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5HWULHYDO RI 0DQGDULQ 6SRNHQ 'RFXPHQWV %DVHG RQ 6\OODEOH

/DWWLFH 0DWFKLQJ

+VLQ�PLQ :DQJ

,QVWLWXWH RI ,QIRUPDWLRQ 6FLHQFH� $FDGHPLD 6LQLFD� 7DLSHL� 7DLZDQ ���� 5�2�&�

(�PDLO� ZKP#LLV�VLQLFD�HGX�WZ

$EVWUDFW

6SRNHQ GRFXPHQW UHWULHYDO KDV EHHQ H[WHQVLYHO\ VWXGLHG LQ

UHFHQW \HDUV EHFDXVH RI LWV SRWHQWLDO XVH LQ QDYLJDWLQJ ODUJH

PXOWL�PHGLD FROOHFWLRQV RI WKH QHDU IXWXUH� :H KDYH EHHQ

ZRUNLQJ RQ 0DQGDULQ VSRNHQ GRFXPHQW UHWULHYDO� &RQVLGHULQJ

WKH FKDUDFWHULVWLF PRQRV\OODELF VWUXFWXUH RI WKH &KLQHVH

ODQJXDJH� D V\OODEOH�EDVHG IUDPHZRUN KDV EHHQ LQYHVWLJDWHG� LQ

ZKLFK WKH VLPLODULW\ EHWZHHQ WKH VSRNHQ GRFXPHQWV DQG WKH

VSHHFK TXHULHV ZDV PHDVXUHG XVLQJ WKH V\OODEOH DQG V\OODEOH SDLU

LQIRUPDWLRQ H[WUDFWHG IURP WKH V\OODEOH ODWWLFH EDVHG RQ WKH

YHFWRU VSDFH PRGHOV� :H KDYH UHFHQWO\ GHYHORSHG D V\OODEOH�

ODWWLFH�PDWFKLQJ DSSURDFK DQG D V\OODEOH ODWWLFH UH�UDQNLQJ

VFKHPH� %\ LQFRUSRUDWLQJ DOO WKH DERYH PHWKRGV� ZH DFKLHYHG

���� DEVROXWH LPSURYHPHQW LQ QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ RYHU WKH EDVHOLQH UHVXOWV�

� ,QWURGXFWLRQ

6SRNHQ GRFXPHQW UHWULHYDO KDV EHHQ H[WHQVLYHO\ VWXGLHG LQ

UHFHQW \HDUV EHFDXVH RI LWV SRWHQWLDO XVH LQ QDYLJDWLQJ ODUJH

PXOWL�PHGLD FROOHFWLRQV RI WKH QHDU IXWXUH >���@� :LWK WKH UDSLGO\

JURZLQJ DXGLR DQG PXOWL�PHGLD LQIRUPDWLRQ RQ WKH ,QWHUQHW� D

YDULHW\ RI H[SRQHQWLDOO\ LQFUHDVLQJ VSRNHQ GRFXPHQWV VXFK DV

WKH EURDGFDVW UDGLR DQG WHOHYLVLRQ SURJUDPV� YLGHR WDSHV� GLJLWDO

OLEUDULHV DQG VR RQ� DUH QRZ EHLQJ DFFXPXODWHG DQG PDGH

DYDLODEOH YLD WKH ,QWHUQHW� %XW PRVW RI WKHP DUH VLPSO\ VWRUHG

WKHUH� NLQG RI GLIILFXOW WR EH IXUWKHU UHXVHG IRU ODFN RI HIILFLHQW

UHWULHYDO WHFKQRORJLHV� 'HYHORSPHQW RI WKH WHFKQRORJ\ WR

UHWULHYH VSHHFK LQIRUPDWLRQ WKXV EHFRPHV HVVHQWLDO DQG JHWV

PRUH DQG PRUH LPSRUWDQW� $FWXDOO\� WKLV LQWHUHVW KDV EHHQ

LQFUHDVHG VLQFH WKH VSRNHQ GRFXPHQW UHWULHYDO �6'5� WUDFN

ZLWKLQ WKH 75(&�� FRQIHUHQFH >�@�

6SHHFK UHFRJQLWLRQ DQG LQIRUPDWLRQ UHWULHYDO WHFKQLTXHV

HQDEOH DXWRPDWLF FRQWHQW�EDVHG LQGH[LQJ DQG HIILFLHQW UHWULHYDO

RI VSRNHQ GRFXPHQWV WKDW DUH UHOHYDQW WR D XVHU©V TXHU\� 7KDW LV�

ERWK WKH VSHHFK TXHULHV DQG WKH VSRNHQ GRFXPHQWV PXVW EH

WUDQVFULEHG LQWR VRPH NLQG RI FRQWHQW IHDWXUHV� VXFK DV SKRQH

VWULQJV RU ODWWLFHV� WH[WV� NH\ZRUGV DQG VR RQ XVLQJ VSHHFK

UHFRJQLWLRQ WHFKQLTXHV� EDVHG RQ ZKLFK WKH VLPLODULW\ EHWZHHQ

WKH VSHHFK TXHULHV DQG WKH VSRNHQ GRFXPHQWV FDQ WKHQ EH

PHDVXUHG� 5HFRJQLWLRQ HUURUV XVXDOO\ GHJUDGH WKH HIIHFWLYHQHVV

RI D 6'5 V\VWHP� 6WUDWHJLHV DJDLQVW WKLV SUREOHP DW OHDVW LQFOXGH

LPSURYLQJ WKH VSHHFK UHFRJQLWLRQ DFFXUDF\� VHOHFWLQJ DGHTXDWH

LQGH[LQJ IHDWXUHV� DQG GHYHORSLQJ UHWULHYDO PHWKRGV WKDW DUH

PRUH HUURU�WROHUDQW� ,Q WKLV SDSHU� ZH IRFXV RQ LQYHVWLJDWLQJ WKH

UHWULHYDO PHWKRGV DQG DOVR WU\ WR LPSURYH WKH VSHHFK UHFRJQLWLRQ

DFFXUDF\�

5HVHDUFKHUV KDYH DGGUHVVHG WKH SUREOHP RI 6'5 LQ VHYHUDO

GLIIHUHQW ZD\V� )RU WKH NH\ZRUG�EDVHG DSSURDFK >���@� D VHW RI

NH\ZRUGV IRU WKH VSRNHQ GRFXPHQWV PXVW EH GHILQHG LQ DGYDQFH�

DQG ZKHQHYHU VRPH NH\ZRUGV DUH H[WUDFWHG IURP WKH VSHHFK

TXHULHV� WKH VSRNHQ GRFXPHQWV ZLWK WKRVH RU VLPLODU NH\ZRUGV

FDQ WKHQ EH UHWULHYHG� 7KLV DSSURDFK LV HIILFLHQW DQG FRVW�

HIIHFWLYH� DQG LV YHU\ XVHIXO IRU UHWULHYDO RI VWDWLF GDWDEDVHV ZLWK

VWDWLF TXHULHV� ZKHUH WKH VHDUFK ZRUGV GRQ©W FKDQJH IUHTXHQWO\�

+RZHYHU� XVXDOO\ LW LV QRW HDV\ WR GHILQH D VHW RI DGHTXDWH

NH\ZRUGV IRU DOO WKH VSRNHQ GRFXPHQWV WR EH UHWULHYHG XQOHVV ZH

NQRZ WKH FRQWHQWV RI DOO RI WKHP LQ DGYDQFH� )RU WKH ODUJH�

YRFDEXODU\�EDVHG DSSURDFK� ERWK WKH VSRNHQ GRFXPHQWV DQG WKH

VSHHFK TXHULHV DUH IXOO\ UHFRJQL]HG LQWR WH[WV� WKXV PDQ\ ZHOO�

GHYHORSHG WH[W UHWULHYDO WHFKQLTXHV FDQ EH GLUHFWO\ DSSOLHG >�@�

,Q WKH 75(& 6'5 WUDFN� ZRUG�OHYHO WUDQVFULSWV RI WKH VSRNHQ

GRFXPHQWV ZHUH SURYLGHG WR HQDEOH D SDUWLFLSDQW ZLWKRXW KDYLQJ

WR FRSH ZLWK VSHHFK UHFRJQLWLRQ >�@� +RZHYHU� IRU VXFK DQ

DSSURDFK� WKH RXW�RI�YRFDEXODU\ SUREOHP LV DQ LPSRUWDQW LVVXH�

$ ODUJH YRFDEXODU\ VSHHFK UHFRJQL]HU QHHGV D SUHGHILQHG

OH[LFRQ IRU OLQJXLVWLF GHFRGLQJ� DQG VRPH VSHFLDO ZRUGV

LPSRUWDQW IRU UHWULHYDO� VXFK DV SURSHU QRXQV �H�J� SHUVRQDO

QDPHV RU RUJDQL]DWLRQ QDPHV�� H[RWLF ZRUGV� DQG GRPDLQ

VSHFLILF WHUPV �H�J� VSHFLDO WHUPV IRU EXVLQHVV QHZV RU VSRUWV

QHZV�� PD\ EH VLPSO\ RXWVLGH RI WKLV SUHGHILQHG OH[LFRQ� 7KLV

OHDGV WR WKH FRQFHSW RI PDNLQJ FRPSDULVRQ RQ WKH OHYHO RI

VXEZRUG XQLWV LQVWHDG� RU WKH VXEZRUG�EDVHG DSSURDFK

>���������@� %HFDXVH LW LV PXFK PRUH HDVLHU WR REWDLQ DOO

QHFHVVDU\ VXEZRUG XQLWV WR FRYHU DOO SRVVLEOH SURQXQFLDWLRQV RI

D JLYHQ ODQJXDJH� WKH RXW�RI�YRFDEXODU\ SUREOHP H[LVWLQJ LQ WKH

HYHU�JURZLQJ VSHHFK LQIRUPDWLRQ PD\ EH VRPHKRZ KDQGOHG E\

GLUHFWO\ PHDVXULQJ WKH VLPLODULW\ EHWZHHQ WKH VSRNHQ GRFXPHQWV

DQG WKH VSHHFK TXHULHV RQ WKH VXEZRUG OHYHO LQVWHDG RI RQ WKH

ZRUG OHYHO� %HFDXVH LQ VXFK DSSURDFKHV WKH VXEZRUG XQLWV DUH

QHYHU GHFRGHG LQWR ZRUGV� WKHUHIRUH WKH UHWULHYDO LV QHYHU OLPLWHG

E\ DQ\ OH[LFRQ HLWKHU� 6XFK D VXEZRUG�EDVHG DSSURDFK DOVR KDV

WKH DGYDQWDJHV RI E\SDVVLQJ WKH FRPSOLFDWHG OH[LFRQ PDWFKLQJ

DQG OLQJXLVWLF GHFRGLQJ SURFHVVHV� LQ DGGLWLRQ WR DYRLGLQJ WKH

RXW�RI�YRFDEXODU\ SUREOHP�

&RQVLGHULQJ WKH PRQRV\OODELF VWUXFWXUH RI WKH &KLQHVH

ODQJXDJH� WKH V\OODEOH�EDVHG DSSURDFK KDV EHHQ IRXQG WR EH DQ

DWWUDFWLYH VSHFLDO FDVH RI WKH VXEZRUG�EDVHG DSSURDFKHV IRU

UHWULHYLQJ &KLQHVH WH[W >�@ DQG VSHHFK >�@ LQIRUPDWLRQ XVLQJ

VSHHFK TXHULHV� ,Q WKLV DSSURDFK� WKH VXEZRUG XQLW VHOHFWHG LV WKH

V\OODEOH GXH WR YDULRXV FRQVLGHUDWLRQV RQ WKH FKDUDFWHULVWLFV RI

WKH &KLQHVH ODQJXDJH� 7KH VLPLODULW\ EHWZHHQ WKH VSRNHQ

GRFXPHQWV DQG WKH VSHHFK TXHULHV LV PHDVXUHG RQ WKH V\OODEOH

OHYHO EDVHG RQ WKH YHFWRU�VSDFH PRGHOV ZLGHO\ XVHG LQ PDQ\

WUDGLWLRQDO WH[W LQIRUPDWLRQ UHWULHYDO V\VWHPV� 7KH IHDWXUH YHFWRU

RI HDFK GRFXPHQW RU TXHU\ FRQWDLQV WKH SUHVHQFH LQIRUPDWLRQ�

IUHTXHQF\ FRXQWV� DQG DFRXVWLF UHFRJQLWLRQ VFRUHV RI DOO V\OODEOHV

DQG DGMDFHQW V\OODEOH SDLUV LQ WKH V\OODEOH ODWWLFH REWDLQHG E\

VSHHFK UHFRJQLWLRQ� +HUH� XVLQJ WKH V\OODEOH DQG V\OODEOH SDLU

LQIRUPDWLRQ H[WUDFWHG IURP WKH V\OODEOH ODWWLFH IRU 0DQGDULQ

VSRNHQ GRFXPHQW UHWULHYDO LV D VWUDLJKWIRUZDUG LGHD EHFDXVH

PRUH WKDQ KDOI RI WKH FRPPRQO\ XVHG &KLQHVH ZRUGV DUH VLQJOH

FKDUDFWHU DQG EL�FKDUDFWHU ZRUGV� +RZHYHU� WKH VSRNHQ

GRFXPHQW UHWULHYDO SHUIRUPDQFH LV REYLRXVO\ QRW VDWLVIDFWRU\ DV

FRPSDUHG WR WKH XSSHU�ERXQG SHUIRUPDQFH GHULYHG IURP WH[W�
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EDVHG UHWULHYDO RI WUDQVFULSWV RI WKH VSRNHQ GRFXPHQWV DQG WKH

VSHHFK TXHULHV� 7KH DERYH YHFWRU�VSDFH�EDVHG DSSURDFK ZDV

WHVWHG RQ WKH WDVN RI UHWULHYLQJ ��� VSRNHQ GRFXPHQWV XVLQJ ��

NH\�SKUDVH VSHHFK TXHULHV >��@� DQG WKH QRQ�LQWHUSRODWHG

DYHUDJH SUHFLVLRQ >��@ ZDV ���� IRU VSHHFK UHWULHYDO DQG ���� IRU

WKH XSSHU�ERXQG SHUIRUPDQFH GHULYHG IURP WH[W�EDVHG UHWULHYDO�

%DVHG RQ WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK� WKH QRQ�

LQWHUSRODWHG DYHUDJH SUHFLVLRQ FDQ EH LPSURYHG WR ����� 6LQFH

ERWK WKH YHFWRU�VSDFH�EDVHG DSSURDFK DQG WKH ODWWLFH�PDWFKLQJ�

EDVHG DSSURDFK PHDVXUH WKH VLPLODULW\ EDVHG RQ WKH VDPH

V\OODEOH ODWWLFH� WKH\ FDQ EH HDVLO\ FRPELQHG WRJHWKHU� 7KH QRQ�

LQWHUSRODWHG DYHUDJH SUHFLVLRQ FDQ EH IXUWKHU LPSURYHG WR ����

E\ WKH FRPELQHG DSSURDFK� )XUWKHUPRUH� ZLWK WKH V\OODEOH ODWWLFH

UH�UDQNLQJ VFKHPH DSSOLHG� WKH WRS�� V\OODEOH UHFRJQLWLRQ

DFFXUDF\ FDQ EH LPSURYHG� DQG WKH QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ FDQ EH IXUWKHU LPSURYHG WR ����� 7KXV� ZH FDQ DFKLHYH

���� DEVROXWH LPSURYHPHQW LQ QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ RYHU WKH EDVHOLQH UHVXOWV�

7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 7KH

PHWKRGRORJ\ RI WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK LV

LQWURGXFHG LQ 6HFWLRQ �� 7KH VSHHFK UHFRJQLWLRQ DQG WKH UHWULHYDO

PHWKRG DUH SUHVHQWHG LQ 6HFWLRQV � DQG � UHVSHFWLYHO\� 6HFWLRQ �

EULHIO\ UHYLHZV WKH YHFWRU�VSDFH�EDVHG DSSURDFK� DQG 6HFWLRQ �

LQWURGXFHV WKH FRPELQHG DSSURDFK� )LQDOO\� DOO H[SHULPHQWDO

UHVXOWV DUH GLVFXVVHG LQ 6HFWLRQ �� DQG WKH FRQFOXGLQJ UHPDUNV

DUH PDGH LQ 6HFWLRQ ��

� 0HWKRGRORJ\

7KH RYHUDOO DUFKLWHFWXUH RI WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK

IRU UHWULHYLQJ 0DQGDULQ VSRNHQ GRFXPHQWV LV VKRZQ LQ )LJXUH ��

7KH ZKROH V\VWHP FDQ EH GLYLGHG LQWR WZR SDUWV� 7KH ILUVW SDUW LQ

WKH XSSHU GRWWHG VTXDUH RI )LJXUH � LV WKH RII�OLQH SURFHVVLQJ

VXEV\VWHP� $OO SURFHVVHV LQ WKLV SDUW VKRXOG EH SHUIRUPHG RII�

OLQH LQ DGYDQFH� 7KH VHFRQG SDUW LQ WKH ORZHU GRWWHG VTXDUH LV WKH

RQ�OLQH UHWULHYDO VXEV\VWHP� LQ ZKLFK DOO SURFHVVHV PXVW EH

SHUIRUPHG RQ�OLQH LQ UHDO�WLPH� 7KH GHWDLOHG RSHUDWLRQ RI HDFK

SDUW ZLOO EH GHVFULEHG VHSDUDWHO\ EHORZ�

,Q WKH RII�OLQH SURFHVVLQJ VXEV\VWHP� IRU HDFK FROOHFWHG

VSRNHQ GRFXPHQW� VSHHFK UHFRJQLWLRQ ZLWK XWWHUDQFH YHULILFDWLRQ

WHFKQLTXHV LV ILUVW DSSOLHG WR JHQHUDWH D V\OODEOH ODWWLFH� LQFOXGLQJ

WKH DFRXVWLF UHFRJQLWLRQ VFRUHV IRU DOO V\OODEOH FDQGLGDWHV� DQG

WKH V\OODEOH ODWWLFH LV WKHQ DGGHG WR WKH V\OODEOH ODWWLFH

GDWDEDVH O' � ,Q WKLV ZD\� WKH PRVW WLPH FRQVXPLQJ VSHHFK

UHFRJQLWLRQ SURFHVVHV DUH SHUIRUPHG RII�OLQH LQ DGYDQFH� DQG DOO

LQIRUPDWLRQ QHFHVVDU\ IRU UHWULHYDO LV VWRUHG LQ WKH V\OODEOH

ODWWLFH GDWDEDVH O' �

,Q WKH RQ�OLQH UHWULHYDO VXEV\VWHP� ZKHQ D VSHHFK TXHU\ LV

HQWHUHG� VSHHFK UHFRJQLWLRQ ZLOO ILUVW JHQHUDWH D V\OODEOH ODWWLFH

IRU WKH VSHHFK TXHU\� *LYHQ WKH V\OODEOH ODWWLFH GDWDEDVH O' DQG

WKH TXHU\ V\OODEOH ODWWLFH TO � WKH UHWULHYLQJ PRGXOH WKHQ HYDOXDWHV

WKH VLPLODULW\ PHDVXUHV EHWZHHQ TO DQG DOO V\OODEOH ODWWLFHV RI

WKH V\OODEOH ODWWLFH GDWDEDVH O' � DQG VHOHFWV D VHW RI GRFXPHQWV

ZLWK WKH KLJKHVW VLPLODULW\ PHDVXUHV DV WKH UHWULHYDO RXWSXW�

� 6SHHFK 5HFRJQLWLRQ

��� )HDWXUH ([WUDFWLRQ

,Q RXU H[SHULPHQWV� �� PHO�IUHTXHQF\ FHSVWUDO FRHIILFLHQWV

�0)&&� ZHUH H[WUDFWHG IURP HDFK VSHHFK IUDPH� DQG WKHVH ��

0)&& FRHIILFLHQWV DQG WKHLU ILUVW RUGHU DQG VHFRQG RUGHU

GLIIHUHQFHV ZHUH FRPELQHG WRJHWKHU WR IRUP D ���GLPHQVLRQDO

IHDWXUH YHFWRU� ,Q DGGLWLRQ� WR FRPSHQVDWH WKH FKDQQHO QRLVH�

XWWHUDQFH�EDVHG FHSVWUDO PHDQ VXEWUDFWLRQ �&06� LV DSSOLHG WR

DOO WKH WUDLQLQJ VHQWHQFHV� VSRNHQ GRFXPHQWV DQG VSHHFK TXHULHV�

��� $FRXVWLF 0RGHOLQJ

)LJXUH �� 7KH RYHUDOO DUFKLWHFWXUH RI WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK IRU UHWULHYLQJ 0DQGDULQ VSRNHQ GRFXPHQWV XVLQJ

NH\�SKUDVH VSHHFK TXHULHV�
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,Q 0DQGDULQ &KLQHVH� WKHUH H[LVW PRUH WKDQ ������ FRPPRQO\

XVHG FKDUDFWHUV� (DFK ZRUG LV FRPSRVHG RI IURP RQH WR VHYHUDO

FKDUDFWHUV� WKXV WKHUH H[LVW DOPRVW XQOLPLWHG QXPEHU RI ZRUGV

>��@� $ QLFH IHDWXUH RI WKH ODQJXDJH LV WKDW DOO FKDUDFWHUV DUH

PRQRV\OODELF DQG WKH WRWDO QXPEHU RI SKRQRORJLFDOO\ DOORZHG

V\OODEOHV LV RQO\ ������ )XUWKHUPRUH� 0DQGDULQ &KLQHVH LV D

WRQDO ODQJXDJH� DQG WKH ����� WRQDO V\OODEOHV FDQ EH UHGXFHG WR

��� EDVH V\OODEOHV DQG � WRQHV� %DVH V\OODEOH UHFRJQLWLRQ LV WKXV

EHOLHYHG WR EH WKH ILUVW NH\ SUREOHP IRU ODUJH YRFDEXODU\

0DQGDULQ VSHHFK UHFRJQLWLRQ DV ZHOO DV VSRNHQ GRFXPHQW

UHWULHYDO FRQVLGHUHG KHUH� +RZHYHU� DOWKRXJK WKH EDVH V\OODEOH LV

D YHU\ QDWXUDO UHFRJQLWLRQ XQLW IRU 0DQGDULQ &KLQHVH GXH WR WKH

PRQRV\OODELF VWUXFWXUH RI WKH &KLQHVH ODQJXDJH� LW VXIIHUV IURP

LQHIILFLHQW XWLOL]DWLRQ RI WKH WUDLQLQJ GDWD LQ WKH WUDLQLQJ SKDVH

DQG KLJK FRPSXWDWLRQ UHTXLUHPHQW LQ WKH UHFRJQLWLRQ SKDVH�

7KXV� WKH DFRXVWLF XQLWV FKRVHQ KHUH DUH ��� FRQWH[W�GHSHQGHQW

,1,7,$/©V DQG �� FRQWH[W�LQGHSHQGHQW ),1$/©V VSHFLDOO\

FRQVLGHULQJ WKH PRQRV\OODELF QDWXUH LQ 0DQGDULQ &KLQHVH DQG

WKH ,1,7,$/�),1$/ VWUXFWXUH LQ 0DQGDULQ EDVH V\OODEOHV >��@�

+HUH ,1,7,$/ LV WKH LQLWLDO FRQVRQDQW RI WKH EDVH V\OODEOH DQG

),1$/ LV WKH YRZHO �RU GLSKWKRQJ� SDUW EXW LQFOXGLQJ RSWLRQDO

PHGLDO RU QDVDO HQGLQJ�

(DFK ,1,7,$/ ZDV UHSUHVHQWHG E\ D +00 ZLWK � VWDWHV

ZKLOH HDFK ),1$/ ZLWK � VWDWHV� 7KH VWDWH *DXVVLDQ PL[WXUH

QXPEHU UDQJHG IURP � WR �� 7KHUHIRUH� HYHU\ V\OODEOH XQLW ZDV

UHSUHVHQWHG E\ D ��VWDWH +00� ,Q DGGLWLRQ� D ��VWDWH +00 ZLWK

�� *DXVVLDQ PL[WXUHV ZDV XVHG WR PRGHO WKH VLOHQFH RU QRQ�

VSHHFK SDUW RI WKH VSRNHQ GRFXPHQWV DQG VSHHFK TXHULHV ZKLOH

DQRWKHU ��VWDWH +00 ZLWK �� *DXVVLDQ PL[WXUHV ZDV XVHG WR

PRGHO WKH EUHDWK HIIHFWV� 7KH DERYH DFRXVWLF PRGHOV ZHUH

WUDLQHG E\ WKH VSHHFK GDWDEDVH ZLWK ��� KRXUV RI VSHHFK IRU

SKRQHWLFDOO\ EDODQFHG VHQWHQFHV DQG LVRODWHG ZRUGV SURGXFHG

URXJKO\ E\ ��� VSHDNHUV�

��� 6\OODEOH /DWWLFH &RQVWUXFWLRQ

%DVHG RQ WKH DFRXVWLF PRGHOV PHQWLRQHG DERYH� WKH VSHHFK

UHFRJQLWLRQ SURFHVVHV IRU WKH VSRNHQ GRFXPHQWV DUH GHVFULEHG DV

IROORZV� ,Q WKH ILUVW SDVV� WKH VSHHFK UHFRJQL]HU SHUIRUPV WKH

9LWHUEL VHDUFK RQ WKH ZKROH VSRNHQ GRFXPHQWV DQG RXWSXWV WKH

EHVW V\OODEOH VHTXHQFH DQG WKH FRUUHVSRQGLQJ V\OODEOH

ERXQGDULHV� ,Q WKH VHFRQG SDVV� EDVHG RQ WKH VWDWH OLNHOLKRRG

VFRUHV FDOFXODWHG LQ WKH ILUVW SDVV VHDUFK DQG WKH V\OODEOH

ERXQGDULHV RI WKH EHVW V\OODEOH VHTXHQFH� WKH VSHHFK UHFRJQL]HU

SHUIRUPV WKH 9LWHUEL VHDUFK RQ HDFK XWWHUDQFH VHJPHQW ZKLFK

PD\ LQFOXGH D V\OODEOH DQG RXWSXWV VHYHUDO PRVW SRVVLEOH

V\OODEOH FDQGLGDWHV ZLWK WKHLU DFRXVWLF UHFRJQLWLRQ VFRUHV� 7KHQ�

DIWHU WKH WZR�SDVV VSHHFK UHFRJQLWLRQ SURFHVVHV� D V\OODEOH ODWWLFH

FDQ EH FRQVWUXFWHG�

7KH DFRXVWLF UHFRJQLWLRQ VFRUH� �_�ORJ V2S � IRU D FHUWDLQ

V\OODEOH FDQGLGDWH V LQ WKH V\OODEOH ODWWLFH DQG WKH IHDWXUH YHFWRU

VHTXHQFH 2 IRU D FHUWDLQ VSHHFK XWWHUDQFH VHJPHQW LV ILUVW

QRUPDOL]HG ZLWK UHVSHFW WR WKH GXUDWLRQ RI WKH REVHUYHG VSHHFK

VHJPHQW� DQG WKHQ WUDQVIRUPHG LQWR D UDQJH EHWZHHQ � DQG � E\

D 6LJPRLG IXQFWLRQ�
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ZKHUH α DQG β DUH XVHG WR FRQWURO WKH VORSH DQG WKH UDQJH

RI WKH 6LJPRLG IXQFWLRQ� 7KHQ� D VLPSOH XWWHUDQFH YHULILFDWLRQ

2EVHUYDWLRQ� � ��� � ��� � ��� � ��� � ���

� ��� � ��� � ��� � ��� �

� ��� � � ��� � �

� � � � �

��� ��� ��� ��� ���

m�=XHQJ� ���LDQJ� ���LDQ� Ò�MLRX� Ã�8DQ�

=XHQJ MLDQJ �LDQ �LRX 8DQ

]XHQJ �LDQJ �LDQJ MLRX

&XHQJ 8DQ

)LJXUH �� $Q H[DPSOH V\OODEOH ODWWLFH RI D NH\�SKUDVH VSHHFK TXHU\ ¦m��ÒÃ�$FDGHPLD 6LQLFD�§� DQG WKH FRUUHVSRQGLQJ

'+00 UHSUHVHQWDWLRQ�

�D� V\OODEOH ODWWLFH

,Q
2XW

�E� '+00 UHSUHVHQWDWLRQ RI WKH V\OODEOH ODWWLFH



�

VFKHPH LV XVHG WR ILOWHU RXW WKH V\OODEOH FDQGLGDWHV ZLWK ORZHU

UHFRJQLWLRQ VFRUHV� ,QLWLDOO\� �� V\OODEOH FDQGLGDWHV DUH REWDLQHG

IRU HDFK V\OODEOH VHJPHQW DIWHU VSHHFK UHFRJQLWLRQ� ZKLOH RQO\

WKRVH ZLWK WKH DFRXVWLF UHFRJQLWLRQ VFRUHV ODUJHU WKDQ D WKUHVKROG

FDQ EH OHIW DIWHU XWWHUDQFH YHULILFDWLRQ� 7KH GHSWK RI WKH V\OODEOH

ODWWLFH WKXV FDQ EH DGMXVWHG E\ VLPSO\ FKDQJLQJ WKH WKUHVKROG

YDOXH� DQG D PRUH FRPSDFW V\OODEOH ODWWLFH FDQ EH REWDLQHG�

([DFWO\ WKH VDPH SURFHGXUH FDQ EH DSSOLHG WR VSHHFK TXHULHV

WR JHQHUDWH WKH FRUUHVSRQGLQJ V\OODEOH ODWWLFHV� 2I FRXUVH� WKH

V\OODEOH ODWWLFH FRQVWUXFWLQJ SURFHVVHV DUH SHUIRUPHG RII�OLQH LQ

DGYDQFH IRU VSRNHQ GRFXPHQWV� EXW RQ�OLQH LQ UHDO WLPH IRU

VSHHFK TXHULHV�

��� 6\OODEOH /DWWLFH 5H�UDQNLQJ

7R LPSURYH WKH VSHHFK UHFRJQLWLRQ DFFXUDF\ LV YHU\ LPSRUWDQW

IRU VSRNHQ GRFXPHQW UHWULHYDO� :H KDYH GHVLJQHG D V\OODEOH

ODWWLFH UH�UDQNLQJ VFKHPH WR EH DSSOLHG LQ WKH V\OODEOH ODWWLFH

EHIRUH XWWHUDQFH YHULILFDWLRQ� 7KH UH�UDQNLQJ VFKHPH SHUIRUPHG

WKH EHVW�ILUVW VHDUFK ZLWKLQ WKH V\OODEOH ODWWLFH EDVHG RQ WKH

DFRXVWLF UHFRJQLWLRQ VFRUHV DQG WKH V\OODEOH EL�JUDP ODQJXDJH

PRGHOV DQG VHOHFWHG WKH EHVW V\OODEOH VHTXHQFH� $OO WKH V\OODEOH

FDQGLGDWHV FRQWDLQHG LQ WKH EHVW V\OODEOH VHTXHQFH ZHUH WKHQ UH�

UDQNHG WR WKH WRS�� V\OODEOH FDQGLGDWH LQ WKH V\OODEOH ODWWLFH�

$IWHU WKH UH�UDQNLQJ SURFHVV� WKH XWWHUDQFH YHULILFDWLRQ VFKHPH

ZDV WKHQ DSSOLHG� 7KH V\OODEOH EL�JUDP ODQJXDJH PRGHOV ZHUH

WUDLQHG E\ D VPDOO WH[W FRUSXV FRQVLVWV RI �� PLOOLRQ FKDUDFWHUV

FROOHFWHG IURP &HQWUDO 1HZV $JHQF\ �&1$� LQ ���� IURP

-DQXDU\ WR 0DUFK�

� 5HWULHYDO 0HWKRG

*LYHQ WKH V\OODEOH ODWWLFH GDWDEDVH O' DQG D TXHU\ V\OODEOH

ODWWLFH TO � WKH LQIRUPDWLRQ UHWULHYDO SUREOHP LV QRZ D SDWWHUQ

PDWFKLQJ SURFHVV WR LGHQWLI\ WKH GRFXPHQW G
 LQ WKH WDUJHW

GDWDEDVH O' ZKRVH V\OODEOH ODWWLFH

G

O FRQWDLQV TO � +HUH� ZH

XVH D VWDWLVWLFDO PHWKRG WR HVWLPDWH WKH SRVVLELOLW\ WKDW D

GRFXPHQW G FRQWDLQV WKH NH\�SKUDVH TXHU\ T�

$V VKRZQ LQ )LJXUH �� WKH V\OODEOH ODWWLFH RI D NH\�SKUDVH

VSHHFK TXHU\ FDQ EH UHSUHVHQWHG DV D GLVFUHWH +LGGHQ 0DUNRY

0RGHO �'+00�� ���� πλ %$
T

= >��@� ZKHUH `^ LMD$ = LV WKH

VWDWH�WUDQVLWLRQ SUREDELOLW\ GLVWULEXWLRQ� �`�^ NE% M= LV WKH

REVHUYDWLRQ V\PERO SUREDELOLW\ GLVWULEXWLRQ� DQG `^ Lππ = LV WKH

LQLWLDO VWDWH GLVWULEXWLRQ� 7KH VWDWH QXPEHU� 1� HTXDOV WR WZLFH WKH

OHQJWK �L�H�� WKH V\OODEOH QXPEHU� RI WKH VSHHFK TXHU\� 7KH ILUVW

VWDWH �WKH GDUN RQH� DV VKRZQ LQ )LJXUH �� LV WKH ILOOHU VWDWH WKDW LV

XVHG IRU GHFRGLQJ VXUURXQGLQJ QRQ�NH\�SKUDVH SDUW RI WKH

VSRNHQ GRFXPHQW� WKXV LWV REVHUYDWLRQV LQFOXGH DOO V\OODEOHV DQG

WKH\ DOO VKDUH WKH XQLIRUP REVHUYDWLRQ SUREDELOLWLHV�

L�H�� ������������
�

≤≤= NNE � 7KH GRWWHG VWDWHV DUH DOVR ILOOHU

VWDWHV DQG DUH XVHG IRU KDQGOLQJ WKH SRVVLEOH LQVHUWLRQ HUURUV RI

WKH VSRNHQ GRFXPHQWV DQG GHOHWLRQ HUURUV RI WKH VSHHFK TXHULHV�

WKXV WKHLU REVHUYDWLRQV DOVR LQFOXGH DOO V\OODEOHV DQG WKH\ DOO

VKDUH WKH XQLIRUP REVHUYDWLRQ SUREDELOLWLHV� 2Q WKH RWKHU KDQG�

WKH RWKHU VWDWHV DUH WKH NH\�SKUDVH VWDWHV� ZKLFK UHSUHVHQW WKH

FRUUHVSRQGLQJ V\OODEOH VHJPHQWV RI WKH NH\�SKUDVH TXHU\

UHVSHFWLYHO\� WKXV WKH REVHUYDWLRQV RI HDFK VWDWH RQO\ LQFOXGH WKH

V\OODEOH FDQGLGDWHV� DQG WKHLU REVHUYDWLRQ SUREDELOLWLHV FDQ EH

WKH DFRXVWLF UHFRJQLWLRQ VFRUHV� 7KDW LV� ����
� NM VDVNE =× �

LI NV LV RQH RI WKH FDQGLGDWHV RI WKH M�WK V\OODEOH RI WKH VSHHFK

TXHU\� RWKHUZLVH� ���
�

=× NE M � 7R KDQGOH WKH SRVVLEOH GHOHWLRQ

HUURUV RI WKH VSRNHQ GRFXPHQWV DQG LQVHUWLRQ HUURUV RI WKH

VSHHFK TXHULHV� WKH '+00 WRSRORJ\ DOORZV WKH VHDUFK SURFHVV

WR VNLS RQH NH\�SKUDVH VWDWH HDFK WLPH� $V D UHVXOW� WKH

GLVWULEXWLRQVπ DQG $ FDQ EH HDVLO\ GHULYHG DFFRUGLQJ WR WKH

WRSRORJ\ RI WKH '+00 DGRSWHG KHUH� DV VKRZQ LQ )LJXUH �� H�J�

��������� == LLπ ZKLOH ���� == LLπ RU 1L ≤<� EHFDXVH WKH

HQWUDQFH VWDWHV LQFOXGH WKH ILUVW� VHFRQG� DQG IRXUWK VWDWHV� DQG

ZH ZRXOG KDYH �=LMD IRU VRPH �L�M� SDLUV� )XUWKHUPRUH� WKH H[LW

VWDWHV LQFOXGH WKH ILUVW VWDWH DQG WKH ODVW WZR NH\�SKUDVH VWDWHV

RQO\�

7KH V\OODEOH ODWWLFH RI D VSRNHQ GRFXPHQW FDQ EH WKRXJKW DV

DQ XQNQRZQ VHTXHQFH ZLWK PXOWLSOH REVHUYDWLRQV DW HDFK WLPH

LQGH[� 7KHQ� HDFK VSRNHQ GRFXPHQW LV DQ XQNQRZQ XWWHUDQFH

DQG WKH VSHHFK TXHU\ LV WKH NH\ZRUG PRGHO� ZKLOH WKH UHWULHYLQJ

SURFHVVHV VKRXOG LGHQWLI\ DOO WKH VHJPHQWV LQ WKH VSRNHQ

GRFXPHQW WKDW DUH VLPLODU WR WKH NH\ZRUG DQG JHQHUDWH WKH

DFFXPXODWHG VFRUHV RI DOO WKH PDWFKHG VSRNHQ VHJPHQWV DV WKH

VLPLODULW\ PHDVXUH EHWZHHQ WKH VSRNHQ GRFXPHQW DQG WKH VSHHFK

TXHU\� 7KH GLDJUDP RI WKH DERYH SURFHVV LV VKRZQ LQ )LJXUH ��

7KH ILUVW PDWFKHG VHJPHQW LQ )LJXUH � UHSUHVHQWV WZR NLQGV RI

VLWXDWLRQV� 7KH ILUVW RQH LV D ¦SHUIHFW PDWFK§� ZKLFK PHDQV WKHUH

H[LVWV D V\OODEOH VHTXHQFH LQ WKLV VHJPHQW WKDW LV H[DFWO\ WKH

VDPH DV D V\OODEOH VHTXHQFH FRQWDLQHG LQ WKH TXHU\ V\OODEOH

ODWWLFH� 7KH VHFRQG RQH LV WKDW WKHUH DUH VXEVWLWXWLRQ HUURUV

EHWZHHQ WKH TXHU\ V\OODEOH ODWWLFH DQG WKH V\OODEOH ODWWLFH RI WKLV

VHJPHQW� EXW QR LQVHUWLRQ DQG GHOHWLRQ HUURUV� 7KH VHFRQG DQG

WKLUG PDWFKHG VHJPHQWV LQ )LJXUH � DUH REYLRXVO\ QRW H[DFWO\

PDWFKHG DQG WKHUH LV D GHOHWLRQ HUURU DQG DQ LQVHUWLRQ HUURU

UHVSHFWLYHO\� 7KH GHWDLOV RI WKH UHWULHYDO SURFHVV DUH GHVFULEHG LQ

WKH IROORZLQJ�

)LUVW RI DOO� ZH FDQ XVH WKH 9LWHUEL VHDUFK DOJRULWKP WR ILQG WKH

EHVW VWDWH VHTXHQFH� 7KH FRPSOHWH SURFHGXUH LV VWDWHG DV IROORZV

>��@�

�� ,QLWLDOL]DWLRQ

�����
��
REL LLπδ = 1L ≤≤� ��D�

����
�

=Lψ 1L ≤≤� ��E�

�� 5HFXUVLRQ

0DWFKHG VHJPHQWV

� � � � � � � � � �� � � � � � �� � � � � � � � � � �� �6WDWH VHTXHQFH

�

6\OODEOH ODWWLFH RI

VSRNHQ GRFXPHQW

W

)LJXUH �� 7KH V\OODEOH ODWWLFH PDWFKLQJ SURFHVV
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ZKHUH �����
�� 7RRR2 = LV WKH REVHUYDWLRQ VHTXHQFH� ��LWδ LV WKH

EHVW VFRUH �KLJKHVW SUREDELOLW\� DORQJ D VLQJOH SDWK� DW WLPH W�

ZKLFK DFFRXQWV IRU WKH ILUVW W REVHUYDWLRQV DQG HQGV LQ VWDWH L�

DQG ����� 
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7TTT4 = LV WKH EHVW VWDWH VHTXHQFH� ,Q WKLV

DSSURDFK� WKH HVWLPDWLRQ RI �� WM RE FDQ EH IRUPXODWHG DV

IROORZV�
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ZKHUH . LV WKH QXPEHU RI V\OODEOH FDQGLGDWHV FRQWDLQHG LQ WKH

V\OODEOH ODWWLFH RI WKH VSRNHQ GRFXPHQW DW WLPH LQGH[ W� WNR LV

WKH N�WK V\OODEOH FDQGLGDWH FRQWDLQHG LQ WKH V\OODEOH ODWWLFH RI WKH

VSRNHQ GRFXPHQW DW WLPH LQGH[ W� ZKLOH �� WNRDV LV WKH DFRXVWLF

UHFRJQLWLRQ VFRUH RI WKH V\OODEOH FDQGLGDWH WNR �

7KHQ� EDVHG RQ WKH EHVW VWDWH VHTXHQFH� ZH FDQ LGHQWLI\ WKH

PDWFKHG VSRNHQ VHJPHQWV� DV VKRZQ LQ )LJXUH �� )LQDOO\� ZH FDQ

HVWLPDWH WKH VLPLODULW\ PHDVXUH EHWZHHQ D VSRNHQ GRFXPHQW G

DQG WKH VSHHFK TXHU\ T XVLQJ WKH IROORZLQJ HTXDWLRQ�

∑
=

=
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L

LVFRUHPDWFKHGTG6LP

�

��B��� ���

ZKHUH 061 LV WKH QXPEHU RI PDWFKHG VSRNHQ VHJPHQWV

DQG ��B LVFRUHPDWFKHG LV GHILQHG DV IROORZV�

����B
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ZKHUH LW LV WKH EHJLQQLQJ WLPH RI WKH L�WK PDWFKHG VSRNHQ

VHJPHQW� DQG L' LV WKH GXUDWLRQ RI WKH L�WK PDWFKHG VSRNHQ

VHJPHQW� $V D UHVXOW� WKH GRFXPHQWV ZLWK KLJKHU ��� TG6LP ZLOO

EH VHOHFWHG DQG UDQNHG DV WKH UHWULHYDO UHVXOWV�

� 7KH 9HFWRU�VSDFH�EDVHG $SSURDFK

7KLV VHFWLRQ ZLOO EULHIO\ UHYLHZ RXU YHFWRU�VSDFH�EDVHG DSSURDFK

IRU UHWULHYLQJ 0DQGDULQ VSRNHQ GRFXPHQWV� )RU HDFK VSRNHQ

GRFXPHQW G LQ WKH GDWDEDVH '� WKURXJK VHDUFKLQJ WKH V\OODEOH

ODWWLFH� DOO DFRXVWLF UHFRJQLWLRQ VFRUHV RI VLQJOH V\OODEOHV DQG

DGMDFHQW V\OODEOH SDLUV LQ WKH V\OODEOH ODWWLFH ZHUH H[WUDFWHG WR

IRUP WKH IHDWXUH YHFWRU G9 �
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ZKHUH �� LVDV LV WKH DFRXVWLF UHFRJQLWLRQ VFRUH RI WKH V\OODEOH

LV � ��� ML VVDV LV WKH DFRXVWLF UHFRJQLWLRQ VFRUH RI WKH V\OODEOH

SDLU ��� ML VV � ZKLOH �� LVLGI DQG ��� ML VVLGI DUH WKH LQYHUVH

GRFXPHQW IUHTXHQF\ �,')� RI WKH V\OODEOH LV DQG V\OODEOH SDLU

��� ML VV UHVSHFWLYHO\� 7KH IHDWXUH YHFWRU FRQVWUXFWLQJ SURFHGXUH

ZDV SHUIRUPHG RII�OLQH RQ DOO GRFXPHQWV LQ WKH GDWDEDVH ' WR

IRUP D IHDWXUH YHFWRU GDWDEDVH Y' � ZKLFK ZDV WKH WDUJHW

GDWDEDVH WR EH SK\VLFDOO\ UHWULHYHG� :KLOH UHJDUGLQJ D TXHU\� WKH

VLPLODU IHDWXUH YHFWRU FRQVWUXFWLQJ SURFHGXUH ZDV SHUIRUPHG RQ�

OLQH WR FRQVWUXFW WKH IHDWXUH YHFWRU T9 ULJKW DIWHU WKH LQSXW

TXHU\ LV HQWHUHG� 1RWH WKDW� LQ WKH IROORZLQJ H[SHULPHQWV� ,')

ZDV RQO\ DSSOLHG LQ G9 EXW QRW LQ T9 � 7KLV LV EHFDXVH LQ WKLV

SDSHU� RQO\ WKH VLPSOH NH\�SKUDVH TXHULHV ZHUH LQYHVWLJDWHG�

*LYHQ WKH IHDWXUH YHFWRU GDWDEDVH Y' DQG WKH TXHU\ IHDWXUH

YHFWRU T9 � WKH &RVLQH PHDVXUH ZDV XVHG WR HVWLPDWH WKH

VLPLODULW\ EHWZHHQ D GRFXPHQW G DQG WKH TXHU\ T >��@�

____
��FRV����

TG

TG

TG
99

99
99TG6LP

⋅
== ����

7KH GRFXPHQWV ZLWK KLJKHU ��� TG6LP ZHUH WKHQ VHOHFWHG DQG

UDQNHG DV WKH UHWULHYDO UHVXOWV�

� 7KH &RPELQHG $SSURDFK

,W VKRXOG EH QRWHG WKDW WKH FRPSXWDWLRQ UHTXLUHPHQW RI WKH

ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK LV PXFK KLJKHU WKDQ WKDW RI WKH

YHFWRU�VSDFH�EDVHG DSSURDFK� $FWXDOO\� LQ RXU H[SHULPHQWV� ZH

IRXQG WKDW WKH VHDUFK WLPH RI WKH ODWWLFH�PDWFKLQJ�EDVHG

DSSURDFK LV DERXW �� WLPHV RI WKDW RI WKH YHFWRU�VSDFH�EDVHG

DSSURDFK� EDVHG RQ WKH VDPH V\OODEOH ODWWLFH ZLWK WKH VDPH

YHULILFDWLRQ WKUHVKROG DSSOLHG� )XUWKHUPRUH� XVXDOO\ WKH ZRUG

RUGHU LQ 0DQGDULQ &KLQHVH LV UHODWLYHO\ IUHH� H�J� ¦3UHVLGHQW /HH

7HQJ�+XL§ FDQ EH H[SUHVVHG DV ¦ì�lk�§� ¦ìk��l§�

¦k�ì�l§� DQG VR RQ� &XUUHQWO\� WKH ODWWLFH�PDWFKLQJ�EDVHG

DSSURDFK FDQ©W KDQGOH WKH ZRUG RUGHU SUREOHP� EXW WKH YHFWRU�

VSDFH�EDVHG DSSURDFK LV REYLRXVO\ PRUH UREXVW WR WKLV

SKHQRPHQRQ� $OVR� VLQFH ERWK DSSURDFKHV PHDVXUH WKH

VLPLODULW\ EDVHG RQ WKH VDPH V\OODEOH ODWWLFH� WKH\ FDQ EH YHU\

HDVLO\ LQFRUSRUDWHG LQWR D FRPELQHG DSSURDFK� ZKLFK PD\

DFKLHYH EHWWHU UHWULHYDO SHUIRUPDQFH� 7KHVH OHDG WR WKH LGHD RI

FRPELQLQJ WKH VLPLODULW\ PHDVXUHV REWDLQHG E\ HTXDWLRQV ��� DQG

����� DQG XVLQJ D WZR�VWDJH VHDUFK VWUDWHJ\ WR VKRUWHQ WKH VHDUFK

WLPH� ,Q WKH ILUVW VWDJH� WKH YHFWRU�VSDFH�EDVHG DSSURDFK LV

DSSOLHG WR ILOWHU RXW WKH QRQ�UHOHYDQW GRFXPHQWV DQG VHOHFW D VHW

RI SRWHQWLDO GRFXPHQWV� 7KHQ� LQ WKH VHFRQG VWDJH� WKH ODWWLFH�

PDWFKLQJ�EDVHG DSSURDFK LV DSSOLHG WR WKH SRWHQWLDO GRFXPHQWV

RQO\� )LQDOO\� WKHVH SRWHQWLDO GRFXPHQWV DUH UH�UDQNHG EDVHG RQ

WKH VXPPDWLRQ RI VLPLODULW\ PHDVXUHV REWDLQHG E\ WZR

DSSURDFKHV DQG WKH ILQDO UHVXOWV DUH REWDLQHG� ,Q WKH LQLWLDO WHVW�

WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK ZDV DSSOLHG WR �� SRWHQWLDO

GRFXPHQWV VHOHFWHG IURP ��� GRFXPHQWV E\ WKH YHFWRU�VSDFH�

EDVHG DSSURDFK� ,Q WKLV FDVH� WKH WRWDO VHDUFK WLPH LV RQO\ DERXW �

���������Õ��� WLPHV RI WKDW IRU XVLQJ WKH YHFWRU�VSDFH�EDVHG

DSSURDFK RQO\�

� ([SHULPHQWV

��� 7HVW 6HWWLQJV

:H KDYH H[SHULPHQWHG RQ WKH PHWKRGV GHVFULEHG DERYH XVLQJ

WKH WHVW FROOHFWLRQ WKDW FRQVLVWV RI ��� 0DQGDULQ VSRNHQ

GRFXPHQWV RI &KLQHVH QHZV� 7KH FROOHFWLRQ FRQVLVWV RI DERXW �

KRXUV RI VSHHFK PDWHULDOV� DQG ZDV SURGXFHG E\ � PDOH VSHDNHUV�

7KH WH[W PDWHULDOV DUH QHZV DUWLFOHV SXEOLVKHG LQ 7DLZDQ DUHD LQ
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����� ,W VKRXOG EH QRWHG WKDW WKH WH[W PDWHULDOV DQG WKH WH[W

FRUSXV IRU WUDLQLQJ WKH ODQJXDJH PRGHOV� DV GHVFULEHG LQ 6HFWLRQ

���� DUH LQ GLIIHUHQW WLPH UDQJHV� 2Q DYHUDJH� HDFK VSRNHQ

GRFXPHQW FRQWDLQV DERXW ��� FKDUDFWHUV �L�H�� ��� V\OODEOHV��

ZKLOH WKH LQGLYLGXDO OHQJWK RI HDFK DUWLFOH UDQJHV IURP �� WR ���

FKDUDFWHUV� 7KH TXHU\ VHW FRQVLVWV RI �� NH\�SKUDVH VSHHFK

TXHULHV SURGXFHG E\ WKH RWKHU � PDOH VSHDNHUV� (DFK RI WKHVH

TXHULHV FRQWDLQV RQO\ D NH\�SKUDVH IRU VRPH QHZV LWHPV� $

W\SLFDO H[DPSOH NH\�SKUDVH LV ¦\óíÔe §� ZKLFK LV D

IUHTXHQWO\ XVHG DEEUHYLDWLRQ RI ¦\¡ój í%ÔYes

�$VLD 3DFLILF (FRQRPLF &RRSHUDWLRQ� $3(&�§� 7KHVH NH\�

SKUDVHV ZHUH VHOHFWHG PDQXDOO\ IURP WKH KHDGOLQHV RI WKH

RULJLQDO WH[W PDWHULDOV� (DFK TXHU\ FRQWDLQV ��� FKDUDFWHUV �RU

V\OODEOHV� RQ DYHUDJH� )RU DVVHVVPHQW RI WKH UHWULHYDO

SHUIRUPDQFH� WKH UHOHYDQW QHZV DUWLFOHV IRU HDFK TXHU\ ZHUH

VHOHFWHG PDQXDOO\� (DFK TXHU\ KDV RQ DYHUDJH ��� UHOHYDQW

GRFXPHQWV DPRQJ WKH ��� GRFXPHQWV LQ WKH GDWDEDVH� ZLWK WKH

H[DFW QXPEHU UDQJLQJ IURP � WR ���

*HQGHU�LQGHSHQGHQW VSHDNHU�LQGHSHQGHQW FRQWH[W�GHSHQGHQW

,1,7,$/�),1$/ +00©V DV PHQWLRQHG LQ 6HFWLRQ � ZHUH XVHG

WR UHFRJQL]H WKH V\OODEOHV DQG FRQVWUXFW WKH V\OODEOH ODWWLFHV IRU

ERWK WKH VSRNHQ GRFXPHQWV DQG WKH VSHHFK TXHULHV� 7KH WRS��

V\OODEOH UHFRJQLWLRQ UDWHV IRU WKH VSRNHQ GRFXPHQWV DQG WKH

VSHHFK TXHULHV DUH ������ DQG ������� UHVSHFWLYHO\� :LWK WKH

V\OODEOH ODWWLFH UH�UDQNLQJ VFKHPH� DV GHVFULEHG LQ 6HFWLRQ ����

DSSOLHG� WKH WRS�� V\OODEOH UHFRJQLWLRQ UDWHV IRU WKH VSRNHQ

GRFXPHQWV DQG WKH VSHHFK TXHULHV DUH LPSURYHG WR ������ DQG

������ UHVSHFWLYHO\� 7KH LPSURYHPHQWV LQ WRS�� V\OODEOH

UHFRJQLWLRQ UDWHV DFKLHYHG E\ WKH VLPSOH UH�UDQNLQJ VFKHPH DUH

DFWXDOO\ YHU\ VLJQLILFDQW� +RZHYHU� WKH LPSURYHPHQWV LQ

UHWULHYDO SHUIRUPDQFH DUH \HW WR EH LQYHVWLJDWHG�

��� ([SHULPHQWDO 5HVXOWV

7KH ILUVW H[SHULPHQW ZDV SHUIRUPHG WR FRPSDUH WKH ODWWLFH�

PDWFKLQJ�EDVHG DSSURDFK ZLWK WKH YHFWRU�VSDFH�EDVHG DSSURDFK�

7KH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ ZLWK UHVSHFW WR WKH

DYHUDJH QXPEHU RI V\OODEOH FDQGLGDWHV LV SORWWHG LQ )LJXUH �� )RU

WKH YHFWRU�VSDFH�EDVHG DSSURDFK� LW FDQ EH IRXQG WKDW LQ JHQHUDO

WKH SHUIRUPDQFH EHFRPHV ZRUVH DQG ZRUVH ZKHQ WKH QXPEHU RI

V\OODEOH FDQGLGDWHV LQFUHDVHV� DQG WKH EHVW DYHUDJH SUHFLVLRQ

DFKLHYHG LV ���� ZKHQ WKH DYHUDJH QXPEHU RI V\OODEOH FDQGLGDWHV

LV RQO\ ����� :KHQ WKH QXPEHU RI V\OODEOH FDQGLGDWHV LV

LQFUHDVHG IURP � WR Q� WKH QXPEHU RI SRVVLEOH V\OODEOH SDLUV LV

LQFUHDVHG IURP � WR Q×Q� $OWKRXJK RQH RI WKHP PD\ EH FRUUHFW

DQG SURYLGH LQIRUPDWLRQ UHJDUGLQJ WKH GHVLUHG GRFXPHQWV� WKH

RWKHU Q×Q�� V\OODEOH SDLUV DOO LQFOXGH ZURQJ V\OODEOHV� DQG

WKHUHIRUH LQHYLWDEO\ LQFUHDVH WKH GHJUHH RI DPELJXLW\� 7KHVH

H[SODLQ ZK\ WKH SHUIRUPDQFH GHJUDGHV ZLWK LQFUHDVHG QXPEHU RI

V\OODEOH FDQGLGDWHV XVLQJ WKH YHFWRU�VSDFH�EDVHG DSSURDFK� 6R

JRRG UHWULHYLQJ DSSURDFKHV VKRXOG EH DEOH WR PDNH XVH RI WKH

LQFUHDVHG FRUUHFW V\OODEOHV WR DFKLHYH EHWWHU UHVXOWV� )RU WKH

ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK� LW FDQ EH IRXQG IURP )LJXUH �

WKDW LQ JHQHUDO WKH SHUIRUPDQFH EHFRPHV EHWWHU ZKHQ WKH QXPEHU

RI V\OODEOH FDQGLGDWHV LQFUHDVHV� DQG WKH EHVW DYHUDJH SUHFLVLRQ

DFKLHYHG LV ���� ZKHQ WKH DYHUDJH QXPEHU RI V\OODEOH FDQGLGDWHV

LV ����� 7KH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK SURGXFHG ����

����������� DEVROXWH LPSURYHPHQW LQ QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ� ZKLOH WKH DYHUDJH QXPEHU RI V\OODEOH FDQGLGDWHV LQ

WKLV FDVH LV DOPRVW GRXEOH ���������� ����� WKH DYHUDJH QXPEHU

RI V\OODEOH FDQGLGDWHV XVHG LQ WKH EHVW FDVH RI WKH YHFWRU�VSDFH�

EDVHG DSSURDFK� ,W FDQ DOVR EH IRXQG WKDW� IRU WKH ODWWLFH�

PDWFKLQJ�EDVHG DSSURDFK� WKH FXUYH NHHSV UHODWLYHO\ IODW DV WKH

DYHUDJH QXPEHU RI V\OODEOH FDQGLGDWHV IXUWKHU LQFUHDVHV� 7KHVH

H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH ODWWLFH�PDWFKLQJ�EDVHG

DSSURDFK LV EHWWHU WKDQ WKH YHFWRU�VSDFH�EDVHG DSSURDFK LQ

PDNLQJ XVH RI WKH V\OODEOH ODWWLFH� DQG WKXV WKH UHWULHYDO

SHUIRUPDQFH LV VLJQLILFDQWO\ LPSURYHG�

7KH VHFRQG H[SHULPHQW ZDV SHUIRUPHG WR HYDOXDWH WKH

UHWULHYDO SHUIRUPDQFH XVLQJ ERWK VSHHFK TXHULHV DQG WH[W TXHULHV�

+HUH� WKH �� WH[W TXHULHV DUH WKH WUDQVFULSWV RI WKH �� NH\�SKUDVH

VSHHFK TXHULHV XVHG LQ WKH DERYH H[SHULPHQW� 7KH WH[WV ZHUH

WUDQVFULEHG LQWR V\OODEOH VWULQJV ZLWK ���� DFFXUDF\� 7KHVH

V\OODEOH VWULQJV FDQ EH WKRXJKW DV V\OODEOH ODWWLFHV ZLWK RQO\ RQH

FDQGLGDWH IRU HDFK V\OODEOH DQG ZLWKRXW DQ\ LQVHUWLRQ RU GHOHWLRQ

HUURUV� 7KH UHVXOWV LQ QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ DUH

VXPPDUL]HG LQ 7DEOH �� ZKHUH 64�6' DQG 74�6' UHSUHVHQW WKH

UHVXOWV RI VSRNHQ GRFXPHQW UHWULHYDO XVLQJ VSHHFK TXHULHV DQG

WH[W TXHULHV UHVSHFWLYHO\� ,W LV REYLRXV IURP 7DEOH � WKDW� IRU WKH

ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK� WKH SHUIRUPDQFH RI VSRNHQ

GRFXPHQW UHWULHYDO XVLQJ VSHHFK TXHULHV �64�6'� LV UHODWLYHO\

FORVH WR WKDW RI VSRNHQ GRFXPHQW UHWULHYDO XVLQJ WH[W TXHULHV

�74�6'�� 2Q WKH RWKHU KDQG� IRU WKH YHFWRU�VSDFH�EDVHG

DSSURDFK� WKH SHUIRUPDQFH IRU 64�6' LV UHODWLYHO\ SRRU DV

FRPSDUHG WR WKDW IRU 74�6'� 7KH QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ IRU 64�6' DQG 74�6' DUH ���� DQG ���� IRU WKH

ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK� ZKLOH ���� DQG ���� IRU WKH

YHFWRU�VSDFH�EDVHG DSSURDFK� 7KH XSSHU�ERXQG QRQ�LQWHUSRODWHG

DYHUDJH SUHFLVLRQ GHULYHG IURP WH[W�EDVHG UHWULHYDO RI WUDQVFULSWV

RI WKH VSRNHQ PDWHULDOV �74�7'� LV DOVR SURYLGHG LQ 7DEOH � IRU

UHIHUHQFH� ,W LV FOHDU WKDW WKRXJK WKH ODWWLFH�PDWFKLQJ�EDVHG

DSSURDFK FDQ VLJQLILFDQWO\ LPSURYH WKH SHUIRUPDQFH RI

0DQGDULQ VSRNHQ GRFXPHQW UHWULHYDO� WKH UHWULHYDO SHUIRUPDQFH

LV VWLOO IDU EHKLQG WKDW RI WH[W�EDVHG UHWULHYDO�

7KH WKLUG H[SHULPHQW ZDV SHUIRUPHG WR HYDOXDWH WKH FRPELQHG

DSSURDFK� 7KH UHWULHYDO UHVXOWV LQ QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ DUH VXPPDUL]HG LQ 7DEOH �� LQ ZKLFK WKH UHVXOWV

REWDLQHG E\ VLPSO\ FRPELQLQJ WKH WZR DSSURDFKHV ZLWKRXW XVLQJ

WKH WZR�VWDJH VHDUFK VWUDWHJ\ DUH DOVR VKRZQ WRJHWKHU IRU

UHIHUHQFH� ,W FDQ EH IRXQG WKDW WKH EHVW QRQ�LQWHUSRODWHG DYHUDJH

SUHFLVLRQ FDQ EH IXUWKHU LPSURYHG WR ���� DQG ���� IRU 64�6'

DQG 74�6' UHVSHFWLYHO\ E\ WKH FRPELQHG DSSURDFK� +RZHYHU� LQ

WKLV FDVH� WKH WRWDO VHDUFK WLPH LV DERXW �� WLPHV RI WKDW IRU XVLQJ

9HFWRU VSDFH PRGHOV 6\OODEOH ODWWLFH

PDWFKLQJ

&DWHJRU\ 74�7' 64�6' 74�6' 64�6' 74�6'

3UHFLVLRQ ���� ���� ���� ���� ����

7DEOH �� 7KH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ IRU GLIIHUHQW

FDWHJRULHV RI UHWULHYDO�

)LJXUH �� 7KH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ ZLWK UHVSHFW

WR WKH DYHUDJH QXPEHU RI V\OODEOH FDQGLGDWHV�
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WKH YHFWRU�VSDFH�EDVHG DSSURDFK RQO\� :LWK WKH WZR�VWDJH

VHDUFK VWUDWHJ\ DSSOLHG� WKH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ

FDQ EH LPSURYHG IURP ���� DQG ���� WR ���� DQG ���� IRU 64�6'

DQG 74�6' UHVSHFWLYHO\� ,Q WKLV FDVH� WKH WRWDO VHDUFK WLPH LV

RQO\ DERXW WZLFH DV PXFK DV WKDW IRU XVLQJ WKH YHFWRU�VSDFH�

EDVHG DSSURDFK RQO\�

7KH ODVW H[SHULPHQW ZDV SHUIRUPHG WR LQYHVWLJDWH WKH

HIIHFWLYHQHVV RI WKH V\OODEOH ODWWLFH UH�UDQNLQJ VFKHPH� 7KH

UHWULHYDO UHVXOWV LQ QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ DUH

VXPPDUL]HG LQ 7DEOH �� )RU WKH FRPELQHG DSSURDFK �&$�� WKH

QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ FDQ EH IXUWKHU LPSURYHG WR

���� DQG ���� IRU 64�6' DQG 74�6' UHVSHFWLYHO\� 7KRXJK WKH

UHWULHYDO SHUIRUPDQFH LV REYLRXVO\ LPSURYHG� WKH LPSURYHPHQWV

DUH DFWXDOO\ QRW DV VLJQLILFDQW DV WKH LPSURYHPHQWV LQ WKH WRS��

V\OODEOH UHFRJQLWLRQ UDWH� )RU WKH WZR�VWDJH FRPELQHG DSSURDFK�

WKH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ FDQ EH LPSURYHG WR ����

DQG ���� IRU 64�6' DQG 74�6' UHVSHFWLYHO\� ZKLFK DUH LQ IDFW

YHU\ FORVH WR WKH UHVXOWV RI WKH FRPELQHG DSSURDFK� 7KLV LV

EHFDXVH� LQ WKLV FDVH� WKH YHFWRU�VSDFH�EDVHG DSSURDFK UHFDOOHG

PRUH GHVLUHG GRFXPHQWV LQ WKH �� SRWHQWLDO GRFXPHQWV VXFK WKDW

WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK FRXOG UH�UDQN WKHP WR WKH

WRS RI WKH UHWULHYHG OLVW�

� &RQFOXVLRQV

7KLV SDSHU ILUVW SUHVHQWHG D ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK IRU

UHWULHYLQJ 0DQGDULQ VSRNHQ GRFXPHQWV XVLQJ NH\�SKUDVH TXHULHV�

7KLV DSSURDFK KDV EHHQ WHVWHG RQ VLPSOH NH\�SKUDVH TXHULHV� DQG

WKH H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH UHWULHYDO SHUIRUPDQFH FDQ

EH VLJQLILFDQWO\ LPSURYHG ZLWK UHVSHFW WR WKH YHFWRU�VSDFH�EDVHG

DSSURDFK� +RZHYHU� ZKHWKHU WKLV DSSURDFK FDQ EH DSSOLHG WR

0DQGDULQ VSRNHQ GRFXPHQW UHWULHYDO XVLQJ QDWXUDO ODQJXDJH

TXHULHV LV \HW WR EH IXUWKHU LQYHVWLJDWHG� 6LQFH ERWK WKH YHFWRU�

VSDFH�EDVHG DSSURDFK DQG WKH ODWWLFH�PDWFKLQJ�EDVHG DSSURDFK

DUH EDVHG RQ WKH VDPH VSHHFK UHFRJQLWLRQ IURQW�HQG� WKH\ FDQ EH

HDVLO\ LQFRUSRUDWHG LQWR D FRPELQHG DSSURDFK DQG EHWWHU

UHWULHYDO SHUIRUPDQFH FDQ EH DFKLHYHG� )XUWKHUPRUH� WR VKRUWHQ

WKH WRWDO VHDUFK WLPH� D WZR�VWDJH VHDUFK VWUDWHJ\ KDV EHHQ

SUHOLPLQDULO\ WHVWHG� 7KRXJK WKH SHUIRUPDQFH VOLJKWO\ GHJUDGHG�

WKH FRPSXWDWLRQ UHTXLUHPHQW ZDV VLJQLILFDQWO\ UHGXFHG� :H

KDYH DOVR GHVLJQHG D V\OODEOH ODWWLFH UH�UDQNLQJ VFKHPH WR

LPSURYH WKH WRS�� V\OODEOH UHFRJQLWLRQ UDWH XVLQJ WKH V\OODEOH EL�

JUDP LQIRUPDWLRQ� %\ LQFRUSRUDWLQJ DOO WKH DERYH PHWKRGV� WKH

EHVW QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ DFKLHYHG ZDV ���� DQG

���� IRU VSRNHQ GRFXPHQW UHWULHYDO XVLQJ VSHHFK TXHULHV DQG

WH[W TXHULHV UHVSHFWLYHO\� ZKLOH WKH EDVHOLQH UHVXOWV DFKLHYHG E\

WKH YHFWRU�VSDFH�EDVHG DSSURDFK ZHUH ���� DQG �����

$FNQRZOHGJHPHQWV

7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ WKH 5HSXEOLF RI &KLQD

1DWLRQDO 6FLHQFH &RXQFLO XQGHU WKH JUDQW 1R� 16& ��������(�

�������� 7KH DXWKRU ZRXOG OLNH WR WKDQN 0U� %HUOLQ &KHQ IRU

SURYLGLQJ WKH VSHHFK UHFRJQLWLRQ IURQW�HQG�

5HIHUHQFHV

>�@ 8� *ODYLWVFK� DQG 3� 6FKlXEOH� ¦$ 6\VWHP IRU 5HWULHYLQJ

6SHHFK 'RFXPHQWV§� ,Q 3URF� $&0 6,*,5 &RQIHUHQFH RQ
5	' LQ ,QIRUPDWLRQ 5HWULHYDO� ����� SS� ��������

>�@ '� $� -DPHV� ¦7KH $SSOLFDWLRQ RI &ODVVLFDO ,QIRUPDWLRQ

5HWULHYDO WR 7HFKQLTXHV WR 6SRNHQ 'RFXPHQWV§� 3K�'�
WKHVLV� 8QLYHUVLW\ RI &DPEULGJH� 8.� �����

>�@ .� 6SlUFN -RQHV� *� -� )� -RQHV� -� 7� )RRWH DQG 6� -�

<RXQJ� ¦([SHULPHQWV RQ 6SRNHQ 'RFXPHQW 5HWULHYDO§�

,QIRUPDWLRQ 3URFHVVLQJ 	 0DQDJHPHQW� ������ SS� ����

���� �����

>�@ .� 1J DQG 9� =XH� ¦6XEZRUG 8QLW 5HSUHVHQWDWLRQV IRU

6SRNHQ 'RFXPHQW 5HWULHYDO§� ,Q 3URF� (XURSHDQ &RQI� RQ

6SHHFK &RPPXQLFDWLRQ DQG 7HFKQRORJ\� ����� SS� �����
�����

>�@ 0� :HFKVOHU� ¦6SRNHQ 'RFXPHQW 5HWULHYDO %DVHG RQ

3KRQHPH 5HFRJQLWLRQ§ 3K�'� WKHVLV� 6ZLVV )HGHUDO
,QVWLWXWH RI 7HFKQRORJ\ �(7+�� =XULFK� �����

>�@ &08 ,QIRUPHGLD 'LJLWDO 9LGHR /LEUDU\ SURMHFW
¦KWWS���LQIRUPHGLD�FV�FPX�HGX�§

>�@ %� 5� %DL� /� )� &KLHQ DQG /� 6� /HH� ¦9HU\�/DUJH�

9RFDEXODU\ 0DQGDULQ 9RLFH 0HVVDJH )LOH 5HWULHYDO

8VLQJ 6SHHFK 4XHULHV§� ,Q 3URF� ,QW� &RQI� RQ 6SRNHQ
/DQJXDJH 3URFHVVLQJ� ����� SS� ����������

>�@ -� 6� *DURIROR� (� 0� 9RRUKHHV� 9� 0� 6WDQIRUG� DQG .�

6SlUFN -RQHV� ¦75(&�� ���� 6SRNHQ 'RFXPHQW 5HWULHYDO

7UDFN 2YHUYLHZ DQG 5HVXOWV§� LQ 3URF� 7KH VL[WK 7H[W
5(WULHYDO &RQIHUHQFH �75(&����

>�@ 6� &� /LQ� /� )� &KLHQ� .� -� &KHQ DQG /� 6� /HH�

¦8QFRQVWUDLQHG 6SHHFK 5HWULHYDO IRU &KLQHVH 'RFXPHQW

'DWDEDVHV ZLWK 9HU\ /DUJH 9RFDEXODU\ DQG 8QOLPLWHG

'RPDLQV§� ,Q 3URF� (XURSHDQ &RQI� RQ 6SHHFK
&RPPXQLFDWLRQ DQG 7HFKQRORJ\� ����� SS� ����������

>��@ %� 5� %DL� %� &KHQ� DQG +� 0� :DQJ� ¦6\OODEOH�EDVHG

&KLQHVH 7H[W�6SRNHQ 'RFXPHQW 5HWULHYDO 8VLQJ

7H[W�6SHHFK 4XHULHV§� ,Q 3URF� ,QW� &RQI� RQ 0XOWLPRGDO
,QWHUIDFH� ����� SS� ,,���,,���

>��@ '� +DUPDQ� ¦2YHUYLHZ RI WKH )RXUWK 7H[W 5HWULHYDO

&RQIHUHQFH �75(&���§� ����� $YDLODEOH DW
¦KWWS���WUHF�QLVW�JRY�SXEV�WUHF��RYHUYLHZ�SV§�

>��@ /� 6� /HH� ¦9RLFH GLFWDWLRQ RI 0DQGDULQ &KLQHVH§� ,(((

6LJQDO 3URFHVVLQJ 0DJD]LQH� 9RO� ��� 1R� �� SS� �������
�����

>��@ +� 0� :DQJ� HW DO� ¦&RPSOHWH 5HFRJQLWLRQ RI &RQWLQXRXV

0DQGDULQ 6SHHFK IRU &KLQHVH /DQJXDJH ZLWK 9HU\ /DUJH

9RFDEXODU\ 8VLQJ /LPLWHG 7UDLQLQJ 'DWD§ ,Q ,((( 7UDQV�

RQ 6SHHFK DQG $XGLR 3URFHVVLQJ� ����� SS� ��������
0DUFK �����

>��@ /� 5DELQHU DQG %� +� -XDQJ� )XQGDPHQWDOV RI 6SHHFK
5HFRJQLWLRQ� 3UHQWLFH�+DOO ,QWHUQDWLRQDO� ,QF�� �����

>��@ *� 6DOWRQ DQG 0� 0F*LOO� ,QWURGXFWLRQ WR 0RGHUQ
,QIRUPDWLRQ 5HWULHYDO� 0F*UDZ�+LOO� 1<� �����

&RPELQHG $SSURDFK

�&$�

7ZR�6WDJH &$

&DWHJRU\ 64�6' 74�6' 64�6' 74�6'

3UHFLVLRQ ���� ���� ���� ����

7DEOH �� 7KH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ IRU WKH

FRPELQHG DSSURDFK ZLWK�ZLWKRXW WKH WZR�VWDJH VHDUFK VWUDWHJ\

DSSOLHG�

&RPELQHG $SSURDFK

�&$�

7ZR�6WDJH &$

&DWHJRU\ 64�6' 74�6' 64�6' 74�6'

3UHFLVLRQ ���� ���� ���� ����

7DEOH �� 7KH QRQ�LQWHUSRODWHG DYHUDJH SUHFLVLRQ IRU WKH

FRPELQHG DSSURDFK ZLWK�ZLWKRXW WKH WZR�VWDJH VHDUFK VWUDWHJ\

DSSOLHG �ZLWK WKH V\OODEOH ODWWLFH UH�UDQNLQJ VFKHPH DSSOLHG��


