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1LNRV�3DUDJLRV
KWWS���FHUPLFV�HQSF�IU�aSDUDJLRV

&(57,6&(57,6
(FROH�1DWLRQDOH�GHV�3RQWV�HW�&KDXVVHHV(FROH�1DWLRQDOH�GHV�3RQWV�HW�&KDXVVHHV

3DULV��)UDQFH3DULV��)UDQFH

/HYHO�6HW�0HWKRGV�LQ�0HGLFDO�,PDJH
$QDO\VLV��6HJPHQWDWLRQ
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1LNRV�3DUDJLRV
KWWS���FHUPLFV�HQSF�IU�aSDUDJLRV

$WODQWLV�5HVHDUFK�*URXS$WODQWLV�5HVHDUFK�*URXS
(FROH�1DWLRQDOH�GHV�3RQWV�HW�&KDXVVHHV(FROH�1DWLRQDOH�GHV�3RQWV�HW�&KDXVVHHV

3DULV��)UDQFH3DULV��)UDQFH

6WDQOH\�2VKHU
KWWS���PDWK�XFOD�HGX�aVMR

'HSDUWPHQW�RI�0DWKHPDWLFV'HSDUWPHQW�RI�0DWKHPDWLFV
8QLYHUVLW\�RI�&DOLIRUQLD��/RV�$QJHOHV8QLYHUVLW\�RI�&DOLIRUQLD��/RV�$QJHOHV

86$86$

+WWS���FHUPLFV�HQSF�IU�aSDUDJLRV�ERRN�ERRN�KWPO
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2XWOLQH
� ,QWURGXFWLRQ�0RWLYDWLRQ
�2Q�WKH�3URSDJDWLRQ�RI�&XUYHV

� 7KH�VQDNH�PRGHO

�7KH�OHYHO�VHW�PHWKRG
� %DVLF�'HULYDWLRQ��DOJRULWKPV
� %RXQGDU\�GULYHQ�DQG�5HJLRQ�GULYHQ�PRGHO�IUHH�VHJPHQWDWLRQ

�7KH�/HYHO�6HW�0HWKRG�DV�D�'LUHFW�2SWLPL]DWLRQ�6SDFH
� 0XOWLSKDVH�0RWLRQ
� 5HJLRQ�GULYHQ�PRGHO�IUHH�LPDJH�VHJPHQWDWLRQ
� .QRZOHGJH�EDVHG�2EMHFW�([WUDFWLRQ
� 6KDSH�5HJLVWUDWLRQ

�'LVFXVVLRQ
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0RWLYDWLRQ
� ,PDJH�6HJPHQWDWLRQ�DQG�LPDJH�UHJLVWUDWLRQ�DUH�FRUH�FRPSRQHQWV
RI�PHGLFDO�LPDJLQJ

� ����
� 7KH�ZRUG�´6HJPHQWDWLRQµ�DSSHDUV����WLPHV�DW�0,&&$,·���SURJUDP
� 7KH�ZRUG�´5HJLVWUDWLRQµ�DSSHDUV����WLPHV�DW�0,&&$,·���SURJUDP

� �����
� 7KH�ZRUG�´6HJPHQWDWLRQµ�DSSHDUV����WLPHV�DW�0,&&$,·���SURJUDP�a����
� 7KH�ZRUG�´5HJLVWUDWLRQµ�DSSHDUV����WLPHV�DW�0,&&$,·���SURJUDP�a����

� �����
� 7KH�ZRUG�´6HJPHQWDWLRQµ�DSSHDUV����WLPHV�DW�0,&&$,·���SURJUDP�a����
� 7KH�ZRUG�´5HJLVWUDWLRQµ�DSSHDUV����WLPHV�DW�0,&&$,·���SURJUDP�a����
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2YHUYLHZ�RI�6HJPHQWDWLRQ�7HFKQLTXHV
� %RXQGDU\�GULYHQ

� (GJH�'HWHFWRUV��PRGHO�IUHH�
� $FWLYH�&RQWRXUV�VQDNHV��PRGHO�IUHH���NQRZOHGJH�EDVHG�
� $FWLYH�6KDSH�0RGHOV��NQRZOHGJH�EDVHG�

� 5HJLRQ�GULYHQ
� 'HIRUPDEOH�WHPSODWHV��NQRZOHGJH�EDVHG�
� 6WDWLVWLFDO�FOXVWHULQJ�WHFKQLTXHV��PRGHO�IUHH���NQRZOHGJH�EDVHG�
� 05)�EDVHG�WHFKQLTXHV��PRGHO�IUHH�
� $FWLYH�$SSHDUDQFH�0RGHOV��NQRZOHGJH�EDVHG�

� %RXQGDU\���5HJLRQ�GULYHQ
� $FWLYH�&RQWRXUV��PRGHO�IUHH����NQRZOHGJH�EDVHG�
� *UDSK�EDVHG�7HFKQLTXHV��PRGHO�IUHH�
� /HYHO�6HW�0HWKRGV��PRGHO�IUHH����NQRZOHGJH�EDVHG�



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

2Q�WKH�SURSDJDWLRQ�RI�&XUYHV
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2Q�WKH�3URSDJDWLRQ�RI�&XUYHV
�6QDNH�0RGHO��������>.DVV�:LWNLQ�7HU]RSRXORV@

� 3ODQDU�SDUDPHWHUL]HG�FXUYH�&�5��!5[5
� $�FRVW�IXQFWLRQ�GHILQHG�DORQJ�WKDW�FXUYH

� 7KH�LQWHUQDO�WHUP�VWDQGV�IRU�UHJXODULW\�VPRRWKQHVV�DORQJ�WKH�FXUYH
DQG�KDV�WZR�FRPSRQHQWV��UHVLVWLQJ�WR�VWUHWFKLQJ�DQG�EHQGLQJ�

� 7KH�LPDJH�WHUP��JXLGHV�WKH�DFWLYH�FRQWRXU�WRZDUGV�WKH�GHVLUHG�LPDJH
SURSHUWLHV��VWURQJ�JUDGLHQWV�

� 7KH�H[WHUQDO�WHUP�FDQ�EH�XVHG�WR�DFFRXQW�IRU�XVHU�GHILQHG
FRQVWUDLQWV��RU�SULRU�NQRZOHGJH�RQ�WKH�VWUXFWXUH�WR�EH�UHFRYHUHG

� 7KH�ORZHVW�SRWHQWLDO�RI�VXFK�D�FRVW�IXQFWLRQ�UHIHUV�WR�DQ�HTXLOLEULXP
RI�WKHVH�WHUPV
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$FWLYH�&RQWRXU�&RPSRQHQWV
�7KH�LQWHUQDO�WHUP«

� 7KH�ILUVW�RUGHU�GHULYDWLYH�PDNHV�WKH�VQDNH�EHKDYH�DV�D�PHPEUDQH
� 7KH�VHFRQG�RUGHU�GHULYDWLYH�PDNHV�WKH�VQDNH�DFW�OLNH�D�WKLQ�SODWH

�7KH�LPDJH�WHUP«

� &DQ�JXLGH�WKH�VQDNH�WR
� ,VR�SKRWHV��������������������������������������������HGJHV
� DQG�WHUPLQDWLRQV

�1XPHURXV�3URYLVLRQV«��EDOORRQ�PRGHOV��UHJLRQ�VQDNHV��HWF«
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2SWLPL]LQJ�$FWLYH�&RQWRXUV
�7DNLQJ�WKH�(XOHU�/DJUDQJH�HTXDWLRQV�

�7KDW�DUH�XVHG�WR�XSGDWH�WKH�SRVLWLRQ�RI�DQ�LQLWLDO�FXUYH�WRZDUGV
WKH�GHVLUHG�LPDJH�SURSHUWLHV

� ,QLWLDO�WKH�FXUYH��XVLQJ�D�FHUWDLQ�QXPEHU�RI�FRQWURO�SRLQWV�DV�ZHOO�DV�D
VHW�RI�EDVLF�IXQFWLRQV�

� 8SGDWH�WKH�SRVLWLRQV�RI�WKH�FRQWURO�SRLQWV�E\�VROYLQJ�WKH�DERYH
HTXDWLRQ

� 5H�SDUDPHWHUL]H�WKH�HYROYLQJ�FRQWRXU��DQG�FRQWLQXH�WKH�SURFHVV�XQWLO
FRQYHUJHQFH�RI�WKH�SURFHVV«
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3URV�&RQV�RI�VXFK�DQ�DSSURDFK
� 3URV

� /RZ�FRPSOH[LW\
� (DV\�WR�LQWURGXFH�SULRU�NQRZOHGJH
� &DQ�DFFRXQW�IRU�RSHQ�DV�ZHOO�DV�FORVHG�VWUXFWXUHV
� $�ZHOO�HVWDEOLVKHG�WHFKQLTXH��QXPHURXV�SXEOLFDWLRQV�LW�ZRUNV
� 8VHU�,QWHUDFWLYLW\
� 'HPHWUL�7HU]RSRXORV�LV�D�YHU\�JRRG�IULHQG

� &RQV
� 6HOHFWLRQ�RQ�WKH�SDUDPHWHU�VSDFH�DQG�WKH�VDPSOLQJ�UXOH�DIIHFWV�WKH
ILQDO�VHJPHQWDWLRQ�UHVXOW

� (VWLPDWLRQ�RI�WKH�LQWHUQDO�JHRPHWULF�SURSHUWLHV�RI�WKH�FXUYH�LQ
SDUWLFXODU�KLJKHU�RUGHU�GHULYDWLYHV

� 4XLWH�VHQVLWLYH�WR�WKH�LQLWLDO�FRQGLWLRQV�
� &KDQJHV�RI�WRSRORJ\��VRPH�HIIRUWV�ZHUH�GRQH�WR�DGGUHVV�WKH�SUREOHP�



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

/HYHO�6HW��7KH�EDVLF�'HULYDWLRQ
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7KH�/HYHO�6HW�0HWKRG
�2VKHU�6HWKLDQ�������

