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���,QWURGXFWLRQ
1RZDGD\V� ,,Ü9,� ILOPV� FRPSRXQGV� DUH

ZLGHO\� LQYHVWLJDWH�EHFDXVH�RI�WKHLU�SRVVLELO�
LW\� RI� XVH� LQ� RSWR�� DQG� PLFURHOHFWURQLFV�
VRODU�HQHUJ\��HWF�>�@��$W�WKDW�IRU�LQVWUXPHQ�
WDO�XVDJH�LV�QHFHVVDU\�WR�KDYH�D�OD\HUV�ZLWK
RSWLPL]HG� VWUXFWXUDO� SDUDPHWHUV� Û� PRQR�
SKDVH�� ZLWK� VWDEOH� FU\VWDOOLQH�PRGLILFDWLRQ�
ORZ�PLFUR��DQG�PDFURVWUHVV� OHYHO�� H[WHQVLYH
DQG� WKUHH�GLPHQVLRQDO� GHIHFWV� FRQFHQWUD�
WLRQ��FRQWUROOHG�VWRLFKLRPHWU\�

=LQF� VHOHQLGH� ZKLFK� RZLQJ� WR� LW�V� ZLGH
EDQG� JDS� �(J� ����� H9�� ILQG� DQ� DSSOLFDWLRQDV� D� �ZLQGRZ�� OD\HU� LQ� VRODU� FHOOV�� EDVHG
PDWHULDO�RI�RI�JUHHQ�EOXH�LUUDGLDWLRQ�VSHFWUD
OLJKW�GLRGHV�� ILOWHUV�� HOHFWURFKHPLFDO� FHOOV�
WKLQ�ILOP�WUDQVLVWRUV��HWF�>����@��

)RU� SURGXFH� =Q6H� WKLQ� ILOPV� GLIIHUHQW
DXWKRUV�XVHG� VXFK�PHWKRGV� RI� WKHLU� REWDLQ�
FDWKRGH� HOHFWURGHSRVLWLRQ� IURP� ZDWHU� VROX�
WLRQ� >�@�� YDFXXP� HYDSRUDWLRQ� RI� FRPSRXQG
>�@� RU� WKHLU� FRPSRQHQWV� >�@�� FORVH�VSDFHG
YDFXXP� VXEOLPDWLRQ� �&696�� PHWKRG� >�Ü�@�
HWF�� /DVW� PHWKRG� EHFDXVH� RI� WKH� FRQVWUXF�
WLRQ�IHDWXUHV�RI�HYDSRUDWRU�DOORZV�WR�REWDLQ
WKH� VWRLFKLRPHWULF� VDPSOHV� ZLWK� ZHOO�FRQ�
WUROOHG� SK\VLFDO� DQG� WHFKQRORJLFDO� SURFHVV�
7KHUHIRUH� WKH� &696� PHWKRG� ZDV� XVHG� IRU

=Q6H� ILOPV� GHSRVLWLRQ�� %XW� VWUXFWXUDO� DQG
VXEVWUXFWXUDO� FKDUDFWHULVWLFV� RI� ]LQF� VH�
OHQLGH� OD\HUV��REWDLQHG�E\� WKLV�PHWKRG��DQG
WKH� LQIOXHQFH� RQWR� WKHVH� OD\HUV� RI� SK\VLFDO
DQG� WHFKQRORJLFDO� FRQGHQVDWLRQ� UHJLPHV� DUH
QRW� ZHOO�VWXGLHG�� 7KXV� LQ� ZRUN� >�@� ZHUH
VWXGLHG� E\� DXWKRUV� RQO\� =Q6H� VWUXFWXUDO
FKDUDFWHULVWLFV� REWDLQHG� DW� WKH� URRP�WHP�
SHUDWXUH�� 0RUH� IXQGDPHQWDO� LQYHVWLJDWLRQ
ZDV� FDUULHG� RXW� LQ� >�@� ZKHUH� VWXGLHG� ILOPV
REWDLQHG�E\�D�&696�PHWKRG�DW�WKH�VXEVWUDWH
WHPSHUDWXUHV� ���Ü���� .�� %XW� VWUXFWXUDO
FKDUDFWHULVWLFV�RI�=Q6H�OD\HUV�LQ�ZRUNV�>����@
ZHUH� GHWHUPLQHG� E\� WKH� DUFKDLF� PHWKRGV�
6R�� WKH�PLFURVWUHVV� OHYHO�ZDV�GLVFRYHUHG�E\
DXWKRUV� >�@� E\� WKH� GLIIHUHQFH� RI� WKH� ODWWLFH
VSDFLQJ� RI� WKH� FKDUJH� PDWHULDO� DQG� ILOP�
WKDW�LV�PHWKRGLFDO�LUUHJXODU�VLQFH�SDUDPHWHU
D� LQ� D� JUHDW� H[WHQW� GHSHQGV� IURP� WKH� FRQ�
GHQVDWHV�VWRLFKLRPHWU\��%\�WKH�GHWHUPLQH�RI
WKH� FRKHUHQW� VFDWWHULQJ� GRPDLQ� �&6'�� VL]H
IURP�;�UD\� JUDSKV�ZDV� XVHG� D�'HE\H�6KHU�
UHU� HTXDWLRQ� VLQFH�ZDV�QRW� WRRN� LQWR� LQIR�D
SUHVHQFH� LQ� FRQGHQVDWHV� PLFURGHIRUPDWLRQV
DQG�VWDFNLQJ�IDXOW�GLVORFDWLRQ��0HDVXULQJ�RI
WKH� ODWWLFH� SDUDPHWHU� DQG� VXEVWUXFWXUDO
FKDUDFWHULVWLFV� RI� =Q6H� ILOPV� ZDV� FDUULHG
RXW� E\� DXWKRUV� >��� �@� E\� OLQH� ������ RQ� OHVV
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DQJOHV�WKDW�DGGXFHG�WR�WKH�FRQVLGHUDEOH�PLV�
WDNHV� RI� WKH� GHWHUPLQH� RI� WKHVH� FKDUDF�
WHULVWLFV�

,Q� WKLV� ZRUN� ZDV� FDUULHG� RXW� D� FRPSOH[
LQYHVWLJDWLRQ� RI� WKH� VWUXFWXUDO� DQG� VXE�
VWUXFWXUDO�SURSHUWLHV�RI�]LQF�VHOHQLGH�ILOPV�
REWDLQHG�LQ�ZLGH�UDQJH�RI�WKH�VXEVWUDWH�WHP�
SHUDWXUHV� ZLWK� XVLQJ� D�PRGHUQ�PHWKRGV� RI
WKH�;�UD\�JUDSKV�DQDO\VLV�

���([SHULPHQWDO�GHWDLOV
=LQF� VHOHQLGH� ILOPV� ZHUH� GHSRVLWHG� E\� D

&696� PHWKRG� RQ� ZHOO�FOHDQHG� JODVV� VXE�
VWUDWHV� LQ� YDFXXP� HTXLSPHQW�983��0��'H�
WDLO� GHVFULSWLRQ�RI� ILOPV� GHSRVLWLRQ� HTXLSPHQW
LV�SUHVHQWHG�LQ�>�@��7KH�WHPSHUDWXUH�RI�HYDSR�
UDWRU�ZDV�7H� ������.��6XEVWUDWH�WHPSHUDWXUHZDV� YDULHG� LQ� WKH� UDQJH� RI��7V� ����Ü����.�/D\HU�V� WLPH� RI� GHSRVLWLRQ�ZDV� W� ��Ü���PLQ�
)LOP�V�WKLFNQHVV��G��ZDV���Ü���PP��

6WUXFWXUDO� LQYHVWLJDWLRQV� RI� ILOPV� ZHUH
FDUULHG� RXW� E\�;�UD\� GLIIUDFWRPHWHU� '521
����� LQ�1L�ILOWHUHG� .D�LUUDGLDWLRQ� RI� FRSSHUDQRGH�� 7KH� VDPSOHV� ZHUH� PHDVXUHG� LQ� WKH
FRQWLQXRXV�UHJLVWUDWLRQ�PRGH�ZLWKLQ�WKH��T�
DQJOH�UDQJH�IURP�����WR������ZKHUH��T�LV�WKH
%UDJJ� DQJOH�� $� FXUYHV� ZHUH� QRUPDOL]HG� E\
WKH� LQWHQVLW\� RI� ������ SHDN� RI� FXELF� SKDVH�
3KDVH�DQDO\VLV�ZDV�HVWLPDWHG�E\�D�FRPSDUL�
VRQ�RI�LQWHUSODQDU�VSDFLQJV�DQG�FRPSDUDWLYH
LQWHQVLWLHV� IURP� LQYHVWLJDWHG� VDPSOHV� DQG
VWDQGDUG�E\�-&3'6�GDWD�>��@��$W�PHDVXULQJ
D� IRFXVLQJ� RI� ;�UD\� LUUDGLDWLRQ� E\� %UDJJ�
%UHQWDQR�ZDV�XVHG�

7H[WXUH� RI� WKH� ILOPV� FKDOFRJHQLGHV� ZDV
HYDOXDWHG� E\� WKH� +DUULV� PHWKRG� >���� ��@�
3ROH�GHQVLW\�ZDV�PHDVXUHG�E\�HTXDWLRQ��
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ZKHUH� ,L�� ,�L� DUH� WKH� LQWHJUDO� LQWHQVLWLHV� RIL�GLIIUDFWLRQ� SHDN� IRU� D� ILOP� VDPSOH� DQG
VWDQGDUG��1�LV�D�QXPEHU�RI�OLQHV�RQ�GLIIUDF�
WRJUDP�� 2ULHQWDWLRQ� IDFWRU� I� ZDV� HVWLPDWHG
E\� UDWLR�� I� ��CCCCCC�
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3L������ �� $V� D� VWDQGDUG

RI�QRQ�WH[WXUHG�VDPSOHV�D�=Q6H�SRZGHU�ZDV
XVHG�

3UHFLVLRQ� GHWHUPLQH� RI� WKH� =Q6H� ODWWLFH
FRQVWDQW�ZDV� FDUULHG� RXW�E\� WKH� ORFDWLRQ�RI
.D��FRQVWLWXHQW�RI�;�UD\�OLQHV��&KDOFRJHQLGHODWWLFH�FRQVWDQWV�ZHUH�PHDVXUHG�E\�%UHDGO\�
-D\�DQG�1HOVRQ�5LOH\�H[WUDSRODWLRQ�PHWKRGV
>���� ��@�� )RU� GRWV� DSSUR[LPDWLRQ� ZDV� XVHG

