
2UGHUHG /RRNXS ZLWK %\SDVV 0DWFKLQJ IRU 6FDODEOH 3HU�IORZ

&ODVVLILFDWLRQ LQ /D\HU � 5RXWHUV

<LQJ�'DU /LQ +XDQ�<XQ :HL .XR�-XL :X

'HSDUWPHQW RI &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQFH
1DWLRQDO &KLDR�7XQJ 8QLYHUVLW\

+VLQFKX� 7DLZDQ

7HO� ��������������
)D[� ��������������
(PDLO� \GOLQ#FLV�QFWX�HGX�WZ

$EVWUDFW

,Q RUGHU WR SURYLGH GLIIHUHQW VHUYLFH WUHDWPHQWV WR

LQGLYLGXDO RU DJJUHJDWHG IORZV� OD\HU � URXWHUV LQ

,QWHJUDWHG 6HUYLFHV QHWZRUNV QHHG WR FODVVLI\ SDFNHWV

LQWR GLIIHUHQW TXHXHV� 7KH FODVVLILFDWLRQ PRGXOH RI

OD\HU � URXWHUV PXVW EH IDVW HQRXJK WR VXSSRUW JLJDELW

OLQNV DW D UDWH RI PLOOLRQV RI SDFNHWV SHU VHFRQG� ,Q

WKLV ZRUN� ZH SUHVHQW D QHZ VRIWZDUH PHWKRG 2/%0

WR ORRNXS PXOWLSOH ILHOGV RI D SDFNHW� LQ D G\QDPLFDOO\

SUH�GHILQHG RUGHU� DJDLQVW WKH FODVVLILFDWLRQ GDWDEDVH�

7KLV DOJRULWKP FDQ FODVVLI\ SDFNHWV DW D UDWH RI ZHOO

RYHU � PLOOLRQ SDFNHWV SHU VHFRQG ZKLOH VFDOLQJ WR

VXSSRUW PRUH WKDQ ���. IORZV� &RPSOH[LW\ DQDO\VLV

DQG H[SHULPHQW PHDVXUHPHQWV DUH DOVR SUHVHQWHG LQ

WKLV VWXG\�

,QGH[ 7HUPV� FODVVLILFDWLRQ� OD\HU � URXWHU� SDFNHW

ILOWHULQJ� ORRNXS� PDWFK� VFDODELOLW\

� ,QWURGXFWLRQ

,Q RUGHU WR VXSSRUW 4R6 LQ WKH ,QWHJUDWHG

6HUYLFHV �,QW6HUY� >�@>�@>�@ QHWZRUNV� VHYHUDO WUDIILF

FRQWURO PRGXOHV QHHG WR EH DGGHG LQWR WKH OD\HU �

URXWHUV ZKLFK H[DPLQH QRW RQO\ ,3 KHDGHUV EXW DOVR

WUDQVSRUW�OD\HU KHDGHUV� 7KH DGPLVVLRQ FRQWURO� LQ WKH

FRQWURO�SODQH� DQG WKH FODVVLILHU� VFKHGXOHU� LQ WKH

XVHU�SODQH� DUH WKUHH EDVLF PRGXOHV IRU 4R6 WUDIILF

FRQWURO� 7KH FODVVLILHU� ZKLFK GLVWLQJXLVKHV LQFRPLQJ

SDFNHW LQWR GLIIHUHQW IORZV� EHFRPHV HVVHQWLDO�

%HVLGHV 4R6 SURFHVVLQJ� ILUHZDOO DQG 931 >�@ IRU

H[DPSOH� DOVR QHHG WKH FODVVLILHU WR FODVVLI\ SDFNHWV

EDVHG RQ PXOWLSOH ILHOGV� ,Q WKLV ZRUN� ZH IRFXV RQ WKH

FODVVLILFDWLRQ IRU SHU�IORZ 4R6 SURFHVVLQJ FRQFHUQLQJ

ILYH ILHOGV� VUF�GHVW SRUW� SURWRFRO ,'� DQG VUF�GHVW ,3�

7KHUH DUH WKUHH NH\ FRPSRQHQWV LQ WKH

FODVVLILFDWLRQ PRGXOH� WKH ILOWHU GDWDEDVH� WKH

FODVVLILFDWLRQ GDWDEDVH� DQG WKH FODVVLILHU� 7KH ILOWHU

GDWDEDVH FRQVLVWV RI ILOWHULQJ UXOHV XSGDWHG E\ WKH

DGPLVVLRQ FRQWURO PRGXOH DW UXQ�WLPH� 7KHQ WKH ILOWHU

GDWDEDVH LQVHUWV LWV LQIRUPDWLRQ WR WKH FODVVLILFDWLRQ

GDWDEDVH DV VHDUFK LQGH[HV IRU WKH FODVVLILHU WR UHIHU�

)LJXUH � VKRZV WKH UROH RI WKH FODVVLILFDWLRQ PRGXOH

DQG LWV SURFHVV�
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)LJXUH �� &ODVVLILFDWLRQ PRGXOH DQG LWV SURFHVV�

7ZR PHWKRGV KDYH EHHQ SURSRVHG IRU IDVW

FODVVLILFDWLRQ� 7DEOH � LV D VXPPDU\ FRPSDULQJ WKHVH

WZR PHWKRGV� %RWK WKHVH PHWKRGV ORRNXS DOO WKH ILYH

ILHOGV RI D SDFNHW DJDLQVW HDFK ILOWHULQJ UXOH� ,Q

DGGLWLRQ� WKH\ GR QRW VHHP WR EH VFDODEOH HQRXJK WR

PHHW WKH KLJK VFDODELOLW\ UHTXLUHPHQW� 7KXV� ZH

SURYLGH D VFDODEOH PHWKRG �2UGHUHG /RRNXS ZLWK

%\SDVV 0DWFKLQJ �2/%0�� 2UGHUHG /RRNXS �2/�

PD\ VDYH XQQHFHVVDU\ ZRUN ZLWKRXW ORRNLQJ XS DOO WKH

ILYH ILHOGV� %\SDVV 0DWFKLQJ �%0� FDQ KHOS WR ILQLVK

WKH 2/ PRUH TXLFNO\�
+LJK�6SHHG 3ROLF\�EDVHG 3DFNHW

)RUZDUGLQJ 8VLQJ (IILFLHQW 0XOWL�

GLPHQVLRQDO 5DQJH 0DWFKLQJ >�@

)DVW DQG 6FDODEOH /D\HU

� 6ZLWFKLQJ >�@

0HWKRG
0XOWL�GLPHQVLRQ PDWFKLQJ
%LW�SDUDOOHOLVP

'HVW�VUF WULHV
&URVV�SURGXFWLQJ

,PSOHPHQW +DUGZDUH 6RIWZDUH

6FDODELOLW\ 7KRXVDQGV WR WHQV RI WKRXVDQGV RI ILOWHUV
7HQV RI WKRXVDQGV RI

ILOHWHUV

7KURXJKSXW $ERXW � 0SSV $W OHDVW � 0SSV

)HDWXUHV
8VLQJ VSHFLDO KDUGZDUH

/RZ PHPRU\ VSDFH

8VLQJ JHQHUDO SURFHVVRU

+LJK PHPRU\ VSDFH

7DEOH �� 6XPPDU\ RI WZR SXEOLVKHG PHWKRGV�

7KH UHVW RI WKLV ZRUN LV RUJDQL]HG DV IROORZV� :H

JLYH RXU GHVLJQ REMHFWLYHV DQG PRWLYDWLRQ LQ VHFWLRQ ��

6HFWLRQ � SUHVHQWV WKH 2/%0 DOJRULWKP� 6HFWLRQ �

GUDZV WKH DQDO\WLFDO UHVXOWV RI WKH ZRUVW FDVH�

([SHULPHQWDO SHUIRUPDQFH VWXGLHV DUH JLYHQ LQ VHFWLRQ

�� 2XU FRQFOXVLRQ LV JLYHQ LQ VHFWLRQ ��



'HILQLWLRQ� ILHOG�PDWFKHG ILOWHULQJ UXOH

$ ILHOG�PDWFKHG ILOWHULQJ UXOH LV D ILOWHU UHWULHYHG E\

ORRNLQJ XS RQO\ RQH ILHOG RI WKH SDFNHW KHDGHU�

'HILQLWLRQ� PDWFKHG ILOWHULQJ UXOH

$ PDWFKHG ILOWHULQJ UXOH LV D ILOWHU FRQWDLQLQJ H[DFWO\

WKH VDPH YDOXHV IRU WKH ILYH ILHOGV DV WKRVH RI WKH

LQFRPLQJ SDFNHW DW WKH HQG RI WKH FODVVLILFDWLRQ SURFHVV�

'HILQLWLRQ� SDUWLDOO\ PDWFKHG ILOWHULQJ UXOH

$ ILOWHU LV VDLG WR EH D SDUWLDOO\ PDWFKHG ILOWHULQJ UXOH LI

VRPH RI LWV ILHOGV DUH WKH VDPH DV WKRVH LQ WKH LQFRPLQJ

SDFNHW�

� 2EMHFWLYHV DQG 0RWLYDWLRQ

��� 7KH 'HVLJQ 2EMHFWLYHV 2/%0 $OJRULWKP

7KHUH DUH WKUHH REMHFWLYHV IRU GHVLJQLQJ D

FODVVLILFDWLRQ DOJRULWKP�

�� 7KURXJKSXW� 7KH DOJRULWKP PXVW EH DEOH WR

SURFHVV DW OHDVW � PLOOLRQ SDFNHWV SHU VHFRQG� )RU

DQ 2&�� OLQN RI ��� 0ESV� FRQVLGHULQJ WKDW DOO

LQFRPLQJ SDFNHWV DUH DV VPDOO DV �� E\WHV� WKH

FODVVLILHU PXVW SURFHVV ������� SDFNHWV LQ RQH

VHFRQG� 7KXV� IRU D URXWHU ZLWK PXOWLSOH LQWHUIDFHV�

WKH SURFHVVLQJ UDWH RI RYHU � PLOOLRQ SDFNHWV SHU

VHFRQG LV UHTXLUHG�

�� 6FDODELOLW\� 7KH DOJRULWKP PXVW EH VFDODEOH�

5HFHQW VWXGLHV KDYH VKRZQ WKDW DQ 2&�� OLQN

PLJKW KDYH DQ DYHUDJH RI ���. IORZV >�@� ZKLFK

LPSOLHV WKDW WKHUH ZRXOG EH DV PDQ\ DV ���N

ILOWHULQJ UXOHV LQ WKH GDWD VWUXFWXUHV RI D FODVVLILHU�

�� ([WHQVLELOLW\� 7KH DOJRULWKP PXVW EH IOH[LEOH

HQRXJK WR EH H[WHQGHG WR ORRNXS XVLQJ PRUH ILHOGV�

RU HYHQ SD\ORDG� DJDLQVW HYHQ ,3 SUHIL[ W\SH ILOWHUV�

��� 7KH 'HVLJQ 0RWLYDWLRQ RI 2UGHUHG /RRNXS

7KH PRWLYDWLRQ WR GHVLJQ 2/ LV WKDW WKH FODVVLILHU

FRXOG XVH IHZHU ILHOGV RI WKH SDFNHW KHDGHU WR ILQG WKH

PDWFKHG ILOWHULQJ UXOH� LI DQ\� ,W QHHGV IHZHU PHPRU\

UHIHUHQFHV DQG &38 LQVWUXFWLRQV� ZKLFK PHDQV WKDW

WKH FODVVLILHU FDQ DFKLHYH WKH VDPH IXQFWLRQ IDVWHU�

7KLV DOJRULWKP LV GHVLJQHG IRU VRIWZDUH

LPSOHPHQWDWLRQ� 6LQFH WKH FODVVLILHU KDV WR

VHTXHQWLDOO\ FRPSDUH DOO WKH ILYH ILHOGV RI WKH SDFNHW

KHDGHU ZLWK WKH ILOWHULQJ UXOHV� LW FDQ SUH�GHILQH DQ

RUGHU IRU WKHVH ILHOGV WR ORRNXS� DQG PD\ ILQG WKH

PDWFKHG ILOWHULQJ UXOH EHIRUH DOO WKH ILYH ILHOGV DUH

ORRNHG XS�

1RZ KRZ WR GHVLJQ WKLV SUH�GHILQHG ORRNXS RUGHU

WR PLQLPL]H WKH FODVVLILFDWLRQ WLPH LV DQ LPSRUWDQW

LVVXH� :H SURSRVH WKDW WKH FODVVLILHU VHOHFWV WKH ILHOG

WKDW WKH ILOWHULQJ UXOHV DUH GLVWULEXWHG PRVW HYHQO\� DQG

FRPSDUHV WKH SDFNHW DJDLQVW WKDW ILHOG ILUVW� :H ZLOO

GHVFULEH WKH VWUDWHJLHV WR GHWHUPLQH WKH ORRNXS RUGHU

DFFRUGLQJ WR WKH GLVWULEXWLRQ RI WKH ILOWHULQJ UXOHV LQ

VHFWLRQ ����

� 2UGHUHG /RRNXS ZLWK %\SDVV 0DWFKLQJ

��� 'DWD 6WUXFWXUHV RI WKH &ODVVLILFDWLRQ 'DWDEDVH

7KH GDWH VWUXFWXUHV RI RXU FODVVLILFDWLRQ GDWDEDVH

DUH FRQVWUXFWHG E\ WZR SULPLWLYH WDEOHV� QDPHG ��N�

WDEOH DQG ����WDEOH� DV VKRZQ LQ )LJXUH �� ,W WDNHV RQH

��N� RQH ��N� RQH ���� WZR ��N� DQG WZR ��N WDEOHV

IRU WKH VUF�GHVW SRUW� SURWRFRO ,'� DQG VUF�GHVW ,3

ILHOGV� UHVSHFWLYHO\� 7KH LQGH[ RI WKH WDEOHV

FRUUHVSRQGV WR WKH YDOXH RI WKH ILHOG� (DFK WDEOH HQWU\

VWRUHV D OLVW RI ��E\WH SRLQWHUV WR WKH ILOWHULQJ UXOHV LQ

WKH ILOWHU GDWDEDVH� 7KH GDWD VWUXFWXUHV IRU WKH ILHOGV RI

VUF�GHVW ,3 DGGUHVV UHTXLUH PRUH H[SODQDWLRQV� 7KH

LQGH[ YDOXH RI HDFK HQWU\ LQ WKH ILUVW ��N�WDEOH

