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:HQ]KDQJ�:DQJ�DQG�/��:LOVRQ�3HDUVRQ

'HSDUWPHQW�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ
&OHPVRQ�8QLYHUVLW\

&OHPVRQ��6RXWK�&DUROLQD�����������

$%675$&7

,Q�WKLV�SDSHU��ZH�UHSRUW�UHVXOWV�RI�WKH�ILUVW
VXFFHVVIXO�SKDVH�ORFNLQJ��WR�RXU�NQRZOHGJH�
RI� D� JULG� RVFLOODWRU�� � $� YROWDJH� FRQWUROOHG
JULG�ZLWK�D�FHQWHU�IUHTXHQF\�RI����*+]�DQG
ZLWK� ���0+]� HOHFWULF� WXQLQJ� UDQJH� ZDV
ORFNHG�WR�D�IUHTXHQF\�V\QWKHVL]HU�E\�ZD\�RI
D� SKDVH�ORFNHG� ORRS� �3//��� � 7KH� ORRS� ZDV
GHVLJQHG� ZLWK� ��N+]� EDQGZLGWK� DQG
HPSOR\V� WKUHH�RSHUDWLRQDO� DPSOLILHUV�� 3KDVH
QRLVH� ZDV� LPSURYHG� WR� PDWFK� WKH
VSHFLILFDWLRQ� RI� WKH� V\QWKHVL]HU� ORFNLQJ
VRXUFH�

,1752'8&7,21

6SDWLDO�SRZHU�FRPELQLQJ�WHFKQLTXH�RIIHUV
VLJQLILFDQW� DGYDQWDJHV� IRU� KLJK� SRZHU
PLOOLPHWHU� ZDYH� SRZHU� FRPELQLQJ� VRXUFHV
E\� HOLPLQDWLQJ� WKH� ORVVHV� DVVRFLDWHG� ZLWK
SRZHU� FRPELQLQJ� FLUFXLWU\� >�@�� 7KH� JULG
RVFLOODWRU�� D� SURPLVLQJ� SODQDU� VSDWLDO� SRZHU
FRPELQLQJ� VWUXFWXUH�� KDV� GUDZ� PXFK
DWWHQWLRQ� LQ� WKH� SDVW� GHFDGH� GXH� WR� LWV
FDSDELOLW\� RI� FRPELQLQJ� SRZHU� IURP
KXQGUHG� RI� GHYLFHV� DQG� WKH� SRWHQWLDO� RI
LQWHJUDWLQJ� WKH�FLUFXLWV�PRQROLWKLFDOO\� >���@�
9ROWDJH�FRQWUROOHG�JULG�RVFLOODWRUV�KDYH�DOVR
EHHQ�UHSRUWHG�E\�GLIIHUHQW�DXWKRUV�ZLWK�WKUHH
GLIIHUHQW� FRQILJXUDWLRQV� >���@�� 7R� GDWH�� WKH
PD[LPXP� IUHTXHQF\� WXQLQJ� UDQJH� RI� ���
KDV�EHHQ� UHSRUWHG� >�@��7KH� SKDVH� QRLVH� DQG
WKH� IUHTXHQF\� VWDELOL]DWLRQ� RI� WKH� JULG
RVFLOODWRUV�� KRZHYHU�� KDYH� QRW� EHHQ
DGGUHVVHG� GLUHFWO\�� DOWKRXJK� LW� LV� JHQHUDOO\
DFNQRZOHGJHG� WKDW� H[WHUQDO� VWDELOL]DWLRQ� LV
HVVHQWLDO� WR� SURGXFHG� RSHUDWLRQDO� VLJQDO

TXDOLW\�� <RUN�� HW�� $O��� KDYH� UHFHQWO\� GRQH� D
V\VWHPDWLF� VWXG\� RI� LQMHFWLRQ� ORFNLQJ� DQG
SKDVH� QRLVH� RI� FRXSOHG� RVFLOODWRUV� WKDW� LV
GLUHFWO\�DSSOLFDEOH�WR�JULG�RVFLOODWRUV�>�@�

3KDVH� ORFNLQJ� LV� PRUH� GHVLUDEOH� WKDQ
LQMHFWLRQ� ORFNLQJ� EHFDXVH� RI� ORFN� LV� PXFK
OHVV� YXOQHUDEOH� WR� H[WHUQDO� XSVHW�� :H� KDYH
REVHUYHG� WKDW� DQ\�REMHFW� SUHVHQW� LQ� IURQW� RI
WKH� JULG� FDQ� HDVLO\� DIIHFW� WKH� RVFLOODWLQJ
IUHTXHQF\� RI� WKH� JULG� RVFLOODWRU� GXH� WR� D
FKDQJH� LQ� WKH� GLUHFW� FRXSOLQJ� EHWZHHQ� WKH
UHVRQDQW� FLUFXLW� DQG� IUHH� VSDFH�� ,Q� VRPH
FDVHV� ZKHQ� WKH� JULG� LV� LOOXPLQDWHG� E\� DQ
LQWHUIHUHQFH�VRXUFHV�ZLWK�WKH�IUHTXHQF\�YHU\
FORVH� WR� WKH� JULG� RVFLOODWRU� IUHTXHQF\�� WKH
JULG� ZLOO� LQMHFWLRQ� ORFN� WR� WKH� LQWHUIHUHQFH
VRXUFH�

,Q� WKLV� SDSHU� ZH� SUHVHQW� RXU� GHVLJQ� DQG
H[SHULPHQW�UHVXOWV�RI�ORRS�SKDVH�ORFNHG��×�
JULG�RVFLOODWRU�DUUD\��7KH�VSHFLDOO\�GHVLJQHG
YROWDJH�FRQWUROOHG�JULG�RVFLOODWRU��ZKLFK�KDV
WZR�RXWSXWV�� LV�SKDVH� ORFNHG� WR�D� IUHTXHQF\
V\QWKHVL]HU�� DQG� KHQFH�� WKH� IUHTXHQF\
VWDELOLW\�RI�WKH�JULG�RVFLOODWRU�LV�WKH�VDPH�DV
WKDW� RI� WKH� V\QWKHVL]HU�� DQG� WKH� SKDVH� QRLVH
LV� UHGXFHG� WR� WKDW� RI� WKH� V\QWKHVL]HU�ZLWKLQ
WKH�ORRS�EDQGZLGWK�

92/7$*(�&21752//('�*5,'
26&,//$725

9ROWDJH� FRQWUROOHG� JULG� RVFLOODWRUV� KDYH
EHHQ� UHDOL]HG� LQ� WKUHH� ZD\V�� QDPHO\�� WZR�
SODQH� VWUXFWXUH� LQ�ZKLFK� WKH� WUDQVLVWRUV� DQG
YDUDFWRUV� DUH� RQ� GLIIHUHQW� VXEVWUDWHV� RU� RQ
WKH� RSSRVLWH� VLGHV� RI� RQH� VXEVWUDWH�� VLQJOH
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SODQH� JDWH� IHHGEDFN� VWUXFWXUH�� DQG� VLQJOH�
SODQH� VRXUFH�IHHGEDFN� VWUXFWXUH�� 7KH
FRPSDULVRQ� RI� WKHVH� VWUXFWXUHV� LV� GLVFXVVHG
LQ�>�@��,Q�WKH�ZRUN��ZH�XVH�WKH�WKLUG�VWUXFWXUH
GXH� LWV� SRWHQWLDO� ZLGHU� WXQLQJ� UDQJH� RU�
HTXLYDOHQWO\��WXQLQJ�YROWDJH�VHQVLWLYLW\�

O
(

6
*

0(6)(7

)LJXUH����&LUFXLW�OD\RXW�RI�YROWDJH�FRQWUROOHG
JULG�RVFLOODWRU�

)LJXUH� �� VKRZV� WKH� OD\RXW� RI� D� ���
HOHPHQW� VLQJOH�SODQH� VRXUFH�IHHGEDFN
YROWDJH� FRQWUROOHG� JULG� RVFLOODWRU� DUUD\
IDEULFDWHG� RQ� D� �����LQFK� WKLFN� 57�'XURLG
�����VXEVWUDWH��7KH� WUDQVLVWRUV� DQG�YDUDFWRU
FKLSV� DUH� DWWDFKHG� WR� WKH� PHWDO� JULGV� ZLWK
VLOYHU�HSR[\�DQG�ZLUH�ERQGLQJ��7KH�VL]HV�RI
WKH� XQLW� FHOO� DUH� �×�� PP�� 7KH� WUDQVLVWRUV
XVHG� KHUH� DUH� )XMLWVX� *D$V� 0(6)(7V
)+&��/*� DQG� WKH� YDUDFWRU� GLRGHV� DUH
0HWHOLFV�069����

7KH� DQDO\VLV� RI� WKH� JULG� RVFLOODWRU� LV
EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH� JULG
VWUXFWXUH� LV�RI� LQILQLWH�H[WHQW� LQ�ERWK�[��DQG
\�GLUHFWLRQ�� 7KLV� DVVXPSWLRQ� PDNHV� WKH
WKHRUHWLFDO� SUHGLFWHG� RVFLOODWLRQ� IUHTXHQF\
GHYLDWHV� IURP� WKH� DFWXDO� IUHTXHQF\�� 7KLV� LV
HVSHFLDOO\�WKH�FDVH�IRU�VPDOO�DUUD\V��,W�LV�DOVR
IRXQG�LQ�RXU�H[SHULPHQWV�WKDW�ZKHQ�WKH�HGJH
HOHPHQWV�DUH�QRW�GHVLJQHG�SURSHUO\��WKH�JULG
RVFLOODWHV� DW� PXOWLSOH� IUHTXHQFLHV�� 7R

RYHUFRPH� WKLV� SUREOHP�� DGMXVWDEOH� OHQJWK
RSHQ�VWXEV�DUH�DGGHG�WR�WKH�XSSHU�DQG�ORZHU
HGJH� HOHPHQWV� DV� VKRZQ� LQ� )LJXUH� ��� 7KH
PD[LPXP�HIIHFWLYH�LVRWURSLF�UDGLDWHG�SRZHU
IURP� WKLV� RVFLOODWRU� ZDV� PHDVXUHG� WR� EH
��G%P�

,Q� RUGHU� WR� WDNH� VDPSOH� VLJQDO� IURP� WKH
YROWDJH� FRQWUROOHG� JULG� RVFLOODWRU� IRU� SKDVH
GHWHFWLRQ��D�VPDOO�ORRS�DQWHQQD�ZDV�PRXQWHG
RQ� WKH� PLUURU� VXUIDFH� XVHG� WR� EDFN� WKH
RVFLOODWRU�� 7KLV� ORRS� LV� PDGH� VXIILFLHQWO\
VPDOO� WKDW� LWV� SUHVHQFH� SRVHV� D� QHJOLJLEOH
HIIHFW� RQ� WKH� RVFLOODWRU¶V� SHUIRUPDQFH�� 7KH
SRZHU� FROOHFWHG� E\� WKLV� ORRS� DQWHQQD� ZDV
PHDVXUHG� WR� EH� DURXQG� ����P:�� ZKLFK� LV
XVHG� IRU� SKDVH� FRPSDULVRQ� LQ� WKH� SKDVH
GHWHFWRU�

3+$6(�/2&.('�/223�'(6,*1�$1'
3+$6(�12,6(�0($685(0(17

7KH� SXUSRVH� RI� SKDVH� ORFNLQJ� LV� WR
LPSURYH� WKH� SKDVH� QRLVH� DQG� IUHTXHQF\
VWDELOLW\� RI� WKH� RVFLOODWRU�� 7KH� YROWDJH
FRQWUROOHG� JULG� RVFLOODWRU� ZDV� SKDVH� ORFNHG
WR�D�PLFURZDYH�IUHTXHQF\�V\QWKHVL]HU�ZLWK�D
EDVLF� SKDVH� ORFNHG� ORRS� >��@� DV� VKRZQ� LQ
)LJXUH� ��� 7KH� SKDVH� GHWHFWRU� XVHG� LV� D
GRXEOH� EDODQFHG� ORRS� PL[HU�� 7KH� RXWSXW
YROWDJH�RI�WKH�SKDVH�GHWHFWRU� LV�D�VLQXVRLGDO
IXQFWLRQ�RI�WKH�SKDVH�GLIIHUHQFH�EHWZHHQ�WKH
WZR� VLJQDOV�� 7KH� KLJK� JDLQ� ORRS� ILOWHU� LV
XWLOL]HG� LQ� WKH� ORRS��ZLWK� D� ORRS� EDQGZLGWK
GHVLJQHG�DW����N+]�

5HIHUHQFH

/RRS�)LOWHU
3KDVH

'HWHFWRU

9&*2

�2XWSXW

)LJXUH����'LDJUDP�RI�WKH�SKDVH�ORFNHG�ORRS�

7KH�VSHFWUD�RI�WKH�IUHH�UXQQLQJ�RVFLOODWRU
DQG� WKH�SKDVH�ORFNHG�RVFLOODWRU�DUH� JLYHQ� LQ
)LJXUH� ��� )URP� WKH� ILJXUH� RQH� FDQ� VHH� WKDW
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WKH� SKDVH� QRLVH� LPSURYHPHQW� LV� VLJQLILFDQW�
$�URXJK�PHDVXUHPHQW�RI�WKH�SKDVH�QRLVH�KDV
EHHQ� GRQH� ZLWK� D� VSHFWUXP� DQDO\]HU� >��@�
7KH�UHVXOWV��OLVWHG�LQ�7DEOH����DUH�DOPRVW�WKH
VDPH�DV�WKH�UHIHUHQFH�IUHTXHQF\�V\QWKHVL]HU
ZLWKLQ�WKH�ORRS�EDQGZLGWK�

�D���)UHH�UXQQLQJ�JULG�RVFLOODWRU

�E���/RRS�SKDVH�ORFNHG�JULG�RVFLOODWRU
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)LJXUH� ��� 7KH� VSHFWUD� RI� IUHH� UXQQLQJ� DQG
ORRS� SKDVH� ORFNHG� JULG� RVFLOODWRU�� FHQWHU
IUHTXHQF\������*+]��ILOWHU�EDQGZLGWK��N+]�

7DEOH����0HDVXUHG�SKDVH�QRLVH�RI�WKH�ORFNHG
JULG�DQG�WKH�UHIHUHQFH�VRXUFH�

IRIIVHW /RFNHG�*ULG 5HIHUHQFH
���+] ��G%F ��G%F
�N+] ��G%F ��G%F
��N+] ��G%F ��G%F
���N+] ��G%F ���G%F
�0+] ���G%F 1�$

7KH� FXUUHQW� FRQILJXUDWLRQ� LV� LQWHQGHG� WR

DFFRPPRGDWH�SKDVH�PRGXODWLRQ�RI�WKH�DUUD\
H[WHUQDO� WR� WKH� ORRS�� � 7KH� QDUURZ� ORRS
EDQGZLGWK� LV� XVHG� WR� EXIIHU� WKH� RVFLOODWRU
DJDLQVW� VKRUW� GXUDWLRQ� SKDVH� UHYHUVDOV�
:RUN� LV� FXUUHQWO\� XQGHUZD\� WR� SHUIHFW� WKLV
PRGXODWLRQ�VFKHPH�

&21&/86,216

9ROWDJH� FRQWUROOHG� JULG� RVFLOODWRU� LV
VXFFHVVIXOO\� SKDVH� ORFNHG� WR� D� PLFURZDYH
IUHTXHQF\�V\QWKHVL]HU�E\�ORRS�SKDVH�ORFNLQJ
WHFKQLTXH� ZLWK� VLJQLILFDQW� SKDVH� QRLVH
LPSURYHPHQW�� 7KLV� GHPRQVWUDWHG� WKDW� WKH
SKDVH� ORFNLQJ� RI� D� TXDVL�RSWLFDO� RVFLOODWRU
GRHV� QRW� QHFHVVDULO\� UHTXLUH� WKDW� WKH
VDPSOLQJ� VLJQDO� PXVW� EH� WDNHQ� TXDVL�
RSWLFDOO\�� 8VLQJ� D� VLPSOH� GHYLFH� OLNH� ORRS
DQWHQQD� PRXQWHG� RQ� WKH� PLUURU� DQG
WUDGLWLRQDO�SKDVH�ORFNHG�ORRS��RQH�FDQ�REWDLQ
UHDOO\�JRRG�RVFLOODWRU�SHUIRUPDQFH�

$&.12:/('*0(176

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 86
$UP\� 5HVHDUFK� 2IILFH
V� 085,� �4XDVL�
2SWLFDO� 3RZHU� &RPELQLQJ�� SURMHFW� XQGHU
*UDQW�1R��'$$*������������� 7KH� DXWKRUV
ZRXOG� OLNH� WR� H[SUHVV� WKHLU� DSSUHFLDWLRQ� WR
'U�� -DPHV� (�� +DUULVV� IRU� DVVLVWDQFH� LQ
IDEULFDWLRQ�RI� WKH� VL[WHHQ�HOHPHQW�DUUD\� DQG
WR�'U��<RQJ�*XR�IRU�KLV�LQLWLDO�FRQWULEXWLRQV
WR�WKLV�HIIRUW��7KDQNV�WR�DOVR�WR�'U��*��'DYLG
DQG� 0U�� .�� <DQJ� IURP� WKH� 8QLYHUVLW\� RI
0LFKLJDQ� IRU� WKHLU� KHOS� RQ� PHDVXULQJ� WKH
VSHFWUD� ZLWK� WKHLU� VSHFWUXP� DQDO\]HU� DQG
/DE9LHZ�

5()(5(1&(6

��� -�� :�� 0LQN�� ³4XDVL�RSWLFDO� SRZHU
FRPELQLQJ�RI�VROLG�VWDWH�PLOOLPHWHU�ZDYH
VRXUFHV�´� ,(((� 7UDQV�� 0LFURZDYH
7KHRU\� 7HFK��� 9�� 077����� QR�� ��� SS�
���������)HEUXDU\������

��� =��%��3RSRYLF��5��0��:HLNOH�,,��0��.LP�
DQG� '�� %�� 5XWOHGJH�� �$� ����0(6)(7
SODQDU� JULG� RVFLOODWRU��� ,(((� 7UDQV�
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0LFURZDYH�7KHRU\�7HFK�� YRO�� ���� QR�� ��
SS�����������)HE��������

��� -�� %��+DFNHU��0�� 3��'H� /LVLR��0�� .LP�
&��0��/LX��6��-��/L��6��:��:HGJH�DQG�'�
%�� 5XWOHGJH�� ³$� ���:DWW� ;�EDQG� JULG
RVFLOODWRU

� ����� ,(((� 077�6� ,QW�
0LFURZDYH�6\PS��'LJ���6DQ�'LHJR��&$��
SS�����������-XQH������

��� :�� $�� 6KLURPD�� %�� /�� 6KDZ� DQG� =�� %�
3RSRYLF�� ³7KUHH�GLPHQVLRQDO� SRZHU
FRPELQHUV

�� ����� ,(((� 077�6� ,QW�
0LFURZDYH�6\PS��'LJ���6DQ�'LHJR��&$��
SS�����������-XQH������

��� 7��0DGHU��6��%XQG\� DQG�=��%��3RSRYLF�
³4XDVL�RSWLFDO� 9&2V�´� ,(((� 7UDQV�� RQ
0LFURZDYH� 7KHRU\� 7HFK�� 9�� 077����
QR������SS�������������2FWREHU�������

��� $�� &�� 2DN� DQG� 5�� 0�� :HLNOH�� ,,�� ³$
YDUDFWRU�WXQHG� ���HOHPHQW� 0(6)(7
JULG� RVFLOODWRU�

� ����� ,(((� ,QW�� 6\PS�
$QWHQQDV� DQG� 3URSDJDW��� 1HZSRUW
%HDFK��&$��SS��������������-XQH�������

��� :��:DQJ�DQG�/��:��3HDUVRQ���$WWDLQLQJ
ZLGH� WXQLQJ� UDQJH� LQ� TXDVL�RSWLFDO
YROWDJH� FRQWUROOHG� JULG� RVFLOODWRUV´�� 7KH
��WK� (XURSHDQ� 0LFURZDYH� &RQIHUHQFH
3URFHHGLQJV� �3UDJXH�� &]HFK� 5HSXEOLF��
SS���������6HSW�������

��� /�� 4�� 6XQ�� DQG� 5�� 0�� :HLNOH�� ,,�
³9DUDFWRU�FRQWUROOHG� +)(7� RVFLOODWRU
JULGV�

� ����� ,(((� ,QW�� 6\PS�� $QWHQQDV
DQG� 3URSDJDW��� 0RQWUHDO�� &DQDGD�
SS�������������-XO\�������

��� +��&��&KDQJ��;��&DR��0��-��9DXJKDQ��8�
.��0LVKUD��DQG�5��$��<RUN��³3KDVH�QRLVH
LQ� H[WHUQDOO\� LQMHFWLRQ�ORFNHG� RVFLOODWRU
DUUD\V�´�,(((�7UDQV��0LFURZDYH�7KHRU\
7HFK�� YRO�� ���� QR�� ���� SS�� ����������
1RY�������

����9DGLP� 0DQDVVHZLWVFK�� )UHTXHQF\� 6\Q�
WKHVL]HUV�� 7KHRU\� DQG� 'HVLJQ�� -RKQ
:LOH\�DQG�6RQV��1HZ�<RUN�������

����%�� 5RWK�� DQG� $�� %H\HU�� �0HDVXUHPHQW

WHFKQLTXHV� IRU� PLFURZDYH� RVFLOODWRUV��
����� ,(((� 077�6� ,QW�� 0LFURZDYH
6\PS�:RUNVKRS��� 5HFHQW� $GYDQFHV� LQ
0LFURZDYH� DQG� PP�:DYH� 2VFLOODWRU
'HVLJQ��2UODQGR��)/��0D\������
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