WKH�OHDVW�Û�VTXDUHV�PHWKRG��7KH�GLYLVLRQ�RI
.D�GRXEOHW�ZDV�FDUULHG�E\�5HFKLQJHU�PHWKRGXVLQJ�WKH�SURJUDP�SDFNDJH�',):,1��ZKLFK
DSSOLHV�WR�'521������

5HVXOWV� RI� GLIIUDFWRPHWULFDO� LQYHVWLJD�
WLRQV� ZHUH� DOVR� XVHG� IRU� HVWLPDWH� RI� WKH
DYHUDJH� VL]H� RI� WKH� &6'� �/��� PLFURVWUHVV
OHYHO��H��LQ�ILOPV�E\�WKH�KDOIZLGWK�RI�OLQHV�

)RU� D� GLYLVLRQ� RI� WKH� GLIIUDFWLRQ� ZLGHQ�
LQJ�GXH�WR�SK\VLFDO�DQG�LQVWUXPHQWDO�HIIHFWV
ZHUH�XVHG� WKH� DSSUR[LPDWLRQV� RI� WKH�;�UD\
OLQH� SURILOH� E\� WKH� *DXVV� DQG� &DXFKL� IXQF�
WLRQV�� )XUWKHU� FRQWULEXWLRQ�V�GLYLVLRQ� IURP
&6'� VL]H� DQG� PLFURGHIRUPDWLRQ� GLVSHUVLRQ
ZDV�FDUULHG�RXW�E\�WKH�+DOO�JUDSKLF�PHWKRG
EHFDXVH�RI�WKHLU�GLIIHUHQW�GHSHQGHQFH�RI�WKH
GLIIUDFWLRQ�DQJOH��:HUH�EXLOW�JUDSKV�LQ�SR�
VLWLRQ� GDWD�� E�FRV�T�e�O������VLQ�T�e�O�� DQG
�E�FRV�T�e�O���Ü����VLQ�T�e�O���� ZKHUH� E� LV� D
SK\VLFDO� ZLGHQLQJ� RI� ;�UD\� OLQH�� O� LV� D
ZDYHOHQJWK� RI� ;�UD\�� %HVLGHV� WKDW� WKH� PL�
FURGHIRUPDWLRQV� DQG� &6'� VL]HV� ZHUH� HVWL�
PDWHG� E\� DSSUR[LPDWLRQ� PHWKRG� ZLWK� UHQ�
GHULQJ�WKH�;�UD\�OLQH�RI�WKH�IXQFWLRQV�WKUHH�
IROG�FRQYROXWLRQ�>��Ü��@�

���5HVXOWV�DQG�GLVFXVVLRQ��
2EWDLQHG� =Q6H� ILOPV� KDG� D� SRO\FU\VWDO�

OLQH� VWUXFWXUH� DQG� FRQVLVWHG� RI� FU\VWDOOLWHV�
WKHLU� VL]H� LQ� WKH� OD\HU� DUHD� �SODQH��ZDV� LQ�
FUHDVHG� DW� LQFUHDVLQJ� RI� WKH� FRQGHQVDWLRQ
WHPSHUDWXUH� DQDORJXH� WR� DQRWKHU� FRQGHQ�
VDWHV� FKDOFRJHQLGHV�� 0RUH� GHWDLOHG� JURZWK
PHFKDQLVP� RI� SRO\FU\VWDOOLQH� ,,Ü9,� ILOPV
FRPSRXQGV�RQWR�QRQ�RULHQWHG�VXEVWUDWHV�DQG
DQ�LQIOXHQFH�RI�FRQGHQVDWLRQ�WHPSHUDWXUH�RQ
WKHLU� VXUIDFH�PRUSKRORJ\�ZHUH�GHVFULEHG� LQ
ZRUNV�>���������@�

'LIIUDFWRJUDPV�RI�]LQF�VHOHQLGH�ILOPV�RE�
WDLQHG� DW� GLIIHUHQW� VXEVWUDWH� WHPSHUDWXUHV
SUHVHQW�RQ�)LJ���D��$V�D�UXOH�RQ�WKH�GLIIUDF�
WRJUDPV� ZHUH� UHJLVWHUHG� UHIOHFWLRQV� IURP
FU\VWDOORJUDSK\� DUHDV� ������� ������� ������
������� ������� ������� ������ RI� ]LQF� EOHQG
SKDVH� �VSKDOHULWH��� 'RPLQDQW� E\� LQWHQVLW\
ZDV� UHIOHFWLRQ� IURP� DUHD� ������ WKDW� VD\V
DERXW� WKH� SUHVHQFH� LQ� ILOPV� WH[WXUH� >���@�
:LWK� ]LQF� EOHQG� SKDVH� LQ� SDWWHUQ� LQ� ORZ
QXPEHU� ZDV� SUHVHQWHG� D� KH[DJRQDO� SKDVH
�ZXUW]LWH��� ([FHSW� WKHUH� WRRN� SODFH� D� SUHV�
HQFH� RQ� GLIIUDFWRJUDPV� RI� ZHDN� UHIOHFWLRQV
IURP� DUHD� ������ RI� ZXUW]LWH� RQ� DQJOHV
�����Ü��������$V�D�UXOH�D�UHODWLYH�LQWHQVLW\
RI� DFFRUGLQJ� SHDN� �,�����:�,�����=E�� RQ� GLI�IUDFWRJUDPV� ZDV� ����Ü����� �� LV� ELJJHU� E\
LQFUHDVLQJ�RI�FRQGHQVDWLRQ�WHPSHUDWXUH�DQG
GHFUHDVLQJ� RI� ILOP� WKLFNQHVV�� 7KLFNQHVV� GH�
SHQGHQFH� RI� SHDN� LQWHQVLW\� VD\V� DERXW� JHQ�
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HUDOO\� SODFLQJ� RI� SUHVHQW� SKDVH� LQ� MXQFWLRQ
RI� PLFURFU\VWDOOLQH� OD\HU� RI� ILOP� QHDU� WKH
VXEVWUDWH�

)RU�HYDOXDWLRQ�RI�WKH�FXELF�SKDVH�WH[WXUH
TXDOLW\�ZHUH�PHDVXUHG�XV�D�SROH�GHQVLW\�DQG
RULHQWDWLRQ�IDFWRU�RI�=Q6H�ILOPV��,W�ZDV�FRQ�
ILUPHG� DERXW� WKH� SUHVHQFH� RI� ZHOO�PDUNHG
>���@� D[LDO� WH[WXUH� �LQVHUWLRQ� RQ� )LJ���E��
7KLV� WH[WXUH� LV� W\SLFDO� IRU� =Q6H� ILOPV� RE�
WDLQHG�E\�YDFXXP�PHWKRGV�>�Ü�@��,W�ZDV�GH�
WHUPLQHG� WKDW� D� GHSHQGHQFH� RI� RULHQWDWLRQ
IDFWRU�IRU�DUHD�������I�YHUVXV�ILOPV�FRQGHQ�
VDWLRQ� WHPSHUDWXUH� 7V� KDV� D� GLIILFXOW� YLHZ�)LJ���E���$V�ZH�FDQ�VHH�RQ�ILJXUH�SHUIHFWLRQ
RI�=Q6H� ILOPV� WH[WXUH� LV� VRPH�ZRUVHQHG� DW
7V�a�����.��,W�PD\�WR�H[SODLQ�DERXW�FKDQJHRI�WKH�ILOP�V�JURZWK�PHFKDQLVP�IURP�OD\HU�
ZLVH� WR� FROXPQDU�� ,W� VKRXOG� EH� QRWHG� WKDW
VXFK� UHVXOWV� ZHUH� REWDLQHG� XV� >���������@
DQG� DQRWKHU� DXWKRUV� >��@� IRU� &G7H�� =Q7H
DQG�=Q6�ILOPV�REWDLQHG�E\�WKH�VDPH�FRQGHQ�
VDWLRQ�PHWKRG�

$�ODWWLFH�FRQVWDQW�RI�,,Ü9,�FRPSRXQGV�LV
D�FKDUDFWHULVWLF�ZKLFK�LV�H[WUHPHO\�VHQVLWLYH
WR� VWRLFKLRPHWULF� FKDQJH� RI� WKH� PDWHULDO�
GDVK� LPSXULW\�� R[LGDWLRQ�� HWF�� 7KHUHIRUH� D
SUHFLVLRQ� GHWHUPLQH� RI� WKH� ODWWLFH� FRQVWDQW
JLYHV� DQ� RSSRUWXQLW\� WR� VWXG\� WKHVH� SURF�
HVVHV�� :DV� FDUULHG� RXW� XV� ;�UD\� GLIIUDF�
WRPHWULFDO� GHWHUPLQDWLRQ� RI� WKH� FKDUJH� ODW�
WLFH� FRQVWDQW� IURP� ZKLFK� ZDV� HVWLPDWHG
HYDSRUDWLRQ�� DQG� RI�=Q6H� ILOPV� REWDLQHG� DW
GLIIHUHQW�FRQGHQVDWLRQ�UHJLPHV�� ,W�ZDV�HVWL�
PDWHG� WKDW� D� UHVXOWV� REWDLQHG� XVLQJ� WKH
%UHDGO\�-D\�DQG�1HOVRQ�5LOH\�PHWKRGV�ZHUH
VLPLODU��)LJ������%XW�VLQFH�WKH�ODVW�PHWKRG�LV
PRUH� SUHFLVH�� ODWHU� RQ� GLVFXVVHG� D� UHVXOWV
REWDLQHG�H[DFWO\�E\�WKLV�PHWKRG��

,W� ZDV� HVWLPDWHG� WKDW� FXELF� SKDVH� RI
=Q6H�FKDUJH�KDV�D�ODWWLFH�FRQVWDQW�ZKLFK�LV
D� ���������QP��$W�WKH�FKDQJH�RI�FRQGHQVD�

WLRQ� WHPSHUDWXUH� WKH� ODWWLFH� FRQVWDQW� RI
VSKDOHULWH�SKDVH�RI�WKH�ILOPV�ZDV�FKDQJHG�LQ
WKH� UDQJH� RI� D� ���������y���������QP�
7KHVH� UHVXOWV� DUH� ZHOO�FRUUHOHG� ZLWK� GDWD�
SUHVHQWHG� LQ� -&'36� IRU� PDVVLYH� PDWHULDO
D�  ��������� QP� >��@� DQG� WKH� H[SHULPHQWDO
GDWD� D� �������Ü������� QP� REWDLQHG� E\� WKH
OLQH� ������ IRU� ILOPV� GHSRVLWHG� E\� D� &696
PHWKRG� >�@�� $V� ZH� FDQ� VHH� RQ� )LJ���� WKH
GHSHQGHQFH�RI�WKH�ODWWLFH�FRQVWDQW�IURP�FRQ�
GHQVDWLRQ�WHPSHUDWXUH�KDG�D�GLIILFXOW�YLHZ�
$W� WKDW� D� YLHZ� RI� GHSHQGHQFHV� REWDLQHG� E\
%UHDGO\�-D\�DQG�1HOVRQ�5LOH\�PHWKRGV�ZHUH
VLPLODU��,W�V�PD\�EH�H[SODLQ�DERXW�D�FKDQJH
RI� FRPSRXQG� VWRLFKLRPHWU\� RZLQJ� E\� WKHLU
QRQ�FRQJUXHQW�HYDSRUDWLQJ�

%\�OLQH�������LW�LV�PD\�WR�PHDVXUH�D�ODWWLFH
FRQVWDQW�RI�WKH�KH[DJRQDO�SKDVH�ZKLFK�KDV�D
VPDOO� QXPEHU� LQ� SDWWHUQV�� 7KHVH� YDOXHV� OLHG
LQ� WKH� UDQJH�RI�D� ��������y��������QP�DQG

)LJ�����'LIIUDFWRJUDPV�RI�=Q6H� ILOPV�REWDLQHG�DW�GLIIHUHQW�VXEVWUDWH�WHPSHUDWXUHV����Û�FKDUJH����Û
����.����Û�����.����Û�����.����Û�����.��D��DQG�GHSHQGHQFH�RI�RULHQWDWLRQ�IDFWRU�IURP�VXEVWUDWH
WHPSHUDWXUH��E���2Q�LQVHUWLRQ�UHVXOWHG�PHDVXULQJ�RI�WKH�SROH�GHQVLW\�IRU�ILOP�REWDLQHG�DW�7V� �����.�

)LJ����� /DWWLFH� FRQVWDQW� YHUVXV� FRQGHQVDWLRQ
WHPSHUDWXUH� GHSHQGHQFH� RI� =Q6H� ILOPV�� �� Ü
0HWKRG�%UHDGO\�-D\����Ü�0HWKRG�1HOVRQ�5LOH\�
��Ü�FKDUJH����Ü�-&'36�
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F� ��������y�������� QP� IRU� ILOPV�� REWDLQHG
DW�GLIIHUHQW�VXEVWUDWH�WHPSHUDWXUHV��,W�VKRXOG
EH� QRWHG� WKDW� REWDLQHG� YDOXHV� DUH� VRPH
VPDOOHU�WKDQ�SUHVHQWHG�LQ�-&3'6�IRU�PDVVLYH
VDPSOHV��D� ��������QP��F� ��������QP�>��@�

,Q�FRPSOLDQFH�ZLWK� WKH�PHWKRG�VWDWHG� LQ
>�����@��;�UD\�GLIIUDFWRPHWULFDO�YDOXHV�ZHUH
DOVR� XVHG� IRU� LQYHVWLJDWLRQV� RI� FKDUJH� DQG
=Q6H� ILOPV� VXEVWUXFWXUH� E\� D� ZLGHQLQJ� RI
WKH� GLIIUDFWLRQ� SHDNV� �����Ü������ RI� FXELF
SKDVH�� ,W�ZDV� DFFHSWHG� WKDW� D�SK\VLFDO�ZLG�
HQLQJ�RI� OLQHV� LV� FDXVHG�DV�D� VXEJUDLQV�GLV�
SHUVH� DOVR� SUHVHQFH� RI� PLFURGHIRUPDWLRQV�
WKHQ�LW�KDV�D�SRVVLELOLW\�WR�PHDVXUH�WKH�&6'
VL]H� DQG� PLFURGHIRUPDWLRQ� OHYHO�� ,W� VKRXOG
EH� QRWHG� WKDW� D� SUHFLVH� RI� PHDVXULQJ� RI
WKHVH�YDOXHV�E\�WKUHH�IROG�FRQYROXWLRQ�IXQF�
WLRQV� LV� QR�PRUH� OHVV� WKHQ� ��Ü����� LQ� GH�
SHQGHQFH� RI�;�UD\� LQYHVWLJDWLRQ� FRQGLWLRQV�
DW�WKH�VDPH�WLPH�WKDW�DQ�H[SHULPHQWDO�PLV�
WDNH� DW� XVLQJ� WKH� +DOO� PHWKRG� PD\� WR
DFKLHYH���Ü�����>�@�

&RUUHVSRQGLQJ� WR� WKH� UHVXOWV� RI�/� DQG� H
PHDVXULQJ� ZLWK� XVLQJ� WKH� SUHVHQWHG� PHWK�
RGV�ZHUH�V\VWHPDWL]HG�LQ�7DEOH����$V�ZH�FDQ
VHH� IURP� WKH� 7DEOH��� WKH� YDOXHV� RI� ILOPV
VXEVWUXFWXUH�SDUDPHWHUV�REWDLQHG�XVLQJ� WKH
GLIIHUHQW� DSSUR[LPDWLRQV� DUH� ZHOO�FRUUHOHG
HDFK�RWKHU�DV�LW�V�PD\�EH�IURP�WKH�WKHRUHWL�
FDO� YLHZ�� ,W� VKRZV�DERXW� WKH� UHOLDEOH� RI� RE�
WDLQHG�UHVXOWV�

&6'� VL]H� YHUVXV� 7V� GHSHQGHQFHV� LQ� WKHGLUHFWLRQ� ZKLFK� LV� SHUSHQGLFXODU� WR� WKH
DWRPLF� SODQHV� ������ DQG� WKH�PLFURGHIRUPD�
WLRQ� OHYHO� LQ� WKLV� GLUHFWLRQ� REWDLQHG� XVLQJ
WKH� WKUHH� GLIIHUHQW� DSSUR[LPDWLRQV� VKRZQ
RQ�)LJ����

6LQFH�WKH�YDOXHV�RI�VXEVWUXFWXUH�SDUDPH�
WHUV� RI� =Q6H� ILOPV� ZHUH� PHDVXUHG� IURP
WKUHH�IROG�FRQYROXWLRQ�DUH�PRUH�OHVV�SUHFLVH
DQG� VLPLODU� WR� UHDO�� IXUWKHU� GLVFXVV� RI� WKH
UHVXOWV�ZHUH�EHLQJ�E\�WKHVH�PHWKRGV��7KHUH�
IRUH� LW� QHHGV� WR� FKHFN� WKDW� D� UHJXODULW\� RI
FKDQJH��RI�/��H�YHUVXV�7V�ZHUH�W\SLFDO�XVLQJ

7DEOH����=Q6H�ILOPV�VXEVWUXFWXUH�FKDUDFWHULVWLFV

7V��.
/��QP H����

DSSUR[LPDWLRQ�E\ 7KUHHIROG
FRQYROXWLRQ

DSSUR[LPDWLRQ�E\ )URP
FRQYROXWLRQ*DXVV &DXFKL *DXVV &DXFKL

FKDUJH ����� ����� ����� ���� ���� ����
��� ����� ����� ����� ���� ���� ����
��� ����� ����� ����� ���� ���� ����
��� ����� ����� ����� ���� ���� ����
��� ����� ������ ����� ���� ���� ����
��� ����� ������ ����� ���� ���� ����
��� ����� ����� ����� ���� ���� ����
��� ����� ����� ����� ���� ���� ����

)LJ�����'HSHQGHQFHV�RI�&6'�VL]H��D��DQG�PLFURGHIRUPDWLRQ�OHYHO��E��IURP�FRQGHQVDWLRQ�WHPSHUDWXUH�
��Ü�*DXVV����Ü�&DXFKL����Ü�IURP�FRQYROXWLRQ�
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WKUHH� PHWKRGV� RI� GHWHUPLQDWLRQ� WKH� ILOPV
VXEVWUXFWXUH�SDUDPHWHUV�

$V�ZH�FDQ�VHH�RQ�)LJ����DW� LQFUHDVLQJ�RI
7V� &6'� VL]H� LQ� GLUHFWLRQ� ZKLFK� LV� SHUSHQ�GLFXODU� WR� ������ SODQHV� LQ� ILOPV� FKDOFR�
JHQLGHV�DW�ILUVW�LQFUHDVH�IURP�/�a����QP�WR
/�a���� QP�� IXUWKHU� GHFUHDVH� WR� /�a����QP�
,W�V� SUHVHQW� DQ� RSWLPDO� WHPSHUDWXUH� UDQJH
�7V� ����Ü����.��ZKHUH�WKLV�VL]H�LV�PD[LPDO�6R�WKH�PLFURGHIRUPDWLRQ�OHYHO�LQ�WKLV�GLUHFWLRQ
DW� ILUVW� VRPH� LQFUHDVH� IURP� �H�a��������Ü�
WR�a�������Ü���WKHQ�VRPH�GHFUHDVH�WR�a�������Ü�
E\�LQFUHDVLQJ�RI�7V�$W� WKH�ZHOO�NQRZQ�YDOXHV� RI�PLFURGHIRU�
PDWLRQV��7DEOH����ZDV�PHDVXUHG�PLFURVWUHVV
OHYHO��V�� LQ�=Q6H�ILOPV��$W�WKDW�IRU�DOO�IXU�
WKHU� LQYHVWLJDWLRQV� ZHUH� XVHG� ILOPV� VXE�
VWUXFWXUH� SDUDPHWHUV� GHWHUPLQHG� E\� WKUHH�
IROG�FRQYROXWLRQ�PHWKRG�DV�PRUH�SUHFLVH��$W
WKH� PHDVXULQJ� RI� PLFURVWUHVVHV� D� YDOXH� RI
<RXQJ�PRGXOH�(� ����*3D�ZDV�XVHG��0HDV�
XULQJ� RI�(�ZDV� HVWLPDWHG�XV� E\� WKH� YDOXHV
RI� IOH[LELOLW\� FLM� �F��� ����������� 3D�� F��� ���������� 3D�� F��� ����������� 3D�� SUHVHQWHGLQ�>�@�

,W� ZDV� HVWLPDWHG� WKDW� PLFURVWUHVVHV� LQ
SDWWHUQV� ZHUH� YDULHG� LQ� WKH� UDQJH� RI� � V� ���Ü
����03D��0D[LPXP�YDOXHV�V� �����03D�ZDV
SURYHG�HVVHQWLDO�OHVV�E\�WKH�YDOXH�WKHQ�HVWL�
PDWHG�E\�;�UD\�PHWKRG�E\�GLIIHUHQFH�RI�ODW�
WLFHV�LQ�ILOPV�DQG�LQ�PDVVLYH�PDWHULDO�LQ�>�@
�V� ����� 03D�� LQ� =Q6H� FRQGHQVDWHV� GHSRV�
LWHG�E\�D�&696�PHWKRG�DW�7V� ����Ü����.�,W� VKRXOG�EH�QRWHG� WKDW�PHWKRG�RI�REWDLQ�V
E\�DXWKRUV�>�@�LV�GRXEWIXO�VLQFH�LW�QRW�WDNHV
LQWR� DFFRXQW� FKDQJH� RI� WKH� ODWWLFH� LQ� ILOPV
E\� FKDQJH� RI� WKHLU� VWRLFKLRPHWU\�� GDVK� LP�
SXULW\��HWF�

&6'� VL]H� LQ� LQYHVWLJDWHG� XV� ILOPV� �/� 
��Ü��� QP�� ZDV�PRUH� WKDQ� IRXQG� LQ� >�@� E\
WKH�ZLGHQLQJ�RI�������;�UD\�OLQH��/� �����Ü
������QP��LQ�ILOPV�ZLWK�GLIIHUHQW�WKLFNQHVV

�G� �����Ü�����PP�� GHSRVLWHG� E\� D� &696
PHWKRG� DW�7V� �����.�� ,W� LV� DOVR� VKRXOG� EHQRWHG� WKDW� REWDLQHG� LQ� >�@� YDOXHV� RI� /� DUH
RYHUSULFHG� VLQFH� DXWKRUV� FRQVLGHUHG� WKDW� D
ZLGHQLQJ�RI�;�UD\�OLQHV�FDXVHG�RQO\�E\�GLV�
SHUVH� RI� WKH� ILOPV� PLFURVWUXFWXUH�� 7KH� UH�
VXOWV� RI� LQYHVWLJDWLRQV� RI� =Q6H� ILOPV� VXE�
VWUXFWXUH� VKRZV� DERXW� WKHLU� PRUH� ODUJH
VWUXFWXUH� SHUIHFWLRQ� FRPSDUDWLYHO\� ZLWK
FRQGHQVDWHV� REWDLQHG�E\� D�&696�PHWKRG�E\
DQRWKHU�DXWKRUV�

,W� LV� ZHOO�NQRZQ� WKDW� VXE�ERXQGDULHV� RI
EORFNV� IRUPHG� E\� GLVORFDWLRQV�� VLWXDWHG� RQ
WKHLU�ERXQGDULHV�VLPXOWDQHRXVO\�GLVORFDWLRQV
DUH� DUUDQJHG� LQVLGH� &6'� YROXPH�� EUDQJ� WR
DULVH� LQ� PDWHULDO� PLFURGHIRUPDWLRQV�� ,W�V
PD\�WR�HVWLPDWH�WKH�DYHUDJH�GLVORFDWLRQ�GHQ�
VLW\�LQ�=Q6H�ILOPV�E\�WKH�PLFURGHIRUPDWLRQV
YDOXH� H� DQG� &6'� VL]H�/�� &RUUHVSRQGLQJ� UD�
WLRV�IRU�GHWHUPLQH�DYHUDJLQJ�RXW�E\�SDWWHUQ
GLVORFDWLRQ� GHQVLW\� WKDW� IRUPHG� ERXQGDULHV
DQG� VLWXDWHG� LQ� VXEJUDLQV� SUHVHQWHG� LQ� >��
��@�� 6RPH� DQRWKHU� UDWLRV� IRU� HVWLPDWH� WKH
JHQHUDO� GLVORFDWLRQV� FRQFHQWUDWLRQ� LQ� PDWH�
ULDO� ZKLFK� VLPXOWDQHRXVO\� WDNHV� LQWR� DF�
FRXQW� DV�YDOXH�/� DV�H��SUHVHQWHG� LQ� >��@��$
UHVXOWV� RI� WKH� DYHUDJH� GLVORFDWLRQV� GHQVLW\
PHDVXUHPHQWV� LQ�=Q6H� ILOPV�XVLQJ� WKH�SUH�
VHQWHG� UDWLRV� SUHVHQWHG� RQ� 7DEOH���� 7KHVH
YDOXHV� LQ� ERUGHU� E\� RUGHU� DUH�ZHOO�FRUUHOHG
HDFK� RWKHU�� $V� ZH� FDQ� VHH� ILOPV� FKDUDF�
WHUL]HG� E\� VRPH� ORZ� �VHH� DV� H[DPSOH� >�@
ZKHUH� U� ������Ü�����������OLQ�P�� DQG� >�@
ZKHUH� U� ���Ü���������OLQ�P��� GLVORFDWLRQV
FRQFHQWUDWLRQ� ZKLFK� LQ� JHQHUDO� FRQFHQWUDWH
RQ�&6'�ERXQGDULHV��6LQFH�GLVORFDWLRQ�KDYH�D
ZHOO� UHFRPELQDWLRQ� FHQWUHV�� SRO\FU\VWDOOLQH
ILOPV� ZLWK� GHSUHVVHG� FRQFHQWUDWLRQ� RI� WKH
GHIHFWV� PD\� EH� XVHG� DV� EDVLV� OD\HUV� RI� GH�
YLFHV�ZLWK�LPSURYHG�FKDUDFWHULVWLFV����

7DEOH����0LFURVWUHVV�DQG�GLVORFDWLRQV�GHQVLW\�LQ�=Q6H�ILOPV
7V��. /��QP H���� V����Ü��3D U/����Ü���OLQ�P� UH����Ü���OLQ�P� U/H����Ü���OLQ�P��
FKDUJH ����� ���� ���� ��� ���� ���
��� ����� ���� ���� ���� ���� ����
��� ����� ���� ���� ���� ���� ����
��� ����� ���� ���� ��� ��� ����
��� ����� ���� ���� ��� ��� ���
��� ����� ���� ���� ��� ��� ����
��� ����� ���� ���� ��� ���� ���
��� ����� ���� ���� ��� ��� ���
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���&RQFOXVLRQV
:DV� FDUULHG�RXW�D� FRPSOH[� LQYHVWLJDWLRQ

RI� VWUXFWXUDO� DQG� VXEVWUXFWXUDO� SURSHUWLHV
RI�WKH�]LQF�VHOHQLGH�VHPLFRQGXFWRU�ILOPV�RE�
WDLQHG� E\� D� &696� PHWKRG� DW� WKH� GLIIHUHQW
VXEVWUDWH� WHPSHUDWXUHV�� ,W� ZDV� HVWLPDWHG
WKDQ�WKH�ILOPV�ZHUH�PRQRSKDVH��KDYH�D�VWD�
EOH�]LQF�EOHQG�PRGLILFDWLRQ��%HVLGHV�WKDW� LQ
DOO� FDVHV� ZHOO� H[SUHVVHG� WH[WXUH� >���@� ZDV
REVHUYHG��:DV�UHYHDOHG�D�GHSHQGHQFH�RI�RUL�
HQWDWLRQ� IDFWRU�� ODWWLFH� FRQVWDQW�� &6'� VL]H
DQG�PLFURGHIRUPDWLRQ�OHYHO�IURP�GHSRVLWLRQ
WHPSHUDWXUH�

,W�ZDV�HVWLPDWHG�WKDW�GHSHQGHQFH�RI�&6'
VL]H� IURP� FRQGHQVDWLRQ� WHPSHUDWXUH� KDV� D
YLHZ� RI� FXUYH� ZLWK�PD[LPXP�� DQG� WKH�PL�
FURGHIRUPDWLRQ� OHYHO� LQ�PRVW� FDVHV� ZDV� GH�
FUHDVHG�DW�WKH�LQFUHDVLQJ�RI�7V��%\�WKH�YDOXHRI�PLFURGHIRUPDWLRQ� H� DQG� &6'� VL]H�/� ZDV
FDUULHG� RXW� DQ� HYDOXDWLRQ� RI� WKH� PHGLXP
GLVORFDWLRQ� GHQVLW\� LQ� =Q6H� ILOPV� FU\VWDO�
OLQHV��ZKLFK�JHQHUDWH�D�ERXQGDULHV�DQG�VLWX�
DWHG� LQVLGH� VXEJUDLQHV�� ,W� ZDV� HVWDEOLVKHG
WKDW�ILOPV�DUH�FKDUDFWHUL]HG�E\�WKH�ORZ�FRQ�
FHQWUDWLRQ� RI� GLVORFDWLRQ� GHQVLW\�� ZKLFK� LQ
JHQHUDO� DPDVV� RQ� WKH� &6'� VL]H� ERXQGDULHV�
3RO\FU\VWDOOLQH�=Q6H�ILOPV�ZLWK�ORZ�GLVORFD�
WLRQV� FRQFHQWUDWLRQ� REWDLQHG� E\� D� &696
PHWKRG�PD\� EH� XVHG� DV� EDVLV� OD\HUV� RI� GH�
YLFHV�ZLWK�LPSURYHG�FKDUDFWHULVWLFV�

5HIHUHQFHV
� ���6�.DVDS��3�&DSSHU��7KH�6SULQJHU�+DQGERRN�RI

(OHFWURQLF� DQG� 3KRWRQLF�0DWHULDOV�� 6SULQJHU�
%HUOLQ��������

� ���0�2KULQJ��7KH�0DWHULDOV�6FLHQFH�RI�7KLQ�)LOPV�
$FDGHPLF�3UHVV��1HZ�<RUN��������
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DO���-��&U\VW��*URZWK�������������������

����6HOHFWHG� 3RZGHU� 'LIIUDFWLRQ� 'DWV� IRU� (GXFD�
WLRQ� DQG� 7UDLQLQJ� �6HDUFK� 0DQXDO� DQG� 'DWD
&DUGV���86$��������
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ORU	)UDQFLV�*URXS��2[IRUG��������
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����/XVFKLW]��%�6LHSFKHQ��-�6FKDIIQHU�HW�DO���7KLQ
6ROLG�)LOPV�������������������

����/�6�3DODWQLN��0�-D�)XNV��9�0�.RVHY\FK��)RU�
PDWLRQ� 0HFKDQLVP� DQG� 6XEVWUXFWXUH� RI� &RQ�
GHQVHG�)LOPV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

����7�0DKDOLQJDP��9�6�-RKQ��*�5DYL��3�-�6HEDVWLDQ�
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