UHSUHVHQWV D ���ELW ,3 SUHIL[� 7KH LQGH[ YDOXH RI HDFK

HQWU\ LQ WKH VHFRQG ��N�WDEOH UHSUHVHQWV D ���ELW ,3

VXIIL[�

)LJXUH �� 7KH GDWD VWUXFWXUH RI ��N�WDEOH DQG ����

WDEOH�

����� ,QVHUWLRQ 2SHUDWLRQV

$ ILOWHULQJ UXOH LV LQVHUWHG LQWR DQ HQWU\ RI WKH

WDEOH IRU D VSHFLILF ILHOG� DFFRUGLQJ WR LWV YDOXH IRU WKDW

ILHOG� 7KH LQVHUWLRQ RSHUDWLRQ IRU VUF�GHVW ,3 DGGUHVV

ILHOG QHHGV PRUH H[SODQDWLRQV� :KHQ D ILOWHULQJ UXOH LV

WR EH LQVHUWHG LQWR WKH FODVVLILFDWLRQ GDWDEDVH� LW LV

LQVHUWHG LQWR WKH ILUVW DQG WKH VHFRQG ��N�WDEOH� XVLQJ

LWV ���ELW ,3 SUHIL[ SDUW DQG WKH ���ELW ,3 VXIIL[�

UHVSHFWLYHO\� 7KH DGYDQWDJH RI WKLV VFKHPH LV WKDW ZH

GR QRW KDYH WR XVH D ���ELW IODW WDEOH EXW QHHGV PHUHO\

WZR ��N�WDEOH WR LQGH[ DQ ,3 DGGUHVV ILHOG�

����� /RRNXS 2SHUDWLRQV

7R FODULI\ WKH GHVFULSWLRQ RI WKH ORRNXS

RSHUDWLRQ� ZH ILUVW GHILQH VRPH WHUPV�

:KHQ WKH FODVVLILHU ZDQWV WR JHW WKH ILHOG�

PDWFKHG ILOWHULQJ UXOHV IRU VUF�GHVW ,3 DGGUHVV� LW XVHV

WKH ���ELW SUHIL[ SDUW DQG ���ELW VXIIL[ SDUW RI WKH ,3

DGGUHVV LQ WKH SDFNHW KHDGHU DV LQGH[HV WR WKH WZR

EDVLF WDEOHV� UHVSHFWLYHO\� WR UHWULHYH WKH

�D� ��N�WDEOH �E� ����WDEOH

���

�

�

OLVW RI ILOWHULQJ UXOHV�

OLVW RI ILOWHULQJ UXOHV�

OLVW RI ILOWHULQJ UXOHV�

OLVW RI ILOWHULQJ UXOHV�����

OLVW RI ILOWHULQJ UXOHV

OLVW RI ILOWHULQJ UXOHV

OLVW RI ILOWHULQJ UXOHV



'HILQLWLRQ� RUGHUHG ORRNXS

2UGHUHG ORRNXS LV WKH SURFHVV WR SHUIRUP ORRNXS

RSHUDWLRQ ZLWK WKH ILYH ILHOGV RI D SDFNHW� RQH E\ RQH�

LQ D SUH�GHILQHG RUGHU�

'HILQLWLRQ� ORRNXS RSHUDWLRQ

$ ORRNXS RSHUDWLRQ LV WR WDNH WKH YDOXH RI RQH ILHOG RI

D SDFNHW KHDGHU DV WKH LQGH[ LQWR WKH WDEXODU GDWD

VWUXFWXUHV IRU WKH ILHOG�

'HILQLWLRQ� PDWFK RSHUDWLRQ

$ PDWFK RSHUDWLRQ LV WR FRPSDUH DOO WKH ILYH ILHOGV RI D

SDFNHW ZLWK WKH FRUUHVSRQGLQJ ILHOGV RI RQH ILOWHULQJ
UXOH�

FRUUHVSRQGLQJ ILOWHULQJ UXOHV� ,I WKH VHWV RI ILOWHULQJ

UXOHV IRXQG LQ WKH ILUVW ��N�WDEOH DQG WKH VHFRQG ��N�

WDEOH DUH GHQRWHG DV )5� DQG )5�� UHVSHFWLYHO\� WKH

FODVVLILHU SHUIRUPV �)5�� )5�� WR UHWULHYH ILHOG�

PDWFKHG ILOWHULQJ UXOHV IRU WKH ,3 DGGUHVV ILHOG�

��� 2UGHUHG /RRNXS $OJRULWKP

:H LQWURGXFH WKH 2/ DOJRULWKP KHUH� )LUVW� ZH

GHILQH VRPH WHUPV WR FODULI\ WKH DOJRULWKP�

,Q WKH IROORZLQJ ZH GHVFULEH WKH 2/ DOJRULWKP�

7KH FODVVLILHU ORRNXSV WKH ILUVW ILHOG RI D SDFNHW LQ WKH

SUH�GHILQHG RUGHU� DJDLQVW WKH WDEXODU GDWD VWUXFWXUHV

DQG REWDLQV D VHW RI SDUWLDOO\ PDWFKHG ILOWHULQJ UXOHV�

ZKLFK IRUPV D FDQGLGDWH VHW RI PDWFKHG ILOWHULQJ UXOHV�

,I WKH VL]H RI WKH VHW LV �� VXUHO\ WKH SDFNHW GRHV QRW

PDWFK DQ\ ILOWHULQJ UXOHV� LI WKH VL]H RI WKH VHW LV �� WKH

FODVVLILHU KDV WR SHUIRUP D PDWFK RSHUDWLRQ ZLWK WKH

SDFNHW DQG WKDW ILOWHULQJ UXOH WR VHH ZKHWKHU WKH SDFNHW

UHDOO\ PDWFKHV WKH ILOWHULQJ UXOH� LI WKH QXPEHU RI WKH

VHW LV PRUH WKDQ �� WKH FODVVLILHU FRQWLQXHV WR ORRNXS

WKH VHFRQG ILHOG DQG REWDLQV DQRWKHU VHW RI ILOWHULQJ

UXOHV� ,I WKH QXPEHU RI WKLV VHW LV PRUH WKDQ �� WKH

FODVVLILHU LQWHUVHFWV WKLV VHW ZLWK WKH FDQGLGDWH VHW DQG

UHVXOW LQ D QHZ FDQGLGDWH VHW RI ILOWHULQJ UXOHV� ,I WKH

QHZ FDQGLGDWH VHW FRQWDLQV RQO\ RQH ILOWHULQJ UXOH� D

GLUHFW PDWFK LV SHUIRUPHG�� LI WKHUH DUH PRUH WKDQ RQH

ILOWHULQJ UXOH� VXEVHTXHQW ORRNXSV DQG LQWHUVHFWLRQV

DUH SHUIRUPHG� 7DEOH � GHVFULEHV WKH UHTXLUHG

IXQFWLRQV DQG YDULDEOHV LQ RXU SVHXGR FRGH� )LJXUH �

VKRZV WKH SVHXGR FRGH RI WKLV DOJRULWKP�
)XQFWLRQ 'HVFULSWLRQ

ORRNXS�3)� ))� /RRNXS WKH ILHOG 3) RI D SDFNHW DJDLQVW WKH WDEXODU

GDWD VWUXFWXUHV IRU WKH ILHOG ))