� (DUOLHU��'HUYLHX[��7KRPDVVHWW��������������

� ,QWURGXFHG�LQ�WKH�DUHD�RI�IOXLG�G\QDPLFV
� 9LVLRQ�DQG�LPDJH�VHJPHQWDWLRQ

� &DVHOOHV�&DWWH�FROO�'LERV�������
� 0DOODGL�6HWKLDQ�9HUPXUL�������

� /HYHO�6HW�0LOHVWRQHV
� )DXJHUDV�NHULYHQ��������VWHUHR�UHFRQVWUXFWLRQ
� 3DUDJLRV�'HULFKH���������DFWLYH�UHJLRQV�DQG�JURXSLQJ
� &KDQ�9HVH��������PXPIRUG�VKDK�YDULDQW
� /HYHQWRQ�*ULPVRQ�)DXJHUDV�HWDO��������VKDSH�SULRUV
� =KDR�)HGNLHZ�2VKHU��������FRPSXWHU�JUDSKLFV
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7KH�/HYHO�6HW�0HWKRG
� /HW�XV�FRQVLGHU�LQ�WKH�PRVW�JHQHUDO�FDVH�WKH�IROORZLQJ�IRUP�RI
FXUYH�SURSDJDWLRQ�

�$GGUHVVLQJ�WKH�SUREOHP�LQ�D�KLJKHU�GLPHQVLRQ«
�7KH�OHYHO�VHW�PHWKRG�UHSUHVHQWV�WKH�FXUYH�LQ�WKH�IRUP�RI�DQ
LPSOLFLW�VXUIDFH�

�7KDW�LV�GHULYHG�IURP�WKH
���LQLWLDO�FRQWRXU�DFFRUGLQJ
���WR�WKH�IROORZLQJ�FRQGLWLRQ�



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
7KH�/HYHO�6HW�0HWKRG

�&RQVWUXFWLRQ�RI�WKH�LPSOLFLW�IXQFWLRQ

�$QG�WDNLQJ�WKH�GHULYDWLYH�ZLWK�UHVSHFW�WR�WLPH��XVLQJ�WKH�FKDLQ
UXOH�

�$QG�ZH�DUH�'21(«

���
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7KH�/HYHO�6HW�0HWKRG

� /HW�XV�FRQVLGHU�WKH�DUF�OHQJWK��F��SDUDPHWHUL]DWLRQ�RI�WKH�FXUYH�
WKHQ�WDNLQJ�WKH�GLUHFWLRQDO�GHULYDWLYH�RI����������������LQ�WKDW�GLUH�
FWLRQ�ZH�ZLOO�REVHUYH�QR�FKDQJH�

� OHDGLQJ�WR�WKH�FRQFOXVLRQ�WKDW�WKH�������LV�RUWKR�QRUPDO�WR�&�ZKHUH
����WKH�IROORZLQJ�H[SUHVVLRQ������������������������IRU�WKH�QRUPDO�YHFWRU
� (PEHGGLQJ�WKH�H[SUHVVLRQ�RI�WKH�QRUPDO�YHFWRU�WR�

� WKH�IROORZLQJ�IORZ�IRU�WKH�LPSOLFLW�IXQFWLRQ�LV�UHFRYHUHG�
���
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/HYHO�6HW�0HWKRG��WKH�EDVLF�GHULYDWLRQ�

�:KHUH�D�FRQQHFWLRQ�EHWZHHQ�WKH�FXUYH�SURSDJDWLRQ�IORZ�DQG�WKH
IORZ�GHIRUPLQJ�WKH�LPSOLFLW�IXQFWLRQ�ZDV�HVWDEOLVKHG

�*LYHQ�DQ�LQLWLDO�FRQWRXU��DQ�LPSOLFLW�IXQFWLRQ�LV�GHILQHG�DQG
GHIRUPHG�DW�HDFK�SL[HO�DFFRUGLQJ�WR�WKH�HTXDWLRQ�����ZKHUH�WKH
]HUR�OHYHO�VHW�FRUUHVSRQGV�WR�WKH�DFWXDO�SRVLWLRQ�RI�WKH�FXUYH�DW�D
JLYHQ�IUDPH

� (XFOLGHDQ�GLVWDQFH�WUDQVIRUPV�DUH�XVHG�LQ�PRVW�RI�WKH�FDVHV�DV
HPEHGGLQJ�IXQFWLRQ
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2YHUYLHZ�RI�WKH�0HWKRG
�7KH�OHYHO�VHW�IORZ�FDQ�EH�UH�ZULWWHQ�LQ�WKH�IROORZLQJ�IRUP

�ZKHUH�+�LV�NQRZQ�WR�EH�WKH�+DPLOWRQLDQ��1XPHULFDO�DSSUR[LPDWLRQV
LV�WKHQ�GRQH�DFFRUGLQJ�WR�WKH�IRUP�RI�WKH�+DPLOWRQLDQ

�'HWHUPLQH�WKH�LQLWLDO�LPSOLFLW�IXQFWLRQ��GLVWDQFH�WUDQVIRUP�
� (YROYH�LW�ORFDOO\�DFFRUGLQJ�WR�WKH�OHYHO�VHW�IORZ
� 5HFRYHU�WKH�]HUR�OHYHO�VHW�LVR�VXUIDFH��FXUYH�SRVLWLRQ�
� 5H�LQLWLDOL]H�WKH�LPSOLFLW�IXQFWLRQ�DQG�*R�WR�VWHS�����RI�WKH�ORRS

� &RPSXWDWLRQDOO\�H[SHQVLYH
�2SHQ�4XHVWLRQV��UH�LQLWLDOL]DWLRQ«DQG�QXPHULFDO�DSSUR[LPDWLRQV



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

,PSOHPHQWDWLRQ�'HWDLOV«
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�7KH�QRUPDO�WR�WKH�FXUYH�VXUIDFH�FDQ�EH�GHWHUPLQHG�GLUHFWO\�IURP
WKH�OHYHO�VHW�IXQFWLRQ�

�7KH�FXUYDWXUH�FDQ�DOVR�EH�UHFRYHUHG�IURP�WKH�LPSOLFLW�IXQFWLRQ��E\
WDNLQJ�WKH�VHFRQG�RUGHU�GHULYDWLYH�DW�WKH�DUF�OHQJWK

�:KHUH�ZH�REVHUYH�QR�YDULDWLRQ�VLQFH�WKH�LPSOLFLW�IXQFWLRQ�KDV
FRQVWDQW�´]HURµ�YDOXHV��DQG�JLYHQ�WKDW�������������������������������������DV
ZHOO�DV��������������������RQH�FDQ�HDVLO\�SURYH�WKDW�

�7KDW�FDQ�DOVR�EH�H[WHQGHG�WR�KLJKHU�GLPHQVLRQV

/HYHO�6HW�0HWKRG�DQG�,QWHUQDO�&XUYH�3URSHUWLHV
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� 0LQLPL]H�WKH�(XFOLGHDQ�OHQJWK�RI�D
FXUYH�VXUIDFH�

� 7KH�FRUUHVSRQGLQJ�OHYHO�VHW�YDULDQW�ZLWK�D
GLVWDQFH�WUDQVIRUP�DV�DQ�LPSOLFLW�IXQFWLRQ�

� 7KLQJV�EHFRPH�OLWWOH�ELW�PRUH�FRPSOLFDWHG�DW
�'��*DXVVLDQ�&XUYDWXUH�

� 5HVXOWV�DUH�FRXUWHV\�3URI��-��6HWKLDQ
�%HUNHOH\��	�*��+HUPRVLOOR��,15,$�

([DPSOHV��0HDQ�*DXVVLDQ�&XUYDWXUH�)ORZ
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)URP�WKHRU\�WR�3UDFWLFH��1DUURZ�%DQG�
>&KRS�����$GDOVWHLQVVRQ�6HWKLDQ���@

� &HQWUDO�LGHD��ZH�DUH�LQWHUHVWHG�RQ�WKH�PRWLRQ�RI�WKH�]HUR�OHYHO
VHW�DQG�QRW�IRU�WKH�PRWLRQ�RI�HDFK�LVR�SKRWH�RI�WKH�VXUIDFH

� ([WUDFW�WKH�ODWHVW�SRVLWLRQ
� 'HILQH�D�EDQG�ZLWKLQ�D�FHUWDLQ�GLVWDQFH
� 8SGDWH�WKH�OHYHO�VHW�IXQFWLRQ
� &KHFN�QHZ�SRVLWLRQ�ZLWK�UHVSHFW
���WKH�OLPLWV�RI�WKH�EDQG
� 8SGDWH�WKH�SRVLWLRQ�RI�WKH�EDQG
����UHJXODUO\��DQG�UH�LQLWLDOL]H�WKH�LPSOLFLW�IXQFWLRQ

�6LJQLILFDQW�GHFUHDVH�RQ�WKH�FRPSXWDWLRQDO�FRPSOH[LW\��LQ
SDUWLFXODU�ZKHQ�LPSOHPHQWHG�HIILFLHQWO\�DQG�FDQ�DFFRXQW�IRU�DQ\
W\SH�RI�PRWLRQ�IORZV



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
1DUURZ�%DQG��WKH�EDVLF�GHULYDWLRQ�

5HVXOWV�DUH�FRXUWHV\��5��'HULFKH
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+DQGOLQJ�WKH�'LVWDQFH�)XQFWLRQ
�7KH�GLVWDQFH�IXQFWLRQ�KDV�WR�EH�IUHTXHQWO\�UH�LQLWLDOL]HG«

� ([WUDFWLRQ�RI�WKH�FXUYH�SRVLWLRQ�	�UH�LQLWLDOL]DWLRQ�
� 8VLQJ�WKH�PDUFKLQJ�FXEHV�RQH�FDQ�UHFRYHU�WKH�FXUUHQW�SRVLWLRQ�RI�WKH�FXUYH�

VHW�LW�WR�]HUR�DQG�WKHQ�UH�LQLWLDOL]H�WKH�LPSOLFLW�IXQFWLRQ��WKH�%RUJHIRUV
DSSURDFK��WKH�)DVW�0DUFKLQJ�PHWKRG��H[SOLFLW�HVWLPDWLRQ�RI�WKH�GLVWDQFH�IRU
DOO�LPDJH�SL[HOV«

� 3UHVHUYLQJ�WKH�FXUYH�SRVLWLRQ�DQG�UHILQHPHQW�RI�WKH�H[LVWLQJ�IXQFWLRQ
�6XVPDQ�VPHUHND�RVKHU����

� 0RGLILFDWLRQ�RQ�WKH�OHYHO�VHW�IORZ�VXFK�WKDW�WKH�GLVWDQFH�WUDQVIRUP
SURSHUW\�LV�SUHVHUYHG��JRPHV�IDXJHUDV����

� ([WHQG�WKH�VSHHG�RI�WKH�]HUR�OHYHO�VHW�WR�DOO�LVR�SKRWHV��UDWKHU�FRPSOLFDWHG
DSSURDFK�ZLWK�OLPLWHG�DGGHG�YDOXH"
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)URP�WKHRU\�WR�3UDFWLFH��)DVW�0DUFKLQJ�
�>7VLWVLNOLV����6HWKLDQ���@

� &HQWUDO�LGHD��´PRYHµ�WKH�FXUYH�RQH�SL[HO�LQ�D�SURJUHVVLYH�PDQQHU
DFFRUGLQJ�WR�WKH�VSHHG�IXQFWLRQ�ZKLOH�SUHVHUYLQJ�WKH�QDWXUH�RI
WKH�LPSOLFLW�IXQFWLRQ

� &RQVLGHU�WKH�VWDWLRQDU\�HTXDWLRQ
�6XFK�DQ�HTXDWLRQ�FDQ��EH�UHFRYHUHG�IRU�DOO����������������IORZV�ZKHUH
WKH�VSHHG�IXQFWLRQ�KDV�RQH�VLJQ��HLWKHU�SRVLWLYH�RU�QHJDWLYH��
SURSDJDWLRQ�WDNHV�SODFH�DW��RQH�GLUHFWLRQ

� ,I�7�[�\��LV�WKH�WLPH�ZKHQ�WKH�LPSOLFLW�IXQFWLRQ�UHDFKHV��[�\��
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)DVW�0DUFKLQJ��FRQWLQXHG�
� &RQVLGHU�WKH�VWDWLRQDU\�HTXDWLRQ�������������������LQ�LWV�GLVFUHWH�IRUP�

� $QG�XVLQJ�WKH�DVVXPSWLRQ
���WKDW�WKH�VXUIDFH�SURSDJD�
���WHV�LQ�RQH�GLUHFWLRQ��WKH�VR�
���OXWLRQ�FDQ�EH�REWDLQHG�E\
���RXWZDUGV�SURSDJDWLRQ�IURP
���WKH�VPDOOHVW�7�YDOXH«

� DFWLYH�SL[HOV��WKH�FXUYH�KDV�DOUHDG\�UHDFKHG�WKHP
� DOLYH�SL[HOV��WKH�FXUYH�FRXOG�UHDFK�WKHP�DW�WKH�QH[W�VWDJH
� IDU�DZD\�SL[HOV��WKH�FXUYH�FDQQRW�UHDFK�WKHP�DW�WKLV�VWDJH
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)DVW�0DUFKLQJ��FRQWLQXHG�
� ,1,7,$/�67(3

� ,QLWLDOL]H��������������IRU�WKH�DOO�SL[HOV�RI�WKH�IURQW��DFWLYH���WKHLU�ILUVW
RUGHU�QHLJKERUV�DOLYH�DQG�WKH�UHVW�IDU�DZD\

� )RU�WKH�ILUVW�RUGHU�QHLJKERUV�
���HVWLPDWH�WKH�DUULYDO�WLPH�DFFRUGLQJ�WR�
� :KLOH�IRU�WKH�UHVW�WKH�FURVVLQJ�WLPH�LV�VHW�WR�LQILQLW\

� 3523$*$7,21�67(3
� 6HOHFW�WKH�SL[HO�ZLWK�WKH�ORZHVW�DUULYDO�WLPH�IURP�WKH�DOLYH�RQHV
� &KDQJH�KLV�ODEHO�IURP�DOLYH�WR�DFWLYH�DQG�IRU�KLV�ILUVW�RUGHU�QHLJKERUV�

� ,I�WKH\�DUH�DOLYH��XSGDWH�WKHLU�7�YDOXH�DFFRUGLQJ�WR

� ,I�WKH\�DUH�IDU�DZD\��HVWLPDWH�WKH�DUULYDO�WLPH�DFFRUGLQJ�WR�
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)DVW�0DUFKLQJ�3URV�&RQV��6RPH�5HVXOWV
� )DVW�DSSURDFK�IRU�D�OHYHO�VHW
LPSOHPHQWDWLRQ

� 9HU\�HIILFLHQW�WHFKQLTXH�IRU�UH�VHWWLQJ
WKH�HPEHGGLQJ�IXQFWLRQ�WR�EH�GLVWDQFH
WUDQVIRUP

� 6LQJOH�GLUHFWLRQDO�IORZV��JUHDW�LPSRUWDQFH
RQ�LQLWLDO�SODFHPHQW�RI�WKH�FRQWRXUV

� $EVHQFH�RI�FXUYDWXUH�UHODWHG�WHUPV�RU
WHUPV�WKDW�GHSHQG�RQ�WKH�JHRPHWULF
SURSHUWLHV�RI�WKH�FXUYH«

� 5HVXOWV�DUH�FRXUWHV\��-��6HWKLDQ��5�
0DOODGL��7��'HVFKDPSV��/��&RKHQ



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

/HYHO�6HWV�LQ�LPDJLQJ�DQG�YLVLRQ«
WKH�HGJH�GULYHQ�FDVH
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(PLJUDWLRQ�IURP�)OXLG�'\QDPLFV�WR�9LVLRQ
� �&DVHOOHV�&DWH�&ROO�'LERV����0DOODGL�6HWKLDQ�9HPXUL�����KDYH
SURSRVHG�JHRPHWULF�IORZV�WR�ERXQGDU\�H[WUDFWLRQ

� :KHUH�J����LV�D�IXQFWLRQ�WKDW�DFFRXQWV�IRU�VWURQJ�LPDJH
JUDGLHQWV

� $QG�WKH�RWKHU�WHUPV�DUH�DSSOLFDWLRQ�VSHFLILF«WKDW�HLWKHU
H[SDQG�RU�VKULQN�FRQVWDQWO\�WKH�LQLWLDO�FXUYH

� 'LVWDQFH�WUDQVIRUPV�KDYH�EHHQ�XVHG�DV�HPEHGGLQJ�IXQFWLRQV

0DOODGL�6HWKLDQ�9HPXUL���
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*HRGHVLF�$FWLYH�&RQWRXUV
�>&DVHOOHV�.LPPHO�6DSLUR�����.LFKHQDVVDP\�.XPDU�HWDO��@

� &RQQHFWLRQ�EHWZHHQ�OHYHO�VHW�PHWKRGV�DQG�VQDNH�GULYHQ
RSWLPL]DWLRQ

�7KH�JHRGHVLF�DFWLYH�FRQWRXU�FRQVLVWV�RI�D�VLPSOLILHG�VQDNH�PRGHO
ZLWKRXW�VHFRQG�RUGHU�VPRRWKQHVV

�7KDW�FDQ�EH�ZULWWHQ�LQ�D�PRUH�JHQHUDO�IRUP�DV

�:KHUH�WKH�LPDJH�PHWULF�KDV�EHHQ�UHSODFHG�ZLWK�D�PRQRWRQLFDOO\
GHFUHDVLQJ�IXQFWLRQ�
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*HRGHVLF�$FWLYH�&RQWRXUV
�>&DVHOOHV�.LPPHO�6DSLUR�����.LFKHQDVVDP\�.XPDU�HWDO��@

� /HDGLQJ�WR�WKH�IROORZLQJ�PRUH�JHQHUDO�IUDPHZRUN«
����������������������������������������������������������

�2QH�FDQ�DVVXPH�WKDW�VPRRWKQHVV�DV�ZHOO�DV�LPDJH�WHUPV�DUH
HTXDOO\�LPSRUWDQW�DQG�ZLWK�VRPH�´EDVLF�PDWKµ

�7KDW�VHHNV�D�PLQLPDO�OHQJWK�JHRGHVLF�FXUYH�DWWUDFWHG�E\�WKH
GHVLUHG�LPDJH�SURSHUWLHV«
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*HRGHVLF�$FWLYH�&RQWRXUV
�7KDW�ZKHQ�PLQLPL]HG�OHDGV�WR�WKH�IROORZLQJ�JHRPHWULF�IORZ�

� 'DWD�GULYHQ�FRQVWUDLQHG�E\�WKH�FXUYDWXUH�IRUFH
� *UDGLHQW�GULYHQ�WHUP�WKDW�DGMXVWV�WKH�SRVLWLRQ�RI�WKH�FRQWRXU�ZKHQ
FORVH�WR�WKH�UHDO��EMHFW�ERXQGDULHV«

� %\�HPEHGGLQJ�WKLV�IORZ�WR��D�OHYHO�VHW�IUDPHZRUN�DQG�XVLQJ�D
GLVWDQFH�WUDQVIRUP�DV�LPSOLFLW�IXQFWLRQ�
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*HRGHVLF�$FWLYH�&RQWRXUV«

� 7KDW�KDV�DQ�H[WUD�WHUP�ZKHQ
FRPSDUHG�ZLWK�WKH�IORZ�SURSRVHG
E\�0DOODGL�6HWKLDQ�9HPXUL�

� 6LQJOH�GLUHFWLRQDO�IORZ«UHTXLUHV
WKH�LQLWLDO�FRQWRXU�WR�HLWKHU
HQFORVH�WKH�REMHFW�RU�WR�EH
FRPSOHWHO\�LQVLGH���

5HVXOWV�DUH�FRXUWHV\��5��'HULFKH
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*UDGLHQW�9HFWRU�)ORZ�*HRPHWULF�&RQWRXUV
�>SDUDJLRV�PHOOLQD�UDPHVK���@

� ,QLWLDO�FRQGLWLRQV�DUH�DQ�LVVXH�DW�WKH�DFWLYH�FRQWRXUV�VLQFH�WKH\
DUH�SURSDJDWHG�PDLQO\�DW�RQH�GLUHFWLRQ

� 5HJLRQ�WHUPV��ODWHU�LQWURGXFHG��LV
��D�PHDQ�WR�RYHUFRPH�WKLV�OLPLWDWLRQ«
� DQ�DOWHUQDWLYH�LV�VRPHKRZ�WR�H[WHQG
��WKH�ERXQGDU\�GULYHQ�VSHHG�IXQFWLRQ�WR�DFFRXQW�IRU�GLUHFWLRQDOLW\�
WKXV�UHFRYHULQJ�D�ILHOG��X�Y�

�2QH�FDQ�HVWLPDWH�WKLV�ILHOG�FORVH�WR�WKH�REMHFW�ERXQGDULHV«ZKHUH
� 7KH�LPDJH�JUDGLHQW�DW�WKH�ERXQGDULHV�LV�WDQJHQW�WR�WKH�FXUYH
� :KLOH�WKH�LQZDUG�QRUPDO�QRUPDO�SRLQWV�WRZDUGV�WKH�REMHFW�ERXQGDULHV
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*UDGLHQW�9HFWRU�)ORZ�*HRPHWULF�&RQWRXUV
�>SDUDJLRV�PHOOLQD�UDPHVK���@

� /HW��I��EH�D�FRQWLQXRXV�HGJH�GHWHFWRU�ZLWK�YDOXHV�FORVH�WR���DW�WKH
SUHVHQFH�RI�QRLVH�DQG���HOVHZKHUH«

�7KH�IORZ�FDQ�EH�GHWHUPLQHG�LQ�DUHDV�ZLWK�LPSRUWDQW�ERXQGDU\
LQIRUPDWLRQ��,PSRUWDQW�I�

�$QG�DUHDV�ZKHUH�WKHUH�FKDQJHV�RQ�I��_*UDGLHQW�I�_

�:KLOH�HOVHZKHUH�UHFRYHULQJ�VXFK��D�ILHOG�LV�QRW�SRVVLEOH�DQG�WKH
RQO\�ZD\�WR�EH�GRQH�LV�WKURXJK�GLIIXVLRQ

�7KLV�FDQ�EH�GRQH�WKURXJK�DQ�DSSUR[LPDWLRQ�RI�LPDJH�JUDGLHQW�DW
WKH�HGJHV�DQG�GLIIXVLRQ�RI�WKLV�LQIRUPDWLRQ�IRU�WKH�UHVW�RI�WKH
LPDJH�SODQH
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*UDGLHQW�9HFWRU�)ORZ�*HRPHWULF�&RQWRXUV
�7KLV�IORZ�FDQ�EH�XVHG�ZLWKLQ�D�JHRPHWULF�IORZ�WRZDUGV�LPDJH
VHJPHQWDWLRQ«

� 7KH�GLUHFWLRQ�RI�WKH�SURSDJDWLRQ�VKRXOG�EH�WKH�VDPH�ZLWK�WKH�RQH
SURSRVHG�E\�WKH�UHFRYHUHG�IORZ��WKHUHIRUH�RQH�FDQ�SHQDOL]H�WKH
RULHQWDWLRQ�EHWZHHQ�WKHVH�WZR�YHFWRUV�

� 7KDW�LV�LQWHJUDWHG�ZLWKLQ�WKH�FODVVLFDO
����*HRGHVLF�DFWLYH�FRQWRXU�HTXDWLRQ�DQG�LV
����LPSOHPHQWHG�XVLQJ�WKH�OHYHO�VHW�IXQFWLRQ
����XVLQJ�WKH�$GGLWLYH�2SHUDWRU�6SOLWWLQJ

� 7KH�LQQHU�SURGXFW�EHWZHHQ�WKH�FXUYH
����QRUPDO�DQG�WKH�YHFWRU�ILHOG�JXLGHV�WKH�FXUYH�SURSDJDWLRQ
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$GGLWLYH�2SHUDWRU�6SOLWWLQJ
�>:HLFNHUW�����*ROGHQEHUJ�.LPPHO���@

� ,QWURGXFHG�IRU�IDVW�QRQ�OLQHDU�GLIIXVLRQ
�$SSOLHG�WR�WKH�IORZ�RI�WKH�JHRGHVLF�DFWLYH�FRQWRXU

�:KHUH�RQH�FDQ�FRQVLGHU�D�VLJQHG�(XFOLGHDQ�GLVWDQFH�IXQFWLRQ�WR�EH
WKH�LPSOLFLW�IXQFWLRQ��OHDGLQJ�WR�

�7KDW�FDQ�EH�ZULWWHQ�DV�

�7KDW�FDQ�EH�VROYHG�LQ�DQ�H[SOLFLW�IRUP�
�2U�D�VHPL�LPSOLFLW�RQH�



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
$GGLWLYH�2SHUDWRU�6SOLWWLQJ��:HLFNHUW����

�2U�LQ�D�VHPL�LPSOLFLW�RQH

�7KDW�UHIHUV�WR�D�WULDJRQDO�V\VWHP�RI�HTXDWLRQV�DQG�FDQ�EH�GRQH
XVLQJ�WKH�7KRPDV�DOJRULWKP«DW�2�1��DQG�KDV�WR�EH�GRQH�RQFH«



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
6RPH�&RPSDULVRQ��:HLFNHUW����



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

/HYHO�6HWV�LQ�LPDJLQJ�DQG�YLVLRQ«
WKH�UHJLRQ�GULYHQ�FDVH
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7KH�0XPIRUG�6KDK�IUDPHZRUN
�>FKDQ�YHVH�����\H]]L�WVDL�ZLOOVN\���@

�7KH�RULJLQDO�0XPIRUG�6KDK�IUDPHZRUN�DLPV�DW�SDUWLWLRQLQJ�WKH
LPDJH�LQWR��PXOWLSOH��FODVVHV�DFFRUGLQJ�WR�D�PLQLPDO�OHQJWK

���FXUYH�DQG�UHFRQVWUXFWLQJ�WKH�QRLV\�VLJQDO�LQ�HDFK�FODVV

� /HW�XV�FRQVLGHU���D�VLPSOLILHG�YHUVLRQ���WKH�ELQDU\�FDVH�DQG�WKH
IDFW�WKDW�WKH�UHFRQVWUXFWHG�VLJQDO�LV�SLHFH�ZLVH�FRQVWDQW

�:KHUH�WKH�REMHFWLYH�LV�WR�UHFRQVWUXFW
���WKH�LPDJH��XVLQJ�WKH�PHDQ�YDOXHV�IRU�WKH
���LQQHU�DQG�WKH�RXWHU�UHJLRQ
�7UDFWDEOH�SUREOHP��QXPHURXV�VROXWLRQV«
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7KH�0XPIRUG�6KDK�IUDPHZRUN
�>FKDQ�YHVH�����\H]]L�WVDL�ZLOOVN\���@

�7DNLQJ�WKH�GHULYDWLYHV�ZLWK�UHVSHFW�WR�SLHFH�ZLVH�FRQVWDQWV��LW
VWUDLJKWIRUZDUG�WR�VKRZ�WKDW�WKHLU�RSWLPDO�YDOXH�FRUUHVSRQGV�WR
WKH�PHDQV�ZLWKLQ�HDFK�UHJLRQ�

�:KLOH�WDNLQJ�WKH�GHULYDWLYHV�ZLWK�UHVSHFW�DQG�XVLQJ�WKH�VWRNHV
WKHRUHP��WKH�IROORZLQJ�IORZ�LV�UHFRYHUHG�IRU�WKH�HYROXWLRQ�RI�WKH
FXUYH�

� $Q�DGDSWLYH��GLUHFWLRQDO�PDJQLWXGH��ZLVH�EDOORRQ�IRUFH
� $�VPRRWKQHVV�IRUFH�DLPV�DW�PLQLPL]LQJ�WKH�OHQJWK�RI�WKH�SDUWLWLRQ

�7KDW�FDQ�EH�LPSOHPHQWHG�LQ�D�VWUDLJKWIRUZDUG�PDQQHU�ZLWKLQ�WKH
OHYHO�VHW�DSSURDFK



   
   

  C
en

tr
e 

  d
‘E

ei
gn

em
en

t  
et

  d
e 

 R
ec

he
rc

he
  e

n 
 T

ec
hn

ol
og

ie
s

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 d

e 
 L

‘In
fo

rm
at

io
n 

 e
t S

ys
te

m
es

7KH�0XPIRUG�6KDK�IUDPHZRUN�²
&ULWLFLVP��	�5HVXOWV

�$FFRXQW�IRU�PXOWLSOH�FODVVHV"
�4XLWH�VLPSOLVWLF�PRGHO��TXLWH�RIWHQ�WKH�PHDQV�DUH�QRW�D�JRRG
LQGLFDWRU�IRU�WKH�UHJLRQ�VWDWLVWLFV

�$EVHQFH�RI�XVH�RQ�WKH�HGJHV��ERXQGDU\�LQIRUPDWLRQ
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*HRGHVLF�$FWLYH�5HJLRQV
�>SDUDJLRV�GHULFKH���@

� ,QWURGXFH�D�IUDPH�SDUWLWLRQ�SDUDGLJP�ZLWKLQ�WKH�OHYHO�VHW�VSDFH
WKDW�FDQ�DFFRXQW�IRU�ERXQGDU\�DQG�JOREDO�UHJLRQ�GULYHQ
LQIRUPDWLRQ

� .(<�$668037,216
� 2SWLPL]H�WKH�SRVLWLRQ�DQG�WKH�JHRPHWULF�IRUP�RI�WKH�FXUYH�E\
PHDVXULQJ�LQIRUPDWLRQ�DORQJ�WKDW�FXUYH��DQG�ZLWKLQ�WKH�UHJLRQV�WKDW
FRPSRVH�WKH�LPDJH�SDUWLWLRQ�GHILQHG�E\�WKH�FXUYH�

���������������LQSXW�LPDJH�������������ERXQGDU\������������������UHJLRQ�



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
*HRGHVLF�$FWLYH�5HJLRQV

�:H�DVVXPH�WKDW�SULRU�NQRZOHGJH�RQ�WKH�SRVLWLRQV�RI�WKH�REMHFWV
WR�EH�UHFRYHUHG�LV�DYDLODEOH��������������DV�ZHOO�DV�RQ�WKH�H[SHFWHG
LQWHQVLW\�SURSHUWLHV�RI�WKH�REMHFW�DQG�WKH�EDFNJURXQG
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*HRGHVLF�$FWLYH�5HJLRQV
�6XFK�D�FRVW�IXQFWLRQ�FRQVLVWV�RI�

� 7KH�JHRGHVLF�DFWLYH�FRQWRXU
� $�UHJLRQ�GULYHQ�SDUWLWLRQ�PRGXOH�WKDW�DLPV�DW�VHSDUDWLQJ�WKH
LQWHQVLWLHV�SURSHUWLHV�RI�WKH�WZR�FODVVHV��VHH�ODWHU�DQDORJ\�ZLWK�WKH
0XPIRUG�6KDK�

�$QG�FDQ�EH�PLQLPL]HG�XVLQJ�D�JUDGLHQW�GHVFHQW�PHWKRG�OHDGLQJ�WR�

�:KLFK�FDQ�EH�LPSOHPHQWHG�XVLQJ�WKH�OHYHO�VHW�PHWKRG�DV�IROORZV«



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
*HRGHVLF�$FWLYH�5HJLRQV



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
6RPH�5HVXOWV«



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

«5(0,1'(5«
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/HYHO�6HW�	�*HRPHWULF�)ORZV
�:KLOH�HYROYLQJ�PRYLQJ�LQWHUIDFHV�ZLWK�WKH�OHYHO�VHW�PHWKRG�LV
TXLWH�DWWUDFWLQJ��VWLOO�LW�KDV�WKH�OLPLWDWLRQ�RI�EHLQJ�D�VWDWLF
DSSURDFK

� 7KH�PRWLRQ�HTXDWLRQV�DUH�GHULYHG�VRPHKRZ�
� 7KH�OHYHO�VHW�LV�XVHG�RQO\�DV�DQ�LPSOHPHQWDWLRQ�WRRO«

� 7KDW�LV�HTXLYDOHQW�ZLWK�VD\LQJ�WKDW�WKH�SUREOHP�KDV�EHHQ�VRPHKRZ
DOUHDG\�VROYHG«VLQFH�WKHUH�LV�QRW�GLUHFW�FRQQHFWLRQ�EHWZHHQ�WKH
DSSURDFK�DQG�WKH�OHYHO�VHW�PHWKRGRORJ\



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes

/HYHO�6HW��2SWLPL]DWLRQ�VSDFH



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
/HYHO�6HW�'LFWLRQDU\

�/HW�XV�FRQVLGHU�GLVWDQFH�WUDQVIRUPV
���DV�HPEHGGLQJ�IXQFWLRQ

�7KHQ�IROORZLQJ�LGHDV�LQWURGXFHG�LQ
�����>HYDQV�JDULHS\���@���RQH�FDQ�LQWURGXFH�WKH�'LUDF��GLVWULEXWLRQ
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/HYHO�6HW�'LFWLRQDU\
�8VLQJ�WKH�'LUDF�IXQFWLRQ�DQG�LQWHJUDWLQJ�ZLWKLQ�WKH�LPDJH�GRPDLQ�
RQH�FDQ�HVWLPDWH�WKH�OHQJWK�RI�WKH�FXUYH�

� �:KLOH�LQWHJUDWLQJ�WKH�+HDYLVLGH�'LVWULEXWLRQ�ZLWKLQ�WKH�LPDJH
GRPDLQ

�6XFK�REVHUYDWLRQV�FDQ�EH�XVHG�WR�GHILQH�UHJLRQDO�SDUWLWLRQ
PRGXOHV�DV�IROORZV�DFFRUGLQJ�WR�VRPH�GHVFULSWRUV

�7KDW�FDQ�EH�RSWLPL]HG�ZLWK�UHVSHFW�WR�WKH�OHYHO�VHW�IXQFWLRQ
�LPSOLFLWO\�ZLWK�UHVSHFW�WR�D�FXUYH�SRVLWLRQ�
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/HYHO�6HW�2SWLPL]DWLRQ

�$QG�JLYHQ�WKDW��
�$Q�DGDSWLYH��GLUHFWLRQDO�	�PDJQLWXGH�ZLVH��IORZ�LV�UHFRYHUHG�IRU
WKH�SURSDJDWLRQ�RI�DQ�LQLWLDO�VXUIDFH�WRZDUGV�D�SDUWLWLRQ�WKDW�LV
RSWLPDO�DFFRUGLQJ�WR�WKH�UHJLRQDO�GHVFULSWRUV«

�7KH�VDPH�LGHD�FDQ�EH�XVHG�WR�LQWURGXFH�FRQWRXU�GULYHQ�WHUPV«
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/HYHO�6HW�2SWLPL]DWLRQ
DQG�RSWLPL]H�WKHP�GLUHFWO\�RQ�WKH�OHYHO�VHW�VSDFH
� &XUYH�GULYHQ�WHUPV�

�*OREDO�UHJLRQ�GULYHQ�WHUPV�

�$FFRUGLQJ�WR�VRPH�LPDJH�PHWULFV«GHILQHG�DORQJ�WKH�FXUYH�DQG
ZLWKLQ�WKH�UHJLRQV�REWDLQHG�WKURXJK�WKH�LPDJH�SDUWLWLRQ�DFFRUGLQJ
WR�WKH�SRVLWLRQ�RI�WKH�FXUYH��WKDW�FDQ�EH�PXOWL�FRPSRQHQW�EXW�LV
UHSUHVHQWLQJ�RQO\�RQH�FODVV
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0XOWLSKDVH�0RWLRQ�>]KDR�FKDQ�PHULQPDQ�RVKHU���@

�8S�WR�QRZ�VWDWLVWLFV�DQG�LPDJH�LQIRUPDWLRQ�KDYH�EHHQ�XVHG�WR
SDUWLWLRQ�LPDJH�LQWR�WZR�FODVVHV�

�2IWHQ��ZH�QHHG�PRUH�WKDQ�REMHFW�EDFNJURXQG�VHSDUDWLRQ��DQG
WKHUHIRUH�WKH�FDVH�RI�PXOWL�SKDVH�PRWLRQ�LV�WR�EH�FRQVLGHUHG«

�1�REMHFWV�FXUYHV��UHSUHVHQWHG�E\�1�OHYHO�VHW�IXQFWLRQV
� +RZ�WR�GHDO�ZLWK�RFFOXVLRQV�
���RQH�LPDJH�SL[HO�FDQQRW�EH
���DVVLJQHG�WR�PRUH�WKDQ�RQH�FXUYH«

� +RZ�WR�FRQVWUDLQ�WKH�VROXWLRQ
���VXFK�WKDW�WKH�REWDLQHG�SDUWLWLRQ
���FRQVLVWV�RI�DOO�LPDJH�GDWD
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0XOWL�3KDVH�0RWLRQ��FRQWLQXHG�
� )RU�HDFK�FODVV��ERXQGDU\��VPRRWKQHVV�DV�ZHOO�DV�UHJLRQ�FRPSRQHQWV
FDQ�EH�FRQVLGHUHG

�6XEMHFW�WR�WKH�FRQVWUDLQW�DW�HDFK�SL[HO�
� D�KDUG�DQG�ORFDO�FRQVWUDLQW�GLIILFXOW�WR�EH�LPSRVHG�WKDW�FRXOG�EH
UHSODFHG�ZLWK�D�PRUH�FRQYHQLHQW

�7KDW�FDQ�EH�RSWLPL]HG�WKURXJK�/DJUDQJH�PXOWLSOLHUV�PHWKRG«
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0XOWLSKDVH�0RWLRQ�	�0XPIRUG�6KDK
>VDPVRQ�DXEHUW�EODQF�IHUDXG���@

� ,PDJH�6HJPHQWDWLRQ�DQG�6LJQDO�5HFRQVWUXFWLRQ��GLUHFW�DSSOLFDWLRQ�RI
WKH��]KDR�FKDQ�PHULQPDQ�RVKHU�����ZLWKLQ�WKH�0XPIRUG�6KDK
IRUPXODWLRQ«�

� 6HSDUDWH�WKH�LPDJH�LQWR�UHJLRQV�ZLWK�FRQVLVWHQW�LQWHQVLW\�SURSHUWLHV
� 5HFRYHU�D�*DXVVLDQ�GLVWULEXWLRQ�WKDW�H[SUHVVHV�WKH�LQWHQVLW\
SURSHUWLHV�RI�HDFK�FODVV��RU�IRUFH�WKH�LQWHQVLW\�SURSHUWLHV�RI�HDFK
FODVV�WR�IROORZ�VRPH�SUHGHILQHG�LPDJH�FKDUDFWHULVWLFV

�7KDW�ZKHQ�RSWLPL]HG�OHDGV�WR�D�VHW�RI�HTXDWLRQV�WKDW�GHIRUPLQJ
VLPXOWDQHRXVO\�WKH�LQLWLDO�FXUYHV�DFFRUGLQJ�WR�



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
0XOWLSKDVH�0RWLRQ�	�0XPIRUG�6KDK

>VDPVRQ�DXEHUW�EODQF�IHUDXG���@
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0XOWL�3KDVH�0RWLRQ
� 3526

� 7DNLQJ�WKH�OHYHO�VHW�PHWKRG�WR�DQRWKHU�OHYHO
� 'HDOLQJ�ZLWK�PXOWLSOH��PXOWL�FRPSRQHQW��REMHFWV��DQG�PXOWLSOH�WDVNV
� ,QWURGXFLQJ�LQWHUDFWLRQV�EHWZHHQ�VKDSH�VWUXFWXUHV�WKDW�HYROYH�LQ
SDUDOOHO

� &216
� &RPSXWDWLRQDOO\�H[SHQVLYH
� 'LIILFXOW�WR�JXDUDQWHH�FRQYHUJHQFH
� 1XPHULFDOO\�XQVWDEOH�	�KDUG�WR�LPSOHPHQW
� 3ULRU�NQRZOHGJH�UHTXLUHG�RQ�WKH�QXPEHU�RI�FODVVHV�DQG�LQ�VRPH�FDVHV
RQ�WKHLU�SURSHUWLHV«

� 3$57,$/�62/87,21��7KH�PXOWL�SKDVH�&KDQ�9HVH�PRGHO
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� ,QWURGXFH�FODVVLILFDWLRQ�DFFRUGLQJ�WR�D�FRPELQDWLRQ�RI�DOO�OHYHO
VHWV�DW�D�JLYHQ�SL[HO

���/(9(/�6(7�',&7,21$5<
� &ODVV���
� &ODVV���
� &ODVV���
� &ODVV���

� $QG�WKHUHIRUH�E\�WDNLQJ�WKHVH�SURGXFWV�RQH�FDQ�GHILQH�D�PRGLILHG�YHUVLRQ
RI�WKH�PXPIRUG�VKDK�DSSURDFK�WR�DFFRXQW�ZLWK�IRXU�FODVVHV�ZKLOH�XVLQJ
WZR�OHYHO�VHW�IXQFWLRQV«

0XOWL�3KDVH�0RWLRQ
�>YHVH�FKDQ���@



        Centre   d‘E eignement  et  de  R echerche  en  T echnologies

                                                                                                                de  L ‘Information  et S ystemes
0XOWL�3KDVH�0RWLRQ
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0XOWL�3KDVH�0RWLRQ�ZLWK�PRUH�DGYDQFHG�GDWD�
GULYHQ�WHUPV

�7KH�DVVXPSWLRQ�RI�SLHFH�ZLVH�FRQVWDQW�LV�UDWKHU�ZHDN�LQ�SDUWLFXODU
LQ�PHGLFDO�LPDJLQJ«

�6HYHUDO�DXWKRUV�KDYH�SURSRVHG�PRUH�DGYDQFHG�VWDWLVWLFDO
IRUPXODWLRQV�WKDW�DUH�UHFRYHUHG�´RQ�WKH�IO\µ�WR�GHWHUPLQH�WKH
VWDWLVWLFV�RI�HDFK�FODVV

�7KH�FDVH�RI�QRQ�SDUDPHWULF�DSSUR[LPDWLRQV�RI�WKH�KLVWRJUDP
ZLWKLQ�HDFK�UHJLRQ�LV�D�SURPLVLQJ�GLUHFWLRQ
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.QRZOHGJH�EDVHG�2EMHFW�([WUDFWLRQ
�2EMHFWLYH�

UHFRYHU�IURP�WKH�LPDJH�D�VWUXFWXUH
RI�D�SDUWLFXODU�²�NQRZQ�WR�VRPH�H[WHQG
²�JHRPHWULF�IRUP

�0HWKRGRORJ\
� &RQVLGHU�D�VHW�RI�WUDLQLQJ�H[DPSOHV
� 5HJLVWHU�WKHVH�H[DPSOHV�WR�D�FRPPRQ�SRVH
� &RQVWUXFW�D�FRPSDFW�PRGHO�WKDW�H[SUHVVHV�WKH
���YDULDELOLW\�RI�WKH�WUDLQLQJ�VHW
� *LYHQ�D�QHZ�LPDJH��UHFRYHU�WKH�DUHD�ZKHUH�WKH
���XQGHUO\LQJ�REMHFW�ORRNV�OLNH�WKDW�RQH�OHDUQW

�$GYDQWDJHV�RI�GRLQJ�WKDW�RQ�WKH�/6�VSDFH�
� 3UHVHUYH�WKH�LPSOLFLW�JHRPHWU\
� $FFRXQW�ZLWK�PXOWL�FRPSRQHQW�REMHFWV«
� «�DOO�ZRQGHUIXO�VWDII�\RX�FDQ�GR�ZLWK�WKH�/6
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.QRZOHGJH�EDVHG�6HJPHQWDWLRQ
�>OHYHQWRQ�IDXJHUDV�JULPVRQ�HWDO���@

� &RQFHSW��$OWHUQDWH�EHWZHHQ�VHJPHQWDWLRQ
���	�LPSRVLQJ�SULRU�NQRZOHGJH

� /HDUQ�D�*DXVVLDQ�GLVWULEXWLRQ�RI�WKH
���VKDSH�WR�EH�UHFRYHUHG�IURP�D�WUDLQLQJ
���VHW�GLUHFWO\�DW�WKH�VSDFH�RI�LPSOLFLW�IXQFWLRQV

� 7KH�HOHPHQWV�RI�WKH�WUDLQLQJ�VHW�DUH�UHJLVWHUHG
� $�SULQFLSDO�FRPSRQHQW�DQDO\VLV�LV�XVH�WR�UHFRYHU
���WKH�FRYDULDQFH�PDWUL[�RI�SUREDELOLW\�GHQVLW\�IXQFWLRQ�RI�WKLV�VHW

� $/7(51$7(
� (YROYH�D�OHW�VHW�IXQFWLRQ�DFFRUGLQJ�WR�WKH�JHRGHVLF�DFWLYH�FRQWRXU
� *LYHQ�LWV�FXUUHQW�IRUP��GHIRUP�LW�ORFDOO\�XVLQJ�D�0$3�FULWHULRQ�VR�LW�ILWV

EHWWHU�ZLWK�WKH�SULRU�GLVWULEXWLRQ
� 8QWLO�FRQYHUJHQFH«
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.QRZOHGJH�EDVHG�6HJPHQWDWLRQ
�>OHYHQWRQ�IDXJHUDV�JULPVRQ�HWDO���@

� /LPLWDWLRQV�
� 'DWD�GULYHQ�	�SULRU�WHUP�DUH�GHFRXSOHG
� %XLOGLQJ�GHQVLW\�IXQFWLRQV�RQ�KLJK�GLPHQVLRQDO�VSDFHV�LV�DQ�LOO�SRVHG
SUREOHP�

� 'HDOLQJ�ZLWK�VFDOH�DQG�SRVH�YDULDWLRQV��WKH\�DUH�QRW�H[SOLFLWHO\
DGGUHVVHG�
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.QRZOHGJH�EDVHG�6HJPHQWDWLRQ
�>FKHQ�HWDO���@

� &RQFHSW�OHYHO�
� 8VH�DQ�DYHUDJH�PRGHO�DV�SULRU�LQ�LWV�LPSOLFLW�IXQFWLRQ
� )RU�D�JLYHQ�FXUYH�ILQG�WKH�WUDQVIRUPDWLRQ�WKDW�SURMHFWV�LW�FORVHU�WR
WKH�]HUR�OHYHO�VHW�RI�WKH�LPSOLFLW�UHSUHVHQWDWLRQ�RI�WKH�SULRU

� )RU�D�JLYHQ�WUDQVIRUPDWLRQ�HYROYH�WKH�FXUYH�ORFDOO\�WRZDUGV�EHWWHU
ILWWLQJ�ZLWK�WKH�SULRU«

� &RXSOH�SULRU�ZLWK�WKH�LPDJH�GULYHQ�WHUP�LQ�D�GLUHFW�IRUP«

� ,VVXHV�WR�EH�DGGUHVVHG�
� 0RGHO�LV�YHU\�VLPSOLVWLF��DYHUDJH�VKDSH��²�RSSRVLWH�WR�WKH�OHYHQWRQ·V�FDVH

ZKHUH�LW�ZDV�WRR�PXFK�FRPSOLFDWHG«
� (VWLPDWLRQ�RI�WKH�SURMHFWLRQ�EHWZHHQ�WKH�FXUYH�DQG�WKH�PRGHO�VSDFH�LV

WULFN\«QRW�HQRXJK�VXSSRUW«GDWD�WHUP�FDQ�EH�LPSURYHG«
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.QRZOHGJH�EDVHG�6HJPHQWDWLRQ
�>WVDL�\H]]L�HWDO���@

�$W�D�FRQFHSW�OHYHO��SULRU�NQRZOHGJH�LV�PRGHOHG�WKURXJK�D�*DXVVLDQ
GLVWULEXWLRQ�RQ�WKH�VSDFH�RI�GLVWDQFH�IXQFWLRQV�E\�SHUIRUPLQJ�D
VLQJXODU�YDOXH�GHFRPSRVLWLRQ�RQ�WKH�VHW�RI�UHJLVWHUHG�WUDLQLQJ�VHW�

�7KH�PXPIRUG�VKDK�IUDPHZRUN�GHWHUPLQHG�DW�VSDFH�RI�WKH�PRGHO
LV�XVHG�WR�VHJPHQW�REMHFWV�DFFRUGLQJ�WR�YDULRXV�GDWD�GULYHQ�WHUPV

�7KH�SDUDPHWHUV�RI�WKH�SURMHFWLRQ�DUH�UHFRYHUHG�DW�WKH�VDPH�WLPH
ZLWK�WKH�VHJHQWDWLRQ�UHVXOW«

� $�PRUH�FRQYHQLHQW�DSSURDFK�WKDQ�WKH�RQH�RI�/HYHQWRQ�HWDO
� :KLFK�VXIIHUV�IURP�QRW�FRPSDULQJ�GLUHFWO\�WKH�VWUXFWXUH�WKDW�LV
UHFRYHUHG�ZLWK�WKH�PRGHO«
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.QRZOHGJH�EDVHG�6HJPHQWDWLRQ
�>SDUDJLRV�URXVVRQ���@

� 3ULRU�LV�LPSRVHG�E\�GLUHFW�FRPSDULVRQ�EHWZHHQ�WKH�PRGHO�DQG
HYROYLQJ�FRQWRXU�PRGXOR�D�VLPLODULW\�WUDQVIRUPDWLRQ«

�7KH�PRGHO�FRQVLVWV�RI�D�VWRFKDVWLF�OHYHO�VHW�ZLWK�WZR�FRPSRQHQWV�
� $�GLVWDQFH�PDS�WKDW�UHIHUV�WR�WKH�DYHUDJH�PRGHO
� $QG�D�FRQILGHQFH�PDS�WKDW�GLFWDWHV�WKH�DFFXUDF\�RI�WKH�PRGHO

�2EMHFWLYH��5HFRYHU�D�OHYHO�VHW�WKDW�SL[HO�ZLVH�ORRNV�OLNH�WKH�SULRU
PRGXOR�VRPH�WUDQVIRUPDWLRQ
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������������0RGHO�&RQVWUXFWLRQ
� )URP�D�WUDLQLQJ�VHW�UHFRYHU�WKH�PRVW�UHSUHVHQWDWLYH�PRGHO�
� ,I�ZH�DVVXPH�1�VDPSOHV�RQ�WKH�WUDLQLQJ�VHW��WKHQ�WKH�GLVWULEXWLRQ
WKDW�H[SUHVVHV�DW�D�JLYHQ�SRLQW�PRVW�RI�WKHVH�VDPSOHV�LV�WKH�RQH
UHFRYHUHG�WKURXJK�0$3

�:KHUH�DW�D�JLYHQ�SL[HO��ZH�UHFRYHU�WKH�PHDQ�DQG�WKH�YDULDQFH�WKDW
EHVW�GHVFULEHV�WKH�WUDLQLQJ�VHW�FRPSRVHG�RI�LPSOLFLW�IXQFWLRQV�DW
WKLV�SRLQW��ZKHUH�WKH�PHDQ�FRUUHVSRQGV�WR�WKH�DYHUDJH�YDOXH

� &RQVWUDLQWV�RQ�WKH�YDULDQFH�WR�EH�ORFDOO\�VPRRWK�LV�D�QDWXUDO
DVVXPSWLRQ
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0RGHO�&RQVWUXFWLRQ��FRQWLQXHG�
�7KH�FDOFXOXV�RI�YDULDWLRQV�FDQ�OHDG�WR�WKH�HVWLPDWLRQ�RI�WKH�PHDQ
DQG�YDULDQFH��FRQILGHQFH�PHDVXUH��RI�WKH�PRGHO�DW�HW�HDFK�SL[HO�

�+RZHYHU��WKH�UHVXOWLQJ�PRGHO�ZLOO�QRW�EH�DQ�LPSOLFLW�IXQFWLRQ�LQ�WKH
VHQVH�RI�GLVWDQFH�WUDQVIRUP��DYHUDJLQJ�GLVWDQFH�WUDQVIRUPV
GRHVQ·W�QHFHVVDU\�SURGXFH�RQH�

�2QH�FDQ�VHHN�IRU�D�VROXWLRQ�RI�WKH�SUHYLRXVO\�GHILQHG�REMHFWLYH
IXQFWLRQ�VXEMHFW�WR�WKH�FRQVWUDLQW�WKH�´PHDQVµ�ILHOG�IRUPV�D
GLVWDQFH�WUDQVIRUP�XVLQJ�/DJUDQJH�PXOWLSOLHUV«

�$Q�DOWHUQDWLYH�LV�WR�FRQVLGHU�WKH�SURFHVV�LQ�UHSHDWHG�VWHSV�ZKHUH
ILUVW�D�VROXWLRQ�WKDW�ILWV�WKH�GDWD�LV�UHFRYHUHG�DQG�WKHQ�LV
SURMHFWHG�WR�WKH�VSDFH�RI�GLVWDQFH�IXQFWLRQV«
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,PSRVLQJ�WKH��6WDWLF��3ULRU
�'HILQH�UHFRYHU�D�PRUSKLQJ�IXQFWLRQ�´$µ�WKDW�FUHDWHV
FRUUHVSRQGHQFH�EHWZHHQ�WKH�PRGHO�DQG�WKH�SULRU

� ,Q�WKH�DEVHQFH�RI�VFDOH�YDULDWLRQV��DQG�LQ�WKH�FDVH�RI�JOREDO
PRUSKLQJ�IXQFWLRQV�RQH�FDQ�FRPSDUH�WKH�HYROYLQJ�FRQWRXU�ZLWK�WKH
PRGHO�DFFRUGLQJ�WR

�7KDW�PRGXOR�WKH�PRUSKLQJ�IXQFWLRQ�ZLOO�HYROYH�WKH�FRQWRXUV
WRZDUGV�D�EHWWHU�ILW�ZLWK�WKH�PRGHO

�2QH�FDQ�SURYH�WKDW�VFDOH�YDULDWLRQV�LQWURGXFH�D�PXOWLSOLFDWLYH
IDFWRU�DQG�WKH\�KDYH�WR�EH�H[SOLFLWO\�WDNHQ�LQWR�DFFRXQW
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6WDWLF�3ULRU��FRQWLQXHG�

�:KHUH�WKH�XQNQRZQV�DUH�WKH�PRUSKLQJ�IXQFWLRQ�DQG�WKH�SRVLWLRQ
RI�WKH�OHYHO�VHW

� &DOFXOXV�RI�YDULDWLRQV�ZLWK�UHVSHFW�WR�WKH�SRVLWLRQ�RI�WKH
LQWHUIDFH�DUH�VWUDLJKWIRUZDUG�

�7KH�VHFRQG�WHUP�LV�D�FRQVWDQW�LQIODWLRQ�WHUP�DLPV�DW�PLQLPL]LQJ
WKH�DUHD�RI�WKH�FRQWRXU�DQG�HYHQWXDOO\�WKH�FRVW�IXQFWLRQ�DQG�FDQ
EH�LJQRUHG«VLQFH�LW�KDV�QR�SK\VLFDO�PHDQLQJ�
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6WDWLF�3ULRU��FRQWLQXHG�

�2QH�FDQ�DOVR�RSWLPL]H�WKH�FRVW�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH
XQNQRZQ�SDUDPHWHUV�RI�WKH�PRUSKLQJ�IXQFWLRQ

� /HDGLQJ�WR�D�QLFH�´VHOI�VXIILFLHQWµ�V\VWHP�RI�PRWLRQ�HTXDWLRQV�WKDW
XSGDWH�WKH�JOREDO�UHJLVWUDWLRQ�SDUDPHWHUV�EHWZHHQ�WKH�HYROYLQJ
FXUYH�DQG�WKH�PRGHO

�+RZHYHU��WKH�YDULDELOLW\�RI�WKH�PRGHO�ZDV�QRW�FRQVLGHUHG�XS�WR
WKLV�SRLQW�DQG�DUHDV�ZLWK�KLJK�XQFHUWDLQWLHV�ZLOO�KDYH�WKH�VDPH
LPSDFW�RQ�WKH�SURFHVV
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7DNLQJ�,QWR�$FFRXQW�WKH�0RGHO�8QFHUWDLQWLHV
�0D[LPL]LQJ�WKH�MRLQW�SRVWHULRU��VHJPHQWDWLRQ�PRUSKLQJ��LV�D�TXLWH
DWWUDFWLYH�FULWHULRQ�LQ�´LQIHUHQFLQJµ

�:KHUH�WKH�%D\HV�UXOH�ZDV�FRQVLGHUHG�DQG�JLYHQ�WKDW�WKH
SUREDELOLW\�IRU�D�JLYHQ�SULRU�PRGHO�LV�IL[HG�DQG�ZH�FDQ�DVVXPH�WKDW
DOO��VHJPHQWDWLRQ�PRUSKLQJ��VROXWLRQV�DUH�HTXDOO\�SUREDEOH��ZH�JHW

�8QGHU�WKH�DVVXPSWLRQ�RI�LQGHSHQGHQFH���ZLWKLQ�SL[HOV«DQG�WKHQ
ILQGLQJ�WKH�RSWLPDO�LPSOLFLW�IXQFWLRQ�DQG�LWV�PRUSKLQJ
WUDQVIRUPDWLRQV�LV�HTXLYDOHQW�ZLWK
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7DNLQJ�,QWR�$FFRXQW�WKH�0RGHO�8QFHUWDLQWLHV
�7KDW�FDQ�EH�IXUWKHU�GHYHORSHG�XVLQJ�WKH�*DXVVLDQ�QDWXUH�RI�WKH
PRGHO�GLVWULEXWLRQ�DW�HDFK�LPDJH�SL[HO

�$�WHUP�WKDW�DLPV�DW�UHFRYHULQJ�D�WUDQVIRUPDWLRQ�DQG�D�OHYHO�VHW
WKDW�ZKHQ�SURMHFWHG�WR�WKH�PRGHO��LW�LV�SURMHFWHG�WR�DUHDV�ZLWK
ORZ�YDULDQFH��KLJK�FRQILGHQFH�

�$�WHUP�WKDW�DLPV�DW�PLQLPL]LQJ�WKH�DFWXDO�GLVWDQFH�EHWZHHQ�WKH
OHYHO�VHW�IXQFWLRQ�DQG�WKH�PRGHO�DQG�LV�VFDOHG�DFFRUGLQJ�WR�WKH
PRGHO�FRQILGHQFH«

� ZRXOG�SUHIHU�KDYH�D�EHWWHU�PDWFK�EHWZHHQ�WKH�PRGHO�DQG�OHYHO�VHW�LQ�DUHDV
ZKHUH�WKH�YDULDELOLW\�LV�ORZ�

� ZKLOH�LQ�DUHDV�ZLWK�LPSRUWDQW�GHYLDWLRQ�RI�WKH�WUDLQLQJ�VHW��WKLV�WHUP�ZLOO�EH
OHVV�LPSRUWDQW
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7DNLQJ�WKH�GHULYDWLYHV«
� &DOFXOXV�RI�YDULDWLRQV�UHJDUGLQJ�WKH�OHYHO�VHW�DQG�WKH�PRUSKLQJ
IXQFWLRQ�

�7KH�OHYHO�VHW�GHIRUPDWLRQ�IORZ�FRQVLVWV�RI�WZR�WHUPV�
� WKDW�LV�D�FRQVWDQW�GHIODWLRQ�IRUFH��ZKHQ�WKH�OHYHO�VHW�IXQFWLRQ
FROODSVHV��HYHQWXDOO\�WKH�FRVW�IXQFWLRQ�UHDFKHV�WKH�ORZHVW�SRWHQWLDO�

� $Q�DGDSWLYH�EDOORRQ��GLUHFWLRQDO�PDJQLWXGH�ZLVH��IRUFH�WKDW
LQIODWHV�GHIODWHV�WKH�OHYHO�VHW�VR�LW�ILWV�EHWWHU�ZLWK�WKH�SULRU�DIWHU�LWV
SURMHFWLRQ�WR�WKH�PRGHO�VSDFH«,Q�DUHDV�ZLWK�KLJK�YDULDQFH�WKLV�WHUP
EHFRPH�OHVV�VLJQLILFDQW�DQG�GDWD�WHUPV�JXLGH�WKH�OHYHO�VHW�WR�WKH�UHDO
REMHFW�ERXQGDULHV���
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�7KH�$FWLYH�6KDSH�0RGHO�RI�&RRWHV�HW�DO��LV�TXLWH�SRSXODU�WR�REMHFW
H[WUDFWLRQ��6XFK�PRGHOLQJ�FRQVLVWV�RI�WKH�IROORZLQJ�VWHSV�

� �/HW�XV�FRQVLGHU�D�WUDLQLQJ�VHW������RI������UHJLVWHUHG�VXUIDFHV
�LPSOLFLW�UHSUHVHQWDWLRQV�FDQ�DOVR�EH�XVHG�IRU�UHJLVWUDWLRQ�>�@��
'LVWDQFH�PDSV�DUH�FRPSXWHG�IRU�HDFK�VXUIDFH�

�7KH�VDPSOHV������DUH�FHQWHUHG�ZLWK�UHVSHFW�WR�WKH�DYHUDJH
UHSUHVHQWDWLRQ���������
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�7UDLQLQJ�VHW�

�7KH�SULQFLSDO�PRGHV�RI�YDULDWLRQ������DUH�UHFRYHUHG�WKURXJK
3ULQFLSDO�&RPSRQHQW�$QDO\VLV��3&$���$�QHZ�VKDSH�����FDQ�EH
JHQHUDWHG�IURP�WKH���P���UHWDLQHG�PRGHV�
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7KH�SULRU
�$�OHYHO�VHW�IXQFWLRQ�WKDW�KDV�PLQLPDO�GLVWDQFH�IURP�D�OLQHDU�IURP
WKH�PRGHO�VSDFH«

�7KH�XQNQRZQ�FRQVLVW�RI�
� 7KH�IRUP�RI�WKH�LPSOLFLW�IXQFWLRQ
� 7KH�JOREDO�WUDQVIRUPDWLRQ�EHWZHHQ�WKH�DYHUDJH�PRGH�DQG�WKH�LPDJH�
� 7KH�VHW�RI�OLQHDU�FRHIILFLHQWV�WKDW�ZKHQ�DSSOLHG�WR�WKH�VHW�RI�EDVLV
IXQFWLRQV�SURYLGHV�WKH�RSWLPDO�PDWFK�RI�WKH�FXUUHQW�FRQWRXU�ZLWK�WKH
PRGHO�VSDFH

�$QG�DUH�UHFRYHUHG�LQ�D�VWUDLJKWIRUZDUG�PDQQHU�XVLQJ�D�JUDGLHQW
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� 3526

� (OHJDQW�WRRO�WR�WUDFN�PRYLQJ�LQWHUIDFHV
� ,PSOLFLW�&XUYH�3DUDPHWHUL]DWLRQ�	�HVWLPDWLRQ�RI�WKH�JHRPHWULF
3URSHUWLHV

� $EOH�WR�DFFRXQW�ZLWK�WRSRORJLFDO�FKDQJHV��DEOH�WR�GHVFULEH�PXOWL�
FRPSRQHQW�REMHFWV

� &216
� &RPSXWDWLRQDO�FRPSOH[LW\
� 1XPHULFDO�DSSUR[LPDWLRQV��UHGXQGDQF\
� 2SHQ�&XUYHV��VRUU\�ZH�&$1127�GR�DQ\WKLQJ�DERXW�WKDW«
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1LNRV�3DUDJLRV
KWWS���FHUPLFV�HQSF�IU�aSDUDJLRV

$WODQWLV�5HVHDUFK�*URXS$WODQWLV�5HVHDUFK�*URXS
(FROH�1DWLRQDOH�GHV�3RQWV�HW�&KDXVVHHV(FROH�1DWLRQDOH�GHV�3RQWV�HW�&KDXVVHHV

3DULV��)UDQFH3DULV��)UDQFH

6WDQOH\�2VKHU
KWWS���PDWK�XFOD�HGX�aVMR

'HSDUWPHQW�RI�0DWKHPDWLFV'HSDUWPHQW�RI�0DWKHPDWLFV
8QLYHUVLW\�RI�&DOLIRUQLD��/RV�$QJHOHV8QLYHUVLW\�RI�&DOLIRUQLD��/RV�$QJHOHV

86$86$

+WWS���FHUPLFV�HQSF�IU�aSDUDJLRV�ERRN�ERRN�KWPO
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5HVRXUFHV
� %RRNV

� -DPHV�6HWKLDQ��������������/HYHO�6HW�	�)DVW�0DUFKLQJ�0HWKRGV�
&DPEULGJH��,QWURGXFWRU\�

� 6WDQ�2VKHU�	�5RQDOG�)HGNLZ���������/HYHO�6HW�0HWKRGV�DQG�'\QDPLF
,PSOLFLW�6XUIDFHV��6SULQJHU��,QWURGXFWRU\�

� 6WDQ�2VKHU�	�1LNRV�3DUDJLRV���������*HRPHWULF�/HYHO�6HW�LQ�,PDJLQJ
9LVLRQ�DQG�*UDSKLFV��6SULQJHU��«0RVWO\�9LVLRQ«ELW�DGYDQFHG«

� 3HRSOH�>QRQ�H[FOXVLYH�OLVW@
� /DXUHQW�&RKHQ��PHGLFDO���'DYLG�%UHHQ��JUDSKLFV���(ULF�*ULPVRQ
�PHGLFDO���2OLYLHU�)DXJHUDV��VWHUHR���5HQDXG�.HULYHQ��VWHUHR�
VHJPHQWDWLRQ���5RQ�.LPPHO��VHJPHQWDWLRQ��VKDSH�IURP�VKDGLQJ�
WUDFNLQJ���-HUU\�3ULQFH��WRSRORJ\�SUHVHUYLQJ���*XLOOHUPR�6DSLUR
�VHJPHQWDWLRQ��WUDFNLQJ��LPSOLFLW�VXUIDFHV���-DPHV�6HWKLDQ��%DED
9HPXUL��'LIIXVLRQ��6HJPHQWDWLRQ��5HJLVWUDWLRQ��-RDFKLP�:HLFNHUW
�GLIIXVLRQ��VHJPHQWDWLRQ���5RVV�:KLWDNHU��*UDSKLFV���$OODQ�:LOOVN\
�PHGLFDO���$QWKRQ\�<H]]L��PHGLFDO���«


