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1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�)HEUXDU\���������
7KH�DFWXDOLW\�RI�QHZ�SURFHVVHV�IRU�]LQF�VHOHQLGH��=Q6H��ILOPV�PDQXIDFWXUH�LV�H[SODLQHG

E\� JRRG� SURVSHFWV� RI� WKHLU� SRWHQWLDO� DSSOLFDWLRQV� LQ� RSWRHOHFWURQLFV�� +RZHYHU�� WKH� ILOPV
REWDLQHG� RQ� FDWKRGH� E\�PHDQV� RI� HOHFWURO\VLV� LQ� DTXHRXV� VROXWLRQV� KDYH� VRPH� GLVWLQFWLYH
SURSHUWLHV� DQG� KHQFH� UHTXLUH� D� GHWDLOHG� VWXG\� RI� VWUXFWXUH�� FRPSRVLWLRQ� DQG� SURSHUWLHV
WKHUHRI�� 7UDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� H[DPLQDWLRQ� RI� HOHFWURGHSRVLWHG� ]LQF� VHOHQLGH
ILOPV�KDV� UHYHDOHG� WKDW� WKRVH� DUH� LQKRPRJHQHRXV� LQ� FRPSRVLWLRQ�DQG� VWUXFWXUH�� WKH� ILQH�
JUDLQHG� ILOP�ERG\� LV� IRUPHG�E\�=Q6H� QDQRFU\VWDOOLWHV� RI� FXELF�]LQF�EOHQGH� VWUXFWXUH�DQG
FOXVWHUV�RI�ODUJHU�=Q�2+���PLFURFU\VWDOV�DUH�LQFOXGHG�LQWR�WKH�ERG\��7KH�ILOP�VXUIDFHV�DUHFRDWHG�E\�DPRUSKRXV�VXEOD\HU�FRQVLVWLQJ�RI�6H��6H2��DQG�26H�2+����$FFRUGLQJ�WR�HOHFWUL�FDO�VWXGLHV��VXFK�HOHFWURGHSRVLWHG�ILOPV�DUH�Q�W\SH�VHPLFRQGXFWRUV��
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=LQF� VHOHQLGH� �=Q6H�� ILOPV� REWDLQHG� E\
PHDQV� RI� HOHFWURO\VLV� IURP� ZDWHU� VROXWLRQV
RQ� FDWKRGH� KDYH� VRPH� VSHFLILF� SURSHUWLHV
>�Ü�@�� )RU� H[DPSOH�� WKH� SUHVHQFH� RI� HTXDO
DPRXQWV� RI� ]LQF� DQG� VHOHQLXP� LQ� WKH� ILOPV
GRHV� QRW� H[FOXGH� WKHLU� FRPSOH[� FKHPLFDO
FRPSRVLWLRQ� DQG� WKH� SHFXOLDULWLHV� RI� WKHLU
FU\VWDO� VWUXFWXUH� FRQQHFWHG� WKHUHZLWK�� WKDW
FDXVHV� FKDUDFWHULVWLF� SURSHUWLHV� RI� VXFK
ILOPV��%DVLQJ�RQ�WKH�DFWXDOLW\�RI�WKLV�PDWH�

ULDO�IRU�RSWRHOHFWURQLFV�DQG�RQ�WKH�QHFHVVLW\
WR� LPSURYH� LWV� SUHSDUDWLRQ� PHWKRG�� WKLV
ZRUN�LV�GHYRWHG�WR�GHWDLOHG�LQYHVWLJDWLRQ�RI
VWUXFWXUH�� FRPSRVLWLRQ� DQG� SURSHUWLHV� RI
HOHFWURGHSRVLWHG�]LQF�VHOHQLGH�ILOPV�

7KH� HOHFWURGHSRVLWLRQ� RI�=Q6H� ILOPV�� WKH
GHWHUPLQDWLRQ�RI� WKHLU� WKLFNQHVV� DQG� LQYHV�
WLJDWLRQ� PHWKRGV� RI� WKH� PRUSKRORJ\� DQG
FRPSRVLWLRQ� KDYH� EHHQ� UHSRUWHG� LQ� >�@�� 7KH
VWUXFWXUH�RI�WKH�HOHFWURGHSRVLWHG�=Q6H�ILOPV

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������� ���



ZDV� VWXGLHG� E\� WUDQVPLVVLRQ� HOHFWURQ� PL�
FURVFRS\� �7(0�� XVLQJ� D� 3(0����.� PLFUR�
VFRSH� DW� HOHFWURQ� DFFHOHUDWLQJ� YROWDJH
���� N9�� 7KH� ILOP� VDPSOHV� ZHUH� VWULSSHG
IURP�WKH�VXEVWUDWHV�XVLQJ�JHODWLQ�DFFRUGLQJ
WR� VWDQGDUG� PHWKRG�� 7KH� JHODWLQ� ZDV� GLV�
VROYHG� LQ� KRW� ����&�� GLVWLOOHG� ZDWHU�� WKH
VDPSOHV�ZHUH�SXOOHG�RXW�E\�HOHFWURO\WLF�FRS�
SHU�QHWV��7KH�FXUUHQW�YROWDJH�FKDUDFWHULVWLFV
�,9&�� IRU� WKH� ILOPV� ZHUH� REWDLQHG� XVLQJ� D
(0*���������� 75� 2ULRQ� &KDUDFWHULRJUDSK
LQFOXGLQJ� D� VRXUFH� RI� DPSOLWXGH�UHJXODWHG
DOWHUQDWLQJ� YROWDJH�� DQ� $&� UHVLVWRU� DQG� DQ
RVFLOORJUDSK�� 7KH� PRO\EGHQXP� SUREH� XVHG
IRU� WKH� PHDVXUHPHQWV� KDG� SROLVKHG� VHPL�
VSKHULFDO�VXUIDFH�RI�����PP�UDGLXV�DQG�ZDV

SUHVVHG� VRIWO\� WR� WKH� VDPSOH� VXUIDFH�� 7KH
ILOP� FRQGXFWLYLW\� W\SH� ZDV� GHWHUPLQHG� E\
KRW�SUREH�PHWKRG�

7KH�VWXG\�RI�HOHFWULFDO�SURSHUWLHV�E\�FRQ�
VLGHULQJ� WKH� FXUUHQW�YROWDJH� FKDUDFWHULVWLFV
RI� =Q6H� ILOPV� HOHFWURGHSRVLWHG� RQWR� FKHPL�
FDOO\� LQHUW� VXEVWUDWHV� RI� WLWDQLXP� QLWULGH
�7L1��KDV�UHYHDOHG��)LJ�����WKDW�WKH�VKDSH�RI
]LQF� VHOHQLGH� ILOP� ,9&�YDULHG�GHSHQGLQJ�RQ
WKH� ILOP� WKLFNQHVV� LQFUHDVLQJ� GXULQJ� WKH
=Q6H�HOHFWURGHSRVLWLRQ��7DEOH���SUHVHQWV�WKH
DQDO\VLV�RI�FXUUHQW�YROWDJH�FXUYHV�ZKLFK�DUH
VKRZQ�LQ�)LJ�����,W�LV�VHHQ�WKDW�DV�WKH�=Q6H
ILOP� WKLFNQHVV� �'�� LQFUHDVHV�� WKH� V\PPHWUL�
FDO� ,9&�W\SLFDO�RI�WKH�VHYHUDO�WHQV�QDQRPH�
WHU� WKLFN� ILOPV�DUH�UHSODFHG�E\� ,9&�FKDUDF�

)LJ�����&KDQJH�RI�,9&�VKDSH�IRU�=Q6H�ILOPV�HOHFWURGHSRVLWHG�RQ�7L1�VXEVWUDWHV�DV�D�IXQFWLRQ�RI�WKH
HOHFWURGHSRVLWLRQ�WLPH�W�DQG�RI�ILOP�WKLFNQHVV�'��8�!���FRUUHVSRQG�WR�WKH�VXEVWUDWH�SRVLWLYH�FKDUJH��
�È��W� ����PLQ��'� ����QP���E��W� ����PLQ��'� �����QP���F��W� ����PLQ��'� �����QP�

)LJ�����7KH�EULJKW�ILHOG�PLFURJUDSK��D��DQG�WKH�HOHFWURQ�GLIIUDFWLRQ�SDWWHUQ��E��IRU�WKH�VDPH�UHJLRQ
RI�DV�JURZQ�=Q6H�ILOP��
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��� )XQFWLRQDO�PDWHULDOV�������������



WHULVWLF� IRU� VSDWLDO� FKDUJH� OLPLWHG� FXUUHQWV
�&/6v�� DW� VLQJOH�HQHUJHWLF� GLVWULEXWLRQ� RI
WUDSV��IRU�'� ������PP���$V�WR�WKLFNHU�ILOPV
�'� ������PP���,9&�FRUUHVSRQGHG�WR�&/6&�DW
H[SRQHQWLDO� GLVWULEXWLRQ� RI� WUDSV�� 7KH� LQ�
FUHDVLQJ�RI�=Q6H�ILOP�WKLFNQHVV�LV�DFFRPSD�
QLHG� E\� JURZLQJ� RI� VKHHW� UHVLVWDQFH� �5:��WKH� UHVLVWDQFH� UHGXFHG� WR� WKH� XQLW� FRQWDFW
DUHD� �5:
�� DQG� RI� WKH� UHVLVWLYLW\� U�� 6XFKILOPV� KDG� Q�W\SH� RI� FRQGXFWLYLW\�� )RU� WKH
WKLFNHVW�=Q6H� ILOP�� ZH� KDYH� FDOFXODWHG� WKH
HIIHFWLYH�FRQFHQWUDWLRQ�RI� WKH�PDMRU�FKDUJH
FDUULHUV�QHI� ����������°PÜ���7KHLU�VPDOO�HI�
IHFWLYH� PRELOLW\� �PHI� ������°P��9�V�� DQG
WKH�MXQFWLRQ�KHLJKW�RQ�JUDLQ�ERXQGDULHV�)� 
���� H9�� FDOFXODWHG� LQ� DFFRUGDQFH� ZLWK� >�@
EDVLQJ�RQ�WKH�UHODWLRQVKLS�)� �N7OQ�PFU�PHI��ZKHUH�PFU�LV�WKH�PDMRU�FKDUJH�FDUULHU�PRELO�LW\�LQ�]LQF�VHOHQLGH�VLQJOH�FU\VWDO��DFFRUGLQJ
WR� >�@�� PFU� �����°P��9�V��� JLYH� HYLGHQFH� RI
QDQRFU\VWDOOLQH� VWUXFWXUH� RI� HOHFWURGHSR�
VLWHG�=Q6H�ILOPV�

7KH� H[DPLQDWLRQ� E\� WUDQVPLWWDQFH� HOHF�
WURQ� PLFURVFRS\� DQG� E\� VFDQQLQJ� HOHFWURQ
PLFURVFRS\� ZLWK� HOHFWURQ� SUREH� PLFURDQD�
O\VLV� �(30$�� KDYH� UHYHDOHG� WKDW� WKH� DV�
JURZQ� ����Ü����� PP� WKLFN� ILOPV� DUH� LQKR�
PRJHQHRXV� LQ� FRPSRVLWLRQ� DQG� VWUXFWXUH�
)LJ���D�SUHVHQWV�WKH�EULJKW�ILHOG�PLFURJUDSK
RI� ]LQF� VHOHQLGH� ILOP�� 7KH� HOHFWURQ� GLIIUDF�
WLRQ�SDWWHUQ�RI�WKH�VDPH�UHJLRQ�LV�SUHVHQWHG
LQ�)LJ���E��$FFRUGLQJ�WR�WKH�HOHFWURQLF�GHQ�
VLW\�FRQWUDVW�LQ�WKH�EULJKW�ILHOG�PLFURJUDSK�
WKH�PDLQ� YROXPH� RI� WKH� ILOP�KDV� QDQRFU\V�
WDOOLQH� VWUXFWXUH� ZLWK� JUDLQ� GLPHQVLRQV� RI
d�� QP�� 7KH� FOXVWHUV� �DUURZ� *� LQ� )LJ���D�
ZKLFK�DUH�DFFXPXODWLRQV��FRQJORPHUDWLRQV��RI
PRUH�FRDUVH��RI�WKH����QP�RUGHU��FU\VWDOV��DU�
URZV� &�� DUH� HPEHGGHG� LQWR� WKLV� ILQH�JUDLQHG
ILOP�� 7KH� EURDG� ULQJ� IURP� WKH� SODWHV� ZLWK
LQWHUSODQH�GLVWDQFH�G� �������QP�LQ�WKH�HOHF�
WURQ�GLIIUDFWLRQ�SDWWHUQ��)LJ���E��FRUUHVSRQGV
WR�WKH�QDQRFU\VWDOOLQH�VWUXFWXUH��7KLV�HOHFWURQ
GLIIUDFWLRQ� ULQJ� FDQ�EH�DVVRFLDWHG�ZLWK�FXELF
=Q6H�SKDVH��D� ��������QP���

$FFRUGLQJ�WR�-&3'6�GDWD��FDUG����������
WKH� PRVW� VWURQJ� ����� ��� OLQH� IRU� FXELF
=Q6H� UHYHDOV� IURP� ������ SODQH� ZLWK� G� 
������� QP�� 1RWH� WKDW� HOHFWURGHSRVLWHG
=Q6H�ILOPV�UHSRUWHG�LQ�OLWHUDWXUH�>����@�DOVR
KDG� WKH� ]LQF� EOHQGH� VWUXFWXUH�� 7KH� GLIIUDF�
WLRQ� ULQJV� FRQVLVWLQJ� RI� LQGLYLGXDO� �VHSD�
UDWH�� UHIOH[HV� DULVH� IURP�PRUH� FRDUVH� FU\V�
WDOV�LQFOXGHG�LQ�FOXVWHUV��%DVLQJ�RQ�SURFHVV�
LQJ�RI�WKH�HOHFWURQ�GLIIUDFWLRQ�SDWWHUQV�IURP
WKH� GLIIHUHQW� UHJLRQV� RI� WKH� ILOP�� ZH� KDYH
GHWHUPLQHG� WKH� VHW� RI� LQWHUSODQH� GLVWDQFHV
IRU� WKH� UHIOHFWLQJ� SODQHV� LQ� VXFK� FU\VWDOV�

7KHVH� LQWHUSODQH� GLVWDQFHV� DUH� FROOHFWHG� LQ
7DEOH���� ZKHUH� WKH� LQWHUSODQH� GLVWDQFHV� IRU
=Q�2+����FDUG���������-&3'6��DUH�DOVR�SUH�VHQWHG� IRU� FRPSDULVRQ�� ,W� FRXOG� EH� QRWHG� D
JRRG� DJUHHPHQW� RI� H[SHULPHQWDO� GDWD� DQG
-&3'6�RQHV��7KH�DERYH�DJUHHV�ZHOO�ZLWK�WKH
(30$�GDWD�>�@��$FFRUGLQJ�WR�>�@��WKH�IULDEOH