PDWFK�3.7� )5� 0DWFK D SDFNHW 3.7 ZLWK D VHW RI ILOWHULQJ UXOHV )5

9DULDEOH 'HVFULSWLRQ

3DFNHW 7KH LQFRPLQJ SDFNHW

/2>���@ 7KH ORRNXS RUGHU RI WKH ILYH ILHOGV

&)5> @ 7KH FDQGLGDWH VHW RI ILOWHUV UXOHV IRU D SDFNHW

)5> @ 2QH�ILHOG ORRNXS UHVXOWLQJ VHW RI ILOWHUV IRU D SDFNHW

'HVWLQDWLRQBSRUW 7KH WDEXODU GDWD VWUXFWXUHV IRU WKH GHVW SRUW QXPEHU

'HVWLQDWLRQB,3 7KH WDEXODU GDWD VWUXFWXUHV IRU WKH GHVW ,3 DGGUHVV

6RXUFHBSRUW 7KH WDEXODU GDWD VWUXFWXUHV IRU WKH VUF SRUW QXPEHU

6RXUFHB,3 7KH WDEXODU GDWD VWUXFWXUHV IRU WKH VUF ,3 DGGUHVV

3URWRFROBLG 7KH WDEXODU GDWD VWUXFWXUHV IRU WKH SURWRFRO

7DEOH �� )XQFWLRQ DQG YDULDEOH GHVFULSWLRQV RI 2/�

$OJRULWKP� 2UGHUHGB/RRNXS

,QSXW� SDFNHW� /2>�a�@ �
 ORRNXS RUGHU 
�

2XWSXW� &)5> @ �
 FDQGLGDWH VHW RI ILOWHULQJ UXOHV 
�

&)5> @  18//

IRU ,  � WR �

VZLWFK /2>,@ �
 ORRNXS WKH � ILHOGV E\ WKH JLYHQ RUGHU 
�

FDVH 'HVWLQDWLRQB3RUW�
)5> @  ORRNXS�SDFNHW�GHVWLQDWLRQBSRUW� 'HVWLQDWLRQBSRUW�

JRWR 0DWFK

FDVH 'HVWLQDWLRQB,3�
)5> @  ORRNXS�SDFNHW�GVWLQDWLRQB,3� 'HVWLQDWLRQB,3�

JRWR 0DWFK

FDVH 6RXUFHB3RUW�
)5> @  ORRNXS�SDFNHW�VRXUFHBSRUW� 6RXUFHBSRUW�

JRWR 0DWFK

FDVH 6RXUFHB,3�
)5> @  ORRNXS�SDFNHW�VRXUFHB,3� 6RXUFHB,3�

JRWR 0DWFK

FDVH 3URWRFROB,GHQWLILHU�
)5> @  ORRNXS �SDFNHW�SURWRFROBLG� 3URWRFROBLG�

JRWR 0DWFK
0DWFK�

LI VL]HRI )5> @  �� UHWXUQ 18//

LI VL]HRI )5> @  � DQG PDWFK�SDFNHW� )5> @�  758(� UHWXUQ )5> @

HOVH &)5> @  &)5> @� )5> @

LI , �� UHWXUQ &)5> @ �
 ODVW ORRNXS RUGHU 
�

LI VL]HRI &)5> @  � DQG PDWFK�SDFNHW� &)5> @�  758(� UHWXUQ &)5> @
HQG VZLWFK

HQG IRU

)LJXUH �� 3VHXGR FRGH RI 2/ DOJRULWKP�

��� 'HFLVLRQ 6WUDWHJLHV IRU /RRNXS 2UGHU

,W PD\ KDSSHQ WKDW GLIIHUHQW ORRNXS RUGHU ZLOO

UHVXOW LQ GLIIHUHQW FODVVLILFDWLRQ VSHHG� 7KH EHVW

ORRNXS RUGHU LV WKH RQH WKDW XVHV WKH OHDVW ORRNXSV RQ

WKH DYHUDJH WR ILQG WKH PDWFKHG ILOWHULQJ UXOH� LI DQ\�

7R PLQLPL]H WKH QXPEHU RI ORRNXSV� LW LV

VWUDLJKWIRUZDUG WKDW WKH FODVVLILHU VKRXOG ILUVW ORRNXS

WKH ILHOG LQ ZKLFK WKH DYHUDJH QXPEHU RI ILHOG�

PDWFKHG ILOWHULQJ UXOHV SHU WDEOH HQWU\ LV WKH OHDVW

DPRQJ DOO WKH ILYH ILHOGV� %HFDXVH WKH FODVVLILHU PLJKW

JHW WKH PLQLPDO QXPEHU RI ILHOG�PDWFKHG ILOWHULQJ

UXOHV RQ WKH DYHUDJH DIWHU HDFK ORRNXS� WKH ORRNXS

VHTXHQFH LV PRUH OLNHO\ WR WHUPLQDWH LQ WKH PLGZD\�

7KHUH DUH RWKHU ZD\V WR GHWHUPLQH D JRRG ORRNXS

