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+DVKLPRWR�HW�DO���6FLHQFH�������

)H�EDVHG�
VXSHUFRQGXFWRUV

H�GRSHG�
FXSUDWHV

7KLV�SLFWXUH�HPHUJHV�
IURP�H[SHULPHQWDO�VWXG\�
RI�PDQ\�TXDQWXP�FULWLFDO�
UHDO�PDWHULDOV�RI�LQWHUHVW�
LQ�FRQGHQVHG�PDWWHU

0RWR\DPD�HW�DO���1DWXUH�������

1SXMZEXMSR�JVSQ�LMKL�8G�WYTIVGSRHYGXMZMX]

Ɣ 3JXIR�EVMWIW�MR�ZMGMRMX]�SJ�ERXMJIVVSQEKRIXMGEPP]��%*1�
SVHIVIH�TLEWI�SJ�E�QIXEP

Ɣ %F�MRMXMS�GSQTYXEXMSRW�JSV�ORS[R�LMKL�XIQTIVEXYVI�WYTIVGSRHYGXMRK�QEXIVMEPW�EVI�I\XVESVHMREVMP]�HMƽGYPX
Ɣ 8LIVI�MW�FVSEH�MRXIVIWX�MR�QMRMQEP�IJJIGXMZI�QSHIPW



7TMR�JIVQMSR�QSHIP

Ɣ 8LI�3���WTMR�JIVQMSR�QSHIP�
HIWGVMFIW�MRXIVEGXMSRW�FIX[IIR�
IPIGXVSRW�MR�E�QIXEP�ERH�GSPPIGXMZI�
%*1�WTMR�I\GMXEXMSRW
ż 'SRNIGXYVIH�EW�QSHIP�JSV�LMKL�8G�

WYTIVGSRHYGXMZMX]�RIEV�%*1�QIXEPPMG�TLEWI�
XVERWMXMSR

Ɣ /I]�SFNIGX�MW�XLI�ƄFSWSRMGƅ�WTMR�ƻIPH�ᶰ
ż ᶰ�\�]�ᶦ�䌜�6���JYRGXMSR�SJ�WTEXMEP�PEXXMGI�

ZEVMEFPIW�\��]�ERH�MQEKMREV]�XMQI�ZEVMEFPI�ᶦ
Ɣ &SWSRMG�ƻIPH�GSYTPIW�XS�IPIGXVSRW
Ɣ 4VSFPIQ�WM^I�TEVEQIXIVW

ż 0��PEXXMGI�PIRKXL
ż 2��RYQFIV�SJ�MQEKMREV]�XMQI�HMWGVIXM^EXMSR�

TSMRXW

Ɣ 8SXEP�WXSVEKI�GSWX�SJ�ᶰ�MW�3�0�2

7ZR�EDQGV�RI�IHUPLRQV�LQWHUDFWLQJ�ZLWK�VSLQ�
ILHOG��UHSURGXFHG�IURP�>%DXHU�HW�DO�3K\V��5HY��
5HV��������@

)HUPL�VXUIDFH�IRU�WKH�XQGHUO\LQJ�QRQLQWHUDFWLQJ�
IHUPLRQ�PRGHO���7ZR�EDQGV��WZR�VSLQV��



$�FRPSXWDWLRQDO�FKDOOHQJH

Ɣ 7KH�NH\�FRPSXWDWLRQDO�FKDOOHQJH�LV�VDPSOLQJ�
ERVRQLF�ILHOGV�DFFRUGLQJ�WR�WKH�SUREDELOLW\�
PHDVXUH�ZLWK�GHQVLW\

Ɣ +HUH�0ᷪ
��LV�D�SRVLWLYH�GHILQLWH�RSHUDWRU�RI�VL]H�

a�/�1�DGPLWWLQJ�IDVW�PDWUL[�YHFWRU�
PXOWLSOLFDWLRQV
ż 'HILQHV�FRXSOLQJ�RI�VSLQ�ILHOG�WR�HOHFWURQV

Ɣ 1DLYH�FRPSXWDWLRQDO�VFDOLQJ�RI�GHWHUPLQDQW�LV�
2�/�1��

Ɣ %HWWHU�VFDOLQJ�RI�2�/�1��LV�DFKLHYHG�E\�
GHWHUPLQDQWDO�TXDQWXP�0RQWH�&DUOR��'40&�
ż 'HILQHV�RQO\�H[LVWLQJ�FRPSHWLWLYH�DSSURDFK�WR�

VSLQ�IHUPLRQ�PRGHO�>%DXHU�HW�DO�3K\V��5HY��5HV��������@

,QYHUVH�VXVFHSWLELOLW\�RI�WKH�VSLQ�ILHOG�IRU�WZR�
WKHRU\�SDUDPHWHUV��$W�ERWWRP��+HUW]�0LOOLV�
VFDOLQJ�DSSHDUV�WR�IDLO��EXW�FRUUHFW�VFDOLQJ�FDQQRW�
EH�UHVROYHG�

>%DXHU�HW�DO�3K\V��5HY��5HV��������@



$�FRPSXWDWLRQDO�FKDOOHQJH

Ɣ )LQLWH�VL]H�PRGHO�FDQ�RQO\�UHVROYH�SK\VLFDO�
FRUUHODWLRQ�IXQFWLRQV�DW�VPDOO�PRPHQWD�RI�RUGHU�/���
ż 1HHG�ODUJHU�ODWWLFH�WR�UHDFK�H[SHULPHQWDOO\�DFFHVVLEOH�

PRPHQWD

Ɣ '40&�FDQ�RQO\�UHDFK�/�§�����QRW�ODUJH�HQRXJK�WR�
UHVROYH�QRYHO�SK\VLFDO�VFDOLQJ

Ɣ ,Q�SDUWLFXODU��ZDQW�WR�WHVW�WKHRUHWLFDO�SUHGLFWLRQV�RI�
QRQ�+HUW]�0LOOLV�VFDOLQJ�RI�WKH�VSLQ�FRUUHODWLRQ�
IXQFWLRQ�

ż 3UHGLFWHG�LQ�>6FKOLHI��/XQWV��DQG�/HH��3K\V��5HY��;�
������@�EXW�WKHRU\�LV�SHUWXUEDWLYH�LQ�D�PRGHO�
SDUDPHWHU

ż 1RW�UHDFKDEOH�E\�'40&

0LVVLQJ�GDWD�

,QYHUVH�VXVFHSWLELOLW\�RI�WKH�VSLQ�ILHOG�IRU�WZR�
WKHRU\�SDUDPHWHUV��$W�ERWWRP��+HUW]�0LOOLV�
VFDOLQJ�DSSHDUV�WR�IDLO��EXW�FRUUHFW�VFDOLQJ�FDQQRW�
EH�UHVROYHG�

>%DXHU�HW�DO�3K\V��5HY��5HV��������@



Ɣ ,Q�WKH�SDSHU�ZH�JR�XS�WR����[����[������6RPH�UHVXOWV�

&RQILUPHG�IDLOXUH�RI�
+HUW]�0LOOLV�VFDOLQJ�

'HWHUPLQDWLRQ�RI�
QRYHO�VFDOLQJ

,QYHUVH�VXVFHSWLELOLW\�RI�WKH�VSLQ�ILHOG�IRU�WZR�
WKHRU\�SDUDPHWHUV��$W�ERWWRP��+HUW]�0LOOLV�
VFDOLQJ�DSSHDUV�WR�IDLO��EXW�FRUUHFW�VFDOLQJ�FDQQRW�
EH�UHVROYHG�

>%DXHU�HW�DO�3K\V��5HY��5HV��������@

$�FRPSXWDWLRQDO�FKDOOHQJH



3VHXGRIHUPLRQ�WULFN

Ɣ %RUURZLQJ�D�WULFN�IURP�WKH�ODWWLFH�TXDQWXP�FKURPRG\QDPLFV��/4&'��

FRPPXQLW\��H[FKDQJH�WKH�GLIILFXOW\�RI�FRPSXWLQJ�GHWHUPLQDQWV��ULJLG��IRU�

GLIILFXOW\�RI�VROYLQJ�OLQHDU�V\VWHPV��PRUH�IOH[LEOH�

ż 7ULFN�LV�QRZ�ZLGHO\�XVHG��H�J���E\�WKH�JURXS�RI�6FDOHWWDU�LQ�RWKHU�FRQGHQVHG�PDWWHU�VHWWLQJV

Ɣ 6SHFLILFDOO\��YLHZ�

DV�WKH�PDUJLQDO�RI�

Ɣ 6DPSOLQJ�YLD�0DUNRY�FKDLQ�0RQWH�&DUOR��0&0&���VSHFLILFDOO\�+DPLOWRQLDQ�

0RQWH�&DUOR��+0&�



'LVFXVVLRQ�RI�WKH�VDPSOLQJ�SUREOHP

Ɣ 3VHXGRIHUPLRQ�ILHOG�������FDQ�EH�XSGDWHG�HIILFLHQWO\�ZLWK�

D�*LEEV�VDPSOHU�VWHS

ż +HQFH�GLIILFXOW\�UHGXFHV�WR�VDPSOLQJ�IURP�

Ɣ %RWWOHQHFN�SHU�VWHS�RI�0DUNRY�FKDLQ�LV�VROYLQJ�OLQHDU�

V\VWHPV��������������������QHHGHG�WR�HYDOXDWH�WKH�HIIHFWLYH�

ERVRQLF�DFWLRQ��������������������������DQG�LWV�JUDGLHQW

Ɣ 6HYHUDO�REVWDFOHV�WR�RSWLPDO�2�/�1��VFDOLQJ�
ż 3UHFRQGLWLRQLQJ�OLQHDU�VROYHV

Ŷ 'LDJRQDO�)RXULHU�SUHFRQGLWLRQHU�ZRUNV�SUHWW\�ZHOO�EXW�
QHHG�PXOWLJULG�IRU�WUXH�OLQHDU�VFDOLQJ�LQ�ODUJH�1�OLPLW

ż &RPSXWDWLRQ�RI�IHUPLRQLF�REVHUYDEOHV

Ŷ 5HTXLUHV�WKH�FRPSXWDWLRQ�RI�GLDJRQDO�RI�DQ�LQYHUVH�YLD�
VWRFKDVWLF�WUDFH�HVWLPDWLRQ��KLJKHU�RUGHU�REVHUYDEOHV�
FKDOOHQJLQJ�WR�DFKLHYH�ZLWK�RSWLPDO�VFDOLQJ

&RPSXWLQJ�)HUPL�
VXUIDFH�UHTXLUHV�
VWRFKDVWLF�WUDFH�

HVWLPDWLRQ



&RUUHFWLQJ�DQLVRWURS\

Ɣ %XW�WKHUH�LV�DQRWKHU�KLGGHQ�FRVW�WKDW�
WKUHDWHQV�OLQHDU�VFDOLQJ��SRRU�FRQGLWLRQLQJ�RI�
WKH�GLVWULEXWLRQ�LWVHOI�
ż 6ORZV�GRZQ�WKH�PL[LQJ�WLPH�RI�0DUNRY�FKDLQ�DV�WKH�

VDPSOLQJ�SUREOHP�EHFRPHV�KLJK�GLPHQVLRQDO��L�H���
/�DQG�1�EHFRPH�ODUJH�

Ɣ :K\�+0&"
ż $PRQJ�0HWURSROLV�FRUUHFWHG�VFKHPHV��EHVW�VFDOLQJ�

RI�DXWRFRUUHODWLRQ�WLPH�a�G�ó��Z�U�W�GLPHQVLRQ�G

ż +RZHYHU��WKLV�VFDOLQJ�LV�GHULYHG�IRU�LVRWURSLF�
GLVWULEXWLRQV

ż 1HHG�WR�FRUUHFW�DQLVRWURSLF�GLVWULEXWLRQV

Ɣ ,PSOLFLW�LQ�WKH�VSHFLILFDWLRQ�RI�DOO�ORFDO�0&0&�
VDPSOHUV��5:0+��/DQJHYLQ��+0&��LV�VRPH�
PHWULF�ZKLFK�GHILQHV�WKH�GLVWULEXWLRQ�RI�WKH�
QRLVH�SURFHVV
ż &RUUHFWLQJ�WKH�PHWULF�PHDQV�FRUUHFWLQJ�DQLVRWURS\

([DPSOH�RI�DQ�DQLVRWURSLF�
SUREDELOLW\�GHQVLW\



&RUUHFWLQJ�DQLVRWURS\

Ɣ ,QVSLUHG�E\�DIILQH�LQYDULDQW�VDPSOHUV�
>*RRGPDQ�DQG�:HDUH@��ZDQW�WKH�IROORZLQJ�
FRPPXWDWLYH�GLDJUDP�WR�KROG

([DPSOH�RI�DQ�DQLVRWURSLF�
SUREDELOLW\�GHQVLW\
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SUREOHP

OLQHDUO\�
WUDQVIRUP�
VDPSOHV

Ɣ 8QIRUWXQDWHO\��JHQHULF�DIILQH�LQYDULDQW�VDPSOHUV�
HLWKHU�VXIIHU�IURP�FXUVH�RI�GLPHQVLRQDOLW\�RU�KDYH�
2�G���VFDOLQJ��GXH�WR�HVWLPDWLQJ�DQG�RSHUDWLQJ�ZLWK�
WKH�FRYDULDQFH�PDWUL[��



&RUUHFWLQJ�DQLVRWURS\

Ɣ +RZHYHU«WKH�WUXH�FRYDULDQFH�PDWUL[�����RI�WKH�
ERVRQLF�ILHOG�LV�WUDQVODWLRQ�LQYDULDQW��KHQFH�
DGPLWV�IDVW�OLQHDU�RSHUDWLRQV�YLD�))7

Ɣ 8QIRUWXQDWHO\������LV�XQNQRZQ��DQG�WKH�
QRQ�LQWHUDFWLQJ�FRYDULDQFH�LV�QRW�JRRG�HQRXJK

Ɣ :H�PXVW�HVWLPDWH�LW�RQOLQH�ZLWK�QRQ�7,�ERVRQLF�
ILHOG�VDPSOHV

Ɣ (PSLULFDO�FRYDULDQFH��LPSUDFWLFDO�WR�IRUP�

Ɣ :H�NQRZ�WKDW�JURXQG�WUXWK�LV�GLDJRQDO�LQ�)RXULHU�
VSDFH��VR�ZH�GLUHFWO\�HVWLPDWH�WKH�GLDJRQDO

Ɣ 2QO\�2����VDPSOHV�WR�HVWLPDWH�WKH�HQWLUH�
GLDJRQDO

([DPSOH�RI�DQ�DQLVRWURSLF�
SUREDELOLW\�GHQVLW\

Ɣ )RUP�PHWULF�DV�

Ɣ )DVW�PDWYHFV�DQG�IDVW�VDPSOHV�
IURP�



2WKHU�DXWR�WXQLQJ�WHFKQLTXHV

Ɣ (DFK�+0&�VDPSOH�LV�SURGXFHG�E\�LQWHJUDWLQJ�
+DPLOWRQ¶V�HTXDWLRQV�IRU�������������WLPH�VWHSV�RI�
VWHS�VL]H�

Ɣ +RZ�WR�WXQH�WKHVH�SDUDPHWHUV"
Ɣ $GRSW�EHVW�SUDFWLFHV�IURP�VWDWLVWLFV�FRPPXQLW\
Ɣ &KRRVH������DV�ODUJH�DV�SRVVLEOH�VXEMHFW�WR�

ZKHUH�����������LV�H[SHFWHG�DFFHSWDQFH�UDWH�RI�
RQH�VWHS

Ɣ &KRRVH�����������WR�PD[LPL]H

>3DVDULFD�DQG�*HOPDQ�����@

,$7�DV�D�IXQFWLRQ�RI��D��1�DQG��E��/



6FDOLQJ�UHVXOWV��DW�FULWLFDO�SRLQW�

³(IIHFWLYH´�DXWRFRUUHODWLRQ�WLPH

2SWLPDO�+0&�VFDOLQJ�RI�E ó�ZLWK�
UHVSHFW�WR�YROXPH�

1HDUO\�RSWLPDO�ZLWK�UHVSHFW�WR�
WHPSHUDWXUH�

:DOO�FORFN�VFDOLQJ

2SWLPDO�ZLWK�UHVSHFW�WR�YROXPH

6XERSWLPDO�OLQHDU�VROYHU�VFDOLQJ�
ZLWK�UHVSHFW�WR�WHPSHUDWXUH



6XPPDU\

Ɣ ,W¶V�D�JRRG�LGHD�WR�WXQH�\RXU�VDPSOHU�

ż 2WKHUZLVH�\RX�DUH�XQOLNHO\�WR�JHW�RSWLPDO�VFDOLQJ�LQ�KLJK�GLPHQVLRQ�

Ɣ 7KH�WULFNV�DUH�TXLWH�SRUWDEOH�

Ɣ 6RPH�GLIILFXOWLHV�TXHVWLRQV�

ż +RZ�WR�FRQVWUXFW�HIILFLHQW�PHWULF�IRU�JDXJH�ILHOGV"

ż +RZ�WR�JHQHUDOL]H�QRWLRQ�RI�PHWULF�WR�FRPSOH[�/DQJHYLQ"