7DEOH���� ,QWHUSODQH� GLVWDQFHV� �G�� IRU� FU\V�
WDOOLWHV�LQFOXGHG�LQ�FOXVWHUV�LQ�HOHFWURGHSR�
VLWHG�=Q6H�ILOPV�DQG�LQ�=Q�2+��
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FRQJORPHUDWLRQV� FRQVLVW� PDLQO\� RI� IURP
]LQF�� R[\JHQ�� DQG� RQO\� VPDOO� DPRXQWV� RI
VHOHQLXP� �WKH� ]LQF�WR�VHOHQLXP� DWRPLF� UDWLR
LQ�WKHVH�FRQJORPHUDWLRQV�LV�������

$W� WKH� VDPH� WLPH�� DFFRUGLQJ� WR� ;�UD\
SKRWRHOHFWURQ� VSHFWURVFRS\� GDWD� >�@�� WKH
HOHFWURGHSRVLWHG� ILOP� VXUIDFH� LV� FRDWHG� E\
WKLQ� OD\HU� FRQVLVWLQJ� RI� 6H�� 6H2�� DQG26H�2+���� WKHUHIRUH�� WKH� ��� QP� WKLFN� VXE�VXUIDFH� OD\HU� LV� FKDUDFWHUL]HG� E\� H[FHVVLYH
VHOHQLXP�DQG�R[\JHQ�FRQWHQW��WKH�=Q�2�UDWLR
LV� ���� ZKLOH� WKH� =Q�6H� RQH�� ������ DQG� WKH
HOHFWURGHSRVLWHG� ]LQF� VHOHQLGH� ILOPV� DUH� HQ�
ULFKHG�DV�D�ZKROH�LQ�VHOHQLXP��6R��WKH�VWUXF�
WXUDO� UHVHDUFK� RI� HOHFWURGHSRVLWHG� ]LQF� VH�
OHQLGH� ILOPV� SUHVHQWHG� KHUH� DQG� WKH� HDUOLHU
FRPSRVLWLRQ�VWXGLHV�RI�WKHVH�ILOPV�>�@�DOORZ
WR� FRQFOXGH� WKDW� WKH� WKLQ� VXEOD\HU� RQ� WKH
ILOP� VXUIDFH� FRQVLVWLQJ� RI�6H� DQG� LWV� FRP�
SRXQGV� LV� DPRUSKRXV�� WKH�FRQJORPHUDWHV�RI
=Q�2+��� DUH� LQFOXGHG� LQWR� PDLQ� YROXPH� RIWKH� QDQRFU\VWDOOLQH� ILOP� FRQVLVWLQJ�RI�SRO\�
FU\VWDOOLQH� ILQH�GLVSHUVHG� =Q6H� JUDLQV� RI
FXELF�FU\VWDO�PRGLILFDWLRQ�

7KXV�� DV� WKH� HOHFWURO\VLV� GXUDWLRQ� LQ�
FUHDVHV� �DQG� WKXV� WKH� ILOP� WKLFNQHVV� ULVHV��

WKH� HOHFWURGHSRVLWHG� ]LQF� VHOHQLGH� ILOPV� DF�
TXLUH� WKH� HOHFWULFDO� SURSHUWLHV� RI� VHPLFRQ�
GXFWRUV� RI� Q�W\SH� RI� FRQGXFWLYLW\�� 7KHVH
ILOPV� KDYH� QDQRFU\VWDOOLQH� VWUXFWXUH� FRQ�
VLVWLQJ�PDLQO\� RI� WKH� FXELF�=Q6H� QDQRFU\V�
WDOV� RI� d�� QP� JUDLQ� VL]H� DQG� LQFOXGHG� FRQ�
JORPHUDWHV�RI�ODUJHU��DERXW����QP��=Q�2+��FU\VWDOOLWHV����
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VND\D� HW� DO��� )XQFWLRQDO� 0DWHULDOV�� ���� ��
�������
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LFV�RI�6HPLFRQGXFWRUV��1DXND��0RVFRZ�������
>LQ�5XVVLDQ@�

|°º­ãÒmº°�L�°�¯�}��¯Ò��°}ãÈ����È�mãÈ°�Òmº°�Ë®ËãË}�¯ºº°È�ÎËÓÒ²�¹ãLmº}�°ËãËÓL����ÒÓ}�
s���zãº�}º��v�l��¯Ò�º¯ºm��{�c�zº¹È��l�{�iº­¯º�mº¯°	}È����{�lÈ�Ë®�ËÓ}º

k}��Èã	ÓL°�	� ÓºmÒ²� ¯ºÏ¯º­º}� �� �Èã�ÏL� mÒ�º�ºmãËÓÓ«� ¹ãLmº}� °ËãËÓL����ÒÓ}�� �=Q6H�
¹º«°Ó
¼�	°«�¹Ë¯°¹Ë}�Òmº
� �²�mÒ}º¯Ò°�ÈÓÓ«�m�º¹�ºËãË}�¯ºÓL�L��cÈÏºä�Ï��Òä��º�Ë¯ÎÈÓL
ÓÈ�}È�º�L�m�¹¯º�Ë°L�ËãË}�¯ºãLÏ��mº�ÓÒ²�¯ºÏ�ÒÓLm�¹ãLm}Ò�äÈ
�	�¯«��º°º­ãÒmº°�Ë®�L��ºä�
¹º�¯Ë­�
�	��Ë�Èã	Óº�º� ÈÓÈãLÏ�� °�¯�}��¯Ò�� °}ãÈ��� �È� mãÈ°�Òmº°�Ë®��lË�º�ºä�¹¯º°mL���

�º�� ËãË}�¯ºÓÓº�� äL}¯º°}º¹L�� mÒ«mãËÓº�� �º� ËãË}�¯ºº°È�ÎËÓL� ¹ãLm}Ò� °ËãËÓL��� �ÒÓ}�
äÈ
�	�ÓËº�Óº¯L�ÓL�°}ãÈ�� L�°�¯�}��¯������Lãº��¯L­Óº�Ò°¹Ë¯°ÓÒ²�¹ãLmº}�Ï�ÓÈÓº}¯Ò°�ÈãLm
=Q6H� }�­L�Óº�� äº�ÒÁL}È�L�� �Ò¹�� �ÒÓ}ºmº�� º­äÈÓ}Ò� m}¯È¹ãËÓº� }ãÈ°�Ë¯Ò�� �º� «mã«ãÒ
°º­º
� °}�¹�ËÓÓ«� ­Lã	�� mËãÒ}Ò²� }¯Ò°�ÈãÒ}Lm� =Q�2+���� �ºmË¯²Ó
� �È}Ò²� ¹ãLmº}� ­�ãºm}¯Ò�º��ºÓ}Òä�Èäº¯ÁÓÒä��È¯ºä�Ï�6H��6H2�� L�26H�2+����~�L�Óº��º°ãL�ÎËÓ	� ËãË}�¯Ò��ÓÒ²�mãÈ°�Òmº°�Ë®��ËãË}�¯ºº°È�ÎËÓL�¹ãLm}Ò�¼�ÓÈ¹Lm¹¯ºmL�ÓÒ}ÈäÒ�Q��Ò¹��

7DEOH����(OHFWURSK\VLFDO�SDUDPHWHUV�RI�=Q6H�ILOPV�HOHFWURGHSRVLWHG�RQ�7L1�
6DPSOH
1R

'HSRVLWLRQ
WLPH�W��PLQ

'��PP ,9&�W\SH 5:��: 5
:��:�FP� U��:�FP &RQGXFWLYLW\
W\SH

�� � ���� ,�a�8 ������Ü� � ���� Ü
�� � ���� ,�a�8 ������Ü� �� ��� Ü
�� �� ���� ,�a�8 ������Ü� �� ��� Ü
�� �� ���� ,�a�8� ������Ü� ����� ������� Q
�� �� ���� ,�a�8� � ����� ������� Q

1�3�.ORFKNR�HW�DO����&KDUDFWHULVWLFV�RI�WKH�VWUXFWXUH����

��� )XQFWLRQDO�PDWHULDOV�������������


