
)(7�0RELOLW\�'HJUDGDWLRQ�DQG�'HYLFH�0LVPDWFK
GXH�WR�3DFNDJLQJ�,QGXFHG�'LH�6WUHVV

5��&��-DHJHU���$��7��%UDGOH\���-��&��6XKOLQJ���<��=RX��
(OHFWULFDO��	�0HFKDQLFDO��(QJLQHHULQJ�'HSWV�

$ODEDPD�0LFURHOHFWURQLFV�6FLHQFH�DQG�7HFKQRORJ\�&HQWHU
$XEXUQ�8QLYHUVLW\��$/�86$

$EVWUDFW
&026� )(7V� H[KLELW� D� VWUHVV� VHQVLWLYLW\� WKDW� LV� VLPLODU� WR� FODVVLFDO
SLH]RUHVLVWRUV� LQ� ZKLFK� PHFKDQLFDO� VWUHVV� LQGXFHV� FKDQJHV� LQ� WKH� )(7
WUDQVFRQGXFWDQFH� WKURXJK� GHYLFH� PRELOLW\� FKDQJHV�� 7UDQVFRQGXFWDQFH
FKDQJHV� DUH� D� IXQFWLRQ� RI� FKDQQHO� RULHQWDWLRQ�� WUDQVLVWRU� ORFDWLRQ�� DQG
FKDQQHO� OHQJWK�� ,Q� SODVWLF� HQFDSVXODWHG� GLH�� LW� LV� GHPRQVWUDWHG� WKDW�1026
WUDQVLVWRUV� H[KLELW� IDLUO\� XQLIRUP� WUDQVFRQGXFWDQFH� GHJUDGDWLRQ�� ZKHUHDV
3026� GHYLFHV� FDQ� H[KLELW� ERWK� GHJUDGDWLRQ� DQG� HQKDQFHPHQW�� 7KHVH
FKDQJHV�FDQ�UHVXOW� LQ�ERWK�GHJUDGDWLRQ�DQG� LQFUHDVHG�VSUHDG�RI�DQDORJ�DQG
GLJLWDO�FLUFXLW�SHUIRUPDQFH�

���,QWURGXFWLRQ
�����&026� LQWHJUDWHG� FLUFXLW� GHVLJQ� GHSHQGV� XSRQ� IDEULFDWLRQ� RI� ZHOO�PDWFKHG� ILHOG�HIIHFW
WUDQVLVWRUV��)(7V���&ULWLFDO�SDUDPHWHUV�WR�EH�PDWFKHG�LQFOXGH�JHRPHWU\��WUDQVFRQGXFWDQFH��DQG
WKUHVKROG� YROWDJH�� 7KLV� SDSHU� SUHVHQWV� WKHRUHWLFDO� DQG� H[SHULPHQWDO� H[DPSOHV� RI� )(7
WUDQVFRQGXFWDQFH� GHJUDGDWLRQ� DQG� PLVPDWFK� GXH� WR� PHFKDQLFDO� VWUHVV� LQ� HQFDSVXODWHG� GLH�
)LQLWH�HOHPHQW� DQDO\VHV�� DORQJ�ZLWK� SUHYLRXVO\� GHYHORSHG� )(7� VWUHVV� GHSHQGHQFH� HTXDWLRQV
DUH�XVHG�WR�SUHGLFW�WUDQVFRQGXFWDQFH�YDULDWLRQ�IRU�ERWK�1026�DQG�3026�GHYLFHV�DFURVV�WKH
VXUIDFH�RI�D�GLH�

���7UDQVFRQGXFWDQFH�&DOFXODWLRQV
�����)(7V� RQ� WKH� ������ VXUIDFH� ZLWK� FKDQQHO� OHQJWKV� RULHQWHG� DORQJ� WKH� >���@� DQG

@���> GLUHFWLRQV� UHVSHFWLYHO\� ZLOO� KDYH� QRUPDOL]HG� WUDQVFRQGXFWDQFH� YDULDWLRQV� ZLWK� VWUHVV
JLYHQ�DSSUR[LPDWHO\�E\
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ZKHUH�WKH�Π�YDOXHV�GHQRWH�WKH�HIIHFWLYH�SLH]RUHVLVWLYH�FRHIILFLHQWV�RI�WKH�)(7V��DQG� σ
��


 �σ
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 �
DQGσ

��


 �DUH�WKH�WKUHH�QRUPDO�VWUHVVHV�DW�WKH�GLH�VXUIDFH�>���@��7DEOH���SUHVHQWV� WKH�PD[LPXP
YDOXHV�RI�SLH]RUHVLVWLYH�FRHIILFLHQWV�IRU�UHVLVWRUV��ZKLFK�JHQHUDOO\�SODFH�DQ�XSSHU�ERXQG�RQ�WKH
)(7� SLH]RUHVLVWLYH� FRHIILFLHQWV� LQ� VWURQJ� LQYHUVLRQ�� 3UHYLRXVO\� UHSRUWHG� UHVXOWV� VKRZ� )(7
YDOXHV�DSSURDFKLQJ�����RI�WKRVH�LQ�7DEOH���>�����@�



7$%/(�,
3,(=25(6,67,9(�&2()),&,(176
)25�/,*+7/<�'23('�6,/,&21

3LH]RUHVLVWLYH
&RHIILFLHQW
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���)LQLWH�(OHPHQW�$QDO\VLV
�����,Q�RUGHU�WR�SUHGLFW�WUDQVFRQGXFWDQFH�YDULDWLRQ�GXH�WR�VWUHVV�XVLQJ�����DQG������RQH�PXVW�ILUVW
GHWHUPLQH�WKH�VWUHVV�FRPSRQHQWV�DW�WKH�VXUIDFH�RI�WKH�GLH��)LQLWH�HOHPHQW�VLPXODWLRQ�KDV�EHHQ
XVHG�WR�FDOFXODWH�ERWK�WKH�VXP�DQG�GLIIHUHQFH�RI� WKH�LQ�SODQH�QRUPDO�VWUHVVHV�IRU�D�����[����
PP�GLH�HQFDSVXODWHG�LQ�SODVWLF��([DPSOHV�RI�WKH�ILQLWH�HOHPHQW�VLPXODWLRQV�DUH�JLYHQ�LQ�)LJ�
���$�ODUJH�FRPSUHVVLYH�VWUHVV�H[LVWV�DFURVV�WKH�ZKROH�VXUIDFH�RI� WKH�GLH�DV�VHHQ�LQ�)LJ����D��
ZLWK� PD[LPXP� YDOXHV� RI� ����� 03D� DW� WKH� FHQWHU�� PLQLPXP� YDOXHV� RI� ���� 03D� QHDU� WKH
FRUQHUV��7KH�QRUPDO�VWUHVV�GLIIHUHQFH�UHDFKHV�PD[LPXPV�RI�±���03D�DORQJ�WKH�GLH�HGJHV��DQG
LV�DSSUR[LPDWHO\�]HUR�DFURVV�PRVW�RI�WKH�GLH���,Q�ODUJHU�GLH��FRQVLGHUDEO\�ODUJHU�YDOXHV�RI�VWUHVV
DUH�SUHGLFWHG�
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IRU�D�����PP�[�����PP�GLH�

�����%DVHG�XSRQ�WKH�SUHGLFWHG�YDOXHV�RI�VWUHVV��DQG�WKH�SLH]RUHVLVWLYH�FRHIILFLHQWV�LQ�7DEOH����WKH
PRELOLW\�DQG�WUDQVFRQGXFWDQFH�ZLOO�YDU\�VLJQLILFDQWO\�DFURVV�WKH�VXUIDFH�RI�WKH�GLH��,Q�WKH�FDVH
RI�1026�GHYLFHV�� WKH�ODUJH�Π
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� WHUP�ZLOO� WHQG�WR�GHJUDGH�WKH�WUDQVFRQGXFWDQFH�LQ�D�PDQQHU
IROORZLQJ�σ σ

�� ��


 
+ ��7KH�QRUPDOL]HG�WUDQVFRQGXFWDQFH�GHJUDGDWLRQ�IRU�RQH�TXDUWHU�RI�D����PP
[����PP�GLH� LV� JLYHQ� DV�)LJ�� �� D���7KH� SUHGLFWHG� GHJUDGDWLRQ�ZLOO� EH� IDLUO\� XQLIRUP� LQ� WKH
FHQWHU�RI� WKH�GLH� DW� QHDUO\����� DQG�EHFRPHV� OHVV� SURQRXQFHG� QHDU� WKH� HGJHV� ������:H� FDQ
H[SHFW�GHJUDGDWLRQ�RI�PDQ\�FLUFXLW�SHUIRUPDQFH�SDUDPHWHUV�E\�WKLV�VDPH�IDFWRU�
�����,Q�WKH�FDVH�RI�D�3026�GHYLFH��WKH�ODUJH�Π

��

�WHUP�ZLOO�WHQG�WR�FKDQJH�WKH�WUDQVFRQGXFWDQFH
LQ� D� PDQQHU� IROORZLQJσ σ

�� ��


 
− ZKLFK� FKDQJHV� VLJQ� LQ� GLIIHUHQW� TXDGUDQWV� RI� WKH� GLH�� 7KH



3026� WUDQVFRQGXFWDQFH� GHJUDGHV� E\� XS� WR� ��� QHDU� WKH� WRS� HGJH� RI� WKH� GLH�� 7KH
WUDQVFRQGXFWDQFH�ZLOO�LQFUHDVH�KRZHYHU�JRLQJ�IURP�WKH�FHQWHU�RXW�WR�WKH�ULJKW�HGJH�RI�WKH�GLH�
7KLV�LQGLFDWHV�WKDW�WKH�WUDQVFRQGXFWDQFH�RI�WZR�GHYLFHV�SODFHG�QHDU�RSSRVLWH�HGJHV�RI�WKH�GLH
FRXOG�GLIIHU�E\�DV�PXFK�DV�����DV�VKRZQ�LQ�)LJ����E���$OVR��QRWH�WKH�RSSRVLWH�VLJQV�LQ�WKH�Π

��

WHUPV� LQ� ���� DQG� �����(YHQ�FORVHO\� VSDFHG�RUWKRJRQDO�3026�GHYLFHV� FDQ� H[SHULHQFH� D� ���
VSUHDG�LQ�WKHLU�FKDUDFWHULVWLFV�>���@�

D� E�

)LJ�����1RUPDOL]HG�WUDQVFRQGXFWDQFH�YDULDWLRQ�RYHU�RQH�TXDUWHU�RI�D
���[����PP�GLH�IRU�D��1026�GHYLFHV��DQG�E��3026�GHYLFHV�

���3UHOLPLQDU\�(QFDSVXODWLRQ�5HVXOWV
�����$� ���� [� ���� PP�026,6� GLH� FRQWDLQLQJ� ERWK� 1026� DQG� 3026� RUWKRJRQDO� SDLUV� ZDV
FKDUDFWHUL]HG� DQG� WKHQ� VXEVHTXHQWO\� HQFDSVXODWHG� DQG� UH�FKDUDFWHUL]HG�� )LJ�� �� VKRZV� WKH
FKDQJH� LQ� QRUPDOL]HG� PRELOLW\� GXH� WR� HQFDSVXODWLRQ� RI� WKH� 1026� DQG� 3026� RUWKRJRQDO
SDLUV�

)LJ�����3UHOLPLQDU\�UHVXOWV�RI�HQFDSVXODWLRQ�RI�1026�3026�SDLUV�

�����7KH� 1026� GHYLFHV� ZHUH� QHDU� WKH� ULJKW� HGJH� RI� WKH� GLH�� DQG� WKH� 3026� GHYLFHV� ZHUH
PLGZD\� EHWZHHQ� WKH� FHQWHU� DQG� ULJKW� HGJH�� 1RWLFH� WKDW� DIWHU� HQFDSVXODWLRQ�� WKH
WUDQVFRQGXFWDQFH�GHFUHDVHG�E\�DSSUR[LPDWHO\����IRU�ERWK�1026�GHYLFHV�DQG������IRU� WKH
3026�SDLU��7KH�3026�SDLU�LV�LQ�D�UHJLRQ�RI�PXFK�ORZHU�VWUHVV��+RZHYHU�WKH�VSUHDG�RI� WKH
FKDUDFWHULVWLFV�GXH�WR�WUDQVLVWRU�GHSHQGHQFH�RQ�FKDQQHO�RULHQWDWLRQ�LV�VWLOO�REVHUYDEOH�>�@�



���7UDQVLVWRU�$UUD\
�����,Q�DQ�HIIRUW�WR�FRUURERUDWH�WKH�HIIHFWV�RI�HQFDSVXODWLRQ�SUHGLFWHG�E\�ILQLWH�HOHPHQW�DQDO\VLV�
DQRWKHU�026,6�FKLS�LV�EHLQJ�IDEULFDWHG�WKDW�FRQWDLQV�DQ�DUUD\�RI�VHQVRUV��7KH�GHVLJQ�DOORZV
GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�ERWK�QRUPDO� DQG� VKHDU� VWUHVVHV� FDXVHG�E\�GLH� HQFDSVXODWLRQ� >�@�
7KH�FKLS�FRQWDLQV����VHWV�RI�Q��DQG�S�FKDQQHO�)(7�SDLUV�����RI�ZKLFK�DUH�HTXDOO\�VSDFHG� LQ
RQH�TXDGUDQW�RI�WKH�GLH��7KH�UHPDLQLQJ���VHQVRU�SDLUV�DUH�ORFDWHG�DORQJ�WKH�HGJH�RI�WKH�GLH�DV
VKRZQ�LQ�)LJ����DQG�FDQ�EH�XVHG�WR�YHULI\�HQFDSVXODWLRQ�VWUHVV�V\PPHWU\�

D���� ������������������������E�

)LJ�����D��7UDQVLVWRU�DUUD\�GHVLJQHG�IRU�HQFDSVXODWLRQ�FKDUDFWHUL]DWLRQ�
E��LQGLYLGXDO�VWUHVV�VHQVRUV�

&RQFOXVLRQ
�����7KHRUHWLFDO� FDOFXODWLRQV� EDVHG� XSRQ� ILQLWH�HOHPHQW� DQDO\VLV� LQGLFDWH� WKDW� SODVWLF
HQFDSVXODWLRQ�ZLOO�FDXVH�PRELOLW\�DQG�WUDQVFRQGXFWDQFH�WR�GHJUDGH�LQ�D�IDLUO\�XQLIRUP�PDQQHU
IRU�1026�GHYLFHV��ZKHUHDV�ERWK�HQKDQFHPHQW�DQG�GHJUDGDWLRQ�FDQ�RFFXU�LQ�3026�GHYLFHV�
,QLWLDO�HQFDSVXODWLRQ�H[SHULPHQWV�DUH�LQ�JHQHUDO�DJUHHPHQW�ZLWK�WKH�ILQLWH�HOHPHQW�SUHGLFWLRQV�
&RPSUHKHQVLYH�PHDVXUHPHQW�RI�GHYLFH�GHJUDGDWLRQ�DQG�PLVPDWFK�DUH�LQ�SURJUHVV��

5HIHUHQFHV
����5�&��-DHJHU��5��5DPDQL��DQG�-��6XKOLQJ��³(IIHFWV�RI�VWUHVV�LQGXFHG�PLVPDWFKHV�RQ�&026

DQDORJ� FLUFXLWV�´� 3URFHHGLQJV� RI� WKH� ����� ,QWHUQDWLRQDO� 9/6,� 76$� 6\PSRVLXP�� 7DLSHL�
7DLZDQ��0D\�������SS����������

����5��&�� -DHJHU��5��5DPDQL�� -�� 6XKOLQJ�� DQG�<��.DQJ�� ³&026� VWUHVV� VHQVRU� FLUFXLWV� XVLQJ
SLH]RUHVLVWLYH�ILHOG�HIIHFW�WUDQVLVWRUV��3,)(7V��´������6\PSRVLXP�RQ�9/6,�&LUFXLWV�'LJHVW
RI�7HFKQLFDO�3DSHUV��-XQH�������SS��������

����'�$�� %LWWOH�� HW�� DO��� ³3LH]RUHVLVWLYH� VWUHVV� VHQVRUV� IRU� VWUXFWXUDO� DQDO\VLV� RI� HOHFWURQLF
SDFNDJHV�´�-RXUQDO�RI�(OHFWURQLF�3DFNDJLQJ��YRO�������������SS����������

����:DQJ�� -�� 6XVNL�� DQG�'��&ROODUG�� ³3LH]RUHVLVWLYH� VLPXODWLRQ� LQ�026)(7V�´�6HQVRUV� DQG
$FWXDWRUV�$��YRO���������SS����������������

������������������������������ ����������������������������
��:RUN�VXSSRUWHG�E\�65&�FRQWUDFWV�3-�����DQG�3-�����

���PP

3026�3DLU 1026�3DLU
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