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7KH�3UREOHP�RI�'HWDLO
*UDSKLFV�V\VWHPV�DUH�DZDVK�LQ�PRGHO�GDWD
� YHU\�GHWDLOHG�&$'�GDWDEDVHV

� KLJK�SUHFLVLRQ�VXUIDFH�VFDQV

$YDLODEOH�UHVRXUFHV�DUH�DOZD\V�FRQVWUDLQHG
� &38��VSDFH��JUDSKLFV�VSHHG��QHWZRUN�EDQGZLGWK

:H�QHHG�HFRQRPLFDO�PRGHOV
� ZDQW�WKH�PLQLPXP�OHYHO�RI�GHWDLO��/2'��UHTXLUHG

*UDSKLFV�V\VWHPV�DUH�DZDVK�LQ�PRGHO�GDWD*UDSKLFV�V\VWHPV�DUH�DZDVK�LQ�PRGHO�GDWD
�� YHU\�GHWDLOHG�&$'�GDWDEDVHVYHU\�GHWDLOHG�&$'�GDWDEDVHV

�� KLJKKLJK��SUHFLVLRQ�VXUIDFH�VFDQVSUHFLVLRQ�VXUIDFH�VFDQV

$YDLODEOH�UHVRXUFHV�DUH�DOZD\V�FRQVWUDLQHG$YDLODEOH�UHVRXUFHV�DUH�DOZD\V�FRQVWUDLQHG
�� &38��VSDFH��JUDSKLFV�VSHHG��QHWZRUN�EDQGZLGWK&38��VSDFH��JUDSKLFV�VSHHG��QHWZRUN�EDQGZLGWK

:H�QHHG�HFRQRPLFDO�PRGHOV:H�QHHG�HFRQRPLFDO�PRGHOV
�� ZDQW�WKH�PLQLPXP�OHYHO�RI�GHWDLO��/2'��UHTXLUHGZDQW�WKH�PLQLPXP�OHYHO�RI�GHWDLO��/2'��UHTXLUHG



$�1RQ�(FRQRPLFDO�0RGHO

��������IDFHV��������IDFHV �������IDFHV�������IDFHV



$XWRPDWLF�6XUIDFH�6LPSOLILFDWLRQ



$XWRPDWLF�6XUIDFH�6LPSOLILFDWLRQ
3URGXFH�DSSUR[LPDWLRQV�ZLWK�IHZHU�WULDQJOHV
� VKRXOG�EH�DV�VLPLODU�DV�SRVVLEOH�WR�RULJLQDO

� ZDQW�FRPSXWDWLRQDOO\�HIILFLHQW�SURFHVV

1HHG�FULWHULD�IRU�DVVHVVLQJ�VLPLODULW\�RI�PRGHOV
� IRU�GLVSOD\��YLVXDO�VLPLODULW\�LV�WKH�XOWLPDWH�JRDO

� VLPLODULW\�RI�VKDSH�LV�RIWHQ�XVHG�LQVWHDG

¥ JHQHUDOO\�HDVLHU�WR�FRPSXWH

¥ OHQGV�LWVHOI�PRUH�WR�DSSOLFDWLRQV�RWKHU�WKDQ�GLVSOD\

3URGXFH�DSSUR[LPDWLRQV�ZLWK�IHZHU�WULDQJOHV3URGXFH�DSSUR[LPDWLRQV�ZLWK�IHZHU�WULDQJOHV
�� VKRXOG�EH�DV�VLPLODU�DV�SRVVLEOH�WR�RULJLQDOVKRXOG�EH�DV�VLPLODU�DV�SRVVLEOH�WR�RULJLQDO

�� ZDQW�FRPSXWDWLRQDOO\�HIILFLHQW�SURFHVVZDQW�FRPSXWDWLRQDOO\�HIILFLHQW�SURFHVV

1HHG�FULWHULD�IRU�DVVHVVLQJ�VLPLODULW\�RI�PRGHOV1HHG�FULWHULD�IRU�DVVHVVLQJ�VLPLODULW\�RI�PRGHOV
�� IRU�GLVSOD\��YLVXDO�VLPLODULW\�LV�WKH�XOWLPDWH�JRDOIRU�GLVSOD\��YLVXDO�VLPLODULW\�LV�WKH�XOWLPDWH�JRDO

�� VLPLODULW\�RI�VKDSH�LV�RIWHQ�XVHG�LQVWHDGVLPLODULW\�RI�VKDSH�LV�RIWHQ�XVHG�LQVWHDG

¥¥ JHQHUDOO\�HDVLHU�WR�FRPSXWHJHQHUDOO\�HDVLHU�WR�FRPSXWH

¥¥ OHQGV�LWVHOI�PRUH�WR�DSSOLFDWLRQV�RWKHU�WKDQ�GLVSOD\OHQGV�LWVHOI�PRUH�WR�DSSOLFDWLRQV�RWKHU�WKDQ�GLVSOD\



)RFXV�RQ�3RO\JRQDO�0RGHOV
3RO\JRQDO�VXUIDFHV�DUH�XELTXLWRXV
� RQO\�SULPLWLYH�ZLGHO\�VXSSRUWHG�LQ�KDUGZDUH

� QHDU�XQLYHUVDO�VXSSRUW�LQ�VRIWZDUH�SDFNDJHV

� RXWSXW�RI�PRVW�VFDQQLQJ�	�UHFRQVWUXFWLRQ�V\VWHPV

6ZLWFKLQJ�UHSUHVHQWDWLRQV�LV�QR�VROXWLRQ
� LQGHHG��VRPH�VXIIHU�IURP�WKH�VDPH�SUREOHP

� PDQ\�DSSOLFDWLRQV�ZDQW SRO\JRQV

:LOO�DOZD\V�DVVXPH�PRGHOV�DUH�WULDQJXODWHG

3RO\JRQDO�VXUIDFHV�DUH�XELTXLWRXV3RO\JRQDO�VXUIDFHV�DUH�XELTXLWRXV
�� RQO\�SULPLWLYH�ZLGHO\�VXSSRUWHG�LQ�KDUGZDUHRQO\�SULPLWLYH�ZLGHO\�VXSSRUWHG�LQ�KDUGZDUH

�� QHDUQHDU��XQLYHUVDO�VXSSRUW�LQ�VRIWZDUH�SDFNDJHVXQLYHUVDO�VXSSRUW�LQ�VRIWZDUH�SDFNDJHV

�� RXWSXW�RI�PRVW�VFDQQLQJ�	�UHFRQVWUXFWLRQ�V\VWHPVRXWSXW�RI�PRVW�VFDQQLQJ�	�UHFRQVWUXFWLRQ�V\VWHPV

6ZLWFKLQJ�UHSUHVHQWDWLRQV�LV�QR�VROXWLRQ6ZLWFKLQJ�UHSUHVHQWDWLRQV�LV�QR�VROXWLRQ
�� LQGHHG��VRPH�VXIIHU�IURP�WKH�VDPH�SUREOHPLQGHHG��VRPH�VXIIHU�IURP�WKH�VDPH�SUREOHP

�� PDQ\�DSSOLFDWLRQV�PDQ\�DSSOLFDWLRQV�ZDQWZDQW SRO\JRQVSRO\JRQV

:LOO�DOZD\V�DVVXPH�PRGHOV�DUH�WULDQJXODWHG:LOO�DOZD\V�DVVXPH�PRGHOV�DUH�WULDQJXODWHG



+LVWRULFDO�%DFNJURXQG
)XQFWLRQ�DSSUR[LPDWLRQ��>\ I�[�@
� ORQJ�KLVWRU\�LQ�PDWKHPDWLFDO�OLWHUDWXUH

3LHFHZLVH�OLQHDU�FXUYH�DSSUR[LPDWLRQ
� YDULRXV�ILHOGV��JUDSKLFV��FDUWRJUDSK\��YLVLRQ���

+HLJKW�ILHOG��L�H���WHUUDLQ��WULDQJXODWLRQ
� UHVHDUFK�EDFN�WR�DW�OHDVW�HDUO\���ªV

� LPSRUWDQW�IRU�IOLJKW�VLPXODWRUV

)XQFWLRQ�DSSUR[LPDWLRQ��)XQFWLRQ�DSSUR[LPDWLRQ��>\ I�[�@>\ I�[�@

�� ORQJ�KLVWRU\�LQ�PDWKHPDWLFDO�OLWHUDWXUHORQJ�KLVWRU\�LQ�PDWKHPDWLFDO�OLWHUDWXUH

3LHFHZLVH�OLQHDU�FXUYH�DSSUR[LPDWLRQ3LHFHZLVH�OLQHDU�FXUYH�DSSUR[LPDWLRQ
�� YDULRXV�ILHOGV��JUDSKLFV��FDUWRJUDSK\��YLVLRQ���YDULRXV�ILHOGV��JUDSKLFV��FDUWRJUDSK\��YLVLRQ���

+HLJKW�ILHOG��L�H���WHUUDLQ��WULDQJXODWLRQ+HLJKW�ILHOG��L�H���WHUUDLQ��WULDQJXODWLRQ
�� UHVHDUFK�EDFN�WR�DW�OHDVW�HDUO\���ªVUHVHDUFK�EDFN�WR�DW�OHDVW�HDUO\���ªV

�� LPSRUWDQW�IRU�IOLJKW�VLPXODWRUVLPSRUWDQW�IRU�IOLJKW�VLPXODWRUV



2WKHU�5HODWHG�)LHOGV
*HRPHWU\�FRPSUHVVLRQ
� VLPSOLILFDWLRQ�LV�D�NLQG�RI�ORVV\�FRPSUHVVLRQ

6XUIDFH�VPRRWKLQJ
� UHGXFHV�JHRPHWULF�FRPSOH[LW\�RI�VKDSH

0HVK�JHQHUDWLRQ
� ILQLWH�HOHPHQW�DQDO\VLV��H�J���VROYLQJ�3'(ªV�

� QHHG�DSSURSULDWH�PHVK�IRU�JRRG�VROXWLRQ

� RYHUO\�FRPSOH[�PHVK�PDNHV�VROXWLRQ�VORZ

*HRPHWU\�FRPSUHVVLRQ*HRPHWU\�FRPSUHVVLRQ
�� VLPSOLILFDWLRQ�LV�D�NLQG�RI�VLPSOLILFDWLRQ�LV�D�NLQG�RI�ORVV\�ORVV\�FRPSUHVVLRQFRPSUHVVLRQ

