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WXUH�DIWHU�DQQHDOLQJ�DW������&�LQ�WKH�PDJQHWLF�ILHOG�RI���N2H��/RFDO�K\VWHUHVLV�ORRSV�ZHUH�PHDVXUHG�XVLQJ
WKH�PDJQHWR�RSWLFDO�.HUU�HIIHFW�V\VWHP��5HODWLYHO\�LUUHJXODU�YDULDWLRQV�RI�WKH�FRHUFLYH�IRUFH�+ � �DQG�XQLGL�
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QHVV� LV� V\PPHWULF� ZLWK� UHVSHFW� WR� WKH� FHQWUH� RI�07-�� &RUUHODWLRQ� EHWZHHQ� VXUIDFH� URXJKQHVV� DQG� WKH
YDULDWLRQ�RI�+ �
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���,QWURGXFWLRQ
(YHU�VLQFH�ODUJH�WXQQHO�PDJQHWRUHVLVWDQFH��705��DW�D�URRP�WHPSHUDWXUH�ZDV�RE�

VHUYHG� >��� �@�� SURSHUWLHV� RI� PDJQHWLF� WXQQHO� MXQFWLRQV� �07-V�� KDYH� EHHQ� VWHDGLO\
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LPSURYHG�� 5HFHQWO\�07-V� ZLWK� ���� 705� DW� D� URRP� WHPSHUDWXUH� �57�� KDYH� EHHQ
GHPRQVWUDWHG� >�@�� 7KLV� IDFW� PDNHV� WKHP� DSSURSULDWH� IRU� PDJQHWLF� UDQGRP� DFFHVV
PHPRU\��0�5$0��GHYLFHV�>����@��KLJKO\�VHQVLWLYH�ELR�VHQVRUV�>����@�RU�UHDG�KHDGV�LQ
KDUG�GLVN�GULYHV�>�@�

$V�LV�JHQHUDOO\�NQRZQ�>�����@��WKH�WXQQHOLQJ�UHVLVWDQFH��5��GHSHQGV�RQ�WKH�UHODWLYH
RULHQWDWLRQ�RI�WKH�PDJQHWL]DWLRQ��0��RI�HDFK�OD\HU��,Q�D�PHPRU\�GHYLFH��DQ�LQGHSHQG�
HQW� VZLWFKLQJ� RI� WKH�PDJQHWLFDOO\� VRIW� OD\HU� LV� DFKLHYHG� E\�PDNLQJ� WKH� RWKHU� OD\HU
HLWKHU�H[FKDQJH�ELDVHG�RU�PDJQHWLFDOO\�KDUG��7KH�DQWLSDUDOOHO�DQG�SDUDOOHO�0�DUUDQJH�
PHQWV�LQ�D�WXQQHO�MXQFWLRQ�PD\�UHSUHVHQW�WZR�VWDWHV�RI�D�ELW��5HDGLQJ�WKH�LQIRUPDWLRQ
UHTXLUHV�RQO\�WKH�PHDVXUHPHQW�RI�5��:ULWLQJ�WKH�LQIRUPDWLRQ�LQYROYHV�D�VZLWFKLQJ�RI
0�IRU�RQH�OD\HU��LGHDOO\�ZLWKRXW�DIIHFWLQJ�0�IRU�WKH�UHIHUHQFH�OD\HU�

7R�VWDELOL]H� WKH�UHIHUHQFH� OD\HU�� LWV�K\VWHUHVLV� ORRS�FDQ�EH�VKLIWHG�DZD\� IURP� WKH
]HUR�ILHOG�E\�H[FKDQJH�ELDVLQJ��0�RI�WKH�UHIHUHQFH�OD\HU�LV�SLQQHG�WR�DQ�DGMDFHQW�DQWLI�
HUURPDJQHWLF� �$)�� OD\HU� WKURXJK� DQ� H[FKDQJH� LQWHUDFWLRQ��ZKLFK� HIIHFWLYHO\� DFWV� DV
LQWHUQDO�ILHOG�RQ�WKH�UHIHUHQFH�OD\HU�DQG�PXVW�EH�RYHUFRPH�LQ�RUGHU�WR�VZLWFK�WKH�OD\HU�

7KH�PDJQHWL]DWLRQ� UHYHUVDO� LQ� D� VWDFN�RI� WKLQ� ILOPV�PD\� EH� VWURQJO\� DIIHFWHG� E\
YDULRXV�PDJQHWLF�SDUDPHWHUV��2QH�LPSRUWDQW�SDUDPHWHU�LV�XQLGLUHFWLRQDO�DQLVRWURS\�RI
IUHH�OD\HU�FDXVHG�E\�WKH�LQWHUOD\HU�FRXSOLQJ�EHWZHHQ�SLQQHG�DQG�IUHH�OD\HUV�VHSDUDWHG
E\�DQ�LQVXODWLQJ�VSDFHU��7KH�PDLQ�LQWHUOD\HU�FRXSOLQJ�HIIHFWV�KDYH�EHHQ�LGHQWLILHG�WR
EH�5..<�OLNH�FRXSOLQJ�WKURXJK�DQ�LQGLUHFW�H[FKDQJH�PHGLDWHG�E\�WKH�LWLQHUDQW�HOHF�
WURQV��DQG�1pHO¶V�³RUDQJH�SHHO´�FRXSOLQJ�IURP�PDJQHWLF�GLSROH�LQWHUDFWLRQ�UHODWHG�WR
LQWHUIDFLDO� PRUSKRORJLFDO� FRUUXJDWLRQV� >��±��@�� :KHQ� DQ� LQVXODWLQJ� OD\HU� SUHYHQWV
HOHFWURQ�LWLQHUDQF\��GLSROH�LQWHUDFWLRQ�LV�UHDVRQDEOH�UDWKHU�WKDQ�5..<�OLNH�FRXSOLQJ�

+RZHYHU��WKHUH�DUH�FRQWUDGLFWRU\�UHVXOWV�IRU�WKH�FRUUHODWLRQ�EHWZHHQ�H[FKDQJH�FRXSOLQJ
DQG�VXUIDFH�URXJKQHVV��ZKLOH�RQH�UHVXOW�LQGLFDWHV�WKDW�WKH�H[FKDQJH�FRXSOLQJ�LV�LQYHUVHO\
SURSRUWLRQDO�WR�VXUIDFH�URXJKQHVV�>������@��WKH�RWKHU�FODLPV�WKDW�WKH�H[FKDQJH�FRXSOLQJ�LV
SURSRUWLRQDO�WR�VXUIDFH�URXJKQHVV�>��@��$�IXOO�XQGHUVWDQGLQJ�RI�WKHLU�UHODWLRQVKLS�KDV�QRW
EHHQ�DWWDLQHG�EHFDXVH�RI�WKH�FRPSOH[�PDWHULDO�DQG�PDJQHWLF�SDUDPHWHUV�

,Q� UHDOLW\�� WKH� LQKRPRJHQHLW\� RI� PDWHULDO� DQG� VWUXFWXUH� DUH� UHVSRQVLEOH� IRU� WKH
DERYH�UHVXOWV��KHQFH�ORFDO�PDJQHWLF�SDUDPHWHUV��PDJQHWL]DWLRQ��FRHUFLYLW\�DQG�XQLGL�
UHFWLRQDO�DQLVRWURS\�ILHOG��LQ�ERWK�IUHH�DQG�SLQQHG�OD\HUV�FDQ�EH�QRQ�XQLIRUP�RYHU�WKH
MXQFWLRQ�

7KH�GLVWULEXWLRQ�RI�PDJQHWLF�SDUDPHWHUV�SUREDEO\�DULVHV� IURP� ORFDO�YDULDWLRQV�RI
WKH�PDJQHWLF� DQLVRWURS\�DQG�RU� FRXSOLQJ� IURP�JUDLQ� WR�JUDLQ�ZLWKLQ�HDFK� OD\HU��7KH
PDJQHWL]DWLRQ�UHYHUVDO�DQG�VWUHQJWK�RI�H[FKDQJH�FRXSOLQJ�SOD\�D�GHFLVLYH�UROH�LQ�WKH
PDJQHWRUHVLVWLYLW\��05��UDWLR�DQG�LWV�ILHOG�VHQVLWLYLW\�>������@�

,Q�WKLV�ZRUN��ZH�LQYHVWLJDWH�QRW�RQO\�JHQHUDO�SURSHUWLHV�RI�WKH�VWUXFWXUH�DQG�PDJQHWRUH�
VLVWDQFH��EXW� DOVR� GLVWULEXWLRQV� RI� WKH� FRHUFLYH� IRUFH�� XQLGLUHFWLRQDO� DQLVRWURS\� ILHOG� DQG
VXUIDFH�URXJKQHVV�RQ�SDWWHUQHG�MXQFWLRQV�SUHSDUHG�E\�'&�VSXWWHULQJ�PHWKRG��:H�GLVFXVV
PDJQHWLF�SDUDPHWHUV�REWDLQHG�DQG�FRXSOLQJ�LQWHUDFWLRQV� LQ�UHODWLRQ�WR� WKH�VXUIDFH�URXJK�
QHVV�
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���([SHULPHQWDO
07-V� ZLWK� WKH� VWUXFWXUH� RI� 7D���� c��&X����� c��7D���� c��1L ��� )H � � ���� c�

�&X����c��0Q ��� ,U � � �����c��&R ��� )H � � ����c��$O�2�&R ��� )H � � ����c��1L ��� )H � � �W��7D����c��
DQG� WKH� WKLFNQHVV�RI�1L ��� )H � � � WRS�HOHFWURGH�RI� W� ���c������c�DQG������c� �)LJ�� ���
ZHUH�GHSRVLWHG�RQ�WKHUPDOO\�R[LGL]HG�6L�ZDIHUV�XVLQJ�'&�PDJQHWURQ�VSXWWHULQJ�ZLWK
XOWUD�SXUH�$U���1��DV�D�SURFHVV�JDV��LQ�D�FKDPEHU�ZLWK�D�EDVH�SUHVVXUH�RI������	� �7RUU�
)RU�EDUULHU� IRUPDWLRQ��PHWDOOLF�$O� ILOP�RI����c� WKLFNQHVV�ZDV� GHSRVLWHG� DQG� VXEVH�
TXHQWO\�R[LGL]HG�LQ�DQ�R[LGDWLRQ�FKDPEHU�ZLWK�D�UDGLDO�OLQH�VORW�DQWHQQD��5/6$��IRU
�����*+]�PLFURZDYHV�>�@��.U�ZDV�XVHG�DV�WKH�LQHUW�JDV�PL[HG�ZLWK�2 � �PROHFXODU�JDV
IRU� WKH� SODVPD�R[LGDWLRQ��)RU� WKH�;�UD\� GLIIUDFWLRQ� DQG�960�PHDVXUHPHQWV�� LQ� WKH
VDPH�GHSRVLWLRQ�SURFHVV�VLPXOWDQHRXVO\�WKH�VDPSOHV�LQ�WKH�IRUP�RI�GLVFV�RI����PP�LQ
GLDPHWHU�ZHUH� IDEULFDWHG�� ,Q�VLWX� SDWWHUQHG� MXQFWLRQV�ZHUH� SUHSDUHG�XVLQJ� D� VKDGRZ
PDVN�GXULQJ�GHSRVLWLRQ��7KH�MXQFWLRQ�VL]H�ZDV���������mP � �RU���������mP � �

)LJ�����0XOWLOD\HU�VWUXFWXUH�RI�07-

7KH�MXQFWLRQ�VDPSOHV�ZHUH�DQQHDOHG�DW������&�IRU���KRXU�XQGHU�WKH�PDJQHWLF�ILHOG
RI� �� N2H�� IROORZHG� E\� ILHOG� FRROLQJ�� 7KH� PDJQHWR�RSWLFDO� .HUU� HIIHFW� �02.(�
PHWKRG�ZDV�XVHG�WR�REWDLQ�WKH�ORFDO�0±+�ORRSV�XQGHU�D����+]�GULYLQJ�PDJQHWLF�ILHOG
ZLWK�����2H�DPSOLWXGH��7KH�SHQHWUDWLRQ�GHSWK�RI�+H±1H� ODVHU� OLJKW� LV�DERXW����QP�
ZKLFK�LV�HQRXJK�WR�DIIHFW�WKH�ZKROH�WKLFNQHVV�RI�WKH�IUHH�OD\HU��7KH�ILHOG�ZDV�DSSOLHG
LQ�WKH�DQQHDOLQJ�ILHOG�GLUHFWLRQ��7KH�ODVHU�EHDP�VL]H�ZDV�DERXW���mP�LQ�GLDPHWHU��FRU�
UHVSRQGLQJ� WR� WKH� VSDWLDO� UHVROXWLRQ� RI� WKH� PLFUR�02.(� V\VWHP�� 7KH� VDPSOH� ZDV
VFDQQHG� XVLQJ� D� FRPSXWHU�FRQWUROOHG� [±\� VWDJH� WR� REWDLQ� D� WZR�GLPHQVLRQDO� SORW� RI
PDJQHWLF� SDUDPHWHUV�� 7KH� GLVWULEXWLRQ� RI� WKH� VXUIDFH� URXJKQHVV� ZDV� GHWHUPLQHG� E\
DWRPLF�IRUFH�PLFURVFRS\��$)0��DW�GLIIHUHQW�SRLQWV�DFURVV�WKH�MXQFWLRQ�
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���5HVXOWV�DQG�GLVFXVVLRQ

�����6WUXFWXUH

,Q� RUGHU� WR� XQGHUVWDQG� WKH� GLIIHUHQW�PDJQHWLF� SHUIRUPDQFHV� LQ� DV�GHSRVLWHG� DQG
DQQHDOHG�07-V��DQ�;�UD\�GLIIUDFWLRQ�H[SHULPHQW�ZDV�GRQH�LQ�q±�q �JHRPHWU\�IRU�ORZ
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)LJ�����7H[WXUHG�SDUW�RI�q±�q �SURILOH�ZLWK�IFF�������,U0Q � ��������&X�SODQHV
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�	 )H � 	 ����c���D���&R 
�	 )H � 	 ����c��1L �
	 )H � 	
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)LJ�����q±�q �SURILOH�IRU�DQQHDOHG�VDPSOHV�RI�&R 
�	 )H � 	 ����c��1L �
	 )H � 	 ��W� �����c�
ZLWK�ILWWLQJ�OLQHV�RI�IFF�������,U0Q � �DQG�������&X�SHDNV
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DQG� KLJK� DQJOHV� XVLQJ� D� 3KLOLSV� GLIIUDFWRPHWHU� RI� WKH� W\SH� ;¶3HUW±03'� ZLWK� &X�
DQRGH��l ��� � ���������c���)LJXUH���VKRZV�WKH�KLJK�DQJOH�GLIIUDFWLRQ�q±�q �VFDQ�IRU�WKH
DV�GHSRVLWHG� DQG� DQQHDOHG� VWDFNLQJ� VWUXFWXUH� RI� WKH� VDPSOHV� ZLWK� WKH� WKLFNQHVV� RI
1L)H�W� ���c�DQG�����c��$FFRUGLQJ�WR�WKH�GLIIUDFWLRQ�GDWD�RI�7VXQRGD�>��@��VWURQJ�IFF
SHDNV� RI� ������ ,U0Q � � DQG� ������ &X� �QRW� GLVWLQJXLVKHG� ZLWK� IFF� ������ 1L ��� )H � � � DQG
&R ��� )H � � �� DUH� REVHUYHG�� 7KHVH� SHDNV� PDQLIHVWHG� KLJKO\� RULHQWHG� IFF� ������ FU\VWDO
SODQHV� VWDFNHG� SDUDOOHO� WR� WKH� ILOP� SODQH�� /DWWLFH� SODQHV� DQG� ODWWLFH� FRQVWDQWV� ZHUH
GHWHUPLQHG�IURP�WKHVH�SHDNV�SRVLWLRQV�IRU�DV�GHSRVLWHG�DQG�DQQHDOHG�VDPSOHV��DV�IRU
H[DPSOH��)LJ������7KHVH�SDUDPHWHUV�RI�IFF�������,U0Q � �DQG�IFF�������&X�IRU�WKH�VDP�
SOHV�ZLWK�WKH�WKLFNQHVV�RI�1L ��� )H � � �W� ���c�DQG�����c�DUH��������,U0Q � �G� �������c��D
 �������c��DQG G� �������c��D� �������c���UHVSHFWLYHO\�DQG�IRU�������&X�G� �������c
�D� �������c��DQG�G� �������c��D� �������c���UHVSHFWLYHO\��7KH�DQQHDOLQJ�WUHDWPHQW�LQ
YDFXXP�DW������&�IRU���KRXU�LQGXFHV�DQ�LQFUHDVH�LQ�������SHDNV�LQWHQVLW\�DQG�D�VOLJKW
SHDN�VKLIW�WR�KLJKHU��q �SRVLWLRQ��������,U0Q � �G� �������c��D� �������c��DQG�������&X
G� �������c��D� �������c��LQGLFDWH�DQ�LPSURYHPHQW�LQ�WKH�FU\VWDOOLQLW\�>������@�RI�WKH
PXOWLOD\HU�VWUXFWXUH�
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)LJ�����7KH�ORZ�DQJOH�GLIIUDFWLRQ�q±�q �UHIOHFWLYLW\�SURILOHV
RI�DV�GHSRVLWHG��VROLG�OLQH��DQG�DQQHDOHG��SRLQWV��VDPSOHV

7KH� ORZ�DQJOH�GLIIUDFWLRQ� �VFDQ�q±�q�� LQ� WKH� UDQJH�RI��q �������SUHVHQWV� WKH� UH�
IOHFWLYLW\� FXUYHV� �)LJ�� ��� RI� DV�GHSRVLWHG� DQG� DQQHDOHG� VDPSOHV�� 1R� UHPDUNDEOH
GLIIHUHQFHV��ZLWKLQ�WKH�DFFXUDF\�RI�WKLV�H[SHULPHQW��ZHUH�UHFRJQL]HG�LQ�WKHVH�FXUYHV
�)LJ�� ����PHDQLQJ� WKDW� QR� VLJQLILFDQW� FKDQJHV� RFFXUUHG� LQ� WKH� LQWHUIDFLDO� URXJKQHVV�
7KH�VKLIW�RI�UHIOHFWLYLW\�FXUYH�RI�DQQHDOHG�VDPSOH�WR�WKH�ORZHU�DQJOH�RI��q � LQGLFDWHV
SDUWLFXODUO\�DQ� LQFUHDVH�RI� WKH� WKLFNQHVV�RI� WKH�7D� VXEOD\HU��7DQWDOXP��GXH� WR� WZLFH
KLJKHU� WKH�DEVRUSWLRQ�FRHIILFLHQW�RI�;�UD\�DQG�GHQVLW\� WKDQ�RWKHU�HOHPHQWV� LQ�PXOWL�
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OD\HU�V\VWHP��GRPLQDWHV�WKH�SHULRGLFLW\�RI�UHIOHFWLYLW\�SURILOHV��)LJV���������7KH�ILWWLQJ
DQDO\VLV� �XVLQJ�:,1*,;$�SURJUDP�RI� 3KLOLSV�� )LJ�� ��� SURYHG� WKDW� WKH� WKLFNQHVV� RI
,U0Q � � UHPDLQV� XQFKDQJHG� DQG�$O±2�EDUULHU� GHFUHDVHV� RQO\� VOLJKWO\� DIWHU� DQQHDOLQJ�
IURP������c�IRU�DV�GHSRVLWHG�VDPSOH�WR����c�IRU�DQQHDOHG�RQH�
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)LJ�����q±�q �UHIOHFWLYLW\�SURILOH��)LWWLQJ�SURILOH��VROLG�OLQH��DQG�H[SHULPHQWDO�RQH��SRLQWV�

7KH�WKLFNQHVV�RI�WKH�WRS�7D�OD\HU�LQFUHDVHV�E\���c��EHIRUH�DQQHDOLQJ����c��DIWHU�±
���c��GXH�WR�HQHUJHWLFDOO\�SUHIHUUHG�GLIIXVLRQ�RI�1L�IURP�WKH�WRS�HOHFWURGH�RI�1L ��� )H � �
�KLJK�QHJDWLYH�IRUPDWLRQ�HQWKDOS\�RI�7D1L�DOOR\��D+ ( )�* >7D1L@� �-��N-�PRO��>��@��7KLV
FRQFOXVLRQ�LV�FRQILUPHG�E\�WKH�VOLJKW�LQFUHDVH�LQ�WKH�WKLFNQHVV����c��RI�WKH�ERWWRP�7D
OD\HU��EHIRUH�DQQHDOLQJ����c��DIWHU����c���EHFDXVH�&X�IURP�WKH�DGMDFHQW�OD\HU�GRHV�QRW
GLIIXVH� LQWR� WKH� ERWWRP� 7D� OD\HU� GXH� WR� QHJOLJLEO\� VPDOO� IRUPDWLRQ� HQWKDOS\
�D+ ( )�* >7D&X@�����N-�PRO��>��@�

�����7XQQHOLQJ�PDJQHWRUHVLVWDQFH

7KH� WXQQHOLQJ� PDJQHWRUHVLVWDQFH� ZDV� PHDVXUHG� DW� 57� LQ� WKH� FSS� FRQILJXUDWLRQ
�FXUUHQW� SHUSHQGLFXODU� WR� WKH� SODQH��ZLWK� D� IRXU�SRLQW� SUREH�PHWKRG� IRU� WKH� VDPSOH
DQQHDOHG� DW� ���� �&� LQ� PDJQHWLF� ILHOG� ��� N2H�� ZLWK� WKH� HOHFWURGH� OD\HU� RI� 1L ��� )H � �
������c�� GHSRVLWHG� RQ� WKH� IUHH� OD\HU� RI� &R ��� )H � � � ����c��� )LJXUH� �� VKRZV� D� W\SLFDO
KLJK�ILHOG�PDJQHWRUHVLVWDQFH� K\VWHUHVLV� ORRS�PHDVXUHG� DW� 57� IRU� DQ� DQQHDOHG�07-
ZLWK� WKH� MXQFWLRQ�DUHD�RI���������mP � ��7KH�PDMRU�05�+�� ORRS�RULJLQDWHV� IURP� WKH
PDJQHWLFDOO\�KDUG�HOHFWURGH�RI�&R ��� )H � � � ����c��SLQQHG�E\� WKH�H[FKDQJH�ELDVHG�FRX�
SOLQJ�RI�DQWLIHUURPDJQHWLF�,U0Q � ������c��OD\HU��7KH�H[FKDQJH�ELDVHG�ILHOG�DSSURDFKHV
++-, �RI������2H��7KLV�YDOXH�FRUUHVSRQGV�ZLWK�XQLGLUHFWLRQDO�H[FKDQJH�ELDVHG�HQHUJ\
�����HUJ�FP � � >��@��7KH�PLQRU�05�+�� ORRS� �DV� VKRZQ� LQ�)LJ�����RULJLQDWHV� IURP� WKH
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IUHH�OD\HU��WRS�HOHFWURGH��RI�&R ��� )H � � �����c��1L ��� )H � � �������c���7KH�FRHUFLYH�ILHOG�RI
WKH�IUHH�OD\HU�LV�DERXW���2H�
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)LJ�����/RZ�ILHOG�05�ORRS

7KH�PLQRU�ORRS�LV�VKLIWHG�DERXW���2H�IURP�]HUR�PDJQHWLF�ILHOG��7KH�RIIVHW�ILHOG��XQLGL�
UHFWLRQDO�DQLVRWURS\�ILHOG�+ 2�3 ���FDXVHG�E\�WKH�PDJQHWLF�FRXSOLQJ�EHWZHHQ�WKH�SLQQHG
DQG�IUHH�OD\HUV��KDV�WZR�FRPSRQHQWV��7KH�IHUURPDJQHWLF�FRXSOLQJ�ILHOG��ZKLFK�LV�EH�
OLHYHG�WR�UHVXOW�IURP�WKH�1pHO�³RUDQJH�SHHO´�FRXSOLQJ��LV�LQGHSHQGHQW�RI�WKH�VL]H�RI�WKH
MXQFWLRQ�DQG��RQ�WKH�RWKHU�KDQG��WKH�PDJQHWRVWDWLF�FRXSOLQJ�ZKLFK�VFDOHV�URXJKO\�LQ�
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YHUVHO\� ZLWK� WKH� OHQJWK� RI� WKH� MXQFWLRQ� LV� QHJOLJLEO\� VPDOO�� ZKHQ� WKH� OHQJWK� RI� WKH
SLQQHG�OD\HU��L�H���WKH�OHQJWK�RI�MXQFWLRQ��LV�ODUJHU�WKDQ����mP�>��@��7KH�PLQRU�05�+�
ORRS�OLHV�RQ�WKH�VDPH�VLGH�RI�WKH�PDMRU�05�+��ORRS��LQGLFDWLQJ�WKDW�WKH�IHUURPDJQHWLF
³RUDQJH�SHHO´�FRXSOLQJ�RFFXUUHG�EHWZHHQ�WKH�IUHH�DQG�SLQQHG�HOHFWURGHV�

�����/RFDO�YDULDWLRQ�RI�PDJQHWLF�SDUDPHWHUV�RI�IUHH�OD\HU

,Q�)LJXUH����PDJQHWRRSWLFDO�.HUU�HIIHFW��02.(��0±+�ORRSV�DUH�VKRZQ�DW�VHYHUDO
SRVLWLRQV� DORQJ� WKH� IUHH�OD\HU� GLUHFWLRQ� �WKH� \�D[LV��� DV� GHSLFWHG� LQ� WKH� LQVHW� RI� WKH
ILJXUH��7KH�0±+�ORRS�ZDV�PHDVXUHG�XQGHU�H[WHUQDO�PDJQHWLF�ILHOG�DORQJ�WKH�SLQQHG�
OD\HU�GLUHFWLRQ��L�H��DQQHDOLQJ�ILHOG�GLUHFWLRQ��7KHUH�LV�QR�VKLIW�RI�WKH�ORRS�DW�WKH�SODFHV
ORFDWHG�EHORZ�WKH�HGJH�RI�WKH�MXQFWLRQ��DV�VKRZQ��IRU�H[DPSOH��LQ�)LJ�����7KH�VKLIW�GXH
WR� WKH� XQLGLUHFWLRQDO� DQLVRWURS\� �ELDV�� ILHOG� + 2�3 � LQFUHDVHV� DV� WKH� PHDVXULQJ� SRLQW
PRYHV�WR�WKH�MXQFWLRQ�FHQWUH��DV�VKRZQ�LQ�)LJV���E±G��EXW�WKHQ�LW�GHFUHDVHV�DV�WKH�SRLQW
PRYHV�DZD\�IURP�WKH�FHQWUH��)LJV���H�DQG�I���2QH�FDQ�DOVR�VHH�D�VLPLODU�FKDQJH�RI�WKH
FRHUFLYH� IRUFH�+ � �� (YHQ� WKRXJK� WKHUH� DUH� ORFDO� YDULDWLRQV� RI� ERWK�+ � � DQG�+ 2�3 �� WKH
VTXDUHQHVV�UDWLR�RI�WKH�ORRSV�LV�QHDUO\�FRQVWDQW�

)LJ�����02.(�0±+�ORRSV�DORQJ�WKH�IUHH�OD\HU�GLUHFWLRQ��WKH�\�D[LV��DW�WKH�SRVLWLRQV�
���D��������E��������F��������G��������H���DQG�����mP��I��
7KH�VWDUWLQJ�SRLQW�LV����mP�EHORZ�WKH�MXQFWLRQ�HGJH

7ZR�GLPHQVLRQDO�SORWV�RI�PD[LPXP�DPSOLWXGH�RI�WKH�.HUU�VLJQDO��REWDLQHG�XVLQJ
D������� VFDQ�� DUH� VKRZQ� LQ�)LJV�� �D�� E� IRU� DV�GHSRVLWHG� DQG� ���� �&�DQQHDOHG� MXQF�
WLRQV�� UHVSHFWLYHO\�� 7KH� 02.(� VLJQDO� FRXOG� EH� DIIHFWHG� E\� WKH� H[SHULPHQWDO
SDUDPHWHUV� �H�J��� WKH�H[WLQFWLRQ�FRHIILFLHQW�RI�PDWHULDOV���6LQFH� WKH�H[SHULPHQWDO�SD�
UDPHWHUV� DUH� IL[HG� GXULQJ� WKH� PHDVXUHPHQW�� WKH� PD[LPXP�.HUU� VLJQDO� FRUUHVSRQGV
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ZLWK�WKH�PD[LPXP�PDJQHWL]DWLRQ�RI�D�IUHH�OD\HU��7KHUH�LV�DQ�LUUHJXODU�YDULDWLRQ�RI�WKH
PD[LPXP�.HUU�VLJQDO�LQ�WKH�DV�GHSRVLWHG�VDPSOH�HYHQ�QHDU�WKH�FHQWUH�RI�WKH�IUHH�OD\HU
DQG� DOVR� D� JUDGXDO� LQFUHDVH� DW� WKH� HGJH�� DQG� LW� UHDFKHV� ���� RI� WKH� FHQWUH� YDOXH� DW
���mP�GLVWDQFH�IURP�WKH�ERXQGDU\��7KLV�YDULDWLRQ�LV�FDXVHG�E\�WKH�JUDGXDO�FKDQJH�RI
ILOP�WKLFNQHVV��DV�VKRZQ�LQ�)LJ�������DULVLQJ�IURP�HGJH�HIIHFWV�GXULQJ�GHSRVLWLRQ�XVLQJ
D�PDVN�� $IWHU� DQQHDOLQJ�� WKH� LUUHJXODU� YDULDWLRQ� EHFRPHV� VPRRWK� RYHU� WKH� MXQFWLRQ
DUHD�H[FHSW�WKH�HGJH�UHJLRQ�

)LJ�����7ZR�GLPHQVLRQDO�GLVWULEXWLRQ�RI�PD[LPXP�PDJQHWL]DWLRQ�LQ�
DV�GHSRVLWHG��D��DQG�DQQHDOHG��E��VDPSOHV

7KH�YDULDWLRQV�RI�+ � �DQG�+ 2�3 �IRU�DQ�DQQHDOHG�VDPSOH�DUH�FRPSDUHG�ZLWK�WKRVH�IRU
DQ� DV�GHSRVLWHG� RQH� LQ� )LJV�� ��D�� E�� UHVSHFWLYHO\��+ � � LQ� WKH� DV�GHSRVLWHG� VDPSOH� LV
DERXW����2H�RXWVLGH�WKH�MXQFWLRQ�ZLWK�PD[LPXP�RI������2H�DW�WKH�MXQFWLRQ�FHQWUH��7KH
ORFDO�FKDQJHV�RI�+ � �DUH�TXLWH� LUUHJXODU��DV� VKRZQ� LQ�)LJ����D��$V�D�ZKROH��+ � � LV� UH�
GXFHG�DIWHU�ILHOG�DQQHDOLQJ��ZKLOH�WKH�ORFDO�YDULDWLRQ�EHFRPHV�VPRRWK�DQG�V\PPHWULF
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ZLWK� UHVSHFW� WR� WKH� FHQWUH�RI� MXQFWLRQ��)LJXUH���E� VKRZV�DQ� LUUHJXODU� FKDQJH�RI�+ 2�3
ZLWK� WKH� PD[LPXP� RI� ���� 2H� DW� WKH� MXQFWLRQ� FHQWUH� LQ� WKH� DV�GHSRVLWHG� VDPSOH�
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)LJ������a�VWHS�SURILOH�RI�WKH�MXQFWLRQ�WKLFNQHVV

+RZHYHU��WKH�ILHOG�DQQHDOLQJ�HQKDQFHV�+ 2�3 �XS�WR������2H�LQ�WKH�FHQWUH�DQG��VLPLODUO\
WR�+ � �YDULDWLRQ��WKDW�RI�+ 2�3 �DORQJ�WKH�IUHH�OD\HU�EHFRPHV�VPRRWK��)LJ����E���7KH�HQ�
KDQFHPHQW�RI�XQLGLUHFWLRQDO�DQLVRWURS\�ILHOG�DQG�WKH�VPRRWK�YDULDWLRQV�RI�+ 2�3 �DQG�+ �

DIWHU�DQQHDOLQJ�DUH�GXH�WR�LPSURYHPHQW�RI�WH[WXUH��������LQFUHDVH�RI�FU\VWDOOLWHV�VL]HV�
VWUHVV�UHOD[DWLRQ�DQG�DOOR\LQJ�GXH�WR�ORZ�WHPSHUDWXUH�GLIIXVLRQ�>��@�
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)LJ������9DULDWLRQ�RI�FRHUFLYH�IRUFH�+ l ��D��DQG�XQLGLUHFWLRQDO�ELDV�ILHOG�+ m�n ��E�
DORQJ�WKH�IUHH�OD\HU�D[LV�LQ�DV�GHSRVLWHG�DQG�DQQHDOHG�VDPSOHV

$V�ZH�GHVFULEH�ODWHU��PDJQHWLF�GLSROH�LQWHUDFWLRQ�EHWZHHQ�WKH�IUHH�DQG�SLQQHG�OD\�
HUV�LV�DQ�RULJLQ�RI�+ 2�3 ��7KXV��WKH�DERYH�GHVFULEHG�FKDQJHV�RI�+ 2�3 �PLJKW�EH�LQIOXHQFHG
E\� WKH� FKDQJHV� RI� WKH� H[FKDQJH� ELDVHG� DQLVRWURS\� RI� SLQQHG� OD\HU� GXULQJ� ILHOG� DQ�
QHDOLQJ�>��@�
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)LJ������7ZR�GLPHQVLRQDO�GLVWULEXWLRQ�RI�FRHUFLYH�IRUFH�+ l ��D��DQG�XQLGLUHFWLRQDO�DQLVRWURS\
ILHOG�+ m�n ��E��LQ�DQQHDOHG�VDPSOH��WKH�[�D[LV��SLQQHG�OD\HU��WKH�\�D[LV��IUHH�OD\HU�GLUHFWLRQV

,Q�)LJXUHV���D��E��WZR�GLPHQVLRQDO�SORWV�RI�+ � �DQG�+ 2 3 ��UHVSHFWLYHO\��DUH�VKRZQ�PHDV�
XUHG�RQ�WKH�DQQHDOHG�VDPSOH��ZKHUH�PHDVXULQJ�SRLQWV�DUH�VFDQQHG�RYHU�WKH�HQWLUH�MXQFWLRQ
DUHD��%RWK�+ � �DQG�+ 2 3 �VKRZ�D�VDGGOH�VKDSH�ZLWK�LWV�D[LV�DORQJ�WKH�SLQQHG�OD\HU�D[LV��ZKHUH
ORFDO�YDULDWLRQV�DORQJ�WKH�SLQQHG�OD\HU�D[LV�DUH�UHODWLYHO\�VPDOO�FRPSDUHG�WR�WKRVH�LQ�WKH
IUHH�OD\HU�GLUHFWLRQ��$V�D�ZKROH��ORFDO�YDULDWLRQV�RI�+ � �DQG�+ 2 3 �RYHU�WKH�MXQFWLRQ�DUHD�DUH
VLJQLILFDQW�LQ�FRPSDULVRQ�WR�WKH�+ 2 3 �FKDQJHV�RI�PDJQHWL]DWLRQ��)LJ�����

�����6XUIDFH�URXJKQHVV
$WRPLF�IRUFH�PLFURVFRSH��$)0��LPDJHV�DFURVV�WKH�SLQQHG�OD\HU�RXWVLGH�WKH�MXQF�

WLRQ�DUH�VKRZQ�LQ�)LJV����D±G��DW�WKH�PHDVXULQJ�SRLQWV�S�±S��GHSLFWHG�LQ�WKH�LQVHW��$W

D

E
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)LJ������$)0�LPDJHV�DFURVV�WKH�SLQQHG�OD\HU�RXWVLGH�WKH�MXQFWLRQ��DW�WKH�SRLQW�S���RXWVLGH�WKH�OD\HU��D��
DW�SRLQW�S���QHDU�OHIW�HGJH��E���DW�SRLQW�S���FHQWUH��F��DQG�DW�WKH�SRLQW�S���QHDU�ULJKW�HGJH��G���6FDQ�DUHD������mP�

)LJ������$)0�LPDJHV�DORQJ�WKH�IUHH�OD\HU�DFURVV�WKH�MXQFWLRQ��DW�WKH�SRLQW�S���RXWVLGH�WKH�OD\HU��D���DW�SRLQW�S��
QHDU�OHIW�HGJH��E���DW�SRLQW�S���MXQFWLRQ�FHQWUH��F��DQG�DW�WKH�SRLQW�S���QHDU�ULJKW�HGJH��G���6FDQ�DUHD������mP�
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WKH�SRLQW�S���RXWVLGH�WKH�OD\HU��WKH�URRW�PHDQ�VTXDUH��506��URXJKQHVV�LV�����c��FRUUH�
VSRQGLQJ�WR�WKH�VXUIDFH�URXJKQHVV�RI�WKH�6L�VXEVWUDWH��:LWKLQ�WKH�OD\HU��WKH�URXJKQHVV
LQFUHDVHV�WR�����c�DW�S��QHDU�WKH�HGJH�DQG�WR�����c�DW�S��QHDU�WKH�FHQWUH�RI�WKH�OD\HU�
EXW�WKHQ�GHFUHDVHV�WR�����c�QHDU�WKH�OHIW�HGJH�� S���

,Q�)LJXUHV���D±G�WKH�$)0�LPDJHV�DUH�VKRZQ�DW�VHYHUDO�PHDVXULQJ�SRLQWV�DORQJ�WKH
IUHH�OD\HU�DFURVV�WKH�MXQFWLRQ��2Q�WKH�IUHH�OD\HU�RXWVLGH�WKH�MXQFWLRQ��SRLQW�S����506
URXJKQHVV�LV�����c��DQG�EHFRPHV�VPDOOHU������c�DW�WKH�QHDU�HGJH�� S����7KH�URXJKQHVV
LQFUHDVHV� WR�����c�DV� WKH�PHDVXULQJ�SRLQW�PRYHV� WR� WKH�FHQWUH�RI� WKH� MXQFWLRQ� � S���
DQG�WKHQ�GHFUHDVHV�DV�WKH�SRLQW�PRYHV�WR�WKH�OHIW�HGJH�� S���

)LJXUHV���D��E�SUHVHQW� WKH�GLVWULEXWLRQ�RI�506� URXJKQHVV� YHUVXV�PHDVXULQJ�GLV�
WDQFH�� REWDLQHG� IURP�)LJV�� ��� DQG� ���� UHVSHFWLYHO\�� 7KH� UDQJH� RI� YDULDWLRQ� RI�506
URXJKQHVV�LV�QHDUO\�WKH�VDPH��IURP�����c�WR�����c��DQG�UHYHDOV�V\PPHWULF�YDULDWLRQ
ZLWK�UHVSHFW�WR�WKH�FHQWUH�RI�WKH�MXQFWLRQ�FHQWUH��+RZHYHU��WKH�FKDQJH�QHDU�WKH�HGJH�LV
JUHDWHU� ZKHQ� URXJKQHVV� LV� PHDVXUHG� RQ� WKH� IUHH� OD\HU� DFURVV� WKH� MXQFWLRQ�� 7KHVH
YDULDWLRQV�DUH�TXLWH�VLPLODU�WR�WKRVH�RI�ILOP�WKLFNQHVV��DV�VKRZQ�LQ�WKH�WKLFNQHVV�SUR�
ILOHV� �JLYHQ� LQ�)LJ�� �����7KLV�PD\�EH� D� JHRPHWULFDO� HIIHFW� RI� WKH� GHSRVLWLRQ�SURFHVV
XVLQJ�D�VKDGRZ�PDVN�

)LJ������9DULDWLRQ�RI�DYHUDJH�VXUIDFH�URXJKQHVV
DFURVV�WKH�SLQQHG�OD\HU��D��DQG�DORQJ�WKH�IUHH�OD\HU

DFURVV�WKH�MXQFWLRQ��E�

,Q� )LJXUH� ���� WKH�+ ��� � GLVWULEXWLRQ� VKDSH� UHSUHVHQWV� WKH� H[FKDQJH� FRXSOLQJ� ILHOG
EHWZHHQ�IUHH�DQG�SLQQHG�OD\HUV�DGMDFHQW�WR�WKH�EDUULHU�RI�$O � 2 � ��+ ��� ��a����2H��DW�WKH
MXQFWLRQ�FHQWUH�LV�DERXW���WLPHV�ODUJHU�WKDQ�WKDW�QHDU�WKH�HGJH��a��2H���)HUURPDJQHWLF
1pHO¶V�³RUDQJH�SHHO´�FRXSOLQJ�E\�GLSROH� LQWHUDFWLRQ� WKURXJK� WXQQHOLQJ�EDUULHU� FRXOG
EH� GRPLQDQW� RYHU� RWKHUV� VXFK� DV� 5..<�OLNH� LQWHUDFWLRQ�� ,Q� WKH� 1pHO� PRGHO�

D

E
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D�VLQXVRLGDO� URXJKQHVV� SURILOH� LV� DVVXPHG� DQG� H[FKDQJH� FRXSOLQJ� ILHOG� +� � LV� H[�
SUHVVHG�DV�>��@

����H[S��
��

l
l

��
�

� W0W
K+ -= ���

ZKHUH�K�DQG�l�DUH�WKH�DPSOLWXGH�DQG�ZDYHOHQJWK�RI�WKH�VLQXVRLGDO�URXJKQHVV�SURILOH�
W� �DQG�W � �DUH�WKH�WKLFNQHVV�RI�WKH�IUHH�OD\HU�DQG�RI�WKH�EDUULHU�OD\HU��UHVSHFWLYHO\��DQG
0 � �LV�WKH�VDWXUDWLRQ�PDJQHWL]DWLRQ�RI�WKH�SLQQHG�OD\HU��%DVHG�RQ�$)0�PHDVXUHPHQW�
WKH� DPSOLWXGH� RI� WKH� URXJKQHVV� SURILOH� LV� DVVXPHG� WR� EH� ���� c� �506� YDOXH� DW� WKH
MXQFWLRQ�FHQWUH���7KH�ZDYHOHQJWK�RI�WKH�URXJKQHVV�SURILOH�LV�UHDVRQDEO\�DVVXPHG�WR�EH
����c�DV� WKH�JUDLQ�GLDPHWHU�RI� WKH�SLQQHG�&R 	�
 )H ��
 � OD\HU� DV� GHWHUPLQHG� IURP�;5'
DQDO\VLV� >��@��7KHQ�� FDOFXODWHG� IURP�(T�� ���� WKH� YDOXH�RI� ³RUDQJH� SHHO´� FRXSOLQJ� LV
���2H��EHLQJ�LQ�UHDVRQDEOH�DJUHHPHQW�ZLWK�WKH�+ ��� �YDOXH�DW�WKH�MXQFWLRQ�FHQWUH�

0� �FRXOG�EH�FRQVWDQW� LUUHVSHFWLYH�RI� WKH�SLQQHG�OD\HU� WKLFNQHVV��:KHQ� WKH� WKLFN�
QHVV� W� � LV� WDNHQ� LQWR� DFFRXQW� LQ� GHQRPLQDWRU�� WKH� LQFUHDVH� RI� + ��� � DW� ERWK� HGJHV�
GHWHUPLQHG� IURP�PHDVXUHPHQWV� RXWVLGH� WKH� MXQFWLRQ�� DFURVV� WKH� SLQQHG� OD\HU� �DORQJ
WKH�\�GLUHFWLRQ��)LJ�� ��E��ZKHUH� WKH� URXJKQHVV� DPSOLWXGH� LV� VPDOO� LQ� UHODWLRQ� WR� WKH
FHQWUH��)LJV�����DQG���D���LV�GHVFULEHG�ZHOO�E\�WKH�GHFUHDVH�RI�W� �DW�WKH�HGJHV��%XW�+ ���

�)LJV����E�DQG���E��DORQJ�WKH�[�GLUHFWLRQ���GHWHUPLQHG�IURP�WKH�PHDVXUHPHQWV�LQVLGH
WKH� MXQFWLRQ� DFURVV� WKH� IUHH� OD\HU�� LQFUHDVHV� GXH� WR� LQFUHDVLQJ� URXJKQHVV� DPSOLWXGH
IURP�WKH�HGJH�WR�WKH�FHQWUH�RI�MXQFWLRQ��)LJV�����DQG���E���%HFDXVH�WKH�H[FKDQJH�FRX�
SOLQJ�ILHOG�LV�JLYHQ�DV�D�VTXDUH�IXQFWLRQ�RI�WKH�URXJKQHVV�DPSOLWXGH�K��WKH�FRXSOLQJ�DW
WKH�MXQFWLRQ�FHQWUH�DORQJ�IUHH�OD\HU�LV�H[SHFWHG�WR�EH��±��WLPHV�KLJKHU�WKDQ�WKDW�QHDU
WKH�HGJH�IURP�WKH�URXJKQHVV�VKRZQ�LQ�)LJV�����DQG���E��7KHUH� LV�D�JRRG�DJUHHPHQW
EHWZHHQ� WKH�PHDVXUHG� DQG� H[SHFWHG�+ ��� � YDULDWLRQV�� VXJJHVWLQJ� WKDW�+ ��� � LQ� WKH� IUHH
OD\HU�LV�ZHOO�GHVFULEHG�E\�GLSROH�LQWHUDFWLRQ�EHWZHHQ�WKH�IUHH�DQG�SLQQHG�OD\HUV�

���&RQFOXVLRQV
:H�KDYH�GLVFXVVHG�WKH�ORFDO�YDULDWLRQ�RI�PDJQHWL]DWLRQ��FRHUFLYH�IRUFH�DQG�XQLGL�

UHFWLRQDO� DQLVRWURS\� ILHOG� RI� WKH� IUHH� OD\HU� RI� 07-V� LQ� DV�GHSRVLWHG� DQG� DQQHDOHG
VDPSOHV��7KH�;5'�DQDO\VLV�UHYHDOHG� WKDW�KLJKO\�RULHQWHG� IFF� ������FU\VWDO�SODQHV�RI
,U0Q � ��&X��1L 
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 JURZ�SDUDOOHO�WR�WKH�VXEVWUDWH�SODQH��7KH�DQQHDOLQJ
WUHDWPHQW� LPSURYHG� WKH� FU\VWDOOLQLW\� DQG� WH[WXUH� LQ� WKH� VDPSOHV� LQYHVWLJDWHG� ZKLFK
OHDG� WR� VPRRWKHU� GLVWULEXWLRQV� RI�PDJQHWL]DWLRQ�+ ��� � DQG�+ � � LQ� DQQHDOHG� MXQFWLRQ� LQ
FRPSDULVRQ� WR� DV�GHSRVLWHG�RQHV��8QLGLUHFWLRQDO� DQLVRWURS\� ILHOG�+ ��� � VKRXOG�EH�XQL�
IRUP�RYHU�WKH�MXQFWLRQ�DUHD�ZKHQ�WKH�WKLFNQHVV�DORQH�LV�WDNHQ�LQWR�DFFRXQW�LQ�GLSROH
LQWHUDFWLRQV��+RZHYHU�� URXJKQHVV� LV�DOVR� LQYROYHG�LQ�GLSROH� LQWHUDFWLRQV�� VR� WKH�FRX�
SOLQJ�DW�WKH�MXQFWLRQ�FHQWUH�LV�H[SHFWHG�WR�EH��±��WLPHV�KLJKHU�WKDQ�WKDW�QHDU�WKH�HGJH�
7KHUH� LV�D�JRRG�DJUHHPHQW�EHWZHHQ� WKH�PHDVXUHG�DQG�H[SHFWHG�+ ��� � YDULDWLRQV�� VXJ�
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JHVWLQJ�WKDW�+ ��� �RI�WKH�IUHH�OD\HU�LV�ZHOO�GHVFULEHG�E\�GLSROH�LQWHUDFWLRQ�LQ�WKH�WHUP�RI
1pHO�³RUDQJH�SHHO´�FRXSOLQJ�EHWZHHQ�WKH�IUHH�DQG�SLQQHG�OD\HUV��$V�D�ZKROH��WKH�UH�
YHUVDO� PDJQHWL]DWLRQ� LV� QRW� XQLIRUP� RYHU� WKH� HQWLUH� MXQFWLRQ� DUHD� DQG� PDFURVFRSLF
SURSHUWLHV�DUH�JRYHUQHG�E\�WKH�DYHUDJHV�RI�WKH�ORFDO�GLVWULEXWLRQV�
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