RUGHU� :H GHILQH WKH DYHUDJH QXPEHU RI ILHOG�PDWFKHG

ILOWHULQJ UXOHV SHU HQWU\ DV DYJ� DQG WKH VWDQGDUG

GHYLDWLRQ RI WKH QXPEHU RI ILHOG�PDWFKHG ILOWHULQJ

UXOHV SHU HQWU\ DV VGY� :H SURYLGH WKH IROORZLQJ WKUHH

VWUDWHJLHV IRU WKH FODVVLILHU WR GHWHUPLQH WKH ORRNXS

RUGHU� 7KH ORRNXS RUGHU LV DFFRUGLQJ WR WKH VRUWHG

UHVXOWV� IURP PLQLPXP WR PD[LPXP� RI WKH ILYH ILHOGV�

0$)� 0LQLPXP $YHUDJH�OHQJWK )LUVW

7KH FODVVLILHU ILUVW ORRNXSV WKH ILHOG WKDW KDV WKH

PLQLPDO DYJ� 7KXV WKH FODVVLILHU LV OLNHO\ WR JHW WKH

OHDVW ILHOG�PDWFKHG ILOWHULQJ UXOHV RQ WKH DYHUDJH DIWHU

HDFK ORRNXS� +RZHYHU� LQ WKH ZRUVW FDVH WKH FODVVLILHU

PD\ LQGH[ WR WKH HQWU\ WKDW KDV WKH PD[LPXP QXPEHU

RI ILOWHULQJ UXOHV DPRQJ DOO HQWULHV� 7KLV PD[LPXP

QXPEHU FRXOG EH ODUJH LI VGY RI WKH ILHOG LV ODUJH�



06)� 0LQLPXP 6WDQGDUG GHYLDWLRQ )LUVW

7KH FODVVLILHU ILUVW ORRNXSV WKH WDEXODU GDWD

VWUXFWXUHV IRU WKH ILHOG WKDW KDV WKH PLQLPDO VGY� 7KXV

WKH FODVVLILHU LV OLNHO\ WR JHW WKH VLPLODU QXPEHU RI

ILHOG�PDWFKHG ILOWHULQJ UXOHV DIWHU HDFK ORRNXS�

0$6)� 0LQLPXP DYJ DQG VGY ILUVW

7KH FODVVLILHU ILUVW ORRNXSV WKH ILHOG WKDW KDV WKH

PLQLPDO DYJ
VGY� 7KXV WKH FODVVLILHU PD\ QRW RQO\ RQ

WKH DYHUDJH FDVH EXW DOVR RQ WKH ZRUVW FDVH JHW WKH

OHDVW ILHOG�PDWFKHG ILOWHULQJ UXOHV DIWHU HDFK ORRNXS�

:H FRPSDUH WKH WKURXJKSXW RI GLIIHUHQW ORRNXS

RUGHUV GHWHUPLQHG E\ WKHVH WKUHH VWUDWHJLHV LQ VHFWLRQ

��

��� %\SDVV 0DWFKLQJ

$V PHQWLRQHG LQ VHFWLRQ ���� WKH FODVVLILHU

WHUPLQDWHV WKH ORRNXS SURFHVV E\ GLUHFW PDWFK ZKHQ

WKH QXPEHU RI ILHOG�PDWFKHG RU SDUWLDOO\�PDWFKHG

ILOWHULQJ UXOHV LV RQH� ,Q IDFW� WKH ORRNXS SURFHVV PLJKW

EH WHUPLQDWHG PRUH TXLFNO\� $VVXPH WKDW WKH QXPEHU

RI ILHOG�PDWFKHG RU SDUWLDOO\�PDWFKHG ILOWHULQJ UXOHV LV

N� WKHQ WKH FODVVLILHU PDWFKHV WKH SDFNHW GLUHFWO\ ZLWK

WKH N ILHOG�PDWFKHG RU SDUWLDOO\�PDWFKHG ILOWHULQJ UXOHV

LI WKH FRVW RI N PDWFKHV LV OHVV WKDQ WKDW RI WKH

UHPDLQLQJ ORRNXSV� :H FDOO WKLV RSHUDWLRQ E\SDVV

PDWFKLQJ� DQG GHILQH WKH PD[LPXP YDOXH RI N WKDW

VDWLVILHV WKH DERYH FULWHULD IRU GLUHFW PDWFKLQJ DV .�

)LJXUH � LV WKH PRGLILHG SVHXGR FRGH IRU WKH 2/%0

DOJRULWKP�
0DWFK�

LI VL]HRI )5> @  � UHWXUQ 18//

LI VL]HRI )5> @ � .

IRU HDFK - LQ )5> @

LI PDWFK�SDFNHW� -�  )$/6(
UHPRYH �-� )5> @�

UHWXUQ )5> @

HOVH &)5> @  &)5> @� )5> @

LI , �� UHWXUQ &)5> @ �
 ODVW ORRNXS RUGHU 
�

LI VL]HRI &)5> @ � .

IRU HDFK - LQ &)5> @

LI PDWFK�SDFNHW� -�  )$/6(
UHPRYH �-� &)5> @�

UHWXUQ &)5> @

)LJXUH �� 0RGLILHG SVHXGR FRGH IRU 2/%0

7KH WKUHVKROG . IRU E\SDVV PDWFKLQJ LV D

PDFKLQH GHSHQGHQW WKUHVKROG� :H QRZ GHVFULEH KRZ

WR GHWHUPLQH WKH E\SDVV PDWFKLQJ WKUHVKROG� 7KHUH DUH

WZR PDMRU NLQGV RI &38 LQVWUXFWLRQV LQ RXU DOJRULWKP�

2QH LV PHPRU\ UHIHUHQFH� DQG WKH RWKHU LV FRPSDUH�

ZLWK WKHLU FRVWV &P DQG &F� UHVSHFWLYHO\� ,I WKHUH DUH N

ILOWHUV OHIW DIWHU ORRNXS VRPH ILHOGV� ZKHWKHU WR

GLUHFWO\ PDWFK N ILOWHUV RU FRQWLQXH WR ORRNXS WKH

UHPDLQLQJ ILHOGV LV XS WR WKH IROORZLQJ LQHTXDOLW\�
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ZKHUH ( LV WKH QXPEHU RI HQWULHV LQ WKH WDEOHV IRU

D ILHOG DQG 1 LV WKH QXPEHU RI ILOWHUV�

7KH OHIW SDUW RI WKH LQHTXDOLW\ LV WKH FRVW RI N

GLUHFW PDWFKLQJ� HDFK RI ZKLFK FRQWDLQV RQH PHPRU\

UHIHUHQFH WR UHWULHYH WKH ILOWHU DQG ILYH FRPSDULVRQV WR

FRPSDUH WKH ILYH ILHOGV� 7KH ULJKW SDUW RI WKH

LQHTXDOLW\ LV WKH OHDVW FRVW WR ORRNXS WKH UHPDLQLQJ

ILHOGV� ZKLFK KDSSHQV LQ WKH IROORZLQJ VLWXDWLRQ� WKH

QH[W ILHOG ORRNXS ILUVW XVH WZR PHPRU\ UHIHUHQFH WR

WDNH WKH QH[W ILHOG RI WKH SDFNHW WR LQGH[ WR WKH

FRUUHVSRQGLQJ WDEOH� DQG UHWULHYHV �1�(� ILHOG�

PDWFKHG ILOWHULQJ UXOHV� LQ WKH DYHUDJH FDVH� 7KHQ WKH

�1�(� ILOWHUV LQWHUVHFW ZLWK WKH N ILOWHUV WR IRUP D QHZ

FDQGLGDWH VHW RI PDWFKHG ILOWHULQJ UXOHV� ZKLFK FRVWV

� &F
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1
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�� 7KH OHDVW FRVW VLWXDWLRQ KDSSHQV LQ WKDW WKH

UHVXOWLQJ FDQGLGDWH VHW FRQWDLQV RQO\ RQH ILOWHU� DQG LWV

UHPDLQLQJ FRVW LV VLPSO\ D PDWFK RSHUDWLRQ RI WKDW
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,Q EULHI� RQFH \RX KDYH GHFLGHG WR UXQ WKLV

DOJRULWKP RQ VRPH PDFKLQH� JLYHQ WKH FRVWV RI

PHPRU\ UHIHUHQFH DQG FRPSDUH LQVWUXFWLRQV� ZLWK WKH

NQRZOHGJH RI FXUUHQW QXPEHU RI ILOWHULQJ UXOHV 1 DQG

FXUUHQW QXPEHU RI HQWULHV LQ WKH WDEOH� WKH PDFKLQH

GHSHQGHQW WKUHVKROG . FDQ EH GHWHUPLQHG�

� &RPSOH[LW\ $QDO\VLV� 7LPH DQG 6SDFH

2XU 2/%0 DOJRULWKP LV FRQFHUQHG ZLWK ILYH

ILHOGV� ,W KDV DW PRVW ILYH ORRNXSV LQ WKH FODVVLILFDWLRQ

SURFHVV� %HFDXVH HDFK ILHOG LV EDVLFDOO\ WKH VDPH� VR

ZH VKRZ WKH WLPH DQG VSDFH FRPSOH[LW\ RI WKLV

DOJRULWKP E\ DQDO\]LQJ D VLQJOH ILHOG ILUVW�

7KH ZRUVW FDVH KDSSHQV ZKHQ DOO RI WKH ILOWHULQJ

UXOHV IRU WKLV ILHOG DUH VWRUHG LQ RQO\ RQH WDEOH HQWU\�

$IWHU UHWULHYLQJ WKH ILHOG�PDWFKHG ILOWHULQJ UXOHV� WKH

FODVVLILHU HLWKHU ORRNXSV LQWR WKH QH[W ILHOG DQG WKHQ

LQWHUVHFWV WKH UHVXOWLQJ ILHOG�PDWFKHG ILOWHULQJ UXOHV

ZLWK WKRVH IURP WKH SUHYLRXV ORRNXS� LI DQ\� RU

PDWFKHV WKH SDFNHW ZLWK WKH FXUUHQWO\ FDQGLGDWH VHW RI

PDWFKHG ILOWHULQJ UXOHV� %RWK RI WKHP WDNH 2�1� WLPH

LQ WKH ZRUVW FDVH�

$V ZH KDYH PHQWLRQHG WKDW WKHUH DUH DW PRVW ILYH

ORRNXSV DQG IRXU PDWFKHV LQ RXU PHWKRG� VR WKH WLPH

FRPSOH[LW\ RI ORRNXSV DQG PDWFKHV IRU ) ILHOGV DUH



2�1
)� DQG 2�1
�)����� $QG WKH WLPH FRPSOH[LW\ RI

RXU DOJRULWKP LV 2�1
)�� ,Q ,QW6HUY QHWZRUNV ILOWHUV

DUH DOZD\V LQ SHU�IORZ W\SH� 7KXV WKH VSDFH

FRPSOH[LW\ IRU RXU FODVVLILFDWLRQ GDWDEDVH LV 2�1
)��

7DEOH � VKRZV WKH WLPH DQG VSDFH FRPSOH[LW\ RI

WKUHH FODVVLILFDWLRQ PHWKRGV� 7KH VSDFH FRPSOH[LW\ RI

RXUV LV PXFK ORZHU WKDQ >�@� >�@ QHHGV D KXJH PHPRU\

VSDFH DQG FDQQRW VFDOH WR ���. ILOWHULQJ UXOHV�

'HVFULSWLRQ
7LPH

&RPSOH[LW\

6SDFH

&RPSOH[LW\

2UGHUHG /RRNXS ZLWK %\SDVV 0DWFKLQJ 2�1
)� 2�1
)�
+LJK�6SHHG 3ROLF\�EDVHG 3DFNHW

)RUZDUGLQJ 8VLQJ (IILFLHQW 0XOWL�
GLPHQVLRQDO 5DQJH 0DWFKLQJ >�@

2�1
)� 2�1�
)��

)DVW DQG 6FDODEOH /D\HU � 6ZLWFKLQJ >�@ ��ORJ
N

:
:2 � 2�1
:�

7DEOH �� 7LPH DQG VSDFH FRPSDULVRQ RI WKH PHWKRGV�
�: GHQRWHV WKH PD[LPXP ELW OHQJWK RI DQ\ GHVWLQDWLRQ RU VRXUFH SUHIL[� N
GHQRWHV WKH QXPEHU RI ILHOGV WR EH FKHFNHG E\ WKH FODVVLILHU��

� 3HUIRUPDQFH 6WXG\

:H KDYH LPSOHPHQWHG DQG H[SHULPHQWHG RXU

DOJRULWKP RQ WZR SODWIRUPV� 2QH LV WKH ,QWHO 3HQWLXP�

,, ��� 0K] &38 SODWIRUP DQG WKH RWKHU LV WKH 6XQ

8OWUD6SDUF ���0K] &38 SODWIRUP� 7KH KLW UDWLR IRU

DUULYLQJ SDFNHWV LV ���� L�H� RQO\ ��� RI DUULYLQJ

SDFNHWV ZLOO KLW RQH ILOWHULQJ UXOH� 7KH GHIDXOW VWUDWHJ\

IRU GHFLGLQJ ORRNXS RUGHU LV 0$)�

��� 0HPRU\ 8VDJH

)LJXUH � VKRZV WKH PHPRU\ XVDJH RI RXU

DOJRULWKP� 2XU FODVVLILFDWLRQ DOJRULWKP XVHV TXLWH

UHDVRQDEOH VL]H RI PHPRU\� H�J� �� 0% IRU ���.

ILOWHULQJ UXOHV� ZKLOH >�@ XVHV ����� 0% PHPRU\ IRU

RQO\ ��. ILOWHULQJ UXOHV�

)LJXUH �� 0HPRU\ XVDJH RI WKH RUGHUHG ORRNXS

DOJRULWKP�
��� 7KURXJKSXW

)LJXUH � VKRZV WKH WKURXJKSXW RI 2/ DQG WKH

LPSURYHPHQW RI %0 ZLWK WKUHVKROG . DV �� ,Q WKLV

H[SHULPHQW WKH ILOWHULQJ UXOHV DUH UDQGRPO\ JHQHUDWHG�

1RWH WKDW ZLWKRXW %0 WKH WKURXJKSXW GURSV PRUH

UDSLGO\ EHFDXVH WKH QXPEHU RI ORRNXSV IRU HDFK

SDFNHW LQFUHDVHV ZKHQ WKH QXPEHU RI ILOWHULQJ UXOHV

LQFUHDVHV� :H FDQ VHH WKDW IURP )LJXUH ��

)LJXUH �� 7KH HIIHFW RI 2/ DQG 2/%0 RQ WZR

SODWIRUPV�

)LJXUH �� 1XPEHU RI ORRNXSV XVHG E\ WKH 2/�

��� 6HQVLWLYLW\ WR /RFDOLW\

,Q URXWHUV ERWK LQFRPLQJ SDFNHWV DQG ILOWHULQJ

UXOHV PLJKW KDYH VRPH GHJUHH RI DGGUHVV ORFDOLW\ DQG

FRXOG DIIHFW WKH SHUIRUPDQFH RI WKH FODVVLILHU� :H XVH

WKUHH VLPSOH DGGUHVV ORFDOLW\ PRGHOV VKRZQ LQ WKH

7DEOH � WR VLPXODWH WKH DGGUHVV SDWWHUQV REVHUYHG DW D

URXWHU�
��� ILOWHUV FRQFHQWUDWH LQ ��� ILOWHUV DUH

0RGHO � ��� RI WKH DGGUHVV VSDFH

0RGHO � ��� RI WKH DGGUHVV VSDFH

0RGHO � ��� RI WKH DGGUHVV VSDFH

5DQGRPO\ JHQHUDWHG

7DEOH �� 7KUHH DGGUHVV ORFDOLW\ PRGHOV

)URP )LJXUH � ZH FDQ VHH WKDW KLJKHU DGGUHVV

ORFDOLW\ OHDGV WR ORZHU WKURXJKSXW� HVSHFLDOO\ ZKHQ

WKH QXPEHU RI ILOWHULQJ UXOHV LV ODUJH� ,W LV EHFDXVH WKH

DYHUDJH QXPEHU RI ILHOG�PDWFKHG ILOWHULQJ UXOHV DIWHU

HDFK ORRNXS LQFUHDVHV� DV ERWK WKH DGGUHVV ORFDOLW\

DQG WKH QXPEHU RI ILOWHULQJ UXOHV LQFUHDVHV� %XW

RYHUDOO� WKH WKURXJKSXW VHQVLWLYLW\ WR ORFDOLW\ LV QRW

YHU\ KLJK�

)LJXUH �� 7KH HIIHFW RI DGGUHVV ORFDOLW\ �RQ 3�,, ��
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��� 'HFLVLRQ 6WUDWHJ\ IRU /RRNXS 2UGHU

:H XVH WKH DGGUHVV ORFDOLW\ PRGHO � LQ VHFWLRQ

��� WR JHQHUDWH WKH ILOWHULQJ UXOHV IRU WKLV H[SHULPHQW�

,Q VHFWLRQ ��� ZH SURYLGHG WKUHH GHFLVLRQ VWUDWHJLHV

IRU ORRNXS RUGHU� ,Q )LJXUH � LW VKRZV WKDW 06) DQG

0$6) UHVXOW LQ DOPRVW WKH VDPH WKURXJKSXW� 7KH

ORRNXS RUGHUV GHFLGHG E\ WKHVH WZR VWUDWHJLHV DUH

DOPRVW WKH VDPH LQ WKH UHSHDWHG UXQV� 7KH VWDQGDUG

GHYLDWLRQ VHHPV WR EH PRUH GRPLQDQW WKDQ WKH DYHUDJH�

%XW WKH WKURXJKSXW RI 0$) LV D OLWWOH ORZHU� EHFDXVH

RI WKH ZRUVW FDVH ZH GHVFULEHG LQ VHFWLRQ ���� 06)

DQG 0$6) WXUQ RXW WR EH EHWWHU VWUDWHJLHV IRU RXU

DOJRULWKP�

)LJXUH �� 7KH HIIHFW RI GLIIHUHQW ORRNXS RUGHU GHFLVLRQ

VWUDWHJLHV RQ 3HQWLXP�,, SODWIRUP�

��� 6FDODELOLW\

)LJXUH �� VKRZV WKDW 2/%0 DOJRULWKP LV

VFDODEOH� (YHQ ZLWK ���. ILOWHULQJ UXOHV LQ WKH

FODVVLILFDWLRQ GDWDEDVH� WKH WKURXJKSXW LV VWLOO DERYH

��� 0SSV� FRPSDUHG WR ��� 0SSV ZLWK ��. ILOWHULQJ

UXOHV LQ >�@� ���. LV DOUHDG\ ODUJHU WKDQ RXU GHVLJQ

REMHFWLYH� ���. >�@� VHW LQ VHFWLRQ �� 7KH E\SDVV

PDWFKLQJ WKUHVKROG LV VHW WR � IRU WKLV H[SHULPHQW�

:KHQ WKH QXPEHU RI ILOWHULQJ UXOHV LQFUHDVHV� WKH

QXPEHU RI ILOWHULQJ UXOHV SHU WDEOH HQWU\ EHFRPHV

ODUJHU� ZKLFK LQFUHDVHV WKH FRVW RI LQWHUVHFWLRQ

RSHUDWLRQV� 7KH LQWHUVHFWLRQ RSHUDWLRQ GRPLQDWHV WKH

SHUIRUPDQFH RI RXU DOJRULWKP�

)LJXUH ��� $W OHDVW � PLOOLRQ SDFNHWV SHU VHFRQG IRU

���. ILOWHULQJ UXOHV�
��� ([WHQVLELOLW\

$OWKRXJK RXU DOJRULWKP LV PDLQO\ IRU SHU�IORZ

FODVVLILFDWLRQ� LW FDQ EH H[WHQGHG WR ORRNXS PRUH

ILHOGV RU HYHQ WKH SD\ORDG RI D SDFNHW� 2QFH \RX

GHFLGH WR H[WHQG LW WR VXSSRUW PRUH ILHOGV� \RX VLPSO\

DQDO\]H WKH H[WUD PHPRU\ UHIHUHQFH DQG FRPSDUH

LQVWUXFWLRQV WR ORRNXS WKDW ILHOG� DQG WKHQ UH�FRPSXWH

WKH PDFKLQH GHSHQGHQW WKUHVKROG . DV WKH FULWHULD IRU

E\SDVV PDWFKLQJ� ,Q WKLV ZD\� WKH DOJRULWKP LV FDSDEOH

RI EHLQJ H[WHQGHG WR ORRNXS YDULRXV ILOWHULQJ UXOHV IRU

931 RU ILUHZDOO OD\HU � URXWHUV� ZKLOH SUHVHUYLQJ KLJK

SHUIRUPDQFH IHDWXUHV VXFK DV VFDODELOLW\ DQG

WKURXJKSXW�

� &RQFOXVLRQV

,Q WKLV ZRUN ZH SUHVHQWHG D QHZ PXOWL�ILHOG

FODVVLILFDWLRQ DOJRULWKP WKDW VFDOHV ZHOO WR VXSSRUW

���. ILOWHULQJ UXOHV XVLQJ �� 0% PHPRU\ DW D UDWH

RYHU RQH PLOOLRQ SDFNHWV SHU VHFRQG� FRPSDUHG WR ���

0SSV ZLWK ��. ILOWHULQJ UXOHV LQ >�@� :KHQ WKHUH DUH

��. ILOWHULQJ UXOHV LQ RXU FODVVLILFDWLRQ GDWDEDVH� RXU

DOJRULWKP LV ��� IDVWHU WKDQ WKH DOJRULWKP SURSRVHG

E\ 9� 6ULQLYDVDQ HW DO� >�@� >�@ QHHGV D KXJH PHPRU\

VSDFH DQG FDQQRW VFDOH WR ���. ILOWHULQJ UXOHV�

5HIHUHQFH

>�@�-� :URFODZVNL� �7KH 8VH RI 5693 ZLWK ,(7)

,QWHJUDWHG 6HUYLFHV�� 5)& ����� 6HSWHPEHU �����

>�@�-� :URFODZVNL� �6SHFLILFDWLRQ RI WKH &RQWUROOHG�

/RDG 1HWZRUN (OHPHQW 6HUYLFH�´ 5)& �����

6HSWHPEHU �����

>�@�6� 6KHQNHU� &� 3DUWULGJH� 5� *XHULQ�

³6SHFLILFDWLRQ RI *XDUDQWHHG 4XDOLW\ RI 6HUYLFH�´

5)& ����� 6HSWHPEHU �����

>�@�%� *OHHVRQ� $� /LQ� -� +HLQDQHQ� *� $UPLWDJH DQG

$� 0DOLV� �$ )UDPHZRUN IRU ,3 %DVHG 9LUWXDO

3ULYDWH 1HWZRUNV�� ,QWHUQHW 'UDIW� GUDIW�JOHHVRQ�

YSQ�IUDPHZRUN����W[W� )HEUXDU\ �����

>�@�7� 9� /DNVKPDQ DQG '� 6WLOLDGLV� �+LJK�6SHHG

3ROLF\�EDVHG 3DFNHW )RUZDUGLQJ 8VLQJ (IILFLHQW

0XOWL�GLPHQVLRQDO 5DQJH 0DWFKLQJ�� 3URF� $&0

6LJFRPP ��� 6HSWHPEHU �����

>�@�9� 6ULQLYDVDQ� *� 9DUJKHVH� 6� 6XUL DQG 0�

:DOGYRJHO� �)DVW DQG 6FDODEOH /D\HU )RXU

6ZLWFKLQJ�� 3URF� $&0 6LJFRPP ��� 6HSWHPEHU

�����

>�@�.� 7KRPSVRQ� *� -� 0LOOHU� DQG 5� :LOGHU� �:LGH�

$UHD ,QWHUQHW 7UDIILF 3DWWHUQV DQG

&KDUDFWHULVWLFV�� ,((( 1HWZRUN� 9RO� ��� 1R� �� SS�

������ 'HFHPEHU �����
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