6XUIDFH�VPRRWKLQJ6XUIDFH�VPRRWKLQJ
�� UHGXFHV�JHRPHWULF�FRPSOH[LW\�RI�VKDSHUHGXFHV�JHRPHWULF�FRPSOH[LW\�RI�VKDSH

0HVK�JHQHUDWLRQ0HVK�JHQHUDWLRQ
�� ILQLWH�HOHPHQW�DQDO\VLV��H�J���VROYLQJ�ILQLWH�HOHPHQW�DQDO\VLV��H�J���VROYLQJ�3'(ªV3'(ªV��

�� QHHG�DSSURSULDWH�PHVK�IRU�JRRG�VROXWLRQQHHG�DSSURSULDWH�PHVK�IRU�JRRG�VROXWLRQ

�� RYHUO\�FRPSOH[�PHVK�PDNHV�VROXWLRQ�VORZRYHUO\�FRPSOH[�PHVK�PDNHV�VROXWLRQ�VORZ



2YHUYLHZ�RI
6LPSOLILFDWLRQ�0HWKRGV
0DQXDO�SUHSDUDWLRQ�KDV�EHHQ�ZLGHO\�XVHG
� VNLOOHG�KXPDQV�SURGXFH�H[FHOOHQW�UHVXOWV

� YHU\�ODERU�LQWHQVLYH��DQG�WKXV�FRVWO\

0RVW�FRPPRQ�NLQGV�RI�DXWRPDWLF�PHWKRGV
� YHUWH[�FOXVWHULQJ

� YHUWH[�GHFLPDWLRQ

� LWHUDWLYH�FRQWUDFWLRQ

0DQXDO�SUHSDUDWLRQ�KDV�EHHQ�ZLGHO\�XVHG0DQXDO�SUHSDUDWLRQ�KDV�EHHQ�ZLGHO\�XVHG
�� VNLOOHG�KXPDQV�SURGXFH�H[FHOOHQW�UHVXOWVVNLOOHG�KXPDQV�SURGXFH�H[FHOOHQW�UHVXOWV

�� YHU\�ODERU�LQWHQVLYH��DQG�WKXV�FRVWO\YHU\�ODERU�LQWHQVLYH��DQG�WKXV�FRVWO\

0RVW�FRPPRQ�NLQGV�RI�DXWRPDWLF�PHWKRGV0RVW�FRPPRQ�NLQGV�RI�DXWRPDWLF�PHWKRGV
�� YHUWH[�FOXVWHULQJYHUWH[�FOXVWHULQJ

�� YHUWH[�GHFLPDWLRQYHUWH[�GHFLPDWLRQ

�� LWHUDWLYH�FRQWUDFWLRQLWHUDWLYH�FRQWUDFWLRQ



2SWLPDO�$SSUR[LPDWLRQV
$FKLHYH�JLYHQ�HUURU�ZLWK�IHZHVW�WULDQJOHV
� QR�PHVK�ZLWK�IHZHU�WULDQJOHV�PHHWV�HUURU�OLPLW

&RPSXWDWLRQDOO\�IHDVLEOH�IRU�FXUYHV
� 2�Q� IRU�IXQFWLRQV�RI�RQH�YDULDEOH

� EXW�2�Q� ORJ�Q� IRU�SODQH�FXUYHV

,QWUDFWDEOH�IRU�VXUIDFHV
� 13�KDUG�WR�ILQG�RSWLPDO�KHLJKW�ILHOG�>$JDUZDO¥6XUL ��@

� PXVW�DOVR�EH�WKH�FDVH�IRU�VXUIDFHV

$FKLHYH�JLYHQ�HUURU�ZLWK�IHZHVW�WULDQJOHV$FKLHYH�JLYHQ�HUURU�ZLWK�IHZHVW�WULDQJOHV
�� QR�PHVK�ZLWK�IHZHU�WULDQJOHV�PHHWV�HUURU�OLPLWQR�PHVK�ZLWK�IHZHU�WULDQJOHV�PHHWV�HUURU�OLPLW

&RPSXWDWLRQDOO\�IHDVLEOH�IRU�FXUYHV&RPSXWDWLRQDOO\�IHDVLEOH�IRU�FXUYHV
�� 2�Q�2�Q� IRU�IXQFWLRQV�RI�RQH�YDULDEOHIRU�IXQFWLRQV�RI�RQH�YDULDEOH

�� EXW�EXW�2�Q2�Q�� ORJ�Q�ORJ�Q� IRU�SODQH�FXUYHVIRU�SODQH�FXUYHV

,QWUDFWDEOH�IRU�VXUIDFHV,QWUDFWDEOH�IRU�VXUIDFHV
�� 1313��KDUG�WR�ILQG�RSWLPDO�KHLJKW�ILHOG�KDUG�WR�ILQG�RSWLPDO�KHLJKW�ILHOG�>>$JDUZDO$JDUZDO¥¥6XUL6XUL ��@��@

�� PXVW�DOVR�EH�WKH�FDVH�IRU�VXUIDFHVPXVW�DOVR�EH�WKH�FDVH�IRU�VXUIDFHV



9HUWH[�&OXVWHULQJ
3DUWLWLRQ�VSDFH�LQWR�FHOOV

� JULGV�>5RVVLJQDF�%RUUHO@��VSKHUHV�>/RZ�7DQ@��RFWUHHV�����

0HUJH�DOO�YHUWLFHV�ZLWKLQ�WKH�VDPH�FHOO

� WULDQJOHV�ZLWK�PXOWLSOH�FRUQHUV�LQ�RQH�FHOO�ZLOO�GHJHQHUDWH

3DUWLWLRQ�VSDFH�LQWR�FHOOV3DUWLWLRQ�VSDFH�LQWR�FHOOV

�� JULGV�JULGV�>5RVVLJQDF>5RVVLJQDF��%RUUHO@%RUUHO@��VSKHUHV���VSKHUHV�>/RZ>/RZ��7DQ@7DQ@����RFWUHHVRFWUHHV����������

0HUJH�DOO�YHUWLFHV�ZLWKLQ�WKH�VDPH�FHOO0HUJH�DOO�YHUWLFHV�ZLWKLQ�WKH�VDPH�FHOO

�� WULDQJOHV�ZLWK�PXOWLSOH�FRUQHUV�LQ�RQH�FHOO�ZLOO�GHJHQHUDWHWULDQJOHV�ZLWK�PXOWLSOH�FRUQHUV�LQ�RQH�FHOO�ZLOO�GHJHQHUDWH



9HUWH[�'HFLPDWLRQ
6WDUWLQJ�ZLWK�RULJLQDO�PRGHO��LWHUDWLYHO\
� UDQN�YHUWLFHV�DFFRUGLQJ�WR�WKHLU�LPSRUWDQFH

� VHOHFW�XQLPSRUWDQW�YHUWH[��UHPRYH�LW��DQG�UHWULDQJXODWH�KROH

$�IDLUO\�FRPPRQ�WHFKQLTXH
� 6FKURHGHU�HW�DO��6RXF\¥/DXUHQGHDX��.OHLQ�HW�DO��&LDPSDOLQL HW�DO

6WDUWLQJ�ZLWK�RULJLQDO�PRGHO��LWHUDWLYHO\6WDUWLQJ�ZLWK�RULJLQDO�PRGHO��LWHUDWLYHO\
�� UDQN�YHUWLFHV�DFFRUGLQJ�WR�WKHLU�LPSRUWDQFHUDQN�YHUWLFHV�DFFRUGLQJ�WR�WKHLU�LPSRUWDQFH

�� VHOHFW�XQLPSRUWDQW�YHUWH[��UHPRYH�LW��DQG�UHWULDQJXODWH�KROHVHOHFW�XQLPSRUWDQW�YHUWH[��UHPRYH�LW��DQG�UHWULDQJXODWH�KROH

$�IDLUO\�FRPPRQ�WHFKQLTXH$�IDLUO\�FRPPRQ�WHFKQLTXH
�� 6FKURHGHU�6FKURHGHU�HW�DOHW�DO��6RXF\��6RXF\¥¥/DXUHQGHDX��.OHLQ�/DXUHQGHDX��.OHLQ�HW�DOHW�DO����&LDPSDOLQL&LDPSDOLQL HW�DOHW�DO



,WHUDWLYH�&RQWUDFWLRQ
&RQWUDFWLRQ�FDQ�RSHUDWH�RQ�DQ\�VHW�RI�YHUWLFHV
� HGJHV��RU�YHUWH[�SDLUV��DUH�PRVW�FRPPRQ��IDFHV�DOVR�XVHG

6WDUWLQJ�ZLWK�WKH�RULJLQDO�PRGHO��LWHUDWLYHO\
� UDQN�DOO�HGJHV�ZLWK�VRPH�FRVW�PHWULF

� FRQWUDFW�PLQLPXP�FRVW�HGJH

� XSGDWH�HGJH�FRVWV

&RQWUDFWLRQ�FDQ�RSHUDWH�RQ�DQ\�VHW�RI�YHUWLFHV&RQWUDFWLRQ�FDQ�RSHUDWH�RQ�DQ\�VHW�RI�YHUWLFHV
�� HGJHV��RU�YHUWH[�SDLUV��DUH�PRVW�FRPPRQ��IDFHV�DOVR�XVHGHGJHV��RU�YHUWH[�SDLUV��DUH�PRVW�FRPPRQ��IDFHV�DOVR�XVHG

6WDUWLQJ�ZLWK�WKH�RULJLQDO�PRGHO��LWHUDWLYHO\6WDUWLQJ�ZLWK�WKH�RULJLQDO�PRGHO��LWHUDWLYHO\
�� UDQN�DOO�HGJHV�ZLWK�VRPH�FRVW�PHWULFUDQN�DOO�HGJHV�ZLWK�VRPH�FRVW�PHWULF

�� FRQWUDFW�PLQLPXP�FRVW�HGJHFRQWUDFW�PLQLPXP�FRVW�HGJH

�� XSGDWH�HGJH�FRVWVXSGDWH�HGJH�FRVWV



(GJH�&RQWUDFWLRQ
$�VLQJOH�HGJH�FRQWUDFWLRQ��Y��Y���→ Yª LV�SHUIRUPHG�E\
� PRYLQJ�Y� DQG�Y� WR�SRVLWLRQ�Yª

� UHSODFLQJ�DOO�RFFXUUHQFHV�RI�Y� ZLWK�Y�
� UHPRYLQJ�Y� DQG�DOO�GHJHQHUDWH�WULDQJOHV

$�VLQJOH�HGJH�FRQWUDFWLRQ�$�VLQJOH�HGJH�FRQWUDFWLRQ��Y�Y���Y�Y������→→ YªYª LV�SHUIRUPHG�E\LV�SHUIRUPHG�E\
�� PRYLQJ�YPRYLQJ�Y�� DQG�YDQG�Y�� WR�SRVLWLRQ�YªWR�SRVLWLRQ�Yª

