
6WUXFWXUH��SKDVH�VWDWHV�DQG�FKDQJHRI�PDJQHWLF�SURSHUWLHV�DW�UHFU\VWDOOL]DWLRQRI�WKLQ�ILOP�1L ODVHU�FRQGHQVDWHV
$�*�%DJPXW��,�*�6KLSNRYD��9�$�=KXFKNRY

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��.KDUNLY�3RO\WHFKQLF�RI�,QVWLWXWH��
���)UXQ]H�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�1RYHPEHU��������
7KH� LQIOXHQFH� RI� D� VXEVWUDWH� WHPSHUDWXUH� DQG� RI� R[\JHQ� SUHVVXUH� LQ� WKH� HYDSRUDWLRQ

FKDPEHU�RQ�WKH�VWUXFWXUH�DQG�SKDVH�VWDWH�RI�QLFNHO�ODVHU�FRQGHQVDWHV�KDV�EHHQ�VWXGLHG�E\
HOHFWURQ�PLFURVFRS\��7KH�UHJXODULWLHV�RI�VWUXFWXUH�SKDVH�WUDQVIRUPDWLRQV�LQ�WKH�ILOPV�DQG
FKDQJHV� RI�PDJQHWLF� SURSHUWLHV� DIWHU� DQQHDOLQJ� KDYH� EHHQ� LQYHVWLJDWHG�� ,W� LV� HVWDEOLVKHG
WKDW�D�ZLGH�VSHFWUXP�RI�WKLQ�ILOP�VWDWHV�FDQ�EH�SURYLGHG�E\�YDU\LQJ�WKH�R[\JHQ�SUHVVXUH
LQ� WKH� HYDSRUDWLRQ� FKDPEHU� DQG� WKH� VXEVWUDWH� WHPSHUDWXUH� GXULQJ� QLFNHO� FRQGHQVDWLRQ�
$PRUSKRXV�1L�ILOPV�DUH�IRUPHG�DV�ZHOO�WKRVH�ZLWK�PHWDVWDEOH�+&3�ODWWLFH��D�SKDVH���ZLWK
VWDEOH�*&&� ODWWLFH� �E� SKDVH��� DQG�1L2� ILOPV�ZLWK�)&&� VWUXFWXUH��7KH�HIIHFWLYH�DFWLYDWLRQ
HQHUJ\� YDOXH� IRU� WKH� SURFHVVHV� FRQWUROOLQJ� WKH� IRUPDWLRQ� RI�D� SKDVH� RI�1L� JUDLQV�PDNHV
DERXW� ����� H9�DWRP�� $QQHDOLQJ� RI� DPRUSKRXV� ILOPV� LQLWLDWHV� WKHLU� FU\VWDOOL]DWLRQ� ZLWK
IRUPDWLRQ� RI� GLVRUGHUHG� SUHFLSLWDWHV� RI� E� SKDVH� RI� QLFNHO�� $QQHDOLQJ� RI� 1L� ILOPV� ZLWK
PHWDVWDEOH�+&3�ODWWLFH�LQLWLDWHV�WKH�+&3�o�)&&�SRO\PRUSKLF�WUDQVIRUPDWLRQ�DFFRPSDQLHG
E\�VKDUS�LQFUHDVH�RI�JUDLQ�VL]H�DQG�FKDQJHV�LQ�LWV�PDJQHWLF�SURSHUWLHV��7KH�DQQHDOHG�ILOPV
JHW�D�PDJQHWLF�PRPHQW�DQG�K\VWHUHVLV�LV�REVHUYHG�DW�PDJQHWL]DWLRQ�UHYHUVDO�
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,QYHVWLJDWLRQ� RI� VWUXFWXUH�� SKDVH� VWDWH�
DQG� SURSHUWLHV� RI� WKLQ� QDQRFU\VWDOOLQH� 1L
ILOPV� LV� RI� ERWK� IXQGDPHQWDO� DQG� SUDFWLFDO
LQWHUHVW��7KHVH�ILOPV�EHORQJ�WR�VROLG�ORZ�GL�
PHQVLRQDO�PDWHULDOV�DQG�DUH�XVHG�LQ�PRGHUQ
PLFURHOHFWURQLFV� DV� PLQLDWXUH� IXQFWLRQDO

HOHPHQWV� DQG� LQ� PDJQHWLF� PHPRU\� V\VWHPV
DV� LQWHUIHUHQFH� ILOWHUV�� UHIOHFWLQJ� DQG� DQWL�
UHIOHFWLQJ� FRDWLQJV� >�@�� 7R� SURYLGH� WKH� UH�
TXLUHG� HOHFWUR�SK\VLFDO� SURSHUWLHV� RI� WKLQ
ILOP� VWUXFWXUHV�� LW� LV� QHFHVVDU\� WR� DGYDQFH
WKH�WHFKQRORJLHV�RI�WKHLU�SUHSDUDWLRQ�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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7KH�SXOVHG�ODVHU�GHSRVLWLRQ��3/'��LQ�YDF�
XXP�RU�LQ�FRQWUROOHG�JDV�PHGLXP�LV�RQH�ZD\
WR�VROYH�WKLV�SUREOHP��,Q�>�@��WKH�GLDJUDP�LV
SUHVHQWHG� VKRZLQJ� WKH� SKDVH� VWDWHV� RI� GH�
SRVLWHG�ILOPV�GHSHQGLQJ�RQ�WKH�UDWLR�RI�JDV
IORZ� WR� PHWDO� YDSRU� RQH� KLWWLQJ� WKH� ILOP
JURZWK� VXUIDFH�� $EVRUSWLRQ� DQG� FKHPLFDO
DFWLYLW\� RI�PHWDO� DUH� FRQVLGHUHG�� WRR��+RZ�
HYHU��WKH�DERYH�PHQWLRQHG�GLDJUDP�GRHV�QRW
LQFOXGH� DQ\� GDWD� FRQFHUQLQJ� WKH� 3/'� RI
QLFNHO�
1LFNHO� LV� NQRZQ� WR� EH� D� SRO\PRUSKRXV

