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���� � ,6&$6 � /HFWXUH RU 3RVWHU

3DWLHQW�6SHFLILF 9LUWXDO ,QVHUWLRQ 2I (OHFWURGH $UUD\ )RU (OHFWULFDO 6LPXODWLRQV 2I
&RFKOHDU ,PSODQWV

&OLQLFDO $SSOLFDWLRQV � 6XUJHU\ DQG 6XEVSHFLDOWLHV � (17

1HUHD 0DQJDGR�� 1LFRODV 'XFKDWHDX�� 0DULR &HUHVD�� +DQV 0DUWLQ .MHU�� 6HUJLR 9HUD�� 3DYHO 0LVWULN
�� -DYLHU +HUUHUR�� 0LJXHO iQJHO *RQ]iOH] %DOOHVWHU�

�� 6LPELRV\V JURXS� '7,&� 8QLYHUVLWDW 3RPSHX )DEUD� %DUFHORQD� 6SDLQ
�� $VFOHSLRV UHVHDUFK 3URMHFW� ,15,$ 6RSKLD $QWLSROLV� 1LFH� )UDQFH
�� 7HFKQLFDO 8QLYHUVLW\ RI 'HQPDUN� 1LFHFRSHQKDJHQ� 'HQPDUN
�� $OPD 0HGLFDO 6\VWHPV� %DUFHORQD� 6SDLQ
�� 0('�(/� ,QQVEUXFN� $XVWULD
�� ,&5($� %DUFHORQD� 6SDLQ

NH\ZRUGV� (OHFWURGH $UUD\� &RFKOHDU ,PSODQW� (OHFWULFDO 6WLPXODWLRQ� 3DWLHQW�6SHFLILF� 9LUWXDO 6XUJLFDO
,QVHUWLRQ

3XUSRVH� 6HQVRULQHXUDO KHDULQJ ORVV LV EHFRPLQJ RQH WKH PRVW FRPPRQ UHDVRQV RI GLVDELOLW\� :RUOGZLGH ��� PLOOLRQ SHRSOH
�DURXQG ��� RI SHRSOH DERYH �� \HDUV� VXIIHU IURP PRGHUDWH WR VHYHUDO KHDULQJ GLVRUGHUV� &RFKOHDU LPSODQWDWLRQ �&,� HQDEOHV
WR FRQYHUW VRXQG WR DQ HOHFWULFDO VLJQDO WKDW GLUHFWO\ VWLPXODWHV WKH DXGLWRU\ QHUYHV YLD WKH HOHFWURGH DUUD\ VXUJLFDOO\ SODFHG�
+RZHYHU� WKLV WHFKQLTXH LV LQWULQVLFDOO\ SDWLHQW�GHSHQGHQW DQG LWV UDQJH RI RXWFRPHV LV YHU\ EURDG� $ PDMRU VRXUFH RI
RXWFRPH YDULDELOLW\ UHVLGHV LQ WKH HOHFWURGH DUUD\ LQVHUWLRQ� ,W KDV EHHQ UHSRUWHG WR EH RQH RI WKH PRVW LPSRUWDQW VWHSV LQ
FRFKOHDU LPSODQW VXUJHU\ >�@�
,Q WKLV FRQWH[W� ZH SURSRVH D PHWKRG IRU SDWLHQW�VSHFLILF YLUWXDO HOHFWURGH LQVHUWLRQ IXUWKHU XVHG LQWR D ILQLWH HOHPHQW HOHFWULFDO
VLPXODWLRQ� DQG FRQVHTXHQWO\ LPSURYLQJ WKH SODQQLQJ RI WKH VXUJLFDO LPSODQWDWLRQ>�@� 7KH DQDWRPLFDO SDUDPHWHUV LQYROYHG LQ
WKH HOHFWURGH LQVHUWLRQ VXFK DV WKH FXUYDWXUH DQG WKH QXPEHU RI WXUQV RI WKH FRFKOHD� PDNH YLUWXDO LQVHUWLRQ KLJKO\
FKDOOHQJLQJ� 0RUHRYHU� WKH LQIOXHQFH RI WKH LQVHUWLRQ SDUDPHWHUV DQG WKH XVH RI GLIIHUHQW PDQXIDFWXUHG HOHFWURGH DUUD\V
LQFUHDVH WKH UDQJH RI VFHQDULRV WR EH FRQVLGHUHG IRU WKH LPSODQWDWLRQ RI D JLYHQ SDWLHQW� 7R WKLV HQG� WKH PHWKRG ZH SURSRVH LV
IDVW� HDVLO\ SDUDPHWHUL]DEOH DQG DSSOLFDEOH WR D ZLGH UDQJH RI DQDWRPLHV DQG LQVHUWLRQ FRQILJXUDWLRQV� 2XU PHWKRG LV QRYHO IRU
WDUJHWLQJ DXWRPDWLF YLUWXDO HOHFWURGH LQVHUWLRQ� $OVR� LW FRPELQHV KLJK�UHVROXWLRQ LPDJLQJ WHFKQLTXHV DQG FOLQLFDO GDWD WR EH
IXUWKHU XVHG LQWR D ILQLWH HOHPHQW VWXG\ DQG SUHGLFW LPSODQWDWLRQ RXWFRPHV LQ KXPDQV�

0HWKRGV� 7KH HOHFWURGH DUUD\ WR EH LQVHUWHG ZDV EDVHG RQ 0HG�(/ )OH[�� GHVLJQ� $ VWDWLVWLFDO VKDSH PRGHO ZDV XVHG WR
JHQHUDWH FRFKOHDU JHRPHWULHV >�@ DQG WKHLU FRUUHVSRQGLQJ FHQWHUOLQH� ZKLFK VHUYHG DV LQSXW IRU WKH YLUWXDO HOHFWURGH DUUD\
LQVHUWLRQ� 7KH VWDWLVWLFDO PRGHO XVHG UHDO FRFKOHD JHRPHWULHV REWDLQHG IURP D KLJK�UHVROXWLRQ 6FDQFR ȝ&7 ��� V\VWHP
�6FDQFR 0HGLFDO $*� 6ZLW]HUODQG� E\ PHDQV RI VHPLDXWRPDWLF LPDJH SURFHVVLQJ DQG DGYDQFHG UHJLVWUDWLRQ WHFKQLTXHV >�@�
7KH FRFKOHDU FHQWHUOLQH ZDV ORFDWHG DW WKH FHQWHU RI WKH VFDOD W\PSDQL� XQGHU WKH EDVLODU PHPEUDQH� $ ORJDULWKPLF VSLUDO
DOJRULWKP ZDV XVHG LQ WKH DSLFDO UHJLRQ RI WKH FRFKOHD WR H[WHQG WKH FHQWHUOLQH IURP WKH VWDWLVWLFDO VKDSH PRGHO DQG HQVXUH
WKDW LW DFWXDOO\ UHDFKHG WKH DSH[� UHJLRQ RI KLJK LQWHUHVW WR REVHUYH WKH HOHFWULFDO QHUYH VWLPXODWLRQ� .HUQHO ULGJH UHJUHVVLRQ
ZLWK DQ H[DFW PDWFKLQJ IRUPXODWLRQ ZDV XVHG WR FRQWURO WKH VDPSOLQJ RI WKH FHQWHUOLQH�
7KH LQVHUWLRQ DOJRULWKP UHRULHQWV WKH HOHFWURGH DUUD\ VR WKDW LWV FHQWHUOLQH PDWFKHV WKH FRFKOHDU FHQWHUOLQH� ,W LQFOXGHV D ORFDO
SDUDPHWHUL]DWLRQ RI ERWK FHQWHUOLQHV DFFRUGLQJ WR WKH SDUDOOHO WUDQVSRUW IUDPH >�@� 7KLV KDV WKH DGYDQWDJH RI EHLQJ UREXVW WR
WKH FKDQJHV LQ FXUYDWXUH DORQJ WKH WXUQV RI WKH FRFKOHD� LQ FRPSDULVRQ ZLWK PRUH FODVVLFDO SDUDPHWHUL]DWLRQV VXFK DV WKH
WDQJHQW�QRUPDO�ELQRUPDO IUDPH� 2XU DOJRULWKP DOVR DOORZV FRQWUROOLQJ WKH LQLWLDO UROO DQJOH� WKH WRUVLRQ DORQJ WKH FHQWHUOLQH�
DQG WKH SHUFHQWDJH RI LQVHUWLRQ IURP IXOO WR SDUWLDO� RI UHOHYDQFH WR DGDSW WKH VXUJHU\ WR WKH UHDO SDWLHQW FRQGLWLRQ�

5HVXOWV� 7KH PHWKRG ZDV WHVWHG RQ � LQVWDQFHV REWDLQHG UDQGRPO\ IURP WKH VWDWLVWLFDO VKDSH PRGHO� 7KH OHQJWK RI WKHLU
UHVSHFWLYH FRFKOHDU FHQWHUOLQHV ZDV ����� � ���� PP� ,QVHUWLRQV ZLWK ��� ��� DQG ��� LQLWLDO UROO DQJOHV ZHUH WHVWHG� 7KH
SHUFHQWDJH RI LQVHUWLRQ IURP IXOO WR SDUWLDO ZDV WHVWHG ZLWKLQ D UDQJH RI ��� WR ����� 7KH YLUWXDO LQVHUWLRQ DOJRULWKP WRRN
OHVV WKDQ ��� VHFRQGV IRU HDFK VLPXODWHG LQVHUWLRQ�
,Q DOO VFHQDULRV� WKH REWDLQHG UHVXOWV ZHUH UREXVW WRZDUGV GLIIHUHQFHV LQ DQDWRPLHV� )LJXUH � LOOXVWUDWHV WKH SDUDPHWUL]DWLRQ RI
D JLYHQ FRFKOHD DFFRUGLQJ WR WKH SDUDOOHO WUDQVSRUW IUDPH� DQG WKH DUUD\ LQVHUWLRQ WKDW LV DFKLHYHG DFFRUGLQJO\� )LJXUH �
FRPSOHPHQWV LW E\ TXDQWLI\LQJ WKH ORFDO GHIRUPDWLRQ RI WKH HOHFWURGH DUUD\ PHVK�
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&RQFOXVLRQV� :H SUHVHQWHG DQ HDVLO\ SDUDPHWHUL]DEOH DOJRULWKP IRU WKH YLUWXDO LQVHUWLRQ HOHFWURGH DUUD\V LQ D ZLGH UDQJH RI
JHRPHWULHV DQG LQVHUWLRQ VFHQDULRV� 7KH PHWKRG VKRZHG WR EH IDVW LQ DOO FDVHV� 6XFK YLUWXDO LQVHUWLRQV ZLOO HQDEOH LQ�VLOLFR
WHVWLQJ RI WKH HIIHFWV RI D JLYHQ HOHFWURGH DUUD\ GHVLJQ DQG SRVLWLRQLQJ RQ WKH UHDO DQDWRP\ RI D JLYHQ SDWLHQW� WKURXJK
HOHFWULFDO VLPXODWLRQV� DQG WKHUHIRUH LPSURYH WKH SODQQLQJ RI WKH VXUJLFDO SURFHGXUH� 7KH WHFKQLTXH ORRNV SURPLVLQJ WR
SURYLGH FOLQLFLDQV DQG &, PDQXIDFWXUHUV ZLWK D GHWDLOHG DQG SDWLHQW�VSHFLILF HYDOXDWLRQ RI IDFWRUV FRQGLWLRQLQJ WKH RXWFRPH RI
WKH ZKROH VXUJLFDO SURFHGXUH�

$FNQRZOHGJHPHQW
7KLV UHVHDUFK ZDV SDUWLDOO\ IXQGHG E\ WKH (XURSHDQ 8QLRQ 6HYHQWK )UDPH 3URJUDPPH �)3������������� JUDQW DJUHHPHQW
������� +($5�(8 SURMHFW�

5HIHUHQFHV� >�@ -7 -U 5RODQG��&RFKOHDU LPSODQW HOHFWURGH LQVHUWLRQ��/DU\QJRO +HDG 1HFN 6XUJ � YRO� ��� SS� ������ �����
2SHU 7HFK 2WR�
>�@ 0 &HUHVD� 1 0DQJDGR� + 'HMHD� 1 &DUUDQ]D� 3 0LVWULN� +0 .MHU� 6 9HUD� 55 3DXOVHQ� DQG 0$ *RQ]DOH] %DOOHVWHU�
�3DWLHQW�VSHFLF VLPXODWLRQ RI LPSODQW SODFHPHQW DQG IXQFWLRQ IRU FRFKOHDU LPSODQWDWLRQ VXUJHU\ SODQQLQJ�� LQ 3URF�
0,&&$,� /1&6 � ����� YRO� ����� SS� ������
>�@ +0 .MHU� 6 9HUD�) 3HUH]� 0$ *RQ]DOH]�%DOOHVWHU� 5 3DXOVHQ� ³6KDSH PRGHOOLQJ RI WKH LQQHU HDU IURP PLFUR�&7 GDWD�´ LQ
3URFHHGLQJV RI 6KDSH V\PSRVLXP RQ VWDWLVWLFDO VKDSH PRGHOV DQG DSSOLFDWLRQV� ����
>�@ + %RJXQRYLF� -0 3R]R� 5 &DUGHQHV� 0& 9LOOD�8ULRO� 5 %ODQF� 0 3LRWLQ� DQG $) )UDQJL� �$XWRPDWHG ODQGPDUNLQJ DQG
JHRPHWULF FKDUDFWHUL]DWLRQ RI WKH FDURWLG VLSKRQ�� 0HG ,PDJH $QDO � YRO� ��� SS� �������� �����
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