�� UHSODFLQJ�DOO�RFFXUUHQFHV�RI�YUHSODFLQJ�DOO�RFFXUUHQFHV�RI�Y�� ZLWK�YZLWK�Y��
�� UHPRYLQJ�YUHPRYLQJ�Y�� DQG�DOO�GHJHQHUDWH�WULDQJOHVDQG�DOO�GHJHQHUDWH�WULDQJOHV

Y�Y�

Y�Y� YªYª



9HUWH[�3DLU�&RQWUDFWLRQ
&DQ�DOVR�HDVLO\�FRQWUDFW�DQ\�SDLU�RI�YHUWLFHV

� IXQGDPHQWDO�RSHUDWLRQ�LV�H[DFWO\�WKH�VDPH

� MRLQV�SUHYLRXVO\�XQFRQQHFWHG�DUHDV

� FDQ�EH�XVHG�WR�DFKLHYH�WRSRORJLFDO�VLPSOLILFDWLRQ

&DQ�DOVR�HDVLO\�FRQWUDFW�DQ\�SDLU�RI�YHUWLFHV&DQ�DOVR�HDVLO\�FRQWUDFW�DQ\�SDLU�RI�YHUWLFHV

�� IXQGDPHQWDO�RSHUDWLRQ�LV�H[DFWO\�WKH�VDPHIXQGDPHQWDO�RSHUDWLRQ�LV�H[DFWO\�WKH�VDPH

�� MRLQV�SUHYLRXVO\�XQFRQQHFWHG�DUHDVMRLQV�SUHYLRXVO\�XQFRQQHFWHG�DUHDV

�� FDQ�EH�XVHG�WR�DFKLHYH�WRSRORJLFDO�VLPSOLILFDWLRQFDQ�EH�XVHG�WR�DFKLHYH�WRSRORJLFDO�VLPSOLILFDWLRQ



,WHUDWLYH�(GJH�&RQWUDFWLRQ
&XUUHQWO\�WKH�PRVW�SRSXODU�WHFKQLTXH
� +RSSH��*DUODQG¥+HFNEHUW��/LQGVWURP�7XUN��5RQIDUG�

5RVVLJQDF��*Xp]LHF��DQG�VHYHUDO�RWKHUV

� VLPSOHU�RSHUDWLRQ�WKDQ�YHUWH[�UHPRYDO

� ZHOO�GHILQHG�RQ�DQ\�VLPSOLFLDO�FRPSOH[

$OVR�LQGXFHV�KLHUDUFK\�RQ�WKH�VXUIDFH
� D�YHU\�LPSRUWDQW�E\�SURGXFW

� HQDEOHV�VHYHUDO�PXOWLUHVROXWLRQ�DSSOLFDWLRQV

&XUUHQWO\�WKH�PRVW�SRSXODU�WHFKQLTXH&XUUHQWO\�WKH�PRVW�SRSXODU�WHFKQLTXH
�� +RSSH��*DUODQG+RSSH��*DUODQG¥¥+HFNEHUW��/LQGVWURP+HFNEHUW��/LQGVWURP��7XUN��5RQIDUG7XUN��5RQIDUG��

5RVVLJQDF��*Xp]LHF��DQG�VHYHUDO�RWKHUV5RVVLJQDF��*Xp]LHF��DQG�VHYHUDO�RWKHUV

�� VLPSOHU�RSHUDWLRQ�WKDQ�YHUWH[�UHPRYDOVLPSOHU�RSHUDWLRQ�WKDQ�YHUWH[�UHPRYDO

�� ZHOOZHOO��GHILQHG�RQ�DQ\�GHILQHG�RQ�DQ\�VLPSOLFLDO�VLPSOLFLDO�FRPSOH[FRPSOH[

$OVR�LQGXFHV�KLHUDUFK\�RQ�WKH�VXUIDFH$OVR�LQGXFHV�KLHUDUFK\�RQ�WKH�VXUIDFH
�� D�YHU\�LPSRUWDQW�E\D�YHU\�LPSRUWDQW�E\��SURGXFWSURGXFW

�� HQDEOHV�VHYHUDO�PXOWLUHVROXWLRQ�DSSOLFDWLRQVHQDEOHV�VHYHUDO�PXOWLUHVROXWLRQ�DSSOLFDWLRQV



'HPR



&RVW�0HWULFV�IRU�&RQWUDFWLRQ
8VHG�WR�UDQN�HGJHV�GXULQJ�VLPSOLILFDWLRQ
� UHIOHFWV�DPRXQW�RI�JHRPHWULF�HUURU�LQWURGXFHG

� WKH�PDLQ�GLIIHUHQWLDWLQJ�IHDWXUH�DPRQJ�DOJRULWKPV

0XVW�DGGUHVV�WZR�LQWHUUHODWHG�SUREOHPV
� ZKDW�LV�WKH�EHVW�FRQWUDFWLRQ�WR�SHUIRUP"

� ZKDW�LV�WKH�EHVW�SRVLWLRQ�Yª�IRU�UHPDLQLQJ�YHUWH["

¥ FDQ�MXVW�FKRRVH�RQH�RI�WKH�HQGSRLQWV

¥ EXW�FDQ�RIWHQ�GR�EHWWHU�E\�RSWLPL]LQJ�SRVLWLRQ�RI�Yª

8VHG�WR�UDQN�HGJHV�GXULQJ�VLPSOLILFDWLRQ8VHG�WR�UDQN�HGJHV�GXULQJ�VLPSOLILFDWLRQ
�� UHIOHFWV�DPRXQW�RI�JHRPHWULF�HUURU�LQWURGXFHGUHIOHFWV�DPRXQW�RI�JHRPHWULF�HUURU�LQWURGXFHG

�� WKH�PDLQ�GLIIHUHQWLDWLQJ�IHDWXUH�DPRQJ�DOJRULWKPVWKH�PDLQ�GLIIHUHQWLDWLQJ�IHDWXUH�DPRQJ�DOJRULWKPV

0XVW�DGGUHVV�WZR�LQWHUUHODWHG�SUREOHPV0XVW�DGGUHVV�WZR�LQWHUUHODWHG�SUREOHPV
�� ZKDW�LV�WKH�EHVW�FRQWUDFWLRQ�WR�SHUIRUP"ZKDW�LV�WKH�EHVW�FRQWUDFWLRQ�WR�SHUIRUP"

�� ZKDW�LV�WKH�EHVW�SRVLWLRQ�Yª�IRU�UHPDLQLQJ�YHUWH["ZKDW�LV�WKH�EHVW�SRVLWLRQ�Yª�IRU�UHPDLQLQJ�YHUWH["

¥¥ FDQ�MXVW�FKRRVH�RQH�RI�WKH�HQGSRLQWVFDQ�MXVW�FKRRVH�RQH�RI�WKH�HQGSRLQWV

¥¥ EXW�FDQ�RIWHQ�GR�EHWWHU�E\�RSWLPL]LQJ�SRVLWLRQ�RI�YªEXW�FDQ�RIWHQ�GR�EHWWHU�E\�RSWLPL]LQJ�SRVLWLRQ�RI�Yª



&RVW�0HWULFV�IRU�&RQWUDFWLRQ
6LPSOH�KHXULVWLFV
� HGJH�OHQJWK��GLKHGUDO�DQJOH��VXUURXQGLQJ�DUHD���

6DPSOH�GLVWDQFHV�WR�RULJLQDO�VXUIDFH
� SURMHFWLRQ�WR�FORVHVW�SRLQW�>+RSSH@
� UHVWULFWHG�SURMHFWLRQ�>6RXF\¥/DXUHQGHDX��.OHLQ�HW�DO��

&LDPSDOLQL HW�DO@

$OWHUQDWLYH�FKDUDFWHUL]DWLRQ�RI�HUURU
� TXDGULF�HUURU�PHWULFV�>*DUODQG¥+HFNEHUW@
� ORFDO�YROXPH�SUHVHUYDWLRQ�>/LQGVWURP¥7XUN@

6LPSOH�KHXULVWLFV6LPSOH�KHXULVWLFV
�� HGJH�OHQJWK��GLKHGUDO�DQJOH��VXUURXQGLQJ�DUHD���HGJH�OHQJWK��GLKHGUDO�DQJOH��VXUURXQGLQJ�DUHD���

6DPSOH�GLVWDQFHV�WR�RULJLQDO�VXUIDFH6DPSOH�GLVWDQFHV�WR�RULJLQDO�VXUIDFH
�� SURMHFWLRQ�WR�FORVHVW�SRLQW�SURMHFWLRQ�WR�FORVHVW�SRLQW�>+RSSH@>+RSSH@

�� UHVWULFWHG�SURMHFWLRQ�UHVWULFWHG�SURMHFWLRQ�>6RXF\>6RXF\¥¥/DXUHQGHDX��.OHLQ�/DXUHQGHDX��.OHLQ�HW�DOHW�DO����
&LDPSDOLQL&LDPSDOLQL HW�DOHW�DO@@

$OWHUQDWLYH�FKDUDFWHUL]DWLRQ�RI�HUURU$OWHUQDWLYH�FKDUDFWHUL]DWLRQ�RI�HUURU
�� TXDGULF�HUURU�PHWULFV�TXDGULF�HUURU�PHWULFV�>*DUODQG>*DUODQG¥¥+HFNEHUW@+HFNEHUW@

�� ORFDO�YROXPH�SUHVHUYDWLRQ�ORFDO�YROXPH�SUHVHUYDWLRQ�>/LQGVWURP>/LQGVWURP¥¥7XUN@7XUN@



0XVW�$OVR�&RQVLGHU�$WWULEXWHV

0HVK�IRU�VROXWLRQ0HVK�IRU�VROXWLRQ 5DGLRVLW\�VROXWLRQ5DGLRVLW\�VROXWLRQ



0XVW�$OVR�&RQVLGHU�$WWULEXWHV

�������IDFHV�������IDFHV �������IDFHV�������IDFHV



6LPSOLILFDWLRQ�6XPPDU\
6SHFWUXP�RI�HIIHFWLYH�PHWKRGV�GHYHORSHG
� KLJK�TXDOLW\��YHU\�VORZ�>+RSSH�HW�DO�����+RSSH���@
� JRRG�TXDOLW\��YDU\LQJ�VSHHG

>6FKURHGHU�HW�DO�����.OHLQ�HW�DO���� &LDPSDOLQL HW�DO�����*Xp]LHF���
*DUODQG�+HFNEHUW�����5RQIDUG�5RVVLJQDF�����/LQGVWURP�7XUN���@

