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$WWDTXHV�HW�pYDOXDWLRQ�GHV�ILOLJUDQHV�QXPpULTXHV

)DELHQ�$��3��3HWLWFRODV

8QLYHUVLW\�RI�&DPEULGJH��&RPSXWHU�/DERUDWRU\
3HPEURNH�6WUHHW��&DPEULGJH�&%���4*��8.

IDSS�#FO�FDP�DF�XN

5pVXPp��� /D� IDFLOLWp� DYHF� ODTXHOOH� OHV� GRFXPHQWV�PXOWLPpGLDV� SHXYHQW� rWUH� FRSLpV� D
FRQGXLW�EHDXFRXS�GH�FKHUFKHXUV�j�V©LQWHUURJHU�VXU�GH�QRXYHOOHV�PpWKRGHV�SRXU�SURWp�
JHU�OD�SURSULpWp�LQWHOOHFWXHOOH�GDQV�OH�PRQGH�QXPpULTXH��/HV�ILOLJUDQHV�QXPpULTXHV�RQW
pWp�SURSRVpV�FRPPH�XQ�RXWLO�PLUDFOH�SRXU�FRQWU{OHU�O©XVDJH�GH�FHV�GRFXPHQWV��1RXV
PRQWURQV�TXH�FH�Q©HVW�SDV� OH�FDV��'©XQH�SDUW� LO�HVW�HQFRUH� WURS� IDFLOH�GH�FRQWRXUQHU
EHDXFRXS� GH� V\VWqPHV� H[LVWDQWV��'©DXWUH� SDUW��PDOJUp� OH� JUDQG� QRPEUH� GH� SXEOLFD�
WLRQV�UpFHQWHV�GDQV�FH�GRPDLQH��LO�\�D�XQ�PDQTXH�pYLGHQW�GH�PpWKRGHV�SRXU�pYDOXHU�HW
FRPSDUHU�GH�WHOV�V\VWqPHV�

0RWV�FOp���)LOLJUDQHV�QXPpULTXHV��WDWRXDJH��DWWDTXHV��EDQ�G©HVVDL��pYDOXDWLRQ�

�� ,1752'8&7,21
$X�FRXUV�GHV�GHUQLqUHV�DQQpHV��EHDXFRXS�GH�QRXYHOOHV� WHFKQLTXHV�RQW�pWp�SURSRVpHV
SRXU�FDFKHU�GHV�QRWLFHV�GH�FRS\ULJKW�HW�GHV�QXPpURV�GH�VpULH�SHUVRQQDOLVpV�GDQV� OHV
GRFXPHQWV�PXOWLPpGLDV�GH�PDQLqUH�j�HPSrFKHU�RX�SRXU�OH�PRLQV�UpGXLUH��OHV�FRSLHV
LOOpJDOHV��1RXV�VRPPHV�SDUWLV�GX�SULQFLSH�TXH�GHV�SURJUqV�XWLOHV�SRXYDLHQW�rWUH�UpDOL�
VpV� HQ� HVVD\DQW� G©DWWDTXHU� WRXWH� FHWWH� SUHPLqUH� JpQpUDWLRQ� GH� PpWKRGHV� GH� PDU�
TXDJH�>�@��'DQV�OH�GRPDLQH�GH�OD�FU\SWRJUDSKLH��OHV�SURJUqV�RQW�pWp�LWpUDWLIV���GHV�DO�
JRULWKPHV�RQW�pWp�SURSRVpV��GHV�DWWDTXHV�RQW�pWp� WURXYpHV��GH�PHLOOHXUV�DOJRULWKPHV
RQW�YX�OH�MRXU��HW�DLQVL�GH�VXLWH��)LQDOHPHQW��OD�WKpRULH�D�IDLW�VRQ�HQWUpH�HW�QRXV�DLGH�j
FRPSUHQGUH�FH�TXL�IDLW�OD�IRUFH�G©XQ�FKLIIUH�ELHQ�PLHX[�TX©DXSDUDYDQW��1RXV�SHQVRQV
TX©LO�HQ�YD�GH�PrPH�SRXU�OHV�ILOLJUDQHV�QXPpULTXHV�

%HDXFRXS� GH� V\VWqPHV� UpFHPPHQW� SURSRVpV� VRQW� TXDOLILpV� GH� ��UREXVWHV��� SDU� OHXU
LQYHQWHXU��0DOKHXUHXVHPHQW�OHV�FULWqUHV�XWLOLVpV�SRXU�GpPRQWUHU�FHWWH�UREXVWHVVH�YD�
ULHQW�G©XQ�V\VWqPH�j�O©DXWUH��HW�OHV�DWWDTXHV�UpFHQWHV�>����������@�PRQWUHQW�TXH�OHV�FUL�
WqUHV�XWLOLVpV�SRXU�GpPRQWUHU�FHWWH� UREXVWHVVH� VRQW�SDUIRLV� LQDGpTXDWV��&RPSUHVVLRQ
-�3�(�*���EUXLW� DGGLWLI�� ILOWUDJH�SDVVH�EDV�� FKDQJHPHQW�GH� WDLOOH�RX� pPDUJHPHQW� VRQW
SULV� HQ� FRPSWH� SDU� OD� SOXSDUW� GHV� V\VWqPHV�PDLV� OHV� WUDQVIRUPDWLRQV� JpRPpWULTXHV�
PrPH�WUqV�VLPSOHV��VRQW�UDUHPHQW�pYRTXpHV� >����@��'DQV�FHUWDLQV�FDV�� OH�V\VWqPH�HVW
GLW�VHXOHPHQW���UpVLVWDQW�DX[�SURFpGpV�XVXHOV�GH�WUDLWHPHQW�GX�VLJQDO�HW�DX[�GpIRUPD�
WLRQV�JpRPpWULTXHV�VXU�FHUWDLQHV�LPDJHV�VWDQGDUG���
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�� $77$48(6
1RXV�DYRQV�GpMj�SUpVHQWp�>�@�GLIIpUHQWHV�DWWDTXHV�PHWWDQW�HQ�pYLGHQFH�GHV�OLPLWDWLRQV
VpULHXVHV� GH� SOXVLHXUV� RXWLOV� GH� PDUTXDJH� GRQW�3LFWXUH0DUF������>�@�� 6\V&R3�>�@�
6XUH6LJQ�>��@�� -.B3*6�� (,.21$PDUN�>��@�� (FKR�+LGLQJ� >��@�� *LRYDQQL� HW� OD� Pp�
WKRGH�1(&�>��@��,O�YD�VDQV�GLUH�TXH�GHV�V\VWqPHV�XWLOLVDQW�OHV�PrPHV�WHFKQLTXHV�VRQW
VXVFHSWLEOHV�G©rWUH�DWWDTXpV�GH�OD�PrPH�PDQLqUH�

/©DWWDTXH�GH�EDVH�SDUWDLW�GX�FRQVWDW�TXH�EHDXFRXS�GH�V\VWqPHV�GH�PDUTXDJH�XWLOLVHQW
GH�IDoRQ�SOXV�RX�PRLQV�GpJXLVpH�OD�WHFKQLTXH�G©pWDOHPHQW�GH�VSHFWUH��&HWWH�GHUQLqUH
HVW� WUqV� UREXVWH�j� O©DMRXW�GH�EUXLW�RX�DX[�GLVWRUVLRQV�GH� O©DPSOLWXGH�GX� VLJQDO�PDLV
VXSSRUWH�WUqV�PDO�OHV�HUUHXUV�GH�V\QFKURQLVDWLRQ��8QH�PpWKRGH�WUqV�VLPSOH�SRXU�EULVHU
FHWWH�V\QFKURQLVDWLRQ�FRQVLVWH�VLPSOHPHQW�j�HIIDFHU�TXHOTXHV�pFKDQWLOORQV��'DQV�OH�FDV
GHV�LPDJHV��TXHOTXHV�FRORQQHV�GH�SL[HOV�VXIILVHQW��%LHQ�TX©H[WUrPHPHQW�VLPSOH�FHWWH
DWWDTXH� IRQFWLRQQH�VXU� OHV�SURWRW\SHV�QDwIV�TXL�QH�SUHQQHQW� HQ� FRPSWH�TXH� OH�EUXLW
DGGLWLI�

��� $WWDTXHV�JpQpUDOHV
&HUWDLQV� V\VWqPHV� GH� PDUTXDJH� G©LPDJHV� VXSSRUWHQW� pJDOHPHQW� GHV� PDQLSXODWLRQV
VLPSOHV�TXH�TXLFRQTXH�SHXW� IDLUH�DYHF�GHV� RXWLOV� GH� WUDLWHPHQW�G©LPDJH�GLVSRQLEOHV
GDQV� OH� FRPPHUFH��� URWDWLRQ�� UHGLPHQVLRQQHPHQW�� pPDUJHPHQW�� UHWRXUQHPHQW� KRUL�
]RQWDO� HW� FRPSUHVVLRQ� -�3�(�*�� �&HFL� HVW� FRQILUPp�SDU� OHV� UpVXOWDWV� GH� WHVWV� UpVXPpV
GDQV� OH�7DEOHDX�����0DOKHXUHXVHPHQW��GHV� FRPELQDLVRQV�GH� FHOOHV�FL� VXIILVHQW�JpQp�
UDOHPHQW�j�PHWWUH�HQ�GpIDXW�OH�V\VWqPH�GH�PDUTXDJH�

&©HVW� FH� TXL� D�PRWLYp� OD�PLVH� HQ�£XYUH� GH� 6WLU0DUN�� LQLWLDOHPHQW� SURJUDPPp� SDU
0DUNXV�*��.XKQ��1RPEUH�G©DPpOLRUDWLRQV�RQW�pWp�DMRXWpHV�GHSXLV��HW�QRWDPPHQW�OD
SRVVLELOLWp�G©XWLOLVHU�FHW�RXWLO�FRPPH�EDVH�G©XQ�EDQF�G©HVVDL�

/D�YHUVLRQ�RULJLQDOH�GH�6WLU0DUN�DSSOLTXH�GH� VLPSOHV�GpIRUPDWLRQV�ELOLQpDLUHV�DOpD�
WRLUHV��6L�$��%��&�HW�'�VRQW�OHV�VRPPHWV�GH�O©LPDJH��XQ�SRLQW�0�GH�ODGLWH�LPDJH�SHXW
rWUH� H[SULPp� GH� OD� IDoRQ� VXLYDQWH��� ( )( ) ( ) ( )( )&%'$0 ββαββα −+−+−+= ��� � R�

�� α≤ �≤β �VRQW�OHV�FRRUGRQQpHV�GH�0�SDU�UDSSRUW�DX[�VRPPHWV�GH�O©LPDJH��/D�Gp�
IRUPDWLRQ�HVW�DSSOLTXpH�HQ�GpSODoDQW� OpJqUHPHQW�HW�DOpDWRLUHPHQW� OHV�VRPPHWV�GDQV
OHV�GHX[�GLUHFWLRQV��/HV�QRXYHOOHV�FRRUGRQQpHV�GH�0�VRQW�UHFDOFXOpHV�JUkFH�j�OD�IRU�
PXOH�SUpFpGHQWH�HQ�JDUGDQW� ( )βα � � FRQVWDQWHV��/©DYDQW�GHUQLqUH� OLJQH�GX�7DEOHDX��
PRQWUH�TXH�FHUWDLQV�V\VWqPHV�GH�PDUTXDJH�VXSSRUWHQW�OHV�GpIRUPDWLRQV�

'DYDQWDJH� GH� GpIRUPDWLRQV¥WRXMRXUV� LQYLVLEOHV¥SHXYHQW� rWUH� DSSOLTXpHV� j� XQH
LPDJH��(Q�SOXV�GH� OD� WUDQVIRUPDWLRQ�ELOLQpDLUH�SUpFpGHQWH�� OHV�QRXYHOOHV�YHUVLRQV�GH
6WLU0DUN� GpYLHQW� OpJqUHPHQW� FKDTXH� SL[HO� GH� IDoRQ� QRQ� XQLIRUPH��� TXHOTXHV� ����
GHV�GLPHQVLRQV�GH�O©LPDJH�DX�FHQWUH�HW�TXDVLPHQW�ULHQ�VXU�OHV�ERUGV��'DQV�OD�YHUVLRQ
DFWXHOOH��OD�IRUPH�GH�FHWWH���ERVVH���HVW�VLPSOHPHQW�XQH�IRQFWLRQ�VLQXV���VL� ( )\[� ��DYHF

;[ ≤≤� �HW� <\ ≤≤� ��VRQW�OHV�FRRUGRQQpHV�G©XQ�SL[HO�GDQV�O©LPDJH�DSUqV�OD�GpIRU�
PDWLRQV� ELOLQpDLUH�� DORUV� VHV� QRXYHOOHV� FRRUGRQQpHV� VRQW��� ( )<\[[ �VLQ πλ+=′ � HW

