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&RFDLQH� DQDORJXH�� &)7� ��β�FDUERPHWKR[\��β����
IOXRURSKHQ\O�� WURSDQH�� ELQGLQJ� WR� GRSDPLQH� WUDQV�

SRUWHU� �'$7�� LQ�GLIIHUHQW� VSHFLHV� LV�TXLWH�KHWHURJH�

QHRXV�� &)7� LV� VFDUFHO\� GHWHFWHG� LQ� ERYLQH� '$7

ZKHUHDV� LW� LV� FRQVSLFXRXV� LQ� KXPDQV�� 7R�H[DPLQH

WKH�VWUXFWXUDO�EDVLV�IRU�WKLV�IXQFWLRQDO�GLVFUHSDQF\�

ZH� DQDO\]HG� WUDQVSRUWHU� FKLPHUDV� RI� WKHVH� WZR

'$7V��7KH�&)7�ELQGLQJ�DFWLYLWLHV�DUH�DYLG�LQ�DOO�RI�WKH

FKLPHULF�'$7V�RI�ZKLFK�ERWK�RI�WKH��UG�DQG�WKH����WK

WUDQVPHPEUDQH� GRPDLQ� �70�� DUH� FRPSRVHG� RI

KXPDQ�'$7�VHTXHQFHV��2Q�WKH�FRQWUDU\��&)7�ELQG�

LQJ�DFWLYLWLHV�ZHUH�VFDUFHO\�GHWHFWHG�LI�HLWKHU�RU�ERWK

RI�WZR�UHJLRQV�DUH�UHSODFHG�ZLWK�ERYLQH�VHTXHQFHV�

7KHVH�ILQGLQJV� LQGLFDWH� WKDW� WKH�&)7�ELQGLQJ�DEVR�

OXWHO\� UHTXLUHV� KXPDQ�'$7� VHTXHQFHV�� DW� OHDVW�� LQ

WKH� UHJLRQV� HQFRPSDVVLQJ� WKH� �UG� DQG� ���WK� WUDQV�

PHPEUDQH� GRPDLQ� �70��� DQG� WKDW� WKHVH� UHJLRQV

PLJKW� FRQWULEXWH� WR� IRUP� WKH���GLPHQVLRQDO� SRFNHW

IRU�&)7�ELQGLQJ��

.H\ZRUGV��GRSDPLQH�WUDQVSRUWHU��'$7���FRFDLQH��FRFDLQH

ELQGLQJ��&)7��&)7�ELQGLQJ��WUDQVPHPEUDQH�GRPDLQ�

,QWURGXFWLRQ

'RSDPLQHUJLF� QHXURWUDQVPLVVLRQ� LV� WHUPLQDWHG� E\� WKH

DFWLYLW\� RI� WKH� SUHV\QDSWLF� GRSDPLQH� WUDQVSRUWHU� �'$7�

WKDW�PHGLDWHV�WKH�UHXSWDNH�RI�H[WUDFHOOXODU�GRSDPLQH��'$�

LQWR�WKH�FHOO��DQG�VXFK�D�UH�XSWDNH�LV�D�PDMRU�UHJXODWRU\

SURFHVV�RI�FRQWUROOLQJ�VLJQDO� WUDQVPLVVLRQ�E\�PRQRDPLQH

QHXURWUDQVPLWWHUV� LQFOXGLQJ� GRSDPLQH�� QRUHSLQHSKULQH

DQG� VHURWRQLQ� �+RUQ�� ������ 6KLPDGD� HW� DO��� �����

,YHUVHQ��������8KO��������8KO�DQG�+DUWLJ��������6RUD� HW

DO����������'$7�DOVR�UHSUHVHQWV�LPSRUWDQW�WDUJHW�IRU�WKH

SV\FKRVWLPXODQWV� VXFK�DV� WULF\FOLF�DQWLGHSUHVVDQWV�DQG

FRFDLQH��&RFDLQH�VSHFLILFDOO\�ELQGV� WR�'$7�DQG� LQKLELWV

'$� UH�XSWDNH�� WKHUHE\� LQFUHDVLQJ�H[WUDFHOOXODU�'$�FRQ�

FHQWUDWLRQV� DQG� HQKDQFLQJ� '$� UHFHSWRU� RFFXSDQF\

�6Q\GHU� DQG�'$PDWR�� ������ 6KLPDGD� HW� DO��� ������� ,Q

VHOI�DGPLQLVWUDWLRQ�VWXGLHV��WKH�SRWHQFLHV�RI�FRFDLQH�DQG

UHODWHG�GUXJV�LQ�LQKLELWLQJ�WKH�ELQGLQJ�RI�>�+@0D]LQGRO��D

'$� DQDORJ�� WR� '$7� DUH� FORVHO\� FRUUHODWHG� ZLWK� WKHLU

UHLQIRUFLQJ�SURSHUWLHV��%DVHG�RQ�WKHVH�VWXGLHV��WKH�DXJ�

PHQWHG�GRSDPLQHUJLF�QHXURWUDQVPLVVLRQ�E\�LQKLELWLQJ�WKH

UHXSWDNH� V\VWHP� UHSUHVHQWV� WKH� EHVW� FXUUHQW� H[SODQ�

DWLRQ�RI�HXSKRULD��UHZDUG��DQG�UHLQIRUFHPHQW�RI�FRFDLQH

�.XKDU�HW�DO���������

7KH�GHWHUPLQDWLRQ�RI� WKH�'$7�VWUXFWXUHV�FRQWULEXWLQJ

WR�FRFDLQH�DQDORJ��&)7���β�FDUERPHWKR[\��β����IOXRUR�
SKHQ\O�� WURSDQH��ELQGLQJ�ZRXOG�EH�SUHUHTXLVLWH� IRU�SUR�

YLGLQJ�WRROV�IRU�WUHDWLQJ�FRFDLQH�RYHUGRVH�DQG��SRVVLEO\�

FRFDLQH�DEXVH��+RZHYHU��DOWKRXJK�DSSURDFKHV�WR�LGHQ�

WLI\� WKH� VWUXFWXUDO� GRPDLQV� UHVSRQVLEOH� IRU� WKH� '$7

IXQFWLRQV�KDYH�EHHQ�SHUIRUPHG��WKH�GLVFUHWH�VLWH�IRU�&)7

ELQGLQJ�LV�VWLOO�WR�EH�GHWHUPLQHG��:H�SUHYLRXVO\�UHSRUWHG

WKDW� &)7� ELQGLQJ� LV� VFDUFHO\� GHWHFWHG� LQ� WKH� FHOOV

H[SUHVVLQJ�ERYLQH�'$7��E'$7���ZKHUHDV�LW�LV�DYLG�LQ�WKH

FHOOV�H[SUHVVLQJ�KXPDQ�'$7��K'$7���/HH�HW�DO�������E��

7KH�SULPDU\�VHTXHQFHV�RI�KXPDQ�DQG�ERYLQH�'$7�DUH

PRVW� VLPLODU�� KDYLQJ� DQ� ���� RYHUDOO� LGHQWLW\� LQ� WKHLU

DPLQR� DFLG� VHTXHQFHV�� DQG� K\GURSDWK\� DQDO\VHV� RI

WKHVH�VHTXHQFHV�LQGLFDWH�WKH�LGHQWLFDO�SXWDWLYH�WRSRORJ\

RI���� WUDQVPHPEUDQH�GRPDLQ� �70'��ZKLFK�SODFHV� WKH

1�� DQG� &�� WHUPLQL� LQWUDFHOOXODUO\�� WKUHH� RU� IRXU� RI� WKH

JO\FRV\ODWLRQ�VLWHV�H[WUDFHOOXODUO\��DQG�VHYHUDO�FRQVHQVXV

SKRVSKRU\ODWLRQ� VLWHV� LQWUDFHOOXODUO\�� 7KHVH� GLVWLQFWLYHO\

GLVWLQJXLVKHG� SURSHUWLHV� RI� WZR� '$7� SURWHLQV� FDQ� SUR�

YLGH� D� FXH� WR� GHOLQHDWH� WKH� VWUXFWXUH�DQG�IXQFWLRQ

UHODWLRQVKLS�� ,Q� WKH� SUHVHQW� VWXGLHV�� IXQFWLRQDO� DQDO\VLV

RI� WKH� FKLPHUDV� EHWZHHQ� KXPDQ� DQG� ERYLQH� '$7V

UHYHDOV� WKH� GRPDLQV� WKDW� DUH� LQYROYHG� LQ� WKH� VSHFLILF

IXQFWLRQ� IRU� WKH� &)7� ELQGLQJ�� ERWK� WKH� �UG� WUDQVPHP�

EUDQH� GRPDLQ� �70�� DQG� WKH� �WK��WK� 70� LQ� '$7� DUH

DEVROXWHO\� UHTXLUHG� IRU� WKH�&)7�ELQGLQJ��

0DWHULDOV�DQG�0HWKRGV

&RQVWUXFWLRQ�RI�'$7�FKLPHUDV

7KH�PROHFXODU�FORQLQJ�UHYHDOV����SXWDWLYH�70�WRSRORJ\

RI�'$7�DQG�UHVWULFWLRQ�HQ]\PH�UHFRJQLWLRQ�VLWHV�RI�WKHLU



7KH�IXQFWLRQDO�GRPDLQV�RI�GRSDPLQH�WUDQVSRUWHU ��

F'1$� �6Q\GHU�HW�DO��� ������8KO��������6KLPDGD�HW�DO��

������8VGLQ�HW�DO����������8QLTXH�UHVWULFWLRQ�VLWHV�LQ�WKH

F'1$� RI� WKH� KXPDQ� '$7� �%JO,,�� 6FD,�� &OD,�� 3VW,� DW

QXFOHRWLGHV�����������������DQG�������UHVSHFWLYHO\��ZHUH

XVHG� IRU� WKH� FRQVWUXFWLRQ�RI� FKLPHULF� F'1$V��%HFDXVH

WKH�%JO,,�DQG�6FD,� UHFRJQLWLRQ�VLWHV�RQ� WKH�ERYLQH�'$7

DUH� DOVR� XQLTXH� DQG� DUH� ORFDWHG� DW� LGHQWLFDO� SRVLWLRQV�

WKHVH�VHTXHQFHV�FRXOG�EH�DSSOLHG�WR�WKH�FRQVWUXFWLRQ�RI

FKLPHULF�F'1$V�E\� WKH�UHVWULFWLRQ�OLJDWLRQ� UHDFWLRQ� �7DEOH

�������%\�FRQWUDVW��&OD,�DQG�3VW,�VLWHV�GR�QRW�H[LVW�DW�WKH

HTXLYDOHQW�SRVLWLRQV��VR�WKH�ERYLQH�'$7�F'1$�IUDJPHQWV

ZLWK� WKH�&OD,� �RU3VW,�� VLWH� DW� LWV� HQG� ZHUH� REWDLQHG� E\

3&5��WKHQ�VXEVWLWXWHG�LQWR�K'$7�IRU�WKH�FRQVWUXFWLRQ�RI

FKLPHUD�VXFK�DV����DQG����,Q�DGGLWLRQ��(FR5,�UHVWULFWLRQ

UHFRJQLWLRQ�VHTXHQFHV��ZKLFK�GR�QRW�H[LVW�LQ�ERWK�RI�WKH

KXPDQ� DQG� ERYLQH� '$7� F'1$�� ZHUH� HQJLQHHUHG� DW

QXFOHRWLGH�����RI� HDFK�KXPDQ�DQG�ERYLQH�'$7�F'1$

E\�VLWH�GLUHFWHG�PXWDJHQHVLV�XVLQJ�WKH�S$/7(5���V\VWHP

�3URPHJD�&R���0DGLVRQ��:,��86$��DQG�� WKHQ��XVHG� IRU

WKH� FRQVWUXFWLRQ� RI� FKLPHULF� F'1$V�� (YHQ� WKRXJK� WKH

DOWHUDWLRQ�RI�DPLQR�DFLG��IURP�DODQLQH�WR�SKHQ\ODODQLQH�

E\�HQJLQHHULQJ�(FR5,� UHFRJQLWLRQ�VHTXHQFH�GLGQ¶W�FDXVH

DQ\� HIIHFW� RQ� WKH� '$7� IXQFWLRQV�� WKLV� VHTXHQFH� ZDV

WUDQVIRUPHG�EDFN�WR�WKH�RULJLQDO�VHTXHQFH�E\�VLWH�GLUHFWHG

PXWDJHQHVLV� GHVFULEHG� DERYH� DIWHU� WKH� FKLPHUD� FRQ�

VWUXFWLRQ� WR� DYRLG� DQ\� NLQG� RI� SRVVLEOH� HIIHFWV� E\� LQWUR�

GXFLQJ� WKH� (FR5,� UHFRJQLWLRQ� VHTXHQFH�� 7KH� QXFOHRWLGH

VHTXHQFHV�RI�FKLPHULF�F'1$V�ZHUH�FRQILUPHG�E\�GLGH�

R[\�VHTXHQFLQJ�XVLQJ� WKH�&\�70�$XWRUHDG70�DXWRPDWLF

VHTXHQFLQJ�V\VWHP��3KDUPDFLD�%LRWHFK��8SSVDOD��6ZHGHQ��

)XQFWLRQDO�DVVD\�RI�'$7

(DFK� F'1$� RI� WKH�ZLOG�W\SH� KXPDQ�'$7�� ERYLQH�'$7�

DQG�FKLPHULF�'$7�ZDV�VXEFORQHG�LQWR�D�PDPPDOLDQ�H[�

SUHVVLRQ�YHFWRU��S&'1$��������,QYLWURJHQ�&R���6DQ�'LHJR�

&$��86$�� DQG� WKHQ� LQWURGXFHG� LQWR�&26��� FHOOV� XVLQJ

)X*(1(70�� WUDQVIHFWLRQ� UHDJHQW� �%RHKULQJHU�0DQQKHLP

&R���0DQQKHLP��*HUPDQ\���7KH�FHOOV�ZHUH�SODWHG�RQ����

ZHOO�SODWHV�ZLWK�WKH�QXPEHU�RI�� × ����FHOOV�SHU�ZHOO��DQG

FXOWXUHG�RYHUQLJKW�LQ�'XOEHFFR¶V�PRGLILHG�(DJOH�PHGLXP

�'0(0�� VXSSOHPHQWHG� ZLWK� ���� IHWDO� ERYLQH� VHUXP�

'1$������µJ�ZHOO��ZDV�PL[HG�ZLWK�)X*(1(70��UHDJHQW

�����µO�ZHOO���WKHQ�LQFXEDWHG�IRU����PLQ�DW�URRP�WHPSHU�

DWXUH��7KH�'1$�)X*(1(70��FRPSOH[�ZDV�DGGHG�WR�WKH

FHOOV�� $IWHU� LQFXEDWLRQ� IRU� WZR� GD\V�� WKH� WULWLXP� ODEHOHG

FRFDLQH� DQDORJ� �β�FDUERPHWKR[\��β����IOXRURSKHQ\O�
WURSDQH� �>�+@&)7�� DOVR� GHVLJQDWHG� >�+@:,1�������

ELQGLQJ� DVVD\V� ZHUH� SHUIRUPHG� LQ� D� PRGLILHG� .UHEV�

5LQJHU�+(3(6��.5+��EXIIHU�FRQWDLQLQJ����P0�+(3(6

�S+�����������P0�1D&O������P0�.&O������P0�.+�32��

����P0�&D&O�������P0�0J62�������P0�JOXFRVH����P0

VRGLXP�DVFRUEDWH� �IRU� >�+@'$�XSWDNH�����µ0�SDUJ\OLQH

ZDV�DGGHG���&HOOV�ZHUH�ZDVKHG�ZLWK�WKH�PRGLILHG�.5+

EXIIHU�� DQG� WKHQ� LQFXEDWHG� ZLWK� ��� Q0� >�+@'$� ���� &L�

PPRO��$PHUVKDP�&R���%XFNLQJKDPVKLUH��8.��RU����Q0

>�+@033������&L�PPRO��'XSRQW�1HZ�(QJODQG�1XFOHDU�&R��

%RVWRQ��0$��86$��IRU����PLQ�DW���R&��8SWDNH�UHDFWLRQV

ZHUH�WHUPLQDWHG�E\�DGGLQJ�LFH�FROG�.5+�EXIIHU�DQG�WKH

FHOOV�ZHUH�ZDVKHG�ZLWK�WKH�VDPH�EXIIHU�WKUHH�WLPHV��7KH

FHOOV�ZHUH�VROXELOL]HG�ZLWK�����0�1D2+�DQG�WKHLU�UDGLR�

DFWLYLWLHV� ZHUH� DQDO\]HG� E\� OLTXLG� VFLQWLOODWLRQ� VSHFWUR�

VFRS\��7KH�ELQGLQJ�RI�>�+@&)7�WR�'$7V�ZDV�GHWHUPLQHG

E\� LQFXEDWLQJ� FHOOV� ZLWK� WKH� .5+� EXIIHU� FRQWDLQLQJ� ��

Q0�>�+@&)7�����&L�PPRO��'XSRQW�1HZ�(QJODQG�1XFOHDU

&R��� IRU� �� K� DW� �R&�� 6SHFLILF� XSWDNH� RU� ELQGLQJ� ZHUH

GHILQHG� E\� VXEWUDFWLQJ� WKH� XSWDNH� �RU� ELQGLQJ�� RI� WKH

FHOOV� WUDQVIHFWHG�ZLWK�S&'1$����YHFWRU�� LQ�WKH� LGHQWLFDO

FRQGLWLRQV��IURP�WKH�UHVSHFWLYH�XSWDNH�RU�ELQGLQJ�REWDLQ�

HG�IURP�WKH�K'$7��E'$7�RU�FKLPHULF�'$7�WUDQVIHFWDQWV��

5HVXOWV

+XPDQ�VHTXHQFHV�RI�WKH��UG�DQG����WK�70�DUH�UHTXLU�

HG�IRU�WKH�&)7�ELQGLQJ

7DEOH����%RWK�RI�WKH�RSSRVLWH�KDOI�RI�KXPDQ�'$7�VHTXHQFH�DUH�QHHGHG�IRU
&)7�ELQGLQJ

&)7�ELQGLQJ����K'$7�

K'$7 ����������

E'$7 �������

&KL�� 1'

&KL�� ��������

1HLWKHU�RI�WKH�FKLPHUD���DQG���GLG�QRW�VKRZ�DYLG�&)7�ELQGLQJ��,W�VXJJHVWV
&)7�ELQGV�WR�WKH�'$7�WKURXJK�PRUH�WKDQ�RQH�GRPDLQ��HDFK�RI�WKHP�ORFDWHG
LQ� WKH� RSSRVLWH� KDOI�� 7KH� YDOXHV� DUH� PHDQV � 6(0� RI� VL[� LQGHSHQGHQW
H[SHULPHQWV�SHUIRUPHG�LQ�GXSOLFDWH��1'��QRW�GHWHFWHG

7DEOH����7KH��UG�70�LV�HVVHQWLDO�IRU�WKH�&)7�ELQGLQJ�LQ�WKH��VW�KDOI�RI�KXPDQ
'$7

�UG�70' &)7�ELQGLQJ����K'$7�

K'$7 ����������

&KL�� ��������

&KL�� ��������

&KL�� ���������

&KL�� �������

&KL�� ��������

7KH�ILUVW�KDOI�RI�'$7�LV�GLYLGHG�LQWR�WKH�VHJPHQWV�HQFRPSDVVLQJ�WKH��VW��QG

70'�� WKH� �UG� 70'�� DQG� WKH� ���WK� 70'� XVLQJ� WKH� UHVWULFWLRQ� HQ]\PH
VHTXHQFHV� VXFK� DV� %JO,,� DW� WKH� ���WK� QXFHORWLGH�� DQG� 6FD,� DW� WKH� ���WK

QXFOHRWLGH�� (DFK� ERYLQH� VHJPHQW� LQ� WKH� ILUVW� KDOI� RI� WKH� FKLPHUD� �� ZDV
UHWXUQHG�EDFN�WR�WKDW�RI�KXPDQ�VHJPHQW��DQG�WKHQ�WKH�&)7�ELQGLQJ�DFWLYLWLHV
ZHUH�DQDO\]HG��7KH� UHWXUQ�RI� WKH��UG�70�ZLWK�KXPDQ�VHTXHQFH� UHFRYHUHG
WKH� &)7� ELQGLQJ� DFWLYLW\� PDUNHGO\�� ZKHUHDV� WKRVH� RI� ���QG� DQG� ���WK� 70
GLGQ¶W��7KHVH�ILQGLQJV�VXJJHVW�WKDW�WKH�KXPDQ�VHTXHQFH�RI�WKH��UG�70�LV�DQ
HVVHQWLDO� GRPDLQ� LQ� WKH� ILUVW� KDOI� RI�'$7��7KH�YDOXHV�DUH�PHDQV � 6(0�RI
WKUHH�WR�VL[�LQGHSHQGHQW�H[SHULPHQWV�SHUIRUPHG�LQ�GXSOLFDWH��



�� ([S��0RO��0HG��9RO��������������������

7KH� &)7� ELQGLQJ� LV� KDUGO\� GHWHFWHG� LQ� ERYLQH� '$7

ZKHUHDV�LW�LV�DYLG�LQ�KXPDQ�'$7��7KLV�ILQGLQJ�HQDEOHV�XV

WR�FRQVWUXFW�WKH�FKLPHUDV�RI�WKHVH�WZR�'$7V�WR�ILQG�RXW

WKH�VWUXFWXUHV� UHVSRQVLEOH� IRU�&)7�ELQGLQJ��$W� ILUVW��ZH

VXEVWLWXWHG�WKH�ILUVW��WKH�DPLQR�WHUPLQDO���WKH��WK�70'��RU

VHFRQG�KDOI��WKH��WK�70'���WKH�FDUER[\O�WHUPLQDO��RI�'$7

ZLWK� WKH� HTXLYDOHQW� SRUWLRQ� RI� WKH� FRXQWHUSDUWV�� 7KH

FKLPHUD���DQG����LQ�ZKLFK�RQH�KDOI�LQFOXGH�ERYLQH�'$7�

VKRZV�QR�RU�VFDQW\�DFWLYLWLHV�IRU�&)7�ELQGLQJV��VXJJHVW�

LQJ�ERWK�RI� WKH�RSSRVLWH� KDOI� RI� KXPDQ�VHTXHQFHV�DUH

UHTXLUHG� IRU�&)7�ELQGLQJ� �7DEOH�����

%DVHG�RQ�WKH�%JO,,�DQG�6FD,�UHVWULFWLRQ�HQ]\PH�UHFRJ�

QLWLRQ�VHTXHQFHV��WKH�ILUVW�KDOI�RI�ERYLQH�'$7�F'1$�FDQ

EH� GLYLGHG� LQWR� �� VHJPHQWV�� FRQWDLQLQJ� WKH� �VW��QG� 70�

�UG�70��DQG����WK�70��(DFK�ERYLQH�VHJPHQW� LQ� WKH�ILUVW

KDOI� RI� WKH� FKLPHUD���ZDV� UHWXUQHG�EDFN� WR� WKDW� RI� WKH

KXPDQ� VHJPHQW�� DQG� WKHQ� WKH� &)7� ELQGLQJ� DFWLYLWLHV

ZHUH� DQDO\]HG�� 7KH� UHWXUQ� RI� WKH� �UG� 70� ZLWK� KXPDQ

VHTXHQFH� UHFRYHUHG� WKH�&)7�ELQGLQJ�DFWLYLW\� WR����� �

������ RI� KXPDQ� '$7� �VHH� FKLPHUD� �� LQ� 7DEOH� ���

ZKHUHDV�WKH�UHWXUQ�RI�WKH��VW��QG�RU����WK�70�ZLWK�KXPDQ

'$7� GLGQ¶W� VKRZ� DQ\� VLJQLILFDQW� UHFRYHU\� RI� WKH� &)7

ELQGLQJ��VHH�FKLPHUD���DQG���LQ�7DEOH�����0RUHRYHU��WKH

VXEVWLWXWLRQ� RI� WKH� �UG� 70� LQ� WKH� KXPDQ� '$7� ZLWK� WKH

ERYLQH�VHTXHQFH�DOPRVW�FRPSOHWHO\�DEROLVKHG�WKH�&)7

ELQGLQJ� DFWLYLWLHV� �VHH� FKLPHUD� �� LQ� 7DEOH� ���� 7KHVH

UHVXOWV�VWURQJO\�VXJJHVW�WKDW�WKH�KXPDQ�VHTXHQFH�RI�WKH

�UG� 70� LV� DQ� HVVHQWLDO� VHJPHQW� IRU� WKH� &)7� ELQGLQJ�

+RZHYHU��WKH�VXEVWLWXWLRQ�RI�WKH�ERYLQH�VHTXHQFH�RI�WKH

�UG�70�LQWR�KXPDQ�'$7��LQ�FKLPHUD�����GLGQ¶W�LQGXFH�WKH

&)7� ELQGLQJ� DFWLYLW\�� 7KLV� VXJJHVWV� WKDW� WKH� �UG� 70�

DOWKRXJK� LW� LV� HVVHQWLDO�� UHTXLUHV� WKH� RWKHU� VHJPHQW�V�

ORFDWHG� LQ� WKH� ODVW� KDOI� RI� KXPDQ� '$7� IRU� WKH� &)7

ELQGLQJ�

7KH�VDPH�VWUDWHJ\�ZDV�DSSOLHG�WR�GHWHUPLQH�WKH�RWKHU

VHJPHQW�V�� UHVSRQVLEOH� IRU� WKH�&)7�ELQGLQJ� LQ� WKH� ODVW

KDOI�RI�KXPDQ�'$7��7KH�ODVW�KDOI�RI�'$7�FDQ�EH�GLYLGHG

LQWR���VHJPHQWV�HQFRPSDVVLQJ�WKH����WK�70��WKH�����WK

70�� DQG� WKH� FDUER[\O� WHUPLQDO� WDLO� XVLQJ�&OD,� DQG�3VW,

UHVWULFWLRQ�VLWH�DW�������������UHVSHFWLYHO\��,Q�KXPDQ�'$7�

HDFK�RI�WKH���VHJPHQWV�ZDV�UHSODFHG�ZLWK�WKH�VHJPHQW

FRUUHVSRQGLQJ� WR� ERYLQH� '$7� WR� ILQG� RXW� VHJPHQW�V�

UHVSRQVLEOH�IRU�WKH�&)7�ELQGLQJ��7KH�VXEVWLWXWLRQ�RI�WKH

����WK� VHJPHQW� GLGQ¶W� DEROLVK� EXW� UDWKHU� LQFUHDVHG� WKH

&)7�ELQGLQJ�DFWLYLW\�E\������VHH�&KLPHUD���LQ�7DEOH����

+RZHYHU��WKH�&)7�ELQGLQJ�DFWLYLW\�ZDV�FRPSOHWHO\�DER�

OLVKHG�E\�VXEVWLWXWLQJ�WKH�VHJPHQW�HQFRPSDVVLQJ�WKH���

�WK�70��LQ�FKLPHUD�����LQGLFDWLQJ�WKH����WK�70�LV�DQRWKHU

VWUXFWXUH�UHTXLUHG�IRU� WKH�&)7�ELQGLQJ��7KH�VXEVWLWXWLRQ

RI� WKH� FDUER[\O� WHUPLQDO� WDLO� �LQ� FKLPHUD� ��� DOVR

GHFUHDVHG�WKH�&)7�ELQGLQJ�EXW�LW�ZDV�QRW�DV�GUDVWLF�DV

WKDW�RI� WKH����WK�70��

7KH�DQDO\VLV�RI�&)7�ELQGLQJ�DFWLYLWLHV�LQ�WKH�FKLPHUDV

��� ��� ���� DQG� ��� UHYHDOHG� WKDW� QHLWKHU� RI� WKH� KXPDQ

7DEOH����7KH����WK�70�LV�WKH�RWKHU�HVVHQWLDO�VWUXFWXUH�IRU�&)7�ELQGLQJ

'$7 ���WK�70' &)7�ELQGLQJ

K'$7 ����������

&KL�� 1'

&KL�� ���������

&KL�� ���������

7KH�ODVW�KDOI�RI�'$7�FDQ�EH�GLYLGHG�LQWR�WKH����WK�70��WKH�����WK�70�DQG�WKH
FDUER[\O�WHUPLQDO�WDLO��,Q�KXPDQ�'$7��HDFK���VHJPHQWV�ZDV�UHSODFHG�ZLWK�WKH
UHVSHFWLYH�RQH�RI�ERYLQH�'$7�WR�ILQG�RXW�VHJPHQW�V��UHVSRQVLEOH�IRU�WKH�&)7
ELQGLQJ� LQ� WKH� ODVW� KDOI� RI� '$7�� 7KH� VXEVWLWXWLRQ� RI� ����WK� VHJPHQW� GLGQ¶W
DEROLVK�DQG�UDWKHU�LQFUHDVHG�WKH�&)7�ELQGLQJ�DFWLYLW\�E\������+RZHYHU��WKH
&)7� ELQGLQJ� DFWLYLW\� ZDV� FRPSOHWHO\� GLVDSSHDUHG� E\� VXEVWLWXWLQJ� WKH
VHJPHQW�HQFRPSDVVLQJ�WKH����WK�70��LQ�FKLPHUD�����VXJJHVWLQJ�WKH����WK�70
LV� DQRWKHU� VWUXFWXUH� UHTXLUHG� IRU� WKH� &)7� ELQGLQJ�� 7KH� VXEVWLWXWLRQ� RI� WKH
FDUER[\O� WHUPLQDO� WDLO� �LQ� FKLPHUD� ��� GHFUHDVHG� WKH� &)7� ELQGLQJ� EXW� QRW
GUDVWLF�OLNH�WKDW�RI�WKH����WK�70��7KH�YDOXHV�DUH�PHDQV � 6(0�RI�IRXU�WR�VL[
LQGHSHQGHQW�H[SHULPHQWV�SHUIRUPHG�LQ�GXSOLFDWH��1'��QRW�GHWHFWHG�

7DEOH� ��� %RWK� RI� WKH� VHJPHQWV� HQFRPSDVVLQJ� WKH� �UG� DQG� ���WK� 70� DUH
UHTXLUHG�IRU�WKH�&)7�ELQGLQJ

�UG�70'������WK�

70'

&)7�ELQGLQJ�

���K'$7�

K'$7 �� ����������

&KL��� � �������

&KL��� � 1'

&KL��� � ���������

&KL��� � ����������

&KL��� � ����������

&KL��� � 1'

&KL��� � 1'

&KL��� � ��������

&KL��� � 1'

&KL��� � 1'

&KL��� � 1'

&KL��� � 1'

&KL��� � 1'

&KL��� � ���������

&KL��� � 1'

&KL��� � 1'

,Q� WKH� IXQFWLRQDO� DQDO\VHV� RI� WKH� VXEVHTXHQW� FKLPHUDV�� WKH� &)7� ELQGLQJ
DFWLYLWLHV�ZHUH�H[FOXVLYHO\�GHWHFWHG�LQ�WKH�FKLPHUDV�LQ�ZKLFK�ERWK�RI�WKH��UG

DQG�WKH����WK�70'�DUH�FRPSRVHG�RI�KXPDQ�'$7�VHTXHQFHV��7KHVH�ILQGLQJV
VWURQJO\� VXJJHVW� WKDW� WKH� &)7� ELQGLQJ� UHTXLUHV� WKH� KXPDQ� VHTXHQFHV� DW
OHDVW�LQ�WKH�UHJLRQV�HQFRPSDVVLQJ�WKH��UG�DQG�WKH����WK�70��7KH�YDOXHV�DUH
PHDQV � 6(0� RI� WKUHH� WR� VL[� LQGHSHQGHQW� H[SHULPHQWV� SHUIRUPHG� LQ
GXSOLFDWH��1'��QRW�GHWHFWHG



7KH�IXQFWLRQDO�GRPDLQV�RI�GRSDPLQH�WUDQVSRUWHU ��

VHTXHQFHV�LQ�WKH��UG�RU�WKH����WK�70�DORQH�FDQ�HOLFLW�WKH

&)7�ELQGLQJ�DFWLYLW\�DOWKRXJK�WKH\�DUH�LPSRUWDQW�IRU�WKH

DFWLYLW\�� 7R� ILQG� RXW� LI� ERWK� RI� WKH� KXPDQ� VHJPHQWV

HQFRPSDVVLQJ�WKH��UG�DQG�WKH����WK�70�DUH�VXIILFLHQW�IRU

WKH� &)7� ELQGLQJ�� ZH� FRQVWUXFW� WKH� FKLPHUD� ��� ZKLFK

FRQWDLQV�KXPDQ�VHTXHQFHV�RQO\�LQ�WKHVH�WZR�VHJPHQWV

DQG�WKH�ERYLQH�VHTXHQFHV�LQ�WKH�UHVW�RI�PROHFXOH��7KH

&)7� ELQGLQJ� DFWLYLW\� RI� FKLPHUD� ��� ����� � ������ RI

KXPDQ� '$7�� LV� FRPSDUDEOH� ZLWK� WKDW� RI� KXPDQ� '$7�

7DNHQ�WRJHWKHU��ZH�FRQFOXGH�WKDW�WKH�KXPDQ�VHTXHQFHV

LQ�WKH��UG�DQG�WKH����WK�70�DUH�QHFHVVDU\�DQG�VXIILFLHQW

IRU�WKH�&)7�ELQGLQJ�WR�KXPDQ�'$7��7KH�DQDO\VLV�RI�&)7

ELQGLQJ�DFWLYLWLHV�IRU�WKH�VXEVHTXHQW�FKLPHUDV��FKLPHUD

�������FRQVROLGDWH�RXU�FRQFOXVLRQ��:LWKRXW�DQ\�H[FHS�

WLRQ��WKH�&)7�ELQGLQJ�DFWLYLWLHV�DUH�DYLG�LQ�WKH�FKLPHUDV

RI� ZKLFK� WKH� �UG� DQG� ���WK� 70� DUH� FRQVLVW� RI� KXPDQ

VHTXHQFHV�� ,Q�FRQWUDVW�� WKH\�DUH�SRRUO\�GHWHFWHG� LI�RQH

RU�DOO�RI� WKHVH�VHJPHQWV� LV� UHSODFHG�ZLWK�ERYLQH�RQH�

3RVVLEOH�UROH�RI�WKH�FDUER[\O�WHUPLQDO�WDLO�IRU�WKH�&)7

ELQGLQJ

7KH�&)7�ELQGLQJ� DFWLYLW\� RI� KXPDQ�'$7�GHFUHDVHG� E\

���� E\� VXEVWLWXWLQJ� WKH� FDUER[\O� WHUPLQDO� WDLO� ZLWK� WKH

HTXLYDOHQW�ERYLQH�VHTXHQFH��VHH�FKLPHUD���LQ�WKH�WDEOH

��DQG�����0RUHRYHU��WKH�DGGLWLRQDO�VXEVWLWXWLRQ�RI�KXPDQ

'$7�FDUER[\O�WHUPLQDO�VHTXHQFH�LQWR�FKLPHUD����LQ�ZKLFK

WKH��UG�DQG� WKH����WK�70�DUH�DOUHDG\�FRQVLVW�RI�KXPDQ

VHTXHQFHV�VLJQLILFDQWO\�LQFUHDVHG�WKH�&)7�ELQGLQJ�E\���

���&RPSDULQJ�WKH�&)7�ELQGLQJ�DFWLYLWLHV�EHWZHHQ�FKLPHUD

��� DQG� ��� RU� �� DQG� ���� WKH� &)7� ELQGLQJ� DFWLYLWLHV� RI

FKLPHUD����DQG���� RI�ZKLFK� FDUER[\O� WHUPLQDO� WDLOV� DUH

FRPSRVHG�RI�KXPDQ�VHTXHQFH��DUH�VLJQLILFDQWO\�KLJKHU

WKDQ� WKRVH�RI����DQG����� UHVSHFWLYHO\� �7DEOH�����7KHVH

ILQGLQJV�LQGLFDWH�WKDW�WKH�FDUER[\O�WHUPLQDO�WDLO�HQKDQFHV

WKH�&)7�ELQGLQJ�LQ�'$7��HYHQ�WKRXJK�LW�LV�QRW�DEVROXWHO\

UHTXLUHG��

:H�KDYH�SHUIRUPHG�DQDO\VHV�RI�GRSDPLQH�XSWDNH�DQG

3DUNLVRQLDQ� WR[LQ�033�� XSWDNH� RQ� WKH� FKLPHULF� '$7V�

$OWKRXJK�LW�LV�SURYHQ��WKURXJK�WKHVH�DQ\DO\VHV��WKDW�WKH

�UG�70�DQG�WKH�FDUER[\O�WHUPLQDO�WDLO�LV�DOVR�LPSRUWDQW�LQ

WKH�VXEVWUDWH�WUDQVSRUWV��/HH�HW�DO���������������DQG�WKDW

WKH����WK�70�LV�SRVVLEO\�LQYROYHG�LQ�WKH�033��XSWDNH��ZH

FRXOGQ¶W� ILQG�RXW�PRUH�GLVFUHWH�PDQQHUV� IRU� WKHVH�VXE�

VWUDWH� WUDQVSRUWV� �'DWD�QRW�VKRZQ��

'LVFXVVLRQ

$OWKRXJK�ERWK�KXPDQ�DQG�ERYLQH�'$7�PHGLDWH�WKH�WUDQ�

VSRUW�RI�GRSDPLQH� LQWR�FHOOV��&)7�ELQGLQJ�DFWLYLWLHV�DUH

KLJKO\�GLVFULPLQDWLYH�EHWZHHQ�WKHVH�WZR�SURWHLQV��%HFDXVH

WKH\�DUH�VWUXFWXUDOO\�VLPLODU��H�J��VDPH�WRSRORJ\�DQG�WKH

RYHUDOO� ���� DPLQR� DFLG� VHTXHQFH� LGHQWLW\�� \HW� ZLWK

GLVWLQFW�GLIIHUHQFH��FKLPHUDV�EHWZHHQ�WKHVH�WZR�SURWHLQV

DUH�H[WUHPHO\� LQIRUPDWLYH� IRU� WKH�VWUXFWXUH�DQG�IXQFWLRQ

UHODWLRQVKLS�IRU�WKH�&)7�ELQGLQJ��,Q�WKH�SUHVHQW�VWXGLHV�

WKH�IXQFWLRQDO�DQDO\VHV�IRU�WKH�FKLPHULF�'$7V�RI�KXPDQ

DQG�ERYLQH�UHYHDO�WKH�VWUXFWXUHV�UHVSRQVLEOH�IRU�WKH�&)7

ELQGLQJ�DQG�D�FXH�IRU�WKH�PRGH�RI�LQWHUDFWLRQ�RI�&)7�WR

'$7��

:H�� SUHYLRXVO\�� GHPRQVWUDWHG� WKDW� WKH� �UG� 70� RI� WKH

KXPDQ� '$7�� HVSHFLDOO\� YDOLQH� DW� WKH� ���QG� UHVLGXH�� LV

TXLWH� FUXFLDO� IRU� VXEVWUDWH� WUDQVSRUWV� DQG� &)7� ELQGLQJ

�/HH�HW�DO���������/HH�HW�DO����������/LNHZLVH��LW�KDV�DOVR

EHHQ� VXJJHVWHG� WKDW� WKH� �UG� 70� RI� WKH� UDW� VHURWRQLQ

WUDQVSRUWHU� FRQWDLQV� UHVLGXHV� DVVRFLDWHG� ZLWK� LWV� IXQF�

WLRQV��&KHQ�HW�DO����������+RZHYHU��LW�LV�OLNHO\�WKDW�WKH��UG

70� LV� QRW� HQRXJK�� EXW� UHTXLUHV� DQRWKHU� GRPDLQ�V�� IRU

WKH�&)7�ELQGLQJ�EDVHG�RQ�WKH�ILQGLQJ�WKDW�RQO\�WKH�VXE�

VWLWXWLRQ�RI�WKH�KXPDQ��UG�70�FDVVHWWH� LQWR�ERYLQH�'$7

GLG� QRW� SURGXFH� WKH� &)7� ELQGLQJ� DFWLYLW\�� 7KH� SUHVHQW

VWXG\� VKRZV� WKDW� WKH� UHJLRQV�� DW� OHDVW�� HQFRPSDVVLQJ

WKH��UG�DQG�WKH����WK�70�VKRXOG�EH�FRPSRVHG�RI�KXPDQ

'$7�VHTXHQFHV�WR�HOLFLW�&)7�ELQGLQJ�DFWLYLWLHV��DQG�WKDW

WKH�KXPDQ�VHTXHQFH�RI� FDUER[\O� WHUPLQDO� WDLO� HQKDQFH

WKH� &)7� ELQGLQJ� DFWLYLWLHV� HYHQ� WKRXJK� LW� LV� QRW

DEVROXWHO\� UHTXLUHG�� ,I� WKH� FKLPHULF� '$7V� KDYH� KXPDQ

VHTXHQFHV� RI� WKH� �UG� DQG� ���WK� 70�� WKH\� VKRZHG� FRQ�

VSLFXRXV�&)7� ELQGLQJ� DFWLYLWLHV� ZLWKRXW� DQ\� H[FHSWLRQ�

2Q� WKH� FRQWUDU\�� &)7� ELQGLQJ� DFWLYLWLHV� ZHUH� VFDUFHO\

GHWHFWHG� LI�HLWKHU�RI� WZR� UHJLRQV�KDV�ERYLQH�VHTXHQFH�

+RZHYHU�� ZH� FRXOGQ¶W� ILQG� DQ\� GLVFUHWH� UHTXLUHPHQW� RI

GRPDLQV� IRU� VXEVWUDWH� �GRSDPLQH� DQG�033��� XSWDNHV�

,WV�SUREDEO\�EHFDXVH�WKH�VXEVWUDWH�WUDQVSRUW�LV�PHGLDWHG

E\�D�PRUH�FRPSOLFDWHG�PDQQHU��7KHVH�PD\�LQFOXGH�WKH

ELQGLQJ�RI�'$�WR�WKH�WUDQVSRUWHU��LQWHUDFWLRQV�RI�'$�ZLWK

DPLQR� DFLGV� GXULQJ� WUDQVSRUW�� WKH� DYDLODELOLW\� RI� WUDQV�

SRUWHU�WR�1D���V\PSRUW��PHPEUDQH�ORFDOL]DWLRQ�DQG�VR�RQ�

,Q�DGGLWLRQ�WR�WKH�LPSRUWDQFH�RI�WKH��UG�70�RQ�WKH�'$7

IXQFWLRQV��VHYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKH����WK�70

LV� UHVSRQVLEOH� IRU� WKH� DIILQLWLHV� RI� SV\FKRVWLPXODQW� GUXJV

7DEOH����&DUER[\O�WHUPLQDO�WDLO�RI�KXPDQ�'$7�LV�QRW�H[FOXVLYHO\�QHHGHG�IRU
&)7�ELQGLQJ��EXW�HQKDQFHV�WKH�&)7�ELQGLQJ

&)7�ELQGLQJ

���K'$7�

K'$7

&KL��

����������

���������

&KL���

&KL���

��������

���������

&KL��

&KL���

���������

���������

&RPSDULQJ� WKH� DFWLYLWLHV� IRU� WKH� &)7� ELQGLQJ� EHWZHHQ� IXQFWLRQDO� '$7
SURWHLQV�LQ�ZKLFK�RQO\�FDUER[\O�WHUPLQDO�WDLO�DUH�GLIIHUHQW��K'$7�	�FKLPHUD���
FKLPHUD����	�����DQG�FKLPHUD���	������WKRVH�DFWLYLWLHV�DUH�DOZD\V�KLJKHU�LQ
WKH� '$7� SURWHLQV� WKDW� KDYH� KXPDQ� FDUER[\O� WHUPLQDO� WDLO�� 7KHVH� ILQGLQJV
VXJJHVW�WKDW�WKH�FDUER[\O�WHUPLQDO�WDLO�LV�DOVR�UHTXLUHG�EXW�QRW�DEVROXWHO\��7KH
YDOXHV�DUH�PHDQV � 6(0�RI�WKUHH�WR�VL[�LQGHSHQGHQW�H[SHULPHQWV�SHUIRUPHG
LQ�GXSOLFDWH��1'��QRW�GHWHFWHG



�� ([S��0RO��0HG��9RO��������������������

VXFK�DV�FRFDLQH�DQG� WULF\FOLF�DQWLGHSUHVVDQWV��*LURV�HW

DO��� ������ 5RXEHUW� HW� DO��� ������� 5HFHQWO\�� LW� KDV� EHHQ

VXJJHVWHG�WKDW�WKH�VHFRQG�ORRS�RXWVLGH�WKH��UG�70�DQG

WKH� �WK� 70� KDYH� WKHLU� VSDWLDO� SUR[LPLW\� LQ� WKH� WHUWLDU\

VWUXFWXUH� WKURXJK� HQGRJHQRXV� =Q���ELQGLQJ� VLWHV� HYHQ

WKRXJK�WKH\�DUH�VHSDUDWHG�LQ�WKH�SULPDU\�VWUXFWXUH�DQG

WKDW� SK\VLRORJLF� FRQFHQWUDWLRQ� RI� =Q��� PDUNHGO\

SRWHQWLDWHV�WKH�FRFDLQH�ELQGLQJ��1RUUHJDDUG�HW�DO��������

/RODQG�HW�DO����������2XU�ILQGLQJV��FRPELQHG�ZLWK�WKHVH

SUHYLRXV�VWXGLHV��KLJKO\�VXJJHVW�WKDW�WKH�UHJLRQV�HQFRP�

SDVVLQJ� WKH� �UG� DQG� WKH� ���WK� 70� PLJKW� SDUWLFLSDWH� WR

IRUP� WKH�SRFNHW� IRU�&)7�ELQGLQJ��

6HYHUDO�VWXGLHV�KDYH�SUHVHQWHG�WKDW�FDUER[\O�WHUPLQDO

LV� LPSRUWDQW� IRU� WKH� IXQFWLRQV� RI� VHYHUDO� WUDQVSRUWHUV

�/HH� HW� DO��� ������ /HH� HW� DO��� ����D�� /HH� HW� DO��� �����

&RSH�HW�DO����������&RQVLGHULQJ�WKDW� WKH�FDUER[\O� WDLO� LV

ORFDWHG�LQ�WKH�F\WRSODVP��WKH�UROH�RI�FDUER[\O�WDLO�LQ�&)7

ELQGLQJ�PLJKW�EH�PHGLDWHG�E\�DQ�LQGLUHFW�PDQQHU��VXFK

DV�E\�FRQWUROOLQJ�PHPEUDQH�WUDIILFNLQJ��&RSH�HW�DO��������

RU�SURWHLQ�H[SUHVVLRQ�RI�'$7�

'HWHUPLQDWLRQ� RI� WKH� PRGH� RI� LQWHUDFWLRQ� RI� &)7� WR

'$7�LV�SUHUHTXLVLWH�IRU�WKH�IXQGDPHQWDO�VROXWLRQV�RI�FRFDLQH

DGGLFW� DQG� LQWR[LFDWLRQ�� 7KH� SUHVHQW� VWXG\� IRFXVHV� RQ

HOXFLGDWLQJ�WKH�IXQFWLRQ�DQG�VWUXFWXUH�UHODWLRQVKLS�IRU�WKH

&)7�ELQGLQJ��,W�FDQQRW�\HW�EH�GHILQLWHO\�LQIHUUHG�IURP�RXU

UHVXOWV� WKH� SUHFLVH� PHFKDQLVP� RI� WKH� &)7� ELQGLQJ�

)XUWKHU�H[SORUDWLRQ�RI�ZKLFK�UHVLGXHV�LQ�WKHVH�GRPDLQV

DUH�SDUWLFLSDWHG�FRXOG�KHOS� WR� UHVROYH� WKLV� LVVXH��

$FNQRZOHGJPHQWV

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� .RUHD� 5HVHDUFK� )RXQG�

DWLRQ�*UDQW� �.5)��������)�������

5HIHUHQFHV

&KHQ� -*�� 6DFKSDW]LGLV� $�� 5XGQLFN� *�� 7KH� WKLUG� WUDQVPHP�

EUDQH�GRPDLQ� RI� WKH� VHURWRQLQ� WUDQVSRUWHU� FRQWDLQV� UHVLGXHV

DVVRFLDWHG�ZLWK� VXEVWUDWH� DQG� FRFDLQH� ELQGLQJ�� -�%LRO�&KHP

�����������������

&RSH� '/�� /HH� 6�� 0HOYLQ� '5�� *RXOG� *:�� ,GHQWLILFDWLRQ� RI

IXUWKHU� LPSRUWDQW� UHVLGXHV� ZLWKLQ� WKH� *OXW�� FDUER[\�WHUPLQDO

WDLO�ZKLFK�UHJXODWH�VXEFHOOXODU�WUDIILFNLQJ��)(%6�/HWW����������

�������

*LURV�%��:DQJ�<0��6XWHU�6��0F/HVNH\�6%��3LIO�&��&DURQ�0*�

'HOLQHDWLRQ� RI� GLVFUHWH� GRPDLQV� IRU� VXEVWUDWH�� FRFDLQH�� DQG

WULF\FOLF�DQWLGHSUHVVDQW�LQWHUDFWLRQV�XVLQJ�FKLPHULF�GRSDPLQH�

QRUHSLQHSKULQH�WUDQVSRUWHUV��-�%LRO�&KHP������������������

+RUQ� $�� 'RSDPLQH� XSWDNH�D� UHYLHZ� RI� SURJUHVV� LQ� WKH� ODVW

GHFDGH��3URJ�1HXURELRO����������������

,YHUVHQ�//��5ROH�RI�WUDQVPLWWHU�XSWDNH�PHFKDQLVPV�LQ�V\QDSWLF

QHXURWUDQVPLVVLRQ��%U�-�3KDUPDFRO���������������

.XKDU�0-��5LW]�0&��%RMD�-:��7KH�GRSDPLQH�K\SRWKHVLV�RI�WKH

UHLQIRUFLQJ� SURSHUWLHV� RI� FRFDLQH�� 7UHQGV� 1HXURVFL� ��������

�������

/HH� )-6�� 3ULVWXSD� -.�� &LOLD[� %-�� /HYH\� $,�� 1L]QLN� +%�� 7KH

GRSDPLQH� WUDQVSRUWHU� FDUER[\O�WHUPLQDO� WDLO�� -� %LRO� &KHP

�����������������

/HH�6�+��&KDQJ�0�<��/HH�.�+��3DUN�%�6��/HH�<�6��&KLQ�+5�

/HH�<�6��,PSRUWDQFH�RI�9DOLQ�DW�SRVLWLRQ�����IRU�WKH�VXEVWUDWH

WUDQVSRUWHU� DQG� �β�&DUERPHWKR[\��β����IOXRURSKHQ\O�WURSDQH
ELQGLQJ� RI� GRSDPLQH� WUDQVSRUWHU�� 0RO�� 3KDUPDFRO�� ��������

������

/HH�6�+��&KR�+�.��6RQ�+��/HH�<�6��6XEVWUDWH�WUDQVSRUW�DQG

FRFDLQH�ELQGLQJ�RI�KXPDQ�GRSDPLQH�WUDQVSRUWHU�LV�UHGXFHG�E\

VXEVWLWXWLRQ� RI� FDUER[\O� WDLO� ZLWK� WKDW� RI� ERYLQH� GRSDPLQH

WUDQVSRUWHU��1HXURUHSRUW���������������

/HH�6�+��.DQJ�6�6��6RQ�+��/HH�<�6��7KH�UHJLRQ�RI�GRSDPLQH

WUDQVSRUWHU� HQFRPSDVVLQJ� WKH� �UG� WUDQVPHPEUDQH� LV� WKH

FUXFLDO� IRU� WKH� IXQFWLRQ�� %LRFKHP� %LRSK\V� 5HV� &RPPXQ

���������������

/HH� 6�+�� .RK� -�.�� +DQ� -6�� .LP� <0�� /HH� -+�� /HH� <�6�

0RGXODWLRQ� RI� GRSDPLQH� WUDQVSRUWHU� IXQFWLRQV� E\� SURWHLQ

NLQDVH�&��([S�0RO�0HG�����D���������

/HH�6�+��5KHH� -��.RK� -�.�� /HH�<�6��6SHFLHV� GLIIHUHQFHV� LQ

IXQFWLRQV� RI� GRSDPLQH� WUDQVSRUWHU� �� SDXFLW\� RI�033�� XSWDNH

DQG�FRFDLQH�ELQGLQJ�LQ�ERYLQH�GRSDPLQH�WUDQVSRUWHU��1HXURVFL

/HWW�����E������������

/RODQG� &-�� 1RUUHJDDUG� /�� *HWKHU� 8�� 'HILQLQJ� SUR[LPLW\

UHODWLRQVKLS� LQ� WKH� WHUWLDU\� VWUXFWXUH� RI� WKH� GRSDPLQH

WUDQVSRUWHU��-�%LRO�&KHP������������������

1RUUHJDDUG� /�� )UHGHULNHVHQ� '�� 1LHOVHQ� (��� *HWKHU� 8�

'HOLQHDWLRQ�RI�DQ�HQGRJHQRXV�]LQF�ELQGLQJ�VLWH� LQ�WKH�KXPDQ

GRSDPLQH� WUDQVSRUWHU��(XU�0RO�%LRO� -����������������

5RXEHUW� &�� &R[� 3-�� %U�VV� 0�� +DPRQ� 0�� %|QLVFK� +�

'HWHUPLQDWLRQ� RI� UHVLGXHV� LQ� WKH� QRUHSLQHSKULQH� WUDQVSRUWHU

WKDW�DUH�FULWLFDO�IRU�WULF\FOLF�DQWLGHSUHVVDQW�DIILQLW\��-�%LRO�&KHP

����������������

6KLPDGD� 6�� .LWD\DPD� 6�� /LQ� &/�� 3DWHO� $�� 1DQWKDNXPDU� (�

*UHJRU� 3�� .XKDU� 0�� 8KO� *5�� &ORQLQJ� DQG� H[SUHVVLRQ� RI� D

FRFDLQH�VHQVLWLYH�GRSDPLQH�WUDQVSRUWHU�FRPSOHPHQWDU\�'1$�

6FLHQFH����������������

6Q\GHU�6+��'$PDWR�5-��0373��D�QHXURWR[LQ�UHOHYDQW� WR� WKH

SDWKRSK\VLRORJ\�RI�3DUNLQVRQV�GLVHDVH��7KH������*HRUJH�&�

&RW]LDV� OHFWXUH��1HXURORJ\���������������

6RUD� ,�� +DOO� )6�� $QGUHZV� $0�� ,WRNDZD� 0�� /L� ;)�� :HL� +%�

:LFKHPV� &�� /HVFK� .3�� 0XUSK\� '/�� 8KO� *5�� 0ROHFXODU

PHFKDQLVPV� RI� FRFDLQH� UHZDUG�� FRPELQHG� GRSDPLQH� DQG

VHURWRQLQ� WUDQVSRUWHU� NQRFNRXWV� HOLPLQDWH� FRFDLQH� SODFH

SUHIHUHQFH��3URF�1DWO�$FDG�6FL�86$���������������

8KO�*5��3DUNLQVRQV�GLVHDVH���QHXURWUDQVPLWWHU�DQG�QHXURWR[LQ

UHFHSWRUV�DQG� WKHLU�JHQHV��(XU�1HXURO��������������

8KO�*5��1HXURWUDQVPLWWHU�WUDQVSRUWHUV��SOXV���D�SURPLVLQJ�QHZ

JHQH� IDPLO\��7UHQGV�1HXURVFL���������������

8KO�*5��+DUWLJ�35��7UDQVSRUWHU�H[SORVLRQ���XSGDWH�RQ�XSWDNH�

7UHQGV�3KDUPDFRO�6FL���������������

8VGLQ� 7%�� 0H]H\� (�� &KHQ� &�� %URZQVWHLQ� 0-�� +RIIPDQ� %-�

&ORQLQJ�RI�WKH�FRFDLQH�VHQVLWLYH�ERYLQH�WUDQVSRUWHU��3URF�1DWO

$FDG�6FL�86$�
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