH +H1J1 FRPSWHU MXVTX*j GL[/ OLUH XQ WH[WH/ PpPRULVHU XQ FKLIIUH/

HWF, HW SHQGDQW TX·LO OD UpDOLVH/ RQ PHVXUH O·DFWLYLWp GH VRQ FHUYHDX1 &HWWH GHVFULSWLRQ SDUDvW

HIIHFWLYHPHQW IRUW VLPSOH/ PDLV HOOH QH O·HVW pYLGHPPHQW SDV1 /D JUDQGH GLIILFXOWp UpVLGH GDQV
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O·pODERUDWLRQ G·XQ SURWRFROH H[SpULPHQWDO TXL QH PHWWH HQ MHX TXH OD IRQFWLRQ FRJQLWLYH TXH O·RQ

VRXKDLWH REVHUYHU1 6L FHOD Q·HVW SDV SRVVLEOH/ RQ GRLW XWLOLVHU XQH WkFKH GH UpIpUHQFH/ TXL UHJURXSH OHV

IRQFWLRQV j VXSSULPHU/ HW TXH OH VXMHW DFFRPSOLW DXVVL1 2Q FRPSDUH DORUV OHV DFWLYLWpV JpQpUpHV SDU

OHV GHX[ WkFKHV GH PDQLqUH j GpWDFKHU O·DFWLYLWp SURSUH j OD IRQFWLRQ TXH O·RQ VRXKDLWH pWXGLHU

+6HUJHQW 4<<7/ 3RVQHU HW DO1 4<;;,1 2Q SHXW DXVVL GH FHWWH PDQLqUH GpWHUPLQHU OHV GLIIpUHQFHV HQWUH

GHX[ IRQFWLRQV HQ VRXVWUD\DQW O·DFWLYLWp GH OD SUHPLqUH j OD VHFRQGH/ HW LQYHUVHPHQW1 &H PpFDQLVPH

HVW DXVVL HPSOR\p HQ FRPSDUDQW O·DFWLYDWLRQ GDQV XQH WkFKH FRJQLWLYH j O·DFWLYLWp GX FHUYHDX DX

UHSRV/ SRXU VXSSULPHU O·HIIHW GH O·DFWLYLWp FpUpEUDOH VSRQWDQpH VXU OHV PHVXUHV1 (Q HIIHW/ OH FHUYHDX

pWDQW XQH V\VWqPH WUqV UpDFWLI DX PLOLHX TXL O·HQWRXUH/ O·DFWLYLWp OLpH j OD WkFKH GX VXMHW HVW WRXMRXUV

QR\pH GDQV FHWWH DFWLYLWp VSRQWDQpH/ TXL HVW XQ PpODQJH GH SURFHVVXV LQFRQWU{ODEOHV/ WUDLWHPHQWV

DXWRPDWLTXHV RX LQFRQVFLHQWV1

$SUqV XQH UDSLGH GHVFULSWLRQ GH O·DQDWRPLH GX FHUYHDX KXPDLQ/ DXVVL VLPSOH TXH SRVVLEOH/ QRXV

YHUURQV OHV SULQFLSDOHV WHFKQLTXHV G·LPDJHULH IRQFWLRQQHOOH DFWXHOOHPHQW XWLOLVpHV1 6DQV WURS HQWUHU

GDQV OHV GpWDLOV/ QRXV YHUURQV TXHOV W\SHV GH PHVXUHV OHV FKHUFKHXUV HQ QHXURSV\FKRORJLH SHXYHQW

DWWHQGUH GH FHV WHFKQLTXHV HW FRPPHQW V·\ SUHQGUH SRXU REWHQLU GHV LPDJHV GH O·DFWLYLWp FpUpEUDOH1

$ORUV QRXV SRXUURQV PLHX[ IDLUH FRPSUHQGUH OHV REMHFWLIV GH QRWUH UHFKHUFKH1

41 /( &(59($8 +80$,1

,O QH V·DJLW SDV/ LFL/ GH GpFULUH O·HQVHPEOH GHV PpFDQLVPHV ELRORJLTXHV LPSOLTXpV GDQV OH

IRQFWLRQQHPHQW GX FHUYHDX KXPDLQ/ ORLQ GH Oj1 1RXV DOORQV VLPSOHPHQW/ GDQV XQ SUHPLHU WHPSV/

GpFULUH VRPPDLUHPHQW FRPPHQW RQ VH UHSqUH GDQV OH FHUYHDX KXPDLQ/ VD JpRJUDSKLH HQ TXHOTXH

VRUWH1 'DQV XQ VHFRQG WHPSV/ QRXV GRQQHURQV TXHOTXHV GpWDLOV VXU OD VWUXFWXUH FHOOXODLUH GX

FHUYHDX/ FH TXL QRXV SHUPHWWUD GH PLHX[ FRPSUHQGUH FH TXH O·RQ REVHUYH UpHOOHPHQW DYHF OHV

WHFKQLTXHV G·LPDJHULH FpUpEUDOH1 3RXU GHV LQIRUPDWLRQV SOXV FRPSOqWHV GH QRPEUHX[ RXYUDJHV GH

UpIpUHQFH SHXYHQW rWUH FRQVXOWpV +5RVHQ]ZHLJ ) /HLPDQ 4<<4/ +HGDHQ 4<:5,1

4141 6XEGLYLVLRQV DQDWRPLTXHV GX V\VWqPH QHUYHX[ FHQWUDO

/H V\VWqPH QHUYHX[ FHQWUDO +61&, HVW FRPSRVp GH O·HQFpSKDOH HW GH OD PRHOOH pSLQLqUH1 /·HQFpSKDOH HVW OD

SDUWLH GX V\VWqPH QHUYHX[ FRQWHQXH GDQV OD ERLWH FUkQLHQQH HW HVW FRPPXQpPHQW UHFRQQXH FRPPH
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pWDQW OH VLqJH GH OD FRQVFLHQFH1 /·HQFpSKDOH SHXW rWUH VXEGLYLVp DQDWRPLTXHPHQW HQ WURLV JUDQGHV

SDUWLHV/ OH FHUYHDX SURSUHPHQW GLW4/ OH FHUYHOHW HW OH WURQF FpUpEUDO UHOLDQW OH FHUYHDX j OD PRHOOH pSLQLqUH1

(Q WDQW TXH SDUWLH GH O·HQFpSKDOH/ OH FHUYHDX HVW SURWpJp SDU OD ERLWH FUkQLHQQH1 3RXU O·DWWHLQGUH/

RXWUH OH VFDOS/ LO IDXW SpQpWUHU O·pSDLVVH FDUDSDFH GHV RV GX FUkQH1 2Q DUULYH DORUV DX[ PpQLQJHV/ TXL

VRQW GHV PHPEUDQHV HQYHORSSDQW WRWDOHPHQW OH WLVVX QHUYHX[ HW VRQW SOXV RX PRLQV pSDLVVHV1 2Q

GLVWLQJXH WURLV PHPEUDQHV = OD GXUH0PqUH/ O·DUDFKQRwGH HW OD SLH0PqUH1 /·DUDFKQRwGH VH GpGRXEOH

SRXU FRQWHQLU XQ OLTXLGH/ OH OLTXLGH FpSKDOR0UDFKLGLHQ/ TXL Q·HVW SDV XQLIRUPpPHQW UpSDUWL VXU OD

WRWDOLWp GH OD PHPEUDQH/ IRUPDQW DLQVL GHV VRUWHV GH SRFKHV1 7RXW FHFL FRQVWLWXH DXWDQW

G·HQYHORSSHV G·pSDLVVHXUV QRQ XQLIRUPHV HW GH GHQVLWpV GLIIpUHQWHV TXL VRQW GHV ILOWUHV SRXU XQH

REVHUYDWLRQ H[WHUQH GH O·DFWLYLWp GX FHUYHDX1

2Q FRQYLHQW GH GLYLVHU OH FHUYHDX HQ WURLV SDUWLHV SULQFLSDOHV +)LJXUH 4, TXL VRQW OH WpOHQFpSKDOH/ OH

GLHQFpSKDOH HW OH PpVHQFpSKDOH1 &H GHUQLHU HVW OH

SOXV SURIRQG1 /H GLHQFpSKDOH HVW FRPSRVp HQWUH

DXWUH/ G·XQH SDLUH GH VWUXFWXUHV RYRwGHV/ DSSHOp OH

WKDODPXV +GURLW HW JDXFKH, GRQW RQ VDLW TX·LO

LQWqJUH OHV LQIRUPDWLRQ VHQVRULHOOHV HQ GLUHFWLRQ

GX WpOHQFpSKDOH1 &·HVW OH WpOHQFpSKDOH TXL

FRQVWLWXH OD PDMHXUH SDUWLH GX FHUYHDX1 ,O FRLIIH OH

GLHQFpSKDOH1 &·HVW DX QLYHDX GX WpOHQFpSKDOH TXH

VH FRQFHQWUHQW OHV REVHUYDWLRQV GH O·LPDJHULH

FpUpEUDOH FDU F·HVW LFL TXH VH VLWXH O·DFWLYLWp

FpUpEUDOH OD SOXV pOHYpH/ HQ WHUPHV GH IRQFWLRQV

FRJQLWLYHV1

/H WpOHQFpSKDOH HVW VpSDUp SDU O·D[H PpGLDQ HQ GHX[ KpPLVSKqUHV +GURLW HW JDXFKH, GRQW OD VXUIDFH/

WRWDOHPHQW SOLVVpH/ FRQVWLWXH OH FRUWH[ FpUpEUDO1 &HWWH VXUIDFH HVW SOXV YDVWH TX·LO Q·\ SDUDvW SXLVTX·HOOH

DWWHLQW SUHVTXH OHV 4/8 P51 /HV ILJXUHV IRUPpHV SDU OHV VLOORQV HW OHV FLUFRQYROXWLRQV GX FRUWH[ YDULHQW

G·XQ LQGLYLGX j O·DXWUH1 /HV GHX[ KpPLVSKqUHV QH VRQW G·DLOOHXUV SDV WRWDOHPHQW V\PpWULTXHV FKH]

XQH PrPH SHUVRQQH1 /HV EHUJHV GHV VLOORQV VRQW DSSHOpV J\UL HW OHXUV FUHX[ VRQW DSSHOpV VFLVVXUHV/

ORUVTX·LOV VRQW SURIRQGV/ RX VXOFL/ ORUVTX·LO OH VRQW PRLQV1

                                                           
1 Au sens anatom ique r estrei nt du t erm e (Le Robert). 

Télencéphal e 

M ésencéphal e 

D iencéphal e 

 

Figure 1: Décom positi on anatom i que du cerveau 
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&HV ILJXUHV PRUSKRORJLTXHV SHUPHWWHQW OD GLYLVLRQ GX FRUWH[ HQ OREHV HW OD ORFDOLVDWLRQ G·DLUHV GX

FHUYHDX VDQV UHFRXULU j DXFXQ V\VWqPH PpWULTXH1 2Q SHXW SDU H[HPSOH DLVpPHQW GLVWLQJXHU 6

VFLVVXUHV j OD VXUIDFH GX FHUYHDX/ OD SOXV YLVLEOH HVW OD VFLVVXUH KpPLVSKpULTXH/ TXL VpSDUH OHV GHX[

KpPLVSKqUHV1 9LHQW HQVXLWH OD VFLVVXUH GH 5RODQGR/ RX VFLVVXUH FHQWUDOH/ TXL GLYLVH YHUWLFDOHPHQW OHV

GHX[ KpPLVSKqUHV j SHX SUqV HQ OHXU PLOLHX1 2Q GLVWLQJXH HQILQ OD VFLVVXUH GH 6\OYLXV/ RX VFLVVXUH

ODWpUDOH TXL/ HOOH/ HVW KRUL]RQWDOH GH FKDTXH F{Wp GX FHUYHDX/ HQ SOHLQ FHQWUH GH FKDTXH KpPLVSKqUH

+)LJXUH 5,1 &HV VFLVVXUHV SHUPHWWHQW GH GLYLVHU FKDTXH KpPLVSKqUH HQ 7 OREHV = OH OREH IURQWDO/ OH

OREH SDULpWDO/ OH OREH WHPSRUDO HW OH OREH RFFLSLWDO1 8Q DXWUH OREH/ OH OREH OLPELTXH/ Q·HVW SDV YLVLEOH j

OD VXUIDFH GX FRUWH[/ FDU VLWXp VXU OD VXUIDFH LQWHUQH GX WpOHQFpSKDOH1 /H FRUSV FDOOHX[ FRQVWLWXH OH

VHXO D[H GH FRQQH[LRQ HQWUH OHV GHX[ KpPLVSKqUHV1 ,O GpWHUPLQH GH FH IDLW XQ D[H SULPRUGLDO GDQV

O·LQWHUDFWLRQ HQWUH OHV KpPLVSKqUHV1

Lobe f ront al

Lobe pari étal

Lobe t em poral Lobe occi pi talScissur e de Sylvi us

 Scissure de Rolando

AVANT ARRIER E

Gyri

Sulci

Figure 2: G randes subdi vi si ons du cortex. 

,O H[LVWH DXVVL XQ GpFRXSDJH IRQFWLRQQHO GX FRUWH[ +)LJXUH 6,1 2Q \ GLIIpUHQFLH GHV SRUWLRQV DVVH]

YDVWHV GRQW O·DFWLYLWp VHPEOH SOXV RX PRLQV GpGLpH j GHV WkFKHV VSpFLILTXHV1 &·HVW OH FDV/ SDU

H[HPSOH/ GX FRUWH[ PRWHXU R� O·RQ UHWURXYH GHV DLUHV LPSOLTXpHV GDQV OH FRQWU{OH PXVFXODLUH1 /HV

pWXGHV FOLQLTXHV/ DQLPDOHV HW/ PDLQWHQDQW/ OHV pWXGHV G·DFWLYDWLRQ RQ SHUPLV GH GUHVVHU XQ GpFRXSDJH

IRQFWLRQQHO WUqV SUpFLV GHV DLUHV PRWULFHV SULPDLUHV +J\UXV SUpFHQWUDO GH FKDTXH KpPLVSKqUH,1 &HWWH

FDUWRJUDSKLH IRQFWLRQQHOOH HVW DSSHOp VRPDWRWRSLH +&KXUFKODQG ) 6HMQRZVNL 4<<5,/ HOOH SHUPHW

G·DVVRFLHU DX FKDTXH SDUWLH GX FRUWH[ PRWHXU SULPDLUH XQ VHJPHQW FRUSRUHO FRUUHVSRQGDQW +H1J1

PDLQV/ YLVDJH/ PROOHWV/ SLHGV«,1 8Q WHO GpFRXSDJH UHVWH HQFRUH XQH H[FHSWLRQ HW LO HVW VRXPLV j OD
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YDULDELOLWp LQWHULQGLYLGXHOOH GH OD PRUSKRORJLH GX FRUWH[1 0DLV RQ VDLW TXH OHV DLUHV DXGLWLYHV

SULPDLUHV +J\UL WHPSRUDX[ VXSpULHXUV, RQW XQH RUJDQLVDWLRQ WRQRWRSLTXH/ FKDTXH SRUWLRQ GH O·DLUH

FRUUHVSRQGDQW j XQ VHJPHQW GH IUpTXHQFH VRQRUH +$UGLOD 4<<6,1 'H PrPH/ OHV DLUHV YLVXHOOHV

SULPDLUHV +J\UL RFFLSLWDX[, SRVVqGHQW XQH RUJDQLVDWLRQ UpWLQRWRSLTXH/ F·HVW j GLUH TX·HOOHV

UHSURGXLVHQW HQ TXHOTXH VRUWH OHV LPDJHV LPSULPpHV VXU OD UpWLQH1

Air e motri ce pri m aire

Cort ex som ato-
sensitif

A ir e de
Broca

Air e auditi ve pri m aire
A ir e vi suell e pri m aire

A ir e de
W ernicke

Air e sensiti ve pri m aire

Cort ex
vi suel

Cort ex auditif

Cort ex m oteur

Cort ex
préf ront al

Figure 3: Locali sati on d’ aires f oncti onnell es. 

/HV DLUHV SULPDLUHV VRQW/ G·XQH PDQLqUH JpQpUDOH/ GHV ]RQHV IRQFWLRQQHOOHV UHODWLYHPHQW ELHQ

ORFDOLVpHV FDU HOOHV VRQW OHV SUHPLqUHV DLUHV GX FRUWH[ HQ UHODWLRQ DYHF OHV VWLPXOL UHPRQWDQW GHV

UpFHSWHXUV VHQVRULHOV RX/ SRXU OD PRWULFLWp/ HQ UHODWLRQ DYHF OHV PXVFOHV1 $LQVL/ WRXWH VWLPXODWLRQ

DXGLWLYH DFWLYHUD O·DLUH DXGLWLYH SULPDLUH RX/ SDU H[HPSOH/ XQH OpVLRQ G·XQH SDUWLH GH O·DLUH PRWULFH

SULPDLUH HQWUDvQHUD XQH SDUDO\VLH GX VHJPHQW FRUSRUHO DVVRFLp1 2Q VDLW DXVVL ORFDOLVHU GHV DLUHV

LPSOLTXpHV GDQV GHV WkFKHV SOXV pYROXpHV/ JUkFH/ QRWDPPHQW/ DX[ pWXGHV FOLQLTXHV RX HQ DFWLYDWLRQ1

&·HVW OH FDV/ SDU H[HPSOH/ GHV DLUHV GH %URFD HW :HUQLFNH WRXWHV GHX[ LPSOLTXpHV GDQV OHV IRQFWLRQV

GX ODQJDJH HW SRUWDQW OH QRP GHV FKHUFKHXUV TXL/ OHV SUHPLHUV/ RQW VX OHV LGHQWLILHU +0HVXODP 4<<3,1

/D UpVROXWLRQ G·XQH WkFKH FRJQLWLYH PHW HQ UHODWLRQ GH QRPEUHXVHV DLUHV GX FRUWH[1 &KDFXQH GH FHV

DLUHV/ TXL QH VRQW SDV IRUFpPHQW YRLVLQHV/ MRXH XQ U{OH ELHQ SUpFLV/ LQGLVSHQVDEOH DX WUDLWHPHQW GH OD

WkFKH1 /HV DLUHV LPSOLTXpHV GDQV OD WkFKH SHXYHQW rWUH PLVHV HQ pYLGHQFH SDU OHV WHFKQLTXHV

G·LPDJHULH IRQFWLRQQHOOH1 &·HVW j FH QLYHDX GH UHSUpVHQWDWLRQ TXH OHV REVHUYDWLRQV VRQW IDLWHV1 /HV

WHFKQLTXHV G·LPDJHULH IRQFWLRQQHOOHV/ FRQMXJXpHV DX[ pWXGHV DQDWRPLTXHV/ PHWWHQW HQ pYLGHQFH
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O·RUJDQLVDWLRQ HQ UpVHDX GHV DLUHV/ LQWHUFRQQHFWpHV SDU GHV IDLVFHDX[ GH ILEUHV QHXURQDOHV

+3XOYHUP�OOHU 4<<9/ )LVFKEDFK 4<<5/ 3RVQHU HW DO1 4<;;,1

8QH FRXSH GX FRUWH[ SHXW/ HOOH DXVVL/ DYDQFHU XQH SUHXYH DQDWRPLTXH GH O·RUJDQLVDWLRQ GX FRUWH[ HQ

DLUHV KpWpURJqQHV1 /H FRUWH[ SHXW HQ HIIHW rWUH GpFRPSRVp HQ VL[ FRXFKHV GLVWLQFWHV/ F·HVW OD

F\WRDUFKLWHFWXUH GX FRUWH[1 'DQV FKDTXH FRXFKH/ OD GHQVLWp HW O·RUJDQLVDWLRQ GHV QHXURQHV HVW

GLIIpUHQWH1 /HV YDULDWLRQV UHODWLYHV GH O·LPSRUWDQFH GH FHV FRXFKHV/ VXU O·pWHQGXH GX FRUWH[/ RQW

SHUPLV j %URGPDQQ GH GUHVVHU XQH FDUWRJUDSKLH GX FRUWH[/ GpOLPLWDQW VXEMHFWLYHPHQW 85 DLUHV/

FRQQXHV VRXV OH QRP G·DLUHV GH %URGPDQQ +=LOOHV 4<<9/ +HGDHQ 4<:5,1 &HV YDULDWLRQV VRQW XQH SUHXYH

DQDWRPLTXH G·XQH GLIIpUHQFLDWLRQ VWUXFWXUHOOH GHV SRSXODWLRQV QHXURQDOHV1 /H FRUWH[ FpUpEUDO HVW XQ

VXEVWUDW KpWpURJqQH1 $LQVL/ RQ SHXW V·DWWHQGUH j XQ WUDLWHPHQW ORFDOLVp RX/ GX PRLQV/ GLIIpUHQW VHORQ

O·HQGURLW R� LO HVW HIIHFWXp1 /HV ]RQHV IRQFWLRQQHOOHV QH FRUUHVSRQGHQW FHSHQGDQW SDV WRXMRXUV j XQH

DLUH GH %URGPDQQ +0HVXODP 4<<3,1 &·HVW SDU H[HPSOH OH FDV GHV DLUHV GH %URFD HW GH :HUQLFNH

+0HVXODP 4<<3,1 &HFL HVW G� j OD WHFKQLTXH GH GpOLPLWDWLRQ GHV DLUHV GH %URGPDQQ TXL GRLW rWUH

UpDOLVpH SDU XQH REVHUYDWLRQ DX PLFURVFRSH TXL/ FRPSWH WHQX GH OD YDULDELOLWp LQWHULQGLYLGXHOOH/ UHVWH

VXMHWWH j O·DSSUpFLDWLRQ GH O·REVHUYDWHXU +=LOOHV 4<<9,1

/D FDUWRJUDSKLH GH %URGPDQQ QH VXLW SDV O·DQDWRPLH H[WHUQH GX FRUWH[/ OHV VFLVVXUHV HW J\UL1 &KH] OH

YLYDQW/ RQ VH UpIqUH GRQF j FHWWH FDUWRJUDSKLH HQ XWLOLVDQW XQ DWODV QHXURDQDWRPLTXH GH UpIpUHQFH/

FRPPH SDU H[HPSOH O·DWODV GH -HDQ 7DODLUDFK1 &RPSWH WHQX GHV GLIIpUHQFHV PRUSKRORJLTXHV GX

FRUWH[ G·XQ LQGLYLGX j O·DXWUH/ O·XVDJH G·XQ DWODV HVW LQGLVSHQVDEOH SRXU ORFDOLVHU OHV DLUHV FpUpEUDOHV1

/·DWODV GH 7DODLUDFK SHUPHW XQH ORFDOLVDWLRQ JUkFH j GHV FRRUGRQQpHV FDUWpVLHQQHV1 3RXU ORFDOLVHU

XQH ]RQH G·XQ FHUYHDX GRQQp/ RQ GRLW VH UDPHQHU/ SDU GHV WUDQVIRUPDWLRQV JpRPpWULTXHV/ GDQV

O·HVSDFH GH O·DWODV +)R[ ) /DQFDVWHU 4<<9,1 2Q SHXW/ GH FHWWH PDQLqUH/ UHWURXYHU XQH DLUH GH

%URGPDQQ/ VDQV DYRLU j UpDOLVHU XQH FRXSH GX FHUYHDX pWXGLp1 /·XVDJH GH O·DWODV HVW DXVVL/ HW VXUWRXW/

XQ ERQ PR\HQ SRXU OXWWHU FRQWUH OD YDULDELOLWp LQWHULQGLYLGXHOOH GH OD PRUSKRORJLH GX FRUWH[1

4151 )RQFWLRQQHPHQW FHOOXODLUH

/HV SULQFLSDOHV FHOOXOHV GX V\VWqPH QHUYHX[ VRQW OHV FHOOXOHV QHUYHXVHV RX QHXURQHV1 &HV FHOOXOHV VRQW

WUqV SDUWLFXOLqUHV/ WRXW G·DERUG GH SDU OHXU VWUXFWXUH/ PDLV DXVVL GH SDU OHXU DFWLYLWp FKLPLTXH1 /HV

QHXURQHV VRQW DXVVL OHV VHXOHV FHOOXOHV GH O·RUJDQLVPH TXL QH VH GLYLVHQW SDV1 'H FH IDLW/ WRXWH FHOOXOH

GpWUXLWH Q·HVW SDV UHPSODFpH1 &HFL H[SOLTXH OHV SHUWHV GH IDFXOWpV FRJQLWLYHV DSUqV XQH OpVLRQ

FpUpEUDOH1 ,O HVW FHSHQGDQW SRVVLEOH TXH OH FHUYHDX OpVp UpFXSqUH SURJUHVVLYHPHQW XQ FHUWDLQ QRPEUH

GH VHV IDFXOWpV1 &HWWH UpFXSpUDWLRQ Q·HVW QpDQPRLQV SDV GXH j XQ UHPSODFHPHQW GHV FHOOXOHV
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GpWUXLWHV PDLV j XQH UpRUJDQLVDWLRQ/ OLPLWpH/ GHV QHXURQHV LQWDFWV1 &H PpFDQLVPH GH UpRUJDQLVDWLRQ

HVW XQH SUHXYH GH OD SODVWLFLWp GX FHUYHDX1 &HWWH SODVWLFLWp HVW j SUHQGUH HQ FRPSWH ORUV G·XQH pWXGH

FOLQLTXH FDU HOOH SHXW IDXVVHU O·DSSUpFLDWLRQ GX GpILFLW1

Axone

Som a

Dendrit es

Term inai sons axonal es

Gaine de m yéli ne

Sens de propagati on de l’i nfl ux nerveux

Figure 4: Structure du neurone 

/D VWUXFWXUH G·XQ QHXURQH SHXW rWUH GLYLVp HQ WURLV SDUWLHV/ OHV GHQGULWHV/ OH VRPD HW O·D[RQH +)LJXUH 7,1

/H VRPD HVW OH FRUSV GX QHXURQH/ Oj R� HVW VLWXp OH QR\DX GH OD FHOOXOH1 /HV GHQGULWHV VRQW GHV

H[SDQVLRQV TXL HQWRXUHQW OH FRUSV FHOOXODLUH1 (OOHV IRUPHQW XQ SDQDFKH TXH O·RQ DSSHOOH DUEUH

GHQGULWLTXH1 /·D[RQH HVW DXVVL XQH H[SDQVLRQ GX FRUSV FHOOXODLUH PDLV LO HVW SOXV ORQJ TXH OHV GHQGULWHV

HW LO VH WHUPLQH SDU GH QRPEUHXVHV GLYLVLRQV1 ,O Q·\ D TX·XQ VHXO D[RQH SDU FHOOXOH1 &KDFXQH GHV

H[WUpPLWpV GHV WHUPLQDLVRQV D[RQDOHV HVW UHQIOpH/ F·HVW OH ERXWRQ V\QDSWLTXH1 &HV ERXWRQV VH

FRQQHFWHQW DX[ GHQGULWHV G·DXWUHV QHXURQHV SRXU WUDQVPHWWUH O·LQIOX[ QHUYHX[/ OH SRLQW GH

FRQQH[LRQ HVW DSSHOp V\QDSVH1 8Q QHXURQH HVW HQ PR\HQQH FRQQHFWp j 431333 DXWUHV QHXURQHV1

&HWWH GLYLVLRQ HQ GHQGULWHV2VRPD2D[RQH HVW YDODEOH SRXU WRXV OHV QHXURQHV GX V\VWqPH QHUYHX[/

WRXW FRPPH OH IRQFWLRQQHPHQW JpQpUDO/ WHO TX·LO HVW GpFULW GDQV OHV SDUDJUDSKHV VXLYDQWV1 &RPPH RQ

O·D GpMj YX DYHF OD F\WRDUFKLWHFWXUH/ OHV QHXURQHV VH GLIIpUHQFLHQW SDU OHXU PRUSKRORJLH +L1H1 OD WDLOOH HW

OD IRUPH GH OHXU DUEUH GHQGULWLTXH HW GH OHXU D[RQH, DLQVL TXH SDU OHV FRQQH[LRQV TX·LOV pWDEOLVVHQW

DYHF OHV DXWUHV QHXURQHV1 /HV FDUDFWpULVWLTXHV VWUXFWXUHOOHV LQWHUYLHQQHQW GRQF GDQV OD GLIIpUHQFLDWLRQ

GHV U{OHV GHV GLYHUV QHXURQHV/ DX PrPH WLWUH TXH OHXUV IRQFWLRQQDOLWpV FKLPLTXHV +L1H1 VXVFHSWLELOLWp j

GHV QHXURWUDQVPHWWHXUV GLIIpUHQWV,1
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/H IRQFWLRQQHPHQW GX QHXURQH HVW GH QDWXUH ELRFKLPLTXH HW pOHFWULTXH1 &HWWH DFWLYLWp/ FDUDFWpULVpH

SDU XQ WUDQVSRUW G·LRQV GH VRGLXP HQWUH OH PLOLHX LQWUD HW H[WUDFHOOXODLUH/ FUpH XQH LPSXOVLRQ

pOHFWULTXH/ RX SRWHQWLHO G·DFWLRQ1 &H GHUQLHU VH WUDQVPHW GHV GHQGULWHV YHUV OH VRPD1 3XLV/ ORUVTXH OH

SRWHQWLHO LQWHUQH GpSDVVH XQ VHXLO G·DFWLYDWLRQ/ O·LQIOX[ VH SURSDJH GX VRPD YHUV OHV WHUPLQDLVRQV

D[RQDOHV/ YLD O·D[RQH12Q GLW DORUV TX·LO \ D GpFKDUJH1

/H SRWHQWLHO G·DFWLRQ FLUFXOH j XQH YLWHVVH YDULDEOH/ G·XQ QHXURQH j O·DXWUH/ GH 4 j 433 P2V OH ORQJ GH

O·D[RQH/ FH TXL HVW WUqV OHQW FRPSDUp SDU H[HPSOH j OD FRQGXFWLYLWp GX FXLYUH1 /D GLIIpUHQFH GH

SRWHQWLHO OH FDUDFWpULVDQW D XQH DPSOLWXGH GH 433 PLOOLYROWV +P9, DSSUR[LPDWLYHPHQW HW HVW WRXMRXUV

pJDOH SRXU XQ QHXURQH GRQQp1 $X UHSRV OD GLIIpUHQFH GH SRWHQWLHO HQWUH O·LQWpULHXU HW O·H[WpULHXU GH OD

FHOOXOH HVW GH 0:3 P9/ FHWWH GLIIpUHQFH GHYLHQW SRVLWLYH ORUVTX·LO \ D DFWLYDWLRQ1 /HV YDULDWLRQV GX

FKDPS pOHFWULTXH FUpp SDU O·DFWLYLWp GHV QHXURQHV/ VRQW OD PHVXUH OD SOXV GLUHFWH GH O·DFWLYLWp GX

FHUYHDX1 3RXU WUDQVPHWWUH O·LQIOX[ j XQ DXWUH QHXURQH/ OH ERXWRQ V\QDSWLTXH OLEqUH GHV VXEVWDQFHV

FKLPLTXHV TXL H[FLWHURQW RX LQKLEHURQW OH QHXURQH DGMDFHQW1 ,O \ D H[FLWDWLRQ ORUVTXH OH SRWHQWLHO

LQWHUQH GX QHXURQH HVW UDSSURFKp GX VHXLO G·DFWLYDWLRQ +L1H1 HQWUpH G·LRQV GDQV OH FRUSV FHOOXODLUH,1 ,O \

D LQKLELWLRQ VL OH SRWHQWLHO HVW UpGXLW1 &HV DFWLRQV VRQW OHV GHX[ VHXOHV DFWLRQV SRVVLEOHV SRXU XQH

V\QDSVH1 6DFKDQW TX·XQH V\QDSVH HVW VRLW LQKLELWULFH/ VRLW H[FLWDWULFH/ OH FKDPS G·DFWLRQ G·XQ QHXURQH

HVW GLUHFWHPHQW IRQFWLRQ GX QRPEUH HW GH OD TXDOLWp GHV V\QDSVHV TX·LO SRVVqGH1 2Q YRLW LFL TXH OD

FRPSOH[LWp GX IRQFWLRQQHPHQW FpUpEUDO Q·HVW SDV GXH j OD FRPSOH[LWp GX IRQFWLRQQHPHQW GX

QHXURQH/ PrPH VL GHV TXHVWLRQV SHUVLVWHQW +)LVFKEDFK 4<<5,1 &·HVW OD JUDQGH LQWHUFRQQHFWLYLWp GHV

QHXURQHV TXL UHQG O·H[SORUDWLRQ IRQFWLRQQHOOH TXDVL LPSRVVLEOH j XQ QLYHDX FHOOXODLUH1

/H WUDQVSRUW GX SRWHQWLHO G·DFWLRQ QpFHVVLWH XQH JUDQGH FRQVRPPDWLRQ G·pQHUJLH +L1H1 R[\JqQH/

JOXFRVH HW SURWpLQHV,1 2U/ OHV QHXURQHV VRQW GHV FHOOXOHV TXL QH SRVVqGHQW SDV GH JUDQGHV UpVHUYHV

pQHUJpWLTXHV HW RQW UDSLGHPHQW GH JUDQGV EHVRLQV pQHUJpWLTXHV ORUV G·XQH DFWLYLWp VRXWHQXH1 &H

EHVRLQ VH WUDGXLW SDU XQH DXJPHQWDWLRQ GX GpELW VDQJXLQ j SUR[LPLWp GX QHXURQH1 /HV YDULDWLRQV GX

GpELW VDQJXLQ VRQW OH VHFRQG W\SH GH PHVXUH TXH O·RQ SHXW DYRLU VXU O·DFWLYLWp QHXURQDOH1 &HWWH

PHVXUH HVW PRLQV SUpFLVH TXH OD PHVXUH GX FKDPS pOHFWULTXH/ FDU RQ QH FRQQDvW SDV OD GLVWDQFH

VpSDUDQW OH QHXURQH GX YDLVVHDX VDQJXLQ1 2Q QH FRQQDvW SDV QRQ SOXV OH UDSSRUW HQWUH O·DFWLYLWp GX

QHXURQH HW O·DXJPHQWDWLRQ GX GpELW/ QL OH GpODL QpFHVVDLUH j O·RUJDQLVPH SRXU VXEYHQLU DX[ EHVRLQV

GHV QHXURQHV +0D]R\HU ) %HOOLYHDX 4<<9/ 6HUJHQW 4<<7,1

'DQV WRXW OH V\VWqPH QHUYHX[ FHQWUDO +61&,/ LO HVW SRVVLEOH GH GLIIpUHQFLHU OD VXEVWDQFH JULVH GH OD

VXEVWDQFH EODQFKH1 /D SUHPLqUH/ TXL IRUPH/ HQWUH DXWUHV/ OH FRUWH[ FpUpEUDO/ HVW FRQVWLWXp SDV OHV VRPDV

GHV QHXURQHV/ GH FRXOHXU VRPEUH1 /HV D[RQHV/ HX[/ IRUPHQW OD VXEVWDQFH EODQFKH1 ,OV VRQW
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UHFRXYHUWV G·XQH JDLQH GH VXEVWDQFH LVRODQWH/ OD P\pOLQH/ TXL DFFURvW OD YLWHVVH GH FRQGXFWLRQ GHV

D[RQHV1 &HWWH RUJDQLVDWLRQ SHUPHW DX[ QHXURQHV GH VH FRQQHFWHU HQ GHV SRLQWV GX FRUWH[ WUqV

pORLJQpV GH O·HQGURLW R� VH WURXYH OHXU VRPD1 /HV IDLVFHDX[ G·D[RQHV GH OD VXEVWDQFH EODQFKH

FRQVWLWXHQW DXWDQW GH FRQQH[LRQV HQWUH OHV GLIIpUHQWHV DLUHV GX FRUWH[1 &HV FRQQH[LRQV RULHQWpHV

VRQW OD EDVH GHV UHODWLRQV HQWUH OHV DLUHV IRQFWLRQQHOOHV1 &·HVW YLD FHV FRQQH[LRQV SULYLOpJLpHV TXH OHV

DLUHV pFKDQJHQW O·LQIRUPDWLRQ FpUpEUDOH TXL SHXW rWUH PDWpULDOLVpH VRXV OD IRUPH GH FRQILJXUDWLRQV +RX

SDWWHUQV, GH GpFKDUJHV QHXURQDOHV1

51 7(&+1,48(6 '·,0$*(5,( )21&7,211(//(

,O \ D DFWXHOOHPHQW TXDWUH WHFKQLTXHV G·LPDJHULH IRQFWLRQQHOOH XWLOLVpHV1 2Q SHXW DLVpPHQW OHV FODVVHU

HQ GHX[ IDPLOOHV/ OHV WHFKQLTXHV GH VXUIDFH/ HW OHV WRPRJUDSKLHV1 &RPPH RQ YLHQW GH OH YRLU +FI1

SDUWLH 415,/ LO \ D GHX[ PDQLqUHV G·REWHQLU XQH pYLGHQFH H[WHUQH GH O·DFWLYLWp GX FHUYHDX1 2Q SHXW

REVHUYHU O·DFWLYLWp pOHFWULTXH GHV QHXURQHV RX OD YDULDWLRQ GX GpELW VDQJXLQ HQJHQGUpH SDU FHWWH

DFWLYLWp1 /D VHFRQGH PpWKRGH RIIUH GHV ORFDOLVDWLRQV SOXV SUpFLVHV TXH OD SUHPLqUH TXL/ HOOH/ SRVVqGH

XQH PHLOOHXUH UpVROXWLRQ WHPSRUHOOH1 /HV GHX[ PpWKRGHV VRQW GRQF FRPSOpPHQWDLUHV1

5141 7HFKQLTXHV GH VXUIDFH

/HV WHFKQLTXHV GH VXUIDFH/ O·pOHFWURHQFpSKDORJUDSKLH +((*, HW OD PDJQpWRHQFpSKDORJUDSKLH +0(*,/ PHVXUHQW

O·DFWLYLWp pOHFWULTXH GHV QHXURQHV1 /D SUHPLqUH PHVXUH GLUHFWHPHQW OH FKDPS pOHFWULTXH SURGXLW SDU

OHV SRWHQWLHOV G·DFWLRQ1 /D VHFRQGH PHVXUH OH FKDPS PDJQpWLTXH FUpp SDU OH FKDPS pOHFWULTXH1 &HV

PHVXUHV VRQW UpDOLVpHV j OD VXUIDFH GX FUkQH SDU GHV FDSWHXUV +L1H1 GHV pOHFWURGHV SRXU O·((*,1 /HV

YDOHXUV PHVXUpV VRQW WUqV IDLEOHV/ GH O·RUGUH GH OD FHQWDLQH GH PLFUR0YROWV RX GX PLOOLDUGLqPH GH

JDXVV1 (OOHV VRQW REWHQXHV DYHF XQH UpVROXWLRQ WHPSRUHOOH GH O·RUGUH GH OD PLOOLVHFRQGH1

&HWWH JUDQGH SUpFLVLRQ WHPSRUHOOH HVW OH SULQFLSDO SRLQW IRUW GH FHV WHFKQLTXHV1 /HXU SRLQW IDLEOH

WLHQW DX IDLW TXH FKDTXH FDSWHXU PHVXUH O·HQVHPEOH GH O·DFWLYLWp GX FHUYHDX GHSXLV VD SURSUH

SRVLWLRQ1 &KDTXH FDSWHXU REWLHQW GRQF XQH PHVXUH ORFDOH GH O·DFWLYLWp WRWDOH GX FRUWH[ HW LO HVW WUqV

GLIILFLOH/ YRLUH LPSRVVLEOH/ GH PHVXUHU OHV VLJQDX[ GH VWUXFWXUHV WURS SURIRQGHV +H1J1 WKDODPXV,1 'DQV

OH EXW G·DPpOLRUHU FHV PHVXUHV/ RQ SHXW DXJPHQWHU OH QRPEUH GH FDSWHXUV RX/ SRXU O·((*

VHXOHPHQW/ RQ SHXW LPSODQWHU OHV pOHFWURGHV GLUHFWHPHQW GDQV OH FHUYHDX1 /D PpWKRGH GHYLHQW DORUV

LQYDVLYH HW HOOH Q·HVW HPSOR\pH TXH SRXU GHV UDLVRQV WKpUDSHXWLTXHV/ HQ SUpRSpUDWRLUH1
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6DFKDQW TXH OH FKDPS PDJQpWLTXH HVW GLUHFWHPHQW SURGXLW SDU OH FKDPS pOHFWULTXH/ RQ SRXUUDLW

FURLUH TXH FHV GHX[ WHFKQLTXHV RIIUHQW GHV PHVXUHV LGHQWLTXHV/ PDLV FH Q·HVW SDV OH FDV1 (Q HIIHW/

ORUVTXH OH FKDPS pOHFWULTXH WUDYHUVH OHV PpQLQJHV HW OD YR�WH FUkQLHQQH/ LO HVW GLVWRUGX HW

SDUWLHOOHPHQW DEVRUEp1 /H FKDPS PDJQpWLTXH/ OXL/ O·HVW ELHQ PRLQV/ HW VHV PHVXUHV VRQW GRQF SOXV

SUpFLVHV +3HUQLHU HW DO1 4<<5,1 'H SOXV OHV FDSWHXUV PHVXUHQW ELHQ OHV FKDPSV GLULJpV YHUV HX[/ PDLV

LOV PHVXUHQW PRLQV ELHQ OHV FKDPSV TXL OHXU VRQW SHUSHQGLFXODLUHV1 2U/ HQ VFKpPDWLVDQW/ OD PHVXUH

GX FKDPS PDJQpWLTXH HVW RUWKRJRQDOH j FHOOH GX FKDPS pOHFWULTXH1 $LQVL OHV PHVXUHV GH OD 0(*

SHXYHQW FRPSOpWHU FHOOHV GH O·((*1

/HV WHFKQLTXHV GH VXUIDFH PHVXUHQW XQ VLJQDO © GpORFDOLVp ª/ GLVWRUGX HW QR\p GDQV OD PDVVH GH

O·DFWLYLWp VSRQWDQpH GX FHUYHDX1 3RXU SRXYRLU REVHUYHU OHV PHVXUHV OLpHV j O·DFWLYLWp pWXGLpH/ TXH O·RQ

DSSHOOH UpSRQVH pYRTXpH/ RQ DSSOLTXH OD WHFKQLTXH GLWH GHV JUDQGHV PR\HQQHV1 &HOD FRQVLVWH j UpSpWHU

O·H[SpULHQFH XQ JUDQG QRPEUH GH IRLV +L1H1 SOXVLHXUV GL]DLQHV YRLUH SOXVLHXUV FHQWDLQHV GH IRLV, SRXU

REWHQLU EHDXFRXS G·pFKDQWLOORQV GH PHVXUHV/ FDOpV VXU OD SUpVHQWDWLRQ GHV VWLPXOL/ HW GRQW RQ IDLW OD

PR\HQQH1 /·DFWLYLWp FRQFHUQDQW O·H[SpULHQFH VH UpSqWH GH PDQLqUH V\QFKURQLVpH G·XQ pFKDQWLOORQ j

O·DXWUH/ DORUV TXH O·DFWLYLWp VSRQWDQpH YDULH DOpDWRLUHPHQW1 &HWWH GHUQLqUH YD GRQF GLVSDUDvWUH GH OD

PR\HQQH HW OD UpSRQVH pYRTXpH YD DSSDUDvWUH1 &HWWH PpWKRGH FRQWUDLQW QpDQPRLQV OH FKHUFKHXU j

GpYHORSSHU XQ SURWRFROH H[SpULPHQWDO GDQV OHTXHO O·H[SpULHQFH SHXW rWUH UpSpWpH XQ JUDQG QRPEUH

GH IRLV SDU OH VXMHW1

 m
V

Temps ( m s)
 

Figure 5: Proj ecti on d’un pot entiel évoqué m esuré par EEG , (Thi erry et al. 1998). 

8QH IRLV TXH O·RQ D REWHQX GHV PHVXUHV FODLUHV GHV UpSRQVHV pYRTXpHV/ XQH SDU FDSWHXU/ RQ SHXW

LQWHUSROHU OHV YDOHXUV GHV FDSWHXUV SXLV SURMHWHU OH WRXW VXU XQ PRGqOH 6' GH OD YR�WH FUkQLHQQH

+)LJXUH 8,1 /HV YDOHXUV PHVXUpHV VRQW DVVRFLpHV j XQH pFKHOOH GH FRXOHXU1 2Q SHXW DORUV REVHUYHU OD

SURJUHVVLRQ GX FKDPS pOHFWULTXH/ RX PDJQpWLTXH/ j OD VXUIDFH GX FUkQH/ DX FRXUV GX WHPSV1 &HWWH

REVHUYDWLRQ SHUPHW GH VH IDLUH XQH SUHPLqUH LGpH GHV HQGURLWV GX FHUYHDX LPSOLTXpV GDQV OD

UpVROXWLRQ GH WkFKHV FRJQLWLYHV/ PDLV VXUWRXW G·REWHQLU GpMj XQH FKURQRORJLH SUpFLVH GX WUDLWHPHQW

FpUpEUDO +3HUQLHU HW DO1 4<<5,1
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3RXU ORFDOLVHU OD/ RX OHV/ ]RQH+V, FRUWLFDOH+V, JpQpUDWULFH+V, GX FKDPS REVHUYp/ O·DIIDLUH GHYLHQW SOXV

FRPSOLTXpH1 3RXU FH IDLUH/ RQ GRLW IDLUH DSSHO j GHV PRGqOHV SK\VLFR0DQDWRPLTXHV1 /H SOXV VLPSOH

FRQVLVWH j FRQVLGpUHU OHV DLUHV JpQpUDWULFHV FRPPH GHV GLS{OHV pOHFWULTXHV HW j UHSUpVHQWHU OD WrWH

FRPPH XQ HQVHPEOH GH VSKqUHV FRQFHQWULTXHV +H1J1 OH VFDOS/ OH FUkQH/ OHV PpQLQJHV HW OH FHUYHDX, GH

FRQGXFWLYLWpV GLIIpUHQWHV1 ,O IDXW DORUV GRQQHU D SULRUL OH QRPEUH HW OD SRVLWLRQ GHV GLS{OHV LPSOLTXpV1

/H SUREOqPH GLUHFW FRQVLVWH j FDOFXOHU OH FKDPS FUpp SDU OHV GLS{OHV GRQQpV1 /H SUREOqPH LQYHUVH

FRQVLVWH j IDLUH FRUURERUHU OH FKDPS DLQVL PRGpOLVp HW OH FKDPS UpHOOHPHQW REVHUYp1 3RXU FH IDLUH/

XQ ORJLFLHO YD GpSODFHU FKDTXH GLS{OH SRXU UpGXLUH OD GLIIpUHQFH HQWUH OHV FKDPSV/ UHFDOFXODQW j

FKDTXH pWDSH OH SUREOqPH GLUHFW/ OH WRXW j FKDTXH SDV G·pFKDQWLOORQQDJH1

7RXW OH SUREOqPH UpVLGH GDQV OH IDLW TXH O·RQ GRLW LQLWLDOLVHU OH SURFHVVXV HQ SODoDQW D SULRUL OHV

GLS{OHV1 2U/ LO H[LVWH WRXMRXUV SOXVLHXUV FRQILJXUDWLRQV SURGXLVDQW XQ PrPH FKDPS1 2Q SURFqGH

GRQF SDU LQFUpPHQWDWLRQ GX QRPEUH GH GLS{OHV1 ,O VRQW SODFpV j OD SRVLWLRQ OD SOXV SUREDEOH/ G·DSUqV

O·H[SHUWLVH GH OD FDUWRJUDSKLH GH VXUIDFH1 2Q SHXW DUUrWHU OH SURFHVVXV ORUVTXH O·RQ REWLHQW XQH

FRQILJXUDWLRQ VWDEOH GH GLS{OHV1 &HSHQGDQW/ ORUVTX·LO H[LVWH HQFRUH XQ GRXWH VXU OD ORFDOLVDWLRQ GHV

GLS{OHV/ OH GHUQLHU UHFRXUV HVW OH ERQ VHQV GH O·H[SHUW1 0DOJUp FHV SUREOqPHV GH ORFDOLVDWLRQ/ OHV

WHFKQLTXHV GH VXUIDFH UHVWHQW LQGLVSHQVDEOHV SRXU REWHQLU XQH FKURQRORJLH SUpFLVH GHV pYpQHPHQWV

FpUpEUDX[1

5151 7RPRJUDSKLHV

/HV WHFKQLTXHV GH WRPRJUDSKLH UpDOLVHQW GHV LPDJHV +>UDGLR@JUDSKLH, GX FHUYHDX HQ FRXSHV +WRPRV,1 2Q

SHXW GRQF REWHQLU GHV LPDJHV HQ SURIRQGHXU GH O·DFWLYLWp FpUpEUDOH1 2Q XWLOLVH DFWXHOOHPHQW GHX[

WHFKQLTXHV UpFHQWHV/ OD WRPRJUDSKLH SDU pPLVVLRQ GH SRVLWURQ +7(3, HW O·LPDJHULH SDU UpVRQDQFH

PDJQpWLTXH IRQFWLRQQHOOH +,50I,1 &HV WHFKQLTXHV QH PHVXUHQW SDV GLUHFWHPHQW O·DFWLYLWp GX FHUYHDX

PDLV OD FRQVRPPDWLRQ pQHUJpWLTXH LPSXWpH j FHWWH DFWLYLWp YLD OD YDULDWLRQ GX GpELW VDQJXLQ FpUpEUDO1

&HWWH DSSURFKH HVW GpMj HQ VRL XQH OLPLWH SRXU XQH JUDQGH SUpFLVLRQ GHV PHVXUHV/ FDU LO \ D GH

QRPEUHXVHV LQFRQQXHV +GpODL/ DPSOLWXGH/ SUR[LPLWp/ FRQILJXUDWLRQ GX UpVHDX VDQJXLQ, GDQV

O·pWDEOLVVHPHQW GX OLHQ HQWUH O·DFWLYLWp GHV QHXURQHV HW OHV YDULDWLRQV GX GpELW VDQJXLQ1 &HV

WHFKQLTXHV DFTXLqUHQW GHV LPDJHV DYHF GHV GpODLV UHODWLYHPHQW JUDQGV HW RQW XQH UpVROXWLRQ VSDWLDOH

VXIILVDPPHQW IDLEOH/ GX PRLQV SDU UDSSRUW j OD WDLOOH GHV QHXURQHV1 &HFL UHQG GRQF PRLQV FUXFLDOH OD

FRQQDLVVDQFH GX UDSSRUW HQWUH GpELW VDQJXLQ HW DFWLYLWp QHXURQDOH1

/D 7(3 PHVXUH OD GpVLQWpJUDWLRQ G·XQ PDUTXHXU UDGLRDFWLI LQMHFWp GDQV O·RUJDQLVPH1 2Q LQMHFWH DX

VXMHW XQH VXEVWDQFH PDUTXpH UDGLRDFWLYHPHQW/ j GHV GRVHV WUqV IDLEOHV HW GRQF FRQVLGpUpHV FRPPH
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LQRIIHQVLYHV1 &HWWH VXEVWDQFH/ SDU H[HPSOH GH O·HDX PDUTXpH j O·R[\JqQH048/ PpODQJpH DX VDQJ/ YD VH

UpSDQGUH GDQV O·RUJDQLVPH GX VXMHW HW V·DFFXPXOHU Oj R� LO DXUD XQH DXJPHQWDWLRQ GX GpELW VDQJXLQ1

/HV LVRWRSHV UDGLRDFWLIV pPHWWHXUV JDPPD XWLOLVpV RQW XQH GHPL0YLH DVVH] EUqYH +H1J1 456 VHFRQGHV

SRXU O·R[LJqQH048,1 /RUV GHV UpDFWLRQV HQWUDvQpHV SDU OD GpVLQWpJUDWLRQ G·XQ QR\DX UDGLRDFWLI/ GHX[

SKRWRQV DQWLSDUDOOqOHV VRQW pPLV1

2Q SODFH OH VXMHW/ VRXV SHUIXVLRQ LQWUDYHLQHXVH/ GDQV OD FDPpUD j SRVLWURQ/ HW LO \ UHVWHUD DXVVL

LPPRELOH TXH SRVVLEOH GXUDQW WRXWH OD GXUpH GH O·H[SpULHQFH1 &HWWH FDPpUD HVW XQ F\OLQGUH/ SDUVHPp

GH FDSWHXUV/ GH PDQLqUH j FDSWHU OHV SKRWRQV GHV GHX[ FRWpV1 ,O IDXW FRPSWHU HQYLURQ 73 VHFRQGHV/

VHORQ O·LVRWRSH XWLOLVp/ SRXU REWHQLU XQH LPDJH HQ WURLV GLPHQVLRQV GH O·HQVHPEOH GX FHUYHDX +)LJXUH

9 D,1 'XUDQW WRXWH FHWWH GXUpH/ OD WkFKH GX VXMHW GRLW rWUH PDLQWHQXH1 /D FDPpUD QH UHOqYH TXH GHV

FRXSOHV GH SKRWRQV DUULYDQW VLPXOWDQpPHQW VXU OHV FDSWHXUV1 $SUqV XQ WUDLWHPHQW VWDWLVWLTXH GHV

PHVXUHV/ RQ SHXW FDOFXOHU OD SRVLWLRQ GX VLWH G·pPLVVLRQ1 /D UpVROXWLRQ VSDWLDOH REWHQXH HVW GH O·RUGUH

GH 43 j 433PP6 +XQ FXEH GH 518 j 8PP GH FRWp,1

a) I m age TEP c) I m age I RM
foncti onnelle

b) Im age I RM
anat om ique

Figure 6: Im ages t om ographi ques 

+,PDJHV/ H[WUDLWHV GH 7KLHUU\ HW DO1 4<<; +D, HW GH WUDYDX[ GH *1 7KLHUU\ +E/ F,/ SXEOLpHV DYHF O·DXWRULVDWLRQ GH O·DXWHXU,

/·,50/ TXDQW j HOOH/ XWLOLVH OHV SURSULpWpV GH OD UpVRQDQFH PDJQpWLTXH QXFOpDLUH1 ,O HVW HQ HIIHW

SRVVLEOH/ HQ SUpVHQFH G·XQ FKDPS PDJQpWLTXH/ GH IDLUH HQWUHU HQ UpVRQDQFH GHV DWRPHV HQ OHXU

HQYR\DQW XQH RQGH UDGLR1 /D IUpTXHQFH GH FHWWH RQGH HVW VSpFLILTXH j FKDTXH W\SH G·DWRPH1
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/RUVTX·XQ DWRPH HQWUH HQ UpVRQDQFH/ LO DEVRUEH O·pQHUJLH GH O·RQGH LQFLGHQWH1 ,O HVW DORUV SRVVLEOH GH

GpWHFWHU TXHOOH HVW OD FRQFHQWUDWLRQ GHV DWRPHV j O·LQWpULHXU G·XQ REMHW HQ FRUUpODQW OD IUpTXHQFH GH

O·RQGH HQYR\pH HW OH YROXPH G·pQHUJLH DEVRUEp1 2Q SHXW GH FHWWH PDQLqUH REWHQLU GHV LPDJHV

WRPRJUDSKLTXHV GHV WLVVXV GX FHUYHDX +)LJXUH 9 E,1 &HWWH WHFKQLTXH HVW XQH WHFKQLTXH DQDWRPLTXH

+,50D,1 /·,50 IRQFWLRQQHOOH +,50I, VH FRQFHQWUH XQLTXHPHQW VXU OHV SURSULpWpV PDJQpWLTXHV GH

O·KpPRJORELQH1 &HWWH GHUQLqUH QH SRVVqGH SDV OHV PrPH SURSULpWpV VXLYDQW TX·HOOH HVW OLpH j GH

O·R[\JqQH RX QRQ1 2Q SHXW DLQVL REVHUYHU OHV GLIIpUHQWHV FRQFHQWUDWLRQV GH O·R[\JqQH WUDQVSRUWp SDU

OH VDQJ GDQV OH FHUYHDX +)LJXUH 9 F/ 0D]R\HU ) %HOOLYHDX 4<<9,1 &HWWH PpWKRGH G·REVHUYDWLRQ HVW

DSSHOpH PpWKRGH %2/'1

&RPPH SRXU OD 7(3/ OH VXMHW GRLW UHVWHU LPPRELOH GXUDQW WRXWH OD GXUpH GH O·H[SpULHQFH1 /D

UpVROXWLRQ VSDWLDOH GH O·,50I HVW FRPSDUDEOH j FHOOH GH OD 7(31 /·DVSHFW WRWDOHPHQW LQRIIHQVLI GH OD

WHFKQLTXH +SDV G·LQMHFWLRQ GH SURGXLW UDGLRDFWLI, HVW VRXYHQW FRQWUHEDODQFp SDU O·LQFRQIRUW GX VXMHW

HW OH EUXLW GH OD PDFKLQHULH1 /H YpULWDEOH DYDQWDJH GH O·,50I UpVLGH GDQV VD YLWHVVH G·DFTXLVLWLRQ GHV

LPDJHV1 2Q SHXW DFTXpULU XQH LPDJH pOpPHQWDLUH +XQH FRXSH, HQYLURQ WRXWHV OHV 483 PLOOLVHFRQGHV/

VRLW XQH LPDJH GX FHUYHDX +HQYLURQ 43 FRXSHV, HQ 418 VHFRQGHV/ FH TXL UHSUpVHQWH XQ DYDQWDJH

FHUWDLQ VXU OD 7(31 &HSHQGDQW/ PrPH VL FH GpODL HVW IDLEOH/ LO QH SHUPHW SDV G·REWHQLU XQH

FKURQRORJLH GHV pYpQHPHQWV FRJQLWLIV1 2Q SHXW/ SRXU DXJPHQWHU OD YLWHVVH G·DFTXLVLWLRQ/ UpGXLUH OH

QRPEUH GH FRXSHV/ PDLV RQ UpGXLW DORUV OD WDLOOH GH OD ]RQH REVHUYpH1 2Q VH FRQFHQWUH JpQpUDOHPHQW

VXU XQH EDQGH GH TXHOTXHV FHQWLPqWUHV j PL0KDXWHXU GX FRUWH[1 2Q DXJPHQWH GRQF OD IUpTXHQFH

G·DFTXLVLWLRQ GHV LPDJHV DX GpWULPHQW GX FKDPS G·REVHUYDWLRQ1

/HV GHX[ WHFKQLTXHV WRPRJUDSKLTXHV VRQW/ FRPPH OHV WHFKQLTXHV GH VXUIDFH/ VRXPLVHV DX SUREOqPH

GH O·DFWLYLWp VSRQWDQpH GX FHUYHDX TXL HQWUDvQH XQH © YDULDWLRQ VSRQWDQpH GX GpELW VDQJXLQ ª1 ,O QH

SDUDvW SDV UDLVRQQDEOH G·DSSOLTXHU XQH PpWKRGH GHV JUDQGHV PR\HQQHV j FHV WHFKQLTXHV/ FDU OHV

GXUpHV G·DFTXLVLWLRQ GHV PHVXUHV/ OH FRQIRUW GX VXMHW HW OH FR�W GH PLVH HQ ±XYUH GH FHV WHFKQLTXHV

OLPLWHQW OD GXUpH GHV SURWRFROHV12Q VH FRQWHQWH GRQF GH PR\HQQHV SOXV PRGHVWHV1

'·XQH PDQLqUH JpQpUDOH WRXWHV OHV LPDJHV VRQW G·DERUG QRUPDOLVpHV VXLYDQW XQ DWODV +H1J1 DWODV GH

7DODLUDFK,/ GDQV OH EXW GH UpGXLUH OHV GLIIpUHQFHV LQWHULQGLYLGXHOOHV1 2Q WUDQVIRUPH OHV LPDJHV

DQDWRPLTXHV GH FKDTXH VXMHW/ REWHQXHV SDU ,50D/ SDU WUDQVODWLRQ/ URWDWLRQ HW KRPRWKpWLH SRXU OHV

IDLUH FRwQFLGHU DYHF O·DWODV1 2Q DSSOLTXH HQVXLWH OHV PrPHV WUDQVIRUPDWLRQV DX[ LPDJHV

IRQFWLRQQHOOHV +,50I RX 7(3,1 /HV LPDJHV G·XQH PrPH VpULH VRQW HQVXLWH UpDOLJQpHV SRXU FRUULJHU

OHV pYHQWXHOV PRXYHPHQWV GH OD WrWH G·XQ EORF j O·DXWUH1 3RXU SDOOLHU DX[ YDULDWLRQV DQDWRPLTXHV/ OHV

LPDJHV VRQW FRUHJLVWUpHV/ F·HVW j GLUH/ TX·HQ SUHQDQW XQ VXMHW FRPPH UpIpUHQFH/ OHV GLIIpUHQFHV
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DQDWRPLTXHV VRQW PLVHV HQ FRUUHVSRQGDQFH1 /HV LPDJHV VRQW ILQDOHPHQW OLVVpHV SRXU WHUPLQHU OHXU

KRPRJpQpLVDWLRQ1 6HXOHPHQW DORUV/ RQ SHXW SURFpGHU j O·DQDO\VH GH OD YDULDQFH GX VLJQDO GDQV XQH

VpULH GH EORFV G·LPDJHV1

2Q SHXW DORUV DSSOLTXHU XQH PpWKRGH GH VRXVWUDFWLRQ G·LPDJHV/ HQ XWLOLVDQW XQH WkFKH GH UpIpUHQFH/

TXL SHXW rWUH OH UHSRV1 'H FHWWH PDQLqUH/ RQ IDLW UHVVRUWLU OHV GLIIpUHQFHV UHODWLYHV G·DFWLYLWp SRXU XQH

DLUH GRQQpH VXLYDQW OHV WkFKHV UpDOLVpHV1 (Q G·DXWUH PRWV/ RQ REVHUYH VL WHOOH DLUH HVW SOXV DFWLYpH

GDQV OD SUHPLqUH WkFKH TXH GDQV OD VHFRQGH/ RX LQYHUVHPHQW1 ,O IDXW UHPDUTXHU TXH/ PrPH VL OD

UpVROXWLRQ VSDWLDOH GDQV XQH FRXSH HVW PHLOOHXUH HQ ,50I +4 j 5 PLOOLPqWUHV, TX·HQ 7(3 +8

PLOOLPqWUHV,/ OD 7(3 SHUPHW XQH DFTXLVLWLRQ YROXPLTXH +MXVTX·j 74 FRXSHV, HW j XQH VHQVLELOLWp

+UDSSRUW VLJQDO VXU EUXLW, ELHQ PHLOOHXUH GH O·,50I1

5161 &RQFOXVLRQ

)DFH DX[ FDUDFWpULVWLTXHV FRPSOpPHQWDLUHV GHV WHFKQLTXHV FLWpHV FL0GHVVXV/ GH SOXV HQ SOXV G·pWXGHV

G·DFWLYDWLRQ IRQW DSSHO j OD FRPELQDLVRQ GH WHFKQLTXHV GH VXUIDFH HW GH WHFKQLTXHV WRPRJUDSKLTXHV

+H1J1 ((* HW ,50I +$ODU\ HW DO1 4<<;,/ 0(* HW 3(7 +-ROLRW HW DO1 4<<;,/ ((* HW 3(7 +7KLHUU\ HW DO1

4<<;,,12Q SHXW DORUV REWHQLU XQH FRUUpODWLRQ VSDWLDOH HW WHPSRUHOOH GH O·DFWLYLWp FpUpEUDOH1

8QH pWXGH SUpDODEOH HQ 7(3 SHXW DLQVL DLGHU j ORFDOLVHU OHV GLS{OHV G·XQH pWXGH HQ ((*1 &HSHQGDQW/

FH JHQUH GH © GRXEOH pWXGH ª UHVWH WUqV FRPSOLTXp j PHWWUH HQ ±XYUH FDU OHV FRQWUDLQWHV GHV

GLIIpUHQWHV WHFKQLTXHV V·DMRXWHQW1 /HV PHVXUHV QH SRXYDQW rWUH REWHQXHV HQ PrPH WHPSV/ LO IDXW

IDLUH SDVVHU GHX[ IRLV O·H[SpULHQFH DX VXMHW HW rWUH FHUWDLQ GH UHSURGXLUH j FKDTXH IRLV OD PrPH

DFWLYLWp1 7RXV OHV SURWRFROHV H[SpULPHQWDX[ QH SHXYHQW SDV VH SOLHU DX[ H[LJHQFHV FRPELQpHV GHV

GHX[ W\SHV GH WHFKQLTXHV1

61 ,17(535(7$7,21 '(6 5(68/7$76 '·(78'(6 '·$&7,9$7,21

/HV pWXGHV G·DFWLYDWLRQ SURSRVHQW GHV LPDJHV GH OD PDFUR0RUJDQLVDWLRQ GX FHUYHDX KXPDLQ VROOLFLWpH SDU

XQH WkFKH FRJQLWLYH1 &HV LPDJHV PHWWHQW HQ pYLGHQFH/ VRLW O·RUGRQQDQFHPHQW GHV pYpQHPHQWV

FpUpEUDX[/ VRLW O·HQVHPEOH GHV ORFDOLVDWLRQV GX FHUYHDX LPSOLTXpHV GDQV OD UpVROXWLRQ GH OD WkFKH1 2Q

QH SHXW SDV REVHUYHU j OD IRLV O·RUGRQQDQFHPHQW HW OD ORFDOLVDWLRQ GHV pYpQHPHQWV FpUpEUDX[1 /HV

ORFDOLVDWLRQV REVHUYpHV HQ ,50 HW HQ 7(3 VRQW FRPSRVpHV GH PLOOLHUV GH QHXURQHV LQWHUFRQQHFWpV1
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2Q OHV DSSHOOH DLUHV IRQFWLRQQHOOHV1 (OOHV LQWHUDJLVVHQW YLD GHV IDLVFHDX[ G·D[RQHV SRXU DFFRPSOLU OD

IRQFWLRQ FRJQLWLYH VROOLFLWpH1 &·HVW O·DFWLYDWLRQ GH FHV DLUHV TXL SURGXLW OHV pYpQHPHQWV FpUpEUDX[

REVHUYpV HQ ((* RX HQ 0(*1

$ O·LQWpULHXU GH O·HQVHPEOH GHV DLUHV DFWLYpHV/ O·H[pFXWLRQ GX WUDLWHPHQW Q·HVW SDV GLVWULEXp DX KDVDUG1

&KDFXQH GHV DLUHV LPSOLTXpHV SRVVqGH XQ U{OH TXL OXL HVW SURSUH HW FRPSOpPHQWDLUH GH FHOXL GHV

DXWUHV DLUHV/ FRPPH OH PRQWUHQW OHV pWXGHV FOLQLTXHV RX OHV pWXGHV DQLPDOHV +0HVXODP 4<<3,1 0DLV

FRQWUDLUHPHQW j FH TXH O·RQ SHQVDLW LO \ D HQFRUH TXHOTXHV DQQpHV/ XQH VHXOH DLUH Q·HVW SDV

HQWLqUHPHQW GpGLp j XQH XQLTXH IRQFWLRQ HW/ j O·RSSRVp/ OH WUDLWHPHQW Q·HVW SDV HQWLqUHPHQW GLIIXV

+3XOYHUP�OOHU 4<<9/ 6HUJHQW 4<<7/ 0HVXODP 4<<3/ 3RVQHU HW DO1 4<;;,1 2Q SHXW/ HQ IDLW/ FRQVLGpUHU

FHWWH DFWLYLWp FRPPH O·DFWLYLWp G·XQ UpVHDX R� OHV SURFHVVHXUV VRQW OHV DLUHV IRQFWLRQQHOOHV HW OHV

WUDQVPHWWHXUV VRQW OHV FRQQH[LRQV DQDWRPLTXHV UHOLDQW OHV DLUHV1 2Q SHXW GLVWLQJXHU GHX[ W\SHV GH

WUDQVPHWWHXUV/ OHV FRQQH[LRQV GH SUR[LPLWp/ UHOLDQW GHX[ DLUHV FRQWLJXsV/ HW OHV FRQQH[LRQV GLVWDOHV/

OLDQW GHV DLUHV pORLJQpHV YLD GHV IDLVFHDX[ G·D[RQHV1

&KDTXH DLUH SURFqGH j XQ WUDLWHPHQW TXL OXL HVW SOXV RX PRLQV VSpFLILTXH1 0DLV/ SRXU XQH WkFKH

GpWHUPLQpH/ FH WUDLWHPHQW Q·D UpHOOHPHQW GH VHQV TX·DX WUDYHUV GHV FRQQH[LRQV TXH O·DLUH HQWUHWLHQW

DYHF OHV DXWUHV DLUHV DFWLYpHV1 /D VWUXFWXUH GX UpVHDX GHV DLUHV DFWLYpHV FRQGLWLRQQH OD IDoRQ GRQW OD

WkFKH HVW DFFRPSOLH ++LFNRN ) 3RHSSHO 5333/ 6HUJHQW 4<<7/ 'pPRQHW HW DO1 4<<5,1 0DLV XQH VLPSOH

REVHUYDWLRQ GH FH UpVHDX QH SHXW VXIILUH j FRPSUHQGUH FRPPHQW OD WkFKH HVW UpVROXH1 3RXU FH IDLUH/ LO

IDXW VDYRLU TXHO HVW OH U{OH GpYROX j FKDFXQH GHV DLUHV OH FRQVWLWXDQW HW FRPPHQW HOOHV

FRPPXQLTXHQW HQWUH HOOHV1 ,O IDXW GRQF UHSUpVHQWHU OHV PpFDQLVPHV LQWUD0DLUHV GX WUDLWHPHQW GH

O·LQIRUPDWLRQ FpUpEUDOH HW OHV PRGHV LQWHU0DLUHV GH SURSDJDWLRQ GH FHWWH LQIRUPDWLRQ1

2U/ O·LQIRUPDWLRQ GH QDWXUH pOHFWURFKLPLTXH/ WUDQVLWDQW DX WUDYHUV G·XQ IDLVFHDX G·D[RQHV/ UHSUpVHQWH

OD GpFKDUJH GH FHUWDLQV GHV QHXURQHV j O·RULJLQH GH FH IDLVFHDX1 ,O Q·H[LVWH SDV GH PR\HQ QRQ LQYDVLI

G·REVHUYHU OHV QHXURQHV TXL GpFKDUJHQW HW FHX[ TXL QH OH IRQW SDV1 /D VHXOH PHVXUH SRVVLEOH/ FKH]

O·KRPPH/ HVW XQH PHVXUH pQHUJpWLTXH JOREDOH GH FHWWH LQIRUPDWLRQ1 4X·HOOH VRLW REWHQXH SDU XQH

WHFKQLTXH GH VXUIDFH RX WRPRJUDSKLTXH/ FHWWH YDOHXU UHSUpVHQWH XQH YDOHXU LQGLUHFWH/ GLVWRUGXH HW

PR\HQQH1 $XWDQW GH IDFWHXUV TXL QRXV FRQGXLVHQW j FRQVLGpUHU FHWWH PHVXUH FRPPH XQH PHVXUH

IRUWHPHQW LPSUpFLVH1

/·LQWHUSUpWDWLRQ GHV LPDJHV GH O·DFWLYLWp FpUpEUDOH SHXW rWUH H[SULPpH SDU XQH PRGpOLVDWLRQ

FRPSXWDWLRQQHOOH GH O·DFWLYLWp FRJQLWLYH +L1H1 PRGpOLVDWLRQ IRUPHOOH/ JpQpUDQW GHV PRGqOHV SRXYDQW

rWUH PLV HQ ±XYUH VXU RUGLQDWHXU/ 0HVXODP 4<<3,1 8Q PRGqOH SHXW UHSUpVHQWHU OH U{OH VXSSRVp GHV

GLIIpUHQWHV DLUHV GX UpVHDX DLQVL TXH GHV FRQQH[LRQV OHV XQLVVDQW1 8QH VLPXODWLRQ LQIRUPDWLTXH SHXW
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DLGHU j YLVXDOLVHU OH FRPSRUWHPHQW JOREDO GX V\VWqPH HW j UHWURXYHU/ RX SDV/ O·DFWLYDWLRQ TXL pWDLW

REVHUYpH FKH] OH YLYDQW1

&HWWH LQWHUSUpWDWLRQ SHXW V·H[SULPHU HQ WHUPH G·K\SRWKqVHV VXU OHV UHODWLRQV HQWUH OHV DLUHV DFWLYpHV

DLQVL TXH VXU OH IRQFWLRQQHPHQW SURSUH j FKDFXQH G·HOOHV +3DVWRU HW DO1 4<<:,1 &·HVW HQ UpDOLVDQW GHV

PRGqOHV GH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ/ TXH QRXV SURSRVRQV G·H[SULPHU FHV K\SRWKqVHV1 &HV

K\SRWKqVHV V·DSSXLHQW VXU OHV REVHUYDWLRQV HW OHV FRQQDLVVDQFHV GH OD VWUXFWXUH FpUpEUDOH1 (OOH QH

VRQW SDV IRUFpPHQW FRPSDWLEOHV HQWUH HOOHV/ PDLV WRXWHV SHXYHQW V·H[SULPHU HQ WHUPHV GH WUDLWHPHQW

HW GH SURSDJDWLRQ G\QDPLTXHV1 3RXU SRXYRLU FRPSUHQGUH HW YDOLGHU FHV K\SRWKqVHV/ OH IRUPDOLVPH

VRXV0MDFHQW GRLW SHUPHWWUH GH OHV H[SULPHU GH IDoRQ H[SOLFLWH1 ,O IDXW TXH O·RQ SXLVVH OHV LGHQWLILHU

GDQV OH PRGqOH1

2Q SHXW GpILQLU GHX[ VRUWHV G·K\SRWKqVHV = OHV K\SRWKqVHV SRUWDQW VXU O·H[LVWHQFH HW OHV PRGDOLWpV GH

UHODWLRQV SULYLOpJLpHV HQWUH OHV DLUHV HW OHV K\SRWKqVHV GpILQLVVDQW OH IRQFWLRQQHPHQW VSpFLILTXH GH

FKDTXH DLUH1 /HV SUHPLqUHV V·DSSXLHQW VXU OHV FRQQDLVVDQFHV DQDWRPLTXHV GRQW HOOHV GpSHQGHQW1

1RXV OHV QRPPHURQV K\SRWKqVHV VWUXFWXUHOOHV1 1RXV GHYRQV GH FH IDLW FRQVHUYHU XQH FHUWDLQH

SODXVLELOLWp QHXUR0DQDWRPLTXH GDQV QRV PRGqOHV SRXU SRXYRLU H[SULPHU GH WHOOHV K\SRWKqVHV1 /HV

VHFRQGHV SRUWHQW VXU OHV IRQFWLRQQDOLWpV SURSUHV GH FKDFXQH GHV DLUHV FpUpEUDOHV1 1RXV OHV

QRPPHURQV K\SRWKqVHV IRQFWLRQQHOOHV1 2Q GRLW SRXYRLU H[SULPHU FHV GHX[ W\SHV G·K\SRWKqVHV GDQV XQ

PrPH IRUPDOLVPH/ GH PDQLqUH j FRQVHUYHU XQH KRPRJpQpLWp GH UHSUpVHQWDWLRQ1

1RXV YHUURQV GDQV OH FKDSLWUH VXLYDQW OHV GLIIpUHQWV IRUPDOLVPHV FRPPXQpPHQW XWLOLVpV SRXU

UHSUpVHQWHU GHV PRGqOHV FRPSXWDWLRQQHOV GH O·DFWLYLWp FpUpEUDOH1 1RXV GLVFXWHURQV GH OHXU DSWLWXGH j

UpSRQGUH DX[ FRQVLGpUDWLRQV TXH QRXV YHQRQV G·pQXPpUHU1
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/HV PRGqOHV FRPSXWDWLRQQHOV GH O·DFWLYLWp FpUpEUDOH RQW VXLYL OH GpYHORSSHPHQW GHV RUGLQDWHXUV/ GX

PRLQV DYHF OHV WUDYDX[ GH $ODQ 7XULQJ GDQV OHV DQQpHV 4<83 +3\O\VK\Q 4<;<,1 $ OD PrPH pSRTXH/

-RKQ 9RQ 1HXPDQQ HW 1RUEHUW :LHQHU SRVHQW OHV EDVHV GH OD F\EHUQpWLTXH/ PDUTXDQW DLQVL OH

GpSDUW G·XQH QRXYHOOH YRLH SRXU OD PRGpOLVDWLRQ GX FRPSRUWHPHQW FRJQLWLI/ HQ V·LQVSLUDQW GX

PRGqOH GX QHXURQH SURSRVp HQ 4<76 SDU :DUUHQ 0F&XOORFK HW :DOWHU 3LWWV1 'qV ORUV/ O·DSSURFKH

FRPSXWDWLRQQHOOH GH OD PRGpOLVDWLRQ FRJQLWLYH QH YD FHVVHU GH VH GLYHUVLILHU1 /HV SUHPLHUV PRGqOHV

GX IRQFWLRQQHQW GH O·HVSULW KXPDLQ pWDLHQW IRQGpV VXU XQH FRPSDUDLVRQ OLWWpUDOH DYHF OD PDFKLQH GH

7XULQJ1 ,OV VRQW PDLQWHQDQW DEDQGRQQpV DX SURILW GH PRGqOHV SOXV SURFKHV GH OD UpDOLWp/ PDLV LOV

UHVWHQW HQFRUH XQH PpWDSKRUH GLGDFWLTXH1

$EDQGRQQp FRPPH VRXUFH GLUHFWH GH PRGqOHV/ O·RUGLQDWHXU UHVWH XQ RXWLO SULYLOpJLp SRXU VLPXOHU OH

IRQFWLRQQHPHQW GX FHUYHDX1 &HFL Q·HVW TXH OD PDQLIHVWDWLRQ GH OD SURSULpWp UHPDUTXDEOH GHV

RUGLQDWHXUV j UHSURGXLUH GHV V\VWqPHV GRQW O·DUFKLWHFWXUH Q·D ULHQ GH FRPPXQ DYHF OD OHXU

+5XPHOKDUW 4<;<,1 &·HVW SRXUTXRL QRXV UHWLHQGURQV VRXV OH WHUPH PRGqOHV FRPSXWDWLRQQHOV WDQW OHV

PRGqOHV TXL WLUHQW XQH DQDORJLH HQWUH OH IRQFWLRQQHPHQW G·XQ RUGLQDWHXU HW GX FHUYHDX TXH OHV

PRGqOHV SOXV © PDWKpPDWLTXHV ª VXIILVDPPHQW VSpFLILpV SRXU SRXYRLU SURGXLUH GHV VLPXODWLRQV

JUkFH j XQ RUGLQDWHXU +'D\DQ 4<<7,1

/HV PRGqOHV FRPSXWDWLRQQHOV GH OD FRJQLWLRQ VRQW XQ FKDPS WRXW j IDLW SURSLFH DX[ pFKDQJHV

LQWHUGLVFLSOLQDLUHV1 ,OV VRQW/ HQ HIIHW/ PRWLYpV SDU GHV UHFKHUFKHV TXH O·RQ SHXW GLVSRVHU VXU GHX[

D[HV FURLVpHV1 /H SUHPLHU D[H UHJURXSH XQ HQVHPEOH G·pWXGHV GH QHXURVFLHQFHV GRQW OH EXW HVW GH

FRPSUHQGUH OH IRQFWLRQQHPHQW GX FHUYHDX HW TXL/ SRXU \ SDUYHQLU/ XWLOLVH O·RUGLQDWHXU1 2Q OHV

DSSHOOH GH IDFWR QHXURVFLHQFHV FRPSXWDWLRQQHOOHV +0F&OHOODQG ) 3ODXW 4<<6/ $QGHUVRQ 4<;<,1 6XU OH

VHFRQG D[H/ RQ SHXW SODFHU GHV pWXGHV GRQW OH EXW HVW GH IDLUH UpVRXGUH/ j GHV PDFKLQHV/ GHV

SUREOqPHV GH OD PDQLqUH GRQW O·KXPDLQ OHV UpVRXW +$OOLRW ) 6FKLH[ 4<<7,1 &·HVW O·DSSURFKH FRJQLWLYH GH
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O·LQWHOOLJHQFH DUWLILFLHOOH1 (Q IDLW/ FHWWH GHUQLqUH HW O·DSSURFKH FRPSXWDWLRQQHOOH GHV QHXURVFLHQFHV

SHXYHQW rWUH HQWHQGXHV FRPPH XQ SRLQW GH MRQFWLRQ HQWUH OHV GLVFLSOLQHV DX[TXHOOHV HOOHV VH

UDSSRUWHQW1 2Q HQ YLHQW G·DLOOHXUV VRXYHQW j OHV FRQIRQGUH/ OH VHXO WUDLW OHV GpPDUTXDQW UpHOOHPHQW

pWDQW FHOXL TXL QRXV j SHUPLV GH OHV GpILQLU/ j VDYRLU TXH O·XQH FKHUFKH j pWXGLHU OH IRQFWLRQQHPHQW

GX FHUYHDX HQ WDQW TXH ILQDOLWp DORUV TXH OD VHFRQGH FKHUFKH j DSSOLTXHU FH IRQFWLRQQHPHQW j XQ

SUREOqPH SUpFLV1 (Q GHKRUV GH FHWWH GLYHUJHQFH/ LO HVW ELHQ GLIILFLOH G·REVHUYHU G·DXWUH WUDLWV

GLVWLQFWLIV/ F·HVW SRXUTXRL OHV pFKDQJHV LQWHUGLVFLSOLQDLUHV VRQW LFL WUqV IUpTXHQWV1

8Q EULOODQW H[HPSOH G·pFKDQJHV LQWHUGLVFLSOLQDLUHV HVW LQFDUQp SDU OHV UpVHDX[ GH QHXURQHV IRUPHOV

+51),1 &H IRUPDOLVPH HVW IRQGp VXU XQ PRGqOH GX QHXURQH UpHO +WHO TX·LO HVW GpFULW DX FKDSLWUH 4/

VHFWLRQ 415, GpYHORSSp HQ 4<76 SDU XQ QHXURSK\VLRORJLVWH/ 0F&XOORFK/ HW XQ ORJLFLHQ/ 3LWWV1 &H

IRUPDOLVPH D pWp GpYHORSSp SRXU OD F\EHUQpWLTXH/ SXLV LO D pWp XWLOLVp HQ LQWHOOLJHQFH DUWLILFLHOOH1

&HWWH XWLOLVDWLRQ D PLV HQ H[HUJXH OD IDFXOWp G·DSSUHQWLVVDJH GH WHOV UpVHDX[/ QRWDPPHQW JUkFH j XQ

DOJRULWKPH GLW GH UpWUR0SURSDJDWLRQ51 3XLV/ OHV UpVHDX[ GH QHXURQHV RQW pWp XWLOLVpV SRXU EkWLU GHV

PRGqOHV WUqV SURFKHV GHV SHUIRUPDQFHV KXPDLQHV1 $FWXHOOHPHQW/ FH IRUPDOLVPH HVW OH SOXV XWLOLVp

SRXU OD PRGpOLVDWLRQ FRJQLWLYH/ PDLV FHOD QH O·D SDV HPSrFKp G·rWUH FULWLTXp/ QRWDPPHQW VXU OH

SODQ GH OD SODXVLELOLWp QHXURORJLTXH GHV PpFDQLVPHV PLV HQ MHX SDU OD UpWUR0SURSDJDWLRQ

+&ULFN 4<;<,1 (Q HIIHW/ FHW DOJRULWKPH Q·HVW SDV IRQGp VXU GHV FRQQDLVVDQFHV SK\VLRORJLTXHV > LO HVW

WRWDOHPHQW DEVWUDLW1 $LQVL/ LO QH SHXW rWUH PLV HQ DYDQW TX·XQ UpVHDX XWLOLVDQW XQ WHO DOJRULWKPH

G·DSSUHQWLVVDJH SXLVVH DSSUHQGUH FRPPH XQ UpVHDX ELRORJLTXH/ HW FHFL PrPH V·LO SUpVHQWH OHV

PrPHV IDFXOWpV1 3RXU \ UHPpGLHU GHV DOJRULWKPHV ELRORJLTXHPHQW SODXVLEOHV RQW pWp GpYHORSSpV

+FRPPH OH © ZDNH0VOHHS DOJRULWKP ª/ +LQWRQ HW DO1 4<<8/ TXH QRXV YHUURQV SOXV ORLQ,1 &HWWH

PpVDYHQWXUH LOOXVWUH HQ IDLW XQH GLYHUJHQFH HQWUH OHV PDQLqUHV G·DSSURFKHU OH SUREOqPH1 /D SUHPLqUH

PDQLqUH FRQVLVWH j IDLUH pPHUJHU XQ IRQFWLRQQHPHQW KXPDLQHPHQW SODXVLEOH HQ VH EDVDQW GRQF VXU

GHV PDQLIHVWDWLRQV GH FH IRQFWLRQQHPHQW/ DORUV TXH OD VHFRQGH PDQLqUH FKHUFKH j H[SOLFLWHU OH

IRQFWLRQQHPHQW GDQV OH PRGqOH SRXU OH UHSURGXLUH1 'DQV FH VHQV/ O·DOJRULWKPH GH UpWUR0SURSDJDWLRQ

FRQYLHQW SDUIDLWHPHQW j FHX[ TXL YHXOHQW VHXOHPHQW IDLUH pPHUJHU XQ FRPSRUWHPHQW/ PDLV SDV j

FHX[ TXL YHXOHQW H[SOLFLWHU FH FRPSRUWHPHQW1 3RXU QRXV \ UHWURXYHU SDUPL OHV GLYHUV PRGqOHV HW

DSSURFKHV SURSRVpHV/ QRXV DYRQV FKRLVL GHV OHV VpSDUHU HQ GHX[ IDPLOOHV/ O·DSSURFKH IRQFWLRQQHOOH HW

O·DSSURFKH VWUXFWXUHOOH1

/·DSSURFKH IRQFWLRQQHOOH/ WHOOH TXH QRXV OD GpILQLVVRQV LFL/ D SRXU EXW GH UHSURGXLUH OH

IRQFWLRQQHPHQW GX FHUYHDX KXPDLQ DX WUDYHUV GH VHV SURSULpWpV IRQFWLRQQHOOHV HW FDUDFWpULVWLTXHV

                                                           
2 Back- propagation en angl ais. 
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LQWULQVqTXHV1 3RXU \ SDUYHQLU/ OHV PRGqOHV LQFDUQHQW GHV SURFHVVXV FRJQLWLIV HW GRLYHQW UHSURGXLUH

OHV SHUIRUPDQFHV/ RX GpILFLWV/ SURSUHV DX FHUYHDX KXPDLQ +RX DQLPDO, GDQV OD UpVROXWLRQ GH OD PrPH

WkFKH +0F&OHOODQG ) 3ODXW 4<<6/ 5XPHOKDUW 4<;<,1 2Q PHW JpQpUDOHPHQW HQ pYLGHQFH OHV pOpPHQWV

IRQFWLRQQHOV TXL FRPSRVHQW OD IRQFWLRQ FRJQLWLYH HW OHV LQWHUDFWLRQV TXL OHV FDUDFWpULVHQW1 &HWWH

DSSURFKH HVW XQH DSSURFKH FRPSXWDWLRQQHOOH DVVH] SURFKH GH OD SV\FKRORJLH1

/·DSSURFKH VWUXFWXUHOOH V·DSSXLH/ TXDQW j HOOH/ VXU O·RUJDQLVDWLRQ IRQFWLRQQHOOH GX FHUYHDX FRPPH RQ

SHXW O·REVHUYHU/ SDU H[HPSOH/ SDU OHV PR\HQV GH OD QHXUR0LPDJHULH IRQFWLRQQHOOH +YRLU &KDSLWUH 4

SDUWLH 5,1 /HV IRQFWLRQV FRJQLWLYHV GRLYHQW rWUH UHSURGXLWHV HW FRQWUDLQWHV SDU XQH DUFKLWHFWXUH

ELRORJLTXHPHQW SODXVLEOH +.RFK 4<<6/ $UELE 4<;8,1 2Q \ PHW HQ LQWHUDFWLRQ SOXVLHXUV pOpPHQWV

IRQFWLRQQHOV VLWXpV DQDWRPLTXHPHQW +H1J1 GHV DLUHV GX FRUWH[,/ GDQV OH EXW GH IDLUH pPHUJHU OD

IRQFWLRQ FRJQLWLYH pWXGLpH +/DSODQH 4<<7/ 0F&OHOODQG ) 3ODXW 4<<6/ $UELE 4<;8,1 &HWWH DSSURFKH

V·DSSXLH VXU GHV REVHUYDWLRQV DQDWRPLTXHV/ DLQVL TXH VXU GHV UpVXOWDWV G·pWXGHV G·DFWLYDWLRQ/ HW HVW

GRQF DVVH] SURFKH GH OD QHXURSV\FKRORJLH1

2Q SHXW FRQVLGpUHU TXH OHV GHX[ DSSURFKHV/ WHOOHV TX·HOOHV VRQW GpILQLHV LFL/ SHXYHQW rWUH

FRPSOpPHQWDLUHV1 &RPPH QRXV OH YHUURQV/ LO SHXW H[LVWHU XQ SRLQW GH MRQFWLRQ HQWUH XQ PRGqOH

IRQFWLRQQHO HW XQ PRGqOH VWUXFWXUHO ORUVTXH/ SDU H[HPSOH/ OHV pOpPHQWV IRQFWLRQQHOV GX SUHPLHU

SHXYHQW rWUH ORFDOLVpV VXU OHV pOpPHQWV VWUXFWXUHOV GX VHFRQG1 'DQV FH FDV RQ D PLV HQ pYLGHQFH OH

OLHQ HQWUH VWUXFWXUH HW IRQFWLRQ1

$X YX GHV FRQWUDLQWHV pQRQFpHV DX FKDSLWUH SUpFpGHQW/ RQ SHXW G·RUHV HW GpMj DYDQFHU TXH QRWUH

SUREOpPDWLTXH VH VLWXHUDLW QDWXUHOOHPHQW GDQV XQH DSSURFKH VWUXFWXUHOOH1 0DLV FRPPH QRXV YHQRQV

GH OH VRXOLJQHU/ O·DSSURFKH IRQFWLRQQHOOH HVW FRPSOpPHQWDLUH GH O·DSSURFKH VWUXFWXUHOOH HW HOOH

SUpVHQWH/ FRPPH QRXV OH YHUURQV SOXV ORLQ/ FHUWDLQV DVSHFWV TXL VH UDSSURFKHQW GH QRWUH

SUREOpPDWLTXH1

/H EXW GH FH FKDSLWUH Q·HVW SDV GH IDLUH OH WRXU GHV GLIIpUHQWV PRGqOHV SURSRVpV1 ,O V·DJLW

HVVHQWLHOOHPHQW GH PHWWUH HQ pYLGHQFH OHV DSSRUWV GHV GLIIpUHQWHV DSSURFKHV HW QRWLRQV IRQGDWULFHV

GHV IRUPDOLVPHV TXL RQW pWp GpYHORSSpV SRXU OD PRGpOLVDWLRQ FRJQLWLYH FRPSXWDWLRQQHOOH1 1RXV

pWXGLHURQV GRQF OHV GLIIpUHQWHV SURSULpWpV GHV IRUPDOLVPHV HPSOR\pV GDQV OHV GHX[ DSSURFKHV VXV0

GpILQLHV HW QRXV LOOXVWUHURQV QRWUH SURSRV SDU TXHOTXHV H[HPSOHV SUpFLV GH PRGpOLVDWLRQ1 3XLV QRXV

V\QWKpWLVHURQV QRWUH GLVFRXUV/ SRXU VLWXHU OH FRQWH[WH GH QRWUH WUDYDLO HQ GpWHUPLQDQW/ G·XQH SDUW/

GDQV TXHOOH DSSURFKH LO V·LQVFULW HW/ G·DXWUH SDUW/ TXHO IRUPDOLVPH UpSRQGUDLW OH PLHX[ j QRV REMHFWLIV1
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51 02'(/,6$7,21 )21&7,211(//(

/·DSSURFKH IRQFWLRQQHOOH GH OD PRGpOLVDWLRQ GH O·DFWLYLWp FpUpEUDOH +L1H1 OD PRGpOLVDWLRQ

IRQFWLRQQHOOH, GLIIqUH/ GDQV XQ VHQV/ GH OD PRGpOLVDWLRQ VWUXFWXUHOOH SDUFH TX·HOOH IDLW XQH WRWDOH

DEVWUDFWLRQ GX VXEVWUDW FpUpEUDO1 (OOH FKHUFKH XQH UpSRQVH DX QLYHDX GX SURJUDPPH +OD IRQFWLRQ,

SOXW{W TX·DX QLYHDX GH O·LPSOpPHQWDWLRQ +5XPHOKDUW 4<;<,1 &·HVW/ VDQV GRXWH/ SRXUTXRL OD

PRGpOLVDWLRQ IRQFWLRQQHOOH V·HVW GpYHORSSpH ELHQ DYDQW OD PRGpOLVDWLRQ VWUXFWXUHOOH/ j XQH pSRTXH

R� OHV FRQQDLVVDQFHV VXU O·RUJDQLVDWLRQ IRQFWLRQQHOOH GX FHUYHDX pWDLHQW WUqV OLPLWpHV1 /HV SUHPLHUV

PRGqOHV IRQFWLRQQHOV GDWHQW GHV DQQpHV 4<83/ HW VRQW GHV WUDYDX[ LQVSLUpV GH OD PDFKLQH GH 9RQ

1HXPDQQ1

/D PRGpOLVDWLRQ IRQFWLRQQHOOH HVW WULEXWDLUH GX GpFRXSDJH GH O·DFWLYLWp FRJQLWLYH HQ IRQFWLRQV

GLVWLQFWHV SURSRVpHV SDU OHV pWXGHV SV\FKRORJLTXHV1 (OOH Q·HVW SDV WULEXWDLUH G·REVHUYDWLRQV

DQDWRPLTXHV RX QHXUR0IRQFWLRQQHOOHV1 'DQV XQH DSSURFKH IRQFWLRQQHOOH/ RQ YDOLGH OHV PRGqOHV HQ

FRPSDUHQW OHXUV SHUIRUPDQFHV j FHOOHV GH O·KRPPH1 (Q G·DXWUHV PRWV/ OH PRGqOH GRLW rWUH FRQVLVWDQW

DYHF OHV FDSDFLWpV KXPDLQHV GDQV OD UpVROXWLRQ G·XQ SUREOqPH/ WDQW GDQV VHV TXDOLWpV TXH GDQV VHV

GpIDXWV +/DSODQH 4<<7/ 5HHNH ) 6SRUQV 4<<6,1

&H GpFRXSDJH HQ IRQFWLRQV FRJQLWLYHV Q·LQWHUGLW SDV G·pWXGLHU OHV LQWHUDFWLRQV HQWUH OHV GLYHUVHV

IRQFWLRQV PDLV LO SHUPHW DYDQW WRXW GH FRQFHQWUHU XQ PRGqOH VXU XQH IRQFWLRQ XQLTXH1 ,O HVW GRQF

SRVVLEOH GH FODVVHU OHV PRGqOHV IRQFWLRQQHOV VXLYDQW OD IRQFWLRQ FRJQLWLYH TXL OHV FRQFHUQH +H1J1

DFTXLVLWLRQ GX ODQJDJH/ UHFRQQDLVVDQFH HW SURGXFWLRQ GH PRWV/ PpPRULVDWLRQ HW DSSUHQWLVVDJH/

UHFRQQDLVVDQFH GH IRUPHV/ SURJUDPPDWLRQ HW H[pFXWLRQ GH PRXYHPHQWV«,1 ,O FRQYLHQW LFL GH

V·LQWpUHVVHU VXUWRXW DX[ IRUPDOLVPHV HPSOR\pV SRXU FH JHQUH PRGpOLVDWLRQ1 'H FH SRLQW GH YXH/ RQ

SHXW DLVpPHQW FRQYHQLU G·XQH VFLVVLRQ HQ GHX[ JURXSHV = OHV PRGqOHV V\PEROLTXHV HW OHV PRGqOHV

FRQQH[LRQQLVWHV1 &HV GHX[ DSSURFKHV VRQW WUqV GLIIpUHQWHV WDQW GDQV OHXU PLVH HQ ±XYUH/ TXH GDQV

OHV PRGqOHV TX·HOOHV SURSRVHQW1 (OOHV RQW WRXWHV GHX[ pWp FULWLTXpHV HW ODUJHPHQW XWLOLVpHV GDQV OD

PRGpOLVDWLRQ GH GLYHUVHV IRQFWLRQV FRJQLWLYHV1

5141 $SSURFKH V\PEROLTXH

/·DSSURFKH V\PEROLTXH HVW XQH DSSURFKH GH KDXW QLYHDX FRQFHSWXHO1 /HV V\PEROHV VRQW XWLOLVpV

SRXU UHSUpVHQWHU OHV GLIIpUHQWV WUDLWV GHV REMHWV GX PRQGH UpHO1 &H VRQW GRQF GHV HQWLWpV

LQWHUSUpWDEOHV VpPDQWLTXHPHQW1 6RXV FH SRLQW GH YXH/ OHV SURFHVVXV FRJQLWLIV SHXYHQW rWUH DVVRFLpV

DX[ UqJOHV IRUPHOOHV TXL PDQLSXOHQW FHV V\PEROHV1 $LQVL/ O·RQ SDUOH GH O·DSSURFKH V\PEROLTXH FRPPH
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G·XQH DSSURFKH GH KDXWH WUDQVSDUHQFH VpPDQWLTXH1 2Q GpILQLW OD WUDQVSDUHQFH VpPDQWLTXH FRPPH

VXLW =

Défi niti on 1 : Transparence Sém antique 

2Q GLUD G·XQ V\VWqPH TX·LO HVW WUDQVSDUHQW VpPDQWLTXHPHQW V·LO HVW SRVVLEOH GH GpFULUH XQH

FRUUHVSRQGDQFH SUpFLVH HQWUH XQH LQWHUSUpWDWLRQ VpPDQWLTXH GH OD UHSUpVHQWDWLRQ LQWHUQH +DX

PRGqOH, HW XQH GHVFULSWLRQ VpPDQWLTXH GX FRPSRUWHPHQW GX V\VWqPH PRGpOLVp +:DOODFH HW DO1 4<<6/

&ODUN 4<;<,1

514141 /HV SUHPLHUV PRGqOHV

+LVWRULTXHPHQW/ RQ SHXW FRQVLGpUHU OH JHQHUDO SUREOHP VROYHU +*36, GH 6LPRQ HW 1HZHOO +1HZHOO )

6LPRQ 4<96, FRPPH O·DQFrWUH GHV PRGqOHV V\PEROLTXHV FRPSXWDWLRQQHOV1 6HORQ FHWWH WKpRULH/ OHV

SURFHVVXV LPSOLTXpV GDQV OHV WkFKHV FRJQLWLYHV VRQW GHV SURFHVVXV pOpPHQWDLUHV DVVHPEOpV HW

RUJDQLVpV KLpUDUFKLTXHPHQW HW H[pFXWpV VpTXHQWLHOOHPHQW1 /HV *36 pWDLHQW PRWLYpV SDU OD UpVROXWLRQ

GH SUREOqPHV GRQW RQ QH FRQQDLVVDLW SDV GH VROXWLRQ DOJRULWKPLTXH FRQYHQDEOH1 &·HVW OD PrPH

PRWLYDWLRQ TXL D FRQGXLW j O·pODERUDWLRQ GHV V\VWqPHV H[SHUWV/ TXHOTXHV DQQpHV SOXV WDUG1 2Q SHXW

FRQVLGpUHU OHV V\VWqPHV H[SHUWV FRPPH XQH QRXYHOOH JpQpUDWLRQ GH *36/ GRQW LOV SDOOLHQW OD UHODWLYH

LQHIILFDFLWp1

/HV V\VWqPHV H[SHUWV LOOXVWUHQW/ HQ LQWHOOLJHQFH DUWLILFLHOOH/ OD GLIIpUHQFH HQWUH XQH DSSURFKH

SUDJPDWLTXH HW FRJQLWLYH GH O·LQWHOOLJHQFH1 (W\PRORJLTXHPHQW XQ V\VWqPH H[SHUW FKHUFKH j

UHSURGXLUH OHV SHUIRUPDQFHV GH O·H[SHUW +KXPDLQ,1 3RXU \ SDUYHQLU/ OH V\VWqPH GRLW UHSUpVHQWHU XQ

VDYRLU VRXYHQW LQFRPSOHW/ HW \ DSSOLTXHU GHV PpWKRGHV GH UpVROXWLRQ SURSUHV DX VDYRLU0IDLUH GH

O·H[SHUW +$OOLRW ) 6FKLH[ 4<<7,1 /H SOXV VRXYHQW/ RQ FKRLVLW GH UHSUpVHQWHU IRUPHOOHPHQW OH VDYRLU

SDU GHV V\PEROHV HW OH VDYRLU0IDLUH SDU GHV UqJOHV PDQLSXODQW FHV V\PEROHV1 /·DSSOLFDWLRQ GX VDYRLU0

IDLUH GHPDQGH XQ PRWHXU G·LQIpUHQFHV TXL SHUPHW/ VFKpPDWLTXHPHQW/ GH SURGXLUH XQ QRXYHDX VDYRLU1

&HWWH PDQLqUH GH SURFpGHU HVW FRQVLGpUpH FRPPH XQH DSSURFKH FRJQLWLYH ORUVTXH OHV

UHSUpVHQWDWLRQV GX VDYRLU HW GX VDYRLU0IDLUH VRQW FRPSDWLEOHV DYHF FH TXH O·RQ FRQQDvW GH OD

UHSUpVHQWDWLRQ KXPDLQH GH FHV PrPHV FRQFHSWV1 (Q IDLW/ OH PRGqOH V\PEROLTXH FRJQLWLI VHUD YDOLGp

SDU FRPSDUDLVRQ j GHV REVHUYDWLRQV SV\FKRORJLTXHV/ HQ DQDO\VDQW VHV SHUIRUPDQFHV HW FHOOHV GHV

KXPDLQV +3\O\VK\Q 4<;<,1 3DU H[HPSOH/ XQ V\VWqPH H[SHUW XWLOLVDQW XQH UHSUpVHQWDWLRQ IRQGpH VXU

XQ IRUPDOLVPH ORJLTXH FODVVLTXH +H1J1 FDOFXO GHV SURSRVLWLRQV RX ORJLTXH GHV SUpGLFDWV, QH SHXW rWUH

FRQVLGpUp FRPPH FRJQLWLI FDU VHV SHUIRUPDQFHV VRQW WURS pORLJQpHV GH FHOOHV G·XQ KXPDLQ +6FKDQN

) $EHOVRQ 4<::,1
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/D UHFKHUFKH GH FHWWH YDOLGLWp FRJQLWLYH D IDLW pYROXHU OHV PRGqOHV V\PEROLTXHV YHUV GHV V\VWqPHV

LQFRUSRUDQW GHV QRWLRQV G·RUGUH SV\FKRORJLTXH GDQV OHXU IRUPDOLVPH PrPH +1HZHOO HW DO1 4<;<,1

&HWWH pYROXWLRQ V·HVW WUDGXLWH SDU OH SDVVDJH GH © UHSUpVHQWHU FH TXH QRXV FRQQDLVVRQV HW FRPPHQW

QRXV O·DFTXpURQV ª j © UHSUpVHQWHU FRPPHQW V·RUJDQLVH FH TXH QRXV FRQQDLVVRQV ª +$QGHUVRQ 4<;<,1

/D QpFHVVLWp GH FHWWH pYROXWLRQ SHXW rWUH LOOXVWUpH SDU OH GpILFLW GH OD ORJLTXH GHV SUpGLFDWV R� OHV

FRQQDLVVDQFHV VRQW H[FOXVLYHPHQW GpFODUDWLYHV1 2U/ OH VDYRLU KXPDLQ HVW pJDOHPHQW FDUDFWpULVp SDU

O·KDELOLWp j VDYRLU FRPPHQW XWLOLVHU OHV IDLWV REVHUYpV1 &H VDYRLU HVW DSSHOp SURFpGXUDO +2PDU 4<<7,1

/HV SV\FKRORJXHV RQW PRQWUp TXH OH VDYRLU GpFODUDWLI pWDLW VpSDUDEOH GX VDYRLU SURFpGXUDO HW TXH

O·RUJDQLVDWLRQ GX VDYRLU SURFpGXUDO HVW GLIIpUHQWH GH FHOOH GX VDYRLU GpFODUDWLI1 &HWWH GLIIpUHQFLDWLRQ

HVW DEVHQWH GH OD ORJLTXH FODVVLTXH1

'H QRPEUHX[ V\VWqPHV RQW pWp SURSRVpV/ XWLOLVDQW GLYHUVHV UHSUpVHQWDWLRQV IRUPHOOHV1 1RXV

FLWHURQV/ SDU H[HPSOH/ OH V\VWqPH GHV 0HPRU\ 2UJDQL]HU 3DFNHWV +023V, GH 5RJHU &1 6FKDQN

+6FKDQN ) )DUUHOO 4<;;/ 6FKDQN ) $EHOVRQ 4<::,1 &H V\VWqPH/ DVVH] SURFKH G·XQ V\VWqPH H[SHUW

FODVVLTXH/ XWLOLVH XQH UHSUpVHQWDWLRQ IRQGpH VXU OD WKpRULH GH OD GpSHQGDQFH FRQFHSWXHOOH +$OOLRW )

6FKLH[ 4<<7/ 6FKDQN ) $EHOVRQ 4<::,1 &HWWH WKpRULH SHUPHW GH UHSUpVHQWHU OH VHQV GH SKUDVHV VRXV

OD IRUPH G·XQ UpVHDX GH GpSHQGDQFHV FRQFHSWXHOOHV FRQVWUXLW j O·DLGH GH 44 SULPLWLYHV1 &HWWH

PpWKRGH DVVXUH O·XQLFLWp GH OD UHSUpVHQWDWLRQ GH SKUDVHV VpPDQWLTXHPHQW pTXLYDOHQWHV1 'H SOXV/ OHV

LQIRUPDWLRQV LPSOLFLWHPHQW FRQWHQXHV GDQV OD SKUDVH VRQW H[SOLFLWpHV GDQV OH UpVHDX1 /HV GLYHUVHV

FRQQDLVVDQFHV VRQW RUJDQLVpHV VRXV OD IRUPH GH VFULSWV TXL SHUPHWWHQW GH UHSODFHU XQH FRQQDLVVDQFH

GDQV VRQ FRQWH[WH1 8Q VFULSW HVW XQH VpTXHQFH G·pYpQHPHQWV/ GpFULWV SDU GHV UpVHDX[ GH

GpSHQGDQFHV FRQFHSWXHOOHV/ VH UDSSRUWDQW j XQH VFqQH SDUWLFXOLqUH +H1J1 XQ UHSDV GDQV XQ UHVWDXUDQW,1

/D GpWHUPLQDWLRQ G·XQ VFULSW DXTXHO VH UDSSRUWH XQH FRQQDLVVDQFH SDUWLHOOH SHUPHW G·HQ GpGXLUH

VLPSOHPHQW WRXWHV OHV FRQQDLVVDQFHV VRXV0HQWHQGXHV1 /HV 023V VRQW GHV VWUXFWXUHV G\QDPLTXHV

TXL SHUPHWWHQW GH UHFRQVWUXLUH XQ VFULSW1 (Q V·DSSX\DQW VXU XQH DUFKLWHFWXUH GH V\VWqPH H[SHUW

FODVVLTXH/ FH V\VWqPH HVW XQ ERQ H[HPSOH G·RUJDQLVDWLRQ FRJQLWLYH GH OD PpPRLUH pSLVRGLTXH1

514151 /D WKpRULH $&7-

1RXV DOORQV QRXV LQWpUHVVHU PDLQWHQDQW j XQ V\VWqPH GRQW O·DUFKLWHFWXUH HVW ELHQ SOXV GLIIpUHQWH

G·XQ V\VWqPH H[SHUW TXH OH V\VWqPH GHV 023V1 -RKQ 51 $QGHUVRQ D SURSRVp XQH WKpRULH GHV

PpFDQLVPHV GH PpPRULVDWLRQ/ DSSHOpH $&7/ SRXU © $GDSWLYH &RQWURO RI 7KRXJKW ª +5HHNH )

6SRUQV 4<<6/ $QGHUVRQ 4<;</ 4<;6,1 (OOH0PrPH IRQGpH VXU OH V\VWqPH +$0 +SRXU © +XPDQ

$VVRFLDWLYH 0HPRU\ ª,/ FHWWH WKpRULH D G·DERUG pYROXp HQ $&7- +$QGHUVRQ 4<;6,/ SXLV D pWp UHSULVH

HW pWHQGX SDU OH V\VWqPH 3836 +$QGHUVRQ 4<;<,1
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$&7- HVW EkWLH DXWRXU G·XQ V\VWqPH j EDVH GH UqJOHV1 6RQ DUFKLWHFWXUH SUHQG HQ FRPSWH GHX[ W\SHV

GLIIpUHQWV GH PpPRLUH j ORQJ WHUPH/ XQH PpPRLUH GpFODUDWLYH HW XQH PpPRLUH SURFpGXUDOH1 &HV

GHX[ GLIIpUHQWV W\SHV GH PpPRLUH LQWHUDJLVVHQW HQWUH HX[ DX WUDYHUV G·XQH PpPRLUH GH WUDYDLO/

FRPPH O·LOOXVWUH OH VFKpPD FL0GHVVRXV +)LJXUH :,1

Encoder Agir

Apprendre
Enregistr er

Extr aire Accor der et
Exécut er
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'pFODUDWLYH
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Figure 7: Architecture de l a t héori e ACT* d’ après Anderson ( 1989). 

/HV pOpPHQWV GH EDVH PDQLSXOpV GDQV FHWWH WKpRULH VRQW DSSHOpV XQLWpV FRJQLWLYHV +$QGHUVRQ 4<;6,1 ,OV

UHSUpVHQWHQW/ j XQ QLYHDX FRQFHSWXHO/ OHV IDLWV TXL VRQW PpPRULVpV SDU OH V\VWqPH1 8QH XQLWp

FRJQLWLYH HVW GpILQLH FRPPH XQ Q±XG HW XQ HQVHPEOH G·pOpPHQWV1 /H Q±XG SHXW rWUH FRQVLGpUp

FRPPH OH FRQFHSW OXL0PrPH +H1J1 © OHV FKDWV DWWUDSHQW OHV VRXULV ª,/ LO HVW HQ WRXW FDV OH ODEHO GH

O·XQLWp1 /·HQVHPEOH G·pOpPHQWV HVW XQ HQVHPEOH GH WUDLWV UHOLpV SDU OH FRQFHSW +H1J1 © FKDW ª/

© DWWUDSHU ª/ © VRXULV ª,1 &HV XQLWpV SHXYHQW rWUH RUJDQLVpV KLpUDUFKLTXHPHQW HQ UHOLDQW OHV pOpPHQWV

TXL OHXU VRQW FRPPXQV1 (OOHV VRQW GH SOXV DVVRFLpHV j XQ SRLGV TXL GpFURvW GDQV OH WHPSV VL O·XQLWp

Q·HVW SDV UpXWLOLVpH1 /D IRQFWLRQ G·DWWpQXDWLRQ GHV SRLGV HVW LGHQWLTXH SRXU FKDTXH XQLWp1 (OOH

FRUUHVSRQG/ SRXU XQ SRLGV 3 j O·pTXDWLRQ VXLYDQWH +4, =

(1) ∑
=

−=
n

i

d
itP

1

 

2� Q HVW OH QRPEUH GH IRLV R� O·XQLWp D pWp XWLOLVpH/ WL HVW OH WHPSV pFRXOp GHSXLV OD L
LqPH XWLOLVDWLRQ HW G

HVW XQ FRHIILFLHQW FRQVWDQW FRPSULV HQWUH 3 HW 41
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/HV XQLWpV DX SRLGV pOHYp VRQW SUpIpUpHV DX[ XQLWpV DX[ SRLGV SOXV EDV1 /H SRLGV G·XQH XQLWp TXL HVW

DFWXHOOHPHQW XWLOLVpH YDXW .∞ +WL  3,1 /D FRXUEH G·DWWpQXDWLRQ WHQG YHUV ]pUR ORUVTX·XQH XQLWp Q·HVW

SOXV XWLOLVpH/ PDLV DYHF XQH SHQWH GH SOXV HQ SOXV IDLEOH1 'H FH IDLW/ SRXU GHX[ XQLWpV GH PrPH

SRLGV/ j XQ LQVWDQW GRQQp/ FHOOH TXL HVW SOXV DQFLHQQH +L1H1 TXL D pWp XWLOLVpH LO \ D ORQJWHPSV, VHUD

SUpIpUpH j OD SOXV UpFHQWH FDU VRQ SRLGV GpFURvWUD SOXV OHQWHPHQW1

$QGHUVRQ GLIIpUHQFLH TXDWUH VRUWHV GH PpPRULVDWLRQV pOpPHQWDLUHV GDQV OD WKpRULH $&7 +$QGHUVRQ

4<;<,1 /D SUHPLqUH HVW PDWpULDOLVpH SDU OH UHQIRUFHPHQW GHV SRLGV GHV XQLWpV VWRFNpHV GDQV OHV

PpPRLUHV GpFODUDWLYH HW SURFpGXUDOH/ ORUVTX·HOOHV VRQW UpXWLOLVpHV1 &H PpFDQLVPH QH PRGLILH SDV FH

TXL HVW JOREDOHPHQW PpPRULVp SDU OH V\VWqPH PDLV PRGLILH O·HQVHPEOH GHV FRQQDLVVDQFHV TXL VHURQW

SUpIpUHQWLHOOHPHQW XWLOLVpHV +L1H1 OHV XQLWpV GH SRLGV OH SOXV IRUW,1

/D GHX[LqPH VRUWH GH PpPRULVDWLRQ pOpPHQWDLUH HVW O·HQUHJLVWUHPHQW HQ PpPRLUH GpFODUDWLYH1

7RXWHV OHV LQIRUPDWLRQV HQWUDQW GDQV OH V\VWqPH VRQW SODFpHV GDQV OD PpPRLUH GH WUDYDLO +)LJXUH :,1

/HV LQIRUPDWLRQV GpFODUDWLYHV SODFpHV GDQV OD PpPRLUH GH WUDYDLO SHXYHQW rWUH WUDQVIpUpHV GH IDoRQ

SHUPDQHQWH GDQV XQH PpPRLUH j ORQJ WHUPH/ OD PpPRLUH GpFODUDWLYH1 /HV LQIRUPDWLRQ VWRFNpHV GDQV

OD PpPRLUH GpFODUDWLYH SRXUURQW HQ rWUH H[WUDLWHV GH QRXYHDX SRXU SRXYRLU rWUH XWLOLVpHV

XOWpULHXUHPHQW1 &H PpFDQLVPH GH PpPRULVDWLRQ/ O·HQUHJLVWUHPHQW GDQV OD PpPRLUH GpFODUDWLYH/ HVW

JRXYHUQp SDU XQ SURFHVVXV SUREDELOLVWH1 7RXWHV OHV LQIRUPDWLRQV QH VHURQW SDV PpPRULVpHV j ORQJ

WHUPH1 'H SOXV OD SUREDELOLWp G·HQUHJLVWUHPHQW HVW FRQVWDQWH DX FRXUV GX WHPSV HW HVW pJDOH SRXU

WRXWHV OHV LQIRUPDWLRQV FRQWHQXHV GDQV OD PpPRLUH GH WUDYDLO +$QGHUVRQ 4<;6,1

/D WURLVLqPH PpPRULVDWLRQ pOpPHQWDLUH HVW XQ PpFDQLVPH GH FRPSLODWLRQ TXL SHUPHW GH

WUDQVIRUPHU XQH FRQQDLVVDQFH GpFODUDWLYH HQ XQH FRQQDLVVDQFH SURFpGXUDOH +2PDU 4<<7/

$QGHUVRQ 4<;<,1 $&7 SURSRVH GHX[ PDQLqUHV GH FRPSLOHU OHV pOpPHQWV PpPRULVpV/ SDU

FRPSRVLWLRQ HW SDU SURFpGXUDOLVDWLRQ1 /D FRPSRVLWLRQ SHUPHW GH FRPSULPHU SOXVLHXUV UqJOHV

SURFpGXUDOHV HQ XQH VHXOH HQ FRXUW0FLUFXLWDQW OHV pWDSHV LQWHUPpGLDLUHV1 /D SURFpGXUDOLVDWLRQ

WUDQVIRUPH GHV UqJOHV SURFpGXUDOHV JpQpUDOHV HQ GHV UqJOHV VSpFLILTXHV DX SUREOqPH j UpVRXGUH HQ

pOLPLQDQW OHV UpIpUHQFHV DX[ pOpPHQWV GpFODUDWLIV DFWXHOOHPHQW PpPRULVpV1

/H GHUQLHU PpFDQLVPH GH PpPRULVDWLRQ pOpPHQWDLUH HVW OD JpQpUDOLVDWLRQ GHV FRQQDLVVDQFHV

SURFpGXUDOHV/ SRXU HQ FUpHU GH QRXYHOOHV1 &H GHUQLHU PpFDQLVPH D pWp UHPSODFp/ GDQV OH V\VWqPH

3836/ SDU XQ PpFDQLVPH IRQFWLRQQDQW SDU DQDORJLHV +$QGHUVRQ 4<;<,1

/H SRLQW IRUW GH OD WKpRULH $&7 HVW TXH FKDFXQH GHV 7 PpPRULVDWLRQV pOpPHQWDLUHV WURXYHQW XQ

pFKR IDYRUDEOH GDQV GLYHUVHV pWXGHV SV\FKRORJLTXHV +$QGHUVRQ 4<;6,1 &·HVW FHWWH YDOLGDWLRQ TXL
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SHUPHW G·DIILUPHU TXH FHWWH WKpRULH HVW XQ PRGqOH SODXVLEOH GH OD PpPRLUH KXPDLQH1 &HWWH WKpRULH

HVW DXVVL XQ ERQ H[HPSOH GH GpFRPSRVLWLRQ G·XQH IRQFWLRQ FRJQLWLYH HQ SULPLWLYHV IRQFWLRQQHOOHV1

2Q UHPDUTXHUD TXH F·HVW G·DLOOHXUV VXU OH FKRL[ GH FH GpFRXSDJH TXH O·RQ SHXW FULWLTXHU FHWWH WKpRULH1

'·DXWUHV V\VWqPHV SURSRVHQW HQ HIIHW GHV PRGqOHV GH OD PpPRLUH VDQV FRQVLGpUHU OH PrPH

GpFRXSDJH1 &·HVW OH FDV GX V\VWqPH V\PEROLTXH 62$5 +1HZHOO HW DO1 4<;<,/ RX HQFRUH/ SOXV

ODUJHPHQW/ GHV PRGqOHV FRQQH[LRQQLVWHV1 &HV V\VWqPHV Q·XWLOLVHQW TX·XQ VHXO/ YRLUH GHX[

PpFDQLVPHV GH PpPRULVDWLRQ/ VRLW SDU H[HPSOH/ XQ PpFDQLVPH GH FRPSLODWLRQ +XQLTXHPHQW SDU

FRPSRVLWLRQ, SRXU 62$5 +1HZHOO HW DO1 4<;</ /DLUG HW DO1 4<;9, VRLW XQ PpFDQLVPH GH UHQIRUFHPHQW

GH SRLGV SRXU OHV PRGqOHV FRQQH[LRQQLVWHV +0F&OHOODQG 4<<7/ 6FKQHLGHU 4<<6,1 /HV DXWUHV

PpFDQLVPHV GH PpPRULVDWLRQ pPHUJHQW GDQV OH V\VWqPH1

3RXU WHUPLQHU/ RQ VRXOLJQHUD TXH/ FRPPH WRXW PRGqOH V\PEROLTXH/ $&7 VXSSRVH TXH OD SHQVpH SHXW

rWUH UHSUpVHQWpH SDU XQ FDOFXO IRUPHO VXU GHV V\PEROHV1 &HWWH K\SRWKqVH/ D SULRUL DLVpH j FRQFHYRLU/

HVW SRXUWDQW VXMHWWH j FDXWLRQ/ GDQV OH VHQV R� OD IRUPDOLVDWLRQ V\PEROLTXH SHXW DSSDXYULU OH FKDPS

G·DSSOLFDWLRQ GH OD SHQVpH +/DSODQH 4<<7/ 5HHNH ) 6SRUQV 4<<6/ 3DUNV HW DO1 4<<4,1 2Q QH SHXW/ GH

FH SRLQW GH YXH/ FRQVLGpUHU TX·XQ PRGqOH V\PEROLTXH PRGpOLVH O·HQVHPEOH GH OD SHQVpH KXPDLQH1

/HV PpFDQLVPHV PRGpOLVpV SDU OHV PRGqOHV V\PEROLTXHV Q·HQ UHVWHQW SDV PRLQV YDOLGHV1 ,O FRQYLHQW

GRQF GH FRQVLGpUHU OHV PRGqOHV V\PEROLTXHV FRPPH GHV PRGqOHV FLEOpV VXU GHV IRQFWLRQV

SDUWLFXOLqUHV +H1J1 OD PpPRLUH, TXL SHXYHQW rWUH SURSUHPHQW IRUPDOLVpHV1

5151 $SSURFKH FRQQH[LRQQLVWH

/·DSSURFKH FRQQH[LRQQLVWH GH OD PRGpOLVDWLRQ IRQFWLRQQHOOH D FRQQX VRQ HQYRO DVVH] WDUGLYHPHQW/

DX GpEXW GHV DQQpHV 4<;3/ DYHF/ SDU H[HPSOH/ OHV WUDYDX[ GH -DPHV /1 0F&OHOODQG HW 'DYLG (1

5XPHOKDUW +0F&OHOODQG ) 5XPHOKDUW 4<;4,1 &HV WUDYDX[ RQW pWp EDSWLVpV © DSSURFKH 3'3 ª/ SRXU

© 3DUDOOHO 'LVWULEXWHG 3URFHVVLQJ ª +3DUNV HW DO1 4<<4,/ SDU RSSRVLWLRQ j O·DSSURFKH V\PEROLTXH1 /H

WHUPH 3'3 HVW PDLQWHQDQW ODUJHPHQW HPSOR\p HW DX GHOj PrPH GHV PRGpOLVDWLRQV IRQFWLRQQHOOHV1

'H IDLW/ LO GHYLHQW XQ V\QRQ\PH GX WHUPH FRQQH[LRQQLVPH/ ELHQ TX·j O·RULJLQH LO VH OLPLWDLW j XQ

XVDJH GH PRGqOHV FRQQH[LRQQLVWHV SRXU OD PRGpOLVDWLRQ FRJQLWLYH1

&HWWH DSSURFKH HVW XQH PRGpOLVDWLRQ IRQGp VXU OD QRWLRQ GHV UpVHDX[ GH QHXURQHV IRUPHO

+0F&OHOODQG ) 3ODXW 4<<6/ 2KD\RQ 4<<3,1 7RXWHV FHV GpQRPLQDWLRQV VRQW TXDVLPHQW LGHQWLTXHV

PDLV QRXV UHWLHQGURQV LFL OD GpILQLWLRQ GH O·DSSURFKH 3'3 GRQQpH SDU 0F&OHOODQG HW 5XPHOKDUW

+4<;9, =
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Défi niti on 2 : M odèles PDP 

/HV PRGqOHV 3'3 VXSSRVHQW TXH OH WUDLWHPHQW GH O·LQIRUPDWLRQ HVW DFFRPSOL DX WUDYHUV

G·LQWHUDFWLRQV HQWUH XQ JUDQG QRPEUH GH SURFHVVHXUV pOpPHQWDLUHV/ DSSHOpV XQLWpV1 &KDFXQH GH FHV

XQLWpV HQYRLH DX[ DXWUHV XQLWpV GHV VLJQDX[ H[FLWDWHXUV RX LQKLELWHXUV1

/·DSSURFKH 3'3 XWLOLVH XQH WHFKQLTXH GH PRGpOLVDWLRQ TXL VH UDSSURFKH GX WUDLWHPHQW FpUpEUDO TXL/

UDSSHORQV0OH/ HVW KDXWHPHQW SDUDOOqOH HW H[pFXWp SDU GHV XQLWpV pOpPHQWDLUHV VLPSOHV IRUWHPHQW

LQWHUFRQQHFWpHV +YRLU &KDSLWUH 4/ SDUWLH 4,1 &HWWH UHFKHUFKH G·XQH FRQVLVWDQFH DYHF OH VW\OH GH

WUDLWHPHQW HPSOR\p SDU OH FHUYHDX HVW XQH UpSRQVH DX[ FULWLTXHV GH O·DSSURFKH V\PEROLTXH

+0F&OHOODQG ) 3ODXW 4<<6/ 3DUNV HW DO1 4<<4,1 &HWWH DSSURFKH QH QpFHVVLWH/ HQ HIIHW/ SDV GH

IRUPDOLVDWLRQ GH OD FRQQDLVVDQFH TXL VH WURXYH SOXV RX PRLQV GLVWULEXpH GDQV OH UpVHDX/ VXLYDQW

O·DUFKLWHFWXUH GH FHOXL0FL1 &HWWH GLVWULEXWLRQ GH OD FRQQDLVVDQFH HQWUDvQH HQ FRQWUHSDUWLH XQH SHUWH GH

WUDQVSDUHQFH VpPDQWLTXH1 /·LQIRUPDWLRQ HVW ELHQ PRLQV DFFHVVLEOH GDQV XQ PRGqOH FRQQH[LRQQLVWH

TXH GDQV XQ PRGqOH V\PEROLTXH1

$YDQW G·HQWUHU GDQV OH GpWDLO GH O·DSSURFKH 3'3/ LO FRQYLHQW GH VH GHPDQGHU GDQV TXHOOH PHVXUH RQ

SHXW FODVVHU FHWWH DSSURFKH GDQV OD PRGpOLVDWLRQ IRQFWLRQQHOOH RX GDQV OD PRGpOLVDWLRQ VWUXFWXUHOOH/

WHOOH TX·HOOHV RQW pWp GpILQLHV HQ LQWURGXFWLRQ GH FH FKDSLWUH1 &RPPH QRXV OH YHUURQV GDQV OD

GHX[LqPH SDUWLH GH FH FKDSLWUH/ OHV PRGpOLVDWLRQV VWUXFWXUHOOHV IRQW/ HOOHV DXVVL/ ODUJHPHQW DSSHO DX[

UpVHDX[ GH QHXURQHV IRUPHOV1 &HSHQGDQW/ PrPH VL OH IRUPDOLVPH GH EDVH HVW OH PrPH/ OD

PpWKRGRORJLH UHVWH WRWDOHPHQW GLIIpUHQWH1 ,O Q·\ D/ D SULRUL/ DXFXQH FRQWUDLQWH GH SODXVLELOLWp

QHXURELRORJLTXH GDQV XQH PRGqOH FRQQH[LRQQLVWH IRQFWLRQQHO1 $ SRVWHULRUL/ RQ SHXW WRXMRXUV

HVVD\HU GH UDSSURFKHU OHV pOpPHQWV GX PRGqOH IRQFWLRQQHO G·pOpPHQWV VWUXFWXUHOV LGHQWLILpV GDQV OH

FHUYHDX +$UELE 4<;8,1 &H WUDYDLO D SRVWHULRUL VXU OH PRGqOH IRQFWLRQQHO HVW IDFLOLWp SDU O·XWLOLVDWLRQ GX

3'31 &HWWH FDSDFLWp HVW G·DLOOHXUV VRXYHQW FLWpH FRPPH O·XQH GH VHV SULQFLSDOHV TXDOLWpV +3DUNV HW

DO1 4<<4,1 ,O HVW SRXUWDQW UDUH TXH OH OLHQ HQWUH VWUXFWXUH HW IRQFWLRQ VRLW GLUHFWHPHQW DWWHLQW GH FHWWH

PDQLqUH1

515141 'HVFULSWLRQ GH EDVH GHV UpVHDX[ GH QHXURQHV IRUPHOV

/HV 51) VRQW GHV JUDSKHV RULHQWpV FRQQH[HV1 3DUPL WRXWHV OHV XQLWpV GX UpVHDX/ RQ HQ GLVWLQJXH GH

WURLV VRUWHV = OHV XQLWpV G·HQWUpH TXL UHoRLYHQW OHV GRQQpHV H[WHUQHV DX V\VWqPH/ OHV XQLWpV GH VRUWLH

TXL HQYRLHQW GHV GRQQpHV j O·H[WpULHXU GX V\VWqPH/ HW OHV XQLWpV FDFKpHV TXL VRQW GHV XQLWpV

LQWHUPpGLDLUHV1 &HV GHUQLqUHV VRQW LQYLVLEOHV GH O·H[WpULHXU GX V\VWqPH1 /HV VWLPXOL IRXUQLV DX UpVHDX

HW OHV UpSRQVHV GH FHOXL0FL VRQW GHV YHFWHXUV GH YDOHXUV1
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/HV 51) VRQW GLIIpUHQFLpV SDU OHXU DUFKLWHFWXUH/ F·HVW j GLUH SDU OHV FRQQH[LRQV TXL OLHQW OHV

QHXURQHV HQWUH HX[1 2Q SHXW/ SDU H[HPSOH/ FLWHU OHV UpVHDX[ FRPSOHWV HW OHV UpVHDX[ HQ FRXFKHV1 /HV

UpVHDX[ FRPSOHWV VRQW GHV UpVHDX[ GDQV OHVTXHOV FKDTXH QHXURQH HVW FRQQHFWp j WRXV OHV DXWUHV

QHXURQHV GX UpVHDX1 /HV UpVHDX[ HQ FRXFKHV VRQW OHV UpVHDX[ OHV SOXV XWLOLVpV1 'DQV GH WHOV UpVHDX[/

OHV QHXURQHV VRQW UDVVHPEOpV GDQV GHV FRXFKHV/ OD SUHPLqUH FRXFKH UDVVHPEOH OHV XQLWpV G·HQWUpH HW OD

GHUQLqUH/ OHV XQLWpV GH VRUWLH1 /HV FRXFKHV LQWHUPpGLDLUHV/ VL HOOH H[LVWHQW/ QH FRQWLHQQHQW TXH GHV

XQLWpV FDFKpHV1 7RXW pOpPHQW G·XQH FRXFKH GRQQpH QH SHXW VH FRQQHFWHU TX·DX[ pOpPHQWV GH OD

PrPH FRXFKH RX DX[ pOpPHQWV GH OD FRXFKH GLUHFWHPHQW VXSpULHXUH +$OOLRW ) 6FKLH[ 4<<7/

2KD\RQ 4<<3,1 2Q GLIIpUHQFLH OHV UpVHDX[ j GHX[ FRXFKHV/ QH SRVVpGDQW SDV G·XQLWpV FDFKpHV/ HW OHV

UpVHDX[ PXOWLFRXFKHV/ SRVVpGDQW XQH RX SOXVLHXUV FRXFKHV LQWHUPpGLDLUHV1

/H FRPSRUWHPHQW GX UpVHDX UHSRVH VXU OD GpILQLWLRQ GX QHXURQH IRUPHO +)LJXUH ;, TXL PRGpOLVH OH

FRPSRUWHPHQW G·XQ QHXURQH QDWXUHO +2KD\RQ 4<<3,1 $LQVL/ j FKDTXH LQVWDQW W/ O·pWDW GX QHXURQH

IRUPHO HVW FDUDFWpULVp SDU +$OOLRW ) 6FKLH[ 4<<7/ 5XPHOKDUW 4<;<, =

• 8Q HQVHPEOH GH SRLGV ZL SRXU FKDTXH FRQQH[LRQ TX·LO SRVVqGH DYHF XQ QHXURQH HQ DPRQW GDQV

OH UpVHDX1

• 8QH YDOHXU G·DFWLYDWLRQ D+W,1 &HWWH YDOHXU HVW REWHQXH SDU O·DSSOLFDWLRQ G·XQH IRQFWLRQ/ ID/ DSSHOpH

UqJOH G·DFWLYDWLRQ1

• 8QH YDOHXU GH VRUWLH/ R+W,1 &HWWH YDOHXU HVW REWHQXH/ HOOH DXVVL/ JUkFH j XQH IRQFWLRQ/ IV/ DSSHOpH

IRQFWLRQ GH VRUWLH/ RX UqJOH GH GpFLVLRQ1
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Figure 8: Neurone f orm el d’ après Rum elhart ( 1989). 

$ FKDTXH LQVWDQW/ SRXU XQ QHXURQH GRQQp/ FRQQHFWp j Q QHXURQHV HQ DPRQW GX UpVHDX/ RQ FDOFXOH =
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• OD VRPPH GHV HQWUpHV QHW+W,/ SRXU WRXWHV OHV YDOHXUV GH VRUWLH GHV QHXURQHV DIIpUHQWV/ R4+W, j RQ+W, =

(2) ∑
=

⋅=
n

i
ii towtnet

1

)()(  

• OD YDOHXU G·DFWLYDWLRQ GX QHXURQH =

(3) ( ))(),1()( tnettafata −=  

• OD YDOHXU GH VRUWLH =

(4) ( ))()( tafsto =  

2Q SURFqGH GH OD VRUWH SRXU WRXV OHV QHXURQHV GX UpVHDX/ GHV XQLWpV G·HQWUpH DX[ XQLWp GH VRUWLH1 /H

FRPSRUWHPHQW GX V\VWqPH UpVLGH DXWDQW GDQV OH FKRL[ GHV FRQQH[LRQV HQWUH OHV XQLWpV/ TXH GDQV

FHOXL GHV SRLGV GHV FRQQH[LRQV RX GHV UqJOHV G·DFWLYDWLRQ HW GH GpFLVLRQ GHV XQLWpV1

8Q SRLGV QpJDWLI VXU XQH FRQQH[LRQ IDLW EDLVVHU OD YDOHXU G·DFWLYDWLRQ1 /D FRQQH[LRQ FRUUHVSRQGDQWH

DJLW GRQF FRPPH XQH FRQQH[LRQ LQKLELWULFH1 $X FRQWUDLUH/ XQ SRLGV SRVLWLI UHSUpVHQWH XQH

FRQQH[LRQ H[FLWDWULFH1 8Q SRLGV QXO pTXLYDXW j VXSSULPHU OD FRQQH[LRQ1

/D UqJOH G·DFWLYDWLRQ SHXW rWUH XQH IRQFWLRQ LGHQWLWp/ GDQV FH FDV D+W,  QHW+W,1 (OOH SHXW DXVVL SUHQGUH/

SDU H[HPSOH/ OD IRUPH G·XQH IRQFWLRQ VLJPRwGH HW DLQVL ERUQHU OHV YDULDWLRQV GH OD YDOHXU

G·DFWLYDWLRQ1 /D IRQFWLRQ GH VRUWLH SHXW/ HOOH DXVVL/ SUHQGUH OD IRUPH G·XQH IRQFWLRQ LGHQWLWp1 (OOH

SHXW rWUH XQH IRQFWLRQ VWRFKDVWLTXH/ OD YDOHXU GH VRUWLH GpSHQG G·XQH PDQLqUH SUREDELOLVWH GX QLYHDX

G·DFWLYDWLRQ1 0DLV HOOH D JpQpUDOHPHQW OD IRUPH G·XQH IRQFWLRQ OLQpDLUH j VHXLO1 &HWWH JUDQGH OLEHUWp

GDQV OHV FDUDFWpULVWLTXHV GHV QHXURQHV GX UpVHDX D HQWUDvQp OD PXOWLSOLFDWLRQ GHV DUFKLWHFWXUHV GXUDQW

FHV YLQJW GHUQLqUHV DQQpHV1

8QH DUFKLWHFWXUH WUqV VLPSOH/ HQ FRXFKHV/ DYHF XQ PLQLPXP G·XQLWpV/ D SHUPLV j -DPHV /1

0F&OHOODQG HW 'DYLG (1 5XPHOKDUW +0F&OHOODQG HW DO1 4<;9/ 0F&OHOODQG ) 5XPHOKDUW 4<;4, GH

SURSRVHU XQ PRGqOH GH OD SHUFHSWLRQ GH OHWWUHV GDQV OHV PRWV1 ,OV RUJDQLVHQW OHXU PRGqOH HQ WURLV

FRXFKHV1 &KDTXH FRXFKH HVW DVVRFLpH j XQ QLYHDX GH UHSUpVHQWDWLRQ +)LJXUH <,1 /D FRXFKH G·HQWUpH

HVW OH QLYHDX GHV WUDLWV GHV OHWWUHV/ DX VHQV YLVXHO GX WHUPH1 3DU H[HPSOH/ OD OHWWUH + VH GpFRPSRVH HQ

6 WUDLWV = _²_/ 5 WUDLWV YHUWLFDX[ HW 4 WUDLW KRUL]RQWDO1 /D FRXFKH LQWHUPpGLDLUH UHSUpVHQWH OHV OHWWUHV1 $

FH QLYHDX/ OHV OHWWUHV VRQW UHFRPSRVpHV j SDUWLU GHV WUDLWV TXL OHV FRPSRVHQW1 /D FRXFKH GH VRUWLH
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UHSUpVHQWH OH QLYHDX GHV PRWV1 &KDTXH XQLWp GH FKDTXH FRXFKH HVW DVVRFLpH j XQ pOpPHQW GX QLYHDX

GH UHSUpVHQWDWLRQ FRUUHVSRQGDQW1 &KDTXH XQLWp GH OD FRXFKH LQWHUPpGLDLUH HVW DVVRFLpH j XQH OHWWUH

SRXU FKDFXQH GHV SRVLWLRQV TXH OD OHWWUH SHXW SUHQGUH GDQV OH PRW1 ,O \ D SDU H[HPSOH XQH XQLWp

DVVRFLpH j OD OHWWUH $ HQ SUHPLqUH SRVLWLRQ/ FRPPH GDQV OH PRW $%/(/ XQH XQLWp DVVRFLpH j $ HQ

GHX[LqPH SRVLWLRQ/ FRPPH GDQV OH PRW 7$.(/ HW DLQVL GH VXLWH +OD ILJXUH FL0GHVVRXV Q·HQ SUpVHQWH

TX·XQ VRXV HQVHPEOH GDQV XQ VRXFL GH OLVLELOLWp,1 /HV FRQQH[LRQV VRQW VRLW H[FLWDWULFHV/ VRLW

LQKLELWULFHV1 '·XQH PDQLqUH JpQpUDOH/ O·LQKLELWLRQ HVW HPSOR\pH SRXU OLPLWHU O·DFWLYDWLRQ GHV XQLWpV

FRQFXUUHQWHV/ G·R� OHV LQKLELWLRQV LQWUD0FRXFKHV1 7RXWHV OHV XQLWpV G·XQH FRXFKH VRQW FRQQHFWpHV j

WRXWHV OHV XQLWpV GH OD FRXFKH VXLYDQWH1 3DU H[HPSOH/ O·XQLWp DVVRFLpH j OD OHWWUH 7 HQ SUHPLqUH

SRVLWLRQ GX PRW/ QRWp 74 GDQV OD ILJXUH FL0GHVVRXV/ H[FLWH WRXWHV OHV XQLWpV © PRWV ª R� 7 DSSDUDvW HQ

SUHPLqUH SRVLWLRQ/ VRLW 7,0( HW 7$.(/ HW LQKLEH WRXV OHV DXWUHV PRWV1
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Figure 9: Schém a si m plifi é du réseaux en couche de l ect ure de m ots d’ après M cClell and et Rum elhart 

(1981). 

&HWWH PRGpOLVDWLRQ UHVWH GRQF WUqV VLPSOH GDQV VRQ SULQFLSH1 3RXUWDQW/ OH FRPSRUWHPHQW GX PRGqOH

UHSURGXLW GH QRPEUHX[ SKpQRPqQHV SURSUHV j OD OHFWXUH GH PRWV/ FRPPH SDU H[HPSOH OD IDFXOWp GH

FRPSOpWLRQ GH PRWV SDUWLHOOHPHQW OLVLEOHV1 'H SOXV OH PRGqOH FRPPHW GHV HUUHXUV/ TXL/ HOOHV DXVVL/ VH

UDSSURFKHQW GHV HUUHXUV FRPPLVHV SDU O·KRPPH +0F&OHOODQG HW DO1 4<;9/ 0F&OHOODQG )

5XPHOKDUW 4<;4,1 2Q SHXW FHSHQGDQW UHSURFKHU j FH PRGqOH OH SUp0FDEODJH GHV FRQQH[LRQV HW

O·pWLTXHWDJH GHV XQLWpV TXL OLPLWHQW O·XWLOLVDWLRQ GH FH PRGqOH j XQH pFKHOOH UpDOLVWH1 &H PRGqOH/

FRQWUDLUHPHQW DX[ V\VWqPHV V\PEROLTXHV GH PpPRULVDWLRQ GpFULWV FL0GHVVXV/ HVW LQFDSDEOH
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G·DSSUHQWLVVDJH1 &HSHQGDQW/ FHWWH LQFDSDFLWp Q·HVW GXH TX·j O·REMHFWLI GH OD PRGpOLVDWLRQ +OD OHFWXUH

© URXWLQLqUH ª,1

515151 $SSUHQWLVVDJH

/·XQH GHV SURSULpWpV GHV 51) HVW OD SRVVLELOLWp GH FKDQJHU OHV YDOHXUV GHV SRLGV GHV FRQQH[LRQV DX

FRXUV GH OD VLPXODWLRQ1 &·HVW FH VHXO PpFDQLVPH TXL HVW j OD EDVH GH OD IDFXOWp G·DSSUHQWLVVDJH GHV

UpVHDX[ GH QHXURQHV1 /j HQFRUH/ RQ D OH FKRL[ HQWUH SOXVLHXUV PpWKRGHV G·DSSUHQWLVVDJH1

D, /·DSSUHQWLVVDJH VXSHUYLVp SDU UpWUR0SURSDJDWLRQ GHV HUUHXUV

/D SUHPLqUH PpWKRGH G·DSSUHQWLVVDJH/ OD SOXV UpSDQGXH HW OD SOXV FULWLTXpH +&ULFN 4<;<,/ HVW OD

PpWKRGH GH UpWUR0SURSDJDWLRQ GHV HUUHXUV +5XPHOKDUW HW DO1 4<;9,1 &HWWH PpWKRGH HVW XQH PpWKRGH

VXSHUYLVpH TXL FRQVLVWH j VRXPHWWUH GHV VWLPXOL DX UpVHDX HW j HVVD\HU GH IDLUH FRwQFLGHU VD UpSRQVH

DYHF OD UpSRQVH DWWHQGXH1 6L OHV GHX[ UpSRQVHV GLIIqUHQW/ LO IDXW © UHPRQWHU ª OHV FRQQH[LRQV/ GH OD

VRUWLH YHUV O·HQWUpH GX UpVHDX/ SRXU HQ PRGLILHU OHV SRLGV1 /HV PRGLILFDWLRQV j DSSRUWHU VRQW IRXUQLHV

SDU XQH ORL G*DSSUHQWLVVDJH1 &HWWH ORL SHXW rWUH FRQVLGpUpH FRPPH XQH YDULDQWH GX FRQFHSW

G·DSSUHQWLVVDJH GH +HEE +%URZQ HW DO1 4<<3/ 5XPHOKDUW 4<;<, GRQW O·LGpH GH EDVH HVW OD VXLYDQWH1 6L

XQ QHXURQH DIIpUHQW HVW DFWLYp DORUV TXH OH QHXURQH FRQVLGpUp GRLW O·rWUH DXVVL DORUV RQ DXJPHQWH OH

SRLGV GH OD FRQQH[LRQ1 6L OH QHXURQH DIIpUHQW HVW DFWLYp DORUV TXH OH QHXURQH FRQVLGpUp QH GRLW SDV

O·rWUH/ DORUV RQ UpGXLW OH SRLGV GH OD FRQQH[LRQ1 /D YHUVLRQ VLPSOLILpH/ TXL HVW OH SOXV VRXYHQW XWLOLVpH/

SUHQG OD IRUPH VXLYDQWH +$OOLRW ) 6FKLH[ 4<<7/ 5XPHOKDUW 4<;<, =

(5) )1()1()( −⋅−⋅= totatw ii εδ  

2�/ δZL HVW OD YDULDWLRQ j DSSOLTXHU DX SRLGV FRQVLGpUp/ ε HVW OH FRHIILFLHQW G·DSSUHQWLVVDJH/ D HVW OD

YDOHXU G·DFWLYDWLRQ GX QHXURQH FRQVLGpUp HW RL HVW OD YDOHXU GH VRUWLH GX QHXURQH DIIpUHQW

FRUUHVSRQGDQW1

2Q GpILQLW DXVVL XQH VHFRQGH UqJOH/ DSSHOpH UqJOH0GHOWD +$OOLRW ) 6FKLH[ 4<<7/ %URZQ HW DO1 4<<3/

5XPHOKDUW 4<;<,/ TXL SHUPHW G·pYLWHU OHV RVFLOODWLRQV1 &HWWH GHUQLqUH ORL DMRXWH XQ FRHIILFLHQW GH

PRPHQW/ η/ j OD SUHPLqUH UqJOH G·DSSUHQWLVVDJH =

(6) )1()1()1()( −⋅+−⋅−⋅= twtotatw iii δηεδ  
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/HV GHX[ SDUDPqWUHV/ FRHIILFLHQW G·DSSUHQWLVVDJH HW GH PRPHQW/ SHUPHWWHQW GH IDLUH YDULHU OD SODVWLFLWp

HW OD VWDELOLWp GX UpVHDX1 &HV GHX[ SURSULpWpV V·RSSRVHQW1 'DQV OH FDV R� OH UpVHDX HVW VWDEOH/ LO QH SHXW

SDV LQFRUSRUHU IDFLOHPHQW XQ QRXYHDX VWLPXOXV +QRQ HQFRUH PpPRULVp,1 ,O GRLW VXELU XQH QRXYHOOH

SKDVH G·DSSUHQWLVVDJH SDU UpSpWLWLRQ GH OD SUpVHQWDWLRQ GX VWLPXOXV/ DX ULVTXH G·DLOOHXUV G·RXEOLHU GHV

VWLPXOL DSSULV SUpFpGHPPHQW1 /H UpVHDX Q·HVW SDV SODVWLTXH1 $ O·RSSRVp/ VL OH UpVHDX HVW SODVWLTXH/ OH

QRXYHDX VWLPXOXV HVW IDFLOHPHQW LQFRUSRUp1 'DQV FH FDV/ OHV SRLGV GHV FRQQH[LRQV VRQW UDSLGHPHQW

PRGLILpV/ HW FH j FKDTXH QRXYHOOH SUpVHQWDWLRQ1 &HV PRGLILFDWLRQV HQWUDvQHQW GHV FKDQJHPHQWV

LQFHVVDQWV GDQV O·RUJDQLVDWLRQ GX UpVHDX/ OH UpVHDX HVW LQVWDEOH1

/H SULQFLSDO DYDQWDJH GH FH PpFDQLVPH G·DSSUHQWLVVDJH UHVWH VD IDFLOLWp GH PLVH HQ ±XYUH1 ,O D

SURXYp VRQ HIILFDFLWp GDQV GH QRPEUHXVHV PRGpOLVDWLRQV +5XPHOKDUW 4<;</ 0F&OHOODQG )

(OPDQ 4<;9/ 5XPHOKDUW HW DO1 4<;9, HW UHVWH HQFRUH DXMRXUG·KXL WUqV XWLOLVp1 ,O VRXOqYH WRXWHIRLV GHV

TXHVWLRQV FRQFHUQDQW OD FRPSDWLELOLWp GH FH PpFDQLVPH DYHF OH IRQFWLRQQHPHQW GH O·HVSULW KXPDLQ1

/D UpWUR0SURSDJDWLRQ GX UpVHDX SRVH WRXW G·DERUG OH SUREOqPH GH O·H[LVWHQFH GH VRQ LPSOpPHQWDWLRQ

GDQV OH FHUYHDX KXPDLQ +&ULFN 4<;<,1 &H SUREOqPH HVW WRXW j IDLW VHFRQGDLUH SRXU XQH PRGpOLVDWLRQ

IRQFWLRQQHOOH +L1H1 QRQ FRQWUDLQWH SDU OD VWUXFWXUH GX FHUYHDX,1 'X SRLQW GH YXH SXUHPHQW

IRQFWLRQQHO/ O·DVSHFW OH SOXV HPEDUUDVVDQW GH OD UpWUR0SURSDJDWLRQ HVW VRQ IRQFWLRQQHPHQW VXSHUYLVp1

/D VXSHUYLVLRQ HVW LQGLVSHQVDEOH GDQV OH PpFDQLVPH GH UpWUR0SURSDJDWLRQ SRXU GLULJHU

O·DSSUHQWLVVDJH GX UpVHDX1 2Q QH SHXW GRQF SDV FRQVLGpUHU TXH O·DSSUHQWLVVDJH GX UpVHDX VRLW SURFKH

GH O·DSSUHQWLVVDJH KXPDLQ TXL HVW HVVHQWLHOOHPHQW VSRQWDQp1

(Q UpSRQVH j FHV REVHUYDWLRQV/ GLYHUV PpFDQLVPHV G·DSSUHQWLVVDJH DXWR0RUJDQLVDWHXUV HW QRQ

VXSHUYLVpV RQW pWp SURSRVpV1 1RXV HQ FRPPHQWHURQV WURLV/ OHV UpVHDX[ GH .RKRQHQ/ OHV UpVHDX[

$57 HW O·DOJRULWKPH © ZDNH0VOHHS ª1 &HV PpFDQLVPHV VRQW DXWDQW GH SUHXYHV GH OD JUDQGH OLEHUWp

ODLVVpH DX FRQFHSWHXU GH UpVHDX[ GH QHXURQHV SDU GH IRUPDOLVPH GH EDVH GHV 51)1

E, /HV UpVHDX[ GH .RKRQHQ

/HV UpVHDX[ GH .RKRQHQ +)LJXUH 43, VRQW GHV UpVHDX[ j GHX[ FRXFKHV1 /·DSSUHQWLVVDJH V·\ IDLVDQW

SDU DXWR0DGDSWDWLRQ DX[ VWLPXOL/ LO Q·HVW SDV QpFHVVDLUH GH SUpVHQWHU XQ HQVHPEOH G·H[HPSOHV SRXU

TXH OH UpVHDX DSSUHQQH1 &KDTXH XQLWp G·HQWUpH HVW FRQQHFWpH j WRXWHV OHV XQLWpV GH VRUWLH1 /HV XQLWpV

GH VRUWLH QH VRQW SDV WRXWHV FRQQHFWpHV HQWUH HOOHV/ GH PDQLqUH j SRXYRLU GpILQLU XQH GLVWDQFH LQWHU0

XQLWpV +L1H1 OD QRUPH FKRLVLH HVW OD ORQJXHXU GX FKHPLQ OH SOXV FRXUW HQWUH GHX[ XQLWpV,1

3RXU FKDTXH VWLPXOXV SUpVHQWp/ XQH VHXOH XQLWp GH VRUWLH V·DFWLYH1 /H SULQFLSH HVW GH FODVVLILHU OHV

HQWUpHV HQ DFWLYDQW OD PrPH VRUWLH SRXU OHV HQWUpHV VXIILVDPPHQW VHPEODEOHV1 /·DSSUHQWLVVDJH
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FRQVLVWH DORUV j DPpOLRUHU OD GLVFULPLQDWLRQ GX UpVHDX1 /D ORL G·DSSUHQWLVVDJH UHQIRUFH OHV SRLGV GHV

FRQQH[LRQV GLULJpHV YHUV OHV XQLWpV GH VRUWLH SURFKHV GH O·XQLWp DFWLYpH/ HW DWWpQXH FHX[ GHV XQLWpV

pORLJQpHV +$OOLRW ) 6FKLH[ 4<<7,1 $X IXU HW D PHVXUH GH OD SUpVHQWDWLRQ GH QRXYHDX[ VWLPXOL/ XQH

FODVVLILFDWLRQ YD DSSDUDvWUH = XQH PrPH XQLWp GH VRUWLH YD V·DFWLYHU SRXU SOXVLHXUV VWLPXOL GLIIpUHQWV

DSSDUWHQDQW j OD PrPH FODVVH1 &H TXL HVW LQWpUHVVDQW/ PDLV GDQJHUHX[ DXVVL/ F·HVW TXH OD FODVVLILFDWLRQ

pPHUJHDQWH HVW DXWRQRPH1 (OOH SHXW GRQF QH SDV FRUUHVSRQGUH j FH TXH O·RQ SRXYDLW DWWHQGUH

+2KD\RQ 4<<3,1
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Figure 10: Réseau de K ohonen, d’ après A lli ot et Schiex ( 1994). 

F, /HV UpVHDX[ $57

/HV UpVHDX[ $57/ SRXU © $GDSWLYH 5HVRQDQFH 7KHRU\ ª/ RQW pWp GpYHORSSpV SDU &DUSHQWHU HW

*URVVEHUJ +4<<6,1 /·DSSUHQWLVVDJH HVW REWHQX SDU XQ PpFDQLVPH GH UpVRQDQFH HQWUH OD FRXFKH

G·HQWUpH HW OD FRXFKH GH VRUWLH1 (Q HIIHW/ FKDTXH XQLWp GH OD FRXFKH G·HQWUpH HVW FRQQHFWpH j WRXWHV

OHV XQLWpV GH OD FRXFKH GH VRUWLH HW YLFH YHUVD1 'H SOXV/ FKDTXH XQLWp GH VRUWLH HVW FRQQHFWpH j WRXWHV

OHV DXWUHV XQLWpV GH VRUWLH SDU GHV FRQQH[LRQV LQKLELWULFHV1 /H UHQIRUFHPHQW GHV SRLGV QH FRQFHUQH

TXH OHV FRQQH[LRQV OLDQW GHV XQLWpV DFWLYpHV1 4XDQG XQH XQLWp GH VRUWLH HVW DFWLYpH/ HOOH LQKLEH VHV

YRLVLQHV/ OHV HPSrFKDQW DLQVL GH V·DFWLYHU/ HW UHQYRLH XQH DFWLYDWLRQ YHUV OD FRXFKH G·HQWUpH SRXU

UHQIRUFHU VRQ DFWLYDWLRQ ORUV GH OD SUpVHQWDWLRQ G·XQ VWLPXOXV VHPEODEOH j FHOXL TXL HVW SUpVHQWp

DFWXHOOHPHQW1 2XWUH OH IDLW TXH OH PpFDQLVPH GH UpVRQDQFH VRLW QRQ VXSHUYLVp/ LO SHUPHW DXVVL GH
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UpVRXGUH OH SUREOqPH GH OD SODVWLFLWp HW GH OD VWDELOLWp1 (Q HIIHW/ HW SRXU VFKpPDWLVHU/ O·DFWLYDWLRQ GDQV

OH VHQV HQWUpHV0VRUWLHV SHUPHW OD PpPRULVDWLRQ GX VWLPXOXV +SODVWLFLWp,1 /·DFWLYDWLRQ GDQV OH VHQV

VRUWLHV0HQWUpHV UHQIRUFH O·DFWLYDWLRQ GH O·XQLWp G·HQWUpH ORUV OH OD SURFKDLQH SUpVHQWDWLRQ GX PrPH

VWLPXOXV +VWDELOLWp,1

G, /·DOJRULWKPH :DNH0VOHHS

/H GHUQLHU PpFDQLVPH G·DSSUHQWLVVDJH QRQ VXSHUYLVp TXH QRXV VXUYROHURQV D pWp EDSWLVp © :DNH0

VOHHS DOJRULWKP ª ++LQWRQ HW DO1 4<<8,1 &HW DOJRULWKPH HVW GHVWLQp j GHV UpVHDX[ j PXOWLFRXFKHV/

FRQWUDLUHPHQW DX[ GHX[ PpFDQLVPHV G·DSSUHQWLVVDJH SUpFpGHQWV1 'DQV XQ DSSUHQWLVVDJH SDU UpWUR0

SURSDJDWLRQ/ OH VXSHUYLVHXU GpILQLW OD FRQILJXUDWLRQ GH VRUWLH GX UpVHDX1 &HWWH FRQILJXUDWLRQ/

UHSUpVHQWDQW OH EXW j DWWHLQGUH/ SHUPHW GH GpWHUPLQHU VL OD UpSRQVH HIIHFWLYH HVW HUURQpH RX QRQ HW

GRQF GH GpWHUPLQHU OHV PRGLILFDWLRQV j DSSRUWHU DX[ SRLGV GHV FRQQH[LRQV1 ,FL/ OH EXW j DWWHLQGUH/

GpWHUPLQp D SULRUL/ Q·HVW SDV H[SULPp FRPPH XQH FRQILJXUDWLRQ GH VRUWLH/ PDLV SOXW{W FRPPH XQ

HQVHPEOH GH FRQWUDLQWHV WHOOHV TXH = © DSSUHQGUH OHV UHSUpVHQWDWLRQV GRQW OD GHVFULSWLRQ HVW OD SOXV

pFRQRPLTXH PDLV SHUPHWWDQW GH UHFRQVWUXLWH SDUIDLWHPHQW OH VWLPXOXV ª ++LQWRQ HW DO1 4<<8,1

&RPPH SRXU OHV UpVHDX[ $57/ XQ UpVHDX XWLOLVDQW O·DOJRULWKPH ZDNH0VOHHS GRLW SRVVpGHU GHV

FRQQH[LRQV FURLVpHV HQWUH OHV GLIIpUHQWHV FRXFKHV1 /H UpVHDX IRQFWLRQQH HQ GHX[ SKDVHV1 /D

SUHPLqUH SKDVH HVW XQH SKDVH DVFHQGDQWH +GH O·HQWUpH YHUV OD VRUWLH,/ R� OHV FRQQH[LRQV LPSOLTXpHV

VRQW DSSHOpHV FRQQH[LRQV GH UHFRQQDLVVDQFH1 &·HVW OD SKDVH © :DNH ª1 /H EXW GH FHWWH SKDVH HVW GH

UHFRQVWUXLUH XQH UHSUpVHQWDWLRQ GX VWLPXOXV DX WUDYHUV GHV FRXFKHV G·XQLWp FDFKpHV1 /D VHFRQGH

SKDVH HVW XQH SKDVH GHVFHQGDQWH/ R� OHV FRQQH[LRQV LPSOLTXpHV VRQW DSSHOpHV FRQQH[LRQV

JpQpUDWULFHV1 &·HVW OD SKDVH © VOHHS ª1 /H EXW GH FHWWH SKDVH HVW GH UHFRQVWUXLUH XQH DSSUR[LPDWLRQ

GX VWLPXOXV j SDUWLU GH VD UHSUpVHQWDWLRQ GDQV OHV FRXFKHV FDFKpHV1

&HV WURLV GHUQLHUV PpFDQLVPHV G·DSSUHQWLVVDJH QRQ VXSHUYLVpV SDUWDJHQW DYHF OHV PpWKRGHV

VXSHUYLVpHV OD FDUDFWpULVWLTXH GH FRQWUDLQGUH O·DUFKLWHFWXUH GX PRGqOH/ PDLV LOV UHVWHQW SOXV

FRPSOH[HV j PHWWUH HQ ±XYUH1 ,O IDXW FHSHQGDQW UHPDUTXHU TXH LOV SHXYHQW rWUH FRQVLGpUpV FRPPH

SOXV ELRORJLTXHPHQW SODXVLEOHV TXH O·DSSUHQWLVVDJH SDU UpWUR0SURSDJDWLRQ1 ,OV VH VRXVWUDLHQW GRQF

DX[ FULWLTXHV pQRQFpHV FL0GHVVXV HW LOV VRQW G·DLOOHXUV XWLOLVpV GDQV GHV PRGpOLVDWLRQV VWUXFWXUHOOHV TXH

QRXV YHUURQV GDQV OD VHFRQGH SDUWLH GH FH FKDSLWUH1
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515161 7UDQVSDUHQFH VpPDQWLTXH HW 51)

7RXW FRPPH OHV PRGqOHV V\PEROLTXHV/ OHV PRGqOHV FRQQH[LRQQLVWHV QH SHXYHQW rWUH FRQVLGpUpV

FRPPH GHV PRGqOHV JOREDX[ GX IRQFWLRQQHPHQW GH O·HVSULW KXPDLQ1 ,OV VRQW FLEOpV VXU XQH IRQFWLRQ

VSpFLILTXH1 &H TXL IDLW OHXU SDUWLFXODULWp/ F·HVW OHXU IDFXOWp j IDLUH pPHUJHU GHV FRPSRUWHPHQWV

VHPEODEOHV DX FRPSRUWHPHQW KXPDLQ WDQW VXU OHV SHUIRUPDQFHV TXH VXU OHV HUUHXUV ++LQWRQ HW

DO1 4<<6/ 0F&OHOODQG ) 5XPHOKDUW 4<;4,1 8QH DXWUH FDUDFWpULVWLTXH LPSRUWDQWH HVW OD UREXVWHVVH GHV

51)1 ,O HVW SRVVLEOH G·HQGRPPDJHU XQ UpVHDX HQ GpWUXLVDQW FHUWDLQHV GH VHV XQLWpV1 0DOJUp FHWWH

© OpVLRQ ª/ OH UpVHDX FRQWLQXHUD j IRQFWLRQQHU PDLV FHUWDLQHPHQW GH IDoRQ DOWpUpH1 &H TXL HVW

LQWpUHVVDQW LFL F·HVW TX·XQH IRLV HQGRPPDJp/ OH UpVHDX IHUD pPHUJHU GHV DEHUUDWLRQV VHPEODEOHV j

FHOOHV TXH O·RQ SRXUUDLW REVHUYHU FKH] XQ SDWLHQW SRVVpGDQW XQ GpILFLW GH OD IRQFWLRQ FRJQLWLYH

PRGpOLVpH SDU OH UpVHDX GH QHXURQHV +'HKDHQH ) &KDQJHX[ 4<<:/ /LWYDQ HW DO1 4<<9/ +LQWRQ HW

DO1 4<<6,1

$YDQW GH FRQFOXUH OD SDUWLH GH FH FKDSLWUH WUDLWDQW GHV IRUPDOLVPHV XWLOLVpV GDQV OD PRGpOLVDWLRQ

IRQFWLRQQHOOH/ QRXV DOORQV UHYHQLU XQ LQVWDQW VXU OD WUDQVSDUHQFH VpPDQWLTXH GHV UpVHDX[ GH

QHXURQHV1 2Q SDUOH VRXYHQW GHV UpVHDX[ GH QHXURQHV FRPPH GHV V\VWqPHV © ERvWH QRLUH ª/ F·HVW j

GLUH GH V\VWqPHV GRQW RQ QH VDLW FRPPHQW OH WUDLWHPHQW HVW UpDOLVp HQ LQWHUQH1 2Q SHXW LPDJLQHU OD

GLIILFXOWp j pWDEOLU XQ OLHQ HQWUH OH FRQFHSW HW OD UHSUpVHQWDWLRQ LQWHUQH HQ SUHQDQW O·H[HPSOH GX

FRGDJH GHV VWLPXOL1 /HV GRQQpHV HQ HQWUpH +LQSXW, G·XQ 51) VRQW GHV YHFWHXUV GH YDOHXUV

QXPpULTXHV UHSUpVHQWDQW OD YDOHXU G·DFWLYDWLRQ GH WRXWHV OHV XQLWpV G·HQWUpH1 &H YHFWHXU SUHQG

VRXYHQW OD IRUPH G·XQ YHFWHXU GH YDOHXUV ELQDLUHV +3 SRXU QRQ DFWLYp/ 4 SRXU DFWLYp,1 6XLYDQW OHV

FRQQH[LRQV GHV XQLWpV G·HQWUpH/ OHV GLIIpUHQWV WUDLWV UHSUpVHQWpV GDQV OH YHFWHXU YRQW VH GLVWULEXHU

GDQV OH UpVHDX1 0RLQV O·DUFKLWHFWXUH VHUD VWUXFWXUpH HW PRLQV LO VHUD pYLGHQW GH VXLYUH OH

FKHPLQHPHQW GH O·LQIRUPDWLRQ1

/HV UpVHDX[ OHV PRLQV VWUXFWXUpV VRQW OHV UpVHDX[ GH +RSILHOG1 8Q WHO UpVHDX HVW XQ JUDSKH FRPSOHW/

FKDTXH XQLWp HVW FRQQHFWpH j WRXWHV OHV DXWUHV1 ,O Q·\ D SOXV DXFXQ FkEODJH VSpFLILTXH HW WRXWH

O·DUFKLWHFWXUH GX UpVHDX HVW FRQGLWLRQQpH SDU VRQ DSSUHQWLVVDJH1 /HV UpVHDX[ GH +RSILHOG VRQW

YUDLVHPEODEOHPHQW OHV PRGqOHV SRVVpGDQW OH PRLQV GH WUDQVSDUHQFH VpPDQWLTXH1

$ O·RSSRVp/ OHV PRGqOHV FRPPH FHOXL XWLOLVp SDU 0F&OHOODQG HW 5XPHOKDUW SRXU OD SHUFHSWLRQ GHV

OHWWUHV SRVVqGHQW XQH DUFKLWHFWXUH WUqV FRQWUDLQWH HW LO HVW SRVVLEOH G·LGHQWLILHU OH U{OH GH FKDFXQH GHV

FRXFKHV +)LJXUH <,/ HW PrPH GH FKDFXQH GHV XQLWpV1 '·XQH PDQLqUH JpQpUDOH/ SOXV OH PRGqOH HVW

FRQWUDLQW GDQV VRQ DUFKLWHFWXUH SOXV LO HVW SRVVLEOH G·LGHQWLILHU VHV FRPSRVDQWHV IRQFWLRQQHOOHV1 ,O HVW

PrPH SRVVLEOH GH FRQVWUXLUH XQ PRGqOH FRQQH[LRQQLVWH FRPSRVp GH SOXVLHXUV 51) LGHQWLILpV HW
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LQWHUDJLVVDQW HQWUH HX[ +DX WUDYHUV GH FRQQH[LRQV GH QHXURQHV IRUPHOV,1 &·HVW/ SDU H[HPSOH/ XQH WHOOH

RUJDQLVDWLRQ TXH SURSRVH :DOWHU 6FKQHLGHU SRXU PRGpOLVHU O·RUJDQLVDWLRQ GH OD PpPRLUH GH WUDYDLO

+6FKQHLGHU 4<<6,1 &KDTXH UpVHDX HVW RUJDQLVp HQ FRXFKHV HW HVW IRUPHOOHPHQW DVVLJQp j XQ W\SH GH

PpPRLUH SDUWLFXOLHU +H1J1PpPRLUH OH[LFDOH/ VpPDQWLTXH/ YLVXHOOH«,1

5161 &RQFOXVLRQ

3RXU FRQFOXUH VXU OD PRGpOLVDWLRQ IRQFWLRQQHOOH/ QRXV SRXYRQV PHWWUH O·DFFHQW VXU OD

FRPSOpPHQWDULWp GHV DSSURFKHV V\PEROLTXHV HW FRQQH[LRQQLVWHV1 /D SUHPLqUH V·DSSXLH VXU

O·K\SRWKqVH TXH OD FRQQDLVVDQFH SHXW rWUH UHSUpVHQWpH SDU GHV V\PEROHV1 /D VHFRQGH SURSRVH XQH

GLVWULEXWLRQ GH OD FRQQDLVVDQFH/ XQH FHUWDLQH GLIIXVLRQ SDUPL GH QRPEUHX[ SURFHVVHXUV1 ,O HQ UpVXOWH

TXH O·DSSURFKH V\PEROLTXH SURGXLW GHV PRGqOHV IRQFWLRQQHOV/ G·XQH KDXWH WUDQVSDUHQFH VpPDQWLTXH/

R� OHV IRQFWLRQQDOLWpV VRQW UHSUpVHQWpHV H[SOLFLWHPHQW1 /·DSSURFKH FRQQH[LRQQLVWH SURSRVH GHV

PRGpOLVDWLRQV R� OHV SURSULpWpV VRQW SOXV RX PRLQV LPSOLFLWHV HW pPHUJHQW GX PRGqOH1 6L OHV

PRGqOHV V\PEROLTXHV RIIUHQW LQGpQLDEOHPHQW XQH SOXV JUDQGH WUDQVSDUHQFH VpPDQWLTXH/ OHV PRGqOHV

FRQQH[LRQQLVWHV Q·HQ RIIUHQW SDV PRLQV XQH SOXV ODUJH JDPPH1 (Q IDLW/ RQ SHXW GLIILFLOHPHQW

PRGLILHU OD WUDQVSDUHQFH VpPDQWLTXH G·XQ PRGqOH V\PEROLTXH/ DORUV TXH O·RQ SHXW DXJPHQWHU RX

UpGXLUH FHOOH G·XQ UpVHDX GH QHXURQHV HQ FRQWUDLJQDQW VRQ DUFKLWHFWXUH +:DOODFH HW DO1 4<<6,1

2Q SHXW DMRXWHU TXH OHV PRGqOHV V\PEROLTXHV VXSSRVHQW TXH OH EXW GH O·DSSUHQWLVVDJH HVW/ HQ

TXHOTXH VRUWH/ GH IRUPXOHU GHV UqJOHV1 &HWWH K\SRWKqVH VRXV0HQWHQG TXH OH VDYRLU HVW H[SULPDEOH SDU

GHV V\PEROHV/ PDLV HOOH SHUPHW JUkFH DX VHQV DVVRFLp DX[ V\PEROH GH SURGXLUH GHV JpQpUDOLVDWLRQV

WUqV SXLVVDQWHV1 &HFL OLPLWH OHV PRGqOHV V\PEROLTXHV j rWUH XWLOLVpV GDQV GHV GRPDLQHV R� O·RQ VDLW

H[SUHVVpPHQW UHSUpVHQWHU OD FRQQDLVVDQFH SDU GHV V\PEROHV/ VRLW/ SRXU GHV IRQFWLRQV FRJQLWLYHV GH

KDXW QLYHDX/ FRPPH OH ODQJDJH +H1J1 O·RUJDQLVDWLRQ GH SKUDVHV GDQV XQ GLVFRXUV,1

/HV PRGqOHV FRQQH[LRQQLVWHV VXSSRVHQW TXH OH EXW GH O·DSSUHQWLVVDJH HVW GH SHUPHWWUH DX PRGqOH

G·DJLU FRPPH V·LO FRQQDLVVDLW OHV UqJOHV HW FH VDQV DYRLU j OHV IRUPXOHU H[SOLFLWHPHQW +0F&OHOODQG HW

DO1 4<;9,1 /HV UqJOHV pPHUJHQW GX FRPSRUWHPHQW GX PRGqOH PDLV Q·\ VRQW SDV UHSUpVHQWpHV1 &HOD

SHUPHW DX[ PRGqOHV FRQQH[LRQQLVWHV GH UHSUpVHQWHU GHV IRQFWLRQV FRJQLWLYHV GRQW RQ QH VDLW SDV

H[SULPHU OHV PpFDQLVPHV IRUPHOOHPHQW/ FRPPH SDU H[HPSOH GHV IRQFWLRQV GH SOXV EDV QLYHDX +H1J1

OD OHFWXUH GHV FDUDFWqUHV FRPSRVDQW XQ PRW,1 0DLV/ FRPPH O·pWHQGXH GHV FRQQDLVVDQFHV

UHSUpVHQWDEOHV HVW SURSRUWLRQQHOOH DX QRPEUH G·XQLWpV GX 51)/ FHV PRGqOHV GHYLHQQHQW WUqV

FRPSOH[HV ORUVTX·RQ YHXW UHSUpVHQWHU XQH ODUJH JDPPH GH FRQQDLVVDQFHV1
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/·DVSHFW FRPSOpPHQWDLUH GHV GHX[ DSSURFKHV D pWp XWLOLVp SDU -1 *1 :DOODFH TXL SURSRVH XQ

IRUPDOLVPH K\EULGH GH OD PRGpOLVDWLRQ IRQFWLRQQHOOH +:DOODFH HW DO1 4<<6,1 /·LGpH GH EDVH HVW LFL

G·RUJDQLVHU OD PRGpOLVDWLRQ VRXV OD IRUPH G·XQ UpVHDX VpPDQWLTXH R� OHV Q±XGV SRVVqGHQW XQH

UHSUpVHQWDWLRQ V\PEROLTXH HW XQH YDOHXU G·DFWLYDWLRQ1 /HV YDOHXUV HQ HQWUpH GX UpVHDX VRQW GHV

V\PEROHV FRQVWUXLWV j SDUWLU GHV YDOHXUV QXPpULTXHV IRXUQLHV SDU OHV FDSWHXUV1 /D YDOHXU G·DFWLYDWLRQ

SHUPHW G·DFWLYHU GHV FKHPLQV VpPDQWLTXHV GH PDQLqUH SUpIpUHQWLHOOH HW GH UHSUpVHQWHU GHV

SKpQRPqQHV G·DWWHQWLRQ1 /·DFWLYDWLRQ GHV Q±XGV HVW FRQGXLWH SDU XQ UpVHDX QRQ V\PEROLTXH DSSHOp

UpVHDX GH PRWLYDWLRQ +:DOODFH HW DO1 4<<6,1 /·XQLRQ GHV GHX[ IRUPDOLVPHV HVW LFL XQ FRPSURPLV HQWUH

OH FDUDFWqUH H[SOLFLWH GH OD UHSUpVHQWDWLRQ V\PEROLTXH HW O·pPHUJHQFH IRQFWLRQQHOOH GHV PRGqOHV

FRQQH[LRQQLVWHV1

61 02'(/,6$7,21 6758&785(//(

/D PRGpOLVDWLRQ VWUXFWXUHOOH HVW SOXV UpFHQWH TXH OD PRGpOLVDWLRQ IRQFWLRQQHOOH1 &HFL HVW

HVVHQWLHOOHPHQW G� DX IDLW TXH FHWWH GpPDUFKH HVW LQVSLUpH SDU GHV FRQQDLVVDQFHV SRXVVpHV VXU

O·RUJDQLVDWLRQ GX FHUYHDX1 /D YDOLGDWLRQ GX PRGqOH GDQV FH W\SH GH PRGpOLVDWLRQ HVW GLUHFWHPHQW

LVVXH G·pWXGHV G·DFWLYDWLRQ RX GH FRQQDLVVDQFHV QHXURDQDWRPLTXHV RX QHXURSK\VLRORJLTXHV ILQHV

LVVXHV GH O·H[SpULPHQWDWLRQ DQLPDOH1 /H GpYHORSSHPHQW GHV PRGqOHV VWUXFWXUHOV D GRQF VXLYL FHOXL

GHV FRQQDLVVDQFH VXU OD VWUXFWXUH GX FHUYHDX +YRLU &KDSLWUH 4,1

'DQV XQH PRGpOLVDWLRQ SXUHPHQW IRQFWLRQQHOOH/ OH FKRL[ G·XQ WUDLWHPHQW VHPEODEOH j FHOXL GX

FHUYHDX Q·HVW SDV LQGLVSHQVDEOH/ FRPPH OH SURXYH O·DSSURFKH V\PEROLTXH1 ,FL/ LO HVW LQFRQFHYDEOH GH

FRQVHUYHU XQH RUJDQLVDWLRQ TXL QH VRLW SDV GLVWULEXpH1 /HV 51) VH VRQW GRQF QDWXUHOOHPHQW LPSRVpV

GqV TXH GHV FRQWUDLQWHV ELRORJLTXHV RQW pWp SRVpHV1 8QH JUDQGH PDMRULWp GHV PRGqOHV VWUXFWXUHOV

IRQW DSSHO j FH IRUPDOLVPH1 &HSHQGDQW/ DORUV TXH OHV FULWLTXHV VXU OD UpWUR0SURSDJDWLRQ SRXYDLHQW

rWUH FRQVLGpUpHV FRPPH VHFRQGDLUHV GDQV XQH RSWLTXH IRQFWLRQQHOOH +&ULFN 4<;<,/ HOOHV OLPLWHQW

VpULHXVHPHQW O·XWLOLVDWLRQ GH FH PpFDQLVPH G·DSSUHQWLVVDJH GDQV XQ PRGqOH VWUXFWXUHO1 2Q \ SUpIpUD

GRQF GHV PpFDQLVPHV FRPPH/ SDU H[HPSOH/ OHV UpVHDX[ $57 +&DUSHQWHU )*URVVEHUJ 4<<6,1

3RXU SRXYRLU DSSURFKHU OD FRPSOH[LWp GX FHUYHDX KXPDLQ/ G·DXWUHV IRUPDOLVPHV FRQQH[LRQQLVWHV

RQW pWp PLV HQ ±XYUH1 ,OV VRQW SOXV RX PRLQV SURFKHV GHV 51) GpFULWV GDQV OD SDUWLH SUpFpGHQWH1

$YDQW GH GpFULUH GLIIpUHQWV IRUPDOLVPHV GpYHORSSpHV/ QRXV DOORQV GpILQLU TXDWUH QLYHDX[

G·RUJDQLVDWLRQ GX FHUYHDX GDQV OHVTXHOOHV QRXV SRXUURQV FODVVHU OHV GLYHUVHV PRGpOLVDWLRQV

VWUXFWXUHOOHV1
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6141 'LIIpUHQWV QLYHDX[ G·RUJDQLVDWLRQ GX FRUWH[

,O HVW SRVVLEOH GH GLVWLQJXHU TXDWUH QLYHDX[ G·RUJDQLVDWLRQ GDQV OH FRUWH[ FpUpEUDO +%XUQRG 4<<4/

2KD\RQ 4<<3,1 /HV PRGpOLVDWLRQV VWUXFWXUHOOHV SHXYHQW rWUH GLVWLQJXpHV VXLYDQW OH QLYHDX

RUJDQLVDWLRQQHO TXL OHV FRQFHUQH1 ­ FKDFXQ GH FHV TXDWUH QLYHDX[ FRUUHVSRQG XQH DSSURFKH

GLIIpUHQWH GH OD PRGpOLVDWLRQ VWUXFWXUHOOH1 /HV QLYHDX[ RUJDQLVDWLRQQHOV VRQW SUpVHQWpV LFL SDU RUGUH

FURLVVDQW G·LQWpJUDWLRQ1 /HV PRGqOHV DVVRFLpV FKHUFKHQW j UHSURGXLUH OH FRPSRUWHPHQW

FRUUHVSRQGDQW j OD VWUXFWXUH FRQVLGpUpH +%XUQRG 4<<4/ $UELE 4<;8,1

614141 /H QLYHDX FHOOXODLUH

&H SUHPLHU QLYHDX HVW FHOXL GHV QHXURQHV/ GRQW OHV PRGqOHV IRUPHOV VRQW GHV VLPSOLILFDWLRQV

SRXVVpHV/ HQ SDUWLFXOLHU HQ FH TXL FRQFHUQH OHV FDSDFLWpV GH PpPRULVDWLRQ1 6HORQ OHV

QHXURELRORJLVWHV/ OHV PpFDQLVPHV GH PpPRULVDWLRQ DX QLYHDX GX QHXURQH QDWXUHO SHXYHQW VH

GpFRPSRVHU HQ 7 SURFHVVXV +%XUQRG 4<<4, =

+L, /H GpODL GH WUDQVPLVVLRQ GH O·LQIRUPDWLRQ OH ORQJ GH O·D[RQH HW OH GpODL GH WUDQVPLVVLRQ

V\QDSWLTXH UHSUpVHQWHQW GpMj XQH PpPRULVDWLRQ GH O·LQIRUPDWLRQ1 /D GXUpH GH FHWWH

PpPRULVDWLRQ HVW WUqV EUqYH/ GH O·RUGUH G·XQH j FHQW PLOOLVHFRQGHV1

+LL, /·DFFXPXODWLRQ GH FDOFLXP PRGLILH OD WUDQVPLVVLRQ HQ IRQFWLRQ GH O·DFWLYLWp DQWpULHXUH GX

QHXURQH1 /·DFWLYDWLRQ GX QHXURQH HVW DORUV IDFLOLWpH1 &H PpFDQLVPH SHUPHW XQH

PpPRULVDWLRQ j FRXUW WHUPH GH O·LQIRUPDWLRQ/ SDU XQH DFWLYLWp UpSpWLWLYH/ GH O·RUGUH GH

TXHOTXHV VHFRQGHV j TXHOTXHV PLQXWHV1

+LLL, 8QH PRGLILFDWLRQ GHV UpFHSWHXUV GH OD PHPEUDQH GH OD FHOOXOH HW GHV FDQDX[ LRQLTXHV

SHUPHW XQH PpPRULVDWLRQ j SOXV ORQJ WHUPH/ XQ MRXU RX SOXV1

+LY, 'H IRUWHV FR0DFWLYDWLRQV UpSpWLWLYHV HW OD PDWXUDWLRQ FpUpEUDOH +VWDELOLVDWLRQ GHV FRQWDFWV

V\QDSWLTXHV, SHUPHWWHQW XQH PpPRULVDWLRQ SHUPDQHQWH1

'H FHV TXDWUH SURFHVVXV/ OHV QHXURQHV IRUPHOV QH UHWLHQQHQW TXH O·LGpH GH PRGLILFDWLRQ GH

O·HIILFDFLWp GH OD WUDQVPLVVLRQ V\QDSWLTXH HW OH U{OH GH OD FR0DFWLYDWLRQ GDQV FHWWH PRGLILFDWLRQ

+2KD\RQ 4<<3,1 'H SOXV/ OH IRQFWLRQQHPHQW GHV V\QDSVHV HVW ELHQ SOXV FRPSOH[H TXH OH U{OH GH

VLPSOH SRLGV G·XQH FRQQH[LRQ1 'HV PRGqOHV SOXV FRPSOHWV GX QHXURQH SHXYHQW GRQF rWUH XWLOHV

SRXU FRPSUHQGUH OH U{OH IRQFWLRQQHO GHV GLYHUV DVSHFWV GH FHV FHOOXOHV1 2Q SHXW/ SDU H[HPSOH/

UHQGUH FRPSWH GHV PpFDQLVPHV G·LQWpJUDWLRQ V\QDSWLTXH GHV DUEUHV GHQGULWLTXHV HQ SUHQDQW HQ
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FRPSWH GHV UpDFWLRQV pOHFWUR0ELRFKLPLTXHV +0HO 4<<6,1 &HSHQGDQW/ j FH QLYHDX G·RUJDQLVDWLRQ RQ QH

SHXW SDV SDUOHU G·XQH YpULWDEOH PRGpOLVDWLRQ FRJQLWLYH PDLV SOXW{W GH PRGpOLVDWLRQ SK\VLRORJLTXH1

/HV PRGqOHV FHOOXODLUHV VRQW GHV PRGqOHV QXPpULTXHV FRQVWUXLW OH SOXV VRXYHQW VXU OD EDVH G·pWXGHV

DQLPDOHV +6FKXWWHU 4<<5/ 6HJHY 4<<5,1 /D FRPSOH[LWp PDWKpPDWLTXH GH FHV PRGqOHV QH SHUPHW SDV

GH OHV XWLOLVHU FRPPH EDVH G·XQH PRGpOLVDWLRQ j XQ QLYHDX SOXV LQWpJUp1 8Q PRGqOH TXDOLWDWLI GX

QHXURQH D pWp SURSRVp GDQV OH EXW GH GLPLQXHU OD FRPSOH[LWp LQKpUHQWH DX[ PRGqOHV QXPpULTXHV

++XQWHU HW DO1 4<<:,1 /D PLVH HQ ±XYUH GH FHV PRGqOHV FRPPH XQLWp G·XQ PRGqOH FRQQH[LRQQLVWH

HQWUDvQHUDLW WRXWHIRLV XQ DFFURLVVHPHQW GH OD FRPSOH[LWp GHV PRGqOHV/ SDU UDSSRUW DX[ QHXURQHV

IRUPHOV FODVVLTXHV1

614151 /H QLYHDX PRGXODLUH

/H GHX[LqPH QLYHDX HVW FHOXL GHV PRGXOHV/ SRSXODWLRQV QHXURQDOHV pOpPHQWDLUHV D\DQW XQ U{OH

IRQFWLRQQHO ELHQ GpWHUPLQp +$UELE 4<;8,1 /H QLYHDX PRGXODLUH OH SOXV VRXYHQW SULV HQ FRPSWH HVW

FHOXL GHV FRORQQHV FRUWLFDOHV1 /HV QHXURQHV GX FRUWH[ VRQW RUJDQLVpV HQ VL[ FRXFKHV

PRUSKRORJLTXHPHQW GLVWLQFWHV +YRLU %URGPDQQ/ &KDSLWUH 4/ SDUWLH 414,/ QXPpURWpHV GH , j 9,1 8QH

FRORQQH FRUWLFDOH HVW XQH VWUXFWXUH SHUSHQGLFXODLUH j OD VXUIDFH GX FRUWH[/ GH VXUIDFH WUqV UpGXLWH HW

FRPSUHQDQW GDQV VD KDXWHXU OHV QHXURQHV GHV VL[ FRXFKHV1 /HV IRQFWLRQV HW OHV GHQVLWpV UHODWLYHV GH

FHV FRORQQHV YDULHQW G·XQH HQGURLW j O·DXWUH GX FRUWH[1 0DLV FHUWDLQHV SURSULpWpV VRQW UpFXUUHQWHV/

FRPPH GHV UHODWLRQV LQWHU0FRORQQHV/ H[FLWDWULFHV RX LQKLELWULFHV/ XQH DFWLYLWp PRWLYpH SDU OD

UHFKHUFKH G·XQ pWDW GH VWDELOLWp RX GHV PpFDQLVPHV G·DPSOLILFDWLRQ +*XLJRQ HW DO1 4<<7/

%XUQRG 4<<4,1 7RXWHV FHV SURSULpWpV VRQW LPSOpPHQWpHV GDQV OHV UHODWLRQV TXH OHV GLIIpUHQWHV

FRXFKHV HQWUHWLHQQHQW HQWUH HOOHV HW DYHF O·H[WpULHXU +L1H1 GHV FRORQQHV YRLVLQHV RX DSSDUWHQDQW j

G·DXWUHV ]RQHV GX FHUYHDX SOXV ORLQWDLQHV,1

'H QRPEUHX[ PRGqOHV GH FRORQQHV FRUWLFDOHV RQW pWp FRQVWUXLWV +)UH]]D0%XHW ) $OH[DQGUH 4<<;/

*XLJRQ HW DO1 4<<7,1 (PPDQXHO *XLJRQ D QRWDPPHQW SURSRVp XQ PRGqOH R� OHV GLIIpUHQWHV

FRXFKHV GHV FRORQQHV FRUWLFDOHV VRQW UHSUpVHQWpHV SDU GHV UpVHDX[ GH QHXURQHV IRUPHOV1 &H PRGqOH

UHSUHQG O·RUJDQLVDWLRQ HQ FRXFKHV GH OD FRORQQH/ HW UHSUpVHQWH OHV FRQQH[LRQV LQWHU0FRXFKHV

+LQWpJUDWLRQ YHUWLFDOH, HW LQWUD0FRXFKHV +LQWHUDFWLRQ KRUL]RQWDOH GH ILOWUDJH,1 /HV LQWHUDFWLRQV LQWUD0

FRXFKHV UpDOLVHQW XQ WUDLWHPHQW HQ HQWUpH GH OD FRORQQH1 /HV LQWHUDFWLRQV LQWHU0FRXFKHV

LQWHUYLHQQHQW HQVXLWH SRXU UpDOLVHU O·LQWpJUDWLRQ GH O·LQIRUPDWLRQ HQWUH OHV GLIIpUHQWHV FRXFKHV GH OD

FRORQQH1 &HWWH LQWpJUDWLRQ HVW OD FRPELQDLVRQ GH GHX[ SURFHVVXV/ OD FRPELQDLVRQ GHV UpVXOWDW GH OD

SUHPLqUH pWDSH HW O·LQWHUDFWLRQ QRQ OLQpDLUH HQWUH OHV SDLUHV GH FRXFKHV1 &H PRGqOH SURSRVH GHX[
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PpWKRGHV G·DSSUHQWLVVDJHV +*XLJRQ HW DO1 4<<7, HW D pWp XWLOLVp SRXU PRGpOLVHU GHV DUFKLWHFWXUHV GH

QLYHDX[ VXSpULHXUV +GpFULWV FL0DSUqV,1 /HV UqJOHV G·DSSUHQWLVVDJH SHUPHWWHQW j XQ UpVHDX GH FRORQQHV

IRUPHOOHV GH FRQYHUJHU YHUV XQ EXW j DWWHLQGUH/ RX G·DFTXpULU XQH PpPRLUH GH WUDYDLO SRXU FRRUGRQQHU

XQH VpTXHQFH G·DFWLRQV1

614161 /H QLYHDX UpJLRQDO

/H WURLVLqPH QLYHDX HVW OH QLYHDX UpJLRQDO +RX QLYHDX GX WLVVX,1 /HV LQWHUFRQQH[LRQV HQWUH OHV

FRORQQHV FRUWLFDOHV SHUPHWWHQW GH OHV LQWpJUHU GDQV XQ FDGUH SOXV ODUJH HQ FRQVLGpUDQW OHV UpVHDX[ GH

FRORQQHV FRPPH GHV ]RQHV FRUWLFDOHV +%XUQRG 4<<4,1 /HV GpOLPLWDWLRQV GH FHV UpJLRQV VRQW DVVH]

LPSUpFLVHV1 &H QLYHDX GH UHSUpVHQWDWLRQ SHXW DXVVL LQWpJUHU OHV DPDV GH QHXURQHV H[WUD0FRUWLFDX[

+H1J1 JDQJOLRQV HW WKDODPL,1 'H SOXV/ OHV IRQFWLRQV GH FKDFXQH GH FHV DLUHV UHVWHQW PDO FRQQXHV/

VHXOHV FHUWDLQHV VRQW ELHQ GpILQLHV +H1J1 OHV FRUWH[ SULPDLUHV,1 0DLV G·XQ SRLQW GH YXH JpQpUDO/ RQ

SHXW GLUH TXH OHV UpJLRQV V·RUJDQLVHQW SDU XQ WUDLWHPHQW GLVWULEXp TXL SHUPHW XQ DSSUHQWLVVDJH

VWUXFWXUp1

'HV PRGqOHV VSpFLILTXHV GH FHUWDLQHV UpJLRQV RQW pWp FRQVWUXLWV1 &·HVW OH FDV SDU H[HPSOH GHV DLUHV

YLVXHOOHV SULPDLUHV TXL RQW pWp WUqV ELHQ pWXGLpHV FKH] O·DQLPDO +.RFK 4<<6,1 ,1 -1 0LWFKHOO D SURSRVp

XQ PRGqOH IRQFWLRQQHO GHV QR\DX[ GH OD EDVH +0LWFKHOO HW DO1 4<<4,1 ,O LQVLVWH VXU OH IDLW TXH OD

IRQFWLRQ SUpFLVH GHV JDQJOLRQV GH OD EDVH HVW UHODWLYHPHQW SHX FRQQXH1 /D VWUXFWXUH DQDWRPLTXH HW OD

QDWXUH GH O·LQIRUPDWLRQ WUDLWpH DX VHLQ GHV QR\DX[ VRQW HOOHV DXVVL SHX FRQQXHV1 /·DSSURFKH XWLOLVpH

HVW GRQF XQH DSSURFKH FRQQH[LRQQLVWH +L1H1 51) j DSSUHQWLVVDJH VXSHUYLVp,/ FH TXL SHUPHW GH QH

SDV VSpFLILHU H[SOLFLWHPHQW OH U{OH GHV XQLWpV GX PRGqOH1 (Q UpDOLWp/ OH PRGqOH HVW FRPSRVp GH WURLV

51) LGHQWLILpV VWUXFWXUHOOHPHQW SDUPL OHV JDQJOLRQV1 /HV 51) RQW XQH DUFKLWHFWXUH HQ FRXFKHV/ LOV

VXELVVHQW XQH SKDVH G·DSSUHQWLVVDJH1 /H FRPSRUWHPHQW GX PRGqOH SHXW rWUH REVHUYp GDQV OH EXW

G·pWDEOLU GH QRXYHOOHV K\SRWKqVHV VXU OH IRQFWLRQQHPHQW GHV JDQJOLRQV1

614171 /H QLYHDX JOREDO

/H QLYHDX JOREDO FRQVLGqUH O·RUJDQLVDWLRQ FRRSpUDWLYH HQWUH OHV GLIIpUHQWHV UpJLRQV GX FRUWH[ HW OHV

DXWUHV WLVVXV QHXURQDX[ +H1J1 FHUYHOHW/ WKDODPL/ JDQJOLRQV«, j O·pFKHOOH GH O·HQVHPEOH GH O·HQFpSKDOH1

2Q SDUOH DORUV GH UpVHDX[ QHXURQDX[ j JUDQGH pFKHOOH1 &·HVW j FH QLYHDX TXH V·LPSOpPHQWHQW OHV

IRQFWLRQV GH SOXV KDXW QLYHDX FRJQLWLI1 &·HVW DXVVL FH QLYHDX RUJDQLVDWLRQQHO TXL HVW PLV HQ pYLGHQFH

SDU OHV pWXGHV G·DFWLYDWLRQ1
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/HV PRGqOHV FRQFHUQDQW OH QLYHDX JOREDO UHSUpVHQWHQW GHV WUDLWHPHQWV VRXYHQW VLPSOLILpV j

O·H[WUrPH/ SRXU HQ UpGXLUH OD FRPSOH[LWp +'HKDHQH HW DO1 4<<;/ 0RQFKL ) 7D\ORU 4<<;,1 2Q SHXW

FLWHU HQ H[HPSOH O·XWLOLVDWLRQ G·XQ UpVHDX $57 SRXU PRGpOLVHU GHV LQWHUDFWLRQV HQWUH OH FRUWH[

WHPSRUDO LQIpULHXU HW O·KLSSRFDPSH6 +&DUSHQWHU ) *URVVEHUJ 4<<6,1 /HV LQWHUDFWLRQV GHV GHX[

VWUXFWXUHV VRQW LPSOLTXpHV GDQV GLYHUVHV IRQFWLRQV FRJQLWLYHV FRPPH O·DSSUHQWLVVDJH/ OD

UHFRQQDLVVDQFH GHV IRUPHV HW OD PpPRULVDWLRQ1 /HV SURSULpWpV G·DSSUHQWLVVDJH QRQ VXSHUYLVp GX

UpVHDX $57 VRQW GRQF LFL LQGLVSHQVDEOHV j OD PRGpOLVDWLRQ1 2Q REVHUYH TXH VL O·RQ HQGRPPDJH OD

SDUWLH GX PRGqOH DVVRFLpH j O·KLSSRFDPSH/ DORUV OH PRGqOH UHSURGXLW FHUWDLQV V\PSW{PHV GH SDWLHQWV

DPQpVLTXHV D\DQW VXEL XQH OpVLRQ GDQV OH OREH WHPSRUDO PpGLDQ1

6151 51) HW PRGpOLVDWLRQ VWUXFWXUHOOH

7RXV OHV PRGqOHV pQRQFpV SUpFpGHPPHQW GRLYHQW IDLUH IDFH j OD GXDOLWp VXLYDQWH1 $X[ QLYHDX[

FHOOXODLUH HW PRGXODLUH/ VL OD VWUXFWXUH HVW ELHQ FRQQXH QRWDPPHQW JUkFH DX[ H[SpULHQFHV PHQpHV VXU

O·DQLPDO/ SHX GH GRQQpHV H[LVWHQW VXU OD IRQFWLRQ/ RX DORUV FHWWH GHUQLqUH HVW GpFULWH HQ WHUPHV

ELRORJLTXHV HW QRQ FRJQLWLIV1 'DQV O·LPSRVVLELOLWp GH FRQVWUXLUH XQ PRGqOH UpDOLVWH/ OHV 51) SHXYHQW

rWUH XWLOLVpV HQ WDQW TXH VLPSOLILFDWLRQ H[WUrPH GHV FHOOXOHV1 $X[ QLYHDX[ VXSpULHXUV +L1H1 UpJLRQDO HW

JOREDO,/ O·DFWLYLWp HVW SOXV IDFLOHPHQW REVHUYDEOH PDLV OH V\VWqPH GHYLHQW WURS FRPSOH[H G·XQ SRLQW

GH YXH VWUXFWXUHO1 $ FHV QLYHDX[ RUJDQLVDWLRQQHOV/ XQH PRGpOLVDWLRQ VWUXFWXUHOOH/ IRQGpH VXU XQ

PRGqOH LQGLYLGXHO GX QHXURQH/ SRXUUDLW QpFHVVLWHU XQ QRPEUH G·XQLWpV FRPSDUDEOH DX QRPEUH GH

QHXURQHV GH OD VWUXFWXUH FpUpEUDOH PRGpOLVpH1 &HFL UHSUpVHQWHUDLW/ SRXU XQH FRORQQH FRUWLFDOH GH

4PP5 GH VXUIDFH/ TXHOTXHV 4331333 XQLWpV +6DNDL HW DO1 4<<:,1 4XDQG ELHQ PrPH XQ WHO PRGqOH

SRXUUDLW rWUH WUDLWp SDU XQ RUGLQDWHXU/ OHV GRQQpHV DQDWRPLTXHV VXU OHV FRQQH[LRQV/ DLQVL TXH OHV

GRQQpHV SK\VLRORJLTXHV VXU O·HQVHPEOH GHV QHXURQHV HX[0PrPHV/ QH VHUDLHQW SDV VXIILVDQWHV SRXU

VSpFLILHU OHV SURSULpWpV GH WRXWHV OHV XQLWpV +0DORW )*LDQQDNRSRXORV 4<<9,1

2Q SHXW DXVVL VRXOHYHU XQH VHFRQGH REMHFWLRQ j O·XWLOLVDWLRQ GHV 51) WHOV TX·LOV RQW pWp GpILQLV GDQV

OD SDUWLH SUpFpGHQWH GH FH FKDSLWUH1 &HWWH REMHFWLRQ FRQFHUQH HQFRUH XQH VLPSOLILFDWLRQ GH OD

IRUPDOLVDWLRQ1 (Q HIIHW/ OHV QHXURQHV IRUPHOV QH UHSUpVHQWHQW SDV O·D[RQH GX QHXURQH UpHO1 /·D[RQH

Q·LPSOLTXH SDV VHXOHPHQW XQ GpODL j OD WUDQVPLVVLRQ/ PDLV LO LQGLTXH DXVVL OD GLUHFWLRQ GH O·HQVHPEOH

GHV FRQQH[LRQV GX QHXURQH1 /·DUEUH GHV WHUPLQDLVRQV D[RQDOHV SULYLOpJLH OHV FRQQH[LRQV GH

SUR[LPLWp1 &·HVW j GLUH TXH/ VL XQ QHXURQH $ SRVVqGH XQH FRQQH[LRQ YHUV XQ QHXURQH %/ DORUV LO \ D

XQ IRUWH FKDQFH TXH OHV YRLVLQV GX QHXURQH $ VRLW DXVVL FRQQHFWpV j %1 'H WHOOHV FRQQH[LRQV VRQW

                                                           
3 Parti e du lobe tem por al m édian 



85

WUqV QRPEUHXVHV HW MRXHQW XQ U{OH LPSRUWDQW GDQV OHV FRORQQHV FRUWLFDOHV +0DORW )

*LDQQDNRSRXORV 4<<9,1 3RXU UHSUpVHQWHU FHV FRQQH[LRQV GDQV XQ 51) FODVVLTXH/ LO IDXW OLHU

PDQXHOOHPHQW WRXV OHV QHXURQHV IRUPHOV TXL VRQW FRQVLGpUpV FRPPH SURFKHV/ FH TXL DXJPHQWH

HQFRUH OD FRPSOH[LWp GX PRGqOH1

6161 )RUPDOLVPHV GpGLpV j OD PRGpOLVDWLRQ VWUXFWXUHOOH

2Q SHXW pYRTXHU GLIIpUHQWHV VRUWHV GH VROXWLRQV DX[ SUREOqPHV GpFULWV FL0GHVVXV1 /D SUHPLqUH

VROXWLRQ FRQVLVWH j UpGXLUH OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ j VRQ VWULFW PLQLPXP/ HQ OD FRGDQW/

SDU H[HPSOH/ GDQV XQ HVSDFH UpGXLW GH YDOHXUV1 'H FHWWH PDQLqUH/ O·LQIRUPDWLRQ HVW WUDLWDEOH SDU XQ

QRPEUH EHDXFRXS SOXV UpGXLW G·XQLWpV +'HKDHQH HW DO1 4<<;/ 0RQFKL ) 7D\ORU 4<<;,1 2Q SHXW DORUV

XWLOLVHU GHV QHXURQHV IRUPHOV FODVVLTXHV/ SXLVTXH O·RQ D UDPHQp OD FRPSOH[LWp GX WUDLWHPHQW j UpDOLVHU

DX QLYHDX GH VLPSOLILFDWLRQ OHXU FRUUHVSRQGDQW1

/·DXWUH VROXWLRQ FRQVLVWH j IDLUH pYROXHU OH IRUPDOLVPH FRQQH[LRQQLVWH SRXU TX·LO SXLVVH VH

UDSSURFKHU GH OD UpDOLWp1 &HOD SHXW VH WUDGXLUH/ GDQV XQ SUHPLHU WHPSV/ SDU XQH DXJPHQWDWLRQ GH OD

FDSDFLWp GX V\VWqPH LQIRUPDWLTXH LPSOpPHQWDQW OH PRGqOH1 &·HVW FH TXH SURSRVH OH V\VWqPH

1(;86 +6DNDL HW DO1 4<<:,1

/·LGpH GH EDVH GH FH V\VWqPH HVW G·LPSOpPHQWHU XQ PRGqOH FRQQH[LRQQLVWH VXU XQ HQVHPEOH

G·RUGLQDWHXUV LQWHUFRQQHFWpV HQWUH HX[/ YLD XQ UpVHDX ORFDO +/$1,1 &KDTXH RUGLQDWHXU SUHQG j VD

FKDUJH OD PRGpOLVDWLRQ G·XQ PRGXOH GX PRGqOH +H1J1 XQH ]RQH FRUWLFDOH,1 3RXU FRPSOpWHU OH PDQTXH

GH GRQQpHV VXU OHV SDUDPqWUHV GX PRGqOH/ OH V\VWqPH IDLW GHV DSSUR[LPDWLRQV WRSRJUDSKLTXHV DYHF

GHV UHODWLRQV GH SUR[LPLWp1 3RXU RUJDQLVHU GH WHOV UpVHDX[/ RQ SHXW YRXORLU WHVWHU OD IDLVDELOLWp GH

O·DSSURFKH VXU XQ PRGqOH j XQH pFKHOOH PRLQV JUDQGH1 'DQV FH PRGqOH WHVW/ RQ SRXUUD/ SDU H[HPSOH/

UHPSODFHU OHV PRGXOHV SDU GHV 51) GH SHWLWH WDLOOH1 'DQV OH V\VWqPH 1(;86/ JUkFH DX[

DSSUR[LPDWLRQV WRSRORJLTXHV +)LJXUH 44,/ OH SDVVDJH j OD PRGpOLVDWLRQ G·HQYHUJXUH HVW TXDVL

DXWRPDWLTXH +6DNDL HW DO1 4<<:,1 /HV XQLWpV VRQW UHJURXSpHV/ VHORQ OHXU FRQILJXUDWLRQ GH FRQQH[LRQV

HW OHXU IRQFWLRQ/ HQ JURXSHV/ DSSHOpV SODQV +PDSV,1 /HV FRQQH[LRQV HQWUH OHV SODQV VRQW UHSUpVHQWpHV

SDU GHV SURMHFWLRQV WRSRJUDSKLTXHV TXL SHUPHWWHQW/ DYHF XQ PLQLPXP GH SDUDPqWUHV/ GH

UHSUpVHQWHU O·HQVHPEOH GHV FRQQH[LRQV HQWUH OHV XQLWpV GHV GHX[ SODQV1

&HWWH DSSURFKH SHXW rWUH XWLOLVpH FRPPH XQH SURORQJDWLRQ G·XQH PRGpOLVDWLRQ VLPSOLILpH1 (OOH

DSSDUDvW HQ GpILQLWLYH FRPPH XQH DXJPHQWDWLRQ GHV 51) FODVVLTXHV SXLVTX·HOOH SHUPHW/ j SDUWLU
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G·XQ 51)/ G·REWHQLU XQ PRGqOH TXL SUHQG HQ FRPSWH OHV FRQQH[LRQV GH SUR[LPLWp/ JUkFH DX[

DSSUR[LPDWLRQV WRSRORJLTXHV1

i/ I I

J

0

j/J

m /M M

N

0

n/N

M ap A

M ap B

Figure 11: Connexi on entre deux pl ans défini e par une proj ecti on topographi que, d’ après Sakai et al. 

(1997). 

2Q SHXW V·DSSURFKHU GDYDQWDJH G·XQH PRGpOLVDWLRQ VHPEODEOH j FHOOH GX FHUYHDX/ WRXW HQ OLPLWDQW OD

FRPSOH[LWp GHV PRGqOHV1 /·DSSURFKH FRQVLVWH LFL j QH SOXV PRGpOLVHU GHV QHXURQHV LQGLYLGXHOV PDLV

GHV SRSXODWLRQV GH QHXURQHV +0DORW )*LDQQDNRSRXORV 4<<9,1

/D IRUPDOLVDWLRQ GHV SRSXODWLRQV GH QHXURQHV FRQVLGqUH XQH WHOOH SRSXODWLRQ FRPPH XQ SODQ

RUWKRQRUPp +PDS, GDQV OHTXHO XQ QHXURQH HVW ORFDOLVp SDU VHV FRRUGRQQpHV1 /HV SODQV RQW XQH WDLOOH

OLPLWpH PDLV RQ OHV GpILQLW VXU J51 2Q FRQVLGqUH GH FH IDLW XQH FHUWDLQH FRQWLQXLWp HQWUH OHV GLYHUV

QHXURQHV GH OD SRSXODWLRQ/ SUHQDQW DLQVL HQ FRPSWH OHV UHODWLRQV GH SUR[LPLWp1

'DQV OH FDV G·XQH FRQQH[LRQ ELQDLUH G·XQ SODQ $ YHUV XQ SODQ %/ OD VRPPH GHV HQWUpHV SRXU XQ

QHXURQH [ GX SODQ %/ D O·LQVWDQW W/ GHYLHQW/ QHW+[, =

(7) ∫=
A

dxxoxxWxnet ')'()',()(  

2� = $ HVW OH SODQ DIIpUHQW DX SODQ %/ R+[·, HVW OD YDOHXU GH VRUWLH GX SRLQW [· GX SODQ $/ HW : HVW

DSSHOp IRQFWLRQ QR\DX1 (OOH WLHQW OLHX GH SRLGV GH OD FRQQH[LRQ HQWUH $ HW %1 &HWWH IRQFWLRQ SUHQG

VRXYHQW OD IRUPH VXLYDQWH =
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(8) )'()',( xxwxxW −⋅=  

2� Z HVW XQ SDUDPqWUH FRQVWDQW FRUUHVSRQGDQW DX SRLGV GH OD FRQQH[LRQ1 'DQV FH FDV/ O·pTXDWLRQ

+:, GHYLHQW XQH FRQYROXWLRQ/ OD FRQQHFWLYLWp GH WRXV OHV QHXURQHV GX SODQ $ HVW XQLIRUPH1

'DQV OH FDV R� OHV IRQFWLRQV QR\DX SUHQQHQW HQ FRPSWH XQH YDULDQFH VSDWLDOH HW R� OHV FRQQH[LRQV

IRQW LQWHUYHQLU SOXVLHXUV SODQV DIIpUHQWV/ OHV pTXDWLRQV GHYLHQQHQW SOXV FRPSOH[HV1 &HSHQGDQW/ XQ

WHO IRUPDOLVPH SHUPHW GHV WUDLWHPHQWV DQDO\WLTXHV PDVVLIV +GH SODQ j SODQ,1 ,O UpGXLW OH QRPEUH GH

VSpFLILFDWLRQV DYHF XQH VHXOH pTXDWLRQ SRXU WRXW OH SODQ1 'H SOXV/ LO WLHQW FRPSWH GHV UHODWLRQV GH

SUR[LPLWp HQWUH OHV QHXURQHV G·XQ PrPH SODQ1 ,O FRQYLHQW GRQF SDUIDLWHPHQW j OD PRGpOLVDWLRQ GH

]RQHV FRUWLFDOHV R� OHV FRXFKHV QHXURQDOHV VRQW WUqV KRPRJqQHV HW R� OD SURSDJDWLRQ GH SUR[LPLWp

HVW WUqV GpYHORSSpH1

8Q DXWUH IRUPDOLVPH GH SRSXODWLRQ GH QHXURQHV SURSRVH XQH DSSURFKH VHQVLEOHPHQW GLIIpUHQWH1 &H

IRUPDOLVPH HVW DSSHOp ©:DYH WKHRU\ ª +.RFK ) /HLVPDQ 4<<9,1 ,O XWLOLVH DXVVL XQH UHSUpVHQWDWLRQ

FRQWLQXH GHV FRXFKHV FRUWLFDOHV1 /·pOpPHQW GLIIpUHQWLHO GH FH FRQWLQXXP QH UHSUpVHQWH SDV XQ

QHXURQH PDLV XQ HQVHPEOH DJJORPpUp GH SOXVLHXUV QHXURQHV1 $ FH QLYHDX GH UHSUpVHQWDWLRQ/ OHV

QHXURQHV SHXYHQW rWUH UHPSODFpV SDU GHV FHOOXOHV ILJXUDWLYHV SXUHPHQW H[FLWDWULFH +H0FHOO, RX

LQKLELWULFHV +L0FHOO,1 'qV ORUV/ LO H[LVWH 7 VRUWHV GH FRQQH[LRQV = H0FHOO YHUV H0FHOO +H0H,/ L0FHOO YHUV H0FHOO

+L0H, / HWF1 +H0L HW L0L,1 &HV FRQQH[LRQV VRQW SUREDELOLVWHV1 /D SUREDELOLWp GH FKDTXH W\SH GH FRQQH[LRQ

GpFURvW DYHF OD GLVWDQFH HQWUH OHV FHOOXOHV FRQVLGpUpHV1 &HFL QpJOLJH O·H[LVWHQFH GH FRQQH[LRQV

DQDWRPLTXHV HQWUH GHV DLUHV GLVWDOHV GX FRUWH[1 /HV VLJQDX[ VRQW UHSUpVHQWpV VRXV IRUPH GH YDJXHV

+ZDYHV, VH SURSDJHDQW OH ORQJ GH OD FRXFKH HW DX WUDYHUV GH FRQQH[LRQV DYHF G·DXWUHV FRXFKHV1 /HV

YDJXHV SHXYHQW HQWUHU HQ UpVRQDQFH/ FUpDQW DLQVL XQH VRUWH GH PpFDQLVPH GH PpPRULVDWLRQ1 &H

FRQFHSW GH YDJXH HVW LQWpUHVVDQW FDU LO UDSSHOOH OHV VLJQDX[ REVHUYpV HQ ((* +YRLU FKDSLWUH 4/ SDUWLH

514,1 8Q PRGqOH GH EDVH GX FRUWH[ FpUpEUDO D pWp FRQVWUXLW j SDUWLU GH FHWWH WKpRULH +.RFK )

/HLVPDQ 4<<9,1 /D WRWDOLWp GX FRUWH[ HVW UHSUpVHQWpH SDU VHXOHPHQW GHX[ FRXFKHV/ pWHQGXHV VXU OD

WRWDOLWp GH VD VXUIDFH1 'DQV FH PRGqOH/ OHV UpJLRQV GX FHUYHDX QH VRQW SDV FODLUHPHQW GpOLPLWpHV

+HOOHV Q·RQW SDV GH IURQWLqUHV,1 (OOHV VRQW FDUDFWpULVpHV SDU GHV SDUDPqWUHV GH SURSDJDWLRQ GLIIpUHQWV

+.RFK ) /HLVPDQ 4<<9,1 /HXU ORFDOLVDWLRQ HVW GRQF SHX SUpFLVH +FRPPH HQ ((*, HW GLIILFLOHPHQW

LQWHUSUpWDEOH VXU OH SODQ IRQFWLRQQHO1
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5HSUpVHQWHU GHV DLUHV FpUpEUDOHV DFWLYpHV GDQV OD UpVROXWLRQ G·XQH WkFKH/ j OD PDQLqUH GRQW XQH pWXGH

G·DFWLYDWLRQ SHUPHW GH O·REVHUYHU/ FODVVH QRWUH SUREOpPDWLTXH GDQV OH FDGUH G·XQH PRGpOLVDWLRQ

VWUXFWXUHOOH1 (Q HIIHW/ QRWUH SUHPLHU VRXFL HVW GH FRQWUDLQGUH QRWUH PRGqOH j UHSUpVHQWHU XQ UpVHDX

G·DLUH FpUpEUDOHV/ FH TXL FRUUHVSRQG DX QLYHDX RUJDQLVDWLRQQHO JOREDO +TXDWULqPH QLYHDX VHORQ

+%XUQRG 4<<4,1 'H FH SRLQW GH YXH/ OH WUDLWHPHQW GRLW QpFHVVDLUHPHQW rWUH SDUDOOqOH HW GLVWULEXp1 &H

W\SH GH PRGpOLVDWLRQ GHYUDLW GRQF QRXV DPHQHU QDWXUHOOHPHQW j XQH DSSURFKH FRQQH[LRQQLVWH1

&HSHQGDQW/ OH EXW GH QRWUH IRUPDOLVPH HVW GH FRQVWUXLUH GHV PRGqOHV GDQV OHVTXHOV OHV K\SRWKqVHV

IRQFWLRQQHOOHV VRQW H[SULPpHV H[SOLFLWHPHQW HW R� HOOHV SHXYHQW rWUH LGHQWLILpHV HW LQGLYLGXDOLVpHV1

8QH PRGpOLVDWLRQ H[SOLFLWH UHYLHQW DORUV j XQH PRGpOLVDWLRQ GH KDXWH WUDQVSDUHQFH VpPDQWLTXH1 /D

WUDQVSDUHQFH VpPDQWLTXH WUDGXLW HQ HIIHW OH GHJUp G·pQRQFLDWLRQ GHV SURSULpWpV GHV PRGqOHV1 &HFL

QRXV FRQGXLUDLW GRQF j XQH DSSURFKH V\PEROLTXH1

&HV REVHUYDWLRQV SHXYHQW rWUH V\QWKpWLVpHV HQ FRQVLGpUDQW XQ SRLQW TXL Q·D SDV pWp H[SOLFLWHPHQW

GLVFXWp MXVTX·j SUpVHQW = OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ1 $ OD PDQLqUH GHV QLYHDX[

RUJDQLVDWLRQQHOV/ LO HVW SRVVLEOH GH GpILQLU XQ GHJUp G·DEVWUDFWLRQ GH O·LQIRUPDWLRQ FpUpEUDOH GDQV OHV

PRGqOHV FRPSXWDWLRQQHOV1 &H GHJUp G·DEVWUDFWLRQ VXLW WUqV H[DFWHPHQW OH GHJUp GH WUDQVSDUHQFH

VpPDQWLTXH GX PRGqOH1 'DQV OH FHUYHDX/ O·LQIRUPDWLRQ HVW UHSUpVHQWpH SDU O·pWDW ELRFKLPLTXH HW

pOHFWULTXH GH TXHOTXHV GL]DLQHV GH PLOOLDUGV GH FHOOXOHV1 'DQV XQ PRGqOH FRQQH[LRQQLVWH/ LO SUHQG OD

IRUPH G·XQH PDWULFH GH SRLGV GH FRQQH[LRQV HW G·XQ YHFWHXU GH YDOHXUV G·DFWLYDWLRQ1 &·HVW XQ GHJUp

G·DEVWUDFWLRQ GpMj SOXV pOHYp HW/ GH IDLW/ OHV UpVHDX[ GH QHXURQHV IRUPHOV V·DGDSWHQW PLHX[ DX QLYHDX

PRGXODLUH TX·DX QLYHDX FHOOXODLUH1 'DQV XQ PRGqOH GH SRSXODWLRQ GH QHXURQHV/ OD UHSUpVHQWDWLRQ

SUHQG XQH IRUPH FRQWLQXH1 /HV PDWULFHV HW YHFWHXUV VRQW UHSUpVHQWpV SDU GHV SODQV GH QHXURQHV

+PDSV,1 &HWWH UHSUpVHQWDWLRQ FRQYLHQW GRQF j OD PRGpOLVDWLRQ G·XQ VLJQDO VH SURSDJHDQW j OD VXUIDFH

G·XQH VWUXFWXUH FpUpEUDOH FRQWLQXH/ WHO TX·LO HVW UHFXHLOOL SDU O·((*1 &HSHQGDQW/ FH VLJQDO HVW

GLIILFLOHPHQW LQWHUSUpWDEOH HQ WHUPH G·LQIRUPDWLRQ SXLVTX·RQ QH SHXW OXL DWWULEXHU GH FRQWHQX

VpPDQWLTXH/ H[SULPDEOH SDU OD FDWpJRULH GH FHWWH LQIRUPDWLRQ +H1J1 OD FRQILJXUDWLRQ GH QHXURQHV TXL

GpFKDUJHQW SRXU XQ VWLPXOXV GRQQp,1 'DQV XQ PRGqOH V\PEROLTXH/ HQ UHYDQFKH/ RQ SHXW

UHSUpVHQWHU O·LQIRUPDWLRQ SDU XQ V\PEROH1 /·DEVWUDFWLRQ HVW DORUV SOXV pOHYpH/ PDLV HOOH V·DFFRPPRGH

PDO GX FDUDFWqUH FRQWLQX HW LPSUpFLV GHV YDULDWLRQV GH O·pQHUJLH GH O·LQIRUPDWLRQ FpUpEUDOH +L1H1 OH

QRPEUH GH QHXURQHV TXL GpFKDUJHQW SRXU XQ VWLPXOXV GRQQp,1
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/D UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ HVW FRQGLWLRQQpH SDU OH GHJUp GH WUDQVSDUHQFH VpPDQWLTXH TXH

O·RQ VRXKDLWH REWHQLU1 3OXV OD WUDQVSDUHQFH VH YRXGUD pOHYpH/ SOXV O·LQIRUPDWLRQ GHYUD rWUH DFFHVVLEOH

SRXU SRXYRLU rWUH PDQLSXOpH SDU OHV GLYHUV pOpPHQWV GX PRGqOH1 ,O SDUDvW HQ HIIHW GLIILFLOH

G·H[SULPHU GHV K\SRWKqVHV GH IDoRQ H[SOLFLWH VDQV SRXYRLU DFFpGHU j O·LQIRUPDWLRQ TX·HOOHV

PDQLSXOHQW1

/·H[LJHQFH G·XQ KDXW GHJUp G·DEVWUDFWLRQ GH O·LQIRUPDWLRQ FpUpEUDOH +L1H1 XQH ERQQH WUDQVSDUHQFH

VpPDQWLTXH, QRXV HPSrFKH GH QRXV VDWLVIDLUH G·XQH DSSURFKH FRQQH[LRQQLVWH FODVVLTXH1 ,O QRXV

DSSDUWLHQW GRQF G·XQLILHU XQ WUDLWHPHQW SDUDOOqOH HW GLVWULEXp/ j XQH UHSUpVHQWDWLRQ H[SOLFLWH GH

O·LQIRUPDWLRQ1 3RXU FH IDLUH/ QRXV GHYRQV QRXV LQWpUHVVHU j GHV IRUPDOLVPHV GH KDXWH WUDQVSDUHQFH

VpPDQWLTXH PDQLSXODQW XQH LQIRUPDWLRQ DVVLPLODEOH j O·LQIRUPDWLRQ FpUpEUDOH/ F·HVW j GLUH XQH

LQIRUPDWLRQ D\DQW j OD IRLV XQ DVSHFW FRQWLQX HW LPSUpFLV +O·pQHUJLH, HW XQ QLYHDX SXUHPHQW

V\PEROLTXH +OD FDWpJRULH,1
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&RPSWH WHQX GHV REVHUYDWLRQV GX FKDSLWUH SUpFpGHQW/ OHV FKRL[ PpWKRGRORJLTXHV TXL V·LPSRVHQW j

QRXV SHXYHQW VH UpVXPHU j XQ FRPSURPLV HQWUH XQ KDXW QLYHDX GH WUDQVSDUHQFH VpPDQWLTXH HW XQH

SODXVLELOLWp QHXURELRORJLTXH FRQYHQDEOH1 /D SODXVLELOLWp HVW QpFHVVDLUH SRXU H[SULPHU GHV K\SRWKqVHV

LVVXHV GH O·REVHUYDWLRQ GH OD VWUXFWXUH IRQFWLRQQHOOH GX FHUYHDX1 (OOH QRXV FRQWUDLQW j XQ WUDLWHPHQW

GH O·LQIRUPDWLRQ SK\VLRORJLTXHPHQW SODXVLEOH/ F·HVW0j0GLUH XQ WUDLWHPHQW SDUDOOqOH/ GLVWULEXp HW QRQ

VXSHUYLVp1 &HFL QRXV LQWHUGLW XQH DSSURFKH IRQFWLRQQHOOH V\PEROLTXH FODVVLTXH WHOOH TXH FHOOHV TXH

QRXV DYRQV GpFULWHV DX FKDSLWUH SUpFpGHQW1 /D WUDQVSDUHQFH VpPDQWLTXH HVW/ HOOH/ QpFHVVDLUH SRXU

H[SULPHU H[SOLFLWHPHQW OHV K\SRWKqVHV PRGpOLVpHV1 6DQV XQH UHSUpVHQWDWLRQ H[SOLFLWH/ LO HVW

LPSRVVLEOH GH OHV LGHQWLILHU HW GH OHV FRQWU{OHU1 &HWWH WUDQVSDUHQFH QH QRXV SHUPHW SDV G·RSWHU SRXU

XQH DSSURFKH FRQQH[LRQQLVWH FODVVLTXH1 8QH GHUQLqUH FRQWUDLQWH YLHQW GH OD QpFHVVLWp GH UHSUpVHQWHU

O·LPSUpFLVLRQ GH O·LQIRUPDWLRQ/ HQWUDvQpH/ G·XQH SDUW/ SDU O·LQFHUWLWXGH GX WUDLWHPHQW QHXURQDO +L1H1

GpFKDUJHV SUREDELOLVWHV, HW/ G·DXWUH SDUW/ SDU OD IDLEOHVVH GHV PHVXUHV GH FHWWH DFWLYLWp1

'DQV FH FKDSLWUH/ QRXV YHUURQV GHV IRUPDOLVPHV GH KDXWH WUDQVSDUHQFH VpPDQWLTXH HW TXL

SHUPHWWHQW GH UHSUpVHQWHU GHV PRGqOHV GH FRQQDLVVDQFHV LQFRPSOqWHV1 3DU FRQQDLVVDQFH

LQFRPSOqWH/ RQ HQWHQG TXH O·LQIRUPDWLRQ PDQLSXOpH HVW SDUWLHOOHPHQW FRQQXH RX TXH VHV

WUDQVIRUPDWLRQV QH GpSHQGHQW SDV QpFHVVDLUHPHQW GH ORLV SUpFLVpPHQW GpILQLHV1 1RXV SUpVHQWRQV OHV

SULQFLSHV GH WURLV JUDQGHV IDPLOOHV GH IRUPDOLVPHV SHUPHWWDQW GH PRGpOLVHU GH WHOOHV FRQQDLVVDQFHV/

OH FDOFXO GHV SUREDELOLWpV/ OD ORJLTXH IORXH HW OH UDLVRQQHPHQW TXDOLWDWLI1 1RXV SUpVHQWHURQV HQVXLWH/

G·XQH PDQLqUH WUDQVYHUVDOH/ O·DSSURFKH FDXVDOH GH OD PRGpOLVDWLRQ TXL RIIUH/ GDQV FKDFXQ GH FHV

IRUPDOLVPHV/ OHV FDSDFLWpV QpFHVVDLUHV j XQH UHSUpVHQWDWLRQ GLVWULEXpH GX WUDLWHPHQW GH

O·LQIRUPDWLRQ1
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+LVWRULTXHPHQW OH FDOFXO GHV SUREDELOLWpV V·LQWpUHVVH j OD UHSUpVHQWDWLRQ GHV FKDQFHV G·REWHQWLRQ

G·XQ pYpQHPHQW LQFHUWDLQ +$UQROG ) *XHVVDULDQ 4<<7,1 &HWWH WKpRULH GpFULW OH PRGqOH

PDWKpPDWLTXH G·H[SpULHQFHV DOpDWRLUHV GRQW OH UpVXOWDW GpWHUPLQH O·pYpQHPHQW SURGXLW1

5141 (YpQHPHQW SUREDELOLVWH

)RUPHOOHPHQW/ XQ pYpQHPHQW HVW XQ HQVHPEOH GH UpVXOWDWV G·XQH H[SpULHQFH SDUWLFXOLqUH1

&RQVLGpUDQW XQH H[SpULHQFH (/ RQ SHXW GRQF GpILQLU XQ pYpQHPHQW $ FRPPH =

$  ^ Z 2 $ HVW UpDOLVp VL Z HVW OH UpVXOWDW GH O·H[SpULHQFH ( `

/·HVSDFH GHV UpVXOWDWV SRVVLEOHV G·XQH H[SpULHQFH HVW DSSHOp HVSDFH GHV pSUHXYHV/ QRWp Ω1 3DU H[HPSOH/

FRQVLGpURQV O·H[SpULHQFH TXL FRQVLVWH j ODQFHU XQ Gp j 9 IDFHV HW j UHJDUGHU TXHOOH IDFH HVW REWHQXH

TXDQG OH Gp V·LPPRELOLVH1 /·HVSDFH GHV pSUHXYHV GH FHWWH H[SpULHQFH HVW Ω  ^IDFH 4/ IDFH 5/ IDFH 6/

IDFH 7/ IDFH 8/ IDFH 9`1 (W O·RQ SHXW GpILQLU OHV pYpQHPHQWV = © OD IDFH 4 HVW REWHQXH ª/ VRLW ^IDFH 4` RX

© OD IDFH REWHQXH HVW LQIpULHXUH j 7 ª/ VRLW ^IDFH 4/ IDFH 5/ IDFH 6`1 2Q QRWH Τ/ O·HQVHPEOH GH WRXV OHV

pYpQHPHQWV1 /·pYpQHPHQW $  Ω HVW DSSHOp pYpQHPHQW FHUWDLQ1

2Q SHXW FRPSRVHU OHV pYpQHPHQWV DX PR\HQ G·RSpUDWLRQV HQVHPEOLVWHV1 $LQVL/ XQH FRQMRQFWLRQ

G·pYpQHPHQWV/ SRXU XQH PrPH H[SpULHQFH/ HVW REWHQXH SDU OHXU LQWHUVHFWLRQ +∩,1 'H PrPH XQH

GLVMRQFWLRQ HVW REWHQXH SDU O·XQLRQ GHV pYpQHPHQWV +∪ ,1 /·pYpQHPHQW FRPSOpPHQWDLUH G·XQ

pYpQHPHQW $/ QRWp A / HVW O·pYpQHPHQW VH UpDOLVDQW ORUVTXH $ QH VH UpDOLVH SDV1 ,O HVW GpILQL FRPPH =

A  Ω 0 $1

5151 3UREDELOLWp

/D QRWLRQ GH SUREDELOLWp FRUUHVSRQG j OD QRWLRQ LQWXLWLYH GH IUpTXHQFH GH UpDOLVDWLRQ +$UQROG )

*XHVVDULDQ 4<<7,1 8QH SUREDELOLWp H[SULPH HQ TXHOTXH VRUWH OH GHJUp GH FHUWLWXGH TXH O·RQ D GH YRLU

XQ pYpQHPHQW V·DFFRPSOLU1 8QH SUREDELOLWp 3 HVW XQH DSSOLFDWLRQ GH Τ YHUV >3/ 4@ WHOOH TXH =



8<

3+Ω,  4

∀ $ ∈ Τ / 3 ≤ 3+$, ≤ 4

3+$4 ∪ $5,  3+$4, . 3+$4, VL HW VHXOHPHQW VL $4 ∩ $5  ∅

2Q GpGXLW GH FHWWH GpILQLWLRQ OH SULQFLSH GX WLHUV H[FOX/ VSpFLILDQW TXH 1)A(P)A(P =+ 1

&HWWH GpILQLWLRQ GH OD SUREDELOLWp HVW VXIILVDPPHQW FRQWUDLQWH SRXU GpILQLU/ VRXV FHUWDLQHV

FRQGLWLRQV/ OD SUREDELOLWp G·XQ pYpQHPHQW ORUVTX·XQ DXWUH pYpQHPHQW HVW FRQQX1 &·HVW0j0GLUH/

3+$2%,/ OD SUREDELOLWp FRQGLWLRQQHOOH GH O·pYpQHPHQW $ VDFKDQW O·pYpQHPHQW %1

P(B)

B)P(A
P(A/B)

∩=

51610RGqOH SUREDELOLVWH

'DQV XQ PRGqOH SUREDELOLVWH/ RQ DVVRFLH DX[ YDULDEOHV GX V\VWqPH GHV SUREDELOLWpV HQ IRQFWLRQ GH OD

YDOHXU TXH SHXYHQW SUHQGUH OHV YDULDEOHV1 2Q DSSHOOH FHWWH IRQFWLRQ/ GLVWULEXWLRQ GH SUREDELOLWpV1

3RXU XQH YDULDEOH ;/ RQ QRWH 3;+[, RX 3+ ;  [,/ OD SUREDELOLWp TXH OD YDULDEOH ; SUHQQH OD YDOHXU [1

'DQV XQ PRGqOH j Q YDULDEOHV/ ;L j ;Q/ LQGpSHQGDQWHV OHV XQHV GHV DXWUHV +L1H1 WHOOHV TXH

O·REVHUYDWLRQ GH O·XQH G·HQWUH HOOHV Q·DSSRUWH DXFXQH LQIRUPDWLRQ VXU OD SUREDELOLWp GHV DXWUHV,/ OD

SUREDELOLWp G·REWHQLU XQ pWDW GX V\VWqPH GDQV OHTXHO ;L  [L HVW pJDOH j =

( ) ( )∏
=

====
n

i
iinn xXPxXxXP

1
111 ,...,

TXH O·RQ QRWHUD HQ DEUpJp = ( ) ( )∏
=

=
n

i
in xPxxP

1
1,...,

0DLV LO HVW UDUH TXH WRXWHV OHV YDULDEOHV G·XQ V\VWqPHV VRLW LQGpSHQGDQWHV1 2Q QH SHXW DORUV H[SULPHU

OD SUREDELOLWp JOREDOH VDQV FRQQDvWUH OHV GpSHQGDQFHV GHV YDULDEOHV1 /D GpSHQGDQFH G·XQH YDULDEOH ;

SDU UDSSRUW j XQH YDULDEOH < SHXW VH WUDGXLUH SDU GHV SUREDELOLWpV FRQGLWLRQQHOOH 3+;  [ 2 <  \,1

6L OH V\VWqPH FRPSRUWH Q YDULDEOHV/ OD GpSHQGDQFH GHYLHQW SRXU ;L = 3+;L  [L 2 ;4  [4/«/ ;L04  [L0

4/ ;L.4  [L.4/«/ ;Q  [Q,1 6·LO H[LVWH XQ RUGRQQDQFHPHQW GHV YDULDEOHV WHO TXH WRXWH YDULDEOH QH

GpSHQGH TXH G·XQ VRXV HQVHPEOH GH VHV SUpGpFHVVHXUV/ DORUV RQ SHXW UpGXLUH OD GpSHQGDQFH GHV
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YDULDEOHV GX V\VWqPH1 /HV pOpPHQWV GH FHW HQVHPEOH VRQW DSSHOpV SDUHQWV PDUNRYLHQV1 /D WKpRULH GHV

FKDvQHV GH 0DUNRY +$UQROG ) *XHVVDULDQ 4<<7, SHUPHW GH GpWHUPLQHU OD SUREDELOLWp G·XQ

pYpQHPHQW OLp j XQH YDULDEOH HQ QH FRQQDLVVDQW TXH VHV SDUHQWV PDUNRYLHQV1 2Q QRWH 3$L O·HQVHPEOH

GHV SDUHQWV PDUNRYLHQV GH OD YDULDEOH ;L12Q D OD GLVWULEXWLRQ VXLYDQWH =

( ) ( )∏
=

=
n

i
iin paxPxxP

1
1 /,...,

&HWWH WKpRULH HVW j OD EDVH GHV UpVHDX[ ED\HVLHQV +.ROOHU ) 3IHIIHU 4<<:/ 3HDUO 4<<8, TXL

UHSUpVHQWHQW JUDSKLTXHPHQW OHV GpSHQGDQFHV PDUNRYLHQQHV1 2Q XWLOLVH OH FDOFXO GHV SUREDELOLWpV

SRXU EkWLU GHV PRGqOHV VWDWLVWLTXHV SHUPHWWDQW OH WUDLWHPHQW HW O·LQWHUSUpWDWLRQ GH GRQQpHV/ PDLV

DXVVL GHV PRGqOHV VWRFKDVWLTXHV SHUPHWWDQW GH UHSUpVHQWHU GHV V\VWqPHV G\QDPLTXHV VRXPLV j GHV

EUXLWV HW GHV SHUWXUEDWLRQV LQFRQQXHV1 /D WKpRULH GHV FKDvQHV GH 0DUNRY SHUPHW GH SUpGLUH OD

SUREDELOLWp GH UpDOLVDWLRQ G·XQ pWDW GX V\VWqPH DYHF XQ PLQLPXP GH FRQQDLVVDQFHV VXU OHV

SUREDELOLWpV GHV GpSHQGDQFHV LQWHUQHV1 /·DYDQWDJH GH FHWWH WKpRULH HVW TX·HOOH SHXW rWUH DSSOLTXpH j

WRXW W\SH GH YDULDEOHV +QXPpULTXH RX V\PEROLTXH,1 &HSHQGDQW/ VRQ SULQFLSDO LQFRQYpQLHQW HVW OD

GpWHUPLQDWLRQ GHV GLVWULEXWLRQV GHV SUREDELOLWpV TXL QH SHXYHQW SDV rWUH GpGXLWHV +L1H1 OHV 3+[L2SDL,

GDQV OHV UpVHDX[ ED\HVLHQV,1 &HV GLVWULEXWLRQV GRLYHQW DVVRFLHU XQ QRPEUH SUpFLV HQWUH 3 HW 4 SRXU

WRXWHV OHV YDOHXUV TXH SHXYHQW SUHQGUH OHV YDULDEOHV DVVRFLpHV1 3DU H[HPSOH/ VL $ HW % VRQW OHV

SDUHQWV PDUNRYLHQV GH & HW TXH FHV WURLV YDULDEOHV VRQW QXPpULTXHV/ LO IDXGUD DYRLU GHV REVHUYDWLRQV

VXIILVDPPHQW LPSRUWDQWHV HQ QRPEUH/ SRXU SRXYRLU HVWLPHU OHV GLIIpUHQWHV YDOHXUV GH 3+&2$/%,/

F·HVW0j0GLUH HQ JpQpUDO/ GpWHUPLQHU OH W\SH GH OD GLVWULEXWLRQ HW pWDEOLU OD IRQFWLRQ TXL H[SULPH OHV

SDUDPqWUHV GH 3+&2$/%, HQ IRQFWLRQ GHV YDOHXUV GH $ HW %1

61 /2*,48( )/28(

/D ORJLTXH IORXH SHUPHW GH IRUPDOLVHU GHV UDLVRQQHPHQWV IRQGpV VXU GHV FRQQDLVVDQFHV LQFHUWDLQHV HW

LPSUpFLVHV +$OOLRW ) 6FKLH[ 4<<7/ .RVNR ) ,VDND 4<<6,1 (Q ORJLTXH FODVVLTXH XQH FRQQDLVVDQFH +H1J1

© $OEHUW (LQVWHLQ HVW Qp OH 47 PDUV 4;:< ª, D XQH YDOHXU ERROpHQQH/ YUDL RX IDXVVH1 8QH

FRQQDLVVDQFH LQFHUWDLQH HVW XQH FRQQDLVVDQFH GRQW OD YDOHXU GH YpULWp Q·HVW QL YUDLH/ QL IDXVVH1

/·LQFHUWLWXGH WUDGXLW XQ PDQTXH GH FRQQDLVVDQFH +H1J1 © $OEHUW (LQVWHLQ D G� IXPHU VD SUHPLqUH SLSH

OH 44 QRYHPEUH 4<3: ª HVW XQH FRQQDLVVDQFH LQFHUWDLQH,1 8QH FRQQDLVVDQFH LPSUpFLVH HVW DXVVL XQH

FRQQDLVVDQFH LQFRPSOqWH/ PDLV OH PDQTXH GH FRQQDLVVDQFH QH VH VLWXH SDV GDQV OH GHJUp GH YpULWp j

DFFRUGHU j OD FRQQDLVVDQFH PDLV GDQV OD IRUPXODWLRQ PrPH GH OD FRQQDLVVDQFH +H1J1 © $OEHUW (LQVWHLQ
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HVW Qp YHUV OD ILQ GX VLqFOH GHUQLHU ª HVW XQH FRQQDLVVDQFH FHUWDLQH +FI1 H[HPSOH SUpFpGHQW,/ PDLV HOOH

HVW LPSUpFLVH,1 /HV QRWLRQV G·LPSUpFLV HW G·LQFHUWDLQ VRQW FRPSOpPHQWDLUHV GDQV OH VHQV R� XQH

FRQQDLVVDQFH LPSUpFLVH HQWUDvQH VRXYHQW XQ UDLVRQQHPHQW LQFHUWDLQ +.RVNR ) ,VDND 4<<6/ 'XERLV

) 3UDGH 4<;:,1

6141 /RJLTXHV PXOWLYDOXpHV

$YDQW GH SUpVHQWHU OD ORJLTXH IORXH/ QRXV DOORQV QRXV LQWpUHVVHU DX[ ORJLTXHV PXOWLYDOXpHV +RX

ORJLTXHV PXOWLYDOHQWHV VXLYDQW OHV DXWHXUV,1 ,O H[LVWH HQ HIIHW XQH JUDQGH YDULpWp GH ORJLTXHV

SHUPHWWDQW GH UDLVRQQHU DYHF GHV FRQQDLVVDQFHV LQFHUWDLQHV1 /D ORJLTXH IORXH Q·HVW TXH O·XQH G·HQWUH

HOOHV1 +RUPLV FHWWH GHUQLqUH/ TXH QRXV SUpVHQWHURQV SOXV ORLQ/ OHV ORJLTXHV PXOWLYDOXpHV QH GLIIqUHQW

TXH OpJqUHPHQW GH O·XQH j O·DXWUH/ OH SULQFLSH UHVWDQW LQYDULDEOH1 1RXV QH SUpVHQWHURQV TXH OHV

ORJLTXHV GH -DQ /XNDVLHZLFV +,WXUULR] 4<<3/ /XNDVLHZLF] 4<:3,1

614141 )RQGHPHQW GHV ORJLTXHV PXOWLYDOXpHV

/H EXW GHV ORJLTXHV PXOWLYDOXpHV HVW GH UDLVRQQHU DYHF GHV FRQQDLVVDQFHV TXL QH VRQW QL YUDLHV QL

IDXVVHV/ GHV FRQQDLVVDQFHV LQFHUWDLQHV1 /HV SUHPLqUHV ORJLTXHV PXOWLYDOXpHV RQW pWp GpYHORSSpHV/ DX

GpEXW GX YLQJWLqPH VLqFOH/ DXWRXU/ QRWDPPHQW/ GX GpEDW SKLORVRSKLTXH SRUWDQW VXU OHV SDUDGR[HV

ORJLTXHV1 /HV SDUDGR[HV VRQW IRQGpV VXU XQH UpIXWDWLRQ GX SULQFLSH GH QRQ0FRQWUDGLFWLRQ G·$ULVWRWH TXL

Q·HVW DXWUH TXH OH SULQFLSH GH WLHUV H[FOX1 &H SULQFLSH VWLSXOH TXH = © ,O HVW LPSRVVLEOH TXH OH PrPH

DWWULEXW DSSDUWLHQQH HW Q·DSSDUWLHQQH SDV HQ PrPH WHPSV DX PrPH VXMHW HW VRXV OH PrPH UDSSRUW ª1

2Q SHXW SDU H[HPSOH FLWHU OH 3DUDGR[H pQRQFp HQ 4<34 SDU OH SKLORVRSKH %HUWUDQG 5XVVHOO1 &H

SDUDGR[H HVW IRQGp VXU OD QRWLRQ G·HQVHPEOH +$OOLRW ) 6FKLH[ 4<<7, =

6RLW 6 O·HQVHPEOH FRQWHQDQW WRXV OHV HQVHPEOHV TXL QH VRQW SDV pOpPHQWV G·HX[0PrPHV1 6L 6 HVW XQ pOpPHQW

GH OXL0PrPH/ DORUV/ SDU GpILQLWLRQ/ LO QH SHXW VH FRQWHQLU HW GRQF QH SHXW rWUH XQ pOpPHQW GH OXL0PrPH1 'H PrPH/ VL 6

Q·HVW SDV XQ pOpPHQW GH OXL0PrPH DORUV/ SDU GpILQLWLRQ/ LO GRLW VH FRQWHQLU HW GRLW GRQF rWUH XQ pOpPHQW GH OXL0PrPH1

(Q G·DXWUH WHUPHV/ OD SURSRVLWLRQ © 6 ∉ 6 ª Q·HVW QL YUDLH QL IDXVVH1 3RXU SDOOLHU FH GpIDXW GH OD

ORJLTXH FODVVLTXH/ GLIIpUHQWV V\VWqPHV GH ORJLTXHV PXOWLYDOXpHV RQW pWp pQRQFpV1

/D ORJLTXH FODVVLTXH UHSRVH VXU XQH UHSUpVHQWDWLRQ ERROpHQQH GH OD YpULWp1 9UDL HW )DX[ VRQW OHV

GHX[ VHXOHV YDOHXUV SRVVLEOHV1 8QH ORJLTXH PXOWLYDOXpH SRVVqGH SOXVLHXUV YDOHXUV GH YpULWp +DX PRLQV
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WURLV,1 /HV GLIIpUHQWHV ORJLTXHV PXOWLYDOXpHV SHXYHQW rWUH GLIIpUHQFLpHV HQ IRQFWLRQ GX QRPEUH GH

YDOHXUV GH YpULWp TX·HOOHV DGPHWWHQW HW VXU OH VHQV DFFRUGp j FHV YDOHXUV1 1RXV QH YHUURQV HQ GpWDLO

TXH GHX[ ORJLTXHV PXOWLYDOXpHV/ SDUPL OHV ORJLTXHV GH /XNDVLHZLF]/ TXH QRXV QRWHURQV /6 HW /14

+,WXUULR] 4<<3,1

614151 /RJLTXH /
6

/6 HVW XQH ORJLTXH UHSRVDQW VXU 6 YDOHXUV GH YpULWp/ 9UDL/ )DX[ HW XQH WURLVLqPH YDOHXU/ LQWHUPpGLDLUH/

TXH O·RQ SHXW QRPPHU ,QGpWHUPLQp/ 3RVVLEOH RX ELHQ ,QFHUWDLQ1 /XNDVLHZLF] UHSUpVHQWH FHV WURLV

YDOHXUV SDU GHV UpHOV 4 SRXU 9UDL/ 3 SRXU )DX[ HW ó SRXU ,QGpWHUPLQp1 ,O GpILQLW HQVXLWH

O·LPSOLFDWLRQ/→/ HW OD QpJDWLRQ/ ¬ / FRPPH VXLW =

y  
x →→→→ y 

1 ½  0  
x ¬¬¬¬  x 

1 1 ½  0  1 0 

½  1 1 ½   ½  ½  x 

0 1 1 1  0 1 

2Q SHXW UHPDUTXHU TXH ¬ó  ó HW TXH/ FRPPH HQ ORJLTXH FODVVLTXH/ [ → [  4 TXHO TXH VRLW [ ∈

^4/ ó/ 3`1 2Q SHXW GpILQLU OD FRQMRQFWLRQ/ ∧ / RX OD GLVMRQFWLRQ/ ∨ / j SDUWLU GHV GHX[ GpILQLWLRQV

SUpFpGHQWHV1

∀ [/\ ∈ ^4/ó/ 3`/ [ ∨ \  +[→ \,→ \ HW [ ∧ \  ¬ +¬[ ∨ ¬ \,1

2Q UHPDUTXH TXH FRQWUDLUHPHQW j OD ORJLTXH FODVVLTXH/ O·LPSOLFDWLRQ Q·HVW SDV O·LPSOLFDWLRQ PDWpULHOOH/

F·HVW j GLUH TXH [ → \ ≠ ¬[ ∨ \1 ,O H[LVWH G·DXWUHV ORJLTXHV PXOWLYDOXpHV TXL FRQVHUYHQW O·LPSOLFDWLRQ

PDWpULHOOH GH OD ORJLTXH FODVVLTXH/ F·HVW SDU H[HPSOH OH FDV GH OD ORJLTXH GH .OHHQH +,WXUULR] 4<<3,1

&HWWH ORJLTXH D SHUPLV j /XNDVLHZLF] G·H[SULPHU OH FRQFHSW GH SRVVLELOLWp1 /D SRVVLELOLWp G·XQH

SURSRVLWLRQ S HVW XQH SURSRVLWLRQ/ QRWpH ◊S/ GRQW OD YDOHXU GH YpULWp HVW 9UDL V·LO HVW SRVVLEOH TXH S

VRLW YUDLH/ HW )DX[ GDQV OH FDV FRQWUDLUH1 6L [ HVW OD YDOHXU GH YpULWp GH S HW ◊[ FHOOH GH ◊S DORUV ◊[  

¬[ → [1 2Q GpILQLW OD QpFHVVLWp GH S/ QRWp o S/ FRPPH GDQV OD ORJLTXH PRGDOH GH /HZLV +$OOLRW )

6FKLH[ 4<<7,/ F·HVW0j0GLUH TXH o [  ¬◊¬ [1 2Q SHXW UHPDUTXHU TXH OD YDOHXU GH SRVVLELOLWp HW GH

QpFHVVLWp RQW GHV YDOHXUV GH YpULWp ERROpHQQH +4 RX 3,/ TXH O·RQ SHXW UpVXPHU GDQV OH WDEOHDX

VXLYDQW =
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  x  ◊x o x 

1 1 1 

½  1 0 

0 0 0 

/·LQWURGXFWLRQ GH O·LQFHUWLWXGH GDQV OH GRPDLQH GHV YDOHXUV GH YpULWp HQWUDvQH OD SHUWH G·XQ FHUWDLQ

QRPEUH G·D[LRPHV GH OD ORJLTXH FODVVLTXH1 &·HVW/ SDU H[HPSOH/ OH FDV GX SULQFLSH GX WLHUV H[FOX TXL

VWLSXOH TXH S ∨ ¬ S HVW WRXMRXUV YUDL1 &H SULQFLSH TXL HVW YDOLGH GDQV OD ORJLTXH FODVVLTXH QH O·HVW SDV

GDQV /6 R� O·RQ D ó ∨ ¬ ó  ó1 &HFL SHUPHW GH VWDWXHU VXU GHV SDUDGR[HV +H1J1 OD SURSRVLWLRQ © 6 ⊂

6 ª D SRXU YDOHXU GH YpULWp ó,1

614161 /RJLTXH /14

/D ORJLTXH /14 HVW XQH JpQpUDOLVDWLRQ H[WUrPH GH OD ORJLTXH /61 (OOH SRVVqGH XQ HQVHPEOH LQILQL GH

YDOHXUV GH YpULWp/ FRUUHVSRQGDQW j O·HQVHPEOH GHV QRPEUH UpHOV GH O·LQWHUYDOOH >3/ 4@1 2Q \ GpILQLW

O·LPSOLFDWLRQ HW OD QpJDWLRQ FRPPH +$OOLRW ) 6FKLH[ 4<<7/ ,WXUULR] 4<<3, =

(9) [→\  PLQ+4/ 4 ² [ . \, 

(10) ¬[  4 ² [1 

R� x/ y ∈ >3 / 4@1

&HWWH ORJLTXH HVW WUqV SURFKH/ GDQV O·LGpH/ GH /61 /D VHXOH GLIIpUHQFH HVW OD JUDGXDWLRQ GH O·LQFHUWDLQ

HQJHQGUpH SDU OD PXOWLSOLFDWLRQ GHV YDOHXUV LQWHUPpGLDLUHV HQWUH 9UDL +4, HW )DX[ +3,1 &HWWH

JUDGXDWLRQ SHUPHW GH UHSUpVHQWHU GHV TXDQWLILFDWHXUV WHOV TXH © JpQpUDOHPHQW ª RX © FHUWDLQV ª1 &HWWH

UHSUpVHQWDWLRQ UHVWH DUELWUDLUH/ HW VSpFLILTXH DX GRPDLQH UHSUpVHQWp1 ,O HVW/ HQ HIIHW/ GLIILFLOH GH

GpWHUPLQHU D SULRUL OD YDOHXU GH YpULWp G·XQH SURSRVLWLRQ GpEXWDQW SDU OH TXDQWLILFDWHXU

© JpQpUDOHPHQW ª1 '·DXWUHV IRUPDOLVPHV VRQW SOXV DGDSWpV j FHWWH UHSUpVHQWDWLRQ/ FRPPH SDU

H[HPSOH OD ORJLTXH GHV GpIDXWV GH 5HLWHU +$OOLRW ) 6FKLH[ 4<<7,1

/D JUDGXDWLRQ GHV YDOHXUV GH YpULWp Q·HVW SDV VDQV UDSSHOHU OD PHVXUH G·pYpQHPHQWV SUREDELOLVWHV1 /D

PHVXUH GH SUREDELOLWp G·XQ pYpQHPHQW $/ 3+$,/ SHXW rWUH SHUoXH FRPPH XQH LQWHUSUpWDWLRQ GH OD

YDOHXU GH YpULWp GH OD SURSRVLWLRQ DIILUPDQW OH PrPH pYpQHPHQW1 &HSHQGDQW/ OH QRQ UHVSHFW GX

SULQFLSH GX WLHUV H[FOX DUUrWH Oj OD FRPSDUDLVRQ HQWUH OHV GHX[ IRUPDOLVPHV1 (Q HIIHW/ VHORQ OD WKpRULH

GHV SUREDELOLWpV/ OD GLVMRQFWLRQ G·XQ pYpQHPHQW HW GH VRQ FRQWUDLUH +S ∨ ¬ S, D XQH SUREDELOLWp pJDOH

j 4/ DORUV TXH FH Q·HVW SDV OH FDV GDQV /6 HW /141
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6151 7KpRULH GHV HQVHPEOHV IORXV

/D WKpRULH GHV HQVHPEOHV IORXV V·LQVSLUH GH OD FRQFHSWLRQ GH O·LQFHUWDLQ WHOOH TX·HOOH D pWp H[SULPpH

GDQV OHV ORJLTXHV PXOWLYDOXpHV +L1H1 OD ORJLTXH IORXH, SRXU UHSUpVHQWHU OD QRWLRQ GH © FRQQDLVVDQFH

LPSUpFLVH ª1 /·LPSUpFLVLRQ HVW LQWURGXLWH DX WUDYHUV GH SURSRVLWLRQV YDJXHV1 &HV SURSRVLWLRQV VRQW

GHV SURSRVLWLRQV JUDGXHOOHV/ F·HVW j GLUH TXH OHXU YDOHXU GH YpULWp SHXW YDULHU JUDGXHOOHPHQW VXLYDQW OD

VLWXDWLRQ j ODTXHOOH HOOHV VRQW DSSOLTXpHV +'XERLV ) 3UDGH 4<;:,1 &RQVLGpURQV/ SDU H[HPSOH/ OD

SURSRVLWLRQ © -DFTXHV HVW XQH SHUVRQQH G·kJpH ª/ VXLYDQW O·kJH UpHO GH -DFTXHV/ FHWWH SURSRVLWLRQ VHUD

SOXV RX PRLQV YpULILpH1 6L -DFTXHV D 53 DQV HOOH VHUD IDXVVH/ V·LO D :3 DQV HOOH VHUD YUDLH/ PDLV/ V·LO D 73

DQV/ LO VHUD SOXV GLIILFLOH GH VWDWXHU VXU VD YDOHXU GH YpULWp $

1

0

0

Âge

40 7020

Figure 12: Foncti on d’appart enance de l’ ensem ble fl ou associ é au prédicat « est une personne âgée ». 

/HV SURSRVLWLRQV YDJXHV SHXYHQW rWUH UHSUpVHQWpHV SDV GHV HQVHPEOH IORXV1 8Q WHO HQVHPEOH HVW

GpILQL SDU XQH IRQFWLRQ G·DSSDUWHQDQFH YDULDQW GH PDQLqUH FRQWLQXH HQWUH 3 HW 4 +3 LQGLTXDQW TXH

O·pOpPHQW FRQVLGpUp Q·DSSDUWLHQW SDV j O·HQVHPEOH HW 4 LQGLTXDQW TX·LO \ DSSDUWLHQW,1 3RXU UHYHQLU j

QRWUH H[HPSOH +)LJXUH 45,/ O·HQVHPEOH IORX DVVRFLp DX SUpGLFDW © HVW XQH SHUVRQQH kJpH ª SRVVpGHUDLW

XQH IRQFWLRQ G·DSSDUWHQDQFH TXL DXUDLW XQH YDOHXU QXOOH SRXU WRXV OHV kJHV FRPSULV HQWUH 3 HW 53 DQV

HW HOOH YDXGUDLW 4 SRXU WRXV OHV kJHV VXSpULHXUV j :3/ HQWUH OHV GHX[ VD YDOHXU DXJPHQWH

SURJUHVVLYHPHQW1'H WHOOHV IRQFWLRQV G·DSSDUWHQDQFH VRQW GLWHV QXDQFpHV +'XERLV ) 3UDGH 4<;:,1

2Q GpILQLW XQ HQVHPEOH IORX ) SDU OD IRQFWLRQ G·DSSDUWHQDQFH µ)1 2Q SHXW GpILQLU GHV RSpUDWLRQV

VXU OHV HQVHPEOHV IORXV j SDUWLU GH JpQpUDOLVDWLRQV GHV RSpUDWLRQV VXU OHV HQVHPEOHV FODVVLTXHV +L1H1

XQLRQ/ LQWHUVHFWLRQ/ LQFOXVLRQ/ pJDOLWp,1 2Q SHXW GH SOXV UHSUpVHQWHU XQ HQVHPEOH IORX SDU XQH

IDPLOOH G·HQVHPEOHV FODVVLTXHV DVVRFLpV j GLIIpUHQWV QLYHDX[ GX VHXLO G·DSSDUWHQDQFH1 2Q DSSHOOH FHV

HQVHPEOHV GHV FRXSHV GH QLYHDX1 2Q GpILQLW XQH FRXSH GH QLYHDX α G·XQ HQVHPEOH IORX )/ SDU

O·HQVHPEOH FODVVLTXH )α WHO TXH =
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(11) { }αµα ≥= )(/ XXF F  

2Q DSSHOOH QR\DX GH O·HQVHPEOH IORX OD FRXSH GH QLYHDX 4 HW VXSSRUW OD FRXSH GH QLYHDX α WHOOH TXH α

WHQG YHUV 3 PDLV UHVWH VXSpULHXU j 31 +H1J GDQV QRWUH H[HPSOH/ OH QR\DX GH O·HQVHPEOH IORX HVW

O·LQWHUYDOOH >:3/ .∞>/ OH VXSSRUW O·LQWHUYDOOH >53/ .∞> ,1

'DQV GH QRPEUHX[ V\VWqPHV R� OHV YDOHXUV VRQW GHV YDOHXUV UpHOOHV/ RQ UHSUpVHQWH OHV HQVHPEOHV

IORXV SDU XQH IRQFWLRQ G·DSSDUWHQDQFH WUDSp]RwGDOH1 /·HQVHPEOH SHXW DORUV rWUH GpILQL SDU 7 UpHOV >D/

E/ α /β@ WHOV TXH D/E/α/β ∈ J HW α ≥ 3/ β ≥ 31 /·LQWHUYDOOH >D/ E@ UHSUpVHQWH OH QR\DX GH O·HQVHPEOH

IORX HW O·LQWHUYDOOH >D 0 α/ E . β@ UHSUpVHQWH VRQ VXSSRUW +)LJXUH 46,1

aa - α b b + β

1

0

Figure 13: Foncti on d’appart enance trapézoï dal e. 

2Q DVVRFLH OD FRQMRQFWLRQ GHV SURSRVLWLRQV YDJXHV j O·LQWHUVHFWLRQ GHV HQVHPEOHV IORXV HW OD

GLVMRQFWLRQ j O·XQLRQ1 /HV RSpUDWLRQV LQWHUVHFWLRQ HW XQLRQ VRQW VRXYHQW GpILQLHV SDU =

(12) ( ))(),(min)( uuu GFGF µµµ =∩  

(13) ( ))(),(max)( uuu GFGF µµµ =∪  

,O \ D G·DXWUHV PDQLqUHV GH GpILQLU O·LQWHUVHFWLRQ HW O·XQLRQ G·HQVHPEOHV IORXV1 &·HVW G·DLOOHXUV O·XQ GHV

LQWpUrWV GH OD ORJLTXH IORXH TXL SHUPHW DLQVL GH GpILQLU GHV FRQQHFWHXUV ORJLTXHV SDUWLFXOLHUV HQ SOXV

GH FHX[ GpILQLV FL0GHVVXV +'XERLV ) 3UDGH 4<;:,1 &HWWH REVHUYDWLRQ HVW DXVVL YDODEOH SRXU

O·LPSOLFDWLRQ/ TXH O·RQ SHXW GpILQLU HQ V·LQVSLUDQW GH O·LPSOLFDWLRQ PDWpULHOOH +D → E  ¬D ∨ E, RX

SDV1 7RXV FHV FRQQHFWHXUV SHXYHQW FRKDELWHU GDQV XQ PrPH V\VWqPH PDLV/ FRPPH GDQV OHV
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ORJLTXHV PXOWLYDOXpHV/ DXFXQ GH FHV FRQQHFWHXUV QH SHUPHW j OXL VHXO GH UHWURXYHU WRXWHV OHV

SURSULpWpV GH OD ORJLTXH FODVVLTXH1

/D ORJLTXH IORXH HVW ODUJHPHQW XWLOLVpH SRXU OD PRGpOLVDWLRQ HW OH FRQWU{OH GHV V\VWqPHV

DXWRPDWLTXHV/ OHV V\VWqPHV pWDQW JpUpV SDU GHV GpGXFWLRQV DX WUDYHUV GH UqJOHV IORXHV1 /D UqJOH

G·LQIpUHQFH HVW DSSHOpH PRGXV SRQHQV JpQpUDOLVp1 '·XQH PDQLqUH JpQpUDOH/ OHV UqJOHV IORXHV UHSUpVHQWHQW

GHV UHODWLRQV IORXHV/ GpILQLHV SDU GHV IRQFWLRQV G·DSSDUWHQDQFH/ SDU H[HPSOH/ QRWpHV µ5+X/Y, SRXU

XQH UHODWLRQ ELQDLUH 51

/D ORJLTXH IORXH SHUPHW GH UHSUpVHQWHU GHV FRQQDLVVDQFHV GH FRPSOH[LWp pOHYpH GH PDQLqUH

V\QWKpWLTXH +.RVNR ) ,VDND 4<<6,1 (OOH SHUPHW DXVVL GH WUDLWHU OHV SDUDGR[HV GH OD ORJLTXH FODVVLTXH1

3RXU UHSUHQGUH OH SDUDGR[H GH 5XVVHOO/ O·HQVHPEOH 6 HVW XQ HQVHPEOH IORX GRQW OD IRQFWLRQ

G·DSSDUWHQDQFH µ6 HVW WHOOH TXH µ6+6,  ó1

3RXU SDOOLHU OH SUREOqPH GH OD VSpFLILFDWLRQ GHV IRQFWLRQV G·DSSDUWHQDQFH GHV HQVHPEOH IORXV/ RQ

SHXW DVVRFLHU XQH UHSUpVHQWDWLRQ IORXH j XQ DXWUH IRUPDOLVPH/ FRPPH SDU H[HPSOH GHV UpVHDX[ GH

QHXURQHV +3HGU\F] HW DO1 4<<8/ .RVNR ) ,VDND 4<<6,1 &HFL SHUPHW XQ DSSUHQWLVVDJH VXU OHV IRQFWLRQV

G·DSSDUWHQDQFH1 &HWWH DVVRFLDWLRQ SHUPHW DLQVL GH OLPLWHU XQH FRQWUDLJQDQWH H[SHUWLVH/ TXRLTXH

O·DSSUHQWLVVDJH VRLW VRXYHQW VXSHUYLVp1 /HV XQLWpV G·XQ UpVHDX GH QHXURQHV IORXV SRVVqGHQW GHV

YDOHXUV G·DFWLYDWLRQ IORXHV +3HGU\F] HW DO1 4<<8,1 /HV HQWUpHV GX QHXURQH VRQW FRPELQpHV SDU GHV

RSpUDWLRQV VXU GHV HQVHPEOHV IORXV HW SHXYHQW DORUV UHSUpVHQWHU GHV FRQMRQFWLRQV/ GLVMRQFWLRQV RX

WRXW DXWUHV FRQQHFWHXUV ORJLTXHV +3DO ) .RQDU 4<<9,1 &HWWH RUJDQLVDWLRQ SHUPHW GH UHSUpVHQWHU OHV

UqJOHV IORXHV GH PDQLqUH GLVWULEXpH1

6161 /RJLTXH SRVVLELOLVWH

/D ORJLTXH SRVVLELOLVWH HVW XQ IRUPDOLVPH SURFKH GH OD ORJLTXH IORXH +'XERLV HW DO1 4<<7,1 (OOH

FRQVLGqUH OH GHJUp G·DSSDUWHQDQFH/ µ)+X,/ G·XQ pOpPHQW X j XQ HQVHPEOH IORX )/ FRPPH XQ GHJUp

G·LQFHUWLWXGH/ RX GH SRVVLELOLWp VXLYDQW OHV FDV +$QGUHV HW DO1 4<<3/ 'XERLV ) 3UDGH 4<;:,1 /D

IRQFWLRQ G·DSSDUWHQDQFH µ) HVW GRQF FRQVLGpUpH FRPPH XQH GLVWULEXWLRQ GH SRVVLELOLWpV/ QRWpH LFL

π)1 &HWWH GLVWULEXWLRQ SHUPHW GH GpILQLU OD PHVXUH GH SRVVLELOLWp/ Π/ HW GH QpFHVVLWp/ 1/ G·XQ

pYpQHPHQW1 6RLW ) XQ HQVHPEOH SRVVLELOLVWH/ GpILQL SDU OD GLVWULEXWLRQ π)/ DORUV OD PHVXUH GH

SRVVLELOLWp HW GH QpFHVVLWp/ VHORQ )/ GH O·HQVHPEOH GH YDOHXUV ; VRQW pJDOHV j =
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(14) )(sup)( xX FXx π∈=Π  

(15) ( ))(1inf)(N xX FXx π−= ∉  

6L Π+;,  3 DORUV ; HVW IDX[1 2Q SHXW GLUH DXVVL TXH ; HVW LPSRVVLEOH1 6L 1+;,  4 DORUV ; HVW YUDL/

RX DXWUHPHQW GLW/ ; HVW QpFHVVDLUH1 6L Π+;,  4 HW 1+;,  3 DORUV ; HVW WRWDOHPHQW SRVVLEOH PDLV

DEVROXPHQW SDV QpFHVVDLUH/ FH TXL WUDGXLW O·LJQRUDQFH WRWDOH VXU O·pYpQHPHQW;1

2Q REVHUYH TXH OD GXDOLWp GH OD PHVXUH GH SRVVLELOLWp HW GH QpFHVVLWp HVW YpULILpH/ VRLW

)N(1)( XX −=Π R� X HVW OH FRPSOpPHQWDLUH GH ;1 &HV GHX[ PHVXUHV VRQW FRPSOpPHQWDLUHV1

&HWWH UHSUpVHQWDWLRQ JUDQXODLUH HW GXDOH IDLW WRXWH OD ULFKHVVH GH OD ORJLTXH SRVVLELOLVWH1 &RPPH GDQV

OD ORJLTXH IORXH/ RQ SHXW GpILQLU GHV FRQQHFWHXUV ORJLTXHV DX PR\HQ G·RSpUDWLRQV VXU OHV HQVHPEOHV1

4XHO TXH VRLW 3 HW 4 RQ D =

(16.a) ( ))(),(max)( QPQP ΠΠ=∨Π  

(16.b) ( ))(N),(Nmin)(N QPQP =∧  

/H IDLW GH FRQVLGpUHU OD IRQFWLRQ G·DSSDUWHQDQFH FRPPH XQH GLVWULEXWLRQ GH SRVVLELOLWpV UDSSURFKH

OD ORJLTXH SRVVLELOLVWH GH OD WKpRULH GHV SUREDELOLWpV1 &HSHQGDQW/ OD ORJLTXH IORXH HVW PRLQV

FRQWUDLQWH TXH OD WKpRULH GHV SUREDELOLWpV1 2Q SHXW QRWHU XQH GLIIpUHQFH IRQGDPHQWDOH GDQV FH TXH

FHV GHX[ WKpRULHV UHSUpVHQWHQW1 /D ORJLTXH IORXH UHSUpVHQWH O·LJQRUDQFH VXU XQH FRQQDLVVDQFH/ DORUV

TXH OD WKpRULH GHV SUREDELOLWpV H[SULPH OD FHUWLWXGH G·DFFRPSOLVVHPHQW GH OD FRQQDLVVDQFH1 /D

GLIIpUHQFH HVW VXEWLOH PDLV HOOH SHXW rWUH LOOXVWUpH SDU O·LPSRVVLELOLWp GH UHSUpVHQWHU O·LJQRUDQFH

DEVROXH VXU XQH LQIRUPDWLRQ DYHF XQH VHXOH GLVWULEXWLRQ GH SUREDELOLWp +'XERLV ) 3UDGH 4<;:,1 /D

SUREDELOLWp GH O·LQIRUPDWLRQ HQ TXHVWLRQ VHUD HQ HIIHW GpSHQGDQWH GHV GLIIpUHQWV FKRL[ SRVVLEOHV HW

YDULHUD VHORQ OHXU QRPEUH +H1J1 VL LO \ D GHX[ pYpQHPHQWV SRVVLEOHV FKDFXQ D XQH SUREDELOLWp GH ó/ VL

LO \ HQ D WURLV HOOH SDVVH j 426, DORUV TXH GDQV OD ORJLTXH SRVVLELOLVWH O·LJQRUDQFH VHUD H[SULPp SDU XQH

SRVVLELOLWp WRWDOH HW XQH QpFHVVLWp QXOOH/ FRPPH RQ O·D YX FL0GHVVXV1 'H PDQLqUH FRQVHQVXHOOH/ RQ

SHXW FRQVLGpUHU OHV PHVXUHV GH SRVVLELOLWp HW GH QpFHVVLWp FRPPH XQH HQYHORSSH GH OD SUREDELOLWp GH

UpDOLVDWLRQ GH O·pYpQHPHQW FRQVLGpUp +'XERLV ) 3UDGH 4<;:,1
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71 5$,6211(0(17 48$/,7$7,)

/H UDLVRQQHPHQW TXDOLWDWLI WURXYH/ HQ PDMHXUH SDUWLH/ VHV RULJLQHV GDQV OHV WUDYDX[ GH 3DWULFN -1

+D\HV VXU OD SK\VLTXH QDwYH ++D\HV 4<;8,1 /·REMHFWLI GH VHV WUDYDX[ pWDLW GH FRQVWUXLUH XQH

PRGpOLVDWLRQ GH QRWUH SHUFHSWLRQ GH VHQV FRPPXQ GX PRQGH SK\VLTXH/ HW DLQVL SDVVHU RXWUH OD

FRPSOH[LWp GHV PRGqOHV PDWKpPDWLTXHV1 +D\HV SURSRVDLW XQH D[LRPDWLVDWLRQ HQ ORJLTXH GX SUHPLHU

RUGUH GX FRPSRUWHPHQW LQWXLWLI GHV OLTXLGHV/ GRQW OD PRGpOLVDWLRQ VRXOqYH GH QRPEUHX[ SUREOqPHV

GDQV XQH DSSURFKH FODVVLTXH ++D\HV 4<;8,1

'HSXLV FHV WUDYDX[/ OD SK\VLTXH TXDOLWDWLYH/ TXL HVW GHYHQXH OH UDLVRQQHPHQW TXDOLWDWLI/ D EHDXFRXS

pYROXp HW GLYHUV IRUPDOLVPHV RULJLQDX[ RQW pWp SURSRVpV1 '·XQH PDQLqUH WUqV JpQpUDOH/ OH

UDLVRQQHPHQW TXDOLWDWLI D SRXU YRFDWLRQ GH FRPEOHU O·LQVXIILVDQFH GHV PpWKRGHV QXPpULTXHV GDQV

GHV GRPDLQHV R� OHV FRQQDLVVDQFHV VRQW SHX IRUPDOLVpHV HW2RX GLIILFLOHPHQW TXDQWLILDEOHV +7UDYp0

0DVVX\qV HW DO1 4<<:,1 &H W\SH GH UDLVRQQHPHQW HVW IRQGp VXU XQH GHVFULSWLRQ FRPSRUWHPHQWDOH GH

O·pWDW GHV YDULDEOHV GX PRGqOH HQ FRQVLGpUDQW OHV TXDOLWpV TXL OHV FDUDFWpULVHQW +GH .OHHU )

%URZQ 4<;6,1

3URVDwTXHPHQW/ OHV © TXDOLWpV ª VRQW GHV V\PEROHV SOXV RX PRLQV RUGRQQpV1 2Q SHXW/ SDU H[HPSOH/

FRQVLGpUHU TXH OHV TXDOLWpV DVVRFLpHV j XQH YDULDEOH UHSUpVHQWDQW OD © WHPSpUDWXUH GH O·HDX ª SHXYHQW

FRUUHVSRQGUH DX[ WURLV pWDWV = © JODFp ª/ © OLTXLGH ª HW © JD]HX[ ª GH O·HDX1 'DQV FH FDV/ RQ SHXW

RUGRQQHU OHV TXDOLWpV = JODFp ? OLTXLGH ? JD]HX[1 2Q SHXW DLQVL UDLVRQQHU VDQV FRQQDvWUH OD YpULWDEOH

YDOHXU GH FHWWH WHPSpUDWXUH1 2Q DSSHOOH O·HQVHPEOH GHV TXDOLWpV UHSUpVHQWDQW OD YDOHXU G·XQH YDULDEOH

VRQ HVSDFH GHV TXDOLWpV1 /D ILQHVVH GX UDLVRQQHPHQW HVW SURSRUWLRQQHOOH DX QRPEUH GH TXDOLWpV

FRQVLGpUpHV1 /HV DOJqEUHV TXDOLWDWLIV TXL SHUPHWWHQW GH PDQLSXOHU GLUHFWHPHQW OHV TXDOLWpV FRPPH GHV

HQWLWpV DOJpEULTXHV1

'DQV XQ UDLVRQQHPHQW TXDOLWDWLI/ OD QRWLRQ G·LPSUpFLVLRQ HVW LPSOLFLWH GDQV OD UHSUpVHQWDWLRQ GHV

GRQQpHV +L1H1 LPSOLFLWH GDQV OD QRWLRQ PrPH GH TXDOLWp,1 /HV DOJqEUHV TXDOLWDWLYHV/ DLQVL TXH OHV

IRUPDOLVPHV TXL OHV XWLOLVHQW/ QH PDQLSXOHQW GRQF SDV H[SOLFLWHPHQW O·LPSUpFLVLRQ GHV YDOHXUV/

FRQWUDLUHPHQW j OD WKpRULH GHV HQVHPEOHV IORXV1 2Q SHXW FHSHQGDQW FRXSOHU XQ IRUPDOLVPH TXDOLWDWLI

HW FHWWH WKpRULH +'XERLV ) 3UDGH 4<;<, HQ RIIUDQW DLQVL GHX[ QLYHDX[ G·DEVWUDFWLRQ

FRPSOpPHQWDLUHV1 &HWWH DVVRFLDWLRQ SHUPHW/ VXLYDQW O·RULHQWDWLRQ GH OD GpPDUFKH/ GH JXLGHU OD

VSpFLILFDWLRQ GHV HQVHPEOHV IORXV DVVRFLpV DX[ UqJOHV GX V\VWqPH +%HOOD]]L HW DO1 4<<</ <DR 4<<;/

)RXOOR\ 4<<6, RX/ j O·LQYHUVH/ G·DIILQHU OD VSpFLILFDWLRQ GHV UHODWLRQV TXDOLWDWLYHV +%RXVVRQ ) 7UDYp0

0DVVX\qV 4<<6/'XERLV ) 3UDGH 4<;<,1
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7141 /·DOJqEUH GHV VLJQHV

/·DOJqEUH GHV VLJQHV HVW XQ IRUPDOLVPH GDWDQW GX GpEXW GHV DQQpHV 4<;31 /·HVSDFH GHV TXDQWLWpV \

HVW UpGXLW j XQ HQVHPEOH GH 7 YDOHXUV V\PEROLTXHV/ FH TXL VLPSOLILH pQRUPpPHQW OHV FDOFXOV GDQV OHV

PRGqOHV +7UDYp00DVVX\qV HW DO1 4<<:,1 /H UDLVRQQHPHQW VXU OHV VLJQHV HVW VRXYHQW VXIILVDQW SRXU

GpWHUPLQHU O·pYROXWLRQ TXDOLWDWLYH G·XQ V\VWqPH1 2Q UDLVRQQH DLQVL VXU OHV YDULDWLRQV FURLVVDQWHV/

GpFURLVVDQWHV RX QXOOHV/ GHV YDULDEOHV G·pWDW GX V\VWqPH1

/·HVSDFH GHV TXDOLWpV/ TXH QRXV QRWRQV 6/ HVW pJDO j O·HQVHPEOH ^0/ 3/ ./ "` R� 0 UHSUpVHQWH OD TXDOLWp

© QpJDWLI ª/ 3/ OD TXDOLWp © QXO ª/ . OD TXDOLWp © SRVLWLI ª HW " OD TXDOLWp © LQGpWHUPLQp ª1 &HWWH GHUQLqUH

TXDOLWp D pWp DMRXWpH SRXU UHQGUH OHV RSpUDWLRQV FRPSOqWHV VXU O·HVSDFH 61 2Q GpILQLW GHX[ RSpUDWLRQV

VXU 6/ OD VRPPH ⊕ HW OD PXOWLSOLFDWLRQ ⊗ / SDU OHV WDEOHV VXLYDQWHV =

⊕  - 0 + ?  ⊗  - 0 + ? 

- -  -  ? ?  -  + 0 -  ? 

0 -  0 + ?  0 0 0 0 0 

+ ? + + ?  + -  0 + ? 

? ? ? ? ?  ? ? 0 ? ? 

3XLV RQ SHXW/ SDU H[HPSOH/ GpILQLU OD VRXVWUDFWLRQ/ UHSUpVHQWpH SDU D E/ FRPPH pTXLYDOHQWH j

O·H[SUHVVLRQ D ⊕ + 0 ⊗ E,1 2Q GpILQLW DXVVL XQH pJDOLWp TXDOLWDWLYH VXU 6/ QRWp ≈1 (OOH SHXW rWUH GpILQLH

SDU OD WDEOH GH YpULWp VXLYDQWH =

≈ - 0 + ? 

- Vr ai  Faux Faux Vr ai 

0 Faux Vr ai  Faux Vr ai 

+ Faux Faux Vr ai  Vr ai 

? Vr ai  Vr ai  Vr ai  Vr ai 

%LHQ TX·DSSHOpH © pJDOLWp ª/ FHWWH UHODWLRQ QH GpILQLW SDV XQH FODVVH G·pTXLYDOHQFH FDU HOOH Q·HVW SDV

WUDQVLWLYH + 0 ≈ "/ " ≈ . PDLV RQ Q·D SDV 0 ≈ .,1 2Q GpILQLW QDWXUHOOHPHQW XQH UHODWLRQ G·RUGUH VWULFW

SDUWLHO VXU 6/ QRWpH !/ WHOOH TXH . ! 3/ 3 ! 0 HW . ! 01

/HV SURSULpWpV GH FHWWH DOJqEUH VRQW DVVH] SURFKHV GH O·DOJqEUH OLQpDLUH FODVVLTXH1 &HWWH SUR[LPLWp/

DOOLpH j OD VLPSOLILFDWLRQ GH OD VSpFLILFDWLRQ GHV YDOHXUV GX V\VWqPH/ SHUPHW GH UDLVRQQHU GDQV GHV

PRGqOHV SK\VLTXHV1 3RXU FH IDLUH/ LO VXIILW GH UHPSODFHU OHV YDOHXUV UpHOOHV SDU GHV YDOHXUV

TXDOLWDWLYHV1 (Q H[SULPDQW OHV GpULYpHV G·XQH YDULDEOH/ RQ SHXW GRQQHU XQH LQGLFDWLRQ VXU VD
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YDULDWLRQ HW GH FHWWH IDoRQ SUpFLVHU O·pWDW GX V\VWqPH1 /D IDFLOLWp GH PLVH HQ ±XYUH GH O·DOJqEUH GHV

VLJQHV SHUPHW VRQ XWLOLVDWLRQ SRXU GHV DQDO\VHV GH WHQGDQFH RX GHV YpULILFDWLRQV UDSLGHV GH

FRKpUHQFH G·XQ PRGqOH1 &HSHQGDQW/ VD IDLEOHVVH GH GHVFULSWLRQ HQWUDvQH EHDXFRXS

G·LQGpWHUPLQDWLRQ HW Q·HQ IDLW GRQF SDV/ j OXL VHXO/ XQ IRUPDOLVPH DGpTXDW SRXU OD GHVFULSWLRQ GH

V\VWqPHV FRPSOH[HV +7UDYp00DVVX\qV HW DO1 4<<:,1

7151 /HV RUGUHV GH JUDQGHXU

2Q SHXW rWUH SOXV SUpFLV/ GDQV OD GHVFULSWLRQ GHV TXDOLWpV G·XQH YDULDEOH/ TXH QH OH SHUPHW O·DOJqEUH

GHV VLJQHV/ VXLYDQW OD FRQQDLVVDQFH TXH O·RQ SRVVqGH GX V\VWqPH j PRGpOLVHU1 $LQVL/ GDQV O·H[HPSOH

GH GHVFULSWLRQ TXDOLWDWLYH GH OD WHPSpUDWXUH GH O·HDX/ RQ SHXW UHPSODFHU O·HVSDFH GH TXDOLWpV ^JODFp/

OLTXLGH/ JD]HX[` SDU GHV TXDOLWpV XQ SHX SOXV SUpFLVHV/ FRPPH ^JODFp/ IURLG/ IUDLV/ WLqGH/ FKDXG/

ERXLOODQW/ JD]HX[`1 8Q ERQ FRPSURPLV GRLW rWUH DWWHLQW HQWUH XQH UHSUpVHQWDWLRQ WURS V\QWKpWLTXH HW

XQH UHSUpVHQWDWLRQ WURS SUpFLVH/ GH PDQLqUH j SRXYRLU UHSUpVHQWHU WRXV OHV pWDWV © XWLOHV ª GX V\VWqPH

HW DLQVL REWHQLU XQ FRPSRUWHPHQW FRUUHFW GX PRGqOH TXDOLWDWLI1 &H FRPSURPLV HVW VRXYHQW

GpSHQGDQW GH O·DSSOLFDWLRQ FRQVLGpUpH1

/H UDLVRQQHPHQW VXU OHV RUGUHV GH JUDQGHXU UHJURXSH GHX[ VW\OHV GH UDLVRQQHPHQW1 /H UDLVRQQHPHQW

VXU OHV RUGUHV GH JUDQGHXU DEVROXV V·DSSXLH VXU XQH SDUWLWLRQ GH O·HQVHPEOH GHV UpHOV SOXV ILQH TXH

FHOOH GH O·DOJqEUH GHV VLJQHV1 /H UDLVRQQHPHQW VXU OHV RUGUHV GH JUDQGHXU UHODWLIV GpILQLW GHV UHODWLRQV

G·RUGUH HQWUH OHV TXDOLWpV +7UDYp00DVVX\qV HW DO1 4<<:,1

7151412UGUHV GH JUDQGHXU DEVROXV

&H IRUPDOLVPH HVW EkWL VXU XQ HVSDFH GHV TXDOLWpV UHSUpVHQWDQW XQH SDUWLWLRQ GH O·HQVHPEOH GHV UpHOV

+J,1 &HWWH SDUWLWLRQ HVW QDWXUHOOHPHQW RUGRQQpH SDU OD UHODWLRQ VXSpULHXU/ !/ GpILQLH VXU J1 /·HVSDFH

GHV TXDOLWpV DVVRFLp j FHWWH SDUWLWLRQ HVW DORUV FRQVLGpUp FRPPH XQH pFKHOOH GH TXDOLWpV > QRXV OH

QRWRQV 641

$ SDUWLU GHV V\PEROHV GH 64/ RQ SHXW EkWLU GH QRXYHDX[ V\PEROHV1 2Q OHV QRWH >[/ \@/ R� [∈ 64/ \∈ 64
HW O·pOpPHQW GH OD SDUWLWLRQ DVVRFLp j [ HVW VWULFWHPHQW LQIpULHXU j FHOXL DVVRFLp j \1 &HV QRXYHDX[

V\PEROHV UHSUpVHQWHQW OD UpXQLRQ GH [/ \ HW GH WRXV OHV pOpPHQWV OHV VpSDUDQW +L1H1 DX VHQV GH OD

UHODWLRQ VXSpULHXU,1 2Q DSSHOOH XQLYHUV GH GHVFULSWLRQ FRPSOHW/ O·HQVHPEOH 6-/ FRPSRVp GHV

V\PEROHV GH 64 HW GHV QRXYHDX[ V\PEROHV1
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2Q SHXW/ SDU H[HPSOH/ FRQVLGpUHU OD SDUWLWLRQ GH J LQVSLUpH GH O·HVSDFH GH O·DOJqEUH GHV VLJQHV PDLV

R� O·RQ GLVWLQJXH OHV UpHOV SURFKHV HW pORLJQpV GH 31 2Q UHSUpVHQWH FHWWH SDUWLWLRQ SDU O·HVSDFH GHV

TXDOLWpV 64  ^1*/ 13/ 3/ 33/ 3*`/ R� 1* UHSUpVHQWH OHV UpHOV QpJDWLIV JUDQGV HQ YDOHXU DEVROXH/

13 OHV UpHOV QpJDWLIV SHWLWV HQ YDOHXU DEVROXH/ HWF1 2Q REWLHQW GRQF O·pFKHOOH = 1* ? 13 ? 3 ? 33

? 3*1

2Q SHXW DORUV EkWLU GH QRXYHDX[ V\PEROHV FRPPH/ SDU H[HPSOH/ >1* 33@ UHSUpVHQWDQW OD UpXQLRQ

GH 1*/ 13/ 3 HW 331 2Q UHPDUTXH TXH >1* 13@ UHSUpVHQWH OHV UpHOV QpJDWLIV HW TXH >33 3*@ OHV

UpHOV SRVLWLIV1 'H PrPH >1* 3*@ UHSUpVHQWH O·HQVHPEOH GH WRXV OHV UpHOV HW SHXW GRQF rWUH FRPSDUp

j OD TXDOLWp " GH O·DOJqEUH GHV VLJQHV1 2Q SHXW UHPDUTXHU TXH 6-/ EkWL j SDUWLU GH FHW HQVHPEOH/

FRQWLHQW O·HVSDFH GHV TXDOLWpV 6 GH O·DOJqEUH GHV VLJQHV +L1H1 O·HQVHPEOH ^>1* 13@/ 3/ >33 3*@/

>1* 3*@`,1

2Q GpILQLW/ HQILQ/ XQH UHODWLRQ G·RUGUH VXU 6-/ QRWpH ∠ / WHOOH TXH [ ∠ \ VL HW VHXOHPHQW VL OHV

pOpPHQWV GH OD SDUWLWLRQ DVVRFLpV j [ VRQW LQFOXV GDQV FHX[ DVVRFLpV j \1 &HWWH UHODWLRQ GRQQH j 6-

XQH VWUXFWXUH GH GHPL0WUHLOOLV1

'DQV O·H[HPSOH TXH QRXV YHQRQV GH FLWHU RQ D/ SDU H[HPSOH/ >13 3@ ∠ >13 33@ ∠ >1* 3*@/ FH

GHUQLHU V\PEROH pWDQW OH VRPPHW GH QRWUH WUHLOOLV1 2Q IRXUQLW j 6- XQH UHODWLRQ DSSHOpH pJDOLWp

TXDOLWDWLYH/ QRWpH ≈/ FRQVWUXLWH FRPPH XQH JpQpUDOLVDWLRQ GH O·pJDOLWp GH O·DOJqEUH GHV VLJQHV HW

GpILQLH FRPPH =

6RLW D/ E ∈ 6-/ D ≈ E VL HW VHXOHPHQW VL ∃ ] ∈ 6- WHO TXH ] ∠ D HW ] ∠ E1

0XQL GH FHV UHODWLRQV/ RQ SHXW FRQVWUXLUH GHV DEVWUDFWLRQV GHV IRQFWLRQV j YDOHXUV GDQV J1 &HV

DEVWUDFWLRQV DSSHOpHV IRQFWLRQV TXDOLWDWLYHV DVVRFLpHV/ GRLYHQW FRQVHUYHU OD PrPH VpPDQWLTXH TXH OHV

IRQFWLRQV TX·HOOHV UHSUpVHQWHQW/ F·HVW0j0GLUH TXH O·LPDJH G·XQH YDOHXU TXDOLWDWLYH 4 HVW OH SOXV SHWLW

pOpPHQW GH 6- FRQWHQDQW O·LPDJH GHV UpHOV VpPDQWLTXHPHQW DVVRFLpV j 41 /HV RSpUDWLRQV G·DGGLWLRQ

HW GH PXOWLSOLFDWLRQ TXDOLWDWLYHV VRQW GpILQLHV FRPPH OHV IRQFWLRQV TXDOLWDWLYHV DVVRFLpHV DX[

RSpUDWLRQV . HW × GpILQLHV VXU J1 2Q SHXW OHV FRQVWUXLUH JUkFH j GHV WDEOHV VHPEODEOHV j FHOOHV GH

O·DOJqEUH GHV VLJQHV +7UDYp00DVVX\qV HW DO1 4<<:/ 3DUVRQV 4<<4,1

/HV FDOFXOV IRQGpV VXU FHWWH DOJqEUH SRVVqGHQW VHQVLEOHPHQW OHV PrPHV DYDQWDJHV TXH FHX[ IRQGpV

VXU O·DOJqEUH GHV VLJQHV1 /HV SURSULpWpV GHV RSpUDWHXUV VRQW WRXWHIRLV SOXV IDLEOHV +H1J1 RQ QH

FRQVHUYH SDV O·DVVRFLDWLYLWp HW OD GLVWULEXWLYLWp VWULFWH GHV RSpUDWHXUV VRPPH HW SURGXLW/ 7UDYp0
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0DVVX\qV HW DO1 4<<:,1 &HSHQGDQW/ OD SDUWLWLRQ Q·HVW SDV FKRLVLH D SULRUL HW/ GH FH IDLW/ OD ILQHVVH GHV

UpVXOWDWV SHXW rWUH DGDSWpH HQ IRQFWLRQ GX V\VWqPH PRGpOLVp1

715151 2UGUHV GH JUDQGHXU UHODWLIV

'DQV XQ V\VWqPH DX[ RUGUHV GH JUDQGHXUV UHODWLIV/ RQ QH FRQVLGqUH SOXV XQH SDUWLWLRQ DEVROXH GH

O·HQVHPEOH GHV UpHOV PDLV RQ UDLVRQQH SDU FRPSDUDLVRQV UHODWLYHV HQWUH OHV TXDOLWpV HOOHV0PrPHV1 /HV

FRPSDUDLVRQV VH IRQW YLD GHV UHODWLRQV ELQDLUHV1 &H VRQW FHV UHODWLRQV TXL YRQW IRUPDOLVHU OH

UDLVRQQHPHQW VXU OHV TXDOLWpV1 6·LO H[LVWH SOXVLHXUV IRUPDOLVPHV/ SURSRVDQW GLIIpUHQWHV UHODWLRQV/ QRXV

QH GLVFXWHURQV/ GDQV OH FDGUH GH QRWUH SUpVHQWDWLRQ/ TXH GX IRUPDOLVPH 2+0, GH 0DYURYRXQLRWLV HW

6WHSKDQRSRXORV +7UDYp00DVVX\qV HW DO1 4<<:/ 'XERLV ) 3UDGH 4<;</ 0DYURYRXQLRWLV )

6WHSKDQRSRXORV 4<;;/ 4<;:,1

2+0, SURSRVH : UHODWLRQV VXU OHV RUGUHV GH JUDQGHXUV/ QRWpHV = !!/ !0/ !a/   / a?/ 0? HW ??1

(OOHV UHSUpVHQWHQW OHV DVVHUWLRQV TXDOLWDWLYHV VXLYDQWHV +0DYURYRXQLRWLV ) 6WHSKDQRSRXORV 4<;:, =

$ !! % HVW pTXLYDOHQW j GLUH TXH $ HVW JUDQGHPHQW VXSpULHXU j %1

$ !0 % HVW pTXLYDOHQW j GLUH TXH $ HVW PRGpUpPHQW VXSpULHXU j %1

$ !a % HVW pTXLYDOHQW j GLUH TXH $ HVW OpJqUHPHQW VXSpULHXU j %1

$   % HVW pTXLYDOHQW j GLUH TXH $ HVW LGHQWLTXH j %1

$ a? %/ $ 0? % HW $ ?? % VRQW OHV UHODWLRQV V\PpWULTXHV j $ !a%/ $!0% HW $!!%1

2Q SHXW FRPELQHU +SDU GLVMRQFWLRQ, FHV : UHODWLRQV SRXU REWHQLU XQ WRWDO GH 54 UHODWLRQV QRQ

pTXLYDOHQWHV1 2Q SHXW SDU H[HPSOH FRQVLGpUHU OD GLVMRQFWLRQ GH !a/ !0 HW !!/ TXH O·RQ QRWH

!a11!! HW TXL Q·HVW DXWUH TXH OD UHODWLRQ VXSpULHXU +0DYURYRXQLRWLV ) 6WHSKDQRSRXORV 4<;:,1

e 1 / ( 1 + e) 1 1 + e 1 / e

0 +∞

A<<B A-<B A~<B A>-BA>~B A>>B

A==B

Figure 14: Int erprét ation contrai nte de A  r B en f onction du rapport A /B dans O (M ), d’ après 

M avrovounioti s et Stephanopoul os (1988). 
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/H UDLVRQQHPHQW VH IDLW/ VRLW SDU GpGXFWLRQ GH QRXYHOOHV UHODWLRQV j SDUWLU G·XQ HQVHPEOH GH

UHODWLRQV H[SULPpHV VXU OHV YDULDEOHV GX V\VWqPH/ VRLW GLUHFWHPHQW SDU OH FDOFXO GX UDSSRUW HQWUH OHV

YDOHXUV GH 5 YDULDEOHV1 (Q HIIHW/ WRXWH UHODWLRQ GH 2+0, GX VW\OH $ U % HVW pTXLYDOHQWH j $2% U 4/

DYHF U ∈ ^!!/ !0/ !a/   / a?/ 0?/ ??`1 'qV ORUV/ HW G·DSUqV OHV SURSULpWpV GHV UHODWLRQV HW GH

GLIIpUHQWV SRVWXODWV+H1J1 +$ ² %, ?? % → $ !a %,/ RQ PRQWUH TXH O·RQ SHXW GpWHUPLQHU OD UHODWLRQ

HQWUH $ HW % VL O·RQ FRQQDvW OH UDSSRUW $2% FRPPH OH PRQWUH OD ILJXUH FL0GHVVXV +)LJXUH 47,1

2Q SHXW GLUHFWHPHQW XWLOLVHU FHWWH SDUWLWLRQ SRXU LQWHUSUpWHU OD UHODWLRQ TXL OLH GHX[ YDULDEOHV1 6L/ SDU

H[HPSOH/ $  43/ %  5 HW TXH O·RQ D IL[p H  314/ RQ REWLHQW $ !0 %1 0DLV RQ SHXW DXVVL XWLOLVHU

FHWWH SDUWLWLRQ SRXU LQIpUHU GH QRXYHOOHV TXDOLWpV1 $GPHWWRQV TXH O·RQ VDFKH & a? $ HW $ a? %

VDQV FRQQDvWUH OD YDOHXU GH $/ % RX &1 $ SDUWLU GH FHV GHX[ UHODWLRQV RQ SHXW GLUH TXH =

+4.H,04 ? &2$ ? 4 HW +4.H,04 ? $2% ? 41

'·R� O·RQ SHXW GpGXLUH HQ PXOWLSOLDQW FHV GHX[ pTXDWLRQV =

+4.H,05 ? &2% ? 4

(W D\DQW IL[p H  314/ RQ SHXW LQIpUHU TXH & 0? % RX & a? %/ FH TXH O·RQ QRWH & 0?11a? %1 ,O HVW

FHSHQGDQW SRVVLEOH HW VRXKDLWDEOH G·DIILQHU FHWWH LQIpUHQFH SRXU OLPLWHU O·DFFURLVVHPHQW GH

O·LPSUpFLVLRQ +7UDYp00DVVX\qV HW DO1 4<<:/ 3DUVRQV 4<<4/0DYURYRXQLRWLV ) 6WHSKDQRSRXORV 4<;;,1

&RPPH RQ OH YRLW/ OD GpWHUPLQDWLRQ GH OD UHODWLRQ DVVRFLpH j XQ UDSSRUW $2& HVW GpSHQGDQWH GH OD

YDOHXU GX SDUDPqWUH H1 )L[HU FH SDUDPqWUH pTXLYDXW DX FKRL[ G·XQH SDUWLWLRQ DYHF GHV RUGUHV GH

JUDQGHXUV DEVROXV1 2Q FRQVWDWH TX·LFL/ JUkFH DX[ SRVWXODWV HW SURSULpWpV GHV UHODWLRQV GH 2+0,/ LO Q·\

D TX·XQ VHXO SDUDPqWUH j FKRLVLU1 ,O UHSUpVHQWH HQ IDLW XQ UpHO SRVLWLI FRQVLGpUp FRPPH WUqV LQIpULHXU j

4/ VRLW H ?? 41 &H V\VWqPH HVW SOXV VLPSOH j VSpFLILHU TX·XQ V\VWqPH DX[ RUGUHV GH JUDQGHXU DEVROXV/

SXLVTX·LO Q·\ D TX·XQH VHXOH YDOHXU j IL[HU1 &HSHQGDQW OHV UpVXOWDWV UHVWHQW WRXMRXUV GpSHQGDQWV GX

FKRL[ GH H HW RQ QH SHXW GpILQLU OHV TXDOLWpV GHV YDOHXUV GH PDQLqUH LQGpSHQGDQWH1

7161 /HV LQWHUYDOOHV

/H UDLVRQQHPHQW VXU OHV LQWHUYDOOHV SHXW rWUH FRQVLGpUp FRPPH XQH H[WHQVLRQ GX UDLVRQQHPHQW VXU

OHV RUGUHV GH JUDQGHXU1 2Q SHXW HQ HIIHW FRQVLGpUHU O·HVSDFH GHV LQWHUYDOOHV UpHOV FRPPH O·XQLYHUV GH

GHVFULSWLRQ FRPSOHW DVVRFLp j XQH SDUWLWLRQ LQILQLH GRQW FKDTXH pOpPHQW GH EDVH VHUDLW XQ UpHO

+7UDYp00DVVX\qV HW DO1 4<<:,1 ,O HQ GpFRXOH GHX[ GHV SULQFLSDOHV FDUDFWpULVWLTXHV GH FH IRUPDOLVPH1
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3UHPLqUHPHQW/ LO SHUPHW GH IDLUH FRKDELWHU GHV TXDQWLWpV +OHV UpHOV, HW GHV TXDOLWpV +OHV LQWHUYDOOHV,1

'H SOXV/ O·HVSDFH GHV TXDOLWpV FRQWHQDQW XQ HQVHPEOH LQILQL GH TXDOLWpV/ DXFXQH VSpFLILFDWLRQ D SULRUL

VXU OHV YDOHXUV TXDOLWDWLYHV GHV YDULDEOHV Q·HVW QpFHVVDLUH1

(Q G·DXWUHV PRWV/ QRXV VRPPHV GLVSHQVpV GH GpILQLU XQH SDUWLWLRQ GH J1 'pILQLU O·HVSDFH GHV

TXDQWLWpV G·XQH YDULDEOH SHXW VH UpGXLUH j GRQQHU OHV ERUQHV HQWUH OHVTXHOOHV OD YDULDEOH YDULH1 2Q

SDUOH GDQV FH FDV GH GRPDLQH HW QRQ G·HVSDFH GHV TXDOLWpV +7UDYp00DVVX\qV HW DO1 4<<:,1 8Q DXWUH HIIHW

GH ERUG/ G� DX QRPEUH LQILQL GH TXDOLWpV/ HVW OD SRVVLELOLWp GH JOLVVHU G·XQH TXDOLWp YHUV XQH DXWUH/

F·HVW0j0GLUH TXH OHV YDULDWLRQV GHV YDOHXUV QH VH IRQW SDV SDU ERQG G·XQ pOpPHQW GH OD SDUWLWLRQ j XQ

DXWUH1 /D YDULDWLRQ V·H[SULPH SDU XQ FKDQJHPHQW SURJUHVVLI GH O·LQWHUYDOOH UpHO/ FH TXL UHSUpVHQWH XQ

UpHO DYDQWDJH SRXU OHV DSSOLFDWLRQV G\QDPLTXHV1 (Q HIIHW/ OD QRWLRQ G·pYpQHPHQW TXDOLWDWLI +L1H1

ORUVTX·XQH YDOHXU G·XQH YDULDEOH FKDQJH GH TXDOLWp, GHYLHQW G\QDPLTXH HW RQ SHXW DORUV UHSUpVHQWHU

WRXV OHV pWDWV LQWHUPpGLDLUHV GH FH FKDQJHPHQW GH YDOHXU1 /·pYROXWLRQ GH FHWWH YDOHXU SHXW rWUH

UHSUpVHQWpH GH PDQLqUH FRQWLQXH1

)RUPHOOHPHQW/ RQ GpILQLW XQ LQWHUYDOOH >α/ β@ FRPPH O·HQVHPEOH GHV UpHOV [ WHOV TXH α ≤ [ ≤ β/ α HVW

DSSHOp ERUQH LQIpULHXUH HW β ERUQH VXSpULHXUH GH O·LQWHUYDOOH +7UDYp00DVVX\qV HW DO1 4<<:/

6XQDJD 4<8;,1 &HWWH GpILQLWLRQ QH FRQVLGqUH TXH OHV LQWHUYDOOHV UpHOV IHUPpV1 2Q QH SHXW GRQF SDV

FRQVWUXLUH GH SDUWLWLRQ GH O·HQVHPEOH GHV UpHOV DYHF FHV LQWHUYDOOHV HW/ GH FH IDLW/ O·DOJqEUH GHV

LQWHUYDOOHV UHVWH GLIIpUHQW G·XQ UDLVRQQHPHQW VXU OHV RUGUHV GH JUDQGHXUV1 &HSHQGDQW/ FRPPH GDQV

OH UDLVRQQHPHQW VXU OHV RUGUHV GH JUDQGHXU DEVROXV/ RQ SHXW GpILQLU XQH UHODWLRQ G·pJDOLWp TXDOLWDWLYH/

QRWp ≈/ SRXU OHV LQWHUYDOOHV1 2Q OD EkWLW FRPPH XQH H[WHQVLRQ GH OD SUpFpGHQWH/ VXU OD EDVH GH

O·LQFOXVLRQ GHV LQWHUYDOOHV =

6RLW $ HW % GHX[ LQWHUYDOOHV/ RQ GLW TXH $ ≈ % VL HW VHXOHPHQW VL LO H[LVWH XQ UpHO [ WHO TXH

[ ∈ $ HW [ ∈ %1

(Q G·DXWUHV WHUPHV/ GHX[ LQWHUYDOOHV VRQW TXDOLWDWLYHPHQW pJDX[ VL HW VHXOHPHQW VL LOV SRVVqGHQW XQH

LQWHUVHFWLRQ QRQ YLGH1 &HWWH UHODWLRQ Q·HVW SDV WUDQVLWLYH/ HW O·RQ UHPDUTXH TXH GHX[ LQWHUYDOOHV

FRQWLJXV VXU O·HQVHPEOH GHV UpHOV QH VRQW SDV GLVMRLQWV HW GRQF LOV VRQW TXDOLWDWLYHPHQW pJDX[ +H1J1

>4/ 5@ ≈>5/ 6@,1

2Q SHXW DXVVL GpILQLU OHV RSpUDWLRQV G·DGGLWLRQ HW PXOWLSOLFDWLRQ VXU OHV LQWHUYDOOHV FRPPH VXLW =

6L ♦ ∈ ^./ ×` HW $ HW % VRQW GHX[ LQWHUYDOOHV DORUV $ ♦ % HVW O·LQWHUYDOOH ^[ ♦ \ 2 [ ∈ $ HW \ ∈ %`1
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/·RSSRVp G·XQ LQWHUYDOOH $ HVW O·LQWHUYDOOH QRWp 0$  ^[ 2 0[ ∈ $`/ HW O·LQYHUVH G·XQ LQWHUYDOOH $ HW

QRWp $04/ HVW GpILQL/ VL HW VHXOHPHQW VL 3 ∉ $/ SDU $04  ^[ 2 [04 ∈ $`1

&HV RSpUDWLRQV SHXYHQW rWUH UpDOLVpHV GLUHFWHPHQW VXU OHV ERUQHV GHV LQWHUYDOOHV1 2Q D/ SDU H[HPSOH/

>D/ E@ . >F/ G@  >D.F/ E.G@1 /HV FDOFXOV QXPpULTXHV HIIHFWXpV VXU OHV ERUQHV GHV LQWHUYDOOHV IDFLOLWHQW

OH WUDLWHPHQW GH O·LQIRUPDWLRQ1 &HSHQGDQW/ FHW DVSHFW QXPpULTXH SODFH FH IRUPDOLVPH j OD OLPLWH GX

UDLVRQQHPHQW TXDOLWDWLI1 &·HVW SRXUTXRL RQ OH GpVLJQH VRXYHQW VRXV OH WHUPH GH UDLVRQQHPHQW VHPL0

TXDOLWDWLI1

7171 /D VLPXODWLRQ TXDOLWDWLYH

/·DERQGDQFH GHV FULWqUHV GH PRGpOLVDWLRQ D GRQQp QDLVVDQFH j XQH JUDQGH YDULpWp GH V\VWqPHV GH

VLPXODWLRQ TXDOLWDWLYH1 7RXV FHV IRUPDOLVPHV RQW pWp DSSOLTXpV j GLYHUV GRPDLQHV/ QRWDPPHQW j OD

VXSHUYLVLRQ HW DX GLDJQRVWLF GHV V\VWqPHV SK\VLTXHV FRPSOH[HV +,ZDVDNL 4<<:/ 7UDYp00DVVX\qV HW DO1

4<<:/ 9HVFRYL HW DO1 4<<:/ 04)' JURXS 4<<9,1 7RXV FHV IRUPDOLVPHV UHSRVHQW VXU OHV DOJqEUHV

TXDOLWDWLYHV TXH QRXV YHQRQV GH SUpVHQWHU1 'H QRPEUHX[ IRUPDOLVPHV SHUPHWWHQW GH FRPELQHU GHV

FDOFXOV TXDOLWDWLIV j GHV FDOFXOV SXUHPHQW V\PEROLTXHV HW2RX QXPpULTXHV/ OH EXW pWDQW j FKDTXH IRLV

GH SRXYRLU UHSUpVHQWHU O·HQVHPEOH OH SOXV YDVWH GH FRQQDLVVDQFHV VXU XQ V\VWqPH1

2Q SHXW FDUDFWpULVHU OHV PRGqOHV TXDOLWDWLIV SDU OH IDLW TX·LOV H[SULPHQW H[SOLFLWHPHQW/ RX SDV/ OD

FDXVDOLWp HQWUH OHV YDULDEOHV GX V\VWqPH +7UDYp00DVVX\qV HW DO1 4<<:/ 4<<6/ /H\YDO HW DO1 4<<7,1

/RUVTXH OD FDXVDOLWp Q·HVW SDV UHSUpVHQWpH/ OHV PRGqOHV SUHQQHQW DORUV OD IRUPH GH V\VWqPHV

G·pTXDWLRQV TXDOLWDWLYHV TXL SHXYHQW/ SDU H[HPSOH/ rWUH FRQVLGpUpV FRPPH O·DEVWUDFWLRQ GH V\VWqPHV

G·pTXDWLRQV DOJpEULTXHV1 'DQV OH FDV SDUWLFXOLHU GHV PRGqOHV G\QDPLTXHV/ OHV pTXDWLRQV VRQW GHV

pTXDWLRQV GLIIpUHQWLHOOHV1 /HV PRGqOHV FDXVDX[ SUHQQHQW VRXYHQW OD IRUPH GH JUDSKHV G·LQIOXHQFHV

TXL H[SULPHQW GHV UHODWLRQV RULHQWpHV +L1H1 GH FDXVH j HIIHW, HQWUH OHV YDULDEOHV1

/RUVTXH OH PRGqOH TXDOLWDWLI QH SHXW UHSUpVHQWHU O·pYROXWLRQ GX V\VWqPH TX·DX WUDYHUV GH VHV pWDWV

G·pTXLOLEUH/ RQ GLW TX·LO HVW VWDWLTXH1 0DLV OH PRGqOH SHXW YRXORLU UHSUpVHQWHU H[SOLFLWHPHQW

O·pYROXWLRQ GX V\VWqPH HQWUH OHV pWDWV G·pTXLOLEUH/ WHQDQW DLQVL FRPSWH GH OD G\QDPLTXH SURSUH GX

V\VWqPH1 /H PRGqOH HVW DORUV GLW G\QDPLTXH1 /H FULWqUH VWDWLTXH2G\QDPLTXH SHUPHW GH FDUDFWpULVHU OD

VLPXODWLRQ TXDOLWDWLYH GX PRGqOH FRQVLGpUp1 /HV PRGqOHV VWDWLTXHV V·H[SULPHQW VRXV OD IRUPH GH

UHODWLRQV IRQFWLRQQHOOHV HQWUH OHV YDOHXUV GHV YDULDEOHV GX V\VWqPH +L1H1 GDQV OH FDV GH PRGqOHV VDQV

FDXVDOLWp H[SOLFLWH/ OHV UHODWLRQV SUHQQHQW OD IRUPH G·pTXDWLRQV OLQpDLUHV TXDOLWDWLYHV RX G·pTXDWLRQV

DOJpEULTXHV,1
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'DQV OH FDV GHV PRGqOHV G\QDPLTXHV/ OD VLPXODWLRQ FRQVLVWH j GpWHUPLQHU OHV pYROXWLRQV SRVVLEOH GX

V\VWqPH j SDUWLU G·XQ pWDW LQLWLDO/ TXL Q·HVW SDV IRUFpPHQW XQ pWDW G·pTXLOLEUH1 2Q SHXW/ JOREDOHPHQW/

GLVWLQJXHU GHX[ SULQFLSHV GH VLPXODWLRQ1 /H SUHPLHU SULQFLSH FRQVLVWH j GpWHUPLQHU OHV pWDWV

VXFFHVVHXUV SRVVLEOHV GX V\VWqPH HQ IRQFWLRQ GHV FRQWUDLQWHV FRQQXHV HW GH O·pWDW j O·LQVWDQW FRXUDQW1

2Q GpWHUPLQH DLQVL XQ QRXYHO LQVWDQW FRUUHVSRQGDQW DX PRPHQW R� FH V\VWqPH FKDQJH G·pWDW1 6L

SOXVLHXUV pWDWV VXFFHVVHXUV GLIIpUHQWV VRQW SUpYLVLEOHV/ RQ FRQVLGqUH VpSDUpPHQW OHV GLIIpUHQWV pWDWV HW

RQ UpLWqUH OH SURFpGp SRXU FKDFXQ1 'H FHWWH IDoRQ/ RQ REWLHQW XQ DUEUH G·pWDWV SRVVLEOHV GRQW OD

UDFLQH HVW O·pWDW LQLWLDO1 &H SULQFLSH HVW/ SDU H[HPSOH/ FHOXL GX VLPXODWHXU TXDOLWDWLI 46,0 +7UDYp0

0DVVX\qV HW DO1 4<<:/ .XLSHUV 4<<6,1 6HORQ FH SURFpGp/ O·pFKHOOH FKURQRORJLTXH HQWUH OHV GLIIpUHQWV

LQVWDQWV HVW YDULDEOH1 $ O·LQYHUVH/ G·DXWUHV VLPXODWHXUV GpWHUPLQHQW O·pYROXWLRQ GH O·pWDW GX V\VWqPH HQ

HIIHFWXDQW GHV FDOFXOV UpJXOLqUHPHQW pFKHORQQpV GDQV OH WHPSV1 ,OV VH PXQLVVHQW DORUV G·XQH KRUORJH

GLVFUqWH/ GRQW O·XQLWp GpWHUPLQH OH SDV G·pFKDQWLOORQQDJH GX V\VWqPH1 &HWWH FRQVWDQWH SHUPHW G·REWHQLU

XQH pYROXWLRQ SUpFLVH GX V\VWqPH/ VL HOOH HVW VXIILVDPPHQW SHWLWH IDFH j VD G\QDPLTXH SURSUH1 &H

VHFRQG SURFpGp QH SHUPHW SDV/ SRXU XQH UDLVRQ GH FR�W/ GH GpWHUPLQHU O·DUEUH GH WRXV OHV pWDWV

SRVVLEOHV GX V\VWqPH j SDUWLU G·XQ pWDW LQLWLDO1 &HSHQGDQW/ ORUVTXH OH SDV G·pFKDQWLOORQQDJH HVW

VXIILVDPPHQW SHWLW/ RQ SHXW GH FHWWH PDQLqUH REWHQLU XQH VLPXODWLRQ WUqV SUpFLVH HQ IRQFWLRQ GX

WHPSV1

/H VLPXODWHXU &Da(Q +%RXVVRQ 4<<6, HVW XQ ORJLFLHO GH VLPXODWLRQ TXDOLWDWLYH TXL XWLOLVH XQH

KRUORJH GLVFUqWH1 ,O HVW GH SOXV FDUDFWpULVp SDU XQH UHSUpVHQWDWLRQ PL[WH GHV FRQQDLVVDQFHV1 &H

VLPXODWHXU IDLW FRKDELWHU XQH UHSUpVHQWDWLRQ FDXVDOH/ DSSHOpH QLYHDX ORFDO/ HW XQH UHSUpVHQWDWLRQ QRQ

FDXVDOH/ DSSHOpH QLYHDX JOREDO +%RXVVRQ HW DO1 4<<7,1 &H GHUQLHU QLYHDX HVW XWLOLVp SRXU H[HUFHU XQH

FRQWUDLQWH VXU OH QLYHDX ORFDO HQ ILOWUDQW OHV YDOHXUV GHV YDULDEOHV GH FH QLYHDX1 /HV FRQWUDLQWHV

JOREDOHV UHSUpVHQWHQW GHV FRQQDLVVDQFHV H[SULPpHV VRXV OD IRUPH G·pTXDWLRQV QXPpULTXHV

TXDOLWDWLYHV +L1H1 PDQLSXODQW GHV LQWHUYDOOHV,/ FRPPH SDU H[HPSOH GHV ORLV SK\VLTXHV +H1J1 OD ORL

G·2KP = 8  5 ⋅ ,,1 'HVWLQp j OD VXSHUYLVLRQ GH V\VWqPHV SK\VLTXHV FRPSOH[HV +0LOQH HW DO1 4<<9,/

FH VLPXODWHXU SURSRVH/ HQ SOXV GX PpFDQLVPH SUpFpGHQW/ GHV DOJRULWKPHV GH GLDJQRVWLF GH IDXWHV

SDU FDOFXO GHV GLYHUJHQFHV HQWUH YDOHXUV PHVXUpHV HW YDOHXUV VLPXOpHV +3RQV HW DO1 4<<</ 7UDYp0

0DVVX\qV HW DO1 4<<:,1 /HV FRQQDLVVDQFHV VXU OHV V\VWqPHV G\QDPLTXHV SK\VLTXHV VH UDPHQDQW

VRXYHQW j GHV pTXDWLRQV GLIIpUHQWLHOOHV/ OH VLPXODWHXU &Da(Q HIIHFWXH GHV FDOFXOV IRQGpV VXU GHV

IRQFWLRQV GH WUDQVIHUW H[SULPDEOHV SDU GHV pTXDWLRQV GLIIpUHQWLHOOHV OLQpDLUHV GX SUHPLHU RUGUH1 &HFL

UHYLHQW j UDLVRQQHU VXU GHV YDULDWLRQV GH YDOHXUV HW SHUPHW XQH GLVFUpWLVDWLRQ GH OD VLPXODWLRQ1
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/·H[SUHVVLRQ GHV UHODWLRQV GH FDXVH j HIIHW/ RX FDXVDOLWpV/ HVW XQ SULQFLSH IRQGDPHQWDO GX

UDLVRQQHPHQW1 /·DSSURFKH FDXVDOH HVW XQH PpWKRGH GH PRGpOLVDWLRQ TXL HVW/ GH FH IDLW/ ODUJHPHQW

XWLOLVpH GDQV OHV VFLHQFHV HQ JpQpUDO +QRWDPPHQW GDQV OHV VFLHQFH VRFLDOHV, HW HQ LQWHOOLJHQFH

DUWLILFLHOOH HQ SDUWLFXOLHU1 ,O H[LVWH QRWDPPHQW GHV DSSURFKHV FDXVDOHV SRXU FKDFXQ GHV IRUPDOLVPHV

SUpVHQWpV GDQV FH FKDSLWUH1 2Q SHXW/ SDU H[HPSOH/ XWLOLVHU GHV UpVHDX[ ED\HVLHQV FRPPH VXSSRUW GH

PRGqOHV FDXVDX[ SUREDELOLVWHV +3HDUO 4<<</ 4<<8,/ OHV UqJOHV IORXHV VRQW QDWXUHOOHPHQW FDXVDOHV

+'XERLV ) 3UDGH 4<;:,/ HW OHV PRGqOHV FDXVDX[ VRQW WUqV UpSDQGXV GDQV WRXV OHV IRUPDOLVPHV GX

UDLVRQQHPHQW TXDOLWDWLI +7UDYp00DVVX\qV HW DO1 4<<6/ .XLSHUV 4<;7/ GH .OHHU ) %URZQ 4<;6,1

/D GpILQLWLRQ OD SOXV SURVDwTXH GH OD FDXVDOLWp HVW GH OD FRQVLGpUHU FRPPH XQH UHODWLRQ VSDWLR0

WHPSRUHOOH RULHQWpH TXL XQLW GHX[ pOpPHQWV +H1J1 GHV YDULDEOHV G·pWDWV G·XQ PRGqOH,/ OD FDXVH HW VRQ

HIIHW1 /HV FDXVDOLWpV VRQW GHV UHODWLRQV ORFDOLVpHV j O·HQVHPEOH GHV pOpPHQWV TX·HOOHV FRQFHUQHQW1 /HV

PRGqOHV FDXVDX[ SUpVHQWHQW GRQF O·DYDQWDJH G·H[SOLFLWHU OHV UHODWLRQV HW OHV LQWHUDFWLRQV TXL OLHQW WRXV

OHV pOpPHQWV PRGpOLVpV/ HQ OHV UHSUpVHQWDQW LQGLYLGXHOOHPHQW1 /D UHSUpVHQWDWLRQ GHV UHODWLRQV HQWUH

FDXVHV HW HIIHWV VRXOqYH OH SUREOqPH GHV FDXVHV SUHPLqUHV +L1H1 OHV FDXVHV RQW GHV FDXVHV,1

&RPPXQpPHQW/ XQ PRGqOH FDXVDO GpILQLW XQ HQVHPEOH GH FDXVHV H[RJqQHV/ TXL VHURQW FRQVLGpUpHV

FRPPH H[WHUQHV DX PRGqOH HW HQ VHURQW OHV FDXVHV SUHPLqUHV1 /HV FDXVHV HQGRJqQHV VRQW FHOOHV TXL

VRQW UHSUpVHQWpHV GDQV OH PRGqOH1

&HWWH DSSURFKH IRFDOLVH OD UHSUpVHQWDWLRQ VXU FKDTXH pOpPHQW +RX YDULDEOH, SDU UDSSRUW DX[ UHODWLRQV

TXL OH OLHQW j VHV FDXVHV1 &HWWH UHSUpVHQWDWLRQ RULHQWpH pOpPHQW0UHODWLRQ SUpGLVSRVH OHV PRGqOHV

FDXVDX[ j XQH UHSUpVHQWDWLRQ GLVWULEXpH1 2Q SHXW/ HQ HIIHW/ LGHQWLILHU HW ORFDOLVHU WRXW pOpPHQW DX

WUDYHUV GHV UHODWLRQV TXL O·XQLVVHQW DX[ DXWUHV pOpPHQWV GX V\VWqPH1 &HWWH VWUXFWXUH SHXW rWUH

UHSUpVHQWpH SDU XQ JUDSKH RULHQWp R� OHV pOpPHQWV VRQW OHV Q±XGV HW OHV UHODWLRQV FDXVDOHV VRQW OHV

DUFV GX JUDSKH1 /H JUDSKH RULHQWp DVVRFLp j XQ PRGqOH FDXVDO HVW DSSHOp JUDSKH FDXVDO1 8QH WHOOH

UHSUpVHQWDWLRQ JUDSKLTXH IDFLOLWH OD GHVFULSWLRQ GHV PRGqOHV1

3RXU IRUPDOLVHU OD QRWLRQ GH PRGqOH FDXVDO/ QRXV DOORQV WRXW G·DERUG UHSUHQGUH OD GpILQLWLRQ

SURSRVpH SDU -XGHD 3HDUO +4<<<,1 &HWWH GpILQLWLRQ UHSUpVHQWH O·HIIHW G·XQH FDXVDOLWp FRPPH OD

IRQFWLRQ GH O·HQVHPEOH GHV FDXVHV GRQW LO GpSHQG1 2Q SHXW GRQF PDWKpPDWLTXHPHQW GpILQLU

O·DUFKLWHFWXUH G·XQ PRGqOH FDXVDO/ WUqV VLPSOHPHQW/ FRPPH VXLW =

8Q PRGqOH FDXVDO HVW XQ WULSOHW = ?8/ 9/ )!/ R� =
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• 8 HVW O·HQVHPEOH ILQL GHV YDULDEOHV H[RJqQHV GX PRGqOH1 &HV YDULDEOHV VRQW FHOOHV GRQW OHV

YDOHXUV GpSHQGHQW GH IDFWHXUV H[WHUQHV DX PRGqOH1

• 9 HVW O·HQVHPEOH ILQL GHV YDULDEOH HQGRJqQHV GX PRGqOH1 /HV YDOHXUV GH FHV YDULDEOHV VRQW

GpWHUPLQpHV SDU OHV DXWUHV YDULDEOHV GX PRGqOH +8 ∪ 9,1

• ) HVW XQ HQVHPEOH ILQL GH IRQFWLRQV1 &KDTXH IRQFWLRQ IL / GH )/ HVW DVVRFLpH j XQH YDULDEOH 9L / GH

9/ HW HVW XQH SURMHFWLRQ GH 8 ∪ 9 0 ^9L` VXU ^9L`1 /D YDOHXU GH 9L / QRWp YL / HVW REWHQXH SDU

O·DSSOLFDWLRQ GH IL j O·HQVHPEOH GHV YDOHXUV Z4 j ZQ GHV Q YDULDEOHV/ :4 j :Q/ DSSDUWHQDQW j

8 ∪ 9 0 ^9L` =

(17) ),...,( 1 nii wwfv =  

/H JUDSKH FDXVDO HVW REWHQX HQ DVVRFLDQW XQ Q±XG j FKDTXH YDULDEOH GX PRGqOH HW HQ OLDQW SDU XQ

DUF OHV YDULDEOHV TXL DJLVVHQW HIIHFWLYHPHQW VXU OHV DXWUHV YDULDEOHV DX WUDYHUV GHV IRQFWLRQV GH ) +L1H1

OHV YDULDEOHV :4 j :Q,1 ,O Q·\ D TX·XQH IRQFWLRQ SDU YDULDEOH/ HOOH UHSUpVHQWH GRQF WRXWH OD FDXVDOLWp

SURGXLVDQW OD YDULDEOH FRQVLGpUpH1 &HWWH UHSUpVHQWDWLRQ/ WUqV SXLVVDQWH/ Q·LGHQWLILH SDV H[SOLFLWHPHQW

OHV GpSHQGDQFHV HQWUH OHV YDULDEOHV1 '·DXWUHV GpILQLWLRQV GH PRGqOHV FDXVDX[ VRQW RUJDQLVpHV DXWRXU

GH OD QRWLRQ G·LQIOXHQFH1 8QH LQIOXHQFH HVW XQH UHODWLRQ TXL OLH XQH FDXVH j XQ HIIHW1 (OOH H[SULPH XQ

OLHQ FDXVDO GLUHFW1 'DQV FH FDV/ OHV DUFV GX JUDSKH FDXVDO UHSUpVHQWHQW OHV LQIOXHQFHV GX PRGqOH1 6XU

OD EDVH GH FHWWH GpILQLWLRQ/ RQ SHXW GpILQLU GLIIpUHQWV W\SHV G·LQIOXHQFHV HQ OHV DVVRFLDQW j GLYHUVHV

RSpUDWLRQV GH WUDQVIRUPDWLRQV/ FRPPH GHV IRQFWLRQV GH WUDQVIHUW +7UDYp00DVVX\qV HW DO1 4<<:,1

'H SOXV/ OD QRWLRQ G·LQIOXHQFH SRVH OH SUREOqPH GHV LQIOXHQFHV FRQYHUJHQWHV HW GH OHXU

FRPELQDLVRQ1 6L XQH YDULDEOH GX PRGqOH HVW O·HIIHW GH GHX[ LQIOXHQFHV/ LO IDXW SRXU SRXYRLU REWHQLU OD

YDOHXU GH FHWWH YDULDEOH HQ FRPELQDQW OHV GHX[ HIIHWV SRXU Q·HQ REWHQLU TX·XQ1 /D FRPELQDLVRQ SHXW

rWUH REWHQXH HQ DSSOLTXDQW OH SULQFLSH GH VXSHUSRVLWLRQ GHV LQIOXHQFHV +L1H1 RQ VRPPH OHV

LQIOXHQFHV,1 2Q VXSSRVH DORUV TXH OHV LQIOXHQFHV DIIpUHQWHV GpFULYHQW GHV PpFDQLVPHV DXWRQRPHV HW

TX·HOOHV VRQW GRQF LQGpSHQGDQWHV OHV XQHV GHV DXWUHV1 &HWWH QRWLRQ HVW PDWpULDOLVpH SDU OD

UHSUpVHQWDWLRQ G·LQIOXHQFHV PDUJLQDOHV +L1H1 GpILQLH SDU OD QRWLRQ GH YDULDWLRQ PDUJLQDOH SDU

%RXVVRQ +4<<6,,1 &HWWH QRWLRQ HVW FODLUHPHQW GpILQLH GDQV OHV IRUPDOLVPHV TXDOLWDWLIV GX VLPXODWHXU

&Da(Q1

2Q SHXW DORUV H[SULPHU XQH QRXYHOOH GpILQLWLRQ G·XQ PRGqOH FDXVDO VRXV OD IRUPH G·XQ TXDGUXSOHW

?8/ 9/0/ &! R� =

• 8 HW 9 UHVWHQW OHV HQVHPEOHV GHV YDULDEOHV H[RJqQHV HW HQGRJqQHV1



:<

• 0 HVW O·HQVHPEOH GHV IRQFWLRQV DVVRFLpHV DX[ LQIOXHQFHV1 3RXU WRXWH YDULDEOH 9M LQIOXHQoDQW XQH

YDULDEOH 9L RQ GpILQLH XQH IRQFWLRQ 0LM1 /D YDULDWLRQ PDUJLQDOH GH 9L / QRWp δYLM HW WHOOH TXH δYLM  

0LM +YM,/ HVW GpILQLH FRPPH OD YDULDWLRQ GH 9L VL 9M pWDLW OD VHXOH YDULDEOH O·LQIOXHQoDQW1

• & HVW O·HQVHPEOH GH IRQFWLRQV ξL DSSHOpHV IRQFWLRQV GH FRPELQDLVRQ1 /D YDULDWLRQ UpHOOH GH 9L HVW

REWHQXH HQ DSSOLTXDQW FHWWH IRQFWLRQ DX[ YDULDWLRQV PDUJLQDOHV/ δYL  ξL+δYL4/«/ δYLQ,1

3RXU rWUH YDOLGH XQH IRQFWLRQ GH FRPELQDLVRQ GRLW FHSHQGDQW UHVSHFWHU GHX[ SURSULpWpV

+%RXVVRQ 4<<6, =

Propri été 1 : Consist ance 

∀ M∈ ^4/«/Q`/ ξL+3/«/ δY LM/«/3,  δYLM1

Propri été 2 : M ulti- Sym étrie 

∀ M/N∈ ^4/«/Q` HW M ≠ N/ ξL+δY L4/«/ δY LM/«/ δY LN/«/ δY LQ,  ξ+δY L4/«// δY LN/«/ δY LM/«/ δY LQ,1

2Q SHXW IDFLOHPHQW PRQWUHU TXH WRXW PRGqOH GpILQLW SDU ?8/ 9/0/ &! SHXW VH UDPHQHU j XQ WULSOHW

?8/ 9/ )! +H1J1 IL+Y4/«/YQ,  ξL +0·L4 +Y4,/«/ 0·LQ +YQ,,/ R� 0·LM +YM,  0LM +YM, VL 9M LQIOXHQFH 9L/ VLQRQ

0·LM +YM,  3,1

/HV GHX[ GpILQLWLRQV GH PRGqOHV FDXVDX[ TXH QRXV YHQRQV GH GRQQHU QH VRQW SDV GpSHQGDQWHV

G·XQH UHSUpVHQWDWLRQ SDUWLFXOLqUH GHV YDOHXUV GHV GRQQpHV1 5LHQ Q·LQWHUGLW G·DLOOHXUV TXH OD

UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ QH FKDQJH G·XQH YDULDEOH j O·DXWUH j O·LQWpULHXU G·XQ PrPH PRGqOH1

&HV GHX[ GpILQLWLRQV PHWWHQW HQ DYDQW OH FDUDFWqUH GLVWULEXp HW QRQ VXSHUYLVp GH OD SURSDJDWLRQ GH

O·LQIRUPDWLRQ GDQV XQ PRGqOH FDXVDO1 &KDTXH YDULDEOH HW LQIOXHQFH UHSUpVHQWH XQH SDUWLH GH OD

FRQQDLVVDQFH GX PRGqOH1 /H WUDLWHPHQW GH O·LQIRUPDWLRQ HVW ORFDO/ UpDOLVp SDU OHV IRQFWLRQV GH

O·HQVHPEOH ) +RX & HW 0/ VXLYDQW OD GpILQLWLRQ,1 'DQV OHV GpILQLWLRQV TXH QRXV YHQRQV GH GRQQHU/ OH

WUDLWHPHQW QH GpSHQG TXH GHV YDULDEOHV FRQVLGpUpHV HW GH OD IRQFWLRQ DVVRFLpH1 ,O Q·HVW SDV GLULJp SDU

XQ V\VWqPH VXSHUYLVHXU TXL H[HUFHUDLW XQH FRQWUDLQWH VXU OH SURSDJDWLRQ GHV YDOHXUV SDU OHV UHODWLRQV

GH FDXVDOLWp1 2Q SHXW G·DLOOHXUV UHPDUTXHU j FH VXMHW TXH OH V\VWqPH &Da(Q IDLW H[FHSWLRQ j FHWWH

UqJOH SXLVTX·LO SHUPHW GH FRQVWUXLUH GHV PRGqOHV PL[WHV/ UHSUpVHQWDQW GHV FRQQDLVVDQFHV FDXVDOHV HW

QRQ0FDXVDOHV/ FHV GHUQLqUHV VXSHUYLVDQW OD SURSDJDWLRQ FDXVDOH +7UDYp00DVVX\qV HW DO1 4<<:,1
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&RPPH QRXV O·DYRQV VRXOLJQp/ OHV PRGqOHV FDXVDX[ VRQW ODUJHPHQW XWLOLVpV GDQV WRXV OHV GRPDLQHV

FDU LOV UHSUpVHQWHQW XQ W\SH GH UDLVRQQHPHQW QDWXUHO SRXU O·KXPDLQ1 1pDQPRLQV/ OD UHODWLRQ GH

FDXVDOLWp V·DSSOLTXH WRXW SDUWLFXOLqUHPHQW DX FHUYHDX KXPDLQ1 (Q HIIHW/ OH IRQFWLRQQHPHQW GX

FHUYHDX HVW IRQGDPHQWDOHPHQW FDXVDO/ FRPPH O·LOOXVWUH O·DFWLYLWp QHXURQDOH1 /·DFWLYDWLRQ G·XQH

FHUWDLQH SRSXODWLRQ GH QHXURQHV YD FDXVHU SDU O·LQWHUPpGLDLUH GH OD SURSDJDWLRQ pOHFWULTXH D[RQDOH HW

GHV pFKDQJHV FKLPLTXHV V\QDSWLTXHV/ O·DFWLYDWLRQ GHV QHXURQHV TXL OXL VRQW FRQQHFWpV/ HW DLQVL GH

VXLWH1

/H IRQFWLRQQHPHQW QHXURQDO LPSOLTXH GH PrPH O·H[LVWHQFH G·XQH FKURQRORJLH GHV pYpQHPHQWV

FpUpEUDX[1 &HWWH FKURQRORJLH SHXW rWUH GpWHUPLQpH SDU OHV WHFKQLTXHV G·LPDJHULH GH VXUIDFH +L1H1

O·(1(1*1 HW OD 01(1*1/ YRLU SDJH 53,1 8Q PRGqOH GH FH IRQFWLRQQHPHQW GRLW GRQF SUHQGUH HQ

FRPSWH OD WHPSRUDOLWp GHV UHODWLRQV HW OH IRUPDOLVPH GDQV OHTXHO OH PRGqOH HVW UHSUpVHQWp GRLW

SHUPHW OD PDQLSXODWLRQ H[SOLFLWH GX WHPSV1

3RXU UpVXPHU/ RQ SHXW pQRQFHU OHV FRQWUDLQWHV TXH QRWUH IRUPDOLVPH GHYUD VDWLVIDLUH = XQH

UHSUpVHQWDWLRQ GH OD FDXVDOLWp/ XQH SULVH HQ FRPSWH H[SOLFLWH GX WHPSV/ XQH KDXWH WUDQVSDUHQFH

VpPDQWLTXH HW XQH UHSUpVHQWDWLRQ GH O·LPSUpFLVLRQ1
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&H FKDSLWUH GpFULW OH ODQJDJH IRUPHO TXH QRXV DYRQV pODERUp SRXU OH GpYHORSSHPHQW GH PRGqOHV

TXDOLWDWLIV GLVWULEXpV GH O·DFWLYDWLRQ IRQFWLRQQHOOH GX FHUYHDX KXPDLQ1 ,O UHSUHQG j VRQ FRPSWH OHV

REVHUYDWLRQV TXL VH VRQW DFFXPXOpHV SUpFpGHPPHQW1 /H IRUPDOLVPH TXH QRXV DOORQV EkWLU VHUD

XWLOLVp SDU OH VLPXODWHXU TXH QRXV SURSRVHURQV DX FKDSLWUH VXLYDQW1 /·LQWpJULWp GHV GpILQLWLRQV TXH

QRXV DOORQV IRUPXOHU LFL HVW GRQF SULPRUGLDOH SRXU OD VXLWH GH QRWUH WUDYDLO1

1RXV DOORQV/ GDQV XQ SUHPLHU WHPSV/ V\QWKpWLVHU OHV QRWLRQV IRQGDPHQWDOHV TXL UpJLVVHQW QRWUH

IRUPDOLVDWLRQ1 &HV QRWLRQV IRQGDPHQWDOHV QRXV VHUYLURQW j IRUPDOLVHU QRWUH DSSURFKH GH PDQLqUH j

VDWLVIDLUH j QRV VRXFLV GH SODXVLELOLWp HW GH WUDQVSDUHQFH VpPDQWLTXH1 (OOHV GLULJHURQW WRXWH OD VXLWH GH

QRV WUDYDX[1 $SUqV FH SUHPLHU YROHW/ QRXV HQWUHURQV GDQV OH GpWDLO GH QRWUH IRUPDOLVPH HQ GpFULYDQW

O·DUFKLWHFWXUH GH QRV PRGqOHV/ OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ HW ILQDOHPHQW FRPPHQW SURSDJHU

FHWWH LQIRUPDWLRQ DX WUDYHUV GH FHWWH DUFKLWHFWXUH1

41 127,216 )21'$0(17$/(6

&RPPH QRXV O·DYRQV GpMj GLW/ O·REMHFWLI SUHPLHU GX IRUPDOLVPH TXH QRXV DOORQV SUpVHQWHU HVW

G·H[SULPHU OD SOXV JUDQGH JDPPH SRVVLEOH G·K\SRWKqVHV VXU OD SURSDJDWLRQ GH O·LQIRUPDWLRQ

FpUpEUDOH1 &HFL VRXV0HQWHQG TXH OH IRUPDOLVPH GRLW rWUH EkWL VXU XQ QRPEUH PLQLPDO GH SRVWXODWV1

0RLQV OH IRUPDOLVPH DXUD pWp FRQWUDLQW/ SOXV OH QRPEUH G·K\SRWKqVHV H[SOLFLWHPHQW H[SULPDEOHV SDU

OHV PRGqOHV VHUD JUDQG1

1RXV DOORQV GRQF GLVWLQJXHU GHX[ VRUWHV G·K\SRWKqVHV1 3UHPLqUHPHQW/ OHV K\SRWKqVHV

IRQGDPHQWDOHV +RX K\SRWKqVHV IRUWHV, VXU OHVTXHOOHV QRWUH IRUPDOLVPH HVW EkWL HW/ VHFRQGHPHQW/ OHV

K\SRWKqVHV H[SORUDWRLUHV +RX K\SRWKqVHV IDLEOHV, TXL VHURQW H[SOLFLWHPHQW UHSUpVHQWpHV SDU OHV PRGqOHV1

/HV K\SRWKqVHV H[SORUDWRLUHV GRLYHQW rWUH FRPSDWLEOHV DYHF OHV K\SRWKqVHV IRQGDPHQWDOHV TXH QRXV

DOORQV IRUPXOHU1
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1RXV FRQVHUYRQV OH WHUPH G·K\SRWKqVHV SRXU OHV GHX[ FODVVHV1 &DU/ ELHQ TXH QRV K\SRWKqVHV

IRQGDPHQWDOHV IDVVHQW O·REMHW G·XQ ODUJH FRQVHQVXV/ HOOHV VRQW IRUWHPHQW OLpHV j O·pWDW DFWXHO GHV

FRQQDLVVDQFHV HQ QHXURSV\FKRORJLH1

4141 3URFHVVXV FRJQLWLIV PRGpOLVpV

1RWUH REMHFWLI HVW GH SURSRVHU XQ IRUPDOLVPH SRXU PRGpOLVHU OHV SURFHVVXV FRJQLWLIV FRPSOH[HV PLV

HQ MHX ORUV GH OD UpDOLVDWLRQ G·XQH WkFKH SDUWLFXOLqUH1 &HV SURFHVVXV RQW SRXU VXEVWUDW SDU GHV UpVHDX[

GH UpJLRQV FpUpEUDOHV IRQFWLRQQHOOHV1 ,OV PHWWHQW HQ ±XYUH GHV PpFDQLVPHV GH WUDLWHPHQW

DXWRPDWLTXHV/ SLORWpV SDU OHV GRQQpHV/ DLQVL TXH GHV PpFDQLVPHV FRQWU{OpV/ SLORWpV SDU OHV EXWV

+3DVWRU 4<<</ 3DVWRU HW DO1 4<<:,1 /D WRXWH SUHPLqUH GHV K\SRWKqVHV IRQGDPHQWDOHV GH QRWUH

DSSURFKH HVW QpH GH O·REVHUYDWLRQ GH OD UDSLGLWp GX WUDLWHPHQW GH O·LQIRUPDWLRQ TXDQG OH FHUYHDX HVW

VRXPLV j XQ VWLPXOXV1 1RXV VXSSRVRQV TXH O·HIILFDFLWp HW OD YLWHVVH GH FH WUDLWHPHQW VRQW WUqV

SUREDEOHPHQW XQH PDQLIHVWDWLRQ GHV PpFDQLVPHV DXWRPDWLTXHV/ GLULJpV SDU OHV VWLPXOL +L1H1 VWLPXOL0

GpSHQGDQWV,/ SUpSRQGpUDQWV GDQV O·DFWLYLWp FpUpEUDOH +3DVWRU 4<<<,1 &·HVW SRXUTXRL QRXV

IRFDOLVHURQV QRV PRGqOHV VXU O·DFWLYLWp SURGXLWH HQ UpSRQVH j XQ VWLPXOXV GH O·HQYLURQQHPHQW =

++\SRWKqVH ,, /·DFWLYLWp UHSUpVHQWpH HVW FHOOH GLUHFWHPHQW SURGXLWH SDU OH WUDLWHPHQW GHV VWLPXOL1

&·HVW SDUFH TX·LOV UHSUpVHQWHQW XQ JUDQGH SDUWLH GH O·DFWLYLWp FpUpEUDOH/ TX·LO HVW LQWpUHVVDQW GH

V·LQWpUHVVHU j OD PRGpOLVDWLRQ GH FHV GH SURFHVVXV1 'H SOXV/ V·LO VRQW UpHOOHPHQW j OD VRXUFH GH

O·HIILFDFLWp GX IRQFWLRQQHPHQW FpUpEUDO/ OHXU UHSUpVHQWDWLRQ GHYLHQW LQGLVSHQVDEOH GDQV XQ PRGqOH

IRQFWLRQQHO SK\VLRORJLTXHPHQW SODXVLEOH1 &HV SURFHVVXV SRVVqGHQW DXVVL O·DYDQWDJH G·rWUH

UHODWLYHPHQW PLHX[ FRQQXV TXH OHV SURFHVVXV FRQWU{OpV/ FH TXL IDFLOLWHUD VDQV GRXWH OHXU

PRGpOLVDWLRQ1 6H FRQFHQWUHU VXU OH WUDLWHPHQW SLORWp SDU OHV VWLPXOL SHUPHW G·pWXGLHU OH FHUYHDX

FRPPH XQ V\VWqPH DXWRPDWLTXH G\QDPLTXH +3DVWRU HW DO1 4<<:/ /DFRWWH 4<<9, GRQW OD PLVH HQ ±XYUH

SURGXLW XQH DFWLYLWp TXL SHXW rWUH PHVXUpH SDU OHV WHFKQLTXHV G·LPDJHULH QHXUR0IRQFWLRQQHOOH1

4151 $UFKLWHFWXUH GHV PRGqOHV

&RPPH QRXV O·DYRQV GpMj YX/ QRWUH DSSURFKH VH VLWXH j XQ QLYHDX RUJDQLVDWLRQQHO JOREDO +F1I1

&KDSLWUH 5/ SDJH 83,/ F·HVW0j0GLUH DX QLYHDX FRUUHVSRQGDQW OH SOXV j FHOXL GHV REVHUYDWLRQV REWHQXHV

SDU OHV WHFKQLTXHV G·LPDJHULH IRQFWLRQQHOOH1 $ FH QLYHDX/ O·DFWLYLWp FpUpEUDOH VH PDQLIHVWH SDU
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O·DFWLYDWLRQ GH UpJLRQV GX FHUYHDX GH WDLOOHV HW IRUPHV YDULDEOHV1 $ FH QLYHDX GH GpWDLO/ LO SDUDvW

UDLVRQQDEOH G·DGRSWHU OHV WURLV K\SRWKqVHV IRQGDPHQWDOHV VXLYDQWHV =

++\SRWKqVH ,,, 8QH UpJLRQ FpUpEUDOH HVW XQH SDUWLH FRQQH[H GX FHUYHDX/ ORFDOLVDEOH JpRJUDSKLTXHPHQW +L1H1

LGHQWLILDEOH PrPH VL HOOH QH SHXW rWUH VLWXpH DYHF SUpFLVLRQ,1 &HUWDLQHV UpJLRQV SHXYHQW rWUH GpFRPSRVDEOHV HQ XQ

HQVHPEOH GpQRPEUDEOH GH VRXV0UpJLRQV +L1H1 GHV UpJLRQV GH WDLOOH SOXV UpGXLWH HW FRQVLGpUpHV FRPPH

JpRJUDSKLTXHPHQW FRQWHQXHV GDQV OD UpJLRQ TX·HOOHV FRPSRVHQW,1

++\SRWKqVH ,,,, /H WUDLWHPHQW GH O·LQIRUPDWLRQ HVW UpDOLVp SDU OHV UpJLRQV FpUpEUDOHV/ OHV OLHQV DQDWRPLTXHV TXL OHV

XQLVVHQW UpJLVVHQW OH WUDQVIHUW GH O·LQIRUPDWLRQ j WUDLWHU1

++\SRWKqVH ,9, /HV OLHQV DQDWRPLTXHV SHXYHQW VH UDPHQHU j GHX[ W\SHV GH FRQQH[LRQV = OHV FRQQH[LRQV GLVWDOHV HW OHV

FRQQH[LRQV GH SUR[LPLWp1 /HV FRQQH[LRQV GLVWDOHV UHOLHQW OHV UpJLRQV SDU GHV IDLVFHDX[ G·D[RQHV/ OHV

FRQQH[LRQV GH SUR[LPLWp VRQW SOXV GLIIXVHV1 &HSHQGDQW/ HOOHV VRQW WRXWHV GHX[ RULHQWpHV HW LPSOLTXHQW GH

QRPEUHX[ D[RQHV1 /HV GpODLV GH WUDQVPLVVLRQ GH O·LQIRUPDWLRQ OH ORQJ GH FHV FRQQH[LRQV VRQW YDULDEOHV HQ

IRQFWLRQ GH OD FRQQH[LRQ FRQVLGpUpH1

/HV UpJLRQV FpUpEUDOHV FRQVLGpUpHV SHXYHQW/ SDU H[HPSOH/ rWUH OHV DLUHV IRQFWLRQQHOOHV GH %URGPDQQ1

2X ELHQ/ HOOHV SHXYHQW rWUH GHV IRUPDWLRQV GH SOXV JUDQGH VXUIDFH FRPPH GHV J\UL/ YRLUH GHV OREHV

GX FRUWH[/ RX DX FRQWUDLUH GHV IRUPDWLRQV SOXV ILQHV/ WHOV TXH OHV PRGXOHV FpUpEUDX[ +H1J1 OHV

FRORQQHV FRUWLFDOHV,1 /H FKRL[ GHV UpJLRQV j UHSUpVHQWHU HVW GpSHQGDQW GH O·DFWLYLWp j PRGpOLVHU/ PDLV

DXVVL GH OD SUpFLVLRQ GH O·REVHUYDWLRQ TXL DXUD SHUPLV GH EkWLU OH PRGqOH1

/·K\SRWKqVH ,, VWLSXOH TXH OHV DLUHV VRQW ORFDOLVDEOHV DQDWRPLTXHPHQW1 1RXV UHVWRQV FHSHQGDQW WUqV

YDJXHV TXDQW j FHWWH ORFDOLVDWLRQ/ FRPSWH WHQX GH OD SUpFLVLRQ GHV REVHUYDWLRQV TXH O·RQ SHXW REWHQLU

HW GH OD YDULDELOLWp LQWHULQGLYLGXHOOH1 3RXU IRUPDOLVHU OD QRWLRQ G·XQLWp GH WUDLWHPHQW GH O·LQIRUPDWLRQ

GDQV OH FHUYHDX QRXV DOORQV GpILQLU OD QRWLRQ GH ]RQH IRQFWLRQQHOOH FpUpEUDOH +3DVWRU 4<<<, =

Défi niti on 3 : Zone f oncti onnell e 

8QH ]RQH IRQFWLRQQHOOH FpUpEUDOH7 HVW XQH UpJLRQ FRQQH[H GX FHUYHDX IRQFWLRQQHOOHPHQW FRKpUHQWH

HW WRSRJUDSKLTXHPHQW GpOLPLWpH SDU O·HQVHPEOH GHV FRQQH[LRQV TXL O·XQLVVHQW DYHF OHV DXWUHV ]RQHV

IRQFWLRQQHOOHV GX FHUYHDX1

2Q QH V·LQWpUHVVH SDV j OD VWUXFWXUH DQDWRPLTXH SURSUH G·XQH ]RQH1 /HV VHXOHV LQIRUPDWLRQV

WRSRJUDSKLTXHV TXH O·RQ D EHVRLQ GH FRQQDvWUH VXU XQH ]RQH VRQW OHV FRQQH[LRQV TXL O·XQLVVHQW DX[
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DXWUHV ]RQHV/ FDU/ DX VHQV GH O·K\SRWKqVH ,9/ OHV FRQQH[LRQV VRQW VHXOHV LQGLVSHQVDEOHV j OD

SURSDJDWLRQ GH O·LQIRUPDWLRQ1 2Q QH VH VRXFLH SDV/ SDU H[HPSOH/ GH OD WDLOOH RX GH WRXW DXWUH DVSHFW

PRUSKRPpWULTXH GHV ]RQHV1

/D FRKpUHQFH IRQFWLRQQHOOH HVW XQH QRWLRQ FRPSOH[H/ GLIILFLOH j IRUPDOLVHU1 (OOH SHUPHW GH EkWLU XQ

PRGqOH SXUHPHQW IRQFWLRQQHO SRXU XQH ]RQH1 &H PRGqOH GpFULW OD PDQLqUH GH WUDLWHU O·LQIRUPDWLRQ

TXL OXL SDUYLHQW1 1RXV DOORQV GRQF GpILQLU GHX[ QLYHDX[ GH PRGpOLVDWLRQ/ XQ QLYHDX VWUXFWXUHO/

GpILQLVVDQW OH UpVHDX GH ]RQHV LPSOLTXp GDQV OH WUDLWHPHQW/ HW XQ QLYHDX IRQFWLRQQHO GpILQLVVDQW/ SRXU

FKDTXH ]RQH VRQ PRGH RSpUDWRLUH1

4151410RGpOLVDWLRQ j 5 QLYHDX[

/HV GHX[ QLYHDX[ GH PRGpOLVDWLRQ VRQW FODLUHPHQW GLVWLQFWV GH SDU OHV pOpPHQWV TX·LOV UHSUpVHQWHQW1

2Q SHXW FHSHQGDQW UHOHYHU FHUWDLQHV SURSULpWpV FRPPXQHV1 /·pOpPHQW FHQWUDO GH QRWUH DSSURFKH HVW

OD ]RQH1 /HV K\SRWKqVHV FRQFHUQDQW O·LGHQWLWp GHV ]RQHV HW OHV FRQQH[LRQV LQWHU0]RQHV UHOqYHQW GX

QLYHDX VWUXFWXUHO1 /HV K\SRWKqVHV FRQFHUQDQW OD IRQFWLRQ G·XQH ]RQH/ OHV WUDQVIRUPDWLRQV LQWHUQHV

GH O·LQIRUPDWLRQ HW OD PDQLIHVWDWLRQ ORFDOH +OH QLYHDX G·DFWLYLWp, GH FHV WUDQVIRUPDWLRQV/ UHOqYHQW GX

QLYHDX IRQFWLRQQHO1

Défi niti on 4 : M odèle st ructurel 

8Q PRGqOH VWUXFWXUHO GpFULW OH UpVHDX GH ]RQHV TXH O·RQ VXSSRVH LPSOLTXpHV GDQV OD UpVROXWLRQ GH OD

WkFKH FRJQLWLYH TXH O·RQ VRXKDLWH PRGpOLVHU1 &KDTXH ]RQH GX UpVHDX FRUUHVSRQG j XQH UpJLRQ

FpUpEUDOH1

&HSHQGDQW/ VXLYDQW OHV K\SRWKqVHV TXH O·RQ VRXKDLWH H[SULPHU GDQV OH PRGqOH HW VXLYDQW OHV

REVHUYDWLRQV TXH O·RQ SHXW REWHQLU VXU FHWWH UpJLRQ/ RQ SHXW VRLW JDUGHU OD FRUUHVSRQGDQFH

]RQH2UpJLRQ/ VRLW GpFRPSRVHU OD UpJLRQ HQ VRXV0UpJLRQV +K\SRWKqVH ,,,1 6L O·RQ VRXKDLWH H[SULPHU

GHV K\SRWKqVHV VWUXFWXUHOOHV VXU OH IRQFWLRQQHPHQW LQWHUQH GH OD UpJLRQ FRQVLGpUpH/ RQ GRLW OD UHSUpVHQWHU

SDU XQ PRGqOH VWUXFWXUHO GpFULYDQW OD FRQQHFWLTXH GHV UpJLRQV SOXV pOpPHQWDLUHV TXL FRPSRVHQW OD

UpJLRQ1 'DQV OH PRGqOH VWUXFWXUHO RULJLQDO/ OD ]RQH FRUUHVSRQGDQWH VHUD GRQF UHPSODFpH SDU XQ VRXV

UpVHDX GH ]RQHV1 6L O·RQ VRXKDLWH H[SULPHU GHV K\SRWKqVHV IRQFWLRQQHOOHV VXU OH IRQFWLRQQHPHQW LQWHUQH

GH OD UpJLRQ FRQVLGpUpH/ RQ OD UHSUpVHQWHUD SDU XQ PRGqOH SXUHPHQW IRQFWLRQQHO1

                                                                                                                                                                                   
4 On em ploiera, pour si m plifi er, le ter m e de zone. 
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&HWWH GpFRPSRVLWLRQ VWUXFWXUHOOH LQWURGXLW XQH RUJDQLVDWLRQ GH FRPSOH[LWp GpFURLVVDQWH GX PRGqOH

VWUXFWXUHO1 &HWWH RUJDQLVDWLRQ HVW XWLOH SRXU VLPSOLILHU OD GHVFULSWLRQ GH OD VWUXFWXUH GX PRGqOH1 (Q

HIIHW/ SOXV OH QRPEUH GH ]RQHV IRQFWLRQQHOOHV HVW LPSRUWDQW/ SOXV OD FRPSOH[LWp GX PRGqOH VWUXFWXUHO

HVW pOHYpH1 3RXU UpGXLUH OH QRPEUH G·pOpPHQWV G·XQ PRGqOH VWUXFWXUHO/ RQ SHXW DLQVL LGHQWLILHU GHV

VRXV0UpVHDX[ SRXU OHV UHPSODFHU FKDFXQ SDU XQ VHXO pOpPHQW1

Défi niti on 5 : M odèle f oncti onnel 

/H PRGqOH IRQFWLRQQHO G·XQH ]RQH GpFULW OH WUDLWHPHQW GH O·LQIRUPDWLRQ SURSUH j FHWWH ]RQH1 ,O Q·\

DSSDUDvW DXFXQH K\SRWKqVH VWUXFWXUHOOH/ F·HVW0j0GLUH DXFXQH GpFRPSRVLWLRQ DQDWRPLTXH1

/D GLYLVLRQ GX PRGqOH HQ GHX[ QLYHDX[ GLVWLQFWV QRXV SHUPHW G·XWLOLVHU/ DX QLYHDX IRQFWLRQQHO/ XQ

IRUPDOLVPH GH KDXWH WUDQVSDUHQFH VpPDQWLTXH1 $X QLYHDX VWUXFWXUHO/ FKDTXH ]RQH HVW FRQQHFWpH j

G·DXWUH ]RQHV SDU GHV FRQQH[LRQV RULHQWpHV +K\SRWKqVH ,9,1 /H EXW GX PRGqOH IRQFWLRQQHO HVW GH

GpFULUH OD PDQLqUH GRQW O·LQIRUPDWLRQ HQWUDQW GDQV XQH ]RQH GRQQpH HVW WUDLWpH HW GH SUpFLVHU TXHOOH

VHUD O·LQIRUPDWLRQ TXH OD ]RQH WUDQVPHWWUD j VRQ WRXU1 'RQF/ OH IRQFWLRQQHPHQW LQWHUQH GH OD ]RQH

Q·HVW FRQWUDLQW TXH SDU OHV FRQQH[LRQV GpILQLHV DX QLYHDX VWUXFWXUHO1 /HV K\SRWKqVHV IRQFWLRQQHOOHV

QH SRUWHQW TXH VXU OHV WUDQVIRUPDWLRQV TXH O·RQ DSSOLTXHUD j O·LQIRUPDWLRQ1

&RPPH GDQV XQH DSSURFKH IRQFWLRQQHOOH FODVVLTXH +&KDSLWUH 5/ SDUWLH 4,/ OD IRQFWLRQ G·XQH ]RQH

SHXW rWUH GpFRPSRVpH HQ IRQFWLRQV SOXV VLPSOHV/ RX SULPLWLYHV IRQFWLRQQHOOHV1 /HV SULPLWLYHV

IRQFWLRQQHOOHV LQWHUDJLVVHQW HW PDQLSXOHQW O·LQIRUPDWLRQ HQWUDQWH/ SRXU SURGXLUH O·LQIRUPDWLRQ TXL

VHUD SURSDJpH HQ DYDO1 &KDTXH SULPLWLYH IRQFWLRQQHOOH HVW UHSUpVHQWp SDU XQ SURFHVVHXU pOpPHQWDLUH1 8QH

IRQFWLRQ Q·HVW XQH SULPLWLYH TX·j XQ QLYHDX GH UHSUpVHQWDWLRQ IRQFWLRQQHOOH GRQQp1 8QH PHLOOHXUH

FRQQDLVVDQFH HQ QHXURSK\VLRORJLH SHXW DPHQHU j IDLUH SHUGUH OH VWDWXW GH SULPLWLYH j XQH IRQFWLRQ

HQ OD GpFRPSRVDQW HQ SULPLWLYHV IRQFWLRQQHOOHV SOXV VLPSOHV1 ,QYHUVHPHQW/ RQ SHXW/ SRXU REWHQLU

XQ PRGqOH SOXV VLPSOH/ UpXQLU SOXVLHXUV SULPLWLYHV +H1J1 PpPRLUH GH WUDYDLO/ PpPRLUH j FRXUW WHUPH

HW PpPRLUH j ORQJ WHUPH, HQ XQH SULPLWLYH PRLQV SUpFLVH +H1J1PpPRLUH,1

&HWWH GpFRPSRVLWLRQ GHV SULPLWLYHV IRQFWLRQQHOOHV LQWURGXLW XQH RUJDQLVDWLRQ KLpUDUFKLTXH/ GH

FRPSOH[LWp GpFURLVVDQWH GX PRGqOH IRQFWLRQQHO1 &HWWH GpFRPSRVLWLRQ Q·HVW SDV VDQV UDSSHOHU FHOOH

GX QLYHDX VWUXFWXUHO1 &HV PpFDQLVPHV GH GpFRPSRVLWLRQ VRQW LQGpSHQGDQWV GX IRUPDOLVPH FKRLVL

SRXU UHSUpVHQWHU O·LQIRUPDWLRQ1 /HV PRGpOLVDWLRQV KLpUDUFKLTXHV VRQW G·DLOOHXUV GH SOXV HQ SOXV

VRXYHQW SURSRVpHV FRPPH XQH DSSURFKH HIILFDFH GH OD UHSUpVHQWDWLRQ GHV V\VWqPHV FRPSOH[HV HW

FH/ TXHO TXH VRLW OH V\VWqPH HQ TXHVWLRQ RX OH IRUPDOLVPH HPSOR\p +.ROOHU ) 3IHIIHU 4<<:/ .XLSHUV

4<<9/ 2NXGD ) 8VKLR 4<<4/ =HLJOHU 4<<3,1 2XWUH XQH YLVLRQ GHVFHQGDQWH GH OD FRPSOH[LWp G·XQ
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V\VWqPH/ XQH DSSURFKH KLpUDUFKLTXH RIIUH DXVVL XQH JUDQGH PRGXODULWp DX[ PRGqOHV1 &HWWH

PRGXODULWp SHUPHW GH UpXWLOLVHU j PRLQGUH FR�W XQH SDUWLH G·XQ PRGqOH GDQV XQ DXWUH PRGqOH1 &HWWH

UpXWLOLVDWLRQ SHXW rWUH UpDOLVpH DX QLYHDX VWUXFWXUHO FRPPH DX QLYHDX IRQFWLRQQHO1

415151 *UDSKHV G·LQIOXHQFHV

/HV WURLV K\SRWKqVHV IRQGDPHQWDOHV +,,,/ +,,,, HW +,9, QRXV FRQGXLVHQW j XQ IRUPDOLVPH IRQGp VXU OD

QRWLRQ GH JUDSKH RULHQWp1 (Q HIIHW/ OHV ]RQHV VRQW OHV SURFHVVHXUV GH O·LQIRUPDWLRQ HW SHXYHQW rWUH

UHSUpVHQWpHV SDU OHV Q±XGV GX JUDSKH +K\SRWKqVHV ,, HW ,9,,1 /HV FRQQH[LRQV/ LGHQWLILpHV

DQDWRPLTXHPHQW/ SHXYHQW rWUH PRGpOLVpHV SDU GHV DUFV +K\SRWKqVHV ,,, HW ,9,1 &HWWH UHSUpVHQWDWLRQ

VWUXFWXUHOOH VLPSOLVWH QRXV SHUPHW GH QRXV GpWDFKHU GH WRXWH ORFDOLVDWLRQ/ FHOOH0FL pWDQW WURS

KDVDUGHXVH GX IDLW GH OD YDULDELOLWp LQWHULQGLYLGXHOOH1 0DLV QRXV FRQVHUYHURQV WRXV OHV SDUDPqWUHV

HVVHQWLHOV/ OLpV DX WUDQVIHUW GH O·LQIRUPDWLRQ FRPPH/ SDU H[HPSOH/ OH GpODL GH WUDQVPLVVLRQ GH

O·LQIRUPDWLRQ HQWUH ]RQHV1 'H SOXV/ FHWWH UHSUpVHQWDWLRQ D O·DYDQWDJH G·LGHQWLILHU/ GH PDQLqUH

LQGLYLGXHOOH/ WRXV OHV pOpPHQWV LPSOLTXpV GDQV OD SURSDJDWLRQ +SURFHVVHXUV HW FKHPLQV,1 'H FH IDLW/

O·H[SUHVVLRQ G·K\SRWKqVHV VXU FHV pOpPHQWV V·HQ WURXYHUD VLPSOLILpH1 8QH UHSUpVHQWDWLRQ TXL Q·DXUDLW

SDV H[SUHVVpPHQW LGHQWLILp OHV FRQQH[LRQV/ Q·DXUDLW SDV SHUPLV XQH UHSUpVHQWDWLRQ H[SOLFLWH GHV

K\SRWKqVHV OHV FRQFHUQDQW1

/HV JUDSKHV RULHQWpV SHXYHQW DXVVL rWUH XWLOLVpV DX QLYHDX IRQFWLRQQHO1 ,OV SHUPHWWHQW OD

UHSUpVHQWDWLRQ GHV UHODWLRQV FDXVDOHV HQWUH OHV GLYHUVHV SULPLWLYHV IRQFWLRQQHOOHV TXL \ VHURQW

UHSUpVHQWpHV1 ,OV IDFLOLWHQW O·LGHQWLILFDWLRQ GHV SULPLWLYHV IRQFWLRQQHOOHV +OHV Q±XGV, HW OHXUV

LQWHUDFWLRQV +OHV DUFV,1 'H FHWWH IDoRQ/ OD GpFRPSRVLWLRQ HQ VRXV0QLYHDX[ IRQFWLRQQHOV V·HQ WURXYH

IDFLOLWpH/ WRXW FRPPH O·H[SUHVVLRQ G·K\SRWKqVHV/ H[SOLFLWpHV VRXV OD IRUPH G·LQWHUDFWLRQV HQWUH FHV

SULPLWLYHV1

$XFXQH GHV K\SRWKqVHV IRQGDPHQWDOHV FLWpHV Q·LQWHUYLHQW GLUHFWHPHQW VXU OH QLYHDX IRQFWLRQQHO1 2Q

SRXUUDLW GRQF HQYLVDJHU G·\ XWLOLVHU XQ IRUPDOLVPH GLIIpUHQW1 &HSHQGDQW/ LO QH IDXW SDV RPHWWUH OD

GpSHQGDQFH GX QLYHDX IRQFWLRQQHO YLV j YLV GX QLYHDX VWUXFWXUHO1 (Q HIIHW/ WRXW PRGqOH IRQFWLRQQHO

HVW GpSHQGDQW GH OD ]RQH DXTXHO LO HVW DVVRFLp/ HOOH0PrPH FRQQHFWpH GDQV XQ JUDSKH RULHQWp1

/·LQIRUPDWLRQ HQWUDQW HW VRUWDQW GX PRGqOH IRQFWLRQQHO GRLW WUDQVLWHU GDQV XQ JUDSKH RULHQWp1 &HWWH

VWUXFWXUH QH FRQWUDLQW HQ ULHQ OD IRUPH GH O·LQIRUPDWLRQ WUDQVPLVH/ PDLV HOOH OD SUpGLVSRVH j XQ

WUDLWHPHQW KRPRJqQH GDQV OH PRGqOH IRQFWLRQQHO1

/·XWLOLVDWLRQ G·LQIOXHQFHV/ SRXU UHSUpVHQWHU OHV UHODWLRQV FDXVDOHV HQWUH OHV SURFHVVHXUV IRQFWLRQQHOV/

VH MXVWLILH SDU O·K\SRWKqVH , TXL VWLSXOH TXH QRXV QH UHSUpVHQWRQV XQLTXHPHQW GHV SURFHVVXV
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DXWRPDWLTXH1 8QH UHSUpVHQWDWLRQ ELQDLUH GHV UHODWLRQV VXSSRVH O·DEVHQFH G·LQWHUDFWLRQV GLUHFWHV

HQWUH GHX[ FKHPLQV GH SURSDJDWLRQ GLIIpUHQWV1 &·HVW j GLUH TX·XQ SURFHVVHXU GRQQp QH SHXW H[HUFHU

GH FRQWU{OH VXU O·LQIRUPDWLRQ SURSDJpH HQWUH GHX[ DXWUHV SURFHVVHXUV1

4151610RGqOHV JpQpULTXHV

/D QRWLRQ GH PRGqOH JpQpULTXH HVW XQH QRWLRQ LQGpSHQGDQWH GHV GHX[ SUpFpGHQWHV1 &HWWH QRWLRQ QH

V·HVW G·DERUG DSSOLTXpH TX·DX IRQFWLRQQHPHQW SURSUH GHV ]RQHV/ HOOH GpSHQG G·XQH FLQTXLqPH

K\SRWKqVH IRQGDPHQWDOH TXL SHXW rWUH H[SULPpH FRPPH VXLW =

++\SRWKqVH 9, &HUWDLQHV UpJLRQV FpUpEUDOHV/ DX[ U{OHV GLIIpUHQWV/ SHXYHQW DYRLU GHV VWUXFWXUHV IRQFWLRQQHOOHV

LGHQWLTXHV1

&HWWH K\SRWKqVH D pWp pPLVH G·DSUqV GHV UpVXOWDWV H[SpULPHQWDX[ PRQWUDQW OD SODVWLFLWp FpUpEUDOH HW OD

IDFXOWp GH UpRUJDQLVDWLRQ FRUWLFDOH DSUqV OpVLRQ1 2Q SHXW HQ GpGXLUH TXH FHUWDLQHV UpJLRQV SRVVqGHQW

GHV FDSDFLWpV IRQFWLRQQHOOHV VHPEODEOHV VDQV SRXU DXWDQW rWUH WRWDOHPHQW LGHQWLTXHV1 2Q SHXW DLQVL

GpILQLU GHV FODVVHV IRQFWLRQQHOOHV UpXQLVVDQW SOXVLHXUV ]RQHV1 &HOD SRXUUDLW/ SDU H[HPSOH/ rWUH OH FDV GHV

FRUWH[ SULPDLUHV1

8Q PRGqOH IRQFWLRQQHO JpQpULTXH GpILQLW XQ PRGqOH SDUWLHOOHPHQW VSpFLILp1 &H PRGqOH QH SUpFLVH

TXH OHV pOpPHQWV TXL VRQW FRPPXQV j OD FODVVH IRQFWLRQQHOOH FRUUHVSRQGDQWH1 &H PRGqOH GpILQLW HQ

TXHOTXH VRUWH XQ PRGqOH GH PRGqOH IRQFWLRQQHO1 8Q PRGqOH IRQFWLRQQHO JpQpULTXH QH SHXW rWUH

XWLOLVp GLUHFWHPHQW FRPPH PRGqOH GH ]RQH1 3RXU FH IDLUH/ LO IDXW WHUPLQHU OD VSpFLILFDWLRQ1 /H

PRGqOH DORUV REWHQX HVW DSSHOp LQVWDQFLDWLRQ GX PRGqOH JpQpULTXH1 /H QLYHDX GH JpQpULFLWp HVW GpILQL

SDU OH QRPEUH GH IRQFWLRQQDOLWpV SDUWDJpHV SDU OHV ]RQHV G·XQH PrPH FODVVH = PRLQV LO \ DXUD GH

IRQFWLRQQDOLWpV FRPPXQHV/ HW SOXV OH PRGqOHV VHUD JpQpULTXH1 (Q HIIHW/ XQ PRGqOH JpQpULTXH

VSpFLILDQW SHX GH IRQFWLRQQDOLWpV VHUD SOXV UpXWLOLVDEOH1 ,O FRQYLHQGUD j XQH FODVVH UHJURXSDQW XQ SOXV

JUDQG QRPEUH GH ]RQHV GLIIpUHQWHV1

/D QRWLRQ GH JpQpULFLWp SHXW rWUH pWHQGXH DX QLYHDX VWUXFWXUHO1 (Q HIIHW/ SUHQRQV O·H[HPSOH GH GHX[

PRGqOHV SDUWDJHDQW OD PrPH VWUXFWXUH PDLV IDLVDQW LQWHUYHQLU GHV ]RQHV IRQFWLRQQHOOHPHQW

GLIIpUHQWHV/ FRPPH/ SDU H[HPSOH/ GDQV XQH FHUWDLQH PHVXUH/ O·KpPLVSKqUH GURLW HW O·KpPLVSKqUH

JDXFKH GX FRUWH[1 'DQV FH FDV/ OHV PRGqOHV IRQFWLRQQHOV VHURQW GLIIpUHQWV PDLV OHV PRGqOHV

VWUXFWXUHOV VHURQW LGHQWLTXHV1 2Q SRXUUD DORUV GpILQLU XQ PRGqOH VWUXFWXUHO JpQpULTXH HQ QH

VSpFLILDQW SDV OHV ]RQHV LPSOLTXpHV GDQV OD VWUXFWXUH GpFULWH1 &HWWH VSpFLILFDWLRQ VHUD DFKHYpH ORUV GH

O·LQVWDQFLDWLRQ GX PRGqOH VWUXFWXUHO1



;;

/·XWLOLVDWLRQ GH PRGqOHV JpQpULTXHV DXJPHQWH VLJQLILFDWLYHPHQW OD UpXWLOLVDELOLWp GHV PRGqOHV1 &HOD

GLPLQXH G·DXWDQW OD FRPSOH[LWp GH O·pODERUDWLRQ GHV PRGqOHV G·XQH PrPH FODVVH/ SXLVTX·LO VXIILUD GH

GpILQLU XQ VHXO PRGqOH SRXU WRXWH OD FODVVH/ SXLV GH O·LQVWDQFLHU SRXU FKDTXH pOpPHQW1

4161 5HSUpVHQWDWLRQ GH O·LQIRUPDWLRQ

'DQV OH FHUYHDX/ DX QLYHDX RUJDQLVDWLRQQHO JOREDO/ O·LQIRUPDWLRQ HVW LVVXH GX VLJQDO SURGXLW SDU

O·DFWLYLWp LQWpJUpH GH SOXVLHXUV PLOOLRQV GH QHXURQHV1 $LQVL/ j XQ LQVWDQW GRQQp/ O·LQIRUPDWLRQ

WUDQVPLVH GDQV XQ IDLVFHDX G·D[RQHV UHOLDQW GHX[ UpJLRQV FRUWLFDOHV HVW OD FRPSRVLWLRQ GH GLIIpUHQWV

IDFWHXUV1 3DU H[HPSOH/ RQ SHXW FLWHU OH QRPEUH GH QHXURQHV GpFKDUJHDQW j XQ LQVWDQW GRQQp/ OD

IUpTXHQFH GH OHXUV GpFKDUJHV/ OD QDWXUH LQKLELWULFH RX H[FLWDWULFH GHV V\QDSVHV FRQFHUQpHV/ PDLV DXVVL

OD FKURQRORJLH GHV GpFKDUJHV GHV QHXURQHV GX IDLVFHDX HW OD FRQILJXUDWLRQ GHV QHXURQHV TXL

GpFKDUJHQW1 4XHOOH TXH VRLW OD QDWXUH UpHOOH GH O·LQIRUPDWLRQ FpUpEUDOH/ LO Q·H[LVWH j O·KHXUH DFWXHOOH

DXFXQ PR\HQ QRQ LQYDVLI SRXU O·REVHUYHU GDQV VRQ HQVHPEOH1 /HV PHVXUHV REWHQXHV SDU OHV

WHFKQLTXHV G·LPDJHULH IRQFWLRQQHOOH VRQW GHV PHVXUHV WUqV LQWpJUpHV/ QH GRQQDQW TX·XQH LGpH

DSSUR[LPDWLYH GH OD ORFDOLVDWLRQ HW GH OD FKURQRORJLH GH O·DFWLYLWp1 'H SOXV/ OHV PHVXUHV UpDOLVpHV ORUV

G·pWXGHV G·DFWLYDWLRQ VRQW GHV PHVXUHV UHODWLYHV REWHQXHV SDU UDSSRUW DX © EUXLW ª GH O·DFWLYLWp JOREDOH/

QRQ VSpFLILTXHPHQW GpGLpH j OD UpVROXWLRQ GH OD WkFKH/ RX VRQW GHV PHVXUHV VRXVWUDLWHV j O·DFWLYLWp

JpQpUpH SDU OD UpVROXWLRQ G·XQH WkFKH GH UpIpUHQFH1

1RWUH REMHFWLI pWDQW GH IRUPXOHU GHV PRGqOHV FRQVWUXLWV HQ SDUWLH VXU GHV REVHUYDWLRQV G·LPDJHV

IRQFWLRQQHOOHV/ LO QRXV IDXW FRQVHUYHU GDQV OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ/ XQH QRWLRQ SOXV RX

PRLQV GLUHFWH GH YROXPH G·DFWLYLWp1 &H YROXPH G·DFWLYLWp HVW HQ HIIHW KDXWHPHQW VLJQLILFDWLI GH

FHUWDLQV DVSHFWV GX WUDLWHPHQW GH O·LQIRUPDWLRQ FpUpEUDOH1 0DLV FHWWH PHVXUH QH SHXW VXIILUH j

FDUDFWpULVHU FHWWH LQIRUPDWLRQ1 'HX[ DFWLYLWpV GH PrPH YROXPH SHXYHQW GLIIpUHU VHORQ OHV QHXURQHV

HIIHFWLYHPHQW LPSOLTXpV1 &HWWH REVHUYDWLRQ LOOXVWUH OD GRXEOH GLPHQVLRQ GH O·DFWLYLWp OLpH DX

WUDLWHPHQW G·XQH LQIRUPDWLRQ1 (Q SOXV GX YROXPH/ PHVXUDEOH/ O·DFWLYLWp HVW DXVVL FDUDFWpULVpH SDU

FHUWDLQHV SURSULpWpV GH OD SRSXODWLRQ GHV QHXURQHV TXL V·DFWLYH VSpFLILTXHPHQW SRXU O·LQIRUPDWLRQ

WUDLWpH HW QRQ GLUHFWHPHQW PHVXUDEOHV FKH] O·KXPDLQ1

1RXV FRQVLGpUHURQV/ GDQV QRV PRGqOHV/ O·LQIRUPDWLRQ FRPPH XQH DEVWUDFWLRQ GX VLJQDO FpUpEUDO1

8QH PRGpOLVDWLRQ H[SOLFLWH GH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ VXSSRVH TXH O·LQIRUPDWLRQ VRLW

DFFHVVLEOH GDQV XQH IRUPH VXIILVDPPHQW IRUPHOOH HW FRPSDFWH SRXU SRXYRLU rWUH GLUHFWHPHQW

PDQLSXOpH1 /H GHJUp G·DEVWUDFWLRQ GH O·LQIRUPDWLRQ HW VD UHSUpVHQWDWLRQ IRUPHOOH VRQW FRQWUDLQWV SDU

O·DUFKLWHFWXUH TXH QRXV DYRQV GpILQLH GDQV OD SUHPLqUH SDUWLH GH FHWWH SUpVHQWDWLRQ1
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1RXV DYRQV FKRLVL GH UHSUpVHQWHU O·LQIRUPDWLRQ FRPPH XQ FRXSOH GRQW OHV SDUWLHV VRQW XQH

DEVWUDFWLRQ GX YROXPH G·DFWLYLWp HW GH OD FDWpJRULH GX VLJQDO FpUpEUDO1 3RXU FH IDLUH/ QRXV SRVRQV

O·K\SRWKqVH VXLYDQWH =

++\SRWKqVH 9,, $X QLYHDX GH O·DFWLYLWp JOREDOH GX FHUYHDX/ OH VLJQDO FpUpEUDO SHXW VH UpGXLUH j O·H[SUHVVLRQ GXDOH

G·XQH TXDQWLWp G·pQHUJLH SURSUH HW G·XQH UHSUpVHQWDWLRQ FDWpJRULHOOH1

1RXV GpILQLVVRQV XQH UHSUpVHQWDWLRQ IRUPHOOH GH O·LQIRUPDWLRQ HQ GHX[ SDUWLHV FRPSOpPHQWDLUHV =

O·DPSOLWXGH HW OH W\SH GH O·LQIRUPDWLRQ/ VH UDSSRUWDQW FKDFXQH UHVSHFWLYHPHQW j O·pQHUJLH HW j OD

FDWpJRULH GH O·LQIRUPDWLRQ +/DFRWWH 4<<9,1

416141 $PSOLWXGH GH O·LQIRUPDWLRQ

/·DPSOLWXGH GH O·LQIRUPDWLRQ +3DVWRU HW DO1 5333/ 3DVWRU 4<<</ /DIRQ HW DO1 4<<;, HVW FRQVLGpUpH

FRPPH XQH DEVWUDFWLRQ GX YROXPH GH O·DFWLYLWp HQJHQGUpH SDU OH VLJQDO FpUpEUDO1 &HWWH SDUWLH GH

O·LQIRUPDWLRQ HVW DX QLYHDX ELRORJLTXH/ XQH DEVWUDFWLRQ GX QRPEUH HW GX WDX[ GH GpFKDUJH GHV

QHXURQHV DFWLYpV1 (OOH HVW DVVH] SURFKH GH O·pQHUJLH REVHUYpH SDU OHV WHFKQLTXHV G·LPDJHULH FpUpEUDOH1

(OOH QH UHSUpVHQWH SDV GLUHFWHPHQW XQH YDULDWLRQ GH GpELW VDQJXLQ QL XQH YDOHXU GX JUDGLHQW G·XQ

FKDPS pOHFWULTXH1 &HSHQGDQW/ HOOH SHXW rWUH LQWHUSUpWpH FRPPH V·\ UDSSRUWDQW/ RX GX PRLQV rWUH

FRPSDUpH DX[ PHVXUHV GH O·LPDJHULH1

/H IDLW TXH O·DPSOLWXGH VRLW GLUHFWHPHQW UHSUpVHQWpH GDQV OH PRGqOH SHUPHW G·H[SULPHU GHV

K\SRWKqVHV HQ WHUPH G·DFWLYDWLRQ GH ]RQH GDQV QRV PRGqOHV1 2Q SHXW DXVVL DSSOLTXHU GHV

WUDQVIRUPDWLRQV j O·DPSOLWXGH SRXU OD FRQIURQWHU DX[ PHVXUHV GH O·LPDJHULH1 8Q Q±XG GX PRGqOH

IRQFWLRQQHO G·XQH ]RQH SRXUUD/ SDU H[HPSOH/ H[SULPHU OD YDULDWLRQ GX GpELW VDQJXLQ SURGXLW SDU OH

WUDLWHPHQW UpDOLVp SDU OD ]RQH HW rWUH DVVLPLOp DX[ PHVXUHV WRPRJUDSKLTXHV REWHQXHV SDU 7(3 RX

,50I1

/H FDUDFWqUH QXPpULTXH GH OD YDOHXU GHV PHVXUHV GH O·DFWLYLWp FpUpEUDOH HVW LQGpQLDEOH1 7RXWHIRLV/ OHV

PHVXUHV GH O·LPDJHULH IRQFWLRQQHOOH VRQW DVVH] LPSUpFLVHV1 (OOHV VRQW UHODWLYHPHQW pORLJQpHV GH

O·DFWLYLWp QHXURQDOH1 'DQV OD PDMRULWp GHV FDV/ OH UDSSRUW TXL OHV OLH j FHWWH DFWLYLWp QH SHXW rWUH

FRQVLGpUp TXH TXDOLWDWLYHPHQW1 3DU H[HPSOH/ RXWUH OHV GLYHUVHV pWDSHV GH WUDLWHPHQW GX VLJQDO/ OD

PpFRQQDLVVDQFH GX ILOWUH PpWDEROLTXH HQWUH O·DFWLYLWp QHXURQDOH HW OHV YDULDWLRQV GX GpELW VDQJXLQ HQ

,50I HW 7(3/ RX ELHQ O·LQWpJUDWLRQ VSDWLDOH GX VLJQDO HQ (**/ QH SHUPHWWHQW SDV GH FRQVLGpUHU OHV

PHVXUHV REWHQXHV FRPPH GHV PHVXUHV TXDQWLWDWLYHV GH O·DFWLYLWp FpUpEUDOH1
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/D UHSUpVHQWDWLRQ OD SOXV VLPSOH HW OD SOXV QHXWUH TXH O·RQ SXLVVH DVVRFLHU j OD UHSUpVHQWDWLRQ

TXDOLWDWLYH G·XQH YDOHXU QXPpULTXH HVW XQ LQWHUYDOOH UpHO1 /HV LQWHUYDOOHV SHUPHWWHQW GH UHSUpVHQWHU

VLPSOHPHQW XQH LQIRUPDWLRQ PDO FRQQXH1 'H SOXV/ OHV UHODWLRQV TXDOLWDWLYHV SHXYHQW IDFLOHPHQW rWUH

H[SULPpHV VRXV OD IRUPH G·LQIOXHQFHV FDXVDOHV +7UDYp00DVVX\qV HW DO1 4<<:/ 04)' JURXS 4<<9, FH

TXL QRXV FRQYLHQW WRXW j IDLW1

416151 7\SH GH O·LQIRUPDWLRQ

/H W\SH GH O·LQIRUPDWLRQ UHSUpVHQWH XQH DEVWUDFWLRQ GH OD © FDWpJRULH ª GX VLJQDO FpUpEUDO +3DVWRU HW

DO1 5333/ 3DVWRU 4<<</ /DIRQ HW DO1 4<<;,/ F·HVW0j0GLUH GH SURSULpWpV WHOOHV TXH OD QDWXUH HW OD

GLVWULEXWLRQ GH OD SRSXODWLRQ GH QHXURQHV TXL V·DFWLYH SRXU O·LQIRUPDWLRQ HQ TXHVWLRQ1 /D

FRUUHVSRQGDQFH HQWUH FDWpJRULH G·LQIRUPDWLRQ HW SRSXODWLRQ GH QHXURQHV HVW LOOXVWUpH SDU

O·RUJDQLVDWLRQ GHV DLUHV SULPDLUHV HQ VRPDWRWRSLH/ WRQRWRSLH RX UpWLQRWRSLH +FI1 &KDSLWUH 4/ SDJH 48/

$UELE HW DO1 4<<;,1 &HWWH QRWLRQ HVW FRKpUHQWH DYHF OD IDFXOWp GH FDWpJRULVDWLRQ SURSUH DX FHUYHDX1

&HUWDLQHV pWXGHV QHXURSV\FKRORJLTXHV PHWWHQW HQ pYLGHQFH O·H[LVWHQFH G·XQH WHOOH RUJDQLVDWLRQ DX

GHOj GHV DLUHV SULPDLUHV/ QRWDPPHQW HQ FH TXL FRQFHUQH OD PRWULFLWp/ GDQV OHV DLUHV PRWULFHV

VHFRQGDLUHV HW GDQV OHV UpJLRQV VRXV0FRUWLFDOHV +$OH[DQGHU HW DO1 4<<5,1 $ O·pYLGHQFH/ OD FDWpJRULH GH

O·LQIRUPDWLRQ SURSDJpH QH SHXW rWUH GLUHFWHPHQW PHVXUpH HW LO HVW GLIILFLOH GH GpILQLU H[DFWHPHQW VD

YDOHXU1 1RXV DYRQV GpFLGp GH OD FRQVLGpUHU FRPPH XQ HQVHPEOH GH V\PEROHV1 3RXU SRXYRLU

PDQLSXOHU DLVpPHQW OD FDWpJRULH/ QRXV UHSUpVHQWHURQV FHW HQVHPEOH SDU XQ HQVHPEOH IORX/ OH W\SH GH

O·LQIRUPDWLRQ1 8Q W\SH V\PEROLTXH HVW XQH IRUPH WRXW j IDLW DSWH j UHSUpVHQWHU GHV FDWpJRULHV

+5RVFK 4<:;, HW LO VDWLVIDLW j QRWUH H[LJHQFH GH WUDQVSDUHQFH VpPDQWLTXH1

/·DGRSWLRQ G·XQH UHSUpVHQWDWLRQ V\PEROLTXH/ QRXV UDSSURFKH GX SRVWXODW GH O·DSSURFKH

IRQFWLRQQHOOH V\PEROLTXH FODVVLTXH/ FRQVLGpUDQW TXH WRXWH SHQVpH HVW H[SULPDEOH GDQV XQ ODQJDJH

IRUPHO1 &HSHQGDQW/ QRXV QH FRQVLGpURQV FHWWH H[SUHVVLRQ TXH FRPPH XQ VLPSOH pOpPHQW GX FRXSOH

FRQVWLWXDQW O·LQIRUPDWLRQ HW GRQF LQVXIILVDQWH j OD FDUDFWpULVHU HQWLqUHPHQW1 0rPH VL QRXV UpGXLVRQV

OD SRUWpH GH FH SRVWXODW/ LO UHVWH LQGLVSHQVDEOH FDU/ VL O·RQ YHXW DXJPHQWHU OD WUDQVSDUHQFH VpPDQWLTXH

GH QRV PRGqOHV/ O·LQIRUPDWLRQ GRLW rWUH DFFHVVLEOH VRXV XQH IRUPH FRPSDFWH HW H[SOLFLWH1

'H PrPH TXH OH YROXPH G·DFWLYLWp HVW FDSDEOH GH FURvWUH DX FRXUV G·XQH WkFKH/ OH W\SH GH

O·LQIRUPDWLRQ SHXW DXVVL pYROXHU1 (Q O·DEVHQFH GH FRQQDLVVDQFHV SUpFLVHV/ QRXV DYRQV GpILQL GHV

RSpUDWHXUV EDVLTXHV VXU OHV W\SHV/ FRPPH OD FRPELQDLVRQ/ XWLOLVpH SRXU SURGXLUH GH QRXYHDX[ W\SHV j

SDUWLU GH W\SHV GLIIpUHQWV1 2Q SHXW DXVVL UHSUpVHQWHU GHV RSpUDWLRQV SOXV SK\VLRORJLTXHPHQW

IRQGpHV/ FRPPH OH ILOWUDJH/ TXL UHSUpVHQWH XQ PpFDQLVPH GHV DLUHV FRUWLFDOHV/ FRPPXQpPHQW DGPLV/
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OH VHXLOODJH G·HQWUpH +LQSXW JDWLQJ,1 &H GHUQLHU PpFDQLVPH SURYRTXH O·DWWpQXDWLRQ GH WRXW RX SDUWLH

G·XQ W\SH1

416161 &RQFOXVLRQ

$PSOLWXGH HW W\SH VRQW GHX[ QRWLRQV FRPSOpPHQWDLUHV/ TXL UHIOqWHQW O·pQHUJLH QpFHVVDLUH DX

WUDLWHPHQW GH O·LQIRUPDWLRQ HW VD FDWpJRULH1 2Q SHXW IDLUH XQH FRUUHVSRQGDQFH GLUHFWH HQWUH

O·LQIRUPDWLRQ HW WRXWH SRSXODWLRQ GH QHXURQHV SRXYDQW OD WUDLWHU1 /·DPSOLWXGH SHXW HQ HIIHW rWUH

UDSSURFKpH GX QRPEUH GH QHXURQHV DFWLYpV j XQ LQVWDQW GRQQp1 /H W\SH SHXW rWUH UDSSURFKp/ SDU

H[HPSOH/ GH O·RUJDQLVDWLRQ GHV QHXURQHV HIIHFWLYHPHQW LPSOLTXpV GDQV O·DFWLYLWp TXL D SURGXLW FHWWH

DPSOLWXGH1 /D UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ VRXV OD IRUPH G·XQ FRXSOH DPSOLWXGH HW W\SH HVW

FRQVHUYpH GDQV OD SURSDJDWLRQ GH O·LQIRUPDWLRQ HQWUH GHX[ ]RQHV1

/D ILJXUH FL0GHVVRXV +)LJXUH 48/ SDJH <4, SHXW rWUH XQH LOOXVWUDWLRQ G·XQ pFKDQJH GH GHX[

LQIRUPDWLRQV GLIIpUHQWHV HQWUH GHX[ ]RQHV FpUpEUDOHV/ $ HW %1 6L O·RQ pWDLW FDSDEOH GH O·REWHQLU/ RQ

SRXUUDLW FRPSDUHU OD FRXSH GHV IDLVFHDX[ G·D[RQHV UHOLDQW OHV GHX[ ]RQHV1 $ GHX[ LQVWDQWV GLIIpUHQWV/

RQ REVHUYHUDLW XQH PrPH DPSOLWXGH/ +45 QHXURQHV GpFKDUJHQW, PDLV GHX[ W\SHV GLIIpUHQWV +FH QH

VRQW SDV OHV PrPH QHXURQHV TXL GpFKDUJHQW,1
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6L DPSOLWXGH HW W\SH VRQW QpFHVVDLUHV j OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ/ LOV MRXHQW XQ U{OH GLIIpUHQW

GDQV OD YDOLGDWLRQ GHV PRGqOHV1 &RQWUDLUHPHQW j O·DPSOLWXGH/ LO Q·HVW SDV SRVVLEOH G·REWHQLU FKH]
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O·+RPPH GHV PHVXUHV GH OD FDWpJRULH GX VLJQDO FpUpEUDO HW GRQF G·\ FRQIURQWHU OHV YDOHXUV GHV W\SHV

SURSDJpHV GDQV QRV PRGqOHV1 &HWWH FRQVWDWDWLRQ UHQIRUFH O·XWLOLWp GH O·DPSOLWXGH/ FDU HOOH HVW OD VHXOH

SDUWLH GH O·LQIRUPDWLRQ TXL VRLW PHVXUDEOH1 /·DPSOLWXGH UHVWH GRQF OH VHXO pOpPHQW TXL SXLVVH

SHUPHWWUH OD YDOLGDWLRQ G·XQ PRGqOH SDU FRQIURQWDWLRQ DX[ GRQQpHV GH O·LPDJHULH IRQFWLRQQHOOH1

3RXU FRQFOXUH/ RQ SHXW UHPDUTXHU TXH FHWWH UHSUpVHQWDWLRQ HQ FRXSOH +DPSOLWXGH/ W\SH, SHXW DXVVL

V·DSSOLTXHU DX[ VWLPXOL HQ HQWUpH GHV UpVHDX[ FpUpEUDX[1 2Q SHXW/ SDU H[HPSOH/ FDUDFWpULVHU XQ WRQ

SXU SDU XQH LQWHQVLWp +DPSOLWXGH, HW XQH IUpTXHQFH +W\SH,1 &HWWH UHSUpVHQWDWLRQ HVW FRKpUHQWH DYHF

O·RUJDQLVDWLRQ WRQRWRSLTXH GHV DLUHV DXGLWLYHV SULPDLUHV GRQW RQ VDLW TX·HOOHV SRVVqGHQW XQH

RUJDQLVDWLRQ HQ VRXV UpJLRQV GRQW FKDFXQH HVW VSpFLILTXHPHQW GpGLpH j OD GpWHFWLRQ G·XQH SODJH GH

IUpTXHQFHV VRQRUHV SDUWLFXOLqUHV1

51 $5&+,7(&785( '(6 02'(/(6

3RXU UHSUpVHQWHU WRXV OHV QLYHDX[ GH QRV PRGqOHV DYHF GHV JUDSKHV/ QRXV GpILQLVVRQV LFL XQH

UHSUpVHQWDWLRQ RULHQWpH FRPSRVDQW/ SHUPHWWDQW GH GpFRPSRVHU XQ Q±XG G·XQ JUDSKH HQ XQ VRXV0

JUDSKH1 &HWWH DUFKLWHFWXUH HVW FRPPXQH DX[ QLYHDX[ VWUXFWXUHO HW IRQFWLRQQHO1 $X SUHPLHU GH FHV

QLYHDX[/ OHV pOpPHQWV GHV JUDSKHV UHSUpVHQWHQW OHV ]RQHV FpUpEUDOHV HW OHV FRQQH[LRQV DQDWRPLTXHV1

$X VHFRQG QLYHDX/ OHV pOpPHQWV GHV JUDSKHV UHSUpVHQWHQW OHV SULPLWLYHV IRQFWLRQQHOOHV HW OHV

LQIOXHQFHV FDXVDOHV HQWUH FHV SULPLWLYHV1

5141 /HV JUDSKHV FDXVDX[ GH SURFHVVHXUV

1RXV DYRQV GpMj GRQQp OD GpILQLWLRQ G·XQ JUDSKH FDXVDO DX FKDSLWUH SUpFpGHQW +SDJHV :: HW

VXLYDQWHV,1 'DQV XQ WHO JUDSKH/ OHV DUFV PDWpULDOLVHQW OHV LQIOXHQFHV GH FDXVH j HIIHW HW OHV Q±XGV

UHSUpVHQWHQW OHV YDULDEOHV G·pWDW GX V\VWqPH1 'DQV QRWUH DSSOLFDWLRQ/ OHV Q±XGV VRQW OHV SURFHVVHXUV

IRQFWLRQQHOV/ TXL WUDLWHQW HW WUDQVIRUPHQW O·LQIRUPDWLRQ1 /HV DUFV VRQW OHV FRQQH[LRQV/ TXL SHUPHWWHQW OD

SURSDJDWLRQ GH O·LQIRUPDWLRQ1

Défi niti on 6 : G raphe causal 

8Q JUDSKH FDXVDO/ */ HVW UHSUpVHQWp SDU XQ FRXSOH 〈1/&〉 / R� 1 HVW O·HQVHPEOH GHV Q±XGV/ OHV

SURFHVVHXUV/ HW & O·HQVHPEOH GHV FRQQH[LRQV RULHQWpHV HQWUH OHV SURFHVVHXUV1
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(QFRUH XQH IRLV/ FHWWH UHSUpVHQWDWLRQ HVW YDOLGH DYHF OHV GHX[ QLYHDX[ GH QRWUH PRGpOLVDWLRQ HW QRXV

QH GLVWLQJXHURQV GRQF SDV IRUPHOOHPHQW OH QLYHDX VWUXFWXUHO GX QLYHDX IRQFWLRQQHO1 'H FHWWH

PDQLqUH/ OHV QRWLRQV TXH QRXV DERUGHURQV V·HQ WURXYHURQW JUDQGHPHQW VLPSOLILpHV HW VHURQW YDOLGHV

SRXU OHV GHX[ QLYHDX[ GH PRGpOLVDWLRQ1

514141 /HV Q±XGV GX JUDSKH

3RXU UHSUHQGUH FH TXL D pWp GLW SUpFpGHPPHQW/ O·LGpH PDvWUHVVH TXL QRXV D SHUPLV G·pODERUHU QRWUH

DUFKLWHFWXUH HVW O·LGpH VHORQ ODTXHOOH OH Q±XG G·XQ JUDSKH +XQH ]RQH RX XQH SULPLWLYH IRQFWLRQQHOOH,

SHXW/ HQ FDV GH WURS JUDQGH FRPSOH[LWp/ rWUH GpFRPSRVp HQ pOpPHQWV SOXV VLPSOHV1 &HV pOpPHQWV

SHXYHQW DXVVL rWUH GpFULWV SDU XQ JUDSKH GRQW LOV VHURQW j OHXU WRXU OHV Q±XGV1 &·HVW FHWWH LGpH

G·DVVRFLDWLRQ GHV Q±XGV G·XQ JUDSKH j G·DXWUHV JUDSKHV TXH UHSUHQG OD QRWLRQ GH FRPSRVDQW/

GLUHFWHPHQW LQVSLUpH GH OD PRGpOLVDWLRQ REMHW +=HLJOHU 4<<3,1

Défi niti on 7 : Com posant 

8Q FRPSRVDQW HVW XQ Q±XG G·XQ JUDSKH/ GpILQL SDU XQ DXWUH JUDSKH/ DSSHOp JUDSKH GX FRPSRVDQW1

&H VHFRQG JUDSKH GpFULW OHV pOpPHQWV TXL FRQVWLWXHQW OH FRPSRVDQW HW OHV UHODWLRQV TXL OHV XQLVVHQW1

Défi niti on 8 : A tom e 

8Q DWRPH HVW XQ Q±XG UHSUpVHQWDQW XQ SURFHVVHXU LQGLYLVLEOH/ LO HVW DVVRFLpH j XQH YDOHXU TXL YDULH

DX FRXUW GX WHPSV1

8Q DWRPH HVW GRQF XQ © Q±XG FODVVLTXH ª/ UHSUpVHQWDQW XQ SURFHVVHXU pOpPHQWDLUH1 ,O Q·HVW GRQF SDV

DVVRFLp j XQ JUDSKH1 /HV Q±XGV GH QRV JUDSKHV VRQW GRQF VRLW GHV DWRPHV/ VRLW GHV FRPSRVDQWV1 /H

JUDSKH GpILQLVVDQW XQ FRPSRVDQW SHXW/ j VRQ WRXU/ FRQWHQLU GHV FRPSRVDQWV/ VXLYDQW OD FRPSOH[LWp

GHV pOpPHQWV TX·LO GRLW GpFULUH1 2Q SHXW DLQVL FRQVWUXLUH WRXW XQ HPERvWHPHQW GH JUDSKHV1 &H

PpFDQLVPH VLPSOLILH OD GpILQLWLRQ G·XQ PRGqOH FDU LO SHUPHW GH EpQpILFLHU G·XQH JUDQGH UpXWLOLVDELOLWp1

(Q HIIHW/ LO HVW SRVVLEOH GH GpILQLU GHX[ FRPSRVDQWV HQ XWLOLVDQW OH PrPH JUDSKH1 /HV GHX[

FRPSRVDQWV/ ELHQ TXH GLIIpUHQWV/ DXURQW OH PrPH FRPSRUWHPHQW/ FRPPH GHX[ FRSLHV G·XQ PrPH

REMHW1

514151 /HV FRQQH[LRQV GX JUDSKH

/HV FRQQH[LRQV VRQW GHV DUFV RULHQWpV1 (OOHV SRVVqGHQW GRQF XQH RULJLQH HW XQH GHVWLQDWLRQ1 (OOHV VRQW

LGHQWLILpHV SDU OHV Q±XGV FRUUHVSRQGDQWV1 6L $ HW % VRQW GHX[ Q±XGV G·XQ JUDSKH */ RQ QRWHUD

+$→ %,/ OD FRQQH[LRQ GLULJpH GX Q±XG $ YHUV OH Q±XG %1 2Q GLW DXVVL TXH $ HVW O·DQWpFpGHQW GH %
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GDQV OH JUDSKH *1 ,O H[LVWH HQ WRXW TXDWUH VRUWHV GH FRQQH[LRQV/ VXLYDQW TXH OD VRXUFH HW OD

GHVWLQDWLRQ GH OD FRQQH[LRQ VRQW GHV DWRPHV RX GHV FRPSRVDQWV1 2Q UpVHUYH OH WHUPH G·LQIOXHQFH j

OD FRQQH[LRQ GH EDVH TXL UHOLH GHX[ DWRPHV1

Défi niti on 9 : Infl uence 

2Q DSSHOOH LQIOXHQFH XQH FRQQH[LRQ GRQW OD VRXUFH HW OD GHVWLQDWLRQ VRQW GHV DWRPHV1

6HXOV OHV DWRPHV SRVVqGHQW XQH YDOHXU j SURSUHPHQW SDUOHU1 &RPPH GDQV XQ JUDSKH FDXVDO

FODVVLTXH/ OD YDOHXU G·XQ DWRPH HVW FDOFXOpH HQ IRQFWLRQ GHV FRQQH[LRQV GRQW O·DWRPH HVW OD

GHVWLQDWLRQ1 'RQF/ RQ XWLOLVH/ SRXU FDOFXOHU OD YDOHXU G·XQ DWRPH/ OHV YDOHXUV GH VHV DQWpFpGHQWV1 /D

GLIILFXOWp HVW G·REWHQLU OD YDOHXU j XWLOLVHU ORUVTXH O·DQWpFpGHQW Q·HVW SDV XQ DWRPH PDLV XQ

FRPSRVDQW1

'DQV OD ILJXUH FL0GHVVRXV +)LJXUH 49,/ OH JUDSKH * LOOXVWUH GLIIpUHQWHV VRUWHV GH FRQQH[LRQV1 /D

FRQQH[LRQ +$4 →$5, HVW OD VHXOH LQIOXHQFH GX JUDSKH1 'HX[ FRQQH[LRQV pWDQW GLULJpHV YHUV $5 +L1H1

+$4→ $5, HW +&4→ $5,,/ SRXU FDOFXOHU OD YDOHXU GH FHW DWRPH/ RQ XWLOLVHUD OD YDOHXU GH O·DWRPH $4/

DLQVL TXH OD YDOHXU LVVXH GX FRPSRVDQW &41 /D YDOHXU GH O·DWRPH $4 VHUD XWLOLVpH SRXU FDOFXOHU OD

YDOHXU VRXPLVH HQ HQWUpH GX FRPSRVDQW &4/ FRPSWH WHQX GH OD FRQQH[LRQ +$4→ &4,1

,QIOXHQFH

/pJHQGH =

C&RPSRVDQW

A$WRPH

&RQQH[LRQ

Graphe G

C1

A2

A1

Figure 16: D iff érentes sort es de connexi ons. 

,O \ D GHX[ IDoRQV GH GpFULUH O·LPSOLFDWLRQ G·XQ FRPSRVDQW GDQV XQH FRQQH[LRQ1 /D IDoRQ OD SOXV

VLPSOH FRQVLVWH j GpWHUPLQHU VHV SRLQWV GH FRQQH[LRQ1 /D VHFRQGH IDoRQ/ SOXV FRPSOqWH/ UpVLGH GDQV OD

GpILQLWLRQ GH VHV VFKpPDV GH FRQQH[LRQ1 &KDTXH PR\HQ SHXW rWUH XWLOLVp HQ HQWUpH HW HQ VRUWLH G·XQ

FRPSRVDQW1
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Défi niti on 10 : Point de connexi on 

8Q SRLQW GH FRQQH[LRQ HVW XQ Q±XG GX JUDSKH GX PRGqOH GX FRPSRVDQW1 2Q GLVWLQJXH OHV SRLQWV

G·HQWUpH GHV SRLQWV GH VRUWLH1 /HV SUHPLHUV SHXYHQW rWUH XWLOLVpV SRXU GpILQLU XQH FRQQH[LRQ GLULJpH YHUV

OH FRPSRVDQW1 /HV VHFRQGV VRQW XWLOLVpV SDU OHV FRQQH[LRQV GRQW OH FRPSRVDQW HVW OD VRXUFH1

Assi gnati on du m odèle
de com posant :

M odèle du com posant C1

Graphe G C1

Graphe G

C1

A2

A1

A3

/pJHQGH =

Utili sati on d’ un
point d’ entrée :

N

Utili sati on d’ un
point de sorti e :

N

A5

Défi niti on d’ un point
d’entr ée :

A3

A5

A4

Défi niti on d’ un point
de sorti e :

Figure 17: Points de connexi on d’un com posant. 

/HV SRLQWV G·HQWUpH HW GH VRUWLH VRQW IL[pV j OD GpILQLWLRQ GX FRPSRVDQW1 &KDFXQ GH FHV SRLQWV SHXW

rWUH XWLOLVp ]pUR/ XQH RX SOXVLHXUV IRLV1 (Q UHSUHQDQW O·H[HPSOH SUpFpGHQW/ FKDTXH FRQQH[LRQ

XWLOLVDQW XQ FRPSRVDQW GRLW IDLUH XQ FKRL[ VXLYDQW OH QRPEUH GH SRLQWV GH FRQQH[LRQ GpILQLV SDU OH

PRGqOH GX FRPSRVDQW +)LJXUH 4:,1 6L OH PRGqOH GX FRPSRVDQW &4 VSpFLILH GHX[ SRLQWV G·HQWUpHV/

$6 HW $7/ HW XQ VHXO SRLQW GH VRUWLH/ $8/ OD FRQQH[LRQ +$4 → &4, GX JUDSKH * GRLW SUpFLVHU TXHO

SRLQW G·HQWUpH HOOH XWLOLVH/ VRLW LFL OH SRLQW $6 +LQGLTXp/ VXU OD ILJXUH/ j OD SRLQWH GH OD IOqFKH,1 'H

PrPH/ OD FRQQH[LRQ +&4→ $5, GRLW GpVLJQHU OH SRLQW GH VRUWLH XWLOLVp/ VRLW O·DWRPH $81 /·DWRPH $7/

TXL HVW XQ SRLQW G·HQWUpH SRVVLEOH GX FRPSRVDQW &4/ Q·HVW SDV XWLOLVp GDQV OH JUDSKH *1 ,O QH UHoRLW

GRQF DXFXQH LQIOXHQFH1

/·XWLOLVDWLRQ GH SRLQWV GH FRQQH[LRQ VXSSRVH TXH OH PRGH RSpUDWRLUH GH OD FRQQH[LRQ HVW GpILQL j

O·H[WpULHXU GX FRPSRVDQW1 /RUVTXH OH PRGH RSpUDWRLUH HVW GpILQL GDQV OH FRPSRVDQW/ RQ IDLW DSSHO

DX[ VFKpPDV GH FRQQH[LRQ1

Défi niti on 11 : Schém a de connexi on 

8Q VFKpPD GH FRQQH[LRQ G·HQWUpH G·XQ FRPSRVDQW HVW LGHQWLILp SDU XQ QRP HW HVW GpILQL SDU XQ

HQVHPEOH GH FRQQH[LRQV GRQW OH Q±XG VRXUFH Q·HVW SDV VSpFLILp1 5HVSHFWLYHPHQW/ XQ VFKpPD GH

FRQQH[LRQ GH VRUWLH/ QH VSpFLILH SDV OHV Q±XGV GH GHVWLQDWLRQ GHV FRQQH[LRQV TXL OH GpILQLVVHQW1
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Graphe G

C1

A2

A1
InCon

Graphe G C1

A3

A5

A4

/pJHQGH =

Utili sati on d’ un Schém a
de connexi on : Schm

M odèle du com posant C1

A5

InCon

Défi niton d’un Schém a
d’entr ée : Schm

Figure 18: Schém as de connexi ons. 

5HSUHQRQV O·H[HPSOH SUpFpGHQW +)LJXUH 49,/ PDLV DGPHWWRQV PDLQWHQDQW TXH OH FRPSRVDQW &4

GpILQLVVH XQ VFKpPD GH FRQQH[LRQ TXH QRXV QRPPHURQV/ SDU H[HPSOH/ ,1&211 &H VFKpPD HVW

GpILQL SDU O·HQVHPEOH ^+→$6,/+→$7,` UHSUpVHQWDQW GHX[ FRQQH[LRQV QH VSpFLILDQW SDV OHXU Q±XG

VRXUFH1 7RXWH FRQQH[LRQ GLULJpH YHUV OH FRPSRVDQW &4 HW XWLOLVDQW FH VFKpPD VHUD FRQVLGpUpH j

O·LQWpULHXU GX FRPSRVDQW FRPPH XQH GRXEOH FRQQH[LRQ YHUV $6 HW $71 ,PDJLQRQV PDLQWHQDQW TXH

OD FRQQH[LRQV +$4→&4, XWLOLVH FH VFKpPD GH FRQQH[LRQ +)LJXUH 4;/ O·XWLOLVDWLRQ GX VFKpPD HVW

UpYpOpH SDU O·LQGLFDWLRQ GH VRQ QRP/ LFL ,1&21,1 3RXU &4 FHWWH FRQQH[LRQ UHSUpVHQWHUD XQ FRXSOH GH

FRQQH[LRQV/ +$4→$6, HW +$4→$7,1 /·XWLOLVDWLRQ GH VFKpPDV GH FRQQH[LRQV QRXV SHUPHW GRQF GH

GpILQLU VLPSOHPHQW GHV FRQQH[LRQV TXL HQ UpDOLWp SHXYHQW rWUH EHDXFRXS SOXV FRPSOH[HV/ HQ WHUPHV

GH QRPEUH GH SRLQWV GH FRQQH[LRQ1 &HWWH WHFKQLTXH GH FRQQH[LRQ VXSSRVH GRQF TXH OHV PRGHV

RSpUDWRLUHV VRQW GpSHQGDQWV GX PRGqOH GX FRPSRVDQW1

Défi niti on 12 : Int erface de connexi on 

8QH LQWHUIDFH GH FRQQH[LRQ HVW GLYLVpH HQ GHX[ SDUWLHV/ O·LQWHUIDFH G·HQWUpH HW O·LQWHUIDFH GH VRUWLH1

/·LQWHUIDFH G·HQWUpH/ UHVSHFWLYHPHQW O·LQWHUIDFH GH VRUWLH/ SHXW VSpFLILHU ]pUR/ XQ RX SOXVLHXUV SRLQWV

G·HQWUpH/ UHVSHFWLYHPHQW GH VRUWLH/ GDQV OH JUDSKH GpILQLVVDQW OH FRPSRVDQW1 &HV SRLQWV GRLYHQW rWUH

GHV Q±XGV GH FH JUDSKH1 (OOH SHXW DXVVL VSpFLILHU ]pUR/ XQ RX SOXVLHXUV VFKpPDV G·HQWUpH/

UHVSHFWLYHPHQW GH VRUWLH1 /·LQWHUIDFH GRLW REOLJDWRLUHPHQW GpILQLU DX PRLQV XQ SRLQW/ RX VFKpPD/

G·HQWUpH HW GH VRUWLH1
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51510RGqOH GH FRPSRVDQW

3RXU rWUH WRXW j IDLW SUpFLV/ QRXV GHYRQV UHYHQLU VXU OD GpILQLWLRQ GHV FRPSRVDQWV/ j ODTXHOOH LO IDXW

DMRXWHU PDLQWHQDQW XQH LQWHUIDFH GH FRQQH[LRQ1

Défi niti on 13 : M odèle de com posant 

8Q PRGqOH GH FRPSRVDQW HVW XQ FRXSOH 〈*/,〉 / R� * HVW XQ JUDSKH HW , XQH LQWHUIDFH GH FRQQH[LRQ1

Défi niti on 14 : Com posant (2) 

8Q FRPSRVDQW HVW XQ Q±XG G·XQ JUDSKH1 8Q FRPSRVDQW HVW GpILQL SDU VRQ PRGqOH GH FRPSRVDQW1

/D QRWLRQ GH PRGqOH GH FRPSRVDQW HVW WUqV XWLOH FDU HOOH DXJPHQWH OD UpXWLOLVDELOLWp GHV JUDSKHV GH

FRPSRVDQW/ GpMj pYRTXpH HQ GpEXW GH FHWWH SDUWLH GH FKDSLWUH1 (Q HIIHW/ GHX[ FRPSRVDQWV G·XQ

PrPH JUDSKH SHXYHQW XWLOLVHU OH PrPH PRGqOH GH FRPSRVDQW1 2Q FRQVLGqUH DORUV TX·LOV HQ VRQW

GHX[ FRSLHV LQGpSHQGDQWHV/ TXL VRQW GHX[ LQVWDQFHV GX PRGqOH GH FRPSRVDQW1

&HOD SHUPHW GRQF/ SDU H[HPSOH/ GH QH GpILQLU TX·XQH VHXOH IRLV XQH IRQFWLRQQDOLWp WUqV FRXUDQWH HW

GH OD UpXWLOLVHU GDQV GLYHUV PRGqOHV HQ HQ UpDOLVDQW DXWDQW G·LQVWDQFHV TXH QpFHVVDLUH1 2Q GpILQLW

FHWWH IRQFWLRQQDOLWp SDU XQ PRGqOH GH FRPSRVDQW1 6L RQ PRGLILH VD GpILQLWLRQ +H1J1 HQ PRGLILDQW OH

JUDSKH TXL OD FRPSRVH,/ RQ PRGLILH DORUV DXWRPDWLTXHPHQW OH FRPSRUWHPHQW GH WRXV OHV

FRPSRVDQWV TXL O·XWLOLVHQW1 /D QRWLRQ GH PRGqOH GH FRPSRVDQW PHW DXVVL O·DFFHQW VXU OD PRGXODULWp

GH QRWUH DUFKLWHFWXUH1 2Q SHXW/ SDU H[HPSOH/ WHVWHU XQ PRGqOH GH FRPSRVDQW LQGpSHQGDPPHQW GX

UHVWH GX PRGqOH/ GH PDQLqUH j IDFLOLWHU OD YpULILFDWLRQ GH PRGqOHV GH JUDQGH HQYHUJXUH1

'·XQH PDQLqUH JpQpUDOH/ O·DVVRFLDWLRQ GH JUDSKHV DX[ FRPSRVDQWV FUpH DLQVL XQH UHODWLRQ G·RUGUH

SDUWLHO HQWUH OHV GLYHUV JUDSKHV XWLOLVpV/ DSSHOpH © HQJOREH ª11RWpH ï/ FHWWH UHODWLRQ HVW GpILQLH SDU =

Défi niti on 15 : Relation « engl obe » 

2Q GLW TX·XQ JUDSKH * HQJOREH XQ JUDSKH *·/ * ï *·/ VL HW VHXOHPHQW VL * FRQWLHQW XQ FRPSRVDQW

WHO TXH *· VRLW OH JUDSKH GX PRGqOH GH FH FRPSRVDQW1

2Q SHXW SDU H[HPSOH LOOXVWUHU FHWWH UHODWLRQ HQ FRQVLGpUDQW XQ JUDSKH *4 FRQWHQDQW GHX[

FRPSRVDQW &4 HW &5 +)LJXUH 4<,1 /H FRPSRVDQW &4 HVW GpILQL FRPPH O·LQVWDQFH GX PRGqOH GH

FRPSRVDQW 0&4 HW OH FRPSRVDQW &5 HVW GpILQL FRPPH O·LQVWDQFH GX PRGqOH 0&51 /H PRGqOH 0&4

HVW FRPSRVp G·XQH LQWHUIDFH GpILQLVVDQW XQ VFKpPD GH FRQQH[LRQ HQ HQWUpH HW XQ SRLQW GH VRUWLH1 /H



<;

JUDSKH GH FH PRGqOH/ OH JUDSKH *5/ FRQWLHQW XQ FRPSRVDQW TXL HVW/ j VRQ WRXU/ GpILQL FRPPH

O·LQVWDQFH GX PRGqOH 0&612Q D GRQF *4 ï*5 ï*7 HW *4 ï*61

M odèle M C2
Input: A4,A5 Output : A6

M odèle M C1
Input: InCon: {( →A2),( →A3)}

Output :   C3

M odèle M C3
Input : A7  Output : A8

Graphe G1

C1

C2

A1

Graphe G2

A2

Graphe G3

A5

A4

A6

C3

Graphe G4

A7 A8

A0 InCon

A5

A4

A3

Figure 19: Exem ple de l a définiti on d’un graphe. 

6HORQ QRWUH DSSURFKH GH OD PRGpOLVDWLRQ RULHQWpH FRPSRVDQW/ XQ FRPSRVDQW UHSUpVHQWH XQ pOpPHQW

GH FRPSOH[LWp LQIpULHXUH j O·pOpPHQW UHSUpVHQWp SDU OH JUDSKH TXL OH FRQWLHQW1 /D QRWLRQ GH FRPSOH[LWp

FKDQJH VXLYDQW OH QLYHDX GH PRGpOLVDWLRQ DXTXHO RQ VH VLWXH/ PDLV OH SULQFLSH UHVWH OH PrPH1 3DU

H[HPSOH/ DX QLYHDX IRQFWLRQQHO/ XQ PRGqOH IRQFWLRQQHO G·XQH ]RQH GpFULW OD IRQFWLRQ UpDOLVpH SDU OD

]RQH/ DORUV TXH WRXV OHV pOpPHQWV TXL OH FRPSRVHQW UHSUpVHQWHQW GHV SULPLWLYHV IRQFWLRQQHOOHV G·XQ

GHJUp GH FRPSOH[LWp LQIpULHXU +YRLU SDUWLH 41514 GH FH FKDSLWUH/ SDJH ;8,1

'DQV QRWUH DSSURFKH/ WRXWH HQWLWp QH SHXW GRQF IDLUH DSSHO TX·j GHV pOpPHQWV GH FRPSOH[LWp SOXV

IDLEOH1 &HFL QRXV FRQGXLW j LQWHUGLUH OHV GpILQLWLRQV GH JUDSKHV UpFXUVLYHV1 6L/ SRXU GpILQLU XQ JUDSKH

*/ RQ XWLOLVH/ PrPH LQGLUHFWHPHQW/ FH PrPH JUDSKH/ LO H[LVWH DORUV XQ F\FOH/ VHORQ OD UHODWLRQ

© HQJOREH ª/ F·HVW j GLUH XQH VXLWH GH JUDSKHV *4 j *Q WHOV TXH * ï *4 ï « ï *Q ï *1 &H F\FOH

VRXV0HQWHQG TX·XQ FRPSRVDQW GX JUDSKH *Q VH GpILQLW JUkFH DX JUDSKH *1 2U/ FHWWH GpILQLWLRQ YD j

O·HQFRQWUH GH QRWUH DSSURFKH/ FDU OH JUDSKH * HVW IRUFpPHQW G·XQH FRPSOH[LWp VXSpULHXUH DX JUDSKH

*Q1 3DU H[HPSOH +)LJXUH 53,/ O·DVVRFLDWLRQ GX FRPSRVDQW &7 DX PRGqOH 0&4 URPSW OD GpFURLVVDQFH

GH OD FRPSOH[LWp HQ FUpDQW XQ F\FOH GDQV OD GpILQLWLRQ1 0&4 QH SHXW rWUH GpILQL VDQV 0&5/ TXL QH

SHXW rWUH GpILQL VDQV 0&6 TXL GpSHQG OXL PrPH GH 0&41
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M odèle M C3
Input: A4 Output : A5

M odèle M C1
Input: A2   Output : C3 M odèle M C2

Input : C2  Output : A3

Graphe G1

C1

A1

Graphe G2

A2

Graphe G4

A5

C2

Graphe G3

A3A0 C3

A4
C4

Figure 20: Exem ple d’une définiti on récursi ve. 

1RXV LQWHUGLURQV/ GH PrPH/ OHV GpILQLWLRQV IDLVDQW LQWHUYHQLU XQ QRPEUH LQILQL GH JUDSKH/ SRXU GHV

UDLVRQV GH FDOFXODELOLWp pYLGHQWHV1

Défi niti on 16 : Vali dit é d’un graphe 

2Q GLUD TX·XQ JUDSKH * HVW YDOLGH VHXOHPHQW V·LO QH FRQWLHQW DXFXQ FRPSRVDQW/ RX ELHQ/ V·LO HVW

GpILQL SDU XQ QRPEUH ILQL GH JUDSKHV/ *4 j *Q/ WHOV TXH * ï *L L∈ ^4/«/Q` HW TXH WRXV FHV JUDSKHV

VRQW YDOLGHV1

2Q PRQWUH TX·XQ JUDSKH GRQW OD GpILQLWLRQ HVW UpFXUVLYH Q·HVW SDV YDOLGH1

51610RGqOHV GH FRPSRVDQWV JpQpULTXHV

2Q D GpMj VRXOLJQp TX·XQ PrPH PRGqOH GH FRPSRVDQW SHXW rWUH LQVWDQFLp SDU SOXVLHXUV FRPSRVDQWV

GDQV XQ RX SOXVLHXUV JUDSKHV1 &KDTXH LQVWDQFH HVW DORUV FRQVLGpUpH FRPPH XQH FRSLH

LQGpSHQGDQWH1 3RXU DXJPHQWHU OD UpXWLOLVDELOLWp GHV PRGqOHV GH FRPSRVDQWV HW SRXU VDWLVIDLUH j

QRWUH K\SRWKqVH IRQGDPHQWDOH ,9 +SDJH ;:,/ QRXV DYRQV GpILQL OD QRWLRQ GH PRGqOH GH FRPSRVDQW

JpQpULTXH1 3DU DEXV GH ODQJDJH/ RQ SDUOHUD GH PRGqOH JpQpULTXH1
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Défi niti on 17 : M odèle de Com posant G énéri que 

8Q PRGqOH GH FRPSRVDQW JpQpULTXH HVW XQ WULSOHW 〈*/ ,/ 3〉 R� * HVW XQ JUDSKH/ , HVW XQH LQWHUIDFH

GH FRQQH[LRQ GpILQLH VXU * HW 3 XQ HQVHPEOH GH SDUDPqWUHV JpQpULTXHV XWLOLVpV GDQV , RX GDQV *1

7RXW pOpPHQW GX JUDSKH +H1J1 Q±XG RX FRQQH[LRQ, SHXW rWUH UHPSODFp SDU XQ SDUDPqWUH JpQpULTXH1

/HV SDUDPqWUHV VRQW LGHQWLILpV SDU XQ QRP HW WLHQQHQW OD SODFH GH FH TX·LOV UHPSODFHQW1 3DU H[HPSOH/

VL XQ SDUDPqWUH JpQpULTXH SUHQG OD SODFH G·XQ Q±XG LO DSSDUDvWUD GDQV OH PRGqOH HQ OLHX HW SODFH GH

FH Q±XG1

M odèle généri que M G
Input: A1,A2 Output : P1

Graphe G

A1
P1

A2

M odèle M G 1
Input: A1,A2 Output : A3

Graphe G1

A1

A2

A3

M odèle M G 2
Input: A1,A2 Output : C1

Graphe G2

A1

A2

C1

Inst anci ati on du
param ètr e générique

P1 ←

P1 ←

A3

C1

M odèle M C1
Input : A3  Output : A4

Graphe G3

A4A3

Figure 21: Inst anciation des param èt res d’un m odèle généri que. 

3RXU TXH OH PRGqOH SXLVVH rWUH XWLOLVp HQ WDQW TXH PRGqOH GH FRPSRVDQW/ WRXV OHV SDUDPqWUHV

JpQpULTXHV GRLYHQW rWUH UHPSODFpV SDU GHV YDOHXUV FRUUHFWHPHQW VSpFLILpHV1 3DU H[HPSOH +)LJXUH 54,/

XQ © Q±XG JpQpULTXH ª GRLW rWUH UHPSODFp SDU XQ DWRPH RX XQ FRPSRVDQW FRUUHFWHPHQW GpILQL1 /D

WUDQVIRUPDWLRQ G·XQ PRGqOH JpQpULTXH HQ XQ PRGqOH GH FRPSRVDQW +L1H1 OD SULVH GH YDOHXU GHV

SDUDPqWUHV, HVW DSSHOpH LQVWDQFLDWLRQ GX PRGqOH JpQpULTXH1 /H PRGqOH GH FRPSRVDQW REWHQX SHXW

DORUV rWUH XWLOLVp QRUPDOHPHQW1

3RXU rWUH SOXV SUpFLV/ j FKDTXH IRLV TX·XQ GHV SDUDPqWUHV G·XQ PRGqOH JpQpULTXH HVW UHPSODFp SDU

XQH YDOHXU FRUUHFWH/ XQ QRXYHDX PRGqOH HVW EkWL1 /·RSpUDWLRQ GH SULVH G·XQH YDOHXU 9L G·XQ

SDUDPqWUH 3L SHXW rWUH WUDGXLWH SDU =
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n1 PP , ,PI,G,P , ,PI,G, −… →… = ii V

/H QRXYHDX PRGqOH HVW FRQVLGpUp FRPPH PRLQV JpQpULTXH TXH OH SUpFpGHQW1 6·LO UHVWH GHV SDUDPqWUHV

JpQpULTXHV/ OH QRXYHDX PRGqOH HVW HQFRUH XQ PRGqOH JpQpULTXH1 3DU FRQWUH/ V·LO QH SRVVqGH SOXV GH

SDUDPqWUHV JpQpULTXHV/ LO GHYLHQW XQ PRGqOH GH FRPSRVDQW j SDUW HQWLqUH1 (Q GpILQLWLYH/ OD SULVH GH

YDOHXU GH WRXV OHV SDUDPqWUHV FUpH XQ DUEUH GH PRGqOHV JpQpULTXHV/ FKDTXH YDOHXU GLIIpUHQWH FUpDQW

XQH EUDQFKH GLIIpUHQWH1 /D UDFLQH GH FHW DUEUH HVW OH PRGqOH SRVVpGDQW OH SOXV GH SDUDPqWUHV1 /HV

IHXLOOHV VRQW WRXV OHV PRGqOHV GH FRPSRVDQWV TXH O·RQ SHXW REWHQLU JUkFH DX[ GLIIpUHQWHV YDOHXUV TXH

SHXYHQW SUHQGUH OHV SDUDPqWUHV JpQpULTXHV1

5171 *UDSKH JOREDO

(Q XWLOLVDQW GHV PRGqOHV GH FRPSRVDQW JpQpULTXHV/ RQ SHXW GpVRUPDLV GpILQLU GHV PRGqOHV WUqV

FRPSOH[HV DYHF XQ PRLQGUH FR�W GH VSpFLILFDWLRQ1 7DQW TXH OD GpILQLWLRQ HVW YDOLGH/ F·HVW0j0GLUH WDQW

TX·HOOH QH FRQWLHQW SDV GH GpILQLWLRQV UpFXUVLYHV/ RQ GRLW rWUH FDSDEOH GH FDOFXOHU OHV YDOHXUV GHV

DWRPHV GX PRGqOH HQ IRQFWLRQ GHV FRQQH[LRQV FDXVDOHV GRQW LOV VRQW OHV HIIHWV1 &HSHQGDQW/ FRPPH

RQ O·D YX/ VHXOHV OHV LQIOXHQFHV QRXV SHUPHWWHQW GLUHFWHPHQW G·REWHQLU OD YDOHXU j XWLOLVHU1 /HV DXWUHV

FRQQH[LRQV +L1H1 FHOOHV LPSOLTXDQW GHV FRPSRVDQWV, GHPDQGHQW XQ WUDYDLO VXSSOpPHQWDLUH1 3RXU QRXV

DLGHU j FDOFXOHU OHV YDOHXUV GHV DWRPHV QRXV GpILQLVVRQV OD QRWLRQ GH JUDSKH JOREDO1

Défi niti on 18 : G raphe global 

/H JUDSKH JOREDO G·XQH GpILQLWLRQ YDOLGH GH PRGqOH QH FRQWLHQW TXH GHV DWRPHV HW GHV LQIOXHQFHV1 ,O

HVW REWHQX j SDUWLU GX JUDSKH GX PRGqOH GDQV OHTXHO RQ DXUD UpFXUVLYHPHQW UHPSODFp WRXV OHV

FRPSRVDQWV SDU OHV JUDSKHV GH OHXU SURSUHV PRGqOHV1 2Q DXUD/ GH SOXV/ UHGLULJp OHV FRQQH[LRQV

LPSOLTXDQW FHV FRPSRVDQWV YHUV OHV Q±XGV GHV JUDSKHV TXL OHV RQW UHPSODFpV1

/D FRQVWUXFWLRQ GH FH JUDSKH HVW DVVH] VLPSOH1 $SUqV DYRLU UHPSODFp WRXV OHV FRPSRVDQWV GX JUDSKH

SDU OHV JUDSKHV GH OHXUV SURSUHV PRGqOHV/ LO VXIILW GH © UHGLULJHU ª OHV FRQQH[LRQV/ VXLYDQW TX·HOOHV

XWLOLVHQW XQ SRLQW RX XQ VFKpPD GH FRQQH[LRQ =

&DV 41 8QH FRQQH[LRQ LPSOLTXDQW XQ FRPSRVDQW HW IDLVDQW LQWHUYHQLU XQ SRLQW GH FRQQH[LRQ VH

UDPqQH/ SDU GpILQLWLRQ/ j XQH FRQQH[LRQ LPSOLTXDQW OH Q±XG GpVLJQp SDU FH SRLQW1 &H Q±XG/ TXL

IDLVDLW SDUWLH GX PRGqOH GX FRPSRVDQW/ D pWp DMRXWp DX JUDSKH JOREDO ORUV GX UHPSODFHPHQW GX

FRPSRVDQW SDU VRQ JUDSKH1
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&DV 51 8QH FRQQH[LRQ SRUWDQW OH QRP G·XQ VFKpPD GH FRQQH[LRQ VH UDPqQH j O·HQVHPEOH GHV

FRQQH[LRQV GpILQLVVDQW OH VFKpPD1 &HV FRQQH[LRQV IRQW LQWHUYHQLU GHV Q±XGV RQW pWp/ HX[ DXVVL/

DMRXWpV DX JUDSKH JOREDO ORUV GX UHPSODFHPHQW GX FRPSRVDQW SDU VRQ JUDSKH1

M odèle M C2
Input: A4,A5 Output : A6

M odèle M C1
Input: InCon: {( →A2),( →A3)}

Output :   C3

M odèle M C3
Input : A7  Output : A8

Graphe G1

C1

C2

A1

Graphe G2

A2

Graphe G3

A5

A4

A6

C3

Graphe G4

A7 A8

A0 InCon

A5

A4

A3

Graphe global de G1.
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A0

A3

Figure 22: Const ructi on du graphe global. 

6L/ SDUPL OHV Q±XGV TXH O·RQ YLHQW G·DMRXWHU/ LO \ D GHV FRPSRVDQWV/ LO IDXW DORUV UHFRPPHQFHU

O·RSpUDWLRQ/ HW FH WDQW TX·LO \ DXUD GHV FRPSRVDQWV GDQV OH JUDSKH1 /D YDOLGLWp GH OD GpILQLWLRQ QRXV

JDUDQWLW O·DUUrW GH OD SURFpGXUH1 (Q GpILQLWLYH/ WRXWH FRQQH[LRQ HVW pTXLYDOHQWH j XQH RX SOXVLHXUV

LQIOXHQFHV1 (Q UHSUHQDQW O·H[HPSOH GH OD )LJXUH 4</ RQ SHXW LOOXVWUHU O·REWHQWLRQ GX JUDSKH JOREDO

DVVRFLp j *4 SDU OD ILJXUH FL0GHVVXV +)LJXUH 55,1 /D GpILQLWLRQ KLpUDUFKLTXH XWLOLVH 6 PRGqOHV GH
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FRPSRVDQWV1 2Q UHPDUTXHUD TXH/ GDQV OH JUDSKH *4/ OD FRQQH[LRQ GLULJpH YHUV &4 XWLOLVH OH VFKpPD

GH FRQQH[LRQ HQ HQWUpH GpILQL SRXU FHOXL0FL FDU F·HVW VHXO PR\HQ SRXU LQIOXHQFHU FH FRPSRVDQW1 $X

FRQWUDLUH/ OHV GHX[ FRQQH[LRQV GLULJpHV YHUV OH FRPSRVDQW &5 XWLOLVHQW FKDFXQH XQH FRQQH[LRQ

GLIIpUHQWH HQ XWLOLVDQW O·XQ GHV GHX[ SRLQWV G·HQWUpH GX FRPSRVDQW1 'DQV OH JUDSKH JOREDO/ OD

FRQQH[LRQ GLULJpH YHUV &4 D pWp UHPSODFpH SDU GHX[ LQIOXHQFHV +$3→$5 HW $3→$6, HW OHV

FRQQH[LRQV GLULJpHV YHUV &5 RQW pWp UHGLULJpHV YHUV OHV DWRPHV FRUUHVSRQGDQWV +$7 HW $8,1

5181 &RQFOXVLRQ

1RXV DYRQV GpILQL XQH DUFKLWHFWXUH KRPRJqQH SRXU XQH UHSUpVHQWDWLRQ KLpUDUFKLTXH GH PRGqOHV GH

JUDQGH FRPSOH[LWp1 1RWUH DUFKLWHFWXUH QH GLIIpUHQFLH IRUPHOOHPHQW SDV OHV QLYHDX[ VWUXFWXUHOV GHV

QLYHDX[ IRQFWLRQQHOV/ FH TXL QRXV DFFRUGH XQH SOXV JUDQGH OLEHUWp GDQV O·RUJDQLVDWLRQ HW

O·LQWHUSUpWDWLRQ GH QRV PRGqOHV1 7RXW JUDSKH SHXW rWUH FRQVLGpUp FRPPH XQ PRGqOH j SDUW HQWLqUH1

&HOD QRXV SHUPHWWUD/ SDU H[HPSOH/ GH WHVWHU GHV SRUWLRQV GH PRGqOHV DYDQW GH OHV DVVHPEOHU GDQV

GHV VWUXFWXUHV GH FRPSOH[LWp FURLVVDQWH1

1RXV VDYRQV PDLQWHQDQW TXH WRXWH GpILQLWLRQ GH JUDSKH XWLOLVDQW GHV FRPSRVDQWV SHXW VH UDPHQHU j

XQ JUDSKH Q·XWLOLVDQW TXH GHV DWRPHV HW GHV LQIOXHQFHV1 1RXV QRXV LQWpUHVVHURQV GRQF GDQV OD VXLWH

GH FH FKDSLWUH XQLTXHPHQW j FHV GHX[ W\SHV G·HQWLWpV1

61 5(35(6(17$7,21 '( /·,1)250$7,21

&RPPH QRXV O·DYRQV GLW GDQV OD SUHPLqUH SDUWLH GH FH FKDSLWUH/ QRXV DYRQV RSWp SRXU XQH

UHSUpVHQWDWLRQ K\EULGH GH O·LQIRUPDWLRQ/ VRXV OD IRUPH G·XQ FRXSOH SRVVpGDQW XQH SDUWLH QXPpULTXH/

O·$PSOLWXGH HW XQH SDUWLH V\PEROLTXH/ OH 7\SH1 &HV GHX[ SDUWLHV VRQW FRPSOpPHQWDLUHV/ F·HVW SRXUTXRL

WRXV OHV SURFHVVHXUV pOpPHQWDLUHV +L1H1 OHV DWRPHV, VHURQW DVVRFLpV j GHV YDOHXUV FRQVWLWXpHV G·XQH

DPSOLWXGH HW G·XQ W\SH1 1RXV DOORQV GpILQLU LFL OD IRUPH SUpFLVH GH FHV HQWLWpV/ DLQVL TXH WRXWHV OHV

RSpUDWLRQV HW UHODWLRQV TXL VRQW QpFHVVDLUHV SRXU OHV PDQLSXOHU1

6141 $PSOLWXGH

/·DPSOLWXGH UHSUpVHQWH XQH GRQQpH QXPpULTXH LPSUpFLVH1 (OOH HVW UHSUpVHQWpH SDU XQ LQWHUYDOOH TXL

GpOLPLWH OHV ERUQHV HQWUH OHVTXHOOHV OD GRQQpH QXPpULTXH PDO FRQQXH HVW FRPSULVH1 2Q GpILQLW
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JpQpUDOHPHQW OHV YDOHXUV GHV ERUQHV GH O·LQWHUYDOOH GDQV O·HQVHPEOH GHV UpHOV +J,1 2Q GpILQLW XQ

LQWHUYDOOH IHUPp FRPPH QRXV O·DYRQV YX DX &KDSLWUH 6 +SDJH :6/ 7UDYp00DVVX\qV HW DO1 4<<:/

6XQDJD 4<8;,1

3RXU SRXYRLU UHSUpVHQWHU GHV LQWHUYDOOHV IHUPpV GH ORQJXHXU LQILQLH/ RQ GRLW OHV GpILQLU HQ

V·DSSX\DQW/ QRQ SDV VXU O·HQVHPEOH GHV UpHOV/ PDLV VXU O·HQVHPEOH GHV UpHOV pWHQGXV/ QRWp J∞1 &HW

HQVHPEOH HVW FRQVWUXLW FRPPH XQH DXJPHQWDWLRQ GH J/ DXTXHO RQ DMRXWH GHX[ pOpPHQWV/ OHV

V\PEROHV .∞ HW 0∞1 3DU GpILQLWLRQ/ .∞ HVW WHO TXH ∀ [∈ J/ [ ? .∞1 5HVSHFWLYHPHQW/ 0∞ HVW GpILQL WHO

TXH ∀ [∈ J/ [ ! 0∞ +7XSSHU 4<<9/ 6WUXVV 4<<3,1

2Q DXJPHQWH OHV UHODWLRQV HW OHV RSpUDWLRQV VXU J SRXU TX·HOOHV SXLVVHQW PDQLSXOHU OHV QRPEUHV

LQILQLV1 $LQVL/ SDU H[HPSOH/ SRXU O·DGGLWLRQ HW OD VRXVWUDFWLRQ/ ∀ [∈ J/ [ . .∞  .∞/ [ ² .∞  0∞/

[ . 0∞  0∞ HW [ ² 0∞  .∞/PDLV FHSHQGDQW OH UpVXOWDW GH .∞ . 0∞ UHVWH LQGpILQL1

614141 /HV LQWHUYDOOHV pWHQGXV

2Q GpILQLW OHV LQWHUYDOOHV pWHQGXV VXUJ∞ GH OD PrPH PDQLqUH TXH OHV LQWHUYDOOHV UpHOV1

Défi niti on 19 : Int ervall e ét endu 

8Q LQWHUYDOOH IHUPp pWHQGX HVW XQ HQVHPEOH GH UpHOV pWHQGXV QRWp >D/ E@/ R� D HW E ∈ J∞ HW D ≤ E/ WHO

TXH ∀ [∈ J∞/ [∈ >D/ E@ VL HW VHXOHPHQW VL D ≤ [ ≤ E12Q QRWHUD ,∞ O·HQVHPEOH GHV LQWHUYDOOHV pWHQGXV1

&HFL QRXV SHUPHW GRQF GH UHSUpVHQWHU VLPSOHPHQW GHV LQWHUYDOOHV GH ORQJXHXU LQILQLH1 2Q SHXW/ SDU

H[HPSOH/ UHSUpVHQWHU O·HQVHPEOH GHV UpHOV pWHQGXV SRVLWLIV RX QXOV SDU O·LQWHUYDOOH >3/ .∞@ HW

O·HQVHPEOH J∞ SDU >0∞/ .∞@1

1RWDWLRQ = 6L I HVW XQ LQWHUYDOOH/ DORUV RQ QRWHUD I VD ERUQH VXSpULHXUH HW I VD ERUQH LQIpULHXUH1

2Q QRWH /RQJXHXU OD IRQFWLRQ GH ,∞ GDQV J∞./ HW GRQW O·LPDJH HVW OD ORQJXHXU GH O·LQWHUYDOOH1 ∀ $∈ ,∞

RQ GpILQLW /RQJXHXU+$,  $ 0 $1 2Q SRVHUD SDU GpILQLWLRQ TXH /RQJXHXU+>.∞/ .∞@,  

/RQJXHXU+>0∞/ 0∞@,  31 6RLW α ∈ J∞/ RQ QRWHUD α WRXW LQWHUYDOOH GH ORQJXHXU QXOOH HW pJDO j >α/ α@1



438

2Q GpILQLW/ VXU OHV LQWHUYDOOHV pWHQGXV/ GHV UHODWLRQV LQVSLUpHV GHV UHODWLRQV HW RSpUDWLRQV

HQVHPEOLVWHV +LQFOXVLRQ/ XQLRQ/ HWF1, PDLV DXVVL LQVSLUpHV GX FDOFXO VXU OHV UpHOV +VXSpULRULWp/ VRPPH/

PXOWLSOLFDWLRQ/ HWF1,1

614151 5HODWLRQV HQWUH LQWHUYDOOHV pWHQGXV

/D SUHPLqUH UHODWLRQ j GpILQLU VXU ,∞ HVW XQH UHODWLRQ G·pTXLYDOHQFH/ QRXV O·DSSHOOHURQV pJDOLWp VWULFWH1

Défi niti on 20 : Egalit é st ricte pour l es i ntervall es ét endus 

∀ $/%∈ ,∞/ RQ GLW TXH $ HVW VWULFWHPHQW pJDO j %/ QRWp $  %/ VL HW VHXOHPHQW VL$  % HW $  %1

2Q SHXW LQWHUSUpWHU FHWWH UHODWLRQ FRPPH OD UHODWLRQ WHOOH TXH/ VL O·RQ FRQVLGqUH TXH OHV LQWHUYDOOHV $

HW % UHSUpVHQWHQW GHV YDOHXUV UpHOOHV LPSUpFLVHV/ DORUV $  % HVW pTXLYDOHQW j GLUH TXH TXHOOH TXH VRLW OD

YpULWDEOH YDOHXU GH $/ HOOH HVW XQH YDOHXU SRVVLEOH GH % HW UpFLSURTXHPHQW1

1RWDWLRQ = ∀ $/%∈ ,∞/ RQ QRWHUD $ ≠ %/ $ HVW GLIIpUHQW GH %/ OD SURSRVLWLRQ ¬ +$  %,1

2Q SHXW GpILQLU O·pJDOLWp TXDOLWDWLYH DX VHQV R� HOOH D pWp GpILQLH DX FKDSLWUH SUpFpGHQW +SDJH 9<,1

Défi niti on 21 : Egalit é qualit ative 

∀ $/%∈ ,∞/ RQ GLW TXH $ HVW TXDOLWDWLYHPHQW pJDO j %/ QRWp $ ≈ %/ VL HW VHXOHPHQW VL ∃ [∈ J∞ WHO TXH [

∈ $ HW [ ∈ %1

2Q SHXW LQWHUSUpWHU FHWWH UHODWLRQ FRPPH OD UHODWLRQ WHOOH TXH/ VL O·RQ FRQVLGqUH TXH OHV LQWHUYDOOHV $

HW % UHSUpVHQWHQW GHV YDOHXUV UpHOOHV LPSUpFLVHV/ DORUV $ ≈ % HVW pTXLYDOHQW j GLUH TX·LO HVW SRVVLEOH TXH

OD YpULWDEOH YDOHXU GH $ VRLW OD YpULWDEOH YDOHXU GH % HW UpFLSURTXHPHQW1 &HWWH VHFRQGH UHODWLRQ HVW

EHDXFRXS PRLQV UHVWULFWLYH TXH OD UHODWLRQ G·pJDOLWp VWULFWH1

/·pJDOLWp TXDOLWDWLYH HVW XQH UHODWLRQ UpIOH[LYH HW V\PpWULTXH/ PDLV SDV WUDQVLWLYH1 2Q UHPDUTXH GH

SOXV OHV SURSULpWpV VXLYDQWHV =

Propri étés 3 : 

41 ∀ $/%∈ ,∞ VL $  % DORUV $ ≈ %1

51 ∀ $∈ ,∞ $ ≈ >0∞/ .∞@1

2Q SHXW HQVXLWH GpILQLU XQH UHODWLRQ G·RUGUH SDUWLHO LQVSLUpH GH OD UHODWLRQ G·LQFOXVLRQ HQVHPEOLVWH1
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Défi niti on 22 : Incl usi on 

6RLW GHX[ LQWHUYDOOHV pWHQGXV $ HW %/ RQ GLW TXH $ HVW LQFOXV GDQV %/ QRWp $ ⊂ %/ VL HW VHXOHPHQW VL

∀ [∈ $ DORUV [∈ %1

2Q UHPDUTXH OHV SURSULpWpV VXLYDQWHV/

Propri étés 4 : 

41 ∀ $/%∈ ,∞ DORUV $ ⊂ % VL HW VHXOHPHQW VL $ ≥ % HW $ ≤ %1

51 ∀ $∈ ,∞ DORUV $ ⊂ >0∞/ .∞@1

61 ∀ $/%∈ ,∞/ $  % VL HW VHXOHPHQW VL $ ⊂ % HW % ⊂ $1

71 ∀ $/%∈ ,∞/ VL $ ⊂ % DORUV $ ≈ %1

2Q SHXW GpILQLU XQH VHFRQGH UHODWLRQ G·RUGUH VWULFW SDUWLHO TXL HVW/ HOOH/ LQVSLUpH GH OD UHODWLRQ G·RUGUH

GHV UpHOV1

Défi niti on 23 : Supéri orit é st ricte 

∀ $/%∈ ,∞/ RQ GLW TXH $ HVW VWULFWHPHQW VXSpULHXU j %/ QRWp $ %/ VL HW VHXOHPHQW VL ∀ [∈ $ HW

∀ \∈ % DORUV [ ! \1

2Q PRQWUH DLVpPHQW TXH OD VXSpULRULWp VWULFWH HVW XQH UHODWLRQ G·RUGUH VWULFW SDUWLHO1 2Q UHPDUTXH GH

SOXV OHV SURSULpWpV VXLYDQWHV =

Propri étés 5 : 

41 ∀ $/%∈ ,∞/ DORUV $ % VL HW VHXOHPHQW VL $ !%1

51 ∀ $/%∈ ,∞ / $ ≈ % RX $ % RX % $1

3RXU REWHQLU XQ RUGUH WRWDO VXU ,∞ RQ GRLW IRXUQLU XQH GpILQLWLRQ PRLQV LQWXLWLYH GH OD VXSpULRULWp

HQWUH LQWHUYDOOHV =

Défi niti on 24 : supéri orit é t otal e 

∀ $/%∈ ,∞/ RQ GLW TXH $ HVW VXSpULHXU j %/ QRWp $ ! %/ VL HW VHXOHPHQW VL $ !%/ RX VLQRQ $  %

HW $ ? %1

3RXU TXH FHWWH UHODWLRQ VRLW FRPSOqWH/ LO IDXW DMRXWHU XQH XQ FDV SDUWLFXOLHU ORUVTXH OHV ERUQHV

VXSpULHXUHV VRQW pJDOHV1 1RXV DYRQV FKRLVL GH UHVWHU FRKpUHQW DYHF OD UHODWLRQ G·LQFOXVLRQ +L1H1 $ HVW
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SOXV JUDQG j % ORUVTX·LO OH FRQWLHQW,1 &HWWH UHODWLRQ LOOXVWUH OD GLIILFXOWp G·REWHQLU XQH UHODWLRQ G·RUGUH

WRWDOH VXU ,∞1 2Q PRQWUH VDQV DXFXQH GLIILFXOWp TXH FHWWH UHODWLRQ HVW XQH UHODWLRQ G·RUGUH VWULFWH HW

WRWDOH VXU ,∞ DLQVL TXH OHV SURSULpWpV VXLYDQWHV =

Propri étés 6 : 

41 ∀ $/%∈ ,∞/ VL $ ⊂ % DORUV % ! $ RX $  %1

51 ∀ $/%∈ ,∞/ VL $ % DORUV $ ! %1

61 ∀ $/%∈ ,∞/ VL $ ! % DORUV $ ≈ % RX $ %1

614161 2SpUDWLRQV VXU OHV LQWHUYDOOHV pWHQGXV

/·LGpH JpQpUDOH SRXU OD GpILQLWLRQ G·RSpUDWHXUV VXU OHV LQWHUYDOOHV HVW GH FRQVLGpUHU OH UpVXOWDW GH

O·RSpUDWLRQ FRPPH OH SOXV SHWLW LQWHUYDOOH +DX VHQV GH O·LQFOXVLRQ, FRQWHQDQW O·HQVHPEOH GH WRXV OHV

UpVXOWDWV GH O·RSpUDWLRQ DSSOLTXpH j FKDFXQ GHV pOpPHQWV GHV LQWHUYDOOHV LQLWLDX[1 &HWWH LGpH SUHQG

WRXW VRQ VHQV VL HOOH HVW DSSOLTXpH DX[ RSpUDWHXUV HQVHPEOLVWHV/ O·LQWHUVHFWLRQ +∩, HW O·XQLRQ +∪ ,1

Défi niti on 25 : Union d’int ervall es 

6RLW GHX[ LQWHUYDOOHV pWHQGXV $ HW %1 2Q DSSHOOH XQLRQ GH $ HW %/ O·LQWHUYDOOH QRWp $∪ % WHO TXH

$∪ %  >PLQ+ $ / %,/ PD[ +$ /%,@1

2Q PRQWUH DLVpPHQW TXH $∪ % FRQWLHQW WRXV OHV pOpPHQWV TXL pWDLHQW FRQWHQXV GDQV $ HW GDQV %1

0DLV RQ SHXW DXVVL UHPDUTXHU TXH/ DLQVL TXH QRXV OH GLVLRQV FL0GHVVXV/ $∪ % SHXW FRQWHQLU GHV UpHOV

pWHQGXV TXL Q·pWDLHQW FRQWHQXV QL GDQV $/ QL GDQV %1 &·HVW/ SDU H[HPSOH/ OH FDV GH >4/ 5@∪ >8/ 9@  

>4/ 9@1 &·HVW FHWWH SDUWLFXODULWp TXL IDLW/ FHSHQGDQW/ O·XWLOLWp GH FHW RSpUDWHXU +6XQDJD 4<8;,1 ,O IDXW WRXW

G·DERUG GpPRQWUHU OD SURSULpWp VXLYDQWH =

Propri été 7 : 

∀ $∈ ,∞/ DORUV $  $ ∪ $  $ ∪ $1

&HWWH SURSULpWp QRXV SHUPHW GH UHSUpVHQWHU WRXW LQWHUYDOOH >D/ E@ SDU O·XQLRQ GH VHV ERUQHV D ∪ E1

Défi niti on 26 : i ntersecti on d’int ervall es 

∀ $/%∈ ,∞/ WHOV TXH $ ≈ %/ RQ DSSHOOH LQWHUVHFWLRQ GH $ HW %/ O·LQWHUYDOOH QRWp $∩% HW WHO TXH

∀ [∈ $∩%/ [∈ $ HW [∈ %1
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/·LQWHUVHFWLRQ Q·H[LVWH TXH VL OHV LQWHUYDOOHV SRVVqGHQW DX PRLQV XQH YDOHXU FRPPXQH/ F·HVW j GLUH V·LO

VRQW TXDOLWDWLYHPHQW pJDX[1 7RXWHV OHV SURSULpWpV GH O·XQLRQ HW GH O·LQWHUVHFWLRQ HQVHPEOLVWHV VRQW

YpULILpHV SRXU O·XQLRQ HW O·LQWHUVHFWLRQ G·LQWHUYDOOHV1 >0∞/ .∞@ HVW O·pOpPHQW DEVRUEDQW GH O·XQLRQ HW

O·pOpPHQW QHXWUH GH O·LQWHUVHFWLRQ1

/HV RSpUDWLRQV DULWKPpWLTXHV/ HQILQ/ VRQW GpILQLHV VXU OD EDVH GHV RSpUDWLRQV TXL OHXU FRUUHVSRQGHQW

VXU J∞1 2Q GpILQLW G·XQH PDQLqUH JpQpUDOH OHV TXDWUH RSpUDWLRQV GH EDVH FRPPH VXLW +7XSSHU 4<<9/

6XQDJD 4<8;,1

Défi niti on 27 : O pérati ons arit hm étiques 

∀ $/%∈ ,∞ HW ♦ XQ RSpUDWHXU FKRLVL SDUPL ^./ ×/ 0/ 2`/ OH UpVXOWDW GH O·RSpUDWLRQ $♦ % HVW GpILQL

FRPPH OH SOXV SHWLW LQWHUYDOOH pWHQGX DX VHQV GH O·LQFOXVLRQ/ FRQWHQDQW O·HQVHPEOH ^[∈ J∞ 2 ∃ D∈ $

HW ∃ E∈ %/ [  D ♦ E`1

2Q FRQVWUXLUD O·LQWHUYDOOH UpVXOWDW j SDUWLU GH O·XQLRQ GHV RSpUDWLRQV PHQpHV VXU OHV ERUQHV GHV

RSpUDQGHV1 2Q SHXW PRQWUHU TXH OH UpVXOWDW GH O·RSpUDWLRQ VXU OHV LQWHUYDOOHV SURGXLW DORUV ELHQ OH

SOXV SHWLW LQWHUYDOOH FRQWHQDQW O·HQVHPEOH GHV UpVXOWDWV GH O·RSpUDWLRQ VXU OHV pOpPHQWV GHV LQWHUYDOOHV1

'H SOXV OD SUpVHQFH GH >0∞/ .∞@/ GDQV ,∞/ YD QRXV SHUPHWWUH GH IHUPHU OHV RSpUDWLRQV VXU ,∞/ HQ

DVVRFLDQW O·LQWHUYDOOH >0∞/ .∞@ DX[ YDOHXUV TXL pWDLHQW LQGpWHUPLQpHV GDQV J∞1 'H FHWWH PDQLqUH RQ

GpILQLW O·RSSRVp G·XQ LQWHUYDOOH SDU =

0$  + 0$, ∪ + 0$,  > 0$ / 0$@1

(Q SRVDQW 0∞ . .∞  >0∞/ .∞@/ RQ SHXW GpILQLU $ . % HW $ 0 % FRPPH =

$ . %  + $ . %, ∪ +$ .%,  > $ . % /$ .%@/

$ 0 %  $ . +0%,1

'H PrPH RQ SHXW GpILQLU O·LQYHUVH G·XQ LQWHUYDOOH/ 42$/ SDU =

[ ]




∞+−∞
∉=∪=

sinon                            ]   , [

A0 si   A/1   , A/1)A/1 A/1(
A/1

(W HQ SRVDQW 3 ×.∞  3 × 0∞  >0∞/ .∞@ RQ SHXW GpILQLU $×% HW $2% FRPPH =

$×%  + $ × %, ∪ +$ ×%, ∪ + $ × %, ∪ +$ × %,/

$2%  $ × + 4 2 %,1
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2Q SHXW GH FHWWH PDQLqUH GpILQLU G·DXWUHV IRQFWLRQV VXU ,∞/ FRPPH SDU H[HPSOH OHV IRQFWLRQV

WULJRQRPpWULTXHV RQ ELHQ OHV IRQFWLRQV H[SRQHQWLHOOH HW ORJDULWKPH1

614171 5HODWLRQV PXOWLYDOXpHV

&RQWUDLUHPHQW j XQ HQVHPEOH IORX/ XQ LQWHUYDOOH QH UHSUpVHQWH SDV O·LQFHUWLWXGH DVVRFLpH j

O·LQIRUPDWLRQ TX·LO UHSUpVHQWH1 &HOD DOOqJH VD UHSUpVHQWDWLRQ HW IDFLOLWH OD VSpFLILFDWLRQ G·XQH

LQIRUPDWLRQ PDO FRQQXH1 &HSHQGDQW/ O·LQWHUSUpWDWLRQ GH OD YDOLGLWp G·XQH UHODWLRQ PDQLSXODQW XQ

LQWHUYDOOH SHXW QH SDV rWUH FHUWDLQH1 2Q SRXUUDLW/ SDU H[HPSOH/ GDQV OH FDV GHV UHODWLRQV G·pJDOLWp

GpILQLHV FL0GHVVXV/ DGPHWWUH TXH OH GHJUp GH FHUWLWXGH G·pJDOLWp GH GHX[ YDOHXUV LPSUpFLVHV $ HW % HVW

VXSpULHXU ORUVTXH $  % TXH ORUVTXH $ ≈ %1

&·HVW SRXU SUHQGUH HQ FRPSWH O·LQFHUWLWXGH JpQpUpH SDU GHV GRQQpHV LPSUpFLVHV UHSUpVHQWpHV SDU GHV

LQWHUYDOOHV/ TXH QRXV SURSRVRQV GHV UHODWLRQV PXOWLYDOXpHV1 &HV UHODWLRQV VRQW LQWHUSUpWpHV GDQV XQH

ORJLTXH PXOWLYDOXpH FRPPH OHV ORJLTXHV GH /XNDVLHZLF] TXH QRXV DYRQV SUpVHQWpHV DX FKDSLWUH

SUpFpGHQW +YRLU SDJH 94,1 1RXV DOORQV SURSRVHU XQH UHODWLRQ G·pJDOLWp HW XQH UHODWLRQ G·RUGUH1 'DQV

XQ SUHPLHU WHPSV/ QRXV DOORQV GpILQLU FHV UHODWLRQV GDQV /6/ FH TXL QRXV SHUPHWWUD G·HQ DYRLU XQH

UHSUpVHQWDWLRQ VLPSOH/ DYDQW GH SDVVHU j /141

4XHOOH TXH VRLW OD UHODWLRQ • HW OHV LQWHUYDOOHV pWHQGXV $ HW %/ RQ QRWHUD 95+$•%,/ 96+$•%, HW

914+$•%, OHV YDOHXUV GH YpULWp GH OD UHODWLRQ $•%/ UHVSHFWLYHPHQW GDQV OD ORJLTXH ERROpHQQH/ GDQV

/6 HW GDQV /141 $LQVL/ SDU H[HPSOH/ GDQV /5/ 95+$•%,  4 VL HW VHXOHPHQW VL $•% HVW YpULILpH/

95+$•%,  3 VL OD UHODWLRQ Q·HVW SDV YpULILpH1 3DU H[WHQVLRQ QRXV GpILQLVVRQV/ ∀ $/%∈ ,∞ HW

∀•∈ ^ /≈/⊂ / /!`/ 914+$•%,  96+$•%,  95+$•%,1

Défi niti on 28 : Egalit é dans L 3 

∀ $/%∈ ,∞/ RQ QRWHUD $  6 %/ OD UHODWLRQ pJDOLWp GDQV /6/ WHOOH TXH =

96+$  6 %,  4 VL HW VHXOHPHQW VL $  %/

96+$  6 %,  ó VL HW VHXOHPHQW VL $ ≠ % HW $ ≈ %/

96+$  6 %,  3 VLQRQ1

2Q SHXW PRQWUHU/ SDU H[HPSOH VXU GHV WDEOHV GH YpULWp/ TXH FHWWH UHODWLRQ HVW UpIOH[LYH +$ 6$,/

V\PpWULTXH ++$  6 %,→ +%  6 $,,/ WUDQVLWLYH +++$  6 %, ∧ +%  6 &,,→ +$  6 &,, GDQV /61 2Q SHXW DXVVL

PRQWUHU TXH =
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Propri été 8 : 

∀ $/%∈ ,∞ DORUV 96+$  6 %,  96+$  %, ∨ +96+$ ≈ %, ∧ ó,1

6XU OD EDVH GH FHWWH GpILQLWLRQ RQ SHXW GpILQLU OD UHODWLRQ G·RUGUH VXLYDQWH =

Défi niti on 29 : Supéri orit é dans L 3 

∀ $/%∈ ,∞/ RQ QRWHUD $ !6 %/ OD UHODWLRQ VXSpULHXU GDQV /6/ WHOOH TXH =

96+$ !6 %,  4 VL HW VHXOHPHQW VL $ %/

96+$ !6 %,  ó VL HW VHXOHPHQW VL $ ! % HW $ ≈ %/

96+$ !6 %,  3 VLQRQ1

2Q PRQWUH TXH !6 HVW LUUpIOH[LYH ++$ !6 %, → ¬ +$  6 %,,/ DQWLV\PpWULTXH +++$ !6 %, ∧ +% !6 $,, →

+$  6 %,, HW WUDQVLWLYH +++$ !6 %,∧ +% !6 &,,→ +$ !6 &,, GDQV /61 2Q PRQWUH GH SOXV TXH !6 HVW WRWDOH

+¬ +$  6 %,→ ++$ !6 %, ∨ +% !6 $,,, GDQV /61

&H V\VWqPH GH UHODWLRQV SHUPHW GH JpUHU XQ PLQLPXP G·LQFHUWLWXGH HQJHQGUpH SDU OHV LQWHUYDOOHV1 ,O

HVW FHSHQGDQW SRVVLEOH G·REWHQLU XQH JUDGXDWLRQ GH O·LQpJDOLWp G·LQWHUYDOOHV TXDOLWDWLYHPHQW pJDX[1

3DU H[HPSOH/ RQ FRQYLHQGUD TXH >4/ 5@ HVW SOXV LQWXLWLYHPHQW SOXV © pJDO ª j >4/ 6@ TX·j >5/ 8@ SRXUWDQW

>4/ 5@ ≈ >4/ 6@ ≈ >5/ 8@1 2Q SHXW IRQGHU OD PHVXUH GH OD UHVVHPEODQFH GHV LQWHUYDOOHV VXU OD ORQJXHXU

GH OHXU LQWHUVHFWLRQ +L1H1 GH OHXU SDUWLH FRPPXQH,1 2Q D >4/ 5@∩ >4/ 6@  >4/ 5@ HW >4/ 5@∩ >5/ 8@  5/ RU

/RQJXHXU+>4/ 5@, ! /RQJXHXU+5,1 7RXWHIRLV/ FHWWH PHVXUH VRXOqYH GHX[ SUREOqPHV DX[ FDV OLPLWHV/

ORUVTXH OD ORQJXHXU GH OD SDUWLH FRPPXQH HVW LQILQLH HW TXDQG HOOH HVW QXOOH1 (Q SUHQDQW HQ FRPSWH

OHV FDV DX[ OLPLWHV/ QRXV DOORQV SURSRVHU XQH UHODWLRQ G·pJDOLWp GDQV /141 &HWWH UHODWLRQ QH V·DSSXLH

TXH VXU OD UHODWLRQ G·pJDOLWp VWULFWH1

Défi niti on 30 : Egalit é dans L N1 

∀ $/%∈ ,∞/ RQ QRWHUD $  14 %/ O·pJDOLWp GDQV /14/ WHOOH TXH =

914+$  14 %,  4 VL HW VHXOHPHQW VL $  %/

914+$  14 %,  
)(

)(

BALongueur

BALongueur

∪
∩

VL $ ≠ %/ $ ≈ %/ /RQJXHXU+$ ∩ %, ? .∞1

914+$  14 %,  ó VL $ ≠ %/ $ ≈ % HW /RQJXHXU+$ ∩ %,  .∞1

914+$  14 %,  3 VLQRQ1
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/H WURLVLqPH FDV pOLPLQH O·LQGpWHUPLQDWLRQ GX TXRWLHQW ∞2∞ GRQW OD YDOHXU HVW LQGpWHUPLQpH1 2Q

SRVH SDU GpILQLWLRQ TXH/ GDQV FH FDV Oj/ OD YDOHXU GH YpULWp GH OD UHODWLRQ VHUD pJDOH j ó/ FH TXL

UHSUpVHQWH XQH YDOHXU GH YpULWp LQGpWHUPLQpH/ j PL0FKHPLQ HQWUH OH 9UDL +4, HW OH )DX[ +3,1 2Q

UHPDUTXH TXH/ VL OD ORQJXHXU GH O·LQWHUVHFWLRQ GHV GHX[ LQWHUYDOOHV HVW QXOOH +H1J1 >5/ 5@∩>4/ 6@,/ DORUV

OD YDOHXU GH YpULWp GH  14 YDXW 3 +)DX[, DORUV TXH OD UHODWLRQ G·pJDOLWp TXDOLWDWLYH HVW YpULILpH +H1J1

>5/ 5@≈>4/ 6@ FDU 5 ∈ >4/ 6@,1 &HWWH UHODWLRQ HVW GRQF j FRQVLGpUHU DYHF SUXGHQFH/ FDU HOOH Q·HVW SDU

HQWLqUHPHQW FRPSDWLEOH DYHF O·pJDOLWp TXDOLWDWLYH1

6XU OD EDVH GH FHWWH UHODWLRQ RQ SHXW DORUV GpILQLU XQH UHODWLRQ G·RUGUH VWULFW WRWDO GDQV /14/ TXH O·RQ

QRWHUD !14 HW TXL HVW GpILQLH SDU =

Défi niti on 31 : O rdre st rict t otal dans L N1 

914+$ !14 %,  914+ ¬ +$  14 %, ∧ +$ ! %, ,1

6151 7\SH

/H W\SH HVW OD SDUWLH V\PEROLTXH GH O·LQIRUPDWLRQ1 3RXU SRXYRLU UpDOLVHU VLPSOHPHQW OD UpXQLRQ GH

SOXVLHXUV W\SHV/ QRXV DYRQV FKRLVL GH UHSUpVHQWHU OH W\SH SDU XQ HQVHPEOH IORX GH V\PEROHV1 2Q

SHXW/ GH FHWWH PDQLqUH/ FRQVWUXLUH LQFUpPHQWDOHPHQW XQ W\SH HQ DVVRFLDQW GHV W\SHV pOpPHQWDLUHV1 'H

SOXV/ SRXU UHSUpVHQWHU O·DWWpQXDWLRQ GHV pOpPHQWV FRQVWLWXDQW XQ W\SH +YRLU SDJH <3,/ j FKDTXH pOpPHQW

VHUD DVVRFLpH XQH YDOHXU G·DSSDUWHQDQFH/ FRPSULVH HQWUH 3 HW 4/ HW TXL VSpFLILHUD O·DWWpQXDWLRQ GH FHW

pOpPHQW YLV j YLV GHV DXWUHV pOpPHQWV GX W\SH1

/HV V\PEROHV FRQWHQXV GDQV XQ W\SH VRQW GpSHQGDQWV GH OD FDWpJRULH G·LQIRUPDWLRQ UHSUpVHQWpH/

FDWpJRULH TXL Q·HVW SDV PRGLILpH SDU XQ FKDQJHPHQW G·DWWpQXDWLRQ1 2Q SHXW FRQVWUXLUH OHV W\SHV HQ

IRQFWLRQ GHV VWLPXOL GX PRGqOH FRQFHUQp HW LOV SHXYHQW SUHQGUH GHV IRUPHV WUqV GLYHUVHV1 3DU

H[HPSOH/ SRXU XQH DLUH SULPDLUH DXGLWLYH/ OHV W\SHV VRQW FRQVWLWXpV GH V\PEROHV UHSUpVHQWDQW GHV

IUpTXHQFHV VRQRUHV1 2Q QRWHUD 6/ O·HQVHPEOH GH WRXV OHV V\PEROHV G·pOpPHQWV GH W\SHV SRVVLEOHV1

2Q GpILQLW IRUPHOOHPHQW XQ W\SH FRPPH LO VXLW1

Défi niti on 32 : Type 

2Q DSSHOOH W\SH/ WRXWH DSSOLFDWLRQ GH 6 YHUV >3/ 4@1 2Q GpVLJQH SDU 7 O·HVSDFH GHV W\SHV1 /H SRLGV GH

O·DWWpQXDWLRQ G·XQ V\PEROH V∈ 6/ GDQV XQ W\SH 7∈ 7/ HVW QRWp 7+V,1
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8Q W\SH DVVRFLH XQH DWWpQXDWLRQ j WRXV OHV V\PEROHV GH 61 /·DWWpQXDWLRQ 7+V,  3 LQGLTXH TXH OH

V\PEROH HVW WRWDOHPHQW DWWpQXp > RQ GLW DORUV TX·LO Q·DSSDUWLHQW SDV DX W\SH 71 7+V,  4 UHYLHQW j GLUH

TXH OH V\PEROH V Q·HVW SDV DWWpQXp/ VRQ UDQJ HVW OH SOXV pOHYp1

Défi niti on 33 : Types rem arquabl es 

2Q DSSHOOH W\SH FRPSRVp OH W\SH GpILQL FRPPH O·DSSOLFDWLRQ DVVRFLDQW 4 j XQ HQVHPEOH GH V\PEROHV

^V4/«/ VQ` HW 3 j WRXW DXWUH V\PEROH GH 61 6L Q  4/ RQ SDUOHUD GH W\SH SXU1

2Q DSSHOOH W\SH YLGH OH W\SH/ QRWp ∅ / WHO TXH ∀ V ∈ 6/ ∅ +V,  31

2Q DSSHOOH W\SH WRWDO OH W\SH/ QRWp Γ/ WHO TXH ∀ V ∈ 6/ Γ+V,  41

615141 5HODWLRQV VXU OHV W\SHV

1RXV DOORQV WRXW G·DERUG GpILQLU GHV UHODWLRQV j YDOHXUV GDQV O·DOJqEUH GH %RROH/ SXLV QRXV

GpILQLURQV/ FRPPH SRXU OHV LQWHUYDOOHV/ GHV YHUVLRQV GH FHV UHODWLRQV GDQV /6 HW /141 2Q GpILQLW OHV

UHODWLRQV VXU OHV W\SHV HQ VH EDVDQW VXU GHV FRPSDUDLVRQV SRUWDQW VXU OHV SRLGV G·DWWpQXDWLRQ GHV

V\PEROHV1 $LQVL/ RQ SHXW GpILQLU =

Défi niti on 34 : Egalit é st ricte de deux t ypes 

∀ 74/75∈ 7/ RQ GLW TXH 74 HVW VWULFWHPHQW pJDO j 75/ QRWp 74  75/ VL HW VHXOHPHQW VL ∀ V∈ 6/

74+V,  75+V,1

Défi niti on 35 : Supéri orit é de deux t ypes 

∀ 74/75∈ 7/ RQ GLW TXH 74 HVW VXSpULHXU j 75/ QRWp 74 ! 75 VL HW VHXOHPHQW VL ∀ V∈ 6/ 74+V, ! 75+V,1

/D UHODWLRQ G·pJDOLWp HVW XQH UHODWLRQ G·pTXLYDOHQFH VXU 71 /D UHODWLRQ GH VXSpULRULWp HVW XQH UHODWLRQ

G·RUGUH VWULFW SDUWLHOOH VXU 71 /·pJDOLWp VWULFWH FRQVLGqUH GHX[ W\SHV pJDX[ VL WRXWHV OHV DWWpQXDWLRQV

VRQW pJDOHV1 6L O·RQ YHXW rWUH PRLQV VWULFW RQ SHXW DGPHWWUH TXH GHX[ W\SHV VRQW © SUHVTXH ª pJDX[ VL

OD GLIIpUHQFH HQWUH OHV DWWpQXDWLRQV HVW IDLEOH1 &HWWH LGpH QRXV D FRQGXLW j GpILQLU XQH UHODWLRQ

G·pJDOLWp ODUJH/ QRWp ≅ 1 &HWWH UHODWLRQ HVW XQH UHODWLRQ PXOWLYDOXpH/ RQ GpILQLW VD YDOHXU GH YpULWp

FRPPH VXLW1

Défi niti on 36 : Egalit é l arge de deux t ypes 

∀ 74/75∈ 7/ RQ GpILQLW OD UHODWLRQ G·pJDOLWp ODUJH/ 74 ≅ 75 WHOOH TXH 914+74 ≅ 75,  

( ))(T)(Tmax1 21 ss
s

−−
∈ 6

1
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2Q UHPDUTXHUD OHV SURSULpWpV VXLYDQWHV +HQ QRWDQW o 3 OD PRGDOLWp © 3 HVW QpFHVVDLUH ª, =

Propri étés 9 : 

41 /·pJDOLWp ODUJH HVW XQH UHODWLRQ G·pTXLYDOHQFH1

51 914+o +74 ≅ 75,,  914+74  75,/ VRLW HQ G·DXWUHV WHUPHV = VL 914+74 ≅ 75,  4 DORUV 74  751

615151 2SpUDWLRQV VXU OHV W\SHV

/HV RSpUDWLRQV VXU OHV W\SHV VRQW GHV RSpUDWLRQV HQVHPEOLVWHV TXL VH UDPqQHQW/ HOOHV DXVVL/ j GHV

RSpUDWLRQV VXU OHV DWWpQXDWLRQV GHV V\PEROHV GH 61

Défi niti on 37 : Com plém entaire d’un t ype 

2Q DSSHOOH FRPSOpPHQWDLUH G·XQ W\SH 7/ OH W\SH QRWp 07 WHO TXH ∀ V∈ 61 07+V,  4 0 7+V,1

Défi niti on 38 : O pérati ons de com positi on 

∀ 74/75∈ 7/

2Q DSSHOOH XQLRQ GH 74 HW 75/ OH W\SH QRWp 74∪ 75/ WHO TXH ∀ V∈ 6/ 74∪ 75+V,  PD[+74+V,/75+V,,1

2Q DSSHOOH LQWHUVHFWLRQ GH 74 HW 75/ OH W\SH QRWp 74∩75/ WHO TXH ∀ V∈ 6/ 74∩75+V,  PLQ+74+V,/75+V,,1

2Q DSSHOOH SURGXLW GH 74 HW 75/ OH W\SH QRWp 74⊗ 75/ WHO TXH ∀ V∈ 6/ 74⊗ 75+V,  74+V, × 75+V,1

2Q DSSHOOH VRPPH GH 74 HW 75/ OH W\SH QRWp 74⊕ 75/ WHO TXH ∀ V∈ 6/ 74⊕ 75+V,  PLQ+74+V, . 75+V,/ 4,1

Propri étés 10 : 

41 ∪ / ∩/ ⊕ HW ⊗ VRQW GHV RSpUDWLRQV FRPPXWDWLYHV1

51 ∀ 74∈ 7/ ∀ 75∈ 7/ 74 ⊗ 75 ? 74∩ 75 ? 74 ∪ 75 ? 74 ⊕ 751

61 ∀ 7∈ 7/ ∅ ∪ 7  7/ ∅ ⊕ 7  7/ ∅ ∩ 7  ∅ / ∅ ⊗ 7  ∅ 1

71 ∀ 7∈ 7/ Γ ∪ 7  Γ/ Γ ⊕ 7  Γ/ Γ ∩ 7  7/ Γ ⊗ 7  71

3RXU HQ ILQLU DYHF OHV RSpUDWLRQV VXU OHV W\SHV/ RQ GpILQLW GHX[ RSpUDWLRQV VFDODLUHV HW GHX[ IRQFWLRQV

TXL QRXV DLGHURQW j IDLUH pYROXHU XQ W\SH1 /HV GHX[ RSpUDWLRQV VRQW OD PXOWLSOLFDWLRQ SDU XQ VFDODLUH/

TXL PRGLILH OHV DWWpQXDWLRQV GH WRXV OHV V\PEROHV/ HW OH ILOWUDJH/ TXL SHUPHW GH UpGXLUH XQ W\SH HQ

pOLPLQDQW OHV DWWpQXDWLRQV OHV SOXV IDLEOHV1 /HV IRQFWLRQV/ DSSHOpHV W\SH PD[LPDO HW SRLGV VXSpULHXUV/

QRXV SHUPHWWHQW G·DFFpGHU j O·HQVHPEOH GHV V\PEROHV DSSDUWHQDQW DX W\SH +L1H1 GH SRLGV VXSpULHXU

QRQ QXO,1
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Défi niti on 39 : O pérati ons et f onctions scal aires 

∀ 7∈ 7 HW ∀ α ∈ >3/ 4@ =

2Q DSSHOOH PXOWLSOLFDWLRQ SDU XQ VFDODLUH GX W\SH 7/ OH W\SH QRWp α17/ WHO TXH ∀ V∈ 6/

α17+V,  α × 7+V,1

2Q DSSHOOH ILOWUH0α GX W\SH 7/ OH W\SH QRWp α_7/ WHO TXH ∀ V∈ 6/ α_7+V,  7+V, VL 7+V, ≥ α RX

α_7+V,  3 VLQRQ1

2Q DSSHOOH W\SH PD[LPDO G·XQ W\SH 7/ OH W\SH QRWp ↑7/ WHO TXH ∀ V∈ 6/ ↑7+V,  4 VL HW VHXOHPHQW VL

7+V, ! 31

2Q DSSHOOH SRLGV VXSpULHXU G·XQ W\SH 7/ OH VFDODLUH/ QRWp VXS+7,/ pJDO j VXS+7,  ))(T(max s
s 6∈

1

6161 &RQFOXVLRQ

/HV DWRPHV G·XQH KLpUDUFKLH GH FRPSRVDQWV SUHQQHQW OHXUV YDOHXUV GDQV ,∞×71 'H FHWWH IDoRQ/

O·HVSDFH GH YDULDWLRQ GHV YDULDEOHV HVW LGHQWLTXH SRXU WRXV OHV DWRPHV GX PRGqOH1 3RXU XQ DWRPH

GRQQp/ α/ QRXV UHSUpVHQWHURQV SDU α$ OD SDUWLH DPSOLWXGH GH OD YDOHXU GH O·DWRPH/ HW SDU α7 OD SDUWLH

W\SH GH FHWWH PrPH YDOHXU1 (Q XWLOLVDQW OHV UHODWLRQV HW OHV RSpUDWLRQV TXH QRXV YHQRQV GH GpILQLU/

QRXV DOORQV SRXYRLU GpFULUH OHV PpFDQLVPHV GH SURSDJDWLRQ GH O·LQIRUPDWLRQ DX WUDYHUV GX PRGqOH1

71 6,08/$7,21 '<1$0,48( '8 6<67(0(

1RXV DOORQV PDLQWHQDQW GpFULUH OHV PpFDQLVPHV GH VLPXODWLRQ TXL QRXV SHUPHWWURQW GH UHSUpVHQWHU

OHV YDULDWLRQV GH O·pWDW GX V\VWqPH1 3RXU FH IDLUH/ QRXV UHSUHQGURQV OHV PpFDQLVPHV GH EDVH GX

VLPXODWHXU FDXVDO &Da(Q +7UDYp00DVVX\qV HW DO1 4<<:/ %RXVVRQ ) 7UDYp00DVVX\qV 4<<7/

%RXVVRQ 4<<6,/ TXH QRXV DYRQV DGDSWpV j QRV FRQWUDLQWHV ORUVTX·LOV Q·\ VDWLVIDLVDLHQW SDV1

2Q D YX TXH O·pYDOXDWLRQ GH O·pWDW GX V\VWqPH FRQVLVWH j FDOFXOHU OD YDOHXU GH WRXV OHV DWRPHV GH OD

KLpUDUFKLH GH FRPSRVDQWV1 /D VLPXODWLRQ UHSUpVHQWH O·pYROXWLRQ GH FHW pWDW DX FRXUV GX WHPSV1 1RXV

GHYURQV GRQF FDOFXOHU OD YDOHXU GH FKDTXH DWRPH HQ WHQDQW FRPSWH GH O·pFRXOHPHQW GX WHPSV1 3RXU

UpDOLVHU FH FDOFXO/ QRXV QH SRVVpGRQV TXH OD FRQQDLVVDQFH UHSUpVHQWpH SDU OHV OLHQV TXL XQLVVHQW OHV

DWRPHV +L1H1 OHV LQIOXHQFHV,1 /H V\VWqPH pWDQW FRQVLGpUp FRPPH SXUHPHQW UpDFWLI YLV j YLV GH

O·HQYLURQQHPHQW +K\SRWKqVH IRQGDPHQWDOH ,/ SDJH ;5,/ RQ SHXW GRQF UHSUpVHQWHU VRQ DFWLYLWp

XQLTXHPHQW DX WUDYHUV GH WUDQVIRUPDWLRQV TXL VRQW DSSOLTXpHV j O·LQIRUPDWLRQ HQWUDQWH +L1H1 OHV
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VWLPXOL,1 &HV WUDQVIRUPDWLRQV/ FRQWUDLQWHV SDU OHV LQIOXHQFHV/ SHXYHQW GRQF V·H[SULPHU SDU GHV

DSSOLFDWLRQV GH IRQFWLRQV +L1H1 OHV SURFHVVHXUV, VXU OHV YDOHXUV GH O·LQIRUPDWLRQ1 /HV EDVHV GX FDOFXO

GHV YDOHXUV +DPSOLWXGH HW W\SH, D\DQW pWp pWDEOLHV SUpFpGHPPHQW/ QRXV SRXYRQV PDLQWHQDQW QRXV

LQWpUHVVHU j OHXU SURSDJDWLRQ DX WUDYHUV GX JUDSKH G·LQIOXHQFHV1

7141+RUORJH

1RV PRGqOHV UHSUpVHQWHQW XQH DFWLYLWp YDULDQW DX FRXUV GX WHPSV1 2Q FKHUFKH j REWHQLU XQH

UHSURGXFWLRQ GH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ FpUpEUDOH GXUDQW XQ FHUWDLQ ODSV GH WHPSV/ DX FRXUV

GXTXHO RQ FDOFXOH OHV YDULDWLRQV GH O·pWDW GX V\VWqPH1 2Q FKHUFKH DXVVL j H[SULPHU GHV UHODWLRQV

UHSUpVHQWDQW XQ GpODL GDQV OD SURSDJDWLRQ HQWUH GHX[ ]RQHV FpUpEUDOHV1 (Q G·DXWUHV WHUPHV/ QRXV

GHYRQV PDQLSXOHU GHV GRQQpHV YDULDQW DX FRXUV GX WHPSV HW GRQW OHV UHODWLRQV QH VRQW SDV

LQVWDQWDQpHV1 &HFL QRXV REOLJH j H[SULPHU H[SOLFLWHPHQW OH WHPSV GDQV QRV PRGqOHV1 3RXU FH IDLUH/

QRXV GpILQLVVRQV OD QRWLRQ G·KRUORJH GX V\VWqPH PRGpOLVp TXL SHUPHW GH UHSUpVHQWHU HW VXUWRXW G·XWLOLVHU

H[SOLFLWHPHQW OH WHPSV GDQV OHV UHODWLRQV OLDQW OHV DWRPHV1

/·KRUORJH SHUPHW GH PDQLSXOHU H[SUHVVpPHQW OH WHPSV GDQV OHV PRGqOHV1 2Q HIIHFWXH OHV FDOFXOV GH

O·pWDW GX V\VWqPH j PRGpOLVHU/ VXLYDQW FHWWH KRUORJH/ j GHV LQWHUYDOOHV GH WHPSV UpJXOLHU1 &HWWH XQLWp

HVW DSSHOpH SDV G·pFKDQWLOORQQDJH1 2Q FRQVLGqUH TXH OHV YDULDWLRQV GH O·pWDW GX V\VWqPH HQWUH GHX[ SDV

GH FDOFXO VRQW QpJOLJHDEOHV1 1RWUH V\VWqPH HVW GRQF XQ V\VWqPH j WHPSV GLVFUHW1 %LHQ TXH O·DFWLYLWp

GX FHUYHDX VRLW XQH DFWLYLWp FRQWLQXH GDQV OH WHPSV/ OD JUDQXODULWp OD SOXV ILQH GHV RXWLOV GH PHVXUH

GH FHWWH DFWLYLWp HVW VXSpULHXUH RX pJDOH j OD PLOOLVHFRQGH +H1J1 ((* HW 0(*/ FI1 FKDSLWUH 4/ SDJH

53,1 (Q FRQVpTXHQFH/ O·DGRSWLRQ G·XQH KRUORJH GLVFUqWH HVW XQH DSSUR[LPDWLRQ MXVWLILpH1 'H SOXV/ FH

SULQFLSH GH VLPXODWLRQ HVW WUqV VLPSOH j PHWWUH HQ ±XYUH VXU XQ RUGLQDWHXU FRQYHQWLRQQHO/

IRQFWLRQQDQW OXL0PrPH HQ PRGH GLVFUHW1 /H FKRL[ G·XQH KRUORJH YLUWXHOOH/ SURSUH DX V\VWqPH

PRGpOLVp/ QRXV GpJDJH GH WRXWH FRQVLGpUDWLRQ WHFKQLTXH OLpH j O·LPSOpPHQWDWLRQ GH QRWUH

IRUPDOLVPH1

/·KRUORJH HVW UHODWLYH/ FDU HOOH UHSUpVHQWH OH WHPSV TXL V·HVW pFRXOp GHSXLV OH GpEXW GH OD VLPXODWLRQ1

(Q HIIHW/ RQ D DGPLV TXH OH V\VWqPH pWDLW SXUHPHQW UpDFWLI +K\SRWKqVH ,, HW RQ SHXW GRQF OH

FRQVLGpUHU FRPPH j O·pWDW GH UHSRV DYDQW OH GpEXW GH OD VLPXODWLRQ1

1RWDWLRQ = /·KRUORJH GX V\VWqPH HVW UHSUpVHQWpH SDU XQH YDULDEOH TXH QRXV QRWRQV W1 /D YDOHXU GX

SDV G·pFKDQWLOORQQDJH HVW QRWp ∆W1 /HV YDOHXUV GH W TXL FRUUHVSRQGHQW DX[ WRSV G·KRUORJH +L1H1 OHV
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LQVWDQWV R� O·RQ UpDOLVH OHV FDOFXOV, VRQW UHSUpVHQWpHV SDU WL  L × ∆W1 $LQVL W3 UHSUpVHQWH OH WHPSV GX

GpEXW GH OD VLPXODWLRQ1

1RXV GHYRQV QRXV DVVXUHU TXH O·RQ PHVXUH DX FRXUV GX WHPSV WRXWHV OHV YDOHXUV QpFHVVDLUHV j OD

FRPSUpKHQVLRQ GHV YDULDWLRQV GH O·pWDW GX V\VWqPH1 3RXU FH IDLUH/ LO IDXW TXH OH SDV G·pFKDQWLOORQQDJH

VRLW VXIILVDPPHQW SHWLW SRXU TXH O·RQ SXLVVH FRQVLGpUHU TXH OHV YDULDWLRQV HQWUH GHX[ WRSV G·KRUORJH

VRQW QpJOLJHDEOHV1 3RXU TXH FHWWH K\SRWKqVH VRLW UpDOLVDEOH LO IDXW TXH ∆W VRLW VXIILVDPPHQW SHWLW IDFH

j OD G\QDPLTXH SURSUH GX V\VWqPH PRGpOLVp1 &RPPH LO O·D pWp SUpFLVp SOXV KDXW/ OD PHLOOHXUH

UpVROXWLRQ WHPSRUHOOH GHV WHFKQLTXHV GH LPDJHULH QHXUR0IRQFWLRQQHOOH pWDQW GH O·RUGUH GH OD

PLOOLVHFRQGH1 3DU OD VXLWH/ WRXWHV OHV GXUpHV VHURQW H[SULPpHV HQ PLOOLVHFRQGHV1 2Q FRQVLGpUHUD/ SDU

GpIDXW/ TXH ∆W YDXW 4 PLOOLVHFRQGH1

/D PDQLSXODWLRQ GHV YDOHXUV DX FRXUV GX WHPSV SHXW SRVHU FHUWDLQV SUREOqPHV1 1RXV HQ VRXOHYRQV

GHX[ = OH SUREOqPH G·DFFHVVLELOLWp GHV YDOHXUV DQWpULHXUHV DX GpEXW GH OD VLPXODWLRQ HW OH SUREOqPH GH

UHFDODJH GX WHPSV VXU OHV WRSV G·KRUORJH1

/H SUHPLHU SUREOqPH HVW VXUWRXW UHQFRQWUp HQ GpEXW GH VLPXODWLRQ ORUVTXH/ SDU H[HPSOH/ XQ GpODL GH

SURSDJDWLRQ LQGXLW O·XWLOLVDWLRQ GH OD YDOHXU G·XQ DWRPH j XQH GDWH DQWpULHXUH DX GpEXW GH OD

VLPXODWLRQ1 2U/ RQ QH SHXW DFFpGHU j FHWWH YDOHXU/ SXLVTXH OH FDOFXO GpEXWH j O·LQVWDQW W31 'DQV FH FDV/

RQ SHXW FRQVLGpUHU TXH OD YDOHXU Q·H[LVWH SDV HW OH FDOFXO QH SHXW rWUH UpDOLVp1 2X ELHQ/ RQ SHXW

FRQVLGpUHU TXH OH V\VWqPH pWDLW GDQV XQ pWDW VWDEOH DX GpEXW GH OD VLPXODWLRQ/ HW/ GH SOXV/ TX·LO pWDLW

DLQVL GHSXLV VXIILVDPPHQW ORQJWHPSV1 'DQV FH FDV/ OD YDOHXU UHFKHUFKpH HVW pJDOH j FHOOH GX PrPH

DWRPH DX GpEXW GH OD VLPXODWLRQ1 ,FL/ OH FDOFXO SHXW rWUH UpDOLVp1 &HSHQGDQW/ LO IDXW rWUH WUqV SUXGHQW

DYHF FHWWH FRQVLGpUDWLRQ/ FDU XQH PDXYDLVH LQLWLDOLVDWLRQ SHXW DYRLU GHV HIIHWV GDQJHUHX[ VXU OH

FRPSRUWHPHQW GX V\VWqPH GXUDQW WRXWH OD VLPXODWLRQ1 /H FKRL[ GH O·XQH RX O·DXWUH GH FHV PpWKRGHV

HVW FRQWH[WXHO GDQV QRWUH LPSOpPHQWDWLRQ1

/H VHFRQG SUREOqPH YLHQW GH FH TXH OHV GLYHUVHV GXUpHV XWLOLVpHV GDQV OH PRGqOH SHXYHQW rWUH

H[SULPpHV SDU GHV YDOHXUV QH FRUUHVSRQGDQW SDV j XQ WRS G·KRUORJH1 ,O IDXGUD GRQF UHPSODFHU FHV

GXUpHV SDU GHV PXOWLSOHV GX SDV G·pFKDQWLOORQQDJH1 3DU H[HPSOH SRXU ∆W  4 PLOOLVHFRQGH/ OD YDOHXU

G·XQ DWRPH j 618 PLOOLVHFRQGHV HVW LQFRQQXH/ RQ FRQQDvW OD YDOHXU GH O·DWRPH j 6 PLOOLVHFRQGHV HW j 7

PLOOLVHFRQGHV/ PDLV SDV HQWUH1 &HSHQGDQW/ VL O·RQ FRQVLGqUH TXH ∆W HVW FRPSDWLEOH DYHF OD G\QDPLTXH

GX V\VWqPH/ RQ SHXW FRQYHQDEOHPHQW DSSURFKHU OD YDOHXU VRXKDLWpH SDU OD YDOHXU FDOFXOpH j O·LQVWDQW

OH SOXV SURFKH1
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7151 )RQFWLRQV GH PLVH j MRXU

/HV LQIOXHQFHV GpFULYHQW GHV FDXVDOLWpV OLDQW XQ VHXO DWRPH FDXVH j XQ VHXO DWRPH HIIHW1 (OOHV

WUDGXLVHQW OHV FRQWUDLQWHV H[HUFpHV VXU OHV WUDQVIRUPDWLRQV GH O·LQIRUPDWLRQ SURSDJpH GDQV OH JUDSKH1

3RXU SRXYRLU FDOFXOHU OD YDOHXU GH O·HIIHW HQ IRQFWLRQ GH OD FDXVH/ RQ DVVRFLH j O·LQIOXHQFH XQH

IRQFWLRQ/ DSSHOpH IRQFWLRQ GH PLVH j MRXU1 3RXU SRXYRLU UHSUpVHQWHU GHV WUDQVIRUPDWLRQV FRPSOH[HV/

QRXV QRXV VRPPHV LQVSLUpV GH OD GpILQLWLRQ GHV IRQFWLRQV GH WUDQVIHUW DVVRFLpHV DX[ LQIOXHQFHV

FDXVDOHV GX VLPXODWHXU &Da(Q1 1RXV DYRQV DGDSWp HW pWHQGX FHWWH GpILQLWLRQ SRXU UpSRQGUH DX[

FRQWUDLQWHV G·XQH PRGpOLVDWLRQ © SK\VLRORJLTXHPHQW SODXVLEOH ª1

Défi niti on 40 : Foncti on de m ise à jour 

/D IRQFWLRQ GH PLVH j MRXU G·XQH LQIOXHQFH +α→β, HVW XQH IRQFWLRQ I SRVVpGDQW XQ HQVHPEOH GH

VHSW SDUDPqWUHV HW WHOOH TXH/ j WRXW LQVWDQW WL  L × ∆W/ RQ REWLHQQH OD YDOHXU GH O·DWRPH β1 &HWWH

IRQFWLRQ SRVVqGH GHX[ FRPSRVDQWHV1 /D SUHPLqUH SHUPHW G·REWHQLU O·DPSOLWXGH GH OD YDOHXU GH β/ RQ

OD QRWH I$1 /D VHFRQGH SHUPHW G·REWHQLU OH W\SH GH OD YDOHXU GH β/ RQ OD QRWH I71 /HV SDUDPqWUHV GH OD

IRQFWLRQ GH PLVH j MRXU VRQW =

• 8QH FRQGLWLRQ G·DFWLYDWLRQ/ QRWpH & = FHWWH FRQGLWLRQ HVW XQH H[SUHVVLRQ ORJLTXH UHSUpVHQWDQW

XQH UHODWLRQ IDLVDQW LQWHUYHQLU OHV YDOHXUV GHV DWRPHV GX JUDSKH1 /D YDOHXU GH YpULWp GH FHWWH

H[SUHVVLRQ HVW LQWHUSUpWpH GDQV OD ORJLTXH PXOWLYDOXpH /141 &HWWH H[SUHVVLRQ UHSUpVHQWH O·pWDW

GH O·LQIOXHQFH > pWDW DFWLYp ORUVTXH OD FRQGLWLRQ HVW YpULILpH +9UDL,/ LQDFWLYp ORUVTX·HOOH QH O·HVW

SDV +)DX[, HW SDU H[WHQVLRQ/ © SURJUHVVLYHPHQW DFWLYp ª ORUVTXH OD YDOHXU GH YpULWp YDULH HQWUH

9UDL HW )DX[1

• 'HX[ JDLQV G\QDPLTXHV/ QRWpV *$ HW *7 = FHV JDLQV VRQW GHV IRQFWLRQV GH ,
∞×7 YHUV ,∞ HW 71

2Q XWLOLVH GHX[ JDLQV GLIIpUHQWV = OH JDLQ G·DPSOLWXGH/ SRXU OD FRPSRVDQWH DPSOLWXGH/ HW OH JDLQ

GH W\SH/ SRXU OD FRPSRVDQWH W\SH GH OD IRQFWLRQ GH PLVH j MRXU1

• 8Q GpODL/ QRWp 7' = LO HVW H[SULPp SDU XQ LQWHUYDOOH GH ORQJXHXU ILQLH1 ,O UHSUpVHQWH OH GpFDODJH

WHPSRUHO SOXV RX PRLQV SUpFLV GH O·LQIOXHQFH GH α VXU β1

• 8Q WHPSV GH UpSRQVH/ QRWp 75 = LO UHSUpVHQWH OH WHPSV TXH β PHW j VH VWDELOLVHU j OD VXLWH GHV

YDULDWLRQV GH α1 ,O HVW OXL DXVVL H[SULPp SDU XQ LQWHUYDOOH GH ORQJXHXU ILQLH1

/·H[SUHVVLRQ GH PLVH j MRXU GH OD YDOHXU GH β/ QRWpH +β$+WL,/ β7+WL,,/ HVW OH FRXSOH G·DSSOLFDWLRQV

VXLYDQW =

[ ]
[ ]




=
=

)(,,,,,)(

)(,,,,,)(

iRDTTiT

iRDAAiA

tTTGCft

tTTGCft

βαβ
βαβ
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/HV H[SUHVVLRQV GHV GHX[ FRPSRVDQWHV VRQW/ UHVSHFWLYHPHQW =

(18) [ ] ( ) ( )))(()1()()()(,,,,, 1 diANiAiRDAA ttGaCVttatTTGCf −×−×+∆−×= αββα  

(19) [ ] ( ) ( )( )))(()1()()()(,,,,, 1 diTNiTiRDTT ttGaCVttatTTGCf −⋅−×⊕∆−⋅= αββα  

R� = OHV RSpUDWHXUV +× HW . SRXU OHV LQWHUYDOOHV/ ⋅ HW ⊕ SRXU OHV W\SHV, VRQW FHX[ GpILQLV GDQV OD

SDUWLH SUpFpGHQWH GH FH FKDSLWUH +SDJHV 43: HW 446,/

∆W HVW OH SDV G·pFKDQWLOORQQDJH GX V\VWqPH/

914+&, HVW OD YDOHXU GH YpULWp GH OD FRQGLWLRQ & GDQV OD ORJLTXH PXOWLYDOXpH /141

WG HVW OH GpODL 7' UHFDOp VXU OHV WRSV GH O·KRUORJH GLVFUqWH HW

D HVW pJDO j RT
t

e
∆−3

1 %LHQ TXH QRXV VR\RQV GDQV XQ FRQWH[WH GLIIpUHQW/ QRXV DYRQV FKRLVL GH

JDUGHU SRXU D OD YDOHXU GpWHUPLQpH GDQV &Da(Q +%RXVVRQ HW 7UDYp00DVVX\qV 4<<7,/

REWHQXH SDU OD GLVFUpWLVDWLRQ G·XQH pTXDWLRQ GLIIpUHQWLHOOH1

/HV FDUDFWpULVWLTXHV GH FH JHQUH G·LQIOXHQFH VRQW GpSHQGDQWHV GHV SDUDPqWUHV TXL OD GpILQLVVHQW/ VRLW

OH GpODL 7'/ OD FRQGLWLRQ G·DFWLYDWLRQ &/ OHV JDLQV G\QDPLTXHV *$ HW *7 HW OH WHPSV GH UpSRQVH 751

1RXV DOORQV PDLQWHQDQW FRPPHQWHU FKDFXQ G·HQWUH HX[ GDQV OH GpWDLO1

715141 &RQGLWLRQ G·DFWLYDWLRQ

/HV FRQGLWLRQV G·DFWLYDWLRQ VRQW GHV H[SUHVVLRQV ORJLTXHV TXL PDQLSXOHQW OHV YDOHXUV GHV DWRPHV GX

JUDSKH1 &HV H[SUHVVLRQV XWLOLVHQW OHV UHODWLRQV VXU OHV DPSOLWXGHV HW OHV W\SHV TXH QRXV DYRQV GpILQLV

GDQV OD SDUWLH SUpFpGHQWH GH FH FKDSLWUH +SDJHV 438 HW 445,1 &HV FRQGLWLRQV SHUPHWWHQW GH

UHSUpVHQWHU GHV PRGLILFDWLRQV GX IRQFWLRQQHPHQW GX V\VWqPH ORUVTX·XQ pYpQHPHQW FH SURGXLW +H1J1 HQ

DFWLYDQW XQH LQIOXHQFH ORUVTXH O·DPSOLWXGH G·XQ DWRPH GpSDVVH XQH FHUWDLQH YDOHXU,1 'H WHOV

PpFDQLVPHV VRQW FRXUDQWV GDQV OHV SURFHVVXV GH WUDLWHPHQW GH O·LQIRUPDWLRQ FpUpEUDOH/ OH SOXV

H[HPSODLUH pWDQW FHOXL GH OD GpFKDUJH G·XQ QHXURQH1

/HV YDOHXUV GH YpULWp GH FHV FRQGLWLRQV VRQW H[SULPpHV GDQV OD ORJLTXH PXOWLYDOXpH /14/ FH TXL QRXV

SHUPHW GH SUHQGUH HQ FRPSWH O·LQFHUWLWXGH JpQpUpH SDU OD PDQLSXODWLRQ GH YDOHXUV LPSUpFLVHV1 1RXV

GpJDJHRQV GHX[ pWDWV UHPDUTXDEOHV GH O·LQIOXHQFH/ O·pWDW DFWLI HW O·pWDW LQDFWLI1 2Q GLW G·XQH LQIOXHQFH

TX·HOOH HVW DFWLYH ORUVTXH VD FRQGLWLRQ G·DFWLYDWLRQ HVW 9UDL +L1H1 XQH YDOHXU GH YpULWp pJDOH j 4 GDQV

/14,1 2Q GLW TX·XQH LQIOXHQFH HVW LQDFWLYH ORUVTXH VD FRQGLWLRQ HVW )DX[ +L1H1 VD YDOHXU GH YpULWp HVW 3

GDQV /14,1 (QWUH FHV GHX[ pWDWV/ QRXV DYRQV GpILQL XQ FRQWLQXXP HQ IDLVDQW GLUHFWHPHQW LQWHUYHQLU OD

YDOHXU GH YpULWp GH OD FRQGLWLRQ GDQV OHV pTXDWLRQV +4;, HW +4<,1
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$LQVL O·pWDW DFWLI G·XQH LQIOXHQFH UDPqQH OHV pTXDWLRQV DX[ pTXDWLRQV VXLYDQWHV =

(20) [ ] ( ) ( )))(()1()()(,,,,, diAiAiRDAA ttGattatTTGVraif −×−+∆−×= αββα  

(21) [ ] ( ) ( )))(()1()()(,,,,, diTiTiRDTT ttGattatTTGVraif −⋅−⊕∆−⋅= αββα  

$ORUV TXH O·pWDW LQDFWLI G·XQH LQIOXHQFH UDPqQH FHV pTXDWLRQV j =

(22) [ ] )()(,,,,, ttatTTGFauxf iAiRDAA ∆−×= ββα  

(23) [ ] )()(,,,,, ttatTTGFauxf iTiRDTT ∆−⋅= ββα  

'RQF/ ORUVTXH O·LQIOXHQFH HVW LQDFWLYH/ OD YDOHXU GH β GpFURvW SURJUHVVLYHPHQW MXVTX·j GHYHQLU QXOOH1

&RPPH OHV FRQGLWLRQV G·DFWLYDWLRQ PDQLSXOHQW OHV YDOHXUV G·DXWUHV DWRPHV TXH FHX[ GLUHFWHPHQW

LPSOLTXpV GDQV O·LQIOXHQFH +L1H1 OHV DWRPHV α HW β,/ HOOHV SHXYHQW LQWURGXLUH GHV GpSHQGDQFHV

VXSSOpPHQWDLUHV j FHOOHV H[SOLFLWHPHQW H[SULPpHV GDQV OH JUDSKH SDU GHV LQIOXHQFHV1 2Q DSSHOOH FHV

GpSHQGDQFHV GHV GpSHQGDQFHV LQGLUHFWHV1 $LQVL/ WRXW DWRPH/ χ/ GRQW OD YDOHXU HVW XWLOLVpH GDQV XQH

LQIOXHQFH GLULJpH YHUV β/ FUpH XQH GpSHQGDQFH LQGLUHFWH GH β SDU UDSSRUW j χ1 3DU RSSRVLWLRQ/ XQH

LQIOXHQFH +α→β, GpILQLW XQH GpSHQGDQFH GLUHFWH GH β SDU UDSSRUW j α +)LJXUH 56,1

Porti on d’un Graphe …

β

α

χ
/pJHQGH =

Utili sati on d’ un Atom e
dans une conditi on
d’acti vati on :

Figure 23: Conditi on d’ activation d’une influence. 

/·H[LVWHQFH GH SOXVLHXUV pWDWV GH IRQFWLRQQHPHQW G·XQH LQIOXHQFH SHXW LQWURGXLUH GHV SUREOqPHV

G·LQGpFLVLRQ ORUVTXH FHOOH0FL FKDQJH G·pWDW/ VXUWRXW ORUVTXH OHV YDOHXUV GpWHUPLQDQW O·pWDW VRQW GHV

YDOHXUV LPSUpFLVHV1 /H FRQWLQXXP G·pWDWV HQWUH O·DFWLYDWLRQ HW O·LQDFWLYDWLRQ SHUPHW GH UpGXLUH OHV

VDXWV GH YDOHXUV ORUV GX FKDQJHPHQW GH OD YDOHXU GH YpULWp GH OD FRQGLWLRQ G·DFWLYDWLRQ1 ,O IDXW/ SRXU

FHOD/ XWLOLVHU O·XQH GHV UHODWLRQV PXOWLYDOXpHV GpILQLHV GDQV OD SDUWLH SUpFpGHQWH GH FH FKDSLWUH1 &HV

UHODWLRQV/ HW QRWDPPHQW O·pJDOLWp  14 VXU GHV LQWHUYDOOHV/ VRQW IRQFWLRQ GH O·pWHQGXH GH O·LPSUpFLVLRQ

GH OHXUV RSpUDQGHV +L1H1 GH OD ORQJXHXU GHV LQWHUYDOOHV SRXU  14,1 'DQV FH FDV/ OD SURJUHVVLRQ GHV

YDULDWLRQV GH OD YDOHXU PLVH j MRXU HVW IRQFWLRQ GH O·pWHQGXH GH O·LPSUpFLVLRQ GHV YDOHXUV PDQLSXOpHV
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GDQV OD FRQGLWLRQ G·DFWLYDWLRQ1 3OXV FHV YDOHXUV VRQW LPSUpFLVHV HW SOXV OH SDVVDJH HQWUH XQ pWDW DFWLI

HW XQ pWDW LQDFWLI HVW SURJUHVVLI1

715151 *DLQV G\QDPLTXHV

/HV JDLQV G\QDPLTXHV VRQW XWLOLVpV SRXU UHSUpVHQWHU GHV PpFDQLVPHV G·DPSOLILFDWLRQ RX GH ILOWUDJH

GH O·LQIRUPDWLRQ SURSDJpH1 2Q WURXYH/ HQFRUH XQH IRLV/ GHV PpFDQLVPHV pTXLYDOHQWV DX QLYHDX

QHXURQDO1 ,O HVW GRQF IRUWHPHQW SUREDEOH TXH OHV PrPHV RSpUDWLRQV VRLHQW j HQYLVDJHU VXU XQH

LQIRUPDWLRQ SOXV DEVWUDLWH1

/H PpFDQLVPH G·DPSOLILFDWLRQ VH WUDGXLW SDU GHV JDLQV OLQpDLUHV ORUVTXH O·DPSOLILFDWLRQ HVW FRQVWDQWH

DX FRXUV GX WHPSV +H1J1 *$+;,  N ×;$/ R� N HVW XQH FRQVWDQWH/ RX ELHQ *7+;,  N _ ;7 DYHF

N ∈ >3/ 4@,1 /RUVTXH O·DPSOLILFDWLRQ GRLW YDULHU HQ IRQFWLRQ GX WHPSV/ OHV JDLQV SHXYHQW SUHQGUH GHV

IRUPHV SOXV FRPSOH[HV1 &HWWH YDULDWLRQ GH O·DPSOLILFDWLRQ SHXW WUDGXLUH WRXWHV VRUWHV GH

SKpQRPqQHV1 (OOH SHXW/ SDU H[HPSOH/ rWUH UHSUpVHQWDWLYH GH OD VHQVLELOLWp G·XQ SURFHVVHXU j XQ W\SH

SDUWLFXOLHU G·LQIRUPDWLRQ1 /D YDOHXU GH O·LQIRUPDWLRQ HVW GDYDQWDJH DPSOLILpH ORUVTXH OH W\SH VRXKDLWp

VH SUpVHQWH RX/ DX FRQWUDLUH/ HOOH HVW DWWpQXpH ORUVTXH VRQ W\SH QH FRUUHVSRQG SDV1

/H PpFDQLVPH GH ILOWUDJH HVW SOXV GLUHFWHPHQW OLp j OD SDUWLH W\SH GH O·LQIRUPDWLRQ1 ,O FRUUHVSRQG

DXVVL j XQH UpDOLWp QHXURQDOH1 2Q VDLW/ SDU H[HPSOH/ TXH OHV SRSXODWLRQV GHV FRXFKHV FRUWLFDOHV VRQW

SOXV RX PRLQV UpDFWLYHV j FHUWDLQHV FRQILJXUDWLRQV GH GpFKDUJHV/ UpDOLVDQW DLQVL XQ ILOWUDJH GH

O·LQIRUPDWLRQ TXL OHXU HVW WUDQVPLVH +*XLJRQ HW DO1 4<<7,1 &H JHQUH GH PpFDQLVPH SHXW rWUH

GLUHFWHPHQW UHSUpVHQWp SDU GHV LQWHUVHFWLRQV GH W\SHV RX GHV RSpUDWLRQV GH ILOWUHV0α1

715161 /H GpODL

/H GpODL GH O·LQIOXHQFH/ 7'/ HVW XQH H[SUHVVLRQ GLUHFWH GX GpFDODJH WHPSRUHO GHV YDULDWLRQV GH OD

YDOHXU GH β SDU UDSSRUW j FHOOHV GH OD YDOHXU GH α1 ,O HVW OD PDQLqUH OD SOXV VLPSOH SRXU H[SULPHU/ SDU

H[HPSOH/ XQ GpODL ORUV G·XQH WUDQVPLVVLRQ GLVWDOH HQWUH GHX[ ]RQHV FpUpEUDOHV1 3RXU SUHQGUH HQ

FRPSWH O·LPSUpFLVLRQ UHODWLYH j FH JHQUH GH SDUDPqWUHV/ QRXV DYRQV FKRLVL GH UHSUpVHQWHU OH GpODL

VRXV OD IRUPH G·XQ LQWHUYDOOH GH ORQJXHXU ILQLH1 2Q SHXW/ SDU H[HPSOH/ GH FHWWH PDQLqUH H[SULPHU OD

YDULDELOLWp LQWHU0LQGLYLGXHOOH SDU GHV GpODLV GH WUDQVPLVVLRQ LPSUpFLV1

2Q UHPSODFH 7' SDU WG GDQV O·H[SUHVVLRQ GH PLVH j MRXU GHV YDOHXUV GHV DWRPHV1 /·LQWHUYDOOH WG

UHSUpVHQWH OH UHFDODJH GH 7' VXU OHV WRSV G·KRUORJH GH WHOOH PDQLqUH TXH OHV ERUQHV GH FHW LQWHUYDOOH

VRLHQW GHV PXOWLSOHV GH ∆W1 $LQVL/ VL 7' >D/ E@ DORUV WG  >D·/ E·@ WHOV TXH D·/ UHVSHFWLYHPHQW E·/ VRQW OHV
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PXOWLSOHV GH ∆W OHV SOXV SURFKHV GH D HW UHVSHFWLYHPHQW GH E1 3DU H[HPSOH/ VL 7'  >415/ 71;@ HW VL

∆W  4/ OH GpODL UHFDOp WG DVVRFLp j 7' VHUD O·LQWHUYDOOH >4/ 8@1

6L WG j O·LQVWDQW WL UHSUpVHQWH XQ LQVWDQW WL ² WG DQWpULHXU DX GpEXW GH OD VLPXODWLRQ/ F·HVW0j0GLUH

WL 0 WG ? 3/ DORUV RQ FRQVLGqUH j FHW LQVWDQW TXH O·LQIOXHQFH GH α VXU β HVW LQH[LVWDQWH HW RQ QH

O·H[SULPH SDV1 'XUDQW WRXWH OD SpULRGH R� WL HVW LQIpULHXU RX FRQWHQX GDQV WG RQ GLUD TXH OD YDULDEOH β

HVW HQ SKDVH G·LQLWLDOLVDWLRQ1

'qV TXH OD SKDVH G·LQLWLDOLVDWLRQ HVW WHUPLQpH/ F·HVW j GLUH DX SUHPLHU WRS G·KRUORJH WL VXSpULHXU RX

pJDO j OD ERUQH PD[LPDOH GH WG/ RQ DSSOLTXH OD IRQFWLRQ GH PLVH j MRXU j O·XQLRQ GH WRXWHV OHV YDOHXUV

GH α FDOFXOpHV HQWUH W 0 E· HW W 0 D·1 2Q FRQVLGqUH GH FHWWH PDQLqUH TXH O·LPSUpFLVLRQ GX GpFDODJH VH

UHSRUWH VXU O·LPSUpFLVLRQ GHV YDOHXUV1 $LQVL OD IRQFWLRQ GH PLVH j MRXU HVW DSSOLTXpH DX FRXSOH

DPSOLWXGH α$ HW W\SH α7 WHO TXH =
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R�/ OHV RSpUDWHXUV G·XQLRQ VRQW OHV RSpUDWHXUV UHVSHFWLYHPHQW GpILQLV VXU OHV LQWHUYDOOHV +SDJH 43:, HW

OHV W\SHV +SDJH 446,1

715171 7HPSV GH UpSRQVH1

/H WHPSV GH UpSRQVH G·XQH LQIOXHQFH α→β LQGLTXH OH WHPSV QpFHVVDLUH j β SRXU VH VWDELOLVHU DSUqV

DYRLU UpDJL j XQH YDULDWLRQ GH α1 ,O SHUPHW GH SDUDPpWUHU OD VWDELOLWp G·XQ SURFHVVHXU RX/ HQ G·DXWUHV

WHUPHV/ GH MRXHU VXU VD UpDFWLYLWp j O·LQIRUPDWLRQ TXL OXL HVW WUDQVPLVH1 8QH LQIOXHQFH DYHF XQ WHPSV

GH UpSRQVH pOHYp HQJHQGUHUD GHV YDULDWLRQV IDLEOHV ORUVTXH OD YDOHXU GH α YDULHUD/ DORUV TX·XQ WHPSV

GH UpSRQVH IDLEOH HQJHQGUHUD GH IRUWHV YDULDWLRQV1

/D UpDFWLYLWp GHV SURFHVVHXUV HVW XQ IDFWHXU LPSRUWDQW GDQV OH WUDLWHPHQW GH O·LQIRUPDWLRQ FpUpEUDOH1

2Q SHXW/ SDU H[HPSOH/ FRQVLGpUHU GLIIpUHQWHV pFKHOOHV GH UpDFWLYLWp HQWUH OHV DLUHV SULPDLUHV HW OHV

DLUHV DVVRFLDWLYHV/ OHV SUHPLqUHV pWDQW SOXV UpDFWLYHV TXH OHV VHFRQGHV1 $X QLYHDX GHV SURFHVVXV

DXWRPDWLTXHV/ GLULJpV SDU OHV VWLPXOL/ OH WHPSV GH UpSRQVH HVW XQ PR\HQ H[SOLFLWH SRXU H[SULPHU OD

ODWHQFH GH OD UpSRQVH QHXURQDOH j XQ VWLPXOXV1
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/D QRWLRQ GH WHPSV GH UpSRQVH j pWp UHSULVH GH FHOOH GHV LQIOXHQFHV GX V\VWqPH &Da(Q +7UDYp0

0DVVX\qV HW DO1 4<<:/ %RXVVRQ ) 7UDYp00DVVX\qV 4<<7,1 'DQV FH V\VWqPH/ OHV LQIOXHQFHV

UHSUpVHQWHQW GHV GLVFUpWLVDWLRQV G·pTXDWLRQV GLIIpUHQWLHOOHV OLQpDLUHV GX SUHPLHU RUGUH/ GH OD IRUPH =

(24) )(
)(

)( tx
dt

tdy
ty =+ τ  

/D GLVFUpWLVDWLRQ GH FH W\SH G·pTXDWLRQ VH UDPqQH j XQH pTXDWLRQ UpFXUUHQWH +%RXVVRQ ) 7UDYp0

0DVVX\qV 4<<7, GH OD IRUPH =

(25) y(t) = a × y(t - ∆t)  +  b × x(t),    où    b = ( 1 - a)    et    a = τ
t

e
∆−3

. 

1RXV DYRQV GRQF UHSULV O·H[SUHVVLRQ GX SDUDPqWUH D GDQV QRWUH SURSUH IRQFWLRQ GH PLVH j MRXU FDU

QRXV IRQFWLRQQRQV DXVVL HQ PRGH GLVFUHW1 &RPPH QRXV QH FRQVLGpURQV TXH GHV SURFHVVXV

DXWRPDWLTXHV/ SLORWpV SDU OHV VWLPXOL/ QRXV DYRQV FRQVLGpUp TXH OH WUDQVIHUW GH O·LQIRUPDWLRQ VH

IDLVDLW SDU GHV PpFDQLVPHV VHPEODEOHV j FHX[ XWLOLVpV SRXU PRGpOLVHU GHV V\VWqPHV SK\VLTXHV1

&HSHQGDQW/ FRPSWH WHQX GH OD IRUPH GHV YDOHXUV GH QRV GRQQpHV +L1H1 DPSOLWXGHV HW W\SHV,/ DLQVL

TXH GH O·H[LVWHQFH GH SDUDPqWUHV GRQW OHV YDOHXUV YDULHQW DX FRXUV GX WHPSV +L1H1 FRQGLWLRQ

G·DFWLYDWLRQ HW JDLQV G\QDPLTXHV,/ RQ QH SHXW SDV FRQVLGpUHU TXH QRWUH IRQFWLRQ GH PLVH j MRXU VRLW

O·pTXDWLRQ UpFXUUHQWH REWHQXH DSUqV GLVFUpWLVDWLRQ G·XQH pTXDWLRQ GLIIpUHQWLHOOH OLQpDLUH1

715181 &RQFOXVLRQ

*UkFH DX[ GLYHUVHV FDUDFWpULVWLTXHV TXH QRXV YHQRQV GH SUpVHQWHU/ QRWUH UHSUpVHQWDWLRQ GH

O·LQIOXHQFH G·XQ DWRPH VXU XQ DXWUH SHXW GpFULUH GHV WUDQVIRUPDWLRQV WUqV FRPSOH[HV/ VXUWRXW VL O·RQ

FRPELQH OHV GLIIpUHQWV HIIHWV1 /D FRPSOH[LWp GHV WUDQVIRUPDWLRQV HVW j OD KDXWHXU GH O·DEVWUDFWLRQ GH

O·LQIRUPDWLRQ j ODTXHOOH HOOHV VRQW DSSOLTXpHV1

&HV WUDQVIRUPDWLRQV/ DXVVL LQWpJUpHV VRLHQW0HOOHV/ QH VRQW TX·XQH pWDSH GDQV OH WUDLWHPHQW GH

O·LQIRUPDWLRQ1 (Q HIIHW XQ SURFHVVHXU QH UHoRLW UDUHPHQW TX·XQH VHXOH LQIOXHQFH j XQ PrPH LQVWDQW1

/HV SURFHVVXV GH WUDLWHPHQW SOXV FRPSOH[HV SUHQQHQW HQ FRPSWH GH PXOWLSOHV LQIOXHQFHV

FRQYHUJHQWHV YHUV XQ PrPH SURFHVVHXU1



456

7161 &RPSRVLWLRQ HW SURSDJDWLRQ

/RUVTXH SOXVLHXUV LQIOXHQFHV FRQYHUJHQW YHUV XQ PrPH SURFHVVHXU/ OHV WUDQVIRUPDWLRQV TX·HOOHV

DSSOLTXHQW j O·LQIRUPDWLRQ TX·HOOHV SURSDJHQW GRLYHQW rWUH FRPELQpHV GH PDQLqUH j REWHQLU XQH

YDOHXU XQLTXH +)LJXUH 57,1

Porti on d’ un Graphe …
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Figure 24: De m ulti ples i nfluences convergentes. 

3RXU SDUYHQLU j REWHQLU OD YDOHXU GH β/ QRXV DOORQV UHSUHQGUH OH FRQFHSW GH YDULDWLRQ PDUJLQDOH

GpFULW DX FKDSLWUH SUpFpGHQW +SDJH ::, HW GpYHORSSp SRXU OH VLPXODWHXU &Da(Q +%RXVVRQ 4<<6,1

1RXV O·DGDSWRQV VHXOHPHQW j QRWUH FDOFXO1

Défi niti on 41 : Valeur m argi nal e 

6L XQ DWRPH/ β/ HVW LQIOXHQFp SDU SOXVLHXUV DWRPHV α4 j αQ/ RQ GpILQLW OHV YDOHXUV PDUJLQDOHV GH β

FRPPH OHV Q YDOHXUV GH β4 j βQ WHOOHV TXH βL VHUDLW OD YDOHXU GH β VL +αL→β, pWDLW OD VHXOH LQIOXHQFH

GLULJpH YHUV β1

2Q GpILQLW DLQVL O·LQGpSHQGDQFH UHODWLYH GHV LQIOXHQFHV FRQYHUJHQWHV1 &KDTXH YDOHXU PDUJLQDOH/ βL/

HVW REWHQXH LQGpSHQGDPPHQW GHV DXWUHV HQ DSSOLTXDQW GLUHFWHPHQW OD IRQFWLRQ GH PLVH j MRXU

FRUUHVSRQGDQW j O·LQIOXHQFH/ +αL→β,/ FRQVLGpUpH1 3RXU REWHQLU OD YpULWDEOH YDOHXU GH β RQ GRLW

FRPELQHU VHV YDOHXUV PDUJLQDOHV1 &HWWH RSpUDWLRQ HVW UpDOLVpH SDU OD ORL GH FRPELQDLVRQ GH β1 8QH ORL GH

FRPELQDLVRQ HVW XQH IRQFWLRQ SRXYDQW DGPHWWUH XQ QRPEUH YDULDEOH GH SDUDPqWUHV1 ,FL/ HOOH HVW

GpILQLH GH +,∞×7,Q YHUV ,∞×7/ SRXU Q ∈ B
.1 6RQ DSSOLFDWLRQ DX[ YDOHXUV PDUJLQDOHV GH β GRLW

UHWRXUQHU/ j FKDTXH WRS G·KRUORJH/ OD YDOHXU GH β1 6RLW/ VL ξβ HVW OD ORL GH FRPELQDLVRQ GH β/ DORUV =

β+W,  ξβ +β4+W,/«/ βQ+W, ,1
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3RXU FRQVWLWXHU XQH ORL GH FRPELQDLVRQ YDOLGH/ XQH IRQFWLRQ ξ GRLW VDWLVIDLUH DX[ GHX[ SURSULpWpV

VXLYDQWHV +%RXVVRQ 4<<6, DSSOLTXpHV DX[ YDOHXUV PDUJLQDOHV +/DIRQ HW DO1 4<<</ /DIRQ 4<<;, =

Propri été 11 : Consist ance 

∀ ;∈ ,∞×7/ ξ+;,  ;1

Propri été 12 : M ulti- Sym étrie 

∀ ;4 j ;Q∈ ,∞×7/∀ L∈ ^4/«/Q`/ ξ+;4/«/ ;L/ ;L.4/«/ ;Q,  ξ+;4/«/ ;L.4/ ;L/«/ ;Q,1

/D SUHPLqUH SURSULpWp QRXV JDUDQWLW TXH FHWWH IRQFWLRQ HVW FRKpUHQWH DYHF OD GpILQLWLRQ GHV YDOHXUV

PDUJLQDOHV1 $ VDYRLU TXH/ V·LO Q·\ D TX·XQH VHXOH YDOHXU PDUJLQDOH j © FRPELQHU ª/ O·DWRPH SUHQG FHWWH

YDOHXU1 /D VHFRQGH SURSULpWp QRXV JDUDQWLW TXH OD FRPELQDLVRQ Q·HVW SDV GpSHQGDQWH GH O·RUGUH GDQV

OHTXHO RQ FODVVH OHV YDOHXUV PDUJLQDOHV1 ,O Q·\ D HQ HIIHW DXFXQ RUGUH GH SULRULWp GDQV XQ JUDSKH SRXU

GHV LQIOXHQFHV FRQYHUJHQWHV YHUV XQ PrPH DWRPH1

&RPPH SRXU OHV IRQFWLRQV GH PLVH j MRXU/ RQ SHXW VpSDUHU OHV GHX[ FRPSRVDQWHV GH FHWWH IRQFWLRQ1

2Q GpILQLW ξ  +ξ$/ ξ7,/ R� ξ$ HVW OD FRPSRVDQWH DPSOLWXGH GH ξ HW ξ7 HVW OD FRPSRVDQWH W\SH GH ξ1

ξ$ HVW GpILQLH GH +,
∞×7,Q YHUV ,∞/ ξ7 HVW GpILQLH GH +,

∞×7,Q YHUV 71 1RXV FLWHURQV j WLWUH G·H[HPSOH

GHX[ ORLV GH FRPELQDLVRQ TXH QRXV QRWHURQV Σ HW Π1 &HV ORLV VRQW GpILQLHV FRPPH =

(26) 
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7171 &DOFXODELOLWp G·XQ JUDSKH JOREDO

$YDQW GH FRQFOXUH FH FKDSLWUH/ QRXV DOORQV QRXV LQWpUHVVHU j OD FDOFXODELOLWp GHV YDOHXUV GHV DWRPHV

GDQV OH JUDSKH JOREDO1 &RPPH RQ YLHQW GH OH YRLU/ WRXWHV OHV YDOHXUV GHV DWRPHV VRQW H[FOXVLYHPHQW

FDOFXOpHV HQ IRQFWLRQ GHV YDOHXUV GHV DWRPHV OHV LQIOXHQoDQW1 2U/ V·LO H[LVWH XQ F\FOH GDQV OH JUDSKH

JOREDO/ LO HVW SRVVLEOH TXH/ DLQVL TXH O·LOOXVWUH OD ILJXUH FL0GHVVRXV +)LJXUH 58,/ SRXU FDOFXOHU OD YDOHXU

G·XQ DWRPH $4/ TX·RQ DLW EHVRLQ GH FRQQDvWUH OD YDOHXU G·XQ DWRPH $5/ QpFHVVLWDQW j VRQ WRXU TXH GH

FRQQDvWUH/ UpFXUVLYHPHQW/ FHOOH GH $41 2Q QH SHXW DORUV FDOFXOHU OD YDOHXU G·DXFXQ GHV DWRPHV GX

JUDSKH12Q GLW TXH OH JUDSKH HVW LQFDOFXODEOH1
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Graphe global
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Figure 25: Un graphe global i ncal cul abl e. 

2Q GpILQLW GRQF OD FDOFXODELOLWp G·XQ PRGqOH FRPPH =

Défi niti on 42 : Calcul abilit é d’un m odèle 

2Q GLW TX·XQ PRGqOH HVW FDOFXODEOH VL HW VHXOHPHQW VL VRQ JUDSKH HVW YDOLGH HW TXH GDQV VRQ JUDSKH

JOREDO/ OD YDOHXU GH WRXW DWRPH/ j XQ LQVWDQW GRQQp/ SHXW rWUH FDOFXOpH LQGpSHQGDPPHQW G·HOOH0

PrPH1

3RXU VDYRLU VL OD YDOHXU G·XQ DWRPH HVW FDOFXODEOH RX SDV/ LO IDXW SUHQGUH HQ FRPSWH OHV GpSHQGDQFHV

LQGLUHFWHV FUppHV SDU OHV FRQGLWLRQV G·DFWLYDWLRQ1 2Q SHXW FHSHQGDQW LJQRUHU WRXWHV OHV LQIOXHQFHV

SRVVpGDQW XQ GpODL QRQ QXO/ FDU OD YDOHXU QpFHVVDLUH j OD PLVH j MRXU D GpMj pWp FDOFXOpH j XQ LQVWDQW

SUpFpGHQW1

/D YDOHXU G·XQ DWRPH/ α/ QH SHXW SDV rWUH FDOFXOpH j XQ LQVWDQW W/ VL HW VHXOHPHQW VL O·RQ HVW GDQV O·XQ

GHV GHX[ FDV VXLYDQWV =

41 ,O H[LVWH/ GDQV OH JUDSKH JOREDO/ XQ F\FOH TXL FRQWLHQW O·DWRPH α HW GRQW WRXWHV OHV LQIOXHQFHV GX

F\FOH SRVVqGHQW XQ GpODL QXO +L1H1 FRPSWH WHQX GX UHFDODJH GX GpODL VXU OHV WRSV G·KRUORJH/ FHFL

VHUD YUDL GqV TXH 7' ?
2

t∆
,1

51 ,O H[LVWH XQH LQIOXHQFH +κ→λ,/ TXL D XQH FRQGLWLRQ G·DFWLYDWLRQ UpIpUHQoDQW OD YDOHXU GH α j

O·LQVWDQW W/ HW LO H[LVWH XQ FKHPLQ GH λ j α/ GRQW WRXWHV OHV LQIOXHQFHV SRVVqGHQW XQ GpODL QXO1
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81 &21&/86,21

3RXU FRQFOXUH FH FKDSLWUH/ QRXV SRXYRQV UDSSHOHU OHV SULQFLSDOHV FDUDFWpULVWLTXHV GX IRUPDOLVPH TXH

QRXV YHQRQV GH GpFULUH1

1RWUH IRUPDOLVPH HVW IRQGp VXU XQH DUFKLWHFWXUH KLpUDUFKLTXH1 2XWUH OHV TXDOLWpV KDELWXHOOHV GH FH

JHQUH GH UHSUpVHQWDWLRQ +H1J1 UREXVWHVVH/ UpXWLOLVDELOLWp HW PRGXODULWp,/ HOOH QRXV SHUPHW XQH

UHSUpVHQWDWLRQ GHVFHQGDQWH GH OD FRPSOH[LWp GX V\VWqPH PRGpOLVp1

/·XWLOLVDWLRQ GH JUDSKHV QRXV GpJDJH GH WRXWH FRQWUDLQWH WRSRORJLTXH HQ QH FRQVLGpUDQW TXH OHV OLHQV

IRQFWLRQQHOV TXL XQLVVHQW OHV ]RQHV FpUpEUDOHV1 1RXV QH VRPPHV/ GH FH IDLW/ SDV VRXPLV DX SUREOqPH

GH OD ORFDOLVDWLRQ GHV SURFHVVHXUV GDQV QRV PRGqOHV1 &HX[0FL VRQW H[SOLFLWHPHQW UHSUpVHQWpV1

/D UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ HVW XQH UHSUpVHQWDWLRQ K\EULGH/ QXPpULFR0V\PEROLTXH/ TXL QRXV

SHUPHW GH QRXV DSSX\HU VXU OHV PHVXUHV GH O·LPDJHULH IRQFWLRQQHOOH VDQV QpJOLJHU SRXU DXWDQW OD

FDWpJRULH GH O·LQIRUPDWLRQ TXL Q·HVW SDV PHVXUDEOH1 /H WUDLWHPHQW GH FHWWH UHSUpVHQWDWLRQ HVW WUqV

LQWpJUp HW QRXV SHUPHW GH UHSUpVHQWHU H[SOLFLWHPHQW OHV WUDQVIRUPDWLRQV TXL VRQW DSSOLTXpHV j

O·LQIRUPDWLRQ1

)LQDOHPHQW/ OD VLPXODWLRQ GH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ QRXV SHUPHW G·REWHQLU OH GpWDLO GHV

YDULDWLRQV GH O·DFWLYLWp PRGpOLVpH HQ FRQFRUGDQFH DYHF OHV PHLOOHXUHV GpILQLWLRQV WHPSRUHOOHV GH

O·LPDJHULH1
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/( 6,08/$7(85 %,2&$(1

1RXV DOORQV GDQV FH FKDSLWUH SUpVHQWHU OH VLPXODWHXU %,2&$(1 TXL LPSOpPHQWH OH IRUPDOLVPH TXH

QRXV DYRQV GpILQL DX FKDSLWUH SUpFpGHQW1 1RXV GpEXWHURQV SDU TXHOTXHV UHPDUTXHV VXU

O·RUJDQLVDWLRQ JpQpUDOH GX ORJLFLHO DLQVL TXH VXU OH ODQJDJH GH GHVFULSWLRQ GHV PRGqOHV TXL OXL HVW

DVVRFLp1 1RXV FRPPHQWHURQV HQVXLWH OHV DOJRULWKPHV PLV HQ ±XYUH SRXU UpDOLVHU OHV VLPXODWLRQV1

3RXU ILQLU/ QRXV SUpVHQWHURQV GHX[ PRGqOHV GLIIpUHQWV TXL RIIUHQW XQH SUHPLqUH YDOLGDWLRQ GH QRWUH

DSSURFKH1 &HV PRGqOHV QRXV SHUPHWWURQV G·LOOXVWUHU OHV FDSDFLWpV GX VLPXODWHXU1

41 $/*25,7+0(6

4141 /H VLPXODWHXU &Da(Q

/D FRQVWUXFWLRQ GX VLPXODWHXU %,2&$(1 V·HVW DSSX\pH HQ SDUWLH VXU OD GHX[LqPH YHUVLRQ GX

VLPXODWHXU TXDOLWDWLI &Da(Q +7UDYp00DVVX\qV HW DO1 4<<:/ %RXVVRQ ) 7UDYp00DVVX\qV 4<<7, TXL pWDLW

IRQGpH VXU XQ UDLVRQQHPHQW VXU OHV LQWHUYDOOHV1 &Da(Q HVW XQ ORJLFLHO GH VLPXODWLRQ TXDOLWDWLYH

IRQGp VXU XQH UHSUpVHQWDWLRQ PL[WH GHV FRQQDLVVDQFHV HQ IDLVDQW FRKDELWHU XQH UHSUpVHQWDWLRQ

FDXVDOH HW XQH UHSUpVHQWDWLRQ QRQ FDXVDOH +%RXVVRQ HW DO1 4<<7/ &KDSLWUH 6/ SDUWLH 717/ SDJH :8,1 6HXO

OH QLYHDX GH UHSUpVHQWDWLRQ FDXVDO QRXV LQWpUHVVH1 1RXV QH FRQQDLVVRQV SDV G·pTXDWLRQV

GLIIpUHQWLHOOHV JOREDOHV +QRQ FDXVDOHV, UpJLVVDQW OD SURSDJDWLRQ GH O·LQIRUPDWLRQ GDQV OH FHUYHDX1 (W

PrPH VL GH WHOOHV FRQQDLVVDQFHV pWDLHQW H[SULPDEOHV/ HOOHV QH VDWLVIHUDLHQW SDV j QRV FRQWUDLQWHV GH

SODXVLELOLWp QHXURSK\VLRORJLTXH +L1H1 QRQ0VXSHUYLVLRQ GH OD SURSDJDWLRQ, HW GHYUDLHQW rWUH

WUDQVIRUPpHV HQ FRQQDLVVDQFHV FDXVDOHV +GLVWULEXpHV,1

1RXV QRXV VRPPHV GRQF LQWpUHVVpV XQLTXHPHQW j OD SDUWLH FDXVDOH GH &D0(Q/ F·HVW j GLUH j

O·DOJRULWKPH GH SURSDJDWLRQ GHV YDULDWLRQV GDQV OH JUDSKH FDXVDO1 'H SOXV/ QRXV QH UDLVRQQRQV SDV

VXU OD EDVH G·pTXDWLRQV GLIIpUHQWLHOOHV HW QRXV DYRQV GRQF DEDQGRQQp OHV FDOFXOV GH YDULDWLRQV DX

SURILW GH FDOFXOV GH YDOHXUV1 /·DWWHQWLRQ WRXWH SDUWLFXOLqUH TXH QRXV DYRQV DFFRUGpH j FHW DOJRULWKPH
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QRXV D SHUPLV GH PHWWUH HQ SODFH XQ FHUWDLQ QRPEUH GH PRGLILFDWLRQV HW G·DPpOLRUDWLRQV/

QRWDPPHQW VXU OD SKDVH G·LQLWLDOLVDWLRQ GH OD VLPXODWLRQ HW VXU OD UHSUpVHQWDWLRQ GHV FRQGLWLRQV

G·DFWLYDWLRQ1 7RXW FHFL QRXV D FRQGXLW j XQH UHGpILQLWLRQ FRPSOqWH GHV DOJRULWKPHV GH FH VLPXODWHXU/

GH WHOOH IDoRQ TX·HQ GpILQLWLYH RQ SHXW UpVXPHU O·LQIOXHQFH GH &Da(1 VXU %,2&$(1 j WURLV

DVSHFWV TXL VRQW =

41 6XU OH SODQ UHSUpVHQWDWLRQ GHV PRGqOHV = XQH GpILQLWLRQ GHV JUDSKHV G·LQIOXHQFHV IRQGpH VXU OD

QRWLRQ GH YDULDWLRQV PDUJLQDOHV +RX G·LQIOXHQFHV PDUJLQDOHV, HW GH ORLV GH FRPELQDLVRQV1

51 6XU OH SODQ GH OD VLPXODWLRQ = XQH VLPXODWLRQ UpDOLVpH SDU GHV FDOFXOV FDOpV VXU XQH pFKHOOH

WHPSRUHOOH GLVFUqWH HW FRQVWDQWH1

61 6XU OH SODQ GX ORJLFLHO OXL PrPH = 8Q PpFDQLVPH GH FRPSLODWLRQ TXL SHUPHW GH UpGXLUH OD

FRPSOH[LWp GH O·DOJRULWKPH GH VLPXODWLRQ1

/HV GHX[ SUHPLHUV SRLQW RQW pWp LQFRUSRUpV HW DGDSWpV j QRWUH IRUPDOLVPH +YRLU FKDSLWUH 7/ SDJH

456,1 /H WURLVLqPH SRLQW VHUD GpWDLOOp GDQV FH FKDSLWUH1 7RXW FRPPH &Da(Q/ %,2&$(1 HVW

LPSOpPHQWp HQ ODQJDJH /,6381

4151 2UJDQLVDWLRQ JpQpUDOH GX VLPXODWHXU

/D FRPSLODWLRQ GHV PRGqOHV SHUPHW GH UpDOLVHU OD VLPXODWLRQ HQ GHX[ WHPSV/ HQ HIIHFWXDQW XQ

FHUWDLQ QRPEUH G·RSWLPLVDWLRQV HW GH YpULILFDWLRQV VXU OD FRQVLVWDQFH GHV PRGqOHV1 &H PpFDQLVPH

IDLW GpFURvWUH OD FRPSOH[LWp GH O·DOJRULWKPH GH VLPXODWLRQ1 /·RUJDQLVDWLRQ JpQpUDOH G·XQH VLPXODWLRQ

HVW OD VXLYDQWH +FI1 )LJXUH 59, =

/HV PRGqOHV VRQW UHSUpVHQWpV GDQV XQ ODQJDJH GH GHVFULSWLRQ TXL LGHQWLILH WRXV OHV pOpPHQWV GHV

PRGqOHV +Q±XGV/ FRQQH[LRQV HW SDUDPqWUHV,1 2Q GLIIpUHQFLH OHV PRGqOHV JpQpULTXHV/ FHX[0FL Q·pWDQW

SDV GLUHFWHPHQW XWLOLVDEOHV SDU OH VLPXODWHXU1 ,O VHURQW XWLOLVpV ORUVTX·LOV VHURQW LQVWDQFLpV SDU OH

PRGqOH j FRPSLOHU1

&HWWH GHVFULSWLRQ HVW WUDQVPLVH DX FRPSLODWHXU GH %,2&$(11 &HOXL0FL FRQVWUXLW OH JUDSKH JOREDO/ j

O·DLGH GHV PRGqOHV JpQpULTXHV QpFHVVDLUHV HW HQ YpULILDQW OD YDOLGLWp GX JUDSKH1 &·HVW FH PRGqOH

© FRPSLOp ª TXL HVW WUDQVPLV DX VLPXODWHXU1

                                                           
5 Sous l e dialecte Le-Li sp, ©  I LOG, ver si on 15.26. 
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Étape 1 : La Com pilation

Étape 2 : La Sim ulation

Figure 26: O rgani sati on d’une si m ulation sous BIO CAEN. 

/D VLPXODWLRQ HVW UpDOLVpH SDU %,2&$(1 j SDUWLU GX PRGqOH FRPSLOp HW G·XQ ILFKLHU GH YDOHXUV

IRXUQLVVDQW/ j FKDTXH SDV GH FDOFXO/ OD YDOHXU GH WRXV OHV DWRPHV H[RJqQHV GX PRGqOH1 /H UpVXOWDW GH

OD VLPXODWLRQ HVW DXVVL XQ ILFKLHU GH YDOHXUV1 ,O IRXUQLW XQH REVHUYDWLRQ GHV YDOHXUV GHV DWRPHV GX

PRGqOH DX FRXUV GX WHPSV1

4161 'HVFULSWLRQ GHV PRGqOHV

/D ODQJDJH GH GHVFULSWLRQ GHV PRGqOHV SHUPHW GH UHSUpVHQWHU OHV pOpPHQWV G·XQ JUDSKH WHO TXH QRXV

OHV DYRQV GpILQLV DX FKDSLWUH SUpFpGHQW1 /RUVTX·XQ pOpPHQW HVW GpFULW/ RQ SUpFLVH OD YDOHXU GHV
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SDUDPqWUHV QpFHVVDLUHV j VD GpILQLWLRQ1 6DQV HQWUHU GDQV OHV GpWDLOV/ QRXV DOORQV QRXV LQWpUHVVHU

UDSLGHPHQW j OD GHVFULSWLRQ GHV DWRPHV/ FRPSRVDQWV HW LQIOXHQFHV TXL FRQVWLWXHQW OHV pOpPHQWV

SULQFLSDX[ GH QRV PRGqOHV1 1RXV DOORQV DXVVL SUpVHQWHU OH SULQFLSH GH OD GpILQLWLRQ TXDOLWDWLYH G·XQH

YDOHXU GH W\SH1 'H SOXV/ %,2&$(1 SHUPHW G·XWLOLVHU WRXWHV OHV UHODWLRQV HW RSpUDWHXUV GpILQLV DX

FKDSLWUH SUpFpGHQW/ ,O SURSRVH G·DXWUH RSpUDWHXUV REWHQXV SDU FRPSRVLWLRQ GHV SUpFpGHQWV1

1RXV QH PHWWURQV HQ DYDQW TXH OHV FRQFHSWV HVVHQWLHOV TXL RQW pWp DGRSWp SDU %,2&$(1 SRXU

GpFULUH XQ PRGqOH GpILQL VHORQ OH IRUPDOLVPH GX FKDSLWUH SUpFpGHQW1 3RXU XQH GHVFULSWLRQ

H[KDXVWLYH GX ODQJDJH GH GHVFULSWLRQ GH %,2&$(1/ OH OHFWHXU SRXUUD VH UHSRUWHU DX PDQXHO GX

VLPXODWHXU +/DIRQ 4<<<,1 /D GHVFULSWLRQ G·XQ PRGqOH HVW FRQVWLWXpH G·XQH VXFFHVVLRQ GH VHFWLRQV

UHJURXSDQWV OHV GpILQLWLRQV1 ,O H[LVWH DLQVL XQH VHFWLRQ DSSHOpH $WRPV R� VRQW GpFULWV OHV DWRPHV GX

JUDSKH/ XQH VHFWLRQ &RPSRQHQWV HW &RQQH[LRQV1 ,O H[LVWH G·DXWUHV VHFWLRQV FRPPH OD VHFWLRQ

,QWHUIDFH/ GpILQLVVDQW O·LQWHUIDFH GH FRQQH[LRQ GHV PRGqOHV GH FRPSRVDQWV1 5HSUHQDQW OD V\QWD[H

JpQpUDOH GHV ODQJDJHV /,63/ OHV VHFWLRQV VRQW GpOLPLWpHV SDU GHV SDUHQWKqVHV/ FKDTXH VHFWLRQ

SRXYDQW FRQWHQLU XQ QRPEUH YDULDEOH GH GpILQLWLRQV VSpFLILTXHV j OD VHFWLRQ FRQVLGpUpH1

416141 'HVFULSWLRQ GHV YDOHXUV FRQVWDQWHV

/HV YDOHXUV FRQVWDQWHV DSSDUDLVVDQW GDQV OHV PRGqOHV j GpFULUH VRQW GH WURLV VRUWHV = OHV YDOHXUV

QXPpULTXHV +L1H1 OHV LQWHUYDOOHV,/ OHV YDOHXUV V\PEROLTXHV +L1H1 OHV YDOHXUV GH W\SHV, HW OHV FRXSOHV

QXPpULFR0V\PEROLTXHV +L1H1 LQWHUYDOOHV HW W\SHV,1 8Q LQWHUYDOOH $ HVW UHSUpVHQWp SDU OD OLVWH ( A A) 1 /D

UHSUpVHQWDWLRQ GHV YDOHXUV GH W\SHV HVW SOXV FRPSOH[H/ FRPSWH WHQX GH OD IRUPH TX·LOV SHXYHQW

SUHQGUH1

/H ODQJDJH GH GHVFULSWLRQ QH SHUPHW GH GpFULUH GLUHFWHPHQW TXH GHV W\SHV FRPSRVpV +L1H1 GHV W\SHV

DVVRFLDQW XQ SRLGV GH 4 j XQ HQVHPEOH GH V\PEROHV HW 3 DX[ DXWUHV/ YRLU SDJH 445,1 /HV W\SHV SOXV

FRPSOH[HV VRQW REWHQXV SDU FRPSRVLWLRQ1 6L $/ % HW & VRQW GHV V\PEROHV/ DORUV OD IRQFWLRQ Type

UHWRXUQH OH W\SH FRPSRVp/ GLVRQV 7/ WHO TXH 7+$,  7+%,  7+&,  4 HW 7+V,  3 ∀ V∈ 6 HW

V ∉ ^$/%/&` = 7  (Type  A B C ) 1

%,2&$(1 SURSRVH GH SOXV XQ PpFDQLVPH GH GHVFULSWLRQ TXDOLWDWLI GH W\SHV FRPSOH[HV1 &H

PpFDQLVPH XWLOLVH OHV UHODWLRQV GH 2+0, +YRLU FKDSLWUH 6/ SDJH :5/ 0DYURYRXQLRWLV )

6WHSKDQRSRXORV 4<;;/ 4<;:,1 /D GHVFULSWLRQ TXDOLWDWLYH G·XQ W\SH FRQVLVWH HQ XQ HQVHPEOH GH

UHODWLRQV G·RUGUH HQWUH GHV V\PEROHV1 &HV UHODWLRQV GpILQLVVHQW OHV YDOHXUV GHV SRLGV GX W\SH1
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6L V4 HW V5 VRQW GHX[ V\PEROHV RQ QRWHUD V4   V5 OD SURSRVLWLRQ V4 HW V5 RQW OD PrPH DWWpQXDWLRQ1 'H

PrPH RQ QRWHUD V4 !a V5 OD SURSRVLWLRQ O·DWWpQXDWLRQ GH V4 HVW OpJqUHPHQW VXSpULHXUH j FHOOH GH V5/ HW

DLQVL GH VXLWH SRXU WRXWH OHV UHODWLRQV GH 2+0,1 2Q SHXW DORUV GpILQLU XQ W\SH HQ LQGLTXDQW

VLPSOHPHQW OHV UHODWLRQV G·RUGUH HQWUH OHV V\PEROHV1 7RXV OHV V\PEROHV TXL QH VRQW SDV FLWpV VRQW

FRQVLGpUpV FRPPH D\DQW XQ SRLGV QXO1 3DU H[HPSOH/ O·HQVHPEOH GH UHODWLRQV ^% !0 &/ $ !a &`SHXW

GpILQLU XQ W\SH 7 WHO TXH 7+%, !0 7+&, HW 7+$, !a 7+&,1

/·DOJRULWKPH GH GpILQLWLRQ G·XQ W\SH FRQVLVWH j FDOFXOHU OHV SRLGV GHV V\PEROHV SDU RUGUH GpFURLVVDQW

GHV UHODWLRQV GH 2+0,1 /H SRLGV GX V\PEROH OH SOXV pOHYp G·DSUqV OHV UHODWLRQV G·2+0, HVW IL[p j 4/

OHV DXWUHV SRLGV VRQW FDOFXOpV HQ FRQVpTXHQFH1 3DU H[HPSOH/ VL $/ %/ & HW ' VRQW 7 V\PEROHV/

O·DSSOLFDWLRQ GH OD IRQFWLRQ (OMType ( B >-  C )  ( A >~ C )) SHUPHW G·REWHQLU OH W\SH 7 GpVLUp1

6HORQ FHWWH GpILQLWLRQ/ OH SRLGV GX V\PEROH % VHUD pJDO j 4 +L1H1 OH SOXV pOHYp,/ FHOXL GH & VHUD

PRGpUpPHQW SOXV SHWLW TXH 4/ HW OH SRLGV GH $ VHUD OpJqUHPHQW VXSpULHXU DX SRLGV GH &1 /H SRLGV GX

V\PEROH ' VHUD QXO/ FDU OH V\PEROH Q·HVW SDV FLWp GDQV OD GpILQLWLRQ1 /HV SRLGV HIIHFWLI GHV V\PEROHV

GH OD GpILQLWLRQ VRQW REWHQXV SDU LQWHUVHFWLRQ GHV LQWHUYDOOHV FRPSULV HQWUH 3 HW 4 HW FRUUHVSRQGDQW DX[

UHODWLRQV GH 2+0, +YRLU FKDSLWUH 6/ SDJH :5,1 6L OD GpILQLWLRQ FRQGXLW j XQH LQWHUVHFWLRQ YLGH/ HOOH HVW

LQYDOLGH1 3DU H[HPSOH/ OD GpILQLWLRQ ^$ !! %/ % !! &/ & !! $` VHUD LQYDOLGH FDU DXFXQ UpHO/ D

IRUWLRUL FRPSULV HQWUH 3 HW 4/ QH SHXW VDWLVIDLUH FHV UHODWLRQV1 6L SOXVLHXUV W\SHV VDWLVIRQW j XQH

GpILQLWLRQ/ OH W\SH UHWHQX HVW/ SDU GpIDXW/ FHOXL TXL SRVVqGH OHV SRLGV OHV SOXV pOHYpV/ VRLW OH W\SH

PD[LPDO G·DSUqV OD UHODWLRQ GH VXSpULRULWp GHV W\SHV +GpILQLH SDJH 445,1

416151 'HVFULSWLRQ G·XQ DWRPH

/HV GHVFULSWLRQV GHV DWRPHV VRQW UHJURXSpHV GDQV XQH VHFWLRQ DSSHOpH $WRPV1 &KDTXH GpILQLWLRQ

GRLW VSpFLILHU OH QRP/ TXL LGHQWLILH O·DWRPH/ VHUD XWLOLVp SRXU OH UpIpUHQFHU/ SDU H[HPSOH/ GDQV OD

GHVFULSWLRQ GHV LQIOXHQFHV OH FRQFHUQDQW1 /D GpILQLWLRQ VSpFLILH pJDOHPHQW XQ HQVHPEOH GH

SDUDPqWUHV/ FRPPH SDU H[HPSOH OH GRPDLQH GH YDULDWLRQ GH O·DWRPH1 /H SDUDPqWUH OH SOXV VSpFLILTXH

DX[ DWRPHV HVW OD ORL GH FRPELQDLVRQ1

&KDTXH DWRPH SRVVqGH XQH ORL TXL OXL HVW SURSUH1 3RXU FH IDLUH/ RQ SHXW XWLOLVHU O·XQH GHV ORLV

SUpGpILQLHV SDU %,2&$(1 RX HQ GpILQLU XQH VRL0PrPH/ HQ XWLOLVDQW GHV RSpUDWHXUV GpILQLV SDU OH

ODQJDJH GH GHVFULSWLRQ1

/HV ORLV GH FRPELQDLVRQV VRQW GHV ODPEGD DEVWUDFWLRQV TXH OH VLPXODWHXU FRQVHUYH GDQV XQH

ELEOLRWKqTXH HQ YXH GH OHXU XWLOLVDWLRQ ORUV GH OD VLPXODWLRQ1 /HV RSpUDWHXUV GH GpILQLWLRQ GH ORLV GH

FRPELQDLVRQ VRQW DFWXHOOHPHQW DX QRPEUH GH GHX[1 ,OV QRXV JDUDQWLVVHQW TXH WRXWH IRQFWLRQ GpILQLH
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HQ OHV XWLOLVDQW YpULILHUD OHV SURSULpWpV GH FRQVLVWDQFH HW GH PXOWL0V\PpWULH +SDJH 457,1 3DU FRQWUH/ LOV

QH SHUPHWWHQW SDV GH GpILQLU WRXWHV OHV ORLV GH FRPELQDLVRQ LPDJLQDEOHV1 2Q GpILQLW XQH ORL GH

FRPELQDLVRQ HQ XWLOLVDQW OD FRPPDQGH 'HILQH HW HQ UHVSHFWDQW OD V\QWD[H VXLYDQWH =

(Define Combination-law  [Nom de la loi définie] 

        [opération de combinaison des amplitudes] 

        [opération de combinaison des types] 

 ) 

2Q GpILQLW LQGpSHQGDPPHQW OHV GHX[ SDUWLHV/ DPSOLWXGH HW W\SH/ GH OD ORL HQ XWLOLVDQW OHXUV

RSpUDWHXUV SURSUHV1 /·RSpUDWHXU GH EDVH GH OD GpILQLWLRQ G·XQH ORL GH FRPELQDLVRQ HVW QRPPp

)RU$OO1 ,O SRVVqGH XQ VHXO SDUDPqWUH/ &/ TXL UHSUpVHQWH O·RSpUDWLRQ TXL VHUD DIIHFWpH DX[ YDOHXUV

PDUJLQDOHV1

(ForAll  C )  

& HVW FKRLVL GDQV XQH OLVWH G·RSpUDWLRQV FRPPXWDWLYHV OLPLWpH1 2Q HQ GLVWLQJXH GHX[ IDPLOOHV/ OHV

RSpUDWLRQV SRUWDQW VXU GHV DPSOLWXGHV HW FHOOHV SRUWDQW VXU GHV W\SHV1 &HV RSpUDWLRQV VRQW FHOOHV TXH

QRXV DYRQV GpILQLHV DX FKDSLWUH SUpFpGHQW1 (OOHV VRQW GpVLJQpHV SDU OHV V\PEROHV VXLYDQWV =

2SpUDWLRQV VXU GHV DPSOLWXGHV =

@ XQLRQV G·LQWHUYDOOHV/ & LQWHUVHFWLRQ/ + VRPPH/

* PXOWLSOLFDWLRQ/ min PLQLPXP HW max PD[LPXP1

2SpUDWLRQV VXU GHV W\SHV =

@T XQLRQV GH W\SHV/ &T LQWHUVHFWLRQ/

+T VRPPH HW *T SURGXLW1

2Q SHXW GpILQLU WRXWH ORL GH FRPELQDLVRQ ϑ GX VW\OH =

(27) 
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R� &$/ UHVSHFWLYHPHQW &7/ HVW XQH RSpUDWLRQ G·LQWHUYDOOHV/ UHVSHFWLYHPHQW GH W\SHV/ FKRLVLH SDUPL OHV

RSpUDWLRQV SUpFpGHQWHV1 3DU H[HPSOH/ YRLFL OHV GpILQLWLRQ GH GHX[ ORLV GH FRPELQDLVRQV SUp0GpILQLHV

GDQV %,2&$(11 (OOHV UHSUpVHQWHQW OHV GpILQLWLRQV GHV ORLV GH FRPELQDLVRQ Σ HW Π PHQWLRQQpHV DX

FKDSLWUH SUpFpGHQW +YRLU SDJH 457,1
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(Define Combination-law  Sigma-Law 

        (ForAll  + )  

        (ForAll  +T )  

 ) 

 

(Define Combination-law  Pi-Law 

        (ForAll  * )  

        (ForAll  *T )  

 ) 

/·DOJRULWKPH/ DSSOLTXp SRXU FRPELQHU OHV YDOHXUV PDUJLQDOHV G·XQ DWRPH/ HW DSSOLFDEOH j WRXWH ORL GH

FRPELQDLVRQ FUppH SDU )RU$OO/ HVW OH VXLYDQW =

Soit  X,  ( la valeur de l’atome considér é, X A et X T s ont des composant es )  
     VM, ( l’ ensemble des valeurs marginal es de X ) 
     C A, (  l’ opération à appliquer aux amplitudes ) 
     C T; (  l’ opération à appliquer aux t ypes )  
 
Retirer un élément V de VM; 
X ← V; 
Tant que  VM n’est pas vide faire  
 Retirer un élément V de VM;  ( Les composantes de V sont not ées V A et V T  )  
 X A  ←  X A  C A  V A ; 
 X T  ←  X T  C T  V T ; 
fin tant que ; 

Figure 27: A lgorit hm e de com binai son des val eurs m argi nal es pour l’ opérateur ForA ll. 

&HW DOJRULWKPH QRXV JDUDQWLW TXH ORUVTXH ; Q·D TX·XQH VHXOH YDOHXU PDUJLQDOH/ DORUV OD SURSULpWp GH

FRQVLVWDQFH HVW UHVSHFWpH1 /HV YDOHXUV SHUPLVHV SRXU OHV RSpUDWHXUV &$ HW &7 pWDQW GHV RSpUDWLRQV

FRPPXWDWLYHV/ OHV ORLV GH FRPELQDLVRQ FRQVWUXLWHV SDU )RU$OO UHVSHFWHQW OD SURSULpWp GH PXOWL0

V\PpWULH1

/H VHFRQG RSpUDWHXU GH GpILQLWLRQ GH ORL GH FRPELQDLVRQ HVW DSSHOp )RU(DFK HW VXLW OH PrPH

SULQFLSH1 ,O SHUPHW G·DSSOLTXHU XQ IDFWHXU DX UpVXOWDW GH OD FRPELQDLVRQ1 ,O SHUPHW/ SDU H[HPSOH/ GH

FDOFXOHU OD PR\HQQH GHV YDOHXUV PDUJLQDOHV1

416161 'HVFULSWLRQ G·XQH LQIOXHQFH

/HV LQIOXHQFHV VRQW GpFULWHV SDU GHV SUpGLFDWV TXL GpVLJQHQW OHV DWRPHV FRQFHUQpV SDU O·LQIOXHQFH/

DLQVL TXH OHV YDOHXUV GHV SDUDPqWUHV GH FHWWH LQIOXHQFHV =
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(influence  X Y C Ga Gt Td Tr )  

R� ; HVW OH QRP GH O·DWRPH VRXUFH GH O·LQIOXHQFH/ < OH QRP GH O·DWRPH GHVWLQDWLRQ/ & HVW OD

FRQGLWLRQ G·DFWLYDWLRQ/ *D HW *W VRQW GHV IRQFWLRQV GH JDLQ G\QDPLTXHV/ 7G HVW OH GpODL HW 7U HVW OH

WHPSV GH UpSRQVH GH O·LQIOXHQFH1 5DSSHORQV TXH OHV YDOHXUV GH FHV GHX[ GHUQLHUV SHXYHQW rWUH GHV

LQWHUYDOOHV1 &H SUpGLFDW FRQWLHQW WRXV OHV SDUDPqWUHV QpFHVVDLUHV j OD FRQVWUXFWLRQ GH OD IRQFWLRQ GH

PLVH j MRXU DVVRFLpH j O·LQIOXHQFH GpFULWH1

/D V\QWD[H GH OD GpILQLWLRQ G·XQ JDLQ G\QDPLTXH SHXW rWUH LOOXVWUpH SDU O·H[HPSOH VXLYDQW1 /D

FRPPDQGH 'HILQH GpILQLW LFL XQ JDLQ G\QDPLTXH G·DPSOLWXGH DSSHOp *$6TXDUH/ TXL pOqYH DX FDUUp

O·DPSOLWXGH GH ;/ O·DWRPH VRXUFH GH O·LQIOXHQFH =

(Define Dynamic-Gain  GASquare X ( X *  X ))  

/HV JDLQV G\QDPLTXHV OHV SOXV XWLOLVpV VRQW GHV IRQFWLRQV OLQpDLUHV1 'HYRLU GpILQLU GH QRXYHOOHV

IRQFWLRQV GH JDLQ G\QDPLTXH/ SRXU FKDTXH IRQFWLRQ OLQpDLUH/ DORXUGLUDLW OD GHVFULSWLRQ GHV PRGqOHV1

2Q FRQVLGqUH GRQF WRXWH YDOHXU FRQVWDQWH/ SDVVpH HQ JXLVH GH JDLQ G\QDPLTXH G·XQ SUpGLFDW

G·LQIOXHQFH/ FRPPH XQH IRQFWLRQ OLQpDLUH1 $LQVL OD FRPPDQGH =

(Influence A B True  13 0.5 0 0 )  

GpILQLW XQH LQIOXHQFH GH O·DWRPH $ YHUV %/ GRQW OD FRQGLWLRQ G·DFWLYDWLRQ HVW WRXMRXUV YpULILpH +7UXH,/

OH GpODL HVW QXO WRXW FRPPH OH WHPSV GH UpSRQVH1 6HXOV OHV JDLQV VRQW GHV JDLQV OLQpDLUHV +L1H1 GH

FRHIILFLHQW pJDO j 46 SRXU O·DPSOLWXGH HW 318 SRXU OH W\SH,1 /D IRQFWLRQ GH PLVH j MRXU

FRUUHVSRQGDQWH j FHWWH LQIOXHQFH VH UpGXLW GRQF j =

(28) 




⋅=
×=

)(5.0)(

)(13)(

tAtB

tAtB

TT

AA
 

(Q SOXV GHV LQIOXHQFHV G·DWRPH j DWRPH/ %,2&$(1 SHUPHW GH GpFULUH GHV LQIOXHQFHV FRQVWDQWHV1 'H

WHOOHV LQIOXHQFHV QH GpVLJQHQW SDV G·DWRPH VRXUFH PDLV/ j OD SODFH/ XQH YDOHXU FRQVWDQWH1 &HV

LQIOXHQFHV FRQVWDQWHV SHXYHQW rWUH XWLOLVpHV SRXU DOOpJHU OD UHSUpVHQWDWLRQ GX PRGqOH1 /H

FRPSLODWHXU GH %,2&$(1 OHV XWLOLVH SRXU VLPSOLILHU OH JUDSKH JOREDO/ HQ UHPSODoDQW OHV DWRPHV QRQ

LQIOXHQFpV SDU GHV FRQVWDQWHV1 8QH LQIOXHQFH FRQVWDQWH HVW GpFULWH SDU OH SUpGLFDW =

(Constant  Y C Val A Val T Tr )  
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R� < HVW O·DWRPH GHVWLQDWLRQ GH O·LQIOXHQFH/ & HVW XQH FRQGLWLRQ G·DFWLYDWLRQ/ 7U OH WHPSV GH UpSRQVH

GH O·LQIOXHQFH HW 9DO$ HW 9DO7 VRQW OHV YDOHXUV FRQVWDQWHV/ UHVSHFWLYHPHQW O·DPSOLWXGH HW OH W\SH1 &HWWH

GpILQLWLRQ HVW pTXLYDODQWH j =

(Influence  CTE Y C 1 1 0 Tr )  

 

2� &7( VHUDLW XQ DWRPH GRQW OD YDOHXU UHVWHUDLW FRQVWDPPHQW pJDOH DX FRXSOH +9DO$ / 9DO7,1

416171 'HVFULSWLRQ G·XQ FRPSRVDQW

/HV GHVFULSWLRQV GH FRPSRVDQWV VRQW UHJURXSpHV GDQV XQH VHFWLRQ DSSHOpH &RPSRQHQWV1 /RUVTXH

O·RQ GpFULW XQ FRPSRVDQW/ RQ GRLW DXVVL LQGLTXHU OH QRP GX ILFKLHU FRQWHQDQW OH PRGqOH JpQpULTXH

GRQW LO HVW O·LQVWDQFH1 /HV PRGqOHV JpQpULTXHV VRQW VWRFNpV GDQV GHV ILFKLHUV VpSDUpV SRXU IDFLOLWHU

OHXU UpXWLOLVDWLRQ1

/D GHVFULSWLRQ GX FRPSRVDQW GRLW IRXUQLU XQH YDOHXU j WRXV OHV SDUDPqWUHV JpQpULTXHV GX PRGqOH

GpVLJQp1 &·HVW OH FRPSLODWHXU TXL UHPSODFHUD OHV SDUDPqWUHV SDU OHXUV YDOHXUV ORUV GH OD FRQVWUXFWLRQ

GX JUDSKH JOREDO1

/HV GHVFULSWLRQV GHV PRGqOHV GH FRPSRVDQWV GRLYHQW GpEXWHU SDU XQH VHFWLRQ DSSHOpH ,QWHUIDFH

FRQWHQDQW OD GHVFULSWLRQ GH OHXU LQWHUIDFH GH FRQQH[LRQ1 &HWWH LQWHUIDFH GpFULW OHV VFKpPDV GH

FRQQH[LRQ HW GpVLJQH OHV SRLQWV GH FRQQH[LRQ GX FRPSRVDQW1 2Q \ VSpFLILH DXVVL OHV QRPV GHV

SDUDPqWUHV JpQpULTXHV GX PRGqOH1 8Q H[HPSOH FRPSOHW GH GHVFULSWLRQ G·XQH PRGqOH GH FRPSRVDQW

HVW GRQQp HQ DQQH[H +YRLU $QQH[H $/ SDJH 4::,1

4171 $OJRULWKPH GH FRPSLODWLRQ

/D FRPSLODWLRQ D SRXU EXW/ RXWUH OHV YpULILFDWLRQV GH V\QWD[H GH OD GHVFULSWLRQ GHV PRGqOHV/ GH

FRQVWUXLUH OH JUDSKH JOREDO GX PRGqOH1 'H SOXV/ O·DOJRULWKPH GH FRPSLODWLRQ UpDOLVH XQ FHUWDLQ

QRPEUH GH VLPSOLILFDWLRQV GX PRGqOH HW GH SUp0FDOFXOV TXL DOOpJHURQW G·DXWDQW O·DOJRULWKPH GH

VLPXODWLRQ1 /D FRPSLODWLRQ SHXW GRQF rWUH VFLQGpH HQ GHX[ SDUWLHV GLVWLQFWHV HW VXFFHVVLYHV = OD

JpQpUDWLRQ GX JUDSKH JOREDO/ SXLV OD VLPSOLILFDWLRQ GH FHOXL0FL1

(Q HQWUpH GX FRPSLODWHXU/ OXL VRQW WUDQVPLV OH ILFKLHU FRQWHQDQW OD GHVFULSWLRQ GX PRGqOH j FRPSLOHU

DLQVL TXH WRXV OHV ILFKLHUV FRQWHQDQW OHV GHVFULSWLRQV GH WRXV OHV PRGqOHV JpQpULTXHV XWLOLVpV1 /H
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FRPSLODWHXU QH IRXUQLW HQ VRUWLH TX·XQ VHXO ILFKLHU TXL SRXUUD rWUH GLUHFWHPHQW XWLOLVp SDU OH

SURJUDPPH GH VLPXODWLRQ GH %,2&$(11

Soit   Atoms,    (  l’ ensemble des atomes du graphe global ) 
      Infls;    ( l’ ensemble des influences du graphe global ) 

 Courant,  ( le fichier contenant la descri ption de modèle qui est en tr ain d’être compilé ) 

  Ouverts;  ( l a list e des fi chiers actuell ement ouverts )  

Atoms ← {}; Infls ← {}; Ouverts ← {};    ( I nitialisation des vari ables )  

Courant ← le Fichier à compiler; 

Procédure Génération du graphe global ; 

 Soit ConSchem,ConPoint; ( l’ ensemble des s chémas  et points de connexi ons définis par l es composants de Courant ) 

 ConSchem ← {}; 
 Conpoint ← {}; 

 Ouverts  ← {Courant}  ∪  Ouverts;  ( ajout de Courant à l’ ensemble des fi chiers en cours de trait ement )  

 Pour tout  composant décrit dans le fichier Courant faire  

  CX ← Courant; 
  Courant ← Le fichier du composant; 
  Si  Courant ∈  Ouverts  Alors  Arrêter l’algorithme;    ( La définition n’ est pas vali de )  

  Remplacer tous les paramètres génériques par leurs valeurs; 

  Appeler la procédure  Génération du graphe global;  ( Appel r écursif de la procédur e )  

  ConSchem ← ConSchem ∪  { Schémas de connexions de l’interface de Courant }; 
  ConPoint ← ConPoint ∪  { Points de connexions de l’interface de Courant }; 

  Courant ← CX; 
 Fin Pour tout  composant; 

 Ouverts ← Ouverts – {Courant}; 

 Pour toute  Connexion C décrite dans Courant faire  

  Si  C est une influence Alors  

     Si  C utilise un nœud P de ConPoint Alors  

        C ← L’influence C redirigée vers l’atome désigné par P; 

     Infls ← Infls ∪  {C}; 

  Sinon    ( C n’est pas une si mple i nfluence mais est une connexi on )  

   SC ← L’ensemble des influences associées à C dans ConShem; 

   Infls ← Infls ∪  SC; 

 Fin Pour toute Connexion C; 

Fin de la procédure ; 

Figure 28: A lgorit hm e de com pil ation de BIO CAEN, prem ière parti e, obt enti on du graphe global. 
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417141 *pQpUDWLRQ GX JUDSKH JOREDO

/D SUHPLqUH pWDSH GH OD FRPSLODWLRQ FRQVLVWH GRQF j SDUFRXULU OH JUDSKH FDXVDO GX PRGqOH HW j

UHPSODFHU UpFXUVLYHPHQW OHV FRPSRVDQWV SDU OHV JUDSKHV GH OHXU PRGqOH +YRLU FKDSLWUH 7/ SDUWLH 517/

SDJH 434,1 /·DOJRULWKPH FL0GHVVXV +)LJXUH 5;/ SDJH 469, SDUFRXUW OD KLpUDUFKLH GH PRGqOHV HQ

SURIRQGHXU G·DERUG HQ V·DVVXUDQW GH OD YDOLGLWp GX JUDSKH JOREDO/ F·HVW0j0GLUH TX·DXFXQ GHVFHQGDQW G·XQ

PRGqOH Q·XWLOLVH FH PrPH PRGqOH GDQV VRQ SURSUH JUDSKH/ FH TXL FUpHUDLW XQH GpILQLWLRQ UpFXUVLYH

+YRLU OD GpILQLWLRQ G·XQ JUDSKH YDOLGH/ HQ SDJH <<,1

&HW DOJRULWKPH HVW GLYLVp HQ GHX[ SDUWLHV1 2Q FRPPHQFH SDU UHPSODFHU OHV FRPSRVDQWV SDU OHV

JUDSKHV GH OHXUV PRGqOHV DVVRFLpV +SDUWLH GHVFHQGDQWH GX SDUFRXUV GH OD KLpUDUFKLH,1 3XLV/ RQ UH0

FRQQHFWH OHV DWRPHV HQWUH HX[ HQ UH0GLULJHDQW OHV FRQQH[LRQV +SDUWLH DVFHQGDQWH GX SDUFRXUV,1

/·DUUrW GH O·DOJRULWKPH HVW JDUDQWL SDU OH WHVW GH YDOLGLWp TXL YpULILH VL OH ILFKLHU &RXUDQW Q·HVW SDV

FRQWHQX GDQV O·HQVHPEOH GHV ILFKLHUV HQ FRXUV GH WUDLWHPHQW +L1H1 OD YDULDEOH 2XYHUWV,1 &H WHVW LQWHUGLW

OHV GpILQLWLRQV UpFXUVLYHV GH PRGqOHV HW HPSrFKH GH FH IDLW OD SURFpGXUH GH V·DSSHOHU HOOH0PrPH

LQGpILQLPHQW1 6L O·DOJRULWKPH VH WHUPLQH FRUUHFWHPHQW/ $WRPV HW ,QIOV FRQWLHQQHQW WRXV OHV DWRPHV HW

LQIOXHQFHV GX JUDSKH JOREDO1 6HXOV FHV pOpPHQWV VRQW FRQVHUYpV SRXU OD VXLWH GX WUDLWHPHQW1

417151 6LPSOLILFDWLRQV GX JUDSKH JOREDO

/D VHFRQGH SDUWLH GH OD FRPSLODWLRQ FRQVWUXLW XQ ILFKLHU FRPSDFW QH FRQWHQDQW TXH OHV pOpPHQWV

LQGLVSHQVDEOHV j OD VLPXODWLRQ GX PRGqOH1 $YDQW G·DSSOLTXHU WRXWH XQH VpULH GH VLPSOLILFDWLRQV/ OH

FRPSLODWHXU YpULILH OD FDOFXODELOLWp GHV YDOHXUV GHV DWRPHV GX JUDSKH +YRLU SDJH 458,1

/D YDOHXU G·XQ DWRPH QH SHXW rWUH FDOFXOpH TXH VL OHV YDOHXUV GHV DWRPHV GRQW LO GpSHQG RQW GpMj pWp

FDOFXOpHV1 /·RUGUH GH FDOFXO GHV YDOHXUV GHV DWRPHV Q·HVW SDV LQQRFHQW1 3RXU RUGRQQHU FRUUHFWHPHQW

OHV DWRPHV/ OH FRPSLODWHXU GRLW FRQVWUXLUH OH JUDSKH GH GpSHQGDQFH GLUHFWH1 /HV Q±XGV GH FH JUDSKH

RULHQWp VRQW OHV DWRPHV GX JUDSKH JOREDO1 ,O FRQWLHQW XQ DUF HQWUH GHX[ DWRPHV GH ; YHUV < VL HW

VHXOHPHQW VL LO H[LVWH XQH LQIOXHQFH GH GpODL QXO GH ; YHUV </ RX VL ; HVW XWLOLVp/ VDQV GpFDODJH

WHPSRUHO/ GDQV OD FRQGLWLRQ G·DFWLYDWLRQ G·XQH LQIOXHQFH GLULJpH YHUV <1 7RXW HQ RUGRQQDQW OD OLVWH

GHV DWRPHV/ RQ YpULILH TX·LO Q·H[LVWH SDV GH FLUFXLW GDQV OH JUDSKH GH GpSHQGDQFH GLUHFWH1

/·DOJRULWKPH HVW FODVVLTXH +)LJXUH 5<,/ LO FRQVWUXLW OH GLFWLRQQDLUH GHV Q±XGV GX JUDSKH HW O·XWLOLVH

SRXU GpWHUPLQHU OH UDQJ GHV DWRPHV1 /H UDQJ G·XQ Q±XG HVW OH QRPEUH PD[LPDO GH SUpGpFHVVHXUV

TX·LO SRVVqGH GDQV OH JUDSKH +;XRQJ 4<<5,/ WRXW Q±XG G·XQ F\FOH SRVVqGH XQ UDQJ LQILQL1



46;

2Q V·DVVXUH TXH O·DOJRULWKPH VH WHUPLQH ELHQ HQ VXSSULPDQW OHV pOpPHQWV GH $WRPV DX IXU HW j

PHVXUH TXH O·RQ OHV FODVVH GDQV /LVW$WRPV1 5J pWDQW XQ VRXV0HQVHPEOH GH $WRPV/ ORUVTXH $WRPV HVW

YLGH/ 5J O·HVW DXVVL1

Étant donnés 
  Atoms,  ( L’ensemble des atomes du graphe global ) 
  DD[x];  ( Pour tout atome x, l’ensemble des atomes dont il dépend dir ectement, le dicti onnair e de l’atome x ) 
  

Soit  ListAtoms ,   ( l a list e des atomes correctement ordonnés )  
     Rg;          ( l’ ensemble des atomes de même rang )  

ListAtoms ← {}; 

Rg ← {}; 

Pour tout  élément X de Atoms faire  

 Si  DD[X] = {} Alors  Rg ← Rg ∪  {X}; 

Fin Pour tout  élément X; 

Tant que  Rg n’est pas vide faire  
  Ajouter  en tête de  ListAtoms les éléments de Rg; 

 Atoms ← Atoms – Rg; 

 Rg ← {}; 
 Pour tout  élément X de Atoms faire  

  DD[X] ← DD[X] ∩ Atoms;  

  Si  DD[X] = {} Alors  Rg ← Rg ∪  {X}; 

 Fin Pour tout  élément X; 
Fin tant que; 

Figure 29: A lgorit hm e de com pil ation de BIO CAEN, seconde parti e, test de vali dit é du graphe global. 

$ OD ILQ GH O·DOJRULWKPH/ VL $WRPV Q·HVW SDV YLGH/ DORUV LO H[LVWH GHV FLUFXLWV GDQV OH JUDSKH GH

GpSHQGDQFH GLUHFWH1 /H PRGqOH Q·HVW DORUV SDV FDOFXODEOH HW RQ GRLW DUUrWHU OD FRPSLODWLRQ1 /HV

DWRPHV GH PrPH UDQJ GDQV OH JUDSKH GH GpSHQGDQFH GLUHFWH SHXYHQW rWUH FDOFXOpV LQGpSHQGDPPHQW

OHV HX[ GHV DXWUHV1 2Q SRXUUDLW WUqV ELHQ FDOFXOHU OHXUV YDOHXUV HQ SDUDOOqOH GH PDQLqUH j JDJQHU GX

WHPSV GH FDOFXO1

(Q SOXV G·DYRLU YpULILp OD FDOFXODELOLWp GHV DWRPHV GX JUDSKH/ RQ REWLHQW OD OLVWH RUGRQQpH GHV DWRPHV

TXL SHUPHWWUD GH FDOFXOHU OHV YDOHXUV GHV DWRPHV GDQV OH ERQ RUGUH +L1H1 OHV YDOHXUV GH WRXV OHV DWRPHV

GLUHFWHPHQW GpSHQGDQWV SHXYHQW rWUH VpTXHQWLHOOHPHQW PLVHV j MRXU,1 $SUqV DYRLU RUGRQQp OHV

DWRPHV/ O·DOJRULWKPH GH FRPSLODWLRQ H[SULPH WRXV OHV GpODLV HQ IRQFWLRQ GH O·KRUORJH GLVFUqWH GX

V\VWqPH +L1H1 HQ OHV UHFDODQW VXU OHV SDV GH FDOFXOV,1 /H FRPSLODWHXU FDOFXOH SRXU FKDTXH DWRPH OH

GpFDODJH WHPSRUHO PD[LPDO DYHF OHTXHO O·DWRPH HVW UpIpUHQFp1 &H GpFDODJH PD[LPDO VHUD XWLOLVp SDU OH

VLPXODWHXU1 /H FRPSLODWHXU FRQVWUXLW OHV IRQFWLRQV GH PLVH j MRXU GHV LQIOXHQFHV GX JUDSKH1 &HV

IRQFWLRQV VHURQW GLUHFWHPHQW WUDQVPLVHV DX VLPXODWHXU GDQV OH ILFKLHU FRPSLOp1
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3RXU ILQLU/ O·DOJRULWKPH UpDOLVH XQ FHUWDLQ QRPEUH GH VLPSOLILFDWLRQV GX JUDSKH1 /HV VLPSOLILFDWLRQV

FRQVLVWHQW j FDOFXOHU OHV H[SUHVVLRQV j YDOHXUV FRQVWDQWHV HW j OHV UHPSODFHU SDU OHXUV YDOHXUV1 /H

FRPSLODWHXU DSSOLTXH FH SULQFLSH DX[ SDUDPqWUHV QXPpULTXHV HW V\PEROLTXHV PDLV DXVVL DX[ DWRPHV

GX JUDSKH1 6L XQ DWRPH HVW XQH UDFLQH GX JUDSKH JOREDO HW TX·LO Q·HVW SDV H[RJqQH/ F·HVW j GLUH TXH VD

YDOHXU Q·HVW SDV GpSHQGDQWH GH O·H[WpULHXU GX PRGqOH/ DORUV VD YDOHXU QH VHUD SDV PRGLILpH DX FRXUV

GH OD VLPXODWLRQ1 'DQV FH FDV/ O·DWRPH HVW VXSSULPp GX JUDSKH HW WRXWHV OHV LQIOXHQFHV GRQW LO pWDLW OD

VRXUFH VRQW UHPSODFpHV SDU GHV LQIOXHQFHV FRQVWDQWHV1 'H PrPH/ VL XQ DWRPH Q·HVW LQIOXHQFp TXH

SDU GHV LQIOXHQFHV FRQVWDQWHV GRQW OD FRQGLWLRQ G·DFWLYDWLRQ HVW pJDOH j OD FRQVWDQWH 7UXH9/ DORUV

O·DWRPH HVW OXL DXVVL VXSSULPp1 /H FRPSLODWHXU FDOFXOH VD YDOHXU j SDUWLU GHV LQIOXHQFHV FRQVWDQWHV TXL

pWDLHQW GLULJpHV YHUV OXL HW UHPSODFH WRXWHV OHV LQIOXHQFHV GRQW LO pWDLW OD VRXUFH SDU GHV LQIOXHQFHV

FRQVWDQWHV1

4181 $OJRULWKPH GH VLPXODWLRQ

'X IDLW GHV WUDLWHPHQWV HIIHFWXpV ORUV GH OD FRPSLODWLRQ/ O·DOJRULWKPH GX VLPXODWHXU HVW UHODWLYHPHQW

VLPSOH1 ,O V·DJLW G·XQH ERXFOH TXL UpSqWH OD PLVH j MRXU GHV YDOHXUV GHV DWRPHV/ HQ LQFUpPHQWDQW j

FKDTXH IRLV O·KRUORJH/ FHFL XQ QRPEUH ILQL GH IRLV/ GpWHUPLQp SDU OD GXUpH GH OD VLPXODWLRQ/ VSpFLILpH

SDU O·XWLOLVDWHXU1 /H FRPSLODWHXU WUDQVPHW DX VLPXODWHXU XQLTXHPHQW OHV LQIRUPDWLRQ QpFHVVDLUHV j OD

PLVH j MRXU GHV YDOHXUV GHV DWRPHV GX PRGqOH1 &HV LQIRUPDWLRQV VRQW =

41 /D OLVWH GHV DWRPHV RUGRQQpH GH PDQLqUH j FH TXH OD PLVH j MRXU GHV YDOHXUV SXLVVH rWUH

HIIHFWXpH VpTXHQWLHOOHPHQW1

51 3RXU FKDTXH DWRPH =

• /H GpFDODJH WHPSRUHO PD[LPDO/ 7P/ DYHF OHTXHO O·DWRPH HVW UpIpUHQFp1 /H GpFDODJH GpWHUPLQH

OH QRPEUH GH YDOHXUV GH O·DWRPH j FRQVHUYHU HQ PpPRLUH > FHV YDOHXUV VRQW DSSHOpHV

KLVWRULTXH GH O·DWRPH1 /H VLPXODWHXU QH FRQVHUYH TXH OHV 7P GHUQLqUH YDOHXUV/ SRXU UpGXLUH

O·RFFXSDWLRQ GH OD PpPRLUH1

• /D OLVWH GHV LQIOXHQFHV GRQW O·DWRPH HVW OD GHVWLQDWLRQ/ HW/ SRXU FKDFXQH G·HOOHV/ VD IRQFWLRQ

GH PLVH j MRXU HW OD YDOHXU GH VRQ GpODL1

• /D ORL GH FRPELQDLVRQ GH O·DWRPH1

                                                           
6 La val eur de vérit é de cette constante est, V rai, égale à 1 dans L 2, L 3 et L N1. 
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(Q SOXV GH FHWWH GHVFULSWLRQ FRPSDFWH GX PRGqOH/ RQ WUDQVPHW DX VLPXODWHXU XQ ILFKLHU GH PHVXUHV

FRQWHQDQW OHV YDOHXUV GHVWLQpHV DX[ DWRPHV H[RJqQHV GX PRGqOH/ DLQVL TXH OD OLVWH GHV DWRPHV GRQW

OHV YDOHXUV VHURQW HQUHJLVWUpHV GDQV OH ILFKLHU GHV REVHUYDWLRQV +YRLU SDJH 45</ )LJXUH 59, HW OD GXUpH

GH OD VLPXODWLRQ1 /D GXUpH GH OD VLPXODWLRQ HVW UHFDOpH VXU O·KRUORJH GLVFUqWH GX V\VWqPH HW

WUDQVIRUPpH HQ QRPEUH GH SDV G·KRUORJH1

Étant donnés : 
 TS,      ( Le nombre de pas d’horloge constituant la dur ée de la si mulation )  
 Obs,     ( La list e des atomes dont l es valeurs doivent être relevées )  
 Atoms,   ( La list e ordonnée des atomes )  
 TM[x],   ( Le décal age tempor el maximal de l’atome x )  
 Inf[x],  ( Pour tout atome x, f ournit l’ ensemble des influences dont il est l a destination. Pour chaque influence I  de 

cet ensemble, est donné son délai I.d   et s a fonction de mise à jour I.Fn(t)  )  
 LC[x];   ( La l oi de combinaison de l’atome x )  
 

Soit  t,     ( Le t op courant de l’horloge dis crète )  
     VM,     ( L’ensemble des valeurs marginal es de l’atome courant )  
     H[x];  ( Une list e de valeur, l’ historique des valeurs de l’atome x )  
 

t ← 0; 

Tant que  t < TS faire  

 Lire  les valeurs des atomes exogènes dans le fichier de valeurs; 

 Pour tout  élément x de Atoms faire  

  VM ← {}; 

  Pour toute  influence I de Inf[x] faire  

    Si  t > I.d alors   ( si t  n’est pas supéri eur au délai de I  alors elle est i gnorée, car s on délai r écl ame une 
valeur antérieure à la dat e de de début de la si mulation ) 

       VM  ←  VM  ∪   { I.Fn(t) };  ( Applique la fonction de mise à jour de I  à l’instant t  )  

  Fin pour toute  influence I; 

  Si  VM ≠ {} Alors      ( Si il y a des valeurs marginal es à combiner alors … ) 

     Ajouter en tête  de H[x] le résultat de l’application de LC[x] à VM; 

  Sinon   ( L’atome X n’est pas influencé; sa valeur reste constant e )  

     Ajouter en tête de  H[x] la première valeur de H[x]; 

  Si  t > TM[x] Alors      ( Suppressi on de la valeur l a plus ancienne de l’historique de X )  

     Supprimer  la dernière valeur de H[x]; 

  Si  x ∈  Obs Alors        ( Enregistrement des valeurs observées )  

     Écrire  la première valeur de H[x] dans le fichier d’observations;  

 Fin de pour tout  élément x; 

 t ← t + 1; 

Fin de Tant que;  

Figure 30: A lgorit hm e de si m ulation de BIO CAEN. 
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/D FRPSOH[LWp GH O·DOJRULWKPH GH VLPXODWLRQ +)LJXUH 63/ SDJH 473, HVW JUDQGHPHQW UpGXLWH SDU

O·DFFqV j OD OLVWH GHV DWRPHV GX JUDSKH/ VSpFLDOHPHQW RUGRQQpH SRXU UpDOLVHU VpTXHQWLHOOHPHQW OHXU

PLVH j MRXU1 'H FHWWH PDQLqUH/ OD VLPXODWLRQ SHXW VH UpVXPHU DX SDUFRXUV GH FHWWH OLVWH/ HQ DSSOLTXDQW

j FKDTXH IRLV OD ORL GH FRPELQDLVRQ GH O·DWRPH FRQVLGpUp DX[ IRQFWLRQV GH PLVHV j MRXU GHV

LQIOXHQFHV DFWLYHV1 &HFL UHYLHQW/ SRXU XQ JUDSKH JOREDO GH Q DWRPHV HW P LQIOXHQFHV/ j XQH

FRPSOH[LWp HQ WHPSV GH 2+Q . P,/ FH TXL UHSUpVHQWH XQH FRPSOH[LWp pTXLYDOHQWH j XQ DOJRULWKPH

FODVVLTXH GH SDUFRXUV GH JUDSKH +;XRQJ 4<<5,/ SRXU FKDTXH SDV GH FDOFXO1

/·LQVWUXFWLRQ SULPRUGLDOH GH FHW DOJRULWKPH HVW GRQF O·DSSOLFDWLRQ GH OD IRQFWLRQ GH PLVH j MRXU TXL

SHUPHW GH FDOFXOHU OHV YDOHXUV PDUJLQDOHV GHV DWRPHV +YRLU SDJH 456,1 &HWWH RSpUDWLRQ QpFHVVLWH HQ

IDLW XQ FHUWDLQ QRPEUH GH FDOFXOV/ FRPPH OH FDOFXO GH OD YDOHXU GH OD FRQGLWLRQ G·DFWLYDWLRQ1 /RUVTXH

OH WHPSV GH UpSRQVH Q·HVW SDV QXO/ HOOH SHXW QpFHVVLWHU OD PpPRULVDWLRQ GH OD YDOHXU PDUJLQDOH/ SRXU

VD UpXWLOLVDWLRQ DX SDV GH FDOFXO VXLYDQW +YRLU SDJH 454,1 /RUVTXH OH GpODL Q·HVW SDV QXO/ O·RSpUDWLRQ GH

PLVH j MRXUV XWLOLVH DXVVL O·KLVWRULTXH GH OD YDOHXU GH O·DWRPH LQIOXHQoDQW +YRLU SDJH 453,1 /·XWLOLVDWLRQ

G·KLVWRULTXHV GH YDOHXUV SHUPHW GH UpGXLUH OHV EHVRLQV HQ HVSDFH PpPRLUH G·XQH VLPXODWLRQ TXL

QpFHVVLWH SDU DLOOHXUV GH FRQVHUYHU XQ QRPEUH LPSRUWDQW GH GRQQpHV/ FRPPH OHV P IRQFWLRQV GH

PLVHV j MRXUV GHV LQIOXHQFHV/ OHV Q ORLV GH FRPELQDLVRQV GHV DWRPHV/ DLQVL TXH OD PpPRULVDWLRQ GH

P × Q YDOHXUV PDUJLQDOHV1

4191 ,PSOpPHQWDWLRQ

%,2&$(1 HVW LPSOpPHQWp HQ /,63 VRXV V\VWqPH 81,;1 /·XWLOLVDWLRQ G·XQ ODQJDJH DSSOLFDWLI

LQWHUSUpWp RIIUH/ HQWUH DXWUHV/ GHX[ DYDQWDJHV UHPDUTXDEOHV1 /H SUHPLHU/ DX QLYHDX GH OD FRPSLODWLRQ/

HVW GH SHUPHWWUH XQH pYDOXDWLRQ GLUHFWH GH OD V\QWD[H GHV GHVFULSWLRQV GHV PRGqOHV HQ XWLOLVDQW

O·LQWHUSUpWHXU /,63 SRXU pYDOXHU OHV H[SUHVVLRQV GpFULYDQW OHV pOpPHQWV GX PRGqOH1 2Q SHXW/ GH SOXV/

WLUHU LFL SURILW GX FDUDFWqUH UpFXUVLI GX O·DOJRULWKPH GH FRQVWUXFWLRQ GX JUDSKH JOREDO HQ XWLOLVDQW GHV

H[SUHVVLRQV /,63 UpFXUUHQWHV1 /H VHFRQG DYDQWDJH WLHQW GDQV O·XQLIRUPLWp GH UHSUpVHQWDWLRQ HQWUH OHV

GRQQpHV HW OHV IRQFWLRQV HQ /,63 +L1H1 OHV OLVWHV,1 2Q SHXW DLQVL VWRFNHU GLUHFWHPHQW GDQV OH ILFKLHU

FRPSLOp OHV IRQFWLRQV GH PLVHV j MRXU HW OHV ORL GH FRPELQDLVRQV VRXV OD IRUPH GH ODPEGD0

H[SUHVVLRQV TX·LO QH UHVWHUD SOXV TX·j DSSOLTXHU ORUV GH OD VLPXODWLRQ1

&RPSWH WHQX GX QRPEUH UHODWLYHPHQW LPSRUWDQW GH FDOFXOV j UpDOLVHU j FKDTXH SDV GH O·KRUORJH/ OD

VLPXODWLRQ UpFODPH XQ JUDQG QRPEUH GH UHVVRXUFHV V\VWqPH1 /D GXUpH UpHOOH GH OD VLPXODWLRQ HVW/ GH

SOXV/ DOORQJpH SDU O·DFFqV/ j FKDTXH SDV/ DX[ ILFKLHUV GH YDOHXUV GHV DWRPHV H[RJqQHV HW j O·pFULWXUH
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GHV YDOHXUV GDQV OHV ILFKLHUV UpVXOWDWV1 $LQVL/ VXU XQH VWDWLRQ GH WUDYDLO 6816SDUF43/ HQ

LQWHUSUpWDWLRQ QRQ FRPSLOpH VRXV /H0/LVS/ OD VLPXODWLRQ G·XQ PRGqOH WHO TXH FHX[ SUpVHQWpV FL0

GHVVRXV QpFHVVLWH SOXV GH 6 PLQXWHV GH FDOFXOV SRXU UpDOLVHU XQH VLPXODWLRQ GH 73 VHFRQGHV/ DYHF XQ

SDV GH FDOFXO GH 4PLOOLVHFRQGH +VRLW XQ UDSSRUW DSSUR[LPDWLI GH 718,1

51 $33/,&$7,21 (7 9$/,'$7,21

1RXV DOORQV SUpVHQWHU/ GDQV FHWWH VHFRQGH SDUWLH/ GHX[ DSSOLFDWLRQV GH %,2&$(11 /HV PRGqOHV

TXH QRXV DOORQV GpFULUH LFL QRXV RQW VHUYL j WHVWHU HW YDOLGHU OH VLPXODWHXU1 &·HVW GDQV FHW HVSULW TX·LO

VRQW LQFRUSRUpV GDQV FH GRFXPHQW1 &·HVW SRXUTXRL QRXV OHV SUpVHQWHURQV HQ PHWWDQW HQ SULRULWp

O·DFFHQW VXU O·H[SUHVVLRQ GHV K\SRWKqVHV GDQV QRWUH IRUPDOLVPH/ DX GpWULPHQW GH O·pODERUDWLRQ PrPH

GH FHV K\SRWKqVHV/ FH GHUQLHU SRLQW QH UHOHYDQW HQ DXFXQH PDQLqUH GHV FDSDFLWpV GH O·DXWHXU1

/D SUHPLqUH DSSOLFDWLRQ GH %,2&$(1 FRQVLVWH HQ OD SURSRVLWLRQ G·XQ PRGqOH JpQpULTXH

UHJURXSDQW XQ HQVHPEOH DVVH] LPSRUWDQW G·K\SRWKqVHV IRQFWLRQQHOOHV1 &H PRGqOH j pWp EkWL GDQV OH

EXW DYRXp GH WHVWHU OHV FDSDFLWpV GX IRUPDOLVPH j H[SULPHU H[SOLFLWHPHQW GLYHUVHV FRQQDLVVDQFHV/ RX

K\SRWKqVHV/ GDQV XQ PrPH PRGqOH1 ,O HVW SUpVHQWp FRPPH XQH WHQWDWLYH GH PRGpOLVDWLRQ GH

FHUWDLQHV IRQFWLRQQDOLWpV GHV DLUHV DVVRFLDWLYHV1 ,O GRLW LOOXVWUHU/ LFL/ O·pYHQWDLO GHV SRVVLELOLWpV RIIHUWHV

SDU QRWUH UHSUpVHQWDWLRQ1 /D SHUWLQHQFH GHV K\SRWKqVHV TX·LO H[SULPH QH VHUD SDV SDUWLFXOLqUHPHQW

GLVFXWpH1

/D VHFRQGH DSSOLFDWLRQ UHSUpVHQWH XQH PpWKRGRORJLH SOXV SURFKH GH O·XWLOLVDWLRQ ILQDOH GH

%,2&$(11 /HV PRGqOHV SURSRVpV UHSRVHQW VXU GHV K\SRWKqVHV pODERUpHV j OD VXLWH G·pWXGHV

G·DFWLYDWLRQ/ WLUpHV GH OD OLWWpUDWXUH HQ QHXURSV\FKRORJLH/ RX VXU GHV UpVXOWDWV G·H[SpULHQFHV VXU

O·DQLPDO1 /·REMHFWLI GH OD PRGpOLVDWLRQ FRQVLVWH j FRQIURQWHU GLYHUVHV K\SRWKqVHV SRXYDQW H[SOLTXHU

OHV SKpQRPqQHV REVHUYpV1

51410RGqOH JpQpULTXH GH ]RQHV DVVRFLDWLYHV

/H PRGqOH TXH QRXV DOORQV SUpVHQWHU LFL HVW RULJLQHOOHPHQW LQVSLUp GX PRGqOH SUpVHQWp GDQV

+/DFRWWH 4<<9, HW +3DVWRU HW DO1 4<<:,1 /D SUHPLqUH YHUVLRQ GH FH PRGqOH SRXU %,2&$(1 HVW

SUpVHQWpH GDQV +/DIRQ HW DO1 4<<:,1 1RXV HQ SUpVHQWRQV LFL XQH YHUVLRQ QRQ SXEOLpH1 /H EXW GH FH

WUDYDLO HVW GH GpPRQWUHU OHV FDSDFLWpV GX IRUPDOLVPH j H[SULPHU GLYHUVHV K\SRWKqVHV IRQFWLRQQHOOHV/
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FRPPH GHV PpFDQLVPHV GH ILOWUDJH HW G·LQWpJUDWLRQ GH O·LQIRUPDWLRQ/ RX ELHQ HQFRUH GHV SURFHVVXV

G·DFWLYDWLRQ/ G·LQKLELWLRQ HW GH PpPRULVDWLRQ1 &RPPH FHUWDLQHV GH FHV IRQFWLRQQDOLWpV DSSDUDLVVHQW

GDQV OH FRPSRUWHPHQW GHV DLUHV DVVRFLDWLYHV +H1J1 LQWpJUDWLRQ G·LQIRUPDWLRQV FRQYHUJHQWHV/

LQKLELWLRQ RX PpPRLUH GH WUDYDLO,/ RQ SHXW SURSRVHU FH PRGqOH FRPPH XQH SUHPLqUH WHQWDWLYH GH

PRGpOLVDWLRQ GH FH W\SH GH IRQFWLRQQHPHQW1

0RGqOH )RQFWLRQQHO G·XQH DLUH
DVVRFLDWLYH

Input: Propagat e:{( →INN)},
Inhibit: {( →IHN)}

Output :   BN

0RGqOH ,QWpJUDWLRQ
Input : I ntegrat e:{( →SIN )}

Output : TIN

Graphe G1

Graphe G2

SIN

INN

BN

TIN

TIN

Légende :

IHN

INN

AN

BN

M N

= pri m iti ve f onctionnelle
d’i ntégrati on de l’i nform ation
(I Ntegrati on Node)

= I nhibiti on (I nH ibition Node)

= Acti vati on ( Acti vati on Node)

= M ém oire ( M emory Node)

= Pr opagation ( Broadcast Node)

AN

M N

IHN

Figure 31: M odèle f oncti onnel généri que d’une aire associ ative. 

&RPPH WRXW PRGqOH JpQpULTXH/ FH PRGqOH VH SODFH GDQV OH FRQWH[WH GH UHSURGXFWLELOLWp GHV

IRQFWLRQQDOLWpV FpUpEUDOHV/ PDLV RQ QH SHXW SUpVXPHU GH O·pWHQGXH GH FHWWH K\SRWKqVH1 &H TXL HVW

LPSRUWDQW SRXU QRWUH SUHPLqUH PRGpOLVDWLRQ/ F·HVW GH VRXOLJQHU OD SRWHQWLHOOH UpXWLOLVDWLRQ GHV

PpFDQLVPHV GpFULWV SDU FH PRGqOH1 /HV PRGqOHV TXL VXLYURQW HQ UHSUHQGURQW G·DLOOHXUV FHUWDLQHV1

3RXU GpFULUH FH PRGqOH QRXV DOORQV VXLYUH OD SURSDJDWLRQ HW OHV WUDQVIRUPDWLRQV TXL VHURQW

DSSOLTXpHV j O·LQIRUPDWLRQ +)LJXUH 64,/ GH O·HQWUpH GH O·LQIRUPDWLRQ GDQV OH ]RQH MXVTX·j VD

SURSDJDWLRQ DX[ ]RQHV VXLYDQWHV1 $YDQW G·HQWUHU GDQV OH GpWDLO GX PRGqOH/ RQ SHXW REVHUYHU TXH

FKDTXH SULPLWLYH IRQFWLRQQHOOH LPSOpPHQWpH GDQV FH PRGqOH HVW LGHQWLILpH SDU XQ Q±XG GX JUDSKH

GX PRGqOH1

/H ILFKLHU VRXUFH GH GHVFULSWLRQ/ GHVWLQp j %,2&$(1/ HVW GRQQp HQ DQQH[H +$QQH[H $, R� LO HVW

ODUJHPHQW FRPPHQWp1
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514141 ,QWHUIDFH G·HQWUpH GX PRGqOH

(Q HQWUpH GX PRGqOH QRXV DOORQV H[SULPHU O·K\SRWKqVH TX·LO Q·H[LVWH TXH GHX[ PDQLqUHV GH WUDQVPHWWUH

XQH LQIRUPDWLRQ j XQH DLUH IRQFWLRQQHOOH DVVRFLDWLYH1 /D SUHPLqUH PDQLqUH FRQVLVWH HQ XQH

SURSDJDWLRQ G·LQIRUPDWLRQ j LQWpJUHU +XQ VWLPXOXV,1 /D VHFRQGH PDQLqUH FRQVLVWH HQ OD SURSDJDWLRQ

G·XQ VLJQDO LQKLELWHXU TXL GHYUD HPSrFKHU O·DFWLYDWLRQ GH OD ]RQH1

1RWUH PRGqOH GpFULW GHX[ W\SHV GH FRQQH[LRQ HQ HQWUpH/ DVVRFLpHV UHVSHFWLYHPHQW j OD SURSDJDWLRQ

HW j O·LQKLELWLRQ1 &KDFXQH GH FHV FRQQH[LRQV SRXUUD rWUH XWLOLVpH ]pUR/ XQH RX SOXVLHXUV IRLV GDQV OH

PRGqOH VWUXFWXUHO TXL XWLOLVHUD FH PRGqOH JpQpULTXH1 /HV OLHQV UHSUpVHQWpV QH SRXUURQW SDV FKDQJHU

GH IRQFWLRQ/ FH TXL SUpVXSSRVH XQH LGHQWLILFDWLRQ IRQFWLRQQHOOH GHV FRQQH[LRQV DX QLYHDX VWUXFWXUHO

GX PRGqOH1

/D SULQFLSDOH GLIIpUHQFH HQWUH OHV GHX[ VFKpPDV GH FRQQH[LRQ HVW OHXU Q±XG GH GHVWLQDWLRQ1 /HV

FRQQH[LRQV GH SURSDJDWLRQ VHURQW GLULJpHV YHUV OD SULPLWLYH IRQFWLRQQHOOH G·LQWpJUDWLRQ/ LGHQWLILpH

SDU OH Q±XG ,11/ DORUV TXH FHOOH FRUUHVSRQGDQW j XQH FRQQH[LRQ LQKLELWULFH HVW GLULJpH YHUV XQ

DXWUH Q±XG/ ,+1/ UHJURXSDQW O·LQKLELWLRQ WRWDOH GH OD ]RQH1

5141511±XG G·LQWpJUDWLRQ

/HV SULPLWLYHV G·LQWpJUDWLRQ GH O·LQIRUPDWLRQ MRXHQW/ GDQV QRWUH PRGqOH/ XQ U{OH LPSRUWDQW1 1RXV OHV

DYRQV PRGpOLVpHV HQ XWLOLVDQW XQ VRXV0PRGqOH IRQFWLRQQHO/ DSSHOp © PRGqOH G·LQWpJUDWLRQ ª1 $SUqV

DYRLU ILOWUp O·LQIRUPDWLRQ HQ HQWUpH/ HOOHV UpDOLVHQW GHX[ LQWpJUDWLRQV VXFFHVVLYHV/ XQH LQWpJUDWLRQ

VSDWLDOH HW XQH LQWpJUDWLRQ WHPSRUHOOH1

D, )LOWUDJH HQ HQWUpH GH O·LQIRUPDWLRQ1

/H ILOWUDJH GHV LQIRUPDWLRQV HVW OD SUHPLqUH RSpUDWLRQ j rWUH DSSOLTXpH j WRXWHV OHV LQIRUPDWLRQV

FRQYHUJHDQWHV YHUV OD ]RQH1 /D ]RQH pFUDVH OHV LQIRUPDWLRQV SRXU OHVTXHOOHV HOOH Q·HVW SDV UpFHSWLYH/

FH TXL UHYLHQW j HIIHFWXHU XQH VpOHFWLRQ GHV LQIRUPDWLRQV HQ HQWUpH1

&H PpFDQLVPH HVW ELHQ FRQQX SRXU OHV DLUHV IRQFWLRQQHOOHV SULPDLUHV TXL VRQW SOXV RX PRLQV

UpDFWLYHV DX[ VWLPXOL TX·HOOHV UHoRLYHQW/ FHFL UHYLHQW j FRQVLGpUHU TXH OD ]RQH SULPDLUH SRVVqGH XQH

OLVWH/ IL[pH/ GHV VWLPXOL RUGRQQpV HQ IRQFWLRQ GH OHXU FDWpJRULH/ GX VWLPXOL DXTXHO HOOH HVW OH SOXV

UpFHSWLYH j FHOXL DXTXHO HOOH O·HVW OH PRLQV1 &HSHQGDQW/ LO HVW YUDLVHPEODEOH TXH SRXU GHV ]RQHV SOXV

SURIRQGHV +FRUUHVSRQGDQW j GHV DLUHV DVVRFLDWLYHV,/ FHWWH OLVWH VRLW SOXV G\QDPLTXH/ SUREDEOHPHQW

FRQWU{OpH1 3RXU O·LQVWDQW QRXV OD FRQVLGpUHURQV FRPPH XQ SDUDPqWUH JpQpULTXH GH QRWUH PRGqOH1
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&HWWH OLVWH HVW DSSHOpH 7DEOH GH SUpIpUHQFH GH OD ]RQH/ HOOH HVW UHSUpVHQWp SDU XQH YDOHXU GH W\SH TXH

O·RQ SRXUUD GpILQLU/ SDU H[HPSOH/ HQ XWLOLVDQW OHV RSpUDWHXUV G·2+0,1 &HWWH WDEOH HVW XWLOLVpH GDQV OH

JDLQ GH O·LQIOXHQFH GLULJpH YHUV OH Q±XG 6,1/ GH PDQLqUH j © pFUDVHU ª O·LQIRUPDWLRQ HQ IRQFWLRQ GX

SRLGV DVVRFLp j VD FDWpJRULH GDQV OD WDEOH1 /·H[SUHVVLRQ GX JDLQ G·DPSOLWXGH SHXW rWUH UpVXPp SDU OD

IRQFWLRQ *$ VXLYDQWH/ VL 737 HVW OD WDEOH GH SUpIpUHQFH =

(29) ( ) ( ) )()()( tXTPTtXtXG ATA ×∩=↑  

E, ,QWpJUDWLRQ VSDWLDOH1

/·LQWpJUDWLRQ VSDWLDOH UHSUpVHQWH OD IDFXOWp TX·D OD ]RQH GH FRPELQHU GH PXOWLSOHV LQIRUPDWLRQV

FRQYHUJHQWHV1 2Q SHXW H[SULPHU GLYHUVHV K\SRWKqVHV VXU OD PDQLqUH GRQW OHV LQIRUPDWLRQV VRQW

FRPELQpHV HQWUH HOOHV/ SRXUYX TXH O·RSpUDWLRQ UHVSHFWH OHV SURSULpWpV GHV ORLV GH FRPELQDLVRQ1 &·HVW

O·DWRPH 6,1 TXL UpDOLVH FHWWH LQWpJUDWLRQ/ GRQW OD SOXV VLPSOH H[SUHVVLRQ SRXUUDLW rWUH XQH VLPSOH

VRPPDWLRQ GHV LQIRUPDWLRQV1 'DQV OH PRGqOH JpQpULTXH/ OD ORL GH FRPELQDLVRQ GH FH Q±XG UHVWHUD

QRQ VSpFLILp +L1H1 HOOH HVW XQ GHV SDUDPqWUHV JpQpULTXHV GX PRGqOH,1

F, ,QWpJUDWLRQ WHPSRUHOOH

/D VHFRQGH RSpUDWLRQ FRQVLVWH HQ XQH YpULWDEOH LQWpJUDWLRQ/ WHPSRUHOOH/ GH O·LQIRUPDWLRQ/ LGHQWLILpH

SDU O·DWRPH 7,11 /·LQWpJUDWLRQ HVW VLPXOpH SDU XQH ERXFOH GH 7,1 VXU OXL0PrPH DYHF XQ GpODL QRQ

QXO/ pJDO j 4 PLOOLVHFRQGH/ GH PDQLqUH j FRPELQHU O·LQIRUPDWLRQ HQWUDQWH j FHOOH TXL pWDLW HQ FRXUV

G·LQWpJUDWLRQ1 1RXV VXSSRVRQV TXH O·LQWpJUDWLRQ HVW FRQGLWLRQQpH SDU OD FRKpUHQFH WHPSRUHOOH GH

O·LQIRUPDWLRQ SUpVHQWpH1 &HWWH K\SRWKqVH HVW PRGpOLVpH SDU XQH FRQGLWLRQ G·DFWLYDWLRQ GH O·LQIOXHQFH

G·LQWpJUDWLRQ +L1H1 OD ERXFOH/ 7,1→7,1,1 'H SOXV/ FHWWH FRQGLWLRQ G·DFWLYDWLRQ HVW pYDOXpH GDQV XQH

ORJLTXH PXOWLYDOXpH GH WHOOH PDQLqUH TXH =

41 6L OD FDWpJRULH GX QRXYHDX VWLPXOXV DX WHPSV W HVW LGHQWLTXH j FHOOH GX VWLPXOXV DX WHPSV W04/

DORUV O·LQWpJUDWLRQ HVW WRWDOHPHQW DFWLYpH1 (OOH HVW UpDOLVpH SOHLQHPHQW1

51 6L OD FDWpJRULH GX QRXYHDX VWLPXOXV DX WHPSV W HVW WRWDOHPHQW GLIIpUHQWH GH FHOOH GX VWLPXOXV DX

WHPSV W04/ DORUV O·LQWpJUDWLRQ HVW WRWDOHPHQW VXSSULPpH1 (OOH HVW UpLQLWLDOLVpH1

61 6L OD FDWpJRULH GX QRXYHDX VWLPXOXV DX WHPSV W Q·HVW QL WRWDOHPHQW LGHQWLTXH j FHOOH GX VWLPXOXV

DX WHPSV W04/ QL WRWDOHPHQW GLIIpUHQWH/ DORUV O·LQWpJUDWLRQ HVW PDLQWHQXH GDQV XQ GHJUp

SURSRUWLRQQHO DX GHJUp G·pJDOLWp GHV GHX[ W\SHV +L1H1 914+ 6,17+W, ≅ 7,17+W04, , ,1
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5141611±XG G·LQKLELWLRQ

/H Q±XG G·LQKLELWLRQ/ ,+1/ UHSUpVHQWH OD VRPPDWLRQ GHV LQIRUPDWLRQV LQKLELWULFHV SHUoXHV SDU OD

]RQH j O·LQVWDQW FRXUDQW1 /·DPSOLWXGH GH ,+1 HVW UHSUpVHQWDWLYH GH OD IRUFH GH O·LQKLELWLRQ1 &HWWH

YDOHXU +L1H1 ,+1$+W, , HVW XWLOLVpH SRXU LQWHUGLUH O·DFWLYDWLRQ GH OD ]RQH1

5141711±XG G·DFWLYDWLRQ

/·DFWLYDWLRQ GH OD ]RQH HVW UHSUpVHQWDWLYH GH O·DYDQFHPHQW GH O·LQWpJUDWLRQ GHV VWLPXOL SDU OD ]RQH1 /H

Q±XG $1 HVW LQIOXHQFp SDU OHV Q±XGV G·HQWUpH ,11 HW ,+11 /·LQIOXHQFH GH ,11 HVW XQH LQIOXHQFH

SRVLWLYH HW O·LQIOXHQFH GH ,+1 HVW QpJDWLYH +L1H1 XQ JDLQ OLQpDLUH DYHF XQ FRHIILFLHQW QpJDWLI,1

6DXI HQ FDV G·LQKLELWLRQ/ OD YDOHXU GH $1 HVW pJDOH j FHOOH GH 7,11 'DQV FH FDV/ O·DPSOLWXGH GH OD

YDOHXU GH FHW DWRPH HVW UHSUpVHQWDWLYH GX QLYHDX G·DFWLYDWLRQ GH OD ]RQH1

/·LQIOXHQFH $1→%1 HVW O·LQIOXHQFH TXL GpFOHQFKH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ1 &·HVW GRQF OD

FRQGLWLRQ G·DFWLYDWLRQ GH FHWWH LQIOXHQFH TXL YD GpWHUPLQHU TXDQG OD ]RQH YD SURSDJHU O·LQIRUPDWLRQ

TX·HOOH D LQWpJUpH1 &HWWH FRQGLWLRQ SUHQG HQ FRPSWH GLYHUV DVSHFWV FRPPH OD QRQ LQKLELWLRQ GH OD

]RQH +L1H1 ,+1$+W,  3 ,1 1RXV VXSSRVRQV LFL TXH OD GpFKDUJH VH SURGXLW HQ JpQpUDO ORUVTXH

O·DPSOLWXGH GH O·DWRPH $1 GpSDVVH XQ FHUWDLQ VHXLO/ DSSHOp VHXLO G·pPLVVLRQ1 &HWWH YDOHXU QXPpULTXH

HVW XQ SDUDPqWUH JpQpULTXH GH OD ]RQH1

5141811±XG GH SURSDJDWLRQ

/H Q±XG GH SURSDJDWLRQ/ QRWp %1 +L1H1 %URDGFDVW 1RGH,/ HVW O·XQLTXH SRLQW GH FRQQH[LRQ GH VRUWLH

GH QRWUH PRGqOH1 ,O PDWpULDOLVH O·K\SRWKqVH VHORQ ODTXHOOH OD ]RQH SURSDJH OD PrPH LQIRUPDWLRQ j

WRXWHV OHV ]RQHV DX[TXHOOHV HOOH HVW FRQQHFWpH1

5141911±XG GH PpPRLUH GH WUDYDLO

8QH SULPLWLYH IRQFWLRQQHOOH GH PpPRULVDWLRQ HVW LPSOpPHQWpH SDU O·DWRPH 011 ,O FRUUHVSRQG j XQH

PpPRLUH GH WUDYDLO SURSUH j OD ]RQH/ HW GRQF VWUXFWXUHOOHPHQW ORFDOLVpH GDQV FHOOH0FL1 /·K\SRWKqVH/

IRUPXOpH LFL/ HVW TXH O·LQIRUPDWLRQ PpPRULVpH HVW O·LQIRUPDWLRQ SURSDJpH +L1H1 LQIOXHQFH %1→01,1

/·LQIOXHQFH OLDQW %1 j 01 HVW XQH LQIOXHQFH GH WUDQVIHUW GRQW OH WHPSV GH UpSRQVH GpWHUPLQH OD

YLWHVVH GH PpPRULVDWLRQ GH OD ]RQH1 3OXV OH WHPSV GH UpSRQVH GH O·LQIOXHQFH HVW FRXUW HW SOXV OD ]RQH

PpPRULVH/ HW RXEOLH/ YLWH OHV LQIRUPDWLRQV TX·HOOH D WUDLWpHV1 &H SDUDPqWUH IDLW SDUWLH GHV SDUDPqWUHV

JpQpULTXHV GX PRGqOH1
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/D YDOHXU GH FH SURFHVVHXU HVW XWLOLVpH SRXU GpFOHQFKHU O·DFWLYDWLRQ GH OD ]RQH +L1H1 O·LQIOXHQFH

$1→%1, DYDQW TXH O·DPSOLWXGH GH $1 Q·DWWHLJQH OH VHXLO G·DFWLYDWLRQ VL HW VHXOHPHQW VL OH W\SH GH

O·LQIRUPDWLRQ DFWXHOOHPHQW WUDLWpH SDU OD ]RQH IDLW SDUWLH GH O·LQIRUPDWLRQ PpPRULVpH SDU FHOOH0FL1

&HFL PRGpOLVH O·K\SRWKqVH VWLSXODQW TXH GHV SUpVHQWDWLRQ VXFFHVVLYHV G·XQ PrPH VWLPXOXV

FRQGXLVHQW j XQH IDFLOLWDWLRQ GH O·DFWLYDWLRQ GH OD ]RQH1

5141:1 6XUFKDUJH GH OD ]RQH

(Q SOXV GHV SULPLWLYHV IRQFWLRQQHOOHV/ LQFDUQpHV SDU OHV DWRPHV/ TXH QRXV YHQRQV GH GpFULUH/ RQ

SHXW DXVVL UHSUpVHQWHU G·DXWUHV PpFDQLVPHV HQ DJLVVDQW VXU OHV SDUDPqWUHV GHV LQIOXHQFHV GX PRGqOH

+L1H1 FRPPH RQ OH IDLW/ SDU H[HPSOH/ DYHF O·LQKLELWLRQ,1 1RXV SURFpGRQV DLQVL/ SRXU GpFULUH XQ

PpFDQLVPH GH SUpYHQWLRQ FRQWUH OD © VXUFKDUJH ª GH OD ]RQH1

/·pWDW GH VXUFKDUJH SHXW VH SURGXLUH ORUVTXH OD ]RQH UHoRLW XQ IORW G·LQIRUPDWLRQ LPSRUWDQW HW

TX·HOOH DXJPHQWH VRQ DFWLYLWp VDQV SDUYHQLU j pPHWWUH/ SDU H[HPSOH/ SDUFH TXH O·LQIRUPDWLRQ HVW WUqV

EUXLWpH,1 1RXV IDLVRQV O·K\SRWKqVH TXH ORUVTXH FHOD VH SURGXLW/ OD ]RQH FRXSH VHV HQWUpHV DILQ

G·pYLWHU XQH VDWXUDWLRQ QRQ SURGXFWLRQ G·LQIRUPDWLRQ1 1RXV DSSHORQV FH SKpQRPqQH/ pWDW GH

VXUFKDUJH1 1RXV UHSUpVHQWRQV FHWWH K\SRWKqVH DYHF XQH FRQGLWLRQ G·DFWLYDWLRQ WHOOH TXH/ VL

O·DPSOLWXGH GH O·DFWLYDWLRQ GpSDVVH XQ FHUWDLQH VHXLO +L1H1 OH VHXLO GH VXUFKDUJH/ 67,/ DORUV OHV

FRQQH[LRQV GH SURSDJDWLRQ GHYLHQQHQW LQDFWLYHV1

5141;1 &RQFOXVLRQ

(WDQW GRQQp OH QRPEUH G·K\SRWKqVHV UHSUpVHQWpHV GDQV FH PRGqOH/ RQ SHXW GLIILFLOHPHQW HQ

LPDJLQHU XQH DSSOLFDWLRQ GLUHFWH1 &HSHQGDQW/ HOOHV SHXYHQW rWUH LQGpSHQGDPPHQW UpXWLOLVpHV GDQV

GHV PRGqOHV SOXV VLPSOHV/ SRXU XQH SUHPLqUH YDOLGDWLRQ1 3DU H[HPSOH/ OH PRGqOH JpQpULTXH GH

O·LQWpJUDWLRQ GH O·LQIRUPDWLRQ SHXW rWUH GLUHFWHPHQW UpXWLOLVp1

(QILQ/ SRXU FRQFOXUH/ RQ SHXW UHPDUTXHU TXH PDOJUp OH QRPEUH G·K\SRWKqVHV DVVH] LPSRUWDQW/ OH

PRGqOH UHVWH WRXU GH PrPH DVVH] SHX FRPSOH[H = ,O QH FRQWLHQW TXH VL[ SURFHVVHXUV HW VHSW

LQIOXHQFHV1 2Q SHXW DXVVL VRXOLJQHU OD YDULpWp GHV K\SRWKqVHV/ TXL SHXYHQW SRUWHU VXU GHV DVSHFWV WUqV

GLIIpUHQWV GH OD SURSDJDWLRQ1 &HV K\SRWKqVHV SHXYHQW rWUH PRGLILpHV DVVH] VLPSOHPHQW1 3UHQRQV

O·H[HPSOH GH OD SULPLWLYH IRQFWLRQQHOOH GH PpPRULVDWLRQ1 1RXV DYRQV IRUPXOp O·K\SRWKqVH TXH

O·LQIRUPDWLRQ PpPRULVpH pWDLW FHOOH TXH OD ]RQH SURSDJHDLW HQ GpFULYDQW O·LQIOXHQFH %1→011 0DLV

RQ SRXUUDLW/ SDU H[HPSOH/ VXSSRVHU TXH O·LQIRUPDWLRQ PpPRULVpH HVW O·LQIRUPDWLRQ TXL HVW LQWpJUpH/

HQ UHPSODoDQW FHWWH LQIOXHQFH SDU XQH LQIOXHQFH 7,1→011 'H FHWWH PDQLqUH/ RQ UHSUpVHQWHUDLW
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XQH K\SRWKqVH WRWDOHPHQW GLIIpUHQWH VHORQ ODTXHOOH XQH ]RQH FRQVHUYH GHV WUDFHV PQpVLTXHV GHV

LQIRUPDWLRQV TXL QH O·RQW SDV IRUFpPHQW FRQGXLWH j pPHWWUH1

&HWWH GHUQLqUH REVHUYDWLRQ VRXOLJQH GHX[ DVSHFWV LPSRUWDQW GH QRWUH DSSURFKH1 /H SUHPLHU HVW OH

FDUDFWqUH H[SUHVVLI GH QRWUH IRUPDOLVDWLRQ1 /·XWLOLVDWLRQ GH JUDSKHV IDYRULVH XQH UHSUpVHQWDWLRQ YLVXHOOH

HW VLPSOLILpH GH QRV PRGqOHV +)LJXUH 64/ SDJH 476,1 2Q REWLHQW DLQVL XQH YLVLRQ JOREDOH GX PRGqOH HW

XQH LGpH FODLUH GHV GpSHQGDQFHV GHV XQLWpV GX V\VWqPH1 /H VHFRQG DVSHFW FRQFHUQH SOXV GLUHFWHPHQW

OD QRWLRQ GH FRPSRVDQW1 /D PRGLILFDWLRQ GHV K\SRWKqVHV H[SULPpHV GDQV OH PRGqOH IRQFWLRQQHO QH

PRGLILH SDV OHV PRGqOHV VWUXFWXUHOV TXL O·XWLOLVHQW1 'DQV XQH PRGpOLVDWLRQ FRPSOH[H IDLVDQW/ SDU

H[HPSOH/ LQWHUYHQLU XQ JUDQG QRPEUH GH ]RQHV/ OD PRGXODULWp GH OD PRGpOLVDWLRQ HVW XQ JUDQG

DYDQWDJH1

51510RGqOHV GH OD UpSRQVH GH O·DLUH YLVXHOOH SULPDLUH j XQ VWLPXOXV VLPSOH

1RXV DOORQV PDLQWHQDQW SUpVHQWHU XQH DSSOLFDWLRQ SOXV SRXVVpH GH QRWUH IRUPDOLVPH1 &HWWH

DSSOLFDWLRQ UHSUpVHQWH/ j XQH SHWLWH pFKHOOH/ OD GpPDUFKH G·XQH YpULWDEOH PRGpOLVDWLRQ XWLOLVDQW

%,2&$(11 1RXV YHQRQV GH WHVWHU O·H[SUHVVLYLWp GH QRWUH DSSURFKH/ QRXV DOORQV PDLQWHQDQW SDVVHU

j OD VLPXODWLRQ SURSUHPHQW GLWH GH QRV PRGqOHV1

1RXV SUpVHQWRQV GHX[ PRGqOHV GRQW O·REMHFWLI HVW GH UHSURGXLUH OHV UpVXOWDWV GHV H[SpULHQFHV 7(3

GH 3HWHU 71 )R[ HW 0DUFXV (1 5DLFKOH +4<;8/ 4<;7,1 /HV PRGqOHV SUpVHQWpV LFL RQ pWp RULJLQHOOHPHQW

SXEOLpV GDQV +3DVWRU HW DO1 5333,1

515141 3UpVHQWDWLRQ GH O·pWXGH G·DFWLYDWLRQ

/·H[SpULHQFH GH )R[ HW 5DLFKOH HVW XQH pWXGH G·DFWLYDWLRQ TXL D OH PpULWH G·rWUH DVVH] VLPSOH j

FRPSUHQGUH1 (OOH QH IDLW LQWHUYHQLU TXH GHV SURFHVVXV DXWRPDWLTXHV/ R� OH VXMHW Q·D DXFXQ FRQWU{OH j

H[HUFHU VXU OH GpURXOHPHQW GH O·H[SpULHQFH/ DXFXQH UpSRQVH j IRUPXOHU1 ,O UHVWH SDVVLI GXUDQW WRXWH OD

GXUpH GH O·H[SpULHQFH1 3RXU XQH GHVFULSWLRQ GpWDLOOpH GHV pWXGHV GH )R[ HW 5DLFKOH/ OH OHFWHXU GHYUD

FRQVXOWHU OHV DUWLFOHV RULJLQDX[ +)R[ ) 5DLFKOH 4<;8/ 4<;7, RX ELHQ GHV pWXGHV SOXV UpFHQWHV VXU OH

VXMHW +0HQWLV HW DO1 4<<:,1

/H SURWRFROH GHV H[SpULPHQWDWLRQV D pWp DSSOLTXp j < VXMHWV SRXU OD SUHPLqUH YHUVLRQ GH O·H[SpULHQFH

+)R[ ) 5DLFKOH 4<;7,/ SXLV j 7 VXMHWV SRXU OD VHFRQGH +)R[ ) 5DLFKOH 4<;8,1 /HV VXMHWV UHoRLYHQW

XQH LQMHFWLRQ GH PDUTXHXU UDGLRDFWLI DYDQW G·rWUH SODFpV VRXV XQH FDPpUD 3(7 +YRLU FKDSLWUH 4/
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SDUWLH 515/ SDJH 55,1 /D FDPpUD PHVXUH O·DFFXPXODWLRQ GX PDUTXHXU GXUDQW HQYLURQ 73 VHFRQGHV +L1H1

GXUpH PLQLPDOH G·XQ UXQ GXUDQW OHTXHO OD VWLPXODWLRQ GRLW rWUH PDLQWHQXH, SRXU REWHQLU 4 LPDJH1

2Q SODFH VXU OHV \HX[ GX SDWLHQW GHV OXQHWWHV VXSSRUWDQW GH SHWLWV pFUDQV FRPSRVpV G·XQH PDWULFH

GH 69 GLRGHV1 /HV VWLPXOL VRQW YLVXHOV1 'DQV OD SUHPLqUH YHUVLRQ GH O·H[SpULHQFH/ OHV VWLPXOL VRQW GHV

IODVK +WRXWHV OHV GLRGHV V·DOOXPHQW SXLV V·pWHLJQHQW HQ PrPH WHPSV,1 'DQV OD VHFRQGH YHUVLRQ GH

O·H[SpULHQFH/ XQH GLRGH VXU GHX[ HVW WRXMRXUV DOOXPpH/ FRPPH VXU XQ GDPLHU1 /HV VWLPXOL VRQW GHV

LQYHUVLRQV GHV GLRGHV +L1H1 LQYHUVLRQ GX GDPLHU,1 /HV VWLPXOL RQW XQH GXUpH +8 PLOOLVHFRQGHV, HW XQH

LQWHQVLWp OXPLQHXVH +9733
$

A SRXU OH IODVK, FRQVWDQWHV1 /D VHFRQGH H[SpULHQFH SHUPHW GH FRQVHUYHU

XQH OXPLQRVLWp FRQVWDQWH +pJDOH j 9573
$

A , GXUDQW WRXWH O·H[SpULHQFH1
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Figure 32: Résult ats de l’ expérience de Fox et Raichle, d’ après Fox et Raichle ( 1985). 

6XLYDQW OD YHUVLRQ GH O·H[SpULHQFH/ OD VWLPXODWLRQ GpEXWH 73 RX 93 VHFRQGHV DYDQW O·DFTXLVLWLRQ GH

O·LPDJH 3(71 8Q VWLPXOXV LGHQWLTXH +L1H1 )ODVK RX ,QYHUVLRQ, HVW VRXPLV DX VXMHW/ SRXU WRXW OH UXQ1

(QWUH FKDTXH UXQ/ RQ IDLW VLPSOHPHQW YDULHU OD IUpTXHQFH GH SUpVHQWDWLRQ GHV VWLPXOL/ GH 4 j 94 +]1

)R[ HW 5DLFKOH PHVXUHQW OD YDULDWLRQ GX GpELW VDQJXLQ ORFDO +U&%), GDQV OD UpJLRQ GX FRUWH[ VWULp +L1H1

O·DLUH YLVXHOOH SULPDLUH,1 /D ILJXUH FL0GHVVXV +)LJXUH 65, UpVXPH/ SRXU O·HQVHPEOH GHV VXMHWV/ OHV

YDOHXUV GHV YDULDWLRQV UHODWLYHV PR\HQQHV GX U&%) HQ IRQFWLRQ GH OD IUpTXHQFH GH VWLPXODWLRQ1 &HV

YDOHXUV VRQW REWHQXHV SDU FRPSDUDLVRQ DX[ PHVXUHV HIIHFWXpHV DX UHSRV +L1H1 ORUVTXH OH VXMHW QH

SHUFHYDLW SDV GH VWLPXODWLRQ, HW HOOHV VRQW H[SULPpHV VRXV IRUPH GH SRXUFHQWDJH +∆U&%)(,1
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/HV UpVXOWDWV PRQWUHQW TXH OH GpELW VDQJXLQ HW/ D SULRUL/ OD UpSRQVH QHXURQDOH VRXV0MDFHQWH/ QH YDULHQW

SDV OLQpDLUHPHQW HQ IRQFWLRQ GH OD IUpTXHQFH G·DSSDULWLRQ G·XQ VWLPXOXV1 &RPSWH WHQX GHV YDULDWLRQV

LQWHU0LQGLYLGXHOOHV/ OHV DXWHXUV REVHUYHQW TXH OH ∆U&%)( DXJPHQWH MXVTX·j :1; +]/ SRXU DWWHLQGUH

XQ PD[LPXP HQWUH :1; HW 48 +] HW GpFURvW HQVXLWH OHQWHPHQW SRXU VH VWDELOLVHU ODUJHPHQW HQ GHVVRXV

GH OD YDOHXU PD[LPDOH +XQH GLIIpUHQFH G·HQYLURQ 043(,1 /HV DXWHXUV VRXOLJQHQW GRQF TXH OD

IUpTXHQFH GH SUpVHQWDWLRQ GX VWLPXOXV SHXW LQIOXHU VXU WRXW V\VWqPH QHXURQDO +)R[ ) 5DLFKOH 4<;8,

HW UHFRPPDQGH VRQ FRQWU{OH SRXU WRXWH pWXGH/ HW SDV VHXOHPHQW FHOOHV LPSOLTXDQW XQH VWLPXODWLRQ

YLVXHOOH1 (Q FH TXL FRQFHUQH OD GpSHQGDQFH SURSUHPHQW GLWH GX U&%) SDU UDSSRUW j OD IUpTXHQFH GH

SUpVHQWDWLRQ/ OHV DXWHXUV LPSXWHQW OD GpFURLVVDQFH j GHX[ FDXVHV SRVVLEOHV/ RX j OHXU FRPELQDLVRQ1

/D SUHPLqUH FDXVH DYDQFpH SDU OHV DXWHXUV VHUDLW XQH EDLVVH GH O·DPSOLWXGH GH O·DFWLYDWLRQ QHXUDOH +L1H1

XQH VRUWH G·KDELWXDWLRQ j OD VWLPXODWLRQ,1 /D VHFRQGH FDXVH SRXUUDLW rWUH XQH DEVHQFH GH UpSRQVH j

FHUWDLQV VWLPXOL/ ORUVTXH FHX[0FL VRQW WURS UDSSURFKpV OHV XQV GHV DXWUHV GDQV OH WHPSV1

2XWUH O·H[WUrPH VLPSOLFLWp GX UpVHDX G·DLUHV FpUpEUDOHV LPSOLTXpHV GDQV FHWWH pWXGH +4 VHXOH ]RQH,/

QRXV DWWHQWLRQ D pWp UHWHQXH SDU O·DVSHFW JpQpULTXH GHV REVHUYDWLRQV GHV DXWHXUV PDLV DXVVL/ HW

VXUWRXW/ SDU OD FRQIURQWDWLRQ GH GHX[ K\SRWKqVHV1 'HX[ PRGqOHV RQW pWp FRQVWUXLWV GDQV QRWUH

pTXLSH HW SUpVHQWpV GDQV +3DVWRU HW DO1 5333,1 ,OV IRXUQLVVHQW XQH DUJXPHQWDWLRQ HQ IDYHXU G·XQH

DFWLRQ FRQMXJXpH GHV GHX[ FDXVHV GH EDLVVH pQRQFpHV SDU )R[ HW 5DLFKOH/ WRXW HQ IRUPDOLVDQW HW

SUpFLVDQW OHV K\SRWKqVHV DYDQFpHV1 /D GHVFULSWLRQ %,2&$(1 FRPSOqWH HW FRPPHQWp HVW GRQQpH HQ

$QQH[H +$QQH[H $/ SDJH 4::,1

515151 3UHPLHU PRGqOH = /D FDSDFLWp G·DSSUHQWLVVDJH GH O·DLUH YLVXHOOH SULPDLUH

/H SUHPLHU PRGqOH +)LJXUH 66, UHSUHQG FHUWDLQV GHV PpFDQLVPHV TXH QRXV DYLRQV H[SULPpV GDQV OH

PRGqOH JpQpULTXH SUpFpGHQW +SDUWLH 514 GH FH FKDSLWUH,1 /H UpVHDX GH ]RQH PRGpOLVp QH IDLW

LQWHUYHQLU TXH O·DLUH YLVXHOOH SULPDLUH +L1H1 94 GDQV OD ILJXUH,1

/H Q±XG ,*1 UpDOLVH XQ ILOWUDJH HQ HQWUpH GH O·LQIRUPDWLRQ/ HQ IRQFWLRQV G·XQH WDEOH GH SUpIpUHQFH

GH W\SHV TXL GpWHUPLQH OHV FDWpJRULHV G·LQIRUPDWLRQ SRXU OHVTXHOOHV OD ]RQHV HVW OD SOXV UpFHSWLYH1

'DQV FHWWH DSSOLFDWLRQ/ OD WDEOH GH SUpIpUHQFH HVW PLQLPDOLVWH/ SXLVTXH TX·XQ VHXO W\SH GH VWLPXOL HVW

DWWHQGX +L1H1 GHV IODVK RX GHV LQYHUVLRQ GH GDPLHU,1 $SUqV DYRLU pWp ILOWUpH/ O·LQIRUPDWLRQ HVW

GLUHFWHPHQW WUDQVIpUpH DX Q±XG $1/ SDU O·LQIOXHQFH ,*1→$11 /D ]RQH QH V·DFWLYH HW QH WUDQVPHW

O·LQIRUPDWLRQ WUDLWpH/ YLD 2*1/ TXH ORUVTXH O·DPSOLWXGH GX Q±XG $1 GpSDVVH XQ VHXLO

G·pPLVVLRQ+)7,/ RX ORUVTXH OD FDWpJRULH GH O·LQIRUPDWLRQ WUDLWpH SDU $1 FRUUHVSRQG VXIILVDPPHQW j

FHOOH GH O·DWRPH GH PpPRULVDWLRQ/ O·DWRPH 01/ TXL FRQVHUYH XQH LPDJH GHV LQIRUPDWLRQV WUDLWpHV
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SUpFpGHPPHQW1 &HWWH GHUQLqUH FRQGLWLRQ SHUPHW G·DFFpOpUHU O·pPLVVLRQ GH OD ]RQH/ HQ DXWRULVDQW OD

]RQH j pPHWWUH DYHF XQ QLYHDX G·DFWLYDWLRQ SOXV IDLEOH TXH FHOXL UHTXLV SDU )71 /RUVTXH OD ]RQH pPHW

+L1H1 ORUVTXH O·DPSOLWXGH 2*1 HVW QRQ QXOOH,/ RQ GpVDFWLYH O·LQIOXHQFH ,*1→$11 /D ]RQH GHYLHQW

DORUV UpIUDFWDLUH HW QH SHXW WUDLWHU XQH QRXYHOOH LQIRUPDWLRQ TXH ORUVTXH O·DPSOLWXGH GH 2*1

UHGHYLHQW QXOOH1

0RGqOH )RQFWLRQQHO GX FRUWH[ VWULp
Input: Propagat e:{( →IGN)}

Output :  OGN

Graphe du niveau f oncti onnel

Graphe du niveau str uct urel

Propagate

Légende :

IHN

AN

= Filtr age d’ entr ée (I nput Gati ng Node)

= I nhibiti on (I nH ibition Node)

= Acti vati on ( Acti vati on Node)

= M ém oire ( M emory Node)

= Pr opagation ( Broadcast Node)

V1Stm

OGN

M N

IGN

AN

M N
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Figure 33: M odèle f oncti onnel du cortex st rié, d’ après Pastor et al. (2000). 

/·DWRPH ,+1 UHSUpVHQWH O·LQKLELWLRQ GH OD ]RQH/ LO LQIOXHQFH QpJDWLYHPHQW $1 FH TXL HPSrFKH OD

]RQH G·pPHWWUH1 &H Q±XG HVW LQIOXHQFp SDU 2*1 +2*1→,+1,/ FH TXL UHYLHQW j GLUH TXH OD ]RQH

V·DXWR0LQKLEH DSUqV DYRLU pPLV1 &H PpFDQLVPH G·DXWR0LQKLELWLRQ DOORQJH OD SpULRGH UpIUDFWDLUH GH OD

]RQH1

515161 6HFRQG PRGqOH = /D ERXFOH FRUWLFR0WKDODPLTXH

/H VHFRQG PRGqOH SURSRVp PRGpOLVH OH IRQFWLRQQHPHQW GH OD ERXFOH FRUWLFR0WKDODPLTXH1 &KDTXH

UpJLRQ FRUWLFDOH VHPEOH HQ HIIHW FRQQHFWpH j XQH SDUWLH GX WKDODPXV/ SDUWLH VRXV0FRUWLFDOH GX

GLHQFpSKDOH +YRLU SDJH 47,1 &HV ERXFOHV VRQW VXSSRVpHV UpJXOHU O·H[FLWDELOLWp GHV FHOOXOHV S\UDPLGDOHV

GHV FRUWH[/ HQ UpGXLVDQW OHXU VHXLO GH GpFKDUJH +3DVWRU HW DO1 5333,1 &H VHFRQG PRGqOH SURSRVH GRQF
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XQ UpVHDX VWUXFWXUHO UHSUpVHQWDQW FHWWH RUJDQLVDWLRQ +)LJXUH 67,1 &KDFXQH GHV GHX[ ]RQHV LPSOLTXpHV

SRVVqGH VRQ SURSUH PRGqOH IRQFWLRQQHO1

/H PRGqOH IRQFWLRQQHO GH O·DLUH YLVXHOOH SULPDLUHV/ OD ]RQH 94/ HVW TXDVLPHQW LGHQWLTXH j FHOXL GX

PRGqOH SUpFpGHQW j O·H[FHSWLRQ SUqV GH OD GLVSDULWLRQ GH OD PpPRLUH GH WUDYDLO HW GH O·DMRXW G·XQ VHXLO

G·pPLVVLRQ G\QDPLTXH1 &H VHXLO/ PDWpULDOLVp SDU O·DWRPH )7/ HVW FRQQHFWp j OD VWUXFWXUH WKDODPLTXH

YLD OH VFKpPD GH FRQQH[LRQ )LULQJ0FRQWURO/ TXL GpILQLW XQ QRXYHDX W\SH GH FRQQH[LRQ SRXU FH PRGqOH1

/·LQIRUPDWLRQ WUDLWpH SDU OH FRUWH[ VWULp HVW SURSDJpH j OD VWUXFWXUH WKDODPLTXH/ YLD OD FRQQH[LRQ

3URSDJDWH+94→7KDODPXV,1 /D VWUXFWXUH WKDODPLTXH SRVVqGH XQ PRGqOH IRQFWLRQQHO WUqV VLPSOLILp/

SXLVTX·LO Q·HVW FRQVWLWXp TXH G·XQ DWRPH G·HQWUpH HW XQ DWRPH GH VRUWLH/ OLpV SDU XQH LQIOXHQFH GH

WUDQVIHUW1 /·DPSOLWXGH GH O·LQIRUPDWLRQ SURSDJpH SDU OD VWUXFWXUH WKDODPLTXH HVW XWLOLVpH SRXU UpGXLUH

OD YDOHXU GH O·DWRPH )71

= Atome exogène ( Sti mulus)

= Filtr age d’ entr ée ( Input Gati ng Node)

= I nhibiti on (I nH ibiti on Node)

= Acti vati on ( Acti vati on Node)

= Seuil d’ ém issi on (Fi ri ng Threshol d)

= Pr opagation (Br oadcast Node)

0RGqOH )RQFWLRQQHO JpQpULTXH GH
O·DLUH YLVXHOOH SULPDLUH

Input: Propagat e:{( →IGN)},
 Firi ng-cont rol: {( →FT)}

Output :  OGN

Graphe du ni veau f oncti onnel
de l’ aire vi suell e pri m aire

Graphe du ni veau str uct urel

Propagate

Légende :

IHN

AN

Stm

OGN

FT

IHN

Propagate

Firi ng-cont rol V1

Thalam us

0RGqOH )RQFWLRQQHO JpQpULTXH
GH OD VWUXFWXUH WKDODPLTXH

Input: Propagat e:{( →IGN)}

Output :  OGN

Graphe du niveau f oncti onnel
de l a str uctur e t halam ique

OGN
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IGN

Stm
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Figure 34: M odéli sati on de l a boucl e cortico-t hal am ique, d’ après Pastor et al. (2000). 

&H VHFRQG PRGqOH SHXW rWUH YX FRPPH XQ LPSOpPHQWDWLRQ SOXV © ELRORJLTXH ª GX SUHPLHU PRGqOH1

/D PRGpOLVDWLRQ GH OD PpPRLUH HVW LFL IDLWH SDU OD ERXFOH VWUXFWXUHOOH/ DORUV TXH GDQV OH PRGqOH

SUpFpGHQW HOOH pWDLW IDLWH DX QLYHDX IRQFWLRQQHO1
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515171 6LPXODWLRQ

$SUqV DYRLU FRPSLOp OD GHVFULSWLRQ GH FKDFXQ GHV GHX[ PRGqOHV/ QRXV DYRQV UpDOLVp SOXVLHXUV

VLPXODWLRQV HQ XWLOLVDQW GHV ILFKLHUV GH PHVXUHV SUpVHQWDQW XQ VWLPXOXV/ GH W\SH )ODVK/ G·XQH GXUpH

GH 8 PLOOLVHFRQGHV1 /D IUpTXHQFH G·DSSDULWLRQ GX VWLPXOXV YDULH G·XQ ILFKLHU j O·DXWUH1 2Q REWLHQW/

GDQV OH ILFKLHU GH PHVXUH/ OHV YDOHXUV GHV GLIIpUHQWV DWRPHV HW HQ SDUWLFXOLHU FHOOH GH $1 +)LJXUH 68,1

/D GXUpH GH OD VLPXODWLRQ HVW GH 73 VHFRQGHV/ FH TXL DYHF XQ SDV G·pFKDQWLOORQQDJH GH 4

PLOOLVHFRQGH/ UHSUpVHQWH 731333 YDOHXUV PHVXUpHV SRXU FKDTXH DWRPH1
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/pJHQGH = 9DOHXU PR\HQQH GH O·DPSOLWXGH GX Q±XG $1 DX FRXUV GX WHPSV GDQV FKDTXH
ILFKLHU GH PHVXUH REWHQX SRXU GLYHUVHV IUpTXHQFHV GH SUpVHQWDWLRQ GHV VWLPXOL1 /·LQVWDQW GH
SUpVHQWDWLRQ GHV VWLPXOL HVW PDWpULDOLVp VXU FKDTXH FRXUEH SDU XQH DLUH JULVpH1

Figure 35: Extrait s des fi chiers de m esures (M esures de l’ am plit ude de l’ atom e V1.AN). 

/HV YDOHXUV PHVXUpHV VRQW DORUV FRPSDUDEOH j GHV PHVXUHV GH O·DFWLYLWp GH SRSXODWLRQV GH QHXURQHV/

GDQV OD ORFDOLVDWLRQ HW GDQV OH WHPSV1 $ SDUWLU GH FHV YDOHXUV +)LJXUH 68,/ RQ VRXKDLWH REWHQLU GHV

YDOHXUV FRPSDUDEOHV j FHOOHV REWHQXHV SDU )R[ HW 5DLFKOH/ GHV PHVXUHV GX U&%) REWHQXHV DX ERXW

GH 73 VHFRQGHV1 3RXU \ SDUYHQLU/ LO IDXW LQWpJUHU O·DPSOLWXGH GHV YDOHXUV PHVXUpHV GH O·DFWLYDWLRQ
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SHQGDQW OH ODSV GH WHPSV FRUUHVSRQGDQW j XQ UXQ +L1H1 OD GXUpH G·DFTXLVLWLRQ G·XQH LPDJH 7(3,1 &HFL

FRUUHVSRQG j 73 VHFRQGHV1 1RXV VRPPRQV OHV YDOHXUV DFWLYDWLRQV GH OD ]RQH FRUUHVSRQGDQW j

O·DPSOLWXGH GX Q±XG $11 &HWWH VRPPH HVW QRWpH ∆U&%)%&1 ,O IDXW HQVXLWH UDPHQHU FHV YDOHXUV j OD

PrPH pFKHOOH TXH OHV YDOHXUV GH O·H[SpULHQFH +)LJXUH 65,/ F·HVW j GLUH j XQ UDSSRUW DFWLYLWp VXU UHSRV1

3RXU \ SDUYHQLU QRXV XWLOLVRQV XQ UDSSRUW GLUHFW HQWUH OD VRPPH GHV PHVXUHV GH O·H[SpULHQFH/ QRWpHV

∆U&%)(H[S/ HW OD VRPPH GH QRV PHVXUHV/ ∆U&%)%&1 'H FHWWH PDQLqUH QRXV SUHQRQV HQ FRPSWH OD

PrPH PHVXUH GX UHSRV TXL DYDLW SHUPLV G·REWHQLU OH ∆U&%)(H[S1 2Q REWLHQW GRQF XQH YDOHXU

QRUPDOLVpH/ ∆U&%)(%&/ j SDUWLU GH O·pTXDWLRQ VXLYDQWH +3DVWRU HW DO1 5333, =
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Figure 36: Résult ats globaux de l a si m ulation, d’ après Pastor et al. (2000). 

1RV PRGqOHV SHUPHWWHQW G·LQWHUSUpWHU/ HQ WHUPHV GH UpSRQVHV GH SRSXODWLRQV QHXURQDOH/ j XQH

pFKHOOH WHPSRUHOOH GH O·RUGUH GH OD PLOOLVHFRQGH/ OD UpSRQVH TXL Q·D SX rWUH REVHUYpH TX·HQ WHUPHV GH

GRQQpHV G·DFWLYDWLRQ WUqV LQWpJUpHV/ j XQH pFKHOOH GH WHPSV GH 73 VHFRQGHV1 (Q REVHUYDQW OH GpWDLO

GH QRV ILFKLHUV GH PHVXUHV HW QRWDPPHQW OHV YDOHXUV GX Q±XG $1 +)LJXUH 68/ SDJH 486,/ RQ
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REVHUYH TXH O·DFWLYDWLRQ GH OD ]RQH FRUUHVSRQG ELHQ DX[ K\SRWKqVHV GH )R[ HW 5DLFKOH1 ,O \ D

HIIHFWLYHPHQW XQH DWWpQXDWLRQ GH O·DFWLYDWLRQ SRXU OHV IUpTXHQFHV GH SUpVHQWDWLRQ pOHYpHV/ PDLV O·RQ

REVHUYH DXVVL TXH O·DFWLYDWLRQ Q·HVW SDV V\VWpPDWLTXH SRXU OHV KDXWHV IUpTXHQFHV1 &·HVW OD FRQMRQFWLRQ

GH FHV GHX[ SKpQRPqQHV TXL QRXV SHUPHW GH UHSURGXLUH OHV YDOHXUV LQWpJUpHV TXH )R[ HW 5DLFKOH

RQW SX REVHUYHU1 2Q YRLW DORUV TXH OHV PRGqOHV SHUPHWWHQW GH WUDQFKHU SDUPL OHV K\SRWKqVHV

IRUPXOpHV SDU )R[ HW 5DLFKOH +4<;7,1

(Q SOXV GH FHWWH FRUURERUDWLRQ JOREDOH GHV K\SRWKqVHV GHV QHXURSV\FKRORJXHV/ OD IRUPDOLVDWLRQ GH

QRV PRGqOHV SHUPHW G·HQ H[SOLTXHU HQ GpWDLO OHXU IRQFWLRQQHPHQW1 /·DEVHQFH GH UpSRQVH j FHUWDLQV

VWLPXOL HVW G� j OD SpULRGH UpIUDFWDLUH GH OD ]RQH/ FRQVpTXHQFH G·XQH DXWR0LQKLELWLRQ1 &H SKpQRPqQH

VH GpFODUH/ GDQV QRV PRGqOHV/ SRXU GHV IUpTXHQFHV DVVH] IDLEOHV/ j SDUWLU GH 4818 +]1 '·XQH PDQLqUH

JpQpUDOH/ LO SHUPHW GH QH SDV pWDEOLU XQH UHODWLRQ OLQpDLUH HQWUH IUpTXHQFH GH SUpVHQWDWLRQ HW YDOHXU

GH O·DFWLYDWLRQ1 &HSHQGDQW/ O·REVHUYDWLRQ GH OD FRXUEH PRQWUH TXH FH SKpQRPqQH VHXO SHUPHWWUDLW DX

PLHX[ GH UDOHQWLU O·DXJPHQWDWLRQ GH O·DFWLYDWLRQ +SXLVTX·LO \ D XQH UpSRQVH VXU GHX[ j 4818 +]/ XQH

VXU WURLV j 64 +]«,1 /D GLPLQXWLRQ GH O·DFWLYDWLRQ/ HQWUH 4818 HW 6614 +]/ QH SHXW rWUH REWHQXH TXH

SDU O·DMRXW G·XQH DWWpQXDWLRQ GH OD UpSRQVH j FKDTXH VWLPXOXV1 /·DWWpQXDWLRQ HVW LFL H[SOLTXpH SDU

O·KDELWXDWLRQ DX[ VWLPXOL G� DX[ PpFDQLVPHV GH PpPRULVDWLRQ GRQW OHV PRGqOHV VRQW GRWpV +L1H1

PRGpOLVDWLRQ IRQFWLRQQHOOH RX ERXFOH WKDODPR0FRUWLFDOH,1 'H FHWWH PDQLqUH/ PrPH VL OH QRPEUH GH

UpSRQVHV DXJPHQWH/ OHXU DPSOLWXGH UHVSHFWLYHV pWDQW SOXV IDLEOH/ O·DFWLYDWLRQ WRWDOH DX ERXW GH 73

VHFRQGHV DXUD pWp PRLQV pOHYp1 &HV REVHUYDWLRQV QRXV SHUPHWWHQW GRQF GH FRQILUPHU O·K\SRWKqVH

G·XQH DFWLRQ FRQMXJXp GHV GHX[ PpFDQLVPHV/ PDLV HOOHV QRXV SHUPHWWHQW VXUWRXW GH IRXUQLU XQH

H[SOLFDWLRQ GpWDLOOpH HW QHXURSV\FKRORJLTXHPHQW SODXVLEOH GH OHXU PLVH HQ ±XYUH1

3RXU FRQFOXUH/ QRXV VRXOLJQHURQV HQFRUH OH FDUDFWqUH H[SOLFLWH GHV K\SRWKqVHV PRGpOLVpHV/ O·DXWR0

LQKLELWLRQ GH OD ]RQH HVW/ SDU H[HPSOH/ FODLUHPHQW LGHQWLILDEOH VXU OHV JUDSKHV GHV PRGqOHV +SDU OH

F\FOH $1→2*1→ ,11→ $1/ )LJXUH 66 HW )LJXUH 67,1 ,O HQ HVW GH PrPH SRXU OD

PpPRULVDWLRQ IRQFWLRQQHOOH RX OD ERXFOH WKDODPR0FRUWLFDOH1 0rPH VL OHV PRGqOHV FRQVWUXLWV SRXU

%,2&$(1 UHSUpVHQWHQW XQH PRGpOLVDWLRQ VLPSOLVWH GX IRQFWLRQQHPHQW FpUpEUDO/ LO SHUPHWWHQW GH

UHSURGXLUH VRQ FRPSRUWHPHQW1 ,OV RIIUHQW VXUWRXW XQ FRPSOpPHQW GH YDOLGLWp DX[ K\SRWKqVHV

DYDQFpHV/ HW SHUPHWWHQW G·HQ GpJDJHU GH QRXYHOOHV TXL VHURQW PLHX[ GpILQLHV/ FDU HOOHV VHURQW

H[SULPpHV GDQV XQH UHSUpVHQWDWLRQ ULJRXUHXVHPHQW IRUPDOLVpH1
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61 &21&/86,21

1RXV YHQRQV GH GpFULUH OHV GHX[ SUHPLqUHV DSSOLFDWLRQV GH %,2&$(11 (OOHV LOOXVWUHQW FHUWDLQHV GHV

SRVVLELOLWp GH QRWUH IRUPDOLVPH j H[SULPHU GH PDQLqUH GLUHFWHPHQW LQWHUSUpWDEOH GHV K\SRWKqVHV GH

KDXWH DEVWUDFWLRQ VXU O·RUJDQLVDWLRQ IRQFWLRQQHOOH GX FHUYHDX1 /D VHFRQGH DSSOLFDWLRQ LOOXVWUH SOXV

SDUWLFXOLqUHPHQW OHV FDSDFLWpV GH %,2&$(1 j VHUYLU GH WHUUDLQ IRUPHO SRXU OD FRQIURQWDWLRQ

G·K\SRWKqVHV1 2Q GRLW WRXW VSpFLDOHPHQW VRXOLJQHU OD UHODWLYH VLPSOLFLWp GHV PRGqOHV TXH QRXV DYRQV

SUpVHQWpV1 8QH GL]DLQH GH SURFHVVHXUV QRXV VXIILVHQW SRXU VLPXOHU XQH SURSDJDWLRQ TXL/ GDQV OD

UpDOLWp/ LPSOLTXH XQ WUqV JUDQG QRPEUH G·XQLWpV1 &HWWH UHODWLYH VLPSOLFLWp HVW HQ SDUWLH REWHQXH JUkFH

DX KDXW QLYHDX G·DEVWUDFWLRQ GH OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ1 /·DUFKLWHFWXUH IRQGpH VXU GHV

JUDSKHV FDXVDX[ FRQWULEXH HOOH DXVVL j DPpOLRUHU O·LQWHUSUpWDWLRQ GH QRV PRGqOHV1 /·RUJDQLVDWLRQ

KLpUDUFKLTXH GHV JUDSKHV HPSrFKH TXH O·DXJPHQWDWLRQ GX QRPEUH GH Q±XGV QH UpGXLVH FHWWH

OLVLELOLWp1

(Q FH TXL FRQFHUQH OHV IXWXUV GpYHORSSHPHQWV WHFKQLTXHV GH %,2&$(1 OXL0PrPH/ OHV SHUVSHFWLYHV

LPPpGLDWHV FRQFHUQHQW HVVHQWLHOOHPHQW XQH DXJPHQWDWLRQ GHV FDSDFLWpV GH GHVFULSWLRQ GX ODQJDJH1 (Q

HIIHW/ SOXVLHXUV SRVVLELOLWpV GH QRWUH IRUPDOLVPH QH VRQW SDV DXMRXUG·KXL H[SORLWpHV SDU OH VLPXODWHXU1

/D SULQFLSDOH LOOXVWUDWLRQ FRQFHUQH OHV ORLV GH FRPELQDLVRQ H[LVWDQWHV/ GRQW OHV RSpUDWHXUV GH

GpILQLWLRQ UHVWHQW DVVH] OLPLWpV/ DORUV TXH FHUWDLQHV pWXGHV RQW GpWHUPLQp OHV FODVVHV GH SRO\Q{PHV

TXL UHVSHFWHQW OHV SURSULpWpV GHV ORLV GH FRPELQDLVRQ +3UDWV ) 7UDYp00DVVX\HV 4<<<,1 /HV DXWUHV

SRVVLELOLWpV G·DXJPHQWDWLRQ FRQFHUQHQW OD GpILQLWLRQ GH VFKpPDV GH FRQQH[LRQ SOXV pYROXpV HW

O·H[WHQVLRQ GH O·XWLOLVDWLRQ GH SDUDPqWUHV JpQpULTXHV1 /HV FRQQH[LRQV DFWXHOOHV SHUPHWWHQW GH GpILQLU

GHV VFKpPDV UHPSODoDQW GHV LQIOXHQFHV TXL VHURQW GXSOLTXpV j FKDTXH QRXYHOOH XWLOLVDWLRQ GX

VFKpPD1 7RXWHV FHV LQIOXHQFHV VHURQW GLULJpHV YHUV OH PrPH Q±XG/ PDLV RQ SHXW/ SDU H[HPSOH/

LPDJLQHU GHV FRQQH[LRQV TXL GXSOLTXHURQW OH Q±XG TX·HOOHV GpVLJQHQW1 2Q UHSUpVHQWHUDLW GH FHWWH

PDQLqUH/ DYHF XQ PrPH VFKpPD/ GHV SURFHVVXV GH FRQQH[LRQ LQGpSHQGDQWV OHV XQV GHV DXWUHV +H1J1

FH W\SH GH PpFDQLVPH pWDLW SURSRVp GDQV OH PRGqOH JpQpULTXH SUpVHQWp SDU %HUWUDQG /DFRWWH

+4<<9,,1 &RQFHUQDQW OHV SDUDPqWUHV JpQpULTXHV/ LOV SHXYHQW/ GDQV OD YHUVLRQ DFWXHOOH GH %,2&$(1/

SUHQGUH OD SODFH GH WRXW SDUDPqWUH QXPpULTXH RX V\PEROLTXH/ PDLV LOV QH SHXYHQW SUHQGUH OD SODFH

G·XQ DWRPH/ G·XQ FRPSRVDQW RX G·XQH SRUWLRQ GX JUDSKH1
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& 2 1 & / 8 6 , 2 1

1RXV DYRQV PRQWUp TX·LO pWDLW SRVVLEOH GH FRQVWUXLUH GHV PRGqOHV GH O·RUJDQLVDWLRQ IRQFWLRQQHOOH

JOREDOH GX FHUYHDX/ WRXW HQ FRQVHUYDQW XQH UHSUpVHQWDWLRQ H[SOLFLWH GH OD SURSDJDWLRQ GH

O·LQIRUPDWLRQ1 1RXV QH QRXV VRPPHV SDV FRQFHQWUpV VXU XQH PRGpOLVDWLRQ XQLTXH/ OLPLWpH j XQH

H[SpULHQFH VSpFLILTXH1 $X FRQWUDLUH/ QRXV DYRQV FKRLVL GH FRQVWUXLUH XQ IRUPDOLVPH RULJLQDO/

HQWLqUHPHQW GpGLp j FHWWH UHSUpVHQWDWLRQ/ RIIUDQW DLQVL XQ FDGUH RXYHUW SRXU FH W\SH GH PRGpOLVDWLRQ/

HW GRQW %,2&$(1 UHSUpVHQWH OD UpDOLVDWLRQ GLUHFWH1 /·REMHFWLI XOWLPH GH QRWUH GpPDUFKH UHVWH/ j

WHUPH/ GH SURSRVHU XQ RXWLO G·DLGH j O·LQWHUSUpWDWLRQ GHV UpVXOWDWV GHV pWXGHV G·DFWLYDWLRQ WHOOHV TXH

FHOOHV TXL VRQW PHQpHV DX VHLQ GH O·XQLWp 788 GH O·,16(501

41 )250$/,60( *(1(5$/ 3285 /$ 02'(/,6$7,21 &2*1,7,9(

1RWUH DPELWLRQ D GRQF pWp GH SURSRVHU XQ IRUPDOLVPH GpGLp j OD PRGpOLVDWLRQ GH OD SURSDJDWLRQ GH

O·LQIRUPDWLRQ DX QLYHDX GHV DLUHV FpUpEUDOHV1 'DQV FHWWH RSWLTXH/ QRXV DYRQV WRXMRXUV FKHUFKp j

FRQVHUYHU XQH UHSUpVHQWDWLRQ WUqV JpQpUDOH TXL SRXUUD rWUH XWLOLVp GDQV OH FDGUH GH PRGpOLVDWLRQ OH

SOXV YDVWH SRVVLEOH1 &H W\SH G·DSSURFKH HVW HQ GpILQLWLYH DVVH] SHX FRXUDQW GDQV OH GRPDLQH GHV

DSSURFKHV VWUXFWXUHOOHV +&KDSLWUH 5/ SDUWLH 616,1 'DQV OH PrPH RUGUH GH FRQWUDLQWHV/ LO IDXW DXVVL

VRXOLJQHU OH OLHQ pWURLW TXH QRXV DYRQV YRXOX FRQVHUYHU HQWUH QRV PRGqOHV HW OHV pWXGHV G·DFWLYDWLRQ

+DLQVL TXH OHV WHFKQLTXHV G·LPDJHULH TXL OHXU VRQW DVVRFLpHV,1

4141 5HSUpVHQWDWLRQ GH O·LQIRUPDWLRQ

/H FKRL[ G·XQH UHSUpVHQWDWLRQ HQ FRXSOH GH O·LQIRUPDWLRQ LOOXVWUH SDUIDLWHPHQW QRWUH VRXFL GH

JpQpUDOLWp1 1RWUH UHSUpVHQWDWLRQ DEVWUDLWH/ j GHX[ GLPHQVLRQV/ GH O·LQIRUPDWLRQ SURSDJpH SDU GHV

SRSXODWLRQV GH QHXURQHV/ QRXV DVVXUH XQ ERQ FRPSURPLV HQWUH SODXVLELOLWp QHXURQDOH HW

WUDQVSDUHQFH VpPDQWLTXH +L1H1 DX VHQV GpILQL DX FKDSLWUH 5/ SDJH 64,1 /·DPSOLWXGH/ TXL UHIOqWH

O·pQHUJLH GH O·LQIRUPDWLRQ SHXW rWUH UDSSURFKpH/ HQ SUHPLHU OLHX/ G·XQ SRLQW GH YXH PpWDEROLTXH GHV

PHVXUHV G·DFWLYDWLRQV REWHQXHV SDU OHV GLYHUVHV WHFKQLTXHV G·LPDJHULH WRPRJUDSKLTXH +,50I/ 7(3,

RX GH O·DPSOLWXGH GX VLJQDO GHV WHFKQLTXHV GH VXUIDFH +(**/ 0(*,1 (Q VHFRQG OLHX/ HOOH SHXW rWUH
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UDSSURFKpH/ G·XQ SRLQW GH YXH SK\VLRORJLTXH FHWWH IRLV/ GX WDX[ GH GpFKDUJH DLQVL TXH GX QRPEUH GH

QHXURQHV ORFDOHPHQW LPSOLTXpV GDQV OH WUDLWHPHQW1 0rPH VL OH OLHQ GLUHFW HQWUH OHV PHVXUHV

G·DFWLYDWLRQ HW O·LQIRUPDWLRQ QHXURQDOH Q·HVW SDV SUpFLVpPHQW FRQQX/ FHV PHVXUHV HQ UHVWHQW OHV

VHXOHV pYLGHQFHV1

/H W\SH/ TXL VH UDSSRUWH j OD FDWpJRULH GH O·LQIRUPDWLRQ/ SHXW rWUH IDFLOHPHQW MXVWLILp DX QLYHDX GHV

VWLPXOL/ GRQW OD FDWpJRULVDWLRQ HVW DLVpH1 2Q SHXW DLQVL FDWpJRULVHU GHV WRQV SXUV VXLYDQW OHXU

IUpTXHQFH1 'HV VWLPXOL SOXV © FRJQLWLIV ª SHXYHQW DXVVL FDWpJRULVpV1 'HV SKRQqPHV SHXYHQW/ SDU

H[HPSOH/ rWUH GLIIpUHQFLpV VHORQ OHXUV WUDLWV SKRQpWLTXHV/ HQ YR\HOOHV HW FRQVRQQHV1 &HV GHUQLqUHV

SHXYHQW rWUH/ j OHXU WRXU/ rWUH FDWpJRULVpV HQ VRXUGHV RX VRQRUHV/ FRQVWULFWLYHV RX RFFOXVLYHV +H1J >

© V ª FRQVWULWLYH VRXUGH/ © ] ª FRQVWULFWLYH VRQRUH/ © S ª RFFOXVLYH VRXUGH/ © E ª RFFOXVLYH VRQRUH,1 /D

QRWLRQ GH FDWpJRULH HVW DXVVL VRXV0MDFHQWH DX[ PpFDQLVPHV FpUpEUDX[1 2Q SHXW DLQVL FLWHU HQ

H[HPSOH O·RUJDQLVDWLRQ LQWHUQH GHV DLUHV SULPDLUHV +DXGLWLYHV/ YLVXHOOHV RX VHQVLWLYHV, R� O·RQ WURXYH

GHV VRXV0SRSXODWLRQV GH QHXURQHV VSpFLDOLVpHV GDQV OH WUDLWHPHQW GH FDWpJRULHV SDUWLFXOLqUHV GH

VWLPXOL +$UELE HW DO1 4<<;/ $UGLOD 4<<6/ $OH[DQGHU HW DO1 4<<5,1 0DLV FHWWH RUJDQLVDWLRQ SHXW rWUH

REVHUYpH DX GHOj GHV DLUHV SULPDLUHV +$OH[DQGHU HW DO1 4<<5,/ FH TXL WHQGUDLW j SURXYHU O·H[LVWHQFH GH

FDWpJRULHV GDQV O·HQVHPEOH GX WUDLWHPHQW FpUpEUDO1 /H W\SH/ WRXW FRPPH O·DPSOLWXGH/ SHXW GRQF rWUH

FRQVLGpUp FRPPH XQH FDUDFWpULVWLTXH JpQpUDOH GH O·LQIRUPDWLRQ FpUpEUDOH1

4151 7UDLWHPHQW DXWRPDWLTXH GH O·LQIRUPDWLRQ

/D FDUDFWpULVWLTXH IRQGDPHQWDOH GX WUDLWHPHQW GH O·LQIRUPDWLRQ GDQV QRV PRGqOH HVW OH WUDLWHPHQW

SDUDOOqOH HW GLVWULEXp/ G� j O·XWLOLVDWLRQ GH JUDSKHV G·LQIOXHQFHV FDXVDOHV1 /·XVDJH GH JUDSKHV RULHQWpV

HVW WRWDOHPHQW FRKpUHQW DYHF OH WUDLWHPHQW FpUpEUDO/ DXWDQW SK\VLRORJLTXHPHQW TXH

IRQFWLRQQHOOHPHQW1 /H IRQFWLRQQHPHQW QHXURQDO HVW XQ IRQFWLRQQHPHQW W\SLTXHPHQW FDXVDO1 (Q

HIIHW/ O·LQIOX[ FUpp SDU O·DFWLYDWLRQ GH QHXURQHV/ YD VH SURSDJHU XQLGLUHFWLRQQHOOHPHQW OH ORQJ GH OHXUV

D[RQHV HW YD ILQLU SDU FDXVHU O·DFWLYDWLRQ +RX O·LQKLELWLRQ, G·DXWUHV QHXURQHV1

0DOJUp FHWWH DGpTXDWLRQ WUqV IRUWH DYHF OH IRQFWLRQQHPHQW FpUpEUDO/ QRWUH IRUPDOLVPH QH SHUPHW GH

UHSUpVHQWHU TXH OHV WUDLWHPHQWV DXWRPDWLTXHV GX FHUYHDX/ F·HVW j GLUH XQLTXHPHQW OHV WUDLWHPHQWV

GLULJpV SDU OHV VWLPXOL1 &HWWH OLPLWDWLRQ QRXV HPSrFKH GRQF GH UHSUpVHQWHU OHV WUDLWHPHQWV FpUpEUDX[

KDXWHPHQW FRJQLWLIV/ FRPPH OHV PpFDQLVPHV GH SODQLILFDWLRQ1 &HSHQGDQW/ QRWUH IRUPDOLVPH HVW

DVVH] VRXSOH SRXU WHVWHU GLIIpUHQW W\SHV GH SURSDJDWLRQ HQWUH ]RQHV/ FRPPH/ SDU H[HPSOH/ OH ILOWUDJH

HQ HQWUpH RX HQ VRUWLH1
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/D SULQFLSDOH OLPLWDWLRQ DFWXHOOH GH QRWUH IRUPDOLVPH UHVWH O·DEVHQFH GH PpFDQLVPHV G·DSSUHQWLVVDJH1

1RWUH DSSURFKH Q·HVW SDV PRLQV DGDSWpH j OD PRGpOLVDWLRQ GHV SURFHVVXV FRJQLWLIV PLV HQ MHX ORUV

GHV H[SpULHQFHV G·DFWLYDWLRQ1 (Q HIIHW/ GDQV OHV SURWRFROHV GHV pWXGHV G·DFWLYDWLRQ DFWXHOOHV/

O·DSSUHQWLVVDJH GH OD WkFKH j DFFRPSOLU HVW HIIHFWXp DYDQW OH GpEXW GHV PHVXUHV1 (Q HIIHW SRXU

REWHQLU XQH PHVXUH GH O·DFWLYLWp FpUpEUDOH/ OHV WHFKQLTXHV G·LPDJHULH QpFHVVLWHQW XQH UpSpWLWLRQ GH OD

WkFKH DX FRXUV G·XQ FHUWDLQ WHPSV/ GXUDQW OHTXHO OD PHVXUH HVW UpDOLVpH1 /H QLYHDX G·H[SHUWLVH GRLW

rWUH FRQVWDQW GXUDQW O·DFTXLVLWLRQ GH O·LPDJH/ FH TXL LPSRVH GRQF XQ DSSUHQWLVVDJH DYDQW OH GpEXW GH

OD PHVXUH1 &HFL SHUPHW TXH OD FRQILJXUDWLRQ GX UpVHDX G·DLUHV PLV HQ ±XYUH/ SRXU UpVRXGUH OD WkFKH/

VRLW VWDEOH DX FRXUV GH O·DFTXLVLWLRQ GHV LPDJHV1 3RXU FRQQDvWUH O·HIIHW GH O·DSSUHQWLVVDJH LO IDXW

UpDOLVHU OD PHVXUH HQ WURLV WHPSV = +D, PHVXUH DYDQW DSSUHQWLVVDJH/ +E, DSSUHQWLVVDJH/ +F, PHVXUH

DSUqV DSSUHQWLVVDJH1

1RWUH IRUPDOLVPH SHUPHW GRQF GH UHSUpVHQWHU OHV UpVHDX[ PLV HQ SODFH SDU O·DSSUHQWLVVDJH/ PDLV SDV

OD PLVH HQ SODFH GH FHV UpVHDX[/ HOOH0PrPH1 &RPSWH WHQX GHV FRQWUDLQWHV GpFULWHV FL0GHVVXV/ QRWUH

IRUPDOLVPH UHVWH DGpTXDW j OD PRGpOLVDWLRQ GH UpVHDX[ PLV HQ MHX ORUV GHV pWXGHV G·DFWLYDWLRQ1

7RXWHIRLV/ XQ PpFDQLVPH G·DSSUHQWLVVDJH UHVWH O·pOpPHQW j DFTXpULU SRXU DXJPHQWHU OD JpQpUDOLWp GX

WUDLWHPHQW GH O·LQIRUPDWLRQ GDQV QRV PRGqOHV1

51 )250$/,60( (;3/,&,7(

(Q GpILQLVVDQW XQ IRUPDOLVPH RULJLQDO/ QRXV QRXV VRPPHV DVVXUpV TXH FHOXL0FL UpSRQGUDLW SRLQW SDU

SRLQW DX[ K\SRWKqVHV IRQGDPHQWDOHV GH QRWUH GRPDLQH G·DSSOLFDWLRQ1 (Q HIIHW/ FKDFXQH GHV

FDUDFWpULVWLTXHV GH QRWUH WUDYDLO SHXW VH MXVWLILHU YLV0j0YLV GHV FDUDFWpULVWLTXHV GX IRQFWLRQQHPHQW

FpUpEUDO DX QLYHDX R� RQ OH UHSUpVHQWH +L1H1 UpVHDX[ G·DLUHV FpUpEUDOHV,1 ,O HVW LPSRUWDQW GH VRXOLJQHU

OH QRPEUH OLPLWp G·K\SRWKqVHV IRQGDPHQWDOHV TXH QRXV DYRQV UHWHQXHV SRXU EkWLU QRWUH IRUPDOLVPH

+HOOHV VRQW H[SULPpHV LFL HQ 9 SRLQWV/ GDQV OH FKDSLWUH 7/ SDUWLH 4,1 &H QRPEUH UpGXLW DVVXUH XQH

JUDQGH VRXSOHVVH DX IRUPDOLVPH1 0RLQV LO \ D G·K\SRWKqVHV IRUWHV VRXV0HQWHQGXHV SDU OH IRUPDOLVPH/

SOXV RQ SRXUUD H[SULPHU G·K\SRWKqVHV H[SORUDWRLUHV GLIIpUHQWHV JUkFH j FHOXL0FL1

1RXV DYRQV GRQF FKHUFKp j REWHQLU XQ IRUPDOLVPH QHXUR0IRQFWLRQQHOOHPHQW SODXVLEOH1 0DLV QRXV

UHFKHUFKRQV DXVVL j FRQVWUXLUH XQH UHSUpVHQWDWLRQ H[SOLFLWH GHV K\SRWKqVHV TXH O·RQ SHXW IRUPXOHU j

SDUWLU GHV GLYHUVHV VRXUFHV G·REVHUYDWLRQ GX IRQFWLRQQHPHQW FpUpEUDO1 8QH PRGpOLVDWLRQ H[SOLFLWH

SHUPHW XQH LQWHUSUpWDWLRQ GLUHFWH GHV K\SRWKqVHV UHSUpVHQWpHV/ FDU HOOHV VRQW FODLUHPHQW LGHQWLILpHV

GDQV OHV PRGqOHV1 3RXU REWHQLU XQH UHSUpVHQWDWLRQ H[SOLFLWH/ O*LQIRUPDWLRQ PDQLSXOpH GRLW rWUH GH
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KDXW QLYHDX VpPDQWLTXH1 2Q VH GRLW/ GH SOXV/ GH SURSRVHU XQH UHSUpVHQWDWLRQ WUqV VWUXFWXUpH/ GH

PDQLqUH j OLPLWHU OD SHUWH GH WUDQVSDUHQFH HQ IRQFWLRQ GH O·DXJPHQWDWLRQ GH OD FRPSOH[LWp GHV

PRGqOHV

5141+DXW GHJUp G·DEVWUDFWLRQ GH O·LQIRUPDWLRQ

1RWUH UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ HVW FRQVLGpUpH FRPPH XQH DEVWUDFWLRQ TXDOLWDWLYH GH

O·LQIRUPDWLRQ PDQLSXOpH HW WUDQVPLVH SDU OHV ]RQHV IRQFWLRQQHOOHV1 1RXV OD UHSUpVHQWRQV SDU XQH

YDULDEOH j GHX[ GLPHQVLRQV/ QXPpULTXH HW V\PEROLTXH/ TXL PRGpOLVH O·DPSOLWXGH HW OH W\SH1 &HWWH

UHSUpVHQWDWLRQ/ YRORQWDLUHPHQW WUqV pORLJQpH G*XQH UHSUpVHQWDWLRQ QHXURQDOH GH O·LQIRUPDWLRQ/ SHXW \

WURXYHU GLYHUVHV LQWHUSUpWDWLRQV/ SXLVTX*HOOH SHXW rWUH FRQVLGpUpH FRPPH O*DEVWUDFWLRQ GX FRGDJH GH

O*LQIRUPDWLRQ HIIHFWXp SDU XQH SRSXODWLRQ QHXURQDOH1 6L HOOH D XQH UpHOOH MXVWLILFDWLRQ

QHXURSK\VLRORJLTXH +SDJH 48:,/ FHWWH DEVWUDFWLRQ TXDOLWDWLYH YLVH DYDQW WRXW j IRQGHU QRWUH

UHSUpVHQWDWLRQ VXU XQH JUDQGH WUDQVSDUHQFH VpPDQWLTXH1

/·DPSOLWXGH UHVWH XQH DEVWUDFWLRQ TXDOLWDWLYH DYDQW WRXW1 (OOH Q·HVW SDV XQH H[SUHVVLRQ QXPpULTXH

GLUHFWH GH OD TXDQWLWp PHVXUpH SDU WHOOH RX WHOOH WHFKQLTXH +H1J1 GpELW VDQJXLQ RX FKDPS

pOHFWURPDJQpWLTXH,1 'H VRQ F{Wp/ OH W\SH HVW DXVVL XQH DEVWUDFWLRQ TXDOLWDWLYH/ FDU LO HVW WUqV

LQGpWHUPLQp HW QH SHXW JpQpUDOHPHQW SDV rWUH REVHUYp1

5151 5HSUpVHQWDWLRQ KLpUDUFKLTXH KRPRJqQH

/D EDVH GH QRWUH DSSURFKH HVW XQH UHSUpVHQWDWLRQ R� GHX[ QLYHDX[ G·RUJDQLVDWLRQ VRQW FODLUHPHQW

LGHQWLILpV1 ,OV VRQW OH QLYHDX VWUXFWXUHO/ PDWpULDOLVDQW XQ UpVHDX GH ]RQHV LQWHUFRQQHFWpHV/ HW OH QLYHDX

IRQFWLRQQHO/ GpFULYDQW OH IRQFWLRQQHPHQW ORFDO GH FKDFXQH GHV ]RQHV GX QLYHDX VWUXFWXUHO1

/·LGHQWLILFDWLRQ GH FHV GHX[ QLYHDX[ GH UHSUpVHQWDWLRQ HVW HQ DGpTXDWLRQ DYHF XQH GpFRPSRVLWLRQ

KLpUDUFKLTXH GX V\VWqPH PRGpOLVp HQ VRXV0V\VWqPHV1 &H SULQFLSH GH PRGpOLVDWLRQ HVW/ SDU DLOOHXUV/

ODUJHPHQW XWLOLVp SRXU OD PRGpOLVDWLRQ GH V\VWqPHV FRPSOH[HV +2NXGD ) 8VKLR 4<<4/ =HLJOHU 4<<3,1

/·DSSOLFDWLRQ GH FH SULQFLSH GH GpFRPSRVLWLRQ SHXW rWUH DFFUXH HQ GpFRPSRVDQW FKDFXQ GH FHV

GHX[ QLYHDX[ HQ XQ HQVHPEOH GH VRXV0QLYHDX[1 2Q REWLHQW DORUV XQH YpULWDEOH KLpUDUFKLH GH PRGqOHV

WHOOH TXH QRXV O·DYRQV GpILQLH DX FKDSLWUH 71

8QH RUJDQLVDWLRQ RULHQWpH FRPSRVDQW RULJLQDOH QRXV SHUPHW G·REWHQLU GHV PRGqOHV

LQGLYLGXHOOHPHQW PRLQV FRPSOH[HV TXH OH PRGqOH WRWDO/ WRXW HQ FRQVHUYDQW XQH WRWDOH KRPRJpQpLWp
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HQWUH OD UHSUpVHQWDWLRQ GHV QLYHDX[ VWUXFWXUHOV HW FHOOH GHV QLYHDX[ IRQFWLRQQHOV1 2Q FRQVHUYH DLQVL

XQH FRKpUHQFH FHUWDLQH j OD GHVFULSWLRQ1 /D VLPXODWLRQ GX PRGqOH WRWDO HQ HVW DXVVL IRUWHPHQW

VLPSOLILpH/ FDU WRXV OHV pOpPHQWV XWLOLVHQW OHV PrPHV UHSUpVHQWDWLRQV HW OHV PrPHV RSpUDWHXUV/ TXHO

TXH VRLW OH QLYHDX FRQVLGpUp1 &HWWH RUJDQLVDWLRQ SHUPHW DXVVL GH GLPLQXHU OD FRPSOH[LWp GH OD

UHSUpVHQWDWLRQ GH FKDTXH QLYHDX/ SDU UDSSRUW j OD FRPSOH[LWp WRWDOH GX PRGqOH1

/D PRGpOLVDWLRQ FDXVDOH V·DOOLH SDUIDLWHPHQW j FH VW\OH GH UHSUpVHQWDWLRQ/ JUkFH j OD QRWLRQ GH

FRPSRVDQW1 'H SOXV/ OHV PRGqOHV FDXVDX[/ UHSUpVHQWpV SDU GHV JUDSKHV/ SHUPHWWHQW G·H[SULPHU

FODLUHPHQW OHV UHODWLRQV TXL XQLVVHQW OHV SURFHVVHXUV1 /D QRWLRQ G·LQIOXHQFH PDUJLQDOH/ WHOOH TXH QRXV

OD GpILQLVVRQV/ SHUPHW GH UHSUpVHQWHU VLPSOHPHQW XQ ODUJH pYHQWDLO GH UHODWLRQV DYHF XQ PLQLPXP GH

SDUDPqWUHV j GpILQLU1 /HV QRWLRQV GH JDLQ G\QDPLTXH HW GH ORL GH FRPELQDLVRQ SHUPHWWHQW G·LGHQWLILHU

OHV SURFHVVXV FRPSOpPHQWDLUHV G·LQIOXHQFH HW GH FRPELQDLVRQ1 &HWWH VpSDUDWLRQ FRQWUDLQW OD

GHVFULSWLRQ GHV UHODWLRQV PDLV HOOH FRQWULEXH DXVVL j O·KRPRJpQpLVDWLRQ GX IRUPDOLVPH/ FDU WRXWHV OHV

UHODWLRQV VRQW EkWLHV VXU OH PrPH VFKpPD1

51610RGXODULWp HW UpXWLOLVDELOLWp GHV PRGqOHV

/D SULQFLSDOH FRQVpTXHQFH G·XQH RUJDQLVDWLRQ KLpUDUFKLTXH KRPRJqQH HVW TX·HOOH SHUPHW GH

FRQVWUXLUH GHV PRGqOHV PRGXODLUHV1 /·LPSRUWDQFH GH OD PRGXODULWp GDQV QRV PRGqOHV Q·HVW SDV

UpHOOHPHQW LOOXVWUpH SDU OHV PRGpOLVDWLRQV GH SHWLWH HQYHUJXUH TXH QRXV DYRQV SUpVHQWpHV DX FKDSLWUH

SUpFpGHQW1

/D SULQFLSDOH FDUDFWpULVWLTXH GH OD PRGXODULWp HVW OD VHJPHQWDWLRQ GHV pOpPHQWV G·XQ PRGqOH1 &KDTXH

PRGXOH HVW GpILQL SDU XQ HQVHPEOH GH UHODWLRQV/ GLWHV LQWHUQHV/ TXL OXL VRQW SURSUHV HW TXL VRQW

LQGpSHQGDQWHV GHV UHODWLRQV TXH FH PRGXOH HQWUHWLHQW DYHF OH UHVWH GX PRGqOH1 'DQV QRWUH

RUJDQLVDWLRQ/ OHV PRGXOHV VRQW UHSUpVHQWpV SDU OHV FRPSRVDQWV1 /HV UHODWLRQV LQWHUQHV/ TXL GpILQLVVHQW OH

FRPSRUWHPHQW GX PRGXOH/ VRQW GpFULWHV GDQV OH PRGqOH GX FRPSRVDQW1 /HV OLHQV HQWUH OHV UHODWLRQV

LQWHUQHV HW OHV UHODWLRQV H[WHUQHV GX PRGXOH VRQW LGHQWLILpV HW IRUPDOLVpV SDU O·LQWHUIDFH GX PRGqOH GH

FRPSRVDQW1 'RQF/ SOXV XQ PRGqOH GpILQLUD GH FRPSRVDQWV/ SOXV LO VHUD PRGXODLUH1 &HWWH SURSULpWp

QRXV SHUPHW XQH UpXWLOLVDWLRQ PD[LPDOH GHV GLYHUV pOpPHQWV G·XQ PRGqOH1 7RXW PRGqOH GH

FRPSRVDQW SHXW rWUH UpXWLOLVp GDQV GLIIpUHQWV PRGqOHV/ RX PrPH SOXVLHXUV IRLV GDQV XQ VHXO PRGqOH/

FKDTXH LQVWDQFH pWDQW FRQVLGpUpH FRPPH XQH FRSLH LQGpSHQGDQWH GX PrPH PRGqOH1

/D PRGXODULWp SHUPHW GRQF XQH JUDQGH UpXWLOLVDELOLWp GHV PRGqOHV GH FRPSRVDQW/ PDLV HOOH HVW

DFFUXH SDU OD QRWLRQ GH JpQpULFLWp1 &HWWH QRWLRQ Q·HVW SDV/ UDSSHORQV0OH/ UpVHUYpH DX[ PRGqOHV
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IRQFWLRQQHOV GH ]RQHV/ PDLV HOOH SHXW rWUH DSSOLTXpH j WRXWH VWUXFWXUH/ RX WRXWH SULPLWLYH

IRQFWLRQQHOOH/ TXL SRXUUDLW SRVVpGHU XQ HQVHPEOH GH FDUDFWpULVWLTXHV QRQ VSpFLILTXHV/ HW GRQF

UpXWLOLVDEOHV1 $ WHUPH/ FHWWH JUDQGH UpXWLOLVDELOLWp IDLW GLPLQXHU OD GXUpH GH FRQFHSWLRQ GHV PRGqOHV HW

IDFLOLWH OHXU GpILQLWLRQ FDU/ JUkFH j HOOH/ QRXV VRPPHV HQ PHVXUH GH SURSRVHU GLIIpUHQWHV FODVVHV GH

PRGqOHV JpQpULTXHV1 1RXV SRXYRQV GRQF FRQVWUXLUH XQH ELEOLRWKqTXH GH PRGqOHV IDFLOHPHQW

LQWHUIDoDEOHV HW RIIUDQW DLQVL XQH EDVH pYROXWLYH j OD GpILQLWLRQ GH PRGqOHV SOXV FRPSOH[HV1

61 326,7,21 '( 1275( $3352&+(

&RPPH QRXV O·DYRQV YX DX FKDSLWUH 5/ LO HVW SRVVLEOH GH FODVVHU OHV PRGpOLVDWLRQV FRJQLWLYHV

FRPSXWDWLRQQHOOHV HQ GHX[ JUDQGHV IDPLOOHV VHORQ TXH OHV PRGpOLVDWLRQV SUHQQHQW HQ FRPSWH RX SDV

GHV FRQWUDLQWHV ELRORJLTXHPHQW SODXVLEOHV1 'DQV FH FDGUH/ QRWUH DSSURFKH HVW XQH DSSURFKH

W\SLTXHPHQW VWUXFWXUHOOH +&KDSLWUH 5/ SDUWLH 6, HW VLWXpH DX QLYHDX RUJDQLVDWLRQQHO JOREDO +SDJH 83/

%XUQRG 4<<4,1 (OOH HVW WRXWHIRLV LQQRYDQWH SDU OH QLYHDX G·DEVWUDFWLRQ R� HOOH SODFH VD

UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ1 &HWWH DEVWUDFWLRQ HVW UHQGXH QpFHVVDLUH SDU QRWUH YRORQWp G·REWHQLU

XQH PRGpOLVDWLRQ H[SOLFLWH1

6141 $SSURFKH VWUXFWXUHOOH K\EULGH

8QH PRGpOLVDWLRQ H[SOLFLWH SHXW FRQFHSWXHOOHPHQW V·RSSRVHU j XQH PRGpOLVDWLRQ pPHUJHDQWH/ WHOOH

TX·XQH PRGpOLVDWLRQ FRQQH[LRQQLVWH IRQGpH VXU GHV UpVHDX[ GH QHXURQHV IRUPHOV1 &RQWUDLUHPHQW j

GH WHOV PRGqOHV/ QRWUH DSSURFKH ODLVVH SHX GH SODFH j O·DXWR0RUJDQLVDWLRQ HW GRQF j O·pPHUJHQFH GH

FRPSRUWHPHQW QRQ UHSUpVHQWpV GDQV OHV PRGqOHV1 &HSHQGDQW/ OHV LQWHUDFWLRQV GHV K\SRWKqVHV

H[SULPpHV SDU OHV SURFHVVHXUV GH QRV PRGqOHV IRQW TXDQG PrPH pPHUJHU XQ FRPSRUWHPHQW JOREDO1

&H FRPSRUWHPHQW Q·HVW SDV OH SURGXLW G·XQH DXWR0RUJDQLVDWLRQ/ PDLV LO HVW OH UpVXOWDW GLUHFW GHV

pOpPHQWV IRQFWLRQQHOV PRGpOLVpV1 &HWWH DSSURFKH QRXV SHUPHW GH FRQWU{OHU H[SUHVVpPHQW OH

FRPSRUWHPHQW GX PRGqOH VDQV SDVVHU SDU O·LQWHUPpGLDLUH G·XQ DSSUHQWLVVDJH VXSHUYLVp1

0DOJUp OD GLIIpUHQFH GX QLYHDX G·DEVWUDFWLRQ/ QRWUH DSSURFKH UHVSHFWH/ FRPPH OHV UpVHDX[ GH

QHXURQHV IRUPHOV/ XQ FHUWDLQ QRPEUH GH FRQWUDLQWHV SURSUHV DX IRQFWLRQQHPHQW QHXURQDO1 $LQVL/

O·DVSHFW SDUDOOqOH/ GLVWULEXp HW QRQ VXSHUYLVp GX WUDLWHPHQW UHVWH OH JUDQG SRLQW FRPPXQ GH FHV GHX[

DSSURFKHV1 &HV FRQWUDLQWHV/ H[SULPpHV GDQV QRV K\SRWKqVHV IRQGDPHQWDOHV/ OLPLWHQW QpFHVVDLUHPHQW

OH FDUDFWqUH H[SOLFLWH GH QRWUH UHSUpVHQWDWLRQ1
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(Q FRQVLGpUDQW QRV XQLWpV FRPPH GHV SURFHVVHXUV IRQFWLRQQHOV GH KDXW QLYHDX/ RUJDQLVpV HQ XQH

UHSUpVHQWDWLRQ SK\VLRORJLTXHPHQW SODXVLEOH/ RQ SHXW FRQVLGpUHU QRWUH DSSURFKH FRPPH XQ

FRPSURPLV/ j PL0FKHPLQ HQWUH XQH PRGpOLVDWLRQ IRQFWLRQQHOOH/ GH KDXWH WUDQVSDUHQFH VpPDQWLTXH/

HW XQH DSSURFKH VWUXFWXUHOOH FRQQH[LRQQLVWH1 1RWUH PRGpOLVDWLRQ SHXW rWUH TXDOLILpH G·DSSURFKH

K\EULGH/ PDLV XQLTXHPHQW GDQV OH VHQV R� QRWUH IRUPDOLVPH Q·HVW QL WRWDOHPHQW FRQQH[LRQQLVWH QL

WRWDOHPHQW V\PEROLTXH1 1RWUH DSSURFKH HVW FHSHQGDQW WUqV GLIIpUHQWH GH PRGpOLVDWLRQV FRPPH FHOOH

GH :DOODFH HW DO1 +4<<6, R� FRKDELWHQW GHV UpVHDX[ GH QHXURQHV HW GHV PRGXOHV V\PEROLTXHV1

6151 6LPXODWLRQ TXDOLWDWLYH

/H UHVSHFW GH OD SODXVLELOLWp QHXUR0IRQFWLRQQHOOH GDQV QRWUH IRUPDOLVPH D FRQGXLW j XQ

DFFURLVVHPHQW QRQ QpJOLJHDEOH GH OD FRPSOH[LWp GX WUDLWHPHQW GH O·LQIRUPDWLRQ TXDOLWDWLYH1 /D

PDQLIHVWDWLRQ GLUHFWH GH FHW DFFURLVVHPHQW HVW OD UHSUpVHQWDWLRQ GH O·LQIRUPDWLRQ/ SDU XQ FRXSOH/ TXL

FRQGXLW j XQ GpGRXEOHPHQW GH WRXV OHV FDOFXOV GH SURSDJDWLRQ1 1RXV DYRQV/ GH SOXV/ WUDQVSRUWp XQ

UDLVRQQHPHQW TXDOLWDWLI GDQV XQ W\SH GH PRGpOLVDWLRQ DVVH] SHX H[SORUp SDU FHWWH GLVFLSOLQH/ OD

PRGpOLVDWLRQ ELRORJLTXHPHQW SODXVLEOH GX IRQFWLRQQHPHQW GX FHUYHDX1

'DQV OH FDV SOXV SDUWLFXOLHUV GHV PRGqOHV FDXVDX[ TXDOLWDWLIV/ WUqV UpSDQGXV/ QRXV SURSRVRQV XQH

UHSUpVHQWDWLRQ RULJLQDOH1 3RXU VFKpPDWLVHU/ OHV PRGqOHV FDXVDX[ GpFULYHQW JpQpUDOHPHQW GHV

UHODWLRQV HQWUH GHV YDULDEOHV G·pWDWV1 &HV UHODWLRQV VRQW G·DLOOHXUV VRXYHQW REWHQXHV j SDUWLU

G·pTXDWLRQV QXPpULTXHV/ HQULFKLHV G·XQH UHODWLRQ RULHQWpH/ GpFULYDQW OH VHQV GH OD FDXVDOLWp1 'DQV

QRWUH DSSURFKH/ QRXV GpFULYRQV GHV UHODWLRQV HQWUH SURFHVVHXUV TXL WUDLWHQW WRXV OD PrPH JUDQGHXU1

(W OHV UHODWLRQV FDXVDOHV OLDQW FHV SURFHVVHXUV QH SHXYHQW rWUH REWHQXHV j SDUWLU GH PRGqOHV

QXPpULTXHV GH OHXU FRPSRUWHPHQW1 1RXV QRXV VLWXRQV GRQF GDQV XQH DSSURFKH SXUHPHQW FDXVDOH

HW QRXV QRXV FRQWHQWRQV GH UHODWLRQV H[SULPDQW GLUHFWHPHQW XQH FDXVDOLWp SRXU GpFULUH O·pYROXWLRQ

GX V\VWqPH1 3RXU \ SDUYHQLU/ QRXV DYRQV GRQF SRUWp XQ LQWpUrW WRXW SDUWLFXOLHU DX[ PpFDQLVPHV GH

OD SURSDJDWLRQ TXDOLWDWLYH HW GpILQL XQ W\SH G·LQIOXHQFH JpQpUDOLVpH1

2XWUH OD QRWLRQ GH JDLQ G\QDPLTXH/ QRV LQIOXHQFHV VRQW FDUDFWpULVpHV SDU GHV FRQGLWLRQV G·DFWLYDWLRQ

TXDOLWDWLYHV1 &HV GHUQLqUHV SHUPHWWHQW GH GpILQLU OHV GLIIpUHQWV pWDWV GH IRQFWLRQQHPHQW GX PRGqOH

+L1H1 SRXU FKDTXH LQIOXHQFH/ XQ pWDW DFWLI HW XQ pWDW LQDFWLI,1 (OOHV XWLOLVHQW XQ V\VWqPH G·pYDOXDWLRQ

PXOWLYDOXp TXL SHUPHW GH OLPLWHU OH SUREOqPH G·LQGpFLVLRQ SURGXLW SDU OH FKDQJHPHQW G·pWDW G·XQH

O·LQIOXHQFH1 (Q HIIHW/ O·XWLOLVDWLRQ GH YDOHXUV TXDOLWDWLYHV SHXW/ GDQV FHUWDLQ FDV/ FRQGXLUH j XQH

LQGpWHUPLQDWLRQ GH O·pWDW GH O·LQIOXHQFH1
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&H SUREOqPH G·LQGpFLVLRQ HVW FRXUDQW GDQV OHV PpWKRGHV GH VLPXODWLRQV TXDOLWDWLYHV1 3DU H[HPSOH/

XQH VROXWLRQ/ SURSRVpH SDU OD PpWKRGH 46,0/ FRQVLVWH j FUpHU XQ DUEUH GH FRPSRUWHPHQWV +7UDYp0

0DVVX\qV HW DO1 4<<:,1 /RUVTXH SOXVLHXUV pWDWV VRQW SRVVLEOHV DX PrPH PRPHQW/ RQ FUpH DXWDQW GH

EUDQFKHV GLVWLQFWHV/ FKDFXQH UHSUpVHQWDQW XQ pWDW GX V\VWqPH1 2Q FDOFXOH HQVXLWH O·pWDW GX V\VWqPH

SRXU FKDTXH EUDQFKH HQ SDUDOOqOH1 2Q HVW DLQVL DVVXUp G·REWHQLU XQH SUpGLFWLRQ GH WRXV OHV pWDWV

SRVVLEOHV j OD ILQ GH OD VLPXODWLRQ1 &H FDOFXO H[KDXVWLI DORXUGLW OD VLPXODWLRQ/ VXUWRXW GDQV GHV

V\VWqPHV R� O·RQ UpDOLVH GH QRPEUHX[ FDOFXOV/ RX ELHQ/ GDQV GHV V\VWqPHV R� LO \ D GH QRPEUHX[

FKDQJHPHQWV G·pWDWV1 ,O H[LVWH WRXWHIRLV GLYHUVHV PpWKRGHV SRXU OLPLWHU O·H[SDQVLRQ GH O·DUEUH GH

FRPSRUWHPHQWV +H1J1 VXSSULPHU OHV pWDWV UHGRQGDQWV,1

'DQV QRWUH FDV/ QRXV QH FRQVHUYRQV TX·XQ VHXO pWDW j FKDTXH SDV GH FDOFXO1 &H FKRL[ WLHQW DX IDLW

TXH O·RQ SHXW VXSSRVHU TXH O·LQGpFLVLRQ/ HQWUH O·pWDW DFWLI HW O·pWDW LQDFWLI G·XQH LQIOXHQFH/ D XQH GXUpH

OLPLWpH1 2Q SHXW DORUV FRQVLGpUHU FH ODSV GH WHPSV FRPPH XQH WUDQVLWLRQ HQWUH FHV GHX[ pWDWV +L1H1

XQ WURLVLqPH © pWDW ª,1 ,O IDXW/ GDQV FH FDV/ GpILQLU OD UHSUpVHQWDWLRQ GH FHWWH WUDQVLWLRQ1 /D

UHSUpVHQWDWLRQ OD SOXV VLPSOH/ FRQVLVWH j UHSUpVHQWHU OD WUDQVLWLRQ FRPPH OD UpXQLRQ GHV GHX[ pWDWV

TX·HOOH VpSDUH1 &H TXL UHYLHQW/ GDQV QRWUH FDV/ j HIIHFWXHU O·XQLRQ GHV UpVXOWDWV GHV FDOFXOV

FRUUHVSRQGDQW j O·pWDW DFWLI HW j O·pWDW LQDFWLI GH O·LQIOXHQFH1 &H Q·HVW TX·DLQVL TXH O·RQ HVW DVVXUp TXH OD

VROXWLRQ HIIHFWLYH FRQWLHQW WRXWHV OHV VROXWLRQV SRVVLEOHV +L1H1 FRPSOpWXGH GHV UpVXOWDWV,1 &HSHQGDQW/

FH PpFDQLVPH FRQGXLW j XQH DXJPHQWDWLRQ H[FHVVLYH GH O·LPSUpFLVLRQ GHV YDOHXUV1 &·HVW SRXUTXRL

QRXV DYRQV RSWp SRXU XQ FRPSURPLV HQWUH FRPSOpWXGH GHV FDOFXOV HW FRQWU{OH GH O·LPSUpFLVLRQ1 &H

FRPSURPLV HVW LQFDUQp SDU O·XWLOLVDWLRQ GH UHODWLRQV PXOWLYDOXpHV TXL SHUPHWWHQW GH UHSUpVHQWHU O·pWDW

GH WUDQVLWLRQ FRPPH XQH YDOHXU LQWHUPpGLDLUH HQWUH OHV GHX[ pWDWV G·DFWLYDWLRQ1

71 3(563(&7,9(6

/HV SHUVSHFWLYHV G·pYROXWLRQ GH FH WUDYDLO VRQW PXOWLSOHV1 (OOHV FRQFHUQHQW DXWDQW O·DSSOLFDWLRQ GX

IRUPDOLVPH TXH VRQ GpYHORSSHPHQW SURSUH1 /D YRLH JpQpUDOH GH FHWWH pYROXWLRQ HVW OD SULVH HQ

FRPSWH GH SURFHVVXV FpUpEUDX[ WRXMRXUV SOXV FRPSOH[HV1 &HWWH YRLH HVW FDUDFWpULVpH SDU GHX[

SHUVSHFWLYHV SDUDOOqOHV PDLV FRPSOpPHQWDLUHV1 '·XQH SDUW/ QRXV GHYRQV DXJPHQWHU OH QRPEUH GHV

SURSRVLWLRQV GH PRGqOHV G·K\SRWKqVHV +H1J1 SULPLWLYHV IRQFWLRQQHOOHV/ PRGqOHV JpQpULTXHV GH ]RQHV/

HWF1,/ FHFL GDQV OH EXW GH EkWLU XQ pYHQWDLO YDULp GH IRQFWLRQQDOLWpV SOXV LQWpJUpHV1 &HV pOpPHQWV

SRXUURQW rWUH GLUHFWHPHQW XWLOLVDEOHV GDQV GHV PRGqOHV GH SOXV JUDQGH HQYHUJXUH1 '·DXWUH SDUW/ FH

VRQW OHV FDSDFLWpV GH UHSUpVHQWDWLRQ GX IRUPDOLVPH TXL GRLYHQW rWUH DXJPHQWpHV1
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%,2&$(1 HW OH IRUPDOLVPH TX·LO LPSOpPHQWH VH VRQW OLPLWpV j OD UHSUpVHQWDWLRQ GH SURFHVVXV

FRJQLWLIV DXWRPDWLTXHV1 &HV SURFHVVXV/ TXL IRUPHQW XQH JUDQGH SDUWLH GH O·DFWLYLWp GX FHUYHDX

+3DVWRU 4<<<,/ SHXYHQW rWUH UHSUpVHQWpV SDU GHV PpFDQLVPHV GLULJpV SDU OHV VWLPXOL HW GRQW OD

PRGpOLVDWLRQ SRXYDLW rWUH LQVSLUpH GH SURFHVVXV DXWRPDWLTXH LQGXVWULHOV +/DFRWWH 4<<9,1

/·LQVSLUDWLRQ GHV WHFKQLTXHV GH O·LQJpQLHULH DXWRPDWLTXH QRXV D IRXUQL XQ VXSSRUW VROLGH SRXU

O·pODERUDWLRQ GH QRWUH IRUPDOLVPH/ SXLV GX VLPXODWHXU %,2&$(11

1RXV DYRQV GRQF ODLVVp GH F{Wp OHV PpFDQLVPHV GH FRQWU{OH HW GH SODQLILFDWLRQ/ TXL VRQW GHV

SURFHVVXV SOXV FRJQLWLIV1 /D UHSUpVHQWDWLRQ GH FH JHQUH GH SURFHVVXV UHSUpVHQWH XQ FDGUH SOXV YDVWH

HW XQH DSSURFKH GLIIpUHQWH GH FHOOH TXL QRXV D SHUPLV GH FRQVWUXLUH %,2&$(11 &HWWH pYROXWLRQ

V·DFFRPSDJQHUD FHUWDLQHPHQW GH O·DMRXW GH QRXYHOOHV K\SRWKqVHV IRQGDPHQWDOHV/ SOXV VSpFLILTXHV

GHV SURFHVVXV FRJQLWLIV GH KDXW QLYHDX TXH FHOOHV TXH QRXV DYRQV IRUPXOpHV HW TXL/ GH SOXV/ GRLYHQW

rWUH SUpDODEOHPHQW YDOLGpHV1 /H FKDQJHPHQW GHV IRQGHPHQWV GX IRUPDOLVPH GHYURQW HQWUDvQHU GH

JUDQGHV PRGLILFDWLRQV GDQV VD VWUXFWXUH/ FH TXL QpFHVVLWHUD XQH UHIRQWH FRPSOqWH GHV FRQFHSWV TXH

QRXV DYRQV GpILQLV1 &HSHQGDQW/ GDQV VD YHUVLRQ DFWXHOOH/ QRWUH WUDYDLO SHXW IRXUQLU XQH EDVH SRXU

O·H[SUHVVLRQ GHV IXWXUHV K\SRWKqVHV IRQGDPHQWDOHV1 3UHQRQV/ SDU H[HPSOH/ OH FDV GH O·K\SRWKqVH GX

ILOWUDJH GH O·LQIRUPDWLRQ HQ HQWUpH GHV ]RQHV +YRLU SDJH 477/ 3DVWRU HW DO1 5333/ 3DVWRU 4<<<,1 &HWWH

K\SRWKqVH HVW H[SULPpH GDQV OHV PRGqOHV TXH QRXV DYRQV SUpVHQWpV LFL1 1RXV OD FRQVLGpURQV/ GDQV

%,2&$(1/ FRPPH XQH K\SRWKqVH H[SORUDWRLUH1 2U/ HOOH DSSDUDvW/ GH SOXV HQ SOXV/ FRPPH

IRQGDPHQWDOH1 (OOH GHYUDLW GRQF rWUH LQFOXVH GDQV OH IRUPDOLVPH/ FH TXL DXUDLW GHV UpSHUFXVVLRQV VXU

OH PRGH GH SURSDJDWLRQ/ DFWXHOOHPHQW LQFDUQp GDQV %,2&$(1 SDU OD QRWLRQ G·LQIOXHQFH PDUJLQDOH1

'·XQH PDQLqUH JpQpUDOH/ OD YDOLGDWLRQ G·K\SRWKqVHV IRQGDPHQWDOHV SRXU XQ IRUPDOLVPH GHPDQGH XQ

YpULWDEOH WUDYDLO GH IRQG VXU XQH GpOLPLWDWLRQ GH OD IURQWLqUH HQWUH H[SORUDWRLUH HW IRQGDPHQWDO1

6XU OD YRLH GH FHWWH SHUVSHFWLYH JpQpUDOH/ SOXVLHXUV GpYHORSSHPHQWV WKpRULTXHV VRQW G·RUHV HW GpMj

HQYLVDJHDEOHV11RXV OHV PHWWRQV HQ H[HUJXH GDQV FH TXL VXLW1

7141 &RQWU{OH GH O·DFFURLVVHPHQW GH O·LPSUpFLVLRQ

/H FRQWU{OH GH O·DFFURLVVHPHQW GH O·LPSUpFLVLRQ HVW XQ SUREOqPH UpFXUUHQW GDQV OHV IRUPDOLVPHV

FDXVDX[ TXL UHSUpVHQWHQW GHV LQIRUPDWLRQV LQFRPSOqWHV +7UDYp00DVVX\qV HW DO1 4<<:,1 '·XQH PDQLqUH

JpQpUDOH/ OD UHSUpVHQWDWLRQ GH FRQQDLVVDQFHV LPSUpFLVHV FRQGXLW j GHV LQIpUHQFHV SOXV IDLEOHV1 'DQV

OH FDV GHV PRGqOHV FDXVDX[/ O·HIIHW HVW DFFHQWXp SDV OD UpLQMHFWLRQ GH O·LQIRUPDWLRQ GDQV OH JUDSKH

FDXVDO +L1H1 O·H[LVWHQFH GH F\FOHV FDXVDX[/ RX OD PRGpOLVDWLRQ GH V\VWqPHV G\QDPLTXHV,1 0rPH VL OHV

LQWHUYDOOHV UHVWHQW XQ ERQ PRGqOH GH OD UHSUpVHQWDWLRQ LQIRUPDWLTXH GHV QRPEUHV UpHOV
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+7XSSHU 4<<9,/ O·DOJqEUH FODVVLTXH GHV LQWHUYDOOHV SRVH XQ FHUWDLQ QRPEUH GH SUREOqPHV GqV TXH

O·LPSUpFLVLRQ GHV GRQQpHV GHYLHQW LPSRUWDQWH +6,*/$2; JURXS 4<<;/ 6WUXVV 4<<3,1 /HV ODFXQHV GH

FHWWH DOJqEUH VH WUDGXLVHQW SDU XQ DFFURLVVHPHQW H[FHVVLI GH O·LPSUpFLVLRQ/ F·HVW j GLUH GH OD ORQJXHXU

GHV LQWHUYDOOHV/ DX FRXUV GH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ1 /·H[HPSOH OH SOXV UHSUpVHQWDWLI SHXW rWUH

LOOXVWUp SDU OD UpVROXWLRQ GH O·pTXDWLRQ VXLYDQWH =

>3/ 4@ . ;  >3/ 4@ G·RX ;  >3/ 4@ ² >3/ 4@  >04/ 4@ ≠ 3

%LHQ TX·LO FRQWLHQQH OH UpVXOWDW UpHO GH O·pTXDWLRQ +L1H1 3 ∈ >04/ 4@,/ OH UpVXOWDW GH OD VRXVWUDFWLRQ HVW

ELHQ SOXV ODUJH1 &H SUREOqPH HVW ODWHQW GDQV OD GpILQLWLRQ PrPH GHV RSpUDWLRQV VXU OHV LQWHUYDOOHV1

/HV UpVXOWDWV GH FHV GHUQLqUHV GRLYHQW FRQWHQLU WRXWHV YDOHXUV SRVVLEOHV GH OD PrPH RSpUDWLRQ

DSSOLTXpH j WRXV OHV UpHOV FRQWHQXV GDQV OHV RSpUDQGHV1

'DQV XQ PRGqOH FDXVDO R� O·LQIRUPDWLRQ HVW UpLQMHFWpH GDQV OH V\VWqPH/ O·LPSUpFLVLRQ D WHQGDQFH j

DXJPHQWHU DX FRXUV GH OD VLPXODWLRQ/ PrPH VL O·LPSUpFLVLRQ GHV HQWUpHV GX V\VWqPH Q·DXJPHQWH SDV1

6XU FH SODQ0Oj/ O·DOJqEUH GHV LQWHUYDOOHV WHOOH TXH QRXV O·XWLOLVRQV/ F*HVW0j0GLUH GpILQLH VXU OD EDVH

G·LQWHUYDOOHV IHUPpV/ HVW WUqV OD[LVWH1 /·XWLOLVDWLRQ G·LQWHUYDOOHV RXYHUWV +6WUXVV 4<<3, RX G·K\SHUUpHOV

+7XSSHU 4<<9, VHUDLW GpMj XQ SUHPLHU SDV YHUV XQH UHSUpVHQWDWLRQ SOXV FRQWU{OpH1 /HXU XWLOLVDWLRQ

VXSSULPHUDLW XQ FHUWDLQ QRPEUH GH SDUWLFXODULWpV DX[ FDV OLPLWHV/ QRWDPPHQW GDQV OH FDV GH O·pJDOLWp

TXDOLWDWLYH DX VHQV R� QRXV O·DYRQV GpILQLH +H1J1 >3/ 43@ ≈ >43/ 433@,1

3RXU FRQWU{OHU O·DFFURLVVHPHQW GH O·LPSUpFLVLRQ/ LO HVW QpFHVVDLUH G·H[HUFHU GHV FRQWUDLQWHV VXU VD

UHSUpVHQWDWLRQ1 2U/ GDQV XQ UDLVRQQHPHQW TXDOLWDWLI/ OD UHSUpVHQWDWLRQ GH FHWWH LPSUpFLVLRQ Q·HVW SDV

GLUHFWHPHQW DFFHVVLEOH1 1RXV DYRQV WHQWp GH OD SUHQGUH XQ FRPSWH HQ XWLOLVDQW XQH ORJLTXH

PXOWLYDOXpH SRXU O·pYDOXDWLRQ GHV FRQGLWLRQV G·DFWLYDWLRQ1 &HSHQGDQW/ SRXU PDvWULVHU DX PLHX[ FHW

DFFURLVVHPHQW/ OD VROXWLRQ SDVVH LPPDQTXDEOHPHQW SDU XQ HQULFKLVVHPHQW GH OD FRQQDLVVDQFH

UHSUpVHQWpH SDU O·LQWHUYDOOH1 2Q SHXW/ SDU H[HPSOH/ FLWHU GHX[ PR\HQV GH FRQWU{OH TXL YRQW GDQV FH

VHQV1

/H SUHPLHU FRQVLVWH j XWLOLVHU GHV LQWHUYDOOHV IORXV +TXH QRXV DYRQV SUpVHQWp DX FKDSLWUH 6/ SDJH 97,

SRXU UHSUpVHQWHU OHV YDOHXUV QXPpULTXHV1 /D IRQFWLRQ G·DSSDUWHQDQFH IORXH GLPLQXH FHW

DFFURLVVHPHQW/ FDU HOOH UHSUpVHQWH H[SOLFLWHPHQW O·LQFHUWLWXGH HQJHQGUpH SDU XQH YDOHXU LPSUpFLVH1 2Q

UpDOLVH LFL XQ HQULFKLVVHPHQW GH OD UHSUpVHQWDWLRQ TXL FRQVLVWH j VSpFLILHU OD IRQFWLRQ G·DSSDUWHQDQFH

SURSUH j FKDTXH LQWHUYDOOH1
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/H VHFRQG PR\HQ UHSRVH VXU OD QRWLRQ G·LQWHUYDOOH PRGDO +$UPHQJRO HW DO1 4<<;/ 6,*/$2;

JURXS 4<<;,1 /·DSSOLFDWLRQ GH FHWWH QRWLRQ YD SOXV ORLQ TXH O·XWLOLVDWLRQ G·LQWHUYDOOHV IORXV GDQV OH

VHQV R� HOOH V·DFFRPSDJQH G·XQH PRGLILFDWLRQ GH OD VpPDQWLTXH UHSUpVHQWpH SDU OD QRWLRQ

G·LQWHUYDOOH1 /H FRQFHSW G·LQWHUYDOOH PRGDO HVW DVVH] VLPSOH j IRUPDOLVHU/ LO FRQVLVWH j DVVRFLHU j

O·LQWHUYDOOH XQ TXDQWLILFDWHXU +L1H1 XQH PRGDOLWp,1 /·LQWHUYDOOH PRGDO +>4/ 5@/ ∀ , UHSUpVHQWH OD

SURSRVLWLRQ © TXHO TXH VRLW OH UpHO [ WHO TXH [ ∈ >4/ 5@ ª/ RQ OH UHSUpVHQWHUD SDU >4/ 5@0/ DORUV TXH

O·LQWHUYDOOH PRGDO +>4/ 5@/ ∃ , UHSUpVHQWH OD SURSRVLWLRQ © LO H[LVWH XQ UpHO [ WHO TXH [ ∈ >4/ 5@ ª/ RQ OH

UHSUpVHQWHUD >5/ 4@0/ LO HVW DSSHOp LQWHUYDOOH GXDO GH >4/ 5@01 3RXU IDLUH FRXUW/ RQ SHXW GRQF UHSUpVHQWHU

OD SURSRVLWLRQ/ SRXU D HW E ∈ J/ WHOV TXH D ? E = ∀ [∈ >D/ E@/ ∃ \∈ >0E/ 0D@ WHO TXH [ . \  3/

SDU QRWDWLRQ = >D/ E@0 . >0D/ 0E@0  31

&HFL IDLW GH ]pUR O·pOpPHQW QHXWUH SRXU O·DGGLWLRQ GHV LQWHUYDOOHV PRGDX[1 (W/ DLQVL/ OD VROXWLRQ GH

O·pTXDWLRQ = >3/ 4@0 . ;  >3/ 4@0

GHYLHQW = ;  >3/ 4@0 0 >03/ 04@0  31

&HWWH UHSUpVHQWDWLRQ FKDQJH WRWDOHPHQW OD QRWLRQ G·LQWHUYDOOH WHOOH TXH QRXV OD FRQFHYRQV

QRUPDOHPHQW1 8Q FKDQJHPHQW GH OD VpPDQWLTXH DVVRFLpH j O·LQWHUYDOOH PRGLILH UDGLFDOHPHQW OH

UDLVRQQHPHQW TXH O·RQ SHXW UpDOLVHU j SDUWLU GH FHWWH UHSUpVHQWDWLRQ1

7151 ,QIpUHQFH GLVWULEXpH VXU OHV W\SHV

/·XQH GHV FDUDFWpULVWLTXHV SULQFLSDOHV GH OD PDQLSXODWLRQ GH OD FDWpJRULH GH O·LQIRUPDWLRQ GDQV OH

FHUYHDX KXPDLQ HVW OD IDFXOWp GH JpQpUDWLRQ GH QRXYHOOHV FDWpJRULHV1 6·LO H[LVWH DFWXHOOHPHQW GHV

RSpUDWHXUV G·XQLRQ HW GH FRPELQDLVRQ GHV W\SHV GDQV %,2&$(1/ QRXV QH SRXYRQV SDV UpHOOHPHQW

JpQpUHU XQH QRXYHDX[ W\SHV1 'H SOXV/ OHV RSpUDWLRQV VXU OHV W\SHV RQW WHQGDQFH j IDLUH JOREDOHPHQW

GpFURvWUH OHV SRLGV GHV V\PEROHV PDQLSXOpV1 1RXV DYRQV DXVVL WHQGDQFH j DSSOLTXHU/ SDU GpIDXW/ OHV

PrPHV RSpUDWLRQV j O·DPSOLWXGH HW DX W\SH GH O·LQIRUPDWLRQ/ DORUV TXH FHV GHX[ QRWLRQV UHSUpVHQWHQW

GHX[ GLPHQVLRQV WRWDOHPHQW GLIIpUHQWHV1 /H PLPpWLVPH GHV RSpUDWLRQV HVW XQ UHOLTXDW GHV SUHPLqUHV

YHUVLRQV GH QRWUH IRUPDOLVPH/ HW LO QH SHXW rWUH FRUUHFWHPHQW MXVWLILp GX SRLQW GH YXH FRJQLWLI1

7RXWHV FHV OLPLWDWLRQV UHSUpVHQWHQW XQ JURV KDQGLFDS SRXU OD UHSUpVHQWDWLRQ G·RSpUDWLRQV FRJQLWLYHV

SOXV pOHYpHV1
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3RXU SRXYRLU UHSUpVHQWHU GHV SURFHVVXV FpUpEUDX[ FRPSOH[HV/ LO DSSDUDvW LQGLVSHQVDEOH GH VH PXQLU

G·XQ V\VWqPH GH JpQpUDWLRQ GH QRXYHOOHV FDWpJRULHV1 /·pODERUDWLRQ GH FH V\VWqPH SDVVH SDU OD PLVH

HQ ±XYUH GH PpFDQLVPHV G·LQIpUHQFH GLVWULEXpV DSSOLTXpV DX W\SH GH O·LQIRUPDWLRQ SURSDJpH1 &HWWH

pYROXWLRQ SHXW rWUH/ SDU H[HPSOH/ JXLGpH SDU GLYHUV WUDYDX[ GH PRGpOLVDWLRQV FRJQLWLYHV

IRQFWLRQQHOOHV +L1H1 $&7/ 62$5/ SDJH 64, RX WURXYHU XQH LQVSLUDWLRQ DXSUqV GH WHFKQLTXHV GH

O·LQWHOOLJHQFH DUWLILFLHOOH +L1H1 ORJLTXH IORXH/ DSSUHQWLVVDJH DXWRPDWLTXH SUREDELOLVWH/ DOJRULWKPHV

JpQpWLTXHV,1

7161 $UFKLWHFWXUH KLpUDUFKLTXH JpQpUDOLVpH

1RXV DYRQV XWLOLVp XQH DUFKLWHFWXUH KLpUDUFKLTXH SRXU OD GpILQLWLRQ GH QRV PRGqOHV1 1RXV DYRQV YX

TXH FH W\SH G·DUFKLWHFWXUH pWDLW WRXW j IDLW LQGLTXp SRXU UHSUpVHQWHU GHV V\VWqPHV FRPSOH[HV/ PDLV LO

HVW SRVVLEOH G·HQ WLUHU XQ SURILW SOXV JUDQG HQFRUH TXH O·XWLOLVDWLRQ TXH QRXV HQ IDLVRQV DXMRXUG·KXL1

8QH DUFKLWHFWXUH PRGXODLUH/ FRPPH OD Q{WUH/ SHXW IDFLOHPHQW VHUYLU G·LQWHUIDFH HQWUH GLYHUV

IRUPDOLVPHV1 8Q DSSOLFDWLRQ GLUHFWH GH FHWWH SRVVLELOLWp VHUDLW GH SRXYRLU XWLOLVHU GHV PRGqOHV GH

]RQHV H[SULPpV GDQV GHV IRUPDOLVPHV KpWpURJqQHV1 2Q SRXUUDLW/ SDU H[HPSOH/ XWLOLVHU XQ PRGqOH

FRQQH[LRQQLVWH SRXU WHOOH ]RQH HW XQ PRGqOH FDXVDO SRXU XQH DXWUH j O·LQWpULHXU G·XQ PrPH PRGqOH

VWUXFWXUHO1 2Q SRXUUDLW DORUV WLUHU GLUHFWHPHQW SURILW GH PRGpOLVDWLRQV H[LVWDQWHV1 2X ELHQ/ RQ

SRXUUDLW DSSOLTXHU/ j FKDTXH QLYHDX HW j FKDTXH ORFDOLVDWLRQ/ XQ IRUPDOLVPH/ DX FKRL[/ SOXV RX PRLQV

ELRORJLTXHPHQW SODXVLEOH/ VXLYDQW O·pWDW G·DYDQFHPHQW GHV FRQQDLVVDQFHV ELRORJLTXHV1 &HWWH

SHUVSHFWLYH pODUJLW OHV SRVVLELOLWpV GH PRGpOLVDWLRQV UpXWLOLVDEOHV1

2Q UpDOLVHUDLW GH FHWWH PDQLqUHV GH YpULWDEOHV PRGqOHV K\EULGHV +L1H1 DX VHQV GH :DOODFH/ SDJH 88,1 ,O

IDXGUDLW SRXU FHOD GpILQLU GHV LQWHUIDFHV GH FRQQH[LRQ HQWUH GHV IRUPDOLVPHV GLIIpUHQWV1 &HWWH RSpUDWLRQ

GHPDQGH OD GpILQLWLRQ GH PpWKRGHV HW G·RSpUDWLRQV GH FRQYHUVLRQ GH OD UHSUpVHQWDWLRQ GH

O·LQIRUPDWLRQ G·XQ IRUPDOLVPH j O·DXWUH/ DYHF WRXV OHV SUREOqPHV TXH FHOD VRXV0HQWHQG +L1H1 QLYHDX[

G·DEVWUDFWLRQ GLIIpUHQWV,1

&HWWH RSWLTXH G·pYROXWLRQ HVW WRXW j IDLW HQYLVDJHDEOH j SDUWLU GH OD QRWLRQ DFWXHOOH GH KLpUDUFKLH GH

FRPSRVDQWV/ PDLV HOOH VXSSULPHUDLW QRWUH HIIRUW GH FRQVHUYDWLRQ G·KRPRJpQpLWp GH OD

UHSUpVHQWDWLRQ1 (OOH GHPDQGH GRQF XQH UpYLVLRQ FRPSOqWH GHV FRQFHSWV TXH QRXV DYRQV GpILQLV/

SRXU HQ pODERUHU XQH YHUVLRQ JpQpUDOLVpH/ PrPH VL OD VWUXFWXUH GH EDVH +L1H1 OHV JUDSKHV FDXVDX[,

VHPEOH WUqV DSSURSULpH j FHWWH pYROXWLRQ1 3RXU DYDQFHU GDQV FH VHQV/ LO VHPEOH GRQF WUqV LQWpUHVVDQW

GH V·LQWpUHVVHU GDYDQWDJH HQFRUH j OD QRWLRQ GH FDXVDOLWp SRXU UHYHQLU j XQH IRUPDOLVDWLRQ JpQpUDOLVpH

GH FHOOH0FL +3HDUO 4<<<,1
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$YDQW PrPH GH V·LQWpUHVVHU j XQH PRGpOLVDWLRQ K\EULGH/ OD UHSUpVHQWDWLRQ GH FDXVDOLWpV SOXV

pYROXpHV HVW PRWLYpH SDU OD UHSUpVHQWDWLRQ GHV SURFHVVXV FRPSOH[HV1 2Q SHXW/ SDU H[HPSOH/ SHQVHU

j XQH JpQpUDOLVDWLRQ GX FRQFHSW G·LQIOXHQFH ELQDLUH j FHOXL G·LQIOXHQFH QDLUHV TXL SHUPHWWUDLW SHXW rWUH

G·H[SULPHU XQ FRQWU{OH G\QDPLTXH VXU OD SURSDJDWLRQ GH O·LQIRUPDWLRQ1

81 &21&/86,21

1RXV DYRQV PRQWUp TX·LO pWDLW SRVVLEOH/ VXU OD EDVH G·XQH UHSUpVHQWDWLRQ TXDOLWDWLYH GH O·LQIRUPDWLRQ

HW G·XQH DUFKLWHFWXUH FDXVDOH/ GH SURSRVHU XQ IRUPDOLVPH DSWH j OD UHSUpVHQWDWLRQ H[SOLFLWH

G·K\SRWKqVH VXU OHV SURFHVVXV FRJQLWLIV FRQWUDLQWV SDU OHXU VXEVWUDW FpUpEUDO1 (Q QRXV OLPLWDQW j OD

UHSUpVHQWDWLRQ GH SURFHVVXV DXWRPDWLTXHV/ QRXV DYRQV SX FRQVWUXLUH XQ VLPXODWHXU SHUPHWWDQW GH

WHVWHU FHV K\SRWKqVHV HQ OHV FRQIURQWDQW DX[ REVHUYDWLRQV REWHQXHV SDU GHV WHFKQLTXHV G·LPDJHULH

IRQFWLRQQHOOH1

/D GHUQLqUH SHUVSHFWLYH G·pYROXWLRQ GH QRV WUDYDX[ TXH QRXV DYRQV FLWpH SHUPHW G·DSHUFHYRLU

%,2&$(1 FRPPH OH SUHPLHU O·pOpPHQW G·XQ PpWD0VLPXODWHXU GH OD SURSDJDWLRQ GH O·LQIRUPDWLRQ

FpUpEUDOH DX WUDYHUV GHV UpVHDX[ GH ]RQHV IRQFWLRQQHOOHV1 8Q V\VWqPH SOXV YDVWH/ TXL SUHQGUD HQ

FRPSWH OHV SURFHVVXV TXH %,2&$(1 QH UHSUpVHQWH SDV/ XWLOLVHUD GHV IRQGHPHQWV SOXV VSpFLILTXHV

TXH OHV K\SRWKqVHV TXL RQW pWp XWLOLVpHV SRXU EkWLU FH SUHPLHU VLPXODWHXU1

&HWWH SHUFHSWLRQ QH GRLW FHSHQGDQW SDV RFFXOWHU O·HVSULW G·RXYHUWXUH TXL FDUDFWpULVH OH IRUPDOLVPH

TXH QRXV DYRQV GpILQL1 1RXV DYRQV WRXMRXUV/ GDQV QRWUH GpPDUFKH/ JDUGp XQ UHJDUG FULWLTXH TXL

QRXV D SHUPLV GH VSpFLILHU FKDTXH pOpPHQW TXL FRPSRVH QRWUH V\VWqPH GH PDQLqUH j FH TX·LO VRLW/ j

OD IRLV/ FRKpUHQW DYHF QRV REMHFWLIV HW OH PRLQV OLPLWDQW SRVVLEOH SRXU XQH pYROXWLRQ GX V\VWqPH1

&·HVW DLQVL TXH O·RQ SHXW SHQVHU j XWLOLVHU XQ W\SH VHPEODEOH G·DUFKLWHFWXUH SRXU XQH UHSUpVHQWDWLRQ

SOXV GpYHORSSpH1

7RXW FRPPH OHV FRQFHSWV TXH QRXV DYRQV GpILQLV SHXYHQW rWUH UpXWLOLVpV HW DGDSWpV j OD GpILQLWLRQ

G·XQ RXWLO SOXV VRSKLVWLTXp HW GHVWLQp j OD PrPH DSSOLFDWLRQ/ RQ SHXW DXVVL V·LQWpUHVVHU j O·DSSOLFDWLRQ

GH QRWUH IRUPDOLVPH j G·DXWUHV GRPDLQHV1 0rPH VL OHV DSSOLFDWLRQV GLUHFWHV GH QRWUH DSSURFKH

VHPEOHQW OLPLWpHV/ OD UpXWLOLVDWLRQ GH OD QRWLRQ GH FRPSRVDQW/ SDU H[HPSOH/ HVW XQ DWRXW LPSRUWDQW
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0 Ã 43;
≈ Ã 438/ 439/ 43:/ 43;/ 446/ 447
1 Ã 447
2 Ã 43;
_ Ã 447
. Ã 43;
 Ã 438/ 445
 6 Ã 443
 14 Ã 444
! Ã 43:/ 445
!6 Ã 443

 Ã 439

A 
$&7 Ã 66> $&7- Ã 67
$GDSWLYH &RQWURO RI 7KRXJKW Ã 9RLU
$&7

$GDSWLYH 5HVRQDQFH 7KHRU\ Ã 9RLU $57
DGGLWLRQ= G*LQWHUYDOOHV Ã 43;
DGGLWLRQ TXDOLWDWLYH Ã 9</ :4/ :7
DLUH IRQFWLRQQHOOH Ã 59
DLUHV= DXGLWLYHV SULPDLUHV Ã 49> GH %URFD Ã
49/ 4:> GH :HUQLFNH Ã 49/ 4:> PRWULFHV
SULPDLUHV Ã 48> YLVXHOOHV SULPDLUHV Ã 49

DLUHV FpUpEUDOHV Ã 45
DLUHV GH %URGPDQQ Ã 4:
DOJqEUH GHV LQWHUYDOOHV Ã :6> pWHQGXV Ã 437
DOJqEUH GHV VLJQHV Ã 9<
DOJRULWKPH= GH FRPELQDLVRQ GHV YDOHXUV
PDUJLQDOHV Ã 466> GH FRPSLODWLRQ Ã 46:/
46;> GH VLPXODWLRQ Ã 474

DOJRULWKPH ZDNH0VOHHS Ã 77
DPSOLILFDWLRQ Ã 453
DPSOLWXGH Ã ;</ 436
DSSURFKH FDXVDOH Ã ::
DSSURFKH FRQQH[LRQQLVWH Ã 69
DSSURFKH V\PEROLTXH Ã 64
DUEUH GH FRPSRUWHPHQWV Ã 497
DUEUH GHQGULWLTXH Ã 4;
$57 Ã 84 9RLU 5pVHDX $57
DWODV GH 7DODLUDFK Ã 57
$WODV GH 7DODLUDFK Ã 4:
DWRPH Ã <6/ 436
DWWpQXDWLRQ Ã 444
DWWpQXDWLRQ GH W\SHV Ã <4
D[RQH Ã 4;

B 
%,2&$(1 Ã 45:
ERXWRQ V\QDSWLTXH Ã 4;
EUDQFKHPHQW Ã :9/ 497

C 
&Da(Q Ã :9/ 45:
FDOFXO GHV SUREDELOLWpV Ã 8;
FDOFXODELOLWp G*XQ JUDSKH JOREDO Ã 458
FHOOXOH QHUYHXVH Ã 9RLU QHXURQH
FHUYHDX Ã 47
FHUYHOHW Ã 47
FKDvQH GH 0DUNRY Ã 93
FRHIILFLHQW GH PRPHQWXP Ã 74
FRPELQDLVRQ GH W\SHV Ã <3

FRPELQDLVRQ G*LQIOXHQFHV Ã 456
FRPSLODWLRQ GHV PRGqOHV Ã 45;
FRPSOpPHQWDLUH= G*XQ W\SH Ã 446
FRPSRVDQW Ã <6/ <:
FRQFHSW GH SRVVLELOLWp Ã 95/ 99
FRQGLWLRQ G·DFWLYDWLRQ Ã 44:/ 44<
FRQQDLVVDQFH LQFRPSOqWH Ã 8:
FRQQH[LRQ Ã <5> LQIOXHQFH Ã <7
FRQQH[LRQ GH SUR[LPLWp Ã ;6
FRQQH[LRQ GLVWDOH Ã ;6
FRQVLVWDQFH= ORL GH FRPELQDLVRQ Ã 457
FRUSV FDOOHX[ Ã 48
FRUWH[ Ã 47> PRWHXU Ã 48
FRUWH[ FpUpEUDO Ã 47/ 4:
F\EHUQpWLTXH Ã 5;
F\WRDUFKLWHFWXUH Ã 4:

D 
GpODL Ã 44;/ 454
GHQGULWH Ã 4;
GpSHQGDQFH GLUHFWH Ã 44<
GLVWULEXWLRQ GH SRVVLELOLWp Ã 99
GLVWULEXWLRQ GH SUREDELOLWpV Ã 8<
GLYLVLRQ= G*LQWHUYDOOHV Ã 43;
GRPDLQH G*LQWHUYDOOH Ã :7

E 
((* Ã 9RLU pOHFWURHQFpSKDORJUDSKLH
pJDOLWp GDQV /6= G*LQWHUYDOOHV Ã 443/ 444
pJDOLWp ODUJH= GH W\SHV Ã 446
pJDOLWp TXDOLWDWLYH= $OJqEUH GHV VLJQHV Ã
9<> ,QWHUYDOOHV Ã :7> 2UGUHV GH
JUDQGHXU Ã :4> VXU OHV LQWHUYDOOHV
pWHQGXV Ã 438

pJDOLWp VWULFWH= GH W\SHV Ã 445>
G*LQWHUYDOOHV Ã 438

pOHFWURHQFpSKDORJUDSKLH Ã 53
pPHUJHQFH Ã 69
HQFpSKDOH Ã 46
pQHUJLH Ã ;< 9RLU DPSOLWXGH
HQVHPEOH GHV UpHOV pWHQGXV Ã 437
HQVHPEOH IORX Ã 97
pTXDWLRQ GLIIpUHQWLHOOH OLQpDLUH GX
SUHPLHU RUGUH Ã 455

HVSDFH GHV pSUHXYHV Ã 8;
HVSDFH GHV TXDOLWpV Ã 9;
pWXGH FOLQLTXH Ã 45
pWXGH G·DFWLYDWLRQ Ã </ 44
pYpQHPHQW SUREDELOLVWH Ã 8;
pYpQHPHQW TXDOLWDWLI Ã :7

F 
ILOWUDJH Ã 453
ILOWUH0α= G*XQ W\SH Ã 447
IRQFWLRQ FRJQLWLYH Ã 45
IRQFWLRQ GH FRPELQDLVRQ Ã :<
IRQFWLRQ GH PLVH j MRXU Ã 44:
IRQFWLRQ QR\DX Ã 86
IRQFWLRQ TXDOLWDWLYH DVVRFLpH Ã :4
IRQFWLRQ VWRFKDVWLTXH Ã 6<

G 
JDLQ G\QDPLTXH Ã 44;/ 453
*36 Ã 9RLU V\VWqPH H[SHUW
JUDSKH FDXVDO Ã ::/ <5
JUDSKH G*LQIOXHQFH Ã 9RLU JUDSKH FDXVDO
JUDSKH JOREDO Ã 434
J\UL RFFLSLWDX[ Ã 49
J\UXV Ã 47
J\UXV SUpFHQWUDO Ã 9RLU $LUHV PRWULFHV
SULPDLUHV

J\UXV WHPSRUDO Ã 49> VXSpULHXU Ã 9RLU
DLUHV DXGLWLYHV SULPDLUHV

H  
+$0 Ã 66
+HEE Ã 74
KpPLVSKqUHV Ã 47
KRUORJH GX V\VWqPH Ã 448/ 449
+XPDQ $VVRFLDWLYH 0HPRU\ Ã 9RLU
+$0

K\SHUUpHOV Ã 499
K\SRWKqVH= IRQFWLRQQHOOH Ã 5:>
VWUXFWXUHOOH Ã 5:

K\SRWKqVH H[SOLFLWH Ã ;4
K\SRWKqVH H[SORUDWRLUH Ã ;4
K\SRWKqVH IDLEOH Ã 9RLU K\SRWKqVH
H[SORUDWRLUH

K\SRWKqVH IRQFWLRQQHOOH Ã ;7/ 475
K\SRWKqVH IRUWH Ã 9RLU K\SRWKqVH
IRQGDPHQWDOH

K\SRWKqVH VWUXFWXUHOOH Ã ;7
K\SRWKqVHV Ã 5:
K\SRWKqVHV H[SORUDWRLUHV Ã 475
K\SRWKqVHV IRQGDPHQWDOHV Ã ;4> , Ã ;5> ,,
Ã ;6> ,,, Ã ;6> ,9 Ã ;6> 9 Ã ;:> 9, Ã ;<

I 
LPDJHULH GH VXUIDFH Ã 53
LPDJHULH IRQFWLRQQHOOH Ã 53
LPDJHULH SDU UpVRQDQFH PDJQpWLTXH
IRQFWLRQQHOOH Ã 56

LPSOLFDWLRQ PDWpULHOOH Ã 95
LQFOXVLRQ= G*LQWHUYDOOHV Ã 439
LQIOXHQFH Ã :;/ <7
LQIOXHQFH PDUJLQDOH Ã :;
LQIOX[ QHUYHX[ Ã 9RLU SRWHQWLHO G*DFWLRQ
LQIRUPDWLRQ FpUpEUDOH Ã 53
LQVWDQFLDWLRQ Ã ;:
LQWHUIDFH GH FRQQH[LRQ Ã <9> VFKpPD GH
FRQQH[LRQ Ã <8

LQWHUIDFH GH FRQQH[LRQ= SRLQW GH
FRQQH[LRQ Ã <8

LQWHUVHFWLRQ= GH W\SHV Ã 446> G*LQWHUYDOOHV
Ã 43;

LQWHUYDOOH GXDO Ã 49:
LQWHUYDOOH PRGDO Ã 49:
LQWHUYDOOHV= GpILQLWLRQ Ã :7> pWHQGXV Ã 437
LQYHUVH= G*XQ LQWHUYDOOH Ã 43;
,50I Ã 57 9RLU LPDJHULH SDU UpVRQDQFH
PDJQpWLTXH IRQFWLRQQHOOH
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L 
ODQJDJH GH GHVFULSWLRQ Ã 45;/ 45<
OREH Ã 48> IURQWDO Ã 48> OLPELTXH Ã 48>
RFFLSLWDO Ã 48> SDULpWDO Ã 48

/REH Ã 48
ORJLTXH IORXH Ã 93
ORJLTXH /6 Ã 95
ORJLTXH /14 Ã 96/ 44<
ORJLTXH PXOWLYDOXpH Ã 94
ORJLTXH SRVVLELOLVWH Ã 99
ORJLTXHV GH /XNDVLHZLF] Ã 95
ORL GH FRPELQDLVRQ Ã 457
ORQJXHXU G*XQ LQWHUYDOOH Ã 438

M  
PDFUR0RUJDQLVDWLRQ Ã 58
PDJQpWRHQFpSKDORJUDSKLH Ã 53
PDSV Ã 85
0(* Ã 9RLU PDJQpWRHQFpSKDORJUDSKLH
PHVXUH GH QpFHVVLWp Ã 99
PHVXUH GH SRVVLELOLWp Ã 99
PRGqOH FDXVDO Ã ::
PRGqOH GH FRPSRVDQW Ã <:> JpQpULTXH Ã
433

PRGqOH IRQFWLRQQHO Ã ;8> JpQpULTXH Ã ;:
PRGqOH JpQpULTXH Ã ;:> IRQFWLRQQHO Ã ;:>
VWUXFWXUHO Ã ;:

PRGqOH 3'3 Ã 6:
PRGqOH SUREDELOLVWH Ã 8<
PRGqOH VWUXFWXUHO Ã ;7> JpQpULTXH Ã ;:
PRGpOLVDWLRQ FRPSXWDWLRQQHOOH Ã 5;
PRGpOLVDWLRQ IRQFWLRQQHOOH Ã 5</ 64
PRGpOLVDWLRQ VWUXFWXUHOOH Ã 63/ 7:
PRGXV SRQHQV JpQpUDOLVp Ã 99
023V Ã 9RLU V\VWqPH H[SHUW
PRWHXU G·LQIpUHQFHV Ã 65
PXOWLSOLFDWLRQ= G*LQWHUYDOOHV Ã 43;
PXOWLSOLFDWLRQ SDU XQ VFDODLUH= G*XQ W\SH Ã 447
PXOWLSOLFDWLRQ TXDOLWDWLYH Ã 9</ :4/ :7
PXOWL0V\PpWULH Ã 457
P\pOLQH Ã 53

N 
QHXURQH Ã 4:> IRUPHO Ã 6;
QHXURVFLHQFHV FRPSXWDWLRQQHOOHV Ã 5;
1(;86 Ã 9RLU V\VWqPH 1(;86
QLYHDX FHOOXODLUH Ã 7;
QLYHDX GX WLVVX Ã 9RLU QLYHDX UpJLRQDO
QLYHDX IRQFWLRQQHO Ã ;7
QLYHDX JOREDO Ã 83/ :9
QLYHDX ORFDO Ã :9
QLYHDX PRGXODLUH Ã 7<
QLYHDX UpJLRQDO Ã 83
QLYHDX VWUXFWXUHO Ã ;7
QLYHDX[ G·RUJDQLVDWLRQ GX FRUWH[ Ã 7;
Q±XG G*XQ JUDSKH Ã 9RLU DWRPH 9RLU
FRPSRVDQW

QRWLRQ GH TXDOLWp Ã 9;
QR\DX= G*HQVHPEOH IORXH Ã 98

O 
2+0, Ã :5 9RLU RUGUHV GH JUDQGHXU
UHODWLIV

RUGUHV GH JUDQGHXU Ã :3> DEVROXV Ã :3>
UHODWLIV Ã :5

P 
SDUDGR[H GH 5XVVHOO Ã 94/ 99
SDUDOOHO GLVWULEXWHG SURFHVVLQJ Ã 69
SDUDPqWUH JpQpULTXH Ã 433
SDUHQWV PDUNRYLHQV Ã 93
SDV G·pFKDQWLOORQQDJH Ã 448
3'3 Ã 69 9RLU DSSURFKH FRQQH[LRQQLVWH
SKDVH G·LQLWLDOLVDWLRQ Ã 454
SK\VLTXH QDwYH Ã 9;
SODVWLFLWp GX FHUYHDX Ã 4;
SRLGV PD[LPDO= G*XQ W\SH Ã 447
SRLQW G·HQWUpH Ã 9RLU SRLQW GH FRQQH[LRQ
SRLQW GH FRQQH[LRQ Ã <8
SRLQWV GH VRUWLH Ã 9RLU SRLQW GH VRUWLH
SRSXODWLRQV GH QHXURQHV Ã 86
SRWHQWLHO G·DFWLRQ Ã 4<
SRWHQWLHO pYRTXp Ã 9RLU UpSRQVH pYRTXpH
SULPLWLYH IRQFWLRQQHOOH Ã ;8
SULQFLSH GH QRQ0FRQWUDGLFWLRQ Ã 94
SULQFLSH GH WLHUV H[FOX Ã 8</ 94
SUREDELOLWp Ã 8;
SURFHVVHXU pOpPHQWDLUH Ã ;8
SURFHVVHXU IRQFWLRQQHO Ã <5
SURGXLW= GH W\SHV Ã 446
3836 Ã 66

Q 
46,0 Ã :9/ 497

R 
UDLVRQQHPHQW TXDOLWDWLI Ã 9;
U&%) Ã 47<
UHFDODJH Ã 454
UqJOHV IORXHV Ã 99
UHODWLRQ © HQJOREH ª Ã <:
UpSRQVH pYRTXpH Ã 54
UpVHDX $57 Ã 76
UpVHDX ED\HVLHQ Ã 93
UpVHDX GH FRORQQHV IRUPHOOHV Ã 83
UpVHDX GH .RKRQHQ Ã 75
UpVHDX GH QHXURQHV IRUPHO Ã 69 9RLU
51)

UpWLQRWRSLH Ã 49
UpWUR0SURSDJDWLRQ GHV HUUHXUV Ã 74
51) Ã 6:/ 7</ 83 9RLU UpVHDX GH
QHXURQHV IRUPHOV> DOJRULWKPH ZDNH0
VOHHS Ã 77> DSSUHQWLVVDJH Ã 74>
DSSUHQWLVVDJH QRQ VXSHUYLVp Ã 75>
DSSUHQWLVVDJH DXWR0RUJDQLVDWHXU Ã 75>
DSSUHQWLVVDJH VXSHUYLVp Ã 74> IRQFWLRQ
GH VRUWLH Ã 6<> SODVWLFLWp Ã 75/ 77> UqJOH
G·DFWLYDWLRQ Ã 6<> UpVHDX j GHX[
FRXFKHV Ã 6;> UpVHDX j PXOWLFRXFKHV Ã
6;> UpVHDX $57 Ã 76> UpVHDX FRPSOHW Ã
6;> UpVHDX GH .RKRQHQ Ã 75> UpVHDX GH
QHXURQHV IORXV Ã 99> UpWUR0SURSDJDWLRQ
Ã 74> VWDELOLWp Ã 75/ 77

51)= UpVHDX GH +RSILHOG Ã 78

S 
VFKpPD GH FRQQH[LRQ Ã <8
VFLVVXUH= FHQWUDOH Ã 48> GH 5RODQGR Ã 48>
GH 6\OYLXV Ã 48> KpPLVSKpULTXH Ã 48>
ODWpUDOH Ã 48

6FLVVXUH Ã 47

VHPL0TXDOLWDWLI Ã :8
VHXLO G·DFWLYDWLRQ Ã 4<
VLPXODWLRQ TXDOLWDWLYH Ã :8
61& Ã 46
62$5 Ã 69
VRPD Ã 4;
VRPDWRWRSLH Ã 48
VRPPH= GH W\SHV Ã 446
VRXVWUDFWLRQ= G*LQWHUYDOOHV Ã 43;
VXEVWDQFH= EODQFKH Ã 4<> JULVH Ã 4<
VXSpULRULWp= GH W\SHV Ã 445
VXSpULRULWp GDQV /6= G*LQWHUYDOOHV Ã 443
VXSpULRULWp GDQV /14= G*LQWHUYDOOHV Ã 444
VXSpULRULWp VWULFWH= G*LQWHUYDOOHV Ã 439
VXSpULRULWp WRWDOH= G*LQWHUYDOOHV Ã 43:
VXSSRUW= G*HQVHPEOH IORXH Ã 98
V\QDSVH Ã 4;
V\VWqPH H[SHUW Ã 65> JHQHUDO SUREOHP
VROYHU Ã 65>0HPRU\ 2UJDQL]HU
3DFNHWV Ã 66

V\VWqPH QHUYHX[ FHQWUDO Ã 46
V\VWqPH 1(;86 Ã 85

T 
WHFKQLTXH GH VXUIDFH Ã 9RLU LPDJHULH GH
VXUIDFH

WHFKQLTXHV GH WRPRJUDSKLH Ã 9RLU
WRPRJUDSKLH

WHPSV GH UpSRQVH Ã 44;/ 455
7(3 Ã 9RLU WRPRJUDSKLH SDU pPLVVLRQ GH
SRVLWURQ

WKpRULH GH OD ORFDOLVDWLRQ Ã 44
WKpRULH GHV HQVHPEOHV IORXV Ã 9RLU
ORJLTXH IORXH

WRPRJUDSKLH Ã 55
WRPRJUDSKLH SDU pPLVVLRQ GH SRVLWURQ Ã
55

WRQRWRSLH Ã 49
WRSV G·KRUORJH Ã 449
WUDQVSDUHQFH VpPDQWLTXH Ã 65
WURQF FpUpEUDO Ã 47
W\SH Ã 444> FRPSRVp Ã 445> SXU Ã 445>
WRWDO Ã 445> YLGH Ã 445

U 
XQLRQ= GH W\SHV Ã 446> G*LQWHUYDOOHV Ã 43:
XQLWpV FRJQLWLYHV Ã 67

V 
YDOHXU G·DFWLYDWLRQ Ã 6;/ 6<
YDOHXU GH VRUWLH Ã 6;/ 6<
YDOHXU PDUJLQDOH Ã 457
YDOLGLWp G*XQ JUDSKH Ã <<
YDULDEOH= HQGRJqQH Ã :;> H[RJqQH Ã :;
YDULDWLRQ PDUJLQDOH Ã :;
YROXPH GH O·DFWLYLWp Ã ;;

W  
:DYH WKHRU\ Ã 87

Z 
]RQH IRQFWLRQQHOOH Ã ;6
]RQH IRQFWLRQQHOOH FpUpEUDOH Ã ;6
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$11(;(6

$11(;( $ =
(;(03/(6 &200(17(6 '( '(6&5,37,216 %,2&$(11

1RXV DOORQV FRPPHQWHU LFL OHV OLVWLQJV GHV ILFKLHUV GH GHVFULSWLRQ FRPSLOpV SDU %,2&$(1: HW

FRUUHVSRQGDQW DX[ PRGqOHV SUpVHQWpV DX FKDSLWUH 8 +SDJHV 475 HW 47;,1 &HWWH SUpVHQWDWLRQ Q·HVW

TX·XQ FRPSOpPHQW G·LQIRUPDWLRQ HW QpFHVVLWH GRQF XQ OHFWXUH SUpDODEOH GX FKDSLWUH 8/ HOOH QH

IRXUQLW SDV QRQ SOXV XQH GHVFULSWLRQ FRPSOqWH GHV SRVVLELOLWpV GX ODQJDJH GH GHVFULSWLRQ XWLOLVp SDU

%,2&$(11 'DQV OHV OLVWLQJV TXL VXLYHQW OHV PRWV FOpV GX ODQJDJH VRQW pFULWV HQ JUDV/ OHV

FRPPHQWDLUHV VRQW HQ LWDOLTXH +HW SUpFpGpV G·XQ SRLQW YLUJXOH,1

3RXU IDFLOLWHU OD FRPSUpKHQVLRQ GH FHV OLVWLQJV YRLFL TXHOTXHV0XQHV GHV IRQFWLRQV XWLOLVpHV =

+7\SH $71, SHUPHW G·DFFpGHU DX W\SH GH OD YDOHXU GH O·DWRPH $711 3RXU DFFpGHU j O·DPSOLWXGH/ LO

H[LVWH DXVVL XQH IRQFWLRQ +0DJQ $71,PDLV/ SDU GpIDXW/ $71 VXIILW \ SRXU O·REWHQLU1

+%HIRUH 8 $71, SHUPHW G·REWHQLU OD YDOHXU GH O·DWRPH $71 LO \ D 8 PLOOLVHFRQGHV GDQV OH SDVVp/ VRLW

VL W UHSUpVHQWH O·LQVWDQW FRXUDQW/ $71+W08,1

41 '(6&5,37,21 '802'(/( *(1(5,48( '( =21(6 $662&,$7,9(6

1RXV FRPPHQWRQV LFL OH OLVWLQJ GX PRGqOH JpQpULTXH SUpVHQWp GDQV OD SDUWLH 514 GX FKDSLWUH 8 +SDJH

475 HW VXLYDQWHV,1 &HWWH GHVFULSWLRQ GpILQLW FLQT SDUDPqWUHV JpQpULTXHV GRQW OD WDEOH GH SUpIpUHQFH

GHV W\SHV1 ,O GpILQLW DXVVL GHX[ VFKpPDV GH FRQQH[LRQ HQ HQWUpV +L1H1 ,Q0,QIOXHQFHV, HW XQ XQLTXH

SRLQW GH VRUWLH +L1H1 2XW01RGH,1 /H JUDSKH GpFULW LFL HVW FRPSRVp GH TXDWUH DWRPHV HW G·XQ

FRPSRVDQW1 /D GHVFULSWLRQ GX PRGqOH DVVRFLp j FH GHUQLHU HVW VWRFNp GDQV XQ ILFKLHU DSSHOp

© ,QWHJUDWH1ELR ª/ GRQW OH OLVWLQJ HVW GRQQp SOXV EDV1

D,0RGqOH GH OD ]RQH =

; M odèle de zone générique. (fi chier GenZon00.bio) ( révi si on 01/00) 
( interface ; secti on de descri ption de l’int erface du modèle  
( Parameters ; définition des paramèt res génériques 
                                                           
7 Ces li sti ngs utili sent  l e l angage de descri pti on défi nit par l a ver si on 1.1 de BIOCAEN qui pr ésente quelques 
m odifi cati ons du l angage de descri pti on m ai s qui  r est e entièrem ent com pati ble avec les descri pti ons de l a 
littérat ure ( Pastor et al. 2000, Lafon et al. 1999, Lafon 1998 et dans une certai ne m esure Lafon et al. 1997). Une 
présentati on exhaustive du l angage de description peut être obtenue dans l e m anuel de BIOCAEN (Lafon 1999). 
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  Typ-Pref ; Table de préf érence des t ypes 
  Spatial-Int ; Loi de combinaison réali sant l’int égrati on spatiale  
  ST ; Seuil de saturation (Saturation Threshol d) 
  BT ; Seuil d’ émissi on (Broadcast Threshol d) 
  CT ; Seuil de vali dit é du t ype pour émissi on (Consi stance Threshol d) 

  NAN ; Valeur rési duell e de l’amplitude de l’acti vati on ( Natural Value of AN). 
  MR ; Temps réponse de la mémoire de la zone.  
 ) ; Fin de la définition des paramèt res génériques  

 ( In-Influences ; définition de schémas de connexi ons en ent rée  
  ((propagate X Y delay) 
   (Integrate X INN Ready_state Typ-Pref delay) 
   ) ; définit la connexi on Propagat e qui schématise une connexi on di ri gée vers l e 

composant I NN (qui définit l e schéma I ntegrate).  
  ((inhibit X Y delay tr) 
   ( Influence  X IHN true  1 delay tr) 
   )  ; définit la connexi on inhibit qui schématise une influence di ri gée vers l’ atome I HN.  
  ) ; fi n de la définition des schémas de connexi on en entrée. 

 ( Out-Node  BN) ; définition d’un unique point de sorti e, l’ atome BN. 
) ; fi n de l’int erface du modèl e. 

( display  "    Generic Zone Model.") ; Affi che des messages lors de la compil ation.  
( display  "     Version : Jan 2000.") 
( display  "    Copyright INSERM Unit 455.") 

( Atoms ; Secti on de descri ption des Atomes du graphe 

  IHN ; Nœud d’inhibition de la zone.  
  (AN display ) ; Nœud d’acti vati on de la zone, l e mot-clé displ ay, sti pule que la valeur du nœud 

peut être affi chée dans l e fichier de résult ats de la si mulation.  
  BN ; Nœud de propagation de la zone, point de sorti e du modèl e ( Broadcast Node)  
  MN ; Nœud mémoire de la zone.  
 ) ; fi n de la secti on de descri ption des Atomes du graphe  

( Components  ; Secti on de descri ption des composant s du graphe  
 (INN "Integrate.bio" Typ-Pref Spatial-Int) ; Composant d’int égrati on de la zone. 
 son modèle est décrit dans le fichier « int egrate. bio », les paramèt res génériques  qui y sont 

défini s sont instanci és par de nouveaux paramèt res génériques (transf ert de généri cité). 
 ) ; fi n de la secti on de descri ption des composant s du graphe  

( Conditions  ; Secti on de définition de conditions d’acti vati ons.  
  (Inhibited (INH <> 0)) ; est vrai si l a zone est i nhibée. 
  (Firing ((( before  1 AN) > BT) 
           and  ((( type  AN) c ( type  MN))  or  (( maxp AN)  > CT)))) ; l a zone est acti vée.  
  (Saturated (AN > ST)) ; la zone est saturée. 
  (Ready_state ( not  (Inhibited or  Firing or  Saturated))) 
 ) ; fi n de la secti on Conditions.  

 ( Connexions ; Secti on de descri ption des connexi ons du graphe  
 ( Influence  INN AN ( Not  Saturated) 1 1 0 0) ; Connexion de I NN sur AN 

 ( Influence  INH AN true  -1 1 0 0) ; I nfluence négati ve de I HN sur AN 
 ( Constant  AN true  NAN () 0) ; Acti vati on rési duell e de la zone.  
 ( Infuence AN BN (( Not  Inhibited) and  Firing) 1 1 1 0) ; I nfluence d’ émissi on 
 ( transfer  BN MN true  1 1 0 MR) ; M émorisati on de l’information émise.  
 )   ; fi n de la secti on de descri ption des connexi ons. 
; fin de la descri ption du modèl e. 

E,0RGqOH G·LQWpJUDWLRQ =
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; M odèle de zone générique. (fi chier I ntegrate. bio) ( révi si on 01/00) 
( interface ; secti on de descri ption de l’int erface du modèle  
( Parameters ; définition des paramèt res génériques 

  Typ-Pref ; Table de préf érence pour l e filt rage en ent rée  
  Spatial-Int ; Loi de combinaison du nœud SIN  
) ; Fin de la définition des paramèt res génériques  

 ( In-Influences ; définition de schémas de connexi on en ent rée  
  ((Integrate X INN Ready_state Typ-Pref delay) 
   ( Influence  X SIN Ready_state Gating 1 delay 0) 
   ) ; définit la connexi on Int egrate qui schématise une connexi on di ri gée vers l’ atome SI N. 
) ; fi n de la définition des schémas de connexi on en entrée. 

 ( Out-Node  TIN) ; définition du point de sorti e, l’ atome TIN. 
) ; fi n de l’int erface du modèl e. 

( display  "    Generic Integration Model.") ; Affi che des messages lors de la compil ation.  
( display  "     Version : Jan 2000.") 
( display  "    Copyright INSERM Unit 455.") 

( define dynamic-gain  Gating X ; définit l e gain dynamique de l’influence di ri gé sur SIN, 
  (( maxp ((Type X) &T TPT) * X) ; Filt re l es i nformations; « écrase » l’amplitude de X. 
 ) 

( Atoms ; Secti on de descri ption des Atomes du graphe 

 (SIN display  Spatial-Int)  ; Nœud d’int égrati on spatial e, sa l oi de combinaison est un paramèt re générique.  
 TIN ; Nœud d’int égrati on t emporelle.  
 ) ; fi n de la secti on de descri ption des Atomes du graphe  

( Connexions ; Secti on de descri ption des connexi ons du graphe  
 ( Influence  SIN TIN true  1 1 0 0) ; I nfluence de SI N sur TIN. 
 ( Influence  SIN TIN ( Not  (SIN =Ln  ( Before  1 TIN)) 1 1 1 0)  ;  Boucl e d’int égrati on 
)   ; fi n de la secti on de descri ption des connexi ons. 
; fin de la descri ption du modèl e. 
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1RXV SUpVHQWRQV LFL OHV OLVWLQJV GHV PRGqOHV SXEOLpV GDQV 3DVWRU HW DO1 53331

5141 /D FDSDFLWp G·DSSUHQWLVVDJH GH O·DLUH YLVXHOOH SULPDLUH

D,0RGqOH JpQpULTXH GH O·DLUH YLVXHOOH SULPDLUH =

; M odèle de zone générique. (fi chier Zone.bio) ( révi si on 01/00) 
( interface ; secti on de descri ption de l’int erface du modèle  
 ( Parameters ; définition des paramèt res génériques 

  TPT ; Table de préf érence de t ype 

  FT ; Seuil d’ émissi on 

  Again ; Gain statique de l’influence IN →AN ; 

  Aresp ; Temps de réponse du transf ert de l’information à AN 

  Igain ; Gain statique de l’influence d’auto-inhibition. 

  OGresp ; Temps de réponse de l’influence d’ émissi on (i. e. AN→OGN) 

  Mgain Mresp ; Gain et temps de réponse de la mémorisati on. 

  ) ; Fin de la définition des paramèt res génériques  
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 ( In-Influences ; définition de schémas de connexi on en ent rée  
  ((Input-Gating stim input-node delay) 
   ( Influence  stim IGN True  IGgain 1 delay 0)) 
  ) ; fi n de la définition des schémas de connexi on en entrée. 

 ( Out-Node  OGN) ; définition d’un unique point de sorti e, l’ atome OGN. 
) ; fi n de l’int erface du modèl e. 

( Atoms ; Secti on de descri ption des Atomes du graphe 

 (IGN display  ( space  (0 inf))) ; Atome de filtrage d’ entrée (I nput Gati ng Node)  
 (AN display )  ;Atome d’ Acti vati on 
 (MN display  ( space  (0 inf))) ; M émoire de t ravail ( M emory Node)  

 (OGN display  ( space  (0 inf))) ; Atome de sorti e ( Output Gati ng Node) 

 (IN display  ( space  (0 inf))) ; I nhibition 

) ; fi n de la secti on de descri ption des Atomes du graphe  

( Conditions  ; Secti on de définition de conditions d’acti vati ons.  
 (firing ((( before  1 AN) >= FT) ; Condition d’ émissi on 
          or ((( minp  ( before  1 MN)) > 0.01) 
              and (( minp  ( before  1 AN)) > 0.01) 
              and  (( before  1 AN) > 0)))) 
) ; fi n de la secti on Conditions.  

( define dynamic-gain  IGgain X ; définit l e gain dynamique de l’influence di ri gé sur I GN, 
       (( maxp (in-var *T  TPT)) *  X))) 

( Connexions ; Secti on de descri ption des connexi ons du graphe  
 ( Influence  IGN AN (( before  1 OGN) = 0) Again 1 0 Aresp) 
 ( Influence  IN AN True  –1 1 0 Aresp) 
 ( Influence  AN OGN firing 1 1 0 OGresp) 
 ( Influence  OGN MN True  Mgain Mgain 1 Mresp) 
 ( Influence  OGN IN True  Igain 1 1 0) 
 )   ; fi n de la secti on de descri ption des connexi ons. 
; fin de la descri ption du modèl e. 

E, 1LYHDX VWUXFWXUHO =

&·HVW FH ILFKLHU TXL HVW FRPSLOp SDU OH FRPSLODWHXU/ LO FRQWLHQW OD GHVFULSWLRQ GX QLYHDX VWUXFWXUHO GX

PRGqOH/ LO GpILQLW OD VHXOH HW XQLTXH ]RQH / 94/ FRPPH O·LQVWDQFH GX PRGqOH FRQWHQX GDQV OH ILFKLHU

OLVWp FL0GHVVXV1

( Config  ; Secti on de définition des paramèt res généraux du syst ème. 
 ( checkinterval  1 msc)) ; définition du pas d’échantillonnage (1 milli seconde). 

( Atoms ; Secti on de descri ption des Atomes 

 (Stm stimulus )) ; définit un atome exogène. 

( zones  ; Secti on de descri ption des composants  
 (V1 "zone.bio" ( type  flash) 1 1.5 (8 10) 0.8 (8 10) 5 (64 128)))  

( Connexions ; Secti on de descri ption des connexi ons 
 (Input-gating Stm V1 0)) 

; fi n de la descri ption du modèl e. 

51510RGqOH GH OD ERXFOH FRUWLFR0WKDODPLTXH

D,0RGqOH IRQFWLRQQHO GX FRUWH[ VWULp +DLUH YLVXHOOH SULPDLUH, =
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; M odèle de zone générique. (fi chier Cort ex.bio) ( révi si on 01/00) 
( interface ; secti on de descri ption de l’int erface du modèle  
 ( Parameters ; définition des paramèt res génériques 

  TPT ; Table de préf érence de t ype 

  BasicFT ; Valeur maximal e du Seuil d’ émissi on 

  Again ; Gain statique de l’influence IN →AN ; 

  Aresp ; Temps de réponse du transf ert de l’information à AN 

  Igain ; Gain statique de l’influence d’auto-inhibition. 

  OGresp ; Temps de réponse de l’influence d’ émissi on ( AN→OGN) 

  FTgain FTresp ; Gain et temps de réponse de la connexi on Thalamus →FT. 

  ) ; Fin de la définition des paramèt res génériques  

 ( In-Influences ; Défi nition de schémas de connexi ons en ent rée  
  ((input-gating stim input-node delay) ; Connexion de propagation 
    ( Influence  stim IGN True  IGgain delay 0)) 
  ((firing-threshold thal-input FT-node delay-thal)  ; Connexion de ret our du thalamus  
    ( Influence  thal-input FT True  FTgain delay-thal FTresp)) 
) ; fi n de la définition des schémas de connexi on en entrée. 

 ( Out-Node  OGN) ; définition d’un unique point de sorti e, l’ atome OGN. 
) ; fi n de l’int erface du modèl e. 

( Atoms ; Secti on de descri ption des Atomes du graphe 

 (IGN display  ( space  (0 inf))) ; Atome de filtrage d’ entrée (I nput Gati ng Node)  
 (AN display ) ; Atome d’ Acti vati on 
 (FT display ) ; Seuil d’ émissi on dynamique  
 (OGN display  ( space  (0 inf))) ; Atome de sorti e ( Output Gati ng Node) 

 (IN display  ( space  (0 inf))) ; I nhibition 

) ; fi n de la secti on de descri ption des Atomes du graphe  

( Conditions  ; Secti on de définition de conditions d’acti vati ons.  
 (firing ((( before  1 AN) >= FT) ; Condition d’ émissi on 
          and (( before  1 AN)) > 0) 
          and  (( before  1 AN) > ( before  1 FT))))) 
) ; fi n de la secti on Conditions.  

( define dynamic-gain  IGgain X ; définit l e gain dynamique de l’influence di ri gé sur I GN, 
       (( maxp (in-var *T  TPT)) *  X))) 

( Connexions ; Secti on de descri ption des connexi ons du graphe  
 ( Influence  IGN AN (( before  1 OGN) = 0) Again 1 0 Aresp) 
 ( Influence  IN AN True  –1 1 0 Aresp) 
 ( Constant  FT True  basicFT nil ) 
 ( Influence  AN OGN firing 1 1 0 OGresp) 
 ( Influence  OGN IN True  Igain 1 1 0) 
 )   ; fi n de la secti on de descri ption des connexi ons. 
; fin de la descri ption du modèl e. 

E,0RGqOH IRQFWLRQQHO JpQpULTXH GH OD VWUXFWXUH WKDODPLTXH =

; M odèle de zone générique. (fi chier Thalamus.bio) ( révi si on 01/00) 
( interface ; secti on de descri ption de l’int erface du modèle  
 ( Parameters ; définition des paramèt res génériques 

   Ogresp ; Temps de réponse de l’influence d’ émissi on ( AN→OGN) 

) ; Fin de la définition des paramèt res génériques  

 ( In-Influences ; Défi nition de schémas de connexi ons en ent rée  
  ((input-thal information input-node delay) 
   ( Influence  information IGN True  1 1 delay 0)) 
  ) 

 ( Out-Node  OGN) ; définition d’un unique point de sorti e, l’ atome OGN. 
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) ; fi n de l’int erface du modèl e. 

( Atoms ; Secti on de descri ption des Atomes 

 (IGN display ) ; Nœud d’entrée 

 (OGN display ) ; Nœud de sorti e 
) 

( Connexions ; Secti on de descri ption des connexi ons 
 ( Influence  IGN OGN True  1 1 0 OGresp)) 
; fi n de la descri ption du modèl e. 

F, 1LYHDX VWUXFWXUHO =

; M odèle de zone générique. (fi chier CtxThalLoop.bio) ( révi si on 01/00) 
( Config  ; Secti on de définition des paramèt res généraux du syst ème. 
 ( checkinterval  1 msc)) ; définition du pas d’échantillonnage (1 milli seconde).  

( Atoms  (Stm stimulus ))  ; Secti on de descri ption des Atomes 

( zones  ; Secti on de descri ption des composants  
 (Striate-Ctx "Cortex.bio" ( Type  ’flash) 1 1.5 8 0.8 10 (-90 -80) (192 256)) 
 (Thalamus "Thalamus.bio" 1)) 

( Connexions ; Secti on de descri ption des connexi ons 
 (Input-Gating Stm Striate-Ctx 1) 
 (Firing-Threshold Thalamus Striate-Ctx 0) 
 (Input-Thal Striate-Ctx Thalamus 1))  
; fi n de la descri ption du modèl e. 
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Groupe Automatique et Symbolique.  

0 $EVWUDFW 0
,Q WKH GRPDLQ RI QHXURVFLHQFH/ DFWLYDWLRQ VWXGLHV XVH QHXUR0LPDJLQJ WHFKQLTXHV WR SURYLGH PHDVXUHV RI
KXPDQ EUDLQ DFWLYLW\1 7KHVH VWXGLHV KLJKOLJKW ODUJH0VFDOH QHWZRUNV RI FHUHEUDO DUHDV LQYROYHG LQ WKH
SURFHVVLQJ RI VSHFLILFV FRJQLWLYH IXQFWLRQV1 7KH FHUHEUDO LQIRUPDWLRQ SURFHVVLQJ FRPSOH[LW\ DQG WKH
LQFRPSOHWHQHVV QHXUR0LPDJLQJ GDWD EOXU WKH XQGHUVWDQGLQJ RI WKH OLQNV EHWZHHQ WKH QHWZRUN DQG WKH
FRJQLWLYH IXQFWLRQ1 7KLV DULVH WKH QHFHVVLW\ RI D IRUPDO PRGHOOLQJ WRRO DQG FRPSXWHU VLPXODWLRQ1
0RUHRYHU/ XQGHUVWDQGLQJ RI IXQFWLRQDO PHFKDQLVPV PXVW EH DFKLHYHG WKURXJK DQ H[SOLFLW UHSUHVHQWDWLRQ1
:H SURSRVH DQ RULJLQDO IRUPDOLVP EDVHG RQ FDXVDO JUDSKV DVVRFLDWHG WR D TXDOLWDWLYH UHSUHVHQWDWLRQ RI WKH
LQIRUPDWLRQ1 7KH JUDSKV IXOILO WKH QHHG IRU D WZRIROG UHSUHVHQWDWLRQ RI WKH EUDLQ= VWUXFWXUDO DQG IXQFWLRQDO1
:H SURSRVH D KLHUDUFKLFDO RUJDQLVDWLRQ/ EDVHG RQ FRPSRQHQWV/ WKDW UHGXFHV WKH FRPSXWLQJ FRPSOH[LW\
DQG H[WHQGV WKH UHXVDELOLW\ RI WKH PRGHOV1 7KLV RUJDQLVDWLRQ LV GHVFULEHG E\ DQ KRPRJHQHRXV IRUPDOLVP/ DW
ERWK VWUXFWXUDO DQG IXQFWLRQDO OHYHOV1 :H SURSRVH D TXDOLWDWLYH DEVWUDFWLRQ RI WKH FHUHEUDO LQIRUPDWLRQ/ E\
D FRXSOH= +LQWHUYDO0V\PERO,1 :LWK WKLV GXDO UHSUHVHQWDWLRQ/ ZH FDQ GHDO ZLWK WKH LQIRUPDWLRQ PDJQLWXGH/
ZKLFK UHSUHVHQW WKH OHYHO RI FHUHEUDO DFWLYLW\ DQG FDQ EH PHDVXUHG E\ LPDJLQJ WRROV/ DQG WKH FDWHJRU\ RI
WKH LQIRUPDWLRQ1 ,Q WKH %,2&$(1 VLPXODWRU/ WKH PDLQ VLPXODWLRQ PHFKDQLVP FRQVLVWV LQ WKH SURSDJDWLRQ
RI LQIOXHQFHV WKURXJK WKH FDXVDO JUDSK1 7KLV PHFKDQLVP DOORZV WR H[SUHVV WKH EUDLQ*V VWLPXOXV0GULYHQ
SURFHVVHV/ ZKLFK DUH WKH PDMRU SDUW RI WKH FHUHEUDO DFWLYLW\/ DQG WKH VRXUFH RI EUDLQ*V HIILFLHQF\1
,Q WKH ILHOG RI WKH FRPSXWDWLRQDO QHXURVFLHQFHV/ RXU FRQWULEXWLRQ RIIHUV WKH QHXURVFLHQWLVWV/ D IRUPDO WRRO
IRU WKH H[SUHVVLRQ RI K\SRWKHVHV RQ FHUHEUDO LQIRUPDWLRQ SURSDJDWLRQ/ DW D KLJK OHYHO RI DEVWUDFWLRQ1
)XUWKHUPRUH/ WKH VLPXODWLRQ FDQ JLYH D YDOLGDWLRQ RI WKH H[SUHVVHG K\SRWKHVHV E\ D FRPSDULVRQ RI WKH
VLPXODWLRQ UHVXOWV DQG QHXUR0LPDJLQJ GDWD1 

.H\ZRUGV = &RJQLWLYH PRGHOLQJ/ +LHUDUFKLFDO FDXVDO JUDSK/ 4XDOLWDWLYH VLPXODWLRQ1

INSERM  Unit é 455,  
Servi ces de Neurologi e, C.H.U. Purpan, 

F-31059 T OULOUSE CEDEX. 