( );[\\ �VLQ πλ+=′ ����FHOD�HVW�DMRXWp�XQ�GpSODFHPHQW�GH�SOXV�JUDQGH�IUpTXHQFH�GH�OD
IRUPH� ( ) ( ) ( )( )\[Q\[

\[
��VLQVLQ += ωωλδ �R��Q�HVW�XQ�QRPEUH�DOpDWRLUH��� [[ ′=′′

�
δ+ �HW

�
δ+′=′′ \\ ��3RXU�XQH�ERQQH�UDSLGLWp�GH�WUDLWHPHQW��OH�UppFKDQWLOORQDJH�XWLOLVH�XQ�DO�

JRULWKPH�G©DSSUR[LPDWLRQ�TXDGUDWLTXH�SDU�%�VSOLQH�>��@�HW��SRXU�GH�PHLOOHXUV�UpVXO�
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WDWV�XQH�OpJqUH�FRPSUHVVLRQ�-�3�(�*��HVW�DSSOLTXpH�j�OD�ILQ�GX�SURFHVVXV��8Q�H[HPSOH
G©LPDJH���DWWDTXpH���HVW�GRQQp�GDQV�OD�)LJXUH���

,O�H[LVWH�DXVVL�GHV�PpWKRGHV�JpQpUDOHV�SRXU�DWWDTXHU� OHV�RXWLOV�GH�PDUTXDJH�GX�VRQ�
3DU� H[HPSOH�� OHV� WHFKQLTXHV�GH� UHVWDXUDWLRQ�GH� VLJQDX[� VRQRUHV� RQW� pWp� pWXGLpHV� HQ
GpWDLO� GHSXLV� GH�QRPEUHXVHV� DQQpHV�� HW� VH� VRQW�PRQWUpHV� HIILFDFHV� SRXU� ORFDOLVHU� HW
HQOHYHU� OHV�GpJUDGDWLRQV�TXL�DSSDUDLVVHQW�GDQV� OHV�DQFLHQV�HQUHJLVWUHPHQWV� >��@��&HV
PrPHV�PpWKRGHV�SHXYHQW�rWUH�XWLOLVpHV�FRQWUH�OHV�RXWLOV�GH�PDUTXDJH�GX�VRQ��1RWUH
DWWDTXH���UHFRQVWUXLW���VLPSOHPHQW�OH�VLJQDO�EORF�SDU�EORF�HQ�XWLOLVDQW�XQH�SDUWLH�GX

�D� �E�

�F� �G�
)LJXUH��¥/RUVTXH�6WLU0DUN�HVW�DSSOLTXp�VXU�GHV�LPDJHV�UHODWLYHPHQW�FRPSOH[HV�RX�GHV�SKRWRJUD�
SKLHV�� OHV� GpIRUPDWLRQV� LQWURGXLWHV� VRQW� TXDVLPHQW� LQYLVLEOHV���ZDWFK� DYDQW� �D�� HW� DSUqV� �E�� 6WLU�
0DUN��SDUDPqWUHV�SDU�GpIDXW���3RXU�FRPSDUDLVRQ�OHV�PrPHV�GpIRUPDWLRQV�RQW�pWp�DSSOLTXpHV�j�XQH
JULOOH� �F� HW� G��� ,PDJH� GH� V\QWKqVH��� 3RFNHW� :DWFK� RQ� D� *ROG� &KDLQ�� &RS\ULJKW� .HYLQ� 2GKQHU
�MNR#KRPH�FRP�

'LJLPDUF�
����

6XUH6LJQ�����
'HPR

(LNRQD0DUN�
����

*LRYDQQL�
�������

6\V&R3�
���5�

&RQYHUVLRQ�*,) ��� ��� ��� �� ��
eFKHOOH������������������������������ �� ��� � �� �
ePDUJHPHQW������������������������������� ��� ��� � �� �
5RWDWLRQ���������������������������� �� �� � �� �
-�3�(�*������������������������������������� �� �� �� �� ��
)LOWUDJH��PpGLDQ��×���*DXVV� ��� ��� ��� �� ��
5HWRXUQHPHQW�KRUL]RQWDO ��� ��� � � �
6WLU0DUN���� �� �� � � �
6WLU0DUN���� � � � � �

7DEOHDX��¥7HVW�GH�UREXVWHVVH�SRXU�FLQT�RXWLOV�GH�PDUTXDJH��/HV�YDOHXUV�VRQW�GHV�SRXUFHQWDJHV�GH
UpXVVLWH��3RXU�FKDTXH�RXWLO��FLQT�LPDJHV�GH�WHVW��OHQD��OXQHWWHV��ILOOH��PHUFHGHV�HW�EDERXLQ��RQW�pWp
XWLOLVpHV��&KDTXH�LPDJH�D�pWp�WDWRXpH�DYHF�OHV�PHLOOHXUV�SDUDPqWUHV�Q©LQWURGXLVDQW�DXFXQ�HIIHW�GpV�
DJUpDEOH��j�O©RHLO���%LHQ�TXH�WRXWH�FRPSDUDLVRQ�GRLYH�rWUH�HIIHFWXpH�DYHF�OH�SOXV�JUDQG�VRLQ��WRXV�FHV
RXWLOV�GH�PDUTXDJH�Q©D\DQW�SDV� OD�PrPH�DSSOLFDWLRQ��� FH� WDEOHDX� FRQILUPH� O©pWDW�GH� O©DUW�GDQV� OH
GRPDLQH�
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VLJQDO�PDUTXp�SRXU�SUpGLUH�FKDTXH�EORF��8Q�VLPSOH�PRGqOH�DXWR�UpJUHVVLI�HVW�XWLOLVp
SRXU�OD�SUpGLFWLRQ��GRQW�O©DOJRULWKPH�HVW�GpWDLOOp�GDQV�>��@�

��� $WWDTXHV�VSpFLILTXHV
/RUVTXH�OHV�PpWKRGHV�JpQpUDOHV�QH�SHUPHWWHQW�SDV�G©DWWDTXHU�XQ�V\VWqPH�VWpJDQRJUD�
SKLTXH��ULHQ�Q©HPSrFKH�XQ�DGYHUVDLUH�G©XWLOLVHU�GHV�PpWKRGHV�VSpFLILTXHV��&©HVW�FH�TXH
QRXV�DYRQV�IDLW�SRXU�OD�PpWKRGH�HFKR�KLGLQJ�TXL�GLVVLPXOH�GH�O©LQIRUPDWLRQ�HQ�LQWUR�
GXLVDQW�GHV�pFKRV�GH�WUqV�FRXUW�GpODL��GH�O©RUGUH�GH�OD�PLOOLVHFRQGH�� LPSHUFHSWLEOHV�j
O©RUHLOOH�>��@��/©DWWDTXH�pYLGHQWH��GpWDLOOpH�GDQV�>�@��FRQVLVWH�VLPSOHPHQW�j�GpWHFWHU�OHV
SDUDPqWUHV�GH�O©pFKR�HQ�XWLOLVDQW�OD�PrPH�PpWKRGH�TXH�OHV�LQYHQWHXUV�G©HFKR�KLGLQJ�
F©HVW�j�GLUH� ��O©DODQ\VH� FHSVWUDOH��� GH� %RJHUW� HW� DO�� >��@��'HV� HVVDLV� VXU� GHV� VLJQDX[
DOpDWRLUHV�HW�VXU�GH�OD�PXVLTXH�PRQWUHQW�TXH�QRWUH�PpWKRGH�HVW�UHODWLYHPHQW�SUpFLVH
SRXU�GHV�pFKRV�HQWUH�����HW���PV�HW�SHUPHW�G©H[WUDLUH�OH�VLJQDO�FDFKp��PRQWUDQW�DLQVL
XQH�IDLOOH�GDQV�OD�PpWKRGH�RULJLQDOH�G©HFKR�KLGLQJ�

/HV�IDLEOHVVHV�LQKpUHQWHV�DX�PDUTXDJH�HQ�JpQpUDO�SHXYHQW�DXVVL�rWUH�XWLOLVpHV�PDOLFLHX�
VHPHQW�� &HFL� HVW� PLV� HQ� pYLGHQFH� SDU� XQH� DWWDTXH� JpQpUDOH� FRQWUH� OHV� URERWV� WUD�
TXHXUV�� DWWDTXH� j� OD� SURSULpWp� LQLWLDOH� UHPDUTXDEOH� TXH� O©LPDJH�PDUTXpH� HW� O©LPDJH
DWWDTXpH�VRQW�OHV�PrPHV��&HV�URERWV��TXL�IRQW�SDUWLH�G©XQ�V\VWqPH�GH�GpWHFWLRQ�DXWR�
PDWLTXH�EDVp�VXU�OH�:HE��WpOpFKDUJHQW�LPDJH�DSUqV�LPDJH�HW�YpULILHQW�VL�HOOHV�FRQWLHQ�
QHQW�XQH�PDUTXH��/©DWWDTXH�FRQVLVWH�VLPSOHPHQW�j�GpFRXSHU�O©LPDJH�HQ�SOXVLHXUV�SDU�
WLHV��WHOOH�XQH�PRVDwTXH��HW�j�JpQpUHU�GX�FRGH�+�7�0�/��GH�WHOOH�IDoRQ�TX©XQ�IXUHWHXU
��UHFROOH��� OHV�PRUFHDX[��)LJXUH�����&HWWH�DWWDTXH�HVW� UHODWLYHPHQW�JpQpUDOH�SXLVTXH
WRXWH�PpWKRGH� GH�PDUTXDJH� G©LPDJH� UHTXLHUW� XQH� WDLOOH�PLQLPDOH�� 3DU� FRQVpTXHQW�
FHWWH�GLYLVLRQ�GH�O©LPDJH�HPSrFKH�OH�GpWHFWHXU�GH�UHWURXYHU�OD�PDUTXH�

��FHWWH�DWWDTXH�WUqV�VLPSOH��LO�FRQYLHQW�G©HQ�DMRXWHU�G©DXWUHV��EDVpHV�VXU�GHV�DSSOLTXHW�
WHV�-DYD�RX�GHV�FRQWU{OHV�$FWLYH;��TXL�SHXYHQW�rWUH�XWLOLVpV�SRXU�WpOpFKDUJHU�HW�DIIL�
FKHU� O©LPDJH� j� O©LQWpULHXU� GX� IXUHWHXU��� FHV� REMHWV� SHXYHQW� pYHQWXHOOHPHQW
Gp�EURXLOOHU� O©LPDJH�HQ� WHPSV�UpHO� VL�QpFHVVDLUH��'pMRXHU�GH� WHOOHV� WHFKQLTXHV�� LPSOL�
TXHUDLW�GH�GpWHFWHU�OHV� LPDJHV�GDQV�OD�UHSUpVHQWDWLRQ�GH�OD�SDJH�:HE�HQ�PpPRLUH�HW

)LJXUH��¥&RSLH�GH�OD�IHQrWUH�G©XQ�IXUHWHXU�HQ�WUDLQ�GH�WpOpFKDUJHU�XQH� LPDJH�DSUqV�XQH�DWWDTXH
SDU�PRVDwTXH��&HWWH�DWWDTXH�GpFRXSH�VLPSOHPHQW�O©LPDJH�HQ�PRUFHDX[�TXL�VRQW�DXWRPDWLTXHPHQW
��UHFROOpV���SDU�OH�IXUHWHXU�ORUV�GH�OD�SUpVHQWDWLRQ�GX�UpVXOWDW��8Q�ORJLFLHO�SHUPHWWDQW�G©DXWRPDWLVHU
OH�GpFRXSDJH�HW�OD�JpQpUDWLRQ�GX�FRGH�+�7�0�/��FRUUHVSRQGDQW�HVW�GLVSRQLEOH�>��@��'DQV�FHUWDLQV
FDV� OH� FKDUJHPHQW� GH� OD�PRVDwTXH� HVW�PrPH�SOXV� UDSLGH� TXH� O©LPDJH� HQWLqUH��� 3RXU� FHW� H[HPSOH
O©LPDJH�����×����SL[HOV��D�pWp�PDUTXpH�DYHF�3LFWXUH0DUF������GH�'LJLPDUF��3KRWRJUDSKLH���&KD�
SHOOH�GH�.LQJ©V�&ROOHJH��&DPEULGJH��&RS\ULJKW�-RKQ�7KRPSVRQ��-HW3KRWRJUDSKLF��&DPEULGJH�
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G©HVVD\HU�G©HQ�H[WUDLUH�XQH�PDUTXH��/HV�PpWKRGHV�SRXU�GpMRXHU�OHV�URERWV�WUDTXHXUV
QH�PDQTXHQW�GRQF�SDV�HW�O©RQ�HVW�HQ�GURLW�GH�V©LQWHUURJHU�VXU�O©XWLOLWp�UpHOOH�GH�WHOV�RX�
WLOV�

��� $WWDTXH�VXU�OH�SURWRFROH�G©LGHQWLILFDWLRQ�GX�SURSULpWDLUH
/D� SOXSDUW� GHV� DWWDTXHV� ��pYLGHQWHV��� WHQWHQW� GH� ILOWUHU�� RX� GpIRUPHU� O©LPDJH�� SRXU
DWWpQXHU� OH� VLJQDO�� RX� HPSrFKHU� OD� V\QFKURQLVDWLRQ� GX� GpWHFWHXU��0DOKHXUHXVHPHQW
FHW� DVSHFW�QH� UHSUpVHQWH�TX©XQH�SHWLWH� IUDFWLRQ�GHV�SRVVLELOLWpV�RIIHUWHV��&KDTXH� pOp�
PHQW�GH�OD�FKDvQH�GH�JHVWLRQ�GHV�FRS\ULJKWV�SHXW�rWUH�PLV�HQ�GpIDXW�

3DU�H[HPSOH��&UDYHU�HW�DO��RQW�PRQWUp�FRPPHQW�HPSrFKHU�XQ�SKRWRJUDSKH�GH�SURX�
YHU�TX©LO�HVW�ELHQ�OH�GpWHQWHXU�GX�FRS\ULJKW�G©XQH�LPDJH�PrPH�DSUqV�O©DYRLU�PDUTXpH
>��@��/©LGpH�GH�EDVH�XWLOLVH�OH�IDLW�TXH�EHDXFRXS�G©RXWLOV�GH�PDUTXDJH�QH�SHUPHWWHQW
SDV�GH�VDYRLU�TXHOOH�PDUTXH�SDUPL�SOXVLHXUV�D�pWp�DMRXWp�OD�SUHPLqUH���OH�SURFHVVXV�GH
PDUTXDJH�HVW�VRXYHQW�DGGLWLI��RX�WRXW�DX�PRLQV�FRPPXWDWLI�HW�LQYHUVLEOH��3DU�FRQVp�
TXHQW��VL�XQ�D\DQW�GURLW�SRVVqGH�OH�GRFXPHQW�G��\�GLVVLPXOH�XQ�ILOLJUDQH� I��SXEOLH� OD
YHUVLRQ�PDUTXp��F©HVW�j�GLUH�G�+� I�� HW�Q©D�SDV�G©DXWUH�SUHXYH�GH�SURSULpWp��XQ�SLUDWH
TXL�D�HQUHJLVWUp�XQ�ILOLJUDQH�I′��SHXW�WUqV�ELHQ�SUpWHQGUH�TXH�OH�GRFXPHQW�HVW�OH�VLHQ�HW
TXH�OD�YHUVLRQ�RULJLQDOH�HVW�G�+�I�−�I′�
&UDYHU�HW�DO��FRQFOXHQW�TX©LO�IDXW�XWLOLVHU�GHV�V\VWqPHV�GH�PDUTXDJH�GRQW�O©LQYHUVH�QH
SHXW�rWUH�FDOFXOp�IDFLOHPHQW���DXWUHPHQW�GLW��GHV�V\VWqPHV�GRQW�OD�PDUTXH�GpSHQG�GH
O©RULJLQDO��&HSHQGDQW�QRWUH� LQWHUSUpWDWLRQ�GH� FHWWH� DWWDTXH� HVW� TXH� ILOLJUDQHV� HW� HP�
SUHLQWHV�GRLYHQW� LPSpUDWLYHPHQW�rWUH�XWLOLVpV�GDQV�GHV� V\VWqPHV�SOXV� ODUJHV��PHWWDQW
HQ�£XYUH�GHV�PpFDQLVPHV�GH�GDWDJH�VpFXULVp�HW�GHV���QRWDLUHV���pOHFWURQLTXHV�

/HV� PpFDQLVPHV� G©HQUHJLVWUHPHQW� RQW� UHoX� SHX� G©DWWHQWLRQ� HW� OHV� SXEOLFDWLRQV� TXL
DERUGHQW�OH�SUREOqPH�>��¤��@�V©LQWpUHVVHQW�VHXOHPHQW�j�OD�SURWHFWLRQ�GX�SURSULpWDLUH
HW�WUqV�SHX�DX[�GURLWV�GHV�FRQVRPPDWHXUV�TXL�SHXYHQW�WUqV�ELHQ�rWUH�DEXVpV�

��� 3UREOqPH�GH�PLVH�HQ�£XYUH
/D�UREXVWHVVH�GHV�PpFDQLVPHV�GH�PDUTXDJH�HW�G©H[WUDFWLRQ�Q©HVW�SDV�OH�VHXO�SUREOqPH
j�FRQVLGpUHU��/D�SOXSDUW�GHV�DWWDTXHV�VXU�GHV�RXWLOV�GH�SUHVWDWLRQV�FU\SWRJUDSKLTXHV
SURYLHQQHQW�GH�O©H[SORLWDWLRQ�GH�IDLOOHV�GpFRXYHUWHV�DFFLGHQWHOOHPHQW��/D�FU\SWDQDO\VH
V©HVW�UDUHPHQW�UpYpOpH�LQGLVSHQVDEOH�>��@�

,O�HQ�HVW�GH�PrPH�SRXU�OHV�RXWLOV�GH�PDUTXDJH��8QH�PpWKRGH��LOOpJDOH��SRXU�PRGLILHU
GLUHFWHPHQW� OH� SURJUDPPH� 3LFWXUH0DUF� GH� 'LJLPDUF� pWDLW� GpMj� GLVSRQLEOH� HQ� DR�W
�����>��@��(OOH�XWLOLVH�XQ�RXWLO�GH�GpFRPSLODWLRQ�SRXU�PRGLILHU�GLUHFWHPHQW�OH�ELQDLUH
GX�ORJLFLHO�DILQ�GH�SRXYRLU�DMRXWHU�XQH�PDUTXH�TXHOFRQTXH�PrPH�VXU�XQH�LPDJH�GpMj
PDUTXpH��6L�OHV�ORJLFLHOV�UpVLVWDQW�DX[�PRGLILFDWLRQV�GH�OHXU�FRGH�>��@�QH�GRQQHQW�SDV
HQWLqUH� VDWLVIDFWLRQ�� LO� UHVWH� OHV�PpFDQLVPHV�HQ� OLJQH�DYHF� OHVTXHOV� FKDTXH�XWLOLVDWHXU
SDUWDJH�XQH�FOp�DYHF�XQ�WLHUV�GH�FRQILDQFH�

3OXV�JUDYH��QRXV�DYRQV�GpMj�UHPDUTXp�>�@�TX©XQ�XWLOLVDWHXU�TXHOFRQTXH�SHXW�PDUTXHU
WUqV�VLPSOHPHQW�XQH�LPDJH�j�OD�SODFH�G©XQ�DXWUH��RXYUDQW�OD�SRUWH�j�XQ�JUDQG�QRPEUH
G©DEXV��8QH�DWWDTXH�VLPLODLUH��GXH�j�3HUULJ��FRQVLVWH�j�XWLOLVHU�XQ�GpWHFWHXU�H[WUDFWHXU
SXEOLF�FRPPH���GHYLQ�����GHV�PRGLILFDWLRQV�LQILPHV�SHXYHQW�rWUH�DSSOLTXpHV�DX�VLJQDO
PDUTXp�MXVTX©j�FH�TXH�OH�GpFRGHXU�pFKRXH��&KDTXH�GpWHFWLRQ�DSSRUWH�WKpRULTXHPHQW
XQ�ELW�G©LQIRUPDWLRQ���\�D�W�LO�RX�SDV�GH�PDUTXH�>��@�
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�� %$1&�'©(66$,6
7RXWHV�FHV�DWWDTXHV�GpERXFKHQW�VXU�OD�PrPH�TXHVWLRQ���FRPPHQW�pYDOXHU�HW�FRPSDUHU
GLIIpUHQWV�RXWLOV�GH�PDUTXDJH��7UqV�SHX�G©DXWHXUV�RQW�SXEOLp�GHV�UpVXOWDWV�GH�WHVWV�LQ�
WHQVLIV�VXU�OHXUV�RXWLOV�GH�PDUTXDJH��H�J���>��@���8Q�EDQF�G©HVVDL�HVW�GRQF�QpFHVVDLUH
SRXU�PHWWUH�HQ�pYLGHQFH�OHV�GRPDLQHV�GH�UHFKHUFKH�SURPHWWHXUV�HW�SRXU�FRPSDUHU�UD�
SLGHPHQW�OHV�QRXYHDX[�DOJRULWKPHV�TXL�DSSDUDLVVHQW�UpJXOLqUHPHQW�

$XMRXUG
KXL�HQFRUH��FKDTXH�FKHUFKHXU�XWLOLVH�VD�SURSUH�EDWWHULH�GH�WHVWV��VHV�SURSUHV
LPDJHV�HW�VD�SURSUH�PpWKRGRORJLH��3DU�FRQVpTXHQW��WRXWH�FRPSDUDLVRQ�HVW�LPSRVVLEOH
VDQV� UHSURJUDPPHU� OD� PpWKRGH�� GDQV� OHV� FDV� R�� LO� Q©H[LVWH� SDV� GH� ORJLFLHO
G©pYDOXDWLRQ�� $YHF� XQ� EDQF� G©HVVDL� FRPPXQ¥PrPH� LPSDUIDLW¥OHV� DYDQWDJHV� VRQW
pYLGHQWV���XQ�WDEOHDX�G©pYDOXDWLRQ�W\SH�SRXUUDLW�rWUH�IRXUQL�DYHF�FKDTXH�QRXYHO�DOJR�
ULWKPH��SHUPHWWDQW�DLQVL�G©DYRLU�XQH�LGpH�GH�VD�UREXVWHVVH�VDQV�SHUGUH�SOXVLHXUV�MRXUV
SRXU�FRPSUHQGUH�HW�pYDOXHU�OD�PpWKRGH�

8QH�SUHPLqUH� WHQWDWLYH��EDVpH� VXU�6WLU0DUN�HVW�SURSRVpH�GDQV� >��@��(OOH�SUHQG�XQL�
TXHPHQW� HQ� FRPSWH� OHV� SURFHVVXV� GH�PDUTXDJH� HW� G©H[WUDFWLRQ� TXL� VRQW� FRQVLGpUpV
FRPPH�GHV�ERvWHV�QRLUHV��FI��7DEOHDX���SRXU�GHV�UpVXOWDWV���/D�SURFpGXUH�HVW�WUqV�VLP�
SOH��

• 0DUTXHU�DYHF� OHV�PHLOOHXUV�SDUDPqWUHV� OHV� LPDJHV� IRXUQLHV� DYHF� 6WLU0DUN�GH
WHOOH� IDoRQ� TXH� OH� 3�6�1�5�� �RX� XQH� DXWUH� PHVXUH� j� GpILQLU�� VRLW� LQIpULHXU� j
���G%�

• 8WLOLVHU�6WLU0DUN�SRXU�DSSOLTXHU�XQH�VpULH�DXWRPDWLTXH�GH� WHVWV�HQ�XQH� OLJQH
GH�FRPPDQGH�

• 3RXU�FKDTXH�LPDJH�DWWDTXpH��WHQWHU�GH�GpWHFWHU�H[WUDLUH�OD�PDUTXH����SRLQW�HQ
FDV�GH�VXFFqV�����VLQRQ��

1RWRQV�DX�SDVVDJH�TXH�VL�O©RXWLO�GH�PDUTXDJH�RIIUH�XQH�LQWHUIDFH�VRXV�IRUPH�GH�OLJQH
GH� FRPPDQGH�� FHWWH� SURFpGXUH� SHXW� rWUH� HQWLqUHPHQW� DXWRPDWLVpH� HQ� XWLOLVDQW� GHV
VFULSWHV�8QL[��3HUO�RX�'26�

&H�VFKpPD�JpQpUDO�FRQWLHQW�HQFRUH�TXHOTXHV�LQFRQQXHV��HW�QRWDPPHQW�OH�QRPEUH�GH
ELWV�FDFKpV�SDU�OH�PDUTXHXU�HW�OD�PHVXUH�GH�TXDOLWp��3RXU�OH�SUHPLHU��LO�VHPEOH�TXH���
ELWV�VRLW�UDLVRQQDEOH�>��@��3RXU�OH�VHFRQG��LO�UHVWH�j�SURXYHU�TXH�OD�PHVXUH�XWLOLVpH�D
XQH� LQIOXHQFH� VLJQLILFDWLYH� VXU� OHV� UpVXOWDWV� GHV� WHVWV�� /D� SOXSDUW� GHV� RXWLOV� GH�PDU�
TXDJH�UpFHQWV�XWLOLVHQW�GHV�PRGqOHV�EDVpV�VXU�OH�V\VWqPH�KXPDLQ�GH�SHUFHSWLRQ��VL� OH
3�6�1�5��HVW�XWLOLVp�FRPPH�PHVXUH�GH�TXDOLWp��RQ�YRLW�GLIILFLOHPHQW�FRPPHQW�XQH�Pp�
WKRGH�SRXUUDLW�rWUH�DYDQWDJpH�SDU�UDSSRUW�j�XQH�DXWUH�

�� &21&/86,21
1RXV� DYRQV� H[SOLTXp� EULqYHPHQW� SRXUTXRL� OD� SOXSDUW� GHV� RXWLOV� GH�PDUTXDJH� VRQW
YXOQpUDEOHV�j�GLIIpUHQWHV�DWWDTXHV� UHODWLYHPHQW� VLPSOHV� HW�QRWDPPHQW�DX[�GpIRUPD�
WLRQV�JpRPpWULTXHV�DOpDWRLUHV�XWLOLVpHV�SDU�6WL0DUN�RX�DX[�PpWKRGHV�GH�UHVWDXUDWLRQ
GX�VLJQDO�GDQV�OH�FDV�GH�VLJQDX[�VRQRUHV��1RXV�DYRQV�pJDOHPHQW�PRQWUp�OD�QpFHVVLWp
G©XQH�PpWKRGH�G©pYDOXDWLRQ�HW�G©XQ�EDQF�G©HVVDL�SRXU�OHV�RXWLOV�GH�PDUTXDJH�GH�FR�
S\ULJKW�
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$ILQ�G©DXJPHQWHU� OD�UpVLVWDQFH�G©XQ�V\VWqPH�GH�PDUTXDJH�j�GLIIpUHQWHV�DWWDTXHV��RQ
SHXW�HVVD\HU�GH�SUpYRLU�OHV�GpIRUPDWLRQV�SRVVLEOHV�TX©XQ�SLUDWH�SHXW�XWLOLVHU���/D�PDU�
TXH�SRXUUDLW� DORUV� rWUH� FDFKpH�GDQV� O©HVSDFH�GH� WUDQVIRUPDWLRQ� LQYHUVH�� RX�GDQV�XQ
HVSDFH�LQYDULDQW�j�O©DWWDTXH��Á�5XDQDLGK�HW�3XQ��SDU�H[HPSOH��SURSRVHQW�G©XWLOLVHU�OD
WUDQVIRUPpH� GH� 0HOOLQ� DILQ� GH� UpVLVWHU� DX[� URWDWLRQV� G©DQJOH� TXHOFRQTXHV� HW� DX[
FKDQJHPHQWV�GH�WDLOOH�>�@�

'DQV� OH� FDV� G©DWWDTXHV�SOXV� JpQpUDOHV� FRPPH�6WLU0DUN�� RQ�SHXW� UHPDUTXHU�TXH� OHV
GpIRUPDWLRQV��ELHQ�TXH�JOREDOHPHQW�DOpDWRLUHV��VRQW�TXDVLPHQW� OLQpDLUHV�VXU�XQH�SH�
WLWH�VXUIDFH�GH�O©LPDJH��$LQVL��HQ�GpFRPSRVDQW�O©LPDJH�HQ�SHWLWV�EORFV��LO�GHYUDLW�rWUH
SRVVLEOH�G©DXJPHQWHU��SDU�H[HPSOH��OD�YDOHXU�GH�FRUUpODWLRQ�HQWUH�OH�VLJQDO�UHoX�HW�OH
VLJQDO�G©pWDOHPHQW�

/©pWXGH� GH� QRWUH� SHUFHSWLRQ� GHV� GpIRUPDWLRQV� JpRPpWULTXHV� GHYUDLW� pJDOHPHQW� SHU�
PHWWUH�GH�PRGpOLVHU�HQFRUH�PLHX[�OHV�LPDJHV�HW�G©DPpOLRUHU�OD�UpVLVWDQFH�GHV�PDUTXHV
j�GHV�DWWDTXHV�FRPPH�6WLU0DUN�

(QILQ� SHX� GH� UHFKHUFKHV� RQW� pWp� HQWUHSULVHV� SRXU� pWXGLHU� OHV� HIIHWV� GHV� FRUUpODWLRQV
SDUWLHOOHV��LQWURGXLWHV�SDU�GHV�DWWDTXHV�VSpFLILTXHV�HW�SDU�FHUWDLQHV�GpIRUPDWLRQV��VXU
OHV�V\VWqPHV�j�pWDOHPHQW�GH�VSHFWUH�

'LJLPDUF 8QLJH 6XUH6LJQ 6&0DUN
)LOWUDJH

*DXVV ��� ��� ��� ���
0pGLDQ ��� ��� ��� ���
5HQGUH�SOXV�QHW ��� ��� ��� ���
)�0�/�5� ��� �� ��� ���

&RPSUHVVLRQ
-�3�(�*� �� �� �� ���
*,)�4XDQWLILFDWLRQ�GHV�FRXOHXUV ��� � ��� ��

eFKHOOH
6DQV�-�3�(�*���� �� �� �� �
$YHF�-�3�(�*���� �� �� �� �

ePDUJHPHQW
6DQV�-�3�(�*���� ��� �� �� �
$YHF�-�3�(�*���� �� �� �� �

&LVDLOOHPHQW
; �� �� �� �
< �� �� �� �

5RWDWLRQ
$XWR�pPDUJHPHQW �� �� �� �
$XWR�UHGLPHQVLRQQHPHQW �� �� �� ��

$XWUHV�WUDQVIRUPDWLRQV�JpRPpWULTXHV
(IIDFHPHQW�GH�OLJQHV�HW�FRORQQHV ��� �� �� �
5HWRXUQHPHQW�KRUL]RQWDO ��� ��� ��� �

'pIRUPDWLRQV�DOpDWRLUHV��6WLU0DUN� �� � � �

7DEOHDX��¥5pVXPp�GHV�UpVXOWDWV�G©XQ�EDQF�G©HVVDL�EDVp�VXU�6WLU0DUN������8Q�WDEOHDX�GpWDLOOp�HVW
GLVSRQLEOH�VXU�www.cl.cam.ac.uk/~fapp2/watermarking/benchmark/��2XWLOV�GH�PDUTXDJH
WHVWpV���%DWFK�(PEHGGLQJ�7RRO���������HW�5HDG0DUF�������GH�'LJLPDUF��RXWLOV�GH�O©8QLYHUVLWp�GH
*HQqYH��YHUVLRQ�GX����MDQYLHU��������6XUH6LJQ�6HUYHU������GH�6LJQXP�7HFKQRORJLHV�HW�XQ�RXWLO�GH
PDUTXDJH�GH�O©8QLYHUVLWp�GH�&DOLIRUQLH�GX�VXG��YHUVLRQ�GX����PDUV��������/HV�VpSDUDWLRQV�YHUWL�
FDOHV� LQGLTXHQW�G©XQH�SDUW�TXH� OHV� FRQGLWLRQV� H[SpULPHQWDOHV� pWDLHQW� OpJqUHPHQW�GLIIpUHQWHV�SRXU
6LJQXP��HW�G©DXWUH�SDUW��TXH�OH�W\SH�GH�PDUTXDJH�HVW�GLIIpUHQW�SRXU�6&0DUN�SXLVTXH�FHOXL�FL�HVW
SULYp��HQ�FH�VHQV�TX©LO�XWLOLVH�O©LPDJH�RULJLQDOH�
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5(0(5&,(0(176
/©DXWHXU�GH�FHW�DUWLFOH�UHPHUFLH�YLYHPHQW� OD�6RFLpWp� ,QWHO�SRXU�VRQ�VRXWLHQ�ILQDQFLHU
VRXV� OD� IRUPH� G©XQH� ERXUVH� GH� UHFKHUFKH� ��UREXVWQHVV� RI� LQIRUPDWLRQ� KLGLQJ� V\V�
WHPV����&HUWDLQHV�LGpHV�SUpVHQWpHV�LFL�RQW�pWp�FODULILpHV�DYHF�5RVV�$QGHUVRQ��*DEULHOD
&VXUND��)UpGpULF�'HJXLOODXPH��-HDQ�/XF�'XJHOD\��'DYLG�+LOWRQ��6KHOE\�3HUHLUD��%XUW
3HUU\� DQG�7KLHUU\� 3XQ��5HPHUFLHPHQWV� SDUWLFXOLHUV� DX�&RPSXWHU� 9LVLRQ�*URXS� GH
O©8QLYHUVLWp�GH�*HQqYH��j�OD�6RFLpWp�'LJLPDUF��j�OD�6RFLpWp�6LJQXP�7HFKQRORJLHV�HW�j
3R�&K\L�6X�SRXU�OD�IRXUQLWXUH�GH�ORJLFLHOV�G©pYDOXDWLRQ�QpFHVVDLUHV�j�FHWWH�pWXGH�

%,%/,2*5$3+,(

�� )DELHQ�$��3��3HWLWFRODV��5RVV�-��$QGHUVRQ�HW�0DUNXV�*��.XKQ��$WWDFNV�RQ�FRS\ULJKW�PDUNLQJ�V\V�
WHPV��,Q�$XFVPLWK�>�@��SDJHV����¤�����,6%1���������������

�� 'DYLG�$XFVPLWK��pGLWHXU��,QIRUPDWLRQ�KLGLQJ��VHFRQG�LQWHUQDWLRQDO�ZRUNVKRS��YROXPH������GH�/HF�
WXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��3RUWODQG��2UHJRQ��8�6�$���DYULO�������6SULQJHU�9HUODJ��%HUOLQ��$O�
OHPDJQH��,6%1���������������

�� -HDQ�3DXO�0��*��/LQQDUW]� HW�0DUWHQ�YDQ�'LMN��$QDO\VLV�RI� WKH� VHQVLWLYLW\�DWWDFN�DJDLQVW� HOHFWURQLF
ZDWHUPDUNV�LQ�LPDJHV��,Q�$XFVPLWK�>�@��SDJHV����¤�����,6%1���������������

�� 0DXULFH�0DHV��7ZLQ�SHDNV�� WKH�KLVWRJUDP�DWWDFN�RQ� IL[HG�GHSWK� LPDJH�ZDWHUPDUNV�� ,Q�$XFVPLWK
>�@��SDJHV����¤�����,6%1���������������

�� *HUULW�&��/DQJHODDU��5HJLQDOG�/��/DJHQGLMN�HW�-DQ�%LHPRQG��5HPRYLQJ�VSDWLDO�VSUHDG�VSHFWUXP�ZD�
WHUPDUNV�E\�QRQ�OLQHDU�ILOWHULQJ��,Q��WK�(XURSHDQ�6LJQDO�3URFHVVLQJ�&RQIHUHQFH��(86,3&2
�����SD�
JHV�����¥������¾OH�GH�5KRGHV��*UqFH���¤���VHSWHPEUH�������,6%1���������������

�� -RVHSK�-��.��Á�5XDQDLGK�HW�7KLHUU\�3XQ��5RWDWLRQ��VFDOH�DQG�WUDQVODWLRQ�LQYDULDQW�VSUHDG�VSHFWUXP
GLJLWDO� LPDJH�ZDWHUPDUNLQJ�� 6LJQDO� 3URFHVVLQJ�� YROXPH����� QXPpUR���� SDJHV� ���¤�����PDL� �����
,661������������(XURSHDQ�$VVRFLDWLRQ�IRU�6LJQDO�3URFHVVLQJ��(85$6,3��

�� 0DUWLQ� .XWWHU�� :DWHUPDUNLQJ� UHVLVWLQJ� WR� WUDQVODWLRQ�� URWDWLRQ�� DQG� VFDOLQJ�� ,Q� 3URFHHGLQJV� RI
6�3�,�(��,QWHUQDWLRQDO�6\PSRVLXP�RQ�9RLFH��9LGHR��DQG�'DWD�&RPPXQLFDWLRQV��YROXPH�������SDJHV
���¤�����%RVWRQ��8�6�$���QRYHPEUH������

�� *HRIIUH\�%��5KRDGV��6WHJDQRJUDSK\�PHWKRGV�HPSOR\LQJ�HPEHGGHG�FDOLEUDWLRQ�GDWD��'LJLPDUF�&RU�
SRUDWLRQ��%UHYHW�8�6�$���������������MXLQ������

�� (��.RFK�HW�-��=KDR��7RZDUGV�UREXVW�DQG�KLGGHQ�LPDJH�FRS\ULJKW�ODEHOLQJ��,Q�:RUNVKRS�RQ�1RQOLQ�
HDU�6LJQDO�DQG�,PDJH�3URFHVVLQJ��SDJHV����¤�����1HRV�0DUPDUDV��*UqFH����¤���MXLQ�������,�(�(�(�

���6LJQXP�7HFKQRORJLHV�¤�6XUH6LJQ�GLJLWDO�ILQJHUSULQWLQJ��www.signumtech.com��RFWREUH������

���,RDQQLV�3LWDV��$�PHWKRG�IRU�VLJQDWXUH�FDVWLQJ�RQ�GLJLWDO�LPDJHV��,Q�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,P�
DJH�3URFHVVLQJ��YROXPH����SDJHV����¤�����VHSWHPEUH������

���,QJHPDU�-��&R[��-RH�.LOLDQ��7RP�/HLJKWRQ�HW�7DODO�6KDPRRQ��$�VHFXUH��UREXVW�ZDWHUPDUN�IRU�PXO�
WLPHGLD��,Q�$QGHUVRQ�>��@��SDJHV����¤�����,6%1���������������

���5RVV�-��$QGHUVRQ��pGLWHXU��,QIRUPDWLRQ�KLGLQJ��ILUVW�LQWHUQDWLRQDO�ZRUNVKRS��YROXPH������GH�/HF�
WXUH�QRWHV� LQ�&RPSXWHU�6FLHQFH��1HZWRQ� ,QVWLWXWH��&DPEULGJH��*UDQGH�%UHWDJQH�� 6SULQJHU�9HUODJ�
%HUOLQ��$OOHPDJQH��PDL�������,6%1���������������

���1HLO� $��'RGJVRQ��4XDGUDWLF� LQWHUSRODWLRQ� IRU� LPDJH� UHVDPSOLQJ�� ,�(�(�(�� 7UDQVDFWLRQV� RQ� ,PDJH
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