� ORZHU�TXDOLW\��YHU\�IDVW�>5RVVLJQDF¥%RUUHO�����/RZ¥7DQ���@
� UHVXOW�LV�XVXDOO\�SURGXFHG�E\�WUDQVIRUPLQJ�RULJLQDO

9DULRXV�RWKHU�GLIIHUHQWLDWLQJ�IDFWRUV
� LV�WRSRORJ\�VLPSOLILHG"�UHVWULFWHG�WR�PDQLIROGV"
� DUH�DWWULEXWHV�VLPSOLILHG�RU�UH�VDPSOHG�LQWR�PDSV"

6SHFWUXP�RI�HIIHFWLYH�PHWKRGV�GHYHORSHG6SHFWUXP�RI�HIIHFWLYH�PHWKRGV�GHYHORSHG
�� KLJK�TXDOLW\��YHU\�VORZ�KLJK�TXDOLW\��YHU\�VORZ�>+RSSH�HW�DO�����+RSSH���@>+RSSH�HW�DO�����+RSSH���@

�� JRRG�TXDOLW\��YDU\LQJ�VSHHGJRRG�TXDOLW\��YDU\LQJ�VSHHG
>6FKURHGHU�HW�DO�����.OHLQ�HW�DO����>6FKURHGHU�HW�DO�����.OHLQ�HW�DO���� &LDPSDOLQL&LDPSDOLQL HW�DO�����*Xp]LHF���HW�DO�����*Xp]LHF���
*DUODQG*DUODQG��+HFNEHUW�����5RQIDUG+HFNEHUW�����5RQIDUG��5RVVLJQDF�����/LQGVWURP5RVVLJQDF�����/LQGVWURP��7XUN���@7XUN���@

�� ORZHU�TXDOLW\��YHU\�IDVW�ORZHU�TXDOLW\��YHU\�IDVW�>5RVVLJQDF>5RVVLJQDF¥¥%RUUHO�����/RZ%RUUHO�����/RZ¥¥7DQ���@7DQ���@

�� UHVXOW�LV�XVXDOO\�SURGXFHG�E\�WUDQVIRUPLQJ�RULJLQDOUHVXOW�LV�XVXDOO\�SURGXFHG�E\�WUDQVIRUPLQJ�RULJLQDO

9DULRXV�RWKHU�GLIIHUHQWLDWLQJ�IDFWRUV9DULRXV�RWKHU�GLIIHUHQWLDWLQJ�IDFWRUV
�� LV�WRSRORJ\�VLPSOLILHG"�UHVWULFWHG�WR�PDQLIROGV"LV�WRSRORJ\�VLPSOLILHG"�UHVWULFWHG�WR�PDQLIROGV"

�� DUH�DWWULEXWHV�VLPSOLILHG�RU�UHDUH�DWWULEXWHV�VLPSOLILHG�RU�UH��VDPSOHG�LQWR�PDSV"VDPSOHG�LQWR�PDSV"



6WDWLF�5HVROXWLRQ�LV�1RW�(QRXJK
0RGHO�XVHG�LQ�YDULHW\�RI�FRQWH[WV

� PDQ\�PDFKLQHV��YDULDEOH�FDSDFLW\

� SURMHFWHG�VFUHHQ�VL]H�ZLOO�YDU\

&RQWH[W�GLFWDWHV�UHTXLUHG�GHWDLO

� /2'�VKRXOG�YDU\�ZLWK�FRQWH[W

� FRQWH[W�YDULHV�RYHU�WLPH

� ZLWK�ZKDW�OHYHO�RI�FRKHUHQFH"

¥ JHQHUDOO\�KLJK�FRKHUHQFH�LQ�YLHZ

¥ SRVVLEO\�SRRU�FRKHUHQFH�LQ�ORDG

0RGHO�XVHG�LQ�YDULHW\�RI�FRQWH[WV0RGHO�XVHG�LQ�YDULHW\�RI�FRQWH[WV

�� PDQ\�PDFKLQHV��YDULDEOH�FDSDFLW\PDQ\�PDFKLQHV��YDULDEOH�FDSDFLW\

�� SURMHFWHG�VFUHHQ�VL]H�ZLOO�YDU\SURMHFWHG�VFUHHQ�VL]H�ZLOO�YDU\

&RQWH[W�GLFWDWHV�UHTXLUHG�GHWDLO&RQWH[W�GLFWDWHV�UHTXLUHG�GHWDLO

�� /2'�VKRXOG�YDU\�ZLWK�FRQWH[W/2'�VKRXOG�YDU\�ZLWK�FRQWH[W

�� FRQWH[W�YDULHV�RYHU�WLPHFRQWH[W�YDULHV�RYHU�WLPH

�� ZLWK�ZKDW�OHYHO�RI�FRKHUHQFH"ZLWK�ZKDW�OHYHO�RI�FRKHUHQFH"

¥¥ JHQHUDOO\�KLJK�FRKHUHQFH�LQ�YLHZJHQHUDOO\�KLJK�FRKHUHQFH�LQ�YLHZ

¥¥ SRVVLEO\�SRRU�FRKHUHQFH�LQ�ORDGSRVVLEO\�SRRU�FRKHUHQFH�LQ�ORDG



1HHG�0XOWLUHVROXWLRQ�0RGHOV
(QFRGH�ZLGH�UDQJH�RI�OHYHOV�RI�GHWDLO
� H[WUDFW�DSSURSULDWH�DSSUR[LPDWLRQV�DW�UXQ�WLPH

� PXVW�KDYH�ORZ�RYHUKHDG

¥ VSDFH�FRQVXPHG�E\�UHSUHVHQWDWLRQ

¥ FRVW�RI�FKDQJLQJ�OHYHO�RI�GHWDLO�ZKLOH�UHQGHULQJ

� FDQ�EH�JHQHUDWHG�YLD�VLPSOLILFDWLRQ�SURFHVV

,PDJH�S\UDPLGV��PLS�PDSV���D�JRRG�H[DPSOH
� YHU\�VXFFHVVIXO�WHFKQLTXH�IRU�UDVWHU�LPDJHV

(QFRGH�ZLGH�UDQJH�RI�OHYHOV�RI�GHWDLO(QFRGH�ZLGH�UDQJH�RI�OHYHOV�RI�GHWDLO
�� H[WUDFW�DSSURSULDWH�DSSUR[LPDWLRQV�DW�UXQ�WLPHH[WUDFW�DSSURSULDWH�DSSUR[LPDWLRQV�DW�UXQ�WLPH

�� PXVW�KDYH�ORZ�RYHUKHDGPXVW�KDYH�ORZ�RYHUKHDG

¥¥ VSDFH�FRQVXPHG�E\�UHSUHVHQWDWLRQVSDFH�FRQVXPHG�E\�UHSUHVHQWDWLRQ

¥¥ FRVW�RI�FKDQJLQJ�OHYHO�RI�GHWDLO�ZKLOH�UHQGHULQJFRVW�RI�FKDQJLQJ�OHYHO�RI�GHWDLO�ZKLOH�UHQGHULQJ

�� FDQ�EH�JHQHUDWHG�YLD�VLPSOLILFDWLRQ�SURFHVVFDQ�EH�JHQHUDWHG�YLD�VLPSOLILFDWLRQ�SURFHVV

,PDJH�S\UDPLGV��,PDJH�S\UDPLGV��PLSPLS��PDSV���D�JRRG�H[DPSOHPDSV���D�JRRG�H[DPSOH
�� YHU\�VXFFHVVIXO�WHFKQLTXH�IRU�UDVWHU�LPDJHVYHU\�VXFFHVVIXO�WHFKQLTXH�IRU�UDVWHU�LPDJHV



'LVFUHWH�0XOWLUHVROXWLRQ�0RGHOV
*LYHQ�D�PRGHO��EXLOG�D�VHW�RI�DSSUR[LPDWLRQV
� FDQ�EH�SURGXFHG�E\�DQ\�VLPSOLILFDWLRQ�V\VWHP

� DW�UXQ�WLPH��VLPSO\�VHOHFW�ZKLFK�WR�UHQGHU

,QWHU�IUDPH�VZLWFKLQJ�FDXVHV�YLVXDO�§SRSSLQJ¨
� FDQ�VPRRWK�WUDQVLWLRQ�ZLWK�LPDJH�EOHQGLQJ

� RU�XVH�JHRPHWU\�EOHQGLQJ��JHRPRUSKLQJ�>+RSSH@

6XSSRUWHG�E\�VHYHUDO�VRIWZDUH�SDFNDJHV
� 5HQGHU0DQ��2SHQ�,QYHQWRU��,5,6�3HUIRUPHU�����

*LYHQ�D�PRGHO��EXLOG�D�VHW�RI�DSSUR[LPDWLRQV*LYHQ�D�PRGHO��EXLOG�D�VHW�RI�DSSUR[LPDWLRQV
�� FDQ�EH�SURGXFHG�E\�DQ\�VLPSOLILFDWLRQ�V\VWHPFDQ�EH�SURGXFHG�E\�DQ\�VLPSOLILFDWLRQ�V\VWHP

�� DW�UXQ�WLPH��VLPSO\�VHOHFW�ZKLFK�WR�UHQGHUDW�UXQ�WLPH��VLPSO\�VHOHFW�ZKLFK�WR�UHQGHU

,QWHU,QWHU��IUDPH�VZLWFKLQJ�FDXVHV�YLVXDO�§SRSSLQJ¨IUDPH�VZLWFKLQJ�FDXVHV�YLVXDO�§SRSSLQJ¨
�� FDQ�VPRRWK�WUDQVLWLRQ�ZLWK�LPDJH�EOHQGLQJFDQ�VPRRWK�WUDQVLWLRQ�ZLWK�LPDJH�EOHQGLQJ

�� RU�XVH�JHRPHWU\�EOHQGLQJ��RU�XVH�JHRPHWU\�EOHQGLQJ��JHRPRUSKLQJ�JHRPRUSKLQJ�>+RSSH@>+RSSH@

6XSSRUWHG�E\�VHYHUDO�VRIWZDUH�SDFNDJHV6XSSRUWHG�E\�VHYHUDO�VRIWZDUH�SDFNDJHV
�� 5HQGHU0DQ5HQGHU0DQ��2SHQ�,QYHQWRU��,5,6�3HUIRUPHU�������2SHQ�,QYHQWRU��,5,6�3HUIRUPHU�����



/LPLWV�RI�'LVFUHWH�0RGHOV
:H�PD\�QHHG�YDU\LQJ�/2'�RYHU�VXUIDFH
� ODUJH�VXUIDFH��REOLTXH�YLHZ��HJ��YLHZHU�RQ�WHUUDLQ�

¥ QHHG�KLJK�GHWDLO�QHDU�WKH�YLHZHU

¥ QHHG�OHVV�GHWDLO�IDU�DZD\

� VLQJOH�/2'�ZLOO�EH�LQDSSURSULDWH
¥ HLWKHU�H[FHVVLYHO\�GHWDLOHG�LQ�WKH�GLVWDQFH��ZDVWHIXO�

¥ RU�LQVXIILFLHQWO\�GHWDLOHG�QHDU�WKH�YLHZHU��YLVXDO�DUWLIDFWV�

'RHVQªW�UHDOO\�H[SORLW�DYDLODEOH�FRKHUHQFH
� VPDOO�YLHZ�FKDQJH�PD\�FDXVH�ODUJH�PRGHO�FKDQJH

:H�PD\�QHHG�YDU\LQJ�/2'�RYHU�VXUIDFH:H�PD\�QHHG�YDU\LQJ�/2'�RYHU�VXUIDFH
�� ODUJH�VXUIDFH��REOLTXH�YLHZ��ODUJH�VXUIDFH��REOLTXH�YLHZ��HJHJ��YLHZHU�RQ�WHUUDLQ���YLHZHU�RQ�WHUUDLQ�

¥¥ QHHG�KLJK�GHWDLO�QHDU�WKH�YLHZHUQHHG�KLJK�GHWDLO�QHDU�WKH�YLHZHU

¥¥ QHHG�OHVV�GHWDLO�IDU�DZD\QHHG�OHVV�GHWDLO�IDU�DZD\

�� VLQJOH�/2'�ZLOO�EH�LQDSSURSULDWHVLQJOH�/2'�ZLOO�EH�LQDSSURSULDWH
¥¥ HLWKHU�H[FHVVLYHO\�GHWDLOHG�LQ�WKH�GLVWDQFH��ZDVWHIXO�HLWKHU�H[FHVVLYHO\�GHWDLOHG�LQ�WKH�GLVWDQFH��ZDVWHIXO�

¥¥ RU�LQVXIILFLHQWO\�GHWDLOHG�QHDU�WKH�YLHZHU��YLVXDO�DUWLIDFWV�RU�LQVXIILFLHQWO\�GHWDLOHG�QHDU�WKH�YLHZHU��YLVXDO�DUWLIDFWV�

'RHVQªW�UHDOO\�H[SORLW�DYDLODEOH�FRKHUHQFH'RHVQªW�UHDOO\�H[SORLW�DYDLODEOH�FRKHUHQFH
�� VPDOO�YLHZ�FKDQJH�PD\�FDXVH�ODUJH�PRGHO�FKDQJHVPDOO�YLHZ�FKDQJH�PD\�FDXVH�ODUJH�PRGHO�FKDQJH



3URJUHVVLYH�0HVKHV
:H�JHW�PRUH�WKDQ�MXVW�ILQDO�DSSUR[LPDWLRQ
� VHTXHQFH�RI�FRQWUDFWLRQV

� FRUUHVSRQGLQJ�LQWHUPHGLDWH�DSSUR[LPDWLRQV

5H�HQFRGH�DV�SURJUHVVLYH�PHVK��30��>+RSSH���@
� WDNH�ILQDO�DSSUR[LPDWLRQ�WR�EH�EDVH�PHVK

� UHYHUVH�RI�FRQWUDFWLRQ�VHTXHQFH�LV�D�VSOLW�VHTXHQFH

� FDQ�UHFRQVWUXFW�DQ\�LQWHUPHGLDWH�PRGHO

� DOORZV�IRU�SURJUHVVLYH�WUDQVPLVVLRQ�	�FRPSUHVVLRQ

:H�JHW�PRUH�WKDQ�MXVW�ILQDO�DSSUR[LPDWLRQ:H�JHW�PRUH�WKDQ�MXVW�ILQDO�DSSUR[LPDWLRQ
�� VHTXHQFH�RI�FRQWUDFWLRQVVHTXHQFH�RI�FRQWUDFWLRQV

�� FRUUHVSRQGLQJ�LQWHUPHGLDWH�DSSUR[LPDWLRQVFRUUHVSRQGLQJ�LQWHUPHGLDWH�DSSUR[LPDWLRQV

5H5H��HQFRGH�DV�SURJUHVVLYH�PHVK��30��HQFRGH�DV�SURJUHVVLYH�PHVK��30��>+RSSH���@>+RSSH���@

�� WDNH�ILQDO�DSSUR[LPDWLRQ�WR�EH�EDVH�PHVKWDNH�ILQDO�DSSUR[LPDWLRQ�WR�EH�EDVH�PHVK

�� UHYHUVH�RI�FRQWUDFWLRQ�VHTXHQFH�LV�D�VSOLW�VHTXHQFHUHYHUVH�RI�FRQWUDFWLRQ�VHTXHQFH�LV�D�VSOLW�VHTXHQFH

�� FDQ�UHFRQVWUXFW�DQ\�LQWHUPHGLDWH�PRGHOFDQ�UHFRQVWUXFW�DQ\�LQWHUPHGLDWH�PRGHO

�� DOORZV�IRU�SURJUHVVLYH�WUDQVPLVVLRQ�	�FRPSUHVVLRQDOORZV�IRU�SURJUHVVLYH�WUDQVPLVVLRQ�	�FRPSUHVVLRQ



30ªV�D�/LPLWHG�0XOWLUHVROXWLRQ
0RUH�IOH[LELOLW\�LV�UHTXLUHG
� ORFDO�DGGLWLRQ�VXEWUDFWLRQ�RI�WULDQJOHV

¥ DV�FRQGLWLRQV�FKDQJH��PDNH�VPDOO�XSGDWHV�LQ�/2'

¥ WKLV�LV�WKH�PXOWL�WULDQJXODWLRQ�IUDPHZRUN�>'H )ORULDQL HW�DO@

� PD\�UHTXLUH�QRYHO�DSSUR[LPDWLRQV

0XVW�HQFRGH�GHSHQGHQF\�RI�FRQWUDFWLRQV
� 30ªV�LPSO\�GHSHQGHQF\�RQ�DOO�HDUOLHU�FRQWUDFWLRQV

� EXW�ZH�FDQ�UHRUGHU�QRQ�RYHUODSSLQJ�FRQWUDFWLRQV�

0RUH�IOH[LELOLW\�LV�UHTXLUHG0RUH�IOH[LELOLW\�LV�UHTXLUHG
�� ORFDO�DGGLWLRQ�VXEWUDFWLRQ�RI�WULDQJOHVORFDO�DGGLWLRQ�VXEWUDFWLRQ�RI�WULDQJOHV

¥¥ DV�FRQGLWLRQV�FKDQJH��PDNH�VPDOO�XSGDWHV�LQ�/2'DV�FRQGLWLRQV�FKDQJH��PDNH�VPDOO�XSGDWHV�LQ�/2'

¥¥ WKLV�LV�WKH�PXOWLWKLV�LV�WKH�PXOWL��WULDQJXODWLRQ�IUDPHZRUN�>'HWULDQJXODWLRQ�IUDPHZRUN�>'H )ORULDQL)ORULDQL HW�DO@HW�DO@

�� PD\�UHTXLUH�QRYHO�DSSUR[LPDWLRQVPD\�UHTXLUH�QRYHO�DSSUR[LPDWLRQV

0XVW�HQFRGH�GHSHQGHQF\�RI�FRQWUDFWLRQV0XVW�HQFRGH�GHSHQGHQF\�RI�FRQWUDFWLRQV
�� 30ªV�LPSO\�GHSHQGHQF\�RQ�DOO�HDUOLHU�FRQWUDFWLRQV30ªV�LPSO\�GHSHQGHQF\�RQ�DOO�HDUOLHU�FRQWUDFWLRQV

�� EXW�ZH�FDQ�UHRUGHU�QRQEXW�ZH�FDQ�UHRUGHU�QRQ��RYHUODSSLQJ�FRQWUDFWLRQV�RYHUODSSLQJ�FRQWUDFWLRQV�



6WUXFWXUH�,QGXFHG�RQ�6XUIDFH
(YHU\�YHUWH[�RQ�DSSUR[LPDWLRQ�FRUUHVSRQGV�WR
� D�FRQQHFWHG�VHW�RI�YHUWLFHV�RQ�WKH�RULJLQDO

� KHQFH�D�UHJLRQ�RQ�WKH�VXUIDFH��WKH�XQLRQ�RI�QHLJKERUKRRGV

,QLWLDO�FRQGLWLRQV
� HYHU\�YHUWH[�VHW�LV�D�VLQJOHWRQ��HYHU\�UHJLRQ�D�QHLJKERUKRRG

(YHU\�YHUWH[�RQ�DSSUR[LPDWLRQ�FRUUHVSRQGV�WR(YHU\�YHUWH[�RQ�DSSUR[LPDWLRQ�FRUUHVSRQGV�WR
�� D�FRQQHFWHG�VHW�RI�YHUWLFHV�RQ�WKH�RULJLQDOD�FRQQHFWHG�VHW�RI�YHUWLFHV�RQ�WKH�RULJLQDO

�� KHQFH�D�UHJLRQ�RQ�WKH�VXUIDFH��WKH�XQLRQ�RI�QHLJKERUKRRGVKHQFH�D�UHJLRQ�RQ�WKH�VXUIDFH��WKH�XQLRQ�RI�QHLJKERUKRRGV

,QLWLDO�FRQGLWLRQV,QLWLDO�FRQGLWLRQV
�� HYHU\�YHUWH[�VHW�LV�D�VLQJOHWRQ��HYHU\�UHJLRQ�D�QHLJKERUKRRGHYHU\�YHUWH[�VHW�LV�D�VLQJOHWRQ��HYHU\�UHJLRQ�D�QHLJKERUKRRG



6WUXFWXUH�,QGXFHG�RQ�6XUIDFH
$�FRQWUDFWLRQ�PHUJHV�FRUUHVSRQGLQJ�YHUWH[�VHWV

� UHPDLQLQJ�YHUWH[�DFFXPXODWHV�ODUJHU�VXUIDFH�UHJLRQ

:KHQ�PHUJLQJ�UHJLRQV��FDQ�OLQN�WKHP�E\�D�PHVK�HGJH

� DV�VKRZQ�RQ�OHIW�KDQG�VLGH

$�FRQWUDFWLRQ�PHUJHV�FRUUHVSRQGLQJ�YHUWH[�VHWV$�FRQWUDFWLRQ�PHUJHV�FRUUHVSRQGLQJ�YHUWH[�VHWV

�� UHPDLQLQJ�YHUWH[�DFFXPXODWHV�ODUJHU�VXUIDFH�UHJLRQUHPDLQLQJ�YHUWH[�DFFXPXODWHV�ODUJHU�VXUIDFH�UHJLRQ

:KHQ�PHUJLQJ�UHJLRQV��FDQ�OLQN�WKHP�E\�D�PHVK�HGJH:KHQ�PHUJLQJ�UHJLRQV��FDQ�OLQN�WKHP�E\�D�PHVK�HGJH

�� DV�VKRZQ�RQ�OHIW�KDQG�VLGHDV�VKRZQ�RQ�OHIW�KDQG�VLGH



6WUXFWXUH�,QGXFHG�RQ�6XUIDFH
/LQNV�ZLWKLQ�VLQJOH�UHJLRQ�IRUP�VSDQQLQJ�WUHH

� OLQNV�ZLWKLQ�DOO�UHJLRQV�IRUP�VSDQQLQJ�IRUHVW

� DQ\�FRQWUDFWLRQ�RUGHU�ZLWKLQ�UHJLRQV�LV��WRSRORJLFDOO\��YDOLG

5HJLRQV�DOZD\V�FRPSOHWHO\�SDUWLWLRQ�RULJLQDO�VXUIDFH

/LQNV�ZLWKLQ�VLQJOH�UHJLRQ�IRUP�VSDQQLQJ�WUHH/LQNV�ZLWKLQ�VLQJOH�UHJLRQ�IRUP�VSDQQLQJ�WUHH

�� OLQNV�ZLWKLQ�DOO�UHJLRQV�IRUP�VSDQQLQJ�IRUHVWOLQNV�ZLWKLQ�DOO�UHJLRQV�IRUP�VSDQQLQJ�IRUHVW

�� DQ\�FRQWUDFWLRQ�RUGHU�ZLWKLQ�UHJLRQV�LV��WRSRORJLFDOO\��YDOLGDQ\�FRQWUDFWLRQ�RUGHU�ZLWKLQ�UHJLRQV�LV��WRSRORJLFDOO\��YDOLG

5HJLRQV�DOZD\V�FRPSOHWHO\�SDUWLWLRQ�RULJLQDO�VXUIDFH5HJLRQV�DOZD\V�FRPSOHWHO\�SDUWLWLRQ�RULJLQDO�VXUIDFH



6WUXFWXUH�,QGXFHG�RQ�6XUIDFH
3DLU�ZLVH�PHUJLQJ�IRUPV�KLHUDUFK\

� ELQDU\�WUHH�RI�YHUWLFHV

� DOVR�D�ELQDU\�WUHH�RI�VXUIDFH�UHJLRQV

3DLU3DLU��ZLVH�PHUJLQJ�IRUPV�KLHUDUFK\ZLVH�PHUJLQJ�IRUPV�KLHUDUFK\

�� ELQDU\�WUHH�RI�YHUWLFHVELQDU\�WUHH�RI�YHUWLFHV

�� DOVR�D�ELQDU\�WUHH�RI�VXUIDFH�UHJLRQVDOVR�D�ELQDU\�WUHH�RI�VXUIDFH�UHJLRQV



([DPSOH�
,QLWLDO�9HUWH[�1HLJKERUKRRGV



([DPSOH�
$IWHU�����RI�YHUWLFHV�UHPRYHG



([DPSOH�
$IWHU�������RI�YHUWLFHV�UHPRYHG



9HUWH[�+LHUDUFKLHV
$�FXW�WKURXJK�WKH�WUHH
� FRQWUDFW�DOO�EHORZ�FXW

� UHPDLQLQJ�OHDYHV�DUH�DFWLYH

� GHWHUPLQHV�SDUWLWLRQ

� DQG�DQ�DSSUR[LPDWLRQ

(QFRGHV�GHSHQGHQFLHV
� 30ªV�DVVXPH�WRWDO�RUGHU

� GLVMRLQW�VXEWUHHV DUH LQGHS�

� QRYHO�DSSUR[LPDWLRQV�DULVH

� EXW�PXVW�DYRLG�IROG�RYHU

$�FXW�WKURXJK�WKH�WUHH$�FXW�WKURXJK�WKH�WUHH
�� FRQWUDFW�DOO�EHORZ�FXWFRQWUDFW�DOO�EHORZ�FXW

�� UHPDLQLQJ�OHDYHV�DUH�DFWLYHUHPDLQLQJ�OHDYHV�DUH�DFWLYH

�� GHWHUPLQHV�SDUWLWLRQGHWHUPLQHV�SDUWLWLRQ

�� DQG�DQ�DSSUR[LPDWLRQDQG�DQ�DSSUR[LPDWLRQ

(QFRGHV�GHSHQGHQFLHV(QFRGHV�GHSHQGHQFLHV
�� 30ªV�DVVXPH�WRWDO�RUGHU30ªV�DVVXPH�WRWDO�RUGHU

�� GLVMRLQW�GLVMRLQW�VXEWUHHVVXEWUHHV DUHDUH LQGHSLQGHS��

�� QRYHO�DSSUR[LPDWLRQV�DULVHQRYHO�DSSUR[LPDWLRQV�DULVH

�� EXW�PXVW�DYRLG�IROGEXW�PXVW�DYRLG�IROG��RYHURYHU



9HUWH[�+LHUDUFKLHV�IRU
9LHZ�'HSHQGHQW�5HILQHPHQW
0XOWLUHVROXWLRQ�UHSUHVHQWDWLRQ�IRU�GLVSOD\
� LQFUHPHQWDOO\�PRYH�FXW�EHWZHHQ�IUDPHV

>;LD�9DUVKQH\��+RSSH��/XHENH�(ULFNVRQ@

� PRYH�XS�GRZQ�ZKHUH�OHVV�PRUH�GHWDLO�QHHGHG
� UHOLHV�RQ�IUDPH�WR�IUDPH�FRKHUHQFH
� FDQ�DFFRPPRGDWH�JHRPRUSKLQJ�>+RSSH@

0RVW�FRPPRQ�DSSOLFDWLRQ�RI�YHUWH[�KLHUDUFK\
� XVHV�KLHUDUFK\�RQO\�WR�JXLGH�DFWLYH�IURQW�HYROXWLRQ
� PRUH�IOH[LELOLW\�	�RYHUKHDG�WKDQ�GLVFUHWH�PXOWLUHV�

0XOWLUHVROXWLRQ�UHSUHVHQWDWLRQ�IRU�GLVSOD\0XOWLUHVROXWLRQ�UHSUHVHQWDWLRQ�IRU�GLVSOD\
�� LQFUHPHQWDOO\�PRYH�FXW�EHWZHHQ�IUDPHVLQFUHPHQWDOO\�PRYH�FXW�EHWZHHQ�IUDPHV

>>;LD;LD��9DUVKQH\9DUVKQH\��+RSSH����+RSSH��/XHENH/XHENH��(ULFNVRQ@(ULFNVRQ@

�� PRYH�XS�GRZQ�ZKHUH�OHVV�PRUH�GHWDLO�QHHGHGPRYH�XS�GRZQ�ZKHUH�OHVV�PRUH�GHWDLO�QHHGHG

�� UHOLHV�RQ�IUDPHUHOLHV�RQ�IUDPH��WRWR��IUDPH�FRKHUHQFHIUDPH�FRKHUHQFH

�� FDQ�DFFRPPRGDWH�FDQ�DFFRPPRGDWH�JHRPRUSKLQJ�JHRPRUSKLQJ�>+RSSH@>+RSSH@

0RVW�FRPPRQ�DSSOLFDWLRQ�RI�YHUWH[�KLHUDUFK\0RVW�FRPPRQ�DSSOLFDWLRQ�RI�YHUWH[�KLHUDUFK\
�� XVHV�KLHUDUFK\�RQO\�WR�JXLGH�DFWLYH�IURQW�HYROXWLRQXVHV�KLHUDUFK\�RQO\�WR�JXLGH�DFWLYH�IURQW�HYROXWLRQ

�� PRUH�IOH[LELOLW\�	�RYHUKHDG�WKDQ�GLVFUHWH�PRUH�IOH[LELOLW\�	�RYHUKHDG�WKDQ�GLVFUHWH�PXOWLUHVPXOWLUHV��



)XUWKHU�5HILQHPHQW�LQ
9HUWH[�+LHUDUFKLHV
$OVR�VXSSRUW�V\QWKHWLF�UHILQHPHQW

� HGJH�FRQWUDFWLRQ�LV�DQ�LQYHUVH�RI�HGJH�VSOLW

� FDQ�V\QWKHVL]H�WHPSRUDU\�OHYHOV�LQ�WUHH�E\�VSOLWWLQJ�HGJHV

� IUDFWDO�H[WUDSRODWLRQ�RI�WHUUDLQ�VXUIDFH��IRU�H[DPSOH

$OVR�VXSSRUW�V\QWKHWLF�UHILQHPHQW$OVR�VXSSRUW�V\QWKHWLF�UHILQHPHQW

�� HGJH�FRQWUDFWLRQ�LV�DQ�LQYHUVH�RI�HGJH�VSOLWHGJH�FRQWUDFWLRQ�LV�DQ�LQYHUVH�RI�HGJH�VSOLW

�� FDQ�V\QWKHVL]H�WHPSRUDU\�OHYHOV�LQ�WUHH�E\�VSOLWWLQJ�HGJHVFDQ�V\QWKHVL]H�WHPSRUDU\�OHYHOV�LQ�WUHH�E\�VSOLWWLQJ�HGJHV

�� IUDFWDO�H[WUDSRODWLRQ�RI�WHUUDLQ�VXUIDFH��IRU�H[DPSOHIUDFWDO�H[WUDSRODWLRQ�RI�WHUUDLQ�VXUIDFH��IRU�H[DPSOH



$SSOLFDWLRQV�%H\RQG�'LVSOD\
2WKHU�LPSRUWDQW�DSSOLFDWLRQV�DUH�DSSHDULQJ
� VXUIDFH�HGLWLQJ�>*XVNRY HW�DO���@

� VXUIDFH�PRUSKLQJ�>/HH�HW�DO���@

� PXOWLUHVROXWLRQ�UDGLRVLW\�>:LOOPRWW�HW�DO���@

6WLOO�RWKHUV�VHHP�SURPLVLQJ
� KLHUDUFKLFDO�ERXQGLQJ�YROXPHV

� REMHFW�PDWFKLQJ

� VKDSH�DQDO\VLV���IHDWXUH�H[WUDFWLRQ

2WKHU�LPSRUWDQW�DSSOLFDWLRQV�DUH�DSSHDULQJ2WKHU�LPSRUWDQW�DSSOLFDWLRQV�DUH�DSSHDULQJ
�� VXUIDFH�HGLWLQJ�VXUIDFH�HGLWLQJ�>>*XVNRY*XVNRY HW�DO�HW�DO���@��@

�� VXUIDFH�PRUSKLQJ�VXUIDFH�PRUSKLQJ�>/HH�>/HH�HW�DO�HW�DO���@��@

�� PXOWLUHVROXWLRQ�UDGLRVLW\�PXOWLUHVROXWLRQ�UDGLRVLW\�>>:LOOPRWW�:LOOPRWW�HW�DO�HW�DO���@��@

6WLOO�RWKHUV�VHHP�SURPLVLQJ6WLOO�RWKHUV�VHHP�SURPLVLQJ
�� KLHUDUFKLFDO�ERXQGLQJ�YROXPHVKLHUDUFKLFDO�ERXQGLQJ�YROXPHV

�� REMHFW�PDWFKLQJREMHFW�PDWFKLQJ

�� VKDSH�DQDO\VLV���IHDWXUH�H[WUDFWLRQVKDSH�DQDO\VLV���IHDWXUH�H[WUDFWLRQ



0XOWLUHVROXWLRQ�0RGHO�6XPPDU\
5HSUHVHQWDWLRQV�DUH�DYDLODEOH�WR�VXSSRUW
� SURJUHVVLYH�WUDQVPLVVLRQ

� YLHZ�GHSHQGHQW�UHILQHPHQW

� KLHUDUFKLFDO�FRPSXWDWLRQ��H�J���UDGLRVLW\�

%XW�OLPLWDWLRQV�UHPDLQ
� YHUWH[�KLHUDUFKLHV�PD\�RYHU�FRQVWUDLQ�DGDSWDWLRQ

� DGDSWDWLRQ�RYHUKHDG�QRW�VXLWDEOH�IRU�DOO�FDVHV

� LQWHUDFWLQJ�PXOWLUHVROXWLRQ�REMHFWV�ODUJHO\�LJQRUHG

5HSUHVHQWDWLRQV�DUH�DYDLODEOH�WR�VXSSRUW5HSUHVHQWDWLRQV�DUH�DYDLODEOH�WR�VXSSRUW
�� SURJUHVVLYH�WUDQVPLVVLRQSURJUHVVLYH�WUDQVPLVVLRQ

�� YLHZYLHZ��GHSHQGHQW�UHILQHPHQWGHSHQGHQW�UHILQHPHQW

�� KLHUDUFKLFDO�FRPSXWDWLRQ��H�J���UDGLRVLW\�KLHUDUFKLFDO�FRPSXWDWLRQ��H�J���UDGLRVLW\�

%XW�OLPLWDWLRQV�UHPDLQ%XW�OLPLWDWLRQV�UHPDLQ
�� YHUWH[�KLHUDUFKLHV�PD\�RYHUYHUWH[�KLHUDUFKLHV�PD\�RYHU��FRQVWUDLQ�DGDSWDWLRQFRQVWUDLQ�DGDSWDWLRQ

�� DGDSWDWLRQ�RYHUKHDG�QRW�VXLWDEOH�IRU�DOO�FDVHVDGDSWDWLRQ�RYHUKHDG�QRW�VXLWDEOH�IRU�DOO�FDVHV

�� LQWHUDFWLQJ�PXOWLUHVROXWLRQ�REMHFWV�ODUJHO\�LJQRUHGLQWHUDFWLQJ�PXOWLUHVROXWLRQ�REMHFWV�ODUJHO\�LJQRUHG



/RRNLQJ�$KHDG
:HªYH�UHDFKHG�D�SHUIRUPDQFH�SODWHDX
� EURDG�UDQJH�RI�PHWKRGV�IRU�FHUWDLQ�VLWXDWLRQV

� LQFUHPHQWDO�LPSURYHPHQW�RI�H[LVWLQJ�PHWKRGV

0DMRU�SURJUHVV�PD\�UHTXLUH�QHZ�WHFKQLTXHV
� EURDGHU�DSSOLFDELOLW\�RI�VLPSOLILFDWLRQ

� KLJKHU�TXDOLW\�DSSUR[LPDWLRQV

5HTXLUHV�EHWWHU�XQGHUVWDQGLQJ�RI�SHUIRUPDQFH
� KRZ�ZHOO��LQ�JHQHUDO��GRHV�DQ�DOJRULWKP�SHUIRUP"

:HªYH�UHDFKHG�D�SHUIRUPDQFH�SODWHDX:HªYH�UHDFKHG�D�SHUIRUPDQFH�SODWHDX
�� EURDG�UDQJH�RI�PHWKRGV�IRU�FHUWDLQ�VLWXDWLRQVEURDG�UDQJH�RI�PHWKRGV�IRU�FHUWDLQ�VLWXDWLRQV

�� LQFUHPHQWDO�LPSURYHPHQW�RI�H[LVWLQJ�PHWKRGVLQFUHPHQWDO�LPSURYHPHQW�RI�H[LVWLQJ�PHWKRGV

0DMRU�SURJUHVV�PD\�UHTXLUH�QHZ�WHFKQLTXHV0DMRU�SURJUHVV�PD\�UHTXLUH�QHZ�WHFKQLTXHV
�� EURDGHU�DSSOLFDELOLW\�RI�VLPSOLILFDWLRQEURDGHU�DSSOLFDELOLW\�RI�VLPSOLILFDWLRQ

�� KLJKHU�TXDOLW\�DSSUR[LPDWLRQVKLJKHU�TXDOLW\�DSSUR[LPDWLRQV

5HTXLUHV�EHWWHU�XQGHUVWDQGLQJ�RI�SHUIRUPDQFH5HTXLUHV�EHWWHU�XQGHUVWDQGLQJ�RI�SHUIRUPDQFH
�� KRZ�ZHOO��LQ�JHQHUDO��GRHV�DQ�DOJRULWKP�SHUIRUP"KRZ�ZHOO��LQ�JHQHUDO��GRHV�DQ�DOJRULWKP�SHUIRUP"



*UHDWHU�*HQHUDOLW\
0DQ\�DSSOLFDWLRQV�UHTXLUH�QRQ�ULJLG�VXUIDFHV
� DUWLFXODWHG�PRGHOV�IRU�DQLPDWLRQ

2WKHU�PRGHO�W\SHV�DOVR�KDYH�FRPSOH[LW\�LVVXHV
� WHWUDKHGUDO�YROXPHV��VSOLQH�SDWFK�VXUIDFHV�����

1HHG�WR�KDQGOH�H[WUHPHO\�ODUJH�GDWD�VHWV
� SUHFLVH�VFDQV�RQ�WKH�RUGHU�RI���� WULDQJOHV

� WKLV�LV�ZKHUH�VLPSOLILFDWLRQ�LV�QHHGHG�WKH�PRVW

� HYHQ�DW���� WULDQJOHV��PDQ\�DOJRULWKPV�IDLO

0DQ\�DSSOLFDWLRQV�UHTXLUH�QRQ0DQ\�DSSOLFDWLRQV�UHTXLUH�QRQ��ULJLG�VXUIDFHVULJLG�VXUIDFHV
�� DUWLFXODWHG�PRGHOV�IRU�DQLPDWLRQDUWLFXODWHG�PRGHOV�IRU�DQLPDWLRQ

2WKHU�PRGHO�W\SHV�DOVR�KDYH�FRPSOH[LW\�LVVXHV2WKHU�PRGHO�W\SHV�DOVR�KDYH�FRPSOH[LW\�LVVXHV
�� WHWUDKHGUDO�YROXPHV��VSOLQH�SDWFK�VXUIDFHV�����WHWUDKHGUDO�YROXPHV��VSOLQH�SDWFK�VXUIDFHV�����

1HHG�WR�KDQGOH�H[WUHPHO\�ODUJH�GDWD�VHWV1HHG�WR�KDQGOH�H[WUHPHO\�ODUJH�GDWD�VHWV
�� SUHFLVH�VFDQV�RQ�WKH�RUGHU�RI���SUHFLVH�VFDQV�RQ�WKH�RUGHU�RI����� WULDQJOHVWULDQJOHV

�� WKLV�LV�ZKHUH�VLPSOLILFDWLRQ�LV�QHHGHG�WKH�PRVWWKLV�LV�ZKHUH�VLPSOLILFDWLRQ�LV�QHHGHG�WKH�PRVW

�� HYHQ�DW���HYHQ�DW����� WULDQJOHV��PDQ\�DOJRULWKPV�IDLOWULDQJOHV��PDQ\�DOJRULWKPV�IDLO



7RR�/DUJH�IRU�0DQ\�0HWKRGV

����������IDFHV����������IDFHV �������IDFHV�������IDFHV



%HWWHU�7RSRORJLFDO�6LPSOLILFDWLRQ
,PSHUFHSWLEOH�KROHV�	�JDSV�FDQ�EH�UHPRYHG
� PRVW�PHWKRGV�GR�WKLV�RQO\�LPSOLFLWO\

)HZ�LI�DQ\�PHWKRGV�SURYLGH�JRRG�FRQWURO
� ZKHQ�H[DFWO\�DUH�KROHV�UHPRYHG"

� ZLOO�KROHV�DERYH�D�FHUWDLQ�VL]H�EH�SUHVHUYHG"

5HTXLUHV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�PRGHO
� ZKHQ�WR�VLPSOLI\�JHRPHWU\�YV��WRSRORJ\

� VHHPV�WR�EHQHILW�IURP�PRUH�YROXPHWULF�DSSURDFK

,PSHUFHSWLEOH�KROHV�	�JDSV�FDQ�EH�UHPRYHG,PSHUFHSWLEOH�KROHV�	�JDSV�FDQ�EH�UHPRYHG
�� PRVW�PHWKRGV�GR�WKLV�RQO\�LPSOLFLWO\PRVW�PHWKRGV�GR�WKLV�RQO\�LPSOLFLWO\

)HZ�LI�DQ\�PHWKRGV�SURYLGH�JRRG�FRQWURO)HZ�LI�DQ\�PHWKRGV�SURYLGH�JRRG�FRQWURO
�� ZKHQ�H[DFWO\�DUH�KROHV�UHPRYHG"ZKHQ�H[DFWO\�DUH�KROHV�UHPRYHG"

�� ZLOO�KROHV�DERYH�D�FHUWDLQ�VL]H�EH�SUHVHUYHG"ZLOO�KROHV�DERYH�D�FHUWDLQ�VL]H�EH�SUHVHUYHG"

5HTXLUHV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�PRGHO5HTXLUHV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�PRGHO
�� ZKHQ�WR�VLPSOLI\�JHRPHWU\�YV��WRSRORJ\ZKHQ�WR�VLPSOLI\�JHRPHWU\�YV��WRSRORJ\

�� VHHPV�WR�EHQHILW�IURP�PRUH�YROXPHWULF�DSSURDFKVHHPV�WR�EHQHILW�IURP�PRUH�YROXPHWULF�DSSURDFK



%HWWHU�3HUIRUPDQFH�$QDO\VLV
%HWWHU�FULWHULD�IRU�HYDOXDWLQJ�VLPLODULW\
� LPDJH�EDVHG�PHWULFV�PRUH�DSSURSULDWH�IRU�GLVSOD\

� PHWULFV�ZKLFK�DFFXUDWHO\�DFFRXQW�IRU�DWWULEXWHV

0RVW�DQDO\VLV�KDV�EHHQ�FDVH�EDVHG
� PHDVXUH�FRPSDUH�SHUIRUPDQFH�RQ�VLQJOH�GDWD�VHW

0RUH�WKRURXJK�DQDO\VLV�LV�UHTXLUHG
� WKHRUHWLFDO�DQDO\VLV�RI�TXDOLW\�>+HFNEHUW�*DUODQG���@

� SURYDEO\�JRRG�DSSUR[LPDWLRQV�SRVVLEOH"

%HWWHU�FULWHULD�IRU�HYDOXDWLQJ�VLPLODULW\%HWWHU�FULWHULD�IRU�HYDOXDWLQJ�VLPLODULW\
�� LPDJHLPDJH��EDVHG�PHWULFV�PRUH�DSSURSULDWH�IRU�GLVSOD\EDVHG�PHWULFV�PRUH�DSSURSULDWH�IRU�GLVSOD\

�� PHWULFV�ZKLFK�DFFXUDWHO\�DFFRXQW�IRU�DWWULEXWHVPHWULFV�ZKLFK�DFFXUDWHO\�DFFRXQW�IRU�DWWULEXWHV

0RVW�DQDO\VLV�KDV�EHHQ�FDVH0RVW�DQDO\VLV�KDV�EHHQ�FDVH��EDVHGEDVHG
�� PHDVXUH�FRPSDUH�SHUIRUPDQFH�RQ�VLQJOH�GDWD�VHWPHDVXUH�FRPSDUH�SHUIRUPDQFH�RQ�VLQJOH�GDWD�VHW

0RUH�WKRURXJK�DQDO\VLV�LV�UHTXLUHG0RUH�WKRURXJK�DQDO\VLV�LV�UHTXLUHG
�� WKHRUHWLFDO�DQDO\VLV�RI�TXDOLW\�WKHRUHWLFDO�DQDO\VLV�RI�TXDOLW\�>+HFNEHUW>+HFNEHUW��*DUODQG���@*DUODQG���@

�� SURYDEO\�JRRG�DSSUR[LPDWLRQV�SRVVLEOH"SURYDEO\�JRRG�DSSUR[LPDWLRQV�SRVVLEOH"



+LJKHU�4XDOLW\�$SSUR[LPDWLRQV
3RRU�SHUIRUPDQFH�DW�H[WUHPH�UHGXFWLRQ�OHYHOV
� DOJRULWKPV�GR�PXFK�ZRUVH�WKDQ�KXPDQV
� SHUKDSV�EHFDXVH�DOO�WUDQVIRUP�RULJLQDO�LQWR�UHVXOW

6LPSOH�LWHUDWLYH�PHWKRG�LV�TXLWH�VKRUW�VLJKWHG
� RQO\�ORRN�RQH�VWHS�DKHDG�DQG�QHYHU�UHFRQVLGHU
� PDQ\�FRQVLGHU�RQO\�WKH�ORFDO�HIIHFW�RI�RSHUDWLRQ

&RQVLGHU�VHSDUDWLQJ�DQDO\VLV�	�V\QWKHVLV
� ILUVW��EXLOG�PXOWL�OHYHO�NQRZOHGJH�RI�VXUIDFH�VKDSH
� WKHQ�SURFHHG�ZLWK�VLPSOLILFDWLRQ

3RRU�SHUIRUPDQFH�DW�H[WUHPH�UHGXFWLRQ�OHYHOV3RRU�SHUIRUPDQFH�DW�H[WUHPH�UHGXFWLRQ�OHYHOV
�� DOJRULWKPV�GR�PXFK�ZRUVH�WKDQ�KXPDQVDOJRULWKPV�GR�PXFK�ZRUVH�WKDQ�KXPDQV

�� SHUKDSV�EHFDXVH�DOO�WUDQVIRUP�RULJLQDO�LQWR�UHVXOWSHUKDSV�EHFDXVH�DOO�WUDQVIRUP�RULJLQDO�LQWR�UHVXOW

6LPSOH�LWHUDWLYH�PHWKRG�LV�TXLWH�VKRUW6LPSOH�LWHUDWLYH�PHWKRG�LV�TXLWH�VKRUW��VLJKWHGVLJKWHG
�� RQO\�ORRN�RQH�VWHS�DKHDG�DQG�QHYHU�UHFRQVLGHURQO\�ORRN�RQH�VWHS�DKHDG�DQG�QHYHU�UHFRQVLGHU

�� PDQ\�FRQVLGHU�RQO\�WKH�ORFDO�HIIHFW�RI�RSHUDWLRQPDQ\�FRQVLGHU�RQO\�WKH�ORFDO�HIIHFW�RI�RSHUDWLRQ

&RQVLGHU�VHSDUDWLQJ�DQDO\VLV�	�V\QWKHVLV&RQVLGHU�VHSDUDWLQJ�DQDO\VLV�	�V\QWKHVLV
�� ILUVW��EXLOG�PXOWLILUVW��EXLOG�PXOWL��OHYHO�NQRZOHGJH�RI�VXUIDFH�VKDSHOHYHO�NQRZOHGJH�RI�VXUIDFH�VKDSH

�� WKHQ�SURFHHG�ZLWK�VLPSOLILFDWLRQWKHQ�SURFHHG�ZLWK�VLPSOLILFDWLRQ



$OWHUQDWLYH�)UDPHZRUNV
*UHHG\�VLPSOLILFDWLRQ�LV�FRQYHQLHQW�EXW�OLPLWHG
� GLUHFWO\�SURGXFH�FRQWUDFWLRQ�VHTXHQFH

� SRRU�FKRLFHV�FDQ�QHYHU�EH�UHFRQVLGHUHG

2WKHU��DOEHLW�H[SHQVLYH��DSSURDFKHV�SRVVLEOH
� VKRXOG�SURGXFH�D�VLQJOH�VHTXHQFH�RI�FRQWUDFWLRQV

� JUDSK�SDUWLWLRQLQJ�EXLOGV�VHTXHQFH�LQ�UHYHUVH

� PRUH�H[SOLFLW�RSWLPL]DWLRQ�PHWKRGV

*UHHG\�VLPSOLILFDWLRQ�LV�FRQYHQLHQW�EXW�OLPLWHG*UHHG\�VLPSOLILFDWLRQ�LV�FRQYHQLHQW�EXW�OLPLWHG
�� GLUHFWO\�SURGXFH�FRQWUDFWLRQ�VHTXHQFHGLUHFWO\�SURGXFH�FRQWUDFWLRQ�VHTXHQFH

�� SRRU�FKRLFHV�FDQ�QHYHU�EH�UHFRQVLGHUHGSRRU�FKRLFHV�FDQ�QHYHU�EH�UHFRQVLGHUHG

2WKHU��DOEHLW�H[SHQVLYH��DSSURDFKHV�SRVVLEOH2WKHU��DOEHLW�H[SHQVLYH��DSSURDFKHV�SRVVLEOH
�� VKRXOG�SURGXFH�D�VLQJOH�VHTXHQFH�RI�FRQWUDFWLRQVVKRXOG�SURGXFH�D�VLQJOH�VHTXHQFH�RI�FRQWUDFWLRQV

�� JUDSK�SDUWLWLRQLQJ�EXLOGV�VHTXHQFH�LQ�UHYHUVHJUDSK�SDUWLWLRQLQJ�EXLOGV�VHTXHQFH�LQ�UHYHUVH

�� PRUH�H[SOLFLW�RSWLPL]DWLRQ�PHWKRGVPRUH�H[SOLFLW�RSWLPL]DWLRQ�PHWKRGV



&RQFOXVLRQV
6XEVWDQWLDO�SURJUHVV�VLQFH�����
� VLPSOLILFDWLRQ�RI��'�VXUIDFHV

� PXOWLUHVROXWLRQ�UHSUHVHQWDWLRQV��30��KLHUDUFKLHV�

� DSSOLFDWLRQ�RI�PXOWLUHVROXWLRQ�LQ�GLIIHUHQW�DUHDV

7KHUH�UHPDLQV�PXFK�URRP�IRU�LPSURYHPHQW
� PRUH�HIIHFWLYH��PRUH�JHQHUDO�VLPSOLILFDWLRQ

� EHWWHU�DQDO\VLV�DQG�XQGHUVWDQGLQJ�RI�UHVXOWV

� RWKHU�PXOWLUHVROXWLRQ�UHSUHVHQWDWLRQV

6XEVWDQWLDO�SURJUHVV�VLQFH�����6XEVWDQWLDO�SURJUHVV�VLQFH�����
�� VLPSOLILFDWLRQ�RI��'�VXUIDFHVVLPSOLILFDWLRQ�RI��'�VXUIDFHV

�� PXOWLUHVROXWLRQ�UHSUHVHQWDWLRQV��30��KLHUDUFKLHV�PXOWLUHVROXWLRQ�UHSUHVHQWDWLRQV��30��KLHUDUFKLHV�

�� DSSOLFDWLRQ�RI�PXOWLUHVROXWLRQ�LQ�GLIIHUHQW�DUHDVDSSOLFDWLRQ�RI�PXOWLUHVROXWLRQ�LQ�GLIIHUHQW�DUHDV

7KHUH�UHPDLQV�PXFK�URRP�IRU�LPSURYHPHQW7KHUH�UHPDLQV�PXFK�URRP�IRU�LPSURYHPHQW
�� PRUH�HIIHFWLYH��PRUH�JHQHUDO�VLPSOLILFDWLRQPRUH�HIIHFWLYH��PRUH�JHQHUDO�VLPSOLILFDWLRQ

�� EHWWHU�DQDO\VLV�DQG�XQGHUVWDQGLQJ�RI�UHVXOWVEHWWHU�DQDO\VLV�DQG�XQGHUVWDQGLQJ�RI�UHVXOWV
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