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���,QWURGXFWLRQ
7KH�ZLGHEDQG�DOXPLQXP�QLWULGH��$O1��KDV

WKH�EDQGJDS�YDOXH��(J� ������H9��H[FHHGLQJFRQVLGHUDEO\� WKRVH� IRU� JHUPDQLXP�� VLOLFRQ�
JDOOLXP� DUVHQLGH�� VLOLFRQ� FDUELGH�� JDOOLXP
QLWULGH�DQG�VROLG�VROXWLRQV�RI�DOXPLQXP�DQG
JDOOLXP� QLWULGHV�� %HVLGHV�� $O1� VKRZV� KLJK
YDOXHV� RI� WKH� EUHDN�GRZQ� FULWLFDO� HOHFWULF
ILHOG�� KLJK� UDGLDWLRQ� VWDELOLW\�� PHFKDQLFDO
DQG� WKHUPDO� VWUHQJWK�� 7KH� GHYHORSPHQW� RI
OLJKW� HPLWWLQJ� GHYLFHV� IRU� YLVLEOH� VSHFWUDO
UDQJH� LV� SRVVLEOH� RQ� LWV� EDVH�� 8S� WR� QRZ�
WKHUH�DUH�QR�LQWULQVLF�VXEVWUDWHV�IRU�$O1�DQG
LWV� JURZWK� LV� UHDOL]HG� E\� KHWHURHSLWD[\

XVLQJ�VXEVWUDWHV�RI�RWKHU�PDWHULDOV�� LQFOXG�
LQJ�VLOLFRQ�>�Ü�@��

�,Q�WKLV�ZRUN��$O1�ILOPV�ZHUH�REWDLQHG�RQ
WKH� KHDYLO\� GRSHG� Q±6L������ VXEVWUDWHV� DQG
WKH� LQIOXHQFH� RI� VXFK� VXEVWUDWHV� RQ� ILOP
JURZWK�DQG�RSWLFDO�SURSHUWLHV��EHFDXVH�WKH�GRS�
LQJ� LV� D� PHWKRG� WR� FRQWURO� D� GHYLFH� FKDUDF�
WHULVWLFV��ZDV�LQYHVWLJDWHG�
�
������������([SHULPHQWDO

7KH�$O1�ILOPV�ZHUH�REWDLQHG�E\�+)�PDJ�
QHWURQ� VSXWWHULQJ� RI� DOXPLQXP� WDUJHW� LQ
$U�1�� JDV� PL[WXUH� �������� UHVSHFWLYHO\�XVLQJ� D�PRGHUQL]HG� �&DWKRGH� �0�� LQVWDOOD�
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WLRQ� �������0+]� IUHTXHQF\� ZDV� XVHG��� 7KH
SUHVVXUH� YDOXH� 3ULRU� WR� WKH� SURFHVV� RQVHW�
WKH� FKDPEHU� ZDV� HYDFXDWHG� GRZQ� WR
�������Ü�� 3D� E\� D� 70������ RLO�IUHH� WXUER�
PROHFXODU� SXPS�� 7KH� WRWDO� SUHVVXUH� LQ
FKDPEHU� GXULQJ� WKH� SURFHVV� DPRXQWHG
����3D��,Q�RUGHU�WR�REWDLQ�D�PRUH�VWUXFWXUHG
ILOP�� KLJK�IUHTXHQF\� GLVFKDUJH� SRZHU
DPRXQWHG� DERXW� ���� :� �WDUJHW� GLDPHWHU
��� FP��� 7KH� ILOP� WKLFNQHVV� ZDV� FRQWUROOHG
GXULQJ� GHSRVLWLRQ� RQWR� WKH� VXEVWUDWH� E\
GHSRVLWLRQ� UDWH� ZKLFK� DPRXQWHG� ���� WR
�� QP�PLQ�� 7KH� REWDLQHG� $O1� ILOPV� ZHUH
����Ü����PP� WKLFN�� $IWHU� WKH� GHSRVLWLRQ
FRPSOHWLRQ�� WKH� WKLFNQHVV� ZDV� FRQWUROOHG
XVLQJ� DQ� LQWHUIHURPHWHU� �l,,����� 6LOLFRQ� RI
HOHFWURQ� W\SH� Q±6L������ZLWK� WKH� UHVLVWLYLW\
RI� ��Ü�����Ü��:���FP� �HOHFWURQ� FRQFHQWUDWLRQ
���������FPÜ��� ZDV� XVHG� DV� D� VXEVWUDWH�
3ULRU� WR� WKH� ILOP�GHSRVLWLRQ��WKH�VXEVWUDWHV
ZHUH� FKHPLFDOO\� HWFKHG�� &KHPLFDO� DQDO\VLV
RI�ILOP�FRPSRVLWLRQ�ZHUH�SHUIRUPHG�E\�VHF�
RQGDU\� LRQ� PDVV�VSHFWURPHWU\�� 7KH� VXE�
VWUDWH� VXUIDFH�DQG�ILOP�PRUSKRORJ\�ZDV� LQ�
YHVWLJDWHG�XVLQJ�DQ�$&0�1DQRVFRSH�,,,D�'L�
PHQWLRQ�������'LJLWDO�,QVWUXPHQWV��8�6�k��
LQ� WKH�SHULRGLF� FRQWDFW�PRGH��7KH�PHDVXUH�
PHQWV�ZHUH� FDUULHG� RXW� LQ� WKH� FHQWUDO� ]RQH
RI� WKH� VDPSOH� XVLQJ� FRPPHUFLDO� VLOLFRQ
SUREHV��17�0'7��5XVVLD���

���([SHULPHQWDO�UHVXOWV
7KH� VXUIDFH� PRUSKRORJ\� VWXGLHV� RI

Q±6L������ VXEVWUDWHV� KDYH� VKRZQ� WKDW� WKH
VLOLFRQ�VXUIDFH�LV�W\SLFDO�RI�WKH�SROLVKHG�VLQ�
JOH�FU\VWDO�SODWHV��7KH�VXUIDFH�RI�$O1�ILOP�LV
IRUPHG�E\�VHSDUDWH�KRPRJHQHRXVO\�DUUDQJHG
LVODQGV�RI����WR����QP�LQ�GLDPHWHU�DQG�IURP

��� WR� ��� KHLJKW�� UHVSHFWLYHO\��$PRQJ� WKRVH�
ODUJHU� LVODQGV� FDQ� EH� VHHQ� ����� WR� ���� QP
GLDPHWHU� DQG� ��� QP� DYHUDJH� KHLJKW�� DW� D
GHQVLW\�XS� WR����SHU�PP���)LJ������

7R� REWDLQ� LQIRUPDWLRQ� RQ� RSWLFDO� SURSHU�
WLHV�RI�WKH�SUHSDUHG�ILOPV��WKH�UHIOHFWLRQ�VSHF�
WUD�ZHUH�PHDVXUHG� LQ� WKH� ���Ü����QP� VSHF�
WUDO�UDQJH��0'5����GLIIUDFWLRQ�JUDWLQJ�PRQR�
FKURPDWRU�� IRU� WKH� Q±6L������ VXEVWUDWH� DQG
$O1�Q±6L������ ILOP� �)LJ���D�� E��� $Q� LQWHUIHU�
HQFH� SDWWHUQ� LV� REVHUYHG� IRU� WKH� UHIOHFWLRQ
FXUYH�RI�$O1�Q±6L������ILOP��)LJ���D�E��FXUYH����
7KH� ZHOO�NQRZQ� UHODWLRQV� >�@� FDQ� EH� XVHG� WR
HVWLPDWH�WKH�YDOXHV�RI�RSWLFDO�SDUDPHWHUV��
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�P�����O�� ��Q��O�����G� ���
ZKHUH�P�LV�WKH�RUGHU�RI�LQWHUIHUHQFH�SDWWHUQ�
O�� DQG�O���ZDYHOHQJWKV� FRUUHVSRQGLQJ� WR� WKHQHLJKERULQJ�PLQLPD�RU�PD[LPD��UHVSHFWLYHO\�
G�� WKH� ILOP� WKLFNQHVV�� Q�O��� UHIUDFWLYH� LQGH[
RI�WKH�ILOP��)URP�����DQG������LW�LV�SRVVLEOH�WR
REWDLQ� LQWHUUHODWLRQ� EHWZHHQ� WKH� ILOP� WKLFN�
QHVV�G�DQG�UHIUDFWLYH�LQGH[�RI�WKH�ILOP�Q�
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1HJOHFWLQJ� WKH� UHIUDFWLYH� LQGH[� GLVSHU�
VLRQ� LQ�WKH�O�� DQG�O��ZDYHOHQJWKV� LQWHUYDO�LW�LV�SRVVLEOH�WR�ZULWH
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7KH� UHIUDFWLYH� LQGH[� YDOXH� IRU� $O1�Q±
6L������ ILOP� LQ� WKH� ZDYHOHQJWK� UDQJH� ���Ü
����QP� �QHLJKERULQJ�PD[LPD�� REWDLQHG� DFFRUG�
LQJ�WR�(T�����DQG�)LJ���E�LV�������$V�LV�VHHQ�IURP
)LJ���D�� LQ�WKH�DUHD�FORVH�WR�����QP�WKH�UHIOHF�
WDQFH� FRHIILFLHQW� LQFUHDVHV� �ORQJ�ZDYHOHQJWK� DE�
VRUSWLRQ�HGJH�IRU�$O1�LV�QHDU�O� �����QP��

7KH� UHIOHFWLRQ� VSHFWUD� RI� Q±6L������ VXE�
VWUDWHV� �)LJ���D�� FXUYH���� DQG�$O1�Q±6L�����
ILOPV� �)LJ���D�� FXUYH� ��� LQ� WKH� ���Ü��� PP
UDQJH� �6SHFWUXP� %;,,� ,5� )RXULHU� VSHF�
WURPHWHU�� KDYH� VKRZQ� WKDW� D� FKDUDFWHULVWLF
DEVRUSWLRQ� EDQG� LV� REVHUYHG� LQ� WKH� ILOP� ,5
VSHFWUXP�ZKLFK� LV�GXH�WR�WKH�72�YLEUDWLRQV
RI� WKH�$O±1� ERQGV�� 7KH� SRVLWLRQ� RI� WKH� DE�
VRUSWLRQ� EDQG� PLQLPXP� FRUUHVSRQGV� WR
����FPÜ�� IUHTXHQF\� �IRU� FU\VWDOV�� WKLV� IUH�
TXHQF\� LV� ���� FPÜ�� >�@��� 7KH� GLIIHUHQFH� LQ
WKH�DEVRUSWLRQ�PLQLPD�IRU�WKH�JLYHQ�ILOP�LV
H[SODLQHG� E\� WKH� GLVWULEXWLRQ� RI� WKH� ERQGV
DQG� DQJOHV� EHWZHHQ� WKHP� FKDUDFWHULVWLF� IRU
WKLV� ILOP�� SUHVHQFH� RI� PHFKDQLFDO� WHQVLOH
VWUHVVHV��ODWWLFH�FRQVWDQW�RI�6L�D� �������QP

DQG�$O1��D� �������QP��°� �������QP��>�@�DUH
GLIIHUHQW�� WKXV�� DW� WKH� RQVHW� RI� $O1� ILOP
JURZWK�RQ�WKH�Q±6L������VXEVWUDWH��PHFKDQLFDO
VWUHVVHV� DW� WKH� VXEVWUDWH�ILOP� LQWHUIDFH� DULVH�
ZKLFK�DUH�UHOD[HG�DV�WKH�JURZWK�SURFHHGV��DQG
LQIOXHQFH� RI� WKH� KHDYLO\� GRSHG� Q±6L������ VXE�
VWUDWH�RQ�WKH�,5�UHIOHFWDQFH�RI�$O1�ILOP�

,Q� WKH� VSHFWUXP� RI� Q±6L������ VXEVWUDWH� Û
�)LJ���D��FXUYH�����SODVPD�IUHTXHQF\�LV�REVHUYHG
�ZS� �ª¬H�1�HH�PRSW
 º¼

��e���� ZKHUH� H� ������ >�@�
H�� ���������Ü��)�P�� PRSW
 � ��P_ _�P%
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�� ZKHUH

P__� �����P�� >��@�� � PA� �����P�� >��@��
ZKLFK� DPRXQWV� ���� °PÜ��� ,W� FDQ� EH� VHHQ
IURP� )LJ���D�� FXUYH� ��� WKDW� WKH� UHIOHFWDQFH
PLQLPXP� RI� Q±6L������ VXEVWUDWH� LV� QHDU
����FPÜ��� ,I� ZH� WDNH� VSHFLILF� UHVLVWDQFH� U
HTXDO� WR� ������Ü��:���FP�� LW� LV� SRVVLEOH� WR
HVWLPDWH� WKH� HOHFWURQ� PRELOLW\� PH� DV
�������FP��9�F�� 7KH� SKHQRPHQRORJLFDO� SD�
UDPHWHU�RI�UHIOHFWDQFH�VSHFWUXP�EURDGHQLQJ

)LJ�����5HIOHFWLRQ�VSHFWUD�IRU�Q±6L������VXEVWUDWH�����DQG�$O1�Q±6L������ILOP�����

)LJ�����D��)UHTXHQF\�GHSHQGHQFH�RI�UHIOHFWLRQ�IRU�Q±6L������VXEVWUDWH�����DQG�$O1�Q±6L������ILOP�����
�E��GLIIHUHQFH�UHIOHFWLRQ�VSHFWUXP�RI�ILOP�DQG�VXEVWUDWH�
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IRU� VXEVWUDWH� �*� �HK��PHPRSW
 �Ü�� >��@�� LV
���������� H9��%HFDXVH� WKH�PDLQ�PHFKDQLVP
RI� WKH� IUHH� FKDUJH� FDUULHU� VFDWWHULQJ� LV� WKH
VFDWWHULQJ� RQ� WKH� FKDUJHG� LPSXULWLHV�� WKHQ
UHOD[DWLRQ� WLPH� WL� �WL� �K��*�� LV� ��������Ü���V�,W�LV�WR�QRWH�WKDW�UHOD[DWLRQ�WLPH�RQ�LPSXOVH�WSHVWLPDWHG� IURP� GDWD� RQ� UHIOHFWDQFH� VSHFWUXP
RI�Q±6L������VXEVWUDWH��)LJ���D��FXUYH����XVLQJ
WKH�'UXGH�IRUPXOD�LV�RI�WKH�VDPH�RUGHU�

,Q� )LJ���E�� WKH� GLIIHUHQFH� UHIOHFWDQFH
VSHFWUXP� �5�Ü5���ZKHUH�5�� LV� UHIOHFWLRQ� RIQ±6L������� 5��� UHIOHFWLRQ� RI� $O1�Q±6L�����
ILOP��� WKDW� HYLGHQFHV� WKH� SUHGRPLQDQW� FRQ�
WULEXWLRQ� IURP� WKH� VXEVWUDWH� LQWR� WRWDO� UH�
IOHFWLRQ� FDSDELOLW\� RI� WKH� H[WHUQDO�PHGLXP�
ILOP�VXEVWUDWH�V\VWHP�

���&RQFOXVLRQV
7KXV�� WKH� LQYHVWLJDWLRQV� RI� WKH� VXUIDFH

PRUSKRORJ\�DQG�RSWLFDO�SURSHUWLHV�RI�$O1�Q±
6L������ ILOPV� �UHIOHFWDQFH� VSHFWUD� LQ� ���Ü
����QP�UDQJH� DQG� LQ����Ü���PP�RQH�� KDYH
VKRZQ�WKDW�REWDLQHG�ILOPV�XVLQJ�+)�PDJQH�
WURQ� VSXWWHULQJ�DUH�SRO\FU\VWDOOLQH��7KH� UH�
IUDFWLYH� LQGH[� RI� WKH� ILOPV� LQ� WKH� ���Ü
���� QP� ZDYHOHQJWK� UDQJH� LV� ������ 7KH� DU�
UDQJHPHQW� GLIIHUHQFH� RI� UHIOHFWLRQ� EDQG
EHWZHHQ� ILOPV� DQG� FU\VWDO� LQ� ,5� UHJLRQ� DUH
H[SODLQHG� E\� WKH� SUHVHQFH� RI� PHFKDQLFDO
WHQVLOH� VWUHVVHV� DQG� LQIOXHQFH� RI� KHDYLO\
GRSHG�Q±6L������ VXEVWUDWHV�RQ� ,5�UHIOHFWLRQ
RI�$O1�ILOPV�

5HIHUHQFHV
� ���3�<X��0�&DUGRQD�� )XQGDPHQWDOV� RI� 6HPLFRQ�

GXFWRUV��6SULQJHU��%HUOLQ��������3�<X��0�&DU�
GRQD�� 3ULQFLSOHV� RI� 6HPLFRQGXFWRU� 3K\VLFV�
)L]PDWOLW��0RVFRZ��������>LQ�5XVVLDQ@�

� ���$EVWU��RI��UG�5XVVLDQ�6FKRRO�RI�6FLHQWLVWV�DQG
<RXQJ� 6SHFLDOLVWV� RQ� 3K\VLFV�� 0DWHULDO� 6FL�
HQFH�DQG�0DQXIDFWXULQJ�7HFKQRORJ\�RI�6LOLFRQ
DQG�'HYLFH�6WUXFWXUHV�%DVHG�7KHUHRQ��6LOLFRQ�
6FKRRO��������-XO\��Ü���������0,6,6��0RVFRZ
�������

� ���$�$�/HEHGHY�� 9�(�&KHOQRNRY�� )L]��7HNKQ�
3ROXSURY�������������������

� ���0�&�/XR�� ;�/�:DQJ�� -�0�/L� HW� DO��� -��&U\VW�
*URZWK������������������

� ���+��(�&KHQJ�� 7��&�/LQ�� :��&�&KHQ�� 7KLQ� 6RO�
)LOPV�����������������

� ���0�$�$XJHU��/�9D]TXH]��0�-HUJHO�HW�DO���6XUI�
DQG�&RDW��7HFK������Ü����������������

� ���&�+�/DL��$�&KLQ��%�)�+XQJ�HW�DO���,(((�(OHF�
'HY��/HWW���������������������

� ���7�0RVV��*�%XUUHO��%�(OOLV����6HPLFRQGXFWRU�2SWR�
HOHFWURQLFV�� +DOVWHG� 3UHVV�� 1HZ� <RUN�� �������
7�0RVV��*�%XUUHO��%�(OOLV����6HPLFRQGXFWRU�2SWR�
HOHFWURQLFV��0LU��0RVFRZ��������>LQ�5XVVLDQ@�

� ���9�<�'DY\GRY�� <�(�.LWDHY�� ,�1�*RQFKDUXN� HW
DO���3K\V��5HY��%�������������������

����$�,�$QVHOP�� ,QWURGXFWLRQ� WR� WKH� 7KHRU\� RI
6HPLFRQGXFWRUV�� 1DXND�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

����$�0�(YVWLJQHHY�� 3�$�*HQWVDU�� 6�$�*UXVKD� HW
DO���)L]��7HNKQ��3ROXSURY�������������������
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