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7KH� FKDUDFWHU� RI� HQWU\� DQG� GLVWULEXWLRQ
RI�LPSXULWLHV�LQ�WKH�YROXPH�RI�.'3�FU\VWDOV
GHILQHV�WR�D�ODUJH�H[WHQW�WKH�VWUXFWXUDO�SHU�
IHFWLRQ�� RSWLFDO� KRPRJHQHLW\� DQG�� FRQVH�
TXHQWO\�� IXQFWLRQDO� SDUDPHWHUV� RI� DUWLFOHV
PDGH� RI� WKRVH� FU\VWDOV�� 7KH� FRQFHQWUDWLRQ
DQG� GLVWULEXWLRQ� FKDUDFWHU� RI� KRPRJHQH�
RXVO\� DQG� KHWHURJHQHRXVO\� WUDSSHG� LPSXUL�
WLHV� E\� WKH� JURZLQJ� FU\VWDO� LV� RQO\� YHU\
UDUHO\� KRPRJHQHRXV� RYHU� WKH� FU\VWDO� YRO�
XPH�� 7KH� PDLQ� VRXUFHV� RI� LPSXULWLHV� WKDW
HQWHU� WKH�JURZLQJ�FU\VWDO�DUH�WKRVH�SUHVHQW
LQ�WKH�UDZ�PDWHULDO��ZDWHU��DQG�WKH�FU\VWDO�
OL]HU� PDWHULDO�� ,Q� RUGHU� WR� FRQWURO� WKH
JURZWK� SDUDPHWHUV� DQG� WKH� FU\VWDO� SURSHU�
WLHV�� LRQV�RI�SRO\YDOHQW�PHWDOV�DUH�SXUSRVH�
IXOO\�DGGHG�YHU\�RIWHQ�WR�WKH�VROXWLRQ�>�@��$
WKRURXJK� SXULW\� GHJUHH� DQDO\VLV� �LQFOXGLQJ
��� LPSXULW\� HOHPHQWV�� RI� WKH�XVHG� UDZ�PD�
WHULDO� IRU� WKH� .'3� FU\VWDO� JURZWK� �FDUULHG

RXW� DW� WKH� OHDGLQJ� FRPSDQLHV� LQ� WKH�ZRUOG�
SUHVHQWHG� LQ� >�@� KDV� VKRZQ� WKDW� WKH� WRWDO
FRQWHQW�RI�WKH�FRQWUROOHG�LPSXULWLHV�HYHQ�LQ
WKH��EHVW��UDZ�PDWHULDO�LV�RYHU�������Ü��ZW���
$� PXOWLIRUP� DQG� RIWHQ� XQFRQWUROOHG� HQWU\
DQG� GLVWULEXWLRQ� FKDUDFWHU� RI� LPSXULWLHV� LQ
WKH�JURZLQJ�FU\VWDO�YROXPH�UHTXLUHV�IXUWKHU
ZRUNV�RQ�UDZ�PDWHULDO�SXULILFDWLRQ��FRQWURO
LPSURYHPHQW�RI�WKH�JURZWK�SDUDPHWHUV�DQG
GHYHORSPHQW� RI� LQIRUPDWLYH� TXDQWLWDWLYH
VWXG\�PHWKRGV�PDNLQJ� LW� SRVVLEOH� WR� GHWHU�
PLQH� WKH� HIIHFW� RI� WKH� LPSXULWLHV� RQ� VWUXF�
WXUDO� TXDOLW\� DQG� ODVHU� UDGLDWLRQ� UHVLVWDQFH
RI�.'3�FU\VWDOV�

.'3� VLQJOH� FU\VWDOV�� ���u����PP�� LQ
FURVV�VHFWLRQ�� ZHUH� JURZQ� E\� VROYHQW� UHFLU�
FXODWLRQ� PHWKRG� IURP� DTXHRXV� VROXWLRQV� DW
���&� RQ� SULVPDWLF� VHHGV� DW� D� UDWH� RI
�� PP�GD\� DORQJ� WKH� GLUHFWLRQ� >���@�� 7KH
JURZLQJ� ZDV� FDUULHG� RXW� E\� RQH� DQG� WKH
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VDPH� PHWKRG� DW� FRQVWDQW� WHPSHUDWXUH� DQG
SUHVHW� VXSHUVDWXUDWLRQ� IURP� RQH� DQG� WKH
VDPH�EDWFK�RI�UDZ�PDWHULDO��ZKHUH�WKH�WRWDO
FRQWHQW�RI�WKH�FRQWUROOHG�LPSXULWLHV�����HOH�
PHQWV��ZDV�DERXW�������Ü��ZW�����)URP�WKLV
UDZ�PDWHULDO��.'3�FU\VWDOV�ZHUH�DOVR�JURZQ
ZLWK�SXUSRVHIXOO\�DGGHG� LPSXULWLHV� �&D��6L�
3E��&U�DQG�K\GURJHQ�SHUR[LGH��� WKH�FRQWHQW
RI� WKRVH� LQ� WKH� JURZQ� FU\VWDOV�ZDV�����Ü�Ü
����Ü��ZW����� UHVSHFWLYHO\��+\GURJHQ�SHUR[�
LGH�ZDV�DGGHG�WR� WKH�VROXWLRQ� LQ� WKH�DPRXQW
DERXW� ���� ZW�� ��� 7KH� EXON� ODVHU� GDPDJH
WKUHVKROG� IRU� ODVHU� UDGLDWLRQ� DW� O� ������PP
DQG� W� ����QV�ZDV�PHDVXUHG� IRU� WKH�JURZQ
FU\VWDOV�� 6DPSOHV� IRU� LQYHVWLJDWLRQV�
��u��u���PP�� LQ� VL]H�� RULHQWHG� DORQJ� WKH
^���`��^���`��^���`�SODQHV�DW�DQ�DFFXUDF\�RI
��������ZHUH� FXW�ZLWK� D� WKUHDG� VDZ�ZHWWHG
LQ�ZDWHU�DQG�WUHDWHG�E\�D�VWDQGDUG�PHWKRG�
7KH� VWUXFWXUH� TXDOLW\� RI� JURZQ� .'3� FU\V�
WDOV�ZDV�VWXGLHG�XVLQJ�D�WKUHH�FU\VWDO�;�UD\
GLIIUDFWRPHWHU��7;'���$�QHZ�7;'�ZDV�FRQ�
VWUXFWHG� RQ� WKH� EDVLV� RI� D� VWDQGDUG� ;�UD\
DSSDUDWXV� '521��� >�@�� &X.D� UDGLDWLRQPRQRFKURPDWHG� E\� GLVORFDWLRQ�IUHH� FU\VWDO�
OLQH�JHUPDQLXP�PRQRFKURPDWRUV�ZLWK�^���`
UHIOHFWLRQ� ZHUH� XVHG�� 0DLQO\� XWLOL]HG� ZDV
WKH� �Q�� Q�� ÜP�� DUUDQJHPHQW� VFKHPH� RI
PRQRFKURPDWRUV� DQG� WKH� VDPSOH� ZKLFK� DO�
ORZHG� WR� ZRUN� LQ� SODQH�SRODUL]HG� UDGLDWLRQ

ZLWK� PLQLPDO� VSHFWUDO� DQG� DQJXODU� GLVSHU�
VLRQ� DQG� DQJXODU� UHVROXWLRQ� OHVV� WKDQ
��DUFVHF��7KLV�DOVR�SURYLGHG�D�SRVVLELOLW\�WR
PLQLPL]H� WKH� UHSURGXFWLRQ� HUURU� RI� WKH
VKDSH� DQG� KDOIZLGWK� RI� GLIIUDFWLRQ� UHIOHF�
WLRQ� FXUYHV� �'5&��� E�� DQG� WKH� LQFUHDVH� WKH
LQWHJUDO�UHIOHFWLRQ�SRZHU��,5��XS�WR������7R
LQFUHDVH� WKH� LQIRUPDWLRQ� YROXPH� RI� WKH
PHWKRGV� XVHG�� WKH� OLQHDU� VFDQQLQJ� RI� WKH
VDPSOH� ZDV� XVHG� ZLWK� UHVSHFW� WR� WKH� LQFL�
GHQW�;�UD\� EHDP� RI� ����� WR� ����PP� LQ� GL�
DPHWHU�� DW� WKH� VFDQQLQJ� VWHS� RI� ����� WR
�� PP� �/�VFDQQLQJ��� 7KLV� DOORZHG� WR� REWDLQ
GHSHQGHQFHV� RI� VWUXFWXUH� VHQVLWLYH� FKDUDF�
WHULVWLFV�E��,5��'G�G� RYHU� WKH� VDPSOH�FURVV�
VHFWLRQ���E�/���,5�/���'G�G�/����)RU�D�SUHFLVH
GHWHUPLQDWLRQ�RI�FU\VWDO�ODWWLFH�SHULRGV��WKH
FKDUDFWHU� RI� 'G�G�/�� D� YDULDWLRQ� RI� WKH
PHWKRG� GHYHORSHG� EHIRUH� >�@� ZDV� XVHG�� ,WV
LGHD�FRQVLVWV�LQ�D�VLPXOWDQHRXV�LOOXPLQDWLRQ
RI�WZR�FU\VWDOV�ZLWK�WKH�;�UD\�EHDP��2QH�RI
WKHP�LV�WKH�FU\VWDO�XQGHU�LQYHVWLJDWLRQ�DQG
WKH�VHFRQG�RQH�LV�WKH�UHIHUHQFH�PDGH�RI�WKH
VDPH�PDWHULDO�DQG�KDYLQJ�WKH�VDPH�FU\VWDO�
ORJUDSKLF� RULHQWDWLRQ� DV� WKH� ILUVW� VDPSOH�
7KH� 'G�G� GHWHUPLQDWLRQ� UHODWLYH� HUURU� ZDV
DERXW�����Ü��
3URFHVVLQJ� RI� WKH� H[SHULPHQWDO� GDWD� IRU

WKH�VWXGLHG�VDPSOHV�KDV�VKRZQ�WKDW��LQ�VSLWH
RI�WKH�IDFW�WKDW�WKH�FU\VWDOV�ZHUH�JURZQ�E\
RQH� DQG� VDPH� PHWKRG�� SUHVHW� WHPSHUDWXUH�

7DEOH����7KH�DYHUDJHG�YDOXHV�E��,5��V�IRU�GLIIHUHQW�UHIOHFWLRQV�^KNO`
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GHJUHH� RI� VXSHUVDWXUDWLRQ� RI� WKH� VROXWLRQ�
PL[LQJ� PDQQHU�� YDOXH� RI� S+� ������ VDPH
EDWFK� RI� UDZ� PDWHULDO�� &D�� 6L�� 3E��&U� DQG
K\GURJHQ� SHUR[LGH� DGGLWLYHV� HIIHFW� VLJQLIL�
FDQWO\�WKH�VWUXFWXUDO�TXDOLW\��FU\VWDO�ODWWLFH
SDUDPHWHUV�� DQG� EXON� ODVHU� GDPDJH� WKUHVK�
ROG�RI�WKH�JURZQ�FU\VWDOV�
7DEOH���VKRZV�WKH�DYHUDJHG�YDOXHV�RI�WKH

URFNLQJ�FXUYHV�KDOIZLGWK�E�IRU�GLIIHUHQW�UH�
IOHFWLRQV�^KNO`��LQWHJUDO�UHIOHFWLRQ�,5��IRU���
PHDVXUHPHQWV�FDUULHG�RXW�LQ�GLIIHUHQW�FU\V�
WDO�SDUWV�� WKH� VWDQGDUG�GHYLDWLRQ�VE��V,5�RIWKRVH�YDOXHV��DV�ZHOO�DV�YDOXHV�RI�EXON�ODVHU
GDPDJH� WKUHVKROG� 3� �-�FP���� $Q� HVVHQWLDO
LQKRPRJHQHLW\� RI� VWUXFWXUH�VHQVLWLYH� SD�
UDPHWHUV� RYHU� WKH� FU\VWDO� FURVV�VHFWLRQ� LV
VHHQ�� WKH� VE� DQG� D� V,5� YDOXHV� DUH� VLJQLIL�FDQWO\�KLJKHU�IRU�FU\VWDOV�JURZQ�ZLWK�DGGHG
LPSXULWLHV� DQG� FKDUDFWHUL]HG� E\� ORZ� YDOXHV
RI�EXON�ODVHU�GDPDJH�WKUHVKROG�
7KH� DQDO\VLV� RI� GLIIUDFWLRQ� UHIOHFWLRQ

FXUYHV�REWDLQHG�XVLQJ�7;'�IRU�WKH�VDPSOHV
JURZQ� IURP� D� QRPLQDOO\� �SXUH�� UDZ� PDWH�
ULDO� DQG� KDYLQJ� PD[LPXP� YDOXH� RI� EXON
ODVHU� GDPDJH� WKUHVKROG� KDV� VKRZQ� WKDW
WKRVH�DUH�DV�D�UXOH�VPRRWK�ZKLOH�IRU�FU\VWDOV
JURZQ� ZLWK� LPSXULWLHV�� W\SLFDO� LV� EUHDNLQJ
XS� RI� WKH� FXUYHV� DQG� SUHVHQFH� RI� VHYHUDO
PD[LPD� DQJXODUO\� VSDFHG� E\� �� WR� �� DUFVHF�
7KH� RULJLQ� RI� ORZ�DQJOH� WXUQV� LV� H[SODLQHG
E\� WKH� OD\HU�E\�OD\HU� JURZWK�PHFKDQLVP� RI
WKH�FU\VWDOV��7KH�ORZ�DQJOH�TXDVL�ERXQGDULHV
VHSDUDWLQJ� WKRVH� OD\HUV� DUH� IRUPHG� GXH� WR
DFFXPXODWLRQ� RI� LPSXULWLHV� RQ� WKH� JURZLQJ
FU\VWDO� IDFHWV�� 7KHQ� D� SDUWLDO� YLRODWLRQ� RI
FRKHUHQFH�RFFXUV�EHWZHHQ�WKH�OD\HUV�RI�QRU�
PDO� JURZWK�� 7KLV� PD\� UHVXOW� LQ� DQ� DGGL�
WLRQDO�LQFUHDVH�RI�WKH�OD\HUV�WXUQ�DQJOH�ZLWK
UHVSHFW�WR�WKH�RULHQWDWLRQ�RI�WKH�JURZQ�FU\V�
WDO� >�@��7KH� LPSXULW\�DGGHG�FU\VWDOV�KDYH�D
KLJKHU� FRQFHQWUDWLRQ� RI� TXDVL�ERXQGDULHV�
$GGLWLRQ� RI� LPSXULWLHV� WR� WKH� VROXWLRQ� UH�
VXOWV� LQ� WKHLU� LQKRPRJHQHRXV� WUDSSLQJ� DQG
GLVWULEXWLRQ� RYHU� WKH� FU\VWDO� YROXPH�� 7KLV

UHVXOWV�QRW�RQO\�LQ�IRUPDWLRQ�RI�WKH�VWULDWHG
LPSXULW\�VWUXFWXUH�EXW�DOVR�LQ�D�YDULDWLRQ�RI
FU\VWDO� ODWWLFH� SDUDPHWHUV� DQG� HODVWLF
VWUHVVHV� LQ� WKH� YROXPH� RI� WKH� JURZQ� FU\V�
WDOV�� 7KH� DXWKRUV� SHUIRUPHG� UHODWLYH� SUHFL�
VLRQ�PHDVXUHPHQWV�RI�WKH�FU\VWDO�ODWWLFH�SD�
UDPHWHU�YDULDWLRQV�'D��'E��'F��XQLW�FHOO�YRO�
XPH� RI� WKH� '9�� RUWKRUKRPELFLW\� GHJUHH
'� �EÜD� DQG� 'G�G� IRU� FU\VWDOORJUDSKLF� GL�
UHFWLRQV� >���@�� >���@� XVLQJ� WKH� PHWKRG� GH�
VFULEHG�LQ�>�@��7KHVH�SDUDPHWHUV�DUH�SUHVHQWHG
LQ�7DEOH����$� VDPSOH�JURZQ� IURP�QRPLQDOO\
�SXUH�� UDZ� PDWHULDO� DQG� KDYLQJ� WKH� PD[L�
PXP� YDOXH� RI� EXON� ODVHU� GDPDJH� WKUHVKROG
ZDV� WDNHQ� DV� D� UHIHUHQFH� IRU� WKH� PHDVXUH�
PHQWV�
$V� LW� LV� VHHQ� IURP�7DEOH����YDULDWLRQV�RI

WKH� PHDVXUHG� SDUDPHWHUV� DQG� SUHVHQFH� RI
RUWKRUKRPELFLW\� DUH� REVHUYHG� IRU� DOO� FU\V�
WDOV� XQGHU� LQYHVWLJDWLRQ�� 9DOXHV� LQ� 7DEOH��
DUH� DYHUDJHG� RYHU� ��� PHDVXUHPHQWV� DQG
ZHUH� WDNHQ� LQ� GLIIHUHQW� SRLQWV� RI� WKH� FU\V�
WDO�� $SSHDUDQFH� RI� RUWKRUKRPELFLW\� WKDW
GRHV�QRW�YDU\�WKH�V\PPHWU\�RI�.'3�FU\VWDO
LV�SUHVXPDEO\�VWLSXODWHG�E\�WKH�FKDUDFWHU�RI
HQWU\� DQG� GLVWULEXWLRQ� RI� LPSXULWLHV�� DQG
DQLVRWURS\� GLVWRUWLQJ� WKH� .'3� FU\VWDO� ODW�
WLFH�
8VLQJ�D�KLJK�UHVROXWLRQ�;�UD\�GLIIUDFWLRQ

PHWKRG�� LW�KDV�EHHQ�VKRZQ�WKDW�DGGLWLRQ�RI
&D�� 6L�� 3E�� &U�� K\GURJHQ� SHUR[LGH� WR� WKH
QRPLQDOO\� �SXUH�� UDZ� PDWHULDO� UHVXOWV� LQ
YDULDWLRQ� RI� FU\VWDO� ODWWLFH� SDUDPHWHUV� DQG
GHWHULRUDWLRQ� RI� FU\VWDO� VWUXFWXUH� TXDOLW\�
7KLV��LQ�WXUQ��GHFUHDVHV�WKH�EXON�ODVHU�GDP�
DJH� WKUHVKROG� DQG� LQFUHDVHV� WKH� VSUHDG� LQ
WKHVH�YDOXHV�RYHU�WKH�FU\VWDO�YROXPH��,W�KDV
EHHQ� IRXQG� WKDW� WKH�PDLQ� JURZWK� GHIHFW� RI
.'3� VWUXFWXUH� DW� ]RQDULW\� DQG� VHFWRULDOLW\
DEVHQW�DQG�GLVORFDWLRQ�GHQVLW\�d����FPÜ�� LV
WKH� LPSXULW\� VWULDWLRQ� DQG�SUHVHQFH�RI� ORZ�
DQJOH� TXDVL�ERXQGDULHV�� 7KHVH� GHIHFWV� DUH
FDXVHG� E\� IOXFWXDWLRQV� LQ� WKH� JURZWK� SURF�
HVVHV� UHVXOWLQJ� LQ� DQLQKRPRJHQHRXV� HQWU\

7DEOH����9DULDWLRQV�RI�FU\VWDO�ODWWLFH�SDUDPHWHUV
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DQG�GLVWULEXWLRQ�RI�LPSXULWLHV�LQ�WKH�FU\VWDO
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