PHWDO�� 7KH� SDUDPHWHUV� RI� KH[DJRQDO� FORVH�
SDFNHG� �KFS�� ODWWLFH� RI� ORZ�WHPSHUDWXUH� 1L
PRGLILFDWLRQ� WKDW� LV� VWDEOH� EHORZ�����&�DUH
SUHVHQWHG� LQ� >�@�� WKRVH� RI� 1L� IDFH�FHQWHUHG
FXELF� �IFF��PRGLILFDWLRQ�� LQ� >�@�� 3UREDELOLW\
RI�KFS�1L�RFFXUUHQFH�ULVHV�LQ�WKLQ�ILOP�VWDWH�
7KLV� IDFW� LV� LQWHUSUHWHG� LQ� >�@� DV� D� SKDVH
WUDQVLWLRQ�DW�GHFUHDVLQJ�ILOP�WKLFNQHVV��7KH
WUDQVIRUPDWLRQ� LV� FDXVHG� E\� WKH� FKDQJH� RI
IUHH�HQHUJ\�ZKHQ�WKH�VXUIDFH�UHODWLYH�IUDFWLRQ
LQFUHDVHV�� 7KH� DPRUSKRXV� VWUXFWXUH� ILOPV
KDYH�EHHQ�REVHUYHG�DW�ODVHU�VSXWWHULQJ�>�@�
7RGD\��WKHUH�LV�D�FRQVLGHUDEOH�LQWHUHVW�LQ

1L�ILOPV�DQG�QDQRSDUWLFOHV�GXH�WR�WKHLU�PDJ�
QHWLF�DQG�FDWDO\WLF�SURSHUWLHV��)RUPDWLRQ�RI
PHWDVWDEOH�KFS�SKDVH�DQG�QRQ�IHUURPDJQHWLF
EHKDYLRU� RI� 1L� ILOPV� SUHSDUHG� E\� SXOVHG
ODVHU� GHSRVLWLRQ� KDYH� EHHQ� HVWDEOLVKHG� >�@�
+H[DJRQDO� FORVH�SDFNHG� 1L� QDQRVWUXFWXUHV
ZHUH� REVHUYHG� XQGHU� KHWHURHSLWD[LDO� 1L
JURZWK�RQ�WKH�������IDFH�RI�0J2�>�@��:KHQ
ODWHUDO�VL]H�RI�LVODQGV�H[FHHGHG�DERXW���QP�
WKH� WUDQVIRUPDWLRQ�RI�KFS� ODWWLFH� LQWR�RUGL�
QDU\�IFF�RQH�RFFXUUHG�YLD�PDUWHQVLWH�PHFKD�
QLVP��1L�QDQRSDUWLFOHV�KDYLQJ�ERWK�KFS�DQG
IFF� VWUXFWXUH� ZHUH� SUHSDUHG� E\� FRPSOH[
WHFKQRORJLFDO� GHSRVLWLRQ� F\FOHV� IURP� VROX�
WLRQV�>�@�DQG�E\�WKHUPDO�GLVVRFLDWLRQ��GLVVR�
OXWLRQ�� RI� RUJDQRPHWDO� SUHFXUVRUV� >��@�
0DJQHWLF�SURSHUWLHV�RI�1L�QDQRSDUWLFOHV�FRU�
UHVSRQGHG� WR� ERWK� SDUDPDJQHWLF� DQG� IHUUR�
PDJQHWLF�VWDWHV�
7KH�DLPV�RI�WKLV�ZRUN�DUH�WR� LQYHVWLJDWH

WKH�HIIHFWV�RI�WKH�VXEVWUDWH�WHPSHUDWXUH�DQG
R[\JHQ�SUHVVXUH� LQ�HYDSRUDWLQJ�FKDPEHU�RQ
WKH� VWUXFWXUH� DQG� SKDVH� VWDWH� RI� ODVHU� 1L
ILOP� FRQGHQVDWHV� XVLQJ� WUDQVPLVVLRQ� HOHF�
WURQ� PLFURVFRS\� DQG� WR� VWXG\� WKH� PHFKD�
QLVPV� RI� VWUXFWXUH� DQG� SKDVH� WUDQVIRUPD�
WLRQV� DQG� PDJQHWLF� SURSHUW\� HYROXWLRQ� RI
ILOPV�DIWHU�DQQHDOLQJ�
7KH� ILOPV� KDYH� EHHQ� SUHSDUHG� E\� SXOVHG

ODVHU�GHSRVLWLRQ�RI�QLFNHO�RQWR�.&O�������VLQ�
JOH� FU\VWDO� VXEVWUDWHV� DV� ZHOO� DV� RQWR� .&O
VXEVWUDWH� FRDWHG�ZLWK�DQ�DPRUSKRXV�FDUERQ
WKLQ� OD\HU�� 7KH� XVXDO� ODVHU� GHSRVLWLRQ
PHWKRG� >�@� FRQVLVWLQJ� LQ� SXOVHG� VSXWWHULQJ

RI�KLJK�SXULW\�QLFNHO�WDUJHW�LQ�YDFXXP�RU�LQ
R[\JHQ� DWPRVSKHUH� LQ� FRQWLQXRXV�IORZ� UH�
JLPH� KDV� EHHQ� XVHG�� 7KH� ODVHU� HPLVVLRQ� RI
QDQRVHFRQG�GXUDWLRQ�DQG�O� ������PP�ZDYH�
OHQJWK�ZDV�LQWURGXFHG�LQWR�YDFXXP�FKDPEHU
XVLQJ� PRGXODWHG� 4�VZLWFK� UHJLPH� DQG� ZDV
IRFXVHG� RQ� URWDWLQJ� 1L� WDUJHW�� 7KH� UHSHWL�
WLRQ� IUHTXHQF\� Q� ���� +]�� 7KH� ILOP� WKLFN�
QHVV�W�ZDV����WR����QP��7KH�ILOP�WKLFNQHVV
ZDV� FRQWUROOHG� E\� WKH� SKRWRPHWULF� PHWKRG
XVLQJ�UHIHUHQFH�VDPSOHV�RI�NQRZQ�WKLFNQHVV�
7KH�VXEVWUDWH�WHPSHUDWXUH�ZDV�YDULHG�LQ�WKH
UDQJH�IURP�����WR�����.��7KH�R[\JHQ�SUHV�
VXUH� LQ� YDFXXP� FKDPEHU� 3�2��� ZDV� YDULHGIURP�����Ü��WR������3D�
$QQHDOLQJ�RI�WKHVH�ILOPV�LQ�YDFXXP�ZLWK�

RXW� VWULSSLQJ� RII� IURP� WKH� VXEVWUDWH� DFWL�
YDWHG� WKH� VWUXFWXUH� WUDQVIRUPDWLRQV� LQ� WKH
ILOPV��)RU�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\
VWXGLHV� WKH� DV�SUHSDUHG� ILOPV� DQG� DQQHDOHG
RQHV� ZHUH� VWULSSHG� RII� IURP� VXEVWUDWHV� LQ
GLVWLOOHG� ZDWHU� DQG� WKHQ� PRXQWHG� RQWR� RE�
MHFW�JULGV�
7KH�HOHFWURQ�GLIIUDFWLRQ�H[DPLQDWLRQ�DQG

WKH�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0�
ZHUH� XVHG� IRU� WKH� ILOP� VWUXFWXUH� VWXGLHV�
7KH� (l����/� HOHFWURQ� PLFURVFRSH� ZRUNLQJ
LQ� HOHFWURQ� GLIIUDFWLRQ� UHJLPH� ZDV� XVHG� WR
REVHUYH� WKH� HOHFWURQ� GLIIUDFWLRQ� SDWWHUQV�
7KH� EULJKW�ILHOG� 7(0� LPDJHV� RI� ������Ü
�������PDJQLILFDWLRQ�ZHUH�REWDLQHG�XVLQJ�D
3(0�������� HOHFWURQ� PLFURVFRSH�� 8VLQJ
WKHVH�LPDJHV��WKH�KLVWRJUDPV�GHVFULELQJ�WKH
GLVWULEXWLRQ�RI�1L�JUDLQ�VL]H�'�ZHUH�SORWWHG
DQG�PHDQ�JUDLQ�VL]H��'!�ZDV�IRXQG�
0DJQHWLF�SURSHUWLHV�RI�DV�SUHSDUHG�QLFNHO

ILOPV� DQG� WKRVH� DQQHDOHG� DW� ���Ü���� .
ZHUH� VWXGLHG� E\� KLJK� VHQVLWLYH� YLEUDWLQJ
PDJQHWRPHWHU�� 7KH� K\VWHUHVLV� ORRSV� ZHUH
PHDVXUHG� RQ� VTXDUH�VKDSHG� VDPSOHV� RI
DERXW� �� FP�� DUHD� LQ� PDJQHWLF� ILHOGV� XS� WR
�����2H�DSSOLHG�LQ�WKH�ILOP�SODQH�DORQJ�WZR
SHUSHQGLFXODU� GLUHFWLRQV� DW� URRP� WHPSHUD�
WXUH�� 7KH� PHDQ� VDWXUDWLRQ� PDJQHWL]DWLRQ
ZDV�GHWHUPLQHG�E\�FRPSDULQJ�VLJQDOV�IURP�UHI�
HUHQFH�VDPSOH�DQG�WKDW�XQGHU�LQYHVWLJDWLRQ�
,W�ZDV� IRXQG� WKDW�XVLQJ�3/'�PHWKRG�� LW

LV� SRVVLEOH� WR� LQLWLDWH� WKH� IRUPDWLRQ� RI� GLI�
IHUHQW� VWUXFWXUH� VWDWHV� LQ� ILOPV� E\� YDU\LQJ
WKH�SUHVVXUH�3� LQ�HYDSRUDWLQJ� FKDPEHU�DQG
WKH�VXEVWUDWH�WHPSHUDWXUH�76��VHH�7DEOH����L��$PRUSKRXV�VWDWH�DULVHV�ZKHQ�ODVHU�HUR�
VLRQ�1L� SODVPD� LV� FRQGHQVHG� RQWR� ERWK� RUL�
HQWLQJ�VXEVWUDWHV� �������.&O�� DQG�QRQ�RULHQW�
LQJ� RQHV� �DPRUSKRXV� FDUERQ�� DW� 76� �����.�)LJ���D���$QQHDOLQJ�RI�ILOP�RQ�VXEVWUDWH�LQ
YDFXXP�DW�7D� �����.�GXULQJ�WD� �����PLQVWLPXODWHV� LWV� SDUWLDO� FU\VWDOOL]DWLRQ� �)LJ�
�E��� +HUH�� ILQHO\� GLVSHUVHG� IFF� 1L� FU\VWDOV

$�*�%DJPXW�HW�DO����6WUXFWXUH��SKDVH�VWDWHV�DQG����

��� )XQFWLRQDO�PDWHULDOV�������������



DUH� VHJUHJDWHG� LQ� DPRUSKRXV� PDWUL[�� 7KH
VL]H�GLVWULEXWLRQ�KLVWRJUDP�RI�FU\VWDO�VHJUH�
JDWLRQV� LQ� DPRUSKRXV� PDWUL[� LV� VKRZQ� LQ

)LJ���F��7KH�PHDQ�VL]H�RI�VHJUHJDWLRQV��'!
 ������QP�� WKH�PHDQ�GLVWDQFH�EHWZHHQ� VHJ�
UHJDWLRQV� �/!� ������ QP�� 0RUH� GHWDLOHG
VWDWLVWLFDO�GDWD�DUH�LQ�7DEOH�
LL���:KHQ�WKH�VXEVWUDWH�WHPSHUDWXUH�ULVHV

LQ�WKH�UDQJH�RI��6|���Ü����z��WKH�1L�ILOPVRI� PHWDVWDEOH� KFS� VWUXFWXUH� DUH� IRUPHG�
2QO\� SRO\FU\VWDOOLQH� ILOPV� ZHUH� JHQHUDWHG
RQ� WKH� QRQ�RULHQWLQJ� VXEVWUDWHV�� 7KH� HOHF�
WURQ� GLIIUDFWLRQ� SDWWHUQ� DQG�7(0� LPDJH� RI
KFS� 1L� ILOP� GHSRVLWHG� DW� �6� ����� z� RQWR.&O�VXEVWUDWH�FRDWHG�ZLWK�DPRUSKRXV�FDUERQ
ILOP� DUH� VKRZQ� LQ� )LJ���D�� ,Q� DFFRUGDQFH
ZLWK�KLVWRJUDP��VKRZQ�LQ�)LJ���E��WKH�PHDQ
VL]H�RI�1L�JUDLQV��'!�LV�����QP�
3DUWLDOO\� RULHQWHG� ILOPV� DUH� IRUPHG� RQ

WKH� RULHQWLQJ� VXEVWUDWHV�� $V� 76� ULVHV�� WKHH[WHQW� RI� ILOP� RULHQWDWLRQ� LQFUHDVHV�� )LJ���D
GHPRQVWUDWHV�WKH�HOHFWURQ�GLIIUDFWLRQ�SDWWHUQ
DQG�7(0�LPDJH�RI�DQ�KFS�1L�ILOP�GHSRVLWHG�DW
WKH� VDPH� WHPSHUDWXUH� ��6� �����z�� RQWR������ .&O� VXUIDFH�� $FFRUGLQJ� WR� KLVWRJUDP
VKRZQ�LQ�)LJ���E��WKH�PHDQ�VL]H�RI�1L�JUDLQ
LQFUHDVHV�DQG�DPRXQWV������QP�
7KH�DQQHDOLQJ�RI�WKH� LQYHVWLJDWHG�KFS�1L

ILOPV� �ERWK� SRO\FU\VWDOOLQH� DQG� WH[WXUH�RUL�
HQWHG��UHVXOWV�LQ�WKH�WUDQVLWLRQ�WKHUHRI�LQWR
VWDEOH�IFF�VWDWH��7KH�HOHFWURQ�GLIIUDFWLRQ�SDW�
WHUQ�DQG�7(0�LPDJH�RI�IFF�1L�ILOPV�REWDLQHG
E\�DQQHDOLQJ�RI�LQLWLDO�KFS�1L�RQHV�DUH�VKRZQ
LQ� )LJV���F� DQG� �F�� $QQHDOLQJ� RI� ILOPV� RQ
VXEVWUDWHV� ZDV� FDUULHG� RXW� DW� �D� �����zGXULQJ� WD� �����PLQ��7KH�KLVWRJUDPV��)LJV��G�DQG��G��LOOXVWUDWH�WKH�FKDQJH�RI�1L�JUDLQ
VL]H� GLVWULEXWLRQ� DIWHU� DQQHDOLQJ�� ,Q� WKH
ILUVW� FDVH�� WKH� PHDQ� 1L� JUDLQ� VL]H� �'!�
LQFUHDVHG�IURP�����QP�WR������QP��LQ�WKH�VHFRQG�RQH�
IURP������QP�WR������QP��VHH�7DEOH��
LLL��� 7KH� SRO\FU\VWDOOLQH� IFF� ILOPV� �GH�

SRVLWHG� RQWR� QRQ�RULHQWHG� VXEVWUDWHV�� DQG
HSLWD[LDO� RQHV� �GHSRVLWHG� RQWR� RULHQWLQJ
VXEVWUDWHV�� DUH� IRUPHG�ZKHQ� GHSRVLWLRQ� LV

7DEOH��$QQHDOLQJ�HIIHFW�RQ�VWUXFWXUH�DQG�VWDWLVWLF�FKDUDFWHULVWLFV�RI�3/'�1L�ILOPV
*UDLQ

�SDUWLFOHV�
FKDUDF�
WHULVWLFV

1L�GHSRVLWLRQ�RQWR�������.&O�
76� �����.

1L�GHSRVLWLRQ�RQWR�DPRUSKRXV
FDUERQ��76� �����.�

1L�GHSRVLWLRQ�RQWR�������.&O�
76� �����.

,QLWLDO�VWDWH 3RVW�DQQHDOLQJ
VWDWH

,QLWLDO�VWDWH 3RVW�DQQHDOLQJ
VWDWH

,QLWLDO�VWDWH 3RVW�DQQHDOLQJ
VWDWH

6WUXFWXUH $PRUSKRXV $PRUSKRXV
ZLWK�IFF

VHJUHJDWLRQV
KFS

SRO\FU\VWDOOLQH
IFF

SRO\FU\VWDOOLQH
KFS�WH[WXUH IFF�WH[WXUH�

�'!��QP Ü ���� ��� ���� ���� �����
W��QP Ü ��� ��� ���� ��� ����
z��� Ü ���� ���� ���� ���� ����

1RWHV�� �'!� LV� PHDQ� JUDLQ� �SDUWLFOH�� VL]H�� V�� VWDQGDUG� GHYLDWLRQ�� z�� FRHIILFLHQW� RI� YDULDWLRQ
���V��'!�

)LJ�����3XOVH�ODVHU�GHSRVLWLRQ�RI�1L�ILOPV�RQWR
������ .&O� VXEVWUDWH�� �D�� (OHFWURQ� GLIIUDFWLRQ
SDWWHUQ�DQG�7(0�LPDJH�RI�DQ�DPRUSKRXV�ILOP
GHSRVLWHG� DW� VXEVWUDWH� WHPSHUDWXUH� 76� ����.���E��7KH�VDPH�DIWHU�DQQHDOLQJ�RI�ILOPV�RQ
WKH�VXEVWUDWH�LQ�YDFXXP�DW�7D� �����.�GXULQJ
WD� �����PLQ��7KH�HOHFWURQ�GLIIUDFWLRQ�SDWWHUQFRQWUDVW�LV�LQYHUWHG���F��+LVWRJUDP�RI�VL]H��'�
GLVWULEXWLRQ� RI� 1L� SDUWLFOHV� VHJUHJDWHG� LQ
DPRUSKRXV�PDWUL[�DIWHU�DQQHDOLQJ�
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FDUULHG�RXW�DW� VXEVWUDWH� WHPSHUDWXUH��6� ���Ü����z�
7KH� GLDJUDP� GHVFULELQJ� WKH� GHSHQGHQFH

RI�PHDQ�1L�JUDLQ�VL]H��'!�RQ�WKH�GHSRVLWLRQ
WHPSHUDWXUH� 76� LV� SUHVHQWHG� LQ� )LJ���D�� ,QWKLV�ILJXUH��WKH�PHDQ�JUDLQ�VL]HV�RI�DQQHDOHG
1L� ILOPV� DUH� VKRZQ�� WRR�� 7KH� VROLG� OLQH� LV
GUDZQ� WKURXJK� SRLQWV� FKDUDFWHUL]LQJ� WKH
JUDLQ� VL]HV� RI� DV�SUHSDUHG�1L� ILOPV�� 7KH� DU�
URZV�FRQQHFW�WKH�SRLQWV�FRUUHVSRQGLQJ�WR�DV�

SUHSDUHG�KFS�VDPSOHV�DQG� IFF�DQQHDOHG�RQHV�
,Q� DFFRUGDQFH� ZLWK� WKH� SORW�� WKH� FRQVLGHU�
DEOH� ULVH� RI� �'!� LV� DFFRPSDQLHG� E\� SKDVH
WUDQVLWLRQ� RI� 1L� ODWWLFH� IURP� KFS� WR� IFF
VWDWH�
LY��$W� ODVHU� VSXWWHULQJ� RI� QLFNHO� LQ� R[\�

JHQ� DWPRVSKHUH� XQGHU� J�H��t����� 3È��1L2
R[LGH� SKDVH� KDYLQJ� IFF� SRO\FU\VWDOOLQH
VWUXFWXUH�LV�IRUPHG��)LJ�����

)LJ�����7KH�KFS�o�IFF�SKDVH� WUDQVLWLRQ� LQ�1L� ILOPV�GHSRVLWHG�E\�3/'�RQWR� ������.&O� VXEVWUDWH�� �D�
(OHFWURQ� GLIIUDFWLRQ� SDWWHUQ� DQG� 7(0� LPDJH� RI� DQ� KFS� 1L� ILOP� GHSRVLWHG� DW� 76� ����� .�� �E�+LVWRJUDP�RI�VL]H��'��GLVWULEXWLRQ�RI�KFS�1L�JUDLQV���F��(OHFWURQ�GLIIUDFWLRQ�SDWWHUQ�DQG�7(0�LPDJH
RI�DQ�IFF�1L�ILOP�REWDLQHG�DIWHU�DQQHDOLQJ�RI�LQLWLDO�ILOP�RQ�WKH�VXEVWUDWH�LQ�YDFXXP��7D� �����.�
WD� �����PLQ���G��+LVWRJUDP�RI�VL]H��'��GLVWULEXWLRQ�RI�IFF�1L�JUDLQV�

)LJ�����7KH�KFS�o�IFF� SKDVH� WUDQVLWLRQ� LQ�1L� ILOPV�GHSRVLWHG� E\�3/'�RQWR� DPRUSKRXV�FDUERQ� WKLQ
ILOPV���D��(OHFWURQ�GLIIUDFWLRQ�SDWWHUQ�DQG�7(0�LPDJH�RI�DQ�KFS�1L�ILOP�GHSRVLWHG�DW�76� �����.��E��+LVWRJUDP�RI� VL]H� �'�� GLVWULEXWLRQ� RI�KFS�1L� JUDLQV�� �F��(OHFWURQ�GLIIUDFWLRQ�SDWWHUQ� DQG�7(0
LPDJH� RI�1L� ILOP� ZLWK� IFF� VWUXFWXUH� REWDLQHG� DIWHU� DQQHDOLQJ� RI� LQLWLDO� ILOP� RQ� WKH� VXEVWUDWH� LQ
YDFXXP��76� �����.��WD� �����PLQ���G��+LVWRJUDP�RI�VL]H��'��GLVWULEXWLRQ�RI�IFF�1L�JUDLQV�
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:H�KDYH�IRXQG�WKDW�DV�SUHSDUHG�1L�ILOPV
KDYLQJ� ERWK� DPRUSKRXV� VWUXFWXUH� �)LJ���D�
DQG�PHWDVWDEOH�KFS�RQH��)LJV���D���D��GR�QRW
UHYHDO� PDJQHWLF� PRPHQW� �)LJV� �D�� �F�� �H�
H[FHHGLQJ� WKH� PDJQHWRPHWHU� VHQVLWLYLW\
WKUHVKROG� �FRUUHVSRQGLQJ� WR� PDJQHWL]DWLRQ
YDOXH� OHVV� WKDQ� �Ü��*� IRU� DERYH�PHQWLRQHG
VL]H�SDUDPHWHUV�RI�VDPSOHV�XQGHU�LQYHVWLJD�
WLRQ��LQ�PDJQHWLF�ILHOGV�XS�WR������2H�
$IWHU� DQQHDOLQJ�� WKH� PDJQHWLF� VWDWH� RI

ILOPV�GHSRVLWHG�RQWR�ERWK�DPRUSKRXV�FDUERQ
OD\HU� DQG� ������ VXUIDFH� RI� .&O� VXEVWUDWHV
FKDQJHG��1DPHO\��WKH�PDJQHWLF�PRPHQW� LQ�
FUHDVHV� VLJQLILFDQWO\� DQG� K\VWHUHVLV� LV� RE�
VHUYHG� DW� PDJQHWL]DWLRQ� UHYHUVDO� �)LJV���G�
�I��� 7KH� LQ�SODQH� DQLVRWURS\� LV� DEVHQW�� 1L
ILOPV� RQ� DPRUSKRXV� FDUERQ� VXEVWUDWHV� DUH
FKDUDFWHUL]HG� E\� FRHUFLYH� IRUFH�+&� ����2HDQG� VDWXUDWLRQ� PDJQHWLF� ILHOG� +6|����2H�)RU� ������ .&O� VXEVWUDWHV�� WKHVH� YDOXHV
DPRXQW�RI�����2H�DQG�����2H��UHVSHFWLYHO\�
6DWXUDWLRQ� PDJQHWL]DWLRQ� YDOXHV� ,6� DUH� LQWKH�UDQJH�RI�����WR�����*��EHLQJ�VRPHZKDW
ORZHU�WKDQ�,6�IRU�EXON�QLFNHO������*�>��@��

7KH� GLDJUDP� RI� VWUXFWXUH� DQG� SKDVH
VWDWHV� IRU� ODVHU� FRQGHQVDWH�ILOPV�RI�YDULRXV
PHWDOV� GHSRVLWHG� RQWR� XQKHDWHG� VXEVWUDWHV
XQGHU� GLIIHUHQW� R[\JHQ� SUHVVXUH� YDOXHV� LQ
HYDSRUDWLQJ�FKDPEHU�LV�SUHVHQWHG�LQ�>�����@�
2XU�GDWD�FRQFHUQLQJ�WR�VWUXFWXUH�DQG�SKDVH
VWDWHV� RI� 3/'� 1L� ILOPV� DUH� VKRZQ� LQ� WKH
LPSURYHG� GLDJUDP� �)LJ������ 2Q� WKH� DEVFLVVD
D[LV��WKH�YDOXHV�RI�LQLWLDO�DGVRUSWLRQ�KHDW�RI
R[\JHQ� RQWR�PHWDO� VXUIDFH��4��� DUH� SORWWHGEHFDXVH� WKH� ILOP� SKDVH� VWDWH� LV� LQIOXHQFHG
PRVW� VWURQJO\� E\� WKDW� JDV�� 7KH� 4�� YDOXHVIRU�1L�VXUIDFH�DUH�FLWHG�LQ�>��@��2Q�WKH�RUGL�
QDWH� D[LV�� WKH� YDOXHV� RI� GLPHQVLRQOHVV� SD�
UDPHWHU� *8� DUH� VKRZQ�� 7KLV� SDUDPHWHUHTXDOV� WKH� UDWLR� RI� JDV� DWRPLF� IOX[�-�� KLW�WLQJ� WKH� JURZWK� VXUIDFH� GXULQJ� WKH� SXOVH
UHSHWLWLRQ� SHULRG� W� WR� IOX[� -�� RI� PHWDODWRPV�GXULQJ�WKH�GHSRVLWLRQ�SXOVH�WLPH�W��
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7KH�IROORZLQJ�DUHDV�DUH�PDUNHG�LQ�WKH�GLD�
JUDP��7KH�DUHD� �,��FRUUHVSRQGV� WR�FU\VWDOOLQH
PHWDO�� 7KH� VXEDUHD� ���c� LV� PDUNHG� DV� D� SDU�
WLFXODU� FDVH� �IRUPDWLRQ� RI� RULHQWHG� DQG� HSL�
WD[LDO�VWUXFWXUHV�XQGHU�GHSRVLWLRQ�RQWR�DONDOL
KDOLGH�FU\VWDO� VXEVWUDWHV���7KH�DUHD� �,,��GHP�
RQVWUDWHV� WKH� SUHVHQFH� RI� SRO\FU\VWDOOLQH
VWUXFWXUHV� ZLWK� DPRUSKRXV� FRPSRQHQW� EH�
WZHHQ�PHWDO�JUDLQV��7KH�DUHD��,,,��FRUUHVSRQGV
WR� DPRUSKRXV� VWUXFWXUHV�� 7KH� DUHD� �,9�� EH�
ORQJV� WR� SKDVHV� ZLWK� FRPSRVLWLRQ� FORVH� WR
VWRLFKLRPHWULF�R[LGHV�

)LJ�����(OHFWURQ�GLIIUDFWLRQ�SDWWHUQ�DQG�7(0
LPDJH� RI� DQ� IFF�1L2� ILOP�� 3/'� ZDV� FDUULHG
RXW�LQ�R[\JHQ�DWPRVSKHUH�DW�SUHVVXUH�J�H��� ����� 3È� DQG� VXEVWUDWH� WHPSHUDWXUH� �6� ����z�

)LJ����� �D��'HSHQGHQFH�RI�1L�PHDQ�JUDLQ� VL]H
�'!� RQ� VXEVWUDWH� WHPSHUDWXUH� 76� DQG� RQSRVW�GHSRVLWLRQ� DQQHDOLQJ�� 7KH� FXUYH� LV� SORW�
WHG� WKURXJK� WKH� SRLQWV� FKDUDFWHUL]LQJ� WKH�1L
JUDLQ� VL]HV� RI� DV�SUHSDUHG� ILOPV�� 7KH� DUURZV
OLQN�WRJHWKHU�WKH�GDWD�FRUUHVSRQGLQJ�WR�VDP�
SOHV� SULRU� WR� DQG� DIWHU� DQQHDOLQJ�� UHVSHF�
WLYHO\�� R�Û�KFS�1L� SKDVH�� x�Û� IFF�1L� SKDVH�
�E�� 3ORW� IRU� KFS� 1L� ILOPV� GUDZQ� XVLQJ
OQ�'!�Ü�����76�FRRUGLQDWHV�
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7KH� VWUXFWXUH� IRUPHG� DV� D� UHVXOW� RI
QLFNHO� 3/'� LQ� R[\JHQ� DWPRVSKHUH� DW� SUHV�
VXUH�3�2��t�����3D�FRUUHVSRQGV�WR�DUHD��,9��WKH�VTXDUH�LQ�WKH�GLDJUDP�RI�)LJ������+HUH�
WKH� VWRLFKLRPHWULF� IFF� R[LGH� 1L2� LV� JHQHU�
DWHG� �VHH� )LJ������ :KHQ� WKH� SUHVVXUH� GH�
FUHDVHV�� WKH� DPRUSKRXV� VWDWH� FRUUHVSRQGLQJ
WR�DUHD��,,,���WKH�FLUFOH�LQ�GLDJUDP�RI�)LJ����
LV� UHDOL]HG�� $Q� LQFUHDVLQJ� IOX[� RI� PHWDO
FRPSRQHQW� -�� LQLWLDWHV� WKH� FRQYHUVLRQ� WRDUHD��,���WKH�WULDQJOH�LQ�WKH�DERYH�PHQWLRQHG
GLDJUDP���7KLV� FDVH� LV� UHDOL]HG� LQ�FRPELQHG
ODVHU� DQG� WKHUPDO� FR�GHSRVLWLRQ� PHWKRG
ZKHQ� YDSRU�SODVPD� IOX[� DQG� IOX[� RI� PHWDO
DWRPV� HYDSRUDWHG� WKHUPDOO\� DUH� GHSRVLWHG
RQ�VXEVWUDWH�>��@�
7KH�GHSHQGHQFHV�RI�PHDQ�JUDLQ�VL]H��'!

RI�KFS�1L�YV�VXEVWUDWH�WHPSHUDWXUH�76�SORW�WHG� XVLQJ� FRRUGLQDWHV� OQ�'!�Ü�����76� DUHVKRZQ� LQ� )LJ���E�� ,W� IROORZV� IURP� WKLV� ILJ�
XUH�WKDW�H[SHULPHQWDO�SRLQWV�DUH�VLWXDWHG�RQ
VWUDLJKW�OLQH�GHVFULEHG�E\�WKH�HTXDWLRQ�
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ZKHUH� D� ������� DQG� E� �Ü������ 2Q� WKH
RWKHU� KDQG� >��@�� LW� LV� NQRZQ� WKDW� WKH� GH�
SHQGHQFH�RI�PHDQ�JUDLQ�VL]H��'!�RI�GHSRV�
LWHG�ILOPV�DUH�DOORZHG�WR�GHVFULEHG�E\�H[SR�
QHQWLDO�IXQFWLRQ�

'®�� �$H[S�� 8
576��

���

,Q� (T�������$� LV� SUH�H[SRQHQWLDO� IDFWRU�
8�LV�HIIHFWLYH�DFWLYDWLRQ�HQHUJ\�RI�SURFHVVHV
FRQWUROOLQJ�WKH�JUDLQ�JHQHUDWLRQ��&RPSDULQJ

)LJ����� 7KH� VWUXFWXUH� VWDWH� GLDJUDP� RI� ILOPV
GHSRVLWHG� E\� SXOVH� ODVHU� VSXWWHULQJ� RI�PHWDO
WDUJHWV�LQ�R[\JHQ�DWPRVSKHUH�

)LJ�����0DJQHWL]DWLRQ�ORRSV�RI�3/'�1L�ILOPV���D��$PRUSKRXV�ILOPV��VHH�)LJ���D��GHSRVLWHG�RQWR�.&O
������VXUIDFH�DW�76� �����.�� �E��7KH�VDPH�DIWHU�SDUWLDO�FU\VWDOOL]DWLRQ��VHH�)LJ���E��DV�D�UHVXOW�RI
DQQHDOLQJ� DW�7D� �����.��WD� �����PLQ�� �F�� 3RO\FU\VWDOOLQH� KFS� ILOPV� �VHH� )LJ���D�� GHSRVLWHG� RQWRDPRUSKRXV� FDUERQ� VXUIDFH� DW� 76� ����� .�� �G�� 7KH� VDPH� DIWHU� WUDQVLWLRQ� WR� IFF� VWUXFWXUH� �VHH
)LJ���F��DV�D�UHVXOW�RI�DQQHDOLQJ�DW�7D� �����.��WD� �����PLQ���H��3DUWLDOO\�RULHQWHG�KFS�ILOP��VHH)LJ���D��GHSRVLWHG�RQWR�������.&O�VXUIDFH�76� �����.���I��7KH�VDPH�DIWHU�WUDQVLWLRQ�WR�IFF�VWUXFWXUH
�VHH�)LJ���F��DIWHU�DQQHDOLQJ�DW�7D� �����.��WD� �����PLQ�
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WKH� HTXDWLRQV� ���� DQG� ���� DQG� XVLQJ� WKH
DERYH�PHQWLRQHG� D� DQG� E� FRHIILFLHQWV�� ZH
JHW� k� �������Ü��� �P��� DQG� 8� 
������N-�PRO�������H9�DWRP��
$FFRUGLQJ�WR�>��@�WKH�W\SLFDO�YDOXHV�RI�8

IRU�SXUH�PHWDOV�GHSRVLWHG�DW�VXEVWUDWH�WHP�
SHUDWXUHV� 76� QRW� H[FHHGLQJ� ���� PHOWLQJSRLQW��VR�FDOOHG�ILUVW�FRQGHQVDWLRQ�]RQH��DUH
����WR������H9�DWRP��,W�VKRXOG�EH�FRQFOXGHG
WKDW� WKH� YDOXH� RI� 8� ������ H9�DWRP�GHWHU�
PLQHG�IRU�1L�LQ�RXU�ZRUN�DJUHHV�VDWLVIDFWRU\
ZLWK�OLWHUDWXUH�GDWD�
$QQHDOLQJ� RI�1L� ILOPV� RQ� ������.&O� VXE�

VWUDWH� LQ� YDFXXP� LQ� WHPSHUDWXUH� UDQJH
7D|���Ü���� z� DFWLYDWHV� WKH� UHFU\VWDOOL]D�WLRQ� SURFHVVHV��$V� D� UHVXOW� RI� UHFU\VWDOOL]D�
WLRQ�� WKH� LQFUHDVLQJ� RI� PHDQ� 1L� JUDLQ� VL]H
�'!�LV�REVHUYHG�DQG�WKH�SKDVH�WUDQVIRUPD�
WLRQ�IURP�ORZ�WHPSHUDWXUH�KFS�PRGLILFDWLRQ
�D�1L�SKDVH��WR�KLJK�WHPSHUDWXUH�IFF�RQH��E�
1L� SKDVH�� RFFXUV�� 7R� FDUU\� RXW� WKH� FU\VWDO�
ORJUDSKLF�DQDO\VLV��LW�LV�UHDVRQDEOH�WR�XVH�DQ
H[DPSOH� RI� LQYHUVH� DOORWURSLF� WUDQVIRUPD�
WLRQ� E�o�D�� ZKLFK� RFFXUV� LQ� D� PDUWHQVLWH
PDQQHU�LQ�&R�XQGHU�VDPSOH�FRROLQJ�>��@�
)LJ���D� VKRZV� WKH� ELOD\HU� KFS� ODWWLFH� �D�

1L� SKDVH�� DV� D� VHTXHQFH� RI� FORVH�SDFNHG
DWRPLF� OD\HUV� �$%$%������ 7KH� JURZWK� RI

KLJK�WHPSHUDWXUH� E�1L� SKDVH� FU\VWDO� VWDUWV
IURP�VRPH�������SODQH�RI�LQLWLDO�KFS�FU\VWDO�
WKLV�SODQH�UHPDLQLQJ�LQYDULDQW��:H�VXSSRVH
WKDW� WKH� ILUVW� WZR�ERWWRP� OD\HUV�$�� DQG�%�RI�D�1L�SKDVH�������SODQHV�FRUUHVSRQG�WR�WKH
ILUVW� WZR� ERWWRP� OD\HUV� $�� DQG� %�� RI� E�1LSKDVH�������SODQHV��:KHQ��$�%�$�%���OD\HUVRI� ������ D�1L� SKDVH� DUH� VKLIWHG� E\� YHFWRU
5� �����D>�

BB
��@�� WKHQ� $�� DQG� %�� SODQHV� RIELOD\HU� VWDFNLQJ� SDVV� LQWR� ������ &�� DQG�$�RI� WKUHH�OD\HUHG� VWDFNLQJ�� 1H[W� VLPLODU

VKLIWV� VWLPXODWH� WKH� IROORZLQJ� WUDQVLWLRQ�
$��o�%�� DQG�%�� !�&�� HWF�� ,Q� WKLV� ZD\�� WKHUHFRQVWUXFWLRQ�RI�ODWWLFH�IURP�ELOD\HU�VWDFN�
LQJ�WR�WKUHH�OD\HUHG�RQH�RFFXUV�
7KH�FKDQJH�RI�ILOP�PDJQHWLF�PRPHQW�UH�

VXOWLQJ� IURP�DQQHDOLQJ� WKDW�ZH�KDYH� HVWDE�
OLVKHG� FDQ� EH� H[SODLQHG� DV� IROORZV��7KH� DQ�
QHDOLQJ�VWLPXODWHV� WKH� WUDQVIRUPDWLRQ�RI�1L
FU\VWDO� VWUXFWXUH� IURP� PHWDVWDEOH� KFS� RQH
�D�1L� SKDVH�� WR� HTXLOLEULXP� IFF� SKDVH� �E�1L
SKDVH��� $� PRGHO� LV� NQRZQ� GHVFULELQJ� WKH
WUDQVLWLRQ�PHWDO� HOHFWURQ� VWUXFWXUH� >��@�� ,Q
WKDW� PRGHO�� WKH� KFS� 1L� ZRXOG� QRW� KDYH� D
VSRQWDQHRXV�PDJQHWL]DWLRQ�ZKLOH� WKH� IFF�1L
LV�IHUURPDJQHWLF��,Q�WKLV�FDVH��WKH�PDJQHWLF
SURSHUWLHV� FKDQJHV� DIWHU� DQQHDOLQJ� DUH� GXH
WR�PDJQHWLF�SKDVH�WUDQVIRUPDWLRQ�

)LJ�����6FKHPDWLF�PRGHO�RI�SKDVH�WUDQVLWLRQ�IURP�ORZ�WHPSHUDWXUH�KFS�PRGLILFDWLRQ��D�1L�SKDVH��WR
KLJK�WHPSHUDWXUH� IFF� RQH� �E�1L� SKDVH�� LQ� 3/'� ILOPV� XQGHU� DQQHDOLQJ�� �D�� KFS� FU\VWDO� ODWWLFH� LQ
SURMHFWLRQV�RQWR�������DQG�������SODQHV��5HG�DQG�EOXH�FLUFOHV�FRUUHVSRQG�WR�DWRPV�LQ�WKH�VDPH�W\SH
SODQHV�RI�$%$%����VHTXHQFH�� �E��IFF�FU\VWDO� ODWWLFH� LQ�SURMHFWLRQ�RQWR� ������DQG� ������SODQHV��5HG�
EOXH�� DQG� JUHHQ� FLUFOHV� FRUUHVSRQG� WR� DWRPV� RI� WKH� VDPH� W\SH� LQ� DWRPLF� SODQHV� RI� $%&$%&���
FRQVHTXHQFH�
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7KHUH� DUH� FRQWUDU\� YLHZSRLQWV�� WRR�� ,Q
>��@��LW�KDV�EHHQ�VKRZQ�WKDW�KFS�1L�LV�IHUUR�
PDJQHWLF� DQG� LWV� DWRPLF� PDJQHWLF� PRPHQW
LV� HTXDO� WR� ����� P%�� EHLQJ� VRPHZKDW� OHVVWKDQ�DWRPLF�PDJQHWLF�PRPHQW�RI� VWDEOH�IFF
SKDVH� �����P%��� +RZHYHU�� LQ� QDQRGLVSHUVHGWKLQ�ILOP�V\VWHPV�ZKHUH�WKH�JUDLQV�DUH�VXI�
ILFLHQWO\�VPDOO�DQG�LVRODWHG�IURP�HDFK�RWKHU
�YROXPH� FRQFHQWUDWLRQ�RI�PDJQHWLF�SKDVH� LV
ORZHU�WKDQ��������WKH�VXSHUSDUDPDJQHWLVP
PD\� EH� REVHUYHG�� $V� D� FRQVHTXHQFH�� WKH
PDJQHWLF� PRPHQW� RI� WKH� VDPSOH� XQGHU� LQ�
YHVWLJDWLRQ�ZLOO�EH�YHU\�VPDOO�LQ�WKH�DSSOLHG
PDJQHWLF�ILHOGV��������2H���7KLV�FDVH�WDNHV
SODFH�LQ�DPRUSKRXV�FU\VWDOOLQH�1L� ILOPV� �VHH
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