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DOEXPLQ� �%6$��KDV�EHHQ� VWXGLHG�XVLQJ���P�VPDOO�DQJOH�QHXWURQ�VFDWWHULQJ� �6$16��%$7$1�VSHFWURPHWHU

�60$57HU���7KH�QHXWURQ�VFDWWHULQJ�GDWD�UHGXFWLRQ�XVHG�WKH�*UDSKLFDO�5HGXFWLRQ�DQG�$QDO\VLV�6$16�3URJUDP

�*5$63��VRIWZDUH��DQG�WKH�ILWWLQJ�SURFHVV�XVHG�WKH�,*25�6$16�$QDO\VLV�VRIWZDUH��7KH�GHQDWXUDWLRQ�SURFHVV

ZDV�LGHQWLILHG�E\�REVHUYLQJ�WKH�FKDQJHV�%6$�JOREXODU�VWUXFWXUH��7KH�H[SHULPHQWDO�UHVXOWV�VKRZHG�WKH�DGGLWLRQ

RI�6'6�DW�ORZ�FRQFHQWUDWLRQV���P0���P0����P0��LQWR�%6$�VROXWLRQ�DW�S+���GR�QRW�FDXVH�D�VLJQLILFDQW�FKDQJH

LQ�WKH�VL]H�RI�WKH�%6$�JOREXODU�VWUXFWXUH��7KH�6$16�VFDWWHULQJ�SURILOH�RI�%6$�ILWWHG�ZLWK�WKH�WULD[LDO�HOOLSVRLG

PRGHO��D�VLPSOH�VKDSH�DSSURDFK�IRU�SURWHLQ�JOREXODU�VWUXFWXUH��7KH�ILWWLQJ�UHVXOW�VKRZHG�WKH�VHPL�D[LV�%�IRU

%6$�LQ�WKH�DGGLWLRQ�RI��P0���P0����P0�6'6�ZHUH�����c������c��DQG�����c��UHVSHFWLYHO\��:KLOH�WKH�VHPL�

D[LV�$�DQG�VHPL�D[LV�&�ZHUH�FRQVWDQW�IRU�WKRVH�WKUHH�YDULDWLRQV�DW�����c�DQG�����c��UHVSHFWLYHO\��,Q�KLJKHU

DGGLWLRQ�RI�6'6��WKH�JOREXODU�VWUXFWXUH�RI�%6$�XQIROGHG�LQWR�IOH[LEOH�F\OLQGHU�VWUXFWXUH�ZLWK�WKH�UDGLXV�RI�����c

DQG� OHQJWK� RI� ����c��7KH� GHQDWXUDWLRQ�RI�%6$�ZDV� FOHDUO\� VKRZHG� E\� WKH� DGGLWLRQ� RI� ��P0�6'6�� 7KH

VWUXFWXUH�RI�%6$�LQ�WKLV�FRQGLWLRQ�ILWWHG�WR�IUDFWDO�VWUXFWXUH�ZLWK�IUDFWDO�GLPHQVLRQ�RI������WKH�EORFN�UDGLXV�RI

����c�DQG�WKH�FRUUHODWLRQ�OHQJWK�RI�����c7KHVH�UHVXOWV�LQGLFDWHG�WKDW�WKH�DGGLWLRQ�RI�6'6�DW�ORZ�FRQFHQWUDWLRQV

KDV�QRW�FDXVHG�WKH�GHQDWXUDWLRQ�RI�%6$��0HDQZKLOH��WKH�DGGLWLRQ�RI�6'6�DW�KLJK�FRQFHQWUDWLRQV�PDGH�%6$�WR

XQIROG�WKDW�OHDG�WR�WKH�GHQDWXUDWLRQ�RI�%6$��,Q�WKLV�VWXG\�
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7KH� LQWHUDFWLRQ�EHWZHHQ�SURWHLQ�DQG�VXUIDFWDQW

KDV�D�VLJQLILFDQW�UROH�LQ�PDWHULDO�UHVHDUFK�LQ�WKH�ILHOG�RI

IRRG��ZDVKLQJ��DQG�SKDUPDFHXWLFDO�LQGXVWULHV��3URWHLQ�

VXUIDFWDQW� LQWHUDFWLRQ� KDV� DSSOLHG� WR� IRRG� DOOHUJHQ

ODEHOLQJ�DQG�IRRG�HPXOVLILHU�>�@>�@��7KH�DELOLW\�RI�WKH

VXUIDFWDQW� WR�ELQG�SURWHLQ� LV� LPSRUWDQW� WR�GHYHORS� WKH

GHWHUJHQW�PDWHULDO� IRU� HQKDQFLQJ� WKH� DELOLW\� RI� WKH

GHWHUJHQW� SURGXFW� WR� JHW� DZD\� RUJDQLF� GLUW>�@�� ,Q

SKDUPDF\�� D� VXUIDFWDQW�EDVHG� GUXJ� GHOLYHU\� GHYLFH

QHHGV�WKH�LQIRUPDWLRQ�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�SURWHLQ

DQG�VXUIDFWDQW�GXULQJ�WKHLU�ORDGLQJ�DGPLQLVWUDWLRQ�DQG

GLVWULEXWLRQ� LQ� ERG\� IOXLGV>�@�� 7KH� VWDELOLW\� DQG

FRQIRUPDWLRQDO� FKDQJH� RI� SURWHLQ� DV� DQ� LPSDFW� RI

LQWHUDFWLQJ�ZLWK�WKH�VXUIDFWDQW�LQIOXHQFHV�WKH�HIILFDF\�RI

WKH� GUXJ� GHOLYHU\� GHYLFH�� � 7KH� SURWHLQ� XQIROGLQJ� WR

GHQDWXUDWLRQ�DV�D�FRPPRQ�HIIHFW�RI�SURWHLQ�VXUIDFWDQW

LQWHUDFWLRQ� KDV� EHQHILFLDO� DSSOLFDWLRQV� RQ� WKH

SKDUPDFHXWLFDO� SURGXFWV� EDVHG� RQ� VXUIDFH� DEVRUSWLRQ

DQG�SURWHLQ�VROXELOL]DWLRQ��,W�LV�ZHOO�NQRZQ�WKDW�RQH�RI

WKH� LPSRUWDQW� IDFWRU� LQ� SURWHLQ� GHQDWXUDWLRQ� LV� WKH

GHQDWXUDQW� FRQFHQWUDWLRQ>�@�

%RYLQH�VHUXP�DOEXPLQ��%6$��LV�D�JOREXODU�SURWHLQ

QDWXUDOO\�IRXQG�LQ�FRZ¶V�EORRG�RU�PLON�ZLWK�D�PROHFXODU

ZHLJKW�RI������N'D�DQG�LWV�HVWLPDWHG�GLPHQVLRQV�DUH����î

���î����c>�@��7KH�SULPDU\�VWUXFWXUH�RI�%6$�LV�FRPSRVHG

RI�D�VLQJOH�SRO\SHSWLGH�FKDLQ�FRQWDLQLQJ�����DPLQR�DFLG

UHVLGXHV��ZKLOH� WKH� VHFRQGDU\� VWUXFWXUH� FRQWDLQV���� �

����DOSKD�KHOLFHV�DQG��������EHWD�IROGV��7KH�WHUWLDU\

VWUXFWXUH�RI�%6$�LV�FRPSRVHG�RI���KRPRORJRXV�GRPDLQV

WKDW�KDYH�DQJOHV� WR�HDFK�RWKHU�DQG�WKH� VWDELOLW\�RI�WKH

%6$� WHUWLDU\� VWUXFWXUH� LV� VXSSRUWHG� E\� D� V\VWHP� RI

FRYDOHQW�LQWHUDFWLRQV�LQ�JOREXOH�SURWHLQV�DQG�GLVXOILGH

FRYDOHQW�ERQGV>�@��%6$�LV�TXLWH�HDV\�WR�REWDLQ��HDVH�RI

SXULILFDWLRQ��ORZ�FRVW��DQG�KDV�XQXVXDO� OLJDQG�ELQGLQJ

SURSHUWLHV�PDGH�%6$�D�JRRG�PRGHO�WR�VWXG\�WKH�SURWHLQ

VXUIDFWDQW�LQWHUDFWLRQ��6RGLXP�GRGHF\O�VXOIDWH��6'6��LV

DQ�DQLRQLF�VXUIDFWDQW�WKDW�LV�NQRZQ�WR�KDYH�JRRG�ELQGLQJ

DELOLW\�WR�SURWHLQ�FRPSDUHG�WR�VHYHUDO�RWKHU�VXUIDFWDQW

PROHFXOHV�VXFK�DV�JXDQLGLQLXP�FKORULGH�RU�XUHD>�@�

3UHYLRXV� VWXGLHV� KDYH� LQYHVWLJDWHG� WKH

LQWHUDFWLRQ�EHWZHHQ�%6$�DQG�6'6�XVLQJ�IOXRUHVFHQFH

VSHFWURVFRS\�� FRQGXFWLYLW\�� FLUFXODU� GLFKURLVP� �&'�

VSHFWURVFRS\�� DWRPLF� IRUFH�PLFURVFRS\�� PROHFXODU

GRFNLQJ� FRPSXWDWLRQDO� VLPXODWLRQ� >�@�� DQG� VXUIDFH

WHQVLRQ���WR�XQGHUVWDQG�WKH�LQWULQVLF�SURSHUWLHV�EHKDYLRU

RI�%6$�UHJDUGLQJ�6'6�LQWHUDFWLRQ��7KH�FRQIRUPDWLRQDO

FKDQJH�RI�%6$�DV�6'6�DGGLWLRQ�KDV�EHHQ�UHYHDOHG�E\

VPDOO�DQJOH�;�UD\�VFDWWHULQJ� �6$;6�� >�@�� VPDOO�DQJOH

QHXWURQ�VFDWWHULQJ��6$16���DQG�G\QDPLF�OLJKW�VFDWWHULQJ

�'/6��WHFKQLTXHV>�@��,Q�JHQHUDO��WKRVH�PHWKRGV�FDQ�VKRZ

WKH�GHQDWXUDWLRQ�SURFHVV�RI�%6$�SURWHLQV�IURP�EUHDNLQJ

WKH� ERQG�� SDUWLDOO\� XQIROGLQJ� WR� IXOO\� GHQDWXUDWLRQ�

+RZHYHU�� RQO\� VPDOO�DQJOH� VFDWWHULQJ� WHFKQLTXH�� ERWK

6$16�DQG�6$;6��WKDW�FDQ�JLYH�WKH�LQIRUPDWLRQ�RI�WKH

%6$�VKDSH�DQG�VL]H�LQ�VROXWLRQ��6PDOO�DQJOH�VFDWWHULQJ�LV

D� SRZHUIXO� WRRO� WR� VWXG\� SURWHLQ� VWUXFWXUH� LQ� VROXWLRQ

>��@±>��@��)XUWKHUPRUH��DV�WKH�EHVW�RI�RXU�NQRZOHGJH�

WKH� VWXG\� RI� WKH� FRQIRUPDWLRQDO� FKDQJH� GXH� WR� WKH

GHQDWXUDWLRQ�RI�D�KLJK�FRQFHQWUDWLRQ�%6$�DV�WKH�DGGLWLRQ

RI�6'6�KDYH�QRW�EHHQ�UHSRUWHG�\HW�

7KHUHIRUH��LQ�WKLV�ZRUN��WKH�FRQIRUPDWLRQDO�FKDQJH

RI�%6$� LQ� KLJK� FRQFHQWUDWLRQ�GXULQJ� LWV� GHQDWXUDWLRQ

SURFHVV�GXH� WR�6'6� DGGLWLRQ�ZDV� UHYHDOHG� E\�6$16

WHFKQLTXH��7KH�6'6�FRQFHQWUDWLRQ�ZDV�VHW�IURP�EHORZ

WR�DERYH�6'6�FULWLFDO�PLFHOODU�FRQFHQWUDWLRQ��&0&���$OO

WKH�HIIHFW�RI�6'6�DGGLWLRQ�ZLOO�EH�UHYHDOHG�XVLQJ�6$16

WKDW�ZLOO�JLYH�LQIRUPDWLRQ�RI�%6$�FRQIRUPDWLRQDO�FKDQJH

GXULQJ�GHQDWXUDWLRQ�

(;3(5,0(17$/�0(7+2'

0DWHULDO�DQG�6DPSOH�3UHSDUDWLRQ

%6$�SRZGHU��6'6��DQG�'
�
2�SRZGHU�SXUFKDVHG

IURP�6LJPD�$OGULFK��DQG�WKH�EXIIHU�UHDJHQW�SXUFKDVHG

IURP�0HUFN�XVHG�ZLWKRXW�DQ\�IXUWKHU�SXULILFDWLRQ��%6$

ZDV�GLVVROYHG�LQ�EXIIHU�DW�S+���XS�WR�D�FRQFHQWUDWLRQ�RI

EHVDU��\DLWX�6HPL�D[LV�$��QLODL�WHUNHFLO��GDQ�6HPL�D[LV�&��QLODL�WHUEHVDU��NRQVWDQ�XQWXN�WLJD�YDULDVL�GDWD�\DLWX

����c�GDQ�����c��6HPL�D[LV�%�EHUWXUXW���WXUXW�����c������c��GDQ�����c��3DGD�NRQVHQWUDVL�\DQJ�OHELK�WLQJJL����

P0��6'6��VWUXNWXU�JOREXODU�%6$�PHQJDODPL�XQIROGLQJ�PHQMDGL�EHQWXN�IOH[LEOH�F\OLQGHU�GHQJDQ�UDGLXV�VHEHVDU

����c��GDQ�SDQMDQJ�����c��3URVHV�GHQDWXUDVL�%6$�GLWXQMXNNDQ�SDGD�SHQDPEDKDQ�6'6����P0��KDO�LQL�GLEXNWLNDQ

GHQJDQ�SHUXEDKDQ�VWUXNWXU�%6$�PHQMDGL�IUDFWDO��GHQJDQ�UDGLXV�EORN�����c��SDQMDQJ�NRUHODVL�����c��GDQ�GLPHQVL

IUDFWDO�VHEHVDU������%HUGDVDUNDQ�SHQHOLWLDQ��GDSDW�GLVLPSXONDQ�EDKZD�6'6�SDGD�NRQVHQWUDVL�UHQGDK�EHOXP

PHQ\HEDENDQ�SURVHV�GHQDWXUDVL�%6$��3HQDPEDKDQ�6'6�GHQJDQ�NRQVHQWUDVL�WLQJJL�PHQ\HEDENDQ�%6$�PHQJDODPL

XQIROGLQJ�\DQJ�PHQ\HEDENDQ�GHQDWXUDVL�SURWHLQ�%6$�

.DWD�NXQFL��%6$��6'6��'HQDWXUDVL��6$16
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6$16�6WXGLHV�RQ�7KH�%RYLQH�6HUXP�$OEXPLQ�'HQDWXUDWLRQ�LQ�7KH�3UHVHQFH�RI�6'6��'ZL�5DKD\X�

���ZW���7KH�EXIIHU�VROXWLRQ�ZDV�PDGH�LQ�'
�
2��WR�UHDFK�D

JRRG� FRQWUDVW� EHWZHHQ� %6$�6'6� DQG� WKHLU

VXUURXQGLQJV��7KH�RWKHU�EHQHILW�RI�XVLQJ�'
�
2�LV�WKH�ORZ

LQFRKHUHQW�EDFNJURXQG�UHJDUGLQJ�WKH�6$16�H[SHULPHQW�

7KH�&0&�RI�6'6�ZDV�UHSRUWHG�DW����P0��7KHUHIRUH��WKH

6'6� FRQFHQWUDWLRQ�ZDV� VHW� IURP�EHORZ����P0�DQG��

P0��WR�DERYH�6'6�FULWLFDO�PLFHOODU�FRQFHQWUDWLRQ��&0&�

L�H����P0�����P0��DQG����P0��WR�EHWWHU�XQGHUVWDQG�WKH

LQWHUDFWLRQ�EHWZHHQ�%6$�DQG�6'6�

6$16�0HDVXUHPHQW

6$16�PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� DW� WKH

%$7$1� QHXWURQ� VFDWWHULQJ� ODERUDWRU\�� 6HUSRQJ�

,QGRQHVLD� XVLQJ� ��P� VPDOO�DQJOH� QHXWURQ� VFDWWHULQJ

%$7$1�6SHFWURPHWHU��60$57HU�>��@���7KH�ZDYHOHQJWK

RI� WKH� QHXWURQ� XVHG� LV� �����c��1HXWURQ� VFDWWHULQJ� LV

GHWHFWHG� XVLQJ� D� �'�36'� ����'LPHQVLRQDO� 3RVLWLYH

6HQVLWLYH�'HWHFWRU��GHWHFWRU�ZLWK�D�GLDPHWHU�RI�����[����

PP�GLYLGHG�LQWR�����[�����FKDQQHOV�ZLWK�D�UHVROXWLRQ�RI

��PP��7KH�VDPSOH�DQG�GHWHFWRU�GLVWDQFHV�DUH���P�DQG���P

WR�FRYHU�WKH�PRPHQWXP�WUDQVIHU�4�UDQJH�������������c���

'XULQJ�WKH�H[SHULPHQW��WKH�VDPSOHV�ZHUH�LQVHUWHG�LQWR�D

��PP�TXDUW]�FHOO�

6$16�'DWD�$QDO\VLV

7KH�VPDOO�DQJOH�VFDWWHULQJ�GDWD�ZDV�REWDLQHG�IURP

WKH�VFDWWHUHG�UDGLDWLRQ�SDUWLFOH�DIWHU�LQWHUDFW�LQJ�ZLWK�WKH

VDPSOH��7KH�VFDWWHULQJ�SRVLWLRQ�GHSHQG�WR�WKHLU�PRPHQ�

WXP�WUDQVIHU�T ���
VLQ����LQ�ZKLFK�UHODWHG�WR�WKH�SRVLWLRQ

RI� HDFK� VFDWWHULQJ� ERG\�RI� WKH�SDUWLFOH� LQ� WKH� VDPSOH�

7KXV��WKH�RYHUDOO�GDWD�FRQWDLQ�LQIRUPDWLRQ�DERXW�VKDSH�

VL]H�DQG�GLVWULEX�WLRQ�RI�SDUWLFOH� LQ� WKHLU�HQYLURQPHQW�

7KHUHIRUH��VPDOO�DQJOH�VFDWWHULQJ�WHFKQLTXH�ZDV�ZLGHO\

DS�SOLHG�WR�VWXG\�SURWHLQ�LQ�VROXWLRQ�>��@�>��@�

7KH�QHXWURQ�VFDWWHULQJ�GDWD� UHGXFWLRQ�XVHG� WKH

*UDSKLFDO� 5HGXFWLRQ� DQG�$QDO\VLV� 6$16� 3URJUDP

�*5$63��VRIWZDUH>��@��DQG�WKH�ILWWLQJ�SURFHVV�XVHG�WKH

,*25�6$16�$QDO\VLV�VRIWZDUH>��@��7KH�VRIW�ZDUH�KDV

DGYDQWDJHV��VXFK�DV�DQ\�QXPEHU�RI�6$16�GDWD�VHWV�FDQ

EH�DQDO\]HG�DW�WKH�VDPH�WLPH��DQG�GRFXPHQWV�IRU�HDFK

SURFHVVLQJ�VWHS�DQG�DQDO\VLV�PRGHO��DV�ZHOO�DV�GHWDLOHG

H[DPSOHV�DQG�WHVW�GDWD��DUH�LQFOXGHG�

7KH�WULD[LDO�HOOLSVRLG�PRGHO��WKH�IOH[LEOH�F\OLQGHU

PRGHO��DQG�WKH�IUDFWDO�VWUXFWXUH�PRGHO�ZHUH�DSSOLHG�IURP

PRGHO�DYDLODEOH�LQ�6$16�1,67�,JRU�$QDO\VLV�ZLWKRXW

PRGLILFDWLRQ�

5(68/7�$1'�',6&866,21

7KH�QHXWURQ� VFDWWHULQJ�SURILOH� FDQ� EH� JURXSHG

LQWR� WZR�GLIIHUHQW� VHWV� DFFRUGLQJ� WR� LQFUHDVLQJ� 6'6

FRQFHQWUDWLRQV�� 7KH� ILUVW� GDWD� VHW� FRUUHVSRQGV� WR

SURWHLQV� DW�ORZ�VXUIDFWDQW�FRQFHQWUDWLRQV�EHORZ�&0&

�&ULWLFDO�0LFHOOH�&RQFHQWUDWLRQ���6'6�DV�D�VXUIDFWDQW�ZLOO

IRUP�PLFHOOH�DIWHU�UHDFK�D�FHUWDLQ�FRQFHQWUDWLRQ��FDOOHG

&0&��7KH�&0&�RI�6'6�ZDV�UHSRUWHG�DW����P0>��@�

,Q�WKLV�VWXG\��WKH�6$16�VFDWWHULQJ�GDWD�RI�%6$�LQ

DGGLWLRQ� RI� 6'6�EHORZ�&0&� ILWWHG�ZLWK� WKH� WULD[LDO

HOOLSVRLG�PRGHO�� D� VLPSOH� VKDSH� DSSURDFK� IRU� SURWHLQ

JOREXODU� VWUXFWXUH�� � ,W� LV� SUHYLRXVO\� UHSRUWHG� WKDW� WKH

LQLWLDO�LQWHUDFWLRQ�RI�6'6�DQG�SURWHLQ�LV�WKH�ELQGLQJ�RI

6'6�PROHFXOH�WR�WKH�ORRS�DQG�WKH�E�VKHHW�SDUW�>��@��7KH

DGGLWLRQ�RI��P0�6'6�OHG�WR�LQYDVLRQ�RI�6'6�PROHFXOH�WR

WKH�ORRS�RI�%6$�DQG�LW�VHHPHG�WKDW�WKH�IXUWKHU�DGGLWLRQ

RI��P0�6'6�VWLOO�KDSSHQHG�LQ�WKH�ORRS�SDUW�DV�%6$�GR

QRW�KDYH�E�VKHHW�FRQWHQW�� ,Q� WKLV�VWDWH�� WKH� LQWHUDFWLRQ

EHWZHHQ�6'6�PROHFXOHV� DQG�%6$�ZDV� GRPLQDWHG� E\

K\GURSKRELF� LQWHUDFWLRQ� DV� WKH� 6'6� ZDV� DQLRQLF

VXUIDFWDQW�DQG�%6$�ZHUH�LQ�DERYH�RI�WKHLU�S,�ZKLFK�PDGH

%6$� KDV� PRUH� QHJDWLYH� JURXS��$GGLWLRQDOO\�� WKH

FRQVLGHUHG� ORZ� FRQFHQWUDWLRQ� RI� 6'6� LQWR� KLJK

FRQFHQWUDWLRQ� RI� %6$�PLJKW� EH� WKH� UHDVRQ� RI� WKH

XQVLJQLILFDQW�HIIHFW�WR�%6$�FRQIRUPDWLRQ�

7KH�VHFRQG�GDWD�VHW�FRUUHVSRQGV� WR�SURWHLQV�DW

VXUIDFWDQW�FRQFHQWUDWLRQV�DERYH�&0&��6WDUWLQJ�IURP�WKH

6'6�FRQFHQWUDWLRQ�RI����P0��WKH�6$16�GDWD�VKRZHG

WKDW� WKH� ELQGLQJ� RI�6'6� WR�%6$�PDGH� WKH� JOREXODU

)LJXUH����6$16�GDWD�IRU����ZW��%6$�ZLWK�ORZ�6'6�FRQ�
FHQWUDWLRQ� �D�� ��P0�� �E����P0�ILWWHG�ZLWK� WULD[LDO�PRGHO
ILWWLQJ� FDOFXODWLRQ�
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VWUXFWXUH�RI�%6$�ORRVH�DQG�HORQJDWHG��7KH�H[SHULPHQWDO

UHVXOWV�VKRZHG�D�VOLJKW�LQFUHDVH�LQ�WKH�VL]H�RI�WKH�VHPL�

D[LV�%�UDGLXV�LQ�WKH�DGGLWLRQ�RI��P0�WR���P0�6'6�IURP

����c�WR�����c�UHVSHFWLYHO\���)LJXUH���VKRZV�WKH�6$16

VFDWWHULQJ�SURILOH�RI����ZW��%6$�LQ�WKH�SUHVHQFH�RI�6'6

���P0��7DEOH���VKRZV�WKH�FKDQJH�LQ�SURWHLQ�UDGLXV�ZLWK

LQFUHDVLQJ�VXUIDFWDQW�FRQFHQWUDWLRQ�

7KH� DQLRQLF� VXUIDFWDQW� OLNH� 6'6� LQWHUDFW�ZLWK

SURWHLQ�PDLQO\�LQ�WKH�ORRS�DQG�E�VKHHW�SDUW�RI�WKH�SURWHLQ�

7KH�DGGLWLRQ�RI�6'6�DOORZ�WKH�K\GURFDUERQ�WDLOV�RI�WKH

6'6�VXUIDFWDQW�WR�ELQG�WR�WKH�K\GURSKRELF�SDWFK�RI�%6$

SURWHLQ� YLD� K\GURSKRELF� DWWUDFWLRQ��ZKHUHDV� WKH�PDLQ

JURXS� RI� DQLRQLF� VXUIDFWDQWV� FDQ� ELQG� WR� WKH� SURWHLQ

FDWLRQLF� JURXSV� YLD� HOHFWURVWDWLF� DWWUDFWLRQ>�@�� 7KH

DGGLWLRQ�RI���P0�6'6��ZKLFK�LV�DERYH�&0&��PDGH�PRUH

LQYDVLRQ�RI�6'6�PROHFXOHV�LQ�WKH�ORRS�YLD�K\GURSKRELF

RU�HOHFWURVWDWLF�DWWUDFWLRQ�DQG�WKHQ�VWDUWHG�DOWHU�WKH�%6$

FRQIRUPDWLRQ� >�@�� 7KRVH� LQWHUDFWLRQV� GLVUXSW� WKH

VHFRQGDU\�VWUXFWXUH�RI�%6$�WKDW�OHG�WR�D�FRQIRUPDWLRQDO

FKDQJH�RI�%6$¶V�WHUWLDU\�VWUXFWXUH�

,Q�WKH�KLJKHU�DGGLWLRQ�RI�6'6�DW����P0�LQWR�WKH

%6$�VROXWLRQ��WKHUH�ZDV�DQ�LQFUHDVH�LQ�WKH�K\GUVRSKRELF

LQWHUDFWLRQ�RI� WKH�K\GURSKRELF�6'6�FKDLQ�ZLWK� WKH

K\GURSKRELF�%6$�EDFNERQH�DQG�WKH�HOHFWURVWDWLF

DWWUDFWLRQ�RI�WKH�6'6�KHDG�DQG�%6$�SRODU�JURXS��7KHVH

LQWHUDFWLRQV�PLJKW�RFFXU�LQ�WKH�D�KHOL[�SDUW�ZKLFK�FDXVHG

WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�SURWHLQ�WR�EUHDN�XS��6LQFH

%6$�PRVWO\�FRQVLVW�RI�D�KHOL[��WKH�DOWHUDWLRQ�RI�WKH�KHOLFDO

SDUW�KDYH�JUHDWHU�HIIHFW�WR�WKH�WHUWLDU\�VWUXFWXUH�RI�%6$�

7KHUHIRUH��D�FRPSOHWH�XQIROGLQJ�RI�WKH�%6$�RFFXUHG�DQG

WKH� %6$� HORQJDWLRQ� SURFHVV� FRQWLQXHG� WKDW� OHG� WKH

)LJXUH����6$16�GDWD� IRU����ZW��%6$�ZLWK�6'6�FRQFHQ�
WUDWLRQ� ���P0�

JOREXODU� SURWHLQ� WXUQ� LQWR� D� NLQG� RI� IOH[LEOH� F\OLQGHU�

)LJXUH���VKRZV�WKH�QHXWURQ�VFDWWHULQJ�SURILOH�ILWWHG�ZLWK

D�IOH[LEOH�F\OLQGHU�PRGHO��VXJJHVWLQJ�WKDW�WKH�JOREXODU

VWUXFWXUH� RI� %6$� XQIROGHG� LQWR� D� IOH[LEOH� F\OLQGHU

VWUXFWXUH�ZLWK�D�UDGLXV�RI�����c�DQG�D�OHQJWK�RI�����c�

7KH�GHQDWXUDWLRQ�RI�%6$�ZDV�FOHDUO\�VKRZHG�E\

WKH�DGGLWLRQ�RI���P0�6'6���7KH�HIIHFW�RI�IXUWKHU�DGGLWLRQ

RI� KLJK� FRQFHQWUDWLRQ� RI� 6'6� DIWHU� WKH\� FRPSOHWHO\

XQIROGHG��ZDV� WKH�PLFHOOL]DWLRQ� DURXQG� WKH� SURWHLQ

EDFNERQH��7KH�LQWHUDFWLRQ�EHWZHHQ�DQLRQLF�KHDG�RI�6'6

WR�WKH�FDWLRQLF�JURXS�RI�%6$�VWLOO�UHPDLQ�ZKLOH�WKH�6'6

PROHFXOHV�ZHUH�IRUPLQJ�PLFHOOH�>��@��7KRVH�6'6�PLFHOOHV

IRUPHG�EHDG�OLNH�DORQJ�WKH�%6$�FKDLQ��7KHUHIRUH��WKH

VKDSH�RI�WKH�%6$�FKDQJHG�IURP�D�JOREXODU�WR�D�IUDFWDO

IRUP��7KH�6$16�GDWD�RI�%6$�LQ�WKLV�FRQGLWLRQ�ILWWHG�WR�D

IUDFWDO�VWUXFWXUH�ZLWK�D�IUDFWDO�GLPHQVLRQ�RI������WKH�EORFN

UDGLXV�RI�����c��DQG�WKH�FRUUHODWLRQ�OHQJWK�RI�����c��7KH

EORFN�UDGLXV�RI�WKLV�IUDFWDO�UHIHUUHG�WR�WKH�6'6�PLFHOODU

VKDSH�DQG�VL]H��)UDFWDO�GLPHQVLRQ�RI�����GHSLFWHG�WKH

IUDFWDO�JURZWK� LQ�RQH�GLPHQVLRQ��7KRVH� LQIRUPDWLRQV�

FRQILUPHG�WKH�IRUPDWLRQ�RI�6'6�%6$�FRPSOH[�ZLWK�EHDG

QHFNODFH�OLNH�IRUP�

7KH� UHVXOWV� RI� WKLV� UHVHDUFK� DJUHHG�ZLWK� RWKHU

SUHYLRXV�VWXGLHV�ZLWK�GLIIHUHQW�WHFKQLTXHV��IRU�H[DPSOH�

<��'LQJ�HW�DO�>�@�UHSRUWHG�IURP�WKH�))�7(0�GDWD�WKDW�%6$
KDV� ORRVHQHG� WKHLU� JOREXODU� VWUXFWXUH� DW� ORZ
FRQFHQWUDWLRQ�RI�6'6��7KH�IXUWKHU�H[SDQG�RI�WKH�%6$
RFFXUHG�LQ�WKH�KLJK�FRQFHQWUDWLRQ�RI�6'6��)XUWKHUPRUH�

)LJXUH����1HXWURQ� VFDWWHULQJ�SURILOH� ILWWHG�ZLWK� D� IOH[LEOH
F\OLQGHU�PRGHO�IRU�%6$����ZW��LQ�WKH�SUHVHQFH�RI�6'6���
P0�

)LJXUH����6$16�VFDWWHULQJ�SURILOH�RI�%6$����ZW��DQG�6'6
���P0� ILWWHG�ZLWK� IUDFWDO� VWUXFWXUH�PRGHO�

7DEOH����)LWWHG� SDUDPHWHUV� RI� 6$16� GDWD� DQDO\VLV� RI�%6$���ZW�
DQG�6'6� ORZ� FRQFHQWUDWLRQ�ZLWK� D� WULD[LDO� HOOLSVRLG�PRGHO�
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6$16�6WXGLHV�RQ�7KH�%RYLQH�6HUXP�$OEXPLQ�'HQDWXUDWLRQ�LQ�7KH�3UHVHQFH�RI�6'6��'ZL�5DKD\X�

)LJXUH����7KH� LOXVWUDWLRQ�RI�%6$�GHQDWXUDWLRQ� LQ�DGGLWLRQ
RI�6'6�

&21&/86,21

7KH� H[SHULPHQWDO� UHVXOWV� LQGLFDWHG� WKDW� WKH

DGGLWLRQ�RI�6'6�DW� ORZ�FRQFHQWUDWLRQV�KDV�QRW�FDXVHG

WKH�GHQDWXUDWLRQ�RI�%6$��EXW�WKH�ELQGLQJ�RI�6'6�WR�%6$

PDNHV� JOREXODU� VWUXFWXUHV� ORRVH� DQG� HORQJDWHG�

0HDQZKLOH��WKH�DGGLWLRQ�RI�6'6�DW�KLJK�FRQFHQWUDWLRQV

PDGH�%6$� WR� XQIROG� WKDW� OHDG� WR� WKH� GHQDWXUDWLRQ� RI

%6$��$FFRUGLQJ�WR�WKH�6$16�GDWD�DQDO\VLV��WKH�DGGLWLRQ

RI�6'6� WR�6%$�FDXVHG� FKDQJHV� LQ�SURWHLQ� VKDSH�DQG

VL]H��IURP�WKH�JOREXODU�VWUXFWXUH�RI�%6$��WKHQ�XQIROGHG

LQWR�D�IOH[LEOH�F\OLQGHU�VWUXFWXUH�DQG�ILWWHG�WR�WKH�IUDFWDO

VWUXFWXUH�

$&.12:/('*0(17

7KH�DXWKRUV�WKDQN�WR�DOO�VWDII�LQ�1HXWURQ�6FDWWHULQJ

/DERUDWRU\� IRU� WKHLU� UHPDUNDEOH� SURIHVVLRQDOLVP� DQG

IHHGEDFN�GXULQJ�D�GLIILFXOW�SHULRG�ZKLOH�FRPSOHWLQJ�WKLV

VWXG\��7KLV�UHVHDUFK�ZDV�IXQGHG�E\�WKH�1DWLRQDO�1XFOHDU

(QHUJ\�$JHQF\�RI�,QGRQHVLD�XQGHU�',3$�SURJUDP�

5()(5(1&(6

>�@ 6�� +LGHVKLPD� HW� DO��� ³/DEHO�IUHH� GHWHFWLRQ� RI

DOOHUJHQV� LQ� IRRG� YLD� VXUIDFWDQW�LQGXFHG� VLJQDO

DPSOLILFDWLRQ�XVLQJ�D�ILHOG�HIIHFW�WUDQVLVWRU�EDVHG

ELRVHQVRU�´�6HQVRUV�$FWXDWRUV�%��&KHPLFDO��YRO�

�����SS������±�����������

>�@ 7�� =KDQJ�� 0�� 'LQJ�� ;��:DQJ�� DQG� -�� =KRQJ�

³'URSOHW�DQG�FUHDPLQJ�VWDELOLW\�RI�ILVK�RLO�ORDGHG

JHODWLQ�VXUIDFWDQW�VWDELOL]HG�HPXOVLRQV�GHSHQGV�RQ

ERWK� WKH�DGVRUSWLRQ�ZD\V�RI� HPXOVLILHUV�DQG� WKH

DGMXVWHG�S+�´�)RRG�6FLHQFH�DQG�+XPDQ�:HOOQHVV�

YRO�����QR�����SS�����±����������

>�@ -��'��.DVSHUVHQ��$��6¡QGHUJDDUG��'��-��0DGVHQ��'�

(��2W]HQ��DQG�-��6��3HGHUVHQ��³5HIROGLQJ�RI�6'6�

8QIROGHG� 3URWHLQV� E\�1RQLRQLF� 6XUIDFWDQWV�´

%LRSK\VLFV�-RXUQDO��YRO�������QR�����SS������±�����

�����

>�@ .�� 0DODUNDQL�� ,�� 6DUNDU�� DQG� 6�� 6HOYDP�

³'HQDWXUDWLRQ�VWXGLHV�RQ�ERYLQH�VHUXP�DOEXPLQ±

ELOH�VDOW�V\VWHP��%LOH�VDOW�VWDELOL]HV�ERYLQH�VHUXP

DOEXPLQ� WKURXJK� K\GURSKRELFLW\�´� -RXUQDO� RI

3KDUPDFHXWLFDO�$QDO\VLV��YRO�����QR�����SS����±���

�����

>�@ 5��6ULYDVWDYD�DQG�0��6��$ODP��³(IIHFW�RI�S+�DQG

VXUIDFWDQW�RQ�WKH�SURWHLQ��$�SHUVSHFWLYH�IURP�WKHRU\

DQG� H[SHULPHQWV�´� ,QWHUQDWLRQDO� -RXUQDO� RI

%LRORJLFDO�0DFURPROHFXOHV��YRO�������SS������±

�����������

>�@ 5��5DRXILQLD��$��0RWD��1��.H\KDQYDU��)��6DIDUL��6�

6KDPHNKL�� DQG� -��$EGRODOL]DGHK�� ³2YHUYLHZ� RI

DOEXPLQ�DQG�LWV�SXULILFDWLRQ�PHWKRGV�´�$GYDQFHG

3KDUPDFHXWLFDO�%XOOHWLQ�������

>�@ ,��0��9ODVRYD��9��9��=KXUDYOHYD��DQG�$��0��6DOHWVN\�

³'HQDWXUDWLRQ�RI�ERYLQH�VHUXP�DOEXPLQ�LQLWLDWHG

E\�VRGLXP�GRGHF\O� VXOIDWH�DV�PRQLWRUHG� YLD� WKH

LQWULQVLF� IOXRUHVFHQFH� RI� WKH� SURWHLQ�´�5XVVLDQ

-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�%�������

>�@ '��6DKD��'��5D\��-��.RKOEUHFKHU��DQG�9��.��$VZDO�

³8QIROGLQJ� DQG� 5HIROGLQJ� RI� 3URWHLQ� E\� D

&RPELQDWLRQ�RI�,RQLF�DQG�1RQLRQLF�6XUIDFWDQWV�´

$&6�2PHJD��YRO�����QR�����SS������±�����������

>�@ 6��&KRGDQNDU��9��.��$VZDO��-��.RKOEUHFKHU��5��9DYULQ�

DQG�$�� *��:DJK�� ³6XUIDFWDQW�LQGXFHG� SURWHLQ

XQIROGLQJ� DV� VWXGLHG� E\� VPDOO�DQJOH� QHXWURQ

VFDWWHULQJ�DQG�G\QDPLF�OLJKW�VFDWWHULQJ�´�-RXUQDO

RI�3K\VLFV��&RQGHQVHG�0DWWHU�������

>��@ $��3DWULDWL��1��6XSDUQR��*��7��6XOXQJEXGL��0XMDPLODK�

DQG�(��*��5��3XWUD��³6WUXFWXUDO�&KDQJH�RI�$SRIHUULWLQ

DV�WKH�(IIHFW�RI�S+�&KDQJH�´�,QGRQHVLDQ�-RXUQDO

RI�&KHPLVWU\��YRO������QR�����SS������±�����������

>��@ =��6D\HUV��%��$YúDU��(��&KRODN��DQG�,��.DUPRXV�

³$SSOLFDWLRQ�RI�DGYDQFHG�;�UD\�PHWKRGV� LQ� OLIH

LW�ZDV�UHSRUWHG�WKDW�%6$�KDV�FKDQJHG�IURP�D�VSKHULFDO

VKDSH�WR�D�URG�OLNH�VKDSH�

2Q�WKH�RWKHU�KDQG��%��6KZHLW]HU�HW�DO�>�@�UHSRUWHG

WKDW�WKH�%6$�IRUPHG�FRPSOH[HG�ZLWK�WKH�6'6�LQ�DTXHRXV

EXIIHUHG� �VRGLXP� DFHWDWH�� VROXWLRQ�� ,Q� WKDW� VWXG\WKH

6$;6�GDWD�VKRZHG� WKDW� WKH�6'6�IRUPHG�PLFHOOH�OLNH

DJJUHJDWHV�DORQJ�WKH�GHQDWXUHG�%6$�FKDLQ�

7KH�PHFKDQLVP�RI�%6$�GHQDWXUDWLRQ�EDVHG�RQ

RWKHU� UHSRUWV� >�@�� >��@� LQ� DGGLWLRQ� RI� 6'6� DQG� WKH

VXLWDELOLW\�ZLWK�WKH�6$16�GDWD�DQDO\VLV�ZDV�VXPPDUL]HG

LQ�)LJXUH���
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VFLHQFHV�´�%LRFKLPLFD� HW� %LRSK\VLFD� $FWD� �

*HQHUDO�6XEMHFWV��YRO��������QR�����SS������±�����

�����

>��@ -��/L��$��-LDR��6��&KHQ��=��:X��(��;X��DQG�=��-LQ�

³$SSOLFDWLRQ�RI� WKH�VPDOO�DQJOH�;�UD\�VFDWWHULQJ

WHFKQLTXH�IRU�VWUXFWXUDO�DQDO\VLV�VWXGLHV��$�UHYLHZ�´

-RXUQDO�RI�0ROHFXODU�6WUXFWXUH��YRO��������SS�����±

����������

>��@ 1��6XSDUQR��%KDURWR��DQG�$��3DWULDWL��³7HVWLQJ�DQG

HYDOXDWLRQ�RI�YHORFLW\�VHOHFWRU�FRQWURO�V\VWHP�RI

VPDOO� DQJOH� QHXWURQ� VFDWWHULQJ� VSHFWURPHWHU�´

-RXUQDO�RI�3K\VLFV��&RQIHUHQFH�6HULHV��YRO�������

S���������������

>��@ 6��7KDNUDO�DQG�.��.LP��³6PDOO�DQJOH�VFDWWHULQJ�IRU

FKDUDFWHUL]DWLRQ�RI�SKDUPDFHXWLFDO�PDWHULDOV�´�7U$&

7UHQGV�LQ�$QDO\WLFDO�&KHPLVWU\��YRO�������S���������

�����

>��@ 6�� 'D� 9HOD� DQG� '�� ,�� 6YHUJXQ�� ³0HWKRGV�

GHYHORSPHQW�DQG�DSSOLFDWLRQV�RI�VPDOO�DQJOH�;�

UD\� VFDWWHULQJ� WR� FKDUDFWHUL]H� ELRORJLFDO

PDFURPROHFXOHV�LQ�VROXWLRQ�´�&XUUHQW�5HVHDUFK�LQ

6WUXFWXUDO�%LRORJ\��YRO�����QR��-XO\��SS�����±����

�����

>��@ &��$��%URVH\�DQG�-��$��7DLQHU��³(YROYLQJ�6$;6

YHUVDWLOLW\�� VROXWLRQ� ;�UD\� VFDWWHULQJ� IRU

PDFURPROHFXODU� DUFKLWHFWXUH�� IXQFWLRQDO

ODQGVFDSHV�� DQG� LQWHJUDWLYH� VWUXFWXUDO� ELRORJ\�´

&XUUHQW�2SLQLRQ� LQ�6WUXFWXUDO�%LRORJ\�� YRO�� ���

SS�����±����������

>��@ &��'HZKXUVW��³*5$63��JUDSKLFDO� UHGXFWLRQ�DQG

DQDO\VLV�6$16�SURJUDP�IRU�0DWODE�´�,QVW��/DXH�

/DQJHYLQ�KWWS��ZZZ��LOO�HX�ILOHDGPLQ�XVHUVBILOHV�

2WKHUB6LWHV�OVVJUDVS�JUDVSBPDLQ��KWPO�������

>��@ 6��5��.OLQH��³5HGXFWLRQ�DQG�DQDO\VLV�RI�6$16�DQG

86$16�GDWD�XVLQJ�,*25�3UR�´�-RXUQDO�RI�$SSOLHG

&U\VWDOORJUDSK\��YRO������QR�����SS�����±����������

>��@ %�� 6�� 5DXQL\DU� DQG�$�� %KDWWDUDL�� ³6WXG\� RI

FRQGXFWLYLW\��FRQWDFW�DQJOH�DQG�VXUIDFH�IUHH�HQHUJ\

RI� DQLRQLF� �6'6��$27�� DQG� FDWLRQLF� �&7$%�

VXUIDFWDQWV� LQ�ZDWHU� DQG� LVRSURSDQRO�PL[WXUH�´

-RXUQDO�RI�0ROHFXODU�/LTXLGV��YRO�������S���������

�����

>��@ '��:LQRJUDGRII�� 6�� -RKQ�� DQG�$��$NVLPHQWLHY�

³3URWHLQ� 8QIROGLQJ� E\� 6'6�� WKH�0LFURVFRSLF

0HFKDQLVPV�DQG�WKH�3URSHUWLHV�RI�WKH�6'6�3URWHLQ

$VVHPEO\�´�1DQRVFDOH��YRO������QR�����SS